View metadata, citation and similar papers at core.ac.uk brought to you by ;{ CORE

provided by Electronic Archive of Kyiv Polytechnic Institute

ISSN 1813-5420 (Print). EHepreTtvika: ekoHoMika, TexHosiorii, exornoria. 2016. Ne 2

SMART GRID CUCTEMH TA TEXHOJIOTII
SMART GRID SYSTEMS AND TECHNOLOGIES

YK 621.316.1.05

C.I1. lenuciok, 1-p TeXH. HayK, npog., JI.C. I'openko
Hauionanbumii Texuiuynuii ynisepcurer Ykpainn « KuiBcbkuii mostitexHiunmii incTurym

AHAUJII3 ITPOBJIEM BITPOBA/?’KEHHS BIPTYAJIbHUX
EJJEKTPOCTAHIIIA

B oanii cmami posensoaiomecs cmpykmypa eipmyanvhux erexkmpocmanyiti(BEY) ma ceimosuii doceio ix
enposadoicenns. Kopomxo nasedeno ceimosuii 0oceio enposadocenns cucmem Smart Grid. [Ipedcmasneno
nepesazu ma HedOIIKU 8i0 8NPOBAONCEHHS GIPMYANLHUX eeKMPOCMANYill OJis PI3HUX YYACHUKIE eHeP2OPUHKY.

3asnaueni cucmemu OUCMAHYIHO20 KePYBAHHA MA CUCMEMA CUHXPOHI3AYII KOMNIEKCHUX SUMIDIOBAHb Y
gipmyanvHux eirekmpomepedicax. Onucani KOMNJIEKCHUlL Ma cUcmemHuti nioxoou 00 Kepy8aHHs 2eHepayicio 8
yinomy ma oxkpemumu ii cknadosumu. Ilpedcmaeneni pisnouou memooie niosuwjenis egpekmusnocmi BEY.

Hageoeno anzopumm ananizy esacmnozo ennugy enemenmie cucmem Smart Grid. Taxooic npeocmaenenni
gaxkmopu, ki HeobOXiOHO epaxosyeamu npu 30iUCHeHHI ananizy. Onucamo OCHO8HI napamempu ma
Xapaxmepucmuku ei1eKmpomMacHimuoi cyMicHocmi.

Knrowuoei cnosa: po3ocepekeHa reHepaltisi, CHCTeMH ellekTponoctadanss, Smart Grid, Virtual Power Plants,
MOHOBJIIOBAJIbHI JDKEpeda eHeprii, cucrema KkepyBaHHs, Energy Management System, enekTpomarHiTHa
CYMICHICTb.

Beryn. 3actocyBaHHS BIPTyaJbHHUX PO30CEpPEIDKEHHX TI'€HEpaTOpiB MOXKE BHPIMIMTH Oarato mpolsem.
Kpammuii crioci6 peanizyBaTu HOBHII MOTEHIIIA PO30CEPEHKEHOI TeHepallii — I1e MPUHHATH CUCTEeMHUI MiAXim,
SKWA PO3TIISac TeHEepalliio 1 TOB's3aHl 3 HEI0 HaBaHTaKEHHS SIK MigcuctemMu abo "micro grid" [1,2]. Ilix wac
MOPYILICHb TeHEepallisi Ta BiJIMOBIIHI HABAaHTAKCHHS MOXYTh BIJJOKPEMUTH BiJl CUCTEMH PO3IOJUTY 130JI0BATH
Microgrid HaBaHTa)keHHS Bi 30ypeHH:, 0e3 MOIKOHKeHHS Mepeaadi MiTcHoCTI Mepexi. Jlie3aaTHicTh ocTpoBa
reHepanii i HaBaHTa)XEHb B KOMIUIEKCI Mae MOTeHMIial, o0 3a0e3neunTr OUTBII BHCOKY JIOKAIbHY HaiHHICTB,
HK Tepei0aueHo eHepreTHYHOI0 CUCTEMOIO B IIJIOMY.

ExoHOMIYHI, €KOJIOTIYHI TEXHOJOIil CTHUMYJIIOIOTH 3MIiHYy TeHepalii Ta Tmepeaadi eJIeKTPOeHepril.
LenTpanizoBana reHepyloda MOTYXKHICTb, ITOCTYNAIOTHCS MiCHEeM MEHIIIH, OLIBII po3ocepeKeHiil reHeparii
YaCTKOBO Yepe3 BTpaTy TPaAULiHHOrO eekTy, He TUBIISUUCH Ha T, [0 CUTYallis 3MIHIOEThCS IIBUJIKO 1 BUMArae
yBark J0 IUTaHb, IOB'SI3aHUX 13 BIPOBA/DKCHHSIM PO30CEPEIDKEHOT TIeHepalil B PO3MOJUIbHI CHCTEMH.
Posmominena reHepartisi OXOIUTIOE MIMPOKE KOJO TEXHOJOTIH, TaKUX SK 3aCTOCYBAaHHS ABHUTYHIB BHYTPIIIHBOTO
3TOpPSIHHS, Ta30BUX TypOiH, MIKpOTYpOiH, COHSYHMX OaTtapei, MaJIuBHUX €JIEMEHTIB 1 BITPSKIB. BIbIIiCTh HOBUX
TEXHOJIOTIH, TakuxX sK MIKpOTypOiHH, ()OTOBOJIbTAIKA, MAJMBHI €JIEMEHTH 1 Ta30Bi JABUI'YHH BHYTPIIIHBOTO
3TOPSIHHS 3 TEHEPATOPOM TIOCTIHHOTO CTPYMY BUMAararoTh iHBEPTOPIB IS MiAKITIOYCHHS 10 TCKTPUIHOI CHCTEMH.
Ii HOBi TexXHOJOTiI MAIOTh OUTBIT HU3bKI BUKHAIH 1 BUIIWH IMOTCHITIAN, [0 3YMOBJIOE OiIbII HU3BKY BapTICTh,
3aMIiHIOIOYM HETATHBHUM TpaJUIiiHUN eKOHOMIUHMIA edekT [3-5].

Bin cyugacamx Smart Grid o9iKyOTh: TiBHIICHHS €(EKTUBHOCTI CHEPrOCIIOKMBAHHS (TakKi CKIAIOBi SIK
demand / response, floating prices, smart metering, peak shaving), 30kpema, 3a paxyHOK 3HIDKEHHS IMIKOBHX
HAaBaHTA)XCHb; BUKOPUCTAHHS BiJHOBIIIOBAHUX JDKEpPENl €Hepril 3 po3B’si3aHHSAM 33/1a4 JUHAMIYHOTO OajlaHcy
CHOXXMBAHHS Ta TeHEpallii Ha MaKpo- 1 MIKpOPIBHAX; MOIIHUPEHHs eJIEKTPOMOOLTIB 3 GOPMYyBaHHIM CTaHIAPTIB
0o0OMiHy iH(popMaIIieto Ta Gi3MIHOTO MiAKITIOYCHHS 10 SICKTPOMEPEIKi; MiABUINCHAS HAAIHHOCTI, CTa0UTFHOCTI Ta
6esmneku [6].

BipryansHa enexrpocranmis (VPP) — 1e cTpykTypa, 10 MOEAHYE B COOI €leMEHTH TpbhOoX BHIIB [7]:
po3ocepemKeHi reHepaTop (BITPOYCTaHOBKH, (POTOCTIEKTPUYHI CTaHIIi1, MiHi- i Mikpo- TEL] Tom1o); cokxuBadi-
peryJsITopy HaBaHTaXeHHs! (TTO0YTOBI Ta MMPOMHUCIIOBI); CUCTEMH aKyMyJroBaHHs eHeprii. [1o0yToBi crioxxnBaui
(npasibHI MAIlIUHU, XOJOAMIBHUKH, TEJIEBI30PH, MIKPOXBHIIBOBI IeUi, CHCTEMH KOHAWI[IOHYBaHHSI NPUMIIICHB,
HarpiBaJIbHI €JIEMEHTH TOINO) € HAHOUTBII JITKO KePOBAaHUMH HaBaHTa)KEHHAMH. KepoBaHICTh HaBaHTaKECHHS
MPOMUCIIOBUX CIIO’KMBAUIB Y OCHOBHOMY 3aJISKUTh BiJl THYYKOCTI 1X TE€XHOJOTIYHMX mpoueciB. s nesknx
NPOLIECIB Mi/IBUILYIOTh PHYUYKICTh 32 PaXyHOK CHUCTEM aKyMYJIOBaHHs eHeprii. CUcTeMH akyMyJsilil MOXYTb
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HAKONMYYBaTH E€HEPrilo B pi3HUX (opmax (TErsIoBoi, eNeKTPUYHOI, MeXaHIuHOi Ta XimiuHo1). [l moOyToBux
CIOXXMBAUiB HAWOIMBII paIliOHATHHAM BapiaHTOM € aKyMyJIOBaHHA Tellla (3a peXumMamu poOoTu
TEIUIOAKYMYJIIOI0Ui  cucteMu jgo0pe koopaunytotbess 3  MIKpoTEL). Jns mpoMHCIOBHX —CIIOKHBaYiB
ONTHUMAJIBHIUMU HAKONM4YyBayaMu € aKyMyJsiTopHi Oartapei. Cucrema akyMyJIOBaHHs €HEprii BHUOMpaeThcs,
BUXOSTUH 3 00J1aCTi 3aCTOCYBAaHHS 1 BAPTOCTI HAKOMUYYBAUiB, 3 YpaxyBaHHIM, 3a HEOOXiTHOCTI, reorpadigHoro
YHHHUKA.

3a3Buyail BipTyaibHi JICKTPOCTAHIIIT IPUETHYIOTHCS 10 MEPEXKi cepeiHboi a00 HU3bKOI Hanpyru. EnemenTn
BIpTyaJIbHO{ €EeKTPOCTAaHIli MOXYTh PO3TAIIOBYBATHCS Ha 3HAYHUX BIACTAHSAX OMWH BiX OgHOTO. Mepexi
(emexkTpUYHY Ta KOMYHIKaIliitHY) 00'eqHYIOTh mix TepmiHoM Microgrid. XapakTrepHoto ocobmuBicTio Microgrid €
MOXIIMBICTh POOOTH B aBTOHOMHOMY pexuMmi. KepyBaHHs BIpTyalbHHUMH €JIEKTPOCTAHIISIMH 3/IHCHIOETHCS
muctaHiiitao yepes cuctemy EMS (Energy Management System), sika nipuiiMae iHOpMAIIiio po MOTOYHUI CTaH
KOXKHOI EHEeproyCcTaHOBKM Ta Mepelac Ha HHUX Kepytoui curHamd. Y EMS BukopucroByeTbesi TiiobaibHa
cynyTHHKOBa cucrema Hasiramii (GPS), 3a momomororo sikoi 31iHCHIOETBCS CHHXPOHI3AIlisl BHMipIOBaHb
KOMIUIEKCHUX 3Ha4eHb CTPyMy Ta/ab0 Hampyrd Ha BCIX EHEPrOyCTaHOBKAaX BIPTyaJIbHOI €JIEKTPOCTAHIIII.
[puctpoi s Takux BuMiproBanb HazuBatoTb PMU (Phasor Measurement Units). BipryansHa enexTpocTaHIist
MOX€ MaTdh KOMepLiiiHe Npu3Ha4YeHHs (IPOJaK eJISKTPOeHeprii Ha ONTOBHUI PHHOK), TEXHIYHE (CHCTEMHI
MOCIIYTH, TaKi SK PEeryJloBaHHS YaCTOTH Ta aKTHBHOI MOTY)KHOCTI, MIATPUMAHHS SIKOCTI €JIEKTPUYHOI eHeprii
To110) 200 XK IMOETHYBATH OOUBI i (HYHKIIIT.

Jlo QpyHKIiOHANEHUX MOKJIMBOCTEH BIPTYaIbHUX €IEKTPOCTaHII MOXKHA BiHeCTH [8]:

1) KepyBaHHS pPO30CEPEIKEHOIO MEHEPAIIEI0 (ONTHUMI3AII0 PEKUMIB MEPEKI);

2) KepyBaHHS CITOXKHBAHHIM eJEeKTpoeHeprii (cmiBcTaBieHHs TpadikiB HABAHTAKCHHs CIIOKMBAYiB Ta
JOKEpeIl eNeKTPOCHEePrii);

3) KepyBaHHS PUHKOM PE3epBY MOTYXKHOCTI (MOXIIMBICTH BUKOPUCTAHHS PE3EPBHOI MOTYKHOCTI).

Edexr Bixm BIpOBajKeHHS MPOSBUTHCS [UIA CHOXHMBAaya B IIJBUINEHHI HAIIMHOCTI, HEPreTHYHOI Ta
CKOHOMIYHOI €()eKTHBHOCTI ENEKTPOIOCTaYaHHs, a 32 PaXyHOK y4acTi B IPOrpaMi KepyBaHHS CIIOKHBAaHHSIM
BUHHKA€ MOXKJIMBICTH BIIMBAaTH Ha CIIOKMBAHHS elleKTpoeHeprii. Takok € MOKIMBICTb OTPUMaHHS JOXOJIIB Bif
NpOAaXy HAUIMIIKIB MOTY)KHOCTI B Mepexy. i eHeprocucreMu Le NpU3BeIe A0 3HIDKCHHS IIKOBHX
HaBaHTAXKCHb MEPEXi, ONTHUMI3aIlil peryIOBaHHS HABAHTAXKEHHS i PEXUMIB MEpeXki, iHTeTpamii BipTyallbHUX
CJIEKTPOCTAHIIIN B CHCTEMY 31 30epeKeHHSM 11 CTaOLIBHOCTI, a TAKOXK 30UTBIIICHHS 3aBaHTAXKCHHS aKTHBIB MEPEKi,
3MEHILICHHS He3aTpeOyBaHOI MTOTY>KHOCTI Ta 3MEHIIICHHS PIBHS IHBECTHIIIN B MEPEKY.

OTxe, esIKi BUTOAX PI3HUM yYaCHHKaM PUHKY BiJl BIIPOBA/KEHHS BIpTyaIbHUX €JIEKTPOCTaHIIN [9]:

1) Po3nodinvni ma mazicmpanshi mepesici:
— OinbIl Mpo30pa AISUIBHICTE 00'€KTIB po3ocepe/KeHoi TreHepalii i KOHTPOJb iX
AKTUBHOCTI Ha PUHKY;
- 3HW)KEHHS MIKOBUX HaBaHTaXXCHb MEPEXKI 38 PaXyHOK PEeryJIlOBaHHS HABAaHTAKECHHIMHU
CITO’KHBAYiB;
- 3HIDKCHHS PU3HKIB 11epe0oiB Mepexi;
- 3HWDKCHHS PiBHS IHBECTHIIIH Y MEPEXy;
— MOJIMIIEHHS KOHTPOIIO pOOOTH HErHY4YKOT 1 HEMOCTIHHOI po30cepekeHOT reHeparii.
2) 36ymosi komnanii:
- TOJIIMIIEHUH KOHTPOJIb 32 KOMEPIIHHUMHU pU3HKaMHU;
— HOBUIl piBeHb POOOTH 31 CIIOKMBayaMu, MOXIIMBICTh MPOIOHYBaTH HOBI MpPOTpamMu
KepyBaHHS CIIO)KUBAHHSM;
- JIOCTYI JI0 OLTBII AEMIEBUX PECyPCiB;
— TIOJTIIIICHHS HaJIIfHOCTI €HeprornocTadyaHHs;
— MOKpPAIICHU OLTIHT.
3) Baacuuxu posocepeoicenor zenepauii i cnoxcueaui:
- OTPUMaHHS IUIATH 3a THYYKY IIOTY)XHICTh, 3a y4acTb y Mporpamax KepyBaHHS
CIIO)KUBaHHSIM;
- MOJKJIMBICTh OpaTH y94acTh Ha PHHKY B IMIOBHOMY 00Cs31 B SIKOCTI BUPOOHMKA, IPOIAXK
€JIEKTPOCHEPTIi Ha PUHKY;
- 301NIBIICHHS BAPTOCTi aKTHBIB;
- OLITBIII OCMHUCIICHE CIIOKUBAHHSI €JIEKTPOCHEPT i,
- €KOHOMisl KOIITIB 3a PaxyHOK 3HWKEHHsI CIIO)KUBaHHS eJleKTpoeHeprii (y pa3i HagaHHs
THYYKOI OTYXHOCTI).
4)  Pezynamop abo cucmemHuii onepamop:
- OayaHCYBaHHS 1 ONITUMI3allisl pUHKY;
- BIZIKPUTTS! pUHKY JUIs OLIBII APIOHMX YYACHUKIB;
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- OTPHUMaHHS JI0JIaTKOBOT THYYKOI OTYHOCTI;

- iHTeTpalis 00'eKTiB po30CepePKEHOI TeHepallil y cucreMy, 30epiralodu npu OboMy ii
CTaOUTBHICTD;

- JIOCSTHEHHS IUJICH KpaiHu 11010 3HIKeHHs BUKUIIB COy;

- CTBOPEHHS HOBHX POOOYHX MICIb.

Mera Ta 3aBaannsi. B Ykpaini noTpiOHa TexXHOIOTi4Ha MOJIEPHi3aLlisl MEpEXi, 30KpeMa — 13 BUKOPUCTAHHSAM
MPUCTPOIB PEryJIIOBaHHS HAIIPYTH Ta MOTOKIB MOTY)KHOCTI, CTBOPEHHS PE3EPBHUX EMHOCTEW ISl BUPIBHIOBAHHS
npodiniB rereparii. BiacHe, 3 1M OB’ s13aHi OCHOBHI OYiKyBaHHS CYCIUIBCTBA HIOAO CTIHKOTO, €(heKTUBHOTO
€HEeproBUPOOHHIITBA Ta EHEPTrOCHOKUBAHHS.

[opsiz 3i creopernsam kouemnirii Microgrid B Ykpaini BaKJIHBO pO3pOOUTH BiAMOBIIHE HOPMATHBHO-TIPABOBE
1 TexHiuyHe 3a0e3leueHHs iHTerpallii po30CcepeKEHUX DKEPe eHeprii, 3 BUKOPUCTAHHIM HasBHUX HAa PUHKY
Hamoi KpaiHW MPHUCTPOIB CHUCTEM ENIEKTPONOCTAYAHHS Ta HAKONMYYBAdiB, CTBOPHTH IIAT(OpPMy KepyBaHHS
TOTY)KHICTIO 1HTETPOBAHUX PO30CEPEIKEHUXK DKEpeN eHeprii Ha OCHOBI Cy4acHHX TexHoJjoriii Smart Grid,
3a0e3MednTH peai3amiio MiXKHAPOIHUX CTAaHAAPTIB (QYHKIIIOHATBHOI CyMiCHOCTI 00JafHAHHS {HTEIEKTYaIbHUX
MEepEeXK BIAMOBITHUX PETJIAMEHTIB 1 TEXHIYHUX YMOB.

Marepian i pesyabTaTn qocaimkenns. CBITOBUIA T0CBiA BipoBapkeHHS cucteM Smart Grid Bkitoyae B cebe
0e3Jiu MpoeKTiB y BcboMy CBiTi. [IpUIHATI cTpaTeriydi JOKYMEHTH JUIsl PO3BHTKY eJeKTpoeHepreTuku B €C
(dupextnBa 2004/8/€C Bim 11.02 2004 p. «IIpo po3BHTOK KOTeHepalii Ha OCHOBI KOPHCHOTO TeIUla Ha
BHYTPIIIHBOMY eHepreTuuHoMy puHKY»), CLIA (Kamidopnis. [Tnan po3BUTKY pozocepemkeHoi reHepairiii),
Asctpanis (Ilporpama 3 pedopmyBanns enepreruku Asctpaiii) [10]. B kpainax €Bpomnu pozocepemkeHa
reHeparlis ckinanae npubausso 10 % Bix 3aranpHOro 00°eMy BUpOOHHUITBA enekTpoeHeprii. s npukitany B Hanil
10 2020 poky IUTaHYETHCS TEpexi Ha HeTpauiiiiHy eHepreTuky 33 % 3aramxbpHoi reneparii, a 1o 2050 poky
MOBHICTIO BiIMOBHUTHCH Bifl BUkomHoro nainuea. B CHIA nmpu6au3no 12 MitH. ycTaHOBOK MaJioi po3ocepeKeHol
TeHeparii 3 OMUHIYHOIO MOTYXHICTIO 10 60 MBT Ta 3aranpHo0 moTyxHicTio moHan 220 ['Bt. Temnu npupocty
CTaHOBJIATH MopsAKy 5 BT Ha pik. B Pocii Ha 6a3i HamioHanpHOTO AOCHITHAIEKOTO [pKYyTCHKOTO EpKaBHOTO
yHiBepcuTeTy, B ciBnpani 3 Texniunum yHiBepcuretoM Otro-hoH-I"epike i HaykoBum nenrpom ®@paynxodepa,
B 2013 poui craptyBaB npoekt «Smart Grid» — «baiikam» [11].

Po3po6iieHo i mMpoKOo BHKOPHCTOBYIOTHCS 0araTo IMPHCTPOiB, CHCTEM Ta MPOTPAMHOTO 3a0e3MedeHHs I
po3ymHEX Mepesx. OHIM 3 PUCTPOIB, 110 3a0e3meuyroTh kepyBanus Microgrid i BukopuctoBytothes B CILA, €
KOHTpoJIep Mikpokepen [3,4].

IaBepropn 3abe3mnedyroTh KOHTPOJIb 1 THYUKICTh, HeoOXimHi it ¢yHkuioHansHocTi PnP. B ympasninni
Microgrid HeoOXiHO BpaxyBaTH Te, 110 HOBI MIiKpO/pKepeaa MOKYTh OyTH IoAaHi B cucTeMy 0e3 momudikarii
icHyrouoro oOiaaHanus, Microgrid moske migkmrounTHCS a00 MIBHIAKO 130J110BaTH cebe Bif MEpEeKi, MOXKe
KOHTPOJIIOBATH HE3AJEKHO PEAKTUBHY Ta AKTHBHY ITOTYXKHOCTI, @ TAKOX 3a/I0BOJIBHUTH MOTPEOH AMHAMIYHMX
HaBaHTAXKCHb.

Kontponep wmikpomkepen [3], omucanuii HIKYE, BHKOPHUCTOBYE IEPETBOPIOBAY, SKHHA B3aEMOJIE 3
TTAIMBHUMH €JIEMEHTaMH, MIKPOTYpOiHAMH 1 TEXHOIOTisAMH 30epiranas nqannx. KoskeH KoHTpoJep MikpomKepena
NMOBUHEH OyTH B 3M031 €()eKTHBHO pearyBaTH Ha 3MIHM B CHCTEMi, CIPHYMHECHI HABAHTAXCHHSIM a00 IHIINMHU
Jokepenamu. PoGora Microgrid jmomyckae, 1o cujaoBa €IEKTPOHIKA, KA 3AIMCHIOE KOHTPOJb TMOTOYHHMX
MIKpOJpKepes, MOAu(DiKyeThes, 00 3a0e3neunTr Hadip KIFOYOBUX (DYHKIIIH, SKUX B TaHUH yac HeMae. DyHKIii
KEpyBaHHS BKIIOYAIOTh MOKJIMBICTH PETYJIIOBATH NOTY KHICTb IMIOTOKY JUKEPEIa; PeTYJIIOBAHHS HAIIPYTH HAa CTUKY
MepIIoro MIKpoJDKepena; 3abe3NeunTH, 100 KOXHE MIKPO/DKEPENo IIBHJIKO CIPUIIMano CBOIO YacTKy
HaBaHTAXCHHS B CHCTEMi OCTpOBiB. SIK momaTok 1o mux (YHKIIH KepyBaHHS, CIIPOMOXHICTH CHCTEMH OCTPiB
TUIABHO 1 aBTOMAaTHYHO MiIKIFOYUTHCS 10 00'€MHOI MMOTY>KHOCTI € BasKJIMBOIO OTIEpaTUBHOIO (hyHKIier0. Ha puc. |
MPEJ/ICTaBICHO CTPYKTYPHY CXEMY KOHTpOJIEepa MiKpoJpKepena.

[puHimn pobOTH KOHTpOJEpa MIKpOJPKEpelna IMOJsirac B KOPEKIii peakTUBHOI MoTyxKHOCTI Q 31 3MiHOIO
HAIpyTu perymoBaHHs E, Ta Kopekmii 4acToTi @ 31 3MIHOIO aKTHBHOI ITOTYKHOCTI P. [HTerparis Benukoro yucia
mikpopkepen B Microgrid nemosknua Ge3 3abe3rieueHHs: KOHTpONO Koedirienta motyxuocti [3]. Hanpyra
peryroBaHHs HEOOXiJHa /sl JIOKaIbHOI HaJIIHHOCTI 1 cTaOlIbHOCTI. be3 MicleBOro perysitoBaHHSI HArpyTH, B
CHCTEMI 3 BENMKOIO KINBKICTIO MIKPOIIKEpeT MOXKYTh CHOCTEpIraTHCS KOJIMBAHHS HANPYTH i/a00 peaKkTUBHOI
NOTYXHOCTI. Hanpyra kepyBaHHS Ma€e Tako>k rapaHTyBaTH, 1110 BIJICYTHS BEJIMKA IUPKYJIALISI pEaKTUBHUX CTPYMiB
MDK JDKepenaMH. 3 HEBEJIMKOK MOMHIIKOI HAINPYrd KepyBaHHs, HUPKYJIOYUAN CTPYM MOXE MEpPEeBHUIILYBaTH
JIOITyCTAUMUI MiKkpokepena. Taka cuTyallisi BUMarae KOPEKIlil HalpyTrH 3a 3MIiHOIO PEaKTHBHOI IOTYKHOCTI
KOHTpOJIEpa TAKUM YMHOM, 1100, SKII0 PeaKTHBHA MOTYXKHICTb, 10 BUPOOJISETHCS MIKPOPKEPEIIOM, CTAE OLIbII
€MHICHa, Halpyra KepyBaHHs 3MEHIIyBanach. | HaBnaku, sikio Q crae OUIbIN IHAYKTHBHA, HANPyra KepyBaHHs
301y €THCS.
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Pucynok 1 — Kortposep mikpomkeperna

Microgrid mosxxe 3a6e3meuyBaTi HAJIMIIOK MOTYXKHOCTI, TPALIOIOYH 3 BUKOPUCTAHHSAM METOJIIB KOHTPOITIO,
ne octpie Microgrid Moxe TIaBHO i ABTOMATHYHO TIJKIFOUHTHCS 10 OCHOBHOI MEpEXi €HEepProCHuCTeMH,
ananoriuno cucrtemi UPS [3]. B ocTtpiBHOMY pekumi MOTpiOHO BUPIMINTH TPOOIEMH HE3HAYHHX MOMHMIIOK
reHeparii KO)KHOTO iHBEpTOpa i HEOOXimHOi 3MIHH IOTY)KHOCTI POOOYMX TOYOK, MO0 BIAMOBIZATH 3MiHAM
HaBaHTaeHHs. DyHKIOHATbHA 3aJIC)KHICTh MOTYKHOCTI Bill 3HIDKCHHS YaCTOTH Ha KOKHOMY MIKPODKEpei
MOske e()eKTHBHO BUPIIIATH I1i TTpobiiemMu 6e3 koMyHikamiitroi mepeski. Komm Microgrid minkmrodena 1o mepexi,
Microgrid HaBaHTa)KEHHS OTPUMYIOTh )KUBIICHHS SIK BiJl MEPEXi, TaK 1 3 MICLIEBHUX MUKPOJDKEPE, B 3aJICKHOCTI
BiJl cuTyaii KirieHTa. SIKIIO MOTY)KHICTh MEepesKi BTpauacThCs yepe3 Meperaan Harpyru, 3001, BIAKIIOUEHHS 1 T.
iH., Microgrid mmaBHO epexoauTh B pexkumM octpoBa. Komm Microgrid BitokpeMITIoeTsCs Bi Mepexi, (ha3oBi KyTn
HaNpyru Ha KOXKHOMY Mikpojpkepeni B Microgrid 3MiHIOIOTBCS, IO NMPH3BOAUTH JI0 OYEBHIHOTO 3HHKECHHS
yacToTH. lle 3HMWKeHHs y moeaHaHHI 31 30UIBLICHHSM MOTY)XHOCTI JJO3BOJISIE JJIsI KOXKHOTO MiKpopKepesa
3a0e3Me4YnTH HOro MPOTOPIIHY YaCTKY MOTY>KHOCTI.

Kpim perymoBaHHS cHCTEMH B LIIIOMY TaKOX MOJJIMBE PETYJIIOBAaHHS KOHKpETHHX 11 enemeHTiB. CydacHi
BiTpoeHepreTHyHi ycraHoBKU (BEY) BUKOpHCTOBYIOTH BiTep npu3emMHoro mapy armocdepu [12]. Ha nonepennii
cTanil BUsBJIEHHs mnepcrekTuBHOCTI BEY BHKOpHCTOBYEThCS OJUH 3 TOJOBHHMX IMOKAa3HUKIB €(EKTUBHOCTI —
CepeIHpOpiYHa MIBUAKICTH BiTpy. BBaxkaeTncs, mo it moOymoBu edekruBHOi BEY 119 Benmmumaa moBWHHA
CTaHOBUTH 5 M/c Ta Oibiie. BiTep i3 MEHIIOO HIBUKICTIO 1Sl BUPOOJICHHS €HEPTii Maiike He BUKOPHCTOBYETHCS.

Jliist oiHKkK e(peKTHBHOCTI BITPOBOTO MTOTOKY BUKOPHUCTOBYEThCS (popMyJia:

V 3
P=CP',0'S'7’ 1)

ne Cp— xoedilieHT eeKTHBHOCTI BITPOKOJIECa, p — IyCTHHA MOBiTps (M%/c), S — mmoma Bitpokoneca (m?), V
— IBHJKICTH BIiTPY Ois BiTpokoseca (m/c) [13].

o crocyerses BEY, siki BUKOPUCTOBYIOTH BiTep LIBHIKICTIO 5 M/C 1 Olibllle, TO Ha eTali MPOEKTyBaHHS
€JIEKTPOYCTaHOBOK 000B’I3KOBO MOTPiOHO BpaXOBYBATH 3HAYCHHS IIBUAKOCTI BITPY B 3aJISKHOCTI BiJl BHCOTH OCI
poTopa.

JloBezieHo, 1110 Ha Pi3Hii BUCOTI, B OJHIH 1 Tili camiii MICIICBOCTI, B OJIMH 1 TOM CaMUii MOMEHT Yacy HIBHIKICTh
BITPOBOTO IIOTOKY BiJJPi3HAETHCA. A caMe, UMM BHIIIA TOYKA 3aMipy, TUM OibIIa JIiHifHA MIBUAKICT TOTOKY. Kpim
TOTO, Ha TPO(DLTb MBUIKOCTI BITPY BIUIMBAE MOKPHUTTS NOBEPXHI, penbed, KyIli Ta JiepeBa, oKkpeMi OyaiBii, MicTa.
Ouinouni podisi mBUAKOCTI BiTPY HaBeaeHi Ha puc. 2 [11].
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1,2 — BimkpwuTa MicueBicTs; 3,4,5 — Jic Ta OKpeMi OyAiBIIi;
6,7 — micTa Ta cenuina; 8 — BEIUKI MicTa.
Pucynok 2 — BepTukanbHi npodisni BiTpy B rpaHUYHOMY HIapi aTMochepu

B kpainax, ne Baromy wacTKy BupoOJieHOI eiekTpoeHeprii reHepytors BEC, BuHHKae HEOOXiqHICTH
pEryJIIOBaHHsS BHXIIHOI MOTYXHOCTI Uil BUpIBHIOBaHHS Tpadiky HaBaHTaxeHHsS. Jlo CHOCOOIB mMiJBHIIEHHS
eHeproedextuBHOCTI BEY MoxHa BigHECTH:

- KEpyBaHHS KyTOM aTaKH JIONAacTeH BITPOCHEPreTHYHOI YCTaHOBKH.

— KepyBaHH:S KyTOM MOBOPOTY oci potopa BEY B 3aiexHOCTI BiJl HAPSIMKY BITPY.

- 3MiHY ITOJIOKEHHS B ITPOCTOPi yCTAaHOBKH B IIIJIOMY.

- posramryBanast BEY y Binkpuromy mopi.

- BUKOPHCTaHHS TOTOKOHANPABIISIOYMX €JIEMEHTIB Ta KOHIIEHTPATOPIB BITPOBOTO
MTOTOKY 1 T.iH.

Ha puc. 3 mpencrasieHo pi3Hi crocoOn 3MiHM BHCOTH OaluTH BiTporeHeparopa, a Ha puc. 4 — BapiaHT
CTPYKTYPHOI CXEMH BUKOPHCTAaHH JAaHOTO CrIoco0y peryJitoBaHHs B KOMIUIEKCI [5,14].

Pucynox 3 — Pi3ni meTonu peanizanii peryroBaHHs BUCOTH OaIlITH BiTpOreHepaTopa

ISSN 2308-7382 (Online) 29




ISSN 1813-5420 (Print). EHepreTvika.: ekoHoMika, TexHosiorii, ekosoria. 2016. Ne 2

BEY 100 kBm

AxmugHudi
BUMDAMIAY

JHuszenshi
26Hepamopu
Cucmenma ynpaginiHHa KOMNNeKcoM
Hakonuuysay Modyne
100 kBm-200 DC/DC
—_ i — —_
‘ -
!
— - — IHeepmop IHeepmop
MEPeXesHUl ————MepexesHul ——
MBm | =— 05MBm |=—
G ~ ~
nomped
3enadyrdud Sznadiyroqul
insmp insmp
8] o]
Mepexa Mepexa
Ip~ 690850 Fy+ 0,1 Iy 3p~ 400 B 50 [yt 0,1 Ty

Pucynok 4 — CtpykrypHa cxema Bukopuctanas BEY 3 cucTeMo1o peryntoBaHHs BUCOTH AT

AHaJi3 B3a€MHOTI0 BILTUBY ejieMeHTiB cuctemu Smart Grid

PiBenp enextpomarHiTHoi cymicHocti (EMC) € omHMM 13 BHM3HQYaJlbHUX [OKAa3HUKIB CHUCTEM
EHEepronocTavyaHHs, o 00YMOBIIIOE MOTIPIIEHHS X TEXHIKO-€KOHOMIYHHUX MOKA3HUKIB, BIUTUB HA 1HIII CHCTEMHU
Ta HABKOJIMILHE NpUpoaHe cepepoBuuie [15].

Amnamniz piaiB EMC motpe0ye po3risiny €lIeKTpOMarHiTHOI 0OCTAaHOBKHM Ta XapaKTEPHCTUK PI3HUX THUIIB
eJIEKTPOMATHITHUX 3aBafl, iX BIUIMBY Ha €JIEKTPOIpHIMAadi, Ha BEIMYWHY TEXHOJIOTIYHOTO Ta KOMEpIiHHOTO
CKJIaJHUKIB BTpaT, a TAKOX OI[HKM YaCTKOBOi ydYacTi KOXXHOTO CIHOTBOPIOIOYOTO JDKEpena B 3araybHii
Pe3yNBTYIOUIH (CyMapHiil) BEIHYHHI BIUIUBY CIIOTBOPIOKOUMX JiKepel. SIK HacHilmoK, MOTpeOYITh CBOTO
PO3B’sa3aHHA 3a1a4i moOymoBu Moaenei orinki EMC y cictemax Ta po3poOJIeHHS alTOpUTMIB aHaJIi3y B3aEMHOTO
BruuBy enemenTiB CETL

3a3BUYall B3a€MHUI BIUIMB €JIEMEHTIB YPaXOBYEThCS Ul KOHKPETHOTO PEXUMY pPOOOTH. AHaji3 B3aEMHOTO
BIUTMBY 3/[IHCHIOETHCS TaKUM YrHHOM[15]:

1) npu GopMyBaHHI MOJIEINi BUAUISIOTHCS €IEMEHTH Ta MiACXEMH, JUIS SIKUX OIHIOBATUMETHCS B3aEMHHI
BIUIUB.

2) MPOBOUTHCS PO3PAXYHOK SIEKTPOMArHiTHHX TIPOIIECIB.

3) 3IiMCHIOETHCS OIiHKA €JIEKTPOMATHITHOI CYMiCHOCTI.
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4) popmyeThes iHTErpaibHa MOJIEh HA OCHOBI PO3/IIICHHS CTPYMY Ha PEaKTHBHY Ta aKTHBHY CKJIaJI0Bi.

Amnauri3 iependavae BpaXyBaHHS BIUIUBY Pi3HUX (PAKTOPIB HESKICHOCTI €IEKTPOSHEPTii, 10 AKUX BiIHOCATHCS
3mind opmu curranis u(t), i(t), mo 0OyMOBIOIOTH BiIXHJICHHS, IIPOBAIK Ta 3MIHH HAIPYTH, CIIOTBOPEHHS
CHHYCOIAJIbHOT KPUBOI Hampyrd Ta CTPyMy, HECUMETpisi Halpyrd Ta CTPYMYy, IOsiBa IMITyJIbCIB Hamlpyru Ta
THMYacoBa IIepeHanpyra.

Jo xputepiiB epeKTUBHOCTI CHEPTETHYHHUX MPOIECIB I OI[IHKH B3a€EMHOTO BIUIMBY €JICMEHTIB MOXKHA
BIZIHECTH KPHUTEPIT, 1110 BiI0OpaXKarOTh BiIMIHHICTh ONITHMAILHOTO PEXKUMY, B TOMY YHCIIi — Bil CHHYCOIaIbHOTO,
PiBHI peakTHBHOI OTYXKHOCTI 3a IEPIIOI0 Ta BHIIMMH FApMOHIKaMH, CKIIaJIOBUMH BUTPAT, XapaKTep MPOTiKaHHS
oOMiHHUX mporecis [11].

PiBeHb MOpyIIEHHS €IEKTPOMArHiTHOI CyMiCHOCTI BU3HAYa€ThCs BUpa3aMu

N3, j ne (Ms,j ne Maj
Lgwc = (H ¢;) = Z hi; Lgmcs = Z Z(Hi,j'ei.j) = ZZ h . (2)
=1 == ==

SIkmo  mocTaBMTH |y  BiANOBiAHiCTH BekTopam Hj, H;; BekTopH BaroBux koedimieHTis Wi =

! ! . . . .
Wi, Wy, v, Wy ]-| v Wki1 = W11, Wiz o, Whens ]-| , MOXXHAa OTpPHUMAaTH YTOYHEHI KUIbKICHI XapaKTepHCTHKU
nopytreHass EMC ju1s -To eneMeHTa Ta CHCTEMH B IIIIOMY:

N3, j ne Ms,j
Lgme = z hiw;; Lgucs = z Z h jwy ;. 3)
= FEe

B ananizi B3a€MHOTO BIUTUBY BPaXOBYETHCS IMapIliadbHUAN BILUTUB CUTHATY Ha CIIEMEHTHU KOJIa, BIUTUB 3MiHU
napaMeTpiB eJIeMEHTIB KoJa, Y TOMY YHCIIi — JAIF0YMX TeHEepaTopiB, B3a€MHHUH BIUIMB €JIEMEHTIB.

Besnocepenabo piBerr EMC omiHIOeThC TOKa3HUKamMu Apq, Ap,, Apz, SKi BHU3HAYAIOTBCS 3a
CHIBBITHOIICHHIMH:

1) Api= fy @(©)/i(t) = R)dt/(TRy);

2) Apy= Qos/P;

3) Apz= Q/Qos— T,

Ie R, — omip, mpu sIKOMy BiICYyTHE CIIOTBOPEHHS CUTHAIY; Qop — 0OMiHHA peaKTHBHA MOTYXHiCTh. OOMiHHI
MPOLIECH MOXKHA MOIUTUTH 3a MIEPIIOI0 Ta BUIIMMH TapMOHIKAMH:

&= : - 1
+ . ’ + ; '
T f) w()lneay sin(wt — i) dt T [5 u(®(Z", Incny sin(wt — yt))dt

[okasuuku Ag; Ta A, BimoOpa)karOTh BIiAMOBIMHO KpUTepii MIHIMyMy BTpaT Ta YCEpEOHEHHS 3BOPOTHHX
MOTOKIB eHeprii, a Agz € IHTErpaJbHOI0 XapaKTEPHCTHKOI HAOJIKCHHS EHEPreTHYHOro MpoIecy 0
CHHYCOIaJIbHOT0. Mipa OLIIHKK B3a€MHOTO BILIMBY €JIEMEHTIB BU3HAYAETHCS CTYNEHEM iX HAOIMKEHHS 0 HYJIS.

BucHoBku. Bupimenns axrtyanbHoi 3amaui inTerpamii VPP y meHTtpamizoBaHy eNeKTpUYHY MEpEexXy B
macirradbi Microgrid 103B0aKTh MiIBUIIMTH PIiBEHb THYYKOCTI 1 HAJIMHOCTI €IEKTPONOCTAYaHHsI CIIOKUBAYIB, a
TaKOX ITiIBUIINTH PiBeHb (DYHKI[IOHYBaHHS PUHKY €JIEKTpOeHeprii B oMy [8].

HeoOxinHicTh 1 AONUIBHICTh BIPOBA/KEHHS B Cy4acHy €HEpProcucreMy YKpalHH MOTYXKHOCTEeH Maioi
CHEPreTUKM HE BHUKJIMKAE€ CYMHIBIB. €BpONEWCHKI Ta CBITOBI MpPUKIAIN YCHIIIHOI MojepHizamii y cdepi
CJIEKTPOCHEPTETHKH, a TaKOX CIIPOMOXHICTh CHCTEM PO30CEpE/PKEHOT reHepallii KOHKYpYBaTH 3 BEIUKUMH
JUKepellaMy SHEpTii MiATBEPDKYIOTh If0 Te3y. Kpim Toro, cydacHi 3aco00M aBTOMATHKH Ta 3aXUCTY CIPOMOKHI
MOJTONIATH TEXHIYHI TPOoOIeMH IepeOy 0B pO3NOIITEHOI MEPEKi EHEPrOCHCTEMH 3 YIIPOBAHKEHHIM aBTOHOMHHX
renepatopis [10].

TlonoBHowo ymoBot posiiupenHs VPP B VYkpaini € oprasizamis 3B’s3KiB MK yciMa B3a€MOAIIOYMMHU
cy0’extamu. J{71s 11p0r0 HE0OX1THO BIOCKOHATIOBATH 3aCO00M TEXHIYHOTO PETYIIOBAHHS, Y3TOKYyBaTH TEXHOJIOT11
VPP 3 BuMoramu €1uHO1 €HeprocucTeMu YKpaiH{ IUIIXOM PO3pOOJIeHHs BIANOBIJHUX CTaHAAPTIB 1 MpaBwII, a
TaKO’ JOCTIJUTH MUTAHHS BUOOPY ONTHMAIBHOTO IOEIHAHHS 1 PO3MIIIIEHHS Kepen enekTpoeneprii B Microgrid.

Po3pobneHHss HAyKOBO OOTPYHTOBAaHUX MPOMO3HUIIIN MO0 BUKOPHUCTAHHS KOHKPETHHX THIIIB Cy4acHHUX
€JIEKTPOCHEPTETUYHNX Ta €NIEKTPOTEXHIYHUX MPHUCTPOIB PI3HOTO (PYHKIIOHAIEHOTO HMPU3HAYECHHS, aIrOPUTMIB
aHaJ i3y B3aEMHOTO BIUIMBY €JIEMEHTIB CHCTEMH Ta MexaHi3MiB 3a0e3neyeHHss EMC 103BOJIMTH CYTTEBO
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nokpaumtd crad EMC Ta sKicTh enekrpoeHeprii, HaOIM3UTH MOKa3HUKH ii SKOCTI Y BITYM3HSHHX Mepexax,
yMOBH (YHKIIOHYBaHHS KOHKPETHHX THIIIB E€IEKTPOSHEPTETUYHOTO Ta EJIEKTPOTEXHIYHOTO OOJaTHAHHA IO
3arajbHUX €BpOIENChKUX BUMOT. [15].
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S.P. Denysiuk, D.S. Horenko
National Technical University of Ukraine ""Kyiv Polytechnic Institute
ANALYSIS PROBLEMS OF IMPLEMENTATION VIRTUAL POWER PLANTS

This article discusses the structure of virtual power plant and the international experience of their
implementation. Summarized the world experience of implementing Smart Grid systems. Presents the advantages
and disadvantages of the introduction of virtual power plants for different participants of the energy market.

The remote control system and the synchronization system of integrated dimensions in the virtual grid.
Described is a comprehensive and systematic approach to the management of the generation as a whole, and its
individual components. Presents the variety of methods of increasing the efficiency of wind turbines.

The algorithm of analysis of the mutual influence of elements of Smart Grid systems. Also presents the factors
that must be considered when performing analysis. Describes the main parameters and characteristics
electromagnetic compatibility.

Keywords: dispersed generation,power system, Smart Grid, Virtual Power Plants, renewable energy, control
system, Energy Management System, electromagnetic compatibility.
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YIK 621.316.1.05
C.II. JeHucok, n-p TexH. HayK, mpod., .C. T'openko
HanuonanbHbIii TeXHUYeCKHii yHUBepcUTeT YKpanHbl «KueBckuii MoJIUTeXHHYECKHA HHCTUTYT»
AHAJIN3 ITPOBJIEM BHE/IPEHUS BUPTYAJIBHBIX DJEKTPOCTAHIIAN

B Oaunnoii cmamee paccmampusaromes cmpykmypa UpmyaibHbIX 31eKMPOCMARYULL U MUPOBOT ONbIM UX
snedpenusi. Kpamko npuseden muposoti onveim enedperus cucmem Smart Grid. [Ipedcmasnenvl npeumyuecmsa u
HEOOCMamKu GHEeOPEHUsL BUPMYAILHBIX JJIeKMPOCMAHYULL OJIs1 PA3TUYHBIX YUACMHUKOE IHEP2OPbIHKA.

Ykazannvie cucmemuvl OucmanyuoHHo20 ynpagieHus u cucmema CUHXPOHU3AYUY KOMNJIEKCHbIX U3MepeHUll 8
supmyanvuoix snekmpocemsx. Onucanvl KOMIJIEKCHbIL U CUCIEMHbI NOO0X00bl K YNPAGIeHUI 2eHepayuell 6
yenom u omoelvHbIMU ee cocmasnsiowumu. Ilpeocmaesnenvl pasHoGUOHOCHU MeMOO08 NOBbIULEeHUS
agpgpexmusnocmu BOY.

Ilpugeden ancopumm ananusa 83aumHo20 éiuanus dnemenmos cucmem Smart Grid. Taxowce npedcmasnenvl
@axmopwl, Komopbsie HeOOX0OUMO YUUMBLEAMb NPU OCYWecmeneHuu ananusa. Onucanvl OCHOBHbIE NAPAMEmMpPbl U
Xapaxmepucmuxu d1eKmpoMAcHUMHOU COBMECMUMOCTMU.

Knroueewie cnosa: paccpenoToUeHHAs TeHEPAIUs, CHCTEMBI AleKTpocHatkeHus, Smart Grid, Virtual Power
Plants, B0300HOBISEMBIC WCTOYHUKH OHEPIWH, CHCTeMa ympaBieHHs, Energy Management System,
3JIEKTPOMArHUTHASI COBMECTHUMOCTD.
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