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na'IHHOB B.M. P13 - 11086 

EbiCTpbie nepec'!eTHbie neKanbi Ha MHKpocxeMax 

PaccMoTpeHhi 6hiCTphie nepec'!eTHbie neKallbi c nsoH'!Ho-nHTepwmoll 

H llBOH'IHQ-IleCliiTH'IHOH CTpyKTypOII, B KOTOpbiX npi!MeHHIOTCSI TyHHenbHbie 

llHOilbl (T ll) , 8 T8KJKe ra6pHilHbie II HHTerpanbHbie MBKpOCXeMbl H8 OCHOBe 

3MBTTepHD-CBSI38HHbiX TOKOBblX KniO'lell. lleK81lbl C T ll-llBOII'lHOII H'le!IKOII 

H llliTepi!'IHbiM nepeC'leTHblM KOnbUCM H8 TOKOBb!X KnJ0'18X o6ecne'li!B810T 

6hiCTpOilellcTBI!e 200..:l40 Mfn. lleKanhr Ha 3Cn-MI!KpocxeMax cep11ll 

K138, KSOO co cnenl!anbHbiMB nononHRTenbHhiMII nora'leCKIIMH 

CBlil3liiMB pa6oTaiOT s llaanaaoae 170-200 Mfu, orpaHa'leHHOM 6brcrponell

cTBHeM IICXOilHbiX llBOH'IHblX TparrepOB. npi!BelleHHble lleKBilbl npellH83H8'leHbi, 

B '18CTHOCTH, llnH 'IBCTOTOMepOB .S1MP-Mar'HIITOMeTpOBo 

Pa6oTa BbillOnHeHa B 0Tilene HOBhiX MeTOilOB ycKopeHHH OH.S111. 

llpeapDT 061.eJI)UieDOTO DCT8TYT& a,aepiiiU 8CC.DeJlOII&Di. l(yfiB& 1977 

Lachinov V.M. Pl 3 - 11086 

Fast Switching Decades with ECL Micromodules 

Fast switching decades with the binary-ring-of-five and 
binary-<iecimal counting circuitry are presented. The tunnel diodes 
(t.d.) and hybrid or integrated ECL micromodules are used in these 
decades. The decades with t.d. flip-flop circuit and 5 ECL stage 
ring counter have maximum operating frequency 200-240 MHz. other 
decades with ECL micromodules of the series K138, KSOO 
and with special logic feedback connections operate upto 170-
200 MHz, which is maximum operating frequency at a primary 
bistable switching circuit. The described decades are used in 
digital frequency counters for NMR-magnetometers. 

The Investigation has been performed at the Department 
of New }lcceleration Methods, JINR. 

Prepr1Dt of the Jo1Dt bultitute for Nuelear Research. Duboa lt'l'l 
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B p.R.IJ.e H3MepHTenbHhlX ua<lJpoBbiX npa6opoa, uanpa

Mep B 'iaCTOTOMepax, TaHMepax H T . .IJ.., B KOTOphlX HMeiOT

C.II ,IJ,eKa,IJ,Hhle C'ieT"'HKH C UH<lJpoBOH HH,!J,HKaUHeH, B03HHKaeT 

llOTpe6HOCTb llOBbllUeHH.II CKOpOCTH C'ieTa ,!J,O 'iaCTOT 

-200 MT11. B 3TOM cnyqae noBLIUiaeTC.R 6LICTpo,IJ,eii:cTBHe, 

CHH)KaeTC.II norpeUIHOCTb H3MepeHHH H paCUIHp.ReTC.II o6-

naCTb npHMeueua.R npa6opoa . 

. C C03,IJ,aHHeM MHKpOMO.IJ.YllbHhlX CXeM llO.IIBHllC.II pJI,IJ, 

pa3pa60TOK 6biCTphlX ,IJ,eKa,IJ,HhlX C'ieT"'HKOB Ha MHKpOCXe
MaX /1,2 /. 

HH)Ke paccMoTpeHhl nepec'ieTHhle ,IJ,eKa.IJ.hl no,IJ,o6uoro 

THlla, KOTOphle pa3pa6oTaHhl B 0T,IJ,ene HOBhlX MeTO,!J,OB 

ycKopeHH.II 011Jill H HCllOllb3YIOTC.II B pa3llH"'HhlX 'laC TOTO-
1 3 41 

Me pax ,IJ,ll.ll J .. M p- MarHHTOMeTpOB. '. 061l(HM ,!J,ll.ll 3THX ,IJ,eKa,IJ, 

.IIBll.ReTC.II HCllOllb30BaHHe B HHX 3MHTTepuo-CB.R3aHHhlX TO

KOBhlX KniO'ieH, BHa'iane rH6pH,IJ,HhlX, a 3aTeM HHTerpanbHbiX, 

ITo CBOHM xapaKTepHCTHKaM 3TH KniD"'H aecbMa Y.IJ.06Hhl 

.IJ.nH co3,IJ,aHH.R 6LicTphlx nepeKnro'iaiOII.(HX ycTpoii:cTB. B no

cne.IJ.HHe ro,IJ,hl pa3pa6oTaHhl H BhlnycKaiOTCJI npoMbiUineu

HOCTbiO HeCKOllbKO 6biCTpO,IJ,eHCTBYIOII.(HX cepHH HHTerpanb-
/1 I 

HbiX 3CJI- MHKpocxeM, uanpHMep Kl37, Kl38, KSOO . 

Co3,IJ,aua ycoaepUieHCTBOBauuas nepec'ieTHaJI ,IJ,eKa,IJ,a 

Ha OCHOBe pauee ony6nHKOBaHHOH/S,4 / CXeMbl C ,IJ,BOH"'HO

llJITepH"'HOH CTPYKTypoii:. B ,IJ,eKa,IJ,e ucnonh3YIOTCJI TYHHenL

Hble ,IJ,HO,!J,bl /T~/ BO BXO,!J,HOM ~OpMHpOBaTene H ,!J,BOH"'

HOM TpHrrepe, a B llJITepH"'HOM KOllbUe Ha TOKOBbiX 

KniO'iaX - MHKpOMO.IJ.YllH THlla 2HT173. CKOpOCTb C'ieTa 

,IJ,eKa.IJ.bl .IJ.OCTHraeT 200 MT11. Bxo,IJ,Hoi: ~opMHpoaaTenL 
I puc. 1/ BKniD'iaeT TOKOBbiH KniD'i ua T 1 , T 2 • Tpurrep 
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IIIMHTTa Ha T ,[( 1 H o,nHOBH6pa TOJ? Ha T ,[(
4

. KoJI.JieKTOpHLiii TOK 
T

2 
I .no - 6 MA/ ynpaBnJleT T ,[(1 .OrpaHH'IeHHe 3Toro TOKa 

npe,nynpe)K,naeT .nerpa.na.uuro T ,[(
1
_IlpH rapMOHH'IeCKHx axo.n

HLIX CHrHanax HCXO,!J;HOe 3Ha'leHHe TOKa KOJI.JieKTOpa T2 
l-3 MA/ ycTaHaBnHBaeTCJl C ITOMOI.QhiO R 22 .BXO,IJ;HOH cur
Han qepe3 TOKOBhiH KniO'I BLI3LIBaeT nepeKniO'IeHHe T ,[(1 . 

HMnynhc c T ,[(1 .nul}ll}lepeH.UHPYeTcJl, a ero oTpu.uaTenhHLiii 
BLI6poc l.nnuTenhHOCTh- 2 He, aMnnHTy,na- 0,7 Bl, Mano 
3aBHCJII.QHH OT I}JopMLI BXO,!J;HOrO CHrHana, 3anyCKaeT O,!J;HO
BH6pa Top Ha T ,[( 4 • IIocne,nHHii BLipa6a TLIBaeT KopoTKHH 
I -1-:- 2 Hcl HMnynhc ,nnH 3anycKa .D;BOH'IHoro Tpurrepa 
Ha T ,[(

2 
H T ,[(3 no cxeMe/5/ c Henocpe,ncTBeHHhiM coe.nu

HeHHeM O,IJ;HOBH6paTOpa H TpHrrepa. 3Ta CXeMa ITOBLilllaeT 
Ha,ne)KHOCTh 3anycKa TpHrrepa, yny'llllaeT ero Harpy3oq
HYIO CITOC06HOCTh H CHH)KaeT Tpe6oBaHHJl K HCITOnh3yeMLIM 
T,[(. KpoMe Toro, nepeKnro'leHHe Tpurrepa 3a C'leT cuu
)KeHHJl ua HeM uanpH)KeHHJl nonHoCThiO ycTpaHJleT .nerpa
.na.uuro T ,[( B TpHrrepe. IluTaHHe T ,[(2 ,3 .4 cTa6HnH3HpyeTCJl 
,IJ;HO.D;OM ,[( 4 • BKnro'leHHhiM B npHMOM HanpaaneHHH. HanpH
)KeHHe Ha HeM 1- 0, 7 2 Bl 6nH3KO K OITTHManhHOMY HallpJl· 
)KeHHIO ITHTaHHJl ,naHHOH Jl'leHKH npH T ,[( THITa 3H306n HnH 
3H201A. IIo,ncTpoiiKa 'IYBCTBHTenhHOCTH o.nuoau6paTopa 
npOH3BO,!J;HTCJl COITpOTHBneHHeM R17BhiXO,IJ;HOH CHrHan C TpHr
repa paaeH-0,5 B. IIpoaepKa TpHrrepa noKa3ana ero B03-
MO)KHOe 6hiCTpo,neiicTBHe: CBhillle 300 MF11. Bo MHoroM 3TO 
3aBHCHT OT BXO,!J;HOrO I}JopMHpOBaTenJl. HanpHMep, npH HC
ITOnh30BaHHH Ha axo.ne TOKOBoro Kmoqa cepHH K500I500 
niJ16I, BMeCTO yKa3aHHOrO Ha CXeMe, CKOpOCTh C'leTa 

MO)KeT 6LITh noBLillleHa .no 240 MF11. ,[(nH cxeMLI, npuae,neH
Hoii Ha puc. J, BXO,IJ;HaJl 'IYBCTBHTenhHOCTh Ha 'laCTOTe ,!J;O 
100 MF11 ny'lllle 0,1 B 3$., a Ha qacToTe OT 100 .no 
200 MF11 - He xy)Ke 0,2 B 3$. 

B .uenh CBJI3H .D;BOH'IHOii H'leiiKH c nocne,nyroiUHM ITJITe
pH'IHLIM KOnh.UOM qepe3 T3 H T 8 BBe,neHLI .nuo.n ,[(9 H R6 , 

'ITO CTa6HnH3HpyeT CHrHan Ha BXO,IJ;e KOnh.Ua, a ero aMITnH
Ty,na ynpaanHeTCJl c noMOIUhiO R6 . Hcnonh30BaHHe B KOnh
.ue /S/, COCTOJII.QeM H3 TOKOBhiX KniO'IeH, MHKpOMO,IJ;yneii 
2HT 173 ITOBLICHnO Ha,IJ;e)KHOCTh H CTa6HnhHOCTh ero pa6o
Tbl. TOK B KniO'IaX ITOBblllleH ,!J;O 7,5 MA npH o6I.QeM ITHTa
HHH KOnh.Ua +12 B. 0Ka3anOCh none3HLIM BBe,IJ;eHHe He-
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6onhWHX j-20 OM/ conpoTHBneHHii nocne.nosaTenhHO c 
nepexo,nHhiMH cTa6HnHTpoHaMH KOnhua I puc. 1/ ,nn.R npe
,nynpe)l{,neHH.R B03MO)I{HOH B. '1. reHepaUHH. il.RTepH'IHOe ne
peC'IeTHOe KOnhUO pa6oTaeT npaKTH'IeCKH 6e3 HaCTpOHKH 
C ,nonyCKOM no nHTaiOIUHM Hanp.R)I{eHH.RM - ±20%, eCnH 
BXO,n.RIUHe B KOnhUO pe3HCTOpbl H CTa6HnHTpOHbl no,no6paHbl 
C OTHOCHTenhHbiM pa36pOCOM DO BenH'IHHe, COOTBeTCTBeH
HO, conpoTHBneHHii H Hanp.R)I{eHHii B rpynnax .no - 2%. 

Bhlxo,nHoii TOKOBhlii KniO'I /T9 , T10 I npeo6pa3yeT cTy
neH'IaThle carHanhl c Konhua B np.RMoyronhHhle H ycTpa
H.ReT anH.RHHe Harpy3KH Ha pa6oTy Konhua. KniO'I c.nenaH 
6onee cTa6HnhHhiM 3a c'leT ysena'leHH.R 3MHTTepHoro co

npoTHBneHH.R. 
B ,neKa.ne c HH,nHKauaeii /puc. 2/ .newa<llpaua.R cocTo.R

HHii Konhua ocymecTBn.ReTc.R no 6onee 3<ll<lleKTHBHoii pe-
3HCTOpHo-.nao,nHoii cxeMe 151 . CorBan "'leT-He'leT" nocTy
naeT Ha 3MHTTepHble BXO,nhl ,nByX rpynn TpaH3HCTOpOB 
/T

24
-:- T

33 
, II3071i/, ynpasn.RIOIUHX ua<llpoBhiM HHJl.HKaTo

poM HH- 2 oT TOKOBoro KniO'Ia M6 I- 2,5 MA/, KOTOphlii 
nepeKniO'IaeTC.R BbiXO,nHhiM CHrHanoM ,nBOH'IHOrO TpHrrepa. 

C6poc ,neKa,nhl B HCXO,nHOe COCTO.RHHe OCyiUeCTBn.ReTC.R 
qepe 3 ,nao,nhl )1. 10 -:-)1. 12 cxeMoii Ha T21 -:- T23 /M 5 I npH 
oTpHUaTenhHOM HMnynhce c6poca c aMnnaTy,noii 6onee 2 B. 

BpeMeHHOe ceneKTHPOBaHHe BXO,nHhiX CHrHanoB npOH3-
BO,nHTCJI nocpe,ncTBOM T34 • BKniO'IeHHoro no cxeMe c o6meii 
6a3oii. EcnH KonneKTOpHhlii TOK T 34 npeahlwaeT - 3 MA, 
TO ,neKa,na He 3anycKaeTc.R. Ha Bhlxo.nax cxeM M 7, Ms 
<llopMHpyiOTC.R CHrHanhl /+6 Bj B ,neC.RTHqHOM Ko,ne, KOTO
pble, MO)I{HO HCDOnh30BaTb, HanpHMep, ,nn.R ynpasneHH.R 
ua<llpone'laTbiO. B )l,eKa.ne I puc. 1/' pa6oTaiOIUeii B pe)I{HMe 
AenaTen.R 6e3 HH,nHKaUHH, ceneKTHposaHHe c'leTHhiX car
Banos ocymecTBn.ReTc.R Ha BhiXO)l.e ,neKa,nhl c noMOIUhiO 

cxeMhl M 5 , 1JI1i553. 
Ha puc. 3 npe,ncTaBneH BHeWHHii BAA ,neKa,nhl 6e3 

HH)l.HKaUHH. )J.n.R o6ecne'leHH.R Ha,ne)I{HOH pa60Tbl ,neKa,nbl 
CyiQeCTBeHHbiMH .RBn.RIOTC.R MHHHaTIOpH3aUH.R ee, xopowa.R 
pa3B.fi3Ka no nHTaHHIO H paUHOHanhHhiH MOHTa)l{. 

B nocne,nHee apeM.R )l,n.R co3,naHH.R )l.eKa)l.HhiX c'leT'IHKOB 
WHpOKO HCnonh3YIOTC.R HHTerpanbHble MHKpOCXeMhl, B KO
TOphiX Ko3<ll<iiHUHeHThl nepec'leTa Ha 10 nony'laiOTC.R Ha oc
HOBe 'leTblpex ,nBOH'IHbiX TpHrrepOB C ,nononHHTenbHbiMH 
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Puc. 3. BHeUIHUU euo oeKaOitl Ha TJ! u IIIOK061>1X K/IIO"'ax. 

norHqecKHMH CBB3BMH, o6ecneqHsaromHMH ~BoHqHo-~ecs
THqHwii BbiXO~HOB KO~ I-2-4-8. BH3yanbHaB cilHKCa:UHB pe-
3YHbTaTa cqeTa npOH3BO~HTCB qepe3 COOTBeTCTBYIDmHH 
~ewHcilpaTop c nowom~>ro :UHcilposwx HH~HKaTopos. ,D;ewHcilPa
TOP swnonHBeTcs TaiOKe B BH~e MHKpocxeww. HanpHMep, 
B KOMnneKT TaKOrO cqeTqHKa ~g WHpOKO pacnpOCTpaHeH
HOH cepHH KISS sxo~BT cxewa nepecqeTHOii ~eKa~w KISS 
HE2, ~ewHcilpaTop KISSH,D;I H :UHcilposoii 7-cerweHTHblii 
HH~HKaTop AJI304. O~HaKo waKCHManbHOe 6wcTpo~eiicT
BHe cqeTqHKa :noii cepHH He npeswwaeT- 20 MFt~. 

lionee BbiCOKHe cKopocTH cqeTa lcsbiWe IOO MFt~l no
Ka3wBaiOT ~BOHqHble TpHrrepbl Ha OCHOBe TOKOBbiX Knroqeii 
3CJl-THna, HanpHwep cepHH KI37, KI38, KSOO. Ho 
B 3THX Knroqax OTCYTCTBYIOT cnenHanbHble ~eKa~bl C 
BbiXO~HbiM KO~OM I-2-4-8, ll03BOHBIDmHe, HanpHMep, pac
WHpHTb qacTOTHblH ~Hana30H ~eKa~HOrO cqeTqHKa cepHH 1SS. 
liwcTpwe nepecqeTHble cxeww Ha 10 Ha ocHose cxeM 3CJI
THna so MHOrHx cnyqasx HMeiOT Kon~>nesyro CTPYKTYPY H 
K03cllcilH:UHeHT nepecqeya IO HnH S npH ~o6asneHHH ~BoHq-
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Horo TpHrrepa /1 .6 I, KaK H B swwe npHse~eHHoii ~eKa~e. 
Ho ~ng HH~HKaUBH COCTOBHBB TaKHX ~eKa~ He06XO~HMO nH60 

· sse~eHae ~ononHHTenbHOB ~ewacllpauHH B KO~ I- 2-4-8, na6o 
npswoe no~KnroqeHae K BH~HKaTopy cneuHanbHoro ~ewHcll
paTopa Ha HeCKOHbKBX MHKpOMO~ynsx. IlOCTpOeHBe )l(e ~e
Ka~HbiX cqeTqHKOB Ha OCHOBe qeTblpex ~BOHqHbJX TpBrrepOB 
CO cqeTHbiM BXO~OM C ~OllOHHHTeHbHbiMH norHqecKHMB CBB-
3BMB, KaK npaBHHO, npBBO~BT K CHB)I(CHHIO 6biCTpo~eBCTBHB 
~eKa~bl OTHOCBTCHbHO 6blCTpO~CHCTBHJI HCllOHb3YCMblX 
~soHqHwx Tparrepos 17 ( 

B HaCTOJIIUee speMJI HaH6onee 6wcTpbiMH B y~aqHbiMH 
no CTPYKType cqaTaiOTCJI ~BoHqHwe TpHrrepw Ha ~syx 

D·TpHrrepax 3CJI -cepau ITHna Latch, "3amenKa"l 
1

1. 81 
• 

Ilo OT~enbHOCTH 3TH D-Tparrepw He woryT pa6oTaTb KaK 
cqeTHble. YKa3aHHblB ~BoHqHwn Tpsrrep HMeeT napacila3HblB 
sxo~ H JanycKaeTCJI co cqeTHoro sxo~a qepe3 cxewy HJIH
HJIH-HE c napaclla3Hb1M BbiXO~OM anH c swxo~os no~o6-
Horo TpHrrepa. MaKCHManLHaJI Ja~ep)I(Ka cpa6aTbiBaHBJI 
Tparrepa pasHa 2r, r~e r - ycpe~HeHHaJI 3a~ep)I(Ka cpa-
6aTwBaHBJI O~HOrO TOKOBOrO Knroqa C 3MHTTepHOB CBJI3bl0. 

HB)I(e paccMoTpeHbl TaKBe nepecqeTHble ~eKa~bl Ha cxe
wax cepHn K138, KSOO, B KOTopwx ~ocTHrHyTo 
6wcTpo~eiicTBHe Hcxo~Hblx ~BoHqHbiX cqeTqHKOB -170 MFll 
H 200 MF1.1, COOTBCTCTBCHHO. 

Ha puc. 4 noKa3aHa cxewa ~eKa~Horo cqeTqHKa c sw
xo~HblM KO~OM 1-2-4-8 Ha cxewax cepHH K138, a Ha 
puc. 5 npe~cTasneHbl noJICHBIOmHe ero pa6oTy speMeHHble 
~arpaMMbl cHrHanos B pa3nHqHwx ToqKax ~eKa,nbl npa 
sxo~Hou qacToTe 100 MFll H r = 2,S Hc. 

Ka)l(~blii H3 qeywpex ~soaqHbJX TpHrrepos BKnroqaeT 
nepBbiB H BTOpou D-Tparrepbl /M 1, M 2 , 1 T~382l, KOTOpble 
HMeiOT CHHxposxo~ C, sxo~ D, swxo~bl Q , Q I c cooTBeT
CTBYIOmHM HH~CKCOM 1 HHH J.l H BXO~ YCTaHOBKH 0 · IlpB 
3T~M Q 1 coe~BHCH c Ib ' ~ coe~HHeH c Dl' a: cl, c2 H 
Q

2
Q2 JIBHBIOTCJI, COOTBeTCTBeHHO, napacila3Hb1MH BXO~OM 

H swxo~oM. CqeTHblii sxo~ nepsoro TpHrrepa ocymecTsneH 
c nowom1>10 cxeww HJIH-HJIH-HE IM 12 , 61 c napacila3HbiM 
BbiXO~OM IJi,BI. B HCXO~HOM COCTOBHHH Ha BXO~ax Ji,B 
nepsoro Tparrepa I puc. 1,21 HMeiOTCJI, cooTBeTCTBeHHO, 

- 1 
CHrHanbl 1 B 0, Ha BbiXO~aX Q2 , Q 1 , Q 2 IToqKH 1, 1 , 21 -

9 
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ypoBHH 1 , 0 , 0. flpu noBaneHHB nepaoro curHana 1 Ha 
cuHxpoaxo.n;e C 1/axo.n; B/ nepaoro D·Tparrepa ocymecT
BnJieTcJI nepexo.n; ypoBHJI 1, KOTOpblii: BMeeTCJI Ha D 1 , Ha 
BbiXO.D;Gt.TaK KaK Ha BXO.n;e C2 6bln ypoBeHb 0, TO BTOpOH 
D- Tpurrep He B3MeHJieT CBOero COCTOJIHBJI. flo OKOH"'a • 
HHH curHana HaC2/axo.n; li/ noBBnBeTCJI curHan 1 u npouc
xo.n;uT nepeHoc ypoBHJI 1 EO axo.n;a D 2(Q 1) Ha Bblxo.n; Q 2 , 
a ypoBHJI 0 - Ha Bblxo.n; Q 2 I D 1 I. flpa BTopoM HMnynbce 
CHa"'ana curHan OnepeHOCHTCJI c D 1 HaQ1/D 2 /,a 3aTeM, 
c noBaneHHeM ypoBHJI 1 HaC 1.curHan 0 c D2 nepexo.n;HT Ha 
Q 2,u Tparrep B03BpamaeTCJI B ucxo.n;uoe cocToJIHHe. flpo
uecc nepeKmo"'eHHJI B Tpurrepe .n;nHTCJI c 3a.n;ep:>KKoii He 
6onee 2 r . 

)J,o BOCbMoro axo.n;Horo HMnynbca c"'eT"'HK pa6oTaeT KaK 
.n;aoH"'HbiH I puc. 5/. flo oKOH"'aHHH "'eTaepToro HMnynbca 
curHan 0 c Bblxo.n;a Q 2 TpeTbero Tparrepa HHBepTupyeTCJI 
B /M11, 6/ u nepeKmo"'aeT no axo.n;y C 1 nepablii: D·Tpurrep 
"'eTBepToii R"'eHKH. CurHan :>Ke c Bblxo.n;a Q 1 /M 7/ ::noro 
O·TpHrrepa 6nOKHpyeT nocpe.D;CTBOM BHBepTopa /M 11, 6/ 

BXO.D; C 1 · 
qT06bl o6ecne"'HTb J);BOH"'HO· .n;eCJITH"'HYJO norHKy pa60Tbl 

C"'eT"'HKa, BBe.n;eHa cxeMa J.H /M 9 ,~/, Ha BbiXO.D;bl KOTOpoii: 
no.n;Knro"'eH oxo.n; B, BbiXO.D;bl Q 1 H Q2 nepaoro Tpurrepa. 
Ha Bblxo.n;e cxeMbl 3W, o6bi"'HO HMeromeii: ypoaeHb 1, lllopMu
pyroTcJI oTpuuaTenbHble HMnynbcbl curHana 0 c .n;nuTenb· 
HOCTblO -2 r B MOMeHTbl OKOH"'aHHJI BXO.D;HblX "'eTHbiX HM • 
nynbCOB /puc. 5,n03.9, CHrHanbl C J);BOHHbiMH nHHHJIMH/. 
Bae.n;eHHe 3THX aMnynbcOB .n;nJI ynpaaneHHJI noruKoii: nepe
C"'eTHOH .n;eKa.D;bl n03BOnHnO CHH3HTb BpeMeHHble 3a.n;ep:>KKH 
curHanoB ynpaaneHHJI, c.n;enaTb noruKy .n;ocTaTO"'HO npocToii: 
u .n;ocTB"'b 6blcTpo.n;eii:cTBHJI .n;eKa.n;bl, paBHoro 6blcTpo.n;eii:
cTBBIO .D;BOH"'HOrO C"'eT"'HKa. 

B MOMeHT OKOH"'aHBJI BOCbMOrO C"'eTHOrO HMnynbca 
lilopMHpyeTCJI "'eTBepTbiH ynpaanJIJOil.(BH BMnynbC, KOTOpbiH 
CTpo6apyeT coana.n;eHHe no axo.n;aM cxeMbl 3W /puc. 4, 
no3. M 

9
, 6 a puc. 5 ,no3. 9, 3 1 , 5, carHanbl c nyHKTBpoM/. 

Ha Bblxo.n;e KOTopoii: B03HBKaeT carHan 1 I puc. 5, no3. 12/. 
3TOT BMnynbc nepeKnro"'aeT qeTBepTblii: Tparrep no axo
.n;yC2,c Bblxo.n;a Q2 KOToporo curHan 1 qepe3 cxeMy 2WJIW 
/M 11 , a/ 6noKapyeT axo.n; BToporo Tparrepa no D 1 I puc. 5, 

1 
no3. 8, 4 /. 
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IlJITbiH ynpaBnJIIOIUHH HMnynLC, COOTBeTCTBYJOI.QHH OKOH· 
• 

'laHHIO ~ecJIToro c'leTHoro HMnyn:t.ca, npH cosna~eHHH aa 
BXO~ax CXeMbl 2H /M tO• a/ C CHrHanoM 0 C BbiXO~aQ2 'leT
sepToro TpHrrepa o6ecne'IHBaeT aa BbiXO~e cxeMbl 2H 
HMnynLCHblii cHraan 1 I puc. 5, no3. 9,7 ,11, CHrHanbl c 
yTOni.QeHHbiMH llHHHJIMH/. 3TOT HMnynLC 'lepe3 CXeMy 2HJIH 
/M10 , 6/ nepeKnro'laeT 'leTBepTLiii TpHrrep B Hcxo~Hoe co
CTOJIHHe no sxo~aM ycTaHOBKH 0 o6oHx D·TpHrrepos. Ha 
3TOM JasepwaeTCJI IJ,HKn nepec'leTa aa 10 B ~eKa~e. Ha 
puc. 5 nyHKTHPHbiMH nHHHJIMH pa3~eneabl rpynnbl nepeKnro
'leHHii B ~eKa~e COOTBeTCTBeHHO Ka~~OMY nepeKnro'leHHIO 
sxo~aoro cHrHana. 

Y CTaHOBKa ,neKa~bl B HCXO~HOe COCTOJIHHe npOH3BO~HTCJI 
CHrHanoM 1 TTJI-ypoBHJI qepe3 cxeMy npeo6pa3oBaHHJI 
ypoBHeii TTJI-.3CJI /M 1.j H cxeMy /M 19 , a/ no BXO~aM 
ycTaHOBKH B 0 D-rpHrrepoB nepswx Tpex ~BOH'IHblX JI'IeeK 
H qepe3 cxeMy 2HJIH 'leTBepTOH JI'IeHKH. 

CHraanLI ~BOH'IHO- ~e CJITH'IHoro Ko~a ~eKa~w CHHMaroT
CJI c BLixo~oB Q2 TpHrrepos H nepe~aroTcJI qepe3 npeo6-
pa3oBaTenH yposaeii 3CJI-TTJI /M 14 ,15 ,16 , 18 I aa sxo~w 
~ewHiiJpaTopa. ,D;n.11 nocne~yroi.Qero C'leT'IHKa cepHH K155 
BbiXO~Hble HMnynLCLI nyqwe 6paTL C BbiXO~a M 17 HMnynLC 
C KOTOpOrO HMeeT CKBa~HOCTb, MeHLWyro, 'I eM C BblXO~a 
M 1s/puc. 5, no3. 71/. 

C'leTHLiii sxo~ ~eKa~bl ocYI.QeCTBnJieTcJI c noMOI.QLIO 
cxeMLI HJIH-HJIH-HE /M12, 6/ , KOTopaJI o~HospeMeHHO 
cny~HT H ~nJI CTp06HpOBaHHJI BXO~HLIX CHrHanOB npH no
CTynneHHH Ha ee BTOpoii BXO~ qepe3 CXeMy /M19 , 6/ CTpo6-
HMnynLCa. Bxo~HaJI cxeMa /M

12 
, a/ ~ononHHTenLHO ycH

nasaeT H liJopMHpyeT C'leTHble CHrHanbl. Ha BXO~LI CXeM 
/~2 , 6,B/ no~aHO CMei.QeHHe - -1,3 B, COOTBeTCTBYIOI.Qee 
cepe~HHe HX sxo~aoro ~HHaMH'IecKoro ~HanaJoaa, a cHr
aan nepe~aeTCJI qepe3 pa3~enHTenLHble KOH~eacaTopLI. 

MaKCHManLHaJI CKOpOCTb C'leTa 3TOH ~eKa~LI ~OCTHra
eT 170 MF1.1. EcnH aa sxo~e ~eKa~LI nocTaBHTL cxeMbl 
/M12' 6,s/ cepHH KSOO /KSOO JIM OS/, To 6LicTpo~eii
CTBHe Toii ~e ~eKa~LI so3pacTaeT ~o 180 MF1.1 H pac
WHpJieTcs: ee ~HHaMH'IeCKHH ~Hana30H. 

,lJ;eKa~a HcnonL3yeTCJI B 'laCTOTOMepe MJI BXO~HbiX 

CHrHanOB CHHYCOH~anLHOH liJopMbi B ~Hana30He 'laCTOT ~0 
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COTCH MFt~. IlpH BXO)J.HOH 'laCTOTe 12 MFll H 6onee Heo6· 
xo,nHMhi aMnnHTYAhi He Meuee 0,05 B 3tP., npu 180 Mrll -
6onee 0,15 B 3tP. HnH CHrHan.LI CTaH,napTHOH BCllH'IHHbl C 
tPPOHTaMH MCHee 0,2 MKC • .[l;ng BXO)J.HbiX CHI'HanoB 6onee 
HH3KOH 'laCTOTbl C )J.llHTCllhHbiMH tPPOHTaMH )J.OCTa TO'IHO 
BKlliO'IHTb Ha BXO)J.e ,nononHHTCllbHbiC CXCMbl 11ll11-HE HllH 
,npyrue 060CTpHTCllH tPPOHTOB BXO)J.HhiX HMnyn.LCOB. 

Ha puc. 6 noKaJaHa auanoruquag no CTPYKType nepe
c'leTHaJI .neKa,na Ha 3neMeHTax cepuu K500, a ua 
puc. 7 - nOJICHJIIOil(HC ee pa6oTy BPCMCHHhle )J.HarpaM
Mhl. B Mo,nyne K500TM30 HMCIOTCJI ,nBa D-Tpurrepa 
THna "3amenKa", 'ITO n03BOllJICT nony'IHTb )J.BOH'IHbiH TpHr
rep B O)J.HOM Kopnyce. Hanuque B 3Toii cepuu npeo6pa3oBa
TenH YPOBHeii 3Cn- TT n Ha 4 KaHana B O)J.HOM KOpnyce 
/K500IJY25/ n03BOnHeT ,nononHHTCllhHO yMeHbWHTb pa3· 
Mep .neKa)J.hi. KpoMe Toro, cepug K500 HBnHeTCJI 
6onee 6blcTpo,neiicTBYIOmeii - 3,nec.L ycpe,nHeHHaJI 3a,nep*
Ka cpa6aT.LIBaHHJI TOKOBOro KlliO'Ia paBHa - 2 HC. 

B CBJ13H c TeM, 'ITO B D-Tpurrepax Mo,nyng K500TM30 
CHHXpOBXO)J.bl C1 , C 2 HHBCpTupyiOT BXO)J.Hhle CHrHanbl, B 
CXeMe 3TOH )J.CKa)J.bi no cpaBHeHHIO C npe)J.biAYil(CH OCYil(CCT
BllCHO COOTBCTCTBYIOil(ee HHBepTHpOBaHHe CHrHanoB, nOCTy
naiOil(HX Ha 3TH CHHXpOBXO)J.bl . .[l;ononHHTCllbHbiC llOI'H'ICCKHe 
CBJI3H B )J.CKa,ne y,no6HO C03)J.aBaTb C nOMOil(blO CXCM 11lll1-
11lll1-HE, HMCIOil(HXCH B Mo,nyne K500 llM05. Heo6xo,nuMo 
TOllLKO )J.Ba TaKHX MO)J.Yll!l. B OCTallbHOM CXCMbl )J.CKa)l. no
)J.06HLJ. 

B nocne.n.Heii .neKa,ne .D.OCTBrHyTo MaKCHManLHoe 6blcTpo
.neiicTBHe - nopH.n.Ka 200 Mrfl. EcTeCTBeHuo, 'ITO npu 
KOHCTpyupoBaHHH )J.eKa)J. CTpeMHllHCL K paUHOHall.LHOMY pac
nono)f(eHHIO MO,nyneii, 'IT06bl ,ll.llHHy COC)J.HHCHHH Me)f()J.y 
HHMH Ha neqaTHLIX nnaTax c.nenaTL MHHHMan.Llloii /puc. 8/. 
lliHHbl nuTaHHH C,nenaHbl )J.OCTaTO'IHO WHpOKHMH ,H npOBC)J.CHa 
xopowag pa3BH3Ka no uanpH)f(eHHRM nHTaHHR • .LI;eKa.D.LI no
Tpe6nRIOT TOK 0,5 A npu uanpg)f(eHHH - 5,2 B u 30 MA 
npu +5,2 B. IIpaBHnLHO CMOHTHpoBaHHLie ,ll.eKa.D.LI npaKTH
qecKH He Tpe6yiOT nO,li.CTpOHKH. 

B 3aKniO'IeHHe aBTOp 6naro.napuT n.B.BacunLeBa , 
B.K.MaKoBeeBa 3a noMoll.(L npu npoBepKe u uacTpoiiKe 
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cxeM, B.H.EB.D.OKHMOBa H H.H.KopHHnoBa 3a BbiCOKoe Ka
qecTBO MOHTa)l(a nepecqeTHbiX .n.eKa.n.. 
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PyKonucb nocmynu.11a 6 U30ame.llbcKuii omoe.11 
16 HOJI6pJI 19 77 zooa. 


