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I. BB:mJIEHME 

~yxnne~eBoA MarHHTHHI cne~TpOMeTp MACflMK III rrpe~asHa~eH ~H HS
MepeHKH RMnYnbcHHX crreRTpoB rrpoAYKToB HnepHHX peaRUHA, rrpOTeRaD~ 
rrpH peARTKBRcTcKRX aHeprRRX. liPR aTOM HMrrynhcHHe HHTepBBnH perHCTpH
pyeMHX BTOPH~HHX ~aCTRU (B OCHOBHOM rrpOTOHOB , neATpoHOB H nerKH$ 
Hnep) COCTaBHRDT 4,5 + 8,5 raB/c ~ OCHOBHoro rrne~a crreRTpoMeTp8 H 
0,4 + 2 raB/c - ~ corrpnaeHHoro. ~ HneHTH¢HKaUHH ~8CTHU B COCTaB 
YCT8HOBRH MACTIHK BXOnHT annapaTypa HSMepeHKH BpeMeHR nponeT8 121. 

Oc06HA HHTepec (rrpeane Bcero B Roppe~oHHHX aKCrrepnMeHTax) rrpen
CT8BKReT BOSMOEHOCTh BHne~eHKR onpeneneHHHX peaKUHA Ha HHEHeM ypoBHe 
TpHrrepa. liOCRO~RY rrpoAYKTaMH TaKKX peaKUHA ~CH, KaK np8BH~o. 
~aCTH~ C onpene~eHHHMH KHHeMaT~eCKHMH napaMeTpaMH. npH oT6ope HYE
HHX c06HTHA ueneco06p8SHO HcrrO~hSOBaTh HH~pMaUH~ 0 CKOPOCTRX (BpeMe
Hax nponeTa) BTOP~HHX ~acTHU. 06ecne~KB nOCTaTO~HO BHCOKoe BpeMeHHoe 
paspeweHHe arrrrapaTypH. B ~acTHocTH. pasHHua BO BpeMeHH rrponeTa Meapy 
rrpoTOHaMH H neATpOH8MH C KMny~bC8MH 8 raB/c B OCHOBHOM rrne~e cneKTpo
MeTpa (6asa ~ 22 M) COCTaBKReT ~ 1,5 HC. 

2. IIP~ OprAlM3Amm: TPHITEPA 

TpHrrep no BpeMeHH rrponeTa npe~onaraeT oT60p qaCTHU co CKOPOCTH
Ml!:. ~ellall.lMMH B IDITepBBne V:!: A V, rne..:l V onpene~ReTcH paspewaDIIlHM Bpe
MeHeM cOBrraneHHI. Cpe~ CROPOCTb sanaeTCH rrOn60poM sanepaeK CRr
HBnOB ~ Kaaaoro RaHBna, aHanHSHpyeMoro Ha COBrraneHKH, OTHOCHTenhHO 
cTapToBoro (HyneBoro): 

t!,<, = tlv + tei, (l) 

rae ~. - paccTomme OT cTapToBoro c~eT'l:HRa no i-ro, tc.t' - nOCTOl'IHHM 
n06aBKa E aa,n;ep:aute, DHOC:r.IMM c~eT~IDIOM. llepexon OT o~oA cpe~eA 

CKOPOCTH (v,) R llPyroA (Vt.) npoHSBOnHTCR HSMeHeHHeM sanepaeR t3i: 
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A t3i = t!>i2 - t . = 11. (lI, - ~) (2)3<1 c., 1/ .,/
I V1. • 

COOTBeTCTBeHHO no BpeMeHH npoReTa t Ha 6aae em (paCCTOBBH8 M~ CTap
TOBHM H CTonOB~ C~eT~KKaMR) cxeMH COBna~eHH! OT6HpaDT C06~HH B KH
TepBaJIe t!'/1 t, rae 26 t- pa3pewailDlee BpeMR. 3aaepllr:KH KaHaJIOB COCTa
lIJI.!'WT 

- t tip + t . t5'· - . 1[,., c< , (3) 

a H~eHeHHe aaaepliteK np:e: rrepeXone OT ts. K L. 
A !,c· = t'i2 - t3iJ = ({l. - tL)- {It,.,. (4) 

OaRH Ida nYTel peweHHR 3ana~:II: aaKnDqaeTCR B n~eHHH BpeMeHHHX OT
MeTcK, HaH6~6e TOqHO COOTBeTCTB~ MOMeHTaM fiepeCe~eHHR c~e~OB 
perHCTpHpYeMYMH ~aCTHuaMH, :II: aHaJIH3 STHX CRrHaJIOB Ha COBnaneHHR B aa
aaHHHX BpeMeHHHX KHTepBaJIax. ~ SToro HYERa snnapaTypa. noaB~ 
ynpaBnRTL YCTaHOBKol aaaepaeK H paapewammero BpeMeHH cOBnaneHHi, KOH
TponHpoBaTh pa60TY Ha ypOBHe ¢Ma~ecKHX pe3Y~TaTOB. 

3. AlIlIAPAT1PA TPm:TEPA 

CneXTpoMeTp MACITHK COnepSZT pacn~oaeHHHe BnO~ nyqxa BTOpRqHHX 
qaCT~5 CqHHT~OHHYX Cqe~OB B OCHOBHOM nneqe R 3 -B COllpRK8H
BOIl /. no CHrHa.lI8M C KOTOPUX Blipa6sTliBaeTCR Tryrrep• 3TH CHrH8JW 
nOCTynaJ:l'J.' OT YCTpolCTB BpeMeHHOI nplllB.f.laKR (1BIl) 3/ , p8S149111eHllHX 
HenocpencTBeHHo HS CU;mr~OHHl:lX. cqenoax. 1BII Blipa6aTliBam CRr
H8JW, COOTBeTCT~e MOMeHTaM nonanaHHa aspaaeHHHX qSCTHU B CqeTqH
1<11. TOqHOCTL BpeueHHol OTMeTIm (wm CUHHTHJ.LILIITOPOB no 0,6 M A/DIIH01) 
COCTaBnReT ...... 220 nc. WH8JW C 1BII no 1<OaHCB8.IIhlWM Ks6e.1lliM wnmol /(0 
30 M no~CR Ha p8cn~oaeHH~ B 8KCnepBM6HTanLHOM /(oMHKe annspaTYPY 
TPHrrepa. KOTOpaa npenCTaBnReT c060l cBcTeuy It!a 6J!Q~B KAMAK. p8aM6
lIleHlDlX B OPOM 1<pelT6 B ynpaB.lIJleMHX mmM "IJ.paBaIt-I6" 4/. 

~oK-cxeMa annapaTypli, peaJIHa~1 aanycK no BpeMeHH npo~eTa B oc
HOBHOM nneqe cnexTpoMeTpa, npenCTaBneHS HS pRC. I. Cne~~Ho wm 
&Toll: CHCT6M1i paapa60TaHY 6JIOIm KAMAK K1l356 Ji[ GMT. KJI356 cop;epuT 8 
lI/.teHTJIIUiWC. ~.INHpoBaTeJlel C ~ClIPOBSHH/:BI noporoM B yrIpaBJLIlewr.m 88
/.tlp&RaMII. BlDfeHIWIIHMHCR OT 0 no 15 HC C marOM B I HC. HMeeTCR BOSMe
1UIOCTl> OTRJDlllaTL KaH8JW OT BHellllllilX CHl'IlUOB H rlllepzpOB8.'1'l> (BO Bcex 

2 

KaHaJIaX o MOBpeMeHHO ) TecToBIDi: HMnyJIhC. BI:lXOUHhle Cru'H8JW B ypOBHRX 
a:::JI: 8 - He3aneplltaHHl:lX H 2 no 8 - nporrymeHHI:lX ~epe3 BHYTpeHHHe 3anep
aRH. KOMMYTST9P 6hlCTpI:lX JIOr~eCKHX CHrHaJIOB CMT n03BOnReT Ha nE601 
:11:3 8-MH BI:lXOnOB nOnaBaTb .IlH60 JOO60}j: H3 16-TH BXOnHIiX CHrHaJIOB (rrp.RM1:lX 
HJlH HHBepCHIiX) • .IlH6o nOCTO.ffHHhlt! ,1l0rH~ecKH:ti: ypoBeHh ("0" HJlH "I"). 
BXOI(Hhle H BhlXOI(HHe CHrHaJIhl KOMMYTaTopa - Taxx9 B ypOBRRX 3C~. 
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FHc. I. CTPYKTYPHaJI cxeMS anfiapaTypa TpHrrepa. CO -:- C4 - CKrH8JW C 
1BIl CLtI!HT~oHHHX C'IeT'lKKOB. CO, C4 aaaeplltaHH.!le - CTSPTOBhlI It! 

CTonOBhlI CHrHaJIhl ~ H3MepeHHR BpeMeHK npo~eTa. 

CZrH8JW C 1BII OT CqeT'lKKOB 0 + 4 pa3BeT~CR B Kll356 H ~epe3 gee 
HeS8lIHCKMhle aanepuH (B Kll356 H M355 /5/) nocTynam Ha gee yupaB.IIJle
Mae CXeMa cOBna~eHHi YOCI.8 C paspeWSilDlHM BpeMeHeM, KaMe~CR OT I 
no 15 HC C marOM "'65 nc /6/. TaKKM 06pa30M 3anavrC.f.t aBa WiTepBaJIa 
CRopocTel OT6HPSeMhlX qaCT~. KpoMe Toro,B COCTaB annapaTYPHI TpRrreps 
BRJIIltIeHY npe06pa30BST~ BpeMa-KO~ CBurr) KA303. I'OAOCKOJI:l1["qecImI pe
rHCTP KroII .H cqeT'nfR KCOI4 17. 8/. 'ITO 1I0SBOJIJlS'l' lIP0.lilSBO,IOIlTl> aBTOaOll
BYm aSCTpoiKy CBCTeMa TpRrrepa B KOHTPO~ ee pa60Ta B npo~ecce Hs60
ps 8KCnepHMeHTanLHOI ~pMaUHB. 
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4. ~Yl:IKUOOl:JJ1R)BAHME CYlCTE:tltt 

ITpouecc nOArOTOBRH CHCTeMH K paOoTe (OTOOpy ~aCTRU C SaAaHHHMH 
BpeMeHa~ npo~eTa) COCTORT RS HeCRanhKHX STanOB. CHa~ana npoRsBO~T

ca RBAHopoBRa (HsMepeHHe) sa~ep~eR BO Bcex RaH~X H paspemammero 
BpeMeKH fCC. 3TH RSMepeHHK ocymeCTRnRDTC~ C nOMOWb~ TeCTOBHX CarHa \1
nOB KH356 nrreM noo~epe~ol RO~TaqaK 6noROM CMT COOTBeTCTB~mRX Re
HanOB Ha BUll. ITo peSY~hT8TaM HSMepeHHft B naMaTH TIaBM COCT~eTQH 11 
Ta~, HcnonhsyeMaH B ~hHeameM. 

Ha BTOPOM STane npoHsBO~TCH CHKTHe RP~HX aaAepEaHHHX cOBnaAeKijI 
H YCTaHOBRa a8AepaeR AILfl ooeme fCC, np~eM paapewaDlllee BpeMa I-I fCC 
aana8Tca ~CTaTO~O OO~hmHM, cnOCOOHHM BMeCTHTh BPeMRnpo~eTHHA cneRTP 
Bcex ~acTHU. COOTBeTCTB~1IIHX aaAaHHoMY m.tnYnbCHOMY BRCeUTaHcy cneK'l'
pOMeTpa. Paspemammee BpeMa 2-D fCC onpeAeJIR:eTCK mapHHol BpeMeHHOl;'O 
cneKTpa qaCTKU, npeanO~araeMHX R OTOOPY. 3Ha~eHKR saAepaeK B KaHanaX 
Ha STOM STane onpeAeARETCH no MBRCHManbHOMY c~eTY saAepaaHHHX COBna
Aemtl 11 u,ml nopol fCC.flBJUDlTca npep;eapHTenbHHMH. ITpouecc CHKTlUl 
KPBBYX aanep&BHHHX cOBITaAeHKI H YCTaHOBKa saAepseK uponaBo~Tca B nR
anorODOM peUMe. 

TpeTi!I STan Bl<JI.JRaeT Haoop p;eJX BpeMKnponeTHYX cneKTpoB. 06_ 
aanyCK ocymecTBXaeTca no BYXOgROMY CRraany I-I YeC,H ~e C BUll sa
Hoca'1'M D I'Bc'l'orpaMMY I-ro BpeMKnponeTHOI'O cneKTpa. CpaoaTHD8lDIe 2-1 ~IfCC -M8'1'1l'1'0JI- B Kroll H KBXaeTca fanoBBeM u,ml SaHeCeHlUl jt8HHl:lX c. BUll 
B I'Bo'1'orpaMNY 2-ro BpeMSnponeTHoro cneKTpa C MeK&mHM BpeMeHHHM lUlTep
D&I1OII. Ode I'BCTorpaH4bl BHCBe~BBamca Ha 3KpaHe ll3BM. 

lloon8~ S'l'an s~eTCK B YCTaHOBKe H KOppeK~ saAepaeK, nos
:aoJ1IIDQIIX OT6:1.paTJ. qacTiIIJ,bI c sa~ CKOPOCT1IMI/I. Ha~anbHaH YCTaROB
K8 npo:l.3Bo~'1'OJI noCpenCTBoM BSMeHeH:1.4 38AepaeK cor~CHO COOTHomeHlUlM 
(2) Il (4). llooneAYJ.lllJl.ll KoppeKUlUl npolISBOJUl'l'OJI no fOJlOBllJ) ~CT:neHIIJI 
MUcJDI8,;UH()I at»eK'l'HBHOCTH B sanaHHYX rpaHIIQ.aX BpeMeH nponeTa. Bee 
.'1'1l paOO'1'Y Tane IIItV'l' B ~anoroBoll pelJlMe. I10 OKOHq8.HBJ[ ROppeKll;101 
CIlO'1'eM8 ooJU'O'1'OB.ll'.eH8 A1Ul nepexona K sanyCItl" no C:l.l'HSJIaM 0'1' 2-1 fCC. ,ljJ 
5. WllIlTJ.HHfl AIIIIAP.A.T1PH 

npe~~~HMe HCDHTaHBa OCHOBBOI qac'1':I. annapaTypH Tparrepa, 
:I~I OJIOD Kll356 :I. YeCI.B, dlilDll npoBeAelUl 118 YCT8HOBRe MACIlKK B 
oeaace sa CJlR1~80TpoHe.llB3. CI!rHaJIy 0'1' 5-'1':1. CUBH'l'Jl.lUI.llQ:l.OHmIX Cqe
n:.uO:l OCHOBHOI'O JlJJ.e'la cneKTpoMeTPfl, npon;ymeHmle qepes cor~C.YJlIIIIle 

B81l8pPJ1 11356, nOWiBBAHCh 118 /.!Be 1OOI.B. Paspelll8lllllle BpelleH8, JCTa

,. 

HOB~eHHHe Ha YCC, COCT~ 3 HC H 5 HC. CHrHarra C fCC RcnonhsoBa
~Cb B Ra~eCTBe MeTOR ~ nocTpoeHKR ltBYX AonO~Te~bHHX BpeMKllpo~eT
HYX cneRjWB RS odwero, HadnpaeMOro B nmpoKoM (- 20 HC) BpeMeHHOM HH
TepBane I. Ha pRC. 2 npeAQTaBJleHH rHCTOrpaMMll; pacrrpeAe~eHRi!: alWleK
THBHocTei!: ooeax YCC no BpeMeH2 npo~eTa. ~eRTRBHOCTh onpene~acb 

OTHOWemteM '1.1fc~a COOH'l'RI, "nOMeqeHHYX" YCC, R odmeMY ax '!lICJIY B ASH
HOM RaRMe. 
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PHC. 2. PacnpeJte,1IeHHa siP»eKTHBHOC'l'eJ oTdopa qaC'l'HU no BpeMemt npoJIe
Ta. KPHllM I - WIll psspemaDllero BpeMemt 3 HC, KpBBM 2 - A1Ul 5 HO. 

IIonyqeHHHe B pesYnbTaTe ~KTHlIHOC'l'H YCC COCTaBRnB. ~65% H 75% 
WIll paspemaDmHX BpeMeH 3 B 5 HC COOTBeTCTBeHHO. He~cTaTo'IHo BHCORM 
~KTHliHOCTh OO~CHKeTca HeTO'IHOCThD YCTaHOBKB sanepaeK: mar BaMeHe
HlUl sallepaeK COCT8lI.rulJ1 2 HC, 'ITO Cpam!liD4O C paspelM..- BpeMeHaloOl 
cOBnalleHHl. topMa ~eBHX C~OHOB rHCTOrpaMM nOSBonHeT ouemt'l'L BpeMeK
Hoe paspemeKHe CHCTeMH B 0,5 HC (nonHM WRpBHS Ha no.Q15HcoTe). OQeH
Ka BpeMeHHOI'O paspemeHHa no npa:aOMY' C~OHY saTpYAHllTe.I1loR8, T.K. 'IlICJlO 
OTc~eTOB SlleCh MaJIO, - COdHTBa, oT06paHHHe odeHMH fCC, nonan:a sa npa
B.YJl rpammy odmero BpeMeHHoro cneKTpa qaCTHU, onpeAeMeMOI'O BMnYnbO
HHM aKCenTaRCOM cneKTpoMeTpa. llpaxTH'leCKB nOJIHoe nOABBJIeH:l.e CqeTa 0'1' 
qaCT.IIg, BpeMeHa nPQJIeTa KOTOPYX JIeaaT BHe RHTepBanOB, O'l'6HpaeMHX YCC, 
nO,ll;1'Be~eT ~exTKBHOCTL II:p8AlIaaelllloro lIeTO~. 
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B 	 3aRnD~eHHe aBTOPH BHpaEaDT 6~arOnapHOCTb A. B. ~aCbeBY, 
B. 	B. ~T~OBY :Ii BCeMY KO~eKTKBY ooan ]BTA sa onepaTKBHoe :lfSrOTo~e

HHe OCHOBHHX a~eKTpoHHHX 6~OKOB C:lfCTeMH. r 
t 

.lJ.HTJ!:PATY'PA 

I. 	JI.C.AlIU'Hpea :If AP. B RH.: TpYltbI COBa/A8HHH no :lfCC~elXOB8H.H.flM B 06~~1
CT:If PeJIaTKB:lfCTCKO£\: HlleplJoi q)H3HKl'I. OMRl1., .ll.2-82-568, .llY6Ha, I932, 
c.83. 

2. 	Jl.C.Alltr:lfpei :If AP. npenpHHT OMRl1. PI-85-479, .llY6Ha, I935. 
3. 	B.~.Bopet!Ko :If ru>. TIperrpHHT OMRl1. I3-..86-362, .llY6Ha, I986. 
4. 	n.A.Ky~q :If llP. C006meHHe OMRl1. PI0-87-876, .llY6H8, I 987 • 
5. 	B.~.Bopet!Ko 11 ru>. Coo6meHHe OHffii PI0-85-66I, .llY6H8, I985. 
6. 	B.M.rpe6eHIJK :If ru>. Coo6meHHe OMRl1.. I3-87-846, .llY6H8, I987. 
7. 	B.A.AHT~oB :If llP. C006meHHe OMRl1. I0-80-65O, .llY6Ha, I~O. 
8. 	H.H.i:y~eB :If ru>. Coo6meHHe OMRl1. I0-8754, .llY6Ha, 1975. I 
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~rHpe" n.c. HAP. 13-88-437 
OpraHH3a4HR H annapaTypHaA peanH3a~HA TpHrrepa no BPeMeHH 
nponeTa c B~COK~M pa3peweHHeM 

OnHcwaaeTCA CHCTeMa TpHrrepa AnA AByxnne4esoro MarHHTHoro cneKTpOMeTpa 
HACnHK, peanH3y~aR oT60p c06YTH~ no apeNeHH nponeTa. HCXOAHO~ HHtoPMa4He~ 
AnR oT6opa cny*8T CHrHanw co c4HHTHnnR4HoHHWX C4eT4HKOB t COOTBeTCT9Y~Me 
MOMeHTaM npaX0*AeHHA 4epea HHX 3~pR.eHHwx 4aCTH4~ npHH4Hn Ae~cTBH~ annapa
TYpy OCHOBaH Ha HcnOnb30aaHHH MerOAa cOBnaAeHH~ c nporpaMMHWM ynpaaneHHeM 
pa3pewa~HM epeMeHeM cOBnaAeHH~, 3aAep*KaMH H aKno4~HHeM KaHanoB. YnpaBne
HHe CHCTeMO~ npol<3BOAHrCA n3BM "npaBe~-16". BpeM" npOneTa ~aCTH~" onpeAe
nRerCR /annapaTYPHo/ c TO~HOCTbD AO 300 ~C. Paspewa~ee BpeMA CXeM COBna
AeHH~ MOJO(eT 6blTb YCTaHOBneHO B ""'TepBane OT I AO 15 HC C warON 65 nco 
)lcTaHoBKa 3aAepMleK BXO,qHblX cHrtianoa npoJ.13BOAIo1TCfI C 'raKO'1 )l(e T04HOCTbiO. 

CHCTeMa n03BonAeT HaAeJO(HO paSAenATb ~aCTHijW, pa3HI<~a apeMeH nponera korop .. x 
60nbwe I HC. BpeM" Bypa60TkH pe~H~R He r.peBwwaeT 50 HC. 

Pa60Ta awnonHeHa B na6opaTopHH BW~HcnHTenbHOH TexHHKH H aBTOMaTH3a~HH 
O~HH. 

npenpHHT O61.e.>umeHHot'o I<HcnrryTa lU\epKblx Hccne.D.oB8HHli. .1ly6Ha 1988 

Azhglrey L.S. et al. 13-88-"37 
Concept and EquIpment of HIgh Resolution Time-of-Fllght 
Trlgge, . 

The time-of-fllght trigger system for MASPIC two-arm magnet spectrometer 
Is described. The scintillation counter signals that are timing to charged 
particle hitting Into counter are used for selection as Input signals. I 
The concept Is based on the use of the coincidence method with prQgrammable 
coincidence resolving time, delays and turning of channels. The PC "PRAVETS 
16" controls the system. The particle tlme-of-flight is fixed by tlllling set 
up with a 300 ps accuracy. The coincidence clTcult resolvIng time range 
can be fIxed from 1 to 15 ns with pItch - 65 The delays are Installed 
with the some accuracy. The system provides effective separatIon of 
particles that tlme-of-fllght difference exceed 1 ns. The work time 15 
less than 50 os. 

The Investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

Preprint ot the Joint lnatitute tor Nuclar a-cb. Dubna 1988 


