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DTa KHHra SIBIISETCS PEOPUHTOM OpHUIMHAJIA, KOTOpblﬁ MbI CO3aaJIHU CIICHUAJIBHO JJIs Bac, HCIIOJIb3Ys 3allaTCHTOBAHHBIC
TCXHOJIOTHUH TPOU3BOACTBA PCIIPUHTHBIX KHUT U II€YATH I10 Tpe60BaHI/IIO.

CHavasna Mbl OTCKaHUPOBAJIM KKy CTPAHUIy OpPUTHMHAJA 3TOM PEAKOW KHHUIHM Ha NMPOPECCHOHAILHOM 000pYy/I0BaHHH.
3aTeM C MOMOIIBIO CHEUUATILHO pa3paboTaHHBIX MIPOrPaMM MbI TPOM3BEIH OYUCTKY M300payKeHUs OT MSATEH, KIISIKC, Iepe-
rH00B U MONBITAINCH OTOEINTHh W BBHIPOBHATH KaXIYIO0 CTpaHMIly KHUTH. K coXaleHHIo, HEKOTOpbIE CTPaHMIBI HENb3s
BEpHYTh B U3HAYAJIbHOE COCTOSIHHE, M €CJIM UX OBbLIO TPYIHO YMTaTh B OPUTMHAJE, TO Aa)Ke IpU LU(POBOH pecTaBpaluu
HX HEBO3MOYKHO YITy4IIHTb.

Pazymeercsi, aBToMaTu31MpoBaHHas [IPOrpaMMHasi 00paboTKa PENPUHTHBIX KHHUT — HE caMoe JIydlllee pelleHHe Ui BOCCTa-
HOBJICHUSI TEKCTa B €ro NEPBO3AAHHOM BHJIE, OJJHAKO, HAIA [1EJIb — BEPHYTh YNTATENIO TOYHYIO KONHMIO KHUTH, KOTOPOH
MOXET OBITh HECKOJIBKO BEKOB.

HOBTOMy MBI NpEAYIPEIKAACM O BOSMOXKHBIX HOTIPEHIHOCTAX BOCCTAHOBJICHHOI'O PECIPHUHTHOTO U3JaHHWA. B HU3JaHUU MOTYT
OTCYTCTBOBAaTh OJHA WJIM HECKOJBKO CTPAaHUIl TEKCTA, MOT'YT BCTPETUTHCSA HEBBIBOAUMBIC IIATHA W KIIIKCBI, HAAIITUCHU
Ha MOJIAX WU MOAYEPKUBAHU B TEKCTE, HCUNTACMBIC (bpaFMeHTbl TEKCTAa HJIH 3aTUObI CTpaHM1I. HOKyHaTI) WJIK HE ITOKYIIAaTh
HO,I[O6HLI€ H3JaHus — pelIaTh BaM, MBI K€ n€J1a€M BCE€ BO3MOXKHOC, 4TOOBI PEAKHUC U ICHHBIC KHUT'H, CIIC HEJABHO YTPpAa4UCH-
HBIE 1 HECIIPABEJINBO 3a6bITBIe, BHOBB CTaJId JOCTYITHBIMU JJIST BCEX quTaTeNei.

ﬁ(epvm KHmxHbIN PeneccaHc

www.samizday.ru/reprint






Taasa nepsas ,
OBLUWHUE MOHATUSRN O PEJIEMHOH 3AMMUTE

1-1. HASHAYEHME PEJIEAHOA 3ALMTDI

B sHepreTrnueckUX cHCTeMax Ha 3/eKTPOOOOpPYAOBaHHH 3JeKTpo-
CTAaHUMUH, B 3/7eKTPHYECKHX CeTAX ¥ HA 3/JeKTPOYCTAHOBKaX MOTpelH-
TeJle# 3JIeKTPOIHEPTHH MOTYT BOSHUKATD MOBPeXKIeHHA H HEHOPMaJbHble
peXUMBI.

[ToBpexaeHHU A B GONBLIIMHCTBE CJy4YaeB COIPOBOKAIOTCA
3HAuHTe/bHBIM YBesHYeHHeM ToKa U IJ1YOOKMM MOHHIXKeHHeM HampsiKe-
-HUAl B 3JleMeHTaX HeproCHCTEMBl.

[loBbiweHHB # TOK BblJieaser 60JabliIOe KOAHYECTBO TemJa,
BbI3blBalolllee pa3pyIleHHss B MecTe MOBPeXKIEeHHS H OmacHbli Harpes
HenoBpe K/JeHHbIX JHHHHA U 00OpYLOBAHUSA, IO KOTOPbIM 3TOT TOK Ipo-
XOHT.

[TonunxeHnue HanpsaXeHHSA HAPyLdeT HOPMAIbHYIO
paboty nortpebuTesiell 5/1eKTPO3HEPTHH H YCTOHUHBOCTb MapasesbHOA
paboTbl reHepaTOPOB M HEPrOCUCTEMbl B IIE/IOM.

HeHopMaabHB e peXHMBb OObYHO NPHBOAAT K OTKJO-
HeHHIO BeJHYMH HAMpsKeHUS, TOKA M YACTOTH OT JONYCTHMBIX 3Haue-
HHHA. TIpu nOHHIKEHUHM YACTOTBl M HANpSKEeHHS CO3J1aeTCs OMAaCHOCTb
HAapYyIleHHs HOPMa/bHOH paboThl moTpebHTedeH M YCTOHYMBOCTH 3Hep-
FOCHCTEMbl, a4 MOBBIIEHHe HANpsAMEeHHs U TOKA yIpoxKaeT MoBpekie-
HHeM 000pYNOBAHHA U JIMHUH 3JeKTporepeiau.

Taxum o6pasoM, noBpeXjeHHs HapywaloT paboTy 3HeprocHcTeMbl
#d notpeOUTesell 3JeKTPOIHEPTHH, a4 HEHOpPMaJbHble peXKHUMbl CO3/aI0T
BO3MOZKHOCTb BO3HHKHOBEHHS MOBpeXJAeHHH MJH paccTpoicTBa paboTbl
3HeprocHcTeMbl.

Jns  obecneueHHst HOpMaabHOH paboThl JHEPreTHYECKOH CHUCTEMb
H norpebuTesell 3/JeKTPOIHEPTrUH HeoOXOJHMMO BO3MOXKHO ObiCTpee BLI-
IBJAATb M OTIeJSATb MeCTO MOBpPeXkJeHUA OT HeNoBpekKJeHHOH ceTH,
BOCCTAaHABJIMBAA TAKUM MYyTeM HOpMaJ/bHble YCJIOBHSA paboThl 3HEPro-
cHcTeMbl H TOTpebuTesield.

OunacHble MOC/TEJICTBHS HEHOPMAJbHbIX pEXHMOB TAKXkKe MOXKHO
NpeJOoTBpPaTUTb, €C/JAU CBOeBPeMeHHO 00HAPYXXHTb OTKJOHEHHE OT HOp-
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MaJbHOTO pexHMMa M TUPHHATH Mepbl K ero YyCTpaHeHHIO (HanmpHMep:
CHH3UTb TOK TNPH €ro BO3paCTaHHH, TMOBBICUTb HaNpsiKeHHe NMPH ero
CHHKEHHH H T. I.).

B cBs3H ¢ 3THM M BO3HHKaeT HeoOXOAUMOCTb B CO3JaHHH H NpHMe-
HeHHH aBTOMaTHUYeCKHX YCTPOHCTB, BLIMOJIHSAIIINX YKa3aHHbIE Olle-
PalMH H 3 am HIL A U X CHCTEMY H ee 3JeMeHTH OT OMNaCHbIX
NOC/IeACTBHH NOBpeXIeHHH H HEHOPMAaJIbHBIX PEXKHMOB.

[lepBoHauanbHO B KauecTBe 3aIIUTHBIX YCTPOHCTB IPHMEHSIHCh
n/1aBKHe npefoxpaHuTed. OJHAKO 110 Mepe pocTa MOUHOCTH H Hamps-
JKeHHA 3JIeKTPHUECKHX YCTaHOBOK M YCJIOXKHEHHsI HX CXeM KOMMYTalHH
TaKoH crnocob 3amMUTHl CTal HEJOCTaTOUHBIM, B CHJY 4ero GblaH CO3JaHbl
3allMTHble YCTPOHCTBA, BLINOJHSAEMble NPH TIOMOLIH ClellHaabHbIX aBTO-
MaToB — p e Jl e, TOJyuYHBlINe Ha3BaHHe peJeH HOH 3aIL HTHL

Penetinas sauuma n64s5emcs OCHOBHBIM 8UOOM FAEKMPULECKOL a8MO-
mamuxu, 6e3 Komopou HeGO3MONCHA HOpMAAbHAA U HalexHas paboma:
COBPEMEHHbIX dHepeemudeckux cucmem. OHa OCYIIeCTB/sSET HerpephiB-
HBIH KOHTPOJ/Ib 33 COCTOSTHHEM H PeKUMOM paboThl BceX 3/71eMEHTOB SHep-
TOCHCTeMBl H pearvpyer Ha BO3HUKHOBeHHe TIOBpeK/JIeHHI H HEeHOpMaJib-
HBIX PeXKHMOB.

[Ipu so3HuKHOBEHUU NOBPENCOCHUL 3QULUMA BbIABASEM U OMKAX4Aem
OM Cucmembl NOBPEeHCOEHHbIL YHACMOK, 8030elicmeys Ha CneyuanbHble
cus0Bble BLLKAIO4AMEAU, NPEOHASHAUEHHbIE 04 PABMbIKAHUS MOKOB No-
8pesoerus.

IIpu B03HUKHOBEHUU HEHOPMAALHBIX DPENCUMO8 BAUUMA BbIABASENT UX
U 8 3aBUCUMOCIU OM XAPAKMepPa HapyuleHus npoussooum onepayud,
HEoOX00uMble Ot 60CCMAHOBACHUS HOPMAAbHO20 pexcuma, uau nooaem
CUCHAN OeXCYPHOMY NePCOHANY.

B coBpeMeHHBIX 3J€KTPHUECKHX CHCTeMax peJiefiHas 3amHTa TECHO
CBSI3aHa C 3JEKTPHYECKON aBTOMATHKOH, TpelHa3HauYeHHOH JJs OLICT-
poro aBTOMAaTHYECKOrO BOCCTAHOB/IEHHS HOPMAaJbHOTO peXHMa H MHTa-
HUS TIoTpebuTesei. .

K OCHOBHBIM ycTpOHCTBaM TakOH aBTOMATHKH OTHOCATCA: a BT O -
M-aThl TOBTOpPpHOTroBKAwWYeHHnst (AIIB), aBtomMmaTH
BKJIYEHHUS Pe3epPBHBIX HCTOUHHUKOB NHTAaHHA
M o6opynoBanusg (ABP)uaBtomMaTbs yacTOTHOH
pasarpyskun (AYP).

Paccmorpum Gosiee moapoOHO OCHOBHBIE BHJBl MOBPeXKACHHH H He-
HOPMaJbHBIX Pe:KHMOB, BO3HHKAMOUHX B 3JeKTPHUECKHX YCTAaHOBKaX,
H UX'MOCAeACTBHUA.

1-2. NOBPEXXJAEHUS B 3JEKTPOYCTAHOBKAX

BosbIUMHCTBO TOBpekKAEHHH B 3JE€KTPHUECKHUX CHCTeMax TpPHBOIHMT
K KOPOTKHM 3aMBbIKaHHUSM ¢a3 mexay coOoi WM Ha 3emiwo (puc. 1-1).
B o6MoTkax 3jeKTpHUeCKHMX MalIHH H TpaHCPOpMaTopoB, KPoMe TOrO,
ObIBAIOT 3aMblKaHHSI MeXAY BHUTKaMH OJHOH (a3bl.

OCHOBHBIMH TIPHUYHHAMH MOBpEXKAEHHH ABJAAIOTCA: Hap ylle HH A
M30J 4 1HH, BI3BAHHbIe CTapeHHEM ee, HeyJIOBJeTBOPUTENbHbIM CO-
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CTOSIHHEM, IMepeHaNpsIKeHUAMH H MeXaHHYeCKHMH MOBpeXAEeHHSIMH
(o6pbiB NpOBONOB, HAOpoc HA MPOBoAa U Ap.), HOMW UMO KU mepco-
HaJaa npuonepauusax (0TK/IOYeHHe pasbeAHHHTeNeH NMOJ Harpyskof,
BKJIIOUEHHe O], HalpsiXXeHUe Ha OCTaBJIEHHYIO 3aKOPOTKY M T. I.).
Bce moBpexaeHHS fABAAIOTCA CJAeACTBHEM KOHCTPYKTHBHHIX HeNO-
CTAaTKOB HJIV HecOBeplIeHCTBAa 06ODYAOBAHHS, HEKaYeCTBEHHOT'O €ro
H3roToB/NeHHs1, Je(eKToB MoOHTaKa, OWHOOK NpPHU NPOEKTHPOBAHHH,
HEYJIOBJIETBOPHTEJIBHOTO HJIH HENPaBH/IBHOTO YX0/a 3a 000PYLOBaHHEM,
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Puc. 1-1. Bugnl noBpexIeHnfi B »JeKTPHUECKHX YyCTa-
HOBKAaX.,
a, 6, 6 u 0 — tpexdasnoe, aByxdasnoe, opnobasHoe H ABYX-

$haszgoe Ha 3eMNIO K, 3.; 2 H ¢ — 3aMbIKaHHA OAHON da3bl H ABYX
$a3 Ha 3eMJIIO B CETH € H3O0JHPOBAHHOH HeliTpanbio,

HeHOPMaJIbHBIX peXHUMOB pabothl o6opyroBauuda. IlosTomy noBpexie-
HHUS He/b3sl CYHUTAThb HeU3GeXHBIMHU, HO B TO 2ke BpeMs HeJb3fl H He
YYHTBIBATL BO3MOXKHOCTb HX BO3HHKHOBEHHS.

KopoTkue 3ambikanns (K. 3.) ABJAAIOTCS HauOo/Iee ONACHBIM H THKe-
JeIM BUJOM noBpexienuda. Ilpu k. 3. 3. a. ¢. E HcTOUHHKA NHTAHUA
(renepaTtopa) 3amblKdeTcsl «HaKOPOTKO» Hepe3 OTHOCHTEJNBHO MaJjoe
CONPOTHBJEHHE T'eHePaTOPOB, TpaHcHOPMATOPOB H JHUHHHA (CM., HaIpH-
mep, pHc. 1-1, a—as).

[TosToMy B KOHTYpe 3aMKHYTOH HAKOPOTKO 5. . c. BO3HHUKAaeT
6oabmiol TOK [, HasbiBaeMbli TOKOM KOPOTKOTro 3a-
MBl KaHHU 4. ‘

KopoTtkHe 3aMblkaHusl Nofpasaensitorcss Ha TpexdasHeole, AByX(das-
Hble H o/iHoda3HbIe B 3aBHCHMOCTH OT 4YMCJ/1a 3aMKHYBIIMXCS ¢a3; 3aMbl-
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KaHHs ¢ 3eMJiell H Ge3 3eMJIH; 3aMblKaHUSA B OJHOH M ABYX TOYKAX CETH
(puc. 1-1).

[Ipy K. 3. BCIEINCTBHe YBEJHUEHHS TOKa BO3pacTaerT MNajieHHE Ha-
NpsKeHUsl B 3JleMEHTaX CHCTEMBI, UYTO NPHBOIHUT K MOHHXKEHHIO HANps-
JKeHMs BO BCeX TOYKAX CETH, TaK KaK HanpsiKeHHe B J1o6oH Touke M
(puc. 1-2,a) Uy = E — [y42y, THe E — 5. A. C. HCTOYHHKA MHTa-
HHS, & Zp — CONPOTHBJEHHe OT HCTOYHHKA NMHTaHUS JO TOUKH M.

Hawunbonbllee cHHXXeHVe HaNpAg2KeHHS NPOUCXOIHUT B MecCTe K. 3. H
B HernocpencTBeHHOH OJHU30CTH OT Hero. B TOuKax ceTH, ylaJieHHBIX OT
MeCTa TMOBpeXKIeHHd, HanpsixkeHHe CHHXKaeTcsl B MeHblleH CTeleHH.

[Iponcxonsuiue B pe3yjbTaTe K. 3. yBeJHUeHHe TOKA H CHHXKeHHe
Hanpsi2KeHUS MPHBOLAT K PAJY ONACHBIX MOC/ENCTBHH:

a) Tok K. 3. I, cornacho 3akomny [lxkoyns — JleHua Bruijenser
B AaKTHBHOM COINPOTHBJIEHHH ¢ 11eNH, O KOTOPO# OH NMPOXOJHT B TeYEHHE

BpeMeHH {, Terio Q = kl°rt.
6

I/

x

A
s, -
Hazpysna Z i

) 6)

Puc. 1-2, BausiHne NOHMKEHHSI HanpspKeHHs NPH K. 3,

a — Ha pabGoty NoTpebHTeNel; 6 — Ha 3HEProCHCTEMY.

B Mecre mMOBpeXIeHHS 3TO TeMJO M IJIaMf 3JEKTPHUECKOH IYrH
NPOU3BOAAT OOJblLIMe pa3pylIeHHs, pa3Mepbl KOTOPOTO TeM GoJibllie,
yeM Gonblie TOK [, U BpeMs [.

[Ipoxoass no HenoBpeXIEHHOMY OCOPYJOBAHHIO H JHHHAM 3JIEKTPO-
nepenayd, TOK K. 3. [, HarpeBaeT UX BHIUE JIONYCTUMOTO Ipejena,
YTO MOXKET BLI3BaThb NOBpPeXJIeHHe H3OJAUHH H TOKOBENYIUHX yacTeH.

6) [loHuKeHHe HANpSIXKEHHd NMPH K. 3. Hapymaer paGoTy norpebu-
TeJieH.

OcHOBHBEIM MOTpe6HTeIeM 3/1eKTPOSHEPTHH ABISAIOTCS aCUHXPOHHBIE
3JIeKTpoABHTaTeN . MoMeHT BpallleHHsl JBHTraTtesed NPONOPLHOHANEH
KBajzpaTy HanpsKeHHs HA HMX 3axuMax: M, = kU2

[TosToMy npH riyGOKOM CHHXKEHHH HaNpSKeHHS MOMEHT BpallleHHs
3JIEKTPOJABHUTATENeH MOXeT 0Ka3aThCs MeHbllle MOMEHTa COTIPOTHBJIEHHS
MEXaHH3MOB, YTO NPUBOJIMT K HX OCTAHOBKE.

HopmanbHag pa6oTa OCBETHTeJIbHBIX YCTaHOBOK, COCTaBJISIOHIMX
BTODYIO 3HAYHTEJbHYIO YacTb MOTpeCHTeNeHl 3/1eKTPO3HEPTHH, TIpH
CHHMXXeHWH HaNpsi>KeHHS TaKxe HapyulaeTcs.

Oco6eHHO YYBCTBHTEJNbHBl K MOHHIKEHHSAM HamNpsKeHHS BbIYHCIIH-
TeJibHble H YIPaBJSIOIINE 3JeKTPOHHBIE MAIUHHB], IUHPOKO BHeLpSeMble
B Mnocjeqnee Bpemd.

B) BropriM, HauGonee TSAKennM NOCTENCTBHEM CHHKEHHUS Halpd-
JKeHHH . ABJSIETCd HApYLUEeHHe YCTOMYWBOCTH MapaJjuienbHoH paboThl
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reHepaTopoB. DTO MOMKET NMPHBECTH K pacrnajly CHCTeMb! H NpeKpatie-
HHIO HTAHHA BceX ee noTpeburenelt. [IpHuHHBEI TAKOro pacnaga MoOXHO
NOSICHHTh HA IpHUMepe CHCTeMbl, NpHBeAeHHOH Ha puc. 1-2, 6. B Hop-
MaJIbHOM peXXHMe MeXaHHYeCKHH MOMEHT BpauleHHs TYpPOHH ypaBHO-
BEIIMBAeTCS IPOTHBOAEHCTBYIOIHM MOMEHTOM, CO31aBaeMbIM 3JEeKTpH-
YeCKOH Harpy3Kod reHepaToOpoB, B pe3yJbTaTeé 4Yero CKOpOCTh Bpaille-
HHsl BCeX TypOoreHepaTOpOB NOCTOSIHHA H paBHa cHHXpoHHOH. [Ipu
BO3HMKHOBEHHH K. 3. B TO4Ke K Y LIMH 3JeKTPOoCTaHUMH A HanpsiKeHie
Ha HHX CTaHET PaBHLIM HYJIO, B pe3yJbTaTe TOTO 3/EKTPHYECKAs Ha:
rpy3Ka, a CJeloBaTe/IbHO, H NPOTHBOJEACTBYIOLUHA MOMEHT reHepaTo-
POB TaKXe CTAaHYT PaBHBIMH HY/O. B TO Xe Bpemsi B TypOHHY NOCTY-
naeT NpexHee KOJHYECTBO Napa (HJIH BOJABI) H ee MOMEHT OCTAeTCSl HEH3-
MeHHbIM. BciencrBue sToro ckopocTe BpauleHus Typ6oreHepaTopa
HauHeT OBICTPO YBEJHYHBATLCSA, TaK KaK PeryJsiTop CKOPOCTH TYPOHHbI
JleHCTBYeT MEeJLJIEHHO H He CMOXKeT IPeJOTEPATUTh YCKOPEeHHs BpalleHUs
TypOoreHepaTopoB cTaHuHH A.

B uHBIX YCJOBHAX HAXOAATCA reHepatopel craHudd b. OHH yna-
JleHbl OT TOYKH K, TO3TOMY HANpsi>KeHHe HA HX LIHHAX MOKeT ObITh 6J1H3-
KHM K HOpPMaJIbHOMY. BceJ/ieacTBHE TOro YTO I'eHepaTophl 3J1€KTPOCTaH-
UHH A pasrpysH/Hcb, BCS HArpy3Ka CHCTEMBI JISPKET Ha IeHepaTopbl
CTaHUHH B, KoTopble NpH 3TOM MOTYT Neperpy3HThCs U YMEHBIUHTb
CKOpOCTb BpallleHHsi. TakHM o6pa3om, B pe3yJibTarte K. 3. CKOPOCTb Bpa-
LLIeHHS] TeHepaTOpOB 3JIeKTPocTaHUH# A U 5 CTAaHOBHTCS pPa3JIMUHOH,
YTO MPHBOJHT K HApYIUEHHIO HX CHHXPOHHOH PaGOTHI.

IIpn pauTeIBHOM K. 3. MOXKET TaK»Xe IMPOH30HTH HapylleHHe YCTOH-
YHBOCTH DAaboThl ACHHXPOHHBIX 3JeKTpojaBHrartesel. [IpH moHHKeHHH
HANpsUKEHHsl CKOPOCTb BpAlleHHs aCHHXPOHHBIX 3J/IeKTPOABHraresei
yMeHbllaeTcs. EcC/H CKo/lbXeHHe MpeB3oitzer KPHTHUECKO®, JIBHraTeJb
nepedifier B 06s1aCTh HeYCTOHUMBON PabOTH M MPOH3OHET €ro O POKHAH-
BaHHe H IOJIHOE TOPMOXKEHHeE.

C yBesiMueHHeM CKOJIbXXEHHSI PEAKTHBHAsi MOIIHOCTD, MotpebisieMast
ACHHXPOHHBIMH JIBHTaTeJ/NsIMH, pacTeT, 4yTo MOXeT NPHBECTH Mocje OT-
KJ/IIOUEHHA K. 3. K Ae(HUHTY pEeakKTHBHOH MOILHOCTH H KaK CJeJCTBHe
3TOro K JIaBHHOOOPAa3HOMY CHHXKEHHIO HANpPAXKEHHs BO BCeH CHCTeMe
H NpeKpaueHHo ee paGoThl.

ABapuu c HapylleHHEM YCTOHYHBOCTH CHCTEMBHl MO BeJHYHHe
yuepba, HaHOCHMOIO 3JIEKTPOCHAOXXEHHIO, SIBJSIOTCA CaMBIMH TAXe-
JILIMH.

PaccmoTpenHble MOC/eACTBHS K. 3. MOATBEPIKAAIOT CAENaHHbLIA Bhillle
BbIBOJ,, YTO OHH SIBJISIIOTCSL TSAXeJbIM H ONAaCHHIM BHJIOM IOBpeXJeHHH,
TpeGyOUHM GHCTPOro OoTKMoueHHs (cum. § 1-4).

3aMbikaHWe Ha 3eMJI0 OxHOM (a3bl B CETH C M30MMPOBAHHOH HEAT-
pansio. Ha puc. I-1, 2 BHAHO, YTO 3aMbIKaHHE HA 3€MJIIO He BBI3HIBAET
KOPOTKOro 3aMbIKaHHs, TaK Kak 3. 1. ¢. E¢ noBpexnennoit a3t C He
HIYHTHPYeTCA NMOSBUBIIHMCA B TOUKe K coenuHeHHeM C 3emJed. Bo3Hu-
KawwHH NpH 3TOM TOK B MeCTe NOBPEXKJeHHA 3aMbIKaeTCs Yyepe3 eMKOCTh -
NPOBOJOB OTHOCHTE/ILHO 3€MJIH M HMeeT [03TOMY, KaK MpaBuJio, He-
OoMbILYIO BEJIHYMHY, HATPHMED HECKOJBKO JECATKOB ammep. JInHeHHole
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HanpsIKEeHUsi OPU 3TOM BHAE TNOBPEXKAEHUSI OCTAIOTCH HEH3MEHHLIMU
(em. ra. 9).

Baarogapst 3ToMy 1O CBOHM MOC/JEeACTBHSIM OZHO(pA3HOE 3aMBIKAHHE
Ha 3eMJI0 B CeTSIX C HU3OJHPOBAHHOH HEATPANbIO CYLIECTBEHHO OTJ/IH-
yaercst ot K. 3. OHO He oTpaxaercss Ha pabote norpebuTesell U He Hapy-
11aeT CHHXPOHHOH paboThl reHepaTopoB. OJHAKO 3TOT BHA INOBpPEXKLe-
HHUSl CO3JaeT HEHOPMA/JbHBIA PEeXUM, BbI3bIBAsl TepeHaNpsiKeHHs, 4To
npeicTaB/sieT OMAaCHOCTb € TOYKH 3PEHHS BO3MOXKHOCTH HAapyLIeHHS
H30JISIIIHH OTHOCUTE/LHO 3eMJ/IHU JBYX HeMOBPeXIeHHBIX a3 H nepexoja
OJHO(A3HOTO 3aMbIKAHUSI HA 3eMJI0 B MeXJy(dasHoe K. 3.

1-3. HEHOPMAJIbHBIE PE)XHMBbI

K HeHOpMa/NbHBIM OTHOCATCS PEXHMBI, CBSI3AHHBIE C OTK/JAOHEHHSIMH
OT JIOMYCTHMBbIX 3HaYeHUH BeJTHUHH TOKA, HaNPSXKeHHUs H 4aCTOTHI, onac-
HBEle [/ OOOpYAOBaHHSI WJIH YCTOHYHBOH PabOTbl 3HEPTOCHCTEMBL.
PaccMoTpuM HauboJiee XapakKTepPHbie HEHOPMaJbHbIE DEXHUMBL.
a) Ileperpy3ka o0opynoBaHHsl, BHI3BAHHAS] YBE/IHUYEHHUEM TOKa CBEPX
HOMHHAJbHOTO 3HaUYeHUsl,. H OMHW HaJ b HB M Ha3bBaercsli MaKCH-
MaJIbHBbI{ TOK, JONyCKaeMblil A/s1 AaHHOTO
000pyNOBaHUSI B TeUEHHE HeorpaHHyeH-
HOTO BpEMeHH.
Ecau Tok, npoxoasimuit no obopyro-
BaHUIO, MpeBHIlaeT HOMUHANbLHOE 3Haye-
HHe, TO 3a CYeT BLIEJSIEMOr0 WM JOMoJ-
7 HUTEJABHOrO TelJa TeMmrepatypa TOKOBe-
Iy a AYLUIHX YacTed U HU3OJAAIUU Yepe3 HeKo-
Puc. 1-3. 3asuchmocts gomy- TOPOE BPEMS NPEBOCXOAHT JOMYCTHUMY!O
CTHMOI I[J]HTeJleOéTH nepe- BEJIHUYHHY, YTO INPHUBOAMUT K YCKOPEHHOMY
TPY3KH OT B&JHYHHH TOK2a -HU3HOCY H3OJAUHU H €€ TIIOBPEKICHHIO.

cex |

b —— o - —— e —

= f ). Bpemsi, nonyctuMoe 15 MPOXOXKIEHHS
/y — HoMHHAJBHBII ToK o06opy-  [IOBBHILIEHHBIX TOKOB, 3aBHCHT OT HX Be-
AoBaHMI. JUYUHBL. Xapakrep STOH 3aBUCUMOCTH

NOKa3aH Ha puc. 1-3 U ompejaensieTcss KOH-
CTPYKUHe# 000PYAOBaHHS U TUINIOM H3OMSIMHOHHHIX Martepuanos. s
npepynpexaeHuss MOBpeXaeHUss 0OOpYAOBaHHUSI NPHU €ro neperpyske
HEOOXOIMMO MPHHATb MepHl K pPasTPY3Ke HIH OTKJIOUEHHIO 060pY-
JIOBaHUS. '

0) CHHXeHHe YacTOThbI, BLISLIBAEMOE HEJOCTATKOM TeHepPaTopHOMH
MOLILHOCTH, OOLIYHO BO3HMKAET NMPH BHE3aMHOM OTK/IOUEHHH YacTH pa-
Goraroux reneparopos. ITpu CHHMKEHHUM 4aCTOTHI MOHUMKAETCS NPOH3-
BOIUTENbHOCTb MEXaHH3MOB M HApYIIAeTCs] TEXHOJOTHUECKHIl Mmpouecce
TeX arperaros, AJs1 KOTOPbIX MMeeT 3HaueHHe ITOCTOSTHCTBO CKOPOCTH
BpalleHUs] 3JeKTPOABUTraTeNel.

I'nybokoe cHuxeHHe uyacTOThl (HuKe 47—45 2y4) BeleT K TAXKeJbM
aBapUAM C MpeKpalleHueM paboThl BCell SHepreTHUYeCKod cHcTeMmbl. [
npefoTBpalleHHsd TaKoH aBapuu HeOOXOAUMO BOCCTAHOBHTb OaJsaHC
TeHepUpyeMoil H MoTpeb/sieMOH MoOIHOCTEH MyTeM GHICTpOro (asTo-
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MaTHYeCKOro) BKJIOYEHHs pe3ePBHEIX IeHepaTopoB, HJHM IYTeM aBTOMa-
THYECKOTO OTKJIOUEHHS] YacTH IHoTpebHTeNel.

B) IloBLiLleHHe HanpsiKeHHsi CBepX JOMYCTUMOIrO 3HAaueHUs] BO3HH-
Kaer OOBMHO Ha THUApPOreHepaTopax IpH BHE3ANHOM OTK/IKUEHHH HX
Harpy3kd. PasrpysuBluuiicsi rupporeHepaTop YyBeJTHUHBAET CKOpOCTb
BpalueHysi, YTO BbI3bIBaeT BO3PACTaHue 3. 1. C. CTaTOpa [0 OMACHBIX AJS
€ro M30J/ISILUU 3HaUeHHH. 3auKuTa B TaKUX CJAyYasxX A0JKHA CHHU3UTh TOK
BO30YK/JeHUs reHepaTopa WU OTKJIOUHTb ero.

OnacHoe A/ H30AUH OOOpPYAOB&HHSI MNOBBILEHHE HaIlpsIXKeHHSA
MO2KeT BO3HUKHYTh TaKxKe IpH OZHOCTOPOHHEM OTKJ/IOUEHHH WJIH BKJIKO-
YeHHH NJAUHHBIX JHHUH 3JeKTponepeiaud ¢ GOMbILIOH eMKOCTHOH IIpo-
BOJHMMOCTEIO.

Kpome oTMeYeHHHIX HEHOpPMaJbHBIX PeXKHMOB, HMEIOTCS U ApYyrHe,
JUKBUJIAUUSA KOTOPBIX BO3MOXKHA NpPH IOMOUIM peJieHHOH 3auIMThI.

1-4. OCHOBHBIE TPEBOBAHMS, NMPEN'bSBJISEMBIE
K PEJTEAHON 3AILUTE

a) CeneXTHBHOCTD

Ce/IeKTHBHOCTBIO, MJIH U30MpaTeNbHOCThIO, 3aIIUTHl Ha3bIBAETCS CIIO-
cOOHOCTh 3aIIUTHI OTKJ/IIOYATDL IPH K. 3. TOMBKO MOBpeXAeHHRIH YYacToK

CeTH.
Ha puc. 1-4 nokasaHsl pHMephl CeJJeKTHBHOIO OTKJIIOYEHHS MoBpe-

*Kaenui. Tak, npu K. 3. B Touke K; 3amHTa JOMXKHA OTKJIOYHUTL IIO-

Puc. 1-4. CenekTHBHOe OTKJIOUeHHe NMOBpEXKIeHHOTO yya-
CTKa IpH K. 3. B CETH.

BpEeXJIEHHYIO JHHUIO BHKIKOUaTeaeM Bp, T. €. BBIKJIOUaTeaeM, GauxKaii-
MM K MecTy noBpexnenusi. [Ipu sToM Bce morpebuteniu, KpoMe MUTAB-
IIHXCA OT NOBPeXKAeHHOH JHMHHM, OCTalTcs B pabore.

B caydae K. 3. B Touke K, NpH CEJeKTHBHOM JeHCTBUHM 3aLiHTHI
JO/KHA OTK/IIOYaTbCsl MoBpexkaeHHass nuHus [, auuua [/ ocraercs
B pabote. [Ipu Takom OTK/IHOUEHHH BCe MOTpeOUTENH CeTH COXPaHSIOT
NUTaHUe, DTOT INpHUMep IMOKasHBaeT, UTO eC/JH IOJCTAHIHS CBSA3aHA
C CeTbI0 HECKONbKHMH JHUHHSAMH, TO CEJEKTHBHOE OTKJIOUEHHe K. 3.
Ha . OfHOH M3 JIMHUH I103BOJISIeT COXPAHMTb CBSI3b 3TOH IOACTAHIIMH
¢ ceThlo, obecreunB TeM CaMblM GecniepefoiiHoe nMUTaHHe NOTpeGHTeeH.

Taxkum obpasom, mpebosarue CeNeKMUBHOCIU SBAAEMCA OCHOBHbIM
ycaosuem 045 obecnederus HaOesxcHo2o numatus nompebumeaneli. Hece-
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JeKTHBHOe JeHCTBHE 3allUThl MPUBOAUT K PA3BHUTHIO aBapUH U MOITOMY
AABJISIETCS ee CYIIeCTBEHHBIM HEJOCTATKOM. Kak 6yzer nmokasaHo HHXKe,
HeCeJIEeKTHBHbIE OTKJIOUeHUST MOTYT AOMYCKAaThCs, HO TOJIbKO B TeX CIY-
yasx,’Koraa 3To JUKTyercs HeoOXOQHUMOCThIO U He OTpaxKaeTcs Ha NuTa-
HHH noTpebureseil.

0) BblCTpOT‘a JeHCTBHUSA

OTK/I04eHHe K. 3. JOJ/IKHO NMPOM3BOAUTHLCS C BO3MOXKHO OoJsbilel
OLICTPOTON AJIs1 OrpaHHYEHHS Pa3MepoB paspyuleHust 00OpYAOBaHHUS,
nosblllleHHs 3¢peKTHBHOCTH aBTOMAaTH4eCKOro NOBTOPHOTO BKJIIOUEHHS
JHHUH U COOpPHBIX WUIHH, YMeHbIUEHHS MPOJOJIKUTENbHOCTH CHUXKeHHUS
HampsKeHHs y notpeGuresiel M COXpaHEHHs YCTOHUMBOCTH Mapas-
JIeJIbHOH paboThbl reHepaToOPOB, 3JEKTPOCTAHIHEA U SHEProcHCTEMbI B IIe-
JgoM. Ilocnennee M3 mepedyucJeHHBIX YCJIOBHH SIBJSETCS TIJVIaBHBIM.

Honyctumoe BpeMs OTK/IOYEHHMS K. 3. MO YCJOBHIO COXPaHEHHS
YCTOHYHBOCTH 3aBUCHT OT psifa pakTopoB. BaxKHeAIINM U3 HUX SIBAsIETCS
BEJIMYHMHA OCTATOUHOr'O HAMpPSIXKEHHST HA IIMHAX 3JIEKTPOCTAHLHUI 1 y3/0-
BbIX NMOACTAHUHUH 3HeprocucreMbol. HeM MeHbIlle OCTaTOYHOE Hampsixke-
HHe, TeM XYyXe YCJOBUSl YCTOHYUBOCTH H, C/J1eJ0BaTebHO, TeM OnicTpee
HYXXHO OTKJ/i04aTb K. 3. Haubosee maxcesoimu no ycaosuam ycmoduu-
gocmu  AsAfOmMCs mpexpasHole K. 3. U O08yxghasuvie K. 3. HA 3EMAI0
B CeTH € IVIyX03a3eMJIEHHOH HeHTpaJ/ibl0, TaK KaK NpH 35THX MOBpe-
JKIEHHSIX TMPOUCXOAAT HauboJiblliMe CHUKEHHS BceX MeXAydasHbIX Ha-
npsiKeHuH.

B coBpeMeHHbIX 3HEProcHCTeMax [jisi COXPaHEHHs! YCTOHYMBOCTH
TpeOyercsl BecbMa MaJloe BpeMsl OTKJiOueHHsl K. 3. Tak, HampuMep, Ha
sJjekTponepesauax 300—500 ke HeoOXOAMMO OTKJ/I0YATh MOBpeXKAeHHe
3a 0,1—0,12 cex mocsie ero Bo3HUKHOBeHHs, a B ceTsaXx 110—220 k¢ 3a
0,15—-0,3 cex. B pacnpepeauTe/bHbIX ceTsX 6 U 10 k8 K. 3., OTAe/JeHHbIX
OT HCTOYHHKOB MUTAHUSA OOJIbILHM CONPOTHBJEHHEM, MOXKHO OTKJ/IIOUaTh
co BpeMeHeM npuMepHo 1,5—3 cex, Tak Kak OHH He BJIHSIOT-Ha yCTOH-
YHBOCTb CHCTEMBI.

Tounast oueHka JOMYCTHMOro BPeMEHH OTKJIOYEHHS IPOH3BOJUTCS
C TIOMOILBIO CrelHaJbHBIX PacyeToB yCTOH‘-IHBOCTH NPOBOAUMBIX AJ151
3TOH UeJIH.

B kauecrBe npHOJINKEHHOTO KpUTepUs (Mepbl) HeOOXOAUMOCTH MpH-
MeHeHUsT ObIcTpoAedcTBYIOIUX 3amwuT [IpaBHaa ycrpoiicTBa 3JeKTpo-
ycranosok ([TYD) [JI. 1] pekoMeHAYyIOT OonpeaessiTh OCTATOYHOE HAMPS-
XKeHUe Ha [IMHAX 3JeKTPOCTAHLUUHA W y3JIOBHIX NOACTAHUHUH, NPH TPeX-
¢das3HbIX K. 3. B HHTEpecylollel Hac TouKe cetd. Ecau ocmamouroe Ha-
npasicerue nosyaemcs mexovuie 60% HOMURANBHOZO, MO 0AA COXPAHEHUA
ycmodiuusocmu caedyen npumeramo bbicnipoe omKArO4eHue nogpexcoeHuL,
T. €. MPUMEHATh ObICTPOAEHCTBYIOULYIO 3aLIUTY.

[TonHoe BpeMs OTKJ/IOYEHHS MIOBPEXKACHHS Loty CKJaAblBaeTcs M3
BpeMeHH paboThl 3allUThl f; MU BpPeMeHHM HAEHCTBHS BbIKJIIOYATEs [,
pa3phIBAIOUIErO0 TOK K. 3., T. €. forgn = l3 + 5. TakuM oOpasoM, p4
YCKOpeHHUS] OTKJIIOUEHHUS HYXKHO YCKODATb AEHCTBHe KaK 3allMThl, Tak
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U BHIKJIOyaTesed. Haunbosee pacnpocTpaHeHHble BHIK/JAOUATENH AeHCT-
ByIoT co BpemeHeM 0,15—0,06 cex.

Urobbl obecneunTh NPH TaKHX BBIKJAKOYATEIX YKas3aHHOe Bhillle
Tpe6oBaHHe 06 OTKJ/IOUEHHH K. 3., Hanpumep, ¢ ¢ = 0,2 cek, 3ammuTa
JoJKHa neficTBoBaTh ¢ BpeMeHeM 0,05—0,12 cex, a npu Heo6X0AUMOCTH
oTKJtoyenns ¢ ¢ = 0,12 cex 1 nefictBuM BhKAOYaTes ¢ 0,08 cex Bpems
paboThl 3alIUTHl He J0JKHO npeBbiath 0,04 cex. '

3amutel, jpedctBymowne ¢ BpemeHeM Ao 0,1—0,2 cex, cuntaiorcs
6ulcTponericTByciiuMU. CoBpeMeHHble ObICTpOAEHCTBYIONINE —3alllHTHI
moryT paborath ¢ BpeMeseM 0,02—0,04 cex.

T pebosariue 6b1cmp00eucmeuﬂ fa6r5emca 6 pade cayuaes onpede/zﬂfo-
wum ycaosuem, obecredusarciium Ycmotidusocms napasresbHol pabomol
JAEKMPOCMAHYUL U 3HEPEOCUCITIEM.

Co3nanne cesleKTHBHBIX = OBICTPOAEHCTBYIOIIMX 3aIIUT  SBJsIETCS
BaXXHOH H TpYAHOH 3afauyeldl TeXHHKH pesleHHOH 3aUIMThl. DTH 3alHTHI
NOJYYaloTCs JOCTATOYHO CJOXKHBIMH H JOPOTHMH, IIO3TOMY OHH JOJIMKHBI
NPUMEHATBCS TONbKO B TeX cJayuasix, Korga GoJiee NPOCTBIE 3alLIUTHI,
pa6oTalolllie ¢ BhIepKKOH BpeMeHH, He obecreynBalor TpebyeMoii GHICT-
POTHl JeHCTBHS.

B neastx ynmpomenus aornyckaercss NpHUMeHeHHe NPOCTHIX GHICTPO-
JEeHCTBYIOMIMX 3alIUT, He ofecleyuBaOLIHX HEOOXOAUMOH ceJleKTHBHO-
ctu. Ilpn sToM aad HcnpaB/eHHS HeCeJIeKTHBHOCTH MCIOJb3YeTcs
AIlB, Oblctpo BkJIOuUalolmiee OOpaTHO HeCeJeKTHBHO OTKJIIOUMBLIMACS
3J1eMeHT.

Tpe6oBaHHe KBpPeMeHH JeHCTBHUSA 3amuTbl OT
HEHOPMAaJbHB X PeXHUMOB 3aBHCHT OT HX IOCJAEACTBHH.
Yacto HeHOpMaJsibHBIE pEXHMBI HOCAT KPAaTKOBPEMEHHBIH Xapakrtep H
JUKBUAHPYIOTCS caMH, HalpHMep KPaTKOBPeMeHHAsl Nleperpyska MpH
NycKe aCHHXPOHHOrO 3/eKTpoiBuratens. B Takux. cayuasx ObicTpoe
OTKJIIOYeHH e He TOIbKO He IBAsSeTCs HeoGXOAHMMbIM, HO MOXKET IPHYHUHHUTD
yuiep6 norpebutensm. [TostoMy oTkaoueHre 060pYyLOBaHUS IPH HEHOP-
MaJbHOM peXHMe JOJIKHO MPOH3BOAHTLCS TONLKO TOTAA, KOTAA HACTY-
- nmaet JeficTBHTeJabHAs OMACHOCTH 'AJIS 3allHIlaeMOro oGOPYNOBaHHMS,
T. e. B GOJILUMHCTBE CJlyyaeB C BbIIEPXKKOH BpeMeHH.

B) UyBCTBHTENbHOCTD

Jns Toro utobel 3aminuTa pearnpoBaja Ha OTKJOHEHHS OT HOpMaJib-
HOTO peXHMa, KOTOpble BO3HHKAIOT NPH K. 3. (yBe/MYyeHHe TOKa, CHH-
XKeHHe HanpsiKeHHs H T. II.), OHAa JAoJ/kKHA 00Ja1aTh onpenejeHHOM
YYBCTBUTEJNbHOCTBIO B Ipeliesax YCTAaHOBJIEHHOH 30HBI ee JeHCTBHS.
Kaxpnas 3amura (Hanpumep, / Ha pHc. 1-5) no/12kHa OoTKAOYaTh MOBpe-
XIeHNsl Ha TOM yyacTke AD, 1,151 3alIHThl KOTOPOI'0 OHa YCTaHOBJIEHA
(nepBBIH y4acTOK 3amuTHl /), H, KPOMe TOrO, HOJKHA ;LeﬁCTBOBaTb npH
K. 3. Ha cienywolleM, BTopoMm yyacTke bB, samumaemom 3auiuroit /7.
IleficTBHe 3alMTHl HA BTOPOM YYacTKe Ha3blBaeTcsi JaJdbHUM pe -
3epBHpoBaHHeM OHo HeoOXOAUMO 1/51 OTKJIOYEHHS K. 3.
B TOM CJyyae, ecay 3awuTta // uau BeKJOYaTeab yyactka bB He cpa-
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6oTaeT M3-32 HEHUCHPABHOCTH. Pe3epsuposarue Ccredyroweso ydacmka
Aeasemces eaxcHom mpebosaruem. Ecnu oHO He OYIeT BbINOJHATHCA, TO
npy K. 3. Ha yuactke 5B M oTKase ero 3auidTbl HJAH BHIK/IIOUYATENA 1O-
BpeX[eHHe OCTAaHeTCS HEeOTKJ/IOUeHHbIM, YTO NpPHBeJeT K HapyUIeHHIO
pabotbl morpebuTesell Bcell ceTH.

HefictBue 3amurtbl [ mpu K. 3. Ha TpeTbeM yyacTke He Tpebyercs,
TaK KaK NnpH oTKase 3alUTHl TPeTbero yyacTKa HJIH ero BbIKJoYarend
JoJ/IKHa nojedcTBoBaTh 3awiuta [/. OQHOBpeMeHHbIH OTKa3 3aluThl Ha
IBYX ydacTKax (TpeTbeM H BTOPOM) Ma/iOBepOsTeH, H MO3TOMY C TaKUM
cayyaeM He CUHTAIOTCS.

Hexotopele THIBI 3alIMT MO MPHHUHUNY CBOEro JAeHcTBusA He pabo-
TAaIOT 3a npejlelaMH MepBOro yvyacrka. YyBCTBHTENbHOCTh TAKHUX 3alHT
JoJxKHa o0ecneYuTb UX HalleXXKHYI0 paboTy B Mpejeax IepBoro y4acrka.
Hasa obecneueHusi pe3epBHPOBaHHS BTOPOTO -Y4acTKa B 3TOM cClydae
yCTaHaBJIHBAaeTCA AONOJHHTENbHAA 3allluTa, HasbiBaeMas pe3epBHOH.

A

b 8
o/ | o omr
Nepberd yyacmox | Gmapod yyacmon | Tpemud yvacmon

dauumisl ! ! Jﬂ(l(l/ﬂié// | daqume !
| T -

T

Puc. 1-5. 30HLl fmeficTBUSA 3aLHTHL.

Kaxpas samura Ao/kKHa JedCTBOBATH HE TOJNBKO NMPH MeTaJlHye-
CKOM K. 3., HO H IIpH 3aMbIKaHHAIX Yepe3 MepeXOAHOe COMPOTHBJEHHE,
00yCJIOBIHBaeMoe JIeKTPHUeCKOH Ayroil.

HyBCTBHTENbHOCTD 3ALUUTH JOMKHA ObITh TaKoH, 4yTOOBI OHa MorJja
nofeHcTBoBaTh NPH K. 3. B MHUHHUMaAbHBIX DeXHMMaX CHUCTeMHl, T. e.
B TaKHX pexHMaX, Koriga H3MeHeHHe BeJIHUHMHBI, Ha KOTOPYIO pea-
rupyer 3aiiura (TOK, HanpsxeHHe M T. n.), OyleT HaHMeHblllel.
Hanpumep, ecan na cranuun™ A (puc. 1-2, 6) Gyner OTKJIOUeH OJHH
reHepaTop, TO TOK K. 3. YMEHBIUHTCH, HO UYBCTBHTE/bHOCTH 3ALUT
HoJsiKHa ObITb JOCTATOUHOM J/1fA JeHCTBHS H B 3TOM MHHHMAaJbHOM
pexume. \

Taxkum 06pasom, wyecmeumesvrocme 3auiumot QoaxcHa Gouns maxod,
4mobbL OHa Oeficmeosasa npu K. 3. 8 KOHYE YCIMAHOBACHHOL OAs Hee 30HbL
68 MUHUMAALHOM Pescume cucmemol U npu 3aMblKanuax 4epes a/zercmputte-
cKkyro dyey.

UyBCTBHTENIbHOCTD 3aIUUMTHl NMPHHATO XapaKrepH3oBaTb K 0 3 §-
GHUHEeHTOM YYBCTBHTEJNADbHOCTH ky. Hdaa 3amur, pea-
THPYIOIMX HA TOK K. 3.,

bo— Ix. 3. wun
g =
le.s

, (1-1)

rie [ s yuy — MHHUMaJbHBIK TOK K. 3.; I.; — HauMeHbIUMH TOK, MpH
KOTOPOM 3alfiita HauuHaeT paboraTth (TOK cpabaTbiBaHHM 3aLHTHI).
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