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B HaCTOR~ee BpeMR ~3BeCTHO MHOrO Bap~aHTOB npeo6pa30BaTene~ 
speMeHH~x ~HTepsanos B 4~$poso~ KOA, ~cnonbay~~HX pa3nH4Hwe 
np~H4~n~ KOAHPOBaH~R/J-5/,Ho H3MeHR~~HeCR YCDOBHR '~3H4eCKOrO 
3KCnepHMeHTa H nORBDeHHe HOBWX KOMnJieKTy~~HX CTaBRT BOnpOC 0 HO
BWX paapa6oTKax speMR-4H$poswx npeo6paaosaTene~. 

8 AaHHO~ pa6oTe onHcwsaeTCR ABYXKaHaJibHW~ npeo6paaosaTeJib 
speMeHHWX HHTepsanos s 4H$poso~ KOA KA304, nocTpoeHH~~ no npHH-
4Hny npRMoro aanonHeHHR H3MepReMoro HHTepsana HMnynbcaMH reHc
paTopa 3TaDOHHO~ 4aCTOTW C nOCJieAy~~HM HX nogc4eTOM. 

1. On~CAH~E nPE05PA30BATEnP. KA304 

CTpyKTypHaR cxeMa npeo6paaosaTeJIR KA304 npegcTasneHa Ha pHc. 1. 
B COCTaB ycTpO~CTBa BXOART cneAY~~He OCHOBHWe yan~: CXCMa 

aanycKa, npeo6pa3osaTeJib speMR-cepHR, aApecHwR C4eT4HK /AC/,cxe
Ma ynpasneHHH. 
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PHc. 2. PeJKHMbi aarrycKa rrpeo6paaoBaTe.nH KA304. 

B cxeMe 3anycKa npoi1CXOAI-1T ij}OpMI1posaHI1e 113Mep.ReMbiX 11HTepsa
nos speMeHI1 /"HHTepsan 1", "HHTepsan 2"/. Bo3MOlKHbl 4eTbJpe pe>K11Ma 
3anycKa npeo6pa3oBaTenR, KOTop~e onpeAenR~T cnoco6 $OpMI1pOBaHI-1R 
!-13Mep.ReM~x 11HTepsanos 113 BXOAH~x c~rHanoa /pl1c.2/. B pe>KI1Me 
"06llll1i1, CTapT 11 AO np!-1XOAa c11rHana "06lll11i1" BXOAbl "BxoA 1" 1-1 
11 BXOA 2" 3a6JlOK11pOBaHbl. npl1 BKJl~4eHHOM pelKI1Me "06lll11i1' CTon" BXOA 
"06lJll1ti 11 3a6JlOK11pOBaH AO npi1XOAa nepsoro 113 Cl1rHaJlOB 11 BXOA 111 11Jll1 
"BXOA 2". B pe>KI1Me "BopoTa" BXOAbl "BxoA 111 11 11 BXOA 2" 3a6noKHpo-
BaHbl np11 OTCyTCTBI111 Cl1rHana 11 BopoTa11 • - , 

BKJll04eHI1e pe>KI1MOB 3anycKa ocylJleCTBJl.ReTCR nepeKJl~4aTeJl.RMI1 "06-
lllHi1-BopoTa11 11 11 CTapT-CTon 11 , paCI).OJlOlKeHHbiMI1 Ha nepeAHeH naHeJl11 
QP116opa /pl1c.4/. Ha nepeAH~~ naHen~ B~AaeTCR c1-1rHaJ1 '~epTBoe 
BpeMR 11 

/
11MB 11 /, no AJ111TeJlbHOCTH BKJ1~4a~lll11H B ,ce6.R BeCb L\11KJl npe

o6pa30BaHI1R OAHOrO co6~TI1R 11 o6palJleHI1R K ycTpOHCTBy C411T~BaHI1R 
11H¢opMa41111. CxeMa 3anycKa BblnonHeHa Ha MH~pocxeMax cep111-1 K500. 

Co cxeMbl 3anycKa C11rHaJlbl 1111HTepsan 111 H "HHTepsan 2" noAa~TCH 
Ha npeo,6pa3oeaTeJlb speM.R-cepH.R, rAe ocylJieCTBil.ReTCR 3anonHeHt-~e 
113Mep.ReMbiX 11HTepBaJlOB 11MnyJlbCaMI1 BHeWHero reHepaTopa 3TaJlOHHOH 
4acTOT~/6/. MaKCI1MaJlbHaR 4acToTa reHepaTopa - 200 Ml4. 
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PHc.3. <DyHI<~HOHa.JibHaH cxeMa rrpeo6paaoBaTeJIH BpeMH-cepHH. 

.[\IlR ycTpaHeHH.R AH$¢epeHL\11aJlbHOH Hei111HeHHOCTI1 T11na 11 4eT-He4eT 11 

He06XOAI1MO HCKI1~41-1Tb T. H. 11 pe3aHbJe11 HMnyilbCbl 8 KOHI..\e cep1111, no
AaBaeMOH Ha aApecH~H C4eT411K. C 3TOH L\Bilb~ B npeo6pa3oBaTeil.RX 
Hcnonb3Y~TC.R cxeM~ ¢a311posK11 3anonHReMoro 11HTepsana c 11Mnynbca
MI1 reHepaTopa 3TanoHHoi1 4aCTOT~/7,8/. B on11c~aaeMOM ycTpoi1cTBe 
TaK>Ke npHMeHeHa CXeMa CI1HXpOH113ai..\11H ¢pOHTOB 113Mep.ReMoro I-1HTepBa
Jla c HMnyilbCaMI1 reHepaTopa cep1111 /pl1c.3/. CxeMa s~nonHeHa Ha 
OCHOBe TpHrrepOB K500TM231. 

Ha B~XOAax 3neMeHTa Dl ¢poHT~ apeMeHHoro 11HTepaana no speMeH
HOMY nonomeH1110 OAH03Ha4HO cB.R3aH~ c t-~MnynbcaMI1 reHepaTopa. 3a
Aep>KKH t) H t2 noA611paJOTCR OTAeilbHO Ail.R nepeAHero 11 3aAHero 
¢poHTOB 113Mep.ReMoro 11HTepsana c TaKHM pac4eToM, 4To6 pa3pewaJO
llll1e ypOBHH Ha BXOAe 3IleMeHTa nponycKaHH.R D2 nORBil.RJli-1Cb B npoMe
lKYTKe MelKAY HMnyilbCaMH reHepaTbpa. 

BcneACTBI-1e HeHAeanbHOCTH npHMeH.ReM~x 3JleMeHTOB /KOHB4H~i1 K03$
¢111..\HeHT yc11neHHR yCI1Jli1TeJlbH~X 3JleMeHToB, HeHyneaoe speMR noAro
TOB~I1 no D-BXOAY H HeHyJleBOe BpeM.R cpa6aT~BaHHR TpHrrepoB/ non- • 
HOCTbiO ycTpaHI1Tb pe3aHble 11MnynbCbl He YAaeTc.R . .[ln.R 3aAaHHOi1 4ac
TOT~ cep111-1 K 11AeaJlbHOMy pe3yilbTaTy MOlKHO npH6JlH>KaTbC.R, 11CnOnb-
3YR 6onee 6~CTpOAeHCT~YIOlJli-1e 3JleMeHT~, HJ111 HapalJII1Ba.R nocneAOBa
TeJlbHO 3neMeHT~ c 11MeiOlJli-1MHCR xapaKTepHCTI1KaMI1. B AaHHOH cxeMe 
11CnOJ1b3osaH~ ABa nocneAoBaTeJlbHO coeAHHeHH~X D-Tpl1rrepa c o61111-1M 
C-eXOAOM. 6naroAap.R 3TOH KOH$11rypa411H A11¢¢epeHL\11aJlbHa.R HeJ111Hei1-
HOCTb T11na "4eT-He4eT11 Ha 4aCTOTe 200 Mill CHHlKeHa C +15% /6e3 
CXeM~ CI1HXpOH113ai..\11H/ AD +0, 5%. -

C BbiXOAa 3JleMeHTa nponycKaHHR D2 cep1-1.R 11Mnynbcoa noAaeTCR 
Ha BXOA aApecHoro c4eT411Ka /AC/, nepe~e 4eT~pe pa3pHAa KOToporo 
B~nOJlHeH~ Ha 3JleMeHTaX cepHH K500, OCTaJlbH~e CeMb pa3p.RAOB - Ha 
3JleMeHTax cep111-1 K155\ 

npl1 nepenonHeHI1H KaHana AC BbJpa6aTbiBaeTCR CHrHaJl "nepenonHe
H11e AC' 1 , KOTop~i1 a cxeMe ynpasneHI1.R HCnOJlb3yeTCR AJlR a~pa6oTKH 
CHrHana "L". npl1 3TOM COAePlK11MOe nepenOJlHI1BwerOC.R KaHana AC 
c6pac~saeTC.R B HOJlb. C4HT~BaH11e KOAa B 3aBHCI1MOCTI-1 OT BKI1104eH-
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PHc.4. ITepegHHH rraHenn 
6noKa. 

PHc.5. 3agHHH naHenn 
6noKa. 

Hero pemHMa pa6oT~ ocy~ecTBnReTcR nM6o a MarHcTpanb Kpe~Ta 4epea 
Kn~4M C4HT~BaHMH, nH60 Ha BHeWHH~ HaKOnMTenb HH~OpMa4HH, 4epea 
t4Horot<OHTaKTHbt~ paabeM Ha nepe,qHe~ naHenM • .[lseHa,q4aTbt~ paapR,q 
BWXOAHOro cnosa B~,qeneH ,qnH npM3HaKa C06WTMR, KOTOp~~ MOMeT 6~Tb 
noneaeH npM ,qanbHe~we~ o6pa6oTKe peaynbTaToe H3MepeHH~. npHaHaKH 
e TpHrrepbt T 1 H T2 aaHOClHC.A 4epea paabeMbt "npHaHaK 1" 11 "npH
aHaK 2", pacnonomeHHbte Ha nepe,qHe~ naHem-1 np1-16opa. 3TH sxo,qbt 
4YBCTBHTenbHbl 80 BpeM.A MaKCMManbHOro H3 CHrHanOB 11 JiiHTepsan 111 

HnH "J!IHTepsan 2" s pemHMe aanycKa "06l!IHt:i 11 , HnH npH HanH4HI-1 CHr
Hana "BopoTa" a pemHMe aanycKa "BopoTa". 
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nocpe,qCTBOM CXeMW ynpasneHI-!R OCYll\eCTBnReTCR CBR3b C MarHCT
panbiO Kpe~Ta 1-1n1-1 C BHeWHHM YCTpO~CTBOM HaKOnHTeJl.A HHQJOpMa4HH, 
a TaKme npoHCXOJ:IHT ynpaeneHHe pemHMaMH pa6oTw npeo6paaosaTenR. 
CxeMa ynpaeneHI-!R nocTpoeHa Ha MHKpocxeMax cep!-!H K155. 

CHrHan aanpoca "J;." B cxeMe ynpaeneHHR ¢opMHpyeTCR cne,qyiOil.\HM 
o6paaoM. B pe>1n1Me aanycKa "06l!ll-1~ 11 oH Bbtpa6aTbtBaeTCR no aa,qHeMy 
<i>POHTY MaKCHManbHOro H3 CHrHanoe 11 JiiHTepean 1" HnH 11 J.1HTepean 2". 
B pemHMe aanycKa "BopoTa" cHrHan "L" ¢opMHpyeTCR no aa,qHeMy 
<I>POHTY cHrHana "BopoTa". 3anpoc "L" Bbtpa6aTbJBaeTcR TaK)f(e no cl-!r
Hany ''n epenonHeHI-!e AC ''. 

CHrHan "I" 8 cxeMe ynpa8neHHR aanpeiJ.!ae~ Bbt,qa4y aanpoca "L" 
8 MarHCTpanb Kpe~Ta. np~-1 3TOM npeo6pa308aHI-!e I-13MepReMOrO C06~
TI-1fl, so 8peM.R KOToporo np1-1wen cHrHan "I", npo,qomKaeTc.R ,qo aa-
8epweHH.R. 

B 6noKe npe,qycMoTpeH c1-1rHan 6wcTporo c6poca, SHe CBR3H c Ma
ri-ICTpanbiO Kpe~Ta /paabeM "C6poc" Ha nepe,qHe~ naHenv:/. no sToMy 
cv:rHany npoHCXOAHT c6poc AC H ycTaHOBKa npeo6paaosaTenH e Ha-
4anbHOe COCTO.RHV:e. 

.[lnR pa60Tbl TOnbKO C OAHHM I-13Mep!-!TenbHbiM KaHanoM B03MO>KHO OT
t<nl04eHHe BToporo t<aHana nepeKn~4aTeneM ''1"; 1 +2'', pacnono)f(eHHbiM 
Ha aa,qHe~ naHeJlH npH60pa /pv:c.5/. npH OTKnl04eHHOM BTOpOM H3Me
PHTenbHOM I< a Hane B CXeMe ynpaeneHV:.R BblrlOJlH.RIOTCR ¢yHK4VlH ''KAMAK'', 
:"Apecye,..lbte TOnbKO no no,qa,qpecy A(O), a a cxeMe aanycKa cHrHan 
1'1-1HTepsan 2" He ¢opMHpyeTC.R . 

B npeo6paaosaTene npe,qycMoTpeH a8TOHOMHW~ pemHM pa6oTw c BHew
HHM ycTpOt:iCTBOM HaKonneHH.R H o6pa6oTKH MH¢opMa4HH/9/, CB.R3b C KO
TOp~M OCYll\eCTBn.ReTC.R 4epe3 MHOrOKOHTaKTH~~ pa3beM tpaabeM X7, 
pHc.4/. BKnto4eHHe syoro pemHMa ocyiJ.!eCTBn.ReTC.R nepeKnto4aTenRMI-1 
"BHeWHH~ HaKOilHTenb 11 H "0TKnl04eH!-1e C" /pHc.5/. npH 3TOM npeo6pa-
30BaTenb CO CTOpOHW MarHCTpallH Kpe~Ta MOMeT BOCnpHHHMaTb nHWb 
t<OMaHAY o6l!lero c6poca "Z • S2". B pemHMe "BHeWHtr.~ HaKonwrenb" HH
¢opMa4HR C4HTWBaeTC.R TOnbKO C nepBOrO H3MepHTenbHOrO KaHana. 
BTOpO~ KaHan HnH OTKJll04aeTCR, HnH pa6oTaeT B Ka4eCTBe C4eT4HKa 
MaKCHMallbHoro H3Mep.ReMoro HHTepeana. 

CBH3b c eHeWHHM ycTpoRcTBOM HaKonneHHR ocyl!leCTBnHeTc.R cne,qyto
ll\HM o6pa30M. no OKOH4aHHH 04epe,qHOrO npeo6pa30BaHH.R Ha paabeM 
X7 Bbl,qaeTCH CHrHan 11 Bbt30B11

, HMI-1THpyeMbl~ CHrHanm<~ "L", 0,qHOE3pe
MBHHO C 3T~M Ha HH¢0pMa4HOHHWX KOHTaKTaX pa3beMa nOHBn.ReTCH BW
XO~Hoe cnoao. nocne Toro KaK HH¢OpMa4M.R C4HTaHa, ~a BHewHero 
ycTpotltcTsa nocTynaeT CHrHan "l{o,q npHH.RT 11

, KOTOpbt~ c6pacbt8aeT AC 
H ycTaHa8nHBaeT npeo6pa30BaTenb B Ha4anbHOe COCTOftHHe. npeo6pa-
30BaTBnb roToB K o6pa6oTKe cne,qy~l!lero co6wTHR. 

BoaMomeH pemHM pa6oTw 6noKa c 8HewHHM ycTpO~CT80M paapaBHH
saHHH, 6ea c6poca aApecHoro c4eT4HKa nepsoro H3MepHTenbHoro Ka
Hana /nepeKnto4aTenb "0TKnto4eHHe c6poca 1", pHc.S/. 3ToT pemHM 
MOMeT 6wTb HCnOnb30BaH C 4enbl0 AOnonHHTenbHOro yMeHbWeHHH 4H¢po-
80~ AH¢¢epeH41-1anbHO~ HellHHe~HOCTH/10/. 
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CneAyeT OTMeTHTb HeKOTOpble KOHCTpyKTHBHble OC06eHHOCTH OnH
CbiBaeMOrO npeo6paaosaTen~, noasonHBWHe yMeHbWHTb 4H$posy~ AH$
$epeH4HanbHY~ HenHHe~HOCTb. WHHbl nHTaHH~ scex $YHK4HOHanbHbiX 
yanos 'OTAeneHbl APYr OT APYra HHAYKTHBHO-eMKOCTHbiMH $HnbTpaMH. 
YnpaBJlJ'I~li\He H HH$OpMa4HOHHble CHrHanbl MelKAY $yHK4HOHanbHbiMH ya
naMH nepeAa~TC~ B napa$a3HOM BHAe no CKpy4eHHWM napaM npOBOAOB. 
0co6oe BHHMaHHe o6pall\eHO Ha KOMnOHOBKy BbiCOK04aCTOTHO~ 4aCTH 
6noKa. TaK, s npeo6paaosaTene speM~-cepH~ H s aApecHOM c4eT4HKe 
3Cn ne4aTHWe npOBOAHHKH BWnOnHeHW no B03MOlKHOCTH MHHHManbHO~ 
AnHHbl. WHHa aeMnH s 3TH X yanax BblnOnHeHa cnnowHo~. 

2. HEKOTOPbiE XAPAKTEPVtCH1KVt nPEOEiPA30BATEnH KA304 

1. 4Hcno H3MepHTenbHWX KaHanoB - 2. 
2. npHH4Hn KOAHPOBaHH~ - np~MOe 3anonHeHHe H3Mep~eMoro BpeMeH-

HOrO HHTepsana HMnynbCaMH reHepaTopa 3TanOHHO~ 4aCTOTW. 
3. reHepaTOp cepHH - BHeWHH~. 

4. MaKCHMaJ1bHa~ 4acToTa reHepaTopa cepHH F - 200 Mr4. 
5. CHrHanbl no nepeAHe~ naHenH. 

YpoBHH cHrHanos: 
Ha paabeMax THna MK-50 / 1 ~eMo 1 ~ - NIM; 
Ha MHoroKoHTaKTHOM pa3beMe - TTn. 
AnHTenbHOCTb cHrHanos no sxoAaM: 
11 06UlH~ 11 

/
11 011

/; 
11 BxoA 111

; 
11 BXOA 211 

- He MeHee 5 He; 
11C6poc 11 ; 

11npH3HaK 1' 1
; 

11npH3HaK 211 
- He MeHee 15 He. 

6. BwXOAHOe CnOBO - 12 pa3p~AOB, 1-13 HHX: 
11 pa3p~AOB- KOA speMeHHOro HHTepsana; 
12-~ pa3P~A - npH3HaK HH$OpMa4HH. 

]. YcTpo~cTso swnonHeHo B BHAe 6noKa eAHHH4HO~ WHpHHW cTaH
AapTa KAMAK. 

8. KoMaHAW cTaHAapTa KAMAK, swnonH~eMwe npeo6pa3oBaTeneM: 
a/ NA(O)F(O) - 4TeHHe HH$opMa4HH c nepsoro H3MepHTenbHO

ro KaHana 6ea c6poca; X= I, Q = I; 
6/ NA(O)F(2) 

s/ NA(I)F(O) 

r/ NA(I)F(2) 

AI NA(O)F(8) 

I 
e/ NA(O)F(IO) 
lK/ Z; C 

- 4TeHHe HH$OpMa4HH C nepsoro H3MepHTenbHO
ro KaHana co c6pocoM; X= I, Q = I; 

- 4TeHHe HHQJOpMa4HH CO BTOporo H3MepHTenbHO
ro KaHana 6ea c6poca; X= I, Q =I; 

- 4TeHHe HH$0pMa4HH CO BTOporo 
ro KaHana co c6pocoM; X = ·1, 

- nposepKa 3anpoca 11L11
; X= I; 

Q = I; npH L = 0: Q = 0; 

H3MepHTenbHO·
Q = I; 
npH L = 1: 

- c6poc 3anpoca 11L11
; X= I, Q = I; 

- c6poc aApecHoro c4eT4HKa, ycTaHOBKa npe-

9. AH$$epeH4HanbHa~ 
.:!:_0, 5%. 

o6paaosaTen~ s Ha4anbHoe cocTo~HHe. 
HenHHeHHOCTb Ha 4acToTe.F = 200 Mr4: 

6 
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10. Vtcnonb3yeMoe nHTaHHe: 
-6 B; 1 ,2 A; 
+6 B; 0 ,'5 A. 
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HET R~ nPOBEROB B BAWEA B~BR~OTEKE? 

8bl MOlKeTe nony•IIITb no nO'ITe nepe'IKCJieHHble HKlKe KHKrK , 

eCJIK OHK He 6biJIK 38K838Hbl paHee . 

,1113-11182 

.1117-11490 

Af,-11574 

.113-11787 

.1113-11807 

,111,2-12036 

.111,2-12450 

,1111-80-13 

,114-80-271 

Alt-80-385 

.112-81-543 

,1110,11-81-622 

.111,2-81-728 

.1117-81-758 

.111,2-82-27 

P18-82-117 

TPYAW IX HeMAYH3PDAHOro CMMno3MyMa no AAepHOH 3neKT
poHMKe. BapHa, 1977. 

TPYAW HeMAYHaPOAHOro CMMno3MyMa no M36paHHWM npo6ne
MaM CT3TMCTM~eCKOH MeX3HMKH. ,lly6Ha, 1977. 

C6opHMK aHHOT3UMH XV coae~aHMA no AAePHOH cneKrpocKo
nMM M TeOpHH AAP3. ,lly6Ha, 1978 . 

TPYAW III He•AYH3POAHOH WKonw no HeHTPOHHOH ~3MKe. 
Anywra, 1978. 

TPYAW III HeMAYH3PDAHoro coa~aHMA no nponopuHoHanb
HWM H APeH¢oBWM KaMepaM. ,lly6Ha, 1978. 

TPYAW VI BcecoC3Horo coae~aHMA no ycKopMrenAM 33pA
MeHHWX ~aCTMU. ,lly6Ha, 1978 /2 TOMa/ 

TpyAw V HeMAYH3POAHOro ceMHHapa no npo6neMaM ~3HKH 
BWCOKHX 3HeprHH. ,lly6Ha, 1978 
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I13UaTenbCKHH OTUen 06"beUHHeHHOro HHc·.-HTYT3 RnepHbiX HCCneUOBaHHH 

rpe6eH~K B.H., 3HHOB B.r .• CenHK08 A.B. 
n8yXKaHanbHbiH npeo6pa30BaTenb 8peMeHHbiX HHTep8an08 
8.L(H~pOBOH KOA 

13-82-713 

0nHCb18aeTCA A8YXKaHanbHbiH npeo6pa308aTenb 8peMeHHWX HHTep8ano8 I L(H~
po80H KOA, nocTpoeHH~>~il no npHHL(Hny npAMOro 3anonHeHHA H3MepAeMOro HHTepaana 
HMnynbCaMH reHepaTopa 3TanOHHOH ~aCTOTW C nocneAY~HM nOAC~eTOM HX KOnH
'IeCT8a. HaKCHManbH~A ~acToTa reHepaTopa KOA08oil cepHH F - 200 Hru /reHe
paTop 8HeWHHil/. KonH~ecTBO pa3pAA08 BbiXOAHoro cno8a - 12, npH'IeM 12-il 
pa3PAA - npH3HaK HH~pMaL(HH. AH~epeHuHanbHaA HenHHeiiHOCTb npeo6pa3o8aTe
nA Ha 'laCTOTC cepHH F=200 Mru: +0,5%. 0pH6op IWOOnHeH 8 BHAe 6noKa 
KAHAK eAHHH~Hoil WHPHHW, OpeAYCMoTIPeHa a8TOHOMHaA pa6oTa c IHeWHHM HaKonHre
neM H~OpNaL(HH, 6e3 CBA3H C MarHCTpan~~ KpeiiTa, 

Pa6ora 8wnonHeHa 8 na6opaTOPHH AAepH~>~x npo6neM OH~H. 

C~eHHe 06~AHHeHHOrO HHCTHTyTa AAePHWX HCCneAOiaHHH, ~Ha 1982 

Grebenyuk V.M., Zinov V.G., Sclikov A.V. 
Two-Channel Time-to-Digital Converter 

13-82-713 

A two-channel time-to-digital converter based on the direct filling 
of the measured Interval by the standard frequency generator pulses with 
counting them up afterwards is described. Maximum frequency of the code 
series generator F- 200 MHz (external g~nerator). Numver of bits In an 
output word - 12, with the 12th bit being an Indication of Information. 
The series frequency differential nonlinearity of the converter F • 200 HHz; 
+O.S per cent. The converter Is made as a CAHAC module of a unit width • 
Tt can operate with the external Information storage unit without communi
cation with the crate highway • 

The Investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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