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AHomayifa. Y cmammi onucaHo po3pobnaeHull asmopom Hosuli

MemoO HeABHOR20 yrpassiHHA MonumomM HA OCHOBI Mporo3uuii docmynHoi nomyxHocmi, aKkuli 8iopi3HaeEMbCA
onepamusHUM iHGhOpMYyBAHHAM Kopucmysaya npo 0ocmyrnHy 8 uyeli MomeHm 00 8UKOPUCMAHHSA NepcoHAs1bHO
HUM efeKmpuYHy nomymcHicme, uwjo moxce 6ymu meHworo abo binbworo 30 3aKOHMPAKMOBAHY 8 MEX(AX mex-
HiYHOI 30amHocmi enekmpu4yHoi mepexci 3 if docmasneHHsa Kopucmysa4yesi. ¥ 8i0rnosiob Kopucmyeay moxce b6es-
YMOBHO 8UKOpUCMamu 3arporoHO8aHY MOMYyXHicmb (aKuenm 3a YMOBYAHHAM 4yepe3 HefAsHUl 380pomHuli
38’A30K Opy2020 nopsAoKy) abo siomosumucs 6i0 i sUKOpUCMAHHA YacmKoso abo nosHicmio (Yepe3 asHuUll 360-
pomHuli 38’A30K nepwo2o NopAoKy), 30kpema 8 0bmiH Ha iHwi beHegimu. Po3pobneHuli memod 6a3yembca Ha
BUKOPUCMAHHI po3wupeHoi 080CrpamosaHOi KOMyHiKauii eHepeocucmemu 6e3rnocepedHso 3 KOXHUM Kopucmy-
sa4yem (@bOHEeHMOM) HO OCHOBI CMAPMAIYUAbHUKIB enekmpuYHoi eHepail, AKi iHme2posaHo 00 WUPOKO po32op-
Hymux Ha 3acadax 830eMO3aMiHHOCMI ma Kibepbesnexku cmapmcucmem 8uMipto8aHHS, 06iKy ma yrnpasniHHsA
eHepeo8UKOPUCMAHHAM. HaseHicmb po3wupeHoi 080CmMopoHHbOI orepamugHoi KoMyHikauii 0ae 3moey onepa-
MueHo repepo3nodinamu 0ocmynHy MOMYyHCHICMb MiXC yCiMa Kopucmyea4amu Ha 3acadax HeynepeoxrceHocmi i
cnpasedau8ocmi 3 ypaxy8aHHAM iHOUBIOYANbHUX PEHUMIB es1eKMPOCMOXUBAHHSA, 30KpemMa 8 ymosax Hecmabi-
nbHoCcMi 8UpobimKy enekmpu4Hoi eHepeii 3 BE, a maxkox sUHUKHeHHA degiyumy nomyxHocmi 8 OEC YKpaiHu.
A po3pobrieHuli Hosuli Memoo Hes8HO20 yrpPaAsAiHHA MONUMOM CMB8oPUMb YyMO8U 0714 ONMUMAsIbHO20 Ma egpe-
KMUBHO020 BUKOPUCMAHHA 00CMYHOI MOMy*¥HOCMI 3 ypaxy8aHHAM AKMyasnbHUX nompeb KOXHO20 Kopucmy-
sauya. Lle 3a6e3neyums HadiliHe enekmpornocmavyaHHA Kopucmyasauis sk 8 ymosax degiyumy nomyucHocmi, max
i 8 ymosax HecmabinbHocmi i UPOBIMKY, @ MAKOXC crpusmume nidguweHHo rnpodyKmusHOCMi 8UKOPUCMAHHA
esnieKmpu4Hoi eHepeii, W0 8UPOBAAEMbCA 2eHepy8asibHUMU yCMAaHO8KaMU Ha 6a3i B/E.

Knrouoei cnosa: B/JE, 830eMO3aMIHHICMb, 83AEMOCYMICHICMb, O80CMOPOHHA KOMYHIKAUis, 00CMyrnHa nomymc-
Hicmeb, Hesi8He ynpassiHHA MonuMmMoM, CMApMAivuabHUK, cMapmcucmema obsiky.

Mepenik BUKOPUCTAHUX NO3HAYEHb Ta CKOPOYEHb
ACKOE — aBTOMaTM30BaHa cMCTeMa KOHTPO/0, 06/1iKy Ta
ynpaBAiHHA eHeproBMKOPUCTAaHHAM / KOMepLiiHOro 06-
NiRy eneKkTpoeHeprii

BP — 6anaHcyBanbHUIN PUHOK

BAE — BigHOBAIOBaHE AKepeno eHeprii

EEC — eneKtpoeHepreTuyHa cuctema

€C — EBponeiicbkuin Coto3

OEC — O6’egHaHa eHeprocuctema YKpaiHu

OPE — onTOBW PUHOK eneKkTpoeHeprii

OCBb — 06’egHaHHA cniBBNAACHUKIB 6araToKBapTUPHOrO
6yanHKy

OCIN — onepaTtop cuctemun nepegadvi

OCP — onepaTop cuctemu posnoginy

MNB — nocnyru 3 6anaHcyBaHHA

Bctyn. TpaaumuiiHO ynpaBaiHHA NONUTOM Ha €NeKTPUYHY
MOTYXKHICTb (€NeKTPOeHeprito) € anbTepHaTMBOO 3abesne-
YEHHI0 CTaTMYHOI W AMHAMIYHOT CTIMKOCTI Ta yCTaseHUX

MMNB — nocrayaHHA / nocTayanbHWUK Nocayr 3 6anaHcy-
BaHHA

MMPE — NOTOYHI nMapameTpu pPeKMMIB eNeKTPOCMNOXKM-
BaHHA

MPT — nocTa4ya/NbHMK 3a peryaboBaHUM Tapnpom
CEHM — cnctema eHepromeHeKMeHTY
DER — distributed energy resources

DR — demand responce

DSF — demand-side flexibility

DSM — demand-side management

EE — energy efficiency

IHD — in-home display

PLC — power line communication

SMS — smart metering system

P, Q — NOTY»HiCTb aKTUBHA, PEaKTUBHA

pexmMmis poboTu enekTpoeHepreTuuyHux cuctem (EEC) ke-
pPOBaHUMM reHepyBasbHUMM YCTAHOBKAMM, LLLO BUKOPUCTO-
BYIOTb A1  BUPOBITKY eneKTpMUHOI eHeprii nepeBakHO
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BMKOMHE Nanueo. 3a TaKOi anbTepHaTMBM YNpPaBAiHHA 3
60Ky NONUTY He TiNbKM 3MEHLLYE BUKOPUCTAHHA BUYEPMHUX
NPUPOAHUX PECypCiB, a TaKOXK A03BOAE CKOPOTUTYU LLKIA-
MBI BUKMAM, 3yMOB/IEHi BUPOBITKOM eNeKTpUYHOI eHepril
Ta ii BTpaTaMu B efieMeHTax eNIeKTPUYHOI MepeXxi, Lo 3ara-
JIOM CNPUAE 3HUKEHHIO TEXHOFEHHOTO BMN/IMBY Ha AOBKINNA.

banaHcyBaHHA EEC yepes pecypc nonuTy € HalpaLioHanb-
HilLMM B YMOBAX LUMPOKOTO iHTErpyBaHHA 40 eNeKTPUYHOI
MepeXKi reHepyBanbHUX YCTAHOBOK Ha 6a3i BigHOBAOBAHMX
oxkepen eHeprii (BAE). Apyke HecTabinbHicTb BMPOBITKY
eneKkTpuyHoi eHeprii 3 BAE yacto npussoamtb 00 nopy-
WeHHA GanaHcy reHepyBasibHUX MOTYXKHOCTEN i HaBaHTa-
YKE€Hb CMOXKMBaUiB, L0 ErKO AOCNIANTU Ha NpUKNaLi GyHK-
LioHyBaHHA MikpomepexK. banaHcysatn X EEC 3a Takmx
YMOB Yyepe3 KepoBaHi reHepyBasbHi MOTYXXHOCTi Ha BUKOM-
HOMY NanuBi HeedEKTUBHO, @ YACTO-FYCTO TEXHIYHO HEMO-
YNBO 3 OrNALY Ha TPMBANWIM Yac 3anycKy BYrinbHUX 6n10-
KiB, AKi CK/I1afaloTb MNepeBaHy YacTMHY MaHeBpeHUX
reHepyBa/ibHUX NOTYXKHOCTeM B YKpaiHi.

Takuit nigxia, € TMm 6inbll akTyanbHUM CbOroAHi ana 6a-
NaHcyBaHHA O6’egHAHOI eNeKTPOoeHepreTMYHOI CUCTEMMU
(OEC) YKpaiHu, Konn BHACNiIAOK BapBapPCbKUX POCIMCbKUX
aTaK Ha eHepreTuYHy iHGPacTPyKTypy YKpaiHM 3pyiiHOBaHO
abo nowkKoaKeHO NOHAA NONOBUHY 0O’EKTIB reHepaLlii Ta
BMBEAEHO 3 1aZly YUIMANY KiNbKiCTb BY3/10BUX EN1EKTPUHHUX
NiACTaHLUIM, Wo 3abe3neyvytoTb NepesaBaHHsa Ta pPo3noain
eNeKkTpuyHoi eHeprii. MparHyyn 36anaHcyBaTM Nonut B
ymoBax AediunuTy NOTYyXKHOCTEM eHeprocucTemu onepa-
TOPY MepeXK HamaratTbCA OOMEKMTU HaBaHTAXKEHHSA CMo-
YKMBaYIiB Yepes 3anpoBaaKeHHA cTabinisauiiHnx Ta ekcTpe-
HUX BUMKHEHb, 30Kpema, HaceneHHsa. [loHagycim ue
npu3BoAMTbL A0 TOrO, WO MNiCNA Bi4HOBNEHHA €NeKTPono-
CTa4yaHHA NobyTOBi CNOXKMBayi BBaXKaloTb CBOIM NPaBOM Bi-
0ibpaTh 3 enekTpomepeKi CTiIbKM NOTYKHOCTI, CKiIbKK TM
XoTinocs 6. Pe3ynbTaToM € BUHUMKHEHHA 36ypeHb y 1 6e3
TOro BPa3/nBIii eHeprocucTemi.

Takii cuTyauii moxkHa 6yno 6 3anobirtm yepes 3anposa-
[JYKEHHSA THYYKOro ynpas/iHHA NONUTOM NobyToBMMMK Cro-
KMBayYamMM BigNoBIAHO A0 AOCTYMNHOI NOTYXXHOCTI eHepro-
cUCTeMM Ha 6asi CMapTaiuMIbHUKIB eneKkTpUYHOI eHeprii,
AKi iIHTErpoBaHO A0 WMPOKO PO3rOPHYTUX HA 3acajax B3aeE-
MO3aMiHHOCTI Ta Kibepbesnekn cmapTcuctem BUMIpHO-
BaHHA, 0b6NiKy Ta ynpas/iHHA eHeproBMKOPUCTaHHAM [1].
PosropTaHHA cmapTcuctem obniky nepepbayeHo MaaHom
3axo4iB 3 peanisauii KoHuenuii BnpoBagKeHHA « PO3YMHUX
mepex» B YKpaiHi 4o 2035 poKy [2], BTim, cepes, iHWworo He
BM3HAYeHO €AMHI 3acaam 1 6a308i NPUHLMNK PO3TOPTAHHA
TAKMX CUCTEM, LLLO HECE CYTTEBI PU3MKM O iXHbOrO 3aCTO-
CYBaHHA ANA yNpaBAiHHA NONUTOM B NOAANbLUOMY.

YKpaiHa BXe Ma€ BKpal HeraTMBHWIA O0CBiA PO3PO6KM 1
BMPOBaZKEHHA aBTOMATM30BAHUX CUCTEM KOMEPLINHOro
06niky enekTpoeHeprii (ACKOE) KiHUEBUX CNOXMBauiB 3a
TEXHIYHUMM peKoMeHZauiaMK 0bnacHUX enekTpoeHepre-
TUYHUX KOMMaHi — NOCTa4yaibHUKIB 3a pPeryaboBaHUM Ta-
pudom (MPT) B 2005-2018 pp., LLLO NPU3BENO 4O HECYMIC-
HocTi Takmx ACKOE i HemonmBOCTI iHTerpyBatu ix [o
eamnHoi po3nogineHoi ACKOE onToBOro puHKY eIeKTPUYHOI

eHeprii (OPE) YkpaiHu [3]. ACKOE k cy6’ektiB OPE HaToO-
MicTb ByayBanuca 3a yHipiKoBaHUMU TEXHIYHUMU BUMO-
ramu lonoBHoro onepatopa Cuctemun KomepuiiHoro ob6-
Niky 1 6ynn iHTerpoBaHi Ao eanHoi po3nogineHoi ACKOE
OPE YKpaiHu, Wwo gano smory 3abesneunTv KomepuiiHi po-
3paxyHKM, 30KpeMa, i Ha NepLInX eTanax 3anpoBaAKeHHA
HOBOro NibepanisoBaHOro PUHKY eNeKTPUYHOI eHeprii YK-
paiHu [4]. MpoTe B YKpaiHi NpoA0BKYETbCA NPAKTMKa NPOE-
KTyBaHHA Ta nobyaosu ACKOE BuKntoYHO 33404 iHdopma-
uiiHoro 3abe3neyeHHA pPO3paxyHKIB 33 eNeKTPUYHY
eHeprilo 3 HaJaHHAM 3aLiKaBNeHMM CTOPOHaM AaHuX 06-
NiKy NOCTPaKTyM i He NPUAINAETbCA AOCTaTHLOI yBaru CBOE-
YacHOMy iHPOPMYBaAHHIO KOPUCTYBAYiB NPO NOTOYHI Napa-
MeTPU pexumis enektpocnoxkmsaHHa (MMPE), wo €
HeBiA 'eMHOI yMOBOW edeKTUBHOI peanisau,ii ynpasBniHHA
nonuTtom [5].

MerTa i 3aBaaHHA gocnigKeHb. MeTor JOCNIAKEHD € CTBO-
peHHA yMoB i 3abe3neyeHHA MOXANBOCTI aAanTUBHOIO y3-
roAXeHHA NonuTy i NPONO3ULLIT Ha eNeKTPUYHY NOTYKHICTb
(eneKkTpoeHeprito), 30Kpema B yMOBax HecTabinbHOCTI BU-
pobiTKy enekTpuyHoi eHeprii 3 BAE, a TaKOX BUHUKHEHHSA
nediumty notyxHocTi B8 OEC YKpaiHn. [na gocarHeHHs no-
CTaB/IEHOI MeTH HeobXiaHo:

— BM3HAYUTM 3aBAaHHA YNpPaB/iHHA NONUTOM, 30KpeMa B
ymoBax gediunTty AOCTYNHOI eNeKTPUYHOI NOTYKHOCTI,
Ta po3pobuTH KOHLENTYasbHI Nigxoan ans Moro BUKO-
HaHHA;

— nobyaysaTtu TpMBiasibHY MaTeMaTUYHY MOAE/b i PO3PO-
6UTU anNropuT™M aZanTMBHOMO PO3MOAINY AOCTYMNHOI
€NEeKTPUYHOI MOTYXKHOCTI cepes, COXKNBaYiB;

— npoaHanisyBatM pe3yabTaTh nobyaoBuM Ta 3acTocy-
BaHHA ACKOE cy6’eKTiB onTOBOrO i p0o34pibHOro pMHKIB
eNeKTPUYHOI eHeprii YKpaiHKW, a TaKOXK pe3ynbTaTh po3-
rOpTaHHA CMapTcMcTeM 06NiKy B AeprKaBax — 4yaeHax
€sponelicbkoro Cotosy (EC);

— 3a pe3y/ibTaTaMW aHanizy BWM3HAYMTU TONOBHI Uini ¢
NpiopuUTETH, @ TAKOXK PU3MKK Ta 0bMexkeHHA, cdopmy-
Nt0BaTU 3acaau 1 6a30Bi NPUHUMNKN PO3PO6AEHHS, pPO3-
ropTaHHA Ta MEePCNeKTUBHOIO 3aCTOCYBaHHA CMapTCuUC-
Tem BUMIPIOBAHHSA, 06niky Ta ynpasBAiHHA
€HEepProBUKOPUCTaHHAM AK 6a30BOro iHCTPyMeHTapito
dopmyBaHHsA iHbopMaLiiHoro 3abesneyeHHn 3aBAaHb
yMpaBAiHHA NOMMTOM, 30Kpema B ymoBax Aeodiuumty no-
Ty*kHOCTi B OEC YKpaiHu;

— pO3pOo6MTM HOBUI MEeTOA, HEABHOrO yNpaBAiHHA NOMKU-
TOM Ha OCHOBi MPONO3ULT AOCTYNHOT NOTYHOCTI, AKNI
6a3yeTbCA Ha ABOCMNPAMOBaHI KomyHiKaLlii EEC 3 KO-
HUM KOPUCTYBayeMm i BiA3HAYAETbCA ONEepPaTUBHUM iH-
GOpPMYBaHHAM KOXHOFO KOPWUCTyBaya eNeKTpUYHOI
eHeprii Npo AOCTYMNHY B Ll MOMEHT A0 BUKOPUCTAHHSA
NepPCOHANIbHO HUM eNeKTPUYHY MOTYXKHICTb, WO MOXKe
6yTV MeHLoto abo 6inbLIOK 33 3aKOHTPAKTOBAHY B Me-
»Kax TEXHIYHOI 34aTHOCTI eIeKTPUYHOI Mepexi 3 ii goc-
TaB/JIEHHA KOPUCTYyBaYeBi.

Martepian pocnigkeHb. OOMEXKeHHs HaBaHTaXKEHHA B

YMOBax HecTauyi reHepyBasibHUX MOTYXKHOCTEN ANA NOK-
puTTA noTpeb NnpueaHaHUX CTPYMONPUINMAYIB € TPaaML,in-
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HUM niaxoaom Ao 6anaHcysaHHs EEC. Y pasi TpuBanoi He-
36anaHcosBaHocTi EEC BaatoTbca A0 Bianosux abo ctabinisa-
LiHUX BUMKHEHD, N, 4ac AKMX CNOXKMBaYaM Mno yepsi npu-
MUHAIOTb €/1IEKTPOMOCTAYaHHA Ha MeBHMM Yac 3aanA
Y3rog)KeHHA HaBaHTaXKEHHA [OCTYMHIA NOTYyXHOCTi. 3a-
pazv NoaoNaHHA KPUTUYHOTO AediLnTy AOCTYNHUX FreHepy-
Ba/IbHUX NOTYXKHOCTEN 3aCTOCOBYIOTb EKCTPEHI BUMKHEHHSA
CNOXKMBaYiB. ANbTEPHATUBOKD BUMKHEHHAM € afanTUBHe
Y3roZKeHHA MOMuTYy | MPOoNOo3uLIi WAAXOM 3a/y4eHHsA cno-
*KMBauiB fo cnisnpaui 3 EEC, wo € Habarato pauioHanbHi-
WKMM MigX0A0M, OCKINbKMU Aa€ HAaro4y He nuuwe 36anaHcy-
BaTn EEC, a 1 CKOPOTUTMK WKiANMBI BUKMAM Ta 3a0WaanTH
BMKOMHE NasiMBO, WO BpeLUTi-peLT No3UTUBHO BN/IMBAE Ha
CTaH A0BKiNAA.

Nig, ynpasniHHAm 3 60Ky nonuty (demand-side manage-
ment, DSM) po3ymieTbca KoonepaTMBHa B3aeEmMoisl onepa-
Topa cuctemu nepeaadi (OCIl), onepaTtopis cuctem posno-
ainy (OCP), KOMyHanbHUX KOMMaHIA Ta iXHiX KAiEHTIB —
crnokmeadie (iHoAi 3a AONOMOTOK TPETiIX CTOPiIH, 30Kpema
eNleKTpornocTayanbHUKIB, piTeinepis, arperatopis Tolo) 3
METOI NiABULLEHHA PiBHA e(PEeKTUBHOCTI BUKOPUCTAHHA
€NEeKTPUYHOI eHeprii, WO Haga€e BUroaM CNoXKMBayYam Ta
eNeKTPoeHepreTMYHUM KOMMNaHiAM i ae Ha KOpUCTb cycni-
NbCTBY B Uinomy. TpaAuuiAHO ynpasaiHHA 3 6OKy nonuty
NoAiNnATb Ha yNpaBAiHHA NOMWTOM Yy KOPOTKOCTPOKOBIM
nepcneKkTuBi — pearyBaHHa nonuTy (demand response,
DR) — KomnieKc 3axoAiB, CNIPAMOBAHUX HA 3MIHEHHSA Xapa-
KTepy eHeproBMKOPUCTAHHA KiHLEBMMM KOPUCTYBaAYamm y
BiANOBiAb Ha 3MIHEHHA LiHW Ha eNeKTPUUHY eHeprito abo
iHWIi cTMMYAK, Ta yNpaBAiHHA NONUTOM Yy AOBrOCTPOKOBIl
nepcneKkTMBi — NiABULLEHHA PiBHA eHepreTyHoi edekTmB-
HocTi (energy efficiency, EE) — KOMNAeKC 3axoAis, cnpsimo-
BaHWX Ha 3abe3neyeHHA CTasIor0 3HUMKEHHA eNeKTPOoCno-
YKMBAHHA Yepes NigBUWeHHA edeKTUBHOCTI BUKOPUCTAHHA
eNeKTPUYHOI eHeprii. MiX ummn asoma nigxogamm Ao yn-
PaBAIHHA NONMUTOM iICHYIOTb NPMHLUNOBI BIAMIHHOCTI.

Mo-nepwe, DR peanisyeTbca Ha iHTepPBaai B MeXax OAHI€El
roamHu. B YKpaiHi DR po3rnagaerbca Ha iHTepBani 15 xB
onsa 3abesneyeHHs onepauiiHoi 6e3neku, Ha iHTepBani
30 xB ANA KOHTPOJIIO HAaBaHTA*KEHHA CMOMXKMBAYIB | B MeXKax
60 xB 41 nocTayaHHA nocayr 3 6anaHcysaHHA (MMB) Ha 6a-
NaHcyBanbHOMY pUHKY (BP). MiaBULLEHHA piBHA eHepreTu-
YHOT ePEKTMBHOCTI peani3yeTbca Ha iHTepBani Bif, KiNbKoX
micauis oo pokis. Mo-gpyre, NiaBULLEHHA PiBHA eHepreTny-
HOI eeKTUBHOCTI 3a3BMYAl peanisyeTbCA B MeXKax BUKO-
HaHHA 3aBAAHb eHepreTMYHOro meHegxmeHTy. Mig yac
BMPOBAAKEHHA Y CMOMMBAYA CUCTEMMU EHEPreTUYHOIO Me-
HegxmeHTy (CEHM) BignosiaHo ao 1SO 50001 [6] 3aBxau
BCTAHOB/OIOTb MeXi cuctemu. Mig vyac BU3HaYeHHA obcsaris
330WaAKeHOi (He BUKOPMCTaHOT NopiBHAHO 3 6a30BotO Ji-
Hieto [6]) eneKkTpoeHeprii 40 po3rnaay NPUIMMaEeTbCs nuLie
KYMYNATUBHA cyma (cusum) TaKol eneKkTpuuHoi eHeprii B
mexkax CEHM. DR mae Ha meTi 3HUKeHHA (abo Henigsu-
LLEHHS) BUPOBITKY eNeKTPUUYHOI eHepril BeIMKUMU efleKT-
puvuHUMM cTaHuiamu (bulk generation), Aka, BignosigHo, He
byne nepefaHa, a oTKe, He byae BTPAT B eleMeHTax eNek-
TPUYHOI Mepei, TO6To B byab-AKOMY pasi No3a mexxamu
€/IeKTPOYCTaHOBOK crnoxueaya. MNo-tpete, DR nepeabavae
AK 3MEHLUEHHSA, TaK i 36iNblIEHHA eNeKTPOCNOKUBAHHA Y

BiAnoBiAb Ha 3abe3neyeHHA 6GanaHcy NOTyXHOCTEN i
KOH’IOHKTYPW PUHKY, HanpuKknag, B nepiogu, BiAnosigHo,
3MeHLWeHHA abo 36inbleHHA BUPOBITKY eNeKTPUUHOI eHe-
prii 3 BAE. NigBuLLeHHA piBHA eHepreTMYHoi epeKTUBHOCTI
3aBXAM MA€E Ha MeTi CKOPOYEHHSA e/IeKTPOCNOoXKMBaHHA. Hy
i BpewwTi-pewT, meToto DR 3aBXAN € OTPMMAHHA CNOXKMBA-
YyeM MmaTepiasbHUX BUTig, Y TOMY YM TOMY eKBiBaneHTi. KiH-
LeBOK METOI MiABULLEHHA PIBHA eHepreTUYHoi edheKTmB-
HOCTi € paLioHanbHe BUKOPUCTAHHA NPUPOAHUX PeCcypCiB i
6opoTbba 3i 3MiHaMM KnimaTy, 30Kpema Yepes CKOPOUEHHSA
CNOXMBAHHA BUKOMHOIO Na/INBa Ta 3MEHLLEHHA WKiAINBUX
BMKMUAIB. Y Uil CTaTTi AOCNIAMKYETLCA Came pearyBaHHA Mno-
nuty (DR) B KOPOTKOCTPOKOBIN NepcneKTuBi.

Y cBOO Yepry pearyBaHHA NOMNWUTy OXOM/IOE ABa K/lacK 3a-
BAaHb: HeABHI meToam ynpasnidHA (Implicit DR), wo 3 me-
TOH BM/IMBY Ha XapaKTep eNeKTPOCNOXKMBAHHA BUKOPUCTO-
BYIOTb MEPEeBAXKHO MNPUHLWUN  LIHOYTBOPEHHA —  Pi3Hi
mogudikauii guHamiuHmux Tapudis (dynamic pricing), 3a
AKUX BapPTICTb 3aKyniBesb eNeKTPUYHOI eHeprii 3an1eXuTb
Bi4, 4Yacy ii BMKOPWUCTAHHA, i ABHI MeToAM ynpaBAiHHA
(Explicit DR), siki 6a3ytoTbCA Ha A,06POBINbHIM YYaCTi CNOXMK-
Baya B KOHTYPi ynpaB/iHHA HaBaHTaxeHHAM EEC. Mpame
YyNpaB/iHHA HaBaHTaXXEHHAMM 3aCTOCOBYETbCA 3a3BMYAM
00 MOTYXHMX MNPOMMUCAOBUX NIANPUEMCTB, XO4a BigOMI
Nporpamm y4yacTi B KOHTYPi YNpaBAiHHA TaKoX KOMepLii-
HWUX i HaBITb NOBYTOBMX CNOXKMBAYIB (HaNpuKAag, Nnpame yn-
paB/liHHA €e/IeKTPOMOCTa4YaHHAM CUCTEM KOHAMLiIOBaHHA
abo 6oinepiB 3 NiArOTOBKM rapa4voi Boau). Y 3arasibHomy
BMMNAAKY A4/1A YyNPaBAiHHA PO30CepPeaKeHUM HaBaHTAXKEH-
HAM ManuX CMOMWBAYiB BUKOPUCTOBYIOTb HEABHI MeToam
yepes gMHamiyHe LiHOYTBOPEHHS, 30KpeMa audepeHuia-
Lit0 LiHW Ha eNeKTPUYHY eHeprilo 3@ YaCOM BMKOPUCTaHHA
(Time-Of-Use Pricing, TUP), AKa 4acTo 3aCTOCOBYETbCA pa-
30M 3 KpUTUYHO MNiKoBo WiHoto (Critical Peak Pricing,
CPP), wo Binbusae AiicHy BapTiCTb €NEKTPUYHOI eHepril B
nikoBi rogMHu 06w, a TaKoX LLIHOYTBOPEHHS B peasibHoOMYy
yaci (Real Time Pricing, RTP), 3a AKOro cnoueadis onepa-
TUBHO iHOOPMYIOTb NPO MNOTOYHI LiHW PUHKY 3 METOH CTU-
MY/IOBaHHA X [0 3CYyBY HaBaHTAaXKEHHA (€N1EeKTPOCNOXM-
BaHHA) y Nepioan BUrAHIWKX LiH.

TakKMM YMHOM, HesiBHE YNpPaBAiHHA MOMUTOM TPAAWULIAHO
6a3yeTbCA Ha NPUMPOAHOMY MNparHeHHi Cro)KuWBauiB, a
pagwe KeanipikoBaHMX KOPUCTYBaAYiB MiHIMi3yBaTM BU-
TPaTU HA 3aKyniBAKO €NeKTPUYHOI eHeprii, a eHeprocuc-
TEMA, KOPUCTYIOUMCb TAaKMMW MNpParHEHHAMW, MPOMOHYE
3HUKEHHA LiHM Ha eNeKTPUYHY eHeprilo B nepiogm ii Haa-
JINLWWKY i NiABULLEHHA LiHM B nepiogu i aediymTy, Hagcuna-
oYM B TaKMi1 cnocib curHan KopucTyBayam LWOAO Nepiosis
nepeBaXKHOro (CNPUATANBOIO) BUKOPUCTAHHA eIeKTPUYHOT
eHeprii. BTim, HeABHe ynpaBAiHHA NONUTOM MOXe cnupa-
TUCS | Ha NPOMOHYBaHHA KOPWUCTyBayam iHLWKX beHedoiTis,
npo WO NTUMETbCA Aani. ABHe ynpasaiHHA NONWUTOM cnif,
PO3rNAAaTN AK CBOMO POAY «3anobiXKHUK» Y KPUTUYHI MO-
MeHTH, Konn aediunT enekTpuyHoi noTy>kHocTi B EEC 3a-
rPOXKYE ii CTIMKOCTI. 32 TaKMX YMOB 3aCTOCOBYHOTb NPAMi 06-
MEKEHHSA HaBaHTaXXEHHA |  HaBiTb  BUMKHEHHA
KOPWUCTYBauiB, OCKiZIbKM EHEeProcMcTema NpocTo He B 3MO3i
3a6e3neunTu iXHi NOTOYHI eHepreTUyHi noTpebu.
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3 ornaay Ha ue HalipalioHaNbHILWWM WAAX Y3rogKeHHA no-
NUTY 1M NPono3uLii Ha eNleKTPUYHY NOTYXKHICTb (enekTpoe-
Heprito) nonArae B KOMbHiHYBaHHI HEABHMX | ABHUX MeTOAiB
ynpasAiHHA NONUTOM, KONM Ha NonepeaHbOMY eTani Kopu-
CTYBa4iB 3a0X04YIOTb [,0 BUKOPUCTAHHA €/1EKTPUYHOI eHep-
rii B nepiogm ii HAQANNLLKY i 4,0 3MEHLUEHHA €NEKTPOCMOXKM-
BaHHA B nepiogn ii aediumnTy, a 32 BUHUKHEHHA KPUTUUHUX
CUTyaUil y nepenaBapiiHMX Ta aBapiiHUX pexxumax QyHK-
uioHyBaHHA EEC 3acTOCOBYIOTb ABHI METOAM NPAMOro yn-
paBAiHHA HAaBaHTAXKEHHAM.

MocTtaHoBKa 3apayi. 3 No4YaTKoM NOBHOMAcWTAbHOro po-
CilicbKoro BTOprHeHHsA B YKpaiHy BepudikoBaHi gaHi Wwoao
[OCTYMHUX TEeHEepyBa/IbHUX MOTYXKHOCTEN i3 3pO3yMminmx
NPUYMH € 3aKPUTUMM, ane Ha NiacTasi NybaikaLil y BiaKpu-
TUX AXKepenax MOXHa 3pobuTM BUCHOBOK, WO CTAHOM Ha
TpaseHb 2023 poOKy MNicAa MacoBaHMX aTaK Ha YKPAIHCbKyY
€HeprocMcTeMy BTpPaTU BCTAHOBJ/IEHOI MOTYXKHOCTI 3pOCAK
[0 27 BT [7]. Ha TMMYacoBO OKyMoBaHWUX TePUTOPIAX MiB-
OHA YKpaiHW 3a1MWnA0CcA YMMano reHepyBaabHUX YCTaHO-
BOK, 30KpeMa Ha 6a3i BJE. o Toro * Yepes cneuumdiky ene-
KTPOEHEepPreTMYHOro BMPOBOHUUTBA Ta PEKMMIB €/1eKTPO-
CNOXXMBAHHA He BCi AOCTYMHi reHepyBabHi MOTYKHOCTi MO-
KYTb OYTU 3any4YeHi N8 NOKPUTTA HABAHTAXKEHHA B KOXK-
HUIA MOMEHT Yacy. Yepes ue onepatopu MepexK 3a BUHUK-
HeHHA aediunTy NOTY)KHOCTI BAAIOTbCA A0 BiANOBUX Ta
€KCTPEHUX BUMKHEHb KOPUCTYBaYiB, 30Kpema nobyToBmx.

3a gaHMmun MiHeHepro ctaHom Ha 2021 piK YacTKa enekT-
pOCMoXKMBaHHA NOBYTOBMX KOPUCTyBadiB B YKpaiHi oLiHt0-
Banaca B noHag 30 % [8]. 3 noyaTKom noBHomMacLwTabHoOro
BTOPrHEHHA BHACNILOK CKOPOYEHHSA eNeKTPOCNOXNBAHHA B
NPOMMUCNIOBOMY | KOMEPLLIMHOMY CEKTOPaX EKOHOMIKM Cno-
KMBaHHA eNIeKTPUYHOI eHeprii B NobyTi BigHOCHO 3pocno i
CTAaHOM Ha noyaTok 2025 poKy ouiHeTbeA y 38 % [9]. Tox
NPOAYKTUBHE ONepyBaHHA TaKMM PeCypCOM A0AAE MOXK/IN-
BocTel 6anaHcyBaHHA OEC YKpaiHu.

B3anmky 2022-2023 pokiB NobyTOBUX KOpUCTyBayiB B YKpa-
iHi BUMUKaNKM 3a rpadikom Ha AeKinbKa roguH ABiYi-Tpuui
Ha £o6y. 3a noTpebu 3acTocoByBanuCA EKCTPEHi BUMK-
HeHHA. [Micha HaMNOTYXKHIWKMX aTak TpuBanicTb baekayTis
cArana ABox i 6inblue Ai6 3aneXHo Big, perioHy YKpaiHu.
Cxo¥a npaKTMKa 3actocoByBanaca i B 2024—-2025 pokax. He
BaXXKO 3pO3YMITH, WO MNicnA Bi4HOBNEHHA €/1eKTponocTa-
YaHHA NobyToBI KOpUCTyBadi BiabMpPatoTb Bif, eNeKTPUYHOT
MepeKi MaKCMMyM HeobXigHOI NOTYKHOCTI, KOMMNEHCYOUM
B TaKWI Cnocib BTpayeHi MOXAMBOCTI. AAK HacnigoK, Biaby-
BAETbCA Pi3KWUIA | HEKOHTPO/NIbOBAHUIM «HAKUAY» HaBaHTa-
YKEHHS, WO NpU3BoAMTb A0 36ypeHb Y 11 6e3 Toro Bpasimeii
eHeprocucTemi. TOXK HEPiAKMMK € MOBTOPHI BUMKHEHHSA.

Cnocrepiranuca M iHWi cutyau,ii. 3o0Kkpema, Yyepes ocobau-
BOCTi CUCTEM €/1EKTPONOCTAYaHHA YACTUHY KUTNOBUX Oy aAn-
HKiB, AKi Byn0 3axunBneHo Big 06’ekTiB KpUTUYHOI iHPpa-
CTPYKTYpM, HaNpuKAag TAroBUX MNiAcTaHUil 3ani3HuUUi abo
MiCbKOTO eNeKTPOTPaHCNOPTY, HE MOXHa ByN0 BUMKHYTH,
a BignoBigHO 11 YBIMKHYTM aBTOMaTUYHO — l0BOAM/IOCA 3a-
ly4aT KomMyHanbHi Komnanii, ronie OCBb Ta iHWKx ocib
AN KOMYTaLjii Taknx 06’eKTiB BpyUHy. I3 cyb’eKTUBHUX NpU-
UYMH Le He 3aBXAu 6yno npoaykTMBHO. OKpemi ByaAnHKM,

3HOB-TaKM Yepes 0cobAMBOCTI CUCTEM €/1eKTPONOCTaYaHHs,
BMMMKANN NOCEKLIMHO Ha pi3HMIA Yac. Yce ue npm3soaunao
[0 BUHMKHEHHA KOHONIKTHUX CUTYaL,il | BUCYBaHHA npeTe-
H3ili onepaTopam MepeK, He 3aBXKAM 06I'PYHTOBAHMX.

Takum cutyauism moxkHa byno 6 3anobirtn yepes onepaTu-
BHMUW aAanTMBHUI PO3MNOAiIN AOCTYNHOI NOTYXKHOCTI cepes,
KOPWUCTYBaYiB LWAAXOM ePEKTUBHOINO 3aCTOCYBAHHA  CMa-
PTAIMUABHUKIB (smart meters), iHTErpoBaHUX A0 LWNPOKO
PO3ropHYTUX CMAPTCUCTEM BUMipIOBaHHSA, 06/iKy Ta ynpas-
NiHHA eHeproBUMKOPUCTaHHAM (smart metering systems,
SMS), nobyaoBaHMX 3 BUKOPUCTAHHAM NepesoBuX TEXHO-
norin cMapTobniky (smart metering) Ta 3abe3nedyeHHA
rHy4kocTi nonuty (demand-side flexibility, DSF). FonosHe
3aBAAHHA NONATAE Y CTBOPEHHI NOBHODYHKLIOHANBHOIO iH-
CTPYMEHTAPI0 NIATPUMKN NPOAYKTUBHOI ABOCNPAMOBAHOI
KOMYHiKaLii eNeKTpMYHOI MepeXKi Ta KOpUCTyBadis 3agnA
3abe3neyeHHA rHY4YKOCTi NOMNMUTY, 30Kpema B ymoBax aedi-
uMTy noTy*KHocTi B OEC YKpaiHu.

HoBuit meToa HeABHOro ynpasniHHA NONUTOM Ha OCHOBI
npono3uuii goctynHoi noty*Hocti [10] nepenbayae one-
paTuBHe iHPOpPMyBaHHA KOXHOIO KOPUCTYBava Npo A0CTy-
NMHY B MEBHWMN MOMEHT [0 BWKOPWUCTAHHA MEepPCOHANbHO
HUM eNEeKTPUYHY MOTYKHICTb, WO MOXKe ByTU MmeHLWwoto abo
6iNbLUIOO 33 3aKOHTPAKTOBAHY B MeXKaX TEXHIYHOT 34aTHOCTI
€/1eKTPUYHOI MepeXKi 3 il 40CTaBNeHHA KopUCTyBayesi. Y Bi-
ANoBiAb KopucTyBay moxke 6e3yMOBHO BMKOPWUCTATM 3a-
NPONOHOBaHY MOTYXHICTb (aKLenT 3a yMOBYaHHAM 4yepes
HeABHWI 3BOPOTHUIA 3B’A30K Apyroro nopsaaxy) abo siamo-
BUTUCA Bif i BUKOPUCTAHHSA NOBHicTO abo YacTKOBO, NOBI-
AOMMBLLM NPO Le onepaTtopa 3 6oKy EEC (4epes aBHMI 3B0-
POTHMIA 3B’A30K NepLIOro NopsaaKy), 3o0Kkpema, B 0bMiH Ha
iHWi 6eHediTM, HaNPUKNAA 3axMCT Big, BUMKHEHb. PO3pob-
neHnn meton, 6asyeTbcA Ha BUKOPWUCTaHHI PO3LWIMpPEHOT
OBOCMPAMOBAHOI KOMYHiKaLii enekTpoeHepreTM4Hoi cuc-
Temun 6e3nocepesHbo 3 KOXHUM KopucTyBauyem (aboHeH-
TOM) Ha OCHOBI CMapPTAiIYMNbHUKIB €N1EKTPUYHOI eHeprii, AKi
iHTErpoBaHO A0 WMPOKO PO3rOPHYTUX Ha 3acafax B3aEMO-
3amiHHOCTI Ta  Kibepbe3neku cmapTcMcTeM BUMIPIOBAHHA,
06iKy Ta ynpaBniHHA eHeproBUKOPUCTaHHAM. HaABHIcTb
pOo3LWnpeHoi [LBOCTOPOHHbOI OMepaTUBHOI KOMYHiKaLil
[a€ 3MOry af,anTUBHO Nepepo3noAiNATA AOCTYMHY NOTYK-
HIiCTb MiXK yCiMa KOpMCTyBaYamMM Ha 3acagax Heynepeaxe-
HOCTi I CrnpaBeg/IMBOCTI 3 ypaxyBaHHAM iHAMBIAYaNbHMX
PeXXMMIB eNeKTPOCNOXMBaAHHA Ta 3abe3neuyntn onepatu-
BHe iHPpOpPMYyBaHHS 3aLiKaB/JeHUX CTOPIH NPO aKLenT npo-
Nno3uLii 4OCTYMHOI NOTY}KHOCTI, @ pO3p06AEHNI HOBUIA Me-
TOZ, HEABHOIMO YNPaBAiHHA MONUTOM CTBOPUTbL YMOBM ANA
ONTMMasIbHOTO Ta ePEKTUBHOTO BUKOPUCTAHHA AOCTYNHOI
MOTY}KHOCTI 3 ypaxyBaHHAM aKTya/lbHWUX NOTPeb KOXKHOro
KopucTyBaya. Lle 3abesneunTb HagiHe enekTponocTta-
YaHHA KOPUCTYBaYiB AK B yMmoBax AediLMTy NOTYKHOCTI, TaK
i B yMoBax ii HAAJMULWKY Ta CNPUATMME MiABULLLEHHIO NPoAY-
KTUBHOCTI BUKOPUCTAHHSA e/IeKTPUYHOT eHeprii, o BUpob-
NINETbCA reHepyBa/IbHUMM yCTaHOBKamM Ha 6a3i BAE.

KoHuentyanbHui nigxip Ao poss’asaHHA 3agaui [1, 10].
NiunnbHUK KOMepLiiHOro 06/1iKy eNeKTPUYHOI eHeprii € Yn
He €EAMHUM NYHKTOM, e KopucTyBay 060B’A3KOBO CTUK-
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HETbCA 3 e/IeKTpOMepeXKeto. IHIWKX MYHKTIB MOXe N He
6yT!, ane NiYNNbHUK € 3aBXKAM. JTIYNNbHUK eNeKTPUYHOI
eHeprii € 3p03yMinMm i 3BUMHUM 1A KOPUCTYBAYa BUMIptO-
Ba/ibHMM Mpunasom. Has’A3aHi onepaTopom mepexki iHLWi
€/1eKTPOTEXHIYHI 3aC06M MOXKYTb HEMOKOITM KOPUCTYyBaya,
AKLLO BiH He po3yMie BnacHoi noTpebu B umx 3acobax, ane
NiYUNBHUK € LiNKOM NPUAHATHUM A1 KOPUCTYBaYa i He BU-
K/IMKAE Y HbOro HeaoBipn. JTIUNNbHUK eNeKTPUYHOI eHepril
Ma€ NpUpPOAHE XKUBJIEHHA Bif, €IEKTPUYHOI MepeXKi, TOX
CMapTNYUABHUK eNIeKTPOEHEPrii MOXKe CyryBaTh XOCTOM
Ana ob6’egHaHHA NiYUNBbHUKIB iHLWWX eHeproHociiB (Tenna,
BOAM, a3y TOLLO), @ TAKOXK PO3YMHMX NOBYTOBUX Npuaasis
(cuctemn  KOHAMWLIIOBAHHA MOBITPA, €NeKTPoOoNnaneHHs,
eNeKTPUYHi BogoHarpiBayi, NpasbHi Ta NOCYAOMMUIAHI Ma-
LWMHW, XONOANNBHUKMU, TENEBI3OPU i T. iH.) B EAUHUN iHOP-
MaLiMHO-KOMYHIKaLilMHMIA BY30/1 — Ue 3araabHOBIAOMO.
Came 3 UnMX NPUYMH CMAPTNIYNUABHUKN €N1eKTPUYHOI eHeprii
BapTO BUKOPUCTOBYBATU A5 KOMYHiKaLil MiX KOpUCTyBa-
Yem Ta eNIEKTPUYHOK MEPEIKELD.

CMapTAiYUABbHUKM MPAMOTro BBIMKHEHHSA (@ came TaKi cma-
PTAIYMNBHUKM 333BMYAI 3aCTOCOBYHOTHCA A/1A KOMepLin-
HOro 061Ky eNeKTpUYHOI eHeprii, Lo CNoXKNBAETbCA Noby-
TOBMMM KOpUCTyBayaMun B 6araToKBapTUPHUX ByANHKaXx)
34e6i/1blIOro OCHALWEHO IHTEFPOBAaHMMM BUMMKAYaMU, L0
[.a€ 3MOry 3a NEBHUX YMOB BUMKHYTU / YBIMKHYTU HaBaHTa-
YKEHHA AUCTaHLiMHO abo B aBTOMaTUYHOMY pexkumi. Cmap-
TNIYNNBHUKM TPaHCHOPMATOPHOro BBIMKHEHHSA (30Kpema,
3aCTOCOBYHOTbCA A1 KOMEpPLINHOro obniky enekTpuyHoi
eHeprii, WO CMNoXKMBAETbCA DaraTOKBapTUPHUMU ByauH-
Kamu Ta NpMBaTHUMM LOMOrOCNoAapCTBAMM) MOXKYTb BYTH
ONUiOHAaNbHO OCHALLEHi pene ynpaBaiHHA HaBaHTAaXEHHAM,
LLLO KEPYE 30BHIWHIMM BUMUKa4amun. CMapTAiunAbHUKM do-
pmytoTb NPodisb HaBaHTAXKEHHA KOPUCTYBaYa, BUMIPIOIOTb
MOTYKHICTb, LLO BUKOPUCTOBYETLCA KOPUCTYBAYEM Yy KO-
HUI MOMEHT Yacy, i GiKCYlOTb MaKCMMabHY MOTYXKHICTb,
AKy 6yN0 BUKOPUCTAHO KOPUCTYBAYeM 33 KOXKHWUI nepiog,
KOHTpOA0. 32 AONOMOrOK CMapTNiYMIBHUKIB MOXKHA 3a-
NPorpamMyBaTM MaKCUMaNbHY EIEKTPUYHY MOTYXKHICTb abo
MaKCMMaJIbHY CUNTY eNeKTPUYHOIO CTPYMY, AKi J03BOJIEHO
[0 BUKOPUCTAHHA KOPUCTyBayeM, @ TaKOXK BUMKHEHHA KO-
pucTyBaya B pasi NepeBuLLEHHSA YCTaBKU.

3 ornaay Ha BUKNageHe BuLLEe O0LiIbHO peanidyBaTu y CMa-
PTAIYMNBHUKAX OMEepaTMBHWUIA Mepepo3nodin Ta AUCTaH-
LiiHe NporpamyBaHHA 403BO/IEHOT 0 BUKOPUCTaHHA NOTY-
JKHOCTI BMXO4AYM 3 AOCTYMNHOI Ha MOTOYHWUMA MOMEHT
notyxHocti EEC abo paloHy eneKkTpUUYHUX Mepex.
O60B’513KOBOI0 YMOBOIO € BifobpakeHHA Uiei iHpopmauii
Ha NoKasyBa/ibHOMY MPUCTPOi CMapPTAiYMAbHUKA | 3acobax
OUCTaHUiMHOro 34MTyBaHHA iHopmauii 3i cmapTaiumnb-
HWKa, AK-OT BigdaneHi aucnnei cnaitaiununbHuUKiB (split
meters), BHYTpilWHbOOYAWHKOBI aucnnei (in-home displays,
IHD), cMapTdOHM TOLLO, MOXKAUBO, CYNPOBOAKYBaHi 3BYKO-
BUM CUTHANIOM 3 METO ONepaTUBHOro 1 HagiltHoro iHdop-
MYBaHHA KOPWUCTYBaya MPO NOTOYHI NapameTpu peXUMIB
€IeKTPOCMNOXMBAHHA Ta ODMENKEHHA MOTYXKHOCTI. 3a Ta-
Koro nigxoay no 6anaHcysaHHa EEC KopucTyBaya He BUMM-
KaloTb, @ MPOMOHYOTb MOMy BMBIp MiK 0bMexkeHHAM abo
BMMKHEHHAM Yy pasi nepeBULLEHHA A03BO/IEHOI, a 3a dak-
TOM ZOCTYMHOI, Ha Le MOMEHT NOTy*KHOCTi. Kpim Toro, wo

NPUMAHATTA PillEHHA 3a/MWATUMETHCA 32 KOPUCTYBayem,
wo 6e3yMOBHO MaTMMe MO3UTUBHWUIN MCUXONOFIYHUI
edeKT, Takui nigxig cnpuaTMme yHUMKHEHHO 6araTbox npo-
6nem, HaBegeHUX BULE, | HAZACTb MOXKAMBICTL NOGYTO-
BOMY KOPMCTYBAyeBi CaMOCTIHO BM3HA4aTu NpioputeTy i
npuiMaTV BiANOBIAANbHI pPilLEHHS WOAO0 BMKOPWUCTaHHA
[,03BOMIEHOI came MOMY MOTYXKHOCTi B KOXHUA MOMEHT
yacy, Ha CBili po3cya Nepepo3noaiNAUM Lo NOTYXKHICTb Ta
eHeproBUTPaTH cepes CTPyMonpuinmadis. Y pasi aBTomatu-
YHOrO BUMKHEHHA KOPUCTYBaya Yepes nepesBuLLeHHA HUM
[,03B0OJIEHOI NOTYXHOCTI BiANOBiAaNbHICTb 3HOBY-TAKM MOK-
NafaTUMeTbCA Ha KOPUCTYBaya, WO AaCTb 3MOTY YHUKHYTH
KOHONIKTHMX cuTyaUilt. He byae notpebu 3anyyat oo Ko-
MyTaLi 6araTokBapTUPHUX BYAUHKIB NepcoHan, 30Kkpema
CTOPOHHIl, AKOMY Lie He BNacTMBO, WO NigBULWUTL piBEHb
eneKkTpobesnekn i 3anobiraTume HewacHUM BUMNaLKam.
BMMKHEHHA KOpUCTyBayiB 3a MNepeBuULLEeHHA O03BOJIeHOl
MOTY}KHOCTi 34iICHIOBAaTUMYTbCA aBTOMATUUHO.

Micna 36inbweHHA gocTynHoi noTyxHocTti EEC, wo aacTtb
HaroZy Bi4HOBWUTM €/1€KTPOMNOCTa4YaHHA KOPMCTYBaYiB y pasi
iIXHbOro 3HECTPYM/IEHHA paHiwe, NocTaHe NMUTAaHHA BBIMK-
HEHHA KOPWUCTYBaua, Lo 3 MipKyBaHb enekTpobesnekn He
3aBXAM Moxe 6yTu 3ailicHeHO aBTOMaTMYHO. Y UboMy pasi
Ha NYUNBHUK Ta NPUEAHAHI 4O HbOTO KOMYTYBa/bHi ana-
paTu Morke ByTW NoAaHO KOMaHAy Npo Po3b6/0oKyBaHHA Ta
MOXX/IMBICTb YBIMKHEHHA B py4HOMY abo HaniBaBTOMaTHy-
HOMY pexxumi 3a Bubopom KopucTyBaya.

BpelwTi-pewT, nig Yac 3anpoBagKeHHA obMexKeHb Kopuc-
TYBa4 MOXKe NPUNHATM pilleHHSA Woa0 A0OPOoBibHOIO 3Mme-
HLEHHS A03BOJIEHOI MOMY MOTYKHOCTI Ha KOPUCTb iHLIMX
KopucTyBadiB abo EEC, 3okpema B 06MiH Ha neBHi beHe-
biTM, HanpuKnag 3axucT Big, BUMKHeHb, abo 3anpocuTu go-
[aTKOBY NOTYXKHiCTb. Lle noTpebyBatume goaaTkosoro oy-
HKLIOHANy CMapTAiYMAbHUKIB | CMapTCUCTEM BUMIpPIO-
BaHHA, 06/1iKy eHeproBMKOPUCTAHHA Ta YNPaBAIHHA HUM.

TpuBianbHa matematnyHa moaenb [1, 10]. Mpunyctumo,
WO eHeprocMcTteMa B NOYaTKOBMI MOMEHT € 36anaHcoBa-
HOI0 i 33 Bi4CYTHOCTI 30BHILLHIX NepeTikaHb A0 Hei 3aCToco-
BHE KnacuyHe 6anaHcoBe PiBHAHHA:

N, N, N,
Z iy R"ex-ll = Z Cnmk Pcnom] + E Can PBI/lTp cnox; (1)

N, .

A€ Y25 Prey; — CyMapHa aKTUBHA NOTYXHICTb Ny, reHepy-

Baanmx YCTaHOBOK, LLIO BUPOBNAIOTL ENEKTPUYUHY eHeprito,
N,

KBT Z Cl'l0>|< PCHO}K

npme,u,Hame KOPUCTYBa4iB y MeXax [OroBipHoOi NOTYKHO-

NCHO)K
, KBT; E PBqu CIOOK

TYXKHOCTI MifZ, Yac AOCTaB/IEHHA eNeKTPUYHOI eHeprii Bif, re-
HepyBaNbHUX YCTaHOBOK Nnox KOpMCTyBayam
ENeKTPUYHUMU Mepeamm B MeXKax A0roBipHOI NOTYXKHO-
cTi, KBT. YHacnigok nopylueHHs 6anaHcy Yepes Buxig 3 naay
YaCTUHW reHepyBaibHWUX YCTAHOBOK, WO 3abe3neyyoTb BU-
pobiToK eneKkTpuYHoi eHeprii, Ta/abo NOLWKOAKEHHA eneK-
TPUUYHUX MepeX, WO peanisyloTb A0CTABAEHHA eNeKTpuY-
HOI eHeprii KopucTyBayam, piBHAHHA (1) NepeTBOPIOETLCS
Ha HepiBHIcTb (2):

— CyMapHe aKTUBHE HaBaHTaXeHHA Nyjqy

— CYMapHi BUTPATWN aKTMBHOI No-

N} N, N,
Z by R‘EHL < Z Cnom R:noxcj + Z CHO)K PBI/lTp -CIIO3K j# (2)
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Aae ZNreH PreHL
Ba/IbHWUX YCTAHOBOK, fKi 3anMwWwmnmnca B poboTi i AOCTYMHi
KopucTyBayam, KBT. HannpocTiwunm i Tpagnuinimm cnoco-
60M nosepHyTUCA A0 pPiBHAHHA (1) € BUMKHEHHA YaCcTUHU
KOpWCTYBauyiB, Npo Wo I 6yn0 3a3HaYeHO BULLE:

Nl'eH NCHO)K NCI'IO)K
Z PreHl Z Pcnom] + Z PBl/lTp cnoxj

_ ZNcan .BUMKH P _ ZNCHO)K .BUMKH P

j=1 Cl'lO}K] j=1 BHTpCl‘lO)K]

CyMapHa aKTMBHA NOTYXKHICTb N, reHepy-

(3)

N,
ae Z C“‘”KB“MKH Pcno)K CYMapHa aKTMBHA MOTYXHICTb Ccno-

MMBAHHA N oy sumics KOPUCTYBAYIB, AKUX BYN0 BUMKHYTO,

NC"O)K BUMKH
KBT; Z PBHTp CTIOMK

TYXKHOCTi Ha AOCTaBNEHHA eNneKTPUYHOI eHeprii N o sumn
KOpUCTyBayam, AKUX 6yN10 BUMKHYTO, KBT.

— CYMapHi BUTPATM aKTUBHOI No-

3aMiCTb BUMKHEHHA KOPUCTYBa4iB 3 METO BiAHOBAEHHA
6anaHcy NPOMOHYETLCA NEPEPO3NOAINNTM AOCTYMHY MOTY-
MKHICTb Cepes, YCix KOpMCTyBaYiB:

N/ N, N,
Z T PreHL - Z] mlmk Pc,nm}(] + Z CHO)K PB’I/ITp -CITO3K j# (4)

ae ZNC"O"‘ Pc’m,m] CyMmapHe aKTUBHe HaBaHTaXeHHA N ;qx
KOPUCTYBaYiB y MerKax [,03BONEHOI MOTYXKHOCTI, WO Biano-
BifA€ AOCTYMNHI aKTMBHIN MOTYXHOCTI N, reHepysanb-
HUX YCTaHOBOK, fAKi 3anuwunmvca B poboTi, KBT;

N,
Z] o PB'mpmmK CyMapHi BUTPATV aKTUBHOI MOTYXKHOCTI

nif, Yac AOCTaBNAEHHA eNekTpUYHOI eHeprii Ni;qy KOPUCTY-
Bayam nicaa aganTUBHONO PO3MNOAiNY AOCTYNHOI NOTYXKHO-
CcTi, KBT. AKWO KOpUCTyBay NepeBuLLyE [L0O3BOJIEHY OMY
€NeKTPUYHY NOTYXKHICTb, MOro aBTOMAaTUYHO BMMMUKAIOTH i
nicna nepeposnoAiny 3HOB AOCTYNHOI AKTUBHOI NOTYXKHOCTI
piBHAHHA 6anaHcy (4) HabyBae BUrnaay:

NI'SH j— NCl'[O)-K n NCHO)K n
Z PI‘EHL Z Pcnom] + Z PBl/lTp CIOXKj

_ ZNcan .BUMKH Pl

NCHO)K BUMKH !
j=1 CIOXK - Z P,

BUTP. CHO)K]

(5)

N,
ne Z o PC’H’O,K CyMapHe aKTMBHe HaBaHTaXKeHHA N.ox
KOPWUCTYBaYiB y MeXKax aKTya/IbHOi 03BOJIEHOI NOTYKHOCTI,
LLLO BifNOBIAAE [OCTYMHI aKTUBHI NOTYXKHOCTI NicnA BUM-
KHEHHA KOPUCTYBauiB, AKi NepeBULLNAM PaHille 403BONEHY

N, .
NOTYXKHiCTb, KBT; Z o PB’P’,TpCHMJ CyMapHi BUTPaTHN aKTK-

BHOI NOTY»XHOCTI NiJ, Y4ac A0CTAaBAEHHA eNIeKTPUYHOI eHeprii
Nepox KOPUCTYBaYaM, AKi 3aanwmnanca B poboTi nicnsa BUm-
KHEHHA KOPUCTYBaYiB, WO NEPEBULLMAMN PaHille A03BONEHY
NOTYXHICTb, Ta aAaNTUBHOIO PO3MNOAiNY 3HOB AOCTYMHOI aK-

N,
TMBHOI NOTYXHOCTI, KBT; Z e PC’HO,K] CyMapHe aKTu-

BHE HaBaHTaXKeHHA NCH(»K,B”MKH KOPUCTYBaYiB, AKUX Byn0
BMMKHYTO 33 NepeBULLEHHA paHille A03BONEHOI MOTYKHO-
CTI KBT ZNCHO)KBMMKH PB,wrp cno)x
NOTYXHOCTI Ha [AOCTaB/AEHHA eNeKTPUYHOI  eHeprii
N cosx sumxn KOPUCTYBa4Yam [0 iXHBOTO BUMKHEHHA 3a nepe-
BULLLEHHA paHile A03BO/EHOI MOTYXKHOCTI, KBT.

— CyMapHi BUTPaTN aKTUBHOI

[ns 3abesneyeHHA HOPMaAbHUX perKMmiB poboTn eHepro-
CUCTEMM Ta BUM3HAYEHMX 3HAYEHb MOKA3HWKIB AKOCTI

€/1eKTPONOCTayaHHA CMOXKWBaYiB Mae byTu 3abesnevyeHo
TaKOX 6aslaHC PeaKTUBHOI MNOTYXKHOCTI:

N, KPIT _ N N,
Zl riH+ QreH+KPl’Ii - Z Cmm QCHO)K] + Z CHO)K QBHTp -CIIOX 7

(6)

ne ZN””KP“ Qren+kpr; — CYMapHa peakTUBHA MOTYXHICTb
N enskpr FEHEPYBANIBHUX YCTAHOBOK Ta 3acobiB KomneHca-
Ljii peakTMBHOI NoTy»KHocTi (KPM), kBap; ZNC“"’“ anoxc] cy-
MapHa PeaKTUBHA NOTYXHICTb N o NPUELHAHUX KOPUCTY-

NCHO)K

ksap; X%y
PEaKTUBHOI NOTYXXHOCTI Nig, Yac AOCTABNAEHHA €NEKTPUUYHOI
eHeprii Big, reHepyBasbHUX YCTaHOBOK N« KOPUCTyBa4yam
eNIeKTPUYHMMN MepeXKamMn Ta KOMNeHcaLl,ii peakTUBHOI no-
TYXKHOCTi Y By3/1aX HaBaHTa*KeHHA, KBap. YHacnigoK nopy-
WeHHA 6anaHcy peakTMBHOI NOTYXKHOCTI Yepes BMXig 3 nagy
YaCTMHM reHepyBa/IbHUX YCTAHOBOK, WO 3abe3nevytoTb BU-
pOB6ITOK eneKkTpuYHoi eHeprii, Ta/abo NOLWKOAMKEHHSA enek-
TPUYHUX MEPEXK, LLO Peani3ytoTb A0CTAaBNEHHA eNeKTPUY-
HOI eHeprii KopucTyBayam, Ta/abo NOLWKOAXKEHHA 3acobis
KPI piBHAHHSA (6) NnepeTBOPHOETLCA Ha HEPIBHICTb (7):

BauiB., CYMapHi  BUTpaTH

QBI/ITp.Cl‘lO)Kj -

N} KPII N, N,
Zl_rem— QreH+KPl’[l < Z CHO)K QCHO)K] + Z CHO)K QBqu -CIIOXK 7

(7)
ne ¥, Nrerecp Qren+Kpr; — CYMapHa peaKTMBHa MOTYXKHICTb
NFeHJern reHepyBanbHUX YCTAaHOBOK Ta 3acobis KPMM, aki 3a-
nvwmnaunca B poboTi, keap. na 3abesneyeHHA HOPMOBAHOT
AKOCTi eN1eKTPONOCTaYaHHA KOPUCTYBaYiB BUKOHAHHA Oa-
NaHCYy peaKTMBHOI eHeprii mae 6yTn BpaxoBaHo niA Yac 6a-
NaHCcyBaHHA eHeprocuctemu. Toai (5) nepeTBoptoeTbes Ha:

N, N,
l‘eH Cl'lO)K n CI'IO)K n
Z PreHl Z Pcnom] + Z PBI/ITP CHOXj

_ ZNCHO)K .BUMKH Pl

NC]'IO)K BUMKH !
j=1 CIOK - Z P

Bl/lTpCHO)K]

(8)
ae ZN“” Pren; — CYMapHa akTMBHa NOTYXHICTb Nig, reHepy-
Ba/IbHMX YCTAHOBOK, fIKi 3anuwmnaunca B poboTi M AOCTYNHi
KOPUCTyBa4yaM, 30Kpema nicna nepesefeHHA YaCTUHU re-
HepyBaJIbHUX YCTAaHOBOK Y PEXWM reHepyBaHHA PeaKTUB-
HOT NOTYXHOCTi 3341 3ab6e3ne4yeHHA NeBHMUX 3HAYEHb No-
KA3HWKIB AKOCTI €NeKTPONOCTa4YaHHA KOPWUCTyBadiB, KBT.
PiBHAHHA (8) A0ONycKae HeobMeKeHy KifIbKICTb LIUKAIYHUX
iTepauiin ax go nosepHeHHﬂ 00 piBHsHb (1) i (6) nicna Bia-
HOB/NIEHHA aKTUBHOI 1 PEAKTUBHOT NOTYXKHOCTI, AOCTaTHLOI
Ana 3abe3neyeHHA HOPMOBAHUX 3HAYEHb MNOKA3HUKIB AKO-
CTi @1eKTponocTayaHHA BCiX NPUEAHAHMX KOPMCTYBAYiB Ha
[OroBipHUX 3acagax.

HaBepeHa matemaTuyHa moAenb € TPMBIaAbHOLO | He Bpa-
XOBY€E OOMENKEHHS, LLO BM3HAYAlOTbCA 3aKOHAMM nepea-
BaHHA Ta PO3MNOAiNy eNIeKTPMUYHOI eHeprii BHAaCNiA0K Winb-
HOTO B3AEMO3B’'A3KY MiXK PEXMUMHUMK MNapameTpamu,
30Kpema yepes 3aNeXkHiCTb BTPaAT aKTUBHOI Ta peaKTUBHOI
NOTY}KHOCTI BiZ, peXXMMy Hanpyru Ta CTpymy B €/IeKTPUYHIN
mepexKi. BTim, HaBegeHOi mogeni LiNKOM AOCTaTHbO ANA
BMK/IQZleHHA 3anponoHOBAHOIO MeToAy HEeABHOro ynpas-
NIiHHA NONUTOM B YyMOBax AediLnTy NOTYKHOCTI.
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Anroputm afanTUBHOIO PO3NOAiINY AOCTYNHOI eNeKTPUY-
HOI NOTYXXHOCTI cepep, KOpuctyBayiB. baok-cxemy anropwm-
TMY aJanTMBHOIO PO3MNOAINY AOCTYNHOT €NEKTPUYHOI NOTY-
JKHOCTI  cepef,  YCiX KOPMUCTyBauiB, MNPUEAHAHUX A0
€/1eKTPUYHOI MepeXxi, Ha YMOBax BiAMNOBIAHOCTI PiBHAHHIO
(8) nig yac pediumTy notyxHocti B8 OEC YKpaiHu HaBeaeHo
Ha puc. 1 [1, 10]. AKWO AOCTyNHa NOTYXKHiCTb reHepyBasib-
HUX YCTAaHOBOK [a€ 3mory 3abe3neynt HOPMOBaHi 3Ha-
YeHHA MOKAa3HUKIB AKOCTi €N1eKTPONOCTaYaHHA BCiX NPUEL-
HaHWX KOPWUCTYBa4iB Ha AOrOBIPHUX YMOBaXx, a/IrOPUTMOM
nepenbayeHo nepeBipKYy MOMKAMBOCTI PO36/IOKYBAHHA 1
HaZaHHA 403BOJ1y HA BBIMKHEHHSA paHille BUMKHEHMUX i 3a-
610KOBaHMX 32 NepPeBULLEHHA [03BOIEHOI NMOTYKHOCTI KO-
puctyBayiB. AKLLO X LA YMOBaA He BMKOHYETbCA, aNropuT-
MOM nepenbayeHO BM3HAYEHHA aKTyasibHOrO 3HAYEHHsA
[,03BOJIEHOT aKTUBHOI NOTYXHOCTi KOPUCTYBAYIB, WO BiANO-
BiJa€ LOCTYMHIN aKTUBHI NOTYXXHOCTI reHepyBanbHUX yC-
TaHoBOK. LLlopa3y nig, yac obuncneHHs g03BONEHOI 40 BU-
KOPUCTaHHA aKTUBHOI MOTYXKHOCTIi Mae 6yTM 3acTOCOBaHO
«3axMCHUW iHTepBan» 33418 YHUKHEHHA HEBM3HAYEHOCTI
Ha MeXi AOCTYMHOCTI aKTUBHOI NOTYXHOCTi reHepyBabHUX
YCTaHOBOK.

BcTaHoBNeHe akTyanbHe 3HAaYeHHA [03BOSIEHOI aKTUBHOI
NOTYXXHOCTI MepeBipAETbCA Ha BIANOBIAHICTb rPAHUYHMM
ymoBam GYHKLiIOHYBAHHA aAroputMmy, a came Ha nepesu--
LWEeHHA MiHIMaNbHOI aKTUBHOI NOTYXKHOCTI, AKY MOXe BUKO-
puUcTaTh CNomnsay. TaKy NOTYKHICTb BapTO BM3HA4YaTU BU-
XOZAYN 3 KPUTUYHOIO MiHIMYMY, LLLO BiANOBIAAE CYKYNMHOMY
HaBaHTAXKEHHIO CTPYMONPUINMAYIB, AKI 3a6€3NeuyroTb KUT-
TEQIANBHICTb NOBYTOBOro KOpMCTyBaya. AKWO aKTyanbHe
3HAYEHHA 4,03BO/IEHOI aKTUBHOI NOTY*KHOCTI He BiANOBigaE
KPUTUYHOMY MiHIMYyMy, NepeabayeHo BUXia, 3 anropuTmy i
M nepexif, A0 eKCTPEHUX BUMKHEHb KOPUCTYBAYiB. Y LibOMYy
pa3i BBAXAETbCA, LLO MOKAMBOCTI YHUKHYTU BMMKHEHHSA
KOPWCTYBaYiB BifCYTHI.

AKLLO aKTya/ibHE 3HAYEHHA A03BONEHOI aKTUBHOI MOTYXKHO-
CTi BigNoOBiAAE KPUTUYHOMY MIHIMYMY, NEPEBIPAETLCA MO-
KAUBICTb YBIMKHEHHA paHille BUMKHEHMX KOPUCTYyBauiB. 3a
NO3UTUBHUX Pe3yNbTaTiB NEPEBIPKM 3A4IMCHIOETbCA PO3610-
KYBaHHA 1 Ha4aHHA [03BO/Y Ha BBIMKHEHHA paHille BUMK-
HEHWX KOPUCTYBAYIiB i LMK/ NOBTOPIOETLCA. 3@ HEFATUBHUX
pe3ynbTaTiB NepeBipKM A03BOIEHA aKTMBHA NOTYXKHICTb A0-
BOANUTLCA NPUEAHAHMM KOPUCTYBaAYaM Yepes CMapTaivmb-
HUKM i B MOAANbLIOMY KOXHUM CMapPTAIYUIbHUKOM 34ilic-
HIOETbCA KOHTPO/Ib  MepeBULLEHHA KOpUCTyBayem
[0BeAeHOI 4,03BO/IEHOI NOTYXKHOCTI. 32 BUKOHAHHA KOpWUC-
TyBayem [A0BeAeHUX OOMeKeHb LMKN MOBTOPHETbCA. Y
pasi nepeBuULLEHHA A03BONEHOI NOTYXHOCTI CMApPTAiYn/Ib-
HUK aKTUBYE aBTOMATUUYHE BUMKHEHHA KOPUCTYBaYa.

OKpiM BUMKHEHHS KOpUCTyBaya 3a GaKToM nepeBuLLeHHA
[,03BO/IEHOI NOTYXKHOCTI anroputmom nepeabayeHo 610Ky-
BaHHA CMapTAiYMNIbHMKA KOPWUCTyBaya Micns BUMKHEHHS
BiZ, MOBTOPHOrO BBIMKHEHHS 3 METOL0 3anobiraHHA HEKOHT-
PO/IbOBAHUM «HaKMAAM» HaBaHTaXKeHHA. P03610KyBaHHA
BiAOYBAETLCA 32 KOMAHAOMD, LLO HAAXOAMTb HAa CMAPTAIYU-
/IbHUK Big, cMapTcmucTemu, abo 3a YaCOBOIO YCTABKOID, AKY
MoKe ByTV BU3HAYEHO, 30Kpema, Ha NPOrpPecuBHii OCHOBI.

Lle gactb 3mory, 3 04HOro 60Ky, YHUKHYTU BUMKHEHHS KO-
pVCTYyBaYiB Ha HEBM3HAYEHMI YaC, 3 iHLIOTO — BUMMUKATH KO-
pucTyBauyiB, AKi NepeBULLMAN J03BONEHY MOTYXKHICTb, NOC-
TYNOBO NOZOBXYIOYM YaC 3HECTPYMIEHHA KOpWUCTyBaya
NiCNA KOXKHOrO HAaCTYMHOrO NepeBULLLEHHA HUM A03BOEHOI
AKTMBHOI NOTY>KHOCTI.

P03610KyBaHHA CMapTAIYMIbHUKIB
i HaflaHHA A03BOIB paHille
BUMKHEHWM KOPUCTYBaYaM Ha
YBIMKHEHHA

[loCTynHa aKTMBHA NOTYXKHICTb
reHepyBasbHMUX YCTaHOBOK /103BO/IAE
3a6e3Me4nT HOPMOBaHY AKICTb
€/1eKTPONOCTa4aHHA NPUESHAHMUX
KOPUCTYBauiB Ha [JOroBipHUX
ymosax?

Tak

P03 paxyHOK [103B0/1€ HOi aKTUBHOI MOTYXKHOCTI
KOPUCTYBaYiB, LU0 BifNOBIAAE AOCTYMNHI aKTUBHIN
NOTY)KHOCTi reHepyBa/bHUX YCTaHOBOK

BipnosigHicTb fo3B0ONEHOT
AKTUBHOI NOTYXHOCTI KOPUCTYBaYiB
rPaHNYHAM yMOBaM
bYHKLiOHYBaHHA anroputmy

A IHghopmauin Npo BuMKHeHuUX i V
3a6/10K08aHUX KOPUCMYBaYie

BU3HAYEHHA MONAMBOCTI
YBIMKHEHHA paHille BUMKHEHUX i
3a610K0BaHMX 33 Nef

[03BO/IEHOI MOTYXKHOCTI
KOpUCTYyBayiB

[JoseneHHA A,03BONEHOT NOTY}KHOCTI 10 KOPUCTYBaYiB
Yepes cMapTiMMAbHUK PigeHb

cmapmeucmemu

PigerHe
cMapmaivunbHUKa

KOHTPOb NOTY»HOCTI KOpUCTyBaya
CMapTAIYUNBHUKOM: NEPEBULLIEHHA
A03BO/IEHOI NOTYXHOCTI?

B i 610Ky yBil
yepes CMapTAIMMALHUK

'

®opmyBaHHA iHPOpMaLi NP0 BUMKHEHWX i
3a6.,10K0BaHMX 33 NePeBULLEHHA A03BONEHOT
NOTYXHOCTi KOPUCTYBayiB

KopuCTyBaya

Puc. 1. Anzopumm adanmueHo2o po3nodisny docmynHoi
eneKmpuyHoi nomyxcHocmi ceped Kopucmyesauie

3apns 3abe3neyeHHA MOXK/NBOCTI BTiZIEHHA 3aNpPOMNOHOBa-
HOi KOHUenuii 3abe3nevyeHHA THYYKOCTi MOMUTY B yMOBax
AediunTy NOTYKHOCTI, 30KpemMa ycTasieHoi peanisauii anro-
PUTMY a4anTUBHOIO PO3MOAiINY AOCTYNHOI eN1eKTPUYHOI No-
TYXKHOCTi cepeg, KOpUCTYBaYiB, CMaPTAIYNAbHUKN eNeKTpu-
YHOi eHeprii Ta CMapTCUCTEMM BUMIPIOBAHHA, 06AiKy
€HEeproBUKOPUCTAaHHA Ta YNpaBAiHHA HWMM MOBWHHI
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BiAnoBigaTM yHipikoBaHMM TEXHIYHMM BMMOram i BMpoOBa-
J)KyBaTMCA Ha 3acagax B3aemo3amiHHoCTI (interchange-
ability) Ta kibepbesneku (cybersecurity). Ona BU3Ha4yeHHsA
TAKMX TEXHIYHUX BMMOr BAPTO MNpPOAHa/i3yBaTU AOCBIg,
snposagkeHHA ACKOE B OPE YKpaiHu, a TaKoX [,0CBig po-
3ropTaHHA cMapTcucTemM 061iKy B AeprkaBax — uneHax €C.

AHani3 BnpoBagxeHHa ACKOE B OPE YKpaiHu. Pe3ynbtatn
BNpoBagKeHHA Ta 3actocyBaHHA ACKOE B OPE YkpaiHu age-
TaNbHO BUCBIT/IEHO B [3, 4]. B ymoBax 6araToKkpaTHOro 3po-
CTaHHA KiNbKOCTi rpaBLiB PUHKY i BUKOHYBAHMX HUMU PO-
neit [11] 3a paxyHOK BUXOAY Ha PUHOK KBanipikoBaHUX
KopucTyBauis onepaTtop puHKY (OP) nig 4ac y3rogyKeHHs
ob6cariB Kynieni — Nnpoaaky enekTpoeHeprii 1 ¢opmyBaHHA
NPOrHO30BaHWX e/leKTpoeHepreTMyHux 6anaHcis, a OCI
nif, Yac KOHTPOO BUKOHAHHA Y3rOAXKEHUX PEXUMIB BUPO-
6iTKY 1 CNOXKMBAHHA eNeKTpoeHeprii B peasibHOMY Yaci, Ma-
I0Tb CMMPATUCA HA TOYHI, NOBHI, LLiNICHI, AOCTOBIPHI Ta aKTy-
aNbHi AaHi 067iKy. MNpu LbOMY AOCTOBIPHICTb NiACYMKOBOrO
eneKktpoeHepretuyHoro 6anarHcy OEC YkpaiHu 6e3nocepe-
AHbO NOB’A3aHa 3 AOCTOBIPHICTIO HanaHCiB KOXKHOrO OKpe-
moro OCP.

Came ToMy pe3y/ibTaTUBHE 3aCTOCYBaHHA CMapTCUCTEM BU-
MiptoBaHHA, 06/1iKy eHeproBUMKOPUCTAHHS Ta YMpPaB/iHHA
HUM CbOrOAHI BUMArae imnaemeHTaLii B YKpaiHi HU3KM MiXK-
HAPOAHWUX CTAHOAPTIB, YAOCKOHANEHHA HOPMATUBHOMO W
MeTpOo/IoriyHoro 3abesneyeHHs, a TAKOXK PEKOHCTPYKLi 4i-
toumx ACKOE, wo cnpAamoBaHo Hacamnepes Ha AOCATHEHHA
ix B3aemocymicHocTi (interoperability), niaBuWEHHA HaAjin-
HOCTI, @ TaKOX 3abe3neyeHHs TOYHOCTI, MOBHOTU, LiNiCHO-
CTi, LOCTOBIPHOCTI Ta aKTyanbHOCTi AaHWUX 06NiKYy 3 MeToto
Y3rogsKeHHs B peasbHOMY 4aci npouecis BUPObAEHHA Ta
BUKOPUCTAHHA €NEeKTPUYHOI eHeprii B mexax KoHuenuii
Smart Grid [12].

AHani3 po3ropraHHA cmapTcuctem o06niKy eneKTpuyHoi
eHeprii B gep)aBax —uneHax €C. Y mexax imnnemeHTau;i
No/sIOXKeHb TPEeTbOro eHepreTMYHOro naketa €sponencb-
Koto Komicieto (EK) we B 2009 poui 6yno nepenbayeHo 3a-
XOAM WOAO0 WMPOKOro posropTaHHa SMS [13]. CmapTcuc-
TEMU PO3rNALATLCA HE ANLLE AK TeXHIYHMM 3acib obniky
e/leKTpoeHeprii Ta KOHTPO/IO MapameTpiB PEXUMIB efleKT-
POCNOXKMBaHHA, @ NepeayCim AK NOTYKHUM IHCTPYMEHT aa-
PECHOro BN/ANBY HA eHepreTUYHy NoBeAiHKY KOXHOr0 OKpe-
MOFO KiHLEBOrO CMOXMBa4ya 3 METO CKOPOYEHHSA
€HEeprocnoXmnBaHHA Ta NiABULLEHHA ePEKTUBHOCTI BUKOPU-
CTaHHA eNeKTPUYHOI eHeprii. 3 uboro Nornagy HauioHanb-
HUM ypsfaMm, y cnisnpaui 3 6isHecom, rpoMagAaHCbKUMM
acouialiamuy Ta iHWKMMM 3aLLiKaBN@HMMW CTOPOHAMM, byno
pPEeKOMEH0BaHO BUABATM M MOLWMPIOBATM NPUKAAaN ede-
KTUBHOI NPaKTUKM 3aCTOCYBaHHA cMapTanaikaLii woao ob-
NiKy eNeKTpoeHeprii Ta BXXMBaTU BiANOBIgHMX 3aX04iB 3 Nig-
BULLEHHSA PiBHA CYCMiNbHOMO YCBiAOM/IEHH, K HEBIA EMHOT
YMOBM ANA WMPLWIKX AiA 33 NiACYMKaMKW BNPOBaAKeHHA
Smart Grid-texHonoriii. MiHiMmanbHi TexHi4yHi BUMOrM A0
SMS, a TaKOK YMOBM iX PO3ropTaHHA AETa/sibHO BU3HAYeHO
8 [14].

Jocsig po3ropTaHHa SMS y aepaBax —uyneHax €C [15-20]
00BIB MEPCMNeKTUBHICTb MPUNHATOI cTpaTerii. BoaHouyac

6yn0 BUABNEHO HU3KY NPOraauH i Bpa3/IMBOCTEN, TOXK BOHa
notpebye BAOCKOHaneHHA. Hacamnepeps, iaeTbcs npo 3a-
6e3neyeHHsA B3aeEmocymicHocTi (interoperability), a BpewTi-
pew — B3aemMo3aMiHHOCTI (interchangeability) cmapThniun-
NIBHUKIB eNeKTPUYHOI eHeprii, 30Kpema 3 meToto 3abesne-
YeHHA CNaAKOBOCTI Nig, Yac PO3ropTaHHA Ta PO3BUTKY SMS
[19]. MunbHiwy yBary cnig NpUAINMTA NUTaHHAM Kibepbes-
nekwu (cybersecurity) SMS [20] Ta po3BUTKY iHTepdeiiciB Ko-
puctyBauis [16]. O4HMM i3 YMHHWKIB, LLLO CTPUMYIOTb PO3rO-
pTaHHA SMS, BU3HAHO TAaKOX PerynaTopHi obmeKeHHs.

[Jocsig posroptaHHa SMS B EC 6yno BpaxoBaHO, 30KpeMma,
nig Yac NPUNHATTA «HoBoi EnekTpuuHoi Anpektusmn» (New
Electricity Directive) [21], BignoBigHO A0 AKOi AepKaBu-
Y/IeHM NOBWHHI 3a6e3neunTn ycix beHediuiapiB MOXAUBI-
CTIo B By Ab-AKMIN MOMEHT NOBHOM MipOK CKOPUCTATUCA [,0-
CTYMHUMM NPOMNO3ULLIAMU KOHKYPEHTHOIO PUHKY eN1eKTpu-
YyHOi eHeprii. 3 uieto meToto HeHediuiapu maTb 6yTU
OCHaLeHi SMS 3 MOXAUBICTIO AOCTYNY A0 AMHAMIYHUX LiH
Ha enekTpoeHeprito. Kpim Toro, ix cnig 6e3nocepeHbo Ta
perynapHo iHdopmyBaTM nNpo Mponosuuii Ta 3aouwa-
O)KEeHHA, AOCTYMHi HA KOHKYPEHTHOMY PUHKY, a TaKOX Ha-
JaBaTu im JOMOMOry A4 pearyBaHHA Ha PUHKOBI MPONO3u-
Lii Ta OTPMMaHHA BUroAM Bif HUX. CmapTcuctemun obniky
PO3LUMPIOIOTb MOXKIMBOCTI KOPUCTYBaYiB, OCKiNIbKM Aal0Tb
3MOry OTPUMYBATU TOYHMI Ta MaliXKe B peXXumi peanbHoro
Yyacy 3BOPOTHUI 3B’A30K LLOAO iXHLOTO CMOXMBAHHA abo
BMPOOHMLTBA eHeprii, @ TaKOXK Kpalle KepysBaTu BAACHUM
CMOXKMBAHHAM, 6paTy yyacTb y Nporpamax ynpasaiHHA no-
MUTOM 11 OTPMMYBATU BUrOAM Bif, HUX Ta iHLIWX NOCAYT, @ Ta-
KOX 3MEHLLYBaTN paxyHKK 3a enektpoeHeprito. Cmaprteuc-
Temn 06niKy Takox patoTb 3mory OCP matm Kpauy
BUAUMICTb CBOIX MEpPEeX i, AK HACNIAOK, 3SMEHLUMUTM BUTPATH
Ha ix ekcnlyaTauito Ta o6cnyroByBaHHA 1 NnepeaaTty Ui 3a0-
WAKEHHA CMOXMBAYAM Y BUTNALT HUXKUMX TapudiB Ha po3-
noain.

Bu3HauyeHHA roNIoBHUX Linei Ta GopmynioBaHHA 3acag, i
6a30BUX NPUHLMNIB PO3PO6/E€HHA, PO3ropTaHHA Ta 3a-
CTOCYBaHHA CMapTCUCTEM BUMIPIOBAHHA, 061iKy eHepro-
BMKOPUCTAHHA Ta YNPaBAiHHA HUM ANA 3a6e3neyeHHA
rHYYKOCTi NONuUTy AeTanbHo onucaHo B [1, 10]. Cepegp, iH-
LIOro, PEeKOMEeHAO0BAaHO aKTMBI3yBaTW [AOCHIAMKEHHA Y
chepi TexHonorii cmapTobniky, 3oKkpema PLC-TexHOOriN,
TEXHOOriM CUMHXPOHIi3aLii BMMIiptOBaHb, Kibep3axucry
TOLWWLO; iIMNAEMEHTYBATU CTAHAAPTN CMapTObNiKy Ta 3abe3-
neyeHHA rHYYKOCTi NONUTY 3 ypaxyBaHHAM ocobimsocTein
HaUiOHANbHOT eN1eKTPOEHEPTETUKN, A0PODHOK YKPaATHCbKUX
HAYKOBL,iB Ta IXHbOIO FrapMOHi3aLi€to 3i cTaHaapTamm €C;
po3pobuTK Ta 3aTBEPAUTM PO3LUMPEHI TEXHIUYHI Ta OYHKL-
OHaNbHI BUMOTM A0 CMapPTAIYUIbHUKIB €1eKTPUYHOI eHe-
prii, a TAKOX 40 CMapTCMCTEM BUMIpOBAHHA, 06/iKy eHe-
ProBUKOPUCTAHHA Ta ynpasBAiHHA HMM B YKpaiHi 3a
rapMoHi30BaHMMM HaLiOHAZIbHUMWN CTaHAApTamK; 3abes-
MeynTu NPOEKTYBAHHA Ta BUPOBHULTBO CMapTAiYUIbHU-
KiB €N1eKTPUYHOT eHeprii, a TaKOX CKIaf0BUX CMApPTCUC-
TeM BWMIpIOBaHHA, 06/iKy €HeproBUKOPUCTAHHA Ta
YyNpaBAiHHA HUM B YKpaiHi 3@ rapMOHi30BaHMMU HaLioOHa-
NIBHUMUK CTaHAAPTAaMK; PO3NoYaTU MOAEpPHi3aLilo eneKkT-
PUYHUX MepexK, nepeayciM BHYTPIWHbOOYAMHKOBUX
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MepeXK 3acTapinoro *}utnosoro ¢oHay 3 meToto 3abesne-
YEeHHA MOXNMBOCTI imnnemeHTauii nposigHMx PLC-TexHo-
nori cmapTobAiky; aganTyBaTu perynatopHy 6asy B chepi
BUKOPUCTAHHA e/IEKTPUYHOI eHeprii 40 NepesoBUX TEXHO-
norin cmapTobniky Towo. Hesia’emHo yMOBOO Npoayk-
TUBHOrO BMNPOBAaAXKEHHA TA 3aCTOCYBaHHA 3aMponoHOBA-
HOroO MeToAy HEeABHOro YMpaBfiiHHA MOMUTOM TaKOX €
KOPUIYBaHHA CMNOXWBYOI MOBEAIHKM M 3anpoBagKeHHA
KY/IbTYPWU €HEProBMKOPUCTAHHA.

FHy4KicTb nonuTy vs HecTabiNnbHOCTI BUPOGITKY eneKkTpu-
YHOI eHeprii po3ocepeaeHUMU reHepyBaibHUMU yCTa-
HOBKamu Ha 6a3i BAE. MNepcneKkTMBHe 3aCTOCyBaHHA BU-
KNafeHUX  KOHLEeNnTyalbHUX  NiaxodiB  nonArae y
BMKOPUCTAHHI rHy4yKocTi nonuTy ana 6anaHcysaHHA EEC B
YMOBax HecTabinbHOCTI BMPOOITKY eneKTpuyHoi eHeprii
reHepyBaibHUMW yCTaHOBKaMu Ha 6a3i BAE. Ak yxKe 3a-
3Hayvanocs suue, OEC YKpaiHu 6a3yeTbcA Ha reHepyBaib-
Hux noTty»kHocTtax AEC i TEC. Cepen TEC nepeBaxatTb
eNeKTPUYHI CTaHLil, Lo NpaLoloTbh Ha KaM’'sHOMY BYTiNAI,
A5 AKMX Yac BBeAEHHA B pOob6OTY CTaHOBUTH Big, 2 2,0 4 rop,
AR TapAYoro NycKy; XoNoAHWM 3anyck Nicns TpuMBasoro
npocToto noTpebye 6—8 roguH. Micna 2014 poKy YacTUHY
6nokis TEC 6yno nepeseseHo Ha poboTy Ha Bypomy By-
rinni, xonogHM nyck Akux notpebye 9—15 roa. Tox y pasi
3yNMHKM abo HaBiTb NnepeBeaeHHA 6nokis TEC y rapsaumm
peseps, y pa3i panToBOro NPUNUHEHHS BUPODITKY enekT-
PUYHOI eHeprii reHepyBa/JibHUMW YCTAaHOBKamMM Ha 6asi
BAE, wo 4YacTo cnoctepiraeTbca, YKpaiHCbKa eHeprocuc-
Tema MpoCTO HECMPOMOXKHA 3aMOBHUTK «MPOBaan» Ten-
JIOBOIO MaHeBpeHO reHepauieto. 3Bigcn pobumo npoc-
TUW, ane Ba)KNIMBUMA BWUCHOBOK: BiAHOBNOBAJIbHA
reHepauia 6anaHCy€eTbCA BUKAKOYHO FHYYKICTIO NONUTY, WO
6a3yeTbcA Ha NPOAYKTUBHIM Ta onepaTUBHIl ABOCTOPOH-
Hi KOMYHiKauii cno)KmMBaya 3 eNeKTPUYHOI MeperKer
(eHeprocuctemolo).

3 peanisauieto 4OAATKOBUX TEXHIYHMX Ta QYHKLIOHANBbHUX
BMMOT 40 CMAPTNIYMIbHUKIB eNeKTPUYHOI eHeprii Ta cmap-
TCUCTEM BUMIPIOBAHHA, 06N1iKy eHEepProBUKOPUCTaHHSA Ta yn-
paBAiHHA HMM BapTO AOCNIAUTN PO3BUTOK 3aMPOMNOHOBA-
HOrO aNropuTMy aganTUBHONO PO3MOAINY [OCTYMHOI
€/1eKTPUYHOI MOTY}KHOCTI cepes, KopucTysadis (puc.1) B
ymoBax HecTabinbHOCTi BUPOBITKY eNeKTpUYHOT eHeprii re-
HepyBa/ibHMMM yCTaHOBKaMu Ha 6a3i BAE i 6anaHcyBaHHA
EEC pecypcom rHy4kocTi nonuty (puc. 2).

MichAa poBeaeHHA [03BOJIEHOI MOTYXKHOCTI KOPWUCTYBad
MOKe BiAMOBUTUCA Bif, 4YaCTUHWN A03BONEHOI NOTYXKHOCTI Ha
KOPWUCTb, 30Kpema, iHWWX KOPUCTyBayiB, Hanpuknag nig,
yac peer-to-peer TOpriBni eneKTPUYHO eHeprieto, abo eHe-
procuMcTemu nig yac TOprisAi NOCAYramm Ha PUHKY eleKTpu-
YHOI eHepril.

KopurcTyBau TakoX MaTUMe MOXKAMBICTb 33 NoTpebu 3anpo-
CUTW AOAATKOBY A,03BOJIEHY MOTYXKHICTb B eHeprocucTemm
abo B iHWKX KopucTyBayiB. KomepLiliHi po3paxyHKM 3a Ha-
OaHi Ta OTPUMaHI eNeKTPUYHY eHeprito Ta NOCNYrn MOXKe
6yT\ peanizoBaHO B rpOLLOBOMY €KBiBasieHTi abo 3a NpwuH-
umnamu net metering.

P036710KyBaHHA CMApPTAIYMIBHUKIB
i HaaaHHA [03BONIB paHile
BUMKHEHWM KOPUCTyBauam Ha
YBIMKHEHHA

JloCTyNHa aKTUBHA NOTYXKHICTb

reHepyBasbHWUX YCTaHOBOK /103BO/IAE
3a6e3ne4nTi HOPMOBaHY AKICTb
€1 eKTPONOCTAaYaHHSA NPUEAHAHNX

KOPUCTYBaYiB Ha A0roBipHUX

ymoBax?

Tak A

3anum abo

Po3paxyHOK [,03B0/1€ HOi aKTUBHOT NOTYXKHOCTI
KOPWCTYBauiB, L0 BifNOBIAAE AOCTYNHIN aKTUBHI I
NOTY)KHOCTi reHEpYBa/bHIUX YCTAHOBOK

nomyxcHocmi

BignosigHicTb fo3BONEHOT
AKTUBHOI MOTYYKHOCTI KOPUCTYBaYiB
rPaHNYHAM yMOBaM
DYHKLiOHYBaHHA anroputmy

IHghopmayis Mpo eumMKHeHuUX i V
306/10K08aHUX KOpUCMYBaYie

Bu3HaueHHA MOXAMBOCTI
YBIMKHEHHA paHille BUMKHEHMX i
3a6/10KOBaHMX 32 Nep

03BONIEHOI NOTYXHOCTi
KOpUCTYBayiB

[loBeileHHA A03BO/IEHOT MOTYXHOCTI 10 KOPUCTYBaYiB
Yepes CMapTAIHUbHUK PigetHb
i cmapmcucmemu

PigeHb
CMapmaivuIbHUKA

3anpocuTH 3MiHEHHA J,03BO/IEHOT
MOTYXKHOCT ?

3anum abo
nponosuuis
nomyxcHocmi

KOHTPO/Ib NOTYKHOCTi KOpUCTyBaya
CMAPTAIYMABHUKOM: NEPEBULLIEHHA
[03BO/IEHOI MOTYXXHOCTI?

B i 60Ky ysi
Yepes CMapTAIHMAbHUK

'

DdopMyBaHHA iHbOpMaLLii PO BUMKHEHMX i
3a6/10KOBaHMX 33 NePEBMUILEHHA 403BONEHOT
NOTYXXHOCTI KOPUCTYBaYiB

KopucTyBaya

Puc. 2. Anzopumm adanmusHo2o po3nodiny docmyn-
Hoi enekmpu4HOi momyxcHocmi ceped Kopucmysadie
8 ymosax HecmabinbHocmi 8upobimKy enekmpuyHoi
eHepeii po3ocepedieHUMU eeHepy8asnbHUMU ycma-
Hoskamu Ha 6a3i BAE

HaykoBa HoBM3Ha nonArae B po3pobaeHHi HOBOro metoay
HeABHOrO ynpas/liHHA NONUTOM Ha OCHOBI Npono3uuii ao-
CTYMHOI NOTYXKHOCTI, WO BiZ3HAYaETbCA ONEPATUBHUM iH-
dopMyBaHHAM KOpWUCTyBaya MNpo [AOCTYNHY B MNEBHUMN
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MOMEHT [,0 BUKOPUCTAHHA NEPCOHAIbHO HUM ENIEKTPUYHY
NOTYXKHICTb, AKa MOXe b6yTn meHwoto abo binbloto 3a 3a-
KOHTPAKTOBAHY B MeXax TEXHIYHOI 34aTHOCTI eNIeKTPUYHOI
Mepexi 3 il 4,oCTaBNeHHA KopUCTyBayesi. Y Bignosiab Kopu-
CTyBay Moxke 6e3yMOBHO BUKOPMCTaTK 3aNpPONOHOBaHy no-
TYXKHICTb (aKLEenT 3a yMOBYaHHAM Yepes HeABHUI 3BOPOT-
HWI 3B’A30K Apyroro nopagkKy) abo ceigomo BigMmoBUTUCA
BiZ, Tl BUKOPUCTAHHSA MOBHICTIO ab0 YaCTKOBO (Yepes ABHUI
3BOPOTHUI 3B’A30K NepLUIOro NopaAgKy), 30Kpema, B 06MmiH
Ha iHWi 6eHediTN, HaNPUKNAL 3aXUCT Big, BUMKHEHb. Po3-
pobaeHnn metos 6a3yeTbCA Ha BUKOPUCTAHHI po3WwmMpeHol
ABOCMPAMOBAHOI KOMYHiKaLii enekTpoeHepreTM4yHoi cuc-
Temun 6e3nocepesHbO 3 KOXKHUM KopucTyBayem (aboHeH-
TOM) Ha OCHOBi CMapPTAIYUNbHUKIB €N1eKTPUYHOI eHeprii, AKi
iHTErpPOBaHO [0 WIMPOKO PO3rOPHYTUX Ha 3acajax B3aEMO-
3aMiHHOCTI Ta Kibepbe3nekn cmapTcMcTeM BUMIPHOBaHHA,
061iKy €HeproBMKOPUCTAHHA Ta ynpaBaiHHA HMM. Hass-
HICTb PO3LMPEHOI ABOCTOPOHHbLOI ONEPATUBHOI KOMYHiKa-
Lii ga€e Harogy aganTMBHO Nepepo3noLinAT! AO0CTYMNHY no-
TYXHICTb MK yCima KOpMCTyBa4aMM Ha 3acagax
HeynepeaKeHOCTi 1 cnpaBes/IMBOCTI 3 YpaxyBaHHAM iHAU-
BiyaNnbHMX PEXMMIB €/1eKTPOCMOXKMBAHHA Ta 3a6e3neynTu
onepaTnBHe iHPOPMYBaHHA 3aLliKaBAEHMX CTOPIH NPO aK-
LenT Npono3unLin AOCTYNHOI NOTYXKHOCTI, a po3pobneHui
HOBWMA METOZ, HEeABHOro YMpPaBAiHHA MOMUTOM CTBOPUTb
YMOBW ANA ONTUMANIbHOTO Ta eEeKTUBHOIO BUKOPUCTAHHA
AOCTYNHOT NOTYXKHOCTI 3 ypaxyBaHHAM aKTyasibHUX NOTpeb
KOYXHOr0 KopucTyBaya. Lle 3abe3neuntb HagiliHe enekTpo-
MocTayaHHA KOPUCTYBaYIB AIK B yMOBax AedilnTy NOTYXKHO-
CTi, TaK i B yMOBax il HAANULKY Ta CNpUATUME NiABULLEHHIO
NPOAYKTUBHOCTI BUKOPWUCTAHHA €NEeKTPUYHOI eHeprii, Lo
BUPOBNAETLCA reHepyBaibHMMM YyCTaHOBKaMu Ha 6asi BAE.

BucHoBKMU

Po3pobneHnit HoBMIN MeToA, HEeABHOrO YNpPaBAiHHA nNonu-
TOM Ha OCHOBI MPONO3ULLi OCTYMHOI NOTYXHOCTI CNPAMO-
BaHO Ha po36yaoBYy BMCOKOMNOTEHLINHOrO pecypcy 6anaH-
cyBaHHA OEC VYKpaiHW, 30Kpema B ymoBax aediunty
NOTY}KHOCTI; BiH 6a3y€eTbCcA HAa NOEAHAHHI NPAMMX Ta HENpsA-
MWUX MeTogiB 3abesneyeHHA THYYKOCTi MOMMUTY LIAAXOM
CTBOpPEHHA NOBHOYHKLIOHAIbHOIO iHCTPYMEHTapito op-
raHisauii B3aemogii Ta NiagTPMMKM NPOAYKTUBHOI ABOCNPA-
MOBAHOI KOMYHiKaL,ii eneKTPMUYHOI MepeXKi Ta KOpUCTyBayis
Ha 6asi BAOCKOHANEHUX CMAPTAIYMUIbHUKIB ENeKTPUYHOI
eHeprii 3 po3wmnpeHoo GYHKLIOHANbHICTIO, iIHTErPOBaAHMX
[0 YHIQIKOBaHUX CMapPTCUCTEM BUMIpPIOBAHHSA, 06/1iKy eHe-
ProBMKOPUCTaHHA Ta YNPaBAiHHA HUM Ha 3acajax B3aEMO-
3aMiHHOCTI Ta Kibepbe3neku. Po3pobneHunii HOBUN MeTOoZ,
yNpaB/iHHA NOMUTOM TaKOX 3abe3neuynTb HagiHe Ta AKi-
CHe eNIeKTPONOCTavYaHHA KOPUCTyBayiB B yMoOBax HecTabi-
NIbHOCTI BMPOBITKY eNeKTpUYHOI eHeprii reHepyBaibHUMMU
ycTaHOBKamu Ha 6asi BAE. BpewTi-pewT ue cnpuatume
CKOPOYEHHIO BUKOPWUCTAHHA BUKOMHOrO MajsnBa Ta 3MeH-
LUEeHHHO LWKiAMBOro BNAMBY Ha AOBKINAA.
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Abstract. The article describes the new implicit demand response method developed by the author, based on of-
fering available capacity. The method is distinguished by promptly informing the customer about the amount of
electrical power personally available to them for use at a given moment, which may be lower or higher than the
contracted level, within the technical capabilities of the power grid and its delivery to the customer. In response,
the customer may unconditionally use the offered capacity (default acceptance via implicit second-order feedback)
or refuse to use it partially or completely (via explicit first-order feedback), in particular in exchange for other
benefits. The new method is based on the use of extended two-way communication between the power system
and each individual customer (subscriber) through smart electricity meters integrated into widely deployed smart
metering systems built on the principles of interoperability and cybersecurity. The availability of extended real-
time two-way communication makes it possible to promptly redistribute available capacity among all customers
on the basis of impartiality and fairness, taking into account individual power consumption patterns, in particular
under conditions of instability of power generation from renewable energy sources, as well as the occurrence of
capacity shortages in the Integrated Power System of Ukraine. The developed new method of implicit demand
response will create conditions for optimal and efficient use of available capacity, taking into account the current
needs of each customer. This will ensure a reliable power supply to customers both under conditions of capacity
shortage and under conditions of unstable generation, and will also contribute to increasing the productivity of
power generated by renewable energy facilities.

Keywords: demand response, DER, implicit demand response, interchangeability, interoperability, renewable,
smart meter, smart metering system, two-way communication.

List of symbols and abbreviations used
DER — distributed energy resources

IHD —in-home display

PLC — power line communication
DR — demand response

DSF — demand-side flexibility

RES — renewable energy source
RPC — reactive power compensation

DSM — demand-side management
EE — energy efficiency

Introduction. Traditionally, demand-side management
(DSM) for electric power (electricity) has been an alterna-
tive to ensuring the static and dynamic stability and steady-
state operating conditions of electric power systems (EPS)
by means of controllable generating units that use mainly
fossil fuels to produce electricity. Under this alternative ap-
proach, DSM not only reduces the consumption of finite
natural resources but also makes it possible to decrease
harmful emissions caused by power generation and its
losses in power-grid components, which overall contributes
to reducing the technogenic impact on the environment.

Balancing an EPS using demand as a resource is the most
rational approach under conditions of widespread integra-
tion of generating units based on renewable energy sources
(RES) into the grid. The instability of power generation by
RES often leads to imbalances between generation capacity

SMS — smart metering system
P, Q — power active, reactive

and consumer loads, which can be readily observed in the
operation of microgrids. Balancing the power system under
such conditions by means of controllable fossil-fuel-based
generation is inefficient and often technically infeasible due
to the long start-up times of coal-fired power units, which
constitute the majority of flexible generating capacity in
Ukraine.

This approach is even more relevant today for balancing the
Integrated Power System (IPS) of Ukraine, as a result of bar-
baric russian attacks on Ukraine’s power infrastructure,
more than half of generation facilities have been destroyed
or damaged and a significant number of key electrical sub-
stations that ensure the transmission and distribution of
electricity have been put out of operation. In an effort to
balance demand under conditions of capacity shortage in
the power system, the network operators attempt to limit
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consumer loads by introducing stabilization and emergency
outages, in particular for residential consumers. Among
other things, this leads to a situation where, after power
supply is restored, household and residential consumers
consider it their right to draw as much power from the grid
as they wish. As a result, disturbances arise in an already
vulnerable power system.

Such a situation could be prevented by introducing flexible
demand-side management for household and residential
consumers in accordance with the power system’s availa-
ble capacity, based on smart electricity meters integrated
into widely deployed smart metering systems built on the
principles of interoperability and cybersecurity [1]. The de-
ployment of smart metering systems is envisaged by the
Action Plan for the implementation of the Concept for the
introduction of “smart grids” in Ukraine up to 2035 [2];
however, among other things, unified foundations and
basic principles for deploying such systems have not been
defined, which poses significant risks for their future use in
demand-side management.

Ukraine already has extremely negative experience in the
development and implementation of automated commer-
cial electricity metering systems (ACEMS) for end consum-
ers based on the technical recommendations of regional
electric power companies—suppliers under regulated tar-
iffs (SRT)—in 2005—2018, which resulted in the incompati-
bility of such ACEMS and the impossibility of integrating
them into a unified distributed ACEMS of the Wholesale
Electricity Market (WEM) of Ukraine [3]. By contrast, the
ACEMS of WEM participants were built according to unified
technical requirements of the Main Operator of the Com-
mercial Metering System and were integrated into the uni-
fied distributed ACEMS of the WEM of Ukraine, which made
it possible to ensure financial settlements, including at the
initial stages of introducing the new liberalized electricity
market of Ukraine [4]. However, in Ukraine the practice
continues of designing and deploying ACEMS exclusively for
the purpose of providing information support for electricity
billing, with metering data being made available to stake-
holders post factum, while insufficient attention is paid to
timely informing users about the current parameters of
power consumption regimes (CPPCR), which is an essential
prerequisite for the effective implementation of demand-
side management [5].

Purpose and objectives of the research. The purpose of the
research is to create conditions and ensure the possibility
for adaptive coordination of demand and supply for electric
power (electricity), in particular under conditions of insta-
bility of power generation from renewable energy sources,
as well as the occurrence of capacity shortages in the Inte-
grated Power System of Ukraine. To achieve this purpose,
it is necessary to:

— to define the objectives of demand-side management,
in particular under conditions of shortage of available
electric power, and to develop conceptual approaches
to addressing them;

— to construct a trivial mathematical model and develop
an algorithm for adaptive allocation of available electric
power among consumers;

— to analyze the results of the development and applica-
tion of automated commercial electricity metering sys-
tems (ACEMS) of participants in the wholesale and retail
electricity markets of Ukraine, as well as the results of
the deployment of smart metering systems in the Mem-
ber States of the European Union (EU);

— based on the results of the analysis, to identify the main
goals and priorities, as well as risks and constraints, and
to formulate the foundations and basic principles for
the development, deployment, and prospective appli-
cation of smart systems for measurement, metering,
and energy management as the basic toolkit for forming
information support for demand-side management
tasks, in particular under conditions of capacity short-
age in the IPS of Ukraine;

— to develop a new implicit demand response method
based on offering available capacity, which relies on
two-way communication between the EPS and each
customer and is distinguished by prompt notification of
each customer about the amount of electric power per-
sonally available to them for use at a given moment,
which may be lower or higher than the contracted level
within the technical capability of the power grid to de-
liver it to the customer.

Research material. The load limits under conditions of in-
sufficient generation capacity to cover the demand of con-
nected power loads is a traditional approach to balancing
an EPS. In the case of prolonged imbalance, rolling or stabi-
lization outages are applied, during which consumers are
disconnected from the power supply in turn for a certain
period in order to match the load to the available capacity.
To overcome a critical shortage of available generation ca-
pacity, emergency disconnections of consumers are used.
An alternative to outages is adaptive coordination of de-
mand and supply by involving consumers in cooperation
with the power system, which is a much more rational ap-
proach, as it allows not only balancing the system but also
reducing harmful emissions and saving fossil fuels, which
ultimately has a positive impact on the environment.

Demand-side management (DSM) is understood as cooper-
ative interaction among the transmission system operator
(TSO), distribution system operators (DSOs), utilities, and
their customers—consumers (sometimes with the involve-
ment of third parties, in particular power suppliers, retail-
ers, aggregators, etc.) aimed at increasing the efficiency of
power use, which provides benefits to consumers and
power companies and brings advantages to society as a
whole. Traditionally, DSM is divided into short-term de-
mand-side management—demand response (DR), a set of
measures aimed at changing the pattern of energy use by
final customers in response to changes in electricity prices
or other incentives—and long-term demand-side manage-
ment—energy efficiency (EE), a set of measures aimed at
ensuring a sustainable reduction in power consumption by
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improving the efficiency of electricity use. There are funda-
mental differences between these two approaches to DSM.

First, DR is implemented over a time interval within one
hour. In Ukraine, DR is considered over a 15-minute interval
within the framework of ensuring operational security,
over a 30-minute interval within the framework of con-
sumer load control, and over a 60-minute interval within
the provision of balancing services (BS) in the balancing
market (BM). Improving energy efficiency is implemented
over an interval ranging from several months to years. Sec-
ond, improving energy efficiency is usually implemented as
part of solving energy management tasks. When an energy
management system (EnMS) is introduced at a consumer’s
facility in accordance with 1SO 50001 [6], system bounda-
ries are always defined. When determining the amount of
saved (i.e., not used compared to the baseline [6]) electric-
ity, only the cumulative sum (cusum) of such electricity
within the EnMS boundaries is taken into account. DR aims
to reduce (or prevent an increase in) power generation by
large power plants (bulk generation), which accordingly will
not be transmitted and thus losses in power-grid compo-
nents will be avoided, i.e., in any case outside the con-
sumer’s premises. Third, DR provides for both a decrease
and an increase in power consumption in response to the
power balance and market conditions, for example, during
periods of decreased or increased power generation by
RES, respectively. Improving energy efficiency always aims
at reducing power consumption. Finally, the goal of DR is
always for the consumer to obtain material benefits in one
form or another. The ultimate goal of improving energy ef-
ficiency is the rational use of natural resources and combat-
ing climate change, in particular by reducing fossil fuel con-
sumption and harmful emissions. This article examines DR
specifically in the short-term perspective.

In turn, demand response covers two classes of tasks: Im-
plicit DR, which primarily use pricing principles—various
modifications of dynamic tariffs (dynamic pricing), under
which the cost of electricity purchases depends on the time
of its use—in order to influence the pattern of electricity
consumption; and Explicit DR, which are based on the vol-
untary participation of the consumer in the power system
load control loop. Direct load control (DLC) is usually ap-
plied to large industrial enterprises, although programs in-
volving commercial and even residential consumers are
also known (for example, direct control of power supply to
air-conditioning systems or domestic hot-water boilers). In
the general case, implicit methods based on dynamic pric-
ing are used to manage the distributed load of small con-
sumers, in particular differentiation of electricity prices by
time of use (Time-of-Use Pricing, TOU), which is often ap-
plied together with Critical Peak Pricing (CPP), reflecting
the true cost of electricity during peak hours, as well as
Real-Time Pricing (RTP), under which consumers are
promptly informed of current market prices in order to en-
courage them to shift their loads (power consumption) to
periods with more favorable prices.

Thus, implicit demand management is traditionally based
on the natural desire of consumers, or rather qualified cus-
tomers, to minimize the cost of purchasing electricity, while
the power system, making use of this desire, offers lower
electricity prices during periods of surplus and higher prices
during periods of shortage, thereby sending users a signal
regarding periods of preferential (favorable) electricity use.
However, implicit DR may also rely on offering customers
other benefits, which will be discussed further below. Ex-
plicit DR should be regarded as a kind of “safety valve” at
critical moments when a shortage of electric power in the
power system threatens its stability. Under such condi-
tions, direct load limits and even outage of customers are
applied, since the power system is simply unable to meet
their current energy needs.

Based on this, the most rational way to coordinate demand
and supply of electric power (electricity) is to combine im-
plicit and explicit DR-methods, whereby at the preliminary
stage customers are encouraged to consume electricity
during periods of surplus and to reduce consumption dur-
ing periods of shortage, and, in the event of critical situa-
tions in pre-emergency and emergency operating modes of
the power system, explicit DLC are applied.

Problem statement. Since the beginning of the full-scale
russian invasion of Ukraine, verified data on available gen-
eration capacity have, for obvious reasons, been classified;
however, publications in open sources indicate that as of
May 2023, after massive attacks on the IPS, the loss of in-
stalled capacity had increased to 27 GW [7]. A significant
number of generating units, including those based on RES,
remain in the temporarily occupied territories of southern
Ukraine. In addition, due to the specifics of electricity gen-
eration and consumption patterns, not all available gener-
ating capacity can be utilized to cover the load at every mo-
ment in time. For this reason, when capacity shortages
occur, network operators resort to rolling and emergency
outages of users, in particular household and residential
customers.

According to the Ministry of Energy, as of 2021 the share of
power consumption by residential customers in Ukraine
was estimated at over 30% [8]. With the onset of the full-
scale invasion, due to a reduction in power consumption in
the industrial and commercial sectors of the economy, res-
idential power consumption has relatively increased and,
as of early 2025, is estimated at 38% [9]. Thus, effective uti-
lization of this resource provides additional opportunities
for balancing the IPS of Ukraine.

During the winter of 2022-2023, residential customers in
Ukraine were outaged according to schedules for several
hours two to three times a day. When necessary, emer-
gency outages were applied. After the most powerful at-
tacks, the duration of blackouts reached two or more days,
depending on the region of Ukraine. Similar practices were
also applied in 2024-2025. It is not difficult to understand
that after power supply was restored, residential custom-
ers drew the maximum power they needed from the grid,
thus compensating for the lost opportunities. As a result, a
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sharp and uncontrolled surge in load occurs, which leads to
disturbances in an already vulnerable power system. There-
fore, repeated outages are not uncommon.

Other situations were also observed. In particular, due to
the specific features of power supply systems, some resi-
dential buildings supplied from critical infrastructure facili-
ties, such as railway traction substations or urban electric
transport substations, could not be disconnected and, ac-
cordingly, reconnected automatically; utility companies,
homeowners’ association heads, and other persons had to
be involved to switch such facilities manually. For subjec-
tive reasons, this was not always efficient. Some buildings,
again due to the specifics of power supply systems, were
outaged section by section for different periods of time. All
this led to the emergence of conflict situations and the fil-
ing of claims against network operators, not always justi-
fied.

Such situations could be prevented by the prompt adaptive
allocation of available capacity among users through the ef-
fective application of smart meters integrated into widely
deployed smart systems for measuring, metering and en-
ergy management (smart metering systems, SMS), built us-
ing advanced smart metering technologies and ensuring
demand-side flexibility (DSF). The main task is to create a
full-fledged toolkit to support productive two-way commu-
nication between the power grid and users in order to en-
sure demand-side flexibility, in particular under conditions
of capacity shortage in the IPS of Ukraine.

The new implicit DR-method based on offering available
capacity, which was proposed in [10], provides for prompt
notification of each customer about the amount of electric
power personally available to them for use at a given mo-
ment, which may be lower or higher than the contracted
level, within the technical capability of the power grid to
deliver it to the customer. In response, the customer may
unconditionally use the offered capacity (default ac-
ceptance via implicit second-order feedback) or refuse to
use it fully or partially by informing the operator on the
power-system side (via explicit first-order feedback), in par-
ticular in exchange for other benefits, such as protection
against outages. The developed method is based on the use
of extended two-way communication between the EPS and
each individual customer (subscriber) through smart elec-
tricity meters integrated into widely deployed smart sys-
tems for measurement, metering, and energy manage-
ment, built on the principles of interoperability and
cybersecurity. The availability of extended real-time two-
way communication makes it possible to adaptively redis-
tribute available capacity among all customers on the basis
of impartiality and fairness, taking into account individual
power consumption patterns, and to ensure prompt in-
forming of stakeholders about the acceptance of available-
capacity offers. The developed new method of implicit DR
will create conditions for optimal and efficient use of avail-
able capacity, taking into account the current needs of each
customer. This will ensure a reliable power supply to cus-
tomers both under conditions of capacity shortage and

surplus and will contribute to increasing the productivity of
power generated by RES.

Conceptual approach to solving the problem [1, 10]. The
commercial electricity meter is almost the only point at
which a customer inevitably interfaces with the power grid.
There may be no other such points, but the meter is always
present. An electricity meter is a familiar and understanda-
ble measuring device for customers. Other electrical de-
vices imposed by the network operator may cause concern
to customers if they don't understand their own need for
them, whereas the meter is fully acceptable to customers
and does not raise distrust. The electricity meter has a nat-
ural power supply from the grid; therefore, a smart electric-
ity meter can serve as a host for integrating meters of other
energy carriers (heat, water, gas, etc.), as well as smart
household appliances (air-conditioning systems, electric
heating, electric water heaters, washing machines and
dishwashers, refrigerators, televisions, etc.) into a single in-
formation and communication hub, which is well known.

Direct-connected smart meters (namely, such smart me-
ters are usually used for commercial metering of electricity
consumed by residential customers in apartments) are typ-
ically equipped with integrated switches, which makes it
possible, under certain conditions, to disconnect/recon-
nect the load remotely or automatically. Transformer-con-
nected smart meters (in particular, those customised for
commercial metering of electricity consumed by apart-
ments and households) may optionally be equipped with
load-control relays that operate external switching devices.
Smart meters form a customer load profile, measure the
power used by the customer at each moment in time, and
record the maximum power used by the customer during
each monitoring period. Smart meters also make it possible
to set (program) the maximum electric power or maximum
electric current allowed for use by the customer, as well as
to disconnect the customer in the event that the setpoint is
exceeded.

Summarizing the above, it is advisable to implement in
smart meters real-time redistribution and remote program-
ming of the power permitted for use, based on the capacity
currently available in the power system or in a given distri-
bution network area. A mandatory requirement is that this
information be displayed on the smart meter’s display and
on remote data-reading devices, such as split-meter re-
mote displays, in-home displays (IHDs), smartphones, etc.,
possibly accompanied by an audible signal, in order to
promptly and reliably inform the user about the current
power consumption parameters and power limits. With
such an approach to balancing the power system, the cus-
tomer is not outaged but is offered a choice between limit-
ing consumption or being outaged if the permitted—i.e.,
actually available at a given moment—power level is ex-
ceeded. In addition to the fact that the decision remains
with the customer, which will undoubtedly have a positive
psychological effect, this approach will make it possible to
avoid many of the problems described above and will ena-
ble residential customers to independently set priorities
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and make responsible decisions regarding the use of the
power allocated specifically to them at each moment in
time, redistributing this power and energy consumption
among their loads at their own discretion. In the event of
an automatic outage due to exceeding the permitted
power, responsibility will again rest with the customer,
which will help avoid conflict situations. There will be no
need to involve personnel, including third parties, in switch-
ing apartment buildings—tasks that are not inherent to
them—which will increase electrical safety and help pre-
vent accidents. Outage of customers for exceeding the per-
mitted power will be carried out automatically.

After the available capacity of the power system increases,
making it possible to restore power supply to customers
who had previously been de-energized, the issue of recon-
necting the customer arises, which for electrical safety rea-
sons cannot always be carried out automatically. In this
case, a command may be sent to the meter and the switch-
ing devices connected to it to unlock them and enable re-
connection in manual or semi-automatic mode, at the cus-
tomer’s discretion.

Finally, when restrictions are introduced, a customer may
decide to voluntarily reduce the power allocated to them in
favor of other customers or the power system, in particular
in exchange for certain benefits, such as protection against
outages, or to request additional capacity. This will require
additional functionality of smart meters and smart systems
for measurement, metering, and energy management.

The trivial mathematic model [1, 10]. Let us assume that
at the initial moment the power system is balanced and, in
the absence of external power flows, the classical balance
equation applies:

Ngen N, N,
Zizl Rgeni = ngins Pcons]- + Z]':ins Ploss.cons]-: (1)

where

N,
P Pyen, is the total active power of Ny, generating
units producing electricity, kW;

Z?’;‘i"s Pwnsj is the total active load of N, s connected cus-
tomers within their contracted power, kW;

Z?’;"I"S Ploss.consj is the total active power losses during the
delivery of electricity from the generating units to the N,
customers through the power grids within the contracted

power, kW.

As a result of a balance disturbance caused by the outage
of part of the generating units that provide power genera-
tion and/or damage to the power grids that deliver electric-
ity to customers, equation (1) transforms into inequality
(2):

Ng N, N,
gen cons cons
Zi=1 Pgeni < Zj:l Pconsj + Zj=1 Ploss.cons]-r (2)

where

ZN;,en p

i=1 Tgen; is the total active power of Ng., generating

units that remain in operation and are available to custom-
ers, kW.

The simplest and most traditional way to return to equation
(1) is to disconnect part of the customers, as noted above:

N
gen _ Y'Neons Ncons
Zi:l Rgeni - Zj:1 Pcons]- + Zj:1 PlOSS.COTlSj -

Ncons.off Ncons.off
- Zj:l Pcons]- - 2j=1 Ploss.cons]-r
(3)

where

Ncons.off . . .
ijl Ploss.consj is the total active consumption power
of Neonsops Customers who were outaged, kW;

N . .
Zj:;"s'off Pioss.cons; is the total active power losses for de-

livering electricity to the N, off Customers who were out-
aged, kW.

Instead of disconnecting customers in order to restore the
balance, it is proposed to redistribute the available power
among all customers:

N
gen _ V' Neons pr Ncons pr
Zi=1 Rgeni - Ej:1 PCO‘n.S]' + Zj:1 Ploss.consjl (4)

where

Z?’i‘i’“ Pc'ons]- is the total active load of N.,,s customers
within the permitted power corresponding to the available
active power of the Néen generating units remaining in op-
eration, kw;
Z?]i‘;"s Pl,oss.consjis the total active power loss during the de-
livery of electricity to the N.,,s customers after adaptive
redistribution of the available power, kW.

If a customer exceeds the power permitted to them, they
are automatically outaged, and after redistribution of the
newly available active power, the balance equation (4)
takes the form:

NI
gen _ \'Neons prr Ncons prr
Zi:l Pgeni = Zj:l Pcons]- + Zj:l loss.consj —
ZNcons.off P, ZNcons.uff P/
T 4= consj — Lj=q loss.cons s
(5)

where
Neons prr ; f
ijl Pwnsj is the total active load of N,,,s; customers

within the current permitted power corresponding to the
available active power after disconnection of customers
who previously exceeded the permitted power, kW;

N, . . .
X527 Pigss.cons, is the total active power losses during de-

livery of electricity to the customers remaining in operation
after the disconnection of those who exceeded the permit-
ted power and after adaptive redistribution of the newly
available active power, kW;

N,
ijcins'off Plons; is the total active l0ad of Neons o7 customers

outaged for exceeding the previously permitted power, kW;
ZNcons.off
j=1
livering electricity to the Ngons0ff customers before their
outage for exceeding the previously permitted power, kW.

Pl,oss.consj is the total active power losses for de-
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To ensure normal operating modes of the power system
and specified values of power quality indicators for custom-
ers, the balance of reactive power must also be ensured:

N
gen+RPC — Ncons Ncons
21’:1 Qgen+RPCi - Z Qconsj + Z Qloss consjr
(6)
where
N RPC . .
P Qgen+rec, s the total reactive power of

Ngentrpc 8eNerating units and reactive power compensa-
tion devices (RPC), kvar;

ZNC"“S ans is the total reactive power of N, connected
customers, kvar;

ZNC""S Qoss. cons; is the total reactive power losses during
the delivery of electricity from the generating units to the

N_ons customers through the power grids and during reac-
tive power compensation at load nodes, kvar.

As a result of a reactive power balance disturbance caused
by the outage of part of the generating units, damage to
power grids, and/or damage to RPC devices, equation (6)
transforms into inequality (7):

Nl
gen+RPC N, N,
Zi=1 Qgen+RPC < Z wns Qcons] + Z Cons Qloss .cons;

(7)

where

Ngen+RPC . .
Y gent Qgen+rec, s the total reactive power of the

Ngen+rpc 8eNerating units and RPC-means devices remain-
ing in operation, kvar.
To ensure standardized power quality for customers, the

reactive power balance must be taken into account when
balancing the power system. Then equation (5) becomes:

Ng N N
gen — cons " Cons
Zi=1 gen; Z Pconsj + Z Plosscons] -
Nconsoff P, Ncons.off P,
Z} =1 consj Z]—l loss.cons s
(8)
where
Ngen
H H n H
i, Pgeni is the total active power of Ng., generating

units remaining in operation and available to customers, in-
cluding after transferring part of the generating units to re-
active power generation mode in order to ensure specified
values of power quality indicators for customers, kW.

Equation (8) allows an unlimited number of cyclic iterations
until returning to equations (1) and (6) after restoration of
active and reactive power sufficient to ensure standardized
power quality indicators for all connected customers on a
contractual basis.

The presented mathematical model is trivial and doesn't
take into account the constraints determined by the laws
of transmission and distribution of electric power, which
arise from the strong interdependence between operating
parameters, in particular due to the dependence of active
and reactive power losses on the voltage and current oper-
ating conditions in the power grid. Nevertheless, the given

model is fully sufficient to describe the proposed method
of implicit DR under conditions of power deficit.
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customers corresponding to the available active power
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boundary conditions of the
algorithm operation

[ Information about outaged and VV
blocked customers

Determining the possibility of
turning on previously outaged and
blocked customers due to
exceeding the permitted power.

Yes

smart meter Smart system

i level
Smart meter

level

‘ Bringing the permitted power to customers via the ‘

Customer's load monitoring by smart
meter: exceeding the permitted power?

Switching off and blocking the switching on of a
customer via a smart meter

'

Generation of information about customers turned off
and blocked for exceeding the permitted power

|
'

Fig. 1. The algorithm for adaptive distribution of available
electrical power among customers

Algorithm for adaptive allocation of available electric
power among customers. A block diagram of the algorithm
for adaptive distribution of available electric power among
all customers connected to the power grid, in accordance
with equation (8) under conditions of power deficit in the
IPS of Ukraine, is shown in Fig. 1 [1, 10]. If the available ca-
pacity of generating units makes it possible to ensure the
standardized values of power supply quality indicators for
all connected customers under contractual conditions, the
algorithm provides for checking the possibility of unlocking
and granting permission to reconnect customers who were
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previously disconnected and blocked due to exceeding the
allowed power. If this condition is not met, the algorithm
provides for determining the current value of the permitted
active power for customers that corresponds to the availa-
ble active power of the generating units. Each time the per-
mitted active power is calculated, a “safety margin” must
be applied in order to avoid uncertainty at the boundary of
availability of the active power of generating units.

The determined current value of the permitted active power
is checked for compliance with the boundary conditions of
the algorithm’s operation, namely, whether it exceeds the
minimum active power that a customer can utilize. Such
power should be defined based on a critical minimum corre-
sponding to the total load of electrical appliances that ensure
the vital activity of a household or residential customer. If the
current value of the permitted active power does not meet
this critical minimum, the algorithm provides for exiting and
switching to emergency disconnection of customers. In this
case, it is assumed that there are no remaining possibilities
to avoid outage customers.

If the current value of the permitted active power meets
the critical minimum, the possibility of reconnecting previ-
ously outageed customers is checked. If the result of this
check is positive, unlocking and permission to reconnect
the previously outaged customers are performed, and the
cycle is repeated. If the result of the check is negative, the
permitted active power is communicated to the connected
customers via smart meters, and subsequently each smart
meter monitors whether the customer exceeds the com-
municated permitted power level. If customers comply
with the imposed limits, the cycle is repeated. In the event
that the permitted power is exceeded, the smart meter ac-
tivates an automatic outage for the customer.

In addition to cutting off a customer upon exceeding the
permitted power, the algorithm provides for blocking the
customer’s smart meter after an outage to prevent re-
peated activation and, consequently, uncontrolled load
surges. Unblocking is performed either by a command sent
to the smart meter from the smart metering system or ac-
cording to a time setting, which may be defined, in particu-
lar, on a progressive basis. This makes it possible, on the
one hand, to avoid outage customers for an indefinite pe-
riod of time and, on the other hand, to outage customers
who have exceeded the permitted power limit by gradually
increasing the duration of their de-energization after each
subsequent violation of the permitted active power limit.

To ensure the feasibility of implementing the proposed
DSF-concept under conditions of power shortage, in partic-
ular, the stable implementation of the algorithm for adap-
tive allocation of available electric power among custom-
ers, smart electricity meters and smart systems for
measurement, metering, and energy management must
comply with unified technical requirements and be de-
ployed based on the principles of interchangeability and cy-
bersecurity. To define such technical requirements, it is ad-
visable to analyze the experience of implementing
automated commercial electricity metering systems
(ACEMS) in the WEM of Ukraine, as well as the experience
of deploying smart metering systems in EU member states.

Analysis of the implementation of ACEMSs in the WEM of
Ukraine. The results of the implementation and application
of ACEMSs in the WEM of Ukraine are described in detail in
[3, 4]. Under conditions of a multiple increase in the num-
ber of market participants and the roles they perform [11],
due to the entry of qualified consumers into the market,
the Market Operator (MO), when coordinating electricity
purchase and sale volumes and forming forecasted power
balances, and the TSO, when monitoring compliance with
the agreed generation and consumption schedules in real
time, must rely on accurate, complete, consistent, reliable,
and up-to-date metering data. At the same time, the relia-
bility of the resulting power balance of the IPS of Ukraine is
directly related to the reliability of the balances of each in-
dividual DSOs.

Therefore, the effective use of smart systems for measure-
ment, metering, and energy management today requires
the implementation in Ukraine of a number of international
standards, improvement of the regulatory and metrological
framework, as well as modernization of the existing
ACEMSs. This is aimed primarily at achieving their interop-
erability, increasing reliability, and ensuring the accuracy,
completeness, integrity, credibility, and timeliness of me-
tering data in order to coordinate, in real time, the pro-
cesses of power generation and consumption within the
Smart Grid concept [12].

Analysis of the deployment of smart electicity metering
systems in the EU Member States. As part of the imple-
mentation of the provisions of the Third Energy Package,
the European Commission already in 2009 envisaged
measures for the large-scale deployment of smart metering
systems [13]. Smart metering systems are considered not
only a technical means of electricity metering and monitor-
ing power consumption parameters, but primarily a power-
ful tool for targeted influence on the energy behavior of
each individual end customer in order to reduce energy
consumption and increase the efficiency of electricity use.
In this regard, national governments, in cooperation with
businesses, civil society organizations, and other stakehold-
ers, were recommended to identify and disseminate exam-
ples of best practices in the application of smart metering
applications and to take appropriate measures to raise pub-
licawareness as an integral prerequisite for broader actions
following the deployment of Smart Grid technologies. The
minimum technical requirements for smart metering sys-
tems, as well as the conditions for their deployment, are
detailed in [14].

The experience of deploying smart metering systems in the
EU Member States [15—20] has demonstrated the promise
of the adopted strategy. At the same time, a number of
gaps and vulnerabilities have been identified, which neces-
sitate its further improvement. First of all, this concerns en-
suring interoperability and, ultimately, interchangeability
of smart meters, in particular in order to ensure continuity
during the deployment and further development of smart
metering systems [19]. Greater attention should also be
paid to cybersecurity issues of smart metering systems [20]
and to the development of user interfaces [16]. Regulatory
constraints have likewise been recognized as one of the fac-
tors hindering the deployment of smart metering systems.
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The experience of deploying smart metering systems in EU
Member States was taken into account, in particular, when
adopting the New Electricity Directive [21], according to
which Member States must ensure that all beneficiaries are
able, at any time, to fully take advantage of the opportuni-
ties offered by the competitive electricity market. To this
end, beneficiaries should be equipped with smart metering
systems providing access to dynamic electricity prices. In
addition, they should be directly and regularly informed
about the offers and savings available on the competitive
market, as well as provided with assistance in responding
to market offers and benefiting from them. Smart metering
systems expand customers’ capabilities, as they allow them
to receive accurate and near real-time feedback on their
energy consumption or production, to better manage their
own consumption, to participate in and benefit from de-
mand-side management programs and other services, and
to reduce electricity bills. Smart metering systems also en-
able DSOs to gain better visibility of their networks and, as
a result, to reduce operating and maintenance costs and
pass these savings on to consumers in the form of lower
distribution tariffs.

The definition of the main goals and the formulation of
the fundamentals and basic principles for the develop-
ment, deployment, and application of smart systems for
measurement, metering, and energy management to en-
sure DSF are described in detail in [1, 10]. Among other
things, it is recommended to intensify research in the field
of smart metering technologies, in particular PLC technolo-
gies, measurement synchronization technologies, and cy-
bersecurity, etc.; to implement smart metering and de-
mand-side flexibility standards taking into account the
specifics of the national power sector, the contributions of
Ukrainian researchers, and their harmonization with EU
standards; to develop and approve extended technical and
functional requirements for smart meters as well as for
smart systems of measurement, metering, and energy
management in Ukraine in accordance with harmonized
national standards; to ensure the design and production of
smart electricity meters and components of smart systems
for measurement, metering, and energy management in
Ukraine based on harmonized national standards; to begin
modernization of power grids, primarily in-building net-
works of the outdated housing stock, in order to enable the
implementation of advanced PLC-based smart metering
technologies; to adapt the regulatory framework in the
field of electricity use to advanced smart metering technol-
ogies, etc. An indispensable condition for the effective im-
plementation and application of the proposed implicit DR-
method is also the adjustment of consumer behavior and
the introduction of a culture of rational energy use.

Demand-side flexibility vs variability of power generation
by DER. The prospective application of the conceptual ap-
proaches outlined above consists of using DSF to balance
the power system under conditions of variability in power
generation by RES. As noted earlier, the IPS of Ukraine is
based on the generation capacities of nuclear power plants
(NPPs) and thermal power plants (TPPs). Among TPPs, coal-
fired plants dominate, for which the start-up time ranges
from 2 to 4 hours for a hot start, while a cold start after a
long outage requires 6—8 hours. After 2014, some TPP units

were converted to operate on lignite, whose cold start re-
quires 9-15 hours. Therefore, in the event of shutdown or
even transfer of TPP units to hot standby, in the case of a
sudden cessation of power generation by RES-based facili-
ties—which is often observed—the IPS is simply unable to
fill the resulting “gaps” with thermal maneuverable gener-
ation. Hence, we draw a simple but important conclusion:
renewable generation can be balanced exclusively by DSF,
which is based on productive and real-time two-way com-
munication between the customer and the EPS.

With the implementation of additional technical and func-
tional requirements for smart meters and smart systems
for measurement, metering and energy management, it is
advisable to study the further development of the pro-
posed algorithm for adaptive allocation of available electric
power among customers (Fig. 1) under conditions of varia-
bility in power generation by RESs and balancing of the
power system using the DSF-resource (Fig. 2).

After the allowed power is communicated, the customer
may relinquish part of the allocated power in favor of, in
particular, other customers — for example, within peer-to-
peer electricity trading — or in favor of the power system
when providing services on the electricity market.

The customer will also be able, if necessary, to request ad-
ditional permitted power from the power system or from
other customers. Commercial settlements for the electric-
ity and services provided and received may be carried out
in monetary terms or according to the principles of net me-
tering.

The scientific novelty lies in the development of a new im-
plicit DR-method based on offering available power. The
method is distinguished by real-time informing each cus-
tomer about the electric power currently available to them
personally, which may be lower or higher than the con-
tracted value, within the technical capability of the power
grid to deliver it. In response, the customer may uncondi-
tionally use the offered power (default acceptance via im-
plicit second-order feedback) or consciously refuse to use it
in full or in part (via explicit first-order feedback), in partic-
ular in exchange for other benefits, such as protection from
outage.

The developed method is based on the use of extended
two-way communication between the power system and
each individual customer (subscriber) via smart meters in-
tegrated into widely deployed smart systems for measur-
ing, metering and energy management designed according
to the principles of interchangeability and cybersecurity.
The availability of extended two-way real-time communica-
tion makes it possible to adaptively redistribute available
power among all customers on the basis of impartiality and
fairness, taking into account individual power consumption
patterns, and to promptly inform stakeholders about the
acceptance of available-power offers. The proposed new
implicit DR-method creates conditions for optimal and effi-
cient use of available capacity while considering the current
needs of each customer. This will ensure a reliable power
supply to customers both under conditions of power deficit
and surplus and will contribute to improving the efficiency
of power generated by RESs.
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Fig. 2. The algorithm for adaptive distribution of available
electrical power among customers in conditions of instabil-
ity of power generation by DER

Conclussions

The newly developed implicit DR-method based on offering
available power is aimed at building a high-potential bal-
ancing resource for the IPS of Ukraine, in particular under
conditions of power deficit. It is based on combining direct
and indirect approaches to ensuring demand-side flexibility
by creating a full-featured toolkit for organizing interaction

and supporting productive two-way communication be-
tween the power grid and customers, using advanced
smart meters with extended functionality integrated into
unified smart systems for measurement, metering and en-
ergy management, designed according to the principles of
interchangeability and cybersecurity. The proposed new
implicit DR-method will also ensure a reliable and high-
quality power supply to customers under conditions of un-
stable power generation by RES. Ultimately, this will con-
tribute to reducing the use of fossil fuels and mitigating
harmful environmental impacts.
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