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npoeKTHpOBaHHe H 3KCnnyaTa~HR YCKOpHTeneH penRTHBHCTCKHX RAeP 
Tpe6yeT HaAemHOrO onpeAeneHHR paAHa~HOHHOH 3a~HT~. 0CHOBH~MH HC
T04HHKaMH BTOpH4HOrO H3ny4eHHR YCKOpHTeneH RBnR~TCR MHWeHH H Ae
TanH OfiOPYAOBaHHR, C KOTOp~MH B3aHMOAeHC'iBY~T ycKopeHH~e ~aCTH
~bl. 0AHHM H3 MeTOAOB O~eHKH 3a~HT~ TaKHX ycKOpHTeneH RBnReTCR 
MeTOA I 11, n03BOnRIOUIHH onpeAenHTb 3a~HTY OT H3ny4eHHR, reHepHpye
Moro RApaMH, Ha OCHOBe AaHH~X 0 TpefiyeMOH 3a~HTe OT H3ny4eHHR, 
ofipa30BaHHOrO 3KBHBaneHTH~M 4HCnOM npOTOHOB. C ~enb~ 3KcnepHMeH
TanbHOH npoeepKH 3TOrO MeTOAa, APYrHX MeTOAOB pac4eTa nonR H3ny-
4eHHR OT 11 TOnCTOH 11 MHWeHH, a TaKme AnR nony4eHHR HH¢0pMa~HH 0 
B~XOAe, yrnOB~X pacnpeAeneHHRX BTOPH4H~X 4aCTH~ H3 11 TOnCTOH 11 MH
WeHH /MoAenHpy~~eH AeTanH ycKopHTenR/, paAHa~HOHHOH oficTaHOBKe 
BfinH3H MHWeHH H 3a 3a~HTOH Ha CHHXpo¢a30TpOHe nafiopaTOp~H B~CO
KHX 3HeprHH OH~H npoBOAHTCR cepHR 3KcnepHMeHTOB Ha ny4Kax npoTo
Hoe, a -4aCTH~ H RAep yrnepoAa C 3HeprHeH 3,65 r3B/HyKnOH.8 3TOH 
pafioTe npHBeAeH~ AaHH~e, nony4eHH~e npH 6oM6apAHPOBKe "ToncToH" 
MeAHOH MHWeHH npOTOHaMH C 3HeprHeH 3,65 r3B. 

Ha pHC. 1 npHBeAeHa reoMeTpHR 3KcnepHMeHTa. ny40K npOTOHOB c 
3HeprHeH 3,65 r3B, B~BeAeHH~H H3 CHHXpo¢a30TpOHa, naAan B ~eHTp 
OCHOBaHHR ~HnHHAPH4eCKOH MeAHOH MHWeHH AHaMeTpOM 10 CM H TOn~H
HOH no HanpaeneHH~ ny4Ka 13 eM. PacnpeAeneHHe ny4Ka no nepeAHeH 
noeepXHOCTH MHWeHH, H3MepeHHOe TepMon~MHHec~eHTH~MH AeTeKTOpaMH 
TLD-700 12 ~noKa3aHo Ha pHc.2. C noMo~b~ aKTHBa~HOHH~X AeTeKTOpoe 
fi~no TaKme ycTaHOBneHO,~OKOno 90% nepBH4H~X npOTOHOB naAaeT 
B ~eHTpanbH~H Kpyr MHWeHH paAHYCOM 1 ,5 CM. MOHHTOpHpOBaHHe ny4Ka 
OCy~eCTBnRnOCb C noMO~b~ HOHH3a~HOHHOH KaMep~. KanHfipOBKa MOHH
TOpa B aficon~TH~X eAHHH~ax B~nOnHRnaCb C nOMO~b~ aKTHBa~HOHH~X 
AeTeKTopoe no peaK~HRM 12C(p,pn) 1 'c, 27AI(p,3pnf 4Na. 

2. OnPE,llEflEHHE BbiXO,llA H3flY4EHH~ H3 MHWEHH 

B~XOA H3ny4eHHR /B OCHOBHOM aAPOH~/ H3 MHWeHH onpeAenRnCR 
C nOMO~b~ aKTHBa~HOHH~X AeTeKTOpOB C HCnOnb30BaHHeM peaK~HH 
12 C(a,an) 11 c, ero 3Ha4eHHe AnR TenecHoro yrna 4rr nony4eHo pae
H~M /4,7~0,5/ aApOH/npoTOH. C ~enb~ npoeepKH MeTOAa pac4eTa 6~n 
OnpeAeJleH B~XOA aAPOHOB C 3Hef.rHeH fionee 20 M38 H3 MHWeHH MeTo
AOM MOHTe-Kapno no nporpaMMe/ ~ Pac4eTHaR BeJ1H4HHa B~XOAa OKa3a-
nacb paBHOH 5,4 aApOH/npOTOH. r- w•- 1 
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PHc.l. reoMeTpHR 3KCnepHMeHTa. 

..... 

PHc.2. PacnpeAeneHHe nnoTHOCTH 
llOTOKa nepBH'!HbJX npOTOHOB Ha 
nepeAHeH noBepXHOCTH MHmeHH 
I oTHOCHTenbHbie eAHHHIJ;bi/ • 
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3. HCCnEAOBAHHE Yrnosoro PACnPEAEnEHHH AAPOHOB 

2 3 

HaMepeHHe yrnoeoro pacnpeAeneHH~ noTOKOB H A03 aAPOHOB e~nonH~

nocb c noMO~b~ aKTHBa~HOHH~x AeTeKTopoe, TepMon~MHHec~eHTH~x Ae
TeKTopoe TLD-700 121 H c~HHTHnn~~HOHHoro TenecKona. YrnoBble pac
npeAeneHH~ nOTOKOB aApOHOB 6~nH TaKme paCC4HTaH~ MeTOAOM MOHTe
"::u-,nn nn nnnr-n::u .. u. ... o /3/ .::. T::lLI'\110 r nnunm.t..ll"' '!'~1-ff""'MP~-tnnnriAUPra.tnLA thnn-

~;~~j5j-/c~: ~~c.i/. 
AKTHBa~HOH~eTeKTop~ H3 yrnepoAa pacnonaranHCb Ha paccTo~

HHH 60 CM OT ~eHTpa MHWeHH nOA yrnaMH /K ny4Ky npOTOHOB/ OT 15° 
AO 135° c waroM 15~ An~ y4eTa BKnaAa e noKaaaHH~ AeTeKTopoe pac
ce~HHoro H3ny4eHH~ noA yrnaMH 15° ~ 90° H3MepeHH~ 6~nH e~nonHeHbl 

Ha paCCTO~HH~X 40, 60, 80, 100 H 180 CM. 3TH H3MepeHH~ noKa3anH, 
4TO B npeAenax norpeWHOCTeH H3MepeHHH OTKnOHeHHH OT R2 He Ha-
6n~AaeTC~ H Ha paCCTO~HHH 60 CM pa3Mep~ MHWeHH H pacce~HHOe H3-
ny4eHHe Mano cKaa~ea~Tc~ Ha yrnoeoM pacnpeAeneHHH aApOHOB c 3Hep
rHeH 6onee 20 M3B. Yrnoe~e pacnpeAeneH~~ noTOKOB aAPOHOB, H3Me
peHH~e aKT~ea~HOHH~MH AeTeKTopaMH, npHBeAeH~ Ha pHc.3. Ha 3TOM 
me pHCYHKe npHBeAeH~ yrnoe~e pacnpeAeneHH~ aApOHOB c 3HeprHeH 
6onee 20 M3B, aaHMCTBOBaHH~e H3 pa6oT~ 141 . 

HaMepeHH~ yrnoeoro pacnpeAeneH~~ A03~ H3ny4eH~~ e 3KBHBaneHT
H~x peHTreHax 6°Co e~nonH~nHCb c noMO~b~ TepMon~M~Hec~eHTH~x 
AeTeKTopoe TLD-700, KOTop~e pacnonaranHCb Ha paccTo~HHH 60 eM 
OT ~eHTpa MHWeHH nOA yrnaMH K ny4KY npOTOHOB OT 3° AO 100° C wa
rOM 3° e ~HTepeane yrnoe 3°-90~ Aanee c waroM 6~ AaHH~e, nony4eH
H~e c noMo~b~ TLD, TaK)j(e np~BeAeH~ Ha p~c. 3. 

An~ B~AeneHH~ aap~~eHHoro KOMnoHeHTa ~cnonbaoeanc~ TenecKon 
C~~HTHnn~~HOHH~X C4eT4HKOB, ~Me~~H cneAY~~He 3HepreT~4eCK~e no
porH perHcTpa~HH: 50 M3B An~ npoToHoe, 20 M3B An~ aap~~eHHbiX " -
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PHC.). Yrnoawe p3cnpe,L\eneHHH noTOKOB 3,L\pOHOB H ,L\03hl H3-

nytJ:eHHH: I - p3ctJ:eT 151; 2 - A3HHbie p360Tbi 
141; 3 - noTOK 

3,L\pOHOB, p3C'!eT no nporp3MMe
131; 4 - nOTOK HefiTpOHOB, 

p3C'!eT no nporp3MMe
137; 5 - nOTOK 33pHJKeHHblX '13CTHIJ;, 
/3/ 

p3C'!eT no nporpilMMe ; 6 - nOTOK 3,L\pOHOB no A3HHbiM 

aKTHBau;HoHHbiX AeTCKTopos IE >20 M3B/; 7 - noToK 33pH

JKeHHniX tJaCTIII\; H - norno~eHH3H ,[1,033 113 p3CCTOHHHH I M 

OT MHlllellH. 
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4 
I 

t:l 

) 

MeaoHoB, 60 M3B AnR AeHTPOHOB, 3,5 M3B AnR 3neKTpOHOB. PeaynbTa
T~ H3MepeHHR yrnOBOrO pacnpeAeneHHR nOTOKOB ·3apR*eHH~X 4aCTH~ 
npHBeAeH~ Ha PHC.3. 

4. OnPEAEnEHHE AO~ CMElliAHHOfO H3nY4EHHR 

npH B3aHMOAeHCTBHH npOTOHOB B~COKO~ 3HeprHH C RApaMH Be~ecT
ea MHllleHH o6paay~TCR 4aCTH~~ WHpOKOrO cneKTpa Mace H 3HeprHH. 
AnR H3MepeHHR A03 cMewaHHoro Hany4eHHR npHMeHRncR peKoM6HHa~HOH
H~H A03HMeTp REM-2 1~1 HaMepeHHR e~nonHRnHCb B T04Kax 1,2,3,4,9 
H 10 /eM. pHc. 1/. To4KH 1,2,3 pacnono*eH~ e6nH3H MHWeHH nepeA 
aa~HTOH, T04KH 4,9,10- aa 6eTOHHOH aa~HTOH. B Ta6n. 1 npHBeAeH~ 
pe3ynbTaT~ H3MepeHHH A03 H3ny4eHHR, HOpMHPOBaHH~e Ha 1 npOTOH, 
naAa~~HH Ha MHllleHb. B 3TOH *e Ta6nH~e npHBeAeH~ eenH4HH~ 3KBHea
neHTHOH A03~, pacc4HTaHH~e nony3MnHpH4eCKHM MeTOAOM 151

• 

Ta6nHu;a I 

Ji TO'H SxcneplDIEIBT 

XK --------~--------------------------------------:norJIOIQeHHaJI : Ko~- : ~ •e&'l'-: :SB1[88J!eB'l'
:~eBT K&Uiall ,Jl088, :Ball ,Jl088, :.!JOSS, 

: qleMTopa,It :119CT.Ba, :llleM'l'o69p =~MTo69p 
~ ~~n/runr ~ 

I 383±28 5,4,t0,5 20'70±250 I440 360 

2 97±7 5,7.±<>,5 554±64 320 80 

3 2830±20'7 3,3,t0,6 9340j;I765 I6I20 4030 
4 I,7,tO,I 6,5,t0,5 II±I 2,2+7,3x 0,54+0,94x 

9 0,37,tO,OI 3,9,t0,2 I,44;tO,IO I,6 0,4 
ro 0' 090:tO. 00'7 5,3,t0,7 0,49±(),04 0,28 0,0'7 

*~o3a o6ycnosneHa pacceHHHbiM H3nytJ:eHHeM. 

5. nPOCTPAHCTBEHHOE H 3HEPfETH4ECKOE PACnPEAEnEHHE 
3KBHBAnEHTHbiX A03 HE~TPOHOB 3A 3AII.lHTOtl 

AnR nony4eHHR HH$opMa~HH o6 3HepreTH4eCKHX H npocTpaHCTBeHH~X 
pacnpeAeneHHRX 3KBHBaneHTH~X A03 HeHTPOHOB B T04KaX 4,5,6,],8, 
9,10,11 /CM. pHC. 1/ 6~nH H3MepeH~ 3HepreTH4iCKHe cneKTp~ HeHTpo
HOB c noMO~b~ c~HHTHnnR~HOHHoro AeTeKTopa LiJ(Eu) c Ha6opoM 
111apoBbiX nonH3THneHOBbiX aaMeAnHTeneH I AHaMeTp~ aaMeAnHTeneH 2, 3, 
5,10 H 12 A~HMOB/ H yrnepoACOAeP*a~ero aKTHBa~HOHHoro AeTeKTo
pa171. 3HepreTH4eCKHe pacnpeAeneHHR 3KBHBaneHTHOH A03~ HeHTpOHOB 
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PHc.4. 3HepreTHqecKHe pacnpeAeneHHH 3KBHBaneHTHOH A03hl 
HeHTpOHOB 3a 3aiiUfTOH /~H<PpaMH yKa3aHbl TOqKH H3MepeHHH/, 

np~BeAeH~ Ha p~c.4. B Ta6n.2 np~BeAeH~ cyMMapH~e 3KB~eaneHTHhle 
A03~ He~TpOHOB, B~4~CneHH~e C noMO~b~ COOTHOWeH~R 

Emax 
H = ( h(E) cii(E)dE, 

Emin 
H - 3KB~eaneHTHaR AOaa; h(E) - K03~~H~~eHT nepexoAa OT ~n~eH-
ca HeHTPOHOB c 3HeprHeH E K 3KBHeaneHTHOH AOae 181;$(E)- 3Hep
reT~4ecKoe pacnpeAeneHHe ~n~eHCa HeHTPOHOB; E .min ~ Emu - MHH~
ManbHaR H MaKCHManbHaR 3HeprHH cneKTpa He~TpOHOB. ~ 3TOH me Tao
nH~e npHBeAeHhl ~n~eHc~ aAPOHOB F c 3HeprHeH 6onee 20 M3B. Be
n~4~H~ 3KBHBaneHTH~X A03 H ~n~eHCOB HOpM~poeaHhl Ha 1 naAa~~H~ 
Ha M~WeHb nepBH4HhlH npOTOH. 

6. BbiBOAbl 

nony4eHH~e peaynbTaT~ noaeonR~T CAenaTb cneAY~~He e~BOA~= 

1 • MeTOA MoHTe-Kapno noaeonReT pacC4HT~BaTb yrnoe~e pacnpe
AeneHHR nOTOKOB H B~XOA aApOHOB C T04HOCTb~, KaK npaBHnO, He 

xyme .:t_50%. 

2. nony3MnHpH4ecKaR ~opMyna 151 AnR yrnoe~x pacnpeAeneHHH aA
pOHOB c E > 20 M3B npae~nbHO on~c~eaeT yrnoeoe pacnpeAeneHHe 
aApOHOB AnR HCCneAOBaHHOrO cny4aR. 

3. nony3MnHp~4eCKHH MeTOA/ 5/ pac4eTa A03~ H3ny4eHHR ~ ~n~eH
COB HeHTpOHOB n03BOnReT O~eHHBaTb 3TH Ben~4HHhl C T04HOCTb~ AO 

K03~~~HeHTa 2-3. 

4. 0CHOBHOH BKnaA B 3KBHBaneHTHY~ A03Y H3ny4eHHR 3a 3a~~TOH 
Aa~T HeHTpOH~ WHPOKOrO A~ana30Ha 3Hepr~H. 6onee 50% 3KB~BaneHT
HOH A03~ o6ycnoeneHo HeHTpoHaMH c 3HeprHeH 6onee 1 M3B. 
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P16-82-466 AneHHHKOB B.E. H AP· 
Oone HSily4eHHII OT 11TOI1CTOH 11 MeAHOH MHWeHH 
npH 60M6apAHPQBKe ee npOTOHaMH C 3HeprHeH 3,65 rsB 

0pHBeAeHW peSyllbTaTW HCCileAOBaHHH n01111 H31ly4eHHII OT MeAHOH MHWeHH, 
6oM6apAHpyeMOH npOTOHaM~ C 3Hepr~eH 3,65 rsB. HsMepeHHWe BWXOA H yrnoawe 
pacnpeAelleHHII nOT0KOB aAPOHOB HS MHWeHH CpaBHHBaOTCII C pacC4HTaHHWMH 
BellH4HHaMH. OpHBeAeHw 3KcnepHMeHTallbHWe H pac4eTHWe AaHHWe o A03ax H noTo
Kax 4aCTH~ Sa 6eTOHHOH 3a~HTOH. 0ony3MnHpH4eCKHe MeTOAW pac4eTa xapaKTe
PHCTHK n01111 H31ly4eHHII 3a 3a~HTOH AaOT BellH4HHW, on~cwaa~He 3KCnepHMeHTallb
HWe AaHHWe C T04HOCTbO K03~H~HeHTa 2-3. MeTOA MOHTe-Kapno n03BOillleT pac
C4HTWBaTb BWXOA H311Y4eHHII H3 MHWeHH H yrllOBWe pacnpeAelleHHII nOTOKOB aAPOHOB 
C T04HOCTbO He XY*e ~50%. 

Pa6oTa awnonHeHa a 0TAene paAHa~HOHHOH 6esonacHOCTH H paAHa~HOHHWX 
HCCileAOBaHHH OH~H. 

Alejnikov V.E. et al. 
Radiation Field Around "Thick" Copper Target 
Irradiated by 3.65 GeV Protons 

P16-82-466 

Results are presented on the study of the radiation field around 
a copper target irradiated by 3.65 GeV proton ~ . Experimental yield and 
angular distribution are compared to similar calculated distributions. 
Semiempirical calculated methods of the radiation field characteristics 
behind shielding have accuracy coefficient of 2-3. The Monte-Carlo method 
permits to calculate the yield and angular distribution with the accuracy 
not worse than ±50%. 

The investigation has been performed at the Departmen-t of Radiation 
Safety and Radiation Researches, JINR. 
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