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fIPEAUCIIOBUE

MakcumarnibHaA ToKoBsas 3auuTa — Hawbonee pacnPoOCTpPaHeHHbId Tun
peneiHoln 3awmtbl. OHa yCTaHagNMBAaeTCA NMpPaKTUHeCKU Ha BCEX INeMeHTax
INeKTPUMECKMX CTaHUMI ¥ NOACTAHUMIA: Ha reHepatopax, TpaHchopmaropax,
ANEKTPOASUraTeNAX, BO3AYLLHLIX U KabenbHLIX NMHUAX BCEX IKNACCOB HanpA-
IKEHURA,

Mo csoeMy HaszHauyeHWI0 W NPURUMNY ARWCTBUA MaKCUMAanNbHaR TOKOBaA
3awmTa AomkHa cpabaTelBaTh ¥ A3BaTb KOMaHAY Ha OTKAIONEHWEe 3aLuy-
WaeMorQ 3nemMeHTa npy NOABAEHMM aBapUHbIX CBEPXTOKOB KOPOTKOro
33MbIKaHAA WM OMNAacCHLIX CBEPXTOKOB MEepPerpys3Ky, 3HaYeHUA KOTOPbIX
npesLILAIOT TOK CpabaTblBaHuA 3aumTel. 3HaveHvwe TokKa cpabaTbiBaHua
{ycraskn) 3allMTbi BoIGMPaeTCA 3apaHee TakuM o6pa3zoM, 4ToObLI OHa He
cpabaTbiBana Ha OTKAIOYEHWE MIPU AONYCKaeMbIX KPaTKOBPEMEHHbIX TeXHOo-
nornYecKnx Reperpyskax, Hanpumep Npu Nycke ORHOTO WAK [laXe HEeCKOnb-
KUX acMHXPOHHbIX 3neKTpoAsUraTene’ WAWM MNpu BHE3aNHOM OTKAIOYEHUU
OAHOTO W3 napanfentHo paboTalMX NOKWXKAoWUNX TPaHCHOPMATOPOB.

ONRA  NpeAOTBPAWSHUA ANUTENLHLIX  TEXHONOTMMECKWX NEPerpy3oK
CAYXUT APYraA TOKOB3A 3aliMTa, HasbiBaeMad 3aluToW OT Neperpysku,
KOTOpPaA feiCcTByeT Ha pasrpy3Ky 3aWmliaeMoro 3MemMeHTa NyTem OTKNIo-
YSHWUA 4acTU NUTaeMeIX NOTpebuTened U NULlb B KPaUHMX CNYYaAX — Ha OT-
KAYeHNe 3aliMLLaeMOr0 3N1eMeRTa. |axkum ofpasom, y MaKCUManbHoi
TOKOBOM 3alLTsl M TOKOBOMW 3alluThl OT NEPErpy3Kku OAWH N TOT XKe NPuH-
uMn geincrenA, HO Ha3HAYeHUA ~ pasfitdHble,

Hapaay c HasiexHsim HecpaBaTsiBaHMeM MaKCUMasnibHOW TOKOBOW 3a-
WATB NIPW  TEXHOROTMUYECKUX neperpyakax neoctxoammo obecneuuts ce
BbICOKYIO YyBCTBUTENLHOCTb M HAZEXHOCTb cpaBatbiBaHuA NpW BCEX BUAAX
KopoTkoro sambikawua (K3). 3to oBecneunsaerca npaBunNbHbIM BLIGOPOM
TUNOB MaKCMMaNbHbIX pene TOKa, UX KOAWYeCTBa U CXeMbl BKAIOYEHUA,
a8 TaK>xe RpPaBUNbHLIM BbIBOPOM nNapameTPoB cpadaTbiBaHWA 3awMTbl {ycTa-
BOK M0 TOKY ¥ N0 BPEeMeHu) .

Mpu BLIGope Hanbonee PauroOHaNLHOW CXEMBbI M YCTaBOK MaKCUManbHOM
TOKOBOI 3aWmMThl HEOGXOAMMO YYNTLIBaTE HECKONMBKO aKTOROB:

BUA, 3auMWLIAEMOrC 3IneMeHTa (reHeparop, 3NEKTPOABUCATENL, IWMHUA
aneKTponepepayn, TpaHchopmMaTop! M €ro XapakTepucTuKW, Hanpumep
CXeMy coeguHeHUA OoO6MOTOK 3awmuiaemMoro TpaHcopmaropa, 3HaveHue
NYCKOBOI O TOKa 3NeKTPO/BUIaTENA U AP.;

KNAacc HanpRXXeHA U CXeMY INeKTPUYECKOR CeTH, K KOTOpO# NoAKNIOYeH
3aWMLLBEMbII 3NEMEHT;

TUNBI U XapaKTepUCTUKMU 3aWKUTHbIX YCTPOWCTB Ha NUTaWMUX U, npu
HEOOXOAUMOCTY, HAa NUTaeMbIX 3NeMEHTaX NPUNerawen 3NeKTPUYECKOon
ceTtn;

8MA ONepaTUBHOIO TOKaE, MPUHATORO ANA MNOACTAHUWN, FAe YCTaHaB-
AUBaeTCA 3awuTa {Ha 3NEKTPOCTaHUMAX, KaK NPaBuno, CNONb3YETCA TONbKO
NOCTOAHHbIW ONEPATUBHLIA TOK) .
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B 310l KHWre ONUCLIBAIOTCA Y aHANW3MPYKTCA PasNinyHble CXeMbi MaKCK-
ManbHbiX TOKOBBIX 3al4MT, AAIOTCA pexomeHAauMu no Bbibopy Haubornee
PaUMOHanbHLIX, T. €. Hanbonee YyBCTBUTENBHBIX N HAWMEHE® AOPOTrOCTOALWMX,
CXeM W TMNOB Pefie ANA WAPOKO PacnpoCTPaHEHHbIX 31eMeHTOB 3neKTpu-
YeCKUX YCTaHOBOK MNepeMeHHOro Toka Hanpaxenvem oF 0,4 po 110 kB,
Hapagy ¢ TpaayuMOHHBIMU 3AEKTPOMEXEHWMECKUMM Pefle PACCMATPUBAIOTCA
HOBbie — 31EKTPOHHbIE Pefie ToKa i BpeMeHK, BbINCNHEHHbIE Ha COBPEMEHHOWM
MUKpoaneKTPoHHOW Gase U obnapaoume PAAOM BaXKHEHLIMX NPEVUMYLLECTB
No CpaBHEHWIO € 3NeKTpoMexaHuueckumu pene. TipuseseHb! B KHUre n ocHoB-
HbIE YCNOBUA pacveTa MaKcyManbHbiX TOKOBbLIX 33T U TOKOBbIX OTCEUEK,
B TOM YWCAE U ANAK LUMPOKO PACTIpOCTPaHEHHbIX CXEM 3aUiUThI, BbINOAHEHHbIX
Ha nepemMeHHOM onepaTWBHOM ToKe. B 3Tux pacuetax y4uToIBatOTCA NOTpews-

HOCTW M3MepUTenbHbIX TpaHcdhopMaTopoB ToKa.
MakcumanbHbiM TOKOBBIM 3aMTaMm 06A3aTeNbHO MOCBAWAIOTCA OAUH

VAW HECKONbLKO PasAenoB B KaXAoW KHUre No peneiHoR 3aiuTte, a yCnosuA
fpUMeHeHuA 3TUX 3aMT OTpakenwl B [MpaBunax ycTpoiicTBa aneKTpoycTa-
Hosok [1, 2, 3]. B cepun ""BubnnoTeka sneKTPOMOHTEPA' KHWUIra Ha 3TY
Temy snepsbie OGbina BhinyweHa 8 1966 r. n3secTHbIM creuManucTom no pe-
neiinon sawmre A. 1. CasoctbAtoBeIM [4], Pacyetam MaKcMmansHbIX TOKO-
BbIX 3alUT W TOKOBbLIX OTCEYEK NOCBAWIEHA 3HAYMTENLHAR YacTb KHUIW -
aBTopa [5].

ORHaKo B 3TUX KHUraX, eCTECTBEHHO, He MOFMM GLITh OMKUCAHbI CEPUHO
Bbinyckaemble ¢ 1985 r. HoBLI 3neKTPOHHLIE pene, HoBbie FOCT, HekoTopbIe
HOBmle TpeBoBaHMA AMpEeKTUBHBIX MaTepuanos [1, 6], @ Takxe eiue HeGonb-
WOoWH, HO UeHHLIA ONLIT UCMONb30BaHWA nepcoHanbHbix IBM ana pacyetos
MaKCMMansHbiX TOKOBbIX 3atunrt. B Hactoswed KHWre ath Bonpockl pac-
CMaTpUBaoTCA. ABTOP HafeeTca, 4TO NpuBeAeHHbie CBEAEHWA OKaXYTCA
TI0Me3HLIMA HE TOMLKO HAYMHAIOWMM 3NEeKTPOMOHTEPaM, TEXHUKaM, UHXKe-
HEPaM, HO U KBanNUMUUWPOBAHHLIM CNeYNanucTam, NpUcTynalwmm K obeny-
MUBAHUIO HOBOW INEKTPOHHOW annapaTypbl PeneiHONW 3aWMTh! U BBTOMATUKMU.

ABTOp cHMT@ET CBOMM TNPUATHLIM AOArOM BbiIpasuTk BnaroaapHOCTL
33 LieHHbie COBeThbl U NoMouss B. A, CemeHoBy.

Bce 3ameuaHMA M noOXeNnaHWA npocbBa HANPaBnNATL No  aapecy:
191065, Nennnrpan, A-65, Mapcoeo none, a. 1, NennHrpaackoe oTaeneHne
OHeproatomMusgara,

Aerop



1. TPUBUMN AEACTBUA, XAPAKTEPUCTUKW U NAPAMETPbI
CPABATHIBAHWA MAKCUMANBHON TOKOBOMN 3AIMUTLI (MT3)
U TOKOBOR OTCEYKW (TO)

Mpusuvn peitcteua. MakcmanbHan TOKOBAA 3auLIMTa U TOKOBAEA OTCEYKE
3aNyCKATCA NPU BO3HAKHOBEHWM Ha 3alMULAEMOM 3fieMeHTe CBepXToKa,
3HauUeHNe KOTOPOro NpesbillaeT 3apaHee YCTAHOBNEHHbIV TOK cpabaTiBaHnA
{ycTaBky) n3mepuTensHbIX OPraHOB 3aWMThi — MAKCHMaNLHBIX pefie TOKa.
Mpu 3ToM TOKOBaA OTCEYKa AAET KOMAHAY Ha OTKMOYeHVe 3auMulaeMoro
3NEeMEHTa, KaK Mpasusio, MrHOBEHH O, MNOCKONbKY 30Ha ee ReHCTEUR
He BLIXOAWT 33 mpefenbl 3Toro anemexHta. MakcumanebHaa TOKOBaA 3awmTa
AONXHA REWCTBOBATL H3 OTKNOYEHNE € HEKOTOPOMK 3aaepxKoi (B bl ae p X -
Ko BpeMeHun) anA Toro, 41oBel AaTe BOZMOXHOCTL CpaboTaTk paHblie
APYTMM @HanOrMUHLIM 3alUTaM, PacnonoXeHHbIM BKe K MeCTy nospex:-
AennA,

Ha puc. 1 30Ha peiicTBMA TOKOBON OTCEYKK 7, YCTaHOBNEHMOW Ha NM-
Huu S13, He BbIXOAMT 3a Mpegenb! 3aLUMLIAEMON AUHWK, yHaue roBOpA, Ha BCce
K3 BHe 3To0i1 30HbI TOKOBAR oTCeuKa NMHUK J13 He pearupyet. Npu K3 B 30He
ee AeCTBUA OTCeyka cpabarwiaer 6e3 BbigepXKKK BpemeHu. MakcumansHaA
TOKOBaA 3aumta 7B Ha 37Ol nuHwn J13 MoX@T W, Kak npaBuno, AOMKHA
3anycKatsea Takxke v npu K3 Ha npeasigyuysx anemeHTax, 1. e. Ha nnavm /72
U paxe Ha /77. OTo HeobxoanmMo ana Toro, ¥Tobebl npu K3, Hanpumep, Ha nu-
HUM J12 vi Npu oTKa3e B OTKIMHOUEHUM NUHEHHOTO BLIKNIOYaTenn B2 cmorna 6bl
AeiicTBOBATL 3aWWTa TOCAeAyOWENd AHUWM J13 U OTKNIOYUTL BbIKMIOYATENb

J 2 7
71 n2 Vi
A \ 8
3
!@j
ZMT:i

Puc. 1. 30HB geiicTBUA MaxkcumansHbix TOKOBLIX 3auuT (78) u Toxosbix otcevex (T)

lote. IMT3 — 30HB! A8RCTBUA TOKOBOW OTCEYKN U MAKCUMAENbLHON TOKOBOW 3aWNThI

nuenn J13; gy — 30HA AaNsHEro PE3EPSUPOBAHWA MaAKCUMANLHOW TOKOBOW 33LANTHI

nwHuu J13; ~ TOYK3 KOPOTKOro 3amuikaHun {K3); t;—t3 — spemna cpabaTeisanuA

MAKCUMAaNLHLIX TOKOBLIX 3aWMT nuHuit J71—/I3 coateercTeenwo; Bf-—-B3 — suiknio-
YaTeNn Ha 3TUX UHUAX INeKTPonepeaaun
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B3. Opxako npu K3 8 Touke K 1 npu CBOSBPEMEHHOM OTKIIONEHUN BbIKNIO-
YatenA B2 He ROMMHO NPOUCXOAUTL OTKrIONeHUA B3, finA 2Toro sbigepxkKa
BpemeHun t, 3aWmTehl nocneayiowein nuHum S13 pomwuHa BbiTe Bonsblue Bbi-
AepXKY BpemeHn f; 3aWuTb: Npepblayweil nuHvn f12. Ycnosue tj3necn >
> t, npep ABNRETCA OAHMM U3 BaXKHEWIWLINX ANA obecneveHnn CeNeKTHUR -
HoW (u3bupatensHoit) paGoTel peneiiHofi 3aWMTbi. A CROCOGHOCTL 33-
WHTLt 3 pearnpoBaTh Ha yaaneHHoie K3 wa npeasiaywiett anuun J712 Hasbiga-
eTCAAaNbHUM pe3epBUpOBaHvEm,

Taxkum 06pa3om, COBMECTHOE NPUMEHEHWE MaKCUMAanbHOW TOKOBOW
33lMTEI M TOKOBOW OTCEYKM, UHave MOBOPA — [BYXCTYNEHYaTON TOKOBOW
38tUTHI, HaMNyYtimM 06pasom obecneurBaeT BbINOAHEHWEe OCHOBHBLIX TpeSo-
BaHWN, NPeABABAAEMbIX K peneiHoi saumre {1, 2] :

CENeKTUBHOCTL, ¥NU N3OMPATENbHOCTb, T.E&. CHOCOBHOCTL OTKRIOYEHWUA
B nepsyi0 ouepeab BaudKaiero K MeCTy NOBPEXAEHUA BbIKNIOHATENA;

HYBCTBATENLHOCTb KO BCEM BUAAM MNOBPEXAEHWR B OCHOBHOM 3alu-
UiaemMoi 30He 1 B8 30HAX AanbHEro pPesepBUMpPOBaHUA ~ (nocnieaHee, K COXa-
fleHNI0, He BCeraa TeXHWYecKn BO3MOXKHO, YTO ¥ orosopeHo B [lpasu-
nax [1];

6LicTpopelicTBue, T. e. oBecrneveHue MUHUMaNBLHO BO3MOXHOIO BPeMeHV
OTKNIoYeHns ceepxTokos K3;

HageXHOCTL HYHKUWOHMPOBaHUA YCTPOWUCTB, T.e&. HAAKHOCTL cpaba-
TbIBaHUA HA OTKJIOYEHWE NPU 3BAPUINHLIX YCNOBUAX U HAAEKHOCTL Hecpaba-
TbIBAHWA NPU  TEXHONOrMYeCKMX MNEPerpysKax 3alunuacmMoro 3feMeHTa.

MakcumanbHble pene ToKa W MX XxapakTepucTukn., MaKcuMmanbHble
pene Toxa 06pasylOT NYCKOBOW OpPraH MaKCUMANbHLIX TOKOBLIX 33WUT
U TOKOBbIX OTCEYEK, KOTOPbIN BLIABNAET aBaPUAHbLIA PeXUM [0 akTy
noAeneHnA ceepxToKoB. Pene AENATCA Ha nepBuYHbIE N BTOPUYHLIE, 8 TAKIKE
Ha pene NPAMOro n KOCBEHROIO AENCTRUA.

NpocTeiiian MaKCUManbHaA TOKOBAA 3aWUTa BLINIONHACTCA C NOMOWLLIO
NepBUYHOIrO pene NPAMOFC AEWCTBMA, Y KOTOPOFro KaTylka {anexTpomar-
HUT 30) BKNIOYAETCA HEMNOCPEACTBEHHO B LENb 3aUMULEeMOro 3N1eMeHTa —
muumn  (puc. 2, 3}, a AKOPL NpY NepemelLeHN FIPOM3BOANT OTKNIOHEHUE
BbiKntovatena B. TaxkuM o0pasoMm, 3neKTPoOMarHuT coemewaeT GyHKUWN
pene (PT} n anekTpomarsuTa OTKNWYeHUA Bsikmovatensa (30). Cxemb!
3aWMTh! C MEPBUYHLIMY Penlie NPAMOTO ASACTBUA A0CTaTOMHO WMPOKO UCTONb-
3YIOTCA B 3NeKTPUYECKUX CETAX rHaBHbIM 06pa3om Hanpaxerwem ao 1 kB.

8 anexTtpuyecknx cetAx 6 n 10 kB okono NONOBUHBLI BCEX MaKCUManb-
HbIX TOKOBbLIX 33WMT BLINOMHEHO C NOMOLLLI0 BTOPUUHBIX Dpene NPAMOro
AeiictenA (puc. 2, 6). 3pecy KaTyuwika anekTpomariuta PT—30 skniovaercA
B UENb 3aWMWAEMOrOo 3NeMeHTa vepe3 W3MEpUTENbHLIA Tpaxcdopmarop
ToKa 77, KOTOpbiii B IeCATKKU pas yMeHbiuaeT nepeuuHbii Tok K3, a Tarxe
"oTRenAeT’’ KaTywKy 3NeKTPOMArHWTa OT BbICOKOFO HanpAXeMuWs nepswy-
Hoi uenu. Ho 3pech, TaK e Kak ¥ B NPeALIAYWEM Chyuae, aNeKTpoMarHiT
cosmewaet dyHkumn pene (P7) Y 3neKTPOMarHuTa OTKIIOMEHUA BbIKNIO-
vatena (30).
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Slunus /

Puc. 2. MNpuHunnuasibHbie CXeMbl BLINOAHEHUA MIKCUMANbHbLIX TOKOBbIX 33T C No-
MOLWBIO NEPBUYHBIX Pene TOKa NPAMOro aencTeun (a), sTopuuHbIX pene TOKa NPAMOro
aeiictaua (6) u BTOPMYHLIX pene TOKA KOCBEHHOrO geicTBur (8)

Yenoeno noxaszano tonsxo AnA odoll assy; PT — pene toka; 30 — snekTpo-
MBrHMT OTKNIYeHUA Boiknwovatens 8; 77T — uamepuTencHuie TPaHChOpPMATOPHLI TOKa

Bonee coBeplueHHBIMI ABRAIOTCA CXEMbI 3alUThl € BTOPHYHLIMKA pene
ToKa KOCBeHHOF O geiictBuA (puc. 2, 8). 3aech BbiknwuaTens B umeet
CBOK 3neKTpPoMarsuT oTKmiowennn 30, a onepatveHeIl ToK anA ero cpaba-
ThIBaHUA NOAAETCA KOHTaKTHbIMKU pene PT, KOTOpble 3aMbIKAIOTCA NPy CPa-
6aTbisanun pene. B aToli cxeme ucnonb3oBaH ONepPaTUBHBIN NO-
CTOAHHBIA TOK, “nmoc” n ""MUHYC” KOTOPOro NOAAIOTCA OT aKKyMy-
NATOpHOW 6aTapen WM BLINPAMUTENLHOrO YycTpoicTea. Cxembl 3awmThi
H2 ONEepaTUBHOM MepeMeHHOM TOKe pPacCMaTpuUBIIOTCA aanee.

MacumanbHble pesie TOKa BLINONHAITCA Kak 6e3 3amegnesua (MrHo-
SEHHOro AedCTBMA), TaK W C 3aMeancHueM geiicteuA. Pene TOKa MIrHOBEH-
HOoro AE%CTBVIFI NUCRONL3YKTCA B CXemMax MakKcyiManbHbiX TOKOBbLIX 38T
COBMECTHO C pene Bpemesun. BpemMATOKOBaR XapaxkTepucTUKa TakuxX 3aumT
usobpaxaerca npAmoil nuumeit {puc. 3, a, xapakrepuctuka 7). Nockonsky
3afamHoe NpW HacTpolike BpeMAa CpabaTsiBaHMA 33UTHI HE W3MENAETCA
B 33BUCHMOCTU OT 3HayeHun Toxka K3, roeopAar, 4To 310 3awmTa c He 3 a-

a) cht &) cht
! 1
il 2
N2 3
| ! 4
K 1 ! I ll"/lcﬁ
0 A o ! 2 3 4 oe

Puc. 3. BpeMATOKOBbIE XapaKTEPUCTUKY MAKCHMANbHLIX pene ToKa



sBucumoun (or Toka} xapakTepucTvkoi. K makcumansHbiM pene Toka
MrHOBeHHOro geicTens oTHocATcA pene PT-40 u PT-140, a takxke I3T-520
(ebinyckanmce ao 1960 r.}, PCT-11, PCT-13 (ebinyckaworca ¢ 1985 r.)
1 HeKoTOpble Apyrue,

MaxkcumanbHbie pene ToKa C 3a8MeANEHWEM AeCTBUA UMEoT Bpemd-
TOKOBYH XapakTepUCTUKY, KaK Npasuno, B Buie KPUBOW, NpuYeM ¢ ysenu-
YeHMEM 3HAYEHWA TOKA Yepe3 3aWuTy, U, CNefOBaTeNbHO, Yepes3 pene, 3Haye-
Hue BpemeHy cpaBaTbiBaHvA pene ymenbwaetca (puc. 3, a, KpuBas 2).
WcnonbaytoTea cnegylowime Tunb! TOKOBbIX pene ¢ oB6paTHO32BUCAMON OT
TOKa BblAEPKKOV BpemMeHW (3aBWCU MO xapakTepucTukoir) : PTB,
PT-80, cneuvanbHbiil TOKOBbIN Oprak B MHOTodyHKLMOHANBHOM yCTpoiicTae
3awunTel TUna APJ-2201, komnnekTHoe ycTpovicteo T3BP, koTopoe umeet
NPAMONMHENHYI0 BPEMATOKOBYIO XapaK TepUCTUKY.

3awnThl M pene c OrpaHNMYEHHO 33BUCUMON BPEMATOKOBOW XapakTe-
PUCTMKOA NPU oNpeAeneMHbIX BONbLIMX 3HAYEHWAX TOKA NO CPaBHEHWO
€ WX TOKOM CpabaTbiBaHWA MMEIDT YXe NOCTOAHHYIO BLIAEDMKY BPEMEHW,
He YMEHbLLAIouyIoCA npu yBenuueHun Toka K3. Mepexos oT 3aBacMMOIA
K He3aBucUMOI (YCTaHOBMBLLEICR) 4aCTW BPeMATOKOBOW XapaKTepuCcTKK
APOUCXOAUT NPU PaA3HOW KPATHOCTU ToKa /¢ MO OTHOWEHUKO K TOKY cpaba-
ToIBaHMA 3aWwnThl (XxapaxkTepuctukn -3 Ha puc. 3, 6). Hexoropele coepe-
MEHHbIE pene WUMEIOT 3aBUCMMYI0 BPEMATOKOBYI0 XapaxTepucTuky Ges
ycTaHoBuBiLeiica (HesaBucumown) 4acTn (kpusan 4 Ha puc. 3, 6). 3awuTsl
C 3aBUCAMbBIMU X3PAKTEPUCTUIKAMU WKPOKO UCTIONLIYIOTCH B Haweid crpane
M 3a py6exkom rnaBHbIM 06pasoM B 3NEeKTPOYCTAHOBKAX HanpAmeHuem
Ao 20 kB, rape 3HauUTEnbHOE YUCHO 3NEMEHTOB 3alUMUIAETCA NNaBKUMMN
NPeAOXPaHUTENAMU, Y KOTOPbIX BPEMATOKOBbIE XapakKTepUCTUKKU UMeioT
aHanornukbin sua. 31o obneryaer abibOp YCTaBOK MaKCUMaribHbIX TOKOBbIX
3aWmT,

MakcumanbHble TOKOBbIE 33WUThl C HE3aBUCUMLIMWN XapaK TepUCcTUKaMn
YCTaHaBNMBAOTCA Ha NOHWKaoWMX TpaHctopmaTtopax Hanprxenvem 35 kB
M Bblllle, Ha FeHePaTOpPax, Ha NUHMAX 3NeKTponepega¥y Pa3HbLIX KNAaccos
HanpAXKeHnA, Ha 3fleKTpogsuratenAx W Apyrux anemextax. [AnA cospaHuA
BbIGEPXXKW BPEMEHW B CXeMax 3TuX 3alMT MCNOMLIYIOTCA pene BpemMeHw
(§5).

Tok -cpabaTbiBaHMA TOKOBOW OTCEYKM BbiIGUPaeTCA Takum obpasom,
uyToOblI OTceyka He 4YyscTBoBana K3 3a npegenamu 3aluMlLaeMoro INemeHTa,
Hanpumep nunmmu 13 Ha puc. 1. Tipu K3 Ha npeabviayiumx anemeHTax: Ha
nmuun /12 wnn 8 Tpancdopmatope 7 noacTaHuwn 5, oTcedka nuHum S13
He AomkHa cpabaTeigaTh. [lnA atoro ee Tox cpabaTbiBaHUA fomueH GbiTh
6onbwe, yeM MaKCMMansHoe 3HayeHWe Toka K3 B KOHUE 3auinuiaeMoin
mHun., Kak npasvno, ToKOBaA OTce4Ka He MOXeT 33alMLLATL BCI0 AUHWIO
uan  TpadcdopMaTop, M ABNAGTCA NOJITOMY BCMOMOraTenbHoN 3awnTol,
AONONHAIOWEA OCHOBHYI0 — MaKCMManbHYyl0 TOKOBYK WM ANCTaHUMWOH-
HYI0 3ainTy. BbiBatOT M UCKNIOYeHUA, HarpUmep Ha BnoKax NUHWA — TpaHc-
tdopmatop. ToOBLICUTE YYBCTBUTENBHOCTL TOKOROW OTCEYKW U YBENUYATH
8



30HY €e AeWCTBUA UHOIrAAa YA3ETCA C NOMOLLLI0 HeGONLLUOW BblAepKn Bpe-
menn (§ 8).

Tox cpabaThiBaHUR MaKCMManbHOW TOKOBOW 3aWMUTb! BbLIGPaTbL 3Ha-
YMTENBHO CROXKHee, MOCKONbLKY HeobxoAnmo 3HaTe HaubBonbluee 3HayeHue
paboyero TOKa 3aWMWaeMOro INEMEHTa, KOMMYECTBO W napameTps!
IneKTpoABKraTenel, yvacTsylowux B CaMo3anycKe nocne KpaTKo-
BPEMEHHOTO nepepsiBa NUTaHWA, BO3MOXHOCTH napansnenbHod pPabGoTbl
nuTatowmx (nocneayouwmx) v nutaemsiX (Npeasiaywmnx) anemeHTos u ApYy-
fue ycroeua. PacueTs! NapameTpoB cpabathiBannA MaKCUMANbHbIX TOKOBLIX
33T U TOKOBbIX OTCe4YeK paccMoTpeHsl 8 § 7—10.

Ina 33auTLl, BLINORAHEHHOW ¢ BTOPUYHLIMK pefie TOKa, Heob6xoanMMoO
onpeseauTbL TOK cpabaTbiBaHuA pene (yCTaBKy) no shipakeHunio

Iop =le.ak 3 fn, (1)
rpe /o 3 — TOK cpaBaTelBaHua 3awmTel {O0Tceuku), A; kéf) — ko3dhuumnenT
CXEeMbl, NOKa3biBalOWWA, BO CKONLKO pPa3s TOK B pene Gonbwe, wem TOK
BO BTOpUYHOM OBMOTKe TpaHciopmaTopa TOKa APU HOPMANLHOM CU M -
METPUYHOM pexume paBoTsl 3aUMLLEEMOro 3MeMEHTa; 3HaueHue ero
38BUCUT OT CXeMblI COEOUHEHNA TpaHCIOPMaTopoR Toka W peme (§ 2);
n ; — KoahduumenT TparcthopMaumn TpaHchopMaTopoB TOKA.

Ouenka 3thheXTMBHOCTH 3aWMUTLI NPOUIBOANTCA C NOMOWbLIO KO3(DK-
UMEHTA YYBCTBUTEMLHOCTH Kyyg, KOTOPbIA MNOKa3bIBaeT, HACKONbKO TOK
B pefie 3aumTel ApKU pasHeix Buaax K3 npesbiuzer oKk cpabatuisanun /¢ p
{ycraBky) :

kaye = Ip min/lc.p; {(2)

raé /pmin — MWHUManbHOE 3HaueHMe TOKa B pene npu Hawmexee Gnaro-
npUATHLIX ycnoBuax, A. Tlpu onpepeneHWn 3HaueHWA 3TOro Toka Heobxo-
AMMO yunTbiBath BUA W MecTO K3, cxemMy BKAIOUSHUA N3MEPUTENTbHLIX OpPra-
HOB (pene) 3awmTh!, @ TaKXe peanbHO BO3MOXKHbIE MUHUMANbHLIE PEXKUMb)
paboTbt fiNTaIOWER IHEPrOCUCTEMDI, NPU KOTOPLIX TOKU K3 MMetoT HaumeHb-
wine 3HauYeHNA.

MurumanbHble 3HaYeHNMA  KOADPUUMEHTE YYBCTBUTEMBHOCTW  3aLLUMT
[oMkHLL GbiTh He MeHee, uyem TpebyetcA fpasunamu [1]. Hanpumep, ans
MaKCUManbHO TOKOBOM 3aMThl OHMA BOMKHL! UMeTh He meHee 1,5 npu K3
8 OCHOBHON 30He 3awnThl M okono 1,2 npu K3 B 30Hax aanibHero pesepsu-
poBatiua {puc. 1).

2. CXEMb] MAKCUMAJTbHBIX TOKOBbBIX SAUT
#1 TOKOBbIX OTCEYEK HA NOCTOAHRHOM ONEPATUBHOM TOKE

MakcumansHan TOKOBam 3aWMTa W TOKOBaR OTCEYKa C BTOPUYHBIMK
pene TOKa KOCBEHHOIO AENCTBUA COCTOAT W3 WIMEPUTEIbHLIX OpraHoB
{pene Toxa), noruueckoi wacTu {pene BPeMEHM), NCNONBUTENLHBIX W CAT-
2537 9



HENLHBIX OPraHos (NPOMEXyTouHble K CuUrHanbHbie pene). Boinonexue
ROFNYECKOW 4aCTH, BbIGOP UCNOMHUTENbHLIX U CUTHaNbHBIX OPFraHOB 3aBUCAT
OT poaa ONEPaTMBHOro Toka. flpowe W HarnAaHee BbIMONHAIOTCA CXembl
3aWuThl Ha MOCTOAHHOM ONEPaTUBHOM TOKe, KOTOPble PacCMaTPURAITCR
B 3aTom naparpacde. Cxembl 3aWuTht Ha NMEPeMEHHOM ONEPaTUBHOM TOKe,
umetolwme PRA OCOBEHHOCTEN B NOIMYECKON YacTH W WHOFAa Goriee CNOXHbIe,
HYeM CxeMbl H3 NOCTORHHOM ONEpaTWBHOM ToKe, PACCMaTPUBAIOTCA Aanee.

CxeMpl BKRIOYEHUA U KOMWMECTBO W3MEPUTEMbHBLIX PENE TOKA MaKCu-
ManbHbiX TOKOBHRIX 3allMT N TOKOBBLIX OoTCeyeK BblﬁmpaiOTCﬂ, KaK fipasuno,
BHE 32BUCUMOCTA OT POAA ONEPaTUBHOIO ToKa. nasHLIM KpuTepuem esibopa
ABAACTCA AOCTATOYHAA YYBCTBUTEALHOCTL 3alKUThi KO BCEM BujaMm K3 B 3a-
muaeMol 30He NPU HaWMeHblleM KOnWYecTRe UCNOAb3yeMoi annapaTypsl.
fipy asanu3e YyBCTBMTENLHOCTY MaKCUMansHON TOKOBOM 3alliuThl paccMaTpu-
BalOTCA BCE BO3MOXHble Buabi K3 (puc. 4): tpexdiaamoe, aByxdasHble
mexpy dasamn AB, BC wnn CA, oaxodbasmbie tas A, B unn C, psoiiHbie
3aMbiKaHnA Ha 3eMNI0 (B8 OAHON TO4YKe — AnA ceTeil C rNyxo3aseMneHHowk
HeiTpaneio Hanprxennem 110 KB v B8 pasHbix Toukax u pasHoOUMeHHbIX a3 —
ANA CeTeil C U3OAMPOBaHHOI HelkTpansio Hanprxetvwem 3—35 kB), a Takxe
wecummerTpuurbie K3 3a 3awmuiaeMbiMu TpancopMaTopaMin €O CTaHAapT-

HbiMW  CXEMamyu coefvMHeHMA OBMOTOK 3Be3fa — TpeyronbHuk-11
(" / A-11), tpeyronbiuk — 3eespa-1t (A /K-11), 3sesna — 3sesna
(Y / <0).

Cxembl TOKOBBIX 3al4MT € BTOPMYHLIMW PEfe PasnuyaloTCR KOUYeCTBOM
TPaHChopMATOPOB TOKA, BKIKHYEHHLIX B Hasbi 3allMLLAEMOTO NEMeHTa
{TpexdbasHan unu AsyxdazHan), cXeMoi CoeanHeHUs BTOPUHHBIX OOMOTOK
3TMX TpaHcthOpMAaToOpoOB TOKa, CXEMOW BKIIOYEHWA WU KOAWYECTBOM MaEakCH-
MarnbHbIX pene ToKa.

Bna MakcumManbHOW TOKOBOK 3aWKTol U TOKOBOW OTCEYKM MOTYT MC-
NONbL30BaTLCA CREAYIOLKE CXEMb:

Henonuan 38e3da — psyxwhasHan AByX- uauM TpexpeneidHas cxema
{cm. pue. 5, 6), rnasHbIM 06pa3oM, NPUMEHAETCA ANA 3aALUUTLE 3NEKTPU-
YeCKUX ceTeil HanpAxkeHwem Ao 35 KB BKAWYMTENHHO, KOTOpbie B Halieh
cTpare paboTadT C K30AMPOBAHHON WM KOMMEHCUPOBAHHOW HelTpansio
W MankiMU TOKaMH 3aMbIKaHUA Ha 3eMNI0;

nonHan 38e30a — TpexhasHaA ABYX-, TPeX- UMK YeThbipeXpeneiHan cxema
{cm. pue, 7), npumeHARETCA AN 3aWMTHE 3NEKTPUYECKNX CETEH HanprXxeHrem
110 kB u Bbiwe, paboTalowmnx ¢ FAyx033a3eMneHHOR HerTpansi u ¢ 6osnb-
wnmu toxamm K3 wa zemnio;

Tpey20nbHUK — TpexdasHas CXeMa C ABYMA MAN TPEMA pene, BKYeH-
HbIMU Ha P&83HOCTSH ()a3HbIX TOKOB 3aUlMBIaeMOro 3NeMEHTa, TAaBHbIM
o6pasom, TpaxchopmaTopa wau asTOTpaHchopMaTOpa C BLICIUKM HaNpA-
weHuem 35 KB » Gonee co cxemoii coeamHeHUA OGMOTOK 3Be3Aa — TPeyrosnb-
Huk (cm. puc. 9).

3HaunTensHO pexke NpUMeHAEeTCA AByXdla3Han OAHOpPenelHaA cxema,
8 KOTOpOW pene BKNIOYEHO Ha Pa3HOCTbL ABYX (hasHeix TokoB (cm. puc. 10) ;
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8 110 kB u Buivie

A B|C
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InA

:(2) 7(2)
IcY [AY

Puc, 4. Buasl KopoOTKMX 38MbIK8HUIR U BEKTOPHbIe anarpammsl Toxos K3: a8 — tpex-
basnoe; & — apyxdasnoe Hes B n C; e — oanodasuoe K3 Ha semnio dasm 4 s cetn
C rayxosssemneHHon Helitpansio 110 xB u eeiue, a Takxe B cetn 0,4~0,23 kB; 2 —~
ABOWHOB 38MbIKBHUE Ha 2eMn0 Gas A ¥ 8 B pa3nbIX TOUKEX ceTtw, pabaTtaowen ¢ usonu-
POBAHHOW MMM KOMNEHCUPOBAHHON HBATPanslo; @ — AByxdaswoe ¢a3 8 n C 33 TpaHc-
hOpPMETOPOM CO CXBMOW COCANMHEHUA OBMOTOK 3Be3A8 — TPRYTONbHUK-11 n BeKTOpHAR
Auarpamma Toxos $a3z A, 8 u C Ha cTopoHe Bsicwero Hanprxenus (BH); & — oano-
¢daanoe K3 Ha zemnio ¢asel 4 8 cern 0,4-0,23 «B « BSKTOPHER AUArpBMME TOKOS
¢as 4, B, C wa cropoHe BH TpascpopmaTopa CO Cxe8MOW# COeguHEHUA 38e3aa — 3Be3-
A8-0 {anavennn Toxor K3 yxazame: B Ta6n, 1)

B OuYeHL CTapblX KHWUrax no peneiHon 3atiluTe 3TY CxeMy HasbisaioT ''Herton-
HBIY TPeYTrONbHMK™, a B NpocTopeusu — “‘BocbMepka’. B HacToAwee spema
3Ta CXemMa NPUMEeHAETCA rnasHbIM o6pasoM AAA 3alMTel 3NEKTPOABUra-
Tene OTHOCATENLHO HEOORLLWOK MOLLHOCTH,
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PaccMOTpM 3TU CXeMbl ¥ OWEHUM MX YYBCTBMTENbHOCTL NP BCEX
803MoxHbiX suaax K3 (puc. 4} .

Henonsan 3ge3na.

Ha puc. 5, a, @ npueseaeHa cxema pBYXCTyneHYaTolh TOKOBOMN 3aW{MTLL,
COCTORWLEN U3 MAKCUManbHOW TOKOBOM 3alUTLI C ABYMA MAM TPeMA pene
TOKa ¥ TOKOBOW OTCEYKM C ABYMA pene ToKa, [Ba TpaHchopmaTopa ToKa
TTA n TTC skmovenbl 8 hassl A u C. VX BTOpuuHbIe 06MOTKU COEAMHEHDI
10 CXeme HenonHoW 3sesapl. ViaMepuTenbHble OpraHbl 3alUThl — MaKCUManb-
Hbie pene ToKa MIHOBEMHOTO AEACTBUA BKMOUYeHb! B (asHbie NPOBOAa BTO-
pruHbix ueneit TTA w TTC (pene PTT, PT4 v PT2, PT5) neoGpaTHbiii
nposoA cxemsl {pene PT3).

B HopmanbHom pexxume B pene PT1 n PT4 (puc. 5, a) npoxoanT BTO-
puutibi Tok dasel A (1, 4), 8 pene PT2, PT5 — tox asui C (1, o), a 8 pene

PT3 — reomeTpnyeckas cyMMa 3TUX TOKOB: iw = I'z At i;c {puc. 5, 6).

Tpu yrnoeom cpeure mMexay sektopamu tasHuiX TOKOB B CTAHAAPTHOH
TpexdrazHoit cetn, pasHom 120°, 3Havenue Toxa asbt B paBHO 3Ha4YEHUIO
Tokos B drazax A u C. B cxeme MenonHol 3sesasl (puc. 5, a) 3ToT ToK nNpo-
X0AuT B OOpPaTHOM MPOBOAE, KyAa BKhioweHo pene PT3. Takum o6pasom,
KO3 hUUmMeHT cxemsl 3aech kg) =1.

@) 8)
3-35k8 o8
AT b | Mawcumaoras
J P12 moaban
[ P13 sauuma
o PTs lall ToxoBas
75 ameeura
"% -
P8 pot
] [T/ Uenu
OIMKNKQHEHUS
M o Bbmm%qameﬂs

Puc. 8, IMpuHumnuansHaa cxemMa ABYXCTYNEHYATOVW TOKOBOW 33iUTLl H8 MOCTOAHHOM
onepatusHom TorKe AnA ceTen 3—35 kB (cxema “wHenonwer 3ee3da’) : 8 — uenu nepe-
ME@HROrO TOKa; § — BEKTOPHAA AUarpamMma BTOPUYHLIX TOKOB /3; @ ~— Lenu NOCTOAH.
HOrO ONEPaTMRHOTO TOKa
PT1—-PT3 — mMakcumanbhbie pene TOKa MaKCUMaRLHOH TOKOBOW 3awmThl; PT4,
PT5 — pene TokoBoit oTceuku; PB, Pl1, PC — pene spemenu, NPOMEXyTOYHOE, CHIHBAL-
Heie (ykasateneusie) ; 7TA, TTC — namepurensHble TpaHcdopmaTopbi TOKa B (ha3ax
A u C; B ~ BuIKNOYSTeNb 32WMLAEMON NuHuW InexTponepesadn {unn tpascdop-
martopa)
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Mpn TpexcdasHom K3 (puc. 4, a} BTopuuHbie paBHbie MeXAy co6oi
Tokn K3 daz A, BuC (Ig(ﬁ)) npoxoaAT no scem pene PT1—PT5 {puc. 5, a).

Npu asyxdasHeix K3 mexay dasamu A u 8 unu 8 u C sBTopuuHbie
Toku K3 npoxogAat coorpercTeBexHo uepez pene PT1, PT4 wnwn PT2, PT5,
a Taxwe 8 oboux cnyvasx — uepes pene PT3. 3TM Toku MoryT SuiTe onpe-
Aenenbl NO BbIPOKEHW0
12 = 12V, = 086513 /n, =0,8651}3), (3)
rae I,&aj — 710K npu Thexdasnom K3; 7, — koadhuuneHT Tpancdopmaumnm
TpaHcthopmatopoB Towa; 0,865 -~ ko3hMuMeHT, NOKa3bLIBAIOWMNA, YTO
3HaYEHKE TOKa NPY aByX®asroM K3 menbiue, yem npy TpexdazHoMm.

Mpr peyxdassom K3 mexay dazamm A n C Takue e TOKU MPOXoaAT
vepes pene P71, PT2, PT4, PT5, vo B pene PT3 (B obpartHom nposoae)
3HaueHne Toka 6AU3K0 K Hyno. OAHAaKO 3TO HE MOXET NPUBECTU K OTKA3Y
cpabaTbiBaHuA 3aliMTbi, TaK KaK KOHTakTsl pene PT7T-—-PT3 Bxnioverbl
napanneneko (puc. 5, €}, usave roBopA — no noruuyeckoln cxeme UNW.
Ana cpabaTbigaHnA 3alUNTH! UM OTCEYKW AOCTATOMHO 2aMbIKaHWA KOH-
TaKToR onHoro w3 pene PT1, PT2 vnn PT3 u cooteetctaeHHo PT4 unu PTS.

fipu oaHothasHom K3 Ha semmo das A unu C {puc. 4, 8), HAa KOTOPLIX
YCTaHOBREHL! TRaHChOpMaTOpel TOKA, MaKcuManbHana TOKOBaR 3aWmTa
(pene PT7, PT2) u tokogaa ovceuyka (P74, PT5) npusumnuanbHo MOryT
pabotate. Ho npu oavodastom K3 dazwet B, rae Het TpaHcdiopmaTopa Toka
{puc. 5, a), zawmTa NO Cxeme HENONHOW 3Be3Abl AEHCTBOBATL HE MOXeT.
fiosTomy B ceTAX C OONBIIMMM TOKaMMN 3aMbIKaHWA Ha 3EMN0 3Ta cxXema
He NPUMEHRETCR.

fipy pBOMHBIX 3aMbIKaHWAX Ha 3eMMI0 pa3HbiX (a3 B ABYX TOYKax
cetn {puc. 4, 2) 3aumTa N0 CXeMe HenONHOW 3BE3ALI APUHUMIKANLHO MOXEeT
cpabaTolBaTs, NPUdem B GONbUIMHCTBE CYYaee NMPK TAKUX ROBPEXABHUAX
OTKAKYAETCA TOMBKO OAHA W3 NOBPEXACHHbIX NuHMA. Hanpumep, oTkno-
vaerca J11 (puc. 4, 2), Ha KOTOPOW NPOU3OWNGO 3aMbiKaHWe Ha 3eMnlo ¢a-
3bl A, rie ecTb TpaHcdopMaTop TOKa, M He OTKAI0YaeTCA AnHKuA /12, Ha KoTo-
POt RPOM3OWNO 3amseiKaHMe Ha 3emsio tasel B, rae HeT TpaHcdopmaTopa
TOKa ¥ NO3TOMY ee 3aumTa He gedctayet. [ina ceteli 3—3b kB ¢ mMansimu
TOKaMK 3aMbIKAHUA H3 3eMNI0 TaKOoe CBOWCTBO CXeMbi HEMNOMHON 3Bespbt
CHMTaeTCR NONOXWUTENbHLIM, TOCKONbKY 3AeCh AORYCKaeTCA AAvTensHaA
pa6ota NMHWKM C oaHodasHbIM 3aMbikaHMem Ha semnio, Ecnu B atux ceTAx
BbINONHWTL 33WMTY NO CXEMe NORNOI 3Be3Abl, T.&. ¢ TPanchopmaTopamu
TOKa Bo BCex TPexX haszax, TO Npu ABOMHLIX 3aMbiKaHMAX Ha 3emnio
mornn 6bl OTKAKYaTLCA O0Oe NospexxAeHHbie NMHUKM (NpWM O/KUHAKOBbIX
YCTaBKaX A0 spemMeru nX 3aumt) . Ito npueoanNe 6ul K oTKAOYeHUIO Gonb-
wero uucna nortpebuteneii. [INA yMeHbLUIEHUA KOAMYECTBA OTKNIOYeHWiA
NKHUA NPU TaKMX BKUAAX NOBPEXAEHW NPUHATO YCTaHaBAMBaTE TpaKchopma-
TOpbI TOKAaHa O AH O U MeE HH bt X hazax, 06b1yHo A U C, Ha Beex anemeHTax
ANeKTPUYecKH CBA3aHHOM ceTn,
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Baxvan pont pene PT3, eknioueHMorc B oBpartHbii nposoA ABYXdas-
HO#U cxemsl 3ammTh! (puc. 5, a), BoIABNAETCA Npu paccMoTpesvv aByxdas-
Heix K3 33 TpaHcohopMaTopoM cO CxXemMol CoeaMHeHns OBMOTOK 3Be3fna —
Tpeyronsiuk {puc. 4, ). Toku K3 npu nospexaesvn Ha CTOPOHE HU3WEro
HanpAxeunAa HH TpaHchopMUpYIOTCR Ha CTOPOHY Boicluero HanpRxeHus BH
TaKkuM obpasom, 4TO B OAHOW U3 thas Ha ctopore BH 3naveHuve Toka K3
Byaer B ABa pasa sbille, ¥eM B ABYX APYIUX, U YNCTIEHHO paBHO TOKY Tpex-
thasuoro K3 B atom ke Mecte (rabsn. 1). Mpu BLINOAHEHUM MaKCHMBNbHOM
TOKOBOW 3awmTh! ¢ Tpema pene PTT1—PT.3 npn Bcex codeTaHUAX ABYXHasHLIX
K3 Ha ctopoHe HH 8 oaHOM u3 stux pene GyaeT NpoxoAuTe TaKoil e ToK,
Kak u npu TpexdasHom K3 (1aén. 1). Unave rosopsa, KoadthrumeHTbi yys-
CIBATENLHOCTY, ONpeAenAtMbie M0 Bbipaxkenuwic {2} npu atux supax K3,
ByayT: k y"” = kq:m! Ho npu ofcytcreumn pene P73 B 06paTHOM NposoAe
npu oaHom M3 BuAOB aAByXdisHoro K3 3a Fpavchopmatopom co cxemoi
COeAHeHNA OOMOTOK 38e3fla — TpeyronbHMK-11, Tak ke KaxK U 33 TpaMc-
thopmatopom co cxemoit TpeyroneHui — 3Besna-11, B pene PT7 n PT2 npoi-
AeT TOK, PaBHbI NVb NONOBYHE ToKa TpeXxdasHore K3, inR takoit cxemsl

k (2) =0 5kq(3s) , U 3TO ABAAETCA ee CyWeCTBEHHLIM HeaocTaTkoM., [oatomy
MaKcuManbuan TOKOBaA 3auuTa AOMKHA BbINONHATLCA TPEXpPeneiHon
He TOAbKO HA TpaxcthopMaTopax ¢ yKasaHHLIMY CXeMamK coeanHerna o6Mo-

TOK, HO ¥ Ha NIMHWAX, NUTAIOWNX TaKue TPaHCOPMAETOpbI.

Tabnuua 1.

Toww 8 pene PTT—PT5 cxemb) Henonnok 3sesabl {puc. 5)

Toku 8 pene cxemb) puc. 5
Bua K3 {puc. 4)
PT1, PT4 PT2, PT5 PT3
13 ,13) (3)
Tpexdaaroe {puc. 4,8} Ik A I b
Reyxdgiaanoe {puc, &, 5) Pa3: @
A8 0,8657 2 o (3)
0, 865/
8c 0
@ 0,865/,
AC 0, 865/ 0
ABoitHoe 3ambikaHue 18 3emMmio 8 ceTy 3—35 kB,
¥3 KOTOPbIX OQHO Ha 3aWULLEEMOM 3/1eMBHTE
Ha chaze:
(1 1) {1,1)
A I'aca 0 / 24
8 Q
(1 1} (1 1)
c o ! xC [ PTe
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Oxonusnue Tabn. 1

Bua K3 (puc. 4) Toxu 8 pene cxemni puc. 5
PT1,PT4 | PT2,PT5 PT3

Beyxdasnoe K3 3a tpaHchopmMaTopom co Cxe-

MO:BY { A-11 (puc. 4,3) das: osl 3 o5 - , 53)
8¢ o.szzé’ Iﬁr 0,5122’
ca 1B emd ) omd

Onnodaskoe K3 33 rparchopMaTopoM co oxe-

Moy Y10 e 80 e o6l | o3l | ozarfl)
8 ol | ozl | oserV
c 033V | operi) | ozaril

Heckonbko uHaue peulaeTc BOMPOC o HEOBXOAMMOCTY TPEXPEeHOro
BbLINONHEHNA MaKCUManbHOW TOKOBOMN 3alUTL! TPaHChopMaTopoB CO CXeMOit
coepuHerna O06MOTOK 3Be3fa — 38€343 C BbIBEACHHOW HEUTPansio Ha CTO-
poHe HH (puc. 4, e). 3pech ycraHosxa Tpetvero pene P73 B f8a pasa nosbl-
WaeT YYBCTBUTERLHOCTD MAKCMManeHOW TOKOBOR 3aWmTbi K oaHObasHbIM
K3 Ha ¢ropone HH (nanpasenvem, kak npasuno, 0,4-0,23 kB) no cpae-
HEHWIO C YYBCTBUTENLHOCTBIO GBYXPEneinoi CXeMb 33WKUTh). BeiicTBuTENbHO,
npn K3 wa 3emnio moboi U3 thas Ha ctopoHe HH 8 oaHoit w3 haz Ha cTopote
BH 6yner npoxoanTe TOK, B ABa pa3a Gonbwmii, 4em B ABYX Apyrux. Tpex-
peneiiHan ¢xema 3alUKThl PEarupyet MMEKHO HA 3TO 3HaYeHne ToKa, No KOTo-

POMY BbIYMCRAETCA ee KOIPDUUMERT HYBCTBUTENLHOCTA k:‘;’s'. Ana asyx-
peneliHONW CXeMbl 3HaueHme 3TOf0 Ko3bdhMuMeHTa OKa3bIBaeTCA B ABa pasa
smeHblite. OfHako npu ogrHotasHbtx K3 33 paccmarpysaemsimi Tpasctopma-
TopaMu vucneHHoe 3xadenve toxos K3 Ha ctopove BH uacto mMacToneko
ManQ, 4To ¥ YCTaHoBKa TPeTbero pene He ofiecneynBaet KOCTaTOUHYIO uyB-
CTBUTEABHOCTS MaKCMManbHOM TOKOBOW 3amTbi K atum Bugam K3. B taxmx
CAY¥aAX MEKCUManbHyl0 TOKOBYIC 3awuty Ha cropone BH Buinonnaiot
nsyxpenesiHoin {6e2 pene PT3, puc. 5, a), no #a cropore HH ycrtarasnusaior
clieyuanbHyi0 TOKOBYIO 3aWMUTY HyneBoOW MNOCREROBATENbLHOCTY, NpeaHasHa-
YEeHHYI0 ANA 3aWnThI cTopoHbt HH o1 oarodasnbix K3 Ha semmo,

Tokosan orceuka {puc. 5, a) B cerax HanpAxennem 3—35 KB BoINONKA-
eTcR C asyma pene (PT4, PT5), nockoneky NG npuHUUNY AeHCTBUA OHa
He BOMKHa cpabatuisate Apn K3 33 TpaHchopmatopamv, U yCTaHoBKa
Tpetvero pene B o6paTHOM NpoBoAe He ROBbLICUNA Obl €6 YYBCTBUTENILHOCTS.

MakcumaneHan TOKOBaR 3atuMYa ¢ peftle ToKa mMrioseHHoro AeﬁCTBMﬂ
{tuna PT40, PCT-13 u 1. n.) obAsarenbHo umeeT 8 CBOeIA Cxeme pene Bpe-
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Puc. 8, NpuHumnuansHas CxemMa MaKkCMMansHOM TOKOBON 38lUWTLI ¢ OBPETHO3BBUCUMON

BPEMATOKOBON XSPAKTEPUCTHIKOW Ha NOCTORHHOM ONEPaTUBHOM TOoKe & — Uenu nepe-

MEHHOTQ TOKE,; 6~ tenu NOCTORHHGIro ONEPaTUBHOTO ToKa; 8 — BPEeMATOKOBAR XapaK-
Tepuctuxa t =f {f) pene Tuna PT-80

Mernt (PB Ha puc. 5, 8}. B cxemax ua orlepateHoM NOCTOAHHOM TOKE WC-
NOMbL3YIOTCA 3IEKTPOMEXAHUYECKNE pene BpemMeHn (C 4acoBHIM MEXaHU3-
mom) Tuna PB-100 wnu paree BbinyckaswmecAr IB-100, a B nocneaHue
oAbl — 3NEKTPOHHLIe pene tunog PBO1, pewe — MPB, BN u HexoTopLie
apyrue (§ 5).

B c¢xeMe TOKOBOW OTCeYKM YCTaHaBAMBAETCR MNPOMEXYTOuHOe pene
(PI1 wa puc. 5, 8}, umetouiee Gonee MOLWAHLIE KOHTAKTHI, YM Y MAKCUMENb-
HbIX pene ToKa, ANA TOro, YTobbl KOMMYTUPOBaTL GORLWON TOK MNEeKTPO-
MarHuTa oTKMoueHWA Bbiknwvyatens B. Kpome Toro, npomexkyTouHoe pene
co3paeT Hebonauwioe 3amepneHue [EUCTBUA TOKOBOW OTCEMKHA, YTO HacTo
oKasbiBaeTCA HeoGXoAUMBIM ANA 0BecnedeHUA ee CEeneKTUBHOM paboTbl.
Hanpumep, neGonskiuan BbIIEPIKKA BPeMEHN obecneyupaeT HecpabaTbiBanne
otceuxu nuHun 10 «B npun K3 & vpancdopmatope, ROAKAIONEHHOM K 3TO#
nMMHUK, 80 Tex NOp, NOKa He PacrnNaBATCA BCTABKMU INABKUX NPeACXpPaHA-
Tenel, 3aiumulaloumx 3ToT TpaHcdopmarop. Mcnonb3ylotcA nNpoMeXxyTou-
Hble pene u Ge3 3ameaneHns Tuna P-23 wnn Hoesle PI-18, u ¢ perynu-
pyeMbIM BpemeHem cpabatvisanmA cepun PIT-260 nmm Hoswie PM-18 (§ 5).

AnA curHanuMsaumu AeiNCTBUA MAKCUMMAanNbHOV TOKOBOW 33LmMTbl U TO-
KOBOM OTCEYKKM YCTaHaBNUBAMTCR curHansHble pene PCI, PC2 (puc. 5, ).
PazgieneHan curHanusauun ReMCTBUA 3TMX 33T MOXKET Nomous obcnysu-
BaloiieMy NepcoMasnly OPUEHTHPOBOYHO ONPEeAeNUTL 30HY NOBPEXAEHWA,
Hanpumep, oTkntoveHue TpaHchopmaTopa OF TOKOBOW OTCBUKK YKa3biBaeT
Ha nospexpaeHue TpaHcgopmaropa co ctopowbt BH, rae ycraHoBnewa or-
ceyKa. fleifcTBME MBKCUMManNbHON TOKOBOW 3ayUThi Halle BCero npovcxoauy
npu K3 3a tpaHcchopmaTopoM (OCOGEHHO npy HamM4uM CheumanbHLIX 3awuT
OT BHYTPEHHUX MNOBPEXACHIUI ~— £a30B0i, auddepeHunanbHoi) .

flo cxeme HenonHo# 38834k BLINONHAIOTCR ABYXCTYNEHUaThie TOKOBbLIE
33WATLlI He TONbKO € MMHOBEHHbIMW penie MaKcumanbHoro Toxa {puc. 5),
HO # C pene, MMeOLIUMN O6GPaTHO3aBUCUMYIO OT TOKa XapaKTepuCTUKY,
vawe Bcero ¢ pene tuna PT-80 (puc. 6, a, 6). B pene storo twna exoaut
MHAYKUWOHHSIA 3neMeHT, obecneynsalomit oGpaTHO3aBUCHMYI0 OT TOKA
BPEMATOKOBYIO XapaKTePUCTUKY MaKCUManbHOW TOKOBOW 3aliuThl, U 3neK-
TPOMarHATHYLIM INEMEHT, BLINONHAKLMA yHKUMN TOKOBOI OTCRYKW MIMHO-
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BeHHoro peiictesunr [7]. Ha puc. 6, 8 nokasaHa speMATOKOBaA XapakTe-
puctuka pene PT-80. MuaykumonHsiii 3nemeHT cpabateizaeT npn Toke /g s,
HO NPY 3TOM BpeMA AENCTBUA 3aulnThl OueHb Bennko (HecKonbko cexyup) .
Yem 6nuxe mecto K3 1 yem Gonblue 3HayeHUe ToKa /i, TEM MeHblue Bpema
cpabareisannA 3awmTel ¢. Tlpu K3 B 30He geitcTauA otceuxku (puc. 1), koraa
3HaueHUe TOKA /. NpeBbiwiaeT ee TOK cpabarpisawunAa /¢ o, AeACTBYET anek-
TPOMAarHUTHbI 3NeMeHT W 3alMTa cpabaThiBaeT 6e3 BbiAepXKW BpemeHU
Ha OTKMOUYEHNE BbIKMOvaTenr 8 NOBpeXAeHHOR NMHUW.

AsyxcTyneHyatan MaKkcuManbHaA TOKOBAA 3awwta, MCMOnNLb3ylowan
TpaHchopMaTopLl TOKA TONbKO B ABYX hazax {(HenonHan 3Be3fa) Moxer
BBINOMMHATECA TaKXe KOMNNEKTHbIMWA yCTpolicTeamu Twna AP3-2201 w
T3BP. WN3meputensHble Opratbl 3TUX 3aLUINT pPearnpytoT He Ha (pasHbie TOKH,
xax pene PT1—PT5 B cxeme puc. 5, a Ha pasHOCTb (hasHbix Tokos [8]. 3vo
HECKOfILKO NOBbLIAET WYBCTBUTENbHOCTL 33WMThl K AByxdaznbim K3,
ORHAKO Cco3gaeT HeypobeTBa NpW CornacoBaHuyK WYBCTBUTEMLHOCTA TaKUX
33WNT U 33WUT, pearMpywumx Ha hasHbie TOKU, B TOM 4uChE 3alUKT, BbI-
NOAHEHHBIX € TIOMOIBIO NTNABKWX NPeAOXpaxuTenelh. SaumTs Tuna AP3-2201
1 T3BP noka He Halwnn WyPoKOro NPpUMeHeHUA.

flonxan 3se3na.

B 7ol cxeme TpaHchopmaTopbl TOKa YCTaHAaBAMBAIOTCA BO BCEX TpeX
thasax sawmwaemoro anemeHta {puc. 7). U3ameputensHbie opraHul (pene)
MaKCUManbHOM TOKOBOW 3alUMTbi BKAIOYAIOTCA 8 Kaxaylo dasy (PT1—PT3),
a TOKOBOW OTceuky — B nobuie gBe (a3 (PT4, PT5). NMockonbKy 8 HOp-
ManbHOM pEXUME 8 ITUX pene NPOXoAAT (hasHvle TOKU, PaBHbLIE BTOPUUHBIM
TOKAaM COOTBETCTBYIOWNX TPaHCHOPMATOROB TOKa, ANA 3TOW CXeMbl, TaK e
KaK W AnA Npeabiayliel, HENoNHOM 38834b), KOIPEPUUNEHT CXeMb: pasen 1.

Npu TpexdasHom v scex sngax asyxdasuoix K3 (puc. 4, 3, 6) sTopny-
Hble Tokn K3 npoXogAT no sceM Tpem MnM KakuM-nmbo ABYM WU3Mepi-
TenbHbIM pene, 4To o6ecneunBaeT HagexXHyo PaboTy cxembs. [lpy Beex sugax
oaroa3Hbix U aByxdasHeix K3 Ha semnaio (puc. 4, 6, 2) Takxe obecneun-
BaeTcA pabgTa CxeMbl MaKCUManbHOW TOKOBOM 3aujuThl ¢ Tpema pene PT 71—
PT3. Tokogar oTceuka ¢ gayma pene (P74, PT5) npuHuunuantHo He pearu-
pyet Ha oaHotazHoe K3 Toit hasbl, B KOTOPOW OTCYTCTBYET U3MepuTensHbtif

Y (35), 110~ 220 8B
DPTI DPT#
| [Pz
Puc. 7. Llenu nepemeHHOro TOKa ABYXCTyneH- Aelby JC" ;77!’"3"l pTS
4TON MAKCUMBNLHOW TOKOBOW 38WMTEI Y TO- 77 [
KOBOW 33LKUTLI HYNEBO0A NOCNesOBaATANLHOCTY v—t
ANA ceTeit C TNyX0333EMNEHHOIR HEATPaNLIo i ¢4 4 J~=‘ 7340
wanpaxenuem 110 kB n seiwe (cxema “nos- ! .
HaAR 386308") Hynreboud npobod
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OpraH, B AaHHON cxeme — thaswl B (puc. 7). OaHako 3To He cuuTaeTcA Heao-
CTaTkoM, Tak Kak B ceTAX 110 kKB u Bbiwie, rae 8 OCHOBHOM U NpUMEHAETCA
cXeMa NONHOW 38e3Aabl, HAPAAY C 3aWMTON oT Mexaydaskbix K3 o6asatensHo
yCTaHaBIMBaETCA CrneumnanbHan CTynexyaran TOKOBaR 3aLMTa Hyneson nocne-
aosavensHoct o7 K3 Ha semmo (T3HIT Ha puc., 7). NUamepuTensHbie opraHbl
T3HMN BrrioveHbi B HY REBOW NPOBOZ CXeMbl NOAHON 3Be3asl. B Hop-
MafIbHOM CUMMETPUYHOM PeXumMe TOK B HYNesOM NPOBOSE MPAaKTUHECKH
OTCYTCTBYET, ROCKOJbKY FeOMETPUYECKAR CYMMa TpeX $a3HbIX TOKOB Npu
YrOBOM caBure Mexay Humn 8 120°, pasHa Hynwo. Tpn mexaydasHeix K3
{puc. 4, a, 6) Tox B Hynesom npoBoae Takxke B6amMsoxk K Hynw, Ho npu K3
Ha semnio {puc. 4, 8, 2) 3aecs NPoxoAAT Bonvlime Toku, obecneunsatouine
cpabateiBanne T3HIT. CoBmectHoe npuMeHenve 3awmT oT Mexaydasneix K3
v 3aumT oT K3 Ha semmio (“"seMnsanbix’’) obecneynsaeT HapexHoe OTKAIO-
venvie scex suaos K3 B sawmwiaemoit cetv 110 KB u Boiwe [1-3].

Npn apyxdazHeix K3 33 cTaHAaPTHBIMKM ABYXOBMOTOUHBIMU ¥ TPex-
o6MOTOYHbIMK TpaHChOpMaTOPaMK, ¥ KOTOpPbIX BTOpMYHbie oBmotrkm HH
vnn CH coeauHeHsl 8 TpeyronbHuK {Hanpumep, puc. 4, d), MaKcumansHaa
TOKORaA 3alMTa, BLINTONHEHHdA NO CXeMe TOMIHOW 3Be3awl C TPEMA pene
{puc. 7}, pearupyer Ha Bonbwuit U3 Tokos K3, paBHLIA MO 3HAYEHUIO TOKY
Tpexdasvoro K3. Taknm o6pasom, wyBCTBUTENLHOCTb 3aWuThl NpU ABYX-
dasHbix n Tpexdasxbix K3 oavHakosa.

OaHako o6nacte NpUMeHeHWA TpexdasHow TpexpeneHoi MaKcUManb-
Hoit ToKoBOW 3awuTel {puc. 7) orpannuena. AnA 3awmyel ceveli 3—35 kB
OHa He NPUMEHAETCA, NOCKOMbKY B 3TUX CETAX YCTaHEBMMBAKTCA, Kak
npasuno, ToNbKO No ABa TpaHcopmaropa Toka., Ecnn Gbi ycTaHaBsmsanmce
TpU TpaHcopMmaTopa ToKa, TO HeuenecoobpasHo BbINOAHATL TPEXpeneuHyio
MaKCMManbHyl0 TOKOBYIO SaUUTY, KOTOpPas NpU ABOWHLIX 3aMbIKAHUAX
Ha 3emnio {puc, 4, 2) Morna Gbi BLI3LIBaTL OTKNIONEHNE OBENX NOBPEXAEH-
HeIX MHWA (cM. Boiwe) . YTo KacaeTcA ceTed HanprxeHvem 110 KB v sbiwe,
TO ANA 3aUTol AMHUA ITUX KNACCOB HaMpPAXKeHUA Yauie BCero BMECTO MaKCH-
MafieHOW TOKOBOW 38WWTHI MCNORL3YETCA AUCTAHLUMOHHAA 3awmTa (1--3, 8].

Ha tpancthopmatopax 110 KB 1 Bbllie MakcumanbHaR TOKOBaA 3awMTa
no cxeme nonHo# 3se3abt (puc. 7} Takxke PeAKO NPUMEHACTCA MO ABYM
npuunHam. OaKOW M3 NPUYMH ABNAETCA TO, YTO ANA BKRIOYEHUA UIMEpU-
TeNbHLIX Pefe MaKcUMansHoW TOKOBOW 3aAMTHLI MOHMKaOWKX TpaHcdop-
Matopos Yalle BCero UCMONL3YIOT Te e TPaHChopMaTopbl TOKa, YTO U ANA
andepeHUnanbHON 3auMTel, @ MX BTOPUYHLIE WeNW, KaK fIPasumno, coeaun-
HAIOTCA NO CxXeme TpeyronbHUka {(Cm. panee). Jpyroil npuunHol ABRAETCA
HeO6X0ANMOCTb CYLLECTBEHHOro YBEAWNMEHWA TOKa cpabarbisaMvA MaKcu-
ManbHON TOKOBOW 3alMTHI, BbINONHEHHOW MO 3TOK cXeme, ARA TOro 4Tobbi
obecnewnts ee GesgeiicTBue npu ofHodasHbix K3 Ha seMnio B nuTalowein
cetu (puc. 8}. Mpu rayxosasemnenHo# HedTpanu TpaHchopmaTtopa, 4To
BCErQa SO03MOXHO 8 CeTAX 3TUX KNAacCOB HaNPAXEHWA, NPU BHEe W He M
osHodazHom K3 uepes HeliTpans TpaHcopmaropa MOXKET NPOXCAUTS BEChMA
Bonbiliof TOK, HazbiBaeMblil YTPOEHHBIM TOKOM HYNeBoi NocrepoBaTent-
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Puc, 8. Tokopacnpeaenexme npy oaHotasHoM K3 Ha 3emnio B CETH C rMyX0333eMNeH-

HOM HeWTPaneio HanprkeHvem 110 KB v Bsiwe Npu uaonuposesHoin (8) W rnyxozasem-

nexHon (6) HeiiTpany NOHMKAIOWEro TPAHCHOPMATOPS CO CXEMOW CORANHEHKA 0BMOTOK
3Be3a8 — TPeyroNbHUK

HocTu: 3/,. Mpn atom no kaxaow dase o6moTkKn BH, coeamHenHol B 38e3ay,
ApOXoaMT BCEro NO OAHOM TpeTn Toka 3/g, 0AHAKO YUCAEHHOEe 3HaueHWe
TOKOB B (hasax U, CNeAOBATENLHO, B N3MEPUTENbHbIX OPraHax 3awmTbl (pene
PT1—PT3) oka3bisaeTCh BeCbMa GONLILMM, B HECKONBKO Pa3 NPeBbLILLAOLLAM
HOMUHanbLHbIA TOK TpanctopmaTtopa. OnAa obecneveHUR HecpabaTsiBaHUA
3awmnTh! npu Takux sHewnnx K3 {oTcTpoiiku) HeobxoauMo Bbino 661 cnabHo
YBefMunTL ToK cpabatbiBaHWA 3allKTel, YTO NpuBenc Obl K HexenaresibHOMY
CHWKEHWIO ee yyBcTBUTENbHOCTH Npu K3 3a Tpatcdopmaropom.

Tokosaa otceuxa {pene P74, PTH Ha puc. 7) npuMeHReTCA Ha NUHWAX
8CexX K/1acCoB HanpAXeHUA,

JNoruyecican 4acTb, MCNONHUTENbHbIE Y CUrHANbLHBIE OPraHbl ANA CXeMbl
3aWmThl pUc. 7 MCNONL3YIOTCA Te XKe, YTO U ANA CXeMbl puc. 5.

Tpeyronsuuik.

B atoit cxeme TpaHcdoOpmaTophl TOKa YCTaHaBMBAIOTCA 8O BCEX TPeX
thazax 3almiLAEMOro 3neMEeHTa — KaK NpaBuno, TPaHCHOPMaTopa ¢ BbICLUIUM
HanpAXeHvem, HaumHaa oT 35 kB. BropuyHsie 06MOTKM TpaHcdopmaTopoB
ToKa cobWpaloTcA Takum o0Bpa3’oM, YTO Ha4yano OAHON 0BMOTKY cCoeanHARTCA
€ KOHLOM Apyroit (puc. 9, a). Pene PT1—PT3 skniovenbt Ha PasHOCTL TOKOB
asyx cas.

B HopmanbHOM cuMMeTpUYHOM pexume MO BTOPUYHLIM OOMOTKaM
TpeHcdopmatopos Toxa TT a3 A, B u C npoxoant voxm I, = I /n,, rRe
n; — KoaddvumeHT TpaHchopmaunn, BekTopbl 3TUX TOKOB CABMHYTbHI Ha
120° (puc. 9, 6). B pene PTT npoxoauT reoMeTpUyYecKan pasHOCTE TOKOB
Ioq v lyg, B pene PT2 — I,g v lyc 8 pene PT3 — lyown ly4 (puc. 9, a).
YucnenHoe 3HaveHMe TOka B 3Tux pene 8 1,73 pasa ebile ToKa BO BTOPNLHbIX
o06MoTKax TpaHcdopmaTopos8 Toka. CnepoBarenbHo, Ko3apdUUMEHT cxembl,
NPeACTaBNAIOWMIA COBOI OTHOWeHUE ToKa B pene /p K TOKY BO BTOPUYHOMN
obmoTKe TpatichopmaTtopa Toka /5, 3aecs paBeH 1,73.
3= 19



K)=V3=173

Puc, 9. Uenu nepemerHoro toka () 1 BeKTOPHbLIE AMATPAMME! BTOPHYHbIX TOKoB (6)
¥ TOKOB B pene {8} mMaxkcumansHOW TOKOBOH 3BWNTE! ApY COGRMHERUM TPaNCOPMAaTO-
POB TOKA MO CXeme TPEY20/1bHUKa

BbinonHeHve maKcMManbHOW TOKOBOW - 3allMThl  TpaHctoOpMaToOpOB
110 kB u ebille NO cxeme TpeyronbHUKa NPeAOTBPatLACT HoNaaaHue B UaMe-
pUTencHble OpraHbl 3alMThl aBapUKHBIX TOKOB NMPU BHELWHWX OAHODa3HbIX
K3 na semno (puc. 8). 3To 06LACHACTCA TEM, YTO BEKTOPLI TOKOB HYNEBOM
1ocneaoBaTensHOCTU /o He MMEIOT MexAy coboil YrnoBoro casura n no3tomy
COOTBETCTBYIOUUE FEOMETPUNECKUE DPA3HOCTW Tokos fo B pene PT1—PT3
paBHbl Hynio. Kak rosopAT, TOKU HynieBoW NOCNEA0BATENLHOCTU 38MbIKAKOTCA
B TpeyroibHUKe 1 He BbIXOAAT B CXEMY 33lNThbi.

Mpu pasubix coueTaruax asyxdasHbix K3 Ha nuHun (puc. 4, 6} B opHOM
u3 tpex pene PT7—PT3 npoxoaut reomeTpuveckan pasHocTb Tokos K3,
yncnieHHO pasHan apudmeTUdecKoil cymme 3HadeHnil 3Tmx Tokos. Hanpumep,
npn K3 mexay dasamu B u C 8 pene PT2 npoiger ToK, YACNEHHO PaBHbiil
2/, «. ATO 3HaYWTENbLHO BLILWE, YeM B pene CXeMbi MONHOW {UMM HenonHoOWM)
38e3abl. Ho, cpaBHUBAR 3T CXeMbl, CReayeT NOMHUThL, YTO TOK CpabaTuiBaHWA
pene, onpeaensemsili Mo BbipaXeHWo (1), y CXemsl TpeyronbHuKa npw npo-
uix pasHbiX ycnoBuAX B 1,73 pasa Bbiwe, YeM y CXeMb! 3Be3Abl, 33 CYeT
Pa3Hbix 3HaveHwii koadduumentos cxembt {1,73 — y cxemebl TpeyronbHuka
n 1 — y cxemu: 3seanbl) . MNoatToMy npu BByxtaaneix K3 paccmartpusaeMan
cxema 3awmTel obecneyneaet nulib HeGonbluoe yBenudeHue koatduumenta
YYBCTBUTENBHOCTU — NPUMEPHO Ha 15% No CpaBHEHWIO C 3aLLKTON, BhIMONHEH-
HO# NO cxeme MOAHOW WAKM HeNnOAHOW 3Be34bl. JTO OYEBNAHO U3 Bbuipaxe-
MR (2) :
(12 = famin - 2’2‘3)

wys !

= 1,15.
c.p 1,73/ ,

MpakTuyeckn 3Ta CXeMa 3aWUTbl C TPEMA CaMOCTOATENbHbIMW pene
Toka (puc. 9, 8) Ha NMHUAX He NPUMEHAETCA. Ho NPUHUMN BKNIOYEHUA
M3MepUTenbHbIX OPraHOB TOKOBbIX 33lUMT Ha pasHOCTb (DasHbix TOKOB
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C UENbI0 NOBBIWEHWUA UX YYBCTBUTENBHOCTU WIMPOKO UCROML3YETCA B COBPe-
MEHHBIX YCTPONCTBAX 3alKThi, BbINOMHEHHBIX HAa MUKPOINEKTPOHHOW ane-
meHTHOIN Gase [2, 8].

Mpu aByxdasHeix K3 3a TpaHcdopmaTopom CO CXEMOW COeRUHEHUA
3se3na — Ttpeyronbhuk-11 (puc. 4, d) B AByX v3 Tpex pene 3aWMTbI Mo
cxeme TpeyronbHuka {(pvc. 9, 3} NpPoOXOAAT TOKK, HMCAEHHOE 3HaueHWe
KOTOpbIX pagHo 1,5/2(,:? {cm. Tabn. 1). Tox 8 0AHOM W3 pene paseH HYN.
CpasnuBan Ko3mumeHThi YYBCTBUTENIBHOCTM 3TOM  33WMTbl U 3aWMT
C coeaAvHeHMem NO CXemMe 38e3fbl C TPEMA pene, MOXKHO YBeauTeeA, 4To
nocneaHye UMEIOT HECKORBKO 6GONbLIYIO YyBCTBUTENBHOCTH — NPUMEPHO
Ha 15%. JeitictenutenbHo, no ebipaxenwuo (2) anA cxembl 3Be3abl ¢ TpemA
pene
k 2y /zfi)”c pe

yyB

a ANA CxXembl TPeYrofibHMKa NPY NPOYMX PaBHMbIX YCAOBUAX

(3)
(2) _ 1503k
we T 1,73/c,

Yuutsigan, 4To Npu paccMOTPeHHbLIX AByxdasHeix K3 3a Tpauchopma-
TOPOM CO CXeMoW 3Be3fd - TpeyronbHuK-11 oaHospemeHHO cpabaTbiBaloT
ABa M3 TPeX pene, 4acTo BLINOMHAIT 3aWLMTY nuilb ¢ ABYMA pene (6Gez pene
PT2, puc. 9, a). OaHako AnA 3aumTbi TPE X0 6 MO T O Y H bl X Tpauchop-
MaTopOB CO CXeMOoii CoeauHeHnA 06GMOTOK 3Be3aa — 3Be3fa — TPeyrofibHUK-
#omb-11 (Y /Y / A 0-11) 1aKas 3KoHOMUA HexenatenbHa, NOCKONLKY
npu aByxdgasHeix K3 Ha cropoHe CH wyscTautenbHoCcTs asyxpeneiHon
cxembl 6yaeT B 2 pasza HUXKE, YeM YYBCTBUTENLHOCTL TPEXPeneRHoik.

Norvyeckan yacTb, UCNOAHWTENbHBIE N CUrHasibHbIE OPraHbl ANR CXEMbI
pyc. 9 NCNoNb3yIOTCA Te XKE, YTO U ANA CXeMbl puc. 5.

OnnopeneitHan aByxdasHan cxema.

B 3Toil cxeme OAHO U3MEPUTENLHOE pene ToKa BKIY4aeTcA Ha PasHocTe
TOKOB AByX tha3, 06biuno A n C (puc. 10) . B HOpManbHOM CUMMETPUMHOM
pexxuMe ToK B 3TOM pefie no aHasnoruv ¢ NPeasiaywWwei cxeMoil paBeH reomer-
puyecKon pasHocTy ¢asHbIX TOKOB: l'p = i, A~ iz ¢. Yvcnennoe 3naveHve
Toxa 8 pene B 1,73 pasa Bulwe TOKa BO BTOPUYHbLIX OBMOTKAxX TpaHchopma-
Topos ToKa A un C, u, cneaocsatensHo, KOIMGMUMEHT CXeMbl kcf =1,73.

Cxema pearupyeT Ha BCe BMAbi MexaydasHeix K3. Mpu aByxdasHeix
K3 {puc, 4, 6) B 3aBMCMMOCTV OT HaUMEHOBaHWUA NMOBPEXASHHbIX (Das YyB-
CTBUTENbHOCTb 3aLMThi OKAa3biBaeTCA pasnuuHoid. fTpu AByxdasHbix K3
mexay thasamm A v B unnm B u C s pene /p = 12‘.2(’= 0,8651}&’. Npn K3 mexay
thazamu A n C Tok 8 pene GyaeT B 2 pasa Bblwe,

EavHcTBEHHBIM NPEMMYLLECTBOM 3TOW CXEMbl 33lUTLI NO CPaBHEHWUIO
€ PacCMOTPEHHbIMU paHee ABRAGTCA €8 AIKOHOMWYHOCTSL, T. €. KCNONbL30BaHWe

21



a) 6; 10x8 6)
A ¢ il n
I

H Pr

e n

K L f ~a
K é —._T:— IZC

@)
kcx V3

Puc, 10, Uenu nepemeHroro Toka (3} w BexTOpHaA awarpamma Toxoas (6} oamope-
neiiHoii CXeMbl MBKCUMBNbLHOR TOKOBOK 3awuTel {oTceuku) npu coeauHenun aayx
TpancthopMBTOPOB TOKE NO CXeme '‘Ha pa3nocTs rokoe deyx gas’’

MeHbllero KonwvectTsa pene. CyitieCTBeHHb!MU HeAOCTaTKAMU CXeMbl ABNA-
I0TCA:

MeHbluan 8 1,73 pasa wyscTBUTensHOCTE Npu gsyxdasHbix K3 no cpae-
HEHUIO CO CXeMaMU HEMORHON 1 NONHON 3BE3RbE;

OTKa3 cpabaTbiBaHMA Mpu OAHOM W3 coueTauuit taz asyxdaszvoro K3
3a Tpaucihopmatopamm, y KoTopkix 06mMotku HH umu CH cobpawub
B TpeyronsHuk {Hanpumep, Ha pwc. 4, 8), NOCKONbLKY PasHOCTL aBapuitHLIX
Toxo8 B ¢azax A n C Ha cropore BH MoxeT 0Ka3aTbCA pasHOM Hyno W,
cneposarensHo, /p = 0.

fpuHuunManeHo 3Ta cCxema HENPUrOAHa W ANA 3atmTh TpaHcdopmaTo-
POB CO cxemoit coepntienna 06MOTOK 3Be3na — 3Be3aa (puc. 4, ¢) . MNpu ogwo-
thasHom K3 dasel B Ha cropore HH reomeTpuueckan pasHOCTb BTOPHMHBIX
TOKOB Ha cTopoHe BH /5 4 1 /, ¢ Takoke 0Ka3biBaeTCA paBHOW HYIHO.

Mpu ncnonb3oBaHUKM 3TOI CxeMbl C TOKOBLIMM pene, UMEWMMY obpaT-
HO3aBuCKHMOE OT Toxa BpemMa cpabatbiBaHua {puc. 6, 8), HeobBxoaumo yuu-
ThIBaTb, 4TO Npy AByXasHeix K3 8 04HOM M Tom ke MecTe 3sumuiaemoni
MKMW, HO npU Pa3sHOM covetaHuy 3aMKHyYBLIMXCH a3 GygeT pPaznuyHbIM
¥ BpeMA cpabaTbiBaHWA 38WNMTHI, TaK KaK 3Hauesne ToKa 8 pene GyaeT
PasnUyHbIM: HanMeHbutlee Bpema cpabaThiBaHUA cooTeeTcTBYeT K3 Mexay
dasamn A u C {ly = 2/,,}, a HanmeHslwee ~ mexay dasammn A n B um B
wC (lp =1,4). B cBAN C 3TMM BPEeMATOKOBaR XapaKTEPUCTUKA TaKOk
33UWMTLI NPEACTABNACTCA B BUAE AOBONBHO OBLUMPHON 30HLI, PACNONOXKEHHON
MexXay ABYMA BPEMATOKOBLIMW XapakTepUCTMKAaMK: MaKCMMaNsHOW M Mu-
HumaneHoit [5]. 1o npusOAVT K HEOBXOAMMOCTHM yBENMYMBATL BpeMA cpaba-
ThISAHUA 3aWNT Ha MUTAIOWMX NMHUAX K, CNEAOBATENbHO, K YBEeNUYEeHMIo
BpemeHn amxempaumu K3. C yuetom Bcex pAacCMOTPEHHBIX HEAOCTATKOB
ORHOpefeliHan cXxemMa MaKCMMAanbHOW TOKOBOM 3aWuUTel M TOKOBONW OTCeYKH
(pnc. 10) He pexoMeHAYeTCA K MCNOMB3OBAHNIO HA MHWAX N Tparcdopma-
Topax. flouyckaeTcA ucnons3oBaTh 3Ty CXEMY AR 3aWUThI 3NEKTPOABUra-
Tenen sbiwe 1 KB MowHocTeo He Bonee 2 MBT {1].
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3. OCOBEHHOCTU BbLINONHEHMA CXEM
MAKCUMAIJIbHBIX TOKOBbIX SAWUT
A TOKOBbIX OTCEMEK HA NEPEMEHHOM ONEPATUBHOM TOKE

[AByxcTyneHyaTan TOKOBaR 3alLWTa HA BTOPWUMHBLIX pesle NPAMOro gew-
CTBUA.
AnA BbINONHEHMA 3aWiMTHI C BTOPWYHBIMKM Dene NPAMOrc AeNCTBMA

He TpeByeTCA CNeuvanbHOrO MCTOYHUKA ONEPaTMBMOID TOKA, ero dyHKLUM
BBINOAHAOT TPaHCHOPMATORLI TOKA, a CaMn pefnie NPAMOro AeACTBUA ABNRA-

IOTCA ORHOBPEMEHHO  3JNEKTPOMarHMTami OTKAIOYEHNA  BbLIKNIOYATERA
(pue. 2, 6). BnA 33WUTH INEMEHTOB PacnpefennTeNibHLIX CeTei Hanprxe-
Hem 3--10 kB u ac 35 kB BKnoUMTENtHO PEeKOMEHAYETCA BBLINOAHATL
ABYXCTYNEHYBTYI0 TOKOBY!O 33WMTY, COCTOAULYIO M3 ABYX WAM Tpex pene
tuna PTB makcumanbHOM TOKOBOW 3awuTel PT7—PT3 u pByX pene Tvna
PTM tokosoit otceuku P74, PTS {puc. 11}. 3awuta BuINONHEHa No cXeme
HENoNHOMN 3BE3ALI aHANOTMYHO pUc. 5, 3.

Ha puc. 11, 6 npusepeH BapwaHT C DPasBenbHbIM BKNIOYEHWEM Dene
TOKOBOW OTCEYKU W MEKCMMaNbHON TOKOBOW 3alUMTBI C LENbI0 CHWKEHWA
TOKOBOW TMOrpeilHOCTA TPaHChOPMAaTOPOB TOKa U OBECNeYeHUA HaaeXHOro
cpabaTLiBaHnA, rnasHsimM 06pasom, TOKOBON OTCRUKM.

Buibop YoM mMaM MHOIM CXembs, a TaKXKe KOAWYECTBA pene ANA MaKCK-
ManbHOi TOKOBOW 3aluMThl U TOKOBOW OTCE4KM OMpPEeAenAEeTCA pPacyeToM
YYBCTBUTENLHOCTA, B Pe3yfbTaTe KOTOPOrO KOAWMECTBO pene MOXeT GbiTb
yMeHbtleHo. MuHuManeHLIM YMCROM pene ANA ABYXCTYAEHYaTOW TOKOBOIA
3aWmMTLI ABRAETCA ABa: 110 OAHOMY pPene ANA MaKCUManbHOW TOKOBOW 3a-
WMTbi ¥ TOKOBOW OTCEYKHM, KAXKAOE U3 KOTOPbIX BKAIOYEHO Ha Pa3HOCTL
ToxoB a3 A v C, aHanormuxo cxeme puc. 10,

a) A8Y ¢ 5 A8l cpn
1T n
w05 :E 177, IS i
-
P11
| P12
217 2 ]
I!P“ =
Nluwug; mpancgopmamop l

Puc. 11. MpusunnuansHsie cxemsl RBYXCTYNEHYATHIX TOKOBLIX 38IXMT HA PENe NPAMOro
aelicraun Tuna PTB (PP1—PT3) u PTM (PT4, PT5) npw cossectiom (a) w pasdensrom
{6) Bxnioyeruu pene 3Tux Tunos (M7 — nameputensHbie Rpubopel)
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OaHako y aTolt cXeMbl WMEETCA MHOTrO HefOCTATKOB, PACCMOTPEHHBIX
ebiwe. [MoatoMy npu npoexTUPOBaHUW HOBBIX NOACTAHUMIA ARA 3auiiThbl
napmit 6 u 10 kKB cnegyer npeaycmarpmBaTe Hanbonee 4ySCTBUTENbHYIO
NATKPEneiHyl0 CXeMy TOKOBOM 3aluTel, 8 TOM uucne fio puc. 11, a unn 6,
CoBpémeHHBIe NMPYXUHHbIE NPKBOALI MACHAHLIX BbIKAIOYaTele# 3TOTo Knacca
HANPAXEHUA NPeAyCMATPUBAOT BOIMOXHOCTL YCTaHoBKW Tpex pene PTB
v psyx pene PTM {10].

Maicumantian TOKOBAR 3alUTa C 32BUCMMON XapaxKTepMCTIKOM Ha
pene PT-85,

WuaykuvoHtibie pene cepun PT-BO no3BonfioT BLINONHATE MaKCMMAanb-
HYI0 TOKOBYIO 3allMTy € 3aBUCMMDN BPEMATOKOBOWU XapaKTepucTAKOM
M MIrHOBEHHO REACTBYIOLLYIO TOKOBYIO oTceuky (puc. 6) . B cxemax sawwmt
Ha nepemMeHHoM ONEepPaTMBHOM TOKe UCMons3ylT pene Tuna PT-85, koTopsie
MMEIOT TaKYIO K KOHCTPYKUWIO M TaKue Xe BPeMATOKOBbIE XapakTepuc-
TMKM, uTo v pene PT-81 (puc. 6], Ho, Kpome Toro, — cneunarnbHbie, YCUsieH-
Hbie KOHTaKTbl, NPegHasHauYeHHbIe ANA OPWYHTUPOGaHUR 3NEKTPOMarHuTa
orkmosera 20 {puc, 12). B nopmanshom pexwme y pene PT7T, PT2 pasmul-
KaloWKWe KOHTaKTel | 3aMKHYTLI M LIYHTUPYIOT COOTBETCTBYIOWMNE 3REKTPO-
MarHuTbl oTKnoveHna 307, 302 Bbikmouatenn. 3aMbIKaIOWWE KOHTaKThI 2
3THX pene pasoMKHYTbl, U, TakuM ob6paszom, Tox vepes 30 He npoxoauT.
Mpw sosHukHoBeHMn K3 u cpabateigaHws pene PT ero KoHTaKThl nepe-
KNIovaloTcA 6e3 paspeiBa ueny BTOpPMuHON 0OMOTKM TpaHctopmatopos
Toxa 77 Taknm 06pasoM, 4TO CHavana 33MbIKEETCA KOHTaKT 2, @ 3aTem
pasMbikaetca KoHTaxT 7, pewyuiupys 30. flpu 3tom uepes 3NEKTPOMArHWT
npoxoauT BTopuuHbili ToK K3, oH cpabartbiBaeT ¥ BO3AEHCTBYET Ha 3anu-
palouwnii MexaHMam npusofa Belkntouatens. B avoll cxeme, TaK ke Kak U B
npeasiaywen, nsmMepuTtenbHbie TparchopmMaTopbl TOKa OAHOBPEMEHHMO Bbi-
ROAHAICT HYMKUMN NCTOMHKKE ONepPaTMBHOIO TOKA.

Ha puec. 12 pene PT-85 BKnioueHbl No CXeMe HENONHOW 3Be3Abt C ABYMA
pene, ee ocobeHHOCT paccMotpebt B § 2. Mpu Heo6X0AMMOETYU NOBbILIEHNA
YYBCTBUTENLHOCTU 3TOM 3alMThl K AByxdasHbim K3 3a TpaHchopmartopamu
CO CXeMaMy CcOeauHeHuA OBMOTOK 3Besfia — Tpeyronshuk-11 {puc. 4, 9},
a TaKXe TpeyrofbHUMK — 38e3fa-11, MOXKHO YCTaHOBUTbL 8 3TOW CXeme TpeTobe

{ L
P71 2|
| SRR
A 18|l ¢ ~———7 302
P12 2_|D._‘ Puc, 12, (lpuHumnuanbHas cxema ABYX-
77 I tasHol ABYXpenalHOA MBKCUMEALHON TO-
v D KOBOW 38UIMTHLI HB NEPeMerHHOM OnepaTha-
HOM TOKe C SewYHTMPOBaHWeM 3INeKTpo-
‘-_,g MarHutos oTkaiouenmna 307, 302 ¢ no-
y mowsio pene vuna PT-85 (P71, PT2}



pene Toro »e tuna PT-85 n TpeTuii sneKTpPOMarHvT oTKAIYEHUA, BKMIOYMB
vwx B OOpaTHLIM MPOBOA CXeMbl HenonHow 3Be3as! (aHanoruuwo pene PT3
Ha puc. 5, 2 n 6, a). NMpu oTcyTCTaMM B NPUBOAE BLIKAIOYaTENA TPeTbero
30 MOXHO BKNOUWATL B 06paTHLIE NPOBOA TONLKO KaTYWKy pene, ORHAKO
npensapuTeNnbHO HECKONbKO W3MEHMB CXeMy BHYTPEHHUX COEAMHEHWI pene
PT-85 taxum o6pasom, utobel ero KaTyluka W KOHTaKTbt 7 U 2 umenu pas-
ABNbHLIE BHEWHUE BLIBOABI. 3aMuIKAOWWIA KOHTAKT 2 BKMCYIETCA Napan-
RENbHO C 3HANOrWYHBIM 3AMLIKAOWMM KOHTakTom 2 pene PTT, a pasmbi-
Kawwuii KoHTakT 7 — nocnefoeartenbHO C PasMbIKalOWMM KOHTaKTom 7
pene PT7. Karywika 3TOro pene BKMOYaeTCA B GBpaTHbA NPOBOA CXEMbI.
Takum o6pazom, pene PTT! tuna PT-85 n pononHutenbHoe, tpetse, pene
PT-85 npu cpabaTbiBaHie BMeECTe UM NC OTAENbHOCTY NPOU3BOAAT ABLLIYHTH-
poeaHue ogHoro u toro e 307, MNpu Taxkoil cxemMe yBenuuupaeTcAa 8 ABa
Pa3a YYBCTBMTENLHOCTL M3IMEPUTENLHLIX OPraHoB sauTst {pene PT-85),
HO He NOBbIWAETCA YYyBCTEBUTENbHOCTb AnA 30, KonAn4eCcTBo KOTOPLIX OCTa-
ercAa npexkumm {puc. 12}. OaHako yunTbiBan, YTo ToK cpabGarbiBaHuA name-
PUTEenbHbIX pene TOKA, KaK NPaBUne, 3HAUYMTENLHO B8bilie, YeM TOK cpaba-
ToiBauuA 30, npyMeHerne NPeANaraeMoin cxeMsl ¢ TpeMA pene npu asyx 30
MOXeT OKas3aThCA fonesHbiM. O6nacTe NpUMEHEHWA CXeM 3awuThi C pefe
Twna PT-85, aewyntupyrowmmn 30, Gyaer onpeaenena panee Nocne pac-
CMOTPEHUA eWe OAHOW CXeMbl 3alinThi C AelWYHTUPOBAHNEM 3NEeKTPOMArHU-
TOB OTKIOYEHMA.

DBYXCTYNeHYaTaf MaKCUMaibHAR TOKOBAR 3aWnTa € HE3aBUCHMOWN
XapaKTepucTUKON ¢ AellyrTHpoBaHuem 30,

Cxema ABYXCTYNeHuaTol MaKCHManbHOW TOKOBOW 3alMThl © HE3aBW-
CUMOMN  XapaKTepuCTUKON, BbINONHAEMaA Ha NEePEMEHHOM OMNePaTUBHOM
TOKE C ACWYHTUPOBAHMEM 3NEKTPOMArHUTOB OTKMIOYEHUA, COCTOWUT K3
cneaylowux anemenToB (puc. 13} :

n3mMepuTensHble MakcuMansHbie penie Toka PTT—PT3 makcumManbHONA
ToKoBOM 3awmnTb! W P74, PT5 tokoBait oTceyku, tunog PT-40 (anekTpo-
MexaHn4eckoe pene) uam PCT-13 (anexrtponHoe pene) ;

pene spemenyu PB maxcumansHOM Tokosoi 3awmTel TMna PBM-12 wnu
PBM-13 wunu PCM-13 {anekTpoHHoe pene) ;

npomMexxyTouHsie pene P71, P12 tvwna PI1-341, umelowine cneunanshsie
YCUNeHHbie KOHTaKThl, MpeAHasHaueHHbie ANA ASLIYHTUPOBAHUA 3REKTPO-
MarHuTos oTknlodeHnAa 30 (aHanornvnsie TakUM Xe KOHTaKTam pene Tuna
PT-85 Ha puc. 12) ;

curHanebHbie (ykasatenbHsie) pene PY.

3awmnTa Ha puc. 13 BbINOAHEHa N0 ABYXA3HON CXeMe HeroNHOW 38e34bl,
npumMeHAeMon B sneKTpuyeckux cetAx 3—~35 kB. AAnA 3awnTel TpaHcdopma-
Topos 35—220 kB MmaxcMManbHas TOKOBaR 3auuTa C ASWYHTUPOBaHUEM
3NeKTPOMArHUTOB YNpaBneHWA BLINONHAETCA NO CXeMe TPeyronbHuKa.
(lpn 3TOM noruuecikan 4acte (pene BpemeHn), ACNORHATENBLHBLIA W CUrHanb-
Hbil opFraHb! {NPOMEXYTOUHbIE WM CUTHANbHLIE pene} WUMEIoT OAHOTUNHOE
ncnonHexne.

4-537 25



1 pri e B P 201
i (= 2
| KT _VD—“ denu

t nepeMento20

tol »
| |p”2|___.__—4 00| | mora mancumase

c p2 prs

=N Hoy, moKoBod,
——— 2] q%‘
—*—I l——< saquumet u
L_J LﬂHT it moxoBod

l_DPTJ - | omeewnu

c lenu pene
LT P2 8pemenu P8
- { muna
] PBM1Z)

pi1(Pa2)
Uenu

RPOMERYTMOUDIX

peng PI(PA2)
mung
P-341

Puc, 13. TpuHuunuansHaa cxema ABYXCTYREHYATON MAKCUMANLHOA TOKOBGR 32WUTLL
2 MEPEMEHHOM OMEPaETASHOM TOKE C AGUIYHTUPOBAHMEM 3NEKTPOMELHUTOB OTXIII0-
uenur 307, 302 ¢ nomousuio pene Tuns Pr-341 (PI71, PI72)

PT1-PT3 — wmakcumansHsle pene TOKE MIHOBEHHOIO ABACTENA MAKCUMBALHONW
TokoBOW 3BWKTh; PT4, PFS — TO e ToKOBOI orceukyn; PB — pene mpemeHs Tuna
PBM-12 {PBM-.13}; P¥ — pene ykasaTenskbie {curnanmhsie)

YyBCTBATENLHOCTL WM3IMEPUTENbHLIX OPFaHOB TOKOBHIX 3alLMT, BbINCA-
HEHHBIX MO CXeMaM HenoNHOW 3Be3/lkl N TPEYTOMNbHUKAE, K PasfinuHbiM BUAaM
K3 (puc.4) paccmorpetae § 2.

PaboTy ROrMYecKoM 4acTH ¥ UCHOIHUTENbLHLIX OPralos 32iUTLI, BbINIOR-
HeHHo# No cxeme puc. 13, paccmoTpum sHavane npu yaaneHwom K3, a 3a-
Tem — 6amskom K3 na sammwaemoli nunun. Fipn ypaneHHom, Hanpumep
TpexcdasHom K3 B 30He geiicTBUA MaKCUManibHOW TOKOBOW 3alyMTsl Cpa-
GaTLIBalOT BCe TPY MIMEPUTERLHBIX MaKCuMarnbHbix pene Toxka PT1-—P73.
MNpu atom y pene PTT1 3ambiKaeTcA 3aMbiKAIOWUR KOHTAKT M NOAKRIOYaET
MOTOPUMK pene Bpemeny Tuna PBM-12 K BTOpu4HO# 06MOTKE TOro npomexy-
TOMHOro TpancopPMaTopa TOKa, ¥ KOTOPOTro NEpBnYHan 0O6MOTKa BKIIONEHa
Ha BTOpMYKbIii ToK (a3bt A. Pasmbikalowmin KoHTaKT pene PT7 B 3TO xe
8pemMA pa3smbIKaeTcR, 4Tobbl He AOAYCTUTL TMTAHMA MOTOPYMKA OAHOBpE-
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MEHHO OT ABYX [POMEXYTO4HbIX TPaHCHOPMAaTOPOB TOKAa pejle BpemMeHu,
HECMOTPA Ha TO, YTO 3aMKHYACH 3aMbIKAIOWMWE KOHTAKTbI APYIMX K3MepK-
TenbHbIX pene Toka P72, PT3. Pene spemern ¢ 3a0aHHOIA 3apaHee BbIAEPXKOIN
BpeMeHy 3aMblKaeT CBOW 3ambIKaUWNA KOHTaKT PB ¥ NOAKMIOHAET KaTywKyW
npomexxyTouneix pene P11, P12 « BTopu4HbIM OBMOTKaM BCTPOEHHBIX
MPOMEXYTOYHbIX TPAHCHOPMATOPOB TOKA, nepsutiHble 0BMOTKW KOTOPLIX
BKOYeHbl Ha BTOpnuHble TOKKM $as A u C cooTBetcTBeHHO. [Ipy paccmaTpu-
Baemom Tpexdaznom K3 cpabatnisaior 06a NPoMEXYTOuHbIX pene v nepe-
KSI0Y3I0T CBOW yCHNEHHbie KOHTaKTwt 7 1 2 Takum obpasom, 4To cooTBet-
cTayOWMe  3neKTPoMarHnTel yapasneduA 307, 302 pelwsyHTUPYOTCA
{rak »e Kax B cxeme puc. 12). OaHOBPEMEHHO Y 3TMX pene 3aMblKaloTCA
KOHTaKTbl 3, nMeloue HopmansHoe uenonHenve. 1o obecnevwsaeT CaM o -
vaepxwsanue Pl1, P12 g cpabotagiiem NONOWEHWA NpU pa3mbl-
KaHUM KOHTaKTa PB pene speMeHu padblue, weM MpPOWU30HAET OTKAIoYeHue
BbIKNIOYATENA ROBPEXAEHHON nunun. B nocnenxee spemna B pene Pr1-341
CTanu YCTaHaBMMBaTSH elle OAXH 3aMbIKEIOWMIA KOHTAKT HOPMAaNbHOTO ueron-
HEHWA, KOTOPbIli MOXXeT ObiTe UCRONbL3OBAH ANA Ueneil Tax Ha3LIBaeMOro
6rnuxHero pes3epsuMpPOBaHUA, NPEAHA3ZHAIYEHHOTO ANR MOBbI-
LUEHMA HAAGSXKHOCT PaboTbl YCTPONRCTB 3aUTH) KKAOro 3NeMEeHTa 3neK-
TPOYCTAHOBOK. Hanpumep, ¢ AIOMOLLLIO LONOSHUTENBHOTO 33MbLIKAIOUIeTO
KoHTakTa pene PI1-341 moxeT GbiTh AaHa KOMAaHAA HAa OTKJIOYEHME BbIKIHO-
yatens OT APYroro KCTOUHMKA CNEPaTMBHONO TOKa — NPEeABApUTENbLHO 3aPH-
WEHHbIX KOHAeHCAaTOpPoB. CxeMa ¢ npeaBapuTENbHO 3APAMEHHLIMMU KOHAEH-
caTopamii PaccMaTpUBAETCA fanee NPUMEHUTENbHO K 3ammMTe Tpanchopma-
Topos 35—220 kB.

OaxoepemenHo ¢ pene Pf171, PI12 cpaGateisaeT curHanoHoe (yKasa-
TensHoe) pene PY.

Npu 6anskom K3 cpabareisaior pene PT4, PTSH ToKoBOM OTCEMKM ¥ 3a-
MbIK3IOT CBOM 3aMblikalotiue KOHTaKTbl, BKNIOYeHHLIE napannenbHo Kow-
Takty PB pene Bpemenu. IponcxoauT cpabarsisanue pene PIT1, PI12, satem
Aetwyutuposavwe 307, 302 v OTKsHOYEHME BLIKNIOYaTeNA, B 3TOM cny4ae
Bes soinepxxu Bpemenn. Camoyaepxupanne pene PF11, P12 oBecneunsaet
HafleXkHO2 OTKNIOHEHNE BbiKNIOMaTeNna nNPY NpexaeBpeMeHHOM pPasMbiKaHum
KOHTaKTOB pene ToKa PT4, PT5, uTo BO3MOXHO M3-3a YMSHLIWIEHUA ToKa
BO BTOPMYHBIX LENAX TPaHCOPMaTopos TOKa nocne AeulyHTuposanua J0.
A10 06BLACHAETCA TeM, 4To conpoTusneHne 20 BeIMKO NO CPaBHEHUIO € TO-
NPOTUBMEHMEM KaTYLLeK pene W CoeaMMUTENbHbLIX NpoBogos. MNocne gewyH-
TMposaunA 30 cyMMapHOE CONPOTUBJIEHWE BTOPUYHON HArpy3ku Ha TpaHc-
dopmatops! TOKa pPesKo BO3PacTaeT, BCREACTBME 4ero yBeavunBaeTcA Mo-
rpelHOCTs TPaHCOPMATOPOB TOKE W, CNesOBaTensbHO, YMEHbILAeTCR TOK
B MX BTOPMYHBIX OBMOTKEX 1 B KaTYLLIKaX pene Toka.

OGnacTs NPUMEGHEHNA CXeM pesleitHoi 3aunTbi C AeliYHTMROBaHWEM 30.

O6nactse NPUMEHEeHUA 3ITUX CXeMm, BbHIOMIHAEMbIX B OCHOBHOM C MO-
mowsto pene Tunos PT-85, PN-341, orpaHuuvsaeTCR ABYMA TAABHLIMA
YCNoBUAMN:
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MuHUManshbie Tokn K3 ponxubl obecneunsaTs [OCTaTOYHbIE 3HAYeHUA
Ko3thhuneHToB UYYBCTBUTENBHOCTM ANA TOKOBLIX U3MEPUTENbHbIX pene,
NOTWYECKKUX N UCMONHWUTENbHLIX Opraxos (pene) W ANA aNeKTPOMAarHUToB
OTKfIoueHnA (Nocne ux AelyHTUpoOBaHNA) ;

MEKCUManNbHOE 3HAUeHWe BTOPUYHOIO TOKAa, ZEWYHTUPYeMOro npw
K3 xontaktamu pene PT-85 wnu PM-341, He pomkHo npessiuath 150 A
nNpy nonHoM conpoTusneHun (uMnepaHce) ynpaBASEMOA wenu, rNaBHLIM
obpazom 30, He Boree 4 OM npu Toke 4 A u He Gonee 1,6 Om npu Toke
50 A. inn pene P1-341 — He Gonee 4,5 Om npu toke 3,5 A (no aanHbim
33BOMA-U3TOTOBUTENRA) .

Kpome TOro, anm cxem ¢ peluyHTuposaHuem IO BawHo ybeantheR
8 TOM, 4To nocle AeWyHTMpoBaHUA 30 U yBenuyeHWA NOrPEewHOCTA TPaHC-
hopmarTopos TOKa ¥, CNEAOBATENLHO, YMEMBLUEHWA 3HAYEHWA TOKa B pene
u B 30, He npons3oipeT Bo3BpaTa Yyke cpaboraswmx pene. PacueTel
noKa3selBalT, YTo 8038paTa cpaBoTaBwux pene PT-85 He npouaoiaeT paxe
npy cambiX BONLWNX peanbHO BO3MOMHBLIX NOrPelHOCTAX TpaHcthopmaTo-
poe Toka 6Gnaroaapr 0YeHb HU3KOMY 3HaYeHn0 KoadduuueHnTa Bo3BpaTa
AINEKTPOMArHUTHOrO anemeHTa (oTceukn) atux pene. CicazaHHoe OTHOCUTCA
“n K pene Tuna PT1-341, umerowemy Tako# e HU3KWIA Ko3thdmumenT BO3-
spata, Kpome TOro, 8 cxemax sawmnthic pene Pf-341 (puc. 13) npeay-
CMOTPEHO CaMoyAepXuBaHMe 3Tux pene B cpaborasiuem TNOROKEHWH, YTO
NpesoTBpallaeT OTKaz 3awMThl NPU TIpeXAeBpeMEHHOM BO3BpaTe M3MEpU-
TeRbHbiX pene ToKa, y KoTopbix KoathduuveHT so3spaTta UMEeT SbiICOKOe
3Hayenue, 6onee 0,8.

Tpefyeman vyscrButenshocrs 30 w pene PBM-12, PF1-341, xax npa-
8uno, obecneunsaeTcA ana sawmT nunuii 10,6 w go 35 KB, Ho He Bceraa
ofecneusBaeTcA AnA 3awuT TpaxcthopmartopoB 110 kB HeGonbwoi mouws-
HocTh ot 2,6 ao 10 MB - A,

Hau6onee cepbeaHbIM NPeNATCTBMEM ANA NPUMEHEHUA CXeM C AeLyHTM-
poBaHKeM 3NeKTPOMArHUTOR YNnpasfeHnAa MOXET ObiTh GONbuioe 3HaueHue
BTOPUYHOrO ToKa Npu TpexdasHom K3 B MecTe yCTaHOBKM 3awMTbl, Hapy-
watowee ycnosue

’Jﬁ)max = ’1(3)max/”-r< 150 A, (4)

rae Il(,?’max — NepBUYHOE M3KCUManbHOe 3HauyeHwe TOKa Npu TpexdasHoMm
K3 8 mecre ycraHoaxy 3aumThl, A; 7y — KoathhruneHT TpaHchopmaunm
TpaHchopmatopos Toxka; 150 A — maxcumanbHO AONyCTUMOE 3HaueHue
TOKa, flewlyHTupyemMoro kouTaktamn pene PT-85, PM-341. B soipaxenuu
(4) xoadihvumeHT cxeMbl NpUHAT pasHbiM 1 anA cxem puc, 5, 6, 12, 13.
Hanpumep, npu K3 6:m3 wur 10 KB noacraHuuii co cTaHaapTHbIMU
Tpauchopmatopamn 110/10 kB mowHocToto 10 MB - A 1 BbHue 3Ha%eHUA
TOKOB Il‘,f"max moryT GbiTh Gonee 5 KA. Npn koaddmumettax Tpaxcdop-
Mauuu TpaHchopMaTopoB TOKa oTxoanumx nunnin 10 kB, Hanpumep, n; =
= 100/5 = 20 nnu 150/5 = 30 BTOPMYHLIN TOK, PACCUNTaHHLIA NO Bbipa-
*eHuo {4), okasbiBaeTcA Gonblle gonycTumoro sHakenuna (150 A),
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ANA yMeHbLIEHNA 3HAYEHWA BOPUYHOMO TOKA MOXHO YBENWYMTL KO-
duuveHT TpaucthopMaumMu, HO, BO-NEPBbIX, 3TO CBA3AHG C 3aMeHOI TpaHc-
topmaTopos TOKa, a BO-BTOPLIX, HE BCEFAa AONYCTUMO, NOCKONLKY YXYA-
waet yyecteaTensHocTe 30 u pene sauwmThl k yaaneHHeiM K3. Moatomy
B TeX Cny4aax, Kofaa ycnoswe (4) He BbINONHAETCH, CeAYeT YTOUHWUTL
3HaueHne /¢ max C YYETOM BAWAHUA TOKOBOW NOrPewHOCTH Tpascdop-
MaTOpPO8 TOKa Ha yMeHblueHue B8TOpuuHOro Toka. PacueTsi nokaswisaior,
4To Npu KpartHocTAx Toka K3 6onee 30 ToKOBaA NOFPEIHOCTD CTaHABPTHBIX
TpancthopMaTopoB TOKa, CMoHTUPoBaHHuLIX B KPY u KPYH 10 u 6 kB, 3na-
untensHo npesbiwaet 10% n poctvuraer 30—50%. CneposatenvHo, haKTk-
yecKue 3HAYeHWA ACLIYHTUPYEMOro TOKA MOMYT HaxoauTheA B Npeaenax
0,705 or 3naveHnit /3« max, PACCUMTaHHBIX NO BbipaxeHuio {4). Bonee
noapobHo meToauka onpegeneHUA [y« max € YYETOM TOKOBO# Norpelu-
HOCTN TPaHChOPMaTOPOB ToKa paccMoTpeHa B pabote [5].

Cxema MaKcuManbHOW TOKOBOW 2aLMTLI C NPEABAPUTENLHO 3aPAMEH-
HLIMKM KOHAEHCaTOPamM¥y.

NpeggapuTeNsHO 3apAXKeHHBIE KOHAEHCATOPbI MCMOMbL3YIOTCA B CXeéMax
penefiHOM 3aWMTHI B KaYeCTBe MCTOYHMKAE OnepaTtueHoro Toka. Wameputens-
HaA 4acTb 3aWmMTel MOXeT GbiTb Npu 3Tom mobod. Ha puc. 14 nokasaxa
NPUHUMNWANLHAA CXeM3 MaKCHMaNbHOW 3awmTsl TpaHchopmatopa ¢ TPEMA
M3MEepUTENbHLIMW pene ToKa, KaTywKW KOTOPbIX BKIOYeHbl, Hanpumep,
no cxeme puc. 9. Paambikaiolyme KOHTAKThl 3TUX pene BKAOYeHbI NOCIeno-
BaTeNLHO B LEN# KaTyWKW nepeMeHHOFO ToKa pene BpeMeHu PB, Kotopan,
Taknm 06pa3oM, B HOPMAanbHOM peXKUME HaXOAVTCA FHOA HanpARXEHWUeM.
Npu K3 pocrarouno cpaBateisannn oaHoro U3 pese Toxa, Hanpumep PT7T,
yTo6bi pasMbiKaHUeM ero pasMbiKaollere KOHTaKTa pasopsath uenb Nu-
TaHMA KaTywky pene spemenn. Mocne notepu NUTaHWA pene Bpemenn ’Bo3-
BpaWaeTcA’” U ¢ 23aAaHHON BRIAEPKKON BPEMEHU 3aMbIKaeT CBOW KOHTaKT
PB 8 uenu paspaga 6noka koHaeHcatopos 5K7 Ha npomexxyTouHoe pene Pf7,

~Uty
Pt P12 PT3

Puc, 14, NpuHunnuansHan cxema uénei onepaTue-
HOrO TOKS MAKCHMANTLHOM TOKOBOW 38L4NTE!
¢ APenRBaAPUTENSHO 33PAXEHHLIMU KOHAEHC3TO-
pamMmu

PT1—-PT3 — wmakcumansHble pene TOKa
MFHOBEHHOTQ AGHCTBMA; PB — pene spemMexy
flepeMeHHOro Toka Tuna PB-225 (PB-235) wunn
PB-03; Prl, PY — pene npoMexyTOuHO® M yKE38-

TenwHoe; 3J0 — 3INEKTPOMAFHUT OTKMNIOYEHUR
BbIKMOYATENA NUHUK (rpancpopmaTtops) ;
BKB — acnomoratenchbii KOHTGKT RpuMBOAS

3TOro Bbiknovatens; ¥3 — ycTpo#cTso AnA
JapAaa 6noxoe KokxaeHcaTopos 5K1, 5K2
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KOTOpoe cpaBaTbiBaeT 32 CYET IHEPTHK, NPEABAPWTENLHO 3aMACEHHOW B KOH-
AeHcaTopax. Pene P/1 3ambixaeT CBOM KOHTAKT B Uenu 3eKTPOMarHWTa
OTKIIOYeHUA Bsiksuouatenr 30, KoTopuii cpaCaThiBaeT 3a CYET 3Hepruw,
3anacenHoi B xoHpeHcatopax BK2. Ecnu Heo6xoaMMo OTKAMMTL WMAW
BKNIOWATE HECKONBKO KOMMYTAUMOHHbIX annapatoB (BbiknlouaTenei, Ko-
POTKO3ambiaTenn, OTAGNMTENA), WCHONL3YIOTCA euwle HecKoasbko 6no-
xoB 5K. KomaHaa o7 3atiuTh! pasmMHOIKaETCA C NOMOULBIO KOHTAKTOB NpoMe-
XKyTOuHOrO pene P/1.

Pene Bpemenn, OTCYATHLIBAIOWME BLIAEPXKKY BPEMEHW NOCRe CHATHA
HanpAxkeHuAa (Ha Ro3sBparte) BsINYCK3IOTCA ABYX BUAOB: 31€KTPOMEXaHU-
ueckue cepun PB-200 (PB-215, PB-225, PB-235, PB-245) n anexkTpoHHble
cepum PB-03 (§ 5).

Cxema MaKCMManbHOW TOKOBOA 3aw¥Thl ¢ TaKUM BbINIONHEHWEM Bbl-
AepHKKY BPEMEHM NPOCTA W HaAeXHa, HO NVUL fIPU YCNOBWM HBABXKHOrO
AMTaHNA WwnuHOK ynpaenenus (U/Y Ha puc, 14) . Ha aByxTpaHcthopMaToOpHbIX
noacTaHuUAX 3aTo ycnosmwe ofiecnesnpBaercA. Ha oaHoTpaHcdopmaropHol
AOACTaHUMK cxemy puc. 14 anA 33U Tl TpaHCHOPMATOPA NPUMEHATL HENb3A
®3-33 BO3MOXHOCIM €8 W3nNWiiHero cpafaTuieaWuA B To BPEMA, KOTAa Ha
wuHkax WY HeT Hanprokenna, pene spemexn PB He umMeeT nuTaHwA, ero
KOHTAKT B uerm 30 HaXOAUTCA B 3aMKHYTOM MOJIOKEHUN 1, TakKum o6pasom,
3awmMTa roToBa K cpabatbisanvio 6e3 BbigepKKW BpemMeHu. NannwiHee Hece-
nekTuBHOe cpabaThiganpe 3awmTbl npousoiaer npu K3 wa moboit w3 otxo-
RAWMX AMHWA, ecnu npu 3Tom cpaboTaet pene toka PT1, PT2 unn PT3.
Bo3amoxHO uanuwuHee cpabaTbiBatiie ITOW CXeMbl 33WATHI U B UMKRE aBTO-
MatuuecKoro nostapHora sikniowerns (ANB) mvtalowed nuuun. feiicten-
TenbHO, FNOCNE OTKIOYEHNA NUTAIOWeR NWHUW Ha OAHOTPaHchopmMaTopHOR
NOACTaHUMM KPATKOBPEMEHHO MCYe3aeT HarpRXEeHWe, B TOM YUCNE U Ha LWKH-
Kkax WY, u yepes HeckonbKo CeKyHA KOHTaKT PB 0Ka3bLIBaETCA 3aMKHYTHIM,
B moment ATNB nuHwn npu Nogaue HanpAXEHWA Ha NOACTaHUMIO B TpaHchop-
MaTope Co cTopoHbl BH BosHUKaeT GpocoK TOKA HamMarHVuMeaHuA, 3HavyeHne
KOTOPOro MOXeT B HeCKOAbLKO Pa3 NpesblliaTh HOMUHANLHbIA TOK TPaHc-
dopMaropa M BbI3LIBaTL CpabaThiBaHKe MAKCAMANLHOA TOKOBON 3alyyiTsl.
B pesynetare 3ambikaHuA f1060ro U3 3ambIKalOWMX KOHTAKTOB pene AT 71—
PT3 npou3ohgeT MrHoBeHHOE OTKIIYEHVWE MWCNpasBHoro TpancdomaTopa.
Ecnu 6b1 33awuTa uMena BbilepXKY Bpemenn oxono 1 ¢ upn Gonbuie, Takoe

oTKOUeHUE Bbin0 Bbl HEBO3ZMOXHO, TaK KaK 3a 9TO BPEMH 3HaueHue TOKa
HamMarHWUMBaHvA YMEHLIIGETCA B ASCATKM Pa3 W CTaHGBUTCA 3HaYMTeNbHO

MeHsiLe ToKa cpabaThiBaHNA MaKCMManbHGI TOKOBOR 3alUUTSLI.
Maxcumansian TOKOBaR 3alMTa ¢ cOGCTBeHMbIM OnOKOM nNUTaHuA.
Takar 3aMTa COCTOMT U3 ABYX uacTeit: MaKcUMaNLHON TOKOBOW 3a-

WATH!, K3MEPUTENbHbIE OPraHbl KOTOPOA MOFYT GuiTh BKAIOYEHbE No nioboi

¥3 CXeM, pacCMOTPeHHbIX Bbllue, U 6nOKa NUTaHUA, KOTOpPLIA NpeacTasareT

cofoii BbiNpAMUTENE — NPeoBpasoBaTens RepemeHHOro TOKa TpaHcdop-

MatopoB TOKa B NOCTOANHLINA OfepaTuBHbt TOK, HeoBxoanMbIii ANA paGoTbl

NOFUYECKON 4aCTU 3aLUThI U 3EKTDOMArHUTOB YNPaBieHnA KOMMYTalnoH-
HbIMY annapartamu.
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Puc. 15. PyHKUMOHENLHER CXEME MAKCKUMaNb.

HOl TOKOBOM 3BLUNTHI C COBCTBEHHBIM BNOKOM _ 30 —
NUTAHKUA, OGECeYUBBIOWUWM ONEPaTUBHLIA NOo- r 3
ctorHubii (@sinpamnennsid} Tok ana oTKA- B —~—/BKB |
YeHuR Boiknuatens B nocne cpabatmigasun }
3aLUTHI T 2 I

H 1]

J_, L~
T N ] &f

I 1T Sauwuma

Mpu riospexaeHuy kKM Toxk K3 npuBoAUT B ASHCTBUE MaKCHMARLHYIO
ToxoBy® 3aumty {puc. 15) u obecneunsaet paboty 6noka nutaHus 577
Ha anexTpomarsnuT oTkntoueHns 30. Takoe wucnonHerue 3aumTel umeeT
ROCTOMHCTRA: HeT HEODBXOAUMOCTY UMETHL BHELWHNE NCTOMHNKY GNEPATUBHOTO
Toka {aKKyMynATopHble Barapen, GnOKW KOHEeMCatopos), He TpebyercA
MOLUHAA KOHTaKTHaA CMCTeMa ANA KOMMYTUPOBaHusa BonblumMx TOKOB {Kak
8 pene PT-85 u PN-341), umeetcAa BOZMOXHOCTE UCMONB3CBAHNA INEKTPO-
MarHMTHOTO NPYBORA BLIKNIOYATENEW, KOTOPbIA 3HAMNTERbHO HapeXxHee,
Yem NPYXMHHLIA npusoa. PasymeeTcA, ¥ cTOMMOCTL TaKOMW 3aLMTRI BbiLE,
4eM, Hanpumep, CTONMOCTs 3aumThi ¢ pene PT-85 (puc. 12).

MaxkcumansbHoit TOKOBOW 3auTol ¢ coBCTBeHHLIM GROKOoM nuTaHvuA
ABnAeTCA ycrpoiicteo T3BP (uarotosutens -~ 3asof “‘3HeproaaTomatvia”) .
linpokoro npumMeHeHUA Takve yCTpoRcTsa NoKa He Nonyunn.

4. MAKCUMATNBHbLIE PENE TOKA

Knaccudmcaunf MaKcuMankbHbiX pene ToKa.

MakcumanbHad TOKOBaA 3auiMTai TOKOBAA OTCENKa MoOryT Bbinon-
HATHCA KaK C NOMOLUBI0 OTAENbHbIX pefle, MOHTUPYeMbIX B peneiHbIX wiKa-
thax, Ha NaHenAx v WMTax, TaK ¥ B BUAE KOMMNEKTHbIX YCTpoicTa. Uamepu-
TENbHAA H&CTh ITUX 3aALNT BLINONHAETCR B BMAE MAKCHManbHLIX pene toxa.

MakcumaneHbie pene TOKa AENATCA Ha nepBUYHbIE M BTOPUYHBIE
{puc. 1). NepaudHbie MaKCHMasibHeie pene TOKa NPUMEHRIOTCA B 3NeKTpo-
YCTaHOBKAX HanprXeHWeM, rnasHbiM oBpasoMm, sac 1 kB #u asnaAoTea co-
CTaBHOW YacTLi0 aBTOMATMUECKUX BO3AYWHBLIX BbIKAOYateneii 3Tux Knac-
coB Hanpmxenua [9].

K sTopvuHbIM pene TOKa OTHOCATCA Kak pene NPAMOro AeicTeuA {Tu-
noe PTM u PTB}, xotopble sCTPanBaloTcA 8 NPYMUHHLI MAM FPy3osbie
npuBOAbLI BbIKAIOYaTeNeid HanpRXeHueM 8 ocHosBHom 6 u 10 kB, Tak 1 pene
KOCBEHHOFO AGHCTBMA: 3INEKTPOMArHUTHbie cepuii PT-40, PT-140, unayk-
yuoHHble cepuit PT-80, PT-00, woBule nonynposoAHMKOBsie pene cepui
PCT-11, PCT-13, BbiNORHEHHbIE Ha COBPEMEHHOM MWKPOIREKTPOHHON ane-
MeHTHO! 6ase. HuKe NPUBOARTCA KpaTkve CBEAGHWA ¥ OCHOBHBIE XapaxTe:

PUCTUKYM 3TUX pene. s



Pene PTM.

MakcumanbHoe pene Toka MrHoBeHHoro geictens PTM AsnAetca anex-
TPOMarHuTHLIM pene NpAMOro geictenA. OcHOBHLIMU ero AeTanAMK ABAA-
IOTCA KaTylwka ¢ Ceppaeusnkom (anextpomarwut). MNpu nossnewun 8 Ka-
Tywike (06MOTKE) cBEpXTOKA, MNpessiliaiouiera ToK cpabaTeiBaHUA pene,
noj ABACTBMEM MArHUTHOTO MORA KATYIWIKWM CEePASYHUK fepeMewdeTcn,
BTRTMB3ETCA B KATYWKY, YAAPAET 8 MNaHKy NPUBOAS BLIKMOMATENA v OCRO-
60Xa3eT NPU 3TOM 3anupaloWni MeXaHnsM BeikmiodatenA [10]. Pene PTM
NocTaBARIOTCA BMECTe C NMPUBOAOM Buikmouatens. Hambonee pacnpoctpa-
HeHHbIMK ABNATCA npueoAb: Tuna MNMN-67 {paHee sbinyckanucs Tuna NN-61)
¥ NpUBOA, BCTPOEHH LI B BLIKSMOYaTent Tina BMIIM-10.

Pene PTM mMmOXeT MCMNORL30BaThCA ANA BLINOAHEHUA OAHOPENENHOM
WAk ABYXpeneiHOW TOKOBOW OTCEYKM Ha TpaHchopMartopax # 6rokax nu-
HUR — TpaHucthopmaTop Hanpskenvem 6 unn 10 kB # ao 35 xB sxniowm-
TenbHO (cXeMml BKNOMEHWA pene npuseaeHsl Ha puc. 10, 11). OHo moxer
MCNONGL30BATLCA W ANA BLIIONHEHWA TOKOBLIX OTCBYEK Ha JSIMHUAX 3ITUX
KNAaccoB HanpsXXeHWA, HO NPY 3TOM CREAYET yYMTeIBaTh GORLIMYK CKOPOCTh
cpabatbipanma pene PTM: npumepre 0,02 ¢ — npu toke, Bonee vem 8 2,5~
3 pasa npesbiuiaoiemM TOK cpabGaTuiBaHua pene. 3a Takoe Maroe Bpems
He YCrnesaloT pacnnNaBuTLCR NMNaBKWE BCTABKWU NpPeAcXpaHuTenei, KoTopble
yCTaHoBReHbl ANA 3aWMTbI TPaHCPOPMITOPOB, MOAKIIIOYEHHLIX K PaccMaTpu-
saemoil nuHun. Mo 3toil npuumne Npu K3 Wa BsiBopax TpaHcthopmaTopa
MOXKET OTKRIOYMTLCA TakoKe U NUHUA, 3atlMLLaeMan OTceukon Ha pene PTM.
IlpaBaa, 310 HeceneKTUBHOE OTKAKOYEHUE MOXKET 6bITh MCAPABIEHO YCTPOI-
creom AfB, Tak Kak k spemenu geiictann PTM ao6GasuTca Bpema oTkmo-
YEHWA BLIKMAOYATENA 1 NosiHoe BpemA oTKnioveHuA Toxka K3 cocrasut 0,1
0,15 c. 3a Tako# nepuoA BPEMeHW NNABKWe BCTaBKU NpeAOXpaHUTencii
€ 01HOCUTENLHO HEBONBWIMM HOMUHANLHLIM TOKOM YCNEeBaloT PacriNaBUTLCA,
a raweHve 3NEKTPUMECKON AYIM B NaTPOHe NMPefOXPaHUTENA MPOMCXOaNT
YXe fiocne OTKNIOYeHUA nUTalowed ivium B 6eCTOKOBYIW nay3y

nepeg AedcTevem ycrpoiictea ANB nuHun.
Ana ucnonnsoeanna pene PTM B KayecTBE W3MEpPUTENBHOFO OpFraHa

TOKOBOW OTCEYKW B 3TUX pene NPeaycMOTPeHa BO3MOXHOCTb YCTaHOBKMU
HEOGXOAMMOro 3HaYeHUA Toka cpabatvidaHmna (ycrasxu). OnA atoro ume-
toTcA 06MOTKM (KaTywiky) € PasHbLIMK YMCNAMM BUTKOB ¥ C BbIBEAEHHLIMU
oreeTBreHUAMU (oTnalikamu} , yto oBecneuunsaeT rpyBoe cTyneruaToe pery-
mpoBaHue yctasoKk, Hanpumep 10, unn 15, unu 20 A u 1. a. Kpome Toro,
8 KOHCTpYKuUuAX coepemenHbix pene PTM umeeTcR BO3MOXHOGCTL W NNaB-
HOro perynupoeanus yctasok {ra6n. 2).

Pene PTM 4acTo vicnionbayeTcs B KaYeLTBe SNEKTPOMArHNTa OTIKJHONEHNA
BhIKRIOYATENA — B CXeMax MaKCMManbHOW TOKOBOW 3aliMTbl € AEWYHTUPO-
saHuem 30 {puc. 12). B atux cnyvaax Tox cpaBatoisanna PTM snibupaetca
MUHUMAanNLHLIM: 5§ A,

Texnuueckune aanusie pene PTM npusoaa tuna MIMN-67 Puxcioro sasoas
""3HeproasTomMaTKa” npueedeHsl B Tabn. 2.
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Tabnuya 2
Texxuueckue n.m»mlal pane PTM

MoTpe6nremMan MOWHOCTL pene
Mpeaens] nnasHoro
BapuaHT pene t:;cgﬁa:;:?a::;:; PEryanpoBanun TOKs npw Toxe cpaGateisakum, B« A,
1o oTnakikam. A cpabatwinanunA pene npu Akaope
Je.p. A onyweHHoM BTAHYTOM

5 48-7,4 18 68

PTM- 7,5 7,2-10,8 20 67
10 9,6—15,5 28 90

15 14,6--22 26 73

10 9,2~-14,4 23 7

15 14,2—-20.5 20 62

PTMA |

! 20 18,4—30,5 28 79

25 23—41 40 100
30 25—-38 66 220

PTM-1il 40 33-58 108 310
50 4367 143 345
60 5481 104 200
75 54—108 210 570

PTM-IV 100 68150 365 800
125 94-200 420 800

150 104-260 330 570

! DarHbie NPUBOARTCA NO TEXHUYECKOMY ONMCaHMIO npusoaa Tvna MNN-67

Pene PTB. ’

MakcumansHoe pene Toxa ¢ BoiaepKol spemeHn Tuna PTB no npu-
uMny AeWCTBUA aHanorwyHo pene Tuna PTM, Ho nononHuTensHo nMeeT oprat
sbiaepKK spemenn [10]. Bblaepikka BpemMeHU CO3RAETCA HAacOBBIM MeXa-
HU3MOM, pa3mellieHHbIM B Kopriyce pene. Pene PTB, Tax e Kak u pene PTM,
BCTPaUBaeTCA B NPUBOL BLIKNIOYaTeNA ¥ OAHOBPEMEHHO BLINOMHAET POMK
pene 3auuThl ¥ ANEKTPOMarHUTa OTKAMIOYEHUA BLIKNOYATENA.

Pene PTB npu onpeseneHHbIX KPaTHOCTAX TOKa vmetor obparHosasu-
CUMYI0 OT TOKA BPEMRTOKOBYIO XapaKTepUCTMKY, KOTOPaA 3aTeM NepexoauT
B8 HesaBUCuMylo ¥acTh (puc. 16). Mepexos B He3aBUCUMYIO 4acTb XapaKTe-
PUCTUKY NPOMCXOAUT NPU KPATHOCTW TOKA B pene K TOKY ero cpabaruisaHuA,
npuMepHo pasHoit 1,7 — anA pene PTB-1 — PTB-li} unn npumepHo 3 — ana
pene PTB-IV—PTB-Vi. Bonee nonoras xapakTtepucTMKa Y NOCNEAHWUX Tpex
BapuaHTos ucnonHenus PTB obecneynpaeT yaayHoe CornacoBaHue 3auinTobt
Ha PTB ¢ 3awwTaMn TparcopmMaTopoB, MOAKIIOMEHHBIX K 3alUMLLIEMOi
AMHUK Yepes Nnaekuve npeaoxpanuteny Tuna MKT v wm nogobHsie. Bonee
KpYThle XapaKk TEPUCTUKHK Y NnepebixX Tpex BapuaHTos PTB nossonAoT cHwxaTe
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Puc 16 BpemATOKOBbIe XaPEKTEPUCTUKU MAKCUMBALHLIX PBNE TOKAa MPAMOro Aek-
CTBUA ¢ty = f (Ip/ lc ) 8 w6 — pene Tuna PTB Puxckoro zasoaa “3Oueproastoma-
TMKa" &pusonu mna nn-61, fiN-67); e — pene tuns PTB NO “'OnexTtpoannapat”;

2 — pene Tuna PTB a npusoae BoiknwouaTens Tuna BMM-10

BbigEpXKU BpeMeHW y 3aluT nuTalowMx (nocreayloumx} 3nemeHTos,
MMeEIoWMX HEe3aBUCUMYI0 BPEMATOKOBYIO XapakTepueTuky [5, 10].

Tok cpabaThiBasun pene PTB ycTaHas/mBaeTCA ¢ NOMOWbLIO OTBET-
BNReHMA 06MOTKM {KaTywku) pene, BLIBEAEHHBIX HA MepexnlovaTens Yucna
BUTKOB TaKoit ke, Kak y pene PTM. Tok cpaBatsbiBauuA (yctaBka) ycra-
HasnuBaeTcR cTynenyato (ta6n. 3). MnpasHan perymmposka Toka cpaba-
TbiBaHuA pene PTB He npeaycmoTpena,

Koadypuuuent sosspata PTB He ABARETCR 0AHO3HAYHOW BENIMMWHONA,
NnocKoNbKY OH MEHABTCA B 3aBUCMMOCTW OT MOSIOKEHWA CepAeYHUKa pene.
B pacuerax peneitHoit 3aiumrer ¢ pene PTB npunumalor cpesHee 3Hauenue
KoahthmumeHra Bosspata 0,656 {coorseTcTeyer paboTe pene B 3aBUCHMON
YacTy BpeMATOKOBOW Xapaktepnctuxu) . Mipn Gonblmx kpatHocTAX Toka K3,
rapaHTupylowmx paboty PTB g He3aBMCUMOI 4aCT¥ BPeMATOKOBONM XapaK-
TEPUCTUKU, MOXKHO NPU HEOBXOAMMOCTH NPUHUMAaTL 3HaveHve 3Toro koaddu-
ureHTa okono 0,8.
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Texnuveckne pansivie pene PTB

Tabnuya 3

flpuBogw: Tunos NMN-61 n NN-67

Beixkniouarens Trna BMNM-10

NotpeGnreman Mo~

BapusHT NoTpebnReman Mowt~ )
pene YcvaBka § Hocts, B A, npu Akope | Yctaska HocTe, B - A, npu akope
TOKS, A TOKa, A
onywexHom | BTAHYTOM °"::::"' BTAHYTOM
5 44 112 5 35 80
8 36 101 6 40 84
PTB-I
“ 7.5 41 118 7 45,6 95
PTB-IV
8 45 92
10 40 113 9 40,5 a9
10 46 a7
10 40 114 10 45 75
12,5 40 114 12 49 80,4
15 44 125 14 53 82,5
PTBAI
] 16 51 80
PTB-V
17,5 45 125 18 49,5 829
20 50 81
20 37 107 20 44 74,5
25 41 116 22 46 80,5
PTB-I 30 44 126 24 49 85
“
PTB-V] 27 55 88
35 52 142 30 60 86,3
35 70 1c9

3HakerunA notpebnremoit 0T TPAHCHOPMATOPOB TOKE MOWLHOCTU ¥ pene
PTB u PTM uamenniorcA B 3aBUCUMOCTU OT NONOXKEHUA cepaedHnka (Akopna)
pene. B 1abn. 2 n 3 yxasadei 3HauveHUA NOTREGNAEMO MOWIHOCTA ANA KpaW-

5+
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HUX nonoXewul AKopA. B pacuetax peneitkoil 3awmtTel Apu onpegenenum
florpetHoCTed TPaHCGOPMaTOPOB TOKA WUCNONL3YIOTCA 3HAYCHWA CONpPoOTUB-
NeHWn pene Zp,, KOTOP&IE BLIYUCAAIOTCA 10 UIBECTHOMY BbiPaXKEHWIO: zZp =
=8/2, rae I — TOK, AR KOTOPOr0 YKasaHo 3HadYeHne NnoTpeSnAeMom Mol -
HocTH, A,

Hanpumep, y pene PTM npu ycrasxe 50 A conpotuaneHue npu sTAHYTOM
aKope 345/50° = 0,138 Om, a y pene PTB npu ycraske 10 A conpotusnerue
npu BTAHYTOM AKope 113/10% = 1,13 Om

Oanako nposeaeHHble UCCHeAOBAHUA NOKA3aNM, YTO pacuenseNne Mexa-
HU3Ma NPpUBOAA BbIKnIouaTenA Npu cpabaThisaHuwn pente PTM npovcxoant He-
CKOABbKO paHbule, Yem AKOPb NOAHOCTLIO BTAHETCA W A0KAET AC Ynopa.
[foaTomMy B NpaKkTWYeCKUX pacveTaX PeneitHOW 3aWwmMThi BLIMUCHEHHOE Bbiute
Hanbonbiuee BO3MOXKHOE CONPOTUBAEHME pernie ymeHbLawoT Ha 20%. Y pene
PTB umeer mecTo CHMKEHWe CONPOTUEAGHUA MPU YBENMYEHUN TOKA B OBMOT-
Ke pene. Hanpumep, conportusnene PTB c Toxom cpabaTbisaHua (ycrae-
koi) 10 A parto: npumepno 0,95 OM — npu toke 20 A, 0,9 Om — npn 25 A,
0,8 Om — npu 30 A. Ha atom ocHosanum conpoTuanerme pene PTB, Boiauc-
NeHHoe No AaHHbIM TaGn. 3 nNpn BTAHYTOM MONOXKEHUW AKOPA, B NPaKTy-
YeCKUX pacueTax yMeHbWaeTcA Taroxe Ha 20%, kaxk u y pene PTM.

B cxemax sawmrsi, rae pene PTM u PTB Bkniouexbl nocneacaarensHo
Ha OfiHK 1 Te ke oBmOTKM TpaHcdopmaTopos Toka (puc, 11, 3) n Tok cpaba-
ThIBAHWUA OTCEUKN Ha pene PTM Gonee uem B 3—4 pa3a nNpesbiuaeT TOK cpabGa-
TbiBAHUA MAKEUMaNLHOW TOKOBOW 3awmTel Ha pene PTB, 8 moment K3
AKOpA o6oMX pene BTAFMBAIOTCA MPaKTU4ECKM OAHOBpeMeHHo. MosTomy
B pacteTax cnepyeT yuuTblBaTh CYMMY CONPOTUBNEHNA ITUX pene Bpyu 8 T A -
HYy 76l X AKopax. B atom npumMepe cymmaproe conpoTusnerue 0,8 - 0,138 +
+0,8 1,13 =1 Om. AnA yMenuiueHnA CONPOTUBNEHUA HarPy3K1 Ha TPaHc-
SopMaTopsl TOKa MOXKET #CMONL3OBATHCA paspenbHoe BKMOYeHWe pene
PTM u PTB (puc. 11, 6).

Bpemn cpabatbizavnA penie PTB B HE3aBUCHMOMA YacTH BPEMATOKOBOW
XapaKTEPUCTUKKN MOXeT BbibupaTheh of 1 fo 4 ¢ (puc. 16) . inA nsmeHeHna
BBIABDIKKY BPEMEHN CRYXNT DEryNupoBCHMsIN NOBOAOK Ha KOPyce 4aco-
80ro MexaHusMa pene. MunvmanuHoe spemsa paGoThl PTB g Hesasucumow
YyacTv He meHee (0,7 c.

HegocraTkom cywecteyioumx pene PTB AensetcA Gonswoit pasbpoc
BpemeHu cpabatbiBauua, ocobeHHo npu paboTe pene B 3aBACKMOW “acTu
BPEMATOKOBON XapakTepucTuku, Tloatomy B pacueTax peneiiHon 3awmnTst
¢ pene PTB npunmmalot Gonblune CTyReHU CENTEKTUBHOCTU: MeXAY ABYMA
sawmtamu ¢ PTB, paBoTalowmmu 8 He3aBNCUMON YacTu XapaKTepucTuk, —
okono 0,7 c, B 3aBucHmoin vacT — oxkono 1 €. 3To npumepHo B 3 pa3a Bblile,
4eM AR COBPEMEHHBLIX 3NeKTPOHHLIX 3awmT. Takum o6pazom, NCNoNL30-
BaHne PTB Ha HecKonbKUX NOCNEA0BATENLHO BKNIOYEHHLIX NTUHUAX RPUBOANT
K 3HayMTensHOMY yBENUYEHUIO BpeMeHn oTkmoveHna K3, ocobeHno Ha ro-
NOBHOM y4aCTKe 3TOW ceTn, HanbBonee BAMIKOM K UCTOUHUKY NVTBHUA.
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Tabnuys 4
Texnuveckue psnnbie pene cepun PT-40

HomuHansHbiit Tox, A, npu
NoTtpebnre- COGANHEHUN KATYLUBK
WcnonHewne MNpegens: yctasok, A| man mow-
HocTh, B A| nocneaosa | napannens-
TENLHOM HOM
PT-40/0,2 0,05-0,2 0,2 04 1
PT-40/0,6 0,15-0,6 0,2 1.6 2,5
PT40/2 0,5-2 0.2 2,5 6.3
PT-40/6 1,5-6 0,5 10 16
PT40/10 2,5-10 0,5 186 16
PT-40/20 5-20 0,5 16 16
PT-40/50 12,5-50 0.8 16 16
PT.40/100 25-100 1.8 16 16
PT-40/200 50-200 8,0 16 16

B csasu ¢ atum n HEKOTOPLIMM APYriMM HEeAOCTaTKaMy pens NpAMoro
ACHCTBUA OHM BCE PEXE UCMOMNLIYIOTCA BO BHOBL BBOAMMBIX 3MIEKTPOYyCTa-
HOBKAax B KkayecTse pene 3awmmTbl, OAHAKO B 3KCTINYarauuu HaxoauTes
eL4e 0YeHb MHOTO 3TUX pene.

B HeKOTOpbIX HEPTOCUCTEMAX RPOM3BOAUTCH YaCTHUHAR PEKOHCTPYKUMA
vacosoro MexaHuama pene PTB c uenbio yMeHbLLEHUA AMAanNa3oHa Bblaepikex
BPEMEHA M CHWXEHUA MWUHUMANbLHOro Bpemedn cpabaTbigaHwA pene, 4TO
YaCTUUHO YCTpaHART OTMeYeHHbIE Bbie HeAOCTATKM 3TUX pene.

Pene PT-40 n PT-140.

BropuuHsie pene KocseHHora Aevctsun cepuu PT-4Q u PT-140 asnaorca
3NEKTPOMarHUTHBIMK  pene, cpabaTteigalowimun 63 BLIAEPKKN BPEMEHN
{cobcresentoe Bpema cpabaruisanma 0,02—0,04 c). Tipn npoxoxaenmn
no Karywke {(o6MoTKe) pene Toka, NpeebllWwaKwWwero TOK cpabaTbiBaHna
pene, NOA BO3AEACTEBMEM CO34aBAIEMOFO MAarHMTHOro MONA AKOPL pene
NOBOPaYXBaeTCA M 33MbIKAET 3aMbIKaloWwnin KoHTakT. flpu 3ToMm pazmel-
KWK KOHTaKT pene pasmeikaetea [7].

Pene PT-40 n PT-140 oueHb WnpoKo WCNONLIYIOTCA B Pa3fMYHbIX CXe-
Max peneiiHOW 3awmnTel.

Tok cpa6aTbisaHUA pene (ycragka no ToKy) perynupyeTtcA nnasHo
8 npepenax, yKasaHHbiX ANA AaHHOTO WCMONHeHWA pene (tabn. 4). Mpw
3TOM nepsBan NONOBWHA AKANAIOHa YCTaBOK BLIMOAHASTCA NPu MocCne -
A0BATENbHOM COEAMHEHVMM OBMOTOK pene, a STOPaR — NpW Rapan -
nensuom. na nepekmouenna 06MOTOK C OAHOTD COEAMHEHNA HA ADYroe
MMEIOTCA CneunanbHble BbisoAbl. Manpumep, y pene PT-40/2 moxHo ycra-
HOBUTL TOKW cpabaThiBauvA B npeaenax ot 0,5 ao 1 A npu nocneposatens-
HOM CoefiHeHwy 0BMOTOK ¥ 0T 1 0 2 A — npu napannenbHOM.

Kosthcmument BO3BpaTa pene 8 pacyeTax RpuHMMaeTcA paBHbim 0,8,
Ha nepsoi ycTaBke WKanbl 3Ha%eHwe aToro xoaduureHTta He menee 0,85,
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OAHAKO Ha MpaxKTUKe YCTaBKK B CAMOM Hauvase WiKasnbi CTPEMATCA HE UCMOoNb-
30BaTh,

Pene nmeet oanH 3amMbiKalOWMIi K 0AWH Pa3MbIKaIOWNA KOHTaKTel. Kom-
MYTaUMOHHAA cnOCOBHOCTL KOHTAKTOB B LeNU fIOCTOAHHOTO Towka — 60 B,
8 uenu nepemeHtoro toxa — 300 B« A npu HanpaxeHwu He Gonee 250 B
1 ToKe He Gonee 2 A,

MorpeGnAeman MowHOCTb pene (OT TpaHCcOpMATOPOB TOKE) Npu ero
MWUHUManbLHOI YeTaBKe yKasaxa &8 tabn. 4. ConpoTusneHve pene onpeaena-
eTCA NO BLIPAKEHWIO Z|, = Y/ 2, rae / — ToK cpaBaTeiBaHMA pene NPy MUHN-
ManeHoN ycTaBke ikanel, A. Hanpumep, v pene PT-40/20 conporusnenue
z, =0,5/25=0,02 Om,

Pene PT-40 u PT-140 umeior 0auHaKOBbIE TeXHUYECKIE AaHHBIE, IOTOMY
B Tabn. 4 npueeaeHL! ceeaeHnA TonbKo anA PT-40.

Pene Tunos PT-81—PT-86,

Bee pene cepwu PT-80 OTHOCATCA K MHAYKUMOHHBIM TOKOBLIM pefie
(npexxHee oBo3Hauerue UT-80) U WMeloT OrpaHUYeHHO 33BUCHMMbIE BPEMA-
TokoBble xapakTtepuctuku (puc. 17), WHaykumMoHHoe pene cOCTOMT M3
INEKTPOMArHUTOB NEPeMEHHOTO TOKA W alloMWHWEBOro poTopa B BUAE
AUCKa, PACMONOXEHHOrO MEXAY NOMICEMU INEKTPOMArHUTa W BpaLLalowWwe -
rocA Ha ocn. KoHeTpykumA pene BoinosiHeHa Takum 06pasom, 4T0 Npu TOKax,
paerbix 0,2—0,4 Toka cpabaTbiBaima pene (yCTaBKN) , BUCK YXKE  NPUXOANT
80 spawenmne. Mpn Toke, paBHOM TOKY CpaBaThiBaHWA, MEXaHW3M pene 3a-
NYCKAeTCA, HO NOCKONLKY ANCK BPAWLAETCA MeNeHHO, BPeMA cpabaTbisaHua
pene ouerb Besmnio (puc. 17). Yem Bonbue 3HaveHue TOKa B pene No cpas-
HEHWI0 ¢ ero TOKoM cpabaTbiBaHuA, T.e. 4em Gonbille KPaTHOCTH TOKA,
Tem BbiCTpee BPaLAeTCA AMCK v BbicTpee cpabaTeiBaeT pene.

LnAa nosbileHVA HafEXHOCTM 3aMbiKaHWA KOHTAKTOB B Pene AGNONHMU-
TeNbHO YCTAHOBNEH 3NEKTPOMAarHUTHbIA 2nemeHT, cpabaToiBalowmii Ges
BbIAEPXKKKN Bpemesn Npyu SonbMX KpaTHOCTAX Toka (Gonee 8). Artor 3ne-
MEHT MOXHO HACTPOWTh Ha cpabaTbiBaHMe M NPU MEHBIUMX KPaTHOCTAX
TOKa,
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Puc, 17. BpemATOKOBLIE XapaKTEPUCTUKU MAKCUMENBHbLIX PENe TOKA KOCBEHHOrO
aeicraun Twna PT-80 (UT-80}
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Pene cepum PT-80 wipoko UCROAL3YIOTCA B CXEMaX PEneiHoi 3almTsl
oT K3 nuHwii 3neKTponepeAasn U NOHWKAEIOUWIKX TpaHcthopmaropos HanpA-
weunr ao 35 kB, a Takxke anexktpoasuravenein. Pene Tunos PT-83, PT-84
u PT-86 npuMmMeHAIOTCA B TeX cnyvaAX, Korfa TpeGyercAa Takxe curHanm-
saumnAa (unu oTkmoueHne) npu neperpyskax.

Pene PT-80 paznuualoTCcA KOHTaKTHbIMM cucTemamu, Pene PT-81, PT-82
MMEIOT OAMH FRaBHLIM 3aMBLIKAIOWMH KOHTaKT, KOTOPLI MOXeT GbiTb Npu
HeobBxXoauMocTn nepegenad 8 pasmbikawowmiz. Pene PT-83, PT-84, PT-86
UMEIOT, KPOME TOro, OAUH 338MbIKAOWNA CUTHANbHBIA KOHTAKT.

Pene Ttunoe PT-85, PT-86, npeaHasHaveHHsle aAnA paGoTh 8 cxemax
33UMTbl Ha FIEPEMEHHOM ONEPATUBHOM TOKE C AeWiYHTUPOBAHWEM 31eKTpO-
MarHuTO8 ynpaBfieHWA KOMMYTaUMOHHLIMY annapaTamu, UMeIOT YCUneHHsle
3aMbIKAIOWMIA U Pa3MbIKaOLUNMIA KOHTaKTE! C oBuleit Touko#h {KoHTakTe! 7
¥ 2 Ha puc. 12). B pene PT-85 3T KOHTaKThl MOTYT AIICTBOBATb KaK C Bbi-
AepXKOW BpeMeHW, 06GPaTHO3AaBUCUMO OT KPaTHOCTW TOK3 8 pene, Tak
1 mrHoseHHo. B pene PT-86 ot moryT AeiicTBOBaTH TONBKO MFrHOBEHHO,
8 C BbIAEPKKON BPEeMEHM [AEHCTBYET CWUTHAABLHBLIA KOHTAKT, He CROCOGHLIN
AeLYHTUPOBATL INEKTPOMAr HUT YRpaBeHun.

TOK 3aMbiKaHMA MMaBHbLIX 3aMbIKaIOWKUX KOHTakToB pene PT-81—PT-84
He aosmkeH GbITh Gonee 5 A npu HanpskeHun 250 B nOCTOARHOIrO 1 NepemeH-
HOro ToKa. TOK PasMbikaHWA Pa3MblKaOWMX KOHTaKToB He Gonee 2 A npu
HanpsxerHuu go 250 B nepemensoro toxa u He 6onee 0,5 A npu Hanpaxesun
Ao 250 B nocToAHHOro ToKa.

FnasHble ycuneHHbie KOHTaKTbl pene Tunos PT-85 v PT-86 criocobHbl
AEWYHTUPOBATL ynpaBnAeMyio uenb npu Tokax Ao 150 A npu ycnosunx,
yKasauubix B § 3 AnA cxem ¢ AewryHTuposanvem 30. CyrHanbHsle KOHTaKTbE
pene tMnos PT-83, PT-84, PT-86 MOTYT 3aMbIKaTh ¥ Pa3MbiKaTh uenb no-
cToAHHOr0 Toka a0 0,2 A, nepemeHHorc Toka Ao 1 A npu HanprxeHun
Ao 250 B.

MoTpebnAeMan MOLWHOCTb Y BCEX WMHAYKUMOHHLIX pene cepuw PT-80
okono 10 B - A npu _Toke, paBHOM TOKY ¢pabarbiBatinfil MHAYKUUMOHHOIO
anemeHTa (CcM, aanee).

KosthduumeHT 8038paTa MHAYKUWOHHOTO 3nemeHTa He meHee 0,8.

ToK cpabaTbliBaHMA WHAYKUMOHHOrO 3NEMEeHTa YCTaHaBnMBaeTcA Anc-
KpeTHo. WmeloTcA cnegylolume 3HavesuRn TOKOB cpabatbizadnA  {ycTaBok
fio TOKY) :

4; 5; 6; 7; 8 9110 A — ana pene PT-81/1 — PT-86/1 ¢ HoMuHanML-
HbiM TOKOM 10 A;

2: 25; 3; 35; 4: 45 u 5 A — ann pene PT-81/2—PT-86/2 ¢ #omu-
HanbHbIM TOKOM 5 A,

Takum o6pasoM, YUCRO B 3HaMeHaTene YCNOBHOro 0BO3HaYeHWA pene
YKa3blpaeT Ha TY WIM APYTY0 WKany YCTaBOK MO TOKY MHAYKUMOHHOrO
3nemeHTa pene,

Tok cpabaThbiBaHWA 3NEKTPOMarHUTHOro snemeHTa {oTceuxu) perynau-
PYETCA NNaBHO NyTeM M3MEHEHVA 3HaYeHWA KPaTHOCTU TOKa cpabaThiBanvA

39



OTCeYKW K TOKYy cpabaTbiBaHWA WHAYKUWOHHOTO 3nemexTa oT 2 ao 8. Mpw
UCRONB3OBAHAY YCTABOK TOKOBOI OTCEMKK BPEMATOKOBAA XapaKTepucThKa
pene uMeeT CTyneHyaTsIn Bua (puc. 6, 8} .

BpemA cpaGaTblBaHMA pene B YCTAaHOBMBLIEACA 4acTil XapaKTepucTUKu
{pwc. 17) perynuvpyetca nnapno ot 1 go 4 ¢ (PT-81, 83, 85) unmn o1 4
a0 16 ¢ (PT-82, 84, 86) . Npn Heo6x0aMMOCTH Y NepBOA FPYNALI pene MOXHO
oTperynnpoBsars BpeMA cpabaTsiBaluA o1 0,5 no 1 ¢ {puc. 17).

Taxkum ob6paszom, uHayKunoHHsie pesne PT-80 umeloT yapauHblie BpeMA-
TOKOBLIE XapaKTePUCTUKK, AOCTATOYHO MOLUHBIE KOHT2KTbl, BCTPOEHHOe
3NeKTPOMarHuTHoe pene {oTcediKy) M BCTPOEHHBIN CAFHANLHBLIA NEMEHT.
C nOMOWLbIO TaKUX penie MOMHO BhINONHUTE MaKCUManbHY TOKOBYHO 3a-
IUTY M TOKOBYIO OTCEYKY, @8 TAKXKE 3alMTy OT neperpyskn Kak Ha NOCTORH-
HOM, TaK ¥ Ha NepeMeHHOM onepaTueHOM Toke. Ho HapAgy ¢ aTumu Geccnop-
HbIMU QOCTOKHCTBAMM HEOGXOAMMO OTMETUTL U CYLleCTBEHHbIE HeROCTaTKY,
KOTOpbie OCOBEHHO YETKO MPOABARIOTCA 8 CPagHeHWW C COBpeMeHHbIM®
3NEKTPOHHLIMY {NONYNPOBOAHMKOBLIMM) pefe: HanuuKe NOABUNHLIX YaCTeN,
8 TOM uACNE RPaKTUYECKX HelPepbiBHO BPALLAOWIEroCA AUCKA, HUIKMIA
xo3thhuumeHT Bo3spaTa, Gomblumne rabaputsli U Macca, BO3MOXHOCTb NOX-
Horo cpabarbisaHus NOA BO3geWCTBMEM yaapHbix Harpydok. Oawaxo anex-
TPoHHLIA aHanor pene PT-80 ewe, K coxaneHuio, He BbinycKaeTcA,

Pene Tunos PT-91 n PT-95,

Pene 3Tux TUNOB BLIIONHEHbI Ha OCHOBE UHAYKWMOHHLIX pene Cepru
PT-80 {cMm. Bblwe} Y OTAKUBIOTCA OT HUX 3HAUATENBHO GOSLILGH KPYTUIHONK
BPEMATOKOBON XapakTepucTuku. MpakTuueckn Bpema cpabatbiBaHMA pene
NOYTU HE 2aBUCUT OT KPATHOCTM TOKA B pefnie No OTHOLUEHWUIO K ero TOKY
cpabaTeiBaHWA, XOTA 3aBOA-M3rOTOBMUTENb YKAa3biBaeT, YTC He3asMCMMan
YaCTh XaPaKTEPUCTUKMN HAYMHAETCR NPUMEPHO Npu 4-KPaTHOM ToKe.

KontakTHaR cucTema pene PT-91 takaa ke, xkak y pene PT-81. Pend
PTO5 umeeT Takue ke ycuneHHsle KOHTaKTbl, Kak pene PT-85, n moxer
UCTONL3CBATLCA B CXEMAX PENeMHOM 3aWThbl Ha NepemMeHHOM OMepaTMBHOM
TOKe C AeWwyHTMpoBaHuem 30 {puc. 12), koraa TpebyeTcA mMano 3asucAan
OT TOK3 BbIAEPIKKA BPEMEHW 3a1LMTHI.

MoTpebnAeman MOWHOCTL 3TMX pene He Bonee 30 B - A npu Toke, pag-
HOM TOKY cpabaTbiBaHUA MHAYKUNOHHOIC 3NeMeHTa.

Koadhdmunent so3Bpata WHAYKUMOHHOrO 3nemeHTa — He mexee 0,8.
O6moTKa pene Ha KaXROW YCTaBKE NO TOKY AoNycKaeT ANUTENbHOE NPO-
TeKanue Toxa, pahoro 110% Toka yctasxn.

Tokn cpabateiBaHuA WMHAYKUWOHHOTO 3nemMeHTa YCTaHaBNUBaOTCA
AMCKpeTHD. 3HaueHnA ToKoB cpabaThisaHuA (yCTagku), NpeaycmoTpeHHble
anA pene PT-91/1 u PT-95/1, takune xe, kak ana PT-81/1 u PT-86/1, a ans’
pene PT-81/2 u PT-95/2 — xak gnn PT-81/2 u PT-85/2 (cm. Bblwe) .

BpemA cpabaTbiBaHMA B YCTAHOBMBLLEIACA YacTW BpPeMATOKOBOW XapaKk-
TepucTUKN MoXeT GbiTh 8eI6paHo oT 1 a0 4 c. Tox cpabaTsiBaHnA 3nex-
TPOMarHWTHOTO 3neMeHTa perynupyeTcA Tak e, Kak y pene cepun PT-80.
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Onucatve KOHCTPYKUMA BCEX MHAYKUWOHHbIX pene tunosB PT-80 npu-
sefieHo B pabote [7].

Pene makcvmanenoro Toka cepuis PCT 11 u PCT 13.

v TOKOBblE pene MIHOBEHHOIO AelCTBWA MO CBOEMY HA3HaYeHWIQ
ABMAIOTCA 3NEKTPOHHbIMKU aHanoramn pene PT-40 (cm. Buiwe}, Onn npea-
Ha3HaueHel rnasHbiM 06Pa3oM AnA paboThl B yCNOBUAX NOBbIWEHHbLIX BUGpa-
UMOHHbBIX Harpy3oK,

MNpuruun geicteun pene PCT 11, PCT 13, BbinonHeHHbIX Ha COBpeMeH-
HOM MUKPO3NEKTPOHHOW 3nemeHTHON 6ase, OCHOBaH Ha U3MepeHUK WHTep-
Bana SpemeHu, B TeyeHWe KOTOPOrc MrHOBEHHOE 3HaYeHWe TOKa NpessiiuaeT
HEKOTOPYIO 3TancHHYK BenmunMHy. YeTkoe cpaGaThiBanHve pene obGecnuuga-
€TCR, eCAu MrHOBEHHOe 3HayeHue Toka ByaeT paBHO Wn Gonbille 3TAROHHOMO
B TeuYeHwe HeGOMbLLIOrO 3a3faHHOro MHTepeana speMeHu. 3To ycrnosue oGecne-
YUBAETCR NPaKTUUECKUK NPU MIOOLIX UCKBMEHUAX CUHYCOMAbL! TOKA Ha BXOpE
pene, KOTopbie MOFYT BO3HUKATL Npy BonbUNX 3HaYeHuAX Tokos K3 B mecte
YCTaHOBKM 33WUThl U NOTPELIHOCTAX TPAHCHOPMAaTOPOB TOKA, 3HAYNTENLHO
Bonbwmx, yem 10%. Pene cepuit PCT 11 u PCT 13 ycronumuso paboTaicT npu
NOrpelHOCTAX TPaHChOPMAETOPOB TOKA BNROTb RO MaKCUManbHO BO3IMOX-
HbiX {80-~80%) [8]. 370 ABNAETCA 0AHMM M3 rNAaBKLIX AOCTOMHCTB,

Koadhduument soaepara pene PCT 11, PCT 13 na nwoboit ycraske He
MeHee 0,9, yto 3HAUNTENLHO Bbille, YeM Y IMEKTPOMEXaHWYECKUX MaKcu-
MafibHbIX pene Toka.

Pene PCT umeeT oguH 33MbIKSIOWNIA ¥ OBUH PasMbIKAIOUWMA KOHTAKTbS,
KommyrtaumoHHaAa cnocoBHOCTL KOHTAaKTOB B Uenn MOCTOAHHOrO TOKa Co-
craenfaet 30 Br, B uenu nepemenrHoro Toka 250 B - A npu HanpsxeHwn
He Gonee 250 B # Toxe He Bonee 1 A (poctoaHHOro) u 2 A (nepemMetrHoro) .,

Mpepens! yCTaBoK W 3HayeHnsa MOWHOCTW, NoTpebnAemoli pene ot TpaHc-
dopmMaTOpoB TOKa, NpPUBEAEHsLI 8 Tabn. & Tonbko and pene cepuw PCT 11,
Ana pene PCT 13 oxn aHanorMuHbI.

Te6nuua 5
Texnuueckue aausbie pene PCT 11
MouwsocTs, B - A,
T Mpeaerns ycTeBKY HomuwanpHbit | noTpebnAeman pene
wr pene Toka cpabaTsiganua, A ToK, A npu TOKe MuHu-
MANLHON yCTaBKM
PCT 1104 0.05—0,2 04 0,1
PCT 1108 0.15-0,6 1,6 0,1
PCT 11-14 0,56—-2,0 2,5 0,1
PCT 11-19 1.6-6,0 10,0 0,2
PCT 11-24 5,0-20,0 16,0 0,2
PCT 11.28 15,060 16,0 0.8
PCT 11-32 30-120 16,0 24
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YeraBkn (TOKM ¢pabatbiBaHWA pene) BLICTABRAKTCA AWCKPETHO C MO-
MOLLLI0 MATW nepexnlodaTenei, VMEWOWMXCA Ha nuueson nnate (puc. 18),
B COOTBETCTBUM C POpMYynon

’c.p =Imin (1+ ZN}, {5)

rag¢ /mijn — MUHMManbHan ycTaBKa ARA COOTBETCTBYIOWEro Tuna pene
frabn.5); TN — cymma uucen, ofnipesenAeMan NONOXKEHUEM nepexsiova-
Tenen Ha NuueBol nnare pene (wkane ycrasok}. [Ipu aTom B BbipareHuun
(5} yustbisaioTCA UMdpPbLl TONbKO BO3Ne Tex MepeKnioyatenei, KOTopble
HaxXOZATCR B BbI CTY N2 10 W e M MONOXNKEHUN, 3 WAKL, TI0A OTBEPTKY Ha UX
FONOBKax PacnoNOXeH rO pu30OHTanbHO.

Hanpumep, ans pene tuna PCT 11-24 ¢ /i, =5 A (va6n. B) mmun-
ManbHoe 3Hauerne ToKa cpaBaTeiBawua /o, = 5 A, ecnm H1 oavH U3 nepe-
KnouyaTteneit He BbICTYNaeT U Y BCEX LINWUbI HA TONOBKAX HAXOAATCA B BepTU-
KkancHom nonoxewn {puc. 18, a). MakcumanbHoe 3HaueHue ToKa cpaba-
ThIBaHWUA ANA 3TOFO TUNAa pene MoxeT GbiTb YCTAHOBNEHO NPK nNepeBoae BCeX
nepexniouaTeneid B BbICTYNAIOUIEe NONOXKEHME, MPK KOTOPOM WAMLLY Ha ro-
FIOBKAX HAXOAATCA B FOPU3OHTanNbHoM nonowern: /o, = 5(1+0,1+0,2+
+04+08+186) =5-4,1=205A {puc. 18, 6) . NNioBoe npomesxyTouKOE
3HaueHWe Toka cpabaThiBaHUA pene yCTaHasNUBEETCA NYTeM pasnnurbix coue-
TaHuin nonoxeHuit nepexsovateneit. Ha puc. 18, & ycranoened Tox /¢ p =
=5(1+02+0,8) =10 A.

KonuuectBo U HaumeHOBaHWE NEPEeBOAMMbIX nepeKniovatenelt pene
Tvna PCT 11 (puc. 18) MoxeT ObiTb onpeaeneHo NC BblpaXKeHWio, NoJty-
ueHHOMY 13 hopmynbl (5)

l-
sN=—P -1. (5a)

Imin

Hanpumep, npy HeoBXoAMMOCTA BLICTaBNeHUA ToKa cpabaTuiBaHUA
ra pene PCT 11-24 [, o =10 A nonyuum no sbipaxenwo (5a)

=2 4=
IN= ——1=1.

K3 puc. 18 BMAHO, yTO ANA FIONYYEHUA 3TOW CyMMBbI Heobxoaumo nepe-
BECTH B TOPM30OHTaNbLHOE TIONOXEHWe fepexknlovaTenn, o6Go3HaveHHbie umdg-
pamut 0,2 1 0,8. NopoBHbIM e 06Pa3OM BLICTABNAOTCA YCTABKK Ha MHOMX
COBpPEMeHHbIX pene, BbINONHEHHBIX Ha MUKPO3NeKTPOHHOW aneMerTHOM BGase.

ConpoTuBnenue pene BbIMUMCNRETCA NO 3HAYEHWAM AoTpednaeMol Moll-
HOCTH OT TpaHC(OPMaTOpPOB TOKA, YKa3aHHbIM B Tabn. 5, npu MuHUMAanbHOW
ycraske pene. Hanpumep, ana pene tuna PCT 11-24 conpotmuenenne z, =
= 0,2/5%2 = 0,008 OM. 310 3HA4UTENEHO MeHbLUE, YoM Y COOTBETCTBYIOUMX
pene cepun PT-40.

Pene cepun PCT, kak u Bce nonynposoasnukosbie (3neKTPOHHbIE)
pene, HYXAAIOTCA B WUCTOYHMKE nNWTaHUA. HanpAXeHWe nNUT3HWA pene
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5A 1 =20,5A Icp=70A

Icp ma Cp max

Puc. 18, Monomenna nepexawyaTeneid Ha NUUEBONA NAATE MAKCUMANLHOFO pene TOKA
tuna PCT 13 (PCT 11), coortsercrayowume Muiumansiomy (a) , makeumansHomy (6)
¥ OBHOMY W3 MPOMEXYTOURSBIX 3naueHunil (@) roka cpabaTuisanun pene

PCT 13 — nocroRHHoe 220 B, pene PCT 11 — nepementoe 220 B, kotopoe
B pene npeobpasyeTcA 8 noctoAxHoe. W3-3a BCTpoOeHHbIX B Kaxaoe pene
npeobpasoBarenei oHYM NOTPEBARIOT 3HAYUTENLHYIO MOLLHOCTb OT UCTOMHUKOB
onepatmsHoro Toxka {kaxnpoe — okono 7 BT) . Beneactewe 3Toro HegocTaTka
pene PCT Gonee nepcneKTusHbLIM ABAAGTCA BbLINONHEHUE KOMMNEKTHbLIX
YCTPOHUCTB 3aluMThi, B KOTYOPLIX MMEeTCA OAMH OBWMIA MCTOYHUK nuTaHnA

(§6).

5. PENE BPEMEHW, NPOMEXY TOYHbIE
¥ CUTHATIbHBLIE PENE

HazHauenne W TuNbI peRe BpemeHV, NPOMEXYTOYHbIX U CUTHARBLHBIX
pene, NPUMEHAEMbIX 8 CXEMAaX MIKCUMafbHbiX TOKOBbIX 3aWUT U TOKOBbIX
oTceyek paccmoTpeHsl B § 2 u 3 (puc. 5, 13, 14). Qlanee npusoaATcA
KpaTkue CBeAGHUA O NPUHUWNAX BbIMOMAHEHUA M OCHOBHbLIE TEXHUYECKUe
AaHHbie 3TUX pene.

Pene spemenn.

Pene epemenu cepuil PB-100, PB-200. To npuHUMNY MCNOMAHEHXAR 3TO
ANEeKTPOMArKuTHLIE pefie MrHOBeHHOI0 AENCTBVA C 33AePXWUBAIOILIMM 48CO-
BbIM MexaHM3MOM, OHu cpabaTbiBalOT NOCNEe TOro, KaK KOHTaKTamu ynpag-
nAwux pene (PT1—PT3 Ha puc. B, 8) 3aMsIKaeTCA LeNs KaTylweK aneK-
TpomarHuta nocrorHHore (PB-100) unu nepemennoro Toka (PB-200, kpome
TeX, Yy KoTopsix nocneagsAn 8 o603HaveHun Tuna yudpa 5). BrarusaercA
AKOPb pene U NyckaeT B XOA Y4COBON MexaHu3m, o6ecnevnsalowmii 3ambi-
KaHvne KOHTaKTOB pene C 3afaHHOW 3apaHee BbiePXXKOW BpemeHu. Y pene
BPeMeHU NepemMeHNOso ToOKa ¢ nocneaHed undipoit B 0603Havesun 5 (Hanpu-
vep PB-225, PB-235) B HopManbHOM pexume 3JIeKTPOMArHUT HaxoauTcA
oA HaNpAXEHWEM U AKOPL pefie BTAHYT, a NP UCHYE3HOBEHUK HANPAXEHNA
AIKOPb OMYCKAaeTCA ¥ HayMHaeT paBoTaTe vacoBol MexaHusm (puc. 14).

B TpexaHauHoM uucne, oGosHauaoweM TunoucrnonHexne pene PB-100
uw PB-200, nepsan undpa 06o3HavaeT poa ONEPaTUBHOFO TOKa (NOCTORH-
HbIl — 1, nepemeHHblil — 2), BTOPaA uuhpa — npegensl NNaBHOro peryni-
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posaHWA BpemeHu cpabaTbiBaHUA pene, a TPeTbA — TWN KOHWTBKTHOIO YCT-
poitcTsa  HekoTopete APyrue 0COBEHHOCTHU 1 pene.

Mpepensl NAasHoro peryanposaHUA BpemeHM cpabaTbiBaMWA  Che-
Rytotume:

0,1-1,3 ¢ — y pene Tunose P8-112, 113, 114, 215, 217, 218;

0,25--3,5 ¢ — y pene Tunoe PB-124, 127, 128, 225, 227, 228;

0,5-9 ¢ — vy pene Tunos PB-132, 133, 134, 235, 237, 238;

1,020 ¢ — vy pene Tunos PB-142, 143, 144, 245, 247, 248.

Pene ¢ nocnegren unppon 4 nam 7 (PB-114, 124, 134, 144, 217, 227,
237 v 247) nMeT 0ANH KOHEYHbIM 3aMbIKAIOWNN KOHTAKT C peryampyemoi
BbIAEPXKKON BPEMEHN Y1 OAVH MIHOBEHHLIN NMePeKiioYalonin KOKTaKT,

Pene tunos PB-113, 123, 133, 143 ABNAOTCA TepPMIKUECKK CTOMKUMMU,
T. €. OHU MOTYT AMTENbHO HAXOAWTLCA NOA HaNPAXKEHMEM; Y HUX WMEeTCA
TaK)Ke OAVIH KOHEYHLI/ 3aMbIKaWNI KOHTAKT C PerynnupyeMoin BoiaepxKon
BpeMeHn U OANH MIHOBEHHbIN 3aMbIKAIOLAIA KOHTaKT.

Pene ¢ nocnegueit umcpoit 2 unu 8 KONONHNUTENBHO K KOHEYHOMY UMEIOT
cronb3AWwmii (BpeMeHHO 3amsiKalowmnin) KOHTaKT, 06a — c perynupyembimu
BbifilepXXKaMn BpPeMeHU, a TaKKe OAUH MrHOBEeHHbLIY NEPEKIIcYatoWMA KOH-
TaKT (Hanpumep, pene Tvnos PB-112, 132,228 v ap.) -

Pene spemenn gna cxem Ha NepeMeHHOM OREPaTUBNOM TOKeE, AeiCTBYIO-
uwme npu CHATUM HanpAxeHuAa (puc. 14), Tunos PB-215, 225, 235 u 245
MMEIOT OAUH CKOMb3ALWNA ¥ OANH KOHEYHBIW 3aMblKatoLme KOHTAKTbi C pery-
NUpyembIMU BhIAEPXKAMU BpeMeHW, a8 TaKke OAUH MIHOBeHHbIA Nepexiio-
Y3HLMU KOHTAKT.

Kouraktel pene spemeHy PB-100 n PB-200 {Kpome CKOML3ALIETO KOH-
TaKTa) CNocobHLl KOMMYTUPOBAETH Lenb MOCTORHHOTO TOKa Mpy MOWHOCTH
100 BT, Toke He Gonee 1 A w HanprxeHuu oT 24 po 2560 B unu uenb nepe-
MEHHOro ToKa npu mouwHoct 500 B - A, toke He Gonee 5 A u Takom xe
pavanasoHe HanpaxenuA. Ckonbasiume (BpeMeHHO 3aMbiKalole} KOHTaKTh
MOTYT 3aMbiKaTb LeMs NPKW TaKOW e MOULHOCTU, HO Pa3MbiKaHue AOMKHO
NPOU3BOAUTLCA KOHTaKTaMM [PYrUX pene unn cheuwanbHbiX yCTPoicTa.
ANUTenbHO AONYCTUMBIN TOK UYepe3 3ambiKaloume C BbIAEPIKKON BpeMeHu
KOHTaKTb! § A, yepe3 MrHoBeHHbie — 3 A,

MotpebnAemMan MOWHOCTL TP HOMMWHANLHOM HANPAXEHW ANA pene
BpeMeHu ROCTORMHOro Toka PB-100 we Gonee 30 BT, anA pene BpeMeHu
nepemenHoro Toka PB-200 — we Gonee 20 B - A (npu BTAHYTOM RAKOpE).

Pene PB-100 sbinyckaioTcR Ha 8ce CTaHAAPTHblE HOMMHaNbHLIE HANPA-
WeHUA MOCTOAHHOrO ofepaTMBHOro Toxa: 24, 48, 110 n 220 B. Pene PB-200
BbINYCKAIOTCA Ha BCe HOMWHAMbHBIE HANPAXEHUA NePEMEeHHOro onepaTua-
Horo Toka: 100, 127, 220, 380 B, a takxe 110 B. Bce pene spemenn nepe-
MEHHOI'0 TOKAa ABMAAOTCA TePMUYECKN CTONKUMM, T. €. OHU MOFYT AAUTENBHO
HaXoAUTLCH NOA HanprxxeHnem, Ha 10% npesbllLaloWNM HOMUHANLHOE 3Ha-
yeHue.

Pene epemenu tuna PB-01. Pene aToro tuna ABAIOTCA 3NeKTPOHHBIM
aHanorom pene BpeMenyu PB-100 u PB-200 {3a mckniouenuem PB-215, 225,
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235 n 245). Ynpasnenue pabotoit pene PB-01 ocyluecTeaAeTcA nopaueh
HaNPAXEHAA OMepaTUeHOro TOKa, MOCTOAHHOTO WM MEePeMEHHOro, KOHTaK-
Tamuy, HaNpUMep, M3MEPUTENbHLIX OPraHoB MaKCUMaRbHOW TOKOBOW 3alMThI
{puc. 6, €). OnA NonyuyeHUA BbIACPKKK BPEMEHN WCTIONLZYETCA MPUHUKMA
MNEKTPUYUECKOTO 3aPAAE KOHAEHCATOPa. A3secTHO, YTO BPEMA 3aPAR3 KOH-
[EHCATOPA 3aBUCUT OT 3HAYGHMA CONPOTUBIEHWUA UENU, A0 KOToPOoi NPonUcxXo-
AUT 3apRA KOHAEHCATOpa; 3TO CONPOTUBAEHWE HasbiBAOT 3apAaHbIM. Pery-
NMpoBKa ebiaepxek spemenu 8 pene PB-01 ocywecTtenaeTch nytem guckper-
HOIG WU3MEHEHWA 3HAYEHWA 33PARHOTO CONMPOTUBAIEHMA € NoMolyslo Habopa
Pe3UCTOPOB.

MepeknioyeHue PesUCTOPOB NPOW3BOAMTCA Ha ABYX Konogkax 1 wu 2
{pnc. 19) . Ha Konoake 1 npousBoAUTCA nepexaOueHUe peaucTopos 15—23,
UYem obecrieuBaeTCA waMeHeHne BblaepXKM BpemeHn Ha 10% oT maxcu-
ManbHOW YCTaBKW ilIKanbl, 3 Ha KONOAKe 2 — nepexiiioyeHne PesncTopos
2432 pnA “aMeHeHWA BbIAGDKKK BPeMeHy Ha 1% OT MaKcuManbHoMN ycTae-
Ku. flepexnioyatent 1 Ha3bIBAETCA MEPEKNIOYSTENEM CTapusero pPaspAaa
YyCTaBoK, Nepextoyatens 2 — MAaawero paspaaa ycrapok.

Bhigepskika BpemMeHu pene ycTaHaBJIMBaeTEA C NOMOWbLIO OAHON unn ABYX
nepeMbINEK ¥ COOTBETCTBYET CyMMe Untp BO3/E BKIHOYEHHBIX PE3NCTOPOB.
Hanpumep, #Ha pene PB-01 Heo6xOoAMMO YCTAaHOBUTL BbIAEPXKY BPEMEHU
1,1 c. MpuHuMaeTcH pene ¢ MaKCUManbHOM BbIGEPXKON BpeMeHn 3 c,
co iukanon 0,3—3,0c. YcraHosuB nepembluku y pesuctopos 76 u 30
{puc. 19}, nonyuum cymmy uncdp 0.2 + 0,21 = 1,11 ¢, 4T0 KOCTATOYHO TOYHO
COOTBETCTBYET BhIGPAHHON B PACYETE BbIAGPIKIKE BPEMEHM 3aLUMUTbI.

Pertie spemeqn PB-D1 o06napaioT HaCTONMbKO BbICOKOW TOYHOCTBIO, YTO
Npu pacuetax Bpemenn cpaBaThiBaHUA 33WMT C 3TUMW pene paspewieHo
NpuHUMaTL CTYMEeHbL cenexTusHocT oxkono 0,3 ¢ {npu ananasoHe ycra-
sok no spemedn 0,1-1,0 c¢). 310 ABARETCA GonbLIMM MPEMMYLIECTBOM
3IeKTPOHHLIX pene BPeMeHU MO CPaBHEHUIO C INEKTPOMEXIHUUECKUMU
1 oco6eHHO no cpaeHeHWto ¢ pene Tuna PTB,

Pene spemeny PB-07 BbLINyCKAOTCA Ha BCe Te JKé HOMUHANLHbIE Hanpd-
IKEHMA NOCTORHHOTO WU NePeMeHHOro onepaTMaHoro ToKa, Yto M pene PB-100,
PB-200 (cm. Buiuse) .

8 cxemy :;jpnﬁa KoKgexcamopa

1% 23 % 30| |3 32
1 2
) 33 b
VAR Y- ¢ VA
43 06 09 .. 30 003 .. 821 0% 017

Ans wxaner 03-30 ¢

Puc. 19. MNonoxeHue nepexniouaTeneit pene spemenn tuna PB-01, cooreercTeyouiee
BpemMern cpaGaTthiBaHuA pene tep = 1,11 ¢
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Cxema sHewHux noaxniovennit pene PB-01 npuseaeta Ha puc. 20. Pene
UMeeT ABa UCMONHUTERbHBIX KOHTaKTa 7 M 2, NepeKknIoNaloMXCcA ¢ OAHOM
M Toil e Bbiaepxkoi Bpemenun. FMocnesHee o6CTOATENLCTBO ABMAETCR HeAO-
cratkom KoHcTpyxuun PBLO1 no cpasHenunio ¢ pene cepun PB-100, PB-200,
Y KOTODPbLIX Ha OAHOM PEne MOMXHO BbINOfIHKTL ABE PasHble BLIAEPXKKW Bpe-
MeHM, T.e. AaTb ABE KOMaHAbl noodepeaHo. Y pene PB-01, ebinycxasmbix
B HAacToAliee BPeMA, MOXKHO AaTh ABE KOMawgbl b oaHoBpemeHHo. Mpu
HEOBXOAMMOCTH BbINOSIHEHUA PA3HOBPEMEHHBIX KOMaHA Hajo YCT3HOBUTH
asa Takux pene. Pasmepbl pene PB-01 npumepHo Takue xe, Kak pasmepsl

PB-100, PB-200, a cTonmocTs — 3HauMTeNLHO BbliLe.
KommyTauuoHHan cnocobHocTs kouTakToe 7 wu 2 (puc. 20) B uenwm

NOCTOAHHOrO onepaTusHoro Toka Ao 30 By ¢ uHAaykTMBHOWA Harpyskoi
n ac 250B - A B uenu nepeMeHHOro Toxa Npu Ko3adbuuMeHTe MOWHOCTA CMe-
WAaHHOK {aKTUBHOM n MHAYKTUBHONR} Harpyaxu He Hwxe 0,4, MuHumansHoiv
TOK KoHTaxkToa — 0,01 A npu Hanpaxenun 110 B u Gonee u 0,05 A npu Ha-
npAXxeruax ot 24 go 110 B. [AinutenbHo AonycTuMbIii TOK KOHTaKToB 2,5 A,

Motpebnaeman mMowHocTs pene PB-01 nocToRHHoro toka (puc. 20, a)
NpYU HOMMHANLHOM HanprxkeHun 110 n 220 B cocraenAet 5 u 10 Bt cootset-
creerdHo. [loTpebnAemas mowHocTs pene PB-01 nepemensoro toka
{(puc. 20, 6) npn HomuHanbHLIX Hanpsxenuax 100, 220, 380 B cocrasnaeTt
6,11u20B-A.

Pene PB-01 npesHa3HayeHo AAR NepeaHero MAN 3aAHero MpUcoeaHeHnA
BHEILHUX NPOBOAHNKOB TOALKO BWUHTOM. Kaablii KOHTAKTHLIA 33MUM

a) < 6) .
sl T
488 T\ oH paﬂzk 3
508 "5— 1008 14 y -g-
s _- ] 1278 . | 52
t T
208 ?1 2208 =: 3
208 g1 | 7] bl
- — 1 l I = 1 ]
5 e il s
15 :\EE' %g%s/—{:.l-'l 75
17 —-] |7 7]
] 2 — 2
19 j £
p ol
U= 48,60, 110, 220 8 U= 100, 127,220, 380 B
NOCMORRHO20 MOKQ nepemeﬁﬂaao moxa

Puc, 20, Cxema BHEWHNX NOAKANIOYEHWH pene spemexy Tuna PB-01 (no xaranory 3a-
gong-nsrorosutens)
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AOTYCKaeT NPUCOEAVHEHME ABYX MEAHLIX MAM aniOMWUHWEBbIX NPOBOAOSB
ceuerrem 1,5 Mm2 unu oaHOro ceveHnAa 2,5 mm?2,

fpn ocopmnetnn 3axasa Ha pene PB-01 Heo6x0aMMO yKasmisaTh TUR
pene, HOMUHanNbLHOE HAMPAXeEHWEe (NOCTOAHHOTO MMM MEPEMeHHOro TOoKa),
MaKCAManbHY BbLIREPKKY BPEMEHU, KOHCTPYKTUBHOE UChonHeHue {ne-
peaHee v 3agHee NMPUCOSAMHEHWE BHEWHWX NPOBOAHUKOB), GanrnacTHLIR
Pe3NCTOP NPU BKAOYSHWUM Ha HOMMHanLHOe Hanprxenue 220 B nocrosHHoro
W NepemMeHHOro TOKa Npy UCAONb3OBaHUU B ANUTensHoMm pexxume {puc. 20),
HOMED TeXHWYeCKUX ycnosui. Hanpumep, ARA HYXA HAPORHOrG XO3RWCTBA
3aKa3 COCTaBAARETCA 8 Crieayoulem Bunge: Pene Bpemenn tuna PB-01 YXI1 4,
220 B, nocr.,, 3 c, nepeaHee npucoeauHeHne. BannacTHeld peaucTop.
TY 16523-557~78"".

bykebt YXJ1 0603HauYal0T KAMMaTMYecKue yCnoeuA, ANR KOTOPLIX
BbiNONHeHO pene: Y — AnA ymepeHHoro wknumatra, XJ1 -~ xonoaHoro;
untdbpa 4 — ana pPaboTh B NOMELUEHWAX C UCKYCCTBEHHLIM Perynvposatsnem
knmmara (TOCT 15150—69) .

Pene epemenu tuna PB-03. Pene npeaHasHayeHo ANA WCNONb3OBAaHUA
B CXemMax pPe;leiHON 33LWUThl M aBTOMATUKK fANA NONYYEeHUA 3aflePKKN Bpe-
MeHu CpabaTbiBaHMA 1OCNe OTKMICYEHWA HanprXeHWA nutasvA nnbo nocne
CKAYKOOGPA3HOro ero CHUXEHUA HWKe onpeaenieHHoro 3HaveHwA. Pene Tmuna
PB-03 fAenAeTcA aneKTPOHHbLIM aHANOroM pene spemexy Tuna 3B-215, 225,
235, 245 1 pp., OCYWECTBAAOWUX 3aMeAneHne AeliCTBYA 3aWNTbt NPYA CHATUN
HanpAXeHURA, 7. e. NpK Bo3spate. HopmansHo pene PB-03 HaxoanTcA B cxeme
3aWMTEl nog HanpaxeHuem (puc. 14). Pene PB-03 BoinyckaetcA TONbKO
Ha RepemMeHHoe HanprmkeHne NMnTadna 100, 127, 220 n 380 B.

Pene PB-03 BbinycKalOTCR ¢ OAHUM M3 TpeX AKanasoHoB YCTaBOK No spe-
menu: 0,15-3, 0,5—10 1 1-20 c. BoigepXKu BpemeHu yCTaHaBAWMBaIOTCA
avckpetHo. HanbBonewaa cTynexs perynvposkv (AMCKpPETHOCTB) OT Maxcu-
MansHOW ycTasKu cocTaenAeT 2,5%. JTo Gonswe, yem y pene tuna PB-01
{cm. Bbnue). Opnako, ywureiBan, uTo pene Tuna PB-03, Tak we Kak pene
PB-215, 225, 235, 245, vauie BCErc NPUMEHARIOTCA B CXeMax aBTOMaTUKM,
JaKaR MOBbIWeEHHAA AUCKPETHOCTh YCTasoK aonycruma. Ecnu npu sbiGope
YCTaBOK HO BpeMeHW MAKCUMAanRbHON TOKOBOM 3alNThi BaXKMbl AECATbIE,
a NHOTAa K COTble JOAW CeKYHA, TO Npu 8biBope BpeMeHU ACYBUR, CKaXem,
YCTPOWCTBa 2BTOMATMYECKOro BKJIIONEHMA pe3epea (ABP) TakaAa TouHoCTb
He TpeByercAa. Hanpumep, npu BbIGpaHHOM BpemMeHW AeHCTBUA CETEBOIrO
ycrpoiictea ABP, pasHom 20 ¢, snonHe gonycTumo ero cpabatbiBanve ¢ pas-
6pocom B 0,5 ¢.

MouwHocTb, NnoTpebnReman pene, He Bonee 3 B - A.

KoxTaktHan cuctema pene PB-03 o6fecneunBaeT 3sMsikanue ofHOM
uenn 6e3 BLIZEPXKKW BPEMEHM W ABYX HE3aBUCHMBIX UENe CPa3HbI MK,
He3aBUCKMO PerynupyemMbiMn BbIAGDIKKAMU BpeMeHu. 3TO ABNAGTCA Cylle-
CTBEHHbLIM NPEMMYLECTBOM N0 cpaBHexunio ¢ pene PB-01.

Pene PB-03 npeaHa3HaueHbi AnA TepegHero MW 3aaHero NpuUcoeam-
HEHWA BHELUHWX NPOBOAHNKOB TONBKO BUHTOM.
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3axa3 Ha pene PB-03 odopMnsetcs Tak e, xak Ha pene PB-01, Ho
8 0603HaueHUN TEXHUYECKNX yCnioBuid TY nocnestne ungpe: 79.

Pene epemenru 3nextponxoe MPB. Nonynposoarnkosoe (aneKTpoHHoe)
pene Bpemenn Tna NPB BbinyckaeT 3aBoa "3Heproagromatuia’’.

Pene NMPB BhinyckaorcR ¢ 04HWMM #3 YeThipeX AWanasoHOB YCTaBOK
no Bpemenu: 0,1-1, 0,56-5, 0,220 u 12—-120 c. AuckpeTHOCTL perynau-
poOBaHWUA yCTaBKU cocTagnAeT 1% oT MaKcuMansHoW yCcTagku Wwikans) {anana-
3oHa) . Pene [PB BoinyckaeTch Ha BCE HOMUHBNbHbIE HANPAXEHUR oOnepa-
TUMBHOrO Toka: nepemenxoro 100, 220, 380 B {oaHo obuiee ucnosnHeHne)
v noctoAHHoro 24, 48, 110 1 220 B (ueTbipe pasHbiX MCNONHEHWR) .

MoTpebnAemas MOWHOCT Pefe Ha HanpAXeHwe nNepeMeHMoro ToKa
10 B - A, nocroaHHoro Toka 6 By (Ha 24 B} n 18 Bt (220 8B).

Pene apemenu tuna BJ1-23. MonynpoBoAHWKOBbLIE pefle BpeMeHn 3Toro
TMNa ABAAIOTCA UMNYNbCHbIMK. [1pUHUMN AeCTBUAR pene OCHORAH Ha cueTe
VMAYNLCOB, NORyYaembiX fyTemM Mpeobpa3oBaHMA ToKa NPOMbILUAEHHON
yactoThl 50 U B8 MMynbCHble NOCLIIKKA TOKa NONOMKUTENbHON NONAPHOCTH,
cneayiowme uvepes 10 mc (nonosuHy feprofla NPOMBIUSIEHHOW 4acToTht) .

Pene Bf1-23 BuinycKaloTcA Ha OavH U3 ASYX AWANa30HOB YCTaBOK nNo
spemenn: 1—100 c u 0,1—10 muH. Pa3bpoc no Bpemetn He Gonee 3%,

KontakTHan cuctema pene BS1-23 oBecneunBaer 3amblikaHue Tpex Hesa-
BUCMMBIX Uenei C pPasHbIMU, HE3aBUCUMO PEFYNIMPYEMbIMW BbIAEPIKKaMK
BPEMEHM, a TaKXe 3amMblKaHue TpeX ueneit 6e3 BuigepXXKn BpeMeHn (8 pene
NPeAYCMOTPEHbI TPM BLIXOAHBIX pene) .

Pene apemenu Tuna PBM-12, PBM-13. Pene spemern tuna PBM npeaHas-
HaYeHbl ANA CO3A3HMA BbIAEPIKKW BPEMEHW B CXeMax PeneiHon 3aumTbl
Ha flepeMeHHOM ©nepaTMBHOM TOKe € AeliyHTupopanvem J0 KoHTaKTamu
pene Tana Pf1-341 (puc. 13). OnemexToM Bhigepxkn BpemeHu B pene PBM
HBMAGTCA CUHXPOMHLIN oaHodasHbIii Mukpogeuratens (M Ha puc. 13, 6).
Deuvrarens skmMoyaeTcA B paboTy fpu ABYX OAHOBPEMEHHbIX YCNOBUAX:
BTOPUUYHOM ToKe TpaHcopmaTopos Toka haz A unu C Gonee 2,5 uau 5 A
{ycrasku pene PBM) # npu 3ambIiKaHMu OAHOTO W3 KOHTAKTOB yNpPaBnaio-
wmx pene (PT1- PT3 wna puc. 13, 6). MepemenHiiii Tok TpaHcopMaTopos
Toka a3z A u C nogaetcA Ha 6OMOTKY MUKpoaBuratena M yepez npomery-
TouHble TpaHchopMatopsl ToKa /THT, KoTopble BbINOAHEHB! Hacbiwalow-
MUCR AR OrpaHMYeHMA TOKa 8 ABUraTene npu GORLWNX 3HAYEHUAX NEPBUY-
HOTO W BTOPU4HOTO TOKOB, Hanpumep, npu Ganakux K3 ua 3aiuviiaemom
anemeHTe, Cxema sknwvenns pene PBM Ttakosa, uto npu niobom supe K3
AeuraTens M NOAKNIONEETCA K BTOPUYHON 06MOTKe ToNsKo oAHoro u3 [THT.
Hanpumep, npy cpabaThiBaHun ABYX MaKcumanbHeix pene toka P71 w PT2
{unn PT3) 3sambikaiommin kKouTakT PT7 samKHeT uens nycka asuratens M
ot [THT casbt A, @ pasmMbiKaiowwi KOHTAKT 3TOFO e pene pasoOMKHET uenb
ero nycka ot fTHT apyrow dassl.

Mukpoasurarens M npu nofave TOKa BPAULIETCR € 4acTOTOW, COOTBET-
cTeyiowWel npomblwneHHolr vactote 50 Tu, HO BCTPOEHHLINA PEeAYKTOP CHK-
AT 4aCTOTY BPALUEHMA MEXaHU3Ma pene A0 TaKoro 3HaveHua, YTo6bl BLIXOA-
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HOM pbluar ¢ MOABMKHLIMW KOHTAKTaMu ABUrascA B TeueHue 4 ¢ y pene
PBM-12 v 10 ¢ — y pene PBM-13. B npepenax 3tuix 3HaveHWid MOryT ycra-
HAaBNUBATLCA BLIGPaHHble BbIAEPXNKKKU BpeMeHW, CaMOCTOATESIbHO ANA ABYX
CKONB3AUMX (BPEMERHO 33aMbLIKAIOWKX) ¥ KOHEYHOIO 3aMbIKaIoEero KOH-
TakToB. Takum o6pasom, pene PBM-12 umetoT npegensi perynuposku espe-
meHu oT 0,5 a0 4 c, a pene PBM-13 — or 1 ao 10 c. ABconioTHaA norpewi-
HOCTb BbifepXXKu BpemeHu coctasnaet 0,12 ¢ — ana PBM-12 1 0,25 ¢ —

ans PBM-13.
Ycrasky no Toky cpa6atbiBakna (2,6 v 5 A} BoINONHAKTCA RYTem pas-

NMYHOFO COESMHEHMA CeKLUWA NEepBUMHBLIX 0BMOTOK MPOMEKYTOUHBIX HAChI-
watowmxea tpaHcdopmatopos [THT : nocneaoBaTentHo WAN NapannesisHo.

Pene PBM ponyckawTt gnutensHoe NpoTeKaHue no NepsnyHsbimM obMoT-
xam TTHT toxa 10 A, a xpaTKkoepemeHHo, 8 Tedenue 10 c, — Toka 150 A
{npy napannensHOM COeAMHEHUM NEPBUYHBIX OBMOTOK) .

MNoTpe6nAemaa mowHocTs pene He Gonee 10 B - A nipu AByKpaTHOM
Toke cpabatbiBaHuA (ANA KaKAOW uenw rmTanua). Hanpumep, npu Toke
cpabatbigaHus 5 A nontoe conpotuenexue pene PBM z, = 10/(2 - 5)? =
=0,1 OmM xaK ana daset A, Tak 1 pnA dasbi C,

KommyTaumoHHaR CnocOBHOCTL KOHEYHOrO KOHTAKTa B LEny MOCTOAH-
Horo toxa — 100 BT npu nanprxexun o1 24 ao 250 B u Toxe 20 1 A, 8 uenn
nepeMerHoro Toka — 500 B - A npu Tex e 3HaYeHMAX HanNpRXeHUR U Toxe
Ao 5 A. Ckonb3Aaume KOHTaKTbl MOIYT 3aMbIKaTh 3JINEKTPUYECKYID Lenb
€ TaKoi e MOLIHOCTHIO, HO Pa3pbiE TUKA ROSMKEH OCYLWECTBAATLCA KOH-
TakTamy Apyrux pene. B 3aMKHYTOM COCTOAHWWM KOHTaKThl €NOCOGHBLI ANU-

TENBLHO %ponyq(arb Tok 5 A,
B Onuxkaitwuee Bpems HepOCTaTOMHO HadexHble pene Tuna PBM-12

n PBM-13 6yayT 3ameteHst HCBbIMK pene Tuna PCB-13.
Pene npomexyTounble.

flpoMexyTouHble pesie B CXEMaxX MaKCUMAanbHBIX TOKOBSIX 3aWuT U To-
KOBLIX OTCEYEK WCNOAB3YIOTCA, rRasHbIM 0BpasoM, B KauyecTBe WCNOJIHM-
TenbHoro opraHa (BbixoaHoro pene). CaoumMu ROCTaTOYHO MOWMBIMW KOH-
TaKTaMy OHKU TOARI0T ONepPaTHBHbIN TOK HA 3NeKTPOMArHWTbl YNpasfieHna
KOMMYTaUMOHHLIX annapatos. B oAHAX cxemax KOMTaKTamMu MPOMEXy-
TOYHOro perie PIT Ha aNeKTPOMarHWTbLl OTKAIOYEHWUA NOAJETCA ONepaTUBHbIA
NOCTORHHbLIV Tok {puc. B}, B8 ApYTUX — KoHTak Tl PIT nOAKNIOYaI0T 3NEKTPO-
MarHUT OTKAYeHuA J0 K NPeASAPUTENLHO 3aPFIKEHHbIM KOHAGHCATOpaM
{puc. 14). B cxemax peneitHON 3aWMTbl HA NEPEMEHHOM ONEPAaTUBHOM TOKe
ycunextsle KOHTaKTbl CheuunanbHelX NPoMeXyTouHbiXx pene tuna Pr1-341
AewyHTupytoT 30, TeM CaMbivi NOAKNAIOMAR €0 K U3MepPUTeNnbHLIM TpaHc-
cdopmatopam Toka 3awmnTel (prc. 13). Huke NpMBOARTCA KPaTkue CBEAEHVA
O Tex CepuAX WU TUMax NPOMEXYTOUYHBIX Pene, KOTOpble MOryT UCNONL30-
BaTLCA B CXEMaX MaKCUMMANBHLEIX TOKOBbLIX 3alMUT U TOKOBbIX OTCEUYEK U Bbl-
fIYCKAIOTCA 8 HacTOAIIee BPEMA NPOMBILAGHHOCTLIO (B TOM Yucne v o Tex,
KOTOpbIe NPeAnonarae¥ca CHAThL ¢ NponasoacTea: PT1-23, PN-25).

Pene npomexyrounsie Tunoeé PI1-23, PI1-25. dtu pene NpuMeHAOTCR

8 CXeMax MaxKcCUManbHo# TOKOBOW 3ativThl, 8bINCAHEHHbBIX Ha MOCTOAHHOM
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onepatnBHom Toke (PM-23} v Ha nepemeHHoMm oneparueHoM Toke {Pf1-2B).
Cxema sawmtht ¢ PI1-23 npusegera Ha puc. 5. Pene PN-25 mokeT ncnons3o-
83TbCA, HanNpumep, B CXeMaX MaKCUMAanbHON TOKOSOMN 3alUMTbl OT CBEpX-
TOKOB Meperpy3xkn, NOCKOMNLKY 8 peXuMax Meperpyskn 3auwmiuaemMoro
3INeMEHTa, Hanpumep TpaHcopMaTopa, HANPAXEHWEe Ha NOACTaHUUM N Ha
WMHKAX YNPaBAGHUA ¥ CUFHaNU3aUuN COXpaHAeTCA GAN3KMM K HOMMHaNb-
HOMY K MOXET GbITb UCTIONIL30BAHO B KaYeCTBE ONepaTUBHOIO.

HanpaxkeHne cpabaTeiBakuA pene He A0JHKHO BbITh Bonee 80% HoMUHany-
Horo anA pene tuna PN-23 u He Gonee 85% HomwHanbHOro ans PM-25. 3tn
napameTpbl ONPEAENRIOTCA Yy pene, HarpeTbiX A0 YCTaHOBUBLLErOCA Tenfo-
BOTO COCTORHMA HanpAxeHvem 110% HoMWHanbHoro npu Temnepartype
oxpyxawtuero sosgyxa 40 °C. Pene sbinycKaloTcA Ha HOMUHaNLHbIE HaNpPA-
wenun 24, 48, 110 n 220 B nocroanHoro Toka u 110, 127, 220 B — nepe-
MeHHOrO. Pene MOryT AnutensHo HaxoAWTLCA ROA HaANPAMEHWEM, PaBHbIM
110% HoMMHaNbHOro.

florpebnAeman MOWHOCTD RPU HOMMHANLHOM HanpAXeHuy He Gonee
6 Bt anA pene noctoAHHOro Toka u He 6onee 10 B - A anA pene nepeme-
HOro ToKa (npu npurAsyTOM AKope) ,

KoHCTpyKumn®R penie NO3BONAET BLINOMAHUTE HECKOSIbKO BapuaHTOs KOH-
TaKTHO! cuctemsl. Pene Bbinyckalotea ¢ 1 pasMbikawwym v 4 3aMbialo-
WMMK  KOHTAKTaMK, HO AYTEM NEPeCTaHOBKU KOHTAKTHBIX YFOfbHUKOB
1 NOABWIKHBIX KORTAKTHBIX NAACTMH MOXHO MORYHYATH CREAYIOUMe BaPUAHTbI:

a) 6)

][]

R[8|z[a|z[s|s][=|o]+[v]
[a[a][a]a]z]e]~]o]u]~]

SRR
4
/

BEEEEESEBENE

1
u
W I
| = — J
21f U |22
P16 -1 Pl -2

Puc, 21, Cxembl BHYTPEHHIX COBAUHEHN NPOMEXYTOYHBIX pene TUNoB PMN16-1 n PN16-2
{no KaTanory 3asoaa-usrotosuTens)
U, I — 06MOTKM HBNPAKEHUR U TOKE COOTBETCTBEHHO
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2 pasMsIKaOWMX 1 3 3aMbIKAIOWNX KOHTAKTa;

3 pasMbiKalowMx U 2 3aMbIKaIOWM X KOHTaKTa;

4 pasmbiKalownx ¥ 1 3aMbIKaIOWMN KOHTaKTbI.

HanBonbluan OTKNO43eManR KOHTAKTaMKU pene MOWHOCTb Npu Hanpaxe-
HMK 0T 24 ao 260 B B uenu noctoRHHOro toka — 100 By npu Toke 4o 2 A,
B uenu nepemeHHoro toka — 500 B - A npu toxe ao 5 A. HanGonswmit Tok
BKIOYEHNA K ANNTENLHO RAOMYCTUMBIA TOK KOHTAKTOB paBHbi B A.

Pene npomexcyroursie Tuna PI116-1 v PI116-7. Pene BbINYCKaOTCA HA HO-
MUHanbHble HanpAXeHws nocToAxHoro Toxa 12, 24, 48, 110 w 220 B
(PN16-1) u nepemenHoro Toka 100, 127, 220 8 (PN16-7). MoTtpeGnAeman
MOUIHOCTL COOTBETCTBEHHO paBHa 3,56 Bt 10B - A,

Pene umeioT oaHy oB6MOTKY HanprkeHrA (BKmiouaiowyio) , 4 3ambtKkaio-
uwMx ¥ 2 pasmbikalowmnx KoxtakTa (puc. 21, a). Pene Pf116-7 moxeT GbiTh
BbIMONHEHO K C APYFAM COMETaHUEeM KOHTAKTOB: 2 3aMbIKaOMX U 4 pasmbi-
Kawowvx. KoMmyraurorHas cnocoBHOCTL KOHTaKTOB TaKoBa, YTO OHM obec-
newnsaloT:

BKNOueHMe M NPOTeKAHWE HOMWHANHHOFO ToKa, paBHoro 5 A, amu-
TenbHO;

SKINIOYEHWe U NPOTeKaHue MOCTORHHOrO Toka 15 A B Teuenwne 10 c,
nocToAxHoro toxka 24 A B Teuenve 0,1 ¢ npyn nocnegylowieMm OTKAIOHEHUN
TOKa APYTUMU YCTPONCTBaMM;

OTKMIOYEHUE OAHUM UM ABYMA NOCNEAOBATENbHO COEAMHEHHBIMA KOH-
TaKTamn Creayiowmnx 3HaueHWin NOCTOAHHOLO TOKA NPYW MaBKCUManNbHLIX 3Ha-
YeHMAX HaMPRXKEHUA ONEePaTUBHOrO TOKA:

2,65-5,0 A—npn 26,4 B;

1,30~-3,0 A —npu 52,8 B;

0,581,256 A — npu 121,0 B;

0,21-0,62 A —npn 242,08B;

OTKAloYeHUe nepemMeHHOro Toka 5 A OBHMM KOHTAKTOM NPU Maxcu-
ManbHbIX 3HadeHUMAX Hanpmxenua 110, 121, 242 B u xoaddununeHte mow-
HOCTM Harpysxku ke metHee 0,5,

Pene npomesxcyrovssie Tunoe PI116-2, PI116-3, PI116-4. Pene 3Tnx tvnos
BbINYCKAOTCA ANA CXeM peneHOM 3alyuThl Ha MOCTOAHHOM ONepaTUBHOM
Toke. Pene PI116-2 nmeer Bkaouaiowyio 06MoTKy (KaTywky) nocToAHHOro
Hanpsxenua U u 2 yaepxusaiowme obmoTxkn toka / (puc. 21, 6). Pene
PN16-3 umeet Takoe xe UcCnonHeHne, HO 3 yaep KuBalowWne OBMOTKN TOKA.
Pene PII16-4 umeeT skntwovalowyd o6MOTKY TOKa M yaAepxusaloulylo ob-
MOTKY HanpAXeHuA. Y gepxusatouie 06MOTKY TOKa BLITIONHAIOTCA Ha HOMU-
HanbHbie Toku 0,5; 1; 2; 4 u 8 A. Yaepxusaouime o6MOTKYU HanprXeHwa —
Ha HoMuHanbHble HanpAxenua 12; 24: 48; 110 1 220 B (PN164).

Mcnonb3oBaHue npomMeKyTouHeix pene ¢ AByMA Buaamu o6MoTOK
(BKnIoYaOILMX ¥ yaepKUBAIOWUX) NO3BONAET BLINONHUTL B CXEMaX 3aLUMThbI
pasanvHbLie noruveckue onepaunn. Hanpumep, nocne cpabartsisaHna pene Pf7
C NOMOLLbIO BKNOualouieit 06MoTKKM Hanpaxkeruna U (no komaHpae oT pene PT
M3MEPUTENBHON Y4aCTU TOKOBOW OTCEUKW) MOXKHO YAGPXKMBaTh erc B cpabo-
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TasWeM nonoXekun ao Tex nop, noxa Tok 30 BsiKNO4aTENR NPOXOANT
Yepes yaepKUBaOWYI0 OBMOTKY ToKa / ©# KOHTaKThl 3TOro Xe pene
(pnc. 22). Nocne oTknoueHuA BuikMouaTena Gonbwoit Tok 30 OTKMOua-
€TCA CheunanbHbiMU BCROMOraTensHbiMM KoHTakTamu GKB sbikniouaTena,
B takoit cxemMe NPepoTepawiaeTcR BO3MOXHOCTL OTKMOYeHHA Gonbiux To-
KOB ManOMOLLHLIMK NO cpasHennio ¢ 5KB zamMbiKalowMMu KoHTakTammu Pl
B TeX CnyvasX, KOr4a UsMepuTenbHble pene pasoMKHYT CBOW KOHTaKTbi A0
fIONHOT O OTKAIOYEHUA BLIKNIOYATERA.

Pene aTuix TMNOB B CyMMe WUMEIOT f0 6 KOHTaKTOB, 4acTb M3 KOTOPbIX
YCROMAb3yeTCA TONLKO BO BHYTpenHel cxeme pene. ¥ pene Tuna Pri16-2
VIMEIOTCA: 2 3aMbIKAIOWNX BHEWHNX, 2 38MbIKAIOWWUX BHYTPeHHUX (8 enax
KaXaoM u3 yaepknpalowmnx oBMOTOK ToKa), 2 pasMbiKalomX KOHTaKTa
{puc. 21, 6). Y pene PT116-3 umetotca: 3 3ambiKalolmx BHYTPEHHUX (B ue-
NAX KaKION U3 YAEPXUBAIOUMX 06MOTOK). Y pene PM164 — 2 3aMbikato-
WYX U 2 PasMbiKaIOWMX KOHTAKTa, KOTOPbIE MOFYT MCMORL3OBATLCA BO
BHeWHNX yennx.

KommyTtaunmchHan cnocoBHOCTe KOHTAKTOB — TaKagR Xe, Kak y pene
Tiana PN16-1 {cm. Bbiwe) .

Penie npomexcyroynsie cepuu PI118. Pene aToit cepus OTHOCATCR K Tuny
NPOMEXYTOYHLIX pene, 3aMefneHHbiX nNpu Bkniovesun (PM18-1 — PM18-3)
UnuM NpK OTKMWOueHWM nuTakua (PN184—PN189 u PN180). No Hasua-
YEHU!O pefie ITOW Cepvuu RBRAICTCA aHanoramu pese NPOMEXYTOUHbIX cepuit
PM-250 {7]. B aannoit xuure ceegerna o pene cepur PN-250 He npuBoaATcH,
NOCKONBKY OHY CHUMAICTCA C NPOW3BOACTEa B CBA3M C BbLINYCKOM pene
cepuu PM-18.

3ameaneHHbie nPOMEXYTOYHbIE pBREe 4YacTo WCNORbL3YIOTCA B CXemax
peneiiHoi 3auMTbl. Hanpumep, anA BLINORHEHWA TakK Ha3bIBAEMOrO Y C K O -
peHnn s3awnte nocne ANB audum (puc. 23}, O6moTka npome-
wyTouHoro pene PITY (¢ samesineHvem Mpu OTKAIOYEHUW NMTaHWA) npu oT-
KAIOYEHHOM MONOMXEHUN BLIKAIOYATENA HAXOANTCA NOA ManprXKeHUeM vepes

_ - PRO oy -
+1m . [P + M {
+— | ~ L
LA PB2 PIy  PY2
1 03¢
b U e
Lo + 150 )
Ha omusayerue
Puc, 22. Cxema TOKOBO# 3BUHTHI C CF- Puc. 23. Cxema “ycKopeHun sauuTes
MOyOepiuaanuesm BbIXOAHOSO NpoOMe- nocrie AfIB” ¢ nomowsio npoMexy-
wyTouHoro pene Pf1 {tuna PR16-2) TowHOFO pene Pf1Y, wumelowero 3a-
Meanesue NPW  CHATUM  NUTEHUA
{tuns PN18-6}
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KOHTaKT pene P10 — pene nonoxeund "OtknaoueHo”. fpy 3T0M KOHTaKT
pene F1Y B uenM ycKopeHWA 3aumTsl 3amMxHYT. Llens yckopenva sawiuto
NPOXOAUT Yepe3s BPemMeHMMO 3aMbLIKAIoWNMK KOHTaKT pene BpemeHn PB2, xo-
TOpbI oTperynaupoBaH npumepHo Ha 0,3 ¢, YTO 3HAUMTENLHO MeHblue, 4YeMm
YCTaBKa No BpeMeHn OCHOBHOIO KouTaxrta PBT — Hanpumep, 1,5 c. MMocne
BKJIlO4eHUA BbiKnoYatent KoHTakY PI10 pasmbikaercA u pene PfTY teprer
nuTasne. Ho KOHTakT pene P/TY B uenu ycKopeHWm 3awnTbl nocrne AMNB
He pasmblkaercA B Teyenue, nanpumep, 0,8 ¢. Ecnu AMNB nponexoant Ha
ycTowsoe K3 u cpabBatbisaet 3awvra fvHKKM, TO KOMaHAa HA OTKAIOYEHVE
suikalouatenn nponaer Yepes 03 c, T.e. 3HaunTenbHO GbiCTpee, ueM uepes
1,5 ¢. Yckopetne BpeMern aeiictemA 3awmtet nocne AMNB ABnastcA oueHb
nonesHbiM U obasatensHbiM meponpusTuem [1]. Ecnu K3 6wino Heyctoi-
uuBhIM, TO nocne ycnewdoro ANB nuHKA ocTaeTcA B8 pabore n 4epez 0.8 ¢
uens YCKOPeHUA 3allUThi Pa3MbIKaeTCH.

Pene cepum P18 npeanasHaveHbl ANA MCNONL30BAHUA B UENAX NOCTOAH-
Horo {PT118-1 — PM18-7) u nepemenroro (PM18-8, PN18.9, PI118.0) onepa-
TUBHOIO TOKa B CXeMaX PeneiiHoW 3aumTst U aBTOMaTuKu. Pene nocronH-
HOMO TOKAa BbLINYCKAWTCA Ha HOMuHANbHble HanpmxeHuA 24, 48, 110 vnu
220 B, nepeMeHHOrO TOKa - Ha Hanpaxenun 110, 127 u 220 8. Kpome
BKNIOYAIOWEN OBMOTKY Ha ORHO U3 YKa3aHHLIX Hanpmuenwuit, 8 pene PMN18-2
UMEIOTCR ABe yaepxusatoiuue obmotku toka, B PM18-3 — Tpu yaepim-
Balwme 06MOTKY Toka. B pene PM1184, B oTAnune 07 OCTanbHbIX, MEeTCR
OAHa BKAOHAOUI3A O6GMOTKA TOoKa M OAHA yAEPXMBAICWAA 0BMOTKa Hanpa-
weHuA, KonuuecTeo OBMOTOK 1 KOHTaKTOB YyKasaHo B Tabn. 6. OBmoTkw
TOKA BbINONHARIOTCA Ha HOMUHanbHbIe Toku 0,5; 1; 2; 4 unu 8 A.

OOmMOTKK HanpaXerHuA BbigepxmneantT anutensio 110% HoMuHanbHOTO
HanpaxeHua. Pexnm paboTst 06MOTOK TOK3 — KpatkospeMeHHbid, [poaon-
MUTENLHOCTE NPOXOMASHKA ToKa: He Bonee 3 € — NP TPeXKPAaTHOM HOMYU-
HanNLMOM TOKE ANA BKNOMaOWeR o6MOTKY Toxa (PT118-4} u He 6onee 10 ¢ —
nPU  ABYKPaTHOM HOMWHENLHOM TOKE AnA  yaAepxusaloumx o6MOTOK
(Pf118-2, PN183).

KommyTaimotHan cnocoBHOCTL KOHTaKTOB pefie NP HaNprXeHuu
OT 24 po 242 8 B {eNAX NepeMeHHOrQ TOKa C KoIPHUUMEHTOM MOLLHOCTH
ne menee 0,6 cocrasnret 500 B - A (npu Toke Ao 5 A}, B uenax nocToAH-
Horo Toka — 70 BT {npu Toxe po 2,6 A) . HanMeHbluni paGouuit TOK, KOMMY-
TUPYeMbIil KOHTRKTaMu Npu HanpaxeHun 24 B, coctagnaet 0,05 A.

Pene tunoe PTii8-1 — PI18-3 o6ecneuuBaioT 3ameaneHne Npy B K N t0 -
YeHUUK fnUTasWA, T.€. BbIAEPXKKY BPEMeHM HA 3aMblKaHWe 3aMbIK2OWLero
KOHTaKTa B npeaenax ot 0,06 po 0,256 c¢. Pene tunos PM184—Pr189
v PI18-0 ofecneuwssaloT 3aMeaneHUe NpU OTKANIWUYEHWU U RUTaHUA,
T. €. BbIAEPKKY BPEMEHM Ha PasmbiKaHUe 3aMbIKAIWero KOHTaKTa 8 npe-
Aenax, yKasarnnix 8 7abn, 6.

AnA obecneyeHnA 3aMeAnNeHHOTO AGMCTBNA NPU BKANIDYEHVUK AU OTKIIIO-
YeHUHU [UTaHUA pene cepun PM18 umewT 6n10KY ¢ NONYNPOBCKHUKOBON
cxeMoi. 3ameanenue npu BKaodeHuu obecnevupaeTcA BpemMeHem 3apAfla
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Texnuveckue gantbie pene cepun P18

Tabnuya 6

KonuuectBo 06MoTOK

Konwuecteo Perynupyemoe
Tv pene | EKnrovox [yacpmusarouinx KOHTAKTOB 3ameaneHue, ¢, Apu
Hanpsme- | to-[ wHanpa- | ro- | 33MbI- [ PasMbISg L ovenun | OTRIO-
bl o | xcermm | o |raiownx | kaioumx yeHun
] j s | -
PN18-1 1 12 a
PN18-2 1 - - 2 1(4) 2 0,05-0,25 -
PN18-3 1 — —~ 3 21{6) -
PN184 - 1 1 - 2 2 - 0,4-1,0
PMN18-5 1 - - - 4 Ve - 0,15-0,5
3(4}
PN 18-6 1 — - - N 1 - 0,4—-1,0
3{4)
PN18-7 3 -1 - |- 12 - |os-20
3{4)
P88 1 - -1 ¢ | '@ - Jo15-05
2 3{4)
PR189 TR I N S A - loa-10
3(4)
PN18.0 1 -1 - |- 12 - | o820
3{4}

KOHAEHCATOpa, 33aAaHHAA NPOACMHKUTENBHOCTL KOTOPOro NAAaBHO perynu-
PYETCA C ROMOLUbLIO Pe3ncTOpa B Npeaenax, yKasaHHbix 8 1adn. 6.

3amegnenne npu oTKmoveHun (33aepxka Ha BO3BPAT) BLIMNONHAETCA
C NOMOUILIO 3NEKTPOMArHWUTHOrO pefie ¢ MarHUTONPOBOAOM W3 MarHUTO-
TBEPAOW CTanu W BpeMA3ajalouwero oprava. lNocne CHATUA HanpAXKeHWA
AUTaHWA AKOPb pene OCTAETCA MPUTAHYTLIM K MOMOCHOMY HAKOHEUHUKY
33 cuYeT OCTaTOYHOW HaMarHuYeHHOCTM MarHuTonpoBoja. [nA Bo3BpaTa
pene 8 UCXOZHOE NONOXeHWe uvepes 3afaHHOe BpPeMA B KaTyluKY pene oT
HAKONUTENLHOTO KOHAEHCATOPA NOAAETCR WUMNYABC TOKa ¢ OBGPaTHLIM 3Ha-
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KoM. MaruutonpoBos pene pa3marHAUMBaeTCA, AKOPb OTMAA3eT, WU KOH-
TaKTbl pene PasmuiKaloTcA {Mnn 3amMbIKaOTCA) .

3ananHOe BpemA OTNAaAeHUA pene AOMKHO ObiTh 3apaHee OTperynm-
posaHo (B npeaenax, ykasaHHbix B Tabn. 6) ¢ noMOLWbIO NTOABUXXHOIO KOH-
TaKTa pPerynMposovHOro pPe3UCTOpa BPEeMA3afalolero opraHa, pPacnono-
XKEeHHOro Ha flevaTHOW Nnarte pene.

NotpeGnAaeMan MOWHOCTb BKMOUY3IOWMX OBMOTOK HANPAXKEHWA: NO-
CTOAHHOro Toka 5 BT, nepemenHoro — 8 B - A; yaAepxusaioweit 06MoOTKH
HanpAXeHWA noctoAHHoro Toka {PMN184) — 3,6 Br. flotpeGnAeman mow-
HOCTh yaepXusaiowux obMoToxk Toka: 1 BT — npu HOMUHanbHBLIX TOKax
0,5; 1; 2u 4 A; 2 Br —npu 8 A; axmoyaoweii o6MoTku Toka (PN184) —
5 Br.

Cneayer OTMeTWTH BbIABREHHbIE Ha NPaKTUKe HEOCTATKW pene cepwii
P16 u Pr18 nepsbix napTuii, B 41Cile KOTOPbIX BO3MOXHOCTb MEXaHMU-
YeCKOrQ 3aCTPeBaHnA NOABWMXKHLIX 4acTeldl pene wu3-338 KopobneHWA nnacTt-
MaccoBbiX HaNPaBNAIOWKUX A KaK CNeACTBHE — OTKA3 3aliuThl,

Ans pene P18 803MoXeH pTKas B BO3BpaTe fipy MEANEHHOM CHIKEHNU
HanpAxeHnA nutanua. [loaToMy He cnegyer npuMeHRThL pene Tvna PTI18
ANA  CUrHAanNM3aUMKU CHUXKEHWA YDPOBHA HANPAXEHVWA HAa aKKYMYNATOPHOM
baTtapee.

Pesie cepuit PM16 w P18, o6napaloume nosbileHHON 4YBCTBUTENb-
HOCTbIO, MOryT usanuwHe (ROXKHO) cpPaboTaTe NPU TAKUX MOBPEXAEHVAX
uenAx NOCTOAHHOFC ONepPaTUBHOrO TOK3, KOTOPLIE Bbi3bIBAKOT 333eMIieHne
OAHOro u3 nonatocoB. B cBA3M ¢ 3tum B 1987 r. 6b1n0 NPUHATO pelleHve
{MpoTueoagapuiitbin  uupkynAp [ nasTexynpasneina Munawepro CCCP
N° U-10-87), cornacHo KOTOPOMY HEOGXOAMMO y BCEX pefe aTUX Cepuid,
noxHoe cpabaTbiBaHKe KOTOPbLIX APU BO3SHUKHOBEHWW 3a3eMMeHNA B UenAx
fIOCTOAHHOrO ONEpPaTUMBHOrO0 TOoKa MOXET NPUBECTU K TRXenbIM nocnes-
crevAM (aBapuAm), 3aWyHTMPOBATL KaTyliKy pene peauctopoMm 5,1 kOm,
10 BT anAa HomuHanbHoro Hanpsxenua 220 B n 1,2 kOm, 16 BT AnA Homu-
HansHoro HanpsxenuA 110 B, Mpu napansensHomM BKAOYeHUH ABYX U Gonee
pene napameTpsl WYHTUPYOULIErO PE3NCTOPa BbIGMPAtOTCA, MCXOAR U3 HeO6X0-
anmocTy ofiecneunTs peaynbLTUpylowee conpoTusnedue He Gonee 4 kOm
npun Hanpaxetyun 220 B u He Gonee 1 KOM npu HanpsxeHun 110 B.

Pene npomexcyrounoe runa Pf1-341. Pene npumeHReTCA B CXeMaX pe-
neiHoN 3awMTel Ha NepeMeHHOM ONEpPaTUBHOM TOKEe ANR AeLyHTUPOBaHNA
3NIeKTPOMArHUTOB YNPaBNEHNA KOMMYTALUUOHHLIMI annapaTammy, Hanpumep
aneKkTpomarHuTammn oTknkexua 30 {puc. 13).

MepeuyHan 06MOTKa NPOMEXYTOYHOrO TpaHcopmaTopa TOKa 3ITOro
pene fTHT sxnioyaeTCA BO BTOPUUHYIO ULENb U3MepPUTENbHbLIX TpaHchopma-
TopoB Toxa. Kak npasuno, B CxemMax 3aWMThi YCTAHABAVBAIOTCA ABa pere,
has A u C, HO ecTb cxeMbi, B KOTOpPbIX ucnonbayercA oaHo pene P-341,
BKNO4aeMoe Ha Pa3HOCTL TokoB (has A n C. K BropuuHoli 06MoTKe npome-
XKyTouHoro TpaHcthopMaTOpa TOKa uyepe3 BbINpAMUTEStb ¥ yNpasnaiowme
KOHTaKTbl APYrMX pene NOAKIIOYAETCA WCMONHUTENBHBIA OPFaH - Npomexy-
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TOYHOE pene NOCTOAHHOrO TOKAa C MepexnicHaloWMMIU KOHTaKTaMy NOBbI-
weHHOM mowHocT (anHanorvuusbiMun pene PT-85) u  nepekniouarowmmm
KOHTaKTaMK NOHYIKEHHON MOLWHOETU (B NOCnegHKMX NapTUAX pene — ABa
TaKMX KOHTaKTa} .

Nepexnioyaowme KOHTaKTb! TIOBLILLEHHOW MOLLHOCTH CrIOCO6HbI pe-
wyHTUposate 30 Buiknovatena (puc. 13). YcnoBus, npu KOTOPLIX MOryT
WUCMONLIOBATLCA CXEMbt 3alUMUThi C ACLUYHTUPOBEHMEM 3NEKTPOMArHUTOB
ynpaBReHna, paccMoTpeHs: 8 § 3.

KOHTaKThl NROHMMEHHO! MOLLHOCTY UCMONL3YIOTCA ANA CaMoyaep -
Knueanuna pene PN-341 B cpaboraswem coctoanun (puc. 13}, a Taxxe
ANR OCYLIECTBREHUA GrvKHero pe3epBupOBaHMA, Hanpumep ANA fOAKNoYe-
HUA AYGnMpyIowero aneKTpomMarsuTa ynpasaeHus K NpeABapUTENbHO 3apA-
WeHHbIM KoHaeHcaTopam (puc. 14). 3TM KOHTaKTbl cnocobHbl KOMMYTK-
poOBaTL UeMb NOCTOAHHOrO TOKA C MHAYKTUBHOW HArpy3Kko# MOWHOCTLIO
50 Bt npw Toxke He Gonee 1 A, HanpaxeHuy ot 24 po 250 B, a uens nepe-
MeHHOro Toka mouHocTbio 450 B « A npu Toke He Gonee 2 A. KoHTaxTsl
€noco6HLI ANMTENLHO NpONYCKaTh TOK 6 A,

Pere P11-341 umeer nBe ycTaBKM no Toky cpabatbiBanns: 2,5 u 5 A.
VameHeHne ycTaBoK NPOM3BOAUTCA NEPeKMOYeHNEM CeKULWA NepBUYHBIX
OBMOTOK MPOMEXYTOMHBIX HEChILLEIOUWKNXCA TRaHChOPMaTOPOoB ToKa 3THX
pene. Pene ponyckaet pgnutensHoe nNpoxodaeHue Toka 10 A no nepevvHoin
obmoTtke THT npu napannensHOM COEAVMHEHUW CEKLMW W KpaTKOBpemMeHHoe,
8 TeveHue 4 ¢, — Toka no 150 A [7].

MNorpeBnaeman MOWHOCTL O TPaHchopmaTopoB Toka y pene PIN-341
npu ABYKPATHOM ToKe cpabarbigaHua He npesbiwaeT 10 B - A {aHanoruuxan
MowlHOCTL y pene Bpemenu Tuna PBM-12, PBM-13, cm. Buiwe) . Conpotus-
nexne pene, Hanpumep, npu TOKe cpabaTwiBauA, pasHom & A, z, =
=10/{2-5)%2 =0,1 Om.

Penie npomexcyrounoe tuna Pf1-321. MNepeBuudan obmotka /THT 3roro
pene BKMIOYAETCA BO BTOPUYHYIO LEMb U3MEPUTENIbHbIX TpaHchopmaTopos
TOKa Takym xe obpasom, kak y pene Tuna PI1-341. Ycrasku no 7oKy cpaba-
ToigaHua {25 u 5 A) u norpebnAeman MOWHOCTL UMEIKOT Tarue e 3Ha-
YeHuR, Kak y Pf1-341, Ho B oTmmume oT Hero, B PI1-321 oTcyTCTBYIOT nepe-
KAKYaloWMe KOHTaKTbi MOBbILIEHHON MOLLHOCTH, CNOCOGHbIE feLYHTUPOBATL
AMNeKTPOMArHAT YNPasneHua KOMMYTaUUOHHOMo annapara.

Pere PM-321 umeeT ueTbipe 3aMbiKaloWMx KOHTaKTa, [yTem neperaiku,
NpU HEoGXOAMMOCTM, MOXHO BBINONHUTL ABA 3aMLIKAIOWMX U [1Ba Pa3MbI-
KaIOWMX KOHTaKTa HQPManbHOW MowlHoCTH, OHK CROCOGHBI  KOMMYTU-
poBaTh Lefb NepemeHHoro Toka MowHocTelo 500 B - A, uens nocrosHHoro
TOKa € WHAYKTUBHOM Harpyskod mMoixocTsio 100 Br npu Toxe He Gonee
2 A, wanpsxwenuu ot 24 ao 250 B (sanpumep, Nnpon3soanTh NOAKNIOYEHWE
3NeKTPOMArHuTa YMpaeneHna KOMMYTaUWOHHbIMY annapaTaMu K npeasa-
PUTENBHO 3aPAMEHHLIM KOHAEHCATOPaM). 37U KOHTaKTLl CMOCOBHe!I Anu-
TenbHO nNponyckaTh Tok 5 A [7].
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Pene npomexyroynoe Tuna Pl1-342. Pere npuMeHAETCA B uenAx no -
CTOAHHOTO ONEParMBHONO TOKa W BbINYCKAETCA Ha HOMMHaNbHLIe
HanpaxeHuA 110 u 220 B. OcHoBHOe HasHaueHWe pene — JAeWIYHTMPOBaHUE
3NEKTPOMAFHUTOB YNpaBneHWA KOMMYTAUMOHHBIX annapaToE € NOMOLLBIO
TAKUX JKe MEePEeKIoYaoUMX KOHTAKTOB NOBLILEHHONW MOULIHOCTY, Kakue
umelTeA B pene PMN-341,

+ NotpebnAeman MOLWHOCTE pene NP HOMWHANLHOM  HanpXKeHwUU
He Gonee 10 Br. Tepmuueckaa CTOMKOCTb ofecneuyBacTeA NPY AAUTENLHOM
BKNOYEHUM nofA HanprxeHwe, pasHoe 110% HomuHanbHoro. Pene vetko
cpabatbisaeT npu 70% HOMWHANBHOFO HANPAYKEHUA,

KoHTakTHaA cuctemMa TaKanA xe, Kak y pene Tina PM-341 [7].

Pene curnansybile.

CurnaneHble (ykasatenbHeie) pene npeaHas3HayeHbl AnA  (UKCAUMK
cpabaTuiBaHWR YCTPOWCTE peneiiHor 3awwmTto: U aetomatuxku. {lpw cpaba-
ThiBaHun Ha <hacafie ITHX pene NORBRAEGTCA XOPOLWO BLAUMbBIA (hnakok,
a TaKXKe 3aMbIKATCA KOMTAKTbi, C NMOMOWLLIO KOTOPLIX CUFHan o cpaba-
TbIBaHWM pene rnepefaeTcA 8 obWyl0 CXeMy curHanu3auuu. CurtHanbHble
pene BLINOAHAKTCA, KaK mpaswno, 6e3 camoBo3Bpara, T.e. ANA NOAHATUA
naxka TpebyeTcH BMewatenseTeo nepcoHana. [nutensHoe BpeMA Ucnons-
308aMMCh KOHTaKTHbIE curHansHbie pene 3C-21 n PY-21 [7]. B nacrorwee
BpeMA BbINYCKaeTCA YCTPOMCTBO CUTHansHoe Tuna 3C41,

Ycrpoicteo IC41 cocTouT K3 YeThipex GecKOHTAKTHbIX 3NEMEHTOoR,
BEACTBYOWNX HesaBucumo APYr oT apyra. Tlpu cpabatbisasun nwoboro
3MieMeHTa BbINagaeT cooTBeTCTBYOUMA hnaxok. Bo3aspar dnaxkkos —
pyuton. TloTpeBnAemas MOUIHOCTD K@KAOrO MEMEHTE NPA HOMUHANLHOM
Toke He Gonee 0,25 Br. Pene BLINYCKaWwTCA Ha HomMHanbHele Toku 0,015;
0,01; 0,025; 0,05; 0,075; 0,1; 0,15; 0,25; 0,5 u 1 A. Toku cpabaTeisauua
PaBHLI COOTBETCTBYIOLWMM HOMUHARbHbIM TOKaM pene.

.

6. KOMIIEKTHBIE YCTPONCTBA 3AWUTH,

KomhnekTHoe ycTpoMCTBO 3aWwuTel NpeacTaBnser coboit nubo Habop
CaMOCTORTENBLHLIX 3MEKTPOMEXaHUYECKMX pefie, CMOHTUPOBAHHBIX B QQHOM
Kopnyce (Hanpumep, komnnexTbl 3awmThl TUna K39, K3-12 u ap.}, nubo
#abop NoNynposoAHMKOBLIX 6NOKOB, PasMelleHHbIX B CAHOM WM HECKONbs
KUX Kopnycax. PasnnuHoe coueTanue pene wnu BnokoB MO3BOMIAET OCY-
WECTBAATE Pa3nuuHble BUABLI M CXEMbl PeneitHoM 3awuTsl U asTOMATUKH.
B coBpemexHbIX MONYNPOBOAHUKOBBIX KOMMNEKTHbBIX YCTPOWCTBAX MHOrMe
6Nn0KU ABAAIOTCA OBWIMMK AAA BCETO KOMRNEKTa, HanpumMep 6n0KK nuTasmnA,
npeoBpasosaTen ToKa, 3NEMEHTbI CMFHANM3aUUK U TECTOBOTC KOHTPONA
(Hanpuwmep, B ycTpoictaax API-2201, T3BP u ap.).

KomnneKkTthi 3aumtel cepum K3 ¢ anekTpomexaHuyeck¥MH pese.

Komnnexr zawursr tuna K3-9, Komnnekt npegHasHaued AnA BbiNoA-
HEHWA TOKOBOW OTCeYKy npu MHorodrasHbix K3 no asyxdasHod asyxpenen-
HOI CXeMe Ha MOCTOAHHOM ONepaTMsHOM Toke (TokoBaR oTceuka, puc. 5).
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B kOMNNeKT BXOAAT ABa MaxcMManbHbIx pene Toka (cepun PT40),
APOMEXXyTOYHOE W yKasaveneHoe pene. Pene Toxa MoryT 6biTb UCNONb3o-
BaKbl ¢ MoGbiMM nNpegenamu LWKane! TOKoB cpa6atbiBaWnA {ycTaBok),
yKalanHeIMW 8 Tabn. 4. HomuHanbHoe Hanprxxekue OMNEepaTMBHONO NOCTO-
afidoro toka 110 n 220 B.

Komnnext 3awurs: runa K3-12. KomnnekT npepHasHaveH AnA Bbinon-
HEHWA MaKCUManbHOW TOKOBO#W 3awMTbl npu MHorodasHeix K3 no aeyx-
hasHON ABYXPENeiHOi cxeme ¢ He3aBUCUMOM BbIREPXKKON BpemeHn Ha
NOCTOAHHOM ONEPaTUBHOM Toke. B xoMnnekT BXOART ABa MaKCVManbHbIX
pene toka Tuna PT-40 c nwbGeiMK npegenamun wKans ycragok {Tabn. 4),
pene spemern cepwn PB-100 ¢ maxkcumanbHoi BbtaepXKKo# BpemeHu 3.5
unn 9 ¢ (wanpumep, PB-124 unu PB-134, PB-132) . BeinonHAeTCA KOMNAEKT
H3 HOMKHaNbHOE HanpfxeHue 110 n 220 B,

Komnnexr zawurtsr tuna K3-17. On ananormued komnnexkty K3-12,
HO BLINONHEH C TPEMA MaKCUMaNbHLIMKU pene ToxKa (MakKcumanbHad TOKO-
BaR 3aWMTa NpuBesieHa Ha puc. 5).

Komnnexr sawutst tuna K3-13. Komnnekt npegHasHavyeH Ans Beifion-
HEHMA TOKOBOW OTCEMKW MIHOBEHHOFO AelCTBMA N0 AByxdaskoh ABYX-
peneiiHoit cxeme ¥ MaKCMManbLHOM TOKOBOW 3alUMUTblI C HE3aBUCMMON Bbi-
REPKKOW BpeMEHM No ABYX(ha3HO TpexpeneiHoin cxeme Ha TNOCTOAHHOM
onepatusHoM Toke (pwc. B). B xomnnekt BXOAAT NATH MaKCUMAanbHbIX
pene ToKa, pene BPEMEHU, NPOMEXYTOYHOE W TPW yKasaTenbHbIX (CHrHank-
Hbix} pene. Pene toxa cepum PT-40 ana otceuxu (4, 5) n anAa makcumans-
Ho#i sauuThl (7—3) ycTaHaBnUBalOTCA ¢ mpegenamy LWIKansl YCTaBOK, Bbi6-
paHHbLIMKU B COOTBETCTBMIS C pacyeToM U ¢ Tabn. 4. MaKcumMansHaa BeigepKa
spemeHn pene Bpemenu cepuin PB-100 moxer coctaegnats 3,5 unn 9 ¢ {taK xe
Kak B KomnnekTe tuna K3-12) .,

Komnnexr 3awjursi Ha nepemenHom oneparugHom toke Tuna K3-37.
HasHxauenne ero aHanoruwyHo komnnekty K3-13, Ho ebinonHeH OH No cxeme
¢ pewyHtvposaHuem 30 (puc. 13). B xomnnekt BXOOAT NATL pene Toka
Tna PT40, pene BpemeHu Tuna PBM-12 (unu PBM-13), ABa NpoMeXyTOYHbIX
pene wuna Pr1-341, curnansHwe (yxasaTensHble) pene. KpaTkue ceegeHun
o6 aTux pene npuseaeHs! B § 4, 5.

Komnpexr sawutet Tuna K3-35. KomnneKT npeAHasHaueH Ana sbinofn-
HRHMA MaKCUManLHOM TOKOBOW 3aumThi no AByXxdasHOW ogHOpeneliton
cxeme (BKNIOYeHME pene Toka — no cxeme puc. 10) Ha nepemexHoM onepa-
TUBHOM TOKE C aellyHTUpoBaHnemM 30, 3awvTa BLINOSIHARTCA C HE3AaBUCUMON
BbIAEMKKOW BpemMeHn ¢ pene Tuna PBM-12 (unu PBM-13) u Pf-341, T.e.
TAKUMU e, KaKue npepycMoTpeHs! B Komanekte K3-37. (O Hepocratkax
oAHopeneinHoit  AByxa3dHO CXeMbl MAKCWManbHOW TOKOBOW  3alMThbl
cm. § 2.)

Komnnexkr 3awurtesr tuna K3-36. Tak we kak xomnnexkTsl K3-35
n K3-37, oH npeaHa3HaYeH ANA BbLINONHEHWA 3alUThLI HA MepPeMeHHOM ToKe
¢ pewyHTUpoBasuem 30. Cxema maxcumansHoll 3aluMThl — AByxdasHaa
AByXxpeneii#as C He3aBUCUMOW BLIAEGPXKKOW BpemeHn Ha pene PBM-12
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{wnn PBM-13). Kpome pene Bpemeny, KOMMNEKT WMeeT ABa pene ToKa
PT-40 u pBa pene PI-341.

KomnnektHoe yetpoitcrao 3ammrel Tuna AP3-2201.

KomnnekTHO® nonynpoRoAHMKOBOe YcTpoidcTBo Tuna fIP3-2201 npea-
HAa3HaYeHO ARA YCTAHOBKU B KOMNMNEKTHbLIX pacnpefenurenbHbiX YCTPOW-
cteax {KPY) HanpaxeHuem & n 10 KB u moxer BbINONHATL Bce Heo6xoau-
Mbte ByHKUMW 3aWATLS M aBTOMATUKK OAHOTO WNW HECKONbKUX NPUCOeAN-
HexWit.

Ycrpoilieteo APY  (AwuK penelidbili AR 3HEpreTUKM) npeactasnAeT
coboi Habop 6GnNOKOB, pPa3nKyYHbIe COYETAHMA KOTOPb!X NOSBONAOT BLINOR-
HUTL Pa3nudHble BUAbI W Habopbl YCTPOWCTB peneiHon 3aWnTbt W aBTOMa-
Tk, npeaycmoTpenHble MMpasunamu [1] AnA TMIMYHBIX NPUCOEANHEHWIE
6 n 10 kB: noHmxalowero Tpavcopmatopa 6(10) /0,4 kB, anekTpoasura-
Tenn 6 (10) kB, xKaBenbHOW ANHUMK, CEKLWMOHHOrO BbIKNICYATENA U NUTAIOWEro
BBOAZ NOACTAHUMM 3TUX e KNaccoB HANPAXEHWA W APYIUX 3NeMEHTOB,
B TOM 4Yucne anA cxembt 6 KB cOOGCTBEHHBIX HYXA TENNOBLIX U aTOMHbLIX
anekTpocTaHuuii. MNpu 3akase ycTpoiictea API-2201 yika3bisaeTch B8 nepsyio
ouepeab HaMMeHOBaHWE BuAA npucoeaviHeHnA 6 (10) kB.

Paznuusbie 6noxn u HaBopbl 6nokoe ycTponctea API-2201 nossonaior
BbINOAHNTL MaKCUMANbHYIO TOKOBYHK 3aWWUTY C He3aBUCUMOW uAu ¢ 3aBu-
CYMOI OT TOKa BbIAEPXKON BpemeHn ot MexaydasHbix K3, toxosyo o1-
CRYKY, MIKCUMAafbHY!O TOKOBYIO 33Ty OT NEperpya3xu, cneynanbhbie
TOKOBbIE 33WMThI OT 3aMbIKAHMIA Ha 3eMIHO W APYTUe TUMbI 3alUUTbI, @ TaKXKe
YCTPOWCTBE aBTOMATMYECKOTO MNOBTOPHOr0 BKIOYEHWA [IPUCOEAVHEHWA
(AMNB), asTomaTnyeckoro BKAKYEHUA pesepsHOFO NuTaHnA (ABP), asrto-
MaTH4eCKOW YacToTHOW pasrpysku (AYP) uT. a.

Baoku ycTpOWCTBa pasmeleHbi B Kaccete YHUGDUUMPOBEHHOA KOH-
CTPYKUMW, KOTOPan 3aiKNnicueHa B MeTaniMueckui AWMUK ¢ pasmepamv 550 X
X 365 X 250 mm. AwnK ycTaHaBnueaeTcn 8 peneitHom otceke KPY.

Ycrpoitctea API BbiNYCKaOTCA Ha HOMUHAnbHLE HaNPAXKEHUA onepaTue-
Horo noctorHHoro Toka 110 uan 220 B. HomuHansHoe HanpfAxeHve nepe-
MexHoro Toka 100 B, HoMuHanbHbiM nepemeHHbii ToK 5 A.

8 ycrpoiictee API-2201 MoryT MCNonk30BaThCA N3MEPUTENbHbIE BGNOKK
C perynrmpyemMbiMy OGpPaTHO338MCHMBIMKU OT TOKA BPEMATOKOBLIMW XapaK-
Tepuctnkamu  {puc. 24). Bpema cpabatbiBaHWA 3awmMTel (B cekyHAax)
moxkeT BbITb OnpefieneHo No BbIPAXKEHMNIO

0,14
teg=A s, (6)
Ao _
rae A — K03DMOUUMEHT, KOTOPBIA MOXET U3MEHATBCA NPU perynuposxe

pene o7 0,05 a0 1; /. — oTHOWeEHUE TOKa B pefe K ero ToKy cpabarbiBanuA.

Taxknum obpazom, ¢ nomowstio AP3-2201 moxeT oCyLEeCTBAATLCA MaKCh-
ManbHaA TOKOBAA 3alMTa C BPEMATOKOBLIMU XapaKTepUCTUKaMW, aHano-
FUYHBIMM  XapaKTepUCTUKamMu JneKTpoMexaHuueckux pene vunos PT.-80
n PTB.
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cle Puc. 24, BpemMATOKOBLIE XAPAKTEPUCTHKYN
BnoKa MaKCuMBALHON TOKOBOW 3aLLUTSI

X ycTpoiictea AP3-2201

\“ #p3-2201
6 AnA BuinonHeHna makcumansHoM

TOKOBOH 33lUMTH! € HE3aBUCUMBIM OT
<5 TOKa BpemeHem cpabaTbiBaHwa nme-

\ & IOTCR pasnuuHble 6MOKK Bblgepkex

b N\J BPeMeHM € Npedenami perynuposa-

D S 0,05 a0 3,2 ¢, 070,1 5o 6,4 ¢

uo\\ Hur o1 0, ,2 ¢, ,1n06,4c¢,

P—— ot 0,2 ao 12,8 c. [Ina eeinonHenya

Ipfl.;| 3awnTbl OT neperpyaku MOXHO MC-

0/00 200 300 400 500 °/, nonb3oeatb 6NoK C BbiAEPKKAMM
spemeHn ao 200 c.

Ycrpoiictea fIP3-2201, kak u Apyrve coBpemerHble NONYNPOBOAHM-
KOBble YCTPOWCTBa 3aWMThI, UMEIOT ChleunansHblie BNOoKW ANA NpoBeaeHWR
TECTOBOTO KOHTPGNA NPaBUNbHOCTY (HYHKUUOHUPOBAHVA WU3MEPUTENbHBLIX
¥ NOTUYECKUX OPFrakoB Y LENei BbIXOAHBLIX pene.

Ana npoeeneHMA TecToBOro KoHTpOnA 6Gnox “‘Kommyrarop’ nepe-
CTaBNAETCA OOCNYKMBAIOUMM MEepcoHanomM B KOHTPONbHOE NOROXKeHUe.
Tipu 3TOM Lenu KOHTAKTOR BLIXOAHLIX Pene aBTOMAaTUYECKN OTCOeAMHAIOTCA
OT BHewHuX uenei Awnka API 1 nepeBosATCA Ha cBeTOAMOAL! Bnoka 'Kom-
myTaTtop’’. OAHOBPEMEHHO Ha KHOMKWA KOHTPORA, KOTOPbIE PacnonoMKeHsl
8 npeobpa3oBaTenbHbIX, N3MEPUTENSHLIX U NOrnYecKux (hyHKUMOHANIbHLIX)
6noxax, noaaeTcA HanpAxerue +15 B. JTum paspewaercA npoBeneHwe
TECTOBOM0 KOHTPONA, KOTOPbL!A OCYILECTBNAEGTCA NYTeM HaXKaTMA KHOMOK.
Ob6enyxuBalowmin - nepcosan, ASACTBYA B COOTBETCTBMIA C MHCTPYKUMEH,
noovepeaHo HaXKMMaeT KHOMKYU KOHTPONA, MNOAABaA HanpAXesvue Ha BXO0A
vaMepuTensHbIX MaAKM (DYHKUMOHANbHLIX OPraHOB ¥ BbI3bIBaR MX CpabaTbl-
Banve. Tlpu 3TOM CcpabaThiBaIOT COOTBETCTBYIOWME BbLIXOAHLIE pejlie U 3aro-
paeTcA TOT MAK WHOW cBeToaMOA bBnoxa ""KommyTatop”. TlpasuneHOCTL
3aropaHviA cseToAMOAa NPOBepAeTCA No Tabnuuam TeCTOBOro KOHTPONA.

B Aaumke AP npeaycmoTpeda crieuvanbHas KONIGAKA 3QKUMOB ANA
NOAKMIOYEHNA BHELIHErO YCTPOWCTRA HaNagKu U NepuoaAnYecKOoi NPOBepPKH
HacTpoOWKM n3mepuTenbHsix opraHos APJ. Takoe ycTpo#cTBo pazpabateui-
Baetcd. K coxanewuio, yctpoiicteo AP3-2201 He ROAYYMNO ewe WMPOKoOro
PacnpoCTpaHeHNA Ha OOBEKTaX JHePreTUKY,

YcTpoicTBO MaKCUMAaNLHOW TOKOBOW 3aWMTHl C 3aBMCUMOA XapaK-
Tepucruxoit Tuna T3BP.

MaiccumaneHaa TokoBaA 3awmTa Tuna T3BP npeaHas+adeHa anA 3aumTol
nunnii 10 kB ot Bcex sumos MexaydasHuix K3 u anA BbinonHeHnA ABy-
KpatHoro AMB wHa sawwmwaemoit nuHum, YcranaBnusaeTcA B Auveikax KPY
u KPYH otxoasrwmx aunuin 10 kB noacranumii 110-35/10 kB un nynxkToBs
ceKumonnposaHus n ABP.
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Puc, 25, BpempTokoeaR xapakTepuctuka (perynupyeman) MakCUManbHOMi TOKOBOW
3awunTsl TMRa T3BP

Ycrpoitcteo coctout u3 aByx GnokoB: Gnoka sawmuTbt n 6noka asy-
kpatHoro AMNB. Bnok 3auuThl npeacTaBnreT cofoi NONyNpoBOAHUKOBYO
MaKCUManbHYI0 TOKOBYIO 3alMMTY C OrpPaHWYEHHO 33BUCHMOW NPRMONM-
HEeAHOW amnep-CeKyHAHOW XapaxTtepuctukon A—B—C—D (puc. 2b}. Bnok
33WWTHl NOAKNIOMAETCA K ABYM Tpancdopmatopam Toka (das A n C)
W pearupyeT Ha pa3HOCTL TOKOB AByX ¢as. Llenu onpobosaHua paboTo-
crnocoBHOCTU 6noka 3aWmMThl MOAKNIOYAIOTCA K OAHOME3HOMY NepeMeHHOMY
HaripAxennio 220 B,

AvanaszoHbl NNABHOIO PErynMpoBaHUA YCTaBOK MO TOKY cpabatsbiBanuA
MaKCUManbHOW TOKOBOM 3aluMTbl Npu cummeTpuunblix K3: o1 2,5 po 5 A;
or b go 10 A; ot 10 g0 20 A; o7 20 ao 40 A. KoaddmuveHT BO3BpaTa
He MmeHee 0,98. KparHocth Toka cpabavbiBaHus TokoBo# oTceuku /¢ o
110 OTHOLIEHWIO K TOKY cpabartbiBaumMA 3aumThl /¢ , OT 2 A0 BbIBORA OTCEUKM
13 paboThl.

Mpeaensl NIABHOTO PerynMpPOBaHUA NapameTpPOB BPEMATOKOROM XapaKk-
TePUCTUKK: BPEMA [AGUCTBMA B HE3aBUCMMOW 4aCT BPeMATOKOBOW Xapa-
Tepuctuiu t, ot 0,35 po 4 c. Bpemna aeiicTBUA 3aWwmMThl B TOUKE NepeceyeHna
33aBMCUMOI HAKNOHHOWM 4aCTU XapaKTepucTukn A—B C BepTUKanbHOW OCbIo
Bpemeru t, perynupyetca 8 npeaenax ot 0,35 ao 10 c.

KpyTmaHa BpeMATOKOBOW XapaKTepuCTMKA & paBHa OTHOWeHWO fo/lo,
rae /¢ — TOK, COOTBETCTBYIOIW TOYKE MepeceyeHMA HaKROHHON YacTu
XapaKTepnucTUKn A—B ¢ ropn3oHTansHoM ocbio ToKoe, A.

3HayeHnAa & AOMKHBI HAXOAUTLCA B npesenax ot 2 Ao 0 —~ B AvanasoHe
ToKoB cpabaTtsiBaHnA 25—5 A; ot 1 a0 0 — npu 510 A; ov 0,5 a0 0 —
npu 10—-20 A, o1 0,25 10 0 — npu 2040 A,
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Bpemn cpabGaTeiRaHWA OTCBYKU Lo He PEryAMPYETCH ¥ MOXET HaXOBUTLCR
8 npeaenax ot 0,1 po 0,36 ¢,

Nockonbky 3awmrta T3BP pearupyet Ha pasHOCTh ABYX (Pa3HbIX TOKOB,
OHa umeeT nosbiweHHyto 8 1,15 pa3za yyscTBATeNsLHOCTL Npu Ay XMdastbix K3
H38 NMUHUU MO CPaBHEHUIO C 0OLIYHLIMU TOKOBLIMUY 3aWKTaMN, PearkpyionMmu
Ha thasHble TOKM, BBINONHEHHLIMKM, HaNPUMEP, NO CXeMaM, NPUBEACHHLIM
Ha puc. 5, 6, 11-13. 310 BbLI3bIBAET HEKOTOPbIE OCOBEHHOCTH NpU BuiBope
napameTpoB cpabartsiBatnA {ycrasok) sawmTet T3BP [5].

MNpu pacvete napamerpoB cpabarviBaHuA saumthl T3BP, kpoMe BblGoOpa
TOKOB CpabaTbIBaHMA MAKCUMANLHON TOKOBOW 3aumTul /. 3 U OTCEUKWH
/e .o, HEOBXOAUMO HaliTh 3HaueHun (ycrasxu) to u t, (puc. 25}, a Takxe
3H@yeHue o, KOTOPbIe W ONpeaAenAloT NONOXeHue BPeMATOKOBOW XapakTte-
prcTuKn 3auutel A—B—C—D [5].

3ammra T3BP no pAay MNpuunH He NONyYMAa LWMPOKOro pachpocTpa-
HEHUR B CENbCKUX 3neKTpuyecknx cetAx 10 kB, oaHako, NPOACMKAIOTCA
KOHCTpYyKTOpCcKMe paboTel NC CO3AaHUI0 NOROGHOrO KOMNNEKTHOro YyCT-
POCTBA 33T M ABTOMATMKYN ANA ceTeid 3TOM0 KNacca HanpAXKEHWA.

7. PACYETbI NAPAMETPOB CPABATbHIBAHUS
MAKCUMATIDbHbLIX TOKOBbIX 3AWKUT

Pacuer napameTpoB CpabaTbiBaHUA MAKCMMANbHLIX TOKOBbLIX 3al{UT
FRaBHbiM 06Gpa3oM cOCTOUT W3 BbIGOPa TOKA CpabarbiBaHUA U3MEPUTENbHBIX
OPraHoB8 3alwTbhl U BbIACPHKK BPEMEHW NOFUYECKOrO 3NleMeHTa 3aAepPiKKu,
T. €. YCTaBOK MO TOKY W NO BpemeHu. JINA TOKOBLIX OTCEYEK Yawe BCero
BbIBUPaeTCA TONLKO yCTaBKa No TOKY, HO KHOTAA — W yCTaBKa NO BPEeMeHW.

Bbibpantibie yCTaBKU RO TOKY W NGO BpemeHn AONXHbLI obecneunmBats
npasusbHYI0 paboTy 3awnThl, OoTBevalowyl TpeboBaHMAM CeneKkTUBHOCTH,
YYBCTBUTENLHOCTH, BrICTPOAEUCTRUA 1 HapgexHocTy [1].

{lpn BbIGOpPE YCTaBOK MOMXET BbIABUTLCA HENPUIOAHOCTE NpPeABapu-
TeNbHO NIPUHATON CXEeMbl M AXe TUAa peneiHoi 3awmTtbl. Hanpumep, npu
HefloCTaTOMHON HYBCTBUTENBHOCTH MAKCUMANTbHOA TOKOBOW 3aliMTbl TpPaHC-
tbopmatopa mam auHMM K yaaneHHbiM K3 moweT notpe6oBaThcA A0ONOfN-
HUTENbHaA YCTAHOBKA MyCKOBOro OpraHa HanpreduA unu soobule 3amena
3TOro TUMA 3aLLNATLE Ha APYIroi — AMCTaHUMOHHBIA. BO3MOXHBI ciyyaun, Koraa
B pe3synbrate BbIGOpa yCTaBOK MaKCMMAanbHO# TOKOBOW 3alllUThl BbIRBNRA-
IOTCA BO3IMOXHOCTU obecneveHnn ee YyBCTBATENLHOCTA TOALKO MPW YCHOBUW
npeaHamMePEHHOI0 OrpaHUYennA CBEPXTOKOB neperpysxkm, Hajipumep Hepo-
NyweHna OAHOBPEMEHHOIO BKIOYEHUR 60NbILUOTO UACNA ACUHXPOHHBLIX
ABurareneis, npefycMoTpes UX NooYepeAH bl NYCK C NOMOWbIO cne-
LUManLHO aBTOMaTUKN,

Takum o6pa3om, BbIBOp YCTaBOK 3almThl ABAAETCA OVEHb OTBETCTBEH-
HbIM genoM. M vem npowe yCTPOUCTBO 3awmnTel, TeM Gonee CNOXHLIM 1 Tpy-
AOEMKUM MOXET OKa3aTbCA BbiBop ee napamertpos cpabaTeizaHnA. Noatomy
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ApY pacueTax PeneiHoi 3awMTel WHTEHCUBHO WCMONbL3YIOTCA COBPEMEHHbIE
3NEKTPOHHO-BLIMUCRNTEABHbIE MawmHbl (IBM).

B pacnpeAennTENbHbIX 3NEKTPUYECKUX CeTAX MPOCTOA KOHGMrypauum
HanprxeHneM ao 35 kB, a udorpa n 110 B, rae 8 0CHOBHOM U NPUMEHRAIOTCA
NpoCTbie MaKCUManbHbIE TOKOBbIE 33WWTbl, ANA PpacyYeTa YCTaBOK MOXKHO
MCRORL30BaTL Kak npasuno, nepcoHansHsle IBM, HasbiBaemble
Mnkpo-3BM, a B HacToAwee BpemMAR — nepcoHanbHbimue IBM (NIBM) .

B avanore ¢ 3BM MOXHO GbicTpo NpovsBecTy pacieThi TOKOB KOPOT-
KOO 3aMbIKaHMA ANA Pa3finiHbIX PEXKUMOB paboThl 3INEKTPOYCTaHOBKM,
BLINORHUTL HECKORLKO BapuaHTOB BblIGopa napameTpos cpabaTuisaHuA
KaKon-nMMBo 3awnThl, HPU HeOGXOAMMOCTH YCNOXHAA €e CXemy, 3aMeHAR
AelleBble 3neKTpomexaHnuuyeckue pene Oonee AOPOrMMK  NONYNPOBOAHW-
KOBbIMW pene ¢ Ny4YWMMKU XapakyepucTuKamu. [1paKTUUeCKN 0aHOBPEMEHHO
pelaloTCA BONPOCH! NYCKa M CAaMO3anycka aneKTpoAsuratened Harpysxu,
Npou3BOANTCA 8bIGOP 3nexTpoasuratenein, KoTopbie NPeaABapUTENbHO,
nepea Aeictsmem ycrpolictea ABP, nomxHbl OTKAOYATLCA, a TaKXKe BbiGu-
patotca napameTpsl cpabateiBaHnA yctpoicte ABP, onpeaensiowme ovepes-
HOCTb MX AedicTeni. flanee rpon3BOARKUTCA PacueTHaA APOBEPKa N3MepUTestb-
HbIX TPaHCHOPMATOPOB TOKa, KOTOPAA TaKXKE MOXET OKa3aTsCH MHOfO-
BapMEHTHOW U NPUBECTN K HeoBXOAWMOCTK 3amenb: TpaHctopMaTopos TOKa
¥ M3MeHeHWA paHee BbIOPAHHLIX TWNOB W nNapameTpoB cpabarbizaHus ycT-
PONCTB 3aMThl.

Ana cocraBneHuA npuknagnbix nporpamm IBM, Tak ke Kak u anA
0BbIuUHBIX pacveToe NapameTpoB cpabaThiBaHMA MAKCHMaNbHbIX TOKOBbLIX
33WMT ¥ TOKOBBIX OTCEYEK, UCNONB3YIOTCA N3BECTHBIE, NPOBEPEHHbLIE MHOI0-
fleTHed NpakTUKOW pacyeTubie ycrosun [1-5]. B atom naparpade oHu
NpUBCAATCA B OBILEM BUAE, 8 KOHKPETU3NPYIOTCA — B CREAYIOWMX NpU-
MEHUTESbHO K 0COBEHHOCTAM 3alMLtaeMbIX INeMEeHTOB,

BbiGop Toxa cpabarbiBaHMA MaKCUManbHOW TOKOBOR 3aLUTDI.

Tok cpabGaTbiBaHMA MaKCUMansHOM TOKOBOW 3auiMTht  BbibMpaeTcA
8 amriepax ro ycnoBuid (7) mecpabaTpiBaHWA 3aLUTLI APA CBEPX-
TOKax nocieaBapuitHeIX neperpysox, no ycnoswio (8} cornacosa-
HUA YYBCTBUTEAbLHOCTY 33WMT 33UNUIAEMOTrO NOCAEAYtOWEro
M NpegbiAYMX 3NeMEHTOB, a TakXe No ycnosuto (2) obecnevennA Heo6xo-
AVMMON YYBCTBUTENBHOCTMU 3aunThl KO BCeM BUAAM K3 B OCHOBHOI 30He
W B 30HaX JankHero pesepsuposaHua (puc. 1),

Mo nepsomy u3 3TUX YCROBWIA TOK CpabaTsiBaHWA MaKCUManNbHoN TOKO-
BOMN 3autnTht /¢ BLIBUPAETCA NO BbIPAKEHUAM

kukean
lea= o !pab max 7
8
nnn
fe.s =kylesnlks, (7a)

rae k, — xoabdnumeHT HaaexHoCTH oTcTpoiikn (Tabn. 7} ; kg — Koathgu-
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Tabnuya 7
3usuenun Koathpuunentos 8 sbipamennax (7) u (8} BmiBopa Toka
cpadaThiBaHMA MBKCHMANLHOW TOKOBOH 3aULM YD

Tun {cepun) pene Toka ky kg Ky

PTB 1.2-1,4 0,68 1.4~15
pPTB-40 1,1-1,2 08 1,2-1,4
PT80 1.1-1,2 0.8 1,3-14
PCT 11, PCT 13 1,15 09 1,1-1.3
T38P 1,15 0,98 1,1~1,3

UMEeHT BO3BpaTa MAaKCWMMaNbHbIX pene TOKa UKW KOMANEKTHbLIX YCTPOHWCTB
TOro e HaaHaueHua (Tabn. 7); ko3 — KO3 UUMEHT CaMo3anycKa, PaBHbli
OTHOWEHMIO MaKCMManbHOrO 3HAYEeHWR TOKa NpY CaMO3anyckKe Harpysku
Ie3n K MaKCUManbHOMY peanbHOMY 3HaueHuio paboyvero Toxka 3&LMLLEaeMoro
anemeHTa /a6 max, T- €. Kcan = /can//pab max -

MakcumansHbie 3HaveHVA TOKAa caM03anycka n KoathgpuumueHta caMmosa-
MycKa NP1 3HaUMTentHON Aone aNeKTPoABUraTensHoi (MoTopHOW) Harpysku
ONpefeNAOTCA pacdeTOM ANA KOHKPETHbIX ycnosuid, HO obAsatensHo npwu
HauGoRee TRXKEIOM YCNOBU# NMYCKAa MO NHOCT b0 3aTOPMOXKEHHbIX 3NeK-
Tpogeurateneit. [ANA HarpysoxK  >KUAMWHO-KOMMYHanbHOro (6biTOBOro)
CeKTOpa, a Takke AnA GONBLLIMHCTBA HArpy3cK B CENbCKON MeCTHOCTH, rae
npeobnapaloT oceeTUTEfbHbIE W . 3NEKTPOHarpeBaTenbHble ycTpolcTsa npu
OTHOCUTENbBHO HeGONbLUOIN Jone MefNKoMOTOpPHOW Harpyaku, koadduument
£amMo3anycka, Kak Mpasnufio, He PaccyvTuiBaeTCA, a NPUHUMaeTCA B npe-
aenax 1,2—1,5.

MakcumanuvHoe  3HaueHMe pabovero ToKa 3aWKLAaeMOro 3nemeHTa
/pag max ONPEAENAGTCA C YYETOM €r0 MaKCUMAanbHO AOMYCTUMON neperpys-
ku. Hanpumep, anA TpaHcthopmaropoe 10 u 6 kKB mMowHoctsio ao 630 xB - A
BONYCKAETCA anuTenpHar neperpyska ao 1,6-1,8 HomuuansHoro toka,
AnA TpaHchopmaTopoB aAsyxTpancthopmatopHbix noactaHumi 110 xB —
go 1,4-1,6 HomuHankHOTO ToKa, ZAnA HEKOTOPLIX 3NEMEHTOB neperpysKa
soobile He ponyckaercA (kabenu HanpsxkeHuem Bbiwe 10 kB, peakTopbl).
3HaueHuAR AONYCTUMBIX MaKCUMaNbHLIX Harpy3oK OnpeaensioT AUCNeTuep-
cKune cnyx6u.

Mo ycnoeuto cornacoBaHWA YYBCTBUTENLHOCTM 3alUMT f0OCNEAYIOULero
{saumaemMoro} W npeAbiAYWKMX 3N1EMEHTOB ToK cpaBarbisaluA nocne-
AYtOLLEN 3aWnTHI BbIGUPEETCA NO BbipaXKeHUIo

ku.c
lc.a.nocn 2 e
P

rae Kyc — KO3DMUMEHT HAASXKHOCTU COTNACOBAHWUA, 3HAUEHWA KOTOPOTO
npuBeAeHbl 8 TaGn. 7, npruyem Gonbline W3 HUX OTHOCATCA K TeM CRYYanM,
KOrAa 3alluMThbl NPREABIAYWMUX 3NEeMEeHTOB BbLINOAHEHbI Ha pene NPRAMOTo
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AeficteuA tuna PTB; kp —~ koadibmuveHT ToKopacnpeaefieHnA, KOTOPLIA
YUATHIB2ETCA TONLKO NPU HanMumy HECKOSIbKMX UCTOMHUKOB NUTAHWA, a NpW

n
OAHOM WCTO4HMKE MMTaHKWA paseH 1 (puc. 26); X I¢.3.npes max (n)
1

HanBOoNbLILAA U3 rEOMETPUUECKKX CYMM TOKOR CPabaThiBaHNA MaKCNMaNbHbIX
TOKOBBIX 3aWMT napannensHo paboTamwimx Mpeasiayiiux snemedtos () ;
NPy pasHuie Mexay yrnamu $asocBOro cABWra HaNpsKeHWA W TOKa ANA
BCEX NPeALIAYLUMX 3MEMEHTOB N He Gonee 50° ponyctumo apudmeTnyeckoe
N-—n
CAOXEKNE BMECTO FeOMEeTPUYeCKOoTo; 2 lpa6 max (N —n) — reomeTpu-
1

YeCKaA CYMMa MaKCUMafbHbiX 3HaweHuil paboumx TOKOB BCeX NpeablAYLIMX
anemeHTOB (N), 33 UCKNIOYEHUEM TeX, C 3ALLUTAMKU KOTOPbIX NPOU3BOAUTCA
cotnacoBadne (n); npu npumepHo OAHOPOAHOW Harpyske AONYCTKMO
APUPMETUYECKOE CNOXKEHUE BMECTO FeOMETPUYECKOrD, YTO CO3AEeT HEKOTO-
Pbifi pac4YeTHbI 3anac,

Hanpumep, anA Kaxaoi us npeablaywux nuyuie 2—7 {puc, 26} anaueHna
pabouero Toka fpas max = 100 A; TOK cpabaTbiBaHUA y 3alMT nunui 5—7,
pabovaiowmx napannenasHo (n = 3}, oaunaxos: /o ; = 300 A. Torga Tok
cpabaTbiBaHA MaKCUManbHOW TOKOBOR 3aWMThl focRegyouen nuvun 7
no ycnoauio (8) npu &k, ¢ = 1,3 nonxen GbiTs

fe.ar 2 1,3(3-300 +3-100) = 1560 A

YcranoeuB TaKkoi TOK cpabaThiBaHuA 3aWuTbl Rocneaytoulei nuHan 7,
MOXHO GbiTb YBEPEHHBIM B TOM, YTO €e u3mepuTenbHble opraHbl cpaGoTator
ms Npyu Takux 3xaveHnax Toka K3, npu koTopbix obecneunsaetca cpaba-
ThIBAHWE 3aMT Npeabiayiumx anemenToB. Mpu aToM yuuThiBaeTCA BO3MOX-
HOCTb pacnpeaeneHud Toka K3 no aAByM unu Tpem napannenbHo paboTaowmMm
NPeALIAYWUM NUHWAM Unu TpaHchopmatopam. MapannensHan pabota 6onee
4eM TPeX 3neMeHTOB OCYLeCTBAASTCR OYeHs
peako.

MNpaeuna [1] Tpebyior suinonHaTL CO-
rnacoBaHWe YyBCTBUTENbHOCTU 3alUT BO
BCEX CAYvYaAX, KOraa BO3MOXHO AeNCTBue
3aWUTbl  flochedyioitero anemeHta  (nm-
1A 7 Ha puc. 26) n3-3a 0TKa3a BCReACTBUE
HEAOCTaTOYHOW YYBCTBUMTEABHOCTU 3AWMUTH)
npeasiayulero snementa Hago otmeTuTs,

Puc. 26. Cxema 3nexTPUYECKON CETU C Napanaens-

HO paBoTaIoWUMU NPeabIAYLEUMMA  3NeMeHTaMK

3, 4 w 5-7, noAcnAalowan ycnosue (8} cornaco-

BBHUA MYBCTBUTEABHOCTY MAKCUMANbHbIX TOKO-

BbIX 3BULINT FAOCAEAYIOWMX U NPEALIAYWMX 3ne-
MeHTOB




470 B PACNPEACNUTENLHLIX INEKTPUYECKUX CETAX, FAe B OCHOBHOM U NpPUMEHA-
10TCA MaKCUMaJSibHbieé TOKOBbIE 3aWINTLI, BECbMA BRPOATHbI OTKasbl 3aWMT
13-338 HEAOCTAaTOMHOW YYBCTBUTenbHOCTM Npu K3 B 30HaX AanbHero pesepsu-
posaHua. Hanpumep, npu yaaneHHbix K3 Ha nuHnAx npu oTkase cobeTBeHHOM
3aWNTLY MNK BbiKAvaTens {nuumnA 8 Ha puc. 26) vnu Npu ITUX e YCNOBUAX
npu K3 8 tpaucthopmatopax, B aneKTpoaBuraTenax, 3a peaktopamu v 1. 1.,
Koras 3HaveHMA Tokoe K3 Hesenvku v GnM3kyM K TOKaM cpabaTbiBaHuA
33lLMT MocneayowmMx snemeHToB (nuHMN 5—7 Ha puc. 26) w 3TH sawwThl
HaXORATCAHE rpaHmn cpabaTbiBanURA,

Hanbonee TAXenbiMu YCROBUA COMNacOBaHWUA YYBCTBATESIBHOCTN M3KCH-
ManbHbIX TOKOBbLIX 33WWT OKAa3LIBBIOTCA Npu NapannensHo paboTaloumx
NPeAbIAYLIMX NEMEHTaX, NPU  PasSHOTUMHLIX BPEeMATOKOBLIX XapaKTepucTh-
Kax CcoFnacyembiX 3aWMT (B TOM 4UCne u NRIBKUX NpegoxpaHvTenei),
a8 TaKXe NPy BLINTONHEHUM Ha OPEeAbLAYWUX 3INEMEHTAX AUCTAHUMOHHLIX
saugut [5].

N3 nonyuenHbix no BeipaxeHWAM {(7) wn {8) 3HaveHuh ToKoOB Cpaba-
TblBaHWA 33WMTHI BbiGupaeTca Haubonbwee, a 3aveM NO Buipaxxennto (1)
onpefenAeTcA TOK cpabaTeiBawuA pene. [lNA 33T, BbINOSHEHHLIX HA TOKO-
BbIX Pene ¢ NAaBKoON perynupoBKo# Toka cpabathisaHuA (Hanpumep, PT-40),
nonyveHHoe 3nauenve /., NPUHMMAETCA 3a yCTaBKy no Toky. Ana sawut
¥ pene Co CTYNeHYaToM peryiupoBKON Toka cpaBaTeisanna (§ 4) noabupa-
etca Gamxaittuee Gonbluee 3HaYeHNE YCTaBKWU MO TOKY.

YyBCTBUTENLHOCTE 3a4MTLI ONpeaenAeTcA no ssipaxkednto (2) . Mutin-
ManbHble 3HaueHMA ToKa B pene /o min BHIGUPAOTCA Npu Cambix Hebnaro-
NPUATHLIX YCROBUAX: HauboAblUEM CONPOTUBNEHNN NUTAIOWENR 3HEPro-
cMCTeMbl (MUHMMANLHLIA pPeXXuM) U HauBonbliem CONPOTUBAEHVN QO MecTa
K3 Ha 3awmMwaemMoM 3neMeHTe (OCHOBHam 30Ha Ha puc. 1) M B 30Hax aanb-
HEro pesepBUPOBaHUA.

Ana ebibopa MANMMANBHOTO 3HaueHWA TOKa B pPEne paccMaTpuBaloTCA
ece suabl K3. Hanpumep, ana asyxdasHoil cxeMbl MaKcUManbHoO# TOKOBON
32Tl {puc. B) U3 Tabn. 1 BuaHo, uto npu K3 Ha 3aMLIaeMbiX AMHWAX
MUHWMaMbHOE 3HaueHWe ToKa B pefie CNeayeT DAccyMTbiBaTe MpU ABY X -
dbasHblx K3. A npu tex xe suaax K3 3a tparcthopmaTopamm co cxeMmamm
coeanHenva obmotok Y/ A -11 uam A /X -11 BakHO y4ecTb CXemy
BLINONHEHUA 3aWMTLI: ANA RBYXpeneiHoi cxembl (pene PTT, PT2 na puc. 5)
pacueTHoe 3HaeHne /o min = 0.5 153, a ann Tpexpeneitnol ~ g min =
= 133 W, CAEAOBATENBHO, YYBCTBMTENBHOCTS 3aWUTLI NOBbLIWAETCA B 2 pasa
1 NOAYYaETCR OAMHAKOBOW NP TPexdasHOM M BCEX BUAAX nByxdasnsix K3,
30ech HANO OTMETUTL, 4TO YYBCTBUTERBHOCTL 3ANTHI OUEHUBAETCA MO H & VU -
6OoNbWeEeMY M3 BTOPUYHbIX TOKOB, NPOXOARUMX B M3MEPUTENbHBIX
pene 3atyThbl, XOTA Gbl M B OAHOM M3 TPeX pene, NOCKOAbLKY BCe pefie camo-
CTOATEAbHO AGWCTBYIOT Ha NIOMMYECKYIO YacTh 3alMTbI (BKIMOUEHLE NO CXeme
WNW, puc. 5, e) .

Tok cpabaTbigaHud pene B Bbipaesun (2) paccynThIBaeTCA No Bbipa-
wennio (1). 3naveHun koadhduumenTa CXeMbl YKa3aHsl paHee Npy paccMoT-

66



peHUM Ppas3fnyHbiX CXeM BbINONHEHWA MaKCUManbHbiX TOKOBbLIX 33T,

OnA 38WMT NUHUI, BLINONHEHHLIX 10 CXEMe HEeNoNHOW WAV MONHOW
3Be3fsl (puc. 5 m 7), ¢ BKMIOYEHUEeM pene Hah a 3 H bl € TOKK pacueT Koad-
dmuueu'ra YYBCTBUTESNIBHOCTU 3allNThbt MOXET IPOUIBOAUTBCA NO NEepPB N Y -
H bl M ToKam K3 1 cpaBarbisalna sawuTbl {nepsusHomy) :

Kuye = {1k minflc.s- (9)

AnA ouesKu YyecTBUTENLHOCTH 33IUKUT TpaHcthopMaTopoR Nyulle NONb30-
BaTLCA BbipaxeHnem (1).

AnA 23umT, BLINONHEHH:IX Ha pene npAMOro AeictenA Tuna PTM v PTB
{pnc. 11}, HeoBx0aMMO QUEHMBATE YYBCTBUTENLHOCTD C YYETOM AetCTBUTEND-
HOIO 3HAYEHVA TOKOBON MNOTPELHOCTU f n3mepuTensbHbiX TpanchopmaTopos
Toka {ecnu £ 2> 10%) . Nprimepsi pacveTa npuseseHs! 8 pabote [5].

AnA 3aWmT, BLINOAHEHHBIX NO CXeME C AGLYHTMPOBaHWEM 3NEKTPO-
Maruutos oTknioveHns 30 (puc. 12, 13), AOROAHUTENLHO NPOBEPRIOTCA
YYBCTBUTENLHOCT: I0 M HEBO3SMOXHOCTL BO3BpaTa 3aWiUThl NOCHE ACLLYHTK-
poBanuA 30 npu AENCTBUTENLHBIX 3HAYEHUAX TOKOBOW NOrpetlHOCTA B 3TOM
pexmme, ecnu oHu npessiuatoT 10%, Tlpumepbl pacyeTa npuseaeHbl B pato-
1e [B].

YeenuueHne 4ysCTBUTENLHOCTM MaKCMMaNbHON TOKOBOW 3aWMTLI MOMKET
6bITb AOCTUFHYTO MpUMeHeHWem Gonee coBeplueHHbIX pene {Tabn. 7)
K yMeHblUEHNeM 3HAYeHWH TOKAa Camo3anycKa MOTOPHOW Harpyaku. Mcnonb-
3YETCA TaKMe aBTOMATWYecKoe CeKUMOHMPOBAHMWE AMHWIA 3AEKTpONepeAaun
C NOMOLLLI0 BLIKRAIONATENEN C 3aL4UTOM C UEMbI0 YMeHbILUEHVA AfIMHDI 3alm-
uiaemeix 30H [5].

Buibop BpemeHn cpalaTbiBaHMA ¥ BPEMATOKOBOW XapaKTepPWMCTUKK
MaKCMMaNnbHON TOKOBOW JAWNThI.

Bbmepmxa BpeMEH MAaKCUMafbHbIX TOKOBbIX 33lLAT BBORWUTCA ANA
3aMeaneHNA AelCTBUMA 3aWWUThl C uenbio obecnevyeHWA ceneKTUBHOCTH Aeit-
CTBMR 33WNTHI NOCNEAYIOUIEro 3NeMEHTa NO OTHOLIEHUIO K 3alUMTaM npeasl-
AYWMX anemeH7os. [NA 3TOro BblaepxKa spemexin (MnM BpemMA cpabaTobi-
BaHUA) 3aWmTh T ; nocneaytowed nunum 12 (pue. 1) BslBupaeTcA Gonb-
Wei, YeM y 3aWnT NPeabiAyWwnX 3neMeHToB: nnHuu J77 u TpaHcdopmartopa
noacTanduum 8.

8 cB0I0 OYepeab, BbiAepPXKKa 3aWMTbl NHKK S713 AoMKHA GbiTh Gonbuie,
MEM Y 33T nuHUK S12 u Tpancdopmaropa noacraHuwd 5. [Npn atom BeiBope
BhilepiKeK BpeMenn obecneunsaeTcn cenexTusHoe {n3bupatensHoe) OTKO-
YeHue B NEpBYK0 ovepeab Bnnxatwero K mec1y K3 Bbikniouatena.
Tem caMbIiM  NPeaoTBPRAWATCA AONONHUTENbHbLIE U3IUiLIHWE OTKRIKYEeHUA
HEROBPEXAEHHbIX 3)IEMEHTOB.

HeaocTatkamy maKcUManbHuIX TOKOBBLIX 33LMT AB/IAETCA HaKonneHwue
BbliepXKeK Bpemexu, ocoGeHHo CywlecTBeHHOE [NA MONOBHLIX NEeMEHTOB
B MHOIrOCTYNeHYaTbIX 3nteKkTpudeckux cetax {puc. 1). [na npeogoneHun
3TOrQ HEeAOCTAaTKA UCNOML3YIOTCA pese BpemMeHWU € NMOBbLILIEHHOW TOYHOCTBIO
pa6oTel (aneKTPOHHBIE) , MAKCUMANbHEIE Pefie ToKa ¢ 0BpaTHO3ABUCMbIMU
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BPEMATOKOBLIMU XAPAKTEPUCTUKAMU PasNu4HOi (hOPMb!, CoveTaHne MaKcu-
ManbHbLIX TOKOBBIX 3aLMT N TOKOBBIX OTCEYEK.
Mocne 8biGopa BLIASPHEK BPEMEHA MAKCHMAaSbHLIX TOKOBbLIX 33UIMT

No YCNOBMIO CeNeKTUBHOCTA HeOGXOAWMO B pAZe Cryyvaes MPOBEPATL Te P -
MNYECKYK CTOMKOCTb 3aiMuaeMOro 3nemexta, T.e. AONYCTH-
MOCTb MPOXOXKAEHWA MakcumaneHoro Toka K3 B TeueHue BeIGpaHHOro
BpeMeHN NeNCTBMA 3aunTbi. ITO 0BLRCHAETCA TeM, YTO TepMUYEcKoe B03-
REACTEME 3NEKTPUYECKOrOo TOKA MPAMO NPONOPUMOHANLHO BPEMEHW €ro
npoxoxaeHua. MNpu HeaONYCTUMO ANUTENLHOM NPOXOXKAEHAM BoNbLLIOTO
CBEPXTOKA MOXET MPOU30ATA ONacHeid reperpes TOKOBEAYLWIMX HaCTeil
¥ M30AAUMM W paspyleHMe 334MLLAEMOro 3neMeHTa, Hanpumep nepero-
paHve NPOBOAOB BO3AYWHBLIX NMHWIA 3NEKTPOREPEAaYr Manoro ceveHuA,
NOBPEXACHUE 3nexTpUuecKkux Kabesed u T. n. Cneayer yuuTeigats U aonon-
HUTeNbHOE BpemMA NpoxoXaeHun Toka K3 nocne ATNB nuxuu Ha ycroiuvsoe
HeycTpaHusuleecs nospexaeHne [5].

BoiGop spemeHu cpabatbiBauuA MAKCMManbHbIX TOKOBBIX 3JaMUT € He-
3aBUCHMONR OT TOK3 BLIAEPKKN BPEMEHU.,

Mo ycnoeuio cenekTMBHOCTH BpemMAa cpabBaTbiBanua (ycTagka no Bspe-
MEHN) 3aUMTHI NOCNEAYIOILErD INEMEHTa BLIGUPaETCA B CEKYHAAX, MO Bbipa-
HEHUIO

tc 3 nocn = tc a npeg + At, (10)

roe fc appey — BPpems CpabaThiBaHWs MaKCAMaNbHOW TOKOBOW 3alUMThI
NpeabIAYWEro 3nNeMeHTa, T.e. Gofee YAaNeHHOro OT WCTOYHMKA NUTAHWA
{pwc. 27, 3} ; At — cTyneMb CENeKTUBHOCTU.

3HaveHnA CTynexn CeneKTUBHOCTU ANA 3auIMT C HE3aBUCUMON OT TOKa
BblACPXKKOA BpeMeH ONPeAefiRIoTCRA B OCHOBHOM TOMHOCTLIO Pefie BpemMeHn
[2}. Y anexTpomexaHuuecKnx pene BPEMEHU C YaCOBbIM MEXaHW3MOM Cepuit
PB-100 u PB-200 To4HOCTb pabGoThkl CHMKAETCA C YBEAUYEHWEM ANANA30HA

a) 6) cit 8) cat
2 .
{nocredyrouuct ) + \o , 2
1 . 35 .
(npegedywud) : g ;
W 0 Lot A o fcl 12 A

Puc 27, Cxema anexTpuueckoi cetv (a) u xaprsi: cenexruerHocru (6, @) , noAcHRIOWME
YCRosuA BeiSopa cTyneHel CenexTMBHOCTM At MeXAy 3ausMTaMu NOCNeAYIowWwero n npe-
AbIAYLLETO 3MIeMeHTOB
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ycragok no wkane [7]. MNMoaToMy ARA MakKCUManbHLIX TOKOBbIX 3aUtUT
cneayer MUcnonb3oB8aTh pene spemenin co wkanoin 0,25~3,5 ¢, a npy BO3MOX-
HOoCTM — co wkanoi 0,1—1,3 ¢ (§ 5}. Mpyn aTOM 3HaueHne CTyneHn cenekTus-
HOCTU MoXHO yMeHbiwmnTh Ao 0,4 c. Tlpu ucnonssoBaHun pene BpemeHu
3TMX cepuii c Gonee wupoxoin wkanoit {Ao0 9 ¢} cTyneHb CeneKTUBHOCTY
yBenuuuesaetca 4o 0,6—0,6 c. Takaa xe cTyneds ceneKTUBHOCTM NpUHUMA-
€TCA Npy ycraxosKe pene spemern tunos PBM-12 n PBM-13.

MNpu BLINONHEHNM 3aWMTHI C 3NEKTPOHHBIMYU pene BpemeHn PB-01 muHu-
MaJibHaA CTyNeHb CeneKTUBHOCTY MoXeT BbITh NprHATa pasHoi 0,3 c.

Buifop BpeMATOKOBLIX XapaKTEPUCTUK MaKCUMMAafbHbLIX TOKOBBIX
sammy ¢ pene PT-80, PTB u um nogo6HbIX.

BpemATOKOBbIE XapaKTepUCTUKKY 3aWMT NOCASAYIOWEro ¥ MPeAbIAY-
Wero 3feMeHTOE BbIBMPAIOTCA Takumu, YTobbl Gbina obecnevyeHa CTyNeHh
CefeKTUBHOCTU At Npy OAHOM U3 CREAYIOWMX 3RaveHh Toka K3:

a) npu MakcyManbHOM 3Haveduv Toka K3 8 nawane npeabiaywlero
3NeMeHTa, ecan v Ha nocneayloulem 2 U Ha npeasigyllem 7 anemeHTax Bbl-
MonHeHbl 3alMThi ¢ OBPaTHO3aBUCMMbLIMKM OT TOKA BPEMATOKOBLIMKA XapaK-
TepucTnkamu {puc. 27, 6) ;

6) npu Toke K3, pagHoM ToKy cpaBaTbiBaluA 3aWiMThI 2 NOCAEAYIOWEro
3NeMeHTa, ecnu 3Ta 3alTa BbINONHEHa C HE3aBUCUMBIM OT TOKa BpemeHem
cpabaTbiBanvA, a 3aumTa 7 npeaelAyLlIero anemeHTa umeet obGpaTHO3aBUCK-
MYIO OT TOKa BPEMATOKOBYIY XapaKTepucTuky (puc. 27, 8).

3HaueHnA cTyneHeil CeneKTUBHOCTW 8 nepBom cnyuae {puc. 27, 6)
NpUHUM3IOTCA NpuMepHo pasHhimu 0,7 ¢ anA pene PTB u npumepHo pasHeimit
0,6 c anA pene PT-80, ecnn npu mMakcumansHoM 3Havennn Toxa K3 8 Havane
3awMwaemMoro anemeHTa pene oberx 3aWMT paboTaloT B HE33aBUCUMOW 4ACTH
Xapaktepuctukyn wunn 6au3Ko k Heil. flpyw cormacoBaHuM XapaKTepucTUK
3awmnT ¢ pene PTB B 3aBACMMOIA 4acTi, T. €. NPK MaJibiX KPATHOCTAX TOKOB
K3, pexoMenayeTcs yBenWuMBaTh 3HAYEHME CTYNEHW CENexXTUBHOCTM A0 1 C.

Bo sTopom cnyuae (puc. 27, ) 3HaueHume CTYNEHU CefeKTUBHOCTW
MOXKHO HECKOMBKO YMEHbLLNTD.

OnbiT MCNoNs30BaHUA NONYNPOBOAHMKOBLIX pere W 3aWMT ¢ o6paTHO-
3aBMCMMON OT TOKa BPEMATOKOBON XapaKTepuCTUKoil euie Heeenuk. Pexo-
MEHAYeMble CTYNeRn CefeKTUBHOCTM HaXoaATcR s npeaenax 0,4-05 c.
Mpu Gonsmx kpaTHocTAX Toka K3 3HaueHue cryneHn CeneKTUBHOCTU
MOXeT 6bITh cHKeHo A0 0,3 ¢, a npu manbix (2—3} — aomxHO GLITL YBenKn-
ueHo ao 0,6 c.

BbiGop xapakTepuCTMK M3aKCUManbHbIX TOKOBLIX 33WMT ¢ o6paTHo-
328BUCUMON BPEeMATOKOBON X3paKTePUCTUKOW NIPON3BOAUTCA aHANUTUYECKUM
vnu rpacpudeckum cnocobom [5].

Bbibpadroe No yCcnosuio CeneKTUBHOCTA BpeMRA CPaGaTbiBaHUA 33LUVTb
nposepReTCA NO YCcnoBuIO obecneveHWA TepmuuecKoW CTOMKOCTW 3aluu-
WwaemMoro 3nemeHTa, OCOBEHHO B T€X CAYYaAX, KOrAa 3auiMuIaeTCA MOHW-
Kaowmii TpaHoopmaTop, KabenbHan NMHWA UAN BO3AYWHEA NMHUA C NPO-
8oAaMYy Manbix cedeHwi. Mpumepsl NpoBepKW npuBegeHbt B pabote [5].
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8. PACHEThHI TOKOBbIX OTCEMEK

Toxosan oTcedKa, cenekTURHAR Ge3 BLIASPIKKY BPEMEHN,

TokoRas 0TCEYKA 3aWMuiaeT TONLKO 4YacTs oBMOTKK TpaHcdopmaTopa
uAK vYacTb MWK anexTponepedaua {puc. 1}. U3 atoro onpeaeneHin u npo-
WUCXOAWT, NO-BUANMOMY, Hassasue 'oTcedKka’’, T.e. 3aWMTa, OXBaTbISaIOWAR
TOALKO 4aCTh INEeMEHTa — OTCeK.

CeneKTUBHOCTL TOKOBOH OTCEYKM MIHOBEHHOrO AeNcTBUA obecneunpsa-
eTcA s8bIBOPOM ee TokKa cpabaTbiBaHus [ o GOAbWKM, YeM MaKCHManbHoe

3JHavesne Toka K3 l,i:;))ax Apy NOBPEXACHUU B KOHUE 3aIUMAeMOR NnHUN

anexrponepeaauw (Touku K3 u K5 na puc. 28) wnu Ha cropoHe HH 3zawm-
LtaemMOro noHwKaloliero TpaHcopmartopa (Touka K3 Ha puc. 29) :

leo > kol '3 . (1)

KmaXx

3Hauenuar KoadhduumneHra HaneXKHOCTU K, ANA TOKOBLIX OTcevexk 6e3
BhIAEPXKKN BPEMEHN, YCTAHOBNEHHbIX Ha NUHUAX MEKTPonepesady u nosu-
WaowWwmx TpaHchopMaTopax, nNpuseseHbl B Tabn, 8. PacueTHbie ycnosua AnA
TOKOBbIX OTCEMEK, YCTaHOBNEHHbIX Ha reHepatopax u 3feKTPOABUTraTenax,
paccmoTpensl 8 § 10,

Apu onpeneneHmm maKcUManbHOTO 3HaueHUA Toxa K3 npu nospexaenun
B KOHUE NHKWK 3NeKTponepeaayn HanpaxeHuem 35 KB u Huxe paccmarpu-
saeTcA TpexdasHoe K3 npu paGote nuTaloweit 3HeprocucTembl B MaKcu-
ManbHOM pexxnme, NP KOTOPOM 3INEKTPAYECKOe COMpPOTUBNEHWE 3Hepro-
CUCTEMBI ABNRETCA MMHUManeHbIM. [nA nuHuis 110 KB 1 Bbile MakcUMarnb-
Hoe 3HaveHue Tox2a K3 s poipakenun (11} MoxeT cooTeeTcTBOBaTL OAHO-

K1
7
swa | K2
amgzti}:ulll i . Lom 7
*'———_-A 4‘
E 1
2y=100% |\ zn=100% |
Lr‘ L | 1 K3

Puc, 28, Mpumep rpaduyeckore onpeaenenuna Puc. 29. XapawTepHbie TONKW

30H pedcTBUN OTCEYeK HA NUKUAX 3nexTponepe- K3 gnA pacyeTos TOKOBLIX QTCe-
A3%Y YEK M8 FOHMKEIOWKX ThaHctop-
MAYOPaX K OROKax MHUR —

TpaHchopmaTop
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Tabnuya 8
Jnatiennn KOIDHUUNEHTA HARBMHOCTHY Ky ANA
TOKORLIX OTceusi NUMKA U Tpanchopmaropos

3uavenun ky ANA OTCEYEK
Tun pene
AUHKA TpaHcthopmMaTopos
PT-40 {3T-520) 1,2-1,3 1,3-1.4
PCT 11, PCT 13 1,15 1,15
PT-80, UT-80 {anekTpomarHuTHsIi 3nemenT) 1,5-1,6 1.6
PTM 14-15 1.5-1,6

thasHomy K3 Ha semnio. Tipy 3TOM BUle KOPOTKOrO 3aMbIKAHUA Ha 3eMM0
{bas A unm C) 3anycKaioTCA pene TOKOBOIN OTCEYKM, BKIHOYEHHbIE Ha TOKK
atux chas (P74, P75 wa puc. 7).

Onpegenervie MakcuMansHOro aHaderrA Toka TpexdasHoro K3 3a TpaHc-
thopmaTopom € perynuposaHvem HanprxeHua HeoBGxogumo npow3soaUTb
nNpu TaKOM TONOMXEHUM PErYRATOPa HanpAXeHns, KOTOpPOe COOTBEeTCTBYeT
HavMeHbleMY ConpaTHaneHnio TpaHchopmaropa.

Kpome OTCTpOMKKU TOKOBON OTCENKU OT MaKCManNbHOFO 3HaYeHWR ToKa
K3 no ycnosuio (11), Heobxoaumo oBecneunTte ee HecpabavbisaHue npw
6pockax Toka HamarnnumBaHns (BTH) cunoseix TpaHcdopmaropos. dmm
BpocKY TOKa BO3HMKAKT B MOMEHT BKRICYEHMA NOA HanprXekwue HeHarpy-
WEHHOro TpaHchopMaTopa ¥ MOryT B MepBble HECKONLKO Nepuoaos fpe-
8blUATE HOMWHAMLHBIA TOK Tpakchopmartopa B 5—7 pa3. Oanako ebiGop
ToKka cpabathigaHMA oOTceyKu Tpancdopmatopa no ycaosuio (11), Kak
npasuno, obecrneunaeT ¥ OTCTPOWKY OTCeYKK OT GPOCKOB TOKA HamMarHU4u-
BaHUA,

Mpu pacyeTe TOKOBOW OTCRYKHM [iMHUK 3flEKTpONepeaai, no KOTOPOW
NUTaeTCA HECKOMbKO TPaHchopmaropos, HeoDOXOAUMO B COOTBETCTBUW
¢ ycnosuem {(11) obecneunts Hecpabathiganue otceuxy npu K3-3a xaxasim
uz TPaHCHOPMATOPOB Ha OTBETBAEHUAX OT NUKM (ECAM  OHK UMEKTCA)
U BONOMHUTENLHO NPOBEPUTE HAAEXKHOCTb HecpabaThiBAHWA oTCeYKW NpU
CYMMAapHOM 3Ha4YeHMM BpOCKOB TOKa HamarHususaHuA BCeX TpaHchopma-
TOPOB, NOAKMOYEHHBIX KaK K 3aliMLaeMof NuHMM, TaK U K TIPeabiAynMm
NUHWAM, eCii OHY OAHOBPEMEHHO BKNIOWYAIOTCA NOA HanprAXenue, Ycnoewe
orcrpoku orceykn oT BTH 6pockos Toka HamarswuMeanwus Tpanchopma-
TOPOB KMeeT BUA

le.o 2 KuZluom. . {12)

rae Zluom.yp — CYMMa HOMMHaRbHBIX TOKOB BCeX TpaHcthopmartopos,
KOTOpbie MOTYT OAHOBPEMEHHO BKMIOYAaTLCA MO/ HanpAMXeHue o 3awm-
waemon nmHuK; k, — Ko3pUUMEHT HAAEKHOCTH, 3HAYEHUE KOTOPOro
3aB8UCHT OT BpemMeHn CpabarsiBaHuA TOKOBOM# OTCEYKM; Hanpumep, Npy Bbl-
nonHeHnu otceuxu Ha pene PTM, cobecrBeHHoe BpeMA cpabatsiBaHMA KOTO-
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PbiX MOXeT COCTaBnATL BCErc Muib opnd nepuoa (20 mc), cneayer npu-
HKuMaTe Hanbonbluee 3HaueHune ky = 5, a NpU BLIMOSHEHNA OTCEYKM MO CXeMe
C NpoMeXyTOuHbIMY pene {puc. & win 13) npuHruMaeTeA mMeHbliee 3Havenne
ky & 3 +4, noOCKONLKY CYMMapHoe Bpems cpabaTbiBaHnA MaKCUManbHOIo
pene ToKa 1 NPoOMeXKyTOYHOI 0 pene 3TUX CXeM COoCTaBnAeT okosno 5 nepuogoe
{100 mc} v 3HaueHne 6pOCKOB TOKa HAMArHMYMBAHWUA 3a ITO BPEMA 3aMeTHO
CHUXKaeTCA.

Ha nunmuax 10 u 6 kB ¢ TpaHcdhopmaTopaMu Ha OTBETBNEHUAX, KOTOpPbIe
33MWAIOTCA NAaBKUMKM npegoxpadntenAamu (Hanpumep, Tvna [TKT-10),

8 ycnosum {11} 3navenue I'i"ﬂ'ax BOJDKHO COOTBETCTBOBATbH TOKY Tpex-

tdasHoro K3 3a nHanbonee MOWHBIM M3 TpaHcthopmatopos. [ance cneayet
OfiPEeAenUTL BPEeMA NNaBNeHWA BCTAROK Npejoxpanrutensit atoro Tpaxcdop-
maTopa npw pacyeTHom Toxke K3, paBHOM TOKy cpabarbizanuA ovceuknm,
BblbpaHHoMy w3 ycnoewi (11) u (12). dAnA yyeTa ponyckaeMoro craH-
BapTOM pa3bpoca BPEMATOKOBLIX XapaKTepUCTUK NRABKUX MNpPeAOXpaHu-
Tenedt NKT cnepyet 3uavenve 3Toro Toka ymebwuTs Ha 20%: /pgey =
= /¢,0/1,2. Ecnn BpeMA nnaBReMuA to, < 0,1 ¢, TO OTCEYKA C TAKUM TOKOM
cpabaTtbiBaHMA MOMET BbITb UCTIONb3OBaHA, HO NPU YCAOBWM, YTO 3aWMULae-
Maf MHWUA UMEeT YCTPOMCTBO aBTOMaTUYeCKOro NOBTOPHOIO BKAIOYEHUA
(ANIB}. Ecnu tn, > 0,1 ¢, TO CrieAyeT nnbo yeennuTs TOK cpabaToiBaHnA
OTCEYKM A0 TEKOro 3HA4YeHWA, NPKU KOTOPOM OGecnevrBaeTCA pacnnaBnReHye
BCTABOK NpepoxpanuTenci A0 MOMEHTa OTKMIOYeHWA 3alMLIaeMOl NMHNK,
7. €. He 6onee 0,1 ¢, nubo yBenMUYUTL BPEMA CpabaTbiBaHUA OTCEUKN.

YyBCTBUTENLHOCTL TOKOBLIX OTCEMEK oleHuBaeTCA Ko3dtuumeHTom
YyBCTBUTENILHOCTH, TpebyeMbie 3HAYEHWA KOTOPbiIX ykasaHol B [lpasunax
{1], a rakxe BenvunHOI (RPOTAMEHHOCTLIO) 33UMLLAEMON 4acTU AUHWAN
anexTponepepaws. KoauumenT uyBCTBUTENbHOCTU ONPEAENACTCA NO Bbipa-
weHuam {2} n (9},

AnA ToKOBBIX OTCEYEK, YCTAHABAMBAEMbIX Ha AOHWXAIOWMX TpaHcdop-
MaTopax WU BLINOAHAOWMX (BYHKLWM OCHOBHONM ObicTpogeiicTaytowel To-
KOBOW 3awmThl (npu otcyTcTBuM AudibepeHunantHOR 3awnTul), YYBCTBU-
TebHOCThL ONPERENAETCR NO TOKY HauBonee HeGnaroNPUATHOTO BUAA NOBPEX-
feHUA — kak fipasuno, asyxdasHoro K3 Ha sbisofax BH TpaHedopmatopa
{touka K2 Ha puc. 29) 8 MUHMUMaNLHOM, HO peanbHO BO3MOXKHOM peXxmme
paboTb! aHeprocucTeMst. 3HaveHWe KoapduumeHTa YYBCTBUTENBHOCTH AOSMXK-
Ho 6biTb okono 2,0 {1]1. Takne xe TpeGoBasna CyILeCTBYIOT ANA TOKOBbLIX
oTceuek Ha 6nokax naMHuA — TpaHchopmatop (puc. 29) .

Ana toxosbix OTceyexX Ge3 BbLIREPKKU BpeMeHW, YCTaHABNIMBaEMbIX
H3 AIMHWAX 3NEKTPONepeaaYy W BLINCAHAIWMX HYHKUAN AONONHUTENBHBIX
3auwmT {puc. 28}, KoahhuumenT YYBCTBUTENLHOCTH A0MNKeH BbiTe okono 1,2
npu K3 B Mecte ycTaHoBKM OTCeYKK B HanbBonee 6naroNprATHOM 110 YCROBUIO
yyBCTBUTENLHOCTH pexxume [1].

KoaphuumeHT 4yBSCTBUTENBHOCTM TOKOBBIX OTCEYEK, BbiNOMHEHHbIX
Ha pene npamoro geictenna Tuna PTM (puc. 11, a), Aomkes nposepATbCR
C Y4YeTOM AeUCTBUTENbLHOrO 3HaueHWA TOKOBOI MOTpelHOCTM TpaHedopma-
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TOpoB TOKa, ecnu oHo fnpeBocxoaut 10%. [AnA TOKOBLIX OTCEYEK, BLINOAHEH-
HbIX HA NEPEeMEHHOM OMepaTUBHOM TOKe C AEWYHTAPOSAHWEM 3neKTpo-
MarHuToB oTkioserua F0 (puc. 12 nau 13}, yscTBUTENLHOCTL ONpeAenA-
eTCA KaK ANA pexuma A0 AelyHTUpoBanuA 30, Tak U ANA pexkuma nocne
AewyHTUpoBaHuA 30, ecnn nochie AewyHTuposasua J0 TOKOBaA norpew-
HOCTL TpaHcopmaTopos Toxa ripesbiwaer 10%. 3o HeoBxoammo pnA
Toro, uToBLl YBEeAMTLCA B HEBO3MOXHOCTM BO3BpaTa ACWYHTUPYIOWMX
pene u3-3a YMEHbLLUEHUA TOKA, XOTA ANA KOHKPETHLIX ASWYHTURYIOWMX
pene TMna PT-85 u PMN-341 BozspaT ManosepofTeHd aaxe NPU MaKCWMansHO
BO3MOXHbIX 3HaYEeHMAX TOKOBOW norpewHoctu 70—80% u3-3a HUIKUX 3Ha-
yenuii  Koatpduumenta Bosspara 3TMX pene. Kpome Toro, A0MKHblI BbiThb
onpegeneHbl KO3M}UUMEHTL! YYBCTBUTENBHOCTU ANA  SREKTPOMAarHuToB
OTKNoUeHUA (UnNK BKNIOYEHMA)} W, NpU HEOBXCAMMOCTH, ANA PeENe BpeMekn
Tvna PBM-12 (PBM-13} # npomexyTouHbix pene Tuna Pr-341.

Ana oueHkn 3¢pheKTUBHOCTU TOKOBOW OTCEYKWU, YCTAHOBAEGHHOMU Ha
SWMHKrK 3INEKTPONepefauM, NOnesHO ONPeAeNMTs 30HY AEWCTBWA OT-
Ceyku 8 npoueHrax OT scedl AnvHbE NMHUW. [1POTAXKEHHOCTL 30HB! Aeit-
CTBUA OTCEYKM 33BUCUT OT XAPAKTepa N3MEHEHUA Pac4eTHbIX 3HAYEHWH ToKa
npu nepemellesnu Toukn K3 Baonb 3aninaeMoi nuHuK. {10 HECKOALKUM
3HaveHuAm toxa K3 crpoutcs kpuBas cnaga Toka {puc, 28). MoryT GbiTb
nocTpoeHsl ABe wKpueble: and Tpexdasubix K3 B MakcumanbHOM pexnume
paboTbt IHeprocucTeMsbl v aAna AsyxdasHbix K3 B MUHMMANbHOM pexume,
Kpusble AOCTaTOMHO TOUHO CTRPOATCA G TPeM 3HaseHuAM Tokoe: npu K3
Havane, cepeaAnHe U B KoHue nvHuM. [lanee NPOBOAWUTCA TOPU3OHTanNbHaA
NpAMan, OPAMHATA KOTOPOW COOTBETCTBYET GofibileMy 3HAUEHUI0 ToKa
cpabaTbiBaHMR OTCEYKM, BbIGpaHHOMY no BaipaxeHuam (11) n (12). AGe-
uucca TOYKK nepecedeHMA rOpPUM3OHTaNsHON NPAMON C KPUBOW cnaaa Toka K3
COOTBETCTBYET ANUHE 30HbL! ACICTBUA OTCEUKK B BbiGpaHHOM pexxume paboTbl
nUTaloWen sHeprocuctemesl w npu BbiGpaHHom suae K3. [lMpuseaeHusi
npumep NOCTpoenMA Kpuebix Toka K3 {(nepeuunoro) w onpepenennA 3oubl
ACWCTBNA OTCEYKM MO MNEPBUMHOMY 3HBUEHUIO €e ToKa CpabaTwiBaHuA ABNSA-
eTCA NPasUNbHbIM NUllib APU YCROBUK, YTO NOFPEIUHOCTL TPaHeopMaTopos
Toka He npesbiwseT 10%. C yBenuyerrem norpewHocTu TparchopmaTopos
TOKAa 30Ha RERCTBUA OTCEYKU YMEeHbLUAeTCA,

Kak BuaHO u3 npumepa rpatuyeckoro onpeaensHWA 30H aAeucTBUA
orceyek (puc. 28), NpPoTAXEHHOCTS 3TUX 30H MOMeT GbITb BECbMA 3HaUM-
TensHoW: npumepHo 70% anuuel nuHum J77 n oxono 50% anvHer nuuun J712,
Hago ormetuts, uro MMpaeunamn [1] anuHa 30HLI AeRCTBMA OTCeuKM He
pernameHTUpyeTCcA.

OTceuxa ¢ BbIACPKKON BPEMEHU Ha AMHMAX NEKTPONEepeaaIn.

HeGonswaa Buigepxka BpemeHn B npeaenax ot 0,3 ao 0,8 ¢ nosso-
nAeT 3afiepxaTh cpabaTbiBaHue OTCEYKK nocneaywoweirn andum (U771 Ha
puc. 28} npu K3 Ha npeabiaywed nuHum /72 ana Toro, 4TobBbl ycnena cpa-
60TaTb MIHOBEHHAR OTCEMKA NOBPEXAEHHOW RuHuY J72. [AnA OTCeYKN C He-
GonblIol BbLIAEPIKKOW BpPeMeHn MOXHO BHIGPaTL 3HAYNTENBHO MeHbLee
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3HaueHne ToKa cpabaTbiBaHnA NO CPaBHeHUIO C TOKOM cpafaTsiBaHUA MrHO-
BEHHON OTCEMKU NO CReAYIoMM NPUYNHaM

a) Tok cpabateiBaHuA 1o BeipaxeHmo (11} sbiBUpaeTcA U3 yCnosuA
oTcTpoKkU OT ToKoB npu K3 B Gonee yaaneHHbLIX TOYKAxX, Hanpumep npu
K3 B KOHUE 30HL! AECTBUA MIHOBEHHON OTCEYKNW Npeabiaviuen avmMum J12
(puc. 28), npn K3 3a TpaHchopMaToOpoM MpUeMHOW NOACTAHUMU UK TPaHC-
cdopMaTopom Ha OTBETBNEHVN 3aAWMLLAEMOR TIMHUK, UMER B BUAY, YTO TPaHC-
dopmaTopsl 060pYAOBaHLI BLICTPOASUCTBYIOWMMU 3aWUTaMK;

6} 3HaYeHVA KO03thdULMEHTE HAAEKHOCTU U3 ITOrO e BbipaeHus (11)
APUHAMAIOTCA 3HAYMTENLHO MEHLLUMMU, HeM yKa3aHo B Tabn. 8, Tak xaK
MOXHO He Y4YnTbiBaTb anepuoanvecKylo coctasnalowyio Toxa K3, KoTopan
33 spemA cpalaTbiBaHMA 3aMEANEHHON OTCEYKU NPAKTMMECKA MNONHOCTLIO
3aTyxaeT, B pacnpeAenuTenbHbiX CETAX, rAe HaXOAAT NpPUMeHeHwWe Takue
OTCRUKM, 3HaueHUA KO3(UUMEHTa HAAEKHOCTM B 3TOM BbipaxeHun (11)
MOXHO NpUHUMaTL B8 Npeaenax 1,1—1,2 Hesaeucumo oT Tuna pene;

B} He TpeByeTcA sbinonHeHnA ycnosuAa (12} OTCTPOWKM OTCEYKMH OT
6pOCKOB TOKAa Hamarsv4dMBaHwA TPaHCHOPMATOPOB, NOCKONbKY 3TM TOKM
6bICTPO 33TYXAlOT;

r) Ha nUHWUAX ¢ TPaHcthopMaTopaMu Ha OTBETBNEHNAX NP BLINOIHEHUU
33UMTh!  TPaHCOPMATOPOB C NOMOLLLIO NMABBKUX npeaoxpaHuteneii (Ha-
npumMep, tvna NMKT-10 uau 11CH-35) u npu K3 B Tparcthopmarope cenexTue-
HOCTE MEXKAY RNABKUMIA NPeAOXPAHUTENAMY M TOKOBO OTCEYK O nUTarowe
nsun MoxHo obecrieunTs Gnaroaapa 3ameaneHnio AeCTBUA OTCRUKK.

AnA sbinonHeHUA BhigepKEK BPEMEHI TOKOBbIX OTCEYEK MOrYT UCMOfb-
30BaTbCA KaK pene BpPeMeHW, TaK M CheunanbHbie NPOMEXYTOYHmIE pene
C 3ameAneHuem npu cpabarteisaduu {§ 5).

HecenexTneHan TOKOBaA oTCeuKa Be3 BbIAEPIKKN BPEMeHN.

MpuMeHaeTcA B TeX cAyvanx, Koraa TpebyeTcA MrHOBEHHOE OTKNKYeHe
Taknx K3, xoTopble NPUBOAAT K aBapum, eCiiM MX OTKAIOUaTh C BbIAEPIKKON
spemenn. Hanpumep Tpexthasnoe K3 y winH anexTpocTasumm whm noAcTan-
UMK C CUHXPOHHLIMMA 3NEKTPOABMraTeNnAMM MOXET Bbi3BaTb 3HAYMTENnbHOE
MIOHVIKEHME HANPAXEHWA HA 3aXKMMaX reHepaToOpPoB K CUHXPOHHbLIX 3NEKTPO-
asvraveneis. Ecan 6bicTpo He oTKAIOMUTL Takoe K3, npousoitaet Hapytuenve
CAHXPOHHOM NapannenbHOW PaBoTbt 3TMX 3NEKTPUYECKMX MailMH C 3Hepro-
CACTEMOM, YTO npuBeaeT K PacCTPoiCTBY 3IHEpProcHabxeHna, a BO3MOXHO,
¥ K NOBPEXASHMIO 3NeKTPoo6opyaoBaHNA.

Bonbwyto onacHocTe BAR 3NeKTPCOBOPYAOBAHWA NPEACTaBARET TEpMN-
yeckoe so3pencrene ceepxTokos K3. Kak 13BecTHO, CTENEeHb TEPMUYECKOrO
BO3AENCTBUA 3/IeKTPUYECKOr0 TOKA NPAMO NPONOPUMOH211bHA 3HAYEHUIY TOKA
{B xBagpaTe) u spemenn ero npoxoxaexsna. Ecan no kakum-nu6o npuumHam
Henb3A YMEHLWKTL 3HaveHue Toka K3 a0 Takoro, Npu KOTOPOM MOXKHO
fe3 onaceHWin OTKNIONATL MOBPEKAGHHLIR 3MEMENHT C BbIAGPXKKONA BpeMeHW
CENEKTUBHOK MaKCHManNbHOW TOKOBOW 3atnThl, TO HEOOXOAUMO YMEHLLINTE
spemA oTknoveHrA K3. Oauum u3 Haubonee NpocTbix ¥ Aewlesbix cnocobos
GbicTporo oTkniuesna K3 ABnAeTCA MCNOsAb30BaHWE HECENEKTUBHbLIX TOKO-
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BbiX oTceueK 6e3 BubIZEPXKKW BPEMEHW B COYETaHWM C YCTPOWCTBaMKW aBTO-
matuku (ATB, ABP), xoTopble NOAHOCTLIO WKW HaCTUYHO NUKBUAWPYICT
oTpuuartenbHble NOCNeACTanA paBoTbt HECRNEKTUBHBIX OTCRYEK.

Tox cpabatbiBaHUA HECENEKTUBHOW TOKOBOW OTCEYKW, NPeAHA3HAYeHHON
AnA oBecneveHua ycTokuueoit napannensHON paboTbl CUHXPOHHBLIX INEKTPU-
4eCKMX MalLH, BLIGUPEETCA U3 YCNOBUA ee HapeXHoro cpabaTbiBaHuA B Tex
30Hax, rae Tpexchasdble K3 BbISbIBAOT CHUMNKEHWE HANPAXEHWA B MEeCTe
YCTaHOBKK OTCEUKN HUXE ROMNYCTUMOro 3HayeHWA OCTaTOMHOrO HanpAXeHuA
Uoer (pnc. 30, a). 3naueHne Toka cpabaTviBaHWA HECeNeKTUBHOW OTCEYKU
{s amnepax) onpesienAeTCA NO BLIPANEHUIO

U -
le.o< Lol . (13)
V 3kylzemin * koZemin)

rae U min — MexaydasHoe Hanpaxkenne (3ZIC) nuTaiowieil 3HeprocncTemet
B MWHWManNbHOM pexkuMme ee paboTbl, MOXeT nNpuHUMaTbes 8 npeaenax 0,9—
0,95 HomuuanbHoro, B; Z min — CONPOTMBNEHWE IHEPrOCUCTEMbI {B MMKHK-
MarnbHOM pexxnme ee paboTbl) A0 MecTa ycTaHOBKM oTceuku, Om; k, —
Ko3hDUUMEHT, OTPAKAIOWNIA 33BUCUMOCTS OCTATOMHOrO HanpAxeHWA Ugcy
B8 MecCTe YCTAHOBKWM PacCYMTbIBaeMOM OTCEMKW OT yAaNeHHoCTH TpexdiazHoro
K3 (2 = koZcmin), onpenennetcA no sasucumoctt Us gor = F ko),
npuseaexroin Ha puc. 30, 6; k, — KoaddmuneHT HaaeXKHOCTH, NPUNUMAEMbIR
pasubiv 1,1—1,2. 3HaveHnA ocTaTouHOrO HanprxennAa U, oo, HEOBXOAWMDBIE

anr obecneveHnsa napannensHon patioTbi CUHXPOHHDBIX 3K TPUYECKAX MAINH
Y pasnuudsiX Karteropuit norpebutenei, ONMpeAenfAloTCA ANA KOHKPETHbIX
cnysaeB cnyxGamu (rpynnamun) aneKTPUHECKHX PeXNUMOB; B npubnuxeH-
HbIX pacyeTax MPUHUMEIOT, YTO ARR OGecnedeHUA ANHaMNYecKol CTORKOCTY
CHHXPOHHBIX reHeparopos Heobxoanmo obecneunts U, oocr 2 0,6; cuHXpoK-
HbIX 3neKTpoaBuraTenein — He MeHee 0,5 [11.

Ana obecnevennn ycnewmoro peictsua ycrpoictea AfB {wnu ABP)
nocne cpabaTbiBaHUA HECENREKTUBHOI TOKOBOW OTCEUKM HEo6X0ANMO Bbi-

6 08 m
%OCT
S e i é | L
@"‘{ \v v
Z; Zy=Ky2p ¥ gg /
05 7
X '
LT

23 4

Puc. 30. PacuetHan cxema K sbipmxenno (13) 1 3asucumocts U, oot =1 ko)
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NOAHWTL HECKONbKO YCNOBWIA, AONONHUTENbHLIX K ycnosvie (13), 8 Tom
wicne;

a} BbLINONHUTL COFNAcCOBaHKE YYBCTBUTENSHOCTU U BPEMERW cpaGaTbisa-
HUA HeceneKTUBHOW OTCEYKW C MAABKUMM NPeAOXPAHUTENnAMU, aBTOMATK-
YECKUMMN BbIKNIOYATENAMM UM GLICTPOAEUCTBYIOLMMU  33LmMTamMmu  BCeX
ANEMEHTOB, NUTAIOWKUXCA NO 3aWMLBLIAEMON NUMHMA U PACNONOXKEHHBIX B 30HE
AeACTBUA HEeCeNeKTUBHOW OTCeuKu; 3TO HeobBX0AMMO ANA TOro, uToBb NpU
K3 Ha mo6om 13 3TMX 3NEMEHTOB NNaBKne BCTABKU NpeaoxpaHnuTene cro-
penu 6bi paHblue WAuM 3aumTa cpabotana 6ul paHbiie nAu Xota 6bl oarHoBpPe-
MEeHHO €O cpaBaThiBaHUEM HECENEeKTUSBHON OTCEYKW, NpPW 3TOM BpeMA raile-
HMA 3NEKTPUYECKOW AYrY B NNEaBKUX NPeAOXPaHUTENF X MOXET He YuwTbi-
BaTbCA, TAK KaK OHa NOracHeT NOCAe OTKNIOYEHUA NNHUK;

6) obecneunTs OTCTPONKY HECeneKTHUBHOWK OTCeYKU OT GPOCKOB TOKa
HamarHvuneaHuA TpaHchopmaropos no ycnoeuo (12} ;

B8) of6ecneunTb OTCTPOWKY HeceneKTBHOW oTceuku oT K3 Ha wwrHax
Hu3tuero (cpeaHero} HanpAaXeHuA KaXAoro ua TpaHchopMaTopos, BKIIO-
4EHHBLIX B 30HE AENCTBUR HECENEKTUBHOW OTCEYKMU, a8 eCiv 3TO HEBO3IMOXKHO,
TO 8bINONHUTL COrNACOBaHUE YYBCTBUTENLHOCTM U BpeMeHM cpabaTbiBaHWA
HECeREKTUBHOW OTCEUKM C SAWMTHLIMKM YCTPOICTBAMU BCeX 31eMEHTOB
HU3Werc (cpepHero) HanpaAXeHWs.

MpUMeHAOTCA M Apyrue cnocoBbl YCKOPEeHWA OTKAIYEHUA ONacHbLIX
noBpexfeHui, Hanpumep Tak HasbiBaeMoe ’‘yeKopeHue AeiCTBMA 33WMThI
Mo HaNpRXEHWI0 NPAMO# NocneposatensHocTw'’, [lnA aToit uenu wucnonb-
3yeTCR pene HanNPAXEHWA, BKAKYEHHOE Yepe3 UNLTP HaNnPRXKEHWUA NPAMON
nocneaoBaTenbHOCTH, Hanpumep, Tuna PH®-2,

Pene HanpakeHWR HacTpameaeTcA Takum o6pazoMm, 4TO 3ambikaeT CBOW
KOHTaKTbl NPY CHXKEHUW HAMPAXEHWA NPAMOM NOCNEAOBAaTENLHOCTU B MecTe
ycTaHoBKM 3aiumTel Hmke 0,5~0,6 vomuuansHoro. Mpu aToM MakcumasbHanA
TOKOBaA (UnNuU AMCTaHUVOHHAA) 3aWUTa NMHUW AEACTBYET NOMUMO OCHOBHOW
Bblaepkky BpemMexy NuBo MIrHOBEHHO, NGB0 € OueHb HeSonblMM 3amegne-
HAeM. T MeponpUATHA NPUMEHAIOTCA Kak AONONHRIUMe paGoTy ocHoB-
HbIX GbICTPOAGACTBYIOWMX CENEKTUBHBLIX 3AWUT AWHKWIA 3InexTponepeaaum,
CHOPHLIX WWH ¥ APYTUX 3NEMEHTOB aneKTpoycTaHosok [2, 3].

9, BbiINONHEHUE MAKCUMAJIbHbLIX TOKOBbIX SAWKUT
WU TOKOBbIX OTCEYEK HA NNMHNAX SANEKTPONEPEJAMM,
NOHMXAKWWUX TPAHCOOPMATOPAX
U BJIOKAX NUHUR-TPAHCOOPMATOP

JnexTpuyeckue ceTn HanpAXennem 3—10 kB.

Ha nuHnMAX 3nekTponepefaun {BO3RYWHBIX W KabenbHbix) B8 cETAX
Hanpraxennem 3—10 kB, pa6oTaowmx ¢ M30AMPOBAHHON HelTpanbio (B TOM
Y4CRE U © HEMTPanblo, 3a3EMAEHHOI 4epe3 AyroracuTenbHulil peakTop),
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AOIMKHBI BbITH NpeAYCMOTPeHs! YCTPOWCTBa peneitHoR 3atUTLl 0T MHOro-
thasHbIx K3 1 or oaHOMDa3HbIX 3aMbIKAHUI HE 36MN10 [1].

3auwmra ot MHorodasHeix (unm mexaydasubix) K3 npumeraetca
B ABYX()aZHOM UCMOAHEHMA, NpUHeM TPaHCOPMATOpbi TOKE YCTaHABRM-
BAOTCA Ha 0AHWX MU Tex xe hasax MO BCeN CeTM AaHHOrO HanpXeHUA. ITo
006CNeYnBaeT OTKNIOUeHME B GONDIUMHCTEE CRYYACE ABOWHLIX 3aMbIKaHW
Ha 3eMM0 TONbKO OAHOrO MecTa NOBPeXAeHWA (Hanpumep, Ha /77 puc. 4, 8} .
B 3asucumoctu or TpeGomanuit YYBCTBUTENHLHOCTHM M HAHEXHOCTHU 3aumra
MOXeT BLINONHATLCA ABYX- unu Tpexpeneitwoi (puc. 6). Tpexpeneinan
CXema NPUMEHAETCA B OCHOBHOM ANA NOBbiLLEH UA YYBCTBUTENbHOCTH 3T b
K peyxthasHbim K3 3a Tpancdopmatopamu co cXeMOM coeauHeHnR 06MOTOK
3Be3na ~ TpeyronsHuK-11 wnu TpeyronsHuk — seesga-11. OgHopeneitHan
CXeMa BKAIOYEHWA U3MePUTEnNbHbIX OpraHoB 3awmnTsl {puc. 10) npakTuyecku
He NPUMEHAGTCA 13-3a PACCMOTPEHHLIX B § 2 ee HEAOCTATKOB.

Ha oanHouHbix MARMAX ¢ OAHOCTOPOHHUM nUTaHMeM OT MHoropasHbix
K3 ycraHaBnMBaeTCR, Kak nNpasuno, ABYXCTyneHYaTan TOKOBaA 3auuTa,
fiepsan CTyneHb KOTOPOW BbinosHEHAa B BWAOE TOKOBOIM oTceuxku {7 Ha
puc. 31}, a BTOpan — B BUAE MAKCUMANLHOW TOKOBOIH 3aWNTBI C He3aBUCH-
MOW Mnu 3aBUCMMOIN BPEMATOKOBOW XapaxTepucTukoit (T8 wnn T/B Ha
puc. 31). Cxembi ABYXCTyNeHYaTbiX TOKOBBIX 3aWWT ANA MOACTAHUMI

fledcmanyus A GP 3-10x8
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Puc. 31. Tunbt 3awuT anA oauHouHbix nusuit 3—10 KB ¢ OAHOCTOPOHHUM NUTHHUEM,
NOHWKAOWUX TPaHCHOPMETOPOB ¥ GNOKOBE NUHWA ~ TPaHCthopMaTOp 3TUX Knaccos
HANPAXEHUR

T — vpaHccopmatope); 8 — smiknaovatenu 3—~10 kB; Ag — BO3AYWHLIA aBTOMa-
THuecK Ui BuiknmousTens 0,4 KB {amtomaT); /Tp — nnaskue npepoxpanuTenu 3—10 kB;
ABP — ycTpoicTBO 8BTOMSTUYECKOrO BKAIOYEHMA PE3ePBa; 7 — TOKOBbIE OTCRYKMU;
7B, T/B — maxkcumansHble TOKOSble 38UNTbE C HE3ABUCHMbIM 1 OBPaTHO38BUCUMbIM

OT TOKS BpeMeHeM CPabaTbiBEHUA COOTBETCTBEHHO
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C OneparuBHbLIM MOCTOAHHLIM MMM  BLINPAMAEHHbIM TOKOM MpUBeAeHbl
Ha puc. 5 {c He3aBUCMMOI BPeMATOKOBOM XapaKTepuCTUKOW) U Ha puc. 6
{c 06paTHO3aBUCUMOIT BPEMATOKOBON XapaK TePUCTUKONM) .

Ha noacraHuMAax ¢ oOnepaTUBHLIM fepPeMeHHbIM TOKOM NPUMEHAOTCA
ToKOBbIe 3aunTbl NMGO Ha pene npAMoro aeitctsua Tunos PTM (anA Toxo-
Boi oTceukn) u PTB (anR MakcuMMansHOW TOKOBOR 3awuThl, puc. 11),
MO0 © ASLYHTUPYIOWMMIA 3NEKTPOMArHUTE! OTXMoveHnAa 30 cneunanbHLIMY
pefe TMNos:

PT-85 (3awwsTa ¢ 06PaTHO3BBUCMMOII BPEMATOKOBOW XapaKTepucTuiKon,
puc. 12) ;

PM1-341 (pByXCTyneH4ataA TOKOBaA 3auiuTa C HE3aBUCAMOK BpemA-
TOKOBOW xapakTepncTukon, puc. 13). OnucaHMA aTMX CXeM u YCNOBUA
¥X MCNONL3OBaHUA NpuBeaeHs B8 § 3.

Ha nepeakTUpoBaHHbiXx KabenuHbIX MUHUAX, OTXOARWKX OT WWUH 3neK-
TPOCTEHUUM, 3 TAKKEe NOACTAHUMH C CHHXPOHHLIMU 3/1eKTPOABUraTeNAMMK, TOKO-
Bble OTCEYKU AOMKHBI GbITh BbINOMIHEHDL! 63 BbiAEPIKKA BPEMEHN KU 30Ha WX
AeCTBUA K, CNEAROBATENLHO, TOK cpabaTbhiBaHMA foshHkHbl BbiTe onpeaeneHs)
M3 YCNOBMA MFIHOBEHHOFO OTKNIOYEHUA BCex K3, KoTOpbleé BbI3LIBAIOT onac-
Hoe CHM)KGHM? HanNnpPAXeHrA Ha WnHax ITnx 3HEKTPOCT8HHM§! 9 non.cranu.uﬁ
nxe 0,5--0,6 HoMmuHanbHoro. AAnA BbINONHEHWA 3ITOro YCNOBWMA TOK cpaba-
THIBAHWA MrHOBEHHON (HeceneKTUBHOW) OTCEYKYU BbIGMPAETCA NO BbIPaXKe-
Hue (13). [AnA nonHoro WAW Y4aCTUMHONO WUCNPaBnNEeHVA HeCeNneKTUBHbLIX
ASACTEUI TAKUX OTCeYEK AOMKHLL WCMONLIOBATLCR JBTOMATAUECKUE YCT-
poircrea ATIB »n ABP. Ha peakTupoBaHHbIX NMHUAX, BbIKRIOYATENN KOTOPbIX
He paccunTaHb! Ha oTknoderue K3, npoucxoasumx 4o peakTopa, yCTaHOBKa
TOKOBbLIX OTCeYeK He AonyckaeTcR. OcobeHHOCTV BLINTONHEHUA peneHoH
3alMTLI M aBTOMATUKU Ha 3NEeKTPONOACTAHUNRX, MUTAIOWMX CUHXPOHHbIE
ABUraTeny, paccMoTpeHs) 8 pabore {11].

Ha npuemHbIX KoHUAX oavHOUHbIX nuHKiA 3—10 KB ¢ oaHOCTOPOHHUM
nutaHuem {Bsoa 7, puc. 31} peneinaa 3awmta oT MHOrodasmeix K3 uacto
He YCTaHaBNMBaeTCA B LeSIAX dKoHOMUu annapatypbl. Mpu K3 #Ha nuHum
AefictayeT 3aWMTa, YCTAHOBAEHHAA H3 NUTAIOWEM KOHUE (Ha noacTaHuuu A,
puc. 31), v OTKAIONAET C NOMOLIBIO BbIKAOYATENA B NOBPEXAECHHYIO NUHULO.
Ha 203ayuLiHbIX NMMHAAX 3TOT BbtKROYaTens oGopyayetcA yeTpoiicteom ATlB.
BeiknouaTens Ha IPUEMHOM KoHue nHun (Beoa 7, puc. 31) B 3aTnx cayvasx
MOXET OTKIIOYaTLCA ABTOMATMYECKW OT TaK HA3bLIBagMOW 3alMTLl  MWHU-
ManeBHOTO HANPRAXEHWA, BXOAAWIEH COCTABHOM YacTbic B CXeMY YCTPOACTBa
ABP Ha npuemHoit noacvaHuuu. OTKnOYEHUE NPOM3BOAUTCH B GECTOKOBYIO
nay3y, nepeA Tem Kak ycTpoicteo ABP aacT komakay Ha BKNiodeHue HOp-
ManbHO OTKNICYEHHOrO BLIKNIOYATENA BBOAA 2 B ENAX BOCCTAHOBNEHUA
NUTaHNA NOACTEHUUM b OT Pe3epBHOTO UCTOYHKKA.

OaHaKko BbINONHeHWE peneiiHoN 3alnTel LenecooBpa3Ho U Ha NPUEMHOM
KOHUe oawHO4HOU nuHun 3—10 kB ¢ 0AHOCTOPOHHUM NUTaHWUEM, fIpUYeM
33UMTbl, HAcCTPOEHHOW CENEKTUBHO MO OTHOWEHWIO K 3alTe NUTAIOLWero
KoHua. Taxoe peweHue UMeeT cneayroume aoctowHcrea. Bo-nepssix, npw
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K3 Ha wuHax npuemHol noactadumn (5 Ha puc. 31) paHsite OTKMOWMTCR
BbIKMIOYETEAb Ha NPUEMHOM KOHUE W HENOBPEX/AeHHaR NMHUA OCTaHeTcA
Mo HanprxeHuem (¥ NOA HArpysKoi, eCnNn K Heit NOAKNIYEHBI MOACTaHLMN
Ha oOTBeTBneHunax). Bo-BTopeix, cpabaTbiBaHve 3aMTEI HAa NPUEMHOM
KoHue B u HecpabaTbiBakWe Ha NUTAOWEM A O3BOMAET ONEPATUBHOMY
nepcoHany ObicTpee onpefenvTh fOBPEXAEHHLIA 3NEMEHT U BOCCTAHOBUTL
aneKTpocHatxenue noTpedutenei. B-rpetounx, no (Gaty cpabaTbiBanun mak-
CMMANbHON TOKOBOW 3aU4UThl H3 NPUEMHOM KKOHLUE NKHUM MOXHO aBTOMa-
TU4YeCKK 3anpeuiats aecTBne ycrporctea ABP noacrasuvu, ARR TOTO YTobLI
BTOPUYHO HEe fOAaBaTh HAMpPRXEHUe Ha NOBPEXAeHHble WWHbI (NOACTaH-
uumn 5 #a puc. 31). MocneaHee oveH» BaXKHO NOTOMY, YTO U3 OMbITa NOCHeEA-
HUX N1eT BLIABWICA RNPeMMYLIECTBEHHO YCTOMYMBbIA XapakTep KOpPOTKUX
3ambiKaHWY 8 pacnipeAennTesnibHbIX YCTPOMCTBAX 3TUX KAacCo8 HanpPAXKEeHUR,
BbINONHEHHbIX B BuAe KoMNAeKTHbIX Aveek KPY, KPYH u 1. n. Mpu atom
aevictBnA ABP 4acTo OKa3biBaKITCA HeycnewuHbIMU U, 6onee TOro, NPUBOAAT
K pa3suTuio aBapnu. B ¢BA3n ¢ 3tum pewenneMm MuHanepro CCCP Haunkas
¢ 1985 r. Ha scex 3neKTpocTaHumax geicteun ABP ponxHbl 3anpeinatsca
uMeHHO no ¢aKTy cpabaTbiBaHUMA MaKCMManbrON TOKOB0MK 3almThl paboyero
BBOAA. TaKue >e MeponNPUATUA BLINOAHRIOTCA Ha  TPaHChOPMATOPHBLIX
NOACTAHUMAX € BLICLIMMKM HanpAxeHuamy 35—220 «B u nuawumu 3~10 «B.
OuesnaHo, 4TO 3TC uenecoobpasHo AenaTh U ANA NOACTAHUMA € BbICWUM
Hanprxennem 3—10 kB (nogobHbix nocTaHuun 5 Ha puc. 31) .

Ha noHmxkalouux TtpaHchopmaropax 3—10 kB, a Takke Ha 6Gnokax
AMHEMA — TpancOPMaTOpP 3ITUX KAACCOB HANPAXEHWA penerHan 3awmTa
BbINOSIHAETCA C NMOMOIYbIO PacCCMOTPEHHbIX Bblille ABYXCTYNEHYATbIX TOKO-
BbIX 3aILMT, ASACTBYIOWMX HE OTKMIOYEHME BLIKAIOYATENA Ha cropoke BH,
a TaKXXe asTOMaTUHecKoro BbiknlovaTenAa Ha cropode HH (ana tpaucdop-
matopos). Tpancdopmatopul OTHOCUTENbHO HeBonbwioh MowHOCTH, A0
1 MB - A, KaK npasuio, 3alMILalnTCR NNaBKYMU NPeAoXPaHUTenAMM, KoTo-
pble ycTaHasameatoTca nubo Ha cropoHax BH v HH rpanciopmaropa, nubo
TonbKO Ha cropoHe BH, ecnu Ha cropone HH ucnonb3ayoTcA aBToMatueckme
BbIKAIOYATENV CO BCTPOGHHOM 3aumToit {puc. 31) [12].

Ha oammouHbix nuHuax 3—10 kB, koTopbie UMEIOT BO3MOXHOCTL M-
TaHMA C NO6OWA U3 ABYX CTOPOH, HO HE OAHOBPEMEHHO, 4 B ABYX Pa3Hbix
pexxuMax OT ABYX Pa3HbiX MCTOMHWKOB, BbINOMHERWE CENeKTUBHON 3aUiNTbI
o1 MHorodasHeix K3 ¢ nomowsido npoctoil MakcumankHoOW TOKOBOM 3a-
WMTel, KaK Npasuno, HeBo3MOXHO. B 3tom mMoxHO yGeauthcA, paccmar-
puBan TpeGoBaHMA K 3alMTe, HaNpUMep, Ha BoiknoYatene B2 nuunu Hanpa-
wenwem 3—-10 kB (/77 Ha puc. 32}. MNpu nutaHuw J77 o1 uctouHuka A
n npu K3 Ha npepstaywein, nutaemon nuHnn f12 B Touke K7 3awmnra Ha Bbl-
Kmouatene B2 ponkHa uMeTs 6Gonee BLICOKYIO BbIAEPKKY BPEMEHM, 4eMm
sawmTa Ha BbIKNOvaTene B3 nospexaeHHo nurun S12, Hanpumep 1,1 ¢ npu
YyCnoBuK, YTO BPEeMA CPabaThiBaHWA 3aliMThbi HaZ BeiKkmtovaTene B3 He Gonee
0,7 ¢ (puc. 32, a}. Npu nutaHw 37O xe nuHnK J77 OT pe3epBHOro UCTOY-
Huka B (puc. 32, 6) u npn K3 Ha Heit B Touke, Hanpumep, K2 ana cerexTus-
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Puc, 32, Cxema 0anHOoYHON nviuy 3—10 KB c BO3MOXHKbLIM MUTEHUEM C ABYX CTOPOH
& Pa3HbIX PEXUMAX: OT OCHOBHOIO ucTosHnka A (a) v ot peseperoro B {6)

Horo oTkaoyeHna atoro K3 HeobxoaumMo, 4To6kl BbiKntoyatens B2 orknio-
YANCA Npexkgae, Yem BbiKouaTens B3. [lnA 3toro 3awura Ha BbiKRtovaTene
B2 pomkHa aelicTBoBaTHL C BLIREPXKKO BpemeHn pasHoi He 1,1 ¢, a ropazao
wmetbusert — He Gonee 0,2—0,3 ¢, 4To6bi 06ECTIEYNTL CTYNEHD CENEKTUBHOCTH
€ 3aMTON Ha BbikmouaTene B3 nuuuu /712, KOTOpaA B 3TOM PEXUME CTana
nuTawowlei {nocneayiollen, KaK NPUHATO HasblBaTh NPU pacyeTax penenHomn
sawmTsl) . Kpome TOro, yCKOpeHHasa 3awMTa Ha Bbikmovatese B2 gonxHa
6bITo Gonee uyBCTBUTENbHA, T.&. WMETb MEHbLVI TOK CpaBaTbiBaHuA, Yem
3aWMTa Ha sbiknoyatene B3, Ecrm ke He oGecneunTte npeasapuTensHoe
OTK/IIOYEHUE BbLIKAIOKaTeNnA B2, To NPou3oRaeT OTKRIOYEHNE BbIKAONATENA
B3 ¢ nanuwHuMm norawseHmeM noacrasumv b.

CenextueHaa paGoTa 3awmTbl OT MHorodhasHeix K3 Ha nofobHbIx oau-
HOUHBIX NMHNAX 3—10 KB ¢ BO3MOXHbLIM NMMTaHWMEM C N060MA 13 ABYX CTOPOH,
He OAHOBPEMEHHO, a B PasHbiX pexmnmax (puc. 32) , moxeT GbiTb 0GecneyeHa
LAOBOMLHO NPOCTLIM BYTEM YCTAHOBKM ABYX KOMANEKTOB MaKkch-
MaribHbIX TOKOBbIX 33T € Pa3HbIMW 3HaYeHUAMU B8pemMeHun cpabaTbiBaHun.
Mpu 3TOM B OCHOBHOM peXUMe NUTAHVA 3aUMMULGEMOA RUHWM, Hanpumep
OT MCTOYHMKE A, KOMNNEKT 3aMThi C MEHBLLMM 3HaYeHuem epemenn cpaba-
TLIBAHUA ROKEH GbiTh BbiBefeH W3 [GHCTBUA, a NepeA CO3AaHVEM pexnuma
MUTaHNA 3aWMLLACMON NKHWY OT PE3EPBHOTC UCTOYHMKA B OH AOMKEH aBTO-
MaTMYECKU BBOANTHCA B paboTy. [INA 9TOR uenn UCnonbL3yeTed cnetnansHoe
yerpoiictao YM3C — yeTponcTBo NEpexnioueHnA 3aumnT [13].
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NpuHunnuanbHan cxema ABYXKOMNNEKTHOW MaxKCAManbHOW TOKOBOM
3aLLNTLI C aBTOMATUUECKUM BBOAOM B AGWCTBME YCKOPEHHOTO YYBCTBUTERb-
HOrO KOMIMMNEKTa C NOMOULbIO ycTpolicTBa Y/13C npuseaeHa Ha puc. 33.
B AaHHOM cxeMe AnA ynpoWweHWA ucnonb3osBaMbl HanBonee NpocTble pene
Toka: tuna PTB anA ocHosHoro komnnekTta {PT?1, PT2} v tuna PT-81 ana
YYBCTBUTEAbHOTO YCKOpeHsHoro wxomnnekta (P73, PT4). AnA oTknioueHur
BLIKNIONATENA WCNORb30BAHO CneuuanbHoe npomexyTouHoe pene Pl Twuna
PMN-341, koTopoe AeWYHTUPYET SNEKTPOMAarHUT OTKMIOYEHWA BbIKNIOYaTenn
30, Ho TonbKO NPU ycnoBuM cpabaTeisaHuA ycTponcTea Y/73C w 3amblkamlmA
ero KoHvakra 716—-17.

YerpoitctBo Yf13C coctouT U3 asyx MoNYNpOBOAHMKOBLIX pene Bpe-
meHn PBT w PB2 ¢ npepenamu uikans: Bblaepexk spemedn ot 8 go 80 c.
Mpu ncueaHosexun HanpAxennAa oT wuctouwmka A (puc. 32, a) oba pene
BPEMEHWU 3aNyCKatTCA, npuueM perie Bpemenn 1PB B ycTpotictse Y/13C
3aMbIKaeT KOHTaKT 76—717 n BROAMT B AECTBUE YYBCTBUTENLHLIM YCKOPRH-
HbliA KOMMNEKT 33WThl BO BpeMA GeCTOKOBOMW Nay3bl Nepej cpabaThiBaxuem
ceTesoro ycrpoiictea ABP.

Hanpumep, ecnn BpemA cpabBatwiBaHuA ycTpoitctsa ABP  (puc. 32)
BbIBpaHo paBHbIM 16 ¢, TO BpeMA 3aMblKaHWA KonTakTa 16~17 yctpolicTaa
YN3C cnepyet Buifpath MeHbimm: oxkono 14 c. Mocne yecnewwHoro
aeictenr ABP Y/I3C octaeTcA 8 TakoM MNOJNIOXKEHWM, YTO KOHTaKT 16—17

a) THI ) r——————— "I
PT1 (—4AT3 L I

PT2 [\ PT4 P13 "‘_ﬁ]
s 7

T g PT4 i T
. am i3C
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Puc, 33. MpunyunuansHaa cxema ABYXKOMMNEKTHOR MAKCUMAanNbLHOW TOKOBOK 3aWNTbi
€ a8BTOMAaTUYECKUM BBOAOM 8 AEWCTBME dYyBCTBUTeNbHOro Komnnexta (pene PT3, PT4)
NPY UCYE3HOBEHUM HANPAKEHUA H8 noacTaHuun 5 (puc. 32) . 8 — uenu nepemeHHoro
TOKa; § — BTOpUUHbIE uenu RPoMexyTouroro pene P/7 tuna PI1-341, gewyHtupyoiuero
30 seikniovaTtens 82; @ — uenu nepeMeHHOro Hanpfxewua (wnHku ynpaeneuus Y
NUTRIOTCA OT TpaHchopMaTopoB Henpaxkewur THT unn TH2)
PT1, PT2 — makcumansHbie pene Toka NpAMOro aeiicteua tuna PTB; PT3, P74 —
MaKkcumansHsie pene Toka tuna PT-81 (uyecTeuTensHoro xomnnexral; Y/I3C — ycT-
PONCTBO NepeKNIoUeHns 3aUMT B8 BecTOKOBYIO NaY3yY

N
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3aMKHYT ¥ YyBCTBUTENbHbLIA YCKOPEHHLIN KOMIMNEKT 3aWnTbi Ha BbIKAIO-
vatene B2 nuuvn f11 BeegeH B paboTy Ha BCE BPeMA CYLIECTBOBAHA pexuma
nwTanua J171 ot pesepsHoro uctounuka 8 {puc. 32, 6). [pyroi KomnnekT
3TOM 3aWMTLl C BLIAEPXKKON spemeHu 1,1 ¢ Take coxpaHAerca 8 pabore,
HO B AAHHOM PeXWMEe OH CYLLECTBEHHOW pony He urpaert.

Mpn HeycnewHOM p[eicTBUM ceTeBoro ycrpoictea ABP Hanpa-
XeHne Ha WMHaX NOACTaHUMW 5 He BOCCTAHABNNBAETCA U MO uUCTeueHun
speMeHn cpabateigannA ABP (16 ¢ Ha puc. 32) 3aMbIKaIOTCA KOHTaKThbt BTO-
poro pene spemenu 2PB g yctpoiictee Y/13C, Tem cambiMm BO3Bpailan pene
1PB B Takoe nonoXKeHue, NPU KOTOPOM KOHTaKT 76~17 pasomkHyT. Bpema
cpabatbisaHuA pene 2PB & Hawem npumepe cneayet Bbi6paTs okono 20 c.

Yctpoitcteo Y/1I3C moXeT 6biTb UCNORB30BAKO K ANA ABTOMETUYECKOTO
BsIBORa 13 paboTht uyBCTEUTENLHOTO YCKOPEHHOTO KOMMNEKTa 3auiuTsl
Ha BbiknovaTene B2 nepef BOCCTaHOBASHNEM HOPMANLHOTO PEXUMAE INTAHUA
maunk J11 ot uctodnuka A {puc. 32, a). Ona atoro Heo6xoauMo KpaTKo-
BpeMeHHO OTKMIOWATL nvHuto f17 ot ucrousuka B, npumepHo Ha 1 muH,
YTO ROCTAaToYHO ANA cpabaTwiBaruA pene 2PB B ycrpoicree Y/13C. Bonee
noapo6Ho 3ToT KU Apyrue cNOCObLI aBTOMaTUHECKOrO U3MeHEeHNA NapaMeTpoB
cpabatbizaHna u obecneyeHus ceneKTUBHOR 3aumTsl OT MHOrodasHeix K3
Ha OAVHOYHBIX JIMHMAX, WMEIOLWKX NMTaHue ¢ Mo6oA U3 ABYX CTOPOH, HO He
ONHOBPEMEHHO, 3 B pasHbiX pexuMax (puc. 32), paccmoTtpeHsl B pabotax
[5, 13, 14].

Ha OAWHOYHBIX SIMHWMAX C ABY XCTOPOHHMUM fUTaHWEM, BXOAR-
WUX 8 KOSILUEBYID CeTb C OBHON TOUKOW NATAHWA, NPUMEHAICTCA B OCHOBHOM
HafpaBsNeHHbIe MaKCUManbHble ToKoBble (MM  AWCTaHUKOHHBIE)
33WNTLI, KOTOpble B AaHHOW KHWre He paccmatpusawotca. B uensx ynpo-
weHUA 3aMt u obecneyeHUA ux cenexiuaHoro gedctenA [Mpaswuna [1]
RONYCKa10T NPUMEHATD aBTOMATHMECKOe ile NeH M e Ce Tu Ha pagnansHble
Y4acTKi B MoMeHT BoaunKHoBeHuA K3 ¢ nocnegytolium asTomaTU4eCKUM
ee BoccTaHoeneHueM. [pumep KofibueBOW CeTY C OfHOW TOUKOW MUTaHUA
npuaeaeH Ha puc. 34. Ecnu aBTomaTulecKoe Aeserue CeTu He NPesyCMOTPEHO
{puc. 34, a), 1o cenexTUBHLIC AGICTBUA MAKCUMANBHLIX TOKOBLIX 3aLNT
MOTYT BbITb obecrieveHb: TONLKO MyTemM AONONHUTENLHOW YCTaHOBKW pene
HanpaBneHNs MOWIHOCTHA, NPaBfa, He HA BCeX KoMmnnekrax zawutel. He ycra-
HABAVBAKITCA perie HanNPasneHUA MOLWHOCTK 3aBeZOMO Ha 3aUMTaX roONoB. -
H bl X BbtK/HOYaTENEA NuTaCWMUX NUHKA J77 v F13 Ha noacTaHuum A, a Takxe
Ha Tex 3awmTax, rae OHU He TPeby:ioTCA No yCNOBMAM ceneKTuBHOCTH. Hanpu-
Mep, B cxeMe Ha pucC. 34, 2 MOXET He YCTaHaBMBaTLCA OpPraH HanpasneHuA
MOLLHOCTY ANA MaKCUManbHOU TOKOBOW 3awTel nuMHuKM f12 co CTOPOHEI
noacraHuu 5, NOCKONbKY ee BPeMA cPabaThiBaHWA 3HAuUTeNsHO Gonbwe,
YeMm y 3awuTel AMHUM JST7 co CTOPOHbI aTOW e noacTanumn. OcrtanbHbie
KOMPINEeKTbl 3aunT 06A2aTENsHO ACMKHBLI GbiTh HanpasneHHbiMu, TOMbKO
Apy 3ToM ycroeum SyaeT npasvunsHo QPYHKUVWOHUPOBATL, Hanpumep, 3atumra
J11 co croponbl noactanumn 5 npu K3 B Touke K7 — cpabatbieats paHbiue
apyrux ¢ spemedem 0,3 ¢, 3 npu K3 8 Touke K2 — GeageilcTBOBaTH, YTOOLI
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Puc. 34. Cxema xomyesoii cetn 3—10 KB 6e3 astomaTuveckoro aenexns {a) u ¢ asTo-
MaTHYECKWUM AENeHMEM B UEAX YNPOLLEHNA 3aumT (6)

AaTe B803MOMNHOCTL cpaboTaTh 3amuTe auHun J12 cO CTOpOHL NOACTaHUMN 5,
umewweid Gonbluee Bpema cpabatessaHuAa — 1,1 c. Mo Tem ke apuunHaMm
AOMKHbI UMETL OPFfaHbi HANPaBNeHWs MOUWIHOCTU 3aluThl nuHwnii /12 u /13
€0 CTOpOHLI noAcraHuun B, unave npu K3 8 Touke K2 oHm cpaboraioT o6e
OAHOBPEMEHHO W NOTAcAT NOACTaHUUI B.

YnpouieHve 3aliMT AOCTUIaeTCA YCTAHOSKOM YCTPOWCTBA aBTOMAarTw-
4eCKOro fAeneHna CeTu, HaNnpuMep, Ha CeKUMOHHOM BbIKRIOYaTENe NOACTaM-
umm B {puc. 34, 6). Takoe yCTPOHCTBO BbINONHAETCA B BUAE MaKCHManbLHOM
TOKOBOW 3aThl C MUHAMALHON BHLIAEPIKKON BPEeMEHN, AENCTBYIOULCH
HeceneKTUBHO Npu BceX MHorodhasHbix K3 B Konbuesoit cetu, pasmMeikan
KOnNbyo ¥ Npespauian nuxun /71—/13 na nuanii ¢ ABYXCTOPOHHUM MIUTaHWUEM
B fMHWA C OAHOCTOPOHHUM MUTAHUEM, ANA 3aLUNThl KOTOPBIX MOFYT UCNOAb-
30B8aThCA NPOCThIE MAKCUManbHble TOKOBbIE 3alMThl {Be3 aneMeHTOB HanpaB-
nenmA). YcTpoicTso aBTOMATHUYECKOrQ AENEHWA 4acTo Ha3biBalOT Re N u -
TEeNbLHON 3aWMTON WM 3awmTol cnab6own ¢sBrR3uU. Hegocratkom
TaKoi 321UThl ABNAGTCA BOSMOMHOCTE M3nMwHWX cpabatoisanuic npu K3
B NuTaeMoi cetn, Hanpmep B Toukax K3, K4. floatomy npeaycmatpusaerca
aBToMaTUYeCKoe BOCCTaHOBREeMMe cxembt NyTem AlB ceKuuoHHOro BLIKMO-
yaTenn.

3awnTa 07 0AHOME3HLIX 3aMbIKAHVIA HA 3eMSMI0 B 3AEKTPUYECKNX CETAX
HanprxxenvieM 3—10 kB paccmotpeHa B paboTax [2, 3, 141,
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IneTpuueckine cetn HanpaxeHneM 20 n 35 kB ¢ WIONMPOBAHHOM HeNT-
panbio.

Ha oanHOYHLIX AUHMAX C OAHOCTOPOHHUM MUTEHMEM MaKCUMANbHLIE
TOKOBbIE 33l Thl MCNOABIYIOTCA B BUAE:

CTYNEH4aThIX TOKOBLIX 33T OT MHorodasHbix K3;

TOKOBbIX OPraHOB KOMOBWHWPOBAHHLIX 3aUT TOKE W HANPAXeHWA OT
MHorodasHbix K3;

NYCKOBbLIX OPraHOB TOKA AUCTAHUMOHHLIX 3alLUT OT MHorodastbix K3
{Hanpumep, Tunoe N3-152, EP2-2701} ;

AONOAHATENBHOW TOKOBOW OTCEYKN K KOMAREKTY ANCTAHLMOHHON
33K THI.

CryneH4aTble TOKOBbIE 3aWMThl H3 NUHUAX ITUX KNACCOB HaNpPAMXEeHWA
MOTYT COCTOATL U3 ABYX MAW Tpex cTyneHel. B nepBom cniyyae — u3 oTcauku
Ge3 BblAEPKKN BPEMEHM W MAIKCUMaNbHOM TOKOBOM 3awunTel (Hanpuwmep,
MCNOonAL3YIOTCR KoMmnnekTol 3awuTel TUNa K3-13 nnn K3-37 B 3aBucumocTn
OT popa onepaTuBHOTC Toka, § 6} . Bo BTopom cnyyae pobaenAeTcR oTceuka
c sbigepkxonn BpemeHn. CryneHuaTble TOKOBbIE 33WNThl BLINOAHAIOTCA
no asyxdasHol Cxeme, NPUYEM OTCEYKN — ABYXpeneHbiMu, a Makcumans-
Hble TOKOBbLIE 3aWUTR — Tpexpenenxsvivu {puc. 5 1 13) . TokosaR otceuxa
¢ HeBonswmnm 3ameaneHuem (BTopar cTyneHs) 0COBEHHO nonesHa B 3MeKTPu-
HECKUX CeTAX, COCTOAUMUX M3 HECKONbKUX MOCNEROBATENLHO BKINOYEHHBIX
AnHNit, flocTonHCcTBa TAKOW OTCEMKH PAacCcMoTpeHsbl B § 8,

SawmTta 0T MHorogasHeix K3 ycranasamsaercA B cooTBetctsuu ¢ [pa-
sunamn [1] ToRbKO ¢ TOW CTOPOHLI AIUHUM, OTKYAa MOXeT 6biTb NoaaHo
nuTaHme, OaHaKko W Ha NpUeMHON CTOPOHE NWMHUY YCTaHOBKA KOMMAeKTa
3aWUThi ABNAETCA NOAE3HOM, TaK KakK NO3BONAET M3BupaTtenbHo OTKAOYATHb
K3 Ha nuHus v Ha twinksax npuemHoi nodctadumy (aHanorvudo nogctaduun 5
Ha puc. 31). OcobeHHo 310 BaXHO, KOTAa Ha PacCMaTPUBAEMO NkUY nMe-
I0TCA NOACTAHUMM HA OTBETBAEHUAX.

Kom6uHuposaHHble 3aWnTbi TOKAa U HANPAXEHUR Ha AMHUAX 3TUX Knac-
COB HanprXKeHUA WCNOMNL3YIOTCA OTHOCHMTENsHO peako. flpumepom uene-
co0BpasHOCTH UCRCIb30BaHUA KOMBUHMPOBAHHLIX 33IUMT MOXET CHYMUTb
3awmTa 6noka AMHUMA — TpaHcdopmaTtop. [pu HeBONMbWOW ANMHE NWMHWK
35 kB (Heckonbko KunomeTpos} #u Bonbiuoi MOWHCCTU TpaHchopmMaTopa,
Hanpumep 6,3 MB - A, npocTas TOKOBaA oTceuka, oTcTpoeHHas oT K3 3a
TpaHchopmatopom B Touke K2 no ycnoeuio (11) moxer okasaTecAa Hepo-
cTatouto wyBcTautensrolt npn K3 8 touxe K1 (puc. 35). [na nossuuenna
3thheKTUBHOCTM 3aWNTLI BNOKa MOMXHO UCMONbL30BaTh KOMEBUHUPOBaHHYIO
OTCeYKY TOKa W HanprXXeHWA, KOTOpaA cocToMT w3 ABYXpefieHOro ToKo-
BOMQ OpraHa ¥ opraHa MUHUMansHOMG HanpPAXEHUA ¢ TPEMA MUHUMaNbHLIMY
pene HanpAxenuAa. Ana cpabatwisanvAd KOMBUHUPOBAHHOMN OTCEYKK HeoBXO-
AVMO oaHOBpemMeHHoe aeicTRUE 0BouX opraHoR.

OpraH HanpfXXeHuA ynyviwaeT ycnoBuA HecpabatbisanuR KomMBUHK-
poBauHoi oTceuxyt npn K3 32 TpaHcthopmaropom B Touke K2, TeM cambim
no3sonAeT BLIGPaTh MeHbLWNA TOK CpabaThiBaHNA TOKOBOMO OpPraHa W, Cheao-
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Puc. 35. Cxema 6noka nuxua — TtpaHchopmatop 35 KB, 33WLMwWaeMoro ¢ NOMOLWLIO
KOMBUHUPOBEHHOW OTCEYKMU TOKA M HANPRXeHUA
T — u3mepuTensHbil OpraH makcnManuHoro Toka; H < — usMepuTensHbiil opran
Hanpaxenna; 77 n TH — namepuTenbHele TP3HCHOPMATOPSLI TOKA U HanpAKEHUA

BaTeNbHO, NOBBLICUTL 3HaueHne KO3MhPUUMEHTA YYBCTBUTENLHOCTN NO TOKY
npyu K3 B xoHue nuHmMu (touka K7} no cpasHeHulo ¢ npocToil TOKOBOW
otceyxoi {5)]. KoathduumneHt 4yBCTBUTENLHOCTH NO HENPAXKEHWAID AOCTETOYHO
BbicOK Npu K3 B KOHUE OTHOCUTENBHO KOPOTKUX NUHUA, uMelowmx HeBonb-
wve 3HaveHrA MORNHBLIX conpoTuenennit. Mpy K3 8 KoHUe NMHMKM CO 3HaYK-
TenbHbLIM CONPOTUBNEHUEM OCTATOYHOE HANPRAXEHWE B MECTe BKAIOYEHUA
oprasa MUHUMANBHOMO HaNpAXKeHWA MOXeT GbiTh HACTOALKO BLICOKUM, YTO
npyMeHexne KOMBWHMPOBaHHOM OTCEYKM OK@KETCA Heuenecoobpasnbim
13-33 Manol YYBCTBUTENBHOCTUA NO HAMPRXEHUIO.

Mpy ncnonvL3oBaHMKM MaKCUManNbHOA TOKOBOWR 3alMThi B  KauecTse
NYCKOBOrG OpraHa AMCTaHUMONHLIX 3alMT 8e CnonHeHue 1 ycnosvna eeiBopa
napameTpoB cpabarbiBaHUA B OOWEM COXPaHAIOTCA,

Ha opuHOYHBIX NMHUAX, UMEOWMX ABYCTOPOHHEE NUTaHWe, HA fapan-
AENBHLIX AMHUAX, @ TaKKe Ha AUHUAX, BXOAAWIMX B KONbUEBYIO CETb C OAHOW
Toyko#M nuTaunA {nofoGHoit cetr Ma puc. 34), maxcumanbHble TOKOBbIE
33WMTLE ApM HeoBX0AMMOCTY AONONHAIOTCA OPraHaMK HanpasneHWa Mouy-
HocTU. WMcnonb3yloTcA U Gonee CNOXXHble 3awinTb! OT MHOFogasHbix K3:
OMCTaHUMOHHbBIE, MPOAOABLHLIE M MonegeyHbie audidepeHuanbHbie 3aUMTLI,
KoTopbie paccMaTpusatoTca B pabotax [2, 3].

3autura oT ogHOMa3HLIX 3aMblKaHW Ha 3eMNI0 BO3AYWHBIX NUHWA
8 ceTRX Hanprxennem 20 u 35 kB, paboTtaiowmx ¢ M3onMpPoBaHHOK HeitT-
panbio, ABNAEGTCHA BECbLMA TPYAHOW 3ajaderi, NOCKONLKY TOK 3aMbIKIHUA
Ha 3eMA0 COCTABNAET KaK Npasuro, BCEro HeckonsKo amnep. MpakTudeckn
MOXXHO MCMONL30BaTh EAWHCTBEHHYI0 W3 CEPUHO BLINYCKABLIMXCA™ 3aWNT
O OAHO(A3HBbIX 3aMbiKaHUA Ha 3eMMIC, @ UMEHHO — UMNYNbLCHY IO
saumty Tuna N3C[156].

Yerpoitctao U3C KoHTponupyeT HanpasneHue pacrpoCTPaHeHUA 3nex-
TPOMarHWTHBIX BONH NO UeNu PaspAAa eMKOCTW CeT: NoBpeXXgeHna thasa—
3eMNA Npu oAHODa3HbIX 3aMuIKaHUAX Ha 3eMnio. Lienn Toxa yctpolictea U3C
MOTYT BKAIOYaTLCA B HYNEBOW NPOBOA CXeMbl COeANHEHWA TpeX TpaHchopma-
TOpOB TOKa B NOAHYIO 3834y, YTO, KaK NPAaBUAo, OCYWECTBUMO & ceTAx 35 KB,
rAe BCTPOEHHLIMK TpaHCchopmaTopamy ToKa oGOPYAYIOTCA Bce Tpu hasb!
MaCnAHbIX BbiKMovaTenen. MNpu UCRONLI0BaHMN BO3AYLLHBIX BbiKAOYaTenen
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Puc, 36, Cxema BKmowennA ycTpoictea Tuna U3C (8} u noncHAalowue cxemel ero pa-
60Tl NPV OAROMAE3HLIX IAMBIKAHWUAX HE 3eMNI0 B PaauaneHoi cetn {6} u Ha ocaHoM
u3 napannensHbix nuuuit 35 KB (g)

1 — KomaneKT 38umTel oT mHorodasreix K3; 2 — ycrpoiicrso U3C o1 oaxo-
bB3HLIX 3aMbIKaHWA; TT ¥ TH — nameputenpHsie TPAHCHOPMATOPRLI TOKA Y HAMPAXKEHKA

TAKME, KaK NPaBUAO, YCTaHABMBAIOTCA TPU BbLIHOCHBLIX TpaHchopmatopa
TOKa, BTOPUYHLIE 0BMOTKM KOTOPLIX COSAMHRIOTCA MO CXeMe NONHOR 38eanbl,
Hyrnesoit nporoR 3TOW CXeMbl MCNOJIL3YETCR MPW YCTAHOBKE Ha NUHMK AMC-
TaHUMOHHOK 3alLMTh!, B HEMO BKIIIONAIOT CNenanbHbie pene, nepeKnioyaloume
uefnv AMCTaHUMOHHBIX OPraHoe B 3aBUcMMOCTU OT Buaa K3. B 3ToT e nposoa
BKMIOUAIOTCA uenw ToKa ycrpoicrea M3C {pue. 36, a). Llenu HanpAmeHnA
N3C noaKnouaioTCA K cReuvanbHoil 06MoTKe wMHHOTC TpaHchopmaropa
Hanpaxenna TH, coeguHerHoll MO cxeme pasoMKHYToIl Tpey20MbHUK.

Yerpoiterso U3C npovssoactsa PuxcKoro onuiTHOrG 3aBoAaa ''Sxepro-
aBTOMATMKa™ BKNIOYEETCA TakUM 06PazoOM, YTO 3aMbIK3eT CBOW KOHTAKT
npy HanpaesneHuM MOWHOCTU {ToKa) Npu 0aHOGEIHOM 3aMbIKaHUK HA 3EMA0
OT MeCTa 3aMbiKaHUA K WWHAM TOW MOACTAHUMUK, rae OHO YCTaHOBAEHO
{puc. 36, 6). Npu HanpasneHUU MOWHOCTY OT WKUH KOHTaKT UN3C octaeTcA
PasOMKHYTeIM (Ha nuHuw Bf12, puc. 36, 6) . Ecnu B 3T e paanantHoOi ceTi
npousoiaeT opHodasHoe 3aMbiKaHWe Ha Npeablayulein nmunn BJ12, 1o 3ami-
RYT CBOW KoOHTaKkTbt ycTpowicteaa U3C n na B/72 w wa Bfi1. YcTpoiictsa,
KaK npasino, AeWCTBYIOT Ha CATHAN, W NO ITUM CAFHANAM ONepPaTUBHLIR
fepcoHan MoxeT BobiCTpO onpeaenuTs FOBPEXACHHYIO AUHKIO, npuyeM Ges
fIOOMEPEAHOIO OTKIHOUSHUA TUHAN.

Ha napannenbrbix nMHMAX M B ceTAX Gonee CrOXHOM KOHGMrypauwm
npumerenma N3C ocobenHo adidexkTusMo. Ha puc. 36, @ nokasaHo nonoxe-
HuWe KoHTakToB ycTponcte M3C, cpabotaBivx npu 0AHOKAZHOM 3aMbIKaHUM
Ha 3eM/MO Ha OAHON K3 ABYX NAaPaANeNbHbIX BOIRYLWHBLIX AUHUA, 3 UMEHHO —
Ha BJ11. Tonbko Ha NOBPEXAEHHOW AUHUW 3aMBIKAIOTCA KOHTaKTh M3C
Ha oBenx CTopoHax nuHun. Ha HenoBspexaeHHOW napannenbHoll RuHum (Mnu
HECKONbKUX fhapannenbHblX AMHUAX) KOHTakTbl MU3C 3aMKHYTCR TONbKO
Ha oAHOM U3 CTOpOH, HecmOTpA Ha oueBUAHBIE AOCTOMHCTBA 3TOrO NPUHUMNA
sawmnTel ceteir 20 m 35 kB oT oaHodasHbIX 3amblKaHuit Ha 3eMNIC, OH He
Hawen ethe WKUPOKOro MPaKTUYeCKoro npumeHedwAa; ycrpoictsa W3C
8 HacTOALLiee BPEMA He BbiMyCKaioTCa.
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Ha Tpanchopmartopax ¢ eeicumm Hanprxervem 20 n 35 kB
M3KCUManbHaA TOKOBaA 3aWNUTa MOXET BLINOAHATLCA Ha cTopoHe BH:

No CXeme HenonHoN 3Be3abi C ABYMA pPene ToKa ANA OTCRYKW U TpeMA
pene ToKa ARA MaKCUManbHOW TOKOBOW 3awmTtbs (puc. 5 uan 13} - apu
OTCYTCTBMM Ha TpaHchopMaTope NPoAoNbHON auvdiepeHUUanbHON 3aUMTLI;

no cxeme TpeyronbHuka (puc. 9) — coBmecTHO € npoaonbHOW Andide-
PesuMansHOM 3almToi TpaHcthopmaropa.

Ha cropore HH nanprxennem 6 unu 10 kB aByX06MOTOSHBIX TpaHe-
thopMaTopoB MakcumanbHan TOKOBaA 3auta MoxeT Booblie He ycTaHae-
NMBAaTLCA, ecnu 3aumuTa Ha cropoHe BH nmeeT aBe cTyneHn Bbigepku Bpe-
MEHW U C MEHBLLUWM BpeMeHeM [, OTKMIYaeT BbIKAtOYaTeNk Ha ctopoHe HH,
a ¢ 6onbwum t, — Ha ctopore BH (puc. 37, a) . Mpu nutaHum ot TpaHcdop-
Matopa aByx cexumin wuH HH Hanprkennem 6 nnn 10 kB Ha kaxaom BbI-

Kmovatene HH ycraHaBnueaeTCA KOMMSEKT MaKCUManbLHOW TOKOBOM
sawutsei (7 v 2 Ha puc. 37, 6}, a Ha cropoxe BH — Tpetuit KomnaekT 3aumTsl.

Npn coeanuennu obmoTkn HH TpaHcthopmaropa, Hanpumep, 35/0,4 kB
B 3BE34Y C 3a3eMfieHHON HeWTpansio B AONONHEHME K MaKCMManbHOW TOKO-
BOW 3aumTe Ha ctopore BH (7 Ha puc. 37, e} napesycmatpueaeTca cheyuans-
HaA TOKOBaA 3awmTa oT oaHotha3Heix K3 B cetw HH (2 na puc. 37, 6). 3a-
WNTb RENCTBYIOT Ha OTKAKYEHUE BLIKIOYATEREW, YCTaHOBREHHLIX HA 8CeX
cTopotax TpaHchopmarTopa.

AAnA noBbileHNA YYBCTBUTENBHOCTM MaKCKUMafibHble TOKOBLIE 3aU4nThI
tpancthopmatopoB 0T MHorohasHeix K3 MOryr AONONHATLCA NYCcKOBLIM
OpraHoMm HanpaXeHuA {KpoMe TPaHCHOPMaTOPOB C HA3WNM HaNpRXXeHMeM
0,4 xB, rae Bo3moxeH 0TKas MyCKOBOrQ OpraHa HanprXeHWUA Npu Tpex-
tasHbix K3 uepesnepe xXoRHoe conporusneHune).

Ana yckopenua oTikKnioueHun mHorogasHelx K3 Ha wuHax HH (oco-
6eHHo npu nenonesosanny Aueek KPY, KPYH-6, 10 kB} npegycmarpvsaetcs

a) 35«8 6) 8
b
A BIC —
7T éJ [P Tr dJ 3 |ty T 1
I = ' - = I =
Y 7 Yuanw &
7 A b 2 r XY E 2
H gl-. F-r- IL d: ja L I
= t, = t, —J—-—N
buna 10 k8 [ I
04 k8B

Puc. 37, Cxema pasmewwieHA KOMMNEKTOBTOKOBOM 3aulnTh! Ha TpaxcthopmaTopax 35 KB:
& — Ha BBRYXOBMOTOYHOM; § — NpU NUTaHUM ABYX ceKuunit HanpAxeHuem 6 unu 10 KB;
8 — npwu coeauHeHnu o6morTku HH 8 3Be3ay € 3a3eMneHHOk HelTpansio
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AORONHUTENbHOE BbiNoNHEHUe Ha ctopoHe HH TpaHcthopmatopa: ToKoeoi
OoTCeuUKM ¢ HebonbwumM spemeHemM AeNCTBUMA, COrNacoBaHHOW NO YYBCTBW-
TeNbLHOCTM M NO BpPeMeHU ¢ BhICTPOASHCTBYIOWMMIY 3ALUMTAMU OTXOARWNX
3NEMEHTOB, WM TOKOBOW YCKOPEHHOW 3alMTbLi ¢ KOHTPONEM ToKa
OTX0AAWMUX 3NeMeHTax, Kotopaa 6uicTpo oTkalouaer K3
Ha wmHax HH npu otcyTcTBuu curiana o nporvekaHun Toka K3 8 Kakom-
6o U3 OTXOAAWMX 3neMeHTO8 (TaKoil KOMNNEKC MaKCUMasbHbIX TOKOBbX
38WMNT, YCTAHOBAEHHBIX H3 NUTAIOWEM BBOMe W Ha BCEX OTXOARWUX NNHUAX,
WHOTAa Ha3bIBAIOT IO FM e CK O 3aUMTON, B AaHHOM CAyyYae — 3aliMTon
wuH 6 unn 10 «B) .

Ha TpaHchopmatopax mMouHocTbio 400 kB - A v Gonee B 3aBMCUMOCTU
OT BEPOATHOCTK W 3HAUSHUA BO3MOXKHOR NEperpyskyu cheayet npefycmat-
pMBaTL MaKCHMaRbLHY!O TOKOBYIO 3atiuty OT TOKoB, obycnosnerHbix nepe-
rpysioir [1]. 3awmra moXKeT geincrBoBaTh Ha CUrHam MW aBTOMATUYECKYIO
pPasrpysky uvnan oTkmoueHne TpaHchopmatopa (Ha noactanuuax Ges no-
CTORHHOIO AEXYPCTBA NEpPCOHana, eci HeBO3MOXKHO NMKBMAWUPOBaTL Nepe-
rpysKy fpyrumMu cpeactesamu). Bpema cpaGatbiBaHuA 3aumTel OT neperpys-
Ky BbiGUpaeTcA Gonbwum, YeM BpeMA cpabaTteiBaHWA Y 33UlMTbl OT MHOrO-
dasHbix {mexxaydasubix) K3 u onpeaenneicAa TpeboBaHMAMM CTaHAapTa
Ha TEPMUYECKYHO CTOMKOCTb TpaHcdopmaTopoB.

Anextpuveckue cern Hanpaxenuem 110 kB u Buiwe, pabotaiowme
¢ 3ththekTUBHO 3a3eMneHHON HeATPaNkIO,

AnA nuHwi B ceTAx Hanprxennem 110 kB u Bbiwe ¢ acheKTUBHO 32-
3eMAEHHON HelTpanslo xapakTepHsl 6onbiuve 3HaveHuA Tokoe npu K3
Ha 3emnio. B HeKOTOPLIX TOYKax 3HEPrOCUCTEM 3HAYEHUA TOKOB NPW OAHC-
tdasHom K3 Ha 3emMni0 MOryT MpPeBOCXOAUTL 3HAYEHWUA TOKOB NpU Tpex-
dasHom K3. 3awuTte) o MHorodazHeix K3 u o1 K3 Ha 3emnio B Hawei
CTPaHe MPUHATO BLINONHATL B BuAe Pas3HbIX KoMnnekTos. 3a
umTe: o7 K3 Ha 3eMni0 BbINONHAKTCA, KaK NpPaBuUNo, Ha TOKOBOM fpPUH-
uvne, 8 BURE TPeX- UAW 4eTLIPEXCTYIeHYaTOR TOKOBOW 23T, ¥ KOTOPO#
MaKCHManbHbIE PEne TOoKa BKIOUYAIOTCA B HYNnesoW MPOSBOA CXeMbi COean-
HEHUA Tpex TpaHchopMaToPoB ToKa B NONHYIG 3ge3ay (puc. 7). 3T 3awnTe,
Ha3bIBaeMble CTYNEHYAaTLIMA TOKOBLIMM 33aUMTaMM  HYNEBOI nocneaosa-
TeAbHOCTH, BLINIONHAIOTCA YaLLEe BCEro HanpaeneHHbiMu [2, 3, 5].

3awurta 0T MHOrodiasHeix K3 Ha AMHUAX 3TMX KNacCoOB HANPAXEHUA
OCYWECTBAACTCA, KaK MpaBuio, C rMomMouwbio BeicTpoaencTBYIOLIMX BbICOKO-
YaCTOTHLIX YAN AUCTAHUMOHHBIX 3aWKT, 06ecneuusalowMX GbICTpoe OTKAIO-
yeHue nvHUM npu scex K3 8 nwo6oit ee Touke. MakcumansHaa Tokogan
3AWMTA B KayecTse OCHOBHOW VCNOSMB3YETCA TONLKG H3 OAWHOYHLIX AUHUAX
110 KB ¢ 0AHOCTOPOHHMM NUTaHWEM W NUWBL B TEX CAyYaAX, Koraa ¢ ee
noMoLLsI0 MOTyT BuiTh obecneveHbl Tpe6oBaHUA BbiCTPORBACTBYA, YyBCTBU-
TeNbHOCTU U CeneKTMBHOCTH. TOKOBaA OTCeYKa YCTaHaBNMBAEETCA NpaxTu-
YeCKW Ha BCEX MIMHWAX 3TUX KNAcCOB HanpsKeHUA B KauectBe AononHuTensb-
HOM 3aUUThI.
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Ha 6nokax nuHuA — TpaxchopMaTop C BbICWKM Hanprxenuem 110 kB
M Bobllie APW ONpeaeneHHbIX PACYeTHBIX YCNOBUAX 8 KavecTBe OCHOBHOM
W pe3epsHOM 3awmnTbl oF BCcex BuAOB K3 MoxeT Gbitb WCNOML3OBaHA ABYX-
WK TpeXCcTynexHvaTas MaKCUManbHaA TOKOBAA 33LKTa B CoYeTaHun co CTy-
neHyaTod TOKOBOM 33WMTOW Hynesoli nocneposartensHocTn [6]. Toxosan
OTCeYKa BLINONIHAGTCA ABYXpPeneiHoOM, a MaKc1MManbHan TOKOBaA 3aWuTa —
TpexpeneHol ANA nNOBsLILMEHWA YYBCTBUTEABHOCTH K AByXdasHeim K3
3a TPaHCHOPMATOPOM CO CXeMOW COEANHEHUA 0OMOTOK 3Be3Ad — TPeYrons-
HuK-11.

10. BbINONHEHUE TOKOBbIX OTCEMEK
U MAKCUMASIbHBIX TOKOBbBIX 3AINT
HA TEHEPATOPAX U IAEKTPOABUTATENAX

TokoBan 0TCeYKa Ha reHepaTopax Manoi MOIWHOCTH.

TokoBaA OTCEMKa NMPUMEHAETCA Ha reHepatopax MowHOCTbio Ao 1 MBT
Ha HanpAxenue Bbiwe 1 KB, paboTtaiowmx napannensHo ¢ APYFUMU FeHepa-
TOpamMyu WNU IHEProcUCTeMOM, W NPeaHa3HavaeTCA ANA 3allKTbl FeHepaTopa
oT MHorogasmsix K3 8 obmotke cratopa [1].

MaKcumaneHbie pene TOKa BKNOUAIOTCA vepe3 TpaxcthopmaTopbl TOKa,
YCTaHOBSEHHbIE CO CTOPOHbI BLIBOAOB reHepaTopa, 06patieHHbIX K COOPHbIM
wuHam (puc. 38). HanbBonee uenecoo6oasHo MCNOMb30BaTs ABYXPENEHYIO
oTcevKy, KoTopaA umeer B 1,73 pasa Gonbulyic YYBCTBUTEABHOCTb K ABYX-
thasueiv K3, uem oavopenefinaa (puc, 10). Tune pene BbiGupawdTCcA B 3a-
BUCUMOCTU OT poaa onepaTtwBHOro Toxa (puc. 5,6, 11, 12 nau 13},

3awuTta, sbINONHEHHAA MO ABYX(a3HON CxeMe, He pearnpyeT Ha aABoWHOe
33aMbIKAHUE Ha 3eMIIID, €CNK OAMO U3 MECT 3aMbIKaHWA Ha 3eMITI0 HaXOZUTCA
B reHepatope Ha (base B, He umelowieir Tpancthopmartopa Toka (puc. 4, 2).
B8 atom cpydyae 6yaeT OTKAIOYATLCA TO MNPACOEAMHEHME, HA KOTOPOM
NPoM3oWNO 3ambiKakve Ha 3emnio assl A unn C.

Tok cpabaTuiBaHMA OTCEYKM, YCTAHOBNEHHOW Ha reMeparope, BbiGu-
paeTCcA K3 YCAOBUIA HeCcpabaTbiaaHUA B CAEAYIOWMX PRKUMAX:

npu BHewrHux K3 (rouxa K71 Ha puc. 38) ;

NpY HapyweHnAX ycToluneol NapannenbHoit paboTbl reHepaTopa {npu
KavaHnuax).

Mo nepBomMy M3 3TMX ycnoBuit TOK cpabaThiBaHUA OTCRYKY BbiGUpaeTcA
MO BbIPaNEHNIO

lc O> kHI:ran,axp (14)
{3)

ree II_ max HauanbHoe 3HaYeHWEe NepUoAUYECKOW COCTaBNAKIYe TOKa
redepatopa (t = 0} npu BHesanHoM TpexdazHom Metannuueckom K3 Ha
WKWHax reHepaTopHoro Hanpaxekua {(Touxa K7 na puc. 38); &, — Koaddmn-
UMEHT HAAEXHOCTH, YYMTLIBAIOWIMIA BAMAHWE aNepUOAUYECKON COCTaBNAIOLWWEN
Toka K3, norpewiHocTy pene U HEOBGXOAMMBIA 3aNac; NPUHUMAETCA paBHbIM
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Puc. 38, Cxema pasMeLLeHVR TOKOBLIX OTCEYEK HE FEHEepaTOpax W NMHWAX MeHepPaTop-
HOrO HaNPRKEHUA INEKTPUULCKOR CTaHUWM HEBOMNBWOW MOLLHOCTH

1,6—1,8 npu ucnonsbsosakun pene Tvnos PTM nnn PT-80 u 1,3—1,4 — npu
ucnonb3osatvn pene Tvna PT-40.

Pacuetsl TokoB K3, B TOM uucsie oT reHepaTopoB, paccMoTpeHsl B pa-
Gorax [16—18]. 3aect NPUBOARTCA OCHOBHbBIE COOTHOWEHNA, HEOBXOANMBIe
4ANA pacyeToB TOKOBOW OTCeYKK reHepartopoB. HavaneHoe 3HaueHwe nepuoau-
YecKolt COCTaBARIOLLEN TOKa Npu BHesanHOM TpexdaszHom K3 Ha BhiBogax
FeHepaTopa ONPEACNAETCA MO BLIPAKEHNIO
183ax= =2 1+ wom (15)

X*d
rae /v, yom — HOMMHANLHLIA TOK reHepaTopa (No nacnopTHON Tabnuuke), A;

"

X g — CBEPXNEPEeXOAHOE MHAYKTWBHOE CONPOTMBNEHMe rexepatopa, o.e.
(Mo NacnopTHLIM UAK 3KCHEPUMEHTARBHBLIM AaHHBIM) ;
’ ” v
~ n
E; U*o +luo X 4sing (16)

—~ J3/AC renepatopa, 0. e. (U*o, ,*o M ¢ — HanpRXeHWe, TOK WU YIoN CABUra

MeXay HUMU NPY NpeaLLecTByIOLIEM pexxnme paboTel reHeparopa) .

Ecnu B perkume, npepwectaysouiem K3, TOK u HanpAxehue redepatopa
Goinn paBHbi HOMWHANBHLIM 3HaYeHuAM, a ¢ =~ 37° (cosy = 0,8; sing ~
2 0,6), To AA1C onpenenneTcA NO BbIPaNKEHNIO

E;’w 1+1'X:d -0,86. (17

AnAa npnGnmneHHbIX PacyeTOB MOXHO MCAIONL30BaTh CPEAHME 3HAYEHWUA
AnA oTeuecTBeHHbIX reHepatopos [16]. Hanpumep, ana TypGoreHepatopoe
E’: = 1,08:; x: 4= 0,125. CnenosaTensHo, RpUBANKEHHOE 3HauYeHKe TOKa
TpexdazHoro K3 nio sbipaxernio (15) Gyger
Iz!?n’ax = 1,08 lr‘ "oml0,1 25 = 8'64 Ir, HOM*
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Tok cpaBartuisanur otceuxn Ha pene Twna PT-40 no sbipaxenno (14} :

fe.o= 1,358,641/ yom ~ 11.7 Ic om

Mo ycnosmio HecpaGaThiBaHWA NPU HapyweHWAX napannensHoi PadoTs
feHepaTopa TOK CpadaTkiBaHWA 0TCeUKYN BbIBUPaeTCA No BbipaXeHUIo

IC.O> kH lKS‘Ir (18)

rae /sy — TOK Kauawuii, onpegennembiii pacvetom [18]; k,, — woaddu-
UMEHT HaAeXHOCTH OTCTPOWKM, MpKHUMaeMbIi 8 npeaenax 1,2—1,3.

"‘IVBCTBMTeﬂbHOCTb OTCeUKN onpeaenAeTcA N0 HavanbHOMY 3HauYeHUIo
toka {t = 0) npu aByxdasHom metannuueckom K3 Ha sbiBogax 3awm-
waemoro reveparopa {Touxa K2 na puc. 38) s pexume ero napannensHoin
paboTel ¢ apyrumu reHepaTopaMn U C SHEProcucTemMol MU TOABKO C ApY-
MW reHepatopamu, €Csiv 3NeKTPOCTaHUMA paboTaeT naonuposaxHo. MNpu
onpegeneHMn MUHMMAanbHOTO 3HaYeHMA Toka AsyxdasHoro K3 conpotus-
neHve 3HepProcucTeMbl AOMMKHO COOTBETCTBOBATL TaK  Ha3elBaeMOMY MMHM-
MafibHOMY PEeXMMY, KOrAa BKMOMEHO MHWHUMAaNbHO BO3MOXHOE 4MCNO Nn-
TaloWUX UCTOYHMKOB: FeHepaTopoe, MMHWN U TpaHchopmaTopos. fpu atom
3HeprocucTeMa BXOAUT B pacyeT HavwBoNLLIMM U3 BO3IMOXHBLIX 3HaYeHMit
CONPOTUBAEHUA. TaKe MUHUMANbHLIM NMOUHUMAETCA B pacveTe W 3HaueHue
cymMmapHoit mowHoct K3 or napannensHo paGoTaiowmx reHepatopos,
YTO COOTBETCTBYET Hanbonbulemy U3 BOIMOXHbIX 3HaYEHWI IKBUBANEHTHOrO
CONPOTURAEHNUA reHepaTopoB {(Kpome TOro reHepaTopa, y KoToporo npose-
PAETCA YYBCTBUTENLHOCTL OTCEYKNU) ,

KoadbdbuumeHT uyBCTBATENLHOCTM ONPEAGAARETCA N0 sbipaxkeHuAm (2)
nam {9) npu ycnosuu, 4TO AQrPEILHOCTE TPaHCHOPMETOPOE TOKA He npe-
sbiwiaer 10%. 3HaveHue KOIDHUUMEHTA UYBCTBATENBHOCTU RONKHO GbiTb
npumepHo 2. Taxkoe TpeGoBaHWe HEBO3MOXCHO BbITONHUTE Ha U30AMPOBAHHO
paboTaloweil 3neKTPOCTaHUWKU, HanpuMmep, ¢ TPEMA OAMHAKOBLIMM reHepa-
Topamy, Tak Kax 0AauH U3 HuX, Hanpumep N® 1, MoXkeT HaXOANTLCA B PeMOHTe,
a Tox K3 ot reHepatopa N° 2 (puc. 38), oueBuAHO, He oBecnevmT cpabarhi-
BaHMe TOKOBOI OTCEUKMN NOBpexaeHHoro resepatopa N® 3, Tok cpabarbisaHna
KoTopoi geibpaH no yenoenam (14) —{17).

flpy HepOCTaTOYHOW YYBCTBUTENHHOCTM TOKOBOH OTCEUKN BMECTO Hee
YCTaHaBAMBAIOT NPOAONbHYIO AuthdepeHUNaNtHY0 TOKOBYIO 3alMTy, ecnv
reHepatop mmeet wects BhiBoaos [18]. Flpu oTcyrcTBun y reHepaTopoB
8IB0R0E (ha3 CO CTOPOHLI HelTpanu TlpaBuna paspewaiot WCnonbL3osaTe
TOKOBYIO OTCEYKY, NPW €e AOCTATOYHOW 4YBCTBUTENBHOCTM, W ANA reHepa-
TOpOB MouHoCTHIo 6onee 1 MBT [1].

MakcumanbHan TOKOBaR 3alWMTa Ha FeHepaTopax.

MakcumanbHar TOKOBaA 3aluTa YCTaHaBNWBAETCR Ha reHepaTopax
B OCHOBHOM B KauecTse 3auwnThi oT 8 He w Hu X K3. UamepuTensHbie pene
TOKa NpUCOEAMHAIOTCA K Tpaxchopmaropam TOKa, YCTaHOBNEHHLIM HA Bbl-
soflax reHepatopa co CTOPOHbI Hefitpanu {puc. 39) . B svux cnyvarx maxcu-
ManbHaa TOKOBaAR 3aWMTa pe3epBupyeT OCHOBHYIO — NPOAOALHYIO andhe-
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peHunanbiylo 3aWMTy npu MHorotaszHbix K3 B 06MoTKe cTaropa. A Ha re-
HepaTopax MOWHOCTEI A0 1 MBT, Ha KOTOPbLIX HEBO3ZMOXXHO BLIMOMHUTL
AOCTaTOYHO YYBCTBATENbHYIO TOKOBYIO OTCeYKy {CM. Bbiiue), MaKcumanbHan
TOKOBaA 3aluTa RBNAETCA OCHOBHOM 3awmTol n oT K3 B 06moTKe cTaTopa,
n ot BHewHnx K3. Ha renepatopax mowHocTbo go 1 MBT, He nmelowmx
BBOAOB CO CTOPOHLI Heirpanu, paboTatoMX napannenbHo C APYTUMM FeHe-
PUPYIOLMMA  UCTOYHUKAMK, AONMYCKaeTCA npucoeauHeHne wn3mepnTenbHbiX
pene TokKa MaKCUManbHON TOKOBOW 3aWMTel K TpaHcdopmatopam Toka,
YCTaHOBNEHHBIM CO GTOPOHb! BbLIBOAOB TpaHcOpMaTopa, ObpateHHbIX
K cBopHbim wuHam (aHanoruudo puc. 38). Cxema 3amTbl BbINOAHAETCA
ABYX- UK TPeXpeneyiHol, B 3aBUCMMOCTM OT HeoBXOANMOCT# pe3epBNpOBa-
HuAa K3 3a Tpauchopmatopamu co cxemamu CoeguHeHnA o6MOTOK 3Be3ga —
TpeyronbHuk-11 {TpaHctopmatopbl CBA3M 3MEKTPOCTAHUMM C 3HEProcucre-
Moit) u TpeyronsHnk — 3Be3Ra-11 {Tpanciopmaropsi COBCTBEHHBIX HYXKA
6/0,4 xB}. Kak nokasaHo 8 § 2, TpexpeneiiHan cxema ofnagaer 8 2 pasa
Gonbuieid YyBCTBUTENLHOCTHIO, Yem ABYXpeneiiHan, npu AByxdasHbix K3
3a TpaHchopmatopamn € Takumu obmotkamu. Tunet pene BbiBUpaOTCA
B 3aBUCAMOCTY OT poaa onepaTeHoro Toxa (§ 2 unn 3) .

Tox cpabarbiBaHMA /¢ 3 MakcuMansHON TOKOBOW 3aluWThbl FreHepatopa
BbibMpaeTcA no ycnosuilo HecpabaTbiBaHUA NPyt HOMUHANBHOW Harpyske
C HEoOXOAWMBLIM 3aNacoM W N0 COrNACOBaHWIO YYBCTBUTESILHOCTW C 3aiuu-
TaMu OTXOARWMX NUHWWA, T.e. No sbipaxeduam (7) u {8). Mpu atom no
seipaxeHuto  (7) paccunTbiBaeTCA TOK CpabaTbiBaHUA MaKCAManbHOW To-
KOBOW 3alinThi, He WMEIOWEN MNYCKOBOTO OpraHa HanpmXeHwAa, a Taxaf
3atMTa NPUMEHAETCA TONLKO Ha reHepaTtopax MolwHocTsto ao 1 MBr. Ana

a) nepeocucmema 6)
17 y PTI %o
k81 - T
'—' P1z
n ?]33 t 73
t, —

@ 4& Omumouenue

(2)7eH dJ S 81, 82 (t,)

¥ Tutus ..&L.Dﬂrl__ ' !
Ajgpenlis

i
gl PR
TIKMGHEHUE
i rJ | B3 uATTI(ty)

. CobicrmBennie
HymBer”

Puc. 39. Cxemul ueneih nepemenworo {3} u nocroanHoro toika (6) maxkcumansHoM
TOKOBOW 3aUNTsl FeHepaTopa MOWHOCTLIO A0 1 MBT u Hanpasnenna ee aeicTBUA Ha OT-
KNIoueHue BbiKNIOYaTeNneH v agTOMaTa raweHua nons redeparopa (A7)

TCH — tpanchopmaTtop coBCcTBenHBIX HYXA; T — TOKOB3A oTceyxa; T8 — MaKcm-
MafNbHaA TOKOBaR 3auinte
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Gonee MolLHbIX reHepaTopos (ot 1 Ao 30 MBT) MakcumansHaR TOKOBaA
3auMTa BLINONHAEGTCA C KOMOBWUHUPOBAHHBLIM NMYCKOBBLIM OpPraHOM HanpAa-
xeHna [1, 3, 18]. Tok cpabaTbiBanna 3awmnThl /o3 BLIBUPAETCA NO BbIpaXe-
Huio (7)), Ho Ges yyeta KoadpdmumMeHTa CamMO3aNyCKa, ¥ NPUHUMAETCA 8 npe-
aenax 1,3—1,5 HOMUHansHOro Toka B 3aBMCHMOCTKM OT TUna pene (pene Tuna
PTB anA 3awnTbt reHepaTopPoB TaKOH MOWHOCTY HE NPUMEHASTCR} .

HyBCTBUTENBHOCTE MaKCUManLHON TOKOBOM 3awuTel (Mo Toky) onpepe-
nAetcA npu Tpexdassom K3 Ha BbiBoA2X OAVHOYHO paboTaloliero reHepa-
TOPa B YCTAHOBUBLIEMCA pPeXMME, KOTOPbIA HacTynaer uepes
HECKOMIbKO CeKyHA nocne BosHuKHOBeWnA K3. YCTaHOBUBLUMNCA pexum
HacTynaeT npumepHo Yepes 3—5 ¢ ANA OTHOCKMTENLHO KPYNHbLIX TeHepaTopoB
u 4epe3 0,56—-1,6 ¢ gna redepatopoB MowHocTslo Ao 1,5 MBT, T.e. uepes
BPEeMA, COM3MEPUMOE C BpeMeHeM cpaBaTbiBaHNWA MaKCUMaNLHOK TOKOBOW
3auinTLl reHepatopa. KoshgpuumeHT 4yBCTBUTENSHOCTU ONPeAenAeTCcA No Bbl-
paXKeHunio

ke= 131,212, (19)
rae Io(oa) — YCTAaHOBMBLUEGECA 3HayeHMe TOKa reHepaTopa npu TpexdgasHoMm

K3 na ero seiBoaax [16, 18].

Ha rexepatopax moiyHocTeio Bonee 30 MBT MakcumanbHaa TOKoBaA
331MTa OCYLLECTBNAET (DYHKUMK 3aWMTLI TONBKO OT BHEWHUX Tpe Xt as -
Hbl X K3 1 BuinonHAeTcA 0AHMM pene TOKa, BKHOYEHHBIM Ha TOK noboil
13 a3, ¥ OAHUM MUHUMANBHLIM Pene HaNPAXeHWUA, BKNIOYEHHLIM HA MEXAY-
thasHoe HanprxeHue. TOK cpabaThiBaHUA MaKCUManNkLHOrO pene ToKa A0JIKeH
6biTb okono 1,3—1,5 HOMMHaNLHOro, a HanpsXeHne cpPabaTbizaHUA MUHU-
MansHoro pene HanpAXenuA — npumepHo 0,5—-0,6 HomuuansHoro. AnA
3atnTbl reHepaTopoB 3TOW MOUIHOCTY OT TOKOB, 66YCHOBEHHbLIX BHELUHUMMN
HecummeTpnuHbimn K3, a Takke oT neperpysku ToKkom obpaTHOi nocnegosa-
TeNbHOCTM NPeAYCMATPURAOT TOKOBYI0 3awmTy obpaTHoit nocnegosarens-
soctu [1].

Bpema cpabaTbiBaHMA MaKCUManbHOM TOKOBOWM 3alMTsl FEHEPaTopos
BbIGUpaeTcA u3 ycnoBUiA CeneKTUBHOCTM no Bbipaxenuio (10) unu nytem
cornacoBaHA BPEMATOKOBLIX XapaKTepuCTWK 3alMTbl reHepatopa ¢ o06-
PaTHO3aBNCUMbIMN BPEMATOKOBBLIMK XapaKTEePUCTUKEMN 3aWUT OTXOARALUX
NUHWA FeHepaTtopHOro HanprxenuA. Mpy 3aToM reHepaTop Bceraa ABRRETCH
NOCAeAHMM MOCAEAYIOLIUM INEMEHTOM 3NeKTPUYECKOA ceTU U BpeMA cpaba-
ThiBAHUA €70 MAKCUManbHON TOKOBOW 3alMThl BCEraa Bbille, YeM Ha ApYryx
{npeablaywmx) aneMeHTax.

MakcumManbHaA TOKOBaA 3aMTa reHepaTopoB, KaK NPaBuUo, BbINONHA-
eTCA C ABYMA BbIAEDKKAMN BpeMeHW: C MeHblleW t; — Ha OTKNOYEHWE
COOTBETCTBYIOWNX CeKUMOHHBIX U WIWHOCOEAVMHUTENbHBIX BbikntoyaTeneit
(BT n B2 va puc. 39), u c Gonbweit t, — Ha OTKAONEHNE BbIKAOYaTeNA
reHepatopa ¥ rauieHne marnuthoro nona (B3 w AfTl}. Takum oBGpa3som,
npn eHews Hu X K3 Ha anemenTax sHeprocucTemsbl man Ha cocefHel Ce-
UMY WKWK reHepaTop MOXEeT BbIAENUTLCA Ha M30NMPOBaHHYIO paboTy BmecTe
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€ HarpysKoid CBOEN CeKUMM WKH, B TOM 4YUCne ¢ HarpysKoW coBCTBeHHbIX
HYXAa (C. H.), obecneunsarower HopManbHylo paboTy oBopyAoOBaHUA 3neK-
TpocTaHuuu. MNpn K3 Ha cBOeil ceKUUWU WKWH FeHepaTopHOro HanpA-
weHuA unu npu K3 Ha oTX0AAMX OT Hee INeMEHTaX ¢ OTKa30M COBCTBEHHOM
33WMTb! WM BBIKNIOYATENA NPOUCXOAMT OTKNIOHEHWE reHepaTopa C ralue-
HWeM ero MarkuTHoro nona [1, 3, 18].

TokosaAa OTCeYKa Ha ACUHXPOHHBLIX 3NEKTPOABUTaTEeNAX HANPRMKEHNEM
Bbiwe 1 kB,

Toxosaa oTceuka 63 BblAEPKKU BpeMeHW NPUMEHAETCA B LENAX 3a-
wmtel oT MexxaydasHeix K3 8 06MoTKe ¥ Ha BbiBOgaxX, 06palleHHbIX K LuK-
HaM, 3nexTpoasurateneli MoiuHocTeiw ao 5 MBT [1]. [na 3nexTpoaswura-
Tenet mowHocTeio Ao 2 MBv gonyckaeTcs oaHopeneiiHoe WCnonHenue ov-
ceuku {puc. 10 n 40, 3), a npu ee HEAOCTATOUHOW YYBCTBUTEALHOCTU —
asyxpeneitHoe (puc. 40, 6). MNpu HeaOCTaTOYHON YYBCTBUTENSHOCTH ABYX-
PenelHoOn OTCEeYKW AOCIKHA YCTaHasnMeaTbcA AuddepeHunansHan 3aLMTa
[1, 19].

Tok cpabaTbiBaHWA TOKOBO# OTCEYKM INeKTPOABUraTenA BbuibupaeTcA
TaKKuM, 4TOObI OTCEYKa:

He cpabaTtbiBana npu NycKe 3NeKTPOABUMaTENs, HECMOTPA Ha TO, 4TO
NYCKoOBO TOK MoxeT B 5—8 pas npesocxoavuTe HOMUHANLHLIA TOK 3fieK-
TpoasuraTens;

He cpabarviBana npu BHewHuMx K3, xoraa ToxK OT 3neKTpoasUratens
8 HavanbHbI# MOMEHT ROCTUraeT Takxke (5—8) -KpaTHOTrO 3HaYeHURA;

cpaBatbisana npu asyxdassom K3 Ha BbiBOgaX 3atuyulaemMoro ane-
TPOABUraTenA ¢ Ko3PMUUMEHTOM YYBCTBUTENLHOCTU okofio 2 (Touka K7
Ha puc. 40, a) .

a) 6 unu 10 KB 5) 1 6 unu 10 k8
/ PTI
Aplste, Y
T T M _przD"
= =
\M“db\ "
. N1 g
3 N 3| / N\
[ ! 3 \ 04 kB
‘\\ / \ J
~N ~—— e d \\ - _ e
flo 2 MBT 0m 2 80 4-5MBT

Puc, 40. Cxembl ysneit NBPEMEHHOrro TOKA TOKOBMIX OTcevex 2NeKTPOABUraTensil Mow:
HocTeio A0 2 MBT {a) n ot 2 ao 5 MB1 (6) ; M — anexTpoasuravenu
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[ina  obecnesernn HecpabaTubiBaHUA OTCEYKN ACMHXPOHHOFO 3JNEeKTRO-
ABUTaTeNA B pexumax nycka u sHewHux K3 ee TOK cpaGaTeiBaHUA BuIGH-
PaeTCA NO BbIPAXKEHUAM:

Ie.o 2 kulnyex {20)
i

le.o > Kuknyex/a. vom, (20a)
rhe Knyex — Ko3dUuMeHT nycka, npeAcTasnAlWMA coBoit oTHOWweHVe

YCTaHOBMBLUIErOCA 3HA4YeHUA NYCKOBOra TOKA /pycik K HOMUHANbHOMY TOKY
ANEKTPOABUFATENA [, yom: Ky — KOIPHUUMEHT HANKHOCTH, YINTLIBAIOUMIA
BAMAHUE aNePUOANYECKOM COCTaBMAIOWEA NYCKOBOro TOKa ¥ napameTpbl
pene, CnofnbayemsiX ANA BuiNOAHEHWA TOKOBOM oTCeukU. CpeaHue 3HaYeHUA
Kayex WM Inyo NPUBOAATCR B KATANOXHBIX AAHHBIX 2CUHXPOHHbBIX 3MEKTPO-
aAsurarenei. OaHako AnA ebl6opa Toka cpabaTbiBaHUA OTCEYKW MO BbipaXe-
HuAaM (20} wnu {203) pekOMEHAYETCA WCHONL3OBATL 3KCMNEPUMEHTANLHO
onpejesneHHble 3HaUEHNA ITUX BEAINUKH,

3HaveHnA Ko03hhUUMEHTOB HaaexXHOCTM 8 BbipakenuAx (20} v (20a)
BbIGUPAIOTCA B 3aBUCMMOCTM OT TUNOB PeRe TOKA ¥ BbIXOAHbIX pesie CXeMbl
OTCeYKHU, OT CTeneHn WX OTCTPOMKY OT BAUAHUA anepuoAvHECKOi COCTaBNAIo-
ileil nyckosoro Toka. Hanpumep, npy KCNENb30BaHUA MrHOBEHHbIX pene
TOKa npAamoro aewctenA Tna PTM, umelowmx coberseHHoe Bpems cpaba-
ToiBaHuA okono 20 Mc ¥ cpabaTbiBAIOWMX B HavanbHbLIi MOMEHT NycKa
INEKTPOABUraTeNs, 3HayeHue KoadduumeHTa HAASKHOCTH NPUHMMACTCA
oxono 2—2,5. lTpumepHO TaKoe 3HaueHue k,; & 2 NPUHKMAETCA NPK UCNONb-
3oBaHuu pesie Tuna PT-80, nockonbKy 3NeKTPOMArHUTHLIA ANEMEHT 3TOro
pene (oTceuka) XapakTepu3yeTCR OYEHb HU3KUM KO3D(HUUMEHTOM BO3-
Bpata. OTMeTuM, 4YTO 3T pene MOTYT NOXHO cpabarbieaTh OT YAAPHLIX
8ubpaunii NpY BKNOUYEHUW BbIKMIOYaTERe B KomnneKTHon Rueiike KPY,
KPYH u 1. n.

Tlpu sbinonHeHWU oTceuKu ¢ pene Toka PT-40 v npoMexyTouHbIMU pene
6e3 samepnennn (PN-23 wmu Pr1-16) npuHumaerca ky, = 1,56-1,6.

KoacddmumeHT vyBCTBUTENbHOCTW TOKOBOIM OTCEYKU ONPepennAeTcA

npu aByxdasHom K3 Ha BbiBoAax 3neKTpoABUraTena, 06palleHHbIX K Wnsiam
{rouka K1 na puc. 40, a) , no sbipaXkeHUAM:

JANA CXEMBS PUC. 40,a:k‘(‘2) = I'£2’:1in/(\/ 3/co); {21)
ANA cxemb! puc. 40, 6: k:z) = /Lz,z,in/lc.o: (22)

rae I’izrz‘in — voK npn aByxdiasHom K3 Ha BbiBOAAX 3neKTpoABMraTens

B MUHUMaNbLHOM pexume paboTel nuUTalowen aHeprocucremsl (korpa ee
conpoTuBNeHue MmeeT Haubonblee sHaveHue) .
3HaueHne Ko3bdULMEHTa YYBCTBUTENLHOCTM [OMKHO O6bITb OKONO
2 [1].
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