Лекция. Защита от замыканий на землю в электрических сетях.
Назначение защит от замыканий на землю.
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Защита от 1-фазных замыканий на землю в сетях с изолированной нейтралью.
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одним из способов, указанном на рисунке 100а: [image: ]
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Защита от 1-фазных замыканий на землю в сетях с глухозаземленной  нейтралью.                                                               Сети 110 кВ и выше рабо-
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Задание: изучить материал и составить конспект.
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TalOT C 3a3eMJIEHHbIMH HYJEeBbIMH TOYKaAaMH TpaHc)OPMATOPOB,
ofHO¢a3Hble 3aMbIKAHHUA HA 3e€MJII0O B TAaKUX CeTAX CONMPOBOXKAAITCA
NPOXOXKJAeHHEeM OOJIbIIHX TOKOB KOPOTKOrO 3aMblKaHHs, KOTOpPbIE
MOILYT NMPHUBECTH K MOBPEXAEHUI0O O0OpPYNOBaHHSA U NMOHHXKEHHIO Ha-
NpsKeHHs.

ITosToMy 3amuTa OoT 0OaHODA3HBIX KOPOTKHX 3aMblKaHHH MOMKHA
NeHCTBOBATb Ha OTKJ/IOUEHHE.

Jna 3alMThl JUHHH H OOMOTOK TpaHCGOPMaTOPOB ¢ 3a3eMJIeH-
HOH HYJIeBOH TOUKOH OT KOPOTKHX 3aMbIKaHHH Ha 3eMq10 (onHO(da3-
HbIX U JBYX(a3HbIX) NPUMEHseTC MaKCHMaJbHasl 3alluTa, pearu-
pyloliasi Ha TOK B HYJ€BOM IpOBOJe (TakK Ha3blBaeMbli TOK HYJ/eBOH
nocJenoBaTe/JbHOCTH).
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CneunanpHasi MaKcuMaJibHas TOKOBas 3allliTa OT 3aMblKaHHH Ha
3eMJI0 B CeTAX ¢ OOJbLIMM TOKOM 3aMbIKaHHSl Ha 3eMJII0 HMeeT Mpo-
CTYIO CXeMYy U OOBbIUYHO HMeeT MeHblIHe BbIAEPXKKH BpeMeHH, 4eM
MaKCHMaJibHad 3alluTa, pearupymoLias Ha MOJHble TOKH.

Ha puc. 98 npuBeneHa cxeMa TpexCTynmeHYaTOH MaKCHMaJbHOH
TOKOBOH 3alIMThl OT 3aMbIKaHMH Ha 3eMJIIO, MpUMeHsieMasd B ceTsX




image9.png
HanpsixkenueMm 110 xe u Boimie. ToxoBole pesie T 3amUTHl, KaK NOKa-
3aHO Ha pHC. 98, BK/IOUEHH B HYJIEBOH MpoBOJ TOKOBBIX nemneu 3a-

IUTHL OT MeXAY(Pa3HbIX KOPOTKHX 3aMbIKaHHUH.
[TepBasi cTyneHb 3alUHThI, BbIMOJHEHHasi OXHMM TOKOBBIM peUe,

fpeAcTaBaser U3 cebs1 MaKCHMaJbHYI0 TOKOBYIO OTCEYKY, KOTOpas
uMeer HauboOAbWHA TOK cpabaTbiBaHUA. Bropas U TpeThA CTYNEHH
BBIMTOJTHEHBl KaXKaasd TOKOBbIM pesie T u pesie BpeMeHd B. Kaxpas
CTyleHb 3allHThl HMeeT YKa3aTeJbHoe peJie .

[IpuMeHsIOTCA TaKKe cXeMbl MAaKCHMAaJIbHbIX TOKOBBIX 3alllUT OT
3aMblKaHUH Ha 3eMJII0O B OJHO- U ABYXCTYIIeHYaTOM HCIOJHEHHH, UTO
onpenesercsa CXeMOH U napaMeTpaMH 3allUILAeMOil CEeTH.

[Tpn HeBO3MOKHOCTH HJIM HellesecOOOPa3HOCTH BKJIIOYEHHSA 3a-
LIIUTHl OT 3aMblKaHUH Ha 3eMJ0 B OOIHe TOKOBHIE LieNH C 3allUTOH
OT MeXAyda3HblX KOPOTKHX 3aMblKaHHWH, 3allliTa OT 3aMbiKaHHH Ha
3eMJII0 BKJIOUAEeTCs Ha OTAe/JbHble TpaHchOopMaTOPLl TOKA HA CyMMY
TOKOB Tpex (a3 (Ha GUABLTP TOKOB HYJEBOH MOC/IENI0BATEJbHOCTH).
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Toxu cpabGaTbiBaHHSI MAKCUMaJbHbIX TOKOBBIX 3alllHT OT 3aMbIKa-
HHMH Ha 3eMJI0 BHIOHpAIOTCA MO YCJOBUIO obecrnedyeHUss JOCTaTOUHOH
HaJleXXHOCTH HNEeHCTBUA MPH 3aMbIKaHUAX Ha 3eMJIIO, TaK 4TOOHI 3a-
LMTa JedCTBOBaJla MPU KOPOTKHX 3aMblKaHHAX Ha 3amuuiaeMoi
JIMHUU C YYBCTBUTEJNbHOCTbIO He MeHee 1,5, a Ha CMeXHOM yyacr-
Ke — He MeHee 1,2.

Ilpu 3TOM 3alUuTHl, yCTaHOBJIEHHble HA Pa3/IHYHBIX MOACTAHUHAX
OJHOH U TOH XKe CeTH, HOJKHBl ObIThb COrJacoOBaHbl APYr C APYrom
110 YYBCTBUTEJbHOCTH.

UyBcTBUTENbHbIE KOMIJIEKThl 3aIUUT JOJXKHBI ObITb OTCTPOEHBI
OT MAaKCHMaJbHOro TOKa HeOasnaHcCa, NpOXOoAsflilero Yepe3 peJse 3a-
LIUTH IPH MeXAy(da3HbIX KODOTKHUX 3aMbIKaHUAX.

Boinep:kka BpeMeHH MaKCHUMAaJbHOH TOKOBOH 3alllMThl OT 3aMbl-
KaHUH Ha 3eMJII0 YCTaHaBJHBaeTCd TaKxke MO CTYNEHYaTOMY IIPHH-
LMYy C TEMH 2Ke CTYMEHAMHU CeJeKTHBHOCTH, YTO H Y MaKCHMaJIbHOH
TOKOBOH 3alUUTH OT MexXAy(da3HbIX KOPOTKHX 3aMblKaHUi. [Ipu sToM
NPOHU3BOJUTCA COrJlacOBaHHEe BO BpeMeHU MexXAy COOO0OH TOJIBKO 3a-
IIUT OT 3aMbIKAHUH Ha 3eMJII0 U 3TH 3alUTHl B pAle CJyyaeB UMEIOT
MeHbllIe BbIAEPKKH BpeMEHH, 4eM 3allUThl OT MexXAYy(da3HbIX KO-
POTKHX 3aMbIKaHHH.

3amura oT oAHO(Pa3HLIX KOROTKHUX 3aMbIKaAHHH ceTel, HMEIOIIHX
JBYXCTOPOHHEe NMUTaHHWe, BHINONHAETCA B OOJMBIIMHCTBE CJy4yaeB Ma-
KCUMaJbHO HamnpaBJsieHHOH. TokoBas OOMOTKa peJie HalpaBJieHHS
MOILLHOCTH BKJIOYaeTcsd, KaKk U OoOMOTKa TOKOBOTO peJe, HA CyMMY
TOKOB Tpex ¢a3, a OOMOTKa HalpAXKeHHWd — Ha CyMMYy (a3HBIX Ha-
(pAXKeHHH BCeX Tpex ¢a3 TpaHCcHOPMATOPOB HANPAKEHUA.




image11.png
r

Puc. 98. CxemMa TpexcTyneHYaToil MAaKCHMa.bHOH TOKOROH
3alllUTHl OT 3aMbIKAHHUH HA 3eMJI0 B CeTH C GOJILIUHM TOKOM
3aMbIKaHHS Ha 3eMJII0
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Haubosiee yacTble 3aMBIKAHHUS HA 3€MJIIO B 2JIEKTPHUYECKHUX CETAX
MOXHO TNoApa3fe/uTh Ha CAeAyIOLLve BUIBIL:

» onHO(MAa3HblEe 3aMBIKaAHUs Ha 3EMJII0 B CETSIX € M30JIMPOBAHHOM
HEWUTPAJbIO;

» 0JHOGa3HbIe KOPOTKHUE 3aMbIKAHUsI Ha 3€MJII0 B CETSIX C MIyXO-
3a3eMJIEHHOM HEWTpablo.

OTteyecTBeHHbIE 3eKTpUUECKHE ceTH HanpsixeHueM 6, 10, 20
¥ 35 kB paboTaioT ¢ M30IMPOBAaHHOI HEHTPAIbIO, @ TAKXKE C HEMTpa-
NbI0, 3a3eMJIEHHOM Yyepe3 MHAYKTUBHOE, aKTHBHOE HJIM aKTUBHO-WH-
IYKTHBHOE CONPOTUBIIEHHE.

B nepBoM ciyyae HEWTpaslb TeHEPaTOPOB U TpaHcGhOpMaTOpOB,
KOTOpast MMEET MECTO MPH COEANHEHHUH MX OOMOTOK B «3Be34y», U30-
JIUPOBAHA OT 3€MJIU.

B ocTanbHBIX YKa3aHHBIX C/1yyasix HEMTpaslb 3a3eMJIEeHa COOTBET-
CTBEHHO 4Yepe3 00Jbllioe MHIAYKTHBHOE, aBTOMaTUUYECKU peryampye-
MO€ CONPOTHBIIEHUE AYroracsiiiero peakropa (KOMIneHCUpOBaHHas
HeHUTpaJib), Yepe3 aKTUBHOE CONPOTUBJIEHHE (PE3UCTHBHO 3a3€MJIEH-
Hasl HelTpaib) M, HAKOHEL, Yyepe3 NOCTOSHHOE aKTUBHOE U PEryJin-
pyeMoe MHAYKTUBHOE COIPOTHUBJICHHSI.

[MocnenHU BUA 3a3emileHUS NMOKa HE NOJy4YHJ1 LIMPOKOro pacrpo-
CTPaHEHUA B OTEYECTBEHHBIX ceTAX. PAn crneumaibHbIX 3JIeKTpHUUe-
ckux ceTeil HanpsixeHneM 0,4 kKB Takxe paboTaeT ¢ H30JIMPOBAHHOM
HENUTpPaJIbIO.

B ceTsix ¢ M30AMPOBAHHON HENTPANBIO JTI000E 3aMbIKAHUE OHOM
dha3bl yCTAHOBKHM Ha 3eMJII0 He mpenctasisieT cobon K3, noatomy co-
rnacHo [TY3 oTkiodyeHye YCTAHOBKH B TaKMX CJly4yasix HE sIBJISIETCH
00s13aTEIbHBIM.

B ceTsix ¢ r1y303a3eMiIEHHON HEWTpaibio moboe 3amblKaHue da3
YCTAHOBKM Ha 3emimo siBasietcst K3, conpoBoxnaaercsi 60bLINM TO-
KOM, [IO3TOMY YCTAaHOBKa 00513aTeJIbHO 10/1KHa ObITh OTK/1I04YEHA 3a-
muToi [17].
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B cootBeTcTBUM ¢ T1YD eMKOCTHBIM TOK 01HO(A3HOTO 3aMbIKaHUSA
Ha 3eMJIIO NMPU HanpskeHuu 6 kB He nonxeH npesblwats 30 A, npu
10 kB — 20 A, mpu 20 kB — 15 A, npu 35 kB — 10 A.

Ecnu 3To yc10BME BBINOJHSETCS, TO CYHUTAETCH, YTO CETb HOpMaJib-
HO paboTaeT ¢ U301MpPOBAHHOK HeHTpaablo. I1py NpeBLIIEHUH YKa-
3aHHBIX 3HAYeHUH TOKOB HelTpanb ceTu 3a3emistor yeped AP s
CHMXXEHMSA TOKa 3aMbIKAHUSA Ha 3eMJII0 JI0 JOIMYCTUMOTO 3Ha4YEeHUS.
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Ilpu ogHoda3HOM 3aMbIKaHHH B TAaKOH CeTH Hamnpsi’KeHHe MoBpe-
aKaeHHOH ¢a3bl OTHOCHTEJIbHO 3eMJH CTAHOBHTCA paBHBIM HYJIIO,
HanpsykeHUsi OTHOCHTE/NIbHO 3€eMJH HemoBpeXJeHHbIX ¢as Bo3pa-
craior B 1,73 pasa (V 3) m cTaHOBsiTCS PaBHBIMH MeXAy(hasHBIM,
HalpsKeHHe HYJIEBOH TOYKHM TFeHepaTOpoOB H TpaHchoOpMaTopoB OT-
HOCHTEJbHO 3€MJH CTAHOBHUTCS PaBHBIM ¢a3dHOMY HanpsixkeHuio. [Ipu
9TOM MexaydasHble HaNpAKEHHUS He H3MEHSIOTCA, a Yepe3 MeCTO
3aMblKaHHS Ha 3eMJI0 INpoTeKaeT TOK OAHO(a3HOro 3aMblKaHHWA Ha
geMJ10 [;, 3aMBbIKaOIHiCA Yepe3 €MKOCTH HEMOBpeXKIeHHBIX ¢a3
C4 u Cp u paBublit cyMmMe TOKOB T 3 4 u Tzp. Uepes eMkocTb nospe-
XKJIEHHOH (a3bl TOK He Ipo-

TeKaeT, TaK KakK MapaJesb-
#i0 ed nojkJAYeHa I1enb 3a-
MbIKaHMs Ha 3eMiio  (pHuC. — 4

 —=
99). ﬁ i I
Beanunna Ttoka 3aMblKa- Im | 1he =L *ys
HUs Ha 3€MJI0 3aBUCHT OT Ha- = =
Npsi2KeHUsA CeTH, TIPOTAKEH- al | i
HOCTH ceTel: Oy KabeJbHbIX
ceTell OHA 3HAYHUTEJIbHO 0O0JIb- =
e, yeM AJ11 BO3AYLIHBIX; N N~

KabeJabHBIX ceter 6—10 k8

BeJUYUHA EMKOCTHOrO TOKa Puc. 99. Ilporekanne Toka omHOodasHo-
ro 3aMbIKaHHSI Ha 3eMJII0 B CeTH C Ma-

CO€TaBAACT  COOTBETCTBEHHO JbIM TOKOM 3aMBbIKaHHS Ha 3eMJIO
npumepo 0,8—1 a Ha 1 x#m
JJHHBI.

EMKOCTHBIH TOK 3aMblKaHMfl Ha 3eMJII0 4YaCTO OrpaHHYHUBAIOT
BKJIIOYEHHEeM B HeHTpaJu TpPaHC(HOPMaATOPOB ClellHaJIbHbIX KOMIEeH-
CHUPYIOUIMX KaTylliek, MpeACTaBAAIIHX U3 ce0d HHAYKTUBHOCTb.

O6blYHO BeJHYMHA TOKa 3aMblKaHHMA Ha 3eMJII0 He MNpeBbllIaeT
HEeCKOJIbKUX JeCATKOB aMIep H He INpeacTaB/feTr ONacCHOCTH IJiAA
000pyI0BaHus, a IOCKOJBbKY NMPH 3aMbIKAHUAX Ha 3eMJI0 Mexaydas-
Hble HalpsAXKEHUA OCTalOTC HeH3MEeHHbIMH, TO OJHO(pa3Hble 3aMHI-
KaHUA He HapylaloT paboTel notpebuTtelied.

[IoaTtoMy He TpebyeTcd HeMeAJeHHOTO OTKJIOUEHHS TAKHX 3aMbl-
KaHHH, KpOMe cereil, MUTAlOWUX TOpdOpa3pabOTKH, rae HeoOXOooHu-
MO ObICTpPOe OTKJ/JIIOUYEeHHEe MO YCJOBUSIM TeXHHKH 6e30IaCHOCTH.

OpHako, BBUAY TOTO YTO NMPHU OJHO(PA3HOM 3aMbIKaHHH HamNpsxKe-
Hile OTHOCHUTEJIBHO 3eMJIM HENOBpexKJEeHHbIX (a3 yBeqHYHBAETCA B
1,73 pa3a, 310 MOoKeT BbI3BaTb MPOOOH H30JALNH HEMOBpPeXIeHUbIX
¢a3 Ha 3eMJI0, B pe3yJbTate 4Yero ofHoda3HOe 3aMblKaHHE INepeii-
JeT B JBOHHOe 3aMblKaHHe Ha 3eMJl0. [loaToMy asuTenbHass pabora
C OJlHO(pa3HHIM 3aMblKaHHEM Ha 3eMJII0 He JONyCKaeTcH.

Ilna otbicKaHUA MecTa OAHO(A3HOrO 3aMblKaHHSI NMPHMEHSIOTCH
yeTpoifcTBa 0OIed WM UHAUBUIAVAJbHOH CHUTCHaJHU3alHU.
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Obuwan cuenaausayus NpH 3aMblKaHHAX Ha 3eMJIO BBIMOJHSETCS
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CxeMma Ha puc. 100, @ npeaycMaTpuBaeT KOHTPOJIb H3OMALHH NPH
noMoIu tpex BoabTMETPOB V4, Vp, V¢, BKIIOUEHHBIX KaXXIBIH Ha
¢a3Hoe HamnpsikeHHe. Hopma/nbHO Bce BOJBTMeTpPbl MOKa3biBAIOT
OJMHAaKOBble (pa3Hble HANPSAKEHHUS: NPH 3aMblKaHUH OAHOH H3 (a3
Ha 3eMJII0O BOJIbTMETpP MOBPEXJAEHHOH ¢a3bl MOKaxKeT HYJb, a AB3
APYTruX — JIHHEHHOEe HalpsKeHHe.

HMuoraa ass noayyeHHs1 3BYKOBOrO CUrHaJa B MPOBOJ, COeLHHAIO-
IIMH HYJIEeBYIO TOYKY BOJbLTMETPOB C HYJIeBHIM IPOBOAOM TpaHChOP-
MaTopa HamnpsixKeHHd, BKJIOYaeTCAd YKa3aTe/lbHOe pese ¥, nojamwiiee
CUTHAJ IIPH BO3HHKHOBEHHH 3aMbIKaHHSA Ha 3eMJIO.




