6. 3ALUUTA BO3OYLWHbIX U KABENbHbIX IMHUNA 6-35 KB

6.1. OCHOBHbIE NMPUHLUUIMNbI BbIMONMHEHUA 3ALLUUTDI

Kak y>xe roBopunock B rf. 1, ykasaHHbl€ NIMHUM OTHOCATCS K CETU C U30NMPOBAHHOM UM KOMMEHCU-
poBaHHOW HenTpanbto. CrnegoBaTenbHO, UX 3alumMTa OOSMKHA pearMpoBaTb Ha TpexdyasHble, OBYX-
das3Hble K3 1 aBOMHbIE 3aMbikaHMs Ha 3emto. OaHodasHble 3aMblikaHMUs HE OTHOCATCS K KOPOTKUM
3aMblKaHMAM U MOTYT CyLLecTBOBaThb 2 1 6onee YyacoB. 3a 3TO BPEMSI MOXXHO NEPEKITHYNTL Harpy3Ky
Ha OPYroh UCTOYHUK, W YXXE MOCMe 3TOro OTKMYUTL NUHUI0. [1o3ToMy, 3awmTa OT 3aMblkaHU Ha
3eMII0 MOXET AeNCTBOBaTb Ha curHan. B page cnyyaes, 3awmrta OT 3aMblKaHUA Ha 3EMITH0 MOXET
OTCYTCTBOBATb, Hanpumep, Ha BO3AYLHbIX JIMHUSAX, ANSA KOTOPbIX OTCYTCTBYKT TpaHcdopMaTopbl
TOKa HyneBOW NocrnegoBaTesibHOCTU. B 3TOM cnyyae nouck MecTta 3amMblKaHWs Ha 3eMIt0 MPOU3BO-
ANTCA NyTEM NO0YEPEHOro OTKITHOUEHNS NINHUA.

Ansa paboTbl Npy AByxdasHbIX 1 TpexdasHbIX KOPOTKUX 3aMblKaHUAX OCTAaTOYHO UMETb YCTPONCT-
Ba 3allMTbl YCTaHOBMNEHHbIE B ABYX (ba3ax. 3awmTta Bceraa ycraHasnusaetcsa B pasax A n C. OHa
He pearnpyeT Ha Tok ¢pasbl B, HO 3TO He MMeeT 3Ha4yeHus!, T.K. Npy NGbLIX MexaydasHbix K3 Tok
npoTekaeT B 2-x ¢hasax, u cpaboTaeT 3almTa yctaHoBrneHHas nubo B hase A, nubo B ase C, nu-
60 ogHoBpeMEHHO B 2 dhasax. [JeicTBMe Takom 3aluTbl MMeeT 0COBeHHOCTN paboThl Npy ABOMHbIX

3aMblKaHUAX Ha 3eMIto, CM. puc. 6.1.
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Puc. 6.1. loBeaeHue 3alnThbl, YCTAHOBIIEHHOW B 2 dha3ax Npu ABOWHbLIX 3aMbIKaHUAX Ha 3eMIto

Ha pucyHKe ykasaH criyvyan OBOMHOIO 3aMblkaHMs Ha 3eMJITt0 Ha NUHUAX 1 1 2. 3awuTbl yCTaHOBIe-
Hbl Ha obeunx nuHuax B ¢asax A n C. B nsobpaxeHHom BapmaHTte Ha J11 Tok K3 npoTtekaeT B chase
A, roe ycTaHoBneHa 3awuTa, a Ha J12 B dhase B, rae 3awmtbl HeT. [103TOMY, OTKMAOYMTCS NUHKUA 1, a
NMHWA 2 C NOAKMIOYEHHOM K HEW Harpys3kon ocTaHeTcsi B paboTe ¢ 3ambikaHueM Ha 3emnto. Pac-

CMOTPUM BCE BO3MOXHbIE BapuaHTbl CM. Tabnuuy 6.1.

Tabnuya 6.1

MoBpexaeHHas MoBpexaeHHas OTkntovaeTcsa
daza J11 dasa J12 NNHKUSA
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Kak BuaHo 13 Tabnuubl B 2* cnyyasx u3 6 oTknovaetcs J11, B 2¥ — J12 n ewe B 2" oTknoyatoTcs o6e
NUHUKN. JTO CUMTaAETCH NPEMMYLLECTBOM Takoro noaknioYeHns 3almTbl, Tak Kak B 4 U3 LLecTu cny-
YyaeB B paboTe ocTaeTcs ogHa NNHKS.

Mpn ownbke B paccTaHOBKE TPaHCHOPMATOPOB TOKA KapTMHA MOXET U3MEHUTBCHA B XyALyH CTO-
poHy. Tak, Hanpumep, ecnu owKnbo4YHO ycTaHoBUTL Ha J11 TpaHcdopmaTopbl Toka B dhase B n C (Ha
pucyHke B dpase B nokasaHO NMyHKTUPOM), TO okaxkeTcs YTo Ha J11 Tok K3 npoTekaeT B He3alLULLEH-
Hon dhase A, a Ha BJ1-2 B He3sawmweHHon dhase B. Taknm obpasom, oTkasbiBatoT obe 3awuTol. [o-
aTomy, cornacHo MYJ3, 3awmTbl BO BCEN CETU AOSMKHbLI pacnofiaratbCs B 0OUHAKOBbIX dhasax. Mox-
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HO NPeanonoXnTb, YTO 3TO SIBNEHNE ManoBEepPOSATHO, TaK Kak B KOMMIEKTHbIX pacnpenyCcTponcTBax
TpaHcopmaTopbl TOKa pacnonaralTcs B KpanHux hasax u owmnbka HEBO3MOXHA. DTO Tak, O4HAaKo,
B CETU YacTo npeHebperaloT 3TMM NpaBUoOM: NPOBOAA NIMHMM UMK XUIbl Kabensa NoAcoeanHAITCS
Kak yaobHO 1 Ha NMTaloLEeM U Ha NPUEMHOM KoHLe. [locne nogayv HanpsXKeHus Ha NPUEMHON Noa-
CTaHuuKM NpoBepseTCs HanpasneHne BpaleHnsa dasoykasaTtens unu asuratens, U ecnm OHW Bpa-
watTca B obpaTHYH0 CTOPOHY, TO nepemeLlatoTcs 2 dpasbl, KOTopble YyAoObHee NOMEHATb MeCcTamMm.
Ho ato He obsizaTenbHO GyayT npaBurbHble ¢asbl, cnegoBaTenbHO, BO3MOXHO OTKMOYEHUE Mo-
BPEXAEHMS B CETU COBEPLLUEHHO He TeMM 3alumTamu. [10aToMy, Npy pacCMOTPEHUM CriyYaeB Henpa-
BUMbHOW paboThbl 3alMTbl B CETU, LenecoobpasHo NPOBEPUTL M TaKyo MPUYKHY.

Onsa sawmtel nnHnn 35kB TpebyeTtca TpexpenenHas cxema 3awmtbl. Heobxoanmocts ee 06bsCHS-
€TCs TEM, YTO, Kak NpaBuno, Harpyskom NuHun siensieTca TpaHcgopmatop 35/6-10kB co cxemon co-
eanHeHus Y/A. Kak ykasbiBanock B rnaese 4 (cM. puc 4.7, a) npu asyxdasHom K3 3a TpaHchopma-
TOPOM CO cxemon coeamHeHns Y/A B 2x dpasax npotekaeT nonosmHa Toka K3, n Tonbko B 0gHON —
nonHbin Tok. Ecnn ata dasa okaxeTcst 6e3 TpaHcdopmaTopa Toka, TO B 3alUMTE MPOTEKAET TOK B
2 pasa MeHbLUNA, YTO MOXET NPUBECTU K OTKa3y 3awmTbl. Ecnu TpaHcgopmaTopos Toka 2, unum ue-
necoobpasHo OCTaBUTb UX 2, ANa obecneyeHnsa OTKMNYEHMS B BOMbLUMHCTBE CryvYaeB TOMbKO Of-
How BJ1 npyn ABOMHBIX 3aMblKaHUAX Ha 3eMII0, TO TPETbE perie MOXHO BKMOYNTL B OOpaTHbIA Npo-
BOJ 2-X TpaHCGOpMaTopOoB ToKa (CM. puc. 6.2.).
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Puc. 6.2. PacnpegeneHne TOKOB B afieMEHTaX 3aLUNTbl BKIKOYEHHbIX B CXEMY HEMOJTHOW 3BE3bl

B obpatHOM npoBoae TpaHCcOpMaTOpPOB TOKA NpoTekaeT cyMMa TOKOB ABYX hbas, paBHasi NofHOMY
TOKy TpexdasHoro K3. Taknum o6pa3omM, MOXXHO OAHOBpPEMEHHO 0becneudnTb YyBCTBUTENBHOCTb 3a-
wutbl npu K3 3a TpaHcgopmaTtopoMm Y/A, n obecneuntb OTKMNOYEHME B OOMbLUMHCTBE Chny4daeB
TONbKO ogHom BJ1 npy ABOMHLIX 3aMblKaHUSIX HA 3EMITIO.

MakcnmanbHaa TokoBasa 3awmrta (MT3) kOHTponMpyeT TOK B 3allULLAEMOM dfIEMEHTe, OTCTpaun-
BaeTCsa OT TOKa Harpysku, 1 Npu NpeBbILIEHNN TOKa YCTaBKW, C BbIOEPXKKON BPEMEHU OEUCTBYET Ha
ero otkntoyeHne. Kak npasuno, MT3 aBndeTcsa rmaBHOW, a MHOrAa €OMHCTBEHHOW 3alMTON NUHUN
6-35 kB. MakcumanbHasa TokoBas 3aliMTa - 3TO 3almTa C OTHOCUTENbHOW CEMNMEKTUBHOCTbLIO, KOTO-
pas He Tonbko obecneymBaeT oTkMoveHMe K3 Ha cBoen NMHMKM, a ecnn NO3BOMSET ee YyBCTBU-
TEeNbHOCTb, eLle U pesepBupyeT oTknodeHne K3 cMexxHoro yyacTka.

CeneKkTMBHOCTb MakcuMMarbHOW 3awuTbl obecneunBaeTca €€ BblAEPXXKOW BpeMeHW. BbloepiKku
BpEMEHU CMeXHbIXx MT3 oTnuyaroTca Ha BENUYMHY, HasbiBAEMYO CTYNEHbIO cenektnBHoctn. Cry-
NneHb CENeKTUBHOCTM — 3TO MUHMMANbHO BO3MOXHAsA pasHuua Mexay BpeMeHamu cpabaTtbiBaHus
CMEXHbIX 3aLLUUT, yYnTbIBaOLWas TOYHOCTb paboTbl pene. [nsa 3awmT BbINOSTHEHHBIX HA 3MNEKTpoMe-
XaHu4yeckon 6ase ctaHgapTHasi CTyneHb cenekTuBHOCTM At coctaBndaeT 0,5 cek. MUKpPOSNeKTpoH-
Hble 1 MUKPOMNPOLECCOPHbIE 3aLnTbl MO3BONAKT 0b6ecneynTb CTyneHb CEeNeKTMBHOCTM paBHyto 0,2-
0,3 cexk.

Hepoctatkom MT3 siBnsieTca 10, YTO N0 Mepe NpubnmKkeHUs Mecta YCTaHOBKU 3aLMThbl K UICTOYHU-
Ky MUTaHUs yBENMUYMBAETCS €€ BblAepKKa BpeMeHu. Tak Kak npu 3TOM yBeNnuunBaeTCcHa U BeNuimMHa
TOKa KOPOTKOro 3aMblkaHus, 00beM NoOBPEXAEHMS1 BO3pacTaeT.

[Ons 6bicTpenwero oTkniodeHna K3 n ymeHblUueHMs obbema NOBPEXAEHUS, 3aliuTa BhINOJTHAETCS
CTYNEHYaTon: KPOME MaKCUManbHOWN 3aLUTbl, NPUMEHSAETCSA TOKOBAs OTceuka.

TokoBas otceuka (TO) sBnsieTCA NEpBOW CTYNEHbIO TOKOBOW 3awmTbl U paboTaeTt, 06bivHO, 6e3
BblAEPXKN BpeMeHu. [1ns obecneyeHuns cenektuBHocTu, TO oTcTpamMBaeTcsl OT TOKa KOPOTKOro 3a-
MbIKaHUA B KOHUe 3awmwaemon nuHum (K3 3a TpaHcdopmaTtopom). Takum obpasom, sawmTa IMHUK
BbIMOMHSETCHA ABYXCTYNEHYaTON: MakcMManbHas 3awuTa n TokoBaga otcedka. Itm s3awmtbl (MT3 1



TO) BXOOAT B COCTAB MUKPOIMEKTPOHHOIO ycTponcTtBa 3awmtbl Y3A AT 1M MUMKPONPOLECCOPHOro
PC81.

BTopbiM cNOCOGOM yMEHbLUEHNSA BbIAEPXKKA BPEMEHWN 3alUUTbl ABMASETCA NPUMEHEHUE 3aluTbl C
0o6paTHOM TOKO3aBMCMMOW XapaKTEPUCTUKON BbIAEPXKKN BpeMeHW. [Mpu Takon XxapakTepucTuke Bbl-
aepxka BpemeHn MT3 ymeHbluaeTca no mepe yBennyeHus Toka K3. Yctponcteo Y3A-AT nmeet 2
3aBuUcKMble xapaktepucTukm MT3: HopmanbHaga u kpyTtas (cMm. oopmynel 2.8 n 2.9 B n. 2). Npadu-
yeckoe U3obpaxxeHne XxapaKTepUCTUKM MOKasaHo Ha puc. 2.13.

3awnTbl MHOCTPAHHbLIX (OMPM MMEIOT 3HAYMTENBHO BOorblUee KONMYEeCTBO XapakTepUCTUK. Tak ycCT-
pOMCTBa TOKOBbIX 3awmT upmbl GE kpome 60MbLIOro KOnMyecTBa TUNOBbLIX XapakTePUCTUK, UMEIOT
Takke cBOOOAHO MporpaMmupyemble XapakTepUCTUKN. Takoe KONMMYEeCTBO XapaKTepUCTUK He sBMS-
t0TCA HEOOXOANMBIM, OHO OUKTYETCH, B OCHOBHOM, PEKNamMHbIMU COOBpaXeHUsiMU, a Takke Hanu4ym-
€M pasnu4yHbIX CTaH4apPTOB B pasHbIX cTpaHax. Bpemsa cpabaTtbiBaHMSA TOYHO BbIMMCNSAETCH NO Ma-
Tematndeckon copmyne. KoadppuumeHTbl, cOOTBETCTBYIOWME BLIOPAHHON XapaKTepucTuke, nog-
CTaBnsTCA B 3Ty hOpMyIny Mpu pacyeTe.

Hwxe npmBogaTCca npumepbl pasnnyHbIX XapakTEPUCTUK BblAEPXKEK BPEMEHM TOKOBbIX 3awumT. Mep-
Bbl€ AECATb XapaKTEPUCTUK MMEIOT 0BLLYI0 MaTemMaTyeckyto opMyny:

t=Tx

roe:
t — BpeMsi OTKITHOYEHUS;
K - xoachduumeHrT;
I - BennyuHa M3MepeHHOro ToKa;
I¢ — nporpammupyemasi BennyvMHa cTyneHu;
a — KOIhPULUMEHT;
L - koadpduumeHT ANSI/IEEE (ans xapaktepuctuk MOK paBHsieTcst Hynio);
T - xoaddurumeHT BpeMeHu, BbIOpaHHbIN B gnanasoHe 0,025+1,5.
Tabnuua 6.2
Tun xapakTepucTukn CraHpgapTt KoadbdbunumeHT | KoadbdunumeHt |KoaddunumeHT
K a L
KpyTasi obpaTtHoBpeMeHHas ALSTOM 0,05 0,04 0
CraHgapTHas nHeepcHas MOK 0,14 0,02 0
OueHb nHBEpCHas MOK 13,5 1 0
UpesBblvaiHO MHBEpCHas M3K 80 2 0
Monoras obpaTHOBpeMeHHas ALSTOM 120 1 0
KpyTtas obpaTHoBpeMeHHas C02 0,00342 0,02 0,00242
YMepeHHO nHBepcHas ANSI/IEEE 0,0515 0,02 0,114
Monoras obpaTHOBpeMeHHas Co08 5,95 2 0,18
OueHb MHBEpCHas ANSI/IEEE 19,61 2 0,491
YpesBblv4aHO MHBEPCHas ANSI/IEEE 28,2 2 0,1215
Xapaktepuctuka Rl (anekTpomexaHnyeckas) BolpaXxaeTcs criegyoLlen opmynomn:
1
t=K- (6.2)

K

0,339 - 0,236/
1

1
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KoppekTupyeTtcs B ananasoHe 0,10+10 c warom 0,05;

1
O6nacTtb gonyctumbix 3HavyeHun 1,1 £ — < 20.
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Xapaktepuctukn Y3A-AT coBnagaloT coO BTOPOW M TPETbEN 3aBMCUMOWN XapakTtepucTukamu. OAns
npakTU4yeckn HeobXxoAMMbIX CriydaeB BMOSIHE OOCTATOYHO 2 XxapakTtepucTuk. lNMpoctas mHBepcHas
(3aBucnmasn HopmanbHasa B Y3A-AT) ncnonb3yeTcs Ang cornacoBaHusi C 3aBUCUMbIMU XapakTepu-
CTUKaMn 3NeKTpoMexaHMyeckux 3allnT, a oOMeHb UHBepCHas (3aBucumas kpytasa B Y3A-AT) ons co-
rnacoBaHus C NpedoXpaHUTeNAaMU, UM MUKPOSNEKTPOHHBIX 3alimMT Apyr ¢ ApyroM. B nocnegHux
Bepcusax yctponctB YBA-AT, a Takke B ycTponcteax PC81, PC83 moxeT BbITh BbINOMIHEHA NO 3aka-
3y 3aBUCMMasi XxapakTepucTuka, coBnagarollas no ToKy cpabaTbiBaHUA C XapakTEePUCTUKON pene
cepumn PT-80 — nonoras u kpyTtasa kaky PTB-I.

B KonbueBbIX CETAX U HA JIMHUSAX C ABYXCTOPOHHUM MUTaHWeM B GONbLUMHCTBE CyyYae HEBO3MOXHO
obecneynTb CENEKTMBHOCTb AENCTBUA MaKCUMarbHOW TOKOBOW 3aluTbl. B Takux cnyyasax npume-
HAEeTCS HanpaBlfieHHasi MaKkCMMaribHas TOKOBasi 3aliuTa, OpraH HanpaBfieHUss MOLLHOCTM, KOTO-
pbil paspeLuaeT AeNCTBMNE 3alUMThbl NPU HanpaBneHnn MoWHOCTM K3 OT LWKH B NUHUIO.
BbinonHeHue AlB. C nomoubto AlB BbINOMHAETCS NOMNbITKA NoAaTh HaNPsPKEHUEe Ha OTKITHYMB-
LyHOCH NUHWUIO. Bornblue NoNoBWHLI MOBPEXAEHUA, KOTOPbIE BO3HUKAIOT Ha MUHUSX, UMEIKOT MPOXO-
OSALMIN XapaKTep, U Nocne OTKIYeHnsa ncyesarT. ITo Habpockl, CxnecTbiBaHNEe NPOBOAOB, Nepe-
KpbITME mnsonauumn, Hanpumep rpososoe. Npu noepexaeHun Ha kabene, AlNB MoxeT BbITh ycneLw-
HbIM, HO He Bcerda 3(pdeKTMBHbIM, BCEACTBME OTropaHus Xunbl kabensa (4Yawe Bcero B mecrte
navikn). Mecto npo6os, Nnpy 3TOM 3annbiBaeT U Takke ygaeTca nogatb HanpsikeHne Ha kabenb, oa-
Hako, Bce hasbl MOryT He JOWTK A0 noTpebuTtens. YcnewHbiM AlNB moxeT 6bITb 1 B cnyyae KopoT-
KOro 3aMblKaHWS Ha OLLUMHOBKE NPUEMHbIX NOACTaHLMIA, unn paboTe CxemMbl C KOPOTKO3aMbIKaTenem
n otaenuTenem.

Kpome ykasaHHOro HasHa4veHusi, AlB npumeHseTcs Ha BO3AYLIHbIX U KAabemnbHbIX NMHUSIX AN Kop-
PEKTUPOBKN HECENEKTUBHON paboThbl 3awwmnTbl. Takasg HeCENeKTMBHOCTbL YacTo AonyckaeTcs Ans To-
ro, YtoGbl HEe yBENUUMBATL BbIAEPXKKY BPEMEHM 3aLnTbl. Hanpumep, ecnu NnogkntoYeHHbIe K NMHUK
TpaHcopmaTopbl BKITHOYEHbl Yeped npegoxpaHutenu (IMK), a Ha nuHUKM NpuMeHeHa oTcevka 6e3
BblAEPXKN BpeMeHu. [pn nospexaeHnn TpaHcopmMmaTopa ogHOBPEMEHHO neperopaeT npegoxpa-
HUTEenNb N oTkN4vaeTca nNuHn4. NMocnegyrollee AlNB BoccTaHaBNUBAET NUTaHME OCTalNbHbIX TPaHC-
opmaTopoB, NOAKMOYEHHBIX K JIMHUN.

AlB Takxe BXOOUT B KOMMMEKC aBTOMATUKM MOHMXKalOLWEN noacTaHUuMK, MOAKIHYEHHON K NIMHUK
yepes KOpOoTKO3aMblKaTemNb U OTAENUTENb. Takne cxembl, XOTA YyCTapenu 1 B HacTosillee BpeMsi He
NPOEKTUPYIOTCS, HO €eLle LUMPOKO NPUMEHSIOTCH Ha OeNCTBYIOLMX noacTtaHumsx. 3alumrta TpaHc-
dopmaTopa OencTByeT Ha BKIOYEHME KOPOTKO3aMblkaTens, OH BKMIOYaeTCs M Co34aeT KOpOTKoe
3aMblkaHne Ha ctopoHe BH, Ha koTopoe pearvpyeT GbICTpoOeNCTBYOWAS 3awWmuTa NUHUK. JInHnS
OTKMo4yaeTcs, B 6ECTOKOBYHO Nay3y OTKMYaeTcs OTAENUTENb—pasbeaUHNTENb C NPY>XUHHBIM Mpu-
BOJOM — MMOCIe 3TOoro NnHua Brntovaetcsa ot AllB.

Ewe oanH npumep cneuunansHoro ncnons3osaHusa AlB: yactoTHoe AlNB—4ATIB.

OHepreTnyeckne npegnpuatTnsa ocHaweHbl yctponctsamm AYP. K Hum nogknioveHbl 6onee 50%
Bcex notpebutenen. HasHayeHne AYP — npn gedmunte MOLWHOCTU B 3HEPrOCUCTEME, BO3HUKLUEM
n3-3a OTKIIOYEHUSA reHepaTopoB UIM CBA3EN C NUTAIOLENn 3HEepProCUCTEMOW, OTKMYUTbL Harpysky.
Uem Gonblie geduunT MOLIHOCTU, TeM BonblUe MOLIHOCTb Harpysku oTknodaemon ot AYP. Onsa
3TOro BbIMOMHAETCA MHOMO — HECKONbKO AecAaTkoB — odepenen AYP. OHM oTnuyatoTca ycTaBkamu
no 4yactoTe n BpemeHu cpabaTtbiBaHus. Mocne nukemMaaumm gevumra n BOCCTaHOBEHUSA YacTOThl
HeobX0ANMMO BKIOUYUTL OTKNHOYEHHbIE 0T AYP notpebutenu. 3Ty dyHKUMIO N BbINOMHAET 4acToT-
Hoe AMB-YATIIB. B otnuume ot obbiuHoro AlB, koTopoe paboTaeT cpasy nocne OTKMYEHUs Bbl-
kntodatens, YAIB gomkHo paboTtaTtb TOMbKO MOCMe TOro, Kak YactoTa BOCCTAHOBUTCH. OTO BbIMNOJ-
HseTca crnegyowmm obpasom: nocne cpabartbiBaHna AYP nogaetca HanpshkeHue Ha WwinHky AYP, n
OTKITHOYAKTCA NPUCOEANHEHNS, NMOAKMIOYEHHbIE K 9TOM LUKHKe. YcTponctBo AYP nepecTtpanBaeTtca
Ha yCTaBKy MO 4acToOTe, NMpu KOTOPOW paspellaeTcs BKAYeHMe noTpebutenen (yctaeka YAIB).
Hanps»keHne Ha wunHke YATB coxpaHsaeTcs oo Tex nop, Noka 4actoTa He CTaHeT Bbllle 3TOW yCTaB-
kn. lNocne 4ero HanpsbkeHMe Ha LUMHKE ucye3aeT, U 3TO SBMSeTCs KOMaHOOoW ANs BKKYEHUS OT-
KntodeHHbIx oT AYP  dmaepos. JomkHbl NYCTUTLCA YCTaHOBMNEHHbIE Ha dmaepax yctporcTtea AlB
M BKITIOYNTL uX B paboTy. Cxema YAIB gomkHa GrokmpoBaTbCs NMPU CHATUM HaNpshKeHWUs ¢ noa-
CTaHumMn, TaK Kak B 9TOM cryvae, BocCTaHaBnueaeTtcsa ycraBka AYP, a He YATIB. OT1o npuBoguTt K
BKITHOYEHUIO (DMAEPOB, eCrin YacToTa B ceTu Bblwe yctaBkn AYP (a He YATB), n YAIB Henpasuns-
HO BKITHOUUT B paboTy Harpy3ky. [JaHHbiM TpeboBaHusm k YAIB, otBeuvaeT ycTporictBo AllB, Bxo-
aswee B coctaB Y3A-10: npu nogade Ha ANCKPETHbINA BXo4 KoMaHabl oTkntodeHus ot AYP, npucoe-
OWHeHne OTKrYaeTcs, un BkrodaeTcsa oT AlB nocne cHATUS curHana ¢ atoro Bxoga. Heobxoaun-
MbIM ycrioBuem pabotel HAIMB siBnsieTca Hanuume HanpsbkeHus Ha pene B TeveHue 60 cek, Takum



06pasom, Npu CHATMM HanpsXKeHWUsi C NOACTaHUMM N ero BOCCTAHOBMNEHWW, XOTA U NpoM3onaeT BO3-
Bpat yctaekn AYP, AlNB paboTtaTtb He GygerT.

MY3 npepycmatpuBaeT oOHOKpamHoe u deykpamHoe AllB. [1BykpaTHoe TpebyeTcsi NpUMEHNATb
Ha TYMWKOBLIX NIMHUAX, rAe NOTpedbuTenn He MMEKT pPe3epBHOro NUTaHuUs. Takum obGpas3om, CXeMbl
AlB [omKkHbl UMEeTb OTCYET KpaTHOCTKU, nNpu ogHokpaTHoM AlB nuHmna Bkno4vaeTcs 1 pas, npu 2-Xx
KpaTHOM—2 pa3a. Ecnn nocne aToro nuHusS CHoBa OTKNKOYAETCSH, BbIKMoYaTeNb OOMMKEH OCTaTbCS
OTKIOYEeHHbIM. CTaTUCTUYeCcKMe AaHHble CBUAETENbCTBYIOT O TOM, YTO adypekTnBHOCTL AlB (npo-
LeHT ycnewHon pabotbl) HaxoauTes B npegenax 40+90% B 3aBUCMMOCTM OT HanpskeHus, adhdek-
TMBHOCTb BTOporo umkna AlB B npegenax 10+25%.

BoinonHenne AlNB Tpebyetca o6s3aTtenbHO Ha BO3AYWHbIX M HA CMEWaHHbIX — KabenbHOo-
BO34YLUHbIX NIMHUAX, HA YUCTO KabernbHbIX NMHUAX npuMmeHeHne AlNB He o6s3aTenbHO, O4HAaKO MO-
XeT ObITb XenaTenbHO Ha pasBeTBMEHHbIX NIMHUAX, r4e OHO MOXeT nomoyb npu K3 Ha owwnHoBKe
nogcTaHuUMn.

Yctpowctea cepun Y3A MMEOT BCTPOEHHY dpyHKUmnio AlB. AlB B NpuHATBLIX paHee cxemax nyc-
Kanocb N0 HECOOTBETCTBUIO — NPW NIOOBOM OTKMIOYEHUN BbIKMOYaTENS, 3@ UCKITIOYEHUEM OTKIHOYe-
HUA NO LiensiM yrpaBreHus BbIKNYaTensa oT Kr4va nunu no tenemexaxuke. MNMyck AMNB B ycTponcT-
Bax PC8x 1 Y3A-AT BbINONHAETCA OT 3alUMThl, YTO, KaK NpaBumno, npumeHsieTcs B annapartype, Bbl-
nyckaemon 3a pybexxom. AlNB ycTtporictB PC8x ogHokpaTHoe nnu asyxkpatHoe (PC81). OgHokpart-
HocTb AlNB oGecneuynBaeTca TeM, YTO FOTOBHOCTb K €ro cpabaTbiBaHWO HAcTynaeT Yyepes3 HeKoTo-
poe BpPeMsi MOcCrne BKMYEHUS BbIKMOYaTeENS, Ha3blBAEMOE BPEMEHEM «rOTOBHOCTWU». AlNB mMoxeT
cpaboTtatb noBTopHO 4Yepe3 30—60 ¢ nocre BKIOYEHUHA, MO3TOMY Mnocrne 1-ro oTKNIYeHNs, koraa
AlB roTtoBo Kk genctauio, AlB paboTtaeT, a npu HeyCcnewHom BKIHOYEHUN, BTOPOE BKIOYEHNE HE
npomnsongeT, T.K. BblKMOYaTeNnb oKasasncsl OTKMYEHHbIM elle A0 TOro, Kak 3akoHYMNCcs npouecc
nogrotoBkn AlB. To Xe camoe npou3ondeT, eCcnu BblKNoYaTeNb BKIIOYMICS YCMNELWHO, HO crne-
Ayollee OTKMNoYEeHNe NpoM3oLLO 3a BpeMS MeHbluee, YeM BbICTaBIEHHOE Ha perne Bpems roTos-
HocTu. AlB nyckaeTca oT 3awmThl, NMM60 OT BHELLHEro NyCKOBOro opraHa. Kak yxe roBopunochb Bce
ycTponicTBa cepun PC8x npucnocobneHsl k pabote AlB B pexvnme AYP-YATB.

3awuma om 3amMmbikaHuUl Ha 3emsio (33)

Kak npaBuno, Takve 3alimTbl Ha NMHUAX OENCTBYIOT Ha CUrHasn, TeM He MeHee, MPUMEHEHNe 3TUX
3awmT uenecoobpasHo, Tak Kak MECTO 3aMblKaHUS Ha 3EMITHO HYXXKHO OTbICKaTb U YCTPaAHUTb MO BO3-
MOXHOCTW BbICTPO, NOTOMY YTO ynaBLUMA NPOBOA OnaceH Ans okpyxatowux. Kpome Toro, noBpex-
AeHVe B MecTe 3aMblkaHWs Ha 3eMIT0 pa3BUBAETCS, U CO BPEMEHEM MOXET MPUBECTUN K KOPOTKOMY
3aMblkaHuio. B psage cnyydaeB 3awmTa gommkHa obsAsaTtenbHO OeNCcTBOBaTb Ha OTKNOYeHue. JTO
ABUraTenu n reHepaTopbl NPU TOKe 3aMblkaHUS Ha 3emnio 6onee 5 A. 3To nepeaBMKHbIE MEXaHU3-
Mbl C aneKTpoABuraTenbHbIMU NPpUBOgAMM.

CyLecTBEHHbIM OCMOXHEHNEM SIBASIETCHA TO, YTO TOK 3aMblKaHWS Ha 3eMSII0 MMEEeT OYeHb Manyto
BENMYUHY. JTa BENMYMHA comsamepumMa ¢ HebanaHcoM B HyneBOM MpoBOAE TpaHCHOPMaTOpOB TO-
Ka, No3TOMY B HyrneBon npoeod TT 3alinTy OT 3aMblKaHUIW Ha 3eEMS0 He BKIoYatoT. [nsa 3awmTtbl OT
3aMblKaHUN Ha 3eMIIl0  MCMOMb3ylT cneumanbHble TpaHcopmaTopbl TOKa HyneBoW nocrefosa-
TenbHocTh (T3, T3J1, T3P), KOTOpble MOXXHO NPUMEHUTb. TOMBKO MNPU HanM4uu KabenbHOro BbiIBOAA
n3 ayenkn. [Ansa sdeek KPY ¢ Bo3ayLWHbIM BbIBOAOM, U NUHMIA HanpshkeHue 35 kB, ans KoTopbiX OT-
CYTCTBYIOT creuuanbHble TpaHcopMaTopbl TOKa HyNeBOW NocrneaoBaTeNbHOCTU, 3alUMTy NOOKIO-
4nTb Henb3s. KoHeTpykums kabensHoro THI nokasaHa Ha puc. 6.3.

®p93=(DA+(DB+a)C

Puc. 6.3. TpaHcopmaTop ToKa HySfieBOW nocnegoBaTenbHOCTU:
a — ycTponcTeo; 6 — cxema 3amelleHund; B — yctaHoBka THIT Ha
kabene; 71— mMarHMTONpPoOBOA; 2 — OOMOTKA;

3 — TpexdasHbIi cunoBon  kaberb i
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MarnutonpoBog 1, cobpaHHbIN U3 IMCTOB TPaHCOPMATOPHON cTanu, MeeT 06bIYHO hopMy KOnb-
La unu npsamMoyrofibHMKa, oxBaTbiBatoLLEero Bce Tpu asbl 3awmiiaemon kabeneHon J13M. MNMpoeoga
das A, B, C, npoxogsawme 4yepes otsepctne THI, aBnaioTca nepBuyHon obmoTkon TpaHcopmaTo-
pa, BTOpM4Hasa obmoTka 2 pacnonaraetcs Ha marHutonposoge ¢ uncrnom sutkoB w = 20-30. Toku
da3 I, Is 1 Ic cO30al0T B MarHUTONPOBOAE COOTBETCTBYHOLLNE MArHUTHbIE NOTOKN @4, @Pg, B¢, KOTO-
pble, cKnagblBasiCb, 06pasyoT pe3ynbTUPYOLWMIA NOTOK:

D, =@ 4+ DPp + D

Tak kak cymma TokoB I 4+ Ip + I = 31, TO MOXHO CkasaTb, YTO Pe3yNbTUPYIOLLMIA NOTOK, CO3aa-

BaeMbI NepBrYHbLIMK Tokamu THI, nponopumoHaneH coctaenstoLen Toka Hr:

(Dpe:f = k310

MoToK @pes, @ criegoBatenbHo, BTopuyHas SC E; v BTOPUYHBIA TOK f; MOTYT BO3HWKHYTb TONBKO
npu yCrnoBMK, YTO CyMMa TOKOB ha3 He paBHa HyIH, UK, nHa4ye roBopsi, Koraa dgasHble TOKWU, Npo-
xoaswme yepes THI, cogepxat coctasnstoLyto ly. Noatomy, Tok BO BTOopuyHon Lenu THI 6ygeT no-
SIBMIATLCS TOJSIbKO MPU 3aMblKaHMU Ha 3eMIio. B pexxume Harpyskn, TpexdasHoro n apyx gasHoro K3

(6e3 3ambikaHusa Ha 3emnto) cymma TokoB a3 I 4+ I + I~ =0, 1 noatomy, Tok B pene oTcyTcTByeT
(Ppes =0).

OpHako, NOCKONbKy M3-3a HeoAMHaKoBOro pacnonioxeHus ¢as A, B u1 C oTHOCUTENBHO BTOPUYHOWN
obmoTkm THIT KoacbdmUMEHTBI B3aMMOMHAYKLMM 3TUX (ha3 CO BTOPUYHON OOMOTKOM pasnunyHbl, He-
CMOTPS Ha MOJIHYI0 CUMMETPUIO NMEPBUYHBLIX TOKOB, CYMMa MX MarHUTHbIX MOTOKOB B HOPMasribHOM
pexume He pasHa Hynt. NosiBNAETCA MarHUTHLIM NOTOK HebanaHca (Ppes—Pus), BbI3bIBAOLLMIA BO
BTOpMYHON 0bmoTke SLC n Tok HebanaHca (le). THI MMeoT Manyo MOLLHOCTb, MO3TOMY, KaK npasu-
10, 3HaUUTENbHAs YacTb TOKa YXOOWUT HA TOK HAamMarHM4MBaHus. 3TO NPUBOAUT K HEOOBXOOUMOCTU Npu-
MEHATb perie ¢ 04eHb ManbiM noTpedneHnem nnu nogbupaTb YCnoBud, Npy KOTOPbIX OT4ava MOLLHO-
ctm ot TT ByaeT MakcMmarnsHON.

Ona nonyyeHnsa Hambonblwen mowHocTn ot THI, a cnegoBaTtenbHO, U MakCUManbHON YyBCTBU-
TenbHOCTN pene, nutalowmxcs oT THI, conpoTueBneHne obmoTku pene Z, AOMMKHO paBHATLCA CO-
npotuenennto THI. MNpeHebperasi conpoTUBNEHNEM BTOPUYHON OOMOTKM Z,, corniacHo puc. 6.3, 6 no-
nyyaem Zryn = Zyauw, U TOr4a ycnosme otgadun MakcmarbHON MOLLHOCTY MOXHO Bblpa3uTb paBeHCT-
BOM Zp = Z,.,,. N3 akBUBaneHTHom cxembl THIT (pnc.6.3, 6) BUAHO, YTO NPY BLIMOSIHEHMU 3TOrO YCIIO-
BUSI BTOPUYHbIV TOK, NOCTYMNAKOLWNUA N perne, U TOK HAMarHM4nMBaHus OKa3blBaOTCH OANHAKOBBLIMU. [z, =
I,. Otciopa cnepyert, vto norpewHocTs THI gocturaet npumepHo 50%. lMNpu Takon GonbLion no-
MPELLUHOCTN HENb3S BbIYMCISATL BTOPUYHBIA TOK MO NEPBUYHOMY, MOMb3YysiCb KOIMMULMEHTOM TPaHC-
dopmaumm k = wo/wy. IoaToMy YyBCTBMTENBHOCTL 3alLMThl, BKIIOMEHHON Ha THI, oueHnBaeTcs no
3HaAYEeHN0 MEPBMYHOIO TOKa, NMpU KOTOpOM obecneuymBaeTcs OencTBME 3awuTbl. B page cnydaes
OHa JosfmkHa ObiTb Ha YpoBHe gonew ogHoro amnepa. MNpu manbix 3HadveHusix 3, THIM pabotaeT B
Ha4anbHOW YacCTU XapakKTEePUCTVKM HamarHndmeaHud, npu kotopo MIOC, co3gaHHas OOHOBUTKOBbLIM
THI, o4yeHb mana. Takum obpasom, and obecneyeHus HeOOXOOMMOW YyBCTBUTESTbLHOCTM KpOMe
KOHCTPYKTUBHbIX ynydweHun THIT TpebyeTcss NpMMeHeHNe BbICOKOYYBCTBUTENBbHBLIX M3MEPUTENBbHBIX
opraHog (M0).

NO ycrponctea PC81, PC83 MMeloT BbICOKYIO YyBCTBUTENBLHOCTL U Marioe notpebnenve (I, = 0,05 A,
S =0,01 BA). 370 nossongeT He 0b6s3aTenbHO A0OUBATLCS HAaMBbICLLEN OTAA4YM OT TpaHchopmaTo-
pa Toka. NoTtpebneHne MO Y3A-AT Gonblue, 1 3aBUCUT OT yCTaBku. [03TOMyY, NEPBUYHbLIN TOK Cpa-
OaTbiBaHNA 3aWMThl Lenecoobpa3Ho NPoBEPSATb OMbITHbIM NyTEM, NO4A4Yen Toka B NpPoBO4, Npony-
LLieHHbI Yepe3 okHo THI.

Ona sawmtbl nHUn THI o6bl4HO BbINnonHATCA KabenbHoro Tuna (T3, T3J1, Td). lNpn Heobxoau-
MocTM ocyuwecTeneHus 33 Bo3aywHbix JIOI penaetcsa kabenbHasi BCTaBka, Ha KOTOPOW yCTa-
HaenuBaetcss  THI.  [Mpumensia yctporictBo TA3/1B-10 Camapckoro 3aBoga M3MepuUTESbHbIX
TpaHcdOopMaToOpoB MOXHO 060NTUCh 6e3 KabenbHOM BCTaBKWU, ecnn rabaputbl A4EnKM 1 pacnoro-
YXEHUEe NPOXOAHbIX M30MSATOPOB MO3BOSIIET PA3MECTUTb 3TOT OATYMK TOKA BHYTPU suenkn. Ons  ka-
GenbHbix  JIOM wmsrotoensitoted THI Tuna T3 ¢ Hepa3beMHbIM  MarHMTONPOBOAOM, HaZeBaEMbIM
Ha kabenb OO0 MOHTaxa BOPOHKM, M TUMOB T3P n T® c pazbeMHbIM MarHMTONPOBOAOM, KOTOpPLIE
MOXHO yCTaHaBnMBaTb Ha Kabensix, HaxogsaLWmMXca B aKcnnyaTauum, 6e3 cHATUS KabenbHOW BOPOH-
KW.

Mpn npoxoxaeHnn TokoB ls, N0 0BONOYKe HenoBpexaeHHoro kabens, oxsaveHHoro THI, B pene P3
NosIBNSIETCA TOK, OT KOTOporo P3 MoOXeT NoaencTtBoBaThb HEMPaBUibHO. DTN TOKN NOSBNSAKOTCA NpU
3aMblkaHMAX Ha 3eMIio B6M3M kabens nnm npy paboTe cBapo4HbIX annapaTtos.
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Ons vcknoyeHus noxHon pabotel P3 He0OXoaMMO KOMMNEHCUPOBATL BNUSIHUE GNy)xOaloLLMX TOKOB,
3aMbIKaIOLLMXCHA MO CBMHLOBOW 000noyke n 6poHe kabend. C aTon Lenbio BOPOHKa 1 obosovka kabe-
nsi Ha y4acTtke oT BOpoHku Ao THI nsonupytotca ot 3emnu (puc. 6.3, 8), a 3a3emnsaoLwmi NPoBOA
npucoeanHaeTcsa K BOpoHKe kabensa n nponyckaetcst Yepes okHo THI. Mpu Takom MCNOMHEeHUN TOK,
npoxoasawmi no 6poHe kabens, Bo3BpallaeTca No 3aseMnsowemMy npoBoay, NO3TOMY MarHUTHbIE
notokn B marHutonposoge THIT oT TokoB B 6poHe 1M NpoBoAe B3aMMHO yHUYTOXatoTCA. MarHutonpo-
Bog, THIM gomkeH 6biTb HAAEXHO N30NMPOBaH OT BPOHM Kabensi.

[ns1 pasBeTBMEHHbIX CETEN C N30NIMPOBAHHON HENTPAarblo, e eMKOCTHOW TOK ogHoro domnaepa 3Ha-
YNTENbHO MeHblle ObLLero eMKOCTHOro Toka, B KadyectBe 33 MOXHO NMPUMEHUTb NPOCTO TOKOBYIO
3aLMTY BbICOKOW YyBCTBUTENBHOCTU. Takasa 3awwuTa nmeeTcsa B ycTponcteax Y3A, a Takke B 60rb-
LUMHCTBE MUKPOMPOLIECCOPHBLIX TOKOBbLIX YCTPOWCTB 3aluTbl 3apyOexHbix dupm. [Npu manon npo-
TSOKEHHOCTU Kabenew B ceTu, unu, ecnun kabenun pasHon ANWHbI U TOK B OOHOM kabene cousmepum
C OBLWKUM TOKOM 3aMblkaHUS Ha 3eMIto, TpebyeTcss NPUMEHUTb HaNpPaBEHHYH 3aLLmTy HyNeBon no-
cnepoBaTenbHOCTU. Takas 3alimMTa BXOAUT B 0aHY u3 moaudukaumn Y3A-AT n Bo MHOrMe ycTpom-
cTBa 3apybexHbix dupm, Hanpumep: yctporcteo MiCOM P125-127. LLnpoko pacnpocTpaHeHa Tak-
xe sawmTta 33 nponssoactea YOA3. AHanorom Takon 3awWuTbl ABNgeTca paspaboTaHHOe C y4ya-
CTMEM aBTOPOB YCTPOWCTBO HanpaBneHHOW (HeHanpaBneHHOW) 3alnTbl OT 3aMblKaHUA Ha 3eMrto
Tvna 33H1\33H2. HanpaeneHHas 3awimta OT 3aMblKaHUI Ha 3eMIT0 BXOAUT Takke B cocTtaB bornb-
LWMHCTBA ycTporcTB P3A npaktnyeckn BCcex nNpousBoanTeENEN.

[na ceten ¢ KomneHcaumen eMKOCTHOro Toka 3H3 «KOMMEHCUPOBAHHOW HEWTPANbIO» 3TU NPUHLM-
Nbl 3aWnTbl OT 33 He roAATCA, Tak Kak BENUYMHA TOKa Ha NOBPEXOEHHOW NMMHUM MOXeT BbiTb MEHb-
e, YeM Ha HenoBpeXAeHHOMW, a HanpaBieHne 3TOro Toka MOXeT OblTb KakuMm yrogHo. [ns Hux uc-
nonb3yeTcs cneumanbHble 3awWmThl, paboTalowme Ha BbICLUMX FrAapMOHMKaX, yYUTbIBas, UTO peak-
TOp B HEWUTpanu KOMMNEHCUPYET TOMNbKO OCHOBHYIO FAPMOHUKY TOKa, a BbICLUME FAPMOHUKN OCTalOTCA.
Ha paHHoM npuHUMne paboTatoT, Bbinyckaemble Y3A3om, yctponctea YC3-2 unn YC3-3, msme-
peHve CyMMbl BbICLUMX F@pMOHMYECKMX MO NPeasioKeHn0 aBTOpOB BBEAEHO B ycTponctea Micom
P122 n P123, doupmon Paguyc-aBTomaTtuka nsrotasnusaetcsa ycrponctso Cupuyc O33 paboTato-
LLiee Ha TOM >Xe NpuHUune 4to 1 yctponcteo YC3-3M, HO ¢ aBTOMaATUYECKMM NOOYepedHbIM NOaK-
noyeHunem sbixogos TTHI ko Bxogy ycTponcTaa.

B pene sawunTtbl 3apybexHoro npoussogctea ALSTOM, SIEMENS, ABB npumeHsieTca 3awmTa no
HanpaBneHno aKkTUBHOW MOLLHOCTU HyneBoW nocregoBaTtenbHocTu. Hanpumep: pene MiCOM —
P125 -127, 140 ncnonb3yloT pene HanpaBneHust U BENUYNUHbLI aKTUBHOW MOLLHOCTU. AKTUBHbIE TOKM
YTEUKN Ha 3eMII0 HE KOMMEHCUPYIOTCA PeakTopoM, U UX BEMMYMHA MU HanpaBfeHne UCMOonb3yTcs
3almnTon Ang onpeaeneHnsa noBpexaeHHoro puaepa.

BenunumHa Toka BbICLUMX FAPMOHMK HE MOCTOSIHHA, @ 3aBUCUT OT CXEMbl CETU, TOKa Harpy3sku, ypoBHS
HanpshKEeHNs Ha LUMHAaX; NOSTOMY BenuumMHa Toka B 3awmTte 33 konebnetcs n TpygHo nogobpaTtb
YCTaBKy, a paccyntatb €e TOXe Hemnb3s, He UMest pearbHbIX AaHHbIX. [103TOMY, YacTo, eOUHCTBEH-
HbIM METOAOM HACTPOMKN TaKOM 3alUMTbl ABNSETCS ONbIT 3aMblKaHMUSA Ha 3eMIt0, NpY KOTOPOM Of-
peaensaTCs BENMMYNHbI TOKOB BbICLUMX FAPMOHWUK Ha NOBPEXOEHHOM 1 HENOBPEXAEHHbIX dhunaepax.
Ho, kak y>xe ynoMuHanocb Bbille, Hanbonbwmin addekT NpM NPUMEHEHMM METOAA BbICLUMX rapMo-
HWK, OaeT NPUHLUUN CpaBHEHUSA BenuuuMHbl ToKa Ha dwmaepax. Ero MoxHO opraHuMsoBaTb Ha nofa-
CTaHUMOHHOM ypOBHe ynpasneHusi. B niobom criyyae BenuumMHa Toka BbICLUMX F@PMOHUK Ha NoBpe-
XOeHHoM dmaepe bonblue, YeM Ha HENOBPEXKAEHHOM.

Jloeuyeckas 3awyuma wuH (JI3LL)

KopoTkue 3ambikaHMs Ha LUMHaxX KOMMEKTHbIX pacnpeayCTponCcTB, NpMBOAAT K BbICTpOMy paspy-
LLUEHWUIO NOBPEXAEHHOW U CMEXHBIX S4YeeK, eCNN OHWU OTKIYaTCA MakCcuMarbHOM 3aLllMTon BBOAA.
MoaToMy, Kak NpaBumo, ssYenkn cHabxaroTcs cneumanbHbiMU YCTPONCTBAMU 3aLUThl WKMH. OTO Tak
Ha3blBaeMble YCTPOMCTBa AyroBon 3awwmTbl WnH. OHM GbIBalOT KNanaHHble, CBETOBbIE N yCTaHABMNU-
BalOTCHA 3aBOJOM U3roTOBUTENEM SYenkn. B rmase 2 onnucaHo yCTPOMCTBO OYrOoBOW 3allUUTbl Ha on-
TOBONOKOHHOM kabene [14-01, paspaboTtaHHOM C yyactTMem aBTopoB. LLMpoko pacnpocTpaHeHbl
YCTPONCTBaA Ayroson 3aluTbl Ha poToTMpucTopax. Kpome cneumansHO BbIMOMHEHHOMO YCTPOMCTBA,
3aLUUTY LWKH, CO CBONCTBAMM BrIM3KMMM K OyrOBOW 3alLMTe, MOXHO BbINOSHUTbL HA TOKOBOM fornye-
CKOM MpUHLUMNE, UCNonb3ys npakTudeckn nboe KoMnnekTHoe ycTponctBo P3A ycTaHOBNEHHOE Ha
BBOAE M OTXOAALUNX NMIMHUAX, HanpuMep 3awunTbl cepun PC80M, PC81,PC83, Y3A-AT.

TokoBble OTCEYKN, NPUMEHEHHbIE B YKa3aHHbIX YCTPOWCTBAX, NO3BONAOT BrokmpoBaTb cebsi BHELU-
HUM CUrHanom, nogaBaeMbiM Ha AUCKPETHbIV BXOA. OTU YCTPOMUCTBA CHAbXeHbl Takke MrHOBEHHbIM
KOHTakToM cbukempytowmnm nyck MT3 gns 6nokmpoBkn TO Ha BBOAE M CEKLMOHHOM BbIKMOYaTene.

, MpuHUMN pencTBMA TOKOBOW FOMMYECKOM 3aliuTbl LWKMH MokasaH Ha puc. 6.4. TokoBble
onokupytowme opradbl JI3W BhiBOgATCA OT Kaxgoro dwmgepa Ha WwuHkM Onoknposku J13LW wn
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NoCTynakT Ha AUCKPETHbIA BXO4 3alunTbl BBOAA M CEKUMOHHOrO BbikNtovatend. lNpyu KOpOTKOM
3aMblkaHun B Touke K2 cpabatbiBaeT 3awmta dugepa M ee GNOKMPYHOLUI TOKOBbLIA OpraH, U B
3awuTy BBoga u CB (npu nutaHum cekumm ot CB) nogaetcs 6nokupyowmMin curHarn, BeiBOALNA U3
Jencteusa otceuky. MNMpu K3 B Touke K1 T.e. Ha wuHax, Tok K3 He npoTekaeT HU B OOHOW 3aliuTe
OTXOAsdLEe NUHUK, NOITOMY OTCe4yka He OnokupyeTcd, u paboTaeT OTceyka Ha OTKM4YeHue
nuTaoLLLero BBoAa (UM CEKLUMOHHOIO BhIKNKOYaTens).

BBOL, 6nokmpoeka TO ©6nokupoka TO CB

BBOAA CB
o« &
A A DY
" 7y >

¥

CpabarbiBaHue
Grokup. TOKOBOTO K2
opraHa

Puc.6.4. NpuHumMn gencTensa NOrm4Yeckon 3allnTbl WNH
K HegocTaTkam norvyeckon 3aliuTbl LWWH criegyeT OTHECTU TO, YTO B 30HY AEWCTBUSA 3alUuThl,
OrpaHNYEeHHY0 MEeCTOM YCTaHOBKM TpaHcOpMaTopoB Toka B svenkax KPY oTxogawmx fivMHUA 1
BBOJOB, HE BXOOAT KOHLUEBble KabernbHble BOPOHKU, 1 Npu ux nospexaeHun J13LL He paboTaerT.
J13LW-YPOB
Llenn 6noknpoBkn otcevkn Beogda oT JI3LLU B HEKOTOpbIX YCTpOMCTBAX 3aMblkaloTcsl nNpu cpabaTtbl-
BaHUN M3MEPUTENBHOrO TOKOBOrO OpraHa M pasMblkaloTcs nocrne cpabaTbiBaHWs BbIXOOHOMO pene
Ha OTKMoYeHne BbiknovaTens. locne 3Toro cHUMaeTcs 6MOKMPOBKA BbILLECTOSALLEN OTCEYKM U OHa
cpabaTbiBaeT C HEKOTOPOM 3aOepKKor, HeobXxoaMmon ONfsi OTCTPOMKM OT BPEMEHU HOPMAanbHOro
OTKIIOYEeHNA BblknoyaTens douvaepa. lNpumep Lenoykn coCTonT U3 nocrnegoBaTenbHO COeANHEHHbIX
KOHTaKTOB: HOpMarnbHO Pa3OMKHYTOro KOHTakTa TokoBoro opraHa J13L RL3 1 HopManbHO 3aMKHYTO-
ro KOHTakTa BbixogHoro pene KL2 cm. puc 6.5.
Mpy BO3HWKHOBEHUM Ha domMaepe KOPOTKOro 3amblkaHud, cpabaTbiBaeT TOKOBbIN opraH J1I3L — pene
RL3 1 6rnokupyeT TOKOBY0 OTCeuky Ha BBoae unm CB. lNMocne ncteyeHns BbloepKku BpEMEHN Mak-
cumarnbHOW 3aWmThl cpabaTbiBaloT BbixogHble pene 3awmTtel RL1 u RL3. Pene RL1 nogaet Hanps-
XEHMe Ha coneHoug OTKIYeHUs BbikmtoyaTens, a H3 koHTakTel pene RL3 paambikatoT uenn 651o-
knpoBku TO sawmTtel BBoga ( CB). lNyckaeTcs TokoBas oTceyka, Ha KOTOPOW yCTaHaBMNMBAaETCH Bbl-
aepxka spemenn 0.15-0.2 cek., B 3aBUCUMOCTU OT ObICTpOOAENCTBUS BblkntodaTens dguaepa. Ecnm
BbIKNtoYaTeNb OTKMNOYaeTcs, TO TOK B oTceyvke BBoaa (CB) ucyesaet, 1 ero oTknioveHne He npomc-
xoauT. MNMpwu oTkase BbikNovaTens Tok K3 He ncyesaeT, oTceyvka gopabaTtbiBaeT M OTKMAOYaeT BBOA
(CB).

RL3
- 11 »  Brokuposka Tokosoi ~ PUC. 6.5. [pMep BbINOINHEHUS CXEMbI
| 12 OTCe4kn BBOOa
oY ’ N3L-YPOB
RL3/

13 > BnokupoBKka TOKOBOM

— 14 | 5 otceykn CB
KL2

YyscTBuUTENBHOCTL Takoro YPOB onpegensieTcs 4yBCTBUTENBHOCTBIO TOKOBOWM OTCEYKWM, YCTaBKa
KOTOpOW BbiGMpaeTcst No Tem e npasunam, kak n MT3. B page crnydaeB Takowm YyBCTBUTENbHOCTHU
HegocTaToyHo. B Takom cnydae TpebyeTcs npumMeHUTb Goree CnoxHoe pere, KOTopoe OCHaLLEeHO
BCTpoeHHon dyHkumen YPOB, Hanpumep: cepun MiCOM P122-127. B atux pene 4yBCTBUTESb-
HocTb YPOB onpegenseTcsi BCTPOEHHLIM B pene dugepa opraHoM MUHUMAarbHOIO ToKa, KOTOpbI
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MMeeT HU3KYI0 YCTaBKy NO TOKY (MeHbLUe HOMMHANbHOro Toka duaepa). YyBCTBUTENBHOCTb TAKOro
YPOB onpegensietcs ToNbKo YyBCTBUTENMbHOCTLIO 3almThl dmaepa.

6.2. NIPUMEHEHUE ANMAPATYPbI U BbIEOP YCTABOK PEJIEAHON 3ALLUUTbLI B11 6-10 KB

6.2.1. Bbi6bop annapamypsbl

Ana nuHnm HanpsikeHmem 6—10 kB. C yyactum aBTOpoB paspaboTaHbl cepumn yctponcts PC80M,
PC81, PC83 wumetowme goctaTouHbid Habop dyHKUMIA AN BbINOMIHEHNA BCEX HEOBXOAMMBIX, CO-
rnacHo MY3, dyHkunn P3A ( Tabnuua 6,3):

Tabnuuya 6.3.
OyHKLUY PC81 | pcga-at |PO83A2 | pegs.apr | POB3AB2] yap At T\’ACZ'(%())
1 2 3 4 5 6 7 8

Oeyx(Tpex)dasHas MT3 c Hesasucu-
MOW U (3aBUCUMOW MO 3aka3sy) xapakre- 3 2(3)* 2(3)
PUCTUKON
[ByxdasHas (TpexcasHad) MT3 ¢ He-
3aBMCMMOMN U OBYMS 3aBUCUMbIMU Xa- 4 4 4 4
pakTepUCTMKaMm
HanpasneHHas MT3 X X
3alwmTta MMHUManNbHOrO HanpPsXKeHUs 2 2
[uncTtaHunoHHas 3awmTa X
3H3 (curHanusaums/oTknoYeHme) X X X X
HanpasneHHas (HeHanpaBneHHas) X X
3H3
3awmTa oT neperpysku X X
Yckopenue MT3 npu BkrtoYeHUn X X X X X
BbIKNOYaTens X
3alwmta MUHUManNbHOrO HaMpPsXXeHUs. X
JMCTaHUNOHHOE BKITHOYEHUE W OTKIIO- X X X X X X
YeHue BblKMN4YaTens
KoHTponb u ynpasneHne Boikniouare- X X X X X
nem ¢ nepegHen naHenu
BnokuposaHue/pasbnoknposaHme X
MT3 n TO (JI3W n YPOB)
YPOB X X X X X
OpHokpaTHoe AlNB/YATB 2 Kp. X X X X
M3mepeHune TokoB das X X X X X
M3mepeHue Toka 3H3 X X X X
3anomuHaHue Toka K3 X X X X X
MopT CBH3VIVRS 485 ana nopgkntoyeHus X X X X X
K NTOKarnbHoW ceTn

lMpumeyaHue: KOHKpPeMHbIU Habop byHKUUU onpederiiemcs rnpu 3akase.
lMpumeyaHue™ lNo 3aka3y nocmaenigemcs 3asucumas xapakmepucmuka coernadaroujas ¢ x-kol PT-
80u PTB.
Yctponctea PC8x moryT paboTaTb Ha NOCTOSSHHOM W NepeMeHHOM OrnepaTMBHOM TOKe, a Takke C
NUTaHNWEM OT TpaHCOPMaTOPOB TOKa MPUCOEAMHEHUS, C UCMONb30BaHMEM, NPU HEOBXOONUMOCTH,
CXeMbl AeLyHTUPOBaHUS.
Bce ycTponcTBa 3awwmThbl B NOMHOM Mepe COOTBETCTBYIOT TpeboBaHMAM, NpeabsaBriseMbIM K 3awmTe
TYNUKOBbLIX NHUIA 6-10 KB. BeiGop ogHOro nnun gpyroro yCTponcTBa onpeaensieTcsi ypoBHeM Tpebo-
BaHWUA K MECTY YCTaHOBKW 3awmnTbl. YcTponcteo PC80M2 npumepHo B 1,5 pasa gewesne MUKpO-
npoueccopHoro yctporncrea PC81, To COOTBETCTBEHHO Ha CTOSbKO e gewesne PC83-A2. 3ato
PC81 n PC83 obnagatoT MHOrMMU AOMNOMAHUTENBHBIMU PYHKUUAMM, KOTOPble MOryT ObiTb onpeae-
nawowummn. 370 B NEPBYO 04Yepeab BO3MOXHOCTb MCMONb30BaTb pene B KayecTBe TepMuHana Te-
nemexanuikm (TM), ¢ BbinonHeHnem dyHKuun Teneynpaenenus (TY), Tenenamepenus (TW) n Tene-
curHanusauum (TC). Yctponctea PC81 n PC83 3anoMunHaloT BENUUMHY TOKa KOPOTKOrO 3aMblKaHWUs,
4yTO HeobxoauMMo Ana aHanusa paboTbl 3awuTbl, 1 060PYAOBAHO aBTOMATUYECKMM KOHTPOSEM UC-
npaBHOCTU. DTO 1 onpefenseT obnactb NPUMEHEHUS YCTPONCTB:
MukpoanekmpoHHbIe U MuKpornpouyeccopHbie pesie PC80Mx uenecoobpasHO NpUMeEHATb Ang
3aMeHbl 3N1EKTPOMEXaHNYECKMX YCTPOMCTB 3alLMTbl MPU NPOBEAEHUM PEKOHCTPYKLUMKW, B NEPBYHO
oyepenb Ha Mano BoKeTHbIX O0bEKTaX, a Takke Npu n3rotToeneHnn Hegoporux KCO.
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MukpoanekmpoHHble ycmpolicmea Y3A-AT uenecoobpasHo UCMOfb30BaTb Ha NPOCTbIX NOA-
ctaHumsx: n Pl rge HeT n He TpebyeTca TM, a Takke B cnyyasx MogepHu3aumm 3almTbl NOACTaH-
LM C COXpaHEHNEM CYLLECTBYIOLLMX YCTPONCTB YNpaBneHnst U TenemexaHukm npucoeguHeHnn.
MukponpouyeccopHbie ycmpolicmea PC81, PC83-A2 Lenecoobpa3HO NPUMEHATb Npu CTpou-
TenbCTBE M MOAEPHM3aLMN OTBETCTBEHHbIX 06beKkToB, ¢ 06beguMHEHNEM BCEX YCTPOMCTB B lO-
KanbHY CeTb U peanusaumen BCex X BO3MOXHOCTEN, KOMMMEKCHbIM peLleHneM 3aaay penenHom
3awuTbl, TM, T n TC. OTHOCUTENbHAA OOPOroBM3HA MUKPOMPOLIECCOPHBLIX YCTPOWCTB B TakOM
cny4vae onpasaHa 6oriee BbICOKMM TEXHONOMMYECKMM YPOBHEM pelueHns 3agaydn, 6onbwmm Habo-
poOM NpefocTaBfiseMblX PYHKUUA, yMEHbLUEHMEM 3aTpaTt Ha KabernbHyl npoaykumio, gatumkun TM,
n 6bicTpo okynaetcs. MNpun mogepHM3auMmn NOACTaHUMIA C COXPaAHEHMEM CYLLECTBYHOLMX YCTPOWUCTB
TeneMexaHuKkun, unu npu oTcyTcTBum Heobxogmmoctn B TM, MOXHO npumeHnTb 6onee NpocTyto m
JeuwleByto Mogudmkaumio MukponpoueccopHon 3awmtel PC81 6e3 ncnonb3oBaHmsa yHKkumnmn pabo-
Tbl B FTOKanNbHOW CETHU.

3apybexHble dupmbl, Takne kak GE, ABB, AREVA, SIEMENS, Tak e npegnaratoT LUMPOKUMA
CMeKTp annapaTtypbl 418 Taknx NpucoeguHEHn, OCHOBHbIE XapaKTEPUCTUKN UX NpUBEOEHbl B COOT-
BETCTBYHOLLUNX NPUNOXEHUAX K KHUre. Jlloboe yCTpOMCTBO M3 npeanaraeMbix MOXeET ObiTb NpUMeHe-
HO, Habop BXOAALMNX B HUX (DYHKLNIA NpeBbIaeT HeobXxoanmbln, N BbIGOP KOHKPETHOrO YCTPOMCTBA
onpegensaeTcsi 06bIMHO ApPYrMMU COOBpPaXeHMAMKW, Hanpumep: UEHOW, OONOMHUTENbHbIMU (OYHK-
LUMAMW, NN HanMYnem JOCTaToYHO NOAPOOHON OOKYMEHTAUUN U MEHIO HA PYCCKOM A3bIKe.

6.2.2. Bbi6bop xapakmepucmuk 3auyumabl U UX yCMaeokK

Bbi6op ycmaesok MT3 ¢ He3asucumMol ebiOepPXXKOl epeMeHU

Tok cpabaTbiBaHUS 3amnThl BbIOUpaeTCst ICX0AS U3 CNeAYOLLMX YCIOBUNA:
e Omcmpolika om moka Hagpy3Ku

I, = k, - kc3 ) Ipll6.MthC./k8 (6.3)
roe

k,,—xo0apdumumeHT HagexHocTn — 1,2 ans  MUMKponpoLeccopHbix 3awmT u 1,3 -ana PC-80M un
Y3A-AT,

k., — k0addULUMEHT camo3sarnycka MOXHO NPUHSATL paBHbIM 2,5 AN ropoAackuMx ceTet obLiero
HasHayeHusa n 2,0 Ansa cenbCcknx ceTen;

lNpumeyaHue. Yka3aHHbIl KO3ghhuuyueHm Hesnb3si npumeHssms 0nsi chudepa, rnumarou,e2o cocpe-
domoYyeHHy 08uzameribHy Hazgpy3ky. [nsa makux gudepos Heobxodumo cmaHOapmHbIMU Me-

modamu onpedenums obwul rMyckogou Mok u nodcmasums 8 opmyry e3ameH k., - 1

Ipaﬁ.MaKc.
k,— xoadbduumeHT BO3BpaTa 3awuTbl: oH coctasnseT 0,85 ans yctponcts PC-80 n Y3A-AT,

0,92 ons Y3A-10, onss MUKPONPOLLECCOPHbIX YCTPONCTB BONbLUMHCTBA 3apyOekHbiXx oMpM OH paBs-
HAeTca 0,95.

e CoenacosaHue 3awum o 4yyecmeumesibHocmu

Tok cpabaTtbiBaHMsa NpeablayLllen 3awmTbl BolbnpaeTca Takum obpasom, 4Tobbl OHa He cpabaTbiBa-
na, ecnu He paboTaeT nocneayowas:

Leynp. = b, Lap. + 1

c3.np. Hazp. 83.110(,‘]1.)

pab.makc. -

MaKCUMarsbHbIN pa60‘-|l/ll7l TOK JTMHUN;

(6.4)

roe

I p. — TOK cpabartbiBaHUSA npeablayllen (pacnonoXeHHoW 6rnmxke K UCTOYHMKY Toka 1 bornee yaa-

neHHon ot K3 3awuTbl);

K. — KO(PPULMEHT OTCTPOWKM; ANS MUKPONPOLIECCOPHBIX 3aLLMUT MOXeET ObiTb NpuHAT 1,15 1 1,2
ansa ananorosbix yctponcts PC-80 1 Y3A-AT. [lna MUKPOMPOLIECCOPHbIX 3alMT OH MOXeT ObITb
NPUHAT paBHbIM 1,1;

Inazp._ cymmapruZ TOK Harpy3kn HenoBpeXOEeHHbIX 3J1IeMEHTOB I'IpOXO,EI,FILLI,I/IVI yepes Bbl6wpaemy+o

npeabiayLLyo 3awuTy.
¢ Bbi6op epemeHu delicmeusi 3auiumai

Bblaepkka BpeMeHU npeablayLien 3awmuTbl AoMmKHa ObiTb Ha CTyNeHb 6onblue YeM Bblaepkka Bpe-
MEHM NocneayoLwen 3aLmTb:

t, =1, +At (6.5)
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BenuumHa ctyneHu (At) 3aBucuT OT NorpeLHocTy pene obenx 3awmTt n MoxeT BbITb npuHATa 0,2 ¢
Ans MuKporpoueccopHbiX ycTporncTB P3A npu Bblaepke BpemeHu Medble 1,0 c 1 ncnonb3oBa-
HUWM BaKyyMHbIX Bblkntodatenen, n 0,3 ¢ gns PC-80M n Y3A-AT. Npwn Bblaepxkax BpemeHn 6onee 1
CEeK 1 MpY UCNOSb30BaHNN MAcCsHbIX BbIKNoYaTenen, CTyneHb CENEKTUBHOCTU HYXHO YBENUYUTb
Ha 0.1c.

MNpu cornacoBaHuMn npeabiayLlen 3alinTbl C HE3ABUCMMOWN XapakKTEepPUCTUKOM, C Nocneayrouen 3a-
LUMTON UMEIOLLEN 3aBUCUMYIO XapaKTepUCTUKY, HEOBXOAMMO MO TOKOBPEMEHHOMW XapaKTepucTuke
nocrneayrLen 3awuTbl onNpeaennTb ee BpeMsi AeNCTBUSA npu Toke cpabaTtbiBaHWsa npeablayLlen
3aWwmnThl. YcTaBka npegbiayllen 3awmTbl No BpeMeHu, AomkHa OblTb Ha CTyneHb Oonblue 3Toro
BpeMeHu. Tak Kak BCce perne B 3aBMCUMOW 4YacTu UMelT G0MblLUyto NOrpeLlHOCTb, CTYNeHb Cenek-
TMBHOCTM Heobxoaumo yBennuntb Ha 0,1-0,2 cek. lNMocne aToro HeobxoaumMo onpeaennTb TOK cpa-
GaTbiBaHWS nocnegyowen 3awmTbl Npy nony4vmeLIeEMcs BpeMeHn cpabaTtbiBaHus. Tok cpabaTbiBa-
HUSA gomkeH bbiTb Ha 20% MeHbLLUE.

| | | | P 1004 e P A B ce.
00A 1 fcer 00A 1 feey,
frek 3 2#]1115(:6( ’ \ T |- 6 \ e
|| 344].0. 1cek] - 4o0A 1 deek . 4004 1 deex
T T 5308 §.5cp \ \
Goek . 4 4
deek 3 3
z . 2 S
ek l\ i \\ 1 \\
\\.—-‘-
200 400 gOO 8O0 1000 1200 100 am ] 400 500 ] iy ] ann 500
Punc.6.6. CornacoBaHue 3aluthbl Puc.6.7.CornacoBaHue Puc. 6.8. CornacoBaHue
C npegoxpaHuTenem 3awnTbl ¢ pene PTB 3awmnTbl ¢ pene PT-80

Ha puc.6.6-6.8 npmBoOsaTcsi HECKONbKO NPUMEPOB cornacoBaHusi. CnegyeTt HAaNOMHUTb, YTO cornac-
Ho TOCTY, xapaktepucTvka npegoxpaHuTens MOXeT UMeTb OTKIIOHEHWE MO HOMUHANbHOMY TOKY
00 20%. Mo3aTomMy NOCTPOEeHHas aMnepcekyHaHasa XxapakTepuctmka AofmkHa OblTb CABMHYTA BMpaeo.
Kpome aToro, k xapakrepuctuke AOMKHO OblTb Jo6aBNeHO BpeMs raweHus gyru, 3aBucsiliee ot T0-
ka n pasHoe 0,03-0,1 cek.

CornacoBaHue NpounsBOAUTCA B OOHOW TOYKe, COOTBETCTBYHOLLEN TOKY U BpPEMEHU cpabaTbiBaHUs
npeablgywien 3awmTtbl. Takum o6pa3omM 1 NPoM3BEAEHO COrfacoBaHUE C LUMPOKO pacrnpoCTpaHeH-
HbIMW B HacTosLLee BPEMSI YCTPOMCTBAMM 3aLLMUThI.

Hekomopbie eb1800b1 U3 NPUMEPOS:

¢ [1N51 yMEHbLUEHUS BbIEPXKKM BPEMEHU NpeabiayLlen 3awmTel HeoBXoauMOo yBenmyueaTb TOK cpa-
GaTbiBaHWNs 3awnThbl. [na NOBbIWEHUS YyBCTBUTENbHOCTU 3alUUTbl NPUXOANTCH YBENWYMBATbL Bbl-
AEPXKY BPEMEHWN.

¢ [Ina cornacoBaHusa 3alinTbl C NpegoxpaHuTenem npu yctaeke no spemenn 0,5 cek, Heobxogmmo
4yTOObI TOK cpabaTbiBaHMA 3aWMT NpeBbilan Tok nnaskon BcTaBku B 20 pa3. Ecnu Tok cpabaTbiBa-
HWUS 3aWMThl NPeBbILAeT TOK NnaBkown BCTaBkn B 10 pa3, MMHMManbHas BblOepXKa BpeMEeHWn npe-
Ablayuwen 3awmTtbl oMmKHa paBHAaTbes 1,5 cek.

¢ CornacoBaHue 3aluTbl C HE3AaBUCMMOW BbIAEPXKKOWM BPEMEHU C 3awmuTon Ha pene PTB nnn PT-85
obecneymBaeTca nNpu TpexkpaTHOM Toke cpabaTtbiBaHMS, U yCTaBKe MO BPEMEHM, MPEBbILAIOLLEN
yctaBky PTB Ha 0,7-0,8 c. lNpu cobniogeHnn Takmx yCrnoBuin MOXHO He NMPOu3BOAUTb pacyeTHOro
cornacoBaHusi yCTaBOK. Takue ycrnoBusi MOXHO obecneudnTb B rOpOACKUX KabemnbHbIX ceTsax, rae
AOCTaTOYHO BbLICOK TOK KOPOTKOro 3aMblkaHund. B cenbckux ceTax ¢ ANUHHBbIMU BO3AYLUHBIMU IU-
HUSIMM 3TN YCNOBWS HE BCerfa yaaeTcs BbINOMHUTb, MO3ITOMY NPUXOAUTCHA NEPEXOANTb K MCMONb30-
BaHWUIO 3aLLUT C 3aBMCUMOWN XapaKTEPUCTUKON.

Bb160op ycmaeok 3aujum c 3asucumMoli 8 bIOEpPIXKOU epeMeHU

Yctponctso Y3A-AT nmeet 2 3aBUCUMMbIE XapaKTEPUCTUKU, KOTOPblE COOTBETCTBYIOT hopMyriam:

a) 3aBucuMasi HopMarbHast o Ol4-K (6.6)
y

(1)

_ 135-K p (6.7)

()

Hwxe nokasaHa xapaKkTepucTUKa aHarorMyHasi xapakTepucTmkaM 3reKTpoMexaHU4Yeckux perne ans
11
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yctporicte PC80M, PC81, PC83 n Y3A-AT.
t[c
[/\] AHnanor xapaktepuctuku PT-80 n PTB-IV

100
70

50 H
30 H

20 H
15 HXNG
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Tyct=10cC

V.

Tyct=5cC

Tyct=2 C

f

1
L]

Tyct=1c

Tyct=0,5C

0,3 — Tyct=0,1c¢

0,1
0,07
0,05
0,03
0,02

I/lyct

0,01 >
1.1 1,5 2 3 4

Bbibop Toka cpabaTbiBaHUSA 3aliMTbl MO YCMOBUIO OTCTPOMKU OT TOKa Harpysku He oTrnmnyaeTcs oT
BblOOpa yCTaBOK 3alUMTbl C HE3aBMCMMOMW XxapakTtepuctukon. OgHako BbIOOp YyCTaBKuM MO YCOBUIO
COrnacoBaHNs 3HAYUTENBbHO YCIOXHEH. 3alMTbl OMKHbl OblTb COrnacoBaHbl BO BCEX TOYKaX Xa-
paKTepPUCTUKK, MO3ITOMY corflacoBaHve ygobHee npov3BoanTb rpaduyeckun. [na aToro no ykasaH-
HbIM POPMYSiaM PacCUYMTbIBAOTCA HECKOIbKO TOYEK, KOTOPblE HAHOCATCA Ha rpadunk, U Yyepes HUX
NPOBOANTCS KpMBasi, Ha TOT e rpadduK HAHOCUTCS XapaKTepPUCTUKa nocnenytoLlen 3almThbl.
CornacoBaHue 3aBUCUMOWN XapakTepPUCTUKM nocnenyowen 3anTbl C HE3aBUCUMOWN XapakTepucTu-
KOW npeablayLlen 3awnTbl NPOM3BOAMTCA OTAENBHO MO TOKY M NO BpemeHwu. 1o BpemeHn xapakTe-
PUCTMKU COrnacoBbIBAeTCA NpU MakcumarbHOW BernvyuHe Toka K3 B MecTe ycTaHOBKM Mocnenyto-
wen 3awuTbl. Bpemsa cpabartbiBaHUs 3aWUTbl C 3aBUCMMOW XapaKTEPUCTUKON AOIMKHO ObITb Ha CTy-
neHb MeHbLUe, YeM yCcTaBka Mo BpeMeHu nocneytowen 3awuTtol. 10 ToKy cornacoBaHne npou3Bo-
OUTCs Ha ycTaBkax cpabaTbiBaHMa 3awmThl. Kak yxe roBopunoch, OTHOLWEHWE YCTaBkM cpabaTbiBa-
HUS NpedblayLen 3aWuTbl K yCTaBKe NOCneayoLlen JOmKHO bbiTe paBHoO 1,2.

Ha puc. 6.9 nokasaHo cornacoBaHune ¢ npegoxpaHutensmmn (M3 pucyHka BUOHoO, 4To Hanbonee noa-
X0OsILLen XxapakTepucTmMkon, asngetca 3aBmcumas kpytasa ¢ yctaskamm 120A 0,5 c). Hesasucumas
XapakTepucTuka, BblbpaHHasa paHee, umeet yctaBky 300 A, a 3aBucumasa HopmanbHasa — 300 A,
0,5 c. PacyeTHasa xapakTtepucTuka npegoxpaHutens caBuHyTa Bnpaso Ha 20%, Ansa yvyeta ee BO3-
MOXHOIO OTKIMOHEHMWS OT TUNOBOW.

X _a—2; 00A 1.0cex.
KRa 31204, 0-5Cer |
s T TIK-30 \ P

4 ‘ ‘Y\\
2 \ \

\ T~
N

N~
100 200 " 300 400 500
Pnc.6.9. Nonbop xapaktepuctukmn ansa cornacoBaHus 3awmnTbl Y3A-AT ¢ npepoxpaHutenem MK -30
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Ha puc. 6.10 nokasaHo cornacoBaHue 3aBMCUMON Npeabiaylien 3awmtel Ha pene Y3A-AT ¢ xapak-

TEePUCTUKOM NocreytoLlen 3amThbl BelMONHEHHOW Ha perne cepun PT 80
- NT{80 10QA 0.5cek.
/\ oTceyka 6kpaT-600A 0.15cek.

6 Xa 2 I=150A, t-0.8
X-Ka 3 1=1R0A, t=0.8

4 7
NN
N

AR

1 \ \\ D
~—~— Dt=0.5 ]
—T— Dt=065
200 400 600 800 1000

Puc. 6.10. Noabop xapakTepnCTUKN O5isi CornacoBaHus ¢ 3awmuTon Ha pene PT-80
Ha pene tnna PT-80 BbinonHeHa MakcumarnbHas 3alimta C 3aBUCUMOW XapaKTEPUCTUKON (YCTaBKa
100 A, 0,5 cek n TokoBYyto oTceuky ¢ yctaskon 600 A. U3 puc. 6.10 BugHo, 4to Hanbonee nogxoas-
LLen xapakTepuctukon oynet obpatHasi HopmarnbHasa ¢ yctaBkon 150 A, 0,8 cek. Kpytas xapakTte-
PUCTUKA MMEET 3HAYUTENBHO BONbLUYIO BbIAEPXKKY BPEMEHU B 30HE ManblX TOKOB, a8 He3aBMCMMas
nmena 6onbluyto yctasky no Toky — 300 A. PacyeTHOM TOYKOM Ha XapakTepucTuke Bbina Todka npu
TOKe cpabaTbiBaHUS OTCEUKN.
lNpoeepka dewyHmMupoesaHusi
B kayecTBe aBTOHOMHON 3alUnTbl 6€3 UCMONb30BaHNA AOMNONHUTENBHOIO UCTOYHMKA ONepaTUBHOIO
TOKa B pacnpefceTsax LUMPOKO MCMONb3YHTCA CXeMbl C AelyHTUpoBaHueM. OHU BbINOHAKTCA Ha
3NEKTPOMEXaHUYECKMX pefne C MOLUHBbIMW KOHTaKTaMu, No3BOMSOWMMY OelyHTMpoBaTh 6onblune
TOKW, NpOoTeKaroLwme Npu KOPOTKUX 3aMblKaHUAX, CXemMa 3alLnTbl C AELUYHTUPOBAHMEM MOKa3aHa Ha
puc. 6.11.

\

T

v JluHus

Puc. 6.11. Cxema gellyHTMpPOBaHUSA Ha 3reKTPOMexXaHU4eCcKoM pere:
P — pene co cneumanbHbIMK YCUMEHHBIMU KOHTakTamu (Hanpumep, pene PT-85 unu PT-95);
TT — TpaHcdhopmaTop TOKa
B HarpysouHom pexume n npu K3 oo cpabatbiBaHusA 3awmnTbl TOK NPOTEKAET Yepe3 HopMarnbHO 3a-
KPbITbI KOHTaKT pene 3awuTbl, WYHTUPYIOWWIA 3NeKTpoMarHuT oTknodeHus. Mpu cpabaTtbiBaHum
3alUNTBl ANEKTPOMarHMTHOE pere nepekniovaeTcs, aNeKTPoOMarHuT packopaymBaeTcs, U B HEro no-
CTynaeT TOK OT TpaHcdopmMaTopa Toka. Ecnu Toka [OCTaTOYHO ANS OTKMYEHUS, SNEeKTPOMarHuT
cpabaTbiBaeT M BbIKMOYaTENb OTKMOYaETCS.
ONeKTpoOMarHUT OTKIOYEHMs — 3TO TOKOBOE pene npsimoro gewncrteuna (PTM), BcTpoeHHoe B npy-
XWHHbIA NpuBog, Hanpumep, Tuna MM-67, BMIM-10, BK-10. MuHuManbHbIN TOK cpabaTbiBaHUSA TO-
koBoro pere paseH 5 A. CyLlecTBYIOT cneumarnbHble 3MeKTPOMarHuUThl OTKMIOYEHUS NepeMeHHOro
ToKka ¢ TokoM cpabartbiBaHusa 3 A. 31o TOO B npusoge INMM-67 unn SOTT B NnpuBoAe BLIKNKOYATENS
BMIM-10.
HekoTtopble mogudukauun pene PC80M, PC81, PC83 n Y3A-AT ocHalleHbl CXeMOW AeLLyHTUPO-
BaHusA. BaameH aneKkTpoMexaHuyecKkoro pene Ans AelwyHTUPOBaHUSA NPUMEHEH CeMUCTOpP (Tpuak)
TC-132-50-10, nossonstowmn gewyHtnposatb Tokn o 150 A n 6onee. HopmanbHO cemncTop oT-
KpbIT, N TOK TeYeT Yepes Hero, MMHys 3NeKTPOMarHUT OTKNIYEHNs, Npu cpabaTbiBaHUKU 3aLMThl Ce-
MUCTOP 3aKpbIBaeTCs, N ANIEKTPOMarHuT OTKIYeHns cpabaTbiBaeT.
Mpun BbIGOPE YyCTaBOK 3aLUUThI, BLIMOMHEHHOW CO CXEMOW AELUyHTUPOBaHUS, NOSBNAETCH elle OgHO
aononHutenbHoe TpeboBaHne k obecneveHnto cpabaTbiBaHWUS 3alMThl: obecnevyeHme AewyHTUpo-
BaHUS.
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Ins HagexHoro gencteua 30 nocne OelyHTUPOBaHUS (MpU NEPEKIioYEHNN KOHTaKToB pene P Ha
puc. 6.11) HeobxogmMmo, 4ToObI I.; MakcMManbHOW 3awnTbl Obin Bonblle, YeM TOK cpabaTbiBaHMs
OO0. Mpn aTOM JONOMHUTENBHO YYNTLIBAKOT YBENNUYEHHYIO TOKOBYIO NMOrPELUHOCTb TpaHcdopmaTopa
TOKa nocrne gewyHTupoBaHua 30, KoTopas MOXET BO3HUKHYTb B CBSI3W C PE3KMM YBENTMYEHMEM CO-
NPOTUBMNEHNSA €ro BTOPMYHOWN Harpysku 3a cuveT conpotmenernnss 30 (Zso = 2—4 Om, a npu HEKoTo-
pbIX CXeMax CoeanHEHMA TpaHCOPMaTOPOB TOKa COMPOTUBIEHNE yBennyunBaeTca B 2—3 pasa, CM.
rnasy 4). [pn 3TOM pacTeT NOrpeLHoCcTb TpaHcopmaTopa Toka. YcnoBnem obecneyeHnst geLlyH-
TUpOBaHUA siBnisieTcst TpeboBaHme, YTOObI Nocre cpabaTbiBaHUA 3alUUTbl TOK Yepes SNEKTPOMarHuT
OblnT 4OCTATOUHbIN ANS OTKIOYEHMS BbIKMoYaTens.

Taknm obpasom, ycrnosme CorflacoBaHus:

I, 2k, 150 +1,,, (6.8)
roe
k, — KoahbhnumeHT HagexHocTn, paBHbin 1,2—1,4;
I — TOK cpabaTbiBaHUs ANEKTpOMarH1Ta OTKIIOYEHNS;
I,.. TOK HamMarHu4MBaHusa TpaHcopmMaTopa Toka nocne AelyHTUPOoBaHUS. TOK HamarHm-

4MBaHUS onpegenseTcs npu Toke pasHoM k, I o
MepBWYHbIN TOK cpabaTbiBaHUS 3aLUUTbLI ByaeT paBeH:
Icz = (kHIC30 + Imm)' Byim (6.9)
Ecnn nonHas norpeLlHoCTb TpaHCCbOpMaTOpOB TOKa U B pexunme nocrie gelwyHTnpoBaHnUa He npe-

BbilaeT 10%, To B BbipaxeHusix (6.8), (6.9) npunumaetca 1,,,,, =0,1-k,15,. Torga npu ncnone-

30BaHMM CTaHOAPTHbIX 3M1EKTPOMarHUTOB OTKIOYEHUSs, Y KOTopbiX I59 =5 A, TOK cpabaTtbiBaHus
OCHOBHbIX pene 3awuTtbl JomkeH bbb 1., = 6,6 A. lNpn ncnonb3oBaHUKM crieumarnbHbIX 3MEeKTpo-

MarHuToB OTKIOYEeHUs ¢ ToKom cpabatbiBanna I-59 =3 A — I, =4,5A. 31 ycnosua obbl4HO

BbIMOMHSIOTCA NPU YCTAHOBKE BbIHOCHBIX TpaHC(OpMaTOpPOB TOKa, ¥ KOTOPLIX MPWM KPaTHOCTM TOKa
1,2-1,4 ponyctnmasa BTOopuyHas Harpyska npesbiwaet 4 Om. lMpyn ncnonb3oBaHMM BCTPOEHHbIX
TpaHcdopmaTopoB Toka (ocobeHHo Tvna TBT 35 kB 1 110 kB Ha ManomoLlHbIX TpaHcdopmaTopax)
OKa3blBaeTCHd, YTO 3TO ycroBue He cobnogaetcs. [1oaToMy, B Takux CXemax 4acTto MpuxoguTcs
Bkrntovatb 2 TT nocnegoBaTenbHO, Unu 3arpybnate 3awuty. Ecnn npu atom He obecneuvnBaeTcs
JocTaToyHasa 4YyBCTBUTENbHOCTb 3aliuTbl, TO CXxema C gewyHTupoBaHnem 30 He MpuUMeHsAeTcs.
B kayecTBe NCTOYHMKOB OMEPATUBHOIO TOKa B TaKMX CIyyasiX MCMNONb3yHTCS NpeaBapuUTESIbHO 3a-
pPsKEHHblE KOHAeHcaTopbl (rMaBHbIM 06pa3oM, B cxemax 3awuTbl TpaHchopmaTopos 35, 110 u
220 kB).

Kpome npoBepku BbiNONHeHUs ycnosui (6.8) n (6.9) ansa atux cxem (puc. 6.11), Heobxoanmo yode-
ONTbCS, YTO MaKCMMarnbHbI BTOPUYHBLIA TOK Npu K3 B MecTe ycTaHoBKkM 3awmThl (lkzmarc) HE NPEBbI-
WwaeT AOMYyCTMMOro 3HayYeHus TOKa, OeLlyHTMpyemoro KoHTaktamu pene PT-85, Pr1-341, paBHoro
150 A (30 lyom) 1 250 A ona PC8OM, PC81, PC83, Y3A-AT.

Iy k(3)
Iogs waxe = — < 1,,, =150 A (6.10)

hr
BolpaxeHue (6.10) He yuuTbIBaeT NOrpeLlHoOCTn TpaHcdopmaTopa Toka.

Ucnonb3osaHue mokogol omceyku

TokoBasi oTceyka ©6e3 BblAEPXKKM BPEMEHU OTCTPaMBAETCs MO TOKY OT KOPOTKMX 3aMblKaHUN Ha
CMEXHbIX NPUCOEANHEHNSX: NUHUAX, TpaHcdopMaTopax. YyBCTBUTENBHOCTL OTCEYEK NpoBEpPAETCH
Mo TOKY KOPOTKOrO 3aMblkaHUsi B MECTe YCTaHOBKMW 3alinTbl. Tpebyembii K09 PULMEHT YyBCTBU-
TenbHoctTn — 1,2.

Ha pucyHke 6.12. nsobpaxeHa cxema, ansi KOTOpPOW BbIOMPAKOTCHA YCTaBKM OTCeYkU. Huke nokasaH
rpaduk N3MeHeHNsa ToKa KOPOTKOro 3aMblkaHWUs BOOMb JIUHUM.

[nsa sawnTbl 31 yctaBka gomkHa oTcTpamBathest oT TK3 B Touke K3:

Icp.omc.31 =ku 'IK3 K3 (6.11)

KoadbdmumeHT HagexxHOCTU MoXeT 6biTh NpuHAT 1,2 ana pene PC81,PC83 1 1,3 anga pene Y3A AT.
Ona 3awmTel 32 TOYKKN, OT TOKOB K3 B KOTOPbLIX AOMKHA OTCTpamBaTbCa OTCedYka, ABEe: MecTo noja-
KIlo4eHMst oTnaevyHoro TpaHcdopmaTopa K1, 1 WKHbI cMexHon noactaHumm K2.
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Touka K1 pacnonoxeHa onmke n Tok K3 B Helr 6onbLue. [Mo3ToMy OHa MOXET ObITb pac4eTHOW TOY-
KO ANns BblbOpa yCTaBOK OTCEYKM.

Icp.omc.32 =k, 1K1 (6.12)
B2 K2 K3

= < = |

32 - : B |

MK §

\

cp1

Puc 6.12. Cxema ceTu ans Bbldopa TOKOBOW OTCEYKU, rpadmk M3MEHEHUS TOKa
OpHako B psige criydaeB Takon TOK OTCEYKM HeOonyCcTMMO 3arpybnsaeT oTceuky, U NpUxXoamuTcs oT-
cTpamnBaTbcs oT K3 B Touke K2.

Icp.omc.32 =k, 1 k> (6.13)

Mpun atom oTceyka cpabaTbiBaeT npu K3 Ha BbiBogax TpaHcdopmaTopa, T.e. paboTaeT Hecenek-
TUBHO.

Mockonbky K3 B TpaHchopmaTopax GbiBaeT pexe, YeM Ha NIMHUAX, TaKyl0 HECENEKTUBHOCTb MOXHO
AONyCTUTb. OTa HECENEKTMBHOCTb MOXET ObITb ucnpaeneHa genctenem AlB, npu ycrnosuu, 4To
npeaoxpaHnTeNb ycneBaeT NeperopeTb 3a BPeMS OTKIOYEHUS BbIKMoYaTeNsa AeWCTBMEM OTCEYKMU.
Mpn Toke K3 paBHOM nATHaguaTUKpPATHOMY HOMMHAarbHOMY TOKYy nniaBkow BcTaBku (1K, Bpemsa ee
neperopaHusi meHee 0,1 ¢, n aTo ycrnosue obecneumBaeTcsa. He MeHee Takow BENUYUHbBI JOIDKHA
ObITb BbIOpaHa ycTaBKka OTCEYKMU.

Icp.omc.32 = 151H0M 1IK (6 1 4)
B2 K2 K3
K1 B1
32 -
MK
lk3

Xapakrepuctuka 31
XapakrepucTuka 32 P P

Puc. 6.13. XapakTepuCTUKNU BbIOEPKKN BPEMEHU TOKOBbIX 3alUUT C UCMOJIb30BaHMEM
MaKCUManbHOWN 3aLlnTbl C 3aBMCUMON XapaKTEPUCTUKON N TOKOBOW OTCEYKOMN

Euwe ogHum ycrioBuem Bblbopa TOKOBOW OTCEYKU, SBMSETCS OTCTPOMKA OT CyMMapHOro 6Gpocka Toka
HamMarHu4YMBaHmA TpaHcAOPMaTOPOB, MNOAKIOYEHHBIX K JIMHUN, NPU BKAKYEHUN NMHUK NO4 Hanpsi-
XEeHue npu BblaepkXke BpemMeHn oTceudkn nopsigka 0,05 ¢ Tok cpabaTbiBaHMsSI OTCEYKMN AOMMKEH BbITb
paBeH NATU CyMMapHbIM HOMUHANbHbIM TOKamM TpaHcOopMaTopOB.

15



Icp.omc.32 =51 (6.15)

Kak npaBuno, npu BbIGope OTCEYKN Takoe COOTHOLLEHME NOMyYaeTCs.

Ortceuka, BbibpaHHas Taknm oOpa3oM, MOSTHOCTLIO JIMHWUIO HE 3aliuliaeT, U NMosyvyaeTcda Takasl Xa-
pakTepucTuka: cMm. puc 6.13.

Havano nuHumn ¢ 6onbwimm TK3 3awmiiaeTcss TOKOBOM OTCEYKOM, a KOHeLl, ¢ TokoM K3, MeHbLLUUM
YCTaBKM OTCEYKN — MaKCHMMaribHOM 3aLLUTOMN.

Mpy BLINOMHEHUN YCTaBKM OTCEYKWU, CriegyeT NpUHMMaTbh BO BHUMaHUE OCOOEHHOCTU ee BbIMOsHe-
HUA Ha pa3sHbIX TUNax pene. Ecnn Ha yctponctBe PC83 ycTaBka 3agaeTcst HENOCPEACTBEHHO B eau-
HULAX TOKa N BpeMeHu, To Ha pene PC81, Y3A-AT ycTaBka 3agaeTtcs B BUAE KPAaTHOCTU K TOKY cpa-
fOaTbiBaHNA MaKCMManbHOW 3aLMThl.

kp=Icpomc/IcpMT3 (6.16)

HOM CYyMM.

3awumsi om 3ambikaHull Ha 3eMJ1H0

Mpwu BbiIGOpe yCTaBOK HEHaMNpPaBNeHHOWN 3aLlMTbl OT 3aMblKaHUI Ha 3eMto, B CeTU rae OTCyTCTByeT
KOMMeHcaumsi, Heo6xoauMOo onpeaenvTb pacyeToM CyMMapHbIA TOK 3aMblKaHWUS Ha 3eMII0 U TOKK
3aMblKaHMs Ha 3eMI0 KOHKPETHoro duaepa.

I,=k, 1, (6.17)

roe
I,, — eMKOCTHOW TOK 3aMblKaHWUs Ha 3€MITI0 KOHKPETHOro huaepa;

k,,— K03dhDULMEHT HaAEKHOCTU, MPUHUMaeTCA paBHbIM 1,5 ANs 3alWUTbl UMEIOLLIEN BbIAEPXKY Bpe-

meHu nopsiaka 0,3 cek u 6onee. Ecnu TpebyeTcs Hynesas BbiAepxka BpeMeHu, To k,, AOmKeH bbiTb

yBenu4YeH Ao 3-4 ons oTCTPOWKKN OT Gpocka eMKOCTHOIO ToKa B NEPEXOAHOM pexrMe 3aMblkaHus! Ha
3emnto. MockonbKy B GONbLUMHCTBE CNy4YyaeB 3aluMTa OeNCTBYET Ha curHan, LuenecoobpasHo BBECTU
BbIAEPXKKY BPEMEHU, YTOObI HE NMOHWXKaTb YYBCTBUTENBHOCTb 3aLLUTHI.

MpoBepsieTcss YyBCTBUTENBbHOCTL 3aLUMTLI NO 06LLEMY TOKY 3aMblKaHUSI HA 3eMIT0 CeTH, 3a BblYETOM
TOKa 3aMblkaHUsl Ha 3eMJo JaHHoro dmaepa.

Ky =31 0comy [ Lep + Ky 22 (6.18)

3awuTbl NO TOKY HYNEBOW NOcrneaoBaTENbHOCTU, NOAKMOYaeMble K TpaHcopmMaTopam Toka Hyre-
BOW NocCrneaoBaTenbHOCTU OTEYECTBEHHOIO NPOM3BOACTBA, HEMb3s HacTpamBaTb, HENOCPEACTBEHHO
BbICTaBNAg ycTaBky B pene. KoadduuneHT TpaHchopMaunm 3TuxX TpaHCcopMaTopoB pPe3ko MeHs-
€TCSA B 3aBMCUMOCTM OT Harpyskm u3-3a Mx mMarnonm MOLLUHOCTM CM. n. 6.1. Ha ycTaBky BnuseT gaxe
COMNpPOTUBIIEHNE COeAMHUTENbHbLIX NPOBOAOB. [03TOMY, HacTpoika Be4eTCs MO NePBUYHOMY TOKY,
nogasaemMoMy 4yepe3 NpoBOA, NPONyLeHHbIN Yepes 3a3op THI. [Ona Havyana MOXHO NPUHATbL KO-
adppuumneHT TpaHcdopmauumn THI, paBHbiM 25. YcTaBku 3awmT ot 3H3 yctporicte PC80M2-24-31,
PC81, PC83, Y3A-AT rpagyvpyloTcs HENnocpeacTBEHHO B MEPBMYHOM TOKE, MPOXOoslleM 4epes
TpaHchopmaTop Toka Tnna T3JIM.

HanpasneHHble 3aluTbl OT 3aMblKaHUI Ha 3eMII0 He OTCTPanBalOTCS OT TOKa 3aMblKaHUS Ha 3eMI0
KOHKpeTHOro cmaepa, NoaTomy, MoryT 6biTb BbINOMHEHbl Bonee YyBCTBUTENbHLIMU. YCTaBkn onpe-
AensalTCs HeobXO0ANMOCTbLI0 06ecneyvnTb HYXHYH YyBCTBUTENBHOCTb NPU 3aMblkaHUK Ha 3emnio. B
3aKnyYeHnn cnegyeT OTMETUTb, UTO pelueHne MNTS 0 BO3MOXHOCTU paboTbl IMHUN C 3aMblKaHUEM
Ha 3eMIo, cenyac NoABEpPrHyTo COMHeHuto. [MpoBoa, nexawun Ha 3emne UNM Ha COOPYXEHUSIX,
OYeHb OnaceH AN OKpyXarLwmnx B rycToHaceneHHon MmectHocTu. OgHako 3alimTy OT 3aMblkaHui Ha
3eMII0 Ha YKa3aHHbIX NPUHUKUNAX TPYAHO BbINOSHUTL CEMNEKTUBHON.

Ona obecnevyeHnsa cenekTMBHOCTU 3a pybeXoM NPUMEHSIETCS, U HAYMHAET NPUMEHATBCS U Y Hac,
PEeXUM 3a3eMIIEHUSI HENMTpanu Yepes pe3unctop. Y Hac npumeHsaeTtcsa pesnctop 100 Om. AKTUBHbBIN
TOK 3aMblKaHWS Ha 3eMIT0 ¢ Takum pesnctopom paseH 60 A B cetn 10 kB 1 36 A B ceTn 6 kB. Takoro
TOKa BMOSIHE AOCTATOYHO AN obecnevyeHns YeTKOM 1 CenekTMBHON paboTbl TOKOBOMW 3aLUUTbl Hyne-
BOVW MOCreaoBaTeNbHOCTM, B TOM YMCHE U NPU €e BKIIOYEHUN B HYNEBOW NpoBog (PasHbIX TpaHC-
dopmaTopoB Toka. B Takmx ycnoBusax 3awmta OT 3aMblKaHUS Ha 3eMIi0 JOrkHa paboTaTb Ha OT-
KntodeHue.

Ons nuHnin 35kB, paxe kabenbHbIX, TpaHCcOpPMaTOpbl TOKa HYNEBOW NOcnegoBaTeNbHOCTU OTCYT-
CTBYHOT. [103TOMY 3aLuUTbl OT 3aMblKaHUA Ha 3eMII0, KOTOPblE NMPUMEHSIIOTCS Ha KabenbHbIX NMUHUAX
6-10 kB ucnonb3oBaTtb HesNb3s. 3amMblKaHMe Ha 3eMI0 onpefensieTcsa nocne cpabarbiBaHUSA CUTHa-
nmsauun «3emMnm» no HarnpsPKeHUIo, NyTemM noovepeaHoro OTKMYEHUS NTIUHUNA.

Yempoicmeo AlB
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AlB obsa3aTtenbHO NPUMEHSAETCS Ha BO3QYLUHbIX U CMELUAHHbIX MMHUAX, MHOTrAA NPUMEHSETCS U Ha
kabenbHbIX NNHUSX.
YctaBkn AlNB Ha TYNWKOBLIX NUHUAX He TPebyloT cneumanbHbIX pacdeToB. HeobxoammocTb 3aga-
HWs1 BblaepXXkn BpeMmeHun AlB gukTytoTcsa cnegyrowmnmm coobpaxeHUsiMu:
- rocne OTKITIOYEHUSA NMNHUN OOMKHO BOCCTAHOBUTLCH MECTO NOBPeXAeHUsA — Npou3onTU OenoHn3a-
LUuMs BHELLHEN cpefbl, 3anfbiTb MecTo Npobos kabens, ynacTb Habpoc, NonasLUMA Ha NIMHUIO 3NeK-
Tponepegauu;
- BbIKNOYaTenb JOMMKEH BOCCTAHOBUTbL OTKOYAOLLY0 CNOCOBHOCTb, Hanpumep racuTenbHas Kame-
pa JormkHa 3anonHUTBLCSA MacroMm.
Bce aTu npoueccbl HaBepHska 3akoH4yaTcsl yepe3 2 cek. OTa ycrtaBka AlB n npeanaraetcs
K BbIMOSTHEHUIO HA YKa3aHHbIX YCTPOUCTBAaX.

tAHB = 2,0 cekK (619)
B psge cnydaeB Takon OnuTenNbHbIN NepepbiB NUTaHUA He AonyckaeTcs notpeburtenem m3-3a BO3-
MOXHOCTW HapyLUeHNs TEXHONOrMYecKoro npouecca. B atom cnydae Boligepxka spemenn AlB mo-
XeT ObITb YMeHbLUeHa 40 TpebyemMon BeNMYnHbI, €Crv 3TO NO3BOMSIET NPUMEHEHHbIV BbIKMOYaTeNb.
Kpome yctaekm AlNB no BpemeHun, ansa ycrponctea PC83 HeobxoomMmo ykasaTb BpeMsi TOTOBHOCTU
BblkntovaTens. Bpemsa roToBHOCTU no3sondeT uckntountb AlNB npu nostopstowmxca K3, nockonbky,
€CNU BbIKIYaTeNb BHOBb OTKNIOYNTCS Yepe3 BpeMsi, MeHbLlee BpeMeHn rotosHocTu AlB, oHo He
npounsonget. lNpakTnyeckn BbIGOP BpeMEHN rOTOBHOCTW OnpeaenseTcs BONeBbIM peLleHneM pyKo-
BoAcTBa cnyx0bl P3A npegnpuatus. MNpu oTCyTCTBUM TAKOro peLleHns, MOXHO YCTaHOBUTbL BPeMS
paBHbIM 30 cek. Bpemsa rotoBHocTu ansa ycrporctea Y3A-AT (PC81) He perynupyeTca U cocTaBns-
et 30 cek.

YckopeHue MakcuMasibHOU 3awyumal rMpu 8K/IF0OYEHUU 8bIK/Ir0oYamernsi

B yctponctBax PC83, kak 1 B 60NbLIMHCTBE aHANoOrMyHbIX YCTPOMCTB, NpeaycMaTpuBaeTcsl yckope-
HMe MaKkcumaribHOW TOKOBOW 3alumTbl MPU BKIOYEHWUM BbIKNIOYaATENS NPUCOeMHEHNs. YCKopeHue
nmMeeT oaHy BblaepkKy BpemeHmn 0,5 cek n sBoantcsa Ha Bpemsa 1 cek. CornacHo Y3 3awuTa ycko-
psSieTCs, eCnu BblAepXKKa BPEMEHM MakCMMarbHOW 3almTbl npeBbiwaeT 1 cek. Kaknx-nnbo gonon-
HUTENbHbIX pacyeToB AN 060CHOBaHMA BO3MOXHOCTU BBOAA YCKOpeHus He TpebyeTcs. Bbiaepxka
0,5 cek obecneuymBaeT OTCTPONKY YCKOPAEMOWN CTYNEHM OT BCEX NEPEXOLHLIX MPOLIECCOB.

Kak 4acTHbI criydal yCKOpeHUs 3aluTbl, UHorga npumeHdaeTca yckopeHve ao AllB. YckopeHue
MT3 go AlNB MOXeT NpUMEHNATBLCH, HanNpumep, Ha BbiKNovaTene AnvHHON NuHum 35kB, OoT KoTopo
nocrnegoBaTternbHO NUTAKTCH HECKONbKO nogctaHumin 35/10kB 6e3 NoCcTosHHOroO onepaTUBHOMO Nep-
coHana. 3avacTtylo, obopyaoBaHMe TakMx NOACTAHLUMA CUNBbHO WU3HOLIEHO, a HU3KOE KayecTBo 06-
CNYXUBaHUSA KX onepaTUBHO-BblE3AHbIMU Bpuragamm He rapaHTupyeT paboty AlB Ha BbiknoyaTe-
nax. Cytb yckopeHusa go AlB B Tom, 4To npu K3 Ha nuHUK, oHa OTKIOYaeTcs cHavana B rofiose no
yckopeHuto MT3 (C MeHbluen BblIOEPXKKOW BPEMEHW), He CENEKTMBHO, a 3aTeM, BKIYaeTcs OT
AlNB. Ecnn K3 He ycTpaHunoch, nocne AMNB MT3 nepekntovaeTca Ha cenekTuBHyo (6onbLuyio)
BbIAEPXKKY BPEMEHU, U B AanbHeNLLEeM NoBpexaeHne CeNnekTUBHO OTKIYaeTCs 3alumTton, bnvxan-
Len K MeCcTy NOBpeXaeHUs.

6.3. OCOBEHHOCTU BbIBOPA 3ALLUT N UX YCTABOK HA TYNUKOBbIX BJ1 35 KB

Bbi6op annapamypbi

Kak npaBuno, Ha nuHusx 35 kB npumeHsoTca 3alimTbl C HE3aBUCUMOW BblAEpPKKOW BpemeHn. Ha-
rpy3Kon NUHUK ABNSieTCs TpaHcdopMaTop, 3allMLEHHbIn OMd3allnTon Unu TOKOBOW OTCEYKOM U
MaKCMMarnbHOW 3alLUMTON C HE3aBUCMMOW BbIOAEPXKKOW BpeMeHU. 3alumTbl TpaHchopmaTopa OEnCT-
BYIOT Ha OTKIOYEHUE BbIKIOYATENS, UMM Ha BKMOYEHME KOpOoTKOo3aMblkaTens. [ns 3awuTbl TpaHc-
dopmaTopoB HanpskeHnem 35 kB npumeHsoTca Tak xe npegoxpaHutenu MNCH-35. MNMpumeHeHne
3alMT C HE3ABUCKMMOW BLIOEPXKKOM BPEMEHM, YMPOLWAET pacyeTbl, He TpebyeT NoCTpoeHns rpadu-
KOB.

Mpumensiemasn annapatypa gns BJ1-35 kB nmeeT noBbiweHHble TpeboBaHMs MO CpaBHEHUIO C anna-
patypon anga BJ1-10 kB.

3awuTbl Ha NMHKUAX 35 KB JomkHbI ycTaHaBnMBaTbCs B Tpex dasax unm bbiTb TPEXINEMEHTHbIMU, C
YCTaHOBKOW OBYX anemMeHToB B pasax (kak npasuno, A n C), a TpeTbero B obpaTtHbli NpoOBOL CO-
€NHEHHbIX B 3Be3ay ABYyXxda3sHbIX TpaHC(OpMaToOpOB ToKa, rae npoTtekaeT cyMMma TOKOB ABYX (has.
OT10 TpeboBaHue AMKTyeTCs TeM coobpaxeHuem, 4To nNpu ABYXdas3HOM KOPOTKOM 3aMblKaHWW 3a
TpaHCHOPMaTOPOM CO CXEMOW COeANHEHUS 3Be3Aa-TPeYyroflbHUK, TOK KOPOTKOIO 3aMblKaHWS TOMbKO
B OLHOM (pase paBeH nonHomy Toky K3 a B ABYX OpyruMx — NonoBmHe 3Toro Toka. [Noatomy 3awmra,
KoTopasi pesepeupyeT K3 3a TpaHcdopmaTopoM, AormkHa BbiTb oba3aTtenbHO TpexdasHon (Tpex-
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anemeHTHoW). Torga ee YyBCTBUTENBbHOCTL ByaeT OANMHAKOBOW Npu N0GOM KOPOTKOM 3aMbIKaHUKN Ha
ctopoHe HH TpaHcdopmaTopa.

B2 K2 K3
K1 B1

|
122 g mEl ! |  Puc. 6.14.Beinontenvre 3 crynew-

MK yaTomn 3awmnTbl Ha BJ1 35 kB

[K3

XapakrepucTuka 32 | XdpakrepucTuka 31

3awuTy uenecoobpasHoO MMETb TPEXCTYNEHYATON, ANS YMEHbLUEHUS BblAEPXKEK BPEMEHU, C KOTO-
pbiMM OTKOYAOTCA 3awuwaemMas nuHusa (cm. puc. 6.14). JononHutenbHas 2-9 CTyneHb 3alUuThbl
32 cornacoBbiBaeTCsl NO TOKY U MO BPEMEHN C TOKOBOMW OoTceukon 3awmThl 31. Bblaepkky BpeMeHun
OTCEYKN MOXHO ycTaHoBuTb paBHon 0,1-0,5 cek (3agepxka ons obecnedeHns neperopaHns npego-
xpaHutens NCH-35). B pe3ynbTaTe okasanocb, YTO NIMHUSA 3alMaeTcs 3awmTon 32 ¢ BblAEPXKKON
BpemeHu: B Havane — 0,15 cek, a B koHue — 0,35 cek (ana MICOM). MakcumanbHas 3awimrta gOmk-
Ha paboTaTb B 30He pe3epBupoBaHus, T.e. npu K3 3a TpaHCcHopMaTopoM U Ha CMEXHOW NMHUK
anekTponepenayn.

lMpoBepka 4yBCTBUTENBHOCTU MPU pe3epBMPOBaHMU NpoM3BOAUTCA NMpu AByxdasHoM K3 B MUHK-
MarnbHOM pexuMme Ha pe3epBuMpyeMOoun NMHUKU, 1 Npu TpexdasHoM K3 B MUHMMaNbHOM pexuMme Ha
pesepBupyemMom TpaHcgopmaTope (npu K3 3a TpaHcdopmaTopom co cxemon coegmHeHnst Y/A Tok
K3 Ha cTtopoHe BH npu gByxdasHom K3 B Ton ¢hase, roe nportekaeT nonHeln Tok K3 paBeH Toky
TpexdasHoro K3).

B kauyecTtBe 3awuTbl ANA NPOCTOM CETU MOXHO MPUMEHUTb ABYXCTyneH4yaTyr 3awmty Tuna PC-
80 M3, veTbipexctyneyvatyto PC83 unu Cupuyc, a Takke donbinHCTBO 3awmTt GE, ABB, ALSTOM,
SIEMENS. Ecnu oTkasaTbCsl OT pe3epBUpoBaHnS 3alumT TpaHcdopmaTtopa npu asyxdasHom K3
Ha cTtopoHe 35 kB, TO B psige criy4aeB MOXHO NPUMEHUTb U ABYXda3sHyto 3awuTy 3awmTty PC81 unu
YB3A-AT. Cxema ceTtun 35 kB 4acTo GbiBaeT CNOXHOWN, U3-3a HANM4US CBSA3EN MO CETU U pasHbIX UC-
TOYHMKOB NUTaHMs. OBbIMHO MPUMEHSIOTCA KONbLEBbIE PA30MKHYTble ceTU. MOXeT MEeHSATbCA Kak
WCTOYHUK NUTaHUSA, TaK U HanpasneHne nutaHus. Noatomy BbIGOP 1 cornacoBaHne yCTaBOK B TaKOM
CeTn NPom3BOAUTCA ANS Pas3fMYHbIX PEXMMOB, B KaXXOOM W3 KOTOPbIX AOMXHbI obecnevvBaTbCs
TpeboBaHMsA YyBCTBUTENBHOCTM U CENEKTUBHOCTU 3awnTbl. B 9TUX crnyvasix MOXHO MCMNOMb30BaTh,
nmerLLytocs B BOMbLIMHCTBE YCTPOMCTB 3aLUUThl, BO3MOXHOCTb MEPEKNoYEeHNsa Ha BTOpon Habop
yctaBok. OgHako Hambonee nNpuroaHbIM NPeacTaBNAeTCs NPUMEHEHWE HanpaBfeHHbIX 3aluT, Ha-
npumep: yctponcts Cupuyc 2, MP3C-05, F650 dupmbl GE, REF 54x (ABB), 7SJ 5 (SIEMENS),
MiCOM P127 (ALSTOM). B Takom cnyyae He noHagobuTcs opraHn3oBbIBaTb M3MEHEHME YCTaBOK
3aLWNTbl NPY NEPEKINIOYEHNSAX B CETMU.

Bbi160p ycTaBOK HanpaBneHHbIX 3alUT AN HEKOTOPbIX TYNMUKOBbLIX CXeM

Cxema 9d8yx napasnsesibHbIX JTUHUU

Cxema 4acTo npumeHseTcs B cry4vasx, korga no OAHOW NMHUW He yaaeTca obecneynTb nutaHue
BCEW Harpysku cekuun. MNpuxoguTca BKNoYaTb napannensHo 2 nuHuun. [Ona obecneyeHus cenek-
TMBHOCTM Ha NPUEMHOW CTOpoHe, 3awmnTbl P3-3, P3-4 Heob6xoaumMo BbINOMHUTE HamnpaBrieHHbIMU
CM. puc. 6.15.

nci P&t M L, P33 Mc2
—_— / —
= q L s

P3-2 I, o L P34 |
T 1 1
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Puc. 6.15.PacnpegeneHne TK3 npu noBpexaeHnn ogHon u3 napansienbHbiX TMHUA

Mpn KopoTkOoM 3amblkaHuK Ha J11 yepes 3awmtol P3-3 n P3-4 npoTtekaeT ogmnHakosbi Tok (k), n no
€ro BennymHe HEBO3MOXXHO onpenennTb, Ha Kakor NMUHUN NPOU3OLLIO KOPOTKOE 3aMblKaHWe U KOTO-
PYIO HY>XHO OTKMIOYNUTb C MPUEMHON CTOPOHbLI. OTO U onpedenseTcs No HanpaBneHuo Toka B 3alln-
Tax. Moatomy 3awuTbl P3-3 n P3-4 Heob6xoanmo BbINOMAHUTE HanpaBneHHbIMU. MOXHO NPUMEHUTb
ycTponcTtea 3awmthbl Y3A-10A.2 ¢ gononHuTensHbIM Gr10KOM HanpasneHnsa MoLHoCcTH, cepumn F650
GE vnu nogo6Hyio 3awmTy Apyrmx NpoM3BoanTENEN.

C nuTalowen CTOpPoHbl MOXET OblTb NPUMEHEHA HeHarnpaBrieHHas 2—-3-cTyneH4yaTtas 3awmta. [pu
KOPOTKOM 3aMblkaHU1 Ha ogHon 13 BJ1 B Hauvane nuHum, B 3awmte P3-3 n P3-4 tok K3 He npoTeka-
eT. B atom cny4ae gomkHa cpabotatbe TokoBas otcedka Ha NC-1 1 oTkNouYnTb BbIKNoYaTens. lo-
cne atoro Becb Tok K3 npoteyvet no uenu MNC1, J12, MNMC2, J11, a no 3awurtam P3-3, P3-4 nponget
oauHakoBbI Tok K3, KOTOporo goctatoyHo Ans cpabaTtbiBaHMs 3awwmThl, U cpaboTaeT Ta 3awuTa, y
KOTOPOWM TOK HanpaeneH B NIMHUIO CM. puc 6.16:

nct  P3-1 n I, P33 TcC2

.,

P32 I . L P34
N . { +——
1 o B

Puc. 6.16. «KackagHoe» OoTKNtOYEeHMEe NNHUK

Mpn kOpOTKOM 3aMbikaHuKM B koHUe BJ1 y wuH MNC2 B pexume puc 6.15 Tokm K3, npoTekarowime no
3awmtam P3-1 n P3-2 npumepHoO oamHakoBbl U onpeaenntb Ha kakon Bl noBpexaeHne HEBO3MOX-
Ho. B aToM cnyyae KopoTkoe 3aMblkaHWe MepBbiM AOMMKHA OTKMOYMTL 3awmta Ha C2, koTopas
BbINOSIHEHA HaMNPaBIEHHOW U OTKIIOYUT UMEHHO MOBPEXAEHHYIO NINHUIO.

Bbi6op ycmaeok

— o obwmm npasunam BbibnpaeTcsa 3awmuTa TynMkoBon nnHum P3-5. BbibpaHo 2 cTyneHu: makcu-
MarnbHas 3awmTa n oTcedka.

— [MpounsBoanTtca BbIGOp 3awmMT Ha npuemHon ctopoHe MC-2. [na obecneyeHns YeTkon paboTbl
3aLMTbl 4OCTATOYHO O4HOCTYNEHYAaTOM TOKOBOW OTCEYKM C 3TOW CTOPOHLI. TOK cpabaTtbiBaHUSA AocC-
TaTOYHO OTCTPOUTL OT Harpysku comaepa B HoOpMasnbHOM paboyem pexnve.

1 =k—”-I _ 12 1 =1,25-1

Pk Hazp.Hom. — 0.95 ‘L uazp.nom.
8 ’

HA2p.HOM.

— [MpousBoaunTtca Beibop 1 cTyneHn 3awmtsbl P3-1 (P3-2). 3ta 3awuta gomkHa 6biTb OTCTpPOEHa OT
Toka K3 B KOHLE NMMHUN B MaKCUMaribHOM PEXUME Mpu YCIIOBUK, YTO BTOPAS JIMHMS OTKIHOYEHA.

I, =k, Igzpc2=12-1g3 e
— Tpouseogutcs BeIbOp 2 cTyneHn (MakcumanbHom 3awuTbl) P3-1(P3-2). MNMpuHuun Bbibopa obbly-

HbIA: OTCTPOMKA OT MakcMMarnbHOro Toka Harpysku BJ1 ¢ yueTom camosanycka U BO3MOXHOCTU Ha-
Gpoca Harpysku npu OTKNIOYEHUN BTOPON napannensHon BJ1.

I =k—”-I =1,25-1

Pk Hazp.makc.
6

Hazp .maKkc.

— [pousBoguTcs NpoBepka YyBCTBUTENBHOCTU MaKcMmarnbHon 3awmTtel P3-1 (P3-2) B MUHUMarnb-
HOM pexume, nNpu asyxdasHom K3 1 napannensHon pabote NUHUA.

)
k‘l - IK3MuH/ICP
lMpoBepka 4YyBCTBUTENbHOCTM MPOU3BOAUTCA B [BYX TOYKax B OCHOBHOM 30He — Ha wwuHax MC2
(k,=1,5) n B 30He pe3epBMpOBaHUS B KOHLIE NUHWIA, oTxoasawmx ot MNC2 (k, >1,2).

— [lpoussoguTcs NnpoBepka YyBCTBMTEMNBHOCTM OTCEYEK B 30HE UX KackagHoro aencteud. MNpoBepka
Npon3BOANTCSA MPU MUHUMANbHOM PEXMME CUCTEMbI U OBYX NapanienbHo paboTallwmx NMHUNAX.
Llenb npoBepkn — yb6eanTbCca B TOM, YTO 30HbI OTCeYeKk nepekpbiBatoTca u, npu K3 B nodbom mecte
nuHUK, paboTtaeT xoTa Obl oaHa oTcevka. CunTaeTcs TOK, NpoTekarowun Yepes 3awmTtbl P3-1 1 P3-
3 (P3-2 n P3-4) npn KOpPOTKOM 3amblkaHuM B cepeanHe nuHun. Ecnn obe 3awnTbl UMET YyBCTBU-
TenbHocTb npu K3 B aTon Touke He MeHee 1,5, 3HAUUT KackagHas paboTa obecneumBaeTtca. Ecnu
YyBCTBUTENbHOCTb 3alLMTbl He obGecneyvmBaeTcd, 0ObIYHO 3TO nonyvaeTtcs ans otcedvkn P3-1, nep-
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Bbl/A YY4aCTOK NIMHUKM OenuTcda nonornam, u paccuntbiBaeTca K3 B cepeamHe yyactka (0,25 gnvHbl
nvHuK). MNponssoguTca NOBTOpHas NpoBepKa YyBCTBUTENbHOCTM, €CIIM CHOBa He norny4yaeTcs, TO
OenaTcs nomnonam nonyyYuslLUMEcs y4acTku, cuuTtaeTcs Tok K38 1 ondate npoBepsieTcs YyBCTBUTENb-
HOCTb.

— Ecnu nuHumM oveHb KOpPOTKKU, TO KackagHoe OEeNCTBME OTCEeYEK MOXKET ObiTb He obecrneyeHo. B
aTom crniyydae npu K3 B ToM Touke, rae yxe He paboTtaeT otceyka Ha MC2 1 He paboTaeT oTceyka Ha
MC1, K3 bygeT oTknoyaTbCa MakcumanbHOM 3awmTton aton nuHun. OTknodeHne K3 6yaet 3agep-
XaHo Ha Bpems cpabaTbiBaHUA MakcuMaribHOW 3alMTbl NOCMe Yero AoSmkHa cpaboTaTh OTCeYka Ha
MC2. YckopuTb OTKMNOYEHME MOXET npumeHeHne Ha [NC1 BTOpon CTyneHn TOKOBOW OTCEYKM C Ma-
1OV BbIOEPXKKON BPEMEHW, COrnacoBaHHOW MO TOKY M NO BPEMEHU C OTceykonm oTxoasduien BJl Ha
MC2 (P3-5), a Takke C OTCEYKON 3aLLMTLI HA MPUEMHOM KOHLe napannernbHblX nuHun (P3-3 — P3-4).
CornacoBaHune Npou3BOAUTCHA B peXuMMe C O4HOW NuHuen. lNMpoBepka YyBCTBUTENbHOCTU B 30HE
KackagHoro AenCcTBMS NPOU3BOAUTCS TakUM Xe CNocoboM, Kak 1 AN TOKOBOW OTCEYKN.
Pa3zomMkHymbili mpaH3um 35 kB

YMpPOLLEHHYIO CXeMY Noka3aHO Ha puc. 6.17:

nct P3-1 P3-2 MNC2 P3-3 P3-4 TC3
K3

e ) =
<<

4 «e Y ks

b

P3-5 P3-6 { P3-7 P3-8

K4 _l I‘/ZL’
K7 K8

K9 '[ K10

Puc. 6.17. PasoMkHyTbIN TpaH3nT 35 kB

Ha MNC2 paspes: yactb Harpy3km nutaetca ot [1C1, BTopasa 4actb — oT NC3. Ha kaxgon nuHum
UMeTCH OTnarkn. B peMOHTHOM pexrumMme BO3MOXEH NepeHOoC pa3pesa Ha BbiKMtovaTtesb JIMHUK CO
cTtopoHbl MC1. Bo3amoxHo Takke nutaHune Harpy3sku NC1 n MNMC2 uenukom ot MNC3. Takue xe camble
BapuaHTbl NuTaHus npegycmoTpeHbl ana MNC3. lNpumeHeHne HanpaBneHHbIX 3aluT no3BonseT
obecneynTb CENEeKTUBHOCTb 3alUUTbl BO BCEX NEPEUNCIIEHHLIX pexmnmax. [ns 9Toro HanpaBleHHbI-
MU OOSXKHbI ObITh BbiMONHEHb! 3awmnTtbl P3-1, P3-2, P3-3, P3-4. OctanbHbie 3awnTbl MOTyT ObiTb
HeHanpasfeHHbIMW.

Bbibop ycTaBOK 3aWMThI U X COrnacoBaHUe NpOM3BOAMTCS pas3desibHO No ABYM HanpaBlieHUsIM Nu-
TaHus:

— [Mpwu nutanum ot MNC1 cornacoBbiBatoTcsa 3awmTthl P3-3 ¢ P3-8, n P3-1 ¢ sawwutamm P3-3, P3-6 n
P3-7.

— [Mpwu nutannm ot MNC3 cornacosbiBatoTcs 3awuTbl P3-2 ¢ P3-5, n P3-4 ¢ 3awmtamn P3-2, P3-6 1
P3-7.

3a UCKMYeHneM Toro, YTO 3alnTbl HanpaBfeHHbIE, YCNOBKS BblOOpa yCTaBOK CTyNeHYaTbIX 3alimT
coxpaHsaTca npexxHuMu. MNepBasa cTyneHb oTcTpamBaeTcs OT Toka K3 B kOHUEe NMMHUK 1 3a TpaHC-
dopmaTopomM OTnamku, U No BpeMeHn Bblaepxka paBHa 0. BTopas CTyneHb corracoBbiBaeTcsl No
TOKY C OTCeYKaMu nocrneayowmx iMHMim n oTcTpamBaeTcs oT Toka K3 3a TpaHccopmaTopom oTnan-
Kn. TpeTbsl CTyNeHb OTCTpauBaeTCs OT TOKa Harpysku U CorracoBbIiBaeTCsl MO TOKY U MO BPEMEHU C
MaKCMMaIibHOW 3alMTON MOCneayroLWen NMMHUN U «oTnaeYvHbix» TpaHcdopmaTtopoB. NpoBepsieTcs
YYBCTBUTESTbHOCTb CTYMEHYaTbIX 3aLUUT B OCHOBHOWM 30HE 1 B 30HE pe3epBMPOBaHMSI.
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