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3aH~ee n.H. H A~· 16 . 12266 
~ccne~oeaH~e npocTpaHCTBeHH0-3HepreTH4ecKoro pacnpe,qeneHHR 
H3Jly4€HHR B 3Jl€M€HTaX CT~yKTyp~ BWCOK03HepreTH4€CKHX 

ycKOPHTeneH /MaKeTHwG 3kcnepHMeHT/. YacTb iv. MaMepeHHe 
A030BWX pacnpeA€I1€HH~ C HCnOIIb30BaHH€M HOHH3a4HOHH~X KaMep 
H TepMon~MHHeC4€HTHWX A03HMeTpoe 

nony~eHa 3KCnepHMeHTaDbHaR HH¢OpMa~HR 0 xapaKTepHCTHKaX nonA 
H3JlY4€HHR, B03HHKa~~ero npH noTepRX Ha HOHOnpOBOA€ npOTOHHOrO ny4Ka 

c 3HeprHe~ 7,5 raB. McnonbayeTCR 3KCnepHMeHTanbHaR ycTaHOBKa, HMHTH
pytOtqaR ,qHnO!lbHbl~ MarHHT ycKopvnenR. 

npH'30AHTCR M€TO,QHKa H3M€P€HHR noriiOUI€HHOH A03bl HOHH3aU,HOHHbiMH 

KaMepaMH H TepMODIOMHHec~eHTHbiMH A03.,MeTpaMH. OnHCaH cnoco6 rpaAYHPOBK"' 
AeTeKTopos. 

HsMepeHbl pacnpe,qeneHHA nornoU~eHHOH AD3bl e 3KcnepHMeHTa!lbHoH 
ycTaHOBK€ np\.1 pa3JlH4HbiX nOTepRX ny4Ka Ha HOHOnpOBOA€. nony4€HO, 4TO 

,Q030Bbl€ Harpy3KH Ha MarHHTbl CyuteCTBeHHO 3aB~CRT OT pacnpe.QeJleHHR 

nOTf"['b no ancpTypHOMy yrny H yrnos BbiCaAK"' ny~Ka Ha HOHOnpOBOA. npH 
3TOM MaKCt-1MallbHble Haipy3KH OnpeA€11RIOTCR 8 OCHOBHOM 3apR)f(eHH~Mit1 BbiCOK0-

3HepreTit14eCKHMH 4aCTH4aMH. 

Pa6oTa BblnOnHeHa B na6opaTOPHH BbiCOKHX 3HeprH" 01-UlM. 

Coo6weu~e 06bellHH9H<!Ol'O HHCl'Hl'yTa sutepHbiX nccnenoaanni!. Lly6ua 1979 

Zaitsev L.N. et al. 16 - 12266 
Investigation of Space-Energy Distribution of Radiation 
in Structure Elements of High-Energy Accelerators. 
Part 4. Measurement of Dose Distributions by means 
of Ionization Chambers and Thermoluminescent Dosimeters 

Experimental information on radiation field characteristics 
appearing at losses on 7.5 GeV proton beam ionconductor has been 
obtained, 'Experimental setup imitating an accelerator dipole mag
net is used. Methods of measurements of absorbed dcse by ionization 
chambers and thermoluminescent dosimeters is described. Distribution 
of absorbed dose in experimental setup were measured at various beam 
losses on the ionconductor. It is shown that the dose magnet load 
sognificantly depends on loss distributions over aperture angle 
and beam settling on the ionconductor. Maximum loading is determined 
chiefly by charged high energy particles. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06bellHH9HHblil HHCTHTYT RJJepHbiJC HCCneaOBBHHil J1y6HB 

HaMepeHHe 3HeproB~AeneHHR oT M3ny4eHHR s~coK03HepreTH-
4eCKHX YCKOpMTene~ CBR3aHO CO 3Ha4MTenbH~MM TPYAHOCTRMH. 
KanopHMeTPHR s nonRx pacceRHHoro H3ny4eHHR 04eHb cnomHa 
H Tpe6yeT paapa60TKH cne~ManbH~X MeTO,[IMK H YHHKanbHOrO o6o
PYAOBaHHfl I 11. 

KaK npasHno, H3MepeHHe pa,[!Ma~HOHH~x HarpyaoK ocy~ecTBnR
eTcR C nOMO~b~ MOHH3a~HOHHbiX, n~MHHeC~eHTHbiX MnH XHMH4eCKHX 
MeTO,[IOB ~03MMeTpHH, a TaKme nyTeM BOCCTaHOBneHHfl cneKTpanb
HbiX XapaKTepMCTMK nonR H3ny4eHHfl aKTMBa~MOHHbiM MeTO,[IOM 

c nocne~y~~e~ o~eHKO~ A03bl no nepexOAHbiM K03~~M~HeHTaM. 
npH 3TOM 

11
0TKnMK 11 ,(leTeKTOpa, H3MepeHHbl~ TeM HnH HHbiM cno

C060M, MOmeT Cy~eCTBeHHO OTnH4aTbCfl OT peanbHO~ XapaKTepH
CTHKH ,[1030BOrO nonR B MHTepecy~~eM Hac Be~eCTBe.CpaBHeHHe 
pa3nH4H~X ~03MMeTpOB, npHMeHReM~X B npaKTHKe M3MepeHH~ 

none~ H3ny4eHHfl, C03~asaeM~X B~COK03HepreTM4eCKMMH YCKOpH
TenRMH, o6HapymHno 3Ha4HTenbHoe pacxom,(leHHe Hx noKa3aHH~ 
Mem,(ly C06o~121 . 3TO npMBO,[IHT K He06XO~MMOCTH T~aTenbHO~ 
KanH6pOBKH ~eTeKTOpOB B nOnRX H3ny4eHHfl, 6nM3KMX K paccMaT
PHBaeM~M B 3KCnepHMeHTe. 

B AaHHO~ pa6oTe AnR M3MepeHHR xapaKTepHCTHKA03osoro nonR 
B yCTaHOBKe 1 ~0,[Ienb 11 /3/ npMMeHRnMCb HanepCTKOB~e HOHH3a

~HOHH~e KaMep~ M TepMOn~MMHeC~eHTH~e ,[103HMeTp~ Ha OCHOBe 
LiF. 

H3MEPEHHE HOHH3AUHOHHWMH KAMEPAMH 

HoHH3a~HOHH~e KaMep~ H3 naTyHH c paaMepaMM saKYYMHO~ 
nonOCTH - 1 CM H pa604HM 06beMOM - 0, 4 CM 3 HaXO,[!HnHC b B He
nocpe,[!CTBeHHOM KOHTaKTe C MaTepHanOM 3KcnepHMeHTanbHO~ YCTa
HOBKH /pHC. 1/. 

CHrHanCKaMepbl no,(lasancR Ha npe,(lycHnHTenb npH6opa Y1-7 
/pHc. 1/, ~opMHposancR npH6opoM H 3aTeM perHcTpHposancR 

c noMO~b~ wne~~osoro oc~Hnnorpa~a. BenH4HHa perHCTPHPY~~ero 
cHrHana perynHposanacb c noMo~b~ BXOAHOro conpOTMsneHHR 
npH6opa Y1-7, a TaK~e Mara3HHa WYHTOB H conpOTHBneHH~ 
B 3neKTPH4eCKO~ ~enH wne~~osoro oc~Hnnorpa~a. BenH4HHa pa-
6o4ero 3Ha4eHHfl U 8 ,npHnomeHHOro K B~COKOBOnbTHOMy 3neKTPOAY 
HOHH3a~HOHHO~ KaMepbl, Bbl6paHa Ha nnaTO BOnbT-aMnepHO~ xa-

paKTepHCTHKH KaMep~ M cocTasnReT -300 B. 
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P~c. 1. 6noK-cxeMa ~3MepeH~A ~oH~3a~~OHH~M~ KaMepaM~: 1 -
8~COK080nbTH~W 3neKTPOA 1 2 - C~rHanbH~W 3neKTPOA 1 3 - oxpaH
H~W 3neKTPOA

1 
4 - 8~COK080nbTH~W Ka6enb, 5 - c~rHanbH~W 

Ka6enb, 6 - cTanbH~e 3arnywK~, 7 - ~3onRTOp, 8 - 3arnywKa, 
9 - MaTep~an ycTaH08K~ "t1oAenb 11

• 

norno~eHHaR A03a 86n~3~ 8aKyyMHOW nonocT~ nponop~~oHanbHa 

nno~aA~ noA KP~8ow, on~c~8a~~eA TOK08~A c~rHan ~OH~3a~~oH
HOW KaMep~: 

D = K. (' /1/ 

rAe f = s · k (Rc ,R 111 )/ R sx; K - Ko3¢¢~~~eHT a6con~THOW 
rpaAY~P08K~ ~OH~3a~~OHHOW KaMep~; s- nno~aAb nOA Kp~80W 1 
on~cbl8a~~eR TOK08~~~~ c~rHan; k ( R c, R m) - K03¢¢~~~eHT yc~
neH~R c~ rHana wneR¢08biM oc~~nnorpa¢oM; R c , R111 - ~en~4~Ha 
nepeMeHH~x conpoT~8neH~R 8 Mara3~He wyHT08 ~ conpoT~eneH~R 
~neR¢oeoro oc~~nnorpa¢a; R 8x - BXOAHOe conpoT~eneH~e np~-
6opa Y1-7. 

Ko3¢¢~~~eHT yc~neH~R k (R C'Rlll ) MO~eT MeHRT bCR np~6n~3~
T.;;,nbHO a 103 pa3 8 3ae~c~MOCT~ oT 8en~4~Hbl R c ~ R w ~ on
peAenReTcR C norpeWHOCTb~ He xy~e 1%. 0THOC~TenbHaR rpaAy~
p08Ka ~OH~3a~~OHH~X KaMep, ~CnOnb3yeM~X 8 3KCnep~MeHTe, 
noKa3ana ~x ~AeHT~4HOCTb 8 npeAenax norpewHOCT~ 5%. CyM-

4 

MapHaR norpewHOCTb ~3MepeH~R 8en~4~H~ f, onpeAenReMoA 8~pa
~eH~eM /1/, He npe8~waeT 10%. 

A6con~THaR rpaAy~p08Ka ~OH~3a~~OHH~x KaMep 6~na 8~nonHeHa 
8 3Kcnep~MeHTe no raweH~~ ny4Ka. ny40K npoTOH08 rac~ncR 

8 CTanbHOM MaCC~8e ycTaH08K~ 11MOAenb 11
1 KaK noKa3aHO Ha 

p~c. 2. Ocb ny4Ka ne~ana 8 nnocKOCT~ YZ np~Y=19 eM, 
a ~eHTP 4Y8CT8~TenbHOrO 06~eMa ~OH~3a~~OHHOW KaMep~ - np~ 

Y= 18 eM. Cpa8HeH~e pe3ynbTaTo8 3Kcnep~MeHTa ~ pac4eTa 
/p~c. 2/ no39on~no 8~6paTb K03¢¢~~~eHT a6con~THOW rpaAy~
po8K~K, KOTOp~W ~ ~CnOnb308anCR 8 AanbHeWW~X ~3MepeH~RX. 

H3MEPEHHE TEPMOn~MHHECUEHTH~MH A03HMETPAMH 

TepMon~M~Hec~eHTH~e A03~MeTp~ /TnA/ w~poKo np~MeHR~TCR 
8 npaKT~Ke per~cTpa~~~ norno~eHHOA 3Hepr~~ Ha 8~COK03Hepre

T~4ecK~x ycKop~TenRx. "OTKn~K" A03~MeTpa cy~ecT8eHHO 3a8~

c~T OT T~na TnA ~ xapaKTep~cT~K nonR ~3ny4eH~R. 0cH08H~M~ 
npe~My~eCT8aM~ np~MeHeH~R TnA R8nReTCR Man~W pa3Mep, OTCyT
CT8~e COeA~H~TenbH~X np080A08 ~ npOCTOe o6cny~~8aH~e. 

B AaHHOW pa6oTe ~cnonb308an~cb ~ A03~MeTpbl VA-S-200 
Ha ocHo8e LiF, ~ ycTaH08Ka AnR TepMon~M~Hec~eHTHoA A03~MeT
P~~ VA-M-30 /Ape3AeH, rAP/. Kon~4eCT80 ¢rop~cToro n~T~R 

Ha OA~H A03~MeTp COCTa8nRnO 50 Mr, pa3Mep non~3T~neH08~X 
Kancyn - o8,5 MM X 3,5 MM. YcTaH08Ka VA-M-30 ~MeeT n~Hew
H~e xapaKTep~cT~K~ no A03e 8 A~ana3oHe 1-1000 paA. 

Kan~6po8Ka A03~MeTpa no 3TanOHHOMY np~6opy /803Ayxo-
3K8~ 8aneHTHaR ~10H~3a~~OHHaR KaMepa VA- J -18 I 8 pa3n~4Hb1X 
nonRX ~3ny4eH~W nOKa3ana, 4TO rpaAy~pOB04H~W K03¢¢~~~eHT 

D :~Ta.IIOH 
K-- R8nReTCR nocTORHHOW 8en~4~How 8 npeAenax 

DTJI,a * 
norpeWHOCT~ - 10%. rpaAY~P0804HbiW K03¢¢~~~eHT K 88eAeH 
8 Ka4eCT8e nOCTORHHOrO MHO~:~TenR 8 noKa3aH~R nepeC4eTHOrO 
np~6opa YA-M-30, ~. TaK~M o6pa3oM, 8 nonRx 3apR~eHH~x 
4aCT~~ ~ raMMa-K8aHT08 ~3MepeH~e TnA 3K8~8aneHTHO ~3MepeH~~ 
803AYX03K8~8aneHTHO~ ~OH~3a~~OHHOW KaMepow. 

06ny4T.Hre TnA 8 cMewaHHOM none ~3ny4eH~R peaKTopa 
HPT-2000 4 MH¢H noKa3ano, 4TO OH~ 3aH~~qiOT _A03y oT HeAT-

- * Kan~6p08Ka TnA npoBOA~nacb COTPYAH~KaM~ na6opaTOp~~ 
RAePHbiX npo6neM OHRH Ha ny4Kax npoTOH08 c 3Hepr~ew 100, 200, 
400 ~ 600 M3B, 8 ~3MepeH~Rx Kp~8oR 6p3rra AnR npoTOH08 
~ rr-Me30H08 1 a TaK~e Ha peHTreHOBCKOW ycTaHOBKe ~ ~30TOn

HOM ~CT04H~Ke 137Cs. 
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PHc. 2. rny6HHH~e pacnpeAeneHHR norno~eHHO~ A03~ B cTanbHOM 
MaCCHBe B nnOCKOCTH (YZ) npH Y =19 CM /KpHBaR 1/, Y = 18 CM 
/KpHBaR 2/ H Y = 17 CM /KpHBaR 3/. 0 - pe3yflbTaTbl H3MepeHH~ 
HOHH3a4HOHH~MH KaMepaMH, HOPMHPOBaHH~e Ha pac4eTHY~ KpH
BY~ 2, 1 - RpMO MarHHTa, 2 - 06MOTKH, 3 - CTeHKa HOHOnpoeo
Aa, 4 - 4eHTp raweHHR ny4Ka. 
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TJI~ POHOB no cpaBHeHH~ C TKaHeBO~ A03ol)f H Dn /QCH2:: 0,3, 
/5; n 

4TO cornacyeTcR c AaHH~MH pa6oT~ ·. 
CneKTp Hel)fTpOHOB B MecTe H3MepeHHI)f AnR 3HeprHI)f He~TPOHOB 

E< 0,1 M3B 6nH30K K-liE, a npH 6onee Bb+COKHX 3HeprHRx 
npaKTH4eCKH co8naAaeT co cneKTPOM AeneHHR. 

Pe3ynbTaT~ H3MepeHHA npeAcTa8neH~ 8 Ta6nH4e. 

Ta6nH4a 
/4/ 

Pe3ynbTaT~ KanH6po8KH TnA Ha peaKTope HPT-2000 

<l>n 

/E--'0, 1 M3B/ 
-2 H•CM 

<I>n Dn, paA 
/E > 2,65 M3B/, 

-2 H•CM 
8 CH 2 

/7,5~0,5/.10 10 /2,1~0,1/.10 10 340+20 

Dy, paA DT.Il/1' paA 

8 CH 2 

460+30 550+20 

Pe3ynbTaT~ H3MepeHHI)f noporo8~MH AeTeKTOpaMH Ha OCH08e 
32g H 1~ 151 no3BOnR~T npoeepHTb TaK)I(e npHMeHHMOCTb AflR 
04eHOK A03~ 3MnHpH4eCKOrO COOTHOWeHHR, peKOMeHAOBaHHOro 
a pa6oTe 16 1

: 

D=3·10-8 c!J t6·10-8 <t> /2/ c s 
rAe D- norno~eHHaR A03a a paAHaHax; $c H ~s - noTOKH 
H3fly4eHHR, H3MepeHH~e yrnepOAH~M H cepH~M AeTeKTOpaMH CO
OTBeTCTBeHHO. 

Pe3ynbTaT~ H3MepeHH~ noKa3~ea~T, 4To noKa3aHHR TnA cy
~ecTBeHHO 3ae~wa~T eenH4HHY norno~eHHOA A03~ B )l(ene3e, 
onpeAeneHHY~ C nOMO~b~ KepMa-~aKTOpoe 15 ,7 1 . 0AHaKO OHH BnOnHe 
npHMeHHM~ B nonRX H3fly4eHHR C 60nbWHM COAep)l(aHHeM 3apR)I(eH
H~X 4aCTH4. no-BHAHMOMy, B paCCMaTpHBaeM~X HaMH YCflOBHRX 
H3MepeHHI)f CYMMapH~~ 3~~eKT OT He~TpanbH~X H 3apR)I(eHH~X 4ac
TH4, H3MepeHH~I)f TnA, 6yAeT 6nH30K K eenH4HHe A03~, norno
~eHHOI)f a MaTepHane THna )l(ene3a 161 . 

Ha pHc. 3-6 npl-1BeAeHo cpaeHeHHe AaHHbiX pac4eTa H H3Me
peHH~ HOHH3a4HOHH~MH KaMepaMH H TnA B reoMeTpHRX A H 5 npH 
BbtCaAKe npoTOHHoro ny4Ka noA yrnaMH a= 100 H 35 MPaA. Hcnonb-
30BaHHe COOTHOWeHHR /1/ nOKa3~BaeT, 4TO nony4eHHaR BeflH4HHa 
cy~eCTBeHHO npee~waeT H3MepeHHe 3Ha4eHHR A03~ TaM, rAe 
COOTHOWeHHe <l>c/<1>8 ::1. 3TO rOBOpHT 0 nepe04eHKe 8KnaAa 8 A0-
3y HH3K03HepreTH4eCKHX HeATpOHOB. no-BHAHMOMy, COOTHOWeHHe 
/1/ npHMeHHMO nHWb AnR 04eHKH TKaHeeoA A03~ 3a 3a~HTOA 
B~COK03HepreTH4eCKHX yCKOpHTenel)f. 
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no):IBOJ:Ifl IHOrl-1 l.II-1Kny I-1CCne):IOBaHI-1Ci /S,B/ Ha ycTaHOBKe 
"MoAenb"- reoMeTp!-14ecKoC1 KOnl-11-1 ceepxnpoeoAflll1ero Al-'!nonfi,
MO~Ho C):lenaTb PfiA B~BOJ:IOB: 

a/ eenV14o.-~Ha A030BbiX Harpy3oK Ha o6MOTKI-1 A1-1nonbHoro Mar
HI-1Ta CYU1eCTBeHHO 3aBI-1CI-1T OT pacnpe):leneHV1fl noTepb no anep
TYPHOMy yrny 1-1 yrna B~Ca):IKI-1 npOTOHOB Ha 1-'!0HOnpOBOJ:Ii 

6/ eeni-141-'!Ha 3Heproe~AeneHI-1fl e flpMe cna6o 3aBI-1CI-1T oT 
s~weyKa3aHH~X napaMeTpos; 

e/ nornoll1eHHafl J:I03a s o6MOTKax MarHV1TOB Ha -70% onpe
AenfleTCfl 3apfi>KeHHbiMI-1 4ac Tl-'!l.laMI-1 c E > 20 M38; 

r/ BKna):l B A03Y OT HI-13K03HepreTV14eCKI-1X He~TPOHOB He-
3Ha4V1TeneH,I-1 n03TOMy V1M MO~HO npeHe6pe4b B npaKTI-14eCKI-1X 
Ol.leHKax. 
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B 3~Kn~4eH~e aeTop~ np~aHaTenbH~ E.A.Kne~eHKO, H.M.Py6-
neey, 6.A.3enbA~4y, A.B.ny4Koey, O.M.HeraHoeo~, B.B.CM~PHO
ey, 6.A.4epH~weey aa noMO~b np~ npoeeAeH~~ 3Kcnep~MeHTa. 
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