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Ane1iHHKOB B.E. H ap. 16 - 12732 

CneKTpanhHo-yrnosbte xapaKrepHCTHKH nporoHHOro 

KOMITOHeHTa ITOnH H3ny'leHHH 3S 3SWHTOfi CHHXpo
UHKnOTpOHa Ha 3HeprHIO 660 M38 

C ITOMOWb!O CUHHTH.'lnHUHOHHOrO ~ -cneKTpOMeTpa H3MepeHbl 

cneKTpanbHo-yrnosbte pacnpeaeneHHH npoTOHOB c 3HeprHHMH 6onee 
40 M38 aa 2-Merposofi 6eTOHHOH aamHToil cnHxpouHKnoTpoHa Ha 
3HeprHIO 660 M38, 3KcnepH MeHTbi BbtnOnH e Hbi npt! asyx paann'!HbiX 

reOMel'pHHX, pa3nl!'lSIOWHXCH B3SHMOpaCITOITO)KeHHeM HCTO'lHHKS H3-

ny'leHHH n aawnrw, c uenb!O nony'leHHH 3KcnepnMeHranbHWX aaH

HbiX anH nposepKH Meroaos pacqera paanH'lHbiX napaMerpos nonH 
H3ny'leHHH 3a 3aWHTOH YCKOpHrenefi, 

Pa6ora swnonHeHa B 0Taene paaHaUHOHHOfi 6eaonacHocrH 

H paLI118UHOHHb!X HCCneLtOBSHHH 01:1511:1, 

npenpHKT 061>8liKK8KKOro KKCTKryra ll.'lepKb!X KCCneaoeaKKII, Dy6Ka 1979 

Ale jnikov V.E. et al. 16 - 12732 

The Energy - Angle Distributions of Proton 
Component of Radiation Field Behind the 660 MeV 
Synchrocyclotron Shielding 

The energy - angle distributions of protons with energy 
more then 40 MeV behind the 2 - meter·concrete shielding of 
the 660 MeV synchrocyclotron are measured using a scintilla
tion ~E -spectrometer. The experiment are performed in two 
different geometries "source-shielding". 

The investigation has been performed at the 
Department of Radiation Safety and Radiation Researches, 
JINR. 
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B pa6ore 6binH H3y'IeHbi yrnoBhie pacnpeneneHH.H noro-

KOB llpOTOHOB 3a"6eTOHHOH 38lliHTOH CHHXpOUHKnOTpOH8 fla6o
paTOpHH .HnepHbiX npo6neM OYI HYI. CnenyiOwHM 3TanoM HC

cnenoBaHHH llpOTOHHOf'O KOMllOHeHT8 non.H H3ny'IeHH.H 38 38-

lliHTOH 3TOf'O YCKOpHren.H .HBHnHCb H3MepeHH.H cneKTp8nhHo

yrnOBhlX p8CllpeneneHHH npOTOHOB B o6n8CTH 3Hepf'HH CBhlllie 

40 M3B, BhmonHeHHhie B nByx reoMeTpH.HX, p83nH'I8IOlliHXC.H 

B38HMOp8cnono~eHHeM HCTO'IHHK8 H3ny'IeHH.H H 38lliHThl, 

UenbiO n8HHOH p860Thi H p86orh/ 11 6hmo nony'IeHHe 3Kcne

PHMeHT8nbHhlX n8HHhlX nn.H npoBepKH MeronoB p8C'IeT8 p83-

nH'IHhlX n8p8MeTpOB non.H H3ny'IeHH.H 38 38lliHTOH yCKOpHTe

neH. CBeneHH.H o BhlnonHDHHhlX aKcnepHMeHT8X npHBeneHhl B 
T86nHue. 

reoMeTpHH H3MepeHHH nOK838Hbl H8 pH c. I. B reoMeT

PHH 1 KonnHMHPOB8HHhiH ny'IOK nporoHOB c 3HeprHeH 630 M3B 

ll8n8n non yrnoM 30° H8 6eTOHHyiO 38lliHTY TOnwHHOH 2 M 

(470 r/cM2). Bo BTopoH reoMerpHH ny'IOK nepBH'IHhiX npo

TOHOB nonHOCTbiO TOpM03HnC.H B MenHOH MHWeHH llH8MeTpOM 

12 CM H TonwHHOH 30 CM, yCT8HOBneHHOH H8 p8CCTO.HHHH 

4,8 M OT 38lliHTbl no H8np8BneHHIO ny'IK8, H <jJOpMHpOB8n HC

TO'IHHK n8n8IOwero H8 38lliHTY H3ny'IeHH.H 121 (Monenb nnocKo-

ro MOHOH8np8BneHHOf'O HCTO'IHHK8 H3ny'IeHH.H), CUHHTHnn.H

UHOHHhlM ~E -cneKTpOMeTpOM H3Mep.HnHCb cneKTphl npOTO

HOB, Bb!XOn.HlliHX H3 TO'IeK 1,2 ,3 H8 BHeWHeH noBepXHOCTH 

38lliHTbl non p83nH'IHblMH yrn8MH ifJ K HOpM8nH B T'OpH30H

T8nbHOH nnoCKOCTH. TeneCHhlH yron H yrnoBoe p83peweHHe 

cneKTpOMeTp8 npH H3 MepeHH.HX B 1-0H H 2-0H reOMeTpH.HX 
3 -3 

COCT8BHnH COOTBeTCTBeHHO 19,5•10- Cp, 4,5° H 33,3•10 Cp, 

12,1°. nepB8.H MOnH<jJHK8UH.H cneKTpOMeTpa H MeTOn BOCCT8-

HOBneHH.H cneKTpOB npOTOHOB no 9KCnepHMeHT8nbHhlM n8HHhlM 

• onHC8Hhi B p860T8X 
13

•
4 1 

• OueHKH BKn8noB 3neKrpoHHoro H 
TT -Me30HHOf'O KOMnOHeHTOB non.H H3ny'IeHH.H B CyMM8pHbJJ1: 

llOTOK 38p.H~eHHhlX 'I8CTHU npHBeneHhl B p86ore1 1~ npH on-
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Ta 6 nH u a 

CneKTpanhHo-yrnOBhie xapaKTepHCTHKH npoTOHHoro KOMnoHeHTa nonH 

H3ny~eHHH 3a 3aWHTOA CHHXpOUHKnOTpOHa nHn, HCCneAOBaHHhle 
B Te~eHHH 1978-1979 rr. a,6,B - H3MepeHHH, npoBeaeHHhie B pa3• 

nH~HblX reOMeTpHHX H TO~KaX, 

!eoHerpull I Tr1tllla a) YrnoBbie pacnpeaeneHHH noTOKOB npo-

/p 1 TO HOB B ropH30HTanbHOA nnoCKOCTH 

6) CneKTp npoToHOB npH ¢ = 30 ° 

a) YrnOB bi e pacnpeaeneHHH noTOKOB npo-

~o:· /j • ::.r TOHOB, 

l': I • • z 6) CneKTp bl npoTOHOB npH ¢ = 17° j 00 j 

:.• 1 ~ [a • ~ -30° j -50° 

~ 
B) cl>moeHC bl HyKnOHOB H npOTOHOB 

a) YrnOBbie pacnpea eneHHH noTOKOB npo-
J TOHOB B ropH30HTanhHOA nnOCKOCTH 

6) CneKTp npoTOHOB npH ¢ =0° 

!eOHe1pUI12 a) YrnOB bie pacnpeaeneHHH noTOKOB npo- ' 

I' 
TO HOB 

2 6) CneKTp bl npoTOHOB npH ¢=0°; -30°; 
-50° 

d~ B) cl>moeHC bi HyKnOHOB H npOTOHOB 
' .. .~ ·~1 a) YrnoBbie pacnpeaeneHHH noTOKOB npo-'• • I 

, • !.. I J TOHOB B rOpH30HTanhHOA nnOCKOCTH 
11· f./1 is •• 0 . 

peaeneHHH norpeWHOCTH H3MepeHHA Y~HThlBanHCb CTBTHCTH

~BCKHB OWH6KH C~BTOB B KBHanax BHBnH3BTOpa H annaparyp

Hb!B norpewHOCTH. Ha pH c. 2 npHBeaeHbf cneKTpbi nporoHoB, 

Bb!XOU5IWHX H3 TO~KH 2 DOU pa3nH~Hb!MH yrnaMH ¢ (cneK

Tp !o! H3r·<~epeHbf e l-oA reoMerpHH). no OCH opaHHar orno

~eHa UH¢¢epeHUHanbHB5I DO yrny H 8HeprHH 3BBHCHMOCTb 

noroKa nr:oroHoe F(r,O,E) c aHeprHHMH or Emili ao Emax 
B TO~Ke r Ha DOBepXHOCTH 3BWHTbl , YMHO}KBHHB5I HB COS w 

H HOpMHpOBBHHB5I Ha 1 nepBH~Hblll DpOl'OH/1/ , 3aecb W

yron MB*UY OCbiD TeneCKODa H HOpManhro K 3BWHTB B HC

cneayeMOt'! l'O~Ke f ( TOqKa 2) 1 Q - HanpaeneHHB UBH }KBHH5I 

perHCTpHpye!l.'bfX cneKrpoMerpo!l.l nporoHOB, HaH6onee ")!<ecr

KHl\t" 113 npHBBUBHHbfX CITBKTPOB S'IBn5IBTC5I CfTBKTp , H3MepeH

HbfH rroa yrnol\: ¢ = 17 °- B MaKCHiv!yMe ¢YHKUHH yrnoeoro 

pacrrpeaeno HHH rroroKOB o aaHHon ro~Ke. CneKTphl rrporoHoe, 
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BWXOngWHX H3 ToqeK 1 H 3, H3MepeHW COOTBeTCTBeHHO non 
yrnaMH ¢ = 30° H 0° B ycnOBHgX 1-0H reoMeTpHH H ITOK8-
38Hbl Ha pH c. 3. CrreKrp B roqKe 1, H3Mepe HHbJH B HanpaB
neHHH OCH nyqKa rrepBHqHWX npOTOHOB, HBH60nee "~eCTKHH• 
H3 Bcex rronyqeHHwx crreKrpoB. C npyrow cropoHw, crreKrp 
B roqKe 3 cymecrBeHHO "Mgrqe" cneKrpa B roqKe 2, H3Me

peHHoro rrpH ¢ = 0 ° • Ha pH c. 4 rrpencraBneHbi crreKrpbl 
rrporoHOB, H3MepeHHhle B roqKe 2 B ycnoBHgx 2-ow reaMer

PH ff. 
3KcnepHMeHranbHag HH¢opMaUHg o crreKrpanbHWX pacnpe

neneHHgX HyKnoHoB aa aamHTaMH ycKopHrenew KpawHe orpa-
/ 3 / HHqeHa. B pa6ore 6bJn H3MepeH cneKrp nporoHoB, Koropb!e 

BLJXongr non HOpManb!O H3 ~ene3HOH 38WHTbl (- 3000 r/cM
2

), 

paanengJOwew aan CHHXpOUHKnorpoHa fla6oparopHH gnepHwx 
rrpo6neM Ol l H11 H 9KCrrepHMeHranbHbJH aan. YlcroqHHKOM gB
nAnocb HanyqeHHe KaMepw ycKOpffreng, o6ycnoBneHHoe no
'repgMH ycKopgeMoro rryqKa nporoHoB. CneKrp B pa6ore / 3 / 

naH B OTHOCHTenbHWX enHHHUaX. B pa6ore l 5/ npHB0nHTCg 

cneKTp npOTOHOB, H3MepeHHhlH 38 roncroA CBHHUOBOA c6op
KOH (738 r/cM 2 ) npH o6nyqeHHH ee nyqKOM nporoHOB c 
9HeprHei1 635 M9B. CneKrp H3MepeH non yrnoM 15,7° oruo
CHTeHhHO OC!i nepBHqHQPO nyqKa rrpOTOHOB C nOMOWb!O BpeMg

nponeTHOH Meroni'!Kii H naH B a6conJOrHwx eaHHHuax. Ha 
pH c. 5 noKaaaHbJ o6a 9TH cneKrpa H cneKrp nporoHoB, ua
MepeHHbiH B roqxe 2 rroa yrnoM ¢ = 17 ° B 1-oi1 reoMerpHH. 

Bee cneKrpw Hop MHpoBaHw Ha onHHBKOBoe qHcno nporoHOB 
B aHanaaoHe 9Heprffi1 or 70 no 300 M9B. CpaBHeHHe cneK
rpoB 38TpyaHeHO BCneaCTBiie CHnbHOPO paanHqHg !iCTOqHHKOB 
rrepBuqHoro HanyqeHug, Marepf!anoB H ronmHHbl aamHTbJ, reo
Merpf!A H MeronHK H3MepeHHA; onHaKO cnenyeT OTMeTHTb, 
qro cneKrpbl, nonyqeHHble B Hacrogmew pa6ore ff B pa6o
re13 1 , cymecrBeHHO 6onee ·~ecTKHe" no cpaBHeHHJO co 
cneKrpoM, npHBeneHHbiM B pa6ore 151 • 

YIHrerpHpoBaHHe no renecHoMy yrny cneKrpoB, H3MepeH
HbiX B reoMeTpHH 1 1 D03BOnHnO nonyqHTb B nepBOM DpH6nff
~eHHH CrreKTp DpOTOHOB, BhlXOAgWHX H3 TQqKH 2 B reneCHOM 
yrne 3,9 Cp C 1 CM 2 DOBepXHOCTH 38WHTbl (pHc.6). flpH 
HHrerpHpoBaHHH cqHranocb, qro cneKrpanbHo-yrnoBbJe pac
npeaeneHHg DpOTOHOB 8KCH8nbHO CHMMeTp!iqHbl OTHOCHTenhHO 
HanpaBneHHg ¢ = 17°. Ha pH c. 6 npHBeaeH raK~e cneKrp 
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PHc,5, CrreKTp rrporo

HOB B TO'IKe 2 IT pH ¢ = 
=17° B 1-oH reoMeT

pHH (1), crreKTp rrpo
TOHOB H3 p860-i'bl / 3 / 

(2) !f crreKrp rrporo
HOB H3 pa60Tbl / 5 / (~ ). 

P11c,6, C rreKTp rrpo

TOHOB 1 BbiXOIUI!ll11X 113 
TO'IKI1 2 38!lli1Tbl rrp11 
¢ =17° B TeneCHOM 

yrne 3,9 cp B ycno
B11HX 1-0H reoMeT
pi1H (~) , H CITeKTp 
ITpOTOHOB 113 p86o

6o ao too 120 
/ 6 / l 

¥tO 160 180 200 220 E, M38 Tbl ( l ) . 

8 

rrpOTOHOB H3 p860Tb/6 ~ H3 MepeHHbiH B TeneCHOM yrne -4 Cp 

38 6eTOHHOH nOBYWKOH 184-a~HMOBOrO CHHXpOUHKnOTpOH8 B 
EepKnH rrpH rop Mo• eHHH B Hew rryHK8 rrporoHoB c aHeprHeA 
750 MaB. CrreKTp br HOPMHpOB8Hbi H8 oaHH8KOBbiA rroroK BTO
pH'IHhlX rrporoHOB B aHaiT830He aHeprHA or 60 ao 220 MaB. 
K CO:>K8neHH~, ron!llHHa 6eroHHoii 38!llHTbi H reoMeTpHH H3-
MepeHHH B pa60Te / 6 / He YK838Hhl. 3aMeTHM, 'ITO rrpHHHThle 
rrpH HHTerpHpoBaHHH rrpH6n H ~::eHHH "yxcecroqa~r" rronyqeHHbiA 

crreKrp; Heo6xoaH MO 6onee rroapo6Hoe H3MepeHHe crreKTpOB 
B TO'IKe 2 rrpH p83nH'IHhlX yrnax, 

B 3aKmotieHHe cneayer orMeTHTb, 'ITO anH aHanH3a 3aKo
HOMepHocreA ~OpMHpOB8HHH CITeKTpOB 38 3amHTOH yCKOpHTe
neli: Heo6xoaHMO a8nbHeAwee HaKorrneHHe aKcrrepHMeHranbHhlX 
aaHHbiX B p83nif'IHblX reOMeTpHHX H ITpH p83nH'IHbiX HCTO'IHH

K8X rrepBH'IHOrO H3ny'IeHHH1 B '18CTHOCTH 1 ITpH 6onee BhlCOKHX 
SHeprHHX yCKOpHe Mbl X rrpOTOHOB, 

ABTOpbi 6naroa8pHT A.H .Pe3yHHK8, B.A.KynHKOBa 38 rro
MO!llb ITpH BbiiTOn He HHH 3 KCrrepHMeHTOB, 
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