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AncKceea r .n. H np. Pl3 - 11544 

Bnns!Hae panHauuoHHol\ sarpy3KH Ha pa6ory nponopuuoHallhnol\ 

K8Mepbl 

npoaeneiiO 9KCTiepHMeHT8libHOe HCCne):lOB8HHe BllHSIHHSl p8AH8UHOHHOH 

38l"'py3KH H8 TIOBenenHe C'!CT!lb!X XapaKTCplfCTHK nponopUHOH8HbHQl\ KAMepbl, 

BbmonHeHbi pac'!eTbi, Y'lllTbiBaJOmHe BHHIIHHe npocrpaHCTBeHHDI"'O 3apHna 

TIOHO>KHTCHbllhlX HOHOB, B03HHK810il!HX B K8Mepe non neiiCTBHeM 38l"'py3KH 

a nayx KpaiiHHX ynpomaJOillHX npennonoJKeHHSIX o BHne nonSI B KaMepe. Pe3ynb 

T8Tbl pacqeros yaoaneraopnrenbHO col"'nacyJOTCSI c sKcnepHMeHTOM, 

Pa6ora BbinOnHeHa B na6oparopHH SinepHblX npol'ineM Ol..JRI--1. 

npenpl!HT 06'bei!HHeHHOrO HHCTHTYT8 MepHblX IICCflei!OB8HHi!. Lly6H8 1978 

Alexeev G,D. et al. Pl3 - 11544 

Influence of Radiation Loading on the Operation of 
a Proportional Clamber 

The influence of radiation loading on the operation of a pro­
portional chamber is studied. The calculations are performed with 
the account of the influence of space charge of positive ions ap­
pearing in the chamber due to loading in two polar simplifying 
assumptions as to the type of a field in the chamber. The calcula­
tion results agree satisfactorily with expesiment. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 
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HeKoTopble aonpocbl pa6oTocnoco6uocTH nponop:uuo­
uanLHbiX cqeTqHKOB H KaMep B ycnOBHBX BbiCOKOH paAHa· 
:uuouuoi JarpyJKH uccneAoaanucL a pa6oTa:i1·~ B pa6oTe

111 

HJyqanOCb BnHBHHe 4Joua y • H3nyqeHHB Ha K03<ll<llH:UHeHT ra30 • 
aoro ycuneuuB1~ :uunHHAPHqecKoM nponop:uuouanLHOM cqeT· 
quKe.B pa6oTe 6blno o6uapy>Keuo,qTo a nponop:uuouanLHbiX 

KaMe pax c ManbiM war oM I 1 u 2 MM/ uaMOTKH curuanLHbiX 
npoaonoK npu JarpyJKe -104 tlacm./MM 2·c npoucxoAHT no­
TepB 34l<lleKTHBHOCTH KaMepbl BMeCTe C yMeHLWeHHeM aMn· 
nHTYAbi nMnynLca. B o6eux pa6oTax o6uapy>KeHHble 34l<lleKTbl 
06bBCHBnHCb BnHBHHeM npOCTpaHCTBeHHOrO JapBAa nono· 
>KHTenLHbiX HOHOB, B03HHKaiOI:QHX B 06oeMe AeTeKTOpa 
a npo:uecce pa6oTbl. 

IlpocTpaHCTBeHHbiH JapBA, B03HHKaiOI:QuH llOA AeHCTBHeM 
paAHa:UHOHHbiH Jarpy3KH a nponop:uuouanLHOB KaMepe,Aon­
>Ken TaK>Ke oKa3biBaTL anHBHHe ua noaeAeHHe cqeTHOH 
xapaKTepHCTHKH. IlonyqeHHble B AaHHOH pa6oTe 3KCnepHMeH· 
TanLHble pe3ynLTaTbl cpaBHHBaiOTCB C pacqeTaMH, BblllOn· 
HeHHbiMH Ha OCHOBe pa6oT/l •21. 

Hccne~oBaHHB llpOBO~HnHCb Ha CTeH~e, COCTOBI:QeM H3 
O~HOKOOPAHHaTHOH nponop:QHOHanLHOH KaMepbl, TeneCKOna 
H3 ABYX C:QHHTHnnB:QHOHHbiX cqeTqHKOB H KonnHMHpOBaHHOrO 
f3 -ucToquuKa 90 sr. llponop:uuouanLHaB KaMepa 131 HMeeT 

pa3Mep 160x160 MM 2. CuruanLuble npoaonoKH AHaMeTpoM 
50 MKM pacnono>KeHbl C waroM S =10 MM. BbiCOKOBOnLT· 
Hble nnOCKOCTH HaMOTaHbl llpOBOnOKOB AHaMeTpOM 100 MKM 

c waroM 2 MM. PacCTOBHHe Me>KAY BbiCOKOBOnLTHbiMH 
nnOCKOCTBMH 2L =18 MM. 

KaMepa npoAyaanacL raJoaoi cMeCLIO 57tfo Ar +38tfoCHf 
+5£1o(<X;H3)pHl!B npo:uecce H3MepeHHH B WHPOKHX npeAenax 
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H3MeHJinHCb nnOTHOCTb pa,IJ;HaU.HOHHOH 3arpy3KH H nopor 

ycunuTenJI. 

Ha puc. 1 npe,ncTasneHo ceMeiicTBO c'leTHbiX xapaKTe­

pBCTBK AflJI pa3nB'IHOH nnOTHOCTB 3arpy3KB KaMepbl npH 

nopore perucTpau.uu Jnopor=4 MKA. BB,nHo, 'ITO c ysenuqe­

HBeM nnOTHOCTB 3arpy3KB KpBBble Me,nneHHee BbiXO,IJ;.IIT 

E,% 

100 

50 

3,0 ~2 3/t 3,6 3,8 

3 
•-08·10 , 3 
X - 7,7·10 
0 -12,9 ·10 3 

~ -24,2 ·103 

+ -35,4·10 3 

D-542·103 
• 3 

* -89,4 ·10 

---

-1 -1 
C CM 

-1 -1 
C CM 

C- 1 CM - 1 

C-l CM- 1 

c- 1 CM- 1 
-1 -1 

C CM 
-1 -1 

C CM 

4.0 4,2 4,4 4,6 

U, kB 
Puc.l. Ce.weiicmeo C'leiiiHbiX xapaKmepucmuK OA.R pa3AU'1Hoii 
nAOmHocmu paouaijUOHHoii aazpyaKu npu nopoze pezucmpa1.1uu 
Jnopor=4 MKA. 

Ha nnaTO, HO BO BCeX cny'la.IIX ,IJ;OCTBraiOT ypOBH.II CTOnpo· 

u.eHTHoii 3cllclJeKTBBHOCTB. AHanorB'IHble ceMeiicTBa KPBBbiX 

6blnB nony'leHbl DpB HeCKOnbKBX 3Ha'leHB.IIX BenH'IBHbl nopo· 

ra perucTpau;uu B .nuana3oHe Jnop. =/0,5 -:- 32/ MKA. H3 

HBX 6blnB onpe,neneHbl 3aBBCBMOCTB HanpJI)KeHBJI (U 1f2), npB 

KOTOpOM KpBBble ,IJ;OCTBraiOT ypOBHJI 50%-HOH 3cllclJeKTBB· 

HOCTB, oT nnoTHOCTB 3arpy3KB (N) I puc. 2/. H3 pucyHKa 
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cne,nyeT, 'ITO c ysenH'IeHHeM nopora C'leTHble xapaKTepuc­

THKH CTaHOBJITCJI 6onee 'IYBCTBHTenbHbiMH K H3MeHeHHlO 

nnOTHOCTH 3arpy3KH. 

C,nsur C'leTHOH xapaKTepHCTHKH no HanpJI)I(eHmo B Jasu­

CHMOCTH OT nnOTHOCTH 3arpy3KH MO)I(HO paCC'IHTaTb, O,IJ;Ha· 

KO CnO)I(HbiH BH,IJ; nOnJI B KaMepe He no3BOnJieT nony'IHTb 

npOCTble clJopMynbl. Il03TOMY 6y,neM paCCMaTpHBaTb 3TOT 

sonpoc B KpaiiHHX npe.nnono)l(eHHJIX o BH,ne non11 B KaMepe: 

1/ none BOKpyr oT,nenLHoil curHanLHOH nposonoKH cosna­

.naeT C noneM B D;HnHH,IJ;pH'IeCKOM C'leT'IHKe H 2/ none 

B 3a3ope Me)I(.IJ;Y CHrHanbHOH H BbiCOKOBOnbTHOH nnoCKOCTJI" 

MH O,IJ;HOpO,D;HO. PeanbHbiH BH,IJ; nonJI B KaMepe JIBnJieTCJI 

npoMe)l(yTO'IHbiM Me)I(,IJ;y HHMH. 

p aCCMOTpHM BHa'lane D;HnHH,D;pH'IeCKYIO reoMeTpHIO, cne" 

.IJ;YJI B OCHOBHOM pa6oTe 111 · MO)I(HO noKa3aTb, 'ITO B cnyqae 

nOCTOJIHHOH BO BpeMeHH H paBHOMepHOH no ,IJ;nHHe C'leT'IHKa 

3arpy3KH nnOTHOCTb nonO)I(HTenbHbiX HOHOB ~) nOCTOJIHHa 
'4/ 

no BCeMy 06'beMy C'leT'IHKa 
1 

: 

NK 
p ,. 4-;;--q-;- ' 

r.ne N - nnoTHOCTL pa,nuau;uoHHOH 3arpy3KH, 

BOHOB B naBHHe OT OT,nenbHOH 'laCTHU.bl, q 
nnoTHOCTb 3apJI,na Ha carHanLHOH nposonoKe, 

BH)I(HOCTb nonO)I(BTenbHbiX HOHOB. 

/1/ 

K - qacno 

- nHHeHHaJI 

K - no.n-

3neKTpB'IeCKOe none ~HYTPH C'leT'IHKa 6y,neT onpe,ne­

nJITbCJI naHeiiHoii nnoTHOCTLIO 3ap11,na Ha carHanLHoii npo­

sonoKe B npOCTpaHCTBeHHbiM 3apJI,D;OM nonO)I(BTenLHbiX HO­

HOB B o6'beMe C'leT'IHKa: 

r 

E(r)=~(q(N)+e J p(.;)2rr.;d.;l. 
r Ra 

/2/ 

r.ne E (r) - HanpJI)KeHHOCTb non.11 B TO 'IKe c pa,nuycoM r, 
R a - pa,nuyc curHanLHOH nposonoKB, e - 3neMeHTapHbiH 

3apJI,n. 
C y'leTOM clJopMynbl /1/ HHTerpan B /2/ MO)I(eT 6b1Tb 

nerKo Bbi'IHcneH. IlonaraJI r>>Ra' nony'IBM 
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E (r) = 2q(N) 
r 

NKe 
+ .r 0 

2q(N) K 
/3/ 

JHaJI HaDpJI:>KCHHOCTL DOJIJI B cqeTqHKC /3/, MO:>KHO 

DOJiyqBTL <llopMyJiy, CBJI3LIBaiOIQYIO BCJIBqHHY HanpJI:>KCHBJI 

Ha cqeTqHKC C DJIOTHOCTLIO 3apJI,IJ.a q B DJIOTHOCTLIO 

pa.D.BaUHOHHOii 3arpy3KB N 0 BLI6epeM TaKoe 3HaqeuBe q, 
npB KOTOpOM CpC,IJ.HJIJI BCJIBqBHa CBrHaJia C KaMepLI pasHa 

nopory ycBJIBTCJIJI. B 3TOM cnyqae MLI nonyqBM BLipa:>KeHBe 

,IJ.JIJI 3aBBCHMOCTB HanpJI:>KCHBJI DBTaHBJI, HC06XO,IJ.BMOrO ,IJ.JIJI 

nonyqeHBJI 50"-Hoi 3clMiteKTBBHOCTH cqeyq&Ka, OT nnoTHOCTB 

3arpy3KB: 

Rk eKR\ o U ::: 2 q ln - + - • N = U" +~ U 11 '-h R a 4 QK i'2 12 
/4/ 

r,IJ.e U~l COOTBCTCTByeT CJiyqaro npe,IJ.CJILHO MaJIOH 3arpy3KB, 
h 

a 

~u~h -·N ---
4 q K /5/ 

- BCJIHqBHa CMCIQCHBJI cqeTHOH xapaKTepBCTBKB DpH DJIOT· 

HOCTB 3arpy3KB No 
PaccMOTPBM TenepL aonpoc o cMeiQeHBB cqeTHLIX 

xapaKTCpHCTBK 8 npe,IJ.DOJIO:>KCHBB 06 O,IJ.HOpO,IJ.HOM DOJIC 

a 3a3ope KaMepLI. HcnoJIL3YJI aLipa:>KeHBe, nonyqeuuoe 

8 pa60Tel 2 1, CBJI3LIBaiOIQCC HanpJI:>KCHBC Ha KaMepe C DJIOT· 

HOCTLIO 3arpy3KB, MO:>KHO DOJiyqHTL BLipa:>KCHBe, aHaJio­

rBqHOC <ilopMyJIC: 

~u eKD2 '-h= ·N 
QK 

/6/ 

r,IJ.e D - BCJIHqBHa 3a3opa MC)K.IJ.y CBrHaJILHOH B BLICOKOBOJILT· 

HOH DJIOCKOCTJIMB. 

CpaBHBM TenepL <llopMyJILI /5/ B/6/ c 3KcnepBMCHTanL-

6 

J 

I 

{ 

HLIMB ,IJ.aHHLIMH, npBBC,IJ.CHHLIMB Ha puc. 2, DOJiaraJI reoMeT­

p&qecKHC aenBqBHLI Rk B D cao6o.D.HLIMB napaMeT­

paMB. Ko3clMitBUBeHTLI nponopuBoHaJILHOCTB Me:>K.D.Y aenB­

q&HaMB ~TJ '-h B N B 3TBX <ilopMyJiaX ,IJ.OJI)KHLI COOTBCTCTBO· 

aaTL Taureucy yrna HaKJIOHa (a) KacaTeJILHoii K 3Kcne­

PBMCHTaJILHoii KpHBOH B TOqKe N =0 npB Ka:>K.D.OM 3HaqeHBB 

u'-h • KB 

4,8 

4,4 

4.0 

3.6 

1MKR 

F::==~-=:::::====Q.5MKII 
I I I 100 

20 40 fD 80 
N 103 -1 -1 ., "C CM 

Puc.2. 3KcnepuMeH•aAbHble 3aeucuMoc•u Hanp.RxeHu.R (U'h ), 
npu KO.OpOM Ooc•uzae•c.R 5~- Ha.R 3fPfP€K.U6HOC.b, o• 
n.IIO.HOC.U 3azpy3KU (N )o i!UfPpbl OKOAO KpU6biX - nopoz 
YCUAU.eA.R. TOHKUe AUHUU - Kaca•ellbHbl€ K 3KCne­
puMeH•aAbHbiM KpuebiM e •o'4Ke N =0. 

nopora YCBJIHTCJIJI. /llpB N > 0 Ha6JIIO,IJ.aCTCJI HCKOTOpOe 

OTJIBqBe 3KCDepBMCHTaJILHLIX KpBBLIX OT JIBHCHHOB 3aBBCH­

MOCTB. 3TO CBJI3aHO C BCDOJIL30BaHHLIM B pacqeTaX npe,IJ.­

DOJIO:>KCHHCM, qyo pacnpe,IJ.CJICHBC DpOCTpaHCTBCHHOrO 3apJI· 
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.u;a no o6'beMy c'leT'IHI<a onpe.u;enxeTc.ll TonLI<O noneM, 

coJ,ZJ;aBaeMLIM cHruanLHoii npoBonoi<oii. IlpH 3TOM ue y'IHTLI­

BaeTc.ll HCI<a)KeHHe non.ll CaMHM npOCTpaHCTBeHHHLIM Japx­

,ZJ;OMI. 

BenH'IHHLI q H eK B 151 H 161, KaK H a, ,ZJ;OIDKHLI 

onpe.u;emiTLC.Il npH N =0. JIHHeiiHa.ll nnoTHOCTL Japx.u;a Ha 

CHrHanLHOH npOBOnOKe eCTL 

q"' CU 0 
lf2 • 

r.u;e C - eMKOCTL Ha e,ZJ;HHH:UY ,ZJ;nHHLI CHrHanLHOH npOBOnOKH 

IB HaweM cnyqae c =7 ,2 ·10-2 151 I, u~ onpe.u;enxeTCJI 

H3 puc. 2. 
BenH'IHHa eK onpe.u;enxnacL no pe3ynLTaTaM H3MepeHH.Il 

cpe.u;Hero ToKa 1 qepe3 KaMepy no 4JopMyne eK= l. 3Haqe­
N 

HHe eK npH N =0 onpe.u;enxnocL MeTO,ZJ;OM 3KCTpanon.ll:UHH 

B HynL. 

IlO,ZJ;BH)KHOCTL nono:>KHTenLHLIX HOHOB nonaraeM K = 

= 1,3 CM
2 /B·c 161 . 

PeJynLTaTLI o6pa6oTKH 3KcnepHMeHTanLHLIX .u;aHHLIX 

CBe,ZJ;eHLI B ma6AUfiY· BH,ZJ;HO, 'iTO, B TO BpeM.Il KaK BenH'iHHa 

nopora MeHxeTC.Il no'ITH ua .u;Ba nopx.u;Ka I oT 0,5 .u;o 32 M KA/, 
3Ha'ieHH.Il reoMeTpH'ieCKHX napaMeTpoB R k H D .u;nx Bcex 

3Ha'leHHH noporOB npaKTH'ieCKH COBna,ZJ;aiOT C HX cpe,ZI;HHMH 

Jnopor, MKA 
eK(npMN -O),rrK 

q,B 

a,B•CM'C 

Rk. CM 

D. CM 

0,5 
1 ,1 
206 

2,2 
214 

1,45 1,95 
1,25 1,05 
0,63 0,53 

Rk =1,03 CM 

D =0,52 CM 
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Ta6mma 

--
2 4 8 16 32 
4,2 8,2 16 30 55 
222 230 240 250 263 
3,42 5,8012,9 19,8 31,0 x10-3 

1,02 0,97 1,05 0,98 0,92 
0,51 0,49 0,53 0,49 0,46 

Rk =1,03 cM H 5 =0,52 CM. Heci<onLKO 6onLwee OTKnoHe­

HHe R k H D OT Rk H D npH Jnopor =0,5 MKA CB.Il3aHo 

c Tpy.u;HoCTLIO B onpe.u;eneHHH 3I<cnepHMeHTanLHoro HaKnoHa 

KpHBOH Ha puc. 2. 
IlpHMe'la TeneH TOT 4JaKT, 'ITO Tai<He rpy6Lie npe.u;nono)Ke­

HH.Il o BH.u;e nonx B I<aMepe .u;a10T 3Ha'leHH.Il R k H D . He 

CnHWKOM OTnH'IaiO~HeC.Il OT peanLHLIX reOMeTpH'IeCKHX 

napaMeTpOB KaMepLI IL =0,9 CM H s/2=0,5 CMI. 
Bee 3TO yKa3LIBaeT Ha TO, 'ITO npH'IHHOH CMe~eHHJI 

no Hanp.ll)KeHHIO C'leTHOH xapaKTepHCTHKH C H3MeHeHHeM 

nnOTHOCTH 3arpy3KH JIBn.lleTCJI npOCTpaHCTBeHHLIH 3ap.ll,ZI; 

nonO)KHTenLHLIX HOHOB, yqeT BnHJIHHJI KOTOporo He CnHIIi:KOM 

JaBHCHT oT npe.u;nono)KeHH.Il o BH,ZJ;e non.11 B KaMepe. 

3AKJI/OllEHHE 

IlpHBe,ZJ;eHHLie 3KCnepHMeHTanLHLie pe3ynLTaTLI noKaJLI­

BaiOT 3Ha'iHTenLHOe BnH.IIHHe pa,ZJ;Ha:UHOHHOH 3arpy3KH H BenH­

'IHHLI nopora perHCTpHpyro~eii 3neKTpOHHKH Ha nono)KeHHe 

cqeTHoii xapaKTepHCTHKH. 3To Heo6xo,ZJ;HMO Y'IHTLIBaTL npH 

oueuKe pa6oTocnoco6HoCTH nponopuHoHanLHoii KaMepLI no 

pe3ynLTaTaM CTeH,ZJ;OBLIX HCnLITaHHH C HCnOnL30BaHHeM 

pa,ZJ;HOaKTHBHLIX HCTO'iHHKOB, ycnOBHJI npoBe,ZJ;eHHJI KOTOpLIX 

06LI'iHO cy~eCTBeHHO OTnH'IaiOTCJI OT ycnOBHH 4JH3H'ieCKOrO 

3KCnepHMeHTa Ha yCKOpHTene. 

,[l;nJI OQeHKH BenH'iHHLI CMe~eHHJI C'leTHOH xapaKTepHCTH­

KH f1 U 1f2 MO)KHO nonL30BaTLCJI npOCTLIMH npH6nH)KeHHLIMH 

4JopMynaMH 151 H 161. IlpH 3TOM4JOpMynal51 .u;aeT HeCKOnL­

KO 3aHH)KeHHOe, a 4JopMyna 161 - 3aBLIWeHHOe 3Ha'ieHHe 

L\U%. 
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