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Dpn 3aM9Jl119Hiili ri OCTaHOBKe B BemeCTBe OTpliUaTellbHhie MJOOHbl Clillb

HO Jl9I1011Sip1i3YJOTCSI B npouecce o6pa30BaHHSI M930aTOMOB H B KaCKaJlHbiX 

nepexoJlaX Ha K-o6ono'lKy. TaKa~ JlenonSipnaauHSI B 3Ha'lHTellbHO~ cTeneHH 

o5yC110B119Ha CI1HH-op6HTallbHO~ CBSI3b!0 0 a TaK*e B3aHMOJl9~CTBHeM MaPHHT-

HhiX MOMeHTOB MJOona H sneKTpoHno~ o6ono'lKn. B MeaoaToMax c nenyne-

Bb!M SIJlepHb!M CilHHOM cymecTBeHHO, KpOMe TOPO, B3aHMOJl9~CTBile MaPHHT-

HbiX MOM9HTOB MJOOHa H SIJlpa, o6ycnaB11HBaJOmee CBepXTOHKOe pacmerrneHHe 

ypoBHefi Me30aTOMOB. 3TO B3aHMOJl9l1CTBiie IlpHBOJlHT K Jl0I1011HiiT91lbHOH )le-

IlOJISipH3aUiili MJOOHOB. 

B psme pa6oT /1+·51 
rrponaBeJleH pac"leT BeJIH'lHHhi sTofi )lerroJtSipnaa-

uun, o6ycnoBneHHO~ nanH'lHeM neuyneBoPo SIJlepnoPo crrnua B MeaoaToMax. 

0CHOBHOe COCTOSIH!ie M930aToMa C SIJlepHbiM CilliHOM If,_ 0 COCTOHT Ii3 CBepx

TOHKOPO Jly6neTa c rronHbiM MoMeHTOM F + ., I+ 1/2 • B pa6oTax ll,2 I 

TaKaSI Jl9Il011Sipl!3aUIISI Bbl'lHC11SI9TCSI C y'leTOM CBepXTOHKOPO pacmerrneHHSI 

TOllbKO OCHOBHOPO COCTOSIHHSI M930aTOMa B rrpeJli10110*9HHii CTaTHCTH'l9CKO~ 

aaceneHHOCTii COCTOSIHii~ CBepXTOHKOPO pacmerrneHIISI. B pa60TaX / 3 ,4 / )lllSI 

SIJlep CO CilliHOM 1/2 li y"!TeHa · TaK*e JlerronHpnsannSI, o6ycnoBneHHaSI Baan-

MOJleHCTBiieM MlOOHa C MaPHHTHbiM, MOMeHTOM SI)lpa II Ita B036Y*JleHHbiX 

ypoBHSIX. B pa6oTax /1+-4/ He y~HThiBanacb B03MO*HOCTb nepeXOJlOB Me*ilY 

JlBYMSI COCTOSIHHSIMU CBepXTOHKOPO pacmerrneHHSI U3-3a KOHBepCHii 91leKTpO-

HOB c M u L aToMHhiX op6uT. 

0JlHaKO B pa6oTaX /B,7 / IlOKaSaHO, ''ITO BepOSITHOCTb KOHBepCHH R 

MHOPO 60llbllle BepOSITHOCTii SaXBaTa MJOOHOB SI)lpaMn C He'leTHh!Mll Z B 

HHTepBane S<Z<35. 
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B Hau6onee noaaHefi pa6oTe A.n. ByxaocToBa 
151 

aenongpuaauug pac

C'IHThiBaeTCSI c y'leTOM aaauMoaeficTBHSI MlOOHa Ha aoa6y:lKaeHHhiX ypoBHSIX 

Me308TOM8 C npOH3BOnbHhiM gaepHhiM CnHHOM, npH'IeM npHHHMaeTCSI BO BHH

M8HHe KOHaepcuSI Me:lKay ypoaHSIMH caepxToHKofi cTpyKTYPhi. Benu'l:uHa aeno

ngpuaauuu anSI KOHKpeTH.oro gapa MO:lKeT 6hiTb nony'leHa, ecnu uaaeCTHa CKo

pocorb H ·aaceneHHOCTb COCTOgHHH TOHKOH CTpyKTyphl B036y:lKaeHHhiX ypoaHefi 

npu KacKaaHhiX nepexoaax. 

0CT8TO'IH8SI nonSipH38UHSI OTpHU8TenbHhiX MIOOHOB Ha K-op6HTe Me30a

TOMOB C HeayneBhiM gaepHhiM CllHHOM 3KCnepHMeHT8nbHO HCCneaoBanaCb B 

HeCKOnhKHX pa60T8X /St-12/. l13M~peHHSI aenongpH38UHH B Boaopoae /S,O/, 
I 

anroMHHHH /10/, <floc<flope H $Tope· 16•11 •121 He 06Hapy:lKHnH OTnH'IHOH OT Hy-

nSI ocTaTO'IHofi nonSipuaauuu B STHX MeaoaToMax. Ha6nroaeHHe HeHyneaofi oc-

TaTO'IHOfi nonSipuaauuu Ha KpacuoM <floc<flope /10/ 6hmo onpoaepruyTo 6onee 

TO'IHhiMH uccneaoaaHHSIMH 1111. 0TCYTCTBHe aaMeTHofi ocTaTO'IHofi nonSipu-
' 

38UHH npH
0 

OCTaHOBKe MIOOHOB B <floc<flope 111 / H $Tope /11,12/ T8K:lKe CBH-

·aeTenbCTBOBano B nonb3Y 6onbWOI'O 3H8'1eHHSI CKOpOCTH KOHBepCHH R B 

3THX Me308TOM8X no Cp8BHeHHIO C BepOSITHOCTblO pacnaaa MIOOHOB, T.e. 0 

TOM, 'ITO pacnaa npoHCXOaHT H3 HH:lKHei'O COCTOSIHHSI CBepXTOHKOH CTpyKTy

phi F_ = 0. 

LJ.aHH8SI pa6oTa noc~SIIIleHa H3Mep~HHIO BenH'IHHhl OCT8TO'IHOH nongpuaa

UHH MIOOHOB B nei'KHX Me308TOM8X C HeHyneBhiM SiaepHI'>IM CnHHOM. nony'Ie

HHe 3TOH BenH'IHHhl HHTepeCHO He TOnbKO C TO'IKH 3peHHSI TeopHH Me308TOM

HhiX npoUeCCOB, HO H anSI StaepHOI'O 38XBaTa MIOOHOB, noCKOnbKy 38BHCHMOCTb 

OT KOHCT8HT cna6oro B38HMOaefiCTBHSI K03$$HUHeHT8 8CHMMeTpHH B yi'nOBOM 

pacnpeaeneHHH HefiTpOHOB npu 38XBaTe MIOOHOB B SiapaX C HeHyneBhiM CUR

HOM HH8SI, '!eM B Siapax C I = 0 • TonbKO HeHyneaoe 3Ha'leHHe OCT8TO'IHOH 

nonSipuaauuu noaaonuT npouaaoaHTb uccneaoaaHHSI acuMMeTpuu B ucnycKa

HHH HefiTpOHOB OT 38XB8T8 MIOOHOB gapaMH C I f. 0 • 

OcTaTO'IHaSI nonSipuaauuSI onpeaenSinacb no sanH'IHHe KOa<fl<fluuueHTa acuM

MeTpuu B yrnOBOM pacnpeaeneHHH _sneKTpOHOB pacnaaa npH OCT8HOBKe MIOOHOB 

B ruapuae nuTHSI ( I =3/2), 6epunnuu ( I = 3/2), Kap6uae 6opa D 
4 
c 

I = 3/2), :lKHaKOM aaoTe ( I = 1) u KpacHoM <f!oc<flope ( I = 1/2). AcuM-

MeTpHSI sneKTpoHOB uccneaoaanacb MeToaoM. npeueccuu cnuaa MIOoHa B cna-

6oM nonepe'IHOM M8I'HHTHOM none. 
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KaK IISBeCTHo (eM., HanpiiMep, 11 I), f'IIPOMaf'HIITHOe OTHOIIIeHIIe Ka)K-

llOf'O II3 llBYX CBepXTOHKIIX COCTOSIHIIH 

penensreTCSI II3 COOTHOIIIeHnfi: 

F =I + 1/2 - o6ono'IKII MesoaToMa on
+ -

g = --- ( Jl + Jl ) ' g , __ 1_ ( Jl - l.±..L ) Jl ) f 

+ I + 1/2 Jl sr - I + 1/2 Jl I sr 

rae 

M8f'HIITHbie MOMeHTbl MIOOHa II Slllpa, B nonepe'IHOM ( OTHOCIITenhHO CniiH8 

MIOOHa) M8I'HIITHOM none M8f'HIITHbie MOMeHTbl COCTOSIHIIH CBepXTOHKOH C'TpyK

Typb! npeueccnpyiOT c pa3nii'lHhiMn 'laCTOTaMn: 

e 4 -1 
6J = g ---H = 4,28 • 10 • g H paA'CeK 

+ + ~- 2m C 
ll 

OnpeneneHIIe Kos<P¢nu1IeHTOB acnMMeTpH!! 

neHIIII sneKTpoHOB pacnana: 

B yrnOBOM pacnpene-

N(t)=N (l+a cosw t )exp(-t/r) · 
0 ::: :!::. • 

U 'l8CTOT npeUeCCIIII w +· II w n03BOnSieT He TOnbKO II3MepiiTb OCT8TO'lHYIO 

nonSip!!38lliiiO MIOOHOB B Me308TOMe,. HO II OnpeneniiTb, K K8KOMY COCTOSIHIIIO_ 

F + 9Ta nonSip!!38UIISI OTHOCIITCSI, B 9TOM Bblpa)KeHIIl! r - BpeMSI )KII3HII MIOO-

Ha B Me30aTOMe, T ~ f r.:d T 
+ I 

noCKOnbKY CniiHOBOH 38BIIC!!MOCTb!O MIOOH-

HOI"'O 38XBaTa B nerKIIX Me308TOM8X ( Li, Be, B, N 
2 

MO)KHO npe-

He6pe'lb II3-38 TOI"'O, 'ITO BepOSITHOCTb nornoiiieHIISI MIOOHa SI,llpOM Mana TIO 

cpaBIIeHIIIO c BepoSITHOCTbiO ero pacnana ( uarrpiiMep, anSI B "( r -r )/ r .. O. 01) 16< 
- + 

Benii'IIIHa onpe,UenSieT BpeMSI OT MOMeHT8 OCTaHOBKII MIOOHa B MII-

IIIeHII no pacnana. 

Dpii Hanii'liiii nepeXO.llOB Me)K.lly COCTOSIHIISIMII CBepXTOHKOH CTpyKTypbl 

KpiiB8SI npeUeCCIIII 6y .UeT SIBnSITbCSI cynepn031IU!!eH npeUeCCIIOHHb!X KpiiBh!X C 

'laCTOT8MII w +II W _ II K09$$1IUIIeHT aCUMMeTpUII, ycpenHeHHbifi no .UBYM 

COCTOSIHIISIM CBepXTOHKOfi CTpyKTyph1 1 6y.ueT 38BIICeTb OT BpeMeHII, -Dpii 9TOM 

CyiiieCTBeHHO COOTHOIIIeHIIe Me)K.llY CKOpOCTb!O KOHBepCIIII R II CKOpOCTblO 

IIC'IeSHOBeHIISI ~IOOHOB A "' r""1 nyTeM pacna.ua II SinepHoro saxBaTa. O.uHaKo, 

B .uefiCTBIITenbHOCTII CIITYBUIISI ynp~IIIaeTCSI TeM o6CTOSITenhCTBOM, 'ITO O~

TaTO'lH8SI nonSipiisauiiSI B cocTOSIHUH F + no pac'leTaM I 1 I SHa'liiTenhHO npe-

BOCXO.UIIT OCT8TO'IHYIO nonSipii38UIIIO B COCTOSIHilll F CBepxToHKofi cTpyK-
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Typhlo 0THOWeHHe OCTaTO'IHbiX non.sipH3aUHii B JlBYX COCTO.siHH.siX F.,_ II F 

B npe)lnOno*eHHII 0 IIX CTaTHCTH'IeCKOii aaceneHHOCTH paBHO ~ , 10,5 Jln.si 

1/2, 1, 312. 

AnnapaTypa )ln.si onpeJleneHHR OCTaTO'IHOii non.sipH3aUHH MIDOHOB OUHCa-

Ha paaee /3/. l1aMepeHHR OhinH BbmonneHbi aa cenapHpoaaHHOM ny'IKe oTpu

uaTenhHhiX MIDOHOB C HMnynbCOM 158 Maa/c 
114

/ 113 Me30HHOI'O KaHana /15/ 

CHHxpoUHKnoTpona Ol1.Hl1. DHOHHa.si npHMeCh B ny'IKe ObJna neaHa'IHTenhHa, 

II 'IHCnO UIIOHHbiX OCTBHOBOK He npeBOCXOJlHnO 0,002 B M~KCHMyMe MIDOHHbiX 

OCTaHOBOKo DongpH3aUH.si ny'IKa paBHa p O"" 0, 75;!:.0,04, npH 9TOM IICUOnh30-

BanHCh MIDOHhi, BbineTaromHe npn pacnaJle nHOHOB HaneTy B Hanpaaneann, npo

THBonono*HOM HMnynhCy UHOHa. l13MepeHHSI npOBOJlHmiCb C paCT.siHYTbiM BO 

BpeMeHH HMnynbCOM HHTeHCHBHOCTH MIDOHHOI'O ny'IKa, nHIUeHHbiM BpeMeHliOil: 

CTpyKTyphlo Paaopoc npooei'OB MIDOHOB JlO OCTaHOBOK lla 9TOM ·ny'IKe HMen 

nonywnpuny ± 3 I'•CM-2 yrnepoJla, 

l1 MnynhCbl OT TpeX CUHHTHnn.siUHOliHbiX C'leT'IHKOB CO CXeMbl COBUBJle

liH.sl, pei'HCTpHpyroweil: MOMeliT MIDOllllbiX 0CT8110BOK, H OT TpeX CUHliTUnng

UliOHllbiX C'leT'IHKOB CO CXeMbl COBllaJlelluii, pei'HCTpupyroweil: aneKTpOllbl pac

naJla, ynpaan.s~nH paooToii KonaepTopa, KOTOphiil: npeo6pa30BhiDan apeMennoil: 

HliTepaan Me*JlY 9TliMH JlBYMR UMnynhCaMH B CHI'llan nepeMeHnoil: aMnnHTy

Jlbl, 8Ta aMnnnTyJla perucTpnpoaanach 100-KananbllhiM anannaaTopoM. l1a

Tepaan BpeMeliH pei'HCTpaUHH pacnaJla COCTaBn.sin - 6 MKCeK. 

06pa6oTKa nony'leliHhlX cneKTpoa .apeMeliH no.s~anenn.s~ aneKTponoa pac

naJla npOH3BOJlHnaCb 118 88M MeTOJlOM HaHMellhWHX KBBJlpaTOB B COOTB9TCT

BHH c ypaanenneM: 

N ( t ) = N [ 1 + · a cos ( cu t + 8 ) ] exp ( - t/ r ) + 
0 

+ N [ 1 + 0, 017 cos ( cu t + 8 ) ] exp ( -t/ r ) + C , · 
c c c 

I'Jle N ( t) - 'IHCno OTC'IeTOB B MOMeiiT DpeMeHH t ; f' - apeMSI *H3HH 

OTpHUaT~nbHOI'O MIDOHa B HCCneJlyeMOii MHWeHH1 a - K03*liUIIeliT aCHMMeT

pHH B aToll: MuweHH, o - naqanhHa.si <IJaaa KpHBoii, o6ycnoaneHHa.si paJlHO

Texnu'lecKoil: 3aJlep*KOii CX9Mbl H I'eOMeTpueil: ycTaiiODKU, C - UOCTOSIHiibiil: 

¢oH, N , r 1 cu - COOTB9TCTBYIDIUHe Bemi'IHHbl JlnR yrnepOJlHOI'O <~Jo-
e c c 

Ha H3 CUliHTHnn.siUHOliHbiX C'leT'IHKOB, .Qng BC9X MHWeHeil: (3a HCKniD'IeHH9M 

• 
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' . 

.. 

cpoccpopa) yrnepOJlHhrfi cpoH C'leT'IIIKOB N ./ N 
0 

He npeBOCXOJlii1I 0,05 ( B cny

'lae cpoctopa _aTa _ Be1III'lHHa cocTaBmma "" 0,25). KoscpcpuuueHT acuMMeTpiiii 

B CUHHTunmrTope a = 0,017 5hm HafiJleH HesaBIICIIMO I 1 t:l/. XoTsr B1IIISIH1Ie 

yrnepO,llHOI'O cpoHa Ha IICKOMYIO 8CIIMMeTpHIO Hli'lTO)!{HQ Mano, _TaK K8K '!aC

TOTbl 'w B HeCK01IbKO pas M9Hblll9 W e 1 Jl1ISI II01IHOTbl KapTIIHbl 05pa50TK8 

IlpOH3BOJlii1I8Cb IIO 9TOH cpOpMyne II BapbHpOBa1IHCb Be1III'lliHhl N , T, a·, W , 
0 

o , N , C 
c 

Ta5mrua 1 

Hnpo !Lg -g+ (U Ir 110-4 g cu..,H- 1 10-4 
+ 

7 Li 3/2 3,256 0,315 1,35 o.8o9 · 3,46 

g; Be 3/2' -1 ;177 0,565 2,42 0,405 1,73 

liB 3/2 2,688 0,349 1,49 0,751 3,21 

l4N 0,4036 0,635 2,72 0,726 3,11 

31p 1/2 1,1305 0,872 3,74 

(3HB'lel!IH1 1L Sl B SIAepHbiX MarHeTOHBX, cu-B pan-c.:eK-1), 

B Ta5nuue 1 npiiBeJleHhi OCHOBHhie xapaKTepucTIIKH st,llep, Jl1ISI KOTOpbiX 

II3Mepsrnacb B91III'lHHa OCT8TO'IHOH nonsrpil3aUHII, llnsr KOHTponsr II Cp8BH9HHS1 

C OCTaTO'IHOH II01ISipli3aUHeH MIOOHOB B S!Jlpe CO CIIIIHOM 1 "' 0 liCII01Ib30Ba-

1I8Cb Ml!lli9Hb li3 rpacpuTa, 0peueCCIIS1 CIIliHa MIOOHa B M9308TOMe yrnepO,lla 

rrpOI!CXOJll!T_ Ha _ 'l8CTOTe CB050JlHOI'O MIOOHa,_ IIOCK01IbKY rupoMai'HHTHOe .OT

l!Olli9Hl!e g = 2 ( 1 +0,00034) I l I I B9CbM8 He3Ha'IliT91IbHO OT1Il!'I89TCSI OT I'II

pOM8I'HIITHOI'O OTHOilleHliSI CB050JlHOI'O MIOOHa g c 2 , B Ta51IIIUe 2 CyMMli

pOB8Hbl Jl8HHbl9 IIO T01IIUIIH8M MUIIJeHefi d , B91IU'll!HaM Mai'HliTHhlX nonefi 

H , ncrronb30BaHHhiX B sKcneimMeHTax, nonHOMY 'lncny aneKTpoHOB pacna

Jla, saperncTpiipOBaHHhiX Jlnsr· Ka)!{JlOH MHilleun, n cpoHy c / N • 
' 0 

llnsr onpe,lleneHliS1 'laC'ToT rrpeueCClili COCTOS!HliH CBepXTOHKOH CTpyKTY-

pbi, II3 KOTOpb!X MIOOHhl pacna,llaiOTCSI,· 9KCIIepiiM9HTa1IbHbie BpeMeHHh!e pac

npe,lleneHIISI 8H81Ili31IpOB81Il!Cb Ha 3BM Jl1IS1 pa3HbiX 'laCTOT npeUeCCliH II H81I

M9l!blllee x 2 onpe.llensrno Haii5onee BeposrTHoe sua'leHne K09cpcpiiuiieHTa 

aCIIMMeTpnn II '!aCTOT rrpeueccnn. Ha puc,' 1 noKa3aHa 38BHCIIMOCTb x2 
_ II KoscpcpiiunenTa acHMMeTpHn a - oT qacTOThi rrpeueccnn Jl1ISI yrnepo.lla, I'Jle 
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x2 
BOO 

600 

400 

200 

0 

-a 

404 

0,02 

0 

6 8 
W·I0 6paa.ceK:1 

-0.02
0 

2 * W·I06paa·ceK. 6 . B ~1· 

Pnc.l. 3aBIICIIMOCTb x2 II KoaljlljJIIUIIeHTa aCHMMeTpllll a B yrnoBOM pac
npeneneHIIII aneKTpoHoB pacnana MIOOHOB B MeaoaToMe yrnepona OT 

'laCTOTbl npeueCCHII. 
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Ta6m1ua 2 

MnweHb d ric~ H 
9 

!. N 10-6 C N-1 · 

LiH 3,84 .t21,8 ~ 0,6 1,32 .0,047 

Be 7,20 178,0 + 0,9 2,92 0,036 

B C 
4 

5,6 109 + 0,6 1,25 0,065 

N 
2 

3,32 125,0 + 0,6 0,96 0,036 

p 3,24 290,0 + 1,4 0,27 O,O'iO 

c 4,00 50,0 + 0,3 1.96 0,036 

38B8AOMO cymeCTByeT OAHO 3Ha'IeHne w 1 COOTBeTCTBYIOIUee g"' 2 • .llnst 

BeJlH'IHHhl M8f'HHTHOI"O IIOJlSI H = 50 9 MHHHMYM X 2 IIOJly'IaeTCSI AJISI STOll 

'18CT0Thl W = ( 4,29 : 0,03) • 106 
paA•CeK-

1 
II 3H8'18HHe KOScpqlHUH8HT8 8CHM

M9TpHH MBKCHMtllibHO a "' 0,0485 :!:: 0,0012. 3aBHCHMOCTb X 2 (w) nnst Li, 

Be, B C 
4 

N 
2 

IIOA06Ha 38BHCHMOCTH H8 yrnepone, HO MHHHMYM X2 AJlSI 

LiH B N , e , 
2 

Jl8)1<11T IIp!i APYI"HX 'I~CTOT8X w 1_11 1 COOTBeTCTBYIOIUHX MaK-

CHMYMY K09cpcpliUH8HTa 8CliMMeTp!i!i, Hano 38MeTHTb, 'ITO B 38BHCHMOCTH x2(w) 

OTKJlOHeHHe W HB B8JlH'IHHy /). ,w = ± 0,2 • 10
6 

p8A•C8K-
1 

OT w m IlpHBOAHT 

K 3Ha'IeHHSIM X 2 
1 KOTOph!e SIBJlSIIOTCSI IIp8KTH'I8CKH HeBepOHTHhlMH ( BepOHT

HOCTb IIOSIBJleHHSI T8KOI"O x2 < 0,05). 

Ha pnc. 2,3,4 rroKaaaHhi 3Ha'IeHHH a (w) AJlH LiH , Be ' N 2 

(CT8THCTHK8 HeiiOJlHaSI), l13 pHCo 2-4 BHAHO, 'ITO M8KCHMYMhl K09tPtPHllH8HTOB 

a COBepmeHHO '18TKO Bh!A8Jl8Hhl (cTpeJIK8MH t~ yK838Hhl IIOJlO:lK8HHSI 'laC

TOT AJIH BepXHef'O H l!H:lKH8f'O COCTOHHHH CBepXTOHKOH CTpyKTypb!), 

B T a6nHue 3 rrpuBeAeHhi 3Ha'IeHHSI 'IBCTOT w m , cooTBeTCTByiOmHx 

MHHHMYMY X 2 (w) ( M8KCHMYMY a ( w ) ) 1 H '18CTOThl rrpeueCCHH AJIH HH:lKHe-

f'O H BepXH8f'O CBepXTOHKHX COCTOHHHII, paCC'IHT8HHhie 1i3 3H8'18HiiH g + 

(Ta6nuua 1) u aHa'IeHuil H (Ta6JIHU8 2) • 3aM8TiiM, 'ITO w COCTOSIHHH 
+ . 

F + COOTBeTCTByeT BepxHeMy COCTOHHHIO CBepXTOHKOH CTpyKTyphl AJlSI p.
9
> 0 

Li , B , N , P ) li HH:lKHeMy- AJISI 11 SI < 0 ( Be ) . 

Ha puc. 5 rroKa3aHhi aaBHCHMOCTH x 2(w) u a(w) AJISI cpoccpopa. Kpu-

Bhle pe3KO OTJ1H'I8IOTCSI OT KpliBhiX puc. 1 ,2,3,4, Bee 3H8'18HHSI W HB puc,5 

paBHOBepOSITHhl 1 a K0Scp<j;JHUH8HT 8CHMMeTpHH a 6JIH30K K HYJliO, 3TH H3Me-
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Ta6nuua 3 

MnrneHh '18CTOT8 npeueccnn 1 o-6pa!I•CeK-1 
Bepx, COCT, HHlKH, COCT0 9Kcnep, rum 

LiH 1,64 4,20 1,59 + 0,036 

Be 3,08 4,30 4,32 + 0,05 -
B C 1 ,64, 
~ 

3,53 9,25 + 0,1 

N 2 3,40 3,90 3,26 + 0,09 

p 10,80 

c 4,29 4,29 4,29 ::!: 0,03 

peHHSI IIO!ITBeplKA810T pe3yllbT8Tbl pa60Tbl /1/ H CBHAeTellbCTBYIOT B IIOllb3Y 

60llbiliOrO 3Ha'!eHHSI CKOpOCTH KOHBepCHH R ITO cpaBHeHHIO C BepOSITHOCTbiO 

paCII8A8 MIOOHa B ~OC~Ope B COOTBeTCTBHH C paC'IeTaMH /6,7/, 
B Ta6nnue 4 cyMMnpoBaHhi pe3ynhTBThi nsMepeHnif Koa!jlqmuueHTOB acnM-

MeTpnn a , IIOliHbie MOMeHThl COCTOSIHHif CBepXTOHKOif CTpyKTyphi, AliSI KO-

TOpb!X H3MepeH~I 9TH K09ljJ!jJHUHeHTbl 0 IlpHBeAeHO OTHOilleHHe a K K09!jJ!jJHUiieH-

TY' 8CHMMeTpHH a B yrnepoAe a • a-1 , OCTaTO'!HaSI IIOliS!p1i38UiiSI B pa3Hb!X 
c :~ 

MHilleHSIX p, 0CT8TO'IH8SI IIOJtS!pH38UHSI H8XOA1ill8Cb 1i3 BbipalKeHHSI: p"' 3 a p-l 
0 0 , 

rAe P 
0 

= 0,75 + 0,04 - rronHpnsaunH rry'!Ka, a - 3Ha'!eHne Koa¢¢uuneHTa 
0 

8CHMMeTpH1i a , IlpliBeAeHHOe K HyneBOMY 9HepreTH'IeCKOMY rropory perHCT-

paUHH 9lleKTpOHOB pacnana (sHa'!eHHe a II3 nepBOll KOliOHKH B cpenHeM 

yMeHbilleHO Ha 3%, 38 HCKliiO'IeHUeM Be , rAe 9TO yMeHbilleHHe COCTBBliSI-

110 13%), 

B nocnenneii KononKe Ta6nHUbi 4 nanbi snaqennH a(l;60)a- 1(1 .... o), 

paCC'IIiT8HHbie no !tJopMyllaM pa60T /l,5 / B rrpenn~liOlKeHHH OTCyTCTBHSI nepe

XOAOB MelKAY ypOBHS!Mii CBepXTOHKOif CTpyKTypbi 1 HX CT8THCTH'IeCKOif 3ace

neHHOCTH ( CBepXTOHKHM paCIUenneHHeM B036ylK):IeHHb!X ypoBHeii npeHe6pe

raeTCSI), 3TH Bbi'IHClleHHhie 3H8'1t:lHiiSI llOBOllbHO 61IH3KH K nony'!eHHbiM 9KCne

pHMeHT8llbHO a • a-l ( rrepeKpbiBaiOTCSI C HHMH B rrpeAellaX ABYX-Tpex OiliH60K) 1 
c 

HO HeCKOllbKO MeHbme nx. Ecnu rrpeAIIOliOlKHTh cymecTBOBaHue o'leHb 6hiCTpbiX 

nepeXOAOB MelKAY ypOBHSIMH CBepXTOHKOif CTpyKTypbi, TO no !iJo~yllaM pa6o-
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Ta6nuua 4 

MuweHb -a a • ·a-1 F p a(l)rl(O) 
e 

L!H 0,0188 :!: 0,0015 0,388 : 0,033 2 0,073 : 0,007 0,314 

Be 0,0192 :!: 0,001 0,360 :!: 0,021 2 0,068 :!: 0,006 0,314 

N2 0,0134 :!: 0,0017 0,270 : 0,036 3/2 0,052 : 0,007 0,372 

p -0,0017:!: 0,006 -0,035:!: 0,123 0 0,0068:!: 0,025 0 

c 0,0485 : 0,0012 1,00 : 0,025 0,194 : 0,011 

Ta6nuua 5 

Hapo r • :1o
6

ceK 
. 106 /19,20/ r •; ceK 

Li 2,162 : 0,011 2,194 : 0,004 
/19/ 

Be 2, 158 : 0,005 2,156 : 0,010 
/19/ 

N 1,923 + 0,009 1,927 : 0,013 
/19/ 

p 0,625 + 0,009 0,635 : 0,002 
/20/ 

c 2,045 + 0,005 2,041 + 0,005 
/20/ 
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Thl 15/ a ( 1 ) a-1 ( 0 ) paBHO 0,092; 0,216; 0,087 B HIOKHe~ COCTOSIHH Sl 

cooTBeTCTBeHHO Jlnst Li H , B.e , N • B cny'lae Li H 11 N a To rrpe)lnono-
. 2 2 

~eHHe npoTHBOpe'IHT pesynhT8T8M H8fiJl9HHbiX 3H8'19HHfi '18CTOT npeUeCCHH 

(saperHCTpHpOBaHa 8CHMM9TpHSI Ha '18CTOTe BepXHHX COCTOSIHHfi) H H3MepeH

HOfi BenH'IHHe a • a -I , llnSI Be sapei'HCTpHpOBaHa npeUeCCHSI H8 '18CTOTe 
c ·----- ---

.HH~Hei'O COCTOSIHHSI, HO TeopeTH'IeCKOe 3Ha'leHHe OCTaTO'IHOfi nonstpH38UHH 

B cny'lae 6biCTpbiX ·nepeXOJlOB Ha 7 9KCnepHMeHT8nhHbiX 0111!160K OTnH'I89TCSl 

OT H3MepeHHOI'O, 

H ecKonbKO 6onh1Ilee SHa'leHHe a • a -;;1 no cpaBHeHHIO c pacC'IHTaHHbiM 

a (I) If" I ( 0) He npOTHBOpe'IHT npe)lnono~eHHIO 0 HanH'IHH Bnli SIHH Sl CBepXTOHKOI'O 

paCIIIenneHHSl B036y~JleHHb!X ypOBHefi M9308TOMOB Ha BenH'IHHY )lenonstp!138-

UHH, nocKonhKY aTo BnH.HHne He o6SisaTenhHO ycnnHBaeT Jlenon.Hpnsaumo, TaK 

KaK 5!JlpO. non5IpHsyeTCSI I 41, XoT5! B pa6oTe 151 y'ITeHo 9To ~nn5!Hne, He-

JlOCTaToK cBeJle'Hnfi o pacnpeJleneH!m no Ha BepXHUX ypoBH5IX M930aTo-

M8 He n03BOnSieT TO'IHO paCC'IHT8Tb Benn'IHHY )lenonnpU38UliU, KOTOpyro MO~

HO Jl9T8nbHO cpaBHliTb C 9KCnepnMeHT8nbHbiMH Jl8HHbiMii, 

B pa6oTe 161 cKopocTb nepeXOJlOB R pacc'l:nTaHa Jln5! z > 5 • Ecnn 

Jlmi 31 P R »A , TO Jln5! liB R .. O,SA XoTSI JlnSI Li , Be , N pac'l:e-
- ~ 2 

TOB HeT, TeM He MeHee R H8CTOnbKO 6b!CTpO yMeHblll89TC5! C Z , 'ITO 

Jln.H Li H Be MO~Ho o~HJlaTh R << A , B cny'lae Li aTo noJlTBeP*Jla

eTCSI.HaiiinMH H3MepeHU5IMH, T8K K8K 3apei'HCTpHpOB8H8 38CeneHHOCTb Bepx

Hei'O COCT05IHH5! B CBepXTOHKOM Jly6neTe, 8TO Jie npOTHBOpe'lliT pesynhT8T8M 

H3MepeHHfi )lnH Be , noCKOnhKY B cny'lae 6hiCTpb!X nepeXOJlOB .B HH~HeM 

COCTOSIHHH nonSipH38UH5! JlOn)KH8 6h!Tb 38M9THO MeHbiiie, '19M Hai1:Jl9HH8Sl 9K

cnepHMeHTanbHO, llnSI asoTa O)KHJlaeMa5! CHTyauHSI MeHee onpe)lenenHa u, Bos

MO)KHO, R "" A , 'ITO He npoTHBOpe'IHT pesynhTaTaM JlBHHofi pa60Tbr, noc

KOnbKy H3MepeHH8Sl nonSipH38UH5! B BepXHOM COCTOSIHIIH HeCKOnhKO MeHbiiie, 

tteM B cny'l:ae H8nH'IHSl CTaTHCTH'IeCKOfi saceneHHOCTH COCTOSIHHfi CBepXTOH

KOfi CTPYKTypb! OCHOBHOI'O COCT05IHH5!, 

B MHIIIOHH B c CO)lep)K8TCSI 8TOMbl l 0B ' 11 B • IZ c B OTHo-
4 

IIIOHHH 0,15, 0,65, 0,2, BenH'IHHa K09tPtPHUHeHT8 8CHMMeTpH!i npH o6pa30Ba

HHH M0308TOMOB Ha IO B He MO~eT npeBOCXOJlHTb 0,002 Ha 'l8CTOT8X npe

U9CCHH BepXHei'O H Hll)KH9I'O CBepXTOHKHX COCTOSIHHfi 113-38 6onb1IIOI'O 3H8-
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qennSI SIIlepnoro cnnna (I= 3) n Manoro collep)KannSI H30Tona lOB B MHme

nn. llpn o6pa3oBanlin Me3oaTOMOB na 11 B O)I{HilaJOTCSI (no ¢opMynaM pa6o

Th1 11 /) K09¢«fJHUHeHTbl aCHMMeTpHH - 0,0097 H -0,002 Ua 'laCTOTaX npeuec

CHH Bepxnero · ( 1,62 • 106 pall•CeK -1) n UH)Knex;-o (3,5 • 106 pall •CeK-1 ) . coc

TOSIUHfi CBepXTOUKOH CTpyKTyphl B cnyqae HX CT8THCTH'IeCKOH 3aCeneHUOCTHo 

B cnyqae 6hiCTphiX nepeXOilOB Me)KilY cocToSIUHSIMH ( R »A) na qacToTe npe

ueccnn Hll)I{Uero COCTOSIUHSI 0)KllllaeTC5r aCHMMeTpHSI 0,Q007 _(no !fl9pMyna~_pa-

60Tbl /5/ B npene6pe)Kennn cBepxToHKHM pacmennenneM BOOOY)KileHHhiX ypoB

nefi Me30aTOMa), llpu o6pa30BaHHH .Me30aTOMOB Ha 1 2C B MHIIIeHH B -4 C 

O)I{HilaeTCSI a = - 0,0098 na qacTOTe npeueccnn 9,3 • 108 pall• ceK -1 cBo-

6ollnoro Mroona. Ecnu 'nocallKa MJOOHOB Ii coeJ:mnenn:n B C He nponop-
-4 

~llOUanbHa aTOMIIOH KOHUeHTpaUH11 1 a cnellyeT 3aKOHy ~e~MH-Tennepa Koa«fl«fln-

UHeUT aCHMMeTpHil Ua 'laCTOTe CBOOOill!Or'O M!OOUa BbipaCTeT na 15% ( a=-O,Oll ) • 

113 o6pa6oTKH 9KcnepHMenTanbHhiX llaHUhiX B cny'lae B -t C nonyqe .. 

Ubi 3aBHCHMOCTH. X2(w) H a(w) 1 nOilOOUhle noKa3aUUblM na pnc.1. llpH MH

UHManbUOM, x 2 (wn? K09«flifJHUHeUT aCHMMeTpHH a =- 0,0104~0,0018 llnSI 

(t) m = (9,2 :!: 0,1 )·106 pall•CeK-1• Bbi'IHCnenhi TaK)Ke a = - 0,0012 H a= 

0,0019 na 'laCTOTe Bepxnero 1,62 • 106 pall•CeK-1 n UH)I{Hero 3,5.106pall.Ce!C'"1 

COCTOSIUHSI1 npu 9TOM 3Ha'leHHSI x 2 (w) UaCTOnbKO BenHKH 1 'ITO TaKHe 3Ha-

'leHHSI CtJ neBepoSITHhi. TaKHM o6pa3oM, o6napy)KeHHe acnMMeTpnn llnH B 
4 

C 

TOnbKO Ua 'laCTOTe npeueCCHH CBOOOill!Or'O MJOOUa nOOBOnSieT CllenaTb Bb!BOil 

o nannqun 6hiCTpbiX nepexollOB Me)KilY ypoBHSIMU CBepXTOUKOfi cTpyKTyphi 11 B. 

CpaBnenne nony'leUHhiX 3Ua'lennfi ocTaTo'lno~ nonSipH3aunu c pe3ynbTa

TaMu pac'leToB, BhmonnennhiX llnSI cnyqag H3onnpoBannhiX aTOMOB 6e3 y'le

Ta COCT051HHSI aneKTpOUHOH o6onO'IKH Me30aTOMa nocne OKOU'IaUH51 Me3oaroM

HOr'O KaCKalla, _He SIBn51eTCSI Bnonne CTpOr'HM, 3«fl«fleKThl1 CBSI3aUHbie CO CTpyK

Typofi aneKTponnofi o6ono'IKH Me3oaToMa /18/, B PSIIle cnyqaeB MoryT OhiTb 

npH'IHnofi llOnonnnTenbHOH llenonSipH3aunn. 113 paooTw 11 81 cnellyeT, 'ITO coc

TOSIIIHe aneKTponnofi o6ono'IKH Me3oaToMa MO)KUO onpellenHTb, 3Ua5l Bennqu-

ny nepBoro noTeHUHana nonn3aunn BemecTBa MHmenn, ecnn aTo 

ne npoBOilHHK, n aneprnn cpollCTBa K aneKTpony E ( z -1) lln51 Me3oaToMa, 
I 

llnSI Mnmeneii Li H BC 
4 

, Be BnH51HH8 aneKTponnofi o6ono'IKH 

Me3oaToMa necymecTBenno, nocKonbKY lin 51 MesoaTOMa B cny'lae LiH ( B C) 
4 

anei<TponnaSI o6onO'IKa nMeeT llBa { 'leTbipe) aneKTpona n uyneBoii MarnnT-
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HhiH MOMeH~, a Jlmr MeaoaToMa B cny•rae Be cpeJlHnil: no BpeMeHn MarHnT-

Hhlll MOMeHT 9JieKTpOHHOll OOOJIO'IKR oyJleT T8K)!(e paBeH Hymo BCJieACTBRe 

oOJibll!oil: BeposrTHOCTn ooMeHa HecnapeHHoro aneKTpoHa .aToro MeaoaTOMa .c 

9JieKTpOH8MR npOBOJUIMOCTR, nn.II MRUJeHR N 
2 

Me308TOM MO)!(eT RMeTb BCe

ro 5 9JieKTpOHOB R, CJieJlOBaTeJibHO, MarHRTHblll MOMeHT y ::meKTpOHHOH 000-

JIO'IKII, TorJla B cnaooM nonepe'IHOM none B03MO)!(Ha npeueccnsr Ha 'IacToTe, 

OnpeJleJISie!v!Oll MarHIITHhlMR MOMeHTaMR MJOOHa II 9JieKTpOHHOll OOOJIO'IKR, T,e, 

B COTHII pa3 OOJlbll!eil: 'IaCTOThl npeueCC!HI CBOOOJlHOro MJOO!Ia, flp!I 9TOM Ha 

'I8CTOT8X npeueCCHH. . w+ R w_, CHCTEl,Mbl MJOOH-SIJlpO Jl0Jl)!(H8 H80Jl!OA8TbCSI 

nonHaSI nenonsrpnaaunsr. To oocTosrTenbCTBO, 'ITO B N aaperncTpnpoBaHa 
2. 

He~ynenasr nonsrpnaaunsr Ha 'IaCTOTe npeueccnn cnepxTOHKoro cocTosrHnsr, 

.CBHAeTt3JlbCTByeT, nO-BHJlHMOMy, 0 ObiCTpOM BCTynJie!IHH Me308TOMa B XH

MH'IeCKYIO peaKURJO C oopa30B8HReM JlH8M8I'HHTHOI'O COeJlHHeHRSI, 3aMeTRM 

T8K)!(e, 'ITO IIOCKOJlbKY BCTynneH!Ie B XHMH'leCKYJO peaKUHIO MO)!(eT H8'I8TbCSI 

JlJISI nponanonbaoro yrna rronopoTa B rrorrepetiHOM rrone cyMMapHoro MarHHT

Horo MOMeHTa 9JleKTpOHHOH OOOJIO'IKH li MJOOHa, T,e, npeueCCHSI Ha 'IaCTOTe 

CHCTeMhl MJOOH-SIJlpO MO)!(eT H8'l8TbCSI C npOH3BOJlbHOH 4Ja3hl, TO 9TO T8K)!(e 

MO)!(eT npimeCTII K JlOnOJIHHTeJibHOH nenonsrpnaaunn Ha aToll: tJaCTOTe. TaKnM 

oopaaoM, npn'InHoil: yMeHbllleHnsr ( rro cpanneHn;o c LiH n Be ) aHatJeHnsr oc-

TaTO'IHOH npnsrpR38llRli MJOOHOB B N 
2 

MOMeT ohiTb KpaTKOBpeMeHHhiii na-

paMarneTn3M aneKTponHoil: ooonotJKn MeaoaToMa. 

B naMepeunsrx no onpe/leJieHnJO ocTaTO'IHOi! nonnp!i3aUHn ohmn nony'Ie-

Hhl T8K)!(e BpeMeHa )!(Jl3HR M!OOHOB B Me308TOM8X C p N ,Be , Li. 

PeaynbTaThi cyMMnpoBaHhi. B Taonnue 5, rile JlJISI cpanneHnn npliBeAeHhi na

necTHhie paHee naHHhie /19,20/, 

B aaKJIJO'IeHne CAenaeM cneAYIOll!He BbiBOAhi: 

1, l1'3MepeHa OCTaTO'I!IaSI nOJISip!i38UHSI B HApax CO CnRHOM 3/2 II 1 

( LiH , Be , N ) , ooJibllloe aua'leHne KoTopoil: OTKphiBaeT noaMo)!(HocTb JlJISI 

nccneJlona'uusr yrnonoro pacnpeJleJieHnsr ueil:Tpouon, oopaaonaHHhix npn MJOOH

HOM 38XBaTe B HApax C HeHyJieBbiM CniiHOM, 

2. HaoJIJOJla~acb HyneBasr ocTaTO'IHasr rronsrpnaaunsr B ¥eaoaToMax 4Joc-

4Jopa R oopa, 'ITO COOTBeTCTByeT Ob!CTpb!M nepexOJl8M Me)!(JlY COCTOSIHIISIMH 

CBepxTOHKOH CTPYKTYPhi, 
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3. I1sMepeHHbre tJaCTOTbi npeueccn:n: B Li · Be , N co:>TBeTCTBYIOT 

. COCTOSIHHIO CBepXTOHKOif CTpyKTypbl F.._= 1+1/2, 8To T8K)Ke YK_83bi~aeT Ha cy-

l1leCTBOB8HHe CTIHHClBOii: CBSISH MIOOHa H SIJlpa B MeSOaTOMaX, · 
. -.1 ' 

4• Ha6nroaeHn:e 6onbmoii: nonSipn:saun:n: Ha tJacToTax BepxHero cocTOSIHHSI 

CBepXTOHKoii: CTPYKTypbi B Li n: N CBHJleTenbCTByeT o6 OTCyTCTBHH 6biCT

pbrx, no cpaBHeHHIO C() CKOpOCTbiO pacnaaa, nepeXOJlOB Me)KJlY COCT<?SIHHSIMH 

CBepxToHKoii:· cTpyKTypbi B aTn:x MesoaToMax. 
I 

flHTepaTypa 

1, H. Uberall, .Phys, Rev.,· 114, 1640 (1959). 

2. E. Lubkin, Phys. 'Rev., 119, 815 (1990), 

3. A.n. ByxsocTos, H.M.lllMy111Kesuq./K3TcfJ:!,.L 1895 (1961). 

4. A. n: ByxsocTos. RctJ 4, 83 (1966). 

5. A.n. ByxsocTos. RctJ 9, N?1, 107 (1969). 

6. R, Winston, V. Telegdi, Phys. Rev, Lett., 7, 104 (1961), 

7. R. Winstory, Phys. Rev., 129, 2766 (1963), 

B. A. E. HrnaTeHKO, n. E. EropoB, E. Xanyrra, Jl. '[{ynT3M. ){{3Tt:P 35, Bbiii. 

4 (10), 984, 1958. 
I 

9. R,D. Klem. Nuovo Cim,, 4BA, No 3, 741 (1967), 

10. n. E. EropoB, A.E. HrnaTeHKO, Jl. LfynT3M •. )1(/:)ycp 37, 1517 .(1959). 

11 •. D.P. Hutchins;on, Y. Menes, G. Shapiro,Phys.Rev.Lett.,9,516(1962), 

12. G,Culligan, Y.E,Lathroop, V.L. Telegdi, R. Winston, Phys. Rev. 

Lett., 7, 458 (1961). ' 

18. A.·u. Ea6aeB, M.n. Eanau, r. r~ MHCHIIIeBa, JO.B. 06yxos, B. c. PoraHOB, 

B.r, t:Pupcos. )f(3Tt:P 50, 877 (U}66). 

14, B.r •. BapnaMoB, JO.M. Fpamun, A.B. JleMbHHOB1 B.A. D.onromeun, B.C~Po

ranos • . llperrpnHT OHRH 1-4084, Jly6na 1968 • 

15. JO.M. rpamun, B.A. Jlonromeun, B.r. Kupunnos-YrpiOMOB, A.A.KpoiiHH, 
' 

B.C. Poranos, A.B. CaMoii:nos, G.B. CoMoB, llperrpnHT OHRH P-1902, 

. Jly6na 1964. 

16 •. B.C. EsceeB~ B.C. PoraHOB, B.A. [/epnoropOBll, r.r. Milcumesa, KJ.B.Q6y

XOB. llperrpuHT OH RH P 14-8809, Jly6na · 196B. 
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