10. ABTOMATUKA SNEKTPOCETEW

BeedeHue

B pgaHHbI pa3gen BBeAeHbl HEKOTOPbIE BMAbI 3MEKTPOaBTOMATUKN, LUMPOKO PacnpOCTPaHEHHbIE B AIIEKTPO-
ceTsx. K HUM OTHOCATCA yCTpoWCTBa aBTOMATUYECKOro MOBTOPHOro BkmoyveHusa (AlNB), aBTomaTuyeckoro
BBOAa pe3epBHOro nutaHusa (ABP), aBTomaTnyeckon YyacToTHoM pasrpy3km (AYP), aBTomaTnyeckoro noBTop-
HOro BknoyeHus nocne pabotol AYP (YAMB), aBTOMaTMKN perynMpoBaHusa HanpsikeHnss TpaHcgopmaTopos
(APHT). MpuHUMn paboTkl YCTPONCTB 3NEKTPOABTOMATUKA, TPEOOBaHNS, NPeAbSABSEeMbIE K HUM, U NYTU KX
peanusauun, Ans HarnNsAHOCTW, a Tak )Xe B CBA3W C X LUMPOKOW pacnpoCTPaHEHHOCTLIO B HACTOSLWEE BpeMS,
pacCcMOTpeHbl Ha NPUMepPEe CXeM, BbIMOSTHEHHbIX HE ANEeKTpOMexXaHNYeckux pene. 3ateMm npuBeaeHbl NPUHLK-
Mbl BbIMNOSIHEHMS aBTOMATMKN HA COBPEMEHHbIX MUKPO3MIEKTPOHHbBIX Y MUKPOMPOLECCOPHbIX YCTPOWCTBAx Npo-
n3BoacTea upMbl “QHepromaluBuH’ 1 3apybexHbIX rpM.

10.1 ABTOMATUYECKOE NOBTOPHOE BKIMKOYEHUE (AlB)

10.1.1 Ha3HayeHue Al1IB

MHOroneTHUn onbIT 3KCRNyaTauuy NUHWIA dneKkTponepeaayn nokasarsn, Yto 3HadyuTenbHas 4acTb KOPOTKUX 3a-
MblkaHui (K3), BbI3BaHHbIX NEPEKPbITUEM U30NALMMK, CXMECTbIBAHNEM NPOBOLOB U APYTMMU NPUYUHAMU, NPU
O0CTaTOYHO ObICTPOM OTKIOYEHUN NIMHUIA pENENHON 3alunTon, camoycTpaHsaeTcs. [Mpu aTom anekTpuyeckas
ayra, BO3HMKLWAasn B mecTe K3, racHeT, He ycneB Bbi3BaTb CYLLECTBEHHbLIX pPa3pyLUeHUA, NPENATCTBYIOLWMX MO-
BTOPHOMY BKIMIOYEHUIO NUHWUIA NoA, HanpskeHue. Takue camoyCTpaHsoLWMeca NOBPEXAEHUS MPUHATO Ha3sbl-
BaTb HEYCTOMYNBbLIMMU.

CraTuctnyeckne daHHble O NMOBPEXOAEeMOCTU NIMHUI anekTpornepeaaym 3a ANUTenNbHbIA Nepuoa aKkcnyara-
LMW NOKa3bIBatoT, YTO 4O HEYCTONYMBBIX NMOBPEXOEHMIN BeCbMa Bbicoka U cocTtaBnseT 50-90%.

YunTbiBas, YTO OTbICKAHWE MeCTa MOBPEXAEHNS Ha NMHUM 3reKkTponepenaym nytem ee obxona tpebyet anu-
TENbHOro BPEMEHU, N YTO MHOrME NMOBPEXOEHWS HOCAT HEYCTOMYMBbLIA XapakTep, OObIMHO Npy NUKBMAALMM
aBapuvin onepaTuBHbLIV NMEepcoHan NPovM3BOAMT OnNpoboBaHWE NMMHUKM NyTEM BKOYEHMS ee Mo HanpshKeHue.
Onepauuio BKIIOYEHNS N0 HANPSHXKEHNE OTKIMIOYUBLUENCS JIMHUM Ha3bIBalOT NOBTOPHbLIM BKITHOYEHNEM. JIMHuS,
Ha KOTOPOW MPOMU3OLLNIO HEYCTOMYMBOE MOBPEXAEHUe, Npu NOBTOPHOM BKIOYEHUM ocTaeTcd B paboTe. [Mo-
3TOMY, NOBTOPHbIE BKITHOYEHMS NPY HEYCTONYMBBIX NMOBPEXAEHUAX NPUHSATO Ha3biBaTb YCNELLIHbIMMU.

Pexe Ha NMHUAX BO3HUKAIOT Takne NOBpPEXAEHUs, Kak 0bpbiBbl NPOBOAOB, TPOCOB UMK MMPASHA M30MATOPOB,
nageHve unu nofiomMka onop u 1. 4. Takne NnoBpexaeHus He MOryT CaMOYCTPaHUTLCS, U NO3TOMY UX Ha3blBa-
0T ycTONUYMBbIMU. Mpy MOBTOPHOM BKIOYEHUWN FIMHUKU, HA KOTOPOW MPOM3OLLMO YCTOMYMBOE MOBPEXAEHUe C
KOPOTKMM 3aMblKaHUEM, JIMHWS BHOBb OTKIHOYaEeTCH 3awmuTon. [103ToMy, NOBTOPHbIE BKIHOYEHUSI NIMHUIA Npu
YCTONYMBbIX MOBPEXAEHNAX HA3bIBAKOT HEYCMNELUHbIMU.

[MoBTOpHOE HEaBTOMAaTUYECKOE BKIIOYEHWME MNWHMIM Ha NOACTAHUMSAX C MOCTOSHHLIM OMEpaTUBHBLIM MEPCOHa-
NIOM UnNn Ha TeneynpaensemMblx 06beKkTax 3aHUMMaeT HECKOSbKO MUHYT, a Ha NMOACTaHUUSAX He TeneMexaHusu-
pOBaHHbLIX 1 6e3 MOCTOSAHHOro onepaTtuBHoro nepcoHana 0,5-1 vyac n G6onee. MNosTomy, AN yCKOPEHUSA No-
BTOPHOIO BKITHOYEHUS JIMHUA M YMEHbLUEHUSA BPEMEHM NepepbiBa AMeKTpoCHabXeHns notTpebutenen Wnpoko
MCMNOMb3yTCH cneumarnbHble YCTPONCTBA aBTOMaTU4ECKoro NoBTOPHOro BknoyeHus (AlNB). Bpems gencreus
AlB 06bI4HO He MpeBbIlWaeT HECKOMNbKUX cekyHa. [oaTomy, Npu yCnewHoM BKIIOYEHUN OHWM BbICTPO nogatoT
HanpsbkeHne noTpebutensiM, Yero He MoXxeT obecrneynTb onepaTUBHbLIN NepcoHarn.

CornacHo lMpaBunam ycTporcTtea anekTpoyctaHoBok (MY3J) obssatenbHo npumeHeHne AlNB — Ha Bcex BO3-
AYLHBIX U CMeLlaHHbIX (KabenbHO-BO3AYLUHbIX) NMHUSX HanpskeHnem 1000 B v Bbiwe. ABTOMaTnyeckoe no-
BTOPHOE BKIMOYEHME BOCCTaHaBMNMBAET HOPMASbHYIO CXEMY TaKke U B TeX criyyasix, korga OTKMoYeHue Bbl-
KntoyaTensi NpOUCXOAMWT BCNeACTBUE OWIMOKN NepcoHana, Uim NoXHOro AeWCTBUS peneHon 3aluThbl.
Haunbonee acdektnBHO npumeHeHne AlB Ha NUHMAX C OQHOCTOPOHHUM MUTAHWEM, TaK Kak B 3TUX Crydasix
Kaxgoe ycnelwwHoe gernctasne AlB BoccTaHaBnNuBaeT nuTaHMe NoTpebuTenen n npeaoTspallaeT aBaputo.

B KonbueBbIX CETAX OTKMOYEHNE OOHOW U3 NMHUI HE NMPUMBOAUT K NepepbIiBy NuTaHusa notpebutenen. OgHako
1 B 9TOM cny4yae npumeHeHne AlB uenecoobpasHo, Tak kak ycKopseT NMMKBUAALUMIO HEHOPMarbHOro pexnma
1 BOCCTaHOBMEHNE HOPMarbHOM CXeMbl CETU, NMpu KoTopon obecne4vmBaeTcs Hanbonee HagexHas U KOHO-
MU4Hasa paborTa.

OnbIT akcnnyaTauum nokasan, 4To Heyctonumsble K3 yacTo GbiBatOT HE TONBKO Ha BO3AYLUHbIX IMHMAX, HO U
Ha WuHax nodcTtaHumn. Moatomy Ha noacTaHumsx, obopyaoBaHHbIX ObICTPOAENCTBYIOWEN 3aLUTON LUNH,
Takke npumeHsoTca AlB, koTopble NPOM3BOAAT NOBTOPHYO Nofady HanpsKeHUs Ha LWHbI B Criyyae Ux oT-
KINoYeHUs pernenHomn 3awmnTton. ABTOMaTtu4eckoe NOBTOPHOE BKIMOYEHME LUMH UMEET BbICOKYHO YCMELHOCTb U
3(PPEKTUBHOCTL, MOCKOSIbKY KaXKAbIA CIyYal yCnewHoro 4eNcTBms nNpeaoTBpallaeT aBapMnHoe OTKIYeHne
Lenow nogcTaHuun, UM ee YacTu.

Yctponicteamn AlNB ocHawalTcs Takke BCe OAMHOYHO paboTatolime TpaHchopMaTopbl MOLLHOCTbLIO
1000 kBA v Bbllwe, a TakK Xe ,TpaHCcopMaTopbl MEHbLUEN MOLLHOCTUW, MUTAKOLWME OTBETCTBEHHYIO Harpysaky.
ABTOMaTM4eckoe NOBTOPHOE BKITOYEHNE TPAaHCHOPMATOPOB BbIMOMHAETCH TaK, YTO UX OENCTBUE NPOUCXOANT
TONbLKO MpU OTKAYEHUM TpaHcdopMaTopa OT MakCcMMasibHOW TOKOBOW 3alunThbl. [TOBTOpHOE BKIHOYEHUE Npu
NOBpEeXAEeHUN camoro TpaHcdopmaTtopa, Koraa OH OTKIIoYaeTCs 3almnTaMm OT BHYTPEHHUX NMOBPEXAEHUA, KaK
npaBumno, He NPoOM3BOAUTCS. YcnewHocTs aencteusa AlB TpaHchopmMaTopoB M LUWH TakK >Xe BbICOKa, Kak Y
BO3AYyLUHbIX NHWIA, 1 cocTtaBnsieT 70-90%.

B psape cnydaes AlB ycnelHo ncnonb3ytoTcst Ha KabernbHbIX U HA CMELLAaHHbIX KabenbHO-BO3AYLWHbIX TYNu-
KoBbIX NnHMAX 6—10 kB. Mpu aTOM, HECMOTPSA Ha TO, YTO NOBpPeXAeHUA Kabenen ObIBalOT, Kak NpaBuIo, yc-
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Ton4MBbIMM, ycnewHocTb aencteusa AlNB coctaenset 40-60%, 3710 ob6bsicHaeTcs Tem, 4yTo AlNB BoccTaHaB-
nvBaeT NuTaHve noTpebuTenen Mpu HEYCTOMYMBLIX MOBPEXOEHWUSIX Ha LUMHAX, MPU OTKIMIOYEHUU NMHWR
BCreacTeMe neperpysku, npu NOXHbIX U HECENEKTUBHbIX AENCTBUSAX 3awmThl. [TpumeHeHue AlB nossonseT B
psge cnyyaeB ynpoCTUTb CXEMbl PENENHON 3alUMTbl U YCKOPUTb OTKMOYeHne K3 B ceTsiXx BbICOKOro Hanps-
XEeHUs, YTO TakKe ABNAETCS NONOXUTENbHBLIM KA4eCTBOM 3TOr0 Buaa aBTOMAaTUKMU.

10.1.2 Knaccudgpukauyus AlNB. OcHoeHble mpeboeaHus kK cxemam AlB

B akcnnyatauuun nonyymnu npumeHeHue cnegyowime suabl AllB:

— TpexdasHble, OCyLLlecTBsOWNe BKOYeHe Tpex dha3 BbIKNOYATENs Nocrne MUX OTKMYEHUs penerHon
3awuTon;

— ofHoasHble, OCyLIECTBNAOLLME BKOYEHNEe OAHOW dhasbl BbIKNOYaTens, OTKMIOYEHHON penenHon 3alum-
TOM npun ogHodbasHom KS3;

— KOMOWHMpPOBaHHbIE, OCYLLECTBASAIOLWME BKIOYEHME Tpex a3 (Mpu MexaydasHbIX MOBPEXOEHUSX) MIn
ofHow dasbl (Mpu ogHodasHbIx K3).

TpexdrasHbie AlNB B CBOKO o4yepenb noapasnensaTcs Ha Heckonbko TUNoB: npoctelie (TAIB), 6eicTpoaencT-
Bytowme (BAIB), ¢ npoBepkon Hanuumst HanpshkeHust (ANBHH), otcyTcTBua HanpspkeHusa (AMNBOH), ¢ oxuaa-
Huem cuHxpoHuama (AMNBOC), ¢ ynaBnnBaHuem cuHxpoHmama (ANBYC) n gp.

Mo Bugy obopyaoBaHud, Ha koTopoe Aenctenem AlB NOBTOPHO MoAaeTcsl HanpsbkeHue, pasnuyatoT: AlB
nvHuin, AMNB wuH, AMNB TpaHcdhopmaTopos, AlNB gsuraTenen.

Mo umcny umknos (kpaTHOCTM Aencteusd) pasnuuatoT: AlB ogHokpaTHoro gencteus n AlNB MHorokpatHoro
nencreus.

Yctporictea AllB, KOTOpble OCYLLECTBNSAIOTCHA C NOMOLLBIO CneunanbHbIX penenHbiX CXeM, HasblBalTCA dnek-
TPUYECKUMMU, @ BCTPOEHHbIE B rPYy30BbIE UIN MPYXMHHbBIE NPUBOALI — MEXAHUYECKUMMU.

Cxewmbl AlB, npyMeHsieMble Ha NIMHUSIX U OpYroM o6opydoBaHMKU, B 3aBUCUMOCTU OT KOHKPETHbIX YCIOBUNA,
MOTyT CYyLLLECTBEHHO OTNM4yaTbCca ogHa oT gpyron. OgHako BCe OHW OOIMKHbI YOOBNETBOPATh CredytoLwmM oc-
HOBHbIM TpeboBaHNAM:

1. Cxewmbl AlB gOmKkHbI NPUXOANTE B AEACTBME NPU aBapUMHOM OTKITHOUYEHMM BbIKITOYaTensa (Mnu BbIKNoYa-
Tenen), HaxogmeLuerocsi B pabote. B HekoTopbix crniydasx cxembl AlB gomkHbI oTBeYaTb AOMOMHUTENbHBIM
TpeboBaHWsM, Npu BbINOMHEHUM KOTOPbLIX paspellaeTcsa nyck AlNB: Hanpumep, Npyu HaNnW4un unu, Haobopor,
npu OTCYTCTBUWN HaNpPsXKeHWs1, NpU HanNnnU4MmM CUHXPOHMU3Ma, Nocre BOCCTAHOBIEHNSA YacTOTbI U T. A.

2. Cxewmbl ATB He JomkHbl NPUXOAMTL B AEWCTBUE MPW ONepaTtUBHOM OTKIHOYEHUN BbIKIOYaTENsa nepcoHa-
nom, a Takxke B Cry4yasix, Korga BblkMoyYaTeNnb OTKMOYAETCa penenHon 3allmMTon cpasy e nocre ero BKo4e-
HUSA NepcoHanom, T. €. NpW BKMOYEHUN BblkMYaTend Ha K3, nockornbKy NOBpPEXAEeHUs B TakuxX Criyyvyasx
006bl4HO ObiBatoT ycTonumBbiMU. B cxemax AlB pomkHa Takke npegycmaTtpyBaTbCA BO3MOXHOCTL 3anpeTa
aevicteus AlB npu cpabaTtbiBaHUKM OTAENbHBIX 3awmT. Tak, HaNnpumep, Kak NpaBuio, He JonycKaeTcs OeNCT-
Bue AlB TpaHcdhopmaTopoB Npy BHYTPEHHMX MOBPEXOEHMAX B HUX. B OTAenbHbIX criyyasix He gonyckaeTtcst
penctene AlB nuHuI npu cpabaTbiBaHU AnddepeHunanbHOM 3auTbl LWNH.

3. Cxembl AlNB gomkHbl o6ecneunBaTtb onpeaeneHHoe KONMMYeCTBO MOBTOPHLIX BKITHOYEHWIA, T. €. OENCTBUE C
3a[jJaHHOW KpaTHOCTb. Hambonbliee pacnpoctpaHeHne nonyyunu AlNB ogHokpaTHoro gencteus. MNpumenHs-
toTca Takke AlNB gByKpaTHOro, a B HEKOTOPLIX CIiyYasix U TPeXKpaTHOro AencTaus.

4. Bpemsa gencteua AlNB gomkHO GbiTb MUHMMANbHO BO3MOXHbIM, ANS1 TOro 4ToObl 06ecneunTtb GbICTpYHO
nogavy HanpsbkeHust noTpebutensam n BOCCTAHOBUTb HOPMarbHbIA pexuM paboTbl. HaMMmeHbluas Bblaepkka
BpeMeHu, ¢ kotopon npoussoantca AlB Ha NUHUAX ¢ OAHOCTOPOHHUM NuTaHueM, npuHumaetca 0,3-0,5 cek.
BmecTe ¢ Tem, B HEKOTOPbLIX Criyyasix, korga Hambonee BepOsiTHbI NOBPEXOEeHWs, Bbi3BaHHble Habpocamu 1
KacaHusiMM NMpoBOAOB, NEPEABWKHLIMU MexaHu3Mamu, LenecoobpasHo Ans noBbiweHus ycnewHoctn AlB
NPVYHUMaTb YBENUYEHHbIE BbIAEPXKKA BPEMEHU.

5. Cxembl AlNB pomkHbl aBToMatMyeckn obecneymBaTb rOTOBHOCTb BbIKIOYATENSs, Ha KOTOPbIN AeNACTByeT
AlB, K HOBOMY LENCTBUIO NOCIe ero BKIHYEHUS.

10.1.3. Onektpuueckoe AlNB ogHOKpaTHOro gencTeus

[na HarnagHocTu, paccmoTpuM paboTy ycTponctea AlB Ha npumepe NpoCTON Cxembl Anis BbiKovaTens 6-
10kB ¢ npy>XMHHbIM NpuBodoM (Hanpumep, MM-67).

Mpu nogaye knoyom ynpasneHns KY KomaHabl U BKIIOYEHWUM BbIKOYATENS, pa3MblKaloTcs B6nok-koHTakTbl B
B uenu 3B 1 koHTakTbl roToBHOCTU NpmBoga KIT1, 3amblkatoTcs koHTakTel B 1 Kl B uenun 3aBoaku npusoga v
B Lenn 30, 3amblikatoTcs bnok-koHTakTel BKA, TMocne okoH4YaHus 3aBoakuakv npmeoga, koHTakTbl KITl pas-
PbIBAIOT LieMb 3aBOAKU M 3aMbIKalOTCH B Lienu BKIIOYEHUs - npusod rotos K AlB. Mpu oTnoyeHun Bbiknova-
Tens knoyvom ynpasneHus KY, mexaHunyeckn oTkntovatoTest 6rnok-koHTakTbl BKA, 1 cxema AlB He 3anyckaeT-
cs.

[Mpn aBapuiHOM OTKIMOYEHMU BbIKIKOYATENS OT 3awuThl, KOHTaKTbl BKA ocTalTcs 3aMKHYTbIMUY, 3aMbIKAIOTCS
6rok-koHTakTbl B B uenu OB, n npu BBegeHHon Haknagke H1 « AlNB», no akTy HECOOTBETCTBUS MOSOXEHUS
BblkntovaTensa u koHTaktoB BKA, 3anyckaetcsa pene PB Bblaepxku BpemeHn AlB. BkroyeHus BbiknoyaTend
Mpy 3TOM He MPOUCXOAMUT, TaK Kak conpoTuBrieHne katywkm 30 3HaYNTENbHO MeHbLue, YeM OBMOTKM nocre-
AoBaTernbHO BKITOYEHHOrO C Hel perne BpemeHn PB, n npaktnyeckn Bce HanpskeHue npuknagsiBaeTcs K 06-
mMoTke pene. C Bbligepxkon BpemeHn AlB, koHTakTbl PB 3ambikatoTcs, Bblkopaunsas obmoTtky pene PB, n 3a-
MblKasi Lienb BKOYEHUs BbiknovaTens. Mpy 3ToM, BbiknoyaTenb BKNOYAETCs, BbiNagaeT OnvHkep ykasa-
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TenbHoro pene PY «Pa6ota AlB», pene PB oTnagaet, 3amMbikaoTca KOHTakTbl B B uenax 30, a Tak xe B u
KI'T1 B uenu 3aBogku npmueBoaa, pasmblkatoTcst 6rok-koHTakTbl B 1 KIMTT B uenn 3B.
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Puc. 10.1. Cxema ogHokpaTHoro AlB BbiknoyaTens ¢ Npy>KUHHbIM NPUBOLOM

O603HayeHns Ha cxeme:

B — OGnok-KOHTaKTbl MOMOXEHUSA BbIKNOYaTENS:

BKA — Bnok-kOHTaKTbl aBapuiiHble, 3aMbIKAlOTCS NPU BKIOYEHUN BbIKMOYATENS U pa3MbIKalTCs Npu onepa-
TMBHOM OTKIMIOYEHUU BbIKITHOYATENS; NPU OTKMIOYEHUN OT 3aLUUTbl, KOHTAKTbl OCTaOTCH 3aMKHYThIMMU.

KI'Ml — KOHTaKTbl FOTOBHOCTW MPMBOAA K BKMIOYEHUIO, BbIKMOYaoLWme ABuUraternb nocre 3aBogku npmeoa, v
paspeLuatoLme onepaLmio BKIIOYEHNS.

AMP — aBTOMaTU4eCKUI MOTOPHbLIN PEAYKTOP 3aBOAKU NPYXWUH NPUBOAA;

KY — kntoy ynpaBneHus BbIKMoYaTenem;

PB — pene Bpemenu AlB;

PY — pene ykasatenbHoe «Pabota AlBy;

H1 - Haknapgka «AlNB-AMP»;

OB 1 30 — anekTpomarHuTbl BKITHOYEHUSA U OTKITIOYEHUS BbIKITHOYaTENS.

[MonoxeHne KOHTAKTOB COOTBETCTBYET aBapUMHO OTKITHOUYEHHOMY MOMOXEHUIO BbIKNOYATENS U 3aBeAEHHOMY
NOSNOXXEHNI0 NpMBOAA (BbIKMOYATENb FOTOB K BKIHOYEHUIO).

Mpu ycnewHom AlB, npwusopg 3aBogutcs (okono 20 cek) u cxema cHoBa rotosa k pabote. Ecnu AlB He yc-
neLllHoe, Unu BbIKMYaTeNnb CHOBA OTKMIOYMICHA OT 3aliuTbl 40 OKOHYaHMS 3aBOAKM npusoga, cxema AllB
Gonblue He 3anyckaeTcs. Tak, 3a cHeT BpPEMEHW 3aBOAKM NpuBoAa, obecneynBaeTcst ogHokpaTHOCTb AlB.
[ns BKkNOYeHMs BbIKMoYaTens nocrne HeycnewHoro AlNB, HeobxoaMMo nepeBecTn Haknagky H1 B nonoxeHue
«AMP» 1 3aBecTu NpMBOS 4O COCTOSIHWSA FOTOBHOCTM K BKITOYEHUMIO, a 3aTeM kntodeM KY nogatb KomaHay Ha
BKITIOYEHWE BbIKMoYaTens. Ecnv BknoyaTenb BKIHOYMIICS YCNELHO (pyYHOe MOBTOpPHOE BKIoveHne — PI1B-
ycnewHoe), Haknagka H1 cHoBa nepesoguTcsa B nonoxeHue «AlB», n nocne 3aBogku NpuBOAA, BbIKITHOYa-
Tenb cHoBa rotos K AllB.

AnekTtpnyeckue AlNB ogHOKpaATHOrO AENCTBMS C aBTOMATUYECKUM BO3BPATOM MONyyYnnu Hanbonee LIMpokoe
pacnpocTtpaHeHne. Hanbonee yacto Takme AlB BbiNnonHATCA Ha 6a3e KOMMMEKTHbIX ycTponcTts Tuna Pr1B-
58 (puc.10.2.). B atom pene ogHokpaTHoCcTb AlNB obecneunBaetcs 3a cyeT koHageHcaTopa C, KOTopbIn 3aps-
)KaeTcs TONbKO MNP BKMIOYEHHOM MOMNOXEHUN BbIKMoYaTeNs.

B paccmaTtpuBaemoi cxeme AUCTaAHUMOHHOE ynpaBreHue BbiKniovaTenemMm npousBoauTCS KMYOM ynpasne-
Hua KY tuna MKCB®, y koToporo npegycMoTpeHa ¢ukcauus nonoxeHus nocriefHen onepauuu. Noatomy
rnocrne onepaumm BKIOYEHUS KIMOY OCTaeTcsa B NonoxeHun «BkntoyeHo» (B,), a nocne onepauumn oTKIo4YeHUs
— B nonoxeHun «OTkmodeHo» (O,). Korga BbikmoyaTenb BKIOYEH U KIOY YNPaBieHNst HAXoaUTCS B MOSoXKe-
HUM «BkrntodeHoy, K koHgeHcaTopy C MogBOAMTCS MIKOC ONEPaTUBHOMO TOKA Yepe3 KOHTaKThbl KIYa, a MUHYC
yepes 3apsaHbin pesnctop R2. NMpu aToM KoHOeHcaTop 3apshkeH u cxema AlB HaxoauTcs B COCTOSIHUM ro-
TOBHOCTU K AENCTBUIO, Kak Noka3aHo Ha puc. 10.2.

Mpwn BKIOYEHHOM BbIKItouaTene perne nonoxeHus «OTknodeHo» PI1O, ocyulecTBnswLee KOHTPOSb Ucnpas-
HOCTM Lenewn BKITHOYEHWSs, TOKOM He 00TeKaeTCs 1 ero KOHTakT B Lienu nycka AlB pa3omKkHyT.

Myck AMNB npoucxoaunT Npu OTKOYEHUN BbIKMOYAaTENs Nod AeWCTBUEM penenHon 3alnThl B pesynbtaTe BO3-
HUKHOBEHUSA HECOOTBETCTBUA MEXAY MOMOXEHMWEM Kroya, KOTOPOEe HE U3MEHWUIOCH, U MOMOXEHWEM BbIKIHO-
yaTens, KOTOpbIA TeNepb OTKMOYEH. HECOOTBETCTBME NOMNOXKEHWI KtoYa YpaBneHNsa 1 BbIKNOYaTENs Xapak-
TepusyeTcd TeM, YTO Yepes KOHTaKThbl krtoya 1-3 Ha cxemy AlB no-npexHemy nofaetcs nnioc onepaTmBHOroO
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TOKa, a paHee pPa3oMKHYTbIN BCOMOraTenbHbI KOHTaKT (BfTOK-KOHTaKT) BbikrtovaTens 5KB nepeknoumncs u
3aMKHYN Lenb o6moTkM pene P10, koTopoe, cpabaTbiBasi, NogaeT MUHYC Ha 0OMOTKY pene BpemeHu PB1.
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Puc. 10.2. Cxema anektpudeckoro AlB ogHokpaTHOro 4encTemsa Ans fIMHUM C MacnsaHbIM BbIKIloYaTenem
Mpu cpabaTbiBaHWMM perie BPEMEHU pa3MbIKaeTCst Er0 MIHOBEHHBIN pa3mblkaloWwuii KoHTakT PB1.1, BBoas B
uenb OOMOTKM pene AONOMHUTENBHOE COMPOTUBIIEHNE (pe3ncTtop R1). 3TO NpMBOANUT K YMEHBLLUEHWUIO TOKa B
obmoTke pene, bnarogapsi 4emy obecnevmMBaeTcs ero TepMmyeckasl CTOMKOCTb Npy ANUTENbHOM NPOXOXae-
HWUW TOKa.

CnycTsl yCTaHOBMNEHHYIO BbIAEPXKKY pene BpeMeHU 3aMblKaeT 3amblKalowmnin KOHTakT PB1.2 n nogkniovaeT na-
pannenbHyto 0omoTky pene Pl11 k koHgeHcaTopy C. Pene P11 npu aTom cpabaTbiBaeT OT TOKa pa3psga KOH-
JeHcaTtopa 1, camoygepXvBasiCb Yepes CBOK BTOPYH0 0OMOTKY, BKITHOYEHHYO nocregoBaTenbHO ¢ 0OMOTKON
koHTaktopa KI1, nogaet umnynbC Ha BKMOYEHME BbikNoyaTens. bnarogapsa ncnonb3oBaHuio nocnenosa-
TenbHon obmoTkm pene P11 obecnednBaeTcs Heobxoanmas ANUTENbHOCTb UMMYNbCa AN HAAEXHOro BKIO-
YeHus BbIKNOYaTens, NOCKOMbKy napannensHas obmMoTka aTOro pene npu paspsne koHgeHcatopa obTekaeT-
Cs1 TOKOM KpaTKOBPEMEHHO.. BbikntoyaTtens BKMOYaeTCs, pasMblKaeTCsl ero BCnomMoraTenbHbln KOHTakT 6KB n
pene PI10, Pl1 v PB1 Bo3BpallaloTCcs B UCXOQHOE MOMOXEHNE.

Ecnu noepexaeHue Ha nMHUM ObINo HEYCTONYMBLIM, TO OHA ocTaeTcs B paboTe. NMocne pa3mbikaHWsA KOHTaKTa
pene BpeMeHu koHaeHcaTtop C HavyHeT 3apskaTbCsa yepes 3apsagHbii pesuctop R2. ConpoTuBneHWe aToro
pes3ucTopa BbiOMpaeTcs Takum, 4Tobbl Bpems 3apsiga coctaensano 20-25 c. Takum obpasom, cnycTa ykasaH-
Hoe Bpewmsi, cxeMa AlB OyaeT aBToMaTUYeCKM NOArOTOBMEHA K HOBOMY AENCTBUIO.

Ecnn noepexgeHve ObiNo yCTOMYMBBIM, TO BbIKIHOYATENb, BKMOYMBLUMCHE, CHOBA OTKIIOYUTCH 3aLUTOW, U
BHOBb cpabortatoT pene PO v PB1. Pene Pl11, ogHako, npu 3ToM BTOpon pa3 pabotatb He OyaeT, Tak Kak
koHaeHcaTtop C 6bin paspsbkeH npu nepeom gencteumn AlB 1 3apaguTtbes elle He ycnen. Takum obpasom,
paccMoTpeHHas cxema obecneunBaeT O4HOKpaTHOE AENCTBUE Npu ycTonymom K3 Ha nuHuK.

[Mpn onepaTyBHOM OTKIHOYEHUW BbIKITIOYaTENS KIMOYOM ynpaBneHus KY HecooTBeTCTBUA He Bo3HMKaeT u AlB
He OEeNCTBYET, Tak Kak OQHOBPEMEHHO C NoAayen nMnynbca Ha OTKMOYEHWE BbIKMOYaTENA KOHTaKTaMmn K-
Yya 6—8 pasmMbIKkaloTCA KOHTaKTbl -3, YeM CHMMaeTCH Nc onepaTMBHOro Toka co cxeMbl AlB. NoaTomy cpa-
boTaeT Tonbko pene P10, a pene PB1 n Pl11 He cpaboTatoT. OQHOBPEMEHHO CO CHATUEM OnepaTUBHOIO TO-
Ka KoHTakTamu 7-3 KY 3amblkaloTcs KOHTakTbl 2—4 1 koHgeHcaTop C paspsikaeTcs Yepes conpoTtmereHme R3.
[Mpn onepaTMBHOM BKITHOYEHUW BLIKMOYATENS KMHOYOM yrnpaBneHus roToBHOCTb AlB K OencTBuio HacTynaet
nocrne 3apsga koHgeHcatopa C yepes 20-25 c.

Mpw oTknMto4YeHun nnuHMKM 3awmTon P3, koraa gerictene AlB He TpebyeTcs, Yepes pe3uctop R3 npoussogutcs
pa3psa koHgeHcaTtopa C.

[na npegoTBpalleHnMs MHOTOKPaTHOrO BKIOYEHMS BbIKMOYaTensa Ha yctonumsoe K3, 4to morno 6bl MMeTb
MECTO B Crly4ae 3acTpeBaHusi KOHTAKTOB pene P11 B 3aMKHYTOM COCTOSIHMM, B cxeme ynpasneHus (puc. 10.2)
yCTaHaBMnMBaeTCsa cneunansHoe npoMmexyTodHoe pene PEM tuna PI1-232 ¢ asyma obmoTkamu: paboyen no-
crnegoBaTenbHON U yaepxusarowen napannensHon. Pene PEM cpabaTbiBaeT npu NpoxoxaeHun Toka no Ka-
TYLLKE OTKMIOYEHMS BbIKNOYATENS U yAEpXKMBaeTcs B cpaboTaBLUeM MOMOXEHUM OO CHATUS KOMaHAbl Ha
BkrtoveHne. Mpu aTtom uenb obmoTkm KT pasmbikaeTcs pasmblkatolum koHTakTom PBEM, npepoTtepaliasi
BKIMIOYEHME BbIKMNtovaTens.

Ha TenemexaHn3npoBaHHbIX NOACTaAHUUAX ANS yNpaBrneHus BbIKIoYaTenaMmn UCNorb3yTCsa KNYK ynpasne-
Husi 6e3 cdukcaumm nonoxexus Tuna NMOB wnu MKB, a ans 3anomMnHaHus NpegplayLien KomaHabl ynpasne-
HUs1 NpedycMaTpuBatoTCs creuunanbHble pene dukcauum KOMaHbl. YKasaHHble BbILE KITH4YM yrpaBreHus
NUMEIOT TPU NOMNoXeHus: «BkniounTby», «OTKNOUNTLY N «HenTpanbHoey, NpuyeM nocne onepauuin BKIHYeHUs
N OTKIIOYEHWS KIMOY CaMOBO3BpaLLaeTCcs B HEWTpanbHOE MOJTOXKEHME.
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B kauecTtBe pene cdukcaumm UCNOMb3YKTCA OBYXMO3ULUOHHbIE NPOMEXYTouHble pene Tunos P18 u PI111,
pasnuyarLmnecs KonM4ecTBOM KOHTakTOB. Cxema BKIOYEHUA O0OMOTOK M KOHTakTHOW cuctembl pene P11
npuseaeHa Ha puc. 10.3.

+ o ——— - X
PriB | 6B B
-

Puc. 10.3. Cxema BKo4YeHUS 0OMOTOK ABYXMNO3MLMOHHOIO MPOMEXYTOYHOro pene tuna P11
MpomexyTouHoe pene PI111 (Pr18) nmeeT aBa anektpomarHuTa ¢ obmoTtkamu B n O, mexay KOoTopbiMy pac-
MOSIOXEH SKOPb, CBA3aHHbIA C KOHTaKTHOW cucTteMon. Korga Tok B 06mMoTkax 060omx aneKkTpoMarHUToB OTCYT-
CTBYET, SKOpPb perie HaxoguTcs B MPaBOM UNW NIEBOM MOJIOXKEHUN, B 3aBMCMMOCTU OT TOro, B 0OMOTKY Kakoro
anekTpomarHuTa 6bin nogaH nocrnegHuin MMNynbCc Toka. [NocnegoBaTenbHO ¢ OOMOTKAMKU 3NEKTPOMArHMToB
BKIOYEHbI BCMOMOraTesibHble KOHTaKTbl 3TOro pene 6B n 60, nosToMy HanpshkeHne MoxeT ObiTb MogaHo
TOMBbKO Ha OBMOTKY TOrO 3aneKkTpoMarHuTa, KOTOpbI MOArOTOBMEH K AencTBuio. [pu nogave HanpskeHus Ha
3Ty 0OMOTKY SIKOpb perne nepeknabiBaeTcs U, NEPEXOast Yepes HelTpanbHOe NOMOXeHWe, NepeknoyaeT Kak
OGNOKMPOBOYHbIE, TaK U OCHOBHbIE KOHTaKTbl. KOHTaKTbl 3TOr0 pene 3ameHsalT KOHTaKThbl kntova 1-3 B cxeme
AlB. Kntoy 1 ycTporCTBO TernemexaHvku AeicTByeT Ha KaTywky pene Pr-11.

B3ameH anektpomexaHunyeckoro pene PIB-58 Y3AS3 (r.Yebokcapbl, Poccus) BbinyckaeT MUKPOSNEKTPOHHOE
pene PlIB-01. Xapaktepuctuku pene PI1B-01 cyuwiectBeHHO He oTnudatotca ot Pl1B-58, Ho oHO umeet
MeHbLUne rabapuThl 1 BeC.
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Puc. 10.4. Cxema BkmodeHus | Puc.10.5. BHewHui Bua n cxema BkntodeHus pene AllB-2
pene PlB-01

Mpu yyactumn aBTOPOB pa3paboTaHO U CepUNHO BbinyckaeTcsa pene 2-x kpatHoro AlNB Tuna AlNB2. 310 pene
TaKke BbIMOMHEHO Ha MHTErpanbHbIX MUKPOCXEMax M MOXET UCNONb30BaTbCA B TEX Xe CXemMax, YTo U pene
PlB-58, 258, 01 nponssoactea YOA3. BHelwHU BUO 1 cxemMa BKIIOYEHUS pene nokasaHa Ha puc. 10.5.
Cxema BHelwHux cBa3en AlNB2 BbinonHseTca Takke, kak 1 B pene PMNB-01 ¢ Tem oTnnumem, 4To 9TO pene He
MMeeT BXOAHbIX MPOMEXYTOUYHbIX perne AN ynpaBreHus riormdyeckoe cxeMon. [Noatomy ons ynpaBneHus uc-
nornb3yeTcsa BHYTPEHHUIN UCTOYHUK NMUTaHMSA (Knemma 7), u ynpasreHne OOSMKHO BbIMOHATLCH «CyXMMU» KOH-
TakTamu. AlB BbINOMTHEHO MO CxeMe, aHanorM4yHom npumMmeHeHHon B yctponctee Y3A AT (cm. cxemy puc. 2.11
n onucanue n. 2.3.1). B BbIXOAHbIX Lensix OTCYTCTBYET CaMOYyAEPXMBAHNE, Kak 3TO NpuHATO B pere YOAS,
B3aMeEH 3TOro BbixoAHble KOHTakThl AlNB 3agepxuBatoTca B cpaboTaHHOM cocTosiHum Ha Bpems 0,25-0,4 cek,
Yero [AOMKHO XBaTWUTb AN BKIHOYEHUS BbiktodaTens. MNogrotoska k AlB HaunHaeTca nocne BKYEHWs Bbl-
KnoyaTens n 3amblkaHusa koHTakTa BKB (PI1B).

CoBpeMeHHblE MUKPOMPOLIECCOPHbIE 3aLUUThI, @ TAKKE HEKOTOPbIE KOMMNIEKTHbIE MUKPOSMNEKTPOHHbLIE YCTPOR-
ctBa nyckatoT AlB HenocpeaCTBEHHO OT TeX 3aluT, NpU 4ENCTBUKN KOTOPbIX A0SMKHO paboTate AlB. 3710 He-
CKONbKO YNpoLlaeT CXeMy, Tak Kak oTCyTCTBYIOT Lenu 3anpeta AlNB. OgHako Takas cxeMa umeeT He[ocTaTok,
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3aknoyarowmincd B Tom, 4to AlNB He paboTaeT npy camMOnNpoM3BONbHOM OTKIOYEHMM BbIKMOYATENS, Hanpu-
Mep MpU MeXaHWYECKOM pacuenfieHun NpuBoaa.

Bbi6op ycmaeok oOHokpamHbix AlB 0nsi IUHUU ¢ 0OHOCMOPOHHUM NUuMaHuem

Bblgepxkka BpemeHun AlB Ha NOBTOpPHOE BKIIOYEHUE BhIKNOYaTEN onpeaendeTcsa ABYMS YCITOBUAMM:

1) Bblaepkka BpemeHn gormkHa ObITb GonbLUe BPEMEHN FOTOBHOCTM NPMBOAA BbIKIHOYaTENS, T.€.
tl—AHB = tzn + t3an (101)
roe
t,, — Bpems roToBHOCTU NpPUBOAA, KOTOPOE MOXET U3MeHATbcA B npefenax 0,2+1 cek OAnsa pasHbix

TMMNOB NPVBOAOB;

tsan — BpewmMmd 3anaca, ydynutbiBaoLlee HEeNnoCToAHCTBO tzn N NOrpeLlHOoCTb pelie BpeMeH!N AlB; NPUHN-

maetcs pasHou 0,3-0,5 cek.

2) [nsa Toro 4Tobbl NOBTOPHOE BKOYEHME BbINo ycnelwHbIM, Heobxoaumo, YTobbl 3a BpemMs OT MOMEHTa
OTKMOYEHNS NIHUM A0 MOMEHTAa NOBTOPHOMO BKIKOYEHWUS M MOLAYM HaMNPSPKEHWUS He TOMNbKO moracrna anekTpu-
Yyeckas ayra B MecTe K3, HO 1 BOCCTaHOBUNUCH U3ONSALMOHHBIE CBOMCTBA Bo3Ayxa. Mpouecc BocCTaHOBNEHUS
N30MNSALMOHHbBIX CBOWCTB, Ha3blBaeMblll AenoHM3aumen, TpebyeT HekoToporo BpeMmeHn. CnegoBaTenbHO, Bbl-
aepxxka BpemeHn AlB Ha NOBTOpHOe BKOYeHUe AommkHa ObiTh GonbLle BpeMeHn AevoHM3aumu, T. e.

Uoammg =1 +lan (10.2)
roe
t, — Bpemsa gevoHusauuun, coctasnsioulee 0,1+0,3 cek.

Mpwn BbIGOpe ycTaBoK NpuHUMaeTcs Gonbluee 3HadveHne I 4pp W3 NOMYYEHHbIX NO BbipaxeHusam (10.1) u
(10.2).

CnenyeTt oTMETUTB, YTO BTOPOE YCMOBUE, Kak NpaBuio, obecneuynmBaeTcs TeM, YTO BPEMS BKITHOYEHUS BbIKMHO-
yatenen coctaenset 0,3+1 cek, T. €. bonbLue BpeMeHn, Heo6Xx0AMMOro A5is AenoHu3aumn. B HekoTopbix cry-
Yyasx BblOEPXKKU BPEMEHM MPUHMMatOTCA Oonblue onpeaeneHHbix no BoipaxeHusam (10.1) n (10.2), okono 2+3
CeK, 4YTO ObIBaeT LenecoobpasHo Anis NOBbIWEHUS ycnewHocTn gencteusa AlNB Ha nuHuax, roe Hambonee
YacTbl NOBpEeXAeHWs BCriegcTemMe HabpocoB, NageHun AepeBbeB U KacaHU NPOBOAOB NepPeaBVKHbIMU MeXa-
Hu3amamun. Bpemsa aBTomatumyeckoro Bosspara AlNB B nucxogHoe nonoxeHue BbibupaeTcsa ua ycnosust obecne-
YeHMs O4HOKPaTHOCTM OencTBudA. [ns 3Toro npy NoBTOPHOM BKMNOYEHUM Ha ycTtondmBoe K3, Bosspat AlNB B
NCXOQHOE MOMOXEHME OOMKEH NPOUCXOAMTb TOMBbKO MOCME TOro, Kak BbIKNoYaTesb, NOBTOPHO BKMOYEHHbIN
oT AlNB, BHOBb OTKIIOYMTCS PENENHON 3aLmMTon, NpUYemM nmetoLen HambonbLLyo BbIAEPKKY BPEMEHN.

B paccMoTpeHHbIx Bbille cxemax AlNB ¢ ncnonb3oBaHMeM KOMMMEKTHbIX yCTponcTs Tuna Pr1B-58, B kKoTopbix
Bpems rotoBHocTu pene AlB k cpabaTbiBaHWMO onpefenseTca BpeMeHeM 3apsiia KoHAeHcaTtopa, OHO AOMK-
HO ObITb HE MEHbLLIE 3HaYeHUS, ONpeaeneHHOro COorfacHO BblpaXeHuHo:

t2—AHB = t3am + tomk + t:mn (103)
roe
Loy — HanbornbLUuasi BblAEpXKKa BPEMEHU 3aLLMTI;
tomx — BpeMsa OTKIOYEeHUA BbIKtoYaTens.

OO6bIvHO Bpemsi 3apsaa koHaeHcaTopa ycTponcTtBa PINB-58 coctaBnsieT 20—25 cek u, kak npaBuno, yaoBre-
TBOpSAET BblpaxeHuto (10.3), MUKpONpoLEeCcCopHbIE 1 MUKPOINEKTPOHHbIE pene, B KOTOPbIX nmeeTcs yHKUUA
AlB, MMeloT 06bIYHO perynMpyeMoe BpeMsi FOTOBHOCTU. YCTaBKa Mo BPEMEHM FOTOBHOCTU MOXET ObITb Npu-
HaTa Takow e — 30 cek. lNpu paboTe NMHWUKM B 30HE, rAe MOryT ObiTb YacTble Crlydan KOPOTKMX 3aMbIKaHUN:
CWIbHBIN BETEP, rononeq — aTo BpeMs uenecoobpasHo yeenuumtb 4o 60-90 cek. 310 no3Bonut cnactu ot
NMoOBpPEXAEHUS BbIKITHOYaTENb C OrPaHMYEHHBIM PECYPCOM OTKIMOYEHMS OT BbIXOAA U3 CTPOS MPU MHOFOKPaTHbIX
K3.

10.1.3. YckopeHue genctBuaA 3awutbl npu AlMNB

YckopeHue 3awumesi nocne AllB

[na 6eicTpenwero oTknoyeHns K3, noBbIWeHNs HagexXHoCT paboTbl S3HEProcucTeMbl U NoTpedbutenen npu-
MEHSIeTCa aBTOMaTU4eCKoe yCKopeHne aencTams 3awmtbl npu AlB.

YckopeHue 3awwmtbl nocrne AlB npegycmaTpmBaeTcs AMPEKTUBHLIMU MaTepuanamMm He TOMbKO ANS JIMHURA, He
nmetoLwmnx ObICTPOAENCTBYIOLWEN 3aWUThLI, HO TaKkKe ANA NUHUIA, UMEIOLWMX CIOXHble ObICTpoaencTByOLINE
3aLuThl, Kak Mepa NOBbILLEHUSA HaAEXHOCTN 3aLLUTbl MMHUK B LLENTOM.
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Puc. 10.7. lNMyck pene yckopeHus OT KOHTaKTOB pere nonoxennsi «OTkntodeHoy» PO
Ha puc. 10.6, a nokasaHa cxemMa BbIMONTHEHNSA yCKopeHus 3awmuTbl nocne AlB. Llenb yckopeHHoro aencreums
HOPMaribHO Pa3OMKHYTa KOHTAKTOM MPOMEXYTOYHOro pene yckopenus PI1Y (cm. puc. 10.1), koTopoe cpaba-
TbiBaeT nepeq MNOBTOPHbBIM BKITHOYEHUEM BLIKIIOYATENSA U, UMES 3ameafieHMe Ha BO3BparT, AEePXUT CBOW KOH-
TaKT 3aMKHYTbIM B TedeHune 0,7+1 cek. [loaToMy, ecnu NOBTOPHOE BKITHOYEHNE NMPOMCXOAUT Ha ycTonumBoe K3,
TO 3awmuTa BTOPOWN pa3 AenCTBYET 6e3 BblAEPKKU BPEMEHM MO Lenn YCKOpeHUs Yepesd KOHTakT pene Pr1Y. un
MIHOBEHHbIV KOHTakT PB1.1 pene BpeMeHu.
[na 3anycka NpoOMEXyTOYHOro pene yCKopeHus Hapsgy CO CXeMOW, nokaszaHHon Ha puc. 10.2, 3HaunTeneHo
Bonee yacTo NpumeHsieTca cxema, npuBedeHHasi Ha puc. 10.7. MNpu OTKNIOYEHNM BbIKNKOYATENS pene nomno-
XeHust «OTknodeHo» Pr1O cpabaTbiBaeT U, KPOME PaCCMOTPEHHbIX paHee AEWCTBUN, 3amblkaeT KOHTaKT B
uenu obmoTkn pene PI1Y, koTopoe, cpaboTaB B CBOI oYepenb, 3amblkaeT Lenb yckopeHus. MNpu nogade ko-
MaHZbl Ha BKIlOYEHUE BbikntovaTens pene P10 Bo3BpallaeTcs U CHUMaET nitc ¢ obmoTkm pene PI1Y. Oga-
Hako nocnefHee BO3BpaLlaeTcs He cpasy, a ¢ 3ameaneHnem 0,7+1 cek, YTO sABNSIETCA OOCTATOMHbLIM AN
cpabaTbiBaHMS 3aLUMTBI MO LENW YCKOPEHMS MPU BKIIOYEHUM BbIKNoYaTens Ha yctonyunsoe K3.
[ns yckopeHus 3almTbl MOTyT MCMONb30BaTbCH U HEMOCPEACTBEHHO KOHTakThl pene Pr10. Npu atom cneun-
anbHOe pene yCKOpeHusi He yCcTaHaBnuBaeTcs, a B kadecTse pene PO ncnonb3yeTca 3ameaneHHoe Ha BO3-
BparT pene.
Cxema, npuBegeHHasi Ha puc, 10.7, obecneunBaeT yCKOpeHUe 3alnThbl Npu No60M BKIIOYEHUN BbIKITHOYATENS
— kak oT AlB, Tak 1 OT Knoya ynpaBneHus, 4To ABASETCH NPENMYLLECTBOM Takon CXeMbl.
YckopeHue 3awumsi do AlNB
YckopeHue 3awmtbl Ao AlNB nossondeTt yckopuTb oTkntodeHne K3 n obecneunTtb CENEKTUBHYO NUKBUOALNIO
nospexaeHui. B cetu, npuseaeHHom Ha puc. 10.8, makcumansHas TokoBas 3awimta MT31, yctaHOBneHHas Ha
nvHuK J11, No yCcnoBuio CENEKTUBHOCTM AOMKHA MMETb BblOEPXKKY BpeMeHu Oonblue, YeM MakcumarbHble TO-
koBble 3aWwuTbl MT32 n MT33 nuHun J12 n J13. OTkntodeHne K3 ¢ BbIAEPXKKON BpeMeHU NpuBoanUT K HapylLle-
HUIO paboTbl MOTpedbuTenen u3-3a OANUTENBHOMO BO3AEWCTBUS MOHMKEHHOMO HAMPSPKEHWUS U 3HAYUTENbHO

CHWXaeT ycnelwHocTb aencrteusa AlB.
MT31_  MT32 MT33

n1|ﬁn2|ﬁn3|
B B B |‘
1 2 ha

Puc. 10.8. YyacTok ceTn ¢ 0GHOCTOPOHHNM NUTaHMEM

OpHum mn3 cnocobos, obecneyvmBaromx BbICTPOE OTKOYEHME MOBPEXAEHUMA HA NUHUK J11 6e3 NpuMeHeHns
CMNOXHbIX 3aLUNT, SIBNSAETCA YCKOPEHNE MaKCUMaribHOW TOKOBOM 3almThbl 3Ton NuHum o AlB. C aTon uenbto
3awmuta MT31 BbINnonHAETCA Tak, 4To nNpu Bo3HukHoBeHMW K3 Ha J11, J12, J13 oHa nepBbii pa3 gencreyeT 6e3
BblAEPXKKM BPEMEHU HE3ABMCUMO OT TOrO, Ha Kakomn M3 nuHui npousowwno K3, a nocne AlB gelncTByeT ¢ HOp-
MarnbHOW BblAEpXXKoM BpemeHu. Jencteune sawmtel u AlNB npoucxoguT npu 3ToM cregylowmm obpasom, B
cnydyae K3 Ha nuHum J11 cpabatbiBaeT 3awmta MT37 no uenu yckopeHus n 6e3 BblOepXKN BPEMEHWN OT-
KntovaeT 3Ty nuHuio. MNocne AlB, ecnn noBpexaeHne yCTpaHUoch, NMMHUS ocTaeTca B paboTe, ecnu xe no-
BpeXAeHne okasanocb yCTONYMBLIM, TO JIMHUSA BHOBb OTKIIOYMTCS, HO YXXE C BblOEPXKKON BPEMEHM.

Mpu K3 Ha nuHumM J12 nponcxoauT HecenekTuBHoe OTKNoYeHre nuHum J11 3awmton MT37 no uenu yckopeHus
6e3 Bblaoepxku BpeMeHu. 3atem nuHusa J11 pencteuem AlB BkntovaeTcst obpaTHo. Ecnn noBpexaeHune Ha
nvHuK J12 okazanock yCTONYMBBLIM, TO 3Ta NMMHUSA OTKMOYaeTcs cBoen 3awmTon MT32, a nuHua J11 octaeTca B
paboTte, Tak kak nocrne AlB 3awmTta MT37 gencTByeT C HOpMarbHOW CENEKTUBHOMN BbIOEPKKON BPEMEHMN.
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YckopeHue sawmntbl Ao AlB BbINOMHAETCA aHanornyHo yckopeHuto nocne AllB ucknoyeHnem BblOepXKKu
BPEMEHWN OCHOBHOW 3aLLmTbl, MMOO C MOMOLLLIO OTAENBHOrO KOMMIEKTa TOKoBbIX pene. INMyck pene PITY ycko-
peHns 3awuTbl Ao AlB ocyliecTBnsieTcst npu cpabaTbiBaHUK BoixogHoro perne AlB (cm. puc, 10.6, 6), Y pene
PI1Y npu aTOM Mcnonb3yeTcs pasMblKatoLLMA KOHTAKT.

B cxeme Ha puc. 10.6, 6 uenb yckopeHus 6yaet 3amkHyTa go AlB n 6yaeTt pasmblikaTbes npu gencteumn AlNB
Ha BKntoveHue BbikntovaTend. Pene PIY npu atom ByaeTt yaepxmeaTbCa B cpaboTaBLLeM NOMOXEHUM A0 Tex
nop, noka He ByaeT oTknoyYeHo K3 1 pasoMKHYTCA KOHTaKTbl pene 3alumThbl.

lMooyepedHoe AlB

Ewe G6onee adhpekTMBHEIM ABNSiETCA NpuMeHeHne noodepepHoro AlB. Mpu TakoM NpUHLMNE BbINOMHEHUS
3aluTbl, pene YCKOpeHUs, HenocpeaCTBEHHO MOCMe BKMOYEHUSA BbIKNOYATENs OCTaeTCcd MNOATSHYTbIM WY
obecneynBaeT yCcKOpeHue 3alnTbl U NOCHe BKIOYEHMs BoikNoyaTtens ot AlNB. 3aTtem yckopeHue BbIBOAMTCS.
AlB nocnegyowero y4actka MMeeT BblAepxKy Oonbluyto, yem Bpemsa AlB u Bpewms, B TeYEHWE KOTOPOro
BBOOUTCH YCKOPEHWE Ha NpeabigyLlem.

Lim2 = tamp1 T Lpny 13

L3z = Lo T pny T 13
YCcKOpeHue 3alluTbl BBOAUTCS CHOBA uYepes BpeMsi paGoTbl AlMB 1 Bo3BpaTa perne YCKOPeHUsl MocnemHero
yyacTka.

tBBpny = tAIIB3 + tpny + t3
PaccmoTpum BapuaHTel K3, cm. cxemy puc. 10.8.
HeycnewHoe K3 Ha J13:

1) paboTatoT yckopeHHble MT31, MT32, MT33 1 oTkno4aloT CBOM BbIKMOYaTENW;

2) BkrtovaeTcs ot AlNB u ¢ BBeaeHHbIM yckopeHnem MT31 B1;

3) nockonbky K3 HeT, BbikntoyaTens B1 ocTtaeTcst BKNOYEHHbIM, a yckopeHne MT31 BeiBoguTCS;
4) BkntoyaeTcsa ot AlNB 1 ¢ BBegeHHbIM yckopeHnem MT32 B2;

5) nockonbky K3 HeT, BblknoyaTens B2 octaeTca BKNOYEHHbIM a yckopeHne MT32 BbiBoguMTCS;
6) BkrtoyaeTcsa ot AlNB 1 co BBegeHHbIM yckopeHnem MT33 B3;

7) BO3HuKLWee K3 oTknoyaeTcsa yckopeHHou 3awmton MT33;

8) BBOOUTCS 0OpaTHO yckopeHue 3awwmTtel MT31 n MT32.

HeycnewHoe K3 Ha J12:

1) paboTatoT yckopeHHble MT31, MT32 1 oTKno4aoT CBOM BbIKIOYaTENM;

2) BkrtovaeTcs ot AlNB u ¢ BBeaeHHbIM yckopeHnem MT31 B1;

3) nockonbkKy K3 HeT, BbikntovaTens B1 octaeTcsa BKNOYEHHbIM, a yckopeHne MT31 BeiBoguTCS;
4) BkrtovaeTcs ot AlNB u ¢ BBegeHHbIM yckopeHnem MT32 B2;

5) BO3HMKLWEe K3 oTknovyaeTcs yckopeHHoun 3awmton MT32;

6) BBOAMTCS 0OpaTHO yckopeHne 3awmuTbl MT31.

HeycnewHoe K3 Ha J11:

1) Pa6oTtaet yckopeHHasa MT31, n otkntovaet B1;

2) BkrtovaeTcs ot AlNB 1 co BBegeHHbIM yckopeHnem MT31 B1;

3) BO3HMKLIee K3 oTknoyaeTcs yckopeHHou 3awwmTton MT31.

B oaHHOM criyyae Bce KOPOTKME 3aMblkaHWs OTKIIOYaTCA 0e3 BbiAEpPKKU BPEMEHU, OOHAKO CUMbHO 3aTAru-
BaeTca OecTtokoBas naysa AlB. MNMNogobHble cxembl NPUMEHSIOTCS HA HEOTBETCTBEHHbIX JIMHUSIX OTXOLALLMX
OT aneKTpocTaHumMI, rae TpebyeTcs GbICTPOAENCTBYIOLLEE OTKIMIOYEHWNE BCEX OTXOOALLMX TIMHUNA.

[ns BbINONHEHMS Takon cxeMbl JOCcTaTouHO JobaBuTe B cxemy 10.7 pene Bpemenu, cM. puc. 10.9.

PIIO PIIY __ PITY

¥

e
PB J‘, | > K yckopsemon
p 3aluTe

PIIO PB —
~N

Puc. 10.9 [lononHeHne cxembl yCKOPEHUS ANs1 BbIMONHEHUS nooyepenHoro AlNB

10.1.3 [eykpamroe AlB

MpumeHeHne asykpatHoro AlNB no3BonsieT NoBbICUTE 3PAPEKTUBHOCTL 3TOrO BUAa aBToOMaTuku. Kak nokasbl-
BaeT OMbIT 3KCMNNyaTauun, yCnewwHocTb 4eNCTBUSA Npyu BTOPOM BkroveHun coctasnsieT 10-20%, 4To noBbiwa-
eT 0obLMI NPOoLEHT ycnewHblx gencteun AlNB pgo 75-95%. OBykpaTHoe AlB npuvMeHsoT, kak npaBumio, Ha
NIMHUAX C OOHOCTOPOHHMM MUTAHMEM W Ha TOMIOBHBIX y4YacTKax KONbLEBbIX CETEW, e BO3MOXHa paboTa B
pexume OLHOCTOPOHHero nutaHus. AlNB aOBykpaTHOK AEWCTBUS C KOMMMEKTHbIM ycTponctBoMm Tuna Pr1B—
258, B otnnume ot yctponctea PlB-58, paccMOTpeHHOro Bhille, cCoaepXuT aBa koHgeHcaTopa C71 un C2 u pe-
ne BpemeHu PB1 ¢ OByMS KOHTaKTamMu, 3aMbIKalOLWMMUCA C PasHbIMU BblAEpXXKaMyW BPEMEHN COOTBETCTBYHO-
WwmmK yctaBkam no Bpemenun AlNB 1 n 2 kpaTHoOCTW.
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Boigepxka BpemeHu nepeoro uukna AlB onpegensetcsa cornacHo BeipaxeHusam (10.1) u (10.2) Tak xe, Kak 1
ansa AlB ogHokpaTHoro aenctaus. Bropon umkn gomxkeH npoucxoautsb cnycta 10+20 cek nocne BTOPUYHOIO
OTKIMOYEHMS BbIkModaTend. Takas 6onblias Belgepxkka Bpemenn AlB Bo BTOPOM LMKNe OUKTYeTCs HeobXxo-
OVMOCTBIO MOArOTOBKM BLIKMOYATENSA K OTKIIOYEHM0 TpeTbero K3 B crnyyae BKIIHOYEHUSA Ha yCTOMYMBOE MO-
BpexaeHune. 3a 370 BpeMs M3 KaMepbl ralleHns yaansiTCa pasnoxXmBLUMECH U 0ByrneHHble YacTuubl. Kame-
pa BHOBb 3aMnofiHAeTCa MacrnoMm 1 oTKI4YatoLasi cCnocobHOCTb BbIKITHOYaTENN BOCCTaHABNNMBaETCS.

[nsa Toro 4toObl NpegoTBpaTUTL MHOTrOKpaTHoe aencteue AlNB, Bpems 3apsiga koHgeHcaTopoB C71 u C2 (Bpe-
MSI FOTOBHOCTM LOKHO MpeBbillaTh BblAEPXKKM BpemeHn obonx uuknos AlB. B 3aBogckom komnnekte AlB
Tvna Plr1B—-258, Bpemsa roToBHOCTM K Mocrneayowum AenCTBUAM MOCne BTOPOro UMKnia cocTaBnseT
60+100 cek.

OsykpaTtHoe AlNB MOXHO BbINONHWUTL C NOMOLLLIO pene PINB2 BbinyckaemMoro hvpMon « SHepromMmalLBuH».

10.1.4 TpexghasHoe AllB Ha nuHuUsix ¢ G8YXCMOPOHHUM NuUMaHuem

O6wue ceedeHus

ABTOMaTMYECKOE MOBTOPHOE BKIOYEHWUE NMHWUIA C ABYCTOPOHHUM MUTAHMEM UMEET HEKOTOPbIE 0COBEHHOCTH,
YTO onpefensieTcs HannMunemM HanpsbkeHust o 06oMM KoHUaM nuHMK. MNepBasi 0cO6EHHOCTL COCTOUT B TOM,
yto AMNB NMHUKM JOMKHO NPOU3BOAUTLCS MULLBL NOCIE TOro, Kak oHa ByAeT OTkMoYeHa ¢ 06eNX CTOPOH, YTO
HeobXoaMMO Ansi AeVoHM3aLUMN BO3AYLLHOMO NPOMEXYTKa B MecTe noBpexaeHusi. NMoatoMy npu BblGope Bbl-
aepxkn Bpemenun AlB nuHuM ¢ ABYCTOPOHHMM NUTaHuem Heobxoaumo kpome ycnosui (10.1) n (10.2) yunTtbl-
BaTb eLle 1 TpeTbe yCrnoBune

Lame1 = U3am2 — U34mp1 T lork2 —Yorky Y80 —pxnt +134n (10.4)

roe

L3415 Lotk Tprrn — HavMeHbluve BblAepkka BPEMEHU 3aluTbl, BPEMS OTKIIOYEHUS U BKIOYEHNS]
BbIKITOMATENS HA CBOEM KOHUEe (MHAeKC 1) NMMHMK, Ha KOTOPOM BhbiIbupaeTcs Bhigepkka Bpemenmn AlB;

tyam2s Lotk — BblaepxKka BPEMEHWN BTOPOW CTYMEHM 3aliMTbl U BPeMS OTKIOHMEHWUST BbIKIHO-
yaTensi Ha NPOTUBOMOJIOXXHOM KOHUE (MHAEKC 2) NUHWUK;

t, — Bpems 4evOoHU3aLmun cpeabl;

tzum — [OOMONHUTENbHBIN 3anac No BPEeMEHW, YYUTbIBAKOLIMA MOrPEeLHOCT pene

BpemeHu yctporctea AlB u 3awuThbl, OTANYMA BpeMEH AEeNCTBUS BbIKNOYaTENen OT pacyeTHbIX 1 T. A., Npu-
HUMaeTcs paBHbiM 0,5+0,7 cek.

MpuHUMas ¢ uenbio ynpowenns torkz = okt W tzaun = 0, Nonyyaem 6onee npocToe BbipaXeHWe Ans onpeae-
neHus Bblaepxxkn BpemeHn AlB:

Lame1 = U34mp2 Y1 —Tprms + Ezan (10.5)
Ecnu BTOpasa cTyneHb 3awutbl He obecnevmBaeT JOCTaTOMHOW HAaAEXHOCTU MpU NOBPEXOEHMSAX B KOHLE pac-
cmartpuBaemMon NuHuM (koadppurumeHT YyBcTBUTENBHOCTU <1,3+1.4), B BbipaxeHus (10.4) n (10.5) Heobxoau-
MO MOACTAaBMSATb BbIAEPXKY BPEMEHW TPETLEW CTYNEHN 3aLLMUTDI.
Bbioepxka BpemeHu AlNB gnst 0060MxX KOHLOB NMHUKM nodcynThiBaeTcsa no BbipaxeHusim (10.1), (10.2), (10.4)
[vnn (10.5)], n npuHMMaeTca HanbonbLuee N3 TPexX MNONYyYEHHbIX 3HAYEHUI.
BTopasi ocobeHHOCTb npumeHeHnst AlNB Ha NUHMAX C OBYCTOPOHHUM MUTAHWEM OMpedensieTcs Tem, YTo yc-
neLHoe BKIIOYEHNE NMHUM (3aMblKaHWe B TPaH3UT) MOXET COMPOBOXAAaTbCA OOMbLUMMK TONYKaMM TOKa U ak-
TMBHOW MOLLHOCTM, MOCKOIbKY MO 0O0UM KOHLIAM OTKIOUMBLLENCS NUHUM UMEETCS HanpsbkeHue.

H HHHH{H

Or———HO
’DED' a)
Or——HO
6)
Puc. 10.10 Cxema cBs13u Mexay OBYMS YACTAMU SHEPrOoCUCTEMbI:

a) — cTpemMs NMHUAMN;

6) — copgHou nuHuen
B Tex cniyyasix, Korga ABe aneKkTpocTaHuMM Unn ABe YacTh SHEeProcUCTEMbI CBA3aHbl HECKOMNbKUMU JTIMHUSMM
(puc. 10.10, a), oTKNOYEHNE OAHOW U3 HUX HE MPUBOAMT K HApYLUEHUIO CUHXPOHMU3MA U 3HAYUTENBHOMY pac-
XOXOEHMWIO MO YrIy U 3HAYEHMIO HaMpPsHKEHUIM MO KOHLLAM OTKIHOYMBLUENCS NMHUK. ABTOMaTUYECKOE MOBTOpP-
HOEe BKJIIOYEHME B 3TOM criyyae He ByaeT conpoBoxaaTbCs 60MbLIMM TONYKOM YpaBHUTENBHOMO Toka. Benea-
CTBME 3TOrO, Ha JINHUAX C OBYCTOPOHHUM MUTaHMEM JOMyCcKaeTca npuMeHeHne npocTtbix AlNB, aHanormyHbIx
pPacCcMOTPEHHbIM BbILLE, €CNW ABE 3NEKTPOCTaHUMW, U1 OBE SHEProcMCcTeEMbI, UMEIT Tpu nnm bonee cessewn
AocTtaTovyHonm ans obecneveHms yCTOMYMBOCTM MPOMYCKHOM CMOCOBHOCTMW.
B HekoTopbIx cnyyaax npoctoe AlB, ycTaHOBMEHHOE C O4HOrO KOHUA, AOMOMHAETCA YCTPONCTBOM KOHTPOMS
Hanuunsa HanpskeHus Ha nNuHun. bnarogapst atomy BkntoveHne ot AlNB Ha yctonumsoe K3 npoussogutcs
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TONbKO 1 pa3 C TON CTOPOHbI, FAe OTCYTCTBYET YCTPONCTBO KOHTPOSSA HAaNpsbkeHst Ha NuHuK. C TOM e CTopo-
Hbl, T4€ KOHTPONIMPYETCS HampshKeHue, BKIYEHMe BbikoyaTens OyaeT npoucxoauTb NUlb B TOM Criyyae,
€CI1 NOoBpeXAeHNe YyCTPaHUITOCh M JIMHUS, BKITFOYEHHAs! C MPOTMBOMOOXHOIO KOHLA, AEPXKUT HaMNpsiKeHne.

Mockonbky aenctemem AlB ¢ KOHTPONEM HaNMYMSA HaNPSPKEHUS NIMHKUSA, CTOALLAs o4 HanpskeHueM ¢ nNpoTu-
BOMOJIOXKHOIO KOHLIA, 3aMblKaeTCcs B TPaH3UT, Npu BbibOpe BblOEPKKU BPEMEHU famp1 MOXKHO HE YYMTbIBaTb

coctasnsowme (f, —tgrq ) M yenosus (10.4) n (10.5) nprobpeTatoT crneaytowuin sua;
a1 = Czamp2 — C3amp1 T tori2 —York1 * Ezum (10.4a)

a1 = Czam2 t 83um (10.5a)
Mpwn BkntodeHun gericteBuem AlB NUHWM C ABYCTOPOHHUM MUTAHUEM, KOra CUMHXPOHU3M MeXay OBYMSA yac-
TSAMW 3HEProcUCTEMbI HE Dbl HApyLLEH, MOTyT BO3HUKaTb CUHXPOHHbBIE Ka4YaHWs, Bbi3BaHHbIE TOMYKOM aKTUB-
HOW MOLLHOCTU B MOMEHT BKMoYeHMs. CUHXPOHHBIMY KayaHUsIMU Has3blBalOTCS nepuoguydeckne konebaHusi
yrna mexay 9C, He npesbiwatowme 180°. OBbIYHO CMHXPOHHbIE KayaHWs HE COMPOBOXAAKTCA OOMbLIMMMU
konebaHunsiMu yrna v BbICTPO 3aTyxaloT.
Ecnu aBe anekTpocTtaHumm unn ABe 4acTu SHEProcUCTEMbl CBA3aHbl €AMHCTBEHHOW NMHWEN aneKkTponepena-
4K, Kak nokasaHo Ha puc. 10.10, 6, no KoTopon NepegaeTcs akTUBHAA MOLLHOCTb, KaX4oe OTKMNoYeHne 3Ton
NWHKUM ByaeT NPMBOANUTL K HECUHXPOHHOW paboTe pa3aenuBLUMXCS YacTeN SHEProcUCTEMBI.
Ons nuHWA ¢ ABYCTOPOHHUM NUuTaHnem pa3paboTaHo n akcnnyaTmpyeTtcs 6onblioe konuyectso TAINB pasHbix
TUMNOB, KOTOPbIE MOXHO OOBbEANHWUTL B TPW rpynnbi:
— YCTpOWCTBa, AOMyCKalLMe HECUHXPOHHOE BKITOYEHNE PasdenmBLUMXCS YacTen 3HeprocucTembl, — HECUH-
xpoHHoe AlB (HATB);
— ycTponctsa, gonyckawowme AlB, Korga HanpsbkeHUs Mo KOHLAM OTKMIOYMBLUENCS NUHUM CUHXPOHHbI —
AlB ¢ koHTponem cuHxpoHusma (AMNBKC) nnn korga pasHoOCTb YacTOT 3TUX HanNpPsKEHU HEBENUKa, T. €. yC-
noBus BrM3KM K CUHXPOHHBLIM, — BbicTpoaelicTeytowee AlB (BAIB), AMNB c¢ ynaBnMBaHWeM CUHXPOHM3Ma
(AMNBYC) v op.;
— yCTpomncTBa, ocyulectenstowme AlNB nocne OTKMNIYEHNUS NCTOYHUKOB HECUHXPOHHOIO HaNpPshKEHUsT U UX
BO30Oy>XOeHUs (reHepaTopoOB UMM CUHXPOHHBLIX KOMMEHCATOPOB), C NOCHeayoLLEen Nx CUHXpoHn3aumen — AlB
C camocuHxpoHu3auunen (AMNBC). Ecnn NCTOYHUKN HECUHXPOHHOIO HaMpsPKEHUS OTKITYAalTCA C UX OCTaHO-
BOM, BbinonHaeTcs AlNB ¢ koHTponem oTcyTcTBus HanpsbkeHnsa (ANBOH)
HecuHxpoHHoe AlIB
HecuHxpoHHoe AlB (HAIB) aBnsetcs Hanbonee npocTbiM YCTPONCTBOM, AOMYCKaKOLWMM BKITIOYEHUE pasge-
NMBLUMXCS YacTen 3HeprocucTeMbl HE3aBUCUMO OT PasHOCTW YacToOT uX HanpsxeHun. Cxema AlB npu aTtom
BbIMOSHAETCS TakK, Kak onncaHo Bbille, 6e3 Kakux-nnbo JoMoNHUTENbHbIX 6NoknpoBok. [ns npegoTBpalleHns
BKITIOYEHUS Ha ycTonumBoe K3 ¢ oGomx KOHLOB NUHWMMK, a Takke ans obecnedeHus npyu HATMB npaBunbHOM
paboTbl penerHon 3awmTbl AlNB ¢ 0QHOro KOHLa NMHUKM MHOTAA BbIMOMHAETCS C KOHTPOMEeM Hanuyms Hanps-
XKEHUS Ha NIUHWW.
BkntoyeHnve nvuHum npu ycnewHom HAIB conpoBoxgaeTcs cpaBHUTENBbHO GONbLUMMK TOMYKaMM TOKa U ak-
TMBHOWM MOLLIHOCTHU, @ Takke bonee nnm MeHee AnUTeNbHbIMU Ka4aHUSIMMU.
MpeumywectBamn cxem HAIB, 06ycrnoBmBLUIMMK Ha ONMpenerieHHOM 3Tane X LWMPOKOE pacrnpoCTpaHeHne B
3HeprocucTemax, sSIBNSTCA NPOCTOTa U BO3MOXHOCTb MPUMEHEHMS Ha BbikntoyaTensx Bcex TmnoB. OBbIMHO
nocne HAIB npoucxoouT ycnewHas CUHXPOHU3aUMS OBYX YacTeN 3HEeProcucTeMbl, UM 3NEKTPOCTaHLUmMK C
3Heprocuctemon. Bmecte ¢ Tem cnegyet umeTb U BUay, 4to, nockonbky HAIMB conposoxgaetca 6onbwmmm
TONYKaMU TOKa U CHWKEHWEM HanpPsPKEeHUS, aCUHXPOHHBIM XOAOM U CUHXPOHHBLIMW KayaHWsMK, CO34atoTcs
yCrnoBus Ans HenpaBwibHOW paboTbl penenHon 3awmuTel. MoaToMy HeobxoaMMo TLLATENbHO aHanM3npoBaTb
nosefeHve 3allnT, YCTAHOBMNEHHbIX Ha TpaH3uTe, COeOUHSIIOWEM [Be BKIlOYaeMble YacTu 3HEProCcUCTEMBI.
MpumeHeHne HATIB Ha NUHUSAX, HECUHXPOHHOE 3aMblKaHWe KOTOPbIX MPUBOAMUT K ANMUTENbHOMY aCUHXPOHHO-
My XOAy, HeuenecoobpasHo, Tak Kak 3TO MOXET BbI3BaTb HapyLLeHre paboTbl noTpedbuTenen.
Bbicmpodeticmeyrouwee AlB
Kak y>xe oTmeyanoch BbilLe, NOCIe OTKMYEHUS €QUHCTBEHHON NMHUN, COEAMNHSAIOLLEN ABE YacTu 3HEpProcuc-
TeMbl, reHepaTopbl B OOHOW U3 HUX HaYMHAIOT YCKOPATbCH, @ B APYron Topmo3nTbesa. Berneactene atoro Bce
fornblue yBENUUMBAETCA Yron Mexay HanpshKeHUAMW no KOoHUaM OTKIouMBLLENnCa nuHum, Mpouecc aToT, oa-
HaKo, MPONCXOAMT HEe MTHOBEHHO, a B TE4EHNE HEKOTOPOro BPEMEHMU, TeM BonbLuero, Yem 6onbLue MexaHuye-
CKas UHepLusa MalLMH B pa3genmBLLMXCH YacTaX 3HEProcucTeMbl M YEM MEHbLUE MOLLHOCTb, NepeaasasLuas-
CS MO NIMHUN OO €€ OTKIHYEHNS.
MpuHumn 6eicTpoaencTaytowero AlNB (BAMNB) 3akntoyaeTcst B TOM, 4TOBbI NOCe OTKIIOYEHUS BbIKNioYaTenemn
BO3MOXHO ObICTpee MOBTOPHO BKIMOYNUTL NX C 06ENX CTOPOH , YTODbI 3a Bpemsi, Ha3biBaeMoe OeCTOKOBOM nay-
30, Yron Mexay HanpsbKeHUsIMU He ycnen yBenuuuMTbCs 3HauuTenbHo. BknioyeHue nuHum npu atom byaet
nponcxoanTb 6e3 GoMbLUNX TONYKOB TOKa N ANUTENbHbIX KavyaHWi.
BAlNB npumeHsieTca TOMbKO Ha BbIKMOYATENAX, KOTOpble obecneunBaloT HeobxoamMmoe ObiCTpoaencTBumeE.
Ona Toro 4tobbl BATB 6bINO ycnewHbIM, AoMmkHbI BbiTe cobmogeHbl ycrnosus (10.2) u (10.4). Mockonbky
BpeMS BKITHOYEHUST ObICTPOAENCTBYOWMX BIKMNoyaTenen coctaenseT 0,1-0,3 cek, AaemoHnsauua cpegbl 6yaet
obecneyeHa npu BbinonHeHun BATB Ge3 BbigepXku BpEMEHN U ¢ HEBOMbLLOKW BblAepXkon BpemeHn 0,1—
0,3 cek.
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YcnewHoe BATB Bo3MOXHO NvLb B TOM cny4ae, ecnu K3 oTkntodaetca 3a 0,1-0,2 cek. Yem ¢ 6onbluen Bbl-
OEPXKKOW BPEMEHMN OTKITHOYaeTCs MoBpexaeHune, Tem Ha Gonbwni yron ycnewT pasovtuce SOC. Noatomy
BAIB npnmeHsieTcst TONbKO B TEX Cryyasix, Korga fiMHMS ocHaleHa ObICTpoaeNnCTBYIOLLEN 3alumTomn, obecne-
YMBaIOLLIEN OTKITKOYEHNE NoBpexaeHns 6e3 BblAepkkn BpeMeHn ¢ 060mx ee KOHLOB.

HocTtonHcTBamm BATIB sBnsoTCA NpocToTa CXeMbl U BbiCOKasi ahpekTMBHOCTbL AENCTBUS, YTO obecnednBaeT
BOCCTaHOBMNEHWE napannenbHo paboTbl 6e3 AnUTENbHbIX KaYaHWA U C MEHBbLUUMMK TONYKaMM ToKa, Yem npu
HAMB.

Mpu ncnons3sosaHun BATB, Tak xe kak u npu HAIMB, He06x0AMMO NPUHMMaTbL MeEpbI, UCKINoYatoLWne JTOKHOE
cpabaTbiBaHMEe OUCTAHLUMOHHBIX M TOKOBbLIX 3aLUMT B MOMEHT BKITHOYEHWS!, @ TaKkKe Npu NOCMNeayLwmnx KayaHu-
AX.

Hanbonee uenecoobpasHo npumeHATb BAMNB Ha OAUHOYHBIX NUHMSAX, CBA3bIBAKOLLMX OBE 9HEProcUcTeMbl,
Korga uameHeHue yrna & HeBENuKo, YTo OyaeT MMETb MECTO MPU MasbIX OTHOLIEHUSAX MOLHOCTU P, nepeda-
BaeMOM MO JIMHWUK, K CyMMapPHOM MOLLHOCTW FrEHepaTopoB 3HEPrOCUCTEMBI, T.€. Ha Criabo 3arpyXeHHbIX NNHW-
AX.

PasHoBugHocTbio BATMB, wnpoko npumeHseMon B aHeprocucteMax YKpawHbl, SBASETCH, Tak HasblBaeMoe,
yckopeHHoe TATB (YTAIB). Ot obblvHoro BAMNB, YTAIB otnnyaeTcs HannumMeM KOHTPOMEN HanpshKeHus —
CO CTOPOHbI BKHOYAeMOW NepBON — KOHTPOSIS OTCYTCTBUSA HaNPs>KeHUs1, a CO BTOPOW — CUHXPOHU3Ma. Kak n B
cnydae npumeHeHusa BAIB, nuHusa gomkHa BbiTb OcHalleHa BbicTpoaencTByOLWEen 3awmTon, obecnevmsato-
LLen OTKIYeHne noBpexaeHns 6e3 BblaepXkn BpeMeHn ¢ obonx ee KoHUoB. Beigepxku BpemeHn AlB oc-
TarTCHa Taknumm Xe, kKak u B cniydae BAIB, ogHako Bpems 6eCcTOKOBOW nay3bl yBenuumBaroTcs, Tak kak AllB co
BTOPOroO KOHL|a MyckaeTcs nocre yCcrnewHoro BKoveHus ¢ nepsoro. [pu ncnonb3osaHum takoro AlNB 6ecTo-
KoBas naysa paBHa npumepHo 0,7 cek. BknioyeHne nuHMmM B 3TOM criyyae npoucxoguT 6e3 Tonyka u He Tpe-
OyeTcsa GNokMpoBKa 3alUMTbl Nepes BKMOYEHNEM.

Aesmomamuyeckoe noemopHoe 8KJII04YeHUe ¢ OXXudaHUeM CUHXPOHU3Ma

MpuHumn gencteun AMNB ¢ oxmnaaHuem cuHxpoHuama (ANBOC) 3aknoyaeTcs B TOM, YTO BKIOYEHME pasge-
NMBLUMXCS YacTen 3HeprocucTeMbl paspeLlaeTcs, Korga HanpshkKeHus o KOHUaM OTKIMHOUYUBLUENCS NIMHUN CUH-
XPOHHbI UK BIM3KM K CUHXPOHHBIM, @ Yrofl MeXAy HanpsbkeHWs MM He NpPeBbIIaeT ONpeaeneHHOro 3Ha4YeHus.
Korga HanpshkeHust MO KOHLAM OTKITHOUMBLUENCS NMUHMM CUHXPOHHBI, ATBOC KOHTpONUpyeT yron Mexagy HUMm
N OCYLLECTBNAET BKIIOYEHNE FIMHUW, €CINK Yron HEeBENuK U BKIYeHne He ByaeT conpoBoxaaTbcs 60nblwmmM
TOMYKOM TOKa.

Korga HanpshkeHus HecuHXpoHHbI, AMBOC ocyliecTBNAeT 3aMblkaHue NMHUKM B TPaAH3UT B MOMEHT coBnage-
HMA a3, ecnu pasHOCTb 4YacTOT HEBENWKa U BKIOYeHNE He ByaeT conpoBOXAaTbCsl OONbLUMM TONMYKOM TOKa
N ONUTENbHBIMN KaYaHUSIMMU.

Ecnu HanpshkeHus no KoHLaM nMHUM ByayT HECUHXPOHHBIMU M Pa3HOCTb YacTOT HEJOMYCTUMO BENUKA, CXeMa
AMNBOC bygeT oxuaatb, Noka He BOCCTAHOBUTCSH CUHXPOHM3M MEXAY PasfenMBLUMMMNCA YacTAMM SHEProcuc-
TEMbI U KOrAa Pas3HOCTb YacToT OyAeT CTONb HE3HAYUTENbHAS, YTO 3aMblKaHWE FIMHUW B TPAH3UT He MoBMe-
yeT 3a cobow, aCUHXPOHHOTO X0A4a U He ByAeT CoNpoBOXAAaTbLCA OOMbLUNMM TOMYKOM TOKa.

B gaHHOM cny4yae nuHMA BKITHOYAETCA C OOHOW CTOPOHbI C KOHTPOSIEM OTCYTCTBMS HanpshXeHus, a C Apyrom
CTOPOHbI KOHTPOJSIb CMHXPOHM3Ma, AOMOMHEHHbBIN KOHTPONIEM Pa3HOCTM 4acToT C 2-X CTOPOH BbIKMOYaTENS.
Ecnv B gaHHbI MOMEHT pa3HOCTb YacToT Benuvka, To AlNBOC oxnaaeT, noka conuaaTcsa 4acToTbl, MOCNe Yero
B MOMEHT NPUBNMKEHNST K CUHXPOHU3MY NPOU30NAET BKIHOYEHME BbIKMOYaTENS.

B paccmaTprBaemon cxeme npegycMoTpeHo Takke mcnonb3oBaHme ANBOC ang onepaTUBHONO 3amMblKaHWs
TpaH3uTa Npu HaNM4YUM CUHXPOHN3Ma. [11s 3TOro YCTaHOBMEHbI crieunarnbHble Haknagky. Mpu HeobxoammocTy
OCYLLLEeCTBMTb CUHXPOHM3ALMIO, OTKIMIOYEHNeM Haknaakn cHumaeTcs 6nokvpoBka AlNB nocne nepesoaa krova
yrnpaBneHus B nonoxeHue «BkntoyeHo» [Npy nogadve umnynbca OT KhYa ynpaerneHusi cobupatroTcs uenu
AlB, koTopoe cpabatbiBad nNpu YCNoBUSAX, OONYCTUMbIX Afs 3aMblkaHWS TpaH3WTa, nogaeT UMMyNbC Ha
BKITHOYEHUE BbIKITIOYaTENS.

10.1.5 Aemomamu4ecKkoe Mo8MOpPHOe 8K/IIOYEeHUe WUH

Bblwe yxe roBopunocb 0 HEYCTOMYMBOCTU BGONbLUMHCTBA MOBPEXAEHUN HA LUMHAX, YTO MO3BONSAET YCMNELHO
npumMmeHsaTb AlB wwvH. [1ns noagctaHuMi ¢ OQHOCTOPOHHUM MUTAHWEM, OTKIOYEHME MOBPEXOEHUN Ha LIMHAaX
KOTOpbIX 0becneynBaeTcs 3almuTamm, yCTaHOBNEHHbIMU Ha NPOTUBOMNOSOXHBIX KOHLIAX NUTAKOLWMX NNUHWUA, UK
Ha TpaHccopmaTtopax, NOBTOpPHAsA Mofada HanpshkeHust Ha LWKHbI obecneynBaeTcs 3a CYET OEeNCTBUSA YCT-
powncts AlNB nuTalroLWmx 3NemMeHToB (NMMHUIN 1 TpaHCOPMaTopOB).

Mpu HanM4YuM Ha NoacTaHUMM cneunanbHOM 3aWwnThl WKH (0OLIYHO LWWHBI MOACTAHLMIA BbICOKOTO HamnpshKeHNs
B CETHAX C ABYCTOPOHHUM NUTaAHWEM) MOBTOPHOE BKMIOYEHUE LLUMH, TaK Xe Kak U B cXxemMax C OAHOCTOPOHHUM
NUTaAHNEM, MOXET ObiTb OCYLLECTBNEHO C NomoLlbio AMNB BbiknovaTenen nuTawLwmx npucoeanHeHnin. Cxema
AlB npu 3TOM BBIMOSHSAETCSA C MYCKOM OT HECOOTBETCTBUS MONOXXEHUSA BbIKITIOYATENS M KIOYa ynpaBrieHns
(pene dukcaumm). B aTom cnyyae npu cpabaTbiBaHWM 3aLLWTLI LWMH HE JOJDKHO OCYLLECTBNATLCA GriokMpoBa-
Hue pgenctena AlNB nuHuun. Ecnn ATB npucoeamHeHusa nyckaeTca OT 3allmT, TO 3alimMTa LWKMH J0SbKHaA nyckaTb
AlB aToro npucoeanHeHus.

Mpn HanMuuM Ha NOACTAHLUMM HE OLHOW, @ HECKOJSbKMX MUTAILLMX NIMHUIA LuenecoobpasHo ocywecTenaTe AlNB
HECKONbKMX UIM BCEX NIUHWUIA, OTKIOYMBLUMXCA NpU cpabaTbiBaHUKM 3awmTbl WKH. OTO cnegyeT genatb Kak
ansa 6onblier aBToMaTM3auun BOCCTaHOBMNEHUS, HOPMarnbHOW CXeMbl MOACTaHUMK (aBTocOopka), Tak U ans
obecneyeHns nuTaHua notpebutenen, Korga ogHa nNuTarLwasa NMHUA He MOXeT obecneynTb BCEN Harpysku
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noactaHuun. C 3TOM uenbto Npy cpabaTbiBaHWM 3almMThl WKH 3anyckatotcs AlB Bcex nuTaowmx nuHui. B
cny4dae ycnewwHoro AlNB nepson NMHUK, NooYepeaHO BKITOYATCA BblKNoYaTenu Apyrnx nuHuin. Ecnv nepsas
NHWS BKIKOYNTCA Ha ycTtonumnBoe K3, cHoBa cpaboTtaeT 3awmTa wuH. MNMpu aTom 6nokupyetcs gencrene AlNB
OPYrvX NUHWIA, N UX BBIKIKOYATENN He BKIYaloTcs, 6rarogapsa yemy obecrnevmBaeTcs ogHokpaTtHocTb AlB
LUWH.

10.2 ABTOMATWYECKWW BBO[L PE3EPBA (ABP)

10.2.1 HasHayeHue ABP

CxeMmbl 3NEKTPUYECKNX COEAMHEHUA IHEPrOCUCTEM W OTAENbHbLIX AMEKTPOYCTaHOBOK AOMKHbI obecrnevmBaThb
HaEeXHOCTb 3NEKTPOCHabXeHUss noTpeduTenein. BeICOKyto CTeNEeHb HAOEeXHOCTM 06eCcneyYnBaloT CXeMbl NUTa-
HWsi OQHOBPEMEHHO OT ABYX U Bonee NCTOYHMKOB (NTMHWIA, TpaHCcOpMaToOpOB), NOCKONbKY aBapuHOE OTKITHO-
YeHne OJHOrO U3 HUX HE NPUBOAUT K HAPYLUEHMWIO MUTaHusa notpebutenen.

HecmoTpsa Ha 3Tu o4eBWAHbIE MPEUMYLLECTBA MHOTOCTOPOHHErO MUTaHusa notpebutenen, GonbLioe Konuye-
CTBO NMOACTaHLMMK, UMEIOLLMX OBa UCTOYHMKA NUTaHus n 6onee, paboTaeT No cxeme OOHOCTOPOHHEro nuTa-
Hua. OQHOCTOPOHHEE NUTAHME UMEIDT TaKkKe CEeKLMN COBCTBEHHBIX HYX 3NEKTPOCTaHLNNA.

[MpumMeHeHne Takon MeHee HadexXHON, HO Bonee NPOCTON CXeMbl ANEKTPOCHABXKEHNS BO MHOTMX Cry4Yasx oKa-
3blBaeTcs LienecoobpasHbiM Ans CHkeHUst TokoB K3, yMeHbLUEHUS MOTeEpPb 3NEKTPOIHEPTMU B MUTAKOLLMUX
TpaHcchopmaTopax, YNpOLLEHUs] peNenHon 3alLmThl, CO30aHNST HEOBXOOAMMOro pexnma Mo HanpshKeHuo, ne-
peTokaM MOLLUHOCTM U T. n. [Npu pasBuTun INEKTPUYECKONn CeTU OOHOCTOPOHHEE NUTaHWE 4YacTo ABNAETCS
€OVUHCTBEHHO BO3MOXHbIM PELLUEHNEM, TaK KaK paHee YCTaHOBMNEHHOe 000py4oBaHWE 1 penenHas 3awmra He
MO3BOMSOT OCYLLECTBUTL NapanfeneHyto padboTy UCTOYHUKOB MUTAHUS.

Mcnonb3yoTca ABE OCHOBHbIE CXEMbI OQHOCTOPOHHErO NUTaHWUsS NOTpebuTenern Npy Hanuaun aeyx unm 6onee
NCTOYHWKOB.

B nepBoii cxemMe OAMH MCTOYHUK BKIHOYEH M MUTAET noTpeduTenen, a BTOPOM OTKITKOYEH U HAaXoguTcsa B pe-
3epBe. COOTBETCTBEHHO 3TOMY MEPBbIA UCTOYHUK Ha3biBaeTcst paboymm, a BTOpon — pesepBHbIM (puc, 10.9,
a, 6). Bo BTOpoW cxeme BCe MCTOYHUKM BKMOYEHBI, HO paboTaloT pasgernbHO Ha BbleneHHbIX noTpebutenen.
[eneHune ocylectenaeTca Ha O4HOM 13 BbikntoyaTenen (puc.10.9, B, r).

HepoctaTkoM OQHOCTOPOHHErO NUTAHUS SBNSIETCA TO, YTO aBapUMHOE OTKIOYeHne pabovero NCTOYHUKa Npu-
BOAMT K NpeKpaLLeHnto NUTaHusa notpebutenen. AToT HeJOCTaTOK MOXET ObITb YCTpaHeH ObICTpbIM aBTOMa-
TUYECKUM BKIIOYEHNEM PEe3epBHOMO0 UCTOYHMKA UMW BKMOYEHWEM BbIKIKOYATEnNs, Ha KOTOPOM OCYLLECTBIEHO
aeneHve cetu. [na BbINOMHEHUS 3TOW onepauum LWMPOKO UCMONb3YETCA aBTOMaTUYECKOE BKITIOYEHNE pe3ep-
Ba (ABP). INpu Hannunn ABP Bpems nepepbiBa nutaHusa notpebutenen B 6ONbLUIMHCTBE CrydaeB onpeaens-
€TCH NULb BPEMEHEM BKINIOYEHUS BbIKNOYaTENen pesepBHOro UCToYHUKa u coctasnseT 0,3-0,8 cek. Pac-
CMOTPUM MPUHLUMMNbI ncnonb3oBaHnsa ABP Ha npumepe cxem, npuBeneHHbIx Ha puc. 10.9..

1. Mutanune nogctaHumm A (puc. 10.9, a) ocywectensieTca no paboyen nuHum J11 ot nogctaHumm b. BTopas
nuHuga J12, npuxoasuwas ¢ nogctaHumm B, sBnseTca pe3epBHOW M HaxoguTCHA Mog HanpshkeHuem (BbIKova-
Tenb B3 HopmanbHO oTkntoYeH). Mpu oTknodeHun nuHumn J11 aBTomatndecku ot ABP BknoyaeTcs Bbiknova-
Tenb B3 nuHun f12, n Takum obpa3om BHOBb NoAaeTcs NuTaHue notpebutenam noactaHumm A.

Cxembl ABP MOryT umeTb 0O4HOCTOPOHHEE 1nu ABYCTOPOHHee Aenctane. [Npn ogHocTopoHHeM ABP nunusa J11
BCerga AomkHa ObiTb pabodyelt, a nuHua J12 — Bcerga pesepsHon. Mpu aByctopoHHem ABP no6asa ns atmx
NIVHUIA MOXeET ObITb paboyen 1 pe3epBHON.

2. MNutaHne anekTpoaBuraTenen n Opyrux notpedbutenent COGCTBEHHbIX HYXA KaXKOoro arperata 3nekTpo-
CTaHUMM OCYLLLeCTBNSeTCS OObIYHO OT OTAenbHbIX pabounx TpaHcdopmartopoB (771 n T2 Ha puc. 10.11, 6).
Mpwn oTkNoYeHUn pabodero TpaHcgopmatopa aBToMaTudeckn ot ABP BkrtouaroTcs Bbikntodatens B5 u oamH
13 BbIktovaTenen B6 (npu otknoveHun T1) nnn B7 (npu oTkntoveHnn T2) pesepBHoro TpaHcdopmartopa T3.
3. TpaHcdopmatopel T1 n T2 aBnstoTcs pabounmm, HO napannenbHo paboTtaTtb HE MOryT U NO3TOMY CO CTO-
POHbI HU3LLEro HanpsXXeHMs BKIKOYEHbI HAa pasHble cuctembl WnH (puc. 10.11, 8). LUMHocoeaMHUTENBHbLIN Bbl-
kntovatenb B5 HopmanbHO OTKMtoYveH. [Npyn aBapunHOM OTKOYEeHUN N0BOoro n3 padboumnx TpaHchopmaTopoB
aBToMaTnyeckn ot ABP BkntoyaeTcs BbiknodaTens BS, nogknioyas Harpysky LWH, NOTEPSBLUMX NUTaHWe, K
ocTaBwemycsa B paboTe TpaHcdopmaTopy. Kaxabin TpaHcdopmaTop B paccMaTpyBaeMOM crydae OOMmKeH
UMETb MOLLHOCTb, AOCTATOYHYIO ANd NUTaHMsA BCEW Harpy3ku nogctaHuuun. B cnyyae, ecrnv MOLWHOCTL O4HOIO
TpaHcdopMaTopa HeoCTaToOuHa ANs NUTaHUSA BCeW Harpysku NoAacTaHumu, npy genctsumn ABP 0OmXHbI npu-
HUMaTbLCA Mepbl AN OTKINIOYEHUS YacTN HaMMeHee OTBETCTBEHHOWN Harpy3Kku.

4. TMoactaHuum B u I (puc. 10.11, 2) HOpManbHO NUTAKTCA paguarnbHO OT NOACTaHUUM A 1 b COOTBETCTBEH-
Ho. JlInHua JI3 HaxoouTcsa NoA HanmpshKeHMeM CO CTOPOHbI NoACTaHUuKM B, a Beiknoyatens B5 HopmanbHoO OT-
kntoveH. MNMpu aBapyinHOM OTKNMOYEHUU NUHUK J12 ycTponcteo ABP, ycTaHOBReHHoe Ha noactaHuuu [, BKMto-
yaeT BblkntovaTens B5, Takum obpa3om nuTaHne noactaHuumn [ nepeBoAuTCs Ha MOACTaHUMIO B no nuHum
J13. IMpw oTkntodeHnn nuHnm J11 nogctaHumsa B n Bmecte ¢ Hel nnHua J13 octaloTca 6e3 HanpshkeHus. Micues-
HOBEHUWE HanpsKeHUs Ha TpaHcdopmaTope HanpskeHua TH Takke npuBoauT B AencTteue yctponctso ABP
Ha noacTtaHuum [, KOTOpoe BKMOYEHMEM BbIKMoYaTena BS nogaeT HanpsXeHue Ha noAacTaHumioo B oT noa-
cTtaHumm I,
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Puc. 10.11 MpuHuunbl ocywecTtenernnst ABP npu pasHbix cxemax NuTaHus notpebutenemn

OnbIT aKkcnnyaTaumm 3HeprocucTem nokasbiBaeT, 4To ABP aBnaetca BecbMa adhpekTuBHbIM CPeaCcTBOM MO-
BbILLEHUSA HaAeXHOCTU anekTpocHabxeHus. YcnewHocTb agencteus ABP coctasnseT 90-95%. MNpocToTta cxem
1 BblcoKkas @ eKkTMBHOCTL 06ycrnoBunmn LWmMpokoe npuMmeHeHne ABP Ha anekTpocTaHUMAX U B SNeKTPUYECKUX
ceTax.

10.2.2 OcHoeHble mpeboeaHusi kK cxemam ABP

Bce yctpovictBa ABP JOmKHbI yAOBNETBOPATL CNEAYIOLMM OCHOBHBIM TPEBOBAHNSM:

1. Cxema ABP pomkHa npuxoauTb B AEWACTBUE B Clyvae MCYE3HOBEHUSA HAMPSIKEHMS Ha LUMHAxX notpebute-
nei no’ moboi nNpuyMHe, B TOM YKUCIE NPV aBapUNnHOM, OLUMBOYHOM MMM CaMOMPOU3BOSILHOM OTKITOHYEHUM
BbIKIoHaTenen paboyero NCTOYHUKA NMUTaHNS, @ Takke MPU UCYE3HOBEHUN HAMPSHKEHUSA Ha LUMHAX, OT KOTO-
pbIX OCYLLECTBNSETCA NMUTaHne paboyero MCTOYHMKA. BkntovyeHne pes3epBHOrO MCTOYHWKA NMUTAHUS MHOTAa
ponyckaetcsa Takke npu K3 Ha wuHax notpebutensa. OgHako oveHb yacto cxema ABP Gnokupyetcs, Hanpu-
Mep, Npu paboTe AyroBon 3awWwmnTbl B KOMMNEKTHBIX pacnpeaycTponcteax. [1pn oTKNoYeHUM OT MakCMMarbHON
3alWmTbl TpaHcdopmaTopoB nuTawmx WuHel HH, pabote ABP, npeanovtutensHa pabota AlB. MNoatomy Ha
ctopoHe HH (CH) noHwxatowimx TpaHcgopmaTopoB NoAcTaHUun npuHuMmaetca kombuHauma AlMNB-ABP. Mpu
OTKIMOYEHMN TpaHcdopmaTtopa ero 3awuTon OT BHYTPEHHUX NoBpexaeHun, pabotaet ABP, a npu oTknove-
HUKM BBOAa ero 3awwmTon — AlB. Takoe pacnpegeneHve npenoTBpallaeT Nocagky HanpskeHusi, a uHorga u
noBpeXaeHne CekLuKn, 0T KOTOPOW OCYLLEeCTBNSETCA pe3epBupoBaHue.

2. Ona Toro 4tobbl YMEHbLUUTL ANUTENBHOCTb NepepbiBa NUTaHUS NOTpPebuTenen, BKIIOYEHNE pPe3epBHOrO
WCTOYHMKA MUTAHUS JOJPKHO NMPOU3BOAUTBECS BO3MOXHO ObiCTpee, cpasy e nocne OTKIioYeHns pabo4vero uc-
TOYHMKA.

3. [OenictBue ABP gomkHO ObiTb OQHOKpATHbIM AN TOro, YToObl HE AOMyCKaTb HECKOSbKMX BKITHOUYEHUA pe-
3EePBHOI0 MCTOYHMKA Ha HeycTpaHuBLueecs K3.

4. Cxema ABP He gomkHa NpuMxoanTb B OENCTBUE OO0 OTKMOYEHUS BbIKNOYaTenss paboyero NCTovHuka ans
TOro, 4tobbl n3bexaTb BKNIOYEHUS pe3epBHOr0 UCTovHMKa Ha K3 B HeoTknoumBLLeMCS pabodyem UCTOYHMKE.
BbinonHeHne aTtoro TpeboBaHWSA UCKNIOYaAET Takke BO3MOXHOE B OTAENbHbIX CNydyasxX HECUHXPOHHOE BKMHO-
YeHne ABYX UCTOYHMKOB MUTaHUS.

5. Ons Toro 4tobbl cxema ABP aerictBoBana npyv CHE3HOBEHUM HaNPSKEHUST Ha LUMHAX, NUTaloLWnx paboyunii
WMCTOYHMK, KOrga ero BbIKoYaTeNnb OCTaeTCs BKIOYEHHbIM, cxeMa ABP gomkHa AononHAaTbLCA crneumanbHbiM
MyCKOBbIM OPraHOM MWHUMAJIbHOTO HaMNpPsKEHUS.

6. [na yckopeHus1 OTKIYEHUSA Pe3epPBHOIO UCTOYHMKA NMUTAHWUS MPU €ero BKITKOYEHWW Ha HeyCTpaHMBLUEEeCS
K3 gomkHO npegycmatpuBaTbCsl YCKOPEHUE OENCTBMS 3alUMTbl PE3epBHOIo MCTOYHMKa nocne ABP. 31o oco-
BGEHHO BaXHO B TeX crny4vasix, korga notpeburenu, notepssLlIne NUTaHne, NOAKMYAaTCa K APYrOMYy UCTOYHU-
Ky, HecyLemy Harpy3ky. beicTpoe oTkntoveHne K3 npu aTtom Heobxoaumo, 4Tobbl NpeaoTBpaTUTb HapyLUeHne
HopMarbHOM paboTbl MOTPebUTENEen, NOAKMIOYEHHBIX K PE3EPBHOMY MCTOYHMKY MUTAHUA. YCKOpPEHHas 3alumTta
0BbIYHO AencTByeT NO Lenn yckopeHus 6e3 BblaepKkM BpeMeHn. B ycTaHoBKax e COBCTBEHHbIX HyxAd, a
TaKke Ha NoACTaHUMAX, NUTaLWMX BOMbLUIOE KONMMYECTBO 3MEKTpoABMraTenen, yCKOpeHne ocyLlecTBnseTcs
o 0.3-0,5 cek. Takoe 3ameaneHne yCKOPEHHON 3aLLnTbl HEO6X0AUMO, YTOOLI NPefoTBPaTUTL ee HenpaBuIb-
Hoe cpabaTbiBaHWe B Cly4ae KpaTKOBPEMEHHOIO 3aMblKaHWSl KOHTAKTOB TOKOBbIX pernie B MOMEHT BKITHOUEHUS
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BbIKMOYATENSA No4 AENCTBMEM ToN4YKa Toka, 0OYCMOBNEHHOMO COABUIOM MO dpase MeXAy HamnpsbkeHWeM 3Hep-
rocuctemsl n 3atyxarowen O4C TOpMO3ALLMXCS aNeKTpoaBUraTenem, KoTopblii MoxeT gocturatbe 180°.

10.2.3 [MpuHyunsi delicmeusi ABP

PaccmoTtpum npuHumn gencteua ABP Ha npumepe aByXTpaHCHOopMaTOpHOW NoaCTaHUMKN, NpuBegeHHOW Ha
puc. 10.12. lNutaHne noTpebuTtenen HopmanbHO OCyLLECTBAsIETCs OT paboyero TpaHchopmatopa T71, Pe-
3epBHbIV TpaHcopmaTop T2 OTKIYEH U HAXOAMTCA B aBTOMaTUYECKOM pesepBe.

Mpwn oTknioveHnn no nobon npuynHe BoikNoyaTens B1 TpaHcchopmatopa T71 ero BCMOMOraTernbHbIN KOHTaKT
BK1-2 paspbiBaeT uenb obMoTku npomMexyTodHoro pene Pl11. B pesynbTtate sikopb pene P11, noaTAHYThINA
npu BKIHOYEHHOM MOMOXEHWUM BbIKMOYATENS, MPU CHATUX HaMNPsKEHUS OTnagaeT C HEKOTOPOW BbiOEpPXKKOW
BPEMEHU 1 pa3MblKaeT KOHTAKTbI.

BTopoi BcnomoraTenbHbIn KOHTaKT 5K1.3 BblknoyaTensa B1 3aMKHYBLUUCL, NodaeT Nitoc Yepes eLle 3aMKHY-
TbIl KOHTaKT Pl11.1 Ha 0OMOTKY NPOMEXYTOYHOro pene P12, koTopoe CBOMMM KOHTakTaMu NPOM3BOANT BKIHO-
yeHue BblkntovaTenen B3 n B4 pesepBHOro TpaHcdopMaTopa, BO34ENCTBYS HA KOHTaKTOpbl BKodeHus KB3
n KB4. Mo ncrevyeHmmn yCTaHOBIIEHHOW BbIAEPXKM BpeMeHu pene P11 pa3mblkaeT KOHTakTbl U pa3pbiBaeT
Lenb obMOTKM MpOMEXyToYHoro pene Pl12. Ecnu pesepBHbI TpaHcdopmaTop OyaeT BKIHOYEH OEACTBUMEM
ABP Ha HeycTpaHuBLieecs K3, 1 OTKMOUMTCA penerHon 3alMTon, TO ero NOBTOPHOMO BKIOYEHUS HE Mpo-
nsonget. Takum obpasom, pene Pl11 obecneunsBaeT ogHOKpaTHOCTb AencTBus ABP 1 noatomy HasbiBaeTcs
pene opHOKpaTHOCTM BkNoveHusi. Pene Pl11 BHOBb 3aMKHET CBOW KOHTaKTbl M nogrotosut cxemy ABP
K HOBOMY OENCTBUIO NULLb NOCne TOro, kak GyaeT BOCCTaHOBNEHA HOpMarnbHas cxema nuTaHus NoacTaHLmMm u
BKITIOYEH BbIKtovaTens B1. Bbiaepka BpeMeHn Ha pas3MblkaHue KoHTakTa pene P11 pomkHa 6biTb Gonblue
BPEMEHW BKIMOYEHMS BbikMoyaTenen B3 n B4, ons Toro 4tobbl OHU ycnenu HagexXHo BKITHYMUTLCS.

C uenbto obecneveHus gencteusa ABP npu oTknioveHnn BeikMnoyatens B2 oT ero BCnomoraTenbHOro KOHTak-
Ta 6K2.2 nogaeTtcs uMnynbC Ha KaTywKy oTkniodeHus KO7 BeiknoyaTensa B1. [ocne OTKMAOYEHNs BbIKNoYva-
Tens B1 ABP 3anyckaetca u AeACTBYeT, Kak pacCMOTPEHO Bblile. KpomMe pacCMOTPEHHbIX CriydyaeB OTKIoYe-
HUsi pabouero TpaHcopMaTopa NoTpedbuTeny Takke NOTEPSIOT NUTaHME, eCnU MO KaKoN-Nbo NpuynHe ocTa-
HyTCst 6€3 HanpsXKeHWs LWMHbI BbICLLIEro HanpsbkeHusa nogctaHumm 6. Cxema ABP npu aTOM He NOAEnCTBYeET,
Tak kak oba BbIkMoyaTens paboyero TpaHcopMmaTopa OCTanuchb BKMOYEHHBIMN.

[nsa Toro ytob6bl 06ecneunTb aenicteme ABP 1 B aTom cnydae, npeayCcMOTpeH cneuunasnbHbIi MyCKOBOW OpraH
MUHUManbHOTO HanpsKeHns, BKNoYawwmn B cedbsa pene PHI, PH2, PB1 w Pr13. MNpun nc4esHosBeHun Hanps-
KEHUs Ha WKHax 5, a cnegoBaTenbHO, U Ha WKMHAX B nogctaHumu pene MMHUMAanbHOro HanpsXeHus, nog-
KMOYEeHHbIe K TpaHcdopmaTopy HanpsikeHus TH7T, 3aMKHYT CBOW KOHTaKTbl U nofagyT Nntoc onepaTUBHOro
TOoKa Ha 0OMOTKY pene BpemeHu PB1 yepe3 KoHTaKT pene PH3. Pene PB1 npu 3TOM 3anycTUTcs U Mo Ucrte-
YEeHMN YCTaHOBIMEHHOW BbIOEPXKM BPEMEHM MOAACT MIHOC Ha OOMOTKY BbIXOOHOIMO NMPOMEXYTOYHOro pene
Pr13, xoTopoe Npon3BoauT OTKIIOYeHME Bbiktodatenen BT n B2 paboyero tTpaHcdopmatopa. [Nocne oTknto-
YeHus BblkMoyaTena B1, ABP gencTteyeT, kak pacCMOTPEHO BbiLLE.

Pene HanpsikeHus PH3 npegycmoTpeHo s Toro, 4Tobbl NpeaoTBpaTuTb OTKIOYeHe TpaHcdopmaTopa T1
OT MYCKOBOr0 OpraHa MUHWMAarbHOrO HanpshKeHWs B Crlyvyae OTCYTCTBUSA Ha LUMHAaX BbICLUEro HanpshkeHus A
pe3epBHOro TpaHcgopmartopa T2, korga gernctesue ABP Oyget 3aBegomo 6ecnonesHbiM. Pene HanpsikeHust
PH3, nogknioveHHoe K TpaHcdopmaTopy HanpskeHns TH2 winH A, Npyu OTCYTCTBMM HaNPsPKEHUS pasMblkaeT
CBOW KOHTaKT 1 paspbiBaeT Lenb OT KoHTakToB pene PH1 n PH2 k obmoTke pene Bpemenn PB1.

B cxeme ABP npegycmoTtpeHbl ABe Haknagku: H1 — ons OoTKNIOYEeHUss NYyCKOBOrO OopraHa MMHUMAaInbHOMO Ha-
npsbkeHns n H2 — gns BeiBoga n3 pabotsl Bcen cxembl ABP. [derictBue ABP 1 nyckoBoro opraHa MMHUMarbs-
HOro HanpsXeHWst CUrHanuampyeTcs ykasaTenbHblMu pene PY.

lMyckoebie op2aHbl MUHUMA/IbHO20 HarpsiKeHUs!

MyckoBble opraHbl MUHUMAanbHOTO HanpsHKEHUs! OOJMKHbI BbIMOMHATLCA TakuMm 06pa3oM, YTobbl OHWM OENCTBO-
Barnv TOMNbKO NPW NCYE3HOBEHUWN HANPSHKEHUS U He AENCTBOBANM MPU HEUCNPABHOCTSX B LIENSAX HaNPsHKEHUS.
Tak, B paccMoTpeHHon cxeme Ha puc. 10.12 n B cxeme Ha puc. 10.13 KOHTaKTbl ABYX pene MUHUManbHOro
HanpsbkeHus PH1 n PH2 BknoyeHbl NocnegoBaTesibHO, YTO NpedoTBpallaeT OTKYeHne pabodero TpaHc-
dopmaTopa T1 npu OTKIOYEHUM OAHOrO M3 aBTOMATMYECKMX BbIKIKOYaTenen (npegoxpaHutenen) B Lensix
HanpshkeHusd. OgHaKo NOXHOE OTKIHYEeHWe TpaHcopMaTopa BCe Xe MOXET MPOU3OWTU, eCcrivu NoBpeauTcs
TpaHcdopmaTop HanpsxeHusa THT unu oTknovatcss ob6a aBTOMaTMYECKUX BbIKIOYATENd B LENsIX Hanpshke-
HuA. [Ns NoBbILWEHUS HaAEXHOCTU MCMOMb3YHTCA ABa pPerie MUHUMAIbHOrO HamnpsbKeHUs!, BKIKOYEHHbIE Ha
pasHble TpaHCOpMaTOpbl HANPSPKEHUS.
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PH3
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H2 % pBK12 M P
L
9 BK1.3 PI11.1 [ P2
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PI11.2 3 PH1 PH2  PH3, PB1
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H1 Pri3
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PI13.1 py2 [ K213 KO2
PI13.2 PY1 [ 5K1.1)9/_[ KO1
BK2.2 9 —
|
Pr2.1 _ PY3 [ BK3 @ KB3
O
P22 _ PY4 — BK4 ¢ KB4
\—|
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Puc. 10.12. Cxema ABP TpaHcdopmaTopa 04HOCTOPOHHErO AENCTBUS:
a) cxema nepBuYHbIX COEANHEHNI;
0) uenu NepemMeHHOro HanpsPKEHNS;
8) uenu onepaTMBHOIO TOKa

+ - +
PH1 PH?2 PB PB1.1  PB2.1
Rl Ha omkntoyeHue
+ Pl Ha omkmioyetiue PB1.2
T+ Ha CU2H377
6) PB2.2
+ PB o
PH1 PT —
1 PB + PB1  §- Ha omknoyeHue

L]

+ PB1 T Ha omkntoyetue

6) 2)
Puc. 10.13  TMpuHUMNbI BLINOMHEHUS NycKoBbIX opraHoB ABP:
a, 6, B — MMHVMMAarbHOIO HanpPsHKEHUS;
2 — MUHMMarnbHOro TOKa 1 HanpshKeHns

PaccmMoTpeHHbIe cxembl MyCKOBbIX OPraHOB MUHUMArbHOrO HaMnpsPKeHUst MOTyT ObiTb BbINOMHEHbI TaKkKe C Mo-
MOLLbIO ABYX pene BpemMeHu (Tuna PB-235) nepeMeHHOro HanpspkeHusl, kak nokasaHo Ha puc, 10.13, 6. 3tu
pene, MNOAKMYaeMble HENOCPeACTBEHHO K TpaHcopMaTtopamM HamnpsikeHUs, BbINOSMHAT O4HOBPEMEHHO
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PYHKUMW OBYX peEne: pere MMHUMANbHOTO HanpsXeHus u pene BpeMeHu. Npu McYEe3HOBEHUWN HaMpsKeHus
pene HauuHalT paboTaTb U C YCTAHOBIIEHHOWN BbIAEPXKKOW BPEMEHU 3aMbIKalOT LiENb OTKITHOYEHUSA BbIKIOYa-
Tenen pabo4ero NCTOYHMKA NUTaHKUS.

[MyckoBOW OpraH MMHMMArbHOIO HaMpPsPKEHUS MOXET ObITb BbIMOMHEH C OAHMM pene BpemeHn PB tuna PB-
235K, koTopoe BKIO4HaeTcsa 4epes BcrnomoratenbHoe yctponctso Tuna BY-200, npepcrtaensiowee cobon
TpexdasHbli BbinpsAMUTEnbHbIN MocT (puc. 10.13, 8). 3TO pene BpeMeHn HavmMHaeT paboTaTb Nulb B TOM
cryyae, ecrim HanpsbkeHne ncHesHeT OAHOBPEMEHHO Ha Tpex dasax. [pn oTKMYeHun ogHOro n3 asTomatm-
YeCKMX BbIKIOYaTenen B LENsX HanpsbkeHns perne He paboTaeT, Tak kak Ha ero 0GMOTKe OCTaeTcs Hanpsixe-
HWe oT ABYX ApYyrux das.

B cxeme, npuBegeHHon Ha puc. 10.13, e, 6GnokMpoBKa OT HapyLUEHWsT Lienen HanpsKeHUs OCYLLIECTBISAETCS C
MOMOLLIbIO perie MUHMMarnbHOro Toka PT, BKIIOYEHHOrO B LieMb TpaHCcopMaTopoB Toka paboyero MCToYHMKa
nuTaHns. B HopmanbHbIX yCnoBusX, Koraa padbounii UCTOMHWK NUTAeT Harpy3ky, no obMoTke pene PT npoxo-
OUT TOK, N OHO OEPXUT CBOW KOHTAKTbl PA3OMKHYTbIMW. B cnydae oTknioveHnst paboyero NCTouHMKa UM npu
NCYE3HOBEHNM HaNpPsHKeHUs1 Ha NUTAKLLMX LUMHAX, Korga ucyesaeT TOK Harpysku, perne PT 3amblkaeT CBOU
KOHTaKTbl U COBMECTHO C pefnie MMHUMarnbHOro HanpsbkeHnss PH nponsBoguT OTKNioYeHne pabodero NcTovHu-
Ka nuTaHus.

[Mpn OTKMIOYEHUN NCTOYHMKA, NMUTAIOLLErO LUMHbBI BbICLLErO HanpskeHus pabodero TpaHcdopmartopa vunm nu-
HUK (Hanpumep, WuHbl 5 Ha puc. 10.12), NycKoBOW OpraH MUHUMAarnbHOrO HanpsH>KeHUst MOXET NPUATK B Aen-
CTBME He cpasy, Tak kak B TedeHue npumepHo 0,5—1,5 cek CMHXPOHHbIE M aCUHXPOHHbIE, ANeKTpoABUraTenu
OyaoyT noaaepuBaTb Ha LUMHaX OCTaTOMHOE HanpshkeHue, npesbillatollee HanpsbkeHne cpabatbiBaHusa pene
MUHMMAaNbHOrO HanpskeHus. 3To obCcToATEeNbCTBO 3adepxunBaeT paboty ABP, nockonbky BHayane AOMKHO
3aTyXHYTb OCTAaTOYHOE HanpshkeHne A0 HanpskeHus cpabaTbiBaHUS MNYCKOBOro opraHa, a 3aTeM JOIDKeH cpa-
foTaTb MyCKOBOW OpraH, KOTOPbIA BCErda UMEeT BbIAEPKKY BPEMEHW, 3aTEM OOSMKEH OTKIMOYUTLCA pabouni
WCTOYHWMK, N TOSbKO MOCME 3TOro Mpon3onaeT BKIIOYEHNE PE3EPBHOIO NCTOYHMKA.

[na yckopenusa gencteusa ABP B ykazaHHbIX yCNOBUsSIX MyCKOBOW OpraH LieniecoobpasHo JOMNOMHATL pene no-
HWXXEHUSA YacTOTbl, KOTOPbIV BbIABASET MPEeKpalleHne NuTaHus paHblle, YeM perie MUHMMAarnbHOro Hanpshke-
Hus. B camom gene, nocne OTKIOYEHUS UCTOYHMKA NUTaHUSA 3NeKTPOoABUraTeny HauyuMHalT PEe3KO CHWMXKaTb
4YacToTy BpalleHus, bnarogapsi YeMy 4YacToTa OCTaTOMHOrO HampsKeHus Takke BbicTpo cHuxkaetcs. [pu yc-
TaBke cpabaTbiBaHUSA perne MOoHWXKeHus YactoTbl 48 'y oHO cpaboTaeT NMpu CHWXEHUM YacTOTbl BpalleHus
ANeKTpoaBUraTens u CUHXPOHHbLIX KOMNeHcaTopoB Beero Ha 4%, 4To npoucxogut yxe yepes 0,1-0,2 cek.
Cxema nyckoBoro opraHa ABP ¢ AByms pene noHmkeHus YactoTbl npuBedeHa Ha puc. 10.14, a.

MyckoBow opraH BKMnto4YaeT B cebs ABa pene NoHmkeHus yactotel PY1 n PY2 n ogHo npomexyTovHoe pene P
(puc. 10.14, 6). Pene P41 nogkntoveHo K TpaHcopmaTtopy HanpskeHns THT LUWMH HU3LLEero HanpsiKeHus, K
KOTOPOMY NOAKMOYEHbI Takke pene HanpsbkeHua PH1 n pene spemenn PB1 n PB2. Pene PY2 nogknto4eHo K
TpaHccpopmaTopy HanpskeHus THZ2 WWH pe3epBHOr0 UCTOYHMKA MUTAHMSA, K KOTOPOMY MOAKMIOYEHO Takke
pene PH2.

Om TH1 wuH Hu3wez0 + KO -
a) HanpspKeHust pB1.1 PB2.1 PHZ_ B
6) " i NI 1 ||

c) . 1 | P41~ PH1 ~ PI1

Holgly e ——

PB1 PB2 P41 PH1 PB1.2
— Ha cueHan
Om TH2 pesepsHo20 ﬂJZI‘F_T "
6) ucmoYHUKa " + 0) KO _
c) ' PT1 PY1 - B
~f |
PY2 PH?2 . T
=1 [* L e [
\'\ _I
a) 8)
Puc. 10.14. TlpyHUMNbI BEINOSTHEHNS MYCKOBbIX opraHoB ABP, pearnpyroLmx Ha NOHWKEHNE 4YacCTOThbl
a - Lenu nepeMeHHOro HanpsXeHnsa Ans cxembl C ABYMS pene 4acToThl;
6 — Lenu onepaTUBHOIO TOKa ANsi CXeMbl C ABYMS pene 4acToThl;
8 — Lenu ornepaTmMBHOrO Toka ANnsi CXeMbl C OOHMM pene 4acToTbl B COMETaHUU C NYCKO-

BbIM OPraHOM MWUHUMAanbHOrO TOKa U HanpsiKeHUs.
PaccmaTpuBaemsbili NyckoBow opraH paboTtaeT criegytolwmm o6pa3om. MNpu OTKMIOYEHUM UCTOYHMKA, NUTatoLLe-
ro WnHbl Bbiclero HanpskeHns 6 (cm. puc, 10.12, a), anekTpoasuratenu, nutawlimecs OT LUWH B, noa-
OEPXKMBAIOT Ha 3TUX LUMHAX OCTATOYHOE HanpsikeHWe, YacTtoTa KOTOPOro GbICTPO CHuKaeTcs. [py CHUXEHUK
YacToTbl 0 ycTaBku perne PY1 oHo cpaboTaeT u Yyepes KOHTakT pene PH1, 3aMKHYTbIN BCNeACTBME Hanu4uus
OCTaTOYHOIO HaMPSPKEHWS, U Pa3MbIKAIOLLMIA KOHTAKT MPOMEXYTOYHOro pene Pl11 Bo3AencTByeT Ha OTKIHoYe-
HWe BbIKMNoYaTenen pabodero NCTouHMKa NUTaHus. brarogaps HanmuuMilo KOHTakTa pene HanpsbkeHus PH1
npegoTBpaLLaeTcs NoxHoe cpabaTbiBaHMe MyCKOBOrO OpraHa npv KpatkOBPEMEHHOM CHSTUWM HanpsbkeHusi C
06MOTKM pene YacToTbl PY1, korga MoryT 3aMKHYTbCS €ro KOHTaKTbl.
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B paccmoTpeHHOM cryyae, korga cpabaTtbiBaHue (3amblkaHue KOHTakTa) pene PY1 npoucxogut Bcrieactemne
OTKIMOYEHMs pabodero CTOYHMKA NUTaHKsA, pene PY2 He 3amMblkaeT KOHTAKT, TaK Kak Ha LUMHaxX nogcTaHummn A
COXpaHseTca HopmarnbHoe HanpsikeHne. Pene PY2 npegHasHavyeHo gns Toro, Ytobbl NpegoTBpaTuTh OTKIHO-
yeHue paboyero UCTOYHMKA NUTaHUSA Npu OBOLECUCTEMHOM MOHWXEHMU YacToThl. B 3TOM cnyyae yacTtoTta Ha-
npskeHnst bygeT CHMXKaTbCa OAMHAKOBO Ha Bcex WwuHax (A, b, B), Ho nepBbiM cpaboTaeT pene PY2, koTopoe
HacTpauBaeTcsl Ha 6onee BbICOKYHO ycTaBky, yeM pene PY1. Cpabotas, pene PY2 Bo3gencTsyeT Ha npome-
XyTouHoe pene P11, KoTopoe CBOUM KOHTaAKTOM pasMbIKaeT Lienb OT KOHTakTa pene P41, npegoTtepallas oT-
KntoyeHre paboyero UCTOYHMKa NUTaHNs nNpu cpabaTtbiBaHum pene PY1.

Ha puc. 10.14, 8 nsobpaxeHa 6onee npoctas cxema NycKOBOro opraHa ¢ O4HUM pesie NMOHWKEHUS YacToTbl B
COYEeTaHUM C MyCKOBLIM OPraHOM MWHMMarbHOIo Toka. B crnyyae OTKNMIOYEHWs] UCTOYHMKA, MUTAOLWErO LUNHbI
BbICLLEro HanpshkeHnst b, ncyesHeT Tok B paboyeM TpaHcopmaTope M MOHU3UTCS YacToTa OCTAaTOYHOro Ha-
NpsPKeHUs Ha wwuHax B. MNMpu 3ToM cpaboTaloT M 3aMKHYT KOHTaKTbl pefnie MMHUManbsHoro Toku PT1 n pene
yacTtoTbl PY1, 4yTo npuBedeT K CO34aHUI0 LIenu Ha OTKoYeHne paboyero TpaHcdopmatopa. Pene yacTtoThl
P41 moxeT cpaboTaTb, U NpM OOLLECUCTEMHOM CHWXKEHMM YacTOTbl, HO LeNy Ha OTKM4YeHne paboyero uc-
TOYHMKA NP 3TOM HE CO3[acTCs, Tak Kak no paboyemy TpaHcdopmaTopy GydeT npoxoauTb TOK HArpysku,
NMO3TOMY KOHTaKT pene PT1 ocTaHeTCsl pa3oOMKHYTbIM.

C nomoLubto pene HanpsbkeHus PH1, PH2 v pene Bpemenn PB1 B paccMaTpMBaeMon CXeMe OCYyLLECTBNSAETCA
NyCKOBOW OpraH MMHUMAIbHOIO HamnpsiKeHus.

10.2.4. Aemomamu4eckoe 8K/Il04eHUe pe3epea Ha NodcmaHuusIx

Ha nogctaHuusax BbICOKOrO HanpsiKeHWst HaxoaaT wupokoe npumeHeHne ABP pasHbix Tunos. Hapsagy ¢ ABP
TpaHcdopmaTopoB nNpumeHaTca ABP CEKLUMOHHBIX M LULMHOCOEOVHUTENbHbLIX BbiKNtovaTenen n ABP nuHui.
Cxema ABP cekuMoHHOro BbikntovaTens, npuBefaeHHas Ha puc. 10.15, oTnuyaeTcsl OT pacCMOTPEHHbIX BbILLE
HEKOTOpPbIMU OCODEHHOCTAMU. [UTaHne cekuun LMH NOACTaHUUN, K OOHOW U3 KOTOPbIX NOAKMOYEH CUHXPOH-
HbI anekTpoasuratens C/] GoNbLIOM MOLLHOCTW, Npou3BoguTca oT AByx pabounx TpaHcdopmatopoB T71 u
T2. lMpwn OTKMOYEHUN NOBOr0 N3 HUX MPOUCXOAUT aBTOMAaTUYECKOE BKIOYEHME CEKLMOHHOMO BbIKMYaTens
B5. OpHokpaTtHocTb gerictBus ABP B cxeme Ha puc. 10.15 obecneunBaeTcs Tak Xe, Kak U B CXemax, pac-
CMOTPEHHbIX Bblle, ¢ nomolubto pene PrB1 v PIB3 (pene nonoxeHusi «BkroyeHo» B cxemMe ynpaBrieHus
COOTBETCTBYIOLLMMU BbIKINKOYATENSMN).

B cnyyae otknioueHus Bbikntovatens B1 TpaHcdopmatopa T1, nuTarolero nepeyld CEKUMIO, 3amblkaeTcst
BCMOMOraTenbHbIN KOHTaKT 3TOro BblkMnoyatens 6K1.2 n yepes 3amkHyThIN B paboyem COCTOAHMM CXeMbl KOH-
TakT PlB1.1 pene PIIB1 nogaeT MMNynbC Ha KaTyLIKy BKMOYeHUs Bblknovatens B5 KBS. M3-3a Hanvuns Ha
2- CeKLMM CUHXPOHHOIO anekTpoasuraTens (UM CUHXPOHHOrO KoMneHcaTtopa) Aenctene ABP npu oTknoye-
HUM BbIkMtodaTens B3 6ygeT npovcxoanTtb no-gpyromy. Nocne oTknoyeHus TpaHcdopmartopa T2, nuTatowe-
ro 2-10 Cekumo, YyacToTa BpalleHWsi CUHXPOHHOIO 3MeKTpoABuraTens (CMHXPOHHOro KomneHcatopa) byaer
yMeHbLUATbCA NOCTEMNEHHO, BCNeacTBue Yero npu genctemm ABP OH MOXET ObITb BKIMOYEH HECUHXPOHHO Ye-
pe3 TpaHcdopmaTtop T1. Ecrnv TOMYOK ToKa Npyv HECUMHXPOHHOM BKITHOYEHUW MPEBbLILLAET BENUYMHY, AOMYCTU-
MYIO ANsi CUHXPOHHOTO arneKkTpoasuraTens (komneHcaTopa) unu TpaHcopmaTopa, CUHXPOHHBIN 3NEeKTPOaABU-
ratenb Heob6xoauMo NpeaBapuUTEnbHO OTKIIOYUTL U MWL 3aTEM BKMOUYNTb CEKLMOHHbBIN BbIKITIOYaTENb.
OTkntodeHne BbIKNtovaTens B6 CUMHXPOHHOro anektpoaBuratens B cxeme Ha puc. 10.15 npoussogutcst ot
BCromoratenbHoro koHTakta 6K3.2 Beikntovatena B3 npu ero otknoyeHnn. B uenu oTknoyeHnsa npegycmoT-
peHa Haknagka H1 gns BolBoAa LEnU OTKNIOYEHUS 13 OENCTBUA, YTO HEOOXOAUMO Ha criyvyan nuTaHusa obemnx
ceKkummn oT TpaHcopmatopa T1 npu 3aMKHYTOM CEKLIMOHHOM BbikMovaTene. [locne oTKMoYeHns BbiknovaTe-
NS1 CUHXPOHHOIO 3NEKTPOABMUraTens ero BCcroMmoratenbHblM KOHTakToM bK6.2 BygeT 3amMkHyTa Lenb Ha BKIO-
YeHue CeKUMOHHOro BbiknovaTens BS.

+ _
Q BK2.2 . PrB1
B2 B4 K | QBK1.1 |
Py1 D o1

PrB1.1 K

T T | K W 9 Kos|
BK6.2
96K3.3 §  PIB2y bK2.3
| RS S BK6.1
BK3.2
o B5 53 w [ P29 H S mKos
A § o—o i
L PB3.1 | | KO3 D

1-5 cekuus 2-9 cekyusi ] 9B6K4.2 BK3.1 L
B6 N [
PriB1.2 PriB3.2
ry_y H2 4['_
a) ca YckopeHue 1 PrB3

3awum

6)
Puc. 10.15. Cxema ABP cekunoHHOro BbiknoyaTens noACTaHUMM C CUHXPOHHBIM ABUraTenem
a — TOsICHALLAs CXema;
6 — onepaTtuBHbIE LENU

[onyckaeTca BMECTO OTKMOYEHUs BbIKMOYATENS CMHXPOHHOMO anekTpoasuraTens (KoMneHcaTopa) KpaTko-
BPEMEHHO OTKMoYaTb aBTomart raweHusa nons (A1) u BknoyaTe ero BHOBb NOCNE, BKAOYEHUS CEKLUOHHOIO
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BbIKMoYaTens. ToN4YoK Toka Npu aToM Oy4eT MeHbLUE, YEM MPU HECUHXPOHHOM BKIOYEHMM, a Nocne obpaTHo-
ro BkntoyeHuns ATl CUHXPOHHBIN anekTpoasuraTens (KOMNEHCATop) BTSHETCA B CMHXPOHM3M, T. €. MPOn30K-
OeT ero camoCUHXpoHu3auus. MNpy HanuumMm Ha NOACTaHLUMU HECKOJTbKUX CUMHXPOHHbLIX 3rieKTpoasBuratenen
KOHTPOMb OOMNYCTUMOCTU BKIIOYEHMS CEKUMOHHOro Bbikmntoyatens ot ABP obblyHO ocyllecTBniseTcss ¢ NoMo-
WbI0 pene MMHUMAanbHOro HanpshkeHus, T.e. ABP ocyliecTBnseTcs ¢ oXXvgaHneM CHUWKEHUS HanpsbkeHnus Jo
0,5-0,6 HoOMUHanbHOro.

[nsa 6b6ICTPOro OTKNHYEHMSA CEKLNOHHOIO BbIKMOYaTeENd B Cryvae BKNOYeHUs Ha HeycTpaHuBLueecs K3 Ha
LUMHaXxX NOACTaHUMM B CXEME NPeayCMOTPEHO YCKOPEHME 3aLunTbl CEKLIMOHHOIO BhikNtovaTtens nocre ABP.
YckopeHue ocyliectesnsaeTca koHTaktamu PrB1.2 n PMNB3.2 pene PriB1 v PB3.

B otnnuune ot cxem ABP, pacCMOTpeHHbIX Bhbille, B cxeme Ha puc. 10.14 oTcyTCcTBYET NyCKOBOW OpraH MUHU-
MarnbHOIO HanpsKeHUsl, KOTOPbIA B AaHHOM Cry4ae He HY)XeH, Tak kak oba MCTOYHMKA NMUTAKTCHA OT OOHMX
OOLLMX LUMH BbICLLIErO HanpshKeHUs; Npyv UCHE3HOBEHMM HaNpPsDKEHWs] Ha 3TUX WnHax gencreme ABP Gypet
B6ecnonesHbIM.

Oenctene ABP pomkHO cornacoBblBaTbCA C AEUCTBMEM APYrnxX YCTPOWCTB aBTOMAaTUKUA U, B YaCTHOCTW, C
OencTBMeEM aBTOMATWMKM 4YacTOTHoW pasrpy3km AYP (cm. pasgen 10.4), oTknovarowen notpedburtenen npu
aBapuMHOM CHWXEHUW 4acToTbl B 3Heprocucteme. [Ana npegoteBpalieHnss CHukeHus adpdpektnsHoctn AYP
nenctene ABP Ha BoccTaHOBNEHUE NUTaHusa noTpebuTenen, oTkoYeHHbIX oT AYP, OOMKHO 3anpeLlaThbCes.
Hapsay ¢ yctporctBamn ABP, paboTatowmmMm Ha NOCTOSHHOM OnepaTuBHOM Toke, Bonbluoe pacnpocTpaHe-
HWe Ha noactaHumsax nonyynnu ABP Ha nepemeHHOM onepatuBHOM Toke. Ha puc. 10.16 npusegeHa cxema
ABP cekuMOoHHOro BbikntovaTens Ha NnepemMeHHOM ornepaTMBHOM TOKe AN NOACTaHumMM ¢ ABYyMSA TpaHcopma-
Topamu, NUTAKLMMNCSA OTBETBMNEHUAMN OT ABYX NUHMI 6e3 BbikNtoYaTeNen Ha CTOPOHE BbICLLErO Hamnpshke-
HUA TpaHchopmaTopoB. CeKLMOHHbIV BbikrtoyaTens B3 HopmarnbHO oTknoveH. OnepaTuBHbIA TOK AN nuTa-
HWUsi CXeMbl aBTOMAaTUKM nogaeTcs oT TpaHcdopmaTopoB cobcTBeHHbIX Hyxxg TCHT n TCH2. Oco6eHHOCTbI0
CXeMbl ABMSIETCA TO, YTO MPU MCYE3HOBEHUWN HAaNPSXXEHUS Ha ogHon u3 nuuui (J11 wnn J12) ABP Bkniovaet
CEKLUMOHHBIN BbIKMKOYaTENb, @ NP BOCCTAHOBIIEHNN HANPSXXEHUS Ha JIMHMM aBTOMaTM4ecku cobupaeT Hop-
MarbHYK CXeMy NoACTaHUuN.

[MyckoBbIM OpraHoOM cxeMbl ABNATCA pene Bpemenn PB1 n PB2 tuna PB-235, koHTakTbl KOTOpbLIX PB1.2 1
PB2.2 BknoyeHbl nocnegosaTenbHo B uenyn KO7. lNMocnegoBatenibHO C KOHTaAKTaMy 3TUX pene BKIHOYEH
MIHOBEHHbIN KOHTaKT perne Bpemenn PB1 TpaHcdopmaTtopa T2, KOTOpoe KOHTPONUPYET Hanuume HanpsxxeHns
Ha aToM TpaHcdopmatope. ObmoTkn pene PB1 n PB2 BkmoYeHbl Ha pasHble TpaHcdopmatopsl (TCHT n
TH1), 4TO McKkNoYaeT BO3MOXXHOCTb NTOXHOIO AENCTBUSA NMYCKO- BOrO OpraHa B Criydyae HEMCNpPaBHOCTM B Liensax
HanpshkeHusl. Pene PB1, nogknioyeHHoe K TpaHcopmaTopy cobcTBeHHbIX Hyxxa TCH1, yctaHoBNeHHOMY 80
BbIKNtovaTens TpaHcopmatopa T7, UCNONb3yeTCca Takke ANs KOHTPOMs 3a MOSIBNEHWEM HanpsikeHust Ha
TpaHcdopmaTope T71 npu BKIKOYEHUU NHUKM J11.

MyHkTMPOM 06BedeHbI Lenu, oTHOCALWMECs K TpaHcdopmaTtopy T71. B cnyvyae nMc4e3HOBEHMS HampshKeHus B
pesynbTate oTKnoYeHusa nuHuu J11 3anyckatotca pene spemenn PB1 uPB2 n pa3mblkaloT CBOU MIHOBEHHbIE
KOHTakTbl PB1.1 n PB2.1, cHuMas HanpsbkeHue ¢ o6MoTku pene BpeMmeHn PB3 tuna PB-248. 310 pene npu
CHATWUM HanpsXXeHUs MIHOBEHHO BO3BpaLLaeTCcs B UCXOOHOE MOMOXeHWe, a Npu nogade HanpskeHus cpaba-
TbIBA€T C YCTaHOBNEHHOW Bblaepxkon BpemeHu. Ecnn genctenem AlB nuHum HanpshkeHne He OyaeT Boc-
CTaHOBJIEHO, TO C YCTaHOBJIEHHOW BblAepXXKkoM BpemeHu (6onbluen BpemeHun AlNB nMHMK) 3aMKHYTCS] KOHTaK-
Tbl pene BpemeHn PB1.2 k PB2.2 v co3gagyT uenb Ha KaTywky oTkntodeHusa KO71 Bobiknoyatens BT TpaHc-
dopmatopa T1. lNpu oTknoYeHUN BbIKkMYaTens B71 3aMKHeTCs ero BCromoraTtenbHbii KoHTakT BK71 (puc.
10.15, 8) B Lenu KaTyLikn BkNoHeHns KB3 cekUuMOHHOro Bbiknovatens B3 vepes elle 3aMKHYTbIA KOHTaKT
PriB1.1 pene ogHOKpaTHOCTW BKNOYeHUS. CeKLMOHHbIW BbIKMOYaTeNb BKMIOYMTCS U NOAACT HanpshKeHne Ha
1-t0 cekumio noactaHumun. [Npu aToM nNoaTsaHeTCs pene BpemeHu PB2, 3aMKHeT KOHTakT PB2.1 n pasoMkHeT
PB2.2. Pene PB1 octaHeTcsa 6e3 HanpshkeHus. [oaTomy ero koHTakT PB1.1 ocTaHeTcs pa3oMKHYTbIM, a pene
BpeMeHn PB3 6yaeTt no-npexHemy HaxoOUTbCA B MCXOOHOM MOJSIOXKEHUU, AepXa PasoOMKHYTbIMU BCE CBOWU
KOHTaKTbI.

Mpy BOCCTaHOBMNEHMM HAaNPsXXEHNUs1 Ha NUHUK J11 HanpsbkeHne NosBMTCS U Ha TpaHcdopmartope T71, MOCKOIb-
Ky ero otaenutenb OCTaBarics BKIOYEHHbIM. [onydnB HanpskeHve, pene PB71 nogTaHETCH, 3aMKHET KOHTaKT
PB1.1 n pasomkHeT PB1.2. lpu 3ambikaHnn koHTakTta PB1.1 HauHeT paboTaTb pene BpemeHn PB3, koTopoe
CBOMM MpPOCKanb3bIiBaKOLWNM KOHTAkTOM PB3.2 co34acT uenb Ha BKIKOYEHME BbikoyaTensa B1, a KOHeYHbIM
KOHTakToM PB3.3 Ha OTKMoYeHne CEKLUMOHHOrO BhikNtovatens B3, npu 3Tom aBTomMaTU4EeCKM BOCCTaHaBNMBa-
€TCs ucxogHasa cxema nogctaHuuu. MNpyn 9TOM Uenb Ha OTKIHYEHME CEKUMOHHOMO BbIKMoYaTensa co3gacTtes
npuv yCnoBuK, 4YTO BKIKOYEH BbikNtovaTens B2 TpaHcdopmaTtopa T2. Ecnv ABP BoeikntovaTenst B3 6yaeT Heyc-
neLwHbIM BCNEACTBUE HANU4YMs YCTOMYMBOTO MOBPEXAeHUs Ha 1-M cekuum, oHa [ormkHa ObITb BbiBEOEHa B
peMoHT. [locrne okoHYaHUsA peMoHTa nuTaHue 1-nm cekumm BoccTaHaBnueaeTcs oT T71 unu oT 2-i cekumn n aB-
ToMaTuka BBoAUTCS B paboty. Cxema, aHanormyHaa npegctaeneHHon Ha puc. 10.16, obecneumBaeT gewncT-
Bne ABP T2.

[nga paboTbl aBTOMATMKN B PAaCCMOTPEHHOW CXeMe, BCE BbIKMOYaTENM AO0MKHbI ObITb 060pYA0BaHbI IPY30BbI-
MW UNW MPY>XUHHBIMW NPUBOAAMM.
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Puc. 10.16. Cxema ABP CEeKUMOHHOro BbIKIOYaTeNd Ha NEPEMEHHOM OMNMepaTUBHOM TOKe AN ABYX-
TpaHcopMaToOpHON NOACTaHUMKM, MOAKITHYEHHON K NUHUSAM SneKTponepenayvm oTBeTBNEHNsIMU 6e3 BbIKI-
yartenem:

a—cxema NoAcTaHUuK;
0 —uenu ynpaeneHusi 1 ABP BoikntoyaTensa B Boikntovatens BT,
8 — uenu ynpasneHus n ABP Boikntodyatensa B3

10.2.4. CeteBble ABP

B pacnpegenuTenbHbIX ceTsX HaxXodsaT WMpokoe npumeHeHne ABP, obecneunBatowme npu cBoem cpabatbi-
BaHWW BOCCTAHOBMNEHWE MUTAHUSA HECKONbKMUX MOACTaHUMIA CeTu, Tak Ha3biBaeMble ceTeBble ABP. Cxema Ta-
koro ABP npuBegeHa Ha puc. 10.17. YcTtporictBo ABP aBycTOpoHHEro aevncTBus obecneynmBaeT BOCCTaHOB-
fieHMe NMUTaHus y4acTKOB CETW, pPacrONOXEHHbIX CrieBa M cnpaea OT MoAcTaHuuu B, B crlyyae HapyLlleHus
nuTaHus oT noactaHumn A u [ cootBeTcTBeHHO. Myck ABP ocyllecTBNAETCH KOHTakTaMu pene HanpsKeHus
PH1 vnn PH2, nogkntoyYeHHbIMY K TpaHcdopmaTopam Hanpskenna TH1 n TH2 cootBeTcTBEHHO. B Lenun o6-
MOTKM pene BpemeHn PB71 nyckoBoro opraHa ABP BkmtouyeHbl 3amblkatoLne KOHTaKTbl aBTOMaTUYECKUX Bbl-
kntovatenen A1 n A2, npegoTepallaromne noxHoe cpabaTtbiBaHMe MyCKOBOro OopraHa B Criyvyae HemcnpaBHO-
CTW Lenen HanpshkeHus, a Takke 3amblkalolme KOHTakTbl pene HanpsxeHns PH3 n PH4, koHTponupytoLme
Hanu4une HanpsKeHMsi CO CTOPOHbI PE3EPBHOMO MCTOYHUKA.

B cxeme nyckoBoro opraHa ABP npegnycMoTpeHoO BTOpoe perne BpemeHu PB2 onsi BO3MOXHOCTM OCYLLECTB-
NeHns ABYX pasfnyHbIX YCTABOK NO BPEMEHW B Cryvae OTKMYEHUS MCTOYHUKOB NMUTaHUS OT NoAcTaHumn A un
J. OpHokpaTHOCTb OeNCTBUsSt paccMmaTtpuBaemon cxembl ABP obecneuvBaeTca OBYXNO3MLMOHHBLIM pene ne-
pemMeHHoro Toka Pl1®1 tuna Pr1-9.

B HOpManbHOM peXxume 3aMKHYTbl KOHTaKTbl pene Pr®1.1 n nogrotoBneHa uenb 0OMOTKM BbIXOQHOMO Mpo-
MexyToyHoro pene Prl. lNMocne cpabatbiBaHus P, nogalooLwero MMNynbC Ha BKoYeHne B1, n 3amMblkaHus
KOHTaKTOB pene nonoxeHus «BknoyeHo» Pl1B1, dukcupyowero 3aBepLUeHue npolecca BknwoyeHusa B1, pe-
ne Pri®1 cpabatbiBaeT n nepekntovaeT CBOM KOHTaKThl, pasmblikaa PMI®1.1 B uenn obmoTkmn Pl]. BosspaT
pene Pl®1 v nogrotoBka cxembl ABP K HOBOMY AEWACTBUIO OCYLLECTBIIAIOTCA HaxaTueM KHomku K. 3Ty one-
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pauunio BbINOMHAET NepcoHan onepaTvBHO-Bble3gHOW Opuragpl, OTNPaBAAOWMNIACA HA NOACTaHUMIO MpuU no-
CTynneHun curHana o cpabatbiBaHun ABP. [Jencteue ceteBoro ABP yBsiabiBaeTcst ¢ AlNB nuHui, yto obec-
neymBaeT HambonbLUyo 3PEKTMBHOCTDL AENCTBMS aBTOMaTHKN. PenenHas 3awuTa B paccmaTpnuBaeMon ceTh
OOIMKHA BbINOMHATLCH C YH4€TOM BO3MOXHOCTU NUTaHMUSA NMPOMEXYTOYHBIX NOACTAHLMIM Kak OT OAHOrO, TaK 1 OT
APYroro UCTOYHUKA.
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Puc. 10.17 Cxewma ceteBoro ABP.
a — cxemacetn, 6 —Lenu HanpsXeHus:;
B —  oOnepaTuBHbIE LIemnM.

10.2.5. BbicTpoaenctayrowee ABP

BeictpogevictBytowee ABP (BABP) npegHasHavyeHo Onisi NOBbILWEHWUS HAOEXHOCTU 3NIEKTPOCHAOXKEHUS CUH-
XPOHHbIX apuratenen 6-10 kB n obecneyeHms Mx yCTOMYMBOCTU NPU KPATKOBPEMEHHBIX HApYLUEHMSX 3eK-
TpocHabxeHus. [Ina aToro TpebyeTcs GbICTPO BbIABUTL (hakT MCHE3HOBEHMWS HAMPSXKEHWUS CO CTOPOHbI OCHOB-
HOrO MUTaHWs, NPOBEPUTb OTCYTCTBME MOBPEXAEHWUS Ha LUMHAX OTKITHOYMTb OCHOBHOW BBOA NMUTaHWUS U BKITHO-
YNTb BbIKITHOYaTENb PE3EPBHOIO MCTOYHMKA. BknoyeHne MoxHO npoussectn nnbo 40 TOro, Kak BeKTopa Ha-
NpsbKeHWUs ABuratenen n pesepBHOro UCTOMHUKa pasonayTcs Ha HeAoNnyCTUMBINA Yrofn, UM NOCMe OKOHYaHWs
nepBOro LMKra npoBopoTa, Korga HanpshkeHus onaTb cosrnagyT no ¢ase. OcHoBon Takoro ABP sasnstoTcs
ObICTPOAENCTBYIOLIME YCTPONCTBA 3alUThl MU aBTOMATUKKU, a Takke ObICTpoAencTBylowwme BbiknodaTtenu. B
KayecTBe Takux BblKntovaTernen MOXHO NPUMEHUTb BaKyyMHbIE BbIKIOYaTeNnn, UMetoLme BpeMsi OTKITHYEHNS
nopsigka 0,015 cek, a BkntoyeHus 0,02 cek.

Komnnekc yctporicte BABP npousBoactBa HayuyHo-uccriegoBaTenbckoro ueHtpa BOUW — (BHULUB3OU
r. Mocksa) BkntovaeT B cebsl ObiICcTpoAenCcTByOLLME BaKyyMHble BbikntoyaTteny tuna BBT3-M, BBOM, BBY3 un
Opyrve C 9MnekTpOAMHAMMYECKMM YCTPOMCTBOM YMpaBReHUs NpuMBOAOM U ObICTPOAENCTBYOLLEE MYCKOBOE
yctponcteo ABP (MY ABP) tuna b38302, pa3melwlaemble B wkadax KPY cepuin K-104m, K-113, KPY2-10 u
T.n., B wkadax KCO vnu gpyrux Tunax svueek pacnpegenutensHoro ycrporcraa 6-10 kB.

MyckoBoe ycTtponcteo (MY) ABP npeactaBnsieT cobon MHOroO3/1EMEHTHOE YCTPONCTBO PENENHON 3alnThbl U
NpOTUBOABapUNHON aBTOMAaTKKKN, CNOCOBHOE obecneynTb ABYXCTOPOHHEE AEWCTBME Ha OTKITHOYEHWUE BbIKIHO-
yatenen AByX BBOAOB W Ha BKIOYEHUE CEKLMOHHOIO BbIKMOYaTens pesepBHOro nutaxus. Jlorvka MY ABP
obecneunBaet agantupyemoe ABP: B 3aBucMmocTu OT Buaa aBapum obecrnevmBaeTcs Unv onepexarollee
ABP (npu notepsax nuUTaHus Bbl3BaHHbIX HEOMepaTUBHLIMU OTKIOYEHUAMY NuTarowmnx puaepos), Unm ogHo-
BpeMeHHoe ABP unu ABP c KOHTporeM oT GIIOK-KOHTaKTOB OTKIKYaeMoro BBOAHOIO BbIkntovaTens (npu no-
Tepsax NUTaHWs Bbi3BaHHbIX K3 B nuTatoLen nuHum).

B MY ABP npegycmoTpeHa BO3MOXHOCTb CUHGA3HOrO BKITHOYEHUS aBapUNHON cekuuu (B KOHLIe NepBoro npo-
BOpOTa BEKTOPOB HAaNpPsXXeHUS aBapMNHOM CEKLMM OTHOCUTENTBHO PE3EPBHON).

lMyckoBoe yctponcteo ABP BkntouyaeT cneaytowme 6mnoku

—BNOKM MUHMManNbHOro HanpshkeHus (pearupyet Ha K3);

—BNOK KOHTPONSA yrna mMexay OAHOMMEHHBIMU HarnpsKeHUSMU NPSIMOA MOCNeL0BaTENbHOCTN NEPBOW M BTO-
poW cekuui LWNH (pearvpyeT Ha NOTepu NUTaHUA, CBA3aHHbIE C HEONEPaTUBHLIMU OTKIMIOYEHUAMU NUTAIOLLNX
naepos);

—BOKM HanpaBneHNst akKTUBHOW MOLLHOCTM NPsIMOM nocregoBaTtensHocTu (onpegenset mecto K3: go BBoa-
HOrO BbIKMOYATENS CEKUMM UMW MOCIE HErO).
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OcHo8HbIe mexHu4Yyeckue xapakmepucmuku 1Y ABP
KoHTponnpyemoe HanpsbkeHue nepeMeHHoro Toka, B 100
HoMunHanbHOE HanpspbkeHne onepaTMBHOIO MOCTOsiHHoro 220
(vnn BbINPSIMNEHHOrO) TOKa, B

HomunHanbHbIN TOK, A 5
HomunHanbHasg 4actoTa, Iy, 50-60
Bpems cpabaTtbiBaHWsI NyCKOBOrO YCTPOWCTBA, cek, He 0,06
bonee

Bpemsa cpabaTbiBaHUSA OpraHa MUHUMAanbHOro HanpsbkeHusi, 0,045

cek, He bonee

Bpems cpabaTbiBaHMsA opraHa KOHTpOns yrna, cek, He 0,02

bonee

Bpems cpabatbiBaHus pene HanpasneHus aktusHow mouwl- 0,035

HOCTW, cek, He bonee
BeicTpoaencTByOWME KOMMYTALUMOHHbBIE annapaTbl BbINOMHEHbl HA 6a3e CepUNHbLIX BaKyyMHbIX BbIKMOYaTe-
nen ¢ anekTpoMarHUTHeIM npusogom tuna BET3-M (r. Yda), BBOM, BBYI (r. MuHycuHck) nnu gpyrux, u
KOMMMEKTYIOTCA creunanbHbIM 3reKTpoAuHaMUYECKMM YCTPOMCTBOM ynpasreHus npusogom (r. Uctpa). Uc-
NonNb30BaHWE 3NEKTPOANHAMNYECKOro YCTPONCTBA ynpaBneHus npMBoaoM BbeikmoyaTenda (34YY) nossonuno
YMEHbLUUTbL BPEMS OTKITIOYEHMS N COKPaTUTb B 2,5-3 pasa Bpemsi BKIOYEHMS BbIKMOYATENEN N0 CPAaBHEHUIO
CO BPEMEHaMU CEPUIHBIX BaKyyMHbIX BblKIlouaTenemn. YeenuueHue bbicTpoaenctanst cpabatbiBaHUA npueoa
He YMEHbLUAeT MEXaHUYECKNA N KOMMYTaLMOHHBIA pecypc annapara, Tak kak ObicTpogencTemMe gocturaeTcs
TONMbKO 3a CYET COKpaLLeHWs BPEMEHU TPOraHWsi CepAeYHMKOB 3MEKTPOMAarH1TOB BKITHOYEHWUS U OTKIOYEHMWS
BbIKNtoYaTens.

10.2.6. BbinonHeHne cxem ABP ¢ nomolwibio annapartypbl

dupma “Cuctembl P3A” BbinyckaeT KOMMNMNEKTHOE YCTPOUCTBO HanpsbkeHns Y3A-AH (PC81), ¢ noMoLLbio Ko-
TOPOro MOXHO BbINONHUTL ABP.

3awuma MuHumanbHo20 HanpsikeHusi (3MH) dns cxembi ABP

B kauyectBe nyckoBbix opraHoB 3MH ucnonb3yoTcs opraHbl MUHUManbHOro HanpsbkeHnsa pene Y3A AH. Op-
raHbl MMHMMarbHOIO HanpPsHKEHUs1 MCNONb3YHTCA AN 2 uene:

— Tlyck ABP npu nc4yesHoBeHUN HanpsbkeHns — OENCTBYET Ha OTKYEeHNe nuTaloLwero BBoga notepsasLUero
nuTaHue;

— [poBepka OTCYTCTBMSA HaMNPsDKEHUS Ha cekumm npu BkntodeHnn CB ot ABP.

Cxema 3MH oTtkntoveHus seoga 6(10) kB ¢ pene Y3 AH nokasaHa Ha puc. 10.18.

B uenb BbixogHoro pene 3MH (KL3) BkntoyaeTcs pasMblkalowmii KOHTaKT pene KHH opraHa makcumansHOro
HanpsbkeHust cmexxHon cekummn 6(10) kKB (KOHTpONb HanNuuMa HanpsXkeHWst Ha pe3epBHON CEKLMM) U KOHTaKT
nepekntoyatens SA2 seieoga 3MH — ABP. lNepekntoyaTene uenecoobpasHo pasmectutb B siuerike CB 6(10)
kB, n Toraa um BeiBognTcs gencreme 3MH — ABP no gBym cekunsm ogHoBpemeHHo. Ecnu ero yctaHaBnmBatb
B Avenkax TH-6(10) kB, nnu BBogax 6(10) kB kaxgon cekuun, To Torga Bo3amoxeH BbiBog 3MH — ABP no ka-
XKOOW CeKuMn OTAEerbHO.

[na nckniodeHmsa noxHoro cpabatbiBaHus 3MH npu oTknoyeHun aBTomMaTta TpaHcdopMaTopa HanpsbkeHus,
HanpshkeHne Ha Bxog KL3 nogaeTtcs yepes 3amblkatoLnii OroK-KOHTaKT.

B cxeme CCKIIHOHHOT O

BeIkoyarens 6.10 kB AL(IC) A1(20) K13
F—————— -

| SA2 : 3MHI KHH SF1 - VDI

I 1ol I B, /

T ST p1 P —Dh I
| |

T —r -

Puc. 10.18. Cxema 3MH c ucnons3osannem Y3A AH (PC81)

Beixog 3MH coctounT 13 2 nocrnegoBaTeNibHO BKITHYEHHBIX KOHTAKTOB: MO MCTEYEHUWN BbIOEPXKKN BPEMEHMU
ABP cpabatbiBaeT pene P1 1 3amblkaeTcsl ero KOHTakT B Lienu BbixogHoro pene 3MH, Ecnu HanpsixkeHne He
BOCCTaHoBUTCSA, To Yepe3 0.25-0.4 cek cpabaTtbiBaeT pene P2, n ero koHTakT B uenu nycka 3MH pa3wmbikaeT-
ca. 3a cuet aToro, nocrne otnagaHusa perne KL3 cHUMaeTcst OTKHoYaoWwmin MMnynbc, NPEenATCTBYOLWMIA BKITHO-
YeHuto BBOAA, Hanpumep oT AlB,npu ero coBMecTHoM mcnons3oBaHum ¢ ABP. Ecnn nogo6bHas B3anmobino-
KMPOBKA He HYXHa, TO MOXHO OrpaHu4MTbCs OOHUM KOHTakTom P1 B cxeme 3MH1. B atom cnyyae umnynbsc
3MH, npenaTcTBYIOWMN PYYHOMY MU AUCTaHUMOHHOMY OT TY OTKIOYEHUIO, CHUMETCS Yepes 4-5 cek nocne
paspsga koHgeHcatopa B 6noke nutaHus Y3A-AH (uenn TH saBnsaioTca ogHOBPEMEHHO UCTOYHWKOM onepa-
TMBHOIO HanpsKeHnsa ang pene.

Llenouka VD1-C1 obecneunBaeT 3agepxky otnagaHus pene KL3 3awmutbl MUHMMArbHOIO HanpsbkeHus Ha
BpeMS BKIHOYEHUs BblkntoyaTensa ot ABP.

KoHTponb Hanmumsa HanpsbkeHWs Ha pe3epBHOM BBOAE BbIMOMHAETCS MYyCKOBbIM OPraHOM MakCMMaribHOro Ha-
npsbkennst (KHH). 31o no3sonsaeT BbINoNHWUTL gencteue ABP TONbKO Npy HammumMm HanpspkeHWst Ha Cekumm
pe3epBHOro NUTaHMS.
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Ha puc. 10.19 nokasaHbl Lenu genctens ABP Ha CeKUMOHHbIN BbIKNOYaTeSb U BbIKoYaTenb BBOAA.

3MH geiictByeT Ha oTkntoyeHre BBogda 6(10) kB 6e3 6nokmposku ABP. [1nd 3TOro Cny>xut pasgenuterbHbIn
avog VD1. Ecnu e OTKIOYeHne BBOAA NPOMCXoAUT OT 3awmT, 3anpewatwmx ABP, onepaTMBHO unu no ro-
KanbHOWM ceTu, To cpabaTbiBaeT perne 6rnokuposkn ABP KL ¢ 3agepxkon npu Bo3spate (PlNM1252 wnu pene R4 ¢
KoHAaeHcaTopoM). [Mpu OTKIHOYEHMM Xe NuTatoLLero TpaHcdopmaTopa oT 3awmt ABP BbINOMHSAETCS.

KomaHaa Ha BKMOYEeHWEe CEKUMOHHOrO BbIKMOYATENs NogaeTcs nocne OTKMYEeHUsa BbiKMoyaTensa Beoga ve-
pes3 ero pasMblKaloLLmii BrIOK-KOHTAKT, 3aMbIKalOLLMIA KOHTAKT perne nonoxeHus «BknoydeHo» KQCT n pasmbl-
KaloLLMi KOHTaKT pene 6nokmposku. Ecnn oTknoyeHme BBoga nponcxoant 6e3 6nokuposkun ABP, To pene KL
He cpabaTbiBaeT, a pene KQC17 Bo3BpaLlaeTcsl NOCne OTKIHYEHMS BbIKMoYaTeENS C 3a4ePXKKON, 4OCTaTOYHOM
ONS1 HaOEeXHOro BKNIOYEHUS CEKLMOHHOIO BbIKItoyaTens.

B psige cnyy4aeB nepepn BKIHOYEHUEM CEKLMOHHOTO BblkntovaTens oT ABP TpebyeTcs npoBepuTb OTCYTCTBUE
HanpshkeHus Ha paboyen cekuun. [leno B TOM, YTO BbIKMOYaTENb BBOAA MOXET OTKIHOYUTBCA HE TOSbKO OT
3MH, HO 1 OT gpyrux 3awmT TpaHcgopMaTopa.

B atom cnydyae ABP gencteyeT HEMEAMNEHHO NMOCIe OTKMIOYEHMS BBOAA U MOXET ObiTb NOAAHO HanpshkeHne
Ha ceKumto 6e3 KOHTPONSA HanpsXXeHus, Hanpumep Ha paboTalLme CUHXPOHHbIE ABuratenu. [ns Toro 4tobbl
n3bexxaTb TakoM BO3MOXHOCTM Nogayvv HanpsbkeHusl, B Lenu BkritodeHnst CB ot ABP MOXHO yCTaHOBUTb BXO-
aawmn B coctaB Y3A AH Btopon komnnekt 3MH, ncnonb3oBaB ero Ansi KOHTPOnsi OTCYTCTBUS HaMNpshKeHUs
Ha cekuum cm. puc. 10.20.

‘ LMY OTEPATVBHO- %) SO & 107 B Eea
| 101 | rO, AMCTAHUMOHHO- | 135 13 o SOM 6 (10) K
rO OTKAIOHEHMS U ‘ A reaiotenie
OT 3ALLMT — Vo3 " PEAE NOAOXEHMS
Vo2 > m KON NI BOIBRATE.
ATE
N 102
13 |14 3| PEAE BAOKMPOBKU
C1 /]ON\K C2 /QOMK ABP C 3AAEPXXKOMU
I I NPV BO3BPATE

B cxeme TH - 6 (10) kB

KL3 1 OTKAIOYEHUE BBOAA
| ‘ 6 (10) kB OT 3MH C ABP
5 9] |

B cxeme 3aLumThI |
TPAHCGOOpPMATOPA | OTKAKOHEHME OT 3A-
— —— LT TPAHCPOPMA-
|
| TOPA C ABP
1]
KQCT (L B CXEMY CB - 6 (10) kB
51 Q W Ip 55 BKAIOHEHVIE MPU ABP
o o—= {‘ 7159 MOCAE OTKAKOHEHMS
L ~ 5 9 BBOAA 6 (10) kB

Puc. 10.19. Cxema uenen ABP ¢ npumeHeHnem pene Y3A-AH

AlTC KQC1
— KL
51 Q py 3MH2 Jj/ 55 57(59
S A
| Plf\L_ 5 9

T

Puc. 10.20. BapuaHT BkntodeHns CB ot ABP c¢ npumeHeHnem pene Y3A AH n ¢ KOHTponem oTCyTCTBUSA Ha-
NPSPKEHNSA Ha LUMHAX.

Ona BbinonHeHns ABP moryT 6biTb MCNONb30BaHbl ¥ MUKPOMPOLLECCOPHLIE pene HanpskeHnus ans TH 6-35 kB
PC83-B.2. Kpome TOro, npu y4actum aBTOpOB, pa3paboTaHO KOMMIEKTHOe felleBoe ycTpowncteo PC-ABP,
KOTOopoe yao6HO MCMonb30oBaTb NPU NPOBEAEHNM PEKOHCTPYKLUMM C 3aMEHOWN CXEMbl Ha OTAEbHbIX 3NEKTPO-
MEXaHW4YeCKux pere.

3MH Takke mcnone3yeTcs Ans oTkodeHnsa nuHui 6(10) kB, nuTatowen anekTpoaBurateny, npu CHUXKEHUN
HanpsbKeHUs NUTaHUS, a Takke Anst oTknoveHus Beoga 6(10) kB nepeq BbinonHeHnem ABP.

10.2.7. Pacuyet yctaBok ABP
a) Perne oOHOKpamHocmu 6K04eHUst;
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Bblp,ep>|<|<a BpeMeHN NPOMEXYTOYHOro perne OaHOKPpaTHOCTU BKIMKOYEHUA toe OT MOMEHTA CHATUA HaMpsHKeHUs
C ero obmMoTKkKn Oo pa3MblKaHUA KOHTAKTa AO0JPKHa C HEKOTOPbIM 3anacoMm rnpeBbillaTb BpeMA BKIMIOYEHUA Bbl-
Knro4yaTtena pe3epBHOro UCTOYHUKa NUTaHUA:

+1,, (10.6)

t08 = tBKJl
roe
t,.,— BPEMa BKMIOYEHMS BbIKNOYATENA PE3EPBHOTO UCTOMHUKA NUTAHWUA; €CMNW BbIKMoYaTenen Asa, To Bbl-
Kntovartensi, umetoero 6onbLuee BpeMsi BKIIOYEHUS;
t,,, — Bpems 3anaca, npuHumaemoe pasHbiM 0,3+0,5 cek

6) lMyckoeol op2aH MUHUMasIbHO20 HarpPsKeHUs!

HanpsixeHne cpabaTbiBaHNA pene MUHUMArbHOMO HanpPsXXeHWs Npu BbINOIHEHWM MYCKOBOrO OpraHa no cxeme
Ha puc. 10.12, a BbIbupaeTcs Tak, YTobbl MYCKOBOM OpraH cpabaTbiBan TONbKO NPU MOSIHOM UCYE3HOBEHWUU
HanpsKeHns 1 He NPUXOAWN B OEeNCTBUE MPU NMOHWKEHUAX HanpsKeHus, BbidBaHHbIX K3 nnv camosanyckom
anekTpoasuraTenem.

[ns BbINONHEHUs1 3TOrO YCMOBWA HanpsbkeHue cpabaTtbiBaHWs pere MMHUMAarbHOro HamnpskeHust (Hanpske-
HKe, NpY KOTOPOM BO3BpPALLAETCSA SAKOPb perne) A0MMKHO ObiTb PaBHbIM:

Ucp = Uocm.u/(kn kU) (10.7)

Ucp = U3an/(ku kU) (108)
roe
Uocm.n — HauMeHbllee pacHeTHOe 3Ha4YeHre OCTaToO4YHOro HanpsaXeHua npu K. 3.;
Usan — HauMmeHbLLee HanpshKeHne npu camosarnycke anekTpoasuraTenen;

k, — koadhpMLUMEHT HAAEXKHOCTU, NPUHUMaeMbI 1,25;

kU —Ko3hbULMEHT TpaHcopMaunn TpaHcdopmaTopa Hanps>KeHUs!.

[na onpegeneHns HaMMeEHbLUEro OCTAaTOYHOrO HanpsXXeHus NPom3BoaATCA pacyeThbl npu TpexdasHbix K3 3a
peakTopamu u TpaHcopmaTopamm (Todkun 1, 2, 3 Ha puc. 10.16) n pacyeT camo3anycka anekTpoasuraTenen.
MprHMMaeTcs MeHbLUEee 3Ha4YeHNe HanpskeHUs cpabaTbiBaHNA U3 NosyyYeHHbIx no dpopmynam (10.7) n (10.8).
B 6onblumMHCTBE cnyyaeB 060MM yCroBUAM yAOBNETBOPAET HanpsiXkeHne cpabaTblBaHWs!, paBHOE:

U, =(025+04)U (10.9)

HOM
roe
U

CnepoBaternbHO, NPakTUYeCKn MOXHO MPUHUMAaTL HanpsbkeHne cpabaTtbiBaHusa cornacHo dopmyne (10.9).
[Mpn BbINOMHEHUN MYCKOBOrO OpraHa MWHUMAIrbHOMO HanpshXXeHUs C NOMOLLbIO pene BPeMEHU NepeMeHHoro
HanpsbkeHus no cxemam Ha puc. 10.13, 6 1 8 Heobxoaumo MMeTb B BUZY crepytouwee. HanpshkeHne cpaba-
TbiBaHWS pene BpemeHu tunos PB-215 — OB-245 He perynupyeTcs 1 no gaHHbIM 3aBoga coctasnseT (0,25 -
0,55) Uyiom,p, A€ Unomp — HOMUHAMNLHOE HanpsixeHue pene. [oaToMy nNpu UCNONb30BaHWM 3TUX pene B cxemax
MyCKOBbIX OPraHOB MWHMMarbHOIO HanpsiXeHUs HYXXHO OTOMpaTb pene C HanpshkeHuem cpabaTtbiBaHusl He
BbiLLe NnpeaycMoTpeHHoro no (10.9).

HanpsbkeHne cpabaTbiBaHus pene BpemeHu TunoB PB-215K—3B245K Takke He perynupyeTcs, HO Mo AaH-
HbiM 3aBoga He npesblwaeT 0,35 Uyoup. [103TOMY B Cxemax MycKOBbIX OPraHoB MOXHO NPUMEHSTb ftobble
pene 3Tux TUMOB.

— HOMUHalbHOE HanpsaXXeHne 3J1eKTPOYyCTaHOBKWN.

ocm.H

Takum 06pa3om, BblaepKka BPEMEHW MYyCKOBOrO OpraHa MWHMMAarbHOro Hanps-
XeHWs OormkHa ObITb paBHa:

t,, =t +At (10.10)
3 t,, =t, +At (10.11)
roe
6 tl — HanbornbLlas BblEpXKa BpeMeHN 3allnTbl I'IpVICOGﬂ,VIHeHVII?I, oTxXxoadawmnmx ot

LUMH BbICLLETO HanpsbkeHUst NoACTaHLMuK;
t, —Haubornbluas BblAepXKa BPEMEHW 3aLUUTHI NPUCOEOMHEHWI, OTXOAALMX OT
LUMH HU3LLIETO HaMpshKeHWUs NoACTaHUuK;

At —cTyneHb cenekTBHOCTM, paBHas 0,4- 0,5 cek.

YeMm MeHbLUE BblAEpXKKa BpEMEHW NycKoBoro opraHa ABP, Tem MeHbLue nepepsbiB
4 5 nuTaHnst noTpeduTenen. Noatomy Npu BeIGOPE yCTaBOK MyCKOBOrO OpraHa crieqy-

€T CTPEMUTLCA K TOMY, 4yTObbI BblepXKa BpeEMEHU Oblna No BO3MOXHOCTU MEHb-
we.

1 2

Puc. 10.21 K BbiGopy
YCTaBOK MYCKOBbIX Op-
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raHoB ABP
Bblaepkka BpeMeHM NycKOBOro opraHa MUHMMarnbHOIro HanpsXXeHUs AomKkHa ObiTb Ha CTyMNEHb CENEKTUBHOCTHU
fornblle BblOEpXKEK BPEMEHWU 3alMT, B 30HE OENCTBUSA KOTOPbIX OCTaTO4YHOe HanpsbkeHune npu K3 okasbl-
BaeTCs HWKE HanpshkeHus cpabaTbiBaHWS pene MUHUMAIbHOMO HanpsbkeHWst Unu perne BpemMeHn Takow 30HOM
SIBNAIOTCS y4aCTKM 40 peakTopoB (ToYkM 5, 6) n oo tpaHcdopmaTtopos (Todka 4) Ha puc. 10.22.
8) lMyckoeol ope2aH MUHUMaJ/IbHO20 MOKa U HarnpsiXKeHus!
HanpsixeHne cpabatbiBaHMs pene MMHMMAarnbHOro HanpshKeHuUsi MycKoBOro opraHa MUHUMAIrbHOrO Toka U Ha-
npskeHms (cm. puc.10.13, 2) BoibMpaeTcs, kak paccCMOTPEHO Bhiwwe, no dopmynam (10.7) - (10.8). MNpu aTtom
OTCTpauBaTbCs crnefyeT TOMbKO OT KOPOTKUX 3aMblkaHui B Touke 3 (puc. 10.22), Tak kak npyv KOPOTKOM 3aMbl-
KaHun B Toukax 4 n 5 yepes TpaHcchopmaTop npoxoauT Gonblio Tok K3 n pene T AepXXUT KOHTaKT pa3oMKHY-
TbIM.
Tok cpabaTbiBaHUs pefnie MMHUMAIbHOTO TOKa OOJMKEH ObiTb MEHbLUE MUHMMAarbHOIO TOKa Harpysku n onpe-
aensieTcsa no opmyne:

Icpzluazmin/(kn'kl) (1012)
roe

1

k,, — xoachprUMEHT HAZEXHOCTU, MPUHMMAEMbIii paBHbIM 1,5;

nazmin — MUHUMAIbHbIV TOK Harpy3ku TpaHcopmaTopa;

k; — xoatbprumeHT TpaHchopmMaLum TpaHccopmaTopa Toka.

Bblaepxka BpeMeHn onpegensietcs Tonbko no dopmyrne (10.10) n3 ycnosusa cornacoBaHusi C 3allMTon, gen-
cteytowen npu K3 B Touke 6 (pnc. 10.16). CornacoBaHus € 3awmTamMmm NPUCOELMHEHUN LUNMH HU3LLEro Hanpsi-
XeHus He TpebyeTcs.

2) Penne KOHMpOsA HaluYusi HanpPsHKeHUs1 Ha Pe3eP8HOM UCMOYHUKe numaHust
HanpspkeHne cpabaTtbiBaHUS 3TOro pene onpeaensieTcs M3 ycrioBus OTCTPONKM OT MUHUManbHOro paboyero
HanpshXeHun no opmyne

Ucp = Upaﬁ.min /(kn : ke ) kU) (10.13)
roe
U

k,, — k03thDULMEHT HAAEKHOCTU, MPUHUMAEMbIN PaBHbIM 1,2;

pa6.min — MMHUManbHoe paGoyee HanpskeHue;

k, — koachcpnumeHT Bo3BpaTa perne.

10.3. ABTOMATUYECKAA YACTOTHASA PA3IPY3KA (AYP)

10.3.1. HaszHauyeHne n OCHOBHbIE NPUHLMNbI BbinofiHeHusa AYP

[Moka B aHeprocncTeMe NMeeTCs BpaLlaloLuncs pe3epB aKTMBHOW MOLLHOCTU, CUCTEMbI PEryNIMPOBaHNS Yac-
TOTbI M MOLLHOCTM [OOMKHbI NOAAEPXMBaTb 3a4aHHbI YPOBEHb YacToThl. [locne Toro Kak BpaljatoLwunes pe-
3epB OygeT ucdepnaH, 4edUUMT aKTUBHOW MOLLHOCTW, BbI3BaHHbIA OTKMOYEHMEM 4acTu reHepaTopoB MIu
BKITHOMEHNEM HOBbIX MOTpebuTenewn, noBneyeT 3a cobow CHKEHNE YacTOThl B aHeprocnucteme. CoBpeMeHHbIe
MOLLIHbIE TENJIOBbIE N aTOMHbIE 3HEProBMoKKN, KOTOPbIE COCTaBMASAIOT OCHOBY 3HEPreTUKN YKpauHbl, UMEIOT Ma-
Nbli ANanasoH perynmpoBaHns akTMBHOW MOLLHOCTU, YTO HE MO3BOMSAET BbINOMHUTL HaAEXHOEe perynuposa-
HWE YacTOTbl M aKTMBHOW MOLLHOCTM B Heobxoanmom guanasoHe. [103Tom 3a4acTyo NPUMEHSIOT py4YyHoe pe-
rynMpoBaHMe 4YacTOTbl, TAKOE perynmpoBaHMe 4acTo 3akr4vaeTcs B NMycke M OCTaHOBE GITIOKOB U MO3TOMY
MOLLIHOCTb MEHsIeTCs CcTyneH4yaTo, obpasys nmbo gedmumt nnbdo n3bbIToK MOLHOCTM. Hebonbloe CHkeHne
4YacTOTbl, HA HECKONbKO OECATLIX repua, He NpeacTaBnsieT ONacHOCTM AN HOpMarbHOW paboTbl 3Heprocuc-
TEeMbI, XOTS 1 BMeYeT 3a cobon yxyALleHne aKOHOMMYECKMX nokasaTenen. CHMXKeHne e YacTtoTbl bonee yem
Ha 1-2 4 — NnpeAcTaBnseT Cepbe3Hyl0 OMACHOCTb U MOXET MPUBECTU K MOSTHOMY pacCTPONCTBY paboTbl 3HEp-
rocucTemsi.

OTO B nepBylo oyepeab ONpeaenseTcs Tem, YTO NpU MOHWXEHUN YacTOTbl CHUXKAETCS CKOPOCTb BpaLleHus
anekTpoaBuratenen, a cnegoBaTernbHO, CHUXKaeTCa U NPOM3BOAUTENBHOCTb NMPMBOAMMBIX UMW MEXaHW3MOB
COBCTBEHHOrO pacxoda xofda TEenoBbIX ANEKTPOCTaHUUN. Berneocterne CHKEHWss Npon3BOAUTENBHOCTU Me-
XaHn3MoB COBCTBEHHOIO pacxoda pe3ko YMeHbLUaeTCHa pacnonaraemasi MOLWHOCTb TeMNMoBbIX. ANEKTPOCTaH-
LN, 0COBEHHO 3MEKTPOCTaHLMA BbICOKOrO AaBMEHMSs!, YTO BNeYeT 3a cobomn AanbHeNnLee CHKEHNE YacToTbl
B 9Heprocucteme. 370 KacaeTCs TakkKe U aTOMHbIX 3neKTpocTaHumin. Taknm obpasom, NponcxoauT NaBUHOOb-
pasHbI NPOLECC — «JTaBUHA YacTOTbI», KOTOPbIA MOXET NPMBECTU K NOMHOMY PacCTPONCTBY paboTbl SHepro-
CUCTEMBI.

Cnepnyet Takke OTMETUTb, YTO COBPEMEHHbLIE KPYMHbIE NAapOBble TYPOUHLI HE MOTYT ANUTENbLHO paboTaTb Npu
HM3KOW 4acTOTE M3-3a OMAaCHOCTM MOBPEXAEHNS X paboumx, nonaTok. [leno B TOM, YTO KaXabll psg NlonaTok
nmeeT COBCTBEHHYHO YAaCTOTy pe3oHaHca, BCe Tpymnnbl JIONAaToK MMEHT pasHble pa3mMepbl U KOHCTPYKTOpaM
TYpOUWH NPUXOAMTCA JONMO 3aHUMATbCA TEM, YTOObI BLIBECTU BCE IPYMMbl NIONATOK M3 pe3oHaHca Npu YactoTe
BpaLleHuns 6nmnskon K HoMMHanbHOW. Ecnn Ta unu gpyras rpynna nonaTtok TypbuHbl nonageT B pe3oHaHc, OHa
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MOXeT ObITb Yepe3 HekoTopoe BpeMsi noBpexaeHa. 3oHa, cBobogHasa OT pe3oHaHcoB coctasnseT 1-2 'y u
HegonycTMMa gnuTenbHasi pabota cuctembl NPy YacToTax BbIXOAALMX 3a 3TOT AManasoH.
lMpouecc CHKEHNsT YacTOThbl B 9HEPrOCUCTEME COMPOBOXOAETCH TAKKe CHUXKEHMEM HaMnpsiKeHWs, YTO Mpouc-
XOOWT BCNeACTBME YMEHbLUEHMS 4acToTbl BpaleHns Bo3DyauTenen, pacnosioXeHHbIX Ha O4HOM Bany C Oc-
HOBHbIMW reHepaTopamu. Ecnn perynatopbl Bo30yXAeHUA reHepaTopOB M CMHXPOHHBLIX KOMMEHCATOPOB He
CMOTYT yaepXaTb HanpskeHne, TO Takke MOXET BO3HUKHYTb NaBMHOOOPa3HbIA NPOLECC — «faBUHaA Hanpshke-
HUSI», TaK KaK CHIKEHME HanpshKeHUs ConpoBOXOAaeTCs yBenMyeHnem notpebneHns peakTMBHON MOLLHOCTY,
4TO elle Boree OCNOXHUT MOSIOXEHNE B SHEProcUCTEME.
ABapuiiHoe CHWXeHWe 4acToTbl B 9HEProcucTeMe, Bbl3BaHHOE BHE3anHbIM BO3HUKHOBEHMEM 3HAYUTESbHOIO
Aedvumnta akTUBHON MOLLHOCTW, NpOTeKaeT o4eHb ObICTPO, B TeYEHME HEeCKONbKMUX cekyHA. [oatomy aexyp-
HbIl NepcoHan He ycneBaeT NPUHATb Kakux-nMbo mep, BCreAcTBME Yero NMKBUAALMSA aBapUMHOIO pexuma
OOIMKHA BO3raratbCsl Ha YCTPOMCTBA aBTOMATUKM.
[ns npegoTBpalleHnst pa3B1TUst aBapumn OOIDKHbI OblTb HEMEeANEHHO MOOUNN30BaHbl BCE pe3epBbl aKTMBHON
MOLLIHOCTU, UMEIOLLMECH Ha 3nekTpocTaHuusx. Bce Bpawarowmecsa arperatbl 3arpyxarTcs OO npegena ¢
y4eTOM AONYCTUMbIX KpaTKOBPEMEHHbIX NEPErpy3ok.
lMockonbKy BpalLaloWMncst pe3epB HEBEMWK, OH HE MOXET MOKPbITb 6onbluon AedUuMT MOLLHOCTM, BO3HUK-
LN B y3ne.
lMpu oTcyTCTBMM BpaljaloLerocs pesepBa e€QMHCTBEHHO BO3MOXHbIM CMOCOBOM BOCCTaAHOBMEHUS 4acTOTbl
ABMNSETCA OTKMOYEHUE YacTu HaMMeHee OTBETCTBEHHbIX NOTpebuTenen. OTo 1 OCYLLECTBIAETCS C MOMOLLbIO
crneuunanbHbIX YCTPONCTB — aBTOMAaTOB YaCcTOTHOM pasrpy3sku (AYP), cpabaTtbiBarowmx Npy ONacHOM CHUXEHUN
4acToThI.
Cnepnyet oTmMeTuTb, YTO AencTtBue AYP Bcerga cBa3aHO ¢ onpeaeneHHbiM yuiepObom, NOCKOMbKY OTKMYeHne
NVHUIA, NUTAaKLWMX SMEKTPO3IHEPIMEN NPOMBILLSIEHHbIE NPEANPUSATUS, CEMNbCKOXO3ANCTBEHHBIX M OPYrUX Mo-
Tpebutenen, BneveT 3a cobon HegoBbIPAbOTKY NpoayKumMu, noseneHve bpaka u T. n. HecmoTpst Ha 310, AYP
LLUIMPOKO MCNOMb3yeTCs B 9HEPrOCUCTEME KaK CPEACTBO NPefoTBPALLEHUSA 3HAYMTENBHO BONbLUNX YObITKOB M3-
3a MOJIHOrO paccTpomrcTBa paboTbl AHEProCUCTEMBI, €Cn He ByAyT NPUHATBI CPOYHbIE MEPbI MO NUKBMAALUN
geduumTa akTMBHOW MOLLHOCTH.
MybuHa CHWKEHNs1 YacTOThbl 3aBMCUT HE TONbKO OT Aeduuuta MOLWHOCT B NEPBbIN MOMEHT aBapun, HO 1 OT
Xapaktepa Harpy3ku. [loTpebneHve MOLHOCTM O4HOW rpynmnon noTpeduTenen, K KOTOPOW OTHOCHATCS dMNeKTPO-
ocBeTUTENbHbIE NPMBOPBI K APYrne YCTaHOBKW, MMEIoLME YUCTO aKTUBHYIO Harpysky, He 3aBUCUT OT YacToThl
M NPU €€ CHKEHUN OCTaeTCs NOCTOAHHBIM. [MoTpebneHune xxe gpyromn rpynnel NOTpeduTenen — aneKkTpoaBura-
Tenew NepeMeHHOro Toka Npu YMEHbLUEHWM YacToTbl CHWXaeTcs. Yem Gonblue B 3Heprocucteme J0ns Ha-
rpy3Kku NepBon rpynmnbl, TeM O0MbLUe NOHU3UTCHA YacToTa Npy BO3HWKHOBEHUM OAMHAKOBOro Aeduunta akTuBe-
HOW MolyHoCcTW. Harpyska notpeGuTeneit BTOpoK rpynnbl OyAeT B HEKOTOPOW CTEMEHMU CrnaxuBaTtb ekt
CHWKEHWST YacTOoThl, MOCKOMbKY OOHOBPEMEHHO ByAeT yMeHbLuaTbCca noTpebneHMe MOLWHOCTY 9NeKTpoaBura-
Tenamu.
YMeHbLUEHMEe MOLLHOCTU, NOTPEBNAEMON Harpy3Kom MPU CHWXKEHUU 4acTOTbl, UIW, Kak rOBOPSAT, perynmpyto-
LM 3PAEKT HarpysKku, XxapakrepuayeTtcs KOAmPMULNEHTOM K ,azp, PABHBIM OTHOLLEHWIO
_AP%
Af %
KoadhduumeHT perynupytowlero adcpekrta Harpyskm nokasbiBaeT, Ha CKOMbKO MPOLIEHTOB yMEHbLUaeTcs no-
TpebneHne Harpy3kon akTMBHOW MOLLHOCTU Ha KaXObl MPOLEHT CHWKEHMS YacToTbl. 3HaYeHne Koadpumum-
eHTa perynupyowero acdpdekra Harpy3km SOIDKHO onpedensTbCs cneumanbHbIMU UCTIbITaHUAMU 1 NPUHMMAa-
eTCsl Npu pacyeTax paBHbIM 2,54,
Yctporictea AHP JomkHbl yCTaHaBnNMBaTbCs TaM, rAe BO3MOXHO BO3HUKHOBEHWME 3HAYMTENbHOro geduumra
aKTMBHOW MOLLHOCTU BO BCEW 3HEProcucreMe unum B OTAENbHbLIX ee panioHax, a MOLHOCTb noTpebutenen,
OTKMoYaeMbIx npu cpabaTbiBaHun AYP, gomkHa BbiTb 4OCTAaTOYHOM ONA NPeAoTBPaLLEHUSA CHUXKEHMS YacTo-
Thl, YyrpoXarLlero HapyleHneMm paboTbl MexaHW3MOB COBCTBEHHOrO pacxoda 3MeKTPOCTaHUMI, YTO MOXeT
noBrneyb 3a cobow NaBMHy YacToTbl. YcTponcTBa AYP OOMKHbI BbINOMHATLCS C TAKUM pacyeToM, Y4Tobbl Obina
MOSTHOCTbIO UCKIOYEHA BO3MOXHOCTb Aaxe KPaTKOBPEMEHHOIO CHWDKEHMSA YacToTbl HUXe 45 My, Bpemsa pabo-
Tbl C YacToTon HMxe 47 'y He npeBblwano 20 cek, a ¢ YactoTon Huxe 48,5 'y — 60 cek. JonycTnmoe Bpems
CHWKEHWst YacToTbl HUXe 49 'y no ycrnoeuam paboTtsl ASC paBHO 2 MUHYTHI.
I

(10.14)
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Puc. 10.22. 'ameHeHne 4acToTbl NPy BO3HUKHOBEHUU AedmunTta akTMBHOM MOLLHOCTH

I — npn otcytctBum AYP; Il— npu Hanuuum AYP.

Mpwn BbinonHeHnn AYP Heo6X04MMO yunTbiBaTb BCE pearibHO BO3MOXHbIE Cryvan aBapUNHbIX OTKITHOYEHWI
reHepupyoLwen MOLLHOCTU U pa3fenieHnss 9HepProcUCTeEMbl NN 3HeproobbeguHeHns Ha YacTu, B KOTOPbIX
MOXET BO3HUKHYTb OeUUUT aKTUBHOM MOLLHOCTU. YeM Gonblumi edduumnT MOLLHOCTM MOXET BO3HUKHYTD,
TeM Ha 60nMblUy0 MOLLHOCTb AOIMKHO ObITb OTKMYEeHO noTpebuTenen. [ng Toro, 4tobbl cyMMapHasi MoLL-
HOCTb Harpysku notpebutenen, oTknoyaemblx gencreuem AYP, xoTa 66l npyuMepHO cooTBeTcTBOBana gedu-
UUTY aKTMBHOW MOLLHOCTM, BO3HUKWEMY Mpu gaHHonm asapuu, AYP, kak npaBuno, BbINOMHAETCA MHO-
roCTyneH4aTon, B HECKOJIbKO OYEpPELEN, OTNMYAOLLNXCS yCTaBKaMu 4O YacToTe cpabaTbiBaHus.

Ha puc. 10.22 npuBefeHbl KpuBble, XapakTepuayloLlie npouecc M3MeHeHUs YacToTbl B dHeprocuctemMe npu
BHe3anHOM BO3HUMKHOBEHUU AeduunTa akTMBHOM MOLHOCTU. Ecnn B aHeprocucteme otcytcreyeT AYP, To
CHWXEHVEe 4acTOTbl, Bbl3BaHHOE AeMLMTOM akTUBHOW MOLLHOCTK, ByaeT nmpogosmkarbcs OO Takoro ycTaHo-
BMBLLEIOCH 3HAYEHMWs, NMPWY KOTOPOM 3a CHET perynupyowlero acdekrta Harpyskm n OeNCTBUS perynsaTopos
4YacToTbl BpalleHus TypbuH BHOBb BOCCTAHOBUTCS BanaHC reHepupyeMon M NoTpebnsieMon MOLLHOCTM Mpu
HOBOM CHWXEHHOM 3HayeHun 4YactoTbl — (kpuBas [). [ns BOCCTaHOBMEHUSA B 3HEProCUCTEME HOpPMarbHOMW
4YacTOTbl B 3TOM Criydae HeoOXOAMMO BPYYHYHO OTKIHOYMTb YacTb Harpysku notpebutenen, cymmapHoe no-
TpebneHne MOLWHOCTU KoTopbiMK Npu YactoTe 50 Ny paBHO AeuUMTY MOLLHOCTM, BbI3BaBLUEMY aBapuUHOE
CHWXEHMEe 4acToThbl. YUnTbiBasd BO3MOXHbIE aBapwuiiHble pexuMbl, AOMNS Harpysku, nogknioyveHHon k AYP, B
3HeprocucTemax YkpauvHbol coctaBnseT nopsigka 60%.

MHaye ByaeT npoTekaTb Npouecc U3aMeHeHus YactoTbl npu Hannaum AYP (kpusas Il). NMycTb, Hanpumep, aBTo-
MaTM4yecKkas YyacToTHas pasrpyska COCTOUT U3 Tpex odepenen ¢ yctaBkamu cpabatbiBaHust 48; 47,5 n 47 u.
Korga yactota cHuautca go 48 'y (Toyka 1), cpabotator AYP 1-i1 ouepeamn n oTkNo4aT YacTb NoTpeduTenen,
0ednunT aKkTMBHOW MOLLHOCTU yMEHbLUMTCS, Gnarogapsa Yemy YMEHbLUUTCH U CKOPOCTb CHUKEHMS 4acToThl.
Mpwn yactote 47,5 'y, (Touka 2) cpaboTatoT AYP 2-i ovepeam v, OTKYast AONOMHUTENBHO YacTb NoTpebuTe-
nen, ewe 6onblUe yMeHbLIAT AeUUUT aKTUBHOW MOLLIHOCTU U CKOPOCTb CHWXEHUSA YacToThl. [pu yacTtote 47
'y (Touka 3) cpaboTtatoT AYP 3-11 ouepeaun n oTkMOYaT ewe vYactb notpebutenen. CHWXKEHNE YacToThbl OCTa-
HoBuTCHA. OHaKo, Kak yxe roBopuioCh, AN COXpaHeHUs HaaeXHoW paboTbl CMCTEMbI YAacTOTy HEOBX0ANMO
nogHAaTb Bbiwe 49.0 Mu. Takum obpasom, pabota AYP gormkHa ObiTb NPOOOIMKEHA OPYrMMMK YCTPOWCTBAMM
AYP. Yctpowctea AYP, ncnonbsyemble ans nuksmMaauum asapumHoro geduumra akTMBHON MOLLLHOCTY B 9HEp-
rocuctemMax, NoApa3faensitoTCs Ha TPY OCHOBHbIE KaTeropum.

MepBas kaTteropus aBTOMaTMYeCKOW YacTtoTHOM pasrpy3km AYPI GeicTpogencTteytowasa (£=0,3+0,5 cek) ¢ yc-
TaBkamu cpabatbiBaHus OT 48,5 'y (B oTAenbHbIX cny4dasix oT 49,2+49,3 u) po 46,5 'y. HasHayeHne o4vepe-
nen AYPI — He gonycTuTb rny0boKoro CHMXEHMS YacToTbl B NEPBOE BPEMS pas3BUTUA aBapuu. YcTaBku cpaba-
TbiBaHWs oTAENbHbIX ovepenen AYPI otnuyatoTea ogHa ot gpyror Ha 0,1 u.

MowwHocTb, nogkntovaemas k AYPI, npyumepHO paBHOMEPHO pacnpeaenseTcs Mexay odepeasiMmu.

BTopag kaTeropusa aBTomatuyeckon YactotHom pasrpy3ku—AYPIl npegHasHayeHa Ans BOCCTaHOBNEHUS Yac-
TOTbI 4O ANUTENBHO AONYCTMMOro 3HadyeHus — Bbiwe 49,0 I'y. Btopas kateropust AYP |l paboTaeT nocne oT-
KrnoyeHus yactm notpedutenen ot AYPI, Koraa cHuKeHMe 4acToThbl NPeKpaLLaeTcs, U OHa ycTaHaBNMBaETCs
Ha ypoBHe 47,5+48,5 'L.

YctaBku cpabatbiBaHna Bcex AYPIl npuHumatoTcs 6nmsknmm no vactote B AvanasoHe 48,5+48,8 u. Bbi-
nepxkn BpemeHn AYPIl otnvyatoTca gpyr oT gpyra Ha 3 cek u npuHMMaroTcs paBHbiMu 5+90 cek. bornbluve
Bblaepxkn BpemeHn AYPII npuHumaroTca gnsa Toro, 4To6bl MOCTENEHHO JOBECTU YacTOTy 4O HY>KHOW BENnYu-
Hbl, HE JOMYCTMB MOBbLILLEHNS €€ [0 BENMYMHbI CyLeCTBEHHO Bbilwe 49 Nu. CuMTaeTtcs, 4To aHeprocucrema
MOXeT YCTOMYMBO M ANWUTENbHO paboTaTe Mpu YactoTe npesbiwatowen 49,2 'y n goBegeHne ee 40 HOMU-
HanbHOW, O3Ha4vaeT, YTo OydeT OTKMoYeHa AOoMnonHMTEeNbHas YacTb notpebutenen, kotopas morna 6bl oc-
TaTbCsa B paboTe.

CoBmelueHHasa AYP coctout ua gByx yctponcTts AYPI - AYPIl gecTBYOLMX Ha Ty e Harpysky.

Kpome OByx kaTeropuin asTomatuyeckon YactoTHomn pasrpysku — A4PI n AYPII B akcnnyaTaumm npyMeHsoTcs
HekoTopble apyrue odepean AYP. Cneuouepenb AYP — nmetowas yctasku 49,2 'y, 0,3-0,5 cek gomkHa npe-
NSATCTBOBATb MOHWXXEHWUIO YacTOoThbl HWKe 49,2 'y, a 3awmTHas ovepedb AYP 49,1y 0,3-0,5 cek. He gorkHa
JOMNYyCTUTb CHWXEHNSA 4acToTbl Huxe 49 [y, onacHon BCrneacTBue BO3MOXHOW pasrpy3kM aTOMHbIX 3NeKTpo-
CTaHUMA N JanbHeNLWero cHmkeHns vyactotbl. AC BbipabaTtbiBatoT okono 40% aHeprum Ha YKpauHe, No3ToOMy
N NPUXOAMTCA yAoepXuBaTb YacTOTy HA HeOOXoAMMOM ypoBHe. MOLWHOCTb Harpy3ku, NoAKMYeHHas K ABYM
nocnegHuMm oyepegam AYP HegocTaTodHa Anst Toro, YTobbl 06ecneunTe NOABEM YACTOThI NMPU TSXKENbIX aBa-
pusiX, CBA3aHHbIX C BblAENIEHNEM Yy3Ma CO 3HAYMTENbHBIM AePULUUTOM MOLLHOCTW. JTa 3afjada Bo3naraercs
Ha MOLLHOCTb. nogknoveHHyto kK A4PI1 n AYPII.

Taknm 0b6pa3oM, B COBPEMEHHbIX YCIoBuUsix umeetcst 2 cuctembl AYP. OgHa — cneuovepenb M 3awmTHas
ovepeb yOepKMBAET YacToOTy Ha ANUTENbHO AONYCTUMOM YPOBHE M HyXXHa Ansa paboTbl cuctembl Npy Hegoc-
TaTKe reHepupyloLwen MOLLHOCTH, KOrga He NpeacTaBnsieTCsl BO3MOXHbBIM yAepXMBaTb HOMUHAMNBHY 4acTo-
Ty, TaK Kak gna atoro Tpebyetcsa oTknounTb 06aBoYHOE KonmnyecTBo noTpebutenen. Bropas cuctema AYP
Hy>XHa Onsg paboTbl NPW aBapuMHO BO3HUKLLUMX BOMblIMX AeduumTax MOLIHOCTM, OTKMYaeT 3HAYUTENbHO
SonbLni 00BbEM HarpyskM M Takke LOBOAMT YacTOTy A0 ANMTENbHO AOMYCTMMOrO YPOBHSA MPEBLILLALLETO
49,0 Mu. MoxeT NpMMEHATLCA Takke OOMOMHUTENbHAA pasrpyska no ApyruMm gaktopam, Hanpumep npu oT-
KMIOYEHUU NUHUIA CBA3M UNKU reHepaTopa, B pesynbTaTte KOTOpOro BHE3anHoO BO3HUKaET AedULUT MOLLHOCTM.
Takas aBTOMaTVKa He OOXMAAETCA CHWXKEHMS 4acToTbl M OTKIOYAET Harpy3Ky HemegneHHo. Bce atu Buabl
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aBTOMaTUKM MMEIT Ha3BaHWe — MPOTUBOABAapUIHAA peXMMHasa aBTomaTtvka. HeTpygHo 3amMeTutb M3mMeHeHue
NPYOPUTETOB B 3TOW NPOTUBOABAPUHON aBTOMATWKE — OHa MpefHasHaveHa yaepxaTb HopMarbHyl paboTy
CUCTEMbI 3a CYET OTKMYeHusa noTpebutenen. B koHeYHOM cuyeTe, NOXKepTBOBaB YacTbio NOTpedbuTenen, Mol
coxpaHsiem B paboTe ocTanbHbIX. HETpyaHO MOHATL, YTO HYM OAMH U3 NOTPebuTENen He XO4eT CTaTb XepPTBON,
3a CYeT KOTOPOW COXpaHATCa ocTanbHble. [1oaToMy npu Bbibope nogkrntodaemblx kK AYP notpebutenen oue-
HUBAETCHA UX 3HAYEeHME — BO3HMKalLMi yuepb, CHUXEeHME BbiNycka Npoaykuuun, nospexaeHne obopynosa-
HUS, ONACHOCTb ANA XU3HM Nogen u 1.4. BaxeH Takke nopsagok nogkntoveHus notpebutenen K ovyepensm
AYP: noTtpebutenn, nogknioveHHble Kk ovepedsm AYP, nmetowmnm Bonee BbICOKME YCTaBkvM MO 4acToTe U
MEHbLUVE BbIAEPXKKN BPEMEHW, OTKNIOYAKOTCH Yalle.

Y OTBETCTBEHHbIX NOTPeOUTENEN Harpy3ka pasfensoTcst Ha HECKONbKO kaTeropuin. Hanbonee oTBeTCTBEHHAs
Harpyska 1 KaTeropuMm obbl4HO OTKIMIOYEHUIO HE noanexuT. [ns Toro 4tobbl MMETb BO3MOXHOCTb M30exaTb
OTKIMIOYEHMS OTBETCTBEHHbIX NOTpebuTenen 1 kateropum npu pabote AYP 1 BCce Takm OTKITHOYUTb OCTanbHYHO
Harpysky, CTpemMsaTcs npubnuantb Mecta yctaHoBku AYP k noTpebutento, 3To o3HavaeT, yto AYP Heobxoau-
MO BbIMOSHATb Ha KaXka4ow NoacTaHLmu.

Ewe ogHon npuumHon pacnpeaenexHmss A4YP no mHorum obbekTa sBnseTca To, YTo B TakoMm cryvae AYP cra-
HOBWTCS1 CaMOHacTpaMBaeMOW: BCIeACTBME pa3bpoca yCTaBOK perne 4yacToTbl B pasHbix ycTponctBax AYP
OTKIMIOYEHME MPONCXOOUT MENKUMW J03amu, cooTBeTCTBYOWMUMN yctaBke AYP Ha gaHHoOM obbekTe M nNoaTo-
My obecneumnBaroMMm BanaHc Mexay YacTOoTOM M OTKIOYaeMON Harpy3kown Ansg ee BoccTaHoBNeHus. Oupek-
TUBHblE MaTepuarnbl AONyCcKalT HeCcenekTuBHYy0 paboTy cMexHbIXx odepegen AYP, Tak kak sHeprocucteme
6e3pas3nuyHo, Ha Kakon UMEeHHO NOACTaHLMN OTKITIoYaeTca Heobxoanmas Harpyska.

CoBepLUEHHO 04EBMAHO, YTO TaKOW pa3dpoC YCTaBOK He BbIrOAEH NOTPeOUTENto, Tak Kak OH He XO4YeT ObITb
OTKIMOYEHHbIM B3aMeH Apyroro ¢ 6onee BbiCOkMMM ycTaBkaMu. OCOBEHHO 3TO XapakTepHO ANA ovepenen pe-
rynupymoLmx yactoty AYP — cneuoyvepean n 3awmTtHon ovepean AYP ¢ pasnuuen vactot B 0,1 I'y. PaboTta
Takmx AYP B ycnoBusx geduumuta MOLLHOCTU MOXET NPOUCXOAUTb HEOLHOKPATHO B TEYEHUWM AHS, YTO Npak-
TU4eckn napanusyet paboty npegnpusaTtus. MNMoatomy ans atux AYP npumeHsoTCa pene BbICOKOW TOYHOCTH,
MOrpeLUHOCTb KOTOpbIX He npeBbiwaeT 0,01 Mu.

10.3.2. [I[pedomepauwjeHue 10XXHbIX OMKJII0YeHUl nompebumesteli om AYP npu kpamkoepeMeHHbIX
MOHUXeHUSsIX Yacmomabl 8 3Hepa2ocucmemMe

[Mpn OTKNIOYEHUM CBS3N C SHEPrOCUCTEMON NUTaHUE 06eCTOYEHHbIX NoTpebuTenen MoxeT BbiTb BOCCTaHOB-
neHo cnycta Hebonblwoe Bpemsa gencrsuem AlNB nuHuin unn TpaHcdopmaTopa, a Takke ABP cekumoHHoro
BblkntoyaTtensa. OgHako 3a Bpemsi, noka GyaeT HapyLleHa CBA3b C 3HeprocnucTtemMon, notpeduteny nogcraHumm
MOTYT ObITb OTKIOYEHBI NIOXHBLIM AencTBruem AYP. 3To nponcxoanT NoTOMY, YTO, MOCHE OTKIMIOYEHNUST UCTOM-
HUKa NUTaHWS, HanpsbkeHUe Ha LWMHax NoACTaHUMU C CUHXPOHHBIMW KOMNEeHcaTopamu UM MOLLHBLIMU CUH-
XPOHHBIMU, a TaKKe U aCUHXPOHHBIMWU 3MNEKTPOoABUraTensaMmn cpasy He ucyesaeT, a HeKOTopoe Bpems MoA-
aepxumBaeTcs. BennunHa HanpspkeHns MOXeT ObITb JocTaTovHoM Ans cpabatbiBaHnst AYP, a yactoTa CcHuxka-
€TCS 3a CHET YMEHbLUEHMS CKOPOCTU BpaLLlEeHUs aneKkTpoasuratens. OTo B NepByl0 ovepeab OTHOCUTCA K Obl-
cTtpogewcTeytowmnm ovepeasam AYP: AYPI, cneuoyepeamn u 3awmtHon ovepean AYP. AYPII cpaboTtaTb He yc-
neBaeT, TaK Kak MMeeT 3HaYMTEeNbHbIE BbiAEPKKM BpeMeHu. [Npu paspaboTtke annapatypbl AYP HanpsixeHue,
npu koTopom pene AYP ewe pabotaet, cTpemMaTca caenaTb No BO3MOXHOCTU Gonee HU3KMM and npenot-
BpalLeHMs ero oTkasa npu GonbluMx geduuntTax MOLLHOCTU COMPOBOXAANOLLMXCA “NMaBMHON HaMNpshKeHus”.
370 ewwe bonee yBenmyMBaeT ONacHOCTb NOXHOW paboTbl AYP.

B npaktuke akcnnyatauumn npuMEHSOTCS cneumarnbHble 6NOKMPOBKM, NpeaoTBpaLlaloLne noxHoe cpabaTtbl-
BaHue AYP B paccmaTtpuBaemom pexnme. Ha puc. 10.23,6 nokasaHa ogHa 13 Takmx CXem, B KOTOPOW MNKOC Ha
KOHTaKT PY pene 4actotbl AUP nogaetcsa Yyepes KOHTaKT GNOKMpPYHOLWEro perne HanpaeneHus MowHocTn PM.
Pene HanpaBneHst MOLLHOCTW, BKMOYEHHOE B Lienu TpaHcopmaTtopa CBs3u ¢ aHeprocuctemon (puc. 10.23,
a), pearvpyeT Ha HanpaBfeHue akTMBHOW MOLUHOCTMW. [Mpn HanmMumm CBSA3WM C SHEProcUCTEMON, Korga nog-
CTaHuus NoTpebnsieT akTUBHY MOLLHOCTb, pefie HanpasfeHNss MOLLHOCTY OEPXUT CBOW KOHTAKT 3aMKHYTbIM,
Kak nokasaHo Ha puc. 10.24, 6, paspeluas gencteoBatb AYP. Nocne oToeneHnsa NoacTaHUMM OT NUTaroLLen
CeTn aKTMBHasi MOLLHOCTb MO TpaHcgopMaTopy NPOXOAWTb He ByaeT unn ByaeT HanpaBreHa B CTOPOHY LUMH
BbICLLEro HanpsxeHud. [pu aTom pene HanpaBneHUs MOLLHOCTM Pa3OMKHET CBOMW KOHTAKT M CHUMET MMC C
KOHTaKTa pene 4acToTbl, NpeAoTBpallas nnoxHoe cpabatbiBaHme AYP. MNpyn Hannuun Ha NOACTaHUMM 3HAYM-
TENbHOW Harpy3ku, Mano U3MeHsIILENCa B 3aBUCUMOCTU OT BPEMEHWN CYTOK U OHA HE4enu penie MOLLHOCTU
MOXET ObITb 3aMEHEHO TOKOBbIM pere.

MpumensitoTca u gpyrue cnocobbl 6noknposkm AYP oT HenpaBunbHOW paboTbl MPU CHUKEHUM HanpskeHns. K
HUM OTHOCMKTCS BITOKMPOBKA MO CKOPOCTU CHUXKEHMS YacToThl, LUIMPOKO NpuMeHsaeMas B “KneBaHepro”. [leno B
TOM, YTO NPU CaMbIX TSXKENbIX aBapUsiXx HacToTa B CUCTEME CHUXKAETCH MefieHHee, YeM 3TO MPouCXoauT npu
CHATUM HanpskeHus ¢ gBuratenen. Ha yctporictBax coBmelleHHon AYPI — AYPIl ona 6nokupoBky Mcnosnb-
3yl0TCA camMu m3mepuTenbHble opraHbel AYP: YctaBka no yactote AYPIl 6onblie yem AYPI. Pene BpemeHu
nyckaeTtcs npu cpabaTbiBaHUM mameputensHoro opraHa AYPIl n octaHaBnuBaetca npu cpabatbiBaHnm MO
AYPI.3aBUCUMOCTb MeXOY CKOPOCTBbH) CHWKEHWUSI 4acToTbl M ycTaBkamu AYP BeIrMaauT criegyrowmm obpa-
30M:

dF = Su— 1
t

B aton oopmyne dF — ckopoCTb M3MeHeHUst YacToThl, f — yctaBka no vyactote AYPII, f,— yctaBka no yactote
AYPI, t - Bpems mexay cpabatbiBaHuem O AYPII n AYPI.
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Puc. 10.23. lMpepoTtepalleHne cpabaTbiBaHus AYP npu oTkniovYeHun NoacTaHUMM C CUHXPOHHBIM KOMMEH-
CaToOpOM UMM CUHXPOHHBLIMU ANEKTpoABUraTeNnaMu:
a — cxema nogcTtaHumm; 6 — 6nokuposka AYP
Yctaku AYPIl 1 AYPI 3agaHbl ucxogsa M3 PEXUMHBIX COOBpaXkeHWiA, ycTaBka Nno BPeEMEHU GITOKMPOBKU onpe-
pensietca no opmyne 10.14 ncxoasa ns CKOPOCTU CHUXEHUS HYacToThl 4 'L B Cek.
B [oHbGacckon n [HENPOBCKON 3HEProcUCTEMAx, UMEKLLMX 3HAYUTENbHOE KOMNMYECTBO 3aBOAOB, OCHALLEH-
HbIX KPYMHBbIMW 3MEKTPOABUraTeNsAMN, Takoe PEeLUEHNE 0Ka3arocb HernpuemsiemMbiM BBUMAY HU3KOW CKOPOCTU
CHWXXEHMS YacToTbl. [103TOMY Tam LUMPOKO MPUMEHSIETCA METOof B3anmHon 6roknpoBku mexay AYP pasHbix
cekumn: AYP gByx cekumn cpaboTtaeTt, ecnu cpabotanm o6a MO AYP.
Mpun oTcyTcTBUM BNOKMPOBKM OIS MCnpasneHns noxHoro gencrems AYP moxHo npumeHuTs AMNB nocne AYP
(cm. n 10.3.3). Takor meToA pekoMmeHayeTCs ANPEeKTMBHbIMU MaTepuanamu. OgHako OH He Bcerga adekTu-
BEH, TaK Kak B YCMNOBMAX ANUTENbHON paboTbl NPU NMOHMXKEHHOM YacTOTe 4YacTOTa B CETU MOXET ObITb HMXE
yctasku YATB.
10.3.3. Aemomamuyeckoe eK/io4eHUe nompebumenel nocne A4YP
[nsa yckopeHusi BOCCTAHOBMNEHMS NMUTAHUS NOTpebuTenen, OTKIMIOYEHHbIX NMpu cpabaTbiBaHun AYP, npumeHs-
eTcs cneumansHbIn Bua astomatuku — AlNB nocne AYP (unu YATB). Yctporicteo YAIB cpabaTeiBaeT nocne
BOCCT@HOBMEHUS 4YacTOTbl B 9HEProcMcTeMe 1 AaeT UMMYIbC Ha BKIIOYEHWE OTKIMHOYEHHbIX oT AYP notpebu-
Tenen.
YcTtponcteo HAIB aBnaetcs BecbMa 3eKTUBHBIM CPeLCTBOM aBTOMATUKN, YCKOPSAIOLWMUM BOCCTAHOBMNEHNE
nuTaHusa notpebutenen, otknodaBwmnxcs gencrenem AYP. Moatomy YAIB wenecoobpasHo NPUMEHSTb BE3-
e, roe yctaHosneHa AYP. B nepeyto ovepeab YAIB crnegyeT BbIMNOAHATE HA NOACTAHUUAX C OTBETCTBEHHbI-
MU noTpebutensmMmu, Ha NOACTaHUMAX Be3 NOCTOAHHOro O6CnyXMBAOLLEro nepcoHana, ¢ AeXXypcTBOM Ha A0-
My, 4aneko pacrnonoXeHHbIX OT MeCcTa pasmeLLeHNst onepaTMBHO-Bble3aHbIX bpurag.
Oevicteue YAIB gomkHO ocywlecTBnATbed npu yactote 49,5-50 Ny. HavanbHas yctaeka no spemexn YAMB
npuHumaeTtca pasHon 10—20 cek, KOHeYHast — B 3aBUCMMOCTU OT KOHKPETHbIX YCroBuin. MMHUManbHbIN HTEp-
Ban no BpeMeHn Mexay cMmexHbiMun odepenamu YAIMB B npeaenax aHeprocMcTeMbl UM OTAENbHOro y3na —
5 cek. MowHocTu Harpy3ku no odepegsam YAIB obbl4HO pacnpepenstoTcsi paBHomepHo. OvepeHoCTb Noa-
KntoveHus notpedbutenen k YAINB — obpaTHasa ovepegHocTn AYP, T. e. k nocrnegHum ovepeasam AYP noakmnto-
yarTcsa nepsble odepeamn HANB.
Honsa Harpysku, nogkntodaemon kK YATNB, B KaXXOOM KOHKPETHOM Crydae AOfKHa onpeaensaTbCcs ¢ y4eToM Me-
CTHbIX YCITOBMI: BO3MOXHOCTM MOBTOPHOIO CHWKEHWS 4acTOTbl B OTAENMBLUMXCHA Ha M30NMPOBaHHY0 paboTy
panoHax, Nneperpyskn NMHUIA anekTponepenadn, 3amenieHus BOCCTAHOBIEHWST napanenbHon paboTel aewn-
cteuem AlB ¢ ynaBnMBaHMeM CUHXPOHU3MA, aBTOMaTUYECKOMY 3arnyCKy rMaporeHepaTtopoB, 3arnycKy raso-
BbIX TypOuH 1 T. A.
He cnepyet 3abbiBaTth Takke 0 HEOBGXOANMOCTU KOPPEKTUPOBKN HENPABUNBHOW paboTbl BbICTPOAENCTBYOLLNX
oyepeaen AYP.
YAlB mMmeeT cywlecTBeHHOe oTnmume oT obblivHoro AlB, 3akniovarolieecs B TOM, YTO OHO He MyckaeTcs
cpasy nocre OTKMYeHUsl, a JOMKHO paboTaTb Nocrne BOCCTAHOBMEHMS YAaCTOThl 40 BENUYUHBLI Ha3biBaeMoW
yctaskorn YATB no 4yactote. 310 npoucxoguTt npu vyactoTe 49,5-50 'y, korga B aHeprocucteme obpasoBarics
pe3epB MOLLHOCTU, NO3BOMSOLWNIA BKITHOYNTb AOMOSIHUTENBHYIO HAarpy3Ky. B HEKOTOpPbLIX Criydasix NpyHMMaeTcs
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pelleHne o paboTe C MOHWKEHHOW 4YacTOTOMW, U hmaepa BKMOYAKTCA BPYYHYK MM NOCPEACTBOM CPEACTB
TenemMexaHuku.

10.3.4. Annapamypa, npumeHsiemasi onsi AYP

Pene vactotbel PY-1 nponssogctea Y3A3(r.HYebokcapnl, Poccus). Obwaa norpewHocTe pene AYP moxeTt
pocturatb 0,25 'y, gnanasoH HanpskeHui npu KotopomM paboTtaeT pene coctaensieT 0,2+1,3 U,0,. C Nomo-
b0 cneumanbHbIX MEeTO40B HAaCTPOMKM NOrPeLLHOCTb pene MoxHO gosectn Ao 0,1 'y n meHee npu ycrosum
COXpPaHEeHNs BHELUHUX YCMOBUI: TeMmnepaTypa, BAaXXHOCTb, (dOpMa KPMBOKW HanpsiKeHUs. YXon 4acToTbl cpa-
BGaTbiBaHUA BO3MOXEH Takke U3-3a ctapeHus getanen. Ha ykasaHHOM pene B HacTosLLee BpeMsi BbINOfHEHa
6onbas vacTtb ycrponcts AYP. Ha ogHoMm pene moxeT ObiTb BoinonHeHo AYP n YATB, ans vero nmeetcs
ABa BXxoAa, nepeknoyas KoTopble MOXHO BKNouMTb Nnbo ogHy nnbo apyryto yctasky pene. B Bugy HegocTa-
TOYHOWM TOYHOCTU paboTbl PY-1, He yaoBneTBopsitolleli coBpeMeHHbIM TpeboBaHust k yctpoicteam AYP, B
HacToslLLlee BpeMS 3TU pene BbITECHAITCH HOBbIMU MUKPOSNEKTPOHHBIMU U MUKPOMPOLLECCOPHLIMU  YCTPOR-
ctBamn AYP.

B HacToswwee Bpems Ans BbINONHEHUA yHKUMN AYP 06bIMHO NCMOMb3YTCA BCTPOEHHbIE OYHKLUN B MUKPO-
NpOLIECCOPHbIE YCTPONCTBA.

[nsa npoctbix cxem AYP MOXeT MCnonb30BaThCsA YNPOLLEHHOEe ManorabapuTHOE MUKPOMPOLLECCOpPHOE pene
Tvna YPY-3, cogepxallee Tpy OTAENbHbIX pene 4acToThl, KaXaoe M3 KOTOpPbIX MMEeT CBOK yCTaBKy cpaba-
TbIBaHUS 1 BO3BpaTa MO YacToTe M MO BPEMEHW (3aMeHsIeT Tpu TpaauUMOHHbIX pene PY-1, wectb pene Bpe-
MEHU 1 COM3MEPUMO C HAMU NO CTOMMOCTHN), NOTpebnsioLee Npy NMTAHUKN OT LN KOHTPONMPYEeMOro Hanps-
XXEHUs1 MOLLHOCTb He 6onee 4 BT (MeHbLle Yem ogHo pene PY-1). YcTponcTeo obecneumBaeT TOYHOCTb OTpa-
6oTkm yctaBok +0,005 'y B Anana3oHe TemnepaTyp oKpyxatwLlen cpedbl oT muHyc 40°C go nntoc 55C° npun
N3MEHEHUN HanpsXXeHnsa nuTaHusa B gnanasoHe +80% ot UHom. Hanunume BCTPOEHHOro 4YactoTtomepa, CBeTO-
OnoaHom curHanusaumm obecneyumBatoT BU3yarbHbIA KOHTPOSb 3@ paboTon yCTponcTBa. YAOOHEIN NoMnb3oBa-
TEeNbCKMN MHTEepMEC NO3BONSET NPU NOMOLLM KHOMOK YNpaBneHnst N BCTPOEHHOMO XXUAKOKPUCTaNM4eCckoro Mu-
Hugncnnen 6e3 BcnomoratensHon annapatypsbl (MY, YyacToToMep, MUIMCEKYHOOMEP U Ap.) ObICTPO BbICTaB-
NSATb U NErko KOHTPONMPOBaTb YCTaBku Bcex pene. Manoe cobctBeHHoe noTpebneHve YPY nossonsieT nu-
TaTb €ro He TOMbKO OT Lenen onepaTtMBHOro Toka (= unu ~ 220B) HO 1 OT Lenen KOHTPONMPYEMOro Hanpsxe-
Hua ~ 100 B. YcTponcTBo no3BonsieT BbINOMAHUTE Ha HEM Tpu odepean AYP, Hanpumep, AYP-I, AYP- I,
CAUYP, YATIIB, a Tak >xe 61OKMPOBKY MO CKOPOCTM CHUXXEHMWS YaCcTOThbI.

10.3.5. Cxembl A4P u HAINB

Ha puc. 10.25, a npuBeageHa cxema coBmelleHHbix AYPI n; AYPII. OdenctBne AYP ocyliecTBnsieTcs ¢ NOMo-
LWbto pene vactoTbl PY1, npomexyToyHoro pene P11 n BeixogHoro pene Pri2.

Yctponctso AYPII BeinonHseTcs ¢ nomoLblo pene vyactotel PY2 1 pene Bpemenn PB1. CurHanusaums cpa-
6atbiBaHMsa AYPI n AYPIl BbinonHAeTCA ¢ NOMOLLBIO yKasaTenbHbix pene PY1 n PY2 cooTBeTCTBEHHO. [pun
BbinonHeHnn AYP tonbko ogHoro Buaa (AYPI unm AYPII) cooTBeTCTBYIOWAA YacTb pene UCKNioYaeTcs u3
CXeMbl.

C uenblo 9KOHOMMM perie YacToTbl BO MHOIMX Cry4vasx Afs OCYyLLEeCTBMEHUs coBMelleHHon AYP ncnonb3ytoT-
Cs1 cneumanbHble CXeMbl, B KOTOPbIX NPpeaycMaTpMBaeTCs NepPEKoYeHme yCTaBKku OQHOMO perie 4acToThl.
OpHa m3 Takmx cxem npueegeHa Ha puc.10.25,6. B cxeme AYP ncnonb3yeTtcs ogHo pene yYactotbl PY Tuna
PY1, Ha namepuTenbHbIX 3NIEMEHTax KOTOPOro HacTPOeHbl ycTaBku, cooTBeTcTBytowme AYPI n AYPII. B Hop-
MarnbHOM pexunme 0o cpabartbiBaHust PY 3aMKHYT KOHTaKT Pl12.1 gByxno3uuUMOHHOro pene tuna Pri8, yem
obecneunBaeTcs roTOBHOCTb K AENCTBUIO 060NX N3MEPUTENbHbBIX 31IEMEHTOB.

Mocne nameHeHus vactotbl Jo yctaskm AYPIl 3amkHeTca koHTakT PY u pene Pl11 koHtaktom Pl11.1 nogact
NKC Ha BEPXHIO 0OMOTKY Pl12, koTopoe, NEPEKIOYMB CBOU KOHTAKTbI, BbiBEAET U3 AEACTBUSA U3MEPUTESb-
HbI anemeHT ¢ yctaskon AYPIl. Ecnn yactota noHmsmnack go ycrasku AYPI, koHTakT PY npun 3TOM He pa-
30MKHETCS UIK, PA3OMKHYBLUUCH KPaTKOBPEMEHHO, 3aMKHETCS BHOBb, MOCIE Yero ¢ HebonbLwMM 3amensneHu-
eM cpaboTaeT npomexyTovHoe pene P13 n nogact umMnynbC Yepes3 ykasatenbHoe pene PY71 Ha BbIXxogHoe
npomMmexytovHoe pene Pl15. Ha aToM 3akoH4MTCA paboTa cxemsl.

Ecnu yactota He cHusnTca go yctasku AYPI, cxema GyaeT npogomkaTte padoTtate. Pene Bpemenun PB1, cpa-
6oTaB “npu 3amblkaHuM KOHTakTa Pf12.3, OygeT camoydepXmMBaTbCa Yepe3 CBOW MIHOBEHHbIV 3aMblKatoLnii
KOHTaKT PB1.1. CnycTa BblAEPXKKY BPEMEHMW, YCTAHOBMEHHYIO Ha MpocKarbabiBalowem KoHTakTe PB1.2, 6yaet
nogaH NIC Ha HWKHIOK O0OMOTKY pene Pl12, n OHO NEPEKITYNT CBOW KOHTaKTbl, BHOBb BBOASA B AENCTBME
n3MepuTesnbHbIn arnemeHT ¢ yctasHon AYPIl. B TeyeHne Bcero BpeMeHu, Noka He 3aMKHETCs NpOocKarnb3bl-
BaloLLMI KOHTaKT PB1.2, cxema ByaeT rotoBa K ENCTBUIO Ha OTKNOYeHEe 6e3 BblAEPXKKM BPEMEHMU B Criyvae
CHWXeHUs YacToThbl Jo ycTtaku AYPI.

lMocne 3amblkaHWs nNpockanb3biBatowero koHTakta PB1.2 n nepekntodeHns pene P12 uenb OTKAOYEHUS OT
AYPI 6ygeT BbiBeaeHa u B paboTte octaHeTcs Tonbko AYPIL. Mocne nepekntodeHus Pl12 cpaboTtaloT BHOBb
PY (ecnu yactoTa bygeT Hwxe ycTtaBku cpabatbiBaHusa AYPII) u Pl11 n 3anyctutcs pene sBpemexn PB2, koTo-
poe, gopaboTtas, Yepes ykasaTenbHoe pene PY2 nogacT nioc Ha BbIXogHoe pene cxembl P15, MpomexyTou-
Hoe pene Pl14, obMOTKa KOTOPOro BKOYEeHa napannensHo ooMoTke pene PB1, Gynet gepxaTtb CBOMM KOH-
TakToM Pl14.1 pa3soMKHyTOWM Lenb BepxHer 0OMOTkM pene P12, npegoTtBpallast ero noBTopHoe cpabaTbiBa-
Hue.
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Bo3sBpaTt cxembl B MICXOAHOE MOSOXEHNE OCYLLECTBNAETCA nocne cpabaTtbiBaHusi BbIxogHoro pene Pl15, koTto-
poe pa3oMKHeT KoHTakT Pl15.1 B uenn odbmoTok pene PB1 n Pl14. B cny4dae, ecnv cxema He NogencTByeT Ha
OTKIOYEHME BCreACTBME BOCCTAHOBIEHUS YacTOThl B aHeprocucteme Bbiwe yctaBkn AYPIl n BosspaTta pene
P4, Bo3BpaT cxeMbl By4eT OCyLeCTBNEH LWWYHTUPOBaHMEM o6MOTKM PB71 no uenu: ynopHbIn KOHTakT PB1.3 —
pasmblkaloLwmnn KoHTakT Pl11.3 — pasmbikatowmin KoHTakT Pl12.4. Boigepxxka Bpemenn AYPIl B paccmatpurBae-
MOW cxeme onpefenseTcs CyMMOW BblAEPKEK BPEMEHM, YCTaHOBIEHHbIX HA PB2 1 Ha npockanb3biBaloLwwem
KoHTakTe PB1.2.

+ —
| _ PY1 Pt [
_ _ PY2 — PB1
_ o PI1_[T] PY1 ]
B PB1 L Mey2| P12
l—l Ha omkriroyeHue
PI12 N
+ >
N a) 4 _Pm2 \ s
- PY1 P[]
L —
P11 _ Pri4.1 Pri2
~F
T PB1.2 —
Pri1.2_ Pli2.2 P13 |_| L
[
PB1.3B-PI11.3Pl2.4 PB1.4}
Pris. 1 PI12.3 P£|1
— ] 1
PB1.1 I—l Pri4 R
L
Pri1.4 Pri2.4 PB2
|
=g
Pri2.5_ PI13 T M Bri5
Py
Pr2.1 Pl15.2
+
K usmepu- + Pri15.3 / _
mernsHoMmy <~
anemeHmy PY 6) Ha omknoyeHue

Puc. 10.25. Cxembl AYPI n AYPIIl: a — ¢ oByMs1 pene 4actoThbl; 6 — ¢ OOHUM perne 4YacToTbl U C
nepekmnioyeHmem yCTaBKku
Ha puc. 10.26. npuBegeHa cxema ogHon odepeamn AYP ¢ YAIB. B cxeme ncnonb3dyeTcs OgHO pere 4actoThl,
ycTaBka cpabaTbiBaHMs KOTOPOro aBTOMaTMYECKN NepekniovaeTcs.
Mpy cHWXeHUn YacToThbl 40 YCTaBkM cpabaTtbiBaHWst cooTBeTCTBYHOLWEeN ovepeam AYP cpaboTaeT pene 4acto-
Tbl PY n 3anyctut pene BpemeHun PB1. [locne TOro Kak 3amMKHETCH KOHTAKT pefne BpeMeHu, cpaboTaroT npo-
MeXyTouHble pene P11 n P12 v oTkntoyat rpynny notpebutenen. OQHOBPEMEHHO 3aMbIKAOLNA KOHTaKT
Pr11.2 BBegeT B paboTy U3MeEpPUTENbHbLIA 3NEMEHT pene vactoTbl Tuna PY1 ¢ ycTaBKoi, COOTBETCTBYIOLLEN
ycTtaBke YAIB. Tenepb, nocrne BBoga B paboTy ykazaHHOro M3MepPUTENBHOMO afieMeHTa, KOHTaKT pene 4Yacrto-
Tbl PA30MKHETCS NU1Lb NOCIe TOro, Kak YacToTa B SHEProCUCTEME BOCCTAHOBUTCS A0 3HAYEHUSA HOBOW yCTaB-
Kn, paBHon 49,5-50 Iy,
Pene P11 npu cpabaTtbiBaHNM 3aMbIKaeT Takke CBOMM KOHTakToM Pl711.2 uenb 0OMOTKM MPOMEXYTOYHOIO pe-
ne Pr13, koTopoe cpabaTbiBaeT U caMoydepXnBaeTcs.
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Puc.10.26. Cxema AYP c YAINB
lMocne BoCcCTaHOBNEHUSA HOpMaribHOM unu 6nmskon K HopmarneHowm Yactote pene PY n PB1 pa3oMKHYT CBOU
KoHTakTbl. [pn aTom pene Pl11 Bo3BpaTUTCA U 3aMKHET KOHTaKT Pl11.3 B uenn obmoTkn pene Bpemenn PB2.
MockonbKy kOHTakT Pl13.2 yxe 3amkHyT, pene PB2 HaunHaeT paboTaTtb W, CNyCTs BbIAEPXKKY BPEMEHW, yCTa-
HOBIMEHHYI0 Ha MpocKanb3biBaloWweM KoHTakTe PB2.2, 3aMKHET Lenb 0OMOTKM npomexyTodHoro pene Pri4.
MocnegHee, cpaboTae, caMoydep>XMBaAETCsl Yepes CBOWN 3aMblKaloLWmnin KOHTaKT Pl14.1 n nogaeT uMnynbCbl Ha
BKITIOYEHUE BbIKMoYaTenen notpeburtenen, oTknoyaswmxcs genctenem AYP. BosspaTt cxembl ocyLlecTBns-
€TCA Nocne 3amblkaHus YNOPHOro KOHTaKTa pene BpemeHn PB2.3, BblgepXka BpeMEHW Ha KOTOPOM OTrnun4a-
€TCS OT BbIAEPKKN NpocKanb3blBaloLWero koHTakta PB2.2 npumepHo Ha 1 c. [Nocne 3aMblkaHns YNIOPHOro KOH-
TakTa PB2.3 pene Pl13 Bo3BpaTUTCs U pa3oMKHET KoHTakToM Pl13.2 uenb obMoTKM pene Bpemenn PB2. Yka-
3aTenbHble pene PY1 n PY2, ycTtaHOBNEHHbIE B paccMaTpuBaeMon cxeme, npegHasHadeHbl Ans curHanuaa-
uun cpabatbiBaHms AYP n YATB. C nomoubio Haknaaku HI paccmaTtpuBaemasi aBToMatmka MOXeT ObiTb Bbl-
Be[eHa U3 JencTBUs NMOJSIHOCTbIO, @ C MOMOLLbIO Haknaaku H2 — tonbko YATB.

Mo cxemam, npuBeaeHHbIM Ha puc. 10.25,6 n 10.26, MmoxeT BbITb Takke BLINOJIHEHA CXEMa COBMELLLEHHOIO

AYP c YATIB. lNpu aToM Ha pene 4acToTbl AOMKHO ObITb BbINOMHEHO TPW YCTaBKU MO YacToTe, COOTBETCT-

Bytowme AYPI, AYPII n YATIB.

Ha nuHnsIX, oCcHaLLEHHbIX YCTponUCcTBaMmM anekTpuyeckoro AlB, oHM MOryT ObiTb MCNOMBb30BaHbLI A4Sl OCYLUe-

cteneHus YAIB, npu atom nyck AlNB AomkeH OCyLLEeCTBATLCA MNOCe BOCCTAHOBAEHNSA YacTOThl 40 BENNYM-

Hbl, cooTBeTCTBYIOLWEN ycTaBke YATB.

Aemomamuyeckasi YacmomHas pa3epy3ka (A4YP) u yacmomroe AlB (YAIB) Ha MUKponpoyeccopHbIX

ycmpolicmeax

Mpu nucnonb3oBaHMM Ha oTxodsAwmx nuHuax 6—10 kB, 35 kB yctponctea sawmtsl MiCOM P123, MP3C-05

unu Crpuyc Bo3MOXHO BbinonHeHune cpyHkumnn AYP n YATNB 6e3 ncnonb3oBaHus 4ONOMHUMTENBHOW annapaTy-

pbl Ha dugepe. Onsa pene Y3A10 ucnonb3yeTcs Bxoq 2.
EPF1(LLAYPIEPF2(LLIAYPII) EAF(LLAYP

LLMHKKN A4P

A801 A802 MEPEKAIOHEHME
O4EPEAEN A4P
N\ /

N\ / NMYCK OTKAKOYEHM
? A2 MPW AYP U BLINO
AS00 N85 HWS YANB MOCAE B

17 L3 19 BPATA A4YP

Puc. 10.27. BxogHas uenb AYP

Mpn HeobxogumocTn onepaTtuBHoro BeiBoga AYP (YAMB) B uenb onToBxoaa L3 pene 3awmTbl A2 BKIlOYaeT-
cs nepekntoyartens, Hanpumep ME-011 Y3.

Bxog L3 (Bx. 2) nporpammupyeTtcsa onsa BHewHero nycka AlB ¢ genctemem Ha pene oTknodeHus. Bolgepkka
BpemeHn YAIB pasHa BpemeHu nepsoro uukna AlNB dugepa. Pabota YAINB 6ygeT nponcxogutb nocne Bo3s-
BpaTta AYP u cHATMA HanpsikeHus ¢ ontoBxoda L3 (Bx. 2). Ecnu 310 BpemMsa HedomnycTMmMo Maro (Bblaepkka
BpemeHn YATIB Benuka), npumeHsieTca cxema ¢ JOMOSTHUTENBHON Bblaepkkon Bpemeru (puc. 10.30).
MpomexyTouHoe perne BkmtoveHus ot AlNB (YAIB) n no nokanbHoun cetu, Beieog AlB (YATB) n guctaHumoH-
HOro BKIMOYeHNS

SA2 A2 KL1(KCCT)

RL2(RL4)
I—I 102(-) %

7
1 2 8 12 13 14
' (18) (20)

101(+
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(@]

|

i
Punc.10.28. BoeixogHasd uens AlB (YATIB)
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BkntoyeHme ot AlNB (YAIB) u no nokanbHon ceTn nporpammunpyeTcs Ha pene RL2 (RL4) ¢ genctBuem vepes
npomexyTtovHoe pene KL1 (KCC1). BoiBog n3 gencteust AlB (YAIB) 1 BKNoYEHMS MO oKaribHOW ceTun npo-
n3soautca nepekntovatenem SA2. Y pene Y3A-10 ucnonbayetcsa pene RL2 (X1:8, X1:9). BosamoxeH BbIBOL,
n3 pencrteus AlB (YAIB) nytem GrOKMPOBKM MO ONTOBXOAY 3TOM pyHKUMK. [pn 3TOM 3agencTByeTcs NuLL-
HUA ONTOBXOZA perie, OAHAKO COXpaHsAeTCsl (PYHKUMS BKITHOYEHMS MO JIOKanbHOW ceTu (Tonbko ans pene Mi-
COM P123).
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Puc.10. 29. Beieog AlB (YATIB)
Mpn ucnone3oBaHuM yctponcTtea 3awmutel MICOM P122 (MICOM P220) BO3MOXHO BbIMNOSIHEHME TOSBKO
dyHkumn AYP (oTcyTcTByeT ycTpowncto AlB). BxogHasa uenb BeinonHsetcsa no Puc. 10.27 ¢ gencteBneM Ha
pene otknoveHns RL1.
Insa opraHmsauumn uenen YAINB ¢ gONONMHUTENBHOW BbIAEPXKKON BPEMEHM HeobXxoaMmMa yCTaHOBKa ABYX MpO-
MEXYTOUYHbIX pene (puc.4, 5), Hanpumep R4-20-14-23-1220 (Relpol),
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Puc. 10.31 Lienn noaroToBkM BblAEepXKM BpeMeHn u Beixoga YAIB
Mpun paboTte AYP cpabGaTtbiBaeT pene KL1, oTkntoyaeT BbIKMOYaTENb U NOAKMOYAET 3apsaHyo Lenb KOHAEH-
catopa C1. Nocne BoccTaHOBNEHUS YacToThl U Bo3BpaTta AYP yepes pasmbikaloLime B6nok-KOHTaKTbl BbIKIHO-
yatens n pene KL1 nogaetcsa HanpshkeHne Ha ontoBxopn L3. C BbibpaHHOI BbiOepXKKOW BpeMeHU cpabaTbiBa-
eT BbIxogHoe pene RL7 (ana MICOM P220 ato moxeT 6biTb pene RL2-RL5), oT 3apsKeHHOro KoHgeHcartopa
C1 kpaTkoBpemeHHO cpabaTtbiBaeT pene KL2 1 nogaeT komaHgy Ha BKItoYeHue Bbikntoyatens npy YATB.
OpeaHu3ayusi wuHok AYP

Insa BeinonHeHusa AYP ncnonbayetcs pene MICOM P922 nnn MX3VIC30A doumpmbl ALSTOM, uenu Hanpsixe-
HUSA KOTOPbIX MNOAKIYATCS K TpaHCopMaTopam HanpsbkeHus cekumm wunH 6(10) nnn 35 kB.

BobixogHble pene RL3 n RLS (pnc.10.31.) nporpaMMupytoTcs COOTBETCTBEHHO Ha cpabaTbiBaHMe OT OpraHoB
cHmxeHus JYactoThl tf << (AYPI) n tf <<< (AYPII). YcTaBka opraHa CHMWXeHus YacToThl f <, OeNCTBYIOLLEro Ha
pene Bo3spaTta AYP, npMHumaeTcs Bbilwe ycTaBok ff << u tf <<<. [1pn NOHWXKEHWUN YacToTbl A0 yCTaBkn f <
cpabatbiBaeT pene RL4 n nogrotaBnueaeT uenu camobnokmpoBku perne AYP. [anbHelwee cHUXeHWe Yvac-
TOTbI NPUBOAUT K cpabaTbiBaHMo opraHoB tf << u tf <<< un cootBeTcTBeHHO pene KL1 n KL2, koTopble camo-
yoepxuBaeTtcs 4epes BbixogHoe pene RL4. Tonbko BOCCTaHOBMEHME YacToTbl A0 YCTaBkum f < NpuBOoaAMUT K
BO3BpaTy 3TUX pene, CHATUIO HanpsbkeHus ¢ WwinHok AYP 1, cnepoBaTenbHo, K 3anycky YAIB.

[na ncknoyeHnsa noxHoro cpabatbiBaHus AYP npy OTKMOYEHMW HanpshKeHus Ha cekuun WwuH 6(10) KB ¢ cuH-
XPOHHBIMUW 3reKTpoABUraTeNsiMU UNN aCUHXPOHHBIMW SMEKTPOABUraTENAMMN C KOMMEHCUPYIOLLMMMN KOHOEHCa-
Topamu nyck AYP BbIMONHAETCA TOMBKO NPy OQHOBPEMEHHOM CHUXKEHWM YacTOTbl HA 0Beunx cekumsx.
MoBbIWEHME NoMexoycTonumnBocTM no ontoBxogam AYP L3 gocturaetcsi 3a CHET CHATUSA HanpshKEHWs C LWn-
Hok AYP no o6oum nomncam 1 BKITHOYEHNEM AOMOSTHUTENbHbIX LWYHTUPYOLWMX BXOoAbl pe3nctopoB R1n R2. B
cxemax ¢ pene KL1 Ha wuHkax AYP (puc. 10.30) peauctopbl R1 n R2 moryT He ycTaHaBnuBaTbCs.
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Puc. 10.32 Oprannsaumsi wunmHok AYP
10.3.6. NMpUHUMN KOCBEHHOro N3MepeHNsA CKOPOCTU CHUXKEHUA YaCcTOTbl C Ucnonb3oBaHuem pene YPY-3

1) PacuyeTHo-NpakTuyeckne AaHHble 06bLeANHEeHHON 3HeprocucTembl (03C), ncnonb3yemblie npu BbiGope
YCTaBOK A4S UAMEPEHUA CKOPOCTH

HononHuTensHas asTomaTudeckas pasrpyska (JAP) no ckopoctu cHuxeHus vyacTtoTel (CCH) npumeHseTcs
B palioHax C BO3MOXHbIM BO3HMKHOBEHMEM AeduunToB MoLLHOCTM Gornee 40 % oT noTtpebneHus, cospato-
LLIMX CKOPOCTb CHWXeHMs YacToThbl 6onee 2,0 'u/c, npu koTopor cpabaTbiBaHMe 0bbiuHON AYP HeadbdekTUBHO.
MpMHUUN KOCBEHHOIO N3MEPEHUS CKOPOCTU CHUXKEHWUS YaCTOThI

Cxema coefiMHeHU BbIxoAHbIX KOHTaKTOB (0) AByx pene vactoThl (f,,f2) npuBegeHa Ha puc. 10.33.

uenb Hann4ima CKOpPOCTU CHUXXEHUA YaCTOThbl
6 8 fr+te1 fo+te2

) p—"——— 2

f1+fe1 fo+tc2

6) z—{—z—z—{—z

f1+te1 fo+tc2
8 .e'—1/ —z’—z’—{—z’

1,2 - nocnedosamenbHocmb cpabambieaHusi perie 4acmomel

Puc. 10.33. cxeMbl coeanHeHus AByX pere 4acToThbl

a) npv gedmumute MOLLIHOCTU, MEHbLLIEM 33aHHOWN YCTaBKN CKOPOCTWN CHKEHWS HacToTbl;

6) npv gepuumMTe MOLLHOCTUN, PABHOM YCTaBKE CKOPOCTM CHUXEHWUS YacTOoTbl;

B) npu gedvunte MOLLUHOCTH, GONbLUEM YCTaBKM CKOPOCTU CHKEHUS YaCTOThl;

fi + t;4 - ycTaBkm cpabaTtbiBaHusa no vacTtoTe fy 1 ycTaBku BpemeHu e, NeEpPBOro pene 4acToThl;
f, + tco - ycTaBkm cpabaTbiBaHUsI BTOPOro pesne no YacToTe f, U ycTtaBku BpemeHn fc, = 0 cekyHA.
Mpumepbl cxem coeamMHeHU BbiIxoAdHbIX kKoHTakToB pene (K, K2, K3) npueegeHb! Ha puc. 10.34.
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L——] I:] Ter=0 Teo=1

f=47 'y f=48 'y
f (K1 ¢ K1 K2
(K1) 2(K2) x>
g 2z & 2 > Helicmeue rio ckopocmu
Llernb Hanuvusi ckopocmu 1Tyl
o deghuyumy MowHocmu
Te2=0,5 ¢
f,(K3) e T
—
o >
Llerns 6rokupoeku o .
ckopocmu npu exibeze Helicmeue no ckopocmu
dsuzamernbHoli Hazpy3sKu 2lue
Llens AYP [eticmeue no yacmome
a) 6)

Ha npaktuke HayanbHas CKOPOCTb CHWXEHWUSI YacTOTbl onpegensieTcs no AeuumTy akTMBHOM MOLLHOCTW Mpu
ncxogHon vacrtote cet f,=50 L 1 3KBMBaANEHTHON MOCTOSIHHOW MEeXaHW4YeCKOW MHepuMu Harpyskm 1,=3 C
(Tabnimua 1).
Tabnuua 1
3aBNCNMOCTb HavasibHON CKOPOCTU CHUXXEHUSA YacTOThbl OT AedULINTa aKTUBHOWN MOLLIHOCTU SHEProCcUCTEMBI
OGOOLLEHHbIN Pr — gepmunt reHepupyroLen mowHocTn, %
MOMEHT 10 15 20 25 30 35 40 45 50 55 60 65 70

VHEPLV 1 CkopocTb cHMpkeHma YacToTbl. Muy/c
3Heprocunc-

TEeMblI

10 10,42(0,65(0,91|1,19(1,50(1,84|2,22|2,65|3,12|3,67|4,28(5,00|5,83
12 (0,36|0,57|0,791,04| 1,32( 1,62| 1,96|2,34|2,78| 3,27 3,85/4,51| 5,30
Ona otcTtporikn oT aBapumn no 4actote B O3C ycTaBkM MO CKOPOCTU CHUXEHMSI YacTOTbl AOMKHbI OTCTpau-

BaTbCsA OT MaKCMMalibHO BO3MOXHbIX aBapuin ¢ 4eduumTomM MOLLHOCTK, He npesbiwatowmnm 15 - 20 % ot no-
Tpebnenusa n Vfmin = (0,5 - 0,9) lu/c, 4To ABRNsSETCA HWXKHUM Npegenom yctaBok no CCH.

TTI’a c

3adaHue ycmaeok [JAP no ckopocmu CHUXKeHUs1 Yacmombabl
YctaBku AP no cKOpOCTU CHUXEHMA YacToThl BbibmpatoTcsa B npegenax 1,1 -1,7 Nu/c, a anga noBbIWeHUs
HageXHocTu cpabaTbiBaHNS OHW MOTYT ObITb U MEHbLLE.
YcTaBka 3anycka cXembl KOCBEHHOTO U3MEPEHUSA CKOPOCTU CHXKEHUS YacToTel fi B 3aBucMmocTn oT gedumumta
MOLLLHOCTM MOXET ObITb HUXe, paBHa unu Bbiwe yctaBok AYP-1,T.e. B npegenax 49,5 - 48,9 I'w.
YcTaBka nHTepBana BpeMeHn namepeHusa asyx yactoT pasHa 0,2 - 0,3c (tg)-
Pa3HocTb mexay yctaBkon 4actoThl (fr) mycka n KoHeyHow ycTtaBkon cpabaTteiBaHus (f;) B 3aBMCMMOCTM OT
ycTtaBku BpemeHu (tc) onpegensdetrca no tabnuue 2: no Beptukanum - Bpems (tc;), No ropuaoHTanm - cko-
POCTb CHUXKEHWS YacTOTbl.

Tabnuua 2

Vf, Tu/c

08 (09|10 (1111213 |14 ]|15]|16 |17

tes. €
0,2 0161018 |1 0,20 0,22 ]024|0.26|028)030]|032]|0,34
0,3 0,24 10,27 10,30 | 0,33 0,36 | 0,39 | 0,42 | 045 | 048 | 0,51

Hanpumep: ons obecneyeHus ycTaBKM CKOPOCTU CHWXKEHUS 4YacToTbl, paBHou 1,2 lu/c,npu ycTaBke mnycka

f,=49,20 Ny n yctaske Bpemenn t,=0,3 ¢, MONy4YMM KOHEYHYIO YCTaBKy 4YacTOTbl cpabaTtbiBaHUS:

f, =49,20-0,36= 48,84 'y,

YcTaBka 4actoTbl Bo3BpaTa f, gormkHa 6biTb Ha 0,2 My Bbiwe ycTaBku cpabartbiBaHus (7).

[nsa akoHoMun B KavecTBe ycTaBku nycka (f, + tg;) ncnonb3yetcsa pabodas yctaska AYP, a KoHeYHas ycTaBka

cpabatbiBaHus (f2) BeibMpaeTca no Tabnuvue 2 n yctaHaBnmBaeTcsl Ha CBOOOAHOM pere 4actoTbl YPY-3.

Briokuposka pesie Mo ckopocmu CHUXKE€HUS1 Yacmombl

BriokmpoBka pene 4acToTbl MO CKOPOCTWU CHUXXEHWUSI YacTOTbl MOMYT YCTaHaBNMBaTbCA AN NpedoTBpalLeHns ux
cpabaTbiBaHUsi Npu Bbibere ABuraTenibHOM Harpy3ku.

B 3aBucumocTtu ot npeobnagaHvs acUHXPOHHOW MM CUHXPOHHOW Harpysku yCTaBKka Mo CKOPOCTU CHUXKEHUS
YacToTbl MOXeET cocTaBndaTk 2,5-4,0 ['u/c npu yctaBke Bpemenu 0,2-0,3 ¢ (tci).

Pa3HocTb mexay yctaBkom 4actoTbl nycka (f,) 1 koHe4HOn ycTaBkow cpabatbiBaHus (f;) B 3aBMCMMO-
CTW OT ycTaBku BpeMeHu (i) onpegensetcs no Tabnuue 3 (no Beptukanu - Bpems (ic;), Mo ropnsoHTanu -
CKOPOCTb CHVDKEHWS 4acCTOThl).

Tabnuua 3
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VT, Tu/c
25126 127128(29]30|31]132(33]|34]| 3,5
tc1, C
0,2 0,50(0,52(0,54/0,56|0,58|0,60]|0,62|0,64|0,66|0,68| 0,70
0,3 0,75(0,78(0,81(0,84|0,87|0,90|0,93|0,95|0,99(1,02| 1,05

HAIPY3KA
SEUHXPOHHas aCUHXPOHHaA

YcraBky nycka (f;) 1 koHeuYHyto ycTaBky 6nokMpoBkM cpabaTbiBaHUSA (fz) NO CKOPOCTU CHMXKEHUST YacTOTbl MOX-
HO BbiOMpaTb Ha pasHbIX ycTaBkax YPY-3 ¢ ncnonb3oBaHmemM Tabnumubi 3.

[ns akoHOMUK B KavecTBe yCTaBKu nycka ucnonb3yetcs paboyas yctaska AYP Ha K1, a yctaBka 6noKnpoBkm
BblGupaeTcsa no Tabnuue 3 n yctaHaBnueaetcs Ha K2 - ceobogHom pene YactoTel YPY-3.

Hanpumep: ana obecnedeHns ycTaBkM CKOPOCTU CHWDKEHWUSI YacToTbl, paBHomn 2,8 Mu/cek npu ycTaBke mnycka
f1=49,2 'y, n yctaBke BpemeHm tc1 =0,3 cek, MOnyyYnm, 4TO KOHEYHAs yCTaBka YacToThl cpabaTbiBaHWs paBHa:
f, = 49,20-0,84= 48,36

YcTaBka YacTtoThl Bo3BpaTta f, gormkHa ObiTe Ha 0,2 My Bbiwe ycTaBku cpabateiBaHus (T ).

Ce ]

K1 K2 Ha OTKIIOYEHNe

\L—:-

Ha puc. 10.36. MNpueeneHa cxema AYP Ha ycTponctse YPY-3.
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Puc. 10.36. Cxema AYP Ha ycTponctee YPY-3.
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10.4. ABTOMATUYECKOE PErYNIMPOBAHUE HANPAXEHUA B ANEKTPUYECKUX CETAX
10.4.1. Ha3zHauyeHue perynupoBaHuUsi Hanps>XXeHUs
PaboTta Bcex notTpebuTtenen anekTposHeprun 3aBUCUT OT HOPMAanbHOroO YPOBHSA HanpsxeHus. Hanbonee sko-
HOMMWYHO M HagexHo noTpebuTtens paboTaeT nNpu onpegeneHHOM ONTUMarnbHOM 3HayYeHun HanpsbkeHus. OT-
KIMOHEHWE YPOBHS HamnpsbkeHWst OT HOPMAarbHOMO 3Ha4YeHWs, Kak B CTOPOHY MOHWKEHWS, Tak W NOBbILIEHNS
NPUBOAUT K YXyALLEHU0 ycrioBui paboTel 060pya0BaHMSs, CHKEHNIO NPOU3BOAUTENBHOCTU MEXaHN3MOB, CO-
KpaLlleHuto cpoka cryx0bbl anekTpoobopyaoBaHus, Gpaky npoaykumnm.
Tak, Hanpumep, Npu CHYWXeHUN HanpsxeHns Ha 10% BpallaloLWwmMn MOMEHT aCUHXPOHHBIX ANeKTpoaBuraTenen
ymeHbliaetcss Ha 19%, COOTBETCTBEHHO YMEHbLUAETCH U MPOU3BOAUTENLHOCTL NPUBOAUMOrO MexaHu3ma.
Pe3ko cHuxaeTcs NpousBoAUTENbHOCTL dMEKTpONneYen, BpemMs NnaBky B KOTOPbIX yBenuumsaetcs B 1,5—2
pasa npu CHWKEHUM HanpshkeHus Ha. 5%. B ocBeTUTENbHbLIX YCTaHOBKaX CHWXEHUE HanpsbkeHns Ha 5% Bbl-
3blBaeT CHMXeHne Ha 17,5% cBeToBOW OTAAYMN.

’

Ur Un Un

J12
—
P+jQ 112
J11 D

Puc. 10.37. Cxema ceTu, NOSICHSAOLWAA NPUHLUMUNLI PErynnpoBaHUS HanpsKeHns

He meHee BpefHble NOCNeacTBUSt UMEET U Ype3MEPHOE MOBLILLIEHNE HANPSXXEHUS, CNEACTBMEM YEro SIBNSAET-
CSs1 YCKOPEHHbIV BbIXOA M3 CTPOSl OCBETUTESbHbIX NaMr, HarpeBaTenbHbIX YCTAHOBOK M APYroro anekrpoobo-
pyooBaHus. Tak, HanpuMep, CPOK Cry0bl OCBETUTENbHbBIX NamMn HakanMeBaHusa cokpawaeTtcs Ha 15% npwu no-
BbILLEHUN HanpsbkeHnst Ha 1% 1 B 3 pa3a npu NoBbIlWeHUN HanpsbkeHnst Ha 10%.

CornacHo lNpaBnnam ycTponCcTBa 3NEKTPOYCTAHOBOK, 3a UCKIOYEHMEM Hanboree OTBETCTBEHHbIX YCTaHOBOK,
OOMyCKaeTCs OTKIMOHEHWE HanpshkeHus y noTpebutener He 6onee Yem Ha £5%.

HanpsikeHne Ha LnMHaX HU3LLEro HanpsPKeHUs MPMEMHON nogcTaHumm (puc. 6-1) paBHo

_PR+OX 1 (10.15)

2 ]
Un nT

U,~=U
roe

n — HanpsaxeHume Ha WunHax BbiCWEero HanpsaxeHusa I'IpI/IeMHOI7I noacTtaHunu;

; HanpsKeHne Ha LMHax reHepaTopa;

, X — aKTMBHOE W peakTMBHOE COMPOTUBIIEHUS NMUTAIOLLEN NMHUKM U TpaHcopmaTopa;
, O — aKTMBHasi 1 peakTBHasi MOLLHOCTU, NepegaBaemMble Mo SIMHUK;

N § O
|

S

T —  KO3(ppUUMEHT TpaHchopmaL MM CUITOBOro TpaHcopmaTopa.

Ha ocHoBaHuu BblpaxeHust (10.15) MOXHO caenaTb 3akmnioYeHne, YTo U3MEHNUTb HanpsKeHue y noTpebutens
U, MOXHO crneaylowummn cnocodamm: M3MeHEHNEM HaMNpPsKEHUS Ha LUMHAX reHepatopa; N3aMeHeHuem Koadp-
duumeHTa TpaHcdhopMauun my TpaHcdopmaTopa, yCTaHOBIIEHHOMO Ha NOACTaHLMWN; U3MEHEHNEM PEAKTMBHON
MOLLHOCTU Q, nNepegaBaeMon MO fIMHUKU, YTO MOXET OCYLUECTBMATLCA PEryrMpoBaHWEM BO30YXXOEHUSA CUH-
XPOHHbIX KOMMEHCATOPOB UMW 3NIEKTPOABUraTenen, a Takke BKIIIOYEHNEM M OTKIOYEHMEeM GaTtapen KOHOEH-
CaTopoB, YCTAHOBIEHHbIX HA NOACTaHLMN.

B HacToswen rmaBe paccmaTpMBaeTCs perynupoBaHMe HanpshkeHnst ¢ MOMOLLBIO TpaHcdopmaTopoB 1 6ata-
pew KOHAEHCaTOPOB, YCTAHOBMNEHHbIX HA NPUEMHON NOACTaHLUNN.

10.4.3. ABTOMaTH4YeCKME perynaTopbl kKoadcpuumeHTa TpaHchopmaumm TpaHccopmMaTopoB

Cxembl aBTOMaTMYECKOro perynmpoBaHns HanpsXXeHUs Ha NOACTaHUMSAX U3MeHeHNeM KoadpduumeHTa TpaHc-
dhopmaumm TpaHcopMaToOpPOB MPUMEHSAIOTCH MPAKTUYECKN Ha BCeX TpaHcdopmaTopax, OCHALLEHHbLIX YCTPOK-
CTBaMW perynupoBaHus HanpshxeHus nog Harpyskon (PIH). CornacHo TpeboBaHusam MNTO, Bce TpaHcdopMa-
TOpbl AOMKHbI paboTaTb ¢ BBeAeHHOW aBTomaTukon PIMH, a oTka3 oT npuMeHeHUs aBTOMaTUKW AOIKeH ObITb
06ocHoBaH. MNprunHon oTKasa MoXeT ObiTb HemcnpaBHocTb PIH, TonykoBasi Harpy3ka, NpMBoAsLLas K Hego-
nycTumo 4actomMy nepeknodeHmto PIH, ncuepnanmne pecypca nepekntoyartens, HeobxoanMocTb ero peBm3nm
UK 3aMeHbl Macna.

C 1974 r. oTeuecTBEHHbIE 3aBOAbI, BbiMyCKaloLme TpaHcopMaTopbl, KOMMAEKTOBaNM WX aBTOMaTU4eCKUMmn
perynstopamu HanpsbkeHusa (APHT) tunoe APT-1H (BAP) a 3atem APT-1M. [Ina nepekntoveHus otnaek o6-
MOTOK TPaHCHOPMTOPOB Mcnonb3oBanuck npusoga PIMH, cambiMyn pacnocTpaHeHHbIMU 13 KOTOPLIX ABMSATCS
oTedecTBeHHble [MAMN-1, NAMN-4Y, BcTpoeHHbIN GbicTpoaencTaytowmin PHTA-35, n 6onrapckue M3-2, M3-4.
OnekTpomoTopHbin npusof PINMH npegHasHaveH Ans CTyneH4aToro nepeknoyeHust otnaek 0bMOTOK TpaHc-
dopmatopa. Npmeog obecneymBaeT Takme pexmmMbl yrpaBneHus:

e MecTHoe (KHoMKamu Ha NpuBoae);
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e  NCTaHUMOHHOE (KMYOM CO LuTa ynpaBreHus);

e aBTOMaTu4eckoe (yctponctsom APHT);

®  pYYHON (MexaHn4yeckoe nepekroyeHne npu NoMoLLM cneLmnansHoOn pyKoaTKU Ha NpuBoae).

PyyHoe ynpaBneHue PIH npumMmeHsieTcs npu ero Hanagke, npyM OTCYTCTBUM MUTAIOLWErO HanpsXeHns, unm npu
HEenCnpaBHOCTW 3MNEKTPOMOTOPHOro npueoga. W3 ycrnosuii 6e3onacHOCTM nepcoHana, pyvyHoe yrnpasreHue
npusogom PINH nog HanpsikeHMeM 3anpeLlaeTcs.

Yawe Bcero, npusoa PINH nmeet 9 unu 19 ctyneHen perynupoBanus. Kak npasuno, nepeknioyvarTcs oTnan-
kv 06MoTkM BH, Torga MmakcumaneHOMY KONMYECTBY BUTKOB, T.€. MMHMMAarbHOMY HanpshkeHMo COOTBETCTBYET
«1-e» nonoxenue npueogda PINMH, a MMHMManNbHOMY KONMYECTBY BUTKOB M MakCMMarlbHOMY HanpshKeHU Co-
OTBETCTBYET «n-e». Y 2-x 00MOTOYHbIX TpaHcdopmaTopoB 110/10kB nogctaHuunm «rnybokoro Beoga» «1-e»
nonoxeHune npusoga PINH cooTBeTCTBYeT MakCMManbHOMY HamnpsbkeHUto, a «n-e» - MUHUManbsHoMy. Teky-
wee nonoxeHune PIH onpepensetca no numby ykasaTtens nonoXeHus Ha NpuMBoae, UM No 3NEKTPUYECKOMY
yKasaTternto nonoxeHus Ha wute ynpasneHus. MNpu nonyveHnn komarabl «lMpubasutb» («Y6aButb») npueosa
PINMH HaumMHaeT nepekntoyeHne, Npu 3TOM 3aMbIKatoTCsl KOHTaKTbl KOHTpOrnepa, obecneynBaroLLme NePEKITHO-
YeHne Ha OgHy CTyMneHb, 1 BblgawLwme ansa 6noka aBTomatukm curHan « et nepexnioyeHmney.

Heobxooumo oTMeTuUTb, YTO Mpu ANUTEnbHOM akcnnyataumn PIH, B pe3ynbTate usHoca getanen ero npu-
BOAA, 3arpsA3HEHNS MarHMTONPOBOAOB UM 3ameafieHns OTnagaHus YCTaHOBIEHHbIX B HEM NMyckaTenen, NpMBosa
MOXET He OCTaHOBMUTBCS MPU NEPEKMOYEHMN Ha OOHY CTYMNEHb, @ NPoSOoIKaTbh MEPEKITIOYEHUSA 4O KOHEYHOMO
nonoxenus n ganee. Npu aToM perynupyemoe HanpsiKeHUsl MOXET BbIATU 3a gonycTuMmble npegens (9,5 —
11,5«kB gns wwmH 10kB), yTo onacHo gns anekTpoobopyaoBaHusa notpebutenen. Ycrtpownctesa APT-1H n APH-
1M Takyto HemcnpaBHOCTb NpuBoga PIMH He BbisBnsAoT. [ANa MCKNOYEHUS ONacHOro noBbileHUsT (MOHMKe-
HWS) HAaNPSXXeHUs Npu HencnpaBHocTU nNpuBoda PIH, Heobxogumo npegycmatpuBaTh CrieumanbHyo 3awmTy,
OENCTBYIOLLYIO HA €r0 OCTaHOBKY MyTeM OTKITHYEHMS MUTAKOLWEro HanpsbkeHus. 3awmTta MoXeT ObITb BbINOM-
HeHa Kak oTAenbHOe YCTPOMCTBO, UNN Xe BXoauTb B cocTas ycTporncTBa APHT, kak, Hanpumep, y ycTponcTea
PC83-B4. MpusHakom HeuncnpaBHocTu npusoga PINH mMoxeT ObiTb He HoOpMarbHOe NoBbILEHME (MOHWKEHME)
HanpsbKeHUs1, OTCYTCTBUE Nay3bl MexXay uuknamu v T.4.

YCTPONCTBO aBTOMaTMYECKOro perynnupoBaHus HanpsbkeHus TpaHcdopmatopa (APHT), Hanpumep, Tuna APT-
1H, npegHasHayeHO 4N aBTOMATUYECKOro YNpaBfieHUs 3MEeKTPONpMBOL4AMMU MepeknyaTens oTnaek Ha ob-
MOTKax cunoBoro TpaHcdopmatopa (PIMH) umnynbcHbIM, nnn HenpepbiBHbIM curHanom. APHT wumeeT BO3-
MOXHOCTb BbINOMHEHNS] BHELUHETO U3MEHEHUSI YCTaBKM MO HanpshKeHWU0, KOHTPONS MCMPaBHOCTU TpakTa pe-
rynupoBaHus n anektponpueogos PIH, 6noKnMpoBKkM u curHanuaaumm npyv Mx HEMCnpaBHOCTW, FPynmnoBOro
perynmpoBaHus Heckornbkumu npmeogamu PIMH, koHTpona n 6nokupoBkM npu paccornacoBaHun PINH napan-
nenbHO paboTatolwmx TpaHcopmMaTopoB.

CtpykTypHas cxema yctponctea APHT npeacrasneHa Ha puc. 10.38. OHa cogepXuT TpyU OCHOBHBIX OYHK-
LMOHanbHbIX 3BEHA: TPaKT perynupoBaHnsa ¢ ABYMS KaHanamu ynpasrneHus (Ybasumb — Ha NOHWXEHWE Ha-
npsbkeHus, MMpubasums — Ha NOBbILLEHUE HanpsXkeHus); B6nok ynpasneHus n koHTponsa bYK, reHepaTop Tak-
TOBbIX UMNYNbCOB [ TH C aNeMeHTOM U3MEHeHUs nepnoaa criefJoBaHNs TakTOBbIX UMMYMbCOB.

B coctaB TpakTa perynupoBaHusi BXOOAT criefylolime anemMeHTbl: cymmartop 1, Aatyuk Toka 2, anemeHTbl
OpPMUPOBAHUSA U N3MEHEHUS 30HBI HEYYBCTBUTENLHOCTUN N ycTaBkn APHT, namepeHusa n pasgeneHus kaHa-
noB c npeobpasoBatensamu 3; aneMeHTbl BpeMeHn 4 1 5; anemeHTbl 3anpeta 6 u 7, UCNONMHUTENbHbIE ane-
MeHTbI S 1 9.

Ybasumb
lMpubasume
L
12
CueHanusayusi ! beennned beeeeeed - E CueHan
e | IR ' riepekto-

. YyeHus
Puc. 10.38 CtpykTypHasa cxema aBTOMaTUYECKOro perynsatopa HanpsXeHus, yCTaHaBrMBaeMOro Ha TpaHc-
dopmaTopax

KoHTponupyemoe HanpsikeHue U, BbipabaTtbiBaeTca B cymmaTope 1, BxogHoe HanpsbkeHue U, cymmupyetcs
¢ HanpsikeHmem Up,, OT gatynka Toka 2 (OCyLLecTBNsieTCA TOKOBas KomneHcauwmsi). brnarogaps TokoBon Kom-
neHcauumn obecnevnBaeTcs Tak Ha3blIBaEMOE «BCTPEYHOE pErynmpoBaHuey», HeOOXoaMMoe Ans NoaaepXaHnst
HanpshKeHus Ha WuHax y notpebutens. bes TokoBon komneHcauun APHT nogaepxuan Obl NOCTOSAHHBIM Ha-
NnpsbkKeHne B TOM MECTe, r4e OH YCTAHOBJIEH, T. €. Ha LUMHAX NMUTAaKLWeN NoacTaHuun. HanpspkeHne Ha WwmnHax
notpebutenst Upomp OTNINHAETCA OT HANPSXKEHNA Ha LUMHAaX HUSLLEro HanpsxeHus nutaolen nogcraHuum U,
Ha BENUYUHY NadeHWUs HanpshKeHUst B NMIMHUM U OyaeT M3MEHATbCHA MPU U3MEHEHUM ToKa Harpysku, Mpoxo-
AALLEro Mo MUHUNA — lyaap. (CM. pnc.10.39).
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Puc. 10.39. Cxema noaknoyeHns TOKOBOWM KOMMNEHCcaUUKN K usmeputensHomy opraHy APHT
U =U, -1 Zz (10.16)

nomp n nazp " %n
roe

Z, — conpoTuBneHve nuHnm J12.

Yem GonblLue TOK Harpy3ku, NpoxXoasawmi no nuHum J12, TeM HKe OKaXeTCsl HanpsikeHue y notpeburtens. [ns
TOro 4toObl NoAdEepXMBaTb MOCTOSIHHBIM HanpsXXeHue y notpebutens, nameputeneHbin opraH APHT n go-
NoNIHAETCHA TOKOBOW KomneHcauuen (cm. puc. 10.35).
Mpwn BKIMOYEHHOW TOKOBOW KOoMMeHcauun (conpotmenenna R u X Ha puc. 10.35) kK nsmeputensHomy opraHy
APHT 6ygeT nogasatbcs HanpsbkeHue f/per, pasHoe:

* U Iuazp
Unep = =25 Lo (10.17)
U 1
roe
Z,,. — CONpOTMBMEHME TOKOBON KOMMEHcaLmm;

k;, ki — xoadhbduumeHTbl TpaHchopMaLmMm TpaHCHOpPMaTOPOB TOKa U HAMPSHKEHNSI COOTBETCTBEHHO.

Ecnu ¢ yueTom KoaghhmUMeHTOB TpaHchopMaLMy Toka U HanpsixeHnsi BbiIGpaTb conpoTusnexune £, Takum,
YTOObI YA0BNETBOPANOCH COOTHOLLIEHNE

kU
ZJI = me o5
kI
MOXHO 3anuncaTtb, YTO HanpsaXxeHne, nogaBaeMoe Ha peryndatop paBHO:
Upez'kU =Un_Inazp'Zn (10.18)

CnepoBaternbHoO, Ha naMeputenbHbin opraH APHT OyaeT nogaBatbcs HanpsbkeHwe, NponopumoHanbHoe Ha-
NpsHKEHMIO Ha WwnHax notpedutenst Upomp, M aBTOMaTHKa ByaeT nogaepxusaTb NOCTOSHHOE HanNpshXeHne Ha
LUMHAX MMEHHO Yy noTpebutens. Mpu 3TOM HanpsbkeHWe Ha WWHaxX noacTaHumMm byaeT M3MeHsITbCs B 3aBUCU-

MOCTW OT TOKa Harpysku, kak rnokasaHo Ha pwc.10.40. HaknoH xapaktepuctukn U, = f(I,mzp) Bynet Tem

Bonblie, YeM Gonblle ConPOTUBMEHUE Z,,

A
Un Ul7=f(|Harp)

Unom

|Harp

>
>

Puc. 10.40  Xapaktepuctuka APHT ¢ TokoBOIM KOMNeHcaumen

AnemeHT 3 (cM. puc. 10.38) obecneumBaeT npeobpasoBaHMe CUrHanoB, NOCTynawLmMxX OT cymmaTopa, dop-
MUPOBaHWE 30HbI HEYYBCTBUTENBHOCTU, U3MeHeHUe ycTaBkn APHT v Bbigady curHanoB Ha arneMeHTbl Bpeme-
HU 4 1 5. YcTaBka perynaropa no HanpsbkeHuto perynupyetcsa ctyneHamm ot 85 0o 110% HoMmMHaneHoOro ye-
pe3 1%. Perynsatop umeeT 30Hy HEYYBCTBUTENBHOCTU, HEOOXOAMMYHO ANsi NPeaoTBpaLLeHNst U3NULLHUX Nepe-
kntoyeHun PIH npu HeGonbLumnx KonebaHnsix HanpsXXeHUs. YCTaBKM Mo 30He HEeYYBCTBUTENbHOCTU PErynmpy-
totcs oT 0 40 4% HOMMHANBHOIO HaNPSPKEHNS.

C nomoLpbto anemeHToB 4 1 5 co3gaeTcs BblAepXKa BpemMeHn Ha cpabaTbiBaHve (Mpegensl perynmpoBku 60—
180 ¢ ansa APT-1H nnn 20-160 gna APT-1M) u ocylwecTBnseTca 3agepxka cbpoca HaKOMIIEHHOrO BPEMEHM
ONS OTCTPOVKU OT KPaTKOBPEMEHHbIX OPOCKOB KOHTPONMMPYEMOro HanpsbkeHusi. B uenu kaxgoro MCnonHu-
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TEnbHOro anemeHTa 8 n 9, orpabaTbiBalOWMX KomaHabl Ybasums v [Mpubasump, BKNOYEHbI COOTBETCTBEHHO
anemeHTbl 3anpeta 6 n 7. dencteue APHT npekpalwiaetca aneMeHTamu 3anpeta npu OCTUXKEHUM NpUBOA-
HbIMW MexaHW3MaMWn KOHLEBbIX MOMOXEHWUW, a TaKXe Npu HEeUcrpaBHOCTHAX SNEKTPONPUBOAOB U dMNEeMEHTOB
CXeMbl perynaropa.

Ynpasnsowue kOMaHabl Ha aNeMeHTbl 3anpeTa nogatTcs oT bYK, B cOCTaB KOTOPOro BXOAAT TpW afieMeHTa:
KOHTPOMb mMcnpaBHOCTU perynsaTopa 710, KOHTPONb MCNpaBHOCTW anekTponpusoda 771 u ukcaumm curHana
“MepekntodeHne” anektponpmueoga 712. OgHOBPEMEHHO C kKOMaHAaMmu Ha 3anpet gencteusa APHT BYK paet
CUrHan o Hanuyun HemcnpaeBHOCTU. ICNPaBHOCTb SNEKTPONPUBOAOB KOHTPONMPYETCS MO pe3ynbTaTy BbINos-
HeHusa koMaHabl ynpasnexus (“Mowen” nnu “He nowen”) n no BpeMeHn nepeknoyeHns (“3akoHumn” nnn “3a-
cTpsan’).

Bnok ynpaeneHusa n KoHTponga ynpasnseT U3MepuTenbHbIM OpraHoM 3 U reHepaTopoM TakTOBbIX MMMYMbCOB
(F'TN) 13. Npwn nepekntoyeHnn anektTponpmeoga PIH yepes anemeHT 3 6YK gaeT curHan npoBepKu 1 vepes
UCNpaBHbIN TPaKT perynnupoBaHns BbIKMIOYAET UCMOSHUTENbHbIE 3NIeMeHTbl 1 OAHOBPEMEHHO JaeT KomaHay
Ha U3MeHeHve nepuoga cnegoBaHus TakToBbIX MNynbcoB ' TU. Mo 3aBeplueHUn uukna nepeknioyYeHns anek-
TponpuBogamun LYK, nonyyawmowmn curHan yepes arnemeHT 712, BOCCTaHaBNMBAET MCXOOHbIA Nepuof criefo-
BaHWst UMMYbCOB [ TH n BO3BpaLLaeT Sf1EMEHT 3 B UCXOOHOE MOSOXEHME.

["eHepaToOp TaKTOBLIX MMMNYMbCOB BblAaeT B pasHble TOYkM cxeMbl APHT umMnynbcebl ¢ onpegeneHHon 4yacTo-
TOon, obecneunBasa paboTy OTAEmNbHbIX 3MEMEHTOB CXEMbl M 3agaBasi MaclwTtab BpemMeHn Anda OLeHKu npa-
BUMNbHOCTM NOCNe0BaTENbHOCTU U ANUTENBbHOCTU AEACTBUS Pa3HbIX 3N1IEMEHTOB YCTPOMCTBA. [1pn CHMXEeHUn
HaMNPsPKEHUS HUXKE rPpaHKLLbl 30HbI HEYYBCTBUTENBHOCTM 3NIEMEHT BPEMEHN 5 3anyCcKaeTcsl U C yCTaHOBNEHHOM
BbIOEPXXKON BpeMeHn cpabaTtbiBaeT, BbiaaBas CUrHamn Ha UCNonHUTENbHbIA aneMeHT APHT. AHanoruyHo 6y-
net pabotatb APHT npu NoBbILLEHWUM HAMPSHKEHUS YEPE3 SNIEMEHT BPEMEHM 4.

Ecnu nepekrntoyeHne snekTponpmBoaa 3aepXUTCsa Y 3aKOHYUTCS NULb Nocne onpefeneHHoro Takta, Bblaa-
Baemoro ['TU, nnm coBcem He npousongeT, UKCMpyeTcs ero HeucrnpaBHOCTb — “3acTtpeBaHue”. Kak yxe oT-
Me4arnoch Bbllle, C 3anyCKOM 3M1eKTPONpMBOLOB U3MEHSIETCH YacToTa cnefoBaHnst umnynecoB. CoxpaHeHne
NpeXHen YacToTbl CBUAETENbCTBYET O HENCNPABHOCTU B CUCTEME PerynvpoBaHus.

B cnyyae napannenbHon paboTtbl AByx u 6onee TpaHcdopmaTopoB APHT gormkeH BO3OencTBOBaTb OOHO-
BpeMeHHO Ha nepekntoveHne scex PIH.

[na npepoTBpalleHnsa NpoxXoxaeHnsa 6onbLUMX YPaBHUTENbHBIX TOKOB B Clyyae pasnuyumsa koddduuneHToB
TpaHcdopMaLmm napannenbHo paboTatLlmx TpaHcopMaTopoB npeaycmMaTpuBaeTcss 6NOKMpOBKa, OTKIHO-
yarowas genctsme APHT npu paccornacosanuu PINH Ha ogHy cTyneHs.

Aemomamud4eckull peaynsmop HanpsihkeHuss APT-1H

APT-1H (BAP) koHTponupyert:

e VcnpaBHoCTb Lenen KoHTponupyemoro HanpsbkeHus (~100 B ot TH);

e WcnpasHocTb npusoga PINH;

e lcnpaBHOCTb CaMoro yCTpomuCTBa.

Mpn HencnpaBHOCTM OOHOMO U3 KOHTPONMPYeEMbIX anemeHToB BAP 6nokupyeTcs, 1 6onblue KoMaHg He Bblaa-
eT. VcnpaBHOCTb Lienen HanpsKeHUst KOHTPONMpyeTcs cnegyowmm obpasom. Mpu Bbixoge KOHTPONMpyemMo-
ro HanpshkeHus 3a npegenbl «30Hbl HEYYBCTBUTENBHOCTUY, orpaHudeHHon npegenamu UycTt.£1/2 U30HbI He-
yyBCTBUTENLHOCTM, BAP C 3agaHHOW BbIOEPXKKOW BpeMeHW BblgaeT komangy npusogy PIMH «Y6aButb»
(«MNpnbaBnTby»). Monyyns komanay, npueod PIH HauvHaeT nepeknodeHne u BbligaeT curHan «Mget nepe-
KrnoyeHve» ans 6yoka aBTomMatMku (3aMbIKatOTCA KOHTaKTbl KOHTponniepa B npusoge PIMH ). Henonydenne
6rnokom BAP curHana «Vget nepeknoyeHmey OT NpuBOAA, CBUOETENLCTBYET 00 HeMCnpaBHOCTU NpuBoAa.
Mpn atom BAP GrnokupyeTcsa u BbigaeT curHan «PaccornacoBaHue». APT-1H koHTponupyeT Bpemsi Lukna
NepPEKITYEHNs], KOTOPbIA OOMKeH 3akoHUnTbes 3a 10 cek (Mnm 30 cek). .BonbLUMHCTBO TMMNOB NPUBOLOB MME-
10T Bpems nepekrtodeHnst meHee 10 cek. Ecnu npmsog PIMH He 3akoHYMn nepeknioveHne 3a BpemMsi 40nyCTu-
MoM anuteneHocTu umkna, BAP 6nokupyeTcs, BolgaeT curHan «3actpeBaHme» 1 BonbLlue KoMaHg npusoay He
BblgaeT. [Npu nonyyeHuun ot npmeoga PIH curHana «/get nepeknioyeHuney, B 6rioke aBToMaTuku NPONCXOAUT
cnegywoulee:

e BAP pacwmpsieT 30Hy HeuyyBCTBUTENbHOCTM A0 Npeaenos AONYCTUMOrO YpOBHS HanpsikeHus. [pu wmc-
NpaBHOCTK Uenen, YpoBEHb HanpsKeHUs nonagaeT B pacLUMPEHHYI 30HY HEYYBCTBUTENbHOCTU, W OOMKHbI
BEPHYTBCS B MCXOOHOE MOMOXEHWE 3MNeMeHTbl kaHanoB «Y6aBuTb»(«[pnbaButb"». HeBo3BpaT anemeHToB
KaHanoB CBUOETENbCTBYET 06 HEMCNPaBHOCTW LieNen KOHTPONMPYEMOrO HanpsKeHWs!, UM BHYTPEHHUX arie-
meHToB BAP. MNpn atom, BAP GriokupyeTtcs, n 6onblue kKOMaH4 NpyMBoay He BbigaeT. Tak, Hanpumep, OTCYTCT-
BME KOHTPONMPYEMOrO HanpshKeHus1 cHadvana BocnpuHuMaeTtcss BAPom kak To, YTo HanpsikeHne Huxke «30HbI
HEeYyBCTBMTENbHOCTU», U OH BbldaeT komaHay npusogy PIH «[pubaButb». Ho Tak kak npu pacwmpeHuu
«30Hbl HEYYBCTBUTENBHOCTM» YPOBEHb KOHTPONMPYEMOrO HaMNPsPKEHUSA He NonagaeT B Hee (HanpsbkeHne paBs-
Ho 0), BAP 6rnokupyeTcs.

e TakTtoBbI reHepaTop BAP nepeknioyaeTcsa Ha BblAEPXKKY BPEMEHU, COOTBETCTBYIOLLYIO JONYCTUMOMW Npo-
OOMKNTENBHOCTU uMKkna nepeknoyeHmsa PIH. 3aBeplienne uyukna nepekntoderms PIMH  (npekpawexne cur-
Hana «/geT nepekrnioveHne») 3a BpemMs MeHee OOMyCTUMOro, CBuaeTenbcTByeT o6 ero ucnpasHocTU. Ecrim
nepekrnYeHne He 3aKOHYMTCA 3a JONyCTUMOe BpeMmsi (KOHTakTbl KoHTponnepa PIMH He pa3somkHyTcs), BAP
OnokupyeTcs, BblgaeT curHan «3acTpeBaHuey, n 6onblie KOMaHa NpuMBoa4Y He BblgaeT.

Taknm o6pas3om, Npu HEMCMPABHOCTW perynatopa wunu npueogda, BAP moxeT BblgdaTb TONMbKO OAHY FOXKHYHO
komaHgy. Onsa pasbnokvpoBaHnss BAP Heobxooumo HaxaTb KHOMKY «OTkn.6nokupoBku». MMpu oTKNOYEeHUU
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uenen TH ong npoBepku, unm npu onepaTyBHbBIX NEPEKIIOYEHNsX Ha nogcTaHumm, BAP GnokvpyeTcsa n ans
€ro pa3brokMpoBku TpebyeTcsa BMeLaTeNnbCTBO 0OCAYKMBaOLLErO NepcoHarna.

Mpn nepexoae npmeoga PIH B KOHeYHOE nonoxeHne «1-e» («n-e»), 3aMbIKalTCA KOHEYHbIE BbIKoYaTenu ,
3anpeLlarLme ganbHenwmne nepeknoyeHnsa npueoda u 3anpetlarowme 6noky BAP perynupoBaHune B CTOpO-
Hy «Y6aBuTb» («pnbaBnTb»).

[ns BbINOMHEHWS BCTPEYHOro perynmpoBaHns HanpsbkeHne Ha 6ase APT-1H, npumeHsieTca otaenbHbin 6ok
partyumka Toka [T.

Aemomamudyeckul pecynssmop HanpsixeHust APT-1M

BbINOMHEHHBbIN Ha UHTErpanbHbIX MUKpOCXeMax perynsatop HanpsbkeHus TpaHcdopmaTopa tuna APT-1M pa-
6oTaeT aHanornyeHo BAP, HO MMeeT HeKkoTopble OCOOEHHOCTU. YCTPONCTBO COAEPXKUT OAMH UMK OBa BCTPO-
€HHbIX AaTyMka ToKa ANs BCTPEYHOro perynnpoBaHus HanpshkeHus. B ycTponcTBo BCTpoeHbl 4 manorabapur-
HbIX perne-noBTOpUTENs, Ucnonb3yemble AN ranbBaHUYECKOW pasBA3ky Lenen nogkniodaemblx K APT-1M.
Perynunposka yctaBkn «30Ha,%» 1 TOYHasa perynupoBka «YcTtaeka U» ocyLlecTBnseTcst NNaBHO, NPy MOMOLLM
nepeMeHHbIX pe3ncTtopoB. Pexum paboTbl perynstopa vHouumpyetcs 5-10 ceetogmogamu: «Ux», «+»,«-»,
«Mepekn.», «bnokmp».fNlpn nc4e3HOBEHNMN KOHTPONIMPYEMOTO HaMNpPSHKEHUs WKW ero Mnocagke HUXe YpPOBHS
0,5-0,7U HomuHanbHoro, 3axuraeTtca ceetoamod «U» n 6rnokupyeTcsa kaHan “npubasums” perynsitopa APH-
1M. lMpun BOCCTaHOBRNEHUN HOPMANbLHOTO YPOBHSA HanpsxeHusd, APT-1M pasbnokupyeTcst aBToMaTUYECKN.

Peaynsmop PC83-B4

®dupmon «P3A cuctem3» paspaboTaHO YCTPOWCTBO aBTOMAaTUYECKOrO PerynMpoBaHWs HanpshkeHws Tuna
PC83-B4 peanuaylollee Takue npenmyLLecTBa MUKPONPOLLECCOPHbIX YCTPONCTB, KaK BblCOKad TOYHOCTb U Ha-
OEXHOCTb YCTPOWCTBA, MHOUKALMSA YPOBHSA KOHTPONMPYEMOIO HaMpsPKEHWS HA MUHW AMChnee, BO3MOXHOCTb
paboTbl B fiokanbHom cetn yctponcts P3A n TeneynpaeneHue npmsogom PIH. B ycTporicTBe peanv3oBaHbl
BCTPOEHHbIE (DYHKLMM BITOKMPOBKM MO TOKY, KOMMEHCALUM BIIMAHMSA TOKA Harpy3ku, ABe rpynnbl yCTaBOK.

10.4.4. MNMopspok Bbi6Gopa yctaBok APHT

Bbibop ycTaBok NpuBOANTCA NpUMEHNTENBHO K ycTponctsy APT1M. [Ina gpyrMx yCTPOWCTB OCHOBHLIE YCTaB-
Ku BbIOUpaloTCa aHanormyHo.

1. Boibop ycTaBku perynmpoBaHnsi No HanpshkeHuto. MNMpons3soanTcs UCXOAst U3 PEXMMHBIX coobpaxeHun. Mpu
3TOM MCXOOAT U3 pPeXMMa MUHUMATbHbBIX HArpy3oK, Npy KOTOPbIX BEMMYMHA HANPSPKEHUS Ha LUMHAX, @ 3HauuT
1y BONM3un pacnonoXeHHbIx NnoTpebutenen He gosmkHa npeBbicnTb 1,05 Uyop.

2. Bbibop ycTaBku TOKOBOW KOPPEKLNW YPOBHSI PEMYIIMPYEMOTO HanpsiXeHUs.

Kak ckasaHo Bbille, TOKOBas Koppekuusa Heobxoamma B cnyvae paboTbl perynsatopa B pexvmMe BCTPEYHOro
perynupoBaHusi, korga TpebyeTcsi KOppeKkUums YPOBHSA PEryMpyemMoro HamnpsiKeHust Mo TOKY Harpy3ku OOHOW
UK rpynnbl JIMHWRA.

Bbibop ycTaBKM TOKOBOW KOPPEKLUMU OCYLLECTBNSAETCA MO TPpeOyeMOon BenuYMHE HanpsbkeHWst TOKOBOW KOp-
peKkumMKn, KoTopas, B CBOK ovepenb, 3aBUCUT OT NadeHUs HanpsPKeHWUs B NMHMW MPU MPOTEKaHWMU MO Hen Toka
Harpysku.

[insa BoiGopa yCcTaBKM TOKOBOW KOPPEKLMN HEOBX0ANMO:

—nNpu 3alaHHOM TOKe Harpysku onpeaenntb NageHue HanpsbkeHUs B NUHUU MeXOy TOUYKOW NOOKNIOYEHUS U3-
MepuUTENbLHOro TpaHcdopMaTopa HanpsXXeHus!, MUTaoLWEro BXo perynsaropa, U TOYKOW NoAKMiYeHnsa notpe-
OuTenst aNekTpPUYECKON Heprum (Harpysku), HanpsbkeHWe y KOTOPOro AOSMKHO NOAAEPKMBATLCA B 3adaHHbIX
npeaenax;

—pasgenuTb 3TO HanpsXXeHne Ha Ko3prumneHT TpaHchopMaumnmn n3mepuTensHOro TpaHcopmaTopa Hanpsa-
XXEHUs1 U Nofy4YeHHoe 3HayveHne V yctaHoBuTb no wkane “1 KOMIEHC, V' — gna nepBon yCTaBkM Hanpsixe-
Hus 1 no wkane “2 KOMIMEHC, V” — ansa BTopon yCcTaBkn HanpsiXeHusl.

lMpoBepseTca HanpsXkKeHWe Ha LUMHAX, KOTOpoe NpW UCMONb30BaHUM TOKOBOW KOPPEKUMM HEe OOMMKHO MpeBbl-
cutb 1,05 Uyon MCXOOS M3 YPOBHSA HanpsxeHns y 6nmsko pacnonoxeHHbix notpebutenen. MNpn HeBbinonHe-
HUW TaKOro yCroBUSI N3MEHSIIOT YCTaBky Mo M. 1. 1N onaTb NPOBEPSIOT HaNpsiKeHWe ¢ y4eToM Koppekumu. He-
06x0aMMOo [o6uTbCH, YTOObI HanpsbkeHve y yaaneHHblX notpebutenen He cHwkanocb Huxe -5% a y 6nu-
Xanwumx nosblwanock Beiwe 5%. He cnegyet 3abbiBaTh, YTO HanpsbkeHWe y NoTpebutenen MOXHO KOPPEKTU-
poBaTb NyTeEM M3MEHeHMs MonoxeHus nepekntodatenen NBH (aHuand) Ha TpaHcdopmaTopax notpebute-
nen B npegenax +5%..

OnepaTuBHOE WM3MEHEHME YCTaBKW PErynMpoBaHUSA C OOHOMO 3apaHee BbIOpaHHOro 3HayeHus Ha gpyroe
BHELUHMM pENENHbIM CUTHaNoM MO3BONSET BBECTU MPOrpamMHOE perynMpoBaHUE HanpshKeHus no OBYXCTY-
neHyatomy rpadmky, B YaCTHOCTM, CYTOYHbIN rpadiuk C yCTaBkaMu COOTBETCTBYIOLLMMMN pEXUMAM MUHUMAanb-
HOW N MaKCUManbHOW Harpy3ku, UnNn HeaenbHbIn rpaduk ¢ yctaBkammu paboyvero u BbIXOAHOIO AHSA. 3TO MO-
XeT No3BoNuTb M3bexaTb NPMMEHEHNs TOKOBOW KOPPEKLUK, BbIBOp yCTaBOK KOTOPOW MpeacTaBnsieT 3Hauu-
TenbHble CMOXHOCTH.

1. BbI6Op WMPWHBI 30HBI HEYYBCTBUTEMNBHOCTMU.

30Ha HeYyBCTBUTEMNBHOCTU oNpeaenseT BefMUYNHY OTKIOHEHUST HaMpPsDKEHUS OT YCTaBKW, NPU KOTOPOW pery-
NATOP He BblAaeT KOMaHAy Ha perynvpoBaHue HanpsbkeHus. MuHumansHas WupuHa 30Hbl onpeaenseTcs He-
06X04MMOCTBH YCTPaHUTb BO3MOXHOCTb KonebaTenbHOoro pexuma npu perynupoBaHny HanpsikeHus. lNocne
namMeHeHusa nonoxexHus PIH Ha ogHO nonoXeHve perynartop He AOMKeH BblaTb KOMaHAy Ha perynupoBaHue
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HanpshkeHus B obpaTHyto CTOpoHy. [oatomy nocne perynupoBanusa PIH Ha 1 cTyneHb HanpsbkeHne OOSMKHO
nonacTtb B 30HYy HEYyBCTBUTENbHOCTM perynsitopa. HeobxogMmo ycTaHaBnmBaTb LUMPUHY 30HbI HEYYBCTBM-
TenbHOCTU GonblUe 3HAaYEeHUs1 CTYMEeHN perynupoBaHusa TpaHcdopmatopa ¢ PINH. PekomeHayembin koadhdu-
uMeHT 3anaca 1,3.

2. BbIbop BblOEpXKKM BpEMEHW 3a0€PXKKN KOMaH ynpaBrneHus..

Bbioepxka BpemeHu BbIGUpaeTca Mcxoas M3 BO3MOXHOCTU U OMUTENbHOCTU KPATKOBPEMEHHbLIX WU3MEHEHWUI
HaNpsPKEHUS NPU NepemMeHHOM XapakTepe Harpy3ku. Yem Gonblue BblAepKKa BPpEMEHU, TEM MEHbLLE BEPOAT-
HOCTb m3nuwHero gencteusa PINH a 3HaunT cokpallaetcsa konmyectso onepauuin PMH, pecypc koToporo or-
paHunyeH. [JoBONbHO YacTo yCTaHaBNMBAOT MakcuManbHoOe 3HadyeHne yctasku no spemenu (160-180 c).

3. BbIbop BbIgEPKKM BPEMEHW KOHTPOISA ncnpasHoctu PIH.

Perynatop APT-1M noctaBnsietca ¢ nepemMblYkon Ha nnaTte hopMupoBaTens, 3anasgHHOW B NOMOXeHUn 2—3,
YTO COOTBETCTBYET BPEMEHM KOHTPONA OSMTENbHOCTM LMKNa nepekntodeHus 15 c. 3Ta BenmumMHa BMOSHE
npurogHa ans 6onblWMHCTBa perynsatopoB. Ecnu Bo3amoXHas ANUTENbHOCTb LMKNa Gonblle 3TON BENUYMHBI.
MOXHO 3agaTb Bpems koHTporns 30 ¢ 3anasB nepemMblyky B nonoxeHve 1-3.

Bpemsa KOHTpons ncnpaBHOCTU Lienen 3anycka anektponpueogos PMH B perynsatope HEM3MEHHO U COCTaBNSA-
eT BennumHy 0,6 cek He3aBMCMMO OT TUMNOB NpuMeHsiemblx PIMH.

10.4.5. YnpaBneHue 6aTapesiMu KOHOEeHCaTOpOB

B npakTuke akcnnyatauuMm NpUMEHSAIOTCA pasnnyHble CXeMbl aBTOMaTUKK, ynpaBnsowme 6atapeen KOHOEH-
CaToOpOB B 3aBMCUMOCTU OT 3HAYEHUS HAMPsSPKEHUS Ha LUMHAX NOACTAHUUK, TOKa Harpysku Unu HanpaeneHusi
peakTMBHOW MOLLHOCTW B NMHMKU. BCce 3TM cxeMbl MO TOMY UM MHOMY NpU3HaKy obGecnedmBaloT nogaepxaHme
onpeaeneHHoro, 3KOHOMMYECKN BbIrOQHOTO, HaNPSXXeHNs Ha LWMHaX NOACTaHLUMK.

MpuMeHSs0TCA Takke cxeMbl ynpaBreHnst 6atapesiMm KOHOEHCATOPOB MO 3apaHee 3a4aHHOW NporpaMMe, Ha-
npumep C NOMOLLIbIO anekTpuieckmx Yacoe QY. Kak nokaszaHo Ha pnc.10.37, npu 3amblkaHUN KOHTaKTa 3Mek-
Tpudeckux 4acos OY, 4To MpoucxoguT B yCTAHOBNEHHOE BpeMs, cpabaTtbiBaeT pene BpemeHn PB1, KOHTaKTbI
KOTOPOro 3aMblKaloT LieNb Ha BKITOYEHUE BbIKITIOYaTENa KoHAeHcaTopHoM 6aTapewn.
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Puc. 10.41. Cxema aBTOMaTUKM OTKIKOYEHMS U BKINOMEeHNs 6aTtapen KoHaeHCaToOpPOoB C no-

MOLLbIO 3IEKTPUYECKUX YACOB

Mpwn BKMIOYEHUN BbIKIOYATENS NepeknovaeTca ero 6nok-koHTakT bK, pasmbikas uenb obmoTtku pene PB1 un
3amMblkas Lenb 06MOTKM pene BpeMeHn PB2. Tenepb yxXe Npy HOBOM 3aMblkaHWM KOHTakTa 3Y, 4TO OOIMKHO
NPOM30MTM K TOMY BPEMEHW CYTOK, KOr4a yMEHbLUMTCHA NoTpebneHne peakTMBHOW MOLLHOCTM C LUMH NOACTaH-
uun, cpaboTaeT pene BpeMeHn PB2, n nogacT UMnynbC Ha OTKMOYEeHMe KoHaeHcaTopHon 6atapen. Nockonb-
Ky KOHTaKkT OY gepXuTcs B 3aMKHYTOM COCTOSIHUM OKONo15 cek, B cxeMe paccmaTpuBaeMOn aBTOMaTUKN UC-
nonb30BaHoO ABa perne, Bpemenn — PB1 n PB2 ¢ yctaBkamm 9—10 cek.

OuyeBuOHO, YTO MpY TakMX BblAEPXKKaX BPEMEHU Kagoe 3amblkaHue KoHTakta QY Gyget conposoxgatbcs
TONMbKO OOHOW onepauuen BKMIOYEHUS UNn OTKMYEeHUs KoHaeHcaTtopHon Batapeun. BTopoe ke pene Bpe-
MEHU, KOTOpOe HayHeT paboTaTb Nocne NepekniovYeHns BCnoMoraTenbHbIX KOHTAKTOB BbIKMOYaTens, He yc-
neet gopaboTaTb 3a Bpems, OCTaBLleecs OO pa3MblkaHUSA KOHTakTa 3Y.

Llenb BkntoyeHus GaTtapen KOHOEHCATOPOB pa3MblkaeTcs KOHTakTom PI1.3 npomexyTto4dHoro pene PI1, koTto-
poe cpabaTbiBaeT Npu OENCTBUMU PENENHON 3alUMTbl KOHAEHCATOPHOW YCTAHOBKM U camoyaepxuBaetcs. -
TaHWe aBTOMAaTUKM OnepaTMBHLIM TOKOM OCYLLIECTBNSETCA OT TpaHcdopMaTopa COOCTBEHHbIX HYXA, YCTaHOB-
FNIEHHOIO Ha LUMHAaxX NoACTaHUMW.
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