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Koau n. R llp. 13 - 12076 

llayxnneqeaoli cneKrpoMerp lin" uccneaoaanuH naepHbiX peaKuuii 
rana A (p, xd) B npa 3Hepruu 670 M3B. I. <l>opMupoaanue 
B rpaacnoprupoaKa nporonnoro ny'IKa 

Onucaaa cucreMa <jlopMHpoaaHHSI H rpaucnoprHpoBKH nporonuoro ny'IKB 
c aueprueli 670 M3B B aayxnne'leBOM cneKrpoMerpe, co31l&HHO" anH H3Y'IOHHH 
npSIMMX SlllepHhlX pOaKUIIH C BL!JleTOM 6f,fCTpOrO lleiirpoHa Ha CIIIIXpOUIIK.lOTfJOflO 

OH .RH. H3no>Kena MCTOiliiKa 113Mepenuii llByMepuoro pacnpeacneHil" nGcomorno" 
HHTeHCHBHOCTH ny'IKB no aKTHBBUHK 12C B nOJ1K3THJ1eHe.llng rpaHCnOpTilfJODKU 

H ¢QpMHpOBBHHSI ny'IKB HCll0Jlb3YfOTCSI ay6neT KBBilpytiOJlbHbiX J1HH3 H OTKJlOIIHI>J
IUHH ll.taraur. C uenLIO yMeHLUJeHHSI 3MHrranca ny'IKa H nony'leHIISI neo6xoaHMOI1 
ero HHTeHCHBHOCTH HB BblXOlle ny'IKB H3 K&Mepbl CHHXpOUHKJlOTpOHa ycrai!OBJleH 
KOJlJlHMBTOp. npH onTHMBJlLHOM pacnono>KeHHII KOJlJlHMaropa HHTei!CHBHOCTb 
uenocpencrseuno 3a KonnuMaropoM cocraanSier 1,3·10 10 nporonoa/c, 

8 3MHTTBHC KBK B ropH30HT8JlbHOii, TaK H B BepTltKBJlbHOH llJlOCKOCTSIX yMeflbUJa
eTC!I no- 100 MM· Mpaa. B o6nacru MHUJeHH ny'IOK HMeer pa3Mep&l 15 MM 
no aepruKana 11 -60 MM no ropK3ouranK ('ITO cooraercrayer 2 ,5%-uoMy 
HMnynLCHOMy pa36pocy cpa3y nocne KOJlJlKMaropa), ero HHTeucnanocrL cocraa
n>~eT 70-80% OT IIHT811CIIBHOCTII HB Bb!XOile KOnJli!MBTOpa.llnSI H3 MepeHHii HHTell
CHBHOCTH ucnonb3oaanacb Marpuua R3 nona3THnenoBhiX wapRKOB. Haaeaenuag 

BKTHBHOCTb B nOJ1H3THJ1eHe H3MepSIJ18Cb MeTOilOM peracrpaURH COBRalleHRii 

y -Kaanroa or annarHJlSIURH n03arponoa npu pacnaae 11 c _ 11 B + {3+ +..,. 
Coo61UeHH8 06'bellRHeHHOI'O HHCTRTyTa SlllepHb!X HCCJlellOBBHRll. 1ly6na 1979 

Konz P. et al. - 13 - 12076 
Two-A.nn Spectrometer Investigation of Nuclrer 

Reactions of A ( p, xd) B Type at 670 MeV. 
1. Formation and Transport of Proton Beam 

The formation and transport of a 670 MeV proton beam 
in a two-ann spectrometer constructed on the JINR synchrocyclo
tron for investigation of direct nuclear reactions with outgoing 
rapid deuteron is described. A method for measuring the beam 
intensity is also given. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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)J;nJI npooe~eHBJI KBHeMaTH'IeCKB nonHLIX uccne~ooauuii 

peaKQHii Tuna A (p, xd) B ua cuuxpou;uKnoTpoue OHJIH 
C03~aH ~Byxnne'leBOH cneKTpOMeTp, pa3Me~eHHLIH Ha BLIBe

~eHHOM nyqKe npoTOHOB c 3Heprueii 670 M3B. CxeMa yc

TaHoBKB npuoe~eua ua puc. 1. CneKTpoMeTp ~aeT B03MO)I(

HOCTL B3y'laTL peaKQBB, B KOTOpLIX O~HOBpeMeHHO C BLlne

TOM onepe~ /no~ yrnoM- 7 ° I qacTBQLI c 6onLWBM HMnynLCOM 

IPMaKc. = 1800 M3B/c/ Ha3a~ BLlneTaeT 'laCTHQa c Manoii 

3Heprueii /20 M3B $ E $ 200 M3B/ /I/. 
HH)I(e npHBO~JITCJI OnHCaHBe CBCTeMLI $opMHPOBaHHJI H 

TpaHCnOpTHpOBKB npOTOHHOrO ny'IKa, a TaK)I(e MeTO~BKa 

B3MepeHBH, BLlnonHeHHLIX ~nJI nony'leHBJI KapTLI ero BHTeH

CHBHOCTH. 

1. CHCTEMA tf>OPMHPOBAHH.R 
H TPAHCIIOPTHPOBKH IIYqKA 

1.1. Tpe6ooaHHJI K ny'IKY 

)J;nJI TpexqacTH'IHOii peaKQBB a+ A-... b + c + B, B KoTopoii 

H3MepJIIOTCJI BMnynLCLI 'laCTBQ a , b B C, 3HeprBIO B036y)l(

~eHBJI OCTaTO'IHOrO JI~pa B E H ero BMnynLC MO>KHO 

onpe~enBTL C nOMO~LIO 3aKOHOBg COXpaHeHBJI BMnynLCa B 

3Hepruu: 

... ... ... ... 
PB == pa - ph - pc 

/1/ 

E == T - Tb- Tc - TB + Go • g a 
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Puc. 1. CxeMa 3KcnepuMeH111aAr.Hou yclllaHoeKu. C - KOAAu
Malllop, CM - KOppeKIIIUPYKJUIUU MQZHUIII, Q - oy6Ae111 Keaopy
nOAbHbiX AUH3, BM - OIIIKAOHJIKJUIUU MazHu•, AM - aHaAu
aupyrorquu MaZHUIII, T - MUUleHr., BS - c111onnep ny'lKa, S -
CJ4UH111UAAJif4UOHHr.ae c'lelll'lUKU e11opozo nAe'la, MWPC - npo
nopf4UOHaAr.Hr.ae KaMepr.a, TOF - CJ4UHIIUAAJif4UOHHr.ae C'lelfl· 
'lUKU CUC111eMbl U3MepeHUJI epeMeHU npoAeJia. 
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r~e P · BeKTOp HMnyn&ca COOTBeTCTBYIOIQeii 'laCTJmLI, T 
ee KHHeTH'IecKas 3Heprus, Q0 - 3Heprosw~eneHue peaKUHH 

B cnyqae o6pa30BaHHB OCTaTO'IHOrO B~pa B OCHOBHOM co

CTOBHHH. qyo6LI pa3.z.enHTh, HanpHMep, OCHOBHOe H B036y>K· 

.z.eHHOe COCTOBHHB s.z.pa OT.Z.a'IH B peaKD;HH 
6 Li(p, pd) He: , 

E g H pb .Z.On>KHLI 6wT& onpe~eneHw c TO'IHOCT&IO 

He xy>Ke 20 M3B H 20 M3B/c cooTBeTcTBeHHo. TaKas Toq

HOCT& MO>KeT 6LITJ. nony'leHa, ecnH 3HeprHH 'laCTHD; 

a , b H C H3MepBTh C TO'IHOCTJ.IO 10-12 M3B, a KOMnOHeHTLI 

HX HMnyn&COB - C TO'IHOCThiO 10·12 M3B/c. 
)J.ns nepBH'IHOro nyqKa/ T = 670 M3B, p = 1300 M3B/c/ a a 

3TO Tpe6osaHHe MO>KHO o6ecne'IHT& npu ycnosuu, ecnu, 

C O~HOH CTOpOHLI, Heonpe~eneHHOCTh a6COniOTHOH BenH'IHHLI 

HMnyn&ca OCTaeTCB HH>Ke 1~, a, C ~pyroii CTOpOHLI, pacxo

.Z.UMOCTJ. ny'IKa no sepTHKanu H no ropH30HTanu He npesw

waeT ±5 Mpao. 
qT06LI o6ecne'IHTh He06XO.Z.HMYIO TO'IHOCTJ. onpe~eneHHB 

KOMnOHeHT HMnyn&Ca BTOpH'IHLIX 'laCTHD;, pa3MepLI o6naCTH, 

B KOTOpOH npOHCXO.Z.HT peaKD;HB, He ~On>KHLI npeBLIWaT& 

20 MM no sepTHKanu H 5 MM no ropH30HTanu. 3To Tpe6osa

HHe B Hawux ycnosusx nerqe scero swnonHHT&, ecnu B ro

pH30HTan&HOM HanpasneHHH o6naCTh B3aHMO~eHCTBHB 3a· 

.z.aeTCJI pa3MepaMH MHWeHH, a no BepTHKanH • pa3MepaMH 

ny'IKa. IlpH 3TOM no ropH30HTanH pa3MepLI ny'IKa He ~On>KHLI 

npeBLIWaT& 60·80 MM /.z.HaMeTp HOHOnpOBO~a/. 
HaKOHeD;, cne~yey HMeT& B BH.Z.Y, 'ITO H3- 3a clloHOBLIX 

ycnOBHH HHTeHCHBHOCTh ny';IKa He ~On>KHa npeBLIWaT& 

-1010 np01110H06/C. 

B HTOre He06XOAHMO nony'IHTh BLIBe~eHHLIH npOTOHHLIH 

ny'IOK CO cne.z.yJOIQHMH napaMeTpaMH: HHTeHCHBHOCTh Ha 

MHWeHH -1010 np01110H06/C; pa3Mepw Ha MHWeHH <20 MM 
no sepTHKanu H < 80 MM no ropH30HTanu; HMnyn&cHwii pa3-

6poc HH>Ke 1 ~; yrnosoii pa36poc MeHee ±5 Mpao. Yrnosoii 

pa36poc H pa3Mepw ny'IKa onpe~enJIJOT MaKCHMan&Ho ~ony

CTHMYIO BenH'IHHy 3MHTTaHCa ny'IKa fx =fy = rr/4• ~X • ~(Jx = 
= rr/ 4 · ~ y • ~ () .::. 160 MM MpaO. 

y 

1.2. HacTpoiiKa ny'IKa 

Ily'IOK, KOTOPLIH BLIXO~HT H3 CHHXpOD;HKnOTpOHa, He y~OB· 

neTBopseT npuse~eHHLIM Tpe6osaHHBM. Ero HHTeHCHBHOCT& 
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BbiWe 3a,IJ;aHHOH npHMepHO Ha ,IJ;Ba nopJI,D;Ka BenH'IHHhl, 3Hepre

TH'IeCKHH pa36poc B TpH pa3a 6onLWe ,IJ;OnyCTHMOro H pa3Mep 

Ce'leHHJI 3Ha'IHTenLHO npeBhiWaeT Tpe6yeMbiH. ,lJ;nJI TpaH

cnopTHpOBKH u 4JopMupoBaHHJI ny'IKa ucnonL3YIOTCJI ,IJ;Ba Mar

HHToonTH'IeCKHX 3neMeHTa: ,IJ;y6neT KBa,D;pynonLHhiX nHH3 ( Q) 
H OTKnOHJIIOII.{HH MarHHT /BM/. 3TH onTH'IeCKHe 3neMeHThl, 

KaK H3BecTHO, He MoryT MeHJITL 3MHTTaHca ny'IKa. IIo

CKOnLKY HCnOnL30BaHHe KOnnHMaTopa B6nH3H MHWeHH npu

Beno 6bl K yBenu'leHHIO <lloHa, Heo6xo,IJ;HMhlii 3MHTTaHc HY>KHO 

C03,IJ;aTL y>Ke Ha MeCTe BhiXO,IJ;a ny'IKa H3 KaMepbl CHHXpo

llHKnOTpOHa. C 3TOH uenLIO TaM 6bln ycTaHOBneH Me,IJ;HhiH Kon

nHMaTop ,IJ;nHHOH 30 CMC KBa,IJ;paTHhiM OTBepCTHeM 10x10 MM 2• 

IIpu 3TOM 3MHTTaHc ny'IKa KaK B ropH30HTanLHoii, TaK u B 

BepTHKanLHOH nnOCKOCTH yMeHLWaeTCJI ,!J;O - 100 MM· MpaO 
H O,IJ;HOBpeMeHHO o6ecne'IHBaeTCJI He06XO,!J;HMaJI HHTeHCHB

HOCTL, nOCKOnLKy KonnHMaTOp nponycKaeT ny'IOK, COCTaB

nJIIDII.{HH TOnLKO HeCKOnLKO npoueHTOB OT nepBOHa'lanLHOro. 

qTo6bl Bhl6paTL onTHManLHoe pacnono>KeHue KonnuMaTopa, 

Ha ero BhiXO,IJ;e H3MepJinOCL pacnpe,IJ;eneHHe HHTeHCHBHOCTH 

ny'IKa no HaBe,IJ;eHHOH aKTHBHOCTH nonH3THneHa B peaKUHH 
12 c ( p, pn) 11c . MeTO,IJ;HKa H3MepeHHii KapThl HHTeHcHBHo

CTH onucaHa B pa3,IJ;ene 2. IIpu onTHManLHOM pacnono>Ke

HHH KOnnHMaTOpa HHTeHCHBHOCTL nyqKa Henocpe,D;CTBeHHO 

3a KOnnHMaTOpOM COCTaBnJieT 1 ,3·10
10 np011fOH06/C. 

lly'IOK, BhiXO,!J;JIIl.{HH H3 KOnnHMaTopa C paCXO,!J;HMOCTLIO 

±5 Mpao, <lloKycupyeTcJI KBa,D;pynonLHhiM ,IJ;ynneToM Q Ha 

MHWeHL. IIocKonLKY MarHHT BM OTKnOHJieT ny'IOK Ha 14° 

OT nepBOHa'lanLHOrO HanpaBneHHJI H COOTBeTCTBeHHO pa3-

,IJ;enJieT ero no HMnynLcy, <lloKycupoBKa He TOnLKO o6ecne

'IHBaeT Tpe6yeMoe Ce'leHHe ny'IKa, HO H ,IJ;aeT B03MO>KHOCTL 

yMeHLWHTL 3HepreTH'IeCKHH pa36poc npOTOHOB, nona,IJ;aiOII.{HX 

Ha MHWeHL. B nnocKOCTH MHWeHH ,IJ;HcnepcuJI D TaKoro 

cneKTpOMeTpa COCTaBnJieT 2000 MM. EcnH ropH30HTanL

HhiH pa3Mep H306pa>KeHHJI MarHHTOOnTH'IeCKOH CHCTeMOH 

3pa'IKa KOnnHMaTOpa paBeH ~ x 0 , TO HMnynLCHhiH pa36poc 

'laCTHI.{, nona,IJ;aiDII.{HX Ha MHWeHL pa3MepOM ~ X1 , COCTaBnJieT 

2 2 
~P/P = y~x0 + ~xt /D- ~x 0 /2000 /npu ~x 1 « Ax0 /, 

T.e. 1~ B cnyqae ~ x
0 

= 200 MM. 
KaK H3BeCTHO, CBOHCTBa H306pa>KeHHJI OnTH'IeCKOH CHC

TeMbl, cocTOJIII.{eii H3 3neMeHTOB Q u BM, B ropH30HTanLHOH 

6 

u BepTuKanLHOii nnocKOCTJIX pa3nH'IaroTcJI. Ha puc. 2 no

Ka3aHhl pe3ynLTaThl paC'IeTOB H306pa.>KeHHJI B nnOCKOCTH 

MHWeHH ,IJ;nJI MOH03HepreTH'IeCKOrO ny'IKa, BhiXO,!J;JIIl.{ero H3 

KOnnHMaTopa pa3MepOM 10x10 MM2 
C paCXO,IJ;HMOCTLIO B o6e

HX nnocKocTJIX ±5 Mpao. Ha puc. 2a noKa3aHa 3aBHCHMOCTL 

ropH30HTanLHOrO H BepTHKanLHOrO pa3MepOB nyqKa OT TOKa 

B CHMMeTpH'IHO B036y.>K,IJ;eHHOM Q - ,IJ;y6neTe npH TaKOM Ha

npaBneHHH ToKa, Kor,IJ;a nepBhlii 3neMeHT ,IJ;y6neTa B ropu-

30HTanLHOH nnocKOCTH ,D;e4JoKycupyeT. Bu,IJ;HO, 'ITO ropH30H

TanLHhlii pa3Mep MO>KHO yMeHLWHTL ,!J;O 10 MM, 'ITO C TO'IKH 

3peHHJI HMnynLcHoro pa36poca JIBnJieTcJI BecLMa xopowuM 

3Ha'leHHeM. K co>KaneHuro, npu 3TOM BepTHKanLHhiH pa3Mep 
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Puc. 2. Pac'leiiHa.R 3a6UCUMoc•~o pa3Mepo6 ny<~Ka o• •oKa 
6 CUMMe•pU'lHO 6036YJKOeHHOM oy6Ae•e Q. H - zopU30H
IfQAbHbiU pa3Mep, V - 6€piiiUKaAbHbiU pa3Mep. a/ Jiep6biU 
3A€MeH• oy6Aella oe(JoKycupye• 6 zopU30HIIQAbHOU nAoc
KOC.U, 6/ nep6biU 3A€M€H. i'Jy6Ae•a t/JOKycupye1fl 6 zopU30H
•aAbHOU nAOCKOc•u. 
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ny'IKa O'leHb senHK, 8 no3TOMY TaKoe pewea8e aen&3JI 8C· 
non&30BaTb. Ha puc. 26 noKa3aH cnyqai, KOr.D;a nepswi 
3neMeHT ~y6neTa ~OKYC8pyeT B rop830HTan&HOH nnOCKOCT8. 
B 3TOM cny11ae sepT8Kan&awi pa3uep ny'IKa MO:>KeT 6wT& 
MeHee 20 MM, B TO )l(e BpeMJI rop830HTanbHblH pa3Mep TaK:>Ke 
He C8nbHO npeBblWaeT 3TY sen8'18HY, COOTBeTCTByJOmyJO 
1~-aouy 8Mnyn&caouy pa36pocy. Cne.D;oBaTen&ao, TaKoe 
B036y)I(.IJ;eH8e Q•.IJ;y6neTa OnT8ManbHO COOTBeTCTByeT Tpe-
6oBaH8JIM 3Kcnep8MeHTa. HaKoaeu, cne.D;yeT 3aMeT8Tb, 'ITO 
sap8aHTbl pac'leTa pean83YJOTCJI aa npaKT8Ke Ton&Ko np8 
ycnOB88, ecn8 ny'IOK npOXO.D;BT OT KOnn8MaTOpa .D;O MBWeH8 
B saKyyue. H3- 3a uaoroKpaTaoro pacceJIH8JI aa aTouax 
B03.D;yxa paCXO.D;8MOCTb ny'IKa ysen8'18BaeTCJI Ha ± 1 MpaO 
Ha Ka)I(.IJ;blH MeTp, TaK 'ITO B pe3yn&TaTe Ha M8WeH8 ny'IOK 
pa3MOeTCJI Ha HeCKOnbKO CaHT8MeTpOB, 8 8MeHHO n03TOMY 
B C8CTeMy TpaacnopT8pOBK8 ny'IKa BKnJO'IeH nerKO C068paJO· 
IUBHCJI 8 pa368pa10JU8HCJI BaKyyMHblH 80HOnpOBO.D;, o6ecne
'18Ba10JU8H BaKyyM ny'IWe 'leM 10-l MM PTYTHOro CTOn6a. 
Tpy6bl 80HOnpOBO.D;a COe.D;8HJIIOTCJI O.D;Ha C .D;pyroi C nOMOIUbiO 
nepexo.D;HblX uy~T, ynnoTaeaawx pe38HOBblM8 qynKaM8 I puc.3/. 

qaCT8Ubl nepB8'1HOrO ny'IKa, He 8CnblTaBW8e B3a8MO· 
.D;eHCTB8JI B M8WeH8, npOXO.D;JIT 6e3 OTKnOHeH8JI aaan838pyJO· 
IUBi uarH8T cneKTpoueTpa AM a Tpy6e 83 MJirKoro :>Kene3a, 
3KpaH8PYJOIUei MarH8THOe none, 8 3aTeM raCJITCJI B norno· 
T8Tene ny'IKa BS , npe.D;cTaBnJIJOIUeM co6oi 6noK 83 CB8HUa, 
:>Kene3a 8 *ene3o6eToaa. 

Puc. 3. CoeouHeHue •py6 uoHonpoeooa. 

a 

I 
I 

I 
q 

1.3. 3Kcnep8MeHTan&HaJI nposepKa 
napaueTpos ny'IKa 

TO'IHOCTb HaBe.D;eH8JI ny'IKa Ha MBWeHb 8 Ka'leCTBO ero 
~oKyc8pOBK8 nposepJin8Cb c noMOJUbJO ~oTo6yuar8. BepT8" 
Kan&awi pa3uep ny'IKa, pasawi 15 MM, 6wn nonyqea np8 
3Ha'leH88 TOKa B KBa.D;pynonJIX, 6nBJKOM K paC'IeTHOMy. 
fip8 3TOM rop830HTanbHblH paJMep ny'IKa OKa3anCJI paBHblM 
np8Mepao 60 MM. llocne.D;HJIJI U8~pa 03Ha'laeT, 'ITO cpa3y 
nocne KOnn8MaTopa ny'IOK o6na.D;aeT 8Mnyn&CHblM pa36pocou 
2,5~ /pa36poc no 3Hepr88 25 M3B/. 

Pacnpe.D;eneaae 8HTeHC8BHOCTB ny'IKa no rop830HTan8 
H3MepJinOCb no BblXO.D;y JI.D;epaoi peaKU88 B Y3KOH MBWeH8 
(~ xt << ~ x0) 83 non83T8neaa. ~nJI 8JuepeH8JI pacnpe.D;enea8JI 
8HTeHC8BHOCT8 MeHJinOCb MarH8THOe none B OTKnOHJIIOIUeM 

N 

OTH.eg. 

2 

-6 -4 -2 0 2 4 6 CH 

nOo\oxe..-
Puc. 4. PacnpeOeAeHue uH•eHcueHoc•u ny~Ka e o6Aac•u 
MUIIIeHu. Kpuea.11 - ebrxoo AOepHoii peaK&~uu e 3aeucuMoc•u 
o• noAoxeHuA ny~Ka. ruc•ozpaMMa - pe3yA~>•a•~>• aK•uea
liUOHHWX U3MepeHUU. 
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MarHHTe BM, TaK 'ITO Ha MHWeHL nona,Aanu pa3Hble yqacTKH 

nyqKa. CMe~eHHe nyqKa onpe,Aemmoc& no .AHcnepcHH MarHH

Ta BM. UJMepeHHaJI JaBHCHMOCTL BbiXO.Aa JI,AepHoii peaKUHH 

OT nOllO)I(eHHJI ny'IKa npHBe,AeHa Ha puc. 4. 
Pacnpe,AeneHHe HHTeHCHBHOCTH H nonHaJI HHTeHCHBHOCTL 

ny'IKa B nnOCKOCTH MHWeHH onpe,AellJillHCb TaK)I(e C nOMOJUbiO 

MeTO.AHKH aKTHBaUHH, ynoMHHaBweiics Bblwe. IIo ,AaHHbiM 

3THX H3MepeHHH B nllOCKOCTH MHWeHH OCTaeTCJI 70- 8Q'fo 

OT HHTeHCHBHOCTH ny'IKa Ha BbiXO,Ae KOllllHMaTopa. 

UJ·Ja nepHO.AH'IHOCTH ycKopeHHJI BpeMeHHoe pacnpe,Ae

neHHe HHTeHCHBHOCTH HMeeT MHKpOCTpyKTypy C nepHO,AOM, 

COBna,AaiO~HM C nepHO,AOM BbiCOKO'laCTOTHOro YCKOpJIJOIUero 

non .II I r = 71 Hc/, H ,AnHTenLHOCTLIO oT ,AenLHoro HMnyn&ca, 

paBHoii 15 HC 1 2~ Ha puc. 5 noKaJaHa BpeMeHHaJI JaBHCH

MOCTL 'IHClla cnyqaiiHbiX COBna,AeHHH, o6ycnoBneHHaJI CyiUeCT

BOBaHHeM MHKpOCTPYKTYPbi ny'IKa. 

HaKoHeu, cne,AyeT ynoM.IIHYTL, 'ITO qacToTa ycKop.IIJOIUero 

Hanp.ll*eHHJI O.AHOJHa'IHO onpe,Aen.lleT 3Hepruro qacTH:u;. Cne

.AOBaTen&HO, ecnH BO BpeMJI perHCTpa:u;HH C06biTHJI H3MepHTL 
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Puc. 5. BpeMeHHaJI 3aeucuMOCIIb -.uc.11a cAy-.aUHbiX coena
oeHuu. 

to 

'laCTOTy YCKOP.IIIO~ero HanpJI)I(eHHJI, MO)I(HO onpe,AenHTL 3Hep

rHIO nepBH'IHOH 'laCTHUbl, 'ITO nOJBOllJieT yMeHbWHTL Heonpe

,AeneHHOCTb peJyllLTaTOB 3KCnepHMeHTa. 

2. IIOJIYlJEHHE KAPThl HHTEHCHBHOCTH 

KaK ynoMHHanocL BbiWe, HJMepeHHe .ABYXMepHoro pac

npe,AeneHHJI a6conJOTHOH HHTeHCHBHOCTH npOTOHHOrO nyqKa 

OCHOBaHO Ha aKTHBaD;HH 12 C. HJyqaeMbiM npOTOHHbiM nyq

KOM o6nyqaeTCJI MHWeHL H3 nonH3THneHOBbiX WapHKOB, yno

pJI,AO'leHHbiM o6pa30M pacnonO)I(eHHbiX B yJnax KBa,ApaTHOH 

ceTKH. Ha .II,Apax 
12c B nonH3THneHe npoucxo,AHT peaKUH.II 

1
2
c(p, pn) 11 c. 06paJyeMble .II.Apa 

11 C pacna,AaJOTCJI c uc

nycKaHHeM noJHTPOHa: ll C---. 118+{:3 + +v C nepHO,AOM nony

pacna,Aa 20,34 MUH. IIoJHTPOHbl ocTaHaBnHBaJOTCJI Y*e 

B /0,1+ 0,5/ z/cM 2 Be~eCTBa H aHHHrHnHpyJOT C HCnycKa· 

HHeM B npOTHBODOllO)I(HbiX HanpaBneHHJIX .ABYX y ·KBaHTOB 

c 3Heprueii 0,51 M3B. PerHCTPHPY.II coBna,AeHHJI .ABYX y -
KBaHTOB, MO)I(HO ODpe.n;enHTL 'IHCnO pacna,AOB JI,Aep llc H OT

CIO,Aa nony'IHTL a6COlliOTHYIO HHTeHCHBHOCTb nyqKa npOTO

HOB, na,Aaro~ero Ha wapHK. Ba)I(HbiM npeHMyiUeCTBOM 3Toii 

MeTO,AHKH JIBll.lleTCJI TO, 'ITO OHa OCHOBaHa Ha perHCTpaD;HH 

'IHClla COBna,AeHHH, n03TOMY npH H3MepeHHH aKTHBHOCTH 

WapHKOB, KOTOpOe npOBO,AHTCJI nocne o6nyqeHHJI, He B03HH· 

KaeT oco6~a~x npo6neM HJ·Ja JHa'IHTenLHoro ~oHa, cyiUeCT

Byro~ero B6llH3H YCKOpHTenJI. 

,D;ep*aTenL MHWeHH npe,AcTaBn.lleT co6oii anJOMHHHeByro 

nnaCTHHY, B KOTOpOH Ha nno~a,AH 1 Ox 10 CM 2 paJMeiUeHbl 

20x2Q nonH3THneHOBbiX WapHKOB B rHeJ,AaX KBa,ApaTHOH 

CeTKH Ha paCCTOJIHHH 5 MM ,Apyr OT ,Apyra. MHWeHL noMe

IUaeTCJI B HJyqaeMbiH ny'IOK Ha 10-20 MUH /ecnH H3Mep.lleT

CJI H a6COnJOTHaJI HHTeHCHBHOCTL, TO He06XO,AHMO TO'IHO pe

rHCTpHpOBaTL BpeMeHa Haqana H KOHD;a o6nyqeHHJI, a TaK)I(e 

KOHTpOnHpOBaTL CTa6HnbHOCTL HHTeHCHBHOCTH C nOMOIULIO 

ny'IKOBoro MOHHTopa/. IIocne o6nyqeHHJI wapHKH nooqepe,A

Ho BbiHHMaiOTCJI H3 nnaCTHHbl H noMeiUaiOTCJI B H3MepBTen&

HYIO ronoBKy, HaXO.AJIIUYJOCJI Me)I(.AY .ABYMJI KpBCT8.JIJiaMB Nal 
paJMepOM ~ 50x50 MM2, y,AaneHHbiMB Ha 10 MM O,ABH OT 

,Apyroro. 06nyqeHHaJI anJOMBHBeBas nnacTBHa c wapBKaMB 

MO)I(eT JIBllJITLCJI BCTO'IHBKOM 3Ha'IBTellLHOro ~OHa, n03TOMy 
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nenecoo6pa3HO ee y~anBTb OT ~eTeKTopoB no Kpa&Hei Me

pe Ha-1 M/. 
llpH 3a~aHHOM BpeMeHH o6nyqeHHB nOTOK npOTOHOB, na-

~aiOJUBX Ha i ·R 3neMeHT MHWeHH rpi , MO)I{HO onpe~enHTb, 
H3Mep•• qucno cosna~eHHR Ci H speMB, ucTeKWee nocne 

o6nyqeHHB: 

¢. 
I 

c. ,\(t·-t\ 
I I rf --e 

1J No 
/2/ 

rAe 1) - 3~eKTHBHOCTb perHCTpaUHH~eTeKTOpaMH H30Tpon-
HO pacnpe~eneHHblX y -nap, B03HHKaiOIUHX OT n03HTpOHOB 
HH3KOR 3HeprHH BHYTPH H3MepHTen&HOR ronoBKH /3TY !'l~eK
THBHOCTb MO)I(HO onpe~enHTb ~0 Haqana H3MepeHHR C no
MOIUbiO {3+ ·HCTOqHHKa 22Na H3BeCTHOR aKTHBHOCTH: 1) -

-~ 5 x10-2 /; ,\ - nocTOXHHax pacna~a llC , paBHax 
5,68 • 10-4 C-l ; ( ti - to) - BpeMX, HCTeKwee OT KOHUa 
o6nyqeHHB I c/; N0 ¢i - qucno x~ep 11 C B KoHne o6nyqe

HHB, 

No 
aqNA -,\TB)· 
-(1-e . 
M 

/3/ 

a - ceqeHHe peaKUHH 12 C ( p, p n )1 lc npu 3HeprHH H3yqaeMo
ro nyqKa I a

660 
M3B = 3·10-26 cM2 ;131 ; q - Macca o6-

nyqaeMoro nonH!'lTHneuosoro wapuKa /31 ,8±1 ,0 MZ/; N A -

'IHcno Asora~po /6,02· 10 23 /MoA/; M - MoneKynxpHblR sec 
CH

2 
I M = 14 z/ MOA/; T B - speMB o6nyqeuux I c/. 

B OTHOCHTenbHYIO OWH6Ky OTAenbHOrO H3MepeHHX BHOCBT 
BKna~ cne~YIOIUBe clJaKTOpbl: 

a/ cTaTHCTHqecKax owu6Ka qucna cosna~euuii: Ci 
/< 10~, ecnH rpi ;:;:_ 108 

'4QCI/IUfl/( c•cM
2

) /; 

6/ HecTa6un&HOCTb !'lneKTPOHHKH IS. 3~/; 
B/ clJoH oT pa6oTa10mero ycKopuTenx /:::.. 10 o•c-.el/loe/c/; 
r I pa36poc Mace wapHKOB I- 3~/, KOTOpblR B npHHUHne 

MO)I(eT 6blTb HCKnroqeH B3BeWHBaHHeM Ka~oro wapHKa. 
CHCTeMaTHqecKaX OWH6Ka a6COniOTHOR HHTeHCHBHOCTH 

He npesblwaeT 1 0~. 
qT06bl nonyqHTb pacnpe~eneHHe HHTeHCHBHOCTH C ~o

CTaToqHo XOpOWHM pa3peWeHHeM, H3MepeHHX HY)I(HO npOH3· 
BeCTH B 6onbWOM qucne ToqeK, O~HaKO CyMMapHOe BpeMX 
_3KCn03HUHH He MO)I(eT CHnbHO npeBblWaTb nepHO~ nonypac-

12 

na~a. lloJTOMY nenecoo6pa3HO aBTOMaTH3HposaT& H3Mepe
HHX, HCnOnb3YB 3BM. B HaWeM cnyqae 3KCnepHMeHTan&HaB 
annapaTypa 6blna no~KnroqeHa K 3BM HP- 2116 C I puc. 6/. 

llepe~ H3MepeHHBMH C nyn&TOBOrO ~Hcnneg BBO~BTCB 
KOHCTaHTbl, Heo6xo~HMble ~nx o6pa6oTKH ~aHHblX /a , q , 

crepT 

cron 

o:: I uHcp. al 
:J 
J: 

~~~np.cur. "€!..,..,__ __ 
~ 

~I npepblr,. ,........__ 

u 
tD 
.-
N 

Puc. 6. liAoK- cxeMa ce.11au c 3BM npu npoeeoeHuu aKIIIuea
fiUOHHbiX U3MepeHUU. 
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A , T 8 u JJ.P./. ITo ucTeqeuuu 3aJJ,auuoro apeMeHH ~ t 
/1-5 c/ nocne noMell(eHH.II B H3MepuTem.uyro ronoBKY i - ro 

wapHKa H YCTaHOBKH HJJ,CHTH«llHKa.UHOHHOrO HOMepa, OJJ,H0-

3Haquo CBJI3aHHOrO C KOOpJJ,HHaTaMH wapHKa Xi H yi 

annapaTypa aBTOMaTuqecKH nepeJJ,aeT a 3BM napaMeTpbl 

Ci , Xi, Yi , ti , ~t , Nli , Nzi• Ha OCHOBaHHH KOTO· 
pbiX 3BM BbfqHCn.lleT ¢i H ~ ¢i H BbiJJ,aeT HX Ha TeneTaiin 

BMCCTe CO BXOJJ,HbiMH napaMeTpaMH. H3MepeHHe OJJ,HOH Toq

KH 3aHHMaeT 10-15 C. 

Ha 3Kpau nynLTosoro JJ.HcnneJI MO>KHO BbiBeCTH nonyqeu

Hble pauee pe3ynLTaTbl B xopowo o6o3pHMOM aHJJ,e, TaK qyo 

nerKO onpeJJ,enHTL, B KaKHX TOqKaX H C KaKOH TOqHOCTLIO 

cneJJ,yeT nposecTH JJ,ononHHTenLHble H3MepeHH.II. Mo>KHO Bbi

JJ,aBaTL JJ,ByMepuoe pacnpeJJ,eneHHC HHTCHCHBHOCTH TaK>Ke Ha 

TeneTaiin /B BHJJ,e MaTpH.Ubi/ HnH Ha nnOTTep /B BHJJ,e OJJ,HO· 

MepHbiX ceqeuuii/. 

• 
• 50 x109 P/CM2SEC 
• 5 

••• •• • • • 

0 1 2 3 CM 

• • • • • • •• •• • • • • • • • • • • ••••••••••••••••• ····••·•· ·••······ ••••••••••••••••• -············· .... • • • • • • • • • • • • • • • • 

• 
Puc. 7. PacnpeoeAeHue uH•eHcueHoc•u npo•oHHozo ny'IKa 
Ha 6bJXOOe CUHXPOfiUKAO•poHa, 3Q MQZHU.HbJMU HQCQOKQMU. 

14 

B KaqecTae npuMepa ua puc. 7 noKa3auo pacnpeJJ.eneuue 

HHTCHCHBHOCTH npOTOHHOrO ny~Ka Ha BbiXOJJ,e CHHXPO.UHKno
TpOHa,cpa3y >Ke 3a MarHHTHbiMH HaCaJJ,ICaMH. 

HHOrJJ,a BMCCTO KapTbl HHTCHCHBHOCTH He06XOJJ,HMO 6biCT

po nonyqHTL llOnHyiO HHTCHCHBHOCTL nyqJCa Ha HCKOTOpoii 

nnoll(aJJ.H B ero ceqeuuu /uanpuMep, ua MHWeuu/ • .D;n.11 3Toro 

nonH3THneuoaaJI nneuiCa ueo6xoJJ,uMoii «llopMbl noMell(aeTcJI 

B HHTepecyiO(-Uee 3KCnepHMCHTaTopa MCCTO H nocne aiCTHBa

.UUH nyqKOM KnaJJ,eTC.II B CBCPHYTOM BHJJ,e B H3MCpHTenLHYIO 

ronOBKy, a 3aTeM npOH3BOJJ,HTC.II 06blqHbiH .UHKn H3MepeHHH. 

B 3aKnroqeuue aBTOpbl Bblpa>KaiOT 6naroJJ,apuocTL B.H.IIeT

pyxuuy 3a llOCTO.IIHHOe BHHMaHHe H llOJJ,JJ,ep>KICy, )1;.AnL6pex

Ty, H.H.XoaauciCoMy, Ji .A.XoMeHKo, JI.HeuuK 3a noMOI-UL 

llpH H3MepeHH.IIX HHTCHCHBHOCTH, 3.PeBaH 3a yqaCTHe B llOJJ.• 
roTOBKe ny6nuKa.uuu K neqaTH. 
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