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BBE,Il;EHHE 

'· I. ' 

He'IeTH~He'IeTHOe .1I}l;po '2:i N a 'oT.HOCHTCJI K .. o6JiaCTH 'rr~r~nx· p;eq>opMHpOBaHHbiX 

JI}l;ep, npOCTHpaiO~ei«ck OT 
20N e p;c) ~7 Al . . 0 60JibWOH K~a~pynoJibHOH ·~e'q>opMa~HH . 

;}TOro itl;pa 'cs~p;e~eJibCTBYIOT. poTa~H<)H~hie norrocbl, nocTpOeHHbie ·Ha OCHOBHOM. ~0-. 
. . . l· .• . . . .• • 
cTOJIHHH H p11p;e BO:J6y)l(}l;eHH£1X ypOBHeH [1], H BhiCOli:He. :JHa'IeHHJI np~Bep;eHHbiX Be-, 

P~JITHO,CTeii 3rreKTpH'IeCKHX .KBap;pynoJibHbiX nepexop;os B(E2). Me)l(gy 'yp~BHJIMH po

T~n:OHHoii nOJIOCbi '[2-3]. Op;HaKO RMeiOTCJI cy~eCTBeHHbie .pa::IJIRID' no cpa~ffeHHI<'> 
c xopomo H::l~~CTHOH o6rra~TbiO.p;e'<fiopMn:posaH:m.ix Jip;ep pegKone¥~llbHbiX aJie~efiToB: 

· aHeprn:n poTa~HOHHbiX ypo!3Hei'r OTKJIOHJIIOT~JI ·oT ~)I(HAaeMbiX. Be.'IH'IHH. }l;JIJI._)I(e~TKoro 
, 'aKCHa.JJbHoro p~T;;,Topa,a nHa'IeHHJI B(E2) o6!'rapy)I(HBaroT 6'orib!JlOH. pan6poc. Bee no 
·yKa:JbiBaeT Ha ::iaMeTHOe BJin:JIHn:e p'anJIH'IHbr~~a<fi<fieK:X.oB, CBJi:JaHHbiX c~ CMeCbiO K~>H~ 
-<fin:rypainl:ii .HJIH C Gorree CJIO~HOH <fiop,MOH JI}l;pa 22!J a (He,aKCHaJibHOCTb·, mieKTpH'IeCKn:e· 
MYJibTn:noJibHbie M~MeHTbi_6orree _BhlCOKHX noi?Jr}l;KoB): · · ,· _ · , • ' 

· Px;:i: oTBeToB Ha aTn: sohpocbi' Morrro · 6bi p;aTb m:iMepeHn:e cneKTpoclionir<recKoro 

aJieKTp:nq"ecioro, iaap;'pyno~I>Horo MoMeHTa Q • . Jigt>a 22 N a.' 3Ha'IeHn:e aT oro M:oMe~Ta 
.nO::IBOJIHJIO 6biCy)l;HTbOCTaTH~~CKOH KBaiwYrzOllbHOH ~e<fiopMati:nn:22Na, Henpn:!)erax: 

:. K KaKHM-:-JIH60 ,MO)l;eJibif'biM npep;CTaBJieHHJIM. . . , . -' ' . • , _ 

:_ OgHaKQ HecMoTpx Ha MHoro.qn:crreHHhie u paiJHocTopoH:!:me n:ccrrep;oBaHHJI .panrrwi-

Hw cBoiic-rB 11p;pd ~2 N a· ( o~m ·cncTeMaTn:iTn:poBa.Hbi B o6aope (4]), ero KBagpyrio'rri>Hhrii 

' MO!~.;feHT e~e He H:JMepeH 'c }l;O<;TaTO'IHOH TO'IHOCTbiO. .. lJaBeCTHa 1IHWb ero rpy6ax 

o~eHKa; norry'IeHHM MeTO)l;OM HHTep4>epeH~HH nepec~KaiO~HXCJI KOMnOHeHT CBepxTOH

Koro pac~enJieHH,!IaToMHbiX ypoBHeii 22Na B:MaXHilTHOM noire.(a<fi<fieKT XaHrre)J5]. 

: 8To aHa'IeH:ne Q. ~- 0, 029(8) 6apH naMeTH~-MeHhme·noJiy'IeHHoro nn Yia:JaHH:brx Bhrme 

nHa'IeH~ii B(E?-) poTa~HOHHhixypoBHeii (3].. . ·.. . . . . .. : . 
1 

. , '~eJibiO .. HaCTointieii. pa60Tbl 1I,BJI1IeT~l!' onpep;erreHne cneKTpocKOrl~'IecKoro KBagpy-~ 
norrh'a:oro 'MOMeHTa· 

22 N a MeTO)l;OM :prooHaHCHOH JianepHoii cmiKTp'ociorm~ BI>iCOI\Oro 

panpeUieHHJI. IIpegcTaBJieHbi penyrri>TaTbi nnMepeHnii cBepxToHKoro pac~enrreHHJI D2:_ 
onTH.'Iec~oiimi:H:~n: B cneKTpax aToM~~ N a c pagn:oaKTHBHhrM 11gpoM:.22 N a, onpegeJieHn:e 

:nn ai'n:x imMepeHn:ii · KBagpynoJihHoro' M~MeHTa 22 N a· n: .'cpasHeHn:e ero c noJ!y'IeHHhi.M 
im H:JMepeHHH BpeMeH )I(H:JHH poTa~HOHRhrX ypoBHeii. . ·. . 

OnpeAerreHn:e arreKTpn:'IecKoro' KBagpyrroJil..H:oro MoMeHTa n:n: orrTn:'IecKn:x cneKTpoB. 

aToMoB 1m~ ~oH~B ocHOB~Ho Ha n:nMepeHnii 'IaCTOTHhiX n:H:Tepi~oB'Me)l(gy ioMnoHeH~ 
· ~a~n: ciiepxTOHKoro pac~enrryHHJI :ocHOBHoro n:rrn: ·B~n6y~geHuoro ypoBHJI; 8T~ n:HTep- ' 

BaJibi '}l;lll!o. KOMIIOHeHT c . norrHbiMH MQMeHTaMH :,F, p - 1 (pasHhiMH BeKTOpHoii . cyMMe 

'cnn:~OB l!}l;pa'I n: 3lleKTpOH~oii o6oJIO'IKn:J) onpep;eJU!IOTCJr Bhlpa)l(eHHeM (6] .. . . ·- ' .· . ' /, . ·.. - ' . . ,. 

• t , , ~·· .··. . 3BF(F~ + 1/2) .· · . : .... -
• 0 t:..v(F, F- 1) .~ AF + SI(2I -•1)J(2J- 1)+ Y(!', I,:), (1) 

rge A n: B ~ cooTBeTc~aeHHo,'KoHcTaHThi MarHn:THoro gn:norr~Ho~o n: arreKTpH'IecKoro 

KBagpynorri.H:~r? pac~~nrreHn:x, Y( lj', I; J) ..,.· 'IlleHhi 6orree BhlCOKHX nopHgKoB.:KoricTaHThi , 

cBepXTOHKoro · pac~enrreHHJI CBH:JiHbi c cooTBeTCTByro~ii~m HgepHhiMH MJllhTHnorrb-
HhiMH MOMeH'l'aMH CJiep;yiO~HMH pa~eHCTBaMH:_ ' . , . .; 
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A= p.H(O) ---u-; 
B ~ eQ <fV . s-
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r;<e f-1 ll Q, ~ MarHIITHhiM ):IIIITOJihHhiii II crreKTpOCKOITII'ICCKIIM aneKTpH'IeCKHM KBa/lpy
llOllhHhiM MOMeHThi, H(O) H t:PV / dZ 2 

- Harrp>DKeHHOCTh MarHHTHoro H rpa~HeHT Ha~ 
rrpiDKeHHOCTU GJieKTpU'IeCKOrO llOJil! B TO'!Ke H/lpa. 

.J::rH norry'IeHnx ::ma'IeHrm Q, H3M~pxeMhlX 'IaCTOTHhiX UHTepsarro~ ·Heo6xognMo, 

'IT06hi I 2: 1 u J 2: 1. Ilepaoe ycnoaue BhiiTOJIHHeTCJI, T.K; cmm H/lpa 22 N a I = 3, 
):(:ZH BhUIOITHeHIIl! BTOporo He06XO):IliMO Bb!6paTh ypOBeHh GJieKTpOHHOM 060JIO'IKH C CO~ 
OTBeTCTBYIOIUIIM aHa'IenueM MOMenTa. CaMhiM nuaKHM yposHeM N a c J 2: 1 l!Blll!eTcx 

ypoaeHh 32 P3; 2 c J = 3/2 n aHeprneil 2,24 aB [7]. ,II;= ero aoa6y)KgeHrm ucrroJih3JeTCH · 
orrTwieCKaJI.mmuH c llliiiHOM BOJIHhi .\= 588,99 HM (D2- rruHrm Na). 

3KCllEPMMEHTAJihHAJI METO,IJ;MKA 

,II;rrx II3MepeHux csepxTOHKOM CTPYKTJPhi onTu'IeCKlrx rrunn:ii HaTprm n:crrollbaosarrcx 

MeTO):( J.le30HaHCHoi1 JI~epHOM cprryop~~n;emruu B naparrneJihHOM ny'!Ke aTOMOB. ,il;llll 
aToro ·npuMeHxnach BKc:rrepuMeHTaJihHaJI ycTaHOBKa, onucaHHaJI B uaumx npeghlgymux 
pa6oTax [8,9] u MO/Iepnu;up~BaHHaJI B cooTBeTcT~uu c Tpe6osanuxMu, Heo6xogJIMhiMH. 

IIJIH uccnegoBaHux cneKTpoa 22 N a, .Ilp~I H3Mepenrmx aTn:x cneKTpoB BOaHuKaroT IIBe 

OCHOBHb!e Tpy)l;HOCTII. IlepBaJI H;J HHXCBl!3aHa C TeM, 'ITO OllTH'IeCKaJI JIIIHIIll, HCITOJih-

3JeMaJI /llll! orrpe;reJIHHl! KBagpyrrOJihHOro MOMeHTa, xapaKTepu3yeTCl! O'IeHh MaJihiM 
CBepXTOHKliM pacmenneHHeM. IloaTOMJ /llll! ycneiiiHb!X ImMepeHUM Tpe6yeTCl!.BhiCOKOe 

'IaCTOTHOe paapeiiienne naaepHoro cneKTpoMeTpa. BTopaH TpygnocTI> rrpoxslll!eTCH B 

TOM, 'ITO B nccne;ryeMoM o6paan;e 22 N a o6b!'IHO collep)KuTcl! 3Ha'IuTeJihHoe KOJIH'IeCTBO 

cTa6nnhnoro n:aoTona .23N a, IIIHpoK~ pacnpocTpanenno~o B rrpn:poge. 8ToT ImoTon co-

3;raeT 60JihiiiOM cpOH B ll3MepeHHl!X crreKTpa ~21'! a;· T.K:JIHHHll OT o60UX ·u30TOITOB pac

llOJIO)KeHhi 6nu3Ko IIPYr OT gpyra. 8TnTpJIIHOCTuu ne noaaorrnrrn: go cux rrop nposecTn 
ycrreiiiHhle H3Mepenux aneKTpnqecKoro KBagpyrroJihHoro MOMeHTa 22 N a, HeCMOTpl! Ha 

~eJihiH p.Hg aKcnepn:MeHTOB no n:ccnegosammM pagn:oaKTIIBHhiX H3oTonos N a MeTogaMn: 
naaepHOM crreKTpOCKorrun[10,pj.' ' 

BnoK-cxeMa ucrronhayeMoM aKcrrepuMeHTaJihHOM ycTaHOBKII npegcTasnena na pn:c.l. 

Ily'IOK neiiTpaJihHhiX aToM~B N a coa11aBancx nyTeM HarpeBannx B Tnrne cnoH conn 
N ~-C/, BhiCa)KeHHOro Im paCTBOpa Ha.TaHTaJIOBJIO IIO)l;JIO)!(Ky. ThreJih rrpegcTaBJil!li COc 

6oii D;IIJIIIHi!P II;J TaHTaJia C ):lliiiHHbiM. KaiiHlllll!pOM (gnuna 10 .:I,!:M H )l;UaMeTp 0,4 MM). 

Ponb aToro Karrn:nnxpa -. c¢opMnpoBaTh Heii30Tponno Harrpasnennhlii aToMHhiM rry'IoK. 

D ;rannoM cnyqae 90% aTOMOB BhiJieTaiOT. un TnrrrH B rrpegerrax TenecHoro yrrra .0.6 

CTepa;rnana, 'ITO Ha. rropH/IOK 60Jihiiie,, '!eM rrpii·ll30TpOIIHOM 3MIICCIIII. ,il;arree aTOM· 

HhiM IIJ'IOK 6hiJI ):IOIIOJ1HIITeJihHO CKOJIJIII~IIpOBaH rrpu IIOMOil(H }l;HaqJparM H. n:epeceKaJI 

Jia3epHhiH liJ'I IIOg rrpl!MhiM yrJIOM. Ilpn: TatmM reoMeTpiiii OCTaTO'IHOe /IOITJiep,oBCKOe 

JIIIIIpeHue, Bbi6paHHOe B pe3JllbTaTe ,KOMllpOMHCCa Me)Kp;y paapeiiieHIIeM II 'IJBCTBH

TeJihHOCThiO, cocTaBrrxrro c-'.23 Mr~. 
,Il;nx Boa.6y)Kgeriii.!I aTOMOB HaTprm 6h!n ucnorrhaosan KOJihD;eBoii nepecTpansaeMhiH 

naaep Ha Kpacn:Terre ¢npMhi Sectra Physics (SP-380D), pa6oTaiOmuii B crreKTpaJihHmr 
o6naCTH POIIaMIIHa 6)K II HaKa'IIIBaeMhiii HOHHhiM aproHOBhiM JiaaepoM HenpephiBHOrO 

geMCTBHl! SP-2030. PenoHaHCHaJI ¢rryopecn;eH~II.!I geTeKTnposarrach ¢oToarreKTp~n
HhiM JMHO)KHTeJieM (<t>8Y-136) B pe)KuMe C'IeTa ogn:HO'IH~ ¢oTOHOB. CneKTphi pe
rncTpnpoBarrnch MHOroKaHaJihHbiM aHaJIH3aTOpOM BO BpeMeHHOM ·pe)I(UMe CIIHXpOHHO 

CO CKaHHpOBaHIIeM naaepHOM 'IaCTOTb!. ,il;llli.'IaCTOTHOll KaJIII6poBKH crreKTpOB 6biJI IIC
IIOJih;)OBaH liHTepcpepoMeTp <:f>a6pn:- Ilepo C IIOCTOl!HHOH 150 Mr~ ll CllCTeMaTII'IeCKOM 

OIIIII6KOM 0.01 %. IliiKll npOIIJCKaHII.!I HHTepcpepoMeTpa. perUCTpnpoBaJiliCb O;J;HOBpe
·MeHHO c ImMepxeMhlM crreKTpoM. KoHTporrh Ka~ecTBa cKaHnpoBaJIIIH, cTa6mihHOCTh 
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Ha'laJibHOII '!aCTOTbi II· HaKOnnerme II3MepHCMbiX :JaBIICIIMOCTCII ocyr.qecT,BllHllOCb npn. 
noMOI.qii nepCOHaJibHoro 'KOMnbiOTepa; , 

li:JoTon 
22 N a 6bm nony'leH B peaKI:I:irii· 19 F( a, n) II co)lep:lKaJICH B KonnqecTBe no~ 

pH)IKa 10
13 

aTOMOB B Iiccne)\yeMOM' o6p.a3I:IC. ilpii TCMnepaType TUrliH 600°C ,OCHO

imaH qacTb:o6pa3I:Ia (> 90%) IICnap.inaCb 3a ~pCMH 1.5 qaca, 'ITO BnOIIHe )\OCTaTO'IHO 

gnH II3Mepemr:ii'c Heo6xogiiMOH CTaTIICTIIKOH. Threnb II nognO:lKKa C U3MCpi!CMbiM o6-

pa3I:IOM npegsapuTerrbHo_nporpeBaJIIICb B Te'leHue HCCKOIIbKl!X •racon npii T = 1500°C 

grrH YMCHbliiCHIIH cogep:lKar.qeroCH B HIIX Meiiiaror.qero·'II30TOIIa·. 23 N a. 'B npoi:~ecce 1!3-

ri>TOBIICHIIH o6pan11a 22 N a ncnonb3oBariiicb peaKTUBbi c MIIHIIM1J.JibHbiM. cogep;,KaHneM 
23 N a. 8To no:Jnommo CHII:JUTb. ¢oH OT Meiiiaror.qero II:JOTona go ypoBHH, npii KOTo-

p oM ycTOH'IIIBO MO:lKHO 6biJIO Ha6nrogaTb' cnr~an. OT 22 N a. HbiCOKOe 3Ha'!eHl!e CI!llhl . ~ 

OCI:IlilinHTOpa ,!1IIH pagiiai:~IIOHHOro nepexoga n:) OCHOBHoro COCTOHHI!H 325 112 aTOMa Na 

B B036y:lK,!1CHHOe 32 P3/ 2 II03BOIII!ll0 pa6oTaTb npn HimKOH MOI.qHOcTII lla3epHoro I!3IIY

qeHIIH ( ~ 0.1 MBaTT ). 8TO Cyi.qeCTBCHHO CHU3Illl0 <floH OT paCCCHHHOrO U3IIY'ICHUH II He 

npnsognno·K YIIIIIpeHnrd nnHIIII Bo:J6y:lKgeHnH.. . 

CKaHnpoBaHue )\llliHbi BOllHbi na:JepHoro II3IIY'ICHI!H npoBO)\IlllOCb B I!HTepsane l rrU: 
B Tex yqacTKax cireKTpa, rge o:lKngannch KOMIIOHCHTbi csepxTOHKoro paciuenneHIIH D2 
- niiHIIII 

22 N a. .D:nH HacTp'oiiKn na:Jepa · Ha KpaciiTerie Ha <ITII yqacTKII cneKTpa IIC

nonb:JOBaJICH o6pa3ell co CTa6IInbHbiM II:JOTOIIOM 23 N a; cneKTp KOToporo II:JMepHn~H Ha 

ycTaHOBKC'C lla3epHOH aTOMII3ai:~IICH BCI.qeC;Ba [12] .. 8To no::!BOIIIIIIO a<fl<fleKTI!BHO UC

IIOllb30BaTb ncnapHeMbiH o6pa3ell 22 N a - :JHa'IIITeJibHYID gorrro npeMemr IIccrregyeMbie 

a TOMb! na~ogurrucb·s o6rracTn pe:JoHaHca D2 -' rruHIIII N a. 

PE3YRhTAThlM3MEPEHMH 

CxeMa aTOMHhrx yposne:ii 22 N a, BKJirO'!aror.qli.H KOMnoHeHTbi csepxToHKoi'r cTpyKTYPbi 

OCHOBHoro 3
2
Sl/2 U B036y:lK,!1CHHoro 3 2Pi/2 COCTOHHUH U nepex0,!1bl MeJKgy HIIMII, npe~

CTaBIIeHa Ha puc.2, a npuMep na6mogaeMbiX crieKTpos ·- Ha · pnc.3. B ri:JM.;peHHOM 

cneKTpe Ha6nrogaiqTCH nnKu, cooTBeTcTnyror.que · seeM nepexogaM Me:lKgy KoMnoHcH

TaMU CBCpXTOHKOH CTpyKTypbl OCHOBHOrO II B(m6y:lK,!1CHHOro COCTOHHI!II·, pa3peiiiCHHb!M 

npannrraMn oT6opa no norrHoMy MOMeHTY F . .IJ:nH 6onee TO'!Horo onpegcrreHIIH nono:lKc

mr:ii 3THX B mm'IIITellbHOH CTCneHII ~epeKpbiBaiOI.qiiXCH. IIIIKOB npOB0,!1IIliaCb nogroHKa C 

noMor.qbro cneliiianbHoii · nporpaMMbi, Y'IIITbiBaror.qe:ii aKcnepnMeHTaJibHoe pa:ipeiiieHIIe 

nabepHoro cneKTpoMeTpa. Hanrry'IIIIee corrraciic Me:lKgy aKcnepu~eHTaJibHbiM u nogo

rHaHHhtM (em noKa:JaH nyHKTupoM na puc.3) cneKTpaMn norry•ranocb B npegnono:lKenun, 

'ITO KOMnOHCHTbi CBepXTOHKOIICTpyKTypbl irpegcTaBlliiiOTCH B B.IIge cyMMbi rayccOBOH 

u nopeHI:Ieno:lr ¢opM lliiHUM: PaccTOHHUH Me:lKgy· nuKaMu oripegerrHroT HenocpegcTBeHHo 

'laCTOTHbre UHTeps~bi )\liH K~MnoHeHT csepXTOHKOI! CTPYKTYPhl Bo:J6y:lKgeHHoro 32P 3/ 2 

ypomm. · 3Ha'leHIIH <~TUX IIHTepnanQB npegcTaBJICHhl B Ta6rr.l. 0Hu · no:JBOJIHIOT, nonb-

3YHCb BhlpaJKeHneM (1) II npene6peraH qnenaMu 6orree BhlCOKUX nopHgKoB(~Krrag <ITUX 

•meHoB ,!1JIH nerKnx aneMeHTOB MHoro MeHbiiie 1 %), nony'IIITb 3Ha'!eHUH KOHCTaHT A u 

B. IloCKOITbKy 'Il!CllO IIHTepBaJIOB (3) 6ollb!II~ 'IHCJia onpegenJICMbiX KOHCTaHT (2), TO 

gn.ir nx onpegerreHnH ucnonb:JoBancH MeTog HauMeHbiiiUX KBagpaTOB. BapbnpyH :JHa•re

HI!H KOHCTaHT, go6IIBaJII!Cb HaUIIY'IIIIero COrJiaCIIH )\JIH 3KCnepi!MCHTaJibHO I!3MepeHHb!X 

liHTepBaJIOB II paCC'II!TaHHhlX C nOMOI.qbiO <lTUX·KOHCTaHT. ilony'ICHHble TaKI!M cnoco-

6oM 3Ha'ICHIIH.KOHCTaHT A II B npegcTaBllCHbl B Ta6JIIII:IC 2 . .D:nH cpannemrn rrprmegeHhl 

:JHa'lenrm aHanorn'IHbiX KOHCTaHT grrH cTa6nrrhnoro n:JoTona 23 N a ·[13]. 

. 3naqeHnH KoHcTaHT A n B gnH ypoilnH 3 2P 312 B · 22 N a panee He Ghlrrn II:JBecTHhl. 

OgHaKo :Jnaqenue KOHCTaHThl A MO:lKHo oiipegemiTb, ncnonb:JYH TO o6cTOHTenbeTno. 
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'ITO ::IJIH JIPrKIIX li::ICp, K K<iTopbiM .OTHOCHTCH Ii:JOTOIIhl. JV a: .BeJIII'!HHB CBCpXTOHKOii 

";lrHIITHnii anmra:rmr Ii.e npeBbiiii1H'T 0.1% [14]. u ero MOiKHO. npeH<'6pe'Ib.· TioaTmry 

:I,.:UI Il30TOIIOB J.Y U. BbliiO;JH.HeTCH COOTHO~CHIIC . 

ge2 Xa) 

g( 12Xa) 
A(S112 ,

22 Na) _ A(P312 ,
22 ,Ya) 

.4(SJ/2·23JYa)- .4(P3/2·23.Va.)' 
('*) 

r:=~<' g = I'/ I rnpo~rarHIITHoe oTHoiiienne. Bn;r;H:o, 'ITO BCIIII'IIIHY .4( P312·• 
12 Sa) ~IO:lKHo 

<Hlp<':IC.'lilTb II::l ;no6oro OTHOlliPHIIH. ircniJ:Ih3,YH li~BeCTHO{" 3Ha~ICHn~~ KOHCTaHihl 

A(P,12 ·, 23 Na) [13]. KOTopi>P npnB<W~IlD B Ta6:r.2: 06a OTHOIIIeHnHnpaKTJi•rPcKn O::IIIHa-, 

KOBbi·. fl<"i>Boe II~ HIIX. no;ry1:H'RHOP II~ ::-JHaTH~HIIii 1-.iarfinT~hiX ~10~·:!PHTOB. ~i!rn.Iep·~HHbiX. 
~H'TO::l1n!ll nap<nrarHIITHO~O penOHa!f;'a [15]. COC.TaBI!liC'r 0.3937(69). a BTopoe, B. KO~. 
Topmi n(:mi:rb~OBaHbl KOHCTllHTbJ' A :!ill <i(:HOBHOrO COCTOHHIIli 32 Sl/2 [1 L13].'p1iB~O· 
0.393706(11). Iloay'IPHHaH TaKini cnocofioM KO'ncTaHTa .4(P;1j 2 •

22 Sa) IIJ>P::l<'Ta~;iemi B 

Tafi:I.2 II Hc-tXO;:IliTCfl B X:oporneu <"Or;racnn (' ll31-.H'pPHHbU..f. ·Ha1III 3HC:PIPHU~~ir:--T~lKOP l"O

r:HH'IH' KOHCTaHT ~..\ ~·K~l~1biBC:1PT HH oTcyTcTBIIP KaKIIX :Itifio <"IICTP~Iil:TII.,:i<'<"~IIX .(?lln;f><)K ,. 

B HHUIIIX II3Uept>Hll1IX. 

· Ilo:I).-TicHHOC B HRWIIX ~K\ll('pll1H'HTC:l.X :JHO.'I:Il'HIH.~ KOHCThHTbl n no::,1BO:Ifl<,:T. llO:J,b3,Y.HCb 

Bb!Jl<DK<'HIICM ( 3 ). onpe)\('lii!Tb cncKTpoCKOIIII'I<'CKIIi'l KBa;r;pynoJihHbiii ~t(iiH'HT 22 .Y <1. 

Oil:H<iKo BXO;J;lii.q1t!I B ::ITO Bbipa:lKCHite BClii!'IliHa rpagnenTa :..:reKTJlii'I<'t'Koro no:rll B 

T(Pll{(' nn;pa UTlBPCTHa C HCBbH'OKoii TO'I:IH~lCTbiO .(KaK npaBIIITO. Xy)Ke 159[,). II ~To CHII.::. 

)Ka.('T TOTIHOCTb no:ryT_rcHnor.o nna1:JCHII5I CJ 5 • 'llo:JT.oMy 6~IJI ncno:rbnokau · :li>yro:ii ~!PTO~. 
OCHOBaHHbiii Hl1 HOp1-IHpo.BaHIUI KO~CTaHTbl fl O"THciCUTCJibiro ti3BP(~THoii :tiH J.pyr~)ro 
HIJ:p;t e3 N a). y KOTOporo CII<~K.TpOt'KOIIII'IeCKIIIi KBaiJ:pyri<>rrbHblii ~IO~I<'HT IJ:l~!('JH'H. ::1Jl~·
£'IIM cnocofioM c p;oeTaT(PJH:o Bbrco:Koli To'l:iHcH:Tb:K). ,Unn nHC:PICHnii ·"KoHe~aHT B II (J_., 

BbiiH>JIHfleT(".fl CC>OTHOWPHIH~ 

B(22Na) 
B(23 Na) 

(J,( 22 Na) 

(J,(2:'N a)' 

.. ,,. 

.,... (5) 

IIcntmwyH ::lTti COOTHO!II<'HIIC, nH<l'ICIII!H KOH;'T<{HTB IJ:llll HA<'P 11 ;Ya I! 1:•_y;, (Taf>:r.2) II 

ana'lcmn· Q.,(Z3 Na) = 0, 1006(20) fiapH, n<>i!J'IPHH<><' nn n:11H'J><'Hnii t'II<'KTJ>OB X :ry•it·ii 

MCD<>U.TOM(>B (16], Ohl.rr OI1pC')J;CJieH CIH'KT}>O('K(llliPH'CKIIii KBa~pyll():JbHbiii lH)}.l<'HT .H;:q>a 

22 No ·- (/., = +0, 134(17) Gapn. 

OBCY)KAEHME PE3YRhTATOB 

Bo.rrbUIOC tnra1:JCHIIe Q.c; 22 JV a. yJ<atibiBaPT na TO, 1:JTO. cro ¢opua cn:IhHO oT:JIPia

eTe.n OT c¢eplPieeKoif, a llO.ll<))KIITeJibHhiii tlHaK Q5 ll03BOJ1.ll('T paCCMHT}HIBilTb rlTO nn;p(>. 

KaK Bb!THHYThlll ::lJillllliCOll/1. ()fioll<l'I(''IH1lll MOIJ:Cllb·Ofi'bHCHliCT floJibiiiYIO KBa;J;pyno:rh

HYR> IJ:c<flopMaliUIO Hgcp ::lToii o6rracTn KaK pPay:rhTaT KorqH'HTHoro ::IBIDK<'HI!!I BHP

lllHIIX H)TKJIOHOB, lHl.XoA.nmnxe.H ~BC'pX ;JJ;BC:l.)K;IJ;bl :tviariPICC'Koro OCTOB.i1 lti(J [17}. D c:ty ... t.at' 

>Igpa 21 N a ::lTII BH<'IIIHIIe HYKJIOHbi BKnro•mroT 3 npoToHa n 3 m·iiTIH>Ha. HaX<>::l>ILtllH'<'': B 

cocTnHHnn [211]3/2. OcofiennocTbK> ::~Torn cocToliHIIH HBIIH<'T<'>I T<>. 'ITo <'ro :>H<'prrm 

YMCHbliiiteT<:H C JHlCTOM ge<flopMa!IJIU HIJ:Jla [18]. 8To CHIDK11PT IIOI!H}'IO ::lH<•prmo n;:q>a. 

B J'<':1YllbTilT<' 'll'r<> na.n6orree BhlrOIJ:HOii HBll!IPTCH <flopMa Bb!TliHyToro ::lJIJIIIIICOII;lil. .J;rn 

TaKux HACP BhrnorrH.neTC:H cooTHOUic~ne MC:tKIJ;Y cncKTlHH'KOTIIPH'CKID.I n BHY~PPHHID.I ()o 

KBCl.,il}>YIT<>JlbHbUill 1I<>1H'HTa11II 

311:1- [(! + 1) 

Q,=Qu(l+1)(2I+3l' 

5 

(6l 



r)le K- rrpoeKIUIH crruna Ha OCh CMMMeTpun H)lpa. ,llnH ocHoanoro cocToHHIIH H)lpa 22 N a 
I(= I= 3. II~ay'IeHHaJI c noM~~hiO Bhrpa:«eHnH (6) aemi'!l!Ha Q0 ( 22 Na) = 0,32(4). 
Bemi'IMHa Qo orrpe:teaHeT rrapaMeTp KBa)lpyrrorrhHo{I !1e¢opMaruni H!1pa 82 

Q 
. 3 2 . 

o = .,;s;iZR0,82(1 + 0, 158,82), (7) 

qe Z u Ro - aTOMHhiit HOMep u ::mpH/:tOBh!ll pa;J:nyc Hl:(pa. Ilpn R0 = 1, 2A 113 (A 
M~ccoaoe 'mcao) :ma'!eHue ;32(22 N a) = 0, 31( 4). 

, 8Ty BCliM'IMHy 82 MHTepeCHO cpaBHII'rh C aHaJIOrii'IHOll BClll!'HIHOli, IIOliY'ICHHOll 1!3 
u3!.lepenm! apeMeH :«n3HJI ypoaneil poTa~noHnoil rronoc'w, rroCTpoeHHo{r na ocnoaHoM 

. cocToH~nu 22 N a. ·B aToM c::Jy'!ae ,82, cpe)IHee ;J:.:!H 'ICTh!pex HI!:«Hnx Bpa!llaTCllhHh!X co

CTOHHHHrcocTaBrrHeT:· ,82 = 0, 51(2), 'ITO 3aMeTHb Bh!llle rrorry'leHnoro B )laHHoii pa6oTe 
li3 BCliM'Il!Hhi Q,( 22 N a). TaKoe p=nwrue MO:«eT o6'bHCHHThCH ~e::Jhi~I pH)IOM rrpH'IIIH. 

1. ,lle¢opi.ta~Mli, OIIpC;J;CliHCMaJ! 1!3 BpeMCH :Kll3Hl! ypOBHCII BKliiO'IaCT KaK )IMHaMI!'IC
CKYIO (KBa)lpyrronhHh!e K~ae6aHIIH), TaK n cTaTn'!ecKyro cocTaBJIHIO!liiie, a rrorry'!ae~raJI 
II3 CIICKTpOCKOIIII'ICCKMX KBa)lpyiiOllhHhiX MOMCHTOB -- TOllhKO CTaTII'ICCKYIO. 

. 2. <l>opMa H)lpa MO:KCT OT~l!'IaTbCli_ OT 3liJIIIIICOII)Ia, HarrpiiMep, XapaKTCp1I3C:>BaTbCH 
3aMCTHOll HeaKCilaJihHOCTh!O. , 

3. B BOliHOBOll ¢YHK~UII ocHoBiro{r poTa~IIOHHoil rronoch! MoryT 6hiTh rrpuMecu OT 
Apyriix rrorroc (B rrepByro o•repe~h oT 6nii:«arrlllerr cK = 0). · · 

Ha puc.4 rrp~;J:CTaBneHa cxic~eMaTIIKa 3Ha'!eHIIrr ,82 )IJIH H)1ep )1aHHorr o6nacTII ( oT 
20N e JlO 27 AI).· 8'!1I 3Ha'ICHIIH ,82 rrony•reHhi KaK II3 II3MepeHIIll cTa~II'ICCKIIX .KBa)1py
IIO::JhHh!X MOMCHTOB (KaK B HallleM pa6oTe) [15], TaK II BpeMeH :KII3HH Bpa!llaTCllhHhiX 
ypoBHerr [19]. · Bn)lHo, 'ITo pannii~ne 3Ha~eHIIll ,82, oTMe'!eHHoe )1lHI 22 N a, xapaKTepHo, 
II ;J;JI~ )lpyrnx Hgep aToi! o6na~Tn, · · 

B naKJIIO'!CHIIe aBTOfJhi Bhipa:«aiOT 6rraro)1apHoCTh IO.IJ;.OranecHHY. n 
I0.8.IIennoH:«KeBwry na nocTOHHHhiM I!HTepec K' pa6oTe, ,ll.:/Ke•reBy II C.ATatracoaoil 
3a IIOMO!llh B IIpOBC)1CHIIII. 3KCrrepUMCHTOB. Pa6oTa BhiiiOliHCHa IIpi! II0)1)1ep:«Ke ¢oH)1a 
A. ¢oH I)M6mih~a (repMaHIIH) II PoccniicKoro ¢oH)Ia ¢YH11aMeHTaJihHhiX nccne)1oBaHIIM · 
(rpaHT N 96-02-1,9166). · 

6 

··~ 

ll 
\) 

TABJIMIJ;A 1 
3Ha'!CHHJI HHTCpB<tliOB MC:lKJ:IY KOMllOHCHTaMH 

caepXTOHKOH CTPYKTYPhl ypoBH.ll 32P3/ 2 B ' 22 N a 

F, F-1 5/2,3/2- , 7/2,5/2 9/2, 7/2 

~v(F,F-1),Mr~ 16;20(80) 24,00(29) 36,29(53) 

TABJIMIJ;A 2 
3na'!eHHe KOHCTaHT caepxTOHKoii CTPYKTYPhl 

ypoBH.ll 32P 3/ 2 B 
22

Na (J:~aHHhiC HaCTO.ll~eH pa60Thi)·H 

· ' 23Na[13] 

l1noTon A,Mr~ B,Mr~ 

22Na 7,38(6) 3,76(45) 
7,36( 4)* 

23Na 18,69(6) 2,83(10) 

• li3 nHa'!ennii J-1- u A 11=· 22 N a, 23 N a cor nacHo Bh!pa)KeHnro ( 4). _ 

? 
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Puc.l. BrroK-CXeMa nKcrrepiiMCHTaJihHbn ycTaHOBKII: 

1 - TIIrClih C o6pam~OM JVa, 2 - KOliliUMaTop, 

15 

3 ~ c¢epU'ICCKOC 3cpKarro, 4 - 'aTOMHhill ITY'IOK, 

7 

5 - ¢oTOYMHO)f(IITClib, 6 - YCIIliiiTClih, 7 - rrepCOHaJihHblll 

KOMITbiOTep, 8 - aproHOBhiii rran~p, 9 - rranep ua KpaCIITerre, 

10- CIICTCMa CKaHHpOBaHII.SI 'IaCTOTbi, 11 - ITliOCKliC 3CpKarra, 

12 - rry'I rranepa, 13 - Kou¢oKarrhHbiii IIHTep¢epoMeTp, 

14 - II:JMcpHTClib ):llil!Hbi BOliHhi, 15 - li3MCpliTClih MOII!HOCTU , 

8 
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Cxc~m aToMHhiX ypoBue:ii 1Va, BKJIIO'IaiOII!asr ac)~moHCHThi 
CBf'pXTOHKoii CTJ>YKTyphl OCHOBimro 3 2 51/; II Bon6y~;:lCHHOrO 
32Patz cocTosruni'I II B03MO)f(Hble orrTWICCKIH: nepexo;:lhi 

;--9/2 
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OrrTU'JeCKnii erreKTp ~2-rrnunu 22 N a:TpnimeT crreBa cmmau e ITC'JH'XO):(H1111 
c· Bepxueii Ko1~IT<lHCHThi cBepxToHKm"t cTpyKTyphi ocuoBuoro- cocToSIHIIn 

( F = 7/2), TpnnrreT cnpa.Ba - c nepexogaMII c Hll)f(Heii K<>MIT<lH<'HTW 

(F = 5/2), IJ;n¢phi y CTIJCliOK yKa3b!BaiOT ITOliHhiii Mtnf<'HT F B<'pXiH'ii, 
KOMIH>HCHTbi . . ; 
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PHc.4. 3aaiicu~wcT& napaMeTpa KBa;J;pynoZI&Hoil ge¢opMaliiiii (32 oT 
•mcZia He{ITpOHOB B ngpe. CaeTZibie TO'IKH rrorry'IeHHbiC H3 
U3MCpCHUll CllCKTpOCKOIIII'!CCKUX KBagpyTIOZibHbiX MOMeHTOB, 
:reMHbiC II3 II3MCpCHHii BpeMeH )Kli3HU J>OTaUHOHHbiX ypoBHeit 
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f'ampcKHii IO.n. 1-1 Jlp. P6~97c244 

'' YbMepeHHe·KBa;:J.pynonhHOro MOMeHTa jl)lpa 22Na 
MeTO)lOM Jla3~pHOH pe30.HaHCHOH. cj:>nyopecJ1eHUHH. 

.DpeJlCTasneHhl pe3ynhTaThl H3MepeHH~i cneKTpocKon~t<iecKqr-<? ::~IieKTpwiecK9ro 
. . . . . . • . 22 • . . . . . . 

KBa)lpynom~:~oro MOMeHTa He'leTHO-He'leTHoro }!Jlpa · Na. I13MepeHU}l 6htnl1· Bhmon-
HeHt,l MeTO)lOM. Ha3epHOH p.e30HaHCHOH cpnyopecueHUHH BhiCOKOro· pa3peweHH~ 

_· ~ , nap~nemHOM -nyqKe aTOMOB .. 'Onpe)l~JieHhl 3HaK H BenH.;HHa KBa,upynOJihHOro 
. I.IO~eHTa Q5 = + 01134(17) 6apH, a_ TaK)I(e JHa'lemte napaM~Tpa CTaT~IqeCKOHKBMpy-. 
nOJihHOH )lecj:JOpr.ui~HH MP~ 13~::::: 0,31(4}: 3TH 3Ha'le~ll}l Qs u 132.~Ka3amic~M~;IbW~ 

nonyl'eHHhiXH3 ~peMeH ~H3H.!1 ~OTaUHOHHhiX. ;P,OBHeii 22Na. , .. 

' · Pa6oia Bht~onHeiia s Ila6opal-op1-111 }!JlepHhiX p~aKuuA HM.r.H:<t>J;epoB-a Ol15II1. , 
'-. ' . '" I ' \ I ~ -• ' ·.- • • • • ,- . '• • ~:. ' 

/ 

.. 0penpH~T-06nC!liiH6JIHoro lfiiCTHTYJ:a llilepHbiX '1-!CC.~e!lOBaHHfi . .IJ.y6Ha:·. 1997. 
,', • ~ \ ': ; ' ~ ' • • ' I ' ' j 

' 'J, 

DepeBO)l_ aBTOpOB i · 

_P6-97~244 GangrskyYu.P. eta!. • ·· . · 

M~asuremerit of the Quadrupol Mo~ent of Nuclei 22Na~ . 
J)y. the Method of Laser Reson~ince Fluorescence-. · · 

' . . 

. The results of 'the spectr9SCOpic electric . quadrupol moment measurements 
. .. · .. ' ,'_ ' ' 22 . ' ·, ' .. ' .·_ . ' . . . . . .·· 

of the odd;odd nuclei Na -are presented. T-he measurements;were performed 
by the high resolution ·laser fluores~enc~ method in ·the atomic p~ralh{ beam: 
The sig~· a~<f,the val~e.of the quadrup~l-moment-Qs=+O,l34{l7)barns 
and the static quadrupol deform:ation; para~~t~r 13

2 
= 0,31 (~~-~ere. determined. These 

values, ofQS and 13; are . lower than_ ones .determined . from the half~ lives 

of the 22N~ rotational
1

levels. 

IJ. "-

. The investigation has. been perfonned: at the Fiero~ Laboratory of Nuclear 
. - . 

Reactions; JINR . 
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