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1. METOAUYECKUE YKA3ZAHUSA
IO MPOBEJIEHUIO TIPAKTUYECKHWX 3AHSATUI
1.1 Mpakrnyeckoe3ansitue Nel,2 (4 yaca).

Tema: «OcHOBHBIE ATalbl IPOEKTUPOBAHUSI PEJIEHHOM 3aIUThl, ABTOMATUKH U TEIEMEXaHUKU
KaK KOMIUIEKCHOW CHCTEMBI yIPaBJICHUS 3JIEKTPOIHEPreTUYECKUMU O0BEKTAMU»
1.1.1 3apanue aJst padoThbI:

CrtpykTypa 1 KiaccupUuKaIys yCTPOUCTB pesieiiHoM 3amuThl. TpedoBanws,
YUUTBHIBAEMbI€ IIPU MIPOESKTUPOBAHHUHU 3aIIUT, OCHOBHOT'O 000pYA0BaHUS.
IIpoekTupoBanue peseliHON 3alUThl, aBTOMATUKH U TEJIEMEXAHUKU KaK
KOMIUIEKCHOW CUCTEMBI YIPaBICHUS SJIEKTPOIHEPTeTUUECKUMU O0BEKTAMHU.
Oco0eHHOCTH BBITTOTHEHUS 3aIUT Ha JIEKTPUUECKUX CTAHIMSIX U MOJACTAHIIMIX
OCHOBHOTO 000opynoBanusi. CocTaB MpUMEHSIEMbIX 3alllUT. MakcUMallbHbIe TOKOBBIE 3aIIUThI
oT Mexayda3HbIX MOBpexkaeHU. M T3 nuHMiA ¢ oMHOCTOpOHHUM TuTanreM. MT3 ot
Mex1yha3HbIX MOBpeKAeHH. HeHanpaBieHHbIe TOKOBBIE OTCEUYKH JIMHUMN C 2-X CTOPOHHUM
nuTanueM. MakcumaibHas TOKOBas 3allUTa OT 3aMbIKAHUI Ha 3€MIIIO.
1.1.2 KpaTkoe onucaHue NpoBOMMOI0 3aHATHS

1. CTpyKTypa YyCTPOICTB pe/ieiiHOi 3a1UThI
Hecmotpst Ha pa3HOOOpa3ue B cXeMax U yCTPOHCTBAX PeJIeHHON 3alIUThI 110
Ha3HAYEHUIO U BUJY ITapaMeTpa, Ha KOTOPBIH pearupyer 3aIuTa, BCe OHH UMEIOT OOITYI0
CTPYKTYPY U COJEpkKAT MHOTO CXO/HBIX 3JIEMEHTOB U y3710B. OCHOBHBIMU 3JIEMEHTaMH

o0mIel cTpyKTypHO# cxeMsl (puc. 1.1) aBisroTCs:
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Puc. 1.1. Crpyxvypsuan cxems yerpolicrsa peaclinol namuru

1) HMCTOYHMKH MOCTOSIHHOTO M IEPEMEHHOT'0 OTIEPaTUBHOTO TOKa. K mepBbIM OTHOCATCS
akkymyssTopHsle 6arapen 12—220 B, ko BTropsiM — TpaHchopMaTOpsl TOKA HIIM HAMIPSKEHUS,
OJIOKM MUTaHUS, 3apsiTHBIE YCTPOMCTBA,
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2) natuuku uHbOpMAIUK: TpaHcHOPMATOPBI TOKA U HANIPSDKSHHUS, YCTPOICTBa
€MKOCTHOTO 0TOOpa HANpPsHKEHUs, KOHTAKThl CUTHAIM3AIINH TTOJI0KEHUS! KOMMYTaIlMOHHON
ammaparypsl (BeIKITIOUATEIeH, pa3beAMHATENICH 1 T.I1.);

3) OnoKM CpaBHEHUS U JIOTHKH KOHCTPYKTUBHO Pa3MEIAOTCsl Ha TIAHENN 3aIUThI
TAHHOTO npricoennHeHns. K 61okaM cpaBHEHUS OTHOCSATCS MaKCUMAalIbHbIE 1 MUHUMAITbHBIC
pelie ToKa WM HaIpsDKEHUs!, pelie CONMPOTUBIICHUS U T.11. BIIOKM TOTHKY coepikaT perne
BpEMEHH, TPOMEKYTOUHBIE pene, yerporictBa AIIB, ABP;

4) ONOKH ynpaBJICHHs U MECTHOM CUTHAJIM3AIMU KOHCTPYKTHBHO Pa3MEIIAIOTCs Ha



MIAHEJIN YIPABJICHHSI TaHHOTO MPUCOCTUHEHUS. DTO KIFOYHU YIIPABICHUS, CUTHAJIBHBIC JIAMITHI
KOHTPOJISI TTOJIOKEHMSI BBIKITIOUATeNel, CUTHAIM3aTOPbI TIOJIOKEHUS Pa3beIuHUTEIEH,
CUTHAJIbHBIE Ta0JI0 ¥ U3MEPHUTENbHbIE TPHOOPHI;
5) 610K 00IIeit CHTHATU3AIMN COIEPKHUT YCTPOHCTBO MUTAIOIIETO CBETA, PEJie 3BYKOBOM
CUTHAJN3alliH, 3BOHOK, CHPEHY M CUTHAJIbHBIE Ta0JIO.
Kak Buano u3 puc. 1.1, HemocpeACTBEHHOE yIIpaBiICHHUE BHIKIIOYATEIEM U KOHTPOJIb 32
€ro IMOJIOKEHUEM OCYILECTBIIAETCS ¢ Nanenu ynpasienus. [Ipu BosauuknoBennn K3 na
3alUIIAeMOM O0BEKTE YBEIHMUMBAETCS TOK Uuepe3 TpaHC(hOpMaTOphl TOKA, CHUYKAETCS
HaIpsKEHUE Ha MIMHAX, YMEHBIIAETCS] COMPOTUBJICHUE CETH, MOSIBIISIETCS HECCUMMETPHS B
Tpex(das3Hol cucTeMe — TOKHU M HaIPsHKeHUs 0OpaTHON U HYJIEBOU MOCIEA0BATEIbHOCTEH.
Paznuunbie ycTpolicTBa 3auThl pearupytoT Ha mapametpsl |, U, z, 12, 10, U0 u ux xomOuHaimy,
BKJItOUasi mpou3BogHbIe. C mOMOIIbIO TpaHC(hOPMATOPOB TOKA U HAIPSDKEHUS 3Ta HH(OpMAaLIUs
nepesaeTcs Mo KadessM Ha TIaHelb 3aluThl. B 0510Ke CpaBHEHUS B 3aBUCUMOCTH OT
COOTHOIIEHUS BXOJHOI'O CUTHAJIA U 33/IaHHBIX YCTaBOK CPadaThIBAIOT COOTBETCTBYIOIIHE
MTYCKOBBIE peJie U BKIIFOYAIOTCS pelie 0JI0Ka JIOTUKH, KOTOPBIA ¢ HEOOXOAUMOMN BBIJEP>KKOM
BPEMEHH TOCHUIACT UMITYJIbC Ha OTKIIIOYEHHE BBIKIIOYATENS (depe3 MaHes b yIpaBIeHuUs).
[Tocne oTKIIIOUEHMSI BBIKJTFOYATEIIS HA MTAHEIN YIIPABJICHHUS] HAUMHAET MUTATh CUTHAIBHAS JIamMIa
(BCIteICTBHE HECOOTBETCTBHS MOJOKEHHUM KITFOUa YIIPABJICHUS M BBIKIIIOYATENIs), @ HA MTaHEIIH
o0mIel CUTHATU3AIUU TOPUT TabJ0 «OJIMHKEp HE MOMHAT», 3BOHUT 3BOHOK M paboTaer
CUpEHA.
2. Kinaccudukanus 3a1MT 3J1eKTPUYECKUX ceTel
Peneiinyto 3ammTy NpUHSITO KJIacCUPHUIMPOBATH 10 XapaKTepy U3MEHEHHS MapaMeTpa,
Ha KOTOPBIN pearupyer 3aliuTa, Mo Ha3HAYCHUIO B 3aBUCUMOCTH OT OTBETCTBEHHOCTH U
nopsiika padoTsl pu K3, a Taxke miis onpeneacHHbIX Bu1oB K3.
1. ITo xapakTepy U3MEHEHHUsI MapaMeTpa 3alUThl Pa3IeIAI0TCS HA MAaKCUMAaJIbHbBIE U
MUHUMAaNbHbIE. 3alIUTHI, pearupyromue Ha Benuunssl |, 12, 10, U2, U0, Bo3pacraromue B
ycnoBusix K3, Ha3pIBatoTCsS MaKCUMaIbHBIMH. 3allIUThI, pearupyronme Ha BenuduHsl U, z,
cHmkaromuecs npu K3, Ha3pIBatoTCS: MUHUMAIIbHBIMH.
CrnenyeTr OTMETHUTb, YTO MIPHU UCIIOJIB30BAHUU TEPMUHOB MAKCUMANbHYBIL U MUHUMATbHBIL
MOHUMAETCS He MakCHMalibHOE (Max) uin MuHUMaIbHOE (MiN) 3HaueHus QYHKIUH, a
HanOOJIbIIINE U HANMEHBIITNE 3HAYCHUS U3 BCeW BEIOOPKU MaKCUMATBHBIX 1 MUHIUMAJTbHBIX
pacueTHBIX PEKUMOB, KOTOpbIE B HHJIEKCaX Oy/IeM COOTBETCTBEHHO 0003HAYATh «MAKC» U
«MHH.
2. ITo Ha3HAYEHUIO B 3aBUCUMOCTH OT OTBETCTBEHHOCTHU U MOPSAKA ACUCTBUS MIPH
K3 3amuts kmaccuuImpyroT Kak OCHOBHBIE, PE3€PBHBIE U JIOTIOTHUTEIIbHBIC.
Ocnognoti Ha3bIBaeTCA 3alllnTa, 00eCTIeunBaroIas IEPBOOUEPEIHOE OTKIIOYCHHE
MOBPEXACHUN B 000N TOUKE 3alIUIIaeMOro y4JacTkKa.
Pezepsnoii Ha3pIBAIOT 3alTUTY, 00ECTICUNBAOIIYIO OTKIIOYEHHE TOBPEXKACHHOTO y4acTKa
MIPU OTKa3e B pab0Te OCHOBHOW 3aIUTHI MU BBIKITIOUATENSI. Pa3mnyaioT pe3epBHBIE 3alTUTHI
OJIMKHETO IeHCTBUS, OTKIIIOYAIOIINE MOBPEXKICHUS B JIF000I TOUKE 3alIMIIAEMOT0 Yy9acTKa MPH
OTKa3e €ro OCHOBHOM 3alllUTHI, ¥ PE3EPBHBIC 3AIUTHI JATTLHETO IEUCTBUS, CO3IAIOIINE YCIOBUS
JUTSL OTKJTFOYESHHS 3aIllMIaeMoro ydacTtka npu K3 Ha cMeKHOM y4acTKe U 0TKa3e 3alluThl HIIN
BBIKJTFOYATENISI CMEXKHOTO ydacTka. C 1ebIo YIPOIIEHUS PE3EPBHBIX 3aIIHT JTOTYCKAETCS
[Tpu npoeKTUPOBAHUU PEICHHON 3aIIUTHI OCHOBHBIMU TPEOOBAHHSIMHU SIBIISTFOTCSI:
OBICTPOICUCTBHUE, H30UPATEIHHOCTD (CEJIEKTUBHOCTH), UYBCTBUTEILHOCTD, HA/IG)KHOCTh
WHAIMYUE YCTPONCTB CHUTHATH3AIUH.
HoMeHKkJ1aTypa yCTPONCTB pesieifHOM 3alluThI
B Hacrosiiiee Bpemst 3a1nTa 3JIEKTpUYECKUX ceTel HanpsbkeHneM 6— 750 kB
BBITIOJTHSIETCSI C TIOMOII[BI0 KOMIUIEKCOB PeJICHHOM 3allIUThI IMHUN, BHITIOJITHEHHBIX KaK Ha 0ase
TPAIUIIMOHHBIX YJIEKTPOMEXAHUYECKUX YCTPOMCTB, TaK U C MPUMEHEHHEM MUKPOAIIEKTPOHHOMN
0a3bl (MHTETPATbHBIX MUKPOCXEM, MHKPOIIPOIIECCOPHON TEXHHUKH ).
DIIEKTPOTEXHUYECKAsl TPOMBIIIUIEHHOCTh CEPUIHO BBITYCKAECT B TEUEHUE MOCIEIHUX



JIECATUIICTUH CIIeAYIOIUE TTAaHEeH 3alIUThl Ha SJICKTPOMEXaHUYECKOH 0aze:

nanesb 3amuThl Tinma D113 1636-67 — s 3anuTel muHui HanpsokeHueM [10—220 kB,
coJepKaliasi TPeXCTYIEHYATYI0 JUCTAaHIIMOHHYIO 3aIIUTY ¢ OJIOKUPOBKOM MPH KauyaHHX U
HEUCIIPABHOCTSAX 1ENeH HAPsHKEHUS, YETIPEXCTYINEHYATy0 TOKOBYIO 3aLUTY HYJIEBOM
MI0CJIEIOBATEIbHOCTH, MEXKAY(Pa3HyI0 TOKOBYIO OTCEUKY, pelie YCTPOWCTBA pe3epBUPOBAHNUS
oTkaza Beikirovatenei (YPOB);

nanens 3amuTsl Thna Jd3-201 — nuddepenunansHo-hazHas BBICOKOYaCTOTHAS

3alllUTa, IpeHa3HAYeHa 1JIs IPUMEHEHUs B KAYeCTBE OCHOBHOM 3aIIUThI ITMHUN HAIPSHKEHUEM
110—220 xB; sT0 OBICTpOACHCTBYIOIIAs 3aIIKTa, JecTBYOMmAs MpHu Beex Buaax K3 B cucreme;
nanenb 3amuThl Thna J[d3-503 — nuddepennuanpHo-(azHas BHICOKOYACTOTHAS

3amuTa it auauii 330—500 xB;

nanesnb 3amuThl TUna 113 1637-91 npumensiercs AJisi BEITOJIHEHUS MONEPEYHON

g depeHaIbHON TOKOBOM HAMIPaBIEHHOH 3aIUThl HapayuienbHbix JuHui [10—220 kB npu
3aMbIKaHHAX Mexay (hazamu (komiuiekT K3-6) u Ha 3emiio (komrutekt K3-7);

naHespb 3amuThl TUNoB D113 1638-91 u 3113 1639-91 npumensiercst 11sl BHITOJIHEHUS
poIosIbHOM U epeHIraIbHON TOKOBOM 3anuThl TuHui [I10—220 xB; 310
OBICTpOAEHCTBYIONIAs 3aUTa C IPOBOJAHBIMYU KaHAJIaMU CBSI3H, JEHCTBYIOLIAs IIPU BCEX BUAAX
K3 B cucreme;

naHesb tuna JI13 1643 BbICOKOYACTOTHOM OJIOKMPOBKU AUCTAHLIMOHHOM 3aIUTHI U
HaIlpaBJICHHOM 3alUThI HyJIeBOU nocnenoBarenbHocTy tuHU HO—330 kB; npumensercs nis
MCKJIFOUECHHS BBIICPKKHA BPEMEHHU 3aIIHT IPU 3aMbIKAaHUSAX Ha 3alIUIIAeMOM JIMHUU; ITaHEIb
mpeIHa3HayeHa Jisi COBMECTHOM paboThl ¢ manemnbio Tuna J113 1636-67 wnu ¢ 11060# ApYyroi,
Ha KOTOPO yCTaHOBJIEHBI AHAJIOTUYHbIE 3AIUTHI;

nanens tuna 113 1651-91 3amuThl 1 aBTOMAaTUKKU NPUMEHSIETCS JJIs 3allUThI ABYX

JMHUAHN 3JIEKTpoTepeiaun HanpspkeHneM 35 kKB npu MHOT0(]a3HBIX 3aMBIKaHUAX; 00ECTIeUnBaeT
TPEXCTYMEHYATYIO0 TOKOBYIO 3aIlIUTYy C TOMOIIbIO TOKOBOM OTCEUKHU 0€3 BBIICPKKUA BPEMEHU
MMaKCHUMaJIbHON TOKOBOM 3alIMTHI C TyCKOM [0 HANPSHKEHUIO, a TAKKE TOKOBOM OTCEUKH C
BBIICPXKKOIT BpeMEHH; UMEIOTCs yeTpoiicTBa AByxkpatHoro AIIB (pene tuma PTIB-02);

nanens tuna [1A 115-91 YPOB npumensieTcst A BBIIOTHEHUST yCTPOMCTBA

pe3epBUPOBaHUS OTKAa3a BhIKIOUaTenei npucoequnennii noacranuuii [110—500 kB;

MaHesb JUCTAaHITMOHHOW 3amuThl THNA [13-4 mpumenHsieTcs uist 3aiUThl TUHUN

HanpspkeHueM 35 kB mpu Bcex Bugax MHorogasueix K3; Bkimtogaer B cedst TpeXCTyNeHYaTYIO
JIMCTAHIIMOHHOTO 3aIUTy U TOKOBYIO OTCEUKY (KOMIUIEKT 3aruThl Thma K3-11);

naHesnb aBapuitHoro ocrusutorpada tuna [119 0301 npennasHaueHa 11 pa3MeleHus
aBapuitHoro ocumsutorpada tuna H 13 u ynpasnenus ero paboToil COBMECTHO C
MarHuTorpadom npu BOZHUKHOBEHUH aBapUHHOTO PEKHUMa B YHEPrOCUCTEME.

Kpome nmanerneii 3a1uThl BBITYCKAIOTCS TAK)K€ KOMIUIEKTHI 3aiuThl cepun K3 Ha
ANEKTPOMEXAHUUECKHUX pelie, KOTOPbIE TPeAHA3HAYEHBI JIJIs1 IPUMEHEHUS B CXeMaxX peleiHOoN
3anuThl. Kommuiekts! Tunos K3 9, K3 10, K3 12— K3 15, K3 17 npumenstoTcs 1151 paboThl Ha
OTIEpATUBHOM IMOCTOSIHHOM TOKE, a KOMITIEKThI TUTIoB K3 35—K3 38 — st paboTsl Ha
OlepaTUBHOM IEPEMEHHOM TOKe. Bce a1eMeHThI KaX/10ro KOMILIEKTa 3alUThl CMOHTHPOBAHBI B
oJIHOM o0111eM Kopryce. HazHaueHne KOMITJIEKTOB:

K3 9, K3 9/2 — tokoBas orceuka npu Mexaydaznbix K3 B AByxdazHom aByxpeneitHoMm
WCIIOJIHEHUH;

K3 10 — tpexcryrneHuaTas TOKOBasl HallpaBJICHHAs 3alUTa HYJIEBOH MO-

CJIeIOBaTEeNLHOCTH, TPUMEHseMas B cocTaBe nanenu tumna 113 1636-67,

K3 12 — makcuManbpHas TOKOBas 3ammTa mpu Mexay $hasueix K3 B nByxdazaom
JIBYXpeJIeHHOM UCIIOJIHEHUH C HE3aBUCUMOM BBIIEPKKOW BPEMEHHU;

K3 13 — ObIicTponeiicTByIOIIas TOKOBasi OTCEYKa B IBYX(a3HOM JIByXpelIeHHOM

WCIIOJIHEHUH ¥ MaKCUMaJibHas TOKOBAsI 3alIUTa C HE3aBUCUMOM BBIJIEPIKKOM BPEMEHH B
IBYX(a3HOM TpeXpeseifHOM UCIIOIHEHUY;

K3 14 — makcumaibHasi TOKOBasi HaIIpaBJIEHHAs 3allUTa C BBIIEPKKOM BpEMEHU B



IBYX(Ha3HOM ABYXPENEHHOM HUCIIOIHEHUH;

K3 17 — makcumanbHasg TOKOBas 3alluTa ¢ HE3aBUCUMOM BBIJIEPKKOM BPEMEHHU B
IBYX(a3HOM TpEeXpeleHOM HUCIIOIHEHUY;

K3 35 — makcuManbHas TOKOBas 3aliuTa B ABYyX(a3HOM OJTHOPEICHHOM HCIIOJTHCHHH;

K3 36 — makcuManbHas TOKOBas 3alIMTa B IBYX(a3HOM JBYXpEIeHHOM UCTIOIHEHUH;

K3 37 — tokoBas ObICTpOAeCTBYIOIAs OTCEUKA M MaKCHUMallbHAasl TOKOBAs 3aIlIUTa C
BBIJICPIKKOI BpEMEHH B IBYX()a3HOM TpeXpesieiHOM HCIIOTHCHUN;

K3 38 — makcuManbpHas TOKOBas HAIPaBJICHHAs 3alUTA C BBIAEPKKOU BPEMEHU B
IBYX(a3zHOM JABYXpEJICHHOM UCTIOTHEHUH.

C cepennnbl 80-X TOJI0OB CEPUUHO BBITYCKAIOTCS CIAEAYIOIINE KOMILJIEKChI pEeICHHOM

3amuThl TUHUHA 110—330 kB Ha MUKPOAIEKTPOHHOM AJIEMEHTHON Oase:

mkad IS 2801 [15], comepkammmii cTyneH4YaThIe 3aIUThI 1)1 peann3anuu QyHKIui
PE3EepBHBIX 3aAIIUT NPH HATUYHH OCHOBHOH ObIcTpoeiicTByromel (B3amen nanenu O113 1636-
67); UMeeT B CBOEM COCTaBe TPEXCTYIMEHYATYIO TUCTAaHIIMOHHYIO 3aIIUTY C OJIOKMPOBKAMU IpU
KauaHUSIX U HEUCIIPABHOCTSX IIETEH HANPSHKEHUsI, TOKOBYIO OTCEUKY, YETHIPEXCTYIEHUATYIO
TOKOBYIO HaIlpaBJICHHYIO 3allIUTY HYJEBOU mocienoBarensHocTu, pene YPOB;

mkagp HI/D 2802, cogepxaiunii 1Ba OTAENIbHBIX KOMIUIEKTa (OCHOBHOM U pE3€pBHBIN)
CTYIEHYAThIX 3aIlUT U MPEAHA3HAUYCHHBIH JJIsI HCIIOJIb30BAHUS B BUJIE €IMHCTBEHHOM 3aIllUTHI
(Bmecto manenu D113 1636-67); ocHoBHOIM kKomIuiekT — 370 mikad I3 2801, a pezepBHbIit
KOMIUIEKT COACPKUT JIBYXCTYIEHYAThIe AUCTAHIIMOHHYIO U TOKOBYIO 3alIIUTHI HYJIEBOM
[10CJIEI0BATEIbHOCTH;

nanens 11D 2802 nanpaBiieHHON BBICOKOYACTOTHOM 3aLIUThI, UCIIOIb3YEMOU B

KauecTBE OCHOBHOM, BMecTo nanemu []d3-201.

Haznexxnocth pyHKIIMOHUPOBAHUS ITUX YCTPONUCTB AOCTUTAETCS, B YACTHOCTH,

MIPUMEHEHUEM MTOCTOSIHHOTO (PYHKIIMOHAIHHOTO aBTOMATHYE€CKOTO KOHTPOJIS,
OXBAaThIBAIOIIETO3HAYUTEIBHYIO YaCTh 3JIEMEHTOB, C CUTHAJIM3AIMEeH BOZHUKAIOIINUX
HeuncrpaBHocTen. [l

CHI)KEHHUS TPYJ03aTpaT Ha MpoduiakTudeckoe 00CIyKuBaHUE MPEyCMOTPEH
ABTOMAaTU3UPOBAHHBIN TECTOBBIM KOHTPOJIb.

Jns muanii 500 kB u Beiie ¢ 1983 1. BEIYCKarOTCSl KOMIIJIEKCHI YCTPOMCTB pelneHON
3alllMThl U ABTOMATUKH Ha UHTETpaJIbHBIX MUKpocxeMmax cepuu [1J12 2000:

nanens [1/1D 2001 — aucraHMOHHAs TPEXCTYyINeHYaTas 3alluTa, IPUMEHSETCS B

KauyecTBE pe3epBHOI OT Bcex Mexaydazubix K3, conepkut ycTpoicTBa OJOKUPOBKY NPU
KauaHUSIX U HEUCIIPABHOCTSAX B LEISAX NEPEMEHHOTO HAMPSKEHHUS;

nanens [111D 2002 — TokoBast HanpaBIeHHAs! YeThIpEXCTyeHYaTas 3aiuuTa HyJIeBon
MOCIIEI0BATEIHHOCTH, TAK)KE UMEET B CBOEM COCTaBE TOKOBYIO OTCEUKY OT Mexkayda3Hbix K3 u
3allUTy OT HEMOJIHO(pA3HOTO peXxuMa; IPUMEHSETCs B KauecTBe pe3epBHOM 3amuThl oT K3 Ha
3eMJTI0, JOTIOJIHUTENBHOM 3aIUTHI OT MeXTyda3zubix K3 BOMU3M MIMH MOACTAHIIUY | [T TUK-
BUJIAIIUH JUTUTEIBHBIX HETIOTHO(DA3HBIX PEKUMOB;

nanens [1/13 2003 — nanpasnenHas u quddepeHnnaibHo-pa3Hast BHICOKOYAaCTOTHAs
3aIUTa, TPUMEHSIETCS B KAYECTBE OCHOBHOW OBICTPOICHCTBYIOIICH 3aIIUTHI TUHUN OT BCEX
Bun0B K3 kak B momHo(]a3zHOM pexuMe, Tak U MPpU padoTe JIMHUK ABYMS (Da3amMu B IIUKIIE
omrodaznoro AIIB; npu moaHO(pa3HON paboTe IMHUY MAHENb UCTIOIB3YETCS B PEKUME
HaTPaBIEHHOW (PUITBTPOBOM 3aIIUTHI C BEICOKOYACTOTHOW OJIOKUPOBKOMA, U TOIHKO HA BPEMsI
nukia OAIIB oHa nepeBogUTCs B pexXUM CpaBHEHUS (a3 TOKOB;

nanens [1/13 2004.01 — yctpoiicTBo onHO- U Tpexdaznoro AIIB;

nanesb [1/13 2004.02 — ycrpoiicTBo Tpexdasnoro AIIB Ha Tpu npucoenuHeHus;

nanensb 11112 2005 — YPOB;

manensb [1J10 2006 — 3amuTa muH.

C 1991 r. npoucxouT BBIITYCK MOJEPHU3UPOBAHHOI0 KoMILIeKca 3amuT auHuil 500 kB

U BBIIIE:

mkad aucTaHnuoHHOM 3ammThl Tunallld 2703 — B3amen 171D 2001;



mikag TokoBo# 3ammtel Trmalllld 2704 — ananor I1/13 2002;

mkad BeicokoyacToTHOU 3amuThl TUnalllD 2705 — anamor I1/12 2003;

mikag ycrporictsa Tpexdasznoro AIIB tunallld 2706 B3amen [1/13 2004.02;

mkad ycrporictBa ogHodaznoro AIIB tunallld 2702 — B3amen I1J15 2004.01;

mkad YPOB TumalllD 2001 — B3amen 1112 2005;

mkad 3amuTel cOopHbIX muH TUnallll 2303 — B3amen [1J1D 2006.

Kommekcest 3amutsl Tna 112 2000 u L3 2700 moryT skciutyaTupoBathesi U HaIMHUIX 330
kB.

1.1.3 Pe3yJabTaThbl U BHIBOABI:

OcBOCHHE TEOPETUYESCKUX HABBIKOB OCHOBHBIX 3TAIIOB MPOSKTUPOBAHUS PEIICHHOM
3alUThI, aBTOMATUKH U TEIIEMEXaHUKHU KaK KOMIUICKCHOW CUCTEMBI YITPABJICHHUS
AIIEKTPOIHEPTETUICCKUMH 00BEKTaAMH

1.2IlIpakTuueckoe3ansaTue Ne3 4 (4 yaca).

Tema: «[lonepeunas nuddepenunanbHas TOKOBas 3auTa. J(McTaHIIMOHHAS 3a1UTa OT
Mexay(a3HbIX MOBpEXKACHUHN. J{MCTaHIIMOHHAS 3aIUTa JIMHUAN
1.2.1 3apanue s padoThi:

[Tonepeunas nuddepeHIranbHas ToKoBas 3aIuTa. JJucTaHIIMOHHAs 3alIUTa OT
MeXTy(pa3HbIX MOBPESKACHHNA. JlMCTaHIIMOHHAS 3amuTa. PacueT ycTaBoK OJIOKUPOBKH IPU
kauanusx. [lonepeunas nuddepennnanpHas HanpaBIeHHAas 3alIUTa TapauIeIbHbIX JIMHUH.
Pacuer koMImiekTa 3aMThl OT MEXTypa3HbIX oBpexacHui. Juddepenimansao-hazaas
BBICOKOYACTOTHAs 3allUTa. PacueT myCKOBBIX OPraHoOB IIPU CUMMETPUYHBIX MOBPEKICHUSX.
JuddepernmansHo-(a3Hast BBICOKOYACTOTHAS 3amuTa. Pacyer myCKOBBIX OPraHOB IIPH
HECUMMETPUYHBIX NOBPEXACHUAX. FICXOIHbIE JaHHbBIE JUIAIIPOEKTUPOBAHUS.

1.2.2 KpaTlcoe OIMUCAHUE MPOBOAUMOIO 3aHATHUA:

IHonepeunas nuddepeHnnaIbHAA TOKOBAS 3aUTA.

OpnHocucTeMHas nonepeyHast JudepeHraibHas 3amTa IPUMEeHsIeTCs IPU BHIIOJTHEHUN
00OMOTKH CTaTopa reHepaTopa B BUJIE IBOWHOM 3BE3/Ibl U JEHCTBYET MPU MEKBUTKOBBIX
3aMbIKaHUSX B 0OMOTKe cTtaTopa. TpaHcdopMaTopsl TOKaA 3alIUThHl yCTAaHABINBAIOTCS B LIEIH,
coenuHsIoMEen HelTpau 38e311. Ko Bropuunoit oomoTke TT moakIrouaeTcsi TOKOBOE pejie THIa
PT-40/®, oTcTpoeHHOE OT TOKOB TPETHUX U BBICHIMX FAPMOHHUK.

Tok cpabaTbIBaHMS 3aLIUThHI BHIOUPAETCS U3 YCIOBUS OTCTPOMKHU OT TOKa HeOaslaHca,
oOycnoBneHHoro HepaseHcTBoM DJIC napasuienbHbIX BETBEH U HCKa)KEHUEM (OPMBI KPUBOK
¢azubix D/IC reneparopa. Hanuune ¢punbTpa B pese mo3BosisieT BHIOUpaTh TOK cpabaThIBaHUS
3amuTHI IO PopMyIie:

VY4uThIBasg OTCYTCTBUE TOKA B HEUTPAIH, B HOPMAIBHOM pEKUME KOI(DPUIIMEHT
tpancopmarnyu TT BeIOMpaeTcs mo yclioBUIO

YyBCTBUTEIBHOCTD 3aLIUTHI 3aBUCUT OT YMCJIA 3AMKHYBIIMXCSI BATKOB U TIIPH BBIOOpPE

YCTaBOK HE OIICHUBACTCA. 3alllUTa JISHCTBYET Ha OTKIIOUEHHE TeHepaTopa 0e3 BRIICPKKU
BpPEMEHH.

Hcxonnble naHHbIE 1151 IPOEKTHPOBAHUSA

HcxonHas cxema CeTH MpeCTaBIseT CO00H OTHOTMHEWHYIO MIEKTPHUECKYIO CXeMY
MIPOEKTUPYEMOTO pailoHa, Ha KOTOPOW yKa3bIBaIOT:

1) cxeMy ¢ HOMUHaJIBHBIMH HAINIPSDKEHUSIMM, JUIMHAMU JIMHUN, MapKaMH IIPOBOJIOB,

HaJIMYUEM 3a3eMJISIOLINX TPOCOB U UX MaTepuasia. O0s3aTeNIbHO YUUTHIBAIOT NapaluIeIbHOCTh
JIMHUM, YaCTUYHYIO WJIU TIOJHYIO, & TAK)KE YKa3bIBAalOT PACCTOSTHUE MEXKY NapajlieIbHbIMU
JTUHUAMY,

2)cxeMy JIEKTPUUYECKUX COETMHEHUH 3JIEKTPOCTAHIUI U ITOACTaHIIUH C TapaMeTpaMu



TpaHc(hopMaTopoB, aBTOTpaHC(HopMaTOpoB (MOIIHOCTD, Hanpsbkenue K3, rpynmsl coennHeHHs
00MOTOK, Mpeiesibl PETyINPOBKH HAMIPSKEHHUS ), TeHEPaTOPOB (MOLTHOCTh, HOMUHAJILHOE
HaIpPsDKEHUE, CBEPXIIEPEXOJHOE PEAKTUBHOE CONPOTUBIIEHUE) [4]; KpoMe TOro, MecTa
YCTaHOBKH U TUIIBI KOMMYTAllMOHHOW anmapaTryphl;
3)pUBECHHbIEC K ITMHAM TOCTAHINHA 3alIUIaeMOI CeTH 3HAUCHHsI COTIPOTUBICHUI
npsiMoit (0OpaTHOM) M HYJIEBOM MOCJIEIOBATEILHOCTEH NIPYTUX YacTe CUCTEMBI,
COOTBETCTBYIOILIME MAaKCHUMaJIbHOMY U MUHUMAJIbHOMY pEXHMaM pabOThI;
4)MecTa yCTaHOBKH, TUIIBI U KO PHUITMEHTHI TpaHC(hOpMAITUU JATYUKOB HH(POPMAIIHIH.
Tpauncdopmaropsr Toka (TT) — 1100 BcTpOSHHBIE B BHIKIIOUATEIH, THOO0 OT/IEIBHO CTOSIIHE.
Tpancopmarops! Hanpspkenus (TH) ycraHaBnuBaroTCs Ha KaKI0H CUCTEME IIIMH ITOICTAHITNHN,
€MKOCTHBIE OTOOPBI HAMIPSKEHHUS] — Ha BXOJI€ JIMHUM, 710 BBIKIIIOYATEICH.

Kpome Toro, B MCXOIHBIX JAaHHBIX HEOOXOUMO OTPa3UTh Psii OCOOEHHOCTEH,
BIIMSIOIIUX Ha BHIOOP MPUHITUIIOB M pacyeT YCTaBOK PEICHHOM 3alHUTHI.
l)mpMeHeHne moACTaHIMil 0e3 BBHIKIIIoYaTeNeil Ha CTOPOHE BHICOKOTO HAIIPSIKEHUS C
YCTaHOBKOM KOPOTKO3aMbIKaTEJIEH U OTIeTUTENeH. 371eCh BOZHUKAET HEOOXO0IUMOCTh
OTKJIFOUEHHS JIMHUU C TTUTAOIIEro KOHIA Mpu KOpoTKoM 3ambikanuu (K3) Ha mpuemHo
MOJICTAHIIMH, HAI[pUMEpP B TpaHC(HOPMATOPE;
2)npucoeIMHEHHE MOTPeOUTENeH K JIMHUM AJIEKTPoIIepeiaul IIIyXuMu otnaiikamu. [lpu
9TOM YCJIOKHSETCS BBIOOpP YCTaBOK 3alllUT, OCOOEHHO /7S MapajliebHbIX JIUHUI;
3)pOCT HECUMMETPHYHOM HArpy3KH: SJIEKTPUUECKas TATa Ha IEPEMEHHOM TOKE,
AJIEKTPOAYTOBBIE €YU U T.J., — BCJIEJICTBUE YEr0 TP HOPMAILHOM PEXUME PaOOTHI B CETH
MOSIBJISIFOTCS] TOKU U HANPSHKEHHUS 00paTHOM U HYJIEBOI MOCIe10BaTEILHOCTEH;
4)mmpoKoe MPUMEHEHNE Ha OJJUHOYHBIX JIMHUSX HETIOTHO(A3HBIX PEKUMOB PaOOTHI 1O
cxeme 1Be ¢a3bl U 3eMiisl. 37eCh TAKKEe B HOPMaJIbHOM PEKHUME TOSIBISIIOTCS] TOKU U
HaNpspKEeHUs: 00paTHOM M HYJIEBOM IOCIIE10BaTENbHOCTEN;
S)npuMeHeHre IEPEMEHHOT0 ONEPaTUBHOTIO TOKA, MapaMeTPhl KOTOPOTO 3aBUCAT OT
Buaa u Mecta K3.

1.2.3 Pe3yabTaThl 4 BHIBOJBI:

IMOJIHOC ITPEACTABIICHUEC O pa60Te MaKCHMaJIbHOM TOKOBOM 3aIlIMTHI TMHUHN
QJICKTpOoIEpcaavn.

1.3 IlpakTuyeckoezansitue Ne5,6 (4 yaca).

Tema: «[IpononsHas nuddepeHiranbHas TokoBas 3amura ¢ pene tunos PHT-565 u J13T-11.
MT3 ot 3ambikanuii Ha 3emit0. [IpogonpHas quddepeHnnranbHas TOKOBas 3alUTa C pejie Tha
JA3T-21. MakcuManbHasi TOKOBas 3aluTa ¢ KOMOMHHUPOBAHHBIM ITYCKOM I10 HAIPSKEHHIO
reHepaTopoB, paboTaronux Ha cOopHbIe MUHBL. OCHOBHBIE3AUTUTHIONOKA, HE TPEOYyIOLIHe
CHELHATbHOTO pacueTa yCTaBoK. Pe3epBHBIE 3alIUThI 0JI0KA.»

1.3.1 3aganue nJs padoThbI:

Meroanka MpOEKTUPOBAHUS; CUCTEMA aBTOMAaTU3UPOBAHHOTO
POEKTHPOBAHUS; METO/IbI 0OecrieueHHs TpeOyeMbIX MOKa3aTesei TEXHUUECKOT'0 COBEPIIEHCTBA
U HaJIeKHOCTH (PYHKIIMOHUPOBAHMSI pEJIeHHOM 3aIlIUThl U aBTOMAaTHKHU. PacueT npoonbpHOR
muddepeHImanbHoi TokoBo# 3amuThl ¢ pese TunoB PHT-560 u JI3T-11. MT3 ot 3ambikanuit
Ha 3emutto. [IpoponsHas muddepennmanbaas TokoBas 3ammuTa ¢ pene tumna JI3T-20. OcHoBHBIE
XapaKTEPUCTHKH 3alUThI U pene. MT3 ot 3ambIkanuil Ha 3emitto. Pacuet ot 6pocka
HaMarHWYUBAIOLIETro TOKa. MakcuMmanbHasi TOKOBas 3alUTa OT MEeXAYy(Ha3HbIX MOBPEXKICHUIN
crII0BOro Tpancopmaropa. KomIuiekTHbIe 3alIUTHI OT BCEX BUAOB NOBpexAeHUNA. OOmme
3aMedaHus U TpeboBaHus. [[MCTaHIIMOHHAs 3alllUTa aBTOTPaHC(HOPMATOPOB.
MakcumManbpHasi TOKOBas 3al[uTa OT 3aMBbIKaHUI Ha 3eMJII0 aBToTpaHcpopmaTopa. Pacuer



KOMIIJIEKTA 3aIIUThI OT 3aMbIKaHUN HAa 3eMIII0. MakcuMasbHas TOKOBas 3aIlMTa OT 3aMbIKAaHUI
Ha 3eMIIIO.

MaxkcruMaibHasi TOKOBas 3al{UuTa ¢ KOMOMHUPOBAHHBIM IIyCKOM I10
HaIpsKEHUIO TeHepaTopoB, paboTaroIuX Ha cOOpHbIe MUHbL. [IpogonabHas
nuddepeHmraibHas TOKOBas 3aIluTa 0T MeXTy(pa3sHbIX MOBPEXKICHHI B 0OMOTKE CTaTopa.
MakcumanbHas TOKOBas 3aliuTa 0OpaTHOH 1OCIe10BaTEIbHOCTH € IPUCTABKOM /ISt
JIeMCTBUS TIPU CUMMETPUYHBIX K.3. T€HEepaTOPOB, paboTaromux Ha cOopHbIe UHBL. MT3 ot
3aMblKaHU Ha 3emito. Pacuer yctaBok cpabatsiBanus. [Ipogonbuble quddepenunanbHbie
TOKOBBIE 3aILUTHI 0JI0Ka TeHepaTop- TpaHchopMaTop.

OcHoBHbIE 3a1IUTHI 06J10Ka, HE TPEOYIOLUE CIEIHATBLHOI0 pacyeTa YCTaBOK.
PesepBHble 3amuThl 610Kka. OCHOBHBIC YCIIOBHS BBHIIOJHEHUS 3alIUT. MaKkcUMallbHAs TOKOBAsI
3alMTa 00paTHOM MOCJIEA0BAaTEILHOCTH C HE3aBUCUMbBIMU BbIIEP/KKAMU BPEMEHH.

MaxkcuMarbHasi TOKOBas 3aIUTa OT 3aMbIKaHUM Ha 3eMJIIO.

1.3.2 KpaTkoe onucaHue NpoBOIMMOI0 3aHATHS:

1. OcHOBHBIE YCIIOBHUS BEIOOPA TUIIOB 3aIIUT

OTH YCIIOBHSI ONPEACTSIOT paCUETHBIE PEKUMBI M TPEOOBAHMUS, IPEABABISEMBIE K 3aIIUTE B
3aBHCHUMOCTH OT MIapaMeTPOB T'€HEPATOPOB.

Jnist BBIOOpa TOKa cpabaThIBAHUS 3AIUTHI 10 YCIIOBUSM OTCTPOMKHU OT TOKa HeOaslaHca MpH
BHemHuXx K3 paccmatpuBaercs Tpexdasznoe K3 Ha mmHax reHepaTOpHOro HAPSHKEHUS.
(MHoraa B Ka4ecTBe pacueTHOTO PEKOMEHIYETCSI PEKUM HECUHXPOHHOTO BKITFOUCHHSI
renepatopa [3], ogHaKo Takoe BKJIIOYEHHE FeHEpaTOpa MPAKTHIECKU HE TIPUMEHSCTCS).
UyBCTBUTEIHHOCTH 3aLUTHI MpoBepsieTcs pu AByX(asnom K3 Ha BeIBO/IaX TreHeparopa B
pEeXHUME ero ornpoOoBaHUS.

Tok cpabaTbIBaHHS 3aLIUTHI COTIACYETCS C HOMHHAIBHBIM TOKOM T'€HEpaTopa B 3aBUCUMOCTH
OT €r0 MOIIIHOCTH.

[Tpu morHOCTH reneparopa 10 50 MBT Ha npaktuke [1] ucrmons3yercs cxema
TuddepeHIanbHOM 3aUThl ¢ TpUMeHeHreM TokoBoro pene PT-40 u no6aBoyHoro
conportusiieHus 10 Om B nuddepennmaibHo mernu 3amuThl. [Ipr HOBBIX MPOSKTHBIX PEIICHHSIX
pexomenayetcs pene tTuna PHT-560.

[Tpu momrHOCTH reHeparopa 10 100 MBT ucnionb3yrores muddepeHIraibHbIe peie THIIa
PHT-560, pexoMeHyeTcs i MOBBILIEHUS YyBCTBUTEIBHOCTH 3aIIUTHI MPUHUMATh YCTaBKY
cpabateBarus ot 0,5 1o 0,6 HOMHHATEHOTO Toka reneparopa (Ic3r

= (0,5—0,6)Irrom). J{mst

UCKITIOYCHUS JIOXKHOTO CpabaThIBAHMUS 3AIUTHI ITPU 0OPBIBE B €€ TOKOBBIX LEsIX (eCiin 3To
BO3MOYKHO B OCOOBIX YCJIOBUSIX AKCIUTyaTallMM U MPH 0OecriedeHur He00X 0JUMOM
YYBCTBUTEJILHOCTH) TOK cpabaThIBaHUsI MOXKET ObITh yBesnuueH 110 Ic.3.r = (1,3-1,4)Ir.Hom
Jns reHepaTopoB ¢ hopcrpOBaHHBIM OXJIAKIESHHEM MOIIHOCTHIO cBbimie 100 MBT
PEKOMEHTyeTCsl CHMKATh TOK cpabaTkiBaHus 3amuThl 0 0,11r.HoM.

C sT0i1 1enbio B cxeme AU depeHnnanbHOM 3alUThl UCIIOIB3YETCs pelie ¢ MArHUTHBIM
topmorkenuem tuma J[3T-11.

Brutouenne TopMO3HOM 0OMOTKH 11€71€c000pa3HO MPOU3BOIUTH CO CTOPOHBI BBIKIIIOYATENS
reHepaTopa.

Pacuer ycTaBok cpabaTbiBaHUs 3alUTHI U peje

PacueT ycTaBok cpabaTbIBaHHS 3alIUTHI [1E1€CO00pPa3HO BHIMOIHATH B MMEHOBAaHHBIX
eMHHIIAX, IPUBEJCHHBIX K TON CTYIICHH HAINPSHKSHUS, I KOTOPOU BBITIOIHSIINCH PACUETHI
TOKOB KOPOTKOT'O 3aMBIKaHUSI.

1. Tok cpabaTbIBaHUS 3aIIUTHI BEIOUPAETCS MO IBYM PACUYETHBIM YCIOBUSM:

a) OTCTpOIKa OT TOKa HebanaHca auddepeHIInaaTbHON 3alUThI, BOSHUKAIOIIETO MPH BHEITHUX
K3: k3= 1,3 — xoapdunment 3amnaca no uzduparenpHoctu ans pene PHT-560; A: =1,0 —
KOA((UIIMEHT, YUUTHIBAIOUINI BIMSHUE allepuOINYECKON COCTABIIAIONIEH IPU MTEPEXOTHOM
nporuecce K3, ais pene PHT-560 u JI3T-11; x H — k03¢ HULIUEHT OJHOTUITHOCTH



tpancdopmaropos Toka (TT), npuaumaemsrit i oqaoTuHBIX TT paBHbmM 0,5 u st
pasHotunHbix — 1,0; € = 0,1 — oTHOcUTenbHAs HaUOOJIbINAs MOTHAS TOTPerTHOCTh T T,
COOTBETCTBYIOIAsl TOKY KTMarHM4MBaHUs B YCTaHOBHUBIIEMCS pexxume K3.

3ammrTa Tpancgopmartopa

Huddepernmansabie 3amuThl Tuna J[3T-21 npennasHaueHsl U UCMIOIL30BAHUS B

Ka4eCcTBE OCHOBHOM 3allIUThI CUJIOBBIX TPAaHC(OPMATOPOB, aBTOTPAHCHOPMATOPOB U OJIOKOB
reHepaTop-TpanchopMaTop, TeHepaTop-aBToTpanchopmarop mpu Beex Buaax K3.
Hcnonaenue 3anmuThl Tpexdasznoe ¢ ooumM BeixoioM tpex das y J3T-21 u modazubim
BbIX0JI0M y JI3T-23, MO3BOJIAIONINM €€ MCIIOIb30BaHNE B KAYeCTBE OCHOBHOM 3aIIUTHI TPYIIIBI
0J1HO(a3HBIX CHJIOBBIX TPAHC(HOPMATOPOB UM aBTOTPaHCHOPMATOPOB.

Hcnonp30BaHue B 3aIIUTE HOBBIX MIPUHIUIIOB OTCTPOMKH OT OPOCKOB

HaMarHMYHMBAIOIIETO TOKA CHIIOBBIX TpaHC(HOpMaTOpoB (aBTOTpaHC(HOPMATOPOB) U MEPEXO/IHBIX
TOKOB HeOaaHca B COUETAaHUH C MCIIOJIb30BaHUEM TOPMOXKEHHUS OT TOKOB I1JIeY 3aIIUTHI JJIs
OTCTPOMKH OT YCTaHOBMBILUXCS U IIEPEXOIHBIX TOKOB HeOanaHca M03BOJIAET CHU3UTh
MUHHMAaJIbHYIO YCTaBKY IO TOKY cpabareiBanus 3amuTsl 10 0,3 lHoM Tpancdopmaropa. Takas
4yBCTBHUTEILHOCTh OOecieurBaeT BoinonHenue nynkra I11-2-21-4 T1YD [15] ms
TpaHchopMaTopoB 1 aBTOTPaHC(HOPMATOPOB U OJIOKOB reHepaTop-TpanchopmMaTop 00
MOIITHOCTH.

Hcnonp30BaHne OTYIPOBOJHUKOBON 3IEMEHTHOM 0a3bl O3BOJIMIIO KPOME YBEITUUYECHHUS
YyBCTBUTEIBHOCTH B PsiJie CIy4aeB YMEHbLIUTh NOTPEOIIEMYIO 3alIUTON MOIIHOCTb MO LEMSIM
NEPEMEHHOTO M MTOCTOSTHHOTO TOKA W TIOBBICUTH OBICTPOICHCTBHUE 110 CPABHEHUIO C IIUPOKO
IPUMEHSEMbIMH B HacTos1ee BpeMs AuddepeHnanbHbIMU 3alUTaMH Ha 3JIEKTPO-
mexanudeckux pene tunos PHT-560 u [13T-11.

CriennanpHOE BBIIIOJHEHUE BXOAHBIX 1IeTIel M0 EPpEeMEHHOMY TOKY 00ecieunBaeT
NPaBWIBHYIO pabOTYy 3aIIMTHI IPU NOTPEHIHOCTH TpaHcopmaTopos Toka 10 40%. C yuerom
HU3KOH MoTpeOsieMoil MOIHOCTH B LIETISAX IEPEMEHHOI0 TOKA 3TO MOXKET IPH HEOOXOAUMOCTH
00J1eTYuTh BBIOOP TpaHchopMaTopoB ToKa utst quddepeHnumansHoi 3amuTel Tuna J[3T-21
(A3T-23) 110 KpUBBIM MPEIETbHBIX KPATHOCTEH.

3ammra Trma J[3T-21 npeanaznadyena aist paOboThI IPU MUTAHUH €€ OT CETH IMMOCTOSTHHOTO
ornepatuBHOro Toka HanpsbkeHueM 220 unu 110B u 0T 0;10K0B nUTaHKs ¢ HOMUHAJIBHBIM
BBIXOJTHBIM HaIpspDKEHUEM BhIIpsiMiieHHoro Toka 110B.

Bamura /I3T-20 obecnieunBatoT TopmokeHue ('mpoueHTHOe") OT apuMeTHIECKOM
MOJIyCYMMBI (pa3HBIX TOKOB ABYX IpyI TpaHchopmaropoB Toka. [Ipn HEOOXOAUMOCTH UMETh
TOPMOYXKEHHE OT TPeX WJIM YEThIpeX TPyIN TpaHC(HOPMAaTOPOB TOKA UCHOIB3YIOTCS OJJHA WM JIBE
TpexdazHble MPUCTABKH JOMOIHUTEIBLHOTO TOpMOXkeHus Tuma [1T-1, koTopble JOIKHBI TOCTaB-
JATHCS KOMIUIEKTHO ¢ 3aIuTol (He Oonee 2 miT.).

3amura [I3T-20 BeInmogHEHA HA BTOPUYHBI HOMUHAIBHBINA TOK 5 A.

3ammra J[3T-20, nprcTaBKU JOMOIHUTEIBHOTO TOPMOKEHHSI U BBIPABHUBAIOIIUE
aBTOTPaHC(HOPMATOPHI BHITIOTHSIFOTCS IUTsT HYK]T HAPOTHOTO XO3HCTBA U Ha SKCIIOPT B CTPAHBI C
YMEPEHHBIM KJIMMAaTOM B UCIIOJHEHUHU Y3, IS CTPaH ¢ TPOIMMUYECKUM KinmaToM — T3.
PerynupoBaHie MUHUMAITLHOTO TOKA CpaOaThIBAHUS 3alIUTHI (ITPU OTCYTCTBHUH TOPMOKESHHS)
ocyuectBisiercs B npeaenax ot 0,3 1o 0,7 HOMUHAIBHOTO TOKAa OTBETBJICHUS (HAIIpUMeEp, OT
1,5 no 3,5 A ipu HOMUHAJIBHOM TOKE OTBETBIICHHUS 5 A).

HomuHanbHbIe TOKM OTBETBJICHHUS (KpOME OCHOBHOI'0) ONPEIEISIOTCS U3 YCIOBHS, UTO MPH
MIOJIBE/ICHUH 3TOTO TOKA K COOTBETCTBYIOIIEMY OTBETBIICHUIO OH CO3JIAET TAKYIO XKe
MarHUTOJBIDKYIYIO CHITY, KaK U IIPU MOJBEIEHUN HOMHHAIBHOTO TOKA K OTBETBIICHHIO,
NPUHSATOMY 32 OCHOBHOE.

Koadduument Bo3Bpara 3amutel coctaBiseT He meHee 0,6.

3amuTa Ha MUHUMaIbHON yCcTaHOBKE 1O TOKY cpabarbiBanus (0,31oTB,HOM) obecrieunBaeT
OTCTPOIKY OT OPOCKOB HAMAarHMYMBAIOIIETO TOKA C allepUOINYECKON COCTABISIONICH U
aMIUTMTYJIOM, TPEBBIIAIONIECH aMIUTUTYy HOMUHAJIBHOTO TOKA OTBETBJICHUSI B 6—38 pas.
3ammTa Ha MUHUMAaJIbHOM yCTaBKe 1o ToKy cpabatsiBanus (0,3 loro Hom) obecnieunBaer



OTCTPOMKY OT NMEPUOANYECKUX TOKOB BKIFOUCHHUS C aMILTUTYI0M, IPEBBILLIAIONIECH aMILUTUTYAY
HOMUHAJIBHOTO TOKA OTBETBJICHUS 10 2 pas.

Bpemsi cpabaTeiBaHus IPU IBYXKPATHOM TOKE CpabaThIBAHHS U OTCYTCTBUU TOPMOXKCHUS
coctapsieT He 6onee 0,033 ¢ 6e3 BexogHOTO penie u He 6osee 0,045 c—c BBIXOIHBIM pele.
Cxema BXOJHBIX IeTel 3aIUThl 00eCTIeYMBaeT BEIPaBHUBAHKE JICHCTBHS TOKOB ILI€Y JUIS
nuddepeHIaIbHON 1IeTH B IMara3one TokoB oT 2,5 JIo 5 A.

MakcumManbHasi TOTPENTHOCTh BRIPAaBHUBAHUS JUTs MU (HEepeHIIMATBLHOM ey 3allUThl TPU
HEHUCIOJIb30BaHUU BBIPABHUBAIOIIUX aBTOTpaHCc(hopMaTopoB B Auanazone 5—2.5 A He
npesbiaeT 10% (pu BbIpaBHUBaAHUM TOKOB JIBYX CTOPOH).

.BripaBHuUBaro1e aBTOTpaHCcHOPMATOPHI JOMYCKAIOT ATUTEIBHOE MPOTEKaHHE TOKA, PABHOTO
TpeM HOMUHAJILHBIM TOKaM OTBETBIIEHHH, HO HE MeHee 1,2 u He Oonee 10 A.
Juddepennmanbabie 1 TOPMO3HbBIE IIETH 3aIUTHI, @ TAK)KE TOPMO3HAsI IPUCTaBKa
BBIIEP>)KUBAIOT JUTUTENBHOE ITpOoTeKaHue Toka 10 A Ha BCEX OTBETBIICHHUSX.

OnHoceKkyHAHas TEpMHUYECKask CTOMKOCTh 3alUThl, TOPMO3HOM IPUCTABKU U BIPABHUBAOIINX
aBTOTPaHC(HOPMATOPOB COCTABIISIET HE MEHEE COPOKAKPATHOTO HOMHUHAJILHOTO TOKa
oTBeTBIIEHN, HO He MeHee 20 u He 6onee 200 A.

TokoBast MOrpeIHOCTh BRIPAaBHUBAIOLIUX aBTOTPaHC(HOPMATOPOB HE MpeBbIiaeT 5% npu
JIBaJIATUKPATHOM TOKE OTBETBJICHUS U MOAKIOYEHUH 1INl 3a1UThl KO BTOPUYHOM

00MOTKE BBIPaBHUBAIOLIUX aBTOTPAHC(HOPMATOPOB.

MaxkcumajibHbIe TOKOBbIE 321U ThI

MakcumalibHbie TOKOBBIC 3amuThl (MT3) npuxoAsT B IeHCTBUE IPU YBEIUYCHHH TOKA B
JMHUH CBEPX HEKOTOPOTO 3HAUEHHUS, OTPEENIIEMOr0 YCIOBUSIMH U30UpaTensHOCTU. B KauecTBe
perne, pearupyroumx Ha BO3pacTaHue TOKA, CIOJIB3YIOTCS MaKCUMallbHbIE TOKOBBIE pelle TUIla
PT-40 u paznuuHble KOMITJIEKTHBIE 3allIUTHI, BBIMOJIHEHHbIE HAa UX 0a3e ,WiH u3-

MEpPUTEIIbHBIE OpraHbl TOKA COBPEMEHHBIX 3aLLUT.

Jns muamii ¢ ogHOCTOpOHHUM nuTanueM MT3 BBINIOJIHSIETCS MHOTOCTYIIEHYAaTON 1

OOBIYHO CITY’KUT OCHOBHOM 3aIllUTON OT MeXIy(a3HbIX MOBPEXKACHUH. [ TuHuUi C
JBYXCTOPOHHUM nuTanueM MT3 ucnomns3yercs, Kak NpaBuio, B KAYECTBE OTCEUKH.
JlucTaHIIHOHHBbIE 3AIMTHI

JlucTaHIIMOHHBIE 3alTUTHl UCTIOIB3YIOTCS B CETAX CII0KHON KOHPUTYpAIIUU AJIS 3alTUTHI
JTUHUU OT MeKypazHbix K3. OTH 3auThl NPUXOIAT B IEUCTBUE TIPU CHIDKEHUU
CONPOTHUBIIEHHUS CETH, T.€. SBISIOTCI MUHUMAIbHBIMU. OCHOBHBIMU MTPEUMYILIECTBAMU
JUCTAHIIMOHHBIX 3aIIMT IO CPAaBHEHUIO C TOKOBBIMHU 3alllUTaMU SIBJISIFOTCS] HE3aBUCUMOCTh
3allMIaeMOM 30HbI IPU U3MEHEHUHU YPOBHA TOKOB K3, T.€. pu U3MEHEeHUN pexuma CeTH, a
TaK)Ke HalpaBJICHHOCTh AelcTBUS. CeNeKTUBHOCTD 3aIllUT CMEKHBIX JTUHUN 00eCTIedrBaeTCs
BBEJICHUEM CTYIIEHYATHIX BblIepkek BpeMmeHu: Bce K3 B mpenenax [ 30HbI (CTyneHn),
Onmkaiiiiel K MeCTy YCTAaHOBKH 3alllUThI, OTKJIIOYAIOTCS ¢ MUHUMAaJIbHBIM BpeMeHeM; Bce K3 B
npenenax Il 30ap1 — ¢ 6onbimuM Bpemenem; K3 B mpenenax mocneanei, I 30Hb1, oTKIIIOUatOTCS
¢ HauOOoJIbIIUM BpeMeHeM. 3MepuTensHbIMHU OpraHamMu 3alllUThl SBJISIOTCS HallpaBJIEHHbIE pelie
MOJIHOTO COMTPOTUBIICHUSI, KOTOPBIE HAa3bIBAIOTCS JUCTAHIIMOHHBIMU opranamu (pene [ u 11
cTymneHel) u myckoBsIMu opranamu (pene Il crynenn).

JlucTaHIIMOHHBIE 3alTUTHI, KaK MIPABUIIO, BXOJAAT B COCTaB KOMOMHUPOBAHHBIX MaHeNel

tuna 113 1636, [IIJID 2801, HO MOTYT BBINOJHITHCA U B BUJI€ OTAEIbHBIX aHEIEH, HAIIPUMED
tuna [1712 2001.

B kauecTBe npumMepa CTpYKTypHas cXeMa JUCTaHIMOHHOU

3amuTel na"neau D113 1636. OCHOBHBIMU 3I€MEHTAMU 3aIUTEI IBIISTIOTC:

a) OJTIOK M3MEpPEeHMsI, BKIIOUYAIOIINNA Ha0Op pesie COMPOTUBIICHUSI C COTJIACYIOIIUMHU
TpaHcpeakTopaMu (10 IEMsAM TOKa) U TpaHchopMaTopamu (IO IETsIM HAMIPSKSHHUS )

0) OJOKMpPOBKA MPH KayaHUSX, pa3pemiaronmas padoTy 3aluThl Ha BpeMs JTukBuaanuu K3

B CETH;

B) OJIOKMPOBKA MPHU HEUCTIPABHOCTSX IIETIEH HAIPSDKEHHUS; T) OJIOK JIOTHKH, 00eCIIeYBAIOIIHIMA
3a/IaHHbIE BPEMEHHBIE XapAaKTEPUCTUKH 3aLUTHI,



1) BBIXOJHBIE LIENH U LIENIN YCKOPEHUS 3aILIUTHI.

XapaKTepUCTUKU CpabaThIBAHUS Pejle CONPOTUBIEHUS HA KOMIUIEKCHON IIOCKOCTH
NPEACTaBISIOT 000 OKpykHOCTB (u1st 111 CTyneHr MOKHO BBIIOJIHUTD SJUIUIIC), ITPOX OISO
yepe3 HayaJlo KOOpAHHAT. /luamMeTp OKpy>KHOCTHU OIpeelisieTcsl yCTaBKOM cpabaThiBaHus, a
IIOJIOKEHUE — YIJIOM MaKCUMAJIbHOM YyBCTBUTEIBHOCTH (MY, KOTOPBINA IPUHUMAETCS B
3aBHCHMOCTH OT HalpsDKEHUS CETHU U MapKH IpoBoza. Pene conpoTuBieHns COBPEMEHHBIX
samuT umeroT 1 11-111 cryneneit Gosiee ciioKHbIE XapaKTEPUCTUKU

cpabaThIBaHM(YETHIPEX YTOIBHUK, TPEYTOJIbHHK).

1.3.3 Pe3yabTaThl 4 BHIBOJbI:

OcBoeHMe TEOPETUYECKUX HAaBBIKOB IIOCTPOCHUS MONEPEeYHON TuddepeHanbHon
TOKOBOH 3alllUTHI, a TAK)KE AUCTAHIIMOHHOM 3aILUThI OT MEKAY(Ha3HbIX MOBPEKAECHUN
UIUCTAHIIMOHHON 3aIMUTEI JIMHUN

1.4 Ilpakruyeckoe3ansitue Ne7,8 (4 uaca).

Tema: «Metobr oOecrieueHus TpPeOyEMBIX ITOKa3aTeNIel TEXHMYECKOTO COBEPILICHCTBA
MHA/Ie)KHOCTU (D)YHKIIMOHUPOBAHUS peJIeHHON 3aIUThl U aBTOMATUKU», «CXEMbl BTOPUYHBIX
nernei». O0mye mosoKeHus. Y CIIOBHbIE 0003HAYEHUS MPOSKTHBIX (PYHKIIMOHAIBHBIX TPYII U
Ka0enbHbIX TUHUH. OnepatuBHble MyHKTHI yipasnenus (OI1Y). O6mas yacts. OITY na TOC.
OITY na I'DC. OI1Y na ADC. OI1Y Ha noacranuusax. CxeMsl pacrpeaeneHus.»

1.4.1 3apanue ajs padoTbI:

O0603HaueHUE JIEMEHTOB B AJIEKTPUUYECKUX cxemax. OOIue moIoKeHusI.
YcnoBHbIe 0003HAUEHUS IPOEKTHBIX (PYHKIIMOHAIBHBIX TPYIN U KaOeJIbHBIX JIUHUHA. Y CIIOBHbIE
MO3HUIIMOHHBIE 0003HAUEHHSI SJIEMEHTOB BTOPHUHBIX 1erneil. O003HaueHne BTOPUYHBIX IETICH.
Cxembl BTOpUYHBbIX Leneld. Haznauenne BropuuHbix nemneil. Tokoele nienu. Llenu HanpsokeHus.
Llenn omepaTuBHOTO TOKA. MICTOYHWKM MUTAaHUS ONIEPATHBHOTO TOKa. [[puMeHeHne HCTOYHIKOB
OIEepPaTUBHOTrO TOKa. MICTOUHMKN MOCTOSIHHOTO TOKA. Y CTPOMCTBA BHINPSIMIIEHHOTO TOKA.
[TuTanne onepaTUBHBIX ETe IEPEMEHHBIM TOKOM. ATIaparypa BTOPUYHBIX YCTPOHCTB.
AnmnapaTypa ynpaBiieHus 1 curanuzanuu. [Ipuoopsl 3amutel u u3mepenus. Konrakraas
anmaparypa. Pa3memnienne anmaparypbl BTOPUYHBIX YCTPOICTB Ha maHensax. KoHcTpykunu u
THUIBI TaHENeH. Psibl 3aKMMOB Ha KOMIUIEKTHBIX YCTPOHCTBaX. MOHTaKHBIE CXEMBbI
KOMIUIEKTHBIX YCTPOHCTB.

OmneparuBHble MyHKTHI ynpaienus (OI1Y). O6mas yacts. OITY Ha TOC. OITY
Ha ['OC. OITY na ADC. OIlY na noacranuuax. CxeMbl pacpeIeIeHNs ONepaTUBHOTO TOKA.
CxeMmbl ynpaBJIeHUs U CUTHAJIM3AIMU B 3JIEKTPOYCTaHOBKaX. CXeMbl YIpaBIeHUs MaclsHBIX,
BaKyyMHBIX, 2JIETa30BbIX M BO3IYNIHBIX BhIKIItoUaTesnei. CXeMbl ypaBiIeHUs pa3beMHUTENEH,
oTaenuTeneil, KopoTko3aMmplkaresnel. M30upatenbHbie cxembl ynpasieHus. CxeMbl aBapuiiHON U
Npeaynpexaoniel CUrHAIU3aluH.

1.4.2 KpaTkoe onucaHue NpoOBOJIMMOI0 3aHATHUS:

CocTas npuMeHsieMbIX 3a1MT

1. 3amuThI reHepaTopoB, padoTAIUX HA COOPHbIE IIMHBbI

1. Ocnosnvie 3awumel. DTH 3alIUTHI PEarupyroT Ha BCe BUJIbI TOBPEXACHUIN reHepaTopa
U ICHCTBYIOT Ha OTKJIFOYCHHUE BBIKITFOUaTelst u aBTomara ramenus moiist (AI'TI). K ocHOBHBIM
3aIIUTaM OTHOCSITCS:

a) po10JIbHas MU GepeHITnaTbHAS TOKOBAS 3aIIUTa OT MEXTy(ha3HbIX 3aMbIKAaHHI B
00MOTKE CTaTopa;

0) MakcuMmasbHast TokoBas 3amurta (MT3) HyleBo# mocie10BaTeIbHOCTH OT 3aMbIKAHHHA
Ha 3eMJII0 B OOMOTKE CTaTopa;

B) OJJHOCHCTEMHas onepeynas nquddepeHiaibHas TOKOBas 3auTa OT 3aMbIKaHUI
MEXy BUTKaMH OJIHOM (ha3bl,



T) 3aIUTa OT 3aMbIKaHUI Ha 3eMJIIO B IETISIX BO30YKICHHS TeHEPATOPa,;

1) 3aIIUTa POTOpa OT MEPErpy3Ku;

€) 3aIMTa OT TOBBIIICHUS HAIPSKCHHUS;

) 3aIUTa OT ACHHXPOHHOTO X0/1a.

2. Pezepeanvie 3auumopi. ITH 3aIIATH PE3EPBUPYIOT OCHOBHBIE 3AIUTHI TeHEpATOpa U
pearupytoT Ha BHemHue K3, neficTBysl Ha OTKJIIOYEHUE C IBYMsI BBIIEPKKaMH BPEMEHHU: C
MEPBOI BBIIEPKKON BPEMEHHU OTKJIIOYAETCS BBIKIIIOUATENh, CO BTOpoit — BBOAMTCS AITL.
Pe3epBHbIe 3alIMTHI UMEIOT HECKOJIBKO BapuaHTOB ncnoiHeHus. Hanbonee yacto pesepBHbIe
3alUThl BHIIOJIHAIOTCS IO OJIHOMY U3 IBYX BapUAHTOB:

a) MT3 ¢ KOMOMHHPOBAHHBIM ITYCKOM 10 HAMIPSHKEHHUIO IS TEHEPATOPOB MOIIIHOCTHIO

10 30 MBT;

6) MT3 oOpaTHO# MOCIEA0BATEIIBHOCTH C IPUCTABKOMW ISl IEUCTBUS TIPH

cummerpuuHbix K3 mms reaeparopos momnoctsio 30 MBT 1 Gosee.

3. 3awumel, deticmsyrowue Ha cuenan. K 3TUM 3a1iuTaM OTHOCSTCS:

a) MT3 ot neperpy3ku TokaMu 0OpaTHOM MOCIIEIOBATEIHLHOCTH;

0) MT3 oT cUMMETPUYHOM MEePErpy3KHu.

2. 3amuTel TpaHc(hOPMaTOPOB U aBTOTPaHCchOpMATOPOB

1. Ocnognvbie 3auumel pearupyroT Ha Bce BUIbI OBPEXKACHU TpaHCcPopMaTopa Uin
aBTOTpaHchopmaropa (B JabHEiIIIeM — 00BEKTa) U IEHCTBYIOT Ha OTKIIIOYCHUE
BBIKJTIOYATENICH CO BCEX CTOPOH 0e3 BBIACPKKU BpeMeHU. K OCHOBHBIM 3alIMTaM OTHOCSTCS:
a) mpoaonbHas auddepeHnnanpHas TOKOBast 3alUTa OT BCEX BUIOB 3aMbIKAaHUH Ha
BBIBOJIaX U B OOMOTKAaX CTOPOH C 3a3€MJICHHON HEUTpablo, a TAKKE OT MHOTO(a3HbIX
3aMBbIKaHUU Ha BBIBOJAX U B 0OOMOTKAaX CTOPOH; C U30JMPOBAHHON HEUTpasbio;  0) razoBas
3alUTa OT 3aMBIKAaHUM BHYTPU KOXKyXa 00bEKTa, COMPOBOKIAOIINXCS

BBIJIEJICHUEM Ta3a, a TAK)Ke IIPU pe3KOM OHMKEHUHU YPOBHS Macia;

B) nuddepeHnnanbHas TOKOBas 3alliTa JIOMOJIHUTEIbHBIX 3JIEMEHTOB (JI00aBOYHBIN
TpaHcQOpMaTOp, CHHXPOHHBIA KOMIIEHCATOP, YYACTKU OLLIMHOBKH).

2. Pesepgnvie 3auyumsi pe3epBUPYIOT OCHOBHBIE 3aIlIUTHI U PearupyroT Ha BHemHue K3,
JIEICTBYS Ha OTKJIIOUEHHUE C IBYMsI BBIJIEP’KKAMU BPEMEHU: C NIEPBOM BBIAECPKKOI BpeMeHU
OTKJIFOYAETCS BBIKIIIOYATENb OJTHONW U3 CTOPOH HU3LIETO HaNpskeHUs (0OBIYHO TOM, T1e
YCTaHOBJIEHA 3alllMTa), CO BTOPOW — BCE BBIKJIIOYATENN 00beKTa. Pe3epBHbIE 3alllUThI OT
MeXTy(ha3HbIX TOBPEKICHUN UMEIOT HECKOIBKO BApUAHTOB UCTIOHEHUS:

a) MT3 Ge3 mycka Mo HanpsHKEHUIO;

6) MT3 ¢ KoOMOMHUPOBAHHBIM ITYCKOM 10 HaNpPsHKEHUIO;

B) MT3 06partHoil mocie10BaTeNbHOCTH ¢ IPUCTABKOM 11 AEHCTBUS TPU

cummeTpruuHbix K3;

') JUCTaHIIMOHHBIE 3alIUThl aBTOTPAHC(HOPMATOPOB.

Pe3epBHBIE 3aIMTHI OT 3aMBbIKAHUI HA 3€MJIIO BBINOJHAOTCS B Bujie M T3 HyneBoit
MOCJIeI0OBAaTEILHOCTH. BRIOOp BapuaHTa pe3epBHOM 3aIUTH paCCMOTPEH B § 6.5.

3. 3awumeul, oeticmeyrowue Ha cuehan. K 3TUM 3a1uTaM OTHOCATCS:

a) 3alllMTa HaNpsHKEHUS HyJIEBOU MOCIEA0BATEIbHOCTH OT 3aMbIKaHUHN Ha 3€MIJIIO Ha
ctopoHe Huzmero Hanpsbkenus (HH), pabotaroiieil B pesxume ¢ M30JUpOBaHHON HEHTPaAIbIO;
9Ta 3allliTa MPUMEHSETCS IPU HATUYUU CHHXPOHHOTO KOMIIEHCATOpa WJIK, KOTJja BO3MOXKHA
paboTa C OTKJIIOUEHHBIM BBIKIIIOUATENIEM Ha CTOPOHE HUBIIETO HAPSIKEHUS;

6) MT3 oT cuMMeTpUUYHOTO Teperpysa Jiisi TpaHchOpMaTOPOB C OAHOCTOPOHHUM
NUTAHUEM YCTaHABJIMBAETCS TOJIBKO CO CTOPOHBI MUTAaHMS (€CITU OJHA U3 OOMOTOK UMEeT
MoOMIHOCTH 60 %, TO 3amKTa OT Meperpy3a yCTaHABIMBACTCS M HA 3TOW CTOPOHE), TS
aBTOTPaHC(HOPMATOPOB U TPEXOOMOTOUHBIX TPAHCHOPMATOPOB C ABYXCTOPOHHUM MUTAHUEM
3alUTa OT Meperpysa ycTaHaBIMBaeTCs Ha KaXa0i CTOpoHe 00beKTa, a sl aBTOTpaHchopMarTo-
POB eIlle ¥ Ha CTOPOHE HYJIEBOI'O BBIBOA OOIIEeH YacTH OOMOTKH; 3aIMTa BBITOIHIETCS C
TOKOBBIM peJie B OHOU (pa3e W He3aBUCHUMOU BBIICPKKON BpEMEHH, JACHCTBYIOIIEH Ha CUTHAIL.
VYcTaBKH BEIOMPAIOTCA TaK K€, KaK | JUI TeHepaTopa IMpH CUMMETPHUYHOM IIeperpyse;



B) ra3oBas 3alHUTa, ICHCTBYIOIAs HA CUT'HAJ IPU ME/JIEHHOM BBIJICJICHUH Ta3a.

4. 3anuThl 0JI0KOB TeHEpaTOp-TpaHchopMaTop U TeHepaTOp-aBTOTpaHChHOpMATOP

1. Ocnosnbie 3auumel pearupyrOT Ha BCE BUBI TIOBPEXKJICHUN YHEPro0IoKa U

JIEHCTBYIOT Ha OTKJIIOUEHHE BCEX BhIKItouareseit aneprodoka u BBog AI'TL. [{ns aHepro6soxkoB
MotHoCThi0 150 MBT 1 BbIllIE OJHOBPEMEHHO JAIOTCS KOMaH Ibl HA OCTAHOB TYpOUHBI U
raiieHue KoTjia. B kadyecTBe OCHOBHBIX 3aIIUT MOTYT OBITh TPUMEHEHBI:

a) OTHeNIbHAs MPOoTbHAs Ju(depeHIaIbHas TOKOBas 3allIuTa FreHepaTopa ot

MexX1y(pa3HbIX MOBPEKIACHUN B 0OOMOTKE CTaTopa;

0) mpononsHas guddepeHnranbHas TOKOBas 3aimTa Tpanchopmaropa oT BCeX BUOB
3aMbIKaHUI Ha BBIBOAAX U B 0OMOTKaxX ¢ 3P PeKTUBHO3a3eMIICHHON HENTpaibio, a TAKXKe OT
MeXIy(ha3HbIX 3aMBIKAHUI HA BBIBOJAX U B 0OMOTKAX C M30JIMPOBAHHON HEHTPANIbBIO;

B) oOmas mpoxonbHas auddepeHnnanbHas TOKOBas 3aliiTa SHepro0oKa OT BCEX BHJIOB
3aMbIKaHHW Ha BBIBOJIAX U OOMOTKaX ¢ 3(ppeKTHBHO3a3eMIICHHON HEUTPAJIbIO, a TAK)XKE OT
MeX1y(pa3HbIX 3aMbIKaHUN Ha BBIBOJAX U B OOMOTKaX ¢ M30JIMPOBAHHON HEUTPAJIBIO
TpaHchopMaTopoB 1 B 0OMOTKAX CTaTOpa FeHEPaTOPOB; ISl SHEPTOOIOKOB MOITHOCTHIO CBBIIIIE
150 MBT 5Ta 3ammTa MOKeT IPUMEHATHCS B KQUeCTBE PEe3€pPBHOI K 3allTaM MOJI. a U 0;

') OTHOCUCTEMHAs Tonepevnas audQepeHnnanbaas TOKOBas 3aluTa CTaTopa

reHepaTopa OT 3aMbIKaHUH MEXy BUTKaAMH OAHOMN (azbl;

1) ra30Basl 3alIMTa OT 3aMbIKaHUM BHYTPU KOXyXa TpaHcpopMaTopa Win
aBTOoTpaHchopMaTopa, COMPOBOKAAIOIINXCS BBIZICTIEHUEM Ta3a, a TAKXKE [IPH PE3KOM
MOHW)KEHUU YPOBHS MacJa,

e) npojonbHas auddepeHnnaibHas TOKOBas 3aliTa OIUHOBKY cTopoHsl BH oT Beex

Bu10B K3 Ha BbIBOAax u ommHOBKe Tipu Hanpsokenun 330—500 kB;

MPUHIAI JEMCTBUSA U YCTPOMCTBO 3AIUTHI TUIIA JI3T-20

Ortcrpotiika 3ammtel [13T-20 ot 6pockoB TOka HamMarHuYUBaHus. Bpocok Toka
HaMarHWYUBaHUS BO3HUKAET B TpaHCHOpMATOpE MPHU BKIIIOUEHUU €r0 MO/ HAIPSHKEHUEM WITH
IIPY BOCCTAHOBJICHUHU HAIPsDKEHUS TpH oTKiroueHnn BHemrHero K3. B zammre JI3T-20 mpuHmummn
OTCTPOMKH OT OpOCKa TOKAa HAMAarHWYMBAHUS OCHOBAH Ha OJIHOBPEMEHHOM MCIIOJIb30BaHUU JBYX
XapaKTEpHBIX CBOMCTB ATOI0 TOKA — HAJMYMs B HEM B TEUEHHE KAXKI0r0 Neproja
3HAYUTEIbHBIX OECTOKOBBIX May3 M BTOPOM rapMoHndeckoi ciaratomeit. I1o Hamuunio aTux
MPU3HAKOB U OCYILIECTBIISIETCS OJIOKMPOBAHKE 3allUThl OT OpOCKa TOKa HaMarHM4YMBaHUS B
3ammre J[3T-20.

[TosTomy B 3ammre JI3T-20 npuMeHeH KOMOMHUPOBAHHBIA METO OJIOKUPOBAHHSI

3alUTHI IPH MTPOSBICHUHU B KPUBOH TOKa Iay3 3a/laHHOM JJIMTENbHOCTH B COUETAaHUH C
TOPMO>KEHHEM BO BTOpOM rapMoHuKke nuddepennmanbHoro Toka. brarogaps rakomy
COUYETaHHUIO 00ECIIEUNBAIOTCS BBICOKUE UYBCTBUTEIBHOCTh U OBICTPOICHCTBHUE 3aILUTHI.

1.4.3 Pe3yJbTaThl M BHIBOJBI:

OcBoeHMe TeOpEeTUUYECKHX HAaBBIKOB 00ecrieueHus: TpeOyeMbIX MoKazaTeael TeXHUUECKOTo
COBEpILEHCTBA MHA/IEKHOCTU (DYHKIIMOHUPOBAHUS pEJIEHHON 3aIlIUThHl U aBTOMATHUKH, CXEMBI
BTOpUYHBIX 1enel. O01ue nojaoxeHus. Y cJIoBHbIE 0003HaUEHUS TPOEKTHBIX ()YHKIIMOHAIBHBIX
rpymni ¥ kabenbHbIX JUHUE. OnepaTuBHbIe MyHKTHI ynpasieHus (OITY). O6mas yacts. OITY Ha
TOC. OITY na I'DC. OI1Y Ha ADC. OI1Y Ha noacraHuusax. CXxemsl pacipeIeraeHusl.



