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ITpoanann3upoBaHbl METO/IbI, BAMAIOLIME HA PEXUM aBTOHOMHOM paboThl y4acTKOB CETH
C pacrpee/ieHHBIMA HUCTOYHHKAMH 3JICKTPOIHEPrun (PaclpesielieHHOH IeHepaiueii), moa-
KIIFOYEHHE KOTOPBIX K SHEPTOCUCTEME OCYLIECTBIIAETCSA MOCPEACTBOM CHEUHMANLHBIX pacipe-
JIEJIEHHBIX MHBEPTOPOB. BHIABIEHBI NPUUYMHBI, 10 KOTOPHIM aBTOHOMHas paboTa sBJIAETCH
HEXKeJIaTebHOM; PacCMOTPEHB! MOCIEACTBHA aBTOHOMHO-HECMHXPOHHON pPabOTHl y4acTKOB
CETH TPH M30JSIIUH. DTH NMPOOIEMbI XapaKTepHBI A1 COBPEMEHHBIX JJIEKTPUUECKHUX pacipe-
JenuTensHbIX cerei Smart Grid. st BBIIBICHMS M30JHPOBAHHOIO PEXHMA HCIIOIb30BAJIH
MIaCCUBHbBIE U aKTHBHBIE MeTO/bl. [laccuBHBIE METOABI — 3TO TONBKO HAOIIOJEHHUE 3a HANps-
KEHNEM H/WIM 4acTOTOH B TOYKE OOLIEro MPHCOEJUHEHMS, U €CIIM H3MEpSEeMble BEIMYUHBI
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BBIXOJISIT 32 YCTAHOBJIEHHBIE MIPEIENbl, HHBEPTOp OTKII0YaeTcs. HecMOTpst Ha CBOIO ITPOCTOTY,
MACCHBHBIE METOJbI HE MOTYT OOECHEUYNTh BBISBICHHE H30JIMPOBAHHOTO PEXNUMA, OCOOEHHO
B TEX CIIy4asX, KOTJla KOJMYECTBO PACNpPECIEHHON BBIPAOOTKH 3/1E€KTPOIHEPTUH PABHSIETCS
Harpyske MOTEHLHATbHO H30JIMPOBAHHOTO Y4acTKa CETH. AKTHBHBIE METOABI MPEIIONaraoT
BO3JIEHCTBUE CO CTOPOHBI MHBEPTOPA HAa CETh C TEM, UYTOOBI BBIABUTH OTKIOHEHHE OT HOp-
MaJIbHBIX [IAPaMETPOB PEXKUMa B TOUKE OOLIEro npucoequHeHus. Takue METOAbl IOMOTaroT
JIydIlIe BBISBISITH M30JIMPOBAHHBIN PEXUM, HO UX HCIIOJIb30BAHHE CHIDKAET KauecTBO PabOTHI
JHEPrOCHCTEMBI.

OTMEYeHO, 4TO Paclo3HaHHUE PeKMMa aBTOHOMHOMN pabOThl y4aCTKOB CETH, IO CYIIECTBY
0e3 Hy/IeBOH 30HBI HEOOHapyXEHHs, BOSMOXKHO TOJBKO C HCHOJIB30BaHHEM 3(P(PEKTHBHBIX
AQHTHM30JIUPYIOLINX CXEM, TAKUX KaK MOJKIIOYEHHE K OTKIIOYEHHOMY CErMEHTY CeTH OaTapew
KOHIeHCcaTopoB. [Ipu HeoOXoIMMOCTH obecreueH s MOBBILICHHOM JKUBYYeCTH U OecrepeOoii-
HOCTH 2JIEKTPOCHA0KEHUsI PEKOMEHAYeTCsl NpelycMaTpiBaTh B MHBEPTOpPAX Il MCTOYHUKOB
pacnpeneneHHOM reHepauy OJIOKUPOBKH PYHKIIUKM OOHAPYKEHHST aBTOHOMHOW pabOThI.

KiiroueBble cI0Ba: HHTEIUICKTyanbHast cetb Smart Grid, pacnpeneneHHas reHepanus,
(OTORIEKTPUUECKUE CHCTEMBI, BETPOBAst SHEPTETHKA, PEKUM H30JIMPOBAHHON PabOTHI.

WUn. 3. Bubnuorp.: 11 Hass.

ANALYSIS OF THE 0,4 kV SMART GRID
ISLANDING PREVENTION METHODS

SIVOKOBYLENKO V. F.Y, NIKIFOROV A. P.”, BURLAKA V. V.2,
PODNEBENNAYA S. K.

YDonetsk National Technical University,
2Priazovsk State Technical University

The article analyzes the methods affecting autonomous operation regimes of the power-
grid sections with distributed electric-power sources (distributed generation) whose connec-
tion to the electric-power grid is realized by means of special distributed generation inverters.
The authors evidentiate the reasons for which autonomous operation is undesirable; examine
consequences of the autonomous asynchronous operation of the grid-sections during islan-
ding. These problems are innate for the modern Smart Grid networks. Islanding detection
methods include passive and active ones. The passive methods rely only on observation of the
voltage and/or frequency at the point of common coupling (PCC) disconnecting the inverter
if the measured values are outside the specified limits. Despite their simplicity, passive
methods cannot assure reliable islanding detection, especially in the cases when distributed
generation power equals the power of loads in the potential grid-island. The active methods
assume the inverter affecting the grid with the view of detecting deviation from the standard
regime parameters in the PCC. Although these methods have much better islanding detection
ability, their utilization reduces the power-grid operation quality.

The paper holds that the grid-sections autonomous regime detection without virtually no
failure-to-detect zone is only possible with employment of effective anti-islanding schemes
such ‘as connecting capacitor batteries to the disconnected power-grid sector. If appropriate
providing enhanced survivability and continuity of power supply, the authors recommend
providing islanding detection lock option in the inverters of the distributed generation sources.

Keywords: intellectual network Smart Grid, distributed generation, photovoltaic systems,
wind power engineering, islanding regime.
Fig. 3. Ref.: 11 titles.

Konmernms «HHTEIEKTyalbHBIX ceTeit» Smart Grid mpeanosiaraer HCHoNb-

30BaHME B DHEPrOCHUCTEME PACIPEICICHHBIX HCTOYHUKOB DJICKTPOIHEPTHUH.
B kadecTBe TOCIEAHUX BBICTYMAIOT BETPOTCHEPATOPHI, COJHEYHBIC OaTapew
U T. II., TOAKIIOUYCHHUE KOTOPBIX K SHEPTOCUCTEME OCYIIECTRIISETCS C UCTIOIB30-
BaHMEM CIICIHATBHBIX HHBEPTOPOB. TakuMm 00pa3oM, MOMHUMO OCHOBHBIX HCTOY-
HHUKOB JICKTPOIHEPIHU UMEET MECTO TaK Ha3bIBacMasi pacIpe/ie/icHHas TeHepa-
st (PT) (distributed generation). Pa6oTa sHeprocucremsl ¢ uctogynnkamu PT°
MpEeroiaraeT U3MEHEHHE MPUHIIMITOB pabOThI peNiciiHOM 3alUThl U ABTOMATHU-
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KM, TIOCKOJIBKY pachpeiie]ieHne SHEPrui HEOAHO3HAYHO W MEHSETCS B 3aBHCH-
MOCTH OT BKJIFOUEHHMSI WIH OTKJIFOUeHHs UCTOUHUKOB PI'. IIpu 3Tom B 3HEprocu-
cteme ¢ PI" ecth mpoOiiemMa BEISBICHUS W JTUKBHIAINN PEKUMOB aBTOHOMHOM
pabotsl yuactkoB cetu (APYC) (islanding), xorma mpu OTKIIOYEHHMH y9acTKa
cetu Smart Grid oT OCHOBHOTO HCTOYHHKA (JHEPrOCUCTEMBI) €ro MUTaHHEe odec-
neyuBaercs 3a cueT ucTouyHukoB PI™ atoro yuactka [1].

Paccmorpum Brusiane pexkumMoB APYC Ha KHBYYECTh CETH, TIPH 3TOM IO
KHUBYYECTbIO OylleM TIOHUMaTh oOecrieueHne Oecrnepe0OHHOCTH MUTaHus TOTpe-
Outenell 3JIEKTPOIHEPTUeii MPUEMIIEMOr0 KadecTBa MPH Pa3iUYHbIX PEXUMax
JKCIUTyaTallid CETH, OTKa3ax O0OpyIOBaHUS, MOBPEXKIACHUIX W3OJALUU U JP.
W3 ompenenenus ciemyeT, 9TO PEXUM aBTOHOMHOW pabOTHl ydacTKOB Smart
Grid cetu sBisIeTCS HEOOXOIUMBIM U BaXKHBIM PEKUMOM pabOTHI CETH U XKela-
TEJIeH JUIs TIOBBIIEHHs ee kuBydecTd. OJTHAKO HECMOTpPS Ha 3TO, B ONpPEAeIICH-
HBIX CMBICIIOBBIX CHUTYaIlHsAX, PACCMOTPEHHBIX Jajie€ B CTaThe, OCHOBHEIE HEMO-
cTatky, npucymue pexxumy APYC, mpuBOAST K yXYIIIEHUIO KUBYIECTH CETH.
Hywmeparust cMBICTOBBIX CUTYalrii MPOJOIKAeTCs UCXOAs u3 [2].

Cmovicnosas cumyayusi 4. Ilpu oTkimodeHun ydactka cetd Smart Grid
OT 3HEPrOCHCTEMBI, HapUMEpP, YCTPOMCTBAMHU PEJICHHOM 3aIUTHl BCIECACTBUE
KopoTKkoro 3ambikanus (K3), muTaHwe moBpeXIeHHOTO yJacTKa OCYIECTBIIACT-
csi oT ucrtounuka Pl atoro ywactka. Takum 00pa3oM, HPOMCXOAWUT MOAMUTKA
Touku K3 Tokamu, MHOTOKpaTHO MpEBBIIIAIONIMMU pabodue, 4To BeAeT K MO-
BPEXIICHUIO 3JIEKTPOOOOPYTOBaHMS U AATbHEHIIIEMY PACTIPOCTPAHEHUIO aBapHU.

Cwmobicnosas cumyayus 5. 1lpu mpoBeneHUN PEMOHTHBIX paboT (IDTAHOBBIX
WM aBapUiHBIX) ydacToK ceTd Smart Grid, OTKJIIOYCHHBIA OT HEPTOCHUCTEMBI,
MPOJOIDKAET MOJy4aTh MUTaHUE OT HMCTOYHMKOB PI, Haxonmsmuxcs B 3TOM
y4acTKe, BCIEACTBHE YEro MOSIBIAETCS OMACHOCTh MOPAKEHHUS DJIEKTPUUECKUM
TOKOM JTFOZIeH, TPOBOIAIINX PaOOTHI.

Cwmvicnosas cumyayus 6. Tlpu oTkimoveHun ydvactka cetu Smart Grid ot
SHEPrOCUCTEMBI, HAIIPUMEP BCIEACTBUE IPUPOJHBIX SBICHUM M IIPOLIECCOB,
BO3MOYXHO HapylICHUE HOPMAIBHOW pabOThl 3JEKTPOIIPUEMHHUKOB y4acTKa CETH
Smart Grid [1].

OnucaHHbIe CMBICIOBBIE CHTYallHd OOYCIOBIMBAIOT HEOOXOAMMOCTH BBISB-
nenus pexuma APYC cetr Smart Grid, ClI0)KHOCTh ONpPEIEICHUS KOTOPOTO
TaKXKe SBIACTCS OMHUM U3 (HaKTOPOB, YXYAIIAIONINX )KUBYyUeCTh ceTH. Heobxo-
JUMO 3aMETUTh, YTO OTKIr04YeHne nHBepTopoB PI' mpu APYC Berymaer B mpo-
THBOpeYHe ¢ TpeboBaHueM obecrieueHns OecriepedoriHoro nutanus. Tem He Me-
Hee Ha ypoBHe cranmaptoB IEEE Std. 929-2000, UL 1741, IEC 62116 BBeaeHO
TpeboBaHne K WHBepTOpaM PI' OTKmIOUaThes OT CETH MPH BOSHUKHOBEHUH pe-
xuma APYC nmu6o npu cyecTBEeHHOM OTKIOHEHUH HAIPSKEHHSA/YacTOTh CETH
OT HOMHUHAJFHBIX 3HAUYCHUI.

0030p MmetonoB APYC. Ha ceronHsaniauii eHb CyIEeCTBYIOT JBa OCHOBHBIX
noaxo/a K BeisiBiieano APYC [1]:

e MOHUTOPHUHT IIPOIIECCOB, MPOTEKAIOIMUX B MHBEepTOpE PT;

e MOHUTOPHUHT TIPOIIECCOB CO CTOPOHBI IHEPTOCHUCTEMEI.

[lepBbIif MOAX0A MOXKET OBITH OCYIIECTBIICH MACCUBHBIMU WMJIM aKTHUBHBIMU
meronamu. K naccuBHbIM MeToiaM oTHOCsTCS [1]:

e MOHUTOPHHT TTOBBINICHUS/ TIOHIKEHHS HATIPSDKEHMS

e MOHUTOPHHT TTOBBINICHUS/ TIOHIKEHHS YaCTOTHI;

e BBISIBJICHHE CKaYKOOOPa3HOT0 M3MEHEHHUS (pa3bl HAIPSIKEHHUS;
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e MOHUTOPUHT U3MEHEHHUSI CIICKTPAILHOTO COCTAaBa HAPSHKCHISI/TOKA.

K akTHUBHBIM OTHOCSITCS METOBI, CB3aHHBIC C aHAJIM30M IPOILECCOB B WH-
BeprTope [1]:

* I3MEPEHNE COMMPOTUBIICHUS HA YACTOTE CETH;

e H3MEPEHUE CONPOTUBICHUS HA YAaCTOTE, OTJIMYHON OT YaCTOTHI CETH;

e BBISIBIICHUE CIIBUTA YaCTOTHI W/WIIA HATIPSKCHIS,

e aKTHBHOE CMEICHHE YaCTOTHI/HAMPSIKEHUS C IMOJOXHUTEIBHOW 00paTHOMN
CBSI3bIO;

e U3MCHCHHE aKTUBHOM/PEaKTUBHOW MOIHOCTH UHBepTOopa PI.

MeToapl, B OCHOBE KOTOPBIX JEKUT MOHUTOPUHI MPOLIECCOB NPH BO3ICH-
CTBUH CO CTOPOHBI SHEPTOCUCTEMHI [ 1], ciemyromtue:

« BBeJIEHNE 100aBOYHOIO conpoTuBienus (impedance insertion);

e Miepe/iaua JaHHBIX 0 KoMMyTanusax mo cuinoBoit cetu (PLCC — Power Line
Carrier Communication);

o ucnonb3oBanne SCADA-cucTeM (LeHTpan3ayst ynpaBicHus).

[TaccuBHBIE METO/IBI, OCHOBAaHHBIE HA MOHHUTOPHHIE MPOIECCOB, IPOTEKAIO-
X B WHBEPTOpE, 0a3MPyIOTCA Ha OMpPENEIeHNH OTKIOHEHHUS! OT HOPMAJIEHOTO
HanpspkeHus: B Touke odOmero npucoeannenus (TOII) maBepTopa m 3HEprocu-
CTeMbl. AKTHBHBIE METO/BI, CBSI3aHHBIE C aHAJH30M IMPOLIECCOB B MHBEPTOPE,
MPEeNIoNaraloT BO3JEHCTBHE CO CTOPOHBI MHBEPTOpPA Ha CETh C TEM, YTOOBI
B cnydyae APYC BBISIBUTH OTKIOHEHHE OT HOPMAaJBHBIX IApaMETPOB pPEXUMa
B TOII unBepTopa ¢ ceTblo. AKTHBHBIE METO/IbI, OCHOBAHHBIE Ha aHAJIM3€e MpoLiec-
COB CO CTOPOHBI 3HEPTOCUCTEMBI, TAKXKE MPENONATAIOT UCCIEA0BaHNE U3MEHEHHS
pexxuma B TOIL, HO Tipu BO3AEWCTBHM CO CTOPOHBI SHEPrOCHUCTEMBI. VI3BECTHBI
Y TIACCHBHBIE METOJBI, Oa3MpyIONINecs Ha OTCISKWBAHWK M3MEHEHHS DPEXHMa
B TOII co cTOpOHBI 3HEProCUCTEMBI, OMHAKO OHU MPUMEHHMBI TOJIBKO MPU COM3-
MEPUMBIX MOIIHOCTSIX SHEProcHCTeMbL W McToyHuKoB PI'. OOmmii HemocTaTok
aKTHBHBIX MeToI0B ompeneneHns APYC B cucremax ¢ HECKOJBPKUMH HCTOYHHKA-
Mu PI' — BepOSITHOCTh WX B3aMMHOTO BIHSIHHS, YTO MOXKET MPHUBECTH K OTKa3aM
obnapyxenust pexxuma APYC u cHu3uTh jxuBydecTs cet Smart Grid.

PaccmoTtpum Gonee mompoOHO TNacCHBHBIE METOJBI: MPHHIUI JACHCTBHSA,
JIOCTOMHCTBA, HEJOCTAaTKM M BEIHYUHY (M XapakTep) 30HBI HEOTPEAeTeHHS
(3H, NDZ - Not Detection Zone) APYC. Ynporennas cxema cetu Smart Grid,
cocToAlIas U3 SHEProCUCTEMBI, UCTOYHUKA (MCTOYHUKOB) PI' 1 SKBUBaJIEHTHOM
Harpysku, npuBejieHa Ha puc. 1. [Ipeanonoxxum, 4To 3HEeprocucTeMa sBJSeTCS
CHUCTEMON OECKOHEYHOW MOIIHOCTH, YTO JaCT BO3MOXKHOCTh CUHTATh €€ MOJIHOE
COTIPOTHBIIEHNE PaBHBIM HYJIO. [IpeacTaBuM SKBHBaJCHTHYIO HArpy3Ky B BU7E
napaiesbHO COeIMHEHHBIX IeMeHTOB R, L, C kak HanboIee CIOoXHBIN cirydait
npu BeigBIeHMH APYC. MuBepropbsl ans ucrouHukoB PI' B monasistoriem
OONBIIMHCTBE MMEIOT TOKOBBIA BBHIXOJ [1], TOATOMY Ha cxeme 3aMelleHHs WX
MOJKHO TPEICTABIIATh HCTOUHIUKAMH TOKA.

MerToabl, OCHOBaHHBIC Ha UCCIICIOBAHUM TOBBILICHUS/TIOHIKEHHS HATIPSIKE-
HUS WIH YaCTOTHI, OTHOCSITCSl K TMACCHBHBIM METO/aM, TaK KaK OHHM HE MpeJo-
JIararoT JOMOJHUTENbHBIX BO3JeHCTBUI Ha cucteMy [3—5]. Bce unBepTops! cu-
creMm PI' ocHameHs! 3alUTO# OT MOBBITIICHUS/ TIOHIKEHUS HAIPSHKSHUS U 4acTo-
o1 B TOIL Jns mosicHeHus pabOTBI 3THUX 3alIUT oOpaTUMcs K OamaHcy
aKTUBHOM u peaktuBHOW MoinHOCcTe B TOIl. YpaBHeHus OanaHca BBITJIAIAT
creyronmM oopasom (puc. 1):
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AP =P —P,;
(1)
AQ= QH - QPF’

rae Py + jO,r — MOIHOCTB, oTAaBaemas B ceThb uctounukom PI' B TOII;

P + jO, —TO0 e Harpy3KH.

P+ jOhr AP+ jAQ
LI -
@_ N Ton 3 ¢ Ceresoit @
BBIKJTIOYATEIh
Hcrouynuk PI' HHB(?ETOP . l TpanchopmaTop CeTh
+ 70, (sHeprocucrema)

IBES

Harpy3ska -4

Puc. 1. VipouenHas cxema ceru Smart Grid

[Ipu emmanyHOM KOd((HIIMEHTEe MOITHOCTH HHBEpPTOpa HcTOYHHKA PI'
Qyr =0, a AQ=Q,. IToBenenne Smart Grid npu OTKIFOUCHHOM BBIKJIFOUATEIIC

Oyner ompenensitecs BenmmunHaMu AP u AQ. Ecim AP #0, HanpsbkeHue B

TOIl wm3meHuTCS W CcpaboTaeT 3aliuTa OT TMOBBIIICHUS/TIOHIDKEHHUS Haps-
xennst. Ecmu AQ # 0, To Hauner u3MensaThes pasza Hanpsbkenus B TOII u cu-

CTeMa YIpaBJICHHS WHBEPTOPOM M3MEHHUT YacTOTY BHIXOJHOTO TOKa. B pe3yib-
TaTe 3TOTr0 cpaboTaeT 3aluTa OT MOBBIIICHHS/TIOHIKEHUS YacTOTHI |3, 4].

Bce nnBepTOphl, 00ecmeunBaomue MOIKII0OUeHNe HCTOYHUKOB PI™ k 3Hep-
TOCUCTEME, JOJDKHBI UMETh Pa3JIMYHYI0 CTENCHb 3allUThl OT MOBBIIICHHUS/TIO-
HWKCHHS HAIPsDKEHUS WM 4acTOThL. [loaTomy ecim mubo akTHBHBIE MOIITHOCTH
Harpy3ku u uctouHuka PI' HecomzMepumel, OO pe30HaHCHAS YacTOTa Harpys3-
KM HE HaXOJUTCs BOJU3W YacTOTHI CeTH, B OonbmmHCTBE ciydaeB APYC He
mpoucxoaut. K HegocTtatkaM MeToJa OTHOCHTCS TO, YTO BPEMs BBISBICHHS
APYC usMmeHsieTess 1 IOpoi HempeackazyeMo. KpoMe Toro, JaHHBIA METOI 00-
nanaeT moctatouno oonbmoi 3H APYC (puc. 2).

A
AQ
3H APYC

+af 4 AP

Puc. 2. 3ona neonpenenenust APYC npu U3MEHEHUN HAPSKESHUS] U 9aCTOTHI

Ecmm AP=AQ =0, TO mpHu OTKIIOYEHHH SHEPrOCHCTEMBI M3MEHEHHE Ha-
npspkeHus win 4actoTel B TOIl MoxeT ObITh HEAOCTATOYHBIM JIJIsl CpabaThIBa-
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HUS 3alIUT COOTBETCTBYIOIIMX HMHBEPTOPOB HCTOUHMKOB PI'. DTO OTHOCHTCS
K CIy4asm, KOTJa MOIIHOCTh, reHepupyemas uctounmkamu PI', comsmepmma
C MOIIHOCTBIO, TIOTPEOIIeMON HArpy3Koi, a TaKkKe MPH CAMHUIHOM K03 du-
[MEHTEe MOITHOCTH HAarpy3Ku Ha 4yactoTe cetd. ClieyeT Takke OTMETHTh, UTO
MOCKOJIbKY HANPSHKEHUE M YacTOTa CETH OOBIYHO HECKOJBKO OTIMYAIOTCS OT
HOMHHAJIBHBIX, YCTAHOBKA MAJIBIX MOPOTOB CpabaThIBAHUS 3aIUTHI OT MOBBIIIE-
HUS/TIOHIKEHUS HANIPSHKEHHSI WIIA YaCTOTHI MOXKET MIPUBECTH K JIOXKHBIM cpada-
TeIBaHUAM [6-9].

MeTtonpl, OCHOBaHHBIC Ha BBISBIICHHUH CKaYKOOOPa3HOTO M3MeHEeHUs (a3bl, Oa-
3UPYIOTCS. HA OTCJICKMBAHHUU TIOSIBIICHUS PA3HUIIBI MEXKY (ha30il BRIXOIHOTO TOKA
WHBepTOpa U (a30il HANPsHKEHUS Ha HeM. DTO PealTU3yeTcst CIASAYIOLIMM 00pa3oM.

B HOpManpHOM pexume pabOTHI BEIXOJHOW TOK MHBEPTOpPA CHHXPOHHU3UPO-
BaH N0 (paze ¢ HamNpsHKEHHUEM CETH B MOMEHTHI MEpeXojAa yepe3 HOJb C TMOMO-
bl netnu QaszoBoit aBTonoactpoiiku yactotel (DAITY) [1]. dns nHBEpTOpPOB
C TOKOBBIM BBIXO/IOM TIPH OTKIIIOYEHHOH 3Heprocucteme Hanpsokenre B TOIT He
AMEET KECTKOM «IPUBSI3KM» K HAIPSDKCHUIO CETH. BBIXOJHOM TOK MHBEPTOpA
onpenensercs netineit @AY u umeer cunyconganbHyo hopmy. CHHXPOHU-
3a1ys BBITIOJHACTCS B MOMEHTHI Iepexo/ia Yepe3 HOJb, B OCTAIIbHOE BpeMsl WH-
BepTop paboraeT 6e3 oOparHO CBsI3H. HemocpecTBEHHO MOCIE OTKIFOUCHHUSI
sHeprocuctemsl HanpspkeHue B TOII n3mensercs, a Tok, chopMUPOBAaHHBIN WH-
BEpPTOPOM, CHHXpoHM3uMpoBaH ¢ HampsbkeHueM B TOII o otkimrouenus. [lose-
ns1t0TCsa (a30BBIM CKAaYOK, Kak MOKa3aHO Ha PUC. 3, U COOTBETCTBEHHO (hazoBas
ommoOka. Ecnmu (da3oBas ommOKa MpeBHIIACT TOPOTOBOE 3HAUCHHUE, MHBEPTOP
OTKITIOYAETCS.
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Puc. 3. TlosBnenne Ga3oBoro «ckadyka» Ipy BOSHUKHOBEHHH pexknma APYC

OCHOBHBIM JTOCTOWHCTBOM JaHHOTO METOJa SIBISIETCS €ro MpOCTOTa peaju-
3alli, TTOCKOJIBKY B TIOJIABIISIFOIIEM OOJBIINHCTBE MHBEPTOPOB C TOKOBHIM BHI-
XO0JIOM BBIXOAHOU TOK CHHXpOHH3UpyeTcs ¢ HampspbkerneMm B TOII ¢ momomipio
nemin GAITY. JlocraTouHo H00aBUTH BO3MOXHOCTH OTKJIIOYCHHUS HHBEPTOpA
P TIpEBhIMICHUN (a30BOM OINMMOKOW MOPOroBOTO 3HA4eHHUs. Tak Kak MeTon
OTHOCHTCS K TIACCHBHBIM, OH HE OKa3bIBACT BIMSHUS Ha Ka4eCTBO PabOTHI WH-
BepTOpa U Bcel aHeprocucteMbl. Kpome Toro, Metoa MOXeT ObITh 3((EKTHBHO
WCIIONB30BaH npu onpenenacHun APYC ¢ HeCKoIbKUMH UCTOYHUKAMH PI.

OCHOBHBIM HEIOCTaTKOM OITMCAaHHOTO METOJa SIBJSIETCSA CIOXKHOCTH OIIpe-
JIeICHUsT TIOPOTOBBIX 3HAYCHUH (a30BO OMIMOKHU, MIOCKOJBKY MPH HAIHYUHU He-
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KOTOPBIX BHJOB Harpy3oK, HalpuMep IBUraTeJieid, B IyCKOBBIX pEeXMMax Tak-
xe Oynmer HaOmomatbes mosBieHHE (Pa30BOM OIIMOKM, YTO MOXKET MPHUBECTH
K JIO)KHBIM OTKJTFOUeHHsIM wHBepTOopa [1]. Ecimm (a3oBwIif yron Harpy3ku paBeH
HYJII0 Ha 4acTOTE CETH, OTKIIOYEHHE 3HEProCHUCTEMbl HE NPHUBEIAECT K IOsBIIE-
Huto (QaszoBoii ommbOku, uro ompenenser 3H APYC. 3ona HeompeneneHus
APYC moxer ObITh yMeHbILIEHA, €ci 00eCTIeYNTh HeeUHUYHBIH K03 dumuent
MOIIHOCTH HHBepTOpa. OAHAKO 3TO HMPUBEAET K €ro YAOPOXKaHUIO M CMelle-
uuto 3H APYC.

[Ipn wmcmonb30BaHMKM MOHUTOPHUHTA CHEKTPAIBHOTO COCTaBa HAMPSHKCHUS
OCYIIECTBISIOTCS MOHUTOPUHT KOA((UIMEHTa HECUHYCOUIATBFHOCTH HampsiKe-
Hus (THDy) B TOII u oTtkimroueHne mHBEpTOpa npu npessimennn 1HDy mopo-
rOBOr0 3HAa4YeHUs . B HOpManbHOM pEXUME HEProcucrema, MpeiCcTaBIoNIast
co0OH «OKeCTKHI» MCTOYHUK HampspkeHus, obdecreurnBaeT B TOIl HanpsokeHue
C HU3KUM YPOBHEM BBICHIMX T'apMOHHK. TOKH BBICIIMX TapMOHHUK; I'€HEpPUPYe-
MBI HWHBEPTOPOM, IIPH BKJIIOYEHHOH OJHEPrOCHUCTEME IOTEKYT B HH3KO-
UMIIEJAaHCHYIO CETh U, YUUTHIBasg MX HHU3KUM YPOBEHb M HPAKTHUECKH HyJle-
BOE CONPOTHUBIIEHHE CETH, BbI30BYT HE3HAUMTEIBHOE HCKAKCHHWE HalpsbkKe-
nus B TOIT [1, 3].

[Ipu OTKITIOYEHHH SHEProCHCTEMBI W BO3HMKHOBeHHH pexknma APYC ypo-
BEHb BBICIIMX rapMOHHUK HanpspkeHus: B TOIl MokeT BbIpacTH 1O IBYyM NPHUYU-
HaM. [lepBoit mpuunHOIL ABIIsIETCS paboTa HEITOCPEACTBEHHO CaMOT'0 HHBEPTOPA.
Tak KaKk mpH OTKIIOYEHHON SHEProcrcreMe TOKH BBICHIMX FApPMOHUK, CT€HEPHU-
pOBaHHBIE MHBEPTOPOM, MOTEKYT B HArpy3Ky, KOTOpas MMeeT OONbIINN MMITe-
JIaHC 110 CpaBHEHUIO ¢ ceThio, oHn yBenudar THDy B TOII. Takum o6pazom, mo-
BBILLICHUE YPOBHS BBICIINMX TapMOHUK B TOIl MOXeT cBUIETENbCTBOBATH O BO3-
HUKHOBeHUM pexnma APYC. Bropoli mpyuunHON MOSIBIEHHS BBICIIMX TAPMOHUK
B HanpsbkeHud B TOIl moxxeT ObITH TpaHcopmatop (puc. 1), KOTOpHIA mpen-
CTaBJISICT COOON HEJMHEHHYI0 HAarpy3Ky U IMpH OTKIIOUEHHH BBIKIIOYATENS CO
CTOPOHBI PHEPrOCUCTEMBI MOXET O0ECIEeUMBATh YBEIMYEHHUE YPOBHS BBICIINX
rapMoHUK HanpsbkeHus: B TOII u3-3a HenuHeHHOCTH BeOep-aMIIepHON XapakTe-
puctuku [1]. TeopeTndecku JaHHBIH METOA MO3BOJISET OJHO3HAYHO ONPEACITUTH
APYC, omHako Ha TIpakTHKE OH OKa3bIBaeTCs HEd(PPEKTUBHBIM, MOCKOIBKY
B CIIEKTpPE HAIPSDKEHUS CETH yXKe NMPHUCYTCTBYIOT BbICIIME rapMOHUKH. OCHOB-
HYIO CIIO)KHOCTh METO/Ia COCTaBJISIET MPaBUIIbHBIA BRIOOP MOPOTOBBIX 3HAUCHUI
onpeneneHusi APYC Bo nzbexxaHue JOXKHBIX CpadaThBaHUN MPU OTKIIOUCHUH
uHBepTopa. [loporosoe 3HaueHne ko3(uIieHTa HECHHYCOUAAIBHOCTH JOJIK-
HO OBITH OombIe, YeM KOX(PUIINEHT HECUHYCOMAATHHOCTH HANPSKEHUS CETH
B HOPMalbHOM peXHME, M MeHbIIe KOI(pPUIHNEHTa HECHHYCOHIAILHOCTH
HanpspkeHust B8 TOII npu APYC. Kpome Toro, 3¢ dexkTHBHOCTh METO/A 3HAYH-
TEJIbHO CHMKAETCS, €ClIi UHBEPTOp HCcTOYHMKA PI' MMeeT HU3KUM ypOBEHb rap-
MOHUK BBIXOJTHOTO TOKa [1, 3].

Bonpmioit mHTEpeC MpPEACTaBIAIOT METOABI AKTUBHOTO CMEIICHUS YacTo-
THI/HANIPSDKCHUST C TIOJIOXKHUTENbHOW oOpaTHOH cBsipio [10, 11]. Brixomuas
gyacToTa (WIM HampsDKEHUE) MHBEPTOpA YCTaHABIMBAETCS TaKUM 0Opa3oM, uTo-
Obl yCUINTh OTKJIOHEHHE OT HOMHMHaja. Hampumep, dacToTa HamnpspKEHUS
B TOII cocraBnsieT 49,8 ['m1, a BEIXOAHOM TOK HHBEpTOpa (GOPMHUPYETCS C 4aCTO-
Toit 49,7 I'11, T. €. MHBEPTOp MBITAETCS «OTKIOHUTHY YaCTOTY OT HOMUHAJIBHOM
50,0 T'n. B cmyuae moBbiteHust yactoThl Hanpsbkenust B TOIT naBepTop Oyaer
¢bopMupoBaTh TOK C eme Oonbimeld gacToTod. [Ipw 3TOM CHHXpOHHM3AIHA
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C HampspKEHHEM MPOM3BOJMTCS, KaK ObUIO CKa3aHO paHee, MpH MEPexoaax ero
4epes Hyllb, YTO IPEAIOTBpAIIaeT BOSHUKHOBEHNE OMCHUH.

[TogoOHBIN cIOCOO MPUMEHUM W K HATIPSHKCHHIO, T. €. BBIXOJIHOM TOK MHBEP-
topa PI' koppekTupyeTcss B 3aBUCHUMOCTH OT OTKJIOHEHUs1 HampsbkeHus B TOII
oT HoMuHana. [Ipn yMeHbIIeHNN HaNpspKEHUs TOK CHUKAETCS, IPH TOBBIIIEHUH —
YBEIMYMBAETCS, T. €. TAKKE HCIONb30BaH IPHUHIMII IOJIOKUTEIBHOW 0O0paTHOMN
cBs3u. 1Ipu BkiroueHHO# sHeprocucTeMe yactoTa W/unu Hampsbkerue B TOII He
MOT'YT OBITh CYIIECTBEHHO M3MEHEHHI 3a cueT nuBeptopa PI. Ilpu oTkimoueHnn xe
CHUTyalusi U3MEHSACTCSI U paboTa CUCTEMBI AKTHBHOTO CMEIIECHHS YacTOThI/HAIPS-
YKEHUSI TIPUBOJIUT K CpabATHIBAHUIO 3aIUTHI OT MOBBIIICHHUS/ TIOHWKEHUS YaCTOTHI
WJIY 3alIUTHI OT MOBBIIICHHUS/TTOHKEHHS HAPSDKEHUSI.

Iosyyennslie pe3yabTaThl. HecMOTps Ha JOCTOMHCTBA BCEX BBIMIETIEPEUIC-
JIeHHBIX MeToJIoB, HyleBoll 3H APYC He obnanaet Hu oauH u3 HuX. Kpome Toro,
HOpMHUpYeTcsl (OTpaHUYMBACTCS) TAKXKE M BpeMsi, KOTopoe ecTh y uHBepTopa PI
s pacniozHanus pexxnma APYC. ObecnieueHre HAIEKHOTO TPETOTBPALICHUS
APYC BO3MOXXHO TIpH 00€CHeUYeHHH B3aUMOJAEHCTBHUS ¢ dHeprocuctemMoil. Tak,
MOYKHO 4epe3 HEKOTOPOE BpeMsl IIOCIIE OTKIIFOUEHHS SHEPTOCHCTEMBI IOAKITIOUNT
K OTKIIFOYEHHOMY CErMEHTy ceTu Oarapero konaencatopos (Impedance insertion
[1]). APYC Oyner BblsiBiieHa MO0 cpa3y Mocie OTKIIOUSHUS, JIHOO0 TI0cIe BKITO-
YeHUsI KOHJICHCATOPOB M3-32 CKaYKOOOPa3HOTO CHW)KEHHUS! PE30HAHCHOW YaCTOTHI
cucremsl. Taroke MHGOPMALKS O MPEACTOSIIEM OTKIIOUEHUH MOXKET OBbITh mepe-
JaHa nHBepTOopaMm PI' HEmocpencTBEHHO Yepe3 CUIIOBYIO CeTh. JTO TOXE MOJIHO-
CTBIO YCTpaHseT BO3MOYKHOCTh BOSHUKHOBEHUS pexnma APYC.

B bIB O ]I bl

1. Iloka3aHbl BIUSHUE PEKUMOB aBTOHOMHOM pabOTHl y9aCTKOB CETH Ha YKH-
BydecTh cetu Smart Grid 1 HeOyCTUMOCTD TaKuX peXXUMOB. [IpoBe/ieH aHaTU3
METO/JIOB BBISIBJICHUS M MPEOTBPAIICHUS PEKUMOB aBTOHOMHOM pabOTHI y4acT-
KOB CETH.

2. I'apaHTHpOBaHHOE YCTpaHCHHUE PEKUMOB aBTOHOMHOUM PaOOTHI yYaCTKOB
CeTH HEBO3MOXHO 0€3 B3aUMOJEUCTBHS C SHEPTOCUCTEMO.

3. Ilpu HEOOXOAMMOCTH 00ECIICYNTh TOBBIMICHHYIO YKUBYUECTh CETH U Oec-
nepeOOHHOCTD 3MEKTPOCHAOKEHHS 11eTIecO00pa3HoO MPEAYCMOTPETh B HHBEPTO-
pax ans MUCTOYHUKOB PACIPENICIICHHOW TeHEpalud COOTBETCTBYIOIIUE OJIOKH-
POBKH, IMO3BOJISIFOINNE pa00TaTh B ABTOHOMHOM PEKUME.
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