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npoeKTHpOBaHHe H C03AaHHe YCKOpHTeneH penRTHéwCTCK~X RAep 
CTaBHT nepen $H3HKOH 3a~HTbl onpeneneuaue 3aAa4J.1. êÓBpêMeHHble 
paC4eTHble MeTOAKKK n03BOnR~T AOCTaT04HO KOppeKTHO OnKC~BaTb no
na BTOpH4HOrO aAPOHHOrO H3nY4eHHR H3 TOJ1CTbIX MHWeHeH, b6nY4ae
MblX nY4KaMH nporonoã, 3't'-1 AaHHble HCnOnb3YlOTCR nplo'f (:)L(éHKaX paAHa
~HOHHOH 06CTaHOBKH 3a 6HOnOrH4eCKMMH 3a~HTaMH. Ha YCKOpHTénRX 
penRTHBHCTCKHX RAep net)B'004é'peAHOH 3at(á'4éH RBm~eTCR a.13y'4eHHe 3a
KOHOMep'HÓCTe'H <t>OpMHI5ÓS'éfFtHR nonea BTOpH4HOrO M3J1Y4eH~~' oi' AHweHel1t 
H KOHCTPYKL(AOHHIiIX .qe1aJ'lel1 ycxopar eneã , paC4é'TBí >l<ê 3áfi.tPlT tX6ry1 
ocy~ecTBnRTbCR 3aTeM no 3THM AaHHblM MeTOAaMH, TpaAHL(HbHH~M~ AflR 
BblCOK03HepreTH4eCKHX npOTOHHblX YCKopHTeneH. 

B HaCTOR~eH paõore npKBOARTCR peaynsr aru CpaBl'teHHR AIífetx!>epeH
~HanbHblX xapaKTepHc1HK noneH BTopH4Horo aAPOHHorO:~3~Y4~HHR H3 
roncrux MeAHol1t H CBHHL(OBOH MHweHe~, 06.nY4aeMblX npOTOHa'MK H RA
paMH 12C c 3HeprHeH 3,65 r3B/HYKnOH, nonY4eHHblX paC4eTH~M nYTeM 
no nporpaeose 11 f0NCAS" H 3KcnepHMeHTanbHo/ 1,- 31 . MR onHcaHHR RAPO
RAepHblX g3alo'fMOAeHC1éHH B nporpa-eee Hcnonb3yeTcR MOAenb II41al1tpcT
PH~'/4/, no KOTOPOH paccqHT~ga~TCA ABO~H~e 'AH41$epeHL(HanbH~e ce
4eHHR 06pa3~BaH~R HeHTROHO~, np,0rOHOB H ~-Me30HOB B A-A CTonK
HOBeHHRX. ~BoHHble AH4141epeHL(~anbH~e ce4eHHR o6pa30BaHHR aAPOHoe 
B aAPOH-RAepHblX B3aHMoAeHcTBHRX paCC4HTblBanHCb no nporpBMMe 
"D2N211 

/ 5 / . ~cnonb30é'dHHaA aepcua nporpaMMbl IIll'NCAS" npeAHa3HB4e
Ha AnR paC4eTa Me*bRAepHOro kacKaAá' B L(HnHHAPH4ecKo~ M~weH~ npH 
HopManbHOM naAeHl1H à L(eHTp' ee TOpL(a õecxoae-u-o yaxoro nY4K"a RAep 
c 3HeprHeH HeCKonbKO r3B/HYKJ10H. nporpaMMa peanaayer MeToA noc
.neAoBaTenbH~x CTonKHOBeHHH/6/ B npH6nHmeHHH nepBblx ABYX B~aHMO
AeHCTBHH, BcneAcTBHe 4ero pa3Mep~ MHweHH cpaBHHM~ co cpeAHel1t 
AnHHO~ npo6erOB BTOpH4H~X aAPoHoB c 3HeprHeH HeCKonbKO COTeH 
M3B B Be~ecTé''e MHweH~. 

B pa60Te/ 1/ npHBeAeH~ yrnóB~e 3aBHCHMoCTH BblxoAoB BAPOHÓB 
c 3HeprHeH 60nee 20 M3B, B~neTa~HX H3 MeAHoH MHweHH ~ fO CM 
H Ton~HHOH nó' n~4't<y 13- CM,' o6nY4ae'MoH npOTOHaMH H RApaMH 12C, 
nonY4eHH~e c nOM~b~ yrnepoACOAepm~~x aKTHBaL(~OHH~X AeTeKTopOB. 
Ha pHc.l npHBeAeHO cpaBHeHHe 3KcnepHMeHTanbHblX ABHHblX H paC4eT
HblX BblXOAOB HYKnO~OB B AHana30He yrnoB 10 -t400 OTHôcHTenb~o 
HanpaB.neHH~ nY4KCI 4aCTHL(. ArtR onpeAeneHHR BKI1aAa 3apR)I('eHHblX 
n-Me30HoB, BblneTalO~HX H3 MHUJeHH, B BblXOA aAPoHOB 6blnw paCC4HTa
H~ cneKTp~ n-Me30HOB nOA yrnaMH 200, 700, 12Óo; HX B~na~' no~ 
3T~MH yrnaMH COCTaBHn, ~ooTBeTcTB'eHHO.6,9%, 1,1%, 0,7%. ~O~Konb
KY norpeWHOCTH 4HcneHHoro HH~erpHpOBaHH~ npH -pac4eT~x CneK~panb

Ho-yrnoBblx pacnpeAeneHHH HYKnOH9B ~ 10%, BKnaA n-Me30HOB npH 
cpaBHeHHH c 3KcnepHMeHTOM He Y4HTblBan~ftr I • 

'1Cbãtilitlt"tU'lb-Ja HHcmyTI 
UetmtrlX 9tC.:renOBiUd 

I:.M~ nLI~"·t::U A 



PHc.l. YrnoBwe 3aBHCHMOCTH BWXOp,OB 
aAPOHOB c 3HeprHeH 60nee 20 M3B 
H3 ToncToH MegHoH MHilleHH 06ny~ae

iMOH npOTOHaMH H HAPaMH 1 C c s aep-: 
rHeH 3,65 r3B/HYKTIOH. 

60nee KoppeKTH~M cpaSHeHHeM 
paC4eTH~X ~ aKcnep~MeHTanbH~x pe
3ynbTaToB ~3 pa60T~/1/ RsnReTCR 
cpaBHeH~e aKT~Ba~~~ yrnepoACOAep
*a~~x AeTeKTopOB, HenocpeACTBeHHO' 
~3MepRBweHcR B aKcnep~MeHTe, 

~ aHanor~4H~X Ben~4~H, nonY4eHH~X 

nYTeM CBepTK~ ce4eH~H peaK~~~ 

12C(p, pn)llC, 12C(n, 2n)11C e pac
4eTH~M~ cneKTpanbHo-yrnoB~M~'pac
npeAeneH~RM~. B yrnoBoM ~HTepBane 

15 '-1350 aT~ Ben~4~H~ cornaCY~TCR 

B npeAenax aKcnep~MeHTanbH~X 

~ paC4eTH~X norpewHocTeH, 4TO nOA-
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o 2D zo 60 80 100 120 1t.,O 160 r aepxnaer KoppeKTHOCTb pacveroa 
8, rPAA~Cbl A~<t><t>epeH~~anbHblx no yrny xapaxre-

p~CTV.K noneH BTop~4Horo ~3nY4eH~R B6n~3~ ToncToH MeAHoH M~weH~. 

Pac4eTHble BblxoAbl 'HYKnoHoB ~3 M~weH~, nonyveuuue ~HTerp~poBaH~eM 

yrnoB~x pacnpeAeneH~H B A~ana30He yrnoB 15 -1350 np~ o6nY4eH~~ 
TonCTOH MeAHo~ M~weH~ 1 RAPOM 12C ~ npOTOHOM, c/cTaBnR~T /47,8± 
±4,5/ ~ /4,6±0,3/; 3Ktnep~MeHTanbH~e 3Ha4eH~R/l paBH~ COOTBeTCT
BeHHO /44±7/ ~ /4,8±0,7/. AHanorH4H~e pac4eTH~e ~ aKcnep~MeHTanb

Hble yr'noaue 3aBHCVlMOCHIBblXOAOB aAPOHOB c aHeprHeH õonee 20 MaB, 
euneraoaax ~3 CBHHLtOBOH MHweH~	 tJ 10 CM ~ TOJ1~HHO~ 17 cn , 06nY4ae
MO~ npOTOHaMH ~ RApaMH 12C, npeACTa8neH~ Ha pHc.2. PaC4eTHble 
3Ha4eHv,R .B~XOAOB HYKnOHOB V,3 CB~H~OBOH M~weHH npH naAeHHH Ha Hee 
1 'RApa 12c VI 1 npOTOHa eoCTaBnR~T /35,3±1 ,6/ H /5,4±0,4/; aKcne

"pHMeHTanbH~e	 3Ha4eHHR B~XOAOB - /49±7/ H /5,9±0,9/ COOTBeTCTBeHHO. 
E~e 60nee cTporoH npoBepKoH MeTO

AH4ecKoH T04HOCTH paC4eTOB RBnReTCR
+-3I'.cn:FW1EHT cpaBHeH~e AH<t>$epeH~HanbH~X no yrny 

----MC'<E'l' 

H aHeprHH xapaKTepHCT~K nonR BTOPH4
Horo H3nY4eH~R. Ha p~c.3 ~ 4 npeACTaB
J1eH~ paC4eTH~e ~ H3MepeHH~e MeTOAOM 

PHC. 2. Yr-noasre 3aBHCHM0CTH BbIXOp,OB 
ap,pOHOB c 3HeprHeH õonee 20 M3B H3· 
ToncToH CBHH~OBOH MHlIleHH, 06ny~aeMoH 

np~TOHaMH H H,IJ,paMH 12C c 3HeprHefI . 
15 30	 135 t50 

SO 3,65 r3B/HYKnoH. 
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'mHX H3 TonCTOH Me,IJ,HoH MHilleHH TIO,IJ,
1 e yrnoM 70° npH 06ny~eHHH ee H,IJ,pa- ~ <t

o: 
MH 12C c 3HeprHeH 3,65 r3B/HYKnoH.
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PHc.4. CneKTp HeHTpOHOB, BwneTaro-~ ~ 
~X H3 TonCTOH Me,IJ,HOH MHilleHH nog ~-.t,
 
yrny~ 1050 npn 06ny~eHHH ee H,IJ,pa- 10
 

MH 2C c 3HeprHeH 3,65 r3B/HYKnoH.
 

BpeMeHH nponeTa /2/ cneKTp~ HeHTpOHOB H3 TonCTOH MeAHOH M~weH~
0 

J

nOA yrnaMH 70 ~ 105°. Ha p~CYHKax He YKa3aHa norpeWHOCTb 4~C
neHHoro HHTerp~pOBaHHR. B~AHO, 4TO paC4eT~, B ~enOM, npaBHnbHO 
OTpa~a~T xapaKTep cneKTpanbH~X pacnpeAeneH~~ B 06naCTb 3Hepr~H 

60nee 50 MaS; np~ aTOM pa3nH4He B Ben~4HHax cneKTpOB He npe
B~waeT 50-60%. PaC4eTH~e B~XOA~ HeHTpoHoB c aHeprHeH 60
nee 20 MaB B 1 cp nOA yrnaMH 700H 1050 OTnH4a~TCR OT aKC
nep~MeHTanbH~X 3Ha4eH~H COOTBeTCTBeHHO Ha 24% ~ 16%. nOBeAeHHe 
paC4eTH~X cneKTpOB B 06naCT~ HH3KHX aHepr~H /MeHee 50 MaS/ OTnH
4aeTCR OT aKcnepHMeHTanbH~X pe3ynbTaToB, nO-B~A~MOMY, BcneACTBHe 
Toro, 4TO B MOAenH II<t>aHpCTp~~1 He Y4TeH~ ~cnap~TenbH~e npo~ecc~ 

B RApe-M~weHH nocne RAPO-~AepHoro B3aHMOAeHCTB~R, ~ onHcaH~e 

MembRAepHOro KaCKaAa orpaHH4eHO ABYMR nepB~M~ nOKoneH~RMH. OAHa
KO AnR ~eneH paC4eTa A03W 3a 3a~HTO~ aTo pa3n~4~e He RsnReTCR 
np~H~Hn~anbH~M, T.K. B <t>opMHpoaaHHH noneH ~3nY4eH~R 3a 3a~HTOH 

onpeAenR~~y~ ponb ~rpa~T HeHTpOH~ BTopH4Horo H3nY4eH~R c 3Hepr~
eH 60nee 100 M3B. K TOMY *e o~eHK~ nOKa3anH, 4TO Y4eT HeHTpoHoB 

~1., TpeTbero nOKoneHHR npHBeAeT K Y8en~4eH~~ B~XOAa HeHTpoHoa H3 
ToncToH MeAHoH MHweH~ Ha HeCKonbKO npo~eHT08. Pac4eT cneKTpoa 
npOTOHoa H U-Me30HOB nOA yrnaMH 70° ~ 160 0 n03BonHn cpa8HHTb 
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BKnaA SapR*eHHOrO KOMnOHeHTa B'B~XOA aAPOHOB C 3KCnepHMeHTanbHO 
nony~eHHWMM peaynbTaTaMH/ 3/. TaK, An~ e = 700 3KcnepHMeHTanbHoe 
OTHOWeHMe 8wxOAa aapR*eHH~X 4aCTH~ K a~xOAY aApOHOB COCTaSHno 
10.2%, a pac4eTw Aa~T aHa4eHHe 3Toro OTHOWeHHR 14%. AnR yrna 
1050 H paC4eTHOe M 3KCnepHMeHTanbHoe OTHoweHHe COCTaBnReT 5%. 

B nporpaMMe "UINCAS"He Y"lTeHbl HeKoTop~e npo~eccw, HanpHMep 
Me~RAepHWK KacKaA OT $ParMeHToB RAep-cHapRAoB. O~eHKH, CAenaH
H~e Ha OCHOBaHHH pa60T~/7/, nOKaaanH, "ITO AonR aAPOHOB, o6paao
BaHHWX B peaynbTaTe BaaHMOAeHCTBMR Ha TO~HHe MeAHOH MHweHM ~par
MeHTO. RAeP-CHapRAOB,He npeB~CMT 25%. OAHaKo xopowee. B ~enOM, 
cornaCMe paC4eTOB AH~epeH~ManbHWX H HHTerpanbHWX xapaKTepHCTHK 
noneK aTopM4Horo aAPOHHOro ManY4eHMR, BoaHHKa~ero npH pa60Te 
Ha 	 nY4Kax nerKMX penRTHBMCTCKHX RAeP, noaBonReT HcnonbaOBaTb 
nporpaMMY II"NCAS" AnR nonY4eHMR MCXOAH~X AaHH~X no paC4eTY pa
AHa~MoHHoK 06CTaHOBKH aa 60KOBOK aall4HTOH C AocTaT04HoH T04HOC'Tb~. 
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BaM6neBcKHA B.n., KpwnOB A.P., THNOmeHKo r.H. 16-86-486 
CpaaHeHHe paCqeT~ H 3KCDe~KMeHTanbHHX xapaKTepHCTHX 
uoneA BTOpHqHOrO HsnyqeHHH BGnasH ToncTWX HHWeHeA, 
o6nyqaeNYX nerKHMH penHTHBHCTCKHMH ftAPaMH 

DpHBeAe~ pesynbTa~ cpaaHeHHB paCqeTOB DO uporpaMM8 I'BCAS 
C 3KCDepHMeHTaJIbHfllMH AaHHflIMH DO HHTerpanbHbIM H AHllI(IepeHIQlaJIbHbIM 
xapaKTepHCTHKaM DoneA BTOpHqHOrO AAPoHHoro HsnyqeHHH B6nHSH 
ToncTWX "eAHoA H CBH~OBOA HHWeHeA. MHmeHH o6nyqanac. upoToHa
NH H HAPaMH 12C C 3HeprHeA 3,65 r,B/HYKDOH. Xopomee coruacue 
paCqeTOB C 3KCDepHMeHTaMH D03BonHeT HCDOUb30BaTb uporpaMMY 
I.BCAS ARB DonyqeHHH HCXOAHHX AaHHHX ARB paCqeTa P4AH~OHHOA 
OGCTaHOBJ(H sa GOKOBlolNH 3~TaMH YCKopHTeneA nerKHX penHTHBHCTC
:KHX HAep. 

PaGoTa BNDonHeHa B na60paTopHH BNCOKHX 9HeprHA ORRH. 
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PYKonMCb nocTynMna B M3A8TenbcKHH OTAen 
15 M~nR 19B6 rOAa. 
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p.1602. DepeBoA O.C.BHHOrpaAoBoA 

Bamblevskij V.P., Krylov A.R., Timoshenko G.N. 16-86-486 
The Comparision of Calculated and Experimental Data 
on Secondary Field Characteristics Near Thick Targets 
Irradiated by Light Relativistic Nuclei 

The results of comparision of experimental and calculated 
with the aid "I.NCAS" program data on secondary hadronic field 
integral and differential characteristics near thick copper and 
lead targets are'described. The target were irradiated by pro
tons and 12C ions with 3.65 GeV/nucleon ene.rgy. The good agree
ment between experiments and calculations allowed one to use 
the "I.NCAS" program as initial data for calculations of radia
tion environment behind the relativistic light ion accelerator 
shieldings. 

The investigation has been performed at the Laborato!y 
of High Energies, JINR. 
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