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Ha HMnynhCHhiX ycKopHTenSix 3apiDKeHHhiX 'laCTHU no'!TH so bcex 3Kcne

pHMeHTax no H3y'!eHHIO SlLiepHbiX B38HMOLieHCTBHH HCTIOnb3YIOTCSl CXeMbl 38Liep

~KH H npo~ycKaHHSI c nnaaHoll perynHpOBKOA LlnHTen&HOCTH nocner~aax. K 

HBCTOHIUeMy BpeMeHH H3BeCTHO O'leHb MHOro pa3nH'!HbiX CXeM 38Liep~KH HM-

/1 ,2,3,4 / ~ 
nynbcoa H 'l'OPMHpoaaTenell noTeHuHanoa ynpaaneHHSI aa 3neMeHTbi 

nponycKaHHH. HeKoTophie cxeMbi no3BOnSIIOT nony'!aTb perynHpyeMbie 3aLiep)K

KH B LIH8ll830He OT LIOnel! MHnnHCeKyHLI LIO HeCKOnbKHX MHHYT /2/. 0LIH8KO 

BCe OHH HMeiOT Te HnH HHbie HeLIOCTBTKH C TO'!KH 3peHHSI : '18CTHbiX ycnOBHH 

pa6oThi aa ycKopHTensrx 3apsr~eHHhiX '!aCTHU. OLIHH cxeMhi o6ecne'!HBBIOT pery

nHpyeMoe nepeKpbiTHe 6onblllOrO HHTepaana BpeMeHH, HO HMe!OT HeLIOTiyCTH

MO 6onbiUHe BpeMeHa BOCCT8HOBneHHSI, Manhle TeMnepaTypHhle H BpeMeHHhle 

CT86HnbHOCTH H Tpe6y!OT LIOTIOnHHTenbHhiX CXeM LlnSI nony'!eHHSI TIOTeHUHanOB 

ynpaaneHHSI c KPYThiMH cppoHTaMH. ilpyrHe )Ke, Hao6opoT, HMeJOT o'leHb CTa-

6HnbHbie BpeMeHHbie XapaKTepHCTHKH, HO He ll03BOnSIIOT nony'!BTb Tpe6yeMbie 

nepeKphiTHH perynHpyeMhiX apeMeHHhiX HHTepaanoa. 

HH~e npHBOLIHTCSI npeLienbHO npOCTBSl, npaKTH'!eCKH LIOCTBTO'!HO CT86Hnb

H851, C 60nbiUHM K03cpcpHUHeHTOM nepeKpbiTH51 perynHpyeMOrO BpeMeHHOrO HH

Tepaana cxeMa. CxeMa no3aonSieT nony'!aTb CTonHKH ynpaanRJOIUHX noTeHUHa

noa C cppOHTBMH HapaCTBHHSl H Cll8LI8 MeHbiUHMH 0,1 MKCeK npH nnaBHOH pe

rynHpOBKe LlnHTenhHOCTH nponyCK8HH51 OT HeCKOnbKHX LID 600 MCeK. 3Ta )Ke 

CXeMa LIBeT B03MO~HOCTb nony'l8Tb perynHpyeMbie 38Liep)KKH HMnynhCOB OT 

20 i- 30 MCeK LIO 5 H 6onee CeK. 

CxeMa 3aaepMKH H rrporrycKaHHH 

CxeMa 6noKa 3aLiep~KH H nponycKaHHR npHBeLieHa Ha pHc.1. 3Ta cxe

Ma cocTaaneaa H3 LIBYXCTa6Hn&Horo 6hiCTporo TpHrrepa ( TpHDLibi T 
1 

H T2) 
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c 3anycKoM no KonneKTopy c noMOlllbJO asyx aononHHTenbHbiX TPHOJlOB T 
3

, 

T 
4

, nepexoaHoi!: uenH c SMHTTepHbiM nosTopHTeneM T 
5

, cTa6HnHTpOHOM L!808 

H <jla30HHsepTopoM T 6 , cxeMbi nHHei!:Horo 3ap51Jla eMKOCTH C , BbiXOJlHoro 

SMHTTepHoro noeropHTenfl Tg c KnJO'-IaMH nponycKaHHfl T10• T 11 , T12 H Kac

Kaaa <jlopMHpOBKH 3aaeplKaHHoro HMnynbca T 14· 

r---r--"""1"""":"""~--~--~~-....----~-;::==::;==:;---___..., - ·~G 

&lrog 

•·1 t.Nl ... , --2 a.f .... 3 

PHc.l. CxeMa 3aaeplKKH H nponycKaHHfl 

3anycKaeTC51 CXeMa OTpHUa TenbHbiMH BXOJlHblMH HMnynbC8MH 8MnnHTYJlOi!: OT 

0,5 s H 6onbme no 6a3e TpHoaa T3. B cxeMe npeaycMoTpeH H py'-!Hoi!: 3a

nycK TpHrTepa KHOnKOH K. C TIO.Ua'-!ei!: Ha BXO.U CXeMbl OTpHUaTenbHOI'O HMnynb-

ca TpHrrep onpOKHJlhlB8eTC51 B COCTOfiHHe, KOI'Jl8 OTKphlTO ero npasoe nne

'-10, 3TO nne'-10 TpHrrepa '-1epe3 SMHTTepHbiH nOBTOpHTenb T5 H CTa6HnHTpOH 

L!808 no.ucoeaHHeHo K 6a3e <jla30HHsepTopa T6. CTa6HnHTpoH s cxeMy sseaeH 

4 
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)lnfl TOI'O, '-IT06hl HCKnJO'-!HTb HCnonb30B8HHe TpHI'l'e 

CMelUeHHeM H nony'-!HTb CXeMy, pa60T8101UYJO OT O.UHOI'O HCTC 

HOI'O HanpfllKeHHfl nHT8HH51 - 12e. npH HCnOnb30B8HHH JlBYXC7 

repa C 8BTOCMeLUeHHeM B OTKphlTOM nneqe TpHrrepa HMee 

6onbLUOe OTpHUaTenbHOe HanpfllKeHHe, TIOSTOMY .Unfl nonHoi!: pa: 

30HHBepTopa T6 OT STOI'O H8Tip51lKeHH51 H HCnOnb30B8H CT86Hn! 

30HHBepTop T6 sseaeH anH nony'-leHHfl MHHHManbHOro Ha'-!anbE 

38p51.UHOH eMKOCTH C • C 3anHp8HHeM <jla30HHBepTOpa 38nl1 

H eMKOCTb C H8'-IHH8eT 38p51lK8TbC51 '-1epe3 COnpOTHBneHH 

R 15 • HanpHMeHHe 3ap51Jla eMKOCTH ycHnHsaeTCfl .ueyxKaCKa.L 

HbiM nOBTOpHTeneM. K Bb!XO.Qy BTOporo SMHTTepHOI'O nOBTOpH ' 

Ha eMKOCTb C 1. 0Ha HCnOnb3yeTC51 B Ka'-!eCTBe nO)lBellleHHOI' • 

HOI'O HCTO'-IHHKa nHT8HH51 3ap51.QHOH uenH eMKOCTH C • KaK T< 

HHe 38p51Jl8 eMKOCTH C C Hanp51MeHHeM nO.QBHMHOii eMKOCTH 

He npeBbiCHT Hanp51lKeHHe HCTO'-IHHK8 nHT8HH51, JlHOJlbl Jl2 38! 

C8Mb!M nonHOCTbiO OTCeKyT 38pMHYIO uenb eMKOCTH C OT HC 

HHfl, C STOI'O MOMeHTa eMKOCTb C 3ap51MaeTC51 Hanpfl)l(eHHe J 

npH STOM Hanpfl)l(eHHe 38p51Jl8 nO)lJlepMHBaeTCfl nO'-!TH nOCTOHJ 

STOI'O H nony'-!aeTCfl nO'-ITH nHHeliHOe HapaCTBHHe H8Up51MeHHfl. 

eT nony'-IHTb 6onblllyi0 CT86HnbHOCTb JlnHTenbHOCTH noTeHUHan 

8 HCXOJlHOe COCTOfiHHe CXeMa B03BpamaeTC51 npH JlOCTH)I( 

neHHOI'O <jlHKCHpOBBHHOI'O 3H8'-!eHH51 nHHeliHO HapaCTBJOlUel'O H . 

eMKOCTH C . 3To 3Ha'-!eHHe HanpfiMeHHfl onpeaenfleTCfl noporo 

HHfl TYHHenbHoro JlHOJla T L!, noacoeaHHeHHoro s BbiXOJlHOMY 

noeTopHTenJO qepe3 conpoTHBneHHe R 18 • C onpoKHJlbiBaHHeM 

JlHOJla oTnHpaeTCfl TPHOJl T4 H TpHrrep cxeMbi B03spamaeTCH 

COCTOfiHHe, OTnHpa51 '-1epe3 noBTOpHTenb T5 H .QHO.Q L!808 <jla30 

B pe3ynbTaTe aToro eMKOCTb C Ha'-!HHaeT pa3p51M8TbCfl qepe3 

pOTHBneHHe JlHO.Qa L!1 H COTipOTHBneHHe OTKpb!TOI'O nepeXOJl8 KOn 

Tep TpHoaa T6. TaK KaK 3 TH c onpoTHsneHHfl He3Ha'-!HTenbHbi, T 

speMeHH pa3p51Jla, a, cneaosaTenbHO, H epeMfl soccTaHosneH¥ 

uenH pa3p51Jl8 eMKOCTH TBKMe He3H8'-IHTenbHO H npHMepHO pal 

t=3-4C(RJl+R ), 
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AnH Toro, 'iT06bi HCKnJO'iHTb HCnOnb30B8HHe TpHI'repa C BHelllHHM 

CMelUeHHeM H nony'lHTb CXeMy, pa60T810lUYIO OT OllHOf'O HCTO'iHHK8 CT8Hil8pT

HOf'O HanpH~eHHH nHTBHHH - 12a. DpH Hcnonh30B8HHH AByxcTa6HnhHoro TpHr

repa C 8BTOCMel!leHHeM B OTKpb!TOM nneqe TpHrrepa HMeeTCfl llOCT8TO'iHO 

6onbmoe OTpHUaTenbHOe Hanp~eHHe, nosToMy Anf! nonHoA pa3BH3KH 6a3bi <jla-

30HHaepTopa T6 OT 9TOf'O HanpH~eHHH H HCnOnb30B8H CT86HnHTpOH A808 , ~a-

30HHBepTOp T6 BBelleH AnH nony'ieHHfl MHHHM8nbHOf'O H8'i8nbHOf'O Hanp~eHHfl 

sapHilHOA eMKOCTH C • C 3anHpaHHeM <jla30HHBepTopa 3anHpaeTCfl llHOil Al 

H eMKOCTb C HB'iHHaeT 3ap~aTbCfl qepe3 conpoTHBneHHfl R 13 , R 14 , 

R 15 • Hanpg~eHHe sap Hila eMKOCTH ycHnHaaeTcg llBYXK8CK811HbiM 9MHTTep-

HbiM noBTOpHTeneM. K BbJXOAY BToporo 9MHTTepHoro noBTOpHTenf! noAKnJO'ie

Ha eMKOCTb Cl. 0Ha HcnonbsyeTCfl B Ka'ieCTBe noABel!leHHoro AOnonHHTenb

Horo HCTO'iHHK8 nHT8HHfl 38pflllHOH uenH eMKOCTH C , KaK TOnbKO HanpH*e

HHe 38pHI18 eMKOCTH C C HanpH*eHHeM nOABH*HOA eMKOCTH ·cl no aenH'iH

He npeBbiCHT Hanp~eHHe HCTO'iHHKa nHTBHHfl, llHOilbi A2 3aKpOJOTCfl H TeM 

C8Mb!M nonHOCTbiO OTCeKyT 38pflllHYIO uenb eMKOCTH C OT HCTO'iHHK8 nHT8-

HHfl, C 9TOf'O MOMeHT8 eMKOCTb C 38Pfl*8eTCfl Hanp~eHHeM eMKOCTH C 1, 

npH 9TOM Hanp~eHHe 38pflll8 n01111ep~HB8eTCH nO'iTH nOCTOf!HHbiM. 3a C'ieT 

3TOf'O H nonyqaeTCfl nO'iTH nHHeii.HOe H8p8CT8HHe HanpH~eHHfl. 3TO n03BOnf!

eT nony'iHTb 6onblUyJO CT86HnbHOCTb AnHTenbHOCTH noTeHUHana ynpaBneHHflo 

8 HCXOilHOe COCTOfiHHe CXeMa B03BpamaeTCfl npH llOCTH*eHHH OnpeAe

neHHOf'O <jlHKCHpOB8HHOf'O 3H8'ieHHfl nHHeii.HO H8p8CT8JOl!lef'O Hanpfl*eHHfl H8 

eMKOCTH C • 3To 3Ha'ieHHe Hanpfl~eHHfl onpeAengeTCfl noporoM cpa6aTbiBa-

HHfl TYHHenbHOf'O llHOI18 T A, nOACOellHHeHHOf'O B BbiXOilHOMY 9MHTTepHOMy 

noBTOpHTenJO qepe3 conpOTHBneHHe R 18 , C onpOKHilbiB8HHeM Ty HHenbHOf'O 

11H0118 OTnHpaeTCfl TpHOil T4 H TpHrrep CXeMbl B03BpamaeTCfl B HCXOilHOe 

cocTOfiHHe, oTnHpag qepe3 noBTOpHTenb T5 H llHOil A808 <jla30HHBepTop T6. 

B pe3ynbTaTe s Toro eMKOCTb C Ha'iHHaeT pa3pH*8TbCfl qepe3 npHMOe con

pOTHBneHHe llHOAa Al H conpoTHBneHHe OTKpbiToro nepexo11a KonneKTop-9MHT

Tep TpHolla T6. TaK KaK 9 TH conpoTHBneHHfl He3Ha'iHTenbHbi, TO noCTOfiHHBfl 

BpeMeHH pa3pflll8, a, cneAOBaTenbHO, H BpeMf! BOCCT8HOBneHHfl CXeMbl no 

uenH pa3pflll8 eMKOCTH T8K~e He3H8'iHTenbHO H npHMepHO paBHO: 

t = 3-4 C( R 
11 

+ R ) , 
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rAe R 

A8 T6; R 
A 

conpOTHBneHHe KOnneKTOp-SMHTTep OTKpblTOI'O nepeXOA8 TpHO

- npHMOe COITpOTHBneHHe AHOA8 ill. 

ilnH ITOBhlWeHHR CT86HnbHOCTH p860Thl CXeMhl 38Aep.KH H nponyCK8HHR 

AHOAbl ill H il2 CneAyeT noA06p8Tb C K8K MO*HO 60nbWHMH 06p8THblMH COfl

pOTHBneHHRMH, 8XOAH Oe ConpOTHBneH~ ABYXK8CK8AHOI'O SMHTTepHOI'O fiOBTO

pHTeng T8K*e AOn*HO 6bJTb M8KCHM8nbHO B03MO*HblM, 0AH8KO yaenH'ieHHe 

BXOAHOI'O ConpOTHBneHHH BhlXOAHhlX SMHTTepHhlX ITOBTOpHTene~ 38 C'ieT yae

nH'ieHHR H8rpy30'iHhlX COITpOTHBneHHA, 6onbWHX 12•16 KOM 1 ITpHBOAHT K Bhl

~OAY CXeMbl H3 HOpM8nbHOI'O pe•HM8 npHMepHO nocne MeCR'iHOI'O CpOK8 ee 

SKCnnyaT8UHH, 3T01 0'IeBHAH01 npOHCXOAHT H3-38 HBneHHR H8KOnneHHH 38pR

AOB H8 . 683e BTOporo SMHTTepHOI'O ITOBTOpHTeng, 

nocTORHH8H BpeMeHH BOCCT8HOBneHHH CXeMbl no uenH 38pHA8 eMKOCTH 

Cl 3H8'iHTenbHO 6011bWe ITOCTORHHOA BpeMeHH p83pHA8 eMKOCTH C H p8BH8: 

r ,. ( R 18 + R A ) C 1 
R1 2 

rAe R il2 - npHMoe corrpoTHBneHHe ABYX nocneAOBaTenbHO coeAHHeHHbiX 

.l!liOAOB il2. 

npH •en8HHH H He06XOAHMOCTH BpeMR BOCCT8HOBneHHH CXeMbl no uenH 

38pHJJ.8 eMKOCTH Cl MO*HO CAenaTb p8BHblM nocToHHHOA apeMeHH p83pHA8 

eMKOCTH C, ecnH BKniO'IHTb noABeweHHYIO eMKOCTb Cl K uenH 38pHJJ.a eMKOC

TH C qepe3 SMHTTepHbl ~ noBTOpHTenb 1 noACOeAHHeHHbl~ CBOHM KonneKTOpOM 

K AOnOnHHTenbHOMY HCTO'IHHKY ITHT8HHR C H8np~eHHeM 

I E I > I -12 v - U m I 

rAe u 
m M8K.~HM8nbHOe 3H8'1eHHe nHHe~HO-H8p8CT8IOillei'O H8ITPR*eHHR H8 

eMKOCTH C. T8Koe BKniO'ieHHe eMKOCTH Cl no3BOnHT npaKTH'ieCKH yMeHbWHTb 

ee aenH'iHHY H8 KOS$$HUHeHT ycHneHHR TOK8 SMHTTepHblM noBTOpHTeneM HnH 

B ~ p83, 

CxeM8 BKniO'ieHHH eMKOC'rH Cl qepe3 AononHHTenhHbl~· 

nOBTOpHTenb K uerrH 38pHA8 eMKOCTH C npHBeAeH8 H8 pHc,2, 

SMHTTepHH~ 

EcnH B cxeMe, noKa38HHO~ Ha pHc.l, eMKOCTb Cl AOn*H8 6biTb 6onbwe 

eMKOC TH C 6onee 'leM B AB8AU8Tb p83 1 TO B CXeMe , nOK838HHOA H8 pHC,2 J 

OH8 MOMeT 6b1Tb p8BH8 HnH MeHbllle eMKOCTH C, 

6 

C'J 

PHc,2. CxeMa BKniO'IeHHR noaaeweHHoA eMKOCTH Cl 'lepea aMH 
TOpHTenb, 

BblXOAHoe H8npH*eHHe ynp8aneHHH 6epeTcg c np8Boro j 

CXeMbl 'iepe3 SMHTTepHbl~ ITOBTOpHTenb T9, 3To H8npHMeHHe 

BblXOAHYIO $HlllKY H fiOA8eTC R • 'iepe3 AenH TenH H8 683bl KnJOq 

TlO, Tll, T12. K8MAblA KniO'ieBoA 
TpHOA AnH H8Ae*HOA pa 

Tpe6yeT TOK8 683bl, p8BHOI'O 1 M8, 8 38BHCHMOCTH OT THn8 T 

30B8HHOI'O B K8'ieCTBe KniO'i8, BXOt:IHOA HMnynbC H8 BXOAe rrpon 

HMeTb 8MflnHTYAY AO - 8 BOnbT (AnH TpHOAOB THfl8 p-n-p 

B K8'ieCTBe KniO'!eBblX TpHOAOB HCITOnb30B8Tb TpHOAbl C ~ ~ 

ilnH nony'ieHHH 38Aep•aHHoro HMrrynbC8 B neaoe nneqo T 

'ieH APOCCenb, npH B03Bp81UeHHH TpHrrep8 B HCXOAHOe COCTOHH 

CHHM8eTCR rronOMHTenbHblA HMnynbC H8np~eHHR Ha 6a3y TpHO 

-Tl4. 
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Cl 

P11c.2. CxeMa BKnJO'IeHIIH noaseweHHOlt eMKOCTII Cl 'lepe3 9MIITTepHbilt nos

Topi!Tenb. 

BbiXOAHOe HanpH~eHI!e ynpaaneHHH 6epeTCH c npaaoro nne~a TpHrrepa 

cxeMbi qepe3 9MIITTepHbilt noBTOPHTenb T9. 3To HanpH~eHHe BbiBOJlHTCH Ha 

BbiXOAHYIO cjllllliKY II TIOAaeTCH , 'Iepe3 nenl!Tenll H8 6a3bl Kn!O~elt H8 Tpii0Jl8X 

TlO, Tll, Tl2. Ka~Abilt KniO'IeBolt TPHOJl nnH HaJle)KHOlt pa6oTbi "KnlO~a" . 
Tpe6yeT TOKa 683bi, paBHOrO 1 Ma. 8 38BIICIIMOCTII OT TIITI8 Tpii0Jl8, IICTIOnb-

30B8HHOrO B K8'IeCTBe KnlO'IB, BXOAHOlt I!MnynbC H8 BXOAe nponyCK8hiiH MO~eT 

I!MeTb 8MTiniiTYAY AO - 8 BOnbT (nnH TpiiOJlOB Tllna p-n-p ). )KenaTenbHO 

B K8'IeCTBe KniO'IeBbiX TpiiOJlOB IICTIOnb30B8Tb Tp110Jlbl C {3 ~ 50. 

ilnH nonyqeHHH Ganep~aHHoro HMnynbca B neaoe nneqo Tpl!rrepa BKniO

'IeH Apoccenb. np11 B03Bpall!eHIIII Tpl!rrepa B IICXOAHOe COCTOHHI!e C ApOCCenH 

CHIIM8 eTCH nonO~I!TenbHbllt IIMnynbC HanpH~eHIIH H8 6a3y Tpi!OA8 TIITI8 n5Q2-

-Tl4. 
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3Ta cxeMa MO>KeT 6hiTb HCnonb30BaHa KaK cxeMa nponycKaHHR c pery

nHpoaKon anHTenbHOCTH nponyCK8HHR OT 4 UO 600 MCeK npH eMKOCTH C paB

aon 6 MK$ H K8K CXeMa 38Uep>KKH C perynHpOBKOn 38Uep>KKH OT HeCKOnbKHX 
M 

aeCHTKOB'(UO 5 H 6onee CeKyHU llpH eMKOCTH C "' 20 H 6onee MK$. 

ilnHTenbHOCTb $poHTOB aapacTaHHR H cnaaa ynpaanRromero HanpR>KeHHR 

B 3TOn CXeMe onpeaenSieTCH CKOpOCTbiD OllpOKHUhiB8HHSI TpHrrepa CXeMhi. 

B aacToRmee BpeMSI nonynpoBOUHHKOBhie TpHOUhi n03BOnHIDT nony'iaTb 

TpHrrepbl C BpeMeHeM OllpOKHUhiB8HHSI, MeHblliHM 0,1 MKCeK. 

3Ta cxeMa npoaepRnacb aa CTa6HnhHOCTb nony'ieHHSI 3aaep>KKH npH H3-

MeHeHHH TeMnepaTyphl OT 20°C UO 40°C npH 3aaep>KKe 3 CeK. J13MepeHHSI 

llOK838nH, 'iTO CT86HnbHOCTb 3aaep>KKH nyqrue 8%. 3TH H3MepeHHSI npOBOUH

nHCb npH $HKCHpOB8HHH Bepxaero ypoBHR nHaenao aapacTaromero aanpR>KeHHR 

c noMOIDbiO CTa6HnHTpoaa il808, noacoeaHaeaaoro K 6a3e TpHoaa T4. nocne 

nepexoaa C . UHOU8 il808 Ha 5Ma TYHHenbHhiH UHOU THna 311301 B CXeMa H8 

CT86HnbHOCTb pa60Thl He npOBepSin8Cb. 

YpoBeHb cpa6aThiB8HHR TYHHenhaoro aHoaa npH >KenaHHH MO>KHO cae-

naTb perynHpyeMbiM, eCnH BBeCTH B CXeMy (pHC.1) aneMeHThi, H306pa>KeH-

Hbie nyHKTHpOM. 
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