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BBEJEHHUE

AkTyasbHOCTHL TeMbl. B mocnennue roasl B 3HeprocucteMe Poccum BCE aKTHUBHeEe
UCIIOJIB3YIOTCS 3JIEKTPOCTAHIMN MO MOLIHOCTH, MOJKJIIOYAEMble HAa YPOBHE PACHPEIEIUTEIBHBIX
cereil BOMM3M MECTHOM HAarpyskw, — Majible pacrpenciaéHnsie snekTpuueckue craniuu (Distributed
Generation Units). Dnekrpoctannuu wmaioir momrHocTH (DCMM) Haxomar Bce Oojiee IIMPOKOE
IPUMEHEHUE B MPOMBILIUIEHHBIX CHCTEMaX 3JIEKTPOCHAOKEHUS; MPEACTABISAETCS MEPCIEKTUBHBIM HX
WCIIOJIb30BAaHUE Il TOBBIMICHUS A(P(GEKTUBHOCTH IHEPrOCHAOKEHHS KOMMYHATbHO-OBITOBBIX
00BbeKTOB (B YaCTHOCTH, B paMKax BBITIOJHEHHS MPOSKTOB IO MEPEBOAY CYIIECTBYIOIINX KOTEIbHBIX B
KOTCHEPALUOHHBI PEeXUM PaOOTHI); BO3MOXKHOCTH MaJloOWl HEPreTUKM HAYMHAIOT OoJiee aKTHBHO
UCIIONIB30BAaThCS JJIi  PELIEHUS 33Jaud JHEProcHaOKEHUs pPaloHOB, yAaNEHHBIX OT CceTel
LEHTPAIM30BAaHHON 3HEPrOCUCTEMBI.

[lo nanHBIM POCCHICKOro 3HEpreTM4ecKOro areHTCTBAa MPUPOCT TEHEPUPYIOUIEH MOIIHOCTH
norpedureneit B 2010-2012 rr. cocraBun 36 % OT mpupoCcTa MOIIHOCTH TPATUIIMOHHON SHEPTETHUKU
[1]; B 2014 r. monst BEIPAOOTKHU DJICKTPOIHEPTUH SJICKTPOCTAHIMSIMHU MPOMBIIUICHHBIX TPEAPUSTHIA
cocraBuia 5,5% B o0mieM 00bEMe MPOU3BOACTBA AIIEKTPOIHEPTrUU [2]; HAOIIOMAaETCS 3HAYUTEIbHBIN
pPOCT umncia 3asBOK HAa TEXHOJOTMYECKOE MPUCOEAMHEHHE K AIEKTPUUYECKUM CETSAM T€HEPUPYIOIIMX
ycraHoBoK morpebutencit [3, 4]. I[lomoxutenpHas TEHACHIUS K JalbHEHIIEMY YBEJIUYCHUIO
KOJIMYECTBA MaJIbIX PACMpeaeaEHHbIX AIEKTPOCTaHLUMI B 3HEprocuctemMe Poccun nojkpemnieHa psaoMm
OOBEKTUBHBIX MPEANOCHIIOK, COPMHUPOBABIINXCS HA COBPEMEHHOM 3Tare Pa3BUTHs SHEPreTHKH [5-
7]: pactyumii mAeUIMT TEHEPUPYIOIIMX M CETEBBIX MOIIHOCTEH Ha (OHE BBICOKOTO H3HOCA
000pYyIOBaHUSI PHEPrOCUCTEMBI, OTPAaHMYCHHOCTh WHBECTHLIMH, BBIICISEMBIX Ha PEKOHCTPYKIUIO
CYIIECTBYIOIINX OOBEKTOB SHEPreTUKHA M OCYIIECTBICHHE HOBOTO CTPOUTENHCTBA; HEOOXOIMMOCTh
obecrieueHUs SHEPrueil pailoHOB, yAANEHHBIX OT PA3BUTON CETEBON WHEOPACTPYKTYPhI, CHUKCHHUE
¢ dexTuBHOCTH (DYHKIMOHUPOBAHUS HHEPTrOCUCTEMBI. B  CIOXUBIIMXCA YCIOBUSAX Haumbosee
NIEPCIIEKTUBHBIM CIIEHAPUEM pa3BUTHUA DHeprocucteMel Poccum mpencraBiseTcss NEpexon OT
IPEUMYIIECTBEHHO LIEHTPAJIM30BAaHHOM HHEPreTUKM K COBOKYIHOCTH LIEHTPAJIM30BaHHOM U
pacnpenenéunoii [7-11].

Cepbé3Hble U3MEHEHUST B  HHEPrOCUCTEME, CBSI3aHHBIE C  PAa3BUTUEM  [PUHLUIIOB
JICIIEHTPAIM30BaHHOIO TIPOM3BOJICTBA JHEPTUH, TPEOYIOT pEIIeHUs LEJNOr0 KOMIUIEKCA Hay4dHO-
UCCIIEIOBATEIbCKUX 3a/1a4; CPeAM STHX 3aJad OAHON M3 Hamboyiee BaXKHBIX SBISETCS MOCTPOCHUE
peneiinoii 3ammthl (P3) Kak cuCTeMbl, TPU3BAaHHON MPEIOTBpAIlaTh Pa3BUTHE ¥ MHUHUMU3UPOBATH
MIOCJIEJICTBHSI ABAPUMHBIX PEKUMOB B DHEPrOCUCTEME, B TOM YHCIE B YCIOBUSAX IOSBICHUS B HEH
HOBBIX 3JIEMEHTOB. JTa HEOOXOAMMOCTh OTMEYAETCS PSIOM CIEIHATUCTOB, OTPAKEHA B KOHIEMITHIX

pa3BHUTHUS KPYIHBIX SHeprokommnanuii [12-15].
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[TonkitoueHue IEKTPOCTAaHUUN K pacpeleIMTEIbHON CETH MPUBOAUT K U3MEHEHUIO OCHOBHBIX
XapaKTePUCTHK YHEPrOCUCTEMBI, HA OCHOBE KOTOPHIX ObljIa ChOpMUpPOBaHA OOIIETPUHATAS KOHIICTIIIHS
noctpoeHuss P3. Ha ypoBHe pacnpenenuTenbHOM CETH CTaHOBUTCS BO3MOXXHBIM MHOTOCTOPOHHEE
IUTAaHUE MECTa IOBPEKICHUS, MOSABIAIOTCS HOBBIE, paHEE HEXAapaKTEPHbIE BUABI BO3MYIICHHUH U
aBapuif, MU3MEHSIOTCS XapaKTEPUCTUKU 3JIEKTPOMArHUTHBIX U D3JIEKTPOMEXAHMYECKUX MEPEXOIHBIX
nporeccoB. [Ipobnema moctpoenus P3 cymecTBeHHBIM 00pa3oM pacIIMpsETCs M YCIOKHISTCS; U TIPH
KOMILJIEKCHOM TOJXO0/I€ BKJIIOUAET PEIICHUE JABYX I'PYyII 3a]a4:

— CBsI3aHHBIX ¢ oOecreyeHreM TpeOyeMOoro TEeXHHYECKOro CoBepiieHCTBa P3 amekTpuueckux
ceTel, mpuJIerarluX K Touke npucoequHenus JCMM;

— CBSI3aHHBIX C CO3[AHUEM pelieiHOM 3amuThl 1 aBToMaTuku (P3A), ycTaHaBInBacMoii B TOUKE
npucoeauHeHnss DCMM K 31eKTpUYECKOH CETH.

OcHOBHBIEC NPUHLUIBI TOCTpoeHUsT P3 pacnpenenuTenbHbIX ceTeil ObLTH 3a710KEeHbI B paboTax
S.C. Tenvdanna, B.A. Aunpeesa, M.JI. 'onybeBa, M.A. Illabana u pspa apyrux asropos [16-19].
PazButuio P3 pacnpenenuTenbHBIX ceTel MOCBSIMIEHBI padoThl HoBOYepKacCKOW IMIKOJBI peleiHOM
sammthl (B.M. Harait u np.) [20], HampaBieHHBIE Ha PaCIIMPEHHE BO3MOXKHOCTEH paclo3HaBaHHS
CJIO’KHBIX aBapUIHBIX CUTYAIlMi U pelIeHHe 3a/1a4 JaJIbHETO pe3epPBUPOBAHUS; PaOOTHI, BBINIOJIHEHHBIE
B VIBaHOBCKOM TOCy/IapCTBEHHOM SHEPreTHUECKOM YHHUBEpCUTETE moj pykoBojacTBoM B.A. Illynna —
10 COBEPIIIEHCTBOBAHUIO 3aIUT OT OAHO(A3HBIX 3aMbIKaHHK Ha 3emitio [21].

OnbIT COBETCKOr0 BpeMeHH 1o noctpoeHuto P3 npu BHenpennu MuHu-TOL] otpaxkén B paborax
M.A. lllabana [22-24]; peneliHoii 3alIUTe ¥ aBTOMATUKE CUCTEM 3JICKTPOCHA0KEHUS IPOMBIIILICHHBIX
NPEANPUATHA C MaJIbIMU  DJICKTPOCTAHIMSIMUA TOCBAIIeHbl paboThl  A.B. bensesa [25, 26].
TexHuyeckue acreKThl BHEAPEHUS MAJIbIX AJEKTPOCTAHIMN, BOIMPOCHI CO3IaHUSI POTHUBOABAPUITHOMN
ABTOMATUKH Ha YPOBHE pAaCIpeNeIUTENbHON CeTH OTpaXeHbl B TUCCEPTAIMOHHON paboTe u
nyonmukanusax [1.B. Wnrommuaa [27, 28]. CucremHble BONPOCH], CBS3aHHBIE C CO3JaHUEM B
HHEPrOCUCTEMAX MaJIbIX pACHpPEAEIEHHBIX JJIEKTPOCTaHIMM, paccmarpuBarorcss H.M. Boponaew,
I1.M. EpoxunsiM, FO.H. KydepoBeim, A.I". ®urrossim [29-32].

Tem He MeHee, Ha JaHHBIH MOMEHT BpEMEHH IMpopaboTKa BOMPOCOB mocTpoeHus P3
HHEPrOoCUCTEM B YCIOBMSIX BHeIpeHMs] B HUX DCMM npencrasisercs HEIOCTATOUHOM; OTCYTCTBYET
TeopeTndeckas 0aza Jjs NpUHATHS OOOCHOBAHHBIX peIIeHHH B 4YacTh P3 Kak mpu MOAKIIIOYCHHUH
MaJblX AMEKTPOCTAHLMM K HSHEPrOCUCTEME, TaK M HA 3Tale IUIAHWPOBAHUS JAJIbHEHIIETO Pa3BUTHS

MaJIOM pacrpenenéHHon sHepreTuku B Poccun.

Ieabio padoThl SABISETCS COBEPIICHCTBOBAHUE CUCTEMBI PEJICHHON 3alllUThl, HAIIPaBJICHHOE Ha

obecrieuenrne 3pdexTuBHOCTH €€ (PYHKIIMOHUPOBAHUS B YCIOBUSX TOIKIIOYCHHS K CETH MAaJIbIX
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pacnpenen€HHbIX AIEKTPOCTaHIMM. [ JOCTMKEHHS YKa3aHHOM €M TMOCTAaBJIEHbI M PEIICHBI
CJIEIYIOIINE OCHOBHBIE 3a/1a4H:

1. Ananusz npoGuemsl noctpoeHus P3 pacrpelnenuTeNbHbIX 3JIEKTPUUECKUX CeTe ¢ MajbIMU
pacnpenenEHHBIMU 3JEKTPOCTaHIIMSIMH.

2. Ounenka s¢pdexTuBHOCTH (YHKIIMOHHPOBAHMS CyHIeCTBYIOMEeH P3 anekTpudeckoid cetw,
npuiexanien K Touke npucoeguaennss SCMM.

3. PazpaboTka cnocoOOB MOBBIIMIEHUS! TEXHUYECKOTO COBEpIIEHCTBAa P3 aneKkTpuueckoi certy,
npuiexkaiien K Touke npucoenuuenuss JCMM.

4. Pazpaborka mnpuHUMIIOB mnocTpoeHus P3A, ycraHaBauBaeMoil B TOUYKE NPUCOEAUHEHUS
OCMM.

5. CoBepIlIeHCTBOBaHUE MPUHIUIIOB IOCTPOEHUS JACTUTEIbHON aBTOMAaTHKH, YCTaHABIUBAECMOM
B Touke npucoeaunenus JCMM.

O0bekT W mpeamMer wucciaeqoBaHuii. OOBEKTOM HCCIICAOBAHUS SBISIOTCS DJIEKTPHUUECKUE
pacrpeneNuTeNIbHbIe CeTH C 3JICKTPOCTAHIMSAMH MAallOW MOIIHOCTH (ra30TypOHHHBIC YCTaHOBKH,
ra30IOpIIHEBbIE 3JEKTPOCTAHIIMU, AU3EIbHbIE AJIEKTPOCTAHLIUN Ha 0a3e CHHXPOHHBIX I€HEpaTOpOB
MortHocThio 10 30 MBT, noakimoyaeMbie K CeTH «HampsiMyto»). [IpeamMer mcciienoBaHuii — cuctema
penelHON 3alMThl BJIEKTPUYECKUX paclpeAeUTENbHbIX CEeTed C 3JIEKTPOCTAaHIUSAMHU Mayloi
MOIIIHOCTH.

Mertoabl wucciaenoBanui. /g pemieHWs IOCTaBICHHBIX 3a4a4 INPUMEHSUIMNCh  METOIbI
CUCTEMHOI'O aHaJln3a, TEOPETHUYECKOM DJIEKTPOTEXHUKH, TEOPETHUECKUX OCHOB PEJICHHOM 3allluTHl,
MaTEMaTHYECKOTO MOJEIMPOBAHUS AJIEKTPOMATHUTHBIX M DJIEKTPOMEXAHUYECKUX MEPEXOIHBIX
npoueccoB. [lpu  BbIONIHEHMU PpabOThl HCMONB30BAIUCH JIMIIEH3MOHHBIE IPOrPaMMHBIE U
IIPOrPaMMHO-AINIAPATHBIE  MHCTPYMEHTBI:  IIPOIPaMMHO-BBIYMCIUTEIBHBIM ~ KOMILIEKC — pacdéra
JJIEKTPOMATHUTHBIX M DJICKTPOMEXaHMUYECKHX mepexoansix mpoieccoB PSCAD (Manitoba HVDC
Research Centre, Kanana), uugpoBble MOICIUPYIONIHE KOMIUIEKCH peaibHOro BpeMeHun RTDS
(RTDS Technologies Inc., Kanaga) u eMEGAsim (OPAL-RT Technologies, Kanana).

Hayuynasi HoBU3HA pa0doOThI:

1. Pesynbrarel aHanu3a mnpoOieM moctpoeHuss u 3¢ddexkTuBHOCTH (yHKIMOHMpoBaHUsA P3
ANEKTPUUECKON CeTH, Mpuiexailen K Touke npucoeannernuss SCMM.

2. TpeboBanus k ObIcTpoIciicTBUIO P3, onpeensieMbie YCIOBUSIMH YCTOWIHMBOCTH TCHEPATOPOB
OCMM.

3. Cnoco06 mpogonsHO# nuddepeHanbHOil TOKOBOM 3allMTHl JIMHUW AJIEKTPONepeayy,
OCHOBAHHBIM Ha HCHOJB30BAHUU KOMIUIEKTA 3aIIUTHI, YCTAHABIMBAEMOTO C OAHOTO KOHIA JMHWUHU, U

KOHTPOJIUPYIOIIETO TOKU CBOETO U yIaI€HHOIO KOHIIOB.
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4. TIpuHIMN BBITOIHEHUS TUCTAHIIMOHHOM 3alTUTHI IMHUHU 3JIEKTPOIIEPEadH C IBYXCTOPOHHUM
NUTaHUEM, MpeAyCMaTpUBAIOIINNA alallTUBHOE W3MEHEHHE MapaMeTpoB cpaldaThIBaHHS HA OCHOBE
YAQJIEHHBIX U3MEPEHUI TapaMeTPOB JI0aBapUHHOTO PeKUMa B y3i1ax npucoenuuenuss JCMM.

5. Tlomxonmpl K yHpaBICHUIO MAaJIbIMU PACHpEACIEHHBIMU 3JIEKTPOCTAHLIUAMH B aBapUITHBIX
pexuMax, HampaBJICHHBIC Ha ONTUMU3AIMI0 TpeboBanuii k P3 pacnpenenurensHbix cereir ¢ DCMM;
MPUHLMIIBI TOCTpoeHus koMiuiekca P3A B Touke npucoenunenuss SCMM.

6. [lpuHIMI TOCTPOEHUS W aIrOpUTM (PYHKIIMOHUPOBAHUS JEIUTEIHHOW aBTOMATHKH,
OCHOBAHHBIM Ha KOHTPOJIE B3aUMHBIX COOTHOUICHUN HANpPsDKEHHS, 3HAYCHUS U HaIpaBJICHHS

PEaKTUBHOI MOITHOCTH B TOUKe npucoeannenus JCMM.

IIpakTHYeckasi 3HAYUMOCTH PadOTHI:

1. TpeboBanus k P3 pacnpenenurensheix ceteit ¢ OCMM M pekoMEeHIallMM IO COCTaBy
¢yHKUMA 3amuT, Oaszupyloulecs Ha TNPEAJIOKEHHBIX MOAXO0AAaX K YIPAaBICHHIO MaJbIMU
pacmpenen€HHBIMUA  SJICKTPOCTAHIMSIMA B aBAPUIHBIX PEXHMMaxX, MO3BOJSIOMINE pa3padaThIBaTh
TEXHUYECKHE PELICHHS TTO TOCTPOeHUIO P3 anekTpuueckux ceteil mpu noakaoueHnu K Hum OCMM.

2. PexoMmeHJanuu 1o BbIOOPY PACUETHBIX CXEMHO-PEKUMHBIX YCIOBHUN NMPH MPOEKTHUPOBAHUU
TOKOBBIX 3aIIUT JeKTpuueckux cereit ¢ ICMM oT Mex 1y pa3HbIX KOPOTKUX 3aMBbIKAHUH.

3. PexomeHnanuu 1Mo BBIOIHEHHUIO OpraHa HAINPABIICHHSI MOIIHOCTH B COCTaBE HAIPABICHHOMN
MaKCUMaJbHOM  TOKOBOW  3alllUThl,  MO3BOJISIIOIIME  OOECHEYUTh €€  CEJIEKTUBHOCTh B
pacnpenenuTesbHbx ceTsix ¢ JCMM.

4. CTpyKTypHBIE CXeMbl HponoJbHOW auddepeHInanbHOM W AUCTAHLIMOHHOM — 3alluT,
OCHOBaHHBIX Ha HCIIOJIb30BAHNUHU YAAJIEHHBIX U3MEPEHUI TapaMeTpOB peXuMa, peaHa3HauE€HHbIE 1S
COBEPILIEHCTBOBAHUS (PYHKITIT MUKPOITPOIIECCOPHBIX YCTPOMCTB 3aIIHTHI.

5. CrpykTypHas cXxeMa M QIrOpUTM JEIUTEIbHOM aBTOMAaTMKM IO  HaNpsKEHUIO,
NpeHa3HAaYeHHOM JUIsl UCIOJIb30BaHus B Touke npucoeanHeHuss DCMM, u no3possitoniei n3oexarh

W3JIMIIHUX OTKJIFOYEHHUM CTAHLWM DU aBAPUNMHBIX CHUKCHUSIX HAIIPSKEHUS BO BHEIIHEH CETH.

OcHoOBHBIE M0J10KeHHs, BBIHOCUMbIE HA 3aLIUTY:

1. Pesynprarel ananmuza sddexTuBHOCTH (PYHKIIMOHUpOBaHMS P3 31IeKTpuyecKod ceTw,
npuiIexallel K Touke npucoenuuenuss JCMM.

2. PexoMeHJanuu 1o BBIOJIHEHUIO OpraHa HAIMPaBJICHUS MOIIHOCTH B COCTaBE HAIPABICHHOMN
MaKCHMaJIbHOW TOKOBOM 3alIUTHI pacipeneauTenbHoit cetu ¢ OCMM.

3. TlpuHIMMBI TOCTPOCHHUS W CTPYKTYpPHBIE CXEMBI TPOJOJIbHOW muddepeHnnantbHon U
JTUCTAHIIMOHHOMW 3aIIUT, UCTIONB3YIOIIUX YAANEHHBIC U3MEPEHHS TapaMETPOB PEKUMA.

4. Tlogxompl K YNPaBICHHIO MAJBIMU paCIpEAeNEHHBIMA JJIEKTPOCTAHIIUSMU B aBapUUHBIX

peXuMax, MPUHIIMITBI TOCTpoeHus komruiekca P3A B Touke npucoeaunenuss DCMM.
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5. TpeboBanuss k P3 pacnpenenurensHoir cetu ¢ OCMM u pexkoMeHIaluu IO COCTaBy
(GYHKIHA 3aIuT.
6. IIpuHIUI TOCTPOCHMS W AITOPUTM (YHKIHMOHHPOBAHMS JEIUTEIBHOW aBTOMATHKH IO

HaIpsHKEHUIO.

JIoCTOBEpHOCTh W O0OCHOBAHHOCTH  Pe3yJbTaTOB  O0CCICUMBACTCS  KOPPEKTHBIM
UCIIOJI30BAHUEM MAaTEMAaTHYECKOIrO armapara; KadyeCTBCHHBIM COOTBETCTBHEM aHAIMTHYECKHX
pacCyIeHHUI U MOJYYCHHBIX MyTEM MOJCIUPOBAHUS PE3yJIbTATOB; MPUMEHEHUEM anpOOHPOBAHHBIX
BEAYIIMMH  HAyYHO-UCCIICAOBATCILCKUMH  OPraHM3alUsAMH U SHEPrOKOMIIAHMSIMHU  MHpa
moaenupyiomux komiuiekcoe (PSCAD, RTDS, eMEGASIM); a Takke 00CYXICHHEM OCHOBHBIX
pe3yJIbTaTOB C OTEYECTBCHHBIMM W 3apyOCKHBIMH CIEHHAINCTAMH B paMKaxX KOH(PEpPCHIHH |

,I[I/ICKYCCI/Iﬁ oo OHY6HI/IKOBaHHHM CTaTbAM.

Peanu3zauus u BHeApeHHe Pe3yJbTATOB Pad0ThI

Pe3ynbTaThl BHIOJIHEHHBIX HCCIEIOBAHUI U Pa3pabOTOK MCIIOJIB30BaHbl B pab0OTe TOAKOMUTETA
C6 Poccwuiickoro HarmonansHoro komutera (PHK) CUI'PD «Cucrtembl pacrnpeneicHus SHEPIHHA U
pacripenesi€éHHas TeHepanus» MpHu pa3paboTKe KOHIICTITYadbHBIX BOMPOCOB CO3/aHUs cucteM P3A
00BEKTOB MaJIOW TeHepalny; B estenbHocTH paboyeit rpynmbl B5.43 «Coordination of Protection and
Automation for Future Networks» MexayHnapoaHoro coBeta o 6osbinm saeprocuctemMam CIGRE (B
cocrtaBe oTuéta Ne 629 co cCCBUIKOW Ha Marepuaibl OJHOW H3 pabOT aBTOpa); B HAydHO-
HCCJICIOBATEIbCKUX M OMBITHO-KOHCTPYKTOPCKUX padorax, BbmoiHAeMbIx B OAO «BHUMP»:
«TexHomorn4eckoe npucoenuHeHne DHeproomoka «Ileproii ouepeau Komruiekca mo moaroToBkKe U
nepepaboTke HeTH U ra3a MPOU3BOJUTEIBHOCTBIO 1 MITH. TOHH chipoii Hed T B roa» ([Tnomanka 1) k
anekTpuueckuM ceTsiMm OAO «MPCK Cesepo-3amana «Komusnepro» (mo 3akazy OOO «Enuceii»),
«Pacuer pexumoB paboTsl cereit 6-35 kB misa mHyxax OAO «MODCK» (mo 3akazy OAO «MODCK»),
«Texnonoruueckoe npucoenunenue ['TOC «'oponerkas» OO0 «PocMHUKC» K 3JEKTPUUECKUM CETAM
OAO «<MODCK» (mo 3akazy OO0 «llenrpUmxdueprollpoekr») (IIpunoxenue A).

Hayunple pe3ynbTaThl W TOJOKEHHUS IHCCEPTAMOHHOW pabOTHl MCHONB3YIOTCS B y4eOHOM
nponecce B UyBalickoM rocygapcTBeHHOM yHuBepcutere uMenu WM.H. YibsiHOBa mpu moarotoBke
maructpoB  (HampaBienue 13.04.02 — DrekTpodHepreTMka M DJICKTPOTEXHHKA, IMPOrpamma
«ABTOMaTHMKa O»Heprocucrem») u OakanaBpoB (Hanpasienwe 13.03.02 - DnexTposHepreTnka u
NIEKTPOTEXHHKA, MPOPuib «PeneitHas 3ammTa 1 aBTOMaTH3AIHSL JICKTPOIHEPIETUICCKUX CUCTEM») B
JCKIIMOHHBIX KypcaX, Ha JIaDOpPAaTOPHBIX 3aHATHUSX, a TAKKe MPU HAyYHOM DPYKOBOJICTBE pabOTOU

CTYACHTOB.

JInunblii BKJIag aBTopa. OCHOBHbBIE 33J]a4l IUCCEPTALMOHHOTO MCCIEAOBAHUS MMOCTABICHBI U

PCLICHBI COMCKATECIEM CaMOCTOATCIILHO.



10

1. BeimonHeH aHanmu3 1npoOieMbl IOCTPOEHMSI PEIEHHOM 3allluThl  pacHpeeUTEIbHbIX
INEKTPUYECKUX CETEN C MAIBIMU PACIIPEACIEHHBIMU MIEKTPOCTAHIASAMH.

2. Jlana oueHka >(QQGEKTUBHOCTH (PYHKLMOHHUPOBAHMS CYLIECTBYIOIIEH peIeiHON 3aIinThl
pacIpeneIUTENbHbIX CETEH MIPU MOAKIIOYEHUN K HUM 3JIEKTPOCTAHLIMM MaJIOX MOILHOCTH.

3. IlpennokeH MPUHIHUI BBHIOJHEHUS M CTPYKTYpHas CXeMa TUCTAHIIMOHHOW 3alllUThl JTMHHUU
JNEKTPONEPEaUt C ABYXCTOPOHHUM ITUTAHUEM.

4. UccnenoBaHo (YHKIMOHMPOBAHHUE W JaHbl PEKOMEHJAIMM 110 BBHINOJIHEHUIO OpraHa
HaIIPaBJICHUS MOIIHOCTH B COCTaBE HAIIPABICHHON MaKCUMaJIbHONW TOKOBOM 3aIllUTHI.

5.BBeneHbl B pacCMOTpeHME MOAXOABI K YIPABIEHUIO MAalbIMU  pPaclpeaeIeHHbIMU
JNEKTPOCTAHIUAMMY B aBAPUIHBIX PEKUMaX.

6. Pazpaboransl  TpeOoBaHMS K  pelelHOM  3amuTe  paclpelesUTeNIbHBIX  CeTed ¢
AIIEKTPOCTAHLUSAMH MaJOH MOIIHOCTU ¥ PEKOMEHAALMH 110 COCTAaBY M Pa3MEIICHHUIO (PYHKITUH 3aluT.

7. IlpeuiosKeHbl IPUHIIMITBI TOCTPOCHUSI KOMILICKCA peeHOM 3amuThl u aBTomatuku (P3A) B
TOYKE NMPUCOCTUHEHMS IJICKTPOCTAHIIMA MAJIOW MOIIIHOCTH.

8. Pa3zpaboTaHbl MPUHLUI HNOCTPOCHUS, AITOPUTM (PYHKLHMOHHUPOBAHMUS U CTPYKTypHas cxema
JIEIUTEIIBHONW aBTOMATHUKH 110 HAIIPSKEHUIO.

ABTOpOM pa3pa0oTaHbl U peaJn30BaHbl Ha 0a3e LUQPOBBIX MOJEIMPYIOMIMX KOMIUIEKCOB
MAaTEMaTUYECKAE MOJENHM JJIEKTPUYECKUX CETEM ¢ DIEKTPOCTAaHUUSAMU MaJOM  MOIIHOCTH,
UCIIOJIb3YEMbIE TIPU PEIICHUH 3a/1a4 JUCCEPTALlMOHHON PabOTHI.

B cocTtaBe KoIeKTHBa aBTOPOB: MPEJIOKEH CIIOcO0 MpoaosibHON AuddepeHnanbHOM 3auThl
JIMHUU 3JIEKTPOIIEPENAYN, OCHOBAHHBIA HA MCIIOJIB30BAaHUU KOMILIEKTA 3alUThI, YCTaHABIUBAEMOIO C
OJIHOIO KOHIA 3aIIMINAEMOM JIMHUM, JaHbl PEKOMEHIALMU II0 IPOCKTUPOBAHUID TOKOBBIX 3aIUT

BJIEKTPUYECKUX CETEH C JIEKTPOCTAHLIMSIMU MAJIOW MOIIHOCTH.

CooTBercTBHE macnmopty cnenuajgbHocTH. Coomeemcmeue Ouccepmayuu  opmyne
cneyuanipbHocmu’. B cooTBeTcTBUU ¢ (hopmyoit cnenuanbHocTh 05.14.02 — «DnekTpudeckue CTaHuu
U DJICKTPOIHEPTCTHUSCKUE CHCTEMBI» B JTUCCEPTAIMOHHON pabOTe IENbI0 HCCIICIOBAHUS SIBIISCTCS
COBEPIIICHCTBOBAaHUE TECOPETUUYECKON M TEXHMUECKOU 0a3bl OJTHOM M3 00JIacTel AJIEKTPOIHEPTETHKHU C
HEeNbI0 O0ECHeueHusT HaJeKHOTO MPOU3BOJCTBA, TPAHCHOPTHUPOBKU M CHAOXKEHHUS MOTpeOuTenen
IIEKTPUYECKON SHEPrUEH.

Coomeemcmeue oOuccepmayuu o0b6aacmu  UCCIE008AHUSL  CNEYUATbHOCUY. OTPaXKCHHBIC B
JUCCepTaIlii Hay4YHBIC TIOJIOKEHHUSI COOTBETCTBYIOT 00JacTH uccieaopanus cneruanbHoctu 05.14.02,
a IMEHHO:

—K 1.6 «Pa3paboTka METOIOB MaTeMaTHYecKOro U (IU3UYECKOTO MOJCIMPOBAHUS B
DIIEKTPOIHEPTETHKE» OTHOCATCS  pa3paboTaHHBIE aBTOPOM Ha 0a3e  CHelHaIM3HpPOBAHHBIX

IPOrPaMMHBIX U TMPOTPaMHO-aNNapaTHBIX KOMIUIEKCOB MOJEIH JJIEKTPUYECKHX CETed € MaJibIMU
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pacrpefei€HHBIMUA  JIEKTPUYECKUMH  CTAHLMSIMHU, PE3YyJbTaThl HMCCIICIOBAHUM  DJIEKTPHUUECKUX
PEKUMOB TaKHX CETEH, BBITIOJHEHHBIX C UCIIOIh30BAaHUEM Pa3pabOTaHHBIX MOJICIICH.

—k m. 9 «Pa3paboTka METOJOB aHaiM3a U CHHTE3a CHCTEM aBTOMATHYECKOTO PETyIHPOBAHMS,
IIPOTUBOABAPUMHON aBTOMATUKHU U PEJIECHHOMN 3alUThl B DJIEKTPOIHEPTETUKE» OTHOCATCS PE3YJIbTAThI
aHanmm3a mpoOsieM moctpoeHuss u 3pdekTuBHOCTH (PyHKIMOHHMpOBaHUS P3 siekTpuueckoil certw,
npwiekanied K Touke mnpucoeawHeHuss OCMM; TpebGoBanus Kk  OwbicTpoxaeiicTBuio  P3
pacmpeeNUTEeNbHBIX CeTel; crmocod MmpoaonpHoi auddepeHInanTbHO TOKOBOW 3aIUThl JTHHHUH
AJIEKTPOIEpeauy; TMPUHUUIT BBIMOJHEHUS JAMCTAHIIMOHHOW 3alIUThl JIMHUM 3JIEKTpOIepeauH;
PEKOMEHJIAalluM TIO BBHITIOJIHEHUIO OpraHa HamNpaBJICHUs] MOIIHOCTH, HCIOJIB3YEMOTO0 B COCTaBe
HaINpaBJICHHON MaKCUMAJIbHOW TOKOBOW 3alUThI; MPUHIIMIBI MOCTPOCHUST KomIuiekca P3A B Touke
npucoeannenus ICMM; pekoMeHIaluKu MO COCTaBy (PyHKUIMN 3aIIUT paclpeleluTeIbHbIX CeTel ¢

OCMM; npuHIMN OCTPOEHUS IE€IUTEIbHON aBTOMATHKH 110 HAIIPSKEHUIO.

AnpoOanusi padorbl. OCHOBHbIE Hay4HbIE IIOJIOKEHHMSI U PE3yJbTaThl JOKIAAbIBAIUCH U
o0Cy/aluch Ha MEXAYHApOIHBIX M BcepoccHicKuX KoH(pepeHuusx: CoBpeMEHHbIE HalpaBJICHUS
pa3sBUTHUS CUCTEM pEJIEHHOM 3aIlUThl U aBTOMATUKU SHEProcucreM, 3-1 MexIyHapoaHas HaydHO-
texuuueckas kKoHpepenuus (Cankr-IlerepOypr, 2011r.); Peneiinas 3ammra ¥ aBTOMAaTHKa
sreprocucteM — 2012, XXI koudepenrms (Mocksa, 29-31 mas 2012 r.); PEJJABDKCIIO-2013 -
penieiiHas 3aliMTa M aBTOMAaTHU3alMsl 3JIeKTpodHepreTuueckux cucreM Poccum, || MexnyHaponHas
Hay4YHO-TIpaKTHUeCKas KoHdepeHius u BoictaBka (Uebokcapsl, 23-26 anpens 2013 r.); CoBpeMeHHbBIE
HalpaBJICHUS Pa3BUTHUS CUCTEM pesIeHHOM 3aIlUThl M1 aBTOMATUKHU 3HEeprocucreMm, 4-1 MexxayHapoiHas
Hay4HO-TexHn4eckass kKoHdepeHnuus (ExatepunOypr, 2013 r1.); PeneitHas 3ammra ¥ aBTOMaruka
sneprocucteM — 2014, XXII Mexnynaponnas kongpepenuusi (MockBa, 27-29 wmas 2014 r.);
CoBpeMeHHbIC HalpaBJICHUs Pa3BUTUS CUCTEM PEJICHHOM 3alllUThl U aBTOMATUKU YHEPrOCUCTEM, O-5
MexayHapoaHas Hay4HO-TexHHueckas koHpepenims (Coun, 2015 r.); DnekTposHepreTuka riazamu

monoaexu — 2015, VI MexnyHnaponHas Hay4HO-TexHHYecKas KoH(pepeHuus (MBaHoBo, 9-13 HOs0ps

2015.).

Iyoankamuu. [To mMaTepuanam AucCepTaIMOHHBIX MCCIIENOBaHUN omyOnrKoBaHo 20 Hay4dHBIX
paboT, B TOM 4ucye 5 cTareil B pelieH3upyEeMbIX HAYYHBIX JKypHalaX, BXoaauux B nepeueHs BAK P®;

2 cTaThy B M3aHusX, nHIekcupyeMmbix B SCOPUS; 1 nateHT Ha nuzoOpereHue.

CTpyktypa u o0bem auccepramum. Jluccepramuss COCTOMT W3 BBEICHHS, IIATH TJIaB,
3aKJTFOYCHUS, CIIUCKA JUTEpaTyphl W3 156 HauMeHOBaHUs, YETHIPEX MPUIIOKEeHUH, 68 pucynkos, 14
tabmuu. OO6mwmii o6bem pabotbl B 186 crp. BkiIouaeT: TekcT aucceprauuu — 131 crp., cmmcok

auteparypsl — 14 cTp. u npunoxenus — 35 cTp.
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B nmepBoii rjaBe paccMaTpUBAIOTCS OCHOBHBIC XapaKTEPHUCTUKA OOBEKTa  3aIUTHI —
JIEKTPOIHEPTETUYECKON CHCTEMBI C MaJbIMU DPACHPEACIEHHBIMU AJIEKTPUUECKUMH CTAHIUSMHU.
AHaIM3UPYIOTCS U3MEHEHUS PEKUMOB PACIIPECIUTENbHBIX CeTel, BbI3BaHHbIe BHeApeHneM DCMM.
[IpuBoauTcs kiaccudukanus pactpeAeTUTEIbHBIX CeTeH, pacCMaTPUBAIOTCS THUIBI MPUMEHSEMBIX B
HUX 3alluT ¥ BiugHue Ha HUX DCMM. [IpuBonutcs aHaiu3 3apy0eKHOTO U OTE€UECTBEHHOTO OIbITA
peleHus 3a1a4 peseiiHoN 3aluThl IpU MOAKIIOUEHUH K PACIIPEACIIUTENBbHBIM CETAM AJIEKTPOCTAHLUH.
CraButca 3amaya ¥ oOoO3HauaeTcs O0JACTh JAUCCEPTALlMOHHOTO HCCIIEAOBAHMs, MOAYEPKUBAETCS
HEOOXOJMMOCTh KOMIUIEKCHOTO TEOPETHYECKH OOOCHOBAaHHOTO IMOJIXOAAa K PEIICHHIO 3aJauu
MIOCTPOEHHUSI PpENEHHON 3alUThl B HOBBIX YCIOBHSX. OOOCHOBBIBAIOTCS METOJNbl HCCIIEOBAHUM.
IIpenyaraercst Mcnosib30BaHUE METOJOB MOJEIMPOBAHUS B KadeCTBE MHCTPYMEHTA MCCIIEOBAaHUS
IPOIIECCOB B 3jeKTpuueckux cerax ¢ OCMM u anpolanuu noixydyaeMbiX B TUCCEPTALIMOHHOM paboTe
pemienuii. PaccmaTpuBaroTcsi 0COOEHHOCTH MaTEMaTHYECKOTO OMHMCAHUS MOJENeH, peaTn30BaHHBIX B
IPUMEHSEMbIX TPU BBIIOJHEHUU paOOThl MPOTPAaMMHBIX U NPOTrpaMMHO-ANMapaTHBIX KOMILIEKCaX.
Pa3zpabateiBatorcsi 000OMIEHHBIE MOJCTH DJICKTPUYECKUX CETeH ¢ MalbIMH paclpeneaéHHBIMU
3JIEKTPOCTAHLIUSAMHU; 33/1at0TCSI KOJIMUECTBEHHBIE MTapaMeTpbl 0000MIEHHBIX MOJieNei.

Bo BTOpOIi Ii1aBe OCYIIECTBISIOTCA HccienoBaHus 3(dekTuBHOCTH (yHKIMOHUpoBaHus P3
pacrpefeNuTeNTbHON CeTH, Mpuiexamed kK Touke mnpucoenunenuss DCMM. PaccmarpuBatorcs
TPaJULIMOHHO MIPUMEHSEMbIE B PACIPEAEIUTENbHOM CETH 3alUThl ¢ OTHOCUTEIBHOMN CEIEKTUBHOCTBIO
(ToKOBast M TUCTAHIIHOHHAS).

Uccnenyerca BnussHue DCMM Ha 4yBCTBUTEIBHOCTh PE3EPBHBIX CTYNEHEH MaKCHUMaJbHbBIX
TOKOBBIX M JMCTAaHIMOHHBIX 3amuT. [Ipemmaraercs moaxoa K OLEHKE YyBCTBHTEIBHOCTH 3alllUT,
MO3BOJIAIOIIMIN BBINOJHATH CONOCTABUTENIbHBIM aHAIU3 TOKOBOTO M JHUCTAaHIIMOHHOTO IPHUHLIHUIIOB B
YacTU YyBCTBUTEIBHOCTH.

AHanu3upyercsi  BO3MOXKHOCTb ~ OOECHEUEHHMs]  CEJIEKTUBHOCTH  JEHCTBHUSA  3aIIUT B
pacnpenenuTeabHON CETU C MAJIBIMU PACIPENEIEHHBIMU AIEKTPOCTAHIUAMU. AKIIEHT UCCIIEI0BaHUIN
C/IeJIaH Ha OLEHKY BO3MOYKHOCTH CO3JJaHHS CEJIEKTUBHOW M OBICTPOJCHCTBYIOIIEH 3aIIUTHI B yCIOBHAX
U3MEHEHHUS PEXUMOB pabOThI NOJKIFOUEHHBIX K CETH HCTOYHUKOB.

VYcranaBnuBaoTCs TpeOOBaHUS K OBICTPOAEHCTBHIO 3aIIUT MO YCIOBUSAM JUHAMHYECKOU
YCTOMYMBOCTU T'€HEPATOPOB MAJIbIX 3JEKTPOCTAHIUI U BBINOJIHAETCS OLIEHKA CYIIECTBYIOUIUX 3aLUT
B YaCTH COOTBETCTBHS ATHM TPEOOBAHUSIM.

PaccmarpuBaroTcss  XapakTEpUCTHKHM — DJIEKTPOMEXAaHMYECKMX MEPEeXOAHBIX IPOLECCOB B
pacrpeeIUTeNIbHONW CETH, BBI3BAaHHBIX U3MEHEHUSMHU CKOPOCTH T€HEPATOPOB MaJIbIX 3JEKTPOCTAHIIHH,
U 0000IIAIOTCS. UX OCHOBHBIE OCOOEHHOCTH, 3HAYMMBbIE Ui (POPMHUPOBAHUS TPEeOOBAaHUH K peneiiHOM

3aluTe.
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Tperbs rnaBa HanpaiieHa Ha pa3pabOTKy cIOCOOOB MOBBIIIEHHUS TEXHUUYECKOI'O COBEPILIEHCTBA
peneiHol 3amuThl ¢ y4E€TOM PEKUMHBIX OCOOEHHOCTEH, MPHUCYLIUMX pPacCHpe/leIUTEIbHbIM CETSIM C
MaJIbIMH pacrpeeEéHHbIMU SJIEKTPUUECKUMH CTAHLIMSIMHU.

CucteMaTH3UpylOTCsl  pacu€THbE YCJIOBUS Uil BblOOpa mapamMeTpoB  cpabaThIBaHUS
MaKCHMAaJIbHBIX TOKOBBIX 3aIIUT (B TOM YHCIIE C 3aBUCHMBIMU BPEMSITOKOBBIMU XapaKTCPUCTUKAMH).

Hccnenytorcss Hambosee pacrnpocTpaHEHHBIE CHOCOOBI BBIMIOJIHEHUS OpraHa OINpeJesIeHus
HanpaBaeHUsT MOIIHOCTH (Ha ocHOBe «90-rpasycHON» CXeMBbI; ¢ KOHTpOJieM (ha30BBIX COOTHONICHUI
napaMeTpoB  OOpaTHOW  TOCIIEAOBATENLHOCTH) W ONPEACISIOTCS  OCOOCHHOCTH  PEKUMOB
pacrpeieuTeNbHbIX CEeTeld C AJIEKTPOCTAHIMAMH, BIHUSIONIME Ha YCIOBUS (PYHKIMOHUPOBAHHS
HaIlpaBJIEHHBIX 3aIIUT. J[at0TCs pEKOMEHJAlMH 10 BBIMIOJHEHUIO OPTaHa HAMPABIECHNS MOLITHOCTH.

AHaMM3UPYIOTCST  BO3MOXHOCTH  HUCIOJIb30BaHUS KOMMYHMKAUMOHHBIX TEXHOJIOTMHM  JJid
MOCTPOCHHUS 3aLIUT PACIIPEICIUTEIILHON CETH, ONIPENENAeTCs] ONTUMAIBHBIN 00bEM MHPOPMALTMOHHBIX
NPU3HAKOB, HEOOXOMWMMBIX Ui mOBbIIIeHUs 3(hdexkTuBHOCTH 3amuTel. [Ipemmaraiorcs crmocoOb!
BBINIOJIHEHHUSI M CTPYKTYPHBIE CXEMBbI 3aIlUT, WCIOJIB3YIOIUX YJIaJEHHbIE MU3MEpPEHUs MapaMeTpOB
pexuma.

B 4erBéproii ryIaBe pa3pabaThIBalOTCA TPUHIMIIBI MOCTPOCHHUS PEJICHHOM  3aIlUThI
AIIEKTPUYECKOW CETH C MaJbIMU pPACIpPENEIEHHBIMU AJIEKTPUYECKUMHU CTaHUMAMU. Ompenensorcs
bynkuun  komiuiekca P3A, ycranaBmuBaemoro B y3ne npucoeaumHeHus OCMM  k  cerwm.
PaccmatpuBaroTcsi BO3MOXKHBIE MOAXOAbI K yrpaBiaeHuio DCMM B aBapHilHBIX peKUMaXx: OTKIIOUYCHUE
MaJjblX 3JIEKTPOCTAHIMH; BBIIEIECHUE MaJIbIX 3JEKTPOCTAHLIMM HAa MECTHYIO HArpys3Ky, COXpaHEHHE
napajieIbHOW PabOThl MANIBIX SJIEKTPOCTAHIIMI MEX Ty cOOO0M U C HCTOYHUKAMU BHEIIIHEH CeTH.

C yuéroMm OCOOEHHOCTEH 3JIEKTPUYECKHX DPEKUMOB pacmpeeuTeabHbIXx cereir ¢ OCMM u
MPUHATOTO MOJX0/Ia K YIIPABJICHUIO B aBAPUIHBIX PEeKUMAX 3TUMU AIEKTPOCTAHIUIMU (POPMUPYIOTCS
TpeOoBaHUS K pesieliHoi 3ammTre. B cooTBeTcTBUU ¢ pa3pabOTaHHBIMHU TPEOOBAHUSIMH OIpPEIEsIeTCS
COCTaB M pa3MelieHne 6a30BbIX (QYHKIMN peneifHoll 3amuThl. [IpumeHenne pa3paboTaHHBIX B IJIaBe
pelIeHUH MPOUJUIIOCTPUPOBAHO HA MPUMEPE NOCTPOEHUS PENIEHHON 3alllUThl U ABTOMAaTUKU CHCTEMBbI
3JIEKTPOCHAOKEHUS KOMIUIEKCa MO0 MOATOTOBKe M mepepaborke HedTr u raza OO0 «Enwuceit» mnpu
BHEJJPEHUU B HEE COOCTBEHHOM AIIEKTPOCTAHIIUH.

IIsitasi TIaBa TOCBSIIEHA COBEPLICHCTBOBAHMIO JCIHMTEIFHON 3amuThl (aBTOMATHKH) IO
HanpspbKkeHuto. PaccMarpuBaioTcss 0COOEHHOCTH IPUMEHEHUS M CYIIECTBYIOIINE CIOCOObI pealn3ainuu
JICTIUTEIBHOW ~ aBTOMATUKHM [0 HANPSOKEHWIO HAa MajiblX 3JEKTPOCTAaHUMAX. BeimonHsercs
MCCJIEI0BAHNE U3MEHEHUSI TapaMETPOB PEKUMOB MTPU CHUKEHUH HAIPSKEHUS B DJIEKTPUUYECKOU CETH
C TpPUMEHEHHEM aHAIWTHYECKUX BBIPAKEHUM M Ha 0a3e AWHAMHYECKOW MOJETH, TPH 3STOM
IPUHUMAETCS BO BHUMAHHE BIIMSHUE JBUTATEIbHOW HArpy3KH Ha XapaKTepUCTUKH mponeccoB. Ha

OCHOBC IIOJYYCHHBIX PE3YJIbTAaTOB MMPEAIaracTCsa NpUHIOUII BBIITIOJIHCHUA ,HGHI/ITCJIBHOﬁ ABTOMATUKHU I10
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HANpsHKEHUI0, OCHOBAHHBIA HA COBMECTHOM KOHTPOJIE ABYX ITapaMeTPOB — HAMPSKCHUS U PEaKTHBHOMN
MOITHOCTH. Pa3zpabaThiBacTCs alropuT™M JIETUTEIFHON aBTOMATHKH IO HANPSDKEHHIO M MPEIaraeTcs
NOJXO/J K HACTpOWKe mapameTpoB e€ cpabareiBaHusi. C TPUMEHEHHEM TEXHOJOTHH «OBICTPOTO
nporotunupoBanus» (Rapid Prototyping) paspabateiBaeTcss mnpoToTHN (ONBITHBINA —0Opasern)
ycrpoicTBa. OCyIIeCTBISIOTCS UCTIBITAHUS MPOTOTHIIA C MCIIOIB30BaHUEM ITH(PPOBON THHAMHYECKON
Mozenu aekTpudeckoir cetn ¢ DCMM; momens peanu3oBaHa Ha 0a3e MPOrpaMMHO-AIIAPaTHOTO
KoMIUIekca peanbHoro BpemeHu RTDS. J[laiorcs pexkoMenmanmuu 1o 00JacTH TPUMEHEHUs

pa3paboTaHHOTO aNTrOPUTMA.

ABTOp BBIpa)KaeT NMPU3HATEIHHOCTH JIOKTOPY TEXHHUYECKUX Hayk, mpodeccopy A.B. Bymnbrueny,
okazapmiemy Bo Bpemsi pabotel B 'OY BIIO «Bol'TY» u OAO «BHUUP» noanepxky, BIUsSHAE Ha

BbIOOp MHOI HanpaBiIeHUs HAYYHOH €A TEbHOCTH.

ABTop OnaromapeH kauj. TexH. Hayk H.A. Jlonu, kana. texd. Hayk A.B. J)KykoBy, kaHa. TEXH.
Hayk [L.B. Umommny, nokt. texH. Hayk FO.H. KyuepoBy 3a LieHHBIE NpenIoXKeHHUs MO CYLIECTBY

paboTHI.
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1 3AJAYU ITIOCTPOEHW A PEJIEHHOM 3AIIIUTHI
JEKTPOSHEPTETUYECKUX CUCTEM C MAJIBIMU PACIPEJEJEHHBIMA
AJNIEKTPUYECKUMHU CTAHIUUAMU U ITYTU UX PEHIEHUSA

1.1 XapakTepuCcTHKA 3JIEKTPO3HEPreTHYEeCKNX CHCTEM

C MaJIbIMH pacnpeneuéﬂﬂban ANEKTPUICCKUMHU CTAHIUAMHU

Marnsle pacnpenenéHHble 3JEKTPUYECKUE CTAaHIMHM MPEACTABISAIOT COOOH 3JeKTpOCTaHIIUU
MOITHOCTBIO EIMHUIIBI-IECATKH METraBaTT, MOAKIIOUYEHHBIE Ha YpPOBHE paCIpEIEIUTEIBHON CEeTH
6...110kB (B psme cayuace— 220kB) B HemocpeacTBEHHON OJM30CTH OT MOTpeOUTENEH
ANEKTPUYECKOMN SHEPTUH.

OO6o0mEHHasE  CTPYKTypa  OJHEPrOCHUCTEMBI,  COAEpXKalled  Hapsigy € KpyHHBIMH
[CHTPAJIM30BAaHHBIMA MaJlble paclpeieiCHHbIe AJIEKTPOCTAHIIMHM, TpHBeneHa Ha pucyHke 1.1.
Cuctemoo6pasyromue (330 kB u Bbime) u muraromme cetu (220, 330 kB) cetn 00beIUHSIOT Ha
napajuielibHy0o  paboTy  sHeprocucteMbl  (MOIIHBIC  3JEKTPOCTAHIMH), o0ecredmBas — HMX
(GYHKIIMOHUPOBAHHE KaK €IWHOTO OOBEKTa; BBIMONHAIOT (PYHKIHMH Mepenaddl 3JIEKTPOIHEPTHH K
IICHTpaM MHTaHus pacnpeaenuteabHbix cereit [33, 34]. C yu€ToMm BBHIMONHAEMBIX (YHKIMHA TaKue
CeTH, KaK MpaBHUJI0, MMEIOT 3aMKHYTYI0 KoHurypanuto. Pacnpenenurensusie cetu (6 — 110 (220) kB)
CO3/aBAJIUCH JJIsl TIEpeauyn AJIEKTPOIHEPTUU OT LEHTPOB MUTAHMS K MOTPEOUTENsIM; 3TH CETH, Kak
NPABUIIO, — PA30MKHYTBIE C OJHOCTOPOHHHUM IUTaHUEM (paauajibHble WM MarkCTpalbHbIC) HIIH
pabotator B pasoMkHyTOM pexume [33]. I[Iporecc 4acTUUHON IMEICHTpaTU3AIMH TCHEPHUPYHOIIUX
MOITHOCTEH YHEPrOCHCTEMBI CBSI3aH C IMOAKIIOYCHHEM K PaCHpeleUTEIbHON CeTH KaK OTICIBHBIX
DOCMM, tak u nenbix obmacreit ¢ CMM pa3iuyHOro THIA — T.H. MEKPOIHEProcucTeM (JIOKAIbHBIX
sHeprocucteM, Mukpocereit — Micro Grid). OCMM  (fokanbHbIE  JHEPrOCHCTEMBI) MOTYT
HOAKIIIOYAThCS K pacnpenenurensHoi cetn 10 (6) kB HemocpeAcTBEHHO WM Yepe3 pa3eiauTebHbIe
TpaHc(hOpPMATOPhI; WM K IIMHAM HU3IIETO HAIMPSDKEHHS TPaHC(POPMATOPOB IEHTPOB MHUTAHUS WIIH
pacmpeeuTeNIbHOM ceTH. B 3TuX yciaoBusax asnekrposHepreruueckas cucrema (99C) mpuobperaer
HOBBIE XapaKTEePHbIE OCOOCHHOCTH

— MEHSAeTCA TPAAUIMOHHBIM MEXaHHW3M «IPOM3BOJACTBO — Tiepefada — pacrpeaencHue —
noTpebIeHUe» IIEKTPOIHEPTHH: BBHIPAOOTKA DHEPTHMHM HAYMHAET OCYILIECTBIATHCS, B TOM YHUCIE U
JICIIEHTPAIM30BaHHO, B HETIOCPEACTBEHHOM OJIM30CTH OT KOHEYHBIX MOTPEeOUTENCH;

— MW3MEHSIOTCS XAapaKTEPUCTUKH dieKTpuueckux pexumoB OIJC. Ilpexne Bcero, 3T0
NPOSIBIIICTCS. HA YPOBHE PACHPEICITUTEIHHON CETH. M3MEHSIOTCS HAlpaBJICHUS IEpeaadd IOTOKOB
MOIIIHOCTH B JIMHUSX JJIEKTpONepedaud M MOHU3UTEIbHBIX TpaHC(HOpMATOpax; CETeBbIE DJIEMEHTHI

Ha4YHUHAIOT pa6OTaTB B YCJIOBUSIX MHOTOCTOPOHHEIO IIMTAHUs, U3MCHSIIOTCSI YPOBHM M PAaCHpPECACICHUC



16

TOKOB KOPOTKOT'O 3aMbIKaHMs;, MOSIBJISIETCS BO3MOYKHOCTh BO3HUKHOBEHHUS PEXKHMOB Ka4aHUH MU
ACUHXPOHHBIX PEXHUMOB,;

— 3HAYMMOCTb  paClpeleNMTENbHBIX  CeTed  CYIIECTBEHHO  M3MEHSAETCS.  MOJ00HO
LIEHTPAJIN30BaHHONH SHEPrOCHUCTEME OHM HAUYMHAIOT BBINOJIHATH HEXApPAKTEPHBbIE A HUX DaHEe
(GYHKIIMM reHEpUPOBAHMSI SHEPTUU U YIIPABJICHUS paclpeeieHUEM OTOKOB MOIIIHOCTH;

— YBEJIMYMBAETCs Pa3HOOOpa3re MPUMEHSEMbIX TEXHOJIOTUIH reHepupoBaHus (ra3oTypOMHHbBIC

¥ ra30MOPIIHEBbIC YCTAHOBKH, BETPO-, TEJIMOIHEPIeTHKA U T.]11.).

Pucynok 1.1 — O6001meénHas CTPYKTypa MEKTPOIHEPIeTUIECKON CUCTEMBI C MAJIBIMU
pacrnpeeiéHHBIMU AJIEKTPOCTAHIIMSIMU: 3€JICHBIE CTPEIKU OTPAKAIOT HAIIPABJICHUS
nepeiadyv MOTOKOB YHEPTHM 10 nojkiIodeHuss ICMM; kpacHble — IPU MOSIBICHUH

OCMM B pacnpenenuTeNnbHON CETH

OtHocutenbHo DCMM  (rpynmet  OCMM —  skBuBanentHo OCMM)  npuiexairyro
SJICKTPUYECKYIO CETh LEeNeco00pa3HO YCIOBHO pAa3feiIUTh Ha BHENIHIOW («BBIMICCTOSIIYIO») H

BHYTPEHHIOIO (KHIKeCTOSAMYI0») (prcyHoK 1.2).

Oco0eHHOCTH pa3sBUTHSI MaJIOW pacnpeneJéHHON JHepreTukH 3a pyoOexom m B Poccum.
3apyOeKHBIH ~ ONMBIT M3MEHEHUS TEHEPUPYIOIIETO CEKTOpa  AIIEKTPOIHEPIreTHUKH  CBS3aH €

NPUOPUTETHBIM PA3BUTHEM MaJlbIX PACIpPENEICHHBIX S3JICKTPOCTAaHIMA Ha 0a3e BO300OHOBISIEMBIX
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ucrounnkoB sHeprun (BUI) [11, 35-39], uto 00yciaoBIE€HO, B TOM YHCIE, U YKECTOUYAFOIIUMHUCS
IKOJIOTUYECKUMU  TpeboBaHusMU. [loakirodeHne TakuxX OJCKTPOCTAHIMA K CETH  4acTo
OCYIIECTBIISIETCSl C MCIOJIh30BAaHUEM HHBEPTOPOB M MpeoOpa3oBaTesiell 4acTOThI, OrPaHUIHBAIOIIIX

POCT TOKOB KOPOTKOTO 3aMbikanus (K3).

Pucynok 1.2 — YcinoBHOe pa3zienieHue JIEKTPHYECKON CeTH, MPUIIKAIIECH K TOUKe

npucoenquaens JCMM: OC — 5KBUBAJICHTHBIM UICTOYHUK BHEUITHEW CETH

PazButne ManbIx pacmpeleNeHHbIX JJIEeKTpOoCTaHUMiA B sHeprocucreMe Poccunm umeer
ocobennoctu [40-43]. Haubonbliee pacpocTpaHeHHE MOTYYal0T ra30TypOMHHBIC, Ta30IOPIIHEBBIE U
nu3ebHbIe 3nekTpocTanimu [41-43]. Tlpouecc pa3BUTHS B OCHOBHOM OCYIIECTBIISCTCS 3a CYET
CO3/1aHUsI COOCTBEHHBIX HCTOYHHUKOB SHEPIMHM KpPYHHBIMHM IPOMBIIUIEHHBIMU IOTPEOUTENSIMH, B
YaCTHOCTH, MPEIIPUATUSAMH He(Tera30Boi OTPACIH.

Arperatsl DCMM o001a1a10T XapakTepUCTUKAMH, OTJIMYAIONIUMH UX OT UCTOUYHUKOB KPYITHBIX
AIIEKTPOCTAHIINH, M OKa3bIBAIONIMMH BIIMSHUE HA WX TIOBEIACHHWE B CTATUYECKUX W JUHAMHUYECCKHUX
pexkumax [26, 40, 44-46]:

— Ta30TypOHMHHBIC YCTAHOBKHM CO CBOOOJHOW CHIOBOW TypOWHO# (ABYX-, TpexBajbHBIC), a
TaK)KEe YCTAaHOBKM Ha Oa3e JBHrarelieii BHYTPEHHErO cropaHusi (IU3eNbHBIX M Ta30MOPIIHEBBIX)
XapaKTepU3YIOTCS MallbIMU 3HAYCHUSIMU MEXaHHUUECKUX TOCTOSHHBIX MHEPIHU — HayuHas oT 1...2 ¢
(t.e. B 2...4 pa3a MeHbIIIe, YeM Y MApOTypPOMHHBIX arperaToB TOM K€ MOIIHOCTH);

— YCTaHOBKM C JIBUTATeISIMU BHYTPEHHErO CrOpaHUs MMEIOT OrPaHUYEHUS B YACTH
JIOITy CTUMBIX HAOPOCOB MOIIHOCTH,;

— JUIA Ta30TypOMHHBIX YCTaHOBOK CO CBOOOJHOH CHJIOBOW TypOMHOW XapakTepHO
3HAYHTEJIHHOE TOBBIMICHHE YacTOThI Ipu Gobiux (0mm3kux k 100%) cOpocax MomiHOCTH (CBS3aHO C
00bIIOH Maccoil 1 MOMEHTOM MHEPLHH KOMIIpeccopa, HaXOJSIIErocss Ha OTAEIbHOM OT CHJIOBOM
TYpOUHBI Bajly), IPUBOSIIECE K MX OTKIIOYCHUIO TEXHOJIOTMYSCKUMH 3alHTaMH;

— COBpEMEHHBIE TEHEPUPYIOUINE YCTAaHOBKM HE BCErJa YJIOBIETBOPSIOT TPEOOBAHHIM

JNCHCTBYIOIIUX B Hactosmiee Bpems [47, 48] wu neiictBoBaBmmx panee [49] crammaproB, B
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COOTBCTCTBUH C KOTOPBIMH CHHXPOHHBIC MAIIHWHBI JOJIZKHBI BBIACPKHUBATH KOPOTKHE 3aMbIKAHUA Ha
BBIBOJAX, 3TO YBCIMYMBACT PHCK HX MCXAHUYCCKUX HOBpe)K,ZleHI/Iﬁ IIpru BHCIIHUX KOPOTKHX

3aMBbIKaHUAX U B pCKUMaX HCCUHXPOHHBIX BKJIFOUCHHH.

1.2 i3meHeHMe pe;KMMOB pacnpeleTuTebHbIX ceTei

IPpH BHEAPCHUHA 3.]'IeKTpOCTaHIH/II7[ MaJI0i MOIITHOCTH

HoBble ocobennoctu, mnpuobperenHsle O3C npu BHEIPEHUH MAaJbIX pPacHpeenEéHHbIX
AJIEKTPOCTAHLIUH, O00YCIOBIMBAIOT W3MEHEHHUE €€ PEeXUMHBIX CBOWCTB; B HAauMOOJbILEH CTENEHU ITO

MPOSIBIISICTCS] HA YPOBHE pacIpeIeTUTENbHOM CEeTH.

HN3meHeHHe XapaKTEePUCTUK YCTAHOBMBIINXCS pe:KMMOB. HarnpaBineHus mOTOKOB MOIIHOCTH
B CETH H3MCHSIOTCS. CTAHOBUTCS BO3MOXKHOW Tiepejiada SHEPrHMM OT Y3JIOB MmoTpeduteneit (c
COOCTBEHHBIMU  JJICKTPOCTAHIUSAMH) B CEThb OHEPrOCHCTEMbI. BclencTBue, Kak MPaBUIIO,
HepaBHOMEpHOU 3arpy3ku DCMM HampaBieHHss W 3HAYEHHs] TOTOKOB MOIIHOCTH CTAHOBSTCS

HCIIOCTOAHHBIMH.

H3MeHeHHe XapaKTePHCTHK MEPeXO0AHbIX MPOLECCOB:

1. Usmenstorcs 3HaueHus U pacrpeneneHue TokoB K3: B HMKeCTOALIEH CETH ypOBHU TOKOB
KOPOTKOTO 3aMbIKaHUSl BO3pacTaloT; MPU ATOM COCTABIAIOLIAs TOKAa IOBPEXKIEHUS CO CTOPOHBI
BBIIIECTOSIIEH CETH BCJIEJICTBHE IOAKIIOUEHUS «IIPOMEXKYTOUYHOI0» HMCTOYHHMKA, HAIPOTHB —
yMmeHbu1aercs. IIpu KOpOTKMX 3aMbIKaHHMSIX HA CETEBBIX 3JEMEHTaX BBIMIECTOSAIICH CETH CTAHOBUTCA
BO3MOXXHBIM MHOT'OCTOPOHHEE MHUTAaHHE MECTa MOBPEXICHHA. B CBS3M ¢ 3MEeKTpHUECKON OIM30CTHIO
reHepaTopoB OCMM Kk ceTeBbIM 3J1eMEHTaM JEHCTBYIOIIME 3HaueHus1 TOkoB K3 MOryT 3HauMTensHO
U3MEHAThCA BO BpeMsl aBapuilHoro pexuma. [Ipu OAM3KMX K IIMHAM MaJbIX 3JIEKTPOCTAHLUHN
KOPOTKHMX 3aMBIKaHUSAX IMEpPHOAMYECKasl cllararomas TOKa KOPOTKOIO 3aMbIKaHHs OT T'e€HEpaTopoB
MaJiol MOIIHOCTH JOCTaTOYHO OBICTPO CHMXKAETCS (MPUONMMKAACH K CBOEMY YCTaHOBHBIIEMYCS
snagennto uepes 0,1...0,5c¢.) [25, 50-55]. Msmenenue cocrapistonieii Toka K3 or DCMM
oInpenieNnsercsi, B TOM 4HUCIIe, TUIIOM CHUCTEMbI BO30YyKIeHHUs. ['eHepaTopbl, OCHALLICHHbIE CUCTEMOMN
camMoB030yxeHus, npu Omu3kux K3 He oOecrieumBaroT mojajepKaHue YCTAaHOBUBIIETOCS 3HAUYEHUS
Toka K3 Ha mpuMepHO MOCTOSIHHOM YpPOBHE; cocTaBiisgmomas Toka K3 oT Takux reHepaTopoB MOXKET
CHIKATBCSI IO YPOBHSI HOMUHAJIBHBIX 3HAYCHUH 1 HIke 3a Bpems meHee 0,5 c. [25].

2. TlosBasieTcss pUCK BO3HMKHOBEHHSI PEXHMMOB HECHMHXPOHHBIX BKJIIOYEHUH INpH JeHcTBUU
CEeTeBBIX YCTPOWCTB aBTOMATHYECKOro MOBTOpHOro BkitoueHusi (AIIB) wu aBTromMartuueckoro
BriTroueHus: pesepsa (ABP) [53, 54]. [TogoOHbIe peXHMBI TaK)KE MOTYT BO3HUKATh MPU OTKIFOYCHUU

Ha CMCXKHBIX JIMHHUAX K3, CBA3aHHBIX C pa?)pI)IBOM/ 3HAYUTENLHBIM OCa0lIeHrueM Ha BpEMA 3aMbBIKaAHUA
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ANEKTPUYECKON CBSI3U MEXKIY MapalljieIbHO padOTaIOIUMU UCTOYHUKAMHU. PeKMMBbI HECHHXPOHHBIX
BKIIIOUCHUI TIPUBOAST K TOSIBICHHIO OONBIIMX TOKOB M BO3ACWCTBHIO Ha reHeparopsl DCMM
3HAUYUTENbHBIX JJICKTPOMAarHUTHBIX MOMEHTOB U TOBBIIICHHBIX 3JCKTPOJIUHAMHYECKUX YCHIIUH,
NPE/ICTABISIONINX YIPO3y MEXaHUUECKON MPOYHOCTH renepatopa [53].

3. Ha ypoBHe pacnpenenuteabHONW CETH CTAHOBUTCS BO3MOKHBIM BO3HUKHOBEHUE CUHXPOHHBIX
KauyaHUl U aCHHXPOHHBIX PEXUMOB. BBUIY HEOONBIINX 3HAYCHHI TMOCTOSIHHBIX MHEPIUU arperaToB
OCMM MOXHO O0XHMJIaTh HapylleHUs €€ CHHXPOHHOM JUHAMMYECKON YCTOWYMBOCTH TpU
CPaBHUTEIHHO HEOOJBIION ATUTEILHOCTH PEXXUMAa KOPOTKOTO 3aMbIKAHUSI.

4. CtaHOBUTCS BO3MOXHBIM, a B PsJIe CIIy4aeB — OMACHBIM — aBapuiiHoe oTaeneHune JCMM ot
3HEprocucTeMsl (B 3apyOe)KHOI TUTEpaType TakoW pekuM moyudms Ha3zBanue «L0ss of Mains» wmm
«Islanding» [55, 56] ), Bo3HMKaiollee NpH OTKIIOYCHUU JIMHUI DIICKTPONEPEayd WM JPYTUX
CETEBBIX 3JIEMEHTOB, CBsi3bIBaOIIMX DCMM C HCTOYHWMKAMHM BHEIIHEW SHEProcucTteMbl. Pexxum B
oTnenuBiIeMcs (parmMeHte OyJeT OmpeleNsiThbCsl COOTHOIICHWEM MOIIHOCTH HAarpy3kd B HEM U
MOIIIHOCTH, T€HEPUPYEMOM 3JIeKTpocTaHUUAMH. Bo mHorux cinydasx OCMM «nokphIBatoT» Wb
HEOOJIBIIYIO YacTh MECTHOW HArpy3Kd M BCIIEICTBHE 0Opa30BaBIIETOCS JAe(PHUIIMTA MOIIHOCTA PEKUM
1I0CJIe OT/ICJICHUS OyIeT XapaKTepU30BaThCsA 3HAUUTEIBHBIM CHHYKCHHUEM YaCTOThI W/WIIH HATPSKCHUS.
[Tpu mpuOAM3UTENBHOM PAaBEHCTBE T€HEPUPYEMON MOIIHOCTH M MOIIHOCTH Harpy3KH CYIIECTBEHHBIX
OTKJIOHEHHH PEXHMMHBIX MapaMeTpoB B OTAeNUBIIEMcs (QparMeHTe He mpou3oiinér. Tem He meHee,
IpU OTCYTCTBUU HEOOXOAMMBIX PEIICHUH MO O0O0ECIEeYCHHI0 aBTOHOMHOW pPabOTHI OTIEIHUBIIETOCS
dbparMeHTa peXUM TIOTEPU CBS3M C BHEIIHEH CEThI0 MOXET COIMPOBOXKIATHCA CICAYIOIIUMH
HEraTUBHBIMU NPOSIBICHUSIMU:

— HECHUHXPOHHBIMHM BKIIIOYEHUSMHU TIpU AeicTBUM ycTporcTB AIIB co cTOpoHBI BHEUIHEH
SHEPTrOCUCTEMBI;

— TOJNUTKOW KOPOTKOrO 3aMbIKaHHs, OTKIOYEHHOIO CO CTOPOHBI BHELIHEH 3HEPrOCHCTEMBI,
TokoM DCMM, uT0 00yCIOBIUBAET HEBO3MOXKHOCTh OMEPATUBHOTO BOCCTAHOBIICHUS AJNEKTPUUECKOM
CBSI3H C LIEHTPAJIM30BAHHON YHEPIOCUCTEMOM;

— CYILECTBEHHBIM CHI)KEHHEM YYBCTBUTEJIBHOCTU PEICHHOM 3alUThl K MOBPEXKICHUSIM B
OTJICIMBIIEMCSI OT BHEIIHEH CeTH (parMeHTe BCJECACTBUE CHIDKEHHUS BEITUYMH TOKOB KOPOTKOTO
3aMBIKAHUSA;

— CHW)KCHHMEM KauecTBa TNHUTAIOLIEr0 HAMpsOHKEHUS, HapyUICHHEM HOPMaJIbHOW paboThI
ANEKTPOIIPUEMHUKOB TPU OTKIOHEHHSX MapaMETpPOB SJIECKTPUYECKOIO0 PEXKUMA OT JOMYCTUMBIX
3HAYCHUH; pUCKOM OTKItoueHus DCMM, He mpenHa3HAaYeHHBIX )1 paOOThl B aBTOHOMHOM PEXHUME,

TEXHOJIOTUYECKON aBTOMATUKOW I'€HEPATOPOB UJIA UX YyBCTBUTEIBHON PEIEHHOM 3aILUTOMN.
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1.3 Tunsl npUMeHsIeMbIX B pacnpeieuTeIbHbIX CeTAX YCTPOHCTB peJielHOM 3a1HuThI

U BJIMSIHUE HA HUX JIEKTPOCTAHUMEI MaJI0ii MOLIIHOCTH

Kanaccudukanmsa pacnpeneJuTe/IbHbIX  JJIeKTpUYeckux cereil. PacnpenenurenbHbie
JJICKTPUYECKUE CeTH, Ha (GyHKIHOHUpoBaHHE P3 KOTOphIX MOTyT OKa3biBaTh BiausiHue DCMM, mo
Ha3HAYCHHIO, KJAcCaM HaIpsDKeHHs, OCOOCHHOCTSIM KOH(UTyparuu, pekuMaM paboThl JTUHHUN U
TUIIAM MPUMEHSIEMBIX Ha IMPUCOEAMHEHUAX YCTPOMCTB pENEHHON 3aIlUThl MOYKHO Pa3AEIUTh HA TPU
TPYIIIBL:

1. pacnpenenurenbHbie INEKTPUYECKUE CeTH MIPOMBIIIJIEHHOTO u TOPOJICKOTO
ANEeKTpOCHAOKEHUS TeHepaTOpHOro HanpspkeHus 6...10 kB;

2. pacrnpeaenuTeNbHbIe MEKTPUUECKUE CETH PErMOHAIBHBIX CETEBBIX KOMIIAHUHM HApsSKEHUEM
35 kB;

3. MeXpernoHaIbHBIE paclpeeIuTeIbHbIC MeKTpudeckue cetr Hanpsokennem 110...220 kB.

Tunbl yCTpPOMCTB peeiHON 3alUTHI, NPHUMEHAEeMble B pacHpeleuTeJbHbIX CeTdax
6...10 kB. PacnpenenurenbHble dJIEKTpUUYECKHE ceTH HampsbkeHueM 6...10 kB, kak mpaBuio, UMEIOT
pajuanbHyI0 CTPYKTYpPY C OJHOCTOPOHHHMM IIMTAHHEM CETEeBBIX DJJEMEHTOB WM paboTaioT B
pasoMKHyTOM peskume. Ha muausix anekrponepenaun (JIDI) momkHBI peayCcMaTPUBATHCS 3aIUThI OT
Mexyhasubix K3 (BbIoMHEHHBIE 00BIYHO B IBYX()Aa3HOM JBYXpEICHHOM HCIOJHEHUH) U 3alIUTHI OT
onHoda3HbIX 3aMbikanuii Ha 3emitio (033) ¢ meiictBueM «Ha curnam» [57]. Ot mexaydasusix K3, kak
NpaBWJIO, YCTAHABIMBACTCS MakcHMMallbHass TokoBas 3ammra (MT3). Ha kaOenbHBIX JHHUSX,
NOJKJIIOUEHHBIX K IIMHAM LEHTpa MWTaHus, JonojHuTenbHo kK MT3  Moxer Takke
npeaycMaTpuBarbes TokoBas orceuka (TO) mast odecnieueHust TEPMUYECKON CTOMKOCTH Kabeei.

Pacnpenenurensusie cetu 6...10 kB B OosblMHCTBE ciydaeB paboTalOT ¢ U30JIMPOBAHHON MIIN
KOMITCHCUPOBaHHOW (B OCHOBHOM, B pa3BETBIEHHBIX KaOCNBHBIX CETSAX) HEWTpayiblo. B kauecTBe
3amuThl 0T 033, KaK MpaBUIIO, UCIOIB3YIOTCS 3aIUTHI, pEarupyrolue Ha OCHOBHYIO FapMOHUYECKYIO
COCTABJIAIOLIYIO TOKA HYJIEBOW IOCIENI0BATEIbHOCTH; B IOCJIEIHEE BPEMs HEKOTOPOE MPUMEHEHUE
HAUMHAIOT HAaXOAUTh 3aIIUThI, KOHTPOJIUPYIOLIUE BbICIINE FTAPMOHNYECKHUE COCTABIISIOLIHE.

I'enepatoper DCMM mnoaxmrouarorcss k cetu 6...10 kB HemocpencTBeHHO (TaibBaHUYECKU
CBSI3aHBI C  CETEBBIMH  O3JICMEHTaMH) WM  4epe3  pas3[elUTeNbHble  TpaHC(HOPMATOPHI.
Pacnipenenurenshas cetp 6...10 kB mo otHomenntro k DCMM, kak mpaBuio, MPEACTABISIET COO00
HIDKECTOSIIIYI0 CETh, OJHAKO B HEKOTOphIX ciydasx mnocpernctsom JIOIT 6...10 kB moxer
OCYILECTBISATbCS CBsI3b reHepatopoB DCMM c¢ ucrouHukamu BbllecTosme cetu. Iloaxmouenue
TE€HEpaTOPOB MOKET MPUBECTH K HEOOXOIUMOCTH U3MEHEHUs napameTpoB cpabateiBanust TO Ha JIDIT
HIDKECTOSIIIEH CeTH; B HEKOTOPbIX Cilydasx — Hu3-3a yBenuueHus Toka K3 — k HeoOxoxumocTu

YCTaHOBKU TO Ha xaOeIbHBIX TUHHUAX (CCJII/I A0 MOAKIIKOYCHUSA ICHEPATOPOB UX NPUMCHCHUC HE OBLIO
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IPEeIyCMOTPEHO). YMEHbIICHHE cocTapistomieil Toka K3 co cTOpoHBI 3KBHBAJICHTHOTO HMCTOYHHKA
BHemHel cetn (OC) compspkeHO O CHYKEHHEM Y(PQEKTUBHOCTH 3alIMT AaJbHEr0 Pe3epPBUPOBAHMS,
YCTAHOBJICHHBIX CO CTOPOHBI LEHTPOB muTaHus (Ha Bbimecrosumx JIDII); kpome Toro, B CBSI3M C
HOSIBJICHUEM JIByXCTOPOHHETO NUTaHMUsA NOTpeOyeTcss M3MEHEHHE MapaMeTpoB CpadaThIBaHMUs ITHX
3alIMT W/WIM BBEJCHHE HANPABICHHOCTH WX JCHCTBHSA. YBEIWYeHHE EMKOCTHBIX TOKOB IPH
HNOJKIIOUEHUH K ceTu reHeparopoB DCMM He3HauuTenbHO, M, KakK IIPaBWIO, HE NPUBEIET K
HEOOXOJMMOCTH U3MEHEHHS PeXKUMOB 3a3€MJICHUSI HEUTpanu U TUIIOB npuMeHseMbix Ha JIOII 3amur
ot O33.

B cBmu ¢ mnoaxmouenneM OCMM  TpeOyloT paccMOTpeHMs BOINPOCHl  OOecredeHus
OBICTPOJCIHCTBUS 3aIIUT, TPeOyeMOro MO YCIOBUSM COXPaHEHHs IMHAMHUYECKOH yCTOMYMBOCTH

reneparopoB OCMM.

Tunbl yCTPOHCTB pesieliHOM 3alIUTHI, IPUMeHsieMble B pacnpeleJuTeJbHbIX ceTax 35 kB.
PacnipenenurenbHbie ceTu HanpspbkeHueM 35 kB, kak mpaBuiio, UMEIOT paJuaibHYyI0 WIH KOJIBLEBYIO C
OJIHUM HUCTOYHHKOM MUTaHUs KOHuUrypauuwo. B kauectBe 3ammrthl oT Mexaydasueix K3 ma JIOII
NpeyCMaTPUBAIOTCS CTYIICHYAThIC TOKOBBIC 3aIUTHI (TPEX WIM IBYXCTYNCHUYATHIC), B HEKOTOPBIX
ciyvasix — AUcTaHIMoHHble 3amuThl. Ha JIDII ¢ AByXCTOPOHHMM NMUTAaHUEM WJIM B KOJBIIEBOW CETH
3alIUTHl MPU HEOOXOAMMOCTH BBINOJHSIOTCS HampaBieHHbIMU. Kak mpaBuio, pacrpeneiuTeabHble
cetn 35 kB paboraior ¢ u3oiaMpoBaHHON HeWTpanbo. 3amuTtbl 0T O33 BBIMOIHAIOTCS AHATOTUYHO
PacCMOTPEHHOMY BBIIIIE CITyYaro.

I'eneparopsr DCMM cBsizanbl ¢ ceThio 35 kKB uepes nmonusutensHble Tpanchopmatopsl. Cetb
35kB mo otHomeHnto k DCMM ycioBHO mpencTaBiseT cOOOH BBIMIECTOSIIYIO CETh. BimsHHE
reHeparopa MposIBISETCS B BUJE CHUYKEHUS YYyBCTBUTEIIBHOCTU 3aIUThl CETH B PEXKUME JAIbHETO
pesepBupoBanus (pu K3 B HIDKECTOSIICH CETH), OJTHAKO B MCHBIIICH cTeneHH, YeM B ceTsx 6...10 kB
(mpu HEMOCPEACTBEHHOM TOAKITIOYCHUH TE€HEPATOPOB K CETH).

B cBs3u ¢ Tem, uto depe3 cetb 35 kB moxeT ocymecTtBisThCs cBsizh DCMM ¢ MCTOYHHKAMU
BHEIIHEH CceTH W Mexay co00il CTaHOBUTCS BO3MOXKHBIM BO3HHKHOBEHHE CHHXPOHHBIX KadyaHUU U
ACUHXPOHHBIX PEXUMOB B CETH, TPEOYETCS PAaCCMOTPEHHE BOMPOCOB OOECHEUEHHs HEOOXOAMMOTO

OBICTPOICUCTBHS 3aIIUT.

Tunbl yCTpPOMCTB peleHON 3alUTHI, NPHUMEHAEeMble B pacHpeleuTeJbHbIX CeTdax
110 (220) kB. PacnipenenurensHbie cetu Hanpsbkennem 110 (220) kB MoryT uMeTh Kak paauaibHYIO
KOoH(pUTyparmio (C OTHOCTOPOHHUM HJIH JBYXCTOPOHHUM ITHTAaHUEM), TAK U KOJIBLEBYIO WU CIIOKHYIO
3aMKHYTYIO, OITMPAIOUIYIOCS Ha HECKOJIbKO IIGHTPOB TNHTaHUs, KoHurypamuio. Ha nmHusIX C
OJHOCTOPOHHHM IHTaHHWEM B KauyeCcTBE 3alIUTHl OT MexAy¢asHsix K3 mcrmonp3yloTcst cTyneH4aTsie

3alUThl: TOKOBBIe WK (darie) mucrannunonubie. Ha JIDII, uMeommx ABYXCTOPOHHEE MHUTAHHUE, KakK
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NPABUIIO, YCTAHABJIMBAIOTCS HANpPaBJICHHBIC AUCTAHIIMOHHBIC 3alUThl (B OOJBIIMHCTBE CIy4acB —
TPEXCTYIEHYAThIC); B KAUECTBE JOMOJIHUTEIBHON 3ammThl ucnoib3dyercs TO. Ilpu atom Bompoc o
BbIOOpe OCHOBHOM 3amuThl JIDII, OTXOAAIMIMX OT 3JIEKTPOCTAHIMN SHEPTrOCHUCTEMBI, PEIIACTCA C
y4€TOM YCJIOBHMI yCTOWYHMBOCTH, NpeaycMaTpuBaeTcsi OJOKHpOBKAa cpalOaThlBaHMs 3allIUT MPU
KayaHUSIX.

Cern 110 (220) kB paGorator ¢ 3¢ddexTrBHO 3a3eMieHHON HelTpanbio. OT oxHO(DA3HBIX
KOPOTKHX 3aMbIKaHUH yCTaHABIIMBAETCS CTyNE€HYaTasi TOKOBAs 3allliTa HYJIEBOM IOCIIE0BATEIbHOCTU
(mp1 HEOOXOIUMOCTH — HalpaBJICHHAs!).

['enepatopel ICMM cBsizanbl ¢ cethio 110 (220 kB) depe3 noHu3uTENbHBIE TpaHCHOPMATOPHI
110/6 (10) kB u, kak ms ciaydast cetu 35 KB, 0Ka3bIBalOT BIMSHUEC MPCUMYIIECTBCHHO HA PE3EPBHBIC
CTYNEHU TOKOBBIX M JUCTAHLMOHHBIX 3aumuT. Ilpu sToM cienyer oxunath, yro BiausHue JCMM,
TIOAKITFOYEHHBIX Ha cTopoHe 6...10 kB, OyaeT nposBiaThCs He3HAUYUTETBHO (B OCOOCHHOCTH, VIS CETH
220 xB). IMoakmouenne DCMM MOKeT MPUBOAMTD K YKECTOUCHHUIO TPEOOBAHMIA K OBICTPOICHCTBHIO
3aIUThl CETH, O0YCIOBIIEHHBIX YCIOBUSAMHU YCTOMUMBOCTH, a TAKXKE CBSI3aHO C YBEIHMUEHUEM YaCTOTHI
CKOJIBKEHUSI TIPU aCUHXPOHHBIX pexumax. [Ipm acuHXpoHHBIX pexumax OCMM OTHOCHTENBHO
HKBUBAJICHTHOTO HcTouHHMKa cetn 110 kB meHTp anekTpuyecknx KadaHWid, KaK MPaBHUIIO, PACIIOIIOKEH
Ha BHYTPEHHEM COIPOTHBJICHHH TeHeparopa DCMM wuiam Ha moHWXkaromeM TpaHcdopmarope, T.e.
MPOLECCHl TPU ACUHXPOHHBIX pekuMax U kadaHusax JCMM B OOJBIIMHCTBE CIIy4aeB HE OKa3bIBAIOT
BIMSHIE HAa (YHKIMOHHPOBAHHE OBICTPOJCHCTBYIOUIMX 3alMT BHEIIHEH ceTh (NEpBBIX CTYINCHEH

JIMCTAaHIIUOHHOMN U TOKOBO¥ 3aIIIHT).

1.4 Ananu3 onbITa pelieHns 3a1a4 peJieiiHOM 321N ThI

IIPH BHEAPCHUH MAJIBIX paclipeacJCeHHbIX 3.]'[eKTp00TaHIII/II71

M3BecTeH ONBIT COBETCKOIO BpPEMEHH II0 BHEAPEHHIO OJNIOK-CTaHiui u  MuHH-TOILI.
[IpopabGoTansl U OnMpoOOBaHBI MPAKTHYECKU PEUICHUS MO MOCTPOEHHUIO 3aIIUTHI TEHEPATOPOB MaJIoOn
mortHocTH [22, 23], ycTaHOBICHA I€IeCO00Pa3HOCTh CO3JaHMsS Ha TaKuX OOBEKTAaX JEIUTEIBHBIX
3amuT (ICTUTETbHOW aBTOMATHUKH); MPEUIOKEH COCTaB M OCHOBBI METOAMKH pacyeTa MapaMeTpoB
cpabaThIBaHUs JCTUTEIbHBIX 3amuT [24]. PaccmarpuBaiuch Take BOMPOCHI BBITIOJTHEHHUS CETEBBIX
AIIB u ABP, ormedeHa HEOOXOIUMOCTh COTJIACOBAaHUSI BPEMEHU WX CpaldaThIBaHUS C YCTPOMCTBAMU
NENUTENbHON 3alIUThl CTAaHLIMU, TIOKa3aHa 11eJ1eCO00pa3HOCTh MCIIOIb30BAHMS CETEBOI aBTOMATHKU C
KOHTPOJIEM BCTPEYHOTO HAMpsDKeHuUs [24].

Pa3paboranHbie B TOT MEPHOJ BPEMEHHU DPEIICHUS OPUCHTHPOBAHBI Ha BHEAPEHHUE OTACIBHBIX
CTaHIIMH C MapOTypOMHHBIMU arperaraMu (MPaKTUYECKH HE MPUMEHSICMBIMH B HOBBIX MPOEKTaX),

BOIPOCHI OpraHU3aIMH 3aIIUTHI IPUIIEKAIIECH CETH MPU ITOM IPAKTHUECKU HE 3aTParuBaroTCA.
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[IpakThdeckuii OMBIT CO3JaHHWSI W OKCIUTyaTallud peJIeHHONW 3aluThl B  CHCTEMax
ANIeKTpOoCcHAOKEeHHsI ¢ coBpeMeHHbIME JCMM monydeH Ha KPYMHBIX MPOMBIIUICHHBIX MPEANPUATHIX,
o0bekTax HedTerazoBoit orpaciau [26, 46, 58]. Onpenenen 6a30BbIi cocTaB (OYHKIMHA 3alldT s
OJIHOArpeTaTHbIX W MHOTOArperaTHhIX SJEKTPOCTAHIIMN B COOTBETCTBHH C TpeOoBanusmu [1YD u
PYKOBOASAIIMX YKa3zaHWW 1O peseiHo 3amute [57, 59]. PaccMoTpeHbl HEKOTOpBIE OCOOEHHOCTH
BBITIOJIHEHHUS 3AIIUT:

— He0o0XOAMMOCTH OBICTPOTO OTKIOUEHHUs Onm3KuX K muHaM DCMM KOpPOTKHX 3aMBIKAHUN C
[CNBI0 MPEIOTBPAICHUS HApPYIICHUH YCTOWYMBOCTH TIeHepaTopoB craHmuu. Jlus storo B [26]
NPEUIOKEHO TMPUMEHEHHE B MpUIEeKallell ceTh OBICTPOJACHCTBYIOMIMX 3alIUT: HECEIEKTUBHBIX
TOKOBBIX OTCEYEK, MU depeHINATbHBIX 3alIUT, MAKCUMAIbHBIX TOKOBBIX 3aIIUT C KaHAJIAMU CBSI3U —
noruveckux 3amuT aunuit (JI3JI);

— HEBO3MOXHOCTh MpHMeHeHHs (B SIBHOM BHJE) Jormueckor 3zarmmtel tmmH (JI3L) [26],
MOJTyYMBIIEH HIMPOKOE PACIPOCTPAHEHUE B pacpeieIUTENbHBIX ceTsaX. [IpeioxkeHo nenoip30Banme
maddepentmanproi 3ammtel mmH (JI311) — monHOW WM HemomHOW (C OJOKMPOBKOW OT 3alluT
OTXOJISIIIUX TPUCOCTUHCHU).

[IpennoxxeHHble peKOMEHAALNH, OOIIEH LEeNbl0 KOTOPBIX SBISIOCH OOECIeueHUue yCIOoBUM AJis
coxpaneHus pabotsl ICMM Ha MeCTHYI0 Harpy3Ky, OXBaThIBAIOT OTPAaHUYCHHBIA KPYT BOIIPOCOB;
BraussHue DCMM Ha 3amuThl BHEITHEH CeTH paccMaTpUBAETCsA B HEJAOCTATOYHOW CTemeHH. B cBs3M ¢
9THM Ha OCHOBE [aHHBIX PEKOMEHIAIMA HE MOXET OBITh BHIPAOOTAH KOMIUIEKCHBIM MOAXOHM K
pasButuio cucteMsl P3 B ycnoBusix yBenndeHust MaciitaboB BHeApeHuss JCMM.

CrnenyeT OTMETUTb, YTO B HACTOSIIEE BpeMsi MPH BHEAPEHUH TE€HEPUPYIOMIUX YCTaHOBOK
OCHAIIIEHHE TeHEepaTOpoOB HAOOpOM 3allUT YacTO paccMaTpUBAETCS Kak JOCTaTOYHAas Mepa Io
00eCreYeHHI0 HaIe:KHOCTU UX pabOThI B cOcTaBe ceTH. [Ipu 3TOM cOoCcTaB U mapamMeTphl cpadaThIBaHUS
3alUT ONPENENSIIOTCS 3aBOIOM-U3TOTOBUTENEM, TO €CTh 0€3 COTJacoBaHMA C 3aIUTaMU 3JIEMEHTOB
npuiexarneit cetu [27, 28]. Takoii moAX01 MPUBOIUT K U3OBITOYHBIM OTKIIIOUCHHUSIM T€HEPUPYIOIIHX
YCTaHOBOK TpU OOJBIIMHCTBE BHEIIHUX MOBPEXKICHUHN, HOPMATbHO OTKJIIOYAaeMbIX JCHCTBUEM 3allUT
COOTBETCTBYIOIIIUX 3JICMCHTOB, a TaKXe B YCIOBHSIX HE3HAYMTEIbHBIX (HE MPEICTABIISIONINX
OIMMACHOCTH JUIsi 00OPYIOBaHUS) OTKIOHEHUH PEKUMHBIX MapaMETPOB OT HOMHHAJIBHBIX 3HAYCHUH
[27]; wiu — HampOTHB — BCIIEACTBUE HEyYeTa MapaMeTPOB BHEIIHEH CETH MOXET MPUBECTH K OTKa3y
3aIUTHI.

Pa3BuBaemble OTEYECTBEHHBIMU HAyYHBIMU IIKOJAMHU HAIpaBiICHUS COBEPIICHCTBOBAHUS
peneiHoN 3aluUThl paclpee/IuTeNbHbIX CeTell OPHUEHTHPOBAHBI MPEUMYILIECTBEHHO HA pacUIMpEHUE
BO3MOXKHOCTEM pAaclo3HaBaHUs CIIOKHBIX aBapUUHBIX CHUTyalluii, pelieHue 3aaad JallbHEro
pe3epBUPOBAHMS U, KaK MPAaBHJIO, MPEIOIAraloT YCOBEPIICHCTBOBAHKME MPOCTHIX TOKOBBIX 3amut [20,

60-71]; 3HaunTEIbPHOEC BHUMAaHHE YJEISACTCS BOIPOCAM Pa3BHTHUS 3aLIUT OT OJAHO(DA3HBIX 3aMBIKAHUIH
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Ha 3emuio [21, 72-74]. Tlpu 3TOM TpPaKTHYSCKH HE YYWUTHIBACTCS TCHICHIUS K CIEHTpaTU3aInN
TeHEPUPYIOIIUX MOIIHOCTEH, TpeOyoIIasi paCIIUPEHUS U YCIOKHEHUS KPyTa PelIaeMbIX 3a7ad.

3a pyOe)oM TPOIECC Pa3BHTHUS MaJOW pACIpelIelICHHOW YHEPreTHKH, OCOOCHHO B TIOCIICIHEE
JECATUIIETUE, TIPOSABIISIICS Oosiee MacmTaOHO. bbuT BeIpaboTaH psin 6a30BbIX TPeOOBAHUNA K PEIICHHON
3ammTe npu moakmodeHur K ceth DCMM  [75-80]. HM3nauvanbHO peneiiHas 3amuTta ObuLia
OpUEHTUPOBaHA HA OBICTpOE OTKIIOUEeHHE TeHepaTtopoB JCMM ot ceT npu BHENIHUX BO3MYIIECHHIX
U aBapusx, oJHaKo yBenudeHue noiau DCMM B cocTaBe TeHEPUPYIOMIMX MOIITHOCTEH YHEPTOCUCTEMBI
NpUBEIO K HEOOXOIUMOCTH KOPPEKTHPOBKHM Takoro moaxona. Mssecren [75] psa  aBapwid,
3a(pUKCUPOBaHHBIX B 3apyOEXHBIX CTpaHaX C BBICOKMM YPOBHEM Pa3BUTHS MAJOH pacrpelneiéHHON
DHEPreTHKH, UMEIOIINX CXO0XHE CIICHAPUHU PA3BUTHS. OTKIIOYCHHE 3HauuTeNbHOU nomu DCMM npu
aBapUHHBIX BO3MYINEHHUSIX WM MEPEXOAHBIX TMpolleccaX MPOBOIHUPOBaio (Wiau  yCyryOIisio)
OOIICCHUCTEMHBIN AC(PUIIUT MOIMHOCTH, YTO, B CBOIO O4Yepelb, NPHUBOIWIO K 3HAYUTCIHLHOMY
CHIDKEHHMIO YacTOThI B DHEpropaiioHe. B Hactosiee Bpems IMoJydaeT paclpoOCTpaHEHHE MpPaKTHKa
3amaHus TpeOOBaHMI K BPEMEHHU MapajuICIbHOW pa0OThl CTaHIIMU C CEThIO TMPH OTKIOHEHUSX
pexxumubix napametpos (Fault Ride Through Characteristic) [75, 79]. Hapsiny ¢ aTum 3apyOeXHBIMU
CHECIUAINCTAaMH  TOMYEPKUBACTCS, YTO  3alllUTa  PACIPEACIUTSIBHBIX CeTeld ¢  MajbIMU
AJIEKTPOCTAHIIMSAMHU B HACTOSIIEE BPEMs MPEHMYIIECTBEHHO CTPOUTCS 1O MPUHIMITY (HOPMATBLHOTO
NepeHoca W YNPOIUICHHS pPEIICHUH, YXKE TMOJyYUBIIMX PACIPOCTPAHCHHE B MHTAIONIMX U
CHUCTEMOOOPA3yOIIUX CETIX, YTO MPHUBOJIUT K PSIy MOTEHIMATIbHBIX U (pakTHUYecKux mpoodiiem [75,
81]; ormeuaeTcs HEOOXOAUMOCTh COBEPIIICHCTBOBAHUS PEICHHOM 3alIUTHI  BEICTCS aKTHBHAs paboTra
B oroii cdepe [81-83]. B TO ke Bpems HCMONB3yeMbIe W pa3BUBacMble 3a PYOEIKOM pEIICHUS
OPUCHTUPOBAHBI B OOJIBIICH CTCIICHNW HAa BHEApPEHHE CTaHIMK Ha 6a3ze BUD, yunteiBaroT cnenuduky
HHEPrOCHUCTEMBI OIPENCICHHON CTPAaHBI U MO ATHM NPUYMHAM UMEIOT OTPAaHHMYEHHOE MPUMEHEHHUE B
YCIIOBUSAX  DHEPrOCUCTEMBI  POoccWM — WCTOPHYECKH  IIEHTPAIM30BAHHOW ®  OO0JIaJaromniei
OCOOCHHOCTSIMH B 4YacTH HCIIOJIB3yEMbBIX BHIIOB TEPBUYHBIX OJHEPrOpecypcoB, CTPYKTYphI |

TEPPUTOPUATBHON MPOTSHKEHHOCTH 3JIEKTPUUECKUX CeTeH.

1.5 ITocTanoBKa 3aga4u

HanpaBienue wucciaenoBanus. Hayunele  TONOXEHHs,  pa3BHBacMble B  paMKax
JMCCEPTALMOHHON PabOThl, HANIPaBJIEHbI HA Pa3padOTKy KOMIUIEKCHOTO TEOPETHUECKH 0OOCHOBAaHHOTO
peleHns 3aJjauyd COBEpIICHCTBOBAaHUS P3 pacrnpenenuTenbHbIX 3JEKTPUYECKUX CETeH B YCIOBUSX
nojkioueHuss K HuMm JCMM. Oto nmpenmnosaraeT pacCMOTPEHHUE JBYX TPy 3a/1ay:

1. Oobecneuenune tpebyemoit 3pdexrnBHOCTH (HyHKIHOHMpPOBaHUS P3 2IEKTpUYEeCKHX ceTeH,

MpUJIETAIONINX K TOUKe npucoeauuenns OCMM,;
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2. HOCTpOCHI/Ie peneﬁHoﬁ 3alllUThI U aBTOMATHKH, YCTaHaBHHBaCMOﬁ B Y3JIC IIPUCOCANHCHUA

OCMM K 37€KTpUUECKOH CETH.

Orpannyenne obdjaacTu uccjaegopanmii. C ya€étoM 0COOEHHOCTEN pa3BUTHS MaJION SHEPrETUKU
B Poccum B pabore paccmarpuBaroTcs Ta3oTypoOunHble ycTaHoBku (['TY), rasomopirHeBbie
anextpoctaniuu (I'TIDC) u musensHbie smekTpocTanimu (JI9C) Ha 6aze CHHXPOHHBIX T€HEPATOPOB
momHOCThIO 110 30 MBT, monkmiouaembix K ceTH «Hampsmyio». CremayeT 3aMeTHTh, 4TO pSiI
pa3pabOTaHHBIX TMOJIOKEHUN OyAeT CIpaBeIJuB U JJisi SJICKTPOCTAHIINI CPEeIHEW MOIIHOCTH Ha 0aze
Mapora3oBbIX M Ta30TYpOMHHBIX YCTaHOBOK, pabOTaromMX MPEUMYIIECTBEHHO Ha YPOBHE ceTei
110...220 kB (uMeroT psim OONIMX CBOMCTB C MaJbIMH paclpeaeICHHBIMU 3JIEKTPOCTAHIIUAMHE), a
TaKKe IS DJIeKTpocTaHuii Ha 6aze BUD.

B pabGore He paccmaTpuBaIOTCS  JIOKAJbHBIE  DHEPrOCHCTEMBI W Pa3BETBIICHHBIC
pacrpeaeuTeNbHbIE CETH MPOMBIIUICHHBIX MPEANPUATHN, CXEMbl PACHpPENCTUTEIbHBIX CETeH C
OTBETBUTEIBHBIMU MOJCTAHIMSIMHU. 3aJ]a4l peuIatoTcs Juisi Haubosee paclpoCcTpaHEHHOM paanaibHOU

KOH(UTypalMy pacupeaeuTeIbHON CeTH.

ITonxox Kk MNpoOBeeHHI0O MCCIAEIOBAHUH. AHaNIN3 CYyIIECTBYIOUIETO OTEUYECTBEHHOIO U
3apyOeKHOTO OIBITA PEIICHUS 3a/1ay PEJICHHON 3aIUTHI PU MOAKII0YeHNU K cetd DCMM mno3Bosisier
OIIPENIENIUTh CIIEAYIOIINE OCHOBHBIE OCOOEHHOCTH MPOBEICHHS UCCIICA0OBAHUMN:

— pemenue 3agad P3 10/KHO onmuparhCsi Ha OCOOEHHOCTH M MEPCIEKTUBBI Pa3BUTHS MaJoi
snepretuku B DDC Poccun, yunteiBas (HO HE KOMHPYs1) 3apyOeKHBIN OIBIT;

— TMyTU peIlIeHus, CBA3aHHbIE C (OpPMabHBIM NEPEHOCOM Ha pacHpeleNUTEIbHbIE CETH U
YIOPOILIEHUEM DELICHHUH, TPUMEHSIEMBIX B CETIX Oojiee BBICOKOTO KJlacca  HANPSKEHMS,
IPEICTABIISIOTCS  HENEePCIeKTUBHBIMU  (pacnpeleiTelIbHbIe CeTH HMMEIOT CBOM  XapaKTepHbIC
0COOCHHOCTH AJIEKTPUIECKUX PEKUMOB).

C y4€TOM H3JI0KEHHOIO MpHU BBIIOJHEHUU TUCCEPTALUOHHBIX HCCIEIOBAHUNA MPUMEHSETCS
CHUCTEMHBIH IOJXOJ, CyTh KOTOPOIO B KOHTEKCTE€ IIOCTaBJIEHHOW 3a/lauyM MOsCHSIEeT pUcyHOk 1.3.
Hcxonnyro uHpOpManMoHHYI0 0a3y COCTABISAIOT pPE3yibTaThl HCCIEAOBAHUS M CHCTEMaTHU3aLUuU
KaueCTBEHHBIX M IPENEIbHBIX KOJUYECTBEHHBIX XapPAaKTEPUCTUK OJIEKTPUUECKUX PEXHUMOB,
OTIPENIENIAIONUX YCIOBUS (DYHKIIMOHHUPOBAHUS peJeHON 3amuThl. Ha OCHOBE 3TOTO BBHIMONHSACTCS
aHanu3 3(GGeKTUBHOCTH (PYHKIIMOHMPOBAHUS CyIIeCTBYome P3 B mpuiexkamieid ceTH, yTOUHSIOTCS
OrpaHUYEHUs U 007aCTh MPUMEHEHUS TPAJAULHUOHHO UCTIOIb3YEMBIX TUIIOB 3alUT B HOBBIX YCIIOBHUSX.

Ha ocHoBe c(hopMHpOBaHHBIX TpeOOBAaHUI OCYILIECTBISETCS pa3pabdOTKa pEUIeHHH TIo

obecrieueHnto 3 PeKTUBHOCTH (PyHKIIMOHUpOBaHHUS P3 B TBYX OCHOBHBIX HAlpaBJICHUIX:
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— TMOBBIIIEHHE TEXHMYECKOTO CoBepIineHcTBa P3 mpuiexaimeii cetn (B MEpBYIO OYepenb C
UCIIOJIb30BAaHUEM TPAIUIIMOHHO MPUMEHSEMbIX B PaclpeAeTUTEeNIbHON CEeTH 3alUT C OTHOCUTEIbHOU
CEJICKTUBHOCTBIO);

— co3ganue komiiekca P3A B y3ne mnpucoenunenus OCMM k cetu, ompeneneHue u
KOOpAMHAIIMS COCTaBa U pa3MenieHus 0a30BbIX (HYHKIUH 3aUThI B y3ie npucoenuneHuss OCMM u B

6JII’I3JI€)K3H.[€ﬁ CCTH, COBCPUICHCTBOBAHUC IIPUHIIUIIOB I[CHHTGHBHOﬁ ABTOMATHKH.

XapaKkTepuUcTUKK SMEKTPUYECKUX PEXUMOB
3rEeKTPOSHepPreTMYecKUX CUCTEM C MarnbiMK pacnpeaenéHHbIMM
3MNEKTPUYECKUMM CTAHLUSIMU

ycnoBuma YHKLMOHNPOBAHNSA PENEeNHON 3aWnThl
|
AHanus ahpeKkTMBHOCTM PYHKLIMOHMPOBAHUSA CYLLECTBYIOLLEN

penenHol 3alnTbl ANEKTPUYECKON CETU, NMPUNEXaLlen K ToUuKke
NPUCOeaNHEHUS SNEKTPUYECKON CTaHLMN Mario MOLLHOCTM

orpaHnyeHna u obnacTtb npuMmeHeHNn4d
TPaAUWUNOHHO NCNOJNMb3yeéMblX TUNOB 3alLlNT

4

O6ecneveHne acpHeEKTUBHOCTU (PYHKLIMOHUPOBAHUS penefiHon
3aWuTbl B pacnpeaenuTenibHON CeTU C aNeKTpUYeCKUMU
CTaHUMsIMU Marnon MOLHOCTH

b b

Co3spnaHue komnnekca P3A
B TOYKE NPUCOEOUHEHMS
K CETMU 3NEeKTPUYECKON
CTaHLMM Manon MOLHOCTH

MoBbILEeHNE TEXHNYECKOTO
COBEpLUEHCTBA penerHom
3aWmThI NpuUnexatlen cetm

Pucynok 1.3 — [Toaxona K MpOBEIEHUIO UCCIICTOBAHMIA

Jiss  permieHHWs TOCTABJICHHBIX —3ajJad  Ieecoo0pa3HO  paccMaTpuBaTh  KOH(MHUTYpAIUIO
AJICKTPUYECKON CHUCTEMBI B BHUJIE OMHOW WM HecKONbknx DCMM, paborammmx B mapauieib C
SKBUBAJICHTHBIM HMCTOYHUKOM BHelIHeH cetu (pucyHOk 1.4). Takas KOH(HIypaius COOTBETCTBYET
HanboJiee PacHpOCTPAHCHHBIM CXEMaM paCIpEIeTUTEIbHBIX ceTeil (pa3OMKHYThIE, M3HAYalIbHO C
OI[HOCTOpOHHI/IM HI/ITaHI/IeM) 158 0Tpa>1<aeT OCHOBHBEIC SaKOHOMepHOCTI/I N3MCHCHUSA }’CJ'IOBI/II;'I

(GyHKIIMOHUPOBAHUS PEIICMHOMN 3aIUThI pu noAkIoueHnn DCMM.
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Pucynok 1.4 — O600meHHbIe KOHPUTYPALUH dIEKTpUIecKux ceteirt ¢ JCMM:
G, G1, G2 - reneparopsl Manbix nekrpoctaniuii; H1, H2 — 06006mennbie

KoMmIutekcHble Harpy3ku; W1, W2, W3 — nuaun siextponepenauu

ConpoTHBIIEHHS BCEX JIEMEHTOB CXEM, IIPEJCTABICHHBIX HAa pUCYHKe 1.4, IpUBEIEHBI K OJTHOMY
(BBICIIEMY) KJIaCCy HANPSOKEHHS; CONMPOTHUBJICHUE TpaHCPopMaTopa, K IIMHAM HU3IIETO HATPSHKCHHSI
KoToporo mnoakiwodaerca OCMM, BKIIOYEHO B CONPOTUBICHUE HKBUBAJICHTHOTO HWCTOYHHUKA
ANEeKTpocTaHUU. [IpUMEHUTENTPHO K KOHKPETHBIM 3aJayaM HCCIEAOBAaHUS YUUTHIBACTCS HAWYHE
TpaHC(OpPMATOPOB, CXEMbl W TPYHNNbl COCIUHEHHS HX OOMOTOK. B mpouecce wuccnemnoBaHuii
OCYILIECTBIISIETCS BapbUPOBAHHE OCHOBHBIX I1apaMETPOB MOJEINICH: MOIIHOCTEH SKBUBAJIECHTHOTO
MCTOYHHUKA 3HeprocucteMbl 1 JCMM, conpotusieHus cBsizu « 9CMM — sHeprocucrema», coctaBa u
napaMeTpoB HArpy30K. 3HAUEHHWE MOIIHOCTH HArpy3Kd MPUHUMAETCS OJIM3KUM K MaKCUMaIbHOMY JAJIs
JTAHHOTO KJlacca HaNpsDKEHUS, UTHHA JIMHUN — HAauOOJIBIIEH MPH 3aJJaHHBIX 3HAUCHUSX TepeaBaeMoi
MOIIHOCTH (KOPOTKHE KaOelbHbIC JIMHUU HE PacCMATPHBAIOTCS). YUHUTBHIBAIOTCS PEKHUMBI KOPOTKUX
3aMBIKaHUH Yepe3 MepexoHbIe COMPOTUBIICHUS. 3HAYCHUSI TTIEPEXOTHBIX COMPOTUBIEHUN MOTYT OBITh

PUOIMYKEHHO OLIEHEHBI TI0 OIHOM U3 cienyronmx Gopmya [84]:

R.=1050L, /I, (1.1)
R =2500L,/1,, (1.2)
R. =28700L, /1", (1.3)

rae L, — nmna nyru, M (nmpu Mexaydasueix K3; ecim HE yUHTHIBATE BO3MOXKHOE yIMHEHHE JIyTH,
IPUMEPHO COOTBETCTBYET paccTosnuIo Mexy dazamu JIDII); |, — ok myru, A.

B poccuiickoii muTepatype K UCIOJIb30BaHUIO OOBIYHO peKOMEHIyeTCsl Boipaxenue (1.1).
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PaCCManI/IBaeMBIe CXEMbI pacnpeaciimTCIbHbBIX ceTei y,Z[O6HO 0XapaKTCepU30BaATb

KO QUIIMEHTOM, OTpaKalOUIMM COOTHOLIEHHE conpoTuBieHnid (MommHuoctell) DCMM (Z;) wu

9KBHBAJIECHTHOTO HCTOYHMKA BHemHed cetn (Z,.), paccunTaHHBIX (SKBUBAJCHTHPOBAHHBIX)

YA .
OTHOCHTEJIBHO BBIBOJIOB OOMOTKH BBICIIErO HampspkeHHs TpaHcdopmaropa, K :Z—G. HauOonpmmii
aoC

NPaKTHYECKUH HHTEPEC MPEACTABISET PACCMOTPEHUE JIBYX XapaKTEPHbBIX TPAHUYHBIX CHTYaIlHil:

— 9NeKTpocTaHnus, pabortaromias B cetd ¢ MomHbiM ucroynukom DC (K >25). Curyanus
XapakTepHa JUIsl AJIEKTPOCTAHLIMH, CBA3aHHBIX C UCTOYHUKAaMU 3HeprocucteMsl auHuaMu 110 kB npu
BEJIMYMHAX TOKOB KOPOTKOTO 3aMbIkaHus B ceth 15...20 KA;

— DIIEKTPOCTaHIMUs, paboraroinas B cerd co «cimabbiv» wmcrounukom DC  (k=0,5-1);

XapaKTepHBIA MPHUMEP: AEKTpocTaHius MOIHOCThI0 20 MBT, cBsizaHHas ¢ ceThio 35 kKB; ypoBeHb
TOKOB KOPOTKOTO 3aMBIKaHHS B CETH — 2...3 KA.

OcHoBHBIE 0a30BbIC TAPAMETPHI JIEMEHTOB MPUBEIeHbI B Tabnuie 1.1.

Tabnuna 1.1 — OcHoBHBIE TapamMeTpbl 0000IIEHHBIX MOJIEeH

ITapameTp 3HavyeHHe mapaMeTpa

Knacc nanpsixenus cetu, KB 10 35 110
JlnuHa TuHUM IeKTponepeiadu, KM 5 15 25
Tok Tpexda3zHOro KOPOTKOTO 3aMbIKaHUS
Ha IIMHAX SKBUBAJICHTHOI'O UCTOYHHKA 2-20
SHEPTrOCUCTEMBI, KA
MaxkcumansHasg momHocts DCMM, MBT 6 20 30
MakcumManbHasi MOITHOCTh Harpys3KH,

10 30 100
MBA
JloJs gBUraTeie B cOCTaBe MECTHOM 0-75
Harpysku, %
PacuérHoe 3HaueHnE IEpEX0AHOTO

1 3,5 5
conpotuBiieHus B Mecte K3, Om
MuHUMaJIBHOE COOTHOIIICHHE
conpotusiieHu# ucroynnka JCMM un 05 07 17
SKBUBAJICHTHOI'O UCTOYHHKA BHCITHEH ’ ' '
CeTH, 0.€.

[Ipn uccnenoBaHMM IMHAMHYECKUX PEXKUMOB YUHUTHIBAIOTCS TAaKXKE CIEAYIOIINE 3HAYUMBbIE
OCOOCHHOCTH DJJIGKTPUYECKUX CeTel: Mallas BelMYMHA TOCTOSIHHBIX WHepuuu arperatoB OCMM,
XapaKTepHbIe 3HAYCHUS DJICKTPUUCCKUX MOCTOSHHBIX BPEMEHHU U COMPOTUBICHUI 0OMOTOK cTaTopa H
poropa renepatopoB DCMM, XapaKTepUCTHKH TEPBUYHBIX IBUTATENICH M CHUCTEM BO30YKICHHS

OCMM, cocTaB 1 mapaMeTpbl HArpy3KH paclpeaeIUTeIbHON CETH.
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bazoBeie mapamerpsl reneparopa DCMM M 3KBUBaJICHTHOTO JABUraTelsl HAarpy3KU MPUBECHbI B

tabmunax 1.2 u 1.3.

Ta6muna 1.2 — bazosbie napamerpsl rerepatopa JCMM (mpu niepeBojie B OTHOCUTEIBHBIC €AMHUIIBI

3a 0A3UCHBIC TIPUHATHI HOMHHAIBHBIC HAMIPSKEHUE U MOIIHOCTh TeHEpaTOpa)

IMapameTp 3HaueHue
Homunansnoe nanpsixerne Uyoy, KB 10,5
Koadduiment momiHoctu CosQ, o.e. 0,8
AKTHBHOE CONPOTUBIIEHUE 0OMOTKH cTaTopa R, o.e. 0,005
CHUHXpPOHHOE PEaKTUBHOE COMPOTUBIICHHE T10 TIPOIOJIBHON OCH X4, O.€. 2,4
CUHXPOHHOE PEaKTHMBHOE COIPOTUBIIEHHE T10 MOIEPEYHOI OCH Xg, 0.€ 1,9
[TepexoiHOE peaKTUBHOE CONPOTHUBIICHHE T10 MTPOJIOJILHOM OCH X'y, 0.€. 0,24
CBepxIiepexoIHOe peaKTUBHOE COMPOTUBIIEHUE TI0 MPOAOILHOM ocH X'y, 0.€. 0,16
CaepxnepexoqHoe peaKTUBHOE COMPOTUBIICHUE 110 IIONEPEYHO ocH X''q, 0.€. 0,18
PeakTrBHOE CONMPOTHUBIICHUE OOPATHOM IMOCIIEIOBATEILHOCTH X2, O.€. 0,2
IIepexoHas MOCTOsIHHAS BPEMEHH 110 IIPOJAOJIBHON OCH IIPU PA30MKHYTON 27
obmoTtke crartopa T'go, C !
IlepexoaHas MoCTOAHHAS BPEMEHU 110 MTONIEPEYHON OCU ITPU PA3OMKHYTOM 08
obmoTke cTatopa T'qo, € !
CBepxIiepexo/iHasi TOCTOSIHHASI BPEMEHH T10 MPOI0IBHOM OCH MpH 0.035
pa3oMKHYTOH 0OMOTKe ctaropa T "o, C '
CaepxrepexoHas TOCTOSIHHASI BPEMEHHU TI0 TIOTIEPEYHON OCH TIPH 0.07
pa3oMKHYTOH 0OMOTKe ctaTopa T'go, € ’
[TocTosiHHAs BpEMEHH allepUOIMYECKOM COCTABIIIONIECH Toka cTaTtopa (mpu 0.075
Tpéx(}azHOM KOPOTKOM 3aMbIKaHWU Ha BHIBOJAX MAIIUHBI) T,, C '
Mexanuueckasl TOCTOSTHHAS MHEPIIMU arperara «reHepaTop-nepBHYHBIMA 3c

IIBUTATEIB» 13, C

Tabnuua 1.3 — [Tapamerpbl 0000IIEHHOTO 3JIEKTPOABUIaTelIsl HArpy3KH (IIPH IepeBo/ic B
OTHOCHUTEJIbHBIC €IMHUIIBI 32 0A3UCHBIC PUHATH HOMUHAJIbHBIC HAIPSHKEHHE U MOIIHOCTD

3JICKTPOABUTATEIIA, 3HAUCHUA MOMEHTOB OTHCCCHBI K 3HAUCHUIO HOMHHAJIBHOI'O MOMGHTa)

ITapamerp 3HaueHune
Homunansnoe nanpsixerne Uyoy, KB 10,5
HomuHanbHbIH K03()(GHUIIMEHT MOITHOCTH COSPy0y, O.€. 0,8
MaxkcumanbHBIA MOMEHT Mpmax, O.€. 1,7
[TyckoBoii MomeHT My, 0.¢. 0,75
[TyckoBoii Tok |y, o.e. 4.1
CraTu4ecKuii MOMEHT COITPOTUBIICHHSI IIPUBOUMOTO MexaHn3ma M, o.e. 0,5
Koaddumment 3arpysku K, o.e. 0,7
Mexanuueckasi IOCTOSIHHAsI MHEPLIUU T, C 0,8




30

1.6 OGocHOBaHME METOI0B UCCIEI0BAHUN

HpI/I BBIIIOJIHCHHUU JUCCCPTAUOHHOT'O HMCCICAOBAHUSA UCIOJB30BAJIMCh aHAJIUTUYCCKUC MCTOIbI,
MCETO/bI III/I(l)pOBOFO [NporpaMMHOrO M IMpOorpaMMHO-aIIapaTHoro MoACIUpPOBaHWA, MCTOAbI

MPOTOTUIIHPOBaHUS (CO3AaHUS HU(PPOBBIX MOJCIBHBIX OMBITHBIX 00PA3IIOB).

AHaguTHYecKkHe MeToAbl. OCHOBaHBI Ha IOJIOKEHUSAX CHUCTEMHOIO aHAJIN3a, TEOPETUYECKOU
AIIEKTPOTEXHUKH, TEOPETUYECKHX OCHOB peJledHoM 3ammtel. [l monydeHHs HeoO0XOAUMBIX
AQHAJMTUYCCKUX BBIPAKCHUH HCIONB3YyeTCs CTaTHYeCcKas MOJENb (CTaTHYECKOe OIMHCaHHe)
SHEPrOCUCTEMBI.

Cratuyeckre MOJIENH OINHUCHIBAIOTCS CUCTEMOM B O0ILEM cilydae HEJIMHEHHbBIX alreOpandyecKux

ypaBHenuii Buma F(X)=0 (3mece X — BeKTOp MEPEMEHHBIX COCTOSHHUS), pPEIIaeMbIX

UTepaIMoOHHBIME MeTomamu (MeTon 3eitmens, meton Herorona u ero momudukanuu) [85-88]. s
psaa 3a1ad, B KOTOPBIX JOMYCTHMO HE YUWTHIBATh HEIMHEWHBIM XapakTep MapaMeTpoB 3JIEMEHTOB,
MOTYT 6I>ITI> HCIOJIb30BAHbI TOIIOJOTMYCCKUC MCTOAbI pacydCTa JIMHEUHBIX QJICKTPHUICCKUX HCHCI\/JI
(HamOoJtbIIIee PacIIPOCTPAHEHHUE CPEIH KOTOPBIX MOTYUHIT METO/T Y3JIOBBIX HANIPSHKCHHM) M CBSI3aHHBIH
C HUMH MaTeMaTHYECKUH armapat JuHeiHoM anreOpbl. Emé oqHo ynporienne, mpuHUMaeMoe 0ObIYHO
pu (OPMUPOBAHUM CTATUYECKUX MOJETEH, 3aKII0YaeTcs B JOMYIIEHUU O cuMMeTpun a3 cetu. ITo
YIPOLIEHUE MO3BOJSIET OTKA3aThbCs OT TPEX(PAa3HOro MpEeACTaBICHUS MOJENIECH M CBA3AHHOM C ATUM
HEO0OXOUMOCTH Y4ETa B3aUMHOTO BIHUSHUS Iienei (a3. PacuéTsl OCHOBBIBAIOTCS Ha 0oJiee MPOCTOM
oHO(a3HOM 3KBUBaJIEHTHON Mojenu. HecumMeTpuuHble pexXuMbl, TaKue Kak OOpbIBbI (a3, 0JHO- U
nByX(da3Hble KOPOTKHE 3aMbIKaHHS, PACCUMTHIBAIOTCS C KCIOIB30BAHHEM METOAa CHUMMETPUYHBIX
COCTABJISIFOLIUX.

Marpu4Hoe ypaBHEHHE, OIMCHIBAIOIIEE CUMMETPUYHBIA PEKUM JIMHEHHON CTaTUYECKON MOJEIN

[86, 88]:
[V]=[2][z]. (L4)
rae [Z] - marpuna ysmoesix comporusiennii; [U ] — Bekrop manpsokenmii B ysmax cerw; [J] -

BEKTOD Y3JIOBBIX TOKOB.
Jlns HEeCUMMETPUYHBIX pexuMoB ypaBHeHue (1.4) MoxerT ObITh TNPEICTABICHO B BHUJIC

COBOKYIHOCTH YpaBHEHHUH JJIs1 CXeM MPsIMOM, 0OpaTHOM U HyJI€BOH MOCIe10BaTEIbHOCTEH:

U, | |z, 0 0]]J,
U,|l=|0 Z, 0 ]J,] (1.5)
UO 0 O Z0 QO
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rne [Z,]. [Z,]. [Z,] - marpuusi-Gioks conporuBieHnii npsMOW, 0OpaTHON K HyJIEBOI
MOCJIENOBATEILHOCTEH COOTBETCTBEHHO, [QJ, [Q 2], [Q 0] — BEKTOPBI-OJIOKN HAMpsHKEHUI PSIMOH,

00paTHOM U HYJIEBOM MOCIEAOBATEIILHOCTENH COOTBETCTBEHHO, [i 1], [i 2], [g 0] — BEKTOPHI-0JI0KH

Y3JIOBBIX TOKOB MIPSIMOI, OOpaTHON U HYJIEBOM MOCIIEA0BATEILHOCTENH COOTBETCTBEHHO.

Metoabsl MaTeMaTH4YeCcKOro MojeaupoBaHusi. [Ipm mpoBeleHHH JAWCCEPTAMOHHOTO
UCCIIC/IOBAHHS TPHUMEHSUIUCh CICLHATN3UPOBAHHBIC IPOrPaMMHBIE W MPOrPaMMHO-AIaPATHbIC
komiuiekcel: PSCAD u RTDS. IIporpamwmusiii kommieke PSCAD  (koMmnanus-pa3zpaOoOTUUK —
Manitoba HVDC Research Centre, Kananga) ncnoib3yercst A1 UCCIACIOBAHUS AJIEKTPOMArHUTHBIX U
ANEKTPOMEXaHHYECKUX IEPEXOMHBIX MPOLECCOB; MPOrpaMMHO-ammaparHeii kommieke RTDS — s
UCIIBITAHUN ~ (pU3MYECKHX 00pas3ioB (IMPOTOTHIIOB) YCTPOWCTB, PEANU3YIOMIUX IPEIIOKCHHbIC
pelieHus.

Maremaruueckoe 00eCIeYeHUE UCTIONIB3YyEMbIX MOJCIUPYIONMX KOMIUIEKCOB OCHOBAHO Ha T.H.
EMTP-anroputmax (EMTP — ElectroMagnetic Transients Program), omnmcanHslx B paborax
npodeccopa I'. Jlommens (Herman W. Dommel) [89]. ITepexon ot auddepeHnnanbHbIX ypaBHEHHIH,
OIUCHIBAIOIINX CTaTHYECKHE DIIEMEHTHI DJICKTPUUECKON CETH C COCPEIOTOYCHHBIMH IapaMeTpamu, K
Pa3HOCTHBIM ypPaBHEHUSIM OCYIICCTBISICTCS C HCIIOJNB30BAHUEM MeTOoAa Tpamnernuid. [lpuy 3Tom
VHIYKTHBHBIE M EMKOCTHBIC 3JIEMEHTBI MOTYT OBITH IPEACTAaBICHBI BKIIOYCHHBIMHU ITapajuIeiIbHO
IIOCTOSIHHBIM COIPOTUBIICHUEM U UCTOYHUKOM ToKa (pucCyHOK 1.5, a, 6). 3HaueHHe TOKA MCTOYHHKA
paccuUMTHIBACTCS HAa KaXKJIOM Inare MHTerpupoBaHus. ONUCaHUE PE3HCTHBHBIX 3JEMEHTOB OCTACTCS
Hen3MeHHbIM (pucyHok 1.5, 6).

Pemenue ypaBHEHHI CTaTHYECKUX DIEMEHTOB OCHOBAaHO HAa INPUMCHCHUH  MOJCIH
JNEKTPUYECKON ceTH B (opMe CHCTEMbl ypaBHEHHH Y3JIOBBIX HampspkeHuil. Tak, TOKM BeTBei
npocTeifei 3nekTpudeckoil renu (pucyHok 1.6) ¢ ucnonb30BaHUEM NPUBEICHHBIX CXEM 3aMEICHHUS

ITaCCUBHBIX DJICMCHTOB MOFyT GI)ITB BBIYHCJICHBI CHeﬂyIOH_H/IM 06pa30MZ
)= ug (t)-up(t)
p(t)=—"—5—=

2
15() =5 (6 (6)~Us (1)) oo - A0); (1.6)

2C

(1) === (uy (t) —uy (1)) +igg(t - At).

At

Wcnone3ys mnepsoiii  3akoH Kupxroda, Beipakenus (1.6) a1 3JI€KTPHUUECKOR  IIEIH,

HpeCcTaBIeHHON Ha pucyHke 1.6, MOryT ObITh IPUBE/ECHBI K BULY:

(%+%+%jul(t)—%u2 (0 2y (0) -2y () =1 (6 s (1 A0 i (£ ).
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Pucynok 1.5 — Cxembl 3aMelIeHNs TPOCTHIX TACCUBHBIX 3JIEMEHTOB

Pucynok 1.6 — [IpocTeiimas anekTpryuecKkas merb

Takum 00pa3om, cucTemMa ypaBHEHHUH, OMMCHIBAIOIIAS CTATHUYECKHE DJIEMEHTHI JIEKTPUUYECKON

CETH, MOXKET OBITh MPECTaBICHA MATPUYHBIM yPaBHEHUEM:

[can]-[um]=[3®]-[I-an], (1.7)
rue [G (At)] — MaTpuiia y3JOBBIX MPOBOAUMOCTEH; At— IIar MHTErPUPOBAHUS; [g(t)] — BEKTOp
HaIpsHKEHUM B y371aX 3JEKTPUYECKOM CETH B MOMEHT BPEMEHH 1 ; [i (t)] — BEKTOP TOKOB MCTOYHUKOB

TOKa B MOMEHT BPEMEHU T [i (t- At)] — BEKTOP TOKOB HCTOYHHUKOB TOKa B MOMEHT BpeMEHHU (t — At) .
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Marpuiia  y370BbIX mpoBogumocteii B ypaBHeHun (1.7) sBisercs (yHKOMe#H miara
WHTETPUPOBAHMS At; [ar MOJCIMPOBAHUS TNPHUHUMAETCS TOCTOSHHBIM M OOBIYHO 3alaeTcs B
unrepsaie ot 20 g0 80 mxc [90].

[Tporpammuo-annapaTHbiii  koMiuiekc RTDS  mo3Bosisier  BBINOJNHATH — TUHAMHYECKOE
MO/JICIIMPOBAHKE B PEXKHMME KECTKOrO PeajbHOr0 BPeMEHHU. AMaparHas 4acTh KOMILICKCAa OCHOBaHA
HA MHOTOIPOIECCOPHOW (MHOTOMANIMHHOM) BBIYMCIMTEIBHON CHCTEME, 3a OCHOBY B3fTa
CHMMETpPHYHAs MYJIbTUIIPOIICCCOPHAs apXUTEKTypa MocTpoeHust cucrtembl (Symmetric  Multi-
Processing — SMP) [91]. RTDS mno3Bosier 3ajeiicTBOBaTh B IPOIECCE HMCCICIOBAHUS HE TOJBKO
KBHPTYAJIbHBIE» 3JIEMEHTHI, HO U peajbHbIc (PU3NYECKHE YCTpOicTBa (HampuMep, CpeICTBa PelICHHOMN
3allUTHl U TPOTHBOABAPUIHON aBTOMATUKK). OOMEH MH(pOPMAIHel ¢ MOIKIFOUYCHHBIMU K KOMILIEKCY
YCTPOMCTBAMH OCYIIECTBIIACTCA C HCIOJH30BAHUEM AHAJIOTOBBIX M JMCKPETHBIX BXOJOB/BBIXOJIOB,
mudpossix uHTepdeiicos (MOK 61850 8.1 - GOOSE, MDK 61850 9.2- SV, C37.118, DNP,
PROFIBUS, Modbus, CAN, OPC). Peakiusi BHEIIHUX YCTPOMCTB MOXET OBbITH y4YT€Ha B paboTe
MOJISIUPYEMON CHUCTEMBI. biiaromapsi STHM OCOOCHHOCTSIM CTAHOBHUTCSI BO3MOXKHBIM OCYIIECTBIISATH
BCECTOPOHHHME HCIIBITAHUSI YCTPOWCTB pEJICHHOW 3allUThl M TNPOTHBOABAPUHHONW aBTOMATUKUA B
YCIOBHSAX, MAaKCHUMaJIbHO 3JCKTPUYECKHA OJHM3KUX K TEM, KOTOPbIE HMEIOT MECTO B pealbHBIX
IHEProcUCTEMAaX.

[Tpumepsr  0000mMEHHBIX Monened B (opmarax rpapmyeckux pegakropoB PSCAD wu

RSCAD/Draft (RTDS) npuseneusi B [Ipunoxernu b.

IIporoTunupoBanue. J[lyis OCyIIeCTBICHUS HCCIEIOBaHUN pabOThl TMPEAJIOKEHHOH B
JIMCCEPTALUK JICIUTEIbHON aBTOMATHUKU 110 HANPSDKCHUIO MPUMEHEHA TEXHOJIOTHS TaK Ha3bIBAEMOI'O
osicTporo mportotunupoBanus (Rapid Prototyping) [92, 93]. B cOOTBETCTBHH C HCIIOIB3YEMBIM
HO/IX0/IOM MpoToTHUM (Hamboyiee OJIM3KOE K ITOMY TEPMHUHY IOHSITHE B OTEUYCCTBEHHOW MPAKTHKE —
OIIBITHBIM 00pa3el) yCTpOWCTBAa MOXKET OBITh pealn3oBaH Ha 0a3e HU(PPOBOTO MOACIHPYIOIIETO
KOMIUIEKCA PealbHOrO BpeMeHH. Vcmonmb3yeMble MpU MPOTOTUIMPOBAHUKA WHCTPYMEHTBI MO3BOJISIOT
peaIn30BBIBATh JIOCTATOYHO JIETATBbHBIC ANTOPUTMBI YCTPOWCTB PENEHHOMN 3aIIuThl 0€3 BBHIIOIHEHHS
TPYJOEMKOTO HH3KOYPOBHETO IPOrpaMMHUpPOBaHMsl (KOTOpPOE, KaK MpaBHIO, HEOOXOIMMO IpH
peaiM3aluK  ONBITHOTO oO0pa3la Ha Y3KOCHEIHMAIM3UPOBAHHOW  ammapaTHOW  IuiaTdopme),
o0ecrieunBarOT (QYHKIMOHUPOBAHUE ITUX AITOPUTMOB B PEIKHME «KECTKOTO» PEealbHOIO BPEMEHH, a
TaKoke O0ECHEeYMBAIOT B3aMMOEHCTBHE C BHEIIHUM OOOpPYJOBAaHHEM IIOCPEICTBOM HEOOXOIMMBIX
1 (POBBIX H/UITU aHAJIOTOBBIX HHTEP(EHCOB.

Jns co3maHus TPOTOTUIIA HCIIOJIB3YETCs MPOTrpaMMHO-anmnaparHeii komiuieke eMEGASIm.
AnmaparHas dvacth komiuiekca e€MEGAsIim  [94,95] wumeer craHmapTHYH — apXUTEKTYpy

IPOMBIIIIEHHOTO  KOMITBIOTEpA, PEATU3YIOUIYI0 TEXHOJIOTHIO  PacHpe/e€HHbIX  BBIYUCICHUN
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HOCPEICTBOM HCIIOJIb30BAHUSI OJHOW HWIIM HECKOJBKUX BBIYMCIUTENBHBIX IOJCUCTEM, KaXIaas H3
KOTOPBIX COJEPXHT OJMH Win jaBa MHorosuepHbix Intel- mamm AMD-npoueccopa (pucynok 1.7). B

OesIX CHWOKCHUA TIPH  BBIYUCIICHUAX BPCMCHHBLIX 3aJICPKCK oOMeH JaHHBIMU MCXKAY sAApaMHu

Pucynok 1.7 — ApxuTekTypa anmnapaTHOi 4acTH IPOrpaMMHO-anmnmaparHoro komruiekca EMEGASImM

IPOLIECCOpPa OCYIIECTBISIETCS TTOCPEACTBOM BCTPOCHHOM ONMEpaTHBHOW MaMSTH (KAII-TIAMSITH); MEKILY
IpoLeccCopaMu — Yepe3 MOIYJIU MaMsITH, YCTaHOBIIEHHbIE Ha MaTepUHCKOM maTe. CBs3b MPOIIECCOPOB
C IulaTaMH BBOJA/BBIBOJIa ocyliecTBisercss 1o ckopocTHoit PCl-mmue uepes mimaty FPGA
(mporpamMmupyemasi MaTpuiia), MCIOIb3YEMYIO TAKKe Ui pealu3alid T.H. <OBICTPHIX» (C MajbIM
[IaroM pacyéra) BEIYUCIICHHIA.

B cocrtaBe KoMmIiekca MpeayCMOTPEHbI MOJIYJIM aHAJIOrOBOrO W IM(pPOBOro BBOJAA/BBIBOJA.
Monynu aHalIoroBOro BBIBOJA MPETHA3HAYCHBI IS BbIIAYM PACCUMTHIBAEMBIX BBIUMCIHTEIHLHOM
MOJICUCTEMOM MTHOBEHHBIX 3HAUEHUIH TOKOB W HANPSHKCHUM Ha BHEIIHEE pealbHOE 00OpYIOBaHHE.
[TpuMensiembie B 3TUX MOAYJISX 1Hdpo-aHamoroseie npeodpasosarenu (L{AIT) umerot paspsanocts 16

ouT; BeIXOIHOM curHa (16 KaHAIOB ¢ «OOIIMM» MPOBOIOM) — HaNpsHKeHHE HU3KOro (pa3Max 10 32 B)



35

ypoBHs. Moayiii aHajaoroBoro BBoaa (Kaaplii coaepxut 16 auddepeHnnanibHbIX KaHAIOB) CIyXKat
JUIsi 1pu€Ma aHAJIOIOBBIX JJIEKTPUYECKUX CHUTHAJIIOB OT HCHBITYEMBIX YCTPOMCTB. PaspsaHOCTb
aHayoro-1udpoBsIx mpeodpasoparenei (ALIT) — 16 6ur. /J[nana3zon BXOAHOTO HanpspkeHus — oT £20
1o +120 B (koudurypupyetcs). Moy TUCKPETHOTO BbIBO/IA TPEOYIOTCS IS BBIAAYH JAUCKPETHBIX
CUTHaJOB Ha BHEIIHEee O0OOpYyJOBaHME; pEaTM30BaHbl C HCIOJIb30BAaHHWEM TallbBAHUYECKU
M30JIMPOBAHHBIX OT BBIYUCIHUTEIBHON TMOACUCTEMBl TPAH3UCTOPHBIX KIIOUEH U COAEpKaT OT
meCTHaaAuaTu 140 TpuaALaTh OABYX KaHaJIOB, B HCKOTOPBIX BapUaHTaX HWCIOJHCHHUA KOMIIJICKCA
peanu3oBana Bbiaada curHanoB TTJI-yposus (0/+5 B), MoxymupoBaHHBIX OXHOMOJSPHBIX CHTHAJIOB.
Monynu HIUCKPETHOrOo BBOJAAa HEOOXOAMMBI JUIsi IpueMa HH(pOpPMAlMM O COCTOSHUM BHEIIHETO
obopynoBanusi. Kanaiel 1uckpeTHOro BBoja (OT IIECTHAALATH IO TPUALIATH ABYX Ha MOIYJb) UMEIOT
ONTPOHHYIO Pa3BA3KY OT BHEIIHUX LIETIEH.

OcCHOBHBIE XapPaKTePUCTHKU KOMIUICKCA, HCIIOJIB3YeMOro i pa3paboTKH  IPOTOTHIIA,

npuBeieHbI B TabuIe 1.4.

Ta6nuia 1.4 — Korduryparys nporpaMMHO-amnmapatHoro kommiekca EMEGASImM

Kouau-
KoMmoneHT KOMILIIEKCa XapakTepucTHKH
4eCcTBO
laccu 1 OP5600 HILbox Real-Time Simulator
MarepuHcKas miaTa 1 X8DTL-I-O Supermicro Motherboard, intel Xeon
processor 5600/5500 series, with QPI up to 6.4 GT/s
ITporeccop 2 Intel Xeon QuadCore 2,4 GHz, 1333FSB, 8M (6 cores)
Motynu naMsTi 4 2GB
OmnepaloHHas cucTeMa 1 Linux RedHat v2.6.29.6-opalrt-5 («coopka»
npousBoautens — OPAL-RT Technologies)
ITnara FPGA 1 ML-605 (Virtex 6)
[1nara aHaimoroBoro BBoJa 1 OP5340 (16 out, 16 quddepeHiranbHbIX KaHAIOB,
orpoc Bx010B — 10 500 000 BEIOOPOK B CEKYH/TY)
I1nata aHaIoroBoro BeIBOIA 1 OP5330 (16 6uT, 16 kaHaI0B ¢ OOLIMM IPOBOJIOM,
BIBOJ MH(. — 10 1 000 000 BHIOOPOK B CEKYH/1Y)
[Inata qUCKpPETHOTO BHIBOJA 1 OP5353 (32 onTH4ecky U30IMPOBAHHBIX KaHAJIA, OPOC
Bx0710B — 710 10 000 000 BEIGOPOK B CEKYH/IY)
[Inata guckpeTHOro BhIBOAA 1 OP5354 (32 onTruecky U30JMPOBAHHBIX KaHalla, BHIBOT
uud. — 10 40 000 000 BHIOOPOK B CEKYHTY)
KoMMyHuKalmonHas miara 1 Intel EXPI9404PTL PT Quad Port Server Adapter
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1.7 BeiBoanbl 1o riase 1

1. Mana xapakTepucTHKa OOBEKTa 3aILUTHI, TOKA3aHO, YTO CBOMCTBA 3JIEKTPOIHEPreTUUECKOM
cuctemMbl npu BHeApeHun B He€é DCMM OyayT oOyCIOBIICHBI: YBEIMYCHHUEM pPa3HOOOpasus
IPUMEHSIEMBIX TEXHOJOTHI TreHepupoBaHus (B Poccum— ¢ 0Oojee IIMPOKUM HCIIOJIb30BaHUEM
ra30TypOMHHBIX, TA30MOPIIHEBBIX U AU3EIbHBIX 3JIEKTPOCTAHIIHMN); PACIIMPEHUEM (YHKIIMOHATBHOCTH
pacrpeeuTeNbHbIX CeTeH; YCIOKHEHHEM PEKUMOB pabOTHl pacIpe/ceTel: MOsIBICHUEM YCIIOBHIA
MHOTOCTOPOHHETO IUTaHUSl CETEBBIX JJIEMEHTOB, BO3MOXKHOCTM BO3HHMKHOBEHHS KadyaHUU U
ACUHXPOHHBIX PEKUMOB, HECHHXPOHHBIX BKJIIOYEHUH, pEXHMOB aBapuUHHOIO OTIENEHHUsS OT
SHEpProcUCTeMBbl (PPArMEHTOB CETH C MAJIBIMU IEKTPOCTAHLIUAMM.

2. Ha ocHoBe aHanmm3a CyIIECTBYIOUIETO OTEYECTBEHHOIO M 3apyOEKHOTO OIbITa BBISBICHO
OTCYTCTBHE KOMILUIEKCHOTO IOJIX0/a K MOocTpoeHuto P3 pacnpenenuTenbHbIX ceTell Ipy MOAKIIOUYEHUN
k HUM DCMM, ycraHoBieHa HemocTaToyHas W3y4eHHOCTh BIUsHHI DCMM Ha 3¢ ¢eKkTUBHOCTH
¢dbyuknuonnpoBanus P3 mpuiexaineit pacipeneTuTeIbHON CEeTH.

3. IlpuBenena kinaccuukanus pacnpeieIMTeNbHbIX CEeTEeH W TUIIOB MPUMEHSEMBIX B HHX
ycrpoiictB P3; nana oOmias ouenka BiusHuss DCMM Ha 3¢ (GeKTUBHOCTh (PYHKIIMOHUPOBAHUS 3aUT
OpUJIeKALEH 3JIEKTPUUECKON CETH. BCJIEACTBUE MPOMEXYTOUHOW nmoanutku or DCMM cHmxkaercs
3G (EKTUBHOCTh PE3EPBHBIX CTYNEHEH 3allUT BBIMIECTOALIEH AIIEKTPUUECKOW CETH; CTaHOBHUTCSA
HEOOXOJIMMBIM PAacCMOTPEHHE BONPOCOB M3MEHEHHs IMapaMeTpoB cpalaThbIBaHMs 3alIUT, BBEACHUS
HaNpaBJICHHOCTU UX AeicTBus. OTMeueHo, uto TpeboBanus K P3 pacnpenenuTebHON ceTH HAYMHAIOT
OTIPEEIIATHCS TaKKe YCIOBUAMU yCTOMYMBOCTH TeHepaTtopoB DCMM.

4. OOOCHOBaH BBIBOJl, YTO KOMIUIEKCHOE pacCMOTpeHHe TpobiemMbl mocTpoeHusi P3
pacrpeeIuTeNIbHON ceTH Ipu NokiIroueHu K Heit DCMM TpebyeT pelieHus AByX OCHOBHBIX I'pYII
3amad:  obecneueHre TpeOyeMOro TEXHMYECKOTO COBEpIICHCTBA P3  aleKTpHuecKux ceTei,
npuieraromux Kk touke npucoeaunenuss 9CMM, u coznanune P3A B y3ne npucoenunenuss SCMM k
CETH.

5. Pa3paboTanbl u peanan3oBaHbl Ha 0a3e ClELUATU3UPOBAHHBIX IPOIPAMMHBIX M IPOTrPAMMHO-
anmnapaTHhIX KOMIUIEKCOB MOJENH 3JIEKTpOIHEpreTuueckux cucteM ¢ ICMM, opueHTUpOBaHHBIE Ha
pelieHre 3ajad  JUCCEpPTAllMOHHOTO HCCIIeOBaHMs. B KkauecTBe OJHOTO U3 MHCTPYMEHTOB
UCCIICIOBAaHMsI  pa3pabOTaHHBIX pPELIEHUH MPEUIOKEHO IMPUMEHEHUE TEXHOJIOIMH OBICTPOro

MMPpOTOTUIINPOBAHUA.

Pe3ynbraThl paboThl HaJl MaTEpUAIOM IIIaBbI HAIILUIK OTpakeHue B [55, 96-102, 103-105].
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2 UCCJIIEJOBAHUE DOPEKTUBHOCTH ®YHKIHNOHUPOBAHUSA
PEJIEMHOM 3AIIUTHI B YCJIOBUAX MOAKJIIOUYEHUS K SHEPTOCUCTEME
MAJIBIX PACIPEJEJIEHHBIX JIEKTPUYECKHUX CTAHITAM

2.1 O01me moJIoKeHus

B cooTBeTcTBUU C MpHHATBHIM MOAX0A0M (cM. . 1.5) mccienoBanus, COCTaBISIOIUE MaTepHAa
JTAHHOW TJIaBbl, OCYIIECTBJIEHBI C YYETOM OCOOCHHOCTEH JIEKTPUYECKUX PEKHUMOB, MPHUCYIIUX
pacnpenenuTenbHbM ceTsiM ¢ DCMM kak 00BEKTy 3aIIUTHI.

PaccmaTpuBaroTcst Hanbosiee MUPOKO MPUMEHSEMBIE B PACTIPEICIUTENBHBIX CETAX 3alUTHI C
OTHOCHUTEJIbHOM CEIEKTUBHOCTHIO: TOKOBbIE U AMCTaHLUMOHHbIE. Kak oTMeueHO B rnase 1, B Oombluei
CTENEHH HMHTEpEC IMPEACTaBIsSeT HCCIEAOBAHNUE PE3EPBHBIX CTYNEHEW 3alllUT BBHIIIECTOSAIIEH CeTH U
aHaIN3 BIUAHUA HA YPPEKTUBHOCTh UX (PYHKIIMOHUPOBAHUS MPOMEKYTOUHON MOANUTKH 0T JCMM.
CnemyeT OTMETHTb, YTO BIUSHUE MPOMEKYTOYHON TMOAMUTKH Ha (QYHKIIMOHUPOBAHUE 3aIIHUT
JOCTaTOYHO MOAPOOHO M3ydeHo, Hanpumep, B [84, 106, 107]. B manHO# paboTe aKIEHT UCCICIOBAHUI
CMEIIIEH Ha KOJIMYECTBEHHBIN aHaU3 ATOrO SIBJICHUS NMPUMEHUTENIbHO K XapaKTepHBIM MapameTpam
pacnpenenuTenbHbix cerelt ¢ OCMM.

HccnemoBaHusl 3alIUT OCYIIECTBISIOTCS C IETBI0 YCTAHOBICHUS WX TMPUHIUITHAIBHOTO
COOTBETCTBUSl TPEOOBaHHUSM YYyBCTBUTEIBHOCTH, CEIIEKTUBHOCTH M OBICTPOJNEHCTBHS B YCIOBHAX
MOSIBJICHUSI B pacnpeaeauTenbHoil cethn 9CMM, B TOM 4ucie NpU BbI3BAHHBIX 3TUM HU3MEHEHHSX B

XapaKTePUCTHKAX AIEKTPOMEXAHUYECKUX MEPEXOAHBIX MTPOLIECCOB.

2.2 AHAJIN3 CeJIEKTUBHOCTH U YYBCTBUTCJIbHOCTHU PE3€PBHLIX CTyHeHeﬁ TOKOBBIX 3allIUT

Kak ormeuanocs B nepBoil riase, nojakiatoueHne JCMM He NpUBOAUT K HApYLICHUIO YCJIOBUMN
cesiekTuBHOCTH AeiicTBust MT3 Hukecrosei anexTpuueckoil cetu. Tem He meHee, ecnu MT3 nmeror
3aBUCUMYIO0 OT TOKa BBIIEPKKY BPEMEHH, BCIIEICTBHE HW3MEHEHHMS 3HaueHM TOkOoB K3 Moxer
noTpeboBaThCs MEPECMOTP MapaMeTpoB UX CpaldaThiBaHHSA. B 4acTH TOKOBBIX 3alIUT BHIIIECTOSIIEH
ceTu i OOECIEeYeHMs CEeJIEKTUBHOCTH, KaK NpaBWiIo, TpeOyeTrcs NepecMOTp MapaMeTpoB HX
cpabaThIBaHUs, B HEKOTOPBIX CIIydasX — BBEJICHUE HANPABICHHOCTH JIEHCTBUS.

Pacuérnbie ycrnoBus mis BeIOOpa mapaMmeTpoB cpadaTeiBaHuss MT3, 0COOEHHOCTH TTPUMEHEHUS
MT3 ¢ 3aBUCUMBIMH BpPEMATOKOBBIMH XapaKTEpUCTUKaMH, a Takke (yHKIMOHUPOBAHHE
HANpaBJICHHBIX MAaKCHMAJIbHBIX TOKOBBIX 3alllUT B paclpeAeiuTeNbHbIX ceTax ¢ DOCMM Oynyr
paccMOTpEHBI B CIIEAYIOIIEH TIIaBe.

UysctBuTenpbHOCTh MT3 omnenuBaercs Ko3(PQOUIMEHTOM YyBCTBHTEIBHOCTH. JIsi pexkuma

PE3CPBHOTO JIEUCTBUS KOS(I)(i)I/II_II/IeHT YYBCTBUTCIIbHOCTU OIPCACIICTCA Kak OTHOIICHUC
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MUHUMAJIBHOTO TOKa MOBPEXKIEHHUS B KOHIIE PE3EPBUPYEMOI0 00bEKTa K TOKY cpabaThIBaHUsI 3alUThI
U J0JKeH cocTaBimsiTh He wMeHee 1,2, CHwkenue koddduiumenta dvyBcTBUTENbHOCTH MT3
BbIIIeCTOSIIIEH cetu mpu monakmtoueHun DCMM omnpenensiercst cHuxkeHrneM Toka K3 oT uctouHuka
BHEITHEH ceTH (€M TOK CpabaThIBaHHS 3AIIUTHI IPH ATOM HE U3MEHSLICS).

OnnodazHast cxema 3aMENICHHS JJICKTPUYECKOWM CEeTH C JIBYXCTOPOHHUM THTAaHHEM

(cm. pucynok 1.4, a) ans peKUMOB KOPOTKHMX 3aMbIKaHHMi B KOHIe juHud W2 mpuBeacHa Ha

pucynke 2.1, a. Ha cxeme npuHATH crnepyromme obo3Hauenus: E,., Z,. — 3.1.c. ¥ compoTuBICHUE
9KBHMBAJICHTHOTO UCTOYHMKA BHemHel cetu OC; E;, Z; — 3.4.C. U CONPOTUBIEHHE 3KBUBAJICHTHOIO
reHepaTopa Manoi aexrpocranuuu G; Z,,, — comportusinenue suann W1; Z,,, — conporusieHue

muaun W2; R — akTHBHOE IepexofHOe COTPOTHUBIICHNE B MECTE TTOBPEXKICHUS.

IN
]

P- MECTO YCTaHOBKW 3aLUUThbI

Pucynok 2.1 — Cxembl 3aMeleHus . a) oaHO(a3Hast SJTEeKTPHUECKOM CETH

C ABYXCTOPOHHUM IIUTAHUECM, 6) OKBHBAJICHTHAsA

[IpuBeneHHass cxeMa 3aMEIICHUS MOXET OBITh ONMHCaHa CIEAYIOMIeH CHUCTEMOH ypaBHEHU,
COCTaBJIEHHOW OTHOCUTEJIBHO TOKOB B BETBSIX I'€HEPATOpAa U SKBUBAJIEHTHOIO MCTOYHMKA BHEIIHEH
CeTH!

Ese = Lo (Zoe +Zyw) + (e +16)Z¢ 2.1)
Eo =16Zs + (e +15)Z¢ | |
rne Zp =2, +R:.

Ha ocHoBe ananmsa cuctembl (2.1) MOXET OBITH MOJYYCHO AHATUTHYCCKOE BBIPAKCHUE IS

3aMepa TOKOBOM 3alllUThl, yCTAHOBIEHHOU €O CTOPOHBI DC:

Z.(1-ke”)+kz
L, =E 2 1 (2.2)
KZ°+2Z; +kZZ,

E
rnie E=E,.; k,=—2;, Z=2Z,+Z,,; O — yron MeKIy BEKTOpaMH 03.I1.C. SKBHBAJCHTHBIX

e
2C

ucTtouHnkoB DCMM u BHELIHEN CETH.
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Tox B MecTe yCTaHOBKHM 3aIUTHI IpH 0TCYTcTBHH DCMM (Z = o0):

. E
Loc Z"‘ZF.

CHmwxenue 4dyBCTBUTENbHOCTH MT3, ycTaHOBIEHHOM co CTOpOHBI MCTOYHHMKAa DC, B pexuMe

pE3epBHOr0 IEHCTBUS ONpeeseTcs OTHOLIEeHneM Moxyeit Toko | 'y, u | ..

_mod(in) [ KZPezz, +kzz,

Tmod(L) |2 2@ (ke ) kD) | &9

Ecou mpunste E, = E; = E,., cxemy, npencraBnennyio Ha pucyske 2.1, a, MOKHO CBECTH K
JKBUBAJCHTHOM cxeme 3amemieHus (pucyHok 2.1, 6), Hamboiee HarjsiIHO  OTpakaromieH
pacripezieliecHie TOKOB KOPOTKOT'O 3aMbIKaHUs B pacnpenenutenbHoit cetn ¢ DCMM. B cooTBeTcTBUM
C TPUBEACHHOW CXEMOH MOTYT OBITh TOJYYEHBI YIPOIIEHHBIE BBIPAKEHHUS J/JISI TOKA B MECTe

YCTaHOBKH 3alIUTHI U Kodddurmenrta K, :

L= 2 Eng ' (2.4)
kZ®+2Z, +kZZ,
K, =mod|1+—%= 1 (2.5)
Z+Z; k
z, 1 )
Crnaraemoe o7 % ° (2.5) oTpaxkaer yMeHBIIEHHE COCTaBJIAIONIEH TOKa KOPOTKOTO
£L+L,

3aMbIKaHUsI CO CTOPOHBI SHCPrOCHUCTEMBI, BbBI3BAHHOC IOAKIHOUCHUCM 9CMM B MMPOMCIKYTOYHOM
: 1 y
y3JIC, MHOXUTCIIb E npsMO IMPOMOPHUOHAJICH COOTHOUICHUIO MOIIMHOCTCU KOPOTKOI'O 3aMBbIKAHUWA

renepatopoB OCMM u DC. VYmpomeHHoe Bweipaxenue (2.5), He yuHTHIBaIolee 3aBHCUMOCTb
TOKOpACIIPENICICHUs] B CXeME OT COOTHOIIeHUs 3.4.c. reHepatopa DCMM u OC, Moxer OBbITh
WCITOJIH30BAHO JIJIS MPAKTUUECKOU OIEHKH CHIDKEHHSI YyBCTBUTENIbHOCTH MT3.

B cootBerctBuu ¢ (2.5) Biausuue DCMM onpenenseTcss MONHOCTBIO KOPOTKOTO 3aMbIKaHHUS
SKBUBAJIEHTHOrO ucTouHnka OC, KOHUrypanuend pacrpeIeuTeIbHOW CeTH U MOIIHOCTBIO
reHepatopa camoidi DCMM. Anamms BemonHeH s cered 10, 35 m 110 kB. KonudectBeHHBIC
napaMmeTpsl ceTell NPUHATHI B COOTBETCTBHMM C JIaHHBIMM, TIpUBEACHHbIMU B Tabmune 1.1.
AHnamusupoBanuch pexxuMbl Metammueckux K3 u K3 dyepe3 mepexonnsle conportusieHus. Ha
pHUCYHKe 2.2 TIPUBEJCHBI 3aBUCUMOCTH 3HaueHHMH Koddduimenta K, OT MOLIHOCTH MOIKIIOYaEMON
JIEKTPOCTAHLIUH, ITOCTPOCHHBIE ITPY MUHUMAJIBHOM MOIIHOCTH MCTOYHMKA BHEIIHEW CETH W JJIMHAX

J'IPIHI/Iﬁ, COOTBCTCTBYIOIINX MAKCUMAJIBHBIM 3HAYCHUAM (CHHOHIHLIC .]II/IHI/H/I). I[J'ISI CpaBHCHHUA

NYHKTUPHBIMH JIMHUSAMHU (CM. PUCYHOK 2.2) TMOKa3aHbl T€ K€ 3aBHCUMOCTH, HO MOCTPOCHHBIC NpPH
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MaKCHUMaJbHONH MOIIHOCTH MCTOYHHKA BHEIIHEH CETH M Maiblx jnuHax jguHui (s cerert 10, 35 u

110 kB — 1, 3 1 10 KM COOTBETCTBEHHO).

PI/ICYHOK 2.2 — Bausguue MOITHOCTH HO,Z[KJ'IIO‘I&CMO?I SJICKTPOCTAHIINN HAa YMCHBIICHUC
COCTaBJISIONIEH TOKa KOPOTKOI'O 3aMbIKaHUS CO CTOPOHBI BHEIITHEH CETH.:

P — akTHBHas MOIIHOCTH TeHepaTopa nojkiIoueHnon SCMM

B cetsx 10, 35 kB co «cmaObiM» HCTOUHUKOM (B KOTOPHIX MaKCHMaIbHast MOITHOCTh €THHHYHON

SIIEKTPOCTAHIIUM MOXKET OBITH OOJIbIIE MOLIHOCTH HCTOYHHMKOB BHemiHe# cetu: K =0,5-1) moxer

MMETh MECTO YMEHBIIIEHHE COCTABJISIIOLICH TOKa MOBPEXACHUS OT BHemrHed cetu B 1,5-1,7 paza. B
«cnma0prx» cersx 110 kB mpu npHHATON JUIMHE JIMHWAW JJIEKTporieperadnd 25 KM COCTaBJISIOINAS
aBapHITHOTO TOKA OT PHEPTOCUCTEMBI MOKET YMeHbIIaThes 110 1,15 pasza.

B ycnoBusiX CHIBHOHM CBSI3M C 3HEPrOCUCTEMOHN (CETh C MOIIHBIM HMCTOYHHKOM) BIIUSTHHUEC
MOJIKJIFOUYEHHOW B TIPOMEXKYTOYHOM Yy3JI€ MaJOW DJIEKTPOCTAHIIUU MPOSIBISICTCS B 3HAYHTEIHHO

MeHbIIeH creneHu. Tak, MOAKIIOYCHHbIE Ha Hu3ImeM ypoBHe Hampspkenus (6...10 kB)
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JIEKTPOCTAHIIMK TIPAKTHYECKH HE OKA3bIBAIOT BIMSHHS Ha PAaCIpe/Ie]ICHHE TOKOB KOPOTKOTO
3ambikanuss B cetd 110 kB: mpw MOIIHOCTH IOJKIIOYCHHON 3JIEKTPOCTAHIUH, OJM3KOH K
MaKCHUMaJbHOU, COCTABIISIIONIAsT ABAPUITHOTO TOKAa OT SHEPrOCUCTEMbl YMEHbBIIIAEeTCsl He OoJiee YyeM Ha
5%; s cetn 10 kB cocraBnsitomas Toka OT BHENIHEH ceTu mpu Merammndeckux K3 ymeHsbimaercs

MakcumyMm B 1,15 pa3a.

2.3 AHau3 YYBCTBHTECJIBbHOCTH U CCJICKTUBHOCTU JUCTAHIHOHHBIX 3aIIIUT

AHaJIM3 YyBCTBHTEJIBbHOCTH Pe3ePBHBIX CTyNECHEH JMCTAHIMOHHBIX 3alIUT. B cooTBeTCTBNN
CO CXEeMOHl 3aMmelleHus, NPUBEACHHOW Ha puUCYHKe 2.1, @, CONPOTUBIEHHME HA 3aKUMax

JTMCTAaHIIMOHHOM 3alUThI, YCTAHOBJICHHOU CO CTOPOHBI DC:

E,.-1L.Z
Zacpzw. (2.6)
—C

[Tocae moacranoBku (2.2) B (2.6):

Zcke" (Z + Zw1) +KZZ,

=09CP =wi ZF(l_keej(s)‘i‘kZ ( )

Ha ocHoBe BbIpakeHusi (2.7) BBIMOJHEH KOJWYECTBEHHBIN aHAIM3 M3MEHCHHS 30H «OXBaTay
JTUCTAHIIMOHHOTO 3aMepa MPUMEHHUTENBHO K XapaKTepHbIM MapaMeTpaM paclpeieluTeIbHON CeTH C
OCMM. [lanee npuBeaeHbI Pe3yJIbTaThl UCCIEAOBAHUN JUIsl IBYX IPAHUYHbBIX CUTYyalUii:

— 3JIEKTPOCTAHIINA, paboTatomiast B ceTu c MOITHBIM HCTOYHHUKOM
(U, =110xB, L, =10xm, P, =30 MBm, k =25);

— 3IIEKTPOCTaHLM, paboTaromas B CeTH co «cnadeiM» ncrounukoM (U, =35«B, L, =15xu,
P, =20 MBm, k =1).

Ha pucynkax 2.3,2.4 mnoka3aHbl OOJIaCTH 3HAUEHHUH H3MEpSAEMOro 3alUTON pPEaKTUBHOTO
conporuBienuss npu K3 Ha smHum W2  (BapbHUpOBaJIHMCh MapaMeTpbl  IPEAIICCTBYIOIIETO
HOBPEXKICHHUIO PEXKHUMA U YIAIEHHOCTh MECTa KOPOTKOTO 3aMbIKAHHU).

[TonkitoueHHbIE K CETH 3JEKTPOCTAHIIMM HE OKAa3bIBAIOT 3HAYMTEIHHOTO BIUSHHUS Ha 3amep
JMCTAaHLIMOHHOM 3allUTHI, YCTaHOBJICHHOW CO CTOPOHBI MOIIHOW SHEPrOCHCTEMBI (IpaHMIA 30HBI
JEMCTBUS 3alUTHI MIPU METATMUYECKUX KOPOTKHUX 3aMBIKAHMSAX CMEIIAeTcs, KaK MpaBuio, He Ooree
yem Ha 5-10%). IloakimroucHHe MOIIHOW DIIEKTPOCTAHIMN K «Caa0O0W» CeTH MOMKET NMPHUBECTH K
3HAYUTEIILHOMY YMCHBILICHUIO OXBaTa COOTBETCTBYIOIIEH 30HBI 3ammthl (mpu K3 B KOHIE THHUH
3aMepsieMOoe 3alUTON COMPOTUBJICHUE YBEIWYMBACTCS B CPAaBHEHUU ¢ (AaKTUYECKUM Oojiee 4eM B 2
pasa), CIeICTBHEM 4Yero OyneT SIBISAThCSA CHIKCHHE 3()P()EKTUBHOCTH 3aIlUTHI B PEXKHUME PE3EPBHOTO

necTBUs (4yBCTBUTEIBHOCTh AMCTAHIIMOHHON 3allUThl K KOPOTKMM 3aMBIKaHUAM Yepe3 OOJIbIIHe
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NEPCXOAHBIC COIIPOTUBIICHHUA MOXKCT OKa3aTbCAd HGIIOCTaTO‘IHOﬁ, 3aluTa MOXCET OTpa6OTaTI> C

OoJIbIIIEH BBIIEPKKON BPEMEHH, COOTBETCTBYIOILEH 30HE ¢ GOIBIIMM OXBATOM).

Pucynok 2.3 — MI3meHeHHe 3aMepa CONPOTUBIICHUS TUCTAHITMOHHOM 3aIlUThI

IMpU NMOAKIFOYCHHUN MaJIon SJICKTPOCTAHLIUU K MOIHHOﬁ CCTU

Pucynok 2.4 — VI3meHeHue 3aMepa CONMPOTUBIICHUS TUCTAHITMOHHOM 3aIlAThI

IIpU IOAKJIIFOYCHUN MaJIoH QJICKTPOCTAHINH K «cIaboi» ceTu

AHAJIM3 YCJOBHIl CEJIEKTUBHOCTH [elCTBUS JUCTAHUMOHHBLIX 3allUT B CeTH C
ABYXCTOPOHHMM mnuTaHueM. OOecredyeHHe CEIeKTUBHOCTH JCHCTBHS 3allUT B OOMIEM ciydae
JIOCTUTACTCS KOHTPOJIEM WJIM OTpaHUYCHHWEM 30H HX JICHCTBHUS, a TakKe BBEJICHUEM, IIPH
HEOOXOAMMOCTH, BbIACpKeK BpemeHu cpabateiBanus [108, 109]. C menbio aHain3a BO3MOXHOCTH
ceNieKTHBHOrO OTKioueHnss K3 06e3 BBIICPKKHM BpPEMEHH TPEICTABISACT HHTEPEC MPOBEACHUE
UCCIICIOBAaHMs TMPUMEHUTEILHO K TIEPBOM CTYNCHHM JIMCTAHIIMOHHOW 3amuThl (pacuéTHas 30Ha

neiictBus — 80-85% uIMHBI THHUK).
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ITpu K3 uepe3 mepexonHoe CONPOTHBICHHWE HA IMIMHAX MPOTHUBOIOJIOKHOTO KoHLA JuHuu W1

(cm. pucynok 1.4, @)  W3MEHEHHME  «BHUAMMOIO»  3aIMTON  COMPOTHBICHUS  ONPEACISICTCS

K03 (PUIMEHTOM TOKOpacIpeaeneHus K, :
Zocp =Zyy + Reky . (2.8)
Koaddumment Toxopacnpenenenus B (2.8) (s paccmarpuBaemoro cinyyast: Z,, =0, Z. =R.):

_ kePZ+kz
= R(-ke¥)+kz "

(2.9)

Ilpu paBenctBe 9.0.c. Treneparopa OCMM wu DOC (k, =1 6=0) xoaddument

TOKOPACHpPEICICHUS TPEJICTaBIsIeT COOON BEIIECTBEHHOE YHCIO U 3aBUCUT OT COOTHOIICHUS
COMPOTHUBIICHNN UCTOYHMKA BHEIIHEW ceth U DCMM, sKBUBaJICHTUPOBAHHBIX OTHOCUTEIHHO TOUKH
npucoeauuennss JCMM:

Ltk
T k '

B cootBerctBuu ¢ (2.10) MoxeT OBITH JaHa OIEHKA MaKCHMAJIbHBIX 3HAYeHHH Kod(duimeHTa

k (2.10)

TOKOpACIPEICICHUS, Ul CeTell CO «Caa0bIM» HCTOYHHKOM (3HAueHHst K MpUHHMAOTCS B
cooTBeTCTBUU ¢ Tabmuie 1.1):

—cetb 10 kB: k; =3;
—cetb 35 kB: k; =2,4;
—cerb 110 kB: k; =1,6.

Cnenyer 3aMeTUTh, YTO 3HaUYeHUs ko3¢ duienta TokopacnpeaeneHus B cetsax 110 kB u Bbime ¢
MOIIHBIMHU 3JICKTPOCTAHIMSMU MOTYT OBITh CyIIECTBEHHO OoJjbiie (o momy:nto). OaHako, apryMeHT
KOMIUIEKCHOTO KO3((HUIIEeHTa TOKOpaclpeaeNeHns, KOTOPhIH 3aBHCHUT TaKKe OT aOCOIIOTHOTO
3HAYCHUS] MOLTHOCTH CHUCTEMBI «3a CIIMHOW» 3aIUTHI U IIAPaMETPOB JI0ABAPHHHOTO pexuMa, OOIIbIIe
3HAYEHUS MOKET NPUHUMATh, HANpPOTUB, B CETH CO «clIabbIM» HCTOYHMKOM. llpu HampaBieHuun
nepesayd MOIIHOCTH B J0aBapuilHOM pexnMe — Kk mmHaMm OCMM, B pexume K3 mmeer mecto
MIOBOPOT BEKTOpPA COMPOTUBJICHHSI B KOMIUIEKCHOM IJIOCKOCTU Ha OTPHULATEIbHBIA YroJl, YTO MOXKET
IIPUBECTH K U3JIUIIHEMY JACHCTBUIO MIEPBON CTYIICHH 3aLUTHI.

B kauectBe mnpuMepa Ha pHUCYHKEe 2.5 TPUBEACHBI 3HAUYEHUS W3MEPSIEMOro 3allUTOM

compotuBneHus it cetn 35kB  co «cmabeiM» wmcrounukom (U, =35kB, L, =15kum,
P, =20MBm, k=1- cM. Bbime). 37ech K¢ TIOKa3aHa MOJUTOHAJbHAS XapaKTEPUCTUKA

Cpa6aTI)IBaHI/I$I HCpBOfI CTYIICHU I[I/ICTaHHHOHHOﬁ 3alIUTHI. HpI/I MaKCHUMAaJIbHOM 3HAQYCHHUHN MOIIIHOCTH,

nepenaBaemoil k mmHaM DCMM, apryment K, coctaBmsier 20 rpamycoB; Ipu 3TOM H3MepsieMoe
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3alIUTON CONPOTHUBICHHE HAYMHAET IIOMajgaThb B 30HY CcpalaThIBaHHWsS TE€PBOW CTYNEHH IpH

MIEPEXO0THOM COIPOTUBIICHHH B MeCTe moBpeskieHus ooiee 0,9 Owm.

Im(Zscp), OM
)

o

>

6
Re(Zycp), OM

PucyHok 2.5 — 3amepbl TUCTaHITMOHHOM 3aIIUTHI HA KOMIUICKCHOW TIIOCKOCTH
npu K3 yepes nepexoanbie conpoTuBieHus B koniie auaun W1:

Rr o-¢» = 4 OM — ycTaBKa akTUBHOTO CONPOTUBIeHUs B MecTe K3

OTcrpoiika 3amuThl OT PSKUMOB BHEITHUX K3 MokeT 00ecIeunBaThCSl OTPaHUICHUEM IITHPHHBI
XapaKTepUCTHKU CpadaThlBaHUs WM HAKJIOHOM €€ BepxHedl rpaHunbl BHU3. OAHAKO MpPU 3TOM
yMEHbIIIAeTCsl 30HA AedcTBUsA 1-if crymeHu (B OCOOCHHOCTH B PEKHUMAax IMepeaadyd MOIIHOCTH B
HanpasieHuu ot mmH DCMM B ctopony IC), B psle CilydaeB — 3HAUUTEIBHO. DTO OrPaHUYMBACT
BO3MOXXHOCTH ObICTpoIeiicTBYoIIero oTkmroueHus K3 Ha pacuérapix 80-85% mmiHbI TUHUY.

[TommydyeHHble pe3ynbTaThl WUIIOCTPUPYIOT, YTO B CETH CO «CJIa0BIMM» HCTOYHUKAMU
CYIIECTBEHHBIM (DaKTOPOM, HCKaXAIOMMM (HaKTUYECKYI0 005acTh cpabaThIBaHMs JUCTAHIIMOHHOU

3aILMTHI, SBIISETCA BIMSHUE [IAPAMETPOB JOABAPUMHOIO PEKUMA.

AHAJIU3 YCJIOBHIl CEJIEKTUBHOCTH JICHCTBHUS 3alIUT B CETH ¢ MHOTOCTOPOHHUM NMUTAHHEM.
[Tepepactpencnenrie TokoB K3 B ceTsX ¢ MHOTOCTOPOHHMM muTaHueM (cM. pucyHok 1.4, 0)
OTpeNeNsIeTCs HECKOJIbKUMH OCHOBHBIMU (DaKTOpaMH: COOTHOIICHHEM MOIIHOCTEH TIeHEepaTopoOB,
napaMeTpamMy MPeIIIeCTBYIONIErO MOBPEKICHUIO PEXKIMa, KOHPUTYypalUeld CeTH W PacIoIOKEHUEM
TOYKH KOPOTKOTO 3aMbIKaHMs. CXeMa 3aMeNIeHUs pacCMaTpUBAEMOU CETH MPUBECHA HA PUCYHKE 2.6;
CJIEyeT OTMETHUTh, YTO HEOOXOIUMOCTh y4€Ta BIHSHHMA Ha 3aMepbl 3allUT B3aUMHBIX TEPETOKOB
MOIIHOCTH MEXIYy FeHepaTopaMu B 00IeM cly4yae He MO3BOJISET MPUBECTU CXEMY K ABYXMAIIMHHOMY

9KBUBAJICHTY.
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Pexum K3 B paccmarpuBaeMoil cxemMe YJIOOHO MpEACTaBUTHh JIUHEHHBIM MaTpUYHBIM
YPaBHEHHEM:

L_JHP(F) (2. 11)

[Q] = [an ] - [Z(i,F)] 7

LZer R ’

rae [U] — Marpuiia HanpspkeHHii B y3iax CeTH B PeKHME KOPOTKOTO 3aMmblkaHust, [U ., | — MaTpuiia
HaNPSKEHHUI B PEIUIECTBYIONIEH PEKUME, [Z(LF)] — MaTpHIa B3aMMHBIX CONPOTHBJICHHH MEXLY i-M
Y3IOM CETH M y3/IOM KOPOTKOrO 3ambikarus F, U, — 3HAUCHHE HANPSUKCHMS B y3I€ KOPOTKOIO

3aMBIKAHHUS B TPEAIIECTBYIOUIEM DPEXUME, Zpp — COOCTBEHHOE CONPOTUBICHUE y37a KOPOTKOIO

3aMbIKaHU:I.

|> ZWl'LFl ZWl'(l‘LFl) sz'LFz sz'(l‘LFz)

—e—
—— F1
LFl
VA
= U Ug)
E 2C
F1, F2 - Touku K3 |> MECTO YCTaHOBKM 3aLLMTbI

Pucynok 2.6 — Cxema 3aMenieHus dJIeKTPUIECKON CETH C MHOTOCTOPOHHUM ITHTaHHEM

3HaueHUSA HaprDKeHHfI B y3JIaX CCTHU B NPCAMICCTBYIOIICM PCIKUMC OMPCACIIAOTCA CICAYHOUIUM

obpa3zom:

[YUne]=[2][2].
rae [J] — BeKTOp y3/10BBIX TOKOB, [Z] — MaTpHIa y3I0BBIX CONPOTHUBIICHHIA.

COHpOTI/IBJ'IeHI/Ie, 3aMCPACMOC YCTaHOBHeHHOﬁ CO CTOPOHBI BHEIIIHENA CETH I[HCTaHHHOHHOﬁ
3aIUTOH.
_ u(P)ZBC
Socp T ,
Eac _L_J(P)

rac LJ(P) — 3HAUCHHUC HAIPAXKCHUA B MCECTC YCTAHOBKHU 3alllUTHI, OHNPCACIACMOC IIYTEM PCHICHUA

ypaBHeHus (2.11).
B mpormecce wuccienoBaHuii  BapbUpPOBAIKMCH 3HAUCHHS MOIHOCTEH HMCTOYHHKOB CETH,
HapaMeTpbl IPEALISCTBYIONICTO IIOBPEKICHHUIO PEXKUMa, IEPEXOJHOE COIPOTHBICHHE B MECTe

MOBPCIKACHU.
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Ha pucynke 2.7 B KauecTBEe OJIHOTO M3 HanboJIee HATJSIIHBIX MPUMEPOB MPEACTABICHBI 001aCTH
3aMepOB JTUCTAHIIMOHHOW 3ammuThl JUHUK W1 Ha KOMILJIEKCHOW TJIOCKOCTH B PEXHMaX KOPOTKUX

3aMblKaHMl 11 pacnpepenurenbHoit cetu 35 kB co «cmabeim» uctounukom (U, =355,
Ly, =10xm, Ly, =15%m, Z,. =108 Om, Z, =1,5Z,., Zg, = 2,5Z.,.) u pacnpenenurensHoii cetn
110xB ¢ wmommbiM uctounnkom (U, =110«xB,L,, =10xm,L,, =15xu, Z,.=3,2¢'" O,
Zoy=25Z0c, Zey =35Z,0).

AHaJIN3 TOJYYCHHBIX PE3yJIbTATOB IMOKA3bIBACT, YTO B «CJIA0ON» pactpeeTUTeIbHON CeTH MPH
COM3MEPHUMBIX MOIITHOCTSIX UCTOYHHUKOB B y3J1aX UMEET MECTO NIEPEKPHITHE 00JIaCTEeH 3aMePOB 3aIUTHI
(6onee 50% ruroIIamM; CM. pUCYHOK 2.7, @) TMPH KOPOTKUX 3aMblkaHusx Ha guHusx W1 u W2 B
YCIOBUSIX W3MCHEHHsI COCTOSIHUSI TEHEPaTOPOB MAJIbIX 3JEKTPOCTAHIMN (BKIIOYCHBI/OTKIIOUCHBI) H
MapaMeTpoB MPEIIECTBYIOLIETO MOBPEKICHUIO PeKUMA. J[MCTaHIIMOHHAS 3aIMTa, OCYIIECTBIISIONIAs
TPaJUIMOHHBIA OJIHOCTOPOHHUHN 3aMep TEKYIUX MMapaMeTPOB, B ATHX YCIOBHUSX MOTEHIMAIBLHO HE
MO3BOJISICT OOCCICYUTh CENIEKTHBHOE W ObicTpoe (B mpenenax npuHateix 80-85% miuHbI NHHNIK)
OTKITIOYCHHUE TIOBPESIKACHUHN B TAKUX CETSIX.

Ha pucynke 2.8, a mpuBeneHbl o0nacTd 3amMepoB AUCTAHUMOHHOW 3amuThl nuHuM W1 mns
paccMatpuBaemoii cetd 35 kB nipu 3adukcupoBaHHOM (M3BECTHOM) 3HAUCHHH 3aMepa COMPOTHBIICHHS
B IPEIIICCTBYIOMIEM MOBPSKIACHUIO pekuMe (T.e. TPU HCIOJIb30BAHUHU JIOKAIBHBIX H3MEPEHUMN
napaMeTpoB MPEANISCTBYIONIEr0 pexnMa). B 3Tom ciiydae obsacte 3amepoB 3amuThl mpu K3 Ha

muann W1 dopmupyercs cemeiictBom ronorpados, nepecekarommxcs B Touke R. — oo . M3menenue

B3aUMHBIX TEPETOKOB MOIIMHOCTH Mexay uctounukaMu Gl wm G2 (npu 3TOM mapamerpbl
NPEIIECCTBYIONIETO PEKMMa B MECTE YCTAHOBKHM 3alllUThl MOTYT HE HM3MEHSTBHCS) NPUBOIUT K
cMmernIeHnto obactu 3amepa 3amuTel npu K3 Ha ymann W2 U nepekphITHIO 00J1acTei 3aMepoB s
KOpoTkux 3ambikanuii Ha nuHuax W1 u W2. [lpu uxcupoBanuu 3Ha4eHHUN MEPETOKOB MOITHOCTU
MEXJy BCEMH HCTOYHHUKAMH CETH B JOAaBapUUHOM pexuMe (T.e. TPU HCIOJIb30BAHUU YAAJIEHHBIX
U3MEPEHU MapaMeTpoB MPEAIICCTBYIOIIEIO pPEXKUMa) yaaéTcss B MaKCHMaabHOMW  CTEIEeHHU
pasrpaHu4HTh 001acTH 3aMepoB 3amuThl pu K3 Ha muansax W1 u W2 (pucynok 2.8, 6).

[IpoBeneHHble HCCIEAOBaHUS TOKAa3aJld, 4YTO B CETH C MHOTOCTOPOHHUM IHUTAaHUEM Ha
CEJICKTUBHOCTh (DYHKIIMOHUPOBAHUS 3aIUT CYIIECTBEHHOE BIUSHHUE MOTYT OKa3bIBaTh B3aUMHBIC

MNEPETOKU MOITHOCTHU B HoaBapHﬁHOM PEKUME MCXKIY UCTOYHUKAMHU B CCTH.
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Pucynok 2.7 — O61actu 3aMepoB TUCTAHITMOHHOM 3amuThl TUHUA W1 Ha KOMITIEKCHOM ITOCKOCTH:

a) cimabas cetsb 35 kB, 6) momHas cets 110 kB
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Pucynok 2.8 — O6mactu 3aMepoB AUCTAHIMOHHOM 3amuThl TUHUKA W1 Ha KOMIUIEKCHOM MI0CKOCTH:
a) Ipu PUKCUPOBAHUY 3HAYCHUSI 3aMepa COMPOTHBIICHUS B MPE/IIECCTBYIOIIEM MOBPEIKICHHIO

pexume; 0) npu GUKCUPOBAHUU 3HAYCHUHN MEPETOKOB MOITHOCTH MEXy BCEMH UCTOYHHKAMH CETH



49

2.4 ConocTraBHTEIbLHDBIN aHAIN3 YYBCTBUTECJIBbHOCTH TOKOBBIX U TUCTAHIIUOHHBIX 3aIIIUT

TpeGoBanuss K 4YYBCTBHUTEJHLHOCTH pe3epBHbIX cTyneHel 3amur. Bimumsane OSCMM,
MOJKIIOYEHHBIX B MPOMEXKYTOYHOM Yy3JI€ pacHpeleuTeIbHOW CeTH, MOXKET NPHUBOIUTH MpU
ONpEACHEHHBIX  XapaKTEPUCTHKAX CETHM K 3HAUUTEIbHOMY CHIKEHMIO YYBCTBUTEJIBHOCTU
CyIIecTBYIOIUX 3amuT. CIeicTBUEM OSTOr0 SBISIETCS CHIDKEHHE A(PQGEKTHBHOCTH — 3allUTHI
BBIIIECTOAIICH ceTH (B HEKOTOPBIX CiIydasiX — <IOTEpsA» CBOWCTB JallbHEIO pPE3epBUPOBAHUS),
YBEIMYCHHE BPEMEHH OTKJIFOUYCHUS MOBPEKICHUS BCICICTBHE e KacKaJHOro neicTBus (3ammra
cMokeT «yBuaeTh» K3 Tonbko mnocie oTkiaoueHuss uctouHnka DCMM wiM mociie CHHXKEHHS
COCTaBJISIFOLICH TOKa OT HEro). B cBs3u ¢ 3TUM TpeOyemas 4YyBCTBUTEIBHOCTH 3alIUT B PEXKHME

PE3EpPBHOTO JIEHCTBHSI IOJDKHA 00ECTIEUMBATHCS ¢ YIETOM MOAMUTKH 0T DCMM.

Ilogxom K oOleHKe YYBCTBUTEJIbHOCTH pe3epPBHBIX cTymeHell 3amut. J[[1s8 oueHku
YyBCTBUTEIBHOCTH PE3EPBHBIX CTYNEHEH MaKCUMaJbHOM TOKOBOM M JIMCTAaHLIMOHHOM 3alluT
MPEJICTABISIETCS TIEJIECO00Pa3HBIM MPUHSTH TOIXO0/, 3aKIIOYAIOIIHICS B UCTIOIB30BAHUU B Ka4eCTBE
KpUTEpHUsI TaKOW OIEHKH MaKCUMAaJbHOTO 3HAYECHHS MOIIHOCTH AJICKTPOCTAHIIUM, MOAKIIOYAEMON B
POMEKYTOYHOM Y3JI€ CETH, IPU KOTOPOM 3aIllMTON BHEIIHEH ceTH (B paccMaTpuBacMOM Cilydae —
3anmToil co cTopoHbl DC) o0ecrnednBacTCsl BBISBICHUEC MOBPEXKICHHH B PEXHME pPE3epPBHOTO

EUCTBUSL.

Orpa}mqeﬂnﬂ NPpUMECHUMOCTH TOKOBOI0 M JAUCTAHHUOHHOIO MNPHHIOUIOB B YaCcTH
YYBCTBHTECJIILHOCTH. Bo03MOXHOCTE BEISIBIICHHS pexKUMa K3 obecreunBaeTcs IIpHU BBIIIOJHCHHUN

CJIEIYIOIIMX YCIOBHM JJIsl TOKOBOM U JUCTAHIIMOHHOMN 3alIUT COOTBETCTBEHHO!

oo = F(K,8,K)> 10 Zep=T(k,8,K)SZ,,
kemin < ke = kemax ' |(emin = ke < kemax ! (212)
§min < 5 < 5max 5min = 5 < §max

rac IMT3’ Z[[3 — YCTaBKHA TOKOBOU H ,Z[I/ICT&HLIHOHHOﬁ 3alllUT COOTBETCTBEHHO, kemin’ kemax -

MHHHMAaJIbHOE M MaKCUMAaJILHOE 3HAUCHHUS COOTHOIICHUM MO[IYJ'IGI\/JI 9.1.C. ODKBUBAJICHTHbIX HCTOYHHUKOB

MaJjoil 3IeKTPOCTAaHIIMH U BHEIIHEH CETH; O,

Opex — MUHUMAJIBHOE U MaKCUMaJIbHOE 3HAUEHHMS yIia
MEXly BEKTOPaMH 3THX 3.1.C.

B wuccnemoBaHusAx —paccMaTpuBaliach  AMCTAHLMOHHAs — 3alllATA, HMMEIOIIAs  KPYrOBYIO
XapaKTepUCTHKY C LIEHTPOM B Hayajie KOOPAMHAT, Kak 00J1aJaromas MEHbIIeH 4yBCTBUTEIBHOCTHIO B
CPaBHECHUHU C JIMCTAHIIMOHHOMW 3aIUTON C TIOJIMTOHAJIBHOM (MHOTOYTOJIBHOM) XapaKTePHUCTUKOM.

UccnenoBanus npoBoamwnuck i cereid 10, 35, 110 xB; xonmyecTBeHHBIEC MapaMmeTpsl ceTel

IMPUHATHI COTJIACHO Ta6J'II/II_Ie 1.1. 3nayenus Harpys3oK U IAJIMHBI JIMHAMN QJICKTpoNnepcaaunu NPUHATHI B

COOTBCTCTBMHM C MaKCUMAJIbHBIMHW 3HA4YCHUAMU. I[JIH KaXXZI0ro 3Ha4YCHUA MOIIHOCTH KOPOTKOI'O
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3aMBIKAHUSI CETH OLCHUBAIOCH TMpejeibHOoe 3HadeHue K (COOTBETCTByMOIIEe MaKCHMATbHOM
MOIIHOCTH JJICKTPOCTAHIIUK), HPH KOTOPOM emI¢ BBINOIHSIOTCS TPEOOBAHUS K UYYBCTBHUTCIBHOCTH
3amuthl JuHUM W1 B pexuMe pe3epBHOrO IeHCTBUS (KOI(D(PUIMEHT 4yBCTBHTEIBHOCTH 3allUThI

K, >1,2 [110, 111]). Pe3ynbrarsel ncciaeqoBaHus MpeICTaBICHBl Ha pUCYHKe 2.9 B BHIE ceMeiicTBa

KpHUBBIX.

Pucynok 2.9 — 3aBUCHMOCTh MaKCHUMAILHO JTOMYCTUMOM IO YCIOBUIO YYBCTBHUTEIHLHOCTH 3aIITUT
MOIIHOCTH MOJKIIFOYaEMOM K CETH MaJION AJIEKTPOCTAHLIMHI

OT TOKa KOpPOTKOI'O 3aMbIKaHH Ha HIMHAX SHEPIroCUCTEMBI

B cerax 6...35 kB MmakcuMainbHOW TOKOBOM 3aIlMTON MOXKET HE 00ecCIeuynBaThCI HEOOXOoauMas
YyBCTBUTEIHHOCTh. JOMYCTUMAas IO YCIOBHSAM YYBCTBUTEILHOCTH MOIIHOCTH MOJKIIOYAEMOM
AJIGKTPOCTAHIIMU B «CJIAOBIX» CETAX CYIICCTBCHHO OTpPaHMYCHA IO CPABHEHHUIO C MaKCHMaJIbHBIM

3HaueHHeM ( Py \xc ). JJMCTaHIIMOHHAS 3alUTa JaXKe IIPH MaKCUMAaJIbHOM TPUHATOH B HCCIIEA0BAHUAX

MOIIHOCTH MaJOH AJIEKTPOCTAHLIMHU TIO3BOJISIET BRISBUTH pexkumM K3.

KonunuecTBeHHbIe pe3yabTaThl, OTPAXKEHHbIE HA PUCYHKE 2.9, Tak)Ke MO3BOJISIOT CIIENaTh BBIBOJ
0 ToM, uTo nojakiodeHne JCMM (naxe npu UX MOITHOCTH, OJM3KOW K MaKCHMMaJIbHO) HE MMPUBOIUT
K HEJIOIYCTUMOMY CHIDKEHUIO YyBCTBUTENbHOCTH 3ammT ceterd 110 kB, a Takxke cereit 10, 35 kB nipu
MOIIHOW CBSI3M C dHEeprocucreMoii (3HadeHue Toka K3 Ha mimHax 3KBHBajeHTHOro ucrouHuka JC He

awke 9...10 kA).
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2.5 UccnenoBanne XapakTepPUCTHK YJIEKTPOMEXaHNYECKUX MePeX0AHBIX NMPOIECCOB

1 pa3padoTKa TpeOGOBaHUI K ObICTPOACHCTBHIO peJIeifHOM 3a1MThI

OnpenesieHue MpeaeibLHOI0O BPpeMEeHH OTKJIIOYEHHUsI TPEX(Pa3HOro KOPOTKOro 3aMbIKAHHSA
HA NIMHAX MAaJOH 3JeKTPOCTAHIHMU MO YCJIOBUSIM YCTOWYMBOCTH TEHEPATOPOB MAaJjbIX
jekTpoctanumii. Kak orMmeuasoch B TiaBe 1, 3HaYeHHsS MEXaHWMYECKHX ITOCTOSHHBIX BPEMCHH
arperatoB ['TY co cBoGomHO# cuimoBoit TypouHoi, ['TIDC MOryT cocTaBisTh MEHEE 5 C; B CBSI3H C
TUM CJCIYeT OXKUAaTh yMEHbIleHHs (B CPAaBHEHHH CO 3HAYCHHSIMH, XapaKTEPHBIMH IS
NapoTypOMHHBIX arperaroB) M JOMYCTHMOI'O MO YCJIOBUSIM YCTOWYMBOCTH BPEMEHHU OTKIIIOYCHUS
KOPOTKHUX 3aMbIKaHUM.

B nepBom mnpuOmmkeHUM OLIEHKAa MpeAenbHOro BpeMeHH oTkiaodeHuss K3 mo ycioBuio
COXPAaHEHUS YCTOMUMBOCTH MaJION 3JIEKTPOCTAHIIMU MOXET OBITh BBIMIOJIHEHA HAa OCHOBE ypaBHEHUS
MEXaHHYECKOTO JIBIDKEHHUS pOTOpa TeHepaTopa C MPUHITHEM JOMYIICHUS O HEU3MEHHOCTH

MEXaHMYECKOTO MOMEHTA TYpOHHBI M MIEPEXOIHOM 3.]1.C. TeHepaTopa [112]:

d’s,

T, reate P, P, (2.13)

rae T, — MexaHW4ecKas IOCTOSHHAS WHEePLUH arperara «reHepaTop — NePBUYHBIN JBUTATENb»; Og —
yroix 3.4.C. TeHepaTopa OTHOCHTENIBHO OCH, Bpallaiolieiics ¢ CHHXpOHHOH dacrorod; P, —
MEXaHH4YeCKasi MOLIHOCTb TypOUHBI FeHepaTopa; P,,, — 3IeKTpoMarHuTHasi MOIIHOCTb TeHepaTopa.

Jlns ciaydas Ommskoro Tpéxdasnoro koportkoro 3ambikanus (P, =0) ypaBuenne (2.13) umeer

AHAIIUTUYCCKOC PCHICHUC. BpeMﬂ AOCTHXKCHUSA MPCACIIbHOTO 3HAYCHUA YIJIa OTKIHOUCHHUA KOPOTKOI'O

3aMbIKAHUA 6y,[[eT OIIpCACIIATHCA BLIpa)KeHI/ICM:
tﬂOﬂ = \/ZTJ (51713 - 50 )/ Pu s

Trac 50 — 3Ha4yC€HUC Yyriaa 3.4.C. TCHEpaTropa B HCXOAHOM pPECKHME, §HP - HpCHeHBHBIfI yroia

OTKJIIOYEHUSI KOPOTKOT'O 3aMbIKaHUS.

VYTII10BBIE XapaKTEPUCTUKH IEKTPOMArHUTHOW MOILIHOCTU 3KBUBAJIEHTHOIO reHeparopa JCMM
JUIs ABYX TpPaHWUYHBIX CHTyauuid mnpuBeaeHsl Ha pucynke 2.10. IlpenenbHoe 3HaueHHWe yria
OTKJIIOYEHUSI KOPOTKOTO 3aMbIKaHMsI B COOTBETCTBUM C TIPUHATBIMH JONYIICHUSAMU MOXHO
OIIPE/ICNIUTh U3 YCIIOBHS paBEHCTBA ILToNaael yckopenus (S, ) u ropmoxkenus (S, ) [112].

Ha pucynke 2.11 s paccMarpuBaeMblX JIByX CHUTyallMd IpHUBEJIEHBbl 3aBUCHUMOCTHU
JIOITyCTUMOTO BPEMEHHM OTKIIIOYEHHS ONU3KOT0 Tpex(a3zHOro KOPOTKOrO 3aMbIKaHUS B (YHKIMU

3HAYEHUs] MEXAHUUYECKOH MOCTOSHHON MHEpLUM arperata «reHepaTtop — HepBUYHBINA JIBUraTesp» I,

(omy>KupHBIE JTMHUK).
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CrnemyeT 3aMeTHTh, YTO TPHBEJCHHAS Tpaduyeckas 3aBUCHMOCTH TO3BOJISET TOJYYUTH JIUIIHh
NpUOTMKCHHYI0 (Ka4eCTBEHHYIO) OICHKY BIIMSHHS TOCTOSIHHOW WHEPIUU SJICKTPOCTAHIMH Ha
normyctumoe Bpemsi oTkimtoueHuss K3. B elcTBUTENBHOCTH CYIIECTBEHHOE BIMSHHME Ha XapakTep
u3MeHeHus: ckopoctu mpu K3 okaspiBaeT paboTa cHCTEM pEryIHpOBaHHS CKOPOCTH U BO30OYKIEHUS

TeHepaTopa, COCTaB U MapaMeTpbl HArPy30K paclpeAeIUTEIbHON CEeTH.

Pucynok 2.10 — YrioBast XxapaKTepUCTHKA MOIIIHOCTHU CBSI3U «3JICKTPOCTAHIINS — BHEIIIHSS
DHEProcUcTeMa»: a) 3JIeKTPOCTaHIIMs, paboTaroIasi B MOILIHOM CETH;

0) ameKTpocTaHIys, paboTarolias B «caadoi» ceTn

Pucynok 2.11 — 3aBUCMMOCTb JJOITyCTUMOTO BPEMEHHU OTKJIFOUYEHUS] KOPOTKOTO 3aMbIKAHHS
OT 3HAYEHUSI MEXaHUYECKOW MOCTOSHHOW UHEPIIMH arperaTa Majoi 3JIeKTPOCTAHIIUU:

a) AJIEKTPOCTAHIINS, pabOTaroIIasi B MOIIHOM CETH; 0) AJIEKTPOCTAHIIUS, paboTaromias B «ciadoii» cetu



53

Jlaiee mpUBOAATCS XapaKTEPUCTUKU IMEPEXOMHBIX TpoIeccoB mpu Omm3kux K3, momydeHHBIC
MyTeM MOJEIMPOBAHUS C KCIOJb30BaHHEM 0000ménHorn wmoxenu (cm. pucyHok 1.4, a), u
MIO3BOJISIFOIME TPOBECTH aHAJIM3 U3MEHEHUH MMapaMeTpoB PEKMMOB BO BPEMEHH C Y4ETOM CBOWCTB
MIEPBUYHBIX JBUTATENCH U CUCTEM PETyJIHPOBAHUS Te€HEpaTopa, mapaMeTpoB Harpy3ku. Takxke, Kak u
BBIIIIC, PACCMATPUBAINCHh JBE XapaKTePHbIC TPAHUYHBIC CUTYallMH; BapbHUPOBAIHCH CIICTYIOIINC
mapaMeTpbl; MEXaHH4YeCKast TOCTossHHas uHepiuu arperata OCMM (1, 3, 5 ¢), MOIIHOCTh HArpy3Ku
(0, 100% Pg), monst aBurareneit B cocrae Harpysku (0, 70%); ombIThI IPOBOAMIKCH I MOJEICH
ra3oTypOMHHBIX YCTAaHOBOK CO CBOOOJHOW CHJIOBOM TYpOWHOW C pasHbIMM THUIAMHU CHUCTEM
BO30YkIeHHs (CHCTeMa HE3aBUCHMOI'O BO30YIKICHHUS, CHCTeMa CaMOBO30YKACHHUs). Bbl1o NpUHSTO,
4TO 110 Bo3MyIIieHus TeHepatop DCMM paboTtan B HOMUHATIBEHOM PEKUME.

I'paduku Monmenupyembix mporeccoB npuBeneHsl B [Ipunoxenun B. [lomyueHHble 3HaYCHUS

JIOITYyCTUMOTO BPEMEHU OTKITIOYEHHSI KOPOTKOTO 3aMBIKaHUS CBEJIEHBI B Ta0muiry 2.1.

Tabmuna 2.1 — MakcumanbHO AOIMYCTUMBIE 3HAUSHHSI BDEMEHH OTKIIIOYEHUS OJIM3KOTO KOPOTKOTO

3aMbIKaHHS
MakcuMaJbHO I0NYCTHMOE BpeMsi OTKJIIOYeHNsI, ¢
DnekTpocTaHnysi, paboTaromasi B MOITHOH CETH
Ty, c CHCTEMa HEe3aBUCHMOTO BO30YIKICHHUS CHCTEMa CaMOBO30YIK/ICHHUS
0e3 CTaTHYecKasl | JBUTATEIbHAs 0e3 CTaTHYeCKas | JABUTaTeIbHas
HAarpy3kd | Harpyska Harpyska Harpy3kud | Harpyska Harpyska
1 0,14 0,14 0,14 0,14 0,14 0,12
3 0,24 0,24 0,22 0,24 0,24 0,22
5 0,3 0,3 0,28 0,3 0,3 0,26
MakcHMaJIbHO I0OMYCTHMO€ BpeMsi OTKJIIOUEHHs, €
OnekTpocraHuus, paboTaromas B «caadoi» ceTn
Ty, c cHCTEMa HE3aBHCUMOTO BO30YKIICHHS crcTeMa caMOBO30Y KICHHUS
0e3 cTaTHYecKasl | ABUTaTeIbHas 0e3 CTaTHYeCKas | JABUraTelbHas
Harpysku Harpyska Harpyska Harpysku Harpyska Harpyska
1 0,12 0,12 0,10 0,10 0,12 0,10
3 0,18 0,20 0,16 0,18 0,20 0,14
5 0,24 0,26 0,22 0,24 0,24 0,16

[TpoBenéHHBIC WCCICIOBAHUS TO3BOIMIN «PACIIUPUTH» (I «CJIabOW» CeTH, B TOM 4YHCIE, B
CTOPOHY YMECHBIIICHHS) JUAa30H BO3MOXKHBIX 3HAYCHHUH JOMYyCTUMOIO BpPEMEHHM OTKJIFOYCHUS

Ou3Koro Tpéx(ha3zHOro KOPOTKOro 3aMbIKaHus (CM. pUCyHOK 2.11, 3amTpuxoBaHHBIC 00JaCTH).

Paspaborka TpeGoBaHMii K OBICTPOAEHCTBUIO peJieifHOH 3alUTBI MO YCJOBHAM
YCTOHYHUBOCTH IeHEPATOPOB MAJIBIX JIEKTPOCTAHLUNI. YCTaHOBJICHHOE BBILIE JOIyCTUMOE BpEMs
JOKAJIU3aUUK TOBPEXKACHUS [T AJIEKTPOCTAHIMN ¢ MEXAHUYECKOW MOCTOSHHOM MHEPLUH arperaTos,

paBHoii 1-2 ¢, moxeT coctaBiate menee 0,15 c. B coorBerctBuun ¢ [113] pacuérnas (mo ycioBusM
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ycroitunBoctr) jumutenbHocTh K3 B cetn 220 kB He momkna mpesbimath 0,16 ¢. Takum obpasom,
TpeOOBaHUS K OBICTPOJCHCTBHIO 3alllUT pachpeaeuTeabHpix certed 6...110 kB mo ycioBusm
yctodunBoctt DCMM  nomkHbl OBITH Jaxke jkEcTye, 4eM B ceTsX Ooyiee BBICOKOTO Kiacca
HATIPSDKEHUSL.
Ha ocHoBaHuM NpoBEAEHHBIX HCCIEAOBAHMN MPEIACTABISETCS IEIECO00pa3HbIM IMPEACTaBUTh

Tp€6OBaHI/ISI K 6I)ICTpO[[eI>'ICTBI/IIO 3alUTel B BHUAC 3aBUCHUMOCTU OOIIYCTHUMOI'O BpPEMCHU tHOIY
OTKJIIOUEHHUSI KOPOTKOTO 3aMbIKaHHSA OT BEJIMYMHBI OCTATOYHOro HampsbkeHuss Ha muHax OCMM
UOCT )

Pucynok 2.12 wumroctpupyet tpeboBanus K t,,, Npu JEHCTBHM OCHOBHOM 3aIUThI (C y4éToM

BPEMEHH JICHCTBHUS KOMMYTALMIOHHOIO armmapara), C(pOpPMHPOBAHHBIC 10 HHTEIPAIbHOW OLICHKE
pe3yJIbTaToOB JUHAMUYECKOIO MOJCIMPOBAaHUA. 3a pacy€THBIA cioyyail npuHsATa «ciaabas»

pacrmpenenuTeNnbHas CeTb Ipu J1oJie nBurarenbHoil Harpy3ku 20 %. B cooTBeTCTBHM C MOTy4YEeHHBIMH

pe3yjibTaTaM MaKCUMAJIbHO OOIIYCTHMOC BPEMS OTKIIFOYCHHS HOBpe)KI[eHI/Iﬁ npu TJ <3C COCTaBUT:

NP KOPOTKUX 3aMBIKAHHSIX, PUBOMAIINX K CHW)KCHUIO HamnpspkeHus Ha mmHax DCMM Hmke 30%

HoMmuHanbHOTO, — 0,12 ¢; menee 60% — 0,2 c; B octanpHbIX cnyyasx — 0,5 c.

0,65

/TJ>3C

\TJS3C

0 01 02 03 04 05 06 07
Ugers 0-€.
Pucynok 2.12 — O6001méHHbIe TpeOOBaHMs K OBICTPOIECHCTBHIO peNIeHHOM 3aIlUThI

pacupCaACINTCIbHBIX ceTei ¢ QJICKTPOCTAHLIUAMU Majou MOIIHOCTH

VBenuueHue jgonu  aBuratenbHoi Harpy3ku (Bbime 20%) NpUBOAMT K M3MEHEHUIO
XapaKTePUCTHK MEPEXOJHBIX IMPOLIECCOB; 3HAYEHHS JOMYCTUMOIo BpeMeHH oTkitoueHus K3 moryt
CYIIECTBEHHO BapbHpPOBATHCS B 3aBHCHUMOCTH OT MOIIHOCTH M NapaMeTpoOB 3JIEKTPOJBHUraTeseH,

OKBHUBAJICHTHOI'O COIIPOTUBJICHUA CCTHU B Yy3JIaX HOAKIIOYCHUSA IBUT ateneil. B memnom Tpe60BaHI/I}I K



55

OBICTPOJICHCTBUIO  3alllUThl  yKecToyaroTcsi  (cM. Tabmuiy 2.1); HMX  KOJMYCCTBEHHYIO OLCHKY

CTaHOBUTCS L1e1eco00pa3HbIM (POPMHUPOBATH MPUMEHUTENIBHO K KaX/10H KOHKPETHOM CUTYyaIuH.

Ouenka ObICTPOACHCTBHS CYIIECTBYKOIIUX 3amMT. [IpuMeHeHne MakCHMMallbHbIX TOKOBBIX
3amut (HanboJee 4acTo MPUMEHSICMbIN BHJI 3aIlUThl PACHPEIACIUTECIBHON CETH), a TaKKE TOKOBBIX
OTCEUEK C MHHUMAJIbHOW BBIICPKKOM BPEMEHH HE IO3BOJISIET OOCCIICUUTH BPEMSI OTKIIFOUCHUS
MOBPESXKICHUM, TpeOyeMoe MO YCIOBUAM yCTOMYMBOCTH. TOKOBas OTCEYKa MTHOBEHHOTO JIEHCTBHS
3alUIIaeT OTPAaHUYEHHBIA YUaCTOK JIMHUU.

Beinepxxku Bpemenu Il u 11l 3on /I3 takxke Bbime, yem TpeOyemble i oTkiatoueHus K3,
NPHUBOAIIMX K CHIKCHHIO HampspkeHuss mMeHee 60% womwmuampHOTro. Clienyer, TeM HE MEHee,
3aMETUTh, 4YTO 3aJjaHue TpeOOBaHWUH K OBICTPOACHCTBUIO 3allUTHl B BHAC CTyNEHYATOU
XapaKTepUCTHKU TIO3BOJIUT B ps/I€ CIy4yaeB HCIOJIB30BaTh B KAaueCTBE OCHOBHBIX CTyINEHUYAThIC
JTUCTAHIIMOHHBIC 3aIIUTHI — MPU YCIOBUH JOCTATOYHOT'O «OXBaTa» MEepPBOU 30HKI 3aiUThl. KpoMe Toro,
st yexkopenus aevictsus |l u 1l 300 I3 MOryT nmpuMeHSTBCS CXEMBI C Ieperadeil pa3pemammux 1
OJIOKHPYIOIINX CUTHAJIOB.

TakuM 00pazoMm, BO MHOTHX cllydasx TpeOyemoe ObICTpOJeiiCTBHE MOXKET ObITh 00ecredyeHo
TOJILKO 3aIlIUTaMH C a0CONIOTHOM CEIEKTUBHOCTHIO Ha OCHOBE 0OMeHa MH(pOpMaIHel 1Mo MPOBOIHBIM
(MeHBIM, ONITUYECKHUM) MJIH BRICOKOYACTOTHBIM KaHalIaM CBSI3H.

HeoOxomumocth otkimroueHus omm3kux K3 3a Bpems menee 0,12 ¢ HakimaapBaeT TpeOOBaHMS Ha
OBICTPOJICHCTBUE QJITOPUTMA 3AlUThI: JIOTMOJHHUTENIbHBIC (MOCTOSIHHBIC) 3aMEUICHHS B JIOTHKE

AJIropuTMa CTAHOBATCA HEAOITY CTUMBIMHU.

2.6 AHAJIN3 BJIMSIHUA XapPaKTEPHCTHK JIEKTPOMEeXaHHUYeCKHX NePexXoqHbIX MPOoleccoB

Ha padoTy pesieiiHOM 3alIUThI

3amaua noctpoeHust P3 pacnpenenutenpHoi cetd ¢ DCMM yclnoxHSIETCs HEOOXOIUMOCTHIO
IpPUHUMATh BO BHUMAaHME »HJIEKTPOMEXAaHUUYECKHE IE€PEXOJHbIC IPOLECChl, BO3HUKAIOIIUE IpU
U3MEHEHUAX CKOpOCTH reHepatopoB DCMM; a Takke MOsBICHUE HOBBIX BHJIOB aBapuil, MPaKTHUECKU
He xapakTepHbIx g 39C, coaepKalux TOJIBKO KPYITHBIE 3JEKTPOCTAHIIMM. XapaKTEPUCTUKH ITHX
IPOIIECCOB HEOOXOAUMO YUUTHIBATh Kak [Uld aHaiu3a paboThl pelNeWHOM 3alUThl B YCIOBHAX
NEPEeXOAHBIX MPOLECCOB, TaK U C IIEJbI0 OLEHKH CLEHAPHEB U IOCIEACTBUN pa3BUTHs aBapuil Mpu
3aTAHYTHIX, JIOKHBIX WIM U3IHIITHUX CPAOaThIBAHUAX PENICHHON 3aIUTHI.

[IpoBeieHHBIE aBTOPOM HCCIEIOBAHUS DJIEKTPOMEXaHUYECKUX MEPEXOAHBIX IPOLECCOB H
aBapuil B PHEpProcucTeMax ¢ MajbIMU PACHpPEENEHHBIMHU 3JIEKTPOCTAHIMSIMU HAIIM OTPaKEHUE B
[105, 114-116]. Huxe npuBoasTcst Hanboiee XapaKTepHbIe HIUTIOCTPATHBHBIC IPUMEPHI MOTYUYSHHBIX

IIyTEM MOJIEIUPOBAHUS PEKUMOB, CBSI3aHHBIX ¢ BHeIpeHHneM DCMM.



56
9CMM, paboraromas B MOIIHO# ceTH. ['padku mepexoqHBIX MPOLECCOB MpH TpexdasHom
KOPOTKOM 3aMBIKaHWUU JUIATEIBHOCTRI0 0,2 ¢ BONMM3uM mmH DCMM mnpuBeneHbl Ha pucyHke 2.13.
Bo3MmyiieHre NpPUBOAUT K HAPYNICHWIO JIUHAMHYECKOW YCTOWYMBOCTH OJICKTPOCTAHIIMUA U
BO3HUKHOBEHHUIO ACHHXPOHHOTO pEXHMa, XapaKTEPU3YIOLIETOCsS BBICOKOH YacTOTOH CKOJBKCHHS.
IMpouecc 3aBepmiaetcss pecuHxpoHum3anued. 3a Bpemsi K3 ckopocTh TeHepaTopa ycIieBaeT

CYIIECTBEHHO BO3PACTH.

Pucynok 2.13 — I'padmku nepexoaHbIX MPOLECCOB MTPH ACHHXPOHHOM PEXHUME

OCMM OTHOCUTENBHO MOIIHOTO UCTOYHHUKA BHELIHEN YHEPrOCUCTEMBI

PacnpenesmresibHasi ceTb ¢ MHorocropoHnuM nuranuem (Gl-— renepatop ¢
ra30MOpIIHEBBIM NEPBUYHBIM JBHTaTeneM, 1, =1,2C; G2 — reHepatop ¢ NepBUYHBIM ABUTATENIEM HA
0a3e ra3oBoif TypouHsl, T; =5C). TpéxdasHoe KOPOTKOE 3aMbIKAaHHUE B MPIJICKAIICH CETH IPUBOIUT
K YCKOPCHHIO TCHEPATOPOB JICKTPOCTAHIMI OTHOCUTEIBHO BHEITHEH SHEProcucTeMbl (pUcyHOK 2.14).
[Ipu 3TOM CKOpPOCTH TEHEPATOPOB Ta30MOPIIHEBOW JIICKTPOCTAHIIUM YBEIWYMBACTCS B OOJbIICH

CTCIICHHU, YTO MNPUBOAUT K HAPYHICHUIO CHHXPOHHU3MA MCXKAY TI'CHCpaTOpaMu B IIPCACIIaX

pacnpeﬂeﬂﬂTeanoﬁ CCTU U PA3BUTHIO JIUTCIBHOI'O MHOTOYACTOTHOI'O ACHHXPOHHOI'O PEKUMaA.

PacnpeneanresibHasi ceTb €O ¢Ja00H CBA3BI0 C JHeprocucreMod M 00JbIIOH JoJsel
ABUTaTeIbHOW Harpy3ku. IIpu 3HAUUTEIBHOW [0 JBUTATEIbHON HArpy3kd B cucTeMe (B
paccMoTpeHHoM Tnpumepe — 70%) HapylieHHE YCTOWYMBOCTH JIBHraTeicii B OJHOM W3 Y3JIOB

(oxBuBaneHTHas rpymma papurateneidd M1, t;=0,4C) npuBOANT K IOCTENEHHOMY CHWKCHUIO

HANpPSDKCHUST ¥ HAPYUICHUIO YCTOMYMBOCTH JIBUTATENCH B CMEXKHBIX y3iax (IKBHBaJICHTHAs TpyIina

nsurareneit M2, t; =0,6 ) (pucynok 2.15).
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Pucynok 2.14 — I'paduku nepexoHbIX MPOLIECCOB MTPU MHOTOMAIIMHHOM aCHHXPOHHOM PEXUME

Pucynok 2.15 — I'padmku nepexoAHbIX MPOILIECCOB MPU HAPYIIEHHH YCTOMYUBOCTH 10 HATTPSKEHHEO
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ABapuiiHoe OT/AejleHHe OT DJHEProcucreMbl. XapakTep IMPOIECCOB TIOCIE OTIACICHHS
NPEUMYIIECTBEHHO OIpENeNsIeTCs BEIMYMHON BO3HHKIIET0 HeOajaHca MOIIHOCTH, COCTaBOM U
napaMeTpamMu Harpy3kd B otraenuBiieMcs ¢parmenrte. Ilpu nedunure wmomHoctn S50% wu
KOMMYHAaJIBHO-OBITOBOM XapakTepe Harpy3ku (pucyHok 2.16, a) HpOMCXOOUT CHWKEHHE YacTOTHI
(3mecs — co ckopocthio 3,5 T'/c). Tlocme oraencHus (parMeHTa CETH CO 3HAYUTEIBHOW TOJIeH
nBurateneii B cocraBe Harpysku (60%) c Toii ke BemuumHou aedummra momHOcTH (50%) mmeer
MECTO CHWKEHME HanpsbkeHus Ha muHax DCMM u ymeHblieHne noTpediseMoil Harpy3Koi akTUBHON

MOIITHOCTH, YaCTOTAa IOCJIC HE3HAYUTCIbHOTO CHMXKCHMSI, HAIIpOTHUB, BO3pacTacT (pI/ICYHOK 216, @

Pucynok 2.16 — I'paduku nepexoaHbIX NpOLEeCCOB MPU aBAPUHHOM OTJEIICHUH OT YHEPTOCHCTEMBI:

a) KOMMYHAJIbHO-OBITOBAsI HArpy3Ka, 0) JIBUTATENIbHASI HArPY3Ka
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XapaKTepUCTUKH TEPEXOJHBIX MPOIECCOB B AeKTpuueckux ceTsix ¢ DCMM paccMOTpeHbI
takxke B [28, 46, 117-119.]. B [120] paccmarpuBatotcsi mepexoiHbie mporecckl B DOC mpu
BO3HUKHOBEHHUH OOJIBIINX AS(HUIIMTOB MOILTHOCTH (XapakTepHo s ceteir ¢ DCMM).

Ha ocHOBe mpoBeJeHHBIX MCCIEIOBaHMI C yY4ETOM pe3yJIbTaToOB, M3JIOKEHHBIX B [28, 46, 117-
120], moxeT OBbITH BBIACICH PSJ 3HAYMMBIX JUIsl OmpenesicHus TpeOoBanuii k P3 ocobOeHHOCTEH
AJICKTPOMEXaHUUECKHUX MEPEXOIHBIX MPOIIECCOB B PACTIPEACTUTEIBHBIX ceTsiX ¢ DCMM:

1. AcunxpoHHBIE peXUMBI B pacnpenenutenbHoil ceth ¢ 9CMM XapakTepu3yroTcs BBICOKUMU
CKOPOCTBIO Pa3BHTHUS M YacTOTOW CKOJbkeHMs (TunuuHoe 3Hauenue — 10 ['m); ckopocts reHeparopa
MOXET CYIIECTBEHHO BO3pacTaTh Y»e BO Bpems aBapuitHoro Bo3myiueHus (wHa 5-10% or
HOMHHAIBHOW mpu Onamskom K3 maurensHOCThIO mopsiaka 0,15-0,2 ¢). ACHHXpOHHBIH pEKUM
OTJIENIbHON 3JIEKTPOCTAHIIMM OTHOCHUTENHHO MOIIHBIX MCTOYHHUKOB BHEIIHEH JHEPTOCUCTEMBI BO
MHOTHX CITydasiX 3aBepIIacTCs PECUHXPOHU3AIUH (1151 psifa cuTyaruii — uepes 1...2 1ukia).

2. Jlns cerelt, comepkanux Heckolibko DCMM, CTaHOBSTCS XapaKTEPHBIMU aBapUH, CBSI3aHHBIC
C BO3HUKHOBEHHEM MHOIOYaCTOTHBIX ACUHXPOHHBIX PEKUMOB.

3. 1151 sHEepropaifoHOB co ci1aboii ceTeBOi MHPPACTPYKTYpol MpH 3HauuTeNnbHOM noie SCMM
CTAaHOBSITCS XapaKTEPHBIMH DPEKUMBI, CBSA3aHHBIE C TEPErpy3Koi CETeBOro O0OOpYAOBaHHS U €ro
nocieayomuM otkiatoueHueM. [lpu Oonblioil 1osie ABUrarene B CETM BO3HUKAIOT YCIIOBUS AJIs
pa3BUTHS aBapHil, BI3BAHHBIX HAPYLUICHUSIMH YCTOWYMBOCTHU IO HAMPSHKEHUIO.

4. XapaKkTepHbIMH CTAaHOBATCS aBapuH, CBSI3aHHBIE C 0Opa30BaHMEM 3HAYUTENBHBIX JIOKAJIbHBIX
nedurroB MormHocTH (>50%), BO3HUKAMONIIME MPH aBAPHUUHOM OTIACICHUH (DparMeHTa CETH OT
BHEIIIHEH HPHEProcHcTEeMbl WM TPU OTKIIOYEHHMH cyliecTBeHHOM noiu DCMM B H30IUpOBaHHO

paboraromem pparmente IC (B T.H. MUKPOIHEPTOCUCTEME).

2.7 BeiBoabl 110 ri1ase 2

1. TIpoBenéHHble MCCIEAOBAHUSA MO3BOJIUIM KOJUYECTBEHHO OIEHUTHh BiusHue DCMM Ha
a¢dexktuBHOCT,  (QyHKUMOHHMpOBaHWS P3  mpuniexamedl  SIEKTpUYECKOW  CeTH,  IOKa3aTh
HEOOXOMMOCTh TOBBIIICHHUSI TEXHUYECKOTO COBEPIICHCTBA PETICHHON 3alIUTHI PacIpeaeTUTEIIbHBIX
ceTell B CBSI3M C MoAKIoueHneM K HuM DCMM.

2. BoimonmHeHa oOneHKa CHIDKEHUS 4yBCTBUTenbHOCTH MT3  BhlecTOAEH ceTH Mpu
noakmoueHun  OCMM. [lonydeHO aHAJIUTUYECKOE BBIPAXKEHHME, IIO3BOJIAIOLIEE  BBINOJIHUTH
MPAKTUYECKYIO OIEHKY CHIDKEHUS KOX(PQUIIMEHTa UYyBCTBUTCIHHOCTH 3allUTHI B 3aBUCUMOCTU OT
MOIITHOCTH SKBHBAJIEHTHOTO NCTOYHHKA BHEIITHEW CETH W MOIIHOCTHU MOAKITIOYAEMOM JIEKTPOCTAHITUH.

[Tokazano, uto nmpu noaxiatodeHnn DCMM Kk panuanbHON paclpeAenuTeNIbHON CeTH CO «ClaadbIM»
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UCTOYHUKOM KOX((UIMEHT UYyBCTBUTEIBHOCTH cymiecTByomeii MT3 ans pexuma pe3epBHOTO
JIEHCTBUSI MOXKET CHUXaThes 10 1,5-1,7 pasa.

3. BebimosiHeHa oOlEHKa 4YyBCTBUTENBHOCTU pe3epBHbIX cryneHedt J[3. Ilokazano, 4ro mnpu
nogioueHn ICMM k cetu 35 kB co «cmaObIM» HCTOUHHKOM «BHAMMOE» 3aIIUTON CONPOTUBIICHUE
MOYKET yBEIMYMBACTCS B CpaBHEHHH C (pakThyeckuMm Oosee ueM B 2 pasza; B To ke Bpems JCMM
MPAKTHYCCKH HE OKa3bIBAIOT BIWSAHUSA Ha (QyHKIHOHWpoBaHue [[3 Beimectosmux cerei 110 kB u
BBIIIIE.

4, Jlns CONOCTAaBIEHUS 10 KPUTEPUIO UYBCTBUTEIBHOCTH 3AIIUT C OTHOCUTEIILHOU
CEJIEKTUBHOCTBIO IMPENJIOKEH MOJXOJ, 3aKII0YAIOIIUNCA B ONPEIEIEHUN MaKCUMaJIbHOM MOIIHOCTU
MOJAKITIOYAEMBIX K dJIekTpuueckoir ceth ICMM, mpu KOTOPOM 3aImyTa BHEITHEH CETH yAO0BIECTBOPSET
TpeOOBaHUSIM YyBCTBUTENbHOCTH. (C UCHOIB30BAaHUEM JTOrO TMOJAXOJA IOKa3aHO, 4YTO B
pacIpeeIuTeNIbHBIX CETSIX CO CIa0bIM» HCTOYHUKOM (3HaueHHe Toka K3 Ha ImMHaxX SKBHBaJIEHTHOTO
VCTOYHHMKA BHEINHEeH ceTh MeHee 5...6 KA) mpu Mommuocth ICMM, OnM3KOoH K MOIIHOCTH
SKBHBAJIEHTHOIO HCTOYHHMKA BHEIIHEW CETH, YYBCTBUTEIBHOCTH IMPOCTHIX TOKOBBIX 3aLIUT MOXET
OKa3aThCsl HEAOCTATOYHOW; TMOKa3aHa IeJIecO00pa3HOCTh M HEOOXOAMMOCTh 0o0jee MIUPOKOro
npuMeHeHus /13 B pacnipeeIuTeNbHOM CETH.

5. BblnosHeH aHanu3 yCIOBUM CEJNEKTUBHOCTH JEHCTBUS JUCTAHLMOHHBIX 3alllUT IpHU
MOJKIIOYEHUN K ayekTpuueckol cetn OCMM; paccMarpuBajioch HM3MEHEHHWE 30HbBI JICHCTBHS
obicTpoaciicTBytomieli  (mepBoit) crymenn JI3 BHemmHedr cetm npu K3 depe3 mepexojHbIe
COMPOTUBIICHUSI HA IIMHAX MPOTHBOIOJIOXKHOIO KOHIA JuHMU. Hammuume «mogmutku» or DCMM
OTPaHUYMBAET BO3MOXHOCTH CEJICKTUBHOIO M OBICTPOrO OTKJIIOUEHHUS MOBPEXKICHUH B Ipejaenax
pacuétabix 80-85% mnuHbl muHUU. OCHOBHBIM (JaKTOPOM, UCKAKAIOUIMM 00JIacTh cpabarbiBanus /13,
SBJISIETCSl BJIMSHHE IapaMeTpoB JAoaBapHiiHoro pexkuma. IlokazaHo, yto Hanuuue uUHGOpPMAIUU O
napaMeTpax J0aBapuHHOTO peXHMa MO3BOJSET MOBBICUTH 3()(PEKTUBHOCTH AUCTAHIIMOHHON 3aIUTHI;
B CETSAX C MHOTOCTOPOHHMM INHUTaHHEM IPH COM3MEPUMOM MOIIHOCTH HMCTOYHHKOB HEOOXOIUMO
[IPUHMMATh BO BHUMAaHHUE BIIMSHUE B3aUMHBIX IEPETOKOB MOIIHOCTU MEXJY BCEMH HCTOUYHUKAMHU
pacnpeneuTeIbHON CETH B I0ABAPUITHOM PEXKUME.

6. YcranoBneHsl TpeboBaHus K ObicTponelcTBUi0 P3 pacnpenenuTenbHOM CETH MO yCIOBUSIM
ycToiuuBocTH TreHepatopoB OCMM: 1pemiokeHO MPUMEHATh CTyNEHYaTyl0 3aBUCHMOCTb
JOMycTUMOro BpeMeHu oTkiarodeHuss K3 oT ocrarouHoro HampsbkeHuss Ha muHax OCMM.
VYcraHoBneHo, 4To OTKItoueHue Onu3kux kK mmHaM OCMM K3 B psge ciaydaeB HEoOX0aAUMO
ocymiecTBnsaTh 3a BpemMs MenHee 0,12c¢, T1.e. TpeboBaHMs K OBICTPOACHCTBUIO  3aAIIUT
pacrpe/leIUTeNIbHBIX CEeTel CTAaHOBATCA Jake JKecTdye, 4eM B CeTIX Ooyiee BBICOKOIO Kiacca
HanpspkeHust. OTMeUeHO, YTO OBICTPOACHCTBHUE 3aIIUT C OTHOCUTENFHON CEJIEKTHBHOCTHIO BO MHOTHX

ClIy4dasaXx OKa3bIBACTCA HEAOCTATOYHBIM.
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7. Tlokazano, uyrto 3amaya moctpoeHuss P3  pacrnpegenurensHON CETH  YCIIOXKHSETCS
HEOOXOJUMOCTBIO TNPUHUMATh BO BHUMAaHHE HOBbIE BUJABI aBapUil M  XapaKTEPUCTUKU
AIIEKTPOMEXAHUYECKUX MEPEXOIHBIX MPOIECCOB, OOYCIOBICHHBIX MOJKIoueHHeM Kk cetu DCMM.
AHanM3 XapaKTePUCTHK DJICKTPOMEXaHMYECKUX MEPEXOJHBIX IMPOILECCOB IMOKa3al HEOOXOIUMOCTh
OPUHATHS JIOTIOJTHUTENBHBIX MEp 10 OOECIEYeHHI0 YCTOWYMBOCTH (PYHKIMOHHUPOBAHHS 3aIIUT
pacnpeeNIuTeNbHON CETH B YCIOBHSIX OTKIOHEHHUI YacTOThI, CHHXPOHHBIX Ka4aHUH U aCHHXPOHHBIX

PCKUMOB C BBICOKOM YaCTOTOM CKOJILKCHMA.

Pe3ynbraThl paboThl HaJl MaTEpUAIOM IIaBbl HalUK oTpakeHue B [105, 114-116, 121-124].
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3 PASPABOTKA CITIOCOBOB NOBBIIEHUS TEXHUYECKOI'O COBEPIIEHCTBA
PEJIEMHOM 3AIINTHI PACITPEJIEJIUTEJBHBIX CETEA
C MAJIBIMH PACHPEJEJEHHBIMHA SJEKTPOCTAHIIUSIMHA

3.1 HanpaBJjieHue uccjaea0BaHuii

HccnenoBanus, NpoOBOAMMBIE B JIaHHOM TJlaBe, HANpaBlIeHbl Ha pa3paboTKy crnocoOoB
MOBBIIIEHUS] TEXHUYECKOro coBepiieHcTBa P3 pacnpenenurensHbix ceted ¢ OCMM ¢ yuétom
pe3yNbTaToB OleHKU 3P (HEKTUBHOCTH €€ (PYHKIIMOHUPOBAHUS, IOTYYCHHBIX B IJIaBe 2!

— CUCTeMAaTU3UPYIOTCSl  pacuy€THBIE yCIOBHA JUISI BBIOOpa MapaMeTpoB  cpabaThIBAaHHS
MaKCHUMAaJIbHBIX TOKOBBIX 3allUT,

— BBIMIOJIHAIOTCSL ~ UCCleNoBaHus  (pyHKUIMOHMpOBaHUS  HampaBieHHbix MT3,  nmatorcs
PEKOMEH/IallMU TI0 BHITIOJTHEHHUIO OPTaHa HAIPaBIEHUS! MOIITHOCTH,;

— AHAJIU3UPYIOTCA BO3MOXHOCTH HUCITIOJIB30BaHUA KOMMYHUKAIIMOHHBIX TEXHOJIOTUH u
yAaJIEHHBIX W3MEPEHUH MapaMeTpoB pPEeKUMa IS MOBBIIICHUS 3()(EKTUBHOCTH (HYyHKIIMOHHPOBAHUS

3aILUT.

3.2 CucremaTu3anusi pac4éTHbIX yCJ0BHIi 1151 BbIOOpAa MapaMeTpoB cpadaTbIBaHHUA

MAaKCUMAJIbHBIX TOKOBBIX 3allIUT

Oomme nosnoxenusi. C nossienneM DCMM XapakTepUCTUKU MaKCUMAaJIbHbIX U MMHUMAaJIbHBIX
PEXKUMOB TPUJICKAIIEH CETH W3MEHSAIOTCS. OTH U3MEHEHHS OO0YCIOBIMBAIOT HEOOXOJIMMOCTH
MIPOBEPKHU M KOPPEKTHUPOBKH MApaMETPOB CpabaThIBAHMS 3aIITUT.

M3BecTHBIE METOIMKHM BbIOOpa MapamMeTpoB cpabarbiBanus TokoBbIxX 3amut [108-110, 130] B
[[EJIOM OCTAIOTCS CIPaBeAJIUBLIMH. TeM He MeHee, NMPU MPUMEHEHWHM JTUX METOIUK pPacuETHHIC
CXEMHO-PEKUMHBIC YCJIOBUS JIOJDKHBI OBITH TMEPEONPENEICHB ¢ YYETOM OCOOCHHOCTEH PEKHMOB
pabotel DCMM. Psn ocoOeHHOCTEH, CBSI3aHHBIX HEMOCPEICTBEHHO C MOAKI0UeHneM kK cetd DCMM,
ocseitieH B [26, 126]. CucTeMaTU3upys UX, MOKHO BBIICTHUTH CIEIYIOIICE:

— mapaMeTphl cpadaThIBaHUSI TOKOBBIX OTCEYEK OTXOMSINUX JIMHUN PEKOMEHIYeTCsl BHIOUPATh C
MPOBEPKOM  JIONMOJHUTEILHOTO  YCIIOBUS, B COOTBETCTBHM C KOTOPBHIM 3alUTOW  JIOJDKHO
obecreunBaThCsl OTKIIOUEHHE KOPOTKUX 3aMbIKAaHWH, MPHUBOMSIIMX K CHUKCHHUIO HAMPSOKCHUS Ha
mmHax ICMM no 3navennit, merpimx (0,6-0,65) HomuHANBHOTO. TIpH 3TOM MOKET OBIThH JAOMYIIEHO
HECEJICKTUBHOE JICHCTBHE TOKOBBIX OTCEUECK;

— MIPY WCIIOJIE30BAHUH B COCTABE 3AIUT reHepaTopa PYHKIIMH MaKCUMATbHONH TOKOBOM 3alTUTHI
C KOppEKIMeH 10 HampsHKCHUI0 BO3HUKAIOT CIIOKHOCTH €€ COTJIaCOBaHUS C MaKCHUMaJIbHBIMH

TOKOBBIMH 3alIUTAMU OTXOAAIINX OT HIUH 3JICKTPOCTAHIIUN HpHCOGHHHCHHﬁ;
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— P TUTAHUU OT 3JIEKTPOCTAHIMH TPOBEPKY YYBCTBUTEIHHOCTH 3aIINT, ACWCTBYIOIIUX C
BBIZICP)KKOM BPEMEHH, B PEXHMMax OJM3KMX KOPOTKHX 3aMBIKAaHWH HEOOXOJMMO OCYHIECTBIISITH 10
3HAUCHUIO YCTAHOBHBIIIETOCS TOKa TPEX(A3HOrO0 KOPOTKOTO 3aMbIKaHUs (€ro BETMYMHA OKa3bIBACTCS
MEHbIIIE TOKa JByX()a3HOTO KOPOTKOTO 3aMBIKaHUS BCIEICTBHE OCOOEHHOCTEH 3JEKTPOMArHUTHBIX
HIEPEXO/IHBIX MPOIIECCOB B 0OMOTKAaX reHepaTopa).

Crnemyer 3aMeTuTh, YTO NPUBEACHHBIE PEKOMEHAAIMH ObUIM pa3pabOTaHbl Al KOHKPETHOM
CUTYallUl — CHUCTEM 3JIEKTPOCHAOKEHUSI TPOMBIIUICHHBIX MPEINPHUITHI, HA KOTOPBIX COOCTBEHHBIN
UCTOYHUK YCTaHABIUBAJICSA C IIETbI0 0OECHeueHHs] HaJEKHOTO 3JIEKTPOCHAOKEHHS OTBETCTBEHHBIX
BJIEKTPONTPUEMHHUKOB.

Jns pemieHuss 3amaydl  YTOYHEHUST METOAMKWA BbIOOpa mapaMeTpoB cpabareiBanus MT3
IPE/ICTaBISACTCS 1EIecOO0Opa3HbIM  ONpEACIHTh B OOOOIIEHHOM BHAE pAcu€THBIE YCIIOBHH,
HEOOXOAMMBIC JUIS COTJIACOBAaHMS W TPOBEPKUM YyBCTBUTEIBHOCTH 3amUT (MaKCUMalbHbIE U
MHHHMAJIbHBIC PEXKHMBI dJIEKTpUueckoi cetr ¢ ICMM).

C mempl0 yMEHBIIGHHS BPEMEHH, B TEUYCHHE KOTOPOTO DSHEProCHCTEMa IIO0JIBEPraeTCs
BO3JICUICTBUIO CBEPXTOKOB KOPOTKUX 3aMbIKaHWil (0COOCHHO, TpPH KOPOTKHX 3aMBbIKaHHSAX Ha
TOJIOBHBIX JIMHUSX), B CETSAX CPEIHEr0 HANPSHKEHHS MOTYT OBITh HCIOJIB30BAaHBI 3alIUTHI C
3aBHCUMBIMH BPEMSATOKOBBIMH XapakTepucThHkamu. OCOOCHHOCTH HCIOJIBh30BAHUS M PEKOMEHIAINN
110 BHIOOPY MapaMeTpoB CpadaTHIBAHHS 3AIIUT C 3aBHCUMBIMH BPEMSITOKOBBIMU XapaKTePHUCTUKAMU B
YCIOBUSIX OTCYTCTBHSI B TIPOMEXKYTOYHBIX Y3/1aX CETH JJIEKTPOCTAHIUH JOCTaTOYHO XOPOIIO
npopaboTaHbl W TpHBEAcHBI, Hampumep, B [110, 125,127, 128]. TlosBieHHe MPOMEKYTOUHOM
HOJMUTKA MOXET IMPUBOJIUTH K U3MEHEHHIO (PaKTUUECKUX CTYINEHEH CeNEeKTUBHOCTH 3aIlUT M BHOCHUT

0COOEHHOCTH B BEIOOp TTApaMETPOB CpadaThHIBAHHUS.

Onpenesnenne pacy€éTHBIX CXEMHO-PeKHMHBIX YCJIOBHH /s BbIOOpa mapaMeTpoB
cpadaTbIBaHusA MAaKCHMAJIbHBIX TOKOBBIX  3aIlMT. PaccmaTtpuBanmace  paauanbHas
pacrpenenurenbias CceTb € IMOAKIIOYEHHOM B IIPOMEKYTOYHOM y3i€ dieKrpocraHuuen. llpu
OPOBEJCHUM aHajdu3a ObUIM MNPHUHATHl  CIEAYIOLIIME KOJWYECTBEHHbBIE IapaMEeTpbl  CXEMBI
(cm. pucynok 2.1, a):  kimacc HampsbkeHust cetd — 10 kB, MOIIHOCTH HMCTOYHHMKA BHEIIHCH

SHEPrOCUCTEMBI — OJNM3Kas K MUHHMalbHOMY 3Ha4eHHI0 (Z,.=2,3Owm); MOLIHOCTH TeHepaTopa
OCMM - Onu3kas k MakcuManbHOU (Z; = 2,35 Om); INMHBI IMHUH dJIEKTponepenadu — OJIM3KHue K
MaKCHMaJbHBIM I aHanu3upyemoit cetu (L, =L, =5xm).

V3MeHeHHs TOKOB B MeCT€ YCTaHOBKM 3amuT Pl m P2 ans HayaabHOIO MOMEHTa BPEMEHH B
3aBHCUMOCTH OT YNAJIEHHOCTH MECTa MOBPEXKICHHS WILTIOCTpUpPYIOTCs pucyHkoM 3.1. Bcenencreue

MOAKIIIOYCHHUA 3JICKTPOCTAHIHMHN TOKH B MECTC YCTAHOBKH 3alllUThI P? YBCJIIMYUBAIOTCS; TOKH B MECTC
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YCTAHOBKHM 3aIiuThl Pl TpU KOPOTKUX 3aMblkaHUsX Ha JuHUM W2 (B 30HE pe3epBHOTO ACHCTBHS

3amuThl P1) — ymenbIatotest (IpH MPUHATHIX KOJMYECTBESHHBIX TaHHBIX — B 1,6 pasa).

Pucynok 3.1 —3aBUCHMOCTH TOKa B MECTE YCTAaHOBKH 3alIUTHI OT YAAJIEHHOCTH

MeCTa MOBPEKACHHS (111 HaYaIbHOrO MOMeHTa Bpemenu K3)

Kak ormeuanocs B rimase 1, mepuonmueckas ciararomias aBapuiHOIO TOKa OT T€HEpaTOpOB
OCMM npu OIu3KUX K HIMHAM 3JEKTPOCTAHIIMM KOPOTKHMX 3aMBIKAHHMSIX C TEUEHHEM BPEMEHHU
YMEHBIIAETCs, BBI3BbIBAsI ITEpepaclpe/ie]iCcHne TOKOB B BETBAX Mpuiexkamieid cetu. Ha pucynke 3.2
NPUBEJCHbl KPUBbIE W3MEHEHHMsI TOKOB B MECT€ YCTAaHOBKHM 3aliuThl Pl B pekumMax KOPOTKHX
3aMbIkaHUi Ha JuHUM W2 17151 HayasibHOro MOMeHTa BpeMeHH U yepes 0,5 ¢ mocie Bo3HukHOBeHUs K3

(mosTy4eHsbl ¢ UCTIONIb30BAHUEM AMHAMHUYECKOM MOJICTIH PACCMATPUBACMOM CETH).

Pucynoxk 3.2 — Toku B mecte ycranoBku 3amuThl P1 mpu K3 Ha nuann W2

(8 MmomenT Bpemenu t =0,5 C mocne BozHukHOBeHMS K3)

B makcumanbHOM cTeneHu BIUsSHUE IeHepaTopa cTaHIUHU Ha TOK B jquHuu W1 mposiisercs B

HavalnbHbIE MoOMeHT BpemeHu K3; uepes t=0,5C BcieacTBue yMeHbIICHHS TOIIMUTKA MECTa
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noBpexaeHus reaepatopamu DCMM Ttok B iuanu W1 ymensiaercs yxe ve B 1,6, a B 1,35 pasa (npu
IPHHATHIX KOJIMYECTBCHHBIX ITApaMeTpax dJIEMEHTOB CETH).
Ha ocHOBe pe3yibTaTOB HCCIIEOBAHUS 3TOM W APYTUX CUTyalMid JaHbl PEKOMEHIAlUU IO

BBIOOPY pPAaCUYETHBIX YCIOBHH A ompeaeneHus Kod(duumeHTa 4yBCTBHUTEIBHOCTH NPU INPOBEPKE

MaKCHMAaJIbHBIX TOKOBBIX 3alllUT, ACHCTBYIOIIUX C BBIICPKKOH Bpemenu (Tabuuia 3.1).

Ta6muma 3.1 — Pacu€THbie ycnoBus a1 onpeneneHus KodppuimeHta 4yBCTBUTETHHOCTH

MaKCHUMAJIbHBIX TOKOBBIX 3aIIIUT

ITapameTp

PacuéTHblii pexum

Koaddumment dyBCTBUTEIBLHOCTH
3alUTHl BBIIIECTOSIIETO OOBEKTA
(muams W1) B pesxumMe OCHOBHOTO
JEUCTBUSA

[To oTHOmIEHWIO K CYIIECTBYIOIIUM METOJMKAM — 0e3
N3MEHECHMH .

nByX(a3HOe KOPOTKOE 3aMbIKaHHUE B KOHIIC 3alUIIACMOM
TUHUH, PEXHM pabOThl MCTOYHHKOB BHEIIHEH CETH —
MUHHMAaJIbHBIN.

KoadduiimeHT dyBCTBUTEIHHOCTH
3alIMTHl BBIIIECTOSIIETO OOBEKTA
(muaus W1) B pexxuMe pe3epBHOTO
NEUCTBUA

HAYaIbHBII MOMEHT peXHUMa JABYX(Pa3HOTO KOPOTKOTO
3aMBbIKaHUSI B KOHIIE HWKECTOSIIETO OOBEKTa; PEKUM
paboThl HMCTOYHUKOB BHEIIHEH CETH — MUHUMAIbHBIN,
pexuM pabotel DCMM — MaKCUMaJTbHBIN.

Koaddurmenr vyBCTBUTEITBHOCTH
3aIUT  HIDKECTOSIINX OOBEKTOB
(muHws W2) B pexuMax
OCHOBHOT'0/Pe3epBHOI0 JICHCTBUSI

[Io OTHOmIEHWIO K CYIIECTBYIOIIUM METOAMKaM — 0e3
U3MEHEHMH .

nByX(}a3HOe KOPOTKOE 3aMBIKAHHE B COOTBETCTBYIOIICH
TOYKE; PEKUM pabOThl HCTOYHMKOB BHEIIHEH CETH —

MuHUManbHEIH, DCMM oTKII04YEeHa.

KoadduumeHt YyBCTBUTENBHOCTH | YCTAaHOBUBIIMHCSA PpPEXHUM JIBYyX- MIM  TpexdazHOro

3alIUT  HIDKECTOSIINX  OOBEKTOB | KOPOTKOTO 3aMBIKaHUS (xapakTepusyromuiics
(munwst W2) B peXKMMax | HAUMEHBIIIMM ~ 3HAYEHHEM  TOKa); PEKUM  paboOThI
OCHOBHOT'O/pE3epBHOIO  JCHUCTBHS | ICTOYHHKOB BHEIIHEH CETH — OTKIIIOYCHBI;

(ecnu BO3MOXKHO «IHMTAaHUE» 3THX
00beKTOB TOJIbKO 0T DCMM)

PEKUM pa6OTbI QJICKTPOCTAHIUU — MUHUMAaIbHBIN.

Oco0eHHOCTH BBIOOpPA MapaMeTpPoOB CPAdATHLIBAHUS U NMPUMEHEHMS 3aIUUT € 3aBUCUMbIMU
BPEeMSTOKOBbIMHM XapakTepucTukamMu. OnHa W3 HauOoyiee YacTO NPHUMEHSEMBIX 3aBUCHMOCTEH

BpEMEHHU cpalaThiBaHUs ! 3alIUTHI OT TOKA B OOIIEM BHJIE OMPEICISIETCS CIASAYIOIMIMM BBIPAKCHUEM

[125]:

(3.1)

rae K, — «BpeMeHHOI» K03 dHIHeHT, MyTéM MoA00pa KOTOPOTO BBITIOIHSAETCSI OTCTPOMKA 10 BPEMEHU

paccMaTpUBacMOil 3alMTBI OT 3aIIUT MHOCHEAyoIuX 00bekToB; |,,,—TOK cpabaTbIBaHMs



66

MaKCHMAaJIbHOM TOKOBOM 3alIUTHI, | — Tox B MecTe YCTAHOBKHM 3alUTHI, &',ﬂ—HOCTOSIHHBIC

KOX(PUITUEHTHI, OTIpeestone GopMy 3aBUCUMON XapaKTePUCTUKH.

CenexktuBHOCTh neiicTBus MT3 obecriednBaeTcsi OrpaHUYCHUEM 30HBI JIEHCTBUS U BBIOOPOM
Bpemenu cpabarbiBanms 3amuthl  [109, 110]. Ha pucynke 3.3, ¢ mnpuBeICHBI KadeCTBEHHBIC
3aBHCHUMOCTH BpPEMEHHU JEWUCTBUS 3allUT C 3aBUCUMBIMH BPEMSTOKOBBIMU XapaKTEPUCTUKAMH OT
yAaN€HHOCTH TOYKH ToBpexaeHus. CoriacoBaHWE 3allUT BBIMOIHSIOCH B YCIOBHUSIX OTCYTCTBHS
OCMM. C nosiBJeHUEM JTOMOJHUTEIHLHOTO MCTOYHHMKA BCIICJCTBUE M3MEHEHMs BeaudynH TokoB K3 B
MecTaxX yCTaHOBKH 3aiuT (cM. pucyHOK 3.1) B cCOOTBETCTBUM C BhIpaxkeHueM (3.1) u3MeHsiercs: Bpemst
cpalaThIBaHUS 3aLIUT; MPH 3TOM (aKTUYecKass CTyleHb CEIEKTUBHOCTU MeXIy 3aumrtamu Pl u P2

yBEIHUYMBACTCS, MEX Ty 3aiuramu P2 u P3 — ymenblnaetcs (pucyHok 3.3, 6).

Pucynok 3.3 —3aBUCHMMOCTb BpeMEHHU CpabaThIBaHUS 3AIIUT OT YAAJIEHHOCTH MECTa IOBPEKICHHUS
(cormacoBaHue 3alIUT BHIOJIHSIOCH B YCIOBHUSIX OTCYTCTBHSI MAJIOW 3JICKTPOCTAHIIHHN):

a) MaJsiasi AJIEKTPOCTAHIIUS OTKIIOUEHA, 0) Majiast SJICKTPOCTAHIHS BKIFOUCHA

[Tonxmrouenne DCMM npuBOIUT K yBEIMUEHUIO BPEMEHH CpadaTbIBaHUs 3alUThl TUHUU Pl B
pEeKUME pPE3epBHOIO JEHCTBHS, YTO JOJDKHO OBITh YUYTEHO IIpU BBIOOpPE THUIIA 3aBHCUMOM
XapaKTepUCTUKHU. B psne ciayyaeB A OrpaHUYEHUs BPEMEHHM OTKIIOUEHHS] B PEKUME PE3EPBHOIO
JIEWCTBUSI CTAHOBUTCS HEOOXOAMMBIM BBEACHHE IOMOJHUTEIbHOW cTyneHn MT3 ¢ HezaBucHMOUN
BBIJIEPYKKOH BPEMEHHU.

B pesynbrare uccinenoBaHUN ONpEAENIEHbl Pacu€THBIE PEKHUMBI Ul COIVIACOBAHMS 3aIlUT C
3aBUCHMBIMHU BPEMSITOKOBBIMHU XapakTeprcTukamu (Tadiuma 3.2).

[Tpumep HACTPOMKHU 3alIUT B COOTBETCTBHH C YKa3aHHBIMH B Tabiwmie 3.2 peKOMEHIAIMSIMU

MIPHUBEJICH Ha pUCyHKe 3.4.
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Tabmuua 3.2 — PacuéTHbie yCI0BUS AT COTIIACOBAHMS 3aIIUT C 3aBUCHMBIMH BPEMITOKOBBIMHU

XapaKTepUCTUKAMU

IMapameTtp cpabaTbiBaHus

PacyéTHbIi pexxum
3aIMThI

«BpemenHoI» kodpduument k, | Tpexdasnoe koporkoe 3amblkaHue B KoHue junuM (T. K1);
3AIUT BBIIECTOSANIEr0 00bekTa | PEKAM pabOThI ICTOYHUKOB BHEITHEH CETH — MAKCHMAJTBHBIIA;
(muaus W1) OCMM oTkitoueHa.

«BpeMeHHOW» Kodduument k, | TpexdazHoe KOPOTKOE 3aMbIKAHHE B KOHIE JIMHHUH (T. K2);

3aIIUT II0CNIE Y OLIUX 0O0BEKTOB PEKUM pa6OTLI HCTOYHHUKOB BHEIIHEN CETH — MaKCHUMaJbHEIH,

(mmr W2, W3) pexum padbotel DCMM — MakCUMaTbHBIN.

Tun 3aBUCUMOi KopoTkoe 3ambikaHue B KOHIE mocienyromei suann (1. K2;
XapaKTePUCTUKH PEXUM PE3epPBHOTO NEUCTBUS);

BBIIIECTOSIIETO 00BEKTa pexuM pabOThl HCTOYHUKOB BHEUTHEW CETH — MUHUMAIIbHBIN,
(muans W1) pexxuM paboTsl SCMM — MakcHMaJIbHBIMH.

Pucynok 3.4 — 3aBrcHMOCTh BpeMeHH cpabaThIBaHUS 3aIIUT OT YAaJIEHHOCTH MECTa TIOBPEIKIACHUS
(coryacoBaHMe 3aIUT BBITOIHIOCH C YIETOM MaJION 3JeKTPOCTAHIINM):

a) MaJias 3JICKTPOCTAHI U OTKIIFOYCHA, 6) Majias 3JICKTPOCTAHLIUA BKIIFOYCHA

Cnenyer 3ameTuTh, 4TO mnoAkIoYeHHMe K ceth OCMM  HakiagplBaeT OrpaHUYECHHUS Ha
BO3MOKHOCTh TIPUMEHEHHS 3aIlUT C 3aBUCHMBIMH OT TOKA BBIJIEP)KKAMH BpPEMEHHU cpabarbiBaHus. B
psize CUTyalui, XapaKTepU3yIOIIMXCS 3HAUNTEIbHBIM U3MEHEHHEM TOKOB IMOBPEXKJIEHUS B PEKUMaX C
MOJKIIIOUEHHOM M OTKJIIOYEHHON OJIIEKTPOCTaHIMEH, PUCKOM BO3HUKHOBEHHUS TIIyOOKHX KadaHHi
npuMmeHeHuss MT3 ¢ 3aBUCHMBIMH BPEMSTOKOBBIMH XapaKTEPUCTUKAMH CIEAyeT u30eraTh. HX

HCIOJIb30BAHUEC MOXKCT IIPUBOANUTDH K 3HAYUTCIIbHBIM 3aMCIJICHHUAM HCﬁCTBHH Wi OTKa3aM 3allUuThI.
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3.3 UcciienoBanme v cOBepIIEHCTBOBAHUE CIIOCO00B BBIMOJIHEHUS

OpraHa HampaBJCHUA MOIITHOCTH

O0mue mosoxkenusi. ComepaHue NaHHOTO pas3zielia COCTAaBWIM MaTepHallbl HUCCIEHOBaHUS
Haubosee paclpoOCTPAHEHHBIX CIIOCOOOB OMpEIEICHUs HAMpPAaBICHHsS MOIIHOCTH MPUMEHUTEIBHO K
pacrpeaeuTeIbHON CeTH € DJIEKTPOCTAHIMSMU MaJloOl MOIIHOCTH, a Takke pa3padoTaHHBIC
PEKOMEHIALUU 10 COBEPIIEHCTBOBAHUIO CIOCOOOB BBINOJIHEHUS OPraHOB HAIPABJIEHUS MOIIHOCTH

(OHM) B 3armuTax pacrnpeeaIUTeIbHBIX CETEH B HOBBIX YCIOBHSX.

AHaau3 GyHKIHOHUPOBAHNSI OPraHa HANPaBJIeHHs] MOIIHOCTH HA ocHOBe «90-rpaaycHoi»
cxeMbl. [Ipu BeITOSHEHNH opraHa HanpasieHust MoinHocTd (OHM) 3amuT pacipenenuTe/IbHbIX ceTei
IIUPOKOEe pacmpocTpaHenne monyumna «90-rpagycHas» cxema [16, 109]. [lamee paccMoTpeHbI
ocobenHocT padoTel OHM Ha ocHoBe «90-rpagycHoi» cxeMbl B cocTaBe HarpasieHHOH MT3.

Ha pucynke 3.5 npuBeneH (pparMeHT cXeMbl paclpeieuTeNbHON CeTH, coieprKalleil MECTHYIO
IIEKTPOCTAHINIO (3KBHBAJICHTHBIH TeHeparop G), MOAKIIOYEHHYIO K IIMHAM HH3IIETO HAINPSHKCHUS
(HH) tymukoso# moacranimu 110/10 kB u pabotarornyro mapajielbHO ¢ MCTOYHHKAMHU BHEIIHEH

cetu (2C).

Pucynok 3.5 — @parMeHT cxembl pacipeAeTUTeIbHON CETH ¢ MAJIOH IeKTPOCTaHIIUEeH

OCMM, pabortaroniye mapauieIbHO ¢ MCTOYHWKAMH BHEIIHEH SHEPrOCHCTEMbI, BO MHOTHX
cilydasix 00ecledMBalOT 3JIEKTPOCHAOKEHHE TOJIBKO YaCTH MECTHOM Harpy3Kd; OCHOBHAas K€ OIS
HocJeIHe, B OCOOEHHOCTH B 4achl MAaKCHUMyMa, «IIOKPBIBAeTCA» 3a CUET IMEPETOKa MOIIHOCTH I10
CBSI3U C DHEProcucTeMoi. B 3TuX yciioBHsX TOK cpa®aThiBaHUS MaKCHUMaJbHON TOKOBOW 3aIUTHI CO
CTOPOHBI AMEKTPOCTAHIINN, OTCTPOCHHBIH OT MAaKCUMAJILHOTO pabodero Toka 3JIeKTPOCTAHIINH, MOXKET
OKa3aThCs MEHBIIIE, YeM MaKCUMAIIbHBINH pabouuii TOK, HarpaBieHHbIH K muHaM 10 kB ot nucrounnkoB
SHEpProcucTeMbl. ITO TeM 0oJiee BEPOSATHO, €CIM MOTOK MOIIHOCTH OT MECTHOM 3JEKTPOCTaHLMU B
CEeTb 3HEProCUCTEMBI IO TEM WJIM WHBIM NIPUYMHAM OIpaHHYEH M TOK cpabaThIBaHUS 3aIIUTHI C LIEIbIO
MOBBILIEHUS] YYBCTBUTEIBHOCTH OTCTPOEH OT TOKA, COOTBETCTBYIOLIETO MAaKCHMaJbHO JOIYyCTUMOM
BEJIMYMHE TOTOKA B CTOPOHY YHEPIOCUCTEMBI.

Cnenyer 3aMeTHTh, 4YTO M oOecHeueHHsl HaASKHOM pabOThl HaNpaBICHHOW 3alllUThI

PECKOMCHAYCTCS OCYIICCTBIIATH BBIGOp TOKa €€ Cpa6aTBIBaHI/I$I C y‘léTOM MaKCHMAaJIbHOM BEJINYHHBI
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pabovero Toka B MECTE YCTAaHOBKH 3alIUTHI HE TOJBKO B KIIPSIMOM», HO M B «0OpaTHOM» HAINPABIICHUU
[109, 111]. Oxnako B OTHOIIEHHH deKTprudeckux cereii ¢ DCMM sta pekoMeHanus B OOJIbITHHCTBE
CIly4aeB OKa3bIBACTCS HEMPHUMEHUMOW. MOIIHOCTh HMCTOYHUKOB JJIEKTPOCTAHIIMH, KaK MpPaBUIIO,
OTHOCHUTENILHO HEBEIIMKA M B JITHX YCIIOBUSX BBINOJHEHHWE TAaKOH PEKOMEHIAIMH TpUBENo Obl K
HCAONYCTUMOMY CHUKCHHIO YyBCTBUTCIIBHOCTH 3allIUTHI.

OcHOBHBIE TTapaMETPBI PacCMaTPUBACMOI CXEMbI IIPUBEICHBI B Ta0mIe 3.3.

Tabnuua 3.3 — [TapaMeTpbl OCHOBHBIX 3JIEMEHTOB 3JIEKTPUUYECKON CeTH

ITapameTp 3HavyeHue
Tok KOpPOTKOrO 3aMbIKaHMSI Ha IIWHAX SKBUBAJECHTHOTO 15
ncTouHuKa BHemHel cetn OC, KA
Jnuna nuanm snextponepenadn W, km 10
VYenpHOE  CONPOTHUBICHUE TMPSAMOM  MOCIEIOBATEIBHOCTH 0,098+j0,4
auHuH dekTponepenaun W, Om ’ ’
VYenpHOE  CONPOTUBIICHUE HYJIEBOM MOCIEIOBATEIBHOCTH 0,25+j1,4
auHuH dekTponepenaun W, Om ' '
MormurHocTs Tpanchopmaropa 7, MBA 25
Cxema coenuHeHUs1 00MOTOK Tpanchopmaropa BH/HH «3BE3/1a C 3a36MJIEHHOU

HEHTPabIo» | KTPEYrOIBHUK»

MouHoCTh SKBHBAJICHTHOT'O reHeparopa MCCTHOMH 5
anekTpoctanmu G, MBA
MakcumanbHasi MOIIIHOCTh Harpy3ku H, MBA 15

Ha BBomHOM BhIKIIOuUaTene (BB) nusmiero HanpspkeHus ycranoBieHa MT3, nHampaBineHHas B

cropory OC (mamee MT3 BB 10 kB). Tok cpaGarsiBanus 3ammtsl (., =1,250.e.) orcrpoeH ot
MaKCUMAaJIbHOTO pabodero Toka smekTpocTaHmud (... =10.c.) U MeHbIIE, YeM MaKCHUMAIIbHBIH
pabounii Tok, HanpaBineHHbIH K mmHaM 10 kB oT ncTounnkoB BHenHeH ceTH ( |y, oo =3 0.€.).

— Pab6ora nampasiennoit MT3 B pabounx pexnMax:

[MIpu mosBnenun B cetu 10 kB smexrpocraniuu (cM. puUCyHOK 3.5) IMOTOKH AKTUBHOW H
PEaKTUBHOM MOIIHOCTH, NIE€PEIABa€MOM 1O CBSI3M C JHEPrOCUCTEMOM, MOTYT CYIIECTBEHHO
BapbUPOBAThCS IO 3HAUEHHWI0O U HampaBieHuto. Ha pucynke 3.6 mpuBeieHa auarpamma,
WLTIOCTPUPYIOIIas BO3MOXHbBIE (COOTBETCTBYIOIINE pabOYMM PEKUMaM pacCMaTpUBAEMON CHCTEMBI)
MOJIOKEHUSI Ha KOMILJIEKCHOW TUIOCKOCTH BEKTOpA TOKAa B MECTE YCTAHOBKH 3amuThl. CyIecTByeT
BEPOATHOCTh BO3HUKHOBEHHS aHOPMAJIBbHBIX pabOYMX PEXKHMOB, B KOTOPBIX aKTHBHAs MOIIHOCTb
nepeaaeTcsi OT IHEProCUCTEMBbl K Harpy3ke MOJCTAaHUMH, a 3HAYUTENIbHBIA MO BEJIMYMHE MOTOK
PEaKTUBHON MOIIIHOCTH HAIpaBJICH B 00paTHYIO cTopoHy: oT mwmH 10 kB — B ceTh 3HEProcUCTEMBI.
IIpu sTOoM BekTOp TOKa mmomagaeT B 30HY cpabateiBanuss OHM (mo yriy), a ero Momysib MOXET
MpeBbIaTh TOK cpabarbiBanusi MT3. BrImoiiHeHHE STHUX JBYX YCIOBHH NPHBOAUT K JIO)KHOMY

Cpa6aTLIBaHI/IIO 3allUuThI B pa6oqu PEKUME CUCTCMBI. B peanLHoﬁ MMPAKTHUKE DOKCIUTyaTalluu TaKUC
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PEXUMBI MOTYT BO3HUKATh IPU 3HAYUTEIBHBIX CHUKEHHUSAX HANpPsDKCHUS BO BHEIIHEW CETH,
OTKITIOYCHWU WHAYKTUBHOW Harpy3ku B ceTu 10 kB, HekoppekTHOH paboTe chcTeM BO30YXKICHUS
TeHEepaTOPOB DJIEKTPOCTAHIIMU M 3THU PEKHUMBI HEOOXOAMMO MPUHUMATh BO BHUMaHHUE MpPU BHIOOpE

TOKa Cpa6aTBIBaHI/I}I 3alllUTHI U yI'Jia MaKCHMaJIbHOM YYBCTBUTCIILHOCTH.

Pucynok 3.6 — BekropHas 1uarpamma pabouux pexHMMOB pacCMaTpUBAEMOM CETH

— Pabota nanpasiennoit MT3 B pexxuMax MOBpEXICHHNA:
AHanu3 3IEKTPUUYECKUX BEJIWYMH IIpU cuMMeTpuuHbIX K3 ocyiiecTBiseTcss B COOTBETCTBUU C
BeipaxeHusimu (1.4), npu HecummeTpuyHbIX — (1.5).

CuMMeTpUYHBIE COCTABISIONINE HANPSUKEHUH mpsiMont U, o, obparuoit U, u Hynesod U,

HOCHe,I[OBaTCJII)HOCTeﬁ B MCCTC MTOBPECKACHUA MOT'YT OBITE OIIPCACIICHBI U3 BBIPAKCHUI .

Ysie Y.,e s 0 0 Ly
U 200 |~ 0 |-| O Z 2(F.F) 0 |_2(F) ' (3.2)
Q 0(F) O 0 O Z 0O(F,F) lo(F)

e Zyens Zogrr Logp COOCTBEHHBIE CONPOTHUBICHHUS NPSAMOM, OOpaTHOH U HYJIEBOM

TOCIIEIOBATENBHOCTEH  (COOTBETCTBEHHO)  y3/1a KOPOTKOro 3ambikamms; Lo, 1o, Lyg —

CUMMCTPUYHBIC COCTABJIAIOIIUC TOKaA HpﬂMOfI, O6paTHOI71 n HyHeBOﬁ IOCICa0BAaTCIBHOCTHU

(cooTBeTCTBEHHO) B MecTe moBpexkaenus; U, o -

3HAYCHHWE HAINPSDKEHUS B y3J€ KOPOTKOTO
3aMbIKaHHS B TIPEIIECTBYIOLIEM MTOBPEXKICHHIO PEKUME.

CuMMeTpUYHBIC COCTABIIAIONINE TOKA B MECTE TIOBPEXKICHHS PACCUUTHIBAIOTCS B COOTBETCTBHU C
BuroM K3 W COOTBeTCTByIOIIMMHU eMy TrpaHuuHbIMEH ycnoBusmu [129, 130]. Hampumep, s

I[BYX(baSHOFO KOPOTKOT'O 3aMbIKAHUSI.
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Pacy€r cMMMETpHUYHBIX COCTABIIAIOIIMX TOKOB BETBEW OCYIIECTBISAETCS 10 PACCUUTAHHBIM B
cooTBeTCTBUH C BhIpakeHHsMU (3.2), (1.5) HanpspkeHHsIM B y371aX B pEKUME KOPOTKOTO 3aMBIKAHHS U
M3BECTHBIM CONPOTUBICHUSAM BeTBEU. [I0 M3BECTHBIM CHMMETPHUYHBIM COCTABIISIOIIMM TOKOB H
HaMpsDKEHUH B MECTE YCTAHOBKH 3aILUThI ONIPEENIAIOTCSA UX (a3Hble 3HAUECHUS.

Hwxe omnumcanel BbIBIEHHBIE IO pe3yjbTaTaM IIPOBENEHHBIX HCCIEIOBAaHUM PpEXHUMBI, B
koTopbix MT3 ¢ OHM Ha ocHoBe «90-TpagycHOI» cXeMbl pabOTaeT HEKOPPEKTHO.

BrisiBiieHO M3nuIIHee cpabaThbIBaHWE 3aLIUTHI MPH HECUMMETPUYHBIX KOPOTKHX 3aMBIKAHHUAX B
IIPOTHBOIIOJIOKHOM JEMCTBUIO 3allIUThI HAIIpaBiIeHUH 1pu cpadaTeiBann OHM, BKIFOUEHHOIO Ha TOK
HernoBpexaeHHoW ¢a3bl. CpabareiBanne OHM, BKIIOYEHHOrO0 Ha TOK HEMOBPEXAECHHOU (asbl,
BO3MOYKHO IIPH OIPEACIIEHHBIX MapaMeTpax IPEILIECTBYIOLIErO peXuMa, BUIE U MECTe KOPOTKOro
3ambikanust [108, 109]. BenencTBre TOro, 4To YCTaBKa «HAMpPABJICHHOI» B CTOPOHY SHEPTOCHUCTEMBI
MT3 BB 10 kB o Toky MeHbIlle 3Ha4eHUSI MAaKCUMaJIBbHOTO Pabovyero TOKa, HalpaBJIEHHOTO K ITMHAM
10 kB, BO3MOXHBI ITyCK 3allIUThl U €€ W3JMILHEEe CpabaThIBaHWE, €CIIM BbILAECP)KKA BPEMEHH 3alUThI
otxozsamero npucoeannenus 10 kB mpebliaeT BoaepkKy BpeMenu HanpasiaenHoit MT3 BB 10 kB.

Ha pucynke 3.7 mpuBezieHa BEKTOpHAs JMarpamMma, XapakTepu3yIollas IOJIOKEHHsSI BEKTOPOB
TOKa B MECTE€ YCTAaHOBKM 3alUTBl OTHOCHUTEIBHO COOTBETCTBYIOIIMX IOJSAPU3YIOIINUX BEINYUH

(MuHEHHBIX HampshKeHHH cMexHbIX ¢a3) mpu ayxdasnom K3 Ha orxomsmiedt nmuaun 10 kB. Tok B

TIPEIIECTBYIOIIEM TOBPEXKIeHNIO pexume. 1, =2¢ 1'% 0.e. 3nauenns TokoB B pexume K3:

1,= 21718 g e, 15 =13 2e7 14 56, 1. =12,8¢ %% pe. B MPEAIECTBYIOLIEM TTOBPEKICHUIO

peXHMe TOTOK MOIIHOCTH HampaBieH kK mmHaMm 10 kB, Tok ljzp mpeBblmiaeT 3Ha4YeHHE TOKa
cpabarbiBaHusl HampaBieHHOH MT3; B pexxume IByX(a3HOTO KOPOTKOTO 3aMbIKaHUS yToJl TOKa
HETIOBPEXACHHOW (ha3bl |4. OTHOCHTEIHHO COOTBETCTBYIOLIETO MONSApHU3Yomero HampsbkeHus Uponr
coctaBut 40,8° U npu 3HAUECHUH yIia MAaKCUMAJIBHOW YyBCTBUTEILHOCTH ¢y = 30° mOmazeT B 30HY
cpabareiBanust OHM.

BeisiBIeHa BO3MOXKHOCTH OTKa3a B CpaOaThIBAaHWHM 3allUTHl MPU KOPOTKUX 3aMBIKAHHAX B
HanpaBieHuun ee geiictBus. llpu pabore DCMM B ceTd ¢ MOIIHBIM HMCTOYHHUKOM MOIIHOCTh
KOPOTKOTO 3aMBIKaHUSI 3TUX AJIEKTPOCTAHIIMN OKAa3bIBACTCS COM3MEPHMON (WJIM Ja)Ke MEHbILEH) C
BEJIMYMHAMHU MTOTOKOB MOIIHOCTH, XapaKTePHBIMH JUIi pabOdYMX PEXHUMOB CETH, YTO OOYCIIOBIMBAET
3HAQUUTEIbHOE  BIMSHHE  [apaMeTpOB  MPEIISCTBYIONIETO  IMOBPEXKICHUIO  pEeXMMa  Ha

(byHKI.IPIOHPIpOBaHI/IC pCHCﬁHOﬁ 3alllUThbI. HpI/IMCHI/ITeHLHO K pacCMaTpuBacMoMy IPUMCPY 3TO MOKET
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MMPOSABJIATHECA B HeKOppeKTHOfI pa60Te OopraHa HalpaBJICHUA MOIIHOCTH IIPHU KOPOTKUX 3aMbIKAaHUAX Ha
cropone BH tpancdopmaropa 110/10 kB. Ha pucynke 3.8 mpuBeacHa quarpaMma, HILTFOCTPHPYFOIIAS
MOJIOXKEHHSI BEKTOPOB TOKA OTHOCHTEIBHO MOJSPHU3YIOIINX HAMPSDKECHUN MPH ABYX(Ha3HOM KOPOTKOM
3aMbIKAaHWU HA 3€MJIF0 Ha BBIBOJIAaX OOMOTKHM BBICIIIETO HANpPSHKCHUsST TpaHc(hopMaTopa ¢ mepexoIHbIM

conpotuBieHueM B mecte K3, paBHbM 15 OM. Tok B MHpeaIIECTBYIOUIEM MOBPEXKACHUIO PEKUME!

1,,=24e""% 0. 3nauenus tokoB B pexkume K3: 1,=15¢""%0e, 1,=0,67¢'" o.e.,

1.=19""%0.e. B mpemmecTByIomeM 3aMBIKAHUIO DEXMME 3HAYMTENBHBIH MOTOK MOIIHOCTH

HANpaBJICH B TPOTUBOIOJIOXKHOM JCHCTBHIO 3alllUThl HAmpaBieHWH (K IIWHAM TIOJACTaHIUH). B
pEeKMME KOPOTKOTO 3aMbIKaHMs TOKM BceX (a3 IO BEIMYMHE CTAHOBATCS MEHbIIE, YEeM B
NPEILECTBYIOLIEM ITOBPEXACHUIO PEKUME, U, KPOME TOTO, BBIXOJAT 3a MPE/eIibl 30HbI cpabaThIBaHUS

OHM.

=7l j 1
_IB IHP

Pucynok 3.7 — BekropHas iuarpaMmma TOKOB B pexume AByxdasHoro K3

dyp

Pucynok 3.8 — BekropHast iuarpaMma TOKOB B peXHMe ABYX(Pa3HOT0 KOPOTKOTO 3aMbIKaHUS Ha

3eMJII0 Uepe3 NepexoJHOe conpoTuBiIeHue Ha cropone BH tpancdopmaropa
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OcobennocTu NpPUMEHEeHHUs oprana HaNpaBJIeHUdA MOIIHOCTH oOpaTHoOi
N0CJIe0BATEJIBHOCTH. B yCIIOBHAX NMPUHATHS AOMYLIEHUS O CHMMETPHH PACCMATPUBAEMOUN CUCTEMBI
Y BTOPUYHBIX IIETICH 3alllUThl, 3HAYEHUSI COCTABISIONINX TOKOB M HAMPSHKEHUM 00paTHON U HyJleBOU
IOCJIEIOBATEIBHOCTH B MPEIIIECTBYIOIIEM TOBPEKACHUIO peXuMe OJM3KM K HYJIO, 3TO
00yCJIOBIMBAET ONpeACTEHHbIE MPEUMYIIECTBA HCIOIb30BAHUS OpraHa HANpPaBICHUS MOIIHOCTH
obparnoii mocienoarenbroctr (OHM OIT), Beipakaroriyecs, B 4aCTHOCTH, B MUHUMH3AIIUN BIHSHUS
Ha ero (YHKIIMOHUPOBAHUE MapaMmeTpoB HpejuiecTByromero pexuma. C yaerom toro, utro ICMM,
KaK MpPaBUJIO, XapaKTEPU3YIOTCSI OTHOCUTEIBHO HEOOJIBIION MOIIHOCTBIO, T.€. MPEACTaBISIOT COOOM
«cnalyro» CHUCTeMY, MCIOJIb30BaHUE HANpPSHKEHUS OOpaTHOM MOCIENOBAaTEILHOCTH B OOJIBIIMHCTBE
PEXUMOB TMO3BOJISIET TOMYUYUTh HAJICKHBIN MOJSIPU3YIONINIA CUTHAIL. M3MepsieMblit 3amuToi (a3oBbIii
YIOJl HE 3aBUCUT OT THUIIA NOBPEXKJICHUS U NapaMETPOB MPEALIECTBYIOIIETO PEKUMA U COOTBETCTBYET
YTy COIpPOTHBIEHUS OOpaTHOM IOCIeA0BAaTEIbHOCTH CHUCTEMBI, PACIOJIOKEHHOM «3a CHUHON»
3aIUTHIL.

Cnenyer 3amMeTWTh, 4YTO YroJd CONPOTHBICHHS NPSIMON TOCIEI0BATEILHOCTH, HAIpPOTHB,
sBisgercs (yHKIMEH THUMAa TOBPEXKICHUS U TMapaMeTpoOB MPEIIIeCTBYIOIIEIO peXuMa, U B
3HAUUTENIIBHOM CTENEHU ONPENENAeTCs yIJOM  OSKBUBAJIECHTHOIO  COINPOTUBIIEHHUS CHCTEMBI,
PacoJI0KEHHOU «B IMPSIMOM» I10 OTHOILIEHUIO K MECTY YCTAHOBKH 3alllUThl HAIIPABJICHUU.

Hcnonp3oBanne (pa3zoBbIX COOTHOIIEHUN TOKAa M HANPSDKEHHS OOpaTHOM IMOCIEI0BATEIbHOCTH
MO3BOJISICT HaAEKHO (B OOJBIIMHCTBE CIy4aeB) OMNPEACNIATh HAMPABICHUE MOIIHOCTH KOPOTKOTO
3aMBIKaHUS: JUIsl KOPOTKUX 3aMBIKAHUN «B MPSIMOM» U «B OOpPAaTHOM» HAIPaBJICHUAX HU3MEpsieMble
yIael oTnyaroTesi mpaktuuecku Ha 180°. Tem He MeHee, mpu BbIOOpE alrOpUTMa OMpPEeICHUS
HaNpaBJICHUs] MOILIHOCTH, (DYHKIIMOHHPYIOIIETO Ha OCHOBE (Da30BBIX COOTHOLICHHWH IapaMeTpoB
o0paTHOW  MOCTENOBATENbHOCTH, HEOOXOIWMO MPHHMMATh BO  BHUMAaHHE  XapaKTepHBIE
MPEUMYIIECTBEHHO i 3jekTpuyeckux cered ¢ OCMM cutyauuu, B KOTOpPBIX MOBEACHUE
HaIpaBJIeHHON MakcuManbHOW TOokoBOM 3ammTbhl ¢ OHM OIl umeer HekoTopblie ocobeHHOCTH. Tak,
NPEJCTaBIsIeT UHTEPEC PACCMOTPEHHE peXUMa OJHO(A3HOTO KOPOTKOTO 3aMbIKaHUsS yepe3 OoJbIIoe
nepexoiHoe conpoTuBicHue Ha tuauu 110 kB npu otkimouennoir 9CMM (pucynok 3.9, a). [Ipunsro,
YTO B MPEALIECTBYIOIIEM MOBPEKACHUIO PEXKUME 3HAUYECHHS TOKOB MPEBBIINIAIOT COOTBETCTBYIOUIYIO
ycTtaBKy HarpasieHHoii MT3 BB 10 kB. Bekropnas auarpamma, wmoctpupytomias (pa3oBbie YIIbl
HNOJHBIX TOKOB (pa3 M HX CHUMMETPUYHBIX COCTAaBIIAIOLIMX OTHOCHUTEIBHO COOTBETCTBYIOLIMX
NOJSIPU3YIONIMX ~ BeIMYMH  (IMHEHHBIX  HANpPSDKCHWH, HANpsDKeHWH oOpaTHOM ©  mpsMoi

TIOCJIC/IOBATEILHOCTH), TpHBEAcHAa Ha pucyHke 3.9, 6. 3HaueHus Ga3HbIX TOKOB B pexume K3:

1,=24¢"0e., 1,=48¢"0e., 1 . =3,2¢"* 0..; cummerpuuHbIe cOCTaBIISAIONINE TOKA TIPSIMON

~ (VI j158° j107,7°
u 0OpaTHoit nocenosarenbHocTel: 1, =3,2e™ 0., 1,=17e""" 0.
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PI/ICYHOK 3.9 — Pexxum OI[HO(I)aBHOFO KOPOTKOI'O 3aMbIKaHUS 4EPE3 IIEPEXOJHOC COMMPOTUBIICHUC B CCTU

110 kB: a) cxema 31eKTpU4ecKoii ceTd; 0) BEKTOpHAs TMarpaMma TOKOB B MECTE YCTaHOBKH 3aIllUT.

B pexume KOpOTKOTO 3aMBIKaHUs TOJTHBIE TOKHU (ha3 B MECTE YCTAHOBKH 3aIIMTHI HATIPABIICHBI K
Harpy3Ke W MMPEBBIMAIOT 110 BEIMYMHE TOK cpabaThiBaHus 3amuThl BB 10 kB. MoXHO NpearnonoxuTh,
4TO Tpu OTKIIOUYeHHOM Ha cropoHe 10 kB reHepanuu 3HaueHUs MapaMeTpoB OOpaTHOM
MOCNEOBATEIbHOCTH B MECTE YCTAHOBKM 3allUTBhl OyAayT Onu3ku K Hymo. OpjHako, s
paclpeeIUTENbHBIX JJIEKTPUYCCKUX CETEH XapaKTepHBIM SIBISICTCS HATWYHE BOJIWU3M MECTHOM
AJIEKTPOCTAHIIMK COM3MEPUMOM TI0 MOIIHOCTH HArpy3Kd MPEUMYINIECTBEHHO JIBUTATEIHLHOTO
xapakrepa. BennuuHy compoTuBiieHUsI OOpaTHOM MOCIEI0BATEIBHOCTH ACHHXPOHHON JBUTATEIbHOM
Harpy3Kd MOKHO TIPUOJIMKEHHO OLEHUTH CIeayromM oopasom [131]:

Z; o zl—l*, o.e., (3.3

n

*
Irac |, — KpaTHOCTb IIyCKOBOI'O TOKa DJIEKT OABHUTATCIIA, O0.€. (KaK IIpaBHJIO, IPHUHHMMACT 3HAUYCHUA
n

5...7).

CompoTuBiIeHUE JBUraTeIbHOM HArpy3ku Z 5, HMEET INPEUMYIIECTBEHHO HWHIYKTHUBHBIH

XapakTep U OJM3KO MO BEJIMYMUHE K COMPOTHUBIICHUIO 0OPAaTHOM TOCIIEIOBATEIIBHOCTH YKBUBAJICHTHOTO
reHepaTopa MECTHOW JJEKTPOCTAaHIMH. TakuM o00pa3oM, Yrod MEXIy TOKOM W HalpsKeHHEM
0o0paTHOW TIOCJIEIOBATEILHOCTH B pPAacCMaTPUBAEMOM PEXHME COOTBETCTBYET HAIpaBJICHUIO
MOIIHOCTH K MECTy TOBPEXJCHUS, T.C. BBHIMOJTHSIIOTCS YCIOBUS IS cpabaThIBaHUS HampaBICHHOU
3ammThl B 1ienoM. OqHAKO, B paccMarpuBaeMoi cutyanuu (MpH OTKIIFOYEHHOW 3JICKTPOCTAHIMU B
cern 10 kB) otkmouerrie BB 10 kB mokeT okazaThcs HekenaTelnbHbIM (OBICTPOE BOCCTAHOBJICHHE

3J'ICKTpOCH36)KeHI/IH HarpyskKu OT BHEIIHEH CETH MOXKET OBITh HpeI[HOLITI/ITeJ'IBHee).
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PexoMeHIanuM MO COBEPUICHCTBOBAHUIO CIOCOOOB BBINOJIHEHHSI OPraHa HanpaBJeHUs
momHocTH. Ilpm BeIOOpe cmoco0Oa  BBHINOJHEHUS OpraHa  HalpaBIE€HUS  MOIINHOCTH B
pactpenenutensHoi ceth ¢ 9CMM Heo0X0ArMO MPUHUMATh BO BHUMAHUE Cleytomue (pakTopbl:

— TOK CpabaThlBaHUs MAaKCUMaJIbHOW TOKOBOM 3aIlMTBHl MO YCIOBHSM YYBCTBUTEIBHOCTH BO
MHOTHX CJIy4asgxX HE MOXET OBbITh NpPUHAT OONBIIMM, YeM 3HadeHue pabouero TokKa B
IIPOTUBOIOJIOXKHOM JIEHCTBHIO 3alUTHl HAIIPABIECHUH. B 3THX yCIIOBHSIX MOBBIIIAKOTCS TPeOOBAaHUA K
HajgexxHocTH paboTel OHM,;

— 3HaYEHHUsI TOKOB KOPOTKOTO 3aMbIKAHHMs B HalpaBICHUU JCHCTBUS 3aIIUTHI, KaK MPaBUIIO,
COM3MEPHMBI CO 3HAYEHUSIMH TOKOB B MPEAUIECTBYIOIIEM PEXHME, a B HEKOTOPBIX CIydasX MEHbIIE
NOCHEIHUX. OTO OOYCIOBIMBAaET 3HAUYUTEIBHOE BIMSHUE IApaMETPOB  IPEIIECTBYIOIIETO
HOBPEXJCHHUIO PEKMMa Ha 3HAUEHUS I1apaMeTPOB, U3MEPSAEMbIX 3aLIUTON B peKUME MOBPEKICHUS.

Kak mokazano BblllIe, s pacupefenuTenbHbix cereit ¢ 9CMM xapakTepHbl CUTYalluH, KOrjaa
NpUMEHEeHne TpaguluoHHONH «90-rpagycHON» CXeMbl TPUBOJUT K CHHIKCHUIO HAJEKHOCTH
(YHKIIMOHMPOBAHUS HanpaBiIeHHOM 3amuThl. Cienyer u30eratb MCIOJIb30BaHUSA 3TOM CXEMBI B TE€X
cilydasiX, KOIJla 3HAu€HUEe TOKa CpabaThlBaHUS HAINPABICHHOM 3allUThl IO YCJIOBUSAM €€
qyBCTBUTEIBLHOCTH HE MOXKET ObITh BHIOPAHO OOJIBLINM, YEM 3HAUEHHUE MAKCUMAJIBHOTO paboydero Toka
B JIIOOOM 10 OTHOIIECHHUIO K 3alllUTe HaIlpaBlieHHH. B ocTampHBIX cuTyauusx npu npumeHeHun «90-
TpagyCHON» CXeMbl HEOOXOJWMO NPHUHMMATh BO BHHMAaHWE TPUCYIINE € W3BECTHBIC HEIOCTATKU:
BO3MOYKHOCTh HeNpaBWiIbHOH paborei OHM mnpu HeCMMMETPHYHBIX KOPOTKHX 3aMBIKaHUSX 32
TpaHc(OpPMATOPOM CO CXEMOW COEAMHEHUS «3Be3/la — TPEYroJbHUK», HEKOPPEKTHas paboTa B CETH ¢
HU3KOOMHBIM 3a3€MJIEHUEM HEUTpaiu Mmpu OAHO(pA3HBIX KOPOTKUX 3aMbIKaHUSAX, KOIJla CyMMAapHbIN
TOK OT YJAJEHHOTO HCTOYHMKA COJCPKHUT MPEHMYIIECTBEHHO COCTaBJSIONIYI0  HYJEBOU
nocienoBarenbHocTH [132]. TlocnmenHsii 0COOGHHOCTh OrpaHMYMBaeT 00J7acTh mpuMeHeHus «90-
I'paJyCHON» CXEMBI B CETSIX C HU3KOOMHBIM PEKUMOM 3a3€MJICHUS] HEUTPAJIH.

Ha ocHOBe BBIIIEH3IIOKEHHOTO MOTYT OBITh JIaHBl CJEIYIOIME PEKOMEHJIAIMH  TI0
COBEPILIEHCTBOBAHHIO crI0c000B BhimonHeHHss OHM nprMeHUTENBHO K 3alIUTaM paclpeleTuTebHBIX
cereii ¢ OCMM:

1. Ilenecoo6pa3zno BeinoaHeHne OHM ¢ KOHTpoJIeM CUMMETPUYHBIX COCTAaBIISIIOIIUX TOKOB U
HaIPSKCHUN!

— UCTIONB30BaHUE (HAa30BBIX COOTHOIICHHWH MMApaMeTpOB TPSMON IOCIEIOBATEIBLHOCTH IS
OIIpEeIENIEHUs HAIIPABJICHHSI MOILIHOCTH B CUMMETPUYHBIX PEXKHUMAX;

— UCIIOJIb30BaHKE (Pa30BbIX COOTHOLIEHHM NapaMeTpoB OOpaTHOW MOCIIEAOBATEILHOCTH JUIS
OTIpeIeJIeHUs] HAIlPaBJIECHHsI MOIIIHOCTH NPH HECUMMETPUYHBIX MTOBPEXKICHHSIX.

2. B cerax c OOJbIIOI MOJIeH MBUTATEIBHOW HArpy3KH HEOOXOIMMO BBINOJHATH OJIOKHPOBKY

OHM OII npu otxmouerHoir DCMM «3a ciHOW» 3anuThl. BIIOKUPOBKA MOXKET OBITh BBITOJHEHA
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IMyTEM HCIIOJIB30BAaHUA KaHaJla CBA3U WUJIM IO IMapaMCETpaM pEKHUMa B MCCTC YCTAHOBKU HaHpaBHeHHOﬁ

3anuThl. [1peoskeHHBIH aBTOPOM CITOCOO BBIMOHEHHS OJIOKUPOBKH paccMoTpeH B [133].

3.4 Ucnoan3oBaHue KOMMYHHUHKAIUOHHBIX TEeXHOJIOThii

JIJIS IOCTPOEHUS CUCTEMBbI pesieifHOM 3aluThI

3amada co3naHus >(PQPEKTUBHON penedHOW 3alIUThl B PaCHpPElCTUTEILHON CEeTH C MAaJbIMH
pacrpeneéHHBIMU AIIEKTPOCTAHIUSAME YCIIOXKHIECTCS 3HAYUTEIHHBIMA H3MEHEHUSIMH TIapaMeTpoOB €€
peXMMOB (M XapakTepHOW Ui pACHpENCIUTEIbHBIX CeTeil B IEJIOM HH3KOW CTENCHBIO
HaOmomaemMoctr). Ilo 3TOM MpUYMHE HAMPABICHUS COBEPIICHCTBOBAHUS W pa3pabOTKa HOBBIX
AITOPUTMOB PEJICHHON 3aIIUTHl TPEACTABISIOTCS BO MHOTOM CBSI3aHHBIMH C HCIOJIB30BAHUEM
BO3MOYKHOCTEH KOMMYHHKAIIMOHHBIX TEXHOJOTHH, TO3BOJSIIOIIMX IIOJydaTh OoJjiee TIOIHYIO
WHPOPMAIIHIO O PSKUMAX PACTIPEACTUTEIHHON CETH.

Wudopmanus, AOCTynHas YCTPOWCTBY pesieHOM 3aiiuThl, B OOIIEM BHAE MOXET OBITh
KJIAaCCU(UITUPOBAHA CICAYIOIIUM 00pa3oM:

— JIOKAJIbHBIE H3MEPEHHS TTAPaMETPOB TEKYIIErO PeXKUMa,

— JIOKJIbHBIE H3MEPEHHS NTAPaAMETPOB MPEIIIECTBYIOIIETO PEXKUMA,

— yAanéHHbIe U3MEPEHUs TapaMeTPOB NMPEAIIECTBYIOLIETO PEKUMA;

— yAanéHHbIe U3MEPEHHUS TapaMeTPOB TEKYIIETO PEKUMA.

Onenka o00béMa wuHMOpPMAIUK, HEOOXOAUMOTO ISl TOCTpOoeHUs IPHEKTUBHON 3alIUTHI
MPUMEHUTETFHO K pacmpeaenureabHoii cett ¢ OCMM, MoxeT OBbITh BBITIOJHEHa Ha OCHOBE
UCCIICIOBaHM, MIPECTABICHHBIX BhIlle. Tak, B ri1aBe 2 ObLUTH BBISBICHBI U OTPAXKEHBI OTPAHUYCHUS
TPaJUIIMOHHOTO JUCTAHIIMOHHOTO 3aMmepa. bplio mokaszaHo, yTo B anekTpuueckoi cetu ¢ DCMM
BO3MOXHOCTH OOecrieueHHst OBICTPOTO U CENIEKTUBHOTO OTKIoUeHus: K3 orpannveHsl. Y CTaHOBIICHO,
YTO OTKJIOHEHHS 3aMEPOB JUCTAHIIMOHHOW 3alIUThl OTHOCHTEIBHO (PAKTHYECKOTO COMPOTHBIICHHS 10
MeCTa 3aMBIKaHUSI B CETH CO «CIaObIMM» WCTOYHHKAMH B 3HAYUTEIHHOW CTENCHH OIPEIENISIOTCS
napaMeTpamMH TpeIlIeCTBYIOIIEro MOBPEXKACHUI0 pexkuma. B m. 2.3 mnokasaHo, 4TO HaJludue
uH(pOpMaIIMKU O MapaMeTpax MPEAIISCTBYIONIEro peXXuMa YIaaEHHBIX HCTOYHUKOB (CUCTEM) MTO3BOJIHT
3HAYUTEIBHO TOBBICUTH 3()()EKTUBHOCTH AMCTAHIIMOHHON 3aIIUTHl B CETH C MHOTOCTOPOHHHM
MUTAaHUEM. TIPH XapaKTEPHBIX KOJIMYECCTBEHHBIX MapaMeTpax CeTeld CTaHOBHUTCS BO3MOXKHBIM B
HE00X0AUMOM C MPAKTUUECKOM TOUKH 3pEHUS CTENEHU pa3srpaHUYUTh 00JIACTH 3aMEPOB JJIS PEKUMOB
K3 B pacuérHoii 30He M 3a e€ mpenenaMu; OOECIEUUTH OTKIIIOYCHHE MOBPEXICHHNA B Mpesenax
pacyETHOM 30HBI JEUCTBHS ObICTpOJCUCTBYIOMIEH cTyrneHu 3amuThl (80-85% ymHuM) Oe3 BhIICPKKH
BPEMEHH, T.€. PACHIMPUTH BO3MOXKHOCTH IO HCIIOJIb30BAHHUIO JAMCTAHIIMOHHOHN 3alllUTHI B KAa4eCTBE

OCHOBHOMH. DTO IO3BOJISET NPpEATIONXUTh NPUMCHUTCIIBHO K TAKUM CCTAM AUCTAHINUOHHYIO 3aIlllUTy C
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aIalITUBHBIMU TTapaMeTpaMH CpabaThIBaHUs, HACTPAUBACMBIMH Ha OCHOBE YJaJIEHHON WH(pOpMAIUU O
napamMeTpax MIpealIecTBYIOMEro pekuma B y3nax moakiatoueHus DCMM. VkaszanHoe, oHaKo, HE
UCKIIIOYAaeT HEOOXOIUMOCTh MOCTAHOBKM W pEIICHHUs 3ajad, HANpaBICHHBIX HA IOBBIIICHHUE
3pPEKTUBHOCTH OJHOCTOPOHHETO 3amMepa MPUMEHUTEIbHO K pPACHpeNeNUuTeNbHbIM CeTsIM  C
ANEKTPOCTAHIUSAMU (B OCOOCHHOCTH JUISl JIMHUN C JIByXCTOPOHHUM MUTAHUEM), B TOM YHUCIIE, IyTEM
UCTIOJIB30BaHUs HH(OPMAIUH O ITapaMeTpax MPeIIIeCTBYIOMIETO PeKUMa.

OO0o00mEnHas cxema IpeJylaraeMoil K peanu3alyy JUCTAHLIMOHHOW 3alllUThl C aJalTUBHBIMU
napameTpamu cpabaThiBaHUs npuBeaeHa Ha pucyHke 3.10. YcTpoiicTBo 3amuTsl obecriednBaer coop u

o0pabotky wuHpopmanuu (B 00IIeM cilydyae — aHAJOTOBOM U JHWCKPETHOHM) O Tmapamerpax
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Pucynok 3.10 — O600ménHas cxema peai3aiiy JUCTAHIIMOHHON 3aIUThI

C aJIalITUBHBIMU [TapamMeTpaMu cpabaTbIBaHUs

MMpEAUICCTBYIOLICTO PCKUMaA y,[[aHéHHLIX CHCTEM,; Ha OCHOBEC HOJ'Iy‘IGHHOfI I/IH(I)OpMaI_II/II/I BBIITOJIHACTCA

OLICHKa MO[[yanI 141 (1)33 9.1.C. y,[[a.]léHHBIX CUCTEM, PC3YyJIbTAaThbl KOTOpOﬁ, B CBOIO 04YCpClb,
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UCTIONB3YIOTCS ISl (JOPMHUPOBAHUS KHOBOW» XapaKTEPUCTHKH cpabaThIBaHUs yCTpoiicTBa. M3meHenne
TEKyIIeH XapaKTepUCTUKUA cpabaThIBaHUS OCYIIECTBISIETCS TO (pakTy TpupamieHHid Ha 3apaHee
3aIaHHYI0 BeJTUUUHY MoayJiei ((a3) 3.1.c. yIaI€HHBIX CUCTEM.

T.x. ynanéHHble U3MEpeHHs MapaMeTPOB PEXKHUMA MPUMEHSIOTCS TOJIBKO MpH (HOPMUPOBAHUU
XapaKTCPUCTHKHU Cpa6aTbIBaHI/I$I N HCINOCPCACTBCHHO B aJI'OPUTME 3allUTbl HC HMCIHOJIbB3YIOTCA,
NpeITIOKEeHHAsT pean3aiusl yCTPOMCTBA HE MPEIbIBISIET KECTKUX TPeOOBaHHMN K KaHaiaM CBs3u (B
YacTH CKOPOCTH Mepeaaud WH(OpMAalMd MW TMPOMYyCKHOW crocoOHocTn). Ilepemava uHboOpMarmu
MOJKET OCYILECTBIISATHCS 0 CTAaHIAPTHBIM TpoToKoiaM (Hanpumep, Modbus). ¥V nanéunsie nusmepenus
pY IPUMEHEHHH B pacripenenutenbHoi cetn cucteMbl WAMS MoryT ObITh IOTYYEHBI OT JIOKAIBHBIX
YCTPOMCTB BeKTOpHBIX u3MepeHnid PMU (Takodi cnoco0 MO3BOJUT 00ecreyrTh 00jiee BBICOKYIO
CKOPOCTb niepenaun HHGOPMAIUU B CPABHEHUH C TIPESIBIIYIINM).

B psnpe cutyanmii, XxapakTepU3yIOIUXCsS 3HAYUTEIBHON MOIIHOCTHIO MCTOYHHUKOB, CIIOKHOU
KOH(UTYpAIMel MIEKTPUICCKON CETH, MAaKCUMAaTbHBIMU TPEOOBAHUSMH K OBICTPOACHCTBHIO 3AIUTHI,
CTaHOBUTCS HEOOXOIMMBIM HCIIOJIH30BAHUE yNATEHHBIX W3MEPEHUH MapaMeTPOB TEKYIIETO PEXHMA,
CBSI3aHHOE C TIPUMCHEHHEM Iu(QepeHIIaTIbHOTO MNPHUHIUMNA, (QAKTHYECKH MPEIIOIararoero
«BKJIFOUEHHE» 3aIUTHl HA aBapHIHBIE COCTABIIAIONINE TOKOB 3aluiaeMoro oobexra. [lpumenurensHo
K pacmpeleNuTeNbHbIM CETSAM TPEACTABIACTCS 1EJIeCO00pa3HbIM  YNPOUICHWE OOMIEHPUHATON
peamm3aiu  1UpGHEepeHIIHATFHON 3aIIUThl JTMHUKA JIEKTPONEepeaun: IMPH Y4acTHH aBTopa ObLI
MIPEIUIOKEH CIIOCO0 peau3anuy IpoA0asHON qudGepeHIIMATFHON 3aUThI JTHHHH JJICKTPOINepeIaun
Ha 06a3e OJHOTO0 MHUKPOIPOIIECCOPHOTO TEPMHUHAJA, Pa3MEIIEHHOr0 CO CTOPOHBI BHEMmIHEH cetn [132].
B cocraBe ycTpoiicTBa MpeaycMaTprUBarOTCs [Ba KOMILUIEKTa U3MEPUTEIbHBIX TOKOBBIX opraHos (MO1,
NO2), oguH U3 KOTOPBIX NpEJAHA3HAYCH /ISl TIOJTYYEHHS 10 MPOBOJHOMY KaHAIy CBSI3U LU(PPOBBIX
CHTHAJOB O TOKE B JIMHHM CO CTOPOHBI Mayioi 3nekrpocrtaHuuu (pucyHok 3.11). Pemenue o
cpabaTbiBaHuu npuHUMaeTcst Oyiokom cpaBHeHus (BC) Ha OCHOBE cOMOCTaBJICHHS 3HAYCHHH TOKOB
«CBOET0» M YAAJEHHOTO KOHIOB 3aIUIAEMOr0 00ObEKTa; IPHU BOSHUKHOBEHUH YCIIOBHsI cpaOaThIBaHUS
3alUThl KOMaHJIa OTKJIFOUCHHS MEPeIacTCs TaKKe Ha «CBOW» M MPOTHBOMNOJIOXHBIN KOHIIBI JIHHHH.
[IpemnoskeHHBI  CIIOCOO  TMO3BOJISIET YHPOCTUTH pEATM3alMI0  3aIlUTBl M €€ OO0CITy>KUBaHHE,
o0ecrieunBaeT HAJSKHOE OTKIIOYCHHE TEHEPaTOpPOB MaJbIX AIIEKTPOCTAHIUI Tepel] IeHCcTBUEM

cereBoro ycrporcrea AIIB.
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Pucynok 3.11 — Cnoco0 peanuzanuu npoaoiabHoi augdepeHnuantbHON 3aUThl

JIMHUM 3JICKTponcpcaaun

3.5 BeiBoabI o riaase 3

1. CucremaTu3upoBanbl pacu€THBIE YCIOBHS JUIsi BBIOOpa IMapaMeTpoB cpaOaThIBaHHS
MaKCHMAaJIbHBIX TOKOBBIX 3aIUT (B TOM YHKCIE, C 3aBUCHMBIMU BPEMSITOKOBBIMU XapaKTEPUCTUKAMH) C
y4€TOM 0COOEHHOCTEH PEKUMOB pacipeaenuTenbHbIx ceteit ¢ SCMM.

2. Ha ocHOBe MpOBENEHHBIX HCCIENOBAaHUN (DYHKIIMOHHUPOBAHUS HANPABICHHBIX 3aIUT JaHbBI
PEKOMEH/IALIMY T10 BBIMOJIHEHUIO OpraHa HalpaBJIeHUs! MOIIHOCTH 3alllUT paclpeAeuTeNIbHbIX ceTel ¢
OCMM: o6ocHOBaHO orpaHndeHue obnactu npuMmenenus «90-rpaaycHoO» cXeMbl BKIIOUEHHS OpraHa
HANPaBIIEHUS MOIIHOCTH, TPEUIOKEHO BBIMOJHATH OpraH HAMpaBICHHUS MOIIHOCTH Ha OCHOBE
KOHTPOJISI TAPaMETPOB MPSMOI 1 00paTHOM MOCIIEA0BATEIHLHOCTEH.

3. BeIsiBNIEHBI OCOOCHHOCTH TPHMEHEHHS] OpraHa HampaBJICHHsS MOIIHOCTH OOpaTHOMH
MOCIIEI0BATEIbHOCTH B paclpeAenuTeNbHbiXx cetsx ¢ DCMM: moka3aHo, mpu 4TO OOJBIION J10Je
ACUHXPOHHBIX 2JIEKTPOJBUTATENIEH B COCTaBE HArPy3KH MOTYT BO3SHHKATh yCIOBUS JUIS CpabaThIBaHUs
OHM OII B «npsisMOM» HampaBlI€HUH W HANPABICHHOM MaKCUMalbHONM TOKOBOW 3aIMUTHI B LIEJIOM
JMaKe TPH OTKIOYECHHOM HCTOYHHMKE «3a CIOUHON» 3ammuThl. [loka3aHo, 4To B psle CiIyvacB
11eJIeCO00pa3HO  BBIMONHATh OJOKUpOBKY HampasieHHoi (¢ OHM OIl) makcuMaibHOH TOKOBOM
3aIUTHI B TAKUX PEKUMAX.

4. Tloka3zaHa HEOOXOJUMOCTh NPUBJICUEHHUS JOMOJHUTEIBHON WHPOpMAIMK O peXUMax
pactipeaemurensHoit cetu ¢ OCMM msa noseimenus 3¢ dextuBaoctu P3. TlpeninokeHbl BapuaHTHI
MOCTPOCHHUS 3allUT C HMCMOJb30BAaHMEM KOMMYHHUKAIIMOHHBIX TEXHOJOTHHM, MO3BOJSIOLIUE 32 CUET
nonydyeHuss MHGopMau 00 yHan€HHBIX H3MEpPEHHUSIX MapaMeTpoB PEKHMMa pPACHIMPUTH 00JIacTh
NPUMEHEHHUS TPAJAULIMOHHBIX MPUHIIMIIOB 3aIUT Ha 3JeKTprudeckue cetu ¢ JCMM.

5. [lpemmoxen cmoco® peanu3anmy  TPOAOAbHON audPepeHInaTbHON  3aIlUThl  JTUHUU

DJICKTpOoIIepeaaiu, OCHOBAaHHBIM Ha WCIOJb30BaHUU OIHOTO MHUKPOIIPOLUECCCOPHOI0 TEpMHUHAIA U
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o0ecrieynBarOIUi HEOOX0AUMYIO YPPEKTUBHOCTD (PYHKIIMOHUPOBAHUS 3aIIUTHI TIPU YTPOLICHUU €&
BBITTOJTHEHHSL.

6. [lpennmoxkeH cmoco0  peajw3alMyd  JUCTAHIMOHHOW  3alIUThI, TPEAYyCMaTPUBAIOIINN
a/IalITUBHOE U3MEHEHHUE MapaMeTpoB e€ cpadaThIBaHU Ha OCHOBE YAAJIEHHBIX U3MEPEHHH apaMeTpoB
MPEIIIECTBYIONMETO peXuMa B y3max mnoaximoueHuss DCMM, mnobeimamomuid  3Q(QeKTHBHOCT
(GyHKIMOHUpOBaHUsI TpamuimoHHoW JI3 Ha 0a3e OJHOCTOPOHHETO 3amMepa W  PaCIIUPSIOIINI

BO3MOKHOCTH €€ NcHoib30BaHud B ceTsax ¢ DCMM B kauecTBE OCHOBHOM.

PesynbraThl paboOThl Haj MaTepHajoM TJaBbl Hauum oTpaxenue B [123, 124, 133-137],
UCIIONIB30BaHbI B JIesATebHOCTH padoueit rpymmsl B5.43 «Coordination of Protection and Automation
for Future Networks» MexaynapoaHoro coseta mo 6osbinum sueprocucremMam CIGRE u Bomutu B

coctaB otyéra Ne 629 [138] co ccbutkoii Ha MaTepualibl OHON U3 paboT aBTOpA.
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4 TIOCTPOEHHUE PEJEMHOM 3AIINUTHI DJIEKTPHYECKNX CETEN
C MAJIBIMH PACHPEJEJEHHBIMHU SJIEKTPUYECKUMHU CTAHIIUSIMHA

4.1 O61mue NPUHIUIBI

3amaga pemaercs S  OO0OOMIEHHON cXembl pachpenenutrensHoir ceth ¢ OCMM
(cm. pucynok 1.4, a); Ha OCHOBE pa3pabOTAaHHBIX MPH 3TOM IOJXOJ0B W YKPYIMHEHHBIX PEIICHHUM
MOTYT OBITh TOJIyYEHBI YACTHBIC PEIICHHUS JJII KOHKPETHBIX CHUTYallUid, Pa3IuvarolIuXxcsl CXEMOH,
XapaKTepUCTHUKAMU OOOpYIOBaHMs, KIACCOM HAMpsDKEHUS MPWIEkKAIIeW CEeTH, MOIIHOCTHIO
MOJKIIOUEHHBIX D3JIEKTPOCTaHIM. Tak, MOTydeHHbIE B XOJ€ pPAa0OTHI HAJl pa3leioM MaTepuaibl
MPUMEHEHBl TpU pa3pabOTKe pPENeHONW 3alUThl W aBTOMATHUKU CHUCTEMBI 3JIEKTPOCHAOKEHHS
OO0 «Enuceii» rnpu BHEAPEHUHU B HEE DIIEKTPOCTAHIIUHA MaJIOW MOIIIHOCTH.

Jlns ueneit uccneqoBaHUN CUCTEMY pEIeMHOM 3aluThl AnekTpudeckoid cetn ¢ ICMM yno6HO

dopmanbHO paznenuth Ha P3 BHenHel cetu u P3 BHyTpeHHe# cetu (pucyHok 4.1).

Pucynox 4.1 — O6061eHHOE pecTaBICHUE PEICHHON 3alUThI dJIeKTpudecKor cetu ¢ ICMM

B Touke mpucoeaunenus DCMM cTaHOBUTCS HEOOXOIUWMBIM CO3[aHUE KOMILIEKCA peleitHON
3alMTBl M aBTOMAaTHKH (#anee — JeNMTENbHOM aBromatwkw, JIA), mpeaHa3HAUYEHHOTO JUIs
obecrieueHus Oe3zaBapuitHOW pPaOOTHI AJIEKTPOCTAHIIMN MaJIO MOIIHOCTH WM TPEAOTBPAILECHUS HX
BO3MOXHOI'O HETaTUBHOIO BIMSHUS Ha DJIEKTPUYECKHE PEXHUMbl M pabOTy peseiiHOM 3aluThl
BHEIIIHEN CETH.

Bonpocsl coznanus JIA npu BHeapenun OCMM mnpuoOperaroT OoJblIyl0 BaXHOCTh. P3
IIPWIEKALIEN CETH, AaKe IPU BBITOJIHECHUM MEPOIPUATUHN 110 €€ COBEPIICHCTBOBAHUIO, HE CMOXET B
MIOJIHOM Mepe pelunTh Bee 3aaauu ynpasieHuss JCMM npu BO3MyILEHUSX U B aBapUHHBIX pexUMaXx.
B o6mem ciiyuae Ha JIA 1iesecooO6pa3Ho BO3JI0KUTE CAeAyOmue QyHKIUN:

— otaenenne OCMM ¢ MecTHOM Harpy3Koi WM OTKIIOYeHHe reHepatopo JCMM;

— pE3epBUPOBAHUE 3ALUTHI BHEIIHEN U BHYTPEHHEN CETH;

— BBINOJIHEHWE YYBCTBUTEJIBHOW 3alllUThl BBIMIECTOSALINX CETEBBIX 3JIEMEHTOB CO CTOPOHBI

OCMM.
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B nepBoii rimaBe paboThl OBLT C€IaH BBIBOJ O TOM, YTO pa3padOTKa PEIICHUHN B YaCTH PEJICHHON
3alllUThl JOJDKHA BBINOJIHATBCS HA OCHOBE TpeOOBaHUH, 3aJalOlMX YPOBEHb TEXHUYECKOTIO
COBEpUICHCTBA PEJICHHON 3alUTBHl B YCJIOBMAX IOJKIIOUEHHUS K diekTpuueckodl cetu JCMM. B
HACTOSIILEH TJlaBe BBIMOJHSACTCA pa3paboTKa Takux TpeOoBaHMi g KoMmiuiekca P3A B Touke
npucoeaunennss 9CMM u s P3 mpunexamieil ceTd; B COOTBETCTBUU C HUMH OOOCHOBBIBAETCS
COCTaB M pa3MelleHrne 0a30BbIX (QYyHKIMI pesieHON 3alUThl, yTOYHSIOTCS BO3MOYKHOCTh U 00/1aCTh
IIPUMEHEHUS CYIECTBYIOIINX 3aIIUT B HOBBIX YCIOBHSX.

HaGop TtpeboBanuii x P3 ompexnensiercs XapakTepUCTHKAMU JIIEKTPUUYECKUX PEKUMOB
pactipenenutenbHbix cereii ¢ ICMM (ycnoBusMU (QYHKIIMOHMPOBaHUS peiedHoi 3ammter). [Ipu
pa3paboTke TpeOOBaHUM CIICTyET UCXOJUTh U3 OCOOEHHOCTEH yIpaBICHUS JIEKTPOCTAHIIUSIMHA MaJIOH
MOIITHOCTH B aBapUHHBIX peXHUMax. MOryT ObITh BBIJECICHBI TPU BOZMOXKHBIX MOJX0/a K YIPaBICHUIO
U 0003HaueHa 00JIaCTh UX npuMeHeHwus (Tadnuna 4.1).

Mcnonp30BaHue 3THX MOIXOAOB IO3BOJIUT BHIPAOOTAaTh ONTHMaibHBIE TpeOoBaHus K P3 B
COOTBETCTBUM C YPOBHEM DPa3BUTHUSI MaJIOM SHEPreTUKU B SHEPrOCUCTEME, OCOOCHHOCTSMM U LENIMU
BHEJPEHUSI KOHKDETHOW JJIEKTpocTaHUMU. IIpuMeHeHne mnepBbIX [BYX MOAXOAOB IO3BOJISIET
YOPOCTUTH pEIIEHUE 3aJayd IIOCTPOEHUS CUCTEMBl DPEJIEHHOM 3alllUThl, OJHAKO CONPSKEHO C
UCCJIETOBAHUEM BO3MOXHOCTU MPUMEHEHUS CYLIECTBYIOIIUX PEIICHUN B YaCTU PEJICHHON 3alluThl, C
CO3aHHEM JENUTEIbHON aBTOMATHKU (3amuThl). TpeTHil MOIXol OpPraHM3alMOHHO W TEXHUYECKH
HauOoJiee 3aTpaTeH. ero INpUMEHeHue TpeOyeT COBEPIICHCTBOBAHMS PENCHHON 3aluThl ¢ y4ETOM
0COOEHHOCTEH PeKUMOB, IPUCYIIUX pacHpeaeTuTeabHbIM ceTsiM ¢ DCMM.

JHanee ¢ mpumenenuem 0000mEHHON cxeMbl DC ¢ 3MEKTPOCTaHIMEH Majol MOIIHOCTH JUIS
TpEX 0003HaYeHHBIX B Tabnwie 4.1 moaxoa0B pa3padaThIBarOTCS MPUHIUIBI TOCTPOSHHS] KOMIUIEKCA
P3A B Touke npucoenunenus DCMM, naroTcs peKOMEHJAIMU M0 COCTaBY U pa3MeENIeHUI0 (DyHKITHI

3alllMT B NpUjIexkalle k Touke npucoeanHeHuss SCMM snieKTpuuecKkon ceTu.

4.2 TlocTpoeHne cucTeMbl peJieiiHOM 3aIIMTHI B COOTBETCTBUHM C MPUHATHIMH MOAX0AaMU

K YNPaBJIEHHIO 3JIEKTPOCTAHIUSMH MAJIOH MOIIIHOCTH B aBaPHUIiHBIX peKuMAax

OTkaovyeHne HJJeKTpocTaHuuid majgoi MomHocTu. CoctaB 000pyAOBaHUS, TPUHIIMITHI
JEHCTBHUS U MapaMeTphl cpabaThbIBaHUSI YCTPOMCTB peeiiHON 3alluThl BBIOUPAIOTCS MUCXOAS U3 TOTO,
YTO JJIEKTPOCTAHLIMU MAJIOM MOIIHOCTH OTKJIIOYAKOTCA OT DJIEKTPUYECKOW CETH B aBapUUHBIX
pexxumax. Otkmrouenne ICMM ocyrectisercs aeiicrBuem P3 reneparopos mwin JIA (o6mamaromieit
OoNbIIeH YyBCTBUTEIBHOCTRIO [24, 139]), kak mpaBmiio, ¢ MHHHMAaIbHOH BBIJIECPKKON BpPEMEHH.
BoccranoBnenue 3nekTpocHa0XKeHHs HATPY3KU MPEANOIaraeTcsl OCYUIeCTBIATh B IEPBYIO OYepeb OT

BHEIIIHEN CETH.
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Ta6muma 4.1 — Tloaxoap! K ynpaBiIeHHUIO AIEKTPOCTAHIIMSIMHU MaJIOW MOIITHOCTH

B aBapHUIHBIX peKUMax U 00JIaCTh UX MPUMEHEHUS

Ne oaxox O0JacTh NPUMEHEeHHUs

1. Otxkmouenne OCMM | — sHepropaiionsl ¢ HeOobII0M noeit 9CMM;

— 3JIEKTPOCTAHIIMKH MOIIHOCThIO He Oosnee 1-2 MBA (ue
«TIOKPBIBAIOIINE» B HEOOXOAUMOW CTETIEHH MOIITHOCTh MECTHOM
HaArpy3Kd WIH He IpeIHa3HauYeHHbIE A1 pabOThl B aBTOHOMHOM

peKUME).
Ilpumeyanue.  @HeOpeHue  SNEKMPOCMAHYULL  CEA3AHO  C
peuenuem 3a0auu nOGbLUEHUS IKOHOMUUECKO
aghgpexmusnocmu 9HEepeOCHabIICeHUs nompebumenneil,
UBHAYATILHO ROJYUAIOUUX numatue MONbKO om
9Hep2ocUcCmeMmbl

2. Brinenenne OCMM | — 35IeKTpOCTaHIIUK,  OOECTICUMBAIONTIUNE  AJICKTPOCHAOKEHUE

Ha MECTHYIO Harpy3ky | OJM3KUX IO MOIIHOCTU NOTpEeOUTENeH U NpeIHa3HaueHHbIC IS
paboThl B aBTOHOMHOM PEXKHME;

— TPYIIIbI 3IIEKTPOCTAHLUH, o0ecreunBaromux
2JIEKTPOCHAOKEHNE MOTPEOUTENEH B MUKPOIHEPTOCUCTEME.
Ilpumeuanue.  6HeOpeHUue  INEKMPOCMAHYUL  CBA3AHO  C
peutenuem 3a0ayu obecneyeHus HaoéxcHocmu
9NeKMpOCHAbMCeHusi ~ nompebumeneu, ¢  CO30aHuem U
pazeumuem MUKPOIHEP2OCUCTIEM

3. CoxpaHneHnue —sHepropaifonsl ¢ Oompmoir  goneit DOCMM B cocTase
HapajuieIbHOW pabOoThl | TEHEPUPYIOMNX MOIIHOCTeH (KOT/a H3JIMIIHUE OTKITIOUCHHUS
OCMM wMexay coboil | MaJbIX DJEKTPOCTAHIMM TNPUBOIAT K CHH)KEHHUIO 3araca
U C HMCTOYHUKAMH | pEaKTUBHOM MOIIHOCTM B CHCT€ME, K Ieperpyskam u
BHEIIIHEH ceTH OTKJIIOYEHHUIO CETEBOTO 000pyHOBaHMSA, YCYryOusisi pa3BUTHE
aBapUIHOTO TpoIiecca).

Ilpumeuanue: noeviuaemcsi ponb 3NEKMPOCMAHYUL  MANOU
MOWHOCMU 68 peuwleHul CUCMEMHbIX 3a0ay obecnedenus
9HEpP200e30NaACHOCMU, — HAOEICHOCMU U YCMOUYUBOCMU
9Hep20CcUcmeMmbl

brictpoe otkmtouenrne DCMM npu BHEIMIHUX BO3MYILECHHSX IO3BOJISIET MUHUMHU3UPOBATH WX
BIUSHUE HA XapaKTePUCTHKU TMEPEXOJHBIX TMPOIECCOB M, CIIEOBATEIbHO, Ha pPaboTy pemneitHon
3alllUThl U CETEBOU aBTOMATHKU HpHHG)K&H.[Cﬁ CCTH, BCJICIACTBUC 3TOI'0 HpI/IHHTblf/'I IIoaxoa IMO3BOJIACT
UCIIOJIb30BaTh B HEW MPEHMYIICCTBEHHO CYIIECTBYIOIINE (TPAIUIIMOHHO MPUMCHSEMBIC) PEIICHHs 110
MOCTPOEHUIO 3aIUTHI.

Henocratkom moaxona siBIsi€TCS BO3MOYKHOCTh M3JIUIIHUX OTKJIKOYEHUM renepatopo DCMM
IPpU YCJIIOBHO HCOIMNACHBIX BHCITHUX BO3MYIICHUSAX.

B page caydaeB  AOMyCTMMO — BBINONHATH — coryacoBanne JIA ¢ OCHOBHBIMH
OBICTPO/ICHCTBYONIMMHU 3aIIMTAMH CMEKHBIX CETEBBIX 3JeMEHTOB. [Ipu 3ToM (B COOTBETCTBHH C
pe3yibTaTaMHi MPOBEAEHHBIX B TMPEABIAYIIMX pa3aenax paboThl HCCIACIOBaHHIA) HEOOXOAUMO
YUUTBIBATh, UYTO BIUsSHUE reHepaTopoB DCMM Ha mapaMeTpsl 3JEKTPUUYECKOTO pekKuMa, TeM Oolee

IIPY UX OTKJIFOYEHHMH C BBIICPKKON BPEMEHH, MOXKET NMPUBOJUTH K HEBO3MOXKHOCTH ycnenHoro AIIB
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BBILIIECTOSIIEH cBs3u (3a cu€r moamutku Mecta K3 Tokom DCMM), BO3HHKHOBCHHIO CHHXPOHHBIX
KayaHUl ¥ aCUHXPOHHBIX PEXKHMMOB, HapyLICHHUIO CEJICKTUBHOCTH, CHHW)KCHHIO YyBCTBUTEIBHOCTH U
KaCKaJHbIM JEWCTBHUAM 3allUT BHEIIHEH ceTH. PemeHune o Bo3MOKHOCTH cornacoBanus A ¢
3aIUTAMU IIPWIEKALIEH CETU JOJDKHO IIPUHUMATBCS ¢ YY4ETOM YCIOBUN KOHKPETHOM CUTyallud, B TOM
YKCiIe, HAINYKS/OTCYTCTBHS OTBETBJICHHN Ha JIMHUSX, OCOOCHHOCTEH cxembl BKIoueHuss JCMM B

ceTh (Yepe3 TyNUKOBYIO, OTBETBUTEIBbHYIO Win npoxoanyo [1C).

OcHOBHBbIE TpeOOBaHMsI K pesIeiiHOM 3aIuTe:

1. JIA nomxHa oOecrieuyuBaTh BBISIBICHUE CIETYIOMINX PEKUMOB!

— TMOBpPEXICHHS BO  BHEIIHEH ceth  (HO/MKHA  oOecreuuBaThesi — TpeOyemas
qyBCTBUTEILHOCTH K K3 Ha ymanéHHBIX KOHIAX JIMHUH CBSI3H C SHEPTOCHCTEMON);

— aBapHM BO BHEIIHEH CETH, CBSI3aHHBIE CO CHM)KEHHEM YaCTOThI U HAIIPSKEHUS;

— aBapuifHoe oTaeneHue pparmenta cetu ¢ ICMM 0T HHEPTrOCUCTEMBI,

— TOBPEXICHUS BO BHYTPEHHEW CETH, aHOPMAJbHBIC PEKUMBI, MOBPEKACHUS U aBapUU
reneparopoB DCMM (B ToM ymcie, HEKOppPEKTHas paboTa peryyisiTopoB BO30YKACHHUS U
CKOPOCTH).

2. JlomxHo mnpemycMarpuBathbesi naeiictBue JIA: ¢ MeHbIIeld BBIIEPKKOH BpEMEHU — Ha
oTkioueHue reaepatopoB ICMM; ¢ OGonbiield — Ha OTKIIOYCHHE BBIMIECTOSIINX BBIKIIOUATENICH
(BBOIHBIX, CEKIIMOHHBIX ), Pa3phIBAIOIINX CBA3b C BHEIIHEH CETHIO.

Bpewmst cpabGateiBanust J1A BeIOMpaeTcs ¢ y4eTOM CIAEAYIOMIMX yCIOBHMA:

— HEJOIMyCTUMO BO3HHUKHOBEHHE B MPUJIEKAIEH CeTH ITyOOKMX CUHXPOHHBIX KaYaHUN U
ACHHXPOHHBIX PEKUMOB, BbI3BaHHBIX BIUgHUEM DCMM,;

— ortkmouyeHrne DCMM ¢ BbIIEPKKOH BPEMEHH HE JOJKHO NMPUBOJIUTH K HEBO3MOKHOCTH
COTJIACOBAHUs 3alIUT BHEIIHEW M BHYTPEHHEH CETH WM K CYIIECTBEHHOMY YBEINYEHUIO
BPEMEHHU UX JICUCTBUS,

— HEIONYCTHUMbl HECUHXPOHHbIE BKIt0UeHuss DCMM.

B obmiem citydae Bpems cpabarbiBanus JlA npuHUMAeTC MUHUMATbHBIM.

3. CeneKkTUBHOCTH JNCHCTBHS 3alIUT BHEITHEH W BHYTPEHHEH CETH JOJDKHA 00eCreYMBaTHCS C
Y4ETOM MOJNUTKU MecTa MoBpexaeHus TokoM DCMM u BpeMeHM AEHCTBUS 3allUThl CO CTOPOHBI
OCMM (mpu 3HauuTenbHON MomHOCTH DCMM moTpebyeTcs mepecMOTp MmapaMeTpoB cpabaThIBaHUS
psAla 3aliUT BHEIIHEH W BHYTPEHHEH CeTH — MPEeUMYINEeCTBEHHO OBICTPONEHCTBYIOMIMX TOKOBBIX, a
TaK)K€ 3alUT C 3aBUCHUMBIMH BPEMSTOKOBBLIMU XapaKTEPUCTUKAMH, MPU HEOOXOIUMOCTH BBOJIUTCS
HAINpPaBJICHHOCTh JCHCTBHS 3aIIIUT).

4. Tpebyemass UYyBCTBUTEIBHOCTh 3alIUT BBIIIECTOSIINX CETEBBIX JJIEMEHTOB JIOJDKHA

obecrieunBaTbcs ¢ Y4ETOM TMOANUTKU MecTa MOBpekaAcHUus TokoM DCMM (mo e€ oTkmroueHwus). B
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OTACJBHBIX CIIydasX MOTYT OBITh JOMYIICHBI KAacKaJHbIC JCHCTBUS 3allUT BHEIIHEH cetn (mpu
KOTOPBIX BBIIIECTOsIIIAs 3aluTa OylneT BbIABIATH pexuMm K3 mocne OTKIIO4YeHHs TeHepaTopoB
S3CMM).

B cooTBeTcTBUM ¢ paHee mpecTaBIeHHBIMUA MaTepuanamu (raassl 1, 2) noakmoyenne JCMM B
POMEKYTOYHOM y3Jie ceTH (Ha MPOXOIHOW WIIM OTBETBUTEIBHOM MOJCTAHIIMU) MOXKET MPUBOIHUTH K
YMEHBIIIEHUIO cocTaBisitonieli Toka K3 B BeimecrosmeM o0wbekte B 1,5-2,5 pasza. Bo3moxHbIMU
CJIEJICTBUSIMU 3TOTO OYIYyT SBISATHCS. IOTEPs» 3alIUTaMU MPUIIECKAIICH CETH CBOMCTB ONMXKHETO U
JAJIBHETO PE3EPBUPOBAaHMs, 3aMEUICHHE MACWCTBUSA 3alUT HA BPEMsI OTKIIIOUEHHUS TI'€HEpaTopoB
OCMM.

B03MOXHOCTB BBINOJIHEHHS TPEOOBAHUN K UyBCTBUTEIBHOCTH OIPEAEIsSeTCs TapaMeTpaMu CeTU
U MOIIHOCTBIO MOJKII0YeHHBIX DCMM u B psjie cityyaeB MOXKET ObITh CBsSI3aHA C IPUMEHEHHEM Ooliee
COBEpILEHHBIX MPUHIUMIOB P3, Hanpumep, TUCTaHIIMOHHOTO BMEeCTO TOKOBOro. Orpanudenuss MT3 u
A3 B yacTH 4yBCTBUTEIHFHOCTH 0OOOIIEHBI M TPUBECHHI B II. 2.4.

5. K oOsictponerictBuio P3 BHemHeW M BHYTpPEHHEH CETH IOTOJHUTEIbHBIC TpeOOBaHUS,
00yCIIOBJICHHbIE HEOOXOJMMOCTBIO COXpaHEHUs JuHamMuuyeckod ycroduuBocth OCMM, He
NPEIbABISIOTCS.

6. CereBas aBtomatuka (AIIB m ABP) nomkHa BBIMOJHATBCS € yY4ETOM HEOOXOAMMOCTH
NpeOTBPAIICHUS ~ HECHHXPOHHBIX  BKaoueHuit DCMM  (HCB  Moryr  COmpOBOXIaThCS
BO3HUKHOBEHHEM OOJIBIINX AJIEKTPOMArHUTHBIX MOMEHTOB, B Psi/I€ CIy4yaeB MPEBBIIIAIONINX 3HAUCHUS
MOMEHTOB mpu Tpéxdasueix K3 Ha BbIBOgax MamuHbl B 2 W 0Oojee pasza, MOCIETYIOIMINUM

BO3HMKHOBEHUEM ITyOOKUX CHHXPOHHBIX Kadanui (cM. rit. 1) ).

B cooTBeTcTBUU ¢ pa3paboTaHHBIMU TPeOOBaHUSAME C(POPMUPOBAH CIEAYIOMINNA COCTAaB Oa30BBIX

GyHKINI 3aIIUTH BHEITHEH 1 BHYTpeHHe# cetH, [IA (pucyHok 4.2, a):

1. ToxoBas Wiu AMCTAHIIMOHHAS 3aIIUTa OT MKy (Da3HBIX KOPOTKUX 3aMbIKaHHK (BHIOOp THIIA
3alIUTHl  OMPEIEISAETCS KJIACCOM HANpPSHKEHHS CETH, TPUHATON Il 3TOro Kjacca MPaKTHKON
MIOCTPOCHHUS 3aIlUThI, & TAK)KC BBISABJICHHBIMH M TPUBEAEHHBIMU B IJIaBE 2 OTPAaHUYCHUSIMH B 4acTH
YYBCTBUTEIHLHOCTH 3aIWT), TOKOBAs 3alllUTa HYJCBOW MOCIEIOBATCIBHOCTH OT KOPOTKHUX 3aMbIKAHHUN
Ha 3eMITI0 (B CETAX C TIIyX03a3eMJICHHOW HEHTPaJIbIO, C HU3KOOMHBIM 3a3¢MJICHUEM HEUTpan).

B GonpimmHCTBE Ciy4aeB NMpH TMOAKIIOYCHHH AJIEKTPOCTAHIIUN HEOOJBIION MONIHOCTH MOTYT
NPUMEHSTBCS ~ HCHANPABJICHHBIC —3allUThl; TNPUMCHEHUE HAMPABJICHHBIX 3alllAT CTAHOBUTCS
HEOOXOJUMBIM TPH  HEBO3MOXXHOCTH  OOECIEYUTh CENEKTUBHOCTH BBIOOPOM  MapaMeTpoOB
cpabaTbIBaHMS.

2. AIIB ¢ xOHTpoJieM HaJW4usl HaNpsDKEHUS Ha JUHUHM 10 TpEM (a3aM WM HECHHXPOHHOE
ABTOMATHYECKOE IMOBTOPHOE BKJIIOYCHHE (IIPU YCIOBHM COTJIACOBAHUS IO BPEMEHH 3alllUTBHI CO

croporsl 9CMM wu paccmarpuBaemoro AIIB).
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Pucynok 4.2 — CoctaB u pazmMenienue 0a30BbIX (PyHKIIUI peseiiHOM 3aIUThI A7 IPUHATHIX TOAXO0I0B
K YIPaBICHUIO MAJIBIMH 3JICKTPOCTAHIIMSMHE B aBapUITHBIX PEXKUMAX: a) OTKIIOYECHHE MAJIbIX
ANIEKTPOCTAHIIUH, 0) BBIICICHUE MAJIBIX AJICKTPOCTAHILIMI HA MECTHYIO Harpy3Ky, B) COXpaHCHHUE
napajieTbHON pabOThl MAJIBIX JIEKTPOCTAHIIMKN MEXTy COOOHM M C HCTOYHUKAMH BHEITHEH CETH
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3. KomruiekT HampaBlieHHBIX B CTOpOHY BHemHeid JC crymendathix 3amut: T3 (wmm [I3),
T3HII.

[Tpr HEOOINBIIONH MOIIHOCTH 3eKTpocTaHIMH (10 5 MBT) ycTaHOBKAa KOMILIEKTa 3aIlIUT MOXKET
HE MpeayCMaTpUBaThCs.

4. AIIB c KOHTpOJIEM BCTPEUHOI'O HANpsyKEHUs Ha MMHax co cropoHsl DCMM. Heobxoaumo
JUIs BOCCTAHOBJICHHUSI AJIEKTPOCHAOXEHUs IMOTpeOUTeNel OT BHEIIHEM CeTH IMocie OTKIIOYEHHUs
OCMM; npenycMmarpuBaeTcsi MPH YCTAaHOBKE CO CTOPOHBI MajloW 3JIEKTPOCTAHIMM KOMIUIEKTa
CTYINEHYAThIX 3alLUT JIMHUU.

5. JlemurennHas aBTomMaTuka. B coctaB JIA MOTYT BXOAHTH:

— myckoBbie opranbl (I10) camwkenus Hanpsokenus (U<);

— IO cHmxenus vactothl (f<);

— TIO nossienust Hanpsokerust (U>);

— TIO noBsienust yactotsl (f>);

— 1O moBsIIeHNs TOKA W/WITH HAMIPsKEHUS 00paTHO# mocienoBaTeabHOCTH (12>/U2>);

— T1O noBsIIeHus TOKa W/WiIN HaNpsDKEHUs Hys1eBoi nocienoBarenbHocTH (1o>/Up>);

— JIOTIOJIHUTEJIbHAS ~ 3allMTa, JEWUCTBYyIOUIass TMpU  aBapUWHOM  OTACJIEHUU  OT
SHEPrOCUCTEMBbl U BBINOJHSEMAass OJHUM M3 CIEQYIOIIHUX CIOCO00B: MO CKOPOCTH
MU3MEHEHHs 4acTOThl, 10 MPHUPAILEHHUIO YIJIa BEKTOpa HAIPSKEHUS, C HEIOCPEICTBEHHOM
nepeaayeil CurHaisa OTKIOYeHUs N0 (PaKTy OTKIIFOUEHHUS BBILIECTOSILETO BBIKIIOYATENS;

— KOHTpPOJIb HANpaBJeHHs H/WIM BEIUYMHBI MOTOKA MOIIHOCTH IO CBSI3M C BHEIIHEH
CETBhIO.

CocraB ¢yHkuuii JIA yTouyHseTCSs NPUMEHUTEIBHO K KOHKpPEeTHOW cuTyanuu. HasHadueHue
ocHoBHBIX [1O JIA ommchIBaeTCs HIKE.

[1O cHKeHUS HAINPsHKEHHST M YacTOTHI MO3BOJIIIOT BBISBJIATH aBAPHU BO BHEUIHEH ceTH (B TOM
quciie, CBS3aHHBIE C aBapUIHBIM OTJEIEHHUEM OT 3HEPrOCUCTEMBI M BO3HMKHOBEHHEM JIOKaJIbHBIX
neduroB MonHocTH), [1O CHIDKCHMS HaNpsDKEHUS — TaKKe PEKUMBI KOPOTKUX 3ambikanui. I10,
pearupyroiue  Ha  TMOSIBICHHE  COCTABJSIFOIIMX ~ TOKAa  W/WIM  HampsHKeHUs  oOpaTHOM
II0CJIEI0BATEIBHOCTH, TOBBIIIAIOT YYBCTBUTEIBHOCTh 3allUTBl K PpPEXHMMaM HECUMMETPHUUYHBIX
KOPOTKHX 3aMbIKaHHH, TIO3BOJISIOT BBISBIISTH HEMOMHO(a3Hbie pexkuMbl. [10 Toka u/min HampsHKeHHs
HYJICBOH  IOCIIENOBATEIbHOCTH MOTYT OBITh JONOJHHUTENBHO HCIOJNB30BaHBl B  CETAX C
[JIyX03a3€MJIEHHOM HEUTPaJIbIO JIsl MOBBIIIEHUS YyBCTBUTEILHOCTH 3aLIUTHI K PEXKUMaM OAHO(a3HbBIX
KOpPOTKHX 3aMblkaHui; I[IO HanpsokeHus HyJIEBOM IOCIEAOBAaTENbHOCTH — JUIS  BBIABIICHUSA
0J1HO(a3HBIX 3aMBIKAHUN Ha 3€MJII0 B CETAX C M30JupoBaHHOHN HelTpanbio. 110, pearupyromue Ha
TIOBBILICHUE HANPSDKCHUsI/YaCTOThI, MOTYT OBITh HCIIOJIB30BaHbl JJISi BBISBICHUS aBapUHHOTO

OTJICJICHHUS OT YHEPTOCHCTEMBI C M30BITKOM MOIITHOCTH, IPU PUCKE BO3HUKHOBEHUS (Peppope3oHaHCa,
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a TaKKe JJIs BBIABICHUS IMPOILIECCOB, BBI3BAHHBIX HEKOPPEKTHON pabOTON CHCTEM pEryJupOBaHUs
YaCTOThI WM HanpsbkeHus reneparopoB DCMM. [lononHUTEIbHAS 3alIUTa OT aBAPUUHOTO OTACIICHUS
OT SHEProCUCTEMbI HEOOXOJMMa, KaK MpaBmiIo, eclid MOMHOCTh JCMM con3Meprma ¢ MOIIHOCTHIO
HArpy3kd B OTACTUBIIEMCS (parMeHTe; B 3TOM CiIy4ae peXHUM aBapuiHOrO OTAEICHUS OT
HHEProCHUCTEMBI HE CONIPOBOXKAAETCS 3HAUUTEIbHBIMY CHUKEHUSIMHU HAMIPSKEHUS U YaCTOTHI.

ITO JIA BBIIONHSIOTCS HEHANPABIECHHBIMH.

Ha ocHoBe pa3paboTaHHBIX BbIIIE TPEOOBAHUI YCTAHOBIICHBI AUANa30Hbl BO3MOKHBIX 3HAUEHUN
napametpoB cpadareiBanust [10 JIA (tabmuna 4.2). JIA mo HanpspKEHHIO LENIeCO00pa3HO BBIOIHATH
JIByXCTYIEHYaTON: TepBas CTYNEHb JEHUCTBYET NPHU 3HAYUTEIBHBIX CHIDKCHHUSX HamNpsoKkeHus 0e3
BBIIEP)KKH BPEMEHH; BTOpasi CTYNEHb — NPU MEHBUIUX CHIDKEHUSX HAMpPSOKEHHUs] C BBIIEPIKKON
BpeMenu (cM. Tabnuity 4.2). Bpemst cpabGaTbiBaHusi BTOpoil cTyneHH J[A MO HAMpsHKEHHIO, a TaKKe
BpeMs cpaOaTbiBaHus J{A, pearupyromieii Ha CUMMETPHYHBIC COCTABIIIONINE TOKAa W HaNpsOKEHUS,
JOJDKHBI  OOOCHOBBIBATHCSL PACYETaMU  DIIEKTPUYECKUX PEKHMOB, TPOBOJMMBIMH JUISI  KaKJOU

KOHKPETHOM CUTYaIIHH.

Tabnuna 4.2 — JIluanazonsl mapaMeTpoB cpabateiBanus JJA

no ITapameTp cpadaTbiBaHus
U< (oge | crynens: <0,6U,,,; 0,05 c
cmynenu) Il ctynens: (0,6...0,8)U,,,; 0,2...0,5¢
u> (1,15...1,5)U,,,; 0,05...0,5 ¢
f< 47-49,5T; 0,05...0,2 ¢
> 51-52 I'; 0,05...0,2 ¢
U,> (0,05...0,2) U,,; 0,05...0,5 ¢
1,> (0,05...0,2)l,101; 0,05...0,5 ¢
Up> (0,05...0,2) U,,; 0,05...0,5 ¢
o> (0,05...0,2) l,5,; 0,05...0,5¢
df/dt> (0,8...2,5) I'/c; 0,05...0,2 ¢
6. HenampapiieHHass MakCHMabHAsi TOKOBAs 3alIHTA.
7. MakcuMaibHas TOKOBas 3allluTa.
8. HecuHXpOHHOE aBTOMAaTHYECKOE OBTOPHOE BKITFOUCHUE.
9. 3amuThl reHepaTopa, COCTaB KOTOPBIX OMpPEAEISICTCS JSHCTBYIOMIUME TpeboBaHusamu [57].

10. YcTpoiicTBO TOUHOM CHHXPOHHU3AINH.

BoigesieHue JJeKTPOCTAHUMIA MAaJIOi MOIIHOCTH HAa MecTHY0 Harpy3ky. CocraB

000pyA0BaHuUsl, MPUHLIUIBI JEHCTBUS U MapaMmeTpbl cpabaThIBaHUS PEJICHHON 3alllUThl BHIOMPAIOTCS
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UCXOJ U3 TOTO, YTO IIPY BO3HMKHOBEHUU ABAPUMHBIX PEKUMOB BO BHEIIHEH CETH JJIEKTPOCTAHIIMHU
MaJIOi MOIIHOCTH BBIACISAIOTCA Ha MECTHYIO Harpy3Ky. B COOTBETCTBMM C JAaHHBIM NOAXOAOM
CTpaTerusi ymnpaBJI€HUs SHEPropaliOHOM IIPU aBAPUIHBIX BO3MYLICHMSX MpEAIojaracT paslelicHHe
NOCJIETHEer0 Ha yacTH, cojepxkaniie DCMM u G1u3Kylo 1Mo MOIIHOCTH Harpysky. Beinenenne 9CMM
Ha MECTHYI0 Harpy3ky ocymectsisercs neictsueM JIA. Ilocnenyromee BoccTaHOBIIEHHE
napajiesIbHOW paObOThl 3JEKTPOCTAHIIMN BBIMOJIHAETCS MOCIIE JIOKATU3alUKY aBapUHHOIO BO3MYILEHUS
Y BOCCTAHOBJICHHUS ITapAMETPOB PEKMMA BO BHEIIHEH CETH O JOMYCTHUMBIX 3Ha4€HUU. B oTnenbHbIX
CXEMHO-PEXHUMHBIX CUTYalUsSX MPU HEBO3MOXHOCTH COXpPAHEHHs YCTOWYMBON M HAAEKHOU pabOTHI
¢parmenToB cetr, coxepkammx OCMM M MeECTHYIO Harpys3Ky, MOXET OBIThb MHpPEIyCMOTPEHO
nevictBue [JA Ha oTkitoueHune reaeparopo JCMM.
Kak 1 ans nmpeapiayniero noaxo1a MoryT ObITh PEUMYILECTBEHHO COXPAHEHbI CYLIECTBYIOIINE
(TpaAMIIMOHHO MPUMEHSIEMBbIE) PELICHUS [0 OCTPOCHHIO PEJICHHOMN 3aIUTHI BHEITHEH CETH.
B T0 ke BpeMst CTaHOBUTCSI HEOOXOJMMBIM COBEPIICHCTBOBAHHE PEJICHHON 3aIIUThI BHYTPEHHEH
CeTHU: OCHOBHBIMHU 3aJauyaMH SIBJSIFOTCA OBICTPOE OTKIKOYEHHE OMU3KUX K IIMHAM 3JIEKTPOCTAHLIUU
KOPOTKHX 3aMbIKaHWH; HEJOIYIIECHNE U3JIMIIHUX OTKIYeHHH reHepatopoB DCMM nelicTBueM ux
YYBCTBUTEIBHON PEIICHHON 3alllMThl WU — BCJICICTBHEC HE3HAYUTEIbHBIX (HE OMACHBIX) OTKIOHCHHN

PEKHUMHBIX TAPAMETPOB — ICHUCTBHEM TEXHOJIOTHYECKON aBTOMATHKH.

OcHoBHbIE TpeOoBaHus K P3:

1. JIA nomxna oOecrieuuBaTh BBISBICHUE CIEAYIOMINX PEKUMOB:

— TOBpPEXICHUS BO  BHEIIHEH ceth  (OOKHAa — oOecreuuBathes — TpeOyemas
qyBCTBUTEIBHOCTh K K3 Ha yaieHHBIX KOHIIAX JMHUI CBSA3U C YHEPrOCUCTEMOH);

— aBapuM BO BHEIIHEW CETH, CBSI3aHHBIE CO CHHKEHHEM YaCTOThI U HAIIPSKEHUS;

— amapuitHoe otaeneHue ¢pparmenta cetu ¢ CMM 0T S3HEPrOCHCTEMBI.

2. HletictBue JIA mpenycMaTpuBaeTcs C MEHBIICH BBIIEPKKOH BpPEeMEHH Ha OTKIIOYECHHUE
BBILICCTOSIINX BBIKIIOYaTeNell (BBOAHBIX, CEKIIMOHHBIX), pa3pbIBAIOIIMX CBSI3b C BHEUIHEH CEThIO; C
OoJbIiel BhIICP)KKON BpeMeHH [IA MOKeT 1elicTBOBaTh Ha OTKIIOUYeHHE reHepaTopoB JCMM.

Bpewmst cpabGatbiBanust [IA BeIOMpaeTcsi C y4eTOM CIIEAYIOUINX YCIOBUIL:

— JOJDKHa 00ecrevynBaThCsl BO3MOXKHOCTh COXPAHEHUS! YCTOWYMBOCTH B OT/EIMBIIEMCS
¢dparmenre;

— HEJOINYCTMMO BO3HUKHOBEHHE TIJIyOOKMX CHHXPOHHBIX KAauaHUN M aCHUHXPOHHBIX
PEKUMOB BO BHEIIHEH CETH, BhI3BaHHbIX BiusiHUEM DCMM,;

— Bbigenenue OCMM Ha MeCTHYH Harpy3Ky C BBIIEP)KKOW BpPEMEHM HE JOJHKHO
IIPUBOAUTH K HEBO3MOYKHOCTH COIVIACOBAHUSA 3AIUT BHEIIHEH U BHYTPECHHEH CETH,

— HEJOIyCTHUMbI HECUHXPOHHBIE BKiItoueHus1 JCMM.
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B o6miem citydae Bpems cpadarbiBanus JJA 10MKHO MPUHUMATHCS MUHUMAIBHBIM.

3. P3 BHyTpeHHel ceTH MOJDKHA OOecreurBaTh OBICTPOACUCTBHE, TpeOyeMoe IO YCIOBHSIM
ycToiunBocTH reHeparopoB JCMM. B kauecTBe HCXOTHBIX MOTYT OBITh HMPUHATHI TPEOOBaHUS K
OBICTPOJICICTBUIO, pa3paboTaHHbie B I. 2.5 (CM. pUCYHOK 2.12), KOTOpBIC JOJKHBI OBITH YTOUHCHBI
MPUMEHUTEIHHO K KOHKPETHON CUTYAIIHH.

4. YyBCTBUTEIHLHOCTh PEJICHHON 3alllMThl BHYTPEHHEH CETH JTOJDKHA 00eCIeunBaThCs KaK MpHU
MUTAHUK OT BHEIUIHEH CETH, TaK ¥ B aBTOHOMHOM pekuMe (Ipu muTaHuu Toibko or ICMM). Crenyer
peyCMaTPUBATh HCIIOB30BAHUE HECKOJBKUX TPYMI MapaMeTpoB cpabaThIBaHUS, MEPEKIIOUAEMbIX
1o (pakTy OTIEJCHUSI OT BHEIIHEH CETH.

5. CenekTHBHOCTh JIEHCTBUS 3aIMT BHYTPEHHEH CETH JOJDKHA O0EeCHeuyuBaThC C Y4ETOM
pexxuMoB pabotel JCMM. TpelyeTcs BBINMOITHEHHWE COTJIACOBAHMS 3alUT T€HEPATOPOB OT BHEIIHUX
HNOBPEXACHNUHN ¢ 3alllUTaMM BHEIIHEN U BHYTpeHHEH ceTH, [IA.

6. TpeOoBaHUS K OBICTPOACHCTBHIO, UyBCTBUTCIILHOCTH U CEJICKTUBHOCTH 3aIIUT BHEIIHEH CETH
B LIEJIOM aHAJIOTMYHBI IPUBEAEHHBIM P PACCMOTPEHUH MIEPBOTO MOAXOAA.

7. CereBas aBtomatuka (AIIB u ABP) noimkHa BBITOJHATBCS € yYETOM HEOOXOAMMOCTH

MpeI0TBpAIIEHUSI HECUHXPOHHBIX BKItoueHuid JCMM.

B cootBercTBHM C pa3pabOTaHHBIMH TPEOOBAHWMSIMH TPEIOKEH CIEAYIOUIHA COCTaB 0a30BbBIX

GyHKIMI 3aIMUTHl BHEIIHEH 1 BHyTpeHHel cetH, [IA (pucyHok 4.2, 6):

1. TokoBasi WM TUCTAHIIMOHHAS 3aIIUTa OT MEXIy()a3HBIX KOPOTKHX 3aMbIKaHH (BBIOOp THTIA
3aIlUTHl  ONPEACIAETCS KJIACCOM HANpPsDKEHWS CETH, NPHUHATOW JUIA 3TOr0 KJacca NPAKTUKOU
NIOCTPOECHHUS 3aILUTHI, @ TAKXKE BBIABICHHBIMU M NPUBEAEHHBIMU B IV1aBe 2 OIPAaHUYEHUSIMH B 4aCTH
YyBCTBUTEJILHOCTH 3aIllUT), TOKOBAs 3alUTa HYJICBOIl MOCIECIOBATEIILHOCTH OT KOPOTKHX 3aMbIKAHHIA
Ha 3eMITI0 (B CETAX C TITyX03a3eMJICHHOW HEHTPaJIbIO, C HU3KOOMHBIM 3a3¢MJICHUEM HEUTpan).

B GonbmmHCTBE citydaeB (MpU MOKIIOYCHUH 3JICKTPOCTAHIIMN HEOOJBIION MOIIHOCTH) MOTYT
OBITh HCIOJb30BAHbl HEHANPABIICHHBIC 3alUTHI, P HEBO3MOMXKHOCTH OOECIEUUTh CEIEKTUBHOCTh
BBIOOPOM IapaMeTpoB cpabaThIBaHHsI HEOOXOAMMO NMPUMEHEHHE HAaIPABICHHBIX 3aIlUT.

2. AIIB ¢ KOHTpPOJIEM BCTPEYHOT'O HANPSKEHUS CO CTOPOHBI JIMHHH.

3. KomruiekT HampaBlieHHBIX B CTOpOHY BHemHeid JC crymendathix 3amut: T3 (wmm [I3),
T3IIH

[TapameTpsl cpaOaTbiBaHHMs 3aIIUT HO TOKY WJIM CONPOTUBIICHUIO BBIOMpAIOTCA € y4ETOM
MaKCHMaJIbHOTO pabodero pexxuma DCMM (unm — B ciydae, €ClIM IOTOK MOIIHOCTH OT MECTHOM
NEKTPOCTAHIIMM BO BHEIIHIOIO CETh IO TEM WIA HHBIM IPUYMHAM OIPAHMYEH — OT PEXKUMA,
COOTBETCTBYIOLIEI0 MaKCHMAaJIbHO JIOITyCTUMOMY 3HAUCHHUIO IMOTOKa B CTOPOHY BHemIHeil cetw). [lpu

HEOOJIBIION MOIIMHOCTH 3JeKTpocTaHiuu (10 5 MBT) oTmenbHas 3aiiuTa BBINICCTOSIIHMX CBS3EH CO
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CTOPOHBI 3TOM 3JEKTPOCTAHIIMM MOXKXET HE MPEeAyCMaTpUBATHCA; 3TH (PYHKIMH MOTYT BBIOJHATHCS
NEIUTEILHON aBTOMAaTHKOM,
4. KOHTpOJb CHHXPOHHU3MA (B COCTaBE aBTOMATHKH YIPABICHHUS BBIKIIIOYATEIIEM).
5. JA. B cocraB JIA MOTYT BXOJIUTD:
— IO cumxenus Hanpspkenus (U<);
— TIO camxenust yactotsl (f<);
— TIO nossienust Hanpsokerus (U>);
— 1O noBsienus gactotsl (f>);
— 1O moBsIIeHUs TOKA W/UITKH HAMIPSDKEHUS 00paTHO# mocieaoBatenbHoCTH (12>/U2>);
— TIO noBsIieHus ToKa W/UaK HanpsbKeHus: HyseBol nocnenosarensHocTr (10>/Up>) (B
CeTSAX C IIyX03a3eMJICHHON HEHTPaIbio);
— JIOTIOJIHUTEJIbHAsL ~ 3allMTa, JEWUCTBYyIOUlass TpU  aBapuWHOM  OTACJIEHUU  OT
HHEPrOCUCTEMBbl U BBINOJHSEMAass OJHUM M3 CIEAYIOIIHUX CIOCO00B: MO CKOPOCTH
M3MEHEHHUsl YacTOThI, MO MPUPALICHUIO yIia BEKTOpa HampsKEHHs, C HEMOCPEACTBEHHOM
nepenavyeil curHana OTKIIOYEHUS 10 (DaKTy OTKIIFOUEHUS BBIIIECTOAIIETO BBIKIIOUATENS;
— KOHTPOJIb HAmpaBlieHUs H/WIM BEIWYMHBI MMOTOKA MOIIHOCTH IO CBS3U C BHEIIHEH
CEThIO;
— Onoxuposka JIA npu otkmouénnoit 9CMM.
CocraB ¢yHkuuii JIA yTouyHseTCSs NPUMEHHUTEIBHO K KOHKPETHOW cHUTyanuu. biiokupoBka
NPUMEHSIETCS, €CIIM MOTYT BO3HUKATh YCIOBHUS il cpabaTteiBanus JIA mpu orkmoueHHor JCMM
[133].
IO A, neiicTByromme MNpu TOBPEKACHHUSIX BO BHEIIHEW CETH, CJEAYeT BBIMOIHATh C
KOHTPOJIEM HAIIPABJIEHUS MOIIHOCTH.
6. PesepBHubIil kommuiekT JA.
7. MaxkcumaibHas TOKOBas 3amura (B 00IIeM CiTydae — HeHANPaBJICHHAS).
8. MoryT npeaycMaTpuBaThCs CAeIYIONINE TUIIBI 3alUT:
— MakKcHMaJibHasi TOKOBasl 3aIlIMTa, JOIMyCKarolas ObICTPOE HECENEKTUBHOE OTKIIIOUEHUE
ONMU3KUX KOPOTKUX 3aMBIKaHHH, MPEICTaBISIONINX OMACHOCTH 1715 ycToitunBoct DCMM,;
— TOKOBas 3alllUTa C Mepeaadyeii KOMaH [ yCKOPEHHUs/OJIOKUPOBKH MO KaHATY CBSI3H;
— JUCTaHIMOHHAs 3amuTa (P yCIOBUH JOCTATOYHOTO «OXBATa» 3allUIIAEMOro 00BEKTa
CTYIICHBIO ¢ MUHMMAJIbHOM BBIIEPIKKON BPEMCHH);
— nuddepeHuanpHas 3anmra.

Br16op Tuma 3aiuTel OCYIIECTBISETCS B 3aBUCUMOCTH OT YCJIOBUN KOHKPETHOM CUTYaIUH.

9. HCCI/IHXpOHHOG ABTOMATHYCCKOC ITOBTOPHOC BKIIFOUYCHHUC.
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10. 3ammThl reHepaTopa, COCTaB KOTOPBIX OMPEAeNsIeTCs ASHCTBYIOIUMHE TpeOoBanusMu [57].

11. YcTpoicTBO TOYHOM CHHXPOHH3AIINH.

CoxpaHeHne napaJjjiejbHOH padoThl 3JEeKTPOCTAHUMI MaJ10ii MOIITHOCTH MeKAy co00ii u ¢
HCTOYHMKaMH BHemHell cern. CoctaB 000pyJOBaHUS, TPHHLUUIBI JCHCTBUS U IapameTpbl
cpabaThIBaHUs YCTPOMCTB pEJIEHHOM 3alIUThl BBHIOMPAIOTCS € Y4YETOM COXpaHEHMs NapaiedbHOU
paboThl AJIEKTPOCTAHIIMA MaJIOH MOIIMHOCTH MEXIY COO0OM M C HCTOYHMKAMU BHEIIHEH CETH B
ABAPUIHBIX PEKUMAX.

ITonxon opueHTHMpPOBAaH Ha HEAOIyIleHHEe M3MUIHUX oTkimodeHuin DCMM. Ilpu aBapusx Bo
BHeNTHeW cety BbieneHne DCMM Ha MECTHYIO Harpy3Ky JOJIKHO BBITIONHSTHCS B OOIIEM cCilydae ¢
BBIJICPKKOW BpPEMEHH, COTJIACOBAaHHOM CO BPEMEHEM JICMCTBUSI OCHOBHBIX 3alllUT M YCTPOMCTB
MIPOTUBOABAPUMHON aBTOMATHKHU ceTu. BenencTBue Toro, yto snekrpuyeckue pexxuMsl 99C ¢ 9CMM
UMEIOT psii ocoOeHHOCTel (cM. Marepuall TJaBbl 2), BBIIOJIHEHHE 3TOTO TpeOOBaHUWsS HE Bcerna
nonycTumo: cpabarbiBanue J[A ¢ OoJbLIONW BBIAEPKKON BPEMEHHM MOXKET NPUBECTH K Pa3BUTHIO
MHOTOYaCTOTHOI'O aCHHXPOHHOI'O PEXHMa, HAPYIIEHUSAM YCTOMYMBOCTH HArpy3Ku B CMEXHBIX Y3JIaX.
[To »TO¥ mMpUYMHE MOKET MOTPEOOBATHCS pearn3alys OMEPEKAIOIIEro JACTICHUS CETH C BBIIEPKKON
BpEeMEHH, omnpenensieMoil ycnopusamu ycronunBoctu JCMM u ¢parmentoB cetu ¢ DCMM mnocne ux
AaBapUIHOIO OTAENICHHA. B OTOENpHBIX Cioydasx, €CIM pe3yJbTaTbl MCCIECIOBAHUN AJIEKTPUUYECKUX
PEXHMOB TOKa3bIBAIOT BO3MOXHOCTh OBICTPON PECHUHXPOHHU3ALUMU U OTCYTCTBHE PUCKAa BTOPUYHBIX
HapylIeHUH  yCTOWYMBOCTH, MOMKET OBITh  JOMYyIIEHO KPaTKOBPEMEHHOE CYLIECTBOBAHUE
ACHHXPOHHOTO peKMMa (3TO OTMEUYEHO Tarke B paborax [28, 119]).

[IpuMeHeHHE paccMaTpUBAEMOTro IMOJAXOa TPeOyeT MOBBIIICHUS TEXHHMYECKOTO COBEPIIECHCTBA
peneiiHON 3amuThl KaK BHYTPEHHEW, TaK W BHEIIHEM CETH C IeNbl0 OOecredeHus TpeOyeMbIX
CEJICKTUBHOCTH, YYBCTBUTEJIBHOCTH W OBICTPOJEHCTBUS 3amMT B ycioBusx BiausHus DCMM Ha

XAPaAKTCPUCTHUKHU IICPEXOAHBIX ITPOLICCCOB.

OcHoBHBIE TpeOoBaHus K P3:

1. Peneifnas 3amura BHEIIHEW M BHYTPEHHEH CETH JOJDKHA OOECHeurBaTh OBICTPOJCIHCTBHE,
TpeOyemMoe IO YCIOBUAM yCTOWYMBOCTU TeHepaTopoB DCMM. B kauecTBe MCXOIHBIX MOTYT OBITH
NPUHATBI TpeOOBaHMs K OBICTpOACHCTBUIO, pa3paboranHbie B 1. 2.5 (cM. pucyHOk 2.12);
IPUMEHHUTENBHO K KOHKPETHBIM CUTYaLUsIM yKa3aHHbIE TPEOOBaHUS JOJKHBI OBITh YTOYHEHHBI.

2. CeneKTHBHOCTb JAEWUCTBUS M YYyBCTBUTEIBHOCTb 3alUT BHEIIHEH M BHYTPEHHEH CeTu
JOJDKHBI ~ o0ecrieynBaThcsi € Y4ETOM  TOANMTKH — MecTa MOBpexaeHuss TokoM OCMM.
UyBCTBUTEIHHOCTD PEICHHON 3allIUTHI BHYTPEHHEW CETH JOJDKHA 00ECTIEYMBATHCS KaK MPH HATHYUH

MATAHUS OT BHEIIHEN CETH, TaK U B ABTOHOMHOM PEXHUME IIPU MUTAHUM TOJIbKO 0T DCMM, 4T0 MOXKET
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OBITH TOCTUTHYTO KCIIOIH30BAHUEM HECKOJBKUX TPYII MapaMeTpOB cpabaThIBAHMS, MEPEKIIOUYAEMbIX
1o (pakTy oTHeNeHNs OT BHEIIHEH CETH.

3. HomxHa o0ecrieunBaThCsa YCTOMUMBOCTD (DYHKIIMOHUPOBAHMS PENICHHOM 3aIIUTHI BHEUTHEH U
BHYTPEHHEH CETH B YCIOBUSX DSJEKTPOMEXAaHHMUYECKUX MEPEXOIHBIX IPOILECCOB, O0YCIOBICHHBIX
nogroueHneM Kk cetu OCMM. Ha ocHoBe uccnenoBaHuid, NMPOBENEHHBIX B IJIaBE 2, IMOTYYECHBI
cienyromue TpeOoBaHusl, CBsI3aHHbIE ¢ QYHKIIMOHUpOBaHueM P3:

— OrpaHUYCHHUE AOMOJHHUTEIBHON MOTPEIIHOCTH HM3MEPEHUH TOKOB M HAIpSKCHUH B
YCIIOBHSIX OTKJIOHCHHS YacTOTHI OT HOMHHAIBbHOH B auamazoHe 40...60 'y (5...65'u— B
ABTOHOMHBIX HEPrOCHCTEMAX);

— OTCYTCTBUE JIOXKHBIX CpadaThIBaHUHN 3aIUTHI IPU TTTyOOKUX CHHXPOHHBIX KauaHUSX U B
ACHHXPOHHBIX PEKHUMAaxX C BBICOKOW YaCTOTOM CKOJbXKEHUs (KaK MpeaeibHbI pacuéTHbIN
Clly4aif ClielyeT pacCMaTpUBATh YaCTOTy CKOJIbKeHus 15 I'1).

4. JlomxHO OBITH BBITIOJIHEHO COTJIACOBaHHE 3ammuT reHeparopoB DCMM ot BHemHux K3 ¢
3alllTaMU BHEITHEW U BHYTPEHHEN CETH.

5. A nomxna paeiictBoBaTh Ha BhIIeneHne DCMM Ha MeCTHYIO HAarpy3Ky Mpu aBapHsx BO
BHEIITHEW CETH, CBSA3AHHBIX CO CHMIKCHHEM YacCTOThI M HANpsDKEHUS, MPU 3aTsOKHBIX BHemHUX K3.
[TapameTtpsr cpadareiBanus JJA onpeaenstoTes ¢ y4€TOM CISIYIOIETo:

a) HEOOXOJUMO MHHHMH3HPOBATH BO3MOYKHOCTh H3JIMIMHUX OTKI0YeHHid DCMM mnpu
BHEITHUX BO3MYIICHUSAX U aBApPUSIX;

0) Bimusaue DCMM He MOKHO MPUBOIUTH K BTOPHYHBIM HAPYIICHHUSIM YCTOHYUBOCTH
Harpy3Ky U TEHEPAaTOPOB B CMEXXHBIX y3J1aX CETH,

B) JIOJDKHBI 00CCIICUMBATBCS YCIOBHS i COXPAHCHHS YCTOWYHMBOCTH B OTICITUBIIEMCS
dbparmenTe.

B cootBetcTBUM ¢ ycioBueM (a) mapameTpsl cpabatbiBanus JIA TOKHBI OBITH COTJIACOBAHBI C
napamMeTpamMu CcpalaThIBaHUSI OCHOBHBIX 3alllUT W YCTPOMCTB MPOTUBOABAPUMHOW aBTOMATHUKH
BHeIHe# cetu. Tem He MeHee, ¢ y4éToM ycitoBuii (0) u (B) B psijie CllydaeB CTAHOBHUTCS HEOOXOUMBIM
BBITMIOJHATh OMEpeKaroliee JejleHre CeTd Mo (aKTy CHIDKEHUS HAMNpsHKEHUS, pPelIeHHe TOJIKHO
00OCHOBBIBATHCSl PACUETAMH DJICKTPUUYECKUX PEKHMOB, BBIMOTHCHHBIMU C YY€TOM XapaKTEPUCTHUK
Harpy30K pacrpeeIuTeIbHON CeTH.

6. Cereass aBromatuka (AIIB um ABP) momkHa BBIMONHATECS C YYETOM HEOOXOAUMOCTH

IIPEIOTBPALICHNS] HECUHXPOHHBIX BKIt0YeHN DOCMM.
B cootBercTBHM C pa3pabOTaHHBIMHM TPEOOBAHUAMM MPEATIOKEH CIEAYIOUIMHA COCTaB 0a30BbIX
GyHKIMH 3aIUThI BHEIIHEH 1 BHYyTpeHHEH cetH, [IA (pucyHok 4.2, 6).

1. HaHpaBJIeHHLIC CTYIICHYAThIC 3allWThl. OIHUCTAHIHMOHHAA 3alluTa (HpI/I HCOGXOI{I/IMOCTI/I— C

nepenadeii  paspemaromux/ONIOKUPYIONIMX ~ CHUTHAJIOB) W TOKOBas  3allluTa  HYJICBOM
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TIOCJICZIOBATENLHOCTH (B CETAX C TIIIyX03a3eMJICHHOW HEWTpPalblo, C HH3KOOMHBIM 3a3eMIICHHEM
HEWTpaln) WM 3alUThl ¢ aOCOMIOTHON CeleKTHBHOCTRIO (¢ BU-OmokupoBkoi, auddepeHinanbHo-
dbaznas win quddepeHiraibHas).

Bri0op THma 3amuTsl ONpeenseTcs BhISIBICHHBIMU B UCCIEIOBAaHUAX OIPAaHMYCHHUSMU 3aIIUT C
OTHOCHTEJIbHOW CEJICKTHBHOCTBIO B 4YaCTH OBICTPOJCHUCTBHS M CEICKTHBHOCTH (CM. Martepuai
riaBbl 2). JIucTaHIIMOHHAS 3AIIUTa MOKET MPUMEHSITHCS B KAUeCTBE OCHOBHOM, Kak MPABUIIO, B CETAX
C JIBYXCTOPOHHUM IMUTAaHUEM IPHU YCIOBUU OOECTEUEHUsI €l OTKIIOUEHHUs KOPOTKUX 3aMbIKaHUU CO
BPEMEHEM, COOTBETCTBYIOIIMM YCIOBUSM YycroduuBoctd DCMM. B cersx ¢ MHOrOCTOPOHHHM
INUTAaHUEM B KayeCTBE OCHOBHBIX, KaK IPaBWJIO, HEOOXOAWMO NPUMEHEHHE 3alIUT C aOCOIIOTHON
CEJIEKTUBHOCTBIO.

2. AIIB ¢ KOHTpOJeM BCTPEYHOTO HANPSKEHUSI.

3. HampasieHHble CTyNeHYAThIE 3alIUThl — TUCTAHIIMOHHAS 3aIIUTa (IMCTAHIIMOHHAS 3aIIUTa C
nepenadeii  paspemaromux/ONOKUPYIONIMX ~ CHUTHAJIOB) W TOKOBas  3allluTa  HYJICBOM
TIOCJICZIOBATENILHOCTH (B CETAX C TIIyX03a3eMJICHHOW HEWTpaiblo, C HHU3KOOMHBIM 3a3eMIICHHEM
HEWTpaJn) WK BTOPOH MOTYKOMIUIEKT 3alUThI C a0COIOTHOMN CEIEKTHBHOCTHIO.

4. AIIB c KOHTpOJIEM WU YJIaBIMBAaHUEM CHHXPOHH3MA.

5. KoHTposb cuHXpoHH3Ma (B COCTaBE aBTOMATHKH YIIPABJICHUS BBIKIIIOYATEIICM).

6. JA. B cocraB /IA MOTYT BXOJIUTB:

1O cumxenus Hanpspkenus (U<);

1O cumwxkenus yactotsl (f<);
— 1O ckopoctu cHmxenus yactoTsl (df/dt>), eciu BO3MOXKHBI pesxUMBI ¢ BBICOKOH (Oosee
5 I'/c) CKOPOCTBIO CHUXKEHUS YACTOTHI.

IO JA 1o CHWKEHHIO HANpsDKCHHS BBIMOJHIIOTCS C KOHTPOJEM HAMpPaBICHUS MOIIHOCTH
(HampaBJICHBI B CTOPOHY BHEUIHEH CETH) WM C ITyCKOM OT HAlpaBJICHHBIX 3aIlIUT (Ui OCHOBHOTO
KOMILIIEKTa — OT 3aIIUT cO cTOpoHbl DCMM).

7. PesepHublil komIniekT JJA (mpu He0OXOAUMOCTH).

8. HampasieHHble B CTOPOHY BHYTPCHHEH CETH MaKCHUMalbHAas TOKOBAs WJIM TUCTAHIIMOHHAS
3QIIUTHI.

9. MoryT npenycMaTpuBaThCs CIEAYIOIINE TUITHI 3aIHT:

— MaKcuUMaJlbHasi TOKOBas 3alllWTa, AOMyCKaromas ObICTPOE HECEIICKTHBHOE OTKIIOUCHHE
ONMM3KUX KOPOTKUX 3aMBIKaHUH, MPEICTABIIAIONINX OMACHOCTH It ycToitunBoctn OCMM;
— TOKOBas 3alllUTa C Nepeaadell KOMaH [ yCKOPESHUs/OJIOKUPOBKH MO KaHATY CBSI3H;

— UCTAaHIMOHHAS 3aIuTa (PU YCIOBUH JOCTATOYHOTO €OXBAaTa» 3alHIaeMOro 00beKTa
CTYINEHBIO C MUHUMAJILHOI BBIJICPIKKON BPEMEHN);

— muddepeHnnanbHas 3amTa.
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Br160p THMa 3a1UThl OCYIIECTBISAETCS B 3aBUCUMOCTH OT YCJIOBUN KOHKPETHOM CUTyaliH.
10. Hecunxponnoe AIIB.
11. 3ammTel reHepaTopa, COCTaB KOTOPBIX OMPEAeNseTCs ASHCTBYOIUME TpeboBanusmu [57].

12. YerpoicTBO TOUHOM CHHXPOHU3ALIHH.

4.3 PekoMeHAIUH M0 MOCTPOEHNI0 cucTeMbl P3 npu co31annu MaJioii 3JIeKTPOCTAHIINU B

cHCTeMe 3J1eKTPOCHAOKeHHsI KOMILJIEKCa 10 MOAT0TOBKe U nepepadoTke He)TH U ra3a

Ha ocnoBe pa3paboTaHHBIX B HACTOAIICH TIJ1aBe pelieHWi ObUIM JaHbl PEKOMEHAALWU IO
MOCTPOCHUIO CUCTEMbI peIeHHON 3alIUThI MPH BBHIOJHEHUU MPOEKTa MO pa3paboTKe CXeMbl BbIIAYU
MOIIIHOCTH TPU TEXHOJOTMYECKOM MPHUCOEAMHEHUN D3HEProOyioka KOMIUIEKCa MO MOATOTOBKE U
nepepadotke HetH u raza OO0 «EHuceir».

Cucrema snekrpocHabxenus npennpustus OOO «Enuceit» momydaer nutanue ot muH 35 kB
I1C 220/35/10 kB~ «["a3nmudt», moakimoyaercss K  OTBETBICHHIO  CYNISCTBYIOUICH  JIMHHUH
anextponepenaun 35 kB uepes ceximonupyrommii myHkt 35 kB (CIT 35 xB) (pucynok 4.3). Ilensio
YCTAaHOBKHM  JIOMOJHUTENLHOTO HMCTOYHMKA SBJSUIOCH oOecmedueHue TpeOyemMol HaJeKHOCTH
ANEKTPOCHAOKEHUSI TPOMBILIUIEHHOTO ToTpeOuTens. B kadecTBe TakOro MCTOYHHKA HMCIOIB3YETCS
ra3oInopIIHEBasl 3JCKTPOCTAHIMA C IIECThIO T'€HEpaTopaMu EAMHWYHON MomHOocThio 3250 kBT n
3480 kBT, nogxirouenHas k muHaM 6 kB [1C «KIIITHI» yepe3 paznenutensHble TpaHCHOPMATOPHI
6,3/6,3 kB.

[TpunsaTeii moaxon k ynpasiaeHutro DCMM opueHTHpOBaH Ha €€ BBIJICTICHHE B aBapUHHBIX
pexxuMax Ha Harpy3sky I1C «KIIITHI .

CymectBytomias cucrema P3 BKIIloYaeT AMCTAaHIIMOHHBIE M TOKOBBIE 3aIlIUTHI HEHAIIPABICHHOTO
NENCTBUS, TOTUYECKYIO 3aIIUTY IIKMH, HecuHXpoHHOe AIIB.

Ha ocHOBe mpoBeNeHHBIX pPACYETOB TOKOB KOPOTKOIO 3aMBIKaHUS YCTaHOBJEHO, 4YTO
nonkmoueHne DCMM He oka3bpIBaeT 3HAYUTENHHOTO BIUSHUS HA BEJIMYMHY COCTABIAIONICH TOKa
KOPOTKOTO 3aMBbIKaHUsi CO CTOpOHBI BHemrHe#d sHeprocuctemsbl (mpu K3 na mmuax HH IIC «9B» u
«7B» cocraBmsiroras Toka K3 or DOC ymenpmaercss He Oonee dyem Ha 10%, mpm 3TOM
obecreunBaeTcss HCOOXOAUMAs 4yBCTBUTEIBHOCTD [13, ycTaHOBICHHOM cOo cTopoHbI [IC «I"a3nmudt») u
Ha pacrpeaeneHrue TOKOB KOPOTKOro 3aMbikaHus B oTxofsmel ot mwuH [IC «IaznudT» cetn 35 kB;
3TO OOYCIIOBJIEHO, B YAaCTHOCTH, YCTAaHOBKOW pa3JEIUTENbHBIX TpaHC(HOPMATOPOB CO CTOPOHBI
OCMM. Takum 06pa3om, MoJepHHU3aLUsI cucTeMbl P3 3 TuX nmuHui HEe MOTpeOoBaIach.

PacyeTbl mepexoAHBIX MPOLIECCOB BBIMOIHSINCH C HCIOJIb30BAaHUEM TUHAMUYECKOW MOJEINH,
coaepikarieit pparment cxemsl BHemHel cetn 220 kB, dparment cetu 35 kB (IIC «7B», «9B», CIT

«Enuceit», [IC «KIIITHI»), ra3onopurHeByo 3IeKTPOCTAHINIO, HAIPY3KH MOTpeOUTeNel. ArperarTsl
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ANICKTPOCTAHIIMKA TIPEJCTABJICHBI B MOJEIH C YYETOM CHCTEM BO30YXKICHHS, aBTOMATHYCCKUX
PETyJISATOPOB BO30YXKICHHS, IMEPBUYHBIX JBUTATENICH M aBTOMATHUCCKHUX PETrYJISTOPOB CKOPOCTH.
Harpy3ka kakmo# CeKIMW IIHH TpeACTaBicHa AByMs aBurareisamu morHocteio 630 kBt (J1A304-
450X-4MX2; 630 kBT; Hacocsl); nBymst aurarensmu MoirHocThio 200 kBt (DHSW-355LB-02A; 200
kBT; Hacockl); mBUTATENSIMU, MPEACTABISIONIMMU COOOW SKBHBAJICHTHI JBUTATEIbHON HArpy3KH Ha

cropone 0,4 kB (koa¢pdurment 3arpysku 0,7); CTaTHUECKOM HArpy3Koi.

MC 220/35/6 kB “asnuct”
cw. 35kB —

Lo 0

c.w. 35 kB

MNC 35/6 kB
7B’

MNC 35/6 kB
0B

[
T T
L1
1
1
6B | TP1 TP2
1
1
1
[

|
1
|
|
|
|
|
|
1
:
_______________________ \ c.w. 6 kB :
l i
| 1
| |
i |
|

3PY 6 kB 3PY 6 kB : :
1yt rmny2 rnys rny4 rnys rnye :

:3 25 MBT 3,48 MBT 3,48 MBT 3,25 MBT 3,48 MBT 348MBT

Pucynok 4.3 — OgHonuHEHHAS HJIEKTPHYECKas CXeMa CUCTEMBI JJIEKTPOCHA0KEHUST KOMILIIEKCa

0 MOJTOTOBKE U nepepadboTke HedTu u raza OO0 «EHucein»

Ha pucynkax 4.4, 4.5 npuBeneHsl MpUMepbI psifa MEPEXOAHBIX MPOIECCOB, MOJCIUPYEMBIX MpU
HCCJIEI0BAHUH YCTOMYHBOCTH.

JomycTumple 3HAY€HHUS BPEMEHHM OTKJIIOYEHHUST KOPOTKUX 3aMBbIKAaHWM, TIOJyYEeHHBIE TI0
pe3ybTaTtaM UCCIIeIOBaHUS, TPUBEACHEI B Ta0mie 4.3.

CoctaB u pa3menieHue 0a30BbIX (QYHKIUNA pEICHHOM 3aluThl, PEKOMEHIOBAHHBIX JIJIs
paccMaTpuBaeMoi CXeMbl, MPUBECHBI HA pUCYHKE 4.6.

B cetu 35kB co cropons [IC «l'a3nud1» HCHONB3YIOTCS CYIIECTBYIOLIHE YCTPOMCTBA
mucrtanmuonHoi 3ammrel. 3ammra BJI or CII35kB no IIC «KIIIIHI» BeimonHserca Ha 0Oase
HaIpaBJICHHBIX TUCTAaHIUOHHBIX 3amuT. [Ipu 3ToM Ha CII 35 kB npexycmaTpuBaeTcsi yCTaHOBKA IBYX
KOMIUIEKTOB HANpPaBIEHHOW IUCTAHIIMOHHOW 3amuThl: 3ammra jJuHud «la3nudpt— 9B» u 3ammra
muauun ot CIT 35 kB no TIC «KIIITHI». AIIB BJI «I"a3nu¢t — 9B» co cropons! IIC «["aznudT» n BJI

or CI135kB mo IIC «KIIITHI» co croponst CII 35 kB BBINONHAIOTCS C KOHTPOJIEM HAJIHUYUS
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HaNpsDKEHUs] Ha JIMHUKM. B coctaBe aBTOMaTHKH ympaBieHus Boikitrouateneit CIT 35 kB, nuHeWHBIX

BoIKItOUatTesnien co croponsl [IC «KITITHI» npeaycmarpuBaeTcs KOHTPOJIb CHHXPOHHU3MA.

Pucynok 4.4 — I'paduku nepexoaHbIx mpolieccoB mpu Tpéxdaznom K3 Bomm3u mmH 6 kB

[1C «KIIITHI»; t,, = 0,26 c; ycroituuBocts reHeparopos ['TIDC napymraetcs

[IpenycmarpuBaercst co3manue JIA nHa IIC «KIIITHI™» u pesepBHoro komiuiekca JIA Ha
CII 35 xB. TpeboBanus k mapamerpam cpabaTeiBanusi J[A, yCTaHOBJIICHHBIE HAa OCHOBE PE3YJbTAaTOB

MMPOBCACHHBIX HCCIeI0BaHUMN QJICKTPUYICCKUX PCIKUMOB, ITPUBCJICHLI B Ta6J'II/II_Ie 44,
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[To dakty cpabareiBanust JIA mnpemycmaTpuBaeTcsi OTKIIOUYEHHE HArpy30K JAeHCTBUEM
crenuanbHOM aBTOMaTHKU OTKIoueHus Harpy3kd (CAOH). CocraB OTKIIOYaeMBIX MOTpEOUTENEH

3a1aH B 3aBUCUMOCTHU OT YHCJIa BKIIFOUCHHBIX I'CHCPATOPOB.

Pucynok 4.5 — I'paduku nepexoHbIx nporeccoB npu Tpéxdaznom K3 Boau3u muH 6 kB

I1C «KIIITHI»; t,, = 0,24 ¢ ; yctoitunBocth reneparopos [ TIDC coxpansercs
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Tabmuna 4.3 —/lormycTuMoe BpeMst OTKIIIOUSHHST KOPOTKHX 3aMBIKaHUH

PacuéTrHoe Bo3MylICeHHE

Honycrumoe Bpems
orkiaouenus K3, ¢

Tpéxdaznoe K3 Bomm3u mmn 6 kB [1C «KITITHI» 0,22
Tpéxdaznoe K3 BOmuzm muH 35kB IIC «KIIIHI» c 0,32
nocneayomum oTkiaroueHneM nuHuu 35 kB ot CII 35 kB mo
TIC «KIIITHI »
Tpéxdaznoe K3 BOmm3u mmu CII 35 kB ¢ mnocrenyrommm 0,68
orkiroueHreM mHAn 35 kB ot CII 35 kB no I1C «KIIITHI »
Tpéxdasznoe K3 na mmnax 35 kB [IC «9B» 1,22
Tpéxdaznoe K3 na mmuax 35 kB I1C «7B» -
Tpéxdaznoe K3 BOmm3zm mumu CII35 kB ¢ mocnenyronmm 0,68
otkmoueHueM BJI «"azmudt — 9B»
Tpéxdaznoe K3 BOmm3um wmmua 35kB  IIC «['a3nmudpT» C 0,6
nocienyomuM oTkaoueHneM BJI «"azmudt — 9B»
Tpéxdasznoe K3 BOmm3um mmu 35kB [IC «[azmudt» (Ha 0,64
cmexkubix BJI 35 kB)
Tpéxdaznoe K3 BOmu3zm muH 220 kB TIC «["azmudpT» c 0,16
nocneayomum otkiaoueHueM Bl «["aznudt-Ycunckas»

Tabnuua 4.4 — [Napametpsl cpabatbiBanus 1A
IycxoBoit f< df/dt> U< Uy> 1>
opras
MMapamer ) 0,8 T'u/c; 0,6U,,,;0,05¢ _ )
cpapﬁaTbnfaHnﬂ 481 005¢ 0,05¢ 0,8U,,0,: 0,3 ¢ 0.1Uoi 0.3 ¢ | 0.1hou; 0.3 ¢

Ha IIC «KIIIIHI» npeagycmaTpuBaeTcs 3aMeHa JIOTMUECKOM 3allUThl IIMH C JABYXCTOPOHHUM
nutanueM Ha auddepenumansuyo 3ammry. Ha BB 6 kB nmomomnuTensHO mpemycmarpuBaercs
yctaHoBka MT3, HampaBieHHOH B CTOpPOHY BHEIIHEH SHEProcucTeMbl. Takke pPEKOMEHI0BaHO
U3MEHECHUE MapaMeTpoOB CpadaThIBAHWS TOKOBBIX OTCEYEK JIMHHW, OTXOAAMMX OT muH 6 kB (mo
YCIOBHUSM YCTOMYMBOCTH T€HEPATOPOB JIEKTPOCTAHIIMIA TOKOBOM OTCEUKON JOJKHO OoOecreunBaThCs

OTKIIFOYCHHUEC KOPOTKHUX SaMLIKaHI/II\/JI, NPpUBOAAIINX K CHHKCHHIO HAIIPSDKCHUA Ha NIMHAX MaJoi

3NIEKTPOCTAHIIUH 10 3HAYCHUH, MeHbIIHX 60% HOMHHAIILHOTO).
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Pucynox 4.6 — PekoMeHTyeMbIif cOCTaB U pa3MeIieHne 0a30BbIX GYyHKIIUNA PEICHHON 3aIIHUTHI.

MT3 — MakcumanbHasi TOKOBas 3ainTa; /I3 — nuctanumonHas 3amura; HAIIB — HecuHxpoHHOE
aBTOMaTuyeckoe nmoBTopHoe BkimoueHne; AIIB U< — apromarnueckoe moBTOPHOE BKIIFOYCHHE C
KOHTPOJIEM BCTPEUHOTO HAMpsDKEHUs; T — HampaBieHHas 3amuTa; 31 — Habop 3amuT reueparopa;
CX — ycrpoiictBo TouHO# cuaxponuzanui; KC — koHTpons cuaxponusma,; 3111 — nudpdepen-
nuanbHag 3amuTa muH; ['3 — razosas 3amura; 3T — quddepenunanpHas 3ammra Tpanchopmaropa;

(cym) — cymectByronue 3anutb; CAOH — crienuanbHast aBTOMAaTHKA OTKIFOUYCHUS HArPy3KU
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4.4 BpiBoabI 1O rJ1aBe 4

1. Ompenenensl oOmue mpuHIMIB TTocTpoeHus P3 pacnpenenutenbHbix cerer ¢ DCMM.
O6ocHoBaHa HEOOXOIMMOCTh CO3JaHMs U OmpeeNieHbl GyHKIMN KomIuiekca P3A, yctaHaBnuBaeMoro
B Touke npucoeaunenus JCMM.

2. IlpemmoxeHo mpu pazpaboTke TpeboBanmii k P3 pacmpenenurensHbix ceteit ¢ 9CMM
UCXOAUTh HE TOJBKO W3 XapaKTEPHUCTUK DJIEKTPUUYECKHX PEXKHUMOB, OOYCIOBIEHHBIX BHEIPEHHUEM
OCMM, HO ¥ U3 0COOEHHOCTEH YNpaBICHUS 3JIEKTPOCTAHIMSIMU MajOd MOIIHOCTH B aBapUUHBIX
pexnmax. C 1enpro pa3paboTKu ONTHMAILHOTO Habopa TpeboBaHMi K P3 BhIZeNeHbl TPU MOAX0Aa K
ynpasnenuto OCMM B aBapuifHbIX pexxumax: otkitoueHue DCMM, Beienenne 9CMM Ha MecTHYIO
Harpy3Ky, cCoxpaHeHue mnapamuieabHoii padborest DCMM ¢ HCTOYHWKAMH BHEIIHEW CETH; JaHa
XapaKTePUCTHKA 00JIaCTH MPUMEHEHHUS ITUX MOIXO0/I0B.

3. [nsa xaxgoro u3 Tpéx moaxonoB K ympamieHuto DCMM paspabortanbl TpeOoBaHWS,
3aal0lue  HEOOXOIUMBIM  ypOBEHb  TEXHMUYECKOIO  COBEPILIEHCTBA  pEIEMHON  3alllUThI
pactipeaenurensHoit cetu ¢ DCMM. Ilokazano, 4Tto oOecrnedyeHHe YCTOWYMBOW H HAICKHOU
napajuiensHoi paboTel JCMM Mexay coboi U ¢ HCTOYHUKAMU BHEITHEH YHEPTOCUCTEMBI CBSI3aHO CO
3HAYUTEIbHBIM MOBBIIIEHHEM TpeboBanuii Kk P3.

4. B coorBercTBUM C pa3zpaboTaHHbIMU TpeOoBaHUSIMU K P3 pacnpeneiauTenpHbBIX ceTedl ¢
OCMM i KaXaoro u3 TPEX IMOIXOJ0B OIMPEACIICHBl aITOPUTMBI (PYHKIIMOHUPOBAHMS, COCTaB M
JMaTia3oHbl TapaMeTpoB cpabareiBanus GyHKIUNA Komruiekca P3A B Touke mpucoenunenus DCMM,
pa3paboTaHbl PEKOMEH/IAIIUU 110 COCTAaBY U pa3MelieHuio 0a30BbIx pyHkuuid P3 snextpuueckoii ceT,
npuiexkaiien K Touke npucoenuuenuss JCMM.

5. IlomydeHHble B ri1aBe MOJAXOJbl M pELICHUS NPUMEHEHbI Ha IpakTUKE INpU pa3paboTke
peneHON 3alUThl U ABTOMATHUKHM I KOHKPETHOW CHUTyaluu — NPU BHEIPEHUHU 3IIEKTPOCTAHLIUU

MaJIOi MOIITHOCTH B cucTeMy 3i1ekTpocHadxkeHuss OO0 «Enuceit».

Pe3ynbraThl paboThl HaJl MaTEpUATIOM IIaBbl HANUM oTpakeHue B [105, 140-142].
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5 COBEPIIEHCTBOBAHMUE JEJIUTEJIbHON ABTOMATHKHA
11O HAITPA’KEHUIO

5.1 AKTyaJ’lLHOCTB 3aJ1a4M. Onpene.ne}me HanpaBJ/ICHUSA COBEPIICHCTBOBAHUA

IICJIHTEJIBHOﬁ ABTOMAaTHKH M0 HANIPHAKCHUIO

BosMmymiernss ¥ aBapuy, BO3HHKAIOIIME B JHEPTOCHUCTEME, MOTYT BBI3BaTh HEOOXOIAMMOCTH
OTACJNCHUS OT HeE HIEKTPOCTAHIIMM, BBIMOJHIEMOIO CHENHAJIbHON JIEJIUTEIBHOW  3alIuTOM
(menurenbHOM aBTOMaTHKOM) [24, 139, 143, 144]. Jlns KPYMHBIX 3JIEKTPOCTAHIUN HOPMATHBHBIMH
nokymentamu [145] mpemycMaTpuBaeTcs yCTaHOBKAa YacTOTHOW JenutenbHOU aBTomatuku (UJIA),
BBITIOJIHSAIONICH  (YHKUIMUA  BBIJCICHHUS  DJIGKTPOCTAHIIMM HAa  COOCTBEHHBICE  HYXABl WU
cOaaHCHPOBAHHYIO HArpy3Ky NMpPH CHH)KEHHH Y9acTOThI B dHeprocucreme no 47,5-46 'y [145, 146].
W3meHeHue CTPYKTYpbl T€HEPUPYIOIIMX MOIIHOCTEH, CBSI3aHHOE C CO3[JaHUEM B 3HEProCHUCTEME
AJNIEKTPOCTAHLIMA MaJIOM MOIHOCTH, BJIMSIS Ha MapaMeTphbl SJEKTPUUECKUX PEKUMOB SHEPTOCHUCTEMBI,
TpeOyeT mepecMoTpa H JOMOJHEHHUS CYIIECTBYIOIIMX KPHUTEPUEB U aJITOPUTMOB JICUCTBUS
NEeNUTENbHOW aBTOMAaTUKU. B rnaBe 4 ObLJIO OTMEUEHO, YTO B HOBBIX YCIOBHSIX CJEAYET
npeaycMaTpuBath cpabatbiBanue JIA Tarkke MPH BHEIIHHX BO3MYIICHHSX (KOPOTKHMX 3aMbIKaHHUSX,
aBapUIHOM OTJEJIICHHMHA OT BHEUIHEH SHEProCUCTEMbI). AHAIN3 OCOOCHHOCTEH pPEXHMOB (CM.
rnaBel 1, 2) snekrpuueckux cereit ¢ DCMM mokaspiBaeT, YTO 3HAYMUTENIbHAS 0N aBapHIHBIX
pexuMoB, TpeOyromux otaeneHuss ICMM OoT 3HEProcUCTEMBI, CBsI3aHa CO CHIDKCHHEM HAMPSDOKCHHUS.
K Ttakum pexxumam, B 4aCTHOCTH, OTHOCSTCS:

— 3aTSDKHBIC BHEITHUE KOPOTKHUE 3aMbIKAHMUS,

— HapyIIeHUsT  YCTOMYMBOCTH 1O  HANpPSDKEHUIO,  XapakTepHble  JUISI  «CIIA0BIX»
pacnpeneuTeNbHbIX CETEH;

— JIOKaJIbHbIE Ae(PUIUTHI MOIITHOCTH, CBSI3aHHBIE CO CHUKEHHEM HaIPSHKSHHUS.

[To yka3aHHOI MpUYMHE HA AJIEKTPOCTAHIUAX MAaJOM MOIIHOCTH B OONBIIMHCTBE CIydYacB
CTaHOBHUTCS HEOOXOJAMMBIM UCIIOJIb30BAHUE JICJIUTEIILHOW aBTOMATHKH 110 HanpsbkeHuto (JTAH).

Cnemyer 3aMeTuTh, dTOo wucHoib3oBanue JIAH Ha o0O0BeKTaX OSHEPTeTUKH CTAHOBUTCS
aKTyaJIbHBIM BO MHOTOM [0 MpHYMHE OoJjiee LIMPOKOTO BHEIPEHHs] B pacHpeleuTelIbHbIE CETU
OCMM, no3ToMy K HACTOSIIIEMYy MOMEHTY BPEMEHU CHCTEMHO MpPOpadOTaHHBIE PEKOMEHIAIUU IO
MPUMEHEHUIO0, peaIN3allii U HACTPOUKE ITOr0 BUAA ABTOMATHKU MPAKTUYECKH OTCYTCTBYIOT.

B mnocnennee Bpemsi Bompochl co3ganHusi JIAH mogHuManmuch NPUMEHUTENBHO K OOJBIINM

pacnpenenurenbabiM ceTssM 110-220 kB ¢ mapora3oBeiMu ssekTpocTannusMu (pabotsr [120, 147,
148] ).
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CymectByromuii noaxon k peanusanuu JJAH cBsizan ¢ ucnonb3oBaHUEM pejie MUHUMAaJIbHOTO
HaIPSOKEHUSI WM CEPUMHO BBIMYCKAEMBbIX TEPMHHAIOB. XapakTepucThKa cpabateiBanus JIAH
npejcTaBasier coboi crymneHuyaryio 3aBucumocth t= f(U) (kak mpaBwiio, omHa WM JABE CTYICHH,;
pucyHok 5.1). Hacrpoiika cTyneHel Takoil XapaKTepHCTHKH OCYIICCTBISICTCS MCXOAs M3 Hauboiee

TSKEIIBIX PEXKUMOB.

S
Cd

U, U, U

Pucynok 5.1 — [Ipumep xapakrepuctuku cpadbarsiBanus JJAH

BaxxHo 3amMeTuTh, YTO AOMYCTUMOE BpeMs OTIECIECHHUS MOXKET CYIIECTBEHHO BapbUPOBATHCS
BCJIC/ICTBUE HEIETEPMUHUPOBAHHOCTH PEKUMOB PaOOTHI paclpeAeNUTeNIbHON CeTH, 3HAYUTEIHHOTO
BIMSHUS HAa WX XapAaKTEPUCTHKHU DIIEKTPUYECKH OJIM3KOM COM3MEPUMON IO MOIIHOCTU HArpy3Ku
(ocobenno gapuratenpHOro xapaktepa) [117]. Ilo »Toif mpuuYWHE HCHOJIB30BAHUE CTYIEHYATOM
XapaKTepUCTHKHU, TMOJO0HOW MNpuBEAEHHOW HaA puCyHKE 5.1, MOXeT NpUBOAUTH K H3JIUIIHUM
cpabateiBanusM JIAH B yCJIOBHO HEOMAacHBIX pPEKMMax, 4YTO HE BCErga JOMYyCTHUMO: B CETAX C
6onpmoi noieit OCMM HX H3NUIIHME OTKIIIOYEHHS MOTYT YCYTYOJIATH MOCIEICTBHUS aBapUtHOTO
BO3MYIIICHHUS.

B ycnoBusix pasButusi Maniod sHepreTuku K JAH HOMKHBI TPEaBSABISTHCA CIEIYIOIINE
TpeOoBaHUS:

— HEJIOMYUICHUE W3JIMIIHUX OTKIIOYEHUM 3JIEKTPOCTAaHIMI MaJol MOIIHOCTH IPU BHELIHHX
BO3MYIIICHUSX;

— HejonmyieHue HapymeHus ycronduBoct DCMM mpu mapaiensHOM paboTe ¢ BHEIIHEH
CeThI0 (€CIM BO3HHMKAET PHCK PAa3BUTHS BTOPHYHBIX HAPYIICHHH YCTOHYHMBOCTH T'€HEPATOPOB M
JJIEKTPOIBUTATENICH B CMEKHBIX y3JIaX MPUIICKAIIIEH CeTH);

— obecrieueHne yCIOBUN JUISI COXPAHEHUS YCTOWYMBOCTH B OTIENMBIIEMCS OT SHEPrOCHUCTEMBI
dbparMeHTe ceTH.

BoimonHenne »TuX TpeOOBaHWMN MNPUBOAUT K HEOOXOOUMOCTH HM3MEHEHHUS MPHUHIIMIIOB
noctpoenus JJAH. Obuiee Hanpasienue coBepiuieHcTBoBaHUS JIAH momkHO OBITH CBSI3aHO C YYETOM

U3MEHCHUST PEKUMOB pabOThl pacHpeeTUTeIbHON ceTh (aanTHBHOCTB) C IENBI0 HCKIFOUCHUS
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HEOOXOIMMOCTH OTCTPOMKHU mapameTpoB cpabareiBanus JIAH ot HamGonee TskEnbix (mpeaeabHbIX)

PEXHUMOB.

5.2 U3MeHeHHs H B3aMMOCBSI3b mapamMeTpoB pekuMa NNpu CHUKCHUU HANIPSAKCHUSA

B JJIEKTPHYECKOM CeTH

HccnenoBanre 3aKOHOMEPHOCTEH H3MEHEHHSI TTapaMeTPOB PeXUMa TP CHIDKEHUU HATPSDKCHUS
CBA3aHO C PpAacCMOTPEHHEM BOIPOCOB YCTOMYMBOCTH 3JIEKTPOIHEPTEeTHUECKONH CHCTEMBI IO
HanpspkeHuto. OO01iee onpeaeneHre YCTOMYUBOCTH MO HAMPSIKEHUIO MOXKET ObITh C(HOpMYITHPOBAHO
CIEIYIOIIMM O0pa30M: CHCTEMa SIBIISETCS YCTOWYHMBOW IO HAMPSDKEHUIO, €CIM TOCTEe BO3MYIIEHUS
HANPSDKEHUE B OTOH CHCTEME BO3BpalacTcs K 3HAYCHHIO, COOTBETCTBYIOIIEMY TOYKE yCTOHYHBOIO
paBHOBecHs (K HCXOAHOMY HITH OJIM3KOMY K HcxoaHoMmy) [149, 150].

B COOTBETCTBMH C ONMHUCAHHUEM CTATHUYCCKOM Mojenu sHeprocuctembl (cm. 1. 1.6) HenmuHelHast
cUcTeMa ypaBHEHHI OaiaHca MOIIHOCTH MOXET OBITh IpecTaBieHa B Buje [151]:

W,(X,Y)=0

W, (X, Y) =0’ 61)

rae W, WQ — BEKTOPHI-PyHKIIMK HeOaTaHCOB aKTUBHON M PEAKTUBHOW MOIIHOCTH, COOTBETCTBEHHO;

X — BEKTOp MEpPeMEHHBIX COCTOsHUS (MOAynM ¥ a3kl HANPSHKCHHH WM OPTOrOHAIBHBIC
COCTaBIISIIONIME HAMPSDKCHUI) — 3aBHCHMBIX [apaMeTpoB pexuma; Y — BEKTOP HE3aBUCHMBIX
napaMeTpoB pekruMa (MOIHOCTH B y31ax).

[Mocie nuHEapu3aluK OPH 33JaHHOM BEKTOpPE HE3aBHCHMBIX MapameTpoB pexxuma (Y = Const)
cuctema ypaBuenuii (5.1) mpumer BuI:

W, (X) | OW
wo0) L o 6

0
rac |:§ — MaTpulia 4YaCTHBIX ITPOHU3BOAHBIX HeOaIaHCOB MOIIMHOCTHU I10 3aBUCHUMBIM IIapaMeTpam

pexkuma (MaTpuiia SIko6wu).
B nossipHO# cucteMe KoopauHaT (KOTa 3aBUCHMBIMH MEPEMEHHBIMH SBIISIOTCS Moy U u

dbazbl 0 HanpspreHuit) (5.2) MOKHO 3amKcaTh B BUJE:

oW, oW,
W, (U, 9) _| 95 ouU |[AS (53)
W,(U,8)| | oW, oW, || AU

oo oU
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W oW, Wo Mo — KBagparuble (B 0OLIEM Clydae) MaTPUIIbI-
o5 |'leu |'| a5 |'| U P Y i

B Beipaxenun (5.3) {

OJIOKH.
VYcnoBusi CXOAMMOCTH pEIICHHs HEIHHEHHOH cuctembl ypaBHeHuid (5.1) ompexpensrorcs

HEBBIPOXKICHHOCTRIO MaTpHIbl  SIK0OH (de{g—\;\(/}tO). B [85,151] omucana cBsA3b yCIOBHU

YCTOMYMBOCTH  AJIEKTPOIHEPreTUYECKOM CUCTEMbI CO  CXOJMMOCTBIO  PEIICHUS ypaBHEHUH
YCTAaHOBHUBILETOCS peXUMa. sIKOOMaH ypaBHEHUI YyCTaHOBHBILETOCS PEXHMMA, 3aIUCAaHHBIX B (hopme
Oananca MomHOCTH (MPH COOJIOACHUH ONpPEACIEHHBIX YCIIOBHIA), pPaBEeH CBOOOJAHOMY 4YIICHY
XapaKTEPUCTHUUECKOI0 YPaBHEHHS IEPEXOAHBIX IPOLECCOB B 3JIEKTPOIHEPreTUUYECKOW CHCTEME U
ONpeAesieT yCIOBUS CTATUYECKON aleprOIMYE€CKON YCTOMYMBOCTH.

Ecnu paccmatpuBaTh TOJIBKO MPOLIECCHI, CBA3aHHbBIC CO CHMKEeHUEeM Harnpspkenus (mpu AP =0),

cucremy (5.3) MOXKHO 3amKCaTh:

oW, oW, .
AU =| —2— Q.(aij W, :AQ =W, AQ. (5.4)

o 006 \ 00 ouU

[lpy QyHKUMOHMPOBAHMK CHCTEMBI B OONACTH YCTOMYMBOCTH dieMEHThl Marpuubl W,

IOJIOXKMTECJIbHBI; JOCTHXKCHHUE IIpeleia CTaTHYECKOU YCTOﬁqHBOCTH OonpeacisICTCA  YCIIOBUEM

CUHTYJISIPHOCTH MaTpuibl W, .

Bripaxenue (5.4) wuIrocTpupyeT B3aMMOCBSI3b HAIIPSDKCHUS] M PEaKTUBHOW MOIIHOCTH, a TaKXKe
IIO3BOJIACT CHeaTh IIPEIBAPUTENIBHBIM BBIBOJ O BO3MOXKHOCTH BbinojaHeHHs [JAH ¢ xonTposnem
PEaKTUBHOI MOILTHOCTU — HanboJee 3HAYMMOT0 MapamMeTpa, XapaKTepHU3YIOIIEro «TshKecTh» (OIH30CTh
K NpPEACIbHOMY II0 YCJIOBHSIM YCTOMYMBOCTH) PEXKHMMa 3HEPrOCHCTEMbI MPH HW3BECTHOM CHIDKCHUHU
HaIPsKEHUS.

Crnenyer 3aMETHTh, YTO IPOLIECCH], CBA3AHHBIE CO CHMKEHUEM HANPSDHKCHWS W HapylICHUEM
YCTOMUMBOCTH «I10 YIUIy» B 0OLIeM ciydae B3aUMOCBsi3aHbl. OIHAKO, HApYLIEHUE YCTOMYUBOCTH IO
HANpPSDKCHUIO  (JIaBMHA HANPSDKEHHS) HEMOCPEACTBEHHO MOXET OBbITh CBOWCTBEHHO TOJBKO
HHEProparoHaM, COAEPKALIMM IBUTaTEIbHYI0 HATPY3KY.

ypaBHeHI/IC pCaKTHBHOﬁ MOIITHOCTHU HCABHOIIOJOCHOTO I'CHCPATOPA B YCTAHOBUBIICMCS PEIKUME

EU u?
1 coso —— [152], rae E, — cuHXpOHHas 3.J1.C. FeHepaTopa 1o NPOAOILHON OCH;
d d

nmeet BUI: Qg =

U — nanpsbkenne Ha BBIBOJIAX TEHEPATOpa; O — yron Mexiy Bekropamu E, m U (BHyTpeHHui yron

reHeparopa); X, — CHHXPOHHOE PEaKTUBHOE CONPOTHUBIIEHHE 10 MIPOJOIBHOI OCH.
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ACHHXPOHHBIA 3JIEKTPOJIBUTaTeIh YJIOOHO TMpeACTaBUTh [-00pa3HOM cXxeMOW 3aMelleHus

(pucyHok 5.2), mapameTps! X, ¥ I, KOTOPOH 3aBUCAT OT pexuMa paboThl atekTpoasuratens [51, 153].

B coorBercTBUM ¢ TpUBEAEHHOM CXeMOH 3aMmelleHHs MoTpedisiemMasl [BUTATENEeM pEeaKTUBHAs

U?x s> U?
——~—5+—, IZi¢ S — CKOIBKCHHE JICKTPOABHIATENIs. B cTaTHyeckux pexnmax
X2s? +r.

k 2

"

MoIHOCTh Q,, =

IpU 3HAUYEHUSX CKOJBXEHHUS, MEHBIIMX KPUTHYECKOro, MmapaMmerpbl [-oOpa3Hoil  cXeMmbl
9KBUBAJICHTHOTO ACHMHXPOHHOTO JBUTATeNs HArpy3kd (B Oa3MCHBIX CIUHUIAX DIICKTPOJBHIATENs)

MOTYT OBITh NPUHATHI cnexyronmmu: X, = 0.368 o.e., I, =0,0226 o.e., X, = 2,95 0.e. [153].

Pucynok 5.2 — I'-o0pa3Hast cxema 3aMelleHUs] aCHHXPOHHOTO ABUraTess

Ha pucysnke 5.3 mokazaHbl CTaTUYECKHE XapaKTEPUCTHUKH PEAKTUBHOHW MOITHOCTH TIO
HAMPSHKCHUIO SKBUBAJICHTHBIX FCHEPATOpa U 3JICKTPOABUTATENS (MOITHOCTD JBUTATEIbHOM HAIPY3KH —
75% HOMHHAJIBHONH MOIIHOCTH TeHeparopa). B ceTw ¢ COM3MEpHMO# MOIIHOCTHIO HCTOYHHUKOB
MUTAHMS ¥ JBUTATEIbHON HArpy3KU IPU CHUXKEHUHU HAIPSDKEHUSI paBEHCTBO 3HAYEHHM MOTpedsseMoit
U TEHEpUPYEMOU pPEaKTMBHOM MOLIHOCTH HACTYINAeT B TOYKE HEYCTOMYMBOIO PABHOBECHUS CHUCTEMBI
(Touka «@»); 3HAUCHHE HANPSHKCHHS, COOTBETCTBYIOIIEE 3TOW TOYKE, MOXKET OKa3aThCs MCHBIIE, YeM

KpUTHUYECKOe 3HaueHue Hanpspkenus U, uia snexrpoasurareneil. Ilpu mepexone Ha BETBb «a-0»

PCaKTUBHAA MOIIHOCTb HCTOYHHUKOB OKAa3bIBACTCA MCHBILIC peaKTI/IBHOI\/'I MOIITHOCTH SJICKTPOABUT aTeid,
HAIMpsAKCHUE B CUCTEMEC ITPOAOJIZKUT CHUKATLCH.

CraTuyeckuil aHajan3 MO3BOJIMI MPEABAPUTENBHO CAENaTh BBIBOJ O LEJI€CO00Pa3HOCTH yuéTa B
anroputme JIAH Oamanca peakTUBHOM MOIIHOCTH B paccMaTpuBaemoi ceT. [[ns uccrnemoBaHus
N3MEHCHUN peaKTI/IBHOI\/'I MOIIIHOCTU W HAIPAKCHUA MPpU HNCPCXOAHBIX IMPOHCCCax BbIMMOJIHCHO
MOJICIMPOBAHUE C HCIIOJIb30BAHMEM JMHAMUYECKON Mozenu. PaccmarpuBanuch mpouecchl Mpu
aBapUfHOM OT/IEJICHUHU OT BHEIIHEH YHEProCUCTEMBI (pparMeHTa CeTH, COASPKAIETO IKBUBAICHTHBIN
reHeparop MOIIHOCThIO 16 MBA u MecTHyi0 Harpysky (mojisi JBHTareieid B COCTaBE HArpy3Kd —
60 %). IlpuHATO, 4YTO OTHACICHHIO MPEIIMICCTBYET CHIDKCHHE HANpPsDKCHUS BO BHEIIHEH CeTH
«CTYNEHBKOW» 710 33JaHHOTO 3HAYEHUS, OTIEISIONIMNICS PparMeHT ceTh cOaTaHCUPOBAH 10 aKTUBHON
MOIIIHOCTH. BpeMSI OTACJIICHHUA COOTBETCTBYCT MPCACIbHO AJOIMYCTUMOMY IO YCJIOBUAM yCTOfI‘IHBOCTH

oTJenuBILIerocs (parMeHTa.
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Pucynok 5.3 — CraTnueckue XapakTepUCTUKU PEaKTUBHON MOIIIHOCTH T€HEpaTopa U ABUraTems

10 HAIPAKCHUTO

I'paduku mpoueccoB, TOIy4YeHHblE B  pe3yjibTaTe MOJCIUPOBAHMS, MPUBEIEHHI B
IIpunoxenun I'.

B coorBercTBUM ¢ pe3yiabTaTaMd HCCICAOBAHUN IOCTPOCHA 3aBHCUMOCTH (pUCYHOK 5.4),
OTpakarolas CBs3b PEAKTUBHOM MOIIHOCTH MO cBsi3u «DCMM — sKBUBaJIEHTHAsI SHEPTOCUCTEMA» B
MOMEHT BPEMEHH, COOTBETCTBYIOIUI MPEAEIIBHO JOMYCTUMOMY BPEMEHH OTAEJICHMS], C HAIPSHKEHUEM
B MECTE€ YCTAaHOBKM AaBTOMAaTHUKHU. YEM HIKE 3HA4YCHHE HANpsOKeHHs, TeM OOJIbIINI «3amac»

PEAKTUBHOM MOIIIHOCTH HEOOXOUM JIsi 00ECTIeYeHHs] yCTOMYMBOCTH OTACIMBILIETOCs (pparMeHTa.

5.3 Pa3paboTka aJropurmMa e/ IuTe/IbHONH AaBTOMATHKH M0 HANPSIZKEHHIO

C KOHTPOJEeM peaKTHBHOﬁ MOIIIHOCTH

Hcxons u3 pe3ynbraToB uccienoBanuii JIAH MokeT ObITh BBIIIOJHEHA ¢ KOHTPOJIEM PEaKTUBHON
MOIITHOCTH MO CBSI3UM C BHEIIHEH CEThIO C XapaKTEPUCTHKOW CpabaThIBaHUS B BHUJIEC 3aBHUCUMOCTH
PCaKTUBHON MOIIHOCTH OT HanpspkeHus: (cM. pucyHOK 5.4). KoHTponb 3HaueHHs pPEaKTHBHOM
MOIIHOCTH ITO3BOJIUT ONPENCNIAT MOMEHT BPEMEHU OTIEICHHS IWHAMUYECKH, OCHOBBIBAsACH HA
XapaKTEPUCTUKAX TEKYIIEro dJIEKTPUUECKOTO pexXuma.

B cooTBeTcTBUM € MpeIOKEHHBIM MPHHLMUIOM pa3paboTaH aJroput™M (yHKIHOHHUPOBAHUS
JJAH. VipoieHHas cTpykTypHasi CX€Ma BapHaHTa peali3alliy alrOpuTMa U COOTBETCTBYIOLIAS EMY
XapaKTepUCTHKa cpabaThIBaHMsI 3alUTHl NIPUBEACHBI HAa pucyHke 5.5. JIAH coxepxut nBe CTyneHH.
[lpu 3HauuTeNnbHBIX CHWKEHHAX HanpspkeHus (= 20% OT HOMHHAIBHOIO) CpadaThIBAHUE 3AIIHUTHI

INPOMCXOIUT ¢ (UKCHPOBAHHOW (MHUHHMMAIBHOM) BBIIEPKKOW BpeMeHH. [Ipu OONBIIMX 3HAYCHHSIX
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OCTATOYHOI'O HAIPsKCHUSA PCHICHUC O Cpa6aTI)IBaHI/II/I IMPUHHUMACTCA Ha OCHOBC U3MEPACMBIX SaIHHTOﬁ

BCJIIMYHH HaIpPs>KCHUA n peaKTHBHOﬁ MOIIHOCTH B COOTBETCTBHUU C YCIIOBHUEM.

QMIN _QMAX _
Q <W(U UII)+QMIN :

Pucynok 5.4 — 3aBuCMMOCTb PEAKTUBHOM MOIIIHOCTH B MOMEHT, COOTBETCTBY 0L

J0IMYCTUMOMY BPECMCHHU ACJICHHA, OT HAIIPSXKCHUA

(jA U<U, AT, é A
7 U
Up Ul 1
(jC — 1 HA OMKIL.
a)a B U,<U<U, L5
Iy
0 Ouv = Qua
jB Q Q<|:(H]’(U_UH)+QMIN:| iy
Ic
o
0)

QMAX T

Opn 1

UI UII U

Pucynok 5.5 — JIAH: a) ynpouieHHast CTpYKTypHasi CXeMa aJlrOpUTMa,;

0) XxapaKTepUCTHKa CpabaThIBAHUS
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B psge ciydaeB MoxeT ObITh 1enecooOpasHbiM gomnosnHeHue JIAH Ttpetwheil cTymneHslo,
npeaHazHadyeHHOW s otaeneHus DCMM mpu e€ mepexone B pPeXUM TOTPEOJICHHUS PEaKTUBHON

MOIIHOCTH (P 3HaYECHUSIX HanpspkeHus 6osee 80% HOMUHATBHOTO).

5.4 Tloaxoxa K BLIOOPY mMapaMeTPoOB cPadATHLIBAHMS AeJIUTEIbHONH ABTOMATHKH

M0 HANPSZKEHHIO

Pazpaborannsiii anroput™ JIAH Tpebyer BbIOOpa Ciienyromux napaMmeTpoB cpabaThIBaHUS .
— MaKCHMAaJIbHOTO 3HAYCHUS PEAKTUBHON MOIIHOCTH Q) ;

— MUHMMAJIBHOTO 3HAYE€HUS PEAKTUBHON MOIIHOCTU Q) ;5

— HampsDKeHHs cpabaThIBaHMA NepBoi ctyneHu U, ;

— HanpspKeHHs cpabaThIBaHUS BTOpo cTynenu U, .

OmnpeneneHue mapaMeTpoB cpabaThIBaHUS B OOIIEM CITydae JOJDKHO OBITh OCHOBAHO Ha pacuére
[apaMeTPOB JIEKTPUUECKUX PEKUMOB IPU 00s3aTEILHOM YUETE B pacU€THOM MOJENN XapaKTEPUCTUK
Harpy3Kd pacCMaTpUBAEMOM ceTH (OCHOBHBIC BIIHSIOIIME MApaMETPhl — COCTAaB HArPY3KH, OCTOSHHAS
UHEPIIUH IBUTaTesIeH, SKBUBAIICHTHOE CONMPOTUBIICHHE paclpeneuTeabHoi cetn [154] ).

Ha ocHoOBe mpoBeAEHHBIX HCCIEIOBaHMN BHIPAOOTaH psA NMPAKTHUECKUX PEKOMEHAALUN IO
Hactpoiike JIAH.

Hamnpspkenne cpabateiBanust nepsoit ctynenn U, nemecoo6pa3zno npunHuMath paBHbIM 10-30%

OT HOMHUHAJIBbHOI'O 3HAYCHHU .

3nauenne Q,,x LEJIECOOOPAa3HO OTCTpaMBaTh OT YCTAHOBHBLIEIOCS 3HAYEHHS MOIIHOCTH

KOPOTKOI'0 3aMbIKaHUS SKBUBAJCHTHOTO HCTOYHHUKA B OTACISIECMOM (l)paFMeHTe (BKBI/IBaHCHTHOFO

reaepatopa OCMM S, . ):
QMAX = k3SK3_G '
rae K, — xospdunmueHt 3amaca, NPUHUMAEMbIi B 3aBUCHUMOCTM OT JONH aCHHXPOHHBIX

3JICKTPOJIBUTATENIeH B cocTaBe Harpy3ku. [Ipu gone nuratensHOM Harpy3ku 6osee 60 % moxxer ObITh

NPUHATO 3Ha4YeHne koddduimenTa 3anaca k, =1,3-15; HanpshkeHue cpabaTeiBaHKs BTOPOIl CTYIICHH

U, —pasabm 60-80% oT HOMUHAIIBHOTO 3HaueHU, 3HaueHue Q,,, — OIM3KUM K HYIIO.

5.5 UccaenoBanue padoThl e 1UTeIbHON ABTOMATHKH 110 HATIPSIZKEHUIO

Coznanue npororuna ycrpoiicrea JIAH na 0a3e uudgpoBoro MoaeTupywIero KOMILIeKca

peanbHoro BpemeHu. IIpororun ycrpoiictea JIAH, pyHKIMOHUPYIOMKK COINIACHO NMPUBEACHHOMY B
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n. 5.3 anroputmy, co3maH Ha 0asze IUQPPOBOTO MPOrPAMMHO-AMITAPATHOTO KOMIUIEKCA PEaTbHOTro
Bpemenn eMEGASIM; ¢ HCIoab30BaHWEM TMPOTOTHIIA MPOBEACHBI HMCIBITAHUS, HECOOXOAUMBIC IS
OLIEHKU ()YHKIIMOHAJIBHBIX OCOOCHHOCTEH MpeIaraeMoro peleHusl.

Ha pucynke 5.6 npuBeneHa yKpymHEHHAs CTPYKTYpHAsl cXeMma MPOTrpaMMHON 9acTH MPOTOTHUIIA
ycrpoiictBa JIAH, BKIrO9aromias cjaeayonue OCHOBHbBIE ()YHKITMOHATHHBIC DJIEMEHTBI:

— OJIOKHM, pealM3yIoIIie B3aMMOCBS3b BXOJHBIX M BBIXOJHBIX CHTHAJIOB aJTOPHTMA C
uHTep(EHCHBIMU  TIaTaMH  BBOJAA/BbIBOMA. TPHEM U mpeobOpasoBanue (MacmITabHpOBaHHE)
AHAJIOTOBBIX CUTHAJIOB, Mepeiady JUCKPETHBIX CUTHANIOB O cpabaTsiBanuu JIAH;

— 010K JcKpeTHOro npeodpazoBanus Oypee (AI1D);

— OJI0K pacyéra HAPsHKESHUS MPSIMOK TIOCTICI0BATEIBHOCTH;

— OJIOK BBIYUCIICHHSI PEAKTUBHOM MOIIHOCTH;

— O10Ku (popMHUPOBAHUS XapaKTEPUCTUKU cpabaThIBaHUS U aHAIM3a YCIOBUI cpabarbiBanus | u
Il cryneneit (BDX);

— 6ok (popmupoBaHus curHasioB cpadarsiBanms JJAH.

A\l
Ia : QA = UI
« 3 Xz 1 x5 T I cTyneHs 1 o [OTKR. >
. x
T~ SRl B S Uy . $TEQ — X .

uc © = m T - —
=

Brok pacyéta
pPEeaKkTUBHOWM MOLLHOCTMN

Pucynok 5.6 — CtpykTypHast cxema mporpaMMHOM 4acTH OIBITHOTO oOpa3na JJAH

Onucanue HMCOBITATEILHOIO CTEHJAAa M METOAHUKA NPOBeJAeHHMS] HCHBITAHMNA NPOTOTHIA
yerpoiictBa JJAH. VcnbiTanus co3aHHOTO MPOTOTHIIA BBITIOIHEHBI C MCMOIB30BaHUEM MTPOrPAMMHO-
anmapatHoro Mozenupytomero kommiekca RTDS. Cxema uCHBITaTeNbHOTO CTEHIA TpPUBEJICHA HA

pucyHKe 5.7, BHEITHUI BUJ] — Ha pUCYHKe 5.8.
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PucyHok 5.7 — CxeMa UCIBITaTeIbHOTO CTEH 1A

Pucynox 5.8 — BHenmHuii BUT HCTIBITATEIBHOTO CTEH 1A

C ucnonb3oBanueM komiuiekca RTDS ocymiecTBisieTcss MoieTupOBaHue MPOIIECCOB B TECTOBOM
MOJICJIA JHEPrOCHCTEMBI; COOTBETCTBYIOIIME STHM TIpoieccaM (TOKaM M HANPSDKEHUSIM TECTOBOM
MOI[CJ'II/I) HU3KOYPOBHECBLIC AHAJIOTOBLIC CHUI'HAJIbI BBIAAIOTCA HA IIPOTOTUII, B KOTOPOM pPCAIU30BaAH
anroput™m  pyHkimonupoBanus JIAH. OOpatHo npuHMMarOTCS BbIpabaThIBaeMble HCIBITYEMbBIM
00pasIoM TUCKPETHbIE CHTHAJbBI, HHPOpMHUpyOIMe O paboTe mporoTurna (peaqTu30BaHHOTO

AITOPUTMA).
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Mopenb TecToBO# 3HEprocucteMsl B popmare rpaduyeckoro penakropa RTDS (RSCAD/Draft)
npuBeseHa Ha pucyHke 5.9. [lapameTpsl OCHOBHBIX 3JIEMEHTOB MOJIENHM TpHUBEACHBI B Tabdmuie 5.1.
[Mporotun ycrpoiictBa JIAH «ycranoBmen» Ha cropone HH T 35/10 kB (cm. pucyhok 5.9).
Xapaxkrepuctuka cpabareiBanust JIAH (3agaHHas [uis ycloBH TECTOBOW MOJEH) NPHBEICHA Ha

pucynke 5.10.

Pucynok 5.9 — Mogens TecTOBOI 3HEprocUCTEMBI B hopMaTe

rpaduyeckoro pepakropa RTDS (RSCAD/Draft)

Ta6muma 5.1 — [TapameTpsl OCHOBHBIX 3JIEMEHTOB JIEKTPUUECKON CETH

IMapametp 3HavyeHue
Tok KOpPOTKOTO 3aMblKaHUsI Ha IIMHAX SKBUBAJIEHTHOTO 25
HCTOYHMKA BHelHel cetn IC, KA '
JnunHa nuauu snekrponepenayn W, km 30
VaenbHOE  CONMPOTHUBJICHUE TMPSAMOM  MOCIEIOBATEIBLHOCTH 0,098+j0,4
nuHuu amekrponepeaaun W, Om ’ ’
VienpbHO€ CONPOTUBIEHHWE HYJIEBOW IOCIEIOBATEIbHOCTH 0,25+{1,4
nuHuu smekrponepeaaun W, Om ' '
MomHocTth Tpancopmaropa 7, MBA 25
Cxema coeauHeHust 00MoTok Tpanchopmaropa BH/HH «3BE3/1a C 3a3€MJIEHHOM

HEUTPAIbIO» / KTPEYTrOJbHUKY

MormHocThb SKBUBAJICHTHOTO reHeparopa MECTHOU 16
anekrpoctanmu G, MBA
MakcumanbHasi MOIHOCTE Harpy3ku H, MBA 16

MGTOILI/IKa IIPOBCACHUA HCIBITAHUI BKIIIOYAJIa B ceO0s MOZACIIUPOBAHUC IJICKTPUICCKUX PCIKUMOB

IpU aBapUWHOM BBIIEJICHUM MaJIOil AJIEKTPOCTAHLMKM Ha MECTHYIO HArpy3Ky IpH pPa3HbIX BHIAX
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BO3MYUICHUH, TTapaMeTpax MPEeAMIECTBYIONIETO OTICICHUIO PEKIMa, COCTaBE M IMapaMeTpax Harpy3KH.
AHanM3MpOBANMCH 3HAYEHUS PEAKTHBHOW MOIMHOCTH Q. ¥ Hampspkenus U, B TOYKE IeNeHHs,
BpeMs cpabareiBanust JIAH. 3adukcupoBaHHOE 3HaueHWE BPEMEHU CpalaThIBaHUS MPOTOTHUIIA

ycrpoiicta ), CpaBHMBAIOCH C (HAaKTHUYECKHM NOMYyCTUMBIM i, ., & Takke co 3HadeHueM f,,

MOJlyYeHHBIM TpPU HCIOJB30BAaHMU HACTPOCHHOM TOJI YCIOBUS paccMaTpUBaEMOW CUTYyallMH

xapaktepuctuku t = f (U) (pucynok 5.11).

Pucynox 5.10 — Xapakrepuctuka cpadareiBanus JJAH

Pucynoxk 5.11 — Xapaxkrepucruka t = f (U)

MopaeaupoBanie NpoueccoB NPH OTAeJeHHH. AHAAHM3 PadoThl MPOTOTHNA YCTPOiicTBa
JAH. I'paduku mporeccoB, COOTBETCTBYIONIMX MOJCIUPYEMBIM PEKUMaM, NMPUBEACHBI HA PUCYHKAX
5.12 - 5.28; pesyabratsl uccienoBanus GpynkuuonupoBanus JJAH B aBapuitHbIX peXHMax CBEICHBI B

Tadnmiy 5.2.
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Pucynok 5.12
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Pucynok 5.13
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Pucynok 5.14
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Pucynok 5.15
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Pucynok 5.16
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Pucynok 5.17
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Pucynoxk 5.18
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Pucynoxk 5.19
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Pucynoxk 5.20
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Pucynok 5.21
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Pucynok 5.22
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Pucynok 5.23
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Pucynok 5.24
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Pucynok 5.25
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Pucynok 5.26
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Pucynok 5.27
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Pucynok 5.28

Bpewmst cpabareiBanus mporotuma yctpoictBa JJAH, peanu3yroniero nmpeioKeHHbIH aaroOpuTM,
B OOJIBIIMHCTBE MOJEIUPYEMBIX PEKUMOB OJIM3KO K (DaKTHUUECKU JOMYCTUMOMY BPEMEHM OTJIEJIECHHUS,

B TO Bpemsi kak mnpu wucrnonb3oBanud JIAH Ha ocHoBe xapakrepuctuku t=f(U), ornencnue
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BBITIOJIHSIIIOCEH OBI C CYHICCTBCHHBIM 3aI1aCoM I10 BpeMeHI/I: P OTHOCUTCIIBHO HEOOJIBIINX CHIDKEHUIX
Hanpspkenuss (mo 50-60% HOMHHAIBHOIO) pa3HHMIIA B CPaBHEHHH C (PAKTUYECKH JIOMYCTHMBIM

BPEMCHCM COCTaBUJIa B pAAC PCIKUMOB boiee OJIHOM CCKYHIBI.

Tabmuua 5.2 — Pesynbratsl npoBepku JJAH

U

JIAH

kB

Qpan » MBAp

t v

JIAH

t,, ¢

t C

DAKT !

CChIZIKa Ha
PUCYHOK

Jons nBurateneit B cocraBe Harpy3ku — 60 %; B mpeAmecTBYIONIEM PeXIUME MTOTOK

PEaKTUBHOM MOIIHOCTH OT 3JIEKTPOCTAHIIUU K 3Heprocucteme — 2 MBAp

3,4 8,7 0,1 0,15 0,14 5.12
4,7 6,2 0,18 0,15 0,22 5.13
5,2 5,2 0,26 0,15 0,3 5.14
5,5 4,1 0,46 0,15 0,5 5.15
5,8 3,55 0,88 0,15 0,88 5.16
6,2 1,5 1,7 0,5 1,82 5.17

Jons nsurateneit B cocraBe Harpy3ku — 60 %; B mpeAlIecTBYIOIIEM PEXUME OTOK

PEaKTHBHOM MOIIHOCTH OT 3JIEKTPOCTAHIIMHU K dHEeprocucreme — 6 MBAp

3,5 9,4 0,14 0,15 0,18 5.18
4,7 6,8 0,27 0,15 0,3 5.19
5,06 6,08 0,38 0,15 04 5.20
5,34 5,27 0,62 0,15 0,62 5.21
5,7 4,3 0,94 0,15 0,94 5.22
6,1 2,07 1,48 0,5 1,54 5.23

Jlons nuraTeneit B cocrape Harpy3ku — 40

%; B MpEeIIIECTBYIONIEM PEXKUME TIOTOK

PEaKTUBHOM MOIIHOCTH OT 3JIEKTPOCTAHIMHU K dHeprocucreme — 2 MBAp
3,25 7,75 0,1 0,15 0,16 5.24
4,43 4,9 0,16 0,15 0,28 5.25
4,9 4,2 0,26 0,15 0,38 5.26
5,27 3,55 0,5 0,15 0,7 5.27
5,8 1,5 1,26 0,6 1,52 5.28

ObaacTs npumeHenusi paspadoranHoii IAH. llenecooOpa3Ho nmpumeHeHue pa3zpaboTaHHOMN
JeTUTENTbHON aBTOMATHKH 0 HANPSHKEHUIO B «CIAOBIX» MPOTSHKEHHBIX PaCIIpEeIeIUTENbHBIX CETAX C
AIIEKTPOCTAHLUSAMH; IS OTIENICHUs] (PparMEeHTOB CETH C AJIEKTPOCTAHIMSIMHU Majlod MOIIHOCTH M
OOJBLION JOJNIeH JBUTaTENbHOIN Harpy3kd (MIPOMBINUICHHBIE CHCTEMBI JIEKTPOCHAOKCHUS, CHCTEMBI
SMEKTPOCHAOKEHHST OOBEKTOB HEe(TEra3oBOro KOMIUICKCA); JJs BBIMOJHEHHS —OIEPEKAIOIIETO

OTAEJIEHUS JEKTPOCTAHIIMN MAJIOM MOLIHOCTU OT BHEIIHEN YHEPTOCUCTEMBI.
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5.6 BeiBoabl mo riaase 5

1. CdopmupoBansl TpeOOBaHUA K ACTUTEIBHON aBTOMATHUKE MO HAMNPSKEHUIO NIPUMEHHUTEIbHO
K 2JICKTPO3HEPreTUYECKUM CHUCTEMaM € MaJbIMHU PaCIpeeIEHHBIMU JIEKTPOCTAHLIUAMH; ONPEAEICHO
HAlpaBJICHUE COBEPIICHCTBOBAHUS JICIUTEIbHOM aBTOMAaTHUKU [0 HANpPsDKEHHIO: obecreueHue eé
QIaNITUBHOCTH K MapaMeTpaM TEKYIIETO IEKTPHYECKOTO PEKIMA.

2. Ha ocHoBe aHamu3a B3aMMOCBS3M IAapaMETPOB pPEKUMa IPU CHUKEHUSAX HANpsHKEHUS
OPUMEHHUTENbHO K  JJEKTPOIHEPreTHYECKHMM  CHUCTeMaM C  MalbIMH  paclpelenéHHbIMU
AIIEKTPOCTAHLUSAMH TPEJIOKEH YCOBEPUICHCTBOBAHHBIA TMPHUHLIMIT [OCTPOSHHS  AETUTEIHHOMN
ABTOMATHKH TI0 HANpPsDKEHUIO, OCHOBAHHBIA HAa KOHTPOJIE B3aWMHBIX COOTHOIICHHWN HANpsIKCHUS,
3HAQYEHUS W HAIpPaBICHHUsS PEAKTHMBHOM MOIIHOCTH B TOYKE JeneHus. B coorBercTBUM €
NPEJIOKEHHBIM TPUHLIUIIOM pPa3paboTaH aNropuUTM JAETUTEIbHON aBTOMATUKU IO HANpsDKEHUIO,
orpenieNi€H MOAX0/l K BBIOOPY €€ mapaMeTpoB cpabaThIBaHUS.

3. C mnpuMeHEeHHEeM TEXHOJOTHH «OBICTPOrO MPOTOTUIHPOBAHMS» Ha 0aze 1mdppoBoro
POrpaMMHO-aIapaTHOr0 KOMILICKca peanbHoro BpemeHn e€MEGASIM paspabortan 1udpoBoi
MOJICJIbHBIA MPOTOTHIT ACTUTEIHHON aBTOMATUKH [0 HAIPSKEHHUIO.

4. TlpoBemensl wucmbITaHus nugpoBoro mozensHoro npororuna JAH c¢ wucnons3oBanneM
JUHAMAYECKOH MOJENM pPEaJbHOTO BPEMEHM DJIEKTPOIHEPTETUYECKOM CHCTEMBI C  Majlod
3JIEKTPOCTAHIMEH Ha Oa3e Moaenupytomiero kommiekca RTDS. Pe3ynbpTaTsl HCTIBITAHUN TOATBEPAMIN
BBICOKYIO 3()()eKTUBHOCTh NMPEATIOKEHHOTO NMPUHLUIIA B CPABHEHUH C CYLIECTBYIOIINUM, OCHOBAaHHBIM
Ha KOHTpOJE€ OJHOTO IlapaMeTpa; IOKa3aHO, YTO MCIIOJb30BaHME B alrOPUTME JAETUTEIbHOMN
ABTOMATUKU MO HAMPSHKCHUIO JOMOJHUTEIBHO PEaKTUBHOM MOIIHOCTH MO3BOJISIET aJalTUBHO (C
yu€TOM XapaKTePHCTHK TEKYIIETrOo OJIICKTPUYECKOrO pEeXHUMa) ONpeIeisITh MOMEHT BPEMCHH

otnenenus. OnpeneneHa 006JacTh MPUMEHEHHUS pa3pad0TaHHOTO aJTrOpPUTMA.

Pe3ynbraThl paboThl HaJl MaTepUaioM IIaBbl HanuM oTpakenue B [97, 115, 116, 155, 156].
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3AKVIIOYEHUE

1. BbInogHEH KOMIUIEKC CHCTEMHBIX HCCIEI0BAaHMHA IO COBEPILIEHCTBOBAHUIO CHUCTEMBbI
pesneitHON 3aluThl, HallpaBJIeHHOMY Ha obecriedeHue 3((GeKTUBHOCTH €€ (YyHKIIMOHUPOBAHUS B

YCJIOBUAX MOAKITIOYCHUA K CCTU MAJIbIX pacnpenenéHHHx BHGKTpOCTaHHHﬁ.

2. Jlana xapakTepucTHKa poOieMbl noctpoeHus P3 pacnpenenutenbHO ceTH ¢ MaJlbIMU
pacnpenenéHHbIMU leKTpocTaHuusaMU. [loka3ano, yto npu BHeapeHun ICMM anexkTpuueckue
PEXUMBI PACIIPEIEIUTEIILHOW CETH YCIIOKHSIOTCS: CETEBBIE DJIEMEHTHl HAYMHAIOT padoOTaTh B
YCIIOBUSIX MHOTOCTOPOHHETO IUTaHMs, MOSBISAETCS BO3MOXXHOCTh BO3HUKHOBEHHUS KadyaHUU U
ACUHXPOHHBIX PEXHMOB, HECHHXPOHHBIX BKJIIOYEHUH, PEKUMOB aBAPUNUHOIO OTIEIICHUS
¢parmenToB cetu ¢ DCMM OT 3HEprocucTeMbl. B CBs3M € 3TUM YCIOXKHSIOTCS YCIOBUS
¢yunxuonuposanus P3. Ha ocHoBe aHanu3a CyleCTBYIOIIETO OTEYECTBEHHOIO U 3apy0eKHOTO
onbiTa mocTpoeHus P3 npu moakmoueHnn ICMM o6ocHOBaHa HEOOXOIUMOCTh KOMITJIEKCHOTO
[0JX0/1a, BKJIIOYAIOIIETO pEIIeHUE JIByX OCHOBHBIX TpyIN 3ajnad. oOecrieyeHue Tpedyemoro
TEXHUUYECKOTO COBEPLIEHCTBA P3 31eKTpUUeCKUX ceTel, MpUIErarouX K TOUKE IPUCOEAUHEHNUS

OCMM u co3nanue P3A B y3ne npucoenunenus 9CMM k ceru.

3. Pa3paboransl W peanu3oBaHbl Ha 0a3e CIEHUATU3UPOBAHHBIX IPOTPAMMHBIX U
IpOTPAMMHO-aNMNapaTHBIX ~ KOMIUIEKCOB ~ MOJEIH  DJIEKTPUYECKHX CeTe C  MallbIMU
pactpenenEHHBIME  SJICKTPOCTAHIMSMY, 3aJaHbl BO3MOJKHBIE JMAIa30HbBl H3MEHEHHS HX
napaMeTpoB. Moienu MpUMEHEHBI TIPH UCCIEOBAHUAX HICKTPUUECKUX PEKUMOB, a TAKXKE TPH

anpoOaIuy MpeIoKeHHbIX B IUCCEPTALMOHHON paboTe perieHui.

4. TlpoBenensl uccneaoBaHusi dPGHEKTUBHOCTH (PYHKIIMOHUPOBAHMS CylIecTByomei P3
JNEKTPUYECKOM  ceTH, mnpuiexamedn K Touke mnpucoequHeHus OCMM. Ilomxyuenst
AQHAIUTUYECKUE BBIPAXKEHUS], OTPAXKAIOUINE BIUSIHUE MTOAKIIOUYAEMbIX K CETH IEKTPOCTAHLIUN Ha
YYBCTBUTEJIBHOCTh M CEJIEKTUBHOCTh TOKOBBIX U JUCTAHLIMOHHBIX 3alUT, W BBINOJIHEHA
KOJIMYECTBEHHAsl OLICHKAa WM3MEHEHHUs JTHX CBOMCTB 3allMT /I XapaKTEPHBIX apaMeTpOB
pacnpenenutenbHbix ceteil ¢ OCMM. IlpemnoxkeH moaxol K COMOCTaBICHUIO MO KPUTEPHUIO
YYBCTBUTEJIBHOCTHU 3ALUT C OTHOCUTEIBHON CEIEKTUBHOCTBIO, 3aKIFOYAIOIINICS B OIPEAEICHUN
MaKCUMaJIbHOM MOIIHOCTH TOAKIIOYaEMbIX K 3jekTpudeckort cetu DCMM, mpu KoTopou
3al[UTa BHEUIHEW CEeTH yAOBJIETBOPSET TPeOOBaHUSM YYBCTBUTEIBHOCTH; Ha OCHOBE 3TOTO
MOAXO0JA BBIIIOJIHEH CONOCTABUTENbHBIA aHAJIN3 MAKCHUMAJIbHBIX TOKOBBIX M JUCTAHIMOHHBIX
3anmrT. [lokasana 1e7ecoo0pa3HOCTh  HMCMOJNB30BaHUS  HMHGOpMAIMM O  MapaMeTpax
NOABapUAHOTO  PEeXUMa  JUISL  TOBBIMICHUS  d(PQPEKTHBHOCTH  JUCTAHIIMOHHBIX  3aIIUT

pacnpenenutenbHbIX ceteit ¢ OCMM.
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5. YcraHoBieHsl TpeOoBaHMs K ObicTponeiicTBuio P3  pacmpenenutenbHO ceTd IO
YCIOBUSIM  yCTOMUHMBOCTH TeHepaTopoB OCMM. IlpemsioxkeHO TPUMEHSTh CTYINEHYATYIO
3aBUCHUMOCTH JOIyCTUMOTO BpeMeHHU oTkItoueHus: K3 oT ocTaTOYHOro HampspKeHHsS Ha ITUHAX
OCMM. Orkmouenne Omm3kux kK muHaM OCMM K3 B psge ciydaeB HEO0OXOAMMO
OCYIIECTBIIATH 3a BpeMs MeHee 0,12 ¢; Takum oOpa3om, TpeOOBaHHS K OBICTPOACHCTBHIO 3AIIUT
pacopenenuTenbHbIX CeTel CTAaHOBATCS Oosiee KECTKUMU, YeM B CeTAX Oosiee BBHICOKOIO Kjacca

HaIIPsAKCHUA.

6. [IpemmoxeHsl crmocoObl MOBBIIEHUS TEXHUYECKOTO coBepiieHCTBa P3 snmekTpuueckoi
ceTH, npuiekaunieil k Touke npucoenuHennss DCMM. CucreMaTU3upOBaHbl PACUETHBIE YCIOBUS
JUIs. BBIOOpa mapameTpoB cpabaThbIBaHUS MAaKCHMAJbHBIX TOKOBBIX 3alIMT (B TOM 4YHCIE, IS
TOKOBBIX 3aIlMT C 3aBHCUMOI OT TOKa BBIICPKKOH BpeMEHH CpadaThiBaHMs) C YYETOM
OCOOCHHOCTEH PEXKHUMOB pacmlpeneauTenbHbix ceTeil ¢ DCMM. JlaHbpl peKoMeHAAMH IO
BBINIOJIHEHUIO OpraHa HAaNpaBiICHHWs MOIIHOCTH B COCTaBE HAIIPABJICHHOM MaKCUMalbHOU
TOKOBOW 3alUThl pacnpenenutenbHoi cetn ¢ OCMM. llpemioxkeH NpUHLKI BBITOJHEHUS
JUCTAaHLIMOHHOM 3alIUTBHl JIMHUM DJIEKTPOIIEpEAadd, IPEeAyCMATPUBAIOIIMKI  aJalTHBHOE
U3MEHEHHE NapaMeTpoB cpalaTbiBaHMsI Ha OCHOBE YAAINEHHBIX HW3MEPEHUH MapameTpoB
J0aBapuiHOro pekuma B y3nax npucoenuHeHus DCMM. Ilpennoxen cnoco® MpoOAOIbHOM
mudQepeHMaIbHOl  TOKOBOM  3alUTHl JIMHUM 3JIEKTpOINEpeNadyd, OPUEHTHPOBAHHBIA Ha
pactpeaenurensubie cetd ¢ DCMM, OCHOBaHHBIM Ha HCIONB30BAHUM OJHOTO KOMIUICKTA,

YCTAaHABJIMBAEMOI'O C OAHOI'O KOHIIA JIMHUH, croco0 3allUIICH ITIaTCHTOM P® na I/I306p€T€HI/Ie.

7. C nenpio ontuMu3anuu TpedboBannii k P3 pacnpenenurenshoii cetn ¢ 9CMM BBeneHbI
B pacCMOTpEeHHE TpH ToaxoAa K ympaBieHuto DCMM B aBapuilHBIX pexuUMax. OTKIIOUEHUE
MajblX 3JEKTPOCTAaHIMM, BBIACICHUE MaJbIX DSJIEKTPOCTAHUMNA HAa MECTHYI HarpysKy,
COXpaHEHHE MapajuIeNbHON paboThl MajbIX JIEKTPOCTAHINN ¢ UCTOYHUKAMU BHEIIHEH ceTtu. B
COOTBETCTBUM C OTHMU NOAXOJaMHU pa3paboTaHbl TpeOOBaHUS K pEIeWHOW 3amure
pacrpefenuTeNbHON ceTu Tpu ToAKIodeHuH kK Hed ODCMM; ompeneneHbl MPUHIUIIBI
MOCTPOEHHUs, COCTaB (YHKIMH M JMama3oHbl MMapaMeTpoB cpabaTbiBaHus KomIuiekca P3A B
TOYKE MPUCOEAMHEHUSI 3JIEKTPOCTAHUMM; JaHbl PEKOMEHJALMH IO COCTaBy U Pa3MEUICHUIO

(GYHKUMH 3aIIUT NpHIIKAEH K TOUKE MPUCOEIMHEHUS pacpeeTUTEIbHOM CeTH.

8. YcoBepIIeHCTBOBaHBl ~ NPUHIUMBI  TOCTPOEHUS  JEJIUTENBHOW  aBTOMATHKH,
yCTaHaBIMBaeMOW B Touke npucoenuHenuss DCMM: mpeiokeH NPUHLIMN W pa3paboTaH
QITOPUTM JEIUTEIBHON ABTOMATHKHU [0 HANPSIKEHHWIO, OCHOBAHHBIM Ha KOHTPOJIE B3aUMHBIX
COOTHOIIEHUH HANPSDKCHMS, 3HAYECHUS U HAIIPABJICHUS PEaKTUBHON MOIHOCTH B TOYKE JIEJICHHU.
Omnpenenena o01acTe NPUMEHEHUS pa3pab0TaHHON AEIUTEIbHON aBTOMATUKU IO HANpPsHKEHUIO

U TIPEJIOKEH MPaKTHUECKUI MOAX0 K BBIOOpY mapameTpoB e€ cpabareiBanus. MccnenoBanue
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(YHKIMOHUPOBAaHUS pa3pabOTaHHOIO AJIrOPUTMa OCYIIECTBICHO C MPUMEHEHUEM TEXHOJOTUHU
U(PPOBOr0 MOJEIUPOBAHUS B PEXKHME PEATbHOTO BPEMEHHM IYTEM CO3AAHUS M UCIBITAaHUN
OMBITHOrO 00pasua ycrpoicTBa (H(POBOro MOAEIHFHOIO MPOTOTHIIA). Pe3yabTaThl UCIIBITAHMIA

HOJTBEPAMIIN BHICOKYIO 3(PEKTUBHOCTD MPEIOKEHHOTO PUHIIMIIA.

9. Pe3ynbTartel HCCIIEAOBAaHMM HCHOJB30BAHBI B JeATENbHOCTH moakomurera C6
Poccuiickoro nanmonansaoro komurera (PHK) CUI'PD «Cucremsl pacnipeqencHuss SHEPTHA U
pacripenenéHHas TeHepauus» Npu pa3paboTKe KOHIENTYAIbHBIX BONPOCOB CO3IAaHUS CHCTEM
P3A 00BEeKTOB MaJlol TeHepaluu, MPU BBHIMOJHEHUH HAYYHO-HCCIEIOBATEIBCKUX U OIBITHO-
KOHCTpyKTOpckux pabor B OAO «BHUMP». Hayunsle pe3ynabTaTel M IHOJOXKEHHUS
JMCCEPTALlMOHHOW ~ paboOTBl  HCHOJB3YIOTCA B yd4eOHOM  mporecce B YyBamickom
rocyaapcTBeHHOM yHuBepcurere uM. M. H. YibsiHOBa npu moAroroBke MarucTpoB 1 OakaaaBpoOB
B JICKI[MOHHBIX KypcaX, Ha JIaDOpaTOpHBIX 3aHATHSX, a TaKkKe MPH HAYYHOM PYKOBOJCTBE

paboToii CTYJIeHTOB.
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CIIUCOK COKPAIIIEHUH U YCJIOBHBIX OBO3HAYEHUH

ABP — aBTOMAaTUYECKUI BBOJI PE3EPBA;

AIIB — aBTOMAaTU4ECKOe MOBTOPHOE BKIIIOUCHHUE,
ALII — aHanoro-un¢poBoii mpeodpazoBarensb;

bBOX — 0s10K hopMHpOBaHUs XapaKTepucTHKH (cpabaThiBaHusl);
BB — BBOJHEIN BEIKIIIOUATEND,

BUD — BO30OHOBJISIEMbIE ICTOYHUKH SHEPTUH;

BJI — BO3IyLIHAs JUHUA;

BY — BBICOKOYACTOTHBIH;

I'3 — ra3oBas 3allnTa;

I'TIsC — ra3onopIIHeBast IEKTPOCTAHIHS,

ITY — ra3oTypOHHHas yCTaHOBKA,;

JA — JEeINTCILHAS aBTOMATHKa,

JAH — JeNUTEIbHAsl aBTOMATHKA 110 HAMPSHKEHUIO;
I3 — IACTAHIIMOHHA 3aI1Ta,;

J3J1 — nuddepeHnmanbHas 3amuTa JIHHUY,

J3T — muddepennmanbHas 3amuTa TpascGopMaTopa,
J311 — nuddepeHnmanbHas 3aluTa II1H,

D — IUCKpeTHOe npeodpazoBanue Dypre;

J12C — AU3eJbHAas AIEKTPOCTAHIINS,

3r — (Habop) 3amuUT reHeparopa,

K3 — KOPOTKOE 3aMbIKaHUE;

KC — KOHTPOJIb CHHXPOHHU3MA;

JIDIT — JIMHUA DIIEKTPOIIepenady,

MT3 — MaKcHUMaJbHas TOKOBAas 3alllUTa;

HAIIB — HECMHXPOHHOE aBTOMAaTHYECKOE ITOBTOPHOE BKIFOUECHUE;
HCB — HECUHXPOHHOE BKJIIOUECHHUE;

033 — ogHO(a3HOE 3aMbIKaHUE Ha 3EMITIO;

OHM — OpraH HamnpasJIEHUs] MOLIHOCTH;

OHM OIl - opran HampaBJICHUsI MOITHOCTA OOPATHOM TIOCTICIOBATEIIBHOCTH;

I10 — IyCKOBOM OpraH;
I1C — IIOACTaHIUA,
yos — IIPABUJIA YCTPOUCTBA 3JIEKTPOYCTAHOBOK;

P3 — peneiiHas 3allIuTa;
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— peseiiHas 3a1uTa 1 aBTOMAaTHKa,
— Poccuiicknii HallMOHaILHBII KOMUTET,
— crenMagbHas aBTOMaTUKa OTKJIIOUEHHUS HATPy3KH;
— CEKLIMOHUPYIOUIUH IIyHKT;
— YCTPOMCTBO TOYHOM CUHXPOHU3ALINH;
— TOKOBas 3alIUTa;
— TOKOBasl 3all[UTa HyJIEBOW MOCIEA0BATEIHHOCTH,
— TOKOBAasi OTCEUKa,
— TETUIOAIEKTPOLICHTPAJIb,
— yJaBJIMBaHUE CHHXPOHHU3MA,
— UQpo-aHaJIOTOBBIN IPE0OpPa30BaATEND;
— YaCTOTHaA ACJIUTCIIbHAd aBTOMAaTHUKA,
— DKBUBAJICHTHBIM UCTOYHHUK BHEIIIHEH CETH;
— 3JIEKTPUYECKas CTAaHIUS MaJIOil MOITHOCTH,
— 3JIEKTPOIHEPTeTHUECKasi CUCTEMA,
— Conseil International des Grands Réseaux Electriques;
— ElectroMagnetic Transients Program;
— Field-Programmable Gate Array;
— Power Systems Computer Aided Design;

— Real-Time Digital Simulator.
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IMPUJIO’)KEHUE B

INEPEXOHBIE ITPOLIECCBHI [TPU KOPOTKUX 3AMBIKAHUAX
CETH C MOLJHBIM UCTOYHUKOM

Pucynok B.1 — I'paduku nepexoJHbIX MPOIECCOB MpH On3KoM TpéxdasHom metammnueckom K3
(3nexTpocTaHIysg B MOIIHOM cetH; T, =1C, cucremMa He3aBUCUMOTO BO30YXKIECHHS; Harpy3Ka Ha
MIMHAX AJIEKTPOCTAHIMHU — OTKItoueHa); t,, = 0,16 ¢ . YcToiuMBOCTS reHepaTOpOB IEKTPOCTAHIINI
HapymraeTcs

Pucynok B.2 — I'paduku mepexoJHbIX MPOIIECCOB MpH On3KoM TpéxdaszHom metammnaeckom K3
(anexTpocTaHIys B MOIIHOM ceTH; T, =1C, cucremMa He3aBUCUMOTO BO30YK/ICHHS; HAarpy3Ka Ha
IIMHAX IEKTPOCTAHINH — OTKII04eHa); t,, = 0,14 ¢ . YcTOWYnBOCTS reHepaTOpOB IEKTPOCTAHIINH
COXpaHsieTcs

Pucynok B.3 — I'paduku nepexoansix mnpoieccoB npu 61u3koM Tpéxdaznom metammnaeckom K3
(3mexTpocTaHIuA B MOIIHOM cetH; T, =1C, cucreMa He3aBUCUMOTO BO30YXKICHHS; HAarpy3Ka Ha
IIMHAX JIEKTPOCTAHINK — BKIFOYEHA; 10JIs IBUTaTeseil B coctaBe Harpy3ku — 0%); t,, = 0,16 ¢ .
Y CTONYMBOCTL T€HEPATOPOB JIEKTPOCTAHIIMN HAPYILIAETCS
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Pucynok B.4 — I'paduku nepexoJHbIX MPOIECCOB MpH On3KoM TpéxdasHom meramtnueckom K3
(anexTpocTaHIys B MOIIHOM cetH; T, =1C, cucremMa He3aBUCUMOTO BO30YK/ICHHS; HAarpy3Ka Ha

IIMHAX IEKTPOCTAHINY — BKIFOYEHA; 0N JIBUTaTeseil B coctaBe Harpysku — 0%); t,, = 0,14 c.
Y CTONUMBOCTE TEHEPATOPOB AIEKTPOCTAHIINU COXPAHSIETCS

Pucynok B.5 — I'paduku nepexoJHbIX MPOIecCoB MpH On3KkoM TpéxdasHom meramtnueckom K3
(anexTpocTaHIys B MOIIHOM ceTH; T, =1C, cucremMa He3aBUCUMOTO BO30YKICHHS; HAarpy3Ka Ha

MIMHAX 3JIEKTPOCTAHIMK — BKJIIOUCHA, 10JIsI ABUTaTeNel B coctaBe Harpysku — 70%); t,, =0,16 c.
VY CTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynok B.6 — I'paduxu nepexoansix npoieccoB npu 61u3koM TpéxdaszHoM metammunaeckoM K3
(3nexTpocTaHIys B MOIIHOM cetH; T, =1C, cucremMa He3aBUCUMOTO BO30YXKICHHS; Harpy3Ka Ha

MIMHAX 3JIEKTPOCTAHIMK — BKJIIOUCHA, OIS ABUTaTeNel B coctaBe Harpysku — 70%); t,, =0,14 c.
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUKM COXPAHSIETCS
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Pucynok B.7 — I'paduku nepexoJHbIX MPOIEcCOB MpH On3KkoM TpéxdasHom meramtnueckom K3
(anexTpocTaHIys B MOIIHOM ceTH; T, =1C, cucremMa caMoBO30YKACHHUS; HArpy3Ka Ha IIHHAX

3IIEKTPOCTAHIMHN — OTKII0UeHa); t,, = 0,16 ¢ . YcToHYMBOCTD T€HEPAaTOPOB IEKTPOCTAHIIUH
HapymIaercs

Pucynok B.8 — I'paduku nepexoJHbIX MPOIecCcoB MpH On3KkoM TpéxdasHom metamtnueckom K3
(amexTpocTaHIys B MOIIHOM ceTH; T, =1C, cucremMa caMoBO30YKACHHUS; HArpy3Ka Ha IIHHAX

AIIEKTPOCTAHIMHK — OTKIIoueHa); t,, = 0,14 ¢ . YcTOIUMBOCTS FeHEPaTOPOB IEKTPOCTAHIINI
coxpaHsercs

Pucynok B.9 — I'paduxu nepexoansix mnpoieccoB npu 61u3koM TpéxdazHom metammunaeckom K3
(mexTpocTaHIy B MOIIHOM cetH; T, =1C, cucremMa caMoBO30YKIEHHUS; Harpy3Ka Ha IIHHAX

3IIEKTPOCTAHIMHN — BKJIIOUCHA, OIS ABUTaTENel B coctaBe Harpysku — 0%); t,, = 0,16 c.
VY CcTOWYMBOCTH TEHEPATOPOB JICKTPOCTAHIIMU HAPYILIAETCS
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Pucynok B.10 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocTaHIys B MOIIHOM ceTH; T, =1C, cucremMa caMoBO30YKACHHUS; HArpy3Ka Ha IIHHAX

3JIEKTPOCTAHIMU — BKIIIOUEHA,; JIOJIS IBUTATENEeH B cocTase Harpysku — 0%); t,, =0,14 ¢ .
Y CcTOIUMBOCTE T€HEPATOPOB AIEKTPOCTAHLIUU COXPAHSIETCS

Pucynok B.11 — I'paduku nepexoHbIX MPoLeccoB Mpu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(amexTpocTaHIys B MOIIHOM ceTH; T, =1C, cucremMa caMoBO30YKACHHUS; HArpy3Ka Ha IIHHAX

3IIEKTPOCTAHINH — BKJIIOUEHA, 0JIsI ABUTaTeNel B coctaBe Harpys3ku — 70%); t,, =0,14 ¢ .
VY CcTOWYHMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynok B.12 — I'pauku nepexoaHbIX NpoueccoB npu 6au3koM TpéxdazHoMm MeTaundeckom K3
(mexTpocTaHIy B MOIIHOM cetH; T, =1C, cucremMa caMoBO30YKIEHHUS; Harpy3Ka Ha IIHHAX

3IIEKTPOCTAHIMHK — BKJIIOUEHA, 0JIsI ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,12 ¢ .
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUM COXPAHSIETCS
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Pucynok B.13 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(snexTpocTaHIMs B MOIHOM ceTu; T, =3 C, cucreMa He3aBUCUMOTO BO30Y)KICHHMS; Harpy3Ka Ha

IIHAX IEKTPOCTAHIUH — OTKII04eHa); t,, = 0,26 ¢ . YcToH4nBOCTS FeHepaTOPOB IEKTPOCTAHIINH
HapymaeTcs

Pucynok B.14 — I'paduku nepexoHbIX MPoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(snexTpocTaHIMs B MOIHOM ceTu; T, =3 C, cucreMa He3aBUCUMOTO BO30Y)KACHHMS; Harpy3Ka Ha

MIMHAX AJIEKTPOCTAHIMHN — OTKItoueHa); t,, = 0,24 ¢ . YcTOIUMBOCTS FeHEPaTOPOB IEKTPOCTAHIINI
COXpaHseTCst

Pucynok B.15 — I'pauku nepexoaHbIX MpoueccoB npu 6au3koM TpéxdaznoMm MeTaundeckom K3
(pnexTpocTaHIMs B MOIHOM ceTn; T, =3 C, cucreMa He3aBUCUMOTO BO30Y KIEHHUS; Harpy3Ka Ha

IIMHAX YJIEKTPOCTAHINN — BKJIIOUCHA, JI0JIsL ABUTaTENel B coctaBe Harpysku — 0%); t,, =0,26 c.
Y CcTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS
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Pucynok B.16 — I'pauku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(snexTpocTaHIMs B MOIHOM ceTu; T, =3 C, cucreMa He3aBUCUMOTO BO30Y)KICHHMS; Harpy3Ka Ha

IIMHAX IEKTPOCTAHINY — BKIFOYEHA; 0N JIBUTaTeseil B coctaBe Harpysku — 0%); t,, =0,24 c.
Y CTONUMBOCTE TEHEPATOPOB AIEKTPOCTAHIINU COXPAHSIETCS

Pucynok B.17 — I'paduku nepexoHbIX MPoLeccoB Mpu 6Iu3KoM TpéxpaznoM MeTaummdeckom K3
(snexTpocTaHIMs B MOIHOM ceTu; T, =3 C, cucreMa He3aBUCUMOTO BO30Y)KACHHMS; Harpy3Ka Ha

MIMHAX 3JIEKTPOCTAHIMK — BKJIIOUCHA, OIS ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,24 c.
VY CTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynok B.18 — I'paduku nepexoaHbIX NpoueccoB npu 6au3koM TpéxdazHoM MeTtaundeckom K3
(pnexTpocTaHIMs B MOIHOM ceTn; T, =3 C, cucreMa He3aBUCUMOTO BO30Y KIEHHUS; Harpy3Ka Ha

MIMHAX 3JIEKTPOCTAHIMK — BKJIIOUCHA, OIS ABUTaTeNel B coctaBe Harpysku — 70%); t,, =0,22 ¢c.
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUKM COXPAHSIETCS
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Pucynok B.19 — I'paduku nepexoaHbIX MpoLeccoB npu 6au3koM TpéxdaznoMm MeTaummdeckom K3
(pnekTpocTaHIMs B MOIIHOM ceTH; T, =3 C, cucremMa caMoB030Y)KACHHMS; HAarpy3Ka Ha IIHHAX

3IIEKTPOCTAHIMHN — OTKII0UeHa); t,, =0,26 ¢ . YcToHUMBOCTD T€HEPATOPOB IEKTPOCTAHIIUH
HapyIaeTcs

Pucynox B.20 — I'paduku nepexoaHbIX MpoLeccoB npu 6au3koM TpéxdaznoMm MeTaummdeckom K3
(snekTpocTaHIMs B MOIIHOM ceTH; T, =3 C, cucremMa caMoB030Y)KACHHMS; HAarpy3Ka Ha IIUHAX

AIIEKTPOCTAHIMHK — OTKIIoueHa); t,, = 0,24 ¢ . YcTOHUMBOCTS FeHEPaTOPOB IEKTPOCTAHIINI
coxpaHsercs

Pucynok B.21 — I'pauku nepexoaHbIX NpoLeccoB npu 6au3koM TpéxpazHoM MeTaundeckom K3
(’nekTpocTaHIMA B MOIIHOM ceTH; T, =3 C, cucremMa caMoBO30Y KIEHHMS; Harpy3Kka Ha IIMHAX

3IIEKTPOCTAHINHN — BKJIIOUCHA, OIS ABUTaTENel B coctaBe Harpysku — 0%); t,, =0,26 c.
VY CcTOWYMBOCTH TEHEPATOPOB JICKTPOCTAHIIMU HAPYILIAETCS
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Pucynok B.22 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxdaznoMm MeTaummdeckom K3
(pnekTpocTaHIMs B MOIIHOM ceTH; T, =3 C, cucremMa caMoB030Y)KACHHMS; HAarpy3Ka Ha IIHHAX

3JIEKTPOCTAHIMU — BKIIIOUCHA,; JIOJIS IBUTATENEeH B cocTase Harpysku — 0%); t,, =0,24 c.
Y CTOWYMBOCTH TEHEPATOPOB AIIEKTPOCTAHIIUH COXPAHSETCS

Pucynok B.23 — I'paduku nepexoHbIX MPoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(snekTpocTaHIMs B MOIIHOM ceTH; T, =3 C, cucremMa caMoB030Y)KACHHMS; HAarpy3Ka Ha IIUHAX

3IIEKTPOCTAHINHK — BKJIIOUEHA, 0JIsI ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,24 c.
VY CcTOWYHMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynok B.24 — I'pauku nepexoaHbIX NpoLeccoB npu 6au3koM TpéxdpaznoMm MeTtaundeckom K3
(’nekTpocTaHIMA B MOIIHOM ceTH; T, =3 C, cucremMa caMoBO30Y KIEHHMS; Harpy3Kka Ha IIMHAX

3IIEKTPOCTAHIMHK — BKJIIOUEHA, 10JIsI ABUTaTeNel B coctaBe Harpysku — 70%); t,, =0,22 ¢.
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUM COXPAHSIETCS
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Pucynok B.25 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(snexTpocTaHIMs B MOIHOM ceTu; T, =5 C, cucremMa He3aBUCUMOTO BO30Y)KACHHMS; HArpy3Ka Ha

IIHAX IEKTPOCTAHIUH — OTKII04eHa); t,, = 0,32 ¢ . YcToH4nBOCTS reHepaTOpOB IEKTPOCTAHIINH
HapymaeTcs

Pucynok B.26 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocTaHIMs B MOIHOM ceTn; T, =5 C, cucremMa He3aBUCUMOTO BO30Y)KIACHHMS; HArpy3Ka Ha

IIUHAX 3JIEKTPOCTAHINU — OTKIIoueHa); t,, = 0,3 ¢. YCcToi4nBOCTD TeHepaToOpoOB AIEKTPOCTAHIUH
COXpaHseTCst

Pucynok B.27 — I'pauku nepexoHbIX MpoLeccoB npu 6Jau3koM TpéxdazHoM MeTaundeckom K3
(pnexTpocTaHIMs B MOIHOM ceTn; T, =5 C, cucremMa He3aBUCUMOTO BO30Y KIEHHMS; Harpy3Ka Ha

IIMHAX JIEKTPOCTAHINN — BKJIIOUCHA, JI0JIs ABUTaTENel B coctaBe Harpysku — 0%); t,, =0,32 c.
Y CcTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS
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Pucynok B.28 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(snexTpocTaHIMs B MOIHOM ceTu; T, =5 C, cucremMa He3aBUCUMOTO BO30Y)KACHHMS; HArpy3Ka Ha

IIMHAX JIEKTPOCTAHIINY — BKIIFOUEHA; OIS ABUrartenel B cocrase Harpysku — 0%); t,, =0,3 c.
Y CTONUMBOCTE TEHEPATOPOB AIEKTPOCTAHIINU COXPAHSIETCS

Pucynok B.29 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocTaHIMs B MOIHOM ceTn; T, =5 C, cucremMa He3aBUCUMOTO BO30Y)KIACHHMS; HArpy3Ka Ha

IIMHAX HJIEKTPOCTAHINN — BKIIIOUCHA; J10JIs ABUTATENel B coctaBe Harpysku — 70%); t,, = 0,3 c.
VY CTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynoxk B.30 — I'pauku nepexoaHbIX NpoleccoB npu 6au3koM TpéxgaznoMm MeTaundeckom K3
(pnexTpocTaHIMs B MOIHOM ceTn; T, =5 C, cucremMa He3aBUCUMOTO BO30Y KIEHHMS; Harpy3Ka Ha

MIMHAX 3JIEKTPOCTAHIMK — BKJIIOUCHA, 0JIsI ABUTaTeNel B coctaBe Harpysku — 70%); t,, =0,28 c.
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUKM COXPAHSIETCS
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Pucynok B.31 — I'pauku nepexoaHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(snekTpocTaHIMs B MOIIHOM ceTH; T, =5 C, cucremMa caMoB030Y)KAEHHMS; HAarpy3Ka Ha IIHHAX

3IIEKTPOCTAHIMHN — OTKII0UeHa); t,, = 0,32 ¢ . YcTOHUMBOCTD T€HEPATOPOB IEKTPOCTAHIINH
HapyIaeTcs

Pucynok B.32 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(snekTpocTaHIMs B MOIIHOM ceTH; T, =5 C, cucrema caMoB030Y)KIAEHHMS; HAarpy3Ka Ha IIMHAX

3NIEKTPOCTAHILUH — OTKIII0UeHa); {,, = 0,3 ¢. YcTOHUMBOCT reHepaTOpPOB ANEKTPOCTAHINH
coxpaHsercs

Pucynoxk B.33 — I'pauku nepexoaHbIX npoueccoB npu 6au3koM TpéxpazHoMm MeTtaundeckom K3
(’mekTpocTaHIMA B MOIIHOM ceTH; T; =5 C, cucremMa caMoB030YKIEHHMS; Harpy3Kka Ha IIMHAX

3IIEKTPOCTAHINHN — BKJIIOUCHA, 10JIL ABUTaTENel B coctaBe Harpysku — 0%); t,, =0,32 c.
VY CcTOWYMBOCTH TEHEPATOPOB JICKTPOCTAHIIMU HAPYILIAETCS
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Pucynok B.34 — I'paduku nepexoHbIX MpoLeccoB mpu 6au3koM TpéxdaznoM MeTaummdeckom K3
(snekTpocTaHIMs B MOIIHOM ceTH; T, =5 C, cucremMa caMoB030Y)KAEHHMS; HAarpy3Ka Ha IIHHAX

3IIEKTPOCTAHINHN — BKJIIOUEHA,; JIOJIS JBUTATENEeH B cocTaBe Harpysku — 0%); t,, = 0,3 c.
Y CTOWYMBOCTH TEHEPATOPOB AIIEKTPOCTAHIIUH COXPAHSETCS

Pucynoxk B.35 — I'paduku nepexoHbIX Mpo1eccoB npu 6au3koM TpéxdaznoMm Metaummdeckom K3
(snekTpocTaHIMs B MOIIHOM ceTH; T, =5 C, cucrema caMoB030Y)KIAEHHMS; HAarpy3Ka Ha IIMHAX

3IIEKTPOCTAHINHK — BKJIIOUEHA, 0JIsI ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,28 ¢ .
VY CcTOWYHMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynoxk B.36 — I'pauku nepexoaHbIX npoleccoB npu 6au3koM TpéxdaznoMm MeTtaundeckom K3
(’mekTpocTaHIMA B MOIIHOM ceTH; T; =5 C, cucremMa caMoB030YKIEHHMS; Harpy3Kka Ha IIMHAX

3IIEKTPOCTAHINHK — BKJIIOUEHA, OIS ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,26 ¢.
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUM COXPAHSIETCS
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CETb CO «CJIAFBbIM» HCTOYHUKOM

Pucynok B.37 — I'pauku nepexoHbIX MpoLeccoB npu 6au3koM TpéxdazHoMm MeTtauindeckom K3
(anexTpocranus B cnaboit cety; T, =1C, cucTemMa He3aBUCHMOTO BO30YXKICHHS, Harpy3Ka Ha MIMHAX

AIIEKTPOCTAHIMHK — OTKIIoUeHa); t,, = 0,14 ¢ . YcTOIUMBOCTS FeHEPaTOPOB IEKTPOCTAHIINI
Hapyaercs

Pucynok B.38 — I'paduku nepexoaHbIX NpoueccoB npu 6au3koM TpéxdaznoMm MeTaundeckom K3
(anexTpocranus B cnaboit cety; T, =1C, cucTemMa He3aBUCHMOTO BO30YXKICHHS, Harpy3Ka Ha IMIMHAX

AJIEKTPOCTAHIIMY — OTKJItoUeHa); 1., = 0,12 ¢ . YcTOHYMBOCTD TEHEPATOPOB IEKTPOCTAHIINU
K3
COXpaHseTCs

Pucynoxk B.39 — ['paduku nepexoHbIx MporeccoB npu 0u3koM TpéxdazHoM Metautnaeckom K3
(anexTpocranus B cnaboit cety; T, =1C, cucTemMa HE3aBUCHMOTO BO30YXKICHHS, Harpy3Ka Ha MIMHAX

3IIEKTPOCTAHILIMK — BKIIIOYEHA; JIOJIs IBUTaTeseil B coctaBe Harpy3ku — 0%); t,, =0,14 ¢.
Y CTONYMBOCTB T€HEPATOPOB JIEKTPOCTAHIIMN HAPYIIAETCS
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Pucynox B.40 — I'paduku nepexoHbIX MPOoLeccoB Mpu 6Iu3KoM TpéxpaznoMm MeTaummdeckom K3
(anextpocranius B cnaboit cety; T, =1C, cucTemMa He3aBUCHMOT0 BO30YXKICHHS, Harpy3Ka Ha IIMHAX

3JIEKTPOCTAHIMU — BKIIIOUCHA,; JIOJIS IBUTATENEeH B cocTase Harpysku — 0%); t,, =0,12 ¢ .
Y CTOWYMBOCTH TEHEPATOPOB AIIEKTPOCTAHIIUH COXPAHSIETCS

Pucynok B.41 — I'paduku nepexoHbIX MPOoLeccoB Mpu 6Iu3KkoM TpéxpaznoM MeTaumdeckom K3
(anextpoctanius B cnaboit cety; T, =1C, cucTemMa He3aBUCHMOT0 BO30YKICHHS, Harpy3Ka Ha IIMHAX

3IIEKTPOCTAHIMHK — BKJIIOUEHA, 0JIsI ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,12 ¢ .
VY CcTOWYHMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynok B.42 — I'paduku nepexoHbIX NpoLeccoB npu 6au3koM TpéxdpaznoM MeTtaundeckom K3
(anexTpocranus B cnaboit cety; T, =1C, cucTemMa He3aBUCHMOTO BO30YXKICHHS, Harpy3Ka Ha MIMHAX

3IIEKTPOCTAHINHN — BKJIIOUCHA, 10JI ABUTaTENel B coctaBe Harpysku — 70%); t,, =0,1c¢.
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUM COXPAHSIETCS
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Pucynok B.43 — I'paduku nepexoaHbIX MPOoLeccoB Mpu 6Iu3KoM TpéxpaznoMm MeTaundeckom K3
(anexTpocranims B cnaboii cet; T, =1C, cucrema caMoB030YKIEHHMS; HArpy3Ka Ha IIMHAX

9JIEKTPOCTAHIINU — OTKJIFOUEHA); t = 0,12 ¢ . YcTOWYUBOCTh TEHEPATOPOB IIEKTPOCTAHITUN
Hapyuaercs

Pucynok B.44 — I'paduku nepexoHbIX MPOLEeccoB Mpu 6Iu3KoM TpéxpazHoMm MeTaumdeckom K3
(anexTpocranims B cnaboii cet; T, =1C, cucrema caMoB030YKIEHHMS; HArpy3Ka Ha IIMHAX

BIIEKTPOCTAHIMHK — OTKIIoueHa); t,, = 0,10 ¢ . YcToiuMBOCTS reHEpaTOPOB IEKTPOCTAHIINI
coxpaHsercs

Pucynok B.45 — I'pauku nepexoaHbIX NpoLeccoB npu 6au3koM TpéxdaznoM MeTtaundeckom K3
(anexTpocranims B crnaboii cetn; T, =1C, cucrema caMoB030YKIEHHUS; HArpy3Ka Ha IIHHAX

3IIEKTPOCTAHINHN — BKJIIOUCHA, 10JIsL ABUTaTENel B coctaBe Harpysku — 0%); t,, = 0,14 c.
VY CcTOWYMBOCTH TEHEPATOPOB JICKTPOCTAHIIMU HAPYILIAETCS
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Pucynok B.46 — I'paduku nepexoHbIX MPOoLeccoB Mpu 6Iu3KoM TpéxpaznoM MeTaummdeckom K3
(anexTpocranims B cnaboii cet; T, =1C, cucrema caMoB030YKIEHHMS; HArpy3Ka Ha IIMHAX

3IIEKTPOCTAHIMU — BKIIIOUEHA,; JJOJIS IBUTATENeH B cocTase Harpysku — 0%); t,, =0,12 ¢ .
Y CTOWYMBOCTH TEHEPATOPOB AIIEKTPOCTAHIIUH COXPAHSETCS

Pucynoxk B.47 — I'paduku nepexoiHBIX MPOLIECCOB MpU OIU3KOM TpéxpazHoM MeTaundeckom K3
(anexTpocranims B cnaboii cet; T, =1C, cucrema caMoB030YKIEHHMS; HArpy3Ka Ha IIMHAX

3IIEKTPOCTAHIMHK — BKJIIOUEHA, T0JIsI ABUTaTeNel B coctaBe Harpys3ku — 70%); t,, =0,12 ¢ .
VY CcTOWYHMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynok B.48 — I'pauku nepexoaHbIX NpoLeccoB npu 6au3koM TpéxdazHoMm MeTaundeckom K3
(anexTpocranims B crnaboii cetn; T, =1C, cucrema caMoB030YKIEHHUS; HArpy3Ka Ha IIHHAX

3IIEKTPOCTAHINHN — BKJIIOUCHA, OIS ABUTaTENel B coctaBe Harpy3ku — 70%); t,, =0,1c¢.
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUM COXPAHSIETCS
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Pucynox B.49 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranims B cnaboii cet; T, = 3 C, cUCTeMa HE3aBUCHMOT0 BO30YKJICHHS; Harpy3Ka Ha

IIMHAX IEKTPOCTAHIUH — OTKII04eHa); t,, = 0,2 ¢ . YCcTOHYNBOCTh T€HEPATOPOB MIEKTPOCTAHIUH
HapyuaeTcs

Pucynox B.50 — I'pauku nepexoaHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranims B cnaboii cet; T, = 3 C, cUCTeMa HE3aBUCHMOT0 BO30YKJICHHS; Harpy3Ka Ha

MIMHAX HJIEKTPOCTAHIMHK — OTKItoueHa); t,, = 0,18 ¢ . YcToitunBoCTh reHepaTopoB 3IEKTPOCTAHIINI
COXpaHseTCst

Pucynok B.51 — I'pauku nepexoaHbIxX MpoueccoB npu 6au3koM TpéxdpazHoMm MeTaundeckom K3
(amexTpocTraniys B cnaboii cet; T, = 3 C, cUCTeMa HE3aBUCHMOTO BO30YKJICHHS, Harpy3Ka Ha

IIMHAX YJIEKTPOCTAHINN — BKIIIOUCHA,; JI0JIsL ABUTATENel B coctaBe Harpysku — 0%); t,, =0,22 c.
Y CcTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS
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Pucynok B.52 — I'paduku nepexoHbIX Mpo1eccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranims B cnaboii cet; T, = 3 C, cUCTeMa HE3aBUCHMOT0 BO30YKJICHHS; Harpy3Ka Ha

IIMHAX IEKTPOCTAHINK — BKIFOYEHA; 10N JIBUTaTeneil B coctaBe Harpysku — 0%); t,, =0,20 c.
Y CTONUMBOCTE TEHEPATOPOB AIEKTPOCTAHIINU COXPAHSIETCS

Pucynok B.53 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranims B cnaboii cet; T, = 3 C, cUCTeMa HE3aBUCHMOT0 BO30YKJICHHS; Harpy3Ka Ha

IIMHAX AJIEKTPOCTAHIMK — BKJIIOUCHA, 10JIsI ABUTaTeNel B coctaBe Harpysku — 70%); t,, =0,18 ¢.
VY CTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynoxk B.54 — I'pauku nepexoaHbIX NpoueccoB npu 6au3koM TpéxdpaznoM MeTtaundeckom K3
(amexTpocTraniys B cnaboii cet; T, = 3 C, cUCTeMa HE3aBUCHMOTO BO30YKJICHHS, Harpy3Ka Ha

MIMHAX AJIEKTPOCTAHIMK — BKJIIOUCHA, 0JIsI ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,16 ¢ .
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUKM COXPAHSIETCS
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Pucynok B.55 — I'paduku nepexoHbIX MpoieccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranius B ciaboit cet; T, = 3 C, cucTeMa caMoBO30YXKICHHS; HAarpy3Ka Ha IIMHAX

3IIEKTPOCTAHINHN — OTKIIOUeHa); t,, = 0,2 ¢. YCcTOHUMBOCTD TeHEPATOPOB AIEKTPOCTAHIHN
Hapyaercs

Pucynoxk B.56 — I'paduku nepexoHbIX MpoeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpoctanius B ciaboii cet; T, = 3 C, cucTeMa caMOBO30YKICHHS; HAarpy3Ka Ha IIMHAX

BIIEKTPOCTAHIMHK — OTKIIoueHa); t,, = 0,18 ¢ . YcToiuMBOCTS reHEpaTOPOB IEKTPOCTAHIINI
coxpaHsercs

Pucynoxk B.57 — I'pauku nepexoaHbIX nMpoleccoB npu 6au3koM TpéxdazHoMm MeTtaundeckom K3
(anexTpocTannus B cnaboit cetn; T, = 3 C, cucTeMa caMOBO30YKJICHHS, HArpy3Ka Ha IIMHAX

3IIEKTPOCTAHINHN — BKJIIOUCHA, OIS ABUTATENel B coctaBe Harpysku — 0%); t,, =0,22 c.
VY CcTOWYMBOCTH TEHEPATOPOB JICKTPOCTAHIIMU HAPYILIAETCS
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Pucynox B.58 — I'paduku nepexoHbIX Mpo1eccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranius B ciaboit cet; T, = 3 C, cucTeMa caMoBO30YXKICHHS; HAarpy3Ka Ha IIMHAX

3IIEKTPOCTAHIMU — BKIIIOUCHA,; JIOJIS IBUTATENeH B cocTase Harpysku — 0%); t,, =0,20 c.
Y CTOWYMBOCTH TEHEPATOPOB AIIEKTPOCTAHIIUH COXPAHSETCS

Pucynox B.59 — I'paduku nepexoaHbIX MporeccoB npu 6au3koM TpéxpaznoMm Metaummdeckom K3
(anexTpoctanius B ciaboii cet; T, = 3 C, cucTeMa caMOBO30YKICHHS; HAarpy3Ka Ha IIMHAX

3IIEKTPOCTAHIMHK — BKJIIOUEHA, 10JIsI ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,16 ¢ .
VY CcTOWYHMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynox B.60 — I'pauku nepexoaHbIxX npoleccoB npu 6au3koM TpéxdaznoMm MeTaundeckom K3
(anexTpocTannus B cnaboit cetn; T, = 3 C, cucTeMa caMOBO30YKJICHHS, HArpy3Ka Ha IIMHAX

3IIEKTPOCTAHIMHK — BKJIIOUEHA, T0JIsI ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,14 ¢ .
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUM COXPAHSIETCS
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Pucynok B.61 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaumdeckom K3
(anexTpocranims B cnaboii cetn; T, =5 C, cucTemMa He3aBUCHMOT0 BO30YKJICHHS; HAarpy3Ka Ha

IIHAX IEKTPOCTAHIUH — OTKII04eHa); t,, = 0,26 ¢ . YcToH4nBOCTS FeHepaTOPOB IEKTPOCTAHIINH
HapymaeTcs

Pucynok B.62 — I'paduku nepexoHbIX Mpo1eccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranims B cnaboii cet; T, =5 C, cucTemMa He3aBUCHMOTr0 BO30YKJICHHS; Harpy3Ka Ha

MIMHAX AJIEKTPOCTAHIMHN — OTKItoueHa); t,, = 0,24 ¢ . YcTOIUMBOCTS FeHEPaTOPOB IEKTPOCTAHIINI
COXpaHseTCst

Pucynok B.63 — I'pauku nepexoaHbIx npoieccoB npu 6au3koM TpéxdaznoMm MeTaundeckom K3
(amexTpocranims B cnaboii cet; T, =5 C, cucTemMa He3aBUCHMOTO BO30YKJICHHS, Harpy3Ka Ha

IIMHAX YJIEKTPOCTAHINN — BKIIIOUCHA; JI0JIs ABUTaTENel B coctaBe Harpysku — 0%); t,, =0,28 c.
Y CcTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS
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Pucynok B.64 — I'paduku nepexoHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranims B cnaboii cetn; T, =5 C, cucTemMa He3aBUCHMOT0 BO30YKJICHHS; HAarpy3Ka Ha

IIMHAX IEKTPOCTAHINY — BKIFOYEHA; 10N JBUTaTeseil B cocTaBe Harpysku — 0%); t,, =0,26 c.
Y CTONUMBOCTE TEHEPATOPOB AIEKTPOCTAHIINU COXPAHSIETCS

Pucynok B.65 — I'paduku nepexoaHbIX mporeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranims B cnaboii cet; T, =5 C, cucTemMa He3aBUCHMOTr0 BO30YKJICHHS; Harpy3Ka Ha

MIMHAX HJIEKTPOCTAHIMK — BKJIIOUCHA, 0JIs ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,24 c.
VY CTOWYMBOCTH TEHEPATOPOB JIEKTPOCTAHIIMU HAPYILIAETCS

Pucynok B.66 — I'pauku nepexoaHbIX npoleccoB npu 6au3koM TpéxdaznoMm MeTaundeckom K3
(amexTpocranims B cnaboii cet; T, =5 C, cucTemMa He3aBUCHMOTO BO30YKJICHHS, Harpy3Ka Ha

MIMHAX HJIEKTPOCTAHIMK — BKJIIOUCHA, 10JIsI ABUTaTeNel B coctaBe Harpy3ku — 70%); t,, =0,22 ¢c.
Y CTOWYHUBOCTH TEHEPATOPOB JIEKTPOCTAHIIUKM COXPAHSIETCS
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Pucynok B.67 — I'paduku nepexoiHbIX MpoLeccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranius B cinaboit cet; T, =5 €, cucTeMa caMoBO30yKICHHs; Harpy3Ka Ha IIMHAX

3IIEKTPOCTAHIMHN — OTKIIOUeHa); t,, =0,26 ¢ . YcTOoHUMBOCTD T€HEPATOPOB EKTPOCTAHIIUH
HapyIaeTcs

Pucynok B.68 — I'paduku nepexoaHbIX MpoieccoB npu 6au3koM TpéxpaznoMm MeTaummdeckom K3
(anexTpocranus B cinaboii cet; T, =5 €, cucTeMa caMoBO30y K ICHHs; Harpy3Ka Ha IIMHAX

SIIEKTPOCTAHIMHK — OTKIIoueHa); t,, = 0,24 ¢ . YcTOHUMBOCTS FeHEPaTOPOB IEKTPOCTAHIINI
coxpaHsercs

Pucynoxk B.69 — ['paduku nepexoHbIx MporeccoB npu 0m3koM TpéxdazHoM Metautnaeckom K3
(anmexTpocraniys B cnaboii cet; T, =5 C, cucTeMa caMoBO30yXK/ICHHS, Harpy3Ka Ha MIMHAX

3JIEKTPOCTAHINHK — BKIIIOYEHA; JIOJIs IBUTaTeNeil B cocTaBe Harpy3ku — 0%); t,, =0,26 c.
Y CTONYMBOCTL T€HEPATOPOB JIEKTPOCTAHIIMN HAPYILIAETCS
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Pucynoxk B.70 — I'paduku nepexogHbIX MPOoIeccoB mpu 0m3koM TpExdazHoM MeTautnaeckom K3
(anexTpocranys B cnaboii cetn; T, =5 C, cucTeMa caMoBO30YXK/ICHHS, Harpy3Ka Ha IMIMHAX

3IIEKTPOCTAHILIMHK — BKJIIOYEHA; JIOJIs IBUTaTeseil B coctaBe Harpy3ku — 0%); t,, =0,24 c.
Y CTOMYMBOCTh N'€HEPATOPOB AIEKTPOCTAHIIMH COXPAHSIETCS

Pucynok B.71 — I'paduku nepexoHbIX MPOLEeccoB Mpu OIU3KoM TpéxpazHoM MeTaumdeckom K3
(anexTpoctanus B ciaboii cet; T, =5 €, cucTeMa caMoBO30y K ICHHs; Harpy3Ka Ha IIMHAX

3IIEKTPOCTAHIMHN — BKJIIOUEHA,; JIOJIS IBUTATENEH B cocTaBe Harpysku — 70%); t,, = 0,18 ¢ .
Y CTOWYMBOCTH T€HEPATOPOB AIIEKTPOCTAHIINH HAPYITACTCS

Pucynoxk B.72 — I'paduku nepexogHbIX MPOoIeccoB mpu 0m3koM TpéxdazHoM Metautnaeckom K3
(nmexTpocranus B cnaboii cet; T, =5 C, cucTeMa caMoBO30yXK/ICHHS, Harpy3Ka Ha MIMHAX

SIIEKTPOCTAHIIMN — BKJIIOYEHA; JI0JIS IBUTATENeH B cocTaBe Harpysku — 70%); t,, = 0,16 ¢ .
Y CTOMYMBOCTh M'€HEPATOPOB AIEKTPOCTAHIIMK COXPAHIETCS
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IMPUJIOKEHUE I

UCCJIEJJOBAHU S U3MEHEHUI PEAKTUBHOM MOIITHOCTHU Y HATIPSIDKEHU A

Pucynok I'.1

Pucynox I'.2
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Pucynox I'.7

Pucynok I'.8
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