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O0J1acTh IPpUMEHEHH I

B cerax CclIoxHONM KOH(QpHUIYpallMd C HECKOJIBKUMU
UCTOYHUKAMHU [IUTaHUA MI13H He oOecrneunBaceT
CEJIEKTMBHOCTH JeHCcTBUSA. B »TOoM cilyyae IIpUMEHSIOT
OUCTMAHYUOHHYIO 3auumy).

JIMCTAaHIIMOHHOM  HAa3BIBAOT  3alllUTY,  BBIJICPIKKA
BPEMEHU KOTOPOM aBTOMATHUUYECKH U3MEHSETCA B 3aBUCUMOCTU
OT yJaaleHHOCcTH MecTta K3 OT Mecra YCTaHOBKM 3alllUTHI.

OCHOBHBIM  DJIEMEHTOM  JIMCTAHIIMOHHOM  3allUTEHI
SIBIISICTCS MUCTAaHIIMOHHBIN OpraH, OMPEACIAOIINI
yaaaeHHocTh K3 OT MecTra yCTaHOBKM 3allluThl. B KauecTBe
TaKOT'0 OpTraHa MCIIOIB3YETCA PEIE COIIPOTUBIICHUA.



Ynpouwjerran cxema HanpaeneHHoe pese conpomueieHust muna KPC-2
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BUTKOB TTepBHUHBIX 00M0TOK TAV M uHCTa BUTKOB BTOpHUHO# obMoTtk TV 1.



IlosicHeHMe K IPHHIHANY AeHCTBUA IHUCTAHIIHOHHOM
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HpﬂHlﬂ[ﬂ BbIINNOJIHCHHUH ﬂHCTaHHHOHHOﬁ 34IlIUThI

OOBIYHO IWCTAHIIMOHHAS 3aIUTa BBIIIOJIHSIECTCS B BUJIE
Tpex CTYIIECHEMN:

1-cTyneHnb OXBATBHIBACT OKOJIO 835 %o JIMHUU;

2-CTylleHb BBIOMpacTCs M3 VYCIOBHUS HAaJEKHOIO OXBara
3allUIacMOn JIMHUU,

3-cTymeHb BBIIOJHACT 3adaud OJMIKHET0 ¢ JIaJbHETO
PE3EPBUPOBAHUS.



CTpyKTypHasi cXeMa JUCTAHIAOHHOH 3AIIHUTHI
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OCHOBHBIE 3JIeM€eHThI ,HHCTEIHII_IIOHHOﬁ 34l THI.

kZ1, kZ2, KZ3 — penne conpOoTUBIEHUS, COOTBETCTBEHHO 1-01i,
2-0M 1 3-€M CTYIIEeHEeU 3allUThl COOTBETCTBEHHO;

AKB — 010KHpOBKa OT KauaHUMH;

kBV — 0iokupoBka 0T 0OpheIBa IETICi HAIPSHKCHUS;

& - noruueckuii rjaeMenT «». CpabdaTeIBaeT, KOorja Bce TpU
YCIIOBUSL, IIOJABOANMBIE K HEMY, BBIIOJIHAIOTCS;

kT2, kT3 — BEIIEPKKY BPEMEHU BTOPOMl U TPETHEN CTYIICHU
COOTBETCTBEHHO,

kH1, kH2, kH3 — curHaneHsie peiie 1-o#, 2-0i1 U 3-€u

CTYHeHefI 3allIlUTHI COOTBCTCTBCHHO.



Hpﬂﬂ]lﬂﬂ BbLIIIOJIHCHHUH 6ﬂ0Kﬂp0BKﬂ 0T KaYaHuN

lIpy HapylleHMH IIapa/UIeIbHOM pPadOThl HHEPrOCUCTEMBI
HapyHIaeTCs CHHXPOHHAs padoTa 3JIEKTPOCTAHIIUY U BO3ZHUKAET
ACUHXPOHHBIM XOJI, COIPOBOKIAIOIINAMCT IIEPUOTUIESCKUMU

N3MCHCHUAMU (K&‘IaHHHMH) TOKA M HAlIPAKCHUA.
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CUprOHHble KA4YAaHUA — PesNCUM SHep2ocucmemsl, npu Komopom npoucxodﬂm nepuoduqecmte

UBMEHEHUSl e20 Napamempos (MoKos, HanpsdceHull) be3 HapyueHus CUHXPOHUIMA.
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KayaHusi BO3HUKAIOT MPY HAPYIICHUN CUHXPOHHON Pa0OThI TEHEPATOPOB AIIEKTPOCTAHIUN
AJIEKTpOsHEpreTuyeckon cucteMsl (39C), a TakKe MPH MOJKIIOUYCHUH WIIH OTKIFOUYESHUN OOJIbIION
AKTUBHOW HArpy3KH, [0 BEJIMYMHE COM3MEPUMON C MOITHOCThIO HArPYy3KHU NOTPEOUTENEH TaHHON
sHeprocucTemMbl. B HopManbHOM (CHHXpOHHOM) pexkume yros oHopMm mexay I/1C El
renepupytomiei cuctemsl S1 u OJIC E2 noTpebnsroiieii cuctemMbl S2 HAXOAUTCS OOBIYHO B

npenaenax ot 0 10 45 rpaaycos:

—_— _____*l\'_?) HOpM
- Il/_fEQ
— (=)
52

Puc. 1. HopmanbHbIn (CMHXPOHHbBIA) pPeXuM paboTbl OABYX
cuctem: S1, S2 — sHeprocuctembl; E1, E2 — 3[1C nepson u
BTOPOV CUCTEMbBI COOTBETCTBEHHO; Suopy — YrON cABUra Mexay
S0C cucteM; lyap — TOK HArpy3Kku

i

S1
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IIpu o3nuxnoenuu cunxpornvix kavarnuu eekmop I/{C E2 nauunaem konebamvcs no OmMHOULEHUIO
k eekmopy I/{C El. Ilepnoaudeckue uaMeHeHus yria o mexay Bekropamu DJIC E1 u E2
CONIPOBOXKJAIOTCA NPOTEKAHUEM 10 JIMHUU CBA3W YPABHUTEIBHOTO TOKA U MEPUOANYECKUMHU
M3MEHECHUSAMU HANPSKEHUH 110 ee KoHIIaM. CUHXPOHHBIC KauyaHUs MPOJA0JDKAIOTCS, KaK MPaBUIIo,
IPUMEPHO 4—5 TEePHUOJI0B, MOCJE YETO YCTAaHABIMBACTCS HOBBIM HArPy30UHbBIA PEKUM C YIIIOM
OHOPM OOJIBIIIMM, YEM B IIPEIIESCTBYIOIIEM PEKUME, HO B MpeAeaax A0MYCTUMOro. 3HaUYCHUS
YPABHUTEIBHOIO TOKA KAUaHWUW B JIMHUM CBSI3U U HANPSHKEHUM MO €€ KOHI[AM COM3MEPUMBI CO
3HAYEHUSIMU TOKOB M HAINPSHKEHUM MPU KOPOTKUX 3ambikaHusX (K3), yTto oOycioBnuBaet
BO3MOXHOCTh OTKAa30B ()yHKIIMOHUPOBAHHS HEKOTOPBIX YCTPOUCTB peneiiHoM 3amuThl (Y P3),
IPEXK/IC BCEro AUCTAHIIMOHHBIX 3alIUT (JT0KHBIX cpabdaThIBaHUN, U3JIUIITHUX CpabaThIBaHUM, OTKA30B
cpabaTbhiBaHuA). s UCKIIIOUEHHS OTKa30B (PYHKIIMOHUPOBaHUS Y P3 mpUMEHSIIOTCS yCTPOMCTBA UX

osnokupoBku npu kadyanusax (YBK), ucnonsiytoiire pa3indabie alropuTMbl GYHKIIMOHUPOBAHMUS.
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HpﬂH]Illﬂ BbIIIOJIHCHHUH 6.JIOKH[)0BKH OT KaYaHuM

[lo mpuaIMIY geiicTBUSA OJOKHMPOBKH OT Ka4aHHl MOTYT OBITh
pa3/IcJICHbI Ha JIBE TPYIIIIbI:

1. KOpOTKHE 3dMBIKAHNWA KW KAYdHHWA PaA3IMYA0OT 110 XOTi OBl
KPaTKOBPCMCHHOMY HaJIWYHUIO aBapHi?ime COCTABJIATOIIHNX,
HAIIpHUMCD, TOKOB 06p&THOfI IHOCJICJOBATCIIBHOCTH.

2. KOpOTKIfIQ 3AMBIKAHWA W Ka9YaHHWA PA3/IMYA0T IIO CKOPOCTH
N3MCHCHHUA TOKOB 1 HﬁHpH}I{QHHﬁ.



bioknpoBKa npu Ka4aHUSX BBINOJHAETCA B IBYX BapuanTax: tuna KPb-125, B kotopou
BBISIBUTEJIEM HECUMMETPHUU CIYKUT PUIbMP HANPAHNCEHUU 0OPAMHOU NOCIe008aAMENbHOCU
(D®HOIT), u Tuna KPb-126, B KOTOpO TaKUM BBIIBUTEJIEM SBIISIETCS (huibmp mokos oopammotu
nocaeoosamenvrocmu (OTOII). bnokuposka tuma KPb-125 npuMmeHseTcss OTHOCUTENIBHO PEIKO, B
C1a00PA3BETBIICHHBIX CETIX C NIMHHBIMU BJI 1 MajioMOIIHBIMUA HCTOYHUKAMH TUTaHus. BOnu3u
MOIITHBIX UCTOYHUKOB MUTAaHUs OJJOKMPOBKA CTAHOBUTCS HEUYBCTBUTEILHOM. bioKkupoBKa TUIa
KPb-126 mmpoko mpumeHsieTcst B pa3BETBICHHBIX CETSIX C MOIIHBIMA UCTOYHUKAMHU ITATAHUS, HO
MO>KET 0Ka3aThCsl HEUYBCTBUTEILHOM B KOHIIE JIMHHOM BJI, 0TXOIs111€M OT MaIOMOIITHOTO
UCTOYHHKA nUuTaHus. Kpome Toro, OJJOKMPOBKY MPUXOAUTCA 3arpyOIIsiTh 111 OTCTPOUKH OT TOKOB
oOpartHoii mocaenoBateabHoCTH Ha BJI, mpuMbikatonux K TsaroBeiM [1C, 4To TOXE CHUXKAET €€

YYBCTBUTCIIbHOCTD.
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CTDVKTVDH&SI CXeMa M cXeMa NOJKJIKYCHUS YCTPOMCTBA:

KL1-KL3 - npoMe:XyTO4YHbIE pele;

KV4 - pere MUHUMaIbHOTO HANPSKEHUS;

KP - myckoBoe pene;

KT - pene BpemeHu;

TA1, TA4 - tpancopmaTopsl TOKa;

TV - mpomexxyTouHbIi TpancpopmaTop;

®DTOII - punbTp TOKa 0OpATHOM MOCIETOBATEILHOCTH;
I II, V - k cxeMe IMCTaHIIMOHHOM 3aIlUTHI;

III - k cxeme BBICOKOYAaCTOTHON OJIOKUPOBKH;

IV - k cxeMme (ukcaiuu oTHOBPEMEHHOTO CpadaThIBAHUS JUCTAHIIMOHHOW 3aIIUTHI U OJIOKUPOBKHU MPU KaYaHUSX;
VI - pe3epBHbIE KOHTAKThI;

VII - K KOHTaKTaM peJie, 00eCneYrBaOIIUM OBICTPBIN BO3BPAT CXEMbI OJIOKUPOBKH

16



BHGKHPOBKEI 3AIIUThI OT HAPDYHICHU ueneﬁ
HallPpA/KCHHS

IIpy OTKIHOYEHUN AaBTOMATUYECKUX BBIKIIOUYATEIICH
(Mu00 meperopaHuy IPEeJOXPAHUTEIIEH), YCTAHOBICHHBIX B
ensax  TpaHC(OPMATOPOB  HANPSDKEHHWA,  HaIPsIKCHHE,
[IOJIBOJIMMOE K PeJI€  CONPOTHUBJICHUS, MOXKET OKa3aThCs
3HAUUTEIILHO HUKE HOPMAJILHOTO, @ TOK OCTAHETCA MPEKHUM.
I[Ipy STOM OTHOIIIEHHWE NOHWKEHHOIO HAINPS/KEHUA K TOKY
Harpy3kKM  MOXET  OKa3aThCsl  MEHBIIE  COMNPOTUBIIEHUSA
cpabaTeiBaHUs W pelle  cpabotaer  JgoxkHO.  J[Id
IPENOTBPAIIICHUS  TAaKUX  JIOKHBIX  JIEWCTBUM  3aIllUTHI
npeaycMorpeHa OmokupoBka kBV, koTopasd npm ykasaHHBIX
HapYIICHUAX BBIBOIUT 3aIIUTY U3 PaOOTHI.



Hp HHIHIITHA/IDHAH CXEMaA OJIHOCT}TIIBH‘IHTOﬁ

TPEeXCHCTEMHOH AUCTAHIMOHHOM 3AIIUTHI B COUCTAHUH C
TOKOBOH OTCEUYKOH
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El) CXEeMa Ileled TOKa H HaIIPAKCHHAA, 6) CXEMa IIelled I[OCTOSHHOIO
OTIENATURHOTO TOKA



Xapal{TepﬂCTlﬂ(ﬂ pecJc COINIPOTHBJICHHUHA IlHCTﬂH]IHOHHOﬁ
34N ThbI

XapaKTepUCTUKH  pejIe  IIOJHOTO  COMNPOTUBIICHUSA
yno0HO Hn300paxkaTh TrpaduuyecKy, OTKIaabBag R 110
TOPU30HTAILHOM oOcu U X 110 BEPTUKAJIBLHOM  OCH.

Zc.p.max —  HauOoIblllee  3HAUECHUE  COMNPOTUBIICHUS
cpabaThIBaHUS;
0 (mm ¢, .,) — yroia, Opu KoTropoM Zc.p.= Zc.p.max,

HA3bIBACTCS V2TOM MAKCUMANBbHOL 4YE8CMBUMENbHOCHIU PEIIE
COINPOTUBIICHUS. 3HAUECHHE HTOr0 Vyria MNPUHUMAECTCS IIpU
KOHCTPYUPOBAHUHU PEJIE.

30Ha, OrpaHMYEHHAs OKPYKHOCTBIO (MO0 (QUrypoil Apyroiu
() OpMBEL) ABIISIETCA 30HOII Oelicmalis pele.
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HEHaHpaBJIBHHOE peEJjac HOJHOIO CONIPOTHBJICHHS

COHpOTHBHCHHG CPHG&TBIBBHHH ITOI0  pliic  JABJACTCA BSJIMUHHOL
HOCTDHHHOE, HC BEIBHCHH_leﬁ OT yIJia MCKY TOKOM H HAIIPAKCHHUCM



Xﬂp&lKTepHCTHKa HAIIPABJICHHOI'O PCJIC COIPOTHBJICHHUSA

Touxka 0 COOTBCTCTBYCT Hadally 3alllHUINacMOH JIMHHUH, 151 T.K.
XAPAKTCPHCTHKA PCJIC PACIIOJIOKCHA B HGpBOfI YCTBCPTH, TO OHO ,I[E:fICTBye’I
TOJIBKO B OTHOM HAIIPAaBJICHHH.



XapaKTepUCTHKH
HallpaBJeHHBIX peJie
IOJIHOT'O CONPOTHBJICHHSI
TPEeXCTYIEeHYATOH
TUCTAHIHOHHOH 3AIUTHI



XapaKTepuCTHKA HANIPABJIECHHOI0 peJie C
YIJTHNTHYICCKON XapaKTePUCTHKOH

A.}:{

Hcmomp3yroTess I TPETBUX CTYIIEHEW 3alllUT ¢ 1EJIbI0  YIyUYIICHUS
OTCTPOMKH OT pabOUYUX PEKUMOB U MOJTYUEHUS OOJIBIIEH YYBCTBUTEIHHOCTH.



PeJie ¢ XapaKTepﬂCTl/lKOﬁ B BHJIAC MHOI'OYIOJIbHHKA

Haubonee coBpeMeHHBIM THIT XapaKTepUCTHK. Mcrmoiap3yeTcs B MU(DPOBHIX
YCTPOMCTBAX 3allUThl. JIaHHBIA BHUJ XapaKTEpPUCTUK B OOJIBIIEH Mepe, YeM
APYTHE, COBIAAAET ¢ KOHTYPOM 00JIaCTH PACIIOI0KEHUS BEKTOPOB ZC.p.



Pacuer nmapamMerpoB I[I/ICTEIHIIHOHHOﬁ 3AlHINThI

A T v, I

Ha VYHIACTKC I-1I YCTAHOBJICHA TPEXCTVYIICHYATAA JUCTAHIIHOHHAS 3alllUTA.



Pacuer nmapamMerpoB I[l/[CTﬂHl[HOHHOﬁ JAIINThI

ConpoTuBieHUE cpadaTbIBaHUS peEJI€ CONPOTHUBICHUS IEPBOM CTYIIEHU
(30HBI) oOIpeAeasieTcs U3 VYCIOBUS OTCTpoMKH oT K3 Ha mmuHax
IIPOTUBOIIOJIOKHON MOJACTAHIIUU:

Fosmi—— '
Zc*.ra. = kH = Z’WI

/+5;1 = COIIPOTHUBJICHUE 3allIUIIAEMON JIMHUH;
k;; — ko3 punmeHT Hage:xxkHOCTH (MpUHUMaeTcs paBHBIM 0.8 — 0,85).

HepBaﬂ CTYHQHB_, KdK HpEIBHfID, BHBIIIOJIHACTCH 663 BBI,Z[ep}KKH BpeMeHHZ
er
tC 3 O
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Pacuer HapamMcerTpoB ﬂHCTHHHHOHHOﬁ 3alINThl

ComnpoTuBieHUe cpadaThIBaHUS PEJie COMPOTUBICHUS BTOPOH CTYIICHU
(30HBI) OIIpEeAEIAECTCS MO CIASAYIOMNM YCIOBUAM:

1. OTeTporika OT KOHIIa IIEPBOM CTYIIEHU TUCTAHIITMOHHON 3aIlIATHI CMEKHBL
JIAHUAU: )

zll.ect - e LT
= kH ' (Zm + kaPZCB.

==

rlct = =
ZCB. = COHPDTHBJGHHe CPH6HTBIBHHI/IH HGPBGH CT}’HGHH JHUCTAHITHOHHOH

3alIUTh]l JUHUHA W2; I
ky — K03 PpuLIHEHT TOKOpacHpeaeICHUS, PAaBHBIMH: kp =XJ :
Kl

Iz, Iy, — Toru K3, npoxogsamue no muausaM W1 u W2, npu K3 B koHIle
auHuA W2.



Pacuer nmapamMerTposB ﬂHCTaHHHOHHOﬁ 34l ThI

2. OtcTpoiika ot K3 3a TpancdopmaTopaMu NpHEMHOM MOACTAHITHH:
ITetr
ZC.B. = kH (ZWl £ kPZT)
/. - COIIPOTHUBIIEHHE TpaHc(opMaTopa;
Brifiepkka BpeMeHU BTOPOU CTYIIEHH IPUHUMAETCS Ha CTYIIECHb

CEJICKTUBHOCTHU 00JIBIIIE BBIAEPKKH BPEMEHH Te€X 3aIIUT, OT KOTOPBIX
IPOU3BOIMIACh OTCTPOMKA COMPOTUBIICHUS CpadaThIBaHUSI BTOPOM CTYIICHU

et ECF
t(‘.B.Wl = tC.B.WQ + At



Pacuer mapaMceTrpoB ,HHCTHHI[HOHHOﬁ 3alHIUTbI

ComnpoTuBieHHEe cpadaThIBaHUS pelle CONPOTUBICHUS TPETheH CTYNEHHU
(BOHBI) OIIPCACIBICTCA H3 YCJIOBHA DTCTpr{KH OT MAKCHMAIBHOI'O TOKa
Halrpy3Kki H MHHHMAJIBHOTO SKCINUIYAaTAHDHOHHOI'O HAIIPAKCHHA Ha MHOIHHaX
IHOACTAaHIIHHA.
- I HCHAIIPABJICHHOTI'O PCJIC:
ZIH.CT =
c3.

[Jmin =
V3L kk,

Hmax H B

- [JI HAIIPpaBJICHHOI'O PEJIC.

min

Z.D‘:[.CT = [I -
= \/g . IH.manHkB CO‘S(8 = (pP) |

BBI,Z[ep}I{Ea BPCMCHH OIIPCACIIACTCH dHAJIOTHYHO BTOPOH CTYIICHH.

30



O011as oneHKa TUCTAHIIHOHHON 3AIINTHI

Jlocmouncmsa.
1. CenekTUBHOCTD JICUCTBHS B CETAX 000 KOH(PUTYPAIIUH C JTFOOBIM
YUCIIOM UCTOYHUKOB ITUTAHUS;
2. Maupie BBIZIEp/KKM BPEMEHM B HadaJjle 3aluiacMoro ygactka (83%);

3. bonpIias 9yBCTBUATEIBPHOCTD U JIVUIIasi OTCTPOMKA OT HarPy309HBIX
PEKUMOB U Ka9aHUU 110 cpaBHeHUIO ¢ M 13.

Heoocmamkii:
1. Cl105XKHOCTH 3alIUTHI B 4aCTH CXEMBI U PEJIE;

2. HeBo3MoOKHOCTH 0OecIieueHUsI MTHOBEHHOI 0 OTKIr0UeHUd K3 Ha
IMPOTAXKCHHH BCEU JIMHHH,

3. Heo0xo1uMoCTh OTCTPOUKHU OT KaUaHUN U Harpy3KH.
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