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TEXHOJIOI'TI
TECHNIQUE

YK 621.0
C.I1. Jenncrok, 1-p TEXH. HAyK, mpodecop
HanionansHnii TexHivamii yHiBepcuTeT YKpainu « KuiBcbkuii mositexHivnmii incTurym

TEXHOJIOTTYHI OPIEHTUPU PEAJIIBALIT KOHLEILIT
SMART GRID B EJEKTPOEHEPTETUUHUX CUCTEMAX

Ipoananizosano  ocobrueocmi — peanizayii — nOMMuKU — NIOBUWEHHS — IHMENIEKMYAIbHO2O  Di6Hs
eNeKMPOEHEPLEMUYHUX CUCTNEM 3 MOYKU 30pY C8imMosux nepedosux npakmux. I[lpedcmaegneno 6azosi npunyunu
peanizayii konyenyii Smart Grid 3 eudinennsam mpwvox noxoninw: Smart Grid 1.0 — peazysanns na nonum,; AMI-
mepexca (na 6asi AMR, RTU i m.n. npucmpois); cneyianizosane npoepamue sabesneuenus (EMS / SCADA),
posnodinena asmomamusayis, Smart Grid 2.0 — |P-npomoxon; erekmpomo6ini; 36epicanns enepeii; Smart Grid
3.0 — poymine enepeii; mopeisns enepeicio Peer-t0-Peer.

Haseoeno xapaxmepucmuxy cyyacuux npoexmie y cghepi Smart Grid, sxi peanizyromucsi y nepeodogux
kpainax Amepuxku ma €eponu, oyineHa poNb MINCHAPOOHUX Op2anizayii, sKi 3a0e3neyyioms KOOPOUHAYIIO
peanizayii xonyenyii Smart Grid ma npocyeanns Ha CEIMOBUX PUHKAX CYHACHUX OOCSACHEHb OJi NiOSUUeHHS
pi6Hs inmenekmyanizayii e1eKkmpoeHepeemuyHUxX CUCEM.

Busnaueno, wo ocHognumMu Mmemooamu ma iHcmpymenmamu peanizayii xowyenyii Smart Grid e:
iHmezpayis 6 eleKmpoeHepeemuyHi CUCMeMU PI3HOPIOHUX OJicepell eleKmpoeHepail, 6 momy HUucii Ha OCHOBL
BIOHOBNIOBAHUX EHEeP2OHOCII8 | «AKMUBHUX» CROICUBAYIE; GUOID ONMUMATLHOLO CKIADY 2eHepYIOUUX Odiceper,
BKIIOUAIOUU  PO30CEPEOICEHY 2eHepayilo;, asmoMamuyHe GUSIGNIeHHs, VCYHEHHsi a00 3MeHWeHHs. HACTIOKI8
nopyuietns y pobomi eiekmpoeHepeemuyHux cucmem K Ha JOKAAbHOMY, MAK i HA CUCIEMHOM) DIiBHI; Kepy8aHHs.
ENeKMPOCNONCUBAHHAM CHUMYTIOIOUUMU MEMOOAMU | BUOIDKOGUM OOMEINCEHHIM CRONCUBAYTE; CMIUKICHb 00
6naugy 3azpo3 besnexu (Qizuuna, ingpopmayiiina ma pecypcrha 6e3nexa); MONCIUBICIb PO3GUBAMU CUCTIEMHI
nocayeu Ha Oasi pUHKOBUX MEXAHI3MI8; ONMUMAbHE SUKOPUCMAHHS [ 00CIY208Y8aHHs SUpoOHUYUX DOHII8
00'exmig enekmpoenepemuKy npomsicoM 6Cb020 HCUMmeeo2o yukay. Ilpoananizosano ocodrusocmi no6yodosu
eMANOHHUX apXTMEKmMYp THMENeKMYalbHUX eNeKMPOeHePLeMmUdHUX CUCTNEM, GUKOPUCTANHHS MYTbMUALEHMHUX
cucmem xepysauus. Ilokasamo, wo cmanoapmusayis eidicpac 6ce OLNbULY pOb NpU upiuleHHi npiopumemis
mexHono2iunol peanizayii konyenyii Smart Grid.

Oyineno ocHoeHi mexnonoziuni opicumupu peanizayii konyenyii Smart Grid 6 enexmpoenepeemuunux
cucmemax Yxpainu.

Kniouogi cnosa: Smart Grid, inTenexTyasabHi eJIeKTPOSHEPTETHYHI CHCTEMH, peaTi3aiis MONiTHKH, MTOTHI
MPOEKTH, CY4acHi MPiOPUTETH, EBPONEHCHKI OPIEHTHPH, TEXHOJIOTIYHA peati3ailis.

CBITOBUI HONNT Ha EIEKTPOEHEPTIIO MOPOKY 301IBIIYETHCS B cepeaHboMy Ha 2,2 % Ta 3pocTe, 3TiTHO 3
nporao3amu aHaiitukis, 3 20300 TBt/ron. ceoromui g0 33000 TBt/rox. y 2030 pori. 3amacu OpraHigyHOro
TIaJIiBa CKOPOUYYIOTHCSI, X0Ua BOHO SK 1 paHIIlle € OCHOBHMM JKEPENIOM eHeprii, 3abe3nedyroun 6mu3pko 85 %
cBiToBOi moTpedbu [24, 25]. IcToTHI 3MiHM B CBITOBifi €HEPreTHKHM OCTaHHIX POKIB, TakKi SK: YCKIAIHEHHS
TOTIOJNIOTIi €HeprocucTeM, 30UTBIICHHS YaCTKH BiIHOBIIOBAHUX JDKEpEN EHEeprii, PO3BUTKY KOHKYPEHTHOTO
PHUHKY €IeKTpOeHeprii, IPU3BOAATE A0 TOTO, IO 3MiHH OCHOBHHX MApPaMETPiB PEKHUMY 1 PI3HUX XapaKTEPUCTHK
OEC — nabyBatoTs Heliepen0aqyBaHOT0, Pi3KO3MiHHOTO XapaKTepy.

Bupimmuta npobinemu eHeprozade3nedeHHs JOMOMOXKYTh IHTENEKTyalbHI eIeKTPOCHEPTeTHIHI CUCTEMHU
(IEC) [6-11, 13-17, 19-21]. Y CLIA, €sponeiicbkomy Coro3i, Kanasi, Kurai xontentist Smart Grid € mo cyti
JIep KaBHOIO TIOJIITHKOIO TEXHOJOTIYHOTO PO3BHUTKY EIEKTPOCHEPTETHKH MaiiOyTHBHOTO.

3ara pbHONPUHHATOrO BU3HAYCHHS IHTETIEKTYaIbHUX eHepreTndHux cucreM (Smart Grid) B maHuii gac B
cBiTI He icHye. AHrmiliceka abpeBiatypa SMART posmmdposyetbes sik Self Monitoring Analysis and Reporting
Technology, ToOTO TexHomoris, sSKka Tmepemdadac CAMOMOHITOPIHT 1 MOXKIHUBICTh TIepefadi pe3ylibTaTiB
MOHITOpHHTY. B iHO3eMHil MpaKTHIi BUKOPUCTOBYIOThCS Takox MOHATTA Future Grid, Empowered Grid, Wise
Grid, Modern Grid, IntelliGrid. Tepmin «inTenekryansHa Mepeka» (Smart Grid) craB Bimommuii 3 2003 poky,
KOJH BiH 3'siBuBCs B cratTi «[lonuT HagiiHOCTI Gyne kepyBaTu inBectuiismm» Maiikn T. Burr [12].

VY 1951 p. Buenwmii [I. Mak-Keii BBiB MOHATTS CaMOKEpOBAaHWX MAaIIMH (TaKOTO TMOHATTS, K «IITYYHUH
iHTeNeKT» ToxI 1e He Oyno). 3a Bu3HaueHHAM /1. Mak-Kest y HaB4aHHSI BXOJHUTH CITOCTEPEXKEHHS 1 KEPYBaHHS
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BJIACHOIO IliJIeHanpaBieHo0 noBeninkoo [1, 5]. Ili ¢yHkuii, 6e3yMOBHO, € XapaKTepHHUMH U Cy4dacHOi
IHTEJIEKTYaJIbHOI CHCTEMH, Y TOMY YHCII 1 B €IEKTPOECHEepPreTHIli. 3 TOUYKH 30py TEXHIKM HaWOIJbII IIKABUM i
3MICTOBHUM € BH3HA4eHHs cucTteMH, naHe akajgemikoMm ILK. AHoxinumM: «CHCTEMOIO MOXXHA HA3BaTH TUJIBKH
TAaKU KOMIUIEKC BHOIPKOBO 3aJIydeHMX KOMIIOHEHTIB, y SIKMX B3a€EMOJIiSl Ta B3a€MOBIJHOLICHHS MPUIIMaIOThH
XapaxkTep B3aeMOJii KOMIIOHEHTIB Ha OTPHMaHHA ()OKycOBaHOro KopucHoro pesynbraty» [1]. Ilpm mpomy
«(oxycoBaHuit KOPUCHUIT PE3YNIBTAT)» MOXKHA PO3TIIAAATH SIK JOCATHEHHS METH (PYHKIIIOHYBaHHS CHCTeMH. Take
BH3HAYEHHS! CHCTEMH MOB's3Ye ii 3 HIECPSIMOBAHOI0 aKTHBHICTIO. [HTENIEKT 3 TOUYKH 30py TEXHIYHHX CHCTEM
CHiJ PO3IJIANaTH SIK IOE€JHAHHS 3/aTHOCTI Iepef0adeHHs] CepelloBUINA 3 MOXKIIMBICTIO BHOOPY BiIOBiAHOT
peakuii 3 MHOXXHHH aJbTEepHATHB 3 YpaxXyBaHHSM pe3yJbTaTy Nepen0adeHHs i OCTaBIeHOI METH. BBakaeThes
JIOIIJIbHAM BU3HAUYATH IHTEJEKT B TEpPMiHaX MOBEIIHKH CUCTEMH (KMBOI abo0 IITYYHOI), IO MparHe 10 METH, Ta
BHMIpIOBATH CTYIIHb ii IHTEIEKTY I0J0 aJeKBaTHOCTI pillleHb, SIKi Heto mpuiiMatoThes. [Ipu BincyTHOCTI MeTn
TIPUAHATTA pillieHb Oe3MPEeIMETHO 1 TEPMiH «IHTEJIEKT» HE Ma€ CEHCY.

3rigHo mokymeHTy «Strategic research agenda of EPoSS — the European Technology platform on Smart
Systems integration» [18] Smart Systems € caM0oIOCTaTHIMU IHTEIEKTyaIbHUMU TEXHIYHUMH CHCTeMaMHu abo
iICHCTEMaMH 3 PO3IIUPEHOI0 (DYHKIIOHATIBHICTIO, 1110 BKJIIOYAE Y 3arajlbHOMY BHUIAAKy 0a30Bi MiKpo-, HAHO-
Ta O10CHCTEMH Ta iHIII KOMIIOHEHTH. BOHM 31aTHI Bi4yBaTH, AiarHOCTYBAaTH, ONIMCATH, OLIHUTH Ta KEPYBaTH Y
JaHii cuTyarii, X poO0OTa MOCHITIOETHCS 3aBASKH 1X 3MATHOCTI J0 B3a€MOJIi OJTHA 3 OHIEIO MIOAO0 BUPIIICHHS,
BUSBJICHHS Ta BiANpaIfoBaHHsA 30ypeHHs. BOHHM Bipi3HIIOTHCS BHCOKOI HAINHICTIO, YacTO MiHIaTIOpHI,
MEpEeXKONOAIOHI, IHTENEKTyallbHI Ta EHEepPreTMYHO aBTOHOMHI. Smart Systems € aBTOHOMHMMH a0o
CHIBIPALIOIOYUMH CUCTEMaMH Ta 00'€IHYIOTh MOHITOPUHT (CEHCOpHI JATYMKH), aKTyalli3alito Ta iHhopMaTuky /
3B"SI30K, 00 JOMTOMOI'TH KOPUCTYBayaM a0o0 1HIIMM CUCTEMU BUKOHYBATH CBOKO POJIb.

Tpu nokonminas Smart Systems, HaBeieHiI HiK4Ye, HE OOOB'SI3KOBO CIIAYIOTH OIMH 3a OJHUM Yy 4aci
(HOMEHKJIaTypa «IOKONIHHSI» B JaHOMY BHINAJKYy O3Ha4yae IIJBHUIICHHS DIiBHS 3 «IHTEJNEKTYaJlbHOCTI» Ta
ABTOHOMHOCTI, a HE CJIilyBaHHS OIHOT'O TIOKOJIHHS 3 1HIIIOTO):

1-e nokominHsg Smart Systems — BKIIIOYAIOTh 30HAYBaHHS Ta / ab0 aKTyali3aiilo B SIKOCTI OOpOOKH
CHUTHaJIIB 200 MOXJIMBUX JIiH;

2-e nokoJiHHs Smart Systems — J103BOJISIFOTh IPOrHO3YBATH 1 CAMOHABYATHUCS;

3-€ mokosinHsA Smart Systems — MOJICIFOBATH JIFOICHKE CIIPUUHSTTS / MI3HAHHSI.

Hixue npencrasieHa eBOMIOLIS MEPEKEBUX apXiTEKTYp 1 BIAMOBIIHUX TeXHOMOri [25]:

— 3a0e3niedeHHs 3B'13Ky: uudposuit noctyn 1o inpopmauii ([lomra, Web-6payzep, [Tomyk);

— MepexeBa eKOHOMiKa: aBTomaru3ailis 0i3nec npouecis (Enexrponna xomepiiist, EnekrponHa B3aemomist
(API), Asromarusariist (ERP / CRM / SCM / OSS / BSS));

— edekr npucytHocti: mudpposa B3aemonis (biznec & CoransHe cepenoBuine — ComianbHi Mepexi,
Mob0isnbHi gonatku, XMapHi TexHosnoru, Bigeo);

— Internet of Things: mudpowuii ceit (Iligkmoueni 1o mepexi: Jlroqu, [pouecu, Jani, Peui).

HaBenemo okpemi Bu3HaueHHs iHTenekTyanbHOl Mepexi Internet of Things B TpakTyBaHHI OKpeMHX
CBITOBHMX KOMIaHii [24, 25]:

— McKinsey & Cpompany: ceHcopu 1 enekTpomexaHiuHi npuctpoi BOymoBaHi B (i3uuHi 00'exTH (Bin
JOPOXKHBOT 1H(PPACTPYKTYPH A0 KapAiOCTUMYISTOPIB), 3'€lHAHI MiX COOOK 3a JOMOMOrOK JPOTOBOI i
6e31poToBOl IHPACTPYKTYPH 3B’SI3KY;

— Accenture: «peui», 3'eqHaHi 3 Mepexero [HTepHeT y Oyab-sAkuil 9ac, B OyIb-sSKOMY MICII; iHTeTpamis
CEHCOpPiB 1 TPHUCTPOIB B O0'€KTH TOBCSKIEHHOIO JKHUTTS, SKI MiAKIIOYeHI 10 [HTepHEeTy 3a JOmoMOroro
(ikcoBaHOTO 3B’SI3KY;

— Gartner: Mepexa 3 Qi3U4HUX 00'€KTIB, 10 AKOT MOXKHA OTPUMATH JIOCTYII 33 JOMIOMOrO0 [HTEpHET Ta sika
MicTUTh BOYJOBaHI TEXHOJOrii, M0 € BHU3HAYANBHUMH 1 B3a€MOIIIOTh 3 iX BHYIpIIHIM cTaHOM abo
HaBKOJIMIIHIM CEPEIOBHILEM;

— SAP: ¢izuuHi 00'exTH, 00'€MHAHI B paMKaX iH(POPMAIIHOI MEpeXkKi Ta aKTUBHO OEpyTh yJacTh y Oi3Hec-
Tporiecax i TEXHOJOT1YHUX MpoIlecax;

— AT&T: 6e3apoToBHii 3B'A30K 3 00'€KTaMU pEaIbHOTO CBITY;

— ITU: 3'enHaHAs TOBCAKACHHNX PEUEH 1 MIPUCTPOIB 3 ENEKTPOHHUMHE MEPEKaMIL

HesBaxkaroun Ha icHyBaHHS HW3KHM Bu3HaueHb KoHuemmii IEC, iX Mo)XHa y3araJbHUTH, BHU3HAYWBIIH
IHTETIeKTYyaIbHy €HEPTOCHCTEMY SIK 00'€THAHHS EHepreTHIHOI iHPPaCTPYKTYPH i BIPOBAIKEHHUX / PO3TOAITICHUX
iH(pOpMaIifHO-KOMYHIKAIIIHHAX ~ TEXHOJNOTiH  (mporpamMHOro  3a0e3MeueHHs, aBTOMAaTH3allii, o00poOKH
iHpopmarii). 3'eqHaHHs ABOX 1HOPACTPYKTYp 3a0e3Medye HasiBHICTh HEOOXiTHOTO «iHTeNeKTy». [laHuil iHTeneKT
MOXe OyTW IpeIcTaBlIeHHH Ha pI3HUX pPIBHAX Mepexi (reHepaiis, MepexeBe NporpamHe 3a0e3nedeHHs,
CHOXKMBaHHS, MOHITOPUHT Ta KepyBaHHsS). Tpu 06a3oBi mpuammmu Smart Grid: Ge3nevHicTh, cTaHAapTH3ALIS,
iHTeTpaIlis.

3a TMOHATTAM «iHTENEKTyallbHa EHEpPreTHKay CTOITh IIoch Oinmbine, HDK riauOoka iH(opmaThzamis Ta
aBTOMAaTH3alis 00JaJHAHHS 1 mpoueciB. [HTeIeKTya bHA eHepreTHKa Le TEXHOIOITYHUH MaKkeT, mio 3ade3rnedye
TIepexi 10 HOBOTO TEXHO-IIPOMHUCIIOBOT'O Ta COLIIO-KYIbTYPHOTO YKIIany.
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AxrtyanbsHicTs mo0ynoBu [EC miarBepmkyeTsest HacTymHUM. Y >koBTHI 2009 p. Ilpesunent CIIIA bapak
Ob6ama oromnocuB «[Iporpamy 3 pO3BHUTKY IHTENEKTyalIbHHX CHEPrOCHCTEM», SKa BKIIOYAE: IiIBUINCHHS
e(pEeKTHBHOCTI TPAHCIOPTY 1 pO3MOIUTY CNCKTPOCHEPTii; CTHUMYIIOBAaHHS CIOXHBAYiB IO EKOHOMIi
eJIEKTPOEHEPTil 1 CKOPOUEHHSI BUTPAT HA EJIEKTPOEHEPTiI0; IHTErpamito pi3HUX 1HTENEKTYaJIbHUX KOMIIOHEHTIB y
IHTEJIEKTyalbHy €HEPrOCHCTEMY; MIATPUMKY PO3BHTKY TEXHOJIOTIH JJIS iHTEJIEKTyaIbHIX €HEPTOCUCTEM.

B €C y 2007 p. omy0xikoBana CtpareriuHa mporpama mociimkenb (Strategic Research Agenda, SRA),
sKa crajla IuaTQOpMOIO ISl IHIIUX €BPONEHCHKUX 1 HAlllOHAJIBHHUX TPOrpaM Imo crBopeHHio Smart Grid, a B
kBiTHI 2010 poky BumaHo HOBHH mHOKyMeHT — Strategic Deployment Document (SDD), mo daktuyao MicTuTh
nocibHuk 3 BropoBamkeHHs Smart Grid. 3rigHo mpuitasitoro Set-Plan Smart Grid BusHaueHo €eBpomelchki
MIPIOPUTETH BIIPOBA/DKEHHS I1HTENEKTYaJbHUX MEPEX: ONTHMI3allisi MEpPEeKEeBHX ONepaliil Ta CIIOXKHBaHHS;
onTHMi3amis MepexeBoi 1HPpacTpyKTypy; 00’€JHaHHS KpylHOMacTabHOI 3MIHHOI TeHepalii; iHpopMaIiHo-
KOMYHIKalliliHi TEXHOJIOTT; aKTHBHI PO3MOJIIbHI MEpeKi; HOBI pUHKH, CIIOKMBaUi, eHEpreTH4Hi IocTaBky [19].

VY TenepimiHiii 4ac po3po0IeHO YiTKi CTpaTerii eBoMoNil icHYrounX iHppacTpykTyp. Tak, (pyHKIIOHaIbHA
mozens Smart Grid, pospobiena y 2009 p. HaionansHum iHCTUTYTOM cTaHAapTiB i TexHomoriit CIIA (NIST),
BHJIIJISIE OCHOBHI 00J1aCTi JisUTbHOCTI B €IEKTPOCHEPTeTHIl 00'€THAHUMHU TEXHOJIOTIYHIMHU Ta KOMYHIKaIliHHUMHU
3B's;3kamu: ontoBa reHepamis (Bulk Generation);, mepemada enekrpoeneprii (Transmission); po3momin
enexrpoeneprii (Distribution); oneparuBue kepyBanus (Operations); cnokuBau (Customer); punku (Markets);
cepBicHa opranizamis (Service provider). YV konnenrtyaiabHoi Momeni NIST omepyroThbes nBOMa KITFOYOBUMH
HOHATTSIMU: JIit0o4i cy0'exTH (actors); mpukiaHi 3anayi (applications).

@®opmysanns [EC crae uyacTMHOIO Jep)kaBHOI crpaTerii B yMmMoBaX, KOJIM TOTPIOHE OHOBJICHHS Ta
MOJZIEpHI3allisl eNeKTPOSHEPreTHYHOl 1H(PPACTPYKTYpH. 3a3HAYMMO, L0 HaBITh B EKOHOMIYHO PO3BHHEHHX
KpaiHaxX HalliOHANIBHI eJeKTpoMepexi Oynu nmoOymoBaHi micis Jpyroi cBiTOBOI BiliHM i 3apa3, 3 ypaxyBaHHAM
3pOCTaHHs IIONUTY 1 HAaBaHTaKEHHS, TOCTPO MNOTPeOyIOTh OHOBJIEHHS. Mepexa MaiOyTHhOro — Ie
IHTENIeKTyallbHa MepeXa, sKa MOEJHye B €00l KOMIUIEKCHI I1HCTPYMEHTH KOHTPOJIO Ta MOHITOPHUHTY,
iHpopMaliiiHi TexHomorii Ta 3aco0M KOMYHIKalii, [0 3a0e3nedyyioTh 3HAYHO BHINY NPOAYKTHBHICTH
SHeproMepexi 1 JO3BOJIOTH TeHEpYyIoYnM, 30yTOBHX Ta KOMYHQJIBHHM KOMIIAHISIM HAaJaBaTH HACEJICHHIO
€HEePIi0 BUCOKOI SIKOCTI.

ChoroziHi y CBITI CKJIaJIOCh PO3YMIiHHS, IO MIBUAKHN MEpexill N0 ifeanbHoi (eTanoHHOi) Mozeni Smart
Grid HemoxMBHiL. Y 3BS3KY 3 IIMM BHIUIEHO Tpu mnokoiiHHi Smart Grid, mo A03BONSIOTH MOCIIIOBHO
pyxatucst 10 niiboBoi mMozeni (nuB. Tabm. 1): Smart Grid 1.0 — cran eneKkTpoeHepreTH4HOi iHPPACTPYKTYPH,
TIPU SIKOMY OKpeMI IPUCTPOI Ta 00’ €KTHU CUCTEMHU MOXYTh MIJAKIIOUATHCS JI0 MEPEKi 0€3 BUKOPUCTAHHS €TMHUX
uudposux cranmapriB; Smart Grid 2.0 — craH enekTpoeHepreTHdHol iHQPACTPYKTYPH, IIPH SKOMY ITiAKITIOUEHHS
OyIb-SKHX BY3JIB CHCTEMH MOXIIMBO TUIBKU TP YMOBI Mepexoay Ha equHuii [P-mpoTokon Ta BKIIOYEHHX B
enuny inTerpoBany IP-mepexy; Smart Grid 3.0 — rHy4Ka eHepreTUuHa cHCTeMa, sika 0a3yeThCs Ha MPHHIUIAX
JICLIEHTPATI30BAaHOTO KEPYBaHHS Ta PIBHOMPABHOCTI CIO)KMUBAYa 1 MOCTAa4aIbHHUKA.

Tabnuus 1
[okomninus Kitto4oBi XapakTepucTHKH
[orouna curyaris Awnanorosi giunnbHuKY, [{udposi miumnbauky, CUCTEMH KEPYBaHHS IS IOKAITbHUX
pimens (DCS, BMS Ta inm.).
Smart Grid 1.0 PearyBanns na nomut; AMI-mepexka (Ha 6a3i AMR, RTU i T.11. ipucTpoiB);
cnenianizoBane 113 (EMS / SCADA); po3nonineHa aBToMaTHA3aIIis.
Smart Grid 2.0 IP-tipoTokot; enekTpomMobii; 36epiraHHs eHeprii.
Smart Grid 3.0 Poyminr eneprii; Toprisis eHeprieto Peer-to-Peer.

OxapakTepu3yeMO Cy4acHHI PO3BUTOK CyYacHHX MOJIOKeHBb KoHmermii Smart Grid [3, 9, 11, 14, 15, 19,
20, 24, 25]. HepxaBu €Bpocoro3y i CIIA mo-pisHOMY po3yMitoTs GyHKIIOHANBHE pu3HadeHHs Smart Grid Ta,
3aCTOCOBYIOYHM HOBi TEXHOJOTIl, KEpPYIOTbCS PI3HAMH MOTHBAMH. 3TiHO MOCHTIMHKEeHHS (OmyONIiKOBaHO Y
mucromani 2012 p.), ske mpoema koncantuHroBa kommadis DNV KEMA Energy & Sustainability
(Himepmanaw), BUSIBIIEHO iCTOTHI BiIMIHHOCTI B TOMY, SIKy posb Bimirpae Smart Grid B kpainax €Bpocoro3y Ta
CIIA. ¥V CHIA po3BUTOK pO3yMHHX MEpekK OOYMOBJICHO B OCHOBHOMY KOMEPIIIHHHUM pe3yrmbTaToM. Y (okyc
PO3MINIYETHCS B3a€EMOJISI CIIOKUBAYIB 1 €HEPrOKOMIIAHIM: TepIIi OTPUMYIOTH 3PYYHY CHCTEMY Tapu]iB Ha
€IIEKTPOCHEPTit0, JPYTi — MOXIIMBICTh KOHTPOJIIOBATH TA 3HIDKYBATH IIKOBI HABAaHTAKCHHS Ha Mepexy. [Hakmie
BH3HAYAIOTh MPIOPUTETH UJIEHH E€BPOCOIO3Y, sIKi pPOONSATH CTaBKy Ha €Heproe()eKTHBHICTH 1 BUPIIICHHS
npobsiemn 3HIKEeHHS BUKUAIB CO,. 3a po3paxyHKaMn aMepHKaHCHKHX (axiBIiB, 32 20 pOKiB BUKOPHUCTAHHS
IHTEJIEKTYalIbHUX EJIEKTPOMEPEK YMCTa EKOHOMISI MOXKE CKIIACTH ONM3bKO 48 MIIpA. €Bpo. €Bporneichki KpaiHu
PO3paxoByIOTh Ha 3a0MLIa/DKEHHS OMu3bKo 7,5 mupn. €Bpo Ha pik. Kpainm €Bpocoro3y — eHeprokommadii i
CHOXXMBadl — MPIOPUTETH PO3CTAaBIISAIOTH iHAKIIe. 3TiHO 3 BUCHOBKAMH JOMNOBiAi, €Bporna poOUTH TOJOBHHUH
ymop Ha ¢aktop eHeproedexkruBHOCTi. He MeHIT cepiio3He 3HAUeHHS HATAETHCA 1 POOIIeMi 3HIKCHHS BUKHIIB
CO..
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3rigHo 3i 3BiToM E€Bpomeiickkoi komicii Smart Grid projects in Europe: lessons learned and current
developments [17], omybnikoBanoMy y 4epBHi 2011 poky, iHBeCTHIi B NMPOEKTH IHTENEKTYaJILHUX MEpEX: B
€Bporri — 56,5 mipa. espo mo 2020 p.; B CIHA — 6mmssko € 238-334,5 mupa. epo g0 2030 p.; B Kurai — 71
mipa. €Bpo 10 2020 p.

[ounnaroun 3 2010 poky BiA3HAYAETHCS 3pOCTaHHS IHTEPECY MO CHCTEM IHTEIEKTYaJIbHOI'O
enekTpoxkuBieHHs 1 texHonorism IEC (Smart Grid). 3 mouatky apyroro aecstwmitts XXI cr. Smart Grid
PO3TIISIAIOTHCS K KITFOYOBUI (hakTOp y CIIpaBi 33/I0BOJICHHS 3pOCTAI0YOro MOMHUTY Ha SIKICHI €HEepropecypeH i
3abe3neueHHs1 eHeproedekTuBHOCTI. [lepmmM KpOKOM Yy [bOMY HampsMKy BBaXKAa€TbCS IHTErparlis
IHTEJIEKTYaIbHOTO BUMIpIOBaJILHOTO 00nanHanHs (Smart Meters). Posropranus moaiOHux cucreM B €Bpori Bxke
yCIIIIHO 3AiHCHIOEThCS. 3riaHo 3 HopMaMu €C 1o 2020 p. iHTeNneKTyanbHi JIIYMILHAKY TIOBUHHI 00CITyrOBYyBaTH
80 % eHeprocroxuBaHHs B €Bpori. 3okpema, [1IBemis Ta Itamis Bike MOBHICTIO MEPEUTILTH HA IO TEXHOJIOTIIO B
2010 p., a Giansaamis, Hopserist ta J{aHis, sk 04iKyeThCsl, JOCSITHYTH MOCTAaBICHUX Mijei 10 2016 p.

Tak, €BpOCOrO3 IIOPIYHO BUTpaYae cCyMapHo 1,2 MIIpA. €BpO HA JOCIIPKEHHS B Tally3l IHTCIEKTyalIbHUX
Mepex. Y @paHiii 3amyIieHa mporpama 1o 3aMiHi 35 MITH. eJIeKTpPOMEXaHIYHUX TPUIIa/IiB 00JIiKY Ha «PO3YMHI»,
a B Icmanii BiAnoBigHO 10 mocTaHOBH ypsay Big 2008 p. Bci ciokuBayi eneKTpoeHeprii B KpaiHi TOBUHHI OyTH
OCHallleHi «po3yMHUMU» npwiagaMu 110 2018 p. Itamis Bxe cbOrojHi ocHalleHa TaKUMH Tpuianamu Ha 95 %.
[IBenchbKi eHEproKOMITaHil OCHACTHIIN JI0 TEMEPIIIHBOrO Yacy IHTENEeKTyalIbHIMH MPHIaJaMH O0JIiKY OUTBIIICTh
CHOXXKMBa4iB eNeKTpoeHeprii B kpaiHi, a y Hopserii perynstop 3000B'a3ye eHeprokoMIiaii BIPOBaJMTH TaKi
npunaau 1o 2015 p.

HaBezemo Tom-TpeHIH, OWiKyBaHHS Ta TEHACHINI y po3Butky Smart Grid B 2011-2012 pp. [9]. Tom-
tperau Smart Grid B8 2011 p.: KopriopaTHBHE 3IHTTS Ta MOTIMHAHHS B iHmycTpii Smart Grid; intencudikaris
BIPOBA/DKEHHS 1HTENEKTYaJbHUX JIYMWIBHUKIB (73 MIIH. WIT.); PO3BUTOK MOJENiel KEepyBaHHsS IOIMUTOM Ta
CTaHAapTU3allii; PO3BUTOK «XMapHHUX» TEXHOJOrH JUIS KepyBaHHS TMOCTIHO 3MIiHIOBAaHMMH IOTpebamMu
€HEepreTUYHMX KOMIIaHil; TEeXHONOrll KepyBaHHS MeEpeXe Ta PO3BUTOK CIEINiajJbHOrO MPOrPaMHOrO
3a0e3neYeHHs.

OuikyBanus B chepi Smart Grid 3 2012 poky: 3pocaHHst 00CATIB MPOAAXKY IHTEICKTYaTbHNX JTiUMIbHHUKIB
(texuomorii Smart Grid 2.0); cTBOpeHHSI aHANITHYHUX [IEHTPIB T CTPYKTYPYBAHHS MOTOKIB TAHUX; 3POCTAHHS
BHUPOOHWIITBA Ta MPOAAXKY €JIEKTPOMOOIiNiB; crammaptusaiis y chepi Smart Grid; posmmpeHHs ydacTi
CHOXKMBA4iB HA PUHKY €JIEKTPOCHEPTii.

Tenpmennii y posButky Smart Grid: kepyBaHHA BEJIMKAMH TIOTOKaMH iH(pOpPMAIll, PO3BHUTOK
IHTEJIEKTYalIbHUX TpaHC(HOPMATOPIB; BIPOBAKECHHS aKyMYJISITOpIiB (cucTeM 30epiraHHs ejeKkTpoeHeprii) B
KOMEPLIiHHI eIeKTPOMEPEKi; PO3BUTOK MPOrpaMHOro 3abe3rnedeHHs Ta [HTepHeT-Mepexi; pO3BUTOK «IHTEpHET-
pedei» Ta CHCTEM IepelIUIaTH 3a EIEKTPOCHEPrilo; PO3BUTOK IHTENEKTYalbHHX NAaTYMKIB, Y IepIly 4depry,
TEPMOCTATIB.

3a manumu gocrmimkens EPRI, npencrasnennx y 2011 p., rexsomorii Smart Grid MmoxyTts motpeGyBatH Big
1,3 no 2 tpnu. moa. mpotsaroM 2011-2030 pokiB. Jluiie BapTicTh YCTaHOBKM IHM(POBOrO KEPyBaHHs Ta
BIJITIOBITHUX JTOJATKIB OYAyTh KOJMMBATHCS B Mexax 17-24 mupa. noi. Ha pik abo B Mexax 338—476 mup. 1o
npotsiroM 20 pokiB.

IMiBHiyHOAMepHKaHCHKI MpoekTH B rany3i Smart Grid [15, 20, 21, 24, 25]:

— Pacific Northwest Smart Grid Demonstration Project. Jlemoncrpartiiiamii mpoext CIIIA 3 mocmimkeHHs
aBTOMATH3aIii PO3MOMIIEHOI MEpEekKi, pPO30CepemKEHOI TeHepalii, aKyMyIIOBaHHS E€IEeKTPOSHEPTii, PO3BUTKY
BUMIPIOBAIBHOT 1HQPACTPYKTYpH Ta KepyBaHHS MHONMTOM 3a y4vacTio Oinbmie 60 Tuc. crnoxkuBauis, 12
eHeprokoMmanii B 5 mrrarax. Bapricts: 180 miH. moi.;

— Houston's Smart Grid. MynbTH-TeXHOIOTIYHII MPOEKT B paioHi MeKCHKAHCHKOI 3aTOKH, 1[0 BKIIOYa€e
BUKOPHCTAHHS 2,2 MJIH. «PO3YMHHX» MPHUCTPOIB BUMIPIOBAHHS Ta aBTOMAaTHU3allii Mepexi. Bapricts: 640 MiH.
noin. (y t.4. 200 tuc. gomn. Big Ypsamy CIIA);

— Smart Texas. MynbTH-TEXHOIOTIYHAN TpoekT Texacy 3 BHKOpHUCTaHHAM 3,4 MIH. «PO3YMHUX)
MIPUCTPOIB BUMIPIOBAHHS Ta aBTOMAaTH3AIlil MEpeXi, CIIPIMOBAHUA HAa CTUMYJIIOBAHHA €HEPro30epekeHHS Ta
3MEHIICHHS eIeKTPOoCoXUBaHHA Ha 15 %. 3akinuenns — 2012 p.

— Ontario Smart Metering Initiative. [IpoekT 1o po3BHHEHiH iHPPACTPYKTYpi BUMIPIOBaHb B IIPOBIHIII1
Onrapio (Kamama) 3 ycranoBkoro 4,5 MIH. «PO3YMHHX»  JIYWIBHUKIB y TIOETHAHHI 3 OOOB'S3KOBHM
3ampoBa/KEHHSAM  TudepeHmiioBanux TapudiB. [limoTHi mporpaMM TOKa3alud 3HIKEHHS —ITIKOBOTO
HaBaHTaKeHHA Ha 5—8%. BapTicts: 1 Mupa. mon. (mopiuro 50 MuH. 70IT.).

CporosHi MM € CBiJKaMHu ITOJAJBINOrO po3BHTKY TexHomorii Smart Grid. IliqmpremcTBa HamararoThCs
YPI3HOMAHITHUTH CBOI MOCIYrH MEPEeAOBUMH HAIpAIIOBaHHAMH. [IpencTaBUMO M'ATh HOBHX IEpPCICKTUBHUX
MIPOEKTIB B Taiy3i iIHTENEKTyaJIbHUX Mepex [22]:

Austin Energy i cucmema VYCON. 3amicTh TpaJuIliiHUX aKyMyJISTOPHHX Oarapeil Ha OCHOBI Kepei
6esnepebiiinoro xxuBienss (JBXK) xommanist Austin Energy BuOpaina mis HOBOrO LEHTPY KepyBaHHs TiOpHaHY
cucreMy HakonmmdeHHs eHeprii Ha 6a3i maxoBukiB VYCON. 3a cmoBamu mpencraBHuKIB kommadii 3 Jloc-
Anmxeneca, texronoris VYCON no3Boisie JOCATTH IiIBUIICHHS HAMIHHOCTI pe3epBHOro xwuBieHHA. JIBX-
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CHCTEMH 3 MaXOBHKOBHM HAKONMYyBayeM EHEpril MBHAKO CTAIOTh «CTAHOAPTOM Je-(paKTo» HpH CTBOPECHHI
CHCTEM CTaOlIFHOTO ENEKTPOXKHUBJICHHS, KOJNW HAJiWHICTh € KIFYOBOK MpobieMor. LleHTp kepyBaHHS
eHepromocTadaHusM iomero 17651 m° 3a pomomororo mpoxykuii VYCON yemimmuo craGimisye piBens
HABAHTA)KCHHS HA MEPEXKY.

Yomupu ceruwa na Anacuyi, de 3acmocosyemucs mexnonocia SGS. Ilepria mpakTHUHA peaizarlis
texnounorii Smart Grid as a Service (SGS) — Smart Grid six cepBic, po3podnenoi daxiBiMu KoMmaHii Science
Applications International Corporation (SAIC), BimOynacs 12 rpymus 2012 p. Intelligent Energy Systems
samyamna SAIC mns peanizaiii aThopMu KepyBaHHS SHEPrOCIIOKUBAHHIM B YOTHPHOX CEIHIINAX Ha AJIACII.
SGS nae psxg mepeBar B TOPIBHAHHI 3 aHajJOraMH: MOXKJIMBICTH MHTTEBOTO JIOCTYILy 1O IIOKa3aHb
IHTEJEKTYyalIbHUX JIIYAIBHUKIB, MMiJBUIICHHS ONepaliiiHol eeKTHBHOCTI, 3HIKEHHSI BUTPAT Ha EJIEKTPOEHEPTII0
Ta CIPOIICHHS KOHTPOJIIO 32 €HEPTrONOCTAYaHHIM BiIIaJICHUX PETiOHIB.

Ilpoexm Hawaiian Electric i Honeywell. TaBaiicpka enextpuyna xommanis Hawaiian Electric Co. 3
Tononyny o6'emnana 3ycuuis 3 kommaniero Honeywell B pamkax JBOpIYHOrO MiJIOTHOrO IMPOEKTY, M00
MPOJIEMOHCTPYBATH K TEXHONOTIl pearyBaHHS Ha TMOMUT MOXYTh JOMOMOITH iHTErpyBaTH JDKepena
HETOCTiiHIH BiIHOBIIOBAHOI eHeprii B enekTpomepeki. [Ipaiioroun 3 KOMEpUIHHMMH Ta TNPOMHCIOBHMH
cnoxuBauamu, Hawaiian Electric mpoBoauTiMe mepeBipKy CHCTEMH «IIBHIKOTO pearyBaHHs Ha momut» (Fast
DR), sika Hajae KOMYyHAJbHUKAM iHCTPYMEHTH JUIS CKOPOYEHHSI OOCSTY MOMUTY Ha €JIEKTPOCHEPTit0 MPOTAroM
10 xB. micns HaIXO/PKEHHS MOBINOMIIEHHS Mpo aucOanmaHc MK monmuroM 1 mpomosuiieto. CroxuBadi
OTPUMYIOTh CTUMYI 70 y4acti B mporpami Fast DR y Buriisimi kKpeauTy Ha JONATKOBE €HEPronocTavyaHHS.
Kommnaniss Honeywell Bxe nonana nopatok Smart Grid 1o cBoro nporpamoBaHoro repmocrara Prestige®.

Con Edison, Siemens ma TIBCO npautorwoms Hao noxpauwieHHAM Haodilinocmi mepesici. TIpoexT s
nieMoHcTpaii Texuonorii Smart Grid B Helo-Mopky 06'eiHaB TeXHONOril0 OOMiHY IOBiZOMICHHAMH Misk
nignpuemcrBamu TIBCO 3 nmocBisoM iHTerpamii iHTenekTyanbHHX Mepex Siemens. Ilepen pospoOHukamu
IPOEKTy CTOITh IiJla HU3KAa 3aBJaHb, y TOMY YHCIi IIOKPAIIEHHS HAIiHHOCTI iHTEeJIeKTyaJbHOI Mepexi Ta
3abe3neueHHs1 KiieHTaM eHepreTnuHoi kommaHii Con Edison 0inbinoi HAOYHOCTI 1 THYYKOCTI MpH PoOOTI 3
enementamu Smart Grid. [IpoekT nependavae po3MpPEeHHs MOXIIMBOCTEW KEpyBaHHS ICHYIOUHMH €IEMEHTaMU
IHTENIEKTyaJIbHUX MEPEX 1 KepyBaHHA €HEpProlocTayaHHAM B MOMEHTH IIKOBOTO HABAHTAXKEHHS Yepe3 CUCTEMH
pearyBaHHS Ha IIOMHT.

Knienmu Wake Electric ompumanu inmenexmyanoni niyunsnuxu. bineme 35000 kiientie Wake
Electric 3 IliBaiunoi KapomiHu oTpumani B CBOe KOPUCTYBAaHHS IHTENEKTYasbHi JIUUIBHUKH €IEKTPOCHEPTIi.
Hns ix wmonitopunry Oyae 3acrocoByBatucs cucrema Sensus FlexNet AMI. [lpencraBuukm Sensus
MOBIZIOMJISIFOTh, IO IX MPOAYKT MpaIfoe 3a JonoMoror Oe3nednoi OeszmporoBoi Mepexi. Cucrema Sensus
FlexNet AMI 3aMiHHUTB MOTNEPETHIO CHCTEMY, sika Oylia Ha CiIyk0i KOMYHAJIBHUKIB TPOTSTOM OCTaHHIX JECATH
POKiB.

€pponeiicbki mpoexTn B raaysi Smart Grid [16, 17, 19, 20, 25]:

— ADDRESS (Active Distribution network with full integration of Demand and distributed energy
RESourceS) — kepoBaHa po3MOiIbHA Mepeka IS iHTErpailii «aKTHBHOTO CIOKHBayda». JleMoHcTpamiiiHuit
MYJIBTUTEXHOJIOT YHUH MpoekT 3a yuactio 400 criokuBadiB. BapTicth 16 MitH. €Bpo, 3akinuenHs — 2012 p.;

— GRID4EU - pocnigHunbkuil mpoekT. JleMOHCTpauiiHUi MYJIBTUTEXHOJIOTIYHHNA MpPOEKT Ha 6
eKCIepUMEHTAIFHUX TOoYKaX. BapTicTs 54 MuH. €Bpo, 3akindeHns — 2018 p.;

— GREEN eMOTION - nemoncrpauiiiiuii mpoekt. JleB’SThb MyJIbTUTEXHOJOITYHUX TMPOEKTIB 3
JOCHIDKSHHS 1HTerparii CTaHIH Ui MiA3apsaaKkd eJIeKTPOMOOITiB, ONTUMAIBHAX CXEM 3apsaKd, OUTIHrOBHX
cucreM i T.1. Bapricts 24,2 mitH. €Bpo, 3akiruerHs — 2015 p.;

— ECOGRID - inimiaTuBHHI MpOeKT. MyJIbTUTEXHOJOTIYHAN MPOEKT 3 KEPYBaHHS CIIOKUBAHHSIM 32
ydaacTio 28 tuc. xwurenis, 300 Benmukux cnoxuBadiB 1 56 MBT rerepamii Ha 6a3i BJIE. Bapricts 21 MiH. €Bpo,
3akigueHas — 2014 p.;

— EU-DEEP (The birth of EUropean Distributed EnErgy Partnership) — innoBamiiini GisHec-pireHsst 3
iHTerparii po3ocepeKEHOI TeHepaltii;

— «FENIX» (Flexible Electricity Networks to Integrate the eXpected energy evolution) mepenbauae
mMoOYyJOBY THYYKOi EIIEKTPUYHOI MEpeXi, OCHOBHHMH IIUIAMH SIKOTO €. BIINpaIfoBaHHA MEXaHi3MiB
(YHKIIOHYBaHHS 3arallbHOEBPONIEHCHKOI EHEPrOCHCTEMH, 30KpeMa, pO3poOKa KOHICMINI BipTyadbHHX
enextpoctanmiii (VPP); BimmparroBaHHS aldTrOpUTMIB BKIIIOUEHHS B 3arajbHy CHCTEMY PO3MOIUICHUX KEpen
rerepanii (DER) i BimHOBiroBaHmMX mkepen eHepropecypciB (RES); po3pobka HOBHX MpOrpaMHO-amapaTHHX
waThopM Ui BTUIEHHS B KUTTS KoHuenmii VPP; TexHiko-ekoHOMiuHe OOrpyHTYBaHHS 3acrocyBaHHA VPP;
JEMOHCTpalis po3po0ok Ha momiroHax B Icmanii Ta BenmmkoOpuranii. JlaHuil mpoekT 00'€HAB TMPOBIIHUX
TPaBIliB €BPOIEWCHKOIO EHEPreTHYHOro pHWHKY, Takux sk Iberdrola, Electricit¢ de France, EDF Energy
Networks, Red Eléctrica de Espafia, National Grid Transco, Siemens PSE, Areva T & D Ta ixmI.

Binomi mpoektn mobymoBn Microgrid — OKpeMHX EHEProMEpeXeBHUX CTPYKTYp, PO3TAIlIOBAaHHX Ha
HEBEJIMKIN TepUTOpii, [0 MAIOTh BJIACHI TEHEPYIOUi /pKepelia Ta 3/1aTHI B3aEMOMIATH 3 IEHTPAIHHOI0 MEPEKEI0
JUIsl BUPILICHHS 3aBIaHb MOKPUTTS MaKCUMyMY IMIKOBHX HaBaHTaXKeHb. [IPOSKTH YCHIIIHO peami3yloTbcs B
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€Bpori (koHcopuiym 14 xommaniit 3 ceMu KpaiH Ha 9oii 3 HallioHaIbHUM TEXHOJIOTIYHUM YHiBepcuTeToM AdiH
(NTUA)), CHIA (mpoektu peanizyroTtbest koacopuiymoM CERTS, kommaniero GE), a Takox B Kanaai ta SmoHii.
Heo0xXiqHO TakoX BiI3HAYUTH TMPOCKT MOOYTOBH IHTEIIEKTYaIbHOI CHEPTeTHYHOI iIHQPAaCcTPpYKTypH (pO3MoIiieHa
reHepais, BiJHOBIIIOBaHI JDKepeda €Heprii, KOIITH aKyMYJIIOBaHHS €Heprii, HEHTPU AUCHETYEPCHKOro
KepyBaHHsI) y TphOX npedekTypax SmnoHii, peanizoBanuii komnaniero Mitsubishi Electric.

Hocnimxenns «Smart Grids in Europe — Identification of Key Growth Opportunities» [23] xomnanii Frost
& Sullivan, onpunronHene B TpaBHi 2012 p., € 4acTHHOIO CepBiCHOI MapTHEPCHKOI MPOrpaMH PO3BHUTKY 3
TEMAaTUKH €HEepreTHKa 1 EeHEeProCHCTeM Ta BKJIIOYA€ HACTYIHI JIOCTIDKEHHS: €BPONEHCHKUI PHHOK
IHTEJIEKTYaIbHOrO BUMIpPIOBAILHOTO OO HAHHS; aBTOMATH3allisl MiAcTaHliil B €Bpori Ta i BIUIMB Ha PHHOK
IHTEJIEKTyaIbHIX EHEeProMEpeX; PUHOK IepeoBOi BHMIPIOBANBHOI iH(QpacTpyKTypu B KpaiHax AsiaTchko-
TuxookeaHchkoro periony ta bmmspkoro Cxofy; CBITOBHH PHUHOK iHTENEKTyaJbHHUX €HEProOMepekK. 3TiTHO 3
JaHUMU JociikenHs kommanii Frost & Sullivan «Smart Grids B €Bpomi — KIFOYOBI MOXJIHBOCTI s
3pOCTaHHS» IT'AThbMa HAMOUIBII HIBHIKO 3pPOCTAIOUYMMH CEKTOpAaMH €BPOINEHCHKOr0 PHHKY TEXHOJIOrid Smart
Grid € mepenoBi BuMiptoBanbHI iH(pacTpyktypu (AMI), iHTerpamiss po3ocepemkeHOro BHPOOHHUIITBA
eJIEKTPOeHepril, JaTYMKW, MOKpalleHI TexXHOJIOril nepenadi eHeprii Ha JajeKy BiJCTaHb Ta €JIEKTPOMOOLNI.
VYcemix TEXHONOTiH 1HTENeKTyalbHHX BHMIPIOBAJbHMX cHUCTeM B €Bpomi 0arato B 4oMy OOYMOBJICHHI
IHII[IaTUBAMU PETYIIOI0YHX OPraHiB.

VY BHUIUIEHNX NPOEKTax CTpyKTypa cuctemu Smart Grid npeacTaBieHa HACTYITHUMH elIeMEHTaMU:

— Smart Sensons and Devices — iHTeneKTyalbHi JATYUKK Ta IPUCTPOI TSI MATiCTPATBHHX 1 PO3MOIITBHAX
MepeK;

— IT Hardware and Software — IT-pimueHHs, BHKOPHCTOBYBaHI B OCHOBHOMY B MariCTpaJbHUX i
PO3IIOAUTEHUX MepekKax;

— Smart Grid Integrated Communications — inTerpoBaHi CHCTeMH KOHTPOJIIO 1 KepyBaHHS — KOMIUICKCHI
pimeHHs B 007acTi aBTOMAaTH3alii; AESIKUIl aHAJOr BIIOMHMX CHUCTEM IUIAHYBAHHS PECYpPCIB MiANPUEMCTBA —
Enterprise Resource Planning (ERP) B Mexxax mianpuemMcTsa;

— Smart Metering Hardware and Software — iHTenekTyanbHi TiYHIBHUKA y HOPMi MPOrpaMHO-arapaTHUX
3aco0iB.

Amnani3 pesynpratiB peanizauii koHuenuii Smart Grid y npoBiIHHX KpaiHax JO3BOJIMB BU3HAUUTHU 3arajibHi
«1pobIieMHi 30HK» peatizanii mpoektiB Smart Grid y cBiTi:

— mepcrekThBHI npoekTr Smart Grid — TUIBKK y3roIDKeHI MiXkJiep)KaBHI MpoeKTH (HeoOXijHa creriaibHa
iH(ppacTpyKTypa Ui Mi>KKOPIIOPaTUBHOT KOMyHiKallii);

— npoekTiB Smart Grid — 1e JIOBrOCTPOKOBI Ta JIOPOri HMPOEKTH, a TaKOXK BHCOKOPU3WKOBI, B YMOBax
nediluTy Aep)KaBHUX IHBECTHIIIH.

— HEoOXiTHUM € TiepeoONalTyBaHHsS HOPMAaTUBHOI 0a3u BCi€i €HepreTHKH, Meperiisii MOJeNi CeKTopa
(3aiiMae KiJbKa POKiB);

— HeoOXi/JHI HOBI TEXHIYHI PIillICHHsI, BUKOPUCTAHHSI SIKMX € PErjaMeHTOBaHUM (PO3po0Ka «CTAHAAPTIB» —
TIOETHAHHS CIIOCO0Y mepeadi JaHuX MPO YYACHUKIB «IHTENEKTYalbHOI Mepexi» Ta 0OCsriB MepeiaHux NaHuX;
TOJIOBHA BIIMIHHICTh — y TIPHUHIIUINAX Nepeaadi Ta podoTH 3 iHpopMalli€ero).

MiXHApOIHUI NOCHIIHUIBKUN TIeHTp B rany3i eHepretuku VaasaETT y 2013 p. 3aBepiiuB poOoTy HaJ
«3BiTOM Tpo TiI00anbHE 3HAYECHHS IHTENeKTyanpHuUX Mepex Smart Grid» [25]. Lle mepme B icropii Take
MacmrTabHe JOCTIDKEHHS 32 MPOEKTaMH IHTENeKTyalbHIX Mepek. Crnowatky Oymo BuOpano 200 mpoekTis, 3
SIKUX JUTSL JeTaNbHOrO AocmimkeHHs Bimiopamu 30. [lyxe BaXKIIMBO Te, IO B MEHTPI AOCIIKEHHS 3HAXOAUTHCS
CIIOXWBAY 1 BIUIMB Ha HBOr'O pe3yibTaTiB BmpoBampkeHHS Smart Grid. Kpim Toro, 6yB mpoBeneHuii aHaui3
PpeHTa0eTBHOCTI iHBECTHUIIIH B iHTENEKTyanbHI Mepexi. HeoOXinHo Big3HAUNTH, 10 3BIT OYB HE3AIEKHUM, TOMY
JIOBipa JI0 HBOTO AYK€ BHCOKa. HaBememMo KIIFOYOBI MOKA3HUKH PEUTHHTIB 31 3BiTy Mpo TiIoOaabHE 3HAYEHHI
inTenekryanpHux Mepexxk Smart Grid 2013 poky. Haitsumry omiaky orpumas mpoekT OG & E's Positive Energy
Smart Grid, CIIA.Oklahoma Gas & Electric (OG & E) (ra3o-emextpuuyna kommadis). [HHOBamifHWH i
komruiekcHu miaxin OG & E 10 iHTenekTyaIpHOro MOHITOPHHTY MEPEX IOCTaBHB KOMITAHIIO Ha TIepIIIe MicIe
cepel TPOaHATI30BAHUX MPOEKTIB Yy «3BiTi Mpo r100ambHe 3HAYCHHI iHTENeKTyanbHuX Mepesk Smart Grid 2013
POKY».

Cepen mpoektiB Ha HacTymHuX m'artu no3unisax micns OG & E (CHIA) — consrare micto TayHCBimT
(ABcrpanis, mrat KBiHCIEHT); TMPOBiTHUIA TPOEKT 3 iHTeNnekTyanmbHuX Mepex (Oxeanis); CPS Can AHTOHIO
(CIIA); mpoBigHHA TPOEKT 3 HTEIEKTYalbHUX Mepex (A3isf); MpOBLAHMI MPOEKT 3 IHTENEKTyaTbHUX MEPEK
(Jlatuacpka Amepuka). Ilepmri micTh MPOEKTIB OXOIUTIOIOTH 4 KOHTHHEHTH, II0 POOHUTH YCHIX 1HTEIEKTyalbHUX
Mepex IiiicHO riobansHUM sBuIeM. Y €Bporri 3ocepemkero 11 3 30 omiHIOBaHMX MPOEKTIB, aje 3a KiTbKiCTIO
CIIOXKMBAYIB Ie CKJIamo Bchoro numre 1 % Bix 3arampHOro umcia. lle o3Hadae, mo mpoektu B €Bpomi Tyxe
MAaJIeHbKI, B TOH Yac sk npoekTH B A3ii Ta [liBHIUHIN AMepHIll BelIndesHi.

MiXHapOIHUM JOCHIIHUM IEeHTpoM B obusacti eHepretuku VaasaETT chopmosano «BiciMm ocobmuBocren
IHTeNeKTyallbHUX Mepex (Bicim 1)» [25].

Ineecmuuii (Invested). TpunuaTh HalKpalIMX y CBITi NMPOEKTIB IHTENEKTyaJIbHUX MEPeX B JAHWH Hac

12 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepzemuxa: exonomixa, mexnonoczii, exonozia. 2014. Nel

ckmagarots Maibke 10 mapa. non. CHIA inBectuniii. OnHak HaOUIBII YCHINIHI TPOEKTH 30BCIM HE 0OOB'SI3KOBO
BUTpayaloTh HaiOubIe. HaliBaskiuBimre 31iHCHUTH pO3pOOKH iIHTETPOBAHUX CHCTEM JUISl BIIPOBA/KEHHS IIOBHOT
HaCKpi3HUI Oi3HEC-MOE.

Inmenexmyansvnicmo (Intelligent). 11lo0 oTpuMaTH CIIOCTEPEKYBAHICTH MEPEXKi B PEXKUMI pPEaTLHOTO
4acy, eHEeproKOMIIaHil CTaBIsTh Ha TeEpIIe Miclle TaKi KOMIIOHEHTH MPOCKTY SK BUMIpIOBAaHHS, MOHITOPHH Ta
MIPOTHO3HUI aHai3.

Bzaemonog'azanicme (Interconencted). Interpanis € JpyruM 3a 3HaUUMICTIO (h)aKTOpPOM IJIsI 1HHOBALiH B
MIPOEKTaX 1HTENEKTYaJIbHAX MEpexX (Ha MEpUIOMY MICIi — BUMIpIOBaHHS Ta MOHITOpPHUHT). OCHOBHUM 00'€KTOM
yBarm € onepatuBHUN 3B's30k MiK omepauiiHuMu (OT) Tta indopmamiiinumu (IT) TexHONOTIsSIMH, IO
00yMOBJIEHO 3pOCTAIOUUMH 00CATaMU JIaHUX.

Innosayinnicme (Innovative). Jlesxi POeKTH YHUKAIOTh IHHOBAIlN 4Yepe3 BEIHMUYUHY Iepea0adyBaHOTO
pusuky. Lli mpoekTH, K MpaBUIIO, MAOTh HU3bKHI CTaTyc. AJle iHHOBAIIii He TIOBUHHI PO3TJISIATHCS SIK PU3HK.
Kpamwmii pe3yapraT mokasaiu MPOEKTH, B SKUX IHHOBaiWHUK MinXijy OyB po3ocepemkeHni Ha Olblle Yucio
cep 3 MIMPOKUM MOETHAHHS PI3HUX KOMITIOHEHTIB.

3micmosnicmo (Inclusive). Sk mpaBwiio, HalKkpaili nmporpamMu MarTh Ha 36 % OLIbIlIC KOMIIOHEHTIB B
MIPOEKTaXx.

Haemucnicme (Intentional). Tlokn KOHUENIIi IHTENEKTyaJlbHUX MEPEK HOCATAIOTH 3PLIOCTi, TINBKH
MPOEKTH 3 YiTKUMH €KOHOMIYHHMH Ta CIIOKUBYMUMH IIJISIMH Ha TIOYATKOBOMY €TaIli MOXYTh JIOMOI'THCS TapHHX
pe3ynbTartiB.

bazamopaszosicme (Iterative). Y TOH 4Yac sK 1HTEIEKTyajabHI JTIUYMIBHUKHA € KIFOUOBMM KOMITOHEHTOM
3arajbHOi IHTENEKTyaJbHOI Mepexi, AesKi YCIIIIHI TpPOeKTH OTPUMYIOTh OaraTopa3oBi (OaraTokpatHi)
pe3ynbTaty 1 6e3 3HaYHOi Oe3mocepeHbOi y4acTi CrioXKMBaviB (PO3yMHI OYIMHKH Ta €JIeKTPUYHI TPAHCIOPTHI
3aco0u).

Inmepunauionanvuicme (International). Ulicte xpammx npoekTiB y 2013 p. OXOIIIIOIOTh YOTHPH
KOHTHHEHTH, POOJISTYM 1HTEJIEKTYyallbHI MEpeXi BOICTHHY INI00aIbHUM SBUILIEM.

3a pesynbraTamu jgociikeHb MiknapoaHoro arenrcrBa Pike Research (cepmens 2012 p.) cdopmoano
10 TpenaiB punky Smart Grid, siki OyayTh npucyTHi Ha puHkax Smart Grid y KOpOTKOCTPOKOBIH MEpCHEKTHBI
[24, 25]:

1. Inmenexmyansni niuunvhuku: 6i0 ninomuux npoexkmie 00 macuimadonozo enposadicennsn. Chepa
Smart Grid BnpuTyn HaGmu3Wiacs A0 €raly MacIITa0HOTO BIPOBADKEHHS IHTENEKTYaJbHUX JIIYUIbHUKIB.
EnextpomeperkeBi KOMIaHii BXkKe YCBIIOMWIN MEpeBark TAKUX JIYMIbLHUKIB, 30KPEMa, MOMKIIUBICTD BiJIAJICHOT O
BIJIKJIIOYEHHS 1 011l epeKTHBHE 3HIMaHHs NaHuX. [lomanpiia AMHAMIKa PO3BUTKY 3aJIKHUTh, B OCHOBHOMY, Bijl
3YCWJIb Pi3HUX YYaCHHKIB PHHKY: €lEKTPOMEPEKEBl KOMIIaHIl MOBHHHI OLIbII aKTHMBHO MPOCYBATHU 1/Iel0 cepe
KIHI[EBUX CIIOXKHMBAYIB i peryImoroumx opraHiB a TaKOK IIYKaTH JIOJATKOBI NUISIXU OTPUMAHHS HpI/I6yTKy BiJ
BUKOPHUCTAHHS 1HTENEKTYaJIbHUX JIYMIGHHUKIB; POAABII JIUMIBHHUKIB 1 KOMIUIEKTYIOUHX 3MYIIEH] 3MHPHTHCSA 3
MIOCTYIIOBUM HACHYEHHSM IIepelOBUX KpaiH PHHKY, MAlOTh NPOIOHYBATH IMOCIYTH «IIiA KIIOY» 1 MOYHHATH
NpalIOBaTH 3 MEHIINMH CIIJIBHOTAMH; iICHY€E BEIUKHH IOTEHIIa T PO3BUTKY iHGOpMaLiiiHIX TEXHOIOTIN s
00pOOKH MTOKa3aHb JIIYHIBHUKIB 3 METOI0 OTPUMAHHS OLIBIIOro MPUOYTKY BiJl 1X POOOTH.

2. Hocunennsn oebamie naskono Ounamiunoi mapupikayii. Jlunamiuna tapudikanis nependavae
3aNeXHICTh Tapu(iB Ha EIEKTPOCHEPrilo BiJl 3aBaHTAKEHHS Mepexi: HHU3bKI Tapudu B TOIUHU CIAOKOro
HABAHTAXXEHHS HA MEPEXKY 1 BUCOKI Tapudu — Mij Yac BETUKOI KUIbKICTI miaKIoueHb. JJunamiuna Tapudikaris
JUISL OTHUX MOXKE CTAaTH [DKEPETIOM €KOHOMIT, JUTs 1HINHX, HaBIAKH, JXKEPEJIoM 3aiiBUX BUTpaT. Y cOpMOBaHHX
YMOBax Ha PEryjIio0dYi OpraHW TOKIANae€ThCS BiANOBITANBHICTH MPO OCTaHHI Ta HEOOXiMHICTH BUPOOICHHA
IHCTPYMEHTIB JUTS iX 3aXUCTY.

3. Ycxknaonenuns ma inmezpauin @yuxuiin Smart Grid. BaxiveuMm 3aBIaHHSM CY4acHOTO eTamy
po3Butky Smart Grid € iHTerparis pi3HUX QYHKIIH iHTENEKTyaTbHUX MEPEeX 3 METOI ONTHMi3allii iX criapHOL
pobotu. Oxpemi kommoreHTH Smart Grid — 11e o6magHaHHS PO3NOAUTEHIX MEpPEeK, IHTEIIeKTYaIbHi JIIYMITEHAKH,
ob'exTn iHmUBiAYyanpHOI reHepamii (B Tomy uuchi Ha BJIE), emextpomoOini ta inm. Mae Oyru BUOymoBaHa
3aKiHYEHa «apXiTekTypa» BigHocwH. OnmHAK NPUHHATTS AESIKHX CTaHOApTiB Tpu posmmpeHHi Smart Grid
MIPUCKOPHIIA PYX A0 iHTErparti.

4. Po3piznenuit po3sumox cucmemu oezneku mepexc Smart Grid. Ydacamku puaky Smart Grid
CTpaXXIaoTh BiJl BiICYyTHOCTI HOPMATHBIB Ha 3aXWCT iH(OpMAIlii, 3 KOO IPAIfoe Mepeka. Y JaHWX yMOBAax Hi
BUPOOHUKHA HE MOXYTh IOYATH PO3POOKH, Hi BIACHUKK KOMHOHEHTIB Smart Grid He MOXXYTh BCTAaHOBIIOBATH
I13 Ta amapaTHi 3acO0HM, OCKIJIbKM BIIPOBA/DKEHI 3aCO0M MOXYTh BHSBHUTHCS HECYMICHUMH 3 PO3pOOICHUMH
cucremamu. [lns mopiBHAHHSA, B €Bpomi mpobiiema Oe3MeKH AaHNX, B OCHOBHOMY, 3BOJMTHLCS 11O MPOOIeMH
0e31eKH 0COOUCTHX JaHMX, IO TAKOXK HE MOYKHA BBAXKATH KOMILUIEKCHUM 1 JOCTATHIM ITiIXOJOM.

5. Cymnisu Kopucmyeauie uwj000 06e3neKu «iHMENEKMYANbHUX JNIYUIbHUKIEY O01A  300P08's.
Hes3Baxkaroun Ha TEpEKOHJIMBI JIOKAa3W HEIIKIIIMBOCTI JYMIBHUKIB, areHTCTBO Pike Research BBaxkae, mio
BHCTYNIM CYNPOTHBHUKIB po3roptanHs Smart Grid tpuBatiMyTh: OKpemi TpoMaisHH BBaXKalOTh, IO
paniodactoTn O€3IpOTOBUX IMPOTOKOJIB CTAHOBIISATH 3arpo3y [UIS 3I0POB's JIFOIMHH, X04Ya 38 CBOEIO MOTYKHICTHO
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BOHH ITOCTYIIAIOTHCS] BUIIPOMIHIOBAHHIO TTOOYTOBHX MPWJIAIB 1 3HAYHOIO MipOIO — BUIIPOMIHIOBAaHHIO MOOUTEHHUX
TenedoHiB.

6. Ilepemun ceemenmie asmomamuszayii po3noodiny ma IHGpPpacmpykmypu iHmMeNeKmyaabHUx
AiYUAbHUKIE. 3 YacOM CTa€ BCE OUIBII OYEBUIHOIO 3alliKaBJICHICTh KOMIIAHIM, IO MPalIOIOTh Ha pPUHKAX
aBTOMAaTHU3allii PO3NOAIIBHUX MEPEXK Ta IHTEJEKTYyalbHUX JIUMIBHHUKIB, B CETMEHTaX OJuH oqHoro. O0'eqHaHHS
LUX JBOX PHHKIB Yy BEPTUKAJb 3/IaTHE NMPHUHECTH CHHEPTeTUYHHH e(peKT, TOMy MOXXHA YEKaTH B ITEPCIEKTHBI
TIOCHJICHHS] aKTUBHOCTI 3JIMTTA 1 HOTJIMHAHHS MIX MPEJICTABHUKAMH IIUX TPYIL.

7. Poszeumok mixkpomepesc (Microgrid). B nauwmit yac gopmat mikpomepex (iHTEeneKTyanbHi Mepexi 3
MajJuM YHCIOM TOYOK MOHITOPHHTY Ta KepYyBaHHs) PO3BHBAECThCA MepeBakHO B IliBHiumiii Amepmmi. Ix
repeBard Iepel IEHTPaTi30BaHUM MAacOBHM €JIEKTPOIIOCTAYaHHSIM TOJISITa€ Yy JUBOBMKHIM THYYKOCTI
MIPOITOHOBAHMX MOCIYT, IO MiATBEPPKYETHCS HHU3KOIO IPUKIAJOM BIPOBADKEHb, HacamIiepesn, B
aMEpHKaHCHKHUX MicTax Ha AJscCIii.

8. Hocunennsa inmeepayii Smart Grid i cucmem Oomawinvoi asmomamusayii (iHMeIEKMYAIbHO20
0younky). Jloci cTymiHp iHTerparii ta cymicHocti cucteM Smart Grid i iHTEICKTyabHOTO OyIUHKY 3aJIUIIAE
O6axatu kpamoro HaBiTh y CIIA. OpHe 3 HalOUIbII NPHBAOIMBHX JIOAATKIB HA PUHKY — BHKOPHUCTaHHS
IHTEJIEKTYaNbHUX JIYMIBHUKIB JUIS KEpyBaHHS CHCTEMOIO JIOMAIIHBOI'O EJIEKTPOCIIOKMBAHHS Ta peaizaiis
npuHouny Demand Response (DR), ToOTO kepyBaHHsI CIIO)KMBAaHHSIM 3aJI€KHO Bijl HABAHTA)KEHHSI HA MEPEXKY.
Cucrema DR Bxe naBHO BukopucToByeThesi B CIIIA CTOCOBHO BENMKHX €IEKTPOCIIOKHMBAYiB, 1 NMpHUBaTHE
CIIOKMBAaHHA 3aJIMIIACTLCA €AVMHOI0 TOYKOK 3POCTaHHSA Jid HObOr'0 HAIPSMKY. 21)'[5[ KOpI/ICTyBa‘-IiB y HIbOMY
npolieci NpUBaOINBOIO € 3HWKKA Ta MOXKIIMBICTD AE€TaJIbHOTO MOHITOPHHTY €IEKTPOCIOKHUBAHHS.

9. Akmusnuii pozeumox mexnonozii Smart Grid ¢ Aziamcvko-Tuxooxkeancokomy pezioni. Smart Grid
MOK€ CTaTH OJJHUM 3 KOMIIOHEHTIB BHPIIIICHHsI €HepreTHYHOro MuTaHHs i kpain IliBnenHo-Cxinuoi A3ii ta
Snonii. o 2020 poky IliBaenHo-CxinHa A3is crokuBaTuMme Oiibllie MOJOBHHH €JIEKTPOCHEPTrii BChOTro
Asziatcko-TuxookeaHcbkoro periony. lle Benmwue3Huii PUHOK, PO3BHTOK SKOrO OOYMOBJIEHO HEOOXIJHICTIO B
6a3o0Biii enexrpudikarii.

10. Bunepeosicaroui ineecmuuii — ne 3a6xcou npagunvhi ingecmuyii. 3a 3aKOHOM PO BITHOBJICHHS 1
peinBecriniii (ARRA), 3atBepmxenum y 2009 p., B amepukanceki Smart Grid agminicrpanis binoro Jomy
inBectyBana 4,5 mupa. non. Ha nymky Pike Research, st cyma 3-3a Benukoro oOcsry He Oyna posmojisieHa
NpaBWIbHUM 4YMHOM. [lo-Tiepiie, Ha MOMEHT NMPUHHATTA He Oyia MOBHICTIO po3poOieHa HOpMaTHBHA 0aza, II0
CHPUYMHMIIO peatizalilo NPOeKTIB 3 BUKOPUCTAHHSIM HEONTHUMAaJbHUX TEXHOJNOTIH Ta obmannanus. [lo-mpyre,
YacTHHA MATPUMAHUX IHBECTUIIMHUX MPOEKTIB Moryia 6 OyTH BUKOHAHOIO 1 0e3 yJacTi Jep»aBH, a mpoOiieMHi
MIPOEKTH, HepeaIi30BaHi i ChOrO/iHI, HE OTPUMANIK HEOOX1IHOrO (P iHAHCYBAHHSL.

Ha cporomni MoXKHa BHIUIMTH DSl NMPIOPUTETHHX HANPSMKIB, e € HalOunbmmid mporpec. I[lepmmii
HAIpPSIMOK — MOZIEpHI3allis MaFiCTpaJIBHI/IX i pOSHO,Z[iJIBHI/IX MEPEK, BIPOBAKEHHS TEXHOJIOTIYHUX KOMIIOHEHTIB
Smart Grid. I[pymn HANpPSIMOK — IHTEerparis po3ocepe;:[>1<eH01 reHepauu ta BJIE B CHEPreTHIHY CHCTEMY.
[NpakTuaHo y BCIX Kpalﬂax II0 CTAJIM Ha MUIAX peam3au11 koHuenuii Smart Grid, 3apa3 3IiICHIOIOTECS MTOTHI
NPOEKTH, OLUHIOIOTHCS PI3HI METOAM CHCTEMHOI IHTerpauii Ta MiIBHIIEHHS HaXiHHOCTI (QyHKLUIOHYBaHHS
€HEeProCHCTEMH 3 YpaXyBaHHIM HECTaOlILHOrO xapakTepy podortu enekrpocranuiii Ha BJIE. Tperiii Hanpsmok —
BIIPOBAJKEHHS «IHTEJIEKTYaIbHOr0» OOJIIKY Ta KOMYHIKAI[IiHOI IHPPaCTPYKTYpH Y CIIOXKHUBAYIB.

EBomrorist eneprocucreMu BUCyBa€ HacTymHi Bumoru 110 [EC:

— iHTerpamist B €JIeKTPOCHEPTeTHYHI CHCTEMHU PI3HOPIOHUX JDKEped eNEeKTPOSHEpPrii, B TOMy YHCIi Ha
OCHOBI BIJHOBITIOBAaHMX €HEPTOHOCIIB, 1 KAaKTHBHUX» CIIO’KUBAYiB;

— BUOIp ONTUMANBHOTO CKIIaTy TEHEPYIOUNX DKEPET, BKIIIOYAI0UN PO30CepeKEHY TeHepalliio;

— aBTOMAaTHYHE BUSBJICHHS, YCYHEHHS a00 3MEHIICHHS HACHiIKiB mopymeHb y pobori EEC sk Ha
JIOKaJIbHOMY, TaK 1 HA CHCTEMHOMY PiBHi;

— KEepYBaHHS €JIEKTPOCIIOKUBAHHAM CTUMYIIIOIOUYNMHI METOaMU 1 BHOIPKOBIM OOMEKEHHIM CIIOKHIBAUIB;

— CTIHKiCTB JI0 BIDIMBY 3arpo3 Oe3mexu ((hizndana, iHpopmMariiiHa Ta pecypcHa Oe3mexa);

— MOXIIUBICTh PO3BHBATH CHCTEMHI MIOCITYTH Ha 0a3i pHHKOBUX MEXaHi3MiB;

— ONTHMAallbHE BUKOPUCTAHHS 1 OOCITYroBYBaHHS BUPOOHMYHMX (POHMIIB OO'€KTIB €IEKTPOCHEPTeTUKH
MPOTATOM BCHOTI'O JKUTTEBOTO [IHKITY.

VY mpomeci po3Butky [EC Bennka yBara mpuaiIsieThest po3pooii ix 6a30BUX apXiTEKTyp 3 BUKOPHCTAHHIM
MOIYABHOTO I IXOAY. ApPXITEKTypa — IIe OCHOBA OpraHi3allii CHCTeMH, BTUICHOI B 1l KOMIIOHEHTAX, iX B3aEMHUHAX
OIIMH 3 OIHUM 1 3 HAaBKOJWIIHIM CEpEIOBHIIEM 1 B MpWHIMIAX ii po3poOku Ta eBomromii. [Ipum MomympHOMY
MAX0Al — KOXKHA TiJCHcTeMa peaiisye nesky (QyHKImiIo Ta Mae BIIKpUTY crienm@ikamiro iHTepdeicis, ska
nependavae JIETKy 3aMiHy MOIYJIS Ha albTepHATHBHE DIlIeHHA. APXITEKTYpPHHH MiXiZ — € KOMIUICKCHUH
MIPUHIOMIIOBUM OITMC CHCTeMH, II0 Mae Oa3yBaThcst Ha etanoHHiH apxitektypi IEC. Komrurekc cucremHnx
pecypciB 1 cepBiciB, sKi 3a0e3MedyloTh MIATPUMKY MYJIBTHAreHTHOI OpraHi3amii CHCTEMH KEpyBaHHS Ta
peaizyloThCsl Y BUIIISI IPOrpaMHO-anapatHol miaTGopMu.

Y 2007-2009 pp. IBM Ta me ciM MepexeBHX KOMITaHiH 3 YOTUPHOX KOHTHHEHTIB, SKi IPUETHAIHCST 10
Hel, po3poOmim Tak 3BaHy «Mognens 3pinocti» (Maturity Model), sika Oynma noBeneHa 10 HPaKTHIHOTO
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BukopuctanHs nporpamicramu SEI (Software Engineering Institute) yniBepcurery Kapueri-Memona [24, 25].
CTBOpeHHI MPOrpaMHUIl MaKeT J03BOJISE MEPEBIPATH TOTOBHICTH CIEKTPHYHOI MEpexi IO MEpPETBOPEHHS B
iHTenekTyansHy. Ha 6a3i po3poOku Mmixnapomuux craHmaptiB SEI po3BuBae ananoriuny mozens (Capability
Maturity Model Integration — CMMI). denaptament enepretuku CLIA cmineHo 3 SEI npamroe Hag TuM, 106
chopMyBaTH MOJICIIBHY CUCTEMY KepyBaHHs 3araabHOCcBiTOBOi SGMM (Smart Grid Maturity Model).

Eranonna apxitekrypa IEC moBHHHA BH3HAYWTH, HacaMIlepel, opraHizaiito kidep-mapy [8, 10, 24, 25].
[Ipu3HaueHHs eTaJOHHOI apXiTEKTYypH:

— TIOKpAILUTH B3aEMOPO3yMiHHS 3aI[iKaBJICHUX CTOPIH;

— 3a0e3MeYnTH HAIJICHICTh PO3BUTKY 1H(PAacTpyKTypH Ha TOTOYHI Ta MEPCHEKTHBHI BHUMOTH
KOpHCTYBayiB;

— 3a0€3NeYNTH MPAKTHYHY peai3amilo HalOLIbII MporpecuBHUX crtocobiB crBopeHHs [EC;

— 3a0€31eYUTH CYMICHICTh CTBOPIOBAaHMX Ta iICHYIOUMX CHCTEM 3a JIOTIOMOTO0 CTaHAApPTiB;

— 3a0€3NeYHTH [IIIECTIPIMOBaHUI PO3BUTOK TEXHOJIOTIH, KpUTHYHUX AJIs TOBHOLIHHOT peanizauii [EC.

Etanonna apxitektypa = ®peiimBopk + Tumosi apxitektypu. OpeitmBopk (anri. framework — kapkac,
CTPYKTYypa) — CTPYKTypa IPOrpaMHOi CUCTEMH; IPOrpaMHe 3a0e3MeueHHs, 1110 OoNerurye po3pooKy i 00'eJHaHHS
PI3HUX KOMIIOHEHTIB BEJIHKOI'O0 TIPOrpamMHOr0 TNpoekTy. DpeiiMBOpK — 1€ MOXIUBICTb PO3BUTKY
iH(pPACTPYKTYpH HA OCHOBI CHCTEMHOI'0 Oa4eHHS Ta KOMIUIEKCY CyMICHUX TEXHIYHUX pillIeHb.

Awnaniz ¢peiiMBopkiB Juisi etanoHHHX apxitektyp IEC, 3nilficHeHWid TakuMM oOpraHizauisMu Ta
xommanismu, sk NIST, EPRI, M/490, CRISP, Microsoft, ABB, Cisco, 3a KpUTepisiMH TEXHOJOTiYHA
HEUTPaNIbHICTh apXiTEKTYpH, Cy4YaCHUI piBeHb METOAOJIOTII, BIAMOBIHICT BciM BuMoram Jio IEC, mokazas, 110
noiinbHo BuOpatu  ¢periMmBopk SGRA (mamgar M/490). dpeitvBopk SGRA (Smart Grid Reference
Architecture) po3pobieHo koHcopiiymom opranizamii 3 cranaapruszanii CEN-CENELEC-ETSI B pamkax
Mmanmata M/490 E€ppormeiicbkoi komicii. Ha ceoromui 3aranpHoBM3HaHo, mo SGRA (Manmar M/490) —
¢peiimBopk a1st eranonHoi apxitektypu IEC. Cknanosi crpykrypu SGRA Ta 1X XapakTepucTHUKH:

— KOHIIETITYaJlbHa MOJEJIb EHEPrOCUCTEMH — J03BOJNSE C(HOPMYBATH PO3YMIHHS KOXKHOI CKJIaJOBOi
€HEProCHCTEMH 1 IOCIIUTH B3a€MO3B'130K MK T1 OCHOBHHMH €lIEeMEHTaMU;

— apXiTeKTypHa MOJIEIb — JI03BOJIsiE (hopMyBaTH HLTICHE BiIOOpaKEHHS TIEBHOT'O BapiaHTy BUKOPUCTaHHS 3
ypaxyBaHHSIM B3a€MO3B'SI3KY €JIEMEHTIB MIXK IlIapaMu;

— CTPYKTYypa 1apy — 00'€KTH pO3MIILYIOThCs (JIOKATI3YIOThCsI) Ha BIAMOBIAHOMY MICI apXiTEKTypH, 110
JI03BOJIsIE BCEOIYHO 1 CHCTEMHO ommcatu o0'eKT 1 HOro B3aeMopil 3 iHIIMMHU 00'€KTaMM Uil PI3HUX BapiaHTIB
BUKOPHCTAaHHS;

— TIOpSIOK pO3po0KHM — BUOIp BapiaHTa BUKOPUCTAHHS, pO3po0Ka piBHS KOMIIOHEHTIB, po3poOka Oi3Hec-
piBHsI, po3poOKa (hyHKIIOHATILHOT'O PiBHS, po3po0Ka iH(opMaliiiHOro piBHS, pO3po0Ka PiBHS KOMYHIKAIIii;

— peKoMeHaIIT 111010 BUKOPUCTAHHS CTAHAPTIB 1 TEXHOJIOTIH.

APpXITEKTYpHI pillleHHsS BUKOPCTOBYIOTh MYJIbTHATCHTHUI MiJX1/ 0 KEPYBAHHS Ta «XMapHI» O0UHCIICHHSI.
SIKmo LeHTpali3oBaHe KepyBaHHA — II€ TOJOBHUM KOOPAWHATOP, JOKAJIbHI KOODAMHATOPH, BUKOHABII, TO
MYJIbTHareHTHE KePYBaHHA — MHOKHHA 3B’ SI3aHUX LIEHTPIB IPUHHATTS pilleHsb. [leleHTpali3oBaHe KepyBaHHS —
HE3aJeXKHI LeHTPH NPUUHATTA pilleHb. MyIbTHAreHTHI CHCTEMH XapaKTepU3YIOThCS THM, L0 KOXEH YYacHHK
TaKOi CUCTEMH KEepPYBaHHSI Ma€ areHra 3 HaOOpOM MijeH 1 IPIOPHUTETIB, 3alaHUX BIACHUKOM, SIKHMH CaMOCTIHHO
pearye Ha 3MiHy CepelOBHINA i B3a€MOZI€ 3 IHIIMMHU areHTaMH IS KOOpAWHALT Hilf i CHITFHOTO MPUHHATTS
pimmens. MynpTHareHTHUX CHCTEM KEpyBaHHS 3a0e3medye: HafiifHe KepyBaHHA NPH CIAO0KUX KOMYHIKAIlisX;
HaliKkpamie BpaxyBaHHS CHEOU(pIYHNX TpaBWI 1 OOMEXEHh BHUKOPHUCTaHHS OOJAJHAHHSA, IIOJETIICHE
CaMOHAaJIALITYBaHHA Ta PO3BUTOK CHCTEM KEepyBaHHS; CeMaHTUYHUH MiXix 10 POOOTH 3 JTaHUMHU.

«XMapHi» OOYUCIIEHH cTand TonoBHUM [T-TpermoM HOBOTO mecATITTS. OAHIEIO 3 TOJOBHUX IepeBar
HOBOI TEXHONOrii € MacmTa0OBaHICTh 1 ENACTHYHICTh pPECypCiB: MOXKIUBICTh MOIUIATBCS CBOIMH
00YHMCITIOBAIFHIMHU PECypcaMHy, KOmu BOHM He moTpiOHI Ha 100 %, i BUKOPUCTOBYBATH UyXi B TOW MOMEHT,
KOJIX HE BUCTA4Ya€ CBOIX.

[Nosia HOBHX TexHomoriit Ha ctuky NTE (HOBi eneprernuni texnonorii) i NICT (HoBi iH(pOpMaIiiiHi Ta
KOMYHIKaIlifHi TEXHOJIOrii) BUMara€ BBEIEHHS B [0 CTAaHAAPTIB, SIKI TAKOX IOBHHHI OyTH BCTaHOBJICHI Y
CIiBIpalli 3 OpraHaM¥ CTaHAAPTH3AIii Ta AIIATHCA Ha IBI OONIACTI: eNEKTpHYHI Mepexi Ta iH(opmamiiHO-
komyHikamiiHi Texaomorii (IKT). Lle 0co0nmrBO BaXkIMBO TSI TOJETHICHHS B3a€MOIi 00aTHAHHS B OTOYCHHI,
SIKE XapaKTepU3YEThCS MHOKUHHICTIO Cy0'€KTiB. Y 3B'S3Ky 3 IIMM, CTAaHAAPTH3ALis Bifirpae OibII BaXKIHBY
pOTB, HIX paHilIe.

MixHapogHe CHOiBpOOITHHIITBO B ramy3i crapmaptmsamnii Smart Grid 3gificHIOeTbCs OaraTtbMma
opranizarismu [19-21, 24, 25]:

SInownis — MET], JISC Roadmap;

Kopest — KATS Demonstration Projects;

Kurait — SGCC The State Grid Corporation of Ching;

Himequnan — DKE, VDE “German standardization roadmap E-Energy / Smart Grids”, BDI “Internet of
Energy”, BSI-Smart Meter Protection Profile;
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CIIA — IEEE (IEEE SCC21 Standards, IEEE P2030 Standard); NIST Framework and Roadmap for Smart
Grid Interoperability Standards; SGIP, Intellgrid, Gridwise Alliance;

€C — European Technology Platform, Smart Metering Mandate M/441, Electrical Vehicle Mandate
M/490, Smart Grid Coordination Group;

Mixknapomni opranizanii — ISGAN; Global Smart Grid Federation; IEC/SMB Strategy Group 3 (SG3)
“Smart Grid” — Roadmap, IEC PC 118, TC 57 WG21, IEC TC’s:8, 13, 57; CAB, JTC 1 Special WG Smart
Grids.

CTBOpEHHS €JMHOI CHCTEMH CTaH/ApTiB, CIPSIMOBAHMX HA BPETYIIOBAHHS BCIX acleKTiB moOyxoBu Smart
Grid B €Bpori, pernamMeHTyeThCs CHCHiAIbHAM JOKYMEHTOM, MPUHHATOMY Ha piBHI €Bpocorody. ['eHepanbHuit
mupekropar €C 3 enepretuku y 2011 p. 3aTtBepauB HOpMaTHBHHMI JOKyMeHT «Standardization Mandate to
European Standardisation Organisations (ESOs) to support European Smart Grid deployment (Smart Grid
Mandate)».

®dopmyntoBaHHS, BUKOHAHHS Ta KOOPJMHALIIS BCIX POOIT B paMKax JTaHOTO JOKYMEHTa JI0pY4YaroThes MaH-
eBponeiicbkum opranizariism: CEN (€sponeiichkuii komiter crangaptis), CENELEC (€spornelicbkuit koMiTeT 3
craHmapTu3aliii B enekrporexHiiii) Ta ETSI (€Bponeiicbkuii iHCTUTYT CTaHIAPTIB €IEKTPO3B'A3KY).

PesyneraToM poGoTh craHe (OpMYBaHHS HOPMATHUBHOI 0a3u, sKa OXOIUTIOBATUME BCi HasBHI Ha
CBOTOJIHIIIHIH ZIeHb B €BpOITi CTaHAAPTH, Ta pO3poOKa HOBHUX CTaHAAPTIB 3a TPhOMa HANPSIMKaMU:

— TEeXHIYHa €TaJIoHHa apXiTeKTypa, sika Oyae BimoOpaxkaTH (DyHKIIOHaJbHI iH(OPMAIiiHI TOTOKH MiX
rOJIOBHUMH OOJACTSIMM Ta IHTETPYBaTHUME apXiTEKTypU HU3KH CHCTEM 1 IiCHUCTEM;

— maKeT yHi(piKOBaHMX CTaHIAPTIB, sIKi OyayTh crpusiti iHdopmauiiinomy oominy (IIporokon nepenaui
JIAHUX 1 MOJIeNIl TaHKX) Ta IHTerpalii BCiX KOPUCTYBaUiB y MisUIbHICTh €JIEKTPUYHOI CHCTEMHU;

— CTIHKI TpollecH CTaHAapTH3alii Ta NporpaMHe 3a0e3rmedeHHs CyMiCHOI poOOTH, HampaBieHi Ha
B3A€MOJIIO 3aI[IKaBIEHUX CTOPiH, Ha BIOCKOHAJEHHA 000X BKa3aHUX BUIIE IHCTPYMEHTIB Ta IIPUCTOCYBAHHS 1X
JI0 HOBHX BHUMOI Ha OCHOBI aHalli3y OCOOJMBOCTEHl HasBHHUX Ille HE BUPIIICHNHX 3aBJaHb MpH 3a0e3NedeHHi
BiAIIOBIHOCTI 0OMEXEHHAM BHCOKOPIBHEBHUX CHCTEM, 30Kpema, (byHKIII OHAJIbHI B3aeMOZIT
(inTeponepabenbHOCTI), Oe3ner, KOH(IAeHIIHHOCTI TOILO.

Sk npukian koporko HaBeneMo okpemi cranaaptu IEEE 3a cdhepamu 3acTocyBanHst:

— Smart Grid: IEEE 1675, IEEE 1775, IEEE 2030, IEEE P2030.1, IEEE 1901, IEEE P1901.2;

— Homawni mepeaci (Home Networking): IEEE 802, IEEE 1901, IEEE P1901.2, IEEE 1815;

— «Iumenexmyanwvni eumiprosannsn» (Smart Metering): |EEE P1377, IEEE 1701, IEEE 1702, IEEE
P1703, IEEE P1704, IEEE P1705;

— Mepearci Smart Grid é domawnix zocnooapcmeax: cepis IEEE 1547, IEEE 2030.

3rigHo momeni IEEE P2030 Standart BumisieHHs mapiB KOMYHIKaIlil Ta eIeKTPUIHOI MOJEN MOKa3aHo Ha
puc. 1.

IITAPH KOMVYHIKAITII
ITPHBATHA MEPEXA PETIOHATIBHA MEPEXA JATAJIBHA MEPEXA
IIpomucaosa PaiioHHa Lentp
Mepeka Mepe:xa \ KepyBaHHA
/| N\ / | / N\
Tomamss ObnaaHaHHT Mepesxa TparsurHa basoBa PerioHansHa
Mepera CIIOKHBAYIE OCTAHHBOT MITI MepeXa Mepeka MepeEa

N N N

Mepesxa
IPHMIITEHb MepeKa miacTaHmii
CITIOZEIIBAYI PO3TIOOLT TEHEPAIIIA TA ITEPEJAYA

AN N\ N4

ITAPH ENEKTPHYHOI MEPEXI

Puc. 1 Mognens IEEE P2030 Standart
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Peaunizauii konnenuii Smart Grid ycninmo koopauHy€eTbesi MiKHAPOJHHMM OpPraHi3alisiMu.

[epmr 3a Bce HEOOXiAHO BiA3HAYUTH MiXKHApOJHE CITIBTOBAPHUCTBO IiJTPHMKH IHTENEKTYaIbHUX MEpEex
(International Smart Grid Action Network, ISGAN) — TpaHCHaI[iOHAIPHY OpraHi3allifo I MIKYpPSIOBUX
KOHTakTiB y paMKax Jialory IpO PO3BUTOK IHTENEKTyalbHHX Mepex [24, 25]. BukonaBumii komiteT
(GhopMyeThCS 3 TIPEACTAaBHUKIB KpaiH-yuacHHUKIB ISGAN i 30upaeThes Ha 3aciiaHHs JBa pa3u Ha pik. JisuIbHICTH
ISGAN, y mepury yepry, 30cepe/pkeHa Ha THX aclleKTax MAisUIbHOCTBI y c(epi IHTENEKTyalbHHX MEpeX, Je
JiepKaBa BUCTYIIA€ OPTaHOM KOHTPOJIO a00 HATJISAy, Ma€ JOCTATHIO KOMIIETEHINIIO, 3/IaTHICTh O MOOiTi3arrii
pecypciB abo iHIIMMHK iHCTpyMeHTamu BIUTHBY. YdacHUKH ISGAN BeayTrs poOOTy 3a TaKUMH OCHOBHHMU
HANPsSIMKAMU: 3aXOJW, CTAHAAPTH, PETYIIOBaHHS], (DiHAHCYBAHHS 1 MOJENI BeJCHHS Oi3HECY, TEXHOJOTIYHUH i
CHCTEMHUI PO3BUTOK; 3aJTy4E€HHsI KOPHCTYBAUiB 1 CIIOKMBaviB; KBai(iKaIlisi i KOMIETEHTHICTh MIEpCOHAITY.

Bceecritas denepariss Smart Grid (Global Smart Grid Federation, GSGF), 3acaoBana B 2010 porri,
MATPUMYE CTBOPEHHS IHTENEKTyaIbHUX, €KOJIOTIYHO YHCTHX €HEProCHCTEM y BChOMY CBiTi. BoHa Hamaraerbcs
COPUATH MOMYJIsApH3alii HaHOUTBII BAAIAX MPOCKTIB, BU3HAYCHHIO 3aBaJl 1 MOUIYKY PillleHb I X PO3BUTKY, a
TaKOX aHaNi3y 1HHOBAIIHUX ified, TEXHIYHUX 1 momiTHuHUX nuTaHb. Ll denepanis onmyOnikyBana nepmmi 3
MOMEHTY CBOTO 3aCHYBaHHS JONOBiAb. JIOKyMEHT BKIIIOYA€ OIJIs[ CBITOBOI NPAaKTUKU B pealizamil pi3HHX
IHTEJIEeKTyalbHUX IMPOEKTIB, a TAKOX aHali3 mpobieM 1 MoxyuBHuX pimens [15]. Jonosigs, imeHoBana «The
Global Smart Grid Federation Report 2012», posrmsmae mocBin peaiizaiii HepeoBHX IPOEKTIB B Pi3HUX
KpaiHax CBITY 1 JIOCTIJDKYe OCHOBHI TPYJTHOII, SIKi CTOSTh HAa NUISIXY INOIIUPEHHS «PO3YMHHX» pilIeHb i
texuosorii. Moro CyTh 3BOJMTHCS JI0 HACTYIHHMX BHCHOBKIB. Y KpaiHax, jae peainizyerbcs Smart Grid, neit
HampsiM CTaB ICTOTHUM €JIEMEHTOM JIep)KaBHOI TIONITHKM Yy 3a0e3leueHH] eHepreTHyHol Oe3mneku Ta
€KOHOMIYHOT'O 3POCTaHHS.

OnHKUM 13 3HAKOBHX BHCHOBKIB JIOIOBIJ/Ii CTajla Te3a: «CTBOPEHHS IHTENIEKTYaJbHOI MEpeKi MOMKIIUBOY.
[lpu TOMy, IO MPaKTHYHO BCI IPOAHAN30BaHi NPOEKTH 3HAXOAATHCS B CTalil Po3poOKM abo MiIOTHHX
BUIIPOOYBaHb, BOHH CBI/4aTh, 110 1HTENEKTYaJIbHI MEepexi Bxke icHYI0Th. OJHak Oyab-skuid npoekt Smart Grid
BKJIFOUA€E 0arato iHTENeKTyallbHUX eleMeHTiB. CTyIMiHb CKIIQJIHOCTI MMPOEKTY MOXKe Oe3nocepeiHbo IT03HAYaTUCS
Ha WOro MpakTUYHIN peanizauii. BapianT BupilieHHs 1iel Tpo0ieMH — IOeTalHe BTiJICHHS MPOSKTIB.

31iHCHIOIYN KOMYHIKaIlii Mi>k OCHOBHUMHU JIEP>KaBHO-IPUBATHUMHE Cy0'€KTaM JisUIbHOCTI Ta iHilliaTHBAMU
kpain-yuacHunp, ®Dexnepaniss GSGF nommproe ycmimHi NpakTUKW, BU3HAyae Oap'epu 1 pILIEHHS, CHpUSE
IHHOBALIISIM, PO3IIISIA0YM KITFOYOBI TEXHIUHI Ta MONMiTHYHI nutanHs. LI Ta iHm 3axoau IonomaraloTh 4ieHaM
oprasi3ailii iHIIIFOBaTH 3MiHH B EIEKTPUYHHUX CHCTEMaxX CBOIX KpaiH 3 METOIO MiIBUIIEHHS O€3MEKH, ITiJBUIIUTH
THYYKICTh, CKOPOTUTU BHUKH/IM Ta MIATPUMYBATH IOCTYIHICTh, HAAIHHICTD Ta JOCSKHICTD EJIEKTPOIOCTAYaHHSI.

The Global Smart Grid Federation criBnpaiitoe 3 International Smart Grid Action Network, a Takox 3
HAIIOHAIbHUMHU 1 MDKHApOJIHUMH YpPSIOBUMH OpTraHi3amisMH JJIsl BUPILICHHS IIHPOKOrO KOJa MHUTaHb OO0
po3ropaTaHHsl iHTeJIeKTyanbHuX Mepex. Lleid 3B'a30k 3abe3mnedye GpopyM AJsl CHNIKYBaHHS Ta CIIBIpalli, KU
Ma€ TPOCYBATH IHTEJEKTYKaJIbHI Mepexi M0 BCbOMY CBITOBI Ta CIPHATH JOCATHEHHIO KOHCEHCYCY B paMKax
MIXHaPOJJHOTO CITIBTOBAPHUCTBA y c(hepi CUCTEM eNEeKTPOIOCTauaHHs Ta TypOOTH MI0/I0 3MIHHU KIIIMATY.

VY cBoto yepry, AnbsHc Smart Energy Alliance (SEA) moennye Oaratuii JOCBiJ TaKUX iHAYCTpiaJbHUX
rirantiB sk GE Energy, Capgemini, Cisco Systems, Hewlett-Packard, Intel ta Oracle, mo6 aomomortu
eHeproMepexaM MepeTBOPIOBATH CUCTEMH Tiepe/iadi Ta MpoliecH JUCcTpuOyLii eHeprii. BUKOpHCTOBYIOYH THYUKY
MOIYABHY CTPYKTYDPY, SEA cTBOpIOE pillleHHs, sKi 0a3yIOThCS Ha iHAYCTPiaIbHOMY TOCBi/Ii T4 TEXHOJIOTIYHOMY
JigepcTBi. YHiKaIbHE CHiBPOOITHULITBO MPOIIOHYE IUTICHUN MiAXi A0 3aJJOBOJICHHS BUMOT 3aBTPAIIHBOTO JHS 1
Oyne cpusitu TpancopMallii eHeproMepex y BChoMy CBITI.

JisnpHICTP IHMX MIDKHAPOAHUX OpTraHizamii — MPHUINBHIMIKATH peanizamifo koHmemmii Smart Grid y
CBITOBOMY MacmITaoi.

Ha cporomni akryanbauMm € gokymeHT «10 Steps to Smart Grids; EURELECTRIC DSOs’ Ten-Year
Roadmap for Smart Grid Deployment in the EU». ¥V BimnoBimHOCTi 10 1BOr0 JOKYMEHTY JUIS peaizariii
IHTETIEKTYaIbHUX MEPEK Ha €BPOIEHCHEKOMY PHHKY MOTpiOHO 3podutn 10 KpokiB (muB. Tabm. 2), 6arato 3 SKux
TiCHO TIOB'sI3aHI MiXK COOOI0 MaroTh po3BHBaTHCA omHoYacHO [11]. BumineHo tpu crazii po3sutky Smart Grid:
CIPUSHHS HalliOHAJHHAM Ta 3aTalIbHOEBPOIICHCHKIM PiBHSAM; PO3TOPTaHHS B AepkaBax-wieHax €C; macmTabHa
peaitizamis Ta KoMepIliamizallis Ha HaJQIepKaBHOMY PiBHI.

EURELECTRIC npononye HacTynHy kiacudikaliio:

— MEHE[DKMEHT IHTEJEeKTyallbHUX MEPEX: PO3BHTOK 3BHYAMHMX MEPEXk; IIBHOKA IJCHTHU(IKAIisA
MIOIKO/DKEHh Ta CaMOBITHOBJICHHS MOMJIMBOCTI dYepe3 aBTOMATH3AII0 MEpEeXi; pPO3IMHUPEHHS MepeKeBol
eKCILTyaTallii Ta KepyBaHH; IHTEJIEKTyalbHI BUMipIOBaHHS;

— iHTeJIeKTyallbHa IHTErpOBaHA TeHepalis: OaNaHCYBaHHS €HEPrOCHCTEMH 3 BEIUKOK YaCTKOK 3MiHHHX
BiJTHOBJIIOBAaHHUX JDKEpENT HEprii, y TOMYy YHCII 3 PO30CEPEMKEHOI0 TeHEPAI€r0; IHTerpamis eNeKTPHIHMX
TPAHCIIOPTHHUX 3aCO0IB Ta OMAJICHHS 1 CHCTEM OXOJIOJDKEHHS; IHTEIEKTyalIbHI PilICHHS aKyMYJIIOBaHHS €Heprii;

— CMapT PUHKH Ta KIIIEHTH: PO3BHTOK IPOrpaM pearyBaHHsS Ha IOIHT Ta PEryJIIOBaHHsS HaBaHTa)KCHHS,
00'eqHaHHS PO30CEPEHKEHUX TeHEPATOPIB EHEPrii, BKIIOYAIOUN €-MOOiIb.
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Tabmus 2
Kpox 2011 2012 2013 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
1
nmaim
MacmrabHa 10 Pyx nmo peanpHOI ydwacTi CHIOXHBa4iB B
peamizamis  Ta CHEPrOpHUHKY
KoMepuiamzamist | 9 Inrerpamiss y Benukux MacmTadax e-MoOiiB,
Ha OITaJICHHSI, OXOJIO/KEHHS Ta 30epiraHHs
Ha/Iep>KaBHOMY
piBHI
Posropranas B | 8 Arperaiiisi po30cepePKeHIX IKepesl eHeprii
JeprKaBax- 7 Pyx nmo iHTerpamii MicueBOro i LEHTPaJbHOTO
yJIeHax OamaHCyBaHHS TS BCIX THITIB TeHEpaIii
6 MOHITOPHHT Ta KEpyBaHHS MepeXaMH 1 pPO30CEepeKEHOI0
TCHEPAIIi €10
5 PosropranHsi iHTENEKTyalbHUX BUMIpIOBaHb — MOIHQOPMOBaHi
KITI€HTH
CrnpustHHS 4 TecTyBaHHS 3a ONOMOTOI0 AEMOHCTPALifHUX MPOEKTIB Ta
HalliOHATEHUM OOMiH 3HaHHSMHU
Ta 3arajabHo- | 3 BcraHOBIIEHHST CTaHIApTIB Ta
€BPOIEHCHEKUM 3a0e3MeueHHs 3aXUCTY JaHuX 1
PIBHAM KOH(1IeHIIIHHOCTI
2 Po3pobka Mojienei puHKy
1 3a0e3neueHHss HOPMATHBHHUX CTHMYJIB JUIS IHHOBAIliHHMX 1HBECTHIIA B
MepexKi

Hust toro, mo6 MPOKJIACTH LUISX JO THYYKHX e€Bporeiicbkux Mepex 10 2020 poky, MM IIOBHHHI
YCBIZIOMITIOBATH PEajIbHICTh BiJl O2)KaHUX (DYHKIIIOHAJIBHUX MOXIIMBOCTEH 1 MOCIYT 1HTEIEKTYaIbHUX MEpPEeK Ta
X MOXKJIMBUX HACHIJKIB JUIsl eHEPTOCUCTEMH.

Ha cporonni Mo)xHa BU3HAUUTH TaKi KIOYOBI HANPsAMKH po3BuTKy Smart Grid y cBiTi Ta uis Ykpainu:

— peaJtizailis Aep>KaBHOI HOJIITHKK TPH 100Y10B1 KoHuenmii Smart Grid,

— aHaJi3 3apyOi>KHOr0 JIOCBi/ly Ta 3aCTOCYBaHHs Horo B YKpaiHi;

— OCHOBHI TIOJIOXEHHSI «JIOPOXKHBOI KapTH» 3alpoBapKEHHs Ta peaizaiii Smart Grid;

— po3BHTOK «ekocuctemMn» Smart Grid;

— HapOIIyBaHHS IOTYXXHOCTEH 1 eEKTUBHICTh EKCILTyaTallil MepeK;

— CTBOpPEHHSI CTUMYJTIOIOUMX EKOHOMIUHHX 1 3aKOHOJJABUYUX MEXaHI3MIB, 1110 IO3BOJISIIOTh Ha JIEPKABHOMY
PIBHI IPUCKOPUTH BIPOBADKEHHSI ITEPEIOBUX KOHIIETIIIH, 1HII[IATUB Ta PillIeHb;

— IHTerpalis TelleKOMyHIKalliHOT Ta eHepreTHIHOl iHPPACTPYKTYPH;

— B3aEMOJIisl PO3MOIIBHUX 1 TPAHCIIOPTHUX CHUCTEM;

— JIOCTaBKa 1 peati3alis pecypciB KiHIIEBOMY CIIOKHBAYEBi;

— aBTOMATH30BaHI CHCTEMHU BUMIipIOBaHb, 300py AaHUX Ta OOJIKY;

— TeXHOJIOTii 00pOOKY 3HAYHUX MAaCHBIB JaHUX y Mepekax Smart Grid;

— 3a0e3nedeHHs KOH(IACHIIHHOCTI Ta Oe3neky Aanux Smart Grid;

— PO3MOAiIEH] 1 BiiHaeHi CHCTeMH 300py JaHUX 1 KEPYBaHHSI IPUCTPOSIMU;

— pONb TEICKOMYHIKAIMHUX ONEepaTopiB 1 OmepaTopiB MAIIMHHO-MAIINMHHOI B3aemonii M2M mpu
mo0y0Bi Ta KepyBaHHS Mepexkamu Smart Grid;

— po3podka crargaptiB mist IEC Ykpainm;

— Data 1eHTpH 17151 eNeKTPOSHEPreTHKY;

— PO3BUTOK aNFTEPHATHBHOI €HEPTETUKH B YKpaiHi 1 JOCBiJI IHINX KpaiH;

— anpTepHaTHBHA eHepreTrka, Smart Grid i Microgrid.

TakuM 4UHOM, IPOTHO30BAHUH €KCIIEPTaMHU CYKYITHHH e(eKT BiJl IEPETBOPCHHS CHEPreTHYHNUX CHUCTEM B
iHTeNeKTyanbHi 103Boiste BBaxkatn Smart Grid MOTYXKHHM TNPHCKOPIOBAYEM 3POCTAHHS CBITOBOI €KOHOMIKH,
IpaiiBepoM TexHoNoriuHuX meperBopeb. [Ipu dopmysanHi IEC HeoOximHO, Hacamrepen, Opi€HTyBaTHCSA Ha
BHMOTH, IIOB'SI3aHI 3 HEOIHAYCTPiaJbHUM PO3BUTKOM, TIOSIBOI0 HOBMX PHHKIB i Oi3Hec-mozenel, (hopMyBaHHS
HOBOTO CIIOCOOY HTTSI 1 COIiaTbHUX MpPakTHK. BiacHe GopMyBaHHS €1MHOI TEXHIYHOI MONITHKY B raimy3i Smart
Grids moxe BigOyBaTHCs TUTBKK B YMOBAaX IOCTIHHOI B3aeMOii (haxiBuiB 6araTboX HANPSIMKIiB.
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S. Denysiuk
National Technical University of Ukraine «Kyiv Polytechnic Institute»
GUIDELINES OF TECHNOLOGICAL CONCEPTS OF SMART GRID IN POWER SYSTEM

The features of the policy raise the intellectual level of electric power systems in terms of international
best practices. Presents the basic principles of the Smart Grid concept with the release of three generations:
Smart Grid 1.0 — responding to demand; AMI-chain (based AMR, RTU devices, etc.); specialized software
(EMS/SCADA); distributed automation; Smart Grid 2.0 — IP-protocol; electric vehicles; energy storage; Smart
Grid 3.0 — roaming energy; energy trade Peer-to-Peer.

The characteristic of modern projects in the Smart Grid, implemented in the advanced countries of
America and Europe, assessed the role of international organizations that provide coordinate the Smart Grid
concept and in the international market of modern advances to improve the intellectualization of electric power
systems.

Determined that the basic methods and tools of the concept of Smart Grid are: integration of electricity
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heterogeneous sources of electricity, including from renewable energy and "active” users; selection of the
optimal composition of generating sources, including dispersed generation; automatically detect, eliminate or
reduce the consequences of malfunction of electric power systems both at local and at the system level; control
power consumption stimulating methods and selective restriction of consumers; resistance to security threats
(physical, information and resource security); opportunity to develop system-based services market mechanisms;
optimal use and maintenance of energy facilities assets throughout the life cycle. The features of building
reference architectures of intelligent power systems, the use of multi-agent control systems. It is shown that
standardization plays an increasingly important role in deciding priorities for implementing the concept of
technological Smart Grid.

Reviewed by a major technological guidance implementing the concept of Smart Grid power systems in
Ukraine.

Keywords: Smart Grid, smart electricity system, the implementation of policies, pilot projects, current
priorities, European benchmarks, technological implementation.

YK 621.0
C.I1. JJenncrok, 1-p TeXH. HayK, podeccop
HanmoHnanbHBIA TeXHUYeCKU yHHBepcuTeT Y KpanHbl « KHeBCKHii MoJIMTeXHMYeCKUI HHCTUTYT»
TEXHOJIOI'MYECKHWE OPUEHTUPHI PEAJIM3AIIUU KOHLUENIMU SMART GRID B
SJIEKTPOSHEPTETUYECKUX CUCTEMAX

[Ipoananusuposanvl ocobenHocmU peanu3ayuy NOIUMUKU NOBbIUEHUS UHMELIEKMYalbHO20 YPOGHS
INEKMPOIHEPLEMUYECKUX CUCEM C THOUKU 3PEeHUsl MUPOBbIX nepedogwvlx npaxmuk. IIpedcmasnenvl 6azosvle
npunyunsl peanuzayuu konyenyuu Smart Grid ¢ evioenenuem mpex nokonenuii: Smart Grid 1.0 — peacuposanue
na cnpoc; AMI-cems (na 6aze AMR, RTU u m.n. ycmpoticms), cneyuaniusuposaHioe npoepammHoe obecnevenue
(EMS/SCADA), pacnpeoenena asmomamuszayusi;, Smart Grid 2.0 — |P-npomoxon; anexkmpomobunu; xpanenue
anepeuu; Smart Grid 3.0 — poymune suepeuu; mopeogis snepeueti Peer-to-Peer.

Tlpusedena xapaxmepucmuka cospemeHuvix npoekmos 6 cgepe Smart Grid, komopvle peanuzyiomcs 6
nepedosvix cmpanax Amepuxu u Eeéponvi, oyenena ponb MedNCOYHAPOOHBIX Op2aHusayuil, 00ecnedusaiouux
KoopOounayuto pearuzayuu xonyenyuu Smart Grid u npoogudicenue HA MUPOBbIX DLIHKAX COBPEMEHHbIX
docmudicenutl OJist NOBGLIUEHUSL YPOBHSL UHMELNEKMY ATUAYUU INEKMPOIHEPLEMUUECKUX CUCTMEM.

Onpedeneno, Ymo OCHOSBHBIMU MemMOOaMU U UHCMpyMenmamu peanuzayuu Kowyenyuu Smart Grid
SGNIEMCL UHMESPAYUsL 8 DJIeKMPOIHEPEMUUECKUe CUCEMbL DAZHOPOOHBIX UCHOYHUKOE INEKMPOIHEPIUU, 8
MOM YUCAe HA OCHOBE BO300HOBNAEMbIX OJHEP2OHOCUMENell U «AKMUGHbIXY nompebumenel; bloop
ONMUMATLHO20  COCINABA  2eHEPUPVIOWUX — UCHOYHUKO8 ,  BKIIOYAA  PACCPEOOMOYEHHYI0  2eHepayuio;
asmomamuyeckoe OOHApYdceHue, YCMpaHeHue Ul YMeHblieHUue NoCIeOCmBUull HapyuwleHui 6 pabome
9NEeKMPOIHEPLeMUHECKUX CUCeM KAK HA JOKAAbHOM, MaK U HA CUCMEeMHOM YpO8He, VNpPAGIeHUs.
INEKMPONOMpedIeHUEM CIMUMYAUPYIOWUMU MeMoOoamMu U 6blIOOPOUHbIM  OZpaHUYeHueM nompebumenel,
yemouuueocms K 8030elcmeuio  yepo3  6esonachocmu  (usuueckas, uHGOpMAYUOHHAS U pecypcHas
0e30nacHoCmy); 603MONCHOCHIbL PA36UBANbL CUCHIEMHBIE VYU HA 0a3e PbIHOYHbIX MEXAHUZMOS8, ONMUMATLHOE
UCNONB308aAHUE U 0OCTYAHCUBAHUE NPOUIBOOCHBEHHBIX (POHO08 0OBLEKMO8 IIeKMPOIHEPLeMUKU 8 MeyeHue 8Ce20
JrcusHeHHoz2o  yukna.  Ilpoananusuposamsl  0COOEHHOCMU — NOCMPOEHUs — IMAIOHHBIX — APXUMEKMYp
UHMEJLIeKMY ANbHbIX JJIeKIMPOIHEPEIMUYECKUX CUCTIEM, UCNOAb308AHUSL MYTbMUASEHMHBIX CUCIEM YRPABTIeHU.
Tokazano, umo cmandapmusayusa uzpaem ce OOBULYIO PONb NPU PeuleHUU NPUOPUMENO8 MeXHON0SUYecKoll
peanusayuu koHyenyuu Smart Grid.

OyeHenvl  OCHOBHblE — MeEXHONO2UYeCKUe OpueHmupsl pearuzayuu  Kouwyenyuu Smart Grid 8
97eKMPOIHEPLeMULeCKUX cUcmemax YKpaunoi.

Knroueevle cnosa: Smart Grid, WHTENIEKTYalbHBIC SJCKTPOIHEPTETUICCKAE CHUCTEMBI, peanu3allus
TIOJIUTHKA, IHIOTHBIE TPOEKTHI, COBPEMEHHBIC MPUOPUTETHI, €BPOICIHCKIE OPHEHTUPHI, TEXHOIOTHYECKas
peanu3aus.

Hapnitimua 06.04.2014
Received 06.04.2014

20 ISSN 2308-7382 (Online)



