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MHOl"OKBHBlll,Hbie 6noKH HBHOCeKyHnHoll aneKTpOHIIKII 

B pa6oTe on11caHhl 16-KaHam,Hblll !pOpMl!pOBaTenb IIMnynbCOB no nepen­
HeMy !ppOHTy n 6nOKII C nporpaMMHblM ynpaaneH11eM: 16-KaHanbHblll pa3BeT­
BIITenb, <:MeCHTem, II KOMMyTaTop nol"H'IeCKIIX Clll"Hanoa. Eb!CTponeflcTBHe 
6noKOB - 60+ 120 Mfu. OH11 npenHil3Ha'IeHbl nng nporpaMMHO ynpaamieMbIX 

CTpyKTyp ceneKUHH C06blTHll, 3anaHHll pe)Kl!MOB pa60Tbl ycTaHOBOK, nponepKH 
xapaKTepHCTHK MHOl"OKaHanbHOll annapaTypblo 

Eno1rn pean113oaa11bI B CTaanapTe KAMAK. 

Pa6oTa BblDOnHeHa B na6opaTop1111 DblCOKIIX aHeprnll 011.IH1. 

npenp11HT O6hen1111ennoro 11ncT11TyTa srnepHblX 11ccnenoaan11ii. Ily6na 1978 

Basiladze S.G., Nguyen Tkhi Sha 

Multichannel Modules for Nanosecond Counter 
Electronics 

13-11783' 

16-channel leading edge shaper and modules• with computer control 
are described: 16-channel fan-out, fan-in and a multiplexer· of logic 
signals. The maximum counting frequency of modules is 60➔ 120MHz. 
They are intended for triggering systems with computer control of 
logic operation and for testing parameters of multichannel electronic 
equipment. The modules are realized in the CAMAC system. 

The investigation has been performed at the Laboratory of 
High Energies, JINR. 
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B HacTo.Hmeii pa6oTe onHCLIBaeTC.H p.H,JJ, HaHOCeKyH,JJ,HbIX 

norH'leCKHX 6nOKOB, pa3pa60TaHHbIX ,JJ,n.H CHCTeM ceneKUHH 

co6LITHH B MHOroKaHanLHbIX 3neKTPOHHbIX 3KCnepuMeHTanL -

HbIX ycTaHOBKax·.B HX 'IHCno BXO)J,.HT 16-Ka.HanbHbIH cl>opMH· 

poBaTenL HMnynLcoB no nepe,JJ,HeMy 4>poHTY H 6noKH c npor­

paMMHLIM ynpaBneHHeM: 16-KaHanLHbIH pa3BeTBHTenb, CMe­

CHTenL H KOMMyTaTop norH'leCKHX CHrHanoB. linoKH Bbl· 

nonHeHLI B cTaH,JJ,apTe KAMAK. 

cJ>OPMHPOBATEJih HMIIYJihCOB 

IIpaKTHKa pa60TbI C CHCTeMaMH 3anycKa 3neKTpOHHbIX 

ycTaHOBOK C nponopuHoHanLHbIMH KaMepaMH, CHrHanbl C 

KOTOpbIX Hcnonb3,,YIOTC.H B "TpHrrepe"' noKa.3ana Heo6xo-

" )J,HMOCTb C03,JJ,aHH.H npocToro H KOMnaKTHOrO cl>opMHPOBaTen.H 

HMnynbCOB ,JJ,n.H MHOrO'IHCneHHbIX y3noB CTaH,JJ,apTH3aUHH 

CHrHanoB. Tpe6oBaHH.H K 6LICTpO,JJ,eHCTBHIO TaKHX cxeM 

MoryT 6b1Tb HeCKOnbKO ocna6neHbl no cpaBHeHHIO c Tpe6oBa-

HH.HMH K cl>opMHpoBaTen.HM, pa60Ta10mHM B MOHHTOPHLIX 

cxeMax COBna,JJ,eHHH. TaKa.H >Ke npo6neMa CTOHT H npH 

pa3pa60TKe CHCTeM ,JJ,n.H aBTOMaTH3aUHH YCKOpHTen.H na6o­

paTopHH. IIO,JJ,06HbIH «l>opMHpoBaTenL C napacl>a3HbIM BXO,IJ,OM 

nH6o BLIXOJJ.OM Heo6xo,JJ,HM B uen.Hx nepe,JJ,a'IH·npHeMa no 

KOaKCHanbHbIM nHHH.HM CB.H3H C nOBbIWeHHOH nponycKHOH 

cnoco6HocTLIO /JJ.o 50 M6um/c/. 
OnbIT npe,JJ,bI,JJ,ymux pa3pa60TOK /1, 21noKa3bIBEi.eT' 'ITO 

Ha neqaTHoii nnaTe KAMAK MO>KHO pa3MeCTHTL 16 He3aBH· 

CHMbIX .H'leeK, ecnH B Ka:lK,JJ,OH H3 HHX CO,JJ,ep:lKHTC.H no O)J,HOH 

HHTerpanbHOH cxeMe H He 6onee 6-:-8 TpaH3HCTOPOB />Kena­

TeneH nnaCTMaCCOBblll KOpnyc/. 3TO .HBn.HeTC.H )J,OBOnbHO 
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)KeCTKHM orpaHH'leHHeM Ha cxeMHYIO CilO)KHOCTb 4>opMHpoea­
Ten.11, oco6eHHO npu OTCYTCTBHH cnenuanH3HpOBaHHblX ru6-
PHAHblX HHTerpanbHblX cxeM. 

,IJ;n.11 peweHH.11 3aAa'IH B ycnoeu.11x yKa3aHHblX orpaHH'le­
HHii HaMH 6blna. Bb16paHa cneAyroma.11 cxeMa / puc. 1/. 
Y 3Ilbl npeABapHTenbHOro ycuneHHJl ,AHCKPHMHHanuu H AH<W,e -
peH,UHpoBaHHJI BXOAHOI'O CHrHana,4>opMHPOBaHHJI ero no AilH­
TenbHOCTH BblilOilHeHbl Ha OAHOH HHTerpanbH7:ii; cxeMe "AH'1>-
4>epeH,UHailbHblH npueMHHK" Tuna KlJIII381 3 , a nepexOAbl 
YPOBHeii Ha BXOAe H BblXOAe npOH3B0AJITCJI C IlOMOIUbIO 
TpaH3HCTOPOB. BXOAHOH CABHr YPOBHeii peanu3yeTCJI 3MHT­
TepHbIMH IlOBTOPHTeilJIMH T 1 u T 2, pa6oTaIOIUHMH Ha KacKaA 
npeABapHTenbHOro ycuneHHJI Ml-1. Ilpu HOMHHanbHoii qye­
CTBHTenbHOCTH il>opMHPOBaTen.11 20 MB B03MO:>KHO HCilOnb-
30BaHHe TpaH3HCTopoe KT31S nH6o KT316, ecnH npeA'bJ1B­
n.11roTc.11 IlOBblWeHHble Tpe6oBaHHJI K K03<W,HUHeHTY OTpa:>Ke­
HHH OT BXOAa H 6blcTpoAeiicTBHIO / cM. HH)Ke/. ,IJ;n.11 cTa6unb­
Hoii pa6oTbl Ha npeAenbHO HH3KOM nopore ( S MB) neneco­
o6pa3HO/ 7cnonb30BaTb HHTerpanbHYIO napy TpaH3HCT0p0B 
1HTS91 4 • PerynupoBKa nopora, B npeAene AO 400 MB, 
np0H3B0AHTCJI Il0TeHUH0MeTp0M, H3MeHJIIOIUHM pe:>KHMHble 
T0KH Il0BT0PHTeneii H pacnono)KeHHblM Ha ne'laTHOH nnaTe. 
BTopoii 3IleMeHT AH'1>'1>epeH,UHailbHOro npHeMHHKa JIBilJleTCJI 
AHCKpHMHHHPYIOIUHM OAHOBH6paTopoM c Il0TeH,UHailbHblM 
BX0A0M, BblX0AHOH ~HrHan K0T0poro AH'1>'1>epeH,UHpyeTCJI 
BpeMJl3aAaIOmeii eMK0CTblO 47 ntP. ,/J;nJI HOpMailbHOH pa6oTbl 
OAHOBH6paTopa, npu yKa3aHHOH BenH'IHHe eMK0CTH, nepeA­
HHH ii>POHT BX0AH0ro CHrHana A0il)KeH 6bITb~ /npH nopore 
20 MB/ He 6onee 60 HC /rpaAHeHT - He MeHee 0,3 MB/He/, 
'IT0 npaKTH'leCKH BcerAa Bblil0ilHJleTCJI. TpeTbHM 3IleMeH­
T0M 06ocTp.11eTCJI IlPOAHil>ii>epeHUHpoBaHHbIH HMilYilbC H 3a­
nycKaeTCJI 0AHOBH6paTop Ml-4 / 5/. IlpH eenH'IHHe epeMJ1-
3aAaIO~eii eMK0CTH CB =47 ntP AHana30H nnaBH0 perynH­
pyeMOH AilHTeilbH0CTH BbIX0AHbIX CHrHanoB C0CTaBnJleT 
6 +120 HC. OOilbWHH AHana30H, B npeAene AO 10 MC, A0C­
THraeTCJI npoCTbIM yeenH'leHHeM eMK0CTH. cl>opMHPOBaHHe 
BblX0AHblX YPOBHeii o6ecne'IHBaeTCJI 3MHTTepHbIM Il0BT0pH­
TeneM T3 u nepeKnwqaromeii napoii T4, TS; AilJI yMeHbwe­
HHJI nepeAHero ii>POHTa TpaH3HCTop TS B3.IIT THna KT316. 

cl>opMHpoeaTenb HMeeT TPH pa3'beMa Ha nepeAHeii naHe­
nu. Ilepeblii H TpeTHii ucnonb3YIOTCJI All.II 4>opMHpoeaHHJ1 
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Puc.I. IlpuH1,1unua.t1&HaJ1 cxeMa ¢opMupoea111e.11J1 uMny.11&coe. 
HH111e2pa.t1&HaJ1 cxeMa - Kl HII381, 111paH3uc111op&1 - KT31 SE, 
1<p0Me TS-KT316A, ouoObl - KJ(SJ3. 

BX0AHbIX H BbIX0AHbIX HMilYilbC0B OTpH,naTeilbHOH nonJlpHoc­
TH, a npoMe:>KyTO'IHbIH - o6hI'IHO AilJI HHBepcuoro 
BhIX0AHoro curuana / puc. 1/. Ecnu ueo6xoAHM AHii>qiepeu­
uuanbHhiii BX0A, cpeAHHH pa3'beM cny:>KHT All.II Il0AB0Aa 
IlOilO)KHTeilbHOH q>a3bl BX0AH0ro curuana. HaK0Heu, BTOpoii 
H TpeTHii pa3'beMbI MoryT 6bITb 3anapanneneHhl, a aMnnu­
TyAa BhIX0AHoro curuana yeenH'leHa BAB0e /o6muii noTeH­
UH0MeTp ua 330 OM ua nepeAHeii nauenu/, H c Ka•Aoro 
BblX0Aa M0)KH0 CHHMaTb CTaHAapTHblH HMilYilbC B YP0BHJIX 
NIM. 
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OCH06Hble xapaKmepucmUKU 6AOKa 

KonuqecTBO KaHanoB <l>opMHpOBaHH.ff 
Ilopor cpa6aTLIBaHHH: 
a/ HOMHHanbHblll 
6/ MHHHManbHblll 
a/ MaKCHManLHLiii 
,lJ.onycTHMble CHH<l>a3Hble Hanp.R)KeHH.ff 
)J.peii<l> nopora: 
a/ no TeMnepaType 
6/ no nHTaHHIO 
B/ BO BpeMeHH 
Ko3<l><l>m~HeHT OTpa)KeHH.ff CTyneHqaToro 
a/ c TpaH3HCT0paMH KT316 
6/ c TpaH3HCTopaMH KT315 
Co6cTBeHHOe "ryn.RHHe" 
a/ c TpaH3HCT0paMH KT316 
6/ c TpaH3HCTopaMH KT315 
B/ co cxeMOH IHT591 

- 16 

- 20 MB 
- 5 MB 

- 400 MB 
+O,2+-.1 B 

+O,5o/o/°C 
- 0 ,020/o/ MB 
MeHee 1 MB 

cHrHana 
-He 6onee 0,15 
- He 6onee 0,25 

- 3,5 HC 
- 4,0 HC 
- 4,5 HC 

Pa6oqHii ,IJ;Hana30H BXO,Il;HbIX HMnynbCOB 
BenHqHHa nepeKpeCTHbIX HaBO,Il;OK 
CTOHKOCTb K HMnynbCHbIM neperpy3KaM -
/Rr =50 OM/ 

,Il;O -6 B 
MeHee 0,20/o 

,IJ;O 25 B 

3a,D;ep)KKa 
,lJ.nHTenbHOCTb BbIXO,Il;HbIX HMnynbCOB 
a/ npu C 8 =47 ml> 
6/ MaKCHManLHa.ff 
BpeM.ff BOCCTaHOBneHH.ff 
a/ npH nopore 20 MB H BXO,IJ;HOM CHrHane 

NIM - 6 HC 
6/ npH BbIXO,Il;HOM HMnynbce, cyI.QeCTBeHHO · 

- 16 HC 

. 6 +120 HC 
,Il;O 10 MC 

-. 15 HC 

npeBbIWaIOI.QeM ,IJ;nHTenbHOCTb BXO,IJ;Horo - He 6onee 1O0/o 
OT ,IJ;nHTenbHO· 
CTH BbIXO,Il;HOro 

HMnynLca 

IloTpe6n.ReMbIH TOK OT HCTOqHHKa 
nHTaHH.ff - 6 B 1,7 A /630 

MBm/KaH./ 
linoK pa3MeI.QeH a JiqeiiKe KAMAK ,IJ;BOHHOH WHpHHbl. 
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YnpaeAJleMble 6AOKU 

)J.nH acex Tpex ynpaan.ReMLIX 6noKOB HcnonL3YeTC.ff e,IJ;H· 
Ha.ff neqaTHa.R nnaTa H H,IJ;eHTHqHa.R cxeMa ynpaaneHHH, 
CTpyKTypa KOTOpoii noKa3aHa Ha puc. 2. OHa CO,IJ;ep)KHT 
16-pa3p.ff,IJ;HbIH perHCTp co cxeMaMH 3anHCH H cqHTbIBaHH.ff 
H nepexo,IJ;HHKaMH TTJI➔ NIM. HcnonL3YIOTC.ff cne,IJ;yJOI.QHe 
<i>YHKUHH KA MAK: 
.F / 17 / - 3anucL ynpaan.RroI.Qero cnoaa B pe -

rHcTp /" 1" - BKn10qeHHe KaHana/, 
.F /25/ - qTeHHe ynpaan.RJOI.Qero cnoaa, 
.F /25/ - KOHTpOnbHbIH nycK OT 3BM, 
Cy6a,D;pec - A /0/. 

'j/;_ pa 3 Be TB HT en b. CxeMa HMeeT 16 . nporpaMMH0 OTKnIO-
. qaeMbIX BbIX0,Il;OB H O,IJ;HH 061.QHH BXO,II; 3anpeTa. IlpHHUHn . 

ee nocTpoeHH.ff n0.RCH.ffeT puc. 3a. Hcnonb30BaHO CMeI.QeHHe 
· nHTaHH.ff HHTerpanbHbIX cxeM Ha +0,9 B. 

'v./l·i-16 ~ ~ 
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Puc.2. CmpyKmypa Y3Aa ynpaeAeHUJI e 6AoKax pa3eemeumeAJ1, 
c~ecumeAJI ! u KOMMymamopa •. 
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· CHrHan .F /25/. Sl BblBe)],eH B KaHan 3anpeTa. 3To 

c)],enaHo JJ.nH JanycKa cne:uuanbHhIX 6y4>epHb1X cxeM, npeo6-

pa3y10mux HHBepCHbie CHrHanbI NIM B HMilYilbCbl aMililHTy· 

)],OH OT 5 )],0 10 B /<l>pOHT - 2 uc/, HCil0ilb3yeMblX )],IlH 

JanycKa CBeT0)],H0)],0B HilH Il0)],a•rn TeCT0BblX HMilYilbC0B Ha 

KaT0)],bl nponop:UHOH8.IlbHbIX KaMep. Ha BX0)], pa3BeTBileHHH 

B 3T0M cny11ae )],0il)KeH 6b1Tb Il0)],aH IlOCTOHHHblH e)],HHH'IHblH 

ypoBeHb. Tor)],a pa3BeTBHTenb C0BMeCTH0 C 6y4>epHbIMH 

nnaTaMH /pa3Mema10TCH y )],eTeKT0p0B, He HMeIOT OT)],eilbHOH 

. :uenH n11TaHHH/ 06pa3yeT nporpaMMH0 ynpaanHeMyIO 16-Ka­

HanbHYIO TeCT0BYIO CHCTeMy. qaCTOTa TeCT0BblX HMnynb­

C0B • OT 1 )],0 10 KI'ij. 

OcHOBHbie xapaKTepHCTHKH cxeMbl 

YpOBHH - NIM 
3aJJ.ep)KKa 

a/ BX0JJ.Horo HMnynbca 

6/ HMilYilbCa JanpeTa 

<l>pOHTbl BbIX0)],HbIX HMilYilbC0B 

IloTpe6nHeMble T0KH 

a/ OT HCT0'IHHKa - 6 B 
6/ OT HCT0'IHHKa + 6 B 

8 HC 
- 11 HC 

· 4 HC 

- 0,8 A 
- 0,8 A 

.6noK paJMemeH a H11eiiKe KAMAK eJJ.HHH'IHoii wupHHbI. 

CM e CH Ten b. IlpHH:UHil Il0CTpoeHHH cxeMbl HilillOCTpH­

pyeT puc. 36. .6noK TaK)Ke HMeeT o6muii BX0JJ. 3anpeTa, 

paJMemeHHhiii Ha JaJJ.Heii naHenH. TyJJ.a )Ke BhIBe)].eH cHrHan 

F /25/ • Sl a ypoBHHX NIM JJ.nH K0HTponbHblX 3anycK0B 

annapaTypbI. 

OcHOBHble xapaKTepHCTHKH cxeMbl 

YpOBHH - NIM 
3aJJ.ep)KKa 

a/ BX0)],H0ro HMilYilbCa 

6/ HMilYilbCa JanpeTa 

<l>pOHTbl BblX0)],HblX HMilYllbC0B 

IloTpe6nHeMble T0KH 

- 13 HC 
13 HC 

- 4 HC 

a/ oT HCT0'IHHKa - 6 B - 0,6 A 
6/ OT HCT0'IHHKa + 6 B - 0,6 A 

.6noK paJMemeH B H11eiiKe KAMAK JJ.BOiiHoii WHPHHbl. 

Pa3BeTBHTenb HMeeT BCTpOeHHblH HH3KO'laCTOTHblH reHe­

paTop HMilYilbC0B /MO)KeT 6bITb BCTpoeH H B )].pyrHe 6noKH/ -

puc. 3z, BblX0)],bl K0Toporo H nepeMeHHblH pe3HCT0P pery-
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Puc. 3. Ilpuu11unuaA&H&1e cxeMbl: a/ - paaee111eu111eAJ1, 6/ -
CMecumeAJ1,. e/ - KOMMymamopa, z/ - zeuepamopa UMnyA&­

coe. HumezpaA&Hble cxeM&I KlJIJi383 u KlJIH384. 

IlHP0BKH 11acT0Tbl BbIBe)],eHbl Ha 3a)],HIOIO naHenb. qaCTOTa 

perynupyeTc.11' a npeJJ.enax oT 1 JJ.0 80 KI'tJ. IlpH JaKopo11eH­

HOM pe3HCTope perynHp0BKH 11acT0Tbl reHepaTop nepeX0)],HT 

a JaTopM0)KeHHhlH pe)KHM. Ueno11Ka ,LU-L HBnHeTcH JJ.H4>· 

4>epeH:uupy10meii H 3a)],aeT )],IlHTenbH0CTb BblX0)],H0ro HM· 

nynbca Ha YP0BHe 50 HC /L =2 MKI'H/. reHepaTop HMeeT 

npHMoii H HHBepcHbiii BblX0JJ.hl a ypoBHHX NIM. 
C Il0M0IUblO 0ilHCaHHblX 6nOKOB M0)KH0 C03)],aBaTb )],0C· 

TaTO'IH0 Cil0)KHble np0rJ?.aMMH0 ynpaanHeMble CTPYKTYPbl 

JJ.nH· ceneK:UHH co6bITHii, Ja)],aHHH pe)KHMa pa6o-

Tbl · YCTaHoaoK, npoaepKH xapaKTepHCTHK MH0r0KaHanbHOH 

annapaTyph1. ,11.aHHbie 6noKH a :uem1x ynpomeHHH a 0Tnu11ue 

OT nepaoii CHCT~Mbl / 6 / He HMelOT HH)],HKa:UHH C0CT0HHH.11 

ynpaanHIDIUero perucTpa H JJ.y6nupyIOmero py11Horo ynpaa­
neHHH. 

B 3aKnI01leHHe aBT0pbl Bblpa)KalOT 6naroJ],apHOCTb 
~ .. 

B.M.KaKypHHOH 3a TeXHH'leCKYIO IlOMOIUb. 
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