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EenbKOB A.A. H up. PI - I2311 

VfccnellOBBHHe peaKUHH 11-p -+rr 0 rr 0 n npH 3HeprHH 240 N\38 

l13~epeuo nonaoe cetieHHe peaKilHH 11 - p -+1T 
0 rr 0 n npu aueprHH 

240::_10 M3B. BenH'IHHa ce'leHHQ paeua (0,13::_0,02) M6H. DpoeeneH H30To-

nH'IeCKHll aaanua peaKUHH "N _,"" N npa 3TOll 3HeprHH. 0THOllleHue 
H30TOnH'IeCKHX aMnnHTYil X .F 10 /F 32 paeuo 3,8::_0,6. 

Pa6oTa BhtnOnHeHa e Jla6opaTOPHH gnepHhlX npo6neM OY!HYI. 

Coo6llleHHe 06~oenHHeHHoro HHCTHTyTa MepHhiX HccnenoeaHHll. ily6ua 1979 

Be1'kov A.A. et al. PI - I2311 

Investigation of the "-p ->"0
"

0
" reaction at 240 MeV 

The total cross section of the "-p_, " 0
"

0 n reaction is measured 
at 240::_10 MeV. It is equal to (0.13.±._0.02) mbn. The isotopic 
analysis of the "N _, ""N reaction at this energy is performed. The 
ratio of isotopic amplitudes X ~F10/F 32 

equals 3.8.±._0.6. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06t.eJIB/IeBBhl/t BBCTBryT SIIJ8pBhlJC BCCR81JOBIJNB/t /ly6NIJ 

HacToR~ag pa6oTa xanReTcR npo~oruKeHBeM uccne~oaaHBH pe

axuuu rr- p -. rr 0
rr 

0 n 11 •21 a6nB3B nopora c uen&JO npoaepxu xupan&

HOH TeOpBH CBnbHblX B3aBMO~eHCTBBH /S,4!. 

PeaxuHR rr- P ->rr0 rr 0 n BJyqanac& npu 3HeprHH na~a10~ero 

rr -Me3oHa T17 = 240±10 M3B Ha ycTaHoaxe, cxeMaTB'IHblH BB~ 

xoTopoA noxaJaH Ha puc. 1. 3xcnepBMeHTan&HaR ycTanoaxa co-
/5 I- ""' 

CTORna B3 ~BYX nap qepeHKOBCKBX y -cneKTpOMeTpOB ' C1 , C2 B 

Ca. c4 . neJKa~BX Ha O~HOH npRMOH no pa3Hble CTOPOHW )I(B~Ko
BO~OpO~HOH MBWeHH. lf3MepeHHR npOBO~HnHCb B ~BYX reoMeTpBRX. 

B reoMeTpHH I o6e napbl cnexTpoMeTpoa pacnonaranuc& no~ yr

noM 90° K HanpaaneHHJO nyqxa; B reoMeTpHH II napa c 1 . c2 -
0 ... ..., 0 

no~ yrnoM 120, napa C3 , C 4 - no~ yrnoM 60 K nyqxy. 

PeaxuuJI Bbl~enRnacb no yy -coana~eHHRM a cne~yJO~Hx xoM-

6Hnauugx qepeHxoacxux cnexTpoMeTpoa: (C 1 + Ca) , (C 1 +C 4 ) , 

(C2 -£3) B c<\ +C 4). Yrnw MeJK~ H~npasne,!fBJIWMB y -xaaHTOB, pe

rHCTpHpyeMbiX KOM6HHaUHRMH (C 1 +Ca ) B (C 2+C4 ), paBHbl180±14°, 

KOM6BHaUBRMB (C 1 +C 4 ) B (C\ JS 3)- 156±14~reoMeTpBR ycTaHOBKB 

6blna Bb16paua TaKHM o6pa3oM, 'IT06bl npu ycTanoaneHHbiX nopo

rax perucTpaUHBy -xaaHTOB Ey= 30 M3BpeaKUHR rr-p-.rr0 n He 

perucTpupoaanac&, a axna~ peaxuuu rr-p ->rr 0 y n ue npeabl

wan 10~. 

~nJI Kanu6pOBKH cneKTpOMeTpOB y-KBaHTaMB BCnonb30BanBCb 

~Be peaKUBH: 

rr- + p ->TT 
0 + n 

rr +P->y+n. 

/1/ 

/2/ 

0TpHUaTenbHble nHOHbl C 3HeprBeH 80 M3B TOpM03BnBCb B Me~HOM 

ciJBnbTpe B OCTaHaBnBBanHCb B JKB~KOBO~OpO~HOH MHWeHB, a BC

nycxaeMble y -xaaHTbl perucTpupoaanuc& cnexTpoMeTpaMB, pac

nonoJKeHHbiMH no pa3Hble CTOpOHbl MBWeHB no~ yrnaMB 90 ° no 
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Puc. 1. CxeMaiiiU'IeCKUU euo 3KCnepuMeHIIIa.llbHOU ycmaHOBKU. 

OTHoweHHIO x nyqxy. 3HepraJI y -xaaHTOB oT npouecca /1/ co

cTaBnJieT a cpe~HeM /67 ,5±15/ M3B. 

B npouecce /2/ o6paJyiOTCJI MOH03HepreTH'iecxue y-KaaHThl 

c 3Heprueil 129 M3B. Ha puc. 2 noKaJaHo aMnnHTY~Hoe pacnpe

~eneHae HMnynbCOB ~T y -KaaHTOB ~JIJI O~HOrO H3 cneKTpOMeTpOB. 

0THOWeHHe nnmua~H no~ nepBhiM nHKOM K nnmua~H no~ BTOPhiM 

nHKOM ,nOJDKHO paBHJITLCJI Y~BOeHHOMy OTHOWeHHIO llaHOBCKOrO 

P=atot(77-P->77°n)/atot (77-p-.yn) = 1,53±0,02. ,Il,JIJI Kanu6po

BO'iHoro cneKTpa OTHOWeHHe nnoll(a~eB no~ nHKaMH paBHO 

2,91±0,16. llonyqeHHaJI paHee/5/ HeCKOnLKO 60nLWaJI BenH'IHHa 

3TOrO OTHOWeHHJI 06bJICHJieTCJI He~OCTaTO'iHOB 3KpaHHpOBKOB ~o

HOBhiX y -KBaHTOB OT Me~HOrO ~HnbTpa. 

4 

N 

100 

50 

HoMep kaHana 

Puc. 2. AMnAUIIIYOHble pacnpeOeAeHuR u.wnyAbcoe, noAy'leHHble 0111 
y- KBaHmoe c 3HepzuR.wu /67,5.!:.15/ M3B H 129 M3B. 

/6 I ,IJ,onJI nHOHOB a nyqxe onpe~enJinacb no apeMeHH nponeTa ' 

H npH 3HeprHH /240±10/ M3B cocTaanJina /82±2/o/o. CnexTp 

no apeMeHH nponeTa qacTHU nyqxa noxaJaH Ha puc. 3. 
Co6b1THJI, COOTBeTCTBYIOII(He peaKI(HJIM 

77- p .., 77 o77o n 

77-p ->77°yn, 

/3/ 

/4/ 

Bhl~enJinBcL no yy -coana~eHHJIM oT ~ayx 'iepeHxoacxux cnexTpo

MeTpoa c MOHHTopoM. Ha puc. 4 noxaJaHo pacnpe~eneHHe ape

MeHH nOJIBneHHJI CHrHaJia Ha O~HOM H3 cneKTpoMeTpOB OTHOCH

TenbHO MOHHTOpa. YpoBeHL cnyqaBHhiX COBna~eHHB COCTaBJIJIJI 

OKono 1511/o. 3~eK~ Ha ao~opo~e onpe~enJincJI nyTeM Bhl'iHTaHHJI 
OTC'ieTOB npH H3MepeHHJIX C nyCTOB MHWeHLIO. B cpe~HeM C'ieT 

npH llYCTOB MHWeHH COCTaBnJIJI 4511/o OT 06ll(ero C'ieTa. 

Tax KaK B 3KCnepHMeHTe perHCTPBPYIOTCJI y -xBaHThl OT ~BYX 

peaK.I.IBB /3/ H /4/, TO ~nJI Bbl~eJieHHJI peaKI(BH /3/ He06XO~HMO 
y'ieCTL BKna~ OT peaKI(HH /4/. ,lJ,JIJI 3TOro no MO~ena1 7/ 6biJIH 

pacc'IHTaHbl ce'ieHHe peaKUBH /4/ npu nopore peracTpauua y -xaaH

TOB 30 M3B H cneKTpbl y -xBaHTOB OT 3TOB peaKUHH. 
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Puc. 3. Cnewmp no epeMeHu npo
Aema 'IQCIIfUij ny'II(Q C UMnyAbCOM 

p = 340 M3B/c. aeHa KaHaAa 
15 nc. 

200 220 240 }60 laD 100 

100 120 

IIDiflp KaHCl/10 

Puc. 4. OoHoMepHoe pacnpeoe
AeHue epeMeHu no~eAeHu~ cuz
HaAa Ollf OOHOZO U3 cneKIIfpOMellf
poe OllfHOCUIIfeAbHO MOHUIIIOpa. 

140 160 180 200 
HoMep kaHQJla 

) 

:·J 

Ha puc. 5 H 6 noxaJaHhl cnexTpbl y -xBaHTOB OT peaxuHH 

/3/, nony'leHHble nyTeM Bbi'IHTaHH.II BJ<na,ZJ,OB peaJ<UHH /4/ H3 CyM

MapHbiX cnexTpoB, perHcTpHpyeMbiX ycTaHoBxoii:. CpaBHeHHe nony

'leHHbiX ClleXTpOB C peJynbTaTaMH MO,ZJ,enHpOBaHH.II peaXUHH /3/ 
C llOCTO.IIHHbiM MaTpH'IHbiM 3neMeHTOM llOJ<a3biBaeT, 'ITO 31<CllepH

MeHTanbHble ClleJ<Tpbl CyiUeCTBeHHO M.llr'le paC'IeTHbiX. KpoMe TO

ro, B o6eHX reoMeTpH.IIX 'IHCnO yy -coBna,ZJ,eHHH B 1<0M6HHaUH.IIX 
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Puc. 5. CneKIIfP y·-KeUHIIf06 0111 peaKijUU 77-p >77°77°fi. reoMem

pu~ 1. CnAOUlHQ~ ZUCIIfOZpaMMQ C HaHeCeHHbiMU Ha Hee OWU6Ka
MU - 3KCnepuMeHIIf; nyHKIIfUp - pac'lellfbl C noCIIfO~HHbiM MUIIfpU'IHbiM 
3AeMeHIIfOM M l; llfOHKQ~ CnAOUlHQ~ AUHU~ - pac'lellfbl C MUIIfpU'IHbiM 
3AeMeHIIfOM M2 npu A ~0.3m;;2 u B -3m-;; 4 . a/ oy = 90°, 
y y - coenaoeHu~ e KOM6uHallu~x l~ 1 ~3 ) u (C 2 t-C4 ). M1: x2/ x 2 

= 3,5, C.L.<l~; M2 : x2/)( 2 = 1,6, C.L.-1rliL, 6/ ey = 90°, 
.... -.,. ..., '-'J" 2!-2 

yy -coenaOeHU~ e KOM6UHaijU~X (C1 tC 4 ) U (C2 +C 3 ) .M1: X ,X =2, 
C.L.-3~, M2 : x 2 /,y 2 =1,1, C.L.- 35~. 
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Puc. 6. CneKIIIP y-KBQHIIIOB 0111 peaKijUU rr-p-•rr"rr"n. reoMem
pu.R II. CnAowHa.R zucmozpaMMa c HaHeceHHbJMU Ha Hee owu6Ka
MU - 3KCnepuMeHm; nyHKIIIUp - paC'IelllbJ C nOCIIIOJIHHbJM MalllpU'IHbJM 
3AeMeHIIIOM M 1 ; IIJOHKQJI CnAOIIlHQJI AUHUJI - pac'lelllbJ C MalllpU'IHbJM 
3AeMeHIIIOM M 2 :¥1 npu~A=0,3m;2 u B~~3m;; 4. a/ Oy= 60'"', 
cneKIIIpOMelllpbJ C 1 U C 2 npu Y Y - COBnaoeHUJIX B KOM6UHQijUJIX 

X v '"' ,.. 2 ,_ 2 nL 2 I -2 
(~._;1 +C3) u (C 2 tC 4). M1 :x IX =13, C.~.<1-,u; ... M2 :x, X =3,2, 
C.L.- 2~. 6/ ()y = 120 °, cneKIIIJ?..OMelllpb!_. c3 ... u c4 npu 'yy -
coanaoeHu.Rx a KOM6uHaiju.Rx (~\ +C3 ) u (C 2 tC 4 ). M 1: x 2 / x 2 =2,2, 
C.L.- 3~, M : X 2f)(2 = 0,7, C.L .-70~. 

cneKTpOMeTpOB, HaXO,QJIIQHXCJI nO.Q yrnOM 180,0 Ha 30~ 6on&We, 

qeM cqeT B KOM6HHaQHJIX nO.Q yrnOM 156~B TO BpeMJI KaK paccqa

TaHHble npH noCTOJIHHOM MaTpHqHOM 3neMeHTe 3flKPeKTHBHOCTH pe

rHCTpaUHH .QBYX Y -xBaHTOB npaKTHqecKH COBna,QaiOT ,QllJI pa3HbiX 

KOM6HHaUHH. 

a 

)l,nJI OnHCaHHJI 3KCnepHMeHTallbHbiX cneKTpOB Y -KBaHTOB OT 

peaKQHH 131 6bln HCnOnb30BaH MaTpHqHbiH 3lleMeHT, npe,QllO)KeHHbiH 

_ HaMH B pa6oTe I 
21 : 

M 
2 ~ ll + A Cf> * __ • p* )

2 
l + B I (p * o 

rr n rr 
) . p * l: 

n 
~* 

- p 0 

"2 
151 

1 

TaKOH MaTpHqHbiH 3neMeHT COOTBeTCTByeT BBe,QeHHIO yrnOBbiX 

KoppenJIUHH cne.QyiDIQero BH.Qa: 

p * • p * = p* p* cos()* 
77 - n rr- n nrr 

lcP* 
TTO 

1 

-p* 
TTO 

2 

2 UMTTo TTo 2 
) · p* l = F (E * ) (cos () o ) 

n n rr n 

J.QeCb 3Be3_QOqKH 03HaqaiOT, qTO yrnbl H HMnynbCbl 6epyTCJI B o6-
v e L( .M. rr'tro v 

IQeH C-.Q.H.; " - yron BbllleTa HeHTpOHa B C.Q.H • .QBYX 
TT n 

77°-Me30HOB OTHOCHTellbHO HMnyn&ca O,QHOrO H3 rr 0 -Me30HOB; 

F (E;i) - KHHeMa THqeCKHH !IJaKTOp, 3aBHCJIIQHH TOllbKO OT 3HeprHH 

HeHTpOHa B o6IQeH C.Q.H. 

Haanyqwee onacaHHe 3KcnepaMeHTan&HbiX cnexTpoB .QOCTHraeT

CJI npa Ar-0,3m;; 2 H B·=3m;~ CneKTpbl y -KBaHTOB, paccqaTaH

Hble C MaTpHqHbiM JneMeHTOM 151, TaK)Ke noKa3aHbl Ha puc.5 H 6. 

YrnOBble pacnpe,QeneHHJI HeHTpOHa, COOTBeTCTBYIOIQHe BBe,QeHHbiM 

B MaTpHqHbiH 3lleMeHT yrnOBbiM KOppenJIUHJIM, noKa3aHbl Ha puc. 7. 
AHH30TponHJI pacnpe,QeneHHJI no yrnaM ()* - H e~- M. rr 0 rr 0 

n TT TT n 
CyiQeCTBeHHO MeHbWe aHH30TpOnHH, KOTOpyiO npHXO.QHTCJI BBO.QHTb 

,QnJI OnHCaHHJI 3KCnepHMeHTallbHbiX cneKTpOB }' -KBaHTOB npH 3Hep

rHH 270 M3B 1 21 I A= 0,5 m-2 , B =4m - 4 I. 3To H .QOll)KHO Ha6niO-rr rr 
.QaTbCJI npa npa6nH)KeHHH K nopory peaxuaa I T 110p = 160 M:JBI. 

B ma611. 1 cpaBHHBaiOTCJI peJyn&TaTbl BblqacneHHJI nonHoro 

ceqeHHJI peaKQHH 131 npH nOCTOJIHHOM MaTpHqHOM 3lleMeHTe H C 

MaTpaqHbiM JneMeHTOM 151. TionHoe ceqeHae peaKUHH 131, pac

cqaTaHHoe C KBa,QpaTOM MaTpHqHoro 3lleMeHTa 151 H ycpe.QHeHHOe 

no .QBYM ceaHCaM B pa3HbiX reoMeTpHJIX, paBHO a 

= 10,13+0,021 M6H. CeqeHHe peaKUHH 131, H3MepeHHOe HaMH npa 

3Hepraa-270 M:JB 11 ·
21

, paBHO 10,26±0,021 M6H. TaKHM o6pa3oM, 

npa HJMeHeHHH 3HeprHH nepBaqHoro naoHa OT 270 .QO 240 M3B 

ceqeHHe peaKUHH 131 yMeH&waeTcJI B .QBa pa3a. 
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Puc. 7. YzAoawe pacnpec)eAeHU.JI 
Heu•poHa. CnAOUIHQ.JI AUHU.JI -
noc•O.JIHHWU Ma•pU'lHWU 3Ae
MeH•; nyHK•up- pac'le•~>r c Ma•
PU'lHbrM 3AeMeH•oM /5/ npu 
A=0,5m;2 u Ih4m;4 !2/ ; 

w•pux- nyHK•up - pac'le•~>r c 
Ma•pU'lHWM 3AeMeH.OM /5/ npu 
A,Q3m-2 u B~3m-4. 

• Tf Tf 

B ma6A. 2 npHae.neHbl pe3yJI&TaTbl H30TonHqecxoro aHaJIH3a 

peaxuHii: rrN-> rrrrN npH 3HeprHH 240 M3B. B pe3yJI&TaTe IPH

THPOBaHHJI IIOJiyqeHbl CJie,nyiOillHe 3HaqeHHJI H30TOflHqecKHX aMIIJIH-

KaHan 
peaKUHH 

17 -p -> 17+17-n 

17-p ->17°17°n 

17 p -> 17-17°p 

17 + p -> 17+ 17° p 

17 + p -> 17+17 +n 

3HeprH>J 

Trr (MaB) 

252 

240 

246 

246 

252 

Ta6Au~a 2 

3KCIIepHM8HT 
a ( M6H) 

Pe3ynhTaT QJHTa 
a ( M6H.) 

0,14:t..0,04 18/ 0,16:t..0,04 

0, 13:t..0,02 0, 12:t..0,02 

O,OB:t..O,l8 191 0,03:t..O,l6 

0,018:t..O,Ol 0
1101 

0,018:t..O,Ol 0 

o,o23:t..o.oo51111o,o23:t..O,oo5 
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Ty,n B e,nHHHu;ax I M6H/ 112 : F10 = 0,91±0,07; F
32 

= 0,24±0,03; 

F31 = 0,16±0,06; ~<'11 = 0,25±1,08. 0THoweHHe aMnJIHTy,n X = 
F 10 I 1<' 32 npH 3HeprHH 240 M:JB /KHHeTH'IecKaJI 3HeprH.H B o6-

w;eB: C.l{.H. - 62 M:JB/ paBHO 3,8±0,6. 3TO )Ke OTHOWeHHe IIpH 

3HeprHH 270 M:JB /KHHeTH'IecKall 3HeprHJI B o6w;e.il. c.u;.H. -
83 M:JB/6blno rrony'l:eHo paBHbiM 4,4±0,4 2 · 
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