
COOfilllBHMR 
OfihBAMHBHHOrO 

MHCTMTJT8 
RABPHWX 

MCCIBAOB8HMI 

?.f 81tJJ 
B.C.Eaceea; T.H.MaMeAOB, B.C .PoraHOB, 
H .H .Xo~OAOB, M.B.~poHTacbeBa 

3KCllEPHMEHTARbHOE OllPE~EREHHE 
llAPUHARbHUX BEPOHTHOCTEH 
ATOMHOrO 3AXBATA MIDOHOB 

AYfiHa 

J/!"i~ 
Pl5-82-320 

no BPEMEHH HX ~H3HH B ME30ATOMAX 

1982 



B nocneAH~e rOA~ OTHOC~TeflbHaR aepORTHOCTb aTOMHOro 3axaa
Ta M~OHOB 3Kcnep~MeHTanbHO ~ccneAoaanacb eo MHor~x pa6oTax 
/eM., Hanp~Mep, 111 /, ~ ~HTepec K 3TOH npo6neMe ao3pacTaeT. 
0AHaKO B HaCTOR~ee apeMR B fl~TepaType OTCYTCTByeT nOAP06HOe 
On~CaH~e MeTOAOB nony4eH~R KOHe4H~X pe3yflbTaTOB ~3 annapaTyp
HbiX AaHH~x. 

B AaHHOM coo6~eH~~ on~caH npouecc o6pa6oTK~ annapaTypH~x 
AaHH~x no apeMeHHOMy pacnpeAeneH~~ 3neKTPOHOB ~--e--pacnaAa 
np~ OnpeAeneH~~ OTHOC~TenbHOH BepORTHOCT~ aTOMHOrO 3aXBaTa 
M~OHOB ~ npOBeAeH aHaJ1~3 ~CT04~KOB OW~60K KOHe4HbiX pe3ynbTa
TOB. AHan~3 npoBOA~TCR c ~cnonb3oBaH~eM ycTaHOBK~, on~caH

HOH B 
121 

• 
AJ1R RCHOCT~ BKpaTue paCCMOTp~M ~~3~4eCK~e OCHOBbl MeTOAOB 

onpeAeneH~R OTHOC~TeJ1bHOH BepORTHOCT~ aTOMHOrO 3aXBaTa M~OHOB 
B C110*H~X M~WeHRX. 

MeTOA~ HaXO*AeH~R OTHOC~TeflbHOH BepORTHOCT~ 3axaaTa M~O
HOB B C110*Hb1X M~We_HRX OCHOB~Ba~TCR Ha cneAy~~HX ~~3H4eCKHX 
npoueccax. 

1 I 3aMeAnHaw~ecR M~OH~ aHa4ane 3axaaTbiBa~TCR Ha a~coKoso3-
6y*AeHH~e ypoaH~ aToMa ~ 3aTeM coaepwa~T KacKaAH~e nepeXOAbl 
e lS -cocTORH~e. fla4~HaR c onpeAeneHHoro ypoBHR Ka*A~~ nepe
XOA COnpOBO*AaeTCS ~311y4eHHeM Me3opeHTreHOBCKOro y-KBaHTa. 
CneAoaaTenbHO, np~ 3axaaTe aTOMOM KaM<Aoro Me30Ha o6R3aTenbHO 
H3J1y4a~TCR Me30peHTreHOBCK~e KBaHTbl, COOTBeTCTBy~~He nepeXOAY 
a lS -cocTORHHe /K -cepHR/. TaKHM o6pa3oM, HHTeHCHBHOCTb K
cepHH Me30peHTreHOBCKOrO H311y4eHHR nponOPUHOHanbHa KOJ1H4eCTBy 
M~OHOB, 3aXBaTHBWHXCR aTOMaMH MHWeHH. 3HepreTH4eCKHH cneKTp 
Me30peHTreHOBCKOrO H311y4eHHR 3aBHCHT OT 3apRAa Z RApa aTOMa, 
T.e. cneKTpbl Me30peHTreHOBCKHX Y -KBaHTOB pa3Hb1X THnOB aTOMOB 
oTnH4a~TCR APYr oT APYra. H3MepRR 3HepreTH4eCKHH cneKTp Me3o
peHTreHoBcKoro H311y4eHHR, MO*HO onpeAeflHTb HHTeHCHBHOCTH K -ce
p~H A11R Ka*AOrO THna aTOMOB H TeM caMbiM - A011~ M~OHOB, 3axaa
T~BWHXCR KOMnOHeHTaMH C110*HO~ MHWeHH. 

2/ M~oH~, AOCTHrwHe K -o6ono4KH aToMa, nH6o 3axaaT~aa~TCR 
RADOM, 11H60 pacnaAa~TCR C HCnyCKaHHeM B~COK03HepreTH4eCKHX 
3neKTpoHoa. BpeMR *H3HH M~OHa a lS-cocTORHHH Me3oaToMa 3aBH
CHT OT Z aTOMa, H COOTBeTCTBeHHO BpeMeHHOe pacnpeAeneH~e 311eKT
pOHOB ~ -e -pacnaAa, nOA4HHR~~eecR 3KCnOHeHUHaJ1bHOMY 3aKOHy 
A11R aToMoa c AaHH~M Z, xapaKTepH3yeTcR onpeAeneHHOH nocTORHHOH. 
3TO o6CTORTe11bCTBO n03BOnReT B C110*H~X MHWeHRX B~AenHTb BKnaA~ 
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3neKTpOH08 IJ.-- e -pacnaAa J.13 18 -COCTORHJ.1R pa3nJ.14HbiX aTOM08. 
nocKOnbKy KOnJ.14eCT80 pacnaA08 MIOOHOB B 18 -coCTORHJ.111 aTOMa 
nponop~HOHanbHO KOnl14eCT8y 3aXBaTJ.1BWJ.1XCR MDOHOB, TO no C4eTy 
3neKTpOHOB pacnaAa MOmHO onpeAenHTb nap~HanbHble sepORTHOCTH 
aTOMHOrO 3aXBaTa MIOOHOB B MHOrOKOMnOHeHTHbiX MHWeHRX. nap~Hanb

Hble sepORTHOCTJ.1 aTOMHOrO aaxsaTa MDOHOB MOmHO onpeAenHTb 11 no 
BbiXOAY npOAYKTOB J.13 peaK~J.111 norno~eHHR MDOH08 RApaMJ.1. 0AHaKO 
3TOT nyTb He Hawen WHpOKOrO npHMeHeHHR, noCKOnbKy 3~~eKTJ.1B
HOCTb perHCTpa~J.1J.1 HeHTpOHOB - OCHOBHOro npOAYKTa peaK~11J.1 - He
BbiCOKaR J.1 3apaHee He113BeCTeH BbiXOA HeHTpOH08 Ha aKT RAepHoro 
aaxsaTa MDOHOB npH AaHHOM Z. 

KamAbiH J.13 paccMOTpeHHbiX nyTeH onpeAeneHHR sepoRTHOCTH aa
xsaTa MDOHOB HMeeT CBOH HeAOCTaTK11 J.1 npeJAMy~eCTBa. Hanpi1Mep, 
3HeprJ.1R Me3opeHTreHOBCKOrO 113ny4eHI1R AnR nerKHX 3neMeHTOB Ta
KOBa, 4TO 3Ha411Te/lbHaR 4aCTb KBaHTOB norno~aeTCR CaMOH MHWeHbD 
/y4eT 3TOrO o6CTORTenbCTBa Tpe6yeT BBeAeHHR Cy~eCT8eHHOH no
npa8KJ.1/. 3$~eKTI1BHOCTb AeTeKTOpos Ge(Li), npHMeHReMbiX AnR pe
rl1cTpa~l111 y-KsaHTOB, C ysenJA4eHI1eM 3Heprl111 CH/lbHO naAaeT J.1 B 
o6nacTH 3HeprHI1 K-cepHH MeaopeHTreHoscKoro 113ny4eHHR aTOMOB 
c 6onbWHMI1 Z He npesblwaeT 1%. Tpe6yeTcR T04HOe onpeAeneHHe aa
BHCHMOCTH 3~~eKTJ.1BHOCTI1 AeTeKTOpa OT 3HeprHI1 y -KBaHTOB. nno
~aAH Ge(Li) AeTeKTopos He6onbwl1e /oT HecKonbKHX cM2 AO AeCRT
KOB cM 2 I, "' cooTseTCTBeHHO TenecHbiH y;on perHCTpa~HH y -KsaH
Tos s peanbHbiX 3Kcnepi1MeHTax HesenHK. 8 cny4ae J.13MepeHHH no 
3/leKTpOHaM jl.--e -pacnaAa pa3AeneH11e 8KnaAOB 3neMeHTOB C 6nHa
KHMI-1 BDeMeHaMIA lll&A~~IA Mlt:.\t.::.H·.t0~ !! t~ -C~CiCn::~~~~ ~IUiiCOriJC;; CJIVlft

HbiM. 8 ~enoM 3TH cnoco6bl 83a11MHO AononHRDT APYr APYra J.1 no38o
nRDT onpeAenHTb sepORTHOCTb aTOMHOrO 3aX8aTa MDOH08 B cnomHbiX 
MHWeHRX B WHpOKOM Al1ana30He Z, 

Ha p11c.l npeACTasneHo pacnonomeHHe annapaTypbl/2/ Ha ny4Ke 
MDOHOB AnR H3MepeHI1R 8peMeHHOrO pacnpeAeneHHR 3neKTpOHOBjl.--6-
pacnaAa, oTpama~ee oco6eHHOCTJ.1 aHanori14HbiX ycTaH080K. C4eT4H
KJ.1 1 ,2,3,4 H3rOT08n~ 113 nnacTI14eCKJ.1X c~HHTHnnRTopos. Co8na
AeHHe CHrHanos 12 /23/ onpeAenReT KOnJ.14eCTBO J.1 MOMeHT OCTaHO
BOK MIOOHOB 8 MI1WeHJ.1 11 CllYmHT 11CTapT08biM11 CHrHanoM A/lR npeo6pa-
30BaTenR speMR-KOA /nH6o 8peMR-aMnnHTY~ 11CTon-cl1rHallOM11 AnR 
npeo6pa30BaTenR R8nReTCR C08naAeHJ.1e 34/23/, KOTOpoe COOT8eTCT-
8yeT perHCTpa~J.111 3neKTpOHOB jJ.--e--pacnaAa nocne OCTaH08K11 MIDO
Ha. TaKHM o6paaoM M3MepReTcR HHTep8an speMeHH MemAY co6b1TI1RMH 
OCTaH08K11 MDOHa 8 MHWeHJA 11 ero pacnaAOM. ~J.11lbTp MemAy C4eT4H
KaMJ.1 1 11 2 J.1CnOnb3yeTCR AnR TOpMomeHHR MDOH08 11 AOCTHmeHHR MaK
CHManbHOrO KOnl14eCT8a OCTaHOBOK npH AaHHOH TOn~HHe MHWeHH. MeA
Hble nnaCT11Hbl MemAY c4eT411KaMI1 3 11 4 3/leKTpOHHOro TenecKona co-
3AaDT ~113114eCKJ.1H nopor, npeAOT8pa~aD~I1H perHCTpa~HD y-K8aHTOB 
OT RAepHoro MID-aax8aTa 8 MJ.1WeHI1. Konb~a fenbMrOnb~a Heo6XOAI1Mbl 
AnR C03AaHI1R nonepe4HOrO OTHOCJ.1TenbHO Hanpa8neHI1R Cn11Ha MIOOHa 
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PHc.I.PacnonoliCeHHe ~Kr 
annapaTypbl na nyqKe ~ 
MIDOHOB, 1,2,3,4-
C~HHTHnnH~OHHble 

cqeTqHKH, 0 H CU -
yrnepOAHbiH H MeAHbiH 
cPHnbTPbJ-aaMeAnHTenH, 
Kr - KOnb~a 

fenbMrOnb~a AnH no
nyqeHHH npOAOnbHOrO 
H nonepeqnoro nonH 
COOTBeTCTBeHHO, M 
MHJDeHb, IZJ 

~ 
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rzl 
MarHHTHOrO nonR, 4TO n0380nReT no napMOp080H npe~eCCJ.111 cn11Ha 
onpeAenHTb acHMMeTpH~ yrnosoro pacnpeAeneHHR 3neKTPOH08 pac
naAa. nocneAHee Heo6XOAHMO AnR npaBHnbHOrO HaxomAeHHR aepORT
HOCTJ.1 aTOMHOrO aaxaaTa M~OHOB no BpeMeHHOMY cneKTpy 3neKTpOHOB 

pacnaAa. 
8 cny4ae, KOrAa MHWeHb COCTOHT H3 3neMeHTOB C Z 1 H Z2 (2tn7£nJ. 

annapaTYPHbiH apeMeHHOH cneKTp 3neKTpOHOB pacnaAa HMeeT cneAy~
~11H 06~HH BHA /HanpasneHHe CnHHa MIOOHa, naAa~ero Ha MHWeHb, 
npOTHBOnOnOmHO HanpasneHH~ HMnynbca/ npH AaHHOH reoMeTpHH Onbi-

Ta: 

-At't -Aett 
N

8
(t

1
)-N

81
e • (1+a1 cos8 1 ) +Nee· e 

+ ell (t t> + c ' 

(1 + a 2 cos82 ) + 
/1/ 

rAe N. (t
1

) - 4J.1CnO 3neKTpOHOB, aaperi1CTpl1pOBaHHbiX B i -TOM Ka
Hane aHanH3aT.Opa i t l - speMR, OTC4HTb1BaeMOe OT 

11
HynR

11 
speMeHH 

AO cepeAHHbl i -Toro KaHana /Hynb BpeMeHH - HyneBOH KaHan - co
OTBeTCTByeT MOMeHTY OCTaHOBKH M~OHa B MJ.1WeHH/; 1/Aj - apeMR 
mH3HH MIOOHa B 18 -COCTORHHH aTOMa Z j /3/ j a J - K03~H~HeHT 
acHMMeTpHH yrnoeoro pacnpeAeneHHR 3neKTPOHOB pacnaAa a aToMe 
Zj ; (;lj - yron MemAY HanpasneHHeM BblneTa 3neKTpoHa, perHCTpH
pyeMOrO 3neKTpOHHbiM TeneCKOnOM /c4eT4J.1KJ.1 3,4/, H HanpasneHHeM 
cnHHa MIOOHa B MOMeHT pacnaAa; 8 j "'w j t l + 8 j , W J. - 4aCTOTa 
npe~eccHH M~oHa s lS -cocToRHHH aToMa z1 , w J .g J H, rAe g J -
rHpOMarHHTHOe OTHOWeHHe, a H - senH4J.1Ha MarHHTHOrO nonR, 8j 
Ha4anbHaR ~aaa npe~eCCHHj cll(t 1 ) - BKnaAbl M~OHOB, OCTaHOBH8WHX
CR B C4eT4HKe 2 H CTeHKaX K~8eTbl, HCnOnbayeMOH AnR ynaKOBKH 
MHWeHH /ocTaHOBKH M~OHOB 8 C4eT4HKe 2 J.1 CTeHKaX K~BeTbl 80CnpH-
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H~Ma~TCH per~CTp~py~~eH annapaTypOH KaK OCTaHOBKa M~OHOB B M~
CJeHHI; C - <!>OH, He 3aB~CH~~H OT speMeH~; Nel , N e2 - twn~4ecT
BO 3aper~CTp~pOBaHHbiX aneKTpOHOB B 11 HyneBOM11 KaHane, nponop-
~~OHanbHOe N 1-L (Z 1), NIL (Z 2 ) - KOn~4eCTBY MIOOHOB, 3aXBaT~BW~x-
CH COOTBeTCTBeHHO aTOMaMH Z1 II Z 2. 

AttJ A H'lt 
N8 J = N (Z o ) • !lj t 0 

- (1- e ) , 
1-L J J AJ 121 

NI-L (Z j ) = N 1-L • K • W (Z j ) , 

j = 1, 2, 

AdJ -A1 -~t npH A .~ t << 1 MHO>KHTenb -- (1- e ) 
Adj·~t. AJ 

MO>KHO 3aMeHHTb Ha 

B <!>OPMyne 121 NI-L - KonH4eCTBO 3aperHcTp~t~poeaHHMX ocTaHo
BOK MIOOHOB B MHWeHH, BKnl04aH OCTaHOBKH B CTeHKaX KIOBeT~ H 
C4eT4HKe 2; K - AOnH MIOOHOB, OCTaH08HBWHXCH B MHWeHH; Adj -
8epoHTHOCTb pacnaAa M~OHOB 8 18 -cocTOHHHH aToMa Z J ; W(Z J) 
AOnR MIOOHOB, 3aX8aTHBWHXCH aTOMaMH Z j ; !l j - TeneCHbiH yron 
aneKTpOHHOrO TenecKona OTHOCHTenbHO Zj -aTOMOB MHWeHH C y4e
TOM pacnpeAeneHHH ocTaHOBOK MIOOHOB 8 MI~WeHH I AnH roMoreHHOH 

MHWeHH n j AnH pa3Hb1X j 6YAYT paBHbl APYr APYrY: n j =!l I' 
fj - 3<!><!>eKTHBHOCTb perHCTpa~HH aneKTpOHOB pacnaAa; ~t - WHpH-

Ha KaHanoe 8peMeHHoro aHan~t~3aTopa. 
R thnnt.A\Irt\1 /?I ,,...., u,..,..,..,..."",....,~ Lt,....""'....., .... _ ............ --..._, UJ('7 ' 
- -r-r-''J"''J 1 -,, ,,_. ,_._., ..... ,........,,,,,...,,,.,,...., ......... '-'w-.rtt .... ll.l ''\._.J'' r\.IJVMC 

onpeAenHeMbiX e 3Kcnep~t~MeHTe 8enH4HH N ej , N 1-L , ~t , K H H3-
8eCTtibiX Aj ' A jd 8XOAHT n H fj • 3Ha4eHHH n H f J Heo6XOAHMO 
onpeAenHTb, HCXOAH 113 KOHKpeTHbiX ycnoBHH 3KCnepHMeHTa: MeCTa 
pacnono>KeHHH 111 reoMeTpH4eCKHX pa3Mepoe MHWeHH, pacnpeAeneHHH 
OCTaHOBOK M~OHOB no 06DeMy MHWeHH, noTepb lnorno~eHHHI 3neKT
pOH08 B MHWeHH, B C4eT4HKe 3, B nornOTHTene Me>KAY C4eT4HKaMH 
3 H 4. nocneAHee o6ycnoeneHo TeM, 4TO npH 1-L-- e- -pacnaAe o6-
pa3y~~~~~ecH aneKTpOHbl He MOH03HepreTH4eCKHe, a HX cneKTp npo-
CTHpaeTCH e HHTepeane 0 < E < E I E : 53 ~iaBI H 3Hep-

- e- max max 
reTH4eCKHH cnei<Tp aneKTpOHOB 3aBHCHT OT Z j • 0AHaKO B ycnOBI1AX 
nnOXOH reOMeTpHH, KOrAa MHWeHb H C4eT4HKH npOTH>KeHHble H pac
CTOHHHe Me>KAY MHWeHb~ H 3neKTpOHHbiM TeneCKOnOM MeHbWe, 4eM HX 
reoMeTpH4eCKHe pa3Mepbl, T04HOe Bb14HCneHHe !l CTaHOBHTCH CJlO>K
HbiM. CneAyeT HMeTb 8 BHAY TaK>Ke, 4TO TeneCHbiH yrOJl He06XOAHMO 
Bb14HCnHTb C y4eTOM <I>YHK~HH pacnpeAeneHHH OCTaHOBO~ M~HOB B 
M~WeHH. 

3Ty CnO>KHOCTb MO>KHO 060HTH ABYMH nyTHMH. Bo-nepBbiX, Ha oc
HOBe 3KCnepHMeHTanbHbiX AaHHbiX MO>KHO Bbi4HCnHTb JlHWb OTHOWeHHe 
W(Z1 )/W(Z 2 ),.. 4TO B cny4ae ABYXKOMnOHeHTHbiX rOMoreHHbiX MHWeHeH 
no3eonHeT onpeAenHTb W(Z 1) H W(Z 1) B OTAenbHOCTH, nocKonb
Ky W(Z 1) + W(Z2) = 1. 
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.. 

1- e -A2~t 
H3 12/ 
W(Z 1) 
--= 

cneAyeT, 4TO 

Ne1 f2 A42 At 

Ne2ft A41A2 1-e-A~c 
131 

W(Z2) 

KaK BHAHO, 3TO OTHOWeHHe He 3aBHCHT OT !l. 
BTOpOH nyTb COCTOHT B cpaBHeHHH KOnH4eCTB aneKTpOHOB, COOT

BeTCTBy~HX pacnaAY MIOOHOB B 18-COCTOHHHH aTOMa Zj' B HC
CJleAyeMOH CJlO>KHOH MHWeHH H B aneMeHTHOH MHWeHH, COCTOR~eH lo13 
OAHOrO copTa aTOMOB Zj IMeTOA MOHHTOpHpOBaHHHI. MeTOA MOHH
TOpHpOBaHHR paHee npHMeHRncR, HanpHMep, B pa6oTax

141 • B ane
MeHTHOH MHWeHH BCe OCTaHOBHBWHeCR B HeH MIOOHM 3aXBaTbiBaiOTCH 
aTOMaMH Zj , 1o1 COOTBeTCTBeHHO B <!>OpMyne 121 AllH 3TOrO cny-
4aH W(Z1) TO>KAeCTBeHHO paeHo eAHHH~e. TorAa H3 aToro cpaa-
HeHHH AnH BepORTHOCTH 3aXBaTa MIOOHOB aTOMaMH Zj B CJlO>KHOH 
MHWeHH nOJlY4HM: 

N N , K , !l , , -AJ ~ t, 
W(Zo) = ej P. ._J_ .l. 1 -e • 141 

J N~JNI-LK !lJ tJ 1 _ 6-Aj11t 
WTpHXOM OTMe4eHbl BenH41o1Hbl, OTHOCH~HeCH K 3JleMeHTHOH MHWeHH. 

np~t~ 11t=11t' nocneAHHH MHO>KHTenb paeeH 1. TaKHM o6pa3oM, AllH 
Bb14HCneHHR no <!>OpMyne 141 He06XOAHMO 3HaTb OTHOWeHHe TeneCHbiX 
yrnoa. 

KaK BHAHO, AllH onpeAeneHHH W(Z1)/W(Z2) no <!>opMyne 131 
He Tpe6yeTCR Bbi4HCneHHH TeJleCHbiX yrnOB H lo13MepeHHH C 3neMeHT-
&..n .. IMIA MIAIII!Pa...ICU.AIA UTI"\ U!PI"\f\vnniAUI"'\ 0 UOTr'\MO UI"'\UIATI"\r"\IAnl""'oD!:tUIAD nnu~--· ·· ··--······•·7 ··- ··---··-n••··-- ··-·-n- ··-·····-,.. .. ,..----··••••• -M··--
KO AnR Z j ~ 36 OTHOCHTenbHaH BepOHTHOCTb pacnaAa CBR3aHHOrO 
MIOOHa A41 7A 1 cocTaBnHeT HecKonbKO npo~eHTOB. CooTBeTCTBeH-
HO YXYAWaeTCR OTHOWeHHe 3<1><!>eKTI<!>oH, H AnH o6ecne4eHHR Hy>KHOH 
CTaTHCTio14eCKOH T04HOCTH Tpe6yeTCR yaenH4eHHe BpeMeHH H3MepeHHH 
c POCTOM zj. B cny4aRX' KOrAa ycnOBHe Aj ·11t << 1 He YAOBneT
BOpReTCR, T04HOCTb onpeAeneHHR YXYAWaeTCH e~e H3-3a B03MO>KHOrO 
APeH<!>a 11 HYJ1R 11 BpeMeHHOrO KaHana annapaTypbl. noaTOMY AllR MHWe
HeH, HMeiO~HX KOMnOHeHTbl C 6onbWHMH z1, npeAn04THTenbHbiM CTa
HOBHTCR MeTOA MOHHTOpHpOBaHHH OTHOCHTeJlbHO nerKOH KOMnOHeHTbl. 

PaccMOTPHM, KaK onpeAenRnHcb HaMH senH4HHbl, Heo6XOAHMble 
AJlH Bb14HCneHHH BepORTHOCTH aTOMHOrO 3aXBaTa MIOOHOB no <!>OpMyJlaM 

131 H 141. 
HenocpeACTBeHHO B aKcnepHMeHTe H3MepRIOTCH 11t , NI-L , N e<t 1) 

H 3aBHCHMOCTb KOnH4eCTBa OCTaHOBOK MIOOHOB B MHWeHH OT TOn~HHbl 

3aMeAJ1HTenR. H3BeCTHO MeCTO pacnOnO>KeHHH H TOJl~HHa MHWeHH, 
TOn~HHa CTeHOK KIOBeT, reoMeTpH4eCKHe pa3Mepbl MHWeHH, TaKHe na
paMeTpbl yCTaHOBKH, KaK TOn~HHa C4eT4HKOB H MeAH~X nJlaCTHH Me>K
AY C4eT4HKaMH 3 H 4 H T.A. 

BenH4HHa K B~4HCnReTcR Ha ocHOBe npo6e>KHOH KPHBOH IKPHBaR 
OCTaHOBOK MIOOHOBI H TOJl~HH MHWeHH, C4eT4HKa 2 H CTeHKH KIOBeT 
AnR MHWeHH. TopM03HaR cnoco6HOCTb CJlO>KHbiX MHWeHeH Bb14HCJ1ReTCR 
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Ha OCHOBC CP€AHero nOTCH4Hana HOHH3il4HH CP€AW. nocKOI1bKy $HI1bTp 
MemAY C4€T4J.1KaMH 1 H 2 BW6HpaeTC~ TaK, 4T06W B MHW€HH nony4HTb 
MaKCHMai1bHOe KOI1H4€CTBO OCTaHOBOK, C4CT4HK 2 H CTeHKH K~BeTW 
11 Bbrpeaa~T" I1HtUb 11 KpbJnbR 11 KpHBoi1 ocTaHOBOK OT M~OHOB. Ha p11c. 2 

npeACTaarreHa 3aB~1CHMOCTb KOIIH4€CT8il OCTaHOBOK M~OHOB OT TOI1l!\H

HW $HI1bTpa IKpHBaH OCTaHOBOKI AIIR rpa$HTOBOi1 MHWeHH TOIIl!\11HOi1 

1 r-I CM 2. K on pe,qenReTCR 1.13 p1.1c. 2 KaK OTHoweHHe nrrol!laAei1 

81/ (81 + 8 2 t- S3 + 8 4 ) , r,qe S 1 , S 2 , S 3 + 8 4 - AOnR ocTaHo
aoK M~OHOB 8 MHWeHH, C4eT411Ke 2 H CTeHKaX K~8eTW COOTBeTCTBeH

HO. An~ MMWeHei1 c TOnl!\MHoA, 3KBMBaneHTHoA no TOpMoaHoA cnoco6-
HOCTI1 3+7 rlcM 2 rpa¢~tTa, 8bl4HcneHHble aHa4eHMH K np1.1 TOI1l!\11He 

C4eT4MKa 2 paaHoA 0,2 rlcM2 M cTeHKax K~aeT 0,15 rlcM2 meneaa· 

MeHR~TC~ OT 0,88 AO 0,96 IAI1fl ny4KOB M~OHOB C MMnyi1bCOM 

150 M3Bic CMHXP0411KI10TpOHa na6opaTOpMV1 RA€PHblX npo6neM OH~HI. 

Puc.2. 3aBHCHMOCTh unTencHB
uocTH OCTaHOBOK MlOOIIOB OT 

TOJJl!\HHbl rpaliJuTOBoro 3aHe,o;nu

Tenn. S 1 , S 2 , S 3 + S 4 
COOTBeTCTBYJOT ).l;OnliH OCTaHOBOK 

MlOOHOB B MHIUeHH, C'l{eT1lHKe 
~2 H KOHTeAuepe KIDBeTW llpH 

TOnl!\Hne MHIUeini 4 rIcH 2. 

2·1o' 

NJ< 
I 

0THOCHTerrbHwe 3Ha4eHMR TerreCHbiX yrnoe 11 Nc" -eKrraA c4eT-
e 

411Ka OnpeAenRni1Cb 8 Kai1MfipOB04HWX J.13MepeHHRX C 3I1eMeHTHWMH MI1-

WeHRMI1 H3 Mg, Cu' Cd H Pb. npH o6pa6oTKe AaHHbiX AI1R 3I1eMeHT

HblX MI1WeHei1 Ha 3BM B $OpMyne 111 KpOMe nocTORHHOro no BpeMeHH 
$OHa HMeeTCR ABa 4I1€Ha. 0AHH COOTBeTCTByeT 3I1€KTpOHaM jJ.--e-·
pacnaAa a MI1W€HI1, a APYroA - a c4eT4HKe 2. AnR yKa3aHHWX MHwe

HeA BpeMR mi13HH M~OHa B CBR3aHHOM COCTORHHH OTII114aeTCR 9T ero 

3Ha4eHI1R AI1R yrnepoAa IC4€T4HKI, H o6pa6oTKa Ha 36M no3BOI1ReT 

onpeAenHTb BKnaA 3I1eKTpoHoB pacnaAa 113 c4eT4MKa N;"· 11 MI1WeHH 

N81 B OTAei1bHO~~· TaKMM nyTeM 6bli111 nony4eHbl KpHBble 3a811CM

MOCTH N ej H N e OT MeeT a pacnonomeHM.R H TOIIl!\11Hbl MHWeHI1. 

flcHo, 4TO npr.1 AaHHOH TOI1l!\lo1He MMWeHM lo13MeHeHMe N eJ c lo13MeHe
Hio1eM R lpaccTORHio'le MemAY c4eT41o1KOM 3 1o1 4eHTPOM pacnpeAeneHHR 
OCTaHOBOK M~OHOB no TOflllllo1He Mlo1WeHio11 OTpamaeT lo13MeHeHio1e Terrec
HOrO yrna 3I1eKTpOHHOro Tei1eCKOna OTHOCio1Tei1bHO Mlo1WeHio1 C y4eTOM 

pacnpeAeneHio'I.R ocTaHoeoK M~OHOB. Ha pr.1c.3 npeACTaeneHa aae1o1cH-
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PHc.3. 3asucHMOCTh cqeTa 

2 4 6 8 10 l,2/CJ.i 

---- - -
3neKTponon iJ. - e -pacna.o;a 

OT MecTa pacnoJIOJK€HlUI MHIU€HH 

rrpH: ITOCTOHHHOH 3Ha'leHHH 

KOJ1H'l{€CTBa OCTaHOBOK MlOOHOB, 

PHc. 4. 3aBHCHMOCTh N ;" ·
BKJ1a,[\a 3JI€KTpOHOB pacna,[\a 

MlOOHOB, OCTaHOBHB!UHXCH B 

cqeT'lHKe N•2, OT TOJJl!\HHbi 

3neMeHTHb~ MHrneueA. 

MOCTb N eJ OT R AI1R Mlo1WeHei1 Mg, Cu H Pb. Tonl!IHHa MHWeHeA no 

ny4Ky COCTaBI1RI1a 3,60; 4,93; 5,97 rlcM 2,HnJ.1 B CaHTHMeTpax: 
2.1: 0.1)1) ~~ 0.1)0 COOT8eTCT8eHHO flilR Mv. C:n 11 Ph N. fO)Ha-

- "J .• 
XOAHnHCb 3KCTpanonlo1poBaHio1eM AaHHbiX AIIR KamAoi1 Mlo1WeHV~ K R .. 0. 
nocneAHee He V~rpaeT ea~HoA pon11, nocKonbKY Heo6xOAHMO onpeAe

nV~Tb I11o1Wb OTHOC~Tei1bHOe lo13MeHeHMe TeneCHWX yrnoB. 

KaK Blo1AHO lo13 pr.1c.3, AaHHble AIIR MHWeHeA c paaHoi1 TOI1l!\lo1Hoi1 

IBblpa~aeMOH 8 rlcM 21 B npeAenax OWH6KJ.1 cor~acy~TCR APYr C APY
roM. To ecTb OTI1H4He TeneCHbiX yrno8 AIIR MI1WeHei1 paaHwx npoTR

meHHOCTeA npH nocTORHHOM R HaXOAio1TCR B paMKax 3Kcnepr.1MeHTanb
HbiX 0Wio160K. 

Ha p~c.4 npHBeAeHa 3aBio1CHMOCTb N;"· -eKrraAa 3neKTpOHOB 

pacnaAa MIOOH08, OCTaHOBI1BWio1XCR 8 C4eT41o1Ke 2 - OT TOI1l!\HHbl 3ne

MeHTHblX MHWeHeA Mg, Cu, Cd , Pb. Torrl!\~1Hbl Mlo1WeHei1 ewpameHbl 8 

3KBHeaneHTHbiX no TOpM03HOi1 cnoco6HOCTJ.1 TOfll!\11Hax rpa$1o1Ta. N~q· 
npeACTaBrreH no OTHOWeHio'l~ K BbiXOAY 3I1€KTpOHOB lo13 MI1WeHH rpa¢1o1-

Ta Ne. KaK Blo'IAHO 113 pr.1c.4, BKnaA 3I1eKTPOHOB pacnaAa lo13 c4eT4M
Ka np11 Tonl!lr.1He Mlo1WeHH t = 4 r I eM 2 cocTaanReT 5%. 

BKI1aA 3I1eKTpOHOB pacnaAa OT MIOOHOB, OCTaHOB11BWio1XCR B CTeH
KaX KOHTei1Hepa, np1o1 Heo6XOAJ.1MOCTJ.1 onpeAei1ReTCR aHanorlo14HO N;q• 
no AaHHbiM lo13MepeHio1i1, B KOTOpblX KOHTeHHep 3anOI1HRI1CR Bel!leCTBOM, 

He COAepmal!\lo'IM TRmenblX 3neMeHTOB 1Hanplo1Mep, BOAa, yrneBOAOPOAbl, 
cnr.1pTbl 1o1 T.A./. 
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npH onpe,qeneHHH 3~eKTHBHOCTH PerHCTpa~HH 3neKTPOHOB pac
na,qa, nepBOHa4anbHO B~neTa~~HX B HanpaaneHHH C4eT4HKOB 3 H 4, 
Y4HT~BaeTCR TO, 4TO ~aCTb 3neKTpOHOB, TepRR 3HeprH~ B MHWeHH, 
C4eT4HKe 3 Y1 B Me,qH, He ,(IOXO,(IHT ,(10 C4eT4HKa 4, 04eBHAHO, ae
flH4HHa noTepH 3aBHCHT OT 3HepreTH4eCKOrO cneKTpa 3neKTpOHOB 
p.--e--pacna,qa, OT TOfl~HH~ MHWeHH, C4eT4HKa 3 H Me,qH, HaXO,qR-. 
~ei1cR MelK,qy c4eT4HKaMH 3 H 4. CneKTp 3neKTpoHoa ,.,.--e- -pacna
,qa 3aBHCHT OT Z j H B~4HCflRflCR ,CinR KalK,qoro Z J no aHanHTH-
4eCKOMY B~palKeHH~ H3 pa6oT~ 1&1, nopor perHCTpa~HH 3neKTpOHOS 
c4eT4HKOM 4 onpe,qenRncR no nonH~M norepRM 3HeprHH /pa,qHa~HoH
Hble H HOHH3a~HOHH~e noTepH/ AflR 3neKTPOHOB /8/ H 

Emu: Emaz 
t = J dE.f(E

8
,ZJ)/ ( f(E

8
,Zj )dE, 

Enopor 0 
r,qe f(E e• Z j)- AH<I><!>epeH~HanbH~H cneKTp 3neKTpOHOS pacna,qa CBR-
3aHHOrO MOOHa B SeiJleCTSe C Z j , 

Pac4eTHble aHa4eHHR t cpaBHHBanHcb c peaynbTaTaMH H3MepeHl4i1 
aasHCHMOCTH Nej OT TOfliJlHH 3neMeHTH~X MHWeHei1. npH 3TOM npe,q
nonaranOCb, 4TO H3MeHeHHe NeJ npH nocTORHHOM 3Ha4eHHH KOnH-
4ecraa OCTaHOBOK M~OHOB H R ooycnoaneHO H3MeHeHHeM nopora pe
rHCTpa~HH. PeaynbTaT~ 3THX Hccne,qoaaHHH noKaaanH, 4TO ,qnR on
pe,qeneHHR OTHOWeHHR 3~eKTHBHOCTeH ,(lnR MHWeHeH C pa3H~MH Ton
UlHHaMH H Zj MOIKHO nOflb30BaTbCR 3MnHPH4eCKOH 3aSHCHMOCTb~ Nej 
OT TOfliJlHH~ 3neMeHTH~X MHWeHeH. 

Beca MHWeHeH, KOHTei1Heoa. C4eT4HKa 2 /reM caM~M HX TOnmH
H~/ onpe,qenRnHCb C T04HOCTb~ He XylKe 0,5%, H COOTBeTCTSY~HMH 
owH6KaMH s K MOIKHO npeHe6pe4b. 0wH6Ka K 6~na o6ycnosneHa rnaa
H~M o6pa30M HeT04HOCTb~ no,q6opa TOfliJlHH~ 3aMe,(lflHTenR/+0,3 r/cM 2/ 

H COCTaBnRna He 6onee +3%, T.e. ,CinR rpa<!>HTOSOH MHWeHH K = 
= 0,95+0,03. -

npH-H3MeHeHHH R OT 1 ,5 ,(10 3 CM H3MeHeHHe TeneCHOrO yrna 
COCTaBnReT OKOflO 15% /eM, pHC.3/, C y4eTOM OWH6KH onpe,qeneHHR 
R HeTo4HOCTb pasHa +3%. 

- C'l To4HOCTb onpe,qeneHHR N e 1N e no pHc. 4 c y4eTOM paa6po-
ca T04eK no a6con~THoi1 aenH4HHe npHHHManacb paaHoi1 +1%. B rex 
cny4aRX, KOr,qa npH o6pa60TKe ,qaHH~X Ha 3BM sKna,q C4eT4HKa He 
OT,qenRnCR OT sKna,qa KOMnOHeHT Z J , B <!>OpMynax /3/ H /4/ N ej 
He06XO,(IHMO 3aMeHHTb Ha Nej -N~'~·, 4TO ,CinR MHWeHH H3 rpa<!>HTa 
cocrasnRno N e • 0,95. O,qHaKo s COOIKHOH MHWeHH Z 1m' Z 2m BKna,q 
C4eT4HKa no OTHOWeHH~ K Zj -KOMnOHeHTe 6y,qeT B 1/(W(Zj)) paa 
6onbwe, 4eM ,qnR rpa<I>HTa. 

nocKOflbKy ny4KH MOOHOS, nony4aeM~X Ha yCKOPHTenRX C He6onb
WHMH npHMeCRMH ,qpyrHX 4aCTH~, nonRpH30BaH~ (Pp. =0,9), npH 06pa-
60TKe 3KcnepHMeHTanbH~X ,qaHH~X Heo6xoAHMO Y4HT~BaTb acHMMeTpH~ 
yrnoaoro pacnpe,qeneHHR 3neKTpOHOs ,.,.-~e--pacna,qa. MaKCHManb
HaR OWH6Ka B OTHOCHTenbHOH BepORTHOCTH aTOMHOrO aaxaaTa M~OHOS 
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H3-3a npeHe6pemeHHR aCHMMeTpHCH 6yACT HMCTb MeCTO npH reoMeT
PMH OnYTa, CXO,(IHOH TOH, KOTopaR npMse,qeHa Ha pMC.1, KOrAa 
c.osOj=l. PaccMOTPMM cny4aA lf.t=O M a 1 ~0.a2 =0. CornacHo ¢lop

Myne I 1 I B npeHe6pemeH~1M a 1 BMecro 11c1 MHHoro 3Ha4CHMR N e 1 6y
,qeT nony4eHo N~ 1 = Ne1 • (1± a 1). CooreercrseHHO senM4HHa W(Z 1)1W(Z2), 

onpeACflRCt-IBR no <!>OpMyne 131, 6yACT OTm14aTbCR OT ,(ICHCTB~1Tenb
HOrO 3Ha4eHHR B (1± al) pa3. npM HaJ1M4m1 HarHMTHoro nonR H.L -1 3 
I .L- cocraenRIOIJlaR MarHMTHoro nonR 3eMnM nM6o pacceRHHoe none 
or ycKopMTenRI CMTya~MR He MeHRCTCR. AeAcTBMTenbHO, 4acrora 
npe~eCCMM KSa3MCB060,(IHOrO CnHHa MIOOHa B TaKOM none pasHa W = 
= 8,55·1o 4 H.L13Ipa,qlc == 0,0855 pa,qiMKc. To ecTb aa speMR Ma
MepeHMR, KOTOpOe 06bi4HO COCTaBJlRCT He 6onee 1 0 MKC, CnMH MIOO
Ha nosepHeTCR MeHbWe 4eM Ha 0,85 pa,q. Cne,qosarenbHO, M s 3TOM 
cny4ae npM 11106oA WMPMHe KaHana aHaJlH3aropa npeHe6pemeHMe acHM
MeTpMei1 npHse,qeT K OTJ1M4YIIO W(Z 1)/W(Z 2 ) OT ,qeHCTBMTeJlbHOrO 
3Ha4eHMR e (1 ± a1) paa. BeJ1!.14MHa "a" ,qnR pa3Hb1X Z s aaBMCI-1-
MOCTH OT XYIMH4eCKOrO COCTasa H <I>1113!.14CCKOrO COCTORHHR MHWeHH 
H3MeHRCTCR OT 0 ,(10 5%. 

npHBCAeHH~e BenH4!.1HY nonpaBOK, eCTeCTBeHHO, 3aBHCRT OT KOH
KpeTHYX ycnOBHH 3KCnep!.1MeHTa H ,(lllR ,qpyrHX YCTaHOSOK MOryT OT
JlH4aTbCR OT paCCMOTpeHHYX B~We. 

J11.1TEPATYPA 

I. tUJlbACJHCK!.1i.1 o.V!. HAP· ,1..1/-\H l.,l,l..t', l'j/j, Lll, c.jlb; Esce
es B.C. H ,qp. OH.RH, A1,2,14-10908, AY6Ha, 1977, c.53,55; 
Escees B.C. M ,qp. X111MHR BYCOKMX 3HeprHi1, 1980, 14, c.76; 
Suzuki T. et al. Phys.Lett., 1980, 95B, p.202. 

2. 6a6aes A.H. H ,qp. 13T<I>, 1966, 50, c.877. 
3. 6anawos B.B. M ,qp. norllOIJleHHe Me30HOB aTOMHWMM R,qpaMM. 

AroMMa,qar, M., 1978, c. 170. 
4. Echhause M. et al. Nuovo Cim., 1962, 24, p.667; Baijal J.S. 

et al. Nuovo Cim., 1963, 30, p.711; 3HHos B.r. M ,qp . .R<I>, 
1965, 2, c.859. 

5. Johnson W.R. et al. Phys.Rev., 1961, 124, p.904. 
6. B c6.: Studies in Penetration of Charged Particles in 

Matter. Nat.Acad.Sci., Washington, 1964, p.205. 

PyKonHCb nocryn1.111a 
5 MaR 

s 1.13,(\aTenbCKHH OT,qen 
1982 ro,qa. 

9 



Eoceeo B.C. H AP· P15-82-320 
3KcnepHMeHTanbHOe onpeAeneHHe nap~HanbH~X oepORTHOCTeH aTOMHOrO aaxoaTa 
M~HOB no BpeMeHH HX ~H3HH B Me30aTOMaX 

PaCCMOTpeH MeTOA onpeAeneHHR nap~HanbH~X oepORTHOCTeH aTOMHOrO aaxoaTa 
M~HOB no BpeMeHHOMy pacnpeAeneHH~ 3neKTpOHOB ~--e--pacnaAa CBR3aHHOrO 
M~OHa B MHOrOKOMnOHeHTH~X MHWeHRX. npHBOARTCR AaHH~e KanH6pOB04H~X H3MepeHHH 
AnR OnpeAeneHHR OTHOCHTenbHOrO 3Ha4eHHR TeneCHOro yrna 3neKTpOHHOrO Tene
CKOna npH HCnOnb30BaHHH pa3H~X MHWeHeH B ycnOBHRX 11nnOXOH 11 reOMeTpHH. npo
BOAHTCR aHanH3 OWH60K, o6ycnooneHH~X BBeAeHHeM pa3nH4H~X nonpaBOK. 

Pa6oTa o~nonHeHa o fla6opaTopHH RAePH~x npouneM OHRH. 

Coo6UieHHe 061>eAHHeHHOro HHCTHTyTa RAePH~x HccneAoBaHHH. Ay6Ha 1982 

Evseyev V.S. et al. P15-82-320 
Exper imental Determ i nation of Pa r tial Probabilities for Atomic Capture 
of Muons through Their Lifetime in Mesonic Atoms 

The paper considers a method of determinat~on of partial probabilities 
for atomic capture of muons through the time distribution of electrons from 
p- -e--decay of a bound muon in multicomponent targets. The paper includes 
the results of adjusting measurements for determination of values of the 
solid angle of the electronic telescope for different targets under the 
"bad" geometry conditions. The analysis of errors due to the introduction 
of various corrections is done. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1982 
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