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iloAOl'OB B.X. · u ap. PI :i · 118o9 
XapsKrepncTI!KH nponopHuonam.HbtX cqcr•ti!IOOB npH BbtcoKux 

AaBnCHI!SIX 

llcc!lellOil8HI>I xapaKTepHCTHKU nponopuuoHanbHoro cqeTY:HKa, nperrnn.:.J

HaqeHKoro llnSI a6conJOTHblX U3Mepcnull 8KTHBHOCTU u.::--JOTOITOB, npu LL'.lL\tlt'!liHlX 

pa6oqero raaa or 5 AO 100 aTM. Pn6o•1ee sewecrno - 'lHCTbllt apt·on, 
a TSK>Ke CMeCb aprona C KCCHOI!OM H MeTaUOM. ilunMeTp KBTOLW C'lCT'lll
KPD- 6, 10 H 14 MM, BIDAa - 10, 16 H 20 MKM, HaftneHO, 'iTO no6aanen11c 
0,5% ICCCIIOHa K 'li!CTOMY apf'OHY npUBOiiiiT K 3HB'IUTe:tbllOMy (npl!MCpiiO 
B 2 paaa) I!OHII~<CHIIJO pa6oqero uanpHlKCHHSI C'leT'II1K8 no Cp8BHelll110 r 'IIIC
TbiM aprOHOM (H TOM 6onee CMeCII aprOHS C MeTaHOM), npn 3TOM YBCilll'lll-· 
BSeTCSI MBXCHMS:lhiLJi\ KOStjl<jJIIUI!eliT ra30BOrO YCIIHCHI!H, 3nepreTH'ICCKOC 
p83peweHHC C'ieT'IHKa - 5,5t-7% (FWHM) nnSI ni!Hflll 59,57 K38 OT )' -IICTO'I
HIIKB 241 Am np11 nanneHIIHX Bt-l 00 arM, Kax noKa3I>IaaJOT pe3ynbl'aThi, unH 
CT86Hn113aUHH pa60TI>I C'leT'IHKB np11 6011J:oWHX llSB.'IeHI!SIX aprOHS uenecoo6-

pa3Hee HC!IOnb30B8Tb ll068BKH KCeiiOHS, 8 He MeTSHa. 

Pa6ora Bbrnonue!la B na6oparopHH SlllepHblX npo6n_eM OYI.S:H1. 

Coo6weHHe 06'ballHHaHHoro HIICTHTyTa llllapHblX uccneaoeaHHli. llyGHa 1978 

Doaokhov v.ch. et al. Pl3- 11869 

Performance of High Pressure Gas Proportional 

Counters 

The performance of gas proportional counters inten

aea to some isotopes absolute activity measurements are 

investigated at a gas pressure ranging from 5 to 100 atm. 
The counter working matter (filling gas) is pure argon 
and the CH4/Ar,Xe/.t\r ,CH4 1Xe/Ar gas mixtures. The 

counter had cathode diameters 6, 10, 14 mm and anode dia
meters were 10, 16, 20 mkm. It is found that an addition 

of 0,5\ Xe to argon results in a considerable decrease 
(approximately by a factor of 2) of working voltage ap

plied to counters, compared to pure argon filling , just 
as maximum gas amplification factor is increased.The coun 

ter energy resolution is 5.5+7% (FWHM) for 241 Am y -quanta 

with the 59.57 keV energy at Ar+O.~"i:Xc mixture prcssurd 

is ranging from 8 to 100 atm. It is shown that it is more 
efficiently to use argon with addition of xenon, but no 
methan for stable working of high pressure gas counters. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 0{)'be11.HHellHblil HHCTHTyT SIP.epHblX llCCilet!OBllHIIH Jlyuua 

• B x~epuoi ~H3HKe cqeTqHKH B~coKoro ~asneuux pa3-

pa6aT~Banucb B OCHOBHOM ~ng a6COlliOTH~X H3MepeHHH 

aKTHBHOCTH H30TonoB, pacna~aJOII.(Hxcx qepe3 K- 3ax

BaT 11 • 21 , ~ng H3MepeHHH HHTeHCHBHOCTH pa~HaUHOHH~X 
nepeXO~OB pa3nHqH~X H30TOnOB

13
•
41

, H3MepeHHB cneKTpOB 

f3 -qaCTHU H aTOMH~X 3lleKTpOHOB, CBB3aHH~X C npouec • 

CaMH KOHBepCHH/5/. Pa~HOaKTHBH~H HCTOqHHK BBO~HTCB B 

o6'heM cqeTquKa nu6o B BH~e ra3oo6pa3HOH ~o6aBKH K ua

nonHJUOII.(eMy ra3y /ra3oB~e ucToqHHKH, MeTannooprauu

qecKHe coe~uueuux/, nu6o B TBep~oM BH~e j4rr-reoMeT

PHJI, MHOrOHHTJIH~e cqeTqHKH C f3- Y ·COBna~eHHJIMH/. 
llpeHMyll(eCTBO B~COKOrO ~aBneHHJI 3~eCb COCTOHT B TOM, 

qTo B~neT peHTreHOBCKHX raMMa • KBaHTOB H3 06'beMa cqeT • 

qaKa MO)KeT 6~Tb c~enau oqeub Man~M. llpu perucTpauuu 

3neKTpouoB I O)Ke- 3neKTPOHOB, 3neKTPOHOB BHyTpeuuei KOH

BepCHH/ C 3HeprHeH ~0 HeCKOllbKHX COTeH K3B npH ~OCTa· 

TOqHo B~COKOM ~asneHHH 3clxlJeKTHBHOCTb perHCTpaUHH 6nH3 • 

Ka K e~HHHUe, H B qyBCTBHTellbHOM 06'beMe cqel'qHKa no· 

rnoll(aeTcx nonuax 3HepruJI qacTHU~. qTo no3BOnJieT uc

nonh30BaTb cqeTqHK KaK cneKTpOMeTp. 

B~coKoe ~asneuue MO)KeT oKa3aTbCJI none3H~M npu 

perHCTpaUHH H30TOnOB C ManOR aKTHBHOCTbiOB MHHHaTJOp· 

u~x nponopuuouanbu~x cqeTquKax, uanpuMep npu perucT

pauuu pacna~oB aTOMOB 71 Ge. B03HHKaiOII.(HX n.ftH B3aHMO· 

~eicTBHH conuequ~x ueiTpuuo B peaKUHH 
1 Ga + v -+ 

-+ 
71Ge + e- 161 . KaK H3BeCTHo, B on~Tax no perucTpauuu 

conuequ~X HeHTpHHO MHHHaTIOpH3aUHJI cqeyquKOB HMeeT 

nepsocTeneuuoe 3uaqeuue, TaK KaK ~ou cqeTquKa uenocpe~

CTBeHHO CBJI3aH C ero pa3MepaMH. B TO )Ke BpeMJI nono

BHHa pacna~oB 71 Ge npoucxo~HT c Bbl~eneuueM 3Hepruu 
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B BH,D;e K -mKe- 3neKTpOHOB H nonoBHHa - qepeJ xapaKTe

PHCTH'IecKoe HJny'leHHe. KpoMe Toro, 6onLwa.H 3HeprH.H 

CB.HJH K-3neKTpOHOB B 71 Ge/10,37 K3B/ npHBO,D;HT K 

TOMy, 'ITO HX npo6er B C'I8T'IHKe npH 06hl'IHOM ,D;aBll8HHH 

6y.D;eT -2,5 MM. TaKHM o6paJoM, perucTpall,H.H 3THX 3neKT

poHoB B C'I8T'IHKe C ,D;HaMeTpOM M8HLWe 5 MM llpH 06hl'IHOM 

,D;aBneHHH 6y.D;eT JaMeTHO yxy,D;WaTL 3HepreTH'IeCKOe paJ

peweHHe K-nHHHH H He noJsonHT 3clxlJeKTHBHO ucnonLJo

BaTL ,D;HCKpHMHHall,HID DO ~OpMe HMDYllLCa ,D;ll.H YCTpaHeHH.H 

~oHa J1 -Me JOHOB BhlCOKHx 3Hepruil. B JHa'IHTenLHoil cTe

DeHH 3TH JaTpy,D;HeHH.H YCTpaH.HIDTC.H nyTeM HCDOllLJOBaHH.H 

B C'leT'IHKe BhlCOKOro ,D;aBneHH.H. llpH COOTBeTCTBYID~eM 

,D;aBneHHH MO:>KHO C,D;enaTL 3clxlJeKTHBHOCTL perHCTpall,HH peHT-. 

reHoBcKoro K-uJny'leHH.H B c'leT'IHKax c ,D;HaMeTpoM B He

cKonLKO MM 6nHJKOH K e,D;HHHll,e, npH 3TOM npo6er 3lleKTpo

HOB COCTaBHT HeCKOllLKO MHKPOH. 

)l,n.H JaDOllH8HH.H C'leT'IHKOB, pa6oTaiDlll,HX npH BhlCOKOM 

,D;aBneHHH, 06hl'IHO HCDOllLJYIDTC.H CMeCH aproHa C paJnHq

HhlMH MHOroaTOMHhlMH ,D;06aBKaMH /MeTaH, nponaH H ,D;p./. 

Mhl uccne,D;osanu pa6oTy nponopuuoHanLHhlX c'leT'IHKOB c 

paJHhlMH ,D;HaMeTpaMH KaTO,D;a /6, 10, 14 MM/ H aHO,D;a 

/10, 16, 20 MKM/, KOTOphle JaDOllH.HllHCL 'IHCThlMH HHepT

HhlMH raJaMH - aprOHOM H KCeHOHOM, CM8C.HMH aproHa 

C MeTaHOM, aproHa C KC8HOHOM npH paJllH'IHhlX KOHll,eH

Tpall,H.HX npHMecHoro raJa. Hccne,D;osanocL TaK:>Ke BnH.HHHe 

MHOrOaTOMHOH npHM8CH Ha xapaKTepHCTHKH C'leT'IHKa, Ja

DOllHeHHOrO CMeCLIO aprOHa C KC8HOHOM. Hccne,D;OBaHH.H 

CBOHCTB C'leT'IHKOB BKlliO'IanH HJy'leHHe JaBHCHMOCTH aM

llllHTY,D;hl BhlXO,D;Horo curHana H 3HepreTH'IecKoro paJpewe

HH.H OT npHllO:>KeHHOrO K C'leT'IHKY Hanp.H:>KeHH.H B WHpOKOM 

,D;HanaJoHe HJMeHeHH.H ,D;asneHH.H pa6oqero raJa 

/5-100 ·amM/. 

KaK noKaJhlBaiOT nony'leHHhle paHee peJynLTaThl 
171 

C'leT'IHKH, JanonHeHHhl8 'IHCThlM aprOHOM, COXpaH.HIOT CBOIO 

pa60TOCDOC06HOCTL ,D;O ,D;aBneHHH 100 QI/IM. llpH 3TOM, 

O,D;HaKO, C pOCTOM ,D;aBneHH.H OT 5 ,D;O 100 QI/IM MaKCHManL-

•HhlH K03clxlJHll,H8HT paJMHO:>KeHH.H yMeHLWaeTC.H OT -10
3 

,D;O 

-10
2 . a 3HepreTH'IecKoe paJpeweHHe yxy,D;waeTC.H oT 5 ,D;O 

17~ ,D;ll.H raMMa-KBaHTOB OT 
241 Am C 3Heprueif59,57 K3B. 

XapaKTepucTHKH C'leT'IHKa MeH.HIOTC.H qepe J HeKOTOphlil npo

Me:>KyTOK BpeMeHH, H ,D;ll.H DOBTOpeHH.H peJynLTaTOB Heo6-

4 

.. 

XO,D;HMO T~aTellLHOe BOCllpOHJBe,D;eHHe pa60'IHX ycnOBHH. 

)l,o6asneHHe 100/o MeTaHa npHBO,D;HT K JHa'IHT8llLHOMY BOJpa

CTaHHID pa6oqero Hanp.H:>KeHH.H C'leT'IHKa, HO pa6oTa C'I8T'IHKa 

CTaHOBHTC.H 6onee CTa6HllLHOH, H BhlCOKHH K03clxlJHll,HeHT 

paJMHO:>KeHH.H /-10 
4 I coxpaH.HeTc.H ,D;o ,D;asneHHH 100 amM. 

HHTepeC npe,D;CTaBll.HIOT CMeCH HHepTHhlX raJOB, HJ KO

TOpLIX xopowo HJBeCTHa eM eeL HeoHa c aproHoM. KaK HJ

BeCTHO, B 3TOH CMeCH HMeeT M8CTO "3clxlJeKT lleHHHHra", 

KOTOphlH npHBO,D;HT K yBellH'IeHHID nepBoro K03clxlJHll,HeHTa 

TayHceH,D;a Ja c'leT npouecca: 

Ne * 1- Ar , Ne : Ar 1- t- e-, /1/ 

r,D;e aTOM Ne ,. HaXO,D;HTC.H B MeTaCTa6HllLHOM COCTO.HHHH, 

llOTeHll,Han KOTOporo BhlW8 llOTeHll,Hana HOHHJall,HH aTOMa 

aproHa. B uccne,D;yeMoil cMecu aproHa c KCeHOHOM 3Hepre

TH'IeCKH HeBOJMO:>KeH MeTaCTa6HllLHhlH 3clxlJeKT lleHHHHra, 

O,D;HaKo Ky6oToil 8 6Lmo o6Hapy:>KeHo, 'ITO npu npoxo:>K

,D;eHHH anL~a-qaCTHll,LI B CMeCH aproHa C KCeHOHOM Ha6nJO

,D;aeTC.H ysenH'IeHHa.H /npuMepHo Ha 20r1/o/, no cpasHeHHIO 

C 'IHCThlM aprOHOM, HOHHJall,H.H. llpH HHJKHX j,D;O O,D;HOH 

aTMOC~epLI/ ,D;aBneHH.HX, 06LI'IHO HCllOllLJY8MLIX B nponop

ll,HOHallLHLIX C'I8T'IHKaX, ,D;06aBll8HH8 KC8HOHa B KOHll,eH

Tpall,HH, ,D;OCTHraro~eH H8CKOllLKHX ,D;8C.HTKOB npOll,8HTOB, 

K cMecu Ar t-CH4 H Ar 1 C02 npHBO,D;HT K pocTy aMnnu

TY.D;LI BLIXO,D;HOrO CHrHana OT nponopll,HOHallLHOrO C'leT'IH

Ka npuMepHo B 5 paJ /.D;n.H 10t1o Xe/ / 9 ', a TaK:>Ke K HeKo

TopoMy ynyqweHHID 3HepreTH'IecKoro paJpeweHH.H c'leT

'IHKa /.D;O 12r1/o ,D;ll.H 
55 

Fe B CM8CH 80<1o Ar + 20rljo Xe j
1101 

. 

KaK 6hlno npe,D;nono:>KeHo Ky6oToil, 3TOT 3~eKT o6ycnos

neH TaK HaJLIBa8MLIM "HeMeTaCTa6HllLHLIM 3clxlJ8KTOM lleH

HHHra": 

Ar * 1- Xe , Ar r Xe + + e /2/ 

- llp0ll,8CCOM, aHanorH'IHhlM /1/, r,D;e, O,D;HaKO, aTOM OCHOB

HOrO raJa HaXO,D;HTC.H B H8MeTaCTa6HllLHOM,p8JOHaHCHOM 

COCTO.HHHH, llOT8Hll,Han KOTOpOrO BhlW8 DOT8Hll,Hana HOHHJall,HH 

aToMa npuMecu. CunLHoe peJoHaHCHoe norno~eHHe ~OTOHOB 
B C06CTB8HHOM raJe npHBO,D;HT K TOMy, 'ITO npH 6onLWOH 

llllOTHOCTH pa60'I8H cpe,D;hl, B peJyllLTaTe MHOrOKpaTHOrO 
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norno~eHHJI H HCnycKaHHJI pe30HaHCHbiX raMMa-KBaHTOB, 

BpeMJI cy~eCTBOBaHHJI B036y:>K,IJ,eHHbiX COCTOJIHHH B 06'beMe 

C'leT'IHKa 6y~eT onpe~enJITLCJI ~H4KIJy3HeH raMMa-KBaHTOB 

K CTeHKaM C'leT'IHKa - npouecCOM, ~nHTenLHOCTL KOTOpOrO, 

no HeKOTOpbiM OUeHKaM I 11.12 . MO.>KeT ~OCTHra TL -10- 4 
C. 

Mbl uccne~oBanH pa6oTy nponopuuoHanLHbiX C'leT'IHKOB, 

3anonHeHHbiX CMeCLIO aproHa H KCeHOHa B pa3nH'IHOB npo

nopUHH npH ~aBneHHJIX, ~OCTHraiO~HX 100 01/IM. bblnO o6-

Hapy.>KeHO, 'ITO ~o6aBneHHe He3Ha'IHTenLHOrO KOnH'IeCTBa 

KCeHOHa npHBO~HT K CTa6HnLHOH pa6oTe C'leT'IHKaB Teqe

HHe ~nHTenLHOrO BpeMeHH H cy~eCTBeHHO ynyqwaeT HeKO

TOpble ero xapaKTepHCTHKH. Ha puc. 1 npe~cTaBneHbl aM

nnHTY~Hble xapaKTepHCTHKH C'leT'IHKa, 3anonHeHHOrO 'IHC-

Q ,1o"\" 
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I 8 t I 
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I I I I t t I 
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I I 
)' /c{ 

/~ 

/ _,/ 
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HAnPAI'I<EH~E. Ke 

Puc. 1. 3aeucuMOCJIU aMnAuJryoa.r uMnyAa.ca Q o• npUAo
JKeHHozo HanpAJKeHUJi OA.Ji C'leJI'IUKa c ouaMelllpOM KaJIOOa 
6 MM, UHOOa 20 MKM, 3anOAHeHHOZO 'IUClllbiM apZOHOM 
u cMeca.K> Ar + 0,5tfo Xe. 1 - 4 - cMeca. Ar + 0,5tfo Xe , 
OaeAeHue 10, 20, 50, 100 amM, coomee•c•eeHHO, 5-8 -
'IUCJiblll apZOH, oaeAeHUe 10, 20, 50, 100 UIIIM. 
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TbiM aproHOM H cMeCLIO Ar + 0,5~ Xe. KaK BH~Ho H3 :noro 

pHCYHKa, ~o6aBneHHe KCeHOHa npHBO~HT K 3Ha'IHTenLHOMY 

C~BHry aMnnHTY~HbiX KpHBbiX B o6naCTL MeHLWHX, no cpaB

HeHHIO c 'IHCTbiM aproHoM I H TeM 6onee cMeCLIO aproHa 

C MeTaHOMI, pa60'IHX HanpJI.>KeHHH, npH'IeM HapJI~y C 3THM 

yBenH'IHBaeTCJI MaKCHManLHbiH K034KIJHUHeHT ra30Boro YCH· 

neHHJI. BnHJIHHe KOHUeHTpaUHH KCeHOHa B CMeCH Ha pa6oTy 

C'leT'IHKa BH~HO H3 puc. 2, Ha KOTOpOM npe~CTaBneHa 3a

BHCHMOCTL HanpJI.>KeHHOCTH 3neKTpH'IeCKOrO nonJI B6nH3H 

aHo~a C'leT'IHKa Ea = U I (ra -ln (IK /r a )) I U - npHno.>KeH

Hoe K C'leT'IHKy HanpJI.>KeHHe, r K - pa~HYC KaTO~a, r a -

1.2 

1.0 

0.8 
~ 
(..) -

CD fD 0.6 
0 ....-

~ 

~ 
w 0.4 208TM ....o 

....() . 

0.2 

0 1 2 3 4 5 

KCEHOH, 0/o 
Puc. 2. 3aeucuMocllla. HanpAJKeHHocmu 3AeKIIIPU'IecKozo noAJi 
66AU3U UHOOa E a 0111 KOHijeHIIIpaf#UU KCeHOHa npu nOCJIOJiH· 
Horl eeAU'IUHe ea.rxooHozo cuzHaAa -35,6·10·15 KA. 
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pa,II,HYC aHO,IJ,a C'leT'IHKa/ OT KOHll,eHTpali,HH KCeHOHa npH 

DOCTOJIHHOH BellH'IHHe BbiXO,IJ,HOrO CHrHana, KOTOpblH co

CTaBmlll -35,6 ·10- 15 KA, 'ITO COOTBeTCTByeT K034xtlHUHeHTY 

ycHneHHJI, npHMepHO paBHOMY 100. 
llpH BbiCOKHX ,ll,aBneHHJIX ,II,06aaneHHe KCeHOHa K aprOHY 

cyiUeCTBeHHO ynyqwaeT 3HepreTH'IeCKoe pa3peweaae cqeT

'IHKOB. Ha puc. 3 noKa3aHbl a cpaaHeHHH cneKTPbl HMnynb

coa oT raMMa-KBaHTOB 
241 Am/ E r = 59,57 K:JB/ H cneKTPbl 

N 

800 

600 

400 

200 

~cu(8,04K3Bl 
•Ar 0,5°/oXe 
oAr 

N1 

BOOr II 

600~ ,. 

I II 
400 

200 

24~m(59,6K3B) 

Kcl.CU 

• Ar 0,5°/oXe 
f b oAr 
I I 

f I 

I 
J. 

I 

40 60 80 100 0 20 40 60 80 100 

HOMEP KAHAAA 
Puc. 3. CneKmp&l uMnyA&coa npu oaaAeHuu 50 amM: - om 
peHmzeHoacKux zaMMa- KaaHmoa K-AuHuu Meou oAR apzoHa 
l-27'fo FWIIM I u cMecu Ar + O,S'fo Xe £,-13,6'fo FWHM I, 
Ae6biU pucyHOK; - om zaMMa- K6aHm06 

41
Am OA.R ap-

ZOHQ l-12'fo FWHM I u cMecu Ar + O,S'fo Xe 1-· 6,2'fo 
FWHM I, npaa&rii pucyHoK. 

peaTreaoacKHX raMMa- KBaHTOB K - nHHHH MeAH c JHepraeii 

-8 K:JB ,IJ,llJI cMeCH Ar + 0,5o/o Xe H ,11,nJI 'IHCToro aproaa 

npH ,naaneHHH 50 amM. llpH JTOM pa3peWeHHe 3Ha'IHTellbHO 

a MeHbweii cTeneHH, qeM JTO aa6mo,11,anocb ,11,nJI 'IHCToro 
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1' 

f 
1 

161 
aproaa H cMeca aproua c MeTaHoM • 3aBHCHT oT ,naane-

HHJI, MeHJIJICb B npe,11,enax 5,5+7o/o (FWHM) ,IJ,llJI llHHHH 

59,57 K:JB DpH H3MeHeHHH · ,IJ,aaneHHJI OT 8 ,11,0 100 amM. 
)l;o6aaneHHe K CMeCH aprOHa C KCeHOHOM MHOrOaTOMHO

ro ra3a, TaKoro KaK MeTaH, 6y,11,eT npHBO.II.HTb K npoueccaM, 

KOHKYPHPYJOIUHM c /2/. 3Ha'IHTenbHaJI qacTb ao36y)K,IJ,eHHbiX 

aTOMOB aproHa 6y,11,eT TepJITb CBOIO JHeprHIO B HeynpyrHX 

CTOllKHOBeHHJIX C MHOrOaTOMHbiMH MOlleKynaMH npHMeCH 

6e3 ,IJ,OllOllHHTenbHOH HOHH3ali,HH. Hcnonb3YJI MeTaH KaK 

,no6aaKy K cMecu Ar + 0,5o/o Xe. npH onpe,11,eneHHOM aa

npJI)KeHHH Mbl Ha6n10,11,anH yMeHbWeHHe aMDllHTY,IJ,bl BbiXO,n

HOrO caraana H yxy,nweaae JHepreTH'IecKoro pa3peweHHJI 

C'leT'IHKa, TeM 60llbWee, 'leM BbiWe 6blna KOHll,eHTpali,HJI 

MeTaHa 8 CMeCH. bblllO HaH,IJ,eHO, 'ITO ,IJ,llJI CMeCH Ar + 
+ 0,5o/o Xe + 10o/o CH4 pa3peweaae 6blno TaKHM )Ke, 

KaK H ,11,nJI cMecu Ar + 10o/o CH 4 . C yMeHbweaueM .nonu 

MeTaHa pa3peweHHe ynyqwaeTCJI H ,IJ,llJI Ar + o,s;, Xe + 
+ 1o/o CII4 cooT8eTCT8yeT pa3peweauro C'leT'IHKa, 3anon

aeaaoro cMecbro Ar + 0,5o/o Xe. 
TaKHM o6pa3oM, KaK noKa3biBaJOT nony'leHHble pe3ynb

TaTbl, npH 60llbWHX llllOTHOCTJIX AllJI CTa6HllH3ali,HH pa60Tbl 

C'leT'IHKa uenecoo6pa3HbiM OKa3bl8aeTCJI HCDOllb308aHHe 

KCeHOHa B Ka'leCTBe npHMeCH K aproHy. llo cpa8HeHHIO 

C MHOrOaTOMHbiMH ra3aMH, TaKHMH KaK MeTaH, ,IJ,06aaneHHe 

K aproHy He3Ha'IHTellbHOrO KOllH'IeCTBa KCeHOHa Cylll,eCT

BeHHO CHH)KaeT pa6oqee aanpJI)KeHHe H ynyqwaeT JHepre

TH'IeCKoe pa3peweaue cqeT'IHKa, npH'IeM coxpaHJieTcJI AO

aonbHO BbiCOKHH MaKCHMallbHbiH K034xtlHUHeHT pa3MHO)KeHHJI 

JneKTpOH08 80 BCeM HCClleAOBaHHOM AHana30He llllOTHOCTH 

pa6oqero ra3a. 

B 3aKnJO'IeHHe aaTopbl 6naro,napJIT 1i.M.lloHTeKop8o H 

A.A.lloMaHcKoro 3a nocTaH08KY 3a,na'IH, HHTepec K pa6oTe 

H none3Hble o6cy)K,IJ,eHHJI. 
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