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Puc. 1. EnoK-cxeMa npeo6pa30Barem KA251M 

ITpn HaJUI'IHH B KaKOM-mI6o m KallaJIOB CTOIIOBOfO ,HMilYJibCa c6poca ue npo

HCXOllllT, qepe3 800 HCC MOMeHTa crapra cuman "ENABLE" pa3pemaeT pa6ory 

cqe'f'lHKa. 3ra Jauep)KKa naqana C'ICTa m.niyJibCOB COOTBeTCTBYCT MIIHHMaJTh

HOMY BpeMeHHOMY paccomac0Ba111110 Me)Klly cHfUanaMII "CrapT" 11 "Crou", 

paBIIOMY 7 HC, KOTOpoe ycrauoBJieHO llJI.ll HCKJIJOqenmi: 113 BpeMemmro . . . . . 

cneKrpa 111uepBana, BO BpeM51 Koroporo npo11cxomu nepexo.IUibIH · nponecc B 

TOKOBblX KJIIO'lax' KananoB. 11MIIyJibCbl reueparopa .llJIHTeJibHOCThlO 6,5 UC: n c 

qacToroii nonropeull.ll 72 Mru nocT)'llaIOr ua cqe'ruhlii BXOll cqeT'll!Ka CT. Ero 
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BbIXOllbI rro11KJI1011em,1 K BxonaM rrapanrrenblloii JarpyJKH pemcrpoB RG l-RG4. 

B Kananax, r.ue 6bJJIH CTOIIOBbie HMIIynbcbI, cclJOpMnpymrca cuman Jarrpera na 

JarrycK onnom16paTOpa c6poca "BLK", cIIm:anbI npmnaKa ~o6hmrn ''INFI"

"INF4" 11 cnrnanbI "SYN1"-"SYN4", nponopunonanblibie no .11.Jinrenbllocru 

HJMepxeMbIM nHrepnanaM. Kmicpqmunenr nponopunottanbnocru orrpenenxercx 

ananoroBOH qaCThIO Ka)KJloro Kanana, B KOTOpbIX rrp0IICX0JlIIT mmeiinoe 

npeo6paJoBanue nn11a 

SYN =KT ( I ) 

··me T • - HJMep.lleMbII1 mnepnan; 

K . - KO::i<txl>nmieuT, Ja)laBaeMblll peJHCTIIBIIblMII K0MII0HCHTaMll . cxeMbI; 

SYN - BpeMenuoii 1iHTepBan, cpopMIIpyeMbIH ananoronoii qacTblO. 

T' 

7.__ _ __,r 

VT3 

-24' V 

Puc. 2. <l>ynKm10Ha.rrbHaH cxeMa· aiianoronoii qacru 6noKa KA25 IM 

<l>ynKunonanbHaH cxeMa. auanormmii qacm np1rne11ena mi pnc. 2. Pa6ora 
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cxeMbI ocuonana ua 11pm11umc 1myxcram11111oro u11rerp11pona11m1. Jlo upnxona 

cnmana T llHOllbI VDI,VD2 n TpamncTOp VT! OTKpbIThI, a lIHOll VD3 n 111an-

JHcTOpbl VT2 u VT3 JaKpbITbI. Ha onepannommM ycunnTene (OY) A I Bbmon

neu 11pco6paJ0BaTem, TOKa I B uanpH)KCHHc V': 

V' = V - IR. • ( 2 ) 

'.3TOT IIOTCIIUllan IIpIUIO;KCII K CMKOCTII CI TaKHM o6pa30M, 'ITO Ha neii OTIIO

CHTCJlbl!O nanpH)KCIIHH V cjmpMnpyeTC.ll paJII0CTb II0TCIIUllaJJOll: 

V - V' = - IR. ( 3 ) 

ToK I' qepeJ peJncrnp lO0R 011penenxeTC.ll nb1pa)Kc111icM 

I'=IR/lO0R. ( 4 ) 

Ha m,1xone OY A2 .ornocnTeJibIIO V cclJOpMHpoBan nocTO.llllllbII1 noTeminan 

V= + 0,65 B, 06ycJJOBJll~llllhII1 11a11cm1eM nanp.ll)KCIIIIB na mmne VD2 npn npo-
. ' 

TCKallHH 11epe3 uero TOKa I'. Jlm>ll VD3 JaKpbrr, CMKOCTb C2 OTKJI10t1eua OT Bbl-

xona yc1unnenx, n paJnocTb nanp.ll)Keuuii na ec n1,mo11ax panua· nymo. Ha npeMH 

nmepnruia T TpamncTOpbI VTI, VT2 nepeKJuoqamTcx. Tpamucrnp VTI 

OTCeKaeT TOK I OT npeo6paJona-renx TOKa B nanp.ll)Kem1e A I. Kornphn1, OT

pa6aTblllaH nxomme llOJllCIICTBUe, cpopM11pyeT ua CB0CM BblXOllC IIMIIynbc no-
,, ' ' 1 • 

no)KHTenhnoii nonxpuocm, JaKpbrnamurnii nno11 VD 1. HanpH)Kenne V' n '.:lTO 

npeM.ll cra6nnH3HpyeTCH KOIIJlCIICaT0p0M Cl ll pa3p5I)KaeTC.ll T0nhK0 TOK0M I' 

(BenH'llllla pa3pHJla BO BpCM.ll lICllCTlllUI cnmana lUIHTenbHOCTbIO T=350 UC ne 

npenbllIIaeT 0,0001 %). 8KJ11oqem1c Tpamncrnpa VT2 UpllB0lIHT K YMCIIbllleUHI0 

rroTenunruia na n1,1xone ycmmTenx A2 co cKopocTbIO 20 BIMKC (.ll.JI5I OY 

544YJl2) 110 M0Menrn oTKpbrnamrn mmila VD3. Tiocne ::irnro CMKoclb C2 

no11KJnotiaeTc.ll K n1,1xo11y OY A2 u JaMI,IKacT ucnh JapHJlonoii o6pamoii CB.!1311 
I 

ycmrnTenx. Haq1111aeTc.ll Japan K01111encarnpa C2 T0KOM I, nocKonbKY upu 0TKpbI-
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TOM mmn:e VD3 ::ineMenn,1 A2 11 C2 o6paJ)'IOT mnerpaTOp. Ha nepuoii crnmm 

lllITervnponaHIUJ uanp51:KCHIIC na CM.KOCTII C2 yMCllhUiae1:c51 JIIIIICllllO no Ja.Kouy 

U (t) = V - (I - I') t / C2 . ( 5 ) 

B MOMenT O.KOII'lamrn cumaJia T (II051BJieunc cm11aJia "STOP") uaup51:Keuue 

U (T) = V - (I - I') T I C2 . ( 6 ) 

B '.:lTOT MOMCIIT up0HCXOllHT o6pamoc nepCKJIIO'ICllllC TpanJHCTOpOB TOKOBOro 

KJIIO'la VT l n VT2. B peJyJILTaTe '.:lTOro TOK I OTCeKaeTC51 or eMKOCTH C2 u 

BII0Bh uaupaBJUICTC51 ua A_ 1, cuoua JaMhI.Ka51 OTJlHUaTCJih!lYJO 06pan1y10 CB51Jh ua 

OY Al qcpcJ n:non: VDl II pcJncrnp R. OY Al_ KOIITpom1pyeT nanp51)KCil!IC ua 

CMKOCTH CI. HaqnnaeTc51 BTOpa51 crnmrn JIIITCrpnpouamUJ. HcTO'IUHKOM 

paJpmmoro TO.Ka I' cJiy)KHT peJucTOp lO0R. K KoTOpoM)' npHJio)Keuo uaup51)Kem1e 

V'. Haup51)KCJIIle ua eM.Kocn1 C2 BOJpacrneT mmciiuo no JaKony 

U (t) = U (T) + I' t / C2 . ( 7 ) 

B M0MCII'f upeMCIIII T', Korn:a pa:mocn, 11a11p51)KCllllll ua BhIBOl{aX CMK0CTII 

C2 uuonh .uocrnmeT uyncuoro 1ua,1c1m51, :.iaKpocTc51 .uuo.u VD3, 11 OY A2, 

npo.UOJI)Ka51 OTpa6aThIDaTh BXOlUIOC BOJ.UCllCTBHC . co CKOpOCThlO 20 Bh.IKC, 

nepneTCH B C0CT051IUIC, B KOTOpOM OH HaX0llHJIC51 110 MOMCIITa noCTYJilICHIUI 

BX0llHOro CHI11aJia T. Y'IHThIBa51 paBCIICTBO BCJIH'IHII Jap51lla II pa3p51lla e.MK0CTH 

C2, MO)KH0 nanncaTb, 'ITO 

U (T') = U (T) + I' T'/ C2 . ( 8 ) 

' 
C yqeTOM n1,1pa)KeHirn (6) nonyqaeM 

' l . 

T' = T ( I - I') / I' . (9) 

Hcnom,Jy51 Bhlpa)KCIIIIC (3), HMCCM 
' 

T' = T ( (I 00R I R) - 1 ) . (10) 
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TTm1yqe1111oc Ilh!pa)KCIIIIC noKaJbIDaeT, 'ITO napaMeTphl CXCMhl ne JallHClIT OT 

et.IKOCTII C2 II onpe.ueJI51IOTCll T0Jil,KO CO0TU0llICHIICM peJHCTOpOB Il uenu 

Jap.Hn:a II pa3p.H.ua. JlpymM ll0CTOIIIICTB0M Oill!CbIBaeMOii CXCMbl 51IlJI5ICTC.H 

TO, 'ITO Il nponecce Jap.Hlla CMK0CTH C2 uanp5DKCUHC na K0JIJICKTOpe VT2 ne M~

lllICTC.H, 'ITO cymecTBCIIII0 YMCllhIIIaeT IlCJIII'IHHY HHTerpaJibUOll nemmeiinocTH no 

cpanuemuo c TpannuuomihIMII cxeMaMH npeMeIIHhIX '.:lKcuaimepon. E11aro11ap.H To7_ 

MY, 'ITO paJp.Hllllhll1 TOK I' onpen:eMCTCll BeJIH'IUHoii V', )KCCTK0 npnn~Jam1oii ,K 

ypoBHIO onopnoro nanp51)KCHlrn V npeo6paJOBaTeJieM T0K-HanplI)KCIIIIC ua Al, 

CXCMa IIC'IYilCTBIITeJihlla K nyJILCaUilllM nnTamrn. 3TO oco6enuo Ba)KU0 llJlll MHO-
' \· . . . 

roKanam,nhlx cxeM, r.ue ypone1ih nepeKpecTHhIX uanonoK no mnaumo n no "J~M-

11e" .HBJUICTC}l onpe.ueMIOII{IIM q>aKTOpOM. 

Tpamncrnp VT3 npcnnaJuaqen llJlll 6bICTporo pa3pl1Jla eMKocm C2 no 

npeMJI unKJia c6poca. Kot.rnapaTOp na Tpamucrnpax VT4 n VTS nopManmyeT 
, • ·., > ,, ' " ' 

110 aMimi1zy]le BbIXO.UIIOll CHI11aJI C A2, rrpHB0JllI ero K yp0BillIM ECJI. J:{anee 

BI,IXOllllOll CllI11aJI C ananoronoii 'IaCTl-1 nponycKaCTC.H qepe3 CHIIXpOIUl3aTop na 

Tpnrrepe, KOTOpbn1 )KCCTKO npUB513hIDaeT Ha'laJI0 II ~Otten BhlXOllHOro cnmana K 

nMIIym,caM TaKTonoro reneparnpa, cl>opMI1pylI BhIXOJlHOii cnrnaJI "SYN". TT~ 

Kom~y ::irnro cnmaJrn B perncTpax RG1::-RG4, (ci~. puc.1) _JanoMIIllTC51 cocrnJiruvi 

na ero nxo11ax, TO CCTb COCTOlIIIHC BbIXOJlOB C'ICT'IIIKa CT; TTolIBJICHHC 

BbICOKOro ypOBIIll na BhIXOJlC B 12-M pa3p.Hlle C'ICT'IHKa CT HpIIB0l{IlT K 
' ' ' ' ,,' ' ' ' ' 

ycrnnonKe cIImana LAM. u npeKpamemno c'leTa. TTp11 qTenuu 1rncpopMm1U1 no 

KOMa1maM KAMAK F(0)A(i) IIJIH F(2)A(i) BbIB0l{IITC}L Ha MaTTICTJ)aJib B BHJlC 

'ICThipex 16-pa3p.HllHhIX cnon ( i= 0 .. .3 - cy6anpec ). 

TTepBhIC 11 paJplIJl0B C0OTBCTCTBYJOT peJyJibTazy; Il0lIBJICHIIe CJll[HIIUhl n 12-M 

,7 



pa3pH.lle CBIIJleTeJibCTByeT O TOM, 'ITO H3MepaeMblll HIITepnan 11peBbllllaCT npe

Mem1oii lUilllla30H Kan~a; a e}lHHIIUbl B IIOCJiemi11x 4-x pa3panax YKa3bl

BaIOT Ha H0Mepa KaUaJI0B, B K0T0pblX 6bIJIH 3apernCTPHP0BaI1bl CllniaJibl 

"STOP". 

,UrnI 011peneJiemrn HHTerpaJibIIOH IleJIIIHeiiH0CTII 6bIJI HCII0Jlb30Ban npeMemmii 

KaJIH6paTop ORTEC-462 [2]. HmerpaJiblllUI lleJIHHCHIIOCTI, C0CTallJ1$1CT 0,02%. 

llHqxlJepeHUHaJiblla$1 HeJIIIHCHHOCTh 011peneJ1$1JiaCb upu II0M0IUII CTaTIICTll'IeCK0ro 

reHepaTOpa KA-316 [3] H reHeparnpa KB00I [4]. llmlxpepenuuaJibnaa 11em1-

HeiiHoCTh He upeBbllllaeT 1 %. 

BXOllHblC CHniaJibI: 

"START" - nepel{Hnii cppouT 011penem1eT naqano mMepaeMoro npeMen11oro 

1mTepnana. Cnrnan .SJBJU1e'ica o6IIUIM llJl$I ncex Kauanon. · 

"STOPI "-"STOP4" - nepenH11ii cppom onpeneJ1$1eT K0Heu H3MepaeMoro 

HHTepnana llJl$I KaHaJI0B 1-4 C00TBCTCTBemm. 

"GATE" - HH3KHH yponeHb pa3pernaeT npneM co6blTH$1 "START 11 STOP". 

Jina paneMa BKmoqeHbI napaJIJieJibH0. Ilpu oTKpbIT0M nxone "GA TE" 6noKHpo

BKa 3anycKa OTCYTCTByeT. Cnman 51BJ1$1eTC$1. o6IUHM llJl$I ncex KaHaJI0B. 

"CLEAR IN" - c6poc · nxomroii nomKn: auanoronbIX '11peo6pa3onaTeJieii n 

cqe~Ka. B perncTPaX na11111>1x 1111cpopMalll1$1 coxpairneTca. 

O11mMani.uaa nmuenbnocTb ncex c11n1anon JanycKa ,_ . 10 nc. 

BxollbI 6imKnpyroTca 1mu cumanoM "GATE", um1 ~anpeTOM c Ma'r11cl}JaJIH 

KAMAK. HJIH BHYTPemmM cnmanoM, paBUbIM 110 lllIIITeJibnocrn cumany 

"D-TIME". 

BbIXOllHbie CilniaJibI: 

"CLEAR OUT" - Bbixon cnmana c6poc. llJIIITeJibHOCTh 700 nc. Cuman 

cpopMIIpyeTC.ll MonyneM 11p11 nro6oM JanycKe OllHOBH6paTOpa c6poca. 
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"D-TIME" - nucrarurneTCH c M0MCirra 6JIOKHpOBKII nxonoB "ST ART" 

11 "STOP" no Komta UHKJia c6poca cxeMbI. 

Bee cnmanu coorncTc11y10T cra11nap1y NIM. 

cIJy11Ku1111 n Koirnunu KAMAK: 

NA(O)F(0) ... NA(3)F(0) - 'In!IIIH! pemcTpoB naHnblx KallaJIOII 1-4.(X= I ,Q=LAM). 

NA(O)F(2) ... NA(3)F(2) - q-renne pemc1pon na11111>1x Kaminon .l-4.(X=l. Q=LAM) 

n c6poc 110 K0Maune NA(3)F(2)S2. 

NA(O)F(8) 

NA(O)F(I0)S2 

ZS2 

C 

I 

- nponepKa 3a11poca LAM (X=l. Q=LAM). 

- c6poc Tpnrrepa LAM. 

- Haqam,naH ycrauonKa 6J10Ka. 

- c6poc am1110mtJ110 c11111aJ1y "CLEAR IN". 

- JanpeT 11p11eMa c11111aJ1011 "START" n "STOP". 

Ta6m1ua l. XapaKTepucmKH IICK0TOj)bIX MII0roKallaJlbllbIX npeMH-UHcppoBbIX 

npeo6pa3ona1cJ1eii n cTannapTe KAMAK 

IlapaMeTp CAEN C414 LeCroy 2228A Phillips KA251M 
7186 

qllCJIO KaHaJIOil 8 8 16 4 
Pa3DHJlllOCTb 12 11 12 11 
Jlna11a3011 100 100 100 170 
Pa3DCIIICIIIIC, IIC 25 50 25 90 
11!nef}JaJibll aa 0,04 0,13 0,02 
neJIHHeiiuocTb, % 
J{;1~xpepenunaJ11,naa 1,5 IO 1 
nemmeiinocTb 
Pa6oqnii mia11a3011, 92 100 99 
% IIIKaJibl 
BpeM51 npeo6pa- 26 100 8 28 
30BaHirn, MKC 
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Tipn cpanuemm npeo6pa3011aTem1 KA25 l M c 11pymMI1 _ 6noKaMH MO)l(IIO oTMe

THTh, qrn cpe1111 npeo6pa3011arCJ1cii c pa3pemenneM OKOJIO I 00 11c/Kana11 11annblii 

Mo11y111, 06mu1aeT nyqmeii 1111TeqJa111,uoii n 1mrlxlJepemma111,uoii nc1m11eih1ocTLIO. 

Cpanuem1e KA251M c IIJ)OMbUIJJICIIIIl,lMJI K0llllp01111UIKat.m C414 [5], 2228A [6] 

11 7186 npnnem:nhl n Ta6mme I. 
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The 4.:.channels I I -bit time._ to.· digital converter. in. CAM AC; sta_ndard _for_ time 
and coordinate tracts of the pos,ition sensitive avalanche co11nter'in the;41t'fragment 

', ~pect~orrieter FOBOS is described. Full scale time ra~ges of 170, 300; 300, 300 nsec 
•. • , ,• , : ~ , , • .'' • ' f , 'I '. ,\ • , ' ': • 'a '•' ; ' , • ', , ',•. • •: 

are available for channels I .A. Temperature coefficient .7 0.002% per degree C, 
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I:· The, investigation has been. performed at. the Laboratory of Nuclear Reactions, • nNR'. . · · · ·· ··· -.: . , . · . · · 
. \, 

'., \ ':' _'. . ,/:\·-..,.,':! ·:,1::':. -,·,,., . '."· ·-, .,/ : .. ···:'•:,_._ ··,1 .\:, 

f'.reprintof'th~ Joint Institute for Nudear Research. Dubna. 1995 

' 


