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EHEPTOMEHEJ)KMEHT HACEJIEHUX ITYHKTIB TA TEPUTOPIA
HA OCHOBI IHTEJIEKTYAJIBHUX CUCTEM
KEPYBAHHAA EJIEKTPOKUBJIEHHAM

Pedepar. MeTo10 goCHiKeHHS € BU3HAYCHHS TEH/CHIIH PO3BUTKY €JIEKTPOMEPEX HACEICHUX MyHKTIB Ta
ONTHMAJILHUX IMIAXOMAIB A0 TX aHai3y Ta po3paxyHKiB B yMOBaX BIPOBAJPKEHHS TEXHOJIOTIYHUX IHHOBALIH y cdepi
iHpOpMaLIHHUX Ta EHEPTETHYHNX TEXHOJIOT1H, a TAKOXK JIeIIeHTpasTi3allii HaceJIeHUX MyHKTIB.

VY cTarTi 3A1HCHEHO OTJIsL Cy4acHHX MiIXOMIB Ta TEXHIYHUX pillleHb, JETANi30BaHO MUTaHHS (HOPMYBaHHS
«po3yMHOI Mepexi» SmartGrid nuaxom MoeaHAHHS 3aMPOBAKCHHS IHTEIEKTYAIbHUX MiIXO/IB Ta IHTETPOBAHUX
crcTeMaM reHepallii elleKTpoeHepril, ii CrioyKUBaHHsI Ta 30epiraHHs.

Cepen BaxmBuX acrhekTiB (opmyBanHs SmartGrid y HaceneHMX NYHKTax 3a3HavyeHa HEOOXiTHICTh
PO3BUTKY CHCTEM KepyBaHHS KOMYHAJIbHUMH CHCTEMaMH B MEKaX OKpPEMHX OyIMHKIB Ta KOMIUIEKCIB YCTaHOB, a
TaKoX (OpPMYBaHHS IHTETPOBAHOI TPAHCIOPTHOI CHCTEMH, IO BKIIIOYAE B ceO€ SIK TPOMAACHKUI TPAHCIIOPT, TaK i
IHAMBIiTya bHI TPAHCTIOPTHI 3aCOOW PI3HUX THIIB i (POPM BIACHOCTI. 3arajoM MOEIHAHHS 3yCHIIb OPTaHiB MiCIIEBOTO
CaMOBPSYBaHHsS, KOMEPUIHHMX Ta HEKOMEPIIIHHUX YCTaHOB, JIOMOBJIACHHKIB Ta MICIEBHX MELIKAHIIIB
BU3HAYAETHCS K BAXKIIMBA EpeyMOBa yCminrHoro hopmysanss SmartGrid y HaceIeHHX MyHKTaXx.

PesysnpraTrom po0OOTH € BU3HAYCHHS Cy4aCHUX TCHICHIIH PO3BUTKY CHCTEM €JIEKTPOKHBIICHHS HACEICHUX
MYHKTIB, 30KpeMa, HeoOXiaHiCTh (OpMyBaHHS IPOMIKHOI JIaHKH €HEPreTHYHOI MOJITUKMA — Ha PIiBHI HaCEJICHUX
MYHKTIB Ta TEPUTOPI, IO MOETHYIOTh JOKAIBHUX YYaCHHKIB €HEPrOPUHKY (CHCTEMH reHeparii, 30epiraHHs Ta
CIIO)KMBAHHS €JIESKTPOEHepril) Ta BUCTYNAIOTh IHTErPOBaHMMH aKTHBHHUMH Y4YaCHHKaMH 3aralbHOHAILliOHAJIBHOT
€IMHOT EHEPrOCUCTEMH KPaiHU Ta HAIlIOHAJIBHOTO €HEPrOPUHKY.

Takok HaBeAeHO OOIPYHTYBAaHHS aKTYaJIbHOCTI BHKOPHCTaHHS METONIB PpO3paxyHKIB CHCTEM
CJICKTPOXXMBIICHHS, 30KpEMa, PO3IIMPEHHS METOAY OKPEeMHX CKJIQJIOBHX Ha OCHOBI ImeperBopeHb Jlammaca ta
OTIEPaTOPHUX OOUYHCIICHD, SIKi I03BOJITIOTh OTPUMATH EHEPTeTHYHI XapaKTePUCTHKH 1 TapaMeTpH eJICKTPOEHEpTii y
AQHATITUYHOMY BUIJISAAL JUIS1 BUKOPUCTAHHS Y IHTEIEKTyaJIbHUX CHCTEMaX KepyBaHHS CJIEKTPOKUBIICHHS.

Y miacymMKy HaBeleHEe JOCHTIDKEHHS MiATBEPIKYE TBEPMKCHHS TPO HEOOXIJHICTh IMOJANBIIOTO
BIOCKOHaNEeHHs KoHuenmii SmartGrid nuisixom iHTerpariii el1eMeHTIB €HepreTHYHUX CHCTEM, IHTEIEKTyai3ail
NPOLIECIB KEPYBaHHS Ta PO3BUTKY HOBHX IMIJAXOIB JACLEHTpPaNi3allii eHEPropuHKY.

Kmouosi cioBa: SmartGrid, emexrpomocTadanss, €NeKTPHYHI MEPEX, €HEPrOMEHEKMEHT, HaceseHi
MYHKTH, JIeLeHTPasIi3allis, €JIeKTPOTPAHCIIOPT.

1. [Ipo6aemaTnka po3BUTKY CHCTEM €JIEKTPONOCTAYAHHS HACEJIEHUX MYHKTIB

IcTroprYHO PO3BHUTOK E€JEKTPOIOCTAaYaHHSI PO3IOYABCS caMe 3 HACeNICHWX IYHKTIB, JIe CTBOPHOBAJIHCS
JIOKQJIbHI €HEePrOCUCTEMH ISl MiCLIEBOTO OCBITIIEHHS, €JIEKTPOTPAHCHIOPTY (TPaMBaiB Ta METPOIIOJITEHY), @ TAKOXK
MPOMUCIIOBOCTI. 3aBASKU MIBUAKOMY 3pPOCTaHHIO IONHUTY OyIiBHHUIITBO HEBEIMKHUX MICBKMX EIEKTPOCTAHIIN cTae
npuOyTKOBMM BHJIOM iHBECTHLIH, NPU IbOMY BYTUIbHI €JIEKTpOCTaHIil OyIylOThCsS cepell MICHKHX KBapTaliB,
CTal04YM YNHHUKOM 3a0pyIHEHHS MOBITPS B MICTaX.

IanycrpianpHuit OyM mouarky-cepeanHu XX CTOMITTS CIPUYMHUB MOTPeOy B OUIBII MOTYXKHUX JDKEpETax
€JIeKTpOeHeprii: OyIyrOThCS BENUKI eNeKTpoCcTaHIlii, 30kpema motyxHi ['EC, mokanbHi MiChKi eleKTpoMepexi
MOCTYIIOBO TMOEMHYIOTHCS, 1 Hapasi €IuHa eHeprocucTteMa YKpaiHu BXOAWTH 0 €AMHOI eJIeKTPOSHEePreTHIHOT
CHCTEMH, sika 00'€IHy€ TOCTPaASHCHKUI TpOCTip 1 iHTerpoBaHa 3 eHeprocucremMamu CximHoi i LleHTpansHOT
€pporrn. OgHaK B yMOBax HOCTIHAYCTpiadbHOI EKOHOMIKH, 3POCTaHHS DIBHS JKUTTS HAaceleHHS Ta 3MiHH
TEXHOJIOTiH, 30KpeMa, B MoOyTi, eHePronoCcTadaHHs CTUKHYJIOCS 3 HU3KOI0 HOBUX BHKJIHKIB.

1.1. 3pocmanna yacmku nobymoeozo cnoxcusanns. Bogaodac HanpuKiHIi XX CTOMITTA Ta 3 mogaTkoM X XI
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CTOJIITTS TIoYaja CYTTEBO 3MIHIOBATHCS CTPYKTypa CIIOKHBaHHS eleKTpoeHeprii. OQHOYacHO 31 CKOPOYEHHSIM
CIIO)KMBAHHS €JIEKTPOEHEPTii MPOMHCIIOBICTIO BiOYIIOCS CTPIMKE 3pOCTaHHS CIIOKMBAHHS JJOMOI'OCIIOJapCTBAMH.
Skuo yacTka cnoxuBaHHs enexTpoeHeprii y 2002 poui BoHa ckiianana e mMaibke 19% (i 2,7% — koMyHaJIbHO-
no0yToBi cnoxkuBadi, To, y 2011 poui — Bxe 25,5% (38,5 mnpa kBr-rox) [9].

3a 12 micsaniB 2019 poky, 3rigHo 3 odiniiHMMHU JaHUMH IOAO PO3MOALTY CHOXXKHBAuiB €JIEKTPOCHEPrii,
CIIO)KMBAaHHS HaceleHHsM ckianae Omm3bko 30% (i me monmarkoBo Maibke 13% —  KoMyHalbHO-OOYTOBI
cnoxwupadi) [10]. Jns nmopiusHHES: y 2017 poIli CIOKUBaHHS €ICKTPOCHEPTil JOMOTOCIIOAAPCTBAMHU Y €BPOCOI03i
cknano 27% KIHIEBOTO CIIOKMBAaHHS, TOOTO Hapa3i dYacTKa CIOXKHBaHHS EJIEKTPOEHEPTil HaceleHHAM
HaOIIMKAETHCS IO TIOKa3HUKIB PO3BMHEHUX Kpaid [17].

Taka TeHICHIIIS 3yMOBJICHAa 3HAYHUM 3POCTAaHHSIM BHKOPHUCTaHHS €JEKTPOCHEprii B MOOYTi, 30Kkpema st
OTIaJICHHS, MiITPiBy BOAHM, Yepe3 30UIBIICHHS KITBKOCTI MOOYTOBOI TEXHIKH — BHACIIAOK 3pOCTaHHSA JOOpoOyTy
JOMOTOCTIOapcTB. | IIIKOM MOJMIMBHM € TIOAANbIIE 3pPOCTaHHS AaOCONIOTHHX IIOKa3HUKIB CHOXKHMBaHHSA
eIIeKTPOCHePTii HAaCEeNeHHAM — HANpUKIAl, 3a PAaxXyHOK BCE OUIBIIOTO BHUKOPHCTAaHHA iHAWBITyaTbHOTO
CJISKTPUYHOTO OOJIaJIHAHHS Ta MOMIMPEHHS KYXOHHUX €JEeKTPOIUIMT 3aMiCTh ra3oBuX IUHT. Llpomy crmpusie i
HOpPMaTHBHA MOJITHUKA Ta TeHJAeHLil y OyaiBHuuTBI: 3riqHo JIBH, y OynuHKax BHCOTHICTIO MOHa] 9 moBepxiB
3a00pPOHEHO BUKOPUCTAHHS a3y y KBapTHPax, MOXKIIUBI JIHIIE eEKTPOTLTUTH.

Tak, y 2018 poui, 3a nanumu HarionanpHOT kKoMicii 3 peryiroBaHHs y cepax eHepreTHKH Ta KOMyHAJIbHUX
nociryr (HKPEKIT), cioskuBaHHs eHeprii foMorocnoaapcTBaMu YKpaiHu ckiajio B cepenHbomy 164 kBt/rox, Toui
AK B KpaiHax €Bpocoro3y — 304 kB1/ron. [Ipu upomMy ykpalHChKHil TOKa3HUK 3HaX0AUThCs Ha piBHI [Tombii (168
kBt1/ron), Bummii 3a pymyHchkuii (140 xBt1/rox), ame momiTHO HIpkumid, HiXK B YropmuHi (227 xBt/rom) Ta
CnoBauuusi (219 xBt/rox) [4].

1.2. 3b6invwenns nikogozo cnodcuganna oomozocnodapcmeamy. OCOOIMBICTE EHEPrOCIIOKUBAHHS
HACEJICHHSM, Ha BiAMIHY BiJl IIPOMHCIIOBOCTI, — HOCHTH CTPIMKi MK CHOXWBaHHA. [ mpukiaxy, HaBeIeHO
cepenHill MiTox000BHiA MPOQiTh BUKOPUCTAHHS €ISKTPOSHEPTii 3a pe3yIbTaTaMH JOCTIKEeHb 250 OpuTaHCHKUX
nomorocmonapcts y 2012 pori [21].

B ymoBax YkpaiHu npu OIIHII CTYNEHs BIUIMBY CIOXXHBAHHS JIOMOTOCIOAApCTBaMHU Ta (HOpMyBaHHS
MIKOBUX HaBaHTa)XEHb BapTO 3rajaTd 1 MpO peTiOHAJbHUI PO3MOJIT BUPOOHWUYMX TOTY)XKHOCTEH, IO €
HaWOUIbIIMMHK CHOXKMBauaMH eJekTpoeHeprii. Tak, cepen ramy3eidl NPOMHCIOBOCTI YKpaiHM HaiOUIbII
€HEeproMicTKO0 OyJia il 3aJMIIaeThCsl MEeTaypriiiHa MPoMHCIOBICTh — 23,9% y 3aranbHiil CTpyKTYpi 3a 12 micsuiB
2019 poxy.

OpHak BpaXxoOBYIOUH, 10 B OLTBIIOCTI PETIOHIB MiAIPUEMCTB M€l rary3i B3araii He MPeICTaBIeHO, MOXKHA
TOBOPHTH TIPO T€, IO y 0araTb0X MIiCTax Ta HaBiTh OKPEMHX PErioHaxX YacTKa JOMOTOCIOJNApPCTB y CIOXKHMBaHHI
Moxke caratu 50% i Oinemre. 1o, BiAMIOBIIHO, MiABUIIYE aKTyadbHICTh IPOOIEMH MKOBUX HABAHTAXKCHB.

1.3. Iossa i 30inbuieHHss 4acmKu KpUmMuyHux cnodxcugayie. PO3BUTOK TEXHOJIOTIH 3yMOBHB 1 TOSBY
CIOXHBAYIB, IO BiTHOCATHCS 10 00’€KTIB KPUTHUIHOI iIHPPACTPYKTYPH Ta Bi HANIHHOCTI €HEPTOMOCTaYaHHS TKAX
3aJISKUTP HE JINIIIEe 3a0e3eUeHHs IHIUX KOMYHAIBHIX MTOCTYT, OKPIM OCBITIICHHS Ta pOOOTH OOYTOBHX MPUIIAIIB,
a i Oe3nexa Ta JKUTTS JIIOACH.

Tak, B yMOBax Cy4acHOr0 BEJIMKOIO MiCTa JI0 Kareropii KPUTHYHUX CIIOKUBAYIB BiJHOCITHCS MEIWYHI
3akiaau (00JaJHAHHS TiATPUMAaHHS KUTTENISUILHOCTI, Oe3nepediiiHa podoTa obsaiHaHHS OnepaniiHuX), 00 €KTH
TpaHCopTHOI 1H(GpacTpyKTypH (CBITIOGOpHI 00’€KTH, METpOIOJiTeH), 3B 3Ky (06a30Bi cTaHil MOOLIBHOTO
3B’513KYy), CUCTEMHU I'POMAJIChKOI Oe3MeKku (Bile0CIIOCTepeKEeHHsI, CUI'HATI3aLlil), 1 YUM OlIbllIe 1 NIJIbHIIIe MICTO —
TUM O1JIbIIIE TAKUX CHOXKHBAYIiB.

Pazom 3 TiM, HE BapTO HENOOIIHIOBATH IPOOIEMY CTIHKOCTI 1 B yMOBaX OKpPEMOT0 OYAWHKY UM HEBEJIUKOTO
HaceJICHOTO IMyHKTY. Bix enekTpoeHeprii 3aexnTh pod0oTa )HUTTEBO BAXKIMBUX MMPHIIAAIB Ta CUCTEM — OTIaJICHHS,
BOJIOIIOCTaYaHHs, 3B 13Ky, CUTHai3amil. HaBiTh Ta30Bi iHAMBIAyaIbHI OMATIOBANBHI KOTJIM Hapa3i MOTPEeOyITh
eJeKTPOCHEPTii 1711 poOOTH CUCTEMU KEPYBaHHS Ta aBapiiHOTro 3axucty [22].

SIK HacIHiIOK, OCTaHHIMM POKaMH BCE YacCTillle 33 METy PO3BHTKY CHCTEM €JIEKTPONOCTAYaHHsS CTaBUTHCS
MIBUILIEHHS «CTIMKOCTI» EHEPreTHYHHUX 1H(PACTPYKTYP 0 BILIMBY SIK OTOYHHX, MEPIOJTUYHUX BIUIMBIB MIKOBUX
HABAHTaXEHb, TaK 1 MaJOWMOBIPHHX MO 31 3HAYHUMH BIUTMBAMH, TAKHX SK €KCTPEMasibHI MOTOMHI SBHINA,
TEXHOT'€HHI aBapii, TEPOPUCTUYHI aKTH Ta TUBEPCii, 1HIII 30BHILIHI BIUTHBH.

3a BU3HAYCHHSM IOHATTSI «CTIMKICTB» (BiJ] JATUHCHKOTO CJIOBA «resilioy, sike OYKBaIbHO O3HAUa€ 37aTHICTh
00'eKTa UM CHCTEMH TTOBEPHYTHUCS A0 CBOTO MEPBICHOTO CTaHy Iicis HaBaHTAXEHH:), 3ampoBaykeHoro y 1973 p.
C.C.XommiHroM, BOHO BU3HAYa€ CTiHKICTh B3a€EMO3B'SI3KiB BCEPEAMHI CUCTEMH 1 € MIpOIO 3JaTHOCTI IIUX CUCTEM
MOTJIMHATH 3MIHM 3MIHHUX CTaHy, PyIIiHHUX 3MIHHHUX Ta IMapaMeTpiB i 30epiraTu mpares3iaTHiCTb.

2. TexHoJIOTiYHi HOBaL{i: MOKJIMBOCTi Ta HOBI BUKJIMKHU JJIl CUCTEM €HEePronocTayaHHsi

[MuraHHs MiKiB CIIOXMBAaHHSA Hapasi € OJHUM 3 KJIIOYOBHX JJIsI €IMHOT eJIEKTPOSHEPTETHYHOT CHUCTEMH, 110
BUPIIIY€eThCS K BUKOPUCTAHHSIM MaHEBPOBHUX MOTYKHOCTEH TEIIOCIIEKTPOCTAHIIIH (aATOMHI CTaHLil MPaIIOIOTh Y
CTaOITBHOMY PEXHMI, TEIIOBI K MOXKYTh IIIBHJIKO 3MiHIOBATH PEXHUM pOOOTH), TAK 1 IUIIXOM 30€pexeHHs eHepril
3a JI0IIOMOT 010 riipoakymyitotounx enekrpocranniii (CAEC) y HenikoBi ToMHM 1 TOBEPHEHHS Y MEPEXKy Mijl 4ac
HaHOUTBIITNX HABAHTAXKCHbD.
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OcTaHHi MPaIo0Th SIK TPABITAIHHUA aKyMyJIsSTOp, CXOKUI Ha BOJOHAIPHY BEXY: y HEMIKOBI TOJAWHU
€JIEKTPOHACOCH BUKOPHCTOBYIOTH Ha/UIMIIKOBY €HEPTil0, a0u 3aKauyaTH BOAY Y BEpXHii pe3epByap, y MKOBi TOIUHH
BOJa Tedye BHM3, OOepraroud TypOiHM reHepaTopiB. TakoX SK MaHEBPOBI IOTYXHOCTI eJeKTpOoreHepail
BUKOPUCTOBYIOTh TEIUIOBI €JIEKTPOCTAHIIII — HA BiMIHY BiJ] aTOMHHX, BOHU 3JIaTHI IIBUIKO 3MIHIOBATU PEKUM
POOOTH MPOTITOM JTOOH.

Brim, Hapasi KIIOYOBI pIICHHS Yy BHpIIIEHHI NPOOJEM 3IJIaJUKYBaHHS MIKOBHX HAaBaHTaXEHb, a TAKOXK
CTIMKOCTI /10 30BHIIIHIX BIUIMBIB Ta €HEProeeKTHBHOCTI Y CEKTOPI IMOOYTOBOr0 €HEPrOCIONKUBAHHS 3HAXOSATHCS
MEPeBAXXHO HA PIBHI KIHIEBUX CIIOKMBA4YiB — BIJIACHE, IOMOrocrmoaapcTB. lle cTocyeTbes sK KepyBaHHS
CIIO’KMBAHHS, TaK 1 3aCTOCYBaHHS PE3CPBHHX JDKEpEN €JIEKTPOIIOCTadyaHHs, & BiJHEIaBHA — HABITh TeHepallii Ta
30epiranHs ejaekTpoeHeprii. OJHaK HOBI MOKJIMBOCTI IPHHOCATE 1 HOBI BUKJIMKH.

2.1. Kepysanns cnoocusannsm. 1lle y 1980-X mpoBiTHI €HEPTOKOMITaHIi CBITY OYaJIH 3aIPOBAKYBATH TaK
3BaHI «IHTENEKTyaJIbHI JIYMIBHUKAY», SKi MOCTIHHO IMepenaBaiy AaHi B eHeprokommadxii. Ile — MoHiTOpWHT, a
HACTYITHUH PiBE€Hb — YIPABJIIHHS CITOKMBAHHSIM, 1 HAWBIMOMIIIHMA CITOCIO — pi3HI TapudHu 3a 9acoM, KOJH BHOYI
eJIeKTpoeHeprisi  jgemieBiie. JiUwiIbHUKM 3 TakoK (YHKIIE Hapa3l Ha3WBalOTh 0araTo30HHUMH abo
OararorapudHUMH, 1 UIT HUX He OOOB’SI3KOBMM € HAsBHICTH IIOCTIHHOTO 3B’SI3KYy 3 OOJIKOBMM IIEHTPOM
eHeprokommnanii. Hadinpocrimi — 1Bo30HHI, 1 came BianosigHo no nocranoBu HKPE Bix 23.04.2012 Ne 498 (3i
3MiHaMH) EHEPronocTavaibHi KOMIaHIT HaaarTh 3HWKKY 50% tapudy 3 23:00 g0 07:00 [11].

OnHak JaJieko He BCIX CIIOKMBA4yiB MOXKHA CHOKYCHUTH MEPEMUKATH eNeKTPONPWIAAN BHOYI, TOMY
MOBHOI[IHHO «IHTEJEKTYyalbHi JIUYMIbHUKU)» NPAIIOIOTh Y MOEAHAHHI 3 BIIIOBIJHAM 00JIaIHAHHSM Y CIIOXKHMBAYIB —
HaIlpUKIa], «PO3YMHI» PO3ETKH Ta CHCTEMH, SKi BKIIOYAIOTH 1| BUMHKAIOTH IPUCTPOI B 3aJIEKHOCTI BiA dacy,
nmoTpeOu, piBHA HaBaHTaKEHHA. Hapasi Ha pUHKY TOCTYITHI pi3Hi THITH MOMIOHUX MPHIIAIIB: PO3CTKH 3 TalilMepamH,
oOMeXyBadi HAIIPYT'H, aBapiliHi [HKepena eHeprii, Mo MiIKIIYalThCS Y pa3i BIIKII0YEeHbL OCHOBHOTO MEPEKEBOTO
CJICKTPOXKHUBIICHHS.

[loexHaHHS TaKWMX NPHIALiB 1 YIPaBIiHHSA €JMHUM KOHTPOJICPOM OTPHUMAJO Ha3BY «PO3YMHHUI OYAMHOK»
(smart home, digital house) [20]. Taka cuctema ckiIagaeThcs 3 BIACHE 3 KOHTPOJIEPA, JATYHUKIB Ta aKTyaToOpiB —
BUKOHABUUX HPHUCTPOIB (TI cami «pO3yMHI PO3ETKH», PI3HOMAaHITHI BUMHKadi, KJIIMaT-KOHTPOJIEPH TOLIO).
TexHouorii 0e3MpOBITHOTO 3B’S3KY, TaK 3BaHMH «IHTEpHET peueil» O3BOJSIOTH O0ilTHCA 0e3 MpOBOAIB i
3a0e3Me4nTH BifJalieHe KepyBaHHS «PO3yMHHUM OYIUHKOM.

Pa3zoM 3 TUM y HU3ILI BUNAAKIB poOOTa CHCTEM «PO3yMHHH OyIMHOK» MOXXE MaTH Pi3HI HACITIIKH IS
3araJibHOi CHEProMepexi. 3 OAHOTO OOKy, y pasi OpieHTaIlil Ha CHEPro30CPeIKCHHS 3 YPaxXyBaHHSIM «HIUHOTOY»
Tapudy MOKHA OTPHMATH 3TJQ/DKyBaHHS IPOBAIIB CIOXWUBAaHHSA BHOYI, 3 1HIIOTO — MOJMJIMBE 301TbIICHHS
CIIO)KMBAaHHS CaMe y MIKOBI T'OAWHM, HAINPHUKIAJ, KOJN EJEKTPOOIIAJICHHS BUMMKAETHCS BACHb 3a BIJICYTHOCTI
MEIIKaHIIB BIOMA 1| BMHKA€ThCS TIepe]] iX MOBEPHEHHAM 3 poOOTH BBEUEPI.

2.2. Aemonomnui Odcepena enepeii. PO3BHTOK TEXHOJOTIH «3€JICHOI» EHEPreTHKH Ta 3aIllpOBaKCHHS
YKpaiHOIO CTUMYJIIFOI0YOTO BUCOKOTO «3€JICHOTO» TapH(y Ha 3aKyIiBIIIO €JIEKTPOSHEPTIl BiJl COHIYHHX Ta BITPOBUX
SIeKTPOCTAHIIN (YTpUUi BUIIMI 3a TPaIuIliiHI €IEKTPOCTAHIl) CHPUYHHWIO CIpPaBXHIH OyMm y mid ramysi.
[ToTyXHICTb 00'€KTIB BiTHOBIIIOBAILHOI eHepreTHKU B YKpaiHi 3a 2017 pik 3pocinia Ha 30% 10 290 MBT, 32 2018 pik
— Ha 66% 10 849 MBT, a 3a Tpu kBaptamu 2019 poky — yrpudi g0 2,6 I'Bt [7].

OnHak Taki MO3WTHMBHI NMOKa3HUMH OTpUMalld i 3BOpoTHiil edekt. Y 2019 poui omeparop o00'eaHaHol
eneprocucremu kpainu HEK «Ykpenepro» 3asBuB 1po Opak pe3epBiB eHEproCHUCTEMH JUIsl MATPUMKH i cTanocTi,
1 0/IHa 3 MPUYMH — BeJIUKi 00'eMH BUPOOHHIITBA COHSIYHOT Ta BITPOBOI reHepallii 1 BiICYTHICTh JOCTaTHBOT KiJIbKOCTI
BHCOKOMaHEBPOBHX IOTY>XKHOCTeH [6]. Ha BiqMiHy Bif BiTHOCHO MPOTHO30BAHHX ITiKiB CITOKUBAHHS, COHSAYHI Ta
BITPSIHI €JIEKTPOCTAHIIIT X0Y i HAMAraroThCs PO3MIIITYBATH y HAMOLTBIT MPUPOIHO BAAIHX [UIS IIHOTO MICIAX, OJTHAK
(baxTH4HA TX pobOTa CYyTTEBO 3aJICKUTP Bijl MOTOH. SIK HACIIIOK — 1O CTPUOKIB CITOKMBAHHS JOJAIOTHCS 1€ MEHII
MIPOTHO30BaHI MK F'eHEpallii.

BriM, e He NpHBII BIIMOBIATHCA Bif «3€JCHOD» CHEPreTHKH — MUTAHHS JHIIC B TOMY, XTO OiibIie
3allikaBJICHUH y BIOCKOHAJCHHI eJNEeKTPOMEpex I 3a0e3leUeHHsS CTIHKOCTI EHeprocucreMu. Y  CBITi
«JIOKOMOTHBAaMI» BiJIHOBIIIOBAJIbHOT €HEPIreTHKH BCe Olnbliie cTaroTh MicTa — sk HeBenuki (y CIIA, Hanpukian,
HeBeJMKi Micta AcnieH, Konopano ta bepninrron, BepMoHT Ta iHIII BiKe MPaIfOIOTh HOBHICTIO HA BiJIHOBIFOBAHUX
JoKepenax eHeprii), Tak i meranoiicu. Konenraren ctaButh 3a Mery 3 2025 poKy BUKOPHCTOBYBATH BHKIIFOUHO
eJIEKTPOCHEPTito, BUPOOJIeHy 0e3 craitoBaHHs BUKOMHOro manuea, CaH-/iero, mrar KamidopHis, Mae Ha MeTi
3abe3neuntu 100% >XKUBJICHHS BiTHOBIIOBaHUMU JKepenamu 1o 2035 poky, a kaHaacbkuit Bankysep — mo 2050
poky [15].

2.3. Posnooinene 36epecenns enepeii. 30anaHncyBaTH CIIOKHBAHHs €HEPril Ha JIOKAJILHOMY piBHI MOTiH O
HaKonHM4yBaui eHeprii (energy storage) — o/1HaK, 3BiCHO, MOBa HJie HE PO TiIPOAKYMYIIIOI0Yi eIeKTPOCTAHIIT, SIK Y
00’enHaHill eHeprocucreMi. IIoku Taki TEXHOIOTIT € 3aHAITO JOPOTUMH 1 3aTaIbHUM 00CAT TAKUX «CXOBHII» y CBITI
ouiHroeTbesa y 9 I'BT. Oznnak 3a nporao3om Bloomberg New Energy Finance no 2040 poky no BchoMy cBiTy Oyne
BcranoBneHo 1095 I'Bt akymynsTopiB, a iHBecTulii B cepy 30epiranHs eHeprii ckianayts $ 622 mupa [26].

Hapasi Bxxe MoKHa criocTepiraTi 3/eeBIIanHs TeXHOOrii 30epeskenns eneprii. Taky 2010 pori BapTicTh
30epirannas | kBTr mopiBHioBana 1200 ngomapis CIIIA, a y 2019 pomi Bona menmie 200 gomapis CIIA i Oyne
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3HIKyBaTuCS najgi. OCHOBHI TEXHOJIOTII — eNeKTPOXIMiYHI aKyMyJISATOpH, MEXaHidHI MaXOBWUKH, CHCTEMH
HaKOIMYEHHS €HEeprii Ha OCHOBI CTHCHEHOTO IOBITPsl, 30€piraHHs TEIUIOBOI eHeprii, BAKOPUCTaHHS IpaBitalii, 10
ocranHix BinHOcsTECS 1 [EC.

BriMm, OUIBIICTE 3 HUX Hapa3i HE OTPUMAITU 3HAYHOTO nommupenHs, okpiM 'EC y mpoMucioBoMy mMacmiradi.
Brim, Hapa3i BUpOOHHMKH €1eKTPOMOOILTIB Ta aKyMYJISITOPIB IO HUX BKE MPOIIOHYIOTh PIIICHHS JUIs IHIMBIya IbHUX
OyIMHKIB — HACTIHHI aKyMYJISITOPH 3 IPOIPaMHUM 3a0€3MeUEHHSIM CHCTEMH «PO3YMHHUH OYANHOKY, 3aps/IKal0uHCh
BHOUYI 3a nemeBmnM Tapudom [19]. OpHak He BapTO HEMOOLHIOBATH 1 BIUIMB CaMHX €JIEKTPOMOOLTIB Ha
eJIEKTPOMEPEKY — SIK HeTATUBHUH TaK 1 HTO3UTUBHHA.

CrpaBni, TOKH e1eKTpoMoOiTiB 0yi10 HebaraTo, ix BIIMB Ha eHeproMepexy OyB Maiike HEITOMITHHUI, OJJHAK
HOIIMPEHHS «IIBUAKUX) 3aPsIO0K 3 BEIUKHM SHEPTOCIIOKUBAHHAM MOJKE IPU3BECTH JI0 IIEpEBaHTaKeHb 1 aBapiitHUX
BigKirodeHb. Pa3zoMm 3 THM, Bce Oinbllle HOBHX MOJEJEH elNeKTpOoMOOITIB MOXKYTh BiIIaBaTH CHEPTII0 B MEPEXY,
T00TO OyTH MepexxeBUMH akymyistopamu. Hapasi texnomoriro Vehicle to Grid (V2G) tecTyioThb BHpOOHHKH
€JIeKTPOMOOLTIB, i BOHA HaJla€ 3MOTY BIIACHUKAM €JIeKTPOMOOLTIB 3apo0iaTn Ha 30epe:keHHi eHeprii (3a oiHKaMu
(haxiBuiB komnanii Nissan, HaBiTh 10 1300 €Bpo Ha MicCsIIIb).

Cnpaspi, B cepeJHbOMY NPUBATHUI aBTOMOOLIL BUKOPHCTOBYEThCS 4% 4dacy, BeCh IHIIMH 4Yac BiH CTOITh.
Tox enekTpoMoOLTi 3 MOXKIIMBICTIO BiJIaBaTH SHEPTit0 B Mepexy 3a TexHouoriero Vehicle to Grid (V2G) MoxyTh
OyTH «MICBKMMH aKyMyJIsITOpaMp», IPUHOCSIYN JOXIJ BIACHHKAaM, Ha/Ial0uM €HEPTil0 Ha CHEPrOpUHOK MICTa IIi[
Yyac MIKOBMX HaBaHTaxeHb. lle, o pedi, NOAATKOBUI CTUMYN Yy TOJMHY MK CKOPHCTaTUCS TPOMAJCHKUM
TPaHCIIOPTOM, a HE BJACHHUM EJIEKTPOMOOUIEM, IO 3HMXKYE 3aTOpH. SIKIIO BBaXKaTH, L0 CHEPrOCIIOKHBAHHS
BiIOYBA€THCS TaM, Jie 3HAXOAMUTHCS JIFOMMHA, TO TaKe PIlICHHs BUIAETHCA LIIKOM IepcriekTuBHUM. [1lonpaBaa, He
BapTo 3a0yBaTH PO pecypc aKyMYJIATOPIB — OJHAK BOHH YHM JaJli, THM BOHH BUTPHUMYIOTb OilIbIIIe epe3apsaKeHb.

3. EHepreTu4Huii aHaJi3 po3NOAiIeHUX CUCTEM eJIeKTPOKMBJICHHS

CTBOpEHHS CKJIATHUX CHCTEM ENIEKTPOIIOCTAYaHHS 3 KITbKOMa JDKEePENaMH JKHBJICHHS Ta CHOXUBAYaMH
pi3HUX THIIIB MOTpeOye BUPINICHHSA NMPOOJIEM eJIEKTPOMArHITHOI CYMICHOCTI €IEMEHTIB CHCTeM (YCYHEHHS ix
B3a€MHOIO BIUIMBY), 1, BIAMOBIMIHO, BHUKOPHCTaHHS ONTHMIi3alilHUX MPOIEAYp Ta CHUCTEMHHUX IIIXOMIB IS
MO/ICTIFOBaHHSI ITPOLIECIB Y TAaKUX cucTeMax. J[is y3ro/pkeHHs mapaMeTpiB eJIeKTpUYHOT eHeprii JKepes XKUBICHHS
(reHepaTopiB) Ta CrIOXKKMBaviB (HaBaHTa)KE€Hb) BUKOPUCTOBYIOTHCS NepeTBoproBadi enekrpuyHoi eHeprii (I1EE).

[Tpu ontumizauii pexumiB i nmapamerpiB enemeHtiB cucteMm 3 [IEE BuHHMKae HEOOXiAHICTH 31MCHEHHS
KOMIUIEKCY JOCIIKEeHb LI0/I0 aJJeKBaTHOTO MOJICIIIOBaHHS €JIEKTPOMArHiTHHUX IpoueciB. ToMy mpu ix aHamisi B
cucremax 3 [IEE HeoOXximHO BpaxoByBaTH HE JIMIIE KIIOYOBI MOJENi BEHTHJIIB, a i MapaMeTpH4Hi 3aJIeKHOCTI
SNIEMEHTIB MoJieNiell HABaHTa)KCHHS, 110 3YMOBIIOE HEOOXiJHICTh PO3paxyHKY eJEKTPOMATHITHHX MPOLECiB Ha
IHTEepBai TEXHOJOTIYHOTO MEPiOAY, IO MEPEBHUIYE TEPIOIH MIF0YHX TeHEPATOPiB Ta/9X IEpPioTd IIOBTOPIOBAHOCTI
KOMYTAIliif KIIFOYOBUX CIIEMCHTIB.

TpamstoTecs BUIa KK, KOJIH He00XiHO 3a0e31eunTy creniaibHy GopMy Hapyru reHepaTopa, IpH HEOMY
BiIOYBAa€ThCS TAaKOXK LHKIIYHA 3MiHA IapaMeTpiB HaBaHTaKCHHA. TakWil Kilac MEepeTBOPIOBAaYiB HAa3UBAETHCS
NEepPeTBOPIOBAYaMH 3 LMKJIIYHO 3MiHIOBaHMMH Iapamerpamu. OCHOBHHM y BHOOpPI METOMIB PO3PaxyHKY TaKUX

TIepeTBOPIOBAYIB € BpaXyBaHH CITiBBiIHOIIEHD MiX IepioaMy (yHKIIi HAIPYru reHepaTopa | r Ta QyHKUIT 3MiHH

nmapaMeTpiB HaBaHTa)KCHHS TH . HafimpocrimmM € BUMagok criBMaaiHHS IUX TEPioiB, OUIBII CKIAJHIMA — KOIH
OJIMH 3 TEPiOIiB MICTHUTH JCKiIbKa iHIINX, a00 iCHye HaliMEHIIE CIUTbHE KpaTHE AJI epioiB poOboTH reHeparopa
Ta HaBaHTa)XeHHs, Ko N rTr =N HTH =1;,ne TT — nepioa poboru cucremu, N, N, —mini yncna.

OnHuMH 3 HaWOUIBII NEPCHEKTUBHUX METOJIB PO3PAaXyHKY €JIEeKTPUYHUX KiJ Ha OCHOBI IEpeTBOPEHb
Jlarutaca € METOl OKPEMHX CKIIAJOBHX, KU J03BOJISIE OTPUMATH PO3B 30K PIBHAHB UISl 3HAXOJUKEHHS 3HAYCHb
CTPYMY B €NEKTPUYHHX KOJaxX MPH KBa3iyCTaJIEHMX Mpolecax y 3aMKHeHid ¢opwmi. BpaxoByroun nenami Oinbre
MOMIMPEHHS IMITYJIbCHUX IEPETBOPIOBAaYiB Ta BUKOPHCTAHHS HECTAI[IOHAPHUX HABAHTAXKEHBb, CaM€ PO3PAXyHOK
KBa3lyCTaJICHUX MPOIIECIB € OJIHIEIO 3 OCHOBHHUX 3a]1a4 NPH iX po3paxyHKy Ta aHaji3y. Hikue netanbHO pO3IIISIHYTO
BUKOPHCTAHHSI METOJly OKPEMUX CKJIaJOBUX JUIs po3paxyHKy cucteM 3 [1EE 3i cryniH4aTuMu Ta CHHYCOiAaIbHUMA
CUTHAJIAMH, a TAKOXK 3 MOIYJIAIIIEIO MapaMeTPiB CUTHAIIIB.

3.1. Mooeniosanns exgieareHmuux 2eHepamopie ma HAGAHMAICEHb NOCMILHOI ma 3MIHHOI CMpPYKMYpU.
[TutaHHs a€KBaTHOTO OMHKCY MPOIIECIB Y CHIIOBUX KOJIaX MEPETBOPIOBAUIB y pa3i BUKOPHCTAHHS KyCOYHO-JIIHIHUX
MoOJIeJIeli elIeMEeHTIB — OJIHE 3 OCHOBHHX IPH IMOOYIOBi alTOPUTMIB Ta IPOTrpPaM aBTOMATH30BAHOTO PO3PAXYHKY i
MPOEKTYBaHHS MepeTBOPIOBayiB. Y BUOOpPi Mozesneii HeoOXiIHO BpaxoByBaTH, 110 e(EKTUBHICTh IX BUKOPHCTaHHS
3aJIeKUTH BiJ THIY 3a/adi, 10 PO3B’SI3YETHCS, Ta BUAY IPOILECIB, SKi JOCHIIKYIOThCS, B MEPETBOPIOBATBHUX
npucTposix [5].

Bun cxemnoi mozeni I1EE 3anexuts Bi HOro cTpyKTypH Ta BUKOPHCTaHUX MOJENEH HANiBIPOBITHUKOBUX
BeHTWIiB. Koy y BUIIasKy BUKOPHCTaHHS HENIHIMHNX (i3NYHMX MOJIeNiel BEHTHIIIB CXeMa IIepeTBOpIOBaYa Mae
HE3MiHHY CTPYKTYPY i MICTUTH HEINiHiiiHI eleMEeHTH, TO IPH BUKOPUCTAHHI KIIFOYOBUX MOJETCH BOHA MOXKE MaTH
SK TIOCTiHHY, TaK i1 3MiHHY CTPYKTYpY Ta MICTHTH JiHi{{HI €IEMEHTH 3 MOCTIHHUMH YH 3MiHHUMHU HapameTpamMu. Y
Tabui 1 HaBeIeHO MPUKIIAAA BUKOPUCTAHHS S- Ta R-momeneit mist mpencrasnenns [1EE.
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Tabmuus 1
Cxema cuctemu 3 [1EE | EkBiBasieHTHa cxeMa | dopmMa cUTHaIY TeHepaTopa
Buxopucranns S-monenm [IEE

vst
L
I\H M L i)

= ~A
¢ | Ze el |~ T
- vD c||r ee(t) =|L c % N ’_\m T\Tf T ,

vs2
Buxopucranas R-moneni [IEE
r s I R ) &
Rys L 3 .,
E P T~ P
’ N . ~ ’
ea(t) C R e e NI
ef T TN i
Ti2 T t

[Tpu upomy I1EE OCHOBHMX NpPOCTHX KJIAaCiB — BUIPSIMIIAYI, aBTOHOMHI iHBEPTOPH, IIUPOTHO-IMITYJIbCHI
MEPETBOPIOBAYl — MPH 3aCTOCYBaHHI IPOCTHUX KJIFOUOBHX MOJEICH BEHTUIIB MOXXHA IMPEACTABUTH Y BHIIIAIIL
«CKBIBAJCHTHHH T'€HEPATOp» — «HABAHTAKCHHA». BUXOASYM 3 HUX MIpKyBaHb, ONTUMAIGHHMH € METOIH Ta
AITOPHTMHU PO3PAaXYHKY €JIEKTPOMArHITHUX IIPOLECIB Yy CHJIOBHX KOJax IEPeTBOPIOBAYiB, Opi€HTOBaHi Ha
BUKOPUCTAHHS JIHINHUX YM KYCOYHO-TiHIHHUX MOJENeH MACHBHUX €JEMEHTIB i KIIOYOBHX MOJENEH CIIIOBHX
HAITiBIIPOBITHUKOBHUX MPHUCTPOIB (I10iB, TPAH3UCTOPIB, THPUCTOPIB TOIIO) i MPU3HAYCHI AT PO3PAXyHKY MPOIIECiB
B [IEPETBOPIOBAYAX i3 3MiHHOIO CTPYKTYPOIO. AHAJIOTTYHUM YHHOM MOXe OYTH 3/1iiiCHeHe MOICIIOBAHHS CKJIaJHUX
(GyHKIIH CHUrHANIB EKBIBaJEHTHHUX TIeHEPaTopiB 3 (YHKUIAMH MOAYJAUii (IIMPOTHO-IMITYJIbCHA, YaCTOTHO-
iMITyJIbCHA, (Da30-IMITyJIbCHA MOAYJISILIIT).

3.2. Mooenosanus nepioouynux npoyecie ma 3a6ad y cucmemax 3 [1EE. 3aransHuil miaxig 4o po3paxyHKiB
cucreM 3 [IEE MeTo1oM OKpeMHX CKJIaJOBUX 3 BUKOPUCTaHHM IepeTBopeHHs Jlamnaca nosnsirae y no0ymoBi Moei
«TEHEpaTOp» — «IepeTBOpIoBauY» — «HaBaHTaxeHHs» (cuctema {I'}—{IIEE}-{H}), ne nepiogu poGoTH eneMeHTIB
MHOXXUH reHeparopiB {I'}, BnacHe neperBoptoBauiB {IIEE} Ta HaBantaxxenb {H} nopiBHrowoTh BignosiaHo Tr, Trp
ta Ty, B monmambimioMy Taka MOAENb CIPOIIYETHCS 10 CHCTEMU «EKBIBAJICHTHHH T€HEPAaTOP» — «EKBiBaJICHTHE
HaBaHTaxeHHs» {ekB.I'}—{ekB.H}, BiamoBiaHo 10 mobyaoBaHux Mozenei [2].

Tabmuus 2
Tun Hassa bazosa dynkiiis f5:(t) 3o6paxennst Fp(t)
1 OyHKIISA piBHS fs ()= A A
Y p 51(t) o=
p
2 Cunycoinansaa GyHKIs f52(t)=sin wt 1)
Fs()=———
p-+w
3 ExcrioHeHmiiaa QyHKIIis —aot 1
by frs(t)=€ ()= ——
p+a
4 DOyHKIIsS TpAMOT f54(t)= At
OPONOPIIHHOCTI Fsi)=—

Buxinui manpyru resepatopa Ur(t) Ta maBanTaxenHs Up(t) ma mepiomi po6otu cucremu 3 IIEE Tty
3araJbHOMY BUIIAJIKY PO3IIIAAAIOTECS K MPOMOAYIIBOBaHI BiAmoBiqHow0 GyHKIiero Moyl frm(t, [Trm, rm) Ta
fm(t, am, ©mM), e OrM Ta OpM — YacTOTa MOAYJSLIi Ui reHepaTopa Ta HaBaHTaxeHHs; [Irm Ta Ilgm —
MHOXHMHA IapaMeTPiB MOIYJIALIL JJ1s1 TeHepaTopa Ta HaBanTakeHHs. OyHkuii moaymsuii frm(t, Trm, orm) 1 fam(t,
Iim, ®HM) MOXYTh OYTH SIK 3a3JaJieTib BiJJOMi, TaK 1 3ajaBaTHUCS B pealbHOMY MaciuTadl yacy CHCTEMOIO
YIPaBIiHHS YM BU3HAYATHCS XapaKTepPOM HPOTIKaHHS €HEPrOTEXHOJIOTIYHUX YH/Ta TEXHOJIOTIYHHUX IIPOLECIB, 110
JIETATBHO PO3MIIIHYTO Y [3].

HacTynHuM eTanoM € no6yioBa 306paxenb QYHKIIi CUrHaTy eKBiBaJIeHTHOTO reHepartopa - 7 ( p) ¢byHKIii

curnany U(t). Hanpuknan, s BUNaaKy npsMOKYTHHX iMITyNbCiB aMIutiTy oo Uj Taka QYHKIiS Mae BUIIIS:
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1 (1 e ) —(i-1)pT
Fr(p)=—————-2> Ue o)
() P (e T, IZ,

VY Tabxmmi 2 HaBeAeHO 300pakeHHS M PI3HUX THUMIB MPOCTUX (DYHKIIIH, IO TO3BOJISIOTH 3MOJEIIOBATH
NPaKTHYHO OYAb-SIKHI CHUTHAJ €KBIBAICHTHOT'O FeHEPATOPA.

300pakeHHs CTPYMiB Ha iHTepBaJaX 3HAXOIUTHCSA BIiANOBITHO IO 3akoHYy Owma, mo nie i B oOmacti
300pakeHb, PO3paxoByeThes 3a (HOPMYIIOLO:

I,(p)=U,/Z,, 2
BiJITIOBIJTHO, MOTIEPETHHO BH3HAYAETHCS 300paKCHHS HABAaHTAXKCHHS, SIKC Ha Pi3HHUX IHTEpBaIax MOXKE MAaTH Pi3Hi
3HAYECHHA.

Opurinan cTpyMy Ha iHTEpBalli 3HAXOIAUTBCS AK PISHULSA MepexiaHoro Ip ; (t) (1o € pe3ynpTaToM podoTH

reHepaTopa Ha iHTepBali, SIKUH pO3paxoBYEThCs) Ta BUIBHOTO (IO € pe3ysbTaToM poOOTH I'eHepaTopiB Ha BCIiX

IHIIMX iHTepBanax, KpiM Toro, AKui pozpaxoByerbes) | (t) CTpyMiB 3a HOpMYIIOIO:

(1) =ip; () =1, (). 3)

[Ipu BH3HAYCHHI MEPEXiTHOTO CTPYMY BPaXOBYIOTHCS CKIAMOBiI (QYHKINI reHepaTopa, 0 HifOTH JIMIIE Ha
IHTEepBaJI, IO PO3PAXOBYETHCS, B CBOIO YSPTY IIPH PO3PAXyHKY BUIBHOTO CTPYMY BUKOPHUCTOBYIOTHCS JIMIIE KOPEH,
1110 BU3HAYAIOThCS HABAHTAXKCHHSM.

3.3. Mooicnusocmi pospaxynxie xapakmepucmuk pobomu cucmem 3 IIEE. AHaTITUYHUN BUMIAT QYHKIHR
HaNpyrd Ta CTPyMy IO3BOJISIE 3/IHCHUTH PO3PaxXyHKH y aHAIITHYHOMY BUINIAIl XapaKTEPHCTHK ENEKTPHUYHOT
eneprii. Binnosinno no JICTY sikocTi enekTpoeHeprii, OCHOBHUMH € JIIOYMHA Ta CepeqHild CTPYMH, aMIUTITYAHI
MaKCHUMYMH Ta MiHIMyMH, KoedilieHTn (HopMH, Mynbcaliil 3a aMILTITyJHUM 3HAuCHHSM, MyJbCalliil 3a IIF0YNM
3HAYEHHSM, MyJIbCallill 3a cepeHIM 3HaYCHHsIM, aMIUTiTYau. [Ipu rapMoHiYHOMY aHati31 QYHKIIIO JOCIIKYOThCS
TAKOXK KOC(QII[IEHTH TapMOHIK, aMIUNTyAd rapMoHik Tomo. OTpuMmaHHi (YHKIIH CTpyMiB Ha IHTepBaJIax y
AHATITAYHOMY BUTJISL A€ 3MOTY 3IHCHHATH TOYHI PO3paxyHKH IHUX KOC(QIMi€HTIB Ta YHHKHYTH 3aCTOCYBaHHSI
YUCEIIbHUX METOMIB 3 OXHOKamu [14].

Hampuknan, po3paxyHOK cepeJHBOrO CTPYMY 3OIHCHIOETBCS 32 HOPMYJIOF0:

1T
=—|i(t)dt, @
!

a po3paxyHOK JIif040ro CTpyMy — 3a opmyrnoro:

1T
—[i*(t)dt (5)
!

Jie BUrIA QyHKIiN cTpyMiB OTPUMAHO 3 PO3PaxyHKIB 3a METOIOM OKPEMHUX CKJIAJIOBUX.

Taxo oJIHIEFO 3 KITFOYOBUX MPOOIIEM pOoOOTH cucTeM po33zocepemkenoi renepartii 3 [IEE e cTabinbpHa poboTa
CHUCTEMH il Mi€0 IMIyTbCHUX TEPIOJUYHUX 3aBaj, apke NpU POOOTI CHCTEMH EJICKTPOXKHBIICHHS
BUKOPUCTOBYIOTHCS Pi3HOMAaHITHI TIEPETBOPIOBAUI EIICKTPOCHEPTII, SKi € JDKEPEIOM 3aBaJl B MEPEXKi.

OpxHUM 3 HalOLIBLI ONTUMAJBbHUX HULIXIB PO3B’S3aHHS MOMIOHUX 337a4 y MOJAENAX «TE€Heparopy —
«HABaHTKEHHs» (3IIMCHEHHS IH)KCHEPHUX PO3PaxyHKIB MPH MPOEKTYBaHHI, BUOIp ONTHMAaIbHUX HapaMeTpiB
€JIEMEHTIB CUCTEM 3 [IepETBOPIOBAYAMH eJIEKTPOEHEPTil, ONTHMI3allis IPOLIEAYP Y CUCTEMax KepyBaHHS, KITbKiCHHMA
Ta SKICHHH aHami3 BHXIIHMX XapakTepHCTHK Ta IPOBEICHHS EHEpProayJuTy CHUCTEM 3 IepeTBOpIOBaYaMu
€JIEKTPOCHEPTii TOIIO) € PO3IIMPEHHS BHKOPHCTAHHS aHAII3y Ha OCHOBI METOAY OKPEMHX CKIAQJOBHUX, SKHI
JI03BOJIsIE OTpUMATH (PYHKILIT CTpyMy Ta HANPYTrH y aHATITHYHOMY BHIJISIL.

Taki po3paxyHKH O3BOJISIIOTH HE JIMIIE BU3HAYATH aHAJITUYHUH PO3KIIA] CUTHANIB CTPYMY HaBaHTa>KCHHS
Yy TapMOHIYHUI CIIEKTp, aHATITHYHI BUPa3H aKTHBHOT IOTYXXHOCTI P, peakTHBHOI TOTY)HOCTI Q, moTyxHOCTI @prze
Qo, a TaKOXK CTBOPIOE MOMIIMBOCTI IS 3IiHICHEHHS MapaMeTpUYHOro anaiizy podoru cucremu 3 [IEE mpu 3mini
MOYaTKOBUX IapaMeTpiB reHepaTopa Ta HaBaHTaKeHHS, 3MiHI 3aKOHY KepyBaHHS TOLIO. I, OKpiM TOTO, 103BOJISIE
3IIHCHUTH PO3PaXyHKH MapaMeTpiB Ta PeXKUMiB pOOOTH KOMIIEHCATOpa peakTuBHOT NOTyKHOCTI (Ck).

4. InTeeKkTyabHi CHCTEMH KepYBAHHSI CHCTEMAMH €HeproKuBJICHHS.

KirouoBUM MUTaHHAM Ui PO3YMIHHS MOJIENiell CIIOXKHMBaHHS EHeprii y JIOKaJbHUX EHEeprocucreMax
HACEJICHUX IMyHKTIB 1 HAJIE)KHUX BiNOBieH Ha BUKIWKH, MOB'A3aHi i3 CTAOUTBHICTIO X pOOOTH Ta €HEPTETUIHOIO
0e3mexor0 HeoOXiqHO € 3/IHICHEHHS BiAMOBiIHOTO 300py Ta aHAII3y AaHUX i BOPOBADKEHHS CYy9aCHUX IiJXOIB 10
BIIOCKOHAJICHHSI JIOKATBHUX eHeprocucTem [24].

Hapa3i 11i nuTaHHs mepeBa)xHO BiTHOCATHCS J0 €IEMEHTIB 3arajibHO1 KOHIEIIii «Po3yMHOT0 MicTa», OTHUM
3 HaNPSIMKIB SIKOT € yIpaBIiHHS TeHEPaIli€lo Ta CIIOKUBAHHAM eylekTpoeHeprii — Smart Grid («po3ymHi» Mepexi),
1110 Iepeidadae BUKOPUCTaHHS IU(PPOBUX TEXHOJIOTIH 1151 €(DeKTUBHOTO PO3IOJIUTY 1 CIIO>KMBaHHS eHeprii [1].
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4.1. ITioxoou SmartGrid ma MicroGrid y 3acanvniti konyenyii « Pozymue micmoy. Cuctema «SmartGrid» a6o
«MicroGrid», xonu MoBa #ae mpo OUIBII JIOKaJbHUX PIBEHb 3 HEBEIMKOIO KIiJIBKICTIO YYAaCHHMKIB 1 BHILOIO
ABTOHOMI3aLli€l0, € MPOMDKHUM PIBHEM MDK CYKYIHICTIO BCIX KiHIIEBUX BUPOOHMKIB, CIIOKMBAYiB Ta 30epirayiB
eHepril Ta 3arajJbHOI0 €IMHOI0 SHEPIreTUYHOI0 CUCTEMOIO Ha PiBHI KpalHU Ta MiXIepKaBHOTO periony [8].

Mici€ro TakuxX CHUCTEM € ONTHMI3allisl €HEeprolocTayaHHs Ha IIEBHOMY DiBHI CHUIBHOTH — BiAJaJIeHOTO
MOCEJICHHS], TIPOMHCIIOBOTO KOMILIEKCY, MIKpOpaiioHy, HAaCeJIEHOTO IYHKTY, perioHy. BinmoBinHo, i ckiagHiCTh
TaKUX CHCTEM € JIOCHUTh PI3HOI0 — 3a 3arajloM CIHIIBHOTO MiJIXOIy: KEepyBaHHS TeHepaui€cto, 30epexeHHsSIM Ta
CHOXHMBAHHAM EIEKTPOSHEPTii Ha OCHOBI HOTOKIB JaHUX y pEaNTbHOMY 4Yaci, MaTeMaTHYHOTO IPOTHO3YBaHHS,
3a0e3meueHHs] HEOOXiMHUX IMapaMeTpiB eJICKTPOEHeprii Ta MaKCHMallbHO CTilKoi poOOTH CHCTEM KPUTHIHOI
indpacrpyxrypu [13].

Jus mpuximany, mig MicroGrid MoXHa po3yMITH MepeXy MOE€IHAHUX MK COOOI0 y MEpEeXy «PO3YyMHHX
OyAHMHKIB», IO € HE JIMIIE CIIOKMBadYaMH EJEKTPOCHEpTii, a i MaroTh BIIACHI albTEPHATHBHI JDKepesa reHeparii
eJeKTpoeHepTii (COHsMUHI OaTapei, BITpSKH, TU3eTb-TEHEPATOPH), a YaCOM i CUcTeMH 30epexkeHHs eHeprii. CydacHi
MOXIIMBOCTI iHQOpMaliHHUX TEXHOJOTiH 3a0e3neuyloTh SIKICHO HOBUI pIBEHb YIPaBIiHHS TaKOIO JOKAJIBLHOIO
€HEeproCUCTEMOIO, 1110 PA30M 3 TUM 3AJIUIIAETHCS BIAKPUTOIO — TOOTO Ma€ MiAKIIOYEHHS O €IMHOT eHepProCHCTEMHU
KpalHH, SIK JIJIs CIIOKUBAHHS, TaK 1 JJIs TeHepallil enekTpoeneprii [16].

4.2. Jlocgio ma mendenyii sanposadscenns SmartGrid y cyuacnux micmax. Hapasi KiI040BUMHU
iHiIiaTOpaMK CHpOBaDKeHHS miaxoaiB SmartGrid e Bemuki MicTa — 3 ofHOrO OOKy, 4Yepe3 3HAYHI KOJMBAHHS
CIOXXHMBAHHS, HAasSBHICTh BEIHMKOI KUIHKOCTI 00’€KTIB KPUTHUYHOI iH(pacTpyKTypH, 3 IHIIOTO — uYepe3 MmoTpedy
TUHAMIYHOTO PO3BUTKY, TEXHIYHI MOMIIMBOCTI JUIA SKOTO HE 3aBXKIH 3/aTHI 3a0€3MEYNTH CHEProlocTadaibHi
KOMITaHii a0 X Taki 3aX0/I! 32 TPAAUIIITHIMHU TEXHOJOTISIMH € 3aHAITO BUTPATHUMHU. Pa3oM 3 THM MyHIIUIIATITETH
BUCTYTIAIOTH 1 SIK IHBECTOPH Ta ONIEPATOPH ATbTEPHATUBHUX IT'€HEPYIOUHNX MOTYKHOCTEH.

Hanpukiaz, y Apyromy 3a BeIHUHHOIO SMOHCHKOMY MicTi Mokorama (Hacenenss 3,7 MiH xurenis) y 2010
poui 3amovarkoBaHO mpoekT Yokohama Smart City, mo 3abe3rne4nB BHpOBajpKeHHs cuctem SmartGrid mms
YIPaBJiHHS EHEPreTMYHUMH IOTpedaMu JOMOroCIoapcTB, OyaiBenb Ta MicueBUX rpomMaia. Hapasi microm
BCTaHOBJICHO MOHa 260 OJIOKIB COHSYHUX OaTapeid, sKi 3a0e3meuyroTh 0au3bko 37 MBT renepaiiii, po3ropHyTo
cucteMy npokaty noxa 2000 enekTpoMoGiIiB Ta CTBOPEHO €MHUM OOUYHMCITIOBATLHII LIEHTP KepyBaHHsa SmartGrid
[18].

BiamoBigHo g0 3aransHoi KoHuemiiii Yokohama Smart City, 1o SmartGrid nepenbavaeTbest iHTErpyBaTH
30BHILIHIO EJIEKTPOTeHepalliio, JIOKaJbHI JpKepena reHepaiii eHeprii (COHAYHI Ta BITpAHI CTaHLii), CHCTEMHU
30epexXeHHsI eHeprii, «po3yMHI OYAWHKW», CHCTEMY TPOMAJICBKOTO TPAHCHOPTY (EIEKTpoOyCH) 3 MOKIHUBICTIO
MIBUIIKOI 3aMiHM OaTapei Ta iHQPacTPYKTYpy U eIeKTPOMOOITIB 3 IIBIAKAMH 3apSTHIAMH CTaHIISIMHA y MICTi Ta
HIYHMMH 3apsITHAMH IIPUCTPOSIMH y Tapakax.

VY ciuni 2018 poky Opurancbka kommadis Juniper Research omyOmikyBanma pe3yiabTaTé TOCTIIKCHHS,
Ha3BaBIIIH IT'ATH MICT CBITY, SIKi aKTHBHO PO3BHBarOTh Smart Grid-TeXHoorii. AHaNITHKY Biq3HAYAIOTh, 10 10 2022
poky BrpoBapkeHHs: Smart Grid 103BONUT KUTEISIM eKOHOMUTH O113bK0 $ 14 Mipa Ha pik [12].

Jlinepom pelitunry craB Ceyin, ne Hapasi Bxe moHa] 160 THCSY JOMAIIHIX COHSYHHUX €JeKTPOCTaHIIH, a y
2022 poui MicTO IUIaHye 00JIaJIHATH COHSYHUMHM MaHENSIMH BCi TPOMaJChKi OyniBii Ta moHaj | MJIH NPUBaTHUX
oynuukiB. Y IliBnenniii Kopei nependadaerscs Bxe y 2020 pori BCTAHOBUTH «PO3YyMHI JIUMIBHUKH» Yy BCIX
JIOMOTOCIIOIapCTBaxX Kpainy, a 10 2030 poky — obnmaaHaT cucteMamu SmartGrid Bci esekTpoMepexi Ta 3aaydnTu
6mu3pK0 30% rpoMasiH SIK aKTUBHHUX YYACHUKIB eHEPTOPHHKY Kpainu [23].

Cepen CHCTEMHHX MOXIHBOCTEH IUIS MICT — i BHKOPUCTAHHS €IIEKTPOMOOLIIB Ui 30epiraHHs €Heprii.
3acrocyBanns texuousorii Vehicle to Grid Ta OyaiBHUIITBO MicTaMK €HEPrOMApPKIHTiB 3 BiJMOBIIHUMH MepeKaMU
Ta i IKIFOYCHHAMHE CTBOPIOE MOKIIMBICTD 3aJIy4aTH BIACHUKIB €JIEKTPOMOOLTIB IO MICHKOTO €HepropuHKY. Takox
MEPCTIEKTUBHUM € 3aCTOCYBAaHHsS TaKOTO IJIXOLy INPH CTBOPEHHI MEpeX IpPOKaTy eJIeKTPOMOOLTIB — KOin
KOPHUCTYBadi iX OTPUMYIOTh Ta 3aJIMINAIOTh HA CMEI[iaIbHAX CTAHINAX, 00JIaHAHNX 3apAHUM 00naaHaHHM [25].

Jis moOymoBH TakWX CHCTEM JOPEYHO TaKOX BHKOPHCTOBYBAaTH ICHYIOUI MICBKiI €JIEKTPOMEPExKi
OCBITJICHHSI, @ OCOOJMBO TI'POMAJCHKOrO eNeKTpoTpaHcnopry. IligcraHuii MeTpomojiTeHy, TpamMBalHHX Ta
TPONEHOYCHUX MEpEeK pO3TAlIOBaHI B pI3HMX pallOHAX MicTa, 10 TOTO JX BHOYI BOHHM MPAKTHYHO HE
BUKOPHCTOBYIOThCS. AKTYaJIbHUM € 1 OIIMPEHHS eJIeKTPOOYCiB — HE JIMILE SK BUY TPAHCIIOPTY, a H K MOOIJIBHUX
PE3epBHUX JKEPEN eIeKTPOCHEPril J1st 00’ €KTiB KpUTHYHOT iHPPACTPYKTYPH.

4.3. Enepeopunox ecpomaodu: 3anum Ha HO8I eKOHOMIKO-npaeosi modeni. I'0JIOBHHUMH iHTepecaHTaMU
3anpoBapkeHHs SMartGrid € rpoma HaceIeHUX IMyHKTIB — MICT, CEJIHILI, CiJl, aJ[KE JAIeKO HE BCI BUKJIMKHU 371aTHi
OIIpaIlfOBaTH BEJMKI €HEPrOKOMIIAHii, SIKi, HAIPHUKIaJ, HE HAJITO 3alliKaBJECHI y €Hepro30epeKeHHI KiHLEBUMHU
crioxuBayamy. [TOKM MOHSTTS «€HEPreTHYHA TOJIITHKA MiCTay Hapasi cTae OUIbII IHUPHIIMM HOHSTTSIM HIK MPOCTO
3aIpOBaKEHHS eHeproe)eKTUBHUX TEXHIYHHX PillleHb, 0COOIMBO KOJIHM MOBA i€ PO 3a0e3MeUeHHs TMHAMIYHOTO
PO3BUTKY TPOMAIH.

EneprocucremMu MicT NmpoHnuIM icTOpUYHMI IUIAX BiJ JIOKaIbHOTO (OPMYBaHHS 10 iHTerpauii y €aunHy
eHeprocucTeMy KpaiHu — OJIHaK Hapasi, sIK 1 B 0ararbox IHIINX cdepax KUTTs, aKTyallbHOIO € JIeleHTpasi3amis, B
TOMY YHCJIi eHEPTOPUHKY, K TeHepallii, Tak i mepeaaqi eJIeKTpOeHepTii, a/pke 3anpOBaHKCHHS HOBUX TEXHIYHUX
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pillieHb, y SAKUX HE HAATO 3alliKaBJICHI CHEPreTHYHI KOMITaHii i BKpal 3allikaBleHi MyHIIIUTIATITETH, TOTPEOYIOTh
BIATIOBITHUX OBHOBAXXKEHb Ta PECYPCIB.

VY KpaloMy IIOJIOKEHHI 3HaXOAAThCS MICTa, II0 MalOTh CHCTEMH €JIEKTPOTPAHCHOPTY: IX EHEepreTHdHi
Mepexi Ta MiJCTaHLii 3HAXOASTHCS y BIACHOCTI KOMYHAIBHUX ITiJIPHEMCTB, TOOTO MiCBKOi 'poMajg — SIK 1 CTO
POKiB TOMY. 3alIpOBaKEHHS €Hepro30epiralodux TEXHOJIOTIH y eJIEKTPOTPAHCIIOPTI Ta HOBI BUKJIMKH, ITOB’sI3aHi i3
3a0e3rnevyeHHsIM POOOTH CHUCTEM albTepHATHBHOI PO3IOAIEHOI reHeparii y MicTax (coHs4Hi Oarapei Ha Jaxax,
CMITTeNepepoOHi 3aBOAM, BITPSKH), CUCTEM 30€piraHHsl eHeprii, Mepexi eJeKTpOMOOUIIB, eIEKTPOCaMOKaTiB Ta
TPOMAJICBKOTO EJIEKTPOTPAHCIOPTY AO03BOJIIIOTH c(hOpMYBATH HOBI IiJli i 3aBHAHHS 3 PO3BUTKY IHTETPOBAaHUX
MICBKHX €JIIEKTPOMEPEIK, III0 3HAXOIATHCS Y BIACHOCTI MYHIIIUITATITETIB.

Takum 4HHOM, EperyIrilis eHepropruHKY B YaCTHHI TeHeparllii, 30epekeHHs, KepyBaHHS CIIO)KHBAaHHIM Ta
nepeaadi eJIeKTPOCHEPTii, 3 Iepeaadero BiANOBITHIX PECYPCiB eHEPTOKOMITAHIIi-TI0CTaYaIbHAKIB Ta PETryIATOPHIX
MIOBHOB&)XEHb OPraHaM MICLIEBOTO CaMOBPSAYBAHHS HaJacTh BEJUKUH CTUMYJ PO3BHTKY CyYaCHHX TEXHOJOTiH
SmartGrid y HacelleHUX MyHKTax, 3aJTy4eHHs IHBECTHITIM Ta IMiABUIICHHS CBiJIOMOCTI CIIOKMBAYiB €IECKTPOECHEPTil
y 3arajpHiil cripaBi CKOPOYEHHS CHOXXKMBAHHS €JIEKTPOSHEPril Ta CKOPOYECHHsI BUKHUIIB, 110 BIUIMBAIOTH HA 3MiHH
KJIIMaTy y JIOKQJIbHOMY Ta IJ00a1bHOMY KOHTEKCTaX.

BucHoBkn

Hogi TexHouorii y cdepax eHepreTvku ta iHpopmarusanii Haa0Th HOBI MOKJIMBOCTI JUIsl BAOCKOHAJICHHS
€HEeprocUcTeM HaceJIeHUX MYHKTIB, 110 3HAYHO BIUIMBAE 1 HA AKICTh )KUTTS MELIKAHIIIB, 1 HA MOXKJIMBOCTI JJIsI TITOBOT
AKTHBHOCTI, 1 Ha MOJIMIICHHS €KOJIOriYHOi cuTyamii. Y NO€THAaHHI 3 KOHLENLIEK ACLeHTpamizalil Biaau Ta
MiABUIICHHSM 3HAYCHHS HACENCHHWX IYHKTIB i1 iX 00’€IHaHBb II€ CTBOPIOE IMEPEIyMOBH JUIA JEIEHTpati3amii
EHEepProcucTeM, IiIBUIICHHS €Heproe()eKTUBHOCTI Ta CTIMKOCTI iHGPACTPYKTYp A0 MPHPOTHHUX Ta TEXHOTCHHUX
PU3UKIB.

KrnrouoBrMu HampsiMKaM PO3BHUTKY €HEProCHCTEM HACENCHMX IYHKTIB 1 mojanbiia iHpopMmaTh3aLis Ta
3aCTOCYBaHHS TEXHOJOTIH «BENMKHX AHUX», 30KpeMa 3alpOBAPKCHHS IHTEICKTYyaIbHUX JIYMIBHUKIB, CHCTEM
KEpYBaHHS CIIO)KUBAaHHAM 3 nudepeHuiamniclo TapudiB Ta BU3HAYCHHSIM KPUTHYHUX CHOXHMBA4iB, 3aCTOCYBAHHS
THYYKHX IHTEIEKTyalbHUX aJTOPUTMIB KOOPJIHMHALII poOOTH CHOXKMBAdYiB Ta CHCTEM PO3NOALICHOI reHeparlii Ta
30epeKeHHs eJICKTPOSHEPTiI.

[Tpu 11bOMy aKTyaJbHUM € BUKOPHCTaHHS METOAIB po3paxyHKiB cucteM 3 [1EE, 1o no3BossiioTe oTpuMaru
€HEepreTUYHi XapaKTepHCTHKH 1 MapaMeTpy eJISKTPOSHEepril y aHaJITUIHOMY BHIVISIL, 30KpeMa, METOJ] OKPEMHUX
CKJIQIOBHX, aJalTOBaHMUX JUI1 PO3PAaXyHKY CHCTEM 31 CKJIaJHUMH (GOpMaMM EKBiBAJICHTHHX T'E€HEpaTopiB Ta
HaBaHTAXKCHb.

Pazom 3 TUM 3pocTae poap JOMOTOCIONAPCTB Ta IHIIMX KiHIIGBHX CHOXKHBAUiB eNEeKTpOoeHeprii (ogicHi Ta
TOPTOBENbHI IEHTPH, TPOMAJCHKI 3aKJIali, HEBEJIUKI MiAMPUEMCTBA) — 3aBASKA HOBUM TEXHOJIOTISIM BOHH MalOTh
3MOTy HE JIMIIE 3iHCHIOBAaTH 3aXOJM 3 CHEPro30EpeKeHHS, a W JOMYUHTHCA IO JOKAIbHOTO €HEPrOpPHHKY,
BCTAHOBJIIOIOYH BIIACHI CHCTEMH T'eHEpalii, B TOMY YHCIi pe3epBHOI, 30epiraHHs eNeKTPOSHEePTii, 1 BHOCIYH CBiit
BHECOK J10 iH(popMarlliiiHoi cuctemMn SMartGrid nuiixoM 3ampoBaKeHHS IHTEIEKTYaAIbHUX TEXHOJIOTIH KepyBaHHS
BJIACHUMH €HEPrOCUCTEMaMH.
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ENERGY MANAGEMENT OF SETTLEMENTS AND TERRITORIES
BASED ON INTELLIGENT POWER MANAGEMENT SYSTEMS

Abstract. The purpose of the research is to determine the tendencies of development of power grids of
settlements and optimal approaches to their analysis and calculations in the conditions of introduction of
technological innovations in the field of information and energy technologies, as well as decentralization of
settlements.

The article reviews modern approaches and technical solutions, details the issues of SmartGrid formation by
combining the introduction of smart approaches and integrated electricity generation, consumption and storage
systems.

Important aspects of SmartGrid formation in settlements include the need to develop municipal management
systems within individual homes and complexes, as well as the formation of an integrated transportation system that
includes both public transport and individual vehicles of various types and forms of ownership. In general, the
combination of the efforts of local governments, commercial and non-profit institutions, homeowners and local
residents is identified as an important prerequisite for successful SmartGrid formation in settlements.

The result of the work is to identify current trends in the development of power systems of settlements, in
particular, the need to form an intermediate link of energy policy - at the level of settlements and territories that
connect local participants in the energy market (generation, storage and consumption of electricity) and act as
integrated active participants of the national energy country and national energy market.

There is also justification of the relevance of the methods of calculation of power systems, in particular, the
extension of the method of individual components based on Laplace transformations and operator calculations,
which allow to obtain energy characteristics and parameters of electricity in analytical form for use in intelligent
power management systems.

As a result, the study confirms the need to further refine the SmartGrid concept by integrating elements of
energy systems, intellectualizing management processes and developing new approaches to energy market
decentralization.

Keywords: SmartGrid, power supply, power grids, energy management, settlements, decentralization,
electric transport.
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