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3aAI..IeB Jl.H. 1-1 ,qp. IIi l~:!fi:i 
Hccne,qosaHHe npocTpaHCTBeHH0-3HepreTH4ecKoro 
pacnpe,qeneHHH H3ny4eHHH B 3neMeHTax CTpyKTyp~ 
B~COK03HepreTH4eCKHX YCKOpHTeneA /MaKeTH~A 
3KcnepHMeHT/. 4acTb III. H3MepeHHe xapaKTepHCTHK 
nonH H3ny4eHHH C nOMO~b~ aKTHBai..IHOHH~X ,qeTeKTOPOB 
1-1 $OT03MynbCHI1 

nony4eHa 3KcnepHMeHTanbHaH HH$OpMai..IHH 0 XapaKTepHCTH­
KaX nonH H3ny4eHHH, B03HHKa~~ero npH noTepHx Ha HOHonposo,qe 
npOTOHHOro ny4Ka c 3HeprHeA 7,5 r3B. Hcnonb3yeTCH 3KCnepH­
MeHTanbHaH YCTaHOBKa, HMHTHpy~~aH ,qHnOnbH~A MarHHT YCKOpH­
TenH. ct>n~eHc 4aCTHI..I B ,qHana3oHe 3HeprHA E > 20 M3B 1-1 
3<E < 25 M3B H3MepHncH aKTHBai..IHOHHbiM cnoco6oM c noMO~b~ 
,qeTeKTOpOB Ha OCHOBe yrnepo,qa 1-1 Cepbl COOTBeTCTBeHHO. Xa­
paKTepHCTHKI-1 nonH H3ny4eHHH c 3HeprHel1 E <130 M3B Hccne,qosa­
nHcb C nOMO~b~ $OT03MynbCHI1. nony4eH~ npOCTpaHCTBeHH~e pac­
npe,qeneHHH $n~eHCa BTOpH4HbiX 4aCTHI..I B 3KCnepHMeHTanbHOA yc­
TaHOBKe, KOTOp~e cpaBHHBa~TCH C pe3ynbTaTaMH B~4HcneHHI1 Me­
TO,(IOM MOHTe-Kapno. 

Pa6oTa s~nonHeHa B Jla6opaTOPHH s~cOKHx 3HeprHA OHRH. 

Coo6IUeHHe 06'bellHHeHHOrO HHCTHTyTa llllepHbiX HCcnellOB8HHA, .Qy6Ha 1979 

Zaitsev L.N. et al. lfi 1:!26fl 
Investigation of Space-Energy Distribution of 
Radiation in Structure Elements of High-Energy 
Accelerators. Part I I I. Measurements of Radiation 
Field Characteristics by Means of Activation 
Detectors and Photoemulsions 

Experimental information on radiation field characte­
ristics appearing at losses on 7.5 GeV proton beam ioncon­
ductor has been obtained. Experimental setup imitating an 
accelerator dipole magnet is used. The fluence of particle 
within E>20 MeV and 3<E<25 MeV energy range was measured by 
means of activation detectors on the basis of 12 c and 32s,. 

respectively. Radiation field characteristics were inves­
tigated by means of. nuclear emulsion of BR-2 type. Space 
distributions of secondary particle fluence are obtained 
and compared with calculation distributions obtained by the 
Monte Carlo method. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06~oeD•aeaahl• •acr•rrr llllepBhlJC •ccnfl/los•nll Jly6a• 

B pa6oTe 111 onHcaHa ycTaHOBKa "Mo,qenb", npe,qcTaBnH~~aH 
co6ol1 reoMeTpH4ecKy~ KonH~ ,qHnonbHOro MarHHTa 1-1 npe,qHa3Ha-
4eHHaH ,qnH H3y4eHHH noneA H3ny4eHHH npH nOTepHX BbiCOK03Hep­
reTH4eCKHX 4aCTHI..I Ha YCKOpHTenHX. B~ca,qKa ny4~a Ha TOHKO­
CTeHHY~ Tpy6y ycTaHOBKH, HMHTHpy~~y~ BaKyyMHY~ KaMepy 
YCKOpHTenH, MOmeT 6b1Tb OCy~eCTBneHa ABYMH cnoco6aMH /eM. 
PHC. 1' cny4aH A 1-1 o/. 

B cny4ae A ny40K npoTOHOB 11 BblcamHsaeTCH 11 Ha TOHKOcTeHHY~ 
Tpy6y /Mo,qenb BaKYYMHOA KaMep~/ C npHnera~~HMH K HeA Me,q­
H~MI-1 HaCa,qKaMH, HMHTHpy~~HMI-1 06MOTKH ,qHnOnbHOrO MarHHTa. 
B cny4ae o nHwb He6onbwaR 4aCTb nepBH4HbiX npoTOH08 83aHMo­
,qeAcT8yeT C TOHKOCTeHHOA Tpy6oA, a 8 OCH08HOM 8~COK03Hep­
reHI4eCKHe 4aCTHI..Ibl nOKH,qa~T ycTaH08KY "Mo,qenb 11

, He HCnbiTa8 
83aHMO,qeACT8Hfl. 

AHanH3 nHTepaTypH~x ,qaHH~x noKa3an, 4TO noTepH 4aCTH1..1 
Ha ycKOPHTenRx npoHcxo,qRT npH Man~x yrnax Mem,qy Hanpa8ne­
HHeM ABHmeHHH npOTOHa H o6pa3y~~eA BaKyyMHO~ KaMep~ a. 

B pa6oTe12 ' nony4eH~ pacnpe,qeneHHfl no yrnaM 8Xo,qa npoTOH08 
s cTeHKY 8aKyyMHoA KaMep~ nocne pacceRHHfl Ha cenTyMe Mar­
HHTa CHCTeM~ Me,qneHHOrO 8~80,qa npOTOH08 1-13 CHHXPO$a30TpOHa 
O~R~ ,qnR 4aCTHI..I c HMnynbcaMH 6onbwe 7 r3B/c. Yrno80e pac­
npe,qeneHHe 4aCTHI..I B npOeKI..IHH Ha ropH30HTanbHY~ H 8epTHKanb­
HY~ nnOCKOCTH TaKOBO, 4TO MaKCHManbHOe 3Ha4e~He yrn08 BXO,qa 
He npe8~waeT 100 Mpa,q. 

~CXOAR H3 3TOrO 8 3KCnepHMeHTe B Ka4eCT8e MaKCHManbHOrO 
yrna 8~ca,qKH npOTOH08 6~n0 8~6paHO 3Ha4eHHe a = 100 Mpa,q. 
8bi60p MHHHManbHOrO 3Ha4eHHR yrna 8biCa,qKH npOTOH08 a =35 Mpa,q 
o6ycno8neH pa3MepaMH 3KcnepHMeHTanbHOA ycTaH08KH H napaMeT­
paMH ny4Ka npOTOH08 8 pemHMe Me,qneHHOrO 8~80,qa 1-13 CHHXpo­
$a30TPOHa. 

Pacnpe,qeneHHe nHHeAHoA nnoTHOCTH noTepb 4aCTHLI no ,qnHHe 
ycTaH08KH ,qnR 3THX 3Ha4eHHA yrna a npe,qcTa8neHO Ha PHC. 2. 

AnR H3MepeHHH xapaKTepHCTHK nonR H3ny4eHHH Hcnonb308anHCb 
H,qepH~e 3MynbCHH H nopOr08~e ,qeTeKTOp~, KpaTKaH xapaKTepH­
CTHKa KOTOP~X npe,qCTa8neHa 8 Ta6n. 1. 
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Ta6m11.1a 1 

XapaKTepHCTHKH ~AePH~x 3MynbcHA H noporos~x AeTeKTopos 

AeTeKTOp Hcnonb3yeMa~ 3$$eKTHBHa~ nepHOA PaaMepbl 
peaKLIH~ o6nacTb nonypac- AeTeKTopa 

perHCTpal.IHH naAa 

~AepHa~ 

3MynbCH~ 

nonHCTHpon 

3Be3AOo6-
paaosaHHe 

c A06asKa- 12C(x,xn)1b 
MH Tep$HHH-
na H POPOP 

cepHOKHc­
nbiA 
aMMOHHA 

(NH 
4 

)
2
80

4 

32 8 (n,p)32p 

aAPOHbl c 
E ~130 M3B 

nHDHbl > 50 M3B 
HYKnOHbl>20 M3B 
a,..,= 22 M6 
3'!' 

HeATPOHbl 
3 <E <25 M3B 

a ,..,= 300 M6 
3'+' 

$0T03MYnbCHOHH~E H3MEPEHHR 

H = 400 MK 
2x2 CM 

H = 5 MM 
20, 3 MHH D = 19 MM 

H =5 MM 
14,3AH~ D =19 MM 

RAePH~e $OT03MynbCHH o6ny4anHcb B Te4eHHe n~T~ LIHKnos 
10 

pa6oT~ ycKopHTen~ np~ ~HTeHCHBHOCTH ny4Ka I ~ 10 npoToH/LIHKn. 
PaccMaTpHsanHCb co6biTHn c 4~cnoM ny4eA n 2. 3. Ha pHc. 3 
npeACTasneH~ pacnpeAeneHH~ aseaA no 4Hcny ny4eA s T04Ke 
C KOOPAHHaTaMH X =+0,5 CM,Y=22+0,5 CM, Z =132+0,5 CM npH 
BbiCaAKe npoTOHOB noA yrnoM a= 100 MpaA An~ reoMeTpHA A ~ 5 
/pHc. 1/, nony4eHH~e B peaynbTaTe npocMoTpa 300 aseaA 
B KamAOA 3MynbCHH. 

3aBHCHMOCTb cpeAHero 4~cna (S+g)-ny4eA Ha 3Be3AY OT 
3HeprHH 4aCT~l.l~, HCn~TasweA Heynpyroe B3aHMOAeACTBHe/B/ 
ycpeAH~nacb B cooTBeTCTB~H c pac4eTH~MH cneKTpaMH. Cpas­
HeH~e peaynbTaTOB pac4eTa H 3KcnepHMeHTa npeACTasneHo 
s Ta6n. 2. TaM me npoBOAHTC~ cpasHeHHe pac4eTH~x H 3KcnepH­
MeHTanbH~x 3Ha4eHHA nnoTHOCTeA noTOKOB 4aCTHLI c E~130 M3B. 
B COOTBeTCTB~H C pac4eTOM OKOnO 10% 4aCTHLI B paCCMaTpHBaeM~X 
T04KaX ~Bn~IOTC~ 3ap~meHHbiMH 7T -Me30HaMH H npOTOHaMH. 

Ha pHc. 4 npeACTasneHo pacnpeAeneHHe no KODPAHHaTe z 
nnoTHOCTH noToKa 4aCTHLI c E >-130 M3B H cpeAHero 4Hcna 
(s+g)- ny4eA Ha 3Be3AY B nnOCKOCTH (yz) An~ T04eK C X = 0 
H y = 22 eM. PacnpeAeneHH~ nony4eHbl An~ reoMeTpHH A H yrna 
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P~c. 2. PacnpeAeneH~e n~He~Ho~ nnoTHOCT~ noTepb 
S(z) s 3Kcnep~MeHTe np~ s~caAKe ny4Ka noA yrnoM 
/Kp~Bafl 1 I ~ a= 100 MpaA /Kp~Bafl 2/. 

Ta6n~Lla 2 

150 

npOTOHOB 
a= 35 MPaA 

feOMeTp~fl 

o6ny4eH~R 

/p~c. 1/ 

nnoTHOCTb nOTOKa 4aCT~L\ 

c 3Hepr~e~ E ~130 M3B 
4aCT~L\ • CM - 2 /npOTOH 

CpeAHee KOn~4eCTBo 
(s +g)-ny4e~ Ha 3Be3AY 

A 

5 

3Kcnep~MeHT Pac4eT 

(3,2.:!:_0,4)·10- 5 4,5 •10- 5 

(4,6.:!:_0,9·10- 5 6,2·10- 5 

3Kcnep~MeHT 

1,2.:!:_0,26 

1,06.:!:_0,22 

Pac4eT 

1 '0 

0,9 

a=35 MpaA B pe3ynbTaTe npOCMOTpa 100 3Be3A Anfl KamAO~ ~3 
3Mynbc~~. KaK cneAyeT ~3 p~c. 4 ~ Ta6n. 2, Ha6n~AaeTCfl 

6 

YAOBneTsop~TenbHOe cornac~e pac4eTH~x ~ 3Kcnep~MeHTanbH~x 

AaHH~x. Ow~6K~ s 3Kcnep~MeHTanbH~x 3Ha4eH~Rx, np~seAeHH~x 
Ha p~c.3-4, yKa3aH~ TOnbKO cTaT~CT~4ecK~e. DAHaKo ~MeeTcfl 

c~cTeMaT~4ecKafl ow~6Ka- 20%, o6ycnosneHHafl norpewHOCTb~ 
MOH~TOp~pOBaH~fl ny4Ka. 

N ' ~sol t 0 a. 150 

loo 

f 

.. f 
+ 

+ 
0 I .... ·-

!1. ~ ' • 10 n.~.. 

" I t ~ 

IS a 

loo 

I 
t 

·f 
+ 

Dl 
' ' ' t 1 ~ ' I •• n~., 

P~c. 3. PacnpeAeneH~e 3Be3A no 4~cny ny4e~ s6n~3~ T04K~ 
C KOOPA~HaTO~ xd>,y=22 CM, Z = 132 CM np~ Bb!CaAKe ny4Ka 
nOA yrnoM a= 100 MpaA B reoMeTp~~ o6ny4eH~fl A/a,6/ ~ 
5/s,r/, a,s - Anfl 4epH~x, cep~x ~ penfiT~B~CTCK~x TpeKos; 
6,r - Anfl cep~x ~ penf!T~B~CTCK~x TpeKOB. 
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M3MEPEHMR nOPOrOBWMM AETEKTOPAMM 

0THOCHTenbH~e H3MepeHHR nnOTHOCTeA nOTOKa 4aCTH4 C 3Hep­
rHeA E :--- 20 M3B 8~nonHeHbl c nOMOlllbJO aKTH8a4HOHHbiX AeTeKTopo8 
Ha OCH08e peaK4HH 12 C(x,xn) 11C. Ha PHC. 5 H 6 npeACTa8neHbl 
pac4eTHble pacnpeAeneHHR nnaTHOCTeA noToKa 4acTH4 c E -20 ~bB 
H 3KcnepHM€HTanbH~e pe3ynbTaT~, HOPMHp08aHH~e Ha paC4€THYIO 
KPH8YJO, nony4eHH~e AnR yrna a=35 MPaA H reoMeTpHA A H 5. 
Ha6nJOAaeTCR xopowee cornacHe 3KcnepHMeHTanbH~x H pac4eTH~x 
pacnpeAeneHHA. 

32 
noporo8~e A€T€KTOp~ 6~CTp~x HeATpOH08 Ha OCH08e cep~ S 

6~nH OTrpaAYHP08aH~ 8 H38€CTHOM cneKTpe H3ny4eHHR peaKTOpa 
MPT-2000 141

. Pac4eTH~e 3Ha4eHHR nnoTHOCTH noToKa HeATpOH08 
s 3Hepren14€CKOM AHanaaoHe 3< E < 25 M3B nony4eHbl 8 npeAno­
no>KeHHH, 4TO cneKTp HeATpoHos f(E) -E -Fl AnR 8cex paccMaT­
pHsaeM~x cneKTpo8, nony4eHH~e 3Ha4eHHR j3 6nH3KH K 1 H s cpeA­
HeMFl=0,9+0,2. Ha pHc. 7,8 cpasHH8aJOTCR pac4eTH~e H 3KcnepH­
MeHTanbHble pacnpeAeneHHR npH yrne BbiCaAKH 4aCTH4 a= 100 MpaA 
/reOMeTpHR o6ny4eHHR A H 5 COOTBeTCT8€HHO/, aHa pHC. 9,10-
npH yrne a= 35 MPaA. 

Ma pHc. 7-10 8HAHO, 4TO Aa>Ke npH TaKoM npocTOM cnoco6e 
04eHKH noToKa 6~cTp~x HeATpOH08 Ha6nJOAaeTcR xopowee corna­
cHe Me>KAY pac4eTH~MH H 3KcnepHMeHTanbH~MH senH4HHaMH. KpoMe 
Taro, 3TO 06CTORTenbCT80 KOC8€HHO nOAT8€P>KAaeT npa8HnbHOCTb 

v v E /51 C pac4eTa cneKTpa H€HTPOHOB C 3HeprHeH 8b1We I!Op ono-
CTasneHHe senH4HH nOTOKOB, H3MepeHH~X yrnepOAH~MH H cepH~MH 
A€T€KTOpaMH 1 noKa3~8aeT, 4TO B MaKCHMyMe pacnpeAeneHHA 
<f>t~<f>328::10, a B APYri-1X T04KaX 3TO COOTHOW€HI-1e 6ni-13KO K 1. 

Xopowee cornac1-1e 3Kcnepi-1MeHTanbH~x 1-1 pac4eTH~x AaHH~x 
n0380nReT I-1Cnonb3oBaTb paC4€THYIO M€TOAI-1Ky151 AnR nporHo-
3MpoBaHMR paA1-1a41-10HH~X noneA 8 3neMeHTaX CTPYKTyp~ B~CoKo-
3HepreTH4€CKI-1X ycKopi-1Tene~. 

B 3aKnJ04eHHe asTop~ 8~pa>KaJOT 6naroAapHoCTb B.M.BonKosy, 
E.A.KnelljeHKo, H.H.Py6nesy, ~.B.CeMeHosy, B.A.rpl-1ropbesy, 
H.A.EHrosaTosy, 5.A.3enbA1-14Y, O,M.HeraHoso~, A.B.ny4Kosy, 
A.H.CMHM4HHy,B.B.CM!-1pHosy, r.H.CTapWHHOBoA 3a noMOlljb npM 
npoBeAeHI-11-1 I-13MepeHM~. 
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P~c. 5. PacnpeAeneH~e nnoTHOCT~ noToKa 4aCT~4 c E > 20 M3B Ha pa3n~4H~x paccTORH~Rx oT oc~ 
ycTaHOBK~ p e nnocKocT~ x z - I a/ ~ y z - /6/ np~ BbiCaAKe ny4Ka noA yrnoM a = 35 MPaA B reo­
MeTp~~ o6ny4eH~R A. *) - T04Ka HOPM~POBK~ Ha pac4eTHY~ Kp~ey~. To4K~ - ~3MepeH~R AeTeKTopoM 
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noA yrnoM a oo 35 MPaA. 
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P~c. 7. PacnpeAeneH~e nnDTHOCT~ noToKa 6~cTp~x He~TPOHOB 
ycTaHOBK~ B nnOCKOCT~ XZ /a/ ~ yz /6/ np~ B~CaAKe nl4Ka 
o6ny4eH~~ A. To4K~- ~3M~eH~~ AeTeKTopoM Ha ocHose · 2 s, 
}-p=11,5 CM;!-p=16 CM;2-p=22 CM. 

Ha paan~4H~x paccTO~H~~x OT oc~ 
noA yrnoM a =1 00 MPaA e reoMeTp~~ 
Kp~Bble - paC4eT. f- p=6, 5 CM; 
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P~c. 8. To me, 4TO ~ Ha p~c. 7, s reoMeTp~~ o6ny4eH~~ 6 np~ s~caAKe ny4Ka 

nDA yrnoM a =100 MpaA. 
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P~~tc. 9. To ~e, 4TO 111 Ha pv.c. 7, s reoMeTPiillil o6ny4eHIIIR A np111 BbiCaAKe ny4Ka 

noA yrnoM a~ 35 MPaA. 
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P~~tc. 10. To me, 4TO 111 Ha p~~tc. 7, s reoMeTPiillil o6ny4eH~~tR 5 np~~t s~caAKe ny4Ka 

noA yrnoM a= 35 MPaA. 
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