BBEAEHUE

B1. HABHAYEHUE PENIEMHON 3ALLUUTbI U QNIEKTPOABTOMATUKU

Mpun akcnnyaTtaumm sHepreTu4eckoro obopyaoBaHUA U SNEKTPUYECKUX CeTeN HeusdbexxHbl UX MOBPEeXAEeHUs U
He HopMmarbHble pexunmbl. Hanbonee onacHbIMU SBNAIOTCA KOPOTKME 3aMblKaHUS, NOBPEXOEHNA U3onauumn un
neperpysku.

KopoTkne 3amblkaHMs BO3HMKAKOT M3-3a Npob0s MMM NepekpbiTUst U3onsaumu, obpbiBOB NPOBOAOB, OLUMOOYHbLIX
AENCTBUIA nepcoHana (BKOYEHUS MO HanpsbkeHue 3a3eMIieHHOro obopyaoBaHust, OTKIMIOYEHNS pa3beaAnHuTe-
newr noj Harpyskom) u gpyrux NpuYunH.

B 6onbwumHcTBe cnydyaeB B MecTe K3 Bo3HMKaeT anekTpuyeckasd Agyra, TEPMUYECKOE OENCTBUE KOTOPOM
NPUBOAMWT K paspyLlIEHUsM TOKOBEAYLIMX 4YacTeln, N3ONATOPOB M anekTpuyeckmx annapatoB. [pu K3 «k
MEeCTY NoBpexaeHus noaxoaat donblume Tokn (Tokn K3), namepsiemble Tbica4amm amnep, KOTopble neperpeBaroT
HernoBpeXdeHHble TOKOBedyliMe 4acTu M MOryT Bbi3BaTb OOMOMHUTENbHbIE MOBPEXOEHUs, T. €. pasButue
aBapun. OQHOBPEMEHHO B CeTU, 3MEeKTPUYECKM CBA3aHHOW C MECTOM MOBPEXAEHMWs, MpomcxoauT rnybokoe
NMOHWXXEHNE HanpsXKeHUs, YTO MOXeT MPUBECTU K OCTaHOBKE anekTpoABuratenen u HapyLweHuo napannesns-
HoM paboTbl reHepaTopOB.

B 6onblwmnHCTBE CriyyaeB pasBuTME aBapuin MoxXeT BbiTb NpegoTBpaLLeHO BbICTPLIM OTKIOYEHNEM NOBPEXOEH-
HOro yyacTKa 3NeKTPUYeCcKon YCTaHOBKU U CETU NPU MNOMOLLM CreupmarnbHbIX aBTOMaTUYECKMX YCTPONCTB, Oel-
CTBYIOLLMX Ha OTKINIOYEHUE BbIKNOYaTenemn, n nonyyYnsLLIMX Ha3BaHue penevHasna 3awunmTa.
[Mpn OTKNIOYEHNM BbIKNOYATENEN MOBPEXOEHHOrO 3rieMeHTa racHeT anektpuveckasa ayra B mecte K3, npe-
KpawaeTcsa npoxoxaeHue Toka K3 u BoccTaHaBnvBaeTCsa HOpMarbHOE HamnpshKeHWe Ha HemnoBpeXAEeHHON
YacTU 3NEKTPUYECKOWN YCTaHOBKM Unu ceTu. bnarogapst aToMy MWUHMMWU3MPYKOTCHA, UM JaXe COBCEM MpenoT-
BpaLLaloTCa NoBpexaeHns obopygoBaHus, Ha KOTOpPoM BO3HMKNO K3, a Takke BOoCcCTaHaBnvMBaeTCsl HOpMarb-
Haa paboTa HenoBpeXxaeHHOro obopynoBaHus.

Taknum 06pa3om, OCHOBHbIM Ha3HaY€HUEM penenHoON 3alWmnThbl SBMSIETCS BbISIBIIEHME MeCTa BO3HUKHOBEHMS K3
1 BbICTPOE aBTOMAaTUYECKOE OTKIIOYEHME MOBPEXAEHHOro 000pyaOBaHUSA UK yYacTka CeTu OT OCTanbHOW Hemno-
BPEXAEHHOW YacTun ANeKTPUYECKON YCTaHOBKM UNN CETU.

Kpome noBpexaeHui anekTpnyeckoro obopyaoBaHUA MOryT BO3HUKaTb TakuMe HapyLUEeHWUs HOPMAalbHbIX Pexu-
MOB paboThbl, Kak neperpyska, 3aMblkaHWe Ha 3emn o4Hon ¢asbl B CETU C U3ONUPOBAHHOW HEWTParbto, Bbl-
AeneHuve rasa B pesyrnbTaTe pasnoXeHus macna B TpaHcdopmaTope, Unu NoHMKEHWe YPoBHA Macna B ero pac-
lwmpuTene v ap.

B ykasaHHbIX cnydasx HeT HeOOXO4MMOCTU HEMELIEHHOIo OTKIIoYEeHNst 060pyaoBaHMs, Tak Kak 3TU SIBNEHUS He
NpeacTaBnstoT HENOCPEACTBEHHOW ONAacHOCTM AN 06opyaoBaHUS U MOTyT caMoyCcTpaHuTbed. MoaTomMy, npu Ha-
PYLUEHUN HOPMAnbHOro pexuma paboTbl HAa MOACTaHUUAX C MOCTOSIHHBIM OBCHYXMBAKOLWMUM NEPCOHArNoM, Kak
npaBuno, 4OCTaTovHO AaTb NpeaynpeauTenbHbli CUrHan nepcoHany nogcraHumu. Ha nogctaHumsx 6e3 nocTosiH-
HOro o6CnyXMBaloLWero nepcoHarna u, B OTAENbHbIX CRyvasX, Ha MNOACTAHUMAX C MOCTOSIHHBIM OBCAYXXMBaOLLUM
nepcoHanom Npon3BoguTcs OTKMNYeHne obopyaoBaHus, HO 06593aTeNbHO C BbIAEPXKKOW BPEMEHM.

Takum o06pa3om, BTOpPbIM Ha3HaYe€HMEM pPerieMHOWN 3alUUTbl SBIISETCH BbISBMEHNE HapyLIEHUA HOPMarbHbIX
pexunmoB paboTbl 060pyaOBaHNS, KOTOPbIE MOTYT NMPUBECTU K aBapun, U nogada npegynpeauTenbHbiX CUrHanos
obcnyxuBaroLwemy nepcoHany, unm oTknoYeHne obopyaoBaHns C BblAEPKKON BPEMEHMW.

CornacHo ¢ TpeboBaHuem MT3, cunoBoe obopyaoBaHWE 3MNEKTPOCTAHUMUIA, NOACTAHLUMIA U 3NEKTPUYECKUX CeTeln
AOIDKHO ObITb 3alUMLLIEHO OT KOPOTKMX 3aMblKaHUMA M HapyLUEHWA HOPMaribHbIX PEXMMOB paboTbl YyCTPOMCTBaMM
penenHon s3awuTel U anekTpoasToMaTtukn (P3A). Yctpornctea P3A, aBapumnHown v npeaynpeauTensHOW curHanu-
3auun OOMmKHbI ObiTh BCerga rotoBbl K AENCTBMIO U MOCTOSIHHO BKITHOYEHbI, KPOME YCTPOWCTB, KOTOPbIE AOMKHbI
BbIBOANTLCHA M3 paboTbl B COOTBETCTBUM C Ha3HA4YEHWEM U MPUHLMUMOM OENCTBUS, PEXUMOM paboTbl 3HEprocuc-
TEMbI U YCNIOBUSAMUW CEMNEKTUBHOCTMU.

Mog yCcTpOMCTBOM perieMHON 3aluTbl NoapasyMeBaeTCsa COBOKYMHOCTb perie, NpubopoB U BCNoMoOraTenbHbIX
3MEMEHTOB, KOTOPbIE NPW BO3HWMKHOBEHUU MOBPEXAEHUA W HEHOPMaribHbIX PEXMMOB paboTbl 0bopygoBaHUSA
OOMMKHbI AECTBOBATb HA €ro OTKITKYEHNE UK Ha curHan.

Knaccudmkauus pene 3awmrbl

Mo cnocoby nogkno4veHus pene 6bIBalOT:

¢ [epBuYHbIe (MPAMOE BKMOYEHME B LieMNb 3aLLMLLIAEMOrO 311IEMEHTA).

e BropuuHble (BKIOYEHNE Yepes namepuTenbHble TpaHCOPMaTOpPbl TOKa, HaNPsXKeHns).

Mo ncnonHeHuto pene 6bLIBaloOT:

e JneKTpomMexaHM4ecKue, C MOABUXKHbIMU SIEMEHTAMN N KOHTAKTHBIMU CUCTEMaMW.

e Cratnyeckue, 6e3 NOABWKHbBIX 3NIEMEHTOB U KOHTAKTOB (3NIEKTPOHHbIE, MUKPOMPOLIECCOPHbIE).

Mo Ha3HavyeHUIO pene noapasfensitoTcs Ha:

e W3meputenbHble pene (TOka, HanNPSXXEHWUsl, CONPOTUBIEHUS, MOLLHOCTU, YacTOTbl, TeMnepaTypbl, YPOBHS)
MOTyT OblTb MakCUMarbHbI€ UMM MUHUMATbHBIE.

o Jlornyeckme pene (NPOMEXYTOYHbIE, ABYXNO3ULNOHHbIE, BDEMEHU, CUTHAMNbHbIE).

Ons n3aMepuTenbHbIX pere xapakTepHO Hanuume OrnopHbIX (0Opa3LoBbiX) SMEMEHTOB B BUAE KannbpoBaHHbIX
NPYXWH, UCTOYHMKOB CTabWnbHOro HanpsbkeHnsi, Toka u T.n. OHWM BXOAST B COCTaB perne n BOCMPOU3BOAAT 3apa-
Hee YCTaHOBIEHHblE 3HAYEHUS (HasblBaeMble YCTABKOW) Kakom-nnbo mnsmyeckon BENUYMHBLI, C KOTOPOW CpaBHU-
BaeTCsA KOHTponupyemas BenuunHa. iameputenbHble pene obnagalT BbICOKOWM HYyBCTBUTENBHOCTBIO (BOCMPUHU-
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MaloT Aaxe He 3HaunTernbHble U3MEHEHNS KOHTPOMMPYEMOro napameTpa) U UMEKT BbICOKUIA KOI(MULNEHT BO3-
BpaTa (OTHOLWeHWe BenuunHbl cpabaTbiBaHNs 1 Bo3BpaTa). MakcumanbHble pene cpabaTtbiBaloT Npu NOBbILLEHUN
KOHTPONMpyemoro napameTpa, a MUHUMasbHbIe — NMPU MOHKEHUN.

Nornyeckue pene cnyxat Ans pasmMHOXEHWUA UMMNYNbCOB, MONYYEHHbIX OT APYrnX pene, YCUreHus STux MMnyrnb-
COB M Mnepefavn KoMaHa ApYrvM annapaTtaM (MPOMEXYTOYHble pene), CO3AaHus BblAepXXeK BPeMeHn Mexay OT-
AenbHbIMK onepaunsMu (pene BpemMeHu), 1 Ans peructpaumm encTBus, kKak camux pene, Tak U Apyrux BTOpUY-
HbIX annapaToB (yka3aTernbHble perne).

Mo cnocoby Bo3aencTBUA Ha BbIKMIOYaTeNb:

e Pene npsamoro AencTBUA NOABWXHAA CUCTEMA KOTOPbIX MEXaHWYeCKN CBA3aHa C OTKMYaloLWmUM YCTPOUCT-
BOM KOMMYyTauMoHHoro annapara (PTM, PTB).

e Pene KOCBEHHOro AeNCTBUSA, KOTOPbLIE YNPABMAT LENbi0 3N1EKTPOMArH1Ta OTKIYEHNS.

OCHOBHble BUAbI pereMHON 3alUTbl:

MakcumanbHasa TokoBas 3awmta (MT3)

HanpaBneHHas makcuManbHasa TOKOBas 3alimTa

FasoBas 3awuTa (I'3)

OunddepeHumnanbHas 3awmra

3awmTta MuHMManbHoro HanpsokeHust (SMH) n noBbiweHusa HanpskeHna (3MH)

OuctaHunoHHas 3awumTa (O3)

o [OuddepeHunanbHo-da3Has (BbicokovyacToTHas) 3awura (QP3)

MpyHUMN ENCTBUA N YCTPONCTBO OTAENbHbIX 3alMT OyayT pacCMOTpEHbI Janee.

Ecnu HasHayeHeM penerHon 3alLmThl ABMSIETCS B NEPBYIO odepedb OTKMYeHne 0bopyaoBaHus, TO B (OyHKLMK
ANEeKTPOoaBTOMATUKN BXOOUT €ro BKMioYeHne. B yncTtomM Buae K anekTpoaBTOMaTUKe OTHOCHAT aBToOMaTuyeckoe
nosTopHoe BkntoyeHne (AMNB) n aBToMaTnyecKoe BKMOYEHWE PE3EePBHOrO NUTaHNS UM MexaHu3ama (CoKpaLleHHO
aBToMaTu4eckui BBoA pesepsa — ABP).

CyLecTBYyIOT TaKKe HEKOTOPbIE BUAbl TEXHONIOTMYECKOW 3NEeKTPOaBTOMaTUKKN, 0OCMYXMBaKOLLMECS NEPCOHANOM
cnyx6 P3A.

K HUM OTHOCAT:

— aBTOMaTU4eCcKOe perynmpoBaHune BO30YXAEeHWUs reHepaToOpPOB 1 CUHXPOHHBIX ABuratenen (APB);

— aBTOMaTU4ecKoe perynupoBaHue nonoxeHus nepekntoyvarens PIMH cunosoro TpaHcgopmaTopa (APHT);

— aBTOMaTUYECKyt0 HACTPOWKY Ayroracsilmx KaTyLlek KOMMeHcaLuunm eMKOCTHOIO TOKa 3aMblKaHUs Ha 3eMIo B
ceTtn 6-35kB (APK);

— aBTOMaTWYECKyl perynupoBky 6atapen ctaTtMy4ecknx KOHAEHCaTopOB.;

— aBTOMaTUKYy OXNaXAEHUS CUIOBbIX TPaHC(OPMaTOPOB;

— aBTOMaTUYECKY0 TOYHYIO CUHXPOHU3aLMIO reHepaTopos;

— aBTOMaTUYECKyl0 CAMOCUHXPOHM3ALMI0 FeHepaTopos.;

— aBTOMAaTU4eCKMI YaCTOTHbIN Nyck rmaporeHepatopos (AYM);

— onpegerneHne MecTta NoBpexaeHUs NMHUn anekTponepenayn (OMM).

Kpome aToro cylecTsyeT npoTuBoaBapunHas peXxumMHas aBTomMmaTuvka.

K Helt oTHOCAT:

— aBTOMATWUYECKY YaCTOTHYIO pasrpy3ky (AYP);

— aBTOMaTM4ecKoe BKMoYeHue notpebutenen, oTKMoYeHHbIX Aenctemem AYP, nocrne BOCCTaHOBNEHUS YacToThl
(YANB);

— aBTOMaTUYeCKOe perynnmpoBaHme 4acToTbl U akTMBHOW MowHocTU (APYM);

— [onofnHuTenbHasa aBToMaTtuyeckasi pasrpyaka no Hanpsbkenuo (APH);

— JononHuTenbHas aBTomaTuveckas pasrpyska no toky (QAPT);

MmMeeTca Takke MpoTMBOaBapuMMHas CUCTEMHAs aBTOMATUKa: pasrpyska 3NeKTpoCTaHuuW, NpefoTspalleHne u
npekpalleHMe acvHXPOHHOIo pexuma, npegoTspalleHve HegomnyCcTUMOro MOBbIWEHUS HanpskeHus B y3ne, 6a-
NaHCMpoBOYHas aBTOMaTuKa. Takme yCTPOMCTBA Pas3MEeLLalTCs Ha KPYMHbIX 9MEeKTPOCTaHUMAX W NOACTaHLMAX
CBEPXBbLICOKOIO HanpspkeHWst, U B JaHHOW KHUre He paccMaTpuBaloTCS.

B2. OCHOBHbIE TPEBEOBAHUA, NPEABABNAEMbIE K PENEVHON 3ALUUTE
K peneriHown 3awwmTe NnpegbsaBnsAloTCA Takue OCHOBHbIE TpeboBaHMs:

1. BbicTpoagencTaeue.

2. CeneKkTUBHOCTb.

3. YyBCcTBUTENbHOCTD.

4. HapeXHoOCTb.

1. Beicmpodelicmeue

BbicTpogencTene — 3TO0 CBOMCTBO pENEMHON 3alluTbl OTKMIOYAaTb NOBPEXAEHNE C MUHUMANIbHO BO3MOXHOW Bbl-
aepxkon BpeMmeHu. Kak yxe ykasbiBanocb, ObiCTpoe OTKIHOYEHME NOBPEXAEHHOrO 0bopya0oBaHNS (y4acTka anek-
TPUYECKOW YCTAHOBKW) NpeaoTBpaLllaeT UM yMeHbLUAeT pa3Mepbl NOBPEXOEHUN, COXPAHAET HOpMarbHyl pabo-
Ty NOTpebuTenen HeNnoBpeXAeHHON YacTu YCTaHOBKM, NPeAOTBpAaLLaeT HapyLLeHUe napannensHon paboTbl reHe-
paTopoB. [JnntenbHoe NpoTeEKaHME TOKa KOPOTKOrO 3aMblKaHUS MOXET MPUBECTU K MOBPEXAEHNIO HENOBPEXKAEH-
HbIX y4acTKOB 060pya0OBaHus, IMHWIA, TPaHCOPMAaTOPOB MO KOTOPbIM MPOTEKAET TOK KOPOTKOrO 3aMbIKaHWUs U3-3a
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TepMUYecKoro neperpesa o6opyaoBaHusi. [lonycTtMmoe Bpems NpoTeKkaHus Toka vyepe3 obopyaoBaHve, He Bbi3bl-
BawLlee ero noppexaeHns ykasbisatotcs B FOCTax Ha obopynoBaHme.
Hanpumep, gonyctnmoe Bpemsi K3 ans tpaHcgopmartopa onpegenserca no hopmyrne:

900
toon, = —— (B.1)
on Kz
roe
K - otHoleHne Toka K3 k HOMMHanbHOMY TOKy TpaHcdopmaTopa.

Kpome TOro, cornacHo MHCTPYKUMW NO 3KCnnyaTauuu TpaHcopmartopa, Bpemsi oTknodeHuss TK3 He JomkHO
npesbIlWaTb 4—-5 CKyHAbI.
MpuBAMKEHHO MUHMMaNbHOE CeYeHne NPOBOAOB BO3AYLUHbIX M KabenbHbIX IMHUIA OMMKHO COCTaBMATh:

I
Smin = me ’ \/tomm (B.2)

roe

Spin — MUHMMArbHO AOMYCTUMOE CeYeHe NpoBoza;

I, uae — TOK K3 B MakcumanbHOM pexume B Havane nuHum;

C — MOCTOSIHHAasA NpPoBoAa, 3aBUCALLAA OT KOHCTPYKLMW JIMHUW, Hannuns 060MNOYKM, HaTsSXKEHNUs npo-
BOJa, YCNOBWIA TennooTaaun u.1.4. Ans rpybbix pacuetos MoxHo npuHate C =69,5;

| — KOpeHb KBaJpaTHbIN 13 BPEMEHM OTKIOYEHNS KOPOTKOTO 3aMblKaHWUs NMpW [JaHHOM TOKe.
Lomin = st + 82 = 2 omca. guarn. (B.3)

roe

[ J— — TOIHOe Bpems OTKMnioveHns K3;

to1 — Bpewmsa cpabatbiBaHnsa 3awmTbl Ao AllB;

t.;o — Bpems cpabaTtbiBaHuA 3awwymTbl nocne AllB;

omicn. guxn. — BPEMSA OTKIIOYEHNS BbIKIOYaTens.

Mpn aTom cumTaeTcs, 4to 3a Bpema AlB Temnepatypa npoBoga CyLEeCTBEHHO HE CHU3UTCS U BPEMSI BO3OENCT-
BMsSI TOKa Ha Harpes nposoda cymmupyetcs. [Ana 6onee TOYHbIX pacyeToB criefyeT UCNonb30BaTh CneLmanbHble
METOANKN.

Ons obecnevyeHns ycToM4YMBOCTM MapannensHor paboTbl reHepaTopbl, TpaHCOpMaTophbl, NIMHUKX 3fekTponepe-
Aadn, Nno KOTOpPbIM OCYLLECTBNSETCA napannensHas paboTta, n Bce Apyrve 4acTu 3NeKTPUYECKO YCTaHOBKA MIn
3MNEKTPUYECKON CETU, OOIMKHBI OCHALLAaTbCsl ObICTPOAENCTBYOLEN peneiHon 3awnTton. CoBpeMEHHbIE YCTPOWCT-
Ba ObICTpPOAENCTBYIOLLEN penenHon 3almTel meloT Bpemsa genctemsa 0,02—0,1 cekyHapl.

[ns pacnpegenvTenbHbIX ceTen Takoe ObicTpoaencTsne HeobsasaTensHo. OHO onpeaenseTca TEPMUYECKON yC-
TOMYMBOCTBIO, HO U B 3TOM Clnydae crnegyeT CTPEMUTBCH K MUHMMANbHO BO3MOXHOW BblAepXKke BpeMeHu. Bpems
cpabaTtbiBaHMst ObICTPOOENCTBYHOLLEN CTYNEHN 3amTbl A0IMKHO cocTaBnaTb 0.05-0.1 cekyHapI.

2. CennekmusHoOCcmMb unu usbupamesnbHOCMb

CeneKkTMBHOCTbIO Ha3bIBaeTCs CNOCOOHOCTb penenHon 3alnThbl BbIIBNATL MECTO MOBPEXOEHUA U OTKMYaTb ero
TOMbKO BvXanwmnMm K Hemy BbiktodaTenamm (cm. puc. B.1).

Pwuc. B.1 Cxema aneKTpoyCTaHOBKM K MOSACHEHUIO MPUHLMNA CENEKTUBHOCTUN PENENHON 3aLLmnThl.
Tak, npu K3 B Touke K7 (puc. B.1) Ana npasunbHon NukBngaumMm asapvum AoMmkHa nogencTeoBaTh 3alumTa TONbKO
Ha BblkMoyaTterne Q7 1 OTKNIYUTL 3TOT BblKNtoYaTenb. [py 3TOM ocTanbHas HenoBpeXaeHHas YacTb ANeKTpuye-
CKOW YCTaHOBKM OcTaHeTcsi B paboTe. Takoe nsbupatenbHoe 4eNCTBNE 3aLUNTbI HA3bIBAETCA CENEKTUBHbIM.
Ecnu xe npu K3 B Touke K7 paHblue 3almThl BeiknoyaTensa Q1 unv ogHOBpPEMEHHO C HEN NOAENCTBYET 3alumTa
BblkntovaTens Q4 n OTKIIYMT STOT BbIKNOYaTeNb, TO NMKBMAAUMS aBapumn OyaeT HenpaBuIibHOW, Tak Kak, Kpome
nospexgeHHoro anekrpogsuratens M1 octaHeTca 6e3 HanpsKeHust HENOBPEXAEHHbIW anekTpoasuratens M2.
Takoe gencTBme 3aLmMTbl Ha3bIBAETCH HECENEKTUBHBIM.
W3 puc. B.1 BugHo, uto ecnn npu K3 B Touke K1 nogencTByeT HeNpaBuIibHO 3almTta Bbikrtodarens Q5 n otknto-
YUT 3TOT BbIKMOYaTENb, TO NOCNEACTBUSA TAaKOro HECENEKTMBHOMO AeNCTBNA ByayT ewe 6onee TaxenbiMy, Tak Kak
6e3 HanpsbkeHWs ocTaHyTcs oba HenoBpexaeHHbIX anekTpoasuratens M2 n M3.
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PaccMOTpeHHbIV MpMMep MoKa3bIBaeT, Kakoe BaXXHOE 3HAYeHVe MMEET BbINOMHEHE TPeboBaHUA CENEKTUBHOCTU
ansa obecneyeHns NpaBuibHOM NMKBMAALUN aBapyn.

B psage cnydaeB ogHOBpEMEHHOE BbIMOSIHEHME TpeboBaHWU CENEeKTMBHOCTM N ObICTPOAENCTBMS BbI3blBaeT Cepb-
€3Hble TPYAHOCTU n TpebyeT CyLeCTBEHHOMO YCNOXHEHMS 3awwmTbl. B Takmx cnydasx B nepByto oyepenb obecne-
YMBaETCH BbINOMHEHNE TOrO M3 TPebOoBaHWU, KOTOPOE B AaHHbIX KOHKPETHbIX YCIOBUSAX SBNSAETCS onpegensio-
LLMM.

Mo nNpuHUMNY AeNCTBUS 3alKUTbl MOTYT UMETb  abcosmromHyro ceslekmueHocmsb (cpabaTbiBaloT Tonbko npu K3 B
3almLaemMon 30He), UNM omHocumesibHyr cesieKmueHocmse (MoryT paboTatb B kavecTBe pe3epBHbIX npu K3
Ha CMEXHbIX yYacTKax).

Mpumepom 3awmT ¢ abCONOTHON CENEKTUBHOCTLIO MOTYT CryXuTb rasoBas (I'3) n anddepeHumnansHas 3awmThbl
TpaHcdopmaTopa (O3T), a 3aLmT ¢ OTHOCUTENBHOW CENEKTUBHOCTBLIO - MakcumarbHas TokoBas 3awumrta (MT3).
IMpuMeHsieTCA HECKONBKO CNOCO60B 06ecneyYeHnst CeNeKTUBHOCTH.

CeslekmueHocmb Mo npuHyuny delicmeus. 3awmta NpUHLMNMansHO He cpabaTbiBaeT NPy KOPOTKOM 3aMblka-
HUM BHE 30Hbl ENCTBMS, HAaNpMMep 30Ha AEeNCTBMSA AMd3aLUTbl OFPAaHNYMBAETCA MECTOM YCTaHOBKWU €€ TpaHC-
¢opmaTopoB TOKa.

CenekmusHocmsb 1o 4yyecmeumesnbHocmu. TOK, HanpsbkeHne unm conpoTtuereHne cpabaTbiBaHMS BblOmpaeT-
ca Takmm obpasoM, 4Tobbl 3awmuTa He OencTBoBana Mpu KOPOTKOM 3aMblKaHWM Ha CMEXHOW NUHWM, WM 3a
TpaHcopmaTopoM — TOKOBas OTCeYKa.

CenekmusHocmb o epeMeHU: Bbiaepxka BpemMeHn Kaxaow npeawecTBylolen 3alnTbl (HanpuMep, Makcu-
ManbHOWM TOKOBOW 3alUWTbl) BOUPAETCs Ha CTyneHb CenekTMBHOCTM Bonblue Yyem nocnegytowas. NMostomy oHa He
ycrneBaeT cpaboTaTb, Tak Kak ee onepexaeT 3aluta nocrneayolen NMHUM Npu KOPOTKOM 3aMblKaHUM Ha HeMN.
OTOT npuHUMN Haubornee NPOCT, OAHAKO MMeeT CYLLEeCTBEHHbIN HeAOCTaToK, 3aKMioyaloLMincs B TOM, YTO Bbl-
OepXKka BPEMEHN pacTeT Mo Mepe NpUBNMKEHUS K UICTOYHMKY MUTaHWSA, a 3HauYuMT BO3pacTaHus Toka. JTo npoTu-
BOpPEYMT NpuHUMNY ObICTPOOENCTBUS], MOSTOMY MPUXOAMTCSA BbIOMpaTh, KAkOW MPUHUMN — ObICTPOOENCTBUE MIU
CENEKTUBHOCTb BaXkHee. 3HauYUTENbHO yIyyllaeT NofioXXeHNe NpUMEHEHNe CTyneHYaTbiX 3alumUT Unm 3alumT C 3a-
BMCMMOMW BbIOEPXKKOW BpeMeHU. Mcnonb3oBaHne CTyneH4aTbix 3awmTt 6yget M3noXeHo npu pacCMOTPEHUM MPUH-
LUMMNOB BbINOMIHEHUS 3alMTbl 0bopydoBaHus. BenvunHa CTyneHu CenekTMBHOCTW onpedenseTcss TOYHOCTbIO 3a-
WKMTbI, BBICTPOAENCTBUEM NPUMEHEHHOIO BbIKNOYaTeNs U ANA COBPEMEHHbIX MUKPOANEKTPOHHBIX UM MUKPOMPO-
LeccopHbix 3awmTt coctasnseT 0.2-0.3 cek.

3. YyecmeumenbHocmb

UyBCTBUTENBHOCTb — 3TO CBOWCTBO 3aLLMTbl HaAEeXHO cpabaTbiBaTh Npy K3 B kOHUE 3alumiaemMoro yyactka B Mu-
HUMarnbHOM pexume paboTbl CUCTEMBDI.

3awmTta gomkHa obnagatbe TakoW YyBCTBUTENBHOCTLIO K TEM BUAAM MOBPEXOEHUA U HAPYLUEHWUIA HOPMabHOro
pexuma paboTbl AaHHON 3MEeKTPUYECKOW YCTaHOBKM, UMW ANIEKTPUYECKON CeTH, Ha KOTOPble OHa paccunTaHa, yYTo-
Obl ObINO obecnevyeHo ee OeWCTBME B HadamnbHbI MOMEHT BO3HWKHOBEHWSI MOBPEXOEHMS, 4YeM COKpallatoTcs
pasmepbl noBpexaeHus obopyaoBaHusa B mecTte K3.

YyBCTBMTENBHOCTL 3alLMThl OIDKHA Takke obecneymBaTtb €€ OEeNCTBUE MPU MOBPEXAEHUAX HA CMEXHbIX y4acT-
kax. Tak, Hanpumep, ecnv npu nospexaeHun B Touke K1 (puc. B.1) no kakon-nmbo npuymnHe He OTKYUTCS Bbl-
knoyatens Q1, To JoMmKHa NOAENCTBOBaTb 3alUMTa CreayloLero K UCTOYHUKY nuTaHus Bblknoyatens Q4 u oT-
KMOYNTb 3TOT BbIKIOYaTENb. Takoe AerCTBME 3alUMTbl Ha3biBAeTCs AalNbHUM pe3epBMPOBAHMEM CMEXHOrO MIn
crneayloLwero yyacTka.

UyBCTBUTENBHOCTb 3aLUUTLI OLlEHMBAETCA KOAhPULMEHTOM YYBCTBUTENBHOCTU, OnpeaensemMbiM Kak OTHOLLEeHne
MWHUMaNbHOIO 3HAYEHUSA KOHTPONMpPYyeMon BenNnUMHbl Npu K3 B KOHLIE 3alumLLIaeMOoro yvyacTtka K yCTaBke 3aluuTbl
(Ku >1). KoacbdbuumeHTsl 4yBCTBUTENBHOCTM 3awmT HopMupytoTea MY (n. 1), n BennuuHa nx coctasnget ansa K3
B 3awmwaemont 3oHe K,=1,5; B 30He pesepBupoBaHusa — K,=1,2; ans 6bicTpogencTeyowmx amdgepeHumanbHbIX
3awmT K=2.

Tok cpabaTbiBaHMA 3aLLMTbl JOMMKEH OblTb MEHbLLE TOKA KOPOTKOrO 3aMblkaHWsA Ha BENUYUHY, ONpeaensemMyto Ko-
achpuumeHTom vyBcTBUTENBLHOCTU (K,). YCTaBKa MO HaNpsKeHWO M COMPOTUBIIEHMIO AOMKHA ObiTh DonbLue napa-
METPOB HanpsXeHUs U CONPOTMBIEHMS cpabaTbiBaHNs Ha Takyto Xe BenuimHy. KoadunumneHT 4yBCTBUTENBHOCTU
YyYnTbIBAET MOrPELLUHOCTU perne, pacyeTa NapaMeTpoB, BNUSIHUE NMEPEXOOHOr0 COMPOTMBIIEHMS U 3MEKTPUYECKON
ayrm B mecte K3.

4. HadexxHocmb

HagexxHOCTb — 3TO CBOMCTBO 3aLUWThl FapaHTUPOBaHHO BbIMOSHATL CBOM PYHKLUM Ha NPOTSKEHWUM BCEro neproaa
akcnnyaTauun. 3awmta AormkHa npaBuibHO U 6e30TKa3HO AencTBOBaTb Ha OTKMOYEHUE BbiKMNtovaTenen obopy-
[0BaHMS NMpu BCEX €ro NoBPEeXOAeHUAX U HapyLUIEHUAX HOPMarbHOro pexuma paboTbl, Ans 3awuTbl OT KOTOPbIX
OHa npefHasHadeHa, U He OeNCTBOBaTb B HOpMarbHbIX YCNOBUSAX, @ Takke Npu TakMx NOBPEeXAEHUsIX U HapyLue-
HUSIX HOpPMarbHOrO pexuma paboTbl, NPU KOTOPbIX AENCTBME AAHHOW 3aluTbl HE MPeayCMOTPEHO, U OOMKHA
AencTBoBaTh Apyras 3awuta. TpeboBaHue HagexXHOCTN obecneynBaeTcs COBEPLUEHCTBOM NPMHLMNOB 3alUuUThbl 1
KOHCTPYKLMIA annapaTtypbl, ZOOPOTHOCTLIO AeTanen, NPOCTOTON BbIMOSTHEHWS, @ TAaKKe YPOBHEM 3KCMNyaTaumm.
Tpebyemoe COCTOsIHME YCTPOWCTB 3aliuTbl NOAAEPKUBAETCH MIIAHOBBLIMW NMPOBEPKAMU PENENHON 3aluThl, Npu
KOTOPbIX HEOOXOAMMO BbISBUTE M YCTPAHWUTb BO3HMKLLNE AedEKTbI. Y COBPEMEHHBIX MUKPOMPOLLECCOPHBLIX N MUK-
PO3NEKTPOHHbBIX YCTPOWCTB 3alLMThl CyLLIECTBYIOT BCTPOEHHbIE CUCTEMblI aBTOMaTUYECKON N TECTOBOW MPOBEPKMY,
no3sonsowme 6bICTPO BbISSBUTb MOSBMBLUMECH HEWCMPABHOCTU, U TEM CaMbiM NPeAoTBPaTUTbL OTKa3 MIn Henpa-
BUIbHYIO paboTy 3awmTtbl. [NyBGuHa Takux NnpoBepok MOXeT ObiTb 6onbwown, Ho He gocturaet 100%. Moatomy,



HanMyne TECTOBbIX MPOBEPOK MUITN aBTOMATMYECKOTO KOHTPONS HEe MCKIoYaeT HeobxoaumMocCTy NnaHoBbIX NpoBe-
POK, HO CYLLIECTBEHHO YMEHbLLAKT YacToTy 1 06bEM VX NPOBEOEHNS.

[ns ganbHenwero MoBbIWEHUS HaAEeXHOCTU MPUMEHSIIOT NPUHUMMBI OAVKHEro nnv AanbHEro pe3epBUpOBaHMS.
BnwkHee pesepBupoBaHMe obecnevmBaeTcs yCTaHOBKOM Ha JAHHOM MPUCOEONHEHMM BTOPOW, PE3EPBHOM 3aLUu-
Tbl, @ ON8 pe3epBMpPOBaHMSA OTKa3a BbIKMOYaTENs — MNPUMEHEHWE ChleLmanbHOro yCTPoCTBa pe3epBrpOBaHUS
oTkasa BblkntovaTensa (YPOB). lNpu ganbHeMm pe3epBMpOBaHMU OTKa3 3aliuTbl W BbiKNioYaTens pesepsupyeTcs
pe3epBHON 3aLLMTON Ha BbIECTOSALLEM, NpeaLlecTByoLEM anemMeHTe. [lansHee pesepsupoBaHue obecneynTs B
psge criydyaeB NPUHUMNMAnbHO CIIOXHO, a TO Y HEBO3MOXHO. [Noatomy, MYD (n.1) gonyckaeT oTka3 OT AarnbHero
pe3epBMpOBaHUS 3aLlMTamMu NUHUA NUTAEMbIX OT HUX OTMaeYHbIX TpaHCHOPMAaTOPOB, a Takke, 3aLlMTon BBOAA -
duaepos, otxoadawmx ot wmnH HH, CH noactaHumn. MNpu oTCyTCTBUM Takoro pes3epBupoBaHUs, NocneacTsng oT-
Kasa HepesepBMpYeMbIX 3aLLMT OYeHb TSXerbl: 3TO BbIrOpaHMe CEeKUUN WWH U TpaHCHOpMaToOpOB Ha NUTaoLLMX
MOACTaHUMSIX, BbIrOPaHNE OTXOOALLEN NTMHUM Ha BOMnbLUOM NpoTshkKeHuu. [oaToMy, cnefyet CTPEMUTBLCH K NpUMe-
HEHWIO OOMOSTHUTENbHbLIX CPeACTB GNMKHEro U AanbHEro pes3epBMPOBaHNS, U OTKa3blBaTbCsl OT HErO TONbKO MpU
MOMTHOM TEXHNYECKOW HEBO3MOXHOCTU. 3aTpaTthbl Ha AOMNOMHUTENbHbIE YCTPOWCTBA PaHO U No3gHO cebst oKynsaT
3a cYeT cnaceHus 4oporocTosiero obopyaoBaHums.

B3. OCHOBHbIE OPIAHbI PENIENHON 3ALLUUTHI

YCTporcTBa penenHon 3aLmMTbl COCTOAT, Kak NPaBuio, U3 TakMX OCHOBHbIX YacTeMu:

MyCKOBbIX OPraHoB;

N3MeEpUTESbHbIX OPraHoB;

NOrn4eckon 4acTtu;

WUCMONMHUTENBHOMN 4acTu,

nepegaroLLen yacTtu.

IMyckoebie opzaaHbl HEMOCPEACTBEHHO M HEMPEPBLIBHO KOHTPONMUPYIOT COCTOSIHME U PeXMM paboThl 3aluLLLaemMoro
0obopynoBaHust, U pearnpyloT Ha BO3HUKHOBeHMEe K3 unu HapyleHus HopmanbHOro pexuma pabotbl. [NyckoBble
OpraHbl BbIMOJTHATCSA C MOMOLLBIO pene ToKa, HanpshKeHWsl, MOLHOCTH 1 Ap.

Ha usmepumernbHbie op2aHbl BO3Naraetcs 3agada onpegeneHvs Mmecta n xapakrepa noBpexXaeHUs U NpuHaTue
peLueHnst 0 HeOOXOAMMOCTU AENCTBUS 3alnThbl. MI3mepuTenbHbIe OpraHbl Takke BbIMOMHSAITCA C MOMOLLBIO pene
TOKa, HaMpsPKEHUs, MOLLHOCTA 1 Ap. PYHKUMM NYyCKOBOIO U M3MEPUTENBHOIO opraHa MoryT 6biTb 06beanHEeHbl B
O[JHOM OpraHe.

Jlozuyeckasi yacmb npepctaenseT cobON cxemy, KOoTopasi 3arnyckaeTcsi MyCKOBbIMW OpraHamun 1, COnocTaBnss
nocnenoBaTenbHOCTL U NMPOAOIPKUTENBHOCTL AENCTBUS U3MEPUTENbHBIX OPraHoB, NPOM3BOAMT OTKITHOYEHUE Bbl-
Kntoyatenen MrHOBEHHO, UNN C BbIAEPXKKOW BPEMEHM; 3anyckaeT ApyrMe yCTPOWCTBa, NogaeT curHanbl U npoms-
BOAWT MpouYMe NpedycMOTPEHHble AeNcTBMSA. Jlormdeckas 4acTb COCTOMT B OCHOBHOM W3 3JIEMEHTOB BPEMEHM
(TanmMepoB), NOMMYECKMX SNIEMEHTOB, NMPOMEXYTOUYHbIX U yKa3aTenbHbIX pene. B aHanoroBbix 1 MUKpONpOLEeCcop-
HbIX YCTPOMCTBAX K HUM J00aBNATCA AUCKPETHbIE BXOAbI Y MHOUKATOPHbIE CBETOANOAbI.

UcnonHumenbHasi 4Yacmb BbINONHAET OENCTBME Ha OTKMOYEHME (BKIIOYEHME) BbIKMYATENen, nnv Apyrux
BHELLUHNX YCTPOMUCTB.

Mepedarowass 4acmp NCNONb3YETCA B HEKOTOPbLIX BMAAx 3awimT. Hanpumep, npuemonepegatowias annapartypa
BY kaHana y anddepeHumnanbHo-hasHbIX 3awmT.

B4. HABHAYEHUE U NPUHLUMUN OENCTBUSA TEXHONOMMYECKOU 3NEKTPOABTOMATUKU
Aemomamuyeckoe pezaynupoesaHue 8036yx0eHuUs 2eHepamopoe U CUHXPOHHbIx dsuzamernel (APB)
ABTOMaTMKa ynpaBrnsieT BenuyMHOM Toka BO3OYXOAeHVs M BO3[4eNCTByeT Ha annapart, HasbiBaeMblii BO3OyauTe-
nem, KOTOpbIN ynpasrsieT TOKOM poTopa reHepaTop. NameputensHble opraHsl APB KOHTPONUPYIOT HanpsiXXeHue u
TOK reHeparopa, 1 nogaepXuBatoT HanpsbkeHne Ha BblBOAAX reHepartopa, COrfacHoO NPUHATOMY 3aKOHY perynu-
poBaHus. Bo3bygutenem MoXeT ObiTb MallMHA MOCTOSIHHOIO TOKa, MalluMHa NepemMeHHOro Toka, unm TpaHcdop-
MaTop, MOCMe KOTOPbIX YCTaHOBMEH BbINPSAMUTESNb C TUPUCTOPHBLIM YNpaBrieHNEM TOKOM BO30yxaeHus. [ns Toro,
YyTOObI 06ECcneUYnTb OLICTPBIN NOABEM HaNPSHKEHUS NMPU KOPOTKUX 3amblkaHusaX, B ycTpornctee APB npeagycmatpu-
BaeTcsa dopcmpoBka BO3byaeHWs1, ObICTPO NoAHMMAlOLLAs HanpsKeHe Ha BbIBOAAX reHepaTopa npu ero nocag-
Kax.

Aemomamu4ecKoe peaysiupogaHue HalpsXeHusi cusioeo20 mpaHcgopmamopa (APHT)

APHT ycraHaBnmBaeTcs Ha TpaHcopmaTopax ocHaleHHbIX PIMTH (perynatopom nog Harpyskow).

ABTOMaTHKa perynumpyeT ypoBeHb HanpsbkeHus Ha wuHax HH (HH n CH) TpaHcdopmaTopa nytem nepeknioyeHus
KonuyecTBa BWTKOB, KakK MpaBWio, Ha CTOPOHE BbICOKOrO HamnpskeHus TpaHcdopmatopa (B OBYXOOMOTOYHbIX
TpaHcopMaTopax MHOrAa NepekniovarTcsa BUTKKM odomoTkn HH).

TpaHcdopmatop ¢ PIMH nmeeT HeckonbKo OTBETBMNEHUN (HE MeHee 9), KOTOpble MOXHO NepekntoyaTh nog Harpys-
KOW. [OCKOMbKY YMCITO BUTKOB MEHSAETCS Ha CTOPOHE BbICOKOIO HanpsXeHUs, perynupoBaHue nony4vaercs obpat-
HbIM: HanborbLUEMY KONMYECTBY BUTKOB Ha CTOpoHe BH cooTBeTCTBYET HanmeHbLLee HanpsKeHue CTOpoHbl BH.
Hymepauusa otBeTBneHun nget B obpaTtHOM nopsake: HaubonbLIEMY YACIY BUTKOB COOTBETCTBYET HAaUMEHbLLMN
HOoMep OoTBeTBIEHUS (1), a HaMMeHbLUeMyY - Hanbonbwmi (9, 19 n T.4.).

MoaTomy, ons Toro Ytobbl NOOHATHL HAMpPsKeHNe Ha cTopoHe HH, Hy>xkHO yBennunTb Homep oTBeTBneHus. [epe-
KMnoYeHe OTBETBMNEHMIN NPOM3BOANTCS 6e3pa3pbiBHO C MOMOLLBIO KOHTaKTOPOB, PacnosiOXEHHbIX B CNeumanbHOM
oTceke. JTOT OTCEK repMeTU4EeCKN U30NMpPoBaH OT Macna B Bake TpaHcdopmaTtopa U MMeeT crneumanbHyo raso-
BYIO (CTPYWMHYI0) 3alnTy Ha cryvan nospexaeHuns B HeM. [NogpobHoe onuncaHme perynsaTtopa cum. n. 10.4.
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Aemomamuka Hacmpoliku dy2o2acsaujux Kamyuwek KoMrneHcayuu eMKOCIMHO20 moKa 3aMbiKaHUs1 Ha 3eM-
0 8 cemu 6-35kB (APK)

KaTywka KoMneHcaumMm eMKOCTHOrO TOKa 3aMblKaHUS Ha 3eMM0 BKMNIOYaAeTCH B HEMTpanb CrneumnanbHOro TpaHc-
dopmaTopa, NOAKIMIOYEHHOTO K LUMHAaM, rge Npous3BoanTes perynupoBaHme. MHOyKTMBHOCTb kaTywku (AMK) meHs-
€TCs C NMOMOLLBIO NnepekniovaTens OTBETBNEHMS — CTyNeH4YaTo, UNn NMnaBHO, MNepeMELLEHNEM XKeMNe3HOro niyH-
Xepa B MarHUTHOM 3a3ope cepaevHuka AMK. B nocnegHem crnyvae nosiBnsieTcs BO3MOXHOCTb MfaBHOMO perynm-
poBaHusa mHayktusHoctn AOMK. [Ins aBTOMaTM4ecKkoro perynmpoBaHnsa NPUMEHSIIOTCS crneumarnbHble perynaTopbl,
nonyuyuswme HasaHue PAHK nnn APK. PerynuposaHue npom3BoanTcs 4O MOMEHTa HacTPOWMKU CUCTEMbI B PE30-
HaHC (HaNpPsPKEHUN) — EMKOCTb CETU paBHa CyMMapHOW UHOYKTUBHOCTM Oyroracsawimx KaTyLlek, npyu 3TOM eMKOCT-
HOW TOK 3aMblKaHMS Ha 3eMINI0 MUHUMAarneH 1 paBeH cyMmmapHomy Toky K.

Haunbonee WwWnpoko ncnonb3ytTcsa 2 NpuHLumMna aBToMaTtukm perynupoBanusa OIK: ¢pasoBbIv 1 3kcTpeMarnbHbIN.
®a3soenbit. MNMpu HacTporike ANK B pe3oHaHC TOK 3aMblKaHWS Ha 3eMITI0 aKTUBHBIW, NO3TOMY TOK B Ayroracsiien kKa-
TyLlKe coBnagaeT Mo a3e C HanpsbkeHWEM HYIEBOW MOCHefoBaTeNbHOCTN ceTu. Takum obpasom, yron Mexay
TOKOM U HanpsbkeHneM (basa), noaaBaeMbIMU K PErynsiTopy AoMmKeH 6biTb paBeH 0°. Ha aTom npuHumne paboTa-
eT perynatop PAHK.

OKkcmpemarbHbIl peaynamop UCMNONb3yeT TO SBMEHUE, YTO NMPU HACTPOMKE B PE30HaHC KOHTypa M3 UHOYKTUBHO-
CTU M eMKOCTW, ero conpoTuBreHne Hambornbluee, a 3Ha4nT M Haubonbluee HanpsbkeHWe HyneBoWn nocnegosa-
TENbHOCTU (HanpshKeHue CMeLLeHNs HenTpanu) B ceTu. Takum obpasoM, perynsatop AOSPKeH HaxoanTb Hanbonb-
LIee HanpsxeHne CMeLLEeHNs HeUTpanu, a 3Ha4nT U TOYKY PE30HaHCHOW HacTPOWKN.

Aemomamuka pe2ynupoeku 6amapeu cmamu4yecKux KoHOeHcamopoe

ABTOMaTUKa WCMOMb3YeTCs AN OOMOMHUTENBHON PErYTIMPOBKY HAMPSHKEHUS Ha LUMHAX — MPU MOHWKEHHOM Ha-
MPSOKEHUM BKITHOYAETCA rpynna KOHOEHCATOpOB, KOTOpas 3TO HamnpshkeHue MOoBbILAET (33 CYET yMEeHbLLUEHMs Mo-
TEpPb HaMPSHKEHWS1 B MUTAKOLLIEN NIMHUM OT MepeToKa PeakTUBHON MOLLIHOCTK). KpoMe perynmnpoBaHus HanpsxeHus,
3Ta aBTOMaTMKa MOXET CMyXMUTb AN PerynupoBaHusi koadduLmneHTa MOLLHOCTU (COS @) B 3NEeKTPOyCTaHOBKaxX

n0Tpe6MTene|7|. OueHb vacto n0Tpe6MTene|7| 0bsi3biBalOT nogoepxumeaTtb COS @ CBOEM OIIEKTPOYCTaHOBKMN Ha

ypoBHe 0.95, 4TO 1 BbINOSHSAETCS NyTeM MOAKIOYEHNs perynupyemoin 6aTapeun koHaeHcaTopoB. MNpy perynupos-
KE HanpshKeHUst UCMOMb3YHOTCA 2 pene HanpsKeHUs: pene MoBbILEHWS HanPsXKeHWUs OTKNoYaeT rpynny KOHOeH-
CaTopOB, a pere NOHWKEHUS HanpshxeHnsl ee HaobopOT BKMOYaeT.

Mpu perynvpoBke COS @ UCMONb3yeTCs pene peakTUBHOW MOLLHOCTW, YCTaHOBMEHHOE Ha cTopoHe HH cunosoro

TpaHcdopmaTtopa (Ha kabenbHoM BBoAe). Ecnv noactaHuMsa npuHUMaeT peaKTUBHYI0 MOLLHOCTb Gonblue onpe-
AENeHHOWN yCTaBKOW BENUYMHbI, BKMOYaeTCs AONONHUTENbHAasA cekumsa 6atapen, ecrnv oHa BblAaeT 3Ty MOLLHOCTb
B CTOPOHY NuTatoLLen NMMHMK, To 6aTapes KOHAEHCATOpPOB AOMMKHA ObiTh OTKMHOYEHa.

Aemomamuka oxnaxx0eHusl cusioebix mpaHcghopmMamopoes

ABTOMaTMKa NpUMEHSIETCA AN yNpaBneHns oxnaxaeHmemM MachnsiHbix TpaHcdopmaTopoB. CyLiecTBytOT Tpu cuc-
TeMbl MPUHYANTENBHOTO MaCNAHOIO OXMNaXAEHUS:

A — AayTbeBoe oxnaxgeHue: Ha oxnaguTensix TpaHcOopMaToOpOB yCTaHaBNMBAIOTCH AYTbEBblE BEHTUIIATOPLI,
obaysatowme nx Bosgyxom. Macno B oxnagutenu noctynaeT nyTeM eCTeCTBEHHOW UMpKynaumu. Takas aBToma-
TMKa oxnaxaeHus paboTaeT no criegyrowemy NpyUHUUNY: BEHTUASTOPbI BKIKOYAKTCS, €CNKU TOK Harpy3ku TpaHc-
dopmaTtopa JOCTUraeT HOMUHANbHOro, He3aBUCUMO OT TemnepaTypbl, WM ecnu TemnepaTypa BEPXHUX CrOeB
mMacna gocturaet + 55°C, He3aBMCMMO OT BENMWYUHBI TOKa. BEHTUNATOPBI OTKMNOYAOTCS, €Cnn TOK B TpaHcdopma-
Tope cHmkaeTtca Hwke 0,85-0.9 HoMMHanNbHOro (ycTaBka onpenensieTcs TOKOM BO3BpaTa TOKOBOIrO perne, nyckato-
LLero oxnaxgeHue), U Npu 3TOM OTCYTCTBYET HE3aBMCUMMbIA NMYCK MO TeMmnepaType, a TaKkke B Criydyae CHUXKEHUS
TemnepaTypbl HUXe + 45...50°C, npu OTCYTCTBUM Nycka Mo TOKy Harpysku. Bce oxnagutenu ynpaensaoTcs OgHO-
BpeMeHHo. Takum obpa3om, B CXeMe aBTOMATUKM NpefycMmaTpuBaeTcsa ABa HE3aBMWCUMBbIX Mycka — MO TOKY U MO
TemnepaType macna.

Al — pnyTbeBoe oxnaxaeHve ¢ NPUHYAUTENBHON LUMPKyNauMen macna. YcraHaBnmBaeTcs Ha TpaHcdopMaTopax
N aBTOTpaHcdopMaTopax 60mnbLon MowHocTU. Macno 4Yepes oxnaguTenu npokaynmBaeTcs crneunanbHbIMY Mac-
noHacocamun. OBbIYHO Takasi cucTeMa CoOAePXuUT 4 oxnaguTens, unv rpynnel oxnagutenen. lNepeas rpynna Bkto-
YaeTcs npv nogaye Ha TpaHcopmaTop HanpsbkeHusi. BTopasa rpynna BkmovaeTcs, Korga Tok Yepes TpaHcdop-
maTop npesbicnT 40% HOMUHaNbLHOro. TpeTbs rpynna BKMAYaeTcs, ecnn Tok TpaHcdopmaTopa npesbiwaet 80%
HOMWHanNbLHOrO, M TemnepaTypa macna npesbicuT 50°C. YeTBepTas rpynna sSBAseTCca pe3epBHON 1 BKIOYaeTCs
aBTOMaTU4eCKn Npu OTKMYeHMU nobon rpynnbl. YCTaBku AaHbl YCNOBHO, OHU ONpeaensTcs 3aBOACKOW UHCT-
pyKUMEn No aKcnnyaTaumMm CMCcTeMbl OXNaxaeHns TpaHcdopmaropa.

L — uupkynsuuoHHoe oxnaxgeHue — MPUMEHSieTCA Ha aBToTpaHcdopMaTtopax W TpaHcdopmaTopax O4YeHb
GonbLLUOA MOLLHOCTM. B aTOM cucteme Macno npokaunBaeTcs Yepes NPOMEXYTOYHble OXNaguTenu, KoTopble B
CBOIO oYepeb OXNaxaarTCsa LMPKYMPYIOLWEN Yepesd HUX Bogon. Cxema 1 yCcTaBkM aBTOMAaTUKN OXMaxKaeHUs on-
pefenstoTca KOHCTPYKUUEn TpaHcopmaTtopa.

MpakTnyeckn Bce TpaHcopmaTopbl O0MbLLION MOLLHOCTY B pacnpeaceTsx MMET cuctemy oxnaxaexus .
TpaHcdopmaTopbl Manon MOLLHOCTM UMEKT eCTECTBEHHOE MacfsiHOe OXMaXKAeHwue, Mpu KOTOPOM paguatopbl
OXMNaX[arTcHa NyTeM eCTECTBEHHON LUMPKYNAUMy Bo3ayxa.

Asmomamuka moy4yHol CUHXpoHU3ayuu

ABTOMaTMKa TOYHOW CMHXPOHM3auun obecneynBaeTCsi yCTPOWCTBOM Ha3biBaeMblM aBTOCUHXPOHM3aTopom. OH
cpabaTtbiBaeT npy NpUBAMKEHUN YacTOTbl BPALLEHUS K HOMUHAMNbHOW U HanpsikeHUst Ha reHepaTope K HOMUHanb-
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HOMY. Ha aBTOCMHXpPOHM3ATOP MOJ4aeTCs HanpshKeHue CUCTEMbI U FeHepaTopa. YacTtoTa reHepaTopa NOAroHSET-
Cs1 K YacToTe CUCTEMbI, HaMpshKeHne reHepaTopa NOAroHSAETCS K HanpsbkeHWto Ha WwivHax. KomaHnga Ha BkoveHue
reHepaTopa nogaeTcs nocre NOAroHKM C OnepeXeHWeM, paBHbIM BPEMEHMW BKITIOYEHUSA BbIKIOYaTENS TakuMm 00-
pa3oM, YTOObI MOMEHT BKITKOYEHMSI COBMarn ¢ MOMEHTOM coBnaaeHus gas.

Aemomamuyeckasi cCaMOCUHXPOHU3ayusi

ABTOMaTM4eckasd CaMOCUMHXPOHM3aUUSA NPUMEHSIETCS rNaBHbIM 06pasoM Ans MAPOreHepaTopoB, CUHXPOHHbIX
KOMMeHcaTopoB U anekTpoasuratenen. Npu caMOCMHXPOHMU3aLUMKM YacToTa reHepartopa NOAroHseTcs Npubnmaun-
TErNbHO K 4acToTe CUCTEMbI, @ CUHXPOHHbIE KOMMEHCATOPbI U 3NeKTpoABMraTenm acMHXPOHHLIM MYyCKOM pasBopa-
4YMBalOTCHA A0 NOACUHXPOHHOW CKOPOCTW BpaLLeHWsi, NOCNe 3TOro OH BKIIOYaeTCH B CETb, a 3aTEM Ha Hero nogaet-
cs Bo30OyxaeHve. [Ins KOHTponsa OOCTUXEHUS HeobXOAMMOW CKOPOCTW BpalleHWst UCMOoNb3yeTcs crneunanbHoe
pene pasHOCTM 4acToT, Ha KOTOpoe nodaeTcs ocTatodHoe (6e3 Bo3byxaeHus) HanpsbkeHuwe reHepaTopa U Ha-
npsbkeHne cetu. Pene cpaBHMBAET YacTOThbl, M MPU pasHMLE YacTOT MEHbLUEN 3a0aHHON YCTaBKW, JaeT paspeLue-
HMe Ha BKIIOYEHNE.

Aemomamuyeckuli HacmomHbIl nyck 2udpozeHepamopos (A4[)

'MoporeHepaTopbl 06r1agatoT BaXHbIM CUCTEMHBIM Ka4€CTBOM: OHU CMOCOOHbI ObICTPO BKOYAaTLCHA B CETb M Ha-
rpykaTtbCd, B OTNMYMe OT NapoBbix TypboreHeHepaTopoB, BKIOYEHMNE KOTOPbIX U HAbop MOLLHOCTU TpebyeT 3Ha-
YNTENBHOro BPEMEHU, HEOOXOAMMOro AN nporpeBa TypOuHbl. Takoe CBOWCTBO rmaporeHepaTopoB MCMoNb3yeTcs
ONS X aBTOMaTU4EeCKOro nycka no yacrore, nonyymsllero HassaHue AYr. Mpu CHWXeHUN YacToThbl B CETU A0 Be-
nnyanHbl 49.0 — 49.3 'y, AYT noodepenHo pasBopavMBaeT reHepaTopbl, BKIOYaeT UX B CMCTEMY METO40M CaMo-
CYHXPOHM3aLUN U HarpyXaeT reHepaTopbl 40 3a4aHHON BENUYMHBI.

OnpedeneHue Mmecma noepexxoeHust NUHUl anekmponepedayu (OMI)

Monck mecTa NoBpexXAeHUs: Ha NMHUM NPEeACTaBMAET CMOXHY 3aAady M3-3a 3HaUUTENbHOW ANVHbI NMHUK 1 6e3-
OOPOXbsi B TEX MeCTax, rge oHa obbl4HO npoxoauT. Moatomy, Bce nuHuM HanpsbkeHvem 110 kB n Bbilwe anvHon
cBbiwe 20 KM OOMmKHbI OCHALLATLCA cpeacTBaMu onpefeneHs Mecta noBpexaeHus. XKenatenbHo MMETb Takue
CpefcTBa v ANS NIMHWIA MEHbLUEro HanpshkeHus n AnvHel. Hanbonee nNpocTo BeIMMSAAWMT onpegeneHne Mecrta Ko-
POTKOrO 3aMblKaHUSA MO €ro 3MeKTPUYECKNM napamMeTpam: TOKY, HanpsbkeHWo, COMPOTUBIIEHNIO, KOTOPbIE U3MEHS-
toTCA Npu nepeHoce Todkn K3 Boonb nuHun. NapameTpbl KOPOTKOrO 3aMblkaHWsS 3anOMMHAOTCS cneumanbHbIMM
npubopamu, Ha3biBaeMbIMN PUKCUPYIOLLMMUK, UNn ocumnnorpacgamm, a 3atem, nNo NofyvYeHHbIM AaHHbIM, NPOn3-
BOAMTCA pacdeT MecTa noBpexaeHus. MuKponpoLecCopHble 3alluTbl, Kak NpasBuio, 3anoMUHAT napameTpbl
aBapuNHOro pexuma, Npy KOTopbix paboTana 3awuTta, 1 X MOXHO MCNonb3oBaTb AN pacyeTa. bonee cnoxHole
yCTpOMCTBa (OUCTaHUMOHHbIE) 3almTbl 0b6nagalT BCTPOEHHOW (OyHKUMEN onpefeneHus Mecta noBpexaeHus.
MecTo noepexgeHus Takumu ycTpoWcTBamu ornpefensieTcs no OAHOCTOPOHHWM 3aMepam HenocpeiCTBEHHO B
kunomeTpax. [NoapobHo 3TOT BONpOC paccMOTpeH B rnase 12.

Aemomamuyeckass YacmomHas pa3zpy3ka (AYP) u AlIB nocne AYP (YATB)

Yctporictea AYP 1 YATB npegHasHayeHbl AN nogaepXaHus 4acTtoTbl B AOMNYCTUMBIX Npefernax, npu oTcyTcT-
BMM B 3HEProcUCTEME BpaLLlaloLLerocs pesepsa 4Jis ee nogaepXaHnst Ha HY)KHOM ypoBHe. [pu CHKeHUM YacTo-
Tbl HWXKE 3a4aHHOrO YPOBHSA HAYMHAKT CTyMEeHbKaMu OTKMYaTbCA NoTpebutenu o Tex nop, noka 4actoTa He
OOCTUTHET OANUTENbHO AOMYCTMMOrO YPOBHS. [Npn NosBneHun ONOMHUTENBHOW reHepaummn YacToTa NnoBbILaeTes,
3TO NoBbILLEHME (PUKCUpyeTCa nameputensHolMu opraHammn HYANB, n Takke CTyneHbKamu HauynHaeTCs BKAYeHne
notpebutenen, Noka YacTtota He ONycTUTCs Hke ycTaBkn YAIB, 4To 03Ha4yaeT ucyepnaHme NosiBUBLLErOCS pe-
3epBa moLHocTu. NogpobHo AYP n YATIB onucaHel B nyHkTe 10.3.

Aemomamu4ecKoe peaysiupogaHue 4acmomabl U akmueHol mowHocmu (APYM)

Bce reHepatopebl, paboTatowime B 3HEProcMcTeMe, OCHaLleHbl CpeACcTBaMU perynupoBaHnsi 060poToB, a 3HauuUT u
YyacToThl. [Mpy NOHWKEHUW YacTOTbl 3TU PErynATOPbl BO3AENCTBYIOT HA CEPBOMOTOPLI, YBENUYMBAIOLINE pacxos
napa B TennoByl TypOvHY, unu Boabl rmapoTypOuHy, 1 Takum ob6pa3om perynupyoT MOLLHOCTb, a 3Ha4YuT K Yac-
TOTY. PerynvpoBaTb MOLLHOCTb LieN1ecoobpasHo C y4ETOM 3KOHOMWYHOCTU TypOWHbI, CTPEMSACH K TOMY, YTOObI Ha
bonee 3KOHOMUYHBIX TypOMHax BblpabaTbiBaTb HANOOIbLLUYH MOLLHOCTb. AT reHepaTopbl BKItoYatoTcsa B 6asy, To
€CTb, paboTalT C MOCTOSHHOW MOLLHOCTBIO, @ perynMpoBaHue OObIYHO OCYLLECTBIISETCA MEHEE 3KOHOMUYHBLIMU
TypbuHamu. ECTb MHOro Apyrmx npuvyunH, ONpeaensiowmx nopsagok pasrpyskm U 3arpysku reHepaTtopoB B 9HEpro-
cucteme. briok reHepaTop-TypbuHa OOMKeH MMETb perynvMpoBOYHbLIN Auana3oH. Begb HeOQOCTaTOMHO OTKPbITb
OOCTyN napa B TypbuHy Ons yBenuyeHus MOWHOCTM 6rnoka, 3TOT AOMNOMHUTENbHbBIA Nap HYXHO elle BbipaboTaThb,
ONS Yero B KOTeN HyXHO nogaTb 6onblue BOAbI M TOMMMBA, U TONbKO MOCHE 3TOro NOCTENEHHO HaYyHET yBenu4u-
BaTbCH MOLWHOCTb 6roka. [Npun HeobxoaMMOCTU pasrpy3km npuxoantcs nap 6ecnonesHo copackiBaTb B KOHOEHCA-
TOp, NOKa, NoCne BO3OEWCTBUSA Ha KOTEM, OH YMEHbLINT BblpaboTKy napa. PerynnpoBoyHbin Anana3oH 6noka He-
BENUK, TaK Kak OHM paspabaTbiBanucb Ans paboTbl B 6a3nCHOM pexvme, 3TO 03HayaeT, YTO MMEHHO MPU NOMHOW
MOLLHOCTU JOCTUraeTcs Hanbonblias 9KOHOMUYHOCTb U HEOOXOAMMbIA TeMnepaTypHbIA pexxum 6noka. B 6a3nce
AOIMKHbl paboTaTb U aTOMHbIE 3NEKTPOCTaHUMM, CTOUMOCTb BblpabOoTKM 3MIEKTPO3IHEPTMN Ha KOTOPbIX 3HaYMTenNb-
HO JeLleBrie, YeM Ha TennoBbIx TypbuHax. Ha rugporeHepaTopax 04eHb MPOCTO PerynmMpoBaTh MOLLHOCTb, TaK Kak
3anac BoAbl B BOAOXPaHWIMLLE MO3BONSET OTKPbITh HaNpaBnsoWmMiA annapat TypOuHbl 1 HabpaTb MOLLHOCTb, U
TaKxke Nerko CHU3UTb MOLLHOCTb, NepekpbiBasi AOCTYN BOAbI, NIMLIHASA BOAA NPOCTO OCTAHETCS B BOAOXPaHWUMLLE.
OpHako, KonNMYecTBO BoAbl B BOAOXPaHWUMLLE MEHSAETCS U, Hanpumep, B NaBOAOK, KOr4a BOAOXPaHWUMMLLE 3anon-
HEHO, CHIKEHME MOLLHOCTM reHepaTopa 3acTtaBuT 6ecnonesHo cbpackiBaTb BOOY B HYXKHMN Obed. A, korga BO4O-
XpaHunuwe cpaboTtaHo, HeuenecoobpasHo pacxogoBaTb OCTaTKU BOAbI, KOTOPbIE MOMYT NPUrOAUTLCH B aBapuii-
HOW cuTyaumn. U3 BblleckazaHHOro SCHO, MOYEMy Hernb3s UCMOoNb30BaTb PErynaTopbl CKOPOCTM (06OPOTOB) Typ-
OUH ANs nogdepXaHUs HYXXHOW 4YacToTbl. Takylo OYHKLMIO BbIMNOMHAET cneumanbHas cuctema perynmpoBaHus
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4YacToTbl U aKkTMBHOW MoLHocTu (APYM). OTa cuctema gorkHa ObiTb LeHTpanu3oBaHa. Ha BepxHeM ypoBHe OHa
onpeaensieT, Ha Kakue 3MekTpoCTaHUMM HeOOXOAMMO BbIMOSHATbL BO3AENCTBME, @ HA YPOBHE 3NEKTPOCTaHLUN —
onpegensieT Ha Kakme KOHKpPeTHO 6rnoku HeobGxoammo 3TO BO3AenNCTBME HanpaBuTb. Bca aTa CTpykTypa cBsidaHa
KaHanammn TenemexaHukM 1 noka npakTuyeckn He pabortaet. OTcyTCTBME HEOOXOOUMOrO PEryriMpoBOYHOrO aua-
nasoHa 3acTaBlisieT PerynmpoBaTb MOLLHOCTb MYTEM BKMHOYEHUSA N OTKITHOUYEHUS] reHepaTOpOB, OPUEHTUPYSACH Ha
3apaHee pacCYMTaHHbI rpachmk MOLLHOCTU, @ BOT YK€ OTKNOHEHUSA OT rpadumka nepekpbiBaTb 3a CYET perynmpo-
BaHUA.

HononnumenbHasi aemomMamuyeckasi pa32py3ka no HanpsixeHuro (JAPH)

Ha ynaneHHbIX noactaHumsx astomatvka OAPH cnyxut gns pasrpysku OTKNioYeHueM uaepoB npu pe3kom
CHWXEHMM HanpsbkeHnsi. B crniydyae noTepyn oCHOBHOrO NuTaHus, octaetcs bonee cnaboe nuTaHve OT yaaneHHoro
NCTOYHMKA. Mpn 9TOM HE MOXeT ObITb 06ecneyeHo MUHUMAarbHO AOMYCTUMOE HarnpshKeHue y notpebutens, 4to
MOXET MPMBECTW K HapPYLLUEHUIO NPOM3BOACTBA, UMM AaXe MOBpexXAeHMI0 000opyooBaHUA — 3MeKTpoABUraTenu
NPV MOHVDKEHUWN HaMpPshKEHUST HAYMHaKT NoTpednaTe 60OMbWMI TOK U3 CETWU, YTO NPUBOOUT K UX Neperpyske no
TOKY 1 nospexaeHuto. ABTomatuka JAPH gencteyeT Tak xe, kak AHP, Ha OTKknioYeHue MeHee OTBETCTBEHHbIX
notpedurenen, BblIOpaHHbIX 3apaHee, 1 BbIMOJTHAETCS MO TaKMM XKe CXeMawm.
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