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B AaHHO~ pa6oTe ~ccneAOBaH~ yrnos~e pacnpeAeneH~R noTOKOB 
3apR>KeHHbiX 4aCT~U, BblneTaiOU\~X ~3 TOnCTO~ M~WeH~, o6ny4aeMO~ 

penRT~B~CTCK~M~ RAPaM~. H3MepeH~R s~nonHeH~ Ha KaHane MeAneH
Horo B~BOAa C~HXPO$a30TpOHa na6opaTOp~~ B~COK~X 3Hepr~~ Ha 
ny4Kax npoToHoB, a-4aCT~U ~ RAeP 12C c 3Hepr~e~ 3,65 I3B/HyKnoH 
B XOAe HecKonbK~x ceaHcos. M~weHbiO cny>K~n MeAH~~ u~n~HAP 

A~aMeTpOM 100 ~ TOnll\~HO~ no ny4Ky 130 MM, ycTaHOBneHH~~ B $OKy
ce ny4Ka. MoH~Top~poaaH~e ocyll\eCTBnRnocb 4YBCTB~TenbHO~ ~oH~-
3au~oHHO~ KaMepo~ /MK/, noMell\eHHO~ B ny4Ke Ha B~XOAe ~OHOnpo
BOAa, a TaK>Ke, B HeKOTOPbiX ceaHCaX, TeneCKOnOM C4eT4~KOB SMl 
~ SM 2 , op~eHT~posaHHWM Ha M~weHb noA yrnoM 90° K HanpasneH~IO 
ny4Ka /eM. p~c.1/. Tonll\~Ha KaMepbl no ny4KY- 5,1.10"2 r/cM 2. 
Kan~6posKa MK Ha ny4Ke penRT~B~CTCK~x RAeP 12c ~ a-4acT~U 
npOBOA~nacb C nOMOU\biO TeneCKOna 6b!CTpbiX C4eT4~KOB, ycTaHaBn~
BaeMoro B ny4Ke 3a MK B OTCYTCTB~e M~WeH~ np~ CH~>KeHHO~ ~HTeH
C~BHOCT~ BWBeAeHHOro ny4Ka. np~ Kan~6pOBKe MK Ha ny4Kax a-

4aCT~U ~ npoTOHOB c ~HTeHc~BHOCTRM~ 6onee 10 5 4acT/U~Kn, AnR 
nposepK~ n~He~HOCT~ noKa3aH~~ KaMepbl B W~POKOM A~ana30He ~HTeH
C~BHOCTe~ ny4Ka ~cnonb30Ban~cb aKT~sau~oHHwe AeTeKTopw. norpew-
unrTL IA~ .. .aOnOUIAIA M1""\T,....V .... nnC~on 12('1 ,,,... .... ..,,,~._, oo-. oot400t,.....tll ,,,...,,,...,,..... C 0/ 
·--·- ··-··-,...-·••••• ,,._ ...... ~ .... ··M-1""' - • ., ............... ,.,., ,,....,. ,.,,, ........ ,, ... , ,.,..,...,, .......... ~·u, 

npOTOHOB -7% ~ a-4aCT~U - MeHee 10%. 6onbw~e 3Ha4eH~R no
rpewHocTe~ AnR npOTOHOB ~ a-4aCT~U BW3BaHW TeM, 4TO Ha ny4Ke 
a-4acT~U HOPM~posKa noKa3aH~~ MK K noKa3aH~RM c4eTHoro Tenec-
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PHc. 2. YrnoBbie pacrrpe,o;ene

HHH IIOTOKOB 3apH~eHHb~ 

~aCTH~ H3 MHWeHH IIpH o6-

J1y~eHHH ee Hp;paMH 12 C , 
a , p • --- - 3KCIIepHMeHT, 

- pac~eT ITO MO,IJ;eJIH 

3KBHBaJieHTHbiX rrpOTOHOB ,1J;J1H 

HHTepBaJIOB yrJIOB 07"/2 
H "/27". 

Kana npo80AHnacb c noMo~b~ 

aKTH8a~HOHH~x AeTeKTopo8; 
Ha ny4Ke npOTOH08 C4eTH~R 
TenecKon He Hcnonb308ancR, 
a KanH6po8Ka KaMep~ ocy
~ecT8nRnacb TOJlbKO aKTH8a
~HOhH~MH AeTeKTopaMH. Ta
KHM o6pa30M, T04HOCTb Ka
JlH6p08KH MK Ha npoToHax H 
a -4aCTH~ax onpeAenRnacb, 

8 OCH08HOM, T04HOCTb~ H3-
MepeHHR aKTH8HOCTH aKTH8a-
~HOHH~X AeTeKTopo8. 

B~XOA~ 8TOPH4H~X 3apRmeHH~X 4aCTH~ H3 MHWeHH 8 AHana30He 
yrJl08 OT 10° AO 105° OTHOCHTeJlbHO Hanpa8JleHHR ny4Ka H3MepRJl~Cb 
C nOMOIII.hiO TPnPrKOnrl VI~ Tf1P)( ruPTUlAk'()R ~~ , ~:, 8:; C y~_n0~~1M 

pa3peweH~eM 0,6°. 3HepreT~4ecK~e noporH ~3MepHTellbHoro TenecKo
na no 8TOp~4HbiM p, "• d, t,a pa8Hbl42, 18, 57, 68, 168 M3B 
COOT8eTCT8eHHO, Pe3yllbTaTW H3MepeHH~, HOpMHP08aHHWe Ha OAHY 
naAa~~Y~ Ha M~WeHb 4aCT~~y, npH8eAeHbl Ha p~c.2. Yrno8ble pac
npeAeneHHR xopowo annpoKc~M~PY~TCR cneAy~~HMH 3KcnoHeH~~anbH~
MH 3a8~CHMOCTRMH 8 A~ana3oHe yrno8 oT 25° AO 105°, nony4eHHWM~ 
no 3KCnep~MeHTaJlbHWM AaHH~M MeTOAOM Ha~MeHbW~X K8aApaT08 
/3AeCb 0 8 rpaAycax/: 

-2 ) dN c(O)/dfl = 5,32 exp( -4,0-10 0 

-2 
dNa(O)/ d{l = 2,08 exp( -3,8-10 0) 

-2 
dNP(O)/dfl = 0,65 exp(-3,9-10 0). 

/1/ 

Pe3yllbTaT~ AaHHO~ paGoT~ ~cnonb308aH~ AllR o~eHK~ cTeneH~ Kop
peKTHOCTH OCH08HOrO AOny~eH~R MeTOAa 3K8H8aJleHTHWX npOTOH08, 
H3nomeHHoro 8 pa6oTe II', rAe npeAnomeH npocTo~ nOAXOA K peweH~~ 
3aAa4~ onpeAeJleHHR xapaKTepHCTHK noneR 8TOPH4H6ro ~3Jly4eHHR ~3 

M~WeHeR, o6ny4aeM~x penRT~8~CTCK~M~ RAPaM~ 8 A~ana3oHe 3HeprH~ 
OT 100 M3B AO 10 r3B. noA M~WeHRMH, 8 cny4ae O~eHK~ paA~a~~oH-
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HO~ 06CTaH08KH, MOryT nOHHMaTbCR TaKme 3JleMeHTbl KOHCTpyK~HR 
ycKOpHTenR, o6ny4aeMble RAPaM~ 8 npo~ecce ycKopeHHR, 8bi80Aa H 
TpaHCnOpTHp08KH. noA TOJlCTOR MHWeHb~ nOApa3yMe8aeTCR M~WeHb, 
8 $OpM~p08aHHH nOJlR BTOPH4HOrO H3Jly4eH~R ~3 KOTOpoR Ha4HHaeT 
~rpaTb 3aMeTHy~ pOJlb MembRAePHWR KaCKaA. ~aHHWR MeTOA npeAJlOmeHo 
np~MeHRTb AllR onepaT~8HOR o~eHKH c AOCTaT04HoR T04HOCTb~ PRAa 
A03HMeTpH4eCKHX napaMeTp08 noneR ~3Jly4eH~R KaK 86Jl~3H M~WeHe~, 

TaK H 3a 3a~HTOR yCKOP~TeneR TRmen~x HOH08. CyTb MeTOAa 3K8~-
8aJleHTH~X npOTOH08/l/ CBOAHTCR K CJleAY~~eMy. npeAnOnaraeTCR, 
4TO xapaKTepHCTHKH nonR 8TOPH4H~X aAPOH08 (Ki), 8~JleTa~~HX 

H3 AaHHoR M~weH~ np~ o6ny4eHH~ ee RAPaM~ c 3Hepr~e~ E Ha HyKnoH 
RApa, C8R3aH~ C aHanor~4H~M~ xapaKTep~CT~KaM~ nonR 8TOp~4H~X 
aAPOH08 ~3 ToR me M~weH~ (KP) np~ o6ny4eH~~ ee npoToHaM~ c ToR 
me 3Hepr~eR E npOCTbiM COOTHOWeH~eM: 

Ki=NipKp, 

rAe N· - K03$$~~~eHT nponop~HoHanbHOCT~, 3a8~CR~~~ OT MaTep~ana 
'P 

M~weH~ ~ OT THna HaneTa~~ero HOHa. Ko3$$~~~eHTbl nponop~HoHanb-

HOCTH np~ cpa8HeH~~ yrJl08biX pacnpe/1~JleH~~ nOTOK08 3apRmeHHbiX 
4aCT~~ paCC4~T~Ball~Cb no $OpMyJlaM ' : 

l 
0,51A 

1

1
•
1 (1 + 0,29fnA,-, )[ 1- exp(-ai 

\. u 10 

009A
12

(1+1,2fnA )[1-exp(-ai nd)]/[1-exp(-aPnd)] 
' 1 Cu In In 

nd)]/ll- exp( -aPnd)] 
In 

0=07rr/2, 

0="/27". 
3AeCb: 1\ i, 1\ Cu- aTOMHble 8eCa RApa-cHaPRAa ~ M~WeH~; n - 4~CJ10 
RAep 8 CM 3 M~WeH~ i d - TOJl~~Ha M~WeH~ no ny4Ky i a in , a fn 
Ce4eH~R Heynpyroro 83a~MOAeRCT8~R RApa-cHaPRAa ~ npoTOHa C Ma-

i 12! 
Tep~anoM M~weH~, np~4eM a. pacc4~T~8anocb no $opMyne a 
aP 6panocb pa8HbiM 0, 72. \Po- 24 cM 2. 3Ha4eHHR K03$$~l.\~eHT08 Nip, 

n~~y4eHHble no np~8eAeHHbiM $OpMyJlaM, COCTa8JlR~T 6,0; 3,58 ~ 3,1 i 
1,5 AllR RAep 12c ~ a-4acT~l.\ 8 ~HTepsanax yrno8 07"/2 ~ rr/27rr 
COOTBeTCT8eHHO. Ha p~c.2 nyHKT~pOM HaHeCeH~ pac4eTH~e yrll08~e 

pacnpeAeneH~R 8 ~HTep8anax oT 25° AO 90° ~ OT 90° AO 105~ no
ny4eHHwe 8 paMKax MOAen~ 3K8H8aneHTH~x npoTOH08. BecbMa Man~e 
pa3JlH4HR 8 noKa3aTeJlRX 3KCnOHeHT, annpOKC~M~py~~~X 3KCnep~MeH

TaJlbHWe AaHH~e /1/, C8~AeTeJlbCT8y~T, 4TO AOny~eH~e 0 nOA06H~ 
$opM~ yrnoswx pacnpeAeneH~~ OT npoTOHo8, a-4aCTH~ ~ RAep 12c 
R8JlReTCR 8nOnHe KOppeKTH~M. 0THOWeH~e 8~XOA08 3apRmeHHWX 4aCT~~ 
8 ~HTep8ane 25°7 90° AllR ~3MepeHHWX yrnoswx pacnpeAeneH~R OT 
RAep 12C ~ a-4aCT~~ K aHanor~4HOMY 8WXOAY OT npOTOH08, COCTa8-
11ReT 7,69 ~ 3,32 COOT8eTCT8eHHO, 4TO r080p~T 06 YA08JleT80P~Tenb
HOM cornac~~ npeAnomeHHO~ MOAen~ c 3Kcnep~MeHTOM. B AaHHO~ Mo
Aen~ He Y4~T~BaJlCR 8WXOA 3apRmeHH~X 4aCT~~ OT 83a~MOAe~CT8~R 

C M~WeHb~ $parMeHTOB RAep-cHaPRA08i y4eT 3TOro $aKTOpa np~8eAeT, 
no-8~AHMOMy, K ny4weMy cornacH~ pac4eTo8 c 3Kcnep~MeHTOM. B 
l.\eJlOM CJleAyeT OTMeTHTb, 4TO TaK KaK norno~eHHaR ~ 3K8~8aJleHTHaR 
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AOS~ B none H~ny4eHH~ onpeAen~~TC~ He TOnbKO noTOKOM 4aCTH4, HO 
H HX 3HeprHe~, BeCbMa BamHO~ An~ 04eHKH npHMeHHMOCTH MeTOAa 
3KBHBaneHTH~X npOTOHOB ~Bn~eTC~ npOBepKa aAeKBaTHOCTH paC4eTH~X 

H 3KcnepHMeHTanbH~x cneKTpanbHo-yrnos~x pacnpeAeneHH~ BTOpH4H~x 
aAPOHOB HS MHWeHH 1 o6ny4aeMO~ paSnH4H~MH HOHaMH. 

AsTo~~ s~pama~T 6naroAaPHOCTb M.M.KoM04KOBy sa nonesH~e 
o6cymAeHH~ H B.n.oaM6nescKoMy sa noMO~b s nposeAeHHH 3KcnepH
MeHTos. 
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3,65 fsB/HyKJIOH 

16-83-359 

I13MepeHbl BbJXOAbl BTOpHt:!HblX 3apHJKeHHblX t:!aCTH~, BbllleTaJO~X 

H3 TOJICTOH MeAHOH MHWeHH B AHarra30He yrJIOB 10°7105° ITpH 
06JiyqeHHH ee HApaMH 12C, a-qaCTH~aMH H rrpOTOHaMH C 3HeprHeH 
3,65 rsB/HyKJIOH. CpaBHeHHe pe3YJibTaTOB c pact:~eTaMH rro MOAeJIH 
3KBHBaJieHTHbiX rrpoTOHOB, rrpeAJIOJKeHHoil AJIH orrepaTHBHoil o~eHKH 
paAHa~HOHHOH 06CT.aHOBKH Ha yCKOpHTeJIHX THJKeJiblX HOHOB, 
rOBOpHT 0 KOppeKTHOCTH OCHOBHblX AOITYII\eHHH 3TOH MOAeJIH, 

Pa6oTa BbiiTOJIHeHa B 0TAeJie paAHa~HOHHoil 6esorracHOCTH H 
paAHa~HOHHbiX HCcJieAoBaHHH OIDIH. 

Alejnikov V.E., Tirnoshenko G.N. 16-83-359 
Charged Particles Angular Distributions from 3,65 GeV/Nucleon 
p, a, 12c Irradiating a Thick Target 

The angle distributions of charged particles in angles 
range from 10° to 105° around a thick copper target irradiated 
by 3,65 GeV/nucleon carbon ions, alphas and protons has 
been measured. The results of comparing calculations according 
to the model of equivalent protons, suggested for estimating 
radiation environment on heavy ions accelerators with 
experimental date confirmed the main assumptions of this 
model. 

The investigation has been performed at the Department 
of Radiation Safety and Radiation Researches, JINR. 
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