Лекция. Защита трансформаторов и автотрансформаторов.
[image: ] [image: ]для сетей высокого напряжения.
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Защита трансформаторов от внешних КЗ.
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[image: ] [image: ]
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Защита трансформаторов  от перегрузки.
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Задание: изучить материал и составить конспект.
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3awmmTa ot BHeWIHWX K3 ciayXuT mis oTKI104YeHuss TpaHcgopMa-
TOopoB npu K3 Ha cOOpHBIX LIMHAX TUOO HA OTXOASIUIMX OT HUX IMpH-
COEMHEHMUSIX, €CJIM 3aLMThI MM BBIKJIIOYATEJIM YKa3aHHBIX 3/1eMeH-
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Puc. 8.4. [IpyHUMNHAIbHBIE CXEMBI OTHOIMHENHON (@) ¥ TPEXJIMHEMHOM
(6) TOKOBBIX 3alLlMT NOHWXaloero TpaHcopmaropa oT BHelHMx K3 u ne-
perpy3Ku
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TOB OTKa3aiu B pabore. OnHOBpeMEHHO 3alinTa oT BHeuHux K3 vc-
Moab3yeTcsl U IS 3aliuThl TpaHcdopMaropa oT noBpexaeHui. Tak
KakK M0 YCTOBUAM CEJIEKTUBHOCTH 3alMTa oT BHellHuX K3 noyxHa
UMETb BbLIAEPXKKY BPEMEHM, OHA HE MOXET ObITH OBICTPONEHUCTBYIO-




image10.png
uieii. [ToaTtoMy oHa McnoNb3yeTcss KAK OCHOBHAasi TOJILKO Ha MaJlo-
MOILLIHBIX TpaHcdopmaTopax. Ha TpaHcdopMaTopax, UMEIOILLIMX Crie-
LIMAJIbHYIO 3aLIMTY OT BHYTPEHHUX MOBPEXI€HUH, 3allMTa OT BHE-
wHUX K3 npuMeHsieTcs1 Kak pe3epBHasi.

15 3amMTH TpaHchopMmaTopoB OT BHeIHMX K3 ucrnionb3ylorcs
pa3iuyHbie 3allUThl: npoctass MT3, TokoBasg obpaTHOU MocyienoBa-
TebHOCTH, TOKOBasi HY;IEBOM I0OC/1I€0BaTe/IbHOCTH, TOKOBAsl C NyC-
KOM no HanpsikeHUo. Kaxnas 3 3Tux 3aluyT UMeeT CBOIO 00J1acTh
NpUMEHEHHUS.

Ha puc. 8.4, a noka3aHa npyMHLIMITHAIbHASA CXeMa OAHOIHHENHOT
TOKOBO# 3allIMThl MOHMXAIOLLIETO TpaHcpopMaTopa. s ObicTponeii-
CTBYIOLIEH 3aluuThl TpaHcopmaTopoB oT K3 BHe Oaka (Touka K/)
NPUMEHSIIOT TOKOBYIO oTceuky (peie KAI, KH 1, KL), yctaHaBiuBa-
eMyl0 ¢ nuTatrouled ctopoHbl. Tok cpabareiBaHUsi OTCeYkHn /., =
=Kk, 1, . max, TpHUEM TOK [, .. . onpenensitoT 4711 K3 B Touke K3.

TokoBasi orceuka ruoxo pearupyet Ha K3 B Touke K2. B 3tOoM
cllyyae NpUMMEHSIOT MaKCMMaibHYIO TOKOBYIO 3alUUTy. TOKoBasi OT-
ceuyka B COMETAHMM C ra30BOM 3alIMTOH SBISIETCA OCHOBHOM 3allM-
TOU IJIT OOMHOYHO paboTarolnX TpaHCHOPMAaTOPOB MOLIHOCTBIO
S on £ 6300 kB - A 1 napaniensHO paboTarlmx TpaHchOpMaTOpOB
TIPY MX CYMMapHO#N MOLUHOCTH S, ..z < 10 000 kB - A.

Ha puc. 8.4, 6 naHa npyHUUNKAJIbHasA cxeMa Tpex(da3Hoil (Tpex-
JIMHEMHOM) 3alMTHI MOHMXAKLIEro TpaHCcPOopMaTopa OT CBEPXTOKOB
npy BHelHUX K3 ¢ neicTBHEM Ha OTKJIIOUEeHUE BhIKAovatesneil Q7 v
02 v ot neperpy3ku (pene KAI, KT1) c neiicTBUeM Ha curHai. 3a-
LIMTY NOAKIIOUAIOT K TpaHc(hopMaTopaM TOKa CO CTOPOHBI UCTOUHM -
Ka nutaHuda. [1py HaTUYMKU MHOTOOOMOTOYHBIX TPaHC(HOPMATOPOB C
HECKOJIBKMMH MCTOYHUKAMHM MUTAHUS 3aUIUTY OeJal0T HanpaBiieH-
HO#. [ 3aiuMThl MMOHMXAOLIMX TPaHC(HOPMATOPOB OT CBEPXTOKOB
npuv BHeluHUX K3 B ciiyyae HenoCTaTOYHON YYBCTBUTEJIbHOCTH Mak-
CUMaIbHOM TOKOBOM 3aLLMUTHI MOCAEIHIOI NOMNO/IHAIOT OJIOKMPOBKOH
OT peJie MUHUMaJIbHOTO HanpsixXeHMs. J1nsi 3alMThl MOBBILHAKILIMX
TpaHchOpMaTOPOB OT CBEPXTOKOB NpH BHeWIHHUX K3 oObIYHO npuate-
HSIIOT MAKCUMaJ/IbHYIO TOKOBYIO 3aIUUTY C OJIOKMPOBKOH OT peiae MHU-
HUMaJIBHOIO HAMpsiXeHusi, a i TpaHcHOPMaTOPOB MOILIHOCTBIO
S oy = 1000 kB - A ¢ rimyxo3a3eMyIeHHOM HENTPaibio — MaKCHUMallb-
HYIO TOKOBYIO 3alLUMTY HYJIEBOM TOCIE€N0BaTe/IbHOCTH. TOKHU HyJieBOM
NocnenoBaTe/ibHOCTH [; MOSBASIOTCS MPU BHEIHMX OOAHOQAa3HbIX U
aByxga3Hbeix K3 Ha 3emmio B TpaHcdopMartope.
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Ha obcnyxuBaeMbix TpaHcoOpMaTopax 3allluTa OT Meperpyviku
BBITIOJTHSAIETCS] IEMCTBYIOLLIEH HA CUTHAJT MOCPEACTBOM TOKOBOIO peJie,
KOTOpOE yCTaHaBJIMBaeTCs B ONMHOM (ha3e, TaK KakK Ieperpy3ka TpaHc-
dopMaTopa BO3ZHHMKAET OIHOBPEMEHHO BO Bcex Tpex ¢hasax. 3amMra
HUMeEET peJie BpeMEHH, YCTaBKa KOTOPOTrO 3aBUCHUT OT peXUMa paboThl
TpaHcdopmMaTopa.

B cxemax, noka3aHHBIX Ha puc. 8.4, B KauecTBe 3alllUThi OT Nnepe-
Ipy3KHu ucnonb3yercas MT3, seinonnenHas Ha pene KAZ v KT.

Tok cpabatbiBaHMs 3alIMThl BEIOMPAIOT M3 YCJIIOBUS BO3Bpara TO-
KOBOTO peJjie NMpU HOMMHaJIbHOM TOKe TpaHcdopMaropa:

[ e korc
Gl ™ T.HOM?
B

mie k.= 1,05.

Ha TpexobMoTouYHbIX TpaHCc(hopMaTOpax ¢ OJAMHAKOBOM MOLLHO-
CTbIO OOMOTOK M OTHOCTOPOHHMUM IMUTAHUEM 3ALMTY OT NEPETPY3KH yC-
TaHaBJAMBAIOT TOJbLKO Ha NuTawllel odoMoTtKe. [lpy HepaBHOII MOlLLI-
HOCTH OOMOTOK 3allMTa YCTaHARJIIMBAETCs Ha Bcex Tpex oOMoTKax [15].
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Ha3nayenne ¥ 0OCHOBHBIE THNB BAal(HT
TpancpopMaTopoB. B ob6mMoTkax mpaHchOpPpMaTOPOB MOTYT
ObITb 3aMBIKaHHA MeXIy TpeMs H AByMs (da3aMH, 3aMbIKaHUS OJHOU
HJTH IBYX (a3 Ha 3eMJI10, 3aMbIKaHH MeXAY BUTKaMH OfHOH (Passl U
3aMblKaHHUsI MeXXAy OOMOTKaMH BbICIIEr0O H HHU3ILEro Halpsxe-
HUH.

MoryT ObITh TakKe 3aMbIKaHUsA MeXAYy Pazamu H (a3 Ha 3eMJI0
Ha BBojax TpaHchopMaTopoB, OLLUUHOBKE H B Kabeaax. Kpome mno-
BpeKAE€HHH, MOTYT NPOUCXOAHUTL HApPYILIEHHS HOPMAJbHBIX PEKHMOB
. paboTel TpanchopMaTOPOB, KAK-TO: NPOTEKaHUE Yepe3 TpaHCcPopMma-
TOP TOKOB KOPOTKOTO 3aMbIKaHHS MPH MOBPEXAEHHH NPYTHX CBA3aH-
HBIX C HHM 3JIEMEHTOB, [leperpysKa, BolleJIeHHe ra3a u3 Macja, [IoHU-
)KEeHHe YPOBHSI MacJja U MOBBILIEHHE ero TeMIIEPATYPHl.

3awMra TpaHcpopmaTopa AOJKHA OTKJIIOYHTb TpaHchopMaTop
OT BCE€X HCTOYHHKOB NUTAHHUA IPH €ro NOBPEXIEHHH H OTKJIIOUYUTH
TpaHcopMaTop, €C/IH NOBpeXAeHHe NPOU3OHAET HA APYTHX CBA3aH-
HBIX ¢ TpaHCHOPMATOPOM' IJEMEHTaX.

3amuTra AONXKHA AAaTb NPeAyNnpPeaUTEbHBIH CHTHAJ OEXYPHOMY
nepconajly npH neperpyske tpancpopmartopa, BHIJEJIEHHH ra3a H3
MacJja, NIOHHXKEHUH YPOBHA Mac/jia U MOBHIILEHHH €ro TEMMepaTyphl.
B coorBercTBHH ¢ 3THM NpHMEHSIOTCA CJEAYIOIHE THIBl 3alUHT
TpancpopmMaTopoB:

MakKCUMaJbHasi TOKOBas 3allUTa C BBIJEPXKKOH BpPEMEHH M4
3alIUTEl OT TOKOB KOPOTKOIO 3aMbIKAHUSA, MPOTEKAIOIIHX Yepe3
TpaHcopMaTop NMpH MOBPEXAECHUH TpaHChopMaTopa W APYTHX CBA-
3aHHBIX C HUM 3JIEMEHTOB,




image2.png
TOKOBAas OTC€YKA MTHOBEHHOTO NEHCTBHSA AJA 3alLUTHI TPAHCPOP-
MaTopa NpH MOBPEXAEHHAX €ro OIHNHOBKH, BBOJOB H YaCTH OOMOTKH
CO CTOPOHBI HCTOYHHKA MHTaHHS;

ndddepenunanbyad 3aluTa AJaA 3aLHTHl NPH NOBPEXKAEHHAX
OLIHHOBKH, BBOJJOB H OOMOTOK TpaHchopmMmaTopa;

rasoBasl 3alliMTa AJis 3aLUTHl IpH BCeX MOBPEXJIEHHAX BHYTPH
TpaHcdopMaTopa, CONPOBOKAAIOIIMXCA BBHIACJEHHUEM rasa, a TaKxke
MpH MOHHKEHUH YPOBHA MacJa;

3al[HTa OT MeperpyskH.

KpomMme Toro, B psane cayuyaeB Ha TpaHcdopmaropax MOryT ycra-
HaBJHBATbCA U APYyTHe BHIBI 3alLUT.

MaxkcumasbHasg TOKOBasA 3amiuTa TpaHcdopmaTopos, 3alura OT
neperpy3kd M OTCEUYKa BBINOJHAIOTCA aHaJOTHYHO PacCCMOTPEHHBIM
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B kauecTse 3ammtel OT Mexayghasnbix K3 B oOMOTKax ¥ Ha MX BLI-
BOJIAX U151 LIEeXOBbIX TpaHchopMaTopos (HOMHHA/IBHAS MOUIHOCTH —
110 2 500 kB - A BKTIOUHTCIILHO) IPHMCHSICTCSI TOKOBAasd OTCevKa.

TokoBast oTceuka siBJISIETCH [POCTON ObICTPO/ICHCTBYIOLLICH 3aLI1H -
TOH, OIHAKO UMEET CJIEAYIOLLIME HCAOCTATKH:

e pEarupvet ToJIbKO Ha Gonblive TOKM NMOBPEXIECHUS;

» OXBATHIBAET CBOEIT 30HOW 1€MCTBUS TOJIBKO YacTh TpaHChOpMa-
TOpa.

OTceuyka yCTaHaBIMBAETCs C MUTAIOILENA CTOPOHBI TpaHCHOPMATO-
pa U BBLITIOJTHAETCS C MTOMOLLIbIO MTHOBEHHBIX TOKOBBIX peJie MU 3JIeK-
TPOMarHUTHOroO 3neMeHTa peJie PT-80, ecnu pene 3toro TMna ucnosib-
30BaHbI U1 BLIMTOJIHEHUS MaKCUMaJlbHOW TOKOBOT 3aUIUTHI.

Ha TpaHcdopmMaTopax, NUTAIOLIMXCS OT CETH C MNyX03a3eMJIEHOM
HCUTPaJIbK, OTCEUKA YCTAHABAMBACTCA Ha Tpex ¢ra3ax, a Npu NMUTAaHUHU
OT CETH C M30JIMPOBAHHOM HECHTPAJIbIO — Ha OBYX (pa3ax.

1y

OTCECYKH

3oHa '

o

X, Puc. 8.1. I'padpuk ¥ cxema, NoscHs-
— Iy IoLHMEe NMPHHUKMI ACUCTBHS TOKOBOU
— I .ﬁ. lkz oTceuky TpaHcdopMaropa:
| Kl;j_r %l /\’1 — HHAVKTHBHOC COTIPOTHRICHHC TpaliC-
hopamaropa
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Tokosas orceuka (puc. 8.1) orcrpaMBacTcsi N0 MaKCHMaTbHOMY
toky K3 npn nospexiacHum 3a tpaticpopmatopomM (B Touke K2). Tok
cpabateiBaHust TO seluMcnsgeTcs no (opmyne

Ic T kOTC[K2 max»

roe k. — Koa¢h¢ULIHEHT 3anaca, npuiumMaeMblid pasHbiM 1,25 1,50,
B 3aBUCMMOCTH OT THINAa TOKOBBIX peJie (s pene PT-80 k... = 1.,5).
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Kpoate toro, TO moyixkHa OTCTpauBaThCsl 10 OpOCKy HaMarHu4m-
Balolllero Toka /,,,,, BO3HMKAOLIETO MPH BKIKOYEHUHU TpaHCGOpMa-
TOpa Mo HanpsiXeHue, T.€.

l(‘ 3>k0'l‘C1|IdM’ (8'1)

e k.. =3...5.

JList BuinosiHeHusi ycsiosHs (8.1) Tok /., DomxeH B 3—5 pa3 npesbl-
marh HOMHHabHbIN TOK TpaHchopmMatopa [/, ..,

B 3o0ny necitcteus TO BXOOsIT OLIMHOBKA, BbIBOIBLI M YacTb OOMOT-
K1 TpaHcdopMaTopa €O CTOpOHLI, rae ycraHosieHa TO. B npene-
Jax 3toii 30HbI TO oTKJII0YaeT NOBPEXAEHHbIE YHACTKH 0€3 Bblaep-
XKW BpeMeHHU.

TO B coyetanun ¢ MT3 ¥ razoBoi 3a1UMTOM oOECIEUMBAET XOPO-
LIy 3a1UMTYy TpaHCcGhOpPMaTOPOB MaioH U CpeAHEN MOLUHOCTH.

Hns tpancdopmatTopoB 60Jibilioil MOLIHOCTHU (HanpuMep, TpaHc-
dopmatopos ['TITT) npu mexnydasHbix K3 npuMeHsieTcsi, Kak rnpaBu-
no,. nuddepeHuMansbHass ToOKoBas 3auuTa. OnbIT 3KCI-
JlyaTaluH rokasbiBaeT, 4To TO B 3THX ciyqasiX UMeeT HeAOCTaTOYHYIO
YYBCTBHTEJIbHOCTb.

JuddepeHunanbHas TokoBas 3ammta ([1T3), a TouHee, npoj10Jib-
Has 1T3 sawminaer tpadcdopmaropnl Takxe oT K3 Ha semnio U ot
3aMbIKAHHI1 BUTKOB OIHOM (hasbl.

Mpunuin aesctust audpepecHUMATLHOH 3a1unTbl TpaHchopMaTo-
pos nosicHsiet puc. 8.2. C obeHx ctopon TpaHcpopMaTopa ycTaHaB-
nupaotcs TpaHcdopmatopbl Toka. MX BTOpUuHbIE OOMOTKU cOoelun-
HSIIOTCS TaK, YTOObI Mpu Harpy3ke U BHelwHux K3 uepes pene KA4
NpoTeKasa pa3HOCTb BTOPUYHBIX TOKOB [, = [y, — [y,

Torna nmpu K3 B Touke K2 TOK B peJie OydeT paBeH CyMMe BTOpHY-
HbIX TOKOB: [, = [\, + Ij,.

Ecau I, > I, TO pene OTKMOYMT TpaHcdopmarop. lasi Toro yro-
ob1 J1T3 He cpabaThiBaa npu Harpy3ke U BHCIIHUX K3, HeoOxoaumo
BbITIOJIHCHHE YCJIOBHS

L=h,—I,=0,1e I,,= . (8.2)

HeoOxonmnmMele ycnoBus npaBuabLHON padOTbl ¢ pepeHIMaATbLHON
3alIMTLl TpaHchopMaToOpOB:
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Puc. 8.2. Cxembl, NosiCHAIOLME NMPUHLKN HeicTBUs 1nddepeHunanbHON
3awmThl TpaHchopmMaTopa npu BHelunHeM K3 (a) u K3 B tpanchopmarope (6)

o JUTSI KOMIMEHCALIMY HEPABEHCTBA NEPBUUYHbBIX M BTOPUYHBIX TOKOB
B CHJIOBOM TpaHcdopMmaTtope npH BoinoJHeHUM A T3 nomxHbl ObITh
BbiOpaHbl TT ¢ pasHbiMK KO3 pHULIMeHTaMU TpaHchopMmauuu. s no-
HuXatwlero tpaHcdopmartopa Ha ctopoHe BH ycranasnusator TT ¢
ko3¢ puLKHeHTOM K 1T, @ Ha cTopoHe HH — ¢ xo3ddpuiLiMeHTOM £y,
npuueM Kt < Korr;

e NMPH HEOTMHAKOBBIX CXeMaX COEIMHEHMSI MEPBUUYHBIX U BTIOPUYHBIX
0OMOTOK CHUJI0BbIX TpaHCHOpPMATOpOB (HampuMmep, npu cxeme Y/A) mwis
KOMIIEHCAlMKY cIBUra nepBUYHBIX U BTOPHYHBIX TOKOB TpaHC(oOp-
MaTopoB No (a3e Ha CTOPOHE «3Be3Abl» TpaHChOopMaTOpa AOJIKHBI
ObITh ycTaHaB€eHbl T T, coenMHEHHBIE 10 CXeME «TPeyrojibHMKa», a Ha
CTOpOHE «TpeyrojibHuka» — TT, coedMHEeHHbIE MO CXEME «3BE3MbI».

[Ip1 0IMHAKOBHIX CXE€MaX COeIMHEHUS MEPBUUYHBIX U BTOPUYHBIX
00OMOTOK TpaHC(HOPMATOPOB KOMIIEHCalIMsl CIBMra TOKOB NO (pa3e He
TpedyeTcsi.




