9 3ALUMNTA NEKTPOABUIATENEN

9.1 OBLUME CBEOEHUA

CornacHo npaBunam ycTponcTBa anektpoyctaHoBok (MMY3), Ha gBuratensx HanpsbkeHnem Bbiwe 1000 B
OOMXKHbI yCTaHaBNMBaTbCA Criegylolme yCTponcTBa penenHon 3almThbl:

3awuTa oT MexaydasHbIX KOPOTKNX 3aMbIKaHUNR;

3almTa OT 3aMbIKaHWUI Ha 3eMIIIO;

3alluTa OT ABOMHbIX 3aMblKaHU Ha 3eMII0;

— 3aluTa oT neperpysku.

[Nsi CMHXPOHHLIX ABUraTenemn ONOMHMTENBHO TpebyeTcs 3almTa OT aCMHXPOHHOIO peXxuma.

MpuMeHsieMble Ans 9TOW Lenu Buabl 3aLllMThbl 3aBUCAT OT MOLLHOCTY 3riekTpoaBuraTenen:

B kauecTtBe 3awmtbl OT MexaydasHbix K3 npu mowHoctn asuratenen go 5000 kBT npumeHsieTca ToKoBast
oTcevka. OHa MOXET NPUMEHATLCA U ANa ABuratenen 6onblien MOLWHOCTU, HE NMetoLWnX ha3HbiX BbIBOAOB
CO CTOpOHbI HenTpanu gsuratens. MNpu geuratensx 6onbLWen MOLHOCTY, @ Takke ecrnv TOKoBasi oTceyka anis
ABuratenen MeHbllen MOLLHOCTU He yaoBreTBOpseT TpeboBaHUSM YyBCTBUTENbHOCTU, NpUMeHsieTca aud-
depeHumnanbHas 3alimTa npu ycrnoBum, YTo 3TU ABUrateny MMeKT BbIBOAbl CO CTOPOHbI HEMTPanwm.

B kauecTBe 3amThl OT 3aMblkaHUI Ha 3eMIT0 NPU TOKax 3aMblkaHnsl 6onee 5 A ans gpuratenen MOLHOCTbIO
6onee 2000 kBT, n 10 A gnsa aBuratenen MeHblUen MOLLHOCTU, MPUMEHSIETCA TOKOBas 3aluMTa HyneBown no-
cnepoBaTenbHOCTU, OENCTBYIOWAA Ha OTKMYEHe. Ha nuHuAaX, nuTalowmx agBUrateny nepensmxHbIX Mexa-
HU3MOB, 3aLlMTa OT 3aMblKaHUN Ha 3eMSt0, N0 coobpaxeHnsM anekTpobe3onacHoOCTH, AOMKHa AENCTBOBaTb
Ha OTKMOYEHME HE3aBMCMMO OT BENUYMHBbI TOKa 3amblkaHus Ha 3emnto. Ha 6nokax TpaHcdopmaTop—
ABuraTernb 3alimTa OT 3aMblKaHUA Ha 3eMNi0 eNCTBYET Ha curHan. YkasaHHas 3alimta BXoAUT B COCTaB BCEX
nepeyvncrneHHbIX HUXe YCTPOUCTB.

B kayecTBe 3aWwuThl OT ABOMHbBIX 3aMblKaHUIM Ha 3eMITI0 MPUMEHSIETCA TOKOBAsi 3alluTa HyrneBow nocrnenosa-
TENbHOCTK, OeNCTByoWas Ha oTknoveHne. OHa NpMMEHSIeTCs B TeX Cry4asix, Korga 3awmta OT 3amblkaHum
Ha 3eMno NMEET BblAEPXKY BpeMeHu. Ee npumeHeHne oba3aTenbHo, ecnu 3awmta ot MmexaydasHbeix K3 Bbi-
nosfiHseTca B ABYX hbasax.

BawuTta ot neperpyskun TpebyeTca Ana ABuratenen, NOABEPXKEHHbIX Neperpyske no TEXHONOTMYECKMM NpUYm-
HaM, Unm ¢ ocobo TsXKenbIMU YCIOBUAMU Mycka. 3awmTy OT neperpysku cornacHo Hopmam CHIT, MOXHO Bbl-
NOMHATbL C 3aBUCUMOWN UNN HE3ABMCMMOW BbIOEPXKKOW BpeMeHu. 3almuTa OT neperpy3km MoxeT AenCcTBOBaTb
Ha pasrpysky MexaHu3ma no TEXHONOMMYECKUM LIensiM Uy curHan: — 1-9 CTyneHb 1 Ha OTKIYEeHne — 2-9 CTy-
neHb. Boligepkka BpeMeHu 3aLluTbl OT Neperpyskn npu Toke, paBHOM MyCKOBOMY TOKY ABUraTerns, BbiNonHAeT-
cs1 bonbluen BpemeHu ero nycka. Kak npaBuno, npu TakoM BbINMOSMHEHUN 3aLLMTbl ABUraTeNst UMEeTCs 3Ha4u-
TEnbHbLIA TENMOBOW 3anac — obblyHbIE ABMraTtenu no TemnepaTtype BblAEPXKMBAKOT HE MeHee OBYX MyCKOB
noapsag. 370 faeT BO3MOXHOCTb BbIMOMHUTL AEACTBUE TaKoW 3allMTbl OT Neperpy3kn Ha pasrpy3ky MexaHus-
ma.

Takum obpasom, cornacHo MYD, Ha gBuratensax MowHocTbo MeHee 5000 KBT MOXHO MMeTb TOKOBYIO OTCeu-
Ky, TOKOBYIO 3alLWTYy OT 3aMblkaHWA Ha 3eMI0, 3alMTy OT Neperpysku. Takue 3alimTbl MOXHO BbIMOMHATE HA
pene Y3A-AT unu PC81, a Takke Ha pene PC83 ¢ AononHMTENbHOM 3alumMTon NOTOKY 06paTHOM nocrefoBa-
TenbHocTU. CyLecTByOT cneumanbHble 3aWwnTbl OT NEpPErpy3kM ¢ 3aBUCMMON XapakTepUCTMKOW, coBnagato-
LLIer ¢ TENMOBOW, KOTOpas onpegensieT TEnnoBOe COCTOsIHWE ABUraTens u No3BomsieT NonHee NCMNob30BaTh
€ero neperpysoyHyt0 CrnocobHoCTb. apameTpbl 9TON XapakTEPUCTUKM 3aBUCAT OT OaHHbIX CaMOro 3MeKTpo-
ABuraTens: cUCTeMbl OXnaxgeHusi, 4ONyCTUMOM TeMnepaTypbl ANg U3onaunn gBuratens, UCXOQHOW Temne-
paTypbl ABUraTens unv nomelleHus. Bce aTu gaHHble y4MTbIBAKOT creuuwanbHble 3alluTbl ABuratenen (Ha-
npumep: MiCOM P220). TMoatomy, 3awutbl OT NEPErpy3kM Takoro Tuna MMeT 0ObIYHO 2 CTYMEHU: CTYNEHb C
MEHbLLEN BbIOEPXKKOM BPEMEHM AENCTBYET Ha pa3rpysky, ¢ bonbLien — Ha OTKNtoYeHne. B 6onblimMHCTBE cny-
YaeB NPUMEHSEMbIE Yy HAC 3alLMTbl UMEIKOT OHY YCTaBKy C 3aBMCMMOWN NN HE3AaBUCUMOW BbIOEPXKKON BpeMe-
HW. CornacHo MY3 3awmTa oT neperpy3kv 4ormKHa 4ENCTBOBATb Ha CUrHas, pasrpy3ky MexaHu3Mbl U, NALLb B
KpanHem cny4ae, Ha OoTKnoyeHre. B Takon cutyauum He TpebyeTcs 3HaumMTenbHas BblOep)Kka BpemMeHu, Tpe-
ByeTcsa OTCTPOUTCS TOMNBbKO OT BPEMEHM Camo3anycKa aMeKTpoaBuraTens.

Pexvm acMHXpOHHOIO X0da CONpOBOXAaeTCA Neperpyskon ABuUraTens, U Ha Hero pearupyoT 3awuTbl OT ne-
perpy3ku. MoaTomy 4yacTo 3awmta OT Mneperpysku BbIMOMHAET OOHOBPEMEHHO (DYHKLMIO 3aLUUTbl OT acWH-
XPOHHOro pexuma. NpocTblie TOKOBbIE 3aLMTbl MOrYT cpabaTtbiBaTh M BO3BpaLlaTbCsa Npu konebaHusax Toka.
[Mo3aTomy 3alnThl OT NEPErpy3kn B aCUHXPOHHOM PeXUME OOIMKHbI HaKanuBaTh BbIAEPXKKY BpeMeEHU. Takomn
NPVYHUMN JOMMKeH ObiTb 3anoXeH B 3alMTy OT neperpy3ku. Tak XXe kak U paHee, MOXHO WMCMoNb30oBaTb ABe
CTYMNeHU 3aLlunTbl OT Neperpyskun: CTyneHb C MeHbLUEN BblAEPXKON BpEMEHU AENCTBYET HA PECUHXPOHU3ALINIO,
c bonbluen Ha oTkMoYeHne. MNMocKomnbKy B 3TOM Crly4yae HEBO3MOXHO PasfMynTb PEXUM Neperpyskn U acuH-
XPOHHBIV PEXUM, Hemnb3sa obecneynTb aBTOMaTUYECKYI0 PECUHXPOHM3aUMIo. [pu HanuumMm gexypHoro nepco-
Hana Ha obbekTe, OH MOXET 3TO BbISIBUTH BU3yarnbHO Npu cpabaTbiBaHuM 1-1 curHanbHou ctynenn. Cneuu-
anbHble 3alWTbl OT NOTEPU BO3OYXAEHUS MMEKTCA B YCTPOWCTBAX BO3OYXXAEHWUS KPYMHbIX ABUratenen. 3tm
yCTpONCTBa LenecoobpasHo MCnonb3oBaTh ANs aBTOMATUYECKON PECUHXPOHU3aLIMM.

[na gBuratenen, paboTtarowmx B 6/10ke ¢ NOHWXKAOLWMM TpaHCOPMaToOpOM, MOXET ObITb BbINOSIHEHA 00LLasn
3awmTa, ecnm oHa ygoBneTBopsieT TpeboBaHMAM K 3alLMTe Kak ABurartens, Tak n TpaHcopmartopa.

[na obneryeHnsa ycnoBuin camosanycka, a Takke ansd npeaoTBpalleHnst MOAayYn HECMHXPOHHOMO HaMpsPKEHUs
Ha BO36OYXAEHHblE CUHXPOHHbIE ABUraTeNn UM 3aTOPMOXKEHHbIE MEXaHN3MbI, ABUraTeny JOMMKHbI ObiTb 060-
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pyOoBaHbl 3alMTON MUHMMAnbHOrO HampshkeHus. JTa 3awmta MoxeT 6biTb NMMbo mHaAMBMAyansHon, nnbo
rpynnoBon. B psge crniyyaeB gns yCKOPEHMST NOAayy HanpshkeHUs Ha LWWHbI, U1 NpegoTBpaLLeHns nogayduv
HaNpsPKEHUS Ha OBUraTtenin aBTOMaTUKON BHELUHEN CETU, CUHXPOHHbIE ABUrateny MoryT ObiTb AOMOSTHUTENb-
HO 0DOOpPYAOBaHbI 3ALLUTON MO MOHMXXEHMIO YACTOTbI, TaK Kak OHW CMOCOOHbI ANUTENbHO MOAAEPXMBaTb Ha-
npsbkeHne B cetn. CrnegoBaTenbHO, NpU UCMONb30BaHMM TaKoro pere And 3awuTbl gBuratens HeT Heobxo-
OUMOCTM B NPYMEHEHMMN C 3TOW LIENbIO CNeLManbHbIX pene HanpskeHns.

Kpome nepeuncneHHbix obs3aTenbHbIX Ang Asuratenen yHKUMA 3awmnThl, cneumnanbHble 3amTbl Ans oBu-
ratenen UMerT OONONHUTENbHbIE DYHKLUN, UCNONb30BaHNE KOTOPbIX Yry4llaeT YCNoBus aKcnnyaTauum osu-
ratensi, TeM caMblM CHUXasi BEPOATHOCTb NMOBPEXAEHMS U NPoANieBast CPoK ero cnyxobl. K HUM oTHocATCA:

— 3awuTa oT obpbiBa (hasbi;

— OrpaHuM4YeHne KONMYeCcTBa NMyCKOB;

— 3anpeT nycka no BpeMeHU npoLueLlero oT npeaplayLero nycka;

— 3almMTa MUMHMMAnNbHOMO TOKa UM MOLLHOCTU;

— 3awuTa OT 3aKIMHUBAHWS UITM 3aTOpMaKUBaHUs poTopa.

CneumanbHble YCTPONCTBA 3alMThl ABUraTenen MoryT paboTtartb HE TONbKO C TOKOM M HanpshKeHWEM, HO U C
JaTyvMKkamu Temnepartypsbl.

Y gBuratenen 60MnbLUON MOLLHOCTU CYLLECTBYHOT TaKKe TEXHONOrMYeckne 3aluTbl, KOTOpble MOryT AEWCTBO-
BaTb Ha OTKMIOYEHME ABuUraTtenen npu: nNoBbILEHUN TeMnepaTypbl ABUraTens, ero NogWwmnnHUKOB, NpekpaLle-
HUX CMasku NOALUMMHMKOB, LMPKYMsUMM BO34yXa B cUCTEME oxnaxaeHus. HeobxogumocTb 3TMX 3aliuT 1
npeabsiBnsiemMble K HAM TpeboBaHUA u3naralTCa B 3aBOACKOW OOKYMEHTauuu. OTU 3aluTbl NOAAKTCHA Ha
OUCKpeTHbIEe BXOAbl YCTPONCTBA 3aLUUThI.

9.2 HEKOTOPbLIE CBONCTBA ACUHXPOHHbIX SNEKTPOABUIATEJIEU

Bpawarowjuli MomeHm 3niekmpodeuzamersiell U MOMEHIM CONpomuesieHUsi MexaHu3ma

HopmarnbHbIi yCTaHOBUBLLMICS pexum paboTbl 3nekTpoaBuraTtens XapakTepusyeTcsi paBeHCTBOM 3MEKTPO-
MarHMTHOro MomeHTa My, pa3BMBaEMOro afekTpoaBUraTenemM, 1 MeXaHMYeCKoro MOMeHTa conpoTmenenus M,
MexaHu3ma, NpUBOANMOro B AENCTBUE SMeKTpoaBUraTenem:

M,=M, (9.1)
Ecnn M@ < Mc , TO dINneKTpoasurartesib 6yp,eT TOPMO3NTbLCA, a ecClun M@ > Mc’ TO YacCcToTa BpalleHusa

anekTpoasuratens 6yget yBenuumatbes. Mpy HEM3MEHHOM HaMPsHKEHWU MUTaOLLEN CeTM MOMEHT, pas3Bu-
BaeMbll aCMHXPOHHBLIM 3MIeKTPOABUraTenem, 3aBUCUT OT YacTOTbl BpaLLEHUs N UK, YTO TO e camoe, CKOSlb-

XeHus s (puc. 9.1). B HopmanbHbIx ycrnosusix paBeHctso M, = M. umeet mecto npu s = 0,02-0,05. Makcu-
MarnbHblii MOMeHT anektpogsuratenst M, ... paBeH NpubnnanTenbHO ABYKPATHOMY HOMUHANBHOMY MOMEHTY:
M o | M o =2 (9.2)

YacToTa BpalleHna n, N CKoJbXeHne S, COOTBETCTBYHOLLIME MaKCMManbHOMY MOMEHTY, Ha3blBalOTCA KPUTU-
YyeCKnmu.
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Puc. 9.1 3aBucumocTs MOMEHTa BpaLLeHWUst aCUHXPOHHbIX 3nekTpoasuraTenei 1 MOMEHTOB COMPOTUBIEHNS
MEXaHU3MOB OT YacCTOTbl BpaLLeHUs.
MyckoBon MOMEHT My nyck, COOTBETCTBYIOLLMIA YacTOTe BpalleHuss n =0 unu ckonbxeHuto s =1, B 3aBUCUMO-
CTU OT KOHCTPYKLNN 3reKkTpoaBuraTens umeeT pasHble 3HavyeHus (kpusble 1, 2, 3, puc. 9.1).
XapakTepucTukm MOMEHTOB COMPOTUBMEHUS MEXAHU3MOB, KOTOPblE NPUBOAATCS B AEWCTBME dneKTpoasura-
TensmMu, B 3aBMCMMOCTM OT UX YacTOTbl BpaLLEeHUs, MOryT ObiTb 3aBUCALLUMU OT YacTOTbl BpalleHus (KpuBas
5) n He 3aBucAWMMM OT Hee (KpuBas 4, puc. 9.1). MOMEHT conpoTMBMEHUS, HE 3aBUCALLUIA OT 4acToThbl Bpa-
LLLeHUs, UMEIOT, HanpuMep, LWapoBble MENbHULbI B CUCTEME MbINIENPUIOTOBNEHUS AnekTpocTaHuun. MomeHT
COMNPOTMBIEHMUS, PE3KO 3aBUCSLLMI OT YaCTOThbl BPALLEHNS, UMEIOT BCE LeHTPOBEXHbIE MEXaHU3MbI.
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Tok, NnoTpeGnsaemMblii CTaTOPOM 3NeKTpoaBUraTens u3 cetu, ls COCTOUT M3 Toka HaMarHuumBaHus I, ctatopa
1 Toka poTopa, NpuBeAeHHOro kK 06moTke ctatopa lpom:

Ic) =IHaM +Ip0m (93)
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Puc. 9.2. Cxema 3aMelleHNa acuHXpOHHOro anek- Pwuc. 9.3. 3aBMCMMOCTb TOKa cTatopa M COMnpoTMB-
TpoasuraTens. TNEeHNst aNeKTpoaBUraTens OT CKOSIbXXEHUS.

OT0 cnefyeT u3 cxembl 3amelleHus (puc. 9.2). Tok B poTope onpeaenseTcs HaseaeHHow B Hem JC, koTo-
pasi 3aBUCUT OT CKOSbXeHusi. TOKM poTopa 1 ctaTopa Takke MEHSAIOTCHA C UBMEHEHMEM CKONbXEHUS. Xapak-
Tep 3aBMCUMOCTM NepMoaNYEcKon cocTaBnsolen Iy U conpoTMBIEHNS anekTpoaBuratenst Z, oT CKONbXe-
HUS npeacTaeneH Ha puc. 9.3. INpu HopManbHOM paboTe anekTpoaBUraTens, Koraa CKofbXeHne CocTaBrsi-
eT 2-5% (6nn3ko K Hyrmo), CONPOTUBIIEHNE POTOPA OYEHb BENUKO, lpom Man, Mamn v TOK cTaTopa, Tak Kak
BETBb HAMarHN4MBaHUsA MMeET B6ObLLIOE CONPOTUBIIEHME.

IMyck anekmpodeuzamenel

Mpwn nycke, T. €. NpM Nogayvye HaNPsPKEHUA Ha HEMOABMXKHbBIN 3NEKTpoABMraTenb, CONPOTUBIEHME €ro Marno 1
TOK pOTOpa MMeeT MaKkcumarnbHoe 3HayeHne. COOTBETCTBEHHO, MakCUMarbHOe 3HaYeHNe UMEET U TOK CTaTo-
pa. Tok ctaTopa npu Nycke anekTpoaBuraTens HasbiBaeTCs MyCKOBbIM TOKOM. HayanbHbIA NycKOBOW TOK pa-
BeH TOKy TpexdasHoro K3 3a conpoTuerneHnem, paBHbIM COMPOTUBMNEHNIO HENOABMXHOIO 3NeKTpoaABuraTens.
[MyckoBOW TOK COCTOUT U3 NEPEMEHHON COCTaBNAOLLEN, 3aTyXaloLlen No Mepe yBennieHns 4yactoTbl Bpalle-
HUSA, N anepnoanyYeckon COCTaBMSAIOLLEN, 3aTyXaloLlen B Te4eHne HeCKONbKMX NepmoaoB. M3 ocumnnorpaMmmebl
nycka ABuratens, NpeacTtaBneHHon Ha puc. 9.4, BUOHO, YTO MO Mepe pa3BopoTa TOK, NOTpebnsembl anek-
TpoaBuraTenem, MeHsIeTCsl BHadane Marno, 1 TONbKO Npu NPUONMKEHNM K CUHXPOHHOW YacToTe BpalleHUs OH
ObicTpo cnagaeT. OOGBACHAETCS 3TO XapakKTepoM WM3MEHEHMs1 COMpOoTMBIeHua asuratens. lNepuoauyeckas
cocTaBrisiloLLas MycKoBOro Toka anekTpoasuratens Iy nycx NPU HENOABMXHOM poTope B 4—8 pa3 npeBocxoauT
Lyom- TIMK TOKa C y4ETOM anepunoamnyeckon CocTaBnsoLen JOCTUraeT:

Iy o =(1,6+18)1 (9.4)
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Puc. 9.4 Ocuunnorpamma nyckoBOro Toka acvHXPOHHOIO 3rieKTpoaBuraTens.
MpoaomKUTENBbHOCTL 3aTyXaHUsi MEPUOANYECKON COCTaBMAIOLLEN NMYCKOBOrO Toka A0 3Ha4YeHUs HOMUHAbHO-
ro TOoKa 3aBMCUT OT NapaMeTPOB 3M1eKTpoABUraTens 1 ycrioBuin nycka. Mpu nycke ¢ Harpy3kon pas3eBepTbiBaHne
anekTpoABUraTens 40 HOMWHAJIbHOW CKOPOCTM MPOWUCXOAUT MeAneHHee W MPOodoIPKUTENbHOCTL crada Toka
yBenuumneaeTcs. TO 00bSACHAETCS TEM, YTO YCKOPEHME BpaLLeHVs poTopa 3aBUCKT OT 3HAYEHUS N3BbITOYHO-
ro MOMeHTa:

Mu36=M()_Mc (9.5)

Ecnn My npesocxoauTt M, BO BCe BpeMs nycka, TO anekTpoaBuratens nyckaeTtca 6uicTpo n nerko. Kak Bua-
HO 13 puc. 9.1, anekTpoaBuraTenu, NPMBOAsLLME MEXaHU3Mbl C 3aBUCUMbIM OT HYaCTOTbl BpaLLEHUS MOMEH-
TOM COMPOTUBIEHUS, MYCKAOTCA Nerdye, Yem anekTpoasuraTeny, NpuBoASLLNE MEXaHU3Mbl C HE3aBUCUMbIM
OT 4YacTOTbl BpalleHNss MOMEHTOM ConpoTuBneHus. B nocnegHem crnyvae npyv HeOOCTAaTOMHOM 3HAYeHUU
MyCKOBOro MOMEHTA 3NeKTpoaBUratenn Moryt BoobLe He pa3BepHyTbCs (KpuBble 2 1 4, puc. 9.1), Tak Kak,
HayMHasA CO CKOMbXEHUS, COOTBETCTBYHOLLEro To4ke a, M, npeBocxoant M,.



OnekTpoasuratenu ¢ rnybokMM nasom 1 ABOMHON OOMOTKOM poTopa MMEKT Hanbornee 6rnaronpusiTHbIA nyc-
KOBOW MOMeHT (Kpusas 3, puc. 9.1). [INUTenbHOCTL Nycka anekTpoasuratenen thyc. Kak npasuno, He npe-
BocxoauT 10—15 ¢, 1 TONbKO y anekTpogBuraTenen ¢ TSKENbIMA YCITIOBUSIMU MyCKa 3TO 3HAYEHWEe MOXET
ObITb 3HAYUTENBHO GonbLUE.

Mpn Bo3HMKHOBeHuMM K3 B nuTarowen cetn BOMM3M 3aXMMOB 3MEKTpOABUraTens, NnocrneaHuin 3a cuyet
BHyTpeHHen J[C, nogaoepxunBaemMon dHeprnert MarHUTHOro nons, nocoinaet k Mmecty K3 6bicTpo 3aTyxato-
Wi Tok. Bpocku Toka K3 MoryT gocturatb 3Ha4eHU NYCKOBbIX TOKOB.

3aBUCUMOCTb MOMEHTa 3MNeKTPOoABUraTenen OT HaNPSXXeHUs BblpaxkaeTcst (POPMYIION:

2
M, =kU (9.6)
Mpun K3 B ceTn HanpsikeHMe Ha 3aXkmmax dneKkTpoaBuraTernen cHmkaeTcs. B pesynbrate 3T0ro, MOMEHTbI
anekTpoaBuraTenen yMeHbLIaTCHa, U OHM HaYMHAOT TOPMO3UTLCS, YBENMUMBas CKonbxeHune (Kpueble 71,
1', 1", puc. 9.5) fo Tex nop, noka BHOBb He BoccTaHoBuUTcs paBeHcTtBo M, = M .. Ecnn npu aTom oka-

xetcst, yto My = M. (kpyBas 1", Touka a Ha puc. 9.5), To anekTpoaBuratesis ByaeT HaxoaUTbLCS Ha

npegene ycronymeon paboTbl U UMETb CKOMbXeHWe, paBHOe KpuTudeckomy. MNpun ganbHenwemM CHUXeHUU
HanpspKeHnsa anekTpoapuraTens 6yaeT TOPpMO3NTLCA BMMOTb A0 MOMHOM OCTaHOBKW. [locne oTkoYeHus
K3 HanpspkeHne nuTaHus BOCCTaHaBNMBAETCH, U AarnbHelllee noBeAeHue anekTpoasuratens byaer 3aBsu-
CeTb OT CKOMNbXEHUs, UMEBLLEro MecTo B MOMEHT BOCCTAHOBMNEHUS HAMNPSXKEeHUS!, 1 COOTBETCTBYHIOLLNX eMy

3Havennin Myn M, .

n=0 Sk n=1
S=1 S=0

Puc. 9.5 3aBUCUMOCTb MOMEHTa BpaLLEHUS aCUHXPOHHbIX 3MeKTpoaBuraTenen OT CKOMbXEHUS S Mnpu
PasnnYHbIX 3HAYEHNAX HANPSKEHUSI.
Mpn My > M. anexkTpogsuratenb pa3sBepHETCH 4O HOpMarnbHOW YacToThbl BpaweHus, a npu My < M, 6ynet
npoAomkaTb TOPMO3UTLCH 4O MOMHOro OcTaHoBa. B aTom cnyyae anekTpoasuratens He06XxoauMMO OTKMHO-
UYNTb, TaK Kak OH OyaeT NoTpebnsiTb MyCKOBOW TOK, HE MMest BO3MOXXHOCTU pa3BepPHYTHCS.
Camo3sanyck anekTpoaBuratenen Tsbkenee obbivHOro nycka. OBbACHSAeTCA 37O TeM, YTO Npy camMo3a-
nycKe anekTpoaBuraTeny NycKkaTCA Harpy>KEHHbIMUY, a 3nekTpoaBuratenu ¢ asHbiM poTopomM — 6e3 nyc-
KOBOro peocrtarta B Lenu potopa, YTO YMEHbLLAET MyCKOBOW MOMEHT 1 yBENUYMBAET MYCKOBOW TOK U, HAKO-
Hel, nyckaeTcs OOoMbLIOEe KONMYECTBO anekTpoaBuratenen ogHOBPEMEHHO, YTO BbI3blBAeT NMageHue Ha-
NPsHKEHNs B MUTAIOLWLEN CeTM OT CyMMapHOro nyckoBoro toka. OgHako camo3anyck anekrpogsuratenen
NPOXOAMT CPaBHUTENbHO Jerko. Tak camo3anyck aneKkTpoaBuratenenl COGCTBEHHbIX HYXA 3MeKTPOCTaHLMn
BO3MOXEH Jaxe B Tex Criyyasx, korga B NepBbli MOMEHT MOCMe BOCCTAHOBEHUS HAMNPSDKEHUS 3HAYeHne
ero coctaenget 0,55U,,,,,. [Mpn aTOM 06Liee Bpemsa camosanycka He npesbiwaeT 30-35 ¢, 4To 4onycTMmo no
nX Harpesy.
B cnyyae obpbiBa ogHon 13 ¢a3 obMOTKM cTaTopa anekTpoaBuratesnb npogorkaeT pabortartb. Yactota
BpaLleHnsi poTopa Npu 3TOM HECKOMbKO YMeHbLLIaeTcs, a 0OMOTKM ABYX, OoCcTaBLuMxcsa B pabote ¢a3 nepe-
rpy>xatotca Tokom B 1,5-2 pasa 6onblnM HOMMHaNbHOro. 3awmTa oT paboTbl Ha ABYX (hasax NpUMeHs-
nacb paHee NuLLb Ha aneKkTpoaBuraTensx HanpsbkeHnem o 500 B, sallmLLeHHbIX NpegoXpaHuTeNsa Mu, ecnu
OByxdasHbI pexunm paboTbl MOXET MOBMeYb 3a COOONM MoBpexaeHwe anekTpogpuratens. B HacTosuee
BpEMsi B CBS3N C BbICOKOW CTOMMOCTbIO ABUraternein BbICOKOro HamnpsiKeHUs U BbICOKOW BEPOSITHOCTbIO He-
NonHogasHbIX PEXMMOB B MUTAIOLLIEN CETU cYUTaeTCs uenecoobpasHbiM, He BBOAS crieumarnbHyo 3aluTy oT
pexuma paboTbl AByMSA dha3amm, OTKNOYaTb ABUraTteny 3allmMTon OT neperpysku, kotopasi UMeeT nogxoas-
wme ansa aton uenu yctasky (1,1+1,3),0,. TOKOBbIE OpraHbl 3aLMThl OT NEPErPy3KM B 3TOM Crydae OOIMKHbI
BKIOYATLCS HE MeHee YeM B 2 hasbl TpaHcopmMaTopoB TOKa ABUraTenen.

9.3 3ALUUTA OBUTATENEN OT MEXAOY®A3HbIX K3

3awwuTa ot K3 mexay hasamm asnsaeTca ocHoBHOW P3 anekTtpoaBuratenemn, u yctaHoBka ee obssartenbHa BO
Bcex cnyyasax. B kavyectse P3 anektpoasuratener mowwHocteio Ao 5000 kBT ot K3, cornacHo MY3, npumeHs-
etca MT3 (TokoBasi oTceyka). Hanbonee npocTto ToKoBasd OTCedka BbIMOSHAETCA C pene npsiMoro AencTeus,
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BCTPOEHHbIMW B MPUBOA BbikMtoyaTens. [na paboTbl Npu Bcex Buaax mexaydasHbix K3 oTceuka OomkHa Bbl-
MoNHATbLCS B ABYX chasax.

TokoBasi oTceyka JoSkHa OblTb OTCTPOEHA OT MYCKOBOro TOka ABuratens. B MOMeHT BkroueHus gsuratens
nosiBnsieTcs GPOCOK Toka HaMarHu4MBaHus, B 1,6+1,8 pasa npeBbilLaloWLMA N0 aMNNUTy4e YCTaHOBMBLLMIACS
MyCKOBOW TOK ABuraTtensi. 970 6POCOK y4MTbIBAETCS MOBbLILWEHHBIM KO3(PMLMEHTOM HAAEXHOCTM MpU OT-
CTpOIiKe OT NMYCKOBOIO TOKa ABUraTernsi.

Iz =k, - 1,ma (9.7)
roe
I (; — nepBUYHbIN TOK cpabaTbiBaHUS OTCEUKY;
k, — k0a(pdMLMEHT HAAEXHOCTU, C y4ETOM OTCTPOViKM OT Gpocka Toka HamarHMiMBaHus paseH 1,8 - ans
oTceyek ¢ BpemeHeM cpabaTtbiBaHna 0,05 ¢ n bonee, unu 2 - npu Bpemenn cpabatbiBanHnsa meHbliem 0,05 c;
I, ax — NYCKOBOW TOK ABUraTensi B MakCMMaribHOM pexvve.
KpaTHOCTb NyckOBOro Toka ABUraTens MoxeT ObITb B3siTa M3 nacrnopTta ABuratensi. A NyCKOBOM TOK PaBEH:

Inmax = knycx ) InoM (9.8)
Mocne BbIGOpa ycTaBkM AoMKHa ObITb NPOBEpPEHa YyBCTBUTENBHOCTb OTCEYKM MO TOKY:
2
ku = £(3)min/IC3 (9.9)

roe
k., — k03t prLMEHT YYBCTBUTENBHOCTY, OH AOIMKEH BbITb HE MeHee 2;

I%)min — TOK ABYX(Ha3HOrO KOPOTKOTO 3aMbIKaHWs B MUHVIMAarbHOM PEXUME.

Ecnu Tok cpabaTtbiBaHMSA OTCEYKM OTCTPOEH OT MYCKOBOrO TOKa 3MeKTpoAdBuraTesnisi, TO OHa HageXHo OTCTpoe-
Ha 1 OT TOKa, KOTOPbIN ANEKTPOABUraTENb NOCHINAET B CETb NPy BHELLHEM K3.

Tokosyto P3 anekrpogsurateneint mowHocTbo Ao 2000 kBT paHee BbINOMHANM Ha NPOCTON M OeLlleBOn ogHope-
NeNHoM cxeme, BKIOYas pere Ha pa3HOCTb TOKOB ABYX ¢pa3. HegoctaTkom aTom cxeMbl siBnsieTca 6onee Huskas
YYBCTBUTENBHOCTb NO CPABHEHUIO C ABYXPENernHON OTCEeYKON, K AByxdasHbiM K3 mexay oaHon us gas, Ha Ko-
TopbIX ycTaHoBneH TT, n dason 6e3 TT. Tok cpabaTbiBaHUSA pene OTCEYKM, BbINMONTHEHHOW MO OAHOPENENHON

cxeme, B \/§ pa3 6onblue, Yem B ABYXPENENHON CXeme: npu Bbibope yCTaBku yunUTbIBaNcst KOIMOULIMEHT Cxe-

Mbl NPy CUMMETPUYHOM MYCKOBOM peXXnme paBHb""] kcx = \/E .
Ic3 = \/3’k”'1nmax (910)

CoOOTBETCTBEHHO HMXE B \/§ pa3s nony4anacbh U 4yBCTBUTENMbHOCTb 3aLUUThI.

Ha anektpogsuratensax mowHocTbio 2000-5000 kBT TOkOBYIO OTCEUYKY HEOOXOAUMO BhINMOSHATL ABYXPENENHOMN.
[iByxpenenHyo cxemy OTCEeYKM TpebyeTcsa Takke NPUMEHATb Ha anekTpoaBuraTensax mowHocTbio Ao 2000 kB,
ecnn  Koa(phMUMEHT YyBCTBUTENMBHOCTU OOHOPENerMHon cxembl npu asyxdasHoM K3 Ha BbiBOgax anekT-
poasuratens okaxetrca meHee AByx (k, <2). Mpu ucnone3osanunn pene Y3A-AT unu PC81 oTcedka BbINOMHS-
€TCS 2—3NEeMEHTHON, HE3aBUCUMO OT MOLLIHOCTM ABuUraTens.

Ha anektpogsuratensix mowHoctbio 5000 kBT 1 6onee gomkHa LOMONMHUTENBHO YCTaHABNMBAETCA NpoAosibHast
anddepeHumnansHas P3, obecneymBatoas 6onee BbICOKYHO YyBCTBUTENBHOCTL K K3 Ha BbiBogax 1 B 0OMOTKax
(Ics < lyom). Ecnin TOKOBasi oTceyka He obnagaeT HeOOXOOMMOWM YyBCTBUTEMLHOCTLIO, TO AMd3aliuta MoXeT
BbIMOMHATBCA U HA ABUraTensx MeHbLUEN MOLLHOCTU, NPW YCNOBUKU Hanu4usa Ha gsuraTene BbiBogoB a3 co
CTOPOHbI HEWTPanw.

[ns aToro npuMeHsTCs cneumansHble guddepeHumansHbie pene, BKYaeMble Ha KOMMNMEeKTbl TpaHcdop-
MaTOpPOB TOKa, COeAVMHEHHbIE B HEMOMHYIO 3Be3dy Ha CTOpOHax BbIBOAOB W HeWTpanu apuratenen. 3awmrta
BbIMOSTHAETCA AByxdasHon. MoryT ucnonb3oBaTtbesa pene PHT-565, 3T-11, unn PCT-15 YU3ASB, PC83-AT2.
Onucanve gudpdepeHumnaneHbix perne NpMBoAMIOCH B 1. 8.

Mockonbky P3 B ABYxha3HOM UCMOMHEHUM He pearnpyeT Ha ABONHOE 3aMblkaHWe Ha 3eMI0, OOHO M3 KOTOPbIX
BO3HMKaeT B OOMOTKe anekrTpoasuratens Ha dase B, B kotopor otcytctByeT TT, 4ONONHUTENBHO yCTaHaBMNn-
BaeTcsa cneunanbHad P3 oT ABOMHbIX 3aMblkaHUI Ha 3eMI0, KOTOpas BbIMNOMHAETCA TOKOBbIM perne, nog-
KrtoyeHHbIM K TTHI. 3Ta yHKUNA MOXET BbINONMHATLCSA 3alLUMTON OT 3aMblKaHUSA Ha 3eMII0, €Cfiv OHa He
UMeeT BbIAEPXKKM BPEMEHU.

9.4 3ALLUUTA SNEKTPOABWUIATENEW OT NEPEMPY3KMU

Meperpyska anekTpoaBuraTeneil BO3HMKaeT Mpu 3aTsHYBLUEMCS MyCKe M camosanycke, 13-3a neperpysku
NMPUBOAMMBIX MeXaHWU3MOB. [eperpyska MOXeT BO3HUKHYTb TaKKe NMpv MNOHMKEHHOM HanpsKEHUU Ha BbIBO-
Aax gsvratens. [Ins aneKkTpoABUraTernsi onacHbl TOMbKO YCTOMYMBLIE Neperpy3ku. CBepXTOoKU, 00yCNoBMeH-
Hble MYCKOM WM CamO3anyCKOM 3IeKTpOABUraTens, KpaTKOBPEMEHHbI M CaMONMKBUANPYIOTCS NMpU AOCTU-
YKEHUWN HOPMAaIbHOW YacTOTbl BpaLLEeHUS.

3HauMTenbHOE YBENUYEeHNe Toka aNeKkTpoaBuraTens nomy4YaeTcs Takke npy obpbise gasbl, YTO BCTpeYaeT-
csl, Hanpumep, y anekTpoaBuUraTenei, salmaemMblX NPeaoXpaHUTENSAMU, NpU NeperopaHmmnm ogHoro U3 HKX.
Mpn HOMUHanbHOW 3arpyske B 3aBMCMMOCTW OT NapaMeTpOoB 3neKTpoaBuraTens yBernmyeHme Toka ctaTtopa
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npy o6pbiBe dasbl OyaeT coctaBnATe NpUMepHO (1,6+2,5) lyon. OTa Neperpyska HOCUT YCTONYMBBLIA Xapak-
Tep. Takke yCTOMYMBBLIN XapakTep HOCAT CBEPXTOKU, OOYCIOBMEHHbIE MEXAHUYECKUMMU MOBPEXOEHUAMMU
aneKkTpoaBuraTensa MnvM BpallaemMoro MM MexaHu3Ma M neperpyskon mexaHmama. OCHOBHOWM OMacHOCTbIO
CBEPXTOKOB SBMNSAETCS COMPOBOXAAoLEee MX MOBbILEHNE TemMnepaTtypbl OTAENbHbIX YacTen, U B NEpPBYHO
odepedb, 06MOTOK. [oBbILEHNE TEMMEPATYPbI YCKOPAET M3HOC M30NALUM OBMOTOK U CHUXKAET CPOK CryXbbl
aeuratens. lNeperpy3ovyHas cnocobHOCTb 3NeKTpoaBUraTenst onpeaensaeTcsl XxapakTepuCcTUKON 3aBUCUMMO-
CTW MeXay CBEPXTOKOM M A4OMyCKaeMblM BPEMEHEM €ro NPOXOXKOEHUS:

a-1
t=T (9.11)
k-1
roe
t — ponyctMmasi ANUTENbHOCTb NeperpysKku, c;

T — nocTosiHHasA BpeEMEHU Harpesa, C;

a — KoaddUUMEHT, 3aBUCALLNIA OT TUNa U30NSLUMN IfeKTpoaBuraTens, a Takke nepnogmnyHo-
CTW 1 XapaKkTepa CBEPXTOKOB (AJ19 aCMHXPOHHbIX 3neKkTpoasuratenen B cpegHem a = 1,3);

k — KpaTHOCTb CBEPXTOKA, T. €. OTHOLIEHNEe Toka anektpoasuratens lg K liom.

k=1,/1 (9.12)
Bua neperpysodyHon xapakTepuCTUKM Npu NocTOsHHOW BpeMeHu HarpeBa T =300 c npeacraBneH Ha puc.
9.6.
tc

HOM

16

12

S
4 S

1 3 5 7l

HOM

Puc. 9.6. Xapakrepuctmka 3aBMCMMOCTU OOMYCTUMOMW OMUTENbHOCTU MEperpysku OT KPaTHOCTU TOKa nepe-
rpy3Kku

Mpu peweHnn Bonpoca o6 yctaHoBke P3 OT neperpysku n xapaktepe ee AeNCTBMSA PyKOBOACTBYIOTCH YyCro-
BUsSMM paboTbl anekTpoaBuratens, nMes B BuAy BO3MOXHOCTb YCTOWYMBOW Meperpys3kv ero npyvBogHOro
MexaHusma:

a) Ha snekTpoaBuraTensx MexaHW3MOB, He MOABEPXEHHbIX TEXHONOrM4yeckum neperpyskam (Hanpumep,
anekTpoasuraTensax LMPKYNAUMOHHBIX, MUTaTeNbHbIX HACOCOB WU T. M.) U HE UMEIOLLNX TAXKenbIX yCroBuin
nycka unun camosanycka, P3 oT neperpysky MOXeT He yCcTaHaBnMBaTbCs; OOHAKO, ee yCTaHOBKa Lieneco-
obpasHa Ha guraTensx o6bLEeKToB, HE MMEILLMX NOCTOSAHHOro OBCMyXXMBAIOLEro nepcoHana, yuntbiBas
ONacHOCTb Neperpyskn asuratens npu NOHMKEHHOM HaNPSXXEHUN MUTaHUS UM HENONHOMAa3HOM peXUME;
©) Ha anekTpoaBuraTensax, NOABEPXEHHbIX TEXHONOMMYECKUM neperpyskam (Hanpumep, anektpoasuraTe-
nax MenbHUY, Apobunok, 6arepHbIX HACOCOB M T. M.), @ Takke Ha anekTpoaBuraTensdx, camosanyck KOTo-
pbix He obecneunBaeTcs, P3 oT neperpysku gomkHa yCTaHaBMBaTbLCS;

B) 3aLuMTa OT Neperpyskun BbIMOMHAETCA C JeNCTBMEM Ha OTKIIOYEHUE B Criyyae, ecnu He obecneynBaeTcs
camo3anyck anekTpoasuraTenen Unn ¢ MexaHusaMa He MOXeT ObiTb CHATa TexHoriormyeckas neperpyska
6e3 ocTaHOBa anekTpoaBuraTens;

r) 3awmTa OT neperpysku anekTpoasuraTens BbIMOSHAETCA C AENCTBMEM Ha pasrpysky MexaHusma umnu
CurHan, ecnv TexHoriormyeckas neperpyska MoxeT OblTb CHATA C MexaHu3ma aBTOMaTU4eCKNU Unu BpPYyY-
Hyt0 nepcoHanom 6e3 ocTaHOBa MexaHW3Ma, WU SnekTpoaBuraTeny HaxoasaTca noa HabnaeHnem nepco-
Hana;

[) Ha anekTpoaBuraTenax MexaHM3MoB, MOTYLLUMX UMETb Kak neperpysky, ycTpaHsemyto npu paboTe mexa-
HU3Ma, Tak U neperpysky, ycTpaHeHue KOTOPON HEBO3MOXHO 6e3 ocTaHOBa MexaHu3Mma, LernecoobpasHo
npegycmaTtpuBaTtb gencrtene P3 OT CBEPXTOKOB C MEHbLUEN BbIAEPXKKOW BPEMEHWN Ha OTKIIOYEHME 3NEKTPO-
ABuraTens; B Tex Cryyasx, Koraa OTBETCTBEHHble 3NeKTpoABuUratenu COOCTBEHHbIX HYX[ 3MEeKTPOCTaHLMN
HaxoaATca nof MOCTOSIHHBIM HabNAeHVeM OeXypHOro nepcoHana, 3aluTy UX OT Meperpyskn MOXHO Bbl-
NOMHUTL C AENCTBMEM Ha curHarn.

3awuTy anekTpogBuratenen, NogBepPKeHHbIX TEXHONONMYEeCKON neperpyske, xenarenbHo MMeTb Takon,
4yTODObl OHA, C OAHOW CTOPOHbI, 3aluMLiana oT HegoMyCTUMbIX NepPerpysok, a ¢ Apyron — AaBana BO3MOXHOCTb
Hambornee MOMHO MCMONb30BaTb NEPErpy30YHYI0 XapakTepUCTMKY areKkTpoaBuraTens ¢ y4eToMm npealecrso-
BaBLUEW HArpy3ku 1 Temnepartypbl OKpyXatowen cpeapl. Hanny4ywen xapaktepuctunkon P3 oT cBEpXTOKOB siB-
nanack 6bl Takas, KOTopas NPOXOAMUINa HECKOMNBbKO HUXE Neperpy3oyHON XapakTepucTUKKL (NyHKTUPHaa Kpusas
Ha puc. 9.6).
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3awuma ¢ mensoebim pese

Jlyqwe gpyrux Moryt obecneuntb XapakTepucTuKy, NpuBNmMxaroLyrocs K NeperpysovyHon XapakTepucTuke
sneKkTpoaBuUraTens, TEnnoBble pene, KOTopble pearvpyloT Ha KONMYecTBO Tenna Q, BblAENeHHOro B COMnpo-
TUBMEHWN €ro HarpeBaTenbHOro anemeHTa. TenmnoBble perie BbIMOMHAITCS Ha MPUHUMNE MCMONb30BaHUS
pasnuuns B KoapduumneHTe NMHENHOro pacLUMpeHns pasnuyHbIX MeTannoB nog srnusHvem HarpesaHus. Oc-
HOBOW TaKOro TEMMOBOro pene sBNaeTcs bumeTannuyeckas nrnacTuHa CocTosWwas U3 cnasHHbIX No BCew no-
BEPXHOCTU MeTanmnoB a u 6 C CUMbHO pasnuyarwuMuca KoadduumeHTaMmm NMHENHOro pacwmpexus. MNpu
HarpeBaHUM NnactuHa npormbaeTcst B CTOPOHY MeTanna ¢ MeHbLUM KO3 MUNEHTOM pacLUMPEHUst K 3aMbl-
KaeT KOHTaKTbl pene.

HarpeBaHve nnacTuHbl OCYLLECTBNSAETCA HarpeBaTernbHbIM 3fIEMEHTOM MPU MPOXOXAEHUU NO HEMY TOKa.
Tennosble pene CroXxHbl B 06CAYXMBaHUM W Hanagke, UMEeKT pasfnyHble XapaKTepUCTUKN OTAENbHbIX 9K-
3eMMmspoB pere, 4acTo He COOTBETCTBYIOT TEMMOBbLIM XapakTepucTukam arekTpoaBuratenein 1 UMeT 3aBu-
CMMOCTb OT TeMnepaTypbl OKpyXXatoLLen cpefbl, YTO MPUBOAUT K HAPYLLUEHWUIO COOTBETCTBUA TEMNSOBbIX Xapak-
TEePUCTUK pene n anekTpoasuratens. [1oatomy, Tennosble pene NPUMEHSAITCA B pedkux crnydasx, obblvHO B
asTomarax 0,4 kB.

3awjuma om nepezpy3Ku ¢ mMoKoebIMU peJie

[ng 3awmTbl anekTpoasuratenen ot neperpyskm obbldHO npumeHsoTes MT3 ¢ ucnonb3oBaHnem perne ¢ or-
paHWYEHHO 3aBUCUMMbIMKU XapakTepuctmukamu tuna PT-80, nnm MT3 ¢ He3aBMCMMbIMU TOKOBBIMU perne u pene
BPEMEHN.

MpeumyiectBamn MT3 no cpaBHEHUIO C TENSOBbLIMK SABMAOTCSA Bonee npocTas Mx akcnnyatauus n bonee
nerkui nogbop n perynupoBka xapaktepuctuk P3. OgHako, MT3 He Mo3BOMAKT MCMOMb30BaTb NEPErpy3oy-
Hble BO3MOXXHOCTW 3feKTpoABUraTenen ns-3a He4OCTaTOYHOrO BPEMEHW AENCTBUS UX MPU MarnbiX KPAaTHOCTSX
ToKa.

MakcumanbHas TokoBas P3 ¢ He3aBMCMMOW BblOEPXKKOW BPEMEHN B OOHOPENENHOM WCMOSIHEHUM OObIYHO
NMPYMEHSETCS Ha BCEX aCUHXPOHHbIX 3NeKTpoABUraTensix COOGCTBEHHbIX HY>KA, TEMNMOBbLIX U aTOMHbIX 3MEKTPO-
CTaHUMUn, a Ha NPOMbILLMIEHHbIX NPeanpuaTUSX - ANs BCEX CMHXPOHHLIX (Korga oHa coBmelleHa ¢ P3 ot acuH-
XPOHHOIO peXxnma) U aCUHXPOHHbIX SNEKTpoaBUraTenem, SBNALLLMXCA NPUBOAAMUN OTBETCTBEHHbLIX MEXaHMW3-
MOB, a TaKke A5 HEOTBETCTBEHHbIX aCUHXPOHHBIX ANEKTpoABUraTenein ¢ BpemeHem nycka 6onee 12-13 c.
P3 oT neperpysku ¢ 3aBUCMMOM BbIOEPXKKOW BPEMEHU NyYdLLIEe COrnacoBbIBaOTCA C TEMMOBOW XapakTepPUCTUKOMN
OBUraTernsi, ogHako M OHU HeJOCTaTOYHO MCMOSb3YHT NEPErpy3oyHy0 cnocobHOCTL ABuUraTenert B obnactu
MarblX TOKOB.

3awmTta oT neperpyskuM ¢ HeE3aBMCMMOW UNN 3aBUCUMOWN XapaKTEPUCTUKON BbIOEPXKKM BPEMEHUN MOXET ObITb
BbINonHeHa Ha yctponcteax Y3A-AT, PC81, PC83-A2. lNo Bbiwe NpuBeAeHHbIM MpU4MHamMm, C Lenbio obecne-
YyeHus paboTbl 3alMThl OT NEPErpy3kn B HEMONHOMA3HBIX PEXMMaxX — ANS 3aWwuTbl OT Neperpy3ku Lenecoob-
pasHO UCMOMb30BaTh OBYX3MEMEHTHYO MaKkCUMAasbHYHO 3aluTy, BO3MOXMB (PYHKUUIO 3aLUUTbl OT KOPOTKMX
3aMblKaHA Ha TOKOBYHO OTCeYKy. B cocTtaB HekoTopbix Mmogudumkaumin Y3-AT BxoauT ogHodasHasa 3awmTta ot
neperpysk1, KOTOpyt MOXHO MCMONb30BaTb B cnydae, ecnu MT3 3aHaTa ansa gpyrux uenen. YuntolBas ma-
Ny BbIAEPXKKY BPEMEHN ogHOMA3HOM 3awuTbl OT neperpyskun (7—10 ¢), Takylo 3almTy LenecoodbpasHo uc-
Nnonb30BaTb TONbKO Ha curHan. Tok cpabaTbiBaHUs 3aluTbl OT NEPErpy3kn yctaHaBNMBaeTCs U3 yCrnoBus OT-
CTPOViKU OT ly0, SNEKTPOOBUTATENS:

komc
Iey==ome-1 (9.13)

HOM
[

Bpems pencteua MT3 oT neperpy3ku tzp OOMKHO ObITb Takmm, 4TOOblI OHO Obino Gonblle BpeMEHU nycka
aneKkTpoaBuraTens toycy, @ y aneKTpoasuraTenen, yyacTByloWmnx B camosarycke, 6onblie BpeMeHn camosa-
nycka.

Bpems nycka acuMHXpOHHbIX anekTpogsuratenen obbidHo coctasnseT 10—15 c. Moatomy xapaktepucTuka
perne c 3aBnUCMMOM xapaktepuctukon tnna Y3A-AT gomkHa UMETb Mpy MYCKOBOM TOKE BPEMS], HE MEHbLUee
12—-15 c. BeibmpaeTcs xapaktepuctuka 3 — kpytasa. Ha P3 oT neperpysku ¢ He3aBUCUMOW XapakTepucTUKOM
BblAepXKa BpeMeHu npuHmmaetca 12-20 c.

3awuma om nepezpy3ku ¢ mensoeol xapaKkmepucmuKkol 8bIOeP)XKU 8pPeMeHU MUKPOMPOUECCOPHbLIX
3awum Ha cneyuanusupoeaHHom pesie MiCOM P220

CneunanunsunpoBaHHas 3awuTa asuratenen Tuna MiCOM P220 cosgaeT Tennosyto Moaens ABuraTens M3 co-
CTaBNSALWMX NpAMON M obpaTHOW nocnefoBaTeNbHOCTM TOKa, NOTpebnseMoro asuratenem Takum obpasom,
4YTOObI y4ecTb TENOBOE BO3AENCTBMNE B cTaTope M poTope. CocTaenstowasi oopaTHOM NOCnefoBaTenibHOCTH
TOKOB, NOTpebnsaemMbix B CTaTope, reHepMpyeT B pOTOpPE TOKM 3HAYUTENbHOW amniuTydbl, KOTOpble CO34aoT
CYLLIECTBEHHOE MOBbILIEHME TemnepaTypbl B 0OMOTKe poTopa. Pe3ynbTaToMm CROXeHWsl, NpoBegeHHOro
MiCOM P220 siBnsieTcA 9KBMBANEHTHBIN TEMIIOBON TOK Iy, OTOOPaXKAIOLMIA NOBLILLIEHWE TEMMEpATyphbl, Bbl-
3BaHHOE TOKOM ABuratens. ToK Iy BEIMUCNSETCA B COOTBETCTBMM C 3aBUCUMOCTBIO:

13K8 = \ (Isp +K31026p) (914)



HaunHasa ¢ 3Toro aKBMBarieHTHOro TEMfIOBOrO TOKa, TEMSIOBOW YPOBEHb ABUratens © BblUUCIAETCS Kaxable
100 mc 3awmTorn MiCOM P220 no criegytowemy BbIpaXXeHUIo:
2

O, = L | 1-exp _ut + 0, -exp _ut (9.15)
10 > T T
roe:
K, — KoabduuMeHT ycuneHums BnmsiHUA Toka obpaTHOM nocneaosaTenbHOCTY;
IO >— ycraBka Toka TENnoBoW Neperpysku;
O, - 3HayeHuWe TennoBOro ypoBHS, NogcymMTaHHoe npeasaputensHo (Ha 100 mc paHbLue);
T — MNOCTOsIHHasa BpemMeHwn Asuratens. B 3aBucMmMocTu oT pexuma paboTbl gsuraTens sawimra uc-

nonb3yeT OAHY U3 Tpex CreayoLwmnx NOCTOAHHBLIX BPEMEHN:
e TenmnoBas NOCTosiHHAsA BpeMeHn T,1, KoTopas NPUMEHSIETCS, KOr4a 3KBUBAINEHTHbIA TEMMOBOW TOK Iy Ha-
xoautca mexay 0 n 2 10>, 7. e. korga gpuratens paboTaeT (PexXMM Harpysku Unm Nneperpysku);
e HayvanbHasi NOCTosAHHasa BpeMeHu T.2, KoTopas MPUMMEHSETCS, KOrga SKBUBAIEHTHbLIA TEMNMOBOW TOK Iy
bonblie yem 2 IO>, T. e. Koraa ABvraTenb 3anyCckaeTcst Uv Npu 3aknMHUBaHUK POTOPa;
e MOCTOsIHHas BPeMeHU oxnaxaeHus Toy, KoTOpas NPUMEHSETCS, Koraa ABuraTernb BbIKNOYeH (OUCKPETHBIN
Bxo4 L1 B HyneBOM JIOrM4ECKOM MOMNOXEHUN — 3axumbl 22—24). B aTom cnyvae guratenb Gonblie He no-
TpebnseT TOK, U 3HaYeHWe TENNOBOro YPOBHS NO3TOMY CHUXaEeTCsl BO BPEMEHU MO BbIpaXeHWIo:

0,,,=0-exp Job (9.16)

0x

Cwvrnan tennosown neperpysku “TEMJI.NIEPEMP” reHepupyeTcs, korga 3HadyeHne TennoBOro ypoBHs © goctur-
HeT 100%. MoxeT BbITb BbINOMHEHO AEWCTBUE 3aLUMTbI OT Neperpyskn Ha OTKMYeHMe.
Bbi60p ycmaeok hyHKUUU nepezpy3Ku:

K, — xoadpumumeHT Toka 06paTHOM MocnefoBaTernbHOCTU. YUMTbiBAET MNOBbILLEHHOE BO3OENCTBME TO-
ka obpaTHoMn nocrnefoBaTenbLHOCTM MO CPaBHEHUIO C NPSIMOV Ha HarpeB aAsuratens. [pu oTcyTCTBUMM HEOBXO-
OVMbIX AaHHbIX MPUHMMAETCS paBHbIM 4 - ANS OTeYEeCTBEHHbIX ABUraTenen n 6 — anga 3apyoexHbIX.

I®@> — ycTaBka TOka TEMNIOBOWN Neperpy3kn — BTOPUYHbIA TOK cpabaTbiBaHWS 3aLUUThI.

10>=111,,, /K.m (9.17)

Tok cpabaTbiBaHUSA MyCKOBOrO OpraHa TEMfoBOW Neperpy3kv npuHumaeTcs paBHbiM 1,2 I, OBUraTENs.

T.1 — noctosHHas BpeMeHu HarpeBa TokamMu B AnanasoHe 1-2 I, 5., HOpMarbHbIA NPoLecc neperpysku,
Korga uenecoobpasHo yuuThiBaTb TENNOOTAAYY ABUraTens B OKpyXarwwyo cpeny. [pu oTCyTCTBMM AaHHbIX
00 3TOV NOCTOSIHHOW BPEMEHU NPUHMMAETCHA paBHON 10MUH.

T.2 — NoCcTosiHHasi BpEMEHM HarpeBa TOKamMu BENMYMHOWM ©omnee 2, nyck, 3aknMHMBaHWE poTopa, Korga
TennooThady ABMraTens B OKPYXKalLLylo cpedy yuuTbiBaTb HeuenecoobpasHo. Npun oTcyTCTBMM AaHHbIX 06
3TON NOCTOSAHHOM BpeMeHn npuHumaeTcs pasHon 0,8 Tel.

Tox — NOCTOSIHHAs BPEMEHU OXNaXOeHUs ABuraTens rnocrne ero OTKIYEHUs!, MOXHO NPUHATbL PaBHOM
4TA. Tpn 3TOM yunUTbIBAETCH, UTO B OCTAHOBIIEHHOM [BUraTternie OTCYTCTBYET MCKYCCTBEHHOE OxnaxaeHue
(ocTaHOBMEH BEHTUMATOP).

Takum 06pa3om, MOXHO BblOpaTb 3TU YCTaBKW, 3HAs TONIbKO HOMUHAsbHbLIA TOK ABUratens. OTu gaHHble 4ns
MHOIMX ABuUraTenen SalT CYLECTBEHHbIN 3anac, HO MOryT He 06ecneyYnTb TEXHOMOTMYECKMI MPOLLECC C Yac-
TbIMW MyCKaMW UIN TSHKENbIMU yCroBuaAMM nycka. [1oaTomy, npu HEOOX0AMMOCTM 3arpyOuTb 3aLUnTY, HYXHO
NPON3BECTUN TEMJOBbLIE UCTIbITAHMS UMW TEMNSOBLIE pacyeThbl ABUraTeNen.

Koppekunsi onycTMMoro Toka ABuraTens npy M3amMeHeHuuM TemnepaTypbl OKpyXatollen cpeapl. Ecrnv Hapyx-
Hasa Temnepatypa npesbiwaeT 40 rpagycoB, TO ycTaBka Nno JoNycTMMOMY TOKy ABuratens 1@ ymeHbluaeTcst

T 40

okp

100

®yHKUMSA BBOAMTCS NPV €€ HanuymMm B pere v NoaKmYeHnn K 3axkuMam pere Aatynka Temneparypbl.

NPOMopLMOHAarnbHO MPEBLILLEHUIO OKpYXalollen TemnepaTypbl no koadduumenty K. K =1-—

9.5 OOMOJNHUTENbHbLIE YCTABKW PENE MiCOM P220, CBA3AHHBIE C TENNOBOW NEPEFPY3KOW
OBUTATENA

3anpem omknroyeHust om mernsioeol nepezpy3Ku Npu nycke deu2amensi

®yHKkuMa obecneynBaeT 3aBepLUEHNe npouecca nycka B criydyae AOCTUXEHUS TeNnroBOW XapakTepuctukon O
BEMWYMHbI, paBHoOM 1 B npouecce nycka. PyHkuma paboTaeT, ecnv nepes nNyckoM ABuratens BenvynHa O Obl-
na meHee 0,9. lNpu 3TOM ABUraTens OCTaeTcs 3allMLLEeHHbIM 3allMTON OT 3aTSXKHOro nycka. ®yHKUnS aBTomMa-
TUYECKW BbIBOAMTCA MO NCTEYEHUN BbIAEPXKKN BpeMeHU nycka thy... Yctasku: Oa nnm Her.

CueHanu3sauyuss mensoeolU nepezpy3Kku

BBoguTcsa npu AeNCTBUM 3aLUNTBI OT NEPErPY3KM Ha OTKMOYEHME: O,y = 0,95.

3anpem nycka

[MOBTOpPHBIV MyCK 3anpeLuaeTcs, ecrnv TeNOBOW ypoBeHb O NMeeT Takyto BENMYUHY, YTO NPY MOBTOPHOM MycC-
Ke gsuratenb neperpeetcs. Nyck asuratens mMoxeT ObiTb obecneyveH, ecnn HavanbHbIN ypoBeHb O He npe-
Bbilwaet 0,9.

O:eanpema nycka = 0;9-



3amsokHoll nyck
Bpemsi HopmanbHOro nycka asuratenen obbldHO MoxeT gocturatb 10—15 ¢, a ansa TsHKenbiX yCNoBui nycka
MOXeT gocTturatb 25 ¢. OT0 Bpems onpeaenseTcs, rmaBHbIM 06pa3omM, MEXaHM3MOM, KOTOPLIV NPUBOAUTCS B
OelcTBMe asuratenem. Tak, Ha 3NeKTPoCTaHUMKU K ABUraTensMm C TsKenbiMU YCIOBUSMU Nycka OTHOCHATCS
ABuratenu AbIMOCOCOB, AYTbEBbIX BEHTUNATOPOB, MerbHUL. PakT nycka onpeaensercs no nofyvyeHno cur-
Hana o BKMOYEHUM BbIKMoYaTens Ha BxoA L1 pene (52A) unu BKMOYEHMIO BbIKIIOYaTENSA U MOABMAEHNIO Nyc-
koBoro Toka (52 A + ). Npwn npsimom nycke apuratens npumeHsietcs cnocob (52 A + I). Cnoco6 yctaHaenuea-
eTcs B NOAMEHIO KOHUrypauus.
YcTaBka No TOKy nycka, no ycrioBUo OTCTPONKM OT pearibHO BO3MOXHOW Neperpysky ABuratenem:

I1=2I0 (9.18)
YcTaBka No BpeMeHM nycka AorxHa OoTCTpauBaTbCs OT BO3MOXHOrO BPEMEHW Mycka anekTpoasuratens rnpu
HebnaronpuATHbIX YCNOBUSX:

T, = 12T (9.19)

Mpn OTCYTCTBUM OaHHbIX UCXOASt U3 OOMYCKAaEMOro BPEMEHW Mycka B OObIYHBIX yCrnoBusix 15 ¢ npuHumaeTcs
Tlhyec =18 C.

3aksuHueaHue pomopa

3aknuHMBaHWe poTopa ABUraTens MOXeT NPOU3OMTU NpKU Nycke ABUraTens unu B npowuecce ero pabotsl. [ns
3TUX YCNOBUA MOXHO BbIMOSTHWUTL pa3Hble YCTaBKW.

3aknvHuBaHve gBuratens npuv nycke asuratens gukcupyetcst No akTy BKIOYEHMS BbIKMYaTens, U OTCyT-
CTBMM Ha Bxoae L2 nocrne ncteveHust Bblaepxku Bpemeru tl;,, CUurHana ot ABuratensi 0 ero BpalleHuu.
YcTtaBka MO TOKYy Mycka, MO YCMOBUMIO OTCTPOMKM OT pearlbHO BO3MOXHOW neperpysku npurate-

nein: 1, =210 .

YcTaBka no BpeMeHu nycka AOoMmKHa OTCTpamBaTbhCsl OT BPEMEHU, NOCMEe KOTOPOro AaTyMK CKOPOCTM ABurarte-
nga HageXxHo 3adnKeupyeT ero passopor.

Tl..,=5c
Mpun oTCyTCTBMM Ha ABUratene gartdvka BpalleHusl, aTa PyHKUMA He MOXET ObITb peanusoBaHa. M ee pornb ¢
GonblLuel BbIAEPXKKOM BPEMEHN BbIMONHAET PYHKUUSA: “3aTAXKHOW Nyck”.
DyHKUMS 3aKNMHUBaAHWE poTopa Npu paboTatowem ABuraternie BBOAUTCSA aBTOMaTUYECKMN MPU ero ycrnewHom
pasBopoTe Nocrne UCTeYeHUs BblAePXKN BpeMeHWn Tl PaboTaeT npu ycnoBun oTCyTCTBUS CUrHana: “pas-
pelwieHne camo3anycka”. YCTaBkM MO TOKY U BPeMEHU BbINOMHeHbl paHee. Npu Hannuuu curHana “paspe-
LeHne camosanycka” ata pyHKUMS 6rokmpyeTcs Ha BpeMs Thyycy.
Hecummempus. 3awmTta gBuratens OT neperpys3km Tokamu obpaTHoW nocnegosaTenbHOCTU. 3awmwaet
ABuratenb OT nogayun HanpshkeHus ¢ obpaTHbiM YepegoBaHmem a3, oT obpbiBa, OT paboTbl NPW ANNTENBHON
HECMMMETPUM HaNPSKEHW.
Mpn nogave Ha gsuratenb HanpsXXeHust ¢ obpaTHbIM YepeaoBaHneM a3 ABuratenb HauyMHaeT BpallaTbCcs B
0obpaTHy0 CTOPOHY, NPUBOAMMbIN B AENCTBME MEXAHU3M MOXET ObITb 3aKNIMHEH UMK BpaLllaTbCs C MOMEHTOM
COMPOTMBIEHMS, OTNMYAKLLMMCS OT MOMEHTa NPSIMOro BpalleHus. Takum obpa3om, BenuymHa Toka obpaTHon
nocnenoBaTenbHOCTM OBUraTenst MOXeT KonebaTbecs B LWMPOKMX npegenax. MNpu obpbiBe dasbl aBurartenb
yMeHbLUaeT BpaLlaloLwmMin MOMEHT B 2 pasa 1 A5is KomneHcaummn y Hero B 1,5+2 pasa yBenuumeaeTcs TOK.
Mpn HeECMMMETPUN NMUTAKOLNX HANPSHKEHUA TOK 0OpaTHOM MOCNefoBaTENIbHOCTU MOXET UMETb pasfMyHyto
BEMNMYMHY 0O CaMbiX Masnbix 3HayeHun. [losiBneHne Toka obpaTHow nocnegoBaTenbHOCTM 6onee Bcero Bnus-
€T Ha HarpeB poTopa ABuraTtens, rge OH HaBOAMT TOKM ABOWHOM 4acToTbl. Takum obpasom, LenecoobpasHo
umeTb 3awuTy no I, koTopasa oTknoyana Obl ABUraTens AN NpegoTBpaLLeHnst ero neperpesa.
3almrta umeeT 2 CTyrneHu:
CryneHb l,p> C HesaBMCMMOW BblOEpXKONW BpemMeHn. Tok cpabaTbiBaHWsA NPUHUMAETCH  paBHbIM
(0,2+0,25) I,,,, OBUraTens. Bolgepxka BpemMeHn OmkHa 06ecnevmTb OTKIIYEHNE HECUMMETPUYHBIX KOPOTKMX
3aMblkaHWA B Mpurierarowen cetun, Ans Yero oHa AormkHa OblTb Ha CTyneHb Gonblue YeM 3awmuTa nNMTaLero
TpaHcdopmaTtopa.

HycK

tl 5, >= typs + Dt (9.20)

CtyneHb ly,6,>> C 3aBUCUMOV XapaKTEPUCTUKON BbIAEPXKKN BPEMeHN MOXeT ObiTb ncnonb3oBaHa Ans NoBbl-
LeHNA 4yBCTBUTENIbHOCTU 3aLlLUUTbI, €CIT U3BECTHbI peallbHble TENIOBbIE XapaKTePUCTUKN OABUraTena no TOKy
obpaTHon nocnenoBaTensHOCTMU.

AnemeHmbI mennoeoli asmomamuku dgu2amerisi

MoTeps Harpy3ku.

PyHKUMS NO3BONAET OOHapyXMTb pacuenneHve OBuratens ¢ nNpyMBOAUMbBIM UM B ABWXKEHME MEXaHU3MOM
BcneacTeme obpbiBa MydThl, NEHTLI TPAHCNOPTEPA, BbIMYCK BOALI U3 HAcoca U T.4. N0 YMEHbLUEHUIO paboYero
TOKa aBuratens.

YcTaBka MUHUMarbHOMO ToKa:

I<=(1,2+15)I, (9.21)

roe



I.. - ToKxonocToro xoda ABuUratensi (MexaHu3ma) — OnpeaensieTcs npu UCbITaHKsIX.

Bblaepkka BpeMeHV MUHUMArbHOro Toka ABuraTtens tI< onpenensieTcs ucxoas M3 TEXHOMOrMYecKUX 0cobeH-
HOCTell MexaHn3Ma — BO3MOXHbIX KPaTKOBPEMEHHbIX COPOCOB Harpy3ku, Npu OTCYTCTBUM Taknux COOBpaxeHuit
NPUHUMAETCS PaBHbIM:
tl <=5c

BbiAepxka BpeMeHn 3anpeTta aBTOMaTUKW MUHUMATBHOMO TOKa ABUMATENs thanp. 384€PXKMBAET BBOA aBTOMa-
TUKV MPY NycKe ABUraTensi, eCny Harpyska MoaKnoyaeTcs K ABMraTento nocne ero passopoTa, Unu onpeae-
NAETCA NCXOAA N3 TEXHOMOTMM NOJAYMN Harpysku Ha ABWraTenb, eCny Harpyska noakMioYeHa K ABUraTento no-
CTOSIHHO. YCTaBKa A0MKHA ObITb paBHa BpEMeHW pa3BopoTa ABUraTens Nmoc HeobXxoauMbIi 3anac:

=1,2T (9.22)

t3anp. nycka

Konuyecmeo nyckoe dsuzamerisi

Mpy OTCYTCTBUM KOHKPETHBLIX OAHHbIX MO ABUraTesnto MOXHO PYKOBOACTBOBATLCH CrEAyHOLWMMKU OBLMMKN CO-
obpaxeHuamu:

- CornacHo MNT3, geuratenn 06s3aHbl obecnevnBaTb 2 Nycka M3 XONO4HOIo COCTOSIHUS U 1 N3 ropsidero
COCTOSIHMS.

- lMocTosiHHasa BpeMeHu oxnaxaenusa asuratens pasHa 40MuH.

- MO>HO BbLINOMHUTL CreayoLMe YCTaBKkM B aBTOMATKKE NOACYETA NMYCKOB:

YcTaBka no BpeMEHU, B TEYEHME KOTOPOro cunTatoTca Nyckn: Tomeyema = 30 MUH.

KonuuyecTtBo ropsiumx nyckos —1.

KonnyecTtBo x0noAHbIX MNyCKOB — 2.

YcTaBKka no BpeMeHu, B TeHeHe KOTOPOro NMOBTOPHbIN MYCK 3anpeLlleH Tsanpema =5 MUH.

- MwHumMansHoe Bpems Mexay MyckamMun He MCNOoJb30BaTb.

Bpems paspelueHus camo3anycka.

CornacHo CM, camosanyck gsuraTenen Ha 3MnekTpoCTaHUUSAX OOImKeH obecneunBaTtbCsl, MpU BPEMEHN ne-
pepbiBa NuTaHus 2,5c¢. Mo 3TumM gaHHLIM NPOM3BOANTCH pacyeTHas npoBepka obecneveHns camosanycka npu
nepepbiBe NMTaHUSA ABUraTernen Ha aneKkTpOCTaHLMSIX.

Taknm obpazom, 4nsa aNeKTPOCTaHLUN MOXHO NPUHATL Teamosan = 2,5 C.

[na apyrmx ycnoeun cnegyeT onpeaenqTb BpeMs, HA KOTOPOE BO3MOXEH NepepbiB NUTaAHUA, HanpuMmep Bpe-
M gencteua ABP, npoussecTn pacyeTHy0 NpPoBEpPKY camosanycka, n ecnu oH obecneymBaeTcs Npu TakoM
nepepbiBe NUTaHWs, YCTAHOBUTbL yKaszaHHOe BpeMsi Ha ycTpounctee. Ecnu camosanyck obecneumBaeTcs npu
nodoM nepepbiBe NUTaHKSA, UMK OH 3anpeLyaeTcs, PYHKUMSA «pa3peLleHne camo3sanycka» He BBOOUTCA.

9.6 3ALUUTA OBUFATENEN OT 3AMbIKAHUA HA 3EMIIO

B cootBetctBUM C [TYD, P3 OT 3amblkaHUIi Ha 3eMIll0 B OOMOTKe cTaTtopa C OEACTBUMEM Ha OTKIIOYEHUe
yCTaHaBNMBaETCH Ha anekTpoapuratensix MmowHoctbio 2000 kBT 1 6onee npu Tokax 3amblkaHUs Ha 3eMITIO
Oonee 5 A, a Ha anekTpogBuraTensix MeHbLUEN MOLLHOCTM — NpW TOKax 3amMbikaHus Ha 3emnto 6onee 10 A. B
aKcnnyaTtaumm, ogHako, Npy Tokax 3amblkaHust Ha 3emnto bonee 5 A, P3 OT 3aMbikaHUIA Ha 3eMJIK0 4acTo
yCTaHaBNMBaKT Ha aNneKkTpoAaBuraTensx Jitobon MOLLHOCTU, YTO CMOCOBCTBYET OrpaHUYEHUIO NX NMOBPEXOEHWI
NpW 3aMbIKaHUSAX Ha 3EMSTHO.

3awuTa oT 3aMblKaHUI Ha 3eMr0 pearnpyeT Ha eMKOCTHBIN TOK CETU U BbINOSTHAETCHA C MOMOLLbIO OQHOro
TOKOBOIO pere, KoTopoe noakniovaetca kK TT Hynesow nocneposatensHocty (TTHI), yctaHOBNEHHOMY Ha
kabene, nutatowem geuratens. MpumeHstotes TTHI tunos T3, T3, T3/IM n gp. OnucaHne cxembl ycTa-
HOBKM 3aLUMTbI NPUBOAUIIOCH B rnaee 6.

B cnyuvae, korga nuTaHue aneKkTpoaBuraTensi OCyLLEeCTBIISIETCS MO HECKOMNbKUM NapannesibHbiM Kabensam
(oBymM-yeTbipeM), BTopuyHble 06MOoTKM TTHI1, HageTble Ha KaXabIn U3 HUX, COEOUHAOTCA NocnegoBaTeNlbHO
Mnn napannesnbHo.

Ha anektpoaBuratensix 60nbLION MOLHOCTU, A4S MUTaHKsT KOTOPbIX NPOKnaabiBaeTca Oonblle YeTblpex Ka-
6enen, P3 oT 3aMmblkaHUiA Ha 3emMnito BbinonHseTca ¢ ogHum obwmm TTHI tmna THILWW ¢ nogmarHmymneaxm-
€M, aHaIlorM4yHo 3alUuTe reHepaTopoOB.

Tok cpabaTbiBaHua P3 BbiOMpaeTca Ha OCHOBaHMU TEX K& COODpaXeHwun, YTo 1 Anda aHanorudHon P3 ka-
©enbHbIX NMHWIA, pearmpyoLwmnx Ha eMKoCTHbIM Tok (50 ) (em. rn. 6):

1., =k,,. k; I, (9.23)
roe
I. — cobcTBeHHbIN EMKOCTHbIN TOK AMeKTpoABUraTens;
k,,. — KO3MPULMEHT OTCTPOMKM, MPUHUMAEMBIA paBHbIM 1,2-1,3;
k; — Ko3(pdULMEHT, yunTbIBaOWMIA GPOCOK EMKOCTHOTO TOKa 3NEKTPOABUraTENs NPy BHELUHUX Ne-

pemMexarnLnxca 3amblkaHmsx Ha 3emnio. [nsa P3, gencreytollen 6e3 BbIOEPKKM BPEMEHU, 3HAYEHNE ITOro
KoadppmumeHTa npuHnmaeTca paBHbiM 3—4. [INs NOBbIWEHUA YyBCTBUTENbHOCTU P3 gonyckaeTcs npuHu-

MaTb YMeHbLUEeHHOe 3HaueHne k; = 1,5+2. 3awwmTta npy 3TOM BbINOMHSETCS C BbIAEPXKOW BpemeHn 1-2 c.

Mockonbky mowHocTb TTHI (tTunos T3, T3P u gp.) HeBenuvka, Ana obecnedyeHnss MakCcumMarbHOW YyBCTBU-
TenbHOCTU P3 OT 3amMbikaHuii Ha 3eMinio K kaxkgomy Tuny TTHI Heobxogumo noabupaTtb TOKOBOE perie Ha

10



onpegerneHHbli TOK cpabaTbiBaHWs, NMeloLLLee COOTBETCTBYHOLLEE COMPOTUBIIEHNE obmoTkn (pene PT3-51,
PT3-50, PT-40/0,2 npoussoactea Y3A3). B coctase 3awmt Y3A, PC-80, nmeeTcs cneumarnbHbI MPOMEXKYTOUHbIN
TpaHcgopmaTop Ansa nogkodeHna TTHI gna sawmtsl OT 3aMblkaHUi Ha 3eMrto. B Lienax ymeHbLlueHus nepeHa-
NPSYKEHWUIA NPY 3aMbIKaHWSIX Ha 3eMIto B ceTu cobeTBeHHbIX Hyxa (CH) aHepro6nokos TAC n ASC 6onbLuoi
MOLLIHOCTH, @ TakkKe MOBbILEHNS YyBCTBUTENbHOCTU U CENEKTUBHOCTU aencteusa P3 anektpoasuratenen 6 kB
n TpaHchopmartopos CH 6,3/0,1 kB, aTn cetn moryTt pabotatb C HEWTpanbio, 3a3eMfEHHON Yepes3 pe3ncTop.
Ona atoro Ha kaxgon cekumn 6noyHbix CH 6,3 KB ycTaHaBnvBaeTcs OOMOMHUTEMNbHbBIA 3a3eMMSHOLLNA
TpaHccopmatop (AT), Hanpumep Trna TC3K-63, co cxemon coeamHeHus OBMOTOK 3Be3da C 3a3eMMEeHHON
HenTpanbto - TpeyronbHUK. B HenTpane AT BKMAOYalOTCA napannenbHO ABa BbICOKOBOSbTHbLIX 3a3eMMSOLLUX
pesuctopa, no 200 OM Kaxablii, U3rOTOBMEHHbIE U3 CneLmManbHOro anekTpoTexHnyeckoro 6etoHa (Getena)
(puc. 9.7, 6). NMpu atom, B criyvae ogHoda3HOro 3amblkaHWsi Ha 3eMI0 B ABuraTene no ero uenu 6yaert npo-
TekaTb aKkTuBHbIN TOK 3lp = 35+40 A (OCTaTOYHbIA ANA HAAEXHOro AeWCTBUSA 3allmTbl U JONYCTUMBIN MO yC-
NOBUIO OrpaHMYEHNS MOBPEXAEHUS B ABUraTenie oT Toka 3aMblkaHus Ha 3emnto). OgHOBpEMEHHO NO Lensam
HEMOBPEXAEHHbIX 3NIEMEHTOB, NMPUCOEOUHEHHbIX K TEM Xe nHaM, ByayT npoTekaTb TONbKO EMKOCTHbIE TOKU
HyIeBOM MOCregoBaTENbHOCTU, OT KOTOPbIX 3alUMTbl pacCcMaTpyMBaeMbIX MPUCOEAMHEHNA MOryT ObiTb Nerko
OTCTPOEHbI. Hannune 3asemnsiowmx pe3ncTtopoB pe3Kko CHbKaeT BEPOATHOCTb nepexoaa ogHodasHbIX 3aMbl-
KaHWA Ha 3eMro B AByxcasHble U ABOMHble KB, Tak Kak nmepeHanpsikeHusl Ha HEMOBPEeXOEHHbIX dha3ax He
OyayT npeBbIWaTh NPU 3TOM 3HAYEHUS:

U, =18U,,, (9.24)

3awuTta anekTpoaBuraterns oT 3aMblKaHU Ha 3eMITH0, Kak 1 paHee, BbIMONTHAETCS C NOMOLLIbI0 TOKOBOTO pere,
nogkntoveHHoro Kk TTHI n gencTBytoLero Ha OTKIMYeHNe anekTpoasuraTens 6e3 Bbigepkn BpemMmeHu. Mpu
OTKase 3aluTbl OT 3aMblKaHUA Ha 3eMII0 UMK BLIKMKYaTENA Ha MOBPEXOEHHOM MPUCOEOUHEHUU, UMK Mpu
3ambikaHn K,V Ha WMHaX cekuMmM MMeeTcs OMacHOCTb MOBPEXAEHUS 3a3eMMSIOLLMX COMPOTUBAEHW R B
HevTpanu gononHutensHoro TpaHcdopmatopa AT (puc. 9.7, 6). Ana ucknoyeHns atoro Ha T npegycmatpu-
BaeTcsa 3awmta Hynesomn nocnegosatenbHocTn (KA, KT), gencreyiowas ¢ Bblaepxkorn BpemeHn 0,6 ¢ Ha OT-
KntoveHne TpaHcdopmaTopa (NMHUK), NUuTatoLLLero cekumio 6 kB.

3anpet ABP npu 3TOM He npon3BoguTcs.

Qpao' Qpea
Cekuyus 6,3 kB

Qy ka Qr KT
N PT3-51) Y KA
TAN ' A ( '
|
(T3 ! TAN

31,=35-40 Ay A=
M TC3K-63
10/0,4 kB
=
~ —~——- - v 6)
Puc. 9.7 CrpykTypHasi cxema 3almThbl OT 3aMbIKaHUA Ha 3eMIT0 B CETU CODCTBEHHBIX HYXA 6,3 kB
a —3awmTa aBuratensi oT 3amblKaHWin Ha 3eMIIH0;
6 —cxema NoAKMYeHUs: JONONHUTENBHOIO TpaHcdopmaTopa C 3a3eMnALLMMK pe3ncTopamm
[na anekTpoaBuratenem MexXaHM3MOB KapbepoB, PYAHWKOB, TOpdopas3paboTok 1 Apyrnx npegnpusatuii, roe
TpebyeTca no ycrnosusM 6e30nacHOCTM He3aMeanuTenbHOE OTKMIYEHME 3aMblKaHUSl Ha 3eMMo Aaxe npu
O4YeHb MarnbIX 3Ha4YeHusXx Toka B MecTte nospexaeHus (0,2-0,5 A) pekomeHayeTca npumeHsTe 6onee 4yBCT-
BUTENbHYIO HanpasneHHyo P3 oT 3ambikaHun Ha 3emnio Tuna 33M1-1 npounssogctea YOAS. MNonHOCTLIO COOT-
BETCTBYET 3TUM TpeboBaHUsM 1 ycTporcTeo 3awmtbl 33H1. 3Ta 3awuta He TpebyeT OTCTPONKM OT COOCT-
BEHHOro eMKOCTHOIO TOKa [iBUraTens U, Mo3ToMy, MOXeT ObITb BbiNoNHeHa 6onee YyBCTBUTENbLHOM.
[ns BbinonHeHus P3 OoT ABOMHBIX 3aMblKaHWUIA Ha 3EMII0 Ha SMNEKTPoOBUraTernsix, OCHALLEHHbIX NpPo-
aonbHon andpdepeHumnansHon P3 B aByxdasHOM MCMOMHEHUN UK, B Criyvae, eCiv OCHOBHas CTy-
neHe 33 BbINOMIHEHA C BbIOEPXKKON BpeMeHW, K BTOpuyHon obmoTke TTHI nogkntovaetca gencr-
ByloLLlee Ha OTKMYeHMe 6e3 BbliOEpPXKKM BpPEMEHW BTOPOe ToKoBoe pene, umetowee Igz =100-

200 A. PC83-A2 umeeT Oonst 3TOM LENU cneyunanbHylo AByXCTyneH4artyto 3awmTty ot 3H3. B kauecT-
BE BTOPOro perne MoXeT ObiTb NpuMmeHeHo pene PC—40M1.

2XPLL-2
(200 Om)
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9.7. SALLUTA MUHUMAIIBHOIO HANPAXEHUA

3awmuta MMHUManNbBHOIO HanpPsKEHWs1 YyCTaHaBMMBAETCS Ha drneKkTpogsBuratensix, kKotopble Heobxogumo oT-
KrnoyaTb MpU NOHWXKEHUU HanpsbkeHns Ans obecneveHnss camo3anycka OTBETCTBEHHbIX dneKkTpoaBuraTenen,
a TaKxke SreKTpoABuUraTenein, caMmosanyck KOTOpPbIX MPU BOCCTAHOBINEHWUW HANPsiKeHUss HeZ4onycTUM Mo ycro-
BUSIM TEXHWNKM BE€30MaCHOCTU UM OCOBEHHOCTAM TEXHOOMMYECKOro npoLiecca.

Ha anekTpocTaHLuMsIX K OTBETCTBEHHbLIM OTHOCSTCS Takue 3neKTpoaBuraTesny, OTKIIOYEeHNe KOTOPbIX Bbi3biBa-
€T CHWKEHME Harpy3ku UM OCTaHOB 3MEKTPOCTaHUMMK: ABUraTenn nutaTernbHbIX, KOHOEHCATHbIX U LMPKYnsi-
LMOHHbIX HacoCOoB, AYTbEBbLIX BEHTUMSTOPOB U nMuTaTenen nbinn. HeoTBETCTBEHHLIMU CUMTAKOTCS 3MEKTPO-
OBUWraTenu, OTKIIOYEHNE KOTOPbIX HE OTpaXKaeTCsl Ha Harpy3ke aNeKTPOCTaHUUN: MESbHUL, MPU HaN4mMmn npo-
MEXYTOYHbIX OyHKepoB, 6arepHbIX HACOCOB U T.M.

Ecnn mMoLHOCTb BCex OTBETCTBEHHBIX 3MeKTpoaBuraTeneit npesbilaeT AOMYCTMMYK MOLLHOCTb MO YCITOBUIO
camo3anycka, TO MpU MOHWKEHUN HaMPSHKEHUST HEODXOOUMO OTKIYaTb U HEKOTOPbIE OTBETCTBEHHbIE 3eK-
Tpoguratenu. 1o ucTteyeHMM BpEMEHW, OOCTAaTOYHOrO AN pPas3BepTbiBaHUA HEOTKIHYaeMblX 3reKTpo-
OBuratenen, OTKIIOYEHHbIE OTBETCTBEHHbBIE 3NIEKTPOABUraTenM MOXHO BKIOUaTh 0b6paTHO npy nomowwm AlB.

— OrTkntoyeHre anekTpogsuraTenen npu NCHE3HOBEHMN HanpsbkeHUst obecnednBaeTcsi yCTAHOBKOW OAHOMO
pene MUHUMAarbHOrO HanpshKEHWs, BKIIIOYEHHOIO Ha NMHenHoe HanpsbkeHne. CylecTBEHHbIM HeAOCTaTKOM
Takon P3 MMHMManNbHOro HanpshKeHus ABMSIETCA BO3MOXHOCTb €e HenpaBuiibHOW paboTkl B cryvyae obpbiBa
uenen HanpskeHus. Moatomy P3 ¢ ogHMM pene HanpskeHus NpuMeHMMa NyLb A4S HEOTBETCTBEHHbIX 3r1eK-
Tpogsuratenen. O6bIMHO MpumeHsieTca 3MH ¢ KOHTPONEeM CHWXKEHUS HanpshKeHUs OJHOBPEMEHHO B Tpex
daszax (cxema «M»). B yctporictBax Y3A-AH PC82 npumeHseTcs UMeHHO Takasi norvka BbinonHeHns 3MH 2
(U<<). Takaga noruka He rogutcs, ecnm 3MH ucnonb3yetcsa B kayecTBe GIIOKMPOBKM MO HAMPSHXKEHUIO MaKCK-
ManbHOW 3aWmnTbl (TpebyeTcsi pearmpoBaHue GITOKMPOBKU Ha 3aMblkaHWe Mexay AByMsS nobbiMun dasamu,
noatomy, B coctaB Y3A=AH BxoauT cTyneHb (U<) paboTtatowasn no cxeme “UNN". Bonee cnoxHoe MUKponpo-
LeccopHoe ycTponcTteo 3awmtbl PC83-B2 wumeeT nepekntoyenne noruku: cxema «M» gna 3MH u cxema
«NN» ans 6rnokMpoBKU NO HaNpskeHuo. Ecnn npumennTb Ang 3awmTel gsuratens yctponictso PC83-AB1 B
COCTaB KOTOPOro BXOAWT 3aliuTa MUHUMArbHOrO HanpsikeHUsl, TO MOXHO OKasaTbCsl OT MPUMEHEHMS rpynno-
BOW 3aLLMTbl, BbINOMHMB Ha aNeKTpoABuUraTene MHAMBMAYaNbHYO 3aUTY MUHMMAIbHOTO HanpshKeHUs.
HanpsikeHne cpabatbiBaHus pene KV1 npuHumaetcs nopsgka 70%U,.,. Bbloepkkn BpeMeHN Ha OTKIHoYe-
Hue: 0,5-1,5 ¢ — ana HeoTBETCTBEHHbIX anekTpoasuratenen, 10-15 ¢ — ans oTBeTCTBEHHbIX. Ha 6roYHbIX
3MNEKTPOCTaHUUSIX 0ObIYHO MPUMEHSAETCA rPynnoBas 3awmuta MMHUMAarbHOIO HaMNpPsHKEeHUs C yCTaBKaMM:

— 1 cTtyneHb — obecnedyeHne camo3anycka OCTarLmMxcs anekTpoasuratenen. OHa AencTByeT Ha YacTb OBU-
ratenen (ManoOTBETCTBEHHbIX). YCTaBKa BbibupaeTcsa no ycnosmsm obecrnedeHnss Bo3BpaTa npu BOCCTAHOB-
NEHUN HanpPsPKEHWsT Nocne  OTKIIOYEHMS KOPOTKMX 3aMblkaHWI 3alMTOW, a Tak e npegoTBpalleHne OTKMo-
YeHUs ABUraTensi npu KOPOTKUX 3aMblKaHUsIX.

U <=0,7U, (9.25)

Bbloepxka BpeMeHU NepBon CTYNeHn OTCTpavMBaeTCs OT BPEMEHW OENCTBUS 3aLUUT OTXOASALMX NMHUIA (OBU-
ratenemn) n obbIYHO paBHa NO BPEMEHM 3aLUMUTE NUTAIOLLErO BBOAA:

t =t (9.26)

Mms3. 6

[na ycronumson paboTbl Asuratenert Heobxoanmo, YTobbl BCe 3alnTbl OTXOAAWMUX JIMHUA UMENU TOKOBYHO
oTceuky 6e3 Bblaepxku BpemeHn. Ecnum 310 ycnosue He obecnevmBaeTcs, ABUraTtenn MoryT 3aTOpMO3nUTLCS,
1 nocnegyeTt camo3sanyck BCex ABuUraTenemn, KoTopbli MOXET 0TKa3aTbCA HeYCneLHbIM, NO3TOMY KaK npaBuio
yctaBka MT3 pabouyero n pesepBHoro Beoga a 3Haumt u1 3MH paeHa 0.3 c.

2 cTyneHb Ucnonb3dyeTcs ANs OTKIMIOYEHUSA OCTalnbHbIX ABUraTenen, ecnu HanpskeHune HefoCcTaTO4HO Ans
3anycka asuraTenen, unu no TeXHONOrMYeckUM yCrnoBnsaM camo3anyck yxe He LenecoobpaseH.

YcTaBka no HanpsKeHUo paBHa HanNpPspKeHUIo, NPy KOTOPOM ABUraTenb yXXe He MOXeT pa3BepHyTbCS:

U<<=(05+06)U, (9.27)

Bblaepkka BpeMeHU BTOPOW CTyMeHW OnpeaensieTcsl TeXHONOMMYECKMMU YCNoBuUsMKM paboTbl MexaHU3MOB
arperata 1 06bl4HO paBHa Mo BPEMEHMU:

t,=3+9¢c

9.8. 3ALUMTA INEKTPOABUIATENEW HAMPAXXEHUEM HMXE 1000 B.

Bawmty anektpoasuratenen HanpsxeHnem 500, 380 1 220 B ocyLleCcTBASIOT, UCXOAs U3 TEX Xe TpeboBaHui,
YTO M K dnekTpoasuratensm donee BbICOKUX HanpshkeHun. [Ansg aTux anekTpoasuratenen NpUMEHSATCS MIHO-
BeHHas P3 oT mexaydasHbix K3, P3 ot neperpysku, P3 MuHumansHoro HanpsbkeHus. 3awmTta oT K3 moxet
OCYLLECTBMNATLCH C NMOMOLLBIO MIIaBKUX NpeaoxpaHuTenen, Npn 3ToM B Ka4eCcTBE KOMMYTaLMOHHOrO annapaTta
ncnonb3yetcs TpexdasHbIl MarHUTHBIN MyckaTenb (KOHTAKTOP) MOATAHYTHIN, MOKa Ha ero KaTywiky nogaHo
HanpshkeHue.

MarHuTHbIMM MycKaTeENAMU Ha3bIBalOTCA TpexdasHble KOMMYTaLMOHHbIE annapaTtbl HU3KOro HaMPSPKEHUS (KOH-
TaKTopbl), NpegHa3HavYeHHble Ans AUCTaHUMOHHOTO ynpaBneHus TpexdasHbiMX 3rieKTpoasuratensamy m pac-
CYMTaHHbIE Ha pa3pbiB HOPMAarbHOro paboyvero Toka ABuraTtens 1 Toka ero neperpysku, Ho He Toka K3. OTknto-
yeHme TokoB K3 npu npyMeHeHUn MarHMTHOro MyckaTensi Bo3raraeTcsi Ha BKIlOYaeMble nocnegoBaTenbHO C
HUM npegoxpaHuTenn. Cxema BKIOYEHMS C NOMOLLLIO MyCKaTens 1 3alumTbl NPeaoXpaHnTensaMy nokasaHa Ha puc
9.8. MarHuTHble nyckatenu (puc. 9.8) B BONbLUMHCTBE CNyvyaeB He MMEKOT 3allernku 1 BO BKIKOYEHHOM MoMo-
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XEHUN yOepXKMBaloTCa OENCTBUEM anekTpomarHuta YA, oOMOTKa KOTOPOro MOAKIIOYEHA Ha HanpsbkeHne nu-
TaHus. BKknioYeHne MarHMTHOro myckaTensa OCyLIeCTBNSAETCA HaxaTuem kHomnku SB1. INpu aTom 3amblkaeTcs
Lenb 0OMOTKN yOepKMBAIOLLIEro SM1EKTPOMAarHuTa, s\kopb KOTOPOro NPUTArMBaeTCs N 3aMblkaeT MeXaHU4eCcKn
CBsI3@aHHbIE C HUM CUIOBble KOHTaKTbl. KHonka SB71 nmeeT caMOBO3BpaT, MO3TOMY MOCNE ee pas3MblKaHUS
uenb o6MOTKM SNEKTpOMarHuTa OCTaeTCsl 3aMKHYTOW 4Yepes3 BCMOMOraTesibHbI KOHTaKT SQ, LWYHTUMPYHOLLMIA
KHONKy SB1. [na OTKMNoYeHUs nyckaTens BPYYHYIO CIYXUT KHomka SB2, npy HaxaTum KOTOPOoW paspbiBaeTcs
uenb YAepXUBaHUSA 3NeKTpoMarHuTa, U sikopb ero, otnagasi, pasmblkaeT cunoBble KOHTakTbl YAT. [Npu noHu-
XXEHUN HaMNpPsPKEHUS MUTAIOLWEN CeTU 3NeKTpOMarHUT oTnagaeT, U aneKkTpoaBuraTens OTKMOYaETCs, YeM oCy-
LLeCTBNSETCS 3alumMTa MUMHUManbHOro HanpseHus. llocne BOCCTAHOBMNEHUS HAMPs>KeHUA MarHUTHbIA nycka-
Tenb CaM BKIHOUYUTLCS HE MOXET - BKIMOYEHME ero A0MKHO BHOBb OCYLLECTBNATLCA BPYYHYHO. 3allmTa anek-
TpoaBuratens oT neperpysku BbinonHseTcs TennoBbiMu perne KA1 n KA2. TennoBble pene HacTpausalTcH
TakMm obpas3om, 4ToObl OHM He cpabaTbiBany OT TOKOB, MPOXOASALLMX NPU MYCKE N caMo3arnycke 3reKTpoaBu-
ratens.

e /|

O]

SB2 mSBTYA,
N s:I'D‘\F\FQ
YAT KA2.1

KA1 KA2

Puc. 9.8 Cxema 3awumTbl anekTpoasuraTens HanpsbkeHnem go 500 B ¢ marHMTHbIM nyckaTenem.
Cxema BKMOYEHMS Lenen MarHuTHOro nyckatensi, npMBedeHHast Ha puc. 9.8, npuMmeHseTcs onsa 3alwunTbl He-
OTBETCTBEHHbIX 3NEKTpoABMraTenen, noaBepXXEHHbIX TEXHOMOrnyeckon neperpyske. B cnyyae, ecnu anek-
TpoaBuratenb He MOABEPXEH neperpyskam, M3 CXeMbl WCKMYalTCA KOHTaKTbl TEMnoBbIX pene. Ha ot-
BETCTBEHHbIX 3MNEKTPOABUraTENsIX, KOTOPbIE HE OOSMKHbI OTKMOYATLCHA MPU CHMKEHUAX HanpshKeHusi, BMECTO
KHONOK ynpasneHusa SB1 n SB2 yctaHaBNuBaeTCa OAHOMOMOCHBIN PyBUNBHUK (BbIKMNOYATENb), KOTOPbLIM NPO-
M3BOANTCH BKMOYEHWE U OTKNIOYeHMe anekTpoasuraTens. ocne BOoCCTaHOBNEHUSA HAMPSXKEHUS MarHUTHbIN
nyckaTesnb BHOBb BKIMOYAETCS, Tak Kak pybunbHUK S ocTaeTcs 3aMKHYTbIM.
Ha anektpogsuratensax molwHocTbio 40-50 KBT NpuMMeHsI0TCS aBToOMaTUYeCKMe BO3AYLUHbIe BbIKMovaTenu
TvnoB ABM, A3100, AMN50-3MT, A3700 unu nx MMnopTHbIE aHanorn. ABTOMathbl MMEIOT KaTyLUKN BKITHOUYEHUS 1
OTKIMIOYEHMS, @ TakKe BCTPOEHHbIE pene MpsAMOro Un KOCBEHHOrO AencTBusl. OHM OCTalTCsA BKIHOYEHHBIMU
Npy CHATUW HaNpsbKeHUst NUTaHus. B nocnegHnx BapnaHTax aBToOMaToB AN ABuUraTenei 00mbLION MOLLHOCTH
MCMNOMb3yKTCA BbIHOCHBIE aHaNOroBble MMM MUKPOMPOLIECCOPHbIE YCTPOWCTBA 3aluThbl, AEWCTBYHOLLME Ha
3MNEKTPOMAarHuT OTKIIOYEHMS.
BawwmTta ot mexaydasHbix K3 ocyliectBnsieTcd B NPOCTENLLEM CryYae 3NEeKTPOMarHUTHbIMK pacuennuTensamm
MrHOBEHHOro cpabaTtbiBaHMsi — OTCEYKOM aBTOMaTUYECKOro BbIKNOYaTENs, KOTOpasa pe3epBupyeTcs pacuenu-
Tenem C 3aBMCMMON XapaKTepUCTUKON BbIAEPXKKM BpemeHu. B cnyyasx, korga BCTPOEHHbIE B aBTOMATUYECKUN
BbIKMOYaTenb pacLuenuTeny He obecnevmBaloT HaAEeXXHOW 3almUThbl ANeKTpoaBuraTens, NPUMeHsIETCA BbIHOC-
Hasi 3aliMTa B BMOE TOKOBOW OTCEYKU C perne Toka, noakmntodeHHbIM Kk TT aByx ¢has, gencreytowasi 6e3 Bbl-
OEPXKN BPEMEHWN Ha HE3aBUCUMMBbIN pacuenuTenb. Mpu BbINONHEHMWN 3alWnTbl anekTpoasuratenen ot K3 Heob-
XOOMMO Yy4nTbIBaTb, YTO CETU HanpsbkeHneM o 500 B paboTaloT ¢ 3a3eMIeHHON HENTPanbIo 1, criegoBaTtesb-
HO, B 3TUX Lensix BO3MOXHbI Bce Buabl K3, B Tom ymcne n ogHodasHble. [103ToMy npeaoxpaHuTenu yctaHaBnm-
BalTCA BO Bcex pasax, a pacuenuTenu u TOKOBblE perne, C MOMOLLBIO KOTopbIX ocyliectensietcs P3 ot K3,
TaKke JOMKHbI pearMpoBaTh Ha TOKU, MPOXOAsLMe BO BCex ha3ax U HyrieBOM NpoBOAE.
Mockonbky Tokn ogHodasHoro K3 Ha 3emnto B ceTn 380 B 06bIMHO MeHbLUe TOKOB TpexdasHoro K3, He Bce-
roa ygaetca obecneuntb HEO6X0OUMYHO YyBCTBMTENBHOCTb ANIEKTPOMAarHUTHbIX pacuenuTenen asBToMaTtude-
CKUX BblkMovaTtenen k ogHodasHbim K3. Mpu aTom ansg P3 oT ogHodasHbix K3 ncnonb3yeTtcs YyBCTBUTEND-
Hoe ToKOoBOe pene, Hanpumep Tuna PT-40/0,2, npucoeanHeHHoe k TTHI, HageBaemomy Ha cunoBown kabens,
nUTaloLWmMn anekTpoasuraTens. Tak, BbIHOCHY0 P3 oT ogHodasHbix K3 Ha 3eMnio pekomeHayeTcs ycTaHaBnu-
BaTb Ha 3NEKTPOABMraTensax, NUTaLWmXcsa oT TpaHcopMaTopoB COOCTBEHHBIX HYX CO CXEMOW COeaNHEHUS
o6MoTok AlYy, y KOTOpLIX YCTaBka OTceykn aBTomaTtmdeckoro BbikntodaTensa 4000 A n 6onee. Takasa xe P3
pekoMeHayeTca ANnsa aneKkTpoaBuraTenein C yCTaBkoN TOKOBOW OTCEYKM aBToOMaTuU4eckoro Bolkntovatens 2000
A 1 Bonee, nNuTalOLWMUXCA OT TpaHCHOPMaTOPOB COBCTBEHHBIX HYX CO CXEMOWN coeanHeHns oomoTok Y/Y,, y
KOTOPbIX TOKM ogHOda3HbIx K3 Ha 3emMnto 3Ha4YMTENbHO MEHbLUE, YEM Yy TPaHCHOPMaTOPOB CO CXEMOW COeau-
HeHusa obmoTok AlY,. Becneacteme 3HaumMTenbHOro 3arpy0neHnss oTCeYkn aBTOMATUYECKOro BbIKITHOYaTens no
YCINOBMIO OTCTPOWKM OT MyCKOBOFO TOKa 3MneKTpoaBuratens, 4acto He ygaetcd obecneunTb Heobxognmyio
YyBCTBUTENBHOCTb 3aLUMTbI OT NEPErpy3kM C NOMOLLLIO pacuenuTenemn, MMeLWnX 3aBNCMY0 XapakTepucTum-
Ky. B atom cnyyae P3 oT neperpy3sku BbINOMHAETCSA C MOMOLLbIO BbIHOCHLIX perne Toka 1 BpeMEHU.
B oTaenbHbIX cnyyasx Ha anekTpoaBuraTensax yctaHaBnmeaeTcs cneuynansHas P3 ot paboTsl Ha AByX dasax,
OenCTByIoLLasn Ha OTKMNoYeHne anektTpoasuratens. NpumeHeHne Takon P3 gonyckaeTcs Ha anekTpoasurate-
nax, sawmieHHbIx oT K3 nnaBkMMy NpefoxpaHuTensaMm 1 He MMeoLWnX AeNCTBYoWeN Ha oTknoveHue P3 ot
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neperpysku. 3awmra ot pexunma paboTbl ABYMS pazaMu OCyLLECTBISeTCs ¢ nomowbio pene EJT 11-13 npo-
n3soactea CKb «Putm». 3Ta 3awmta paboTtaeT no gakTy NosABMAEHUs HanpshXeHus obpaTHoW nocriegosa-
TenbHOCTU. Pene nogkntodaeTcsa nocne nuTalrLLero nyckatens (asTomara).

CneuuanbHbie 8bIHOCHBLIE 3auumbl deu2ameneli 0,4 kB
VX nmeeTcsa 3HauMTENBHOE KONNMYECTBO BapMaHTOB. B kavectBe npumepa paccmoTpum pene  POL-01M

\

POL-01m ¢ uncpoBon HAaCTPOMKOM M UHOUKALMENH KOHTPONUpyeMbIX NapaMeTpos

oy el npeaHasHa4yeHo Ans 3awmThl TpexdasHbiX aCMHXPOHHbIX anekTpoasuratenen 0,4 kB
’ n| (127/220 B, B TOM 4mcne rnyOuHHbIX HACOCOB) OT NOCNEACTBUN:
P : - neperpysok;
b @ ol - acuMMeTpuu nuTalroLen ceTy;
i & = - paboTbl C HEOOIPY3KOW;
e - MNpPEBbILEHUS MUTAOLLETO HANPSXKEHNS;

iz =5 - MOHWXKEHVS NUTAIOLLEr0 HAMNPSKEHUST;
: 3 - HenpaBWIbHOro YepeaoBaHus das,

— OpaHOBpPEMEHHO, KpoMe 3alUTHBIX PYHKUMIA, perne umeeT BO3MOXHOCTb UHAMKALMM CredyloLwmx napamer-

poOB:

- noTpebnsiemoro Toka no kaxaomn dase (lA, 1B, IC);

- HanpshkeHusi B ceTu no kaxgon dase (UA, UB, UC);

- Y4acToTbl CeTY;

- MOTOpecypca;

- aTaKKe aHomManuu B CETU U NPUYMH

- HacTyNMBLUMX aBapUNHbLIX COCTOSHWI

Mopor cpabaTbiBaHMA neperpysku no Toky B AgnanasoHe (1,1...2,0):lyom — BBOAMTCS YCTaBKOW.

Bpems cpabaTtbiBaHusA npu neperpyske no TOKy 3aBUCUT OT BPEMEHW 3anycka ABUraTtens U BeNUYuHbl nepe-
rPy3KuM MO TOKY.

YCTPOMCTBO MOXET MOAKMNIYaTbCa B LiENV ABuraTens vepes TpaHcdopmartopbl Toka (puc. 9.9) mnm Heno-
cpeacTBeHHO npwu Toke o 5A (puc. 9.10).

N N
o] C
B B
A A
Fau :| [—| Fau

1 —

2

3 UN

4 Ao

5 uB

6 uc

7 1A*

e ‘

9 18* ‘ D_‘

o le . ‘ TA

4

17 LiC

— Aa

12 | IC 3~

Puc. 9.9. Cxema BkntoveHnss yepes BHewHue Puc. 9.10. Cxema npsamoro BknoYeHus (npu
nsmepuTenbHble TpaHchopmatopsl (8o 500 A) HOMUWHanbHbIX TOKax He 6onee 5 A)
FU — 3awmTHble npegoxpanuTenu; K — anekTpoMarHuTHLIN nyckatensb;
S1 — Bkn. ABurarens; S2 — nepekntodartesb aBToMatndeckas/pydHas pabota (A/P);
S3 - BbIkn. gpuratens; TA — BHELLHME N3MepPUTENbHbIE TpaHChopMaTopLl.
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9.7 OCOBEHHOCTMU 3ALLUUTbI CUHXPOHHbIX OBUIATENEN

Hexomopbkie 0co6eHHOCMU CUHXPOHHbIX 3/ieKmpodeuzamerell

Mpn paccmoTpeHnn P3 CUHXPOHHbLIX areKkTpoasuratenen Heoo6xoanumMo yumTbIBaTb MX OCOBEHHOCTU:

IMyck GONbLUMHCTBA CUHXPOHHBLIX SMIEKTPOABUraTENen NpPoOM3BOAUTCA NPU OTCYTCTBUM BO3OYKOEHUA Mpsi-
MbIM BKINOYEHUEM B ceTb. [1ns 9TOM Uenu Ha poTope CUHXPOHHOIO 3MieKTpoaBuraTens npegycmarpuBa-
eTCA OonorHuTeribHaa KOpPOTKO3aMKHYyTasA 06MOTKa, BbIMNOJTHAKOLLIAA BO BPEMA MNycCKa Ty Xe pOoJib, 4TO 1 B
KOPOTKO3aMKHYTOM POTOPE aCMHXPOHHOMO ariektpoasuratens. Korga ckonexeHne anekrpoasuraTens npu-
OnmxkaeTcs K Hymno, BKIoYaeTcs BO3OyKAeHWE, 1 3reKTpoaBuraTernb BTAMMBaAETCA B CUHXPOHN3M Mof,
BITUSIHNEM MOSIBIISIFOLLIErOCs MPY 3TOM CUHXPOHHOIO MOMEHTA.

Bo BpeMs nycka CUHXPOHHLINV 3rieKTpoaBuratesib NoTpebnseT U3 cet NoBbILLEHHbIN TOK, KOTOPbIN Mo Me-
pe YMEHBLLEHWS CKOJbXKEHUST 3aTyXaeT, TaK Xe Kak U 'y aCMHXPOHHOIO dnekTpoasurarterns.

0N yMEHbLUEHUST MOHWKEHNSA HaNPSKEHNS U MYCKOBbIX TOKOB MOLLHbIE CUHXPOHHbIE 3riekTpoaBuraTenu
MyCKalOTCH Yepe3 peaKTop, KOTOpbI 3aTeEM LLUYHTUPYETCS. 3alluTbl CUHXPOHHBIX 3rEKTpoaBUraTenen, Kak u
P3 acuHXpOHHbIX anekTpoaBuratenemn, OosmkHbl ObITb OTCTPOEHbI OT TOKOB, BO3HMKAIOLLMX MPU UX NMyCKe
Ny camosarycke, MMerLLIEM MECTO NPU BOCCTAHOBIIEHNN HAMNPS>KEHNS B CET.

MOMEHT CUHXPOHHOrO 3rieKTpoABUraTens 3aBMCUT OT HanpsbxeHusa cetn Uy, 3OC anektpoasura-
Tensa E4y v yrna caoura & mexay Uy n E,. bes yueTa notepb B CTatope U potope

roe
Xd — CUHXPOHHOE conpoTusiieHne gpuraTtens.

Mpn nocTosHHbIX 3HaveHusx Uy n Ey KaXxgon Harpyske anektpoasBuratensi COOTBETCTBYET onpeaerneHHoe
3HayeHwue yrna 6.B cryyae noHWxeHUs HanpsXeHus 8 cemu, Kak criedyem u3 ebipaxeHus (9.14), momeHm My
yMeHbwaemcs. Ecrnv npu 3TOM OH OKaXeTcs MeHbLUe MOMEHTa conpoTuerieHns M, mexaHuama, TO yCTOWYn-
Basi paboTa CMHXPOHHOrO ANEKTPoABUraTens HapyLlaeTCcs, BO3HMKAIOT kKavyaHUs 1 SreKTpoaBuraTens BbIXoaANUT
13 CUHXpPOHM3Ma. HapylueHne yCTON4YMBOCTM BO3MOXHO TakkKe Mpu neperpyske anekrpoasuratens (ysenude-
HUe &) UnNun CHMXeHUN Bo3byxaeHns (yMmeHbLueHne Ey).

O pekTnBHBIM CpeacTBOM MOBbLILLEHUS YCTONYMBOCTM SMeKTpoaBUraTens ssnsetca gopcmpoBka Bo3by-
xaeHus, yesennumaatowasa ero 3C. OnbIT NokasbiBaeT, YTO NpU ryOBOKUX MOHMKEHUSIX HANpPsbKeHnsa (8o
HyNs1) CUHXPOHHbIE 3anekTpoasuratenu, pabortatowme ¢ HOMUHaNbHON Harpy3KoW, BbIXOOAT U3 CUHXPOHU3-
Ma, ecnu nepepbiB NuTaHns npesocxoaut 0,5 c.

Mpn HapyweHnn CUMHXPOHM3Ma YacToTa BpalleHUs SNeKTpoaBuratens yMeHbllaeTCd, U OH nepexoauT B
ACUHXPOHHBbIV pexum. [Mpy 3TomM B NMyCcKOBOW OBMOTKE M Lienu poTopa NosBRsTCA TOKKU, co3gatowme go-
NOSTHATENbHBIA ACMHXPOHHBLI MOMEHT, MOA4 BNUSHMEM KOTOPOrO CUHXPOHHLIA 3fIeKTpoABUraTesis MOXeT
ocTaTbCs B paboTe C HEKOTOPbIM CKOSTbXEHUEM.

Toku, nosiBNALLMECH B cTaTope, POTOpe M NYCKOBOW OOMOTKe anekTpoasuraTens npu acUHXpPOHHOM pe-
XVMe, BbI3bIBalOT MOBbLILLEHHbIN HarpeB WX, NO3TOMy AnuTeribHasi paboTa CMHXPOHHbIX aneKkTpoaBurate-
nen B aCMHXPOHHOM pexume ¢ Harpy3kon 6onee 0,4-0,5 HOMWHaNBHOW HegonycTUMa.

B cBsA3n c atnm, noaeBnsieTcs HeoOXoaUMOCTb B cneumanbHon P3 oT aCMHXPOHHOTO pexnma, KoTopas
OOJDKHa peanu3oBaTb Meponpudatus, obecneuymBarolMe PEeCMHXPOHM3aUUIo 3arekTpoaBuraTens, unm or-
KMoYMTb ero. PeCMHXpoHU3aumsi COCTOUT B TOM, YTO C 3MNEKTpOoABMUraTens cHumaeTcs Bo3byxaeHue (npu
3TOM €ro acCUMHXPOHHbLIN MOMEHT MOBBLILAETCHA M CKOMBbXEHWE YMEHbLUaeTCHd), Yepe3 HEeKoTopoe BpeMs
BKITHOMaeTCA BO3OyXOeHve, U aneKkTpoaBuratenb BHOBb BTAMMBAETCH B CUHXPOHWU3M. [Npu3Hakom Hapy-
LEeHMs CUHXPOHM3Ma SNeKTpoaBuraTens sBnseTcs nossrneHne konebaHuin Toka B cTtatope U nepemMeHHoro
TOKa B poTope.

VccnenoBaHus 1 onbIT SKCnlyaTauumn nokasbliBatoT, YTo nocne oTknoveHns K3 nnm BrkmoYeHns pesepBHOro
WCTOYHMKa NMUTaAHUA MHOIMME CUHXPOHHbIE SNEeKTpoaABuraTesniv MoryT camosanyckaTbes, T. €. BHOBb (camu)
BTArMBaTLCHA B CUHXPOHU3M. Camo3anyck CUHXPOHHLIX SMeKTpoaBuraTernen BO3MOXEH, €Cnu nocrne BOC-
CTaHOBMEHMWS HaNpsPKeHUsA Nog BIIMSIHUEM BO3POCLUET0 aCMHXPOHHOIO MOMEHTa CKOJIbXXEHWE 3NeKTpoaBu-
raTtens HaCTONMbKO YMEHBLUMTCS, YTO OH CMOXET CHOBA BTSHYTLCS B CUHXPOHU3M.

3awumsl, NnpumMeHsieMble Ha CUHXPOHHbIX 3J1IeKmpodsuaamersix

Ha CMHXPOHHBIX 3neKTpoABUraTensax ycTaHaBnvBalTcsa cnegylowme P3: oT mexaydasHbiX NOBpEXAeHUN B
cTaTope; OT 3aMblkaHWi OOMOTKM cTaTtopa Ha 3eMIto; OT NepPerpy3kn; OT aCUHXPOHHOMO XOA4a; OT MOHWKEHWS
HanpsKeHns B CETW.

3awmTa o1 MexaydasHbIX NOBPEXOEHUA BbINONHAETCS MIHOBEHHONM B BUAE TOKOBOW OTCEYKM MMM NPOSOSb-
HOW AundbpepeHumanbHON 3alnThl MO TakoW Xe CXeMe, Kak y aCMHXPOHHbIX anekTpogsuratenen. Otnunyne
3aknoyaeTcs B TOM, YTO P3 CMHXPOHHOrO anekTpoaBuratens ogHOBPEMEHHO C BbIKMoYaTenemM oTkovaeT
AITI. TMpy NpMMEHEHUN TUPUCTOPHOTO BO30YXaeHUss n otcytcTeum AlT] 3awmTa geicTByeT Ha MHBEPTUPOBA-
Hue Bo30yautens. Tok cpabaTbiBaHUS OTCEYKM OTCTpamMBaeTCA OT MYCKOBbIX TOKOB M TOKOB Camo3anycka
anekTpoasuratens. KpynHble anektpogsuratenun obopyaytoTcst npogornbHon anddepeHumansHon P3 B
OBYX(a3HOM MCnonHeHMn. 3alimTa oT 3amblkaHUid OOMOTKM cTaTtopa Ha 3eMIIi0 MPUMEHSIETCA Npu ToKax 3a-
MblkaHWst Ha 3emno bonee 5 -10 A. 3awwmTta oT neperpyskn o6bIMHO BLINOMHSAETCS coBMeLleHHon ¢ P3 ot
aCMHXpOHHOro xoda (cm. puc.9.11).
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Puc.9.11 Cxema 3awmtbl CUHXPOHHOTO anektpoasurate- Puc.9.12 IlsameHeHue Toka ctatopa CUH-
NS OT aCUHXPOHHOIO PEXUMA: Ha 3NIEKTPOMEXaHMYECKMX  XPOHHOrO 3neKTpoaBuraTensi Mpu acUHXPOHHOM
pene. pexvme.
a — Luenu Toka;
6 — uenu NOCTOSIHHOrO OrMepaTUBHOIO TOKa
B kauyecTBe nyckoBOro opraHa B cxeme P3 0T aCMHXPOHHOIO pexMma 1 neperpysky UCronb3yeTcsa TOKOBOE pene
KA tvna PT-40. 310 pene Bo3gencTByeT npu cpabaTbiBaHMM Ha NpoMexyTovHoe pene KL 1, KOHTakTbl KOTOpO-
ro KL1.1 B uenu pene BpemeHu KT 3aMblKalOTCHd MrHOBEHHO, a pa3MblkatoTca ¢ 3ameaneHuem. [pu acuH-
XPOHHOM pexume pene BpeMeHn KT He ycneBaeT BO3BpaTUTLCA 3a BpeMs Af cnafa Toka Mexay LMKriamMu Kada-
HUIA (pyc. 9.12) n NocTeneHHo, 3a HECKOSLKO NEPUOOOB KadaHWU HabupaeT BpeMs u cpabaTtbiBaeT Ha OTKIHYe-
Hue. [Ina HagexxHon paboTel P3 Bpemsi Bo3BpaTa tgpsz IKOpsi MpomexyToyHoro pene KL1 gomkHo 6biTb 60rb-
we BpemeHun At (puc. 9.12), B TEYEHNE KOTOPOro TOK KadaHWM HeJoCTaToOueH AN OENCTBUS pene, T. €. tgoz > At .
Boigepxka BpeMeHn P3 BbiOMpaeTcst Oonbluen BpeMeHN 3aTyxaHus MyCKOBbIX TOKOB arekTpoasuratens. Ycr-
poncTBO 3awmThl Asuratens. Pene BpemeHn KT umeeTt gse BblaepKku BpeMeHu. 1o nucteyeHumn nepsoun Bbl-
OEPXXKN BPEMEHU 3amblkaeTcs KOHTakT KT1, nocne yero npomexytodHoe pene KL2 nogaet KOMaHAbl Ha ocy-
LLIECTBIIEHNE PECUHXPOHMU3ALIMN.
B cnyyae, ecnn pecuMHXpoHM3auusa He MPOMCXOAUT M KayaHusl TOKa MPOAOIHKAlTCH, 3aMbIKaloTCS KOHTaKThbI
pene BpemeHn KT2, nocne 4ero npomexytoyHoe pene KL3, 3aMKHYB CBOWM KOHTaKTbl, MOAaeT KoMaHabl Ha OT-
KrntoyeHme BoikntovaTensa u AfTl.
[ns npepoTtBpalleHus cpabaTbiBaHus P3 npu hopcupoBke Bo30YxaeHWs1, Koraa yBennm4nBaeTcst TOK ctatopa,
uenb oOMOTKM pene BpeMeHn pasMblkaeTcsl KOHTakToM KL4.1. Ha CUHXPOHHbIX ABUraTensax 00mnbLIon MOLLHO-
CTU B KayecTBe 3aluTbl OT aCMHXPOHHOIO pexrma BO3MOXHO NPUMEHEHWe perne ConpoTUBMEHUs, Kak Ha re-
HepaTopax. 3almta MUHUMAarbHOrO HanpshKeHWUs1 BbIMOSHAETCS TaK XKe, Kak Ha aCMHXPOHHbIX 3rieKTpoaBurate-
nsix.
YcTaBka No TOKy Tako KOMOMHUPOBAHHON 3alLMThl BbIDUpaeTCcs Tak e kak 0bbl4Has 3alimTa OT Neperpysku:
TOK cpabaTbiBaHus no dopmyne (9.28), BblAepKka BPEMEHN OTCTpaMBaeTCA OT BPEMEHW Mycka ABuraTens c
y4yeToOM BpeMeHu Bo3Bpara pene KL1.

t., =t Ttk t1 (9.29)

Cc.3.
YuntbiBas BO3MOXHOCTbL 3aTsirTMBaHWsI npoLecca pa3BopoTa, Bpems 3anaca (t3) npuHumaeTcs paBHbIM 2-3 C.
Bpems Bosspata pene KL1 gomkHO nepekpbiBaTb BpeMsi BO3BpaTa TOKOBOrO penie B Nepuop aCUHXPOHHOMO
pexuma: tgosxr1 > At
MOXHO NpUHATD teo3x11 PaBHbIM 0,5-0,7cC.
B OonbLUMHCTBE YCTPOCTB CneunanbHO AN anekTpoasuraTenei, B ka4ecTBe 3aluTbl OT NepPerpy3kn Ucnosb-
3yetca MT3. OHa nmeeT HeOOX0AMMYHO 3aepPXKKy Ha BO3BpaT Afsl BbINOMHEHUSA (OYHKUMM 3alnTbl OT acuH-
XPOHHOrO pexuma.
B yctporictBe MiCOM P241 umeeTcsa 3awimTa, npegHasHayeHHas Ansi BbISBIIEHUS aCUHXPOHHOIO pexunma,
OeNCTBYylOLLAsA Mo BENnYnHe cos ¢. JTa 3awmTta crnocobHa YeTKO BbISIBUTb OTKIHOYEHME BO3OYXaeHus n nepe-
XO4 ABUratensi B aCUHXPOHHbIA pexunm 6e3 Bo3byxaeHus. [py acCMHXPOHHOM pexnme ¢ Bo30yXaeHuem aTa
3almTa MOXeT He AeNCTBOBaTb U3-3a korebaHui MOLLHOCTM M NEPUOAMYECKOro BO3BpaTa M3MepUTENbHOIO
opraHa. [Ins Toro 4tobbl OHa gencTBoBana 1 B 3TOM pexume TpebyeTcs yMEeHbLUINTb BbIAEPXKKY BPEMEHMN 3a-
WMTbI Takum obpasom, 4Tobbl NPy aCMHXPOHHOM pexunme OHa ycneBana cpabaTtbiBaTb B 30HE MOHWXEHHOTO
cos ¢. [loka oTCyTCTBYIOT pe3ynbTaTbl UCMbITAHUA TAaKOW 3aluUThl HA pearnbHbIX ABuratensx. [loatomy, npu
BHEOPEHMM TaKoOM 3almTbl, HEOBXOOUMO MPOBECTM MUCMbITAHUS U YTOUYHUTB yCTaBku. [ns Havana MOXHO npu-
HSTb YCTaBku paBHbIMK: cos ¢ =0,7; t =0,5 c.
Bbi160p 3aujumbl MUHUMAaJIbHO20 HanpsiKeHUs1 07151 omaoesieHUs1 CUHXPOHHbIX dgu2amernel
Kak npaBuno, CMHXPOHHbIN ABUraTenb, HE AOMyCKaeT NoAayn HECUHXPOHHOIO HamnpshKeHws B crydae, ecrnv
BO30yXXaeHue ero Bkno4eHo. MoaTomy npu McYE3HOBEHUWN HaNPSHXKEHUS UMK ero nocagke, CUHXPOHHbIE OBU-

16

I,
I(:o3 -

~Yy

a)




ratenu OOMKHbl OTKMoYaTbCA OT CETU, a NOCMe BOCCTAHOBMEHUS HANPSXKEHWUS MOTYT BKIIOYATbCS BHOBb, €C-
NN X BKINOYEHNE HEOBXOAMMO, 1 OHU UMEIDT CXEMY aBTOMATUYECKOro nycka. BoamoxeH Takke nx nepesop, B
ACMHXPOHHbIV PEXUM OTKITKOYEHNEM BO3ByxaeHWs, 1 nogadyen Bo3byKaeH s nocne NosiBNEHNs HanpshkeHns.
C uenbio npegoTBpalleHns No4avM HanpshkeHus Ha BO3Oy>KOEHHble CMHXPOHHbIE ABMratenu, astomartuvka,
KOTOpasi NofaeT HanpshKeHUe Ha LUWHbI, JOJPKHA BbIMOMHATECA C KOHTPOMEM OTCYTCTBUSA HanpshkeHus. Hego-
nycTMMO, Hanpumep, BbinonHeHne ABP Tonbko no npu3Haky OTKMOYEHUs NUTatoLLEero BBoAA.
3awmTa MMHUMAnbLHOrO HanpskKeHst Ansi CMHXPOHHOro ABuratensi BolbvpaeTcsa Kak 1-9 CTyneHb MUHUMAarb-
HOMo HanpsKeHUsa ANg aCUHXPOHHbIX ABUraTenen.
U<=07r7-0,,, (9.30)
t=05c¢c
[Mpumeyarue. [ns obecrnieyeHus ycmodiyueol pabombi 0guzamernsi U C853aHHO20 C HUM MexaHu3ma, Heob-
X00uMOo He donyckamb MOOKMOYEHUS] K CeKUyUU WUH, omKyda numaromcsi CUHXPOHHbIe A8ueameriu, nocmo-
POHHeU Hazpysku. Ecrnu amo He803MOXHO, MO rocCmMopoHHUe ¢udepa OO/mKHbI UMemb omceydky 6e3 8bl-
OepxKu spemeHuU. B pside criyyaee mnpuMeHsiemcs crieyuasabHas omceydka o HarpsKeHUro, ¢ ycmaeskod,
pasHol ycmaske 3awumbi MUHUMaIbHO20 HarpskeHus, 6e3 8bI0epXKU 8PEMEHU. Ycmaeska Mo HarpsKeHUro
OMCEeYKU U 3auumbl MUHUMAasIbHO20 HarpsiKeHUs 8 3mom ciiyqae obbi4HO rnpuHumaemcs pagHol 0,6 U,opy.
OmknrYyeHUe CUHXPOHHbIX dau2amernel NpuU MOHUXeHUU Yyacmombl
Ons yckopeHus nogadn HanpsbkeHus, paboton ABP unu AlB uenecoobpasHo OTKMoYaTh ABUrateny Takke
aBTOMATUKOW MOHWXKEHUS YacTOTbl. [1ocne OTKMYEHNs NUTAOLLEro HanpsXXeHus geuratens ObICTpo TopMo-
3UTCS, N YacToTa HanpsHKEHWUs!, KOTOPOE CUHXPOHHbLIV ABUraTenb reHepupyeT Ha LWKHbI, ObicTpo nagaeT. [Mpu
ObICTPOM €ero OTKIIoYEHUN, Cpa3y UcUe3aeT HanpshkeHwe NoAnNUTKM u nyckaeTtca cxema ABP (AlB).
Mpun BbIGOPE yCTaBKM MO 4acToTe, cnedyetT MMETb B BUAY OPYryl0 aBTOMATKKy, KOTopasl YCTaHOBMEHa B Nu-
Tawllen cucteMe — aBTomaTnyeckas YactoTHas pasrpyska (AYP). Moatomy, yctaeka oTknodeHms Cl no vac-
TOTe JoMmkHa ObITb OTCTPOEHA OT CaMOW HU3KOW ycTaBku ObicTpoaencTaytowen AYP, koTopasd B HacTosiLiee
Bpems paBHa 46,5y n 0.5c. Ecnun gsuratenb caM NokmnoyeH K kakon To ovepean AYP, B kadecTBe ycTaBku
MO>XHO MPUHSATb YCTaBKY 3TOW ovepenun. Ecnn HeT, MOXXHO NPUHSTL YCTaBKy Mo YacToTe paBHon: 46 'y n 0,5c.

9.10. 3ALUNTbI ANEKTPOABUIrATENEN HEKOTOPBLIX 3APYBEXHbIX ®UPM
®dupma GE.

MIG - conepXuT TOKOBYH OTCEYKY, MaKCUMarbHYH 3aLlUMTy, 3alWnUTy OT 3aMblKaHWI Ha 3EMIIO C Bbl-
[epXKKoW 1 6e3 BbiAEPXKKN BPEMEHW, 3aLLUTY OT Neperpysku, oT HECUMMEeTpUK Mo asam, 3aLuTy oT
ANUTENbHOrO Nycka U 3acTpeBaHus poTopa.

M60 - conepxuT And3aLlmTy, TOKOBYIKO OTCEUKY, 3aLlUuTy OT 3aMblKaHU Ha 3eMI0 C BblOAEPXKKOW U
6e3 BblAEpXKKM BPEMEHM, 3aLUMTY OT Neperpysku, No Toky obpaTHoON nocrneaoBaTeNbHOCTU, 3aLMUTY
OT MOBbILWEHNS N NMOHMXKEHUS HAaNPSHKEHUS. NOBbILLEHMST HanpshkeHus obpaTHOWM nocrenoBaTenbHO-
CTWN.

dupma ABB

REM 543 moxeT BKNtovaTtb B cebs 3 CTyneHn TOKOBOW 3alLnTbl, 2 CTYNEHN TOKOBOW 3aLuTbl ¢ 6r1o-
KMPOBKOW MO HanpsbkeHuto, 3 CTYMNeHW HanpaBreHHOW UMM HeHanpaBNeHHOW TOKOBOW 3aluTbl OT
3aMblkaHUW Ha 3eMnio, AnddepeHumanbHyo 3awnTy, 3aluTy OT Neperpyskm n HeCUMMETPUYHOro
pexuma, 2 CTyrneH4YaTyo 3alinTy OT MOBLILUEHNS N NMOHWXKXEHMWS HAMpPsSHKEHUs1, 2 CTYNeHYaTyo 3alln-
TY OT MOBbILEHNST HaNpskeHus obpaTHOM nocnegoBaTefNlbHOCTU, 3aLUUTY NYCKOBLIX PEXUMOB OBU-
raTtensi, 3awWwuTy oT pesepca as. lNNepedeHb PyHKUMIA, BXOAALWMX B KOHKPETHOE YCTPOMCTBO BbIOU-
paeTcs B KaXOOM cry4yae, T.K. BMECTUTb UX BCE OOQHOBPEMEHHO HEBO3MOXHO MO 3arpyske npoLec-
copa.

SPAC 802 cogepXvnT TOKOBYH OTCEYKY, MaKCUMarbHY0 3allnTy, 3alnTy OT 3aMblkaHUI Ha 3eMrto C
BbIOEPXKKOW BpEMEHHU, 3allmTy OT neperpysku, oT HecummeTpum no asam, cbpoca Harpysku, 3alum-
Ty MYCKOBbIX PEXMMOB ABuUratens, 3awmTty oT peBepca ¢da3s. meetca mogndukaums SPAC 802-
104 ansa 3awmThl ABYXCKOPOCTHOrO ABUraTens.
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®upma SIEMENS

7SJ551 - cooepXuT TOKOBYHO OTCEYKY, MakCUManbHy0 3almuTy, 3aluTy OT 3aMblKaHWU Ha 3eMI0 C
BbIAEPXKKOW 1 6€e3 BbIAEPXKKN BPEMEHM, 3aLLNUTY OT neperpyskn, ot cbpoca Harpysku, no ToKy obpar-
HOW nocnefoBaTernibHOCTU, 3alMTy MYCKOBbIX PEXMMOB ABUraTens, 3awmTy OT NOBbILWEHNS N NOHU-
XEHUS1 HanpsKeHus:.

7SJ60 - cooepXnT TOKOBYHO OTCEYKY, MaKCUMarbHYIO 3aliuTy, 3aluTy OT 3aMblKaHUI Ha 3eMIo C
BbIOEPXKKOW 1 6e3 BblAEePXKKN BPEMEHW, 3aLUUTY OT Neperpysku, ot cbpoca Harpysku, No TOKy obpaT-
HOW NocneaoBaTenbHOCTU, 3aLUUTY NYCKOBbIX PEXMMOB ABUraTens.

7UT512 / 513 - cogepxuT and3alumTty, TOKOBYIO OTCEYKY, 3alUTy OT 3aMblkaHUN Ha 3eMIK0 C Bbl-
OEPXKON 1 6e3 BblAEPXKKM BPEMEHU, 3aLMTY OT neperpy3kn, 7UT513 nmeeT Takke YyBCTBUTENbHYHO
3alUMTY OT 3aMblKaHUI Ha 3eMI0 Ha NPUHLMMNE CPaBHEHMS TOKOB HYNEBOW NocrenoBaTelbHOCTH.

®upma SEL

SEL 501 - cooepXuT TOKOBYIO 3alUMTy, 3aliMTy OT 3aMblKaHUA HA 3eMIIl0, 3aLUUTy OT Neperpysku
CUMMETPUYHBIM TOKOM M TOKOM OBpaTHOWM MnocrefoBaTenbHOCTU, 3aluTy obpaTHOW nocrefoBsa-
TENbHOCTW.

SEL 387A - conoepXuT aud3salumTy, TOKOBYIO 3alUnTy, 3aLlUuTy OT 3aMblKaHWUA Ha 3eMIto, 3aLluTy Mo
TOKy 0OpaTHOM NocnegoBaTeNbHOCTMU.
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