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AoAoxos B.X., mvKos B.A. Pl3 80 486 

nepsbtil K034$11[ll1et-n TayHceHAa a aproHe, 

KCE'HOHE' 11 11X CMCCI1 

OnpeAerReTCR K03$$11~11CHT 110HI13a[ll111 a/P KaK $yHK~I1R 

E/P AJ1R aproHa, KCeHoHa 11 cMeCI1 Ar t 0,5% Xe, np11 ABB-

neHI1RX, AOCT11ra~11x 100 aTM. Hai1AeHH~e 3<lB11CI1MOCTI1 cy-

11\eCTBE'HHO 0Tf1114810TC R OT XOpOWO 113BeC T>i~X KPI1B~X, nony4eH

H~X Kp10TX0$0M Anfl aproHa 11 KC€'HOH8 np11 HI13KI1X ABBfiCHI1RX. 

Ha6niOABeMoe paCXOWA~HI1e yKa3~BaE'T Ha TO, 4TO np11 B~COK11X 

AaBneHI1fiX B03P8CTaE'T BKfiBA 110H113c)~l111 4CPE'3 npo~CC~ 

XopH6eKa-MorHapa 111'11 neHH11 •ira, B KOTOP~X y4aCTBYIOT 

aTOM~ COOTBeTCTBYIOII\CrO rJ3a, B036YWA~eM~C U XOAP 

pa3BIHI1fl 3neKTPOHHOH 1188111'1~ 1la B~C0K11C pC'30ttaHCH~e YPOBHI1, 

Pa6oTa e~nonHcHa e fla6opaTop1111 RAE'PH~X npo6neM OHRH. 

Ope~pMHT 06~eAHHCHHoro HHCTHTyTa AAePHWK MCCn~ACB~HMH. AY6Ha 1980 

r Dodoknov V.Kh., Zhukov V.A. 1'1380486 
Townsen-:l First Coefficient in Arqon, Xenon 

1. BBEAEH11E 

113BeeTHO, 4TO A06aeneHHe K HHepTHOMY ra3y He6onbWOrO KOnH-
4eeTBa n04TH n~60~ npHMeeH npHBOAHT K eHH~eHH~ BenH4HH~ epeA
He~ 3HeprHH o6pa30BaHH~ nap~ HOHOB W, H, B HeKOTOp~x eny4a~x, 
K poeTy TayHeeHAOBeKoro HOHH3a~HOHHOrO K03~~H~HeHTa a, npH 
3TOM Ha6n~AaeTe~ 3Ha4HTenbHa~ KOppenR~H~ Me~AY noTeH~HanoM 
HOHH3a~HH npHMeeH H ee KOnH4eCTBOM B CMeCH, He06XOAHMOM AnR 
saMeTHoro npoReneHH~ 3Toro 3~eKTa. B TOM cny4ae, KorAa 3Hep
rH~ MeTaCTa6HnbHOrO ypOBH~ BOS6Y~AeHHR aTOMa HHepTHOrO rasa 
npee~waeT noTeH~Han HOHH3a~HH npHMeeH, poeT HOHH3a~HH SaMeTeH 
npH KOH~eHTpa~HRX ~10,01711%, KaK 3To Ha6n~Aanocb Kp~Txo~oM 
H neHHHHrOM 1 11 An~ CMeCH Ar/Ne. HnH ~eCCH H CaAaYCKHCOM /2/ 

AnR eMece~ Ar/He, Xe/He*. Ynp~eHHaR HHTepnpeTa~HR ceRs~eaeT 
3TO RBneHHe e peaK~He~ 

+ . -
A*m+B-+A+B +e , 11/ 

rAe aTOM OCHOBHOrO rasa HaXOAHTeR B MeTaeTa6HnbHOM eoeTO~HHH, 
~HBy~eM AOeTaT04HO AOnro AnR TOro, 4T06~ 3~eKTHBHO wna peaK
~HR 11/. 

nosAHee Ky6oTa 131 Ha6n~Aan yMeHbWeHHe aenH4HH~ epeAHe~ 
3HeprHH o6pasoeaHHR nap~ e eMeeRx HHepTH~x rasoe: Xe/Ar , 
Kr/Ar , Xe/Kr, B KOTOP~X 3HepreTH4eeKH HeB03MO~eH npo~eee 
I 1 I. liblnO npeAnono>KeHo, OAHaKo, 4TO poeT HOHH3aQHH e 3THX 
eMeeRX OOyenoeneH T,H, 11HeMeTaeTa6HnbH~M 3~eKTOM neHHHHra11 : 

A*+B-+A +B+ + e- /2/ 

- npo~eeeoM, aHanorH4H~M 111, rAe, OAHaKo, aToM oeHOBHoro rasa 
HaXOAHTeR B peSOHaHeHOM eoeTORHHH, noTeH~Han KOTOporo B~W£ 
noTeH~Hana HOHHSa~HH npHMeeH. Cy~eeTBeHHOe OTni14He BToporo 
3~eKTa OT nepeoro eoeTOHT B TOM, 4TO 8 eny4ae 121 Tpe6yeTCR 
3Ha4HTenbHO 6onbWee KOnH4eeTBO npHMeCH lAO HeCKOnbKHX npoueH
TOB/ AnR Toro, 4T06~ CAenaTb 3aMeTHWM pOeT HOHHSa~HH. 

*8 npHBeAeHHOM 060SHa4eHHH nepao~ yKaS~BaeTeR KOMnOHeHT1 
e MeHbWe~ KOH~eHTpa~He~. 
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TeM He MeHee, npo~ecc /2/ np~BOA~T K TOMy, 4TO np~CYTCTBHe 
KCeHOHa ·~ Ka4eCTBeOAHOrO ~3 KOMnOHeHTOB B ra30BO~ CMeC~, HC

nOJlb3yeMO~ Ailfl 3anonHeHH.fl nponop4HOHailbHbiX 1-1 .qpe~<l>oBbiX KaMep, 

no3BOil.AeT nony4VITb 6onee BbiCOKH~ K03<I)(I>H1..1HeHT ra3oeoro yc~ne

H~l'l /npHMepHO B 3-5 pa3 60J1bWe, 4eM B ra30BbiX CMeCflX T~na 
CO 2 / Ar HilH CH 4/Ar 14 •51 I, 1-1a6emaTb npHMeHeHH.A opraH~4eCKHX 
llDHMece~, npHBOA.AlltHX K CTapeH~IO KaMep, H YilY4WHTb 3HepreT~-

4eCKOe pa3peweHHe 6naro.qapfl MeHbWHM 3Ha4eHH.fiM.¢aKTopa ¢aHo 161 

1-1 cpeAHe~ 3Hepr~~ o6pa3oBaH~fl napbl 171 • 

HaM npeACTa BJl.AeTc.A, OAHa Ko, 4To oco6bl~ ~ HTepec 3a K.mo4aeTc.A 

B ~CnOilb30BaHVIVI CMeC~ aproHa C KCeHOHOM Ail.A 3allOilHeHHfl C4eT~ 

4VIKOB VI KaMep, pa6oTaiOut14X np~-1 0\.leHb BbiCOKI-tX AaBiletiVI.AX 18-101, 

Mbl Hawn~<~ 1 111, 4To e cpaaHeH!-H1 c o6bi4HO npHMeHReMbiMH Ail.A 3To~ 
l.leilH Cf'.leC.fiMH aproHa C MHoroaTOMHbiMH ra3aMI-1 3TO npHBOAHT K 3Ha-

4HTeJlbHOMy B03paCTaHVIIO BbiXOAHOrO CHrHaila, npH CyuteCTBeHHO 

MeHbWeM pa6o4eM HanpRmeHHH. Hap.AAY c 3THM coxpaHfleTc.A AOBO.nb

HO BbiCOKoe 3Ha4eHHe MaKCHMaJlbHOrO K03¢¢HLIHCHTa ra30BOrO YCH

JleHVIfl, a TaKlKe Ha6JliOAaeTC.A CyuteCTBeHHOe Y11Y4WeH~1e 3HepreT.H-

4eCKOro paapeweHHfl C4eT4HKa, KOTOpoe, ~ OTJlH4He OT pa3peweHI4.fl 

C4eT4VIKa, aanOJlHP.eMoro 4VICTbiM aprOHOM 1-tJlH CMeCbiO aproHa C Me

TaHOM, OKa3biBaeTCfl B MeHbWe~ CTeneHH 3aBHC.RutHM OT AaBJlSHHR. 

KaK noKa3aHo B pa6oTe 112~VICI10Jlb30BaHHe CMeCH aproHa c KCeHo

HOM npH 04eHb BbiCOKVIX AaBJleHH.AX B Ka4eCTBe 3ano.nHeHH.fl APe~¢o

BbiX KaMep AaeT aaMaH4HBYIO B03MOlKHOCT b co3AaHI'!.R AeTet<Topa 

C 60JlbWO~ MaCCOH BeuteCT~a Ail.A perVICTpal.II'!H HeHTPHHO. 

OnpeAeneHHbiH HHTepec npeACTaBJl.AeT nony4eHHe HeKOTOPbiX t<a-

4eCTBeHHbtx VI K0JlVI4eCTBeHHbiX xapat<TepHCTHK Ha6Jl10AaeMoro 3¢<l>et<

Ta. B 4acTHOCTH, s A2HHO~ pa6oTe Mbl nonbiTa.nHcb Ol.leHHTb nepewr:1t 

HOH~-t3aLIHOHHbl~ t<o3<I><I>H!.\11eHT TayHceHAa a AJ1H cMecH Ar + 0,5%Xe 
/a Tat<lKe AJl.A 4HCTbiX aproHa VI KCeHOHa/ npH cnel.IH¢H4eCKHX ycno

BHflX BbiCot<oro AasneHHR. PaHee 1 111 HaMI-l 6blllO noKaaaHo, 4To npH 

AaBIJeH~1flX 5+100 aTM 0,5% COCTaBJl.AeT onTHMaJlbHOe KOJlH4eCTBO. 

KCeHOHa 8 3TO~ CMeCH, 

2. AnnAPATYPA H 31<CnEPHMEHTAJlbHbiE PE3YJlbTATbl 

Hcno.nbayeMa.A annapaTypa 1-1 HeKoTopble Ka4eCTBeHHble xapaKTepH

CTHK~ nponOPLiHOHaJlbHbiX C4eT4VIKOB ·BbiCOKOrO .qaaneH~-t.A fibiJlH OnH

caHbl paHee e pa6oTax111 •131• A.nfl 01..1eHKVI a 6blllH HCnOJlb30BaHbl aMnn~-t
TYAHble Xapat<Tep~CTI1KH C4eT411KOB,3anOJlH.AeMbiX aprOHOM H HX CMeCbiD 

npVl .qasneHH~X 8+100 aTM,KCeHOHOM - 2+40 aTM H HX CMeCH npH AaB

JleHVI.AX 5 +1 00 aTM. C4eT411t<H HMeiiM AHaMeTp t<aTo,qa 6, 10, 14 MM, 

a B Ka4eCTBe aHOAa B H!IIX HaTRr~t~sam1Cb 30Jl04eHble BOJlb¢>pat-IOBble 

npOBOJl04KH TOJlutHHO~ 10, 16, 20, 30 MKM. 
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PHC. 1. 3aBHCHMOCTb aMnJlHTYAbl HMny.n~ca Q OT npH

JlOmeHHoro HanpRmeHH.A AllR C4eT4HKa c A~aMeTpoM 

KaTOAa 6 MM, aHOAa 20 MKM, 3anoJlHeHHOro 4HCTbiM 

aprOHOM H CMeCbiO Ar+ 0,5%Xe. 1-4 - CMeCb aprOHa 

C KCeHOHOM, AaB.neHHe 10,20,50,100 aTM, COOTBeT

CTBeHHO, 5-8 - 4VICTbl~ aproH, .qaBJleHHe 10,20,50, 
100 aTM. 

3. OnPE~EJlEHHE K03¢4>HUHEHTA HOHH3AUHH a 

CpeAHee 3Ha4eHHe t<034>¢>H1..1HeHTa raaoaoro ycHneHH.A G ce.AaaHo 

c nepewM HOHH3al.IHOHHbiM K034>¢>Hl.IHeHTOM TayHceHAa BblpameHHeM 

- ra 
G = exp(- J a(r) dr) , /3/ 

ro 

rAe ra - paAHYC aHOAa C4eT4HKa, r 0 onpeAellReT T04Ky, B KOTOPO~ 
HB4HHaeTCR JlaBHHHOe pa3MHomeHHe 3Jlet<TpOHOB. 

HaTypa.nbHbiH norapH¢>M raaoeoro ycHJleHHR MOmHo npeAcTaBHTb 
B ¢>opMe I 14 l 

s 
- a a 

lnG .. Pr a Sa J ~dS, /4/ 
So PS 

r,qe S = E/P, E(r) - Hanp.AmeHHOCTb aneKTPJ.14ect<oro non.A, P -
Aae.neHHe raaa, Sa= S(r a>· S 

0 
= S(r 

0
) • 
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P1-1c.2. 3aBHCHMOCTb aMnnHTYAbl HMnynbca Q oT 

npHnomeHHoro Hanp~meH~H AilH c~eT4MKa c AMa

MeTpoM KaToAa 6 MM, aHoAa 20 MKM, aanonHeH

Horo 4MCTbiM KCeHOHOM. 1-4 - AaB.neHMe 2, 5, 
10,20 aTM, COOTBeTCTBeHHO. 

Ta6.nMLia 

ct./P j "'o( ~ -· dS 
~. p s 

I. Po3E! u Kopcp/I& I t cs''z 'CSd .Jr.;."~~ 1 ) 
' . 

2. Xpucmof/
19

' K lS ( 1:1..•-1) 
Sa.z raz 

3.DumXoPH /lO/ OS Dfn(rat/ra.z) 

4.80H 3H2eflb~ Aexp{:-B/5) texp(~BfS) lsu 
BuflfiUOMCU Sa.t 

s.sapa
1231 Je)lp(-H/S112 l 2J e-"s·•t~ (HSvz+1.) lsu 

HI' s,., 
6. 3acmaf>Hblli 

11"1 Bz(S-Sol B,fn( ra,/ra.2l-~( ?-i.-1) 
' ' <1.2, cl. 

300HC/Z'</ R(S-50 )
2 

'2 s 
7, R(S-2SofnS- ~) j cU 

.S Sat 

... 

J 
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K HaCTOH~eMy speMeHH npeAJ1ome~o AOBOilbHO MHoro paa.nM4H~x 
BblpameHH~, cBH3biBaiO~Mx raaosoe yc11.neH11e c napaMeTpaMH c4eT4M

Ka 11 rasa, KOTOpble OCHOBbiBaiOTCH Ha pa3H~X <)>yHK1.1110Ha!lbHbiX <)lop

MaX OTHOWeH~R alP = f(EIP) I CM. , Hanp. ' I 16' 171 I. HeKO.TOPble ~3 
3THX <)>opMy.n, Hcno.nbayeMble AilH Aa.nbHe~wero aHa.nMaa, npeACTaene

Hbl 8 Tafi!lML\e. 

lkno.nbaosaHHe BblpameHH~ 1-7 Ta6mtL\bl AJ1H aHa.nHaa pa6oTbl npo

nOPL\HOHa.nbH~x C4eT4HKOB H OL\eHKH a npH BbiCOKHX AaBneHHHX orpa

HH4HBaeTCR HeOfiXOAHMOCTbiO Y4HTbiBaTb BilHRHHe peKOMfiHHaL\HH H npH

IlHnaHHH 3IleKTPOHOB K npHMeCRM. npH HH3KHX AaBneHHRX ManaH se

I1~411Ha 3THX 3<)><)>eKTOB no3BOI1ReT npHMeHRTb npHBeAeHHble <)>opMyil~ 

AJlR OL\eHKH BXOAR~HX B HHX napaMeTpOB, HCnOJ1b3yR B~4HCI1HeMbl~ 

HenocpeACTBeHHO H3 3KcnepHMeHTai1bH~X AaHHbiX K03<)><)>Hl~HeHT raao

eoro YCHJleHHH. npH BbiCOKHX AaBneHHRX OL\eHKa a HenocpeACTBeHHO 

H3 aMnJlHTYAHbiX xapaKTepHCTHK fiyAeT AaBaTb HCKalKeHHble 3Ha4eHHR, 

TaK KaK peKoM6HHaL\HR H aaxsaT 3IleKTPOHOB npHMeCRMH yMeHbWaiOT 

aMn!lHTYAY BbiXOAHOro HMny.nbca, AenaR ee K TOMY me 3aBMCR~e~ OT 

MecTa o6paaosaHHR Ha4anbHO~ HOHH3aL\HM. KpoMe Toro, cy~ecTeo

eaHHe TaKoro, aaeHCR~ero oT AaBneHHR, npoL.~ecca, KaK o6paaoeaHHe 

MoneKynRpHoro HoHa A~ e peaKL\HH 1261 A*+A -+A; +e- npHBOAHT 

K He06XOA11MOCTH y4HTbiBaTb 113MeHeHHe Bei111411H~ W B 3aBHCHMOCTH 

OT AaBneHHH, 4TO Bbl3biBaeT onpeAeneHH~e TPYAHOCTH, TaK KaK npR

MOe H3MepeHHe 3HeprHH o6pa3oBaHHR nap~ B nponOPL\HOHa!lbHOM 

C4eT4HKe, B HaWeM CI1y4ae, orpaHH4HBaeTCR WyMaMH 3IleKTpOHHKM. 

tlonycTHM, OAHaKo, 4TO AJ1R AaHHoro raaoeoro aanonHeHHR npH 

Aa eneHHH P c KOHL\eHTPaL!He~ npHMece~ p 
0 

I rnaBHbiM o6paaoM o 2 I 
peKOMfiHHaL\HR H npHnHnaHHe 3J1eKTpOHOB 3aBHCRT TOilbKO OT HanpR

meHHOCTH nonR E(r) . npeAnOI10mHM TaKlKe, 4TO KOHL\eHTpai.IHH p 
0 

AOCTaT04HO Mana, C TeM 4TOfibl MOmHO fibii10 npeHe6pe4b 3aXBaTOM 

3IleK.TpOHOB B ofinaCTH BbiCOKHX none~ MemAY r 0 M r a, rAe npOHC

XOAHT paaBHTHe aneKTPOHHo~ naBHHbl. B 3TOM cny4ae BI1HHHHe pe

-KoMfiHHai.IHH H npHnHnaHMH MOmHO Bblpa3HTb ·4epe3 HeKOTOpble Be!1H4H-

H~ f r (r') H fa (r', r 
0
), rAe r' onpeAenReT MecTo noKanH3ai.IHM 

N0 nepsoHa4a!lbHO o6paaosaHH~X aneKTpoHos, TaK 4TO 4Hcno 

3IleKTpOHOB, KOTOp~e H36emanH peKOMfiHHaL\HH H npHilHnaHHH H AO

CTHrilH ofinaCTH BfiilH3H aHOAa, rAe npOHCXOAHT pa3MHOlKeHMe 3J1eKT

pOHOB, MOmHO Bblpa3HTb B BHAe! 

N(r' r ) = f (r ')f (r' r ) N * 
. 'o r a' o o • 

* KoHKpeTHbl~ BHA f r 1.-1 fa xopowo onpeAeneH AilR KOHAeHCHposaH

HbiX HHepTHbiX raaoe,a HMeHHO /26/ f (r') = [1 + KIE(r')]-1 , rAe K- Koa<)>-
r ro 

<!JHL\HeHT peKOMfiHHaL\HH,H 
1271 f (r',r _) = exp ( f a(r")dr"). a(r")- K03¢-a 0' , 

r 
<)>HL\HeHT npHJ1HnaHHR, npeACTaBJlRIO~H~ COfiO~ BepOHTHOCTb aaxeaTa 

Ha OAHOM CM nyTH .qpei1¢a H 3aBHCHIJlH~ OT HanpRmeHHOCTH nonH KaK 

a(r") = Ap /E(r"), rAe A-nocTORHHaH, xapaKTepH3YIO~aR raa. 
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nocne pa3MHomeH~H a6n~s~ aHo.Qa ~Mnynbc oT OT.QenbHoro raMMa

KBi3HTa Ha BbiXO.Qe C4eT4~Ka .QonmeH 6b1Tb nponopll~OHaneH aen~41-1He 
r2 

Q = f (r ') f (r ', r ) N exp (- f a (r) dr) . 
r. . a o o ro · 

Ycpe.QHHH 3TO BbipameH!-1e no seeM 3Ha4eHI-1HM r ', nony4!-1M 

""" . r a 1 ra 
Q =N exp(- f a(r) dr) ·- f ¢(r')f (r') f (r.',r )dr', 

o · r r a o 
r o k rk 

/51 

r.Qe ¢(r') - 4>YHK41-1R, y41-1!_biBaiO~al:1 pacnpe.QeneH!-1e 3Ha4eHI-1i1 r'. 
04eB!-1.QHo, 4To seni-141-1Ha Q onpe.QenReT noriomeH1-1e n1-1Ka a aMnni-1-

TY~HaM pacnpe,qeneHI-11-1. 

Ol.leHKa nepaoro K094>4>1-1lli-18HTa TayHCeH,qa 1-13 3~cnep!-1MeHTanbHbiX 
,qaHHbiX, nony4eHHbiX ,QnH C48T4~!<0B BbiCOKoro ,QaBneH!-1fl, MOmeT 

6b1Tb C.QenaHa nyTeM cpaBH8HI-1R aMnni-1TY.Qbl I-1MnynbCOB .QnR .QBYX 

C48T41-1KO~, C O.QH!1M .1-1 TeM me pa.QI-1YCOM KaTO,Qa r k , HO pa3Hb1MI1 

pa,q!-1yCaM!-1 aHO.QOB ral 1-1 ra2• (ra1>~a2). nycTb ,QnR rk>r>ral 
ctJYHKlli-1H , S(r) B 3TI-1X C4eT4!-1KaX I-1MeeT O,QI-1HaKOBble 3Ha4eHI-1R, TO 

ecTb np1-1 OAHOM 1-1 TOM me .QaaneHH~ P, E 1 (r) = E 2 (r) , 4TO BbmonHH

eTcH, ecn~ HanpHmeH~R V1 ~ V2 , npHnomeHH~e K Kam.QoMy ~3 
C4eT4~KOB, CB.R3aH~ tOOTHOWeH~eM 

V1/ln(rk/ra1) =V2 /ln(r.k/ra2). !61 

04eBI-1,QHO, 4TO np~ 3T~X ycnoB~RX xap9KTep peKOM6~Hall~~ 1-1 npHnH

naH!-1.R B 060HX C~eT4HKaX' 6y,QeT O,QHH 1-1 TOT me, TaK 4TO npH rk>r'>ral 

f(l) (r ')·=f (2
) (r ') = f (r'), 

r r 

f (1) (r ' r ) = f C 2> (r ' r ') = f (r ' r ) 
a 'o a 'o a' o-' 

1-1 OTHOWeHHe aMnnHTY.Q J.1Mnynb_COB 3TI1X C48T4HKOB 6y,QeT ,1;\aBaTb ,qo

nOJlHHTe.nbHOe YCH.neHHe BO BTOPOM C4eT4HI<e, B03HHKa~ee sa C4eT 

pa3BHTH.A naBHHbl a npo:-temy'TKe r ~ 1 > r > r a
2 

• 

B caMoM ,qene, sanHweM BblpameHHe /5/ ,qnR nepsoro 1-1 BToporo 

C48T4!-1Ka, npeHe6peraR ,QJlR BTOporo C4eT4HKa BKJla,QOM B I-1HTerpaJl 

/51 o6nacTH HHTerpHposaHHR, orpaHH4eHHo\:1 r al > r' > r a
2 

: 

6 

r al 
Q 1 =N 0 exp(-. -f a(r) dr) 

1 

rk ro 

r a2 
Q 2 = Noexp(- f 

ro 

.... 

a(r) dr) . _1_ 
rk 

ral 

f ¢(r ')f; (r ')fa (r ', r 
0
)dr', 

rk 

ra1 
f 

rk 
¢(r ') fr (r ')fa (r ', r 

0
)dr', 

·~l 

h 

~,; 

'A 
~:n 

\f 
;)' 
:;~ . ~ 

~ 

~J 
• 

• j 

r,Qe Q 1 ~ Q 2 COOTBeTCTByiOT Hanp.AmeHI-!.AM V 1 1-1 V2 Ha 'nepBOM 

1-1 BTOpOM C48T4HKaX, Y.QOB.neTBOpRIO~HM yCJlOBI-110 /6/. 0TCIO,Qa cne
,qyeT, 4TO 

Q- (V ) ra2 
2 2 =exp(- f a(r) dr) 

Ql(Vl) ra1 
1-1.n~, aHa.nori-14Ho /4/, 

1 QiV2) 
8
a2 a ra1 

-ln _ =r 1s 1 f --dS =F(S 2 .--), 
P Q (V ) a a. PS 2 a r 

1 1 8 al a2 
171 

r,qe ral 8a1 = r a2 8 a2 B COOTBeTCTB~I-1 C yCJlOB~eM /6/. 

KaK cne,qyeT ~3 /7/, 
1 - -

se.nH4HHa p-ln(Q 2/Q 1 ) .QflR Kam,qoi1 nap~ 

cpaBH!-11laeMbiX C48T4~KOB .ABJl.AeTC.R c!JYHKI..II-1811 TOJlbi<O S a
2 

. 3aBHC~
/>IOCTb ee OT Sa2 , no.ny4eHHa.A nyTeM cpaBH~HH.R aMnJl~TY.QHbiX xa

paKTepMCTHK OT,Q8JlbHOi1 napw C48T4MKOB, npHBO,QHTCR Ha pHC.3. 

~anbH8i1WHi1 aHaJl!-13 3aKJll04aeTC.R B HHTepnOfl.RI..IHI-1 3TMX 3KcnepMMeH

TaJlbHbiX KpMBbiX BblpameH~eM, npe,QCTaBI18HHbiM B /7/ <;:npasa, B KO

TOpOM a/P np!-1HMMaeT pa3Jli-14Hble <!JYHKllMOHa.n bHble ctJopMbl 1-7 1-13 

Ta6JlHI..IW. CooTBeTCTB~e sw6HpaeMoro awpameHH.R 3KcnepHMeHTa.nhHWM 

,QaHHbiM Ol.leHHBaJlOCb no MI-1HMMyMy B8Jli-14MHbl 

1 F -F 2 2 ~ [ ( 3KCilo Teop. ) ] 
X ~ -""' ' . ' 

n I a(F3KCTI.' 1 

r,qe n - 4~CJ10 CTeneHei1 CB060,Qbl, a CYMMI-1POBaHMe BKJll04aJlO 3KCne

PHM8HT~flbHWe T04K~ acex 6paBHMBaeM~x nap c4eT4Ht<oB. Bw6~paeMwe 
.Qn.R aHa.nM3a 3Ha4eHH.R Q 1 M Q 2 orpaHH4Maa.nHcb csepxy aenM4~-

-1~ 
Hoi1 -50 ·1 0 Kn .QIIH Torp, 4T06bl- ~36emaTb B03MO>KHoro Bfli-1.RHH.A 

npocTpaHCTBeHHoro 3ap.R,qa. 

bbii10 Hai1,qeHO, 4TO Hai-1!1Y4Wi-1M o6pa30M 3KCnepMM8HTaJlbHbl8 ,QaH

Hble ,Qilf! aproHa M CM8CH aproHa C KCeHOHOM COOTBeTCTByiOT 3Mnl-1pM-

48CI<OMy Bblpa>KeHMIO, npe,qnolKeHHoMy Bap.QoM c napaMeTpaMM: 

J = /33~2/ 1/cM.Topp ~ 
H= /22,7~0,3/ /B/CM·Topp/ 

.QnR aproHa 1-1 

J = /7,5+0,4/ 1/cM·Topp 

H = /11 ,15+0,2/ /a/eM Topp/ ~ 
,Qfl.R CMeCM - Ar + 0,5% Xe. ~fl KCeHOHa 3KCnep~M8HTai1bHble· ,QaHHble CO

OTBeTCTBYIOT Bblpa>KeH~IO, Hai1AeHHOMY 3aCTaBHbiM /14/, C napaMeTpaM~: 

Bz= /30+3/·10-
3 

1/B 
S 0 = /25"'£.2/ s/ CM • Topp. 

'1 
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nony4eHHbte eeJ1144HHbl' no3~0Jl.AIOT. onpe,Qem-nb 3a'BI4cHMOCTb 14bH14'3a-

4HOHHoro K03$$14414ElHTa alP OT E/P AJl.A" 14CCJ1e,QyeMbiX rasoa;· 

KOTopa.A npeACTaBJleHa Ha P14C. 4. ArJR cpaB·HeHHl'l 3,QeCb lKe rlPHBe

,QeHbl TaKI4e lKe 3aB~CHMOCTI4 AJ1.A aproHa H KCeHOHa, BS • .ATble .VI3 pa-

60Tbi Kp10Txo4>a 128/. · 

4. 06CYmAEHHE PE3YnbTATOB 

Hs P14C. ~- BH,QHO, 4TO nony4eHHble 3Ha.4eHH.A a/1;' , npl4 BbiCOKio1X 

,QaeneH"Wi"X3aMeTHO OT!IH4aiOTC.A OT. Tex, 4TO npHBO,QRTC.A Kp10Txo

$oM. TeM. He MeHee, B HCCJle,QoBaHHOM ,QI4anasoHe ,QaaneHIIIH ,. no-BI4-

AI4MOMy, MOlKHO npe,QCTaB14Tb OTHOWeHI4e a/P $yHK4Hel1 TOJlbKO 

E/P, XOT.A caM BI4,Q $yHK414~ OTJ1144aeTCR oT Tol1, 4TO 6btJla Hai1-

,QeHa TayHceH,QOM. K HacTo.A~eMy epeMeHI4 npo,QenaHo 6onbwoe 414CJlO 

H3MepeHio1H ra30BOrO YC14JleHio1.A ,QJlR pa3JlH4HbiX C4eT-4HKOB C pa3Hb!MI4 

ra30BbiMI4 3anOJ1HeHHRMH 1 14 lo1Meen: . .R ,QOCTaT04HO ,QaHHbiX, KaCai0~14X

C.A 3KCnepHMeHTaJlbHOH npoeepKH cnpaBe,QJlHBOCTI-'1 $OpMyJl J-7 143 

Ta6Jll44bl. DOJlbWa.A 4aCTb 3Kcneplo1MeHTaJlbHbiX ,QaHHbiX OTHOC14TC.A: 

K 3Ha4eHI4RM K03$$H414eHTa ra30BOro YCHJleHio1R nopR,QKa 10 2 +10 5 , 

xapaKTepHbiM ,QnR C4eT41-1KOB c He6onbWHMH ,QaeneHHRMI4 ra3a. Cne

AYeT OTMeTHTb, 4TO y pa3Hb1X aeTopoe $OPMYJlbl 1-7 lo1MenH pa3Hbli1 

ycnex. B o6~eM cny4ae, no-ai4,Qio1MOMy, cne,QyeT npHHHMaTb npe,Qno

nolKeHHe, C,QenaHHoe 3acTaBHbiM, KOTOPbli1 ,QJlR KalK,Qoro raaa Bbt,QeJl.AJl 

nRTb o6nacTei1 3Ha4eHHH E/P c pa3JlH4HbiMI4 4>YHK4HOHaJlbHbiMio1 aaeH-

CHMOCTRMH a/P = f(E/P). B 3TOi1 CB.R314 Mbl HaWJ114, LITO 14CnOJlb3ye-

Mble HaMH $OPMYJlb! Bap,Qa H 3acTaBHoro nnoxo oni4CbtBaiOT 3Kcnepi4-

MeHTanbHble ,QaHHble a o6naCTI4 E/P > 50 e/ eM· Topp ,QJlR aproHa H cMe

CH aproHa·c KCeHoHOM 14 a·o6nacn1 E/P>100 s/cM.Topp ,QJlll KCeHo-

Ha. 

H3aectHo /29,30/, 4TO e i<oH,QeHcl4poeaHHbiX HHePTHbiX ra3ax 

cpe,QH.AR 3Heprlo1R o6pa3oBaHI4.A napbl 140HOB W Cy~eCTBeHHb MeHbWe 

Tol1, 4To 6btna H3MepeHa B ra3ax np14 HbpMaJlbHOM ,Qaen'eH~114. 3a'MeT

Hoe B03pacTaHHe 140HI43a41414 npl4 6onbWI4X nnoTHOCTRX, KoTopoe np14~ 
BO,Qio1T K 'yMeHbWeHHIO BeJl'-t41o1Hbl W ~ HeKOTOPblMI-1 aBTopaMH /30/ CB.A3biBa

eTCR C peaKll14eH 

+ -A*+A -+A 2 +e • !8! 

Ha HHTeHcHBHOCTb aToro- npollecca np14 6onbwlo1x ~noTHOCT.Ax yKa3bl

eaeT B036ylK,QaeMaR B KOH,QeHCHpOBaHHbiX HHepTHbiX ra3aX peHTre

HOBCKio1MH KBaHTaMH HJlH 3apRlKeHHbiMH 4aCTHl.laMM JliOMMHeC4eHl.lH.A, 

cneKTp KOTOpoi1 COOTBeTCTByeT MOJ1eKyJlRPHOMY 143Jly4eHio110. DbiJlO 

noKa3aHo /31/, 4TO 3TI-1 cneKTPbl o6yCJlOBJleHbl B036ylK,QeHH!>IMI4 MOJle

KynaMI4, KOTOpble o6pa3yiOTCR np14 peKOM6HHal.lMH MOJl~KYilRPHOro 

MOHa A"'2 co ceo6o,QHbiM 3neKTp0HoM.. Htcne,QoBaHI-1e cneKTpos 

'g 



. /32 33/ I-13Jly4eHI-1fl HHepTHbiX ra30B np11 BhiCOKHX AaBJleHHRX ' , B036ylK-
AaeMbiX KaK anb<l>a-4aCTH4aMH, TaK H HenpepblBHbiM nOTOKOM JlaBHH, 
noKa3biBaeT, 4TO xapaKTepHble AilR B036YlKAeHHbiX MOileKyil HHepTHbiX 
raaoe cneKTPbl, Ha6n~AaeMble 1-1 e 3TOM ~ny4ae, o6ycnoeneHbl aHa
norH4HbiMH npo4eccaMH. EcTecTeeHHo noaToMy OTHeCTH Ha6n~AaeMoe 
pacxolKAeHHe HawHx AaHHbiX c AaHHbiMH Kp~Txo$a aa C4eT AOnonHH
TeilbHO~ HOHH3a4HI-1, B03HHKa~e~ B pe3yJlbTaTe peaK4HH /8/, KOTO
paR HAeT C y4aCTHeM aTOMOB, B036YlKAeHHhiX B XOAe pa3BJ.1THR 
JlaBHHbl Ha ypOBHH, npeBbiWaiOIJiHe nopor 3TOH peaK4HI-1. 

nony4eHHble AilR CMe'CH aproHa C KCeHOHOM pe3yJlbTaTbl nOATBeplK
Aa~T TY cy~eCTBeHHY~ POilb, KOTOPY~ Hrpa~T B o6pa3oBaHHH J.10HH-
3a4HH aTOMbl, soa6ylKAaeMble Ha BbiCOKHe peaoHaHCHble ypoBHH. KaK 
H3BeCTHO, B 3TOH CMeCH 3HepreTH4eCKH HeB03MOmHa HOHH3a4HR aTo
MOB npHMeCH 4epe3 np04ecc /1/ C y4aCTHeM MeTaCTa6HJlbHbiX ypoe
He~ B036YlKAeHHR aproHa, TaK KaK 3TH YPOBHH JlelKaT HH~e noTeH-
4HaJla HOHH3a41-1H KCeHOHa. B 3TOM Cily4ae, HaPRAY C npo4eCCOM 
/8/, poeT HOHI-13a4HH B JlaBHHe 6yAeT o6ecne4HBaTbCR BKilaAOM 
3JleKTPOHOB, B03HHKa~HX B pe3yilbTaTe HOHH3a4HH KCeHOHa 4epe3 
npo4eccbl 

Ar* + Xe .. Ar + Xe + + e- 191 

Ar * + Xe .. Ar Xe + + e - . /10/ 

5. 3AKJI04EHI1E 

nony4eHHble pe~yJlbTaThl YKB3b1Ba~T Ha TO, 4TO npH BbiCOKHX 
AaBJleHHfiX B HHepTHblx··raaax H HX CMeCfiX cy~eCTBeHHY~ pOilb Hrpa
~T aTOMhl, B036YlKAaeMble B np04ecce pa3BHTHR 3JleKTPOHHOH JlaBHHbl 
Ha pe3oHaHCHble ypOBHH. 3TH B036ymAeHHble aTOMbl 4epe3 aaBHCR~He 
OT AaBJleHHR np04~CCbl /8/, /9/, /10/ Aa~T 3Ha4HTeilbH~H BKilaA 
B nOJlHbiH 3aPRA, BbiAeilR~~HHCR B Il8BHHe, npHBOAR K pDCTY H3Me
pReMOH BeJ11-14HHbl K03$$H4HeHTa HOHH3a4HH a. HeCMOTpR Ha 04eBHAHY~ 
3aBHCHMOCTb OT AaBJleHHR B HeKOTOPOH orpaHH4eHHOH 06JlaCTH noee
AeHHe a/P onHcbleaeTCR $YHK4Hei1, aaBHCR~eii TOilbKO oT E/P, 
XOTfl BHA 3TOH $YHK4HH MOlKeT 6b1Tb p83IlH4eH KaK AilR pa3HbiX raaoe, 
TaK H AilR AaBJleHHH, npH KOTOpbiX H3MepReTCR a. 

B 3aKI1~4eHHe aBTOPbl C4HTa~T CBOHM AOilrOM no6narOAaPHTb 
6.M.noHTeKopso 1-1 A.A.noMaHcKoro aa nOAAePlKKY pa6oTbl. 
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TEMA'IWIECKHE KATErOPID1 IlYBJIHKAWtR 

OB»E~EHHOrO KHCTMTYTA ~PHYX 
HCCJIE,llOBAHMR 

HH.aeKc TeMaTIIKa 

1. 3KcnepHMeHTanbHaR ¢M3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ¢M3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpoHHaR ¢M3HKa 

4. TeopeTH4ecKaR ¢M3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~3HKa TRMenwx HOHOB 

8. Kp~~toreHHKa 

9. YcKOPHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWx 

11. BW4HCnHTenbHaR MaTeMaTHKa 111 TexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

1~. HccneAOBaHHR TBePAWX Ten H MHAKOCTeH 
RAepHwMM MeTOAaMM 

15. 3KcnepHMeHTanbHaR ¢M3HKa RAePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HTW 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb3oaaHHe pe3ynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ¢M3H4eCKHX HCCneAOBaHHH 
B CMeMHWX 06naCTRX HayKH H TeXHHKH 


