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Anexcees B,cll, H np. 9 - 11389 

Hcnonbaosaaae BTOpaqao-aneKTpOHHoro yMHO*HTena nna 

MOHBTOpHpOBSHHSI BHyTpeHHero nyqKa CHHXPOcP830TpOH8 011fiJ.1 

3xcnepBMeHT8nbHO ROK838H8 B03MO*HOCTb MOHHTOpHpOB8HHSI IlpOTOH

HOI'O nyqKa CHHxpoc!JaaorpoHa HHTeacaaaocTb~ I0 11 qacr,/uaKn MeTOilOM 

perHCTpaiiBH rrpOllyKTOB HOHH38UBH C ROMOWb~ B3Y, C aToll uenb~ B HeKo

TOpblll MOMeHT UHKna YCKOpeHBH IlpOH3BOllHnOCb H3MepeHBe qaCTOTbl HMIJynb

COB, ROCTyiJB~WHX C B3Y, IJOMeWeHHOrO B KBMepy CHHXpoc!JaaoTpOHa, 

fiOK838B8 He06XOllHMOCTb C031l8HHSI aneKTpOHHOJ! 8Ril8paTypbl, Il03BOIJHIOWell 

rrpOH3BOllBTb MOHHTOpHpOB8HHe HerrpepblBHO, Ha llpOTH*eHHH BCei'O UHKIJ8 

ycxopeaaH. 

Pa6ora BblllonHeHa B na6oparopaB BbiCOKHX aaeprHA 011.HH. 

Coo6meaae 06'beaaaeaaoro HBCTBT)'Ta HllepHb1X accnenosaa&J!. Dy6aa 1978 

Alexeev V.F. et al, 9 - 11389 

Application of Secondary Electron Multiplier to 
l\1onitoring of Internal Beam of JINR Synchrophasotron 

A possibility of monitorinTI the proton beam of the synchro
phasotron \vith the intensity 10 ~rticles per cycle was proved 
experimentally by detecting ionization products by means of the 
secondary electron multiplier (SEM). To this end in a certain 
moment of acceleration cycle the frequency of pulses was measured 
which enter from SEM located in the synchrophasotron chamber, 
The necessity of creating an electronic device permitting to 
perform monitorirg continuously during the acceleration cycle is 
shown, 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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IJepeBO,IJ. yCKOpHTenJI B pe:>KHM YCKOpeHHJI Jl,IJ.ep C Mac

COBhiM 'IHCnOM 6onhllle .D.BYX npHBO,IJ.HT K Heo6XO,IJ.HMOCTH 

,IJ.HarHOCTHKH npou.ecca yCKOpeHHJI ny'IKOB ManOR HHTeH

CHBHOCTH. IJOCKOnhKY 'IYBCTBHTenhHOCTh ,IJ.aT'IHKOB, KOTO

phle ycTaHoaneHhl Ha ycKopaTene, He no3aonJleT peracT

pHpOBaTh HHTeHCHBHOCTh ny'IKa npH YCKOpeHHH Jl,IJ.ep yrne

po,IJ.a, Heo6xo,IJ.HMO 6hinO c,IJ.enaTh Bhi6op uoaoro ,IJ.aT'IHKa. 

)J.nJI 3Toro 6blna npoH3Be,IJ.eHa ou.eHKa cy~ecTBYIOIIJ.HX THnoa 

,IJ.aT'IHKOB 1- 3 . PaccMaTpHBanach TonhKO Te ,IJ.aT'IHKH, Ko

Tophie JIBnJIIOTCJI npo3pa'IHhlMH ,IJ.nJI ycKopJleMoro ny'IKa, 

T.K. npou.ecc YCKOpeHHJI He ,IJ.OnycKaeT HapyllleHHJI CTpyK

Typhl ny'IKa. lihln Bhi6paH ,IJ.aT'IHK HOHH3aU.HOHHOrO THna 

C B3Y B Ka'leCTBe ,IJ.eTeKTOpa HOHOB'1,;,, 

PacqeT HOHH3aU.HOHHhlX 3~eKTOB 
<lla30TpOHa noKa3blBaeT B03MO:>KHOCTh 

'IYBCTBHTenhHOrO ,IJ.eTeKTOpa llY'IKOB. 

B KaMepe 

C03,IJ.aHHJI 

CHHXpo-

BhlCOKO-

Ta6nH'IHhle 3Ha'leHHJI MaccoBhlX TopM03HhlX cnoco6Ho

cTeii: A ,IJ.nJI npoToHoa 1 6 I B 3aBHCHMOCTH oT 3Hepraa no3ao

nJIIOT onpe,IJ.enHTh CKOpOCTh II o6pa30BaHHJI nap HOHOB 

Ha e,IJ.HHHU.e nyTH ,IJ.nJI pa3nH'IHhlX 'laCTHU. C 3apJI,IJ.OBhiM 

'IHCnOM Z . 17 1 
; 

1 

' 1 2 v n ~-ApZ.-
cv 1 L 

/1/ 

r,IJ.e w - cpe,IJ.HJIJI 3HeprHJI, Heo6xo,IJ.HMaJI ,IJ.nJI o6pa3oBaHHJI 

naphl HOHOB; p - nnOTHOCTh B03,IJ.yxa B KaMepe yCKOPHTen.v.; 

v- CKOpOCTh qacTHU.hl; L - ,IJ.nHHa op6HThl qaCTHIJ.hl. 

3HeprHJI qacTHU.hl B ycKopaTene H3MeHJleTCJI no cne

.D.YIOIIJ.eMy 3aKOHY /8/: 
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2 2 Ti == ..j ( B r C Z i ) + E 
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- E 
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, /2/ 

r.D.e r - pa.ZJ,Hyc op6HTLI; C - ci<opoCT.b caeTa; E
0

- 3Hep

rHJI noi<oJI 'laCTH.QLI; B - HH.IJ.YI<.QHJI, JIHHeiiHo HapacTaiOI.QaJI 
a npo.uecce yci<opeHHJil. 

Jf3 BLipa)l(eHHH /1/ H /2/ C y'leTO.M .MaCCLI YCI<OpJie.Moii 

'laCTH.QLI nonyqeHa 3aBHCH.MOCT.b CI<OpOCTH o6pa30BaHHJI nap 

HOHOB OT Bpe.MeHH B npo.Qecce YCI<OpeHHJI npOTOHOB /p /, 
.ZJ,eiiTpoHoB /d I H a -qacTH.Q, I<OTopaJI noi<a3aHa Ha puc. 1. 
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Puc. 1. CKopocJib o6pa3oeaHUJI nap uoHoe. 

Ha CI<OpOCT.b perHCTpa.QHH npO.IJ.YI<TOB HOHH3a.QHH B .ZJ,e

Tei<Tope .MOryT BnHJIT.b HX 3HepreTH'IeCI<He cnei<TpLI, a 

TaJ()I(e pei<o.M6HHa.QHOHH.ble :J<W!ei<TLI. Hcxo.ZJ,JI H3 WOP.MYJILI 

.ZJ,nJI Ce'leHHJI CTOni<HOBeHHH da, conpOBO)K.IJ.aiOIUHXCJI nepe-
u dQ /7/ .ZJ,a'leH 3HeprHH 3Jiei<TpoHy BHHTepaane , pacnpe.ZJ,e-
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dne 
neHHe 3nei<TpOHOB ~~ 

.MOI.Q.biO BLipa)l(eHHJI 

no 3HeprHJI.M onpe.ZJ,enJie.M c no-

2 
dn 8 2rrZ e4 
--=ll 
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1 ·-Q2 ' 
/3/ 

r.ZJ,e n
0 

- I<OH.QeHTpa.QHJI ocTaTO'IHoro raJa; Q - 3HeprHJI, 

I<OTOpyiO nonyqaeT 3nei<TpOH B npo.uecce HOHH3a.QHH; Z ,V-
3apJI.IJ. H ci<opocTh na.ZJ,aiOI.Qeii qacTH.Q.bl; me- .Mace a :Jnei<T

poHa. 

Pacnpe.ZJ,eneHHe HOHOB no CI<OpOCTJI.M 
dni 

dVi 
.MO)I(eT 

6LIT.b Haii.ZJ,eHO Ha OCHOBaHHH 3ai<OHOB COXpaHeHHJI H.Mnynhca 

H 3HeprHH: 

2 4 
dni 8rrZ e 1 
-- .. n ----·---, 
dV

1
. 

0 V 2 m ~ V~ 
/4/ 

1 1 

r.ZJ,e m. ,V. - .Macca H CI<OpOCT.b HOHa. 
1 1 

Ha puc. 2 npe.IJ.cTaaneHLI 3HepreTH'IeCI<Hii cnei<TP ~~ 
dQ 

3nei<TpOHOB H pacnpe.ZJ,eneHHe HOHOB no CI<OpOCTJI.M dni 
dVi 

.ZJ,nJI 3Ha'leHHii 3HeprHH nepBH'IHOii qacTH.QLI 10 H 500 M3B. 
O.ueHI<a anHJIHHJI pei<o.M6HHa.QHH, npoae.ZJ,eHHaJI npH 3Ha

qeHHH I<03<W!H.QHeHTa pei<O.M6HHa.QHH a: 4·10-3 1jM 3.cl9,l~! 
noi<a3.biBaeT, 'ITO .ZJ,a)l(e .ZJ,nJI cny'laJI .Mai<CH.ManhHOii I<oH

.ueHTpa.QHH HOHOB /yCI<OpeHHe a -qacTH.Q/ pei<O.M6HHa.QHJI 

npeHe6pe)I(H.MO .Mana. 

)J.aHH.ble 0 CI<OpOCTH o6pa30BaHHJI HOHOB n03BOnJIIOT 

HaHTH CI<OpOCT.b HX perHCTpa.QHH .ZJ,eTei<TOpO.M, ecnH yqeCT.b 

npH 3TO.M HHTeHCHBHOCT.b YCI<OpJie.M.biX 'laCTH.Q H .ZJ,nHHY 

yqaCTI<OB HOHH3a.QHH, C I<OTOp.biX npOHCXO.ZJ,HT c6op 'laCTH.Q 

Ha .ZJ,eTei<TOp. ,l).nHHa yqaCTI<OB HOHH3a.QHH onpe.ZJ,enJieTCJI 

Te.M, I<ai<aJI qacTh ny'IKa nona.ZJ,aeT a none .ZJ,eTeKTopa. 

BLicTpo.IJ.eiicTBHe .ZJ,eTeKTopa 3aBHCHT oT ape.MeHH .IJ.BH

)I(eHHJI qacTH.Q I< B3Y, JIBnJIIOI.QerocJI <ilYHK.QHeii 3Jiei<TpH

qecKoro nonJI .ZJ,eTei<Topa. Pac'leT.bi noi<a3.biBaiOT, 'ITO ape.MJI 

.ZJ,peii<!la HOHOB .ZJ,JIJI HaH60Jiee y.ZJ,aJieHH.biX l.JaCTH.Q COCTaBJIJleT 
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Puc. 2. CneKmpbt cKopocmeu uoHoe uoHu3a(4uu npu :JHepzuu 
npomoHa 10 M:JB (1) u 500 M:JB (2). 3Hepzemu~ecKue cneKm
Pbl 3/leKmpoHoe UOHU3a(4uu npu :JHepzuu npomoHa 10 M:JB (3) 
u 500 M:JB (4). 

3,5·1o-3
c npu pacnono)KeHHH B3Y ua 6oKosoii H 0,7.10-~ 

DpH paCDOJIO)KeHHH B3Y Ha HH)I(Heii CTeHKaX KaMepbl. 

B KaqecTse ,IJ,eTeKTopa, perHcTpupyroiQero npO.IJ.YKTbl 

HOHH3a~HH, 6biJIH HCDbiTaHbl ,IJ,Ba THDa BTOpHqHo- 3JieKTpOH· 

HbiX YMHO)KHTeneii: B3Y-4 H B3Y-6. B oKoHqaTeJILHOM 

sapHaHTe 6biJI Bb16paH B3Y -6. 3ToT YMHO)KHTeJIL HMeeT 

BOpOHK006pa3HOe YCTLe, nepeXO,IJ,.IIIQee B Kanan YMHO)KeHH.II, 

HJorHyTblii B BH.IJ.e cnupanu. TaKa.ll KOHCTPYK~H.II ynyqwaeT 

ycnoBH.II pa6oTbl B3Y-6 B MarHHTHbiX non.11x H yMeHLWaeT 

06paTHYIO HOHHYIO CB.II3b Ill!. 

BbiXO.D.Hoii HMDYJILC TOKa B3Y- 6 HMeeT lilpoHT t H = 
= /10 720/ HC H 3KCDOHeH~HaJILHbiH cna,IJ, ,IJ,JIHTeJILHOCTLIO 

tH = /80 -'-120/ HC. 
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llpO.IJ.YKTbl HOHH3a~HH, o6pa3YIOII.\HeC.II B KaMepe, C no

MOIQLIO liloKyCHPYIOII.\eii CHCTeMbl, H306pa)KeHHOH Ha puc. 3, 
HanpaBJI.IIIOTC.II B ycTLe B3Y. 3neKTpocTaTuqecKa.ll JIHHJa 

o6pa30BaHa JiaTyHHOH CeTKOH C waroM 5 MAC H3 npOBOJIOKH 

,IJ,HaMeTpOM 0,1 MM, paCDOJIO)KeHHOH Ha paCCTO.IIHHH 50 MM 

OT YCTL.II B3Y, H ,IJ,HalilparMOH H3 Me,IJ,H B BH,IJ,e DpOBOJIQq

HOro KOJIL~a C ,IJ,HaMeTpOM 15 MM, paCDOJIO)KeHHOH Ha pac

CTO.IIHHH 8 MM OT YCTL.II B3Y. 

f. Cen~a 
2. D.uacppa2.MO 
3. B3~ 
"!. ~CKOpfleMaR 4!lCTUL40 
5. MeCTO po')fCOeHUR UOHO +cy 

Puc. 3. Cxe..wamu~ecKoe u3o6paJICeHue tfioKycupy10111eil cuc
me..wbt. 
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)l.JUI HCnbiTaHHH HOHH3aiJ;HOHHbiH ,IJ;aP.IHK 6blll ycTaHOBlleH 

B O,!J;HOM H3 np11MOllHHeHHbiX npOMe>KyTKOB CHHXpOI!m30· 

TpoHa. Ha puc. 4 npe,IJ;cTaaneHa 6noK- cxeMa H3MepeHH11. 

InnaHue B3Y ocymecTBn1feTc11 oT BblcoKoaonLTHoro HCTO'I

HHKa. 11MnynLCbl c B3Y ycunuaaroTC11 no aMnnHTy,IJ;e ycu

nuTeneM, cne:u;uanLHO pa3pa6oTaHHbiM ,IJ;nx 3TOH :u;enu, 3a

TeM c1JopMHPYIOTC11 no ,!J;llHTellhHOCTH C nOMOUlhiO clJopMHpO

BaTenx H perHCTpHpyiOTCH C'leT'IHKOM, KOTOpbiH BKlliO'IaeTC11 

Ha apeM11 ~t qepe3 HHTepaan apeMeHH t 3 OT Ha'lana :u;HKna 

yCKOpeHHH. )l.nH c1JopMHpOBaHH11 HHTepBallOB ~t H t 3 HC

nOllh3yeTCH TaHMep. 

B3Y U I> ~I:W l 

Puc. 4 . .5AoK- cxeMa pezucmpupyiOUieii annapamypbl. 

B peJynLTaTe H3MepeHHH nony'leHa 3KcnepHMeHTanL

Ha11 3aBHCHMOCTh CKOpOCTH C'leTa B3Y OT BpeMeHH YCKO· 

peHH11 npH YCKOpeHHH npOTOHOB CO cpe,IJ;HeH HHTeHCHBHOCThiO 

1 o1
1qaCTH:U 3a :UHKll I puc. 5/. KpHBa11 ycpe,IJ;HeHa no n11TH 

:UHKllaM YCKopeHH11. TO'IKH, COOTBeTCTBYIOI:u;He Ha'lany IJ;HKlla 

yCKOpeHHH, He 6blllH CH11Tbl H3- 3a neperpy30K B3Y B CBJI3H 

C BbiCOKOH HHTeHCHBHOCThiO ny'IKa. 3KcnepHMeHTallhHaH 

KPHBa11 B npe,IJ;enax owu6oK cornacyeTC11 c TeopeTH'IecKoii, 

noKa3aHHOH Ha puc. 1. 
.liOllhWHe a6COlliOTHble OWH6KH 06'b11CHJIIOTCJI TeM, 'ITO 

perucTpupyromaR annapaTypa He no3aon11na Ha6nro,IJ;aTL HH

TeHCHBHOCTh B O,IJ;HOM IJ;HKlle. A TaK KaK HMeeTC11 pa36poc 

HHTeHCHBHOCTH OT IJ;HKlla K :UHKny, TO 3TO yBellH'IHBaeT 

OWH6Ky H3MepeHHH. HeKOTOpble OTllH'IHJI MOryT 6b1Th TaK>Ke 
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Puc. 5. CKopocllb C'lella B3Y e aaeucuMoc•u om epeMeHu 
ycKopeHUJI. 

o6'b.IICHeHbl cy>KeHHeM ny'IKa B npo:u;ecce ycKopeHHJI, nepe

Mei:u;eHHeM fiY'IKa flO pa,IJ;Hycy H na,IJ;eHHeM HHTeHCHBHOCTH 

3a cqey noTepJ.. TaKHM o6pa3oM, B pe3ynJ.TaTe npo,IJ;enaH

uoii pa60Tbl llOKa3aHa npHHIJ;HUHallJ.Ha11 B03MO>KHOCTh MOHH· 

TOpHpOBaHHJI npOTOHHOrO llY'IKa CBHXPOI!m30TpOHa JIB3 Me

TO,!I;OM per&CTpaiJ;HH npo,IJ;yKTOB HOHH3aiJ;HH OCTaTO'IHOrO ra3a 

C HCllOllh30BaHHeM BTOpH'IHO· 3lleKTpOHHOrO YMHO>KHTellJI. 
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B JaKmoqeHHe aBTOpbi Bblpa)l(aiOT CBOIO HCKpeHHIOIO 

npH3HaTenLHOCTb JI.r .MaKapoay Ja llOCTaHOBKY Ja.n;aqH, 

.H.H.CeMeHIOWKHHY Ja no.n;.n;ep)I(KY pa6oTbl, K.B. qexnoay 

H JI.r .3HHOBLeBy Ja llOMOll.\b B pa60Te H o6Cy)I(,D;eHHJI. 
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