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fpe6HHHHK B.r. 11 np. Pl3 - 11870 

liccnenoaaHIIe nponopuHoHanbHoro c'!eT'IIIKa BbiCoKoro naaneHII<I, 
aanonueuuoro CMeCbiO aproua H Kceuoua, npH HII3KIIX TeMnepaTypax 

liccnenoaaua pa6oTa nponopuHouanbHoro cqeT'IHKa np11 naaneHH<IX pa6o
j'Iero raaa no 100 aTM 11 nOIIH)KeHHH TeMnepaTypbi no 125 °K nn<I BbiSIBneHH<I 
paKOHOMepHOCTelf nponOpU!IOH8llbHOro pa3MHO)KeHHS! 3ll8KTpOHOB npH 6onbUIHX 
innoTuocTSIX pa6oqei\ cpeAbi. Pa6oqee seUieCTBo cqeT'IHKa - aprou 11 0,5% KCe 
HOHS, AHBMeTp KaTona - 6 MM, auona - 20 MKM, f1pHBOnstTCSI aMnnHTyAHbie 
xapaKTepHCTHKH npHoopa. f1oKa3aHO, 'ITO nnst nponopUHOHanbHOro C'leT'IHKa 
BbiCoKoro naaneHHst npH HH3Koi\ TeMnepaType pa6oqero aeUieCTBa no6aaKa 
iKCeuoua a aprou npenno'ITHTenbuee MeTaua: noHIIA<aeTCSI pa6oqee uanp<I)KeHHe 
C'!eT'IHK8, yny'IUIBeTCSI 3HepreTII'IeCKOe pa3peUieHIIe, MaKCHManbHblll K03¢<jlHUH
eHT ra30BOrO ycHneHHS! yaenii'IIIBBeTCSI ( B neCSITKH p83) II He TaK CllllbHO 
raBHCHT OT TeMnepaTypbl, 

Pa6oTa BbmonHeHa B na6opaTopHH <InepHblX npo6neM Ol1Hl1. 

Coo6rneu11e 06helli!HeHHOro I!HCTHTyTa HnepHbiX HccnenoeaHI!ii. ily6ua 1978 

Grebinnik V.G. et al. Pl3 - 11870 

Investigation of High Pressure Proportional 
Counter,Fill•d with Xenon-Argon Mixture, at Low 

Temperatures 

The performance of a proportional counter at gas pre
ssure up to 100 atm and temperature ranging from room to 
125 K is investigated to reveal the gas amplification 
regularities at high working matter densities. The counter 
cathode and anode diameters are 6 mm and 20 mKm, respecti
vely, and filling is 95.5%Ar + 0.5%Xe gas mixture. It is 
found at low temperatures that aduition of xenon to argon 
is preferable compared to methan for the gas proportional 
counter at high working matter density, because of a 
higher energy resolution and maximum gas amplification 
factor increasing (approximately by an order) and its 
less dependence on temperature. 

The investigation has been performed at the Laborato 

ra of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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Hccne~oaaHHe ycnoBHB perucTpauuu qacTHUB KOH~eH-
/1.3/ 

cupoaaHHOM aproHe noKa3LIBaeT, qTo KaK ~nJI )I(H~Koro, 
TaK H ~nB TBep~oro aproHa xapaKTepHLIM JIBnBeTCJI HOHH-
3aUHOHHLIB pe)I(HM pa60TLI, KOr~a HMnynbC Ha BLIXO~e 

cqeTqHKa o6ycnoaneH c6opOM CB060~HLIX JneKTpOHOB, B03-
HHKalOW,HX B pe3ynbTaTe HOHH3aUHH qaCTHUeB, npoxo~BIUeB 
qepe3 o6oeM cqeTqHKa. IlonLITKH nonyqHTb nponopuuo
uanbHLIB pe)I(HM B cqeTqHKe, 3anonHeHHOM )I(H~KHM a pro-

6 HOM, noKa3anu, qTo npu nonBx -2·10 B/cM B cqeTqHKe 
Ha6niO~aiOTCJI ycuneHHLie HMnynbcLI c He3HaquTenbHLIM 
pa36pocoM no aMnnHTY~e' 1 ~ Ha6nw~aeMLIB J«WleKT yKa3LI
aaeT Ha TO, qTo B cqeTqHKe OTCYTCTByeT nponopUHOHanb
HOe pa3MHO)I(eHHe JneKTpOHOB, HO OH pa6oTaeT B pe)I(HMe, 
uanOMHHaiOIUeM pe)I(HM reurepa- MIDnnepa c HH3l<OB, O~Ha
KO, J«WleKTHBHOCTblO perucTpauuu qacTHU. TaKoi pe3KHB 
nepexo~ OT HOHH3aUHOHHOrO pe)I(HMa K pe)I(HMY rearepa
MIDnnepa a )I(H~KOM aproHe MO)I(HO o6'bJICHHTb 6onbWHM 
3HaqeHHeM TaK Ha3LIBaeMoro "BToporo KoJ«WJuuueHTa Tay
uceH~a", onpe~enJIIOIUero 3MHCCHIO JneKTpOHOB H3 KaTo~a, 
KOTOpaJI B03HHKaeT, KaK npaBHnO, no~ ~eBCTBHeM~OTOHOB, 
HCnycKaeMblX B036y)l(~eHHLIMH aTOMaMH HanonHJIIOIUero 
cqeTqHK raJa. 

KaK npe~nonaranocb111 , ~o6aaneHHe K aprouy MHoro
aTOMHoro ra3a, TaKOrO KaK MeTaH, 6y~eT npHBO~HTb 

K CTa6HnH3aUHH npouecca pa3MHO)I(eHHJI JneKTpOHOB B )I(H~
KOB CMeCH TaK )l(e, KaK 3TO HMeeT MeCTO B ra30HanonHeH· 
HLIX cqeTquKax, qepe3 xopowo H3BeCTHLie MexaHH3Mbl: 

a/ ~OTOHbl, HCnycKaeMble B036y~eHHblMH aTOMaMH ap
roua, nornoiUaiOTCB He6onbWHM KonuqecTBOM npuMeCH, 
MoneKynLI KOTopou npu JTOM nu6o ~uccouuupyiOT, nu6o 
HOHH3HpylOTCJI; 
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6/ MeTaCTa6HllhHhle COCTOHHHH aproHa 1 KOTOphle,HC

IIYCKaH raMMa-KBaHT 1 MOryT Bhi3BaTh pa3pH.IJ. B Teqe

HHe - 100 MKC nocne Ha'iallhHOH HOHH3aUHH1 TepHIOT 

CBOIO 3HeprHIO B HeynpyrHX CTOllKHOBeHHHX C MOlleKynaMH 

npuMecu; 

B/ HOHhl Ar+, IIOIIa.IJ.aH Ha KaTO.D. 1 MOryT npHBO.IJ.HTh K 

3MHCCHH 3lleKTpOHOB 1 O.IJ.HaKO llpH HallH'iHH llpHMeCH .IJ.OBOllh

HO nerKO nepe.IJ.alOT CBOH 3apH.IJ. MHOrOaTOMHhlM MOlleKynaM 1 

KOTOphle 1 .IJ.OCTHraH KaTO.D.a 1 .IJ.HCCOUHHPYIOT 1 He Bhl3hlBaH 

BTOpH'iHOH 3MHCCHH. 
'4 I 

Hccne.IJ.oBaHHe nponopuuoHanhHoro c'ieT'iHKa ,3anon-

HeHHoro CMeChlO aproHa C MeTaHOM 1 llpH BhlCOKHX .IJ.aBneHH

JIX /.IJ.o 100 amM./ H HH3KHX TeMnepaTypax noKa3hlBaeT 1 

O.IJ.HaK0 1 'ITO HCIIOllh30BaHHe CMeCH aproHa C MeTaHOM He 

1103BOllHeT CyiUeCTBeHHO IIOBhlCHTh llllOTHOCTh pa6oqeii cpe

.IJ.hl C'ieT'iHKa nyTeM CHH)I(eHHJI TeMnepaTyphl C COXpaHeHHeM 

npu 3TOM nponopuuoHanhHOro pe)I(HMa. llpu noHH)I(eHHH 

TeMnepaTyphl CMeCH aproHa C MeTaHOM MaKCHMallhHhlH 

.Ko3<}MlluuueHT pa3MHO)I(eHHJI pe3Ko na.IJ.aeT H 1 Hanpawep 1 

.IJ.ll.ll cMecu Ar + 20<1o CH4 npu .IJ.aaneHHH 100 amM a TeMne

paType 205 K /'ITO cooTBeTcTayeT nnoTHOCTH ra3a npu 

MBlleHHH - 200 QTTIM H KOMHaTHOH TeMnepaType/ K03cil

cilHUHeHT e.IJ.Ba npeBblruaeT 10. HaJIH'iHe MeTana /oKono 

0 1 1~/ B TBep.IJ.OH CMeCH aproHa C MeTaHOM 1 HCftO.Jih3yeMOH 

B Ka'ieCTBe pa6oqeii cpe.IJ.bl nponopuaoHanhHoro c'ieTifHKa
13

: 

TaK)I(e He llpHBO.IJ.HT K CTa6HllH3aUHH npouecca pa3MHO)I(e

HHJI 3lleKTpOHOB. 3neKTpOHHble naBHHbl B C'ieT'IHKe Ha6niD.IJ.a

IOTCJI llpH HallpJI)I(eHHH IIO'ITH TaKOM )l(e, KaK H .IJ.llH 'iHCTOrO 

aproHa, llpH 3TOM 3HepreTH'ieCKHH ClleKTp He TaK JICHO 

Bblpa)l(eH, KaK .IJ.llH TBep.IJ.oro aproHa. 

PaHee, npu uccne.IJ.oBaHHH cqeT'IHKOB BhiCOKoro .IJ.aane

HHH1 3anonHeHHhlX CMeChlO aproHa C KCeHOHOM,';) 
1

, 6blll0 

Haii.IJ.eHo, 'ITO .IJ.o6aaneHHe K aproHy He3Ha'iHTenhHoro Konu

qecTBa KCeHOHa /0,5o/o/ llpHBOJ].HT K CTa6HllH3aUHH pa60Tbl 

C'ieT'iHKa1 CyiUeCTBeHHOMY CHH)I(eHHIO pa6oqero HanpH)I(eHHJI 1 
yBellH'ieHHIO MaKCHMallhHOrO K03cllcilHUHeHTa pa3MHO)I(eHHJI 

H ynyqrueHHJO ero 3HepreTH'iecKoro pa3peweHH.H. lby'ieHHe 

npoueccoa HOHH3aUHH B )I(H.IJ.KOH cMecu aproHa c KCeHOHOM ,
6 ' 

IIOKa3biBaeT, 'ITO aMIIllHTY.IJ.a HMIIYllhCOB OT HOHH3HPYIDil\eH 

qacTHUhl B nnocKonapaJUienhHOH KaMepe pacTeT c yaenuqe

HHeM KOHUeHTpaUHH KCeHOHa B CMeCH, .IJ.OCTHrax MaKCHMyMa 
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rrpu KOHUeHTpauuu -1 ,6o/o~ KOTopax nonaranach TaKoii )l(e, 

KaK H B KOH.IJ.eHCHpyeMOH ra30BOH CMeCH. OueHHBaeMOe 

H3 3THX pe3ynhTaToB 3Ha'ieHue cpe.IJ.Heii 3HeprHH o6pa3oaa

HHH napbl HOHOB npHMepHo na 18Cfo HH)I(e 3Hepruu o6pa3oaa

HHH naphl B )I(H.IJ.KOM aprOHe. 

Mhl HJyqanu pa6oTy nponopuuonanhHoro c'ieT'iaKa/.IJ.Ha

MeTp KaTo.IJ.a 6 MM 1 .IJ.HaMeTp ano.IJ.a 20 MKM/ 1 KOTOPhiH 

3aiiOllHJillCJI CMeChlO aproHa H 0,5~ KCeHOHa 1 llpH BbiCOKHX 

/.IJ.O 100 QTTIM/ .IJ.aBneHHJIX H, O.IJ.HOBpeMeHHO, HH3KHX TeM

rrepaTypax. HHTepec npe.IJ.cTaBnJino Bhi.HBneHHe 3aKOHOMep

HOCTeii rrponopUHOHallhHOrO pa3MHO)I(eHHH 3lleKTpOHOB llpH 

3Ha'iHTellhHOM IIOBbiWeHHH llllOTHOCTH pa60'IeH cpeJ].bl H 

BhiJICHeHHe B03MO)I(HOCTH pa3MHO)I(eHHJI 3lleKTpOHOB B )I(H.IJ.KOH 

CMeCH aproHa C KCeHOHOM. 

llonyqenHhie rrpu 3TH X ycnoauxx aMIIllHTY .IJ.Hhle xapaKTe

PHCTHKH C'ieT'iHKa llpHBO.IJ.JITCJI Ha puc. J. llnOTHOCTH ra3a 

llpH .IJ.aBneHHJIX H TeMrrepaTypax 20 amM H 150K, 50 QTTIM 

H 178 K, 100 amM H 205K COOTBeTCTBeHHO paBHhl llllOT-
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HOCTJIM ra3a npH .D,aBneHHJIX 50, 100, 200 0111M H KOM
HaTHOH TeMnepaType. CpaBHHBaJI nonyqeuu~e .D.llJI CMeca 

Ar +0,5~XexapaKTepHCTHKH c xapaKTepli-cTaKaMu H3 pa6oT~ 141 

.D.nJI qacToro aproua a cMeca aproua c MeTaHOM, MO)I(HO 
BH.D.eTL, qTo .D.06aaneuae Kceuoua, no cpaaueuHW c .D,o6aa
neuaeM MeTana, .D,aeT onpe.D,eneuu~e npeHMYI.QeCTBa, no3-
BonJIJI coxpaHHTL nponopuaouanLH~H pe)I(HM npa 6onLwHx 
nnoTHOCTJIX pa6oqeu cpe.D.~ cqeTqaKa. ~o6aaneuae Kceuo
ua npHBO.D,HT K Cyi.QeCTBeHHOMY CHH)I(eHHIO pa6oqero HanpJI
)I(eHHJI cqeTqaKa H ynyqwaeT ero 3HepreTaqecKoe pa3pe
WeHHe, npH 3TOM MaKCHMallLH~H K034MtiHUHeHT pa3MHO)I(eHHJI 
He TaK CHllLHO 3aBHCHT OT TeMnepaTyp~, COXpaHJIJI CBOe 
.D,OBOllLHO B~COKOe 3Haqeuae. 

KaK M~ npe.D,nonaraeM, npaqauou 3Toro JIBnJieTCJI .D,o
nonuaTenLuaJI HOHH3aUHJI aTOMOB KCeHOHa B036y)I(.D,eHH~MH 
aToMaMa aproua, auanoraquo TOMY KaK 3TO HMeeT MecTo 
B CMeca ueoua c aprouoM /"34MtleKT neuuaura"/ c TeM 
OTnHqHeM, qTo B CMeCH aproua C KCeHOHOM B036y)I(.D,eHH~e 
aTOM~ aproua HaXO.D,JITCJI He B MeTaCTa6HnLHOM, a B pe-
30HaHCHOM COCTOJIHHH, noTeHUHan B036y)I(.D,eHHJI KOTOpOrO 
B~We noTeHUHana HOHH3aUHH KCeuoua. CHnLHOe pe3ouauc· 
uoe nornoll(euae raMMa·KBaHTOB B co6cTBeHHOM ra3e npa
BO.IJ.HT K TOMY, qTO npH 6onLWOH nnoTHOCTH pa6oqeu cpe
~. B pe3ynLTaTe MHoroKpaTuoro nornoll(eHHJI a acnycKaHHJI 
pe30HaHCH~X raMMa-KBaHTOB, BpeMJI Cyll(eCTBOBaHHJI 803" 
6y)I(.IJ.eHH~X COCTOJIHHH B 06beMe cqeTqHKa 6y.D,eT onpe.D,e· 
llJITLCJI .D.HcWlY3HeH raMMa-KBaHTOB K CTeHKaM cqeTqHKa
npoueccoM, .D.llHTenLHOCTL KOTOforo, no ueKoTop~M oueu
KaM17; MO)I(eT .D,OCTHraTL - 10- C. 

no- BH.D,HMOMY, npe.D,CTaBllJillO 6~ HHTepec HCClle.D,OBa TL 
B03MO)I(HOCTL pa3MHO)I(eHHJI 3lleKTpOHOB B )I(H.D,KOH CMeCH 
aproua c KCeu·ouoM, O.D.HaKo .D,anLueuwee CHH)I(euae TeMne
paTyp~ npHBO.D,HT K yMeHLWeHHW MaKCHMallLHOrO K03cll· 
cllauaeuTa pa3MHO)I(eHHJI H yxy.D,WeHHW 3HepreTaqecKoro 
pa3peweuaJI cqeTqHKa. npaqauou 3Toro, no-BH.D.HMoMy, 
JIBllJieTCJI B~MOpa)I(HBaHHe KCeHOHa H3 CMeCH npH CHH)I(eHHH 
TeMnepaTyp~. 3TO XOpOWO BH.D,HO Ha pUC. 2 no OTHOCH" 
TenLHOH HHTeHCHBHOCTH "nHKa B~neTa", KOTOp~H o6ycnoB
neH B~neToM H3 o6beMa cqeTqaKa raMMa-KaauTa K -aJny
qeuHJI KCeHOHa.KaK BH.D,HO H3 npHBe.D,eHH~X aMnllHTY.IJ.H~X 
cneKTpoa,nonyqeuu~x npa pa3naqu~x TeMnepaTypax,uo ue-
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Puc.2. CneKmp&l uMnyA&coa, no

Ay'leHH&Ie npu pa3HbiX meMnepamy

pax U HeU3MeHHOM KOAU'IeC1116e 

HanOAHJHOUieZO C'lelii'IUK 2030 

/cMecb Ar +O,Stfo Xej . 

20 40 60 80 100 
HOMEP KAHAfiA 

H3MeHHOM KonaqecTBe ra3a B o6beMe cqeTqaKa,npa TeMne
paType 125 K ocTaiOTCJI TonLKO cne.D.~ 3TOro naKa,qTo yKa-
3~BaeT ua HH3KOe co.D,ep)l(auae Kceuoua B cMecu.3ToT pe-
3YllbTaT HaXO.D.HTCJI B npoTHBOpeqHH C UHcllpaMH,npHBe.D.eH· 
H~MH B pa6oTa~6,S/.D,llJI KOHUeHTpaUHH KCeHOHa B )I(H.D,KOH CMe
CH aproua C KCeHOHOM .no- BH.D,HMOMY ,ua6niO.D,aeMaH B 3THX 

pa6oTax yaenuqeuuaH, no cpaaueuaro c )I(H.IJ.KHM aprouoM, 
HOHH3aUHH COOTBeTCTByeT 3HaqHTellLHO MeHLWeMy CO.D,ep
)l(aHHIO Kceuoua B cMeca, KOToporo, O.D.HaKo, ue.D.ocTaToquo 
.IJ.nH 3cllclleKTHBHOrO llO.D,aBneHHH npouecca BTOpHqHOH HOHH" 
Jauaa a coxpaueuHJI nponopuaouanLuoro pa3MHO)I(eHHJI B 

)I(H.D,KOH CMeCH aproua C KCeHOHOM. 
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B 3aKmoqeHHe aaTopbi 6naro~apRT .6. M .floHTeKopao 
Ja HHTepec K ~aHHoH pa6oTe H rrone3Hhle o6cy)l(~eHHR. 
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