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AHOTALIA. Pozenanymo 0cobausocmi npakmuiHo20 3acmocy8anits po3podneHux 6azamo@dyHKyioHaibHux 3aco0ié 3abe3neyenHs
HAOIUH020 eNeKMmpPOnOCMayaiHs i HOPMOBAHUX NOKAZHUKIE AKOCMI HANpYeU 6 eNeKMPUHHUX MEPentcax MAnux cucmem po3nooiny.
3asnaueno, wo yi cucmemu po3nooiny mMaroms HU3KY 8i00OMUX nepesaz neped MpaouyiiHuUMU CUCTNEMAMU eNeKMPONOCHAYAHHS.
3oxpema, maxa cucmema exarouac 6 cebe, AK NPAGUINO, KilbKa 0xcepen po3noodiieHoi eenepayii, po3nooinbHuUX niocmanyitl ma HaKo-
nuyyeauie i nepemeopiosaie enepeii, wjo 0ozeonse makii cucmemi «Microgrid Plusy gpynkyionyeamu sik 8 a8MOHOMHOMY PeNCUMI,
max i 6ymu nos8'a3aHor0 3 306HIUHbLOI eHePeMUYHOI0 cucmemoro. B maniii cucmemi po3nooiny aKicHe enekmponoCcmaiaiHs MOXCHA
3abe3neyumu WasxXom 3aCMoCy8aHHs, HANPUKLAO), Hepe2ylbO8aHUX | KepOBAHUX (DINbMPOCUMEMPYIOUUX NPUCHPOi8 a0 2iOpUOHUX
DInbMPOKOMREHCYIOUUX NEPEMBOPIOBAUIs, A MAKONC SUKOPUCMAHHS BIOHOBIOBAHUX 0Jcepell eHepeii 3 cucmemamu it HaKONnuYeHH s
(«Energy Storage Systemy). Po3zensinymo oCHO6HI acnexmu npakmuunol peanizayii cunogoi uacmuru 6a2amo@yHKyioHAIbHO20 080~
HanpsAMIeH020 Nepemeoprosaya eleKmpoeHepeii y ckiaoi yHigikoeanoeo IHEepmopHo20 moodyis nomyxcricmio 300 kBm ons euxo-
PUCMAHHS 8 CYYACHUX 6A2AMOMOOYIbHUX CUCEMAX HAKONUYEHHS eHeP2li 3HAUHOT ROMYAICHOCME 3 DI3HUMU MUNAMU 0dcepeil eHepeil.
Tlokazano, wo po3pobueni OBOHANPAMAEHI Nepemeoposadi y cKiaodi cucmem HAKONUYEHHS eHepeii 8 HOPMATIbHUX pexcumax pobomu
ModHcymb 3abe3neuumuy HeoOXiOHI pi6eHb eleKmpOMASHIMHOL CYMICHOCII CROMCUBAYIE MA pPe2laMeHMO8AaHT 3HAYEHHA NOKA3ZHUKIG
axocmi Hanpyau 6 «Microgrid Plusy, 30kpema, 3HaueHHs CyMapHO20 KoeiyieHma 2apMOHIYHUX CHOMBOPEHb 8XIOHUX Md BUXIOHUX
CmMpyMié Yux nepemeopiosayie CKiadarms OOUHUYI 8i0COMKIB, Npu HeoOXIOHOCMI 80HU MOXCYMb 30IUCHIO8AMU Y MIKPOMEPEXHCi
KoMneHcayiio peakmugrol nomyxcrhocmi mowjo. IIpaxmuurne 3acmocy8anHs 3anponoHOSAHUX CUCIEM PO3NOOITY CHpUsE peanizayii
3azanvroi konyenyii «Smart Grid & Energy Storagey, sika cnpsamosana Ha pO3UWUPEHHs MONCIUBOCMEN 8IOHOBNIIOBAHOT eHEpeemuKU
ma inmezpayito 6 cucmemu iHMeneKmyaibHUx eneKmpULHUX MepediC.

Knruessle cnosa: enexmpomazHimua cymicHiCmb, cucmema po3nooiny eilekmpoeHepeii, 08OHANPIMIEHUL HaANIBNPOGIOHUKOSULL ne-
Pemeopro6ay, cucmema HaKONUYEeHHs eHepaii, Mikpomepedca, AKiCms Hanpy2u.

PROVISION OF HIGH QUALITY POWER SUPPLY IN DISTRIBUTION NETWORKS
WITH RENEWABLE ENERGY SOURCES
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ABSTRACT. Features of practical application of the developed multifunctional tools which provide reliable power supply and
standard voltage quality characteristics in electrical networks of small power systems (microgrid) are considered. It is noted that
these distribution systems have a number of known advantages over traditional power supply systems. In particular such system typi-
cally includes several sources of distributed generation, distribution substations, power storages and energy converters, which al-
lows such a “Microgrid Plus” system to function offline or synchronously with an external power system. In microgrid, high-quality
electrical supply can be achieved by, for example, using unregulated and controlled filtering-balancing devices or hybrid filter-
compensating converters as well as the use of renewable energy sources and power accumulation system. The main aspects of the
practical implementation of the power unit of a multifunctional bi-directional electric power converter as a part of a unified 300 kW
inverter module for use in modern multimodal energy storage systems of significant power with different types of energy sources are
considered. It is shown, that use of bi-directional converters in the system of energy accumulation can provide the required level of
power quality in «Microgrid Plusy in normal operating modes, in particular, the values of the THD of the input and output currents
of these converters are several percents. In addition, they may, if necessary, compensate reactive power in these microgrid. The
practical application of mentioned systems contributes to the implementation of the general concept of "Smart Grid & Energy Stor-
age", which aims at expanding the capabilities of renewable energy and integrating into smart electrical networks.

Keywords: electromagnetic compatibility, power distribution system, bi-directional semiconductor converter, energy storage system,
microgrid, voltage quality.
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Beryn

OpmHIM 3 OUISXIB, IO TPOTIOHYETHCS, BUPIIICHHS
mpoOieMy 3a0e3MedeHHs SKiCHOTO eJEKTPONOCTaYaHHsS B
CNCKTPUYHUX MEpEXax «MaIUX CHUCTEM PO3MOALIY»
(MCP), B ToMy uucii 3 CydaCHUMH CHCTEMaMH HaKOITH-
yenHs eHeprii (CHE) i BiqHOBIIOBaHUMH JKEpeTaMH CHe-
prii (BAE) € po3pobneHHs i BIPOBaKEHHS IIEPCIEKTHB-
HUX OaraTodyHKIIOHAIEHUX TEXHIYHUX 3aC00IB Ha OCHOBI
BUKOPUCTaHHS [TAPaMETPUYHHUX 1 PErylbOBaHUX (iIbTpPiB
cTpymiB HyJ60B01 nociigoBHocTi (PCHII) st crBOpeHHs
IITY4YHOI HEWTpajl, a TaKoX GaraToyHKIIOHATEHUX
JIBOHANPSIMIICHUX ~ EPETBOPIOBAYIB  €JEKTPOEHEprii  y
crragi CHE. Mana cucrema po3monity eleKTpoeHepril
srimHo 3 mynkToM Il Kogekcy cucrem posmominy (mami —
Kognekc) me enexTpudHa Mepeka, sSKa IpUEJHAHA 0 Me-
pexX cuctemu posmoniry abo mepenadi, KO0 3IHCHIOETE-
sl pO3IIONILUT ENEKTPUYHOI eHeprii meBHil KinbkocTi Koprc-
tyBauiB [1]. [Tynkt IX 3a3nauenoro Komekcy «Mamna crc-
TeMa pO3MOALTY» BH3HAayae Kpurepili Ta kiacudikarii
MCP, a came kinbKicTh npuegHanux Touok (Kopucrypauis
— opuauuHux abo ¢izuunHux ocid) 10 MCP - Oinblie 2,
npueaHany notyxHicts Kopucrysauie MCP - Oinbiue 50
KBT Ta cepenHpOMicSUHMN 0OCAT PO3MOJUTY ENEKTPUYHOT
eneprii MCP - 6inbiie S Tric. KBTeron, npuuoMy po3moait
EJEKTPUYHOI eHeprii 3aiiicHIoeThest MeHtre 10000 modyTo-
Bux crokuBadiB. Kpim Toro, B Kozmekci 3a3HadaeThes, 1mo
enexktpuaHi Mepeski MCP po3noninstoTs enekTpudHy eHe-
prito KopucryBauam Ha oOMeXeHil TepuTopii 3aKiamiB
KOMepUiifHOTO Tpu3HaueHHs (OQiCHI IEHTPH, TOPTOBEIb-
HO-PO3BaKaJIbHI KOMIUICKCH TOIIIO), TPOMAICHKOTr0 00CIy-
TOBYBaHHS (CIIOPTHBHO-03/10POBY1 KOMIUIEKCH, CAHATOPHO-
KypPOPTHI KOMIUIEKCH TOIIO), 800 BUKOPUCTOBYIOTHCS CIIO-
JKMBa4aMU JIs 33JI0BOJICHHS CBOiX motped (camoBi TOBa-
PHCTBa, rapaXkHi KOOIIEPaTHBH, KOTEIDKHI MiCTEUKa TOILO),
BU3HAYEHMX BIJIOBIJHAM CTaTyTOM oOpraHizamiii Ta/abo
00’eqHaHp rpoMazsH Ta iH. B m. VI nporo Komekcy Takox
HaBEJICHO BUMOTH CTOCOBHO MOHITOPHHTY i (hikcarlii mapa-
METpIB SKOCTi €JIeKTPUYHOI SHepril B CHCTEMi PO3IOJILTY
(CP). TakuM YMHOM, «Malli CHCTEMH PO3MOMLTY» IILTKOM
BIZITIOBITAIOTH BCIM KPUTEPIsIM 1 XapaKTepUCTUKAM MIKPO-
Mmepex «MicroGridy i «NanoGridy, koHuerniist mo0yxoBu
SIKAX TPYHTYETbCS Ha CTBOPEHHI JIOKAIIBHUX MEPEKEBUX
EHEPreTHYHUX CTPYKTYP B OKpeMux perionax. MicroGrid B
LIOMY SIBJISIE COOOIO JIOKAJIbHY 130JIb0BAHY MEPEXKY, IpPHU-
YOMY 4iTKOT MeXI HOTYXKHOCTI UIsl HEl He ICHye, TOMy 3a-
3BUYail BOHA He BKa3yeThcs. Hampukian, cBiToBa KOMIia-
Hist «ABB» BCTaHOBWJIA Ui Cce0€ TaKy MExXy: s
MicroGrid — cymapna notyxHocts Giu3bko 20 MBT, a
NanoGrid obmexyerbest motyxkuocTsMu 110 50 kBT. [2, 3].
L5 >x xoMmaHis Ui YHIPaBIiHHS PeXUMaMH MIKPOMEpEK
3a JIONOMOroH  MIBHAKOro  KoHTtpomwo  (MicroGrid-
Controller) mapameTpiB Mepexi 3 CHCTEMOI HAKOITHMYCHHSI
eHeprii, cTabiTi3alliero HAMPYyTH 1 MapaleIbHOK eKCILTya-
TaIli€r0 TPAAWIIMHKUX 1 BiIHOBIIIOBAaHUX JHKEpeJ BBEJa Ha-
3By «MicroGrid Plus» mist 3a6e3nedeHHs] IPakTHIHO TIOB-
Horo OanaHncy mepexi. [4, 5]. Mikpo — Ta HaHOMepeXi Ma-
I0Th HU3KY NepeBar nepei TPaJULiHHUMH CHCTeMaMH Te-
HepyBaHHA 1 MOCTaYaHHS €HEPTii Ta PO3TIIAIAETHCS K CHC-

TeMa B3a€EMOIOB'SI3aHUX 1 00'€IHAHUX Mepexero 00'€KTiB,
1110 TEHEPYIOTh €JIEKTPOCHEPTII0 B MEPEXKY Ta CIIOKHBAIOTh
eHeprito 3 Heil. BoHn MOXyTh IpamoBaTH He TUTBKH aBTO-
HOMHO, aJie i IapaJeibHO 3 OCHOBHOIO EJICKTPOMEPEXEIO,
30KpeMa, TIpH BUKOPHCTaHHI 1BOX i Oumpme mxepern BIE,
SKi B OCHOBHOMY BHKOPHCTAIOTh COHSYHY Ta BITPSHY CHe-
prito. OcHoBHOIO ocobmuBicTio MCP € chiBMipHICTB 1T0-
TY>KHOCTEH [DKEpel i CIIOKMBAYiB eJIeKTPOCHeprii i BemH-
KUl B3a€EMO3B'SI30K BCIX €JIEMEHTIB €JIEKTPUYHOI Mepexi,
TOMY e(ekTuBHICT podoTi MCP Benukoro Mipoo BH3Ha-
YaeTbCcsl €(PEeKTUBHICTIO 3a0€3NEUYEHHS ENEeKTPOMAarHiTHOI
cymicHocti (EMC) BinoBiZHUMYU TEXHIYHUMH 3aCO0aMH.

Merta podoTn

Po3pobnerns GaraTo(yHKITIOHANBHUX TEXHIYHUX
3aco0iB 1y 3a0e3eyueH s HaaiitHOTO Ta Oe3mepebiifHoro
eNeKTPOIIOCTA4YaHHS | HOPMOBAaHUX CTaHIAPTAMU 3HAYCHb
MTOKA3HUKIB SKOCTI HAMPYTH 1 €NEKTPOMArHITHOI cyMic-
HOCTI CHOKMBAUiB B €JICKTPUYHUX MEPEkKaX CHUCTEM PO3-
MOJITY, 30KpeMa, NpPU HAsBHOCTI BiJHOBJIIOBAHUX JIXKe-
pen eneprii Ta cucteM ii HakornmueHHs («ESS» - «Energy
Storage System») Ha OCHOBI peaitizaiii Cy4acHUX KOHIIC-
nuiit «MicroGridy» i «MicroGrid Plusy.

BukJjiag 0cHOBHOTO MaTepiay

EdexruBnicts (pyHkmionyBanas MCP mo’s3aHa 3
TaKUMU ITOKa3HUKAMH K HaiHHICTh, Oe3mepeOiiiHicTh Ta
SIKICTB €JIEKTpOIIOCTa4aHHs, Oe3leka Ta CTIHKICTh €NIeKT-
pomMepexi (po3moAiTEHA Mepeska 3HAYHO OiJIBII CTiiKa 10
30BHILIHIX BIUIMBIB y MOPIBHSHHI 3 EHEPrOCHCTEMOIO, KA
3aJIeKHUTh Bijl IIEHTPaNli30BaHUX JpKepesl eHeprii). B Toi
)K€ 4ac B «OCTPIBHHUX» EIEKTPUYHUX MEpexax IpH HasB-
HOCTI JIMIIIE BiIHOBIIOBAHKUX JPKEPE, SKi 130J0BaHI BiJ
MaricTpajbHUX MeEpeX, HEMOXJIMBO BHPOOJATH SIKICHY
SJICKTPOSHEPTito Oe3 MmapayielbHOTO IiIKITIOUSHHS TPaJH-
ifHUX DKepen eHeprii [6, 7]. 3a3Buuail 00'ekTn po3mo-
nimenoi renepanii (PI') BukoHaHO Ha OCHOBI CTaTHYHUX
NIepeTBOPIOBaYiB, IO J03BOJISIE  HOMIHAJIBHY BHXIJHY
AKTUBHY IMMOTY)KHICTh BiJl HUX OTPUMATH IPHU KOEQIIieHTI
MTOTY>KHOCTI, IO TOPIBHIOE OJWHUII. B mimoMmy gomycTu-
Ma aKTUBHA IMOTYXXHICTh CIIO)KMBAYiB, IMIAKIIOUEHHUX JIO
Jokepen posnopinenoi renepauii ([PI), npomopuiiiHo
3HW)KYEThCS BINNOBIAHO J0 3HAa4YeHHs KoedillieHTa Io-
TYXHOCTI, @ TAaKOXK «XpecT-(akTopa» («Imik — (axTopay
a00 «koedilieHTa aMIUTITYAN») - BIJHOIIECHHS BEIMYMHU
amruTiTyau (TKOBOTO ab0 MaKCHMAaJbHOTO 3HAYCHHS)
CTpyMy ab0 HampyTu 10 Horo mirodyoro 3HadeHHs. Kpim
I[bOTO, CHOTBOpEHa (opMa CIOXKHMBAHOTO CTPYyMY IPH3-
BOJIUTS JIO HOTipIIEHHS OKa3HUKIB sKkocTi Hanpyru (SIH)
€JICKTPOIIOCTAYaHHsI 1, BIiJIIIOBIIHO, /IO IOJaTKOBUX BTPAT
aKTMBHOI TOTY)KHOCT] Ta HU3KH IHIINX HETaTUBHHUX YHH-
HUKIB.

Tomy mnst 3ab6e3nedeHns egextuBHOi podotrn MCP
B YMOBaX, KOJIM HOTY)KHICTh HaBaHTa)X€Hb, SKi CIIOKUBA-
I0Th HECHHYCOiZabHUH 1 (a00) peakTUBHUH CTPyM, B
MTOPIBHSAHOIO 3 HOMIHANBHOIO TMOTYXXHICTIO xepen PI,
HEOOXiHO BXKMBATH 3aXOJIiB JIJIs TiABUINEHHS KoeilieH-
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Ta MOTYXHOCTI HAaBaHTA)XEHHS 1 3HM)KEHHS 3a3HAYCHOTO
«xpecT-(pakropa» CHOXHUBaHOTO cTpyMy. Kpim 1poro,
UIa 3a0e3TeYeHHsT HOPMOBAaHUX IMOKa3HUKIB SIH emekt-
porioctadaHHs HEoOXimHO 3abe3medyBaTH OOMEKEHHS
piBHIB eMicii 30ypeHb Bix 00lagHaHHS CIOXHUBAYiB HaBa-
HTa)KEHHS Ha BCTAaHOBJICHOMY PiBHI (TapMOHIYHI CIIOTBO-
PEHHS CTPyMY, KOJMBAHHS HANIPYTH 1 QIIikep, HECUMETPis
HaBaHTaXXCHHS Ta iH.).

Taxa Mikpomepexa Moxe (DyHKLIOHYBATH SIK B aB-
TOHOMHOMY DPEXHMi, TaK 1 CHHXPOHHO i3 30BHIIIHBOIO
EHEePreTUYHOI0 CHCTEMOI0 Ta peali3ye MOXIHMBICTH 3a-
OesrneueHHs1 O€3MEPEPBHOTO YKUBJICHHS CIIOKUBAYIB sIKic-
HOIO ejeKkTpoeHeprieto. Cii 3a3HAYUTH, IO NPOTITOM
OCTaHHIX POKiB B YKpaiHi cIiocTepiraeTscs 3HauHe 30i-
JBIIEHHS 00CATIB BHPOOHHIITBA BITPOBOI Ta COHSYHOL
eHeprii. 3a mporHo3zamu, 10 2035 poky muroma Bara '"3e-
JeHoi" eHepreTWKH B eHeproOanaHci YKpaiHH CTaHOBHU-
TUMe Omm3bKo 25%. SIk 3a3HavaeThes B Marepuanax HEK
«YKpeHepro», e 3aBIaHHSI MOXKe OyTH BHpIIIEHO 3a
JIOTIOMOTOI0 TIPAKTUYHOTO 3aCTOCYBAaHHSI CY4acHHUX CHC-
tem HakonmyeHHs eneprii (CHE). [{ns uporo, Hanpuknasn,
Opanuis y 2019 poui Hanmana YkpaiHi HepIIdii IpaHT Ha
560 Tuc. eBpo s (iHAHCYBAHHS MIATOTOBKH CIUIBHOTO
nitorHoro npoekty HEK "VYkpenepro" Ta «RTE
International» 3 peamizarii nepmoi B Ykpaini cuctemMu
«Energy Storage» notyxsictio 200 MBT.

Ha puc.] HaBeneHO CTPYKTYpHY CXeMy MiKpome-
pexi “MicroGrid Plus”, ocHOBHMM eneMEHTOM SIKOI €
CHE, mo BIKOHAaHO Ha OCHOBI HAIliBIIPOBITHUKOBUX J[BO-
HampsviieHuX TneperBoproBadiB  ([JIHII). OcobnmBicTio
JTAaHOT MIKpOMEpEXXi € Te, Mo 10 I 3arajJbHUX IOUH HU-
3bKOT HANpyru OKpiM HEJNHIHHOrO 1 HecTalioOHapHOTO
HABaHTAXKCHHS NPHEJIHAHO BiINOBIAANBHI €IEKTPONPUIi-
Maui, IIepepBH B €JEKTPONOCTAYaHHI SIKMX, MPOBAJIM Ha-
NPYrd Ta KOPOTKI INEPEepUBAHHS ENEKTPONOCTaYaHHs, a
TAKOX HESKICHAa Hampyra iX eJeKTPOXXUBIICHHS MOXe
NIPUBECTH 10 IOPYIIECHHS CKJIAJHOTO TEXHOJIOTIYHOTO
NIPOLIECY, TIOIIKO/PKEHHS EHEeprooOiagHaHHS 3 MOXKIH-
BOIO HEOE3MEKOI0 /TS KUTTS JIFOJICH, a TAKOXK 10 3HAUHUX
MarepialbHUX 1 EKOHOMIYHUX 30UTKIB [6, 8, 9].
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Puc. 1 — Cmpyxmypna cxema mikpomepeici
“MicroGrid Plus”

Tomy nepcnekTHBHUMHU 1 €()EKTUBHUMH TEXHid-
HUMHU 3aco0aMM /I BUPIIIEHHS 3a3HAYEHUX NPOOJIEM i
3abe3neuenass EMC y TpudasHux cucremax, 30Kpe-
Mma, 3 JIPI" € 3acTOoCyBaHHSI HOBHUX IE€PETBOPIO-BaJIbHUX
MIPUCTPOIB 3 BUCOKMMHU €HEPTeTHIHUMH Ta THHAMIYHIMU
MOKa3HUKAaMM I PEryJlOBaHHSA aKTHUBHOI W peaKTUBHOI
MOTYXXHOCTEH, a TAKOXK 3HIDKCHHS IHOTY)KHOCTI CIIOTBO-
PEeHHA, IO Ja€ 3MOTY, 30KpeMa, MiJBHUIIUTH TEXHIKO-
€KOHOMIYHI TOKa3HUKM Ta TMPOIYCKHY CIPOMOXKHICTb
MCP, 3MeHIINTH BTpaTW aKTHBHOI MOTYXXHOCTI Ta Mif-
BUILIUTH €HEProepeKTUBHICTD eJIEKTPOOOIa HaHHS, SKE €
YYTIMBHM JI0 3HIKEHHS MOKa3HUKiB STH.

JocmijpkeHHsT TOKa3ajiy, IO 3aCTOCYBaHHS, Ha-
npuknan, notyxanx CHE B cucremax posmoxiny eneprii
JI03BOJIAIE 3MIHCHUTH HacTyHe [6,10, 11]:

1. TTokpHUTTS TIKOBHX HAaBaHTAKEHb 1 «3TIIAIKY-
BaHHS» TpadikiB HABaHTaXKEHHS MPOTATOM T00H.

2. [TixBuIeHHsT AKOCTI €JeKTpOeHeprii Ta Hamiii-
HOCTi poOOTH CHCTEMH €HEPrOMOCTAYAHHS.

3. 3a0e3nedyeHHs] Pe3epPBHOTO €NEKTPONOCTauaHHs
BIJINIOBIJAJIbHUX CIIOYKUBAYIB 1 MiATPUMAHHS €ICKTPOIOC-
TayaHHs 1X MpU aBapifHUX MEepPEepPUBaHHSIX.

4. Hakonn4eHHsl eJieKTpoeHeprii B nepiof ii HU3b-
KOT BapTOCTi Ta CHOXXHMBAHHS €JIEKTPOCHEPTii 3 HAaKOIH-
YyyBaya B nepiof i1 BUCOKOT BapTOCTI MPOTIroM A00U NpU
HasBHOCTI 0araTo30HHUX Tapu(iB Ha ENCKTPOCHEPTIIO.

5. IHTerpario 3 reHepyYNM €HEeproooIIaHaHHIM
BIZTHOBJIIOBaHOI €HEpPreTHKH Ui 3a0e3ledueHHs OanaHcy
TEHEPOBAHOI Ta CIOXKMBAHOI EJICKTPOSHEPTil B MEpexi 3
BJIE.

Jnst eneKTpOXXMBIICHHS BIATOBIAIBHUX EICKTPO-
npuitmadie B MCP “MicroGrid Plus” mpu migkmouensi
JI0 IIMH HU3bKOI HANPYTH y TOYII 3arajbHOrO MPHEIHAH-
Hsl HEJIIHIMHUX 1 HecTallloHapHUX HaBaHTaXEHb HEOOXij-
HO 3aCTOCOBYBAaTH JIOKQJIbHI JUISIHKH €JIEKTPONOCTaYaHHsI
(JIJETD), siki BUKOPUCTOBYIOTH MapamMeTpuyHi (GuIbTpU
CTpyMiB HyIb0BOI nocigoBHOCTI (OCHII), mo BukoHaHO
32 CXEMOIO «3YCTPIYHHUH 3Ur3ar», JUIl CTBOPEHHS IITYY-
HOi HeHTpalli y HU3bKOBONBTHOI Mepexi. Ciif BU3HAYH-
TH, 0 NepeBaXHUH BIUIMB Ha SIH B HU3BKOBOIBTHHX
MepeXax BHABISIOTH CTPYMH HYJBOBOI ITOCIIIOBHOCTI
(HIT) i HemapHUX TapMOHIK, KPaTHAX TPHOM, SIKi 3aMHKa-
FOTHCS TI0 KOHTYPY HYJIBOBOI MOCIIAOBHOCTI Mepexi. [Tpu
TPaAMLIHOMY TPHEAHAHHI BIATaTyXEHHS 10 OCHOBHOI
eNIeKTpUUHOT Mepexxi koHTypu crpyMmiB HII, Bona i Bingra-
Jy’)KeHHs1 TepeOyBaloTh y Oe3nocepeHbOMY €JIeKTpUY-
HOMY 3B's3Ky. OueBuaHO, 1o mpu poMy SIH sk B 0CHOB-
HIl eJIeKTPUYHII Mepexi, Tak i y Birally)>KeHHI BH3Ha4a-
€TBCSI B OCHOBHOMY CHCTEMOIO 3 OLIBIINM 3HAUYCHHSIM
motyxxHocTi. Tomy 1 onepskanns Bucokoi SIH B moka-
JBHIM OiNsHOI (BigranykeHHi) Tpeba «pOo3AiIUTh» 3a J0-
TIOMOTOI0 (UIBTPIB CTPYMIB HYJILOBOI MOCHIZOBHOCTI KO-
HTypH npoTtikanHs ctpyMi HIT B MCP, 3anummsmm 38's-
3aHUMH KOHTYPH NPOTiKaHHS CTPYMiB MPSAMOi Ta 3BOPOT-
HOI mocigoBHOCTed [12, 13].

Ha ocHOBI 3aIrponOHOBaHNX MPUHIHUIIB TOOYIOBH
po3pobIeHO HHU3KY TEXHIYHHX pillleHb IIOJ0 MOJEpHi3a-
uii TpudazHUX HU3BKOBOJIBTHUX MEPEK 3 JIOKAIbHHUMH
JIUITHKaMHU eJIeKTPOIIOCTaYaHHS BiANOBITaTbHAX HaBaH-

Bicnuk Hayionanbrno2o mexuiunozo ynieepcumemy «XI11».
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taxxenb (BH) abo enekrponpuiimauis (BEII), mo Buko-
HAHO Ha OCHOBI BUKOPHCTAHHS HEpETyJIbOBaHUX 1 Kepo-
Banux @CHII. B koxwiii cekmii Biaramyxenas MCP 3a-
BIAKA BimomuM BiactuBocTsM DPCHII He BuHMKae 3Mi-
IIeHHS ITYy4YHOI HeifrpamsHoi Touku (ILIHT), sika rapan-
TOBAaHO 3HAXOIWTHCA B T€OMETPHUYHOMY IIEHTPi TPHKYT-
HUKA JIIHIHHAX HAMPYT Ta IOCATAE€THCS CHMETPis (a3HUX
Hanpyr. [{um 3a6e3medyeThes Bucoka SIH Ta ctabinmpHICTE
Tpr(a3HOI HAIIPYTH KUBJICHHS HaBaHTaXXECHb BiJOBITHOT
ceKii BiAramyXeHHs, a 3aBJSKU BiJICYTHOCTI HEHTpaib-
HOTO TPOBIJJHUKA B CXEMi JITaHOTO BiJrayy>KCHHsS 1 HasB-
Hocti @CHII. Ile exBiBaneHTHO cTBOpeHHIO HU3KM [ITHT
B MEpEXi, SIKi TapaHTOBAHO 3HAXOJSTHCS B TEOMETPUYHO-
My HEHTpPi TPUKYTHHKA JIIHIHHUX HANpYyT, a TaKOX 3a0e3-
Iedye BHUCOKY CTaOUIBHICTH 1 cHMETpito (Ga3sHUX HAMpPyT
Tpuda3HOi Mepexi Ta MPHU3BOIUTH IO CYTTEBOTO BHPiB-
HIOBaHHS CTPYMIB B JiHIHHUX NPOBiITHUKAX i, SK HACKi-
JIOK, 10 3MEHIICHHS BTPAT EJIEKTPUYHOI CHEeprii B OCHOB-
Hill Mepexi.

Ha puc.2 HaBeneHO eneKTpuyHy cxemy (parMeHrty
MCP Ha 0CHOBI HAWIPOCTIMIOT JIOKAJIBHOT IISHKU €JICKT-
poIocTayaHHs 31 IITyYHOT HEHTPAIIIO, SIKY CTBOPIOE He-
perynsoBanuit @CHII nepiioro tumy.

Ha puc.3 naBeneno MCP 3i mryyHumu HelTpa-
JISIMH, IKi CTBOPIOXOThC Kimbkamu JIJIEIT Ha ocHOBI He-
perymsoBarnx ®CHII 3 BOIBTOZOAATKOBIMH OOMOTKA-
MU, IO TMpU3HAYCHI [UIS MiIBUIICHHS PIiBHA HAIPYTH Ha

3aTuckauax BH;
JITHKAaX MPOJOBX

- BH,, 1 koMrieHcanii ii BTpat Ha Ji-
JiHIT BiA cHJIOBOro TpanchopmaTopa
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Puc.2 - Jlokanvha oinanxa erekmponocmayanns MCP,
saKka cmeopena Ha ochogi ®CHII-1
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Puc. 3 — MCP 3 JIJIETI, wo suxonana na ochosi @CHII-3 3 6016mo0oodamrkosumu 0OMomxamu

Po3zBuTkoM 1poro nursixy nodynosu MCP 3 JIJIEIT
€ PO3poOJICHHS TIOpUAHOTO (UIBTPOKOMIICHCYIOUOTO Tie-
perBopiroBaya (I'®PKII), mo BUKOHaHMIT HA OCHOBI «pO3-
nozginmsuoro CTATKOM)» i perynsosanoro @CHII 3 Bo-
JIBTOIOJATKOBUMHU 0OMOTKaM s 3abesneuenns EMC i1
KOMIUIEKCHOTO MOKpPAIIEHHs SKOCTI HAIPYTH Ta eJIEKTPO-
6e3neku [13-15]. Ha puc.4 naseneno JIJAEIL, mo BukoHa-
Ha Ha ocHOB1 ['®KII nepmoro tumy.

Ha ocHOBI po3po0neHHX NPHHLHUIIB M00YIOBH
JIIEII BiamoBiganpbHUX €NEKTPONpPHUIMaYiB, SIKi BUKOPHC-

toBytoTh @CHII pi3zHOrO THIY (TIPiOPUTET 3aIPOIIOHO-
Banux JIJIEI] 3axumieHnii HU3KOIO ATEHTIB) pO3pO0IIeHO
1 JOCII/PKEHO B HOPMAJIBHUX | HCHOMUHAJIBHUX PEKUMAX
pobotn MCP. Teopernyni Ta eKCliepUMEHTAJbHI J1OCIi-
JDKEHHS 3a3Ha4e€HUX OaraTo(yHKIIOHAIBHUX NPHCTPOIB,
JIesKi 3 SKUX HAaBEAEHO BHIIE, ITOKA3aIN 1X BUCOKY edek-
THUBHICTh 1MEPCIEKTUBHICTh X MPAKTHYHOTO BHKOPHC-
TaHHI B HU3bKOBONGTHHX MCP, 30kpema, mpu
i1’ €THAHHI BiNOBiMHUX eneMeHTiB perymtoBanns i CHE
ONITUMAJIBHOI IIOTYXHOCTI.

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « XI11».
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Puc. 4 - JIIEII wo suxonana na ocrosi I @KI1

Sk 3a3Haydanock, CTpykTypa nepcrnektuBHux CP B
NepIly 4Yepry BH3HAUYAaTHMETHCS THIIOM HasBHUX IKepell
eHeprii, asie B OyAb-IKOMY BHIa/IKy BaKJIMBOIO IX YaCTH-
HOIO € CHCTEMH, IO 3[IaTHI pealli3yBaTH TEXHOJOTI edex-
TUBHOTO BHKOPUCTAHHS HAKOIMYCHOI EJICKTPOeHepTil
(xoHmenmis «ESS»), Mo cyTTEBHX IepeBar KO HaJIeKaTh
(yHKIIOHATbHA THYYKICTH, MOJMJIUBICTH aBTOMATH3aIlii
NPOLIECIB YIPABIiHHS i KOHTPOIIIO, 1 K HACIIIOK IIUPO-

KO iHTerpauii B CHCTEMH IHTEJIEKTYaJIbHUX EIEKTPUIHUX
Mmepex («Smart gridy).

Jlns BUpINIEHHS OCHOBHUX 3alad y JaHOMY Ha-
mpsimcy B IEJl HAH Vkpainun B 2018 pomi ctBopeHO
yHidikoBanu#t iHBepTOpHUI Moxyns YIM-300 motyxHi-
ctio 300 kBT ansd BUKOPHUCTaHHS B 0araTOMOIYIBHHX
CHE 3HayHOi MOTY)XHOCTI 3 PI3HUMH THIAMH JDKEPEl
eHeprii. Moro ocHOBOIO € JBOHATIPAMIICHHIT TIEPETBOPIO-
Bau (JHII), sxuii npusnauennii ans crBopenns CHE
MIPaKTHYHO J1F000i MOTY>KHOCTI (BiJl OJMHUIIB 10 COTEHb
MBT) npu napanensHoMy miakiaroueHHi YIM-300 Tta
cxnanaerses 3 JAIITH i tpudasHoro neperBoproBaya (iH-
BEpTOpA).

Hakxommmaysaui emextpuunoi eneprii (HE) ckma-
JAIOTBCS 3 aKyMyJATOpHHX OaTapeit (AB) pizHoro Tmimy
(HampuKaA, CBHUHIEBO-KUCIOTHI, JITIH - 10HHI, JMITIH-
3ami3zo-¢ocdarHi Ta iH.), a TAKOXK JTOJATKOBO CYIIEPKOH-
Jencaropis toro [16-18].

Ha puc.5 HaBeneHa crnpolneHa CTPyKTypHa cxema
CHJIOBOI ~ 4acTMHM  0OaraTto(yHKIIOHaJbHOTO  JBO-
HamnpsIMJICHOTO MEePEeTBOpIOBayYa eNIEKTPOeHEpPril y cKiai
VIM-300, sxuifi € YOTHPUKBAApPaHTHHM <«4Q —
NepeTBOPIOBaUEM» OBHOT MOTYXKHOCTI Ta 6a30BOO CKJIa-
nosoto CHE B miiiomy.

Hakonuuysay
eHeprii

Mepexa

P p S

LASS ASA

s A

VT:I @WJ 'Fzm ‘ J“\/

’ > ¢ b Mepexesuit
MipeuwysansHo- Tpudaznuit @ineTp
NOHWXYBanNbHUN z nepeTsoproBaY Riliidedindisisisdidss

nepeTeOpIOBaY : Hanpyru

Puc.5 - Cmpykmypuna cxema cunogoi yacmunu bazamogynxyionanvrnozo JHIT

Hnsa CHE xapakTepHUMH € JBa PSKUMH POOOTH:
PeXUM HAKOIHMYCHHS €Heprii B mepion il HaAIWIIKy B
eeKTpoMepexi (HIYHI TOTUHH) Ta PEXKHUM Biaadi eHeprii
B Mepexy B repion aedinury ejekrpoeHeprii B Hel (Be-
YepHi TOAMHH) 3a JOMOMOTOK JBOHAMPSIMICHOIO MiABU-
ITyBaJTbHO—TIOHI)KYBaJIbHOTO TiepeTBoproBada (/I1ITH)
MOCTIIfHOT HANpyTH, AKUA HEOOXITHWH I y3TOJKCHHS
Hanpyru AB 3 muHOIO XUBNIEHHS TpH(]a3HOTO iHBEPTOPA,
TOOTO B 3aJISKHOCTI BiJl OajaHCy MOTY)KHOCTEH MiJIKIIIO-
YEHUX JUKEpEI eJIEKTpoeHeprii Ta crioxkuBavis, taka CHE
npairoe B pexkuMi abo HakonmyeHHst eHeprii B Ab a6o
BinOoOpy eHeprii 3 Hboro. B mepuiomy pexumi, npu nepe-
nmadi enektpoeHeprii Bim AB 1o Tpudasznoi Mmepexi,
JIIMH npamtoe sK MiIBUIIYBIGHUK cTabiii3aTop moc-
TiHHOI HampyTH, mo 3abe3nedye GopMyBaHHA MOCTIHHOL

CTa0lTi30BaHOI HANPYTH KUBJICHHS 1HBEPTOpa IIi/BHUIIIC-
HOTO pIiBHS, a B APYIOMY pEeXHMIi, TIPH Tiepeaadi eHeprii
1m0 Ab — sk moHWXKyBaNbHUH perymarop (crabimizaTop)
HOCTIHHOTO CTPyMY [UIsl 3a0€3IeueHHs] HeOOX1THUX Xapa-
krepucTHK 3apsinku AB. J[BoHanpsimiieHHiH iHBEpTOp B
MIEPIIOMYy PEeXUMi BUKOHYE (DYHKIIO HEpEeTBOPIOBAHHS
eHeprii mocTiifHOTO CTpyMy, OTpuMaHy Big AB, B eHepriro
3Mi{HOTO CTpyMy TpH(a3HOi Mepexi, a B IPYroMy pexXuMi
— ¢yHKLi0 TpHU(ha3HOTO aKTUBHOTO BHIPSAMIITYA IS 3a-
Oe3IeueHHs CTPyMy 3apsay HaKOIMYyBada eJIeKTPOCHEep-
rii, TOOTO aKTMBHOTO KOpEeKTOpa KoedillieHTa NOTYHOCTI
(AKKII) 1 nostiniieHHs SKOCTI HAIPYTH B €NEKTPUYHOT
Mepexi 3a paXyHOK NPHUMYCOBOTO (DOPMYBaHHS CIIOXKH-
BaHOTO TPU(PAZHOTO CTPYMYy HNPAKTHYHO CHHYCOINAIBHOT
dbopmu, 1o 3abe3neuye KoeilieHT MOTYKHOCTI ONH3b-

Bicnuk Hayionanbrno2o mexuiunozo ynieepcumemy «XI11».
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KUM J10 oguHuUI. J[ns mepenavi peakTHBHOI eHeprii pi3-
HUOS (a30BOro KyTa MK CTPYMOM 1 HAampyror HOBHHHA
3HAaXOAUTUCH B MeXax Bix Hyis go 180 exn. rpan, mo mo-
3BOJISIE HE TIHKHM 3MIHIOBATH HANPSIMOK Iepenadi eJeKT-
poeHeprii 3aleXHO BiA CTaHy CHCTEMH  pPO3MOILTY.
CrtBopenHst nocmimHoro 3pasky YIM-300 6a3zyerbcs Ha
pesynbTaTax TEOPETHYHHX 1 eKCIIepHMEHTAaNbHUX IOCHi-
JUKEHB €JICKTPOMAarHITHUX MPOLECIB B 3a3HAUCHUX IEPeT-
BoproBauiB [18,19]. Ha Buxoai TpudasHoro iHBepTopa B
000X HampsMax mepenavi eHeprii (OpPMYIOThCS CTPyMHU
NPakTHYHO  CHHYcoifaiabHOi (opmu (3HauenHs: THDI
CTaHOBUTH 2,5%) mpu 3a0e3nedeHHi OJHOYACHO 3 BHCO-
kuM KKJ[ HeoOximHI mapameTrpu SIKOCTI eleKTpOeHepril
Ha CTOPOHI MEPEeXi.

Ha puc.6 HaBeneHO ocImIIOrpaMH HAIMPyTi Mepexi
Ta CTPyMY B KOXHOI (pa3i iHBepTOpa (CTpyM 3HAXOIUTHCS
y mpoTudasi 3 Hampyrow Mepexi, II0 BiAMOBimae mepe-
Jladi eHeprii Bix iHBepTOpa N0 Mepeki). Jliroue 3HaUYCHHS
Hampyru Mepexi - 233B (ayrmusicts —120 B/mozinok) B
PeKHMI TeHepalil CTpyMy B Mepexy (MakCUMalbHe 3Ha-
YeHHs CTpyMy - 485A) npu uyTinuBocti — 175A /moainok.

Ha puc. 7 HaBeleHO OCIMIIOTpaMH HaIPyTi MEepexi
Ta CTpPyMY B KOXKHOI (ha3i iHBepTOpa (CTpyM 3HAXOAUTHCS
y ¢asi 3 Hampyrowo wmepexi). lle BiamoBimae mepemadi
eHeprii Bix iHBepTopa, sikuii npamtoe B pexxumi AKKII, no
JAIIIH (mpu gytmmeocti —100 B/momimok 1 — 200A
/MoA1IoK).

i(t) u(t)

Puc.6 — Hanpyaa i cmpym y ¢pasi insepmopa 6 pesicumi
nepeoaui enepeii 8i0 Hb020 00 Mepedici
u@® i)

Puc.7 — Hanpyaa i cmpym y ¢pasi insepmopa 6 pesicumi
nepedaui enepeii 6io Hvboeo oo JJIIITH

Exkcniepumentansii  gocmimpkenns YIM-300 mpo-
BOJIWJINCS TIPH Mapaje’dbHO- MOCTiIOBHOMY 3'enHaHHI 50
LFP - akymymsaropiB emHictio 240 A*rox i Hampyroro

48B xoxxuu#, npuuomy Hanpyra AKDB B kiHI 3apsiiku
cknazana 385B.

Ha puc.8 HaBeneHo ¢otorpadii cTBOpeHHOTO J0C-
nigaOTO 3paszka YIM-300.

Puc. 8 - @omoepadghii oocrionozo spasky YIM-300

B Tabnmmi 1 HaBeeHO OCHOBHI TEXHIYHI XapaKTe-
puctrku po3pobienoro YIM-300.

Tabmunsg 1 - OcHOBHI TeXHI4HI XapaKTepUCTUKU
YIM-300

Hapamempu na cmopoui 3minnozo cmpymy
300 kBt
230/400 B
+10%-15%

HowMiHaibHa MOTYXHICTh iHBEPTOPA

BuxinHa Hampyra

HomiHanbHe 3HAYE€HHS BUXIZHOIO

CTpyMy
YacToTa BUXIIHOI HaNpyru

600 A

50 ' +3%/-5%

CyMapHuii koeilieHT rapMOHiy-

<3%
Hux crorBopens (THD)) =77
K i -
K npu HOMlHaJ‘IBI.-IOMy HaBaHTa >97.5%
JKEHHI
Koediui i (power
oedimieHT TOTYX)HOCTI (P >0.99
factor)
PosnoninsHa
HaBanTtaxeHHs Mmepexa 0,4 kB /
10 xB
Ilapamempu na cmoponi nocmiitnozo cmpymy
Jliama3oH Hampyr iHBepTOpa 400...700 B
MaxkcumansHAN CTPyM 750 A

TakuMm YHHOM, NPaKTHYHE 3aCTOCYBAaHHS PO3pP0O0-
JIEHUX TEXHIYHHUX 3ac00iB I 3a0e3leueHHs SAKICHOIO 1
HAQIIHHOTO EJEKTPOIOCTA4YaHHSI B CHCTEMAax PO3MOALTY,
30KpeMa, 3 CHCTEMaMH HAKONWYCHHS CHeprii Ha OCHOBI
ctBopenux JIHII, Ta BiTHOBIIOBAaHUMU JKEpETaMU €HEP-

Bicnux Hayionanenozo mexuiunozo yuisepcumemy « XI11».

Cepis: Enekmpuuni Mawuny ma eiekmpomexaniune nepemeopens enepeii Ne20 (1345) 2019 9



ISSN 2409-9295 (print)

rii, MOXe CHOpHATH  peaii3amii 3arajdbHOi KOHIICTIIi
«Smart Grid & Energy Storage», sika crmpsiMoBaHa Ha
PO3IIUPEHHS] MOKJIMBOCTEH BiIHOBIIOBAHOI €HEPTETHKH
Ta IHTETPALil0 B CUCTEMH IHTEIEKTYAIbHUX CICKTPUIHIX
Mmepex [20-21].

3HAaYHOIO IepeBaror po3pobiieHoro OaraToyHK-
mioHaIBHOTO TeperBoproBada YIM-300 € MOXIHBICTB
Horo 3aCTOCYBaHHS JUIs KOMITEHCAMii peakTUBHOI TOTYX-
Hocti B MCP. Ha puc.9 HaBeneHo cxeMy 3aMillleHHs 1Mi-
TaliHOi MoJenl By3na enekTpuuHoi Mepexxi MCP mpu
nigkaroueHHi RL — HaBaHTa)keHHs Ta TpU]a3HOro JBOHA-
NPSIMIICHOTO MEPETBOPIOBaYa €IEKTPOEHEPTii, 10 Mpaltoe
B pexxumi AKKII.

RL - HABAHTAHEHHA
Wa Rea Leal ™ Rshnza Lha

Lebi Ukt Rshn2b  Lhhb

R R

Lect Uet Rshnze  Lnc

AL
* - L
TPHEAZHMA . fetea []00Ics 1] pfoe
ABOHATIPAMNEHM/
NEPETBOPHOBAY

71
P eskih AKKT] E

Puc. 9 - Cxema 3amiwgenns 8y3ia eiekmpuyHoi
mepeci MCP 3 JTHIT

BukopucranHs 1i€i iMiTaliiiHOT MozeNi J103BOJISIE
JIOCHIZINTH €JIEKTPOMArHiTHI MPOLECH B HAaBaHTAXKyBaJIb-
Homy By31mi MCP. B JIHII muiixom peryiroBaHHS KyTa
MDK IIPUMYCOBO C(hOPMOBAHMM BXiJHUM CTPYMOM IEpeT-
BOpIOBaya i MEPEXKEBOIO HANPYTol0 3MIHCHIOETHCS KOM-
MeHcallisl iIHAYKTUBHOI CKiIamoBoi ctpyMmy RL — HaBaHTa-
HKEHHSL.

Jlesiki pe3ysibTaTH pO3paxyHKiB HaBEIEHO B Tal-
s 2. [Tpu 3a0e3neueHHi 3HAUEHHSI CYyMapHOTo Koedii-
€HTa rapMoHiuHMX crnorBopeHs ctpymy (THDI) mepexi
I(Lea) na piBHi 0,51% nocsirHyTo 3HaueHHs KyTa (pa3oBo-
ro 3CyBy cTpymMy Mepexi 4,8 enrpai. mpu 3HAYCHHSIX
KyTiB (h)a30BOr0 3CyBY CTpyMiB HaBaHTa)KCHHS Ta IEpeT-
BOpIOBayi y «—» 29 en.rpaz. ta «+» 15 en.rpan. BiAmosia-
HO.

Tabnums 2 — PesynbraTtit  po3paxyHKiB Ta MoJe-
JIFOBaHHS
Uea=220V Pn(PFC)=36.99kW

Un=698.5V Pn(Rn2z)=9.7kW
Qn(Ln2a)=4 .6k\VAr

fi{i_Rpfca)=15deg THDi{Lea)=0.51%
fi{i_7n2a)=-29deg THDOI{Rpfca)=1.8%
filiLea)=4 8deg THDuU(Ua1)=2.1%

Ha puc. 10 HaBeneHo 4acoBi amiarpamMu CTpyMiB
dasu A miuii I(Leal), RL-naBanTaxenns I(Rshn2a) ta

neperBoproBaya |(Rpfca), mo orpumano 3a HOIOMOro
PO3paxyHKIB Ha IMITAIiiHIA MOJEII ISl HABEJACHOTO BH-
mie npukiany npu podoti JHII B pexwmi AKKIL

1500

1000y

100! o >
Nl 0im B0 il

i) )
T(58s)
Puc. 10 - Cmpymu ¢pasu A 6 ninii, HasanmaoicenHi ma
nepemeopiogeayi

TakuM YMHOM, NUIAXOM PETyJIIOBAaHHS KyTa MK
ctpymom JTHII i Hampyroto Mepexi ajst 000X HampsIMKiB
nepeayi eHeprii TocsAraeThCsi HEOOXIMHUN pPiBEHb KOM-
neHcanii peakTHBHOI IMOTY)KHOCTI B TOYI 3arajbHOTO
npuennanus MCP.

BucHoBkH

1. [Toka3zaHo, MO €PEeKTUBHICTH POOOTH MaJNX CH-
CTEM PO3MOIILY, NCKTPUYHUMHU MEPEKaMH SIKHX 37iHc-
HIOETBCSI ITOCTaYaHHs €JIEKTPOCHEPTii KiHIIEBOMY CIIOXKH-
Bady, 0arato B 4OMY BH3HAUAETHCS 3a0€3MIEUYEHHSIM Ha-
JIIHOTO EeJIEKTPOINOCTaYyaHHsI 3 HOPMOBAaHMMH IOKa3HU-
KaMd SKOCTI HAampyrd, OCOOJMBO B YMOBax HasBHOCTI
BiTHOBJIFOBAHMX J[KEPEJT CHEPTIi.

2. 3amporoHOBAaHO B MAJIUX CHCTEM PO3MOIITY
CTBOPIOBATH JIOKAJbHI AUISIHKUA €JNeKTPONOCTa4aHHs 3i
IITYYHOI HEWTPAJII0 Ta MEpexXi 3 BIJIOKPEMJICHUM BiJ
OCHOBHOI MeEpeXi KOHTYpOM MJIsi TIPOTIKaHHS CTPYMiB
HYJIbOBOI ITOCIIIOBHOCTI, 1110 J03BOJISIE€ KOMIIJIEKCHO I10-
JIIIINATH SKICTh HANPYTH Ha 3aTHCKadaX BiIMOBIAAIBHUX
HaBaHTaXkeHb, 3a0e3meunt ix EMC, a TakoX HiABUIIUTH
HATIHHICTH €JIEKTPOITOCTAYaHHS.

3.3anporoHOBaHO BUKOPHUCTOBYBATH YHi(ikoBa-
HUi iHBepTOpHUN Monynb YIM-300, sikuii BUKOHAaHUH Ha
OCHOBI  IOTYXXHUX [JBOHAINPSIMJICHUX MiJBUIIYBaIbHO—
HOHIKYBAJILHOTO TEPETBOPIOBaYa MOCTIHHOI HAmNpyru i
Tpuda3Horo iHBepropa yisi poOOTH y CKiajai GaraToMo-
JYJBHUX CHCTEM HAKOIMYEHHsl eHepril y MiKpomepekax
tany «Microgrid Plusy nnst 3a0e3ledeHHsT periaaMeHTo-
Banux JICTY 3 EMC mapamerpiB sIKOCTi €IeKTpOeHepTii
B MCP, Hampukiaa, 3Ha4eHHS CyMapHOTO KOCQIIi€HTY
TapMOHIYHHAX CIOTBOPEHb CTPYMIB Ha CTOPOHI Tpudas-
HOT MEpeXi CTAaHOBJIATH MEHIIE TPHOX BIICOTKIB.

4. TlokazaHo, mo OaraToyHKIIOHAIEHUH HepeT-
BoproBay YIM-300 wmoxxe OyTH BHKOPHCTaHO ST KOM-
neHcanii peakTuBHOI NOTyX)HOCTI B MCP musixom pery-
JIIOBAaHHS KyTa MK HMPHUMYCOBO C(HOPMOBAHHUM MeEpEKe-
BuM ctpymom JIHII i mepekeBoro Hampyroro It 000X
HaTPSAMKIB Ilepeaadi eHeprii.

5. IlpakTudHe 3aCTOCYBaHHS 3a3HaueHHX Oararto-
(YHKIIOHATBPHUX TEXHIYHUX 3ac00iB Oyae crpusard pea-
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AHHOTAITHA. Paccmompenvt 0cobeHHOCMU RPAKMUYECKO20 NPUMEHEHUs. PA3PAbOMAHHbIX MHO2OMYHKYUOHANLHBIX CPeOCmE
obecneuenusi HA0eNHCHO20 INEKMPOCHABIICEHUs U HOPMUPYEMbIX NOKA3ameneti Ka4ecmed HANpsdiCeHUst 8 SNeKMpPUYecKux cemsix ma-
abIX cucmem pacnpedenenus. OmmeueHo, 4mo maxue cucmemvl UMEIOm psi0 U3BECIHLIX NPEeUMYUecms nepeo mpaouyuoHHbIMU
cucmemamu dnekmpocrabxcenusi. B yacmnocmu, manas cucmema pacnpeoeienus ereKmpocHepeuy gKkatoudaem 6 ceos, KaK npasuio,
HeCKOIbKO UCTOYHUKO8 PACIPEOeeHHOU 2eHepayuu, pacnpeoeiumenbHblx nOOCMaHyull, Hakonumeneil u npeoopasosameneti dHep-
2uu, umo nossonsem maxou cucmeme «Microgrid Plusy (pyHKYuoOHUpo8ams Kax 6 A8MOHOMHOM pedicume, maK u Obimb CEsI3aHHOU C
BHelHell dHepeemuyeckoll cucmemon. B manoi cucmeme pacnpeoeneHus KauecmeeHHoe NeKMPOCHAOI CEHUe MOHCHO 0becneyums
nymem npUMeHeHUsl, Hanpumep, HePeSyIUPyemblXx U YNpasiaeMbix GuibmpocumMempupyowux yCmpoucme uu cu6puoHbIX Quibmpo-
KOMREHCUpYIowux npeobpazoeamenceii, a makice UCNonb308aHUS B0300HOGIACMbIX UCHOYHUKOS DHEPUU C CUCEMAMU ee HAKONTe-
nust (Energy Storage System). Paccmompensl ocHogHble acneknivl npakmu4eckoll peamusayuu CUi08o 4acmu MHOOQYHKYUOHATb-
HO20 08YHANPABNIEHHO20 Npeodpazoeamens NEKMpPOIHepeUl 8 COCMase YHUPUYUPOBAHHO2O UHEEPMOPHOLO MOOYIS MOUHOCHBIO
300 kBm 051 uCnONb306aHUSL 8 COBPEMEHHBIX MHOLOMOOYILHBIX CUCIEMAX HAKOWICHUS. IHePeUU 3HAYUMENbHOU MOWHOCIU C pa3-
JIUYHBIMU MURAMU UCTOYHUKOG dHepeuu. Tlokazano, umo paspabomaniule 08yHANpasieHHvie nPeoGpaz0eameni 6 COCMase CUCmem
HAKONIEHUS. SHEP2UL 8 HOPMAILHBIX PeXCUMax pabonvl MO2ym 06ecneyums HeoOXo0uMble YPOGHU INEKMPOMASHUMHOU COBMECU-
Mocmu nompebumeineti u pe2iaMeHmupoOsaHHble 3HAYeHUs noKkazameiell Kayecmea nanpsicenus 6 «Microgrid Plusy, ¢ uacmuocmu,
3HAYEHUe CYMMAPHO20 KOIDPUUUEHMA 2APMOHUYECKUX UCKANCEHUL BXOOHBIX U GbIXOOHBIX MOKO8 dJMUX npeobpasosameiell cOCmas-
JISIOM eOUHUYbl NPOYEHMO8, d MAKICe NPU HeoOXOOUMOCMU OHU MO2YM OCYWeCmBIamb KOMNEHCAYUIO PeaKmueHol MOWHOCMU 8
mukpocemu. Ilpakmuueckoe npumenenue npeosoNHCeHHbIX CUCMeM pPAChpeOdeieHus: dIeKmpodHepeUul cnocobcmeyem peanu3ayuu
obweui konyenyuu «Smart Grid & Energy Storage», komopas nanpasiena Ha pacuiupenue 803MONCHOCHEN 80300HOGISEMOU IHep-
2eMUKU U UHMESPAYUIO 8 CUCEMbl UHMELTEKMYANbHBIX JIeKMPUYECKUX Cemell.

Kniouesble cnosa: 1ekmpomMacHUmMHAsL COBMECIMUMOCTb, CUCIEMA pAcnpedeNenus JNeKMpoIHepeUlt, 08YHANPAGIEHHbLI NOYRPO-
B0OHUKOBYII NPeodpaz08ames, CUCIeMa HAKONACHUS IHePSUU, MUKPOCEMU, KAYeCME0 HANPSIICEeHUs.
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