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BBE,L\EHI1E 

3HaH~e npo4eccos, npo~CXOAR~~x np~ aToMHOM saxsaTe OTP~4a
TenbHO sapnmeHHWX 4acT~4. ~MeeT 6onbwoe 3Ha4eH~e KaK Ann ¢~3~K~ 
3K30T~4eCK~x aTOMOB, TaK ~ AflR ~3y4eH~n 3neMeHTapHbiX npo4eccos, 
npoTeKa~~~X np~ OCTaHOBKaX nepB~4HOR 4aCT~4W B Be~eCTBe. np~ 

3TOM Heo6xog~Mo pa3Aen~Tb aTOMHWR saxsaT ~ nepexsaT saxsaT~swe
rocn MesoHa. ,L\o c~x nop see pa6oTbl, KpoMe 11< Ha rr- -Me3oHax npo
BOA~n~cb C BOAOPOAOM ~n~ BOAOPOACOAepma~~M~ Be~eCTBaM~/2,31, rge 
OAH03Ha4Hoe pasAeneH~e aTOMHoro saxsaTa ~ nepexsaTa nsnneTcn 
TPYAHOR saAa4eR. 

UenbD HacTon~eR pa6oTw 6wno ~3y4eH~e aTOMHoro saxsaTa n~oHos 
aToMaM~ 3 He ~ Z s 6~HapHbiX rasoBbiX cMeCRX 3He+ Z, rge Z ecTb 4He, 
Ne, Ar, Kr, Xe, N2, 0 2 ,C02 ~sFs.TaKa~ nporpaMMa ocHOBbl
sanacb Ha gony~eH~~, 4TO nepexsaT nVIOHOB c Herr-=-MesoaTOMOB 
He npo~CXOA~T flVi60 ~3-3a 60flbWOro pa3Mepa HeRTpanbHWX Me30aTOMOB

1 

n~60 ~3-3a 3fleKTp~4eCKOrO OTTanK~BaH~R ~OH~3~POBaHHOrO (3Uerrl+
Me30aTOMa. B 3TOM Cfly4ae MW ~MeeM ~HTepeCHY~ B03MOmHOCTb BWAe
flVITb no RAepHo~ nepesapngKe n~oHos Ha 3Ue npo4ecc aTOMHoro sa
xsaTa ~ nony4~Tb OTBeTw Ha TaK~e samHwe sonpocw: KaK sas~CVIT 

OTHOC~TenbHan BepORTHOCTb nocagK~ OT KOH4eHTpa4~~ ~ npo~CXOA~T 

flVI aTOMHWR 3aXBaT np0n0p4~0HaflbHO TOpM03HWM CnOC06HOCTRM KOMnO~ 
HeHTOB CMeCe~. 

113MEPEHI1R 

113MepeH~R 6biflVI BblnOflHeHbl Ha TT- -Me30HHOM ny4Ke npVI ~Mnynbce 
140 M3B/c C~HXP04~KnOTpOHa ni1R¢ c np~MeHeHV!eM annapaTypw AflR 
perVICTpa4~~ nap y-KBaHTOB OT pacna~a rr 0 -Me30HOB 4epeHKOB
CK~M~ C4eT4VIKaMVI nonHero norno~eHV!R 21• CocTas pa6o4eR cMeCVI 
~ ypoBeHb np~MeceR B VICnOflb3yeMwX CMeCRX KOHTPOflVIpOsan~Cb MeTOAOM 
rasosoR xpoMaTorpa¢~Vi c T04HOCTb~ 10-3 o6beMHWX npo4eHTOB. Co
eTas rasoswx cMece~ onoegennncn sssewVIBaHVIeM c T04HOCTb~ AO 
20 Mr /<0,5%/. Kon~4ecTso 3 ue s M~weH~ 6blno ¢VIKCVIPOBdHO Ann AaH
HoR npVIMeC~ rasa Z VI VI3MeHnflOCb TOflbKO np~ nepeXOAe K APYrOR 
np~MeCVI Z'.,L\asneHVIe cMeceR s MV!WeHnx sapb~posanocb s AVIanasoHe 
30-150 aTM. KamAan MVIWeHb npeACTasnnna co6o~ c¢epy VIS Hepmase~
~eR CTanVI p = 120 MM VI TOfl~VIHO~ CTeHOK 2 ViflVI 3 MM. 

B HaweM cny4ae VIHA~KaTopoM Vi3y4aeMoro npo4ecca nsnnnocb o6-
pasosaH~e rr 0 -Me3oHa npVI RAePHO~ nepesapnAKe ocTaHOBVIBwerocn 
rr--Me3oHa Ha nApe 3Ue (rr- + 3Ue -• rr0 + 3u). Bee APYrVie KaHaflbl o6paso
saH~n 7T0 -Me30HOB 1 KpOMe saxsaTa rr--Me30Ha RAPOM 3 Ue, B Hawe~ 
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noeTaHosKe on~Ta npeHe6pe»<HMw,noeKonbKY RAepHaR nepesapRAKa oe

TaHoSHSWHXeR nHoHos noAasneHa 1~5/ AO ypoSHR <10-4 AJlR seex RAep, 
KPOMe H H 3 He. ' 

Ha, pHe. 1 S Ka4eCTSe npHMepa noKa3aHbl SbiXOAbl nap y -KsaHTOS 

S 3aSHeHMOeH1 OT TOJllliHHbl TOpM03HOro $HJlbTpa AilR CHeTet>1 3 He + Xe 

H 
3 

He+ 0 2 • B eMecRx 3He+ Xe SbiXOA nap y- KsaHTos paeTeT e ysenH-

4eHHeM KOH4eHTpal.\H~1 npHMeeH, a S eMeeRX 3He + 0 
2 

- Hao6opoT, na
Aaey /eM. TaKme pHe.3/. 

3KenepHMeHTanbHWe AaHHWe o6pa6aTwsanHeb Ha 38M e y4eToM ~<P
¢eKTa TOpM03HbiX TOJllliHH s npeAnonomeHHH, 4To paenpeAen1eHwe nwo

Hos no ripo6eraM onwcwsaeTCR rayeeoscKo~ ¢YHK4He~ 16~ 3KswsaneHT

H~e TOpM03HWe TOJllliHHW paee4HTWSaJlHCb no HHTepnOJlR4HOHHO~ $OpMy
ne /7/. B pesynbTaTe o6pa6oTKH onpeAenRnHCb sepoRTHOeTH W(C 

2
) 

nepe3apRAKH OeTaHOBHSWHXeR S eMeCH nHOHOB Ha HApax 3He: 

W(C ) = ncM/nCM =wHenCM jncM 
Z 77° OCT 77° .!! H OCT ' /1/ 

CM o CM 
IAe U 77o - 4HeJlO 77 -Me30HOB, o6pasoBaSWHXeR B eMeeH j U OCT -

CM -4Heno Tl -Me30HOS, OeTaHOSHBWHXeR S eMeeH j U.!! He- 4HeJlO 77 -Meso-

HOB, 3aXBaTHBUH1XeR RApaMH 3He B eMeew; UJH~ - BepORTHOeTb nepe3a

PRAKH nvtOHa npvt saxsaTe RAPOM 3He. 8 4HeT'bM 3 He Bee OeTaHOBHBWHe

eR nHOHbl 06pasytOT Me30aTOMbl 3He77- , 3aTeM see OHH 3aXBaTbiSatOTeR 
RAPaMH 3He, T. e. n0~i = U~~e H 

W(Cz = 0) " W(O) nHe; nHe =nHe/nHe=UJ He 
77° OCT 77° H!I e 77° Y2/ 

B Hawwx 3KenepwMeHTax AnR Kanw6posKw H3MepRnaeb eTaHAapTHaR 

MHWeHb e BOAOPOAOM. BepORTHOeTb nepe3aPRAK~ peTaHOSHSWeroeR nwo

Ha npw saxsaTe npoTOHOM w~o = 0,6052:_0,010 8 '.w see Haww AaHHble 
HOpMvtposaHw Ha 3TY senvt4HHy. 

Pe3yJlbTaT~ o6pa6oTKH HapRAY e TOpM03H~MH TOJllliHHaMH MHWeHe~ 
B eAHHH4ax r/eM 2 yrnepoAa npvtseAeHw s Ta6n.1. AnR sepoRTHoeTH 

nepesapRAKH nwoHa npvt saxsaTe RADOM 3He HaMH nony4eHo 3Ha4eHHe 

W(Q) = w
11g = 0, 128-+-0, 012, rAe OWH6Ka eOOTBeTeTByeT eTaHAapTHOMy 77 -

OTKJlOHeHHIO. Hawe 3Ha4eHHe HeeKOJlbKO OTJlH4aeTeR OT TeX, KOTOpble 

6~nH onpeAeneH~ APYrHMH MeTOAaMw w 1~ = 0,158+0,008 H 0,178+ 
+0,023' 10 '. 77 - -
- I 

05CYlKAEKV1E 

nony4eHH~e pe3yJlbTaTW aHaJlH3HPYIOTeR Ha OeHOBe ¢eHOMeHOJlOrH4e

eKO~ MOAenw
1

2
1
, s KOTopo~ npeAnonaraeTeR, 4To see npo4eccw onpe

AenRtOTeR eTOJlKHOSeHHRMH Me30aTOMa e aTOMaMH eMeeH. 

KaK BHAHO H3 Ta6n. 1, sepoRTHOeTb RAepHo~ nepesapRAKH nHoHoB 

Ha 
3

He S eMeeRX W(Cz) naAaeT e ysenH4eHHeM aTOMapHO~ KOHl.\eHTpa-

3 



4· 

Ta6nHL(a 

5lp;epHaH rrepegapHp;Ka OCTaHOBHBJIJHXCH IIHOHOB B CM8Cl1X 
3He+Z. C z- OTHOJIJerme tiHCJia aTOMOB Z H 3He B CMecH; 

W - BepOHTHOCTb rrepegapH,D;KH, /'i - 3KBHBaJieHTHal1 

TOJIII\m~a MHJIJeHH B ep;HHm~ax r I cM2 yrnepop;a 

z CL 

~eo 
I,OI 

w [). 
0,!25~,0074 0,052! 
0,071~0,0029 0,!031 

Ne o o.r~0.0040 0,0460 
O,II2 0.!03~0,0039 0,0654 
0,470 0,0502±Q,OOI5 0,!332 
!,404 0,02!~0,0007 0,3072 

R"" 0 O,I420j;0,0097 0,0568 
0,9!0 0,02?Q±O,OOI2 0,42!3 

0 0,!322±0~0046 0,0632 
0,092 0,098Q±P,003I 0,!024 
0,222 0,06~0,0023 O,I56I 
0,4?8 0,043Q±0,0024 0,2664 
2,043 0,012~0,0004 0,9645 

l<.r 0 O,II23j;0,0053 0,0579 
0,240 0,0384j;0,002I 0,2230 
0,808 0,0!4~,0008 0,6223 
I,I47 O,OII2±0,0005 0,8685 

0 O,II6~0,0040 0,0399 
0,180 0,04r!7±0,00I5 O,I262 
0,470 0,025Q±0,0008 0,2664 
I,950 0,007Q±0,0003 I,~ 

Z Cz. w !:::.. 

Xe 0 O,III9;t0,0054 0,0589 
0,232 0,0379;t0,00I8 0,2809 
0,753 0,0!~,0007 0,7958 
2,0!5 0,~,0002 2,0997 

0 O,II~,006I 0,0485 
0,089 0,0'"/2I;t0,0047 O,II55 
I, 426 0, 0079.tO, 0004 I, 2522 

~ 0 O,I36Qt0,0040 0,04!3 
0,220 0,0726;t0,0022 0,07!6 
0,650 0.036Q±O,OOII 0,!380 
1,300 O,OI92jp,0006 0,23!0 
2,500 0,~,0004 0,4074 

N2 0 O,I263;t0,0059 0,0428 
0,09! O,IOI4;t0,0046 0,0539 
0,470 0,~0,0019 O,IOIS 
I,OOO 0,0264.t.O,OOII 0,!738 
2,020 O,OI45±0,0005 0,3070 

COoz 0 O,I283;t0.0044 0,0399 
0,450 0,05I8j;O,OOI'7 0,0985 
I,I40 0,02'7Ij;0,0008 0,!900 
2,600 O,OI3I±P,0006 0,3797 

·Zlfs 0 0,14I4;tO. 0050 0, 0443 
I • 530 0 • OI84±0 • 000'7 0, 3236 
2, 580 0 • OIIS,tO, 0004 0, 5!25 

s.57o o,ocrt?±0,0004 o,7o37 

; 

~ 

( 

I 

'I 

L\f'lf-1 npf'!Hecf'!. W(C z) onpeAeflfleTC.A ABYM.A rnaBHbiMI-1 <!JaKTopaMI-1: ae

PO.ATHOCT biO nocagKI-1 nf'loHa Ha aTOMbl 3 He , P(C z·) f-1 sepo.ATHOCT biO ne

pex8aTa n1-1oHa c 3Hei7--Me30aToMa Ha aToM npJ.1Mec1-1, Q(Cz ). 

no onpe,(leneHf-110, 8epo.ATHOCTb nocaAKI-1 /aTOMHoro 3axsaTa/ pa8-

H.AeTc.A ,(lOne OCTaHOBJ.18WJ.1XCfl 8 CMeCH nHOH08, KOTOpwe 06pa3yiOT 
3 

He"- -MeaoaTOMbl: 

CM CM 
P(Cz) = nHe~nOCT /3/ 

BepOflTHOCTb nepex8aTa Q(Cz) pa8H.AeTCfl .Qone 3 He"- -Me3oaTo~o8, 
B I<DTOPbiX nf'!OHbl He 3aXBaTbl8aiOTCfl .AgpaMJ.1 3 He: 

CM CM CM 
Q(Cz) = (nHe7T-nllHe )/nHe7T • /4/ 

~3 ~OpMyn /1/-/4/ nonyYaeM: 

W(C 2 ) = W(O) P( C 2)(1 - Q(C z )) . 
/51 

CaMbiM npocTbiM npegnonomeHJ.1eM gn.A P(Cz) .ABn.AeTcfl 121: 

P(Cz) =qHenHe/(qHenHe +qznz) =1/(1+ A(Z/3He)C .j. /6/ 

rge qHe J.1 qz - KOHCTaHTbl CKOpOCTH aTOMHOrO 3aXBaTa IT- -Me30HOB 

aTOMaMJ.1 
3
He J.1 Z; nHe H n i - YHCno aTOMOB 3 He H Z 8 e,QJ.1HJ.1l\e 

06beMa MHWeHJ.1; Cz = Oz /nne - OTHOCHTenbHafl aToMapHa.A KOHL\eHTpa

l\1-1.A; A(Z/
3

He)=qz/qHe- OTHOCHTenbHa.A /no 3 He/ sepO.ATHOCTb no
Ca,QKH. 

KaK BHAHO H3 PHC.2, 80 8CeX H3y4eHHWX HaMH CHCTeMaX ~YHKL\H.A 
W(C 2) .QOcTaTOYHO xopowo onHcw8aeTc.A ~opMyno~ /5/ 8 npegnono, 

H<eHHI-1; Y.To Q(C z) = 0 H P(C z) armpoKCHMHpyeTcfl ¢opMynoi1 /6/. Be

nHYHHa W(O)/ W(C z) nHHe~Ho 3a8HCHT oT KOHL\eHTpal\HH 8 WHPOKOM 

AHana30He, 4TO C8H,QeTenbCT8yeT 0 TOM, 4TO B CMeC.AX 3lle+Z nepe

X8aTOM ge~CT8HTenbHO MO)l{HO npeHe6pe4b. 3TOT ~aKT HaXO,QHTC.A 

8 xopoweM cornacHH c TeopeTH4eCKJ.1MH npegcKa3aHJ.1flMJ.1 M.fleoHa 1 111, 

COrnacHO KOTOPWM He 0)l{H,QaeTC.A 3a8HCJ.1M0CTH 8epOflTHOCTH nocagKJ.1 
A(Z1 /Z2 ) OT KOHL\eHTPal\HI-1. 

nocKOflbKY ,Qn.A pa3HWX aTOM08 J.1 CKOpOCTb TOpMomeHJ.1fl H Ce4eHJ.1fl 

aTOMHOrO 3aX8aTa MegneHHWX ni-10H08 no-pa3HOMy 3a8f'!CRT OT J.1X 3Hep

rHH, ,Q06a8neHHe raga-npHMeCJ.1 6y,QeT J.13MeHRTb 8epORTHOCTJ.1 aTOMHO

ro aax8aTa 8 CMecH. EcnH, HanpJ.1Mep, cpe,QHe838eweHHoe ceYeHJ.1e 

aTOMHoro aaxaaTa aToMoa np1-1Mec1-1 6ygeT pacnonomeHo npH 6onbwe~ 

3HeprHJ.1, YeM aHanorH4HOe ceYeHHe AnR aToM08 ren1-1R, TO go6a8ne

HJ.1e ra3a-npJ.1MeCH 6ygeT noga8n.ATb 3ax8aT ·nJ.10HOB renHeM. KaK cne

gyeT V13 p1-1c. 3, 8 3TOM npegnonomeHJ.1H aToMHbli1 3'aX8aT nJ.10H08 Ha ~e 

npOHCXOAHT 8 CpegHeM npH 60nbWHX 3HeprHRX nJ.10HOB, YeM Ha aTOMbl 

Ar, , Kr, Xe, Torga KaK .Qnrt cMece~ c 0 20 N 2 H SF
6

, Hao6opoT, 

3aXBaT 'Ha 
3

He npOKCXO,QHT npH MeHb~HX 3HeprHRX nHO~a, 4eM Ha 

3TH r"a3bl. B 3TOM cnyYae -.QonmHa Ha6nJOgaTbCfl aaaHCHMOCTb aepoRT-

5 



W{O} I W{C) 3 He+ Z 
2G 

t/ 
15 

10 

z 
0 

4He v Oz 
o Ne • N2 
• Ar " C02 5 
o Kr X SF6 
• Xe 

--~-
0 ___ ___j_ __ ~--------

1 2 3 Cz 
PHC o 2 o 06paTH:IH UeJIII'-IHH.:l OTFIOC!!TCJ1bi!Oi'l uepOHTIIOCTll 

nepe3apH,!J,KH OCT<IHOHHBWHXCH TT- -He30liOB li;l H,!l,pax 31-le 
B ra30Bb!X CHeCRX 3l-Ie+ Z B 3ilBHCHMOCTH OT aTO~Iaplloii 
KOHL\€I!Tpar~HH npHMeca Cz 0 llpHMble npoBe,IJ,eHbL c HcnoJ1b30Balll-ler--I 

3Ha'reHHJ1 A(ZJ3He) H3 Ta6-n. 2 I cH. TeKc T I o 

HOCTI-1 aTOMHOrO 3aXBaTa OT KOH48HTpa41-11-1 npHM8CH - A(Z/ 3He) =A(Cz)• 

TaKaR aas1-1CHMOCTb npeACKa3bJBanacb s pa6oTe '12.: B cooTseTCTBHH 

c :nol4 pa6oToft- Mbl C4HTam1, 4TO e ¢opMyne /6/ A(Z/ 3He) = A(Cz) 
11 annpoKCHMHpoeam1 A(Cz) ¢opMynol4 '12/ 

l+eCz v 
A(Cz} = Ao (--0-------) ' /71 

0 1 + c z 
Z,., He -

rge Ao=ac (!!; 2 )/ac (E 2 ) •· OTHOWeHHe ce4eHHi1 aaxsaTa m1oHa aTo-

MaMH Z 1--1 He, B3J:noe np1-1 cpegHei1 3HeprHH E 2 , np1-1 KOTopoi1 npowcxo-

6 

'1 
~.' 

A \, 
i'J 

~ ~. 

ct·1/ NHe 
N"ij'o ro 

~ 
200 

z 
(1 ! 

It I T r 

0 
4He 

o Ne 

• Ar 
o Kr 

1.5 • Xe 
v 02 
• N2 

" C02 
X SF6 

1.0 

~ ' Li'J-~ 
y 

005 0 
2 3 Cz 

P1-1c o 3. 0THOCI-!T8J1bHbiH BbiXO,!l, nap y -KBaHTOB I rr0 -Me30HOBI 

oT ra30BbiX cMeceii 3 He+ Z s 3aBHCHMOCTH oT aToMapHo~I KoH

LIBHTPa'-IHH npHMecH Cz. KpHBbJe npone,IJ,eHbJ no ¢opMyne 113/ 
co 3Ha'-!eHHHMHA(Z/~le) HSz /eM. Ta6n.2/. l2l -cTapble 

3 . 1' 
3Ha'-!eHHH AJ1H cHcTeMbl He+ N2 

· 

AVIT aaxsaT a 4HCTOM He'; < = Ez/ E 2 - OTHoweHV!e cpegHI-1X 3Heprl-1i1, 

np1-1. J<OTOpbix npoHCXOAHT' ·aaxsaT s 41-1CTOM He 1-1 4HCTOM Z; v ~v2-vz 
pa3HOCTb noKa3aTenei1 3HepreTM48CKOi1 3aB!-1CHMOCTM C848HI-1i1 3aXBaTa 
aToMaMv. He1-1Z: az- 1/Evz. 

c 
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Ta6mu~a 2 

PesyJli>TaTbi o6pa6oTKH 3KcrrepHMeHTaJ1I>HbiX ,qaHHbiX AJIJl cMeceH: 3 . a.: 
He+ z. A(Z;' .tte) - OTHOCHTeJlhHaJI BepoJITHOCTb rroca,qKH 

/eM. /6//; S.z- OTHOCHTeJlbHaJl ITO He TOPM03HaJl CITOC06HOCTb 
a TO MoB npHMeceil I CM. I I 3/'/; Z 3¢<P. - 3¢qleKTHBHbiH 
ITOPllAKOBbiH HOMep, llOJlYtieHHbiH rryTeM apH<iJMeTHL!eCKOI'O 
ycpe,qHeHHJl; L z - ycpe,qHeHHoe tiHcno cJia6ocsJisaHHbiX 
3J1eKTPOHOB Ha BHelliHHX 060J10tJKaX aTOMOB 

-· 
TipHMeCb Z 3<l:J<P. L z A(ZI 3He) Sz Szl A(Z I 3

He) 

4He 2 2 0,75:':._0,13 I ,00 1,33:':._0,23 

Ne 10 8 4, 13:':._0, 15 4,04:':._0,02 0,98:':._0,04 

Ar 18 8 4,54:':._0,16 6,97:':._0,04 1,54:':._0,05 

Kr 36 18 8,00_10,23 12,54:':._0,14 l ,57:':._0,05 

Xe 54 18 8,66:':._0,31 17,20:t:_O,I I 1,99:t:_0,07 

N2 7 5 3, 74:':._0, 16 3,05:':._0,02 0' 82:':._0·~ 04 

C02 7,3 5,3 3,33:':._0,13 3,28:t:_O,OI 0,98:':._0,04 

02 8 6 4, 68:':._0, 18 3,54:':._0,01 0,76+0,03 
- \~ 

SF6 10 6,9 4,57:t:_O,I5 4,1lt:t:_0,02 0, 9I:t:_0,,03 

HaM He YAanocb Ha~TH paayMHo~ annpoKCHMa~HH AaHHwx $QpMyna-
MH /6/ H /7 I. Ko3$$H~HeHTbJ e H v npHHHMam-J He$H3H~ecKHe 3HacJeHHH 
npH 6onbWHX norpewHOCTRX. TaKHM o6pasoM, s npeAenax norpewHocTe~ 
HaWVJX H3MepeHH~ HeB03MOlt<HO nposepHTb npeACKa3dHHR/121_ MO)J{HO KOH
CT aTHpOBaTb, 4TO 3TH 3<IJ<IJeJ<Tbl/ 12/ HMeJOT ManyJO senH4HHY, H Be pORT
HOCTb aTOMHOrO aaxsaTa Me30HOB B CMeCH A(Z/ 3He) He 3aBJ-1CHT OT KOH
~eHTpa~HH s cornacHH c npeACKaaaHHRMH M.neoHa 1111• 

3KcnepHMeHTanbHO onpeAeneHHbJe 3Ha4eHHR A(Z/ 3He) npvtBeAeHbJ 
B Ta6n.2. Hx 3aBvtCVIMOCTb OT nOpRAKOBOrO HOMepa Z cna6a. npeA-
nO)J{eHHaR B pa6oTe /3/ 3MnHpH4eCKaR $OpMyna 

113 
A(Z/H) = aH (Z - 1) !8! 

Aasana xopowy10 annpoKcvtMa~HJO Z-saBHCHMOCTH aToMHoro saxsaTa nHo

Hos s CMeCRX H 2+ Z np1-1 a H = 7, 12:_0, 1 . CosMecTHaR o6pa6oTKa scex 
HawHx AaHHbiX no ¢opMynaM /6/ vt I 8! AaeT a He = 3, 78:t,O, 11 . EcnH 
y4eCTb OTHOCJ.1TenbHYJO no BOAOPOAY BenH4HHY KOHCTaHTW noCaAKM AnR 
renvtH A(He/H)=1,84 no131, To nony4aeTcR xopowee cornac1-1e: a He =· 
= ~/A(HeiH).AnnpoKCJ.1Ma~HR no ¢opMyne 18/ AaeT 6omwoe x2 Ha OA
Hy CTeneHb ~B060AW 1-6,4/. B03MO)J{HO, 4TO 3TOT <!JaKT CBR3aH C ac
CO~J.1HpOBaHHeM aToMos s MoneKynax N 2 , 0 2 , CO 2 H SF 6 , nocKonbKY 
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BKnJ04eHHe B COBMeCTHYIO o6pa60TKY TOnbKO 6naropOAHWX ra30B AaeT 

aue= 3,27+0,07 V1 x 2 = 2,0 .. 
KaK OTMe4anOCb paHee /~/ J.1 KaK BJ.1AHO 1113 Ta6n. 2t, 3Ha4eHHR OT

HOCHTenbHblX sepoRTHOCTe~ nocaAKJ.1 A(ZI3He) gnR 6naropoAHbJX raaos 
nponop~J.10Ha~bHW 4Hcny Lz 3neKTpoHOB, MMeJO~J.1X Manw~ noTeH~Han 
IIIOHH3a~HH /sHeWHHe 3neKTpoHw/. OTcJOga )J{e cnegyeT J.1 cna6aR sasvt-
CHMOCTb A(Z/ 3He) OT nopflAKOBOrO HOMepa Z. ' 

Mbl nOnb!Tam1Cb ycTaHOBJ.1Tb COOTHOWeHHe MelKAY npo~eccaMJ.1 Top
MO)J{eHHfl H aTOMHOrO saxsaTa /nocaAKH/ nHOHOB B ra30BWX CMeCRX. 
PaHee, s HaWHX cTapbiX pa6oTax 111, npeAnonaranocb, 4TO nocaAKa 
nHOHOB Ha aTOM~We op6J.1TW npOMCXOAHT B nepBOM npH6nH)J{eHHV1 nponop
~HOHanbHO TOpM03HWM cnoco6HOCTflM KOMnOHeHTOB ra30BWX CMece~. H3 
3Toro npeAnonomeHHH cneAyeT, 4TO, so-nepBbiX, npH <!JHKCHposaHHOM 
KOnH4eCTBe 3 He B MHWeHH BbiXOA nap y-KBaHTOB He AOnlKeH MeHflTb
CR C KOH~eHTpa~He~ Cz, BO-BTOpWX, OTHOCHTenbHWe BepOflTHOCTH no
CaAKH A(Z/ 3He) H OTHOCIIITenbHble TOpM03Hble cnoco6HOCTH Sz AOnlKHbl 

6b1Tb paBHbiMH. 
BbiXOA nap y-KsaHTOB Nyy nponop~HoHaneH 41-1cny o6paaosaswHXCfl 

B MHWeHI-1 17° -Me30HOB nfTo. no3TOMY' cpaBHitlBafl <!JopMynbl I 1 I H 12/' 
nony4HM: 

CM H c CM He CM He 
Nyy IN yy = n170 I n 17o = (W (C )IW(O)) (nOCT I nOCT ) • /9/ 

41-1CnO sapf!lKeHHbiX 4aCTI-1~, OCTaHOBVIBUJHXC.A B CMeCH ra30B 
3
He+ Z, 

MOlKHO OnpeAenMTb, nonaraR, 4TO OHO nponop~MOHanbHO TOpM03HO~ 
TOn~HHe ,_IHWeHH/7/. TopM03Hafl TOn~MHa CMeCH f:!. CM B XOpOWeM npH-

6nHmeHHH npeACTaBnReT C060~ CYMMY TOpM03HWX TOn~HH OTAenbHWX 

KOMnOHeHT CMeCH: 

f:!.CM= ~He +f:!.z /10/ 

no3TOMY 8 /9/ MOmHO 3dMeHHTb OTHOWeHHe 4~Cna OCT8HOBOK OTHOWe

HMeM TOpM03HWX TOn~HH KOMnOHeHT CMeCH: 

NCMINHe = (W(C )/W(O))(I:!.He I::!.Z )/~He yy yy z + /11/ 

TopM03H8fl TOn~HHa MMWeHH B nepsOM npM6nMmeHMH npOnOP4HOHanb
Ha YCP§AHeHHO~ no 3HeprHM Me30Ha TOpM03HO~ CnOC06HOCTH OAHOrO 

aTOt<~a B z H 4Mcny aTOMOB s eAJ.1Hvt~e o6beMa MMweHM nz: 
z -

1::!. - B n z z /121 

npH ~paBHeHHH COOTHOWeHM~ /51, /6/, /11/ 1-1 /12/ nony4HM: 

CM 
1 
He -;:;· ,... . 3 

NyyfNyy= (1 H>z'-'z )1(1 + A(ZI He)C 2 ), /13/ 

rAe s~ = Bz/IfHe- OTHOC~TenbH8fl n~. renHJO TOPM03H8fl cnoco6HOCTb 
aTOMOB f<OMriOHeHTa Z B MltlWeHM. S z I<>IOJJ(HO onpeAenvtTb, MCnOnb3YR 

9 



annpoKc~Ma4~~ s~ga 

CM He ' 
6 /6 = 1 + s zCz /14/ 

B Ta6n.2 np~segeHw onpegeneHHWe no ¢opMyne /14/ ycpegHeHHWe oT
HOC~TenbHwe TOPM03HWe cnoco6HOCT~ ~z aTOMOB Z. CnnOWHWe Kp~BWe 
Ha pHc;3 ngosegeHw s cooTBeTCTB~~ c ¢opMynoR /13/ np~ ~cnonb3o-

' 3 -sa1-1~~ A(Z; He) ~ Sz .~3 Ta6n.2. HacbiUJeH~e Kp~BbiX gnR scex 6e3 
~cKnlOLieH~fl np~Mecei1 Z Ha p~c. 3 np~ Cz > 1 TaK~<e 03HaLiaeT, LITO 
nepexsaT He ~MeeT MeCTa. Ha 3TOM p~CYHKe fiBHO B~AHO, LITO CTapwe 
gaHHble gnR 

3
He +N 2 ~ HaCTORU\~e ~3MepeHI-1R xopowo cosn~.qa~T. np~ 

6onbWI1X 3Ha4eHI1RX C z Kpi-1Bble np~6n~maiOTCR I< seni1LI11He S 
2

; A (Z/3He). 
Ecn1-1 npegnonomeH~e, LITO nocagKa n!-10HOB npo11cxog11T nponopl\~OHanb
HO TOPM03HWM cnoco6HOCTRM'1 1 swnonHReTcR gnR scex np!-1Mecei1 Z, 
T.e. q /B2 =qH /B , To S /A(Z/3He) gomKHo 6b1Tb paBHbiM eg1-1H114e. 

Z e He Z - 3 
OgHaKo, KaK BI1AHO 113 Ta6n.2, Sz/A(Z/ He)>l gnR Ar, Kr, Xe; 
-1 AnR Ne 1-1 C02 11 < 1 gnR N2, o2 1-1 SF6 . B 3T11X peayn,bTaTax OTpa-
maeTCR TOT $8KT 1 LITO nepBOH84anbHafl nocagKa n~OHOB Ha aTOMHWe 
op6~TW B CMeCRX 3He+Z npO~CXOA~T Henponopli~OHanbHO TOpM03HWM 
cnoco6HOCTRM KOMnOHeHTOB. 11HTepe,cHo OTMeT~Tb, LITo Sz I A(Z/~He) 
n~Hei1HO paCTeT C ysen~LieHI1eM zl 3 . 8 TO me BpeMR He B~AHO RBHOrO 
·an~RH~R CpOgCTBa np~Mecei1 K 3fleKTpOHy, nOCKOnbKY 3HaLieH~R 
S2 /A(Z/ 3He) AnR 0 2, N2 ~ SF~ 6n~3K~ /Ta6n.2/. 

B
1121

yKa3WBanOCb Ha 803M0}1(H0CTb CyUjeCTBOBaH~R ~30TOn~4eCKOro 
3¢¢eKTa np~ o6pa3osaH~I1 Me3oaToMos s cMecHx ~3oTonos. Ha~6onb
wei1 Ben~LI~HW ~30TOn~4eCKHi1 3¢¢eKT AOCT~raeT gnR C~MWX nerKHX 
aTOMOB. no Ol\eHKaM/12: gnR CMeC~ 3He + 4He OTHOWeH1-1e BepORTHOCTCi1 
aTOMHoro 3axsaTa n~OHOB 84~; = A( 4He ' 3He )=0,94. no Haw~M 113MepeH(,1-
fiM 8~.~ = 0,75.:!:_0, 13 /eM. Ta6n.2/ ,LITO, c yLieToM 6onbwoi1 norpew
HOCT~ 3T~X 113MepeHI1i1, MO}I(HO paccMaTp~BaTb KaK yKa3aHI-1e Ha Han~
LI~e 1130TOn~4eCKOrO 3$¢eKTa B aTOMHOM 3aXBaTe M830HOB. 

3TOT 3¢¢eKT 11 TOLIHOe 3HaH11e sen1-1L1~HW 8t2,3 , KOTOpaR 6ygeT 
6onbwe oTni-1LiaTbCH oT 1 gnR ~3oTonos sogopoga, MoryT OKaaaTbCR 
CyUjeCTBeHHWM~ np1-1 ~3yLieHI-11-1 M-KaTanl13a HgepHWX peaK411i1 'l 3/ 1-1 Tpe-
6yiOT no3TOMy 3Kcnep!-1MeHTanbHoro onpegeneHHR. 

HaM npi-1HTHO Bwpa31-1Tb 6narogapHOCTb c.n.Kpyrnosy (,1 11.A.DTnaH
AOBy 3a cogei1cTBI1e, A.MHHKOsoR 1-1 A.K.KaLianK~HY 3a hoMOUJb s pa-
6oTe, r.~.KopeHMaHy 1-1 d.M.Cysoposy 3a noneaHwe o6cymgeHI-1H. 
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6aHHHKOD A.B. H AP· 
113y'leHHC 8TOMHOrO 38XBaTa OCT8HOBHBWHXCA "- -Me30HOB 
B 6HH8PHbiX CMCCFIX 3 He C APYrlo1MH ra381>11o1 

Pl-82-789 

npoOCACHO Clo1CTCMaTH4CCKOe H3Y4eHio1e aTOMHOrO 3aXBaTa OTpH~aTCJlbHO 3apA
Il<eHHbiX nHOHOil aToMaMH Suo a Ulo1HapHbiX ·rasoBbiX cMecRx 3He+Z, rAe Z ecTb 4He , 
Ne, Ar , Kr , Xo, N 2 , 0 2 , CO 2 1o1 SF6 . nonyYeHHble pesynbTaTbl aHam13v.py-
IDTCA B paMKaX $CHOMCHOJlOrHYeCKOi1 MOAeJlH. noKa3aHo, 4TO nepexeaT nMOHOB 
c Me30<lTOMOD 31!o"- Ha Gonee TRmenble aToMbl Z He npOHCXOA~H. YcTaHoeneHo, 
4TO OTHOCHTeJlbH811 no 3f!e OepOI'ITHOCTb aTOMHOrO 3aXBaT<:I A(Z/ 3He) He 3aBHCHT 
OT ICOHI.jeHTpa~HH npHMeCH 0 z B ra30BOi1 CMeCI1 3He + Z. OocaAKa nlo10Ha Ha aTOMHYIO 
Op6HTy npOHCXOAHT HCnponOp4HOHaJlbHO TOpM03HOi1 cnoco6HOCTH KOMnOHeHTOB CMeCH. 
BepoRTHOCTb aTOMI-!Oro aaxoaTa nHOHOB a CMecv. 3He+ 4He A( 4He/ 3He) =0,75±0,13, 
4TO MOI«CT paccMaTpHDaTbCR KaK yKa3aHMe Ha HaJlH4He H30TOnM4eCKOrO 3$$eKTa. 
113MepeHa aepOI'!THOCTb AAePHOA nepe3apAAKM "-+ 3He -• rr0 + 3H, OHa OKa3anaCb paa
HOA 0 , 1 2 82:,0 , 0 1 2. 

Pa6oTa B~nOnHeHa B na6opaTOpMH I'!AepH~X npo6neM OHBH, neHMHrpaACKOM 
HHCTHTYTe RACPHOA $H3HKH AH CCCP " UeHTpanbHOM HHCTHTyTe ¢v.3M4eCKHX 
MccneAoBaHMA BAH. 

OpenpHHT 06beAHHCHHOrO HHCTV.TyTa I'IAePHWX MCCJleAOBaHMA. ay6Ha 1982 

Bannikov A.V. et al. Pl-82-789 
Studies on the Atomic Capture of Stopped Negative Pions 
in Binary Mixtures of SHe with Other ~ases 

Systematic study has been carried out on the atomic capture of nega
tive pions by 3He in binary gas mixtures of 3He+Z, where Z is 4He, Ne, 
Ar, , Kr, Xo, N2 , 0 2 ,00 2 and SF6 . The results are analysed in the 
framework of a phenomenological model. It is shovm, that there is no pJon 
transfer from the 3He"-mesic atoms to the heavier atoms of z. The atomic 
capture ratio A(Z/ 3He) in 3He+Z mixtures does not depend on the impurity 
concentration. The probability of pion capture onto the atomic orbit is 
not proportional to the stopping powers of the components of the mixture. 
The atomic capture ratio of pions in the 3He+ 4Ha mixture is A( 4He/ 3He)= 
= 0.75 0.13, which might be the indication of isotopic effect. The branching 
ratio for the charge exchange reaction of"-+ 3He~ rr0 +3H is found to 
be 0.128±0.012. 

' The invest)gation has been performed at the L~boratory of Nuclear 
Problems, JlNR; the Leningrad Institute of Nuciear Physics, the, USSR J 
Academy of Sciences, and the 'central Institute of Nuclear Researches, 
Hingarian Academy of Sciences. , 

Preprint of the Joint Institute for Nu~lear Research. Oubna 1982 
nepCBOA O.C.BMHOrpaAOBOA. 


