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Pozensinymo mpu ocHosHi 3ax00U, W0 CAPSAMOBAHI HA 3MEHUEHHS GIOXUNIEHb HANPYeU 6 MICYSIX NPUEOHAHHST NOMLYHCHUX
conaunux enexkmpuunux cmanyiu (CEC) 0o enexmpuunux mepedc (EM): mepesicese 6y0isHuymseo, 8CMano8neHHs cmamu-
yHux cunxpounux komnencamopis (CTATKOM) ma 3acmocysanus akymynamopuux bamapeu. Ha ocnosi eumipie axmug-
noi’ nomyoicnocmi CEC cmeopeno modenv ioxunens Hanpyeu ma npo8eoeHo MOOemNO8aHHs 3aNPONOHOBAHUX 3AX00I6.
Haoano pexomenoayii wooo npakmuunozo 3acmocyeants 3aznavenux 3axo0ie ¢ EM OEC Vkpainu. bBion. 8, puc. 4.
Knrouosi crosa: nanpyra, MoJiels, consiuna eiekrpuuna craiis, CTATKOM, akymynstopHi 6arapei.

3a cyyaCHHUX YMOB y 0araTbOX pO3BHHEHHX KpalHaX 3pOCTAHHS MOIKUTY Ha €JIEKTPOCHEPIii0 3aJ0BOJIbHIETHCS
3aBasKM iHTerpamii g0 enekrpuunux Mepex (EM) BigHoBmoBanux mkepen eneprii (BJIE) [1-3]. B Ykpaini cranoM Ha
1 rpynns 2013 poky BcTaHoBieHa noTykHicTh 00’ektiB BJIE cranoButh 999,7 MBT, 3 sikux y 2013 poui Oys10 BBeeHO
Maibke monoBuHy i€l motyxHocTi [8]. [lopsin 3 nepeBaramu B/IE, constuni enekrpoctanmii (CEC) MaroTh 1ty HU3KY
npoOJieM, 30KpeMa IMOB’sA3aHUX 3 MEPIOANYHICTIO a00 3MIHHMM XapaKTepoM BUAAYi MOTYXKHOCTI [4-6]. Ane OCKiIbKU
BcranoBieHa notyxHicte CEC (567 MBT [9]) choroani He mepepuiye 2% BiJ MaKCHMAJIbHOI MOTYKHOCTI HaBaHTa-
xenHst OEC Ykpainu, To npodnemu interpaunii CEC cniocrepiratorsest uiie B EM 35-154 xB.

IIBuaxi 3miau motysxHOCTI reHepyBanHs CEC MaroTh BIUIMB Ha BiAXWICHHS HANPYTH i € HETATHBHUM (PaKTO-
poM 3 ToukH 30pYy sKocTi enekrpoeHeprii. Ilosea motyxunx CEC nonae B podory EM momaTkoBi BiIXHICHHS MOTYX-
HOCTI, OCKLUJIbKH TXHsI reHepallis 0e31ocepeJHbO 3aJIEKHUTD BiJl CTOXaCTUYHOI'O XapaKTepy MPOXOJPKEHHS XMap HaJl CTa-
HIII€IO 1, SIK HACITIIOK, 301IIbIIY€ BiIXUIICHHS HAIIPYTH.

VY nmaHifl CTaTTi pO3MNIAAAIOTHCS 3aX0AM Uil 0OMEKEHHs BiAXWICHb Hampyrd. BimnosigHo o cranmapty [7],
BiaxmieHHs Hanpyru OU, — e BinHOcHa pi3HHL (Y BiACOTKax) MK Horo ¢axtuunum U 1 HoMiHaneHuMm U, 3Ha-

HOM
YEHHSIMH, 1[0 BUHUKAE MTPH MOPIBHSHO NOBUIBHIH 3MiHI pexkumy podotn EM (mBuakicTs 3MiHK Harpyru meHine 1% 3a
1 ¢), i BU3HAYAETHCS SIK

SU, =[(U -U,, U, 1100%.

HOM

VY cyuacHiil mpakTHIi st 3SMEHIIESHHS BiXWUISHb HAIIPyTd MOXKYTh 3aCTOCOBYBaTHCh TaKi 3aX0/IH:

a) peKkoHCTpyKuis JiHild enekrponepenaui (JIEIT), sika moB’s3aHa 3 BUKOPHUCTAHHSIM JAPOTIB OUIBIIOrO mepepizy abo
BBEJ/ICHHS B €KCILTyaTallilo MapajeibHUX JiHii, TpaHC(HOPMATOPIB JJIsl SMEHIIECHHSI OIIOpY YKUBUIIBHOT MEPEeXi;

0) 3acTocyBaHHsI cTaTHYHUX cHHXpOHHUX KomreHcatopiB (CTATKOM) st 3MeHIIeHHS BiAXWICHb HAPYTH IIIIXOM
THY4YKOI KOMITEHCALlil peakTHBHOI MOTYXHOCTI;

B) 3aCTOCYBaHHS aKyMYJISITOPHHX Oarapeil /st 3MEHIIEHHs BIAXWJICHb HAIPYTH [UIIXOM KOMIICHCAlii aKTUBHOI MOTY-
xHocTi CEC.

JIns KimpKicHOI OLIHKA €(EeKTHBHOCTI 3alPOMTOHOBAHMX 3aXOJIiB MO0 3MCHIICHHS BiIXWIEHb HANPYTH OYIIO
BUKOHaHO MojentoBaHHs icHyrouoi CEC. BignosigHa Moaenb A0OCTiKEeHb peaizoBaHa B MPOrpaMHOMY 3a0e3redeHHi
DigSilent PowerFactory Ta ckiagaerbcs 3 mozeni mepexi 110 kB miBmeHno-3axigHoro periony Opnecbkoi oOnacri.
Bona Oyna inTerpoBana B po3paxyHkoBy moxaeinb OEC Ykpainu. Kpim toro, B mozens mepexi 110 kB miBzenHO-
3axigHoro perioHy Opecbkoi oGsacti Oyna iHTerpoBaHa mozpenb CEC «Kimist» 3 BcraHoBiieHOO moTyxHicTio 40
MB1/nik. BUKOpUCTOBYIOUM BUMipH aKTUBHOI MOTY>KHOCTI, BAKOHAHO MOJICITIOBaHHS 3MEHIICHHSI BIIXWUJICHb HAIIPYTH Y
touui npueananns CEC no mepexi. [yt MozentoBanHst Oysi0 oOpaHO BiApi30K 100M 3 MIHJIMBOIO XMapHICTIO, SIKMA
npeacTaBisieTbes 180 XB., 47151 KOXKHOT XBUIIMHN OYyJI0 BAKOHAHO PO3paxyHOK ycraieHoro pexumy (YP).

OaHuM i3 3aXO4iB IIOAO OOMEKEHHS BiIXUICHbL
HaNpyru € 3MeHLIeHHs enexTpuuHoro onopy Big CEC no
OTIOPHUX TMIACTaHII eHeprocucreMu. [ nociimKeHHS
BILUIMBY JIAHOTO 3aXO0Jly Ha BIIXWJICHHS HAMPYTrH OYJIO BHKO-
HAHO MOJICIIIOBAHHS IUISIXOM 3MEHIICHHS EIEeKTPHYHOIO
onopy Bixg CEC «Kimisi» go T1C-330 kB «Aprmz». s 1po-
ro Oysio 3MoIelnboBaHO POOOTY JBOX TpaHc(opMaTopiB —Ges perynonanin
Bunadi moryxsocti CEC 3aMmicTh ONHOTO, Ta Ha BChOMY |
nursixy Bigx CEC no I1C-330 kB «Apius» MoenoBaioch T R R e
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BBEJICHHS B CKCIUTyaTalli0 IMapalebHUX JIHIA 3 aHAJIOTIYHUMHE JI0 iCHYIOUHX TapameTrpamu. 3 puc. 1 BUAHO, M0 3MEH-
IIEHHS €JIEKTPUYHOrO OMOpPY Ja€ 3MOTy IIEBHHM YMHOM 3MEHIINTH BIAXWJICHHS Hampyru Ha mumHax npuegHanas CEC
JIO Mepexi.

HacTynmHHM 3aX0/10M 15 OOMEKEHHs BiIXMIeHb HAnpyTH € 3actocysanns CTATKOM. Moro namisnposigsu-
KOBE BUKOHAHHS J1a€ 3MOTY 3a0€3ICUNTH JIyKe IIBUIKUN Ta €(DEKTUBHUI KOHTPOJIb Ta PEryJIFOBaHHS HAMPyru. Po3ris-
HeMo JBa Bunajaku BctaHoBIeHHS NpucTpoiB CTATKOM. Ilepuuii Bunagok — BCTAHOBJICHHS JIBOX NMPUCTPOIB MOTYX-

HicTI0O 8§ MBap KoHUI Ha mMHKU 300py notyxkHocti CEC  |uss
(10 kB). Koxen 3 CTATKOMiB y 11bOMy BHUITaAIKy BUKOHYE
peryJroBaHHS Halpyr'd Ha IOMHI NPUEAHAHHA. Y paMKax
JOCJIIIPKEHHS TAaKOK OyJIO PO3IIISIHYTO BCTAHOBIICHHS OZHO-
TO TPUCTPOI0 TOTYXHicTI0O 16 MBap Oe3nmocepeHFO Ha
mmeA 110 kB y Touni npuennanas CEC no mepexi. Bapro
3a3HAYUTH, 110 BU3HAYCHHS MiHIMaJIbHO HEOOXiTHOI MOTYX-

U {u8)

— 3 PEMYAOBAHHA

Hocti npuctporo CTATKOM nanst mocnimxysanoi CEC ne | === CIAHDMIZ8 Hiser] s CHT Rl 2
wennes CTATHOM(16 Maap) ma CLU 110u8 CEC
CTaBUIIOCS 32 METY. Pe3ysbTaTh MOMENMIOBAHHS MPEACTAB- | ™ oo o e i s o au s oo s o e o s TEIYREEEYYEYEY E";W
JICHO Ha puC. 2, e HaBeleHO rpadiky HApyry Js BUTIA]-
KiB BIJICYTHOCTI OY/b-SKOI'O pEryJIOBaHHS Ta 3 BHUKOPU- Puc. 2

cranasaM npuctpoiB CTATKOM na CIII-10 kB (2x8MBap)
ta Ha mmHax 110 kB (1x16MBap). Takum unHOM, BukopuctanHs npuctpoiB CTATKOM, ski 31aTHI KOMIEHCYBaTH
peaktuBHy motyxHicth Ha CII-10 kB CEC, He nae 3MOTrH MOBHICTIO HIBEIIOBATH BIAXWIICHHS HANPYTH Ha IIUHI
NpUETHAHHS, CIIPUYMHEH] 3MIHHUM XapakTepoM renepanii aktuBHoi notyxHocti CEC. Ha Toii e yac BUKOpHCTaHHS
CTATKOM =Ha mmHax npuegaands CEC mo Mepexi Jae 3MOTy IOBHOIO MipO¥O KOMITEHCYBATH BiIXHJICHHS HAIPYTH. 3
iHIIOTO O0KY, HEOOXITHO 3a3HAYMTH, IO BiIXHUJICHHS HANPYTH Ha BUCOKii cTopoHi (110 kB) MoxxyTh OyTH cipuanHEeH1
He ymmre pobotoro CEC, a i 30ypennsvmu B EM.

Ille oxHMM 3aX0J0M Ul BUPIIIEHHS NPOOIEMH BiIXWJICHHS HAIPyTH € BUKOPUCTAHHS CHEPrOHAKOIMIYIOUHX
IPHUCTPOIB, 1[0 MAlOTh 3IIAIKyBaTH KOJIMBAHHA aKTHBHOI IOTY)KHOCTI, CIIPUYMHEHI 3MiHHUM XapaKTepOM COHSYHOI
papianii, 30kpemMa, BUKOPUCTaHHS aKyMYJIATOPHUX Oartapeil. Anroputmu pobot ¢otoenektpuuHoro moayisi CEC 3

BUKOPHCTaHHSIM aKyMyJISITOPHUX OaTapei Ta HAJIArOJUKEHHS  [uss
iXHIX KOHTpOJIEPIB CYTTEBO BIAPI3HAIOTHCS. Y POOOTI PO3- | 44
TJIAHYTO OAWH 3 Haﬁnomnpeﬂimnx BI/IHaZ[KiB HaJIarOIPKCHH S
KOHTPOJIEPiB, KOJIU IIPH TIEPEBUILEHH] TIEBHOTO PiBHS I'eHe-
pyBanHs CEC BHKOHY€ThCS HAaKONWYEHHS eHeprii (3HMXKY-
etbesa Bugada noryxkHocti CEC), a y pasi, Komu reHepartis
CEC =mxua 3amaHoro piBHA, OaTtapei MoYWHAIOTH BiggaBatu | ™7
HAKOMIMYCHY CHepTilo (30UTBIIYEThCA BHIAYa IMOTYXKHOCTI |ues
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CEC). B po0ori 0yso npuitHATO, 1110 y BHUIAIKY, KOJIH KO- | 1s e e o
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Mmipka CEC moumnHae reHepyBaTH IOTYXHICTh OUTBIIY, HiX :

80%, akymynaTopHa Oarapes IOYMHAE HAKONUYYBaTU BH- Puc. 3

pobiieny eneprito. Y Bumnanaky, komu nortyxHicte CEC ma-
nae MmeHnre, Hix 30% BiJ HOMIHAJBHOI MOTY)KHOCTI, Oarapei BiIJar0Th HAKOMHMUYCHY eHepriro. Bapro 3a3HauuTH, 110
IpY MOJIENIOBaHHI poOOTH Oarapeil He BpaxoByBaslacs HU3Ka OOMEXKEHb, sIKi XapaKTepHi JjIsi BAKOPUCTaHHS PUCTPOIB
HaKOIMYECHHS €Heprii, HaIPUKIIa, MaKCUMallbHa MIiCTKICTh Oarapeii i T.11. SIk BUAHO 3 pHC. 2 BUKOPHCTaHHS aKyMYyJIsi-
TOpHUX Oarapeil 1a€ 3MOry KOMIEHCYBATH HIKH BIIXWICHHS HAIIPYTH Yepe3 BUpiBHIOBaHH: rpadika renepysanus CEC.
3 pUCYHKIB BHJIHO, 1110 HalHOIIbITy e(eKTUBHICTH 3 TOUKU 30py 3MEHIIEHHs BigxwieHHs Hanpyru mae CTAT-
KOM. V pasi po3mimenHs npuctporo 6e3nocepeanno Ha muHi npueaaanis CEC no mepexxi CTATKOM cnipomoxaAi
MOBHICTIO KOMIICHCYBATH BIIXWJICHHS HANPYTH, CIPUYMHEH] 3MiHHAM XapakTepoM reHepatii moryxHocti CEC. IIpore
y npoMy BUManky 3meHmyetbes peakiis CTATKOM na BigxuneHHs Hanpyru y cepenuti mepexi CEC. 3 BpaxyBaH-
HSIM pe3yJIbTaTiB MOACIIOBAHHS JJISl 3MEHIIICHHS BIAXIICHh HAPYTH PEKOMEHAYeThCsl BUKopucTaHHA npunagis CTA-
TKOM Ha mmnax 300py notyxxHocti CEC. Take pimeHHst nacts 3Mory YHUKHYTH BuMKHeHHs1 iHBepTopiB CEC y pe-
3yJbTaTi 3HAYHUX 3HIDKEHb HAPYTH B MEpexi (IIpU CKIaJHUX PEMOHTHUX Ta PEMOHTHO-aBapiifHUX cXeMax) Ta IOKpa-
IIMTH SIKICTh €JIEKTPOeHeprii (3HaYHO 3MEHIINTh BiIXWJICHHSI HANPYTH) Y HOPMAJIBHUX PEKUMAaX poOOTH. 3MEHIICHHS
BIZIXMJIEHb HAIPYTH CIIOCTEPIraeThes 1y BUIAAKy MepexeBoro OyaiBHunTBa. [IpoTe BUKOpHCTaHHS LBHOTO 3aco0y pe-
KOMEHAYETHCS TUIBKH SIK aIbTEPHATUBHOTO BapiaHTy, OCKUJIBKM BUTPATH 4acy Ha HOro peaji3alilo Ta BapTiCTh TAaKOTO
piweHHs1 OyayTh iCTOTHO OUMBIIMMU, HIX y BUnanky 3 BukopuctanHiM CTATKOM. BukopucranHs akyMyJISITOPHUX
Oarapeii, siki OB’s13aHi Oe3rocepeHbO 3 KOMIIEHCAIlIEI0 IPUYMHN BIIXWIEHh HANPYTH — 3MiHHUM XapaKTEpOM TeHe-
pamii CEC, mae Garato mepesar. 30KkpeMa BOHH JAIOTh 3MOTY KOMIICHCYBaTH HE BiIXWJICHHS HANPYTH, a KOJIHBAHHS
axtuBHOI oTykHOCcTi CEC Ta MOXYTh BiIJaBaT HAKOIMMYEHY €HEPrif0 B TOJMHA MAaKCUMyMy HaBaHTa)XKEHHS. Y CBITi 3
KO)KHUM POKOM TIPOIIOHYETHCSI BCE OIS BXKE TOTOBUX PillleHh €HEPTOHAKONMMYYIOUUX CHUCTEM, 30KpeMa 3 pi3HUMHU
QJITOPUTMaMH POOOTH, aje 0Ci 3aIMIIAIOTECS BaroMi 0OMeXeHHs, AKi XapaKTepHi U1l BAKOPUCTAHHS NIPUCTPOIB HAKO-
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nuaeHHs eHeprii. ToMy choromHi HaHOUTBII TPUBAOIUBUM 3aXOJOM IS 3MCHIICHHS BiIXWIEHb HANPYTH B MIiCIISIX
npuennanss notyxaux CEC no EM e Bukopuctanus CTATKOM.
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Paccmompenwvr mpu ocnoenvix meponpusmus, KOmopbvle HAnpaeieHvl HA YMEHbUleHUe OMKIOHEHUU HANPAJICEHUs 6
Mecmax npucoeOuHeHUus MowHvlx connednvlx anexmpocmanyuti (COC): cemesoe cmpoumenbcmso, yCmMaHosKa cma-
muyeckux cunxpornuvix komnercamopog (CTATKOM) u ucnonv3osanue akkymynamopHuvix bamapei. Ha ocrnose usme-
peruil akmusroti mowpocmu COC coz0ana mooenb OMKIOHEHUU HANPANCEHUs. U NPOBEOeHO MOOeIUupo8aHue npeoso-
orcennbix meponpusmuil. Ilpedocmaegnenst pekomeHoayuy no nPaxmui4eckomy nPUMeHeHUI0 YKA3aHHbIX MepONpUsmull 6
anexmpuueckux cemsx O2C Yipaunwvl. bubin. 8, puc. 4.

Knrwouesvie cnosa: nanpshxenue, Mojienb, conHednas asnekrpocranuus, CTATKOM, akkymynsiTopHble Oarapeu.

REDUCING OF VOLTAGE DEVIATION AT THE POINT OF COMMON COUPLING OF THE POWERFUL SOLAR
POWER PLANTS
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Three main means of voltage deviation reducing at the point of common coupling has been considered: grid construc-
tions, installation of static synchronous compensator (STATCOM) and the usage of electrical storage batteries. The
model of voltage deviations has been created and simulation of the considered means has been performed. Recommen-
dations for practical application of considered means in electrical grids of IPS of Ukraine has been proposed. Refer-
ences 8, figures 3.

Key words: voltage, model, solar power plant, STATCOM, storage batteries.

1. EEA, Europe’s onshore and offshore wind energy potential: An assessment of environmental and economic constraints. — Euro-
pean Environment Agency, 2009.

2. IEA, Technology Roadmap Solar photovoltaic energy. — International Energy Agency, 2010.

3.  Gupta B. Status and progress in solar thermal research and technology // Energy. — 1987. — Vol. 12. — No. 3-4. — Pp. 187 — 196.

4. Denholm P. and Hand M. Grid flexibility and storage required to achieve very high penetration of variable renewable electricity.
// Energy Policy. —2011. — Vol. 39. —No. 3. — Pp. 1817 — 1830.
5. Grubb M.J. The integration of renewable electricity sources // Energy Policy. — 1991. — Vol. 19. — No. 7. — Pp. 670 — 688.
6. Sovacool B.K. The intermittency of wind, solar, and renewable electricity generators: Technical barrier or rhetorical excuse //
Utilities Policy. — 2009. — Vol. 17. — No. 3-4. — Pp. 288 — 296.
7.  GOST 13109-97. Norms of quality of electric energy are in the systems of power supply of general-purpose. (Ukr)
8. http://sace.gov.ua/uk/activity/vidnovlyuvana-enerhetyka/suchasny-stan
Hapiiima 25.02.2014
Ocraroununii BapianT 05.05.2014

46 ISSN 1607-7970. Texn. erekmpodunamixa. 2014. Ne 5



