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BCTYII

BypxnuBuil po3BUTOK eNeKTpU(IKaIll KOJICHOTO TPAHCIOPTY 3YMOBJIEHHUU
rJ100aNbHOI0 HEOOXIMHICTIO CKOPOYEHHS BUKUIIB MapHUKOBUX Ta3iB, 3MEHIICHHS
3aJIe)KHOCTI BiJ BUKOMHUX BHJIB TMalliBa Ta IMIJBUIICHHS €HEProe(eKTUBHOCTI
TPaHCIOPTHOT raty3i. 3pOCTaHHs MOMUTY Ha €KOJIOT14HI pillleHHs Y cepi MOOUITBHOCTI
CHpUsi€ aKTUBHOMY BITPOBAKEHHIO €JIEKTPOMOO1IIB, SIKi, TOPIBHAHO 3 TPAAULIIMHUMU
TPAHCIIOPTHUMH 3ac00aMH, MatOTh 3HAYHO MEHILUN HEraTUBHUN BIUIMB HA JTOBKULIA.
KpiM TOro, TexHIYHMH MNpOrpec y BHUPOOHUUTBI AaAKYyMYJSATOPIB Ta 3apsAHOI
1H(PACTPYKTYpH 3pOOMB €JNEKTPOTPAHCHOPT OUIbLI JTOCTYIHHM Ta 3PYYHUM IS
HIMPOKOTO KOJIa CIIOKHBAYIB.

Po3poOka HOBHX METOJIMK MPOEKTYBAaHHS 1 PO3MIILIEHHS 3apAJHUX CTaHLIN €
NEPCIEKTUBHUM HUIAXOM HIJABUIIECHHS €HEproe(eKTUBHOCTI €IEeKTPOMOOLIBHOCTI,
OCKUIBKH caMe 3aps/iHa IHPPacTPyKTypa € KIFOUYOBUM €JIEMEHTOM JUIsl CTUMYJIIOBaHHS
NOJAJIBLIIOTO TOIIMPEHHS eJIEKTpoMoOuTiB. OnTuMizallis MpoLeCcy MNPOEKTYBaHHS
03BOJIsIE  3a0e3meuuT  e(EeKTHBHE BUKOPUCTAHHS PECYpCIB, 3PYUHICTh IS
KOPHUCTYBayiB, IHTErPALlll0 B MIChKY 1HQPACTPYKTYpPY Ta BIAMOBIIHICTH CYyYaCHUM
BUMOTaM €HEPTETUUYHUX CUCTEM.

Buxonsun 3 akTyadbHOCTI JAaHOTO TIMTaHHsS, BHOIp TEeMH JOCIIJKCHHS,
NPUCBAYEHOI PO3pOOII METOAMKM peajizamii Mepexl 3apsaJHUX CTaHLId A
TPAHCTIOPTHUX 3acO0IB 3 ENEeKTPUYHHUM HPHUBOJOM, € BumpasaaHuM. CTpyKTypa
poOOTH A03BOJISIE MOCTIJOBHO OXOMMTH BCl ACMIEKTH BIJl aHAJI3y PUHKY Ta TEXHIYHUX
pILIEHB 10 HAYKOBOI pO3pOOKH METOJUKH 3 BUKOPUCTAHHIM METO/IIB HEYITKO1 JIOTIKH.
[1e 3a0e3nedye KOMIUIEKCHUN TX11 IO BUPIMICHHS MOCTABICHOI MPOOIEMH.

Metow podoTH € pPo3poOKa METOJMKH MPOEKTYBaHHS MEPEXKI 3apsaHuX
CTaHIlIN I TPAHCHOPTHUX 3aCO0IB 3 €NEKTPUYHUM IMPUBOJOM 3 BUKOPUCTAHHSIM
METOMIB HEWITKOI JIOTIKH, SKa CHpUSTAME e()EKTUBHOMY BIPOBAKEHHIO
€JIEKTPOMOOUIBHOI 1HPPACTPYKTYPH.

JIJ1st TOCSITHEHHSI IOCTaBIIEHOT METH HEOOX1THO BUPIIITUTH HACTYITHI 3aa4i:

¢ IPOBECTH aHAJI3 CyYacCHOTO CTaHy pHUHKY €JeKTpo- 1 TIOpUIHUX

TPAHCIIOPTHUX 3aC001B;



e 3JIMCHUTH OTJISJT OCHOBHMX BHJIB €JIEKTPO- 1 TIOPUIAHUX TPAHCHOPTHHUX
3ac001B;
o IPOAHAITI3YBATH PEXKUMU 3aPSKaHHS aKyMYJISITOPHUX OaTapeil einexTpo- i
riOpUIHUX aBTOMOOLTIB;
* PO3pOOUTH TEXHIUHI PIIICHHS JUI peati3allii Mepexi 3apsIHUX CTaHIIIM;
¢ BU3HAYUTH CXEMOTEXHIUHI PIIICHHS ISl TPUEIHAHHS 3apsAIHUX CTaHIIN 10
ICHYIOUHX €JIEKTPOMEPEIK HACETIEHUX ITyHKTIB;
e CTBODUTH METOAMKY TIPOCKTYBAHHS  MEpPEXKl 3apsgHUX CTaHUIA 3
BUKOPHUCTAHHSAM METO/I1B HEUITKOI JIOTIKH;
e PO3POOUTH pEeKOMEH/ALlll 100 OXOPOHM Mpalll Ta 3a0e3MmeueHHs] 0e3neKu
y HaI3BUYAWHUX CUTYaIlisIX.
00’ekT goc/aiTKeHHS
Mepesxa 3apsiIHUX CTaHIIIN ISl TPAHCIIOPTHUX 3aC001B 3 €IEKTPUIHUM
MIPUBOJIOM, BKIIFOUAIOYH 11 TEXHIYHI, EHEPreTUYHI Ta 1IHPPACTPYKTYPHI CKIIAI0BI.
IMpeaMer pociaigKeHHsI
Meroau, MozielNi Ta TEXHIYHI PUHIIUIIN TPOCKTYBaHHS MEPEX1 3apsiTHUX

CTaHII1i, 30KpeMa METO/IhKa, MoOy/J0BaHa Ha METOIaX HEUITKOI JIOT1KH.



1 3ATAJIBHO-TEXHIYHUHA PO3LI

1.1 Anamiz cy4yacHoro CcTaHy PpPHHKY e€JeKTpo- i riopuaHux

TPAHCIIOPTHMX 3aC00iB

EnextpoMo6iIbHICTE CTPIMKO HaOupae OOEpTIB y CBITI, CTaBIIM OJHHUM 13
KITIOYOBHX HANpsSIMKIB y OOpoThO1 3 TI0OATbHUM MOTEIUTIHHSIM 1 CKOpPOUYEHHSIM
3aJIEKHOCTI BiJl BUKOITHUX BHJIIB MajuBa. 3a JaHUMU MIXKHApOJIHOTO €HEPreTUYHOrO
arentctBa (IEA) [1], y 2023 poii KUIBKICTh €JIEKTPOMOOLTIB, 10 MepeOyBaloTh B
eKCIUTyaTallii, nepeBuimia 26 MUTbMOHIB OJMHUIIb, 1[0 CTAHOBUTH MoHAal 12% Bix

3arajJbHOTO 00CATY MPOAAXKIB JIETKOBUX aBTOMOOLIIB Y CBITI.
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Pucynok 1.1 — /lunamika npoaaxky eJIeKTpoOMOOLIIB Yy CBITI

OpHi€er0o 3 OCHOBHMX TPUYHMH BIPOBAKEHHS EJICKTPOMOOUTHHOCTI €
HEOOXIIHICTh CKOPOYCHHSI BHUKHU/IIB TMApHUKOBUX rasiB. Hampukinan, TpaHcropTHa
rany3b BianoBigae mpubmm3zHo 3a 24% rtmobanbHux BUkUAIB COa. Ilepexim Ha
CJIEKTPOMOOUII  JI03BOJISIE 3MEHIIUTH 111 TOKA3HUKU 3aBISKH BUKOPUCTAHHIO
BIJTHOBITIOBAaHMX JDKEpeN eHeprii yist ix 3apsmxaHHs. KpiM Toro, enekTpoTpaHciopT

CHpUs€ TOKPAIIEHHIO SKOCTI MOBITPS Yy BEIMKUX MiICTax, A€ 3a0pyIHEHHS BiJ



aBTOMOO1JTIB 3 IBUTYHAMU BHYTPIIIHBOTO 3ropssHHs (JIB3) € cepito3Hor0 eK0JIOTTYHOI0
POOIIEMOIO.

VYpsiau NOpoBIIHUX KpaiH CBITY aKTUBHO CTUMYIIOIOTH TIepexii Ha
eJIEKTPOTPAHCIIOPT 3a IOMOMOT0I0 (PIHAHCOBHUX Ta PETYJSTOPHUX 3ax0/iB. Hampukias,
y Hopgerii, sika € niepoM y BIPOBaHKEHHI €JIEKTPOMOOITEHOCTI, ToHa 80% HOBHX
aBTOMOO1LTiB, ipojanux y 2023 porr, Oynu enekTpuuyHuMu. Lle cramo MOXIMBUM
3aBJIKM TaKUM 1HIIIaTHBaM, SIK MTOBHE 3BUIbHEHHS BiJ MOAATKY Ha JI0/IaHy BapTICTh
(ITJIB) Ta peectpariiitHoro 300py JjIs €IEKTPOMOO1TIB, a TAKOkK O€3KOIITOBHHUM JTOCTYIT
JI0 TUTATHUX JIOPIT 1 MapKyBaJbHUX MICIIb.

V¥ Kurai ypsin 3anmpoBajuB MOMITHKY CyOCHIyBaHHS KYMIBIl €I€KTPOMOOLIIB,
ska BKItouae ¢inancosi 3aoxoueHHs 10 15 000 roaniB (6nu3bko 2 000 nomapis CHIA)
3a KOKeH MpHUI0aHui enekTpoMoOins. 3aBasku 11iil mporpami Kuraii y 2023 porii ctas
HAHOUTBIIIMM PUHKOM €JIEKTPOMOOUTIB, Ha akuiM mnpunagae nonaa 50% CBITOBUX
npoaaxis [2].

CIIIA TakoXX aKTHUBHO MIJATPUMYIOTh €JIEKTPOMOOUIBHICTb. Y  paMKax
3akoHomnpoekTy Inflation Reduction Act mnokymii enekTpomMoOiiB  OTPUMYIOTh
NOJATKOBUIM KpeauT y po3Mmipi Ao 7 500 monapiB. OKpiM LBOTO, ypsJ IHBECTYE B
pPO3MIMPEHHS THQPACTPYKTYPHU 3apSAIHUX CTAHIIIN, 30KpeMa IJIAHY€EThCSI BCTAHOBUTHU
noHaz 500 000 3apsaaux myHKTIB 710 2030 poky.

VY €sponeiicbkomy Coro3i npuitHsaTo mwiad "Green Deal", axuii nepenbauae
MOCTYIIOBY BIIMOBY BiJ ipojaxy aBToMo011iB 3 JIB3 no0 2035 poky. JlepkaBu-uieHu
€C BOpoBaKYIOTh Pi3HI HAIIOHAIBHI MPOTpaMH, Takl SIK 3HMKEHI MOJATKU Ha
eJIeKTpOMOOUII Ta (hIHAHCOBI TpaHTU Ha ix npuadanHs. Hanpuknaza, y HimeuuwnHi
cyOcumii MoxyTh caraty 9 000 eBpo Ha OMH aBTOMOOLTb.

OTxe, BIOPOBAIKEHHS EJIEKTPOMOOUIBHOCTI AKTHUBHO CTHUMYJIOETHCS Ha
Jep>)kaBHOMY piBHI B OaraThox KpaiHax cBity. lle BimOyBaeThcs depe3 (hiHaHCOBI
3a0XO0UYEHHS, PO3IIMPEHHS 3apsIHOI 1HHPACTPYKTYPH Ta PETYIATOPHI OOMEKECHHS Ha
TpaHCTOpPTHI 3acobu 3 J[B3, 1m0 cripuse 3poCcTaHHIO TIONMUTY Ha €NEKTPOTPAHCTIOPT i

MMABUIIEHHIO €KOJIOTTYHOI CBIIOMOCT] HACEIIEHHS.
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Pucynok 1.2 — ITapk enekTpomMoOUIiB y CBITI

B Vkpaini po3BUTOK €IeKTPOMOOLIBHOCTI TaKOK MOCTYIOBO Habupae 00epTiB,
X04Ya TEMIH I[bOTO MPOIECY JCHIO MOBUIBHINI MOPIBHSHO 3 MPOBIIHUMU KpaiHaMU
cBiTy. OCHOBHUMH NPHYNHAMH TIEPEX0y Ha EJIEKTPOTPAHCIIOPT B YKpaiHi €
Oa)kaHHsSI CKOPOTHUTH 3aJICKHICTh B1J] IMIIOPTOBAaHUX HA(TOMPOIYKTIB, 3MEHIIIUTH
BUTPATHU Ha €KCIUTyaTallil0 aBTOMOOUIIB Ta 3HU3UTH BUKUIU MIKIJJTUBUX PEYOBUH Y
JTOBK1JLJIS.

VYpsa Ykpainu akTHBHO MIATPUMYE PO3BUTOK €IIEKTPOMOOIITEHOCTI Yepe3 HU3KY
3axo/iB. 30kpema, 3 2018 poky enexkTpomMoOuIl 3BUIBHEHI BiJ CIUIATH MOJATKY Ha
nonany Bapticts (I[1/]B) Ta akiiuznoro 360py, 1110 3HAYHO 3MEHIITY€ TXHIO BAPTICTh IS
KIHIIEBOTO criokuBava. Y 2022 porii 1ed miIbroBUd pexkuM OYyJI0 MPOJOBXKEHO, IO
CTpUs€ TOJANBIIOMY CTUMYJIIOBAHHIO MTOTIUTY Ha €EKTPOTPAHCIIOPT.

Oxkpim 1IpOTO, MiCIIEBa BJaja Y BEIMKUX MicTax, Takux K KuiB, JIbBiB Ta Ofeca,
Ipaitoe HajJ PO3BUTKOM 3apsiiHoi  1HPpacTpykTypu. Hanpukman, B Kuesi
BCTAHOBJIIOIOTHCSL  IIBMJKICHI 3apsiAHI  CTaHLii, M0 pOOUTb BUKOPUCTAHHS
SJIEKTPOMOOUTIB OUIBIIT 3pyYyHUM JUIsl BIAcHUKIB. Y JIBBOBI pO3pOOJIEHO CTpaTerito
PO3BUTKY  CTajoi MOOUIBHOCTI, sSKa mependadae 30UIBIIEHHS  KUIBKOCTI
SJIEKTPOTPAHCTIOPTHUX 3aCO0IB Ta CTBOPEHHSI CIEIIaTbHUX MAaPKyBaTBHUX MICIb IS
HUX.

J10JTaTKOBUM CTUMYJIOM JUTSl YKPATHIIIB € 3HAYHO HUXKYa BApTICTh 3apsHKaHHS
SJIEKTPOMOOUISI TIOPIBHSIHO 3 3alpaBKOI0 aBTOMOOWIIB Ha OeH3wHI abo muzeni. B
yMOBaX BUCOKHX I[1H Ha NAJIMBO LieH (PaKTOp CTae OJTHUM 13 KIFOUOBUX apTyMEHTIB Ha

KOPHUCTh MEPEXOy Ha €JIEKTPOTPAHCHOPT.
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He wMeHm BaxiIuMBOIO € MOXIMUBICT [JOCTYIY IO PHHKY B)XKHUBAHUX
SJIEKTPOMOOLTIB, 30KpeMa MOIMYJSIPHUX Mojelel, Takux sk Nissan Leaf, siki macoBo
imnoptytotbest 3 CIIA ta €Bponu. Lle poOuTh enekTpoTpancnopT OUIbII JOCTYITHUM
JUTSI CEPEIHBOTO KIIACy YKpaiHIIiB.

Boagnouac VYkpaiHa CTHUKAaeTbCs 13 HHM3KOIO BHUKIHKIB Y  PO3BHUTKY
CJIEKTPOMOOUTBHOCTI, Cepel SIKUX HEIOCTaTHIM pIBEHBb 3apsaHOI 1H(PACTPYKTYPH,
0COOJMBO y perioHax, Ta OOMekeHl mporpamMu (piHAHCOBOI MIATPUMKH JJIs KYTiBII
HOBUX eJiekTpomoOuTiB. IIpoTe, 3 ormsimy Ha 1oOaibHI TPEeHAW Ta HaIllOHAJBHI
1HIL1aTUBH, €JIEKTPOMOOUIBHICTh B YKpaiHl Ma€ 3HaYHUI MOTEHIIIaN JJIs1 IO1aJIbIIOr0
3pOCTaHHS.

CBITOBHI PUHOK €JIEKTPOMOOLIIIB IEMOHCTPYE CTIMKUN TPEH/I IO 3POCTAHHS, 1110
3YMOBJIEHO TJIOOQIBHOIO OOPOTHOOIO 3 KIIIMATHYHUMHU 3MIHAMH, MIATPUMKOIO YPS/IIB
Ta TeXHOJIOTTYHUM TiporpecoM [3]. YV 2023 porii yacTka eeKTpoMOOLTIB y 3araibHOMY
00cs131 IPoJ1aXKiB HOBUX aBTOMOO1LTIB Jtocsria 12%, toxi sk y 2020 porti BoHa cKiiaiana
mumie Onu3bko 4%. VY mpoBIAHUX KpaiHax CBITY 1€ MOKa3HUK € W€ BUIIUM:
Hanpukiaza, y Hopserii monag 80% mnpomanux aBTOMOOUTIB OyJiK €JIEKTPUIHUMHU, Y
[Berii — mnonax 50%, a B Hinepmanmax — Omu3pko 40%. CIIA Tta Kwuraii
3aIMIIAI0THCS HAWOIBIIMMU PUHKaMU 32 a0COMIOTHUM 00csrom npoaaxis. Y Kurai B
2023 pomi Oymo mpoaaHo TOHAA 6 MITBHOHIB €JIEKTPOMOOLTIB, IO CTAaHOBUTH
noyioBUHy cBiToBOro puHKy. ¥ CIIA nponaxi csaraynu 1,4 MiabiloHa, JEMOHCTPYIOUH
3pocTaHHs Ha 65% MOPIBHSAHO 3 IOTIEPETHIM POKOM.

B VkpaiHi puHOK €1eKTpOMOOLIIB TAKOXK JEMOHCTPY€E NTUHAMIYHE 3POCTaHHA,
Xo4ya 00CATH MPOAAXKIB 3HAYHO MOCTYIMAIOThCS PO3BUHEHUM KpaiHam. Y 2023 powi
Oy10 3apeecTpoBaHO MoHa A 15 THCS Y enexTpoMoOitiB, o Ha 34% Oinbie, Hixk y 2022
pori. OCHOBHY 4YacTMHY pPHUHKY CTaHOBJISITh BXKHMBaHI aBTOMOOLII, 30Kpema
imnopToBani 3 CIIA Tta kpain €C. HaiimonynspHiimo Moaesutio 3anuiraethes Nissan
Leaf, axuii 3aiimae 61m3bk0 20% YKpaiHCHKOTO PHHKY €JIEKTPOMOOLITIB.

Tpenan cBimuaTh MPO TMOCTYMOBE 3POCTaHHS IHTEPECY A0 HOBHX MOJIENEH,
0COOJIMBO cepell KOPIMOPATUBHOTO CETMEHTY, /€ KOMIIaHli MOYMHAIOTh BKJIKOYATH
eJIEeKTpOMOOLTI 0 CBOiX aBTomapkiB. OKpiM IIbOr0, aKTUBHUU PO3BUTOK 3apsIHOI

iHQpacTpykTypu B MiCTax CIpHUA€ MiJBUILCHHIO JIOBIpU CIIOKUBA4iB [0
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€JIEKTPOTPAHCIIOPTY.

Ha wmixnHaponHomy piBHI jiepamu 3a oOcsiramu mpojaxiB y 2023 pori
sanumatotbest Kurait (6 minsitonis), CIA (1,4 minbitona), Himeuunna (800 Tucsu),
Hopgeris (morax 150 tucsu) ta HIBemis (6ym3pko 100 Tucsy). Y BenmukoOpuranii
Oymno mpomano 6mu3bko 370 ThcAu enekTpoMobimiB, y ®panmii — 330 Tucsay, a B
Hinepnannax — 300 tucsiy. Y IliBnenniii Kopei, 1e puHOK TaKo>X CTPIMKO 3pOCTaE,
npogaxi gocsarau 250 tucsay, Toal sk y SAnonii — Oxu3pko 120 tucsy. B Ykpaini
npoaaxi enexkTpomoOuTiB y 2023 polll 3HaAYHO HIKYI, ajleé TEMIIM 3pOCTaHHS
3aJIMIIAIOTHECS CTA0IIbHUMU, IO CBIIYUTH HPO MEPCHEKTHUBHICTh IIBOTO CETMEHTa
PUHKY.

3aranoMm, xoua YKpaiHa BIJCTa€ BiJl PO3BUHEHUX KpaiH 3a a0COIIOTHUMU
MOKA3HUKAMHU, i1 PUHOK EJIEKTPOMOOUTIB JEMOHCTPYE MO3UTHUBHY JHUHAMIKY, MIO
CTBOPIOE CIPUSATIMBI YMOBHM Il THOJAJNBIIOTO PO3BUTKY €JIEKTPOTPAHCIOPTY Ta
CYIyTHBO1 1HQPACTPYKTYPH.

VY pOo3BUHEHHUX KpaiHaxX YyacTKa eJIEKTPOMOOUIIB y 3aralbHOMY 00Cs31 POJaXKIB
HOBUX aBTOMOOUIIB CTPIMKO 3pOCTa€, TMOCTYNOBO BUTICHSIOYM aBTOMOOLM 3
JNBUTYHaMU BHYTpimHboro 3ropsuus ([IB3) [4]. Hanpuknaa, y Hopserii y 2023 poui
noHaa 80% HOBUX aBTOMOOLIIB OyJiM €IEKTPUYHUMH, 1110 3HAYHO MEPEBaXXAE YACTKY
aBroMo011iB 3 JIB3. V IlIBenii Ta Hinepiaanaax enekTpoMoOiiai cranoBuian moraa 50%
1 40% mnpomaxiB BigmoBigHO. lle cBiguUMTH, mTpoO cepiio3HUl 3CyB y Oik
CJIEKTPOMOOUTHHOCTI 3aBASKUA CHPHUSTIMBIA JACp)KABHIM TMOMITHIN, CYOCHAIsIM Ta

PO3BUTKY 3apsIIHOI 1HPPACTPYKTYpH.
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Pucynok 1.3 — JIluHamika 3MIHM KiJIbKOCTI MPOJIAXKiB €IEKTPOMOOLTIB y CBITI Y

PO3pi3i OKpEMUX KpaiH

B Vkpaini curyamiss cyrreBo Biapi3HseTbea. Y 2023 pomi enekTpoMooini
CTaHOBWJIH Jmie Oym3bKo 3% Bia 3arajibHOTO 00CSTY MpoaaxiB aBTOMOOLTIB. Ile
MOSICHIOETbCS HU3KOIO (DAKTOpIB, TaKWX SK HUXKYA KyMiBEJIbHA CIIPOMOKHICTD
HacelIeHHs, OOMeXeHa 3apsAHa I1HPPACTPyKTypa Ta TMOMYJISPHICTh BKHUBAHUX
aBTomMoOuUIIB 3 JIB3, siKi € OUTbII TIOCTYTHUMHU 3a LIHOK0. Y TOH e Yac YKpaiHChbKUN
PUHOK €JIEKTPOMOOIIIB IEMOHCTPY€E JUHAMIYHE 3pOCTaHH, 1 Mpoaxi 3pociu Ha 34%
y TOPIBHSIHHI 3 MIONEPEIHIM POKOM, TOAIL SIK poAaxi aBToMoOutiB 3 JIB3 30epiratoth
CTa01IbHO BUCOKHI PiBEHb.

BaxxnuBuM (akTopoMm, SIKWI BIUTMBAE HA TEMITA MOLUIMPEHHS €1EKTPOMOOLIIB Y
PO3BUHEHHMX KpaiHaX, € aKTHBHa Jep’KaBHA MIATPUMKA, siKa BKIOYae (PiHAHCOBI
CTUMYJIM, TIJIbIOBE OIMOJATKYBaHHS Ta IHBECTHIl B iH(pacTpykTypy. B VYkpaini
JepKaBHA MIATPUMKA TaKOX HasBHA, MPOTE MACIITa0W LMX 3aXOJlIB 3HAYHO MEHIII,
o crpumye nepexia Bia JAB3 no enexrporpancmopry.

3arajioM, y pO3BHHEHHUX KpaiHax eJIeKTpOMOOLIl Bce Oulbllle AOMIHYIOTH Ha
PHUHKY, TOJ1 sIK B YKpaini aBromo01u1i 3 /IB3 nmoku 1o nepeBaxarots. [IpoTe mo3utuBHa
JTUHAMIKa TMPOAAXKIB €JIEKTPOMOOUTIB CBITYUTH MPO T€, IO EJIEKTPOTPAHCIOPT Mae
3HAYHUN MOTEHIIa] JIJIs 3pOCTaHHS 1 B HAIIM KpaiHi.

BucHOBKH 10 IepHIOro po3aiLy

1. IIpoanami3oBaHO CBITOBI 1 YKpaiHChKI TEHIEHLIA PpO3BUTKY PHUHKY
€JIEKTPOMOO1ITIB;

2. IIpoBeneHO MOPIBHAHHS TEMITIB PO3BUTKY 1HOPACTPYKTYPH;

3. Hamano ormiHky QakTopiB, 110 BIUIMBAIOTh Ha 3pPOCTAaHHS MPOAAXKIB
(mepxmiaTpUMKa, IHPPACTPYKTYpa, JOCTYIHICTD €IEKTPOMOOLTIB).

4. Tloka3aHo, IO CTBOPEHHS PO3TaTYXEHOI MepexXi 3apsIHUX CTaHLIH €
KPUTHUYHOIO YMOBOIO I TIPUCKOPEHHS PO3BHUTKY €IEKTPOTPAHCIOPTY, a

YKpaTHCHKUI PUHOK JAEMOHCTPYE 3pOCTaHHA, X04a i BiJICTa€ 3a MaciTabamu
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2 TEXHOJIOTTYHHUIA PO3ILI

2.1 Oruasja ocCHOBHUX BH/IB €JIeKTPO- i riOpUIHUX TPAHCIIOPTHHUX 32c00iB

Enextpuyni Ta TiOpuaHI TPaHCIOPTHI 3aCO0M € KIIOYOBHMH €JIEMEHTaMU
CydyacHOi €KOJIOTIYHO OpIEHTOBAHOI TpaHCHopTHOI cuctemu. ILli  aBTOMOOLT
BUKOPHUCTOBYIOTh €JIEKTPUYHY EHEPTil0 SK OCHOBHE ab0 JOMOMDKHE JDKEPEeIo
JKUBJICHHS, 110 JIO3BOJISI€E 3HU3UTH BUKUAM IIKIIJMBUX PEYOBUH, 3MEHIIUTH
3aJIEXKHICTh B1Jl BUKOITHOTO MMaJIMBa Ta MiJBULIUTH €HEProePeKTUBHICTb.

Enextpomo6ini (BEV — Battery Electric Vehicle) npaitorors BUKIIOYHO Ha
CJIEKTPOCHEPT1i, sika 30epIracThCsi B aKyMyJISITOpHIM OaTapei. Bonu He MaloTh 1BUTYHA
BHYTpilIHbOro 3ropstHHs (IB3), TomMy He BupoOmaroThs BukuaiB CO: mig 4ac
excrutyarairii. EnektpoMo01ii 3apskaroThCs Bl 30BHIIIHIX JKEPEN eJIeKTPOSHEePTii,
Takux sK 3apsaHi  cranmii. OcHoBHuMu nepeBaramu  BEV € Bucoka
eHeproe()eKTUBHICTh, HU3bKI EKCIUTyaTal[liHl BUTPATH Ta BIICYTHICTh BUKHUIIB, e
iXHI OOMEXEHHS BKJIIOYAIOTh MEHINY JAJbHICTh XOJy TMOPIBHSHO 3 aBTOMOOUISMU 3
JB3 ta TpuBamimuii yac 3apspKaHis [S).

IM6punni aBToMOOLTI KOMOIHYIOTH [IB3 Ta enekTpoaBUryH, mpaiforoyu pa3om
abo 1o 4Yep3i 3aJekHO BiA YMOB pyxy. AkymynaropHa 6arapes HEV 3apsmkaerscs
nig yac poobotu /IB3 abo depes cucteMy pekymeparlii eHeprii mij yac rajibMyBaHHS.
{1 aBTOMOO1711 HE MOTPEOYIOTH 30BHINIHBOI 3aPSIKU, 110 CIPOIILYE 1X BUKOPUCTAHHS.
OcnoBuumu niepeBaraMu HEV € 3HMKEHHS CnOXKMBaHHA MalbHOTO Ta 3MEHIICHHS
BUKUIB y MOPIBHAHHI 3 TPaAULIMHUMH aBTOMOOUIsiME 3 [IB3.

PHEV matots Gi1b111y akyMynisiTopHy Oatapeto nopiBHsHO 3 HEV, sixa no3Bosse
aBTOMOOUTIO TMpalOBaTH B EJIEKTPUYHOMY pEXKMMI Ha 3HAYHO OUIbINI BiJCTAaHI.
[Tnaria-riopuau 3apsaKaroThes SK Bl 30BHIIIHIX JKEPEN €JIeKTPOCHEPTil, TakK 1 4yepes
pekynepariito eHeprii. BoHH NO€IHYIOTH mepeBaru eIeKTPOMOOUTIB 1 TIOpHIIB,
JI03BOJISIFOUM 3MEHIIUTH CIIOKUBAHHS MAaJIbHOTO IiJ] Yac IMOACHHUX TOi3/I0K, aje Tpu
bOMY 3a0€3MeUyI0un MOKJIUBICTh BUKOpUcTaHHs (B3 11 TpuBainx mogopoxeil.

EREV npaitoroTh nepeBaxHo Ha eJIEeKTPUYHIA eHeprii, ajie MaloTh HEBEITUKHUI

JIB3, sikuii BUKOPHUCTOBYETHCS SIK T€HEpaTop IS 3apsiPKaHHA aKyMyJsTopa, KOJIH
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piBEeHb 3apsay Oartapei 3HMXKYEThCS JO KPUTHUUHOTO piBHSA. Ll TexHOmoris 103BOIsIE
YHUKHYTH OOMEXKEHb, TOB’S3aHMX 13 NaJbHICTIO XOAy, XapakTepHux mis BEV.
[Tpuknagamu Takux aBTomoOL1iB € Chevrolet Volt Ta BMW 13 3 Range Extender.

OTxe, OCHOBH1 BUAM €JIEKTPO- 1 TIOPUAHUX TPAHCHOPTHUX 3aC001B MAIOTh Pi3HI
KOHCTPYKTHBHI OCOOJIMBOCTI Ta MpU3HAYCHHA. BUOip Mi>k HUMH 3aJIeKUTh Bl OTPeo
KOPHUCTYyBaya, JOCTYITHOCTI 3apsiHO1 1HGPACTPYKTYpH Ta IHIIUX YMOB €KCILTyaTarfii.
Posrnsinemo fetanbHillle OCHOBHI BUAM TPAHCIOPTHUX 3aCO0IB 3 EIEKTPUYHUM
MIPUBOJIOM.

2.1.1. Battery Electric Vehicles (BEV)

Battery Electric Vehicles (BEV) — 1ie aBTomMo0ii, SIKi MpaIiol0Th BUKIIIOYHO
Ha EJICKTpOEHeprii, 1o 30epiracTbcsi B aKyMyJsTOpHiM Oartapei. Bonu He marorh
JNBUTYHA BHYTpiIHbOro 3ropsHHsA (JIB3) abo nmanuBHOI cuctemu. EnexTpoaBuryHu
BEV wmatote Bucokuit koedimienT kopucHoi aii (1o 90-95%) nopisusino 3 JIB3, ski
3a3zeuuail Mmaroth KK/I 6:mm3pko 30%. Jlianazon npobiry cyuyacaux BEV 3anexuts Bin
€EMHOCTI aKyMyJsiTOpa, sika Moxe BapitoBatucs Bif 20 xkBT-ron mis KOMIakTHUX
moaenei no nonan 100 kBt-rox ayis aBToMoO0111B ipeMiym-kiacy. Hanpukian, Tesla

Model S mosxxe nipoixaru 10 650 kM Ha ogHOMY 3apsii, a Nissan Leaf — 6ymsbpko 400

can't be used because it requires FCEV is water.
cryogenic temperatures. T

Stores energy from
regenerative braking.

Electric motor ¢
Propels the car using Propels the car using
energy from the battery. energy produced by
the fuel cell stack.

Lithium-ion battery

Lithium ions create an electrical current by The fuel cell combines hydrogen
moving between the negative (anode) and and oxygen to generate electricity.
positive (cathode) electrodes.

A Hydrogen gas Oxygen
Cathode Liquid Electrolyte m (Hyz) imgakeg (O?)'?make

1 {

Pucynok 2.1 — Pi3HOBUAM MOBHICTIO €IEKTPUYHHUX TPAHCIOPTHUX 3aC001B

OcHoBHUM xepenoM eHeprii anst BEV € akymynstopHa Oarapes, ska
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3apsIKAETHCS B1Jl 30BHIIIHBOTO JKEpesia elIeKTPOeHEepTii yepe3 CTaHIapTHI a0o
MIBUAKICHI 3apsiiHi mpuctpoi. Enekrpoenepris 3 6atapei >KUBUTH €IEKTPOIBUTYH,
SKUH IEPETBOPIOE 11 HA MEXaHIYHY €HEPrilo, 1110 3a0e3neuye pyx aBToMoo1s1a. Cucrema
YIPaBIiHHS ABUTYHOM KOHTPOJIOE MIBUAKICTH Ta KPYTHHI MOMEHT JIJIsl ONITUMATBHOT
npoaykTuBHOCTI. JlonatkoBo BEV BUKOpHCTOBYIOTH TEXHOJIOTIIO peKymepariii
€HEeprii, siKa i Yac TaJibMyBaHHS MEPETBOPIOE KIHETUUHY €HEPrito Ha3aa y
CJIEKTPUYHY 1 3apsiikae OaTapero, MiABUIIYIOUHN 3arajibHy eHeproe()eKTUBHICTb.

EnextpoMo06i1i MarOTh HYJIBOB1 BUKHIH TI1]] Yac €KCIUTyaTallii, o poOUuTh iX
eKOJIOTIYHO YUCTUM BHIOM TPAHCIOPTY. BoHU XapakTepu3ytoThCsl HU3bKUMU
eKCIUTyaTal[liHUMU BUTPAaTaMH, OCKUTBKH €JIEKTPOEHEPTis € ACIIEBUIO0 3a TPAAUILIIIHE
najbHEe, a caMl €JIEKTPOJIBUTYHU MOTPEeOyIOTh MEHIIE 0OCIYrOBYBaHHS 4Yepes
BIJICYTHICTh CKJQJHHUX MeXaHIYHUX BY3miB. /lonatkoBo, BEV 3a6e3neuyroTh
MUTTEBUM KPYTHUM MOMEHT, IO CIPUsIE JUHAMIYHOMY IIPUCKOPEHHIO [6].

Omuum 13 HaiBigomimux mnpenacraBHukiB BEV e Tesla Model S —
(barMaHChbKUW €JIEKTPOMOO1Ib, SKUU MOEAHYE B COO1 BHUCOKY HIPOIYKTHUBHICTB,
TpUBAJIUi MpoOIr Ta cydacHWi au3aitH. [HII momymnsipHi Monesi BKIoUYaroTh Tesla
Model 3, sika mporoHye nocTymnHinty ansTepHaTHBY B iHiimi Tesla, i Nissan Leaf, mo
€ OJJHUM 13 NEPIINX MACOBUX EJIEKTPOMOOLIIB, SIKUW 3700yB NOMYJSPHICTH 3aBSKU
CBOiM HAIMHOCTI Ta BiAHOCHO HU3BKIH miHI. Audi e-tron Ta BMW iX € npukiagamu
npemiym-kiacy BEV, 1m0 noeaHytoTh €KOJIOTIUHICTD 13 PO3KIIIIIIO. Y OIOJIKETHOMY
cerMeHT1 Bapto 3ragatu Renault Zoe Tta Chevrolet Bolt, sxi € momynspHuMu
KOMMaKTHUMHU MICBKUMH €JIEKTPOMOOISIMHU.

OcHoBaumu BukimkamMu mjgs BEV € oOMexeHa JaidbHICTh X0y Ha OJHOMY
3apsi/il TOPIBHIHO 3 aBTOMOOUTsiMHE 3 JIB3, a Takok 3aJIeKHICTh BiJl PO3BUTKY 3apsTHOT
iH(pacTpykTypu. Yac 3apsKkaHHs TaKOXK 3aTUIIAETHCS BAXIUBUM (AKTOPOM, X0ua
TEXHOJIOT1{ MIBUJIKICHOTO 3apsiHKaHHs MOCTYOBO BUPIMIYIOTH ITI0 MPOOIIeMy.

BEV € Ki1040oBOI0 CKIAJ0BOK0 MailOyTHHOTO TPAHCIOPTY 3aBASKH CBOIH
€KOJIOTIYHOCTI, BUCOKill eHeproe(eKTMBHOCTI Ta iHHOBALIMHMM TEXHONOTIiSAM. [XHs
MOMYJISIPHICTH CTPIMKO 3pOCTa€, IO CIPHSIE MEPEXOAY 0 CTAJOro TPAHCIOPTHOIO

MaliOyTHBOTO.
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2.1.2. Hybrid Electric Vehicles (HEV)

Hybrid Electric Vehicles (HEV) — 1ie aBromMoOimi, sIKi MOETHYIOTH JBHUTYH
BHYTpiHbOro 3ropsHHs ([B3) Ta enexrpoaBuryH st 3abesnedeHHs pyxy [7].
OCHOBHHM JI)KEPEJIOM €HEePTii 3aJIMIIaeThCs TPAAUILIIIHE MMaJINBO, TaKe SIK OCH3UH a0
JU3eJb, MPOTE €NEKTPOBUTYH BUKOPUCTOBYETHCS JJIS M1BUIICHHS €(PEKTUBHOCTI Ta
3HMKEHHS BUTPAT NAJIBHOTO. ENEKTPOABUTYH OTPUMYE KUBJICHHS Bl aKyMYJIITOPHOT
Oartapei, sika 3apsypKaeThes mia yac pobotu B3 abo 3a momomMororo pexymeparii
eHeprii mijg yac raapMyBaHHs. [loTyKHICTh enexkTpoaBuryHa B HEV 3a3Buuail menina,
HIK y TIOBHICTIO €JIEKTPUYHUX TpaHCTIOPTHUX 3aco0ax (BEV), i BUKOPHCTOBYETHCS SIK

JOTIOM1XHUM 3aC10 JJ1s1 onTUMi3allii poOOTH aBTOMOOLIIS.

Mild hybrid
Full hybrid Parallel rear-wheel drive Full hybrid
Parallel rear-wheel drive 48V or high voltage Parallel rear-wheel drive

Pucynox 2.2 — Pi3HoBuM riOpuaHUX TPAHCTIOPTHUX 3aCO01B

Y HEV faBuryH BHYTpPIIIHBOTO 3TOPSHHA Ta EJIEKTPOJBUTYH MOXKYTh
MPAIIOBATH K OKPEMO, TaK 1 pa30oM 3aJIe’HO BiJl YMOB pyXYy:

. [Tig yac crapTy Ta HU3BKOLIBUAKICHOTO PyXy aBTOMOOLIb MOXKeE
IpaloBaTH JIMIIE Ha €JIEKTPOJBUIYHI, 10 3a0e3Meuye IUIaBHICTh 1 HU3bKHUM pIBEHb
rymy.

. [Tig yac po3rony abo pyxy Ha BucOKii mBuakocti /IB3 6epe Ha cebe
OCHOBHE HaBaHTA)KEHHS, a €JIEKTPOJIBUTYH 3a0e31euye J01aTKOBUN KPYTHUH MOMEHT

JUUIS1 TTIOKPAIEHHST TMHAMIKH.
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. [linx yac rampmyBaHHA a00 CHYCKy CHCTeMa peKymepalii eHeprii
3apsiKae 6arapero, BAKOPUCTOBYIOUH KIHETUYHY €HEPTIIO.

Le# mpuHuUI poOOTH JO3BOJISIE 3HU3UTH CIOKUBAHHS NMAJIBHOTO Ta 3MEHIIIUTU
piBEHb MIKIIJIUBUX BUKHJIB, OCOOJIMBO Yy MICBKMX yMOBAax, ¢ aBTOMOOLIb YacTo
3MIHIOE IIBUAKICTH 1 3yTMUHSETHCA.

['6puaHi aBTOMOO1II € yHIBEpCATBHUMU TPAHCIIOPTHUMHM 3aC00aMU, OCKUIBKH
HE MOTPeOYIOTh 30BHIIIHBOTO 3apsKAHHS 1 MOXYTh BHKOPHUCTOBYBATH 3BHYAIHY
najauBHy 1H(pacTpykTypy. BoHU 3a0e3neuyioTh €KOHOMIiI0 MaJIbHOTO, 3MEHILEHHS
piBHa BukuaiB  CO: Ta MOKpalleHy JWHAMIKY 3aBISKH BHKOPHUCTAHHIO
enekTpoasuryna. HEV Takox xapakTepusyloTbCsl TPUBAIUM PECYPCOM €KCILTyaTallii
yepe3 BIJCYTHICTh HEOOX1THOCTI TOCTIMHOTO 3apsiKaHHs Oatapei.

Toyota Prius € HaiiBioMimum npeacraBaukom HEV, sikuit ctaB cumMBooM
riopuaHuX TexHoorii. Lleit aBToMoO11h BiA3HAYAETHCS BUCOKOIO MAJTUBHOIO
E€KOHOMIYHICTIO Ta HAJAIMHICTIO, 3aB/ISIKA YOMY 3/100YB MOMYJISAPHICTh Y BChOMY CBITI.
[Hmi momynspHi Monenm BkmodaroTh Honda Insight, sikuit € ogHuM i3 mioHEpiB
ribpuaHoi Texnosorii, Ta Hyundai Ioniq Hybrid, 1o npononye cygacHuii au3aiix ta
BJIOCKOHAJICHI XapakTepucTuku. Y npemiym-cermenTi Lexus RX Hybrid ra BMW X5
Hybrid neMoHCTpyIOTS, SIK T10pU/IHI TEXHOJIOT1l MOXYTh IHTETPYBATUCS B PO3KIIIHI
aBTOMOO1JI1 3 BUCOKUM piBHEM KOMQOPTY.

He3Baxatoun Ha uncnenHi nepesaru, HEV mMaioTh 00MeXeHHs y TOPIBHSHHI 3
MOBHICTIO CJICKTPUYHUMH TPAHCIOPTHUMHU 3aco0aMu. BoHM Bce 1ie 3ayiexarh Bij
BUKOITHOT'O TaJMBa, IO 3HUXKYE IXHIO €KOJOTYHY €(EeKTUBHICTh Y JTOBMOCTPOKOBIN
nepcrnektusi. KpiM Toro, yepe3 HasBHICTh JBOX THUIIIB JIBUTYHIB iXHSI KOHCTPYKIIIS €
CKJIQJIHIIIO0, 10 MOKE BIJIUBATH HA BAPTICTh OOCIIyTOBYBaHHS.

['OpuaHi TpaHCHIOPTHI 3aCO0M € MPOMIKHUM KPOKOM Ha MUISXY A0 MOBHOI
enekTpudikaiii TPaHCHOPTY, MOEAHYIOUM TEpPeBard eJISKTPUYHUX TEXHOJOTIH 3
YHIBEPCAIBHICTIO TPATUIIIHHUX aBTOMOO1ITIB. BoHN 320€31e4yt0Th 3HaUHY €KOHOMIIO
NajJbHOTO Ta EKOJOTIYHI TepeBaru, poosisiud iX MpuBaOIUBUM BHOOPOM IS

CTIO’KUBAYIB, sIKI HE TOTOBI MMOBHICTIO MIEPEUTH HA EIEKTPOTPAHCIIOPT.
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2.1.3. Plug-in Hybrid Electric Vehicles (PHEV)

Plug-in Hybrid Electric Vehicles (PHEV) — e TpancmoptHi 3aco0u, sKi
MOEIHYIOTh JBUTYH BHYTPIIIHBOTO 3ropsiHHs ([IB3) Ta enekTpoABUTYH 3 OUIBILIOIO
aKyMyJISITOpHOIO OaTapeeto, HDK Yy tpaaumiiaux ri6punais (HEV). OcnoBHa
ocobnuBicte PHEV mnonsrae B Tomy, 10 BOHM MOXYTh 3aps/KaTHCS BiJ 30BHIIIHIX
JOKEpeN eJEeKTPOSHEePrii, TaKuX K 3apsaaHl CTaHIli abo JOMallHi po3eTKU. 3aBIIKU
outemiii O6arapei PHEV 3matHi monatm 3Hauni Biactani (3a3Buvaii 30-60 &m)
BUKJIIOUHO Ha €JIEKTPUYHIM Ts31, IMICIS YOTO B POOOTY aBTOMATHYHO BKJIIOYAETHCS
JIB3.

Ewmnicts 6atapei y PHEV Moxe BapitoBatucs Bix 10 go 20 kBt-ro, 3anexHo
Bix moneni. Hanpuknan, Mitsubishi Outlander PHEV mae 6artapero emuictio 13,8
kBT1-rox, mo go3Boisie npoixatu A0 50 KM Ha enekTpoTssi, ToAl sik Toyota RAV4
Prime mae Oartapero Ha 18,1 kBT'rom 1 3abesmedye maidbHICTH 0 68 KM B

CJIIEKTPUUYHOMY PEIKUMI.

Battery

Power Electronics

Electric
Motor

Fuel
Storage

Lightweighting
Materials

Pucynok 2.3 — Plug-in Hybrid Electric Vehicles (PHEV)

PHEV npaitorots y 1BOX OCHOBHUX pEKUMaXx:

. Enextpuunuii pexxum (EV mode) — aBToM0OO1Ib pyXa€eThCsi BUKITFOUHO
3a JIOMOMOIOK0 EJICKTPOJBUI'YHA, BHUKOPUCTOBYIOUM 3apsija Oatapei. lledt pexum
3a3BHYall BAKOPUCTOBYETHCS JIJIsl KOPOTKUX MICHKUX MOT3/I0K.

. [OpunnHuii pexum — Koimu 3apsin Oarapei 3HIKyeTbes, JIB3

19



aBTOMATUYHO TOYMHAE TMpaIlOBaTH SK OCHOBHE JiKepeso eHeprii abo pazoM 3
esleKTpoABUTyHOM. Lle 103Bosisie 30UIBIIUTH adbHICTh XOAy aBTOMOOLIS 10 pIBHSA
TpaJMIIITHUX TpaHCIOPTHUX 3ac00iB 3 [IB3.

PHEV Tako ocHaieHi CHCTEMOIO peKyIiepaltii eHeprii, sika 3apsipkae 6arapero
IT1]] 9ac TaJIbMyBaHHs a00 yIoBUTbHEHHS. [le miaBuIye 3araibHy eHeproeeKTHBHICTh
aBTOMOO1JIA.

["o70BHOIO TIepeBaroro MiariH-riOpuaiB € IXHs yHIBEpCalbHICTh. MOXIHUBICTD
3aps/KaHHS BIJ 30BHINIHBOTO JiKepena Ao03Bosisie BukopuctoByBatdu PHEV sk
MOBHOI[IHHUN €JIEKTPOMOOUIb I WIOJEHHUX TOI3I0K Yy MICTI, MOpU LBOMY
30epiraeTbCsi MOMJIIMBICTh JAIbHIX MO13/10K 3aBasku J[B3. Lle pobuts ix ieaqbHUM
BHOOPOM JIJIsI CIIO’KMBAYIB, K1 MalOTh JIOCTYII JIO 3apsJIHOI 1HPpaCTPpyKTYypH, alie 11
HE TOTOBI MOBHICTIO BIAMOBHUTHCS BIJ TPAIULIMHOIO MaJUBA.

Cepen naitnonynspHimux npeacraBHukie PHEV moxna Byt Mitsubishi
Outlander PHEV — oauH i3 mepmux i HaHMOMMPEHIMIMX IUIAriH-TIOPUIIB y CBITI.
Toyota RAV4 Prime e mpuxiiagoM notyxHoro i eneproedexkrusaoro PHEV, skwmii
MO€EHYE B cOO1 BUCOKY JTATBHICTh Y €JIEKTPUUYHOMY PEKMMI Ta BIAMIHHY JTUHAMIKY.
BMW X5 xDrive45e mnpomnoHye mnpeMiymM-piBeHb 3 MPOCTOPHM IHTEP €POM Ta
IHHOBAIlIMHUMHM ~ TEXHOJOTISIMH. Y  KOMITAKTHOMY  CETMEHTI  MOIYJISIPHICTIO
kopuctytothest Kia Niro PHEV ta Hyundai lonig PHEV, siki opieHTOBaHI Ha MiChKHX
CIIO’KUBAYiB.

OcHnoBaumu Bukiaukamu s PHEV e Buma BapTict MOpiBHAHO 3
TpaJAULIIITHUMU T1OpUAAMH Ta 3aJE€XKHICTh Bl JOCTYIY J0 3apsAHOI 1HPPACTPYKTypH
JUTsl IOBHOTO BUKOPHUCTAHHS IXHBbOTO MoTeHuiany. KpiM Toro, Oisiblia akymyJasTopHa
Oatapest poOUTH 111 aBTOMOOLI BaXYMMH, III0 MOKE BIUIMBATU HA JUHAMIKY PyXy B
riOpUIHOMY PEXUMI.

PHEV € BaxnuBuM mepexiHUM pillleHHAM MiX aBToMoOumsimu 3 JIB3 i
NOBHICTIO  €NEKTPUYHUMHU  TPAHCIOPTHUMHU  3aco0amMu. BoHM  NpomoHYIOTH
Cro)kKMBauaM  OaJlaHC  MDK  €HeproeexkTHBHICTIO, JaJbHICTIO  XOAYy Ta
YHIBEPCAJBHICTIO, 3a0€3Meuylourd TMOCTYNMOBUN Mepexili 0 €KOJOTIYHO YHUCTOrO

TPaHCIIOPTY.
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2.2 Ananiz pexumiB 3apsjxkanHsas AKB eixexkTpo- Ta riopuaHmx

AaBTOMOOILJIIB

OcCHOBHI BUMOTH IO 3apsIHUX TPUCTPOIB MJIs EJIEKTPO- Ta TiOpPHIHHUX
aBTOMOO1IIB BKJIIOYAIOTh OE€3MEYHICTh, €HEepProeeKTUBHICTh, YHIBEPCAIbHICTh Ta
HMIBUIKICTh 3apsi/pKaHHs. 3apsiHi MPUCTPOi IMOBHUHHI 3a0e3levyBaTH CTa0UIbHY
nepeaady eJIeKTpOeHEPTii 1o aKyMyJIsTOpHOI Oarapei, 3amobiraroun meperpiBy ado
MOIIKOJIPKEHHIO OaTapei BHACTIAOK nepeBaHTaxeHHs. KpiM TOro, BaKJIMBOIO BUMOTOIO
€ HasBHICTh BIAMOBIIHUX cepTU(]IKATIB O€3MeKH Ta BIAMNOBIAHICTE MIXKHAPOJIHUM
cragaapraM, TakuM sk [EC 61851, ski pernameHTyIOTh pPOOOTY 3apsAHOI
1H(DpacTpyKTypu. YHIBEpCaIbHICTh 3apsSIIHUX MIPUCTPOIB JO3BOJISIE BUKOPUCTOBYBATH
iX I pi3HUX MoOJieNied aBTOMOO1UTIB, 110 € OCOOJIMBO BaXJIMBUM JJIsI TPOMAJICHKUX
3apsITHUX CTaHINH [8].

Hapasi icHy10Th KiJIbKa BUIB 3apsiIHUX MPHUCTPOIB, AKI KIacU(]PIKyIOThCA 3a
NOTYXHICTIO, ~ IIBUAKICTIO  3apsyDKaHHS ~ Ta  COOCOOOM  MIJKIIFOYEHHS.
HaitnommpeHnimumu € npuctpoi 3MiHHOTO cTpyMy (AC) 1UIs OBIJIBHOTO 3apsKaHHS,
Kl 3a3BUYail BUKOPUCTOBYIOThCS BIoMa abo Ha poOoti. BoHu 3abe3nedyroTsh
NOTYXHICTh Bix 3,6 no 22 kBt, 3anexHo Bix koHpirypamii. s 3apsmkaHHs 3a
JIOTIOMOT'OI0 3MIHHOTO CTPYMY BHUKOPHCTOBYETHCS BOYAOBAHHUI 3apsiAHUN MPUCTPIH
aBTOMOO1Is, sikuit mepeTBoptoe AC y noctiitHuit ctpym (DC) ms 6aTapei.

BapsiiHi npucTpoi noctiiHoro ctpymy (DC), Bimomi sk IMIBHIKI 3apsiaHi
CTaHIIii, 3a0€3MeYyI0Th 3HAYHO BUIIY IMOTYXKHICTh, sika Moxke csratu 50-350 kBT i
Oinbiie. BoHu 103BOJSIOTE 3apsauTH akyMyasTop 110 80% Beboro 3a 20-30 XBUIUH,
0 € ONTUMAJBHUM JUIsl TpUBAIMX TMOi3M0K. Lli mpucTpoi MaroTh 30BHINIHIMI
NEPETBOPIOBAY CTPYMY, SIKUM MTOJIA€ IOCTIMHUM CTpyM Oe3nocepeiHbo 10 OaTapei, 1o

MPUCKOPIOE MPOLIEC 3apsiIKaHHS.
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Pucynok 2.4 — Tunu 3apsiiHUX TPUCTPOIB ISl €IEKTPOMOO1ITIB

[HaykTHBHI 3apsiHI MPUCTPOi a00 OE3APOTOBI 3apSAAKU CTAIOTh IHHOBAIIHHUM
PIILLICHHSM Y I11i raiy3i. BoHU 103BOJIAIOTE 3apsikaTu aBTOMOOLIb 0€3 MiIKITI0YEHHS
Ka0eniB, BUKOPUCTOBYIOYH €JIEKTPOMArHiTHE MOJe IJis mepenayl eHeprii. Xova ixHs
€(EeKTUBHICTh IMOKH 110 HMXKYa IMOPIBHAHO 3 TPAAULIMHUMU KaOETbHUMHU 3apsaKaMu,
BOHH € 3pYYHUMH I JTOMAIIHbOTO BHUKOPUCTAHHS Ta 3apsyDKaHHS Yy TPOMAaJChKHX
MICIISIX.

Takox BapTO BII3HAUUTH MOPTATHBHI 3apsAHI TPUCTPOI, SIKI 3a3BHYall MAIOTh
HU3BKY MOTYKHICTH 1 MPU3HAYCHI /IS aBapIMHUX BUTAJKIB a00 3apsiHKaHHSI B yMOBax
0OMEKEHOTO AOCTYIY JI0 3apsSAHOT IHPPACTPYKTYPH.

CranpmapTd  3apsAkd  €JIeKTpo- 1 TIOpUAHMX TPaHCHOPTHUX  3ac001B
pErJIaMeHTYIOTh TEXHIYHI XapaKTePUCTUKU 3apSTHUX MPUCTPOIB Ta IXHIO CYMICHICTh
13 pi3HUMH MojensMu aBroMoOimB. Lle 3abe3neuye yHiikaiio MIIKIIOYEHbD,
Oe3MeyHICTh 3aps/KaHHS Ta €QEeKTHBHICTh Mepeaadl enekTpoeHeprii. OgHum 13
HalOUTII momupeHux crannapTiB € Type 1 (SAE J1772), sikuii BAKOPUCTOBYETHCS B
ocHoBHOMY y IliBHIuHIN Awmepuii. el ctanmapT npusHaueHW Ui 3apsKaHHS
3MIHHUM CTPYMOM 1 MIATPUMYE MOTYXHICTh A0 7,4 kBT. BiH cymicHMIA 13 OUIBIIICTIO
paHHIX MoJenel enekTpomMoOiiB, Takux sk Nissan Leaf mepiroro mokosinas.

€sporneiicbkuii crangapt Type 2 (Mennekes) e HaitOi1bII TOMUpEeHUM y €BpoTTi
1 BB@)KAETHCS YHIBEPCAJTbHUM DIIICHHSAM JUIsS 3apsiKaHHS 3MIHHUM CTpyMoM. BiH

MNIATPUMY€E TIOTYXKHICTh 10 22 kBT y pomammnix ymoBax Ta g0 43 kBT Ha
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rpoMaJChKUX cTaHuisgxX. Llel cTraHmapT MMPOKO BHUKOPUCTOBYETHCS y CYYaCHUX
monensax, Takux sk Tesla Model 3 i Volkswagen ID.4. Onniero 3 #oro nepesar €
MOXJIMBICTh 1HTErparlii y TpudasHy eJeKTpHUUYHY MEpexy, 110 3a0e3neuye MIBHIIIC
3apsiKaHHS.

JIJIsl MIBHAKICHOTO 3apsi/pKaHHS TOCTIMHHM CTPYMOM PO3pOOJIEHO CTaHAapT
CHAdeMO, sxuit cnouatky OyB nomnyispHuid y SAnonii. BiH no3Bossie 3apskatu
aKymyJsTop 13 notyxHicTio 10 100 kBT, a HOBImIi Bepcii miaTpuMytoTs HaBiTh 10 400
kBt. lleii cTangapT BUKOPHUCTOBYEThCS B TaKMX aBTOMOOWLIAX, sk Nissan Leaf Ta
Mitsubishi Outlander PHEV, 1 3a6e3ne4ye BUCOKY CTaO1IbHICTh 3aPsIKAHHS.

Konkypearom CHAdeMO € crangapt CCS (Combined Charging System), sikuit
00'€/THy€ MOXKIIMBOCTI 3apsi/KaHHS 3MIHHUM Ta MOCTIMHUM CTPYMOM 4epe3 OAUH 1 TOM
camuii pos'em. CCS miaTpumye notyxHIcTh 10 350 kBT mnd MmBUAKICHOTO
3apsKaHHS, 0 POOUTH WOTO MOIMYJISPHUM BHOOPOM cepesl BUPOOHUKIB, TAKUX SIK
BMW, Audi ta Volkswagen. lle#i crangapT akTUBHO BUKOPHCTOBYEThCS Yy €Bpori,
CIIIA Ta OGaraThoX IHIIUX pErioHaXx.

[HHOBALIIMHUM CTaHAAPTOM JIs Oe31pOTOBOTO 3apsypkaHHsa € SAE J2954, skuit
BHU3HAYAa€ NapaMeTpu I1HAYKTUBHOI Mepedadl eHeprii mayig enekTpomoOurtiB. g
TEXHOJIOTIA I1Ie TepedyBae Ha CTajlli pO3BUTKY, ajie BXKE IMoyYajia 3aCTOCOBYBATHUCH Y
MPEMiyM-CErMEHTI.

Tesla, sik okpeMuit BUPOOHUK, BAKOPUCTOBYE BIACHHH MPONPIETAPHUI PO3'EM Y
[TiBHiuHIN AMepwulll, SIKUM CyMICHUH 13 iXHIMH Supercharger-craHiisiMu, 31aTHUMH
3apsAKaTH aBTOMOO1Ib 13 moTyxHICTIO 10 250 kBT1. Y €Bpomni Tesla nepeitnuia Ha
crangapt Type 2 1 CCS, uo 3a6e3nedye O1IbITy YHIBEPCATbHICTb.

TakuM YMHOM, CTAHIAPTH 3aPSNOK I CICKTPO- 1 TIOPHUIHUX aBTOMOOLTIB
3a0€3MeuyloTh IHTETpalilo TPAHCHOPTHUX 3ac00iB Yy 3apsiiHy 1H(PACTPYKTYpy Ta
CIPOIIYIOTh BHKOPHUCTAHHS €JIEKTpOTpaHcropTy. Bubip cranmapTy 3aiexuTh BiX
pETioHy, TUITy aBTOMOOUIS Ta JOCTYMHOI 3apsaHOT MEpPEXi, 10 JI03BOJISIE BOJIISM
OTPUMYBAaTH ONTHUMAlbHI yYMOBH MJIs 3apsDKaHHS CBOIX TPAHCIOPTHHUX 3aco0iB.
Po3srnsiHeMo neTanbHillle OCHOBHI CTaHIAPTU 3apsSAOK JUIsl €JIeKTPO- 1 TiOpUIHuX

TPAHCIIOPTHUX 3aCO0IB.
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2.2.1. Awnaxis cranpapry 3apsaku Type 1 (SAE J1772)

Type 1, takox Bigomuit sik SAE J1772, € cranmapToM 3apsiiKd 3MIHHUM
ctpymom (AC), pospobsienum s puHKy IliBHiuHOT Amepuku. Llei cranmapt
3a0e3mneduye rnepenaqy eJeKTpOeHEepTii MK 3apsSaHUM MPUCTPOEM Ta aBTOMOOLIEM
yepe3 onHodazHuil pos'em. Ilporec 3apsmpkanHs 0a3yeTbcsi Ha TOCTIHHOMY
MOHITOPUHTY MapaMeTpiB CTpyMy Ta Hampyrd Juii 3a0e3rneueHHs Oe3MeKu.
CriemiaIbHAA KOHTAKT JUII KOMYHIKAIll MK 3apsIHOIO CTaHIIEI0 Ta aBTOMOOLIEM
JI03BOJISIE BU3HAYATHU CTaH 3apsIKH, PEryIIOBAaTH MOTYXHICTh 1 IEpepUBATH TPOIIEC Y

pasi BUABIICHHS HECTIPABHOCTI.

Pucynok 2.5 — Koncrpyxkiis ctanmapty 3apsaku Type 1 (SAE J1772)

Type 1 nparroe npu Hanpysi 120 B y crangapTHuX moOyTOBUX Mepexax ado

240 B nmns mBuamoro 3apsypkanss. [lotyxHicts 7,4 kBT n03BoJisie 3apsmpkatu
aKyMYJISITOPH HEBEIIMKOI EMHOCTI 3a 4-8 roiuH, 110 € ONTUMAIBHUM IS JJOMAITHBOTO
BUKOPHUCTAHHS 00 0ICHUX CTOSHOK.

OCHOBHOI0 TIEpEBArolo € MPOCTOTa BUKOPUCTAHHS Ta CYMICHICTb 13 JIOMAIIIHIMU
eJIEKTpOMEpexKaMHU, 1110 POOUTH el CTaHAAPT 3PYYHHUM JJI1 KOPUCTYBaUiB. 3aBASKU
1HTerpanii QpyHKiii 6e3neku, Takux SK NepeBipKa 3a3€MJICHHS Ta KOHTPOJb CTPYMY,
Type 1 3abe3meuye HamifiHIiCTh HpOLECY 3apsSIKaHHA. MOro KOMIAKTHHII po3'eM €

3pYyYHUM JJISl PyYHOTO MIAKIIOYSHHS Ta MIIXOAUTH IJI HEBEJIUKHX aBTOMOOLIIB 13
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MOPIBHSIHO HEBEJIMKOIO OaTapeeto.

Type 1 mae kinbka 0OMeXeHb, cepell AKX — MIATPUMKA JIHIIE OAHO(Aa3HOTO
CTPyMY, 1110 3HIKYE MIBUIKICTD 3apsAPKaHHs MOPIBHSHO 31 CTaHapTaMu TpU(a3HOTO
cTpyMy, TakuMH K Type 2. Voro MakcHMmaibHa IOTYkHicTh ¥ 7,4 KBT Takox e
HEJOCTaTHBOIO JIJISl BEJIMKUX aKyMYJISITOPIB, sIKI MalOTh €MHICTh moHaa 50 kBt-ro.
Kpim Toro, mei craHmapT TIOCTYIIOBO BHTICHSAETBhCS OUIbII YyHIBEpCATbHUMHU
pilIeHHAMHU, 0COOIMBO Yy perioHax no3a [liBHIYHOI0 AMEPUKOIO.

Type 1 akTUBHO BUKOPUCTOBYETHCS Y PAHHIX MOJEIIAX €JEKTPOMOOLIIB, TAKUX
sk Nissan Leaf mepmoro moxominus, Chevrolet Volt ta Mitsubishi i-MIiEV. Bin
3QJIMIIAETHCS CTAaHAAPTOM JUIsi 0araTbOX AaBTOMOOLUTIB, OpPIEHTOBAaHUX HAa PHUHOK
[liBHiuHOI AMepHKH, X04a CydacHi Mojeni yacto nepexonsiats Ha CCS abo Type 2

yepe3 IXHIO OUIbIY YHIBEPCAJIbHICTh Ta IIBUIAKICTD 3aps/I’KaHHS.

2.2.2. Anaxi3 cranaapry 3apsiaku Type 2 (Mennekes)

Type 2, Bigomuii Takox sk Mennekes, € ofHuM 13 HaHTOIUPEHINTNX CTaHIAPTIB
3apsnku 3MiHHEM cTpyMoM (AC) y €Bpomi. Bin OyB po3po0sieHuii 1715 MATPUMKHU K
oaHo(a3Horo, Tak 1 TpugazHOro 3apsKaHHA, 110 POOUTH MOr0o YHIBEpCAIBHUM 1
e(EeKTUBHUM JIJIs1 BUKOPUCTAHHS B PI3HUX yMOBax. 3apsianuii pos'em Type 2 nepenae
CJICKTPOCHEPTII0 B 3apsAHOI CTaHIi 10 aBTOMOOUIS Yepe3 KOHTAKTH, IO
3a0€3MeuyloTh JKUBJIEHHS, 3a3€MJICHHS Ta KOMYHiKamito. BOymoBaHi B po3s'em
MexaHI3MH OJIOKyBaHHS 3a0e3MeuyloTh HajiiiHe 3'€HaHHA 1 3amo0irarTh

BUMAJKOBOMY BIJIKJIIOUEHHIO T1]] Yac 3apsiJi>KaHHs.

!m

Pucynok 2.6 — Konctpykitist cranaapTy 3apsaku Type 2
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Type 2 migrpuMye oaHodaszHe 3apsKaHHS 13 MOTYXHICTIO 10 7,4 kBT npu
Hanpy3i 230 B, mo miaxoauTe i IOMAIIHIX YMOB. Y TpudazHOMY peXHMI
3apsKaHHS 3A1MCHIOETHCS 3 TOTYXKHICTIO 10 22 KBT, a Ha rpoMajicbKuX 3apsiqHUX
ctanuisix — a0 43 kBt. CrannapT mae ciM KOHTakTIB: Tpu Uit (a3 )KUBJICHHS, OJUH
JUTS 3a3€MJICHHS Ta J1Ba JIJIs1 KOMYHIKallii, 110 T03BOJISIE IHTErpyBaTu QyHKIIT O€3MeKH,
HaIPUKJIA], IEPEBIPKY HASBHOCTI 3a3€MJICHHS Ta PETYJIOBAHHS CTPYMY 3aJIEKHO BiJ
XapaKTePUCTUK aBTOMOO1IIA.

Type 2 BUPI3HAETBCA BHCOKOIO THYYKICTIO 3aBJISKHU MIATPUMIN TpUdazHOTOo
CTpyMy, 1m0 3a0e3meuye IIBHAKE 3aps/HDKaHHA B TPOMAJCHKHX  YMOBax.
VYHIBepcaJIbHICTh CTAHJAAPTY JO03BOJISIE BUKOPUCTOBYBATH MOTO NIl PI3HUX MOJAENIEH
€JIEKTPOMOOUTIB 1 TOPUIB, IO 3HAYHO CIPOIINYE 3aps/KaHHsA. Bucoka moTy>KHICTh
3apsIKAHHSL € CYTTEBOIO TMEPEBAror0 JJisg Cy4acHUX EJIIEKTPOMOOUIIB 13 BEJIMKUMU
akymyJisiTopaumu Oatapesmu. Kpim toro, crangapt Type 2 cTtaB 000B’A3KOBUM ISt
BCIX HOBHUX3apsIHMX CTaHIld y €Bpomi, 1m0 copuse yHibIKaMii 3apsaHol
1H(pacTpyKTypH.

OcHoBHUM oOMexkeHHSIM Type 2 € Horo 3aJeXHICTh BiJl HASIBHOCTI Tpuda3zHOi
EJICKTPOMEPEXK1 JIJIsl TOCATHEHHSI MAKCUMAJIBLHOI MOTYKHOCTI. Y 0araTbox MpPUBAaTHUX
OyIuHKax Taka iHQpacTpyKTypa BIACYTHS, 110 OOMEKYE MOKIMBOCTI 3apsJKaHHS J10
onHodaznoro pexumy. Kpim toro, Type 2 He miaTpuMye MIBHUIKE 3apsKaHHS
noctiitauM crpymoM (DC), mo poOuth iloro mMeHm e(EeKTUBHUM [Jsi TPUBAIUX
MIOJIOPOKEH.

Type 2 € OCHOBHUM CTaHAAPTOM JUJISl 3apsiAXKaHHs OLIBIIOCTI €JIEKTPOMOOLTIB,
K1 IpoJIatoThesl B €Bpori. BiH BUKOPUCTOBYETHCS B TAaKUX MOAEIAX, 5K Tesla Model
3, Volkswagen ID.4, Audi e-tron, Mercedes-Benz EQC Ta 6aratrox inmmx. Kpim toro,
el CTaHnapT IHTETPOBAHMM y 3apsHI CTAHIII IPOMAJCHKOr0 KOPUCTYBaHHS, IO
poOuTh  WOTrO  HAWOULIBII  yHIBEPCAIHPHUM  PIMICHHAM  JJI1  BJIACHUKIB

SJIEKTPOTPAHCTIOPTY B €BpOTIi.

2.2.3. Amnani3 cranaapry 3apsiaku CHAdeMO
CHAdeMO (Charge de Move) — 1e craHgapT IIBHIKOIO 3apsiKaHHs

noctiiauM ctpyMoM (DC), po3pobienuii SAnoniero a1t 3a0€3MneueHHs] MaKCUMaIbHO
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IIBUJIKOTO Ta OE3MEeYHOIO TIOMOBHEHHS 3apsay aKyMYJSITOPIB €JIEKTPOMOOLTIB.
[TpunITMT OTO POOOTH Oa3yETHCS HA TTepeaadi MOCTIHHOTO CTpyMy Oe3mocepeIHBO 10
Oarapei aBTOMOOLISI, MUHAIOUYM BHYTPIIIIHIM IEPETBOPIOBAY €IEKTPOCHEPrii. 3apsiiHa
CTaHIlisl OCHAIllEHA 30BHIIIHIM TEPETBOPIOBAUEM, SKHI KOHTPOJIOE MOTY>KHICTD
3apsKaHHS Ta 3a0e3medye nepeaaqdy eHeprii 3 MakCUMMalbHOIO edekTuBHICTIO. Lle
JO3BOJISIE 3apsipKaTH akymynarop A0 80% €MHOCTI 3a KOPOTKHI IMPOMIKOK Hacy,
3a3Bu4ail y Mexax 30 XBUIMH.

CHAdeMO mniarpumye moTy>KHICTh 3apsiikanHg 10 100 kBT y crangapTHiit
Bepcii, M0 poOUTh MOro OAHUM 13 HAWIIBUAIIMX METOJIB 3apskaHHsi. Hoimr
moauikarii crangapty 3abe3neuyroTs noTykHicThb 10 400 kBT, 1110 7103BOIs€ 3HAUHO
CKOPOTUTHU Yac 3aps/HKaHHS JIsl CY9aCHUX €JIEKTPOMOOLIB 13 BETUKUMH OaTapesiMu.
Hamnpyra 3apsmxanns moxe gocsrata 500 B, a cunma ctpymy — 1o 200 A. Pos'em
CHAdeMO wmae xapaktepHy (opMy 13 3aXMCTOM BiJ 30BHIIIHIX BIUIMBIB, IO

TIJIBUIIY€ HOTO IOBFOBIYHICTH Ta O€3IEeKy B €KCILTyaTallii.

Region
Current Europe,
t Japan America testiof wodd China

S 11772 11772 Mennekes
g ) (or Type 1) (or Type 1) (or Type 2)

Plug name: CHAdeMO Ccs1 Ccs2 GB/T

Pucynok 2.7 — Konctpykiist cranaapty 3apsaku CHAdeMO

OcnoBuoto nepeBaroro CHAdeMO € Bucoka MBHUAKICTH 3apsKaHHS, IO
3a0e3mneuye 3py4YHICTh JIJIs1 KOPUCTYBAUIB IT1/1 Yac TPUBAIMX MOAOPOKeH ab0 B yMOBaXx,
KOJIM IIBUJKE MTOTIOBHEHHS 3apsly € KPUTHYHO BaXIUBUM. Lleit ctanmapT € oqHuMm i3

HaOUTbII Oe3MeuHnX 3aBAsSKA BOYIOBaHUM MPOTOKOJIAM KOMYHIKAIlli MIXK 3apsAHOIO
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CTaHIIIEI0 Ta aBTOMOO1JEM, sIKi MOCTIMHO MOHITOPSTh CTaH OaTapei Ta mapameTpu
ctpymy. CHAdeMO Ttakox miarpumye ¢yskiito Vehicle-to-Grid (V2G), ska
J03BOJISIE  BUKOPHCTOBYBATH aKyMYJISITOp aBTOMOOWUIA SK JDKEPENO €Heprii Juis
YKUBJICHHS 1HIITUX MPUCTPOIB a00 MOBEPHEHHS €JIEKTPOCHEPTii B MEPEKY.

Opaum 13 ocHoBHUX HenonikiB CHAdeMO e ioro obmexkena reorpadiuna
nommpeHictb. CTaHAapT MIUPOKO BUKOPUCTOBYEThCS B SmoHii, ane i#oro
nomysspHicTe 'y €Bpomi Ta CHIA mOCTYNOBO 3HMXKYETbCA 4epe3 KOHKYPEHLIIO 3
iHImMME ctangaptamu, TakuMu sk CCS. BinHOCHO Benmukuii po3mip po3'eMy TaKoxXK
MOXe€ OyTH HE3pYYHUM JUIsi KOMITAKTHUX aBTOMOOLTiB. KpiM TOTrO, BIJICYTHICTH
iHTerpauii 3MiHHOro crpymy B po3'em CHAdeMO o3Hauae, 1o KopHucTyBadam
JIOBOJIUTHCSI BUKOPUCTOBYBATH JTOJAATKOBUM MOPT A1 3apsipkands AC, 110 3MEHIIye
HOT0 YHIBEPCAJIbHICTD.

Crangapt CHAdeMO BUKOpPUCTOBYETHCS B 0aratbox MOMYJISIPHUX MOJEISX
elleKTpoMo0OiTiB, Takux sk Nissan Leaf, Mitsubishi Outlander PHEV, Kia Soul EV ta
Citroén C-Zero. [IpoTe cyudacni mozeni noctynoBo nepexoaste Ha CCS uepes ioro
OUIBIIY YHIBEPCAIBHICTh Ta 1HTErpallif0 3MIHHOTO W MOCTIMHOTO CTPYMY B OJHOMY
pos'emi. CHAdJeMO 3aimmiaetscsi BaJIMBUM BHOOPOM JIJIsi KOPHCTYBAUiB, SKi BXKE
BOJIOJIIFOTh aBTOMOOUISAMH, 1110 MIATPUMYIOTH LW CTaHAApT, a TAKOXK y PErioHax, Jie

3apsaHi ctanili CHAdeMO noMiHyIOTb.

2.2.4. Ananis crangapry 3apsiaku CCS (Combined Charging System)

CCS, abo Combined Charging System, e yHiBepcaJIbHUM CTaHAAPTOM 3aPSIIKH,
AKUU 00 €IHY€ MOKIIMBOCTI 3aps/xkaHHs 3MIHHUM cTpyMoM (AC) Ta mocTiiHUM
ctpymom (DC) uepe3 omun pos'em. lle 3abesmedye 3pydHICTH 1 THYUYKICTH IS
KOPHUCTYBauiB €JIEKTPOMOOLIIB, OCKUIBKM OAMH TMOPT MOXKE OOCIYyroByBaTH pi3HI
pekuMH 3apskaHHsA. Y pexumi 3MiHHOTO cTpymy CCS BHUKOPHCTOBYE BEPXHIO
YaCTUHY PO3'eMY, AKa € 1ICHTUYHOIO CTaHAApTy TYpPe 2, a 7S MBUIKOTO 3apsKaHHS
MOCTIMHUM CTPYMOM JIOJIAlOThCS JIBA IOJATKOB1 KOHTAKTH B HIDKHIN YacCTHHI PO3'EMY.
[le no3Bossie 3apsiAHIN CTAHINT TTOIaBaTH €HEPTit0 0E3MOCePEAHBO 10 AKyMYJIsATOpA,
oOMHHaIO4YM BOYJOBAaHUN IMEPETBOPIOBAY aBTOMOOLIS, IO CYTTEBO CKOPOUYE Hac

3apAIKaHHA.

28



N.America Japan EU China All Markets

and the rest of markets except EU

o) O
00 00 *

J1772 (Tyre 1) J1772 (Tyre 1) Mennekes (Tyre 2) GB/T

00 oY 000
® © © @
BN O O) P

ccs1 CHAdeMO CCs2 GB/T Tesla

Pucynok 2.8 — Koncrpyxkuis crannapry 3apsakun CCS (Combined Charging
System)

CCS miaTpumye sik ogHodaszHe, Tak 1 TpudazHe 3apsKaHHSI 3MIHHUM CTPYMOM
13 TOTyXHICTI0O 10 22 kBT, M0 € onTUManbHUM JJisi TOMAIIHIX YMOB. Y peXuMi
MOCTIHOTO CTPYMY MOTYXHICTh 3apsi/pkaHHs Moxe nocsiratd 350 kBT, 3amexHo Bin
Moei 3apsaHoi cranii. Hampyra 3apsmpkanss ctanoButs 10 1000 B, a cuma ctpymy

— 1o 500 A, mo m03BOJIA€ 3apsypKaTH BeNuKi akymynaropu (monan 100
kBT-rox) 3a 15-30 xBunuH 1o 80% emHocTi. [HTETpOBaHA cHiCTeMa KOMYHIKAIlT MiX
aBTOMOOLIEM 1 3apsAJHOK0 CTaHIIEI KOHTPOJIIOE MapaMeTpu  3apsiI>KaHHS,
3a0e3mevyroun ONTUMAIbHY MPOAYKTUBHICTh Ta O€3MeKy.

Onniero 3 kmouoBux mepeBar CCS € Horo yHiBepCaiabHICTh, KA J03BOJISIE
KOPHUCTYyBadaM 3apsiKaTi aBTOMOO1Ih y Oy/Ib-SIKUX yMOBaX: BJOMa, Ha TPOMAJICEKUX
3apsAMHUAX CTaHIISIX YW Ha MIBUIAKICHUX 3apsAaHUX TyHKTax. IligTpuMmka BUCOKOT
MOTYXHOCTI 3apsiI>KaHHs MOCTIMHUM CTPYMOM POOUTH LIEH CTaHIAPT 1/1€aJbHUM IS
Cy4acCHHUX €JIEKTPOMOOUITIB 13 BEIMKUMU OaTapesiMu, OCKUTBKU BIH CYTTEBO CKOPOUYE
yac 3apsypKaHHA. [HTerpanis 3MIHHOTO Ta MOCTIHHOTO CTpyMy B OJAHOMY poO3'eMi
CIIPOIILY€E€ KOHCTPYKIIIIO aBTOMOOLIS 1 pOOUTh WOTO 3pYYHINIAM I KOPUCTYBAyiB.
3aBasaku nomupeHocti CCS y €spormi, CHIA Ta iHImMX perioHax, e CTaHaapT CTaB
OCHOBHHMM BHOOPOM JIJIs1 HOBUX 3apsiIHMX CTaHIIIH.

Cepen nemomnikiB CCS MOXHa BiJ3HAYUTH HOTO BIAHOCHO OUIBIIY BapTICTh

BIIPOBAKCHHS ITOPIBHIHO 3 IHIIUMU cTaHaapTaMu, Takumu sk CHAdJeMO uu Type 2,
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4yepes3 CKIIAJIHICTh 1HOPACTPYKTYPH AJIsI MATPUMKHA BUCOKOT TOTY>KHOCTI 3apsiKaHHS.
Kpim Toro, aesiki crapi Mozeni enekTpoMoOLtiB He miaTpumyoTs CCS, mo oOMexye
HOro BHUKOPHUCTAHHS /Ui YaCTHHU BIIACHUKIB TPAHCIOPTHUX 3ac00iB. Y CSIKUX
perioHax, Takux sk A3is, po3noBcrokeHicTh CCS € HIKYO0I0 Yepe3 KOHKYPEHITIIO 3
iHImMMHU ctanaaptamu, Takumu sk CHAdeMO.

CCS € crangaptoM, SKHM  MOIATPUMYETHCS  OUIBIIICTIO  CyYaCHUX
SJIEKTPOMOOLTIB, 0COOMMBO THUMH, 10 BUmyckaroThcss B €Bpomi Ta CIIIA. Cepen
MOMYJISIPHUX MOJeneH, ski BukopuctoBytoTh CCS, BapTo Bim3Hauntu Volkswagen
ID.4, Audi e-tron, BMW iX, Ford Mustang Mach-E, a takoxx OaraTo iHIIHX
eJICKTPOMOOLTIB TIpeMiyM-Kiiacy Ta macoBoro cerMeHty. HaBith Tesla, sika panimie
BUKOPUCTOBYBaja BiacHuM pos'em, iuTerpyBaia CCS y cBoi aBTOMOOLT JyIs
€BPOIEUCHKOTO PUHKY.

CCS (Combined Charging System) € OgHUM 13 HaHIEPCIEKTUBHIIINX
CTaHJApTIB 3apsKU 3aBISKH CBOIM YHIBEpCAJIbHOCTI, BUCOKIM MOTY>KHOCTI Ta
CyMicHOCTI 3 GaraTbMa MOJENAMH eIeKTpoMobiniB. Moro mepesaru po6msars ioro
OCHOBHMM BHOOPOM Il HOBUX 3apsiIHMX CTaHIlIN, 3a0e3neuyroun e()eKTUBHICTD 1

3pYYHICTb 3apsiKaHHs B OyAb-sIKUX yMOBaX.

BucHoBKHM 10 APYroro po3aiiay

1. HaBeneno kiacudikarniro enextpuunux Ta riopugnux asto (BEV, PHEV,
HEV, EREV);
2. CucremMaTH30BaHO CTaHIApPTH po3’eMiB 1 3apsanHux npuctpoiB (Type 1,
Type 2, CCS, CHAdeMO);
3. IlpoanamizoBano pexumu 3apsmxanHs AKDB, TexHiuyHi BuMoru o
3apsSAHUX IPUCTPOIB Ta CTAHIAPTH OE3IMEKH.
4. Tloka3aHo, IO PI3HOMAHITTS €JIEKTPOTPAHCIIOPTY Ta CIOCOOIB 3apsiHKaHHS
BHU3HAYa€ HEOOXIIHICTh OaraTopiBHEBOI 1H(PACTPYKTYpPH, aJaNTOBAHOI O PI3HUX

BU/IIB TPAHCIIOPTHUX 3aCO01B Ta YMOB BUKOPHUCTaHHS

30



3 KOHCTPYKTOPCBKHM PO3/ILT

3.1 TexuiuHi pimeHHs 151 peasizamii Mepe:Ki 3apsiTHUX CTaHUII

Po3BuTOK Mepexi 3apAgHUX CTaHIIA € KIIOYOBOIO YMOBOIO JII MacOBOTO
BIIPOBA/DKCHHS  eleKkTpoTpaHcnopty. EdextuBHa iHdpacTpykTypa MOBHHHA
3a0e3mnedyBaT MBUAKE, 3pydHE Ta O€3MeUHe 3aps/KaHHS, BIAMOBIAATH TEXHIYHUM
BUMOTaM Cy4YaCHHMX €JICKTPOMOOUIIB 1 IHTETpyBaTUCS B ICHYIOY1 eJIEeKTpoMepexi 0e3
IIKOAM JUISl iXHBO1 CTaOLIBHOCTI. Y IIbOMY PO3JILI PO3IIISIIAIOTECS OCHOBHI TEXHIYHI
aCIeKTH CTBOPEHHS MEpEXl 3apsSAHMX CTaHIIM, BKIOYAIOYM BUOIp THUIIB CTaHLIMN,
TE€XHIYHUX KOMIIOHEHTIB, aHalll3 BIUIMBY Ha EHEPrOCHUCTEMY Ta BIPOBAKCHHS
1HTENEKTYyaJIbHUX CUCTEM YINPaBIiHHA. Takui miaxig A03BOJIAE€ KOMIUIEKCHO BUPIIIUTH
3aBJaHHS 3a0e3MeyeHHs] E€HEeproeeKTUBHOCTI Ta HAIIAHOCTI pOOOTH 3apsAHOI
iHppacTpykTypH [9].

3.1.1. Tunwu 3apsAaHUX CTaHUi Ta IXHi TeXHIYHi XapaKTepUCTUKH

3apsanHi cTaHii JJIs €JIEKTPOTPAHCHOPTY TMOIIISIOTHCS HAa KiJbKa THIIIB
3aJIEKHO BIJ TEXHIYHMX XapaKTEPUCTHUK, CIOCOOY Iepedadl eHeprii Ta MIBUAKOCTI
3apsamxaHHsa. OCHOBHUMH € 3apsnHi cTaHuli 3miHHOro crpymy (AC), moctiiiHOro
ctpymy (DC) ta 6e3aporoBi 3apsaHi cucremu. KoxkeH 13 HUX THIIB Ma€ CBOi
OCOOJMBOCTI, TMepeBar Ta OOMEXKEHHS, SKI BHU3HAYAIOTh IXHIO BIAMOBIIHICTh
noTpebdaM pi3HUX BUIIB enekTpoTpancropty [10].

3apsiani craniii AC 3a0e3neuyoTh nepeady eJIeKTPOSHEPTii 10 aBTOMOOIS y
BUTJISIAL 3MIHHOTO cTpyMy. BOyaoBaHuil y TpaHCTIOPTHUI 3aC10 1HBEPTOP MEPETBOPIOE
3MIHHUH CTpPyM Ha TIOCTIHHUW, SKUH BUKOPUCTOBYETHCS JUIS  3apsKaHHS
akymyisitopa. AC-cTaHIli XapakTepu3yrTbes MOTYXHICTIO Big 3,6 no 22 kBt
3aJIeKHO BiM KOHQIryparii, 1o poOUTh iX ONTUMAIBHUMH JUISI JOMAIIIHBOTO
BUKOPHUCTAHHS Ta 3apsKaHHA B oicax. OCHOBHOIO MEPEBArOI0 € TOCTYIMHICTh TAKUX
CTaHIIIM, OCKIIBKM BOHM MOXYTbh MIJAKIIOUATUCS 0 CTAHJIAPTHUX EJICKTPOMEPEK.
Boanoyac mBUAKICTH 3apsKaHHS OOMEXKEHA MOTY)XKHICTIO 1HBEPTOpa aBTOMOOLIS,
110 MOke OyTH HEJOCTATHBO JJIs1 BEJIMKUX OaTapei.

DC-craniii mojarTh MOCTIMHUN CTpyM O€3MOCepeHbO 10 aKyMyJIsSITopa,
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MUHaIO4Yl BOYJIOBaHMI 1HBEpTOp aBTomMoOuUIA. lle 3abe3rneuye BHUCOKY MIBHIKICTh
3apsPKaHHsA, OCKUTBKU BCS €HEPTis HaIXOAUTh HanpsaMmy. [IoTyKHICTh TaKuX CTaHLIN
BapiroeThes Bif 50 no 350 kBT, no3Bosstoun 3apsypkata akymyssitop 10 80% eMHocTi
3a 15-30 xBunuH. Llei Tun 3apsaok 1eaibHO MiAXOAUTh AJsl TPOMAJAChKUX CTaHIIIH
y370BK aBTOMarictpaiei abo B MiCbKIX YMOBaX, /1€ Ba)KJIMBA IIBUAKICTh 3apsI>KaHHS.
OCHOBHUM HEJOJIIKOM € BHCOKa BapTICTh YCTAHOBKU Ta 3aJEXKHICTh BiJ] MOTY>KHOI
eJIEKTPOMEPEXKi, 10 0OMEKY€ IXHIO TOCTYIHICTh y JESKUX PErioHax.

be3npoToBi 3aps/iHI cCUCTEMH BUKOPUCTOBYIOTH 1HAYKTHUBHY Tiepenady eHeprii
MDX 3apsaHoto aTdopMoro Ta apTomoOuieM. Lleit nporiec 3acHOBaHMT HA CTBOPEHHI
MarHiTHOTO NOJIA, AKe 3a0e3Mneuye nepenayy eHeprii 0e3 (pi3M4HOro KOHTaKTy. Takuii
croci0 3apsipKaHHs € 3pyYHUM, OCKUTBKY HE BUMArae MiJKJII0ueHHs Ka0emiB, 1/1eaJbHO
HIIXOIUTh JUIsl IOMAllHBOTO BHKOPUCTAHHS a00 MICBKMX NHapKyBaHb. [10TyxHICTBH
0e37pOTOBUX CHCTEM 3a3BH4Yail oOMexyeTbesa 3-11 kBT, 1m0 poOuTh iX npugaTHUMU
JUTS TIOBUIBHOTO 3aps/KaHHs. [ 0JIOBHUMH HEIOIIKaMU € HU3bKa eHeproeeKTUBHICTh
yepes BTpATH Mij Yyac nepeiadl eHeprii, a TAKOK BUCOKA BapTICTh OOJIaHAHHS.

AC-ctanmii € HaWOUIBII AOCTYITHAMH Ta C€KOHOMIYHO BHUTITHUMHU JUIS
1HJIMB1TyaJIbHOTO BUKOPUCTAHHSI, ajie BOHU 0OMEXKeH1 MIBUKICTIO 3apsimkaHHs. DC-
CTaHI[ii, HaBMaKH, 3a0€3Me4YyI0Th BUCOKY IIBHUJIKICTh 1 € KPUTUYHO BAKJIMBUMH IS
IPOMAJICBKUX MICIlb, OJJHAK iXHS BUCOKA BapTICTh MOKE CTPUMYBATU TOIIUPEHHS.
be3apoToBi cucTeMu MPONOHYIOTH YHIKAJIbHI MEpPEBard 3py4HOCTI, aje iXHS HU3bKa
e(deKTUBHICTh T4 BUCOKA BapTICTh OOMEXYIOTh BUKOPHUCTAHHS B YMOBAX, Jie MOTPiOHA
IIBUJIKICTb. 3 OTJIAly Ha CydacHI TOTpeOU eIEKTPOTPAHCHOPTY, HANOUIBII
nepcriekTuBHUMU € DC-cTaHIii 3aBAsSKY IXHIN 31aTHOCTI IMIBUIKO 3apsKaTy Oarapei
BEIIUKMX €MHOCTEW, 110 BIAMOBIAAE TPEHAY 3POCTaHHS JAIBHOCTI TPOOITY
eJIEKTPOMOOUTIB. Y TTO€IHAHH1 3 IHHOBALIMHUMU TEXHOJIOT1SIMU, TAKUMHU SIK 1HTErparlis
3 IHTENEeKTyaTbHUMHU eHepreTnyHuMu Mmepexkamu (Smart Grid), DC-ctanimii maroTh
NOTEHII1aJ CTAaTH OCHOBOIO 3apsAHOI IHPPACTPYKTYpH Yy HAMOIMKYOMY MallOyTHEOMY.

3.1.2. Bubip o0sagHaHHA MU 3aPSAHUX CTAHIIN

[IpoextyBanHs 3apsaHOi 1HPPACTPYKTYpH A €IEKTPOMOOLUTIB mependayae
perenbHM BUOIp 00aHaHHS, siKe 3a0e31euye e(heKTUBHICTb, 0€3IMEeKy Ta EKOHOMIYHY

JTOIIIBHICTh.  KIIFOYOBMMHM ~ KOMIIOHEHTaMHU  3apsjHOI  CTaHIli € po3'emu,

32



Tpancopmaropu, kabesi, IHBEepTOPHU, a TAKOK CUCTEMH YIIPaBIIIHHA 1 3aXuCTy. KoxkeH
13 IIUX €JIEMEHTIB BUKOHYE BOXIMBY (YHKI[IIO0 B 3a0€3MeueHH1 CTa0lIbHOTO MPOIIeCy
3apsi/HKAHHS.

Po3z'emu € ocHOBHUM iHTEep(deiicoM MK 3apsAIHOI0 CTAHINEID Ta aBTOMOOLIEM.
Bubip Ttumy po3s'emy 3amexuTh Big CTaHAAPTY 3apSIKH, IMiATPUMYBAaHOTO
aBTOMOO1J1eM, Ta TOTY>KHOCTI cTaHmii. Hanpukmnan, po3'emu Type 11 Type 2 miaxoasTh
st 3miHHOTO cTpyMy (AC), Tomi ik CHAdeMO ta CCS 3a0e3meuyroTh 3apsipKaHHs
noctiiauM ctpymoM (DC). BakmuBUMHU TEXHIYHUMHU XapaKTEPUCTUKAMHU PO3'€MIB € 1X
MaKCHMMallbHa Cujia CTPyMY, HalpyTa Ta JOBTOBIYHICTh. Y HIBEpCalbHI PO3'€MH, TaKl
sk CCS, mpomnoHyioTh OUTBIIY THYYKICTH A1 pOOOTH 3 PI3HMMH TPAHCTIOPTHUMH
3acobamu, Toai sk cnernudiuni cranmaptu, Hanpukiag CHAdJeMO, opieHtoBani Ha
KOHKPETH1 MOJIEI.

Tpancpopmaropu 3a0e3neuyroTh aJanTaililo HANPyrH MeEpexi 10 BHUMOT
3apsAAHOI cTaHlli. BOHN nepeTBOPIOIOTh BUCOKOBOJIBTHUM CTPYM, SIKUHA HAIXOIUTh 13
MAaricTpaJlbHUX JIHIMA eJeKTpolepenadi, y Hampyry, OpUJaTHY I 3apsKaHHS
eseKTpoMoOLTiB. EQexTuBHICTh TpaHchopMaTOPiB € KpUTUYHUM (HAKTOPOM, OCKUTBKH
BTpaTU IMiJl 4Yac Mepeaadl €Heprii BIUIMBAIOTh Ha 3arajbHy €HEepProe(eKTUBHICTDH
cranmii. TpanchopmaTopu 11l 3apsIHUX CTaHIIINA 3a3BHUYail MAIOTh OTYXHICTH Bif 50
10 500 kBA 3ajie)xHO BiJ] IXHBOTO MPU3HAYCHHS.

Kabeni BinirpatoTh BaKJIMBY POJib y Mepeadl eHeprii MK 3apsSAHOI0 CTaHIIEI0
Ta aBTOMOOIIeM. BOHM MOBWHHI BIJANOBIATH BHMOTaM O€3MEKH, MaTH BHUCOKY
TEPMOCTIMKICTh Ta 3aXUCT BIJl MEXaHIYHUX MNOLIKOkeHb. Kabeni s mocTiiiHOro
CTpyMy TIOBMHHI MaTh OUIBIIMH JiaMeTp 4epe3 BHUCOKY CHIy CTpyMy, sKa
BUKOPHUCTOBYETbCA I IIBUAKOIO 3apsyKaHHSA. TakoX BaXKIMBOIO € JIOBXKHHA
ka0emnto, sika MOBMHHA OyTH JIOCTaTHBOIO MJIi 3PYYHOCTI MIJKIIOYEHHS, aje He
HAJMIPHOIO, 1100 YHUKHYTH BTpaT €Heprii.

[HBepTOpH BUKOPUCTOBYIOTHCS Yy 3apsAAHMX CTAaHLIAX 3MIHHOTO CTPyMy st
MEPETBOPEHHS  €JIEKTPOCHEPTii BIAMOBIAHO JO BHUMOI akKyMmyJjsitopa. Bonu
BIJIMOBIAAI0TH 3a CTAOUII3AIII0 CTPYMY 1 3amo0iranHs nepeBaHTaXeHHsM. [HBepTopu
JUIS 3apsSIHUX CTaHIA TOBHMHHI MaTu BuUcOkuiM koedimieHt kopucHoi mii (KKJI),

3a3Bu4ait moHaa 90%, mo0 3a0e3neunTH MiHIMaIbHI BTPATH €HEPrii 111 Yac Mporecy
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3apsamxanHHs. CydacHi 1HBEPTOPU OCHAIYIOTbCS CHCTEMAMH MOHITOPUHTY, SIKi
JI03BOJISIIOTH BIICTE)KYBATH CTaH MPOIIECY 3apsKaHHs B peaIbHOMY 4aci.

Cucremu ympaBiIiHHS 1 3aXMCTY € HEBII'€MHOIO YAaCTUHOIO 3apsA/IHUX CTaHIIH.
Boun 3a0e3meuyyroTh KOHTPOJb 3a TapamMeTpaMu 3apspKaHHs, BHUSBIICHHS
HECTPAaBHOCTEH Ta 3amobiraHHs aBapiiHUM cuTyallisiM. barato cydacHHMX 3apsaHuX
CTaHIII MarOTh IHTEJIEKTYaJIbHI CUCTEMH yIPABIIHHSA, K1 JIO3BOJISIIOTH IHTETPYBATH iX
y po3yMmHi eHepretruHi Mepexi (Smart Grid). Lle mo3Bosisie perymoBaTH MOTYKHICTh
3apsKaHHS 3aJI€KHO BiJl HABAHTAXXEHHSI HA MEpPexkKy Ta 3a0e3MedyBaTh ONTUMAaJbHE
CIIO’KUBAHHS €JIEKTPOEHEPTii.

Takum uynHOM, BHOIp OOJaTHAHHS [JIs1 3apsAJHUX CTAHIIA 3aJIEKUTH BIJ
TEXHIYHUX BUMOT, YMOB €KCILTyaTaIlli Ta eKOHOMIYHOI JOIBHOCTI. PeTenbHuit miaxin
JI0 OTO MHUTAHHS JO3BOJISIE CTBOPUTH 1H(PACTPYKTYPY, SIKa BIJAIMOBIIAE€ Cy4YaCHUM
BUMOTaM eJIEKTPOMOOIIILHOCTI Ta 3a0e31euye cTaduibHy i 0e3nedHy poOoTy 3apsTHUX
CTaHIIIM.

3.1.3. BnjmuB Ha eJIeKTPOMepPexKy

[linkiro4eHHs 3apsIHUX CTAHIIN JI0 ICHYIOUHUX EJICKTPOMEPEX € CKIaTHUM
TEXHIYHUM 3aBJIaHHSIM, SIKC BUMarae BpaxyBaHHS KUIBKOX KJITFOYOBHX ACIICKTIB, TAKHX
K HaBaHTaXEHHS Ha MEpPEXKy, CTAOUIbHICTh HANpYrd Ta YHOpPaBIiHHSA MIKOBUMH
HAaBaHTAKEHHAMH. PO3BUTOK 1HOPACTPYKTYpu Mg 3apsKaHHS €JIeKTPOMOOLIIB
CIIPHYMHSE 3POCTAHHS CTIOKWBAHHSI €IIEKTPOCHEPTI1, III0 MOKE MaTH CYTTEBUH BILTHB
Ha poOOOTY EIEKTPOMEPEK, OCOOIUBO y MICHKHX palOHaX 13 BHCOKOI IIIJIBHICTIO
HaCEJICHHS.

HaBaHTa)keHHsI Ha €JICKTPOMEPEXKY 3HAYHO 3pPOCTAE Uepe3 IAKITIOYCHHS
3apsATHUX CTaHIlNA, OCOOJIMBO BUCOKOTIOTY)KHHX TMPHUCTPOIB MOCTIMHOTO CTpymy. Y
I'YCTOHACEJICHUX pPalOHaX OJHOYACHE BHKOPHCTAHHS BEIIMKOI KiTBKOCTI 3apsIHUX
CTaHI[Ii MOXE TPHU3BOAUTH 1O TEPEBAHTAKEHHS MEPEXKi, M0 CTBOPIOE PUBUKU
BIJIKJIFOUEHHSI enekTpornoctadadds. 1106 3amobirtu 1ipomMy, HEOOXi1HO MPOBOJUTH
OLIIHKY TMOTYKHOCTE MEpeXi B PEriOoHi, /i€ MJIAHYEThCS BCTAHOBIICHHS 3apsiIHOI
iH(ppacTpykTypHu, Ta, 3a MOTpeOH, MOJEpHI3yBaTH I 3a PaxyHOK BCTaHOBJICHHS
JIOAATKOBUX TpaHC(OpPMATOPIB 1 MiACTAHITIH.

CrabuIbHICTh HANPYTH € IIe OJTHUM BAXJIMBUM (PAKTOPOM, SIKUM MOXKEe OyTH
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MOPYILICHU 4epe3 HepiBHOMIpHE ab0 pamnToBe 30UIbIICHHS HaBaHTAKCHHS.
KonuBanus Hampyru BIJIMBalOTh Ha €(EKTHBHICTh 3aps/KaHHSI Ta MOXKYTb
CIPUYMHUTH TOIIKOJKEHHS OO0JIaIHaHHS SIK HA CTOPOHI 3apsaHOI CTaHIlii, TaK 1 B
enekrpomepexi. Jlns 3abe3medeHHs CTaOUIBHOCTI HEOOXIAHO BHKOPHUCTOBYBATH
Cy4acHI CHCTEMH aBTOMAaTHYHOIO pETYJIIOBaHHS HANpyrd, fAKi JO3BOJSAIOTH
MIITPUMYBAaTH ONTUMAJIbHI TIapaMeTpU EJICKTPOCHEPrii HEe3aJIe)KHO BiJ 3MIH Yy
HABaHTAKCHHI.

VYrpaBiaiHHS NIKOBUMHM HABaHTAXKEHHSIMH € KIIOYOBUMM 3aBJAHHIM IS
IHTerpauii 3apsJHUX CTaHII B ICHYIOUY eJIeKTpoMepexy. HalOinpmii mikoBi
HAaBaHTA)XCHHSA BUHHUKAIOTh y TOJAWHHA MAacOBOTO BHUKOPWCTAHHS 3apsIHUX CTaHIIIH,
HAIpUKIIaJ, BBEYEpl, KOJW JIIOJU MOBEPTAIOTHCA A0AOMYy 3 pobotu. Lle Mmoxe
CTBOPIOBATU 3HA4YHMI AucOanaHc y poboTi mepexi. [ns BupimeHHs i€l npoodieMu
3aCTOCOBYIOTHCSl 1HTEJEKTYaJdbHI CHUCTEMM YIPABIIHHSA €HEPrOCHOXUBAaHHAM, SKI
J03BOJISIIOTh PO3NOJUISATH HaBaHTA)KEHHS PIBHOMIPHO BIIPOJOBXK IHsA. Hampukian,
texHosorii Smart Charging narTh 3MOTYy HaJalITOBYBAaTH dYac 3apsKaHHS
BIJIMOBITHO 7O JOCTYMHOI TMOTYKHOCTI MEpEeXi, AaBTOMATHYHO 3HUKYIOUH
IHTEHCUBHICTb 3apsKAHHS 1M1/ Yac MKOBUX MEPIOAiB.

BaxxnuBy poJib TakoXK BiAirpae iHTErpauis 3apsSaHUX CTaHLIN y po3ymHI
erepretuuni Mmepexi (Smart Grid). Ile mo3BoJisie BHUKOPUCTOBYBATH JaHi PO
HABAHTA)KEHHA B peaJbHOMY uYaci Juisl ajantauli poOOTH 3apsiiHMX CTaHIIH,
3a0e3neuyroud  CTaOUIBHICTh  MEpeXl  Ta  MIJBUIIYIOYH  e()EeKTHBHICTD
eHeprocrnoXkuBanHs. Hampukiman, 3apsaHi CTaHIii MOXYTh aBTOMAaTUYHO 3HHUKYBAaTH
MOTYXKHICTh a00 BIJKJIAATH 3apsJPKaHHS, KOJU Mepeka 3HaAXOJIUTHCS 1]l BETUKUM
HABaHTA)KCHHSIM.

3aranoMm, NIAKIIOYEHHS 3apsAOHUX CTaHUIA J0 ICHYIOUHMX EJIEKTPOMEpex
BUMara€ KOMIUIEKCHOTO MIAXOAY, KU BKJIIOYA€ aHall3 TOTYKHOCTEH Mepexi,
BUKOPHCTAHHS CUCTEM CTaOLUTi3aIlil HAlPyTH, BIPOBAIYKEHHS TEXHOJIOTIH yIpaBIIiHHS
MIKOBUMHM HABAaHTAXKEHHSMH Ta 1HTETrPAIlil0 13 CydYaCHUMH PO3YMHHUMH MEpPEKaMHu.
Takuit miaxig JO3BOJUTh YHUKHYTH MpoOOJeM NepeBaHTaXEHHs, 3a0e3mneuyroun
CTaOUIBHICTh 1 HAAIMHICTD POOOTH EJIEKTPOECHEPreTUYHOI CHUCTEeMH B YMOBax

3pOCTa0Yoro MONUTy Ha 3apsAHy IHPPacTpyKTypy.
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3.1.4. InTerpauisi cucTeM ynpapJjiHHS TA MOHITOPUHIY

[aTerpamiss cucreM yOpaBlliHHA Ta MOHITOPUHTY € KPUTHYHHUM AaclEeKTOM
CydacHoi 3apsiiHOi 1H(PPACTPYKTypH, OCKUIBKHM BOHa 3a0e3nedye e(peKTUBHY
B3a€EMOJII0 MK 3apsiIHAMU CTaHI[ISIMH, KOPUCTYBauyaMHU Ta €JIEKTPOCHEPTEeTUIHOIO
cuctemoro. TexHiyHI pimeHHS B Il cdepi CHOpsSIMOBaHI Ha CTBOPEHHS
IIEHTPAJi30BaHUX CHUCTEM, SIKI JO3BOJISIOTH 3/IIMCHIOBATH JTUCTaHIIIHE YIpaBIIiHHS
3apsSAHUMM CTaHIISIMHA, MOHITOPUTH MapaMeTpu CIOXUBAaHHS EJIEKTPOCHEPTrii Ta
IHTErpyBaTH iX y iHTelIeKTyalbHi Mepexi (Smart Grid) [11].

JlucraHiliiiHe ympaBiiHHS 3apsiIHUMU CTAHIIIMH CTall0 MOXJIMBUM 3aBISKH
BIPOBa)KeHHIO loT-TexHosoriid. 3apsaHi CTaHIil OCHAIYIOThCA BOYIOBAHUMH
MOJYJIIMU 3B'SI3KY, SIKI JO3BOJIAIOTH NEpeJaBaTH JaHl 1O LEHTPaIbHOI CHUCTEMHU
yrnpaBiiHHS depe3 mepexi Wi-Fi, moOuipHOrO 3B’43Ky a00 Ethernet. Lle no3Bosse
orepaTopaM 3apsIHUX MEpeX BIAJAJIEHO KOHTPOJIIOBATU CTaH OOJaJHaHHS,
3allyCKaTH 4YM 3YNHUHATH TMPOLEC 3apsA/UKaHHS, PEryjoBaTH IOTYKHICTh Ta
HaJalITOBYBAaTU poOOOTY CTaHId y peanbHOMYy 4aci. Kpim TOoro, Taki cucremu
3a0e3MevyyloTh aBTOMaTHUYHE BUSBICHHS HECTIPAaBHOCTEM 1 OTIEpaTUBHE pearyBaHHs Ha
npo0iemu, 10 MiABUILYE HAAIHHICT Ta Oe3neKy poOOTH 3apsIHOI 1HQPACTPYKTYPH.

MOHITOPUHT CHOXXUBaHHS EJIEKTPOCHEPrii € BaKJIWBUM 3aBAaHHAM IS
ornTtumi3zaiii poOOTH 3apsAHUX CTaHIM Ta ympaBiiHHSI eHepropecypcamu. CydacHi
CHUCTEeMH MOHITOPWHTY BUKOPUCTOBYIOTh JATYMKH Ta MpOTpamMHe 3a0e3MeUYeHHS s
300py JaHUX MPO OOCATH EHEPTii, CIOXKUTOI KOKHOIO CTAHIIEI0, a TAKOX aHali3y
MIKOBUX TNeploJiB crnoxuBaHHA. lle no03Bosisie omeparopaM OTPUMYBaTH MOBHY
KapTHHY pOOOTH Mepexi, IUIaHyBaTH HABaHTAXCHHS Ha EIEKTPOMEpEeKy Ta
BIIPOBAKYBATH €HEPro30epirarodi 3axoau. J{Js KiHIeBUX KOPUCTYBadiB MOHITOPUHT
CHOKMBaHHS 3a0e3neuye A0CTyn A0 1HQOopMalli Mpo BapTICTh 3apsaKaHHSA, 00CsT
BUKOPHCTAHOT €HEprii Ta TPUBAIICTH MPOIIECY 3apsKaHHS Yepe3 MOOLIbHI JOJaTKU
a00 BeO-mopTam.

[HTerpamisa 3apsiAHUX CTaHUIA 3 1HTENEKTyaJllbHUMH Mepexkamu (Smart Grid)
BIJIKpHBAa€ HOBI MOXIIMBOCTI ISl YHpPaBIiHHS eHeprocnoxuBanasMm. Smart Grid
JTO3BOJISIE 3apSJIHAM CTaHIIAM aJanTyBaTH CBOIO POOOTY A0 MOTOYHOTO CTaHy MEPEXI,

aBTOMATUYHO 3HIDKYIOUM a00 30UTBIIYIOYM TMOTYKHICTb 3apsKaHHS 3aJI€KHO BiJ
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HABAHTAXXEHHA Ha eHeprocucremy. Kpim TOro, 3apsiaHi CTaHIli MOXYTb
BUKOPHCTOBYBATH AalTOPUTMH IPOTHO3YBAHHS U1l PO3MOMALTY HAaBaHTAXCHHS Ha
OCHOB1 ICTOPUYHHMX JaHUX 1 MOTOYHMX yMOB. IHTerpamis 3 Smart Grid Takox
3a0e3nedye MOXKIUBICTh peanizamii Gynkiiii Vehicle-to-Grid (V2G), 3a monomororo
SAKUX aKyMYJISITOPH €JIEKTPOMOOLITIB MOXKYTh BUKOPUCTOBYBATHUCS sl 30epiraHHs Ta
MTOBEPHEHHS €HEPTii 10 MEPEXKi B IIEPi0IM MKOBOT'O HABAHTAXKCHHS.

BaxxnBoro CK1aI0BOIO 1HTETpallii € BOPOBaPKEHHS CTAaHAAPTIB 3B’ SI3KY, TAKUX
sk OCPP (Open Charge Point Protocol), siki 3a0e3ne4ytoTh CyMICHICTh MK PI3HUMHU
3apAHMMHU CTAHIISIMM Ta cHCTeMaMmH ympaBiiHHS. lle crpoirye oOMiH AaHWMH,
3HM)KYE BUTPATU Ha BIPOBAKEHHS 1HPPACTPYKTYPH Ta POLMIUPIOE MOKIMBOCTI IS
orepaTopiB.

TakuM YMHOM, IHTErpalisi CUCTEM YHPABIIHHSI Ta MOHITOPUHTY 3apsIHUX
CTaHILIi € BaXJIMBUM KPOKOM Yy CTBOpPEHHI €(EeKTHBHOI Ta HaJIiiHOI 3apsaHOl
iH(ppacTpykTypu. BoHa 103B0sIsIE ONTUMI3yBaTU BUKOPUCTAHHS €HEPT1i, TT1ABUIIYBATH
3pY4YHICTb JIJI1 KOPUCTYBAUIB 1 3a0€31euyBaTh CTa0UIBHICTE POOOTH €IEKTPOMEPEIKI B
YMOBaX 3pOCTAIOUYOro MOIMUTY HA 3apsSIHUNA cepBic. Y MalOyTHHOMY Taki PIIICHHS
CTaHyTh HEBII'€MHOI0 YAaCTHHOIO CTaJOTO PpO3BUTKY EIEKTPOTPAHCIIOPTY Ta

CHCPIrCTUYHUX CUCTCM.

3.2 CxemoTexHiuHi pilleHHsl Ui NPUEIHAHHS 3aps/AHUX CTaHUIi 10

ICHYIOYHX eJIEKTPOMepe:K HACeJIeHUX MYHKTIiB

EdexTuBHe MiaKIIOUEHHS 3apsAHUX CTAHINN JI0 ICHYIOUHMX EJICKTPOMEPEXK €
KIIOYOBUM  3aBJaHHSIM Yy  TPOIECl  CTBOPEHHS  1HPPACTPYKTypU IS
eJIeKTpOTpaHcnopTy. HaceneHi MyHKTH XapakTepHU3YHOThCS PI3HUMHU PIBHSAMU
PO3BUTKY €HEPTeTUYHUX MEPEeXK, sIKI TOBUHHI 3a0e3rmeunTr cTablibHe Ta Oe3medHe
GyHKIIOHYBaHHS 3apsTHOT IHPPACTPYKTYypu. BpaxyBaHHS TEXHIYHUX XapaKTEPUCTUK
MEpeX, MPaBUIbHUA BHUOIp TOMOJOrIT MIJKIIOYEHHS Ta MiHIMI3allisl BIUIMBY Ha
CHEProCUCTEMY € KPUTHYHO BKJIMBUMHU JIJIs1 YCHIIIHOI IHTETpallii 3apsiAHUX CTaHLIH.

Po3poOka cxeMOTeXHIYHUX pillleHb Mependadae aHali3 ICHYHOYHMX YMOB

eJIEKTpOMepeXk, BUOIP BIAMOBIIHMX METO/IIB MIIKIFOYSHHS Ta IHTETPAIIIIO 3apsTHUX
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CTaHIlIM 13 cUCTEeMaMH PEryJlOBaHHS HaBaHTaXeHb. Jl0JJaTKOBO, Cy4acH1 MiJIXOJU
BKJIFOYAIOTh BUKOPUCTAHHS BITHOBIIIOBAHMX JKEPEI €HEeprii Ta HAKOMUYyBayiB, SKi
3a0e31euyIoTh 0ajlaHC MK MOMMTOM 1 IPOIIO3UITIEI0 CHEPTii, 3HUKYIOUHN 3AJICKHICTh
BiJl MaricTpaJbHUX Mepex [12].

3.2.1. AHaJi3 BUMOT 10 MiIKJII0OYEHHS 3aPSAIHUX CTAHIIIN 10 eJiIeKTPoOMepex

[HTerpanis 3apsAHUX CTAHIIN y €JIeKTpOMEpeki HACEeNEeHUX MYHKTIB BUMAarae
JETAILHOTO aHaJli3y TEXHIYHUX XapaKTEPUCTUK MEPEexi, 00 3a0e3neynTu CTabiIbHy
Ta 6e3repebiiiny poOoTy 3apsaHoi iHQpacTpykTypu. KiarouoBUMH acieKTaMH € OlliHKa
PIBHIB Hampyr, IPOIYCKHOI 3JaTHOCTI MEPEXkKI Ta il MOXKIMBOCTEU ISl MIATPUMKH

HOBHUX HAaBaHTAXKCHb.

EnexTpomepexi HaceleHUWX IMYHKTIB MOAUIAIOTBCS HAa  MaricTpalbHi,
po3MOAUTbYl  Ta JIOKaJbHI  Mepexi. MaricTpanbHl  Mepexi  3a0e3MeuyroTh
TPaHCHIOPTYBaHHS €JIEKTpoeHeprii Bucokoi Hampyru (110-750 kB) mix Benukumu
nijacTaHiisMu. Po3noniipyui Mepexi MpallioloTh Ha cepeAHiil Hampysi (6-35 kB),
MOCTAYalouud EJICKTPOCHEPTII0 JI0 JIOKAJbHUX MIACTaHIIN, sKI 3a0e3MeuyioTh
YKUBJICHHS )KUTIOBUX OyIMHKIB, MANPUEMCTB Ta 00’ €KTiB iHGpacTpykTypH. JlokambH1
MepexXi 3HIKYIOTh Hampyry 10 HU3bKOBOJbTHOrO piBHA (0,4 kB) s KiHIEBUX
CIIO’KMBAYiB.

Jyist iHTerpariii 3apsqHUX CTaHIIM HaAWYaCTIIIe BUKOPUCTOBYETHCS PO3MOILIbHA
Mepeska cepeIHboi 60 HU3bKOT HAnpyTH. [i BUOIp 3a/eKUTh Bijl OTYKHOCTI CTAHIIMH.
3apsanni ctaHiii 3miHHOTO CcTpyMy (AC) moryxknictio 10 22 kBT MOXyTh
I KTF0YATHCS JO HU3BKOBOJBTHOI MEpPEKi, TOMI SIK CTaHIii moctiiinoro crpymy (DC)
3 notyxHicTio Bif 50 1o 350 kBT nmoTpedyoTh MiAKIIOUEHHS 10 MEPEX CEepeAHbOI
HaIpyTHu Yepe3 TpancHopMaTopHI MiACTAHIIII.

CtabuIbHICTh HANIPYTH Y MEPEXK] € KPUTUYHOIO JIJIS 3aPSTHUX CTaHIIIA, OCKIJTBKU
il KOTMBAHHS MOXKYTh BIUIUBATH Ha €(PEKTUBHICTH 3apsKaHHs. [[1s1 yHUKHEHHS TaKHX
npobsieM HeoOXi1HO 3a0e3neuyBaT BIAMOBIIHICTh MOTYXHOCTI 3apsSAHOI CTaHIIT 110
MOXJIMBOCTEHN JTOKaJIbHOI Mepexi. Hanmpukias, y )KUTJIOBUX pailoHaX, e Mepexa BiKe
HAaBaHTA)KEHA MOOYTOBUMH CIOKMBAYaMHM, JOJATKOBI CTAHIII MOXYTh MOTPeOyBaTH
MOJIEpHi3allii Mepexi a00 BCTAHOBJICHHS TpaHC(HOPMATOPIB.

Jlns 3a0e3nedeHHs CTaOUIBHOTO MIAKIIOUECHHS 3apsIHUX CTAHINA Ba)KJIMBO
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BpPaxOBYBAaTH PiBHI HAIIPYTH, XapaKTepHi AJI1 KOHKPETHOI eNeKTPOMepexKi, a TAaKOX ii
IPOMYCKHY 3AaTHICTh. TaOJUId HIKYE UTIOCTPY€E THUIIOBI MapaMeTpU pPi3HHUX PIBHIB

HaIPYTHU B €JIEKTPOMEpEkKaX.

Tabmuis 3.1 — XapakTepuCTHKHU eNEKTPUYHUX MEPEX Ta MOKIIUBICTh

MIJKJTFOYEHB 3apsIIHUX CTaHIN

PiBeHb Hampyru Tun mepexi [ IpusHaueHHs [ToTyXHICTB 3apATHUX
CTaHLIA
Bucoka (110-750 kB)  [MarictpaibHi Mepexi  {TpaHcropTyBaHHs Benuki 3apsiiHi Xabu
CJICKTPOCHEPTii MK (>350 kBT)
[perioHamu
Cepenns (6-35 kB) Posmoaieui Mepexi [TocrauaHHs eHeprii DC-cranmii (50-350
10 JIOKAJILHUX KBT)
11 CTaHIH
Hwusbka (0,4 xB) JlokanibH1 Mepexi PKunenns kinnesux  JAC-cranmii (10 22
CIIO’KHBaYiB KBT)

OxkpiM 1BOTO, aHaJI3 MEPEXI MOBUHEH BPAXOBYBATH PE3€pPB MOTYKHOCTI IS
MalOyTHBOTO 3pOCTaHHs MOMUTY Ha 3apsAHi nociyru. Hanpukian, sKIo miaHnyeTbest
BCTAHOBJICHHS IOAATKOBUX CTaHIIM y T'YCTOHACEIEHUX pailoHaX, HEOOX1AHO OLIHUTH
JIOBIOCTPOKOBY TEPCIEKTUBY HABAHTAXEHHS Ta BXKUTU 3aXOMIB ISl 3a0€3MEeUEHHS
CTaOUIbHOCTI.

TakuMm 4UHOM, TIIKIIIOYEHHS 3apsAIHUX CTaHIIN 70 eIeKTpoMepek morpedye
JETATBHOTO aHaJ3y TEXHIYHUX XapaKTEPUCTHUK MEPEXi, KOPEKTHOTO BHUOOPY PIBHS
Hampyru Ta BpaxyBaHHA MPOMyckHOi 3naTHocTi. lle mo3Bosige 3abe3neunTu
e(eKTUBHICTh POOOTH 3apsiiHOI 1HPPACTPYKTYPU Ta YHHKHYTH TMEPEBAHTAKECHHS
eJIEKTPOMEPEXK Y HACENIEHUX MyHKTaX.

3.2.2. Bwubip TOnoJIorii miIK/I0YeHHs 3apAIHUX CTAHLIi

Tomooris MiAKIIOYEHHS 3apsAHUX CTAHIlIN IO eJIEKTPOMEPEK BU3HAUAE TXHIO
e(eKTHBHICTh, CTAaOUIBHICTH pPOOOTH Ta 3MATHICTh 3aJ0BOJBHATH TOTPEOU
KopucTyBauiB. J{nsi peanmizamii 3apsaaHoi 1HOPACTPYKTYPH BUKOPUCTOBYIOTHCS TpPH
OCHOBHI MIAXOAM: MpsSME MITKIIOYCHHS 10 PO3MOAUIBHUX MEpPEeX, BUKOPUCTAHHS

JIOKaJIbLHUX TpaHC()OPMATOPHUX MIJACTAHIIN Ta PO3MOIIJIEHI CUCTEMH MiAKIIOUCHHS
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JUIS BEJIUKUX 3apsaaHux xao0iB. KokeH 13 1muX MiaXoAiB Mae CBOI OCOOJUBOCTI, SIKI
3aJIeKaTh BiJl XapaKTEPUCTUK MEPEXKi, TUITYy CTAHII/ Ta 0OCSTiB HaBaHTAXCHHS.

LIpsime nioknouenHss 00 po3noOLIbHUX Mepedic

[Ipsime migKITIOYEHHS 3apAIHUX CTAHIIN M0 PO3MOAUIBHUX MEPEX € HAlOLIbII
IPOCTHUM 1 MMOMIMPEHUM PIIICHHAM, OCOOJIMBO AJIS 3apsAIHUX CTAHIIIH 3MIHHOTO CTPyMY
(AC) 13 moryxHnicTio 10 22 kBT. ¥V 1mpoMy Bumagky CTaHIis MAKIIOYAETHCS
0e3nocepeIHbO 0 HU3bKOBOJIBTHOT €IEKTPOMEPEK] uepe3 CTaHAaPTHHUM eeKTPUIHHIMA
muTOK. Takui miAXiag iAeadbHO MIAXOAWTH IS JKUTIOBUX paloHIB, O(ICHHUX
NapKyBaHb 1 HEBEJIUKHUX KOMEPLINHUX 00'ekTiB. OCHOBHOIO NEPEBArol0 € HU3bKa
BapTICTh YCTAHOBKM Ta TMPOCTOTA MiAKIOUEHHsS. OjHak mpsiMe MiAKIIOYEHHS
OOMEXKYETHCSI MOMKJIMBOCTSAMHU JIOKAJIBHOI MEpeXi 1 HE MIAXOAUTh ISl MOTYKHUX
ctaHlii nocriitHoro crpymy (DC), ki CTBOPIOIOTh 3HAYHE HABAHTAXKECHHS.

Bukopucmanns noxanvrux mpancgopmamopHux niocmanyii

Jlns 3apsaHUX CTaHILiM 13 MOTy»KHicTI0O moHaa S50 kBT, ski mpamoroTh Ha
NOCTIMHOMY  CTpyMi,  BHUKOPUCTOBYETHCS  MIJKJIIOYEHHS  4Y€pe3  JIOKAJIbHI
TpaHchopmatopHi miactaniii. TpaHchopMmaropHa MiACTaHINS 3HUXKYE HAIMpyry 3
piBHs cepennboi (6-35 kB) no mu3bkoi (0,4 kB), 1110 703BOJISIE )KUBUTH 3apsiiHI CTAHIIIT
3 BEJIMKUM CIOXHUBaHHAM eHeprii. Lleit miaxig € onTuManbHUM A7 TPOMAJCHKHX
CTaHI[I}l BUCOKOT MOTY>KHOCTI, TAKUX 5K 3apsi/IHI TyHKTH B3JI0BXK aBTOMarictpaieit abo
Ha TEPUTOPIi BETMKUX TOProBUX LEHTPIB. JIokanbHi TpaHchopMaTopu 3a0€3MeuyoTh
CTaOUIbHICTh HAMPYTH 1 MIHIMI3YIOTh BIUIMB HA PO3MOUIbHY MEPEXKY, ajie BUMAraloTh
3HAYHUX MOYATKOBUX 1HBECTUIIIN Ta ILJIOII /11 YCTAHOBKHU 00JIaTHAHHS.

Po3snooineni cucmemu niokntouenus 0ns 8enukux 3apsoHux xaoie

J1J1 BENMKHX 3apsAIHUX Xa0iB, SIKi 00CITYTOBYIOTh JECATKU CTAHIIH 13 CyMapHOIO
MOTYXHICTIO Y COTHI K1JIOBaT, BUKOPUCTOBYETHCS PO3MO/IIJIEHA CUCTEMA MIAKITIOYESHHS.
Y 1poMy BUNAAKY BCTAHOBJIIOIOTHCA KUIbKA JIOKQJIBHUX TpaHC(HOPMATOPHUX
MiACTaHLINA, sKI OOCIYroBYIOTh pi3HI Tpynu cTaHiiil. Takuil mOiAXiJ 103BOJISIE
PIBHOMIPDHO DPO3MOJIISATA HABAaHTAKEHHS MK PI3HUMH JUISHKAMU — MEpexi,
3MEHIIIYIOUN PU3UK TIepeBaHTaXEHHS. JIJIsT HAOYHOCTI 0COOJIMBOCTI KOKHOI TOTOJIOT11

MOXHA MPEJCTABUTH Y BUTJIsA 1 TabuI 3.2.
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Ta6muis 3.2 — [TopiBHSHHS TOMOJIOTH TTIKIIFOUEHHS

Tomororist Cdepu 3actocyBanns  [[lepeBaru Hemomiku
[Mpsime migkmroueHHs 1o 3apsaaku AC y Hu3sbka BapTicTh, OOMexeHHSs 3a
[PO3IMOALTHHUX PKUTIIOBHUX 1 0hiCHUX MPOCTOTA MOTYXHICTIO
Mepex BOHAX T KTFOUCHHS
Buxopucranss Sapsaaxu DC s CTalUIBHICTB, Bucoka BapTiCTb,
ITOKJIBHUX FPOMAJICEKUX CTAHII  [[IATPUMKA BUCOKOT rmoTpeba B IO
rpanchopMaTopiB MOTY>KHOCTI

Posnonineni cucremu |Benuki 3apsaaHi xabu — |PiBHOMIpHU# posnoain  |[CKIaaHICTh
HaBaHTAXCHHS, iH(pacTpyKTypH,
inTerparnis ESS BHCOKA BapTiCTh

KpiMm Toro, po3nozineHi CUCTEMH YacTO IHTETPYIOTHCS 3 HAKOTMYYBAJIbHUMU
cucremamu eHeprii (ESS), sxi 103BOJISAIOTEH 3TJ1a/KyBaTH IMIKOBI HaBaHTaKCHHS Ta
3HM)KYBATH CIIOKMBAHHS €HEPIIi 3 MariCTpaibHOI MEPEXKI.

Bubip Ttomosorii miAKIIOYEHHS 3aleKUTh Bl cnenudikk  3apsaHOi
1H(pacTpyKTypH, MOTped KOpPUCTyBadiB Ta OCOOIMBOCTEHM enexkTpomepexi. Jlis
HEBEJIMKHUX CTAHI[IN HAWIOIIBHIIIE BUKOPUCTOBYBATH MPSIME MiIKJIFOUECHHS, TOJII 5K
JUTSI TIOTYKHUX TPOMAJICHKUX CTaHIIIH 1 BEMKUX Xa0iB — JIOKalibHI TpaHchopMaTopu
Ta PpO3MOAUIEHI CHUCTEMHM 13 CYYaCHUMHU  pIMICHHSIMH JUIsl  YIPABIIHHS
CHEPIrOCIOKUBAHHSIM.

3.2.3. MeToau 3MeHIlIeHHS BIUIMBY 3apsi/IHUX CTAHLIi HA eJleKTPOMepe:Ky

3pocTaHHsl KUIBKOCTI 3apsAJHUX CTaHLIA CTBOPIOE 3HAYHI BUKIUKH IS
SJIEKTPOMEPEXK, MOB'sI3aH1 3 MKOBUMH HaBAaHTAXKCHHSIMH, HECTAOUTbHICTIO HATIPYTH Ta
3HIDKEHHSIM  3arajbHoi e(eKTUBHOCTI Mepexi. s MiHIMIZamii [UX BIUIMBIB
3aCTOCOBYIOTHCS PI3HI TEXHOJOTIi, Cepel SKUX HAWBaKIUBIIIUMU € BUKOPUCTAHHS
HakonuuyBanbHUX cucteM eHeprii (ESS) Tta iHTerpamis 3apsaHuxX cTaHmii i3
CHUCTEeMaMu perysitoBaHHs Hanpyru. L{i miaxoau A03BOJISIOTE 3a0€3MeUNTH CTA0IbHY
poOOTYy MepeXi Ta MABUIIMTH 1 aJanTUBHICTh JO 3pOCTAIOYOTO MOMUTY Ha
€JIEKTPOCHEPTIIO.

Buxopucmanns naxonuuysanvhux cucmem enepeii (ESS)

HakonuuyBanbHi cucremu eneprii (ESS) — 1e akyMynsaTopHI yCTaHOBKH, SIKI
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30epiratoTh HAJJIMIIKOBY €JIEKTPOEHEPril0 IiJ Yac HU3bKOTO HABAaHTAXXEHHS Ha
MEpPEeXKy 1 BIAAOTH i1 MiJl Yac MKOBUX MEPioiB. Y KOHTEKCTI 3apsiaHux cranuiid ESS
BIIIrpaloTh poiib Oydepa, 110 J03BOJISE 3HIDKYBAaTH HaBaHTAXEHHS Ha
SJIEKTPOMEPEXKY, 3MCHIITYIOYM HEOOX1THICTh Y MAKIIOYCHHI CTaHIli Oe3mocepeqHbo
70 MaricTpaJibHUX JHIM BHCOKOI TOTYXHOCTI. Hampukman, 3apsaHa cTaHIis,
ocHaiieHa ESS, Moxke Hakomu4yBaTH €HEPril0 BHOYI, KOJM CIOXKMBAHHS B MEpPEXKi
MiHIMajbHEe, a TOTIM BUKOPUCTOBYBATH I[I0 €HEPTiI0 JUIsl 3apsKaHHs aBTOMOOLIIB Yy
TOIWHU ITIK.

Texniyni xapaktepuctuku ESS 3anexars Bl €MHOCTI Ta MOTYKHOCTI
aKyMYJISITOPiB, SIKI BAKOPUCTOBYIOThCSI. CydacH1 CUCTEMH MOXYTh MaTH €MHICTh Bij
KUIBKOX COTeHb KBT'rog no nekuibkox MBTron, mo m03Bojisie e€peKTUBHO
3rJ1a/)KyBaTl HAaBAHTAKEHHS HAaBITh Y BEIMKUX 3apsaaHux xadax. Okpim mporo, ESS
MOXYTh OyTH IHTETPOBaHI 3 BITHOBJIFOBAHUMH JXKEPEIaMHU €HEPrii, TAKUMHU K COHSYHI
naHeni, 3a0e3nmedyyroud aBTOHOMHICTh POOOTH 3apsSIHUX CTaHIIM Ta 3HUKEHHS
BUKHIIB COo.

[lepeBaru ESS BkIt049atoTh MOKIIMBICTH 3MEHIIICHHSI BUTPAT HA MOJIEPHI3AIIIIO
Mepexi, MIABUIICHHS €HEepProe(eKTUBHOCTI Ta 3HMKEHHS PU3HKY
nepeBaHTaxeHHs! Mepexi. OCHOBHUM OOMEXKEHHSIM € BUCOKA BAPTICTh BIPOBAKEHHS
Ta HEOOXITHICTh PETYJISIPHOTO 0OCIIYyTOBYBAaHHS aKyMYJISITOPIB.

Inmezpayis 3apaonux cmanyii i3 cucmemamu pe2yio8anHts Hanpyau

Cucremu perysiaroBaHHS HAMpPyTH 3a0€3MeuyloTh CTa0lIBHICTD EIEKTPOMEPEXI,
KOMITEHCYIOUYH KOJIMBAHHSI HAIIPYTH, IK1 BAHUKAIOTh Y pE3YyJIbTaTli HEPIBHOMIPHOTO 200
panToOBOTO HABaHTAXKEHHS, IO CTBOPIOETHCSA 3apsSAHUMH CTaHIisSIMHU. [l 1oro
BUKOPHUCTOBYIOTBCSI TEXHOJIOTHi aBTOMATHUYHOTO PpEryjJIlOBaHHS HaMpyrd, SKi
BKJIFOYAIOTh BUKOPUCTAHHS CTATUYHUX KOMIIEHCATOPIiB, aBTOMATHUYHUX PETYJSATOPIB
HAIPYTH Ta IHTEIEKTYaTbHUX TIEPETBOPIOBAYIB.

3apsiaHi cTaHIli, IHTETPOBaHI 13 CUCTEMaMM PETyJIIOBaHHS HAINPYTH, MOXYTh
aBTOMATUYHO aJaNnTyBaTU MOTYXHICTh 3aps/UKaHHS 3aJ€KHO BiJ CTaHy MEpexi.
Hanpuknan, mig yac 3poCTaHHS HABAaHTAKEHHS CTAHII MOXXYTh 3MEHIIYBaTH CHITY
CTpyMy, 1100 YHUKHYTH MEPEBAHTAXEHHS, a00 TUMYACOBO MPUITUHATU 3apsiIPKaHHS,

SAKIOIO HaIlpyTra a0ociara€ KpUTUIHO HU3bKOTO piBH}I.
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Kpim Toro, iHTerpaiis 3apsiaaux ctaniii i3 Smart Grid no3Bossie 3a6e3meunT
JIBOCTOPOHHIN 3B'SI30K MK CTaHLISMU Ta E€JIEKTPOMEPEKEIO, 110 J03BOJSIE MEpexi
pearyBaTu Ha 3MiHy YMOB y peaibHOMY 4aci. Hanpukian, gynkiis Vehicle-to-Grid
(V2G) no3Bosic BUKOPUCTOBYBATH aKyMYJISITOPH €IEKTPOMOOLTIB SIK HKEPEIIO SHepTii
Juts cTabinmizamii Mepeki B IEpioAu MIKOBUX HaBaHTaxeHb. e 0cobImBO KOPUCHO Y
I'yCTOHACEJICHUX pailoHax, /ie HABAaHTAXKEHHS HA MEPEKY € MaKCUMaIbHUM.

3acTOCyBaHHS CUCTEM PEryIIOBAHHS HAMpyry CIOpUsE MiABUIICHHIO HAIHHOCTI
poOOTH eleKTpoMepexi, 3abe3nmeduyrour ii aJalnTUBHICTh JI0 HOBHUX BHUKJIHKIB,
MOB'A3aHUX 13 PO3UIMPEHHIM 3apsAaHOI 1HQpacTpykTypu. OCHOBHUMH MEpeBaraMu €
CTaOLIBHICTh HANpPYTH, 3HW)KEHHS BTPAT €HEprii Ta MIJABHILIEHHS  3arajibHOl
edekTuBHOCTI poOoTH Mepexi. Hemomikamu MoxyTh OyTH 3HA4YHI BUTpATH Ha
BIIPOBAPKEHHSI T4 HEOOXI1THICTh IHTErpallii 13 Cy4aCHUMH TEXHOJIOTISIMU YIIPaBIiHHS.
BukopuctanHs HakONUYyBaJlbHUX CHCTEM €HEprii Ta CHCTEM pEryJIOBaHHS
Halpyru € KIOYOBUMHM METOJaMH 3MEHIICHHS HEraTWBHOIO BIUIMBY 3apsIHUX
CTaHIII Ha elIeKTpoMepexKy. BoHU 03BOSAIOTE YHUKHYTH TIEPEBAHTAXKEHHS MEPEXKi,
M1JBUIIYIOTH i1 CTAOUTBHICT Ta  3a0€3meuyloThb  €(DEeKTHBHICTH  BHUKOPUCTAHHS
enepropecypciB. KoMmOiHalis nyux miaxo/iB 13 Cy4aCHUMHU TEXHOJIOT1SIMU, TAKUMU SIK

Smart Grid ta V2G, cTBOprO€ YMOBH Ui CTaJOTO PO3BUTKY EIEKTPOMOOLIBHOT

1H(DpaCTPyKTYypH.

BucHoBKH 10 TPETHOI0 PO3ai1y

1. TlokazaHo BapiaHTU MIAKIIOYEHHS 3apsIHUX CTaHLIA 10 MEpeX HU3BKOI,
CepeaHbOi Ta BUCOKOI HAIIPYTH;

2. TlpoananizoBaHo OOMEXKEHHS Ta MOKJIMBOCTI €JIEKTPOMEPEX 3 MOTISAY
MPOMYCKHOT 3/1aTHOCTI;

3. HaBeneHo aHasii3 BIUIMBY 3apsIHUX CTaHLINA HAa €HEPrOCUCTEMY;

4. IIpoanamnizoBano inTerpariro 31 Smart Grid, OCPP-tiporokonamu, moTeHman
V2G.

5. Ilokazano, 110 €PEeKTUBHICTD 3apAIHOI 1THHPACTPYKTYPH HAMPSIMY 3AICIKUTH
BiJl MPaBUJIHLHOTO BUOOPY pIBHA MIAKIIOYCHHS, SKOCTI MEpPEXi Ta MOMIJIUBOCTI
3aCTOCYBAaHHS 1HTEJIEKTyaJIbHUX CUCTEM KepyBaHHs. [HTerpatig 3 Smart Grid 3Ha4HO

M1JIBUIIYE THYYKICTh 1 CTAOUIbHICTh CUCTEMH
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4 HAYKOBO-TOCJIIIHUI PO3ILT

4.1 Po3poOka MeTOAMKH NPOEKTYBaHHSI Mepexi 3apsiAHMX CTaHUii 3

BUKOPHMCTAHHAM METO/iB HEYiTKOI JIOTiKM

CtBOpeHHs1 ePeKTUBHOT MEpeXi 3apsSAHUX CTAHIIN NIl €JIEKTPOTPAHCIIOPTY €
CKJIAIHUM 3aBJaHHSM, SIK€ BHMAara€ BpaxyBaHHS 0aratboX B3a€EMOITOB’SI3aHUX
dakTopiB, TakUX SK TPaAHCHOPTHI TMOTOKH, TyCTOTAa HACEICHHS, MOTY>KHOCTI
CJICKTPOMEPEXKi, MPOrHO30BAHE 3POCTAHHS IMOMUTY Ta EKOHOMIYHA JIOULIbHICTB.
TpanuiiiftHi MaTeMaTUYH1 MOJIENI MPOEKTYBAHHS YAaCTO CTUKAIOTHCS 3 TPYAHOLIAMU B
yMOBaX HEYITKO BU3HAUCHUX JaHUX a00 6aratodakTopHOI B3aEMO/IIi, [0 YCKIIATHIOE
OPUIHATTS ONTUMAJbHUX pimieHb. Hampukian, peanbHl TPaHCIOPTHI MOTOKH Ta
PIBEHb BUKOPHCTAHHS 3apSAIHUX CTAHIIIN 3HAYHOIO MIpOIO 3aJIeKaTh BiJl TOBEIIHKOBHUX
XapaKTEePUCTUK KOPUCTYBAUiB, K1 CKJIAHO TOYHO OIIHUTH [13].

MeTronu HEYITKOI JIOTIKM € NEPCHEKTUBHUM I1HCTPYMEHTOM JUJIsl BUPIIIEHHS
TaKUX 3aJ]]a4, OCKUTHKMA BOHH JO3BOJISIOTH MPAIIOBATH 3 HEITOBHUMH, HETOYHUMU 200
PO3MUTHUMHU JTaHUMH, 3a0€3MEUyI0YN MPU [IBOMY NMPUHHATTS pallioHAIbLHUX PIIICHb.
HeuiTka siorika 103BOJIs€ MOACIIOBATH MPOIECH HA OCHOBI MpaBui "SKIIO-TO", SKI
BIJIOOpaXKalOTh peabHI CIIEHApli TPUUHATTS pillleHh 32 yYMOB HEBU3HAYEHOCTI.
Hanpuknaza, 3aMicTh KOPCTKUX MEX, TaKUX K "TycToTa HacejneHHa Outbmie 5000
0c10/kM?", BUKOPUCTOBYIOTHCS (DYHKIII HAJIEKHOCTI, SKI JO3BOJISIIOTH BHU3HAYATH
piBEHb MPUJIATHOCTI TEPUTOPIi ISl PO3MILIEHHS 3apsIHOI CTaHLIi 3 ypaXyBaHHAM
TJIABHOTO TIEPEXOAY MK 3HAUCHHSIMH.

OcHOBHMMU TIEpeBaraMy HEYITKOI JIOT1KM Y BUPINICHH] O0aratoakTopHUX 3a1a4
€ 11 3JaTHICT, MOJEIIOBATH CKJIaJHl CUCTEMH 0€3 HEOOX1OHOCTI JEeTaIbHOI'o
MaTeMaTnyHoro omwucy. Llel miaxig Ao03BOJIsIE BpaxoOBYyBaTH OaraToBHMIpHI
napamMeTpu, SKi MOXYTh BIUIMBAaTH HAa BHOIp pPO3TAIlyBaHHS 3apsAIHUAX CTaHIIH,
HaIpUKJIad, TPAHCIOPTHY JOCTYMHICTh, CEPEAHIN dYac 3apspKaHHS, BIUIMB Ha
eJIeKTpoMepexy Ta ekosoriuni (akrtopu. Kpim Toro, HewiTka jorika 3abesmneuye
aJanTUBHICTh CUCTEMH, JO3BOJISIOUM 3MIHIOBATH MapaMeTpy MOJENI Y BiJNOBIIb HA

3MiHY 30BHIIIHIX YMOB [14].
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TakuM YMHOM, BUKOPHUCTaHHS METOMAIB HEYITKOi JIOTIKM JJIi MPOEKTYBaHHS
MEpeXi 3apsHUX CTaHIId € JOUIIBHUM dYepe3 iXHIO0 3AaTHICTh NpalioBaTH 3
OararoakTOpHUMU 3aJadyaMd, HEMOBHMMHU JaHUMHU Ta 3MIHHAUMH YMOBaMH,
3a0e3Mevyloun MpH IbOMY NMPUHHATTS €PEeKTUBHUX pilieHb. Lle 103Bossie cTBOpUTH
THY4YKy Ta aJanTuBHY I1H(pacTpyKTypy, fKa BIANOBIIa€ Cy4acCHHM MOTpedam

CJIEKTPOMOO1IBLHOCTI.

4.1.1. Onuc BXiZHMX NapaMeTpiB MojeJi sl NPOEeKTYBaHHSI Mepexi

3apSIAHUX CTAHLIN

[IpoexTyBaHHSI MepexX1 3apsTHUX CTAHI[IHN 13 BUKOPUCTAHHSIM METO1B HEUITKOI
JIOT1KM 0a3y€eThCs HA BpaXyBaHHI KUUIBKOX OCHOBHHMX BX1JHUX MAapaMeETPiB, sIKI CYyTTEBO
BIUIMBAIOTh HAa PO3TAIlyBaHHS Ta MOTYXHICTh cTaHIii. L{i mapameTpu BKIIOYAIOThH
TPAaHCIOPTHI ~ MOTOKH, PIBEHb HACEJICHOCTI Ta EHEPreTHYHI  MOXJIMBOCTI
enexktpomepexi. KoxkeH 13 HUX € HEUITKMM, OCKUIbKM HE 3aBXAU MOXe OyTHh
BU3HAYEHUI TOYHO, ajie Ma€ CyTTEBE 3HAUCHHS 17151 (POPMYBaHHS ONTUMAJILHOI MOJIEII.

Tpancnopmui nomoku

TpancnmopTHUIl MOTIK € OJAHMM 13 KIIOYOBUX IApaMeTpiB, SIKMM BU3HA4Yae
HEOOX1THICTh PO3MIIICHHS 3apsHUX CTaHINKM y TIeBHIM 30H1. BiH XapakTepu3yerbcs
1HTEHCUBHICTIO PyXy TPAaHCIOPTHUX 3aCO01B Y MEKaX BU3ZHAYEHOI TEPUTOPIi MPOTATOM
3a/1aHoro 4acy. JIJist OliHKY I[bOTO MapamMeTpa BUKOPHCTOBYIOTHCS JaH1 3 JOPOXKHIX
natuukiB, GPS-TpekepiB, MOOUIBHUX OJATKIB 1 TPAHCIIOPTHUX MOJENEH. Y pamkax
HEYITKOI MOJIeJI1 TPAHCIIOPTHUM MOTIK BUZHAYAETHCS Yepe3 (PYHKIIII0 HAJIEKHOCTI, sIKa
OIIIHIOE TMOBIPHICTH BUCOKOI, CEPEIHBOT a00 HU3BKOT IHTEHCUBHOCTI pyXy [15].

MareMatnyHO (PYyHKIIISI HAJIEXKHOCTI TPAHCIIOPTHOTO MOTOKY MOXe OyTH 3a/1aHa

SK:

0, Zz S Tmin,
,UT(:B) = ﬁ, Tmin <z < Topt, (41)
1, T 2 Topt,

7€ X — IHTEHCUBHICTh pyXy, Tmin — MiHIMaJbHUN MOPIr MOTOKY, Topt —
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ONTUMAaJbHA IHTCHCUBHICTb.

Pisenv nacenenocmi

['ycroTa HaceneHHs € BaXIJIMBUM KPUTEPIEM JIJISl PO3MIILICHHS 3apsIHUX CTAHIIINA
y MicbKuX paifonax. Lleit mapameTp BH3HAUa€ KUTbKICTh MOTEHLIMHUX KOPUCTYBAUiB
3apsATHUX CTAHINKM y MEeBHIN 30HI. Y paMKax MOJeii I'yCTOTa HACEICHHSI OIlIHIOEThCS
gyepes aemMorpadivHi JaHi, BKIFOYA0UX PO3M0/I1JT HACEISHHS 3a YKUTIOBUMHU 30HAMHM Ta
piBeHb aBTOMOOimi3alii. /{imst HewiTkoi Momesni piBeHb HACEICHOCTI MOJAEThCS SK
PO3MUTHH MapaMeTp 13 TpajallisiMH, HAIPUKJIaJ, "HU3bKUN ', "cepenanii” 1 "Bucokuit"”,
KOXHA 3 IKMX Ma€ BIJIMOBIIHY (PYHKI1IO HAJIEXKHOCTI.

OyHKINS HAJIEKHOCTI PIBHS HACEJICHOCTI MOXe OyTH OIHCaHa TPUKYTHOIO

byHKIII€LO:

iy (¥) = max| 0, min( Y~ Mmin_ _HMmax=y ) (4.2)

)
med—Hmin Hmax—Hmed

ne y — rycrora HaceneHHs, Hmin, Hmed, Hmax — wminimanbHa, cepenns Ta
MaKCUMaJibHa T'yCTOTa BiAMOBITHO.

Enepeemuuni moorcnueocmi mepeorci

Lle#t mapameTp BM3HAYA€ 3JATHICTH ICHYIOYOI €JIEKTPOMEpexi 3a0e3reuyBaTH
HEOOXITHY TOTYXHICTh [JJIs1 poOOTH 3apsAIHUX CTaHUId. BpaxoByroTbcs Taki
XapaKTePUCTHKH, SIK IOCTYITHA MOTYX HICTh, CTA0ILHICTh HAIIPYTU Ta PIBEHb PE3EPBIB.
EnepreTnyHi MOXXIMBOCTI MEpPEXi € KPUTHYHUMH, OCKUIBKU TIEPEBAHTAKECHHS MOXKE
MPU3BOJUTH A0 300iB y poOOTI IHPPACTPYKTYpU. Y HEUITKIM MOJEN MOMKIMBOCTI
Mepexi Kracu(ikyroTbes 3a piBHIME: "oOoMmexeni", "cepenni” Ta "Bucoki". Koxen i3
X PIBHIB OMHUCYETHCS (PYHKIIE€IO HAJIEKHOCTI, sIKA BPaxoBye OOCAT JOCTYMHOI
MOTYXHOCTI Ta TEXHIYHI XapaKTEPUCTUKHU MEPEKI.

3anexHicTh (PYHKIIT HAJIEKHOCTI JIJIST EHEPTeTUYHUX MOKIIMBOCTEN MOXKe OyTH

BHUpAXEHA SIK:

Z—Eopt)z

up(2) = e 4.3)
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7ie Z — AOCTYIIHA MOTYXHICTh Mepexi, Eopt — onTumanbHa MOTYXHICTb, G —
napamMeTp IUpUHU QYHKIII.

Taxum yuHOM, BX1JIHI MTApaMETPU TPAHCTIOPTHHUX MOTOKIB, PIBHS HACENIEHOCTI Ta
CHEPreTUYHUX MOKIIMBOCTEN Mepexki PopMyIOTh 6a3y /i moOy10BH HEUITKOT MOJENI
MIPOCKTYBAaHHSA MeEpeki 3apsAaHuX cTaHIii. BoHm 3a0e3neuyroTh THYYKICTh 1
aIalITUBHICTh MOJIET /10 PEaJbHUX YMOB, TO3BOJIAIOUM BPaXxOBYBaTH CKJIAIHICTH 1

B3a€MO3B'SI3KM MK PI3HUMH aclieKTaMu 1HPPaCTPYKTYpH.

4.1.2. BusHaueHHs QyHKIiH HAJTEKHOCTI A1 HEUITKHX NapaMeTpiB

VY paMkax MeTOJ1B HEYITKOI JIOTIKM OCHOBOIO JIJIsi MOJICJIFOBAHHSI € BU3HAYCHHS
GyHKII1H HAJEKHOCTI, K1 BIIOOpaXkatoTh CTYI1Hb HAJIEKHOCTI BX1JTHUX [apaMeTpiB J10
BU3HAYCHUX JIIHTBICTUYHUX TEPMIB, TaKuX SK "HU3bKUiA", "cepenuiii" abo "Bucokmii".
[l1 ¢dyHKLil [03BOJSAIOTH OOPOOJISATHM HEUITKO BHU3HA4YeHI ab0 PO3MUTI JAaHi, L0
XapaKTepHO I CKIIAJHUX 3aa4, TAKUX K IPOEKTYBAaHHS MEPEXk1 3apsiIHUX CTAaHIIIH.
J171s1 KO’KHOTO 3 BXIJHUX MapaMeTpiB — TPAHCIOPTHUX MOTOKIB, PIBHS HACEJIEHOCTI Ta
CHEPTeTUYHUX MOXIIMBOCTEH Mepeki — (popMyroThest cBOi (hyHKIIIT HajexkHOCTI [16].

DyHKYin HaneHcHocmi OJisk MPAHCROPMHUX NOMOKIG

TpancnopTHUI TOTIK € OAHUM 13 KJIIOYOBUX MapaMeTpiB, SIKUH XapaKTEpHU3ye
IHTEHCUBHICTh PYXY B 30H1 MOTEHIIIHHOTO PO3TalllyBaHHS 3apsIHO1 cTaHIii. i 1oro
napamMeTpa BUKOPUCTOBYIOThCS TPH JIHIBICTUYHI TepMu: "Hu3bKUU", "cepenHii" 1
"Bucokuil". Bubip Tuny ¢yHKUII HaIEXKHOCTI 3aJ€XHUTh BIJI OCOOJIMBOCTEN
TPAHCIIOPTHOT MEpexki, ajge 4acTo 3aCTOCOBYIOTHCS TPHKYTHI a00 TparemienoaioHi
byHK1I, 1K1 320€3MeUyI0Th MJIaBHI MEPEX0Id MIXK TEPMaMH.

Hamnpuknan, TpukyTHa QyHKITS HAISKHOCTI 11 TepMa "HU3BKHA" MOXKe OyTH

3aJaHa fK:

. X—Tmi T, t—X
Maspinin (X) = max | 0, mm( . —F ) (4.4)
opt_Tmin Topt_Tmin
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€ X — IHTEHCHUBHICTh MOTOKY, Tmin 1 Topt — HIWKHS 1 BEepXHS MeEXI
TPAHCIIOPTHOTO MOTOKY, SIK1 BIAMOBIJAIOTH ONITUMAaJILHOMY Jliala3oHy.

DyHryin HanedsucHocmi OISl PiGHA HACENEHOCHIT

['yctora HaceneHHs BIUTMBAa€ Ha KUIBKICTh TMOTEHIIMHUX KOPUCTYBAyiB
3apsAHMX CTaHmii. [lns 1mporo mapaMerpa TakoXK BHUKOPHCTOBYIOTHCS TEpMHU
"Hu3pkuit", "cepenHii" 1 "Bucokuit". V 1ipoMy BUNAAKy QYHKIIIi HAIEKHOCTI MOXKYTh
OyTH TPUKYTHUMH a00 TayCiBCBKHMH, IO 3a0e3leduye IUIaBHE MPEICTaBICHHS
neMorpadiyHUX JaHUX.

1BCBK KI[1s1 HAJIEXKHOCTI JUIA TepMa '"BUCOKHUI' MOXK THU 3a7aHa JK:
I"ayciBcbka (DyHKIIS HAIEKHOCTI epma "BUCOKHI" MOXke OyTH 3a7aHa

y—Hopt)z

Hsucoxnii (V) = 8_( g (4.5)

1e Y — ryctorta HaceneHHs, Hont — ontuManbHuii piBeHb I'YCTOTH HACEJICHHS,
0— napameTp WUPUHU PYHKIIT, SKHI pEryJtoe€ pO3MUTICTh MEX TepMa.

DyHKYIS HANEHCHOCMI 0151 eHeP2eMUUHUX MONCIUBOCTEU MePediCi

Enepreruuni MOXIJIMBOCTI MEPEXKi € KPUTUIHUM TTapaMeTpOM, KMl BU3HAYA€E
3IaTHICTh MEPEKi 3a0e3neYnTH poOOTY 3apsIAHUX CTaHIIA O0e3 mepeBaHTakeHHs. [
I[HOTO MapaMeTpa BUKOPUCTOBYIOThCS TepMu "obmexeni", "cepenni” 1 "Bucoki". Tyt
TaKOX JIOIIIBLHO 3aCTOCOBYBATH TpaMeIlieno 11011 a0 TpUKyTH1 (YHKIIIT HAJIEKHOCTI.

Tpaneuienoniona ¢pyHkuis s Tepma "odmexeHi" Moxe OyTH 3ajaHa SK:

1) 2 S Em'ma
E, i —
/‘l’O6MC)KCHi(z) = Eoptp——tE;n’ Emin <R Eopt, (46)
0’ z Z Eopt,

7ie Z— JOCTYITHA MOTYKHICTh Mepexi, Emin i Eopt — Mexi fiama3ony, B IKOMy
Mepeska MPaIoe B yMOBaX OOMEKEHUX MOKITHBOCTEH.

OyHKIIT HAJEKHOCTI JO3BOJSIIOTH (opMami3yBaTH HEYITKI TOHATTS Ta
BUKOPHCTOBYBATH X JJISI MOJICITFOBAHHS IIPOLIECY MPUHHATTSA piieHsb. [lapameTpu nux

¢byHKI11H MOXXYTh OYTH HaJallITOBaHI HA OCHOBI €KCIIEPTHUX OLIIHOK a00 CTAaTUCTUYHUX
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TaHUX, [0 3a0e3leuye aganTUBHICTh MOJIETl 10 KOHKPETHHX YMOB NPOCKTYBaHHS
Mepexi 3apsaHux ctaHiiil. e 3a0e3neuye rHYUKICTh 1 TOYHICTD B OIUHIN PeabHUX
YMOB, JIO3BOJISIFOUM ONTHMAJIbHO BPaxOBYBaTH CKJIAJIHICTh 1 BapiaTUBHICTh BX1JTHHX

JTaHUX.

4.1.3. dopmaizaiisi MeTH NPOEKTYBaHHSA AK ONTUMI3aliiHOI 3a1a4i

[IpoexkTyBaHHS Mepexi 3apsAIHUX CTaHILIM JJI1 HACEJICHMX IIYHKTIB 13
BUKOPUCTAaHHSAM METO/IIB HEUITKOI JIOTIKM (hOpMai3yeThCs SIK ONTUMI3AlliiHa 3a/1a4a,
10 Ma€ Ha METI 3HANTH HalKpalle po3TallyBaHHs, KIJIbKICTh 1 MOTY>KHICTh 3apsSAHUX
cranmi. OnTtumizaiis 0a3yeTbcsi Ha MHOXHHI KPUTEpIiB, TaKWUX SK MiHIMI3aIlis
BUTpAT, MAaKCUMI3allisl JOCTYNMHOCTI CTaHIIM [ KOPUCTYyBayiB, 3a0€3MEeUCHHS
CTabUIBHOCTI POOOTH €IEKTPOMEPEIKI Ta BpaXyBaHHS €KOJIOTTYHHUX (DAKTOPIB.

Jlns popmaitizariii 3a1a4i BBOASATHCS OCHOBHI KOMITIOHEHTH: BX1JHI TTapaMeTpH,
UJIbOBA (PYHKIIisl, OOMEKEHHS Ta METOJ] BUPIIIICHHS.

BxinmnuMu napameTrpamu 3ajadi €:

o T(X): IHTEHCUBHICTbH TPAHCIIOPTHOIO MTOTOKY B 30H1 XXX;

« N(y): TycTOTa HaceJIeHHs B 30H1 YYY;,

« E(2): moctynHa moTy»KHICTh MEPEXKi B 30H1 ZZZ;

« C(X,y,2): BapTicTh OYIIBHHIITBA Ta EKCILTyaTaIlii 3apsIIHOT CTaHIIIT;

« D(X,y): BiicTaHb MiX 3apsTHOIO CTAHIIIEIO Ta KOPHCTYBAYaMHU.

[inboBa (yHKIsA (opmanizye MeTy NpPOEKTYBaHHs SIK OaraTOKpPHUTEpIHHY

ontumizauito. s cnpouieHHs GopMyeThCs €1MHA arperoBaHa QyHKIIS:

F(x,y,z) =a1 minC (x,y,z) + a2 - max A (x,y) + a3 - min D (x,y) + a4 - max S (z), (4.7)

ae:

o A(X,Y) — JOCTYIHICTb 3apsAAHUX CTAHIIIH JJI1 KOPUCTYBAYiB,;

¢ S(2)— crabinbHICTH pOOOTH MEPEKI;

e al,02,03,04— Baromi Koe(iIlieHTH, 10 BU3HAYAIOTh MPIOPUTETH KOXKHOTO

KPHUTEPIIO.
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3a1aya Mae BIIIOBIIATH TEXHIYHHUM 1 COILIIAJIbHO-EKOHOMIYHUM OOMEKEHHSM,
K1 (OPMaNi3yIOThCs Y BUTIISAI CHCTEMHU HEPIBHOCTEH:

1. E(z)>Pmin, ge Pmin — wmiHiMaibHa MOTYXKHICTh, HEOOXiOHA IS
poOOTH CTaHIIii.

2. D(x,y)<Dmax, ne Dmax — makcumaibHa BiJCTaHb, Ky KOpPUCTyBau
rOTOBUM MOAOJATH 7Sl AOCTYIY 10 CTaHIII.

3. C(x,y,z)<B, ne B — noctynuuii O10KeT JIJIsi POEKTY.

4. N(y)>Nthreshold, ne Nthreshold — wminiManbpHa T'ycTOTa HacelIeHHS
JUIS JOLUIBHOCT] BCTAHOBJIEHHS CTAHIII].

JUist po3B’si3aHHA ONTHUMI3ALIAHOI 3a/1adyl BUKOPUCTOBYETHCA AJITOPUTM Ha
OCHOBI1 HEUITKO{ JIOTIKH, SIKHI T€Hepy€e PIIIEHHS 3a JOMOMOTOI0 MpaBui "SKII0-TO".
Heuitki Bxi1H1 napamerpu T(x), N(y) ta E(z) nepeBoasThCS y BUXIHI OLIIHKU YEPE3
0asy npaBui, Hanpukiaa: ko T(X) Bucokuid, N(y) cepenniii, a E(z) Bucokuii, T0
CTaHIlisl MOBUHHA OYTU PO3MIIIEHA 3 BUCOKUM MPIOPUTETOM.

[Ipouec onTumizamii BkiItoyae (asudikamnio (MepeBeAeHHS YITKUX JaHUX Y
HEYiTKi), 0OpoOKy uepe3 Oa3y mpaBwi, nedasudikarito (mepeBeACHHS HEUITKHUX
pE3yNbTATIB y YITKI 3HAYEHHS) Ta OLIHKY L1JIbOBOI (PYHKIIII.

Takum ynHOM, (opmastizalis METH MPOEKTYBaHHS K ONTHMI3aLIHOI 3a1a4l
JI03BOJISIE BpaxXyBaTH BC1 HEOOX1AHI aClIEKTH MPOEKTYBaHHS Ta 3a0e3Medye CTBOPEHHS

e(EeKTUBHOI, EKOHOMIYHO JOLIIBHOI 1 CTA0LTILHOT MEPEKI 3apsSIIHUX CTaHI[IH.

4.1.4. Onmc eramiB moOyA0BH MOJe/i MPOEKTYBAHHA Mepexi 3apsiiHUX

CTAHUIM i3 BUKOPMCTAHHAM METOAiB HEYiTKOI JIOTiKH

[TpoexkTyBaHHS Mepexi 3apsSIHUX CTaHIIA 3 BUKOPUCTAHHSAM METO/(IB HEUITKO1
JIOTIKM BKJIIOYA€ KUJIbKa MOCiIoBHUX eTamiB. KojkeH eran 3abe3neuye GopMyBaHHS 1
ONTHUMI3allil0  MOJENi, BpaxoBylouu OararodakTOpHUN  XapakTep  3ajadi,
HEBU3HAYCHICTh 1 PO3MUTICTh BXITHUX JaHUX.

Eman 1: 36ip ma obpooxa 6xionux oanux

Ha unpomy eram 30uparoThCcsi JaHI TPO TPAHCIOPTHI TOTOKU, TYCTOTY

HACEJICHHs, JOCTYIHI EHEpPreTUYHl pecypcu Ta I1HIIN PEJICBAaHTHI MapaMeTpH.
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BukopucroBytotbcsi reoindopmariiini cucremu (GIS), nemorpadiuni q0CHiKEHHS,
JlaH1 MOHITOPUHTY Tpadiky Ta TEXHIYHI XapaKTEPUCTUKU eJeKTpoMepek. OTpumani
JlaHI HOPMAJTI3yIOThCS Ta TMEPETBOPIOIOTHCA Yy (GopmaT, MpUAATHUN i1 OOpOOKHU
METO/IOM HEYITKO1 JIOTIKH.

Eman 2: @asugirayia exionux napamempis

dazudikallis Moasarae B MepeBeCHH] YITKUX 3HAYEHb BXIJHUX HapameTpiB y
HEYITKI MHOKHHU 3a JOMOMOrol0 (QyHKIIH HalekHOCTI. J[1s1 KO)KHOTO mapameTpa —
TPAaHCIOPTHOTO TOTOKY, TYCTOTH HACEJEHHS Ta EHEPreTUYHUX MOKIUBOCTEH —
BU3HAYAIOTHCS BIJMOBIJIHI JIHTBICTUYHI T€PMH, HAMPUKIIA, "HU3bKUI", "cepenHiii",
"Bucokuil". J{7s KO)KHOTO TepMa OynyeThCsl (PYHKIIS HAJIEKHOCTI, SIKa 3aJ1a€ CTYMHIHb
HAJIEKHOCTI KOHKPETHOTO 3HAaueHHsA 10 TepMma. llelt etam o3Bojsie BpaxoByBaTu
PO3MHUTICTh 1 HETIOBHOTY BXI1JTHUX JAHUX.

Eman 3: @opmysanus 6a3u Heuimxkux npagui

Ha ocHOBI BXiJIHUX MapaMeTpiB Ta iXHIX JIHTBICTUYHUX TEPMIB CTBOPIOETHCS
0a3za mpaBui Tuny "skmo-to". Hampuknan, npaBuwio Moke MaTu BUDA: "SKIo
TPAaHCIIOPTHUN TIOTIK BHCOKHH 1 TYCTOTa HACEJIEHHS BHCOKAa, a CHEePreTHUYHI
MO>KJIMBOCTI CEpEeIHI, TO BCTAHOBUTH 3apsAHY CTAHIIIO 3 BUCOKUM mpiopureroM". Lli
npaBuwia (OPMYIOTHCS 3a JOMOMOIOK EKCIEPTHOrO aHajizy abo CTaTUCTUYHUX
JAHUX 1 OMUCYIOTh MPOIIEC MPUUHATTSA PIIICHb Y HEYITKIM CUCTEMI.

Eman 4: Heuimkuti 6ucHo8ox

Ha npomy erari 311HcHIOEThCSI 00pOOKa BXITHUX JaHUX Yyepe3 0a3y npasui. Jlis
KOKHOTO TpaBWJIa BU3HAYAETHCS CTYIIHb BHKOHAHHSA, MICIS YOTO OOYHCITIOETHCS
BUXIJTHA OI[IHKa LUISIXOM arperyBaHHs pe3ysbTaTiB Yycix mnpaBwil. /[ns mporo
BUKOPHCTOBYIOTHCSI METOJM HEUITKOTO BUCHOBKY, Taki ik Mamaani abo CyreHo.

Eman 5: Jlepazupixayis

Hedasudikariss monsrac y mepeBeACHH] HEYITKUX BHUXIJHUX OIIHOK Yy YiTKi
3HAYCHHS, SKI MOXYTh OyTH BUKOPUCTaHI JUIsl IPUHHATTA pilieHb. Hampukian, Ha
OCHOBI OTPMMAaHUX 3HAYECHb BHU3HAYAETHCS TOYHE MICIIE PO3TAILTyBaHHS 3apsaHOT
cTanuii, i MOTyXHICTh abo 1iHm mnapamerpu. Cepen wmetoniB naedasudikarii

HalYacTille BAKOPUCTOBYETHCS METO/ LICHTPY Baru.
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[, u@)y-dy
y‘{iTKe =2 (48)
J, nGay

Jie¢ Y — 4ITKe 3HAYeHHsI BUXIJIHOTO mapameTpa, W(y) — (QYHKIIS HaJeKHOCTI
BUXIJTHOTO TIapaMeTpa.

Eman 6. Oyinxa ma sanioayis mooeni

OcraHHIM eTalioM € TIepeBipKa TOYHOCTI Ta aJeKBaTHOCTI MOJEI.
[TopiBHIOIOTBCSL pE3yJbTaTH, OTPUMaHI MOJEIUIIO, 3 pPEaJTbHUMHU JaHUMU abo
pILIEHHSAMHU, IPUHHATUMH €KcriepTamMu. Y pas3l BUSBIECHHS pO301KHOCTEHN mapaMeTpu
MoJieJll Ta 0a3u MpaBUil KOPUTYIOTHCS JUIsl TOCATHEHHS O1IbIIIOT TOYHOCTI.

TakuMm yuHOM, eTanmu MOOYJOBM MOJENl NPOEKTYBAHHS MEPEkKl 3apsAIHUX
CTaHIlIM 13 BUKOPUCTAHHSM METOJIB HEUITKOI JIOTIKM 3a0€3MeuyloTh KOMIUJICKCHUM
NIAX14 10 BUPIMICHHS 3a7adi, J03BOJISIOYM BpPaxoOBYBAaTH OaraTo(akTOPHICTH 1

HEBH3HAYCHICTH pCalJiIbHUX YMOB.

4.1.5. BuxopucTaHHsl HeHiTKMX NMPABWJI JJIsl IPUHHATTS pillleHb

HeuiTki mpaBuia € KIIOUOBUM €JIEMEHTOM METOJly HEYITKOi JIOTIKH, SKUU
JTO3BOJISIE 3A1MCHIOBATH MIPUAHSATTS PIIIEHh HA OCHOBI PO3MHUTHX BX1JHUX MapaMeTpiB.
[IpaBuna Ga3yroTbes Ha Gopmyni "SKIO-TO" 1 CTBOPIOIOTH 3B'SI30K MK BX1JTHUMH
napamMeTpaMu MOJIETl Ta OYIKyBAaHUMHU pe3ysbTaTaMu. Y KOHTEKCTI MPOEKTYBaHHS
MepexXi 3apsAHUX CTaHIINA II MpaBUja JOMOMAararoTh BU3HAYUTH, J€ PO3MIIIYBaTH
CTaHIlli, Ky MOTYXHICTb OOMpaTH Ta SKI 30HA MalOThb NPIOPUTET AJI PO3BUTKY
1H(pacTpyKTypH.

HeuiTke mpaBuiio CkiamaeTbes 3 ABOX YACTHH: YMOBHOI YaCTHHM (SKIO) 1 il
(o). Hampuknaa, mpaBujio MOXKE BHUIJIAIATH Tak: "SIKIIO TpaHCHOPTHUM TOTIK
BHUCOKHI, TYCTOTa HACEJCHHS CEpeIHs, a EHEePreTHMYHI MOXKIMBOCTI BHUCOKI, TO
pO3TaITyBaHHS 3apsHOI CTaHIIII € TPIOPUTETHUM. "

Kosxen BxigHUN mapaMeTp Ma€e CBOi JIHTBICTUYHI TEPMH, SIKI OMUCYIOTh HOTO
po3mutuii ctaH. Hampukman, ans TpaHCHOPTHOTO MOTOKY TEPMHU MOXKYTh OyTu

"Hu3pkui", "cepeaHid" 1 "Bucokuit". JlJIS EHEPreTUYHUX MOMKIHUBOCTEH —
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"oO6MmexkeHi", "cepeani” 1 "BUCOKI".

Koxne npaBuio o0po0IiseTsesl B KiJIbKa €TaIliB:

1. OriHKa CTyTneHs BAKOHaHHS yMOB

BusHauaeThcsi, HACKUIBKM KOKEH BXIJHUN MapaMmeTp 3aJ0BOJIbHAE YMOBY
npaBuia. J[7as bOrO0 BHUKOPHUCTOBYIOTHCS (YHKIT HAJIEKHOCTI, SIKI BHU3HAYAIOThH
CTYMiHb BIJIMOBIIHOCTI 3HAYEHHS TlapamMerpa WOro JIHIBICTUYHOMY TEpMY.
Hanpuknan, skio TpaHCnopTHUM NOTiK cTaHOBUTH Xx=700x = 700x=700 Mammn/rom,

a QYHKIIIS HAJIC)KHOCTI JUIs "BUCOKUM" TPAHCIIOPTHUM MOTIK BU3HAYCHA SIK:

X—=Teepe
Ugycoknit (x) = ——A (49)

Tmax_Tcepe,a

TO CTYIiHb BUKOHaHHSI YMOBH MOe OyTH oO4HCIIeHa.

2. Arperaiiist yMOB

S0 npaBUIIO Ma€ KiIbKa YMOB, iX BUKOHAHHS 00’ €QHY€EThCA 3a IONIOMOTOI0
JOT1YHUX orepariii. s HediTKOT JOTiKM HalvacTilie BUKOPUCTOBYIOTHCS OMepallii
"AND" (mepetun) Ta "OR" (o0’emgnanus). Hampukman, s onepamii "AND"
OoOMpaEThCS MiHIMAJIbHE 3HAUYCHHS CTYIIEHIB BUKOHAHHS YMOB.

3. Bu3naueHHsT BUX1THOTO 3HAUYECHHS

Ha ocHOBiI cTyneHss BUKOHAaHHS YMOB OOYHCIIOETbCS BUXIIHA (DYHKIIIS
HAJIEXKHOCTI IS Pe3ynbTary. SIKIIo pe3yiabTaToM € "BUCOKUW TpiopuTeT”, TO 1A
(GyHKLIS HaJIEKHOCTI OINUCYE, HACKUIBKM 3HAYEHHS BIJINOBIJA€ LIOMY TEpPMY.
Posrisitnemo npaBuiio "SKIIO TpaHCIOPTHHUM MOTIK BUCOKHH, a TYCTOTa HAaCEJIEHHS
HU3bKA, TO BCTAHOBJICHHS 3apsAaHOI CTaHIl Mae cepemHii mnpioputer." s
KOHKPETHUX 3HayeHb TpaHcHnopTHOro motoky x=700 i1 rycrotu HaceneHHs y=50,
(GYHKIIT HAJIEKHOCTI MOKYTh OyTH BU3HAUECHI SIK:

uBHCOKHﬁ(x) = 0.8, HHH3bKMﬁ(y) = 0.6.

Ockinbku ymMoBHM 3’enHaHi JoriuHuM "AND", cTyniHb BUKOHaHHSI IpaBuia

CTaHOBUTD:
Unpaswio = Min(0.8,0.6) = 0.6.
e 3HaUEHHSI BUKOPUCTOBYETHCS ISl BU3HAUEHHS CTYIEHS HAJIEKHOCTI

pe3ynbpTaTy "cepeHiil mpioputeT”.
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S0 B Mo/ieT1 BUKOPUCTOBY€ETHCS KUTbKA MTPaBUIIL, X pe3yJIbTaTH arperyroThes,
00 BU3HAYMTH 3arajbHUN BUX1] CHCTEMH. [|JIsl IIbOTO 3aCTOCOBYETHCS OTIEPAITist
00’enHaHHSA (PYHKIIIN HaJEKHOCTI JUIsl KOXKHOTO pe3ynbrary. Hampukman, skio
JBa TpaBWia JAIOTh PE3ybTaTH 3 PI3HUMHU CTYNCHSIMH HAJICKHOCTI IS
"cepeaHporo mpioputeTy", (GYHKINS HAJICKHOCTI 00’ €IHYETHCS, MO0 BpaxyBaTH
00u/IBa BILUIUBH.

BukopucrtanHs HEUWITKMX TpaBuWil  3a0e3ledye  aJanTUBHICT — MOJENi
MPOEKTYBAHHS MEPEXkK1 3apsSAHUX CTaHIIN 10 CKIaJHMUX 1 HEBU3HAYEHUX yMOB. BoHu
JO3BOJISIIOTh BPaXOBYBaTH B3a€EMO3B’S3KM MK PI3HUMHU MapaMeTpaMu 1 NpUMaTH
pallioHaJIbHI PIIIEHHS, HABITh KOJIU JaH1 € HEYITKUMU a00 HenmoBHUMHM. Llel miaxizg €

BKJIMBOIO CKJIAJIOBOIO CUCTEMHU MPOEKTYBAHHs, 110 0a3yE€ThCS Ha HEUITKIN JIOT1II.

4.1.6. Ilporpamua peajizaniss ajaropuTMy NPOEKTYBaHHS Mepexi

3apsAJAHUX CTAHLIN i3 BUKOPUCTAHHAM METO/IB HEYiTKOI JIOTIKH

[Iporpamua peainizaiis aJropuTMy NPOEKTYBaHHS 0a3yeThCcsi Ha MOOYIOBI
CUCTEMHU, SIKa aBTOMAaTU3Yye eTanu oOpOOKH BXIIHHMX AAHUX, 3aCTOCYBAHHS HEUITKHX
npaBui 1 IPUUHATTS pllIeHb. AJITOPUTM, NMPEACTABICHUN y poOOTI, peaai3oBaHUi 3a
JIOTIOMOTOI0 MOBHM TporpamyBaHHsi Python, ska mae 6i6mioTeku nms poOoOTH 3
HEYITKUMU cucTeMaMu. PO3TIsHEMO OCHOBHI €Tanu MporpaMHOi peaizaiii.

1. [Iniyianizayis oanux

python (9 KonitoaTu kop,

input_data = {
"transport_flow": 700,
"population_density": 1500,

"energy_capacity": 50

Ha mipomy erari 3aatoThCsi BXi/IHI TapaMeTpH, 310paHi 13 30BHINIHIX JHKEpesl, TAKUX
K TPAaHCIOPTHI MOJeNi, neMorpadivni aHi Ta TEXHIYHI XapaKTEPUCTHKUA MEPExi.
JaHi 30epiratotbcs y hopMarax, 3pydHux s 00poOku, Takux sk JSON a6o CSV.

®parmeHT KoAy AJiA iHILIaTi3alli JaHUX HACTYITHUI:
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2. Dazupixayisn 6xionux napamempie

dazudikarlis nependavae NEPeTBOPEHHS YITKUX 3HAYEHb BXITHUX MapaMeTpiB
y HEUiTKI MHOKUHHM uepe3 PyHKIT HanmexxHocTi. Hanpukiman, 1is mapameTpa "rycrora
HacelleHHsA" MOXXYTh BHMKOPHUCTOBYBAaTHCS TpH TepMmu: "HHM3bKUEK", "cepemHid" 1

"Bucokuit". @parMeHT Koy [T peanizanii ¢pyHKIii HanexHocTi B Python:

python (9 KonitoeaTu kop,

def triangular_membership(value, a, b, c):
if value <= a or value >= c:
return 0
elif a <= value <= b:
return (value - a) / (b - a)
elif b <= value <= c:
return (c - value) / (c - b)

3. Dopmysanns nHeuimkoi 6asu npasu

(9 KonitoeaTu kop,

python
rules = [
{"conditions": {"transport_flow": "high", "population_density": "medium"},
"output": "medium_priority"},
{"conditions": {"transport_flow": "low", "energy_capacity": "high"},
"output": "low_priority"}

baza mpaBun 3amaeThcs y BUIIISAI HA0OpY YMOB "SKI[O-TO", SKi BU3HAYAIOTh
B3a€MO3B'A3KM MDK BXIJHUMHU NapamMeTpaMy Ta BUXIAHUMU pillleHHAMH. DparMeHt
KOy Jisi hOpMyBaHHS HEUITKOT 0a3u MpaBHIL:

4. Ob6pobKa Heuimkux npasu

python (P KonitoBaTy Kog

def apply_rule(rule, fuzzified_inputs):
conditions = rule["conditions"]
degrees = [fuzzified_inputs[param] [term] for param, term in conditions.items():

return min(degrees)

OOpoOka npaBui nepeadavae OOUYKMCICHHS CTYNEHS BUKOHAHHSA KOXKHOTO MpaBHIIA,
BUKOPHCTOBYIOUM 3HaueHHs QyHKIIN HanexxHocTi. Jloriuni onepamii "AND" 1 "OR"

peani3yroThCsl uepe3 MiHIMallbHI Ta MakCHMaJlbHI 3HaueHHs. PparMeHT KOy s
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oO4YHCIIEHHS] BUKOHAHHS TpaBUja;

5. Hegpasupixayis

Ha ocHoOBI pe3ynbTaTiB TpaBHJI OOYHCITIOETHCS UYITKE 3HAYECHHS BUXITHOTO
napameTpa. JlJig 11boro BUKOPUCTOBYETHCS METOJ IICHTPY Baru. @parMeHT KOAy IS

peamizarii qedazudikariii:
python (9 KonitosaTu ko

def defuzzify(output_values, memberships):
numerator = sum(value * memberships[value] for value in output_values)
denominator = sum(memberships.values())
return numerator / denominator

6. Bizyanizayis pezyiomamis
python (9 KonitoeaTtu kop,

import matplotlib.pyplot as plt

results = {"low_priority": 0.2, "medium_priority": 0.5, "high_priority": 0.3}
plt.bar(results.keys(), results.values())

plt.xlabel("Mpioputetun"

plt.ylabel("CtyniHb BUKOHaHHA")

plt.title("Pe3ynbTatn pedasudpikauii)

plt.show()

Pe3ynpTaT Mozjeni BUBOIATHCA Yy BUIJISAAl TaOnMIlb, rpadikiB abo 1HTEPAKTHBHUX
kKapT. s 1pOro MOXYTh BUKOPHUCTOBYBATHCS O10J10TEKM Bi3yamisarlii, Takl SK
Matplotlib a6o Plotly. ®parmenT koay mag Bi3yamizalii pe3yJibTaTiB 3
BUKOpHUCTaHHsAM 010mioTekn Matplotlib:

[Iporpamua peamizariiis 3a0e3reuye aBTOMATH3AIlII0 BCIX €TaIliB MOJICITIOBAHHS:
Bl 00OpOOKHM BXIJHUX JaHUX A0 Bizyasizaili pe3yibrariB. Takuil miaxia J03BOJISE
e(peKTUBHO BUKOPHUCTOBYBATH METOAM HEYITKOI JIOTIKH JJIsi MPOEKTYBAaHHS MEpexi
3apsIIHUX CTaHIlM, BpaxoBYyIOUM BC1 ocoOiuBocTi 3aBrnaHHs. lle 3abesmneuye
aJaNTUBHICTh CUCTEMHU JI0 3MIH y BXIJIHUX JIaHUX 1 BUCOKY TOYHICTb MPUUHATTSA
pillIEHb.

4.1.7. TlepeBarum po3po0.ieHOI MeTOAUMKHM NOPIBHSIHO 3 TPAAMWiHHUMM

MiIX0IaMH TA NMEePCNEeKTUBH T MOJAAJbIIOT0 BIOCKOHAJICHHSA
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Po3pobiiena MeronuMka TPOEKTYBAaHHA MEPEXI 3apAgHUX CTaHIINd 13
BUKOPUCTAaHHSAM METOJIIB HEYITKOI JIOTIKM Ma€ HHU3KY TepeBar, sKI BHUTITHO
BIAPI3HAIOTH i BiA TpaaumiiHux miaxoaiB. OCHOBHOIO TEPEeBAaror € 37aTHICTD
MPAITIOBATH 3 PO3MUTHMH, HETOBHUMHU 200 HETOYHUMU NaHuMH. [le 3abe3nedye OubI
peaNiCTUYHE MOJCIIOBAHHA YMOB, Y SIKHX pO3TalllOBYIOThCS 3apsiHi CTaHIIIi,
BpaxoByroun 6aratodakTopHui xapakTep 3anaqi. Ha BimMiHy BiJ KIIaCHYHUX METO/IIB,
K1 BUMararoTh YITKMX 3HAa4€Hb MapaMeTpiB 1 BUKOPUCTOBYIOTH YKOPCTKI KPHUTEPIi,
HEYITKa JIOT1Ka J103BOJIsiE Oy TyBaTU MOJIE, SIK1 aAanTyIOThCs A0 peaJbHUX YMOB.

Meroarka BpaxoBY€e B3a€MO3B’SI3KH MK KITFOYOBUMU MMapaMeTpaMu, TAKUMH K
TPAHCIOPTHI TOTOKH, TYCTOTa HACEJIICHHS Ta EHEPreTUYHI MOKJIMBOCTI MEpexi.
3aBAsgKH ITbOMY MOJKHA 3a0€3MEUNTH ONTHMAIbHE PO3TANTyBaHHS 3apsSAHUX CTAHIIIH,
3MEHIIIYIOYM BUTpaTH Ha OyMIBHUIITBO 1 €KCIUTyaTallil0, BOJHOYAC MIJBUIIYIOYH X
JOCTYIIHICTh JJI1 KOpHUCTyBauiB. KpiM TOro, BUKOPUCTaHHS HEUITKUX MPaBUI IS
NPUIHATTS PilIeHb J03BOJIIE MOAEINI OyTH OUIBII THYYKOIO, 1110 OCOOJIMBO BaXKJIUBO B
yMOBaX IIBUJIKMX 3MiH, TaKUX SIK 3PDOCTAHHS KIJTBKOCTI €JIEKTPOMOOLTIB abo 3MiHa
CHEPTreTUYHUX TOJITHK.

[Ile omHi€r0 3HAYHOIO MEPEBArOld € MOXKJIMBICTH IHTErpaulii 3 Cy4acHUMHU
IHCTpYMEHTAMH YTIPABIIIHHS, TAKUMU SIK 1HTEJIEKTYaJbHI €HEepreTU4H1 Mepexi (Smart
Grid) ta reoindopmaniiini cuctemu (GIS). Lle mo3Bosise€ MiABUIIMTH TOYHICTH
MOJICJIIOBaHHS, BPaXOBYBAaTH JIOKAJbHI yYMOBU Ta 3a0e3MeuyBaTd ONTHUMAIbHY
IHTErpaLiio 3apsSAHOl IHPPACTPYKTYPHU 3 ICHYIOUOIO €JIEKTPOMEPEKELO.

[Tomanpinie BAOCKOHAJIEHHS METOJMKH TMependadae Kulbka MEPCHEKTUBHUX
HanpsMKiB. OuH 13 KJIIOUOBHX INUISX1B — 1HTErparis METO/IIB MAIlTMHHOTO HaBYaHHS
JUIsL aBTOMAaTUYHOTO HaJAlITYBaHHS (DYHKII HaleXHOCTI Ta ONTuUMI3alii 0a3u
HEUITKUX mpaBui. Lle M03BOIMTH 3MEHIIUTH 3aJICKHICTh B €KCIIEPTHHUX OIIIHOK 1
M1BUIIUTH TOYHICTh MOJICITIOBAHHS 3aB/SKH aHAJI3y BETUKUX 00CSTIB IaHUX.

[Ile omHMM BaXJMBUM HAMPSIMKOM € PO3IIUPCHHS MOJCHII 3a PaxyHOK
JOTATKOBUX TAPAMETPIB, TAKUX SK €KOJIOT14HI TTOKA3HUKH, MPOTHO30BAHE 3POCTAHHS
MONUTY Ha EJEKTpoMoOiIl Ta exoHoMiuHl ¢akTopu. lle 3pobuth Mojenb OUIBII

KOMIUIEKCHOIO 1 JIO3BOJIUTH 3a0€3MEYUTH JOBIOCTPOKOBY €PEKTUBHICTh MEPEKI.
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[HTerpartist 3 po3yMHUMH €HepreTHuHUMH Mepexkamu (Smart Grid) 1 po3BUTOK
¢ynkmiii Vehicle-to-Grid (V2G) takox € mepciekTuBHUM HanpsiMkoM. Lle mo3Bomuth
3apsAHAM CTaHISIM HE JIMIIE CIOXUBATH EHEpriio, ajle U MIATPUMYBaTH
eJIEKTPOMEPEKY B YMOBaAX IMIKOBUX HABAHTAXKEHbB, IO MIABUIIUTH iXHIO €KOHOMIUHY
¢(eKTUBHICTb 1 HAJINHICTb.

Po3pobka mporpamHoro 3abe3rnedyeHHs JIS  aBTOMATHM3alli  Ipolecy
NPOEKTYBaHHS 1 Bi3yamizallii pe3ynbTaTiB € 1€ OJHUM TMEPCHEKTUBHUM KpPOKOM.
CTBOpeHHSI 1HTEPAKTUBHUX IHCTPYMEHTIB JJII MOJIENIOBaHHS JI03BOJUTH IIBHJIKO
aJanTyBaTH MOJENb 1O PI3HUX CLEHapiiB, 110 CTaHE KOPUCHHUM JUIs 1HXKEHEpPIB 1
MJIaHYBAJIbHUKIB.

Takum 4YMHOM, 3alpONOHOBAHA METOJIMKA Ma€ 3HAYHUN TMOTEHIam s
MOAAJBIIOT0 BIOCKOHAJICHHS, 10 JO3BOJUTH I11€ OUIBIIE MiABUIIUTH ii €()eKTUBHICTD
Ta aJaNTUBHICTHh JO YMOB CYy4YacHOi 1H(pacTpyKTypu enekTpoMoOutbHOCTI. [le
CHPUATUME CTAJIOMY PO3BUTKY TPAHCIOPTHOI CHUCTEMU Ta €HEPreTUYHUX MEPEXK Y

MalOyTHBOMY.

BucHoBKH 10 4eTBEpPTOro po3aiiy

1. OOrpyHTOBaHO BHMOIp HEUITKOI JIOTIKH SIK 1HCTPYMEHTY MOJIENIOBAHHS B
YMOBax HEMOBHUX JIaHUX;
2. BusHaueHO BXiJHI TapaMeTpud MOJENi: TPAHCHOPTHI TOTOKH, PIBEHb
HACEJICHOCTI1, EHEPreTUYHI MOXKIIMBOCTI MEPEXI;
3. CtBopeHo GyHKIIT HAJIEKHOCTI;
4. Po3pobneno anroputm dazudikarii, 00pooku mpaBui i nedazudikartii;
5. CTBOpEHO IporpamMHy peaizaliio MOJei.
6. Po3poOnena wmeroauka [03BOJISIE ONTHMI3YBaTH pO3TALlyBaHHSA Ta
KOHQITypalito  3apsJHUX  CTaHUIH Yy  pealbHUX  yMOBax, BPaXxOBYIOUH
0araToakTOpHICTh 1 HEBU3HAYEHICTh, O POOUTH ii €(PEKTUBHIIIOW 3a TpagUIliiiHI

METOIH.
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3) OXOPOHA MPAIII TA BE3IIEKA B HAI3BUYANHUX
CUTYALIAX

5.1 Cucrema ynpasiiHHs 0X0poHOI npaui. [Ipuauunu ta gyHkuii

VYrpaBiaiHHS OXOpOHOIO Tpalli € HEeBIA'€EMHOIO YAacTHHOK CY4YacHOTO
BUPOOHUIITBA, sKka 3abe3meuye Oe3MeKy MpaliBHUKIB, MIHIMI3ye BHUPOOHUYHIA
TpaBMaTu3M 1 NIABUILYE €(PEKTUBHICTh poOounx mporeciB. OCHOBHI MNPUHIMIH
VOpaBIiHHS OXOPOHOIO Tpami 0a3yloThbCsi HAa CHUCTEMHOCTi, ONTHUMAaJIbHOCTI,
JWHAMIYHOCTI, HACTYMHOCTI Ta cTanaaptu3aili. Li npuHunu GopMyroTs OCHOBY Jis
CTBOPEHHS IHTETPOBAHOI CUCTEMH, SIKa J103BOJIsIE €(PEKTUBHO KOOPAMHYBATHU Aii BCIX
YYaCHHMKIB BHUpOOHHMYOro mpouecy. [IpuHuum cucremMHocTi nependadae, MO BCi
npouecH 0e3NeKH po3risIaloThCsl y B3a€EMO3B’A3KY 3 TEXHOJIOT1SIMU BUPOOHHUIITBA, 1110
3a0e3neuye IXHIO B3a€EMHY 1HTerpaiio [17].

Ha BupOOHHMITBI ynpaBiiHHS OXOPOHOK Mpall BKJIIOYAE CTBOPEHHS €JIMHOI
CUCTEMHU CTaHJIAPTIB, sIKA OXOIUIIOE BC1 PIBHI YNPaBIIHHS — BiJl CTPATETIYHOTO 0
JokanbHOro. OprasizauiiHO-(Q)yHKIIOHaJbHA CXE€Ma VYHOpPaBIIHHS 0a3yeTbCs Ha
KOOPJIMHALIMHIN PoJl BIAAULY OXOPOHM Tpalll, SKUH 3A1HMCHIOE KOHTPOJIb Ta aHaJI3
BIJIMOBITHOCTI IIPOIIECiB BCTAaHOBJIECHUM cTaHAapTaM. OCHOBHI (PYHKIIIT IILOTO BiIALTY
BKJIFOYAIOTh MPOTHO3YBaHHS, IJIaHyBaHHS, 301p 1H(opMallli Ipo CTaH yMOB Mpaili,
PO3pOOKY 3aX0/iB OC3MEKH Ta MOHITOPHMHT iX BUKOHaHHs. JlepkaBHI OpraHu TaKOX
BIJIIFPAIOTh KJIKOYOBY pOJIb y 3a0€3MEeUeHHI OXOPOHW IIpall, BIPOBAIKYIOUH
HaIllOHAJIBHI Ta rajgy3eBl MPOrpaMu, siKi CIPSMOBAHI Ha 3HUKEHHS PIBHS aBap1MHOCTI,
npodeciitHuX 3aXBOPIOBaHb Ta TPABMATH3MY.

OnHuM 13 BaXIJIMBUX €JIEMEHTIB CUCTEMH YIIPaBJIiHHS € OararopiBHEBa l€papxis,
sgKa BKJIOYA€ Tay3eBi, KOPHOpaTHUBHI, BUPOOHMUI Ta JIOKajdbHI piBHI. Ha piBHI
MIIPUEMCTBA KEPIBHUKM CTPYKTYPHUX MIAPO3ILIIB CHIIBHO 13 CIY>KO0I0 OXOPOHU
mpaii 3a0e3nedyloTh BUKOHAHHS 3aXoAiB Oe3meku. i IIbOro BUKOPHCTOBYETHCS
KOMIUIEKC ~METOJIB:  OpraHi3alliiHO-pO3MOpsIdi, COLIaJbHO-TICUXOJOTIYHI  Ta
€KOHOMIYHI. BaXJMBUM € MiAXia 0 IHTerpaiii OXOpPOHH Tpalll B YMNPaBIIHCHKY

JISUIBHICTh KOMIIAHIi, IO J03BOJIAE€ MIABUINUTH ii edeKTuBHICTh. Hampukian,
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BIIPOBA/DKEHHSI CYYaCHUX CHCTEM aBTOMATH3allil MPOIIECIB KOHTPOJIO YMOB Ipalli
JI03BOJISIE 3HU3UTHU BIUIMB JIIOJCHKOTO (hakTopa Ta MPUCKOPUTH 1AEHTH(IKAIIIO
npobiiem [18].

Ha mpakTuiii oxopona mparli OXOIUTIO€ PO3pOOKY IUIaHIB i3 3a0e3medeHHS
Oe3mneku, Skl BpaxoBYIOTh crieliudiky BUpOOHHUOTO cepenoBuina. e MoxyTs OyTu
3aX0M 3 MexaHizalli Ta aBTOMaTH3allii MpoIeciB, JIKBIJAIIl PYydYHOI mpaiii,
MOKPAIIEHHS BEHTUJIAI1, BIPOBAKEHHS IHCTPYMEHTIB JJIsl 3MEHILEHHS (PI3UYHOTO
HABAHTAKCHHSA Ha MpalliBHUKIB. BaXIMBUM acleKTOM € CTBOPEHHS KOMQOPTHUX
poOOYMX MiCIIb, 110 BKIIOYAE 3a0€3M€UEHHS ONTUMAIBLHOT OCBITJICHOCTI, IITYMO130JISIII11
Ta MIKpOKJIIMATY.

EdexTuBHICTh CUCTEMU yIOpaBIiHHS OXOPOHOIO TIpalli 3HAYHOI MIpPOIO
3aJIeKUTH Bl (DIHAHCYBAHHS Ta EKOHOMIYHOTO CTUMYJIIOBaHHsA. Ha piBHI mianpueMcTB
CTBOPIOIOTBCS (DOHJM OXOpPOHM Tpalll, siKi (PIHAHCYIOTh peaii3alliio 3axoiiB 13
3a0e3nedeHHs Oe3neku. Y JiepKaBHOMY MaciuTadl Taki (GOHAM CIPSMOBYIOTHCS Ha
HAYKOBI1 JOCHIKEHHS, BIPOBAHKCHHS HOBUX TEXHOJOTIH Ta 3a0XO0YEHHS TPYIOBHX
KOJICKTHBIB, SIKl JIOCATAIOTh 3HAYHUX YCIIXIB y MIABUINEHHI piBHSA Oe3neku. OkpiM
[bOT0, CUCTEMA BKIIIOUA€E MaTepiajibHE Ta MOpPaJIbHE CTUMYJIIOBAHHS MPALIBHUKIB, SIKI
aKTUBHO OEPYTh y4acTh y MOJIIMIIEHH] YMOB IMpalll.

Takum 4YMHOM, cucTeMa YIPaBIiHHA OXOPOHOKO Tpalll € OaraTopiBHEBUM
MEXaHI3MOM, IO 3a0e3neuye Oe3neky Ta KOM(OPT MpaliBHUKIB Ha BCIX eTamax
BUPOOHHUIITBA. [i OCHOBHI NPUHIMIY Ta (YHKII CIIPAMOBAHI HAa CTBOPEHHS YMOB JIJIs
CTabUIbHOI POOOTH MIANPUEMCTB 13 MIHIMAJIbHUMHU pU3UKAMH JUIsL  370pOB'S
npaiiBHuKiB. lle mocsiraeTbcs 3aBASKM B3a€MOJli OpraHi3allliiHMX, TEXHIYHUX Ta
€KOHOMIYHHMX 3aXOJliB, IO I1HTErpOBaHl B 3arajibHy CTPaTErilo YIpaBIiHHS
1 IPUEMCTBOM.

Jyist 3a0e3nedeHHst BUCOKOI €()eKTHBHOCTI CHCTEMU OXOPOHU Tpalll BaXJIMBUM
€ 3aCTOCYBaHHS Cy4acCHUX MIAXOMIB /10 YMPAaBIIHHS, sIKI BKJIIOYAIOTh BUKOPUCTAHHS
1H(pOopMaIITHO-aHAIITUYHUX IHCTPYMEHTIB. OJIHUM 13 TAKUX THCTPYMEHTIB € LIU(PPOBI
wiatopMu AJiE MOHITOPUHTY CTaHy YMOB TMpail, Kl JO3BOJIAIOTh y PEXKHMI
peajpbHOr0 4Yacy aHalli3yBaTH MapamMeTpu poOOYoro CepeioBMINA, Takl SK

TeMrepaTypa, BOJIOTICTh, PIBEHb IIyMY, KOHIIEHTpAIllS IIKIJIMBUX PEYOBHH Yy MTOBITPI.
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Hani, 310pani uumu 1aTGopMaMu, J03BOJISIIOTH OMEPATHBHO pearyBaTh Ha 3MiHU
YMOB TIpaIli Ta 3amo0iraTi BUHUKHCHHIO HEOE3MEYHUX CUTYAITIH.

Oco0nuBy yBary NOpUAULIIOTh IUIAHYBAaHHIO 3aXOJiB 13 IOIEPEIKEHHS
npodeciitaux pusukiB. lle BkIOYae aHami3 MOTCHIIMHWX 3arpo3, iAeHTH(IKAIlio
HeOe3nmeuyHux (akTopiB Ta po3poOKy 3axoJiB s iXHBOI MiHIMI3arii. Hampukman,
BIIPOBAPKEHHS CUCTEM PAHHBOTO MOIMEPEIKEHHS MOKE JOTIOMOI'TH YHUKHYTH aBapiid
ab0o 3HAYHO 3MEHIIMTH iXHIA BrUIMB. Taki cucreMu 0a3ylOTbCs Ha MPOTHO3HHUX
MOJIENIAX, SIKI BpaXOBYIOTh CIIEU (1KY BUPOOHUUHX MPOIIECIB 1 MOXKIIUB1 PU3UKH.

OnHuM 13 KIIOYOBHX 3aBAaHb CIIYKOM OXOPOHU Ipalll € HABYAHHS NPALlIBHUKIB
1 GOopMyBaHHS Yy HUX BIANOBIAAJIBHOIO CTaBJIEHHS O JOTPUMAHHS MPABUI OE3IMEKH.
HaBuanbHi mporpamMu BKJIIOYAIOTh IPOBEJICHHS IHCTPYKTAXK1B, TPEHIHT1B Ta MEPEBIPKU
3HaHb 3 OXOPOHM Tipami. BukopucrtanHs BipryaneHOi peambHOCTI (VR) s
MOJICTIIOBaHHSI HEOE3NEeYHUX CHUTYyalidl J03BOJIA€ IMpaliBHUKAM NPAKTHUKYBaTH CBOI
HABUYKH Y O€3MIEYHOMY CEPEIOBHIIIL, IO MIBUIIYE €PEKTUBHICTH HABYAHHS.

KoHuTponb 3a BUKOHaHHSIM BHUMOT OXOPOHHM TIpalll € MIE€ OJHUM BaKJIUBUM
acnekToM. Ha minnpuemMcTBax BIPOBAHKYIOTHCS PETYISIPHI ayJIWTH, MiJl 4ac SKUX
NepeBIPSAETHCSA BIAMOBIIHICT pOOOYMX MICIb BCTAHOBJIEHHM CTaHAApTaM OE3MEeKH.
OcoOnuBy yBary OpUAUIAIOTh aHali3y NPUYUH BUPOOHUYOTO TpPAaBMATU3MY, IO
JI03BOJIAE 1IeHTU(DIKYBATH CJIa0KI MICI[I CHCTEMH O€3MeKH 1 BXKMBATH HEOOXITHHX
3aX0/JliB JUTsSI iIXHHOTO YCYHEHHSI.

BaxxnuBUM €IeMEHTOM € CTUMYJIIOBAHHS MPAIliBHUKIB 32 aKTUBHY y4acTh Y
3ax0/ax 13 MOoKpauieHHs: yMoB mpaui. Lle MoxyTh OyTH K MaTepiaibHi 3a0X0YECHHS,
TaK 1 MOpaJIbHE BU3HAHHS, HAIPUKIIa/, BII3HAYCHHS HAMKpAIUX MPalliBHUKIB Yy cdepi
Oesrmeku mparli Ha KOPHOpPaTUBHOMY piBHI. Takuil miaxin crupusie (HopMyBaHHIO
KyJIbTYpU O€3MeKH, /e KOKEH MPalliBHUK YCBIJIOMJIIOE BAXKIMBICTH CBO€I poii Y
3a0e3mnedeHH] 0e3MeYHOT0 CePEIOBHUIIIA.

Taxum ynHOM, CydacHa cucTeMa YIpaBlliHHS OXOPOHOIO Mpalll — 1€ He JIUIIe
JOTPUMAaHHS BCTAHOBJICHUX CTaHAAPTIB, ajie i aKTUBHE BIPOBAKCHHS 1HHOBAIIIH, SIK1
H1ABUIIYIOTH €()EeKTHUBHICTh YIPABIIHCHKUX pillieHb. Lle 103Bos€ He TINbKU 3HU3UTH
pIBEHb TpaBMaTH3My, ajie i CTBOPUTH CHPUSITIMBI YMOBHU JJIsl IPOAYKTUBHOI Iparli.

InTerpariss cy4acHUX TIAXOMIB 1 TEXHOJOTIM € 3amoOpyKOK CTajior0 PO3BUTKY
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MIMPUEMCTB Ta 30€peKEHHS 370pOB s MPaIliBHUKIB.

e oqHUM BaXJIMBUM AaCIEKTOM CHCTEMH YIPaBIIHHS OXOPOHOIO Mparli € ii
1HTerpariss 3 KOPIOPaTUBHOIO KYJIbTYpOIO MiAnpueMcTBAa. DOpMyBaHHSA KYJIbTypHU
Oe3meku BUMarae, mob oxopoHa mpaili CTajxa YaCTHHOIO 3arajbHOi CTpaTerii KOMITaHii,
a 11 IIHHOCTI OYJM MOAIEHI BciMa MpalliBHUKaMUd — B1Jl KEPIBHULITBA IO POOITHUKIB.
Ile mocsraeTbCs 3aBASKU BIIKPHUTIH KOMYHIKAIlli, HaBYAJIbHUM KaMIaHIAM 1
NOCTIHHOMY HAroJIOIMIEHHIO Ha BAXJIMBOCTI JOTPUMAaHHS MpaBui  Oe3MeKH.
BrpoBamxeHHs: npuHUUIy "HYJIROBOTO TpaBMAaTU3MYy' CTa€ HE JIMINE 3aBJIAaHHAM
KEpPIBHUIITBA, aJi€ 1 0COOMCTOIO BIAMOBIAIBHICTIO KOKHOTO CITIBPOOITHUKA.

Cucrema ymnpaBiiHHS OXOpPOHOKO Mpalll MOBUHHA NependadaTd THYYKICTH 1
aJanTUBHICTH A0 3MiH. Hanpukian, 3MiHM y BUPOOHUYHUX TpoIIecax, BIIPOBAKEHHS
HOBUX TEXHOJIOTH 200 pO3MIMPEHHS MIAMPUEMCTBA MOKYTh CTBOPIOBATH HOB1 PU3HKHU.
Jl1st ixHBOT 11eHTH (KL Ta OLIHKYU JOIIBHO BUKOPUCTOBYBATH IHCTPYMEHTH OLIIHKU
pusukiB (Risk Assessment), siki 103BOJISIOTH IPOTHO3YBATH MOTEHITIHI HEOC3IEKH Ta
PO3pOOJIATH BIJMOBIIHI 3aX0AM JIJIs1 iXHbOI MIHIMI3aIlIi.

VYrpaBiiHHS 0XOPOHOIO Tpalll TaKoX MoTpedye 1HTErpalii 3 MiXKHaApPOTHUMHU
craggapramu, Takumu sk 1SO 45001, ski BCTAHOBIIOIOTH BUMOTH JI0 CHUCTEM
YIOPaBIIHHS 3I0POB’sIM 1 0€3MEK0I0 HA poOOUUX MicIsax. BukopucTaHHs 1ux
CTaHJApTIB JIO3BOJISE MIIMPUEMCTBY MISTH BIAMOBITHO J0 HAWKpAIIUX CBITOBUX
MPaKTUK, 0 OCOOJIMBO Ba)XJIMBO ISl KOMIIaHIM, SIKI MPAIIOI0Th Ha MIKXHAPOIHUX
punkax. Ceprudikaliis 3a IUMHU CTaHJAPTAMH HE JIUIIIE T1BUIIY€E PIBEHb OE3MEKH, aje
1 cpusie 3MILHEHHIO peryTalli KOMIIaHii cepe/l apTHEPIB 1 KIIEHTIB.

EdexkTuBHa cucremMa ympaBiiHHS OXOPOHOIO Tpaill TOBUHHA TaKOX
BpaxoBYBaTH AacCHEKTH IICHUXOJOTIYHOro Ojaromoiyyusi mpaimiBHHUKIB. HampyskeHi
poboUi yMOBH, CTpeC Ta BUCOKA BiAMOBIIaIbHICTh MOXYTh HETaTHMBHO BITMBATH HA
3I0pOB’sl CIHIBPOOITHUKIB 1 3HW)KYBAaTH IXHIO NPOAYKTHUBHICTb. TOMYy AOLIIBHO
BIIPOBA/KYBAaTU NPOrpaMu 3HIKEHHS CTpecy, CTBOproBaTH KoMpopTHEe poboue
cepeloBHINE Ta 3a0e3MevyBaTd MIATPUMKY Yy CKIQJHMX CHTyalisx. BaximBum
€JIEMEHTOM € JIOCTYH 0 KOHCYJBTAIlM 13 MCHUXOJOTraMu Ta PEryisipHi OMUTYBaHHS
MPaIiBHUKIB ISl OL[IHKKM TXHBOT'O TICHXOEMOIIIHHOTO CTaHY.

OxkpiM 1IOrO, CHUCTEMa YIPABIIHHS OXOPOHOIO IMpalll MOBMHHA BPaXxOBYBAaTH
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NEPCHEKTUBHI HAMpPSMKH PO3BUTKY, TaKl K BUKOPUCTAHHS TEXHOJIOT1M 1HTEPHETY
peueir (IoT) anms MOHITOPHHTY CTaHy yMOB TMpail B peanpHOMY daci. JlaTumkw,
IHTErpoBaHl y BUPOOHMYE OOJIaJIHAHHSA, MOXYTh TMEpeaaBaTd JaHl MPO MOXKJIUBI
PHU3UKHU, TaKi K NEPEBUILEHHS PIBHS IIyMY, [iIBULICHHS TEeMIIEpaTypH YU HasBHICTb
IIKIJJTMBAX PEYOBHH y TOBITPi. Lle M03BOJIsI€E MUTTEBO pearyBaTH Ha BIAXUJICHHS Bij
HOPMAaTHUBIB 1 3am00iraTu aBapisiM adbo TpaBMam.

TakuMm yuHOM, MOJANBIIUN PO3BUTOK CHCTEMHU YIPABIIHHS OXOPOHOIO Mparll
MOBUHEH OyTH CHPSAMOBAHMI Ha BIPOBAKEHHS CY4aCHHUX TEXHOJOTH, popMyBaHHS
KyJbTYypH O€3IeKH Ta IHTErpallito 3 Mb>KHAPOIHUMU cTaHfapTamu. [le 3a0e3neuntsb He
JWIe 3HWKCHHS PIBHS TpaBMaTuU3My, aje W CTBOPUTh yYMOBH i €(EKTHUBHOI,

KoM(OpTHOT Ta 6e31MeuH0T pOOOTH KOKHOTO CITIBPOOITHHUKA.

5.2 KoHuenuisi 3aXucTy HaceJeHHsl i TepuTOpiii mia yac HaA3BUYANHUX

CUTYyallil: NPUHUMIIN TA peaji3ania

3axycT HACEJICHHS 1 TEPUTOPIN MiJ Yac HaA3BUYAWHUX CUTyaIllll € OJHUM 13
KJIFOUOBUX 3aBJIaHb JIEPKABHOI MOJIITUKU Ta OpPraHiB yHpPaBIIHHS pi3HOTO piBHA. Lle
NUTaHHA HaOyBae OCOOJMBOI aKTyaJlbHOCTI B yMOBaxX 3pPOCTaHHS KUIBKOCTI
HAJ3BUYAWHUX CHUTYalllil TPUPOAHOTO, TEXHOTEHHOTO, COI[IAJIbHO-TIOJITUYHOTO Ta
BOEHHOTO XapakTepy. KoHIeniis 3axucTy HaceleHHS 0a3yeThCs HAa CHCTEMHOMY
M1JIXO/I1, SKUW BpPaxOBY€ BCl MOKJIMBI 3arPO3U, MacIITa0u BIUIMBY, a TAKOXK PECYPCH,
HEOOXI1IH1 IJIg 1X MiHIMI3allli Ta JikBigamii HacmakiB [19].

OcCHOBOIO KOHIIENIIIi € HallloHaJbHA CTpaTeris, ska mnepeadadae KOMILIEKC
3aXOMIB 13 TOMEPEHKCHHS HAI3BUYAWHUX CUTYyaIlld, 3aXHCTy JIIOJICH 1 TEPUTOPii,
3a0€3MeUeHHs CTIMKOCTI ()YHKLIOHYBAaHHS 00 €KTIB KPUTUYHOI 1HPPACTPYKTYpH Ta
OTIEpAaTUBHOTO pearyBaHHs Ha HaaA3BUYalH1 moiil. [[puHIMIIN KOHIIENIIT BKIIOYAIOTh
3aKOHOJIaBUE 3a0€3MeYeHHS, CHCTEMATHYHUN MOHITOPUHT, TPOTHO3YBaHHS MOKIIMBUX
3arpo3, HABUYaHHS HACEJIEHHS Ta KOOPAWHALIIIO JI1d OpraHiB YIPaBIIHHSA 1 pATYBaIbHUX
CITy k0.

OnHuM 13 KIIOYOBUX €JIEMEHTIB CHCTEMHU € Kiacudikalis Haa3BUYANHUX

CUTyallli 3a IXHIM MOXO/KeHHSM Ta MaciuTabamu. [0 TEXHOT€HHUX CHUTYyallii
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HajeXaTh aBapii Ha MPOMHCIOBUX 00’ €KTaX, TPAHCHOPTI, 1HXKEHEPHUX Mepexkax,
BUKUIN HEOE3NMEYHNX PEYOBHH, pyHHYBaHHS OymiBenb Torno. [IpupoaHi Haa3BUIaiiHi
CUTyallli BKJIOYAIOTh CTHXIMHI JuXa, HEOE3MEeYHl T1IPpOMETEeOpOJIOTIUHI SBHIIIA,
MOXKEXi, emigeMii Ta pgerpagarito ekocucteM. CoIliambHO-TIONITHYHI Ta BOEHHI
HA/JI3BUYAHI CUTyalii BHHHMKAIOTh BHACHIJOK TEPOPUCTUYHUX aKTiB, 30pOHHX
KOH(JIIKTIB, MOPYLIEHb TPOMAJCHKOTO MOPSAKY YU 3arpo3d 3acTOCYyBaHHS 30poi
MacoBOTO ypakeHHs. Takuii miaxia 70 Kiaacugikarii 103BOJIs€ YiTKO BUSHAYUTH 00CAT
HEOOX1THMX 3aXO0/11B 3aJIe’KHO BiJl TUITY HAJ3BUYAHHOI CUTYaITIi.

3axuCT HaceJeHHs Mependayae Kiibka OCHOBHMX KOMIIOHEHTIB: OpraHizalliio
OIOBIIIEHHS, 3a0€3MEYeHHs] 1HXEHEPHOro 3aXMCTy, IUIAHYBaHHS €BaKyallllHHX
3aX0/11B, TPOBEICHHS PATYBAIBHUX 1 HEBIJIKJIATHUX B1IHOBIIOBAILHUX POOIT, HATAHHS
MEIUYHOI JTOTIOMOTH Ta COIIAJIBHOTO 3axHucTy TocTpaxiaanmnM. OcoOnmBa yBara
OPUAUIAETECS CUCTEMaM pPaHHBOTO OIMOBIMIECHHS, SIKI JO3BOJISIIOTH 1H(GOPMYBATH
HACEJICHHs PO 3arpo3y 3a JOMOMOTOK CYYaCHHMX TEXHOJOT1M, TaKUX SK MOOUIbHI
noaaTku, SMS-po3cuiiku, TYYHOMOBIII Ta pajioMoBJieHHs. lle mo3BoJise MIBUIKO
pearyBaTH Ha MOKJIMBY HeOe3MeKy Ta 3MeHITyBaTH ii Hacmiaku [20].

[HxeHepHU 3axWUCT BKJIOYae OyAIBHUUTBO Ta MIATPUMKY B TOTOBHOCTI
3aXMCHUX CIOPYJ, TaKUX K OOMOOCXOBMIIA, YKPUTTS, 3aXUIIEH] MPUMIILIECHHS IS
eBakyarii. KpiMm Toro, oco0iuBy yBary NOpHAUIAIOTE CTBOPEHHIO Oap’epiB s
3ano0iraHHsl CTUXIMHUM JIUXaMm, TakKuM sIK TpeOsil s 3aXMCTy BIJ MOBEHEW uu
MPOTUMIOKEKHI cMyrd. EdextuBHe (QyHKIIIOHYBaHHS IIMX CHUCTEM BUMAarae
PEryJISIPHOrO MOHITOPUHTY IXHBOT'O CTaHy Ta MPOBEAEHHS MPOPIIAKTUYHUX POOIT.

EBakyariiss € BaKJIMBHM €IICMEHTOM KOHIICIIIIIi 3aXWCTy HacejeHHsA. Bona
nepeadavyae opraHizamiio IMepeMillleHHs JIoAeH 13 30H MiABUINEHOI HEOE3MeKH 0
Oe3nmeyHuXx MicCllb, 3a0e3MeyeHHsl iX XapuyyBaHHSIM, MEIUYHOIO JOMOMOIOK Ta
TAMYACOBUM  TPOXXKUBaHHSAM. [lmaHyBaHHS  eBakyallifHMX 3axOJlIB  BKIJIIOYAE
BU3HAYCHHS MapIIPYTiB, TPAHCIIOPTHUX 3aC001B, MICITh PO3MIIIICHHS €BaKyHOBaHUX, a
TaKOX 3a0€3MeUeHHs iXHIX 0a30BUX MOTPEO HA Yac KPU3H.

Meauuna pomomora MiJg 4Yac HAA3BUYAMHMX CUTyalllil OXOIUIIOE HaJaHHA
€KCTPEHOI MEUYHOI IONOMOTH, OpTaHi3allito MOJLOBUX TOCIITAIIB, TPAHCIIOPTYBAHHS

MOCTPAXKAAIUX 1 HaJaHHA TICUXO0JIOTTYHOT Hi,Z[TpI/IMKI/I. VY Ttakux YMOBAX BaAXXJIUBO
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3a0e3MeuYnTH HE JIMIIE IIBHUJKE pearyBaHHs, aje i FOTOBHICTb MEJAMYHUX YCTaHOB
MPAIIOBATH Y CKIAJHUX 00CTaBUHAX.

CoulanpHuil  3aXMCT HaceJeHHs Tniependayae HaJaHHS MOCTPAKIATUM
MaTepiaabHOI JOMOMOTH, KOMIICHCAIIM 3a BTpadeHE MalHO, THMYACOBE KHUTIO, a
TaKOX 3ax0Jy peaburiTallii mcis KpU30BUX CUTyarii. 1{eli KOMIIOHEHT € BayKITUBUM
JUTSl BIAHOBJIGHHS HOPMAJIBHOTO PIBHS KUTTS HACEJIEHHS Ta MIATPUMKH COIIaTbHOI
CTaOUIBHOCTI.

KirouoBuM eeMEHTOM KOHICMINT € KOOpAWHAIlA i OpraHiB BIajy,
pPATYBAJIBHUX CITY:K0, TPOMAJCHKHUX OpraHizaiiil 1 MiXkHapoJHUX naptHepiB. Opranu
MICLIEBOTO CAMOBPSATyBaHHS BIAIrPalOTh BAKIIMBY pOJb y peani3alii 3aX0/(iB 3aXUCTY,
OCK1JIbKA BOHU HaWOLIbII HAOTMKEH1 10 HACEJICHHS 1 MOXKYTh OTIEPAaTUBHO pearyBaTu
Ha BUKIUKH. PATyBanbH1 Ciy>)kOM BIANOBIJAIOTh 33 BUKOHAHHS ONEPATUBHUX Aii,
TaKuX SIK JIKBIJAIllsS HACHIAKIB aBapiii, eBakyalliss Ta HaJaHHSA JOIOMOTH
MOCTPAXKIATUM.

MikHapogHa CHIBIpans € BaXJIMBUM KOMIIOHEHTOM CHCTEMH 3aXHCTY
HAaCEeJICHHsI, OCKUIPKY HaJ3BUYalHI CUTYaIlli 9aCTO MAaIOTh TPAHCKOPAOHHHH XapakKTep.
VYyacte y rnobanbHUX iHIIIaTUBax, Takux sk nporpamu OOH, MixnHapoaHoro
YepBonoro Xpecra, 103BOJisiE OOMIHIOBATUCA JIOCBIJIOM, OTPUMYBAaTH TEXHIUHY Ta
(b1HaHCOBY MIATPUMKY JIJIsl BUPIIIICHHS HAA3BUYAWHUX CUTYaIlii.

[TinroToBKa HaceneHHs OO MM y HAA3BUYAWHUX CHUTYyaIlIIX € HEBiJ €MHOIO
YaCTHUHOI KoHIenilii. HaBuaHHs BKJIIOYa€e MPOBEACHHS 1HCTPYKTaXKiB, TPEHYBaHb,
pO3pOOKy pekoMeHJalllil 1 momupeHHsa i1HdopMmaliiHux matepiamiB. lle go3Bosie
MIJBUIIMTU 0013HAHICTh JIIOJIEH NPO MOTEHIIHHI 3arpo3u Ta chOpPMYBATH AITOPUTM
iXHBOT IOBETIHKM B €KCTPEHUX yMOBaX.

TakuM 4YWHOM, KOHIEMIIS 3aXWCTy HaceJeHHS 1 TepUTOpid mia dYac
HAJ3BUYAHUX CHUTYyaIiil € 0araTOKOMIOHEHTHOIO CHCTEMOIO, sika 0a3yeTbcs Ha
B3a€EMOJIIT JICP)KABHUX OpPTaHiB, PITYBAIBHUX CIYKO 1 HacereHHs. BoHa oxomoe
KOMIUIEKC 3aXOiB 13 MOMEPEIKCHHS, MiHIMI3allll HACIIAKIB 1 BIJHOBJIEHHS IMICIIS
KpU30BUX TOAiN. [HTerpamiss cyyacHHMX TEXHOJOTIH, MIKHApOAHOTO IOCBIIY Ta
aAKTHBHOI y4acTl TPOMaJISIH € 3alO0pyKor0 ePEeKTUBHOI peasizallii i€l KOHIEeMNIii, 110

3abe3reuye 0e3IeKy JItoAeH 1 CTIMKICTh CYCIUIBCTBA JO BUKIJIUKIB CY4aCHOCTI.
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BucHOBKH 10 11’ITOT0 pO3aTy

1. PO3KpUTO IPUHIIMIIA OpraHi3allii OXOPOHH Mparli;
2. PosrnsHyTo 3axomu Oe3mekd MpH poOOTI 3 ENeKTPOYCTAaHOBKAMH Ta
3apsATHOIO IH(PPACTPYKTYPOIO;
3. IlpoananizoBaHO CUCTEMY il y HAI3BUUAWHUX CUTYAIIisX.
4. TlokazaHo, 10 KOMIUIEKCHA CHCTEMa OXOPOHH IMpalll Ta 3aX0au Oe3rneKu
HEOOX1/TH1 /U1 TapaHTyBaHHA Oe3repeOiiHol Ta 6e31euHoi poOoTH 00’ €KTIB 3apsaIHOT

1H(PACTPYKTYPH, a TAKOK 3HIXKEHHSI pU3HMKIB JIJIs1 IEPCOHATY Ta KOPUCTYBaviB
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3AT'AJIBHI BUCHOBKH

1. Y pamkax BHUKOHAHOI poOOTH OyJ0 PO3TISHYTO KOMIUIEKCHUM IMiIXina
70 TIPOCKTYBaHHS MEPEXi 3apsIHUX CTAHIN IJs EJEKTPUYHOTO TPAHCIOPTY 13
BUKOPHUCTAHHAM CY4YaCHMX METOIB aHaji3y Ta MOJEIIOBaHHs, 30KpeMa METO/IIB
HEYITKOI JIOTIKMA. Y TEepIIOMY pO3JiIl MpPOaHaNi30BaHO CyYaCHHUH CTaH PHHKY
€JIEKTPO- 1 TIOpUJIHUX TPAHCIOPTHUX 3acO0IB SIK y CBITI, Tak 1 B Ykpaini. byro
BM3HAUYEHO OCHOBHI TEHJEHIII 3pOCTaHHS TIONMUTY HAa EJIEKTPOMOOLTl, a TaKOX
OKPECIJIEHO KJIIOYOB1 BUKJIMKH, MOB'SI3aH1 3 PO3BUTKOM 1HOPACTPYKTYPH 3apsiKaHHS.
[leii aHami3 mokaszaB, IO CTBOPEHHS €(PEKTUBHOI 3apsAIHOT MEPEXi € HEBIA'€MHOIO
YaCTHHOIO CTAJIOTO PO3BUTKY €IEKTPOTPAHCIIOPTY.

2. Y gpyroMy po3aiuni  ACTadbHO PO3TISHYTO TEXHIYHI — acleKTH
€JIEKTPUYHUX 1 TIOPUIHUX TPAHCIOPTHHUX 3aC00iB, a TAKOXK PEXKUMH 3apsIKaHHA
iXHIX aKyMyJSTOpHUX OaTapeil. byno kiacu¢ikoBaHO OCHOBHI THUIU TPAaHCIOPTHUX
3aco6iB (BEV, PHEV, HEV, EREV) Tta crangaptu 3apsanux npuctpoiB (Type 1,
Type 2, CHAdeMO, CCS). Lle no3Boauno copMyBaTu TEXHIYHY 0a3y AJisl pO3pOOKH
MepeXi 3apsiIHUX CTaHIlN, BPaXOBYIOYH PI3HOMAHITHICTH MOTPEO KOPUCTYBadiB Ta
TEXHOJIOT1YHI MOKJIUBOCTI.

3. Tpetiit po3aia 30Cepe/PKEHO HAa TEXHIYHMX PIIMICHHSIX IS peati3ariii
3apsaaHoi  iHGpacTpykTypu. [IpoBeneHo aHami3 CXEMOTEXHIYHHMX MIAXOIIB 0
MiAKITIOYCHHS 3apsAIHUX CTaHIIA 10 eJNEeKTPOMEPEX, BPaXOBYIOUH IX BIUIMB Ha
€HEProCUCTEMY, MOKJIUBOCTI BUKOPUCTaHHS HAKOMHYYBaJbHUX CHUCTEM €Heprii
(ESS) Ta iHTerpaumiro 3 1HTEJNEKTYyaJbHUMH EHEPreTUYHUMHU Mepexamu. byro
BU3HAUCHO HaWe(EKTUBHIII TOMOJIOTI] MIAKIIOUCHHS 3aJIe)KHO BI1J TUIY CTaHIIli, 1l
MOTY>KHOCTI Ta pO3TalTyBaHHS.

4. Y HayKOBO-JOCHIJIHOMY  PO3JAUNI  3alpOlOHOBAHO  METOIUKY
MPOCKTYBaHHS MEPEXi 3apsiIHUX CTaHIIA 3 BHUKOPUCTAHHSIM METOJIB HEUITKOi
joriku. B pamkax po3po0eHoi METOIMKH OyJIu OMMCcaHl BX1IHI apameTpu, QyHKITT
HAJEXHOCTI Ta C(QOPMYJIbOBAHO LUILOBY (YHKIIIO $K ONTUMI3aliiHy 3a/1auy.
Po3po6iieno anroputM NOpOEKTyBaHHS, SKUM BKiIO4ae ¢asudikaiiito, oOpoOKy
HEUITKUX TpaBwi, nedasudikaiio Ta Bajigaiiro moneni. [Iporpamua peanizaris

JTIO3BOJIAJIA TIEPEBIPUTH MPAIE3/IaTHICTh METOAUKH Ta MATBEPAUTH 1i €PEKTUBHICTD.
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