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IpuHOUN JefiCTBUA MAKCUMAJIbHON TOKOBOM 3aII[UThI

MakcumajibHasi TOKOBas 3alluTa KOHTPOJIMPYCT TOK B 3aIIUIITACMOM JJICMCHTC, OTCTPAUBACTCA OT TOKaA

HArpy3Ky U TIPY MPEBBIIICHUN TOKA YCTABKH, C BBIJICPKKON BPEMEHHU JIEUCTBYET HA OTKJIFOYEHHUE 3TOTO
saneMmenTta. Kak npasuino, M T3 sBisieTCss OCHOBHOM, @ MHOT1a €AMHCTBEHHOM 3aIlIMTON JIMHUM
HanpspkeHueM 6-35 kB. MT3 - 3To 3amuTa, KoTopasi He TOJIbKO o0ecreunBaeT oTkitoueHne K3 Ha
CBOEH JINHWH, HO, €CJIM TTI03BOJISIET €€ YYBCTBUTEIBHOCTD, €IIEC U PE3EPBUPYET OTKIIHOUeHUE K3

CMCXKHOTI'O y4acCTKa.



Wi

OF
M8
MO8
M8

Kommektsi 3amut AK1, AK2, AK3 (puc.) yctaHOBJIeHBI B Hauaje Kaxaou tuHun. Kaxnas U3 3ammr
e W1,W2 u W3 neiicTByeT Ha OTKJIIOUEHHUE BBIKJIFOUATEIIS] COOTBETCTBYIOIICH JTUHUU TIPH

IMMOBPCIKACHHUHN Ha HEeH WJIM Ha IIWHAaX HpOTHBOHOJ’IO)KHOﬁ (CMe)KHOﬁ) IIOACTAHIIMH.

B HOpManbHOM pexkume padoThl CETH HM OJIHA M3 3aIllUT HE JOJDKHA cpadaThiBaTh. JJIs 3TOro TOK
cpabaTtpiBaHMs 3alTUT I3 MpUHUMAETCS OOJIBIINM, YeM TOK, MPOXOSAIIMHN I10 3alUIlacMON JIMHUU B

MAaKCUMAJIbHOM PCKUMC Iuazp.MaKc.
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HGI[OCTaTKOM MT3 saBasgercs TO, 4YTO 11O MCPC HpI/I6J'II/I}KeHI/I${ MCCTAa YCTAHOBKH 3allIUTBI K UCTOYHHUKY

IMUTaHUA YBCIIMUNBACTCA €C BbIJICPIKKA BPCMCHU. Tak kak IMIpHU 5TOM YBCIIMYHUBACTCA U BCIIMYMHA TOKaA

K3, 00BbeM noBpexaeHust BO3pacTaer.



MT3 MOTYT BBIITOJTHATBHCS C BBIIEPKKAMU BPEMEHU, HE 3aBUCSIIMMU OT TOKA B 3AIUAIIAEMOM YYaCTKE
(puc.kpuBas 1). Takue 3amUTHI IPU TOBPEKIACHUHN B 000N TOUKE 3aIUINAEMOT0 y4acTKa JACHCTBYIOT

C IOCTOSTHHOU He 3a8ucumoi om moxa 8vioepaickou epemenu. B Takux MT3 Boiepkka BpeMeHU

CO3JIAETCA PEJIe BPEMEHH, A 3AIIUTY HA3bIBAKOT
MT3 c nesasucumou xapaxmepucmuKkou

6peEMEerHU de6dl’)’lb1661HZ/l}Z.

MT3 MOTYT BBITOJHATBHCS C BBIIEPKKAMU
BPEMEHH, 3aBUCSIIIAMU OT TOKA B 3aIIUIIAEMOM
yuacTke (puc. kpusas 2). [Ipu 3Tom Bpems
cpabateiBanuss M T3 He ocTaeTcst MOCTOSHHBIM
IIpy U3MEHEHUU B Hel Toka. [1o mepe
yBEJIWYECHUsS TOKa Bpems cpabarsiBanuss MT3

yMEHbIIAeTCA. Takou XxapakTep U3MEHEHHUS
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BBIJIEPKEK BpeMeHU UMEIOT MT3 ¢ HHIYKIMOHHBIMHA PEJI€ TOKA, C TUIABKUMU MPEAOXPAHUTEISIMUA UITH C

U (POBBIMU peie.
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s opicTpeitmero otkatoueHus: K3 v ymeHblieHus 00beMa MOBPEXACHUS, TOKOBas 3alIUTa

BBITIOJIHAETCS CTyneHyaron: kpome MT3 npuMensieTcs u TOKoBast OTCEUKaA.
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Tox cpabarsiBanusg MT3 (nmepBuYHBI) BHIOUPAETCS TIO TPEM YCIOBUSM:

1. HecpabaTbeiBaHME 3aIIUTHI IPU CBEPXTOKAX MOCIIC aBAPUUHBIX MEPETPY30K, T.€. MOCIIE€ OTKIIOUCHUS
K3 Ha mpenpiayem 31eMeHTe;

2. CornacoBaHue YYBCTBUTCJIbHOCTHU 3alIUT IMOCJICAYIOIICTO U MPCAbIAYIICTO 9JICMCHTOB,

3. ObecnieueHne 10CTaTOYHON YyBCTBUTENHHOCTH Npu K3 B KOHIIE 3alIUIIIaEMOro 3JieMeHTa (OCHOBHAs
30HA) U B KOHIIE Ka)KJIOTO U3 MPEAbIIYIINX 3JIEMEHTOB (30Ha JATbHETO PE3EPBUPOBAHMS).

Tox cpabarbiBanus MT3 BeIOUpaeTCs MO BHIPAKEHUIO:
" -
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rae Kn — koapUUIMeHT HaJIe)KHOCTH 3aIUThI, YYUTHIBAIOUINNA MOTPEITHOCTh U HEOOXOIUMBIN 3arac.
Bennunna KH nnpuHumaercs:

Kn = 1.1-1.2 nng undpoBsIX pene;

Kn = 1.2 nna pene PT-40, PT-80, PCT;

Kn = 1.3 nns pene npsimoro aeiicteust PTB.

Keé — xoaddurueHT Bo3BpaTa MakCUMalbHBIX pese Toka. Bennunna KB npunumaertcs:

Ke = 0,95-0,96 nns mudpoBbIx pene;

Ke = 0,8 nis pene PT-40, PT-80;

Keé = 0,9 nis pene PCT;

Ke = 0,65 nis pene npsimoro aericteus PTB.
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Kc3n — xoadduiimeHT camosamycka Harpy3Ku, OTpaKkaroluid yBeandeHue pabouero Toka [pad. max 3a
CUET OJJHOBPEMEHHOIO ITyCKa JIEKTPOABUTATENICH, KOTOPBIE 3aTOPMO3UIIUCH TTPU CHUKEHUU

HanpsKeHUs BO Bpems K3.

Jlst Ob1TOBOM Harpy3ku npuaumaetcs Kezn = 1,2-1,3, 115 cebCKOX035UCTBEHHBIX MTOTPEOUTENEH
npuHuMaetcs Kezn = 1,1-1,2, nns o6menpoMbIuieHHON Harpy3ku npuHuMaroT Kezn=1,8...2.5.
[IpombITIeHHYI0 HArpy3Ky ¢ 6ombInoit gonei (6omnee 50 %) anexrpoasurareneit 0,4 kB mpuHsATO
CUMTATh 000OIIEHHOM HArpy3Koi, y KOTOPOM CONMPOTUBIIEHNE, OTHECEHHOE K MAKCUMAJIbHOU paboyeit
Harpyske coctaBisgetr Xo0* = 0,35. Hampumep, koadduiment camosanycka 000011eHHON HArpy3KH,
MUTAIOIIEHCS OT TpaHcPopMaTopa C HAMPSKEHUEM KOPOTKOTo 3aMbikaHus ux = 10,5 % cocTaBuT npu
OCCKOHEYHOM MOITHOCTH nuTaromei cuctemsl: Kezn =1/(0,105+0,35) =2,2. Ecmm uxk = 4,5 % ,

T0 Kc3n=1/(0,045+0,35) = 2.53.

[To BTOpOMY yCIOBHIO COTJIACOBAHMS YyBCTBUTEILHOCTH 3alIIUT MOCJIEAYIOMIETO (3alIUIIAeMOro0) 1

PEABITYIIETO YIEMEHTOB TOK CpabaThIBaHUA MOCIEAYIONIEH 3alIUThl BHIOUPAETCS 10 BBIPAKEHUIO:
[mzﬁm* ([az.w +Z{oﬁm)
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rae Kun.c — koaQPUIMEHT HaJIe)KHOCTH COTJIaCOBaHUsI, 3HaUCHUE KOTOPOTO MPUHUMAETCS paBHBIM B
3aBUCUMOCTHU OT THIa TOKOBBIX pene: 1,1 - qst mudposoro 3amur, 1,2 - qist pene PT-40, PT-80 u
1,3...1,4 - nns pene tuna PTB;

I c.3.npe0. — HauOoJIbIIIEe 3HAYCHNUE TOKA Cpa6aTBIBaHI/I$I MAaKCUMAJIbHBIX TOKOBBIX 3alIUT MPCAbIAYIINX
9JICMCHTOB, C KOTOPBIMHU IIPOU3BOAATCA COIJIaCOBAHUA,

2:' [’ — apudMeTrIecKas CyMMa 3HaYCHUN paboUurX TOKOB HArpy3KH BCEX MPEIbIAYIINX
pabmax  »jeNMeHTOB, 33 HCKITIOUEHHEM TOTO 3JIEMEHTa, C 3allIUTONH KOTOPOro TPON3BOHTCS
COTJIaCOBaHUE.

3a pacueTHbIN TOK cpadaThIBaHUS 3alIUThl IPUHUMAETCS 3HAUCHUE HAauOOJIBIIIETO TOKA, U3 YCIOBUH | U
2. Takum oOpa3om, ycraBka 1o Toky M T3 npenpiayiiero 3jieMeHTa 10KHa Beeraa ObITh O0bIIe
ycraBkd MT3 nocneayrommero 3J€MeHTa, 4YTO HEKOTOPBIM 00pa3oM 00eCieYnBaET TaK HA3bIBAEMYIO

TOKOBYIO CCJIICKTUBHOCTD.
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J17151 BBITIOJTHEHUS TPETHETO YCIOBUS HEOOX0IMMO 3HATh 3HaueHHE TOKOB K3 B KOHIIE 3aIUIIIaeMOro
AJeMEHTa, HanpuMep A1 3ainuThl AK3 Heo0XoauMo 3HaTh TOK /k2 U TOK IKIB KOHIIE 30HBI

pe3epBUPOBAHUS.

M3 _ Dmin

Y Ié"gﬁj'

CormacnHo 11YD nomKHBI BBINONTHATHCSA YCIOBUSA:

Bennunna Ku, Hrke pekomeHoBaHHbIX [1Y D, He momyckaercs, T.K. IEWCTBUTEIBHBIN TOK B PEJIE MPH
K3 moxker oka3aTbCsi MEHbIIIE paCYETHOTO IK MuH BCIEICTBUE HETOUHOCTH PacueToOB TOKOB K3,

BIIMSIHUS CONTPOTHUBJICHUS yTU B TOUKE MOBPEkKICHUA U ntorpemHocrent TT.

Brinepxka Bpemenn MT3 BBOAUTCS 17151 3aMEIJICHUS ACHCTBUS 3aIUTHI C 1I€JIbI0 00ECIICUeHUS
BPEMEHHOW CEJICKTUBHOCTH JCUCTBUS 3AIUTHI MOCIEIYIOMIETO JIEMEHTA 110 OTHOIIEHUIO K 3al[uTaM

PEABITYIINX 3JIEMEHTOB. [[7151 3TOro BpeMs cpabdaThIBaHUS 3aIIUTHI MOCIETYIONEH JTUHUN BBIOUpaeTCs
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OOJIBIIIE BpEMEHU CcpadaThIBaHUS 3allUThI TpeAbiayei Tuanu (3ammra AK2 nocnenyronas mno

otHomeHwuto K 3anure AKI1, Tak xe kak 1 AK3 no otHomenuto k AK2):

{ =t t A

€3 mocT ez apey

rae At — CTyl€Hb CEJICKTUBHOCTH.

BenuunHa At cOCTOUT W3 CIAEAYIONIMX CllaraeéMbIX: BpeMeHH oTKiItoueHus Beikirodarens (0,05...0,1 ¢),
BpeMeHM Bo3Bpara 3amuThl (0,05 ¢), HorpenHocTi o BpEeMEHH NOCIEAYIONIEH U NPEAbIAYIICH 3alUT

(3...5%) u mHeoOxoaumoro 3amaca (0,05...0,1 c).

Henocrarkom MT3 siBisieTcst HAKOIUJIEHUE BBIIEPKEK BPEMEHU, OCOOEHHO CYLIECTBEHHOE JIJIsI

T'OJIOBHBIX 3JICMCHTOB B MHOT'OCTYIICHYATBIX JJICKTPHYCCKUX CCTAX.
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ToxoBasi orceuka (TO)

Ee Ha3zHaueHue: MakCUMaIbHO OBICTpas TMKBUIALMS KOPOTKUX 3aMbIKaHHM, BOSHUKAIOIIUX B Ha4aJIe
(MmuHuMyM niopsizika 20% TpOTSKEHHOCTH) padoyeld 30HbI, XOTS OHA B OT/ICJIbHBIX CIIyYasX MOXKET
MPUMEHSTHCS U JJIs1 BCEU JINHUU MOJHOCThIO. 30HA JiecTBUA TO 0XBAaThIBAET TOJIBKO YACTh JIMHUU U
W3MEHSIETCS B 3aBUCUMOCTH OT pekumMa nuraroiieit cucremsl (puc.8.1). [loatomy TO pekomenayercs
IIPUMEHSATH B TOM CJIy4ae, €CJIM 30Ha €€ IeUCTBUS cocTaBisieT He MeHee 20% nnuHbl muHnn. Yem
OoJIbIIIE JIJTMHA JIMHUH, TeM OOJIbIIe pa3HUIIA B 3HaYCHUAX TOKOB K3 B Hayasie U KOHIIE 3alllUIIaeMOi
JUHUM U TeM OouibIne 30Ha neictBus TO. TO npumeHsieTcss Ha OTHOCUTEIBHO JJIMHHBIX JIMHUSAX, a

TaK)Ke Ha JIMHUAX C peaKTopaMH U TpaHChopMaTOpaMH.

TO siBnsieTcst NpoCTOM M HAZEKHOM 3aLIUTON ¥ TO3TOMY €€ TPUMEHEHHE SIBISETCA 0053aTEIbHBIM.
O60buHO TO puMeHstOT coBMecTHO ¢ M T3, ueM ycTpaHsaioT 0OCHOBHOM HegocTaTtok MT3 — Gosbiine
BBIJIEP’KKH BPEMEHM NMpH OTKIII0ueHUH K3 BOIM3M UCTOUHUKOB NUTaHusl. MIHOrja mpuMeHseTcs enle 1
TO c HeOOBII0H BBIAEPKKON BPEMEHH ISl 3aIUTHl yYacTKa JIMHUU HE BXOASIIETO B 30HY JE€HCTBUS
OTCEUKH 0€3 BBIJEPKKM BpeMEHH. B 3TOM cilyyae 3amunTa Ha3bIBae€TCs TPEXCTYIEHYaTON TOKOBOM

samuToil. Takue 3amutel (MT3 u TO) BX0oAST B cOCTaB MUKPOIIPOIIECCOPHBIX pelie.
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Pacuer ycTaBOK TOKOBOIl 0TCEUYKH.

TokoBast oTceuka 0e3 BbIJICPKKU BpeMeHU (TiepBasi CTyIIeHb TOKOBOM 3alIUThI) TPeAHA3HAYEHA JIJIs
yckopenus oTkioueHus onu3kux K3. Ee yctaBka (Tok cpabaThiBaHMs) BEIOUPAETCS U3 YCIOBUS
oTCTpoiiKu (HecpabaThiBaHus1) oT K3 Ha CMEXHBIX MPUCOSAUHECHUSX: JTUHUSIX, TpaHCchOpMaTopax, T.e.
OT MaKCUMaJbHOTO Tpexda3Hnoro Toka K3 B KoHIle 3alyiacMoi JMHUN WK Ha BeIBojgax HH

TpaHchopmaTopa.

Tok cpabarsiBanust TO BeIOMpaeTcs: 00JIbIlIE MAKCUMAIBHOTO TOKA, TPOTEKAIOIIETO MO 3alIUIIaeMOi

muaun Ab npu BHemHUX noBpexaeHusx (touka K1, puc.)

Jltst TokoBol orceukn AK TOk cpabaTbIBaHUSA [ﬂ? > K %] @
@ — TF Kl
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rae Ku — koaduimenT HaaexKHOCTH, TpUHUMaeMbli i 1udpoBbix pene 1,15...1,2; ang pene PT40
wnn PCT — Ku = 1,2...1.3; npu ncnonp30BaHuM 3JI€KTPOMArHUTHOTO 31eMeHTa pene PT-80 Ku =

1,5...1,6; nns pene PTM — Ku = 1,8...2.0.

Bennunna KH onpenenseTcs norpemHoCThIO MpHU pacyeTe TOKOB K3, MOrpemnoCcTeio peie U HaJIudnem

arepuoIMYECKOMN cocTaBisAromen B Toke K3.

Ortcroaa cieayeT BbIBOJI, UTO MPUMEHUTh OTCEUYKY MOKHO TOJIbKO HA TEX JIMHUAX, IJ1€ OTHOILICHUE
TokOB K3 B Hauasne v B KOHIIE 3alMIIAEMOW JIMHUU NMpeBbIacT BeJqnduny Ka. OueBuaHo, 4TO Ha
KOPOTKHUX JINHUSAX MIPUMEHUTH OTCEUKY 0€3 BBIJICP)KKH BPEMEHN HEBO3MOXKHO. B aTOM cirydae

WCTIOJIB3YETCS Pelie TOJIBKO oaHa 3ammTta — MT3.

qYBCTBI/ITCJ'IBHOCTB OTCCYCK IIPOBCPACTCA 11O TOKY I[BYX(I)aBHOFO K3 B MecTe YCTAHOBKHU 3alIUTHI ITPpU
MHWHHUMAJIbHOM PCIKHUMC pa6OTBI HI/ITa}OIHCﬁ CUCTCMEI, T.C. IIPHU TOKAX K3 B Hauane 3amHmaeM0171 JJUHUH,

COOTBETCTBCHHO

L
X=1—{,*',§342

g
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MakcuMaJbHasi TOKOBAs 3aIIMTA C 6JIOKHDOBKOﬁ 110 HANPHAZKCHUIO IIPUMCHACTCS IJIS ITOBBIIICHU

yyBCTBUTENRHOCTH MT3 npu K3 u ynydnienus OTCTporKu €€ OT TOKOB Harpy3Ku NMPUMEHSIETCS ITyCK ITPU

nmomMomu pejic MUHUMAJIbHOT'O HAIIPSZKCHU .
3amuma Modrcem 0elicmeos8ams HA OMKIIOYEeHUE MOJIbKO npu yciosuu cpa6ambzeaﬂuﬂ péile HaAnpAsHCEHUAL.

[Ipu neperpy3kax TOK BO3pacTaeT, HO 3allliTa HE ICHUCTBYET, JlaXke €I TOKOBbIE penie KA mpuxoast B
nevicteue. [Ipu K3 HanpspkeHue Ha MIMHAX MOJCTAHIIMN CHUKACTCS, PEJIe MUHUMAJILHOTO HAMPSKCHUS

cpabaThIBAIOT, pa3penias 3aluTe 1eCTBOBATh HA OTKIIIOUCHHE.

Jlist HapesxxHOM paboThl 610kupoBKH Npu 2 — pasubix K3 ycranaBnuBatores 3 pene HanpspkeHust KV,
MOKJIIOYaeMbI€ Ha JIMHEHbIE HanpshkeHus. B aToMm cinydae npu asyxdaznom K3, nanpumep BC,

HanpspkeHue UBC Oynetr paBHbIM HYII0 U pesie KV2 3aMKHET CBOM KOHTAKThI, pa3pelias 3aliuTe JeHCTBOBATh
Ha oTkiroueHue. [Ipu oOpriBe nienel HanpsikeHus pesie KV 3aMbIkatoT CBOM KOHTAKThI U 3aI[UTa JTUIIAETCS
OJIOKUPOBKH, TOITOMY KOMILICKT 3aIIUThI IOJKEH OCHAIATHCS YCTPOMCTBAMM KOHTPOJIS IIETEeN HANPSKEHUS,

100 CUTHAJIM3UPOBATH OIICPATUBHOMY IICPCOHAITY O CHATHUH 6J'IOKI/IpOBKI/I.
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Cxema MT3 ¢ 0,10kMpOBKOM M0 HAIIPSIKSHUIO
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Hanpsiskenue cpadaTbiBaHus pejie MUHUMAJIbHOTO HanpsizkeHusi Uc3 BRIOUpAETCS UCXOI U3 JBYX
YCJIOBHM:

1. Uc3 < UpabG.MuH — MUHUMAJIbHOE pabouee HaNpsiKEHHUE.

2. UBo3 < Upa0.MuH — peie HanpsOKEHUS T0JDKHBI BO3BpAIlaThCs Mocie oTkIoYeHuss K3 u BoccTaHOBIIEHUS
HanpsHKeHus 10 ypoBHs Upad.MuH.
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O6bruH0 Upad.MuH — Ha 5...10% Hibke HOpMaIbHOTO YPOBHA. UyBCTBUTEILHOCTH PEJi€ MPOBEPSETCS 1O
dbopmyie:

£

¥

Tt 2
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Tok CpaﬁaTblBaHHﬂ TOKOBbLIX p€Ji€ OTCTPAanuBaACTCA HC OT MaKCHUMaJIbHOU Harpys3Kku JIMHUH, a OT I[JIHTCJ'IBHOfI

HOpMaJIbHOU Harpy3ku IH.HOpM B 1,5...2 pa3a MeHbIIEN MAKCUMAJIBHOM:

K,
[,= ]{—.* L o

B

3aH_II/ITa C 6J'IOKHpOBKOI?I MNPpUMCHACTCA HAa JIMHHUAX KOpOTKOfI n cpez(Heﬁ NPOTAKCHHOCTH, HA NJIMHHBIX JIMHUAX
MaJCHUC HAIIPAKCHUSA Ha IIMHAX IOACTAHLIUHA ITPpU K3 B KOHII€ JIMHUHU HEBCIIUMKO U KOB(I)(I)I/II_II/IGHT

YYBCTBUTCIIBHOCTH HC YJOBJICTBOPACT HOPMC.
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TokoBbIE HallPpaBJCHHBIC 3a1IIUTbI.

HanpasJjeHHo# Ha3vieaemcs P3, oelicmsyowasn moavKo npu onpeoeieHHoOM HanpasieHuu (3nake) MouwHoCmu

K3. Heobxooumocmo 6 npumenenuu Hanpasienuvlx P3 6o3nuxaem 6 cemsax ¢ 08yCmMopoOHHUM NUMAHUEM U 8
KONbYeBblX cemsx ¢ 0OHUM ucmouynuxom numanus. Ilpu nByctoponHeM nutanuu mecta K3 nis nuksuaanuu
noBpexieHus: P3 momkHa ycTaHaBIMBAThHCA ¢ 00enx cTopoH 3amuiinaemoit JIDII. ITosicHuM 3T0 Ha npumMepe.

Ha puc. ctp. 3 npuBeneHa cxeMa CUCTEMBI AIEKTPOCHAOXKEHUS ¢ IByMs ncTouHnKaMmu tutanust Glu G2.

B cnyuae MT3 npu K3 B Touke K1 npunyT B neiictBue Bee 3amuthl. [Ipu 3TOM 11J1s1 CEIEKTUBHOTO
OTKJIFOUEHUS MOBPEXKJACHHOTO yyacTka Ab Heo0xoauMo, 4TOObI BbIJIEpKKa BpEeMEHU t2 KOMIUIEKTA 3alUThI
AK?2 Obl1a MeHbBIIIE BBIICP)KKH BpeMeHHn t3 komiuiekTa 3amuThl AK3u Beiaepxkn BpeMenn t4 3amutel AK4,
T.c. 2 <t3m.t2 <t4. IIpu K3 B Touke K2 t3 <t2 u . t3 <tl. VI3 3TUX HEpaBEHCTB BUIHO, UTO K 3amuram AK?2
u AK3 npeabsaBIsitoTcst TpoTUBOpEUrBBIe TpeOoBaHUs. HEBO3MOXKHO BBITIOJIHUTD YCIOBHE, YTOOBI B OJTHO U TO
K€ BpeMsl BbIZIepKKa BpeMeHH 3amuThl AK2 Opiia Ob1 11 OOJIBbIIIE M MEHBIIIE BRIACPIKKHA BpeMeHH 3amuThl AK3.
[TosToMy B Takux cetsix MT3 He MOXKET OBITh CETEKTUBHOM.

TOKOBBIE OTCEYKH MOT yT OBITH CEJIEKTUBHBIMH B CETSIX C ABYXCTOPOHHUM ITUTAHUCM, HO IIPHU 3TOM OHH, KaK
mpaBujaI0, UMCOT HCAOCTATOUYHYIO HYBCTBUTCIIbHOCTD.

Bcemu nepeunciieHHBIMU HeI0CTaTKaMH He 00Jj1ajaeTMaKCuMallbHas TOKOBasl HampaBieHHas 3amnmura (MTH3)
JIUHUH.
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K3 B Touke K1:

K3 B Touke K2:
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MTH3 pearupyet He TOABKO Ha a0OCOTIOTHYIO BEJIMUMHY TOKA B 3alIMINAEMO JIMHUU, HO U Ha a3y 3TOro TOKa
OTHOCUTEJILHO HANIPSDKEHUS HAa IMHAX Y MECTa YCTAHOBKU 3aIUTHI, T.€. ICMCTBYET B 3aBUCUMOCTH OT
HamnpaieHus MomHocTH Tipu K3. Takoe ee nelicTBrue o0ecrneunBaeTcst O1arogaps BKIFOUYSHUIO B CXEMY
3alATHI pejie HANPABJEHMsI MOLIHOCTH. PacCMOTpHM BEKTOPHBIEC IMarpaMMbl TOKOB U HanpsikeHu ipu K3
B Toukax K1 u K2.

[Ipr mOCTpOEHNM BEKTOPHBIX JTUATPAMM 3a MOJIOKUTEIBHOE HAMIPABJICHUE TOKA MIPUHSATO €r0 HApPaBJICHUE OT
IIMH B CTOPOHY JIMHUHU. YTOJ cABUra (a3 TOKa OTHOCUTEILHO BEKTOPa HAIIPSIKEHUS CUUTACTCS
MOJIOKUTEIIBHBIM MPU OTCTAIOIIEM TOKE U OTPUIIATEIBHBIM MIPU OMEPEKAIOIIEM TOKE.

W3 BEKTOpHBIX [UarpaMM BHIHO, 4TO (a3a Toka B mecte BkiatoueHus 3amT AK2 u AK3 otHocutenbHo
HanpspbkeHus UO npu nepemenieHnu noBpexienus u3 Touku K2 B touky K3 cnBunynace Ha 180°.

Taxkum o6pazomM, 3anuty AK2 He0OX0IUMO BBHITIOJIHUTE TaK, 4TOOBI OHA JEUCTBOBAJIA HA OTKJIIOUEHUE TOJIBKO
MIpHU yIriiax MEXAy TOKOM U HampsikeHueM, cootBeTcTByromux K3 B touke K1, a 3amuty AK3 - npu
noBpexaeHnu B Touke K2. M3 aToro cneqyer, 4To pene MOIHOCTH IPYU NOABEACHUHN K HEMY HAIIPSKEHUS

Up = U6 u Toxka Ip = Ik3 10/KHO 3aMbIKaTh KOHTAKTHI IIPH yTJI€ @ U HE 3aMbIKaTh UX Mpu yrie ¢ — 180°.

B xauecTBe pene MOIHOCTH Yallle MPUMEHSIOT pese Thuiia PbM, Ha HHAYKIMOHHOM IIPUHLMIIE IEUCTBUS U
3JEKTPOHHOE pelie tuna PM.
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Pene monmoctu PEM Pene mommoctu PM
Pene MomHOCTH BKIIIOYAeTCS TaKUM 00pa3oM, YTOOBI COUYETaHUS HAIIPSKCHHUI M TOKOB 10 BEIWYWHE U (aze
OBLTH ObI JOCTATOYHBIMU JJIsl CpabaThIBaHUS pefie MPU pa3iudHbiX Bugax K3.

B sHeprocucreMax yaiie NpUMEHSIOTCA CXEMbI BKIIOUEHUS peJie U Ha MOJIHBIE HAMIPSKEHUs U TOKU (a3, u3
KOTOPBIX HauboJiee pacrpoctpaneHa 90° cxema. HazBanue cxeMbl HOCUT YCIIOBHBIN XapakTep U ONpeaesseT

yroil ¢ = 90° mexay Hanpsokenrnem Up 1 onepekaroiym ero Tokom Ip.

ITpu 90° cxeme k pene pa3bl A noaBoasaT Tok la u Hanpsixenue Ubc, k pene ¢assl B - Tok Ib u
Hanpspkerne Uca, a k pene ¢aszel C Tok Ic n Hanpspkenne Uab kak moka3aHo Ha pUCYHKeE:
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PaccmoTpum 6osee moapoOHO cBoiicTBa 90° cxembl. Pesle MOIITHOCTH MOKET OTKa3aTh B AeiicTBUH, eciau Up
CHIYKAETCSl HACTOJIBKO, YTO MOIIIHOCTh, TOABOMMAS K peJie, MEHBIIIE MOIITHOCTU cpadaTtbiBaHus penie Scp. Takue
yeaosust umerom mecmo npu mpexgazmuvix K3 66ausu mecma ycmanosxku 3awumel, kocoa Up 61u3K0 no
3HAYEHUIO K HYJII0, M.e NOSBISLEeMCs Mepmedst 30Hd.

JlmuHa MepTBOI 30HBI TeM OO0JIbIIIe, YEM MEHBIIIE YYBCTBUTEIBHOCTH pelie (uem Oodibiine Scp). Pene moxer
OTKa3aTh B CJIy4ae, €CJIM MaJl Yroi ¢ = o, — @p. YTOJ (K B 3aBUCUMOCTH OT ycyioBui K3 MokeT MEHSThCS OT

0° mo 90°. IIpu aToM HaAexxHast paboTa pesie MOIHOCTH 00ECIIEYUBACTCS BHIOOPOM CXEMBI €70 BKITIOUEHUS.
YcrpoiictBo pese PBM-170. MHayKIIMOHHOE pesie HalpaBIEHUsI MOIIIHOCTH UMEET JIB€ 0OMOTKH,
pa3MelIeHHbIC Ha TTOJIF0CAaX 3aMKHYTOTO CTAIbHOTO MarHuTonpoBoaa / (17). OxHa u3 Hux,

TOKOBas (4) BKitouaercsi BoO Bropuunble nenu TT, u Tok B Hel (Ip) onpenensercs BTopudHbIM TokoM TT. Bropas
— MOTEHUMAIbHAS () — MOJKJII0YAeTCs KO BTOPUUYHOU 0OMOTKe TpaHcpopmaTopa HanpsbkeHus (TH), u Tok B

Heit (In) mponopimonasneH noaseaeHHoMy HanpspkeHuto (Un). Mexay moitrocamMu paciosioXeH BHYTPEHHUN
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CTaJbHOU CEepJICUHUK 2 UIMHIPUUECKON (POPMBI U aTFOMUHUEBBINA pOTOP 3, MMetomuil popmy ctakaHa. Ha
POTOPE YKPEIUJIEH KOHTAKTHBIN MOCTHUK 6. [Ipu HampaBieHnn MomHOCTA K3 OT IMH B IMHUIO 3TOT MOCTUK
3aMBIKA€T HEMOBI)KHBIE BBIXOIHBIE KOHTAKTHI 7 (penie cpabarbiBaeT). Bo3Bpar pesie mpoucxoauT noja

BO3/ICHICTBUEM MPOTUBOJICUCTBYIONIECH TPy UHBI §.
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CTDVKTVDH&H CXEMd MHAYKIIMOHHOI'O PCJIC HAIIpaBJICHHWA MOIIHOCTH
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MarsuTHbI€ TOTOKH, CO3/IaBAEMbIE KATYIIKAMHU C COOTBETCTBYIOIIMMH TOKaAMH, CIBUHYTHI B IPOCTPAHCTBE HA
yroJ1 90°. B3anmMoieiiCTBHE MTOTOKOB ¢ TOKAMU, MHIYKTUPOBAHHBIMUA UMW B POTOPE, CO3/IAET BPAIAIOIIUI
MOMEHT, KOTOPBI 3aCTaBJISIET pOTOP MOBOpPAYMBaThC. ECITM MarHUTHBIE TIOTOKK UMEIOT CUHYCOUJAITBHYIO
dbopmy, To Bpamaromuit MoMeHT MBP ~ @I x ®U X sin¥. 3necs @/ u ®U — MarHutHbie MOTOKH, CO3/1aBACMbIC
TOKOBOW M MOTEHIIMAIbHOM KaTyIIKaMH COOTBETCTBEHHO; ‘P— 3leKTpruyecKuil yroja Mexxay MarHUTHBIMH
notokamu @/ u OU.

Iloopobuee — nepetimu no ccolike:  http://retro-rzia.narod.ru/Sprav_rele/sprav_rele 2 GL2.htm
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MTH?3 B K0JIBIIEBBIX CEeTHAX.
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3amutel AK2 u AKS, ycTaHOBIIEHHBIE HA IPUEMHBIX CTOPOHAX T'OJIOBHBIX Y4acTKOB Ab u AB, BeinonHs0TCS 0€3
3ameieHnn. Takast BO3MOKHOCTB OIIPEAEIIEHa TEM, UTO IpU BHEIHUX K3 MOITHOCTE y MecTa yCTAHOBKH 3aILUT
AK2 u AKS Bcerna HanpaBieHa OT JIMHUAM K mrHaM. [103ToMy BX opraHbl HaIpaBiICHUSI MOIIIHOCTH
MPENsATCTBYIOT cpabarbiBaHuio 3aUT. 3amuThl AK2 n AKS takxke He OynyT cpabaThiBaTh IPU MOBPEXKICHUSIX
BHE KOJIbIIA HA IPYTUX MIPUCOEAUHEHUAX oAcTaHu A (Touka K2), T.K. TOK MOBPEXAEHUS IPU 3TOM IO KOJIbILY
HE MPOXOJIHUT.

Tonbko nipu K3 Ha nuuusx Ab unu AB opransl HanpaBieHus MoiiHoCTH 3amuT AK2 u AKS OyayTt cpabatbiBaTh
Y 3aIUATHl CMOTYT IMOJAEHCTBOBAaTh HA OTKJIIOYEHHE. DTO 1a€T BO3MOKHOCTH BBINIOJIHUTh X JEUCTBUE O€3
3aMeJIEHUS.

[Tpu K3 Ha nunuu AB BOIM3M IMH NOACTAaHUIMU A TOK B TOUKy K3 mpoxoauT B OCHOBHOM uUepe3 BBIKII0UYaTENb |
Y TOJIbKO HeOombIast 10 Toka K3 3ambikaercs o konbiy. [1o Mepe npubnukenust Touku K3 k mmHam

MIOJICTAHIIMK A ATOT TOK CTaHET MEHbIIIE ToKa cpabaTeiBanus 3anmuThl AK2. 3ammura AK2 cmoxker cpaboraTh
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TOJILKO MOCJIe OTKJIFOYEHHUSI BBIKJIFOYaTeNs 1, KOrja BeCh TOK MOBPEXKACHUS OYJET 3aMbIKaThCSI MO KOJIBITY U
MPOXOUTH uepe3 3amury AK?2.

Takum 00pa3zoM, Npu MOBPEXKACHUAX B MpeieiaX HEKOTOpo# 30HbI 3ammuTa AK2 neficTByeT Bcerjia TOIbKO Mociie
cpabateiBanus 3amuThl AK1. Takoe moodyepeaHoe AeHCTBUE 3aIUT HA3hIBACTCS KACKAIHBIM, a 30HA 30HOU

KacKaJaHOTO JEUCTBHUS.
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BI)IﬁOp YCTAaBOK MAKCHUMAJIbHBIX TOKOBbLIX HAIIPaABJACHHBIX 3aIIIUT.

K *K*K,
[‘3’_ KE*E}' * IM

IS [H.MaKc — MaKCUMaIbHBINA TOK Harpy3Ku 3au11/1maeM01?1 JIMHHUHA C YYCTOM BO3MOKHOCTH PA3MbIKAHUA CCTU
NI OTKJIFOYECHUSA OJHOT'O UCTOUYHHKA ITMTAaHUA.

Hpu onpedeﬂeHuu In.maxc npuHumaencs nmojbKo MAKCUMANbHBIU PeAcuUM, COOMG@MCMByiOWMﬁ HanpaeleHur
MOWHOCmMuU om WuH 6 JTUHUIO.

B ceTsix ¢ ABYXCTOPOHHUM MUTAHUEM TOKU CpabaThIBaHUS 3aIUT, IEUCTBYIONIUX B OJJHOM HaIpPaBJICHUH,
JIOJKHBI COTJIACOBBIBATHCSI IO UYBCTBUTEILHOCTH, BO3pacTasi MpU MPUOIMKEHUH K UCTOYHUKY TTUTAHUS. DTO
COTJIACOBaHUE MPOU3BOIUTCS TOJIBKO IS 3AIUT, BXOASAIIUX B OAHY rpynmy (Hanpumep — 3amutsel AK2, AK4
u AK6). [Ipuyem 3amnmura, MMEIOIIasi MEHBIIIYIO BBIIEPKKY BPEMEHH, JI0JKHA UMETh U MEHBIINNA TOK
cpabaTbiBaHUs, T.€.

[c32< Ic34< Ic36.
B o0miem cityuae
Ican = K3am * Ic3(n-1),
rae K3zan nmpuaumaercs paBasim 1,1,
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Takum 06pa3oM TOKH cpabaThIBaHUS JTOKHBI YIOBICTBOPATH BCTPEUHO-CTYIICHIATOMY MIPUHITUAITY U
BBIOMPATHCS 10 YCIOBUIO, JAIOIIEMY OOJIbIlIee 3HAUCHUE TOKA.

Br10op Bpemenu cpadbarbiBanuss MTH3.
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Hanuuue pene mownocmu 6 cxemax MTH3 AK2 u AK3 daem 803MOMCHOCHb He CO2NACO8bIBANb MeHCOY COOOU
UX 8bLOEPIHCKU BPEMEHU.

W3 pucynka BugHO, uto ipu K3 B Touke K1 Toku Oyayt ogunakoBsl y 3amut AK2, AK4 u AK6 u 311 3a11uTh
IIPUIYT B ICHUCTBUE.

s cenekmusro2o Oelicmeus 3auum Heobxooumo, 4moowl evloepoicka epemenru t2 3auumol AK2 ovina
MeHbue 8bloepacku epemeru t4 3auwumol AK4, a évloepoicka epemenu t4 3auumor AK4 o6vina menvuue
ebl0eporcku epemeru t6 3awumovt AK6.

TouHO Takke TOKHBI OBITH COTTIACOBAaHBI MEXKIy co00# Bbiaepkku BpeMenu 3auT AK1, AK3 u AKS nmpu
K3 B Touke K2.

Takum oOpa3zoM, 3alUTHl pACCMAaTPHUBAEMOTO y4acTKa pa3OUBaIOTCS HA JIBE TPYMIBI — YETHYIO U HEUETHYIO, HE
CBSI3aHHBIE MEXy COOOM BBIIEPKKAMU BPEMEHHU.
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B npenenax kaxjaoi rpymnimbl BEIACPKKA BPEMEHU BRIOMPAIOTCS 1O CTYNIEHYATOMY MPUHITUITY
t4=t2 + At m t1=t3 + At,
rae At — CTyleHb CEJICKTUBHOCTH.

Munumanvhyto evloeparcky epemenu umerom sauumsl AK2 u AKS. Onu omempausaromes om 3awyum Opy2ux
npucoeounenuii noocmanyuii A u I'. B kaxcoou epynne 3auum 8pems cpabamul8aHusl y8eaudusaemcs no mepe
npubaudCeHus: K ucmoynuxam numanus. Ilpunsamo nazvieams 6v160p vloepoicex epemenu MTH3 no
8CMPEUYHO-CINYNEHYAMOMY NPUHUUNY.

YuuTeIBas HaJlMYue peie HapaBICHUS MOIITHOCTH, 3alIUThI OyayT paboTaTh ceiaekTuBHO npu K3 B mro60it
TOYKE CETH.

CenekTuBHOCTh He HapymuTcs, eciu 3auuThl AK2 u AKS He cHaO»aTh opraHoM HampaBJIE€HHUS MOITHOCTH.

B o6miem ciyyae nmpu HaJIU4YuH Ha TOJACTAHIIMN HECKOJbKUX MPUCOCIUHEHUH, 3alIMTa, UMEIOIIas
HauOOJIBIIIYIO BBIIEPKKY BPEMEHHU, MOKET HE UMETh OpraHa HalpaBJICHUS MOIIHOCTH, T.K. CEJIEKTUBHOCTD €€
nevicteus npu K3 Ha Apyrux npucoeInuHeHUs X OyaeT o0eceunBaThCs BBIICPKKOM BpEMEHHU.
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MTH?3 B K0JIBIIEBBIX CEeTHAX.
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B xonvyesvix cemsx ¢ 00num ucmounuxom numarnus evioepaicku epemernu MTH3 eviouparomcest no ecmpeuto-
CMYNeHyamomy NpuHyuny.

3amutel AK2 n AKS, ycTaHOBIEHHBIE HA MPUEMHBIX CTOPOHAX TOJIOBHBIX Y4acTKOB Ab 1 AB, BBINOJIHSIOTCS
0e3 3aMenieHnil. Takast BO3MOKHOCTb OIpEJIeNIeHa TEM, UTO MpH BHEIIHUX K3 MOITHOCTh y MecTa yCTaHOBKHU
3amuT AK2 n AKS Bcerna HanpasieHa OT IMHAM K KrHAaM. [103TOMy BX OpraHsl HAlpaBIECHUS MOIIHOCTH
NpEnATCTBYIOT cpadbaTeiBanuio 3anmuT. 3amuTbhl AK2 u AKS Takke He OyayT cpabaThiBaTh MPU MOBPEXKIACHUIX
BHE KOJIbIIa HA IPYTUX MPUCOEIUHEHUAX MOACTaHIMU A (Touka K2), T.K. TOK HOBpPEXIEHUS TPU ITOM IO
KOJIbILY HE IMPOXO/IUT.

Tonbko ipu K3 Ha nunuax Ab unu AB opransl HanpaBiieHus: MoiHocTH 3amutT AK2 nu AKS oyayr
cpabaThIBaTh U 3aIUTHI CMOTYT MOJEHCTBOBATH HA OTKIIIOYEHHE. DTO TAET BO3MOKHOCTb BBIMIOJIHUTH UX
nencrere 0e3 3aMeNJICHHUS.

[Tpu K3 Ha nuauu Ab BOJIM3U IUH NOACTAaHIIUM A TOK B Touky K3 MpoxoauT B OCHOBHOM 4epe3
BBIKJTFOUATeNb 1 ¥ TOIbKO HeOobImas g0 Toka K3 3ampikaercs mo koibity. [1o Mepe mpuOamkeHus: TOUKH
K3 k mmHaM nojacTaniiny A 3TOT TOK CTaHET MEHbIIE ToKa cpabarpiBanus 3amuThl AK2. 3ammura AK2
CMOXET CpabdOTaTh TOJILKO MOCJIE OTKIIOUCHUS BBIKIIOUATelNs 1, Korjla BECh TOK MOBPEXKICHUS OyIeT
3aMBIKaThCS 110 KOJIbIY U MPOXOJINUTh yepe3 3ammty AK2.

Takum 00Opa3oM, Mpu MOBPEXKACHUIX B Mpeaeaax HeKOTOpo# 30HbI 3amuTa AK2 1eicTByeT Beeraa TOIbKO
nociie cpadbateiBanus 3amuThl AK1. Takoe nmoouepenHoe AeHCTBUE 3aIUT HA3bIBACTCS KaCKagHbIM, a 30HA
30HOM KaCKaJHOI'O JICHCTBUSI.

HpI/I KaCKaJHOM I[GﬁCTBHH 3alIUT BPCMA OTKIIFOUCHUA IMOBPCIKIACHHOI'O YHACTKA YBCIIMUUBACTCA.
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Kpome Toro Mmoxer uMeTh MeCTo HempaBmibHas padota 3amuT AK4 u AK6, opranbl HanpaBieHUs] MOIIIHOCTH
kotopbix npu K3 B Touke K1 HaxoasaTcst B cpaboTaHHOM cocTosiHUU. HenmpaBuiibHOE N€HCTBUE 3AIUT MOYXKET
MPOU3OUTH B TOM ciiydae, eciiu ux Toku cpadbareiBanus AK4 u AK: okaxytcs menbiie Toka K3 B Touke K1.
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