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MCCJIEAOBAHUE IMHAMMNYECKHNX CBOMCTB
MICROGRID ITPM TAPAJIJIEJIBHOM PABOTE
C DHEPTOCUCTEMOM
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HoBocubupckuii rocyjapcTBeHHBIN TEXHUYECKUI YHUBEPCUTET
E-mail: kseniya.skurikhina@ieee.org

CraThsi TIOCBAIIEHA BompocaM pa3BuTHs Koumenmwmu MicroGrid B
paMKaxX pPOCCHICKOH MOIEIN WHTEIIEKTYalbHBIX AJIEKTPOIHEPTETH-
YEeCKHX CHcTeM ¢ akTtuBHO-amanTuBHON cethio (IDC AAC). Axry-
aNBHOCTB PaboTHI 00ycoBIeHa TeM, 9to pazsutue MOC npenmomnara-
€T TEeCHOE B3aMMOJCHCTBHE MEXIY IEHTPaJIM30BaHHBIMH U pacmpe-
JACJICHHBIMU T'C€HCPUPYIOIUMH MOINHOCTAMHU, KOTOPOC, B CBOIO OYC-
penb, TpeOyeT UCClie0BaH s JUHAMHUYSCKUX cBOCTB MicroGrid kak
B M30JIMPOBaHHOM PEXHUME, TaK U MU NapajuiesibHON paboTe ¢ dHep-
rocuctemoir. B Hacrosimee Bpems koHnenmus MicroGrid Hemocta-
TOYHO peaju30BaHa B paMmkax poccuiickoit moaenu MIC, He roBops
yke o crmocobax ympamieHus MicroGrid B pasTUYHBIX PEKAMAax
sHeprocucteMsl. OcoOeHHOCTH (DYHKIIMOHMPOBAHUSA OOBEKTOB pac-
TIpeIeIEHHON TeHEePaIii, CIIOCOObI X YIIPABICHUS UMEIOT PSJI OTIIH-
YU OT y)K€ WM3YYEHHOTO M TMOHATHOTO «IOBEICHHS» PaCIpeIein-
TenpHOU cetu. MccnenoBanue napamiensHONH (aBTOHOMHOI) paboToi
00BEKTOB pacIpeesieHHON TeHepaIlii, HX JHHAMHYECKIX CBOMCTB, a
TakKe 0COOEHHOCTEH BEeIEHHS AIIEKTPUIECKUX PEKUMOB CETH MO3BO-
JISIT BBISIBUTDH Tpe6OBaHI/I${, KOTOpPbIC HeO6XOJII/IMO MMPEABABIIATL KaK K
obbektam cucteMbl MicroGrid, Tak ¥ K TEXHOJOTMYECKOW W HPOTH-
BOABapHitHOM aBTOMatuke. Llenbio pabOTHI CTaJO0 MOMACIMPOBAHHE
cucreMbl MicroGrid u ynpaBjieHHEe peKUMaMH CETH C paclpeleiiCH-
HOM reHepanuMeld C TMOMOIIBIO MPOTPAaMMHOIO  KOMILIEKCA
EUROSTAG.

Kurouessle ciioBa:
Konnenmms MicroGrid, nHTEIEKTyambHBIE IEKTPOIHEPTETH-

YCCKUC CUCTEMBI, paclIpCACiICHHAasA IcHepanusd, HpOTHBO&B&pHﬁHOC yOopaBJICHUE, TUHAMUYCCKAsA yC-
TOI‘/JI‘II/IBOCTB, MOZACIIUPOBAHUC IHEPTOCHUCTEM.

Unes UDC AAC npeamnonaraet 0ObEIMHEHNUE HA TEXHOJOTHYECKOM YPOBHE 3JICKTPUUYCCKUX
ceTeH, moTpeduTenel u NPOU3BOAMTENICH HIIEKTPOSHEPTHUH, B TOM UYHUCIE OOBEKTOB pacrpeaesieHHOM
rerepauun (PI'), B equHy0 aBTOMAaTH3MPOBAHHYIO CHUCTEMY, MO3BOJIIOLIYIO B PEajlbHOM BpPEMEHHU
OTCJIC)KHMBATh U KOHTPOJIMPOBATh BCE pexkuMbI padotsl [1]. Peanmzauus naeonornn MOC AAC Ha-
npaBjieHa Ha JOCTH)KEHHE KadeCTBEHHO HOBOTO YPOBHS 3((eKTHBHOCTH e (YyHKUIMOHUPOBAHUS M
Pa3BUTHS, a TAK)KE Ha MTOBBIILICHUE CUCTEMHOM HAJIEKHOCTH U NMPOITYCKHOM CIIOCOOHOCTH, MOBBILICHUE
KauecTBa U HAJIC)KHOCTH JIEKTPOCHAOKEHUS TTOTPEOUTEICH.

Omaum u3 HampasieHuit pazsutus UIC AAC MOXeT cTaTh paguKaIbHO HOBAs KOHIICTIIIVS
MicroGrid. Cuctema MicroGrid yaie Bcero BKIIOYAeT B ceOsi HCTOUHHUKH paclpelelieHHON renepa-
[IUH, HAKOTIMTEIN SHEPTUH U JIOKAIBHBIX moTpedurenei [2]. Baxxubmm cBoiictBoM MicroGrid MoxHO
Ha3BaTh TO, YTO, HECMOTPS Ha (YHKIMOHUPOBAHUE B paMKax PaclpeAeUTENbHON CHCTEMBI, OHH MO-
T'YT aBTOMAaTHYECKH MEPEXOJUTh B U30JUPOBAHHBIN peXUM paOOTHI B Cllyyae aBapuil B CETH M BOCCTa-
HaBJIMBaTh CHHXPOHHYIO pa0OTy C CETBhIO IIOCJE YCTPAaHEHHUs aBapuH C MOJIJEpKaHUEM TpeOyeMoro
Ka4yecTBa JIEKTPUUIECKOM 3Hepruu. bynyun aBTOHOMHBIMH WM HOAKJIIOYEHHBIMU K HAI[MOHAJIBHOM
9HEpPreTHUeCKOr ceTH, 00beKThl PI” pacmonokeHsl B HEMOCPEICTBEHHON OJIM30CTH OT MOTpeduTeneit
(He0OMBLINX TOPONIOB, IEPEBEHD, 3aBOJIOB) U IPOU3BOAMUTE HJICKTPOIHEPTHIO «HA MECTE», CYIIECTBEH-
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HO CHW)Kasl MOTEpH NpH Tepeaade 1o JUHUSAM U MOBbIAs, TakuMm obpazom, KIIJ[. Dnexrpuueckas
3HEprus, mpousBoauMas o0bekTamu PI', OyneT HemocpenCTBEHHO 3aBHCETh OT CHpPOCa JIOKAJIBHBIX
norpeduresell, KOTOpele B CBOIO OYepenb OyOyT MMETh BO3MOXKHOCTh KOPPEKTHPOBATh IIOCTABKH
SHEPTHH B COOTBETCTBUU CO CBOMMH IOTPEOHOCTSIMH, YTO BEJET K MOBBIIICHHUIO UX POJIM B yIIpaBie-
HHUH SHeprocucteMoil. CTOUT OTMETUTD, 4To notpedutens B BugeHnu MOC AAC MOXHO oXapakTepu-
30BaTh KaK «aKTHBHBIA MOTPEOUTENB», TO €CTh AKTUBHBIN YYaCTHUK B PEryJIMPOBAaHUU HArpy3KH, KO-
TOPOMY IPENOCTaBIeHa BO3MOXHOCTh CAMOCTOSATENHHO U3MEHATh 00heM M (yHKIIMOHAIBHBIE CBOM-
cTBa (YpOBEHb HA/IC)KHOCTH, Ka4eCTBO U T.II.) MOJTy4aeMOH 3JEKTPOIHEPTUU HA OCHOBAaHHMM OajaHca,
CBOUX MOTPEOHOCTEN M BO3MOYXKHOCTEH SHEPrOCUCTEMBI, HCIIOJb3Ys HHPOPMALHIO O XapaKTepPUCTUKAX
11eH, 00BEMOB TIOCTABOK AJICKTPOIHEPTHH, HAAC)KHOCTH, KadecTBe | 1p. [3].

Pone MicroGrid MoryT Urpath >KMIMacCHBBI MU YJaJeHHbIE PailOHbI C BO3MOKHOCTBIO YCTa-
HOBKHM JIOKaJbHBIX HCTOYHMKOB MajoOil TeHepalyy U HaKONMHUTEIeH SHepruu. 3acTpoiika HOBBIX paid-
OHOB TpeOyeT 3HAYNTENbHBIX SHEPIOPECYPCOB, KOTOPBIE HE BCErIa MOTYT OBbITh ITOJIY4YEHbI OT €IUHOM
CUCTEMBI 3JIEeKTpOCHAOKeHUs (BCIEACTBHE 3arpy3KH CETH, OTPAaHWYEHHH MEPETOKOB MOIIHOCTH MO
JIDIT u cunoBeiM TpaHcopmaTopam). COOTBETCTBEHHO, BCE Hallle HA MEPBBIM IUIaH BHICTYNAET BO-
IpOC O HEOOXOIMMOCTH HCIOJIb30BAHUS aBTOHOMHBIX MCTOYHHKOB JIEKTPOCHAOXKEHMsI, KOTOPBIH, B
CBOIO OYepesb, MOXKET cTaTh dneMeHToM MicroGrid.

B nannoit pabote B kauecTBe 00BEKTA UCCIIEAOBAHUS BBICTYMAET JIOKAJIbHBII HCTOYHHUK YHEP-
rocHa0XeHusl MUKpopaiioHa (3Heproosox) (puc. 1). DHepro0i10k BkIO4aeT B ce0s 9 ra3omopIiHeBbIX
3JeKTporeHepupytonmux ycrtanoBok (I'TIY) momraocThio 10 1,98 MBT (01Ha M3 YCTaHOBOK B pe3epBe).
TexHuueckoe peleHne M0 UCHOIb30BaHUI0 UMEHHO Ta30MOPLIHEBBIX YCTAHOBOK MOXKHO OOBSCHUTH
Ha NPUMEpEe UX CPaBHEHUS C Ta30TypOMHHBIMHU yCTaHOBKaMH [4], Tak 1 MomHocTel 1o 10 MBT ra-
30IOPIIHEBbIE KOT€HEPALIMOHHbIE YCTAaHOBKHU ITIOKA3bIBAIOT CE0s JIyUllle BCeX APYTUX TeXHOIorui. s
oOecrniedyeHus] Ha/IeKHOCTH JJIEKTPOCHAOKEHUSI MOTpeOuTeNneil MpeayCMOTpEeH pPE3epPBHBIN MCTOYHUK
9HEPTUu: JBE AU3ENbHbIC reHepaTopHble yctanoBku (JI'Y) obmieit MomHocTtsio 2,17 MBT. 3akpeiToe
pacrpenenurenbHoe ycTpoiicTBo 3Heprodnoka (3PY I'TlY) npeacraBieHo ogHOM cHCTEMOI COOPHBIX
IIMH, CEKIIMOHNPOBAHHON BAaKyyMHBIM BBIKJIIIOYATENIEM, IPUCOETNHEHHE TeHEPATOPOB K IIMHAM TIPO-
MCXOJUT TaKXKe uepe3 BaKyyMHbIe BbIKmoyarenu. Cetu anekTpocHabxenus: 10 kB BBIMOTHEHBI CHIIO-
BBIMHU KaOeIsAMHU C N30JSHUEN U3 CHIMTOrO OIUITHIICHA.

TOL 5
I'eHepaTOpHbIC IIMHEI 1
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ITyaktupom Ha puc. 1 mMoka3aH OOWH W3 BO3MOXKHBIX BapuaHTOB mojkimtodeHus MicroGrid k
CeTH C TIOMOINBI0 CHJIOBOTO TpaHc(opmaropa. JlaHHBINM BapuaHT HanOoJiee SKOHOMUYHEIN U TIPOBe-
peHHBIN (puC. 2), OTHAKO MOXKET OBITh PACCMOTPEH M aJbTCPHATHBHBIN BapraHT. Hampumep, UCTIONb-
30BaHME BCTAaBKHU MOCTOSHHOTO Toka Ha ocHoBe CTATKOMos (BIITH), xoTopsie 00BearHEHBI 00-

Puc. 1. Cxema 31eKTpoCHa0KEHUSI MUKpOpaioHa
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MM 3BEHOM IIOCTOSIHHOTO ToKa. IlofkiroueHne MpouCXOAMT B pacceuKy JHMHMH 3JeKTpolepenay,
CBS3BIBAIONINX JBE 3JEKTpUUeckue cucreMmbl. OCHOBHBIM IpenMyliecTBoM ycTaHoBkU BITTH moxkHO
OTMETUTh PETYIHPOBAHUE KAaK AKTUBHOM, TaK U PEaKTUBHOW MOIIHOCTH B IIMPOKHX MpEJENax, a TaK-
ke obecrieueHre paboTel B aBToHOMHOM peknme. BIITH Hamma npumeHeHue B JTFOOBIX CETAX IS
HECUHXPOHHOI'0 00beIMHEHUS SHEPTOCHUCTEM [5].

Harpyaka
MazcnopwHenan ABTOMaTHYECKHRA
INEKTPOCTAHUMA BEIKAK4YATENS PazneanHuTens
— redepatopa CETH
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MoHuxamowwi TpakchopMaTop
Puc. 2. [Toaxmouenne I'TIY wepes Tpanchopmarop [6]

B pamkax naHHO# paboThl mprcoeIMHEHUE HCcclieayeMoro oobsekTa — MicroGrid ocymecTsie-
HO C TOMOIIBIO IBYX NMOHMXKaomux TpanchopmaropoB 110/10 kB momuocteio o 25 MBA u nByx-
HEenHOoM kabenbHol MuHuel HanpspkerueM 10,5 kB.

[Torpebutenn 37EKTPOIHEPTUN HMPEUMYILIECTBEHHO JKWIIbIE IOMA, BEIWYMHA HArpy3KH KOTO-
peix coctaBisier 5,75 MBt (PII-YIITK, PII-34), a Taxxe 3aBop xene300eToHHBIX m3aenuid (37KbN)
MorHocThI0 4,9 MBT. [lockonpky cocTaB morpedureneld HEOIHOPOAHBIH M MMEET MECTO HOYHOM
NpoBaJl Harpy3KH, ObUIO MPHUHATO pelieHHe 00 YCTaHOBKE, B KayeCTBE JOIMOJHHUTEIBHONW HArpy3KH:
NEKTPUIECKOTO KOTIa MOIIHOCTHIO B 2 MBT, Taxke mpeaHa3HaueHHOI O ISl HOKPBITHS ITMKOBBIX Te-
IUTOBBIX Harpy3ok. OnxHoit m3 ocobenHoctedd I'TIY MOXHO Ha3BaTh MUHHMAIbHOE OTPaHHYEHHE IO
3arpyske, KOTopoe B cpeHeM cocTaBiseT 25-30% oT HOMUHAIBHOM MOIIHOCTH T€HEepaTopa, YTo CBSI-
3aHO C KOHCTPYKIHMOHHBIMH OCOOCHHOCTSIMH KaMepbl CropaHus. B ciiyyae BOSHMKHOBEHHS YIPO3bI
paboTHl YCTAaHOBOK B PEXHME HEAOTPYy3a PEKOMEHIyeTCS MPOBECTH PsiI MEPOIPHUATHI IS yBennde-
HUsI Harpy3KH (YCTaHOBKA JOTOJIHUTEIBHBIX MOTPEOUTENEH, yCTaHOBKA PE3UCTHBHBIX MOTPEOUTENEH
Y T.I1.), THOO OTKIIIOUUTH YacTh T€HEPATOPOB.

C n0ocTaToYHOM ATl MPAKTHYECKUX PAcueTOB TOYHOCTBIO XAPAKTEPUCTHUKH HArPy3KH MOXKHO
3aMmMcaTh B BUJIE TIOJJMHOMOB BTOPOil CTENICHH:

2
U U
PU)=Pyou ap| —— +bP — |+¢p
HOM UHOM
2
) U
UHOM UHO.M

1€ Pioyy Quon — AKTUBHASI M pEAKTHBHAS MOIIIHOCTH HArpy3KH, COOTBETCTBYIOIUE HOMHHAb-
HOMY HaNpsDKEHHUIO WU TaHHBIM KOHTPOJIBHOTO 3aMepa, COOTBETCTBYIOLIETO0 HOMUHAIIBHOMY PEXHMY
y3J1a Harpy3Ku;
U — Tekymiee 3Ha4eHHE HANPSHKECHHUS;
dp, dg, b,, bQ , Cpy Cq — KOODGULUMEHTHI (TaApaMeTpBI), TIOJy4CHHBIC B pe3yJibTaTe o0pa-
OOTKH PKCIIEPUMEHTAIBHBIX JaHHbBIX.
a,+b,+c, =1

3HaveHus KOAQQHUIMEHTOB JOKHBI YIOBIETBOPSTH YCIOBHIO: .
a, + bQ +cg =1

B nporpammuom komminexkce EUROSTAG (koTopblit ObuT BEIOpaH A MOJIEIIMPOBAHUS, pac-

yeTa peknMa U AuHaMHuKA ceTd MicroGrid) miis mocTpoeHus 3aBUCHMOCTH aKTHBHON W PEaKTUBHOM
MOIITHOCTEH HAarpy3KH OT YacTOTHI M HANPSDKEHUS IPUMEHSIIOT clieIyIoIne BelpakeHus [7]:
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Hns ynpoueHus: pacueToB KO3()(UIHMEHTH Y U O NPUHUMAIOTCS PaBHBIMHU HYJIIO, a KO QH-
IIAEHTHI O ¥ [} OBUTH OTIPEIEIICHBI C TOMOIIBIO TUITOBBIX T'pa(UKOB/ 3aBUCHUMOCTEH aKTHBHOM M peak-
THBHOI MotHocTH oT HanpspkeHus P(U), Q(U) B IO Mathcad, nzo0pakeHHbix Ha puc. 3 u puc. 4.

B cocraB KOMMyHaIbHO-OBITOBOW HArpy3KH BXOZST KHJIBIE IOMa W OOILECTBEHHBIX 3/IaHHM,
TEXHOJIOTHYecKoe 000pYyJOBaHHE MPENNpPUATHH OOIIECTBEHHOTO MUTAHUS M YyUpEkKAEHHH OBITOBOTrO
oOciykuBanus. J7sl TaKOro THTA HArpy3KW XapakTepeH rpaduk ¢ OONBIIOW HEPaBHOMEPHOCTHIO H
JBYMs SIBHO BBIpQ)KEHHBIMH MakCUMyMaMH B YTPEHHHE M BEUEpHHE Yachl, a TakKe HOYHOH IpoBai
Harpy3ku (puc. 3). 3)KBU pabotaer no tpexcMeHHOMY rpaduky (puc. 3), 4To CBSI3aHO C TEXHOJIOTHU-
YECKHUM IIPOLECCOM: IIOCJICA0BATEIbHBIM BBIIIOJHEHUEM OINIEPALMi 110 MPUTOTOBICHNUIO CMECH OETOH-
HOW, N3TOTOBJIEHUIO apMaTypHBIX KapkacoB, apmupoBanuio KB, ¢popmoBanuio n mocnexyromieii 00-
pabOTKOM C MOMOIIBIO TEMIIEPATYP U BIAXKHOCTH.

3HaveHus ko3 urmeHToB 11 ObIToBOM Harpy3ku (a) u 3)KBU (0) paBHbI[8]:

a, =0, aq =9.7; a, =0; aq =9.6;
@b, =12,  b,=-222; ©) b, =0.9; b, =-153;
c, =—0.2 ¢ =135 c, =01 cq =67

3arem nogbepem ko3 duimeHTs! o 1 B TakuM 00pa3oM, 4TOOBI rpaduKi HAWITydIIUM 00pa-
30M HOBTOPSUTH APYT JApyra B 00iacTi OJM3KOH K HOMMHAIBHBIM 3HAUCHUSIM HanpspKeHus. Pesynbrat
MOJETUPOBAHUS NPEJCTABIICH Ha pHC. 4.

100 1 p.o 100 - p.op
90 90
80 - 80 -
70 A 70 A
60 60
50 A 50
40 40
30 A 30 A
20 - 20 A
10 + 10 +
0 t, u 0 t, g
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22

Puc. 3. Cyrounslii rpaduk KOMMyHanbHO-0bITOBOM Harpy3ku u 3XKBU
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Puc. 4. Crarnueckue xapakTepUCTUKH KOMMYHAIBbHO-ObITOBOI Harpy3ku u 32KBU

U3 puc. 4 Buano, uto rpaduku B odmactu ot 10 kB mo 14 kB MOIHOCTHIO MOBTOPSIOT APYT
apyra, a 3HauuT, Koddduuuentsl o u B s mogenuposanus B EUROSTAG npupaBauBaem x 1.2 u
4.9 nna 6prroBoit Harpy3ku u 0.9 u 4.2 — ana 3KBU.

Taxum oOpa3om, CyTOUHBIH rpaduK HArpy3KU ¢ MUHUMAIbHBIM OTPAaHUYEHUEM I10 3arpy3Ke B
30 % (4,75 MBT) st s5Hepro0IoKka MPEeACTaBIICH Ha PHC. 5.
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Puc. 5. Cyrounsiii rpaduk Harpy3Ku

Ha rpadwuke BunHo, uto B mepuos ¢ 00.00 mo 14.00 (50 400 c¢) yacoB MOIIHOCTH HATPY3KH HIDKE
JIOITyCTUMOTO 3HAYEHMUSI, & B OT/ICILHBIC YaCchl TEHEpAIs CHIKAETCsI 10 4% 0T HOMUHAIILHOW MOITHOCTH,
YTO HETATUBHO CKa3bIBaThCs Ha padote neurareneii [ T1Y u MoXKeT MprBECTH K UX BBIXOIY U3 CTPOSL.

Juia aHanm3a peskuMoB pabOTHI Ta30MOPIIHEBHIX CTAHINNA HEOOXOAUMO OTMETHTH 0COOEHHO-
ctu 3auuT ['TIY, ycTaHOBIIEHHBIX 3aBOJJOM-U3TOTOBUTEIEM M HE MOJyIeXalllNX U3MEHEHUI0, JJI CO-
XpaHCHUS TapaHTUHHBIX 00s13aTeNnbeTB [9]. 3ammTa OTKIIIOYAaeT TeHEepaTop, €CIM HaNpsDKEHHE Ha BbI-
BoJIax TeHeparopa B Teuenue 0,2 ¢ cHmkeHo Oonee ueM 90% oT HoMUHaNILHOTO 3HadeHus. OrpaHuye-
HUE CHIDKCHHI HampspKeHUs BenmanHoM 90% HUKaK BIHSET HA TOPITHEBOW IBHUTATENb, TOITOMY 3a-
IIMTa OT CHIXKCHUS HANPSDKEHUS MOTJIa Obl UMETh CMBICI B OTHOIICHWU HArpeBa poTopa reHeparopa,
TaK KaK MPU HU3KUX HAMPSHKEHUSAX MPOUCXOAUT (HOPCUPOBKA BO3OYKICHHS. YBEINYCHHE TOKA MPH-
BOJIUT K HArpeBy reHeparTopa, a JOIyCTUMAasi JUTUTENFHOCTh YTSKEIEHHOTO PEeXHMa OIpeesseTcs
BETTMYMHON TIEPEeTPYy3KH, a HE YpPOBHEM HampspkeHus. OTKIIOUEHHWE TEHEepaTopa IMPOUCXOIUT IPH
CHUXCHHUH YaCTOTHI HAa BbIBOJaxX reHeparopa Huxe 49 I'u B Teduenue 0,2 ¢. Takxke CyliecTByeT OrpaHu-
YeHWe TIOBBIIIEHHS 4acTOThl BenmuanHon 51,5 ' (¢ Beimepkkoit Bpemenu 0,2 ¢), OHAKO TaKOe OrpaHH-
YeHre He 000CHOBaHHO MIOJHOCTHIO, TEM OoJiee, ITO cOpOC HArpy3KH, BHI3BIBAIOIINN MOBHIIIEHHE YacTO-
ThI, ISl TA30TIOPIIIHEBBIX JBUTATENCH HE omaceH. Mcxoms U3 BBIIECKa3aHHOTO B paMKaxX JTaHHOM UCCIIe-
JIOBaTENbCKON pabOThI IPH MOJIETMPOBAHUHN PEKUMOB ceTH (M30aupoBaHHas pabora MicroGrid) momyc-
KaeTcs OTKIIOHEHHE HarnpsokeHus B npenenax +10% Unom, oTkimoHeHne yactoTel — oT 49 mo 51,5 I'm.
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Jnst cHUKeHUsI HepaBHOMEPHOCTH rpaduka Harpy3Kd LenecooOpa3sHo NPUMEHHUTh yKe yCTa-
HOBIICHHYIO JTOTIOJTHUTENBHYIO HArpy3Ky — aNeKTpuueckuii koren, B mepuoy ¢ 00.00 qo 12.00 (puc. 6).
OpnHako, Kak BUIHO U3 Irpaduka, BKIIOYCHHE 3JIEKTPUUECKOro KOTia MOIIHOCThI0 2 MBT He mocra-
TOYHO, J1a ¥ 3TO HE BCETJa MOXET OBbITh paI[iOHAIBHO OOOCHOBAHO B BHIY Pa3MUYHbIX (pakTOpOB (HET
HEOOXOJMMOCTH JOMOJHUTEIFHOIO OTOIUICHHS IOMEILEHUH, Terlas moroja u T.4.). Ilockonbky myck
ra3o0NOpPIIHEBBIX JBUraTelaed MOKHO MPOM3BOAUTH HEOIPAHWYEHHOE YMCIIO pa3 0e3 BIMSHUS Ha 00-
U MOTOPECYpPC ABUTATENS, TO PACCMOTPHUM CHUTYalMIO C OTKJIIOUYEHHEM YacTH YCTaHOBOK IO Tpadu-
Ky, IpUBeicHHOMY B Ta0i. 1 (puc. 7).

11 4 11 4
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9 4 9
8 - 8
7 4 7
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1 BKJIFOYEH 3J1. KOTE | 1
0 i tc o+
' T N O R T T T T T T T T R M R R T T T
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uc. 6. CyTounslil rpauK Harpy3Kku npu uc. 7. I'paduk Harpysku npu
P 6.C P 7.T or
MOJKIYECHHOM KOTJIE
Tao6auua 1. I'paduk padorer ['TTY
p p
Boews OTKITIOYEHHBIE Kom-Bo I'TTY Bpens Otxmrouennsie | Komn-so I'TTY
p YCTaHOBKH B pabote P YCTaHOBKH B pabote
00Y-01" | rOvI1-TInys 3 15 16" | rIIV 1 —T'T1Y 4 4

1617 [ roy 1 -TIy 5
179 -19%° [ roy 1 -1V 3
199207 [ roy 1 -1y 2

20229 | 11y 1 - TI1V 3

22%_00% | TIIV 1 —TTIV 4

01%-06% | TIIV 1-TT1V 7
06°-09” | Iy 1-TIy 6
09%°-12% | roy1-roys

129-13% | TV 1-TIIY 6
13%9-15% | IV 1-T1vY 5

WIN[WIN |-
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[TockosbKy MPOEKTHPOBAJICS SHEProOIOK C YUETOM pacTylleil u Oyaylueil Harpy3KH, a MUK-
POpaiioH TOJBKO Hayall 3aCTPauBaThHCS, TO BO3HMK M30BITOK MoiiHOCTH. Kak yke OblIO CKa3zaHO pa-
Hee, 0e3 TexHoyornueckoro npucoeanaeHmst MicroGrid K ceTH HCTOYHHKY SHEPTUU 3HAYUTEIHEHO He-
JOTPY>KEHBI, YTO aOCOIIOTHO HE BBITOAHO C TOYKHU 3pPEHUS HEJOMCIIONB30BaHMs MOTEHIHAIA 000PYa0-
BaHus. bimzocts MicroGrid k nuann 110 kB 3acraBnsieT 3amymMarbes o 1e1eco000pa3sHOCTH €ro Mo/I-
KITIOYeHHA K ceTH ropoaa. OIHAKO B TEXHHYECKUX YCJIOBHSX, BBIIAaBAEMBIX B TAKHX CIy4asX CETEBOM
opraHuszanyeil ¥ CHCTEMHBIM ONEpaTOpoOM, MOTYT OBITh TpeOOBaHWS K XapaKTEPUCTHKaM OOBEKTa
pacrpe/ie/ieHHOM reHepaluy Uik yCTaHOBJICHHOMY Ha HeM obopyznoBanuio [10, 11]. BBuay Beimecka-
3aHHOI'O CYILIECTBYET HOTPEOHOCTh B HCCIICAOBAHMU W aHAJIM3€ IWHAMUYECKHUX CBOMCTB OOBEKTOB
pacnpeieeHHON TeHepaluu.

MozenupoBanue AUHAMUYECKHX MPOLECCOB U pacueThl pexumMa ceTd MicroGrid BEIOIHEHBI
Ha 0Oaze mporpammuoro komrekca EUROSTAG, koTophlif BKITIOYaeT CTaHIAPTHBIE MOJIEH TeHepa-
topa u neuratens ['TIY, peryisitopsl ckopocTr u HanpstxeHus [7]. s ncciaenoBanus THHAMAYECKAX
cBotictB MicroGrid kak npu H30JIMpOBaHHON padoTe, Tak W MpH paboTe mapajuieNibHO ¢ BHEUIHEH ce-
TBIO, OBUI IPOBEAEH PsiJl HOPMATHUBHBIX BO3MYILEHHH, KOTOPbIE TIO3BOJISIIOT CYyJUTh 00 YCTOHYNBOCTH
CHCTEMBI.

[lepBoit paccMOTpUM CHUTYaIUIO OTKIIOUEHHUS ABYX reneparopoB ['TIY 1 u I['TIY 8 B uzommpo-
BaHHOM pexkume MicroGrid (puc. 2). [TocnenoBaTenbHOCTh COOBITHI TIPECTaBIICHA B TA0II. 2.
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Taﬁmlua 2. HOCJ’ICI[OB.’:ITCJ'II:HOCTB COOBITHI IIpU OTKJIFOYCHUHN I'CHEPATOPOB B U30JIMPOBAHHOM PCIKHUME

Bpewms, ¢ CoOpITHsA
1 otkmouenue ['TIY 1 u T'TTY 8
4 OTKITIOYCHHE HATPY3KU

Ha puc. 8 crmomHo#t TuHAEH MOKa3aHbI TPaQUKA U3MEHEHHS ITapaMeTpoB pekuMa 0e3 BO3-
JIEHCTBUS MPOTHBOABAPUNHOIO YNPABIEHUS, IYHKTUPOM — C IPUMEHEHHMEM OTKIIIOYEHHUS Harpys3Ku
(OH). OTtknroueHue yacTH Harpy3kd MPOUCXOAUT MHPU CHIKEHUH 4acToThl Huke 48,8 I'1, 310 cooT-
BETCTBYET MOMEHTY BpeMeHH 4 c¢. OTKIIOYEHHSI IPOUCXOAST PABHOMEPHO C 00EUX CEKLHI 3aKPhITOro
pacnpenenurensHoro ycrpoiictBa (3PY I'TlY). Hanpsokenune ycranaBimBaercs Ha ypoBHe 10,5 kB,
gactota — 50 I'm. Ha puc. 8 (C) uzobpaxena pa3rpyska reHepaTtopa, KoTopasi IpOUCXOIUT B COOTBET-
CTBUH ¢ 00BEMOM OTKITFOUEHHBIX MOTPEOUTENEH.

10,75 U<B 50,5 1"

10,63 50,0 —-——

10,50 495

10,38 49.0

10,25 48,5

10,13 480

10,00 475

9,88 47,0 : - e

22

2,1

2,0

1,9 A

1,8 1

1.7 -

1,6 1

15 232 | ' |4 |
0 10 20 30 40

(C) (D)
Puc. 8. (A) — wu3MeHEeHHME HaNPsHKEHHWS Ha TCHEPATOPHOM ImuHEe 3Heprodioka (kB);

(B) — wacrora MicroGrid (I'm); (C) — wusmenenue wmomHocTH TeHepatopa [TV (MBr);
(D) — u3mMeHeHHE MOIIIHOCTH HArPy3KH TPH OTKIIIOYeHUH TeHeparopa (MBT)
* —— — Oe3 MPOTUBOABAPUIHOTO yIpaBieHus; - -~ — npumenenne OH

Jnst cpaBHeHMsT OBUT MPOBEAEH MOXOXHU OIBIT, HO YK€ C OTKIIOYEHHEM TPEX I'€HepaTOpoB
I'TIY u npu napamnensHO# pabote MicroGrid ¢ cetrto (Tabm. 3).

Ta6muua 3. [TocieoBaTenbHOCTh COOBITHIA TIPU OTKJIFOYCHUU I'€HEPATOPOB B PEXKUME MMapallieIbHOM
a0OThI C CEThIO
Bpewms, ¢ CobpITHs

1 otkmoueHue [TIY 1, TTIY 2 u I'TIY 8

Pesynbrarhl, npencraBieHHbIe Ha puc. 9, MOKa3bIBaIOT, YTO MOCIIE OKOHYAHHS MEPEXOHOTO
nporiecca BCe PEKUMHBIC MapaMeTpsl Jiekar B obnactu gomyctumbix 3HaueHuit (TOCT 32144-2013):
HarpsHKeHUE Ha TeHepaTOPHOU IHHE SHeproooska cHusminock Ha 0,5 % (mo 10,45 xB), yactora — 50 I'm.

Taxum 00pa3zom, Mpu MapauIeIbHON paboTe C IHEPTOCUCTEMON TP OTKIIOUCHUN TeHEpaTo-
pos I'T1Y sueprocuabxenue norpedureneid MicroGrid He mpekpaiaercs, B OTIHMYUE OT U30JUPOBAH-
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HOM pa6OTBI, Korga y:xe€ npu OTKIOYCHUHU JABYX I'€HCPATOPOB OBLIO HCO6XOI[I/IMO IpoOu3BOAUTL OT-
KIIFOUCHHC HATI'PY3KHU.

U.xB U.xB
10,53 - 110,08 -
10,50 110,05 -
10,48 1 110,03 -
10,45 A 110,00 A
1043 - 109,98 -
10,40 + i
S o 109.95 e

10,38 - ' 109,93 ' ' .

0 5 (A 10 15 0 5 B) qo 15

f,T'n PGeEn, MBT
50,01 1,60 -
50,00 1,58 -
49,99 1,55 -
49,98 153 -
49,97 1.50 -
49,96
tc 1,48 - .

49,95 T T 145 -C

0 5 10 15 ‘ ' '

© 0 5 (D) 10 15
Puc. 9. (A) — wW3MeHeHHE HaNpsHKCHUS Ha TeHepaTOpHOW ImmHEe JHeprobioka (kB);
(B) — wusmenenue wHampsokenuss Ha IIC  Bocrounas (kB); (C) — wuactora cetn (['m);

(D) — usmenenue mormHocTH reveparopa ['TTY (MBT)

B kauecTBe emle 0HO aBapHfHOTO BO3MYLICHUS! paccMOTpuM K3 Ha kaOenbHOW JUHUH, CO-
eaunstomeit MicroGrid ¢ ceTsio (MyHKTHpHAs TUHUS Ha pHc. | ), B pe3ynbsTare yero MicroGrid nepe-
XOJUT B aBTOHOMHBIM peXuM paOoTHl (BTOpas KaOenpHas JTUHUS OTKI0O4eHa). [locienoBarenbHOCTD
coOBITHH TIpUBE/ieHa B Ta0II. 4.

Tab6anua 4. [locnenoBarenpbHOCTh cOOBITHIA TTpH Tiepexojie MicroGrid B aBTOHOMHBIH pexiM
Bpewms, ¢ CoObITHs
1 K3 na xabenpHOM JUHAN
1.065 | otkmouenne nHHEE C IBYX CTOPOH
* 10 Mc — BpeMs1 IefCTBHS peNleitHOM 3aIThL; 55 MC — BpeMst cpadaThIBaHHS BAKYYMHBIX BBIKITIOUATEIEH.

W3 puc. 10 BuanHO, 4TO MpU JeineHuu cetd u padore MicroGrid B aBTOHOMHOM peKUME, Yac-
TOTa ycTaHoBWiIack Ha ypoBHe 49,89 't ans MicroGrid u 50 I'l 1uis cucTeMbl, 9TO YAOBJIETBOPSIET
TpeOOBaHUSIM M TIPUHATHIM paHee JOMyIICHIsIM. HanpsbkeHre Ha TeHepaTopHOU IWHE dHEProbIIoka
ycTaHoBWwIOCh Ha ypoHe 10,5 kB. Takum o0Opa3om, mocie HapylIEHUS CBS3H C 3HEPTOCHCTEMOM
MicroGrid nepexoauT B M30JUPOBAHHBINA PEXXUM U HaXOJUTCI Ha «camoOallaHCe», a BCe paccMaTpu-
BaeMbIe TTapaMeTPhl PEKUMa MPUXOJAT B 00JIACTh MOMYyCTUMBIX 3HAYCHHH, YTO CBUICTEIBCTBYET 00
YCTOMYUBOCTU CUCTEMBI.
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10 - 50,1
8 1 50,0
6 1 49,9
41 49,8
3" | | | _te 497
00 06 12 18 24 30 296
(A) ® (&
PGes, MBT
370 ~ 18 _ PGen, MBT
355 - s -
340 - 12 -
325 - 00 -
310 - 06
295 - 03 -
580 | | | [ t,c | 0:0 | | | | te |
0 3 69 1215 00 06 12 (D)I,S 4 30

Puc. 10. (A) — u3MeHeHue HanpsHKeHUs Ha reHepaTopHoi mmHe (kB); (B) — wacroTa B: crutomniHas
muHus — MicroGrid, mynxrupnas — cetu (I'n); (C) — nsmenenue momuoct Ha HI'DC (MBrT); (D) —
u3MeHeHus MolrHocTu reHeparopa ['TIY (MBT)

3aKITIOYUTENFHBIA 3KCIIEPIMEHT HHTEPECEH C TOUKH 3peHHs MpuMeHeHus cBoiicTB MicroGrid
B KauecTBE CPEJCTB MPOTHBOABAPUITHOTO YIIpaBleHHUs, MOCKOIbKY MicroGrid MOXeT aBTOMaTHUECKH
NepeXOIUTh B aBTOHOMHBIH PEXUM B CIIydae aBapHil B CETH M BOCCTaHABJINBATh CHHXPOHHYIO padoTy
II0CJIE€ YCTPAaHEHUS aBAPHH.

3akiouenue

MicroGrid — xoHIenmus Maoi pacrtpeaeIeHHol dHEPTETHKH, KOTOpas MpeoiaraeTr mepe-
XOJI OT LEHTPAJTM30BaHHON CUCTEMBI K MCIIOIB30BAHUIO Pa3HOOOPA3HBIX THIIOB MCTOYHHKOB SHEPIUH,
HanboJjee MOAXOJINX K JaHHBIM IPUPOJHBIM YCIOBUAM M OCOOEHHOCTSIM KOHKPETHBIX MOTpeOuTe-
neit (I'TLY, I'TY, BOC, muan — TOL u T.1.). O0bekThl PI” — 3TO HOBBIC DJIIEMEHTHI AJIEKTPOIHEPTETH-
YeCKOH CHCTEMBI, C HOBBIMH JWHAMUYECKUMH XapaKTEPUCTUKAMU M BO3MOXKHOCTSMH YIIPaBIICHUS,
KOTOpble TpeOyIOT MCCIENOBaHUM M TIIyOOKOrO aHalu3a B KaKIOM KOHKpETHOM ciydae. CpencTsa
ynpasiieHus oobexTamMu PI' 1oymkHBI OBITH BBIOpaHBI Ha 3Tare MPOSKTHPOBAHHS CUCTEMBI MPOTHBO-
aBapUITHOTO YIPaBJICHUS U COOTBETCTBOBATH HEKOTOPHIM TpeOoBaHMsIM [12] mist obecnieueHus HOp-
MaJIbHBIX PEXHMOB pabOTHI CETH.

Ha nepBbix sTamax cozmanus cucreM UOC u npucoeannenns MicroGrid k emuHO sHEprocuc-
TeMe, He 00s13aTelIbHO B KOPHE ITepeCMaTPUBATh U OTCTPAUBATh PEJICHHYIO 3alIUTY U aBTOMATUKY. Benb
caMa 1o cebe 3aJyMKa aBTOHOMHOTO MUTaHHS >KUJIMACCHBOB W yIAJICHHBIX PaiOHOB MOJpa3yMeBaeT
CaMOJI0CTaTOYHOCTb, CIICAOBATEIILHO, IPAKTUUECKH HYJIEBOM IIOTOK MOIIHOCTH OT BHEIIHeH ceTtu. Jloc-
TaTOYHO OyJIeT YCTAaHOBKH HEOOXOIMMOTO 000PYAOBAHHSA [T MOHUTOPHHTA, (PHKCAIMH ¥ OTPaHUIECHUS
HEOOXOJIMMOT0 MAaKCHMAJIBHOTO TEpPeToka MOIMHOCTH K/0T MicroGrid B cHCTEMy €IMHOIO 3JIEKTPO-
cHaOxenus. Kak yxe panee ObUIO OTMEUEHO, B PEKUMAax aBapUUHBIX BO3MYIICHHH MOYKHO OTKIIOYHTH
MicroGrid Ha u30MMpoBaHHYIO padoOTy. A B HEKOTOPBIX cuTyanusx MicroGrid MoXeT Jtaxke BBICTYTaTh
B BHJIE YITPABILIONIETO BO3AeHCTBISA (OTKIIOUeHHEe TeHeparopoB (O)) uimm otkimoderne Harpys3u (OH) B
3aBUCHMOCTH OT PEXMMa BbIIaYn/moTpebaeHns MouHocTH). [IpuMmep ycremHoro TMHaMHYECKOTO Tie-
pexopa onaromapst otkiroueHuo MicroGrid Ha u3onmrpoBaHHYIO paboTy mpeacrasieH B [13].

B kauectBe TeXHOJOIMHM, MPEAHA3HAYEHHOH A1 MOHUTOPUHTA U 00EcleYeHus] KOMMYHHKa-
UOHHON MHQPACTPYKTYPHL, OYAET BBHICTYNATh TEXHOJOTHSI CHHXPOHU3UPOBAHHBIX BEKTOPHBIX HM3Me-
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pernii (Phasor Measurements), koTopast B Omikaiimee necstuierde u OyneT OonpeaessTbh pa3BUTHE
MHUPOBOH 3HepreTuku. U yxe ceifuac MOKHO YTBEpXKIaTh, YTO JaHHAS 00NaCTh HAYKU U TEXHHUKH SIB-
JSIeTCSl MHHOBALIMOHHON M 3aCiIy’KMBAaIOLIe BHUMAHUS CO CTOPOHBI PHIHKA COBPEMEHHOW aBTOMAaTH-
3alluy B 3JIEKTpodHepreTuke Poccuu.

Cmamus pexomenoosana Kk nyoauxayuu no umozam pabomol V -MedrcOyHapoOHO MOIOOEIHCHOU KOH-
Gepenyuu "Inexkmposnepeemurxa enazamu moarooedicu 2014".
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