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TexHuuyeckue HayKu
Atamup3aeB ToxupxoH Y cMaHOBHY
®daiizysiaes Kaxpamon MaxmyaKaHOBHY

Hamanranckuil ”HXEHEpHO-TIEArOTUYECKUN UHCTUTYT

HNEPEXOJAHBIE ITPOLUHECCHI, BJIUAIOINIUE HA INHAMHNYECKYIO
YCTOMYUBOCTD JIEKTPOOHEPTETUYECKON CUCTEMBI
OI'PAHUYEHHOM MOIIITHOCTHN

B cmamve paccmompenvt nepexooHvie npoyeccvl ONsL  YAPOUJEHHOU
BﬂeKmPOQHepzemMLWCKOIZ cucmembsl npu pasiuyHblx 8uUoax KopomKux 3AMbIKAHUUL.
The article deals with the transients for a simplified power system for various

types of short circuits.

[Ipy ananu3e OWHAMUYECKONW YCTOWYHMBOCTU SHEPTOCUCTEMBI IPUXOIUTCS
paccMaTpuBaTh OOJIBIIONW CHEKTpP MEPEeXOAHBIX MpoiieccoB. Takoe MHOroooOpaszue
00YCIIOBJIEHO BEPOSITHOCTHIO BO3HUKHOBEHHUS BO3MYIIECHUN B JIIOOBIX AJIEMEHTax
SHEPrOCUCTEMBI M PA3JIMYHON CTENEHBIO UX MHTEHCUBHOCTH: KOPOTKHUX 3aMbIKAHUN
— OT omgHOoda3HOro 10 Tpex(azHOro, KOTOpbIE MOT'YT BO3HHMKATh M HA OCHOBHBIX
CBA3SIX BBICIIETO KJlIacCa HAMPSDKEHUS, W B PaACHpENeUTEIbHBIX CETAX, BOIU3U
y3JIOBBIX MOJICTAaHLIMM, U B CEPEAUHE JINHUM; AaBAPUUHBIX OTKIIOUYEHUN IT'€HEPATOPOB,
MPUBOJIAIINX K MOSBJICHUIO PA3IUYHBIX IO BEJIMUMHE AEPUIIMTOB MOITHOCTH, U T.1I.
JIJisi IOHOTO aHanu3a JUHAMUYECKON YCTOMYMBOCTH SHEPTOCHUCTEMBI U BBIOOpA
IPOTUBOABAPUMHBIX MEPONIPUATUN CIIEI0BAIO OBl BBIMOJHSITEH PACUEThI IEPEXOTHBIX
MPOLIECCOB TPU BCEX BO3MYILICHHUSX BO BCEX IIYHKTaX DHEPrOCHUCTEMBI, YTO
3aBeOMO HepeadbHO. OJHAKO HAa OCHOBAHHWH PE3YJITATOB PACUETOB Hambosee
XapaKTEPHBIX CJIy4YaeB, aHAIM3a aBAPUMHBIX CUTyalldid B PEAJbHBIX YCIOBUAX H
MOHUMAaHUS  (PU3UYECKOM  CYIIHOCTH  TEPEXOJHBIX  MPOIECCOB  BO3MOXKHO
OTPAHUYEHHE YUCIIa PACCMATPUBAEMBIX BO3MYIIIEHUN U TOUEK UX PUIOXKEHUS. DTO
MO3BOJIIET MCKIIOUUTh U3 PACCMOTPEHHUSI T€ BO3MYILUEHHS, KOTOPbIE 3aBEIOMO HE

MPUBOAAT K HAPYIICHUIO YCTOMYMBOCTHA T€HEPATOPOB M JBUrarejael U He TpeOyroT
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CHEUAIbHBIX IPOTUBOABAPUMHBIX MEPONPUATHI [1].

B TO Xe BpeMs B HEKOTOPBIX CIydasX 3HAYUTEIBHYK) OIACHOCTb MOTYT
IIPEACTABIATh TAKME BO3MYILECHMS, KOTOPBIE HE BXOJAT B CIIMCOK PAaCYETHBIX, HO B
KAKUX-TO KOHKPETHBIX YCIOBHUSIX MUMEIOT TIOCTATOYHO OOJBIIYIO BEPOSTHOCTh. TaK,
HalpuMep, B HEKOTOPBIX HM30BITOYHBIX pailoHaX, CBS3aHHBIX C YHEPrOCUCTEMOMN
CUJIBHO 3arpy’kK€HHBIMH JIMHUSIMHA DJIEKTPONEPENAUN, NPUXOAUTCS YUYUTHIBATH
BO3MO>KHOCTh BHE3AIIHBIX OTKJIIOUEHUI KPYNHBIX noTpedurteneil. Takue cOpochl
Harpy3Ky IPUBOJAT K ONACHBIM II0 CTaTUYECKOM U JUHAMHYECKON YCTOWYHMBOCTH
HaOpocaM MOITHOCTH Ha CBSI3b C IHEPTOCUCTEMOM.

YMeHHne Ha OCHOBAaHMU OIPAHMYECHHOIO YKCJIA PACyeTOB IIPABUIIBHO
MPEACTABISATh BO3MOXHBIE TIOCIEACTBUS pEAJbHBIX BO3MYILIEHHA HEOOXOIUMO
TaKXKe U IIPU PACCMOTPEHUM TSKEIIBIX aBapui. B 3THX ciydasx BaKHO IPaBUIIBHO
CYIUTh 00 U3MEHEHUSX peXuMa pabOoThl SHEPrOCUCTEMBI TIOCIE TOrO MPOMEXKYTKa
BPEMEHH, JJI KOTOPOro OOBIYHO BBINOJHAIOTCS pacyeTsl (0T 2 — 3 1o 10 ¢), u o
(akTopax, BIMSIHHE KOTOPBIX MOKET U3MEHHUTh MPOTEKAaHUE aBapUITHOrO mpoliecca.
N3BecTHO, uTO Hambojiee TsDKENble aBapuM OOYCJIOBJIEHBI HE CaMUM HCXOIHBIM
BO3MYILIEHUEM, a LIETIOYKON BBI3BAHHBIX UM COOBbITHI. Takue aBapuu Ha3bIBAIOT
KaCKaJHbIMHM;, WX pa3BUTHE MOXKET OBbITh CBSI3aHO C OTKa3aMU BBIKJIIOYATENEH,
YCTPOMCTB 3alIuThl M aBTOMAaTWKW. MHOrma pa3BUTHE aBapuil — pe3yJIbTaT
HAJOKEHUS HE3aBUCHUMBIX COObITHM. Kaxzablii TakoW ciydail MallOBEpOSATEH; B
LIEJIOM K€ OHHM Pa3HOOOpa3Hbl U TPYIHO MPEICKA3yEeMBbl.

NHorga paszBuTuMe aBapuu HE CIy4allHOE, a BIIOJIHE 3aKOHOMEPHOE
CJIEICTBUE BO3MYILEHUH, 1 HEOOXOAMMO TaKHUe€ MOCIEACTBUS NpenBuaeTb. K Hum
OTHOCSITCS: JONOJIHUTENIbHBIE HAPYLIEHHUs YCTOMYMBOCTU IIPM BO3HUKHOBEHUHU
ACMHXPOHHOTO PEeXHMMa, OTKIIOYEHHs MOTpeOuTene n3-3a TiIyOOKUX CHUKEHUU
HaIpSDKEHUS, OIACHBIE IMOHWKEHUS WM TOBBILICHHS HAINpSDKEHUS Ha JIMHUAX
ANEKTPONEPENAYN U3-3a 3HAUUTEIIbHBIX U3MEHEHHUN MEPETOKOB MOIIHOCTH W T.II.
Paccuntarh Takue MOCIEACTBUS BO3MYILEHUH MOXHO, €CIM KOMOWHUPOBATH
pacyeThbl MPOMEXYTOUYHBIX YCTAHOBUBIIMXCS PEKHMOB C pacdyeTaMy NEPEXOIHBIX

IMpoUeCCOB AJId OTACIIbHBIX 3TAIlIOB PAa3BUTHUA aBapuH. I'maBHas TPYAHOCTH aHAJIN3a
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B O3THUX CIy4yasX COCTOMT B TOM, 4YTOOBI MPAaBWIBHO HAaMETUTh CLEHApUU
BO3MOXHBIX ITyTE€H pa3BUTHUS aBAPUU.

Takum oOpa3oM, pacdeTbl MEPEXOIHBIX MPOLECCOB MPECIEAYIOT HE TOJIBKO
YUCTO YTWIWTAPHBIE LEIW IOJYYEHHs OLEHOK JHHAMWUYECKOW YCTOMYMBOCTHU
DHEPrOCUCTEMBI Ul 3aJaHHOM TIPYNIBl HMCXOAHBIX PEKHMOB M PACUYETHBIX
BO3MyLIEeHUUA. OHU Jal0T MCXOJHBIA MaTepHuall Jisi BCECTOPOHHEIO OCMBICICHHUS
IPOLIECCOB, KOTOPBIH HEOOXOAUM MPHU BbIOOpPE 3PPEKTUBHBIX MPOTUBOABAPUNHBIX
MEPOIPUSITHH.

Bce mHOroo0Opasue (pakTopoB, BIUSIONIMX HA TMHAMUYECKYIO YCTONYMBOCTD
DHEPrOCUCTEMBI, MOXXHO YCIOBHO pa3JleiauTh Ha JBe TIpynnsl. OpHa rpymmna
omnpeneNnsieT JWHAMHYECKYI0 YCTOMYHMBOCTh COOCTBEHHO TeHepaTtopoB. pyras
rpynna (pakTopoB CBs3aHa C TEMH MEPEXOJHBIMU IMPOLIECCAMH B y3JaX Harpy3KH,
KOTOpPbIE MOTYT HMHMIIMUPOBATHCA BO3MYLIECHUAMH B JHEPIOCUCTEME U B CBOIO
ouepesb OKa3aTh CYIIECTBEHHOE BIMSIHUE HA YCTOMYMBOCTD T€HEPATOPOB.

Ecnu nBe KOHLIECHTPUPOBAHHBIE YACTH YHEPIOCUCTEMBI COEAUHEHBI CBSA3bIO,
OpOnycKHas CrocoOHOCTh KOTOpoM Mana (puc. 1), TO mepexoaHble MpPOLECCHI,
BBI3BIBAIOIINE HAPYIICHUE JUHAMHYECKON YCTOMYMBOCTH IO 3TOM CBS3H, 3aBUCAT
OT IIApaMETPOB CBA3M, CYMMAapHOW MOIIHOCTA TI€HEPATOPOB U HArpy30K B
KOHIICHTPUPOBAHHBIX YACTSAX HHEPTOCHCTEMBI, HO Majl0 3aBUCAT OT KOHKPETHOU
CXEMBI ITHX YaCTE€W U pACHPEEIEHNS MOIIHOCTEN MEXKy TEHEPATOPAMH B KaXKIOU
UX HHX.

B Takumx ciy4asx mnOpH KaueCTBEHHOM aHANM3E KaXIAYKD U3 YacTeu
SHEPrOCUCTEMBI MOXXHO MPEJACTABIATH OJHUM 3KBHUBAJICHTHBIM TE€HEPATOPOM M
oHOM Harpy3koil (puc. 2). Bce 0cOOEHHOCTH MEPEXOJHBIX MPOIECCOB B TaKUX
JBYXMAIIMHHBIX CXE€MaX XOpPOILIO M3y4YeHbI [2, 3] U MOHUMaHUE 3TUX MPOLECCOB
MO3BOJIIET OPUEHTUPOBATHCA B APYTUX CIIydasx, 0oJiee CI0KHBIX U 00jiee BaXKHbBIX
C DKCIUIyaTallMOHHOM TOYKM 3peHUs. B TO ke Bpems paccMaTpuBaeMbI 31€Ch
ciydyaid OJHOM crnaboW CBA3M MEXAY YacTSIMH SHEProCHUCTEMbl HMMEET U

CaMOCTOATCIIbHOC 3HAYCHHUEC, TAK KaK HOI[O6HBI€ CXCMbI BCTPCUHAKOTCA HaA ITPAKTHUKE.
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Puc. 1. YpollleHHOE Ipe/ICTaBICHUE JBYX Puc.2. IlpeobpazoBanHas cxema
KOHIIEHTPHUPOBAHHBIX YaCTEH 3aMEIICHHUSI.

OHCPIroCUCTCMBI CO CBA3BIO MCIKIY HUMUA

MOXHO BBIICINTH JBa OCHOBHBIX BapHMaHTa IBYXMAIIMHHOW CXEMBI: BO-
NEPBBIX, CXEMY, B KOTOPOH AJIEKTPOCTAHLUS C HEOOJBIION MECTHOW Harpy3kom
CBA3aHA JOCTATOYHO JJIMHHOM JIMHUEHN DIIEKTPONEPENAYHN C KOHIIEHTPUPOBAHHOMN
HHEPrOCUCTEMOM, M, BO-BTOPBIX, CXEMYy CO cJa00il CBS3bI0 MEXAYy JBYMS
JIOCTaTOYHO OOJIBIIMMU KOHIIEHTPUPOBAHHBIMH YaCTsMU dHeprocucteMsl. [lepBoiii
BAPDUAHT OTJIMYAETCS OT BTOPOTO TEM, 4YTO NPU BO3MYIICHUSAX Ha CBS3H
TEHEpaTOpOB C  SHEProcUCTEMOl  OOJIbLIYI0 pOJIb UIPAlOT HE  TOJBKO
DIEKTPOMEXAHUYECKUE, HO U DJIEKTPOMATHUTHBIE TEPEXOAHBIE ITPOLIECCH B
reHepaTopax.

[Ipu Bo3nukHOBeHMH Tpexdaznoro K3 Bo BHemHed ceTd pe3Ko
YBEIMYMBAIOTCA aMIUTUTY/Ibl IEPEMEHHOIO TOKa BO BCeX TpeX (pa3zax craropa.

M3mMeHeHHe TOKa CTaTopa BBI3BIBAET 110 3aKOHY JJIEKTPOMArHUTHOMN
WHIYKIUU TOSIBJIEHUE CBOOOJHBIX TOKOB B poTope. B 0OMOTKe BO30YXkACHHUS U
neMi(depHbIX KOHTypax, Kak M B OOMOTKax cTaropa, MOSBISIIOTCA IO JBE
COCTABJISIFOLIME TOKOB. biarogapst Tomy, 4ToO poTOp B MOMEHT BO3HHKHOBeHUs K3
BpalllaeTCsl C CHUHXPOHHOM YacTOTOM, a CTaTop, €CTECTBEHHO, HEIMOJABUKEH,
anepuoOANYECKOM COCTaBILAIOLIEH TOKAa CTaTopa OTBEYAlOT IEPUOJNYECKUE
COCTaBISIIOIIME TOKOB poTopa, uMeromme yactoty 50 I'm, a mepuoandeckoi
COCTAaBISIIOIIEM TOKa CTaropa OTBEYAKOT alepHOJUYECKHE TOKH POTOpa.
W3meHeHns Toka B 0OMOTKe BO30YXACHUS WLTIOCTPUPYIOTCS pUc. 3, a (CrutomHas
JIMHUSA); 3/1€Ch MOKAa3aH cllydaid, Korja peryJupoBaHue BO30YX IEHUS OTCYTCTBYET.
Heticteue APB BeBbiBaeT mnpu K3 ¢opcupoBky B030YXACHUS; NPU STOM
YCTaHOBHBIILICECS 3HAYSHHE TOKA It BBIIIE HCXOHOTO
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(mTpuxoBasi TMHUSA HA pHC. 3, 0), COOTBETCTBEHHO yBEIMYMUBAIOTCSA TOKU B (Dazax
cratopa. [Ipu otkmouenun K3 mosiBisitorcss cBOOOJHBIE TOKHM OOpAaTHBIX 3HAKOB,

TOK It B MOMeHT oTkiIroueHus K3

pe3ko yMmeHbImaeTcs. Bce u3MeHeHusT Toka B OOMOTKE BO3OYXKICHUS H B
nemrdepHoM KOHTYype IO MPOJOJIBHONW OcH poTopa (T.e. MO TOH K€ OCH, MO
KOTOpOM pacmojio’keHa 0OMOTKa BO30YKICHHs) oTpaxkatoTcsi Ha 3HaueHusx DIC

Eq-

a) 6)

Puc. 3. Tpexdaznoe K3 BOM3M mnH reHeparopa

Bce Bbllllecka3aHHOE TPUBOJINUT K U3MEHEHHUIO [IEPEIABAEMBIX MOITHOCTEN.

Hapymienne OanmaHca aKTHMBHBIX MOIIHOCTEH B OJHOM U3 vacTe
DHEPrOCUCTEMBI, HAIPUMEP, OTKIKYECHUE I'eHEpaTopa, MPUBOAUT K IMPOILECCY Ha
cmaboil CBsI3W, aHAJOTUYHOMY MPOCTOMY Tepexonay. B sToM ciywae yriioBas
XapaKTEPUCTUKA  MOIIHOCTA  OCTaeTCd  HEU3MEHHOM, HO  H3MEHSETCA

YCTaHOBUBHICCCA 3HAUYCHHUC IICPCTOKA 110 CBA3U.

HCXO}IH N3 BBIIMICU3JIOXKCHHBIX (baKTOpOB, MOKHO JICTKO CYyAUTb, O TOM 4YTO
BCC IMCPCXOAHBIC IIPOLECCCHI, MPOUCXOAAIINE B IJICKTPOIHCPICTHYCCKHUX CHCTEMAX

BIIMSET HA JUHAMUYECKOM YCTOMYMBOCTH JHEPIETUUECKONW CHCTEMBI OIPaHUYEHHOU
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MOIIHOCTA. JTO TPHUBOIUT 3JIEKTPOIHEPTETUICCKONH CHCTEMY K HeCTaOMILHOU
paboTHI.

B 3akimoueHne MOXHO TBEPAO YTBEPKIATh, UYTO KaXIbIM MEPEXOIHBIN
IPOLIECC B CUCTEMBI HE TOJBKO BJIMSET HA JTUHAMUYECKYIO YCTOMYHMBOCTH, 4 TAKXKE
BJIUSICT HA YCTOMYHUBOCTH PAOOTHI AIEKTPOIHEPTETUICCKUX CUCTEM.

[TosTomMmy  mjisi  yMEHBIICHHS  YUCIO  NEPEXOAHBIX  IPOILIECCOB B
ANIEKTPOIHEPTETUUECKUX CHUCTEMaxX HaJA0 PE3KO YMEHBIIUT WM MPEAOTBPAIIATH

CJIy4acB KOPOTKHUX 3aMBIKAHH:A C IIOMOIIBIO pGHGﬁHBIX N aBTOMAaTHYCCKHX 3aIllHT.
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