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MHTerpanbHHe AOrH48CKH8 CX8Mli Ha TpaH3HCTOpax C 3MHTT8pHoii 

CBH3b!O /1+17/, pa3pa60TaHHh!8 rrepBOHa'!anbHO ILJI.fl 6HCTpc U8llCTBY!OIU11X 

KOMM8p48CKHX BH4HCAHT8AbHh!X M8llii1H, llCIIOAb3J!OTC.fl B Ha<:TOHIU88 Bpe

M.fl H B 3BM, pa6oTaiO!UI1X B peanbHOM Bp8M8HH, B qaCTOTHJIX CHHT83a

Topax, D;Hq>pOBHX CHCT8Max CB.fl3>'! 1 a3pOKOCMH48CKOll H M8lilllHHCKOll 

3A8KTpom1Ke. B <WeKTpOHKKe tPH3H'!ecKoro 3KcnepHM8HTa ()Hll c ycnexoM 

3aM8HiiAH Tpau11UHOHHYKJ 6HCTpYKJ 3A8KTpoHHKY Ha TpaH3HC'Wpax /18 + 

+ 30/; IIOCAY~H OCHOBOH UHH pa3BHTH.fl 3A8KTpOHHK11 U8C8KTOpOB HO

BHX THIIOB, TaKHXaKaK llpOIIOpD;HOHaAbHbl8 /31+33/ H B 0~068HHOCTI1 

UP8HtPOBH8 KaM8pb! /34+36/; UaAH Ton'!OK IIOHBn8HHKJ CII8l.J;1aAH311pOBaH

HHX 6h!CTpb!X IIpOD;8CCOpOB ILJI.fl OT60pa C06h!TI1ll B peanbHO~ Bp8M8HH 

3KCII8pi1M8HTa /37+40/. 

]{ HaCTO.fliU8l,'!Y Bp8M8HI1 pa3pa6oTaHO ,IJ;OCTaTO'IHO lllcfOrO Cepafi ECL 

(emitter coupled logic) HHTerpanbHh!X cxeM /41+45/. ~pe,na oTe

'!8CTB8HIIHX cxeM cne,nyeT oTr~eTlllTb ,n:Be cepHlll: IU37 I 44/ 11 IU38 

I 45/. Cpe.na sapy6eJKHHX r.1olKHO BH,neJJHTb npoBc,ncHHble i111pMoil • 

"Motorola" B 1962, 66, GB rr. nocne,noBaTCnJ,Hble pt 3pa60TKH cep11ii 

MECL-I,II,IIIC pa6o'!cn '!aCTOTO~ COOTB8TCTB8HHO 30, 80, 

500 Mfu /4I/. B uacTO.fl!Uee BpcMH HaH6onee ynoTpeclllllt0£1. Ill umpoKo 

BblnycKaeMoii /46+49/ .flBnll8TC.fl paspa6oTaHHaH B I97I r. ceplll.fl 

MECL 1o.ooo* c pa6o'Ie~ '!aCToTo~ .no 200 Mru. ITos,nHI!e oua 6biJia 

pacmapeua .nBYMfi rpyrrnaMH cxeM: MECL-10.200 

nOBHW8HHh!M B 1,5 pasa, 11 MECL-10.500 C TeMnepaTYJHbiM ,IJ;Hanaso

HOM, pacmHp8HHh!M ,no -55°+ 1l25°C /50/. 

* llC e D;Hq>pOBH8 uaHHb18, IIpliBO UHMH8 HJ<ilK8 6e3 JKa3aHli l CepHH, OTHO

C.flTCH K MECL - 10.000 • 
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Ha pw:. I npHBene~m naHHble paSJIHqHhiX c~pHii ECL -HHTerpaJII>HhiX 

cxeM no 6w:TpoueiicTBHIO - noTpe6JIJieMoii MOillHOCTH. ,UJIJI cpaBHeHHJI 

yKa3aHhl llOlta3aTeJIH TTL - HHTerpaJil>HbiX CX6M cepHH ?4 /51/ 

(Kl55 /52/ I H TTL -cxeM C UHOUaMH IIIOTTKH - 74 S 

Pa3pa15oTaHb1 /53/ ECL -KHTerpaJII>Hhle cxeMhl nmwceKyHnHoro nKa

na3oHa c 3aueplKKoii no 400 nc H naJKe 250 nc /54/, OllHaKO OHH He 

HawAM llOKa illHpoKoro llpHMeH6HHJI H Be BhiiiYCKaiOTCJl cepKiiHO. 

l. 0CHOBihl8 xapaKTepHCTI'lKH EQL -HH:erpaHl>HhiX CXeM 

CxeMa 6a3oBoro ~JieMeHTa ECL -HHTerpaJII>HhiX cxeM npHBeneHa 

Ha pHC.2,a. BhiCOKHe SJI6KTpHqeCKHe xapaKT6pHCTI'lKH llOCTHraiOTCJl ny

TeM HCIIOJil>30BaHHJl BhiCOKQqacTOTHhiX TpaH3HCTOpoB (t?r ~ 1,2 TTU; 
J6 ~ 100) B HeHaCh!Ql6HHOM pell!HMe. tiHCJIO BXO)J.Hh!X TpaH3HCTOpoB MO

llteT 6h1Tl> 0 r llBYX 11.0 BOCl>MH. lliHpoKo npHMeHJl!OTCJl TaKlle "JUIPPepeH

UHaJil>Hble npH6MHHKH C JIHHHH" - pHC.2,6, CO~epKa~He TOJil>KO nepeKJIIO

qaiOQlYJO napy C BhiXOllHhiMH SMHTTepHhiMH IIOBTOpHTeJIRMH. ,UJrJl YM6HI>WeHHJl 

BHYTp6HHHX HaBOllOK KOJIJI6KT0phl BbiXOllHbiX ~MHTTepHb!X llOBTOpHT6Jieii 

Bb!B61J.8HN Ha OTU6Jil>HYJO HOlKKY. C KOJIJI6KTOpoB IIOBTOpHTeJiel MOlltHO 

TaKllte CHW.aTb TTL -CHrHaJihl (CM.pHC. IO,n). CorrpoTHBJI6HHJl Harpy3-

KH noBTop¥-TeJieii- RH, KaK rrpaBHJio,BYIIOJIHJl!OTCJI BHewHHMH nnR 
CHHllteHHJl hOQlHOCTH, pacceHBaeMoii HHTerpaJII>HOA CXeMOA (HC), H B03-

MOlltHOCTH C 6'1>6llHH6HHJl OOJil>WOrO KOJiaqeCTBa BbiXOllOB IIO "IlpoBOllHOMY 

MH". ConiOTHBJieHM B 6a3ax BXOllHYX TpaHsacTOpoB ycTpaHJl!OT 'ruuma

HHe" noTe~~HaJIOB HeHcnoJII>syeMYx BXOllOB HC. ECL -HHTerpaJII>HYe 

cxeMhl MOlKho npHMeHJITI> npH pasJIHqHYX coqeTaHHJ!X BeJIHqHH EK H E~ 

(npH coxpE~6HHH pa3HOCTH M6lltnY HHMH - 5,2 B), Ol!HaKO HaH6oJiee 
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8 



UeJieC000pa3Hbl C TO'llOI apeHJ/l.f! Clllliii:eHl.fR B3a11MHblX HaBO,IIOK BeJHI'li!

Hbl EK = 0 (aeMnH); Ea = -5,2 B. 

ra6KOCTh cxeMHOH CTPYKTYpbl aTKX we il03BORH8T c ilOMOWh~ cno

co6oB nocAenoBaTeRDHoro (MHoronpycHoro) BKR~'leHHH nepeK~'laTeAeH 

TOKa - pac,2,B K 06~eUHHeHKR KORReKTOpoB nepeKA~'lBKmii'I]CR TpaH3HC

TOpOB - pac.2,r C03UaBaTh CpaBHHTeRhHO CAOEHble RODH'leCKHe CXeMbl 

Ha MaROM '!HeRB KOMnOHeHTOB, npBKTH'leCKH 6ea yBeRa'leHHF ilOTpe6RRe

MOM MOWHOCTH H CHH~eHHH 6blCTponeHCTBRR. 

B Ta6JI, l UaHbl OCHOBHble napaMeTpbl CXeM paa~H'lHblX cepHH. 

CTaTa'lecKae xapBKTepacTHKH. ITepeuaTO'lHble xapBKT<paCTHKH 

ECL - HHTerpaRhHblX CXeM C ITpflMODO H HHBepTRp~wero BblXOUOB 

npne ueHbl COO TBBTCTBeHHO Ha pHC, 3, a H pac, 3, 6, HOMHHaRhHaF! ITO

MexoycTOH'll!BOCTb cxeM pasHa 0,3 + 0,4 B. Ha BeRR'lRHbl .roraqecKax 

ypoBHett, a MenoBaTeJihHol a noMexoycTOM'lHBOCTh oKaabiBat!T MHFIHKe 

COITp<lTHMeHae Harpy3KH BblXOUHODO 3WITTepHOrO ITOBTOpRTt!RR (pac,3,B), 

PeKoMeueyeMa.F! BeRa'lHHa arax conpoTHMeHaH: R. H = 2?0 + 5!0 OM 

lWi EH = -5,2 B H R_H =51+ 100 OM UJIH EH = -? B /56/, C 

y'leTOM paa6poca napaMeTpoB, H3MeHeHMH HanpRxteHHR ITRTa1HR H 

reuneparyphl (E~)MMH = O,I3B; (E~)MHH = O,l6B. ll.rrn noBblUJe

HM CTaTa'leCKOH ITOMeXOYCTOH'lHBOCTH paapa6oTa!ibl CXeMbl /57 + 60/ C 

KOMneHC8UHeit MHHHHH TeMnepaTypbl H Hanpn~eHHR ITHTaHHH, 0Ma'leCKOe 

conpotaBJieHKe UJRHbl "aeMJm" Ha ne'laTHOH MaTe (yneRhHoe conpora

Meuae MOll MeTaAAH38UHH l, 5 MM CTeKAoTeKCTORHTa rJ (, 5 !;()M/KBaU

paT) UOJIXHO 6b1Th HaCTOAhKO MaRbiM, 'lT06bl paaHOCTh ilOTEHUHaJIOB B 

RD6blX TO'!Kax He rrpeBbiUJaRa !00 Mrl. 

CRencTBaeM rrpBKTH'leCKOM cHMMerpMa cxeMbl, MaJIOH raaHocTa Be

JIH'lRH JIOrH'leCKHX ypOBHe£! H CpaBHHTeRhHO 60JihUIOH BeRa<HHbl rrepeK~ 

'laDWero TOKa la B "nape" RBJifleTCR He3aBHCHMOCTh IT01'peMneMoH 

CXeMaMH MOWHOCTH OT 'laCTOTH rrepeK~'leHHR, 3 TTL- H IIOS -liHTe

rpaJihHblX CXeMax aa-aa 60JihWOH pa3HOCTH RODH'leCKiiX YJ~BHeH B6JIH-

9 



3M MaRCHManbHOH pa0048H 4aCTOTH lJ.llHaMK48CK~ MOUlHOCTh, ITOTpedrr;:re

MaR Ha rrepe3apRnKY napa3HTHOH 8MKOCTK CH Ha BHXOII.8 HHTerpanhHOH 

CX8lv1hl ,pll. = ( 11I - V!Q) 2 • CH • f' ) , HaMHoro rrpeBHUJaeT CTaTK48C-

KYID ITOTpedrri8MYID MOmHOCTh, a B TTL-S ;.J~8M8HTax CTaHOBHTCR 

cpamiHMOH c ypoBH8M ITOTpedrreHHJ'I IIECL -III (pac. I). 

TeMneplTypa 11C, onpene~IDmM ypoBeHh ee xapaRTepacTHK H, B 

4aCTHOCTH, ~T8IT8Hh Hane~OCTI1, CBR3aHa C paCC8HBa8MOH MOUlHOCThiD -

- P npoc rb!M cooTHomeHHeM: T = T oKp + RT · P , rne ToKp-

- TeMnepaTyJa oKpylKa!Omero B03li.YXa, a R.T - TeMoBoe conpoTaBJie-

HHe, paBH08 ll,JJR KOprryca DIP "' IQ0°C/ BT, a ll,JJR MOCKOro KOprry-

ca .v IBOI)C/ BT. ilpH npuHYII.HTe~hHoiii B8HTHJIJI[(l1!1 TeMoBoe conpo-

TKB~eHHe KO:)rryca DIP CHHJKa8TCR B I,5 pa3a Ha KaJKnHe 2,5 WC 
CKOpOCTH OXIalKII.aiDUl8rO B03li.YWHOro llOTOKa. MaRCKMaJihHO lJ.OITYCTKMaR 

TeMnepaTypa ECL - HHTerpaJihHHX CX8M COCTaB~ReT, KaR rrpaB~O, 

+ I25°C. Ha pMc.3,r,n npaBeneHH 3aBHCKMocTa ~orH48CKHX ypoBHeiii 

OT TeMrrepaT;rpH, 3aBHCKMOCTh CJTKX lK8 B8~M4KH H llOTpedrrR8MOH MOUl

HOCTK OT HallpRJK8HM HCT04HHKa llKTaHKR-Ha pMC. J,e,JK. 

~HaMH'i8CKae xapBKTepacTKKH. EHcTponeHCTBae cxeM rrpaHRTO xa

pBKTepasoBa'~h B8~H4KHaMK ycTaHOBHBIIl8MCR 3aneplKKH IT0~8HHJ'I OTpH

!IaT8~hHOrO I t i ) H llO~O>Kl1T8~hHOrO ( t; ) neperrall.OB BllXOII.HO

ro CHrHaJia IHa ypOBH8 50%), a TBKlK8 B8~K4HHaMI1 YCTaHOBI1BUJI1XCR 

!flpOHTOB ( t;, t; ) B !I8IT04K8. EHCTpOlJ.8HCTBI18 CX8M B C~hHOH 
CT8II8HI1 3aBHC.I1T OT pe3HCTHBH0-8MKOCTHOH Harpy3K.I1 Ha BHXOI1.8 

(pac. 4,a,o:. ,Un;:r t; .11 t~ cnpaBell,JJKBa !fJopMy.Jia: ti., t;z. 
~< 2 + k· R.H • CH )He, rne k 1r = O,I; k93 = 0,2 JlJ.IH R.H ,non

KJU048HHoro I: UJKHe -5,2B; ka- = 0,5; Kcp = I,I JlJ.IR RH , non

KJU048HHoro I: UJHH8 -2B. 

EMI\OCTHaR HarpysKa, C03ll.aBa8MM Oll.H.I1M BXOII.OM CX8MH,COCTa

~8T ,.., 5 n<l>; npa o6'h8li.HH8HHH Bh!XOII.OB no "ilpoBOli.HOMY HJHIJ" eM-
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PRJ. 5. Crroco6~ nepenaqH cHrHanoB MeanY ECL -HH
Terpa~~MH cxeMaMH. 
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KOCTHaH Harpy3Ka, BHOC~MaH SMHTT8pOM I10BTOpHT8~H , ~ 3 I1P, 

Ha pHc. 4,B+n rrpHBeneHhl 3aBHCHMOCTH Be~wmH ycraH)BHBll!HXCH 

3anep~eK H wpoHTOB or TeMrreparyphl H HarrpR~BHHH rrHTaHHR. 

Ba~h!M napaMeTpoM ~ReTcH UHHaMHt~ecKaa noMexoycT)HtiHBOCTh 

~orHti8CKHX S~8M8HTOB /61/. HMrry~hCHhle I10M8XH B ECL -aHTerp~h

HhiX cxeMax MoryT B03U8HCTBOBaTh no BXOUY H lllHHaM Ea, EK, EH. Pe-

3Y~hTaTh! H3M8p8HHH HMITY~hCHOH I10M8XOYCTOHtlllBOCTH B STHX TOtiKaX 

I1pMB8U8Hhl Ha pHC. 4,JI(+K /56/ • .IlJIH CHI.1lK8HHI! HMITY~hCHhiX HaBOUOK pe-

eJ.!KOCTbiO 

?. I t!K!> Ha BBO,D;8 !UllHhl I1JI!TaHllll, a TaKlll:8 no O,D;HOMY KOH,li;}HCaTopy CM

KOCThiO 0,01 + 0,1 l•!KP Ha KaJI(Uh!8 4+5 KOpiTyCOB MC. 3To 3HatiJI!T8~hHO 

M8Hhill8, ti8M B TTL -CX8Max, rne p8KOM8HUJ8TCH CTaBHTh pa3BR3KY 

Ha KaJI(nRR Koprryc /62/. 

MeJI(CoenHHBHHH H rrepeuaqa cHrH~OB. CymecrByer ITH1h Bo3MO~Ho-

crea ~H rrepenaq~ CHrH~OB Me~ny ECL -HHTerp~hHh!MY CX8MaMH: 

CBH3h I10Cp8UCTBOM BUHHHtiHOrO I1pOBOUHHKa (pHC,5,a), CBF3h, ocymecT

BJiliBMall npOBO,D;OM, pacnOJJOJJ:BHHWv! Ha,D; M8TaJIJJH31.1pODaHHOVi JlliOCKOCThlO 

11 38MJJ11"(pllC,5,B);cBi13h I10Cp8,D;CTBOI.! I10JIOCKOBO~ Jl11HI1U (:l1.1C,5,r),od

pa30BaHHOtl neqaTHhiMJII llpOBO,D;HJIIKaMJII Ha r!JiaTe; CBll3h C I1<lMO!J1b[() Kade

Jiil Jll3 BllTOVi napbl (pl1C,5 ,D;U) JJJIIdO KOaRCl1aJJbHOfO (p~Ic,'i,3+K),l,JaKCI.1-

MaJJhHO ,D;OI1Y CTI.1Mall ,D;Jil1Ha 8,D;JIIHJIItiHOfO npOBO,D;HJIIKa COCTaBJJ !BT ~ lU CJ.l, 

IlpH 60JJbniJIIX ~;max ~H ycrpaH8HiiH KO~e6aT8JlhHh!X Bhl6pOCOB MOJI(HO 

HcnOJih30BaTh neMnifiHPYillll~e pesHcrophl (pHc.5,6)*: R.D- " 50 OM ~H 

L r; 20 CM H R. fJ- = roo OM UJIH L ~ 40 CM. ,llonyc~'HMhiM YPOBHBM 

Bhl6poCOB HB~8TCH 30%- 3a rrpene~h! J!OflltiBCKHX ypoBHBH (UO rpaHJIIUhl 

~CI10Jih30BaHJII8 UBMrrifJHp~HX p83HCTOpOB I1pJIIBOUJIIT K y;~UillBHHIO 
~pOHTOB rrepenaBaeMOrO C~rHaJJa, UJIHTBJ!hHOCTh KOTOphl;~ CBR3aHa 

C rrepHOUOM KOJI86aHHA rrapa3HTHOf0 LC -KOHTypa. 
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Hac~meHHR BXOUHOro TpaH3HCTopa) H IO% - B ppene~ax ~OrH4eCKHX 

ypoBHeH. 

Bee O~T~bH~e BapHaHT~ MeXCOe)lHHeH~ HRHRDTCR ~HHHRMH CBH3H 

c pacnpene~eHHHMH napaMeTpaMH /63+69/. Bo~HoBoe conpoT~eHHe npo

Boua, pacnl~O~eHHoro Han ITOBepXHOCTbiD "se~H~ paBHO: 

60 0 _/) = {€' "[--11- ( ~ h/ ot ), 
a ITO~OCKOB,lH ~HHKH -

fl = 60 
. en (t'h/w). 

vc~ 
OoosHa4eHKI UaHhl Ha pHc.5,B,r. Be.Jm4HHa £ aqxp ~ 

(I) 

(2) 

0,5 t_ CT+ 0, 7; 

rue C C r ~ 4, 7 - UHS~eKTpH4eCKM ITOCTOJIHHM CTe~oTeKCTO~HTa. 

Bo~HOBOe C'lllpOTHB~eHHe KaOeJIH !43 BHTOR naphl 00bi4HO 6JIH3KO K 

IIO OM ( ~: aqxp ~ 2,2). CKopocTb pacnpocTpaHeHHH cHrH~a BUO~b 

JIKHHH, KaK H3BeCTHO, paBHa C/ V (S aqxp: rne C - CKOpOCTb CBeTa B 

BaKyyMe. llll~HM pacrrpene~eHHM eMKocTI> ~HHHH: Co = ta I_/) 

Ec~H lauep~a B JIHHHH CBH3H He Oo~ee 0, 5 t 'fl , TO ee MOlltHO 

HCITO~I>soBa'ri> oes cor~acoBamm. Jh1mm oo~bllJeH .MHHbl cor~acyroTCH 

~H6o Ha·Bu.mne (nap~e~Ho- pHc.5,u,s), ~1100 Ha Bxoue (noc~eno

BaTe~bHO- pHc.5,H). TipeHM~eCTBDM noc~euoBaTe~I>Horo cor~acoBa

HHH HMHeT,:.H HeCKO~bKO Oo~:bUIHH KO<$IJHUHeHT nepena4H, B03MOXHOCTb 

pa6DTbl Ha '50~:bUJee 4HCJIO ~HHJdH, MeHbUIHH ypoBeH:b ITOTpe6JieHHH MOmHo

CTH, OUHaKO TaKJID ~HHHID He~b3R HCITO~:b30BaT:b U~.fl pacnpene~eHHOrO 

C:beMa CHrH;lJ!OB. llap~e~:bHOe COr~aCOBaHHe HCITO~:b3yeTCH TaM, rue 

Tpe6oBaHHH no 6ucTponeHcTBHID ~TcR peUJaromHMH. 3auep~a 11 ~poH

Tbl CXeM C~.lOc 3aBHCHT OT KO~H4eCTBa BXOUOB, ITO~J04eHHbiX pacnpeue

~eHHO BUO~:> ~HHHH CBH3H. llpoHCXOUHT ~HUll> 3aMeMeHHe CKOpDCTH pac

ITpOCTpaHeHJ1H CHrH~a Bno~I> ~HHHH B I/ V I + Cp/C~ 4Hc~o pas,rue 

Cp - CyMMa:lHM eMKOCT:b ll0~4eHHbiX BXOUOB. 

llpene.I:bHO )lOnyCTHMM MHHa ~HHHH CBR3H orpaHH4eHa saTyXaHHeM 
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8.MilJIJtiTYlll:l HMnyJI:bCOB ( nonycTHMb!H ypoBeH:b ...., IO%) BBI11J..Y 3aTHrPI

BaHP!li HX wpoHTOB /70,7!/. llpocTHM cnocodoM YBBJII1'1BHHJI n}eueJI:bHow 

IJ,JIHHh! JIHHI111 CB.H3H B 3+Q pa3 np11 padoTe C 11MnyJI:bCaMI1 nOCTOJIHHOR 

IJ,JlHTBJI:bHOCTH .HBJI.HBTC.H KOMnBHCai.\H.H noTep:b aMTIJII1TYlll:l Ha J:a30MitHy

TOM npHeMHOM KOHUB JIHHHH C rarneHI16M HMnyJI:bCOB OTpa~eHI1Y. /72/ 3a 

C'IBT OTCe~H peXHMHOrO TOKa noBTOpHTBJI.H nepeuax>mew CXBMh (pHC.5,K). 

llpH KOHCTPYHPOBaHHH ne'laTHOH TIJiaTb! /73/ COBUHHBHI1F Me~ny 

HHTerpaJI:bHI:lMl1 CXBMaMH CJienyeT Bh!nOJIHJIT:b no B03MO~HO·CTH COJiee KO

pOTKHMH npoBonHHKaMHj nepece'IBHI1.H C nopo~aMI1, pacnoJIO~EHHb!MH no 

upyryiD cTopoHy TIJiaTh!,noJI~hl db!T:b non np.HMh!M yrJioM. CoenvHeHHH Bhi

BonoB 11 3BMJil1 11 MC .l(OJIJ:Hb! COOTBBTCTBOBaT:b nyTI1 pacnpoCTpaE eHHJI Cl1rHa

Jia OT CXeMb! K CXeMe, TIJiomaU:b noBepXHOCTI1 "3eMJIH" UOJI~a db!T:b no 

B03Mo~ocTI1 doJI:bllle (no 30%). He MeHee IO% HoJKeK Ha pa3'bE Me neqaT

HOR TIJiaTb! UOJI~b! db!T:b OTBeneHb! non "3eMJIID" IJ,JIR CH!1iKeHHJI nepeXOUHO

ro conpoTHBJieHHJI. Bonpocb! nepeKpecTHb!X HaBOUOK OCBemeHb! B padoTax 

/56' 74' 75/. 

CyMMHpy.R BlilllecKa3aHHoe, MOXHo Bh!neJIHT:b CJieUJIDmHe ocHOBHHe 

npeHMyllleCTBa ECL -11HTerpaJI:bHb!X CXBM. MM CBO~CTBeHHa BtCOKaJI CKO

pOCT:b B CO'IeTaHHH CO CpaBHHTeJI:bHO yMepeHHb!M. noTpedJieHHe~, MOmHOCTH; 

Hl13Kall B6JJ>l'-IHHa Bb!XO,D;HOrO ( "' 8 OM) 11 Bb!COKaJI B6JIH'IHHL BXOnHoro 

COTipoTHBJieHHJI, odecne 'II!:BaiDmHe, B 'laC THO CTI1, Bh!COKYJO Har! •Y30 'IHYJO 

CllOCOdHOCT:b 11 ynodCTBO padoTb! C JII!:HI!:RMI1 CBll3H. lJoCTORHC~'BO noTpe-

6JIJI6MOH B OOOHX YCTOH'Il1Bb!X COCTOJIHMX MOU{HOCTH 11 He3aBI!:<I'IMOCT:b 

ee OT 'laCTOTb! nepeKJIID'IeHKR B CO'IeTaHI!:H CO CpaBHHTBJI:bHO dOJI:blllHM 

oTHollleHHeM IJ,JlKTBJI:bHOCTK wpoHTOB nepeKJIID'IBHM K sanep~e odecne'IH

B8IOT MaJiblH ypOB6H:b B3aHMHb!X HaBOUOK. llapaMeTpb! CXBM BBCJ,Ma MaJIO 

H3MBH.flllTCR C TeMTiepaTypOH. 0HH OTJIH'IBX>TCR dOJI:blllOH JIOrH'It:CKOR ri16-

KOCT:biD, Bb!paxeHHOH B HaJIH'IHH nonOJIHHTBJI:bHb!X (HHBBpCHb!X) Bb!XOnOB, 

B03MOlKHOCTH o&!.enHHBHHR ITO "npoBonHOMJ Rlill", B OOJI:blllOM •rHCJie THllOB 
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CX8M, 6~aronapH ~CITO~b30BaHHID M8TOUOB MHOrOHpYCHOrO BHniDqeHHH ~ 

o6'ben~HeHHH ITO KOMeKTOpa.M. lloc~enH~e 06CTOHTe!lbCTBa U!HpOKO VlC

ITO~b3JIDTCH B HaCTORmee BpeMH B pa3pa60TKe ECL -HHTerf~bH~X 

CXeM C 60~blliOH CTerreHbiD HHTerp8UV!H B coqeTaHHH C ITOH~!8HHeM Ha

np~eHHH IT~TaH~H H CHH*8HHeM pa3HOCT~ ~OrHqecKV!X ypOBr8H /76+84/. 

II. 06~acT~ rrp~eHeH.HH ECL -HHTerp~bHHX CX8M 

B HacToHmee BpeMH ~HTerp~bHHe cxeMH c aMHTTepHo} CBH3biD 3a

MeH.RXJT TpaH31~CTOpH Vl TYHHe~bHHe UV!O UH rrpaKT~qeCKJ4 BO I cex Y3~ax 

~OKOB HUepHOH ~eKTpOHHKH. 

YcMI4TMH-orpaHHqHTe~~ • .11Io6M KOM6~Hau~oHHM VlHTt,rp~bHM cxe

Ma Ha yqaCTKe nepe~qeHV!H MO~eT 6HTb HCITO~b30BaHa K~: lliHpOKOITO

~OCHbiH YCMHT8~b. 0UHaKO HaH6o~ee yno6Hbl D,JIH rrono6HH;: np~eHeHHH 

cxeMH ~epeHU~~bHbiX rrpHeMHHKOB (pHC.6,a) /85+100/ BC~8UCTBH8 

Toro, qTo y HHX BbiBeneHa 6a3a BToporo TpaH3VlCTopa nepnKJiioqaiDmeil:cH 
0"--
..._ nap~<. cl>a.KT~qecK~ OHH npencTaMHIDT co6oil: HerreperpylKa!Om:ril:cH D,HqxpepeH-

c:J ._ 
(J CHrH~OB B lliVlpoKOM UV!Ha.MVlqecKOM UV!alla30He. AMMV!TYUHO·- ~ flla3oqa
·-._ 

CTOTHaH xapaKTep~CTHKH TaKoro KaCKana npHBeneHH Ha p~~.6,6 /IOI/. 

CKMMeTpV!H cxeMH ~ VlHTerp~bHoe Hcno~HeHV!e no3BO~noT B~qaTb 

noc~enoBaTemHo no rrocTOHHHOMY TORY usa KacKana (p~c.·),B), npeil:¢ 

"HyJISI" He npeBblmaeT ,n;onen MVl!l!l~BOJibTa np~ A T ..!: l0•:!0°C. B 

n~epeHUV!~bHbiX ITpV!eMHHKax C OUHOfiJa3HHM BHXOUOM np~3HHeTCH rre

peKpeCTHOe B~qeHHe cxeM B nepBOM KacKane (p~c.6,r). llpo~eMa 

o6ecneqeHVIH Hy~eBoro ypoBHH noTeHU~~a Ha Bxone pemaercH rryTeM 

B~qeHV!H V!HTerp~bHbiX aM~TTepHHX llOBTOpV!Te~eil: /99;102/, 6o~ee 

rrpennoqTV!Te~eH CUBV!r VlCTOqHV!KOB ITV!TaHV!H Ha +I,3B (EK = +l,3B; 

E3 = -4il- pHc.6,B). npyroil: B03MO~OCTbiD HBnHeTCH llOHV!*eHV!e HallpH

*eHMH rrHTBH~H nepBoro KacKana no Ea -2,4~ (pHc.6,r), B aToM 

c~yqae tpaH3~CTOpHble napbl He BXOUHT B HaCbiU{eHHe n~e rrp~ Hy~eBbiX 
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noreHUHaJiax Ha 6asax. B nByXKacxanHbiX ycwUITeJimc Heo6X(>ni'!Mhl uenH 

noncrpoiKH pe~WMa no nocToHHHOMy TOKY (cM. pHc.6,B,r). 

llpH noCJienoBaTeJI:OHOM coenHH8HHH TpeX nl$IJepeHUHaJihHbiX llpl'l8M

Hl1KOB c napa.¢a3HhiUH BhiXO,Il;aMH - MCI035 oOpasyercH ycHJiw:e;r:r:. c KoS\ll

WHUHeHTOM yCHJieHHJI ,.., 800, no;roco~ npcnycKaHHJI no 40 III'u, ypoBHeM 

mYMa ,.., 35 MKB /103/. TpeXKacxanHble ycHJIHTeJIH o6bi'IHO ucnoJII>SYJlTCH 

CO CTa6RXH3HPJD~el o6paTHOi CBJl3l>D no nOCTOHHHOMY TOKy. Ha CXeMe 

MC10216, npHMeHJIJI uenH oTpHUaTeJIDHO~ o6parHo~ cBJiaH H JcoppeKUHD 

(pl'!c.6,n) /IOO/, ynaercJI no;ry'IHT:r:. cppoHTbl ycHJIKTeJIJI B JIKl!e~HoM peJKH

Me - 4 HC, a Ha CXeMe KIJIII381 ( pKC. 6, e) - 8 HC. 0 IlHO~ 13 oco6eH

HOCTe~ CX8Mbl pHC.6,e JIBJIJieTCJI OTCJTCTBHe HCTO'IH!fKa CM81~8HHJI £ 6 

~ aanaHHJI peJKHMa. 

Ha pHC.6,JE noKa3aH YCHJIHT8JI:b C TOKOBbiM BXO.nOM /97/, BXOUHOe 

conpoTHBJI8HHe CHHJEeHo no I50 OM napaJIJieJIDHOH o6paTHOH ~Bas:r:.D no 

TOKY, R.OacPPHUHeHT nepena'IH cxeMbl ""' IO MB/MKA • 

.llHcKpWMHHarophl. .lll$IlepeHUHaJII>Hhli npHeMH!fK, BbiBen ~HHbli sa 

30Hy nepeKJID'!eHHJI, JIBJIJI8TCJI HHTerpaJII>HbiM IUiCKpWMHHaTOp)M HanpJIJEe

HHJI, pHc.7,a /104/. Ero noporoBaJI xapaKTepHCTKKa onpen~JIJieTcJI 

Kpi'!BbiMI'l Ha pHC.3,a,6, a 3aBHCWMOCT:b nepeKJID'IaDmeA aMnJldTYllbl OT UJIH

T8Jll>HOCTH CHrHaJia 6JIH3Ka K naHHbiM pi'IC.4,JE. J1poTJIJE8HHOCT:b HaKJIOH

HOrO yqacTKa xapaKTepHCTKKH BUOJI:b OCR Bp8M8HI'! onpeneJIJI3T B8JIHqHHy 

C06CTBeHHOrO "ryJIHHI'IJI" /100/ nHCKpWMHHaTopa ( ero HHepU~OHHOCT:b). 

MsMeHeHH8M llOT8HUHaJia CMemeHHJI Ha 6ase BTOporo TpaH3HCTOpa B nape 

MOlEHO o6ecne'IHT:b JlHHeiHYD 3aBHCHMOCT:b nopora OT EcM UJI~ HMllYJII>COB 

BnJIOTb no- 2,5B /98/. ~ YBeJIH'IeHHJI KPYTH3Hbl noporoBo~ xapaKTe

pHCTHKH MOlEHO HCllOJll>30BaT:r:. llOCJ18UOBaTeJI:OHOe BKJIDqeHHe ~epeH

UHaJIDHbiX npHeMHKKOB. 

PereHepaTHBHbiM nHCKpWMHHaTopoM JIBJIJieTcJI TpHrrep liMHTTa /41/, 

~erKo peaJIHsyeMb!H no KJiaccHqecKo~ cxeMe Ha ~epeHUHaJ!:r:.HoM npHeMHH-
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Re (pac.7,6). illapaHa rreT~a racTepe3aca- Mr orrpene~HeTcH cooTHo

weHHeM Be~wmH pe3HCTopoB R{ , R.2. - pac7,6. CRopocTI:> rrepe

R~qeHHH TpHrrepa orrpene~HeTcH 3anep~oi nH¢WepeHUH~bHoro rrpaeMHH

Ra. 

HHTerpanbH~e CXe~ C SMHTT8pHoi CBH3b~ coqeT~TCH C UHCRpHMH

H8TOpaMH Ha rJHHe~bH~x UHo.nax /99,100, !05+107/- pac.7,r,n. TaRae 

UHCRpHMHH8TOp~ M8Hee HH8pUHOHH~. Hx B~rOUHO llpHM8HHTb ~Hllib Ha B~

xone UOCT8TO~HO WHpOROllO~OCH~X YCH~HTe~eH B CXeMax BpeMeHHOH IIpH

BH3RH /100/, 3 npoTHBHOM c~yqae HH8pUHOHHOCTb yc~HTe~H* He ll03BO

~HT no6HTbCH MMOH Be~aq.~~:H~ co6cTBeHHoro "ry~HHHH". llp.~~:MeHeH.~~:e 

TaRHX n.~~:cRpa~.~~:HaTopoB orrpaBnaHo Ha B~xone ~or.~~:qecRoro s~eMeHTa 

H ~ OT6opa COBII8U8HHH. nnH CHHaeHHH B8~HqHH~ rHCTep83HC8 TYHHe~b

HOrO UHOU8 H)ll0~b3Y8TCH TOROBaH OTpHU8T8~bHaH o6p8TH8H CBH3b(pac,7n~ 

PereHeplTHBH~Ma nacKpHMHHaTopaMa RBR~TCH TaR~e onHoBa6paTo

P~ Ha nmPPep~HUHMbHOM IIpH8MHHK8, XOTH OHH HM8~T 60~bwee MepTBOe 

BpeMH,HX llpWA8H~T H3-38 60~blli8H qYBCTBHT8~bHOCTH, ~aronapH OT

CJTCTB~ r.~~:c~epe3aca. B KaqecTBe npKMepa Ha pac.7,e npaBeneHa 

cxeMa nacKpwnHHaTopa c qYBCTBHTe~:E.HOCT:E.~, noBblllleHHo! no 6 MB, qTo 

UOCTHrHyTo B:l8L(8HH8M H8~HH8HHOH llO~OEHT8~:bHOH o6p8THOH CBH3H (pe-

3HCTOp 820 Ou - TpaH3HCTop) /85, !08/. 

Ha pHC,?, lK IIOR838H UHCRpHMHH8TOp TOKa, BMHqaHa nopora 38-

naeTCH TOROM CMe~eHHH 6~CTporo repMaHH8BOrO UHOU8, CxeMa HCITOnb30-

BMaC:b l1,JIH BIIU8~8HHH Bp8M8HHOro HHT8pBM8 38pHU8-p83pHU8 8MROCTH 

B 8HMOrD-Bpi~M8HHOM npeo6p830B8Te~e /109/, 

Cxe~ wri!XtlepeHUHpoBaHHH. YRopoqeHae nepenanoB HanpHJKeHHH 

/87,91+93,98 99,I05-I07,IIO/ no HMITY~:bCOB 10+15 HC l1,JIHTen:E.HOCTH 

* BKJiaA yc~uTeJIH cocTBBnHeTc.fl H3 rronoBHH~ l1,JIHTe~:E.HOCTa wpoHTa B 
JIHHe~HOM pnuMe IlJIJOC coRpa~eHH.fi 3anep~a Ha ypoBHe O,I npa nepe
rpy3Re, pa11Horo o6~qHo -.J qeTBepTa wpoHTa. 
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TipoB3BOUHTCH 00~4HO C TIOMOmb~ illHpOKOH3B8CTHOH CXeMH - pHC.8,a.M3-
MeHeHHe unHTE~bHOCTH ~OpMHpOBaHHOrO BMTIJ~bca UOCTHraeTCH BapbHpO-

BaHH8M 4H~a ~OrHqeCKHX 3~8M8HTOB B OOKOBOH U8TIH 3agep~H (pHC.8,6). 

I1pHM8H8HHe H<TerpHp~meH R.C -UenoqKH (pHc.8,B) TI03BO~H8T ynpo

CTHTb CXeMy lH~epeHUHpOBaHHH H OOecneqHTb ~aBHOCTb pery~HpoBKH 

nRHTe~bHOCTH HMTIY~bca. llo Mepe YBe~HqeHHH nocTOHHHOH BpeMeHH RC
-uenoqKH CTa!'OBHTCH 3a.MeTHbiM 3aTHrHBaH.I'le aanHero ilJpOHTa B~XOUHOro 

HMTIJ~bca. nnr JCTpaHeHHH 3TOrO ~eKTa HCTIO~b3~T ~HH~ 3anep~H 

C pacnpen~e~H~MH napa.MeTpaMH (pHC.8,r). nnH ilJOpMHpOBaH.I'IH HMTIJ~b-

COB cB~rne IO + 20 He yno~eTBOpHTe~bH~e pe3y~bTaT~ ooecneqHB~T 

cxeM~ JKopoqeHHH Ha n~epeHUHp~meH RC -uenoqKe (pHc.B,n,e) • 

llpo~eMa JKOfoqeHHH aanHero wpoHTa pemaerca Hcno~b30BaHHeM TpHrre

pa illMHTTa (pHC.8,*), BpeMH BOCCTaHo~eHHH U~epeHUHp~eH eMKOCTH 

MO*eT O~Tb yueHbilleHo BOCCTaH~HB~mHM UHOUOM (pHC.8,3). 

nnH ue~e~ JKOpoqeHHH HMTIY~bCOB MOryT npHMeHHTbCH TaK*e OUHOBH

OpaTOpH C ilOTeHUH~bHbiM BXOUOM. 

0UHOBHOpaTOpH. CxeMH 3anaHHH BpeMeHH~X HHTepB~OB MO*HO 

RJiaccnqm.uapoi an no TpeM rpyrrrrau rrpH3HaKOB. 

Co CX8MH)H TOqKH 3p8HHH OUHOBHOpaTop~ Ha HHTerp~bHUX CXeMax 

C 3MHTTepHOH ~BH3b~ /56,86,III+I20/ pa3~Hq~TCH Tlf!JOM BC!JO~b3J8MO

ro BpeMH3an~uero (peaKTHBHoro) 3~eMeHTa a cnoco6oM ero B~qeHHH. 

illHpOKO pacnpO~TpaHeHO B~IDqeHHe 3~eMeHTa 3agep~H (HH*e y TaKHX 

OUHOBHOpaTopo 3 llHneKc - J.. ) . MH 3auep~n MoryT ncno~b30BaTbCH 

noc~enoBaTe~biO B~~qeHH~e ~orHqecKHe cxeMH (c), Ka6e~b (K), ~H6o 

HHTerpHp~M R C -uerroqKa (H). Bee TPH THna 3anep*eK cxeMHo 
~ 
f.( 

;~ B3allM03aM8HHe . .ru. ,lloCTOllHCTBOM KaOe~bHOH 3aneplK!m ~ReTCH XOpornee 

. OTHOilleHHe Bpe ~eHH 3ageplKKH K URHT8~bHOCTH <fJpOHTa B~XO UHOro HMTIY~b

ca, qTo 008C!JlqHBaeT Oo~billYD CTaO~bHOCTb BpeMeHH BHU8plKKH ( t BUU) 

H YUOOCTBO ilJo )MHpOBaHHH KOpOTKHX HHT8pB~OB. 3ageplKKa Ha HHTerpll-
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PYDmetl N C -uem: donee KounaKTHa If odecnet.JvrBaer doJJ.&Illntl )4aanasoH 

t Bhl,ll,, JJJeMeHT 38.,14epli:KIII MOJI:CT dblT.b BKJIIJt.JeH Melll:,ll;y DXO,D;B.Mf! I!J!TerpaJJb

HblX CXCM 1 B 3TOM CJJyqae CllrllaJJ pacnpOCTpaHSleTC.fJ DO HeMy .3 np.F!MOJ.! 

' ,,n) "' HanpaBJJeHHIII ~Ha!1pii!Mep,0K 1 JIHuO 38.,14epli:Ka DKJJIJlJB.8TCll t!elll:,ll;y Db!XO,l40l.! 

O,II;HOBHdpaTopa Ill BXO,D;OM1 TOr,n;a CHrHB.JJ pacrrpocrpaH.fleTCil B JClpaTHOM 

HanpaBJJeHMH ( ror,n;a 3~). HcnoJJ.&3YIJTC.fl 111 o.n:HOB!!Clparopu, B Koropux 

pereHepaTHBHaff 06paTHaR CBH3.b 38Mb!KB.eTCH eMKOCT.bD (E). 

llo BHnJ 3aiTJCKa OUHOBH6paropbl pasneJIHDTCH Ha ITOT8HHHB.JJ.bHble 

(II), HMITYJI.bCHble (H), JIH60 HMIIYJI.bCHD-ITOTeHUHaJI.bHble (yHrulepCaJI.bHble

-Y), Y KOTOpb!X nJIHT8JI.bHOCT.b BXOUHOrO CHrHaJia UOITYCTHMa KB.K M8H.bllle, 

raK I! HB.MHoro doJJ.&Ille BblXO,n;Horo, ITpo,n;OJJEI!TeJJ.&HOCT.b neperra.n:a sa

nycKB.Dmero CHrHaJia MO*eT 6blT.b JIHMHTHpOBB.Ha CBepxy * (~; , JIH60 

npoH3BOJI.bHa (II), 

~R CTB.THCTHlleCKHX HMITYJI.bCOB BB.*HblMH xapaKTepHCTHKE~H HBJIHDT

CR B8JIHliHHa H TII!IT MepTBOrO Bp8M8HH (JIOrii!Ka Cpa6aTblBB.HHH OT BTOpl!liHO

ro BXOUHOro HMITYJI.bCa, IIpHwenwero BO BpeMH Bb!Uep*KH OUHOBH6paTopa), 

HaH6oJiee pacrrpocrpaHeHbl cxeMbl c 6JIOKHpOBKoii Bxona Bo BpeMR Bhlnep*KH 

(E), ~H HHX YU06Heii ITOJI.b30BB.T.bCR ITOHHTH8M BpeMeHii BOCC1'aHOBJI8HHH 

( t BOCCT,) , KOTopoe JCJIOBHO MO*HO pas.n;eJJ I!Tb Ha TpH KB.TeropHH: 

cpeUHee (C) - t BOCCT ~ -t Bb!U,; MaJIOe (M) - t BOCCT ~ 0,2 + 

+ 0,5 t Bb!U H "HyJieBoe" (H), ECJIH npH ITOHBJI8HHIII BTOpHliHOro l1MITYJI.b

ca OUHOBH6paTop ITpO,n;JJeBaeT Bb!XO,D;HOtl CHrHB.JJ Ha I!HTepBaJJ t Bbl,D;. H 

tM <.<. t~totfi, TO TB.KHe CX8Mbl U8JI8C006pa3HO HCIIOJI.b30EB.T.b B Ka

HaJiax aHTI!COBITB.UCHHH (A) nJIH ITOBblWCHII!R HX ~eKTl1BHOCTH, ECJIH npH 

ITOCTyiTJieHHH BTOpHliHOrO HMITYJI.bCB. OUHOBH6paTop npepb!BB.CT Bb!XOUHOR 

CHrHaJI, a 3B.TeM WoPMHpyeT 3aUaHHblH BpeMeHHOR HHTepBaJI /121/, TO 

* Hanp!Wep, cxeMbl .n:>~QxPepeHuHpOBB.HHSl pac.8 HBJIRIOTCR cxeMB.MH THIIa 

IIJJ. 
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ero BHrOilHO llpHM6HHTh ~H ~HKBHil8UHH npocqeTOB B KaH~ax COBITane

HKH (C). 

Ha pHC.9,a+K llpHBeneHH OCHOBHHe CXeMU BCTpeqruv~XCH OilHOBH-

6paTopoB, HHil6KCaMH yxasaHH HX r~aBHHe OT~HqHT6~bHHe npH3HaKH. Eo

Ree nonpo6uo 3TH cxew paccMoTpeuu B o6sope /122/. OnuoaH6paTop c 

~orHKo~ cqeTuoro Kau~a rrpHBOilHTCH B /98/. B pa6oTax /99,106,107/ 

OITHCaHH CX6W C qJopMHpOBaHH6M t BHll ITO 11pHHI.U1ilY yqeTBepeHHH 

BpeMeHHO~ ~HHH Ka6aRH. 

reueparopu H nepexonHHKH ypoBue~. Cxew BHCOKoqacToTHoi reue

pauHH peaJIH3YJlTCII,KaK 11p8.l!HJIO, C HCITOJlb30BaHl16M 38.,1(all!ll6rO Ka6eJII! 

sanep~H (pHc.IO,a,6) /56, 101/. B nHarrasoue cpennHx qacToT Hc

rro~b3JDTCH reuepaTopu c ~ C -sanavmKMH uerrHMH (pHc.10,B,r).Ha 

ECL -HHTerp~bHHX CXeMax OTHOCHTeRbHO ITpoCTO CTpOHTCH reuepaTo

pH C KBapueaol CTa6~H38UHei Ha OCHOBHOi qaCTOTe (pHc.IO,n) H BHC

WHX rapMOHKKax (pHc.10,e). 

Ha pHc.IO,x ITPHBeneua cxeMa ynBoeHHR qacToTH 3anavmero reue

paTopa. llpH n~HHe Ka6eRH, yxasauuoi ua pHcyHKe, ua auxone cxew 

HM66TCH "Meaunp", 11pH M6HbWHX ~HHaX - CHrH~H CO CKBaJKHOCTbKl, 

6o~bwei IlBYX. Ha pHc.IO,s naua cxeMa T.H. "pacwHpHTe~H" HMITY~bCOB, 

~HKJweroCR qopMHpoBaTeJieM BpeMeHHHX HHT6pB~OB C ROrHKoi npo~e

BaHHR BUXOilHOrD CHrH~a (A) H Hy~eBHM M6pT~HM BpeMeHeM. 

bnOKH 6UCTpol ~eRTpOHHKH Ha HHTerp~bHHX CX6Max C 3MHTT6pHOi 

CBR3bKl pa6oTaKJT C CHrH~aMH ITO CTaHUapTY NIK /123/, BCR6IlCTBH6 

qero Ha Bl:iXOile HX HCITO~b3YKJTCR nepeXOilHHKH ypOBHei NIM -- ECL 

(pHc.Il,a,6), a Ha BHXOnax - ECL - Bill (pHC.Il,B,r). CHrH~U 

BHewuero ynpaBJieHHH H BHnaqH nauuux o6ecrreqHBaDTCH o6uquo TTL -

CXeMaMH. llepeXOilHKKH TTL - BCL H ECL -- TTL o6uquo BXO

IlHT B cocTaB cepal HC. Ha pac.II,n,e npmBeneuu rrpocTelwHe nHC

RpeTuue BapHaHTU 3THX nep6XOilHHKOB. 
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ero B~rOUHO llpHM6HRTb ~R RHKBHI(BUHK npocqeTOB B KaHanax COBnaue

HHii (C). 

Ha pzc.9,a+K ilpHB61(6~ OCHOBH~e CXe~ BCTpeqav~XCH 0UHOBH-

6paTOpOB, HHI(6KCaMH yKasa~ HX rRaBH~e OTRHt{HT6RbH~e npH3HaKH. Eo

Ree nonpo6HO STH CX6~ paCCMOTpeH~ B 06sope /122/. 0UHOB~6paTop C 

ROrHKo~ cqeTHoro KaHana npHBOUHTCR B /98/. B pa6oTax /99,106,107/ 

onaca~ cxeMH c ~pMzpoBaHzeM i: BH!l no npzHuwny yqeTBepeHHR 

BpeMeHHO~ ~ZH~ Ka6eRR. 

reaepaToph! H nepexouHHKH ypoBHe~. Cxe~ BHCOKoqacTorHola reHe

pauaa peanH3YDTcs,KaK npaBano, c zcnonbsosaHweM s~aD~ero &a6ens 

sanepXKH (pzc.10,a,6) /56, 101/. B nzanasoHe cpenHHX qacroT wc

noRb3JDTCR reHepaTop~ c ~ C -sananmMMH uenRMH (pac.I0,3,r).Ha 

ECL -HHTerpanbH~ CXeMax OTHOCHTeRbHO npOCTO CTpORTCR 7e~epaTO

p~ C KBapueBO~ CTa6HRZ3BUHe~ Ha OCHOBHO~ qacToTe (pac.IO,n) H BHC

WHX rapMOHKKax (pac.IO,e). 

Ha pzc.IO,lK npzBeneaa cxeMa y!lBoeHHJI qacToT~ sanavunro reHe

paTopa. llpw Mime Ka6MR, y&asaHHOH Ha pacyHKe, Ha B~XOU'l cxe~ 

HMeeTCJl "M8aH!lp", ilpH M6HbWHX ~zHaX - CHrHanhl CO CKBalKHI}CTbiO, 

6oRbwe~ llBYX. Ha pzc.IO,s l(aHa cxeMa T.H. "pacwapaTeRJI" JIMIIYRbCOB, 

J!BRJIIOIII6rQCJl ~pMHpOBaTeReM BpeM8HH~X HHT6pB8ROB C JIOrHKOJi npo!1,1Ie

BaHHJl B~XOI(HOro CKrHana (A) H HYR6BHM MepT?HM BpeMeHeM. 

MOKH 6flCTpol SR8KTpOHI'IKH Ha HHTerpanbHflX CXeMax C :~MHTT6pHOJa 

CBJl3biO pa6oTaDT C CKrH8R8.MK llO CTaH!lapTy Nlll /123/, BI:JI81(CTBH6 

qero Ha B~xone HX HCll0Jlb3JDTCJI nepeXOI(HI'IKH ypoBHela NDI _. ECL 

(pzc.II,a,6), aHa B~xonax- ECL - NIII (pHc.Il,B,r). CnrHan~ 

BH6WHero ynpaBJI6HHR H BHI(aqH l(aHH~X 066Cll6'1HB8DTCR 06flt{HO TTL 

CX8MaMH. llepeXOI(HKKH TTL - ECL If ECL ~ TTL 06~qllo BXO

UJIT B cocTaB cepz~ HC. Ha pwc.II,n,e npzBeueH~ npocTe!awne nzc

KpeTH~e BapzaHTfl STHX nepeXOI(HKKOB. 
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EnoKM HJ!~pHO~ a~eKTpOHMKM. Paapa60TKM H~ HHTerp~bH~X CXe

Max C 3MVITTepaoll CBI!SbJO M!J8DTCI! ·celilqac npaKTMqecKn BO BC8X 00JiaC

T I!X 1!,118pHOH 3.18KTpOHIIKH HaHOC8KYH,IIHOro H ITHKOC8KYH,IIHOro ,IIManaSOHOB 

/124/. 

MMeeTcH pHn cxeM ~opMMpoBaTe~eM HMny~bCOB c rrpHBH3KOH no 

rrepenHeMy ~pO~TY /98,99,!06,!25,!26/. ITO CpaBH8HHID C aH~OrHqH~H 

~OKaMM Ha UM~Kp8TH~X KOMITOH8HTax /18+30/ B HMX OoJiee qeM Ha nopa

AOK ITOB~llieHa ~YBCTBHT8JibHOCTb - ,110 HeCKOJibKHX MHJIJIHBOJibT 1 COXpaHeHO 

B~COKOe 6HCTp~neRCTBHe - Ha ypoBHe roo MrU M ~me. Co6CTB8HHOe 

"ryJIHHHe" qJO:[:MMpOBaTe~eH COCTaBJiil8T "' 3 HC (KI38), KaK rrpaBH

~010HH HM8IDT HJJI8B08 HAH M~Oe BpeMil BOCCTaH0~8HHJI. Paspa6oTaH 

qJOpMHpOBaTe~b C UMqJpDBHM yrrp~8HH8M OCHOBHHMH rrapaMeTpaMH qepes 

MarMcTp~b KAMAK /98/. ~opMHpoBaTeJIH ToqHo~ BpeMeHHOM rrpHBH3KH BH

noJIHI!DTca o6hqHo co c~enHtUHM rroporoM /102,127+130/ c BeJIHqHHO~ 

"ry~iiHHH" li,JI.li iiMITYJibCOB C qJpDHTaMH 2HC Ha ypOBHe 0, lHC B UHHaMH

qecKOM nHaiTa~oHe 50:1. B pa6oTe /!31/ OITHCaHa CX8Ma BpeMeHHO~ KOM

IT8HCauHH li,Jiil CUHHTH~i!UHOHHHX cqeTqMKQB 6o~hWOrO pa3Mepa. 

ECL ~HETerp~hHH8 CX8MH ycnernHo HCITO~h3JIDTCH li,Jiil C03UaHHil 

cxeM sanep~~ HaHoceKYHUHoro* H MMKpoceKyHnHoro nHarrasoHa /133 + 

+ !36/, B Tml q~w~e C UHqJpOBHM ynp~eHHeM /133+135/. 

BeCbMa r:poCTO pe~!ll3Y8TCil Ha HlllX CXeMH COBnaneHHH /!05, I07, 

I26,I37+I4I/. Tpe6yeMoe rrepeKpHTHe C!llrH~OB ~ cpa6aTHBaHKH 

cxeM 0,7 + 3 He, paspeWaDtUee BpeMR noBeneHo no I He. 3nech oco6eH

Ho 3aM8THO C''pe~eHHe paspa6oTqMKOB no6JilTbCil KaqecTB8HHOro CKaqKa 

B xapaKTepHC'~HKaX arrrrapaTypH Ha OTKpHBW8MCil rryTH yBe~JilqeHKH CTe

neHM C~OlKHOC'~H CX8M. Paspa6oTaHH CX8MH, rne B OUHOM ~OK8 HaXOUJIT

Cil a~eMeHT CoBnaneH~ H BXOUHHe qJopMHpOBaTe~H /II8,I4;i, 6JIOKK C 

UHqJpDB~M yrrp;lBJ18HH8M /134, !43, 144/, KM8IDTCil JIOrHqecKH8 ~OKK, pe~H

* ~ pa6oTe /[32/ HCCJienoBaH npeH¢ sanep~H cxeM cepHH KI38 npH K3-
MeHeHKK T8JI!ITepaTypbi H HaiTpiilKeHKil ITKTaHKil. 
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3JDmH8 BC~ 6NCTpJD ~OrKKy 3aTIJCKa KOHKp8THOI ~H3KqecKO~ ycTaHOBKH 

/145/, wHpoKoe pacrrpocTpaHeHHe rro~yq~H cxeMN coBrraneHH~ MaTpHqao

ro THITa C pyqao~ KOMMJT~Hei /125,146+150/ H UM~pOB~M ynp~eHHBM 

/151+153/. ilORB~HCb MHOrOBXOUOBNB M~pHTapHNe CXBMH COBITaUBHHH 

C ~H~poBNM OT6opOM /154+156/. 0ITHCaHa rrepsaa CHCTeMa HaHDCBKYHUHNX 

~OrHqeCKHX ~OKOB C ~H~poBNM yrrp~eHHBM OT 3BM B CTaauapTe KAMAK 

/157/. 

BTopoA O~aCTb~, rue ECL -HHTerpanhHiiiB CXBMH HBIUJHI IUHpOKOe 

rrpHMeHeHHe, ~ReTcR TeXHKKa speMeHHiiiX H3MepeHHA /158/. Pa3pa6oTa

Hiil TpaUKUHOHHNB BpeMR-aMnnHTYUHNB KOHBepTOpN /158+160/ H H8ITO

cpencTB8HHN8 rrpeo6pa30BaTe~H BpeMR-~H~pa /161+172/, spe~eaaoe pa3-

pemeHHe rrpeo6pa30BaTe~ei UOBBUBHO UO HBCKO~hKHX UBCRTKOB ITHKOCBKYHU. 

HHTerp~HNe CXBMN C 3MHTTepHOH CBR3b~ IT03BO~~H peaJIH30BaTb B OU

HOM ~OK8 KAMAK 6UHHHqHoi WHpHHiil UO 6+8 KaH~OB H3MepeHHH BpeMeHHNX 

HHTepB~B /IQ9,173/. 0HH TBK~e ycrreWHO rrpHMe~TCR B y3nax BpeMeH

HOI ce~e~HH CHrHaJIOB /174+176/. 

ECL -HHTerpanbHNe CXBMN B03poU~H HHTepec K HaH6o~ee paHHBMY 

MBTOAY HerrocpeACTBBHHOrO npeo0pa30BUHKH UMIT4HTYAiil c~rHana B UH~po

BO!i KOA C ITOMOJill>D HaOopa pa3HOypOBH8B~ AHCKpH!.tHHaTOpOB. OnviCall~ 

AITU aa 6+8 ABOHQH~ pa3pRAos,apeMa KOAHPOBaHHR AOBe~eHo ~o HecKORh

KHX aauoceKyan /56,177+179/. Pa3pa6oTaHN H UH~poaaanoroslile rrpe

o6pa3osaTanH /177,180/. 

EcTeCTB6HHNH ~epol npHM8H6HHR 3THX CX6M CTaJIH 61i1C1poneiCTBY~ 

~He rOUOCKOrrHqeCKHB CHCT6Miil BOpOT C ITaMRTbD /148,181,18~/ H cqeT

qHKH C ITOBNID6HHNM 6NCTponeftCTBH6M /183+190/. 

06RaCThD1 B pa3BHTH8 KOTOpoa HHTerpa7!1>Hiil6 CXBMN C 3~HTT8pHoa 

CBR3hD AaJIH C~8CTB8HHNA BKH~, HBRR8TCR 346KTpOHHKa rrpCITOPUHOHaJ!b

HHX KaMep,xapaKT6pH3JD~aHCH 60HhillHM QHCROM (TUCHQH ll A6CRTKH TNCHQ 

/96/) KaHaJIOB perHCTp~HH HaHOC6KJHUHiiiX CHI'HaJJOB MaJIOI ~.MJTJIHTYUiil 
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(HeCKO~bKO MB). B Ha4anbH~ nepHou pasBHTHH STHX ueTeKTopoB BeCb 

TpaRT perHCTpa~HH CHTHaROB-YC~HTe~b, UHCKpHMHHaTOp, OUHOBH6pa

TOp sauepKKH H CTp06HpyeMaH CXeMa ITaMHTH - BhlllORHHRCH ITO~HOCTbD 

Ha CXeMaX C SM~TTepHO~ CBH3b~ /91+94,97,191/, Ce~qac, ITOCKO~bKY 

6HCTpoUe~CTBHe STHX CXeM nRR ue~eA perHCTpauHH H30HT04HO, SaMeTHa 

TeHU8HUHH rrepesoua S~8KTpOHHKH perHCTpauHH Ha CIT8UHaRH3HpoBaHHHe 

HHTerpanbHHe CXeMH, ~H60 CX8MH TTL (B Ue~X CHHXeHHH ITOTpe-

6nHeMOM MOUtHOC TH H ra6apHTOB), CxeMH C SMHTTepHO~ CBH3bl0 B S~eKTpo

HHKe rtponop~HCHaRbHHX KaMep mMpOKO TipHMeHHDTCH ~RH C03~aHMH CTie

l~HaRM3MpOBaHHhX ClhiCTpHX npoueccopon,npOH3BO~HIIIHX Ol'ClOp TIORe3HHX 

COClHTHn B peaJJ bHOM BpeMeHH 3KCTiepHMeHTa, no anrOpHTMa.M, KOTOphle pa

Hee MCTIORb30BUIMCb npH off-line - oClpaClOTKe Ha 3BM/37•47, 19b195/, 

PasBHTHe s~eKTpoHHKH upe~woBHX KaMep (HOBhlX ~eTeKTopon, oO

n~aD!IIHX peKCpUHHM npOCTpaHCTBeHHhlM paspeweHHeM) 6~0 6H HeBOS

MOBHO 6es HaRV4HH ECL -HHTerpanbHHX CXeM, C HX ITOMOmbJO OCJmeCTB

~eTCH BpeMeH~aH ITpHBH3Ka K HMTIYRbCaM TOKa ~ano~ ~HTYUH /100, 

196/, HCT04HIDOM KOTOpHX H~eTCH ~pencpoBaH KaMepa; BpeMeHHOe 

no~oxeHae Cflr~ana nepeBOnHTCH B UHWPOBO~ KOU c ueHoA ue~eHHH I + 

+ 2 HC /109, ]97+ 200/, npH4eM KaHanH HSMepeHHH BeCLMa KOMITaKTHH, 

n03TOMY HX MO.[eT ClHTb CBHme H8CKORbKHX COTeH Ha YCTaHOBKy, 

TaKHM o6pa30M, Mhl BHUHM, 4TO ECL -HHTerpanbHhle CXeMhl IT03BO

~H~H ITpH COX!'aHeHHH BHCOKOTO 6blCTponeHCTBHH, CBO~CTB6HHOTO 6no

KaM OOCTpoA s,~:eKTpoHHKH Ha U14CKpeTHblX KOMllOH8HTaX, o6eCIT84HTb Ka

qeCTB8HH~ CKH40K B MOXHOCTH M8KTpoHHblX yCTaHOBOK, HaCTpOAKe HX 

H KaRHClpOBKe C !IOMO!IIbD 3BM /201•203/. 0HH ITOC~YlEWIH ClasoM nRR BHe:

npeHHH HOBblX Il8pCIT8KTHBHblX U8T8KTOpOB, UaRH cymeCTB6HHblit pOCT KO

~qeCTBa rrepeJla6aTblBaeMOH B 8UHH14UJ BpeMeHH HHWoPMaulriH, 

B 3aKJI!04t:HHe anTop C4HTaeT CBOHM no~roM rro6naronapHTL \P,ra-

6pHs~. K.AHnt:pTa, B.H.KaRypHHY sa cone~cTBHe naHHoA pa6oTe, 
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