
IO.TI.fattrpcKHH, C.f.3eMmrnoii, .IJ: .B .Kapa11Batt0B, 
K.TI .Map11tt0Ba *, E .H.MapKoB 

CBEPXTOHKMI MArHHTHMI AHOMAJI.IDI 

B OTITHqECKHX CTIEKTPAX L~ 

HanpaBJJeHO B )KypHan «OnTHKa H cneKTp0CK0nHSI» 

*YHHBepcHTeT HM. K .OxpHJlCKOro, Cocptt.si, Eonraptt.si. 

P6-98-334 

1998 



BBE,I(EHME 
Pa::rnnTne 0KerrepuMeHTarrbHOH TexmIKII II0Mepenu11 onTwteeKIIX eneK

Tpon IlOOBOlI.lICT IIOy<-IaTb nee 6orree TOHKIIe II Marronepo!ITHbie 0cp<peKTbI. 

Op;HUM Im TaKUX 0cpcpeKTOB .lIBlI.HeTe.H enepXTOHKa!I MarHIITHa.H aHoMamrn 

(CMA). Ilpuq1mo11 ee .HBlI.HeTC.H npoeTpaHeTnennoe paenpep;errem1e no 

o6'beMy .ll,O:pa MarHIITHOfO MOMCHTa, KOTopoe rrpIIB0/1,IIT K YMCHbWeHIIIO 

enepxTOHKoro paemerrrremrn (CTP) aToMHbIX yponHeH [l]. BerrII'IIIHa CMA 

IlOODOlIJICT cy,o:nTb O p.H,O:C Ba)KHbIX JI)];CpHbIX xapaKTCpHCTUK: cpC)];HCM pa

)];IIyee pacnpe)];ClICHil!I n JI)];J)C narrCHTHbIX HJKlIOHOD, KOTOpbIC orrpe)];Cll!IIOT 

nemPIIIHY l\IafHIITHOfO MOl\!CHTa, () COOTHOW<'HHII eocTaBll.!IIOI.I.J;IIX ero cnn
Honoii n op 6nTallbHoii KOMITOHCHT. oTn !I)];CpHbIC xapaKTCJHICTIIKII JIBll.!I

IOTC.!I no MHOflIX Cll,Y'Ia!IX pcwmoru;IIMII KJHITCJ)II.lIMH rrpIIMeHIIMOCTH pao

lIII'IHbIX 11rn)];e11eii:, om1cbmarow;nx cTpyKTYPY aTOllIHbIX n,o:ep. 

CncpXTOHKa!I l\lafHIITHH!I anoMamrn OTJ)fi)IrnCT pa::m:wrne Il}>OCTpancTnen

HbIX pacnp<'il,C/ICHIIii l\HtfHIITHOfO MOMCHTa n cpanmrnaeMbIX .ll)];J>HX ( o6bPIHO 

0TO IltJOTOilbI o,o:noro 3/ICMCHTa). Ee onpc)];Cll!IJOT rm epaBHCHII.lI OTHOWe

HIIi°I l\IafHIITHbIX ,O:IIIIOllbHbIX KOHeTaHT enepXTOHKOfO pacw;cnrrcHII.lI A II 

MarHIITHbIX MOl\1CHTOB /l, OTHeeeHHbIX K emrnal\1 eooTBeTeTnyIO!l.(IIX .Hp:ep 

I (rnpoMarnnTHbIX cpaKTopon g = 1i/ I): 

I 6 2 = A I . .92 - 1, ( 1) 
A2 g, 

r,o:c IIH)];CKCb! 1 n 2 OTHOC!ITC!I K epannnnacMbIM IFJOTOIIfiM ( o6bPIHO UH)];eKe 

1 OTHOCIITC!I K 11:JOTOIIY C l\!CHbWIIM MaceoDbIM 'IJIClIOM). 

0):l;HaKo orrpc)J,crrennc CMA TaK11111 crroco6oM cnnrmno e pnp,oM Tpy,o:no

cTeII. 0mm no nnx o6yerronrreHa TcM, 'ITO cp;nnr Ko111rronenT CTP, KoTopbIII 

npIIBO)J,IIT K H:JMCHCHIIJO KOHCTaHTbl A, MO.lKCT 6bITb Bbl:JDHH n IIC/lbIM p.!I

/1,0M APYfIIX <paKTOpon KaK !I)];CJ)HbIX, TaK II aTOl\IHbIX: pa:-mn•mcM Mace 

II rrpocTpaneTBCHHbIX pacnpcp,erreHIIII 3/ICKTJHPICCKIIX napJI,ll,OB cpannnna

CMbIX H,!J,ep, HC/).IIaronarrbHbIM cnepXTOHKUM noaJIM0/1.efieTBIICM ypoDHCII e 

0/J.IIHaKODbil\I ::maqenne.M IlO/IHOro MOl\IeHTa eIICTCMbl ::meKTpoH-.lI/J.PO [2,3j. 

Ilo3TOl\IY /J.IIJI onpc11.e11cnna Cl\'IA, norrb:1yacb nb1pa1KeHneM (1), neo 6xonnM 

KoppCKTHbIII .}"ICT norrpanoK, 06yc11on11cnnbIX :-JTIIMII 3(p(pCKTa11rn. 

OnnaKO )>HC''IPT 3TIIX nonpanoK C nco6xo)Ull\H>ii TO'IHOCTbIO HP nccrna 

OKa:JbIDH('T!'!I IlOtJl\fO)l(I!bll\f, T. K,J];/l!I :JTOfO TJH'6YPTC!I /1,CTa/lbH<Ul IIH<popMa

llII!I () ll<'IIOi\l )>!I)];£' !I)V'PHhlX II aTOMHI,IX xapaKT<'{>IICTIIK: rrpor:TpatH'TIJCH

HO!II pa<'IIJH'Ll('ll('HIIII :Jll('KT!JII'H'l'KOf O :,a pan a D II)I) )(', II/J;<'{lllbIX 111,Y/lbTIIIIOITb

HbIX tIOIII<'HTax. Ko11mmiPnTax norrnonhIX qiynKunii aTor-rnhrx yponH<'ii. nna-
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qeHII.lIX Harrp.ll.lKeHHOcTeH II IIX rpap,rreJITax imeKTpII'IeeKoro II MarnriTnoro 

rroJieH B T0:9:Ke' .Hp,pa. Ilo3TOMY p,rr.H II3y'IeHII.H CMA Heo6xop;IIMhi ee un~ 

MepeHII.lI /1,ll.H ypOBneH panrrII'IHOH KOH<pIIrypan;nII, B KOTOpbIX rro-panHoMy 

rrpo.!IBIIlIIICb 6bl yKatmHHbie •BbIWe 0cpcpeI<iTbI. . . '' ,,, 

.J];pyroH · ·Tpyµ;HoeT:bIO .HBlI.He•rc.H' · Marra.H nemP:mHa IInMep.He:Moro 

0cpcpeKTa - o6hI'IHO CMA cocTanrr.JieT.~OlIII rrpo:a;eHTa. OTO Tpe6yeT 0i<c- . 

rrepIIMeHTallbHbIX yeTaHOBOK BbieOKOfO erreKTpallbHOfO panpeweHII.lI ll IIC

KlIJO'IeHII.H•_cn:eTeMaTII'!eeKIIX ow1160K llCMe:peHIIH. . 

ll;errhIO npep,eTanrreHHOH pa6oTbl .HBlI.He'l'eH'II3MepeHIIe koHcTaHT CTP B 

aTOMHbIX:crreKTpax IItJOTOIIOB 17?Lu H 17l>Lu, orrpe11;erreH11e CMA ;a;rr.H 0TOH 

rrapbI lltJOTOIIOB ll aHalIII3 IIOlIJ'IeHHblX penyrrbTaTOB C IIeIIOllbtJOBaHIIeM 

IItJBeeTHbix,;a;aHHI,IX ;a;pyrux pa6oT. 8TH lltJOTOIIl',I Lu .lIBlI.lIIOTe.lI yp,o6HbIMII 

o6'beKTaMII .p;ll.ll TaKIIX'. HtJ¥epeHIIH, 
0

T:K. OHII IIMeIOT CaMeTHO OTlIII'IaJ0-

11.(IIeC.H ::rnaqeHil.lI eIIIIHOB II Ma'rHIITHbIX MO.MeHTOB (175Lu - I = 7 /2, µ == 
2,2323(11)µN, 176Lu-I = 7, µ = 3,1692(45)µN [4l). I100T0My MmKHO 02K11-

;a;aTh II eyw;eeTBeHHoro panrrII'III.H B paenpep;errenII.lIX :llp,epHoro MarHeTIIriMa 

n:, crrep;onaTellbHO, naMeTHOH CMA. Bbi6paHHbie }:(rr.H IInMepenIIH aTOMHbie 

ypoBHII IIMeJOT panHyIO 0rren•pbiIHy10• KOH<pIIrypa:a;n:10. · llexop;HbIH .lIBJI.lI

eTc.H HII2KHIIM yponHeM TepMa 2 D c MOMeHTOM J = 3/2 H KOH<plll'ypa:a;ueH 

5d6s2 , a KOHe'IHbIH - HH)KHIIM yponHeM TepMa 4F e J =3/2 H KbH<pHrypa

:a;IIeH 5d6s6p [5]. lln 0TIIX KbH<pIIrypaIIIIH errep;yeT, 'ITO KoHe'IHbIH yponeHh 

4 F3;2 tJHa'IIITellbHO 6orree 'IJBeTBIITelleH K 11poCTpaHeTBeHHOMY pacrrpep,e

rreHIIJO MarHIITHoro MOMeHTa, '!eM · Ha'IaJibHbIH yponeHb 2 D312. lfoMepe~ 

HII.ll CTP B aToMHhlX e11eKTpax 175Lu II 176Lu rrpono;a;IIrrIIeb B p.H;a;e pa6oT 

[6-10], B TOM 'Illelle II e IIeIIOllbtJOBaHIIeM BbleOKOilpe:a;H3IIOHHOH pa;a;IIo'Ia

eTOTHOH MeTO/],IIKII [9]. O;a;HaKO ,oT;a;errbHbie IItJMepeH'II.lI OTHOeIIrrIIeb, KaK 

npaBIIlIO, K ypoBH.lIM o;a;Horo TepMa. B 0TOM erryqae cpaBHeHIIe OTHOWeHlIB 

KOHeTaHT CTP yponHeH paniihIX TepMon, KoTopoe Heo6xo;a;IIMO ;a;ll.ll oirpe

;a;erreHII.lI CMA, M02KeT· 6blTb· IIeKa)l{eHo nonMo.lKHbIMH eueTeMaTII'IeeKIIMII 

ornII6KaMII, npueymn:MII Ka2Kp;0My n:n oTp;errbHbIX n:nMepeHIIH. Ilo3TOMY 2Ke~ 

rraTellbHO rroliy'IaTb nHa'IeHII.lI :ioHeTaHT CTP ;a;rr.H panHnIX ypoBHeH B II;a;eii

TH'IHbIX yeJIOBil.lIX lltJMepeHHH, KOrp;a eIICTeMaTH'!eeKHe owH6KII n:rparrII 6bI 

MeHbWee tJHa'IeHIIe. 

8KCTIEPl1MEHTAJlbHA.ff METO,I(l1KA 
B rroerrep,HIIe fO/J,bI D n:eerrep;onaHII.lIX aTOMHbIX eneKTpOB IIOlIJ'IIIlIII Wll

poKOe paonIITIIe MeTo;a;hl penoHaHeHOH rranepHOH eIIeKTpoeKOIIIIII BbieOKOfO 

panpeweHII.lI. O;a;IIH MO MeTop:oB - penoHatieHM rranepHM cprryopee11eHD;II.lI -

i m~1.,cnfa1:u:~n tu;t'I¾?'ff \ 
~ @,!lf~WX llCCJH~~~aau!! . 

' ~Sltlr\OT~MA ·- -



6!,m nerrorr1,noBaH B ;a;annon: pa6oTe ( OH orrnean rro;a;po 6no B naurnx rrpe;a;1,1-

;a;yl.Qllx rry6rrnKa:a;IDix [11,12]). IlyHoK neerre;a;yeMI,IX aToMoB, BI,I;a;em1eM1,1n: 

eneTeMon: ;a;na<pparM, rranepn1,1n: rry11 n HarrpaBrrenne, rro;a; K0Top1,1M perII

eTpIIpoBarroe1, penonaneno-paeee.lIHHoe IInrry11eHIIe, 6I,IJIII BnanMHo opTo

ronarr1,nI,IMil. TaKaJI reoMeTpIDI II03BOlI.lIJia eHII3IITI, ;a;o MIIHIIMYMa ;a;orrrre

poBeKoe yurnpeHIIe OIITII'IeeKIIX lIIIHIIH II BI,IIIOlIH.lITI, II3MepeHIDI e MaKeII

MaJII,HO B03MO)KHI,IM panperneHIIeM no HaeTOTe. 

B 3KerrepIIMeHTax IIeIIOlII,30BaJIIIeI, o6pa3I.J;I,I II3 OKIIeII JIIOTe:a;IDI (Lu203) 
HaTypalII,HOI'O II30TOIIHOI'O eoeTaBa ( eo;a;ep2KaHIIe II30TOIIOB 175Lu II 176Lu 
eoeTaBlI.lIJIO eoOTBeTCTBeHHO 97,4 % II 2,6 %). ,IJ;rr.lI rrorryHeHII.lI ;a;oeTa

TOHHO llHTeHeIIBHOI'O IIYHKa 3TII O 6pan:a;1,1 0 6rry11arrIIeI, II3JiyHeHIIeM HM

rryrr1,enoro rranepa ( MOI.QHoeT1, B IIMrryrr1,ee eoeTaBJI.lirra 5 MBT) na IITTpIIn:

arrIOMHHIIeBOM rpanaTe ( TIIIIa JITHII"9:-7), pa6oTaIOI.Qero B pe2KIIMe Mo;a;y

rrnpoBannon: ;a;o6pOTHOeTII. 8<p<peKTIIBHOeTI, yeTaHOBKII 6I,IJia TaKoBa, HTO 

o;a;HoMy naperIIeTpIIpOBaHHOMy ;a;eTeKTOpOM IIMrryrr1,ey eoOTBeTeTBOBarro 

~ 108 aTOMOB, BI,IJieTeBWIIX II3 o6pan:a;a. IlpII 3TOM rnIIpIIHa penonanenon: 

lIHHIIII eoeTaBJI.lIJia ~ 100 MI':a; II orrpe;a;eJI.lIJiae1, ;a;orrrrepOBeKIIM yrnIIpeHIIeM 

HaeTOTI,I, BI,I3I,IBaeMI,IM KOHeHHOH paexo;a;IIMOeTI,IO aTOMHOI'O IIYHKa. 

Bon6y2K;a;emie aToMOB Lu rrp0Bo;a;nrroe1, Ha ;a;rrnne BOJIHI,I rranepnoro II3-

rryHeHIDI 573, 7 HM, a perneTpa:a;II.lI penonanenon: <prryopee:a;en:a;IIII - Ha ;a;rrn:ne 

BOJIHI,I 64 7,8 HM, . KOTOpa.lI BI,I;a;emmaeI, HHTep<pepeHD;IIOHHI,IM <pIIJII,TpOM. 

8To II03BOJIIIJIO .eyw;eeTBeHHO eHII3IITI, naeBeTKY OT rranepHOI'O n:nrryHeHIDI 

n: HarpeBaeMOI'O THI'lI.lI Il ;a;oeTIII'HYTI, OTHOllieHIDI eIIrHarra K <pony ;a;lI.lI Ha

II6orree llHTeHeIIBHI,IX IIIIKOB 6orree 100. ,II;rr.lI HaeTOTHOH Karrn:6poBKII erreK

Tpa IIerrorr1,noBarre.a KOH<poKarr1,nI,IH IIHTep<pepoMeTp <I>a6pn - Ilepo e KOH

eTaHTOH 150 Mr:a;, eIIrnarr OT KOToporo perIIeTpnpoBarreJI o;a;noBpeMeHHo 
e II3Mep.HeMI,IM erreKTpOM. 

Bee erreKTpI,I HaKaIIJIIIBaJIIIeI, B. rraM.HTH rrepeonaJII,HOI'O KOMIII,IOTepa, 

KOTOpI,IH erry2KIIJI TaK2Ke ;a;rr.a Ha6rr10;a;eHII.H na erreKTpaMII BO BpeM.H 3KerrepII

MeHTa ll IIOCJie;a;y10rn;en: o6pa60TKII erreKTpOB. MHOI'OKpaTHhle IIOBTOpeHIDI 

II3MepeHIIH erreKTpon II xopowa.a Boerrpon:3Bo;a;n:MoeTI, penyJII,TaTOB II0-

3BOJIIIJIH eBeeTn ;a;o MIIHIIMyMa OllIII6Kn, eB.H3aHHI,Ie e HeKOHTporrnpyeMI,IMII 

II3MeHeHIDIMII HaeTOTI,I rranepnoro II3JiyHeHIDI rrpn: ee eKaHIIpOBaHIIII. 

PE3YilhTAThl8KCITEPMMEHTA 
OrrIIeaHHa.lI DI,IWe 3KerrepHMeHTaJII,Ha.H yeTaHOBKa IIeIIOJII,30Barrae1, ;a;rr.a 

nnMepemrn erreKTpoB p·enonanenon: rranepnon: qmyopee:a;en:a;n:II Lul. IlpII

Mep o;a;noro II3 II3MepeHHI,IX erreKTpOB - 3aBIIeHMoeTI, HHTeHeHBHOeTn pae-
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ce.lIHHOI'? II3lIYHeHIDI OT HaeTOTbI_ Jia3~P,!IOI'O ,II3lJY':IeHII.H,, rrpe;a;cTaBrreH Ha 

pIIcyHKe. Co;a;ep2KaHlii: -~fJ9T'O¥?II _ 175Lu II 176Lu n o 6pan:a;e ornwrn:i:oc1;, __ B 

37 pan, II:3TO rronBorrIIn:o ':ICTK,o pan;a;e.rr~Ti;, B c;rreK'I:Pe,pe30HaHcH1,re rrn-, 

Iiiiii ·;;IIX k:JoTorron. H·c11orrit;1Y~ µ:nneCTHI,Ie ;i;aHHl>I~ o. C.TP OIITII':IeeKnx 

ITIIHIIi :II~oToti'on Lu [6-iO], 6i:irr~ rrpo:segeHa II);l;eijTII<pIIKa:a;IDI 1Ia6rr10;a;ae:-

MbIX n cneiTpe ITIIKOII (Ka2K;a;0MY II3 ITIIKOB npII+JIIeaHI,I :JHaHeHII.H .rroJIHOI'Q 

MOMeHTa F = r' + J nepxHero II HII2KHero yponHeJ1:). Ha6rr10;a;arrnc1, nee nepe

xo;a;u Me2K;a;y K0MITOHeHTaMII CTP na IIeKJIIO':IeHIIe~ ;a;nyx: n 175Lu nepexoµ; 

Me2K;a;y KOMIIOHCHTaMII e F = F' = 3 IIMeeT:-Hyrreny10 IIHTeHCIIBHOCTI,, a B 
176Lu nepexo;a; e F = 'p, = 13/2 MaCKIIpyeTe.lI IIHTeHCIIDHI,IM ITIIKOM 175Lu 
c 1F ~ 3 II_ F' = 4. PaecTO.lIHIDI Me2K;a;y ITIIKaMrr, cooTBeTCT:syroI.Qne 'rie

pexo;a;aM Me2K;a;y o;a;HoH II:J _KOMITOHCHT CTP HmKHero (nep'XHero) yponH.ir II 

;a;oyM.lI IIJIII Tpe~.H.C()Cfl];HHMII KOMITOHCHTaMH nepxHero (m12KHCro) yponH.a, 

not:1:porrz10.r onp~p;c~HTI,,_ :::rna-qemur KOHCTaHT CTP ( MaI'HIITHOII )];IIIT0JihHOIY 

A lI\mer<,Tprere~KoiI ~na;a;py.:µor.J:J;,HOII B). 

J(rr.ao:rrpep;erreHII.lI- T~HH0I'O IT0lIO.>keHIDI :a;eHTpOD T.H2KeCTII ITIIKOD B eheK

Tpe K~~)];¥H II3 :HII~ ,<pIITIIpoaarre.H npo<p1rneMr<l>on:I'Ta C <pIIKCIIpOBaHHbIM • 

napaMCTppM llIIIpIIHl>I, COOTReTeTBy_IOI.QIIM 3KCIICpIIMCHTaJII,HOMiy pa3pe

llICHIIIO!. 3aT'eM, c rroMOI.QI,IO QIIIICaHHOH paHee• rrporp~MMhI EXHYSPFI 

[12)3],oi;ipe)];flI.HJIIIeh ITOlI02KCHII.lI IIIIKOB II 'IaeTOTHhie IIHTepnaJII,I MC)K)];Y 

KOMIIoHe~rraMII CTP. Ilp11 TaKOH npo:a;ep;ype o6pa6oTKII crreKTpon ;a;oc'i'n1 

r~rrac1, TO',IIIOCTI,. rrna':ICHIIH IIHTepnarron. n necKorr1,Ko Merarep:a;. 3Ha'IeHirn 

3T:m;: IIH.TJpnarron npep;c;Ta1men1,1 n Ta6rr.1. Pac'!eT KoHcTaHT A II B HIDK

ner~.-- II_· ~epx~ero ypoBijCH. IIp<JDO}J;IIlIII MCTOIJ;OM HaIIMCHbllIIIX KBa;a;paTOB 
• ' '. < • 

C IICIIOJII,::)QBaHHeM ncex. B03M02KHI,IX 'faCTOTHI,IX IIHTcpnarron II KpII'I'CpII.H 

ii: .IIQny11eIIHbIC TaKnM crroco6o~:3HU'H:!HlI.lI KOHCTaHT A II B ;a;rrvo6oux 

ypomieH rrp~ne;a;eHI,I n Ta6rr.2 (;a;mr cpaBHCHH.H BKJIIO'ICHI,I,II ;a;aHHbIC rrpc;a;hl

;a;yI.QIIX pa6oT ). BII;a;Ho xopowee co~rracne n cJirrae KOHCTaHT A ;a;rr.a HIDK-

n~r;o. yponH.lI c penyrr1,TaT.aMH rrpe:u;II3IIOHHI,IX II3~epcmn'-i: pa;a;no•racToT

HhIM MCT0p;OM [9]. ,II;rr.lI Bepxnero yponH.H OTJIWIIIC OT 3Ha':IeHHII KOHCTaHT 

A ,II ~r rrorry':IeHHI,IX n pa6oTax [7,8]· rra3epHbIM MeTo;a;oM; HCMHoro DI,I-· C 

xop;w:r; n_a.,rrp~;a;errhl B3aHMHbIX OllIII5oK, o;a;HaK0 OTHOllICHII.H 3TIIX 1KOHCTaHT 

;a;rr.lI II30Torron 175Lu 111~6Lu, KOTop1,1e nco6xop;IIMI,I ;a;rr.lI onpc;a;crremrn Cl\IA, 
rrpaKTH':ICCKH conrra;a;aIOT B npe;a;errax rrorpernI.IOCTCH lI3MepcHIIII. 8TII OTHO- . 

rneHII.H _KoHc.TaHT .A .H B npe;a;cTanrreHI,I B Ta6rr.3 .. 
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OBCY)K~EHMEPE3YllbTATOB 
-c-ITofo,r rrorry'HITh 1m II3MepeHHhIX OTHoweHIIH Ko_HcTaHT A 3Ha'IeHIDI 

CMA, 0TBeTCTBeHHhie 3a i:nwrrII'III.lI rrpocTpaHCTDeHHoro pacnp·e;a;crreHIDI 

MarHIITHhix· iioMeHTo·~ cpaBHIIBaeMhIX .llp;ep, tteo6xo;a;IIMO nHaTh OTHowe

HIIe rIIp0MarHIITHhIX cpaKTOJ:)013 II Y'ICCTh yKa3aHHhie B_0 BBe;a;eHIIII rrorrpa

BKII K IC0HCTaHTaM A. OTHOU.IeHIIe rIIpoMarHIITHhIX q>aKTopoB ;a;rr.lI II30To: 

rroB 175Lu II 176Lu, II3MepeHHoe MeTo;a;oM MarHIITHoro pe3oHaHca B aToM

HOM rry~Ke 1IIOTen;IIJ1,COCTaB1I.lleT [9] 

9(115Lu) = 91 = µ1 -12 = 1,4087(21). 

9(176Lu) 92 11 · µ2 .. 
(2) 

IIorrpaBKII K KOHCTaHTaM A 3a c'!eT pa3HITIJ;hl Mace II rrpocTpaHCTBeH

HhIX pacnpe;a;erreHIIH arrhTpII'!ecKoro 3ap.H;a;a .llp;ep 175Lu II 176Lu OKa31>IBa

IOTC.lI 3aMeTHo MeH1>we rrorpewttocTeiI oTHoweHIIH K0HCTaHT A (Ta6rr.3). 

,IJ;eiicTBHTerr1>Ho, I<aK · 0TMe'Iarroc1, B pa6oTe · [3], MarraJI pa;Hi~a Mace cpa

BHIIBaeMhIX .llp;ep (b.M/M= 5, 7 • 10-3) rrpIIBop;IIT K II3MeHeHIIIO K0HCTaHT 

A MeHee, 'IeM 13:a 10-4 . JI;a;pa 175Lu II 176Lu xapaKTepIItiyroTC.lI IIpaKTII

'IeCKII 0)];IIHaK0BhIM rrpocTpaHCTBeHHhIM pacrrpe;a;erremieM arreKTpII'ICCK0ro 

3ap.lI;a;a: pa3ITII'IIIe IIX 3ap.lI)];0BhIX pa;a;IIycoB b. < r 2 > / < r2 >= lQ:-3 [14], 

a BHyTpe°HHIIC KBap;pyII0IThHhIC M0MCHThI COBIIa~aIOT B rrpep;errax OllllI60K 

(~ 5%)[4]. IIoaTOMY rrorrpaBKII 3a C'IeT,3T~ro a<JlcpeKTa TaK2KC .lIBIT.lIIOTC.lI 

rrpeHe6pe2KIIMO MaITI,IMII. 

IIorrpaBKII 3a_ C'ICT He;a;HaroHaIThHOro CBepXT0HKOro B3alIMO)];CHCTBIDI B 

OTITII'IIIC OT paCCMOTpeHHhIX BhllllC aq>q>eKTOB MOryT IIMC_Th cyw:ccTBCHHO 

pa3HhIC 3Ha'ICHIDI p;IT.lI pa31III'IHhIX aT0MHhIX ypoBHCH. cho B3aIIMO)J;CH

CTBIIC rrpIIB0p;lIT K OTTaITKIIBaHIIIO ypoBHCH (KOMIIOHCHT <;:TP) C 0)J;IIHa

KOBhIM 3Ha'IeHIIeM rrorrHoro M0MCHTa F. BcrrII'IIIHa C)J;BIIra ypoBH.lI orrpe;a;e-

IT.lieTC.lI Bhipa2KCHIICM 

b.E =LI< iJ.!(JlF) I Hhfs I iJ!'(J'lF) 1
2 

E(JlF)-E1(J1lF) ' 
(3) 

r;a;c I< iJ!(JlF) I Hhfs I iJ!'(J'lF) 12 - MaTpII'IHhIH arreMeHT rrepexo;a;a Me2K;a;y 

aTOMHhIMII ypoBH.lIMII c aHcprII.lIMII E(JlF) II E'(J'lF). Ifo Bhlpa2KeHII.lI 

(3) BII)];HO, 'ITO HaII601IhlllIIH C)];BIIr BhI3hIBctIOT ypoBHII, HaII6orre~ 6rrII3-

KIIC K II3y'IaeMOMy. ,Il;rr.lI Ha'IaIThH0ro ypoBH.lI B HaIIIIIX II3MCpCHII.lIX 2 D3/2 
aTo ;a;pyroiI ypoBeHb Toro 2KC TepMa 2 D512• Pac'IeThI cp;BIIra )];IT.lI pa3ITII'I

HhIX KOMIIOHeHT CTP [9] c IICIIOITh30BamreM B0ITHOBbIX q>yHKIJ;HII II3 pa-

6oThI [15] IIOKa3arru, 'ITO OHII He rrpeBhilllaIOT 0,02 Mru;, II 3T0 rrpIIB0;J;lIT 

6 

\:) 

) 

K II3MCHCHIIIO KOHCTaHT A Ha BCITU'IIIHY He Mettee 10-3• ,Il;rr.lI K0HC'IH0ro 

ypoBH.lI 4 F312 pac'IcT c;a;Bura KOMII0HeHT CTP .lIBIT.lICTC.lI 6orree crro2KHhIM rr 

He CTOITh OIIpep;erreHHhIM lI3-3a 3Ha'IUTe1IbHO 601Iblllero 'IlICITa COCTO.lIHIIH 

B ero Herrocpe;a;cTBeHHOH 6rrII30CTH H II3-3a HeIIO!IHOThI HalllHX CBe;a;eHHH 

0 BOITHOBhIX q>yHKIJ;II.lIX 3THX COCTOHHIIH. O;a;HaKO O BCITII'IHHC cp;BHra KOM

II0HCHT CTP aToro ypoBH.lI MO)KHO K0CBeHHo cy;a;uTb H3 OTHOWeHHiI KOH- _ 

CTaHT B, KOTOphle TaK)KC 'IYBCTBIITCIThHbI K c;a;BHraM KOMII0HCHT, HO Ha 

HUX He BITH.lICT rrpocTpaHCTBCHHOC pacrrpe;a;erreHHC MarHHTHoro MOMCHTa 

.llp;pa. I-fo Ta6rrun;1,r 3 BHp;Ho, 'ITO OTHoweHIDI KOHCTaHT B p;IT.lI ypoBHCH 
2 D3; 2 II 

4 F312 rrpaKTIPiecKH o;a;HHaKOBbI (pa3ITH'IIIC MCHce 0,5 % ). IIoaToMy 

M02KHO rrpc;a;rrorraraTb, 'ITO II c;a;BirrH KOMII0HCHT CTP p;IT.lI o6oHx ypoBHCH 

(2 D 312 H 4 F312) 6y;a;yT o;a;Horo rrop.lI;a;Ka H He CKa2KyTc.lI cyrn:ecTBCHH0 Ha OT

HoweHIDIX KOHCTaHT A. Ha Marroe BITII.lIHIIC rrorrpaB0K Ha acpq>eKThI BTOporo 

rrop.llp;Ka yKa3hIBaeT H xopornce corrracIIe (B rrpe;a;errax OWH60K H3MCpeHHH) 

II3McpcHHbIX 3Ha'IeHHH HHTcpBarroB Me)K;a;y KoMrroHeHTaMII CTP ( Ta6rr.1) 

H paCC'IIITaHHhIX c rrorry'IeHHbIMH BCITH'IHHaMH KOHCTaHT AH B (Ta6rr.2). 

IIpcHc6peraJI rrorrpaBKaMH K KoHcTaHTaM A H Hcrrorr1,3y.lI H3McpeHHbie 

OTH0lllCHll.lI Ai/ A2 H H3BCCTHOC 0TH0WCHHC 9if 92, 6bIITH rrorry'ICHhI, II01Ih-

3Y.lICb Bhlpa2KeHHeM (1), 3Ha'IeHIDI CMA ;a;rr.lI o6oHx Hccrre;a;oBaHHhIX ypo~ -

BHeiI, KoTophle rrpc;a;cTaBrreHhI B Ta6rr.3. BH;a;tto, 'ITO p;IT.lI ypoBH.lI 2 D312 
CMA .lIBrr.lieTc.lI ttyrrcBoiI B rrpc;a;crrax owH6oK aKcrrepHMeHTa, a p;IT.lI ypoBHeiI 
4 F3;2 HM~CT KOHC'IHOC 3Ha'ICHHC. TaKOC )KC 3Ha'IeHHe CMA ;a;rr.lI ypoBH.lI 
2 D312 rrorryqeHo H B pa6oTe [9], r;a;c IICIIOITb30Barrac1, rrpen;H3HOHHaJI pa;a;Ho

qacTOTHaJI MeTo;a;HKa. CTorr1, MarraJI BeITH'IHHa CMA o6'h.lICH.lICTC.lI, O'ICBH

;a;tto, HaITII'IHCM crrapeHHhIX S-31ICKTp0HOB B KOHq>Hrypan;HII aToro ypoBH.lI. 

B TO 2Ke BpeM.lI KoHe'IHoc 3Ha'Iettne CMA p;IT.lI ypoBH.lI 4 F312 ( OHO co

rrracycTc.lI C pC3Y1IbTaTaMH pa6oT [7 ,8]) yKa3hIBaeT Ha pa31III'IIIC B rrpo

CTpaHCTBCHHhIX pacrrpc;a;errcHIDIX .lip;epHoro MarHCTH3Ma B H30TOIIaX 115Lu 
H 176Lu. ,Il;o6aBrreHHC HccrrapeHHoro HeiITpoHa K .llp;py 175Lu yBerrH'IHBaCT 

;a;orrro CIIHHOBOH KOMIIOHCHTbI B MarHHTH0M MOMCHTe .llp;pa. 8To rrpHBO;J;IIT 

K pocTy cpc;a;Hero pa;a;Hyca pacrrpe;a;erreHH.lI arreKTpH'ICCKoro TOKa H HHp;yn;u

pycMoro HM MarHHTHOro MOMCHTa. 

OwH6Ka 3Ha'IeHIDI CMA orrpc;a;eIT.lieTc.lI rrorpewttoCTbro H3MepeHmr Ma

rHHTHbIX MOMCHTOB .llp;cp 175Lu H 176Lu [9]. 8Ty OWH6Ky MO)KHO 3aMCTH0 

CHH3HTh, CCITH OTHOlllCHHC rHpOMarHHTHhIX q>aKTOpOB 9if 92 3aMeHIITh 60-

rree TO'IHhIM OTHOlllCHllCM KOHCTaHT A ;a;rr.lI ypoBH.lI 4F312, KOTOphIH H3-3a 

HaITH'III.lI B ero KOHq>Hrypan;HH crrapeHHhIX s-arrCKTp0HOB crra6o 'IYBCTDII-
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TerreH K• pacrrpe;a;erremno Jip;epHoro.'MarHeTII3Ma. Ti1Kair naMeHa rrpIIBoAII'l 
K nHa'IeHIIIO CMA, B 5 'pan 6orree T0'IH0MY, 1.6.2 ~ 0, 83(3)%. Iloµ;o6IiaJI 
rrpon:e;a;ypa na'Mein,r oco6eHii:o Ba2KHa' rrpII orrpei:(erreHIIII CMA B :pap;IIOaK~ 
TIIBHhlX .l!p;pax, r;a;e Hepe;a;io 3Ha'!eHII.lI MaI'HIITHhlX MOMeHTOB,_II3MepeHH~Ie 
He 0IITII'IecKIIMH MeTop;aMir, mrfio HennBeCTHhI, rrII6o irMeIOT 60~1,rµy~ no~· 
rpeIIIH0CTh.· 

B· naKITIO'!e1rne an"rophr Bhrpa2KaIOT '6rraro~apHoCTh IO.IJ;.OraiiecJI~Y, 
M.r .lITKHCY II" IO .8. IleHHOH2KKeDII'I,1/ na rrog;a;epM~Y. pa6oT~t 'd' ~OJI~3Hbie 
p;IICKYCCIIII: ' . . .. , . ,·. 

Pa6oTa BhIII0JIHeHa rrp.i rro;a;;a;ep2KKe Pocc:rrrrcK~I'"o cpoHp;a q>yHp;aMeJ-:ran:i;~ 
HhIX
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- 3~a'I~HIIJI 'rrod-
H0I'0 MOMeHT,(F KOMII~He~~ CTP HII2K~ero II BepXHer~ ypmnie:rr ': ., 
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f> 

8· 

I 

J 

TABJIJ1ll;A 1 

qaCTOTHhie HHTepBaJihI MEDK~Y KOMrroueuTaMH CTP 

175Lu 116Lu 

YpOBeHh F F .6.v, Mfn: F F .6.v, Mfn: 
2D3;2 4 5 -2055,9(2,6) 15/2 17/2 -2465,8(5,9) 

3 5 -2401,0(4,5) 13/2 17/2 -3251,0(5,4) 
2 4 154,0( 4,0) 11/2 15/2 -351,9(9,2) 

4
F3;2 4 5 3366,0(2,4) 15/2 17/2 4026, 7( 4,6) 

3 5 7580,4(3,5) 13/2 17/2 9238,3(10,2) 
2 4 8255,7(5,9) 11/2 15/2 10948,6(8,3) 

T ABJll1ll;A 2 

3uaqeumr K0HCTaHT A H B 

1151u 176Lu 
YponeHh A,Mfn: B, Mfn: A, Mfn: B, Mrn: 

2D3;2 194,58(31) 1516,1 (2, 7) 137,83(32) 2148,6(7,4) • 
194,33162(9) 1511,3986(7) 137,9205(1) 2132,297(2) [9] 

4
F3;2 -926,49(35) 1771,9(3,4) -652,10(36) 2492,9(6,5) 

-924,82(15) 1766,8(1,0) -651,47(12) 2494,2(2,0) [8] 

• ;a;aHHaJI pa6oTa 

TABJIJ1IJ;A 3 

OTH011Ieum1 KoHcTaHT CTP H ouaqeum1 CMA 

YponeHh AifA2 BifB2 1.6_2, % 
2D3;2 1,4117(35) 0,7056(28) 0,21 (25) * 

1,409011(1) 0,7088124(8) 0,02(15) [9] 
4

F3;2 1,4208(4) 0,7107(25) 0,86(15) * 
1,4196(3) 0,7084(13) 0,77(15) [8] 

• ;a;aHHalI pa6oTa 
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fampcKHH IO.IT. H /lp. P6-98-334 
CBepXTOHKaJI MarHHTHaJI aH0MaJIH51 B onTH'IeCKHX cneKrpax Lui 

11ccne)loBaHa cBepxT0HKaJI cTpyicTypa B onTH'IeCK0M cneKrpe Lui )lJI51 nepexo)la 

Me)I()ly yp0BHeM 0CH0BH0ro TepMa 2
D3;2 H B036~eHHOro 4

F3;2· 11cnOJib30BaJIC51 

MeT0)l Jia3epHOH pe30HaHCHOH cpnyopecueHUHH B aT0MH0M nY4Ke. KoHCTaHTbl 
CBepXT0HK0ro pacmenneHH51 - MarHHTHaJI )lHil0JibHaJI H :meKrpH'IeCKaJI KBaApy-

noJibHaJI - 6blJJH H3MepeHbl )lJI51 H30T0n0B 175Lu H 176Lu. 113 3THX H3MepeHHH 6bma 
nonY4eHa BeJIH'IHHa CBepxTOHKOH MarHHTHOH aH0MaJIHH 0,74(15) % )lJI51 yp0BH51 
4 
F3;2· 

Pa6orn Bbin0JIHeHa B Jia6opaTOpHH MepHblX peaKUHH HM. r.H.<l>nepoBa 0115£11. 

TipenpHHT Om,e)lHHeHHOro HHCTHTyra ll/lepHhlX HCCJle)lOBaHHH. }ly6Ha, 1998 

IlepeBO)l aBTOp0B 

Gangrsky Yu.P. et al. P6-98-334 
Hyperfine Magnetic Anomaly in the Optical Spectra of Lui 

The hyperfine structure was studied for the optical transition in Lui between 

the ground state term 2D312 and the excited ones 4F312 . The method of laser 

resonance fluorescence in the atomic beam was used. The constants of hyperfine 
splitting - magnetic dipole and electric quadrupole were measured for isotopes 
175Lu and 176Lu. The value of magnetic hyperfine anomaly 0.74(15) % was 

obtained for the level 4F312 from these measurements. 

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