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SUMMARY 

This work has been aimed at the inves
tigation of muonic Kx-ray intensities of Li 
in the form of metal and lithium hydride. 
Such a choice of targets makes it possible 
to follow the features of the population of 
np-states in the simplest atomic and mole
cular compounds. 

The experiments were run on the mesic 
channel of the Dubna synchrocyclotrob with 
90 MeV/c negative muon beam. The experimen
tal lay-out is shown in Fig. 1. The muonic 
X-rays were detected by a Ge(Li) detector 
of 2.4 cm3 volume and about 600 eV resolu
tion in the 15-25 keV region. 

The relative intensities of np .... ls 
transitions in Li and LiH targets are given 
in the Table. It should be noted that the 
errors listed are in all the cases the sta
tistical ones (resulting from the computer 
processing of spectra) . 

For LiH several theoretical estimates 
are also given which have been obtained by 
some simplifying assumptions. The comparison 
with experimental results shows the very 
important role of the muon initial distri
bution p(l) as well as the predominant 
population of levels with low 1. This ap
pears to be associated with the possibility 
of adiabatic capture of muons in hybrides. 
This conclusion seems to be confirmed by the 
ratio of ratios R =l(np ... ls)/ 1(2p ... ls) 
for LiH and Li targets. 

@1974 06"beOUH€HHblU UHCIIIUIIIYIII JIO€pHI>IX UCC/IeOoeaHUU ,4y6Ha 

1. BBB,4BHHB 

3KcnepHMeHThl nocne,naax neT y6e,naTem.ao noKa3a.J111 
BnHIHRe MOneKynspHOB CTpyKTYPhl Be~eCTBa Ha npo~eCChl 
aTOMHOrO 3aXBaTa Me30HOB, B 'laCTHOCTH, Ha CTpyKTypy 
Me3opeHTreHOBCKRX cepHB 3neMeHTOB /eM., HanpHMep, pa-
60TY /1 I I. TaK, H3y'leHHe K - cepai /nepexo,nos n p ... l s I 
3HeMeHTOB R RX OKHCHOB ITOKa3anO 72-4/, 'ITO OTHOCHTem.Hai 
3aceneuHOCTb YPOBHei c n ~ 3 B MeTannax 6onbwe' 'I eM 
B OKRcnax, R TeM 6onLwe, 'leM swwe n. AaanorH'IHai 3asa
CRMOCTb 6wna OTMe'leHa TaK)I(e ,nHI ranoreHH,nOB, TOr,na 
KaK cpasaeaae K -cepai yrnepo,na B l}lopMe rpal}laTa R B co
cTaBe nonR3T&neaa ( DI2 )n o6aapy)I(Hno o6paTayro KapTa
HY I 41 . 

U.enLIO aacToi~ei pa6oTLI IBRnocL cpasaeaae CTPYKTypw 
p. -Me 3opeHTreaoscKoi K - cepaa Li· B <}lop Me MeT anna R s 
ra,npa,ne nRTRI. TaKoi sw6op M&weaei no3BOnieT npocne
,n&Tb ynoMIHyTwe oco6eaaoCTR CTPYKTypw K-cepai 3neMea
TOB B npOCTeBWRX aTOMHhiX R MOneK"ynipHhiX COe,nHHeHRIX. 
KpoMe Toro, ,nni TaKRX npocTwx coe,naaeaai,KaK LiH , MO)I(HO 
pacc'I&TaTb KacKa,n B aToMe Li npa .nosonLHO pa3yMawx 
ynpo~aiO~x npe,nnono)l(eHHix. B csoro oqepe,nb, cpasaeaae 
paC'IeTOB C pe3ynbTaTaMH 3KCnep&MeHTOB IIOMO>KeT YTO'I
HRTb cy~eCTBYIO~YJO KapTRHy npo~eCCOB 3aXBaTa f.L- -Me3o
HOB B XRMR'IeCKRX COe,n&HeHHIX. 

2. IIOCTAHOBKA 3KCIIBPHMEHTA H 0.6PA.60TKA 
,4AHHJ:JX 

OnwThl npooo,nanacb aa Me 30HHOM Kaaane caaxpo~HKno
Tpoaa Jla6opaTopaa •.nepawx npo6neM OHJIH, aa ny'IKe oT
pa~aTenLHhlx MIOOHOB C RMITYnLCOM 90 M3B/c. 

Pacnono)l(eHRe annapaTypw cxeMaTH'IeCKH noKa3aHo aa 
puc. 1. C'leT coona.neaai 12 caraanoo oT C1 H C 2 IBninci 
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Puc. 1. CxeMa 3KcnepuMeHma. 1 - ceUHfiOBaJI 3aflluma, 2 -
(JUAbmp /noAu3muAeH/, 3 - MUUleHb, 4 - oemeKmop Ge ( Li); 
C I, 2, 3 , 4 - CfiUHIIIUAAJifiUOHHble C'lel/l'lUKU. 

MOHHTOpOM MIOOHHOrO llY'IKa. IlO.D.TOpMO>KeHHble B cPHJILTpe 

MIOOHbl nona.D.aJIH Ha MHWeHL. MaweHH Li H LiH HMena 

pa3Mep 10 X 10 CM H TOJIUUIHY 0,64 H 0,75 2/CM 2 , co

OTBeTCTBeHHO; .D.JIH npe.IJ.OXpaHeHHH OT OKHCJieHHH MHWeHH 

BO BpeMH OllbiTa pacnOJiaraJIHCb B llOJIH3THJieHOBbiX "KOH

BepTaX ". Me 3opeHTreHOBCKoe H3Jiy'leHHe perHcTpHpoBanocL 

.D.eTeKTopoM Ge ( Li) o6'beMOM 2,4 cM 3 c pa3peweHHeM 

OKOJIO 600 3B B 06JiaCTH 3HeprHii 15-25 K3B; TOHKOe BXO.IJ.

HOe OKHO n03BOJIHJIO perHCTpHpOBaTb y -Jiy'IH, Ha'IHHaH C 

,. 5 K3B. ,lJ,JIH npe.IJ.oxpaHeHHH OT pa.IJ.HaD;HOHHbiX llOBpe>K.IJ.eHHH 

HeiiTpOHaMH .D.eTeKTOp OKpy>KaJICB 3aUUITOH H3 noJIH3THJieHa 

H Ka.D.MHH, He llOKa3aHHOH Ha pUC. 1. 3aMeTHM, HaKOHe:u;, 

qTo BO H36e>KaHHe norJIOI:u;eHHH Me3opeHTreHOBCKOrO H3Jiy

qeHHH B CTeHKaX cqeT'IHKa aHTHCOBna.D.eHHH C 4Mhl OTKa3aJIHCb 

OT CTaKaHOllO.D.06HOH ero cPOpMbl. 
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,lJ,JIB yMeHLWeHHB qacJia JIO>KHhiX 3anyCKOB /OCTaHOBOK 

He B MHWeHH/ cqeTqHK Cg 6hiJI C.IJ.eJiaH oqeHL TOHKHM 

/OKOJIO 0,3 MM/ H 6hiJia HCnOJib30B&Ha 06IUaB CBeT03&UUIT& 

o6'heMa, yK&3aHHOrO npH6JIH3HTeJILHO Ha puc. 1 nyHKTHPOM, 

BMeCTO OT.D.eJILHOH 3aUUIThl cqeTqHKOB Cg H c4.3To ll03BO

JIHJIO TaK>Ke 6onee KOMnaKTHO pacnono>KHTL annapaTypy 

H TeM caMbiM 3&MeTHO BhiHrpaTL B HHTeHCHBHOCTH OCTaHo

BOK. 

JlorH'IecKas cxeMa 3KcnepaMeHTa 6wna o6wqHoii. J\pa 

H&JIHqHH COBna.D.eHHH /WHpHHa KpHBOH 2r • 100 HCeK/ 
Me)K.IJ.y OCTaHOBKOH MIOOHa B MHWeHH 1234 H perHCTpa:u;aeii 

y -KBaHTa B IIII,D, carHaJI co cneKTPOMeTpH'IecKoro Tp&KTa 

npoxo.D.HJI Ha BXO.D. MHoroKaHaJILHoro aHaJIH3aTopa. JloraKa 

npe.IJ.YCMaTpHBaJia TaK>Ke 6JIOKHPOBKy 6JIH3KHX no BpeMeHH 

CHrHaJIOB H 6JIOKHpOBKY Ha BpeMB &H&JIH3a. 

CneKTp Ka>K.D.Oii MHWeHH /Li H LiH / CHHMancs B 2- 3 

ceaHcax pa6oTbl Ha ycKopHTene; y'I&CTOK cneKTpa, nony'leH

Horo B O.IJ.HOM H3 T&KHX ceaHCOB, noKa3&H Ha pUC. 2. fiOMHMO 

K - cepaa Li B cneKTpax o6Hapy>KHB&IOTCH nocTopoHHHe 

JIHHHH. 3To L- H K -cepHH yrnepo.IJ.a, o6ycnoBneHHwe rnaB

HbiM o6pa30M OCTaHOBKaMH B nOJIH3THJieHOBOH ynaKOBKe MH

weBB H cqeTqaKe Cg. Ha puc. 2BH.IJ.Ha JIHHHB La 114,1 K3B/; 
OCTaJILHble JIHHHH 3TOH cepHH yrnepo.IJ.a nepeKphiB&IOTCB C 

JIHHHHMH Li • ,D,anee Ha puc. 2 BH.D.Hbl He6onLWHe "nnaTo" 

I cneBa oT Ka - H K {3 - JIHHHii Li I, o6ycnoBneHHhle pac

CeBHHeM B MHWeHH COOTBeTCTBYIOUUIX KB&HTOB Ha 60JILWHe, 

6JIH3KHe K 180° , yrnbl. HaKoHe:u;, B cneKTpax OTMe'I&IOTCB 

cepHH KHCJIOpO.IJ.a, qTO MO>KHO 06'bBCHHTb HaJIHqHeM He60Jib

woro KOJIH'IeCTBa OKHCJIOB Li B MHWeHsx. ITono>KeHHe La 
/25,0 K3B/ KHCJIOPO.D.a, BH.Il.HOH Ha puc. 2, nO'ITH TO'IHO 

coBna.D.aeT c KpaeM K - cepHH Li . 
06pa6oTKa cneKTPOB ft.etaCL Ha 3BM "MHHCK- 2" no 

nporpaMMe "KAT OK -:6" 5 , n03BOJIBIOI:u;eii OCyi:u;eCTBJIBTb 

pa.3JIO>KeHHe .IJ.OCTaToqHo CJIO>KHbiX yqaCTKOB cneKTpa. fio

CKOJILKY cTa6HJILHOCTL annapaTypw 6wna xopoweii, o6pa-

6oTKe nO.IJ.BepraJIHCb rJI&BHbiM o6pa30M HTOrOBble cneKTphl 

Li H LiH, nonyqeHHhle cyMMHPOB&HHeM - npa Heo6xo.IJ.HMOCTH, 

CO C.IJ.BHrOM /Ha 2-3 K&HaJia/ - cneKTpOB H3 OT.IJ.eJILHbiX 

ceaHCOB. ITpoue.IJ.ypa o6pa6oTKH noBTopsnacL HeO.IJ.HOKpaTHO, 

c BapHa:u;aeii 3a.D.aBaeMwx napaMeTpOB- rpaHHU o6pa6aTwBa-
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eM:WX y'laCTKOB, 'IHCna nHKOB H T.n. llony'leHH:We pe3yn:&TaT:W 
oKa3aJJHc:& ~ocTaTO'IHO ycToii'IHB:W K Taxoro po~a sapaaiUI.a:M. 
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Puc. 2. YttacmoK cneKmpa LiH. 

B Haii~eHH:we TaKHM o6pa3oM HHTeHCHBHOCTH nHHHii K -
cepHH l.i He06XO~HMO BHeCTH p.II.IJ. nonpaBOK. llonpaBKa 
Ha nHHHH L -cepHH yrnepo,IJ,a, He pa3pewaroli.Uiec.a: OT Hexo
Top:wx JJHHHH Li, He npesocxo,IJ,HT 1 11/o OT 3aperacTpaposaHHOH 
HHTeHCHBHOCTH COOTBeTCTBYIOUUIX JIHHHH. llonpaBKa Ha JJHHHH 
KHCnopo,IJ,a, onpe,IJ,eneHHa.ll no H3MepeHHOMY HaMH cneKTpy 
Hz 0, 06b.IICH.IIeT OKOnO 8011/o HHTeHCHBHOCTH JIHHHH 25,0 K3B 

/ Kv ,IJ,n.ll Li H La .IJ.n.ll 0 /. Ho CTPYKTypa K - cepHH 
KHCnopo,IJ,a B OKHCnax H BO,IJ,e pa3mi'IHa /4/ , H nOrH'IHO 
npe,IJ,nonOlKHTb, 'ITO L -cepa.a: KHcnopo,IJ,a se,IJ,eT ce6.a: aHano
rH'IH:WM o6pa30M /3TO no.IJ.,!J,eplKHBaeTC.II H3MepeHH.IIMH/3/ 
cepHH Ti /; TOr,IJ,a BCJI HHTeHCHBHOCTb nHHHH 25,0 K3B 

06b.IICHJieTCJI npHCYTCTBHeM KHCnopo,IJ,a. ~anee, BBO,IJ,Hnac:& 
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nonpa.BKa Ha norno~eHae B MHmeHH; ee seJJH'IHHa ,!J,JI.II pa3-
H:WX nepeXO,!J,OB B O,!J,HOB MHWeHH pa3nH'IaJJaCh He 6onee 'leM 
Ha /0,6-0,7 /tfo. HaxoHeu;, BBO,IJ,Hnacb nonpasxa Ha 3«WleKTHB
HOCTb perHCTpaD;HH; pa3JJH'IHe B ee BeJJH'IHHe ,!J,JIJI pa3H:WX 
nepexo~os .IJ.OCTHrano 10~. 

~nJI nposepKH KOppeKTHOCTH npHHJITOH npoo;e,IJ,yp:w 6:WJJH 
paCC'IHTaH:W CYMMapH:We HHTeHCHBHOCTH Me3opeHTreHOBCKOB 
cepHH /Ha 1 OCTaHOBKY MIOOHa/. 0Ka3anOCb, 'ITO ,!J,JIJI MHme
Heii Li H LiH 3TH 'IRena pacxo,IJ,.a:TCJI He 6onee 'leM Ha 1 ,5~. 

3. PE3YJJbTAThl H 0.6CY)J(,4EHHE 

llony'leHH:We B HamHX 3KCnepHMeHTaX OTHOCHTen:&H:We 
HHTeHCHBHOCTH /HopwaposaHH:We Ha e,IJ,HHHUY I nepexo,IJ,oB 
K -cepaa Li B MHWeHJixLi H LiH npase,IJ,eH:w s ma6A. 1. 
3aMeTHM, 'ITO DO BCeX Cny'laJIX yKa3aH:W TOnhKO CTaTHCTH· 
'leCKHe OWH6KH, CBJI3aHH:We C pa3nOlKeHHeM H o6pa60TKOH 

cnexTpa. 
HaWH ,IJ,aHH:ble ,IJ,nJI OTHOCHTen:&HOH HHTeHCHBHOCTH nepe

xo,IJ,a 2p ... l s B Li xopowo cornacyroTCJI co 3Ha'leHHeM 
0, 72± 0,05, nony'leHH:WM. c nowo~:&IO KCeHoHosoro nponop
naoHan:&Horo c'leT'IHKa /9/. MeTO.IJ.OM co;HHTHJJJJJID;HOHHOH 
cneKTpocxonHH /I 0 I ,IJ,nJI 3TOH senH'IHHhl 6:wno nony'leHo 3Ha

'leHae 0,86± 0,03. 
~n.a: cny11aJ1 LiH B ma6A. 1 npase,IJ,eH:w TaiOKe TeopeTH

qecxae ou;eHKH, nony'leHH:we npa cne.IJ.YIOUUIX ynpo~aiOUUIX 
npe,IJ,nOnOlKeHHJIX. lloTeHD;Han, B KOTOpOM )l.BH:>KeTCJI {[-·Me30H 
Ha s:wcoKHX so36YlK.IJ.eHH:WX ypoBHJIX N, 3aMeHJinCJI KynoHos
CKHM noTeHD;HanOM H30nHpOBaHHOrO aTOMaLi /eM. puc. 3/. 
llpa 3TOM 3HeprHJI CBJI3H 2s- 3nexTpoHa Li nonaranac:& pas
HOB 8,3 3B, T.e. paBHOH 3HeprHH CBJI3H BaneHTHOrO 3neKTpO
Ha B MOneKyne LiH /6/. 3TO, B CBOIO O'lepe,IJ,h, 03Ha'laeT, 
'ITO J1 -Me3oH Ha op6HTax 15 5: N !: 30 .IJ.BH:>KeTCJI B xynoHos
CKOM none JI,IJ,pa c 3«WleKTHBH:biM 3apJI.IJ.OM Z * "'1 ,6. Ha 

ypoBHJIX N< 15 {I- -Me30H .IJ.BH)KeTCJI B none JI,IJ,pa c 3apJI· 

)l.OM Z = 3. 
llpH B:W'IHCneHHJIX HCnOnb30BanHCb nporpaMM:bl /7,8/ ~nJI 

paC'IeTOB MIOOHHOrO KaCKa,IJ,a. 
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Puc. 3. Ho•eHflUOA MOAeKyAbl LiH. 

3aMeTHM, qTo so scex npe>KHHX pacqeTax 3a HaqanbHhiB 

ypoBeHb MIOOHa npHHHManCJI ypoBeHb C N"" 14, T.e. Haqanb

HaJI op6HTa MIOOHa cqHTanacL pacnono>KeHHoii BHYTPH K
op6HThl 3neKTpoHa. O~HaKo npH TaKoM sw6ope N Mhl 3apa

Hee OTKa3hiBaeMCJI OT 06'bJICHeHHJI BnHJIHHJI XHMHqeCKOB CBJI3H 

Ha CTPYKTYPY Me3opeHTreHoscKoii cepHH. Me30HHwe ypoBHH 

c 20<N<30, pacnono>KeHHLie Me>K~Y 1 s- H 2s-op6HTaMH 

3neKTpOHOB B aTOMe Li , HaXO~JITCJI B 30He saneHTHhiX 

op6HTaneii coe~HHeHHB Li • 
BapHaQHJI HCXO~Hwx napaMeTpos HaUIHx pacqeToB noKa-

3ana, qTo H3MeHeHHe N B npe~enax 20 ~ N ~ 30 cna6o cKa-

3hiBaeTCJI Ha OKOHqaTenbHhiX pe3ynbTaTaX; 3HaqHTenbHO 

6onbwee BnHJIHHe Ha HHX OKa3biBaeT H3MeHeHHe 34JcPeKTHBHOrO 

3apJI~a Z * H HaqanbHOrO pacnpe~eneHHJI p ( f ) MIOOHOB 

llO ypOBHJIM C pa3nHqHhiMH 3HaqeHHJIMH op6HTanbHOrO MO

MeHTa e. lloCKOnbKY ~nJI sapHaQHB Z* HeT oqesH~HhiX OCHo

BaHHB, OCTaHOBHMCJI Ha BnHJIHHH p ( f ) • 
~13 cpaBHeHHJI 3KCnepHMeHTanbHhiX pe3ynbTaTOB H Teo

peTHqeCKHX oueHOK cne~yeT, qTo npe~nono>KeHHe o CTaTHc

THqecKOM pacnpe~eneHHH p ( f ) = 2e + l Hey~osneT
BOpHTenbHO . He snonHe y~osneTsopHTenbHO /Ho see 

>Ke 3aMeTHO npe~no'ITHTenLHee/ H ~pyroe Kpu.B:Hee npe~no
no>KeHHe f ""0, T.e. 3anonHeHHe TOnbKO COCTOJIHHB C Hyne

BhiM op6HTanbHhiM MOMeHTOM. ~eBCTBHTenbHOe pacnpe~e

neHHe p ( f ) ,no-BH~HMOMy, HMeeT MaKCHMYM npH HeKOTO-
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pWX ~OCTaTO'IHO MaJIWX 3Ha'leHHJIX f. IB :noi CBJI3H CM. 
ue~asuue pa6oTw /11 • 12 I 1. 

B nocne~uei rpac)e •a6A. 1 npose~euo cpasueuue BeJIH
'IHH Rn = J ( n p ... l s) / J ( !q! ... l s ) ~JI MHDieHei. LiH H Li 

Bu~uo, 'ITO oTuomeuue Rn ( LiH) I R n ( Li) scer~a 6onbme 
1 B TeM 60JibWe, 'leM 60JibWe n' TOr~a KaK OTHOWeHHe R n 
I oKucenl /R n lweTaJIJII o6uap}')KHBaeT o6pa Tuoe noB~~e
uue 141. 0TweTBM, 'ITO B o6oux cnyqaJix loKHCJIW u LiB I 
MW BMeeM ~eJIO C BOHHWMH COe~BHeHBJIMB. 3TOT c)aKT TaiOKe 
CBH~eTeJibCTByeT 0 BWKHOCTB Ha'laJibHOrO pacnpe~eJieHHJI 
p (f ) ,KOTOpoe B CJiy'lae OKHCJIOB H rB~pB~OB ~OJDKHO CBJibHO 
pa3JIH'IaTbCJI: B r~p~aX B03MO)I(eH a~a6aTH'IeCKHB 3aXBaT 
MIOOHOB, npHBO~JimJIB K npeBMYII\eCTBeHHOMY 3anoJIHeHHIO 
yposuei c wanwwu 3Ha'leHHJIMB f /1 I . 

Cne~yeT OTMeTBTb, 'ITO OTHomeHBJI Rn ( CH2) IR n ( C) , 
B3Mepeuuwe B pa6oTe I 41 c xopomei TO'IHOCTbiO cosna~aiOT , 
CO 3Ha'leHHJIMB, npHBe~eHHWMB B •a6A. 1, 'ITO BDOJIHe ec-
TeCTBeHHO, ecJIH ~· ( CH 2 )nH LiH wexaHH3MW aTowuoro 
3aXBaTa MIOOHOB, a, CJie~OBaTeJibHO, H pacnpe~eJieHHJI p (f ) , 

auanorB'IHW. 
}J;JIJI 6onee O~H03Ha'IHOB BHTepnpeTa:QHB pe3yJibTaTOB 

B3Mepeuui )l(eJiaTeJibHO nposecTB 6onee cTporue pac'leTw 
KacKa~uwx nepexo~oB p. --we30HOB B Li H LiH,a TaiOKe 
BW'IBCJIBTb pacnpe~eJieHHJI p ( f ) npH pa3JIH'IHWX npe~DOJIO
)l(eHHJIX 0 MeXaHB3Me nepBOHa'laJibHOrO 3aXBaTa MIOOHOB. 

C TO'IKB 3peHHJI DpHJIO>KeHHB, HaB60Jiee HHTepeCHWM 6WJIO 
6w, C O~HOB CTOpOHW, ycTaHOBJieHHe 3aBHCBMOCTH Me~y 
pa.cnpe~eneuueM uuTeucusuocTei JIHHBi K -cepuu u c)opwoi 
c)yHK:QBB p ( f ) ,a, C ~pyroi CTOpOHW, - DOHCKB KOppeJIJI:QBH 
Me~y c)opMOB p( f ) B oco6eHHOCTJIMH CTpyKTypw XBMH'Ie
CKOB CBJI3B B pa3JIH'IHWX COe~BHeHBJIX. 

B 3aKJIIO'Ieuue ww xoTeJIH 6w no6naro~apBTb P .3urc)epa 

3a CTBMYJIHPYIOmBe ~cKyccHH H npe~ocTaBneuue Ge ( Li) -
~eTeKTopa, Q.Bwnosa H B.AneKcau~posa 3a KaJIH6poBKY 
~eTeKTOpa, n.H.IIBKBTIOK H n.M.CMBPHOBY 3a DOMOII\b 
B pa6oTe. O~uu B3 asTopoB IX.WuesJIHI 6naro~apHT U.EPH 
3a npe~ocTasneuue Kowa~upoBKB u OHJIH 3a TenJIWi 
npueM. 
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