2 YCTPOUCTBA P3A HA MUKPO3NEKTPOHHOW 3NIEMEHTHOW BA3E

2.1 OBLWWUE NMPUHLUUIMbI NOCTPOEHUA 3ALLUT
YCcTponcTBa penevHon 3aluTbl, Kak NpaBuio, coaepXaT TPU OCHOBHbIX YacTU M3MEPUTENbHYHO,
FIOMMYECKYI0 U BbIXOAHYH0. B nameputenbHyo YacTb BXOAAT U3MepUTENbHbIE U MYCKOBbIE OpraHbl 3a-
LLMTbI, KOTOPblE BO3AENCTBYIOT HA JNIOMMYECKY0 YacTb MPU OOCTUXKEHUU KOHTPONMPYEMbIMWU 3nek-
TPUYECKMMUN NapameTpamu (TOK, HanpsXXeHne, MOLWHOCTb, CONPOTUBNEHME) 3HAYEHUI (YCTaBOK),
npegBapuTenbHO 3a4aHHbIX ANg 3almwaemMoro oobekTa.
Jlornyeckasn 4acTb COCTOUT U3 OTAENbHbLIX MEPEKYaLWNX INEMEHTOB N OPraHOB BbIAEPXKKN Bpe-
MEHW, KOTOpble NPV onpeaeneHHoM AencTBUM (cpabaTbiBaHUN) N3MepUTEnbHbIX U MYCKOBbLIX opra-
HOB, B COOTBETCTBUM C 3aNOXEHHOW B NOMMYECKyld 4acTb MPOrpaMMON, 3arnyCKaloT BbIXOOHYIO
YacTb.
BbixogHasa 4acTb CBA3bIBAET peNenHyro 3alwmTy C LensiMu ynpasnieHus KOMMYTaLMOHHBIMIW annapara-
MU (BbIKNOYaATENSIMM) U YCTPOMUCTBAMM Mepefayn KomaHg no KaHanam CBsi3W U TeneMexaHUKW.
BbixogHble opraHbl 3aluTbl UMEKOT Ha BbIXOAE Mepekniovallmne 3neMeHTbl 40CTaTO4HOW MOLL-
HoCTU, obecneynBatoLme paboTy Lenemn ynpasrneHns.
[lo nocnegHero BpeMeHN BCe OpraHbl penenHon 3almTbl BbINOSHUIIMCE TONbKO Ha Ga3e anekTpo-
MexaHu4eckux pene. Heobxoammble BblAEPXKKUM BPEMEHU CO34aBaniUCh B JIOTMYECKOM YacTu 3alumT
TaKOro WCMOSIHEHMS MOCPEACTBOM YaCOBbIX MEXaAHW3MOB, YNpaBriseMblX 3NeKTPOMarHUTHbIMU YCT-
poricTBamMn. Hapsigy ¢ 4acoBbIMM MexaHU3MaMu As1 TOW XKe Lenn NPUMEHSIIOTCS 3NeKTPOMarHuT-
Hble pene C MarHMTHOW 3a4epXXKOW oTnagaHus u cpabaTbiBaHUA SKOpS.
[nsa nony4vyeHus pene ¢ 3aBUCUMOMN XapaKTEPUCTUKON BbIOEPXKKN BPEMEHM TaK e UCMOoNb30Barnuchb
MeXaHM4Yeckme CUCTEMbI C MPUBOLOM, AEVCTBYIOLLMM HA MHAYKUMOHHOM npuHumne. CkopocTb ABU-
XEHNA TakKNX MEXaHU3MOB 3aBUCUT OT 3HAYEHMSA TOKa, NpoTeKatoLwerowero no obmMoTkam perne..
OpHako anekTpomexaHudeckasi annapaTtypa MoparnbHO 1 (hru3myeckn yctapena, He no3sBonseT Ao-
BUTbCA BbICOKOM TOYHOCTU, BbICTPOAENCTBUS, BbINOMHUTDL CHOXHbIE XapakKTePUCTUKWU, U MO3ITOMY,
Hy>xgaeTcsi B 3ameHe. [ns nogaepxaHust paboyero cocToaHMsA 3awmnTbl TPeBYOTCS 3HauYnTENbHbIE
TpyAo3aTpaTbl Ha TexHuyeckoe OOCnyxuBaHue. InekTpoMmexaHuveckas annapaTtypa 3aHumaeT
MHOro mMecta n TpebyeT BOMbLIOro KONMYecTBa 3NeKTPOTEXHNYECKMX MaTepmanos. 3Ha4yuTenbHoe
notpebnexHve aHeprum TpebyeT MOLLHbIX WCTOYHMKOB MNUTAHMA OnepaTUBHbIM TOKOM, a Takxke
6OnNbLWON MOLHOCTU U3MEPUTENbHbIX TpaHCOpPMaToOpOB TOKa WM HanpskeHus. Hepegko HoBble
TpeboBaHUA K penerHon 3alimTe He MOryT ObiTb YAOBMNETBOPEHbI N3-3a HECOBEPLLEHCTBA annapa-
TYpbl, COAEpPXaLLen anekTpoMexaHudeckme ycTtpounctBa. CTano o4YeBUOHbIM, YTO WUCMONb30OBaHUE
3NEKTPOMEXAHNYECKMX YCTPOWCTB B pPeNEenHOn annapatype 3afepXuBaeT AanbHenwee pasBuTue
TEXHUKM peNnerHon 3aLnThbl, KaK B KAYECTBEHHOM, TaK U B KONIMYECTBEHHOM OTHOLLUEHMSX.
OavH 13 BO3MOXHbIX BbIXOAOB M3 CO3[aBLUErocs MOfIoXeHWUs OTKpbIics Bnarogapsa ycnexam co-
BPEMEHHOW NOSyNPOBOAHMKOBOW CXEMOTEXHMKM, @ B NEPBYIO ovepeab — CO34aHNI0 UHTErpanbHbIX
MUKPOCXEM, KOTOPbIE 1 CTann OCHOBOMW ANSA CO34aHNs HOBOMO MOKOSNIEHUS penenHon 3auTbl.
NHTerpanbHble MUKPOCXEMbl OTHOCATCS K KaTeropumn 3NeKTPOHHbIX YCTPONCTB CpedHen CTeneHu
NHTErpauum, peannayoLmx ogHy UM HECKONbKO OAHOPOAHbLIX yHKUMI. B nocnegHue roabl anek-
TPOHHAsA MPOMBbILIIEHHOCTb Havana BbiNyCkaTb MHOroueneBble, Tak Ha3biBaeMble OonbluMe WH-
TerpanbHble cxembl (BUC) yHMBepcanbHoOro HasHaudeHusi. B HacTosiee Bpemsi pa3paboTaHo u
BbINyCKaeTCA 3HAYUTENbHOW KONMMYEeCTBO NPMOOPOB CpeaHen CTeNeHn MHTerpauum, Ha KoTopbiX Mno-
CTPOEHbI COBPEMEHHbBIE MMKPOISIEKTPOHHbIE YCTPONCTBA 3almTbl. TN YCTPOMUCTBA OPUEHTMPOBAHbI Ha
BbIMOSIHEHME CPa3y HECKONbKUX (DYHKUMIA, YTO ynpoLaeT 1 yaelweBnseT MOHTaX, 9KOHOMUT MECTO Ha
naHensax un B wkadgax P3A. Btopoe HanpaeneHne pas3sutnst P3A — MUKPONPOLIECCOPHbIE YCTPOWCTBA,
obnapatowime ewle 6onee BbICOKON 3PPEKTUBHOCTLIO, OAHAKO CTOMMOCTb UX 3HAYMTENBHO MpPEBbILLAET
CTOMMOCTb MUKPOSMEKTPOHHbIX. [103TOMY MocneaHne HaxogAaT Cnpoc B Cryyasx, korga K yCTponcTBam
He NpeabsBnSOTCA BbICOKME TpeboBaHMA B TOYHOCTU U MHOrodyHKUMOHaNbLHOCTU. Mukponpoueccop-
Hble yCTponcTBa ByayT paccMOTpEHbI B rnase 3.
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Puc. 2.1. OO6wee ycnoBHoe n3obpakeHne norm4yeckoro anemMeHTa




TpebyeMble hyHKLMN MUKPOINEKTPOHHBIX YCTporcTB P3A peanunaytoTcs npy NOMOLLIM Tak HasbliBaeMbIX
nornyecknx anemeHToB. Npeacrasum cebe Takon maeanbHbIN NOrMYecknii anemenT (puc.2.1) B Buae
HEKOTOPOro NepeksiyarLero ycTponcTaa, obnagarLlero HECKONbKUMIN BXOOHBIMU 3axkumamn Xy,
X2, Xs., . ., Xp ¥ OOHUM BbIXOAHbIM 3aXnMom Y.

3a ncxogHoe COCTOSIHME dfieMeHTa NMpUMeM Takoe, KOorga Ha ero BXOAHble 3aXUMbl MOAaHbl Hy-
neBble CUrHanbl U KOrga ero nepekriyeHne NPoMCXoauT Nocrie NOCTYNSIEHNS Ha ero BXOAbl HeKo-
TOPOro coveTaHus eANHUYHbIX CUrHamnoB. Takne anemMeHTbl 30BYTCSA anemMeHTaMmu "eauHuUYHon", unm

"nonoxuTtenbHon", Norvkn. Ecnm B MCXOOQHOM COCTOSIHUM K 9fieMEeHTaM NoABOAATCH €AUHUYHbIe
CUrHanbl, TO UX Ha3bIBAOT arnemMeHTaMu "Hyrneson", unn "oTpuuartenbHOn" noruku. B Hawmx npume-
pax paccMaTpuBatoTCs SNEMEHTbI "MONOXUTENBHON" NOrMKN.

Onepaunvn UIA. Y ngeanbHoro anemeHTa, obecnevmarowero BbinonHeHne onepaumm UITU npu Hy-
NeBbIX CUrHanax Ha BCEX ero BbiXodaX, BbIXOAHOW CUrHam UMEET TOXEe HyreBoe 3HadyeHue. Ecnn
XOTs1 Obl HA OAMH U3 BXOAHbIX 3aXMMOB MNOAAETCA €AUHUYHbLIA CUrHan, 3NeMeHT HeMEEeHHO Mo-
OencTByeT, N Ha ero BbIXOAE YCTAHOBUTCA €OUHUYHLIA curHan. EQUHUYHLIA curHan Ha Bbixode Co-
XpaHUTCs Npu Nobom uncrne curHanoB 1, nogaHHbIX Ha ero Bxodpl. Koraa co Bcex BXOOHbIX 3aXu-
MOB curHanbl 1 cHumatoTcs, BbixogHon curHan WUIU onste cTaHOBUTCS HyneBbiM. Ha CTPYKTYPHbIX
cxemax anemeHT UJTU nprHATO n3obpakaTb Tak, Kak Noka3aHo Ha puc. 2.2, a.

Onepaunn WU. OnemeHT, ocyuwecTBnAoWmniA onepauntio WM, npu HyneBbIX CUrHamax Ha BCEX €ro
BXOOHbIX 3aXXUMax MMeeT Ha BbiXxogHoM 3axkume curdan 0. Ho B otnnymne ot anemedta UIU aToT
3MIEMEHT NEePEKIIYNTCH TONbKO Torga, Korga eaAnHUYHbIe CUrHanbl NOCTYNAT Ha BCE ero BXOAbl.
Tonbko nMpu 3TOM YCIIOBUW Ha €ro BbIXOOHOM 3axkume obpasyetcsa curHan 1. B cnydasx, korga
€ANHUYHbIE CUTHaMbl MOCTYNAT TOMbKO Ha YaCcTb BXOAHbIX 3aXMMOB, Ha Bbixoge anemeHTa U Oy-
OeT ocTaBaTbCs Hynesow curHan. lNocne cpabatbiBaHua anemeHTa UM curHan 1 Ha ero Bbixoae
OyneT coxpaHATbCA OO0 Tex Mop, Noka He CHUMAaeTCs €AMHUYHBIN curHan xoTa Obl C OAHOro U3 ero
BXOOHbIX 3aXXVNMOB.
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Puc. 2.2. YcnoBHble N300paXxeHUs NOrMYeCKNX arEMEHTOB:

a — anemeHT UINN; 6 — anemeHT U; 8 — anemeHT HE; 2 — anemeHT U-HE; 0 — anemeHT
3AMNPET

Ha cTpykTypHbIX cxemax anemMeHT U n3obpaxaeTcsa Tak, kKak gaHo Ha puc.2.2, 6.

Onepaunst HE nnn MHBEPCUA. B ncxogHom nonoxeHun anemeHta HE npuHATO, YTO Ha ero eauH-
CTBEHHOM BXOAHOM 3axkume X MMeeTCHa HYNeBOW CUrHas, npy 3TOM Ha ero BbIXOAHOM 3axume Y
OepXnTca eAnHUYHbIA curHan. B cnyvyae nogaBneHnsa Ha BXOAHOM 3aXmme eAMHUYHOro curHana
curHan Ha Bbixoge anemeHta HE npuHumaeTt Hynesoe 3HadeHwue. [dencteue anemeHta HE Hasbl-
BalOT B MaTeMaTU4eCKon fornke MHBepTUpPOBaAHNEM CUrHana unn MHBepcuemn, a cam 3NeMeHT —
nHBepTopoM. [Ans ero m3obpaxeHuss nNpuUMeHseTcs NPSAMOYTrONbHUK C HEGONbLUMM KPYXXOYKOM,
HaHeCeHHbIM NOCpeanHe NPaBOW UIM IEBOW €ro CTOPOHLI (puc. 2, 8).

[ns NpOMbILINEHHON aBTOMATMKWU WM3rOTOBMSIOT CEPUMHbLIE NOMMYECKUE MUKPOCXEMbI, MpeacTas-
nsawowme cobon Habop M3 CMOXKHLIX ANEMEHTOB M NpeaHa3Ha4YeHHble AN OAHOBPEMEHHOrO BbINOI-
HeHna onepaumn U n HE. Takon anemeHT CoKpalleHHO 3anuckiBaeTca Tak: anemeHT U-HE.
N3o6paxeHne anemeHTa U-HE npuBeneHo Ha puc. 2, e. Hmke gaHa Tabnuua nepeknioyeHnn gns
anemeHTa U-HE; B uenax ynpoweHnsa NpuHATO, YTO 9N1eMEHT MMeeT Bcero Asa Bxoaa Xq un Xa!

CocTosiHMe aneMeHTa: X4 Xs Y
ncxoagHoe 0 0 1

1 0 1

nogaHbl cUrHansl 0 1 1

1 1 0

Kak BUOHO, Mbl MPUHANKN 32 UCXOAHOE COCTOSIHME Takoe, Korga Ha BXOAbl 9NeMeHTa NoAaHbl Hyne-
Bble CuUrHarnbl, YTO COOTBETCTBYET "MONOXUTESNbHON" NIOrMke, NPUMEHAEMON B NPOMbILLIIEHHOW aB-
Tomatuke. Ecnu npegcrasutb cebe, 4TO B UICXOAHOM MOSIOXKEHMM Ha 0DOa BxoAa noAdaHbl CUrHanbl

1, TO Ha BbIxofe ycTaHoBuUTCs curHan 0 (HUXHSAA cTpoka Tabnuubl). M Toraa AOCTAaTOMHO 3aMeHUTb
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X0TS Obl OOMH N3 BXOAHbLIX CUrHANOB HyfeBbIM, YTOObI HA Bbixode nosiBuncs curHan 1. A Takoe
AencTBMe anemMeHTa npegcraBnsaet cobon yxe onepauunto UITU-HE, HO npu eanHNYHBLIX curHanax
B MICXOOQHOM COCTOsIHUM anemMmeHTa. OHa 4acTo NPUMEHSIETCA Ha NpaKTUKe.

Onepauusa 3AMPET. B anemeHTe, cnyxawem anga onepauun 3AMPET, Ha BbixogHOM 3axume Y
OyOeT coxpaHAaTbCSA HYNEBOW CUrHars, ecrnv Ha OTAENbHOM, TaK Ha3biBAEMOM 3anpeLuaroLem 3axum-
Me X, UMeeTCca eANHUYHbIN curHan. MNpu Hanuuaum 3TOro 3anpeLlarLllero curHana He3aBucMMo OT
TOro, KaKom curHan rnosiBUTCA Ha eAUHCTBEHHOM BXOAHOM 3a)kume anemeHTa Xy, Ha BbIXOQHOM
3axume Y Oypet octaBatbesa curHan 0. [Nocne cHATUA 3anpeLyartolero curHana - 3ameHbl curHana
1 Ha 3anpewawwem Bxoge curHanom 0 — nameHeHue BbIXOQHOrMO CuUrHana npousongeT Toraa,
Korga Ha BXogHoOM 3axkmme X; BO3HMKHET curHan 1. Takum obpasom, Ana AeWCTBUA anemMeHTa
3AMPET Hy)XHO BbINOMHUTb ABA YCMOBUS: CHATb 3anpeLliarlni curdan u nogaTtb Ha Bxon X
curHan 1. Onepauus 3AMNPET moxeT GbiTb Takke npeactaBrieHa Kak onepaumsa U ¢ ogHUM mH-
BEPTMPOBaHHbLIM BXOAHbLIM CUrHaNoMm, SensowmMMcs 3anpelatowmm. Npumensemoe nsobpaxeHme
anemeHTa 3AMNPET nokasaHo Ha puc. 2, 4.

[ns npumeHeHns B ycTponcteax P3A npumMeHsitoTcs crneumanbHble MUKPOCXEMbI, HA3blBaeMbIE Bbl-
COKOMoporoBbiMu. M3 MUKpOCXeM OTEYEeCTBEHHOro Npoun3BoacTBa npumeHsieTca cepus K511 ¢ go-
GaBneHnem B KOHUE OBYX OYkB M UMdPbl, OTHOCALUMXCA K KOHKPETHbIM TUMamM MUKPOCXEM 3TOM
cepun. OHa npegHasHayeHa Anst paboTbl B YCNOBUSAX MOBLILIEHHbBIX 3NTEKTPOMAarHMTHbIX NomMex. B
KayecTBe NepeKnoYatoLwmnX 3NEKTPOHHbLIX NPUBOPOB B MUKPOCXEMAX 3TON Cepun UCNonb3yTca ou-
NnonspHble TpaH3ucTopbl. 10 NPUHUKUNY MCAOMHEHUS Cepus BXOOUT B YNCIO MUKPOCXEM TpaH3u-
CTOpPHO-TpaH3auctopHon norukn (TTI1). na oTcTporikm oT nomex B cepun K511 npuHaTta oTHocu-
TenbHo Gonbluasi pasHuLa MeXay YPOBHAMW HYNEBOro U €QUHUYHOro CUrHanoB, U NO3TOMY
OHa N CYMTaeTCs BbICOKOMOPOroBOW.
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Puc. 2.3. BbinonHeHne norndeckmx onepauunn HE (a), WA (6), U (B) Ha mukpocxeme U-HE

Bce ocHOBHbIE nornyeckne onepaumm, ONUCaHHbIE Bbiwe, MOryT ObiTb OCYLLECTBMNEHbI C NMOMOLLbIO
Tonbko anemeHToB U-HE. 3T anemeHTbl nCNonHeHbl Ans BbinonHeHus onepaumn U-HE npu Hyne-
BbIX BXOAHbIX CUrHanax B UCXOAHOM COCTOSIHMW. be3 BCAKMX AOMOMHEHUA OHWM MOTYT ObITb NCMNOSIb-
30BaHbl aAnsa peanusauun onepaunn UIN-HE, ecnn B ncxogHOM pexume nogaBaTb Ha MX BXOAdbl
€OVHNYHbIE CUTHanbl, a ynpaeneHne paboTon OCYLLECTBNATb C MOMOLLBbI HYNEBLIX curHanoB. Ha
puc. 2.3 nokasaHo B KayecTBe npumepa, Kak BbinonHaTcs onepauun U, UMW, HE n UNWN-HE ona
€ANHNYHbIX YNPaBnsoLWKUX CMrHanoB ¢ nomoLbo Mukpocxembl Tuna K511J1A1, cogepxalien vetbl-
pe aByxBxoaoBbix ariemeHTta U-HE. Tak, onepaums HE oGecneunBaeTtcsa npu nogaye e€aAvHNYHOTO
curHana Ha o6beguHeHHble BXOA4bl 3fIeMeHTa, YTo BUAHO 13 puc. 2.3, a. Ha puc. 2.3, 6 nsobpaxeHo
ncnonHeHue onepaumn UIN, a Ha puc. 2.3, 8 — onepaumm U. PaboTta cxem MOHSITHA M3 PUCYHKOB.
OnemeHTbl U-HE cepumn K511 MoryT npucoeauHATLCA K BbIXOQY OnepauuoHHbIX yeunutenen vyepes
OrpaHMYMBaIOLLINA PE3NCTOP, UMEOLWMIA conpoTmBreHne nopsiaka 30 kKOm.

B kauecTBe pearmpylowero opraHa MUKPOSSIEKTPOHHLIX YCTPOMCTB UCMOMb3YHTCH OnepaumoOHHbIE
ycunurenu.

OTmeTnM ocHoBHbIe cBolicTBa QY:

— 04eHb 6onbLLoK KO3PMUULNEHT YCUNEHNSA NO HANPSXKEHNIO, NPEBbLILIAOLLNIA 10* n poxoasawmii oo
5+10°

— Manoe notpebneHne no Bxogy, nsmepseMoe AoNamMm MMKpoamnep N MeHbLLE;



— Hebonblloe BbIXOAHOE COMNPOTUBNEHUE, U3MEPSIEMOE AecATKaMn unm cotHsaMmM OM, 4YTO MO3BO-
NHAET He yYnTbiBaTb €ro Npu BeIOOpPE Harpysku, KOTopasi orpaHMYMBaeTcs 4OMyCTUMbIM TOKOM BbIXO-
na OY, cocTtaBnsaoLwmm npumMepHo 5 MA.

lMuTaHMe onepauuoHHbIX yeunutenen, NPpUMeHsIeMblX NPU U3roToBNEHUN pene 3aLluThbl, OCYLLEeCTB-
ndeTcs OT ABYX PasHOMOMSPHbIX MCTOYHMKOB HAaMpsPKEHWSI MOCTOSTHHOrO TOKa C 00Wwen Hyneeon
TOYKOW. 3HaAYEeHNsa NUTaLWMX HaNpshKeHUN BbiOMpaloTca B AnanasoHe oT 5 go + 15 B, B 3aBucu-
MOCTW OT KOHCTpyKuumn OY. OnepauuoHHbIn ycunutenb uMeeT ABa He3aBMCUMbIX BXOAa U OOMH
obwmi Boixog. OH aBnsieTcsa ycunurtenem auddepeHumnanbHOro Tuna n pearupyeTt Ha 3Hak Hanps-
XEHUs, onNpenensieMoro pasHoCTbO ABYX HaMNpPsKEeHUN, NOAaHHbIX Ha ero Bxodbl. TOT M3 BXO4OB,
npu npeobriagaHnm HaNpPs>KeHUs1 HA KOTOPOM 3HaK BbIXOJHOIO HanpsXXeHuUsl coBnagaeT ¢ NogaHHbIM
Ha 9TOT BXO[, Ha3blBaeTCA HEUHBEPTUPYIOLLNM, U cokpalleHHo H-Bxogom. [Jo nocnegHero Bpe-
MEHM 3TOT Bxof 0603Ha4vancs Ha cxemax ycunutenen ycrnoBHbIM 3HaKom nntoc. [pyron Bxog, npe-
obnagaHue HanpsbkeHust Ha KOTOPOM MPUBOAUT K M3MEHEHMUIO 3HaKa BbIXOAHOrO HanpsbkeHust Ha
NPOTMBOMOSIOXHbIA NO CPABHEHUIO CO 3HAKOM HaNpPsKEHWS Ha 3TOM Xe BXOAe, Ha3blBaeTcsl MHBEP-
TUPYIOLLIMM, UK coKpalleHHo U-BxogomM. EmMy nprcBamBancs yCnoBHbINA 3HAK MUHYC.

3HauyeHusa nogaBaemMblx Ha OY BXOAHbIX HaANPSXXEHWA HE OOSMKHbI NPEeBbIWaTh Hanpimeva nuTa-

HUs. 1
-BXOO N-Bxon N-Bxon
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Puc.2.4. YcnoBHble n3obpaxeHus onepaumoHHbIX YCUNUTENen: a — ctapoe; 6 — gonyckaemoe; 8 —
HOBOE

Ecnn Ha oba Bxoga OY nogaTtb O4MHaKoBble MO 3HAYEHUIO U 3HAKY HanpsiKeHusl, HasblBaeMble
CVHa3HbIMMK, TO BbIXOAHOE HanpshkeHne GyaeT npakTU4eckn octaBaTbCs GrM3KMM K Hynto. 3Have-
HUS CMHAA3HbIX HaNpsbKeHWn, nogaBaemblx Ha BxoAdbl OY, He AOMXHbl ObiTb BbIe HanpsKeHUs
nUTaHunA.

Ha cxemax, cogepxawmx OY, BCTpeyatoTCst TP OCHOBHbIX YCMOBHbIX 306paXeHns onepaumoHHbIX
ycunutenewn: ctapoe (puc. 4, a), KoTopoe NPoAOIPKAT U NOHbIHE NPUMEHSITE BO MHOMMX MHGOPMa-
LUMOHHBIX M MPOEKTHbIX MaTepunanax, gonyckaemoe (puc. 4, 6), LLMPOKO UCMNOMNb3yeMoe B HacTosLee
BpeMS1 B TEXHUYECKOW nuTepaTtype, u HoBoe (puc. 4, 8), MpMHATOe COBCEM HeaaBHO. Ha Bcex uso-
OpakeHNsIX He NoKa3aHbl UCTOYHWUKM NUTAHUSA U OpYyrue BHELUHWE BbiBOAbI.

OnepaunoHHble ycunutenu obnagarT obwmM HedoCTaTKoM, 3akmoyallwmMMcs B TOM, YTO Aaxe
npyv NOSTHOM OTCYTCTBUM BHELUHUX BXOOHbIX CUrHAmNoB, Yyepe3 BXOA4bl YCUNMTENs NpoTeKalT He-
GonbluMe Tak Ha3blBaeMble HyrneBble TOKWU, N MOXET BO3HUKATb HEKOTOPOE HanpsXXeHne Mexay BXO-
AaMK, KOTOpoe HasblBalT HanpshkeHmem casura Hyns. MIx nossneHue obycnosnuBaeTtcs Hecba-
NaHCUPOBAHHOCTBLIO BXOOHOMO Kackaja, KoTopasi 3aBUCUT Kak OT TEXHOMNOMMYECKUX OTKIMOHEHWI na-
pamMeTpOoB BXOAHbIX TPAH3UCTOPOB, TaK U OT BHELLHWX YCNOBWUIA, B MEPBYIO oYepedb OT TemnepaTypbl
OKpyXatoLlen cpefbl U U3MEHEHUsT HanpsKeHUn nutanus. Hanpskenve casura Hyns co3gaeT Ha
Bbixoae OY BbIXOAHOE HanpshkeHne COOTBETCTBYHOLLErO 3HAYEHUS.

OTOT HEQOCTaTOK OKa3blBAET CyLLLECTBEHHOE BrNsSHME Ha BbIOOp NapameTpoB Pe3ncTOpPOB B CXeMax
npumeHenus OY.

Mo TexHnyeckum ycnosusm Ha OY nosiBNsOLEECH BbIXOOHOE HanpshXXeHue casBura OOSMKHO CBO-
OUTBbCA K HYM0, ecnn NPpUNoXnTb Mexay Bxogamm OY Tak HasblBaemMoe HanpshkeHne CMeLLeHUs co-
OTBETCTBYIOLLEro 3Haka, 3Ha4YeHue KOToporo He AOMKHO npesocxoantb 7,5 MB. MNMoatomMy npu pac-
yeTe cxem npumeHeHns OY HavarnbHbIA YPOBEHDb YNpaBnstoLWero curHana éepetca nopsigka 10 mB.
OT0 B CBOIO ovepeb onpenenseT HKHUA pacyeTHbIN YPOBEHb BbIXogHOro HanpsbkeHust OY. Bepx-
HUM pacyeTHbIN YPOBEHb BbLIXOAHOrO HanpsxeHua QY onpenenseTrcs ero HanpsXeHnem Hacbllle-
HUS, KOTOPOE OObIMHO MEHbLLIE HAMPSPKEHMS NUTaAHUSA Ha 1-2 B.

Bnarogapsi cBoumMm CBOMCTBaM, ONEpPaLMOHHbIN YyCUNNTENb MOXET ObiTb C AOCTATOYHOW CTEMEHLIO
TOYHOCTM MpeacTaBrneH B BuAe maeanbHOro ycunurtens. Takonm naeanbHbl yCUnuTenb NMeeT Ko-
ahpurumneHT yecuneHnsa anddepeHumanbHOro curHana, 6nmsknin K 6eCKoHeYHOCTN (Ap —«), U KO3-
PULMEHT yCcuUneHna CuH@asHbIX CUrHanos, pasHbI HyMo (Acp—0). BxogHble TOkM wnaeanbHoro
yeunutena 6nmsku K Hynto (Igx— 0), a BbIXOAHOE BHYTPEHHEEe COMpPOTMBIIEHME NPUBNUXKAETCS K Hy-
neBomy 3HadeHuto (Zgpx — 0). Ana obneryeHnss aHanuaa cxeMm, B KOTOPbIX MCMOMb3YyOTCA pearnb-



Hble onepaLMOHHbIE YCUNUTENN, PaCCMOTPUM OCHOBHbIE CXEMbI UX MPUMEHEHUSA Ha nNpumepe uae-
anbHbIX yeunutenen gudpdepeHumansHoro Tuna.

VaeanbHbli yeunutenb obecneynBaeT MakCUMarnbHOE 3HAYEeHNE BbIXOAHOMO HarnpsiKeHUs, orpaHu-
YEeHHOe NULLb YPOBHAMM HaNpPsHXKEHWA MUTaHUS, NPU OYEeHb Manon PasHOCTU HaMpPsKEeHU Mexay
ero Bxogamu. 9Ta pasHOCTb He COM3MepUMa CO 3HAYEHUSMUN HanpsXKeHW BO BHELLHEWN YacTu Cxe-
Mbl. [MonyyatoLLyocs Npu 9TOM pasHOCTb NOTEHLMANOB Ha BXOOHbIX 3a)KMMax HasbIiBaOT Hanpske-
HMeM cymmupytowen Toukn. Ero sHayeHne 6nm3ko K Hyn. Toku, nocTynatowme Ha BXxodbl naeanb-
HOro ycunutens, Takke BeCbMa Maribl U PU PAaCCMOTPEHUN CXEM HE YYUTbIBAIOTCS.

OcHoBHble cxeMbl nMpuMeHeHnss OY CTpoATCA Ha MCMOMNb30BaHMU PasfuyHbIX BapnaHTOB 06paTHbIX
cBasen mexgy BeixogoMm QY u ero Bxogamu. ObpaTHasi CBA3b B TaKMX CXeMax OCyLLeCTBNnsAeTcs
yepes COOTBETCTBEHHO NOAOOpPaHHbIE NMMHENHbIE N HEMMHENHbIE COMPOTUBIIEHNS B 3aBUCMMOCTM OT
Xapaktepa onepawui, BbINOMHAEMbIX C MOMOLWbIO JaHHOW cxeMbl. CBsA3b Mexay Bbixogom OY u
H-Bxogom HasbiBaeTcsa nonoxutenbHon obpatHon ceasbto ([MOC), cBasb mexay Bbixogom OY u
WNHBEPTUPYIOLLMM BXOOOM — oTpuuartensHon obpaTHom ceasbto (OOC). MNepengem k onncaHmio oc-
HOBHbIX TUMOBbLIX CXeM NpumeHeHus QY.

| R1 R2 R1 I R2
A 7 A -

I [ A
2 1
P D P
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s 1 L 1 Iz 1
a) 6) B)

Puc.2.5. OCHOBHbIEe CXeMbl NPUMEHEHUSA ONEPALIOHHbBIX YCUNUTENEN:
a — NOBTOPUTESb HaNpPsXXeHns; 6 — HEMHBEPTUPYHOLLMIA YCUIUTENb; 8 — MHBEPTUPYIOLLIMIA YCh-
nvTtenb

lMoemopumernb Hanpsi)xeHusi — cxema, B KoTopow Bbixog OY coeauHeH HENOCPeaCTBEHHO C UH-
BEPTMPYIOLLMM BXOOOM Yepes3 COMpPOTUBIIEHWE, pPaBHOE HYMO. YNPaBnsAwLWWUA CUrHam nogaeTtcs
NPSMO Ha HEUHBEPTUPYIOLWMIA BXOog (puc. 2.5, a). NogobHein Bug obpaTHon cBs3n HasbiBaloT 100%-

HoW oTpuuaTtenbHon obpaTHon ceasbio (100 % OOC). Mpu U, =0 HanpsxeHne Ha BbiIxoae TOXe

OyneT ocTaBaTbCsl PaBHbLIM HYIO, TaK Kak Ha HEMOCPeACTBEHHO CBA3aHHOM C HUM UHBEPTUPYHOLLEM
BXOZle HE BO3HMKAET PasHOCTM HaMNpPsKEHWI MO OTHOLLEHUIO K HEMHBEPTUPYoLEeMy Bxoay. B cnyyae
N3MEHEHMS1 BXOAHOMO HanpsiKeHUs1 HA HEMHBEPTUPYIOLLEM BXode, Mexay Bxogamu Gyaet noaaep-
XMBaTbCSA HUYTOXXHO Marasi pasHOCTb HanpsHKEHWIN, onpeaensemasi 3HaueHNeM HanpsHKeHUs Cym-
MUpylolen Touku. HanpsbkeHne Ha Bbixoge OY npakTUYecKu CpaBHSETCS C MOCTynaloWwmM CUrHa-
1IOM U, MO Mepe ero U3MeHeHusi, 6yaeT coBnagaTb C MEHSIIOLMMUCS 3HAYEHUSIMU BXOL4HOMO CUrHa-
na. Takum oGpasoM, paccMmaTpuBaemasi Cxema SABMAeTcA crefsdilel, NoBTopsAlLLel Ha Bbixoae
BxogHon curHan. Otcioga ee HasBaHue. KoadhdUUMEHT ycuneHusi NoBTOPUTENS HanpshKeHUs:

U
68X
HeuHneepmupyrowuti ycunumens
lMokasaHHasa Ha puc. 2.5, 6 cxema NpUMEHSIETCS ANs YCUMNEHNsa CUrHanoB, NodaBaeMblX Ha HEWH-
BepTupyowmi Bxoa. B gaHHon cxeme OY oxBaydeH oTpuuaTenbHOM obpaTHOM CBA3bK Yepes pe-

3ucTop R2, a pe3nctop R1 coeanHsSIeT UHBEPTUPYIOLLMIA BXOL C HYNIEBOM LLUMHKOW. TOK iy, Npoxoasd-

Wy no uenun obpartHoi cBA3M, onpeaenseTca 3HaveHnem U, .. Peanctopel R1 n R2 npeacras-

naT cobou aenutenb HanpshxeHWs. Tak Kak BXOAHble TOKM OY MOXHO He y4uTbiBaTb, TO Hanpshxe-
R1

1+ R2

HUS B CYMMMpYIOLLIE TOYKe HecpaBHUMO MeHblue U,,, MOXHO cuMTaTb, YTO HanpspkeHue Ha WH-

BepTUpyroieM BXxoae uUMeeT TO Ke 3Ha4deHue, 4To U HOCTyI'I&IOLU,MVI Ha HeVIHBepTI/IpyI'OLLI,VIIZ BXoA

R1
curHan.  Ortcloga ngzUmxzm. KoadhpuumeHT  ycuneHua Takoro ycunutens
+

HVWe Ha MHBepTUpylolleM Bxoae byaeT paBHo U . YunTbIBas, YTO 3HAYEHME Hanpsike-



K, = Ve _ RL+R2
U

ox R1

NpYHMMALOT Nopsiaka AecsaTKoB U coTeH KOM. N3 cxembl BUOHO, YTO HEUMHBEPTUPYIOLWMIA YCUNUTEND
nmeeT 6onblUOE BXOLHOE COMPOTMBIEHNE, KOTOPOE 3aBUCUT TONbKO OT BXogHoro toka OV iy, npu-
Gnwxkatoweroca K Hynto. Ha nMHENHOM yyacTke XapaKTepPUCTUKM KOIMULMEHT YCUNEHUA TaKoro
ycunutensa MoXeT 6biTb BecbMa 6onblumMM  (gocTuratb HECKONbKUX COoTeH). O HasHa4YeHUn pe3ncTo-
pa R3 ckaszaHO HMXe.

. Utobbl He HarpyxaTb Bbixog OV, pesuctopbl R1 1 R2 B pearnbHbIX cxemax

MHBepTUpyOWUK yCUNUTENDb

Cxema ero (puc.2.5, 8) oTnuyaeTcsa oT npegbigylien Tem, YTo ynpaBnsitowWmi curHan nogaeTcst Ha
WHBEPTUPYIOLLNIA BXOA4 4Yepe3 pe3ncTtop R1, a HEUMHBEPTUPYIOLWNA BXOL COEOMHSETCS C HyneBoMu
LLUMHKOM Yepes pe3ncTtop R3, No3ToMy NoTeHumMan CyMMUpYoLLen TOYKN B paccMaTpuBaemMon cxeme
NPUMEPHO paBeH MOoTeHUMany HyneBown WKHKU. Pe3ncTtopbl R1 1 R2, oGpasyowme genvrtenb Ha-
NPSHPKEHUSA, UMEIOT HYNeBOW NoTeHUMan B TOYKe MUX COeAMHEHWUs Ha uHBepTupyowem Bxoge. MNpu
nofade curHana Ha UHBEPTUPYIOLUIA BXOS NPU 3a3eMITIEHHOM HEVHBEPTUPYIOLLIEM BXOAEe Ha BbIXO-
ae OY nony4vaeTcs yCUMEHHbIN CUrHan nNpoTMBOMOSOXHOMO 3HaKa, Tak Kak B CyMMUPYIOLLEN Touke
NponcxXoamuT nepexon Yepes Hynesoe 3Ha4vyeHue. Tak Kak COOCTBEHHbIM BXOAHOW TOK OY MOXHO He

. U
yuuThIBaTh, MPUMHUMAEM, YTO Mo uenv u3 R1 n R2 TeyeT oauH ToK ij = —2- = ——%  3Hakom mu-
R1 R1
HYC y4MTbIBaOTCA NPOTUBONONOXHbIe 3Hakn (U,, n U,,,,. ). OTcloga MOXHO MOnyynTb BbipaXeHue
UKblx R2
AN K03 PULMEHTA YCUNEHNS MHBEPTUpYtoLwero yeunutens K, =U— = Rl

6x
BxogHoe conpoTvBrneHne MHBEPTUPYIOLWEro YCUNUTENs 3HaYnTerNbHO MeHbLUe, YeM Y HEMHBEPTU-
pytoLLero, Tak kak paBHO COnNpoTMBMEHU0 pesuctopa R1, koTopoe 6epeTcs B Tex xe npegenax, 4to
N ONS HEVHBEPTUPYIOLLEro yCunuTens.

M3 pacCMOTPEHHbIX CXeM ycunmutenen BuaHoO, YTo UX KOIMUUNEHT ycuneHms onpeaenseTca Tomnb-
KO COOTHOLLEHMEM COMPOTMBIIEHMI B LIENU BXOO0B M 0BpaTHOM CBA3W. W XOTHA 3TN AaHHbIe Nony4ye-
Hbl Ana cxem ¢ ngeansHbiMu OY, OHW C 4OCTATOYHOM CTENEHBIO TOYHOCTU MOTYT ObiTb NPUMEHEHDI
n K peanbHbiM OY. Bbnarogaps atomy, OY MMeloT yHMBepcanbHoe NpuMeHeHe, B3anMo3amMeHsieMbI
N He TpebytoT noabopa, Kak 3To YacTo BbIBaeT B Cxemax, cogepxalimx obblyHble TpaH3ncTopbl. [ns
NOHWUMaHUS CBOWCTB pearbHbIX ONepaunoOHHbIX YCUnuTenemn, oTrmyanwmx nx ot ngeanbHbIX, 03Ha-
KOMUMCS C YCTPONCTBOM MpuMeHsieMbix QY.

V-Bxon BbixogHon § §
—— (audepen- [MpomexyTouHbIn BbixogHon BbIXO
umanbHbIN) (yeunutenbHbIRn) (HU3KOOMHBI) [
H-Bxon kackag kackap kackap

Puc.2.6. CrpykTypHasa cxema onepaLMoHHOro ycunurens
Cxembl Taknx QY copepkat, Kak NpaBuIio, TPU OCHOBHBIX YCUIUTENbHBIX kackaga (puc. 2.6): Bxoa-
Hon (anddepeHumnanbHbii), NPOMEXYTOUHBIN (YCUNUTENBHBLIA) U BbIXOGHOW (HU3KOOMHBIN).
BxogHol kackag siBnsieTca ocHoBHoW YacTbio OY, onpegenstowen ero kadectso. B aTom kackage
dopmupyeTcsa amddepeHumanbHbii CUrHaM, CTPOro NPOoMnopLMOHarnbHbIN Pa3HOCTU HaNpPsSKEHWUNA,
nogasaembix Ha Bxoabl OY. AuddepeHumnanbHbii k03HULMEHT YCUeHUss BXOAHOIO Kackaga ce-
puiiHbix OY mMoxeT gocturatb 3HadveHms 500 u 6onee, Npyn 3TOM AOIMKHA NOAAEPXKUBATLCA TNUHEN-
Has 3aBUCUMOCTb MeXAy BXOAHbIM Pa3HOCTHLIM CUFHANOM M CUrHanoMm, NocTynawLwmMm U3 BXOAHOro
Kackaga B criefqytoLmi, NpoOMeXyTOYHbIN Kackag,.
[MpOMEXYTOUHbIN Kackag SBNSAETCA YMCTO YCUNUTENbHbIM, M NpefgHasHadeH ans CBSA3WM Mexay
BXOOHbIM W BbIXOAHbIM Kackagamu. Ero koadduumeHT ycunenms y G6onblUMHCTBA cepuiiHbix OY
MMEET TaKoe e 3Ha4YeHNe, Kak U Y BXOOHOrO.
BxogHown kackag He OOMMKEH pearMpoBaTb Ha CUH(a3sHble BXOAHbIE CUrHarmbl. OTO OYEHb BaXHO C
nosuvuuin HevyecTBuTenbHoctTn OY Kk nomexam. Befpb, Kak npaBuno, noMexm ABnATCs CUrHanamm
OOMHAKOBO Bo3gencTByloWwMMKM Ha oba Bxoga OVY. BknodeHve BxogHoro kackaga OY no gud-
depeHumanbHoOn cxeme camo no cebe genaeTt ero mManodyBCTBUTENbHBIM K CUHA3HbIM BXOL4HbLIM
HanpshkeHnam. Takoe BKMYEHME CHUXKAET Takke BrMsHUE TeMNepaTypHbIX USMEHEHN OTAENbHbIX
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napameTpoB TPAH3UCTOPOB M COMPOTMBIIEHUI, BXOAALMX B nneun anddepeHumanbHoro kackaga.
B cxeme OHM OKa3blBalOTCHA BKIOYEHHBIMWU HaBCTpedy Apyr Apyry, bnarogaps yemy ogHO3HauHble
TemnepaTypHble U3MEHEHMSA OTAENbHbIX NAPaMETPOB B3aMMHO KOMMEHCUPYIOTCS.

OpHako NpoCTOro BKIYEHMS BXOAHBIX TPAaH3UCTOPOB No AuddepeHumnanbHOM cxeMe HeaocTaTou-
HO, YTOGObl obecneunTb Tpebyemyto HeuyBCTBUTENBLHOCTL OY K CuH(asHbiM HanpskeHusam. OHa
AOCTUraeTca 3a cyeT psiga OOMNOMHUTENbHBIX Mep, NPUMEHSEMbIX B CXeMax BXOAHbIX KackagoB.
Bnarogapst um Takke CBOAMTCA K MUHUMYMY HanpshkeHue casura Hyns. BeixogHOM kackag siBnsieT-
Csl B OCHOBHOM YCWUIUTENEM MOLLHOCTU, U NO3TOMY €ro KO3(h(ULMNEHT YCUIEHNS MO HANPSKEHUIO
HEeBENVK 1 NpubnmxaeTca K eanHuLe.

OcTaHoBMMCS Ha OCHOBHbIX NapameTpax ykasdaHHbIX Bbie QY.

KoaghgpuyueHm ycuneHus dughghepeHyuanbHo20 cucHana Ay (B/MB) paBeH npupalleHnto Bbl-
XOLHOTrO HanpsXXeHUs K Bbi3BaBLUEMY 3TO NPUpPAaLLEHME BXOLHOMY HaNpPsKEHUIO.

BxodHoe conpomuesieHue OY Rgy (KOM) paBHO OTHOLLUEHMIO NPUPALLEHNSA ero BXOAHOrO Hanpsi-
XKEHMS K NpUpaLLEeHNIO akTUBHOW COCTaBIAIOLLIEN BXOLHOMO TOKa.

Hanpsokenue cmeweHusi OY U, (MB) onpeagensieTcs 3HayeHMEM MOCTOSSHHOTO BXOOHOrO Hanpsi-
KEHMS, MPU KOTOPOM BbIXOAHOE HanpsiKeHWe paBHO HYIHO.

MakcumanesHoe ebixodHoe HanpsikeHue OY U, ... (B) onpeaensertca npeaerbHbIM 3HaYeHu-

€M BbIXOAHOrO HanpsbkeHUs Mpu HOMUHANBHOM HaMNPsHKEHUU NUTaHUS.
KoagpgpuyueHm ocnabneHusi cuHgha3sHbIX 8XO0HbIX HanpsikeHul OughgpepeHyuanbHo2o OY
K, c,c (ob) paBeH OTHOLLIEHMIO NpUpaLLeHMa CMHA3HbIX BXOOHbIX HAaMPsSPKEHUN K BXOAHOMY Ond-
depeHUManbHOMY HanpsKeHWMIO, BbI3bIBAKOLWMX OOHO M TO XXe NpupalleHne BbIXOOHOro Hanpske-
HUS.

lMpedenbHsblii 8bixo0HOU mok OY 1, . (MA) paBeH MakCMMarnbHOMY 3HAYEHWIO BbIXOQHOIO TOKa

NPU OFOBOPEHHOM BXOAHOM HanpsikeHun. MHoroa BMECTO Hero npuBOAMTCA AOMYCTUMOE MUHWU-
MarsibHOe conpoTusrieHme Harpy3km R, (kOm).

2.2 TUNOBLIE CXEMbl ONEPALUUOHHBLIX YCUNTUTENEN, UCMOJNb3YEMBIE B KAYECTBE
®YHKUUOHAIIbHbLIX JIEMEHTOB 3ALLUTDI

B naHHOM naparpade onucbiBaeTcst paboTa OTAENbHbIX 3NIEMEHTAPHbIX 3BEHLEB, N3 KOTOPbLIX CO-
OGupatloTcst OCHOBHbIE y3nbl pene 3awuTtbl. Kaxagoe 3BeHO npegHasHadaeTcst Ans ocylwecTtsne-
HWS1 O4HON M3 YaCTHbIX Onepauni, NPUCYLWNX JaHHOMY y3ny. B cxeme 3BeHa MOXeT cogepXaTbcs
OAHa MMM HECKONbKO MUKpOCXeM, Gnarogaps KOTOpbIM Takne 3BeHbsi OTHOCAT K aKTMBHbLIM U
Ha3bIBaOT PYHKUNOHANbHBIMU 3fIEMEHTaMM.

Hapsgy ¢ @yHKUMOHaNbHBIMW 3fleMEeHTaMN B CXeMax pere 3alnTbl NMPUMEHSIOT TakkKe 3BEHbS, He
coAepxalume nHTerpanbHbIX MUKpocxeM. B oTnnume oT dyHKUMOHAamNbHbBIX 31IEMEHTOB Takne 3BeHbS
Ha3blBalOT NACCUBHbLIMW.

OcTaHoBMMCSA Ha TUMNOBbLIX CXeMax (PYHKLMOHAmNbHbIX 31EMEHTOB, UCNONb3YEMbIX B CEPUNHBIX pene
3aWmnTbl. BONBLINHCTBO M3 HUX 3aMMCTBOBAHO U3 CXEM, UCMOSb3yEMbIX B USMEPUTESbHON TEXHUKE U
NPOMbILLSIEHHON aBTOMAaTUKe.

K uncny Hanbonee 4yacto npumMeHsAeMbIX PyHKLUMOHANbHbLIX 3NIEMEHTOB CrieAyeT B NEPBYI0 odepeab
OTHECTU cxeMbl ycunutenen, cogepxawimx OY. Cpeon HUX MOXHO yKasaTb YK€ U3BECTHble U3
npeablayliero naparpaga cxemMbl HEVMHBEPTUPYIOLLEro U MHBEPTUPYIOLLEro ycunuTtenen, nsobpa-
XEHHble Ha puc. 2.5, 6, 8. LLUIMPOKO NPUMEHSIOT TakkKe NOBTOPUTENN HAMNPSXKEHUS, NOKa3aHHbIe Ha
puc. 2.5, a.

Hapsgy ¢ HMMK B pene 3awmTbl JOBOSIbHO YacTO NPUMEHSIIOT YCUNUTENU C OrpaHNYeHneM ypOBHS
BbIXOZHOMO HarnpsiKeHusi, Ha3blBaeMble COKPALLEHHO ycunutTensaMm-orpaHnuutensamu. OrpaHude-
HWUs1 OCTUraloT 3a CYET BKITHOYEHMS napannenbHO CONpOTMBEHNIO 06paTHOM CBSI3N ABYX BCTPEYHO
BKMIOYEHHbIX CcTabunutpoHoB (puc. 2.7, a). lpyn nogbeme BbIXOQHOrO HanpsbkeHus 6onee

U, *0,7 B conpotusneHne obpatHon cBs3u wyHTupyetca n poct U,,,. npekpaiwaeTcs. 34ech
Ucm
NpsMOM, ANOOHOM HanpasneHuu.

YacTo ncnonb3yloT cxeMbl cyMMaTopoB HanpsbkeHus Ha OY. OavH M3 BapuaHTOB CXeMbl CyMMa-

Topa C Tpemsi BXo4aMu, BbIMOSIHEHHbIA HA OCHOBE MHBEPTUPYIOLLEro YCUNUTENS, NnokasaH Ha puc.

2.7, 6. Ha vHBepTUpyoLWMIiA BXO4 NOSAOTCS CKNagblBaeMble HamnpshkKeHus Yyepes3 nHamMBMayarbHble

. U . U
i, =—"% n i;=—"%_To
R1 R?2 R3

cm

— HanpsbkeHue npobosa ctabunutpoHa, a 0,7 B — nageHne HanpsXeHna Ha cTabunuTpoHe B

pesuctopbl R1— R3. Mo atuM pe3ncTopam npoTeKalT TOKU i =



peancTopy obpatHomn cBasn R4 npoxoauT TOK i,, PaBHbIN Cymme 3TUX TOKoB. [lonarasi, 4to Ha-
NpsbKeHNEe B CyMMUPYIOLLEN TOYKE PaBHO HyI0, NOMy4yaeM, YTO BbIXOOQHOE HanpsXXeHve
U U

6x, 6x, 6x 4

R1 R? R3

Mpn Rl1= R2=R3 BbIxoAHOE HanpsikeHne OyaeT NpPOnopUMOHanbHO CYMME BXOAHbIX Hamnpsi-
XeHun. CymmaTopbl 06r1agatoT ManbivM COBCTBEHHbIM NOTPEONEHNEM 1 NO3BOMSAT NOAHATL 3HAYe-
HWE CYMMbl HaNPsSKEHUN [0 XenaeMoro ypoBHS. OHM yCneLwHOo UCnonb3yTcsa B cxeMax hopMmnpo-
BaTenen curHanos, punbTPOB CUMMETPUYHBIX COCTaBMSIIOWMX U ANS CPABHEHUSI MTHOBEHHbIX UMK
CcpefHUX 3HaYeHUn NogaBaeMblX HaNPsHXKeHUN.
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Puc. 2.7. OtaenbHble TUNOBbIE CXeMbl yeunutenen Ha peansHbix OY:
a — ycunurenb-orpaHuunTens; 6 — cymmaTtop Ha 6ase MHBepTupyloLero ycunurtens; 8 — amdde-
peHuManbHbIA yCunuTens.
K uncny TmnoBbIX OTHOCUTCA Takke cxema AudpchepeHUManbHOro ycunurtens, rnokasaHHas Ha
puc. 2.7, 8. [ing Toro 4tobbl aTa cxema ocyLlecTBnana QyHKUMIO YCUNMTENST pa3HOCTU BXOAHbIX Ha-

npsokeHnit Uy, —U,

R2 R4
ex, » HYKHO, 4TOObI H=R—3 [encTBuTEnbHO, ecnm stz =0, To cxema pabo-

TaeT Kak 0BbIYHbIN MHBEPTUPYIOLLMIA yeunuTens, ecnn U,,,. =_Uaxlﬁ’ TO MPY HAMPSKEHUM HA
HEenHBepTupyruwiem exoae U+ = ngz mﬂnﬂ HEMHBEPTUPYIOWWEIO yCcunutens nmeem.
+
R2 R4 R2
v,,=U.|1+—|=U,, ———|1+— 2.2
oorx *( le “*2 R3+ R4 ( le (22)
R4 R?2
Ho, kak crnenyet n3 Cka3aHHOro Bblille, = N Torga:
R3+R4 R1+R2
R2
_u. | RL+R2 _y K2
UKblx _Uﬂx2 R1 - Yex, R1 (2'3)
R1+R2
Ecnun Ha cXemMy nogatb OQHOBPEMEHHO ngl n ngz , TO NONy4YnM BbIXOOHOE HanpsXXeHne:
R2 R?2 R2
Ugpx = _stl H + Uexz E = (Uax2 - stl )H (2.4)

Takum obpasom, gaHHaA cxema obecneymBaeT yCurieHue pasHOCTU BXOAHbIX HanpsxeHwun. Oud-
depeHUMnanbHbIM yeunuTenb NPUMEHSETCA Takke B Ka4eCcTBE OCHOBbl ANS MOMyYeHUs CXeM pas-
FIMYHBIX CYMMaTOpPOB-BblYMTaTENEN.

PaccmoTpum elle HeCKonbKko cxem npuMeHeHus cepuiHbix OY. KomnapaTopbl npeacTaBnsoT Co-
Go cxembl, obecnevmBaloe CpaBHEHWE OBYX BXOAHbIX HanpsbkeHuw. HanpshkeHvne Ha Bbixoae
KOMnapaTopa Ckaykoobpa3HO M3MeHsieTCs, Korda OdHa U3 CPaBHMBAaEMbIX BENWYMH CTaHOBUTCSH
BornbLue apyron.

B pene 3awuTthbl WMPOKO UCMONb3YOTCS KOMMapaTopbl, B KOTOPbIX OAHON BXOAHOW BENUYMHOW SiB-
nAeTcs ONOpHOE HarnpsKeHue 3aaHHOro 3HayYeHus, a APYrov — HanpsXXeHue, NponopumnoHanbHoe
N3MEepSIEMOMY HaMpsXXeHWI0 UM TOKY, KOTOpOe MOCTynaeT OT COOTBETCTBYHOLLIMX AAT4YMKOB. KoMm-
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napaTopbl UCMOMb3YTCSA TaKKe B KAYECTBE HYNb-MHAUKATOPOB. Y HMUX OAWH U3 BXOLOB KOMMapa-
TOopa 3a3eMnseTcs U ckadkoobpasHOe M3MEHEHME BbIXOAHOMO HampshKeHWUsl MPOMCXO4UT Mpu nepe-
Xo4e U3MepAeMoro curHana yYepes Hynesoe 3HadyeHne. OgHa 13 TUMNOBLIX CXEM KoMMapaTopa noka-
3aHa Ha puc. 2.8, a. Ha Bxoa 7 nogaeTtcsa naMepsemMblii CUrHar, a Ha BXxod 2 — OMNOpPHOE Hanpsike-
Hue. Noka namepsemMoe HanpshkeHMe MeHbLUEe OMOPHOro, Ha Bbixoge OY OepXUTca MakcumarnbHoe
BbIXOOHOE HanpshkeHue, coBnagatoLlee rno 3Haky ¢ onopHbiM. Kak TONbKO nsmepsieMoe HanpsbkeHme
CcTaHeT 6onbLle ONOPHOro NPUMEPHO Ha BENUYMHY, PaBHYKO CBOMCTBEHHOMY AaHHOMY OY Hanpsixe-
HUIO CYMMUPYIOLLEN TOYKWN, BbIXOQHOE HaMpsiKeHWe HeMeOsieHHO U3MEHUT CBOW 3HaK Ha NpPOTUBO-
MOMOXHbIN, COXpaHMB MakcumarsbHoe 3HadeHue. Ouoabl VD1 n VD2 3awmwatot Bxogsl OY oT no-
BbILLIEHHbIX 3Ha4YeHn auddepeHLNanbHOro HanNPsKEHNA.

VD3 VD4

R1 VD3 VD4
Ri PR - Bk -
 vD2 _A R2 vb2 _A |
VD1 o | el
R2 ANY VDIAN Y
UBX1i iUExz UEblxi UBX1 st2 UBbIX
A R A A

R2 +EI'II/IT

u

BbIX

BbIX, Max

Y
\

nuT

Uaxi :I iu

Puc. 2.8 KomnapaTop Ha pearnbHbix OY:
a — 0gQHOMOpPOroBbIN ANs OAHOMNONSAPHbLIX CUrHaNoB; 6 — OAHOMOPOrOBbIN AN PA3HOMOSSAPHbBIX CUT-
HarnoB; 8 — ABYXMOPOroBbIN KOMNapaTop; 2 — UHBepTupyLwmi Tpurrep LmuTTa; d — NnepepartoyHas
xapaktepuctuka Tpurrepa Wmntta

Ecnn Hy>XHO OrpaHuunTb BbIXOOQHOE HaMNpPsKeHWe onpenerieHHbIM YPOBHEM, TO B LENu obGpaTHON
CBSI3N yCTaHaBAMBAIOT ABa CTAOUNMTPOHA, BKNKOYEHHbLIX BCTPEYHO.

[pyras TunoBas cxema KomnapaTtopa, HasblBaeMoro elle CyMMmUpyloLmMMm, nokasaHa Ha puc. 2.8, 6.
KoMmnapatop npuMMeHsieTcs ONA CpaBHEHUS Pa3HOMOSISAPHbIX HaMpshKeHWW, MOogaBaeMblIX Ha €ero
BxoAbl. [1pn 3TOM BXOAHbIE HaNpsKeHUss MoryT 6bITb BeCbMa Gonblwnmn. NameHeHne 3Haka BbIXOa-
HOrO HanpPsKeHUs MNPOUCXOOUT NPU Mepexode HanpsbkeHus, NPUXoAsLLEero Ha WMHBEPTUPYHOLLUNA
BX0[, Yepes HyneBoe 3HayeHne. OnucaHHble KoMnapaTopbl NOyYunM HaMmeHoBaHVEe OAHOMOpPO-
roBbIX.

Cxema AByxnoporoBoro Komnaparopa nokasaHa Ha puc. 2.8, 8. [1pn OTCyTCTBMM BXOOHOIO CUr-
Hana guoabl VD1—VD4 oTKpbITbl 32 CHET NPOTEKAHMS MO HAM TOKa OT MCTOYHUKOB nuTaHna £ 15 B.
MoTeHumanbl y3noB MOCTa, NPUMbIKAIOLNX K MHBEPTUPYIOLLEMY Bxoay U Bbixogy OY, oouMHaKoBbI.
Mpn aTOoM conpoTmMBREHNE B LieNn oTpuLaTenbHoM obpaTHOM CBSI3M HACTOMBLKO Marno, 4YTo koaddu-
LUWEHT YCUMEHUSI CXeMbl OMN30K K HyM0. BbIXOAHOE HanpsKeHne AepXUTCS Ha YpOBHE NpsiMoro na-
AeHuns HanpsbkeHna Ha anogax VD1-VDA4. Tpu nosiBneHnn BXogHOro curHana no gunogam VD1-VDA4

Ha4YMHatoT NMpPOoTEKATb OONOJIHUTENIbHbIE TOKMW. Ecnu Uex NOJIOXUTESIbHO, TO 3TN TOKU, NpPOXoad no

anogam VD1 n VD4, GyayT HanpaeneHbl HAaBCTpPeYdy TOKY, nayLwemMy OT UCTOYHUKA NUTaHna, n byayt
BblYMTATbCHA M3 HEro, a NPW NPOTEKaHUN 3TUX TOKOB Yepes aguoabl VD2 n VD3 nx HanpasneHue Oy-
AeT coBnagaTb C TOKOM OT UCTOYHUKA MUTaHUS, U 3TN TOKM CNOXaTCS.

INpn HEKOTOPOM 3HAYEHUN HAMPSPKEHUSA, Ha3biBAaeMOro noporoebiM, anoabl VD1 n VD4 3akpotoTce.
OTO nNpuBeaeT K pe3koMy BO3pacTaHWMo COMpPOTMBIIEHNS 0OpaTHOM CBA3U U COOTBETCTBEHHO K MOSIB-

neHno MakcumarnbHoro 3HaveHus U, .. [pu oTpuuaTensHOM BXOOHOM HanpshkeHun cxema pabo-
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TaeT aHarnorn4yHo, TONMbKO 3HAK BLIXOAHOrO HanpsbkeHust OygeT NpoTUBOMNONOXHbIM. ogdopom co-
npotveneHnii R2— R3 MOXHO perynupoBaTb YPOBEHb MOPOroBOro HanpshkeHusi. PaccmMoTpeHHas
cxema obnagaeT noBbILLEHHON NOMEXOYCTONYNBOCTBIO.

Tpurrep LWmntTa npeacrtaenseTr cobon komnapatop C OAHMM 3a3eMSIEHHbIM BXOAOM, 3a4aHHbIM
OMOPHbLIM HaMpsKeHMEM M MONOXUTENbHOW obpaTHOM CBA3bl. bnarogaps en, nameHeHne 3Haka
BbIXOOHOIO HanpsbkeHust 1 obpaTHbIA Nepexod B HavarlbHOe COCTOSHME MPOUCXOAUT MPU pasHbIX
YPOBHSIX BXOQHOIO HanpshXKeHUs.

3asucmmoctb U ot U,,. npunobpeTtaeT opmy NpsiMOyrofieHOM neTnu rucrepesuca. Paccmor-

6blX 6x

puyM, Kak paboTaeT ogHa U3 pacnpoOCTPaHEHHbIX CXeM — MHBEPTUPYLOWNUA Tpurrep LLmuTTa co cme-
LLIEHHOWM XapaKTEPUCTUKOMN, n3obpakeHHbIn Ha puc. 2.8, 2. [na Toro 4tobbl cpabaTbiBaHME N BO3-
BpaT Tpurrepa NpouCXoaunm npu N3MeHeHnsX BXOAHOIo HanpsXKeHus OAHOro 3Haka, Ha ero MHBep-

TVUPYIOLLMIA BXOA, NoJaeTcs oTpuuatensHoe HanpskeHne cmewenuns —U,, . Mpn otcytcteun U,
Ha  uHBepTupylowmii  Bxogd OY  nocTynaeT  oTpuuaTenbHOE  HanpsbkeHue,  paBHOe

u, =- NP 3TOM BbIXOOHOE HaMNpsaXeHne nmeet MakCuMmalsibHOe NOJIOXKUTENbHOE 3Ha-

“ R1+ R2
YyeHune, a Ha HENHBEPTUPYHOLLIEM BXoge OEepPXUTCA MONOXUTENbHbIN noTteHuywman
~ R3

u; = UBblx max
R3+ R4
JNTOXUTENbHOIO 3Ha4YeHn4d, o6ecneqMBa+ou_|,ero npesbilLleHne noTeHumnana ul Hag uz. 310 BbIXO4gHOE

HanpsaxeHne MOXHO npeactaBuTb B BUAE CyMMbl OBYX Chnarakloumx. OpfHa u3 HUX — 3TO BXOOHOE
R1

=U.y R2 :
BTOpaA — 3TO YaCTb BXOAHOIO HanpsaXXeHnd, Ha KOTOPYHo ero Hy>KHO NoAHATb AONOJIHUTENbHO, YTO-

Bbl NnoTeHUMan u, AOCTUI MMEIOLLErocs Ha HenHBEePTMPYIOLLEM BXoae noTeHumana u, :
R1+R2 R3  R1+R2

R2 GORmAr R34+ R4 R2
OTCPOD,a cne,u,yeT, 4YTO ANA ,D,GVICTBVIFI Tpurrepa UJMI/ITTa BXOA4HOE HanpsaAXXeHune OO0J1KHO CTaTb 6OJ'Ib-
wie:

. ,D,J'Iﬂ nepekni4eHna cxemMmbl HY>XHO NMOBbICUTb BXOAHOE HanpsaxeHune 0o no-

Hanps>XeHune, npm KOTopom u, CTaHOBUTCA paBHbIM HYIIO: Uex nau

U, =u, (2.5)

, R1 R3  Rl+R2
Uﬁxcp =U gy yau + Uy =UCME+U3btxmax°R3+R4° R2

[nsa Bo3BpaTta Tpurrepa B UCXOAHOE COCTOSIHME BXOAHOE HanpshKeHUe HYXXHO CHWU3WUTb OO0 3Ha4YeHus
U, waw — U,y - Ha pyc. 2.8, 0 npuBefeHa nepegatoyHas xapaktepucTtuka Takoro tpurrepa LmutTa.

(2.6)

OHa nmeeT 4YeTKO BblpaXeHHbI "penenHbin” xapakTtep. NoaToMy Takme Tpurrepbl YacTo UCMNONb3y-
0T B MCMOSTHUTENBHON YacTh pene. NpuMeHsIOT ux Takke Ang npeobpasoBaHusi CMHyconaanbHbIX
HanNpPsKEeHU B MPSIMOYToSibHblE, OCOBEHHO NPU UCKAXXEHHOW DOPME KPUBOWM HaNPSXKEHNUS.
U3mepumenbHble npeobpa3zosamesiu Toka U HanpshKeHUs, Ha3biBaeMble COKpPALLEHHO AaTyuKa-
MU, SBASIIOTCA OCHOBHOWN YacTbio y3na namepeHusi. Hapsiay ¢ OCHOBHbIMU (DYHKUMSIMKU, OHM peLuaroT
3afavy 3aWmTbl NONyrnpoBOAHMKOBOW YacTu pene oT BbICOKOYACTOTHbLIX HAaBOAOK, MOTYLUNX MPOHK-
KaTb B Lienn BTOPUYHOM KOMMYTauuMK. Ona 3awmtbl CAYXUT cneumanbHbli 3KpaH, nomMeLlaembin me-
X4y NepBUMYHON N BTOPUYHOM OBMOTKaMu BXOAHOro TpaHcdopmaTtopa fgaTyumka. OKpaH npencras-
nsieT cobon 0gHOCNONHYI0 0OMOTKY, COEANHEHHYIO C HYNEBOWN LLUMHKOW pene.

Harpy3akor nameputensHbix npeobpasoBaTtenen cnyxaT COOTBETCTBEHHO NOJoBpaHHbIE Pe3NCTOPbI.
MageHue HanpskeHWsi, CHAMaeMoe C pesncTopa, UCMONb3yeTCs B KayecTBe ynpasBnswowero Ans
y3na cdopmmpoBaHus. MNMpumepsl UCNOMHEHMA 4aTYMKOB TOKa nokasaHbl Ha puc. 2.9.

B npocteriwem cnyvae B ka4ecTBe Harpy3kv AaTtymka TOKa MCMONb3ylT PE3NCTOP, BKIHOYEHHbI Ye-
pes OByxnonynepuogHbIn BeinpaMmutens (puc. 2.9, a).

[na cnoxHelx pene NpUMMEHSIIOT JAaTUYNKM TOKA C HECKONBKMMU CTYNEHSIMU PEryrMpOBKMA C MOMOLLbHO
pe3ncTopoB, NOACOEAMHAEMbIX Yepe3 nepekntovartenu (puc. 2.9, 6) ko BTopu4Hon obmMoTKe gaTtuym-
ka. BbIxogHOe HanpshkeHve Takoro AaTyvku CHUMAaeTCs C AenUTenst HanpshkeHus Ha pesucropax.
CpefHada Touka genutens cBsidaHa C HYfIeBOW LUMHKOW, YTO MO3BOSISIET NOMyvaTh HaNpshKeHus pas-
HOro 3Haka OTHOCMTENbHO Hynsa pene. Euwe oanH BapmaHT gatynka Toka, obecneunBaloLnin BO3-
MOXHOCTb PEeryfiMpoBKkM CHUMAEMOro C HEero HanpsbkeHUs C MOMOLLUbl0 OTMnaek, MnokasaH Ha
puc. 2.9, s.

Cxema gatuvka Toka ans pene gudpdepeHumansHoOn 3awnTbl TpaHcopmMaTopoB 1 ABuraTtenen, B
KOTOPOM MPMMEHEH TpaHCpeakTop, NnokasaHa Ha puc. 2.9, 2. BbixogHOe HanpsikeHue TpaHCpeakTo-
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pa MponopuMoHanbHO NepBor NPOM3BOLAHON BXOAHOro Toka. 3a cyeT atoro obecneumBaeTcsi uc-
KMoYeHne MeaneHHo 3aTyxatollen anepmoanyeckon cnararowen n ycurneHne coctaBnsoLwmnx Bblic-
LWIMX FAPMOHUK B MOfy4aemMoM BbIXOAHOM HanpskeHun. KoHgeHcatop C1 nocTtaBneH Ans nogasne-
HUA nomex, nmetowwmnx yactoty 500 Ny n BbILwe.

B cocTaBe gatumka HanpspkeHUs UMeeTcsl MPOMEXYTOYHbIN TpaHcopmaTop, KO BTOPUYHOW 0OMOT-
Ke KOTOpOro noacoeamHsieTca cxema npeobpasoBaHUs BXOAHOrO HanpshkeHus, Tpebytowaacs ons
AaHHOrO UCNONHEHUs pene. B cepuinHbIxX pene HanpsbkeHUs NPUMEHSIETCA AaTynK, NOAOOHbIN NoKa-
3aHHOMY Ha puc. 2.9, a, HO TONMbKO C OOHOW MepBUMYHON OOMOTKOWM, MOCreaoBaTeslbHO C KOTOPOWN
BKrtodYaeTcs Aob6aBoyYHOE COMPOTUBMEHME. Y CIOXHbIX perie BO BTOPUYHYHKO Lienb AaTyMka Hanps-
XeHnsa npu HeobXooMMOCTU MOXET BKITOYaTbCA (ha3onoBopoTHasa cxema (puc. 2.9, 0).

Tam, roe TpebyeTcst OCyLWeCcTBUTb PerynMpoBKY BbIXOOHOMO HanpsXeHus gaTyvka B LUMPOKUX Npe-
Aenax, BTopumyHas obMoTKa NpOMeXyTOYHOro TpaHcopMaTopa BbINOMHAETCS C OTnankamu u cooT-
BETCTBYIOLUUM nepekntovatenem gnsa rpyboro nogbopa ctyneHen perynuposku. Kpome Toro, aons
NNaBHOro M3MEHEHNS HanpsbKeHUst Ha BbIXoAe AaTyuka CTaBUTCS OenuTenb HanpsbkeHus Ha pesu-
ctopax. OguH 13 pe3ancTopoB CHabXaeTcsa ABMXKKOM AN TOYHOM YCTaHOBKM TpebyemMoro Hanpshxe-
Hua (puc. 2.9, e).

B cnepytowem naparpadge, B kKayecTBe NpUMepoB, NMPUBOASATCH ONUCAHUS HEKOTOPbLIX pene npous-
BOACTBa PUPMbl «QHEPrOMaLLBUHY.

TA

3!

TA
O |
R
.l
1 2
e
|
| R3
|
o_
1 o)
SB3
TV  sBi — g
AL SB4
: SB2 [
w1 |W2 w1
| c1 e
|
| . '}
Jl_ . . o

n)

Puc. 2.9 [aTumkn ToKa 1 HanpsbkeHus:
a — AaTyuK ToKa C BbinpaMuTenem; 6 —4aTymK TOKa CO CTyneH4YaTon perysimpoBKON BbIXO4HOMO
curHana;
8 — AaTyMK ToKa C Aenntenem BbIXO4HOMO CUrHana; r — 4aT4mK ToKa C TPaHCPEaKTOPOM U BbIMNpsi-
MuTEneM;
0 — [aTymK HaNpsHKeHUs1 ¢ ha3onoOBOPOTHON CXEMOM; € — AaTUUK HaNPsHKEHUsT CO CTYNEeHYaTon K
NNaBHOW  PEryrMpOBKOW BbIXOAHOMO HAMPSHKEHWS.
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2.3 MPUMEPbI BbIMOJIHEHUA MUKPOJJIEKTPOHHOW AMMNAPATYPbI

2.3.1 Pene PC40M
Pene npegHasHayveHbl NS UICNONb30BaHMS B CXEMax perienHon 3alinTbl U NPOTMBOABapPUNHON aBTOMATUKN U
ABNATCA CTaTudeckumu perne 6e3 4oNONHUTENBHOIO UCTOYHMKA NMUTaHUS.
lMWTaHne aNeMEeHTOB CXEMbI OCYLLLECTBIIAETCS OT MU3BMEPSEMOro curHana.
Pene — PC40M - ogHodasHoe pene, a PC40M2 — gByxdasHoe pene mMakcumarbHOro toka 6e3 [ononHu-
TenbHOWN Bblaepxkn BpemerHn; PC40M1 — ogHoda3Hoe pene C AOMONTHUTENbHOW BbIAEPXKKON BpPeMEeHU. Yc-
TaBKW pene perynupyTcs QUCKPETHO.
Pene nmetotT oanH nepeknoyaroLwmnm BbIXOAHOW KOHTAKT.
KoadhpuumneHT Bo3BpaTta perne He meHbLue — 0,85:
Pasbpoc Toka cpabaTtbiBaHust He 6onbLue nnc-MuHyc 1,5
OTHOCUTENBHas MOrpeLIHOCTbL TOKa cpabaTbiBaHUA NPy M3MEHEHUN TemnepaTypbl OKpy)XatoLlero Bo3gyxa ot
MuHyc 40°C go nntoc 50°C He Gornee Yyewm:
— nmoc-muHyc 5,0 % - ana PC40M, PC40M1, PC40M21.
— nmoc-muHyc 10 % - ans PC40M2.
OTHOCUTENbHAsA MOrPELLHOCTb BbIAEPXKKN BPEMEHM NPV U3MEHEHUM TemnepaTypbl OKpyXatowero Bo3gyxa ot
MuHyc 40°C o nntoc 50°C He 6onee nntoc-muHyc 10 % (Tonbko gnsa PC40M1).
Bpems 3amblkaHus 3amblkatoLlero koHTakta anst PC40M, PC40M2 He 6onee veM:
— 0,1c - npu OTHOLIEHNN BXOAHOIO TOKa K TOKy cpabaTbiBaHUS, paBHOM 1,2;
— 0,03c - npy OTHOLLEHMN BXOLHOTO TOKa K TOKY cpabaTbiBaHusi, paBHOM 3.
Bpems pas3mMblkaHWsi 3aMblKaloLLLEro KOHTakTa npu yMmeHbLueHun Toka ¢ 1,2-20 Toka cpabaTbiBaHus 40 HyNns —
He 6onee 0,020 c.
[nanasoHbl yCcTaBOK B 3aBUCUMOCTM OT Moaundukauumn pene, npueeaeHsl B Tabnuue 2.1

Pene PC40M, PC40M1, PC40M2 nmetoT oanH NepeknioYvaroLLmMin BbIXogHOW KOHTakKT, pene PC40M21(i) —
OLVH 3aMbIKaoLLMIN BbIXOOAHOW KOHTAKT.

Tabnuua 2.1
Konnyec- MNocnepoBaTtenbHoe coeguHeHne obmo- MapannensHoe coeanHeHne obMo-
TBO OMUCK- TOK TOK
Mogundukauns peTHux yc- dnan. usm-a|  Adnckper. HomuHa- Owan. nam- | [Ouckper. HomwuHa-
TaBoK yCTaBOK, N3MEHe-HUSA | NbHbIA TOK, | 9 yCTaBOK, | UIBMEHE-HUS | NbHBIN TOK,
A yCTaBOK, A A yCTaBOK, A
PC40M-0,05/0,4 64 0,05-0,2075 0,0025 0,25 0,1-0,415 0,005 0,5

PC40M1-0,05/0,4
PC40M2-0,05/0,4
PC40M21-0,05/04

PC40M-0,15/1,2 64 0,15-0,6225 0,0075 0,75 0,3-1,245 0,015 1,5
PC40M1-0,15/1,2
PC40M2-0,15/1,2
PC40M21-0,15/1,2

PC40M-0,5/4 64 0,5-2,075 0,025 2,5 1,0-4,15 0,05 5,0
PC40M1-0,5/4
PC40M2-0,5/4
PC40M21-0,5/4

PC40M-1/8 64 1,0-4,15 0,05 5,0 2,0-8,3 0,1 5,0
PC40M1-1/8

PC40M2-1/8

PC40M21- 1/8

PC40M-5/40 64 5,0-20,75 0,25 10,0 10,0-41,5 0,5 25,0

PC40M1-5/40
PC40M2-5/40
PC40M21-5/40

PC40M-15/120 64 15,0-62,25 0,75 25,0 30,0-124,5 1,5 25,0
PC40M1-15/120
PC40M2-15/120
PC40M21-15/120

PC40M2-25/200 64 25-103,75 1,25 25,0 50-207,5 2,5 25,0
Moaundumkauna K-Bo lNocnegoBaTtenbHoe coegnHeHne MapannensHoe coeanHeHne
auc- obmoTOK ObmoTOK
KpeT- [wanasoH n3- | [uckper. Homu- OuanasoH | Oduckper. Homu-
HbIX MEHeHus yc- n3MeHe- Hanb- | U3MEHEHUs | n3MeHe- Hanb-
ycTa- TaBok, A HUA ycTa- HbIN ycTaBoK, A | HuS ycTa- HbIN
BOK BOK, A TOK, A BOK, A TOK, A
PC 40M-0,05/0,4 64 0,05-0,2075 0,0025 0,25 0,1-0,415 0,005 0,5
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PC 40M1-0,05/0,4
PC 40M2-0,05/0,4
PC 40M-0,15/1,2 64 0,15-0,6225 0,0075 0,75 0,3-1,245 0,015 1,5
PC 40M1-0,15/1,2
PC 40M2-0,15/1,2
PC 40M-0,5/4 64 0,5-2,075 0,025 2,5 1,04,15 0,05 5,0
PC 40M1-0,5/4
PC 40M2-0,5/4

PC 40M-1/8 64 1,0-4,15 0,05 5,0 2,0-8,3 0,1 5,0
PC 40M1-1/8
PC 40M2-1/8
PC 40M-5/40 64 5,0-20,75 0,25 10,0 10,0-41,5 0,5 25,0

PC 40M1-5/40
PC 40M2-5/40
PC 40M-15/120 64 15,0-62,25 0,75 25,0 30,0-124,5 1,5 25,0
PC 40M1-15/120
PC 40M2-15/120
OnucaHue KOHCMpyKyuu u pabomsi pesne
Pene nsrotoeneHo B npamoyronsHoM nnactmaccosom kopnyce 70 X 140 X 136 MM, KOTOpbIA COCTOUT U3 OC-
HOBbI M KpbILKN. Ha BepxHeNn NOBEPXHOCTU OCHOBbI 3aKPEMEHbl NPy NOMOLLU YrofbHUKOB nnata pene Al um
nnaTa yctaBok A2.
Mnatbl coeguHeHbl mexay cobor nepembidkamu. Ha nnate ycraBok pene PC40M, PC40M2 pasmelleHbl
rHesda Anga 3agaHus yCTaBoK Toka cpabaTbiBaHus. Ha nnate yctaBok pene PC40M1, kpome 3Toro, HaxogsaT-
Cs rHe3fa Ans 3ajaHns YyCTaBOK BPEMEHN U ANs He3a4eNCTBOBaHHbIX B 3a4aHUN YCTaBOK NepeMblyek.
Hap nnaton ycTaBoOK pa3melleHa naHernb C MapkUPOBKOW U OTBEPCTUSMU ANS YCTAHOBKM NepeMblYeK B rHe3-
Aa npuv 3agaHum yctasok. TpaHccopmatop T (T1, T2 - ana PC40M2) 3akpenrieH Ha yronbHuKe Npyv NOMOLLM
nnactuHbl. CHX3Y, Ha OCHOBaHWMM Kopryca, pa3MelleHa ckoba (noctaBnsieTcs nNo OTAEeNbLHOMY MO 3akasy), no-
3BOJ‘IFHOLIII,a$| KpenuTb pene Ha mecTto pene PT40
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Puc. 2.20. BHelwwHun Bua pene: 1- 3allMTHas KpbiLUKa 3a>KUMOB; 2 - NaHenb C MapKUPOBKOW M OTBEPCTUSIMU AN
YCTaHOBKMN NepemblyeK; 3 - rTHe340 4118 YCTaHOBKM NepeMbIYvek; 4 - MecTo A1is MIoMOMPOBKY; 5 - BUHT KpenneHus
KPBILLKM M OCHOBaHWS; 6 - Npo3payHas naHernb; 7 - rHe3aa Anst yCTaHOBKN HE3a4eNCTBOBAHHbIX NepeMbIYEK

Kpblilwka koprnyca KpenuTcs K OCHOBaHWIO OBYMSI BUHTAMMW, OOMH U3 KOTOPbIX MiombupyeTcs macTukon. Ha
BEPXHEW CTEHKe KPbILIKM pa3MellieHa Npo3pavHas naHenb, NO3BOMsoWas BM3yarnbHO onpeaensiTs pacrnoro-
XEHWe nepemblyek B rHesgax nnaTtbl ycTaBok. aHenb cbemMHasl, YTO MO3BONsSeT U3MEHSITb YCTaBKku 6e3 CHs-
TUS KPbILLIKK.
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Ha ocHoBaHuK Kopnyca pa3MelleH psSa KOHTaKTHbIX KIeMM C 3aXnMaMu Ans NOAKIMoYeHNs npoBoAaHMKoB. C
BHELLHEN CTOPOHbI KOpMyca KIeMMbl 3aKpbITbl 3aLUMTHOWN KPbLILIKOW C OTBEPCTUSAMY AN1S OTBEPTKW. 3awmTHas
KpbILLKa BCTaBMeHa B HanpaBnsoLwme n uKcnpyeTcs 3allenkamm.

KoHCTpyKumst knemm no3BonseT NogkmnoyaTb NPOBOAHMKN Kak C BHELUHEN CTOPOHbI KOpNyca, Tak U C BHYTPEH-
Hen.

lMpuryun delicmeusi pesie PC40M

dyHKUMOHanNbHasa cxema perne npmeegeHa Ha puc.2.21.

BxogHOM TOK B 3aBMCMMOCTU OT CXeMbl CO€AMHEHMST NepBUYHbIX OOMOTOK TpaHcdopmaTopa (nocrnenosa-
TenbHas U napannenbHas) NocTynaeT Ha BbIBOAbLI NEPBUYHON 0OMOTKM TpaHcdopmaTtopa Toka TT. Beinps-
muTene Bl npeobpa3yeT nepeMeHHbIn ToK YacToTon 50 'y B BbINPSIMIAEHHBLIN MYNbCUPYHOLLMIA TOK YacTOTOM
100 u. MNpu gocTuxeHun BXoaHbIM TOKOM 3HadeHus (0,1-0,2) Toka MMHMManbHOW YCTaBKKU, Ha BbIXOAE UCTOY-
Huka nuTanua Wl nosiBnseTcsa gocTaToyHoOe AN HOpManbHOW paboTbl CXeMbl HanpsikeHue nutadusd. Npu
3ToM Ha Bbixoge MOH nosiButcsa onopHoe HanpshxkeHne —2 B.

Pesunctop R npeobpasyeT nynbcupyowuin Tok B nynbcupytoLlee HanpsbkeHne yactotor 100 My, koTopoe ycu-
nunBaetcs ycunutenem YH u npeobpasyetca dunbtpom ®PHY B noctosiHHOE HanpshkeHue, NponopLmnoHarb-
HOe BXOOHOMY TOKY.

C Bbixoga ®HY HanpshkeHne MocTynaeT Ha nepBbid BXOA KOMMapaTtopa HanpshkeHnsa Ku. Ha BTopow Bxop
KoMnapartopa noctynaeT BbIXOAHOe HanpshkeHue ¢ popmuposaTens yctasok ®Y. Npu 4OCTUXKEHUN BXOOHBIM
TOKOM 3Ha4eHusi yCTaBku, BbIxogHoe HanpsxeHne ®HY GyaeT paBHO BbIXOOHOMY HanpsixeHuto ®Y. Komnapa-
Top Ku cpaboTaeT, 3amKHeT Kkntod S2, 4To npmBedeT K cpabaTtbiBaHWO NCNoNHUTENbHOro pene K.

KomnapaTtop Ki 1 kntoy S1 cnyxat Anst UCKIMoYeHNs NOXHbIX cpabaTbiBaHUA pere, Bbi3aBaHHbLIX BbIXO4OM U3
CTPOS ANEMEHTOB CXeMbI MpU BXOAHbIX Tokax I < 0,51,

UH HY

m oy <L

TT :

11 |

+

. L T un iy |
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Puc.2.21  ®yHkumoHanbHas cxema pene PC-40M
TT — TpaHcopmaTop Toka; C — koHgeHcaTtop; Bl — Beinpamutens; R — peanctop; YH — ycunutens Hanpsxe-
Hus; PHY — omnbTp HWXKHKX YacToT; K|, Ky — komnapaTtopbl Toka u HanpsbkeHus; UM — UCTOYHMK NUTaHuS;
MOH — nctouHmk onopHoro HanpsxeHus; @Y — popmupoBaTtens yctaBok; K — ncnonHutenesHoe pene; S1, S2
—knwoun; 1, 2, 3, 5,7, 9, 11 — npncoeanHNTENbHbLIE KNEMMbI.
lMpuryun deticmeusi pesie PC40M1
dyHKLUMOHanNbLHas cxema pene npueefeHa Ha puc.2.22.
[o momeHTa cpabaTbiBaHusa koMmnapatopa Ku npuHumn gencteusa pene PC40M1 ngeHTUYeH npuHumny gewn-
ctus pene PC40M.
CpaboTtaB, komnapaTtop Ku 3anyctut cxemy Bblaepxku BpeMeHn C3. Cxema Bbigepxkm BpemerHn C3 yepes
WHTEpBan BPEMEHMW, PaBHbIN 3HAYEHMIO YCTaBKM BPEMEHM, 3aMKHET KoY S2, 4To npuBedeT K cpabaTtbiBaHWIO
ncnonHuTensHoro pene K.
®HY1, ®HY2 B nocToaHHOE HanpskeHne, NponopumoHanbHoe BxogHoMy Toky. C Bbixogo ®HY1, ®HY2 Ha-
Nps>KeHWs NOCTYNaloT Ha nepekntovatowmi komnapatop K, KoTopbin noaknovaeT Ha NepBbI BXOA KoMMnapa-
Topa HanpsbkeHns Ku 6onbluee n3 BXOOHbIX HanpshkeHui. Ha gpyron Bxop, KoMnapartopa nocTynaeT BbiXOa-
Hoe HanpsbkeHue ¢ popmumpoBaTens yctaBok ®Y. Npu AOCTUXKEHUM BXOAHBIM TOKOM 3HaYeHUs! YCTaBKU Bbl-
xoaHoe HanpshkeHne ®HY GygeT paBHO BbIxogHOMY HanpsbkeHuto ®Y. Komnapatop Ku cpaboTaet, 3amkHeT
Krnoy S2, 4To BbI30OBET cpabaTbiBaHWe ucnonHutensHoro perne K.
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Puc. 2.22  ®yHkuymoHanbHasa cxema pene PC40M1;
TT — TpaHcdopmaTop Toka; C — koHgeHcatop; Bl — seinpamuTtens; R — peanctop; YH — ycunutens Hanpsixe-
Hus; PHY — punbTp HKHKMX YacToT; K|, Ky — komnapaTopbl Toka 1 HanpskeHus; M — CTOYHWK nuTaHus;
MOH — ncTtoYHnk onopHoro HanpsxeHus; ®Y,dYy, — popmmpoBaTeny yctaBok Toka u BpemeHn; C3 — cxema
BpeMeHHoM 3agepxkun; K — ncnonHutensHoe pene; S1, S2 — knouu; 1, 2, 3, 5, 7, 9, 11 — npucoeanHnTenbHble
KNnemMMbl.
lMpurnyun delicmeus pene PC40M2
DyHKUMOHarNbHas cxema perne npueefeHa Ha puc 2.22.
BxogHoM TOK B 3aBMCMMOCTU OT CXEMbl MOAKMIOYEHMST NEPBUYHBIX OOMOTOK TpaHcopmaTopoB (nocnenosa-
TernbHas unu napannenbHas) NoCTynaeT Ha COOTBETCTBYIOLME BbIBOAbI NEPBUYHON OOMOTKM TpaHcdopmaTo-
poB Toka TT1, TT2. Beinpamutenu BlM1, B2 npeobpasytoT nepemeHHbI Tok Yactotor 50 My B BbINpsiMieH-
HbIA Nynbcupyowmn Tok Yactoton 100 Iy, Mpu gocTmkeHun BXogHbIM TOKOM 3HadeHust (0,1-0,2) Toka MUHK-
ManbHOW YCTaBKW Ha BbIXoAe UCTOYHUKA nuTaHus UM noaenseTca gocTaTovyHoe AN HopMarnbHOW paboThl
cxeMmbl HanpskeHve nutanus. Mpu atom Ha Beixoge MOH nosinseTcsa onopHoe HanpsixeHne —2B. Peauctopbl
R1, R2 npeobpasytoT nynbCupyoLwWwmnin ToK B Nynbcupytoee HanpsbkeHne yactoton 100 Iy, koTopoe ycunu-
BaeTcsa ycunutensamu YH1, YH2 n npeobpasyeTtcst punbTpamu.
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Puc. 2.23  ®yHkumoHanbHasi cxema pene PC40M2.
TT1, TT2 — TpaHcchopmatopsl Toka; C1, C2 — koHaeHcaTtopsl; Bl1, BIN2 — Beinpamutenn; R1, R2 — pe3ucto-
pbl; YH1, YH2 — ycunutenu HanpsxeHus;, PHY1, ®HY2 — dunbTpbl HWXHUX YacToT; K|, Ky — komnapaTopsbl
TOKa M HanpshkeHus, COOTBETCTBEHHO, K — nepekntovatowmin komnapatop; UM — nctounmk nutanus; MOH —
WCTOYHMK OMOPHOro Hanpshkexus; ®Y — cbopmmpoBartens yctaBok; K — ucnonHutensHoe pene; S1, S2 — knto-
up; 1...3, 5...12 — npucoeamMHUTENbHbIE KNEMMBI.
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2.3.2. Pene makcumanbHOM 3aWwmThbl C 3aBUCUMOMN U HEe3aBUCUMOMN BbIAEPKKON BPEMEHU U TOKOBOW
otceukn PC 80M
HasHauyeHue
Pene npegHasHaveHbl ANA MPMMEHEHUs B CXeMax perievHON 3awuTbl U
aBTOMaTuKW, SABMASITCA  (PYHKUMOHANbHLIMW  aHanoramu dnekTpomMe-
xaHnyeckux pene PT 80, 90, paccuntaHo ans paboTel Npu Temnepartype
okpyxatowen cpeabl oT -40°C go +50°C, He TpebyloT onepaTtMBHOrO nu-
TaHua n ygosnetsopsieT TpebosaHnam FOCT 3698-82.
O6ecneuunBaerT:
= TOKOBYO OTCEYKY C Bblaepxkoun BpemeHu 70-100 mc nnm 150-200 mc no
BbIOOPY C NepegHel naHenu;
’ = BO3MOXHOCTb GITOKMPOBKM TOKOBOW OTCEYKM C NepefHen naHenu umm
=) e ONCTaHLMOHHO;
bp bbb
= MT3 (xapakTepucTukn cpabaTbiBaHUS NpuBeAeHbl Ha puc.2.25);
= BECKOHTaKTHOE LUYHTUMPOBaHWe-AELWYHTUPOBaHME yNpaBnsemMon Lenu c
Tokamu go 200 A..

pcaom2-12

Puc.2.24. | ‘

[dnana3soHbl ycTaBoK pene nokasaHbl B Tabnuue 2.2, mogndukauum pene npyusedeHsl B Tabnuue 2.3.

XapaKkrepucTukm Tabnuvua 2.2.
YcTaBku Toka cpabatbiBa- | Homu- | YcTaBku Bblaepku Bpe- | YcTaBKM KpaTHOCTM TOKa OT-
Moandmia- HUSA Hanb- MEHW CEeYKM
LI,VI‘;-'ID' [Ouana- | Konn- | Ouckpet- | HeW | Onana- | Konu- | Ouc- Onana- | Konu- | Ouckpet-
30H, A |yectBo| HOCTb, A | TOK, A | 304, ¢ |uecTBO| KpeT- | 30H, KpaT |4ecTBO| HOCTb, KpaT
HOCTb, C
1-2,28| 128 0,01 2,5 0,3 - 256 0,1 2-17,7 64 0,25
25,6
2-456| 128 0,02 5,0 0,3- 256 0,1 2-17,7 64 0,25
25,8
PC8OM 4-912| 128 0,04 10,0 0,3 - 256 0,1 2-17,7 64 0,25
25,8
8-18.2| 128 0,08 16,0 0,3- 256 0,1 2-17,7 64 0,25
25,8

* - PC80M-1-1 — Bepcusi C AELWYHTUPOBAHMEM.
"JC.r’t}" OMUCAHUE KOHCTPYKUWW. BHewHun Bug pene
| nokasaH Ha puc.2.24. Perne W3roToBMEHO B MNPSAMO-
YroflbHOM nnacTMaccoBoM kopniyce (puc. 2.25). Ycta-
HOBOYHblE pa3Mepbl MpU MOCTaBke C MNepexoaHbIMU
2 - HOPMABHAS KPOHLITENHaMX COBMagatoT C YCTAHOBOYHbIMU pa3me-
{ = HE3ABMCUMAS pamun pene PT 80, 90. B.HyTpm Kopryca paslvleu.\eHb!
OBe Nnatbl C 3fIEMEHTaMU: NfaTta pene - BEPTUKambHO;
nnara ycTaBOK - rOpu3oHTanbHO. Hag nnaton yctaBok
pa3MeLleHa BEPXHSAS NaHemnb C MapKMPOBKOW M OTBEpP-
CTMAIMKU AN YCTAHOBKM NMepeMbldYeKk Npy BbICTaBIEHWN
ycTaBoK. Ha naHenun Kpenutcsi BMHTaMyW CMEHHas
1/ l}" nnaHkKa LWkanbel yCTaBoK Toka. Ha nnarte ycraBokK, Tak-
e, YCTaHOBMEH pa3beM Ans He3a4eNCTBOBAHHbIX Me-
peMBbIYEK.

3 - KPUTAH

Lol 5 T I S ) [ I I o R |

i 2345¢728 9 10

Puc.2.25. Xapaktepuctukm pene PC-80M
MPUHUUN PABOTbI. dyHKkumnoHanbHasa cxema pene npveegeHa Ha puc.2.26.
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Puc. 2.26. ®yHkumoHanbHasa cxema pene PC8OM

BxogHol TOK, B 3aBUCMMOCTM OT BbIOpaHHOro AvanasoHa, NOCTynaeT Ha COOTBETCTBYIOLLME BbIBOAbI NEPBUY-
HoW 0BMOTKM TpaHcdopmaTtopa Toka TT. BeinpamuTtens Bl npeobpasyeT nepemMeHHbIn Tok yactoTton 50 'y B
BbINPSMITEHHbIV NMynbcupyowmi Tok yactoton 100 Mu. Mpu gocTwkeHnn BXogHbIM Tokom 3HadeHus (0,1-0,2)
TOKa MUHMMarbHON YCTaBKW, Ha BbiIxo4e UCTOYHUKa nuTaHusa UMM nosBnseTca goctatodHoe Anst HopMaribHON
paboTbl CXeMbl HanpsbkeHne nuTaHus. MNpu aTom Ha Bbixoge MIOH nosBnsitoTcst onopHble Hanpshkernust -4 B n
+2.5 B. ®opmuposaTens Y|l npeobpasyeT NynbCUPYIOLWUA TOK B NyNbCUPYHOLLEE HanpshKeHue 4acTtoTown
100 l'u, koTopoe ycunusaetcs ycunutenem YH n npeobpasyetca dpunbtpom ®HY B nocTtosiHHOE Hanpsixe-
HWe, nponopuuoHansHoe BxogHoMy Toky. C Bbixoga ®HY HanpspkeHne nocTynaeTt Ha CXeMy TOKOBOW OTCEYKU
(®Yo, K1) n cxemy MT3 c Tpemsa xapaktepuctnkammu cpabateiBaHusa (P11, M2, S, dYt, K3, N, K2). dYo
mMaclwTabupyeT BbixogHow curHan ®HY Ttakum obpasom, Y4TO Npy JOCTUKEHWUM BXOLHBIM TOKOM 3HAYeHMUs yC-
TaBKM OTCEYKM HanpsbkeHne Ha Bbixoge Pyo cpaBHsieTcs ¢ HanpsbkeHneM MOH - Uon. 3to npuBeneT k cpaba-
TbiBaHWO koMnapatopa K1 1, B 3aBUCUMOCTU OT Hanuuusa pesnctopos R1, R2, K 13MeHeHNo COCTOAHUS Bbl-
XOAHbIX Kntoyen SV1, SV2.

MMpn QOCTWXKEHMM BXOOHBIM TOKOM 3HayeHMsl YCTaBKM TOka cpabaTbiBaHMs, HanpsikeHne Ha Bbixoge OHY
cpaBHsieTcsa ¢ HanpsbkeHeM WOH - Uon. KomnapaTtop K3 cpabatbiBaeT n BkntovaeT uHTerpatop M. Hanps-
XeHue Ha Bbixoge W 6ypet Bo3spactatb. CKOpOCTb BO3pacTaHus 3aBUCUT OT BbIOpaHHOW YCTaBKM BPEMEHU
OYt. Korga HanpshkeHne Ha Bbixoge nHTerpaTopa gocturHeT 3Hadenmst +Uon (MOH), cpaboTtaeT komnapaTop
K2 un, B 3aBUCMMOCTM OT Hanuuus peauctopos R3, R4, nameHut coctosaHue kntoden SV1, SV2.
Mpeobpasosatenu ®I11, G2 obecneumBatoT 3aBUCUMbIE XapaKTEPUCTMKN cpabaTbiBaHWs, a nepeknivaTenb
S - BO3MOXHOCTb BblbOpa Hy>HOW XapakTepucTukn. Cxema npucoeamHeHnst BoIxogHow uenu pene BbIXOO1
ONs LWYHTUPOBaHMA-AELLYHTMPOBAHWUSA yNpaBnseMor Lenn nokasaHa Ha pucyHke (Ha nepefHen naHenu pene
HeobxoamMmo BbiGpaTh TN KOHTakTa - H3).

2.3.3. Byxdra3Hoe yCTPOMCTBO MaKCMManbLHOW 3alnUTbl C 3aBUCMMOMN U HE3aBMCUMOW BbIOEPXKKOMN
BpeMeHu u TokoBon otceukun PC 80M2

HasHaueHue. NpegHasHayeHo ans MCnonb3oBaHUA B CXeMax penenHon 3alntbl U NpoTMBOaBapuMHOM aBTo-
MaTVKU C LUYHTUPOBAHWEM-AELYHTUPOBAHNEM YNPaBNAEMON Lenu, ABnseTcs (OyHKUMOHANbHbIM aHanoromM
OBYX anekTpomexaHmdecknx pene PT 80, 90. 3ameHsieT PT80, 90 ¢ KOHTAKTHOM KOMMYyTaLMeEN Npy Tokax o
200A.

O6ecneunBaer

- MakcMMarnbHyt TokoByto 3awmty (MT3) ¢ He3aBuCMMOW 1 ABYMS 3aBUCMMbIMW XapakTepucTukamu cpabaTbl-
BaHus (No BbIOOPY C NnepegHen naHenwm);

- TOKOBYIO OTCeuYKy C Bblaepxkon BpemeHn 70-100 mc unum 150-200 mc, koTopasa 3agaeTcsa ¢ nepefHen naHe-
nw;

- BO3MOXHOCTb OTKITHOYEHUS] TOKOBOW OTCEYKM C NepeaHen naHenn unm NCTaHUNoHHO, 3aMblKaHMEM BHELLHE-
ro 3aMbIKaloLLLErO KOHTaKTa;

- BO3MOXHOCTb 3aaHus obwmx ans AByx a3 ycTaBok Toka cpabatbiBaHnst MT3, Toka cpabaTbiBaHus oTcey-
Ku (B KpaTHOCTAX K TOKy cpabartbiBaHust MT3), BpemeHu cpabaTbiBaHusa MT3;

- cpabaTbiBaHne MT3 1 (Unn) TOKOBOW OTCEYKM MO HAaMBOIbLUEMY N3 BXOAHBLIX TOKOB.

B 3aBucumocTy oT moaudukaumm:

- AELLYHTUPOBaHME TOKOBbIX OTKIHOYAIOLLMX KaTyLek npy Toke go 250 A, ecniu ynpaensiemas Lenb nuTaeTcs
OT TpaHcdopmaTopa Toka 1 ero umnegaHc npu Toke 4 A coctaBnsieT He 6onee 4 Om, a npu Toke 50 A - He
6onee 1,5 Owm;

- BO3MOXHOCTb OTKIMIOYEHUSA TOKOBOW OTCEYKM C NepeaHen NnaHenun pene;

- dyHKUMO0 ogHokpaTHoro AllB;

- WHAVKaUMIO Hanu4yus Toka BO BXOAHbIX Liensix pene;
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- uHaukaumio (go cbpoca) cpabatbiBaHnsa MT3 u (1nn) TO (TOMbKO NPU HANMYUN NOCTOSHHOTO UMK NEPEMEH-
HOro HanpshkeHus 3HavyeHnem 220 B Ha knemmax 17, 18);

- nHamkaumto rotoBHocTn AlB;

- curHanusaumo pabotsl AlB;

- BO3MOXXHOCTb BHYTpeHHero (npu cpadatbiBaHm MT3 unu TO) munu BHewwHero nycka AllB;

- BO3MOXHOCTb BHeLLHero cbpoca rotoBHocTu AllB;

- BO3MOXHOCTb BHYyTpeHHero (npu cpabatbiBaHun MT3 unu TO) nycka AlNB npu nponagaHuy HanpshXeHus
nutaHuna 220 B, ecnu:

- Ha MOMEHT nponagaHna HanpsikeHnsa 220 B ceetunca ceetoanon NOTOB AlB;

- C MOMeHTa nponagaHusa HanpsbkeHns 220 B npowno He 6onee 5 cekyH.

Mocne npoxoxaeHus BHYTpPeHHeN kKoMaHabl nycka AlB cxema AlB "ocTaHaBnuBaeTcsa" 40 BO30GHOBMNEHUS
noJayn HanpsbkeHust NuTaHus, nocne yero cxema AlB npogomkaeT paboTy cornacHo onMcaHHoMy B M. 4.2.2.
Mpn aTom cnegyeT umMeTb B BUAY, YTO BHelWHUA nyck AlNB npu oTcyTCTBUMM HanpsxeHus nutaHus 220 B He
obecneunBaeTcs.

[nanasoHbl ycTaBoK NpuBeaeHbl B Tabnuue 2.4.

[Anana3oHbl ycTaBOK pene. Tabnuua 2.4.
Y CTABKH TOKA cpafaThIBAHHA Homu- YCTABKH BHASDEKH BPEMEHH YCTABKH KPATHOCTH TOKA OTCEUKH

Moandmkaums | Muanason,| Komn- | Juckper- HANBHEIA [Tyanason, d Konu- Huckper- | Auanason, | Konu- | JIHCkpeTHOCTE,
A uecteo | mocts, A | TOK. A yecTro | HOCTE, ¢ Kpar YECTRO Kpat
0.4 -091 128 0,004 1,0 03-2538 256 0,1 2117 64 0,25
. 08-182 128 0,008 1,0 03-258 256 0,1 2117 64 0,25
PCB0M2-1+4 1.8-364 128 0,018 25 03-258 256 0,1 2117 &4 0,25
32.728 128 0,032 3,0 03-263 256 0,1 2-17.7 &4 0,25
1-228 128 0.0 25 0,3-236 256 0,1 2117 64 0,25
. 2-456 128 0,02 5.0 03-258 256 0,1 2117 64 0,25
PCBOM2-5-21 4-912 128 0,04 10,0 03-258 256 0,1 2117 &4 0,25
B-182 128 0,08 16,0 03-2538 256 0,1 2-117 &4 0,25

KoadhdmumeHT Bo3BpaTta pene, He meHee 0.85.
Pene obecneunsatoT crnegyoLlne xapakTepUCTVKN 3aBUCMMOCTU BpemMeHu cpabaTbiBaHUs pene OT KpaTHO-
CTK TOKa cpabaTbiBaHWs (BbIOOPOM C NepegHen naHenu) B guana3oHe BXoAHbIX TokoB 2ly < | < 10ly:
a) He3aBucuMasi
t=ty, (1)
6) 3aBucnmasi HopmarnbHas

0,14 x K
t = e x ty,
(17 1y)*%2 -1
B) 3aBUCMMas kpyTas
13,5 x K
t= - x ty, (3)

(I ly)-1
roe: t - TeopeTuyeckoe Bpems cpabaTtbiBaHus, C;
ty - ycTaBka BpeMeHu cpabaTbiBaHus, T.e. TeopeTuyeckoe Bpems cpabatbiBaHus ang | = 10ly,c;

| - BXOOHON TOK pene, A;

ly - ycTaBka Toka cpabaTbiBaHus, A;

K - KoachdUUMEHT, 3Ha4YeHne KOTOporo 3aBUCUT OT OTHoweHus I/ly, ona kotoporo HopmupyeTcsa ty, Ans
I/ly = 10 xapaktepucTtukm (2) K = 0,3366, a gna xapaktepuctukm (3) - K = 0,6667.
Moandukauna pene PC80M2-20 BMeCTO 3aBUCUMOW HOPMASibHOM UMEET XapaKTEPUCTUKY, aHamnornyHyto
pene PT-85.
KOHKpeTHbIN NepeyveHb BbINOMHAEMbIX (PYHKUMIA onpegenseTca moaudukaumen pene cm. Tabnuuy 2.5.
Pene n3rotoBneHo B NpsiMOYrofibHOM NiacTMaccoBOM Koprnyce pasmepamu 125 x 195 x 127 MM, Ha Bepx-
Hel BHYTPEHHEN NaHenu perne UMeTCs rHe3ga B KOTOpble YCTaHaBNUBAKOTCA CbeMHbIE NMEPEeMbIYKM B COOT-
BETCTBMM C 3aiaHHbIMU YCTaBKamu.
BHelwHWI BUA pene nokasaH Ha puc 2.27. dyHKUMOHanbHas cxema pene npusegeHa Ha puc. 2.28.
Moaudmkaumm pene PC80M2 Tabnuua 2.5.
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Moanpuranmua yHKUMA BRIXOIHEIX KOHTAKTOR Hanuuue aucr. ATIB
BEIXO/ 1 BLIX(O]] 2 BBIXOJ 3 ONOKHPOBKH OTCEUKH
PCROM2 - 1.5 TO + MT3 TO + MT3 HET HET HET
PCBOM2 - 2.6 TO + MT3 TO HET HET HET
PCROM2 - 37 TO + MT3 MT3 HET HET HET
PCROM2 -4 8 TO MT3 HET HET HET
PCBOM2 - § MT3 mr. TO + MT3 TO + MT3 HET HET
PCBOM2 - 10 HET TO + MT3 TO + MT3 ECTh HET
PCBOM?2 - 11 HET TO + MT3 HET HET
PCROM2 - 12 MT3 mru. Jlely HTHpOBAHKE A0 TO + MT3 HET HET
PCEOM?2 - 13 HET 250 A TO + MT3 ECTh HET
PCROM2 - 14 MT3 mra. TO + MT3 eCTh HET
PCBOM2 - 19 MT3 TO TO + MT3 eCTh ECTh
PCBOM2 - 20 MT3 mru. TO + MT3 TO + MT3 ECTE ECTh
PCBOM?2 - 21 MT3 Mru. TO + MT3 TO + MT3 ECTh ECTh

Hmeerca 3‘[0,£I,H111HI¢31.1H5| CO BCTPOSHHBIMH HHIHKATOPAMH NPOTEKAHHA TOKA B KOHTPOMHPYEMOH LIenH.

MpuHumn gencteua MT3 n TO

Onsa dyHkumoHupoBanma MT3 n TO onepatuBHoe nuTaHue He TpebyeTcd. [NuTaHue 3NMemMeHTOB CXembl

MT3 u TO ocywiecTBnseTca OT BXOAHOIO TOKa.

BxogHol TOK, B 3aBUCUMOCTM OT BbIOpaHHOIO AnanasoHa, MOCTynaeT Ha COOTBETCTBYHOLLME BbIBOAbLI Nep-
BUYHON 0OMOTKM TpaHcdopmaTopoB Toka TT1, TT2. Beinpamurtenu Bl1, BIN2 npeobpasytoT nepeMeHHbIn TOK
yactoTon 50 'y B BbINpAMAEHHbIN Nynbcupylowmi Tok yactoton 100 y. Mpy 4OCTUXKEHMM BXOOHBIM TOKOM
nobon dasbl 3HadeHus (0,2-0,3) Toka MUHUMANbHOW YCTABKM Ha BbIXOA4E MCTOYHUKA nuTaHusa VM1 nosenaet-
Csl JOoCcTaTodHOEe AN HopMarbHOW paboTbl cxembl HanpsxkeHue nutaHusa. [Npy atom Ha Bbixoge MOH1 noss-
NATCA onopHble HanpsbkeHns -2 B u +2 B v 3aropaeTtca ceetoamog "Isx".

Pesuctopbl R1, R2 npeobpa3syloT nynscupyowmii Tok B nynbcupyloLee HanpsbkeHne vyactoton 100 Iy, ko-
Topoe ycunueaetcs ycunutensmu YH1, YH2 n npeobpasyetca cdounbtpamu ®HY1, ®HY2 B noctosiHHOE Ha-
npsbkeHne, NponopLmMoHansHOe BXOAHOMY TOKY "cBoen" asbl.
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BHEWHWA BUMA PEAE

Puc.2.27. BHewHun sug, pene PC80-M2

1-kpPHUKAO, P-BEEXHAA MNOHEAb, Jd-ChEMHOA MAOHKA,
4—BHHT C MNPYXHHHOA WOABOA, J-TPWXMM, G—BMHT,
7-rHEZga 41 HEMCMNOALSWEMHX MEPEMHUEK, B—-CLEMHaA

MEPEMLILUKA, 9-PA3LEM(rHESLOY, l0-CBETOAMOAbI.

19




Bxoa dasbl A, A

| 52
] s
P1 6 g
b—a 3
7 -
< .
18] !_l '_[+UOI1 o
3 +U oH1|-Uon -t
© mm S
ks U z
g R3 — E— o
é e _
|m—— e —————— m
Femmmm e ——— { "CpabartbiBaHue" g%
C6poc vHaMKauum |_|_| R4 z é
cpaGarbiBaHust SV5 S m=
[nCTaHUMOHHbIN 13_1 I—I o
nyck ArB 19 R5 <
[ ﬁ"l’oTos AMB" <
17 \/ g
x
| T
13
BKA =

C6poc nogrotos- 14
kn AMNB . |SV10!

TT1, TT2 - TpaHccopmaTopbl Toka, C1...C3 - koHaeHcaTtopbl, BM1,BMN3 - Beinpsamutenu, YH1,YH2 - yeunutenu Hanpspkerust, UM1,UM2 - uctodHmkmn
nutanus, dY1, Y0, OVt - hopmmpoBaTtenu yctaBok Toka, OTCEYKM, BpeMeHn cooTBeTCTBEHHO, PHY1,PHY2 - comnnbTphbl HU3KKMX YacToT,

PDr1,PM2 - dyHKUMOHanbHbIe Npeobpa3osaTenu, S - nepeknoyaTens xapaktepmctuk, MOH1, MOH2 - nuctouHmku onopHoro Hanpsikenus, K1... K3 -
Komnaparopbl HanpsixeHus, K6 - nepekntovatowwmin komnaparop, N1,12 - naterpatopel, R1...R5, peancropsl, Sv1...Sv10 - knio4mn HanpspkeHus,
P1,P2,P5,P6 - BbixogHble pene, P3,P4 - nByxnosuumoHHble pene, C31, C32 - cxeMbl 3agepxku, B,1...24 - BbIXOAHbIE KNEMbI.

Puc.2.28. dyHkumnoHanbHasa cxema pene PC80-M2-19

C BbixogoB ®HY1, PHY2 HanpskeHWs1 MOCTyNaT Ha nepeknovatowmnn komnapartop K6, KoTopbii nogkntoya-
€T Ha Bxof hopmumpoBaTens yctaBok Toka ®Yi 6onbluee 13 BXOOHbBIX HAMPSKEHWUIA.

C Bbixoga DYi HanpspkeHUe NocTynaeT Ha cxeMy TokoBon oTcedkn (PYo, K1) n cxemy MT3 ¢ Tpemsi xapakTe-
puctukamm cpabatbiBaHua (P11, o2, S, dvt, K3, U1, K2).

®Yo macwTtabupyet BbixogHoW curHan PYi Takmm obpasom, 4TO NpU JOCTUXKEHUN BXOAHBIM TOKOM 3HayYeHus
YyCTaBK/ OTCEYKM HanpshkeHue Ha Bbixoge PYo cpasHsieTcs ¢ HanpsbkeHnem MIOH1 -Uon. 3T1o npuseget K
cpabatbiBaHuio komnapaTopa K1. BeixogHor curHan K1 3anyctut cxemy 3agepxkun C31. 3HavyeHne BpeMeHu
3agepxkn C31 3agaeTcsa onepaTopom ¢ nepenHen naHenu u coctasnseT (70-100) mc nnm (150-200) mc, no
ncteyeHmnm kotoporo C31 oTKpoeT kntoy Sv2, 4yTo npmeeeT K cpabaTbiBaHMO BbixogHoro pene P2 (BbIXOL
TO). OgHOBpeMEeHHO, BbixogHon curHan C31 noctynaet Ha knoun Sv3, Sv4. Kntou Sv3 oTKkpbiBaeTcs 1 3ambl-
KaeT KOHTaKT AByxcTabuneHoro pene P3, yto Bbi3biBaeT 3aropaHue ceetoanoga CPABATLIBAHUE (npu Ha-
nmuumn Ha knemmax 17, 18 HanpsbkeHus onepaTtuBHoro nutanus 220 B). [1na Bo3BpaTa KOHTakTa OBYXCTa-
ounbHoro pene P3 B ncxogHoe coctosiHne (T.e. ons raweHusa ceetoanoga CPABATBIBAHWE) Heobxogmmo
KpaTKOBPEMEHHO 3aMKHYTb HaKOPOTKO kreMmbl 9 1 19 pene (npunoxenue 2). Kntou Sv4, npy Hanuuum pas-
peluatoLero curHana ¢ komnapartopa K4, sambikaeT KOHTaKT aByxctabuneHoro pene P4 cxembl AlB.

Mpn QocTMxeHUN BXOAHbIM TOKOM 3HAYeHWs yCTaBKku Toka cpabaTbiBaHua MT3 HanpsikeHvue Ha Bbixoge
®VYi cpaBHsaeTcsa ¢ HanpsxeHnem MOH1 -Uon. Komnapatop K3 cpabatbiBaeT n BkntoyaeT nHterpatop MN1. Ha-
npsbkeHve Ha Bbixoge M1 Byaet Bo3pacTtatb. CKOpOCTb BO3pacTaHus 3aBUCUT:

- Ansa xapaktepuctukm (1) - oT 3agaHHON ycTaBku BpemeHu OVt;

- ANSA XapakTepucTuk (2), (3) - oT 3agaHHon ycTaBku BpeMeHn ®Yt n 3HadeHns BXoQHOro Toka.

Korga HanpshkeHve Ha Bbixoge MHTerpatopa gocturHeT 3HaveHus +Uon (MOH1) cpaboTaeTt komnapatop K2.
BbixogHon curHan K2 otkpoet kntoy Sv1, yto npuBegeT K cpabatbiBaHuio BbixogHoro pene P1 (BbIXO[
MT3). OgHoBpemMeHHO BbixoaHoW curHan K2 noctynaet Ha kntoun Sv3, Sv4. Kntou Sv3 oTKpbIBaeTcs 1 3aMbl-
KaeT KOHTaKT AByxcTabunbHoro pene P3, 4To Bbi3biBaeT 3aropaHune ceetognoga CPABATLIBAHUE (npu Ha-
nmuumn Ha knemmax 17, 18 HanpsbkeHus onepaTtuBHoro nutanus 220 B). [1na Bo3BpaTa KOHTakTa OBYXCTa-
ounbHoro pene P3 B ncxogHoe coctosiHme (T.e. ons rawenusa ceetognoga CPABATBIBAHWE) Heobxogmmo
KpaTKOBPEMEHHO 3aMKHYTb HakopoTKO kremmbl 9 u 19 pene (npunoxenue 2). Knioy Sv4, npu Hannuum pas-
peluatoLero curHana ¢ komnapatopa K4, 3ambikaeT KOHTaKT AByxcTabunbHoro pene P4 cxembl AlB. MNpeo6-
pasoBatenu OM1, Or2 obecne4nBaloT 3aBUCUMbIE XapaKTEPUCTUKN cpabaTbiBaHWs, a nepekntoyatens S -
BO3MOXHOCTb BblIDOpa HY>XHOW XapaKTepPUCTUKU.

MpuHumn gencrteua AlNB

MutaHme cxembl AlNB obecneunBatoT BeinpaMutens BI13 1 nctouHnk nutanmnsa UMN2, Ha BbIxoge KOTOPOro
dopmupytoTes HanpsxkeHnus +7 B u -7 B. lNMonoxuteneHbln Nonoc BbixogHoro curHana Bl13 nogaetca Ha
knemmy 19 pene.

Mocne BKMOYEHUSA BbICOKOBOSBLTHOIO BbIKMOYaTeNs (3aMKHeTCs KOHTakT BKB, npunoxeHue 2) Ha knemme
13 pene nosiBATCA NonoXxnternbHoe HanpsbkeHne +250 B. Yepes pesnctop R5 HauHeTcs 3apsag koHgeHcaTopa
C3. HanpsikeHue koHgeHcatopa C3 noctynaeT Ha oauH 13 BxogoB komnapartopa K4. Ha gpyron Bxog K4 no-
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cTynaet onopHoe HanpshkeHne ¢ MMOH2. MNpumepHo yepes 30 cekyHa nocrie Hadana 3apsga C3 HanpshkeHue
Ha HeM cpaBHsieTCsl C onopHbIM HanpshkeHneMm NOH2, komnapaTtop K4 cpaboTtaeT. BbixogHon curHan K4 ot-
KpoeT krtod Sv8 1 Ha nepeaHen naHenu pene 3aroputca ceetoamod NOTOB AlB. OgHOBpeMEHHO, BbIXO4-
HoW curHan K4 cHMMeT 3anpeT Ha OTKpbiBaHME krtoden Sv4, Sv6.

B cnyuae cpabatbiBaHma MT3 nnmn TO, Ha kntoy Sv4 nocTynuT oTKpbiBatowWwmi curHan ¢ K2 unu C31. Ecnin
ceetogmon FOTOB AlNB He ceeTuTcs, kntod Sv4 He oTkpoeTca u AlNB pabotaTb He ByaeT. Ecnu xe ceeToau-
on FOTOB AlB ceeTutCs, KItod Sv4 OTKpOETCHA M 3aMKHET KOHTaKT AByxcTabunoHoro pene P4. B pesynbTa-
Te, Ha Kknod Sv7 4vepes pesnctop R4 Byaet nogaHo NONMOXMTENBHOE HampspkeHue, Koy Sv7 OTKpoeTCa U
cpabotaeT pene P5. Pene P5 nMmeeT OBa KOHTaKTa - 3aMblKatoLLMA U pa3MbIKalOLWNA. 3aMblKaloLWMIA KOHTaKT
pene P5 BbiBeaeH Ha knemmbl 11, 12 1 obecneunBaeTt curHanusaumio nycka AllB.

Pasmbikatowunm koHTakT PS5 Bknount uHterpatop MN2. HanpspkeHue Ha Bbixoge W2 HayHeT Bo3pacTaTb.
CkopocTb BO3pacTaHusi 3aBUCUT OT 3afaHHOW OnepaTopoM Ha nepegHen navenu yctasku AlB. BeixogHoe
HanpshkeHne uHTerpaTopa M2 noctynaeT Ha ogvH u3 BxogoB komnapatopa K5, Ha gpyrow Bxog KOTOPOro no-
cTynaet onopHoe HanpsikeHme ¢ MOH2. B MOMEHT paBeHCTBa HanpskeHuin Ha Bxogdax, K5 cpaboTaeT, oTkpo-
€T KoY Sv9, KOTOPbIN, B CBOKO 04Yepedb, 3aMKHET KOHTaKTbl BbIXogHOro pene P6. OgHOBpeMeHHO, BbIXOAHOM
curHan K5 Bkntount cxemy 3agepxkmn C32. Yepes (0,25-0,4) cekyHapl nocrne BKNoYeHMs Ha Bbixoge C32 nos-
BUTCS CUrHars, 3akpbiBaKOLWMA KoY Sv9, pasmblKaloWwUn BbIXOAHOW KOHTAKT P6 1 KpaTKOBPEMEHHO OTKpbI-
Batowmm knod Sv10, koTopbIn paspspkaeT koHaeHcaTop C3. B pesynbtaTte paspsga C3, nsmeHsietcs Bbixod-
Hon curHan komnapatopa K4, kotopbint racut ceetogumog FOTOB AlNB n copmupyeT curHan 3anpeTta Ha OT-
KpbiBaHWe kntoven Sv4, Svb. PasmblkaeTca KOHTAKT ABYXCTabunbHoro pene P4, 3akpbiBaeTca Kntov Sv7, KOH-
TakTbl pene P5 Bo3BpallalTca B MCXO0QHOe cocTosiHne. Linkn paboTtbl cxembl AMNB 3aBepLueH.

Myck AMNB BO3MOXeH, Takke, OT BHELUHUX 3aluT. [Ina 3TOro BbIXOAHOW 3aMbIKaIOLLNA KOHTAKT BHELUHEN
3awWmThl cregyeT nogknounTtb K knemmam 10, 19 pene PC80M2-19, 20. B MOMEHT 3amblkaHWs BbIXOAHOMO
KOHTaKTa BHelLHen 3awuTbl Ha knemme 10 pene PC80M2-19, 20 nosieutcs HanpshxeHue +250B. Ecnn cBeTo-
avog FOTOB AlNB He cBeTuTCS, KoY Sv6 He OTKpoeTcs (13-3a AeNCTBUA 3anpeTa ¢ komnapartopa K4) u cxe-
ma AlB pabotatb He OygeT. Ecnu xe cetogmon FOTOB AlB cBetutcs, kmtod Sv6 OTKpoeTCcs U 3aMKHET
KOHTaKTbl ABYXCTabunbHoro pene P4. B ganbHenwem, pabota cxembl AlB aHanormyHa onMcaHHOMY BblLLE.

[Onsa cHatva mn3BHe curHana nogrotoBkn AlB (rawenus ceetogmopa NOTOB AlNB) HeobxoaMmo KpaTKo-
BPEMEHHO 3aKOpPOTUTb Mexay cobon knemmbl 14, 19 pene PC80M2-19, 20. B atom cny4dae, OTKpOETCs KoY
Sv10 u paspsaguTt koHgeHcaTtop C3.

Cxema AlB obecneunBaeT BO3MOXHOCTb BHyTpeHHero (npw cpabatbiBaHum MT3 unu TO) nycka AlB npu
nponagaHuu HanpskeHnus nutanus 220 B, ecnu:

- HAa MOMEHT nponagaxus HanpskeHnst 220 B ceetunca ceetoamnon FOTOB AlB;

- C MOMeHTa nponagaxus HanpsbkeHns 220 B npowno He 6onee 5 cekyHA.

B atom cnyuae, 3a cuyeT uctovHuka nutanms UIMN1 obGecneynBaeTcsa OTKpbiBaHME Kroya Sv4 U 3amblkaHue
KOHTaKTa aByxcTabunbHoro pene P4. OTKkpbiBaHue kntova Sv7 6e3 HanpsbkeHns nutanns 220 B He BO3MOXHO.
Moatomy, Aanee 6e3 HanNpsPkeHWs NUTaHUSA cxeMa paboTaTtb He OyaeT. Ho, kak TOMNbKO HanpshXeHne NUTaHus
BOCCT@HOBUTCS, U3MNOXEHHBIN BbIlLE anroputM 6yaeT BbINOSHEH A0 KoHUA. B To e Bpems, kntod Svb 6e3 Ha-
npsbkeHns 220 B He MoXeT ObITb OTKPbIT, U3-3a Yero BHELHWIA nyck AlNB B 3TOM crnydae HEBO3MOXEH.

2.3.4. TpexdasHoe yCTPOMCTBO MAaKCMMaNbHOM 3aLlnTbl C 3aBUCMMOM U HE3aBMCUMOW BbiAePXKKOMN
BpeMeHun u TokoBom otceukn PC 80M3

MpeaHasHavYeHO ANg NPpUMEHEHUs B YCTPOMCTBAX 3aLLMTbl M aBTOMaTUKN. YCTPOUCTBO COAEPXKUT TpexdasHyto
MakcumarnbHylo TokoByl 3awmty (MT3) ¢ ogHOM He3aBUCUMOMW UM OBYMSI 3aBUCUMMbIMU XapaKTepucTUKamu
cpabaTbiBaHMs 1 TpexasHyto TOKOBYH OTCEYKY.

TokoBas oTceyka umeeT Bbigepxky Bpemernn 70-100 mc unmn 150-200 mc no BbIGOpy C nepegHen naHenwu.
MmeeTca BO3MOXHOCTb OMOKMPOBKM TOKOBOW OTCEYKM C NEPELHEN MAHENN UM OUCTAHLMOHHO.

Inana3oHbl ycTaBoK NpuBeAeHbl B Tabnuue 2.6, a mogudvkaumm B Tabnuue 2.7. BHewHuin Bug pene n QyHk-
LMoHanbHasa cxema aHanormyHel pene PC-80 M2,

___Omnana3soHbl yctaBok pene PC-80M3 Tabnuua 2.6

YCTARKH TOKA CpafaTLIBIHNA Howti- VCTaBKH BUASPREN BDEMEHH YCTABKH KPATHOCTH TOKA OTCEUKH
Monugurauus Tianazon, A Konu- Huckper- I-I.El.l'lbl!:ﬁ Muanasen, ¢ Konu- | Ouckper- | Jnanason, Konu- ﬂ:;:fz"
YECTBO HOCTh, A TOK, YeCTBO | HOOTH, © K[aT YECTEO kpar
1-228 128 0.01 2.5 03-258 256 0,1 2-177 64 0,25
) 2-4.56 128 0.02 5.0 03-258 256 0.1 2-177 64 0,25
PCBOMS3-1+4 4-9,12 128 0.04 10,0 03-258 256 0,1 2-177 64 0,25
8-182 128 0.08 16,0 03-258 256 0,1 2-177 64 0,25
Moaudukaumm pene PC-80M3 Tabnuua 2.7.
Moudmkaima (DYHKLHA BRIX0JA
Brixon |: eme. 15, 16, 18 - nepexn. Brixoa 2: srie. 6, 7, 8 - nepexn.;
PCBOM3-1 OTceuKa H BbIAEpiKKa BPeMEHH OTceuka H BblAEpiKKa BPeMEHH
PC80OM3-2 (OTCeuKa W BHASPHKA BPEMEHH OTceuka
PC80M3-3 OTCeuKa W BHASPIKKA BPEMEHH Brigeps#ka BpeMeHn
PC80M3-4 Orceuka Briaepscka BpeMeHy
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2.3.5. YctpoucTtsa 3awmTbl no Toky Y3A-AT (Y3A-AT-T)

YcTponcTBa npegHasHadeHbl NS UCNOMb30BaHUSA B CXeMax pefieMHOM 3alimTbl U NPOTMBOaBapuUMHOM aBToO-
MaTWUKN AN 3aWuUThl ANEKTPUYECKUX MaLuvH, TPaHCOPMaToOpOB M NIMHWI 3neKkTponepeaay npu KOpPOTKUX 3a-
MbIKaHWUSIX U Neperpysakax.

YcrporictBa Y3A-AT — 3TO MUKPOINEKTPOHHbIE pene 6e3 AOMONHUTENbHOr0 UCTOYHMKA NuTaHus. [NMuTaHue
3M1EMEHTOB CXEMbl OCYLLECTBMSAETCA OT BXOAHOro Toka. [JononHutensHoe nutaHue (MOCTOSIHHOE MIn nepe-
MeHHoe HanpsikeHue 3HadeHueM 220 B) tpebyetca Tonbko ans obecnevenns dyHkumm AlB, nHavkaumm um
ANCTaHLMOHHON B6rokmMpoBkn oTcedkn. Mogudmkaumsa Y3A-AT-T npegHasHadeHa ons Ucrnonb3oBaHWs B Kaye-
CTBE TPEXCTyneH4YaToun 3almTbl MOHWXKaLWwmx TpaHcgopmartopos 35 kB — 1 cTyneHb oTknoyaeTt CB, BTopas -
BBog HH, Tpetbs BBOA BH.

Ycmpoliicmea Y3A-AT obecneyusarom:

- MakcumMaribHyto ToKoByto 3awwmTy (MT3) c He3aBUCUMON U ABYMS 3aBUCMMbIMU XapakTepucTukamu cpabatbl-
BaHus (No BbIOOPY C NepegHen naHenu);

- TokoByto oTceuky (TO) ¢ BpemeHHoM 3agepxkon (70-100) mc unu (150-200) mc, KoTopasi 3agaeTcs ¢ nepeg-
Hewn naHenu;

- HEHanpaefEeHHYI0 U HaNpaBfEeHHYHO 3aluTy OT 3aMblkaHui Ha 3emnio - 3H3 (kpome ucnonHeHnn Y3A-
AT-T). MNpwn atom, ana HeHanpasneHHon 3H3 B 3akase cnenyeT ykasaTb Tpebyembli AMana3oH YCTaBOK TOKa
cpabaTtbiBaHUs;

- 3aWmTy OT Neperpysku (kpome mcnonHeHun Y3A-AT-T);

- BO3MOXHOCTb 3afaHuna obwmx ans aesyx a3 BXOOHOrO TOKa yCTaBOK Toka cpabaTtbiBaHus MT3, Toka cpa-
GaTbIBaHMA OTCEYKM (B KpAaTHOCTAX K TOKY cpabaTbiBaHus MT3), BpemeHu cpabaTtbiBaHus MT3;

- cpabaTbiBaHne MT3 1 (MnM) TOKOBOW OTCEYKU MO HANOObLUEMY U3 BXOLHbIX TOKOB;

- BO3MOXHOCTb OTKITHOMEHNS TOKOBOW OTCEYKM C NepeaHen naHemnu unv AMCTaHUMOHHO 3aMblKaHWEM BHELUHe-
ro 3amblKatollero KoHTakta. Npn aToM, HEOOXOAMMO K KNeMmam NUTaHWst YCTponcTBa (MpurnoxeHue 2) nog-
KMIOYUTb MOCTOSIHHOE UMW NepeMeHHoe HanpsbkeHue 3HadeHnem 220 B + 20%. B cnydae kpaTkoBpeMEHHOro
(He 6onee 1 MUHYTBI) Nponaganus HanpsbkeHnst 220 B 1 3aMbikaHus, B 3TOT MOMEHT, BHELLHENO 3aMblKatoLLe-
ro KOHTaKTa, AUCTaHLMOHHOE OTKITIOYEHME TOKOBOMW OTCEYKM obecnedmBaeTcst Ha BpeMsi He MeHee 3 CeKyHA.
Insa nenonHeHun Y3A-AT-T, kpome Toro, obecneumBaeTcsa QUCTAHUMOHHOE oTKMtodeHne TO 6e3 HanpshkeHus
220 B npv Hannuumn aBapuMMHOro TOKa BO BXOAHLIX LIENSX perne;

- BO3MOXHOCTb OTKMtoyeHnss MT3 ancTaHUMOHHO 3aMblKaHMEM BHELUHEro 3aMblKaloLero KOHTakTa (TONbKO
anga venonHenmn Y3A-AT-T). [nga atoro TpebyeTca HanuuMe onepaTMBHOrO HamnpsiKeHus UM aBapunHOro
TOKa Ha COOTBETCTBYHOLLMX KNemmax pene;

- BO3MOXHOCTb paboTbl B CXeMax C LYHTMpOBaHNEM-AELLYHTUPOBaHMEM yripaBnsemon uenu. B kayecTse Bbl-
XOOHOro cunoBoro kniova ucnonssyetca Tpuak TC 132 — 50 — 10. Ans ncnonHexnn Y3A-AT-T npegycmoTtpe-
HO AMCTaHUMOHHOE ynpasrieHne LYHTMPOBaHNEM-AELYHTUPOBAHMEM 3aMblKaHWEM BHELLHEro 3amblKaloLwero
KOHTakTa. 3T0 MOXeT noTpeboBaTbCA AN OTKMYEeHUs TpaHcopmaTopa OT OOMOMHUTENbHbIX 3alUMT — Ha-
npumep: and3awmutel TpaHcdhopmaTopa. [nsa atoro TpebyeTcs HanMyune aBapuUHOIO TOKa Ha COOTBETCTBYHO-
LLMX KremMax pene.

- cbyHKumo ogHokpaTHoro AlB (kpome ncnonHeHun Y3A-AT-T);

- HamMkauuio o cbpoca (c 3anommHaHuem) cpabatbiBaHma MT3, TO, AlB, anckpeTHoro Bxoda (TONMbLKO npu
HanM4MM NOCTOSIHHOIO MM NEPEMEHHOI0 HanpsikeHns 3HavyeHnem 220 B Ha knemmax nutaHust yCTponcTBa).
Ona dyHkumm MT3 YBA-AT-T ungukaumst cpabaTtbiBaHusl C 3anoMMHaHMEM OOecneumBaeTCsl ANs KaKOgoro
Bbixoga (BbIXO[ 1 MT3, BbIXO[ 2 MT3, BbIXOL 3 MT3) otaenksHo;

nHaukaumo rotosHocTn AlB (kpome ncnonHexnmn Y3A-AT-T);

nHankaumo cpabatoiBaHma 3H3 m 3awmThl OT Neperpysku (6e3 sanommnHaHus);

WMHOMKALMIO Hannunsa Toka BO BXOAHbIX LiensiX YCTPOMUCTBa;

- BO3MOXHOCTb cOpoca nHaukaumm cpabaTtbiBaHUs C NepefHer naHenu unyM AMCTaHUMOHHO. [na ncnonHeHnn
Y3A-AT-T obecneunBaeTcs cOpoc MHaMKauumn cpabaTbiBaHUS TOMBKO C NepeaHel naHenu;

- BO3MOXXHOCTb BHyTpeHHero (npu cpabatbiBaHum MT3 unu TO) unu BHewwHero nycka AlB (kpome ucnonHe-
HU Y3A-AT-T);

- BO3MOXHOCTb BHeLLHero copoca rotoBHocTn AlB (kpome ncnonHeHun Y3A-AT-T);

- BO3MOXHOCTb BHYTpeHHero (npu cpabatbiBanun MT3 unu TO) nycka AlNB npu nponagaHun HanpshkeHust
nutanuns 220 B, ecnu:

- Ha MOMEHT nponagaHusa HanpskeHna 220 B ceetuncs ceetoguog MOTOB AlB;

- C MOMeHTa nponagaHusa HanpsbkeHns 220 B npowwno He 6onee 5 cekyHa.

Mocne npoxoxaeHus BHyTpeHHen koMmaHabl nycka AlNB cxema AlB "ocTtaHaBnueaeTtcsa" A0 BO30OGHOBNEHUS
nofayun HanpskeHus nNuTaHus, nocre Yero cxema AlB npogomxkaeT paboTy. Mpu aTom cnegyet UMeTb B BU-
Ay, YTO BHeLHun nyck AMB npu oTcyTcTBUM HanpsbkeHus nutanusa 220 B He obecneunBaeTcs.

YctpowictBa Y3A-AT copepxat OAUCKPETHBIN Bxod, obecneynBatowmin MHANKaUuo cpabaTtbiBaHUs, pa3MHOXe-
HWME 1 pacnpoCTpaHEeHNe BbIXOAHOMO CUrHana BHELUHEN 3alUmTbl (Hanpumep, 4yroBow).

3Ha4veHusa ycTaBok Toka cpabaTeiBaHus MT3, Bblaepkku BpeMeHn MT3, KpaTHOCTU TOKa OTCEYKM, BbIOEPKKU
BpemeHn AlB 1X KONMYeCTBO M ANCKPETHOCTb NpUBEAEHbI B Tab.2.8.

Xapaktepuctukm Y3A-AT Tabnuua 2.8,a.
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YcTtaBku Toka cpabatbiBaHua MT3,|YcTaBku BblAEpPXKKU|YCTaBKM TOKa OT- Yerasku AMB. ¢
A BpemeHu MT3, ¢ Ce4KWn, KparT. ’
Ownana3soH, A Ouckp., A Ovck Ouckp.
p., |Awnan., Awvan., Anckp.
L=5A |L.=1A Kon. L=5A [L.=1A Ownan.,c |Kon. c Kpar. Kon. |, c Kon. ¢
Kpar.
0,4-
0,91
;:i’gz 0,8- (128 |0,01 0,004
’ 1,82 |128 |0,02 |0,008 2-
481:9,08 16- [128 |0.04 [0.016 0,3-25,8 (256 (0,1 17,75 64 |0,25 |(0,5-8 (16 (0,5
3,63 (128 (0,08 (0,032
18,16
3,2-
7,26

BoixogHon koHTakT AlB sBnsgeTca npockanb3biBalowmM. Bpems yaepxaHus ero B 3aMKHYTOM COCTOSHUM Ha-
xogutes B npegenax (0,25-0,4) c.

Tabnuua 2.8,6

YcTaBKM TOKa cpabaTbiBaHus HeHanpaBneHHon 3H3

Owvana- K MoakntoyeHune Kk knemmam 9,10 MoaknioyeHune K knemmam 8,9
on-Bo
30H AMCK- OwvanasoH Ouckp- Homu- Onana3soH | Auckp-ctb | Homu-
M3MeHe- U3MEHeHUs1 | CTb  U3- o M3MeHe- n3MeHe- HanbHbIN
PeTHbIX HanbHbIN
HUA ycTaBOK MeHeHus HUSI YyCTa- | HUA YycTa- | TOK,
ycTaBoOK ToK, A
yCTaBOK yCTaBOK BOK BOK A
0,05- 100-415
0.415 64 50-207,5 mA | 2,5 mA 0,25 mA 5mA 0,5
0,15- 150-622,5 300-1245
1.245 64 mA 7,5 mA 0,75 mA 15 mA 1,5
0,5-4,15 64 0,5-2,075 A 0,025 A 2,5 1,0-415A | 0,05A 5,0
@ © @ ©
®
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CPABAT. . o I:I ,C
Tane l:| .C
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I3nz l:| . g 1313 l:l A
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© © @ ]
JlnueBasa naHenb Jlnyesas naHenb ycTponcTea
YCTPOMWCTBA C KpenneHnem C KpenmneHneMm o LLUMPOKON CTOPOHE
Mo y3KOW CTOPOHE
Puc. 2.29  MwukpoaneKkTpoHHOe yCTPOMUCTBO 3awwmnTtbl Y3A-AT. 2 BapnaHTa UCNONHEHNS
g [unanasoH yctaBok Bbiaepxku sBpemenn 3H3 (0,1-6,4) ¢, auckpeT-
\ HocTb — 0,1 c.

[nanasoH ycTaBoK Toka cpabaTbiBaHMsA 3aliWTbl OT Neperpysku
(1,0-7,3) A ¢ guckpeTtHocTbio 0,1 A. Belgepxka BpeMeHu 3allnThbl
OT neperpyskun ukcnpoBaHa n HaxoguTcs B npegenax (7—10) c.
KOHTaKTbl BbIXOAHbIX MPOMEXYTOYHbLIX perne MMerT KOMMyTauu-
OHHy0 crnocobHocTb 20 A Ha 3aMblkaHue U 5 A annTensHo.
YcTporictBa obecneumBaloT CreaylolmMe XapakTepUCTUKU 3aBu-
CUMOCTU BpeMeHun cpabaTtbiBaHnst MT3 oT kpaTHOCTM Toka cpaba-
TbiBaHWs cM. puc 2.30:

a) He3aBucmas
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0) 3aBMCMMas HopMarnbHas, COOTBETCTBYIOLLAA XapakTepUCTMKam anekTpomexaHmdeckmx pene PT-85 (PTB-
V)
B) 3aBMcuMas KpyTtasi

lMpuHuyun deticmeusi pene Y3A-AT

®yHKUMOHanNbHasa cxema OCHOBHbIX 3alMT YCTPOMCTBa nNpveedeHa Ha puc. 2.31, 2.32.

TMpuryun deticmeusi MT3 u TO

Ona dyHkumoHuposaHma MT3 1 TO onepatuBHoe nuTaHve He TpebyeTcs. NuTaHne anemeHToB cxeMbl MT3 1

TO ocyLuecTBnAeTCs OT BXOQHOMO TOKa.

BxogHow ToOK, B 3aBUCMMOCTM OT BbIOpaHHOro AuanasoHa, NocTynaeT Ha COOTBETCTBYHOLLME BbIBOAbI NEPBUY-

Hol obmoTku TpaHccopmaTopoB Toka TT1, TT2. Beinpsmutenn BI11, BlMN2 npeobpasyoT nepemMeHHbIA ToK
yactoTon 50 U B BbINPSAMMAEHHbLIN Nynbcupylowmun Tok yactoton 100 .

Puc. 2.30. Xapaktepuctuku pene Y3A-AT Mpn gocTwXKeHMn BXOAHbIM TOKOM mnobon dasbl 3HaveHns (0,2-0,3) Toka

MWHMMarbHOW YCTaBKU Ha BbIXOAE WCTOYHMKa nutaHusa UMM nosiendetcs

[ocTaTovyHoe Ansi HopMaribHOW paboTbl CxeMbl HanpsbkeHne nutadus. Mpu atom Ha Bbixoge MOH1 nosiBng-

FOTCSA OMNOpHbIe HanpskeHus -2 B n +2 B n 3aropaetcs ceetoguog “lgy”.

Peaunctopbl R1, R2 npeobpasyoT nynbCMpyoWwuin TOK B NynbcupytoLee HanpsbkeHne yactoton 100 My, koTo-

poe ycunusaeTtca ycunutenamu YH1, YH2 n npeobpasyetca comnetpamn ®HY1, PHY2 B noctosiHHOE Hanps-

XeHue, NponopuMoHanbHoe BXOAHOMY TOKy "cBoei" dhasbl.

C Bbixogos ®HY1, PHY2 HanpsxeHMsa NocTynaroT Ha nepeknoyaowmun komnapatop K6, koTopblin nogkmnoya-

eT Ha Bxo bopmupoBaTerns ycTaBok Toka PYi 6onbluee 13 BXOAHbIX HANPSHKEHWUIA.

C BbIxoga dYi HanpspkeHWe nocTynaeT Ha cxemy TokoBon oTceuku (Yo, K1, C31) n cxemy MT3 ¢ Tpems xa-

pakTepuctMkamu cpabaTteiBaHms (Pr11, Pr12, S, dYt, K3, N1, K2).

®Yo macwtabupyet BbixogHoW curHan PYi Takmm o6pasom, YTO MpU AOCTMKEHUM BXOAHBIM TOKOM 3HayeHus

yCTaBKM OTCEYKM HamnpshkeHue Ha Bbixoge PYo cpaBHsieTcss ¢ HanpsbkeHnem MIOH1 -Uon. 3T1o npuBeger K

cpabatbiBaHMto komnapatopa K1. BeixogHow curdan K1 3anyctut cxemy 3agepxkum C31. 3HavyeHue BpeMeHu

3agepxkn C31 3agaeTcs onepatopoM ¢ nepegHen naHenu n coctaesnset (70—100) mc nnn (150-200) mc, no

ncredeHmm kotoporo C31 otkpoet kmtod SV1, 4yTo npmBedeT K cpabaTbiBaHWO BbIXOAHLIX perne P1, P2

(BbIXOO TO+MTS3). OgHoBpemeHHO, BbixogHou curHan C31 noctynaet Ha knwoun SV12, SV4. Knou SV12

OTKPbIBAETCHA U 3aMblKaeT KOHTaKT ABYXCTabunbHOro pene, 4to Bbi3blBaeT 3aropaHue ceetoanoga CPABAT.

TO (npw Hanuyuun onepatmeHoro nutanusa 220 B). Know SV4, npu Hanuumm paspeluatroero curHana ¢ KoM-

napatopa K4, 3amblkaeT KOHTaKT AByxcTabunbHoro pene P4 cxembl AlB.

Mpn JOCTMXKEHUN BXOOHBIM TOKOM 3HAYeHMs ycTaBku Toka cpabatbiBaHuss MT3 HanpsikeHue Ha Bbixoge DYi

cpaBHsieTcs ¢ HanpsbkeHnem MOH1 -Uon. Komnapatop K3 cpabatbiBaeT, oTKpbiBaeT ko4 SV2 u BkovaeT

nHterpatop MN1. OTKpbiBaHWe knoya SV2 npuBeget kK cpabaTtbiBaHuio BbixogHoro pene P3 (MT3 mrHoBeH-

Hbln). OQHOBPEMEHHO HanpshkeHue Ha Bbixode M1 HavHeT Bo3pacTaTe. CKOpPOCTb BO3pacTaHUs 3aBUCHUT:

—[ONsi XapakTepucTukun (1) — oT 3agaHHOM ycTaBku BpemeHn OVYi;

—ONA XxapakTepucTuk (2), (3) — oT 3agaHHoN ycTaBku BpemeHu @Yt n 3HayeHns BXOAHOMO Toka.

Korga HanpsbkeHve Ha Bbixoge MHTerpatopa gocturHeT 3HaveHus +Uon (MOH1) cpaboTaeT komnapatop K2.

BbixogHon curHan K2 otkpoeT kntod SV1, 4To npuBeeT k cpabatbiBaHWio BbixogHbIX pene P1, P2 (BbIXO[

TO+MT3). OgHoBpeMeHHO BbixoaHOM curHan K2 noctynaet Ha kntoun SV11, SV4. Knou SV11 oTkpbiBaeTca

N 3aMbIKaeT KOHTAKT ABYXCTabuMbHOro perne, 4To Bbi3biBaeT 3aropaHue ceetogmoga CPABAT. MT3 (npu Ha-

YK Ha KNEMMaXx HanpsbkeHus onepaTyMBHoro nutanns 220 B).

Kntou SV4, npy Hanuuumn paspeluarollero curHana ¢ komnapatopa K4, 3ambikaeT KOHTaKT ABYXCTabUNbHOroO

pene P4 cxembl AlB.

Mpeobpasosatenn ®r11, G2 obecneumBaloT 3aBNCUMbIE XapaKTEPUCTUKN cpabaTbiBaHWsl, a NepekroyaTenb

S - BO3MOXXHOCTb BbIOOpa HY)XXHOM XapakTEepPUCTUKMN.

TMpuryun deticmeusi AlB

MutaHne cxembl AlNB obecneunBatoT BbinpaMutens B3 n uctoyHmnk nutanus WUIM2, Ha BbIXOoAe KOTOPOro
dopmupytoTes HanpsikeHus +10 B u -10 B.

lMocne BKMOYEHUSA BbICOKOBOSIBTHOIO BbIKMoYaTens (3amkHeTcs koHTakT BKB, (puc. 2.31) Ha knemme BKB
YCTpPONCTBA NOSABUTCA MONoxuTenbHoe HanpsbkeHne +250 B. Yepes pesuctop RS HauHeTcsa 3apsan koHaoeHca-
Topa C3. HanpspkeHne koHgeHcaTopa C3 nocTynaeT Ha OavH U3 BxogoB komnapatopa K4. Ha gpyron Bxopg, K4
noctynaet onopHoe HanpskeHne ¢ MNOH2. MpumepHo yepes 30 cekyHn nocne Havana 3apsiga C3 Hanpsxe-
HMEe Ha HEM CpaBHSIETCS C ONopHbIM HanpsbkeHeM MIOH2, komnapatop K4 cpabortaet. BeixogHow curHan K4
OTKpOET kntov SV8 n Ha nepepHen naHenu yctponcTea 3aroputcsa ceetogmon FOTOB AlNB. OgHOBpEMEHHO,
BbIXxoAHOW curHan K4 cHumeT 3anpeT Ha OoTKpbiBaHue knoven SV4, SV6.

B cnyyae cpabaTtbiBaHma MT3 unu TO, Ha kntod SV4 noctynuT oTkpbiBatowuin curHan ¢ K2 unu C31. Ecnu
ceetogmon FOTOB AlNB He cBeTuTCs, kntod SV4 He oTKpoeTcs, u AlNB pabotate He ByaeTt. Ecnu xe ceeTo-
aviog TOTOB ATB ceeTuTCs, Kntod SV4 0TKpoeTCs N 3aMKHET KOHTaKT AByxcTabunbHoro pene P4. B pesynb-
TaTe, Ha K4 SV7 yepes peauctop R4 OyaeT nogaHo NonoXuTenbHoe HanpshkeHue, kintod SV7 oTKpoeTcs U
cpabortaet pene P5.
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Pasmblkatowmn koHTakT PS5 Bkntount nHterpatop V2. HanpsbkeHne Ha Bbixoge M2 HadHeT Bo3pacTatb. Cko-
pOCTb BO3pacTaHUsa 3aBUCUT OT 3aaHHOW onepaTopoMm Ha nepefHen naHenu yctasku AlB. BeixogHoe Ha-
npshkeHne nHterpaTopa M2 noctynaeTt Ha oauvH u3 BxogoB komnapatopa K5, Ha apyron Bxog KOTOPOro nocTy-
naet onopHoe HanpsbkeHne ¢ MOH2. B MOMEHT paBeHCTBa HanpsbkeHun Ha Bxogax K5 cpabortaet, oTkpoeT
ko4 SV9, KoTopbil, B CBOK ovepeb, NOAKIMIOYMT K 0OMOTKE BbIXOAHOro pene P6 HanpspkeHne 3apsiKeHHOro
koHaeHcaTopa C3. Pene P6 cpaboTtaet, a koHaeHcaTtop C3 HauvHeT paspsikaTtbed. Yepes (0,25-0,4) cekyHabl
nocne BknodeHns P6 koHgeHcaTtop C3 nodTy NOAHOCTLIO pa3paguTcs, komnapatop K4 BepHeTCcsa B UCXOAHOE
coctogaHue. Mpn atom, noracHet ceetoguog FOTOB AlB n cchopmmpyetca curHan 3anpeTa Ha OTKpbiBaHWE
kntoyen SV4, SV6. PasmbikaeTcst KOHTaKT aByxcTabunbHoro pene P4, 3akpbiBaeTcs knod SV7, KOHTaKTbl pe-
ne P5 Bo3BpaLlalTcs B ICX04HOE cocTosiHMe. Linkn paboTtebl cxembl AMNB 3aBepLueH.

Myck AlNB BO3MOXeEH, Takke, OT BHELIHMX 3aWwuT. [1na 9TOro BbIXOAHOW 3aMbIKalOLLMIA KOHTAKT BHELUHEN 3a-
LWMTBI cnegyeT nogkntountb K knemmam MYCK AMNB (puc.2.31) ycTponcTea. B MOMEHT 3amblkaHWs BbIXO4HOMO
KOHTaKTa BHellHel 3awmTbl Ha knemme MYCK AlMNB nosiButca HanpsbkeHne +250B. Ecnu ceetoanoa NOTOB
ATlB He cBeTuTcH, ko4 SV6 He oTkpoeTcs (M3-3a AenCTBUS 3anpeTa ¢ komnapatopa K4) n cxema AlB pabo-
Tatb He BygeT. Ecnu xe ceetoguog MOTOB AlB ceetutcs, kntod SV6 OTKpOETCA 1 3aMKHET KOHTaKTbl OBYX-
crabunbHoro pene P4. B ganbHelwem pabota cxembl AlB aHanornyHa onMcaHHOMY BbilLe.

[nsa cHaTna nseHe curHana nogrotoBkn AlNB (rawenunsa ceetogmnoga NOTOB AlNB) Heob6xoammo KpaTkoBpe-
MEHHO 3aKopoTUTb Mexay cobon knemmbl CI. B aTom cnyyae, oTkpoeTtca knod SV10 1 paspsauT KoHAeHca-
Top C3.

Cxema AlB obecneudvBaeT BO3MOXHOCTb BHyTpeHHero (npu cpabatbiBaHun MT3 vnun TO) nycka AlB npwu
nponagaHuu HanpskeHnus nutadus 220 B, ecnu:

- Ha MOMEHT nponagaHus HanpsbkeHnsa 220 B ceetuncs ceetoguon FOTOB AlB;

- C MOMEHTa nponaganuna HanpshkeHnst 220 B npowwuno He 6onee 5 cekyHa,.

B atom cniyyae, 3a cyeT ucTtoyHuMka nutaHusa UIM1 obecneunBaeTcst oTKpbiBaHME Kntova SV4 n 3ambikaHue
KOHTaKTa aByxctabunbHoro pene P4. OtkpbiBaHue knoyva SV7 6e3 HanpsixkeHus nutanus 220 B HeBO3MOXHO.
MoaTomy nanee 6e3 HanpskeHWst NUTaHMA cxeMma paboTaTtbe He ByaeT. Ho, kak TOMbKO HanpshkeHue nNUTaHus
BOCCTaHOBUTCS, M3MOXEHHbIVA Bbile anroputMm ByaeT BbINOMHEH A0 KOHuUa. B To e Bpewms, knod SV6 6es
HanpsbkeHnsa 220 B He MoXeT ObITb OTKPbIT, 13-3a Yero BHeLWHWI nyck AlNB B 3ToM criyyae HEBO3MOXKEH.
dyHKUMOHanbHas cxema BapuaHTta Y3A-AT-T nokasaHa Ha puc. 2.31,a. OHa oTnuyaeTcs BbIXOAHbIMU Liensi-
MU, UMELLMMN 3 CTYMNEHN BbIOEPXKKN BpeMEHM (TOKOBasA OTCeYKa, Ha 3aKMMbl 7-8 NOAKMYATCA KOHTaKThI
BHELUHEN 3auThl, AEWCTBYHIOLLEN HA MYCK CXEMbl OELIYHTUPOBAHMS (HAa CXeMe He NMOoKa3aHbl).

BbixogHble koHTakTbl ucnonHeHnn Y3A-AT-T BbIXOL 1 MT3, BbIXO[, 2 MT3 sBnstoTcsa npockarnb3biBato-
wumn. Bpems yaepkaHus B 3aMKHYTOM COCTOsiHMM koHTakTtoB BbIXO[ 1 MT3, BbIXO[ 2 MT3 cocTtaBnsieT
npumepHo 0,2-0,3 c.

BbixogHble koHTakTbl BbIXO[ 1 MT3, BbIXO 2 MT3, BbIXO[ 3 MT3 ucnonHenunn Y3A-AT-T cpabathbl-
BaloT B crneaytoLlen nocnegoBaTenbHOCTH:

TakT 1- nocne 3asepLueHus Bbligepxku Bpemenn MT3 cpabaTbiBaet BbIXO 1 MT3;

TakT 2 — yepes 0,2 ¢ nocne cpabaTbiBaHUA pa3mblikaeTcs KoHTakT BbIXOO 1 MT3;

TakT 3 — yepes 0,2 ¢ nocne pa3mbikaHus koHTakTa BbIXO[ 1 MT3 cpabaTeiBaeT koHTakT BbIXO[ 2 MTS3;

TakT 4 - yepes 0,2 ¢ nocne cpabaTbiBaHWs pa3MbikaeTcs koHTakT BbIXO[ 2 MTS3;

TakT 5 - yepes 0,2 ¢ nocne pa3MblkaHus koHTakTa BbIXO[ 2 MT3 cpabatbiBaeT koHTakT BbIXOL 3 MT3 u
yaepxmBaeTca B cpaboTaHHOM COCTOSIHUM A0 MOMEHTA, KOrda 3HayeHue BXOOHOro Toka YCTPOWCTBA CTaHeT
MeHbLLE 3Ha4YeHns ycTaBkun Toka MT3.

Ecnu Bo Bpemsi Takta 1 nnm 3 NpoMCXoanT YMEHbLUEHWE BXOOHOIO TOKa YCTPOWCTBA HWDKE 3HAYeHus yc-
TaBkm Toka MT3, nocneaytoLme TakTbl He BbINOMHSAOTCS.

lMpuHyun delicmeausi HeHanpasJsieHHou 3H3

dyHKUMOHanNbHasA cxema npusefeHa Ha puc. 2.32.

BxogHou Tok nocTynaeT Ha BbIBOAbLI NEPBUYHON 0OMOTKM TpaHcdopmaTopa Toka TT. Beinpamutens Bl npe-
0o6pa3syeT nepeMeHHbIn ToK YactoTton 50 My B BbINPAMMEHHbIA Nynbceupyowmuin Tok Yactoton 100 u. Mpwu
OOCTUXEHUN BXOOHbIM TOKOM 3HadeHus (0,2-0,3) Toka MUHUMAarbHOW YCTaBKM Ha BbIXOAEe UCTOYHWKA NUTaHUSA
Ul nosiBnsieTcst goctaTtouHoe Anst HopMarbHOW paboTbl CXEMbI HaNpsbkeHne nNuTanus. MNpu 3TOM Ha BbIXo4e
MOH nosiBuTCS onopHoe HanpsixeHne —2 B.

Pesunctop R npeobpasyeT nynbcupyloLwmii ToK B Nynbcupytollee HanpskeHme Yactoton 100 'y, koTopoe ycu-
nuneaetca ycunutenem YH n npeobpasyetca cdunstpom PHY B NOCTOSIHHOE HanpspkeHWe, NponopumoHanb-
Hoe BxogHOMY TOKy. C Bbixoga ®HY HanpsikeHWe nocTynaeT Ha NepBbIi BXO4 KOMMNapaTopa HanpshkeHus Ku.
Ha BTOpoOW BXOA kOMMapaTopa NocTynaeT BbIXOQHOE HanpshkeHne ¢ hopmmupoBaTens yctaBok Toka Vi, MNpwu
OOCTVKEHUW BXOOHbIM TOKOM 3HAYE€HUS YCTaBKM BbIXOAHOE HanpshkeHne ®HY OyageTt paBHO BbIXOQHOMY Ha-
npsxkeHnto Pyi, komnapaTtopa HanpsxeHusa Ku cpabotaet. Cpabotas, komnapaTtop Ku 3anycTtut cxemy Bbl-
aepxkn BpemeHn C3. Cxema Bblaepxkn BpemeHn C3 yepes nHTepBarn BpeMeHW, PaBHbIN 3HAYEHUIO YCTaBKM
BPEMEHMU, 3aMKHEeT KoY S2, 4yTo npyBeaeT Kk cpabaTbiBaHWIO ucnonHuTensHoro pene K.

MpuHUMN OencTBUA 3aLmMThl OT Neperpy3ku aHanormdeH npuHuuny AencTeusa HeHanpasneHHon 3H3.

yCTpOIhCTBa C MakcumarsibHbIM (*)yHKLI,I/IOHa.I'IbeIM HanonHeHneM coaepxXxat OeBATb 3aMblKaloLWKMX BbIXOOHbIX
KOHTaKTOB:
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- nBa koHTakta MT3 MrHOBEHHbI;

- nBa koHTakta TO+MT3;

- AlNB;

- 3HS3;

- 3aluTa oT neperpysku;

- [Ba BbIXOAHbIX KOHTaKTa, ynpaBnseMblX OT JUCKPETHOrO BXOAaA.

BbixogHon koHTakT AlNB sBnsgeTcs npockanb3biBaowmMm. Bpemsa yaepxaHusa ero B 3aMKHYTOM COCTOSHUM Ha-
xoautcs B npefenax (0,25-0,4) c.

Mo cnocoby perynupoBaHus yCTaBOK YCTPOMCTBA OTHOCATCS K UCMOJTHEHMWIO - C AUCKPETHLIM perynmpoBaHu-
eM; ycTaBku 3agatotcs ¢ nomollbio DIP - nepekntoyaTenen Haxoadawmxcsa nogj CbeMHOW nepeaHen naHensio,
cornacHo Tabnuu nx NonoXxeHus,

Pblyaxkn Mukponepekniovatenen nmetoT gea nonoxenms — ON(«BkntoyeHo») n OFF («OTkntoyeHoy»). Ha
caMnxX MUKpoOnepekmyaTensax npoMapkmpoBaHo Tonbko nonoxeHne ON. CnegyeT noHMMaTb, YTO MOJSIOXKe-
Hne OFF — 3To nonoxeHne pblvaxka, NpoTMBOMNONOXHOE nonoxeHutio ON.
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Puc. 2.31. ®dyHkuynoHaneHas cxema MT3, TO, AlNB
TT1,TT2 — TpaHcdopmaTtopkl Toka, C1...C3 — koHaeHcaTopsbl, BIM11...BlN3 — BeinpamuTtenu, YH1,YH2 — ycunutenu Hanpsbkenus, M1, UMN2 —mctounmku nutanus, dyi,dyo,
dYt — popmmpoBaTenu yctaBok Toka, OTCEYKM, BpEMEHM coOTBETCTBEHHO, PHY1, PHY2 —unbTpbl HWXKHUX YacToT, OIM1 ,PI12 — dyHKuMOoHanbHbIE Npebpa3oBaTenu,
S —nepekntoyaTens xapaktepuctuk, MOH1, MOH2 —mncTtouHmnkn onopHoro HanpsikeHust, K1...K5 — komnapatopsbl, K6 — nepekntovatowun komnapatop, M1,12 — nHterpato-
pbl, R1,R2,R4,R5 — pesuctopbl, SV1...SV13 — kntoun, P1...P3,P5,P6 — pene, P4 — aByxnoaunumoHHoe perne, C31,C32 — cxembl 3agepKu.
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Puc. 2.31a. ®yHkumnoHaneHasa cxema Y3A — AT —T.
TT1,TT2-TPAHC®OPMATOPbI TOKA, C1,C2-KOHOEHCATOPbI, BM1,BM2-BbINMPAMUTENW, YH1,YH2-YCUNUTENN HAMNPAXEHWUA, UM-UCTOYHUK MUTAHUSA, oyidyo,dYt-
®OPMWUPOBATEN YCTABOK TOKA, OTCEYKWM, BPEMEHWM COOTBETCTBEHHO, ®HY1,0HY2-OUNBbTPLI  HMMKHUX YACTOT, oIM1,eM2-dYHKLUMOHANBHBLIE
MPEOBPA3OBATE/NMW, S-MEPEKNIOYATENb XAPAKTEPUCTUK, MOH-MCTOYHUK OMOPHOIO HAMPSXKEHWSA, K1...K3-KOMMAPATOPGI, K4-MEPEKITOYAIOLLNA KOMIMAPATOP,
W-MHTEFPATOP, R1,R2-PE3VICTOPbI, Sv1...Sv4-KIKOYW, P1...P3-PENE, C31...C33-CXEMbI SALIEPXKKW, VS1,VS2-TPUAKN.
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TT - TpaHccopmaTop Toka, C - koHaeHcaTop, BIT - BeinpamuTens, R - pesuctop, YH - ycunutens Hanpsbke-
Hus, ®HY - punbtp HWKHKX YacToT, Ki, Ku - komnapatopbl Toka u HanpsbkeHus, Ul -UCTOYHUK nuTaHuS,
MOH - uctouHuk onopHoro HanpsbkeHus, ®yi,dYt- popmmpoBaTenn yctaBok Toka M BpemeHu, C3 - cxema
3agepxku, K -BbixogHoe pene, SV1,SV2 - knoun

KoHKpeTHbIV nepeveHb PyHKUNUIA, KOTOPBIN MMEEeT JaHHOE pere, U KONIMYECTBO BbIXOOHbIX pene onpeaenseT-
Cs1 3aKa3oM, B COOTBETCTBUM C OMPOCHBLIM JINCTOM.

2.3.6. YcTponcTBa 3awWwuThbl No HanpsbkeHutro Y3A-AH

YctporictBa Y3A-AH — 310 cTatmyeckue yctponcTBa 6e3 OOMOMHUTENBHOTO UCTOYHUKA NUTaHus. [NuTaHune
3MIEMEHTOB CXEMbI OCYLLECTBIIAETCA OT BXOAHOIrO HanpshKeHus:.

TEXHUYECKUE XAPAKTEPUCTUKU

o U
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CEPOC

EETb MHARKALLH
* D

YcTporictBa obecneynBaioT:

- BNOKMPOBKY NO HaMPSXEHWIO MaKCUManbHOM TokoBon 3awwmTel (MT3-H);

- nyck ABP LWMH NO CHWXEHUIO HaNpPsKeHUs;

- KOHTPOIb HANMUMs HaNPSXKEHUSA Ha pe3epBHOM NUCTOYHUKE NUTaHua ansa ABP;

- TpexdasHylo 3alnuTy OT MOHWXKEHMUS HaNpsbkeHus, paboTatowyto no dyHkunn "UIA"
(U<);

- TpexdasHylo 3aluTy OT MOHWKEHUS HanpshkeHus, paboTatowyto no dyHkumm "AN"
(U<<);

- ABYxXpasHyto 3aLUnTy OT NOBbLILIEHNS HANPSHKEHNS;

- CUrHanusauumio 3ambikaHuss Ha 3emnio no HanpskeHunto 3Uo ana TH, mnmetowwmx
oTaenbHyto oomoTky 3Uo;

- 3aWNTY OT NOBbLILLEHWS HanNPsXXeHnss obpaTHON NocrnefoBaTeNbHOCTH.

- Bce xapaktepucTukm cpabaTtbiBaHWs YyCTPONCTBA NO BPEMEHW — HE3aBUCUMBbIE.

Mo cnocoby perynupoBaHus YCTaBOK YCTPOWCTBA OTHOCHATCA K WCMOSHEHWIO — C
OVCKPETHbIM  perynupoBaHueM; YCTaBku perynupytotca ¢ nomowsto DIP-  ne-
pekrnovaTenen Haxo4ALWMXCS No4 CbEMHOW NepeaHen naHenbto.

YcTpoincTtea obecneumBaloT criegyolme aManasoHbl YCTaBoK:

- YcTaBka 3awuTbl Mo MMHMMAanbHOMy HanpsbkeHuto (B3MH) perynupyetcsa ot 40 go
80% Uy, war 5 B.

- YcTaBka 3awuTbl N0 MakcumanbHoMy HanpshkeHuto (U>) perynupyetcs ot 0,8 go
1,2% Uy, war 5 B.

-YcTaBkM  3awmTbl  NO  HanpsbkeHWo  HynesBow  nocnepgosaTenbHoctn  (3Uo)

perynupyeTcst oTaenbHo B AnanasoHe ot 15 go 60 B, war 5 B.
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- YcTaBKa no mMakcumarnbHOMY HanpshkeHuto obpaTtHow nocnegoBatensHocTn (U2) perynupyetcs B guana-
30He oT 5 go 12,5 B c warom 0,5 B.

- Bbigepxkn BpeMeHu cpabaTbiBaHMsa BCEX 3aLLUT PerynmpyroTcsa otaensHo B guanasoHe ot 0,2 fo 6,4 ¢, war
0,1c.

- KoachhmumeHT Bo3BpaTa opraHa MMHMMAanbHOro HanpshkeHust — He bornee 1.15, MakcMmanbHOro - He MeHee
0.85.

Mpn HanMuMM BCeX 3alLnUT YCTPONCTBO COAEPXKUT 7 BbIXOOHbLIX pene. Bbixo opraHa MMHUMAarbHOroO Hanpsixe-
HWUSI COCTOMT M3 2 nocrnegoBaTerlbHO COEAMHEHHbLIX KOHTAKTOB pere: Nepeknivatolero 1 3ambikatowero. C
MOMOLLbIO 3TUX perne opraHu3yeTcss MMMYNbCHOE 3amblkaHue Lenu (Mpockarnb3biBatoWMM KOHTAKT), HYXXHOoe
ansa HekoTopbix cxeM ABP. CHavana 3amMblkaeTCsl KOHTakT OAHOro perne, 3ateM pa3MblKaeTCs KOHTaKT BTO-
poro, NepekxstoyatoLLEro perne u Lenb BHOBb paspbiBaeTcs. BpeMsa 3aMKHYTOro coCTosiHMSA Lienu cocTaBnsieT
300-500 mcek. Ecnu npockane3biBatolee AeACTBUE KOHTAKTOB HE HY)XHO, TO MOXXHO MCMONb30BaTb HA BbIXO-
€ OLVH 3aMbIKatoLLNA KOHTAKT.

OcTanbHble 3alWmWTbl cogepxaT Mo OAHOMY 3aMbIKaIOLLIEMY KOHTaKTY.

MHaunkaumsa cpabaTbiBaHMA KaXXOoro opraHa MKcMpyeTcs CBETOAMOOOM, PacnoSioKEHHbIM Ha nepegHen na-
Henn. CHpoCc MHAMKAUMM OCYLLECTBISETCH 3amblkaHneM KoHTakToB «CUC» Ha knemmHuke ycTpouncTBa (KOH-
TakTbl 11-12) unu ¢ nepegHen naHenu Haxatmem kHonku «CBPOC MHOMKALIN ».

lMpurnyun delicmeus

MpuHUMN gencTBUA 3amTbl OT NOBbIWEHUST HanpsXxeHus U>.

dyHKUMOHanNbHasA cxema 3awuTbl NpuBeaeHa Ha puc.2.33. TpexdasHoe BXoAHOE HanpsbkeHne vepes Bbinps-
muTens BlMN1 noctynaet Ha mcTouHuK nuTtaHua WM, koTopbid popMupyeT MNUTalolWmMe Cxemy HanpsXeHus
+10 B 1 -10 B. UctouHmk NOH cdopmupyeT ctabunsHoe onopHoe HanpsbkeHne —2 B.

JInnenHble HanpsbkeHust Uyp, Upe nocTynatoT Ha BeinpsimmuTenu BI1, BIN2 cooTBeTCTBEHHO, roe npeobpasy-
I0TCA B nynbcupytoLlee nepemeHHoe HanpsxeHue dactotor 100 Mu. 3Tu HanpsbkeHna dunbtpamm OHY1,
OHY2 npeobpasytoTcd B NMOCTOAHHbIE M HOpMupyloTcs yeunutenamm HY1, HY2. KoaddwmumeHT nepenayn
HY1, HY2 3HaunTenbHO MeHblle eanHuubl. C BbixogoB HY1, HY2 curHanbl mocTynawT Ha nepBble BXOAbI
komnapartopos HanpsxeHus K1, K2. Ha BTopble Bxoabl K1, K2 noctynaet BbIxo4HOW curHan gopmMupoBaTtens
yCTaBOK HanpsbkeHnsa dY .. B MomeHT, korga 3HadeHne nuHenHoro HanpsbkeHnst Uag (Usc) NpeBbICUT 3Have-
HWE YCTaBKWN HanpshKeHus1, BbIXogHoe HanpsbkeHne HY1 (HY2) ctaHeT Gonblue BbIXOAHOrO HanpsikeHns OV ..
CpaboTtaet komnapatop K1 (K2) n Bkntount unterpatop WN. HanpsbkeHme Ha Bbixoge W HauyHeT BO3pacTaTb.
CkopocCTb BO3pacTaHUs 3aBUCUT OT 3afaHHON YCTaBKN BpeMeHn PYr..

Korga HanpspkeHne Ha BbIXOAEe MHTerpaTtopa AOCTUrHET 3HaveHus —2 B cpabotaet komnapatop K3. BeixogHom
curHan K3 oTtkpoet kntod SV2, yto npuseeT k cpabatbiBaHUio BbixogHoro pene P. OQHOBPEeMEHHO BbIXOAHON
curHan K3 noctynaet Ha kntod SV1, KOTOPbIN OTKPbIBAETCHA U 3aMblkaeT KOHTaKT ABYXCTabunbHOro pene, 4To
Bbl3blBaeT 3aropaHue ceetogmoga CPABATbIBAHUE U>.

MpuHUKMN enCcTBUA 3alUNTbl OT CHUXKEHUS HanpskeHns U<, U<<.

DyHKUMOHanNbHas cxema 3awwmTbl U< npuBegeHa Ha puc.2.34.

TpexdasHoe BxogHOe HanpskeHue yepes BbinpsaMmutens BI11 noctynaeT Ha uctoyHunk nutadusa UM, ko-
TOpbI PopMUPYET NuTarowme cxemy HanpsbkeHus +10 B n -10 B. Uctounuk MOH copmupyeT ctabunbHoe
onopHoe HanpshkeHne -2 B. OpgHoBpemeHHO, TpexdasHoe BXOAHOE HarnpsbkeHWe 4Yepe3 BbINpSAMUTENN
BlM2...BMN4 noctynaeT Ha punbTpbl HWXHMX YacToT PHY1...®HY3, roe npeobpasyeTcsi B NOCTOAHHOE U, Aa-
nee, macwtabunpyertcsa HopMmupyoLwmmn yeunutensamm HY1...HY3.

C Bbixoga HY1...HY3 curHanel noctynatoT Ha NepBbI BXo KomnapaTopoB HanpsikeHnsa K1...K3. Ha BTopon
Bxoa K1...K3 noctynaet BbIXogHOW curHan dgpopmupoBaTens yCTaBoK HanpshkeHus dYy.. B momeHT, korga
3HayeHue HanpshkeHusa Ha nbon 13 das (ana U<) cTaHeT MeHblUe 3HayYeHUs YCTaBKWU HanpshXXeHus, BbiIXoa-
Hoe HanpshkeHne HY cooTBeTcTBylLWEN (pa3bl CTaHET MeHblle BbIXOAHOro HanpsxkeHus dY .. Cpabortaet
komnapatop K1 (K2 unu K3) n skntoumt unterpatop W. HanpspkeHue Ha Bbixoge U HavHeT Bo3pactatbh. Cko-
pPOCTb BO3pacTaHUsA 3aBUCUT OT 3aaHHON yCTaBku BpeMeHn OY+..

Koroa HanpsbkeHue Ha BbIxofde MHTerpatopa AOCTUrHeT 3HadeHus -2 B cpaboTaeT komnapaTop K4. Beixog-
How curHan K4 otkpoet knto4v Sv2, 4to npueegeT k cpabaTtbiBaHWo BbIxogHoro pene P1. OgHOBPEMEHHO Bbl-
xogHom curHan K2 noctynaet Ha kntod Sv1, n cxemy 3agepxkm C3. Koy Sv1 oTKpbiBaeTCH 1 3aMbIKaeT KOH-
TakT ABYXCTabunbHOro pene, 4To Bbi3biBaeT 3aropaHue ceetoguoga CPABATBLIBAHUE U<. NMpumepHo ye-
pes (0,3-0,5) c nocne cpabartbiBaHust K2, cxema 3agepxxkn C3 oTkpoeT krtod Sv3, 4To npuBegeT Kk cpabatbl-
BaHMIO BbIXOOHOrIO pene P2.

MprHUMN OEeNCcTBUSA 3aMTbl OT NOBbLILLEHNST HANPSKEHWS HyneBon nocnegosartensHocTn 3U,.
dyHKUMOHanNbHaA cxema 3awuTbl NnpyBedeHa Ha puc.2.35. HanpspkeHne Hynesow nocnegoBaTensHocTn 3U,
noctynaeT Ha Bbinpamutens BlM2, roe npeobpasyoTcs B nynbcupylowee nepemMeHHoe HanpshkeHne 4acToToun
100 l'y. O10 HanpspkeHne cunbTpom PHY npeobpasyeTcsi B MOCTOSIHHOE M HOpMUpyeTcsl ycunuTtenem HY.
KoadhbuumeHT nepegayun HY 3HauuTenbHO MeHblle eauHuubl. C Bbixoga HY curHan noctynaeT Ha nepsbii
BX0[, koMnapaTtopa HanpskeHna K1. Ha BTopor Bxoa K1 noctynaeT BbIXOOAHOW curHan opmupoBaTens ycra-
BOK HanpsbkeHust ®Yj,,. B MOMEHT, korga 3HayeHue HanpshKeHusi HyneBOoW nocnenoBaTenbHOCTM NPEBbLICUT
3HaYeHNEe YCTaBKU HaMNPsPKEHWs, BbIXOAHOE HanpsbkeHne HY ctaHeT 6onblue BbIXOAHOro HanpsbkeHnst OYayo.
CpaboTtaet komnapatop K1 u BkmtounT uHterpatop U. HanpsikeHme Ha Bbixoge W HayHeT Bo3pacTtaTb. Cko-
POCTb BO3pacTaHUS 3aBUCUT OT 3a4aHHON yCTaBku BpeMeHn DYz ,.
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Korga HanpshkeHue Ha BbIxoge MHTerpaTtopa AOCTUrHET 3HaveHus -2 B cpaboTtaeT komnapatop K2. BeixogHom
curdan K2 otkpoeT knod SV2, 4to npmBegeT Kk cpabaTtbiBaHWo BbixogHoro perne P. OgHOBpeMEHHO BbIXOAHOM
curdan K2 noctynaet Ha kntov SV1, KOTOpbIi OTKPLIBAETCH U 3aMbIKaeT KOHTaKT ABYXCTabUNbHOro pene, 4to
BbI3biBaeT 3aropaHue ceetognona CPABATbIBAHUE 3U,.

MpyvHUMN geNCTBUSA 3alMTbl OT NOBbIWEHUST HAaNpsXXeHnst obpaTHoW nocnegoBaTenbHocTn U2.
®yHKUMOHanNbHasa cxema 3awuTbl NpuBeaeHa Ha puc.2.36. TpexdasHoe BXOAHOE HanpsbkeHne vepes Bbinps-
Mutens BIM1 noctynaet Ha uctoyHuk nuTtanusa WM, koTopbin hopMUpyeT nuTalolwme CXemy HanpsxkeHus
+10 B 1 -10 B. Uctounnk MOH dopmumpyeT cTabunbHoe onopHoe HanpshkeHne —2 B.

OpHoBpeMeHHo, TpexdasHoe BXOAHOE HanpshxkeHue noctynaet Ha unbTp obpaTHOW nocnenoBaTenbHOCTH
@OIr1. BeixogHoe HanpsbkeHne Ol noctynaet Ha Bbinpsimutenes BlM2, roe npeobpasytoTes B nynbcupyoLlee
nepemeHHoe HanpsbkeHue Yactoton 100 'u. 310 HanpskeHne punbTpom PHY npeobpasyeTcs B MOCTOSAHHOE
n HopmupyeTca yeunutenem HY. KoadpdpuumeHT nepegaum HY Heckonbko mMeHblle eauHuubl. C Beixoga HY
cuvrHan nocTtynaeT Ha nepBbl Bxo komnapartopa HanpsbkeHusa K1. Ha sTopon Bxoa K1 noctynaeT BbIXOAHOM
cvrHan opmmpoBaTens ycTaBok HanpshkeHus Y ,. B MOMEHT, Korga 3HadeHue HanpskeHus obpaTHou no-
CrnegoBaTenbHOCTU MPEBBLICUT 3HAYeHMEe YCTaBKWU HanpshKeHUs, BbIXOQHOE HanpskeHue HY crtaHeT Oornblue
BbIXOAHOro HanpsbkeHus ®Yy,. CpaboTtaet komnapatop K1 n BknounT nHterpatop W. HanpskeHne Ha BbIXo-
ne U HauHeT Bo3pacTatb. CKOpOCTb BO3pacTaHus 3aBUCUT OT 3aaHHOM yCTaBku BpeMeEHN DYqy,.

Korga HanpshkeHue Ha BbIXOAe MHTerpaTtopa AOCTUrHET 3HaveHus —2 B cpaboTaeT komnapaTtop K2. BbixogHom
curdan K2 otkpoeT kntod SV2, 4to npmBegeT K cpabaTtbiBaHMO BbIxogHOro perne P. OgHOBPEMEHHO BbIXOAHOM
curdan K2 noctynaet Ha kntov SV1, KOTOpbIi OTKPLIBAETCH U 3aMblKaeT KOHTaKT ABYXCTabUNbHOro pene, 4to
BbI3bIBAET 3aropaHue )c':EeTo,umo,qa CPABATbLIBAHUE U2.

“Cetb”
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U, o +10B
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u, © BM1 un [ [moH SV1
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U © L |
| K3 [ sv2}-,
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BM3 dHY2 HY2[ | K2 =

Puc 2.33. CTpykTypHasa cxema 3aliuTbl OT NOBbILUEHUS HanpsbxkeHus U>.
BIM1...BM3 — sbinpsimutenu, UM — nctoununk nutanmsi, MOH — nctouHmk onopHoro HanpsbkeHusi, ®HY1,dHY2
— PUnNbTPBI HUXHKX YacToT, HY1,HY2 — HopMmupyowme yeunutenu Hanpsxerus, ®Yy,,®Y+. - dopmumposate-
NN YCTaBOK HanpsiKeHUs U BpeMeHU cooTBETCTBEHHO, K1...K3 — komnapatopsbl, V1 — unterpatop, SV1 — 3ano-
MUHarLWMn koY, SV2 — kntod, P — pene.
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Puc 2.34 CTpyKTypHasi cxema 3alUmTbl OT CHUXKEHUS HanpshkeHns U<

BM..BM4 - BbINMPAMUTENU, UM - NCTOYHUK TNTAHUA, NOH - MNCTOYHUK OMNOPHOIO
HANPAXXEHNA, ®HY1...0HY3 - SUIBbTPbl HMXKHUX YACTOT, HY1..HY3 - HOPMWPYIOLWIME
YCUNNTENIN HAMNPAXXEHUA, Yy, dY+1 - POPMUPOBATENN YCTABOK HAMPAXEHNA N BPEMEHU
COOTBETCTBEHHO, K1...K4 — KOMIMAPATOPbI, 1 — MHTETPATOP, C3 — CXEMA 3AIEPXKW, Sv1 —
3AMNOMUHAIOLLMIA KIHOY, Sv2, Sv3 — KIKOYK, P1,P2 — PEJIE.
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Puc 2.35. CTpykTypHas cxema 3awuTbl OT NOBbILUEHWST HAMNPSHKEHWS HyNeBOW nocnegoBatenbHocTn 3U,
BIM1,BlM2 — seinpsamutenu, UM — nctoynuk nutanns, MOH — nctoyHmk onopHoro HanpskeHus, PHY — punbtp
HWXKHUX YacToT, HY — Hopmupylowmin yeunutenb HanpsXkeHus, DY 3y, PYrauo - PopMmMpoBaTeEnn ycTaBoK Ha-
NPsSXXeHNst 1 BpeMeHn cooTBeTCTBEHHO, K1,K2 — komnapatopsl, I — nHterpatop, SV1 — 3anoMrvHaOLLUN KoY,
SV2 —kntou, P — pene
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Puc 2.36. CTpyKkTypHasi cxema 3aLuThbl OT NMOBbLILLEHNS HanpsXkeHnsa o6paTHON nocrnegoBaTtensHocTn U2.
@Ol - hunbTp 06paTHOM NocnegoBartensHocTu, BIN11,BIM2 — BbinpamuTtenu, UM — nctounmk nutanns, NOH —
WCTOYHUK OMOpPHOro HanpsxeHus, ®HY — ounbTp HWXKHUX YacToT, HY — HOpMUPYIOLWIA yCunuTenb Hanpsxe-
HUA, DY 45, PY+1y, - hopMmnpoBaTenm YCTaBOK HAMPSXKEHUA N BpeMeHu cooTBeTcTBeHHO, K1,K2 — komnapaTopel,
W — nHTerpaTtop, Sv1 — 3anomMuHarowmm knod, Sv2 — knod, P — perne.

2.3.7. YCTPOMNCTBO pe3epBHOM 3aWwmTbl TpaHccopmaTopoB P3T

YcTponcTBo pesepBHON 3awmtbl TpaHcdopmatopos (P3T), BHewHWn Bug KOTOPOro npeactaBneH Ha
puc.2. 37, npegHasHa4YeHo A OTKMNIOYEHUS NOBPEXAEHMSA B TpaHcopmaTopax npu OTkase yCTPOMCTB 3aluum-
Tbl UMM KOMMYTALUMOHHOIO annaparta co cTopoHbl BH TpaHcdopmaTopa, nyTem AEWCTBUSA Ha OTKIOYEHUe
Opyroro (npu BO3MOXHOCTWN) KOMMYTaLIMOHHOIO annaparTa.

. Mpn aTom gonyckaetca AelcTBME 3alUUTbl HA OTAENUTENb TpaHCHOp-
mMaTopa, HECMOTPSA Ha TO, YTO MPU 3TOM OH MOXET ObITb NOBpeXAeH
Tokamn K3. BosHukwee nocne nepekpbitva otgenutens K3  Oyger
OTKIMIOYEHO 3aLLMTON NUTALOLLEN JTIMHNN.

P3T nmeeT BO3MOXHOCTb AENCTBUS C HEKOTOPbLIM MHTEPBArioM Ha ABa
KOMMYTaLMOHHBIX annapara: B Hauboriee pacnpoCTpaHEeHHOW Cxeme C
KOpOTKO3aMbIKaTenem u oTaenuTenem - cCHayana gencTByeT Ha KOpoT-
Ko3aMmblkaTenb, a 3aTem, Npu ero oTkase, Ha oTAenuTenb; Unn Ha 2
BbikntovaTens. o 3akasy mMoxeT ObiTb BbINOMHEHO AENCTBME 3aLUUThI
Ha 3 BblknoyaTens. VIHTepean BpeMeHn mexay OAevWCTBUSIMU Ha pas-
Hble annapaTtbl coctasnseT 0.4 — 0.6 ¢. [pu Hanuyum Ha TNC BbIKkNtO-
yaTenen, yCTPOMCTBO MOXET OeNCTBOBaTb Ha HWUX MOBTOPHO WUNKU Ha
oTaenuTenb (MMeeTCa Ha HEeKOTOpbIX MNoAacTaHumsx). HanpasneHue
OEeVCTBUS onpedensieTcs B KaKOOM KOHKPETHOM Cry4yae OTAEMNbHO.
CnegyeTt umeTb B BMAy, YTO 3allMTa MOXET AENCTBOBATb Ha 9MEKTPO-
MarHuT ¢ TOokoM He 6onee 1 A, npu eMkocTu koHaeHcaTopa 100 Mkd.
- -~ Mo 3aka3y MoxeT ObITb YCTaHOBMEH KOHAEHCATOpP eMKOCTbIo 230 MK,
=/ = KOTOPbIN MOXET OblTb MPUMEHEH ANSA BbIKMOYaTens wunm Tpex nodas-
HbIX oTaenuTenen (Ha 154 kB) ¢ TOKOM 3NEeKTPOMarHUTOB OTKITHYEHUSI

Puc.2.37. Ycrponctso P3T oo 4 A.

[ e

_l!}.j.“.?il o

Mo BoamoxHocTn, P3T OOMKHO BKMOYATLCHA Ha TpaHcgopMaTopbl TOKa, OTAEeNbHbIE OT APYINX YCTPONCTB 3a-
WwmThl. 2KenatenbHO NOAKMNIOYEHNE HA BbIHOCHBIE TpaHcdopMaTopbl Toka. Cxema coeamMHeHus TpaHcdopMma-
TOPOB TOKa - TpeyronbHWK. [ns AByxda3HOro ycTponcTBa 3alUmMTbl CXEMa COEAMHEHUS - TPeyronbHUK
obecrneunBaeT paBHYH YyBCTBUTENbHOCTb 3alUUTbl KO BCEM BMAaM ABYyX(pa3HOro KOPOTKOrO 3aMblkaHUSA Ha
ctopoHe HH TpaHcdopmaTtopa, obmoTka KOTOPOro CoeaMHEeHa B TPEyrosibHMK. Ha TpexoOMOTOYHbIX TpaHc-
dopmatopax, Npu AByxdasHbIX KOPOTKUX 3aMblkaHNsX Ha cTopoHe CH, Tok B AByx dasax 3awmTtbl byaeT pa-
BeH 1/2 Toka, 4YTO MOHWKaEeT YyBCTBUTENBHOCTb 3alUMThl B ABYX(pa3HOM UCMOMHEHWW, HO MOCKOMbKY TOK K3
ctopoHbl CH, kak npaswno, 6onblie, 4em Tok Ha HH, To noTeps 4YyBCTBUTENBHOCTN MOXeET OblTb HEe3Ha4u-
TenbHas. MNpu HeobxooMMOCT MOXHO 3aka3aTtb Tpexd)asHoe ncnonHeHue P3T.

Bawumra P3T yctaHaBnuBaeTcs Ha OTKPbITOM BO34yXe BO3fe arperaTHoro Lkadga cunioBoro TpaHcgopmaTo-

pa.
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TexHnYecke xapakTepUCTUKN:

PesepBHas 3awmTa TpaHcgopmatopor P3T obecneumBaeT:

— AByxdasHyo MakCcumanbHyr TOKoBYIO 3awwmTy (MT3) ¢ He3aBUCUMOWN XxapakTepucTnkon cpabaTbiBaHus;

— BO3MOXHOCTb YCTaHOBKM OOWMX Ans ABYX ha3 yCTaBOK TOKa M BpeMeHu cpabaTbiBaHWsl MakCMMaribHON
TOKOBOW 3aLLNTHI;

— 3awuTa OencTBYyeT HEMPEPLIBHO A0 MOMEHTa YMEHbLUEHMS BXOLHOMO TOKA HUXE 3Ha4YeHMs yCTaBKu TOKa,
nocne cpabaTtbiBaHua MT3 no crnegytoLemy UMKIy:

— TakT 1 - nogknoYeHne 3apskeHHoro Ao Hanpsbkennst 350 B + 10% koHpeHcatopa C1 Ha Harpysky, noa-
coeanHeHHyo kK knemmam 1A, 3A konoaku X1;

— TakKT 2 - OTKNoYeHne KoHaeHcaTopa C1 oT Harpysku;

— TakT 3 - nogknoyeHme 3apshkeHHoro o Hanpsekenus 350 B £ 10% koHgeHcatopa C2 Ha  Harpysky, noa-
coeanHeHHyto k knemmam 1A, 3A konogku X2 (npunoxexue 2);

— TakKT 4 - oTKNoYeHne KoHaeHcaTopa C2 oT Harpysku;

— TakT 5 — ogHOBpeMeHHbIN 3apsg koHaeHcaTopoB C1, C2 go HanpsikeHus 350 B + 10%;

TakT 1M T. 4.

MHOWKauMo 3apsiga koHgeHcatopoB C1, C2. Ceetswwminca mHgmkatop KOHOEHCATOPLI 3APAXKEHDI
O3Ha4vaeT, YTo HanpshkeHne Ha koHgeHcaTtopax C1, C2 paBHo:

— (100-140) B — gns pabo4yero (HeaBapuMHOIO) pexmnma;

— 350 B + 10% — ans aBapuMnHOro pexuma.

— MHAMKaLWIO NPeBbILLEHNs BXOAHbIM TOKOM 3Ha4eHus yCcTaBKku Toka (ceetoamoq "I>1,").

Hnana3oH ycTaBok Toka cpabaTbiBaHus MT3 B 3aBMCMMOCTM OT Cxembl NoAgkmnodeHus yctporctea 1...4,15 u
4..16,6 A.

OnckpeTHoCTb ycTasku Toka — 0,05 A — ana guanasoHa 1...4,15 A n 0,2 A — ona gnanasoHa 4...16,6 A.

- 0,2 A - ang agnanasoHa 4...16,6 A.

[nanasoH ycrtaBok Bbiaepxkun Bpemenn 2,0...17,5 ¢; ANCKPETHOCTb Bblaepkku Bpemenun 0,5 c.

BxogHoe conpoTtusBneHue npu BxogHom Toke 5 A He 6onee:

— 0,8 Om - ecnn nponcxoaguT 3apsa koHaeHcatopos C1, C2;

— 0,4 Om - ecnv KOHAEHCcaTOpPbI 3apshKeHbI.

CymmapHas gnutenbHocTb TaktoB 1...4 (n. 3.1) - 0,5...0,9 c.

OnuTtenbHOCTL TakTa 5 (3apsg KoHOeHcaTopa) 3aBUCUT OT 3HAYEHUS BXOOQHOMO TOKa M npuBegeHa B 1abn. 2.9.
(ons BXOOHBIX TOKOB, 3Ha4YeHnem go 5 A).

Tabnuya 2.9
BxogHon ToK, A 1,0 (15 |20 (25 130 (35 |40 |5,0
[nutenbHOCTb 1 |20 |8 5 4 3 25 |2 1,6
TakTa, C. 2 | 15 4 25 |2 1,5 11,3 |1 0,8

MpumeyaHue: 1@ - npyn ogHodasHOM BXOOHOM TOKe; 24 - nNpu ABYyX(a3HOM BXOLHOM TOKe.

OnucaHue KOHCMpPyKyuu u pabomai

3awmTta P3T KOHCTPYKTUBHO BbIMOSIHEHA B METanM4Yeckom npsmoyrofibHoM kopnyce 220 x 367 x 100 Mm° ¢
repMeTUYHbIMK CBapHbIMUK WBamn. Kopnyc 3akpbiBaeTCs KPbILLIKON C MOMOLLbIO BUHTOB Yepe3 Pe3nHOBLIN Y-
noTHUTENb. oA ronoBKN BMHTOB MOASIOXKEHbI YNMOTHUTENMbHbIE Walbbl, KOTOpble NpedoTBpaLLaT nonagja-
HVe BOAbl Yepe3 OTBepCTUs BHYTPb Kopnyca. [na 3awmTbl OT NpsAMOro nonagaHuns Kanenb Ha KPbILKY YCT-
POWCTBO 3aKPbITO AOMOMHUTENBHO 3ALUTHBLIM LLUTKOM.

MoaBoa BHeLWHMX kabernen ocyLLecTBnseTCa Yepes ABe BTYMKM CHU3Y Kopnyca.

BHewwHasa knemMa 3a3eMneHns pasmeLLeHa Ha H/XXHEN CTeHKe Kopryca Mexay BTynkamu nogsoga kabenen.
BHyTpK kopryca pasmelleHa nnata ¢ pagvosfnieMeHTamm, Kotopasi 3akpenneHa Ha KpOHLTeHaxX BUHTaMMU.
BHelwHaa noBepxHOCTb NnaTthbl 3aliyieHa U3oNALUMOHHOW NaHenblo ¢ Hagnucamu. B npaBoM BepxHeMm yriy
Yyepes nasbl B U30MNSALMOHHOM NaHenu BbiBeAeHbl KONOHKW AN NoAnankM o6beMHbIX NepemMblvek, KOTOpbIMU
3a[aloTCH YCTaBKM TOKa M BbIAEPXKKN BPEMEHMW.

B ncxogHoM coOCTOsiHMM BCe nepemblyku, KOTOPbIMU MPOM3BOAUTCA U3MEHEHWe YCTaBOK 3anasHbl, YTO O3Ha-
YaeT MVHUMarbHYIO YCTaBKy N0 BPEMEHW U MaKCUMaribHYIo No TOKY. [Ins BbIMOMHEHWUS HYXXHOW YCTaBKW, 4acTb
nepembl4eK HYXHO BbiNasTb. ITO NPOU3BOAUTCH COrNacHo Tabnuupbl YyCTaBOK, MMEIOLLENCS B 3aBOACKOW O0-
KymeHTauun. OTkas oT NPUMEHEHUS NepeknioyaTenen aukTyeTcs TpeboBaHMAMM HAaQEeXHOCTH, T.K. YCTPOUCT-
BO HaxXOAMTCH Ha OTKPbITOM Bo3ayxe. Ecnun notpebyeTca nsmeHeHvne ycTaBoK, YacTb Nepembl4ek BO3MOXHO
npuaeTcsa nepenasTb CHOBA.

lMpurnyun delicmeus

dyHKumoHanbHasa cxema P3T npusegeHa Ha puc. 2.38.

3almTa cocTouUT 13!

- OByxcasHon mMakcumanbHon TokoBon 3awmtbl (MT3) ¢ HesaBucMMoONM Bbigepkkon BpemeHn (T1, T2,
C3, C4, BI'1, B2, R1, R2, YH1, YH2, ®HY1, ®dHY2, MK, dVYi, dVi, N, K1, K2);

- OBYX HakonuTenbHbIX koHAeHcaTopos (C1, C2);

- LIMKNUYECKOro YCTPOMUCTBa 3apsaa-nepekntoveHuns koHaeHcatopos C1, C2 (T3, T4, BMN3, B4, S1...S5,
CY, vD1, VD2);
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- yeTblpex nepekniovarLlwmx (Mo ABa OIS KaXKOOoro BbiKNoYaTens unu oTAenuTens) CUnoBbiX OUMOO0B
(vD5, VD7, VD9, VD10);

- yeTblpex orpaHnunTensHbix guogos (VD3, VD4, VD6, VD8);

- MCTOYHUKA nuTanHus UM,

- WCTOYHMKA onopHoro HanpsbkeHms MOH.

MT3 obGecneuvBaeT Bblgayy Ha LUMKIMYECKOE YCTPOWMCTBO 3apsga-nepekntodeHns konHgeHcatopoB C1, C2
OBYX CUrHanoB.:

- MrHOBEHHOIO CUrHana npeBblLIEHNsT BXOAHbIM TOKOM 3Ha4YeHMs YCTaBKM TOKa (C BbIxOoAa Komnapartopa
K1);

- 3aepXaHHOro Ha Bpemsl, paBHOE 3Ha4YEHUI0 YCTaBKN BPEMEHW, CUrHana npeBbILLEHNS BXOAHLIM TOKOM
3Ha4YeHus1 yCTaBKM TOKa (C Bbixoda komnapartopa K2).

BxogHow Tok, B 3aBUCMMOCTM OT BbIbDpaHHOro Auana3oHa, NoCTynaeT Ha COOTBETCTBYHOLLME BbIBOObI NEPBUY-
HoM 0OMOTKM TpaHcdopmaTopor Toka T1, T2. Beinpamurtenu Bl1, B2 npeobpasyoT NepeMeHHbIN TOK Yac-
ToTon 50 Ny B BbINPSAMIEHHbIV NyNbCUpyoLWMiA Tok Yactoton 100 My,

Peaunctopbl R1, R2 npeobpasyoT nynbCMpylowuin TOK B NynbcupytoLlee HanpsbkeHne yactoton 100 My, koTo-
poe ycunusaeTtca ycunutensamu YH1, YH2 n npeobpasyetca comnetpamm ®HY1, ®HY2 B noctosiHHOE Hanps-
XeHue, NponopuMoHanbHoe BXOAHOMY TOKy "cBoein" dhasbl.

C Bbixogos ®HY1, PHY2 HanpsxkeHMs nocTynatoT Ha nepeknovaowmn komnapatop K, koTopbln cpaBHUBa-
€T BXOAHble HanpshKeHUsa 1 NofaeT Ha Bxog hopMmnpoBaTens ycTaBok Toka PYi 6onbluee n3 BXogHbIX Hanpsi-
KEHUN.

dopmupoBarernb yctaBok Toka PYi macwutabupyeT HanpsikeHue ¢ K nponopumoHansHo BeIGpaHHON ycTaBke
TOKa M nofaeT ero Ha oAuH 13 BXOAOB KoMMnapaTtopa HanpskeHusa K1. Ha gpyron Bxog komnapaTopa K1 no-
cTynaet onopHoe HanpsbkeHne ¢ MOH (-Uon).

[Mpn BOCTMKEHNM BXOOHBIM TOKOM 3HAYE€HUS YCTaBKM TOoka cpabaTbiBaHMS HanpshkeHue Ha Bbixoge DYi cpas-
HAeTca ¢ HanpsbkeHnem MOH. KomnapaTtop K1 mMrHoBeHHO cpaboTaeT, nodacT Ha MepBbii BXOL CXEMbl
ynpaerneHns CY MrHOBEHHbIV YNPaBnsoWMA curHan 1 3anyctuT nHterpaTtop WU. HanpsikeHne Ha BbIXode MH-
TerpaTopa W HauyHeT Bo3pactatb. CKOPOCTb BO3pacTaHUsA 3aBUCUT OT BblOpaHHOW ycTaBku BpemeHn OVYt. Ko-
roa HanpsbkeHue Ha BbIxode MHTerpaTtopa gocturHeT 3HadeHus — Uon (MOH) cpaboTaet komnapatop K2 un
noaacT Ha Apyromn Bxo4 cxembl ynpasneHus CY 3agepaHHbl yNpasnsaoLwun curHan.

HakonuteneHble koHaeHcaTopbl C1, C2 npegHasHayeHbl NS HaKOMNMEHUss JOCTAaTOMHOrO KOnMyecTBa arnek-
TPUYECKOWN 3HEeprun, HeobxoamMMon Ana HageXHoro cpabaTtbiBaHWUA MCNOMHUTENbHBIX MEXaHU3MOB, MOLKIHO-
yaembIx k P3T. EMKOCTb Kaxgoro koHaeHcatopa pasHa 100 mkd.

K MOMeHTy npeBbllleHnsa BxoaHbIM TokoM P3T 3HaueHusa ycTaBkM TOKa Ha KOHAeHcaTopax noaaepXxuBaetcs
HanpsbkeHue (100-140) B, 4yTo GrnaronpuATCTBYET YBENUYEHUNIO UX CPOKa CIyXXObl.

B cnyyae BO3HUKHOBEHUSI aBapum nocrne ¢popmmpoBaHns komnapatopom K1 (n. 4.2.1) MrHOBEHHOro curHana
KoHAeHcaTopbl fo3apskatTca Ao HanpskeHnsa 350 B + 10%.

3awwuTta P3T umeet ceetognogHbin nnagukatop "KOHOAEHCATOPbBI SAPAXEHDI" (npunoxeHne 4), koTopbin
CBETUTCS, eCnn HanpshkeHne Ha koHaeHcatopax C1, C2 cooTBeTcTByeT HeobxoaumbIM 3HaveHnsm (100 -
140 B - gnsa HeaBapunHoro pexuma; 350 B £ 10% - 4ns aBapyiHoOro pexmmva).

Linknuyeckoe ycTponcTBo 3apsifa-nepeknodeHns koHgeHcatopo C1, C2 obecne4vmBaert:

a) B paboyem (HeaBapuIHOM) peXMMe - Nogaep)KaHne Ha HakonuTenbHbIX koHaeHcaTopax C1, C2 Hanpsike-
Hua (100-140) Bonebr;

6) B aBapunHOM pexume nocne nosisneHns Ha sxoge CY MrHOBEHHOro curHana ot komnapartopa K1 - gosa-
psa koHgeHcaTopoB C1, C2 go paboyero HanpsxeHusa 350 B + 10%;

B) B aBapuiiHOM pexume, nocne nossneHus Ha Bxoge CY 3agepxaHHOro curHana ot komnapartopa K2 go
MOMEHTA YMEHbLUEHNSI BXOAHOrO TOKa HUXKE 3HA4YEeHMs YCTaBKN TOKa, YyCTPOMCTBO HENpepbIBHO obecneynBaeT
UMK paboThl, yKasaHHbIN BbILLe.

B paboyem (HeaBapuHOM) pexume cxema ynpasneHusa CY HenpepbiBHO KOHTPONMPYET HanpsiKeHne Ha KOH-
OeHcaTopax C1, C2. Ecnu HanpsieHne CTaHOBUTCS MeHbLUe ykazaHHoro B nn. a), CY BblgaeT curHan Ha pas-
MbikaHue kntoda S1. OTkpbiBatoTca anogbl VD1, VD2 n koHaeHcaTopbl 3apshkatoTcs. [Npyn Bo3pacTtaHMm Ha-
npsbkeHms Ha C1, C2 po 3HaveHns 100-140 B CY BbigaeTt curHan Ha 3amblkaHue kntova S1. Ouoawl VD1, VD2
3aKpbIBalOTCS, 3apsaa KOHOAEHCAaTOpPOB NpekpaLllaeTcs.

AHanorm4yHo ycTponcTso paboTaeT u B crydyae nn. 6), ¢ TeM OTNNYMEM, YTO KOHOEHCATOPbI 3apsPKaloTCcs OO
HanpshkeHus 350 B + 10%.

B aBapuiiHOM pexnme CornacHo nmn. B):

— KN4 S1 3aMKHYT B TeYeHue TakToB 1...4 1 pa3oOMKHYT B TakTe 5;

— KMoun S2, S3 HaxoadaTCs B NOMOXeHUU "Ha Harpysky" B TakTe 3 1 B NonoXeHuu "Ha 3apsag” B Taktax 1, 2,
4, 5;

— Koun S4, S5 HaxogATCcsa B NOMOXEHUM "Ha Harpy3ky" B TakTe 1 1 B nonoxeHun "Ha 3apsg” B Taktax 2...5.
YeTbipe cnnoBbix nepekntovarowmx guona (K4 226[1) no3BonsitoT nogaBaTh B HArpy3Ky kak HanpshKeHue KOH-
neHcaTtopoB C1, C2 P3T, TaKk 1 BHELLUHEE HanpsbkeHUe OT ApYrnx 3awmTt. OTO MOXeT noTpeboBaTbCsi B Crly-
yae. ecnu P3T gencrteyeT Ha TOT e CONeHOMA OTKITIOYEHMS, YTO U ApYyrie 3almThbl.

WcTouHumk nutanms UMM obecneunsaeT cxemy P3T gByxnonspHbIM HanpskeHUeM NUTaHus 3HavyeHmem  + (7—
8) B.
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Mpun gocTwKeHUM BXoOHbIM TOKOM 3HayeHus (0,2—0,3) Toka MMHUMAanNbHOW YCTABKU Ha BbIXOAE UCTOYHUKA MU-
TaHua UMM nosiBngeTca JocTaToqHoe AN HopMarbHOW paboThl CXeMbl HanpsbkeHNe NUTaHuS.
McTouHuk onopHoro HanpsbkeHns MOH dopmupyeT cTabunbHoe HanpsbkeHue 3HadYeHMeM NMPUMEPHO MUHYC
2 B. OrpaHuynTenbHble anoabl OrpaHNYMBalT BbIGPOCH! HANPSPKEHUS BO BPEMS TAKTOB 2, 4.
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T1,..T4-TPAHCROPMATOPE TOKA, Cl,C2-HAKOMMTEABHBE KOHAEHCATOPH, O3, C4-MA/BTPUDWMKE KOHAEHCATOP

1. .. B4-BLNPAMUTEAM, R1,RO-PEIMCTOPH, S1...SS-NEPEKADUATEAM, WI-MCTOUHMK MUTAHMA, WHL, I-IHE-MEAH
HATPAXEHHA, CY-CXEMA DTIPARAEHWA IAPAAOM W NEPEKAHEHHEM Kﬂ'l.ﬂ.EHCl'ITCFDB C1.C2, ¥H41, PHHE-MATFH

HAXHAX YACTOT, VDL, ..VD10-AMDAH KA2264, WOH-MCTOUHMK OMOPHORD HANPRXEIMA, NK-TEPEKADUADLIMA KOMIAPATOP,
P, PH-FOPMUPOBATE M YCTABUK TUKA W BPEMEHM COOTBETCTBEHHD, W-MHTETPATOP, Kl4 KE-KOMMAPATOPY HAMPRXEHWA

Puc. 2.38. ®yHkumoHanbHasa cxema P3T.

Yctpowncteo ayroBou 3awmTbl M4 -01

Ycrporicteo MO-01, BHEWHU B1A KOTOPOro npuBeaeH Ha puc.2.39, npeaHasHayeHo af1s YCKOPEHHOrO OTKI-
YeHus Wwkada KOMNIEKTHbIX pacnpeaenuTenbHbix YCTponcTB (KPY) 6 - 10 kB npu BO3HMKHOBEHUWN B HUX SrEK-
TPUYECKOro AyroBOro 3aMblKaHus, MyTeM BO34ENCTBUS Ha BBOAHbLIE U CEKLMOHHbIE BbIKIKOYaTENN C 3aNpeTom
pevicteus AlNB n ABP. YyBCTBMTENBbHOCTbL K TOKY OYroBOro KOPOTKOrO 3aMblKaHUS BOIIOKOHHO-OMTUYECKOro
aatyumka anuHon (700+50) mm Ha paccTosiHum (500+50) mm oT gyrn — He meHee 500 A.

Tabnuua.2.10.

TexHn4veckue xapakrepuctuku Na-01

Xapakrepuctumka 3HaveHune [onycTMmoe OTKNoHeHne
1. HanpsixeHue nutaHus, B 100 unmn 220 20%
2. YacrtoTa, 'y 50 2Ty
3. MouwHocTb noTpebnenus, BA, He bornee 20
4. Bpems cpabaTbiBaHMs U3genusi, Mc 40 10 mc
5. Bpemsi coxpaHeHus coctosHus cpabatbiBa- 0,15
HWUS1 U3OENNs, C, HE MeHee
6. Bpemsi coxpaHeHunsi BO3MOXHOCTU cpabaTbl- 3,0
BaHUS MOCME OTKIMOYEHUST ANEKTPONUTAHMSA U3-
Oenvs, c, He MeHee

Ycmpolilicmeo u npuHyun pabomai

MpuHumn gencteua yctponctsa NM4-01 ocHoBaH Ha 04HOBPEMEHHOM BO3AENCTBUN ABYX BHELLIHMX (DaKTOPOB:
1) BO3gencTBME CBETOBOIO NOTOKA, BO3HMKAIOLLEIO NPY NOSBAEHUN SNEKTPUYECKON AT, BbI3BAHHOW TOKaMM
K3 BHYTpK oxpaHsaemoro oobekTa;

2) MOHWXEHNe NUTALEro HanpskeHns ao 3HadexHus 0,5 UHom.

lMpumeyanrue. lNpu 3ambikaHUU Mexdy cobol 3axumos 6 u 7 kneMMmHuka, Moxem 6bimb obecrie4eHo cpaba-
mbigaHue u3desnus npu omcymemeuu cpabambi8aHUsI y3/1a CIIEXEHUST 3a HarnpsKeHUeM.
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Puc. 2. 39. BHewHun Bug n rabaputbl MO-01  Pwuc. 2. 40. CtpykTypHas cxema 14-01

1 — kpblLWKa, 2 — OCHOBaHWe, 3 — y3en Mexa-

HM4YecKoro KpenneHus BOJTOKOHHO-

ONTMYECKOrO AaTymka

CTpykTypHas cxema ycTponcTBa npusegeHa Ha puc. 2. 40. CBETOBOW NMOTOK MPOHUKAET 4Yepe3 Npo3payHyto
060104Ky BOMOKOHHO-OMTMYECKOrO AaTtymka 1, 4OCTMraeT CTEKNSHHOW CBETOMPOBOASLLEN XUMbl 1 BO3AENCT-
BYyeT Ha pOoTONpueMHbIN y3en 2. YpOBEHb NUTAIOLLIEr0 HANPSPKEHUS KOHTPONMMPYETCa Ha BTOPUYHOM OOMOTKE
TpaHcdopmaTopa TP y3nom cnexeHusi 3a HanpsbkeHnem 3. OOMOTKa UCMONMHUTENBHOIO perne 6 BKYeHa
nocnegoBaTenbHO C BbIXOOHBIMU Kitovamu 4 n 5, 4yto obecnevmBaeT BKIHOYEHNE pene npy Og4HOBPEMEHHOM
cpabatbiBaHMM 0DOMX Y3N0B YCTPONCTBA. DNEKTPONUTaHNE U3OENMs OCYLLECTBSETCA OT CTabunmanpoBaHHo-
ro 6noka nutaHus 7, obecneymBaloLLero coxpaHeHve paboTocnocobHOCTM YCTPOMCTBA Ha BpeMs He MeHee
3 c mocne OTKMIOYEHMS NUTaKoLLEN CETU.

2.3.9. YCTPOUCTBO (HANPABJIEHHOW / HEHAMPABJIEHHON) 3ALLUTbI NPU
3AMbIKAHUAX HA 3EMJTIO B CETU 6-10 kB

Pene 33H1 (puc.2.41) npegHasHayeHbl 4N9 UCNOMNb30BaHUS B CXEMax penemn-
HOWM 3almTbl B CETAX C ManbiMX €MKOCTHbIMU TOKaMW 3aMblkaHUSl Ha 3eMII0 U
ncnonb3oBaHMeM KabenbHbiX TpaHcOpMaToOpoB TOKa HyneBOW nocrenoBa-
TenbHocTu (TTHIM) Tvnos T3J1, T3JIM, T3 un gp.

5.0+(10,0+),A [

2 . &
1& i &g i TexHuYeckue xapakTepucTuKn
g : @ | 1. Pene cogepXvt oanH nepekntovatoLnin BbIXOAHOM KOHTAKT.
SR 25 e 2. HomuHanbHasa Yactota nepemeHHoro toka - 50 Iy,
BRI 8 3. OlnanasoH ycTaBok Toka cpabaTbiBaHWUs HyNeBOn NOCNeaoBaTebHOCTH
ot d (nepBuYHbIA Tok TTHMN):
o L2 - (0,2-0,8)A - npu nogknioveHum K 3axumam 9,11;

- - (0,6-2,5)A - npu nogknioveHum K 3axunmam 9,10.

'l 4. INCKPETHOCTb U3MEHEHNSI TOKa cpabaTbiBaHUS:

Puc.2.41. Yctporncteo 33H1 - 0,04 A - Ha gnanasoHe (0,2-0,8) A;

- 0,13 A - Ha gnanasoHe (0,6-2,5) A;

5. KonnyecTtBo OUCKPETHBIX YCTaBOK TOKa cpabaTbiBaHUs Ha KaXkgoM guanasoHe - 16.

6. OTHOCMTEeNbHasA MOrpeLHOCTb ToKa cpabaTtbiBaHWs HyneBown nocnegoBaTensHoctn ¢ TTHIT tvna T3JIM B
paboyem ananasoHe Temnepatyp - + 25%.

7. HanpspkeHnne cpabaTtbiBaHus Hynesow nocnegoatensHocTn — 20 B + 15%. 50 B+10%,

8. HauanbHbIi yron caosura ¢as 3oHbl genictems - 10...40 .

9. HomuHanbHoOe HanpshkeHne nuTaHus (yKasblBaeTcsd Npu 3akase) - NOCTOSHHOE U NepeMeHHOe 3HayYeHu-
em 110 B, 220 B. [JonycTMMoe OTKIOHEeHWe HanpskeHus nutanms - + 20%.

10. Bpemsa cpabaTbiBaHUSA pene npyv HOMWHANbHOM HanpskeHun nutaHus, HanpsbkeHun 3Uo = 30 B un gBy-
KpaTHOM MO OTHOLLEHWIO K YCTaBKe TOKe HyFeBOW nocriegoBaTensHoCcTh - He 6onee 0,5 c.

11. KoadbpunumeHT Bo3BpaTa no Toky 3lo, HanpspkeHuto 3Uo n dase - He meHee 0,95.
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KoHcTpykuusa pene

Pene uarotoBneHo B MpsAMOyroribHOM nnactmaccosoM kopnyce (70x140x136 MM3), KOTOPbIA COCTOUT K3
OCHOBbI U KpbILWKA. Ha BEpXHE NOBEPXHOCTM OCHOBbI 3aKpemnsieHbl NPy MOMOLLIM YroNbHUKOB nnata pene A1l u
nnarta yctaBok. Hapg nnatoi yctaBok pasmelleHa naHernb C MapKMPOBKOW M OTBEPCTUSIMU ANS YCTAHOBKU
nepeMblvek B rHe3fa npv 3agaHum yctaBoKk.  Kpbillka Kopnyca Kpenutcst K OCHOBaHMWIO ABYMS BUHTaMu, OOUH
13 KOTOPbIX MNOMOMpyeTCca MacTMkon. Ha BepxHen CTeHKe KpbIlKkK pa3melleHa npo3padHas naHenb, No3Bo-
nswLas BM3yanbHO OnpeaensaTb pacrnoriokeHWe nepembldek B rHesgax nnaTbl YCTaBok. [laHenb chemHas,
YTO NO3BONSET NBMEHSATbL YCTaBKM B3 CHATUSA KPbILLIKK.
MpuHUMN gencTeuA pene

dyHKUMOHanNbHasA cxema npuseaeHa Ha puc.2.42.
Ha cxemy coBnageHua CC npuxoasaT curHanbsl ¢ Tpex KaHanoB pene: HanpsikeHnsa 3Uo (BbIXogHOW Komnapa-
Top K1), Toka 3lo (BbixogHow komnapatop K2) u kaHana casura a3 mexay curHanamum 3Uo u 3lo (BbixogHow
komnapatop K®). Cxema CC obpabaTtbiBaeT BXOAHbIE CUTHArbI COrMacHo normveckon dyHkummn "U". Mpu no-
ctynnennn Ha Bxoabl CC Tpex curHanoB BbICOKOrO YPOBHS, CXEMa COBMNAaAEeHWs Yepes KoY Sw nepekniounTt
BbIXOAHOE ncnonHutensHoe pene P. Ecnu xots 66l ogunH (1tobow) n3 BXOAHbIX CUrHanoB byaeT nMeTb HU3KNUIA
YPOBEHb, NepekntoveHns pene P He npousongeT.
Hanpsbkenne 3Uo noctynaeTt Ha pasgenutenbHbii TpaHcgopmatop TH, BbIXOOHOE HanpshkeHUe KOTOpOoro
nogaetcsa Ha kaHan 3Uo (Bl12) n kaHan caosura ¢as (dA1).
BxogHon Tok 3lo, B 3aBMCUMOCTM OT CXEeMbl MOAKMOYEHNS, NOCTYNaeT Ha COOTBETCTBYIOLLME BbIBOAbl TPaHC-
dopmaTopa Toka TT. BropuuHbin Tok TT noctynaeT Ha cdopmupoBaTtens yctaBok ®Y, roe npeobpasyeTcs B
nepemMeHHoe HanpsbkeHne u maclTabupyeTcs nponopumMoHanbHO 3a4aHHON ycTaBke Toka. BbixogHoe Hanps-
XeHune ®Y ycunusaetca ycunutenem YH n, nanee, nogaetcsa Ha ounbtp ®. dunbtp ® obecneunsaeTt nogas-
neHve TpeTben rapMoHUKM He MeHee, yeM B 10 pas. BbixogHoe HanpspkeHue @ napannenbHO NocTynaeT B
kaHan Toka (BI13) n kanan casura das (PUN2).
KaHanbl HanpshkeHust U TOKa MOCTPOEHbl MAEHTUYHO. [lepeMeHHble BXxOaHble HanpsbkeHust Bl12, BI13 BblI-
npsMnsTca 1 npeobpasytotca unstpamu ®HY1, PHY2 B NOCTOAHHBIE HANPSXXEHUS, NPOMNOPLUMOHANbHbIE
curHanam 3Uo 1 3lo cooTBeTCTBEHHO. BhixogHble HanpsikeHna ®HY1 n ®HY2 cpasHuBatoTCs KOMnapaTtopa-
mu K1, K2 ¢ HanpsikeHnem mctodHnka MOH. B MOMEHT npeBbIleHMs BbIXOAHbIMU HanpshxeHnsmn dHY1 un
(nnn) ®HY2 Hanpskerns MOH komnapatopbl K1 1 (unn) K2 cpabatbiBaloT U NO4alT Ha BXOA CXEMbl COBMNa-
aeHnst CC curHan BbICOKOTO YPOBHS.
KaHan cgsura a3 coctouT 13 cdopmmpoBatenen umnynscos (MmeaHgpa) ®N1, ®M2 n komnapartopa asbl
K®. dopmuposaTens ®U1 dpopmupyet 13 nepemeHHoro HanpsbkeHns 3Uo aBa CABUHYTBLIX APYr OT Apyra Ha
180 meangpa. ®opmupoBaTens PUN2 dpopmmpyeT oanH meaHap. MeaHapbl NOCTynatoT Ha KoMmnapaTtop ¢asbl
K®, koTopbli BbigaeT Ha cxemy CC curHan BbICOKOrO ypoBHS B criyvae, ecnu casur ¢as mexay 3Uo u 3lo
coctasnset (10...40 - 190...220) .
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Puc.2. 42. dyHkumoHanbHas cxema pene 33H1.
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