
-------------'"""l""""--'!l-\-----~-

10. KOII. 

• 
l 

,1I.... " 

I 

II~'\ \ 

I' ' 
Jt. ,q 

,'W \ 

r 
'\ . 
\. 

Penaxrcp B.B.KonecoBa. MaKeT H.A.KHceneBoli. 
, Ha60p n.B.ITaxoMoBoli, E.M.rpaMeHH~KoH. 

Ilonnacano B nesars 20.08.87 . 
cI>opMat 60x90/16. OcPceTH8.R neqatL. Ytt.-H3,IJ..nHCTOB 0,68. r

./ < 

ofi beAMHeHHbl A 
MHCTMTYT 
RA epHbl X 

MccneAOBaHMA 

AYfiHa 

I A91 

,I 

16-87-486 

A.A.AcTanOB, B.n.BaM6~eBCKH~ 

HABE~EHHAH AKTHBHOCTh 
TOJICTYX ME~HOA H CBHHUOBOM M"mEHEM,' 
OBnYQEHHYX npOTOHAM", H~PAMH 4He" 12 c 
c 3HEPrHEH 3,65 r 3B /HYKJIOR 

HanpaBneHO B OprKOM~TeT I BceCO~3Horo 

C08e~aH~R-ceM~Hapa MonOAwx Y4eHWX IIYcKop~Ten~ 

3apRmeHH~X 4aCT~~ ~ paA~a~~OHHaR $~3~Ka", 

MOCKBB, 5-11 ceHTR6pR 1987 rOAa. 

'I'apasc 210. 3aKa3 39519.
 
Ih.n.aTenbcKHH OT,IJ.en 06"Le,D.HHeHHOro HHCTHTYT8 H,IJ.epHbIX accnenoaanaã.
 1987,Uy6Ha MOCKOBCKOfi 06naCTH. • 

!' 



J\.... 
,, 

,I; 

1., L.:ta ...... ' .. ,,, .... -........ _ ..
 

BBEJlEHHE 

OCHOBHO~ BKnaA B A03y BHeWHerO o6ny4eH~R o6cnY~~Ba~~ero nep
COHana YCKOp~TenR B~COK~X 3Hepr~~ BHOC~T HaBeAeHHaR aKT~BHOCTb 

Y-~3nY4eHIfiR. Ha YCTaHOBKaX, YCKOPRIOIll~X TR>t<enble 4acT~~bl AO 3Hep
r~~ 2: 1 r38/HYKn., OH MO~eT npeasune r s 50% 11-5/. 

B AaHHO~ paôor e paccsorpeaa ypOBH~ HaBeAE;HHO~ aKT~BHOCT~ 

B 3aB~C~MOCT~ OT MaTep~ana M~WeH~, T~na YCKOpReM~x 4aCT~~ 

~ BpeMeH~ t, npourenurero C MOMeHTa npexpauteuwa o6ny4eH~R. JlaHbl 
TaKme peKoMeHAa~~~ AnR npOBeAeH~R O~eHOK MO~HOCT~ A03~ dA(0 
OT HaBeAeHHO~ aKT~BHOCT~ TOnCTO~ M~weH~ Ha OAHO ynaBwee RAPO 
C aTOMH~M BeCOM A np~ Han~4~~ aHanor~4Ho~ ~H$opMa~~~ AnR npo
TOHOB C TO~ ~e 3Hepr~e~ Ha HYKnoH. 

1. 3KCnEPHMEHT 

06nY4eH~e MeAHoH M~weH~ /~ lOOx130 MM 2/ npOBoA~nOCb nY4Ka
M~ RAep 4He ~ 12C. a CB~H~OBO~ - /~ 100x170 MM2/ - npOTOHOB 
~ RAep 12C /p~c. la/ C 3Hepr~e~ 3,65 r3B/HYKn. B Te4eH~e, np~

MepHO, 4 4. 
YcnoB~R o6ny4eH~R, MOH~TOp~

pOBaH~e 6~n~ TaK~M~ me, KaK 
~ B 14,51 . Kour pons 3a~o6nY4eH~eM 

(l 
npoBoA~ncR C nOMolllblO ~oH~3a~~oH
HO~ KaMep~/6/, a o6~ee 4~cno

MOHIATOP 

ynaBw~x Ha M~weH~ ~acT~~
MI1WE:Hb 

~~; J=+====---===-==r-+-
P~
 

OU M(U C).' r ae Uc ~ UM - ~HAeKCbl 
RApa-CHapRAa ~ RApa-M~weH~ COOT
BeTCTBeHHO, onpeAenRnOCb C no-

õ PHC. I. a - reOMeTpHH oõnyqeHHH 

MHrneHeH; 6 - reoMeTpHH H3Mepe
P
 

Ii;"H~.;;C HHM MOlll,HOCTH A03hl oõrryxennoã
 
MHrneHH: I - CO CTOpOHhl axona 

Cu nyqKa nepBHqHh~ qaCTHQ, 2 - CÕo
-,100°1.3001M2 

p~ KY, 3 - co CTOpOHhl BhlXOAa nvx
1ll100° 17001M2
 

xa nepaaxasrx qaCTHQ.
 

D'Vihl1~·t.irllJ.i9 lIBt11IfYY' t
 
U~JtBWI IlccJelGllud
 

.. _li 1_ nt ...... ~..I.I.I. 
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M014blO pea KI.\I-1~ aKTI-1Ba1.\1-11-1 27Al(u ,X) 18~ 1-1 2'1 AI ~uc ' x ) 24 Na, 3Hac 
4eHI-1f1 Ce4eHI-1~ KOTOpblX '6paIll-1c b 1-13 /5/. Ou M (u c), onpeneneauae 
aKTI-1BaI.\1-10HH~M ,o,eTeKTopOM 1-1 KaMepo~ /nOCIle BBe,o,eHI-1f1 nonpaBOK 
Ha ee npOC4eT~/,'corIlaCYIOTCfIMem,o,y co60~ B npe,o,eIlax OWI-160K 1-13

MepeHI-1f1. Onpeneneau CIle,o,YI014l-1e 3Ha4eHI-1f1 GUM(U c) : 

G ( 4He ) = (1,0±0,l)'10 11 3[4 He J Opb(P):: (13,7±0,7)'10 13 [ p ] c u

0Cu( 12 C) = (4, 1±0,4)'10 10[12 C] 0pb(lPc)= (4,2±0,2)·10 11 [12 C]. 

H3MepeHI-1f1 M014HOCTI-1 3KCn031-11.\1-10HHO~ ,o,03~ OT o6Ily4eHH~x MI-1We
He~ npOBO,o,l-1IlI-1Cb TaK me, KaK 1-1 B /7/ , c nOMo14blO ,o,aT41-1Ka 5A3f2-23 
c ,o,eTeKTopoM NaJ(TD pa3MepoM P 63x63 MM2 1-1 aMnIlI-1Ty,o,H~M MHoro
KaHaIlbH~M aHaIll-13aTOpOM NTA-1024. feOMeTpl-1f1 1-13MepeHI-1~ nOKa3aHa 
Ha pl-1c.16. 

2. PAC4ET 

2:, in. .... 
d ~ (r, t) N-P 

/1/2:,ln 
A 

1/4 0,8
N =A + (A-I) .O,078(lnA M - l ,85) , /2/ 

'1",r ne AM - al('PMHbl~ aec f1,o,pa-MI-1WeHI-1; 2:,~ 1-1 2:,i; - MaKpOCKOnl-14eCKI-1e 
Ce4eHI-1f1 Heynpyroro B3aI-1MO,o,e~CTBI-1f1 nepBI-14HblX f1,o,ep 1-1 npoToHoB 
COOTBeTCTBeHHO B Be14eCTBe MI-1WeHI-1; h - ,o,IlI-1Ha MI-1WeHI-1 no nY4KY; 
~;(~ t) - M014HOCTb ,o,03~ Ha O,o,HY ynaBWYIO 4aCTI-14Y OT HaBe,o,eHHo~ 

aKTI-1BHOCTI-1 MI-1WeHI-1, 06ycIloBIleHHo~ nepB1-14H~M nY4KOM npOTOHOB 
u u .... 

C TOI-1 me 3Heprl-1el-1 Ha. ~~K~OH, B 'T04Ke npOCTpaHCTBa r. 
A M014HOCTb noaa dA (r, t), oõycnoaneuuoã BTOpl-14HblMI-1 4aCTI-1

l.\aMI-1, - c nOM014blO B~pameHI-1f1: 

'in 
-2.Ah
 

A 1 - e
 /3/
_I10 h
 

1 - e P
 

r ae ci Bm(r: t) - aHaIlorl-14HaFl BeIll-141-1Ha ,o,Ilfl criyuaa 06IlY4eHI-1Fl npo

TOHaMJ. Pe3YIlbTI-1PYI014afl BeIll-141-1Ha M014HOCTI-1 nosu õyner : 
..... ..... • b ....
 
d A(r, t) = d ~ (r, t) + d Am (r, t) . /lt/
 

.' 
2 

3. PE3ynbTATbl H BblBOAbl 

.nOIly4eHH~e 3KCnep1-1MeHTaIlbH~e BpeMeHH~e pacnpe,o,eIleHI-1f1 M014
HOCTI-1 3KCn031-11.\1-10HHO~ ,o,03bl OT HaBe,o,eHHo~ aKTI-1BHOCTI-1 CBI-1HI.\OBO~ 

MI-1WeHI-1, 06IlY4eHHo~ npOTOHaMI-1 1-1 f1,o,paMI-1 12C, npl-1 f = 13 CM ,o,Ilfl 

pa3IlI-14H~X reOMeTpl-1~ 1-13MepeHI-1~ npe,o,CTaBIleH~ Ha pl-1c.2-4. Ha PI-1
CYHKax nOKa3aHa IlI-1Wb OWI-16Ka MOHI-1TOpl-1pOBaHI-1f1, KOTopafl He npe
B~waIla 10%. AOnOIlHI-1TeIlbHafl norpeWHOCTb onpe,o,eIleHI-1f1 M014HOCTI-1 
,o,03~ Y-1-13IlY4eHI-1f1 HOCI-1Ila CI-1CfeMaTI-14eCKI-1~ xapaKTep 1-1 6~Ila He xy
me 15%. 

OTHOWeHI-1f1 M014HOCTe~ ,0,03 ,o,IlFl CBI-1H40BO~ MI-1WeHI-1 npl-1d12c/d p 
Be,o,eH~ B Ta6Il1-14e. 

Ha pl-1c.5 1-1 6 npe,o,CTaBIleH~ paC4eTH~e 1-1 3Kçnepl-1MeHTaIlbH~e Bpe
MeHH~e pacnpe,o,eIleHI-1f1 M014HOCTI-1 3KCn031-141-10HHO~ ,o,03~ B T04Kax 
1-13MepeHI-1f1 1 1-1 3 COOTBeTCTBeHHO, npl-1 e = 23 CM ,o,Ilfl Me,o,Ho~ MI-1
WeHI-1, 06IlY4eHHo~ npOTOHaMI-1 1-1 f1,o,paMI-1 4He 1-1 12C. AIlfl CIlY4afl npo

PHc.2. BpeMeHHwe 3aBHCHMOCTH 

P"-11M1OC1<lJ 
i6 

MO~HocTeH 3Kcrro3HQHoHHhlX p;03'
111 

TCl'4I<A 1. p:f,5 eM 

16 B TOQKe I /cM.pHc.l/ OT HaBe16 

p'eHHoH aKTHBHOCTH CBHHQOBOH 
14 MHilleHH, o6riYQeHHOH rrpOTOHaMH\I, 

!ro-l2 . : 
12 ((e) H HApaMH C .). 
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PHc.3. BpeMeHHwe 3aBHCHMOCTH
 

MO~HOCTeH 3Kcrr03HWiOHHhlX p'03 4 t~
 
t ., 

B TOQKe 2 /CM.pHc.l/ OT HaBe


p'eHHOH aKTHBHOCTH CBHHQOBOH • . •
 • . ,I I I I IMHllieHH, 06nYQeHHOH rrpOTOHaMH 01 '·iJ-!JO 
'0 10 20 30 loO so 60 7080(e) H Hp'paMH 12c (.). t,CllT 
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PHc.4. BpeMeHHWe SaBHCHMOCTH 

1632 
MOIIJ;HOCTeH 3KCrrOSHI.J;HOHHbIX ,Q;OS 

P~-H_EHb 
TO'<KA 3, e=13 eM 1~28 B TO~~~ 3 /cM.pHc.I/ OT H~Be

AeHHoH aKTHBHOCTH CBHHI.J;OBOH 
122~ 

MHrneHH, o6rry~eHHoH rrpOTOHaMH
~1 f 

iO 
(.) H HApaMH 12C (.).~ ~ro 

~
 
~ 16
 81i:	 llo f Q~ TOHOB 3KcnepHMeHTanbHwe AaH6 õ...-ti 12 I2 C .-.:1 

Hble B3flTbl H3 17 ~ Pacue r aue ae
~ nH4HHW dp nonY4eHw C Hcnonb~ 

30BaHHeM MeToAa MOHTe-Kapno, l't...t t 
t •• 

Ta K H<e Ka K H B 171, a 'q A 
01 I I "! I ! ! ,!o	 I 'I

.J2o no $OpMynaM /1/-/4/.
10 20 30 1,0 50 60 

t.e"T	 npeAnOH<eHHWe nepeXOAHwe 
$OpMynw Aa~T pe3ynbTaTw, OT


nH4a~~HeCfl OT 3KcnepHMeHTanbHWX He 60nee 4eM Ha 25%. OTMeTHM,
 
4TO paC4eT Hcnonb3yeMo~ B AanbHe~weM BenH4HHW ~p AaeT 3aHHH<e

HHe, npHMepHO, Ha 30%/7/. C Y4eTOM 3Toro MOH<HO CKa3aTb, 4TO
 
npH nepexOAe no /1/-/4/ 6YAeM nonY4aTb BnonHe YAOBneTBopHTenb

Hwe o~eHKH 3Ha4eHH~ ~A. npH4eM c YBenH4eHHeM A naAa~~HX flAep
 
6YAeT Ha6n~AaTbcfl Bce 60nbwee 3aBwweHHe paC4eTHWX AaHHWX HaA
 
3KcnepHMeHTanbHWMH.
 

Ta6JlHI.J;a 

O'r aoure.aae d A/ d p MOIIJ;HoCTeH AOs, oõycrroanemnrx 
HaBeAeHHoH aKTH~HoCTbW B MHrneHHX rrpH 50M6ap

•AHpoBKe HApaMH H rrpOTOHaMH	 ..J 
'1 

Mj,1WE:Hb aA/dP 
Tllln 

AAHHblX 

rE:OME:1'PV1~ ltt3MEPEHV1~ 

1 2 3 

cLfHe / dp 
3Kcm':PlttM. '3,~t 0,9 - 3,~±O,9 

ClA	 PAC4E1' 3,2 - 4,0 

4>100)(130..,M2 
3KCnEPlttM. 7,9 ±:2,O - 9,6±2,4 

" 
~'2c/dp 

PAC4E1' 9,3 - 12,7 

P&~ 

<l>iOOlC 170 MM 2 d. i 2c / ct. p 3KCnEPj,1M. 5,0 ± 1,3 10,3± 2,6 10,i.t ± 2,6 

tlio 

" 
i i 

" 

ri) 
~ 

j. I 

~. 
fi 
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PHC. 5. 3KcrrepHMeHTaJIbHbIe 

H paC~eTHWe BpeMeHHWe SaBHCH

MOCTH MOIIJ;HOCTeH 3KCrrOSHI.J;HOH
l' HWX AOS B TO~Ke I /cM.pHc.I/ 

~ ~ OT HaBeAeHHOH aKTHBHOCTH MeA
~ HOH MHrneHH, o6rry~eHHoH rrpOTO3~ 
'l' 
o HaMH (.). HApaMH 4 He (.) 

2 ~ci. 
.-.:1 H 12C ('). 

Cu - ""lJEHb
TO'll<A I, e=23 CM 

O' I I I I ," I I --...jQ 
o	 ro ~ W 00 W ~ ~ ~
 

t,C\lT
 
ClA-_ 

TO'4'A .3, e·23 CH 

a: 
6 ~ 

~ 
5~ 

PHC. 6. 3KcrrepHMeHTaITbHbIe ~ S!. 
o-.;jQ.H p acve r aue npexemtsre SaBH

3 
CHMOCTH MOIIJ;HOCTeH 3KCrrOSH

I.J;HOHHb~ AOS B TO~Ke 3 /CM. 

pHc.I/ OT HaBeAeHHOH aKTHB

HOCTH MeAHOH MHilleHH, o6rry
01 I ! ! ! , ! ~o

~eHHOH rrpOTOHaMH (_), HApaMH o w ~ w ~ m w ~ ~
 

4 He (.) H 12 C ('). t ,«...,.
 

E~e nY4Wee COrnaCHe HMe~T 3KCnepHMeHTanbHWe H paC4eTHWe OT-
HOWeHHfl dA/d p /CM. r aõn.v". . 

H3 npHBeAeHHWX BWpaH<eHH~ cneAyeT, 4TO dA B OCHOBHOM o6ycnoB
neua BenH4HHO~ d~m, H npa pOCTe A OT.HoweH~e dX/d A yõuaae r . no
3TOMY, KOrAa nOnY4eHHe COCTaBnfl~~HX dO H d~m 3aTpYAHHTenbHO, 
Anfl TOnCTWX MHWeHe~ c HeKOTOpWM 3aBW~&HHeM 6YAeT nbHeMneMa 
$OpMyna 

in 
-LA h 

..... . 1 - e
dA(r, t) = 1\ • . ap~r, t) • /5/

_~IDh 

1 - e P 

MOH<HO OH<HAaTb, 4TO npHBeAeHHwe B AaHHo~ pa60Te ~opMynw 6y
AYT npHMeHHMW npH HccneAoBaHHH AOnrOH<HBy~e~ KOMnOHeHTW HaBe
AeHHo~ aKTHBHOCTH TonCTWX MHweHe~ c paAHYCOM H Ton~HHO~ 5 2À 
/ À - AnHHa cBo6oAHoro npo6era AO Heynpyroro B3aHMOAe~CTBHfl/ 

H nerKHX flAep /A < 12/ c 3HeprHe~ >1 r3B/HYKn. 
TaK KaK npaKTH~ecKafl peanH3a~HR ~ Aoc!aTo4Ho KoppeKTHo~ 

$OpMe MOAenHpoBaHHfl Hapa60TKH paAHoHYKnHAoB, aHanorH4Ho/7/, 
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An~ ~Aep cOnp~meHa co MHOr~M~ TPYAHOCT~M~, nony4eHHble 3KCne
p~MeHTanbH~e AaHH~e ~ npOCT~e 04eH04H~e B~pameH~~ OKamYTC~ 

none3H~M~ An~ onpeAeneH~~ YPOBHe~ HaBeAeHHO~ aKT~BHOCT~ np~ 

pa60Te Ha YCKop~Ten~x pen~T~B~CTCK~X ~Aep. 

ABTOP~ B~pama~T 6narOAapHOCTb M.~.KoMo4KoBY 3a nOCTaHOBKY 
3aAa4~ ~ none3H~e o6cymAeH~~, A.S.Kop~TOBY ~ A.H.Pe3YH~KY 

3a nOMO~b B npoBeAeH~~ 3Kcnep~MeHTa, A.P.Kp~noBY - 3a none3
H~e 3aMe4aH~~. 
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ACTanOB A.A., 6aM6neBCK~~ s.n. 16-87-486 
HaBeAeHHaR aKT~BHOCTb TonCT~X MeAHo~ ~ CB~H40BO~ 

M~uieHe~, o á1Y4eHH~x npOTOHaM~, RApaM~ 4He ~ 12C 
c 3Hepr~e~ 3,65 r3B/HYKnoH 

npeACTaBneH~ 3Kcnep~MeHTanbH~e pe3ynbTaT~ no BpeMeHH~M pacnpeAeneH~RM MO~

HOCTe~ A03 Y-~3nY4eH~R D(t) OT HaBeAeHHO~ aKT~BHOCT~ M~weHe~: MeAHo~ - pa3
MepaM~ ÍJ 100x130 MM 2 ~ CB~H40BO~ - pa3MepaM~ ÍJ 100x170 MM 2. MeAHaR M~weHb 
oõnyvartac s RApaM~ "He ~ 12C. CB~H40BaR - npOTOHaM~ ~ RApaM~ 12C c 3Hepr~e~ 
3.65 r3B/HYKnoH. 3Ha4eH~R O(t) onpeAenRn~Cb c nOMO~b~ C4~HT~nnR4~OHHoro Ae
r ex ropa c Kp~CTannOM NaJ(TI) pa3MepaM~ ÍJ 63x63 MM 2 . .llnR 04eHOK MO~HOCT~ A03~ 
d~) OT HaBeAeHHo~ aKT~BHOCT~ M~weH~ Ha OAHO ynaBwee RAPO c aToMH~M BeCOM 

A np~MeH~Mo B~pallleH~e dA'OC K.A· lip' rAe li p - aHanor~4HaR Ben~4~Ha AnR npOTO-
HOB c TO~ llle 3Hepr~e~ Ha HYKnoH, a K Y4~T~BaeT pa3n~4~e B 4~cne Heynpyr~x 

B3a~MoAe~cTB~~ B M~weH~ RAep ~ npOTOHOB. no pacc4~TaHH~M MeTOAoM MOHTe-Kapno 
OTHOC~TenbH~M BKnaAaM AnR n~pB~4H~X ~ BTOp~4H~X 4aCT~~ B MO~HOCTb A03~ dp no
nY4eH~ paC4eTH~e 3Ha4eH~R dA,KOTop~e c T04HOCTb~ AO K03~~4~eHTa 2 COBnaAa
~T c 3Kcnep~MeHTanbH~M~ pe3ynbTaTaM~. 

Pa60Ta B~nonHeHa B OTAene paA~a4~oHHo~ 6e30nacHocT~ ~ paA~a4~oHH~X ~ccne

AOBaH~~ OHRH. 

Ilpenpserr 061>e.IlHHeHHOrO HHcnnyra RJlepHblX Hccne;:lOB8HHH. ny6Ha 1987 

nepeBOA O.C.B~HorpaAOBO~ 

Astapov A.A., Bamblevski V.P. 16-87-486 
Induced Radioactivity of lhick Copper and Lead 
largets, Irradiated by "He and 12C Protons and lons 
with Energy 3,65 GeV/Nucleon 

, Experimental results on temporary distributions of y-dose rate O(t) frem 
induced radioactivity of copper and lead targets with ÍJ 100x130 mm 2 and 
Ó 100x170 mm 2 dimensions, respectively are ~rese~ted. The copper target was 
irradiated by 4He and 12C ions, the lead one by protons and 12C ions withr 

3.65 GeV/nucleon energy. O(t) values were defined by means of scintil lator 
detector with NaJ(Tl) crystal having ÍJ 63x63 mm 2 dimensiono lhe evaluate 
the dA(t)' dose rate from induced rad l oac t iv i t v of the target on a certain 
droppe~ nucleon with atomic weight A expression dA= K.A.d p can be applied, 
where d p - analpgous quantity for protons of the same energy per nucleon, 
and K accounts distinction in quantity of inelastic interactions in target 
of protons and ions. A relative contribution calculated by the Monte-Carlo 
method. for primary and ~econdary particles in dp dose rate calculation va
lues of dA' received with accuracy to coefficient 2, coincide with experi
menta I resu I ts. 

lhe Investlgatlon has been performed at the Department of Radlatlon Safet~ 

and Radiatlon Researches, JINR. 
Proprlnt of the Joint InItitute for Nuclear Research. Dubna 1987 
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