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OEI.l.\A5I XAP AKTEPI1CTI1KA ,ll;MCCEPT ALI;MOHHOH PAEOTbl 

AKTyaJibHOCTb Tel\fbl. K HaCT0HmeMy BpeMeHII, Ba:>KHbIM 

HanpaBJietttteM Jia3epHOH cneKTp0CK0ilUH HBJIHeTCH HCCJie,!J,0BaHHe 

H30TOOOB H H30MepoB, HaX0AHmuxcH 3a npe,ll,enaMH ,!J,OJIHHhl 

CTa6UJibHOCTU, qT0 0Tp~aeTCH B UHTeHCUBH0M pa3BHTUH 

pa3HOo6pa3HhIX on-line MeT0,ll,OB. ,ll;JIH 6oJihWOro Kpyra 3JieMeHT0B y)Ke 

npoB0,!J,UJIUCh CUCTeMaTuqecKue UCCJie,!J,0BaHHH B ,!J,JIUHHhIX uenoqKax 

U30T0O0B, KaK B 0CH0BH0M, TaK U B U30MepH0M COCT0HHHU. OOJlblllOH 

BKJiaA BHeceH KOJIJIUHeapHou Jia3epHou cneKTpocKonueH. HecMOTPH Ha 

3T0, B npe,ll,eJiaX TaKUX uenoqeK BCe eme cymecTBYIOT H,ll,pa, K0T0pbie, 

6naro,ll,apH CBOeH cneuu<puKe, 0CTaBanHCb ,ll,0Jiroe BpeMH He,!J,0CTYilHblMH 

AJIH myqeHUH. 3anonHeHue 3TUX npo6enoB oco6eHHO B~Ho ,!J,JIH H,ll,ep, 

HaX0AHmuxcH B TPaAuuuott:Ho UHTepecHhlX AJIH JIC o6nacrnx: uanpuMep, 

B o6nacrnx nepexo,!J,a .D.e<popMauuu, r,!J,e npoucxo,!J,HT ee pe3Koe 

U3MetteHue, UJIU B o6nacrnx B6JII13U 3aMKttyThlX HeHTpOHHhIX 

UJIU np0TOHHblX o6onoqeK. I1MeHHO K TaKUM H,ll,paM OTHOCHTCH 

paCCMarnuBaeMhie B HaCTOHmeu ,l),UCCepTaUHU U30TOilbl 
22

Na 

u 
152

·
154

· 
55

Eu. OTCyTCTBue Jia3epHo-cneKTpOCKOnuqecKOH HH<popMaUHH 

,!J,JIH 3TUX U30TOOOB CBH3aHO C uenbIM pH,ll,OM TPYAHOCTeH - KaK 

qiinuqecKoro, TaK H XHMuqecKoro xapaKTepa. I1HTeHCHBHOCTh IlOTOKOB 

3TUX H,ll,ep, nenocpe,ll,CTBeHHO nony,,meMbIX B peaKUHHX, He,!J,OCTaT04Ha 

,!J,JIH on-line U3MepettuH. B TO)Ke BpeMH OHH AOCTaT04HO AOJiro)KuBymue, 

qTo Il03B0JIHeT HCCJie,!J,OBaTh HX npH IlOMomu off-line MeTO,!J,a Jia3epHO

HHAyuupoBaHHOH pe3ottaucuou qinyopecuenuutt B aTOMHOM nyqKe. 

B 3TOM npoHBJIHIOTCH npettMymecTBa 3TOro MeTo,l),a, 

ueo6xo,!J,HMOCTh ero ,!J,ailhHeHwero pa3BHTUH tt npuMeHeHHH. 

a TaK)Ke 

lleJib pa6oThI. LI;enh pa6oThI - onpe,ll,eneuue: H.D.epnhlx MOMeHTOB 
22N 152E 154E 155 v v a, u, u H Eu, cBepxT0HKOU MarHHTHOH attoManttu (CMA) 

Me)K,!J,y U30TonaMH eBpOIIHH H JllOTeUUH. l13MepeHUH npOB0,!J,HJIHCb 

MeTO,!J,0M· Jia3epHO·HHAyuupoBaHHOH pe3oHaHCHOH qmyopecuem].HH 

B aT0MHOM nyqKe. ObIJIH IlOCTaBJieHhl CJie,!J,y10mue 3a,!J,aqH: 

1. Y nyqwHTh napaMeTpbI cymecTBy10meH 3KCnepuMeHTailhHOH 

ycTattoBKH AO uy)Kuoro ypoBnH, no3BOJI»:10mero pa3pewttTh CTP 

B OilTHqecKHX cneKTpax Na H Eu npH ManhIX HCXO,!J,HhIX KOJIHqecTBa 

BemecTBa. 

2 0 V V VN • npe,ll,eJIHTh 3JieKTpH1IeCKHH KBa,ll,pynOJibHhlH MOMeHT - a 

H H3BJie% napaMeTp KBa,ll,pynoJihHOH ,ll,ecpopMaQHH. 

L1_;:.l.,,'l l·i. 

1 !,IX 1ICCJ1e)-~O H£j_i 11. 

l I! :J Lkl CY i< i ·\· .\ 



3. Onpe.n.emITb 3ReKTpHIIeCKHe KBa.n.pynoRbHbie ll MarHHTHbie 
)].llilORbHbie MOMeHTbI H)].ep 

152
·154·155Eu. 

4. IToRy'lHTb llHq>OpMal..{HIO O CBepxTOHKOH MarHHTHOH aHOMMllll 
(CMA) B l..{enoqKe H30TonoB 151 "155Eu H 175•176Lu. 

HayqnaH HOBH3tta pa6oTbI 

1. Pa3perneHHe 3KCnepHMeHTMbHOH ycTaHOBKll IlOBbJllleHO )].O 

ecTeCTBeHHOH lllllpHHbl aTOMHblX RHHHH npH coxpaHeHHll 

'l)'BCTBHTeRbHOCTll Ha ypOBHe 10
12 

aTOMOB B o6pa31..{e. B pe3yRbTaTe 

IlOHBlmacb B03MO)KHOCTb onpe.n.eReHHH MYRbTHilORbHblX MOMeHTOB H.n.ep 
C BbICOKOH TOqHOCTblO, BilROTb )].0 yqeTa TaKHX TOHKHX 3<p<peKTOB KaK 

BRHHHHH nonpaBOK BbIClllHX nopH)].KOB Ha KOHCTaHTbI CBepXTOHKOfO 

pacmenReHHH H CBepXTOHKOH MarHHTHOH aHOMMllll. 

2. BnepBbJe MeTO.lJ.OM Ra3epHO-HHAYI.\ttpoBaHHoi1 pe3oHaHCHoi1 
q>RyopecneHl..{Hll B aTOMHOM nyqKe onpe.n.eReHbl 3HaK H 3Ha'!eHtte 
cneKTpOCKOnHqecKoro 3ReKTptt'!eCKOro KBa)].pynORbHOfO MOMeHTa 

22
Na, 

'!TO Il03BOmrno BnepBbie noRyqttTb MO)].eRbHO He3aBHCHMbie 3Ha'!eHHH 

)].RH ero BttyTpeHHero KBa.n.pynoRbHOro MOMeHTa H napaMeTpa 

KBa.n.pynoRbHOH .n.ecpopMal..{Hll. BnepBbJe noRyqeHbI 3HaqeHHH KOHCTaHTbl 

CTP aTOMHoro ypoBHH 3p 2P312 H H3MepeH ero H30Ton0qecKHH C.D.Bttr 

(11C) no OTHOllleHHIO K 23Na. 

3. ,Z:Vrn 152Eu, 154Eu H 155Eu onpe.n.eReHhI 3uaqeHHH MarHHTHoro 
)].llilORbHOro H 3ReKTpHqecKoro KBa.n.pynORbHOfO MOMeHTOB: )].RH 

155Eu 

BnepBbie CB060)].Hble OT BRHHHHH 3ReKTpOHHbIX 3<pq>eKTOB BTOporo 
nopH)].Ka tt c TO'!HOCTbIO, npeBbIIIIaIOmeu 60Ree qeM Ha nopH)].OK 
TOqHQCTb cymecrny10mttx .n.aHHbIX, )].RH 

152Eu BnepBbie onpe.n.eReH ll 3HaK 
KBa.n.pynoRhHoro MOMeHTa. Tal()Ke noRy'!eHbI: BnepBbie KOHCTaHTbI CTP 
HCCRe)].OBaHHOfO OilTH'!eCKOfO nepexo.n.a 154·155Eu, HOBbie 3Ha'!eHHH 11C H 

60Ree TO'!Hble H3MetteHHH cpe.n.tteKBa.n.paTH'!HOfO 3apH)].0B0fO pa.n.eyca 
(CK3P) B neno'!Ke 151"55Eu. 

4. BnepBbie onpe.n.eReHa CBepXTOHKaH MarHHTHaH aHOMMHH B l..{eilO'!Ke 
1s1-1ssE IT 6 u. oRy'!eHbI HOBbie, ORee KoppeKTHhie 3tta'!eHttH CMA Me)K)].y 
tt3oTonaMtt 155Lu tt 156Lu. 

2 

IlpaKTJI<JecKaH geHHOCTb pa60Tbi 

1. Bo3MO)KHOCTb HCil0Rb30BaTb MO)].epHH3HpoBaHHOH ycTaHOBKH )].RH 

npel..{H3HOHHOfO H3MepeHH.H H.n.epHbIX MOMeHTOB H HCCRe)].OBaHHH CRa6bJX 
3<p<peKTOB (uanpttMep, CMA) IIIHpOKOfO Kpyra 3ReMeHTOB. BBe)].eHHbie 
ycosepIIIeHCTBOBaHHH HMelOT yttttBepcanbHblH xapaKTep H MOfyT 6h1Tb 

npuMetteHhI tt K .n.pyrttM cymecTsy10mttM ycTaHOBKaM no.n.o6uoro Tttna. 

2. Pa3pa6orntt TeMnepazypttbIH pe)KHM ncnapeHHH, KOTOpbIH 

o6ecne'!HBaeT MaKCHMMbffYIO CTeneHb aTOMH3al..{HH o6pa31..{0B, 

co.n.ep)Kamttx MttKpOKORtt'!eCTBa uccRe.n.yeMoro semecrna. 

3. BueceH BKJia)]. B cymecrny10my10 6aJy .n.aHHbIX o l..{eROM pH.n.e H.n.epHbJX 
H aTOMHblX napaMeTpOB. BKJia)]. onpe.n.eRHeTCH TeM, '!TO HeKOTOpble 

napaMeTpbl noRy'!eHbl BnepBbie, a TOqHOCTb .n.pyrux, Y)Ke ll3BeCTHblX 

napaMeTpOB, cymecTBeHHO IlOBbillleHa. 

Anpo6agnn pa6oTb1. OcttOBHbie pe3yRhTaTbI pa6oThI 

)].OKJia)].bIBanttch Ha cRe.n.y10mux uay'!HhJX KottqiepeHl..{HHX: VI 

International School-Seminar on Heavy- Ion Physics, JINR, Dubna, 
Russia, September 1997; Me)K)].yHapo.n.uoe cosemau0e no qimttKe 
aTOMHoro H.n.pa. MocKBa, PoccHH, 16-19 tt!OHH 1998; Sixteenth 
international conference on atomic physics. Ontario, Canada, August 3-7, 
1998; 4th International Workshop, Application of Lasers in Atomic 
Nuclei Research, Poznan, Poland, May 24-27, 1999; Europhysics 
conference. 31 st EGAS, Marseille, July 6-9, 1999; Ce)].bMaH HayqHaH 

KOHtpepeHl..{HH MORO)].bIX yqeHblX tt cnel..{HMHCTOB, 0115111, ,lfy6Ha PoccHH 
3-8 qiespanH 2003; 53-oe Me)K)].yHapo.n.uoe CosemaHHe no Jl.n.epHoi1 
CneKTPOCKonHH u CTpyKzype AToMHoro Jl)].pa, MocKBa, Poccm1, 7-10 
OKrn6pH 2003; BocbMaH HayqHaH KOHtpepeHl..{HH MORO)].blX yqeHblX tt 
cnel..{HMHCTOB, 0115111, ,lfy6Ha PocCHH, 2-6 qiespanH, 2004; 6th 
International Workshop, Application of Lasers in Atomic Nuclei 

Research, Poznan, Poland, May 24-27, 2004. 

CTpyKrypa m1ccepTag1111. ,ll;0ccepTal.\HH COCTOHT ll3 BBe)].eHHH, 
5 rnaB, 3aKJI10qeHHH H CilllCKa RHTepazypb!. IToRHblH o6beM pa60Tbl 
COCTaBRHeT 110 CTpaHHI..{, BKJIIOqaJI 21 pttcyHOK tt 18 Ta6Rttl..{. 

Ett6RttorpaqittH co.n.ep)KttT 117 pa6oT. 

Ily6m1Kagu11. no MaTepHanaM )].llCCepTal..{Hll ony6RHKOBaHO 

10 Hay'!HblX pa6oT s peqiepHpyeMblX Hay'!Hb!X )KypHanax. 
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KpaTKOe COJ!epmaune pa6oTLI 

Bo BBeJ(emrn o60CHOBaHa aKryaJihHOCTb pa60Tbl, onpe,n:eJieHa ee 

L(eJib, omICaHbl 3a,n:aqlJ., KOTOpbie 6bIJIH BbinOJIHeHbl, npIIBe,n:eHbl 

OCHOBHhie ttayqHbie pe3yJihTaTbl Ii CTpyKrypa JJ:liCCepTaQllll. 

IlepeaH rJiaea nocasn:l{etta KopoTKOMY onucattIIIO caepxTOHKoro 

B3aHMO.l].eHCTBHH 3JieKTµOHHaH o6onoqKa - aTOMHOe sr,n:po. Otto Bbl3bIBaeT 

,n:Ba 3cpcpeKTa, tta6mo.n:aeMbie B aTOMHbIX . cneKTpax: CBepXTOHKOe 

pacm.ennettue (CTP) u H30TonuqecKHii c,n:aur (HC). Ilpuae,n:etthr 

3aBHCHMOCTH, CBH3bIBaIOI.I.{lie CTP C 3JieKTpuqecKHM KBa,n:pynoJihHbIM H 

MarHHTHbIM .n:unOJibHblM MOMeHTOM sr.n:pa H HC C 3apsr,n:OBbIM pa.n:uycoM. 

B naparpa<J>e 1.1 paccMoTµetto CTP, KOTOpb1e HBJJHeTCH pacm.ennettueM 

ypoattsr TOHKOH CTPYKTYPhI c MOMeHToM J Ha psr.n: KOMnotteHT, 

xapaKTepmyeMhIX noJIHhIM yrnoBhIM MOMeHTOM F = I + J. 3.n.ecb I cnutt 

sr.n:pa. B nepaoM nptt6JIH)Kettuu 3ttepreTHqecKoe cMem.ettue ypoatteii F 
CBepXTOHKOfO pacmenneHHH no OTHOIIIeHHIO K ttepacm.enneHHOMY 

ypoBHIO J onHCbJBaeTCH .n.ayxnapaMeTpuqecKOH cpopMyJIOH Ka3HMHpa 

nepaoro nopsr,n:Ka [1]: 
W(F)=AK +B3(4K(K+l)-l(J+l)(J+l), 

2 21(21 - l)J(2J -1) 
(1) 

r.n:e K = F(F + 1) -J(J + 1) -l(l + 1). B 3TOM ypaatteHHH KOHCTaHTa A 
CBH3aHa C MarHHTHblM )].HnOJibHbIM B3aHMO,n:eiiCTBHeM, a KOHCTaHTa B - C 

3JieKTpuqecKHM KBa.n:pynOJibHbIM B3aHMO)].eHCTBHeM. B naparpa<J>e 1.1.1, 
.n:aeTCH Bblpa)Kemrn )].JISI KOHCTaHTbl A a cnyqae "npH6JIH)KeHHH 

Toqeqttoro sr.n:pa": 

(H(O)) 
A=µ1 x--

1J 
(2) 

3.n:ecb: µ1 - MarttHTHhiii MOMeHT sr.n:pa; (H(O)) - MarttIITttoe none, 

C03)].aBaeMoe 3JieKTpOHaMH He3anoJIHeHHhIX o6oJioqeK B MeCTe 

pacnoJIO)Kettusi: 51)].pa. 

Ilaparpa<J> 1.1.2 paccMaTpuaaeT BJIHHHHe KOHeqttoro pacnpe.n:enettHH 

TOKOB H MarHHTHbIX MOMeHTOB B peaJibHbIX 51)].pax Ha B3aHMO)].eHCTBHe 

51)].pO - 3JieKTpOHHa51 o6oJioqKa. OcHOBHOe BHHMaHHe y,n:eJieHO nonpaBKe 

Eopa-BaiicKoncpa [2] £sw, KOTopasr yquTbrnaeT pacnpe.n:enettHe 

MarHHTHbIX MOMeHTOB. B 3TOM cnyqae cpopMyJia (2) nepeXO)].lIT B: 

(H(O)) 
A=µ1 ~~(I+&sw). (3) 

JJ 

4 

TeopeTuqecKa51 oQeHKa CBW )].0B0JJbH0 CJI0)KHa51. Ilp5IMOe 

3KcnepuMeHTaJihH0e onpe.n:eneHHe JJ:JI51 ,n:attttoro H30Tona TaK)Ke 

HeB03M0)KH0, o,n:HaKo, B03M0)KH0 onpe.n:eneHHe ee pa3H0CTII, 
1
i1

2
, )].JISI 

,n:ayx H30T0n0B 1 H 2 ,n:attttoro 3JieMeHTa. Otta Ha3bIBaeTC51 caepXTOHKOH 

MarHHTHOH attOMaJIHeii (CMA): 

2 I 2 
I ,i1 :::::: £ BW - £ BW HJIH 

2 IA2g/ -1 1
Ll =-2 Alg/ 

(4) 

3.n:ech 1g H 2g rHpOMarHHTHbie 0TH0IIIeHH51 )].JI51 H30T0n0B 1 H 2. 
3KcnepHMeHTaJihttoe 3Haqetttte CMA TI03BOJI51eT cy.n:uTh o: 

cpe.n:tteM pa.n.uyce pacnpe.n:eneHH51 a 51.ll.pe BaJieHTHhIX ttyKJI0H0B, 

KOTOpbie onpe.n:eJI51IOT 3HaqeHHe MarHHTH0f0 M0MeHTa, H 

COOTHOLUeHHH C0CTaBJI5IIOI.lJ,HX cnHH0B0ro tt op6HTaJibHOro 

MarHHTH0rO M0MeHTa: 

Ilaparpa<J> 1.1.2 n0CB51I.lJ,eH 3cpcpeKTaM, KOT0pbie tta.n:o yqHTbIBaTb JJ:JI51 

onpe.n:enettH51 qacTH CMA, CB513attttoii T0JihKO c pacnpe.n:enettHeM 

MarHHTHbIX )].HnOJibHbIX M0MeHT0B. . Ilaparpa<J> 1.1.3 noCB51ll(eH 

3JieKTpHqecKHM KBa.n:pyn0JihHbIM B3aHMO,n:eiiCTBHeM. Ero KOHCTaHTa B 
( CM. cpopMyna 1.1) onpe.n:enHeTc51 cpopMynoii: 

B = eQs\~z(O)) , (5) 

r.n:e: Qs - cneKTpOCKOnuqecKHH KBa.n:pynoJibHblH MOMeHT 51)].pa; (Vzz (0), 

- rpa.n:HeHT 3JieKTpuqecKoro TI0JI51, C03)].aBaeMoro 3JieKTp0HaMH B MeCTe 

pacnoJIO)KeHHH 51)].pa. PaccMaTpHBaIOTC51 3cpcpeKTbl nOJI51pH3aUHH 

3JieKTpottttoii o6onoqKH, ttanpHMep nonpaaKa lllTepttxeiiMepa, 

BJIH5IIOLQHe Ha tta6JIIO)].aeMbIH KBa.n:pynoJihHHH MOMeHT. 
AA' 

Ilaparpa<I> 1.2 nocaHm.ett mornnttqecK0MY C)].BHry (HC), <5v1s -

C)].Bllf OTH0CHTeJibHO .n:pyr .n:pyra aTOMHblX ypoatteii H cneKTpaJibHbIX 

JIHHIIH, npIIHa)].Jie)Kall(HX pa3JIHqHbIM H30TonaM )].aHH0r0 ::lJieMeHTa. HC 

HMeeT )].Be C0CTaBJIHIOU(He: 
AA' AA' AA' 

5v!S = 5vMS +vFS (6) 

AA' AA' 
3.n:ech: 5v MS - MaCCOBbIH C)].Bllr, 5v FS - noJieBOH C)].BHr. 

MacCOBbIH CJJ:BHr CB513aH C H30T0TilJ.qecKIIM H3MetteHHeM MaCCbl 51)].pa 

H onpe.n:eJIHeTCH )].BYMH cj:>aKTopaMH: 
AA' AA' AA' 

5v MS = 5v NM + 5v SM (7) 

5 



AA' SvNM HOpMaJibHbIH MaCCOBbIH C,U:BHr - BB0,U:HT nonpaBKY Ha 

npttBe,n:eHttyIO Macey 3JieKrpoHa. • 

()vi• - cnel{mimqecKHH MaCCOBbIH C,U:BHf, B03HHKaeT H3-3a BJIHSIHHSI 

KOppeJIHpoBaHHOro Jl:BH)KeHlrn 3JieKTpOHOB Ha 3HepmIO OT,n:aqH sr,n:pa. 

TioJieBOH C,U:BHr CBSI3aH C H3MeHeHHeM pacnpe,n:eJieHHSI sr.n:epHoro 

3apsr.n:a H .n:aeT ttmpopMal{HIO o mMeHeHHH cpe,n:HeKBa,n:paTttqecKoro 
2 AA' 

3apsr,n:0Boro pa.n:eyca (CK3P) 5(r ) 
AA' 2 AA' <5v1s = Fe1<5(r ) . (8) 

Fe1 Ha3bIBaeTCSI 3JieKTpOHHbIM cpaKTopoM; OH nponopl{HOHaJieH 

3JieKTpOHHOH nJIOTHOCTH B l{eHTpe sr,n:pa ,n:JISI H3MepsreMoro onTHqecKoro 

nepexo,n:a. 

BTopaH rJiaBa nOCBSII.QeHa onttcaHHIO 3KCnepHMeHTaJlbHOH MeTO,U:HKH 

tt MOJl:H(pHKat_\H.SIM ycTaH0BKH. B naparpa<f>e 2.1 K0pOTKO paccMOTpeHbl 

OCHOBHbie npettMyI.QeCTBa Jia3epHOH cneKTpocKon1111 no cpaBHeHHIO C 

Tpa,n:Hl{HOHHOH onTHqeCKOH: BbICOKaSI qyBCTBl1TeJihHOCTb H BbICOKOe 

pa3perueH11e. 

Ilaparpa<f> 2.2 noCBSII.QeH HCn0Jib30BaHHOMY 3KCnepHMeHTaJibHOMY 

MeTO,n:y - Jia3epHo-HH,n:yl{11poBaHHOH pe3oHaucuoif cpJiyopecl{eHl{Hl1 B 

aTOMHOM nyqKe. CyI.QHOCTb MeTo,n:a CJie,n:yIOI.Qasr: KOJIJIHMHpoBaHHblH 

aTOMHblH nyqoK nepeceKaeTCSI nepneu,n:HKYJIHpH0 Jia3epHbIM JiyqoM. 

qaCTOTa Jia3epHoro H3JiyqeHHSI MeusreTCSI H Kor,n:a oua COBna,n:eT C KaKOH

T0 H3 pe30HaHCHblX qacTOT aT0MOB nyqKa, np0HCX0,U:11T npol{ecc 

pe30HaHCHOH cpJiyopecl{eHl{HH. PemcTpal{HSI cpJiyopecl{eHl{HH Be,n:eTCSI 

CHHXp0HHO C H3MeueuHeM qacTOTbl Jia3epHoro Jiyqa, OpTOfOHaJlbHaSI 

reoMeTpHH 3KCnepttMeHTa ycTpaHSieT .n:orn1epoBCKHH C,U:BHr JIHHHH, a 

K0JIJil1Mal{H.SI aT0MH0fO nyqKa CHH)KaeT ,n:onnepoBCK0e yru11peHHe JIHHHH. 

,l:{anee B naparpacpe paccMaTpHBaIOTCSI 0CH0BHbie cpaKTOpbI, 

onpe,n:eJISIIOI.Q11e qyBCTBl1TeJibHOCTb H pa3perueu11e MeTo,n:a. O6cy)KJl:eHbl 

B03M0)KHOCTl1 MeTo,n:a 11 npHBe,n:eHbl era npe11MyI.QeCTBa 11 ue,n:ocTaTKH. 

Onpe,n:eJieHbl 0CH0BHbie Tpe6oBaHH.SI K 3KCnepHMeHTaJibHOH ycTaHOBKe 

,U:JI.SI nonyqeHl1.SI MaKCl1MaJibHO Bb!COKOH qyBCTBl1TeJibH0CTH H 

pa3perueu11sr. 

B naparpa<f>e 2.3 npHB0,U:11TCSI on11cautte 3KCnep11MeHTaJibHOH 

ycTaH0BKl1. Jla3epuoe mnyqeutte reHepttpyeTcsr nepecTpattBaeMhIM 

KOJibl{eBbIM na3epoM (SP-380D). Ou uaKaqttBaeTcsr aprouoBbIM Jia3epoM 

(SP-2030). TiapaMeTpbI mJiyqeuttsr na3epa ua Kpacmene 
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K0HTpom1py10Tc.S1 6110KOM aKTl1BHOH crn61111113aQ1111 (SP-388) 11 

cKaH11py10llleH 3JieKTpOHl1KOH (SP-359). qacTOrna.si Kan116poBKa 

np0113B0,U:HTC.SI np11 noM0I.l.\11 npeQH3110HH0ro KOH(pOKaJibHOro 

nHTepcpepoMeTpa <l>a6p11-Tiepo (Burleigh CET-500P) c KOHCTaHTOH 150 

Mfl.\. Jla3ep pa6ornn Ha KpacnTeJie Rhodamine 6G, HaKaq11Bancsr 

JIHHl1eH aproua c A = 514,178 HM n M0I.QH0CTbIO 4 BT. OH reiiep11pOBaJI 

BT0p11qHoe m11yqeH11e B ,n:11ana3oue 560-620 HM C ru11p11HOH Jil1H1111 ~3 

Mfl.\ 11 T11n11qHOH M0I.QH0CTbIO 100 MBT. 

C11cTeMa pemcTpal{l1H qmyopecl_\eHl_\1111 C0CT0HT 113: 

cpoTOyMHO)Kl1TeJisr (<l>3Y-136);· 6b1cTporo yc11JI11Ten.si (CY-4K); 

Jl:HCKp11Ml1HaTOpa H aHaJil13aTOpa (B 0,U:H0M 6110Ke 1201 - Polan) 11 

Cl1CTeMbl cqeTql1K0B. YnpaBJieHHe ocyI.QeCTBJI.SleTC51 K0MnbIOTep0M. 

ATOMHbIH nyqoK C03,n:aeTCSI TepM11qecKl1M 11cnapeH11eM B THrJie. ,l:{o 

Tel\rneparyp ::::: 1300°C" T11reJih nporpeBaeTC.SI np11 noM0I.QH 

pacnOJIO)KeHHOH B0Kpyr 

BOJibcppaMOBOH cn11pan11, a 

60M6ap.n:11poBKH. T11re11b 

Hero 3JieKTp11qeCKl1 HarpeBaeMOH 

.n:o ;:;: 2100°C nocpe,n:CTB0M 3JieKTpOHHOH 

113fOT0BJieH 113 TaHTaJia 11 CHafoI<eH 

Kanl1JIJI51pHblM 0TBepcTHeM )],JI51 nepBoHaqaJibHOH KOJIJIHMal_\1111 nyqKa, 

KOTOpbIH n0T0M .n:on0JIH11TeJ1bH0 K0JIJ111M11pyeTCSI .n:11acppanrnM11. 

CncTeMa c6opa CBeTa cocTaBJieHa 113 ccpep11qecI<oro 11 3111111nT11qecI<oro 

3epKaJI. l.J,eHTp Kp11BH3Hbl ccpep11qecKoro 3epI<ana C0Bna.n:aeT C 0,D,Hl1M 113 

cpoKycoB 3JIJI11nT11qecKoro 3epKa11a, H B 3T0M MecTe nepeceKalOTC51 

aTOMHhIH 11 11a3epHbIH nyqKH. CBeT cpnyopecl_\eHQ11H co611paeTC51 BO 

BTOp0M cpoKyce 3J1Jil1nTH'IeCK0ro 3epKana, TaM HaXO.D,HTCSI (pOTOKaTO.D, 

<l>3Y. OH 3al.Ql1I.QeH OT 3aCBeTKH Jia3epa np11 n0M0I.Ql1 CHCTeMbl 

noqepHeHHblX .n:11acpparM, pacnoJIO)KeHHbIX B .D,BYX Ty6ycax, no 

KOTOpblM no.n:aeTC51 II 0TB0.D,HTCSI Jia3epHbIH nyq, ,l:{nsr yMeHbllleHl151 ero 

0Tpa)KeHl1SI BX0.D,HOe 11 BbIXO,/J,H0e OTBepCTl1SI ry6ycoB CHa6)KeHbl 0KHaMl1 

Ep10cTepa. 
,l:{1151 Tpy.n:Ho 11cnap51eMbIX o6pa31_\0B 111111 Kor.n:a HY)KH0 3aCeJ111Tb 

BbIC0K0 Jle)Kall\11H Ha'-!aJibHblH ypoBeHb 11cc11e.n:yeMoro nepexo.n:a 

np11MeH51eTc51 11cnapeH11e c noBepxHocT11 o6pa31_\a nocpe.n:cTB0M 

o6ny'-!eHH51 M0I.l.\HbIM Y AG-11a3epoM [3]. ,l:{1151 3Toro 11MeeTC51 0T.D,eJibHa51 

KaMepa. 

Ilaparpa<f> 2.4 nocB511.l.\eH ycoBeprueHCTB0BaHHIO ycrnH0BKl1. B 
nepBylO 0'-!epe.n:b HY)KH0 6bmo n0BblC11Tb ee pa3perueHHe. OcHOBaHJrnMH 

,D,1151 3T0fO 6bIJil1: 
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• Manoe CBepXTOHKOe pacrn.ennemi:e B036y)KJ{eHHOro ypoBH.ll HaTpH.ll, 

BbI6paHHOro ,D,Jl.ll onpe,D,eJieHH.ll KBa,D,pynoJibHOfO MOMeHTa. 

• B1,1c0Ka.ll TOqHOCTb, Heo6xo,D,HMa.ll .wrn onpe,D,eJieHH.ll CMA, KOTopa.ll 

061,1qHo .llBJI.lleTC.ll 3cpcpeKTOM nop.ll,D,Ka HJIH MeHbllie I%. IlonyqeHHe 

To1rnqcTH nop.ll,D,Ka, HanpuMep, I 0% ,D,JI.ll 3cpcpeKTa B I%, Tpe6yeT, qrn61,1 

Heonpe,D,eJieHHOCTH OT,D,eJibHbIX BeJIHqHH 6blJIH MeHbllie 0, I%. 

,[I;anee, tty)KHO 61,mo coxpaHHTI, (HJIH ,D,a)Ke nOBblCHTb) 

qyBCTBHTeJibHOCTI, ycTaHOBKH (MHHHMaJibHOe KOJIHqeCTBO HCCJie,D,yeMbIX 

aTOMOB B o6pa3Qe, Il03BOJI.lllOllJ.ee nonyqHTb ,D,OCTOBepHO Ha6mo,D,aeMblH 

CHrHan). OcHOBHbie npHqHHbl CJie,D,y10rn.ue: 

• TPY.D.HOCTH nonyqeHH.ll moTonoB 
22

Na " 
152

•
154

•
155

Eu c tty)KHOH 

qucTOTOH" B KOJIHqecTBax, npeBbilliaIOllJ.HX 1013-1014 
aTOMOB; 

• Heo6xo,D,HMOCTI, m6e)KaTb HenpHeMJieMoro pa,D,HOaKTHBHOro 

3arp513HeHH51 KaMepb!. 

B naparpa!J>e 2.4.2 
aTOMH3aQHH. ITocTaBJieHbI 

OilHCblBaeTC.ll MO,D,epHH3aQH51 CHCTeMbl 

61,mu ,D,Be 3a,D,aqH, ITepBa.ll - yMeHbllieHHe 

noTepb Bern.ecTBa npH KOJIJIHMaQHH ,D,JI.ll IlOBbillieHH.ll qyBCTBHTeJibHOCTH. 

,[I;JI.ll 3TOro BBe,D,eHbl p51,D, H3MeHeHHH B KOHCTPYKQHH THrJI.ll, OCHOBHa.ll H3 

KOTOpbIX OilTHMH3aQH51 OTHOllieHH.ll ,D,JIHHa-,D,HaMeTp KanHJIJI.llpa. Cettqac 

OHO COCTaBJI.lleT ,D,eC.llTb npn ,D,HaMeTpe KanHJIJI.llpa 0,4 MM. BTopa.ll 3a,D,aqa 

- IlOBbillieHHe TeMnepazyp1,1 aTOMH3aQHH " ee CTa6HJibHOCTH - ,D,JI.ll 

paCllIHpeHH.ll Kpyra HCCJie,D,yeMbIX 3JieMeHTOB " 60JibllieH CB060,D,bl 

Bb16opa HCXO,D,HOro XHMHqecKoro coe,D,HHeHH.ll. 3To noTpe6oBaJIO 

HeKOTOpOH nepecTpOHKH B CHCTeMe HarpeBa THfJI.ll. C,D,eJiaHbl HOBbie 

KpenneHH.ll THrJI.ll H cnnpanu, H3MeHeHbl pa3Mep1,1 cnupann. B pe3yn1,TaTe 

tty,KHa.ll TeMnepazypa THrJI.ll no,D,,D,ep,KHBanac1, c xopollieH 

CTa6HJibHOCTbIO; ee MO,KHO 6blJIO nJiaBHO perynHpOBaTb, a npu 

Heo6xo,D,HMOCTH - 6blCTpo IlO,D,HHMaTb ,D,O tty)KHOro ypoBH.ll u 

no,D,,D,ep,KHBaTb O,D,HHaKOBOH BO BCeM 061,eMe THfJI.ll. 

B naparpa!J>e 2.4.3 paccMaTpHBaeTC.ll MO,D,Hq>HKaQH.ll CHCTeMbl c6opa 

CBeTa. Hy)KHO 6b1JIO IlOBblCHTI, OTHOllieHH.ll CHrttan-lliyM. fnaBHblH 

HCTOqHHK lliyMa 3TO 3acBeTKa qJOTOYMHO,KHTeJI.ll OT pa3orpeToro THfJI.ll H 

Jia3epHoro nyqa_ ,[I;JI.ll ee CHH,KeHH.ll c,D,eJiaH KOJIJIHMaTop (m 

pacceuBaIOllJ.HX H cpoKycHpy10rn.ux JIHH3), ,D,aIOrn.HH B03MO,KHOCTb 

npHMeH.llTI, ,D,JI.ll 3allJ.HTbl qJOTOYMHO,KHTeJI.ll HHTepqiepeHQHOHHbie 

qiunbTp1,1. TaKHM cnoco6oM nonyqeHo 60-KpaTHoe CHH,KeHHe cpoHa " B 

30 pa3 ynyqllJeHO OTHOllieHH.ll CHfHaJI-lliyM. TaK)Ke C,D,eJiaHa CHCTeMa ,D,JI.ll 
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npHMeHeHH.ll c6opoK H3 o6blqHI,IX CBeTOqJHJlbTpOB, qTO npHBO,D,HT 

K npH6JIH3HTeJibHO 9-KpaTHOMY IlOBbillieHHIO OTHOllieHH.ll CHfHaJI--<pOH. 

Cne,D,YIQllJ.HH 3Tan ycoBepllieHCTBOBaHH.ll OilHCaH B naparpa!J>e 2.4.4 
" KacaeTC.ll yMeHbllieHH.ll qinyKzyaQHH qJOHOBOfO cnrnana - ,D,JI.ll 

CHH,KeHH.ll ypoBH.ll MHHHMaJII,HOro perncTpHpyeMoro CHrHana H 

IlOBbillieHH.ll ero CTa6HJibHOCTH. ,[I;JI.ll 3TOro BBe,D,eHbl p51,D, H3MeHeHHH 

B CHCTeMy IlHTaHH.ll qJOTOYMHO,KHTeJI.ll, B OCHOBHOM Kaca10rn.uec51 

,D,eJIHTeJI.ll Hanp.ll,KeHH.ll. 

B naparpa!J>e 2.5 paccMaTpHBaIOTC.ll OCHOBHbie napaMeTpbl 

( qyBCTBHTeJibHOCTb, pa3pellieHHe, ceJieKTHBHOCTI,) ycoBepllieHCTBO

BaHHOH ycTaHOBKe. I1oKa3aHO, qTo qyBCTBHTeJibHOCTI, ycTaHOBKH 

onpe,D,eJI.lleTC.ll QeJibIM p51,D,OM npoQeCCOB, KOTOpbie xapaKTepH3YIOTC51 

COOTBeTCTBYIOllJ.HMH 3cpcpeKTHBHOCT.llMH. I1pHBe,D,eHbl 3HaqeHH51 

3cpcpeKTHBHOCTeH H np6Be,D,eHO cpaBHeHHe Me)K,l{y pacqeTHblM H 

peanbHO nonyqeHHbIM 3HaqeHHeM qyBCTBHTeJibHOCTH. 

3KcnepHMeHTaJibHO ,D,OCTHrttyTa.ll qyBCTBHTeJibHOCTI, ycTaHOBKH 

COCTaBJI.lleT 1013 
aTOMOB B o6pa3Qe (10 12 

aTOMOB ,D,JI.ll Macc

cenapupoBaHHbIX o6pa3QOB) npH qacTOTHOM pa3pellieHHH nop.ll,D,Ka 

5 MfQ. B 3aKJIIOqeHHH OTMeTHM, qTO BBe,D,eHHeM onHCaHHbIX 

MO,D,HqJHKaQHH napaMeTpbI Jia3epHoro cneKTpOMeTpa cyrn.ecTBeHHO 

ynyqllJeHbl, " OH nOJIHOCTblO Y.D.QBJieTBOp.lleT COBpeMeHHbIM Tpe6oBaHH51M 

K ycTaHOBKaM ,D,JI.ll npeQH3HOHHOro H3MepeHH51 51,D,epHblX MOMeHTOB. 

TpeTbSI rJiaBa IlOCB.llllJ.eHa OilHCaHHIO 3KCnepHMeHTOB no H3MepeHHIO 

CTP H onpe,D,eJieHHIO KBa,D,pynoJibHOro MOMeHTa 
22

Na. )];Be npHqHHbI 

,D,eJiaIOT 51,D,pa C A = 22 oco6o HHTepeCHbIMH ,D,JI.ll nOHHMaHH.ll 

KOJIJieKTHBHbIX 51,D,epHbIX CBOHCTB: I) OHM OTHOC.llTC.ll K HaH6onee 

,D,ecpopMnpoBaHHbIM 51,D,paM B o6JiaCTH nerKHX Mace H 2) HMeIOT 60JibllIOe 

qHCJIO HYKJIOHOB CBepx 3anOJIHeHHbIX o6onoqeK 
16
0. ,[I;o HallIHX pa6oT He 

6bIJIO O,D,H03Haqttoro cy)KJ{eHH.ll O BeJIHqHHe 3JieKTpHqecKoro 

KBa,D,pynOJlbHOro MOMeHTa 
22

Na. 3ttaqeHHe Q., = 0,029(8) 6, nonyqeHHOe 
~ 22N 

MeTO,D,OM, nepeceqeHH.ll aTOMHbIX ypoBHeH a B MarHHTHOM none 

( 3cpcpeKT XaHJie) [ 4 ], cyrn.ecTBeHHO MeHbllie ,D,pyroro H3BeCTHOro 

3HaqeHH51 Q., = 0,208(4) 6, nonyqeHHOfO H3 H3MepeHHH BepO.llTHOCTH E2 

nepeXO,D,OB Me)KJ{y ypoBH.llMH pOTaQHOHHOH IlOJ10Cbl 
22

Na [5]. 
B naparpa!J>e 3.1 npHBO,D,HTC.ll OilHCaHHe 3KCnepHMeHTa no 

mMepeHmo CTP 
22

Na. 1hornn 61,m nonyqeH B peaKQHH 
19

F(a, n)2
2
Na Ha 

MHllieHH AlF3 H nyTeM XHMHqecKOH cenapaQHH BbI,D,eJieH B BH,D,e 

coe,D,HHeHH.ll NaClxH20. 06pa3eQ ,D,JI.ll aTOMH3aQHH npe,D,cTaBJ1.llJ1 
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TaHTaJIOBYIO qJOJihry (pa3MepoM ~ 5x5 MM), Ha KOTopyIO HaHOCHJIC.H 

u Bhlcyumsanc.H so,n;HhIH pacTBop NaClxH2O. O6pa3l.lhI co,n;ep)KaJIH 

npu6JIH3HTeJibHO 2·10
13 

aTOMOB 
22

Na u· npHMepHO B 104 pa3 60Jibllle 

aTOMOB 
23

Na. ,l(Jrn yMeHbllleHH.H co,n;ep)KaHH.H MelllaIOrn.ero 23Na THreJib 

H TaHTaJIOBa.H TIO,[{JIO)KKa npe,n;sapuTeJibHO nporpeBaJIHCh, npu 

H3fOTOBJieHH.H o6pa3Qa 
22

Na HCTIOJib30BaJIHCb peaKTHBbl C MHHHMaJibHhIM 

co,n;ep)KaHHeM 
23

Na. ATOMH3al.{H.H npOBO,[{HJiaCh npu T= 600 - 700°C, '-ITO 

06ecne11usano CTa6HJihHhIH ny110K aToMoB 
22

Na B Te11eHue ~ 10 MHHYT, 

Ilaparpa<f> 3.2 TIOCB.Hlll.eH 3KCnepHMeHTaJibHbIM pe3yJihTaTaM H HX 

aHanmy. CTP 6hmo uccJie,n;osaHo Ha D2 JIHHHH (nepexo,n; 3s 2S112 ➔ 3p 
2
P312, A = 588,99 HM). 3KcnepuMeHTaJibHa.H llIHpHHa OT,[{eJibHbIX JIHHHH 

B cneKTpe 6bma 20 Mfl.l, T.e. nop.H,n;Ka ecTecTBeHHOH llIHpHHhI D2 JIHHHH 

COCTaBJI.HIOlll.eH 9, 7 Mf I.{. 

3 
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Pnc.1. CneKTp CTP 23Na Ha D2 JIHHHH. ITuKu o603Haqem,1 qepe3 IIOJIH0e 

KBaHTOBOe qJICJIO F' B036y)K,[(eHHOro ypoBHH. CTpeJIKaMH YKa3aH0 

pacnoJI0)KeHHe TpHnJieTHbIX rpynn 
22

Na, K0T0pbie BHH3Y noKa3aHbl 

B pa3Bepttyr0M BH,n;e. ,l(Jrn HHX TI0Ka3aH0 TaK*e pa3JI0)KeHHe cneKTpa 

Ha 0T,[{eJibHhie JIHHHH H <pHT K TI0JIH0MY cneKTPY (cnJIOllIHa.H KpHBa.H). 
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CTP Ka)K}];OH rpynnhI 
22

Na H3MepHJiaCh o,n;HospeMeHH0 c 

HH3K03Heprem11ecKoii (F = 2--► F = 1, 2, 3) rpynnou crn6ttJihHoro 
23

Na 

( CM. Pttc. 1 ), K0TOpa.H .HBJI.HJiaCh penepHOH TO'-IKOH B H3MepeHH.HX HC. ,l(Jrn 
T0'-IH0fO onpe,n;eJieHH.H Ha'-laJibHOH 11acT0Tbl CKaHHpOBaHH.H Jia3epa 

HCTIOJib30BaJIC.H He3aBHCHMbIH onopHbIH CHfHaJI ( OT BTOpou KaMepbI 

B3aHMO,n;eHCTBH.H) cTa6HJibHOf0 HarpH.H. AHaJIH3 3KCnepttMeHTaJlbHbIX 

cneKTpoB nposo,n;HJic.H nocpe,n;cTBOM nporpaMMhI "Peakfit", nHKH 

annpoKCHMHposanu npo<pHJieM <l>ourra. KoHCTaHThI CTP o6oux 

H30TOTI0B onpe,n;eJieHbl H3 3KCnepuMeHTaJibHbIX 3Ha'-leHHH HHTepBaJIOB 

CTP, npHMeH.H.H MeTO,n; HaHMeHbllIHX KBa.n;paT0B K <popMyJie (1). 

Ilaparpa<f> 3.3 TI0CB.Hlll.eH KBa,n;pynoJihH0MY M0MeHTy u ,n;e<popMal.{HH 
22Na. fpa,n;ueHT 3JieKTpu11eCK0fO TI0JI.H, C03,[{aBaeMoro B H,n;pe 

3JieKTpOHHOH o60JIO'-IKOH, He 3aBHCHT OT H30Tona H TI03T0MY 

cneKTpOCKOTIHtieCKHH KBa.n;pynOJibHhlH M0MeHT Q.,(22) 
22

Na M0)KH0 

onpe,n;eJIHTh H3 ornollleHHH Q.,(22)=Q.,(23)[B(22J/B(23)], r,n;e B 
3JieKTpu11ecKaH KBa.n;pynoJibHa.H K0HCTaHTa ,n;JIH 

22
Na H 

23
Na, a Q.,(23) 

v v 23N M cneKTp0CK0TIH'-leCKHH KBa,n;pynoJibHbIH M0MeHT a. bl noJiyLiaeM 

Qs(22) = 0, 183(11) 6. 3TO 3Ha11eliue xopolllo cornacyeTCH c 

TeopeTH'-leCKHM pac11eTOM pa60Tbl [ 6] H BTIHCbIBaeTC.H B 

3KcnepuMeHTaJihttyIO cucTeMaTHKY ( CM. Puc. 2). ITo npoeKQHOHHOH 

<popMyne B cny11ae )KeCTKoro poTaTOpa ,n;JIH BttyrpeHHero 

KBa,n;pynoJihHOf0 M0MeHTa 
22

Na nony11aeM: Qo(22) = 0,439(26) 6. ~aHHbie 

0 BttyrpeHHeM KBa,n;pyn0JibH0M M0MeHTe 
22

Na y)Ke HMeIOTC.H. OHH 

msne11eHhI H3 mMepeHHH H3 sepo.HTH0CTH E2 nepexo,n;oB Me)K}];y 

ypoBH.HMH poTal.{HOHHOH TI0JI0Cbl [5]. Hx cpe,n;HeB3BellleHH0e 3Ha'-leHtte: 

Qo(22) = 0,50(1) 6, '-ITO HeCK0JihK0 60Jibllle 11eM noJiy11eHH0e HaMH. 

240 

200 
X 
I 

160 I 
120 t.1 Puc. 2. 3KcnepuMeHTaJihHhie (■) H 

Q 
0 

\0 80 • pacLieTHhie ( o, ~. x) 3HaLieHH.H Qs 
:E 0.8 6. 
040 ,n;JIH H30TonoB Na. PucyHOK B3.HT H3 

0 
0 t, " pa60Tbl [6] (20,26-31Na). K HeMy 

-40 ,n;o6aBJieHbl 3KcnepuMeHTaJihHbie 

-80 3Ha'-leHH.H ,[{JI.ff 22Na H 23Na H3 
0 

HacTo.Hrn.eu pa6oThI. -120 
18 20 22 24 26 28 30 32 

A 
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3TOT <paKT MO)KeT 6bITb CB.ll3aH co cne.u.yIOJ.I.\HMH npHqHHaMH: 

1) H3MepeHHbIH HaMH cneKTpOCKOnHqecKHH KBa.n.pynOJibHbIH MOMeHT 

.u.aeT HH<pOpMal{HIO JIHlllb O CTaTHqecKOO .u.eqiopMal{Im, B TO BpeMJ:I KaK 

pe3yJibTaTbl [5] qyBCTBHTeJibHbl TaK)Ke K .[J.HHaMHqecKOH .u.eqiopMal{HH; 

2) npH H3BJieqeHHH KBa.n.pynoJibHbIX MOMeHTOB B pa6ornx [5] 
B03MO)KHOe CMellIHBaHHe poTal{HOHHbIX nOJIOC He yqHTb!BaJIOCb. 

IIapaMeTp KBa.n.pynon1,uoii .n.eqiopMal{HH /32 nonyqeu, Hcnon1,3y1:1 

KaneJibHYIO MO)J.eJib 1:1.u.pa [7]. 3Ta MO)J.eJib yqHTbIBaeT 3<p<peKTbl 

OTKJIOHeHHJ:I nJIOTHOCTH Hett:TpOHOB H npOTOHOB OT MX nOCTOJ:IHHOfO 

311aqe11HJ:1 B 061,eMe, paccMaTpHBaeT .D.H<p<py3HOHttyIO noBepXHOCTb 1:1.u.pa 

H BKJIIOqaeT BJIHJ:IHHe .u.eqiopMal{HH pa3HbIX nopJ:1.D.KOB Ha qiopMy 1:1.u.pa. 

Pe3yJibTaTbl npHBe.[J.eHbl B Ta6JIHI.{e 1. 311aqeHHJ:1 napaMeTpa .u.eqiopMal{HH 
22

Na H 
23

Na xopOllIO BnHCbIBaIOTCJ:I B 06my10 Te11.u.eHI.{HIO 3aBHCHMOCTH 

napaMeTpa .u.eqiopMal{HH OT Hett:TpOHHOro qflcJia (CM. PHc. 3). 

Ta6mn~a 1. CnHH, cneKTpocKonHqecKHH H BnyTpeHHHH KBa.n.pynon1,u1,1e 

MOMeHTbl H napaMeTpbI .u.e<popMal{HH 
22

Na H 
23

Na. IlpHae.u.eubl 

pacqeTHbie 3uaqeuH1:1 Qs no o6onoqequoii MO.D.eJIH MJ:1 11eiiTpo1111oii sp
o6onoqKH 

I Os, 6 Oo,6 62 Os(cal), 6 CcbmKa 
11Na 3 0,183(11) 0,439(26) 0,457(24) 0,22 [8] 

0,221 [9] 
z3Na 3/2 0,1056(12) 0,528(6) 0,532(5) 0,115 [9] 

0,1065 [10] 

PacqeTHbie 311aqe11H1:1 KBa.n.pynon1,uoro MOMeHTa Q.1. MJ:1 
22

Na H 
23

Na, 

nonyqeuuble B paMKax 06onoqeq11oii Mo.n.enH, npHae.u.eu1,1 B p1:1.n.e pa6oT. 

HaHnyqlllee coana.u.e11He c 3KcnepHMeHTOM .D.JIH 
23

Na nonyqe110 B [1 O], 110 

K CO)KaJieHHIO, TaM He npHBO.[J.J:ITCJ:I pe3yJibTaTbl O 
22

Na. PacqeTHbie 

3HaqeHHJ:I Qs(22
Na) H3 [9] H [8] npaKTHqecKH COBna.n.aIOT (CM. Ta6JI. 1) 

Me)K)J.y co6oii, HO 60Jibllle (npH6JIH3JITeJibHO Ha 20%) qeM 

3KCnepHMeHTaJibHO nonyqe11111,1e B HaCTOJ:lmeii pa6oTe. TaKHe pa3JIHqHJ:I 

ua6JIIO.[J.aIOTCJ:I H )J.JIJ:I .u.pyrHX 3JieMeHTOB B o6e CTOpOHbl 

OT 3KCnepHMeHTaJibHOro 3HaqeHHJ:I. B HeKOTOpblX cnyqa1:1x OHM .[J.OXO.[J.J:IT 

.u.030%. 

12 
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ro 
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•-Mg 

Puc. 3. CttcTeMaTHKa 3aBHCHMOCTH 3KCnepHMeHTaJibHbIX 3uaqe11HH 

napaMeTpa .n.eqiopMal{HH I /J21 OT qttcna ueiiTpouoa. 
22

Na H 
23

Na -

pe3yn1,TaTbl HaCTOJ:lmeii .[J.HCCepTal{HH. lllTpHXOBaHHaH JIHHHH 

YKa3bIBaeT o6myIO TeH.[J.eHI.{HIO H3MeH_eHmI napaMeTpa .u.eqiopMal{HH 

B .u.auuoii o6nacrn:. 

Ilaparpa4> 3.4 noca1:1meu H30TOnHqecKoMy C.D.BHry 
22

•
23

Na Ha D2 

JIHHHH. 011 onpe.u.en1:1eTc1:1 KaK c5v3
•
22 = c5V2 

- ov3
, r.u.e 8v

22 
H 8v

23 

0603uaqa10T qacTOTbI qe11Tpa TJ:l)KeCTH CTP D 2 JIHHHH cooTBeTCTBenuo 
22

Na H 
23

Na. l1cnon1,3y1:1 onpe.u.eneHHble 3uaqeuH1:1 KOHCTaHT CTP 

H H3Mepeuu1,1e 3uaqeuH1:1 HHTepBanoa CTP, nonyqaeM 

c5V3
'
22 = -757,72(24) MI'q. 

1IeTBepTaH rJiaBa nocB1:1meua onHcaHHIO 3KCner.HMeHTOB no H3MepeHHIO 

CTP H onpe.n.eneHHIO 1:1.n.epHbIX MOMeHTOB 15 •154•155Eu. 3TH H30Ton1,1 

HHTepeCHbl nOTOMY qTo: 1) HaXO.[J.J:ITCJ:I a nepexo.[J.HOH o6JiaCTH 

.u.eqiopMal{HH H OTCYTCTBYIOT )J.OCTaToq110 Toquble 311aqemrn )J.JIJ:1 

KBa.n.pym?JibHOro H MarHHTHoro MOMeHTa 152Eu, 154Eu H 
155

Eu H 

2) TeopeTHqecKH npe.n.cKa3aHo HaJIHqHe CMA [11]. 
B naparpa4>e 4.1 npHBO.[J.HTCJ:I OilHCaHHe 3KC□epHMeHTa no 

mMepeHHIO CTP H30TO□0B 152
•
154

•
155

Eu. Ontt 6bIJIH nonyqeu1,1 B peaKI.{HJ:IX: 
151

Eu(n, y)152
Eu , 

181
Ta (p, xp, yn)

154
Eu H 

154
Sm(n, y) 155Sm-13➔ 155

Eu Ha o6orameHHOM c~ 85%) 154
Sm. 

,D;anee, nyreM XHMHqecKOH cenapal{HH H3BJieKaJIHCb H3 MHllleHH H B BH.[J.e 

BO.[J.HOfO pacrnopa Eu(NO3)3x6H2O HaHOCHJIHCb Ha TaHTaJIOBYIO <pOJibry 
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pa3MepOM ,:a 5x5 MM, KOTOpa»: ITOTOM BbICYllIHBaJlaCb. O6pa3U.bl 

COJ].ep)l(aJIH npH6JIH3HTeJibHO 10
13 

aTOMOB H30TOnOB 
I52

•
I54

·
I55

Eu. 

THnHtJHbIH H30TOnHhIH cocrna o6pa3U.OB,6bIJI cJieJJ.yK>l.QHH - AEu :
I53

E 

:151Eu = 1:102: 7-103, rJJ.e A= 152, 154, 155. TepMHtJecKoe pa3JIO)l(ettHe 

(aTOMH3aU.HH) Eu(NO3)3x6H2O HJJ.eT no cxeMe: Eu(NO3)3x6H2O ➔ 
Eu(NO3)3 ➔ Eu2O3 ➔ Eu. Ilo3TOMY 6hIJI npHMetteH Tpexcrynett11aTbIH 

pe)l(HM ttarpeBaHHH (300°C 10 MHHYT ➔ 800°C 20 MHHYT ➔ 1550 + 
1800°C), KOTOpbIH o6ecnetJHBaJ1 CTa6MJibHblH CHrHaJl B Te11em1e ~ 20 

MHffYT. CTP 6hmo HCCJieJJ.OBatto Ha nepexoJJ.e: 

4/6/ 8S712 (0 CM-I)--+ 4/6s6p 6Ps12 (17707 CM-
I
); (11. = 564,58 HM). 

,[(JUI CHH)l(eHHH 3acBeTKH OT pa3orpeToro THrJIH HCnOJib30BaJlaCb CHCTeMa 

cTeKJIHHHbIX q>HJibTpoa 3C7, OC12 H C3C10 c o6LQHM K03q>q>HU.HeHTOM 

nponycKaHHH 29% Ha HCCJieJ].yeMOH JIHHHH. B Ka11ecTBe npHMepa 

Ha Pttc. 4. noKa3aHhI: THITHtJHbIH cneKTp 
155

Eu H TpHnJiertta»: rpynna 
I52

Eu 

B pa3BepttyrOM BHJ].e. 

700 ,-,,,:,----------------------------, 
w F'= 5 

600 ~~, 

.l'J 500 
C: 

5 
". 400 
JI 

g 
S 300 
s 

" :z: 
~ 200 
:s: 

100 

F' = 4 

:, 
w 
ill 

l 
F' = 3 

:, :, 
w F' = 2 w ~,, :, ~, w 

ill, 

0'----~---.,_--~----'---~---~---~ 
0 1000 

350r-;;~-;;;--------
1s2Eu ~ r 5.5r.5 I 

! 250 g 

a .. ~ s.5~4.5 ~ 200 \ • _.. ! 
5,5+5,5 

::c • • • ., 
G> ••• , ,-,·--.,,,,_ 

!c 150 • ~; ·•,'i:, '.< \00 
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100 ' 

950 1000 1050 1100 

CAB11r ~aCTOTbl, Mrll 

2000 

CABMr ~aCTOTbl, Mr1.1 
3000 

Puc. 4. IloJIHhIH cneKTP CTP 
I55

Eu H 
I53Eu Ha rrepexo,n:e 564.58 HM. 

TpttnJieTHa»: rpynna B cneKTpe 
I52

Eu, 

nepeXOJ].bI: 

F' = 5,5--+ F = 6,5; 5,5; 4,5. 
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,[(JI»: noBbillleHMH CTaTHCTHKH npH peniCTpaU.HH 
I55

Eu CKOpOCTb 

CKaHHpOBaHHJI 6bIJia a 6 pa3 MeHbllle, a BpeMH HaKOnJieHHH a Kattan 

8 5 pa3 6oJibllle 11eM JJ.JIH pemcTpau.HH 
153

Eu.qacTOrn Jia3epttoro 

H3Jiy11eHH51 H3MeHHJiaCb B J].Hana30He 5 ff U., a nOJIHOe BpeMH 

CKaHHpOBaHHJI 6hIJIO "" 10 MHffYT. IloJIHOCTblO pa3pellleHbl Bee JIHHHH 
CTP. Hx 3KcnepuMeHTaJibHM lllnpuua cocTaBJI»:Jia 8-9 Mf u.. 

1Iaparpa4> 4.2 noCBHLQeH 3KCnepijMeHTaJlbHbIM pe3yJibTaTaM. ,[(JI»: 

aHaJIH3a cneKrpOB HCnOJib30BaJlaCb nporpaMMa "Peakfit", nHKH 

annpoKCHMHpoaaHbI npoq>MJieM <l>oiirra. KoucTaHTbI CTP o6oHx 

H30TOnOB ( CM. Ta6JI. 2) onpeJ].eJieHbl H3 3KCnepHMeHTaJlbHbIX 3HatJeHHH 

HHTepaanoa CTP, npuMeHHH MeTOJJ. HaHMeHbllIHX KBaJJ.paTOB K q>opMyJie 

( 1 ). 3tta11eHH51 KOHCTaHT CTP 
15I

·
I53

·
I55

Eu CKoppeKTHpOBaHHbl Ha 3q>q>eKTbl 

BTOporo nopHJJ.Ka, KOTOpbie CB513aHHbl C nepeKpbITHeM 3JieKTpOHHbIX 

BOJIHOBbIX q>yHKU.HH. IlOKa3aHO, lJTO 3TO CJ1a6b1e 3q>q>eKTbl, He 

OKa3bIBaIOLQHe CHJibHOro BJIHHHHH Ha 3HatJeHHH KOHCTaHT CTP. 

Ta6nm~a 2. 3tta'-leHHH KOHCTaHT CTP JJ.JIH HH)l(Hero H aepxttero ypoBHH 

onTHlJeCKOf 

A, Mfu. B, Mfu. 

4/6Sl ~s7/2 
1s2Eu 9,343(6) -2,055(49) 
1s4Eu 9,767(18) -2,250(24) 
1ssEu -8,78(3) -1,881(39) 

4/6s6p 0Ps12 
1s2Eu 262,2(22) -1038(22) 
1s4Eu 286,46(3) -1149,84(28) 
1ssEu -261,50(11) -949,68(1,0) 

Ilaparpa4> 4.3 noCBJILQeH .HJ].epHbIM MOMeHTaM H30TOITOB 
152

•
I54

•
I55

Eu. 

KaaJJ.pynoJibHbie MOMeHThI H30TonoB 
I52

'
I54

·
I55

Eu (Ta6JI. 3) onpeJJ.eJieHbI 

attanorH11Ho Na. B Ka11eCTBe penepa HcnoJih30BaH KBaJJ.pynoJihHblH 

MOMeHT 
I
.53Eu, Q.,(153) = 2.412(21) 6 H3 pa60Tbl [12]. Ott BbI6paH, 

nOTOMY '-ITO HMeeT caMyIO Bb!COKYIO TOlJHOCTb no cpaBHeHHIO C 
TOlJHOCTblO JJ.pyrttx H3BeCTHblX 3HatJeHHH H B HeM He HaJ].O BBOJ].HTb 

nonpaBKY lllTepttxeiIMepa [ 12]. BttyTpeHHHe KBaJJ.pynoJibH&Ie MoMeHThI 

(cM. Ta6n. 3) onpeJJ.eJieHbI no npoeKU.HOHHOH q>opMyne a cny11ae 

)l(eCTKOro poTaTOpa. IlapaMeTp KBaJJ.pynOJibHOH J].eq>opMaU.HH /J2 (CM. 

Ta6n. 4) onpeJJ.eJieH no KaneJibHOH MOJJ.eJIH HJJ.pa [7]. ,[(nH onpeJJ.eJieHHH 

MarHHTHblX J].HnOJibHbIX MOMeHTOB µ HCnOJib30BaJ10Cb COOTHOllleHHe: 
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µ(X) = µ(151)[A(X)I(X)/A(151)1(151)]. 
3,!J.eCo: I cmrn R,!.1.pa, A MarHHTHaH ,!.l.HnOJibHaH KOHCTaHTa OCHOBHOro 

ypoBHH, X = 152, 154, 155. 3TO cnpa'Be,!.1.JIHBO nocKOJil>KY ocHOBHoii 

yposeHo ttccne,!.l.yeMoro nepexo,!.l.a HMeeT KoHq>HrypaQHIO 4/ 6s2 co 

cnap~HHI,IMH S112 :meKTpOHaMH, qTo ,!.l.enaeT ero HeqyBCTBHTeJil>HbIM K 

CMA. KaK penep Hcnon1,3osaH MarttHTHoiii MOMeHT 
151

Eu H3 [13], 
onpe,!.1.eJieHHbIH C HaH60JibIIIeii TOqHOCTI,IO. 

Ta6mn~a 3. MarHHTHI,Ie ,!].HnOJII,Hble H 3JieKTpHqecKHe KBa,!.1.pynOJII,HI,Je 
MOMeHTbI 152, 154, J55Eu 

µ, H. M. CcomKa Q5, 6 Cc1,1nKa 

152Eu -1,9411(13) ,!.l.HCcepTaQHH 2,705(8) ,!.l.HCCepTaQHH 

-1,913(14) [14] 2,86(18) [14] 

154Eu -2,029(4) ,!.l.HCCepTaQHH 3,008(1) ,!.l.HCCepTaQHH 

-2,02 [14] 3,53 [14] 

155Eu 1,520(2) ,!.l.HCCepTaQHH 2,488(3) ,!.l.HCcepTaQHH 

1,52(2) [15] 2,48(25) [15] 

B naparpa4>e 4.4 npOBO,!.l.HTCH o6cy)K,!.l.eHHe pe3yJioTaTOB no H,!.1.epHbIM 

MOMeHTaM H30TOnoB esponHH H cpaBHeHHe C pacqeTHbIMH 3HaqeHHHMH. 

Oco6eHHOCTI,IO H30TOnOB esponHH HBJIHeTCH pe3KOe H3MeHeHHe 

MarHHTHOro MOMeHTa µ H KBa,!.1.pynOJII,HOH ,!.l.eq>0pMaQHH Q., npH A = 151 
(CM. PHC. 5.). 
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Pnc. 5. I130TOnHqecKoe H3MeHeHHe: a - MarHHTHOfO H 6 -

KBa,!.1.pynoJibHOfO MOMeHTa H30TOnOB esponHH B ,!.l.Hana30He 149 :S A :S 
155. TeMHl>Ie Kpy)l(OqKJI - pe3yJioTaTI,I HaCTOHll(eii ,!.l.HCCepTaQHH, 

CBeTJibie: MarHHTHb!H MOMeHT H3 [13], KBa,!.1.pynOJII,HI,IH MOMeHT H3 [14]. 

16 

MarHHTHbie MOMeHTI,I H30TOnOB Eu C qeTHbIM qJICJIOM HeiiTpOHOB 

xopOIIIO BocnpOH3B0,!.l.HTCH pacqeTaMH [11]. ~H JierKHX H30TOnOB 

(BKJIIOqaH 
151

Eu) pacnpe,!.1.eJieHJie HeiiTpOHOB no pa3JIJiqHI,IM COCTOHHHH1\I 

BI,Illle MarwqecKoro N = 82 nOJIHpmyeT HeiiTpOHHbIH OCTOB, KOTOpbltt 

BHOCHT COCTaBJIHIOll(YIO B MarHHTHbIH MOMeHT H,!.1.pa. ~H onttcaHHH 

,!.l.ByKpaTHOro yMeHbIIIeHJIH MarHHTHOro MOMeHTa npH A = 153 s 

BOJIHOBYIO <pyHKQHIO BBO,!.l.HTCH • qJieH, yqHTbIBaIOll(HH BJIHHHHe 

KOJIJieKTHBHbIX (,!.1.ecpopMHpOBaHHblX) COCT051HHH. 

,[(ecpopMaQHH H30TOnOB espon1151 paccMaTpHBaeTCH B pa6oTe [ 16]. KaK 

TaM YKa3aHO CBOHCTBa 51,!.1.ep nepeXO,!.l.HOH o6JiaCTH (K KOTOpoii OTHOCHTC51 

JI 1130TOnbI esponH51) B 60JII,llIOH Mepe onpe,!.1.eJI51IOTC51 KOHKypeHQHett 

Me)K,!.l.y CHJiaMH cnapHBaHHH, CTpeM51ll(HMHC51 npH,!.1.aTb 51,!.1.py ccpep11qecKy10 

cpopMy, JI non51pmy10ll(HMH cmmMH co cTopoHoI HYKJIOHOB 

He3anonHeHHOH o6onoqKJI, cTpeMHll(HMHC51 ,!.1.ecpopM11posaTo 51,!.1.po. B 3TOH 

pa6oTe, HCnOJib3YH noTeHQHaJia HHJII,CCOHa, nonyqeHbl pacqeTHbie 

3HaqeHml napaMeTpa KBa,!.1.pynOJibHOH ,!.1.ecpopMaQHH /J2- OHM xopoIIIO 

cosna,!.l.aIOT C 3KCnepHMeHTaJibHbIMH (cM.Ta6JI. 4). 

Ta6JIHI~a 4. BttyTpeHHHe KBa,!.1.pynoJibttl>Ie MOMeHTbI Q0 H napaMeTpbI 

KBa,!.1.pynoJioHOH ,!.1.ecpopMaQHH /J2 H30Tonos 
152

•
154

•
155

Eu. B nocne,!.l.HeM 

CTOJI- . ' - ----- -- - "- - - L - - .J 

Qo,6 /J2 CcomKa /J2 
1)

1Eu 2,5284(36) 0,1252(2) [12] 0,13 
152Eu 6,492(19) 0,3042(8) ,!.l.HCCepTaQHH 
153Eu 6,7536(75) 0,3386(3) [12] 0,30 
!54Eu 7,2192(24) 0.3339(1) ,!.l.HCceprnQHH 
155Eu 6,9552(84) 0,3225(1) ,!.l.HCCepTaQH51 0,31 

B naparpa4>e 4.5 npe,!.1.CTaBJieHbI HaIIIH pe3yJibTaTbl no H30TOn11qecKOMY 

C,!.l.BHry JI H3MeHeHH51MH cpe,!.1.IIeKBa,!.1.paTJiqHoro 3apH,!.1.0BOro pa,!.1.Hyca 

moTonos 
151

-
155

Eu (Ta6n. 5). OHM HMeIOT ToqHoCTb Ha nop51,!.1.0K nyqwy10, 

qeM TOqHOCTblO ,!.1.pyrwx H3BeCTHblX 3HaqeHHH [17], a TaK)l(e xopoIIIO 

cornacyroTcH c H3MeHeHHHMH CK3P, cne,!.l.yIOmHMH H3 cwcTeMaTHKH [18]. 
CKaqoK 3apH,!.1.0Boro pa,!.1.ttyca Me)K,!.l.y 

151
Eu H 

152
Eu no,!.l.TBep)K,!.l.aeT, qTo 

pe3KOe H3MeHeHHe H,!.1.epHOH cpopMbl npoHCXO,!.l.HT Me)K,!.l.y 3THMH 

H30TOnaMH. 

.,161,e,r\,rnem-11,iH 
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Ta6JIHQa 5. J,faoTonw1eCKHe c:5v C)],BHfH no OTHOWeHHIO K 
153

Eu H 

H3MeHeHH51 CK3P c:5<r
2
> H30TonoB 

151
"
155

Eu 

A c:5v1s3,,4, MfQ c:5</>153,A' cpl'i 

151 3662,0(9) -0,5544(1) 

152 320,80(118) -0,0501(2) 

153 0 0 

154 -706,51(171) 0,1081(3) 

155 -674,7(10) 0,1051(2) 

IlsITaH rJiaBa nOCB511.I~eHa onHCaHHIO 3KCnepttMeHTOB no onpe,D,eJieHHIO 

CBepXTOHKOH MafHHTHOH aHOMaJIHH B H30Tonax eBponH51 H JIIOTeQH51. 3TH 

H30TOnhI xapaKTepH3yIOTC51 pa3JIH'-!HeM 51,D,epHott cTpyKTYPhI H cpopMbI H 

n03TOMY 51BJ151IOTC51 O'-leHb HHTepeCHblMH o6oeKTaMH )],J151 HCCJie,D,OBaHH51 

CMA. 

TepM OCHOBHOfO COCT051HH51 Eu H Lu CO,D,ep)KHT cnapeHHbie 

s-3JieKTpOHhI, '-!TO ,D,enaeT ero HeqyBcTBHTeJihHhIM K CMA. Tor,D,a 

cornacHO cpopMyJihl (4), OTHOWeHHe rnpoMafHHTHbIX cpaKTOpOB paBHO 

OTHOWeHHIO KOHCTaHT A OCHOBHOfO ypoBH51. TI03TOMY npH onpe,D,eJieHHH 

CMA B036y)l(,D,eHHOf0 ypoBH51 cpopMyny (4) MO)l(HO 3aMeHHTb Ha: 

Agr Aexc 
1/j,2 =-1 ___ 2 __ 1. (9) 

Agr Aexc 
2 I 

TaKa51 3aMeHa oco6eHHO Ba)l(Ha )],J151 pa,D,HOaKTHBHbIX H30TOnOB, )],J151 

KOTOpblX MarHHTHble MOMeHTbI, a CJie,D,OBaTeJibHO, H rttpoMafHHTHbie 

cpaKTOpbl JIH60 HeH3BeCTHhI, JIH6o H3MepeHhl C TO'lHOCTbJO, 

He,D,OCTaTO'-IHOH )],J151 onpe,D,eJieHH51 I~ 
2

. 

B naparpacpe 5.1 paccMaTpHBa!OTC51 HC51,D,epHblC cpaKTOpbl, BJIH51IOIQHC 

Ha CBepXTOHKYIO MafHHTHYIO aHOMaJIHIO. CornacHO [2] 3TO: nonpaBKa Ha 

npttBe,D,eHttyIO Macey qacTHQ, nonpaBKa Ha pacnpe,D,eJieHHe 3ap51,D,a no 

o6oeMy 51,D,pa (3cpcpeKT EpettTa-P03CHTaJI51) H Y'-ICT 3JICKTpOHHblX 

3cpcpeKTOB BTOporo nop51,D,Ka. TiepBOH nonpaBKOH )],J151 cpe,D,HHX H 

T51)1(CJihIX no Macce 51,D,ep MO)l(HO npeHe6pe'-lb. 3cpcpeKT Epeifrn-Po3eHTaJI51 

B HaweM cnyqae TO)l(C He OKa3bIBaeT cyIQeCTBCHHOC BJIH51HHe, nOCKOJibKY 

ero H30TOnH'-ICCKOC H3MCHCHHC HCKJIIO'-IHTCJihHO cna6oe - OKOJIO 10-4 [2]. 
Ta10Ke noKa3aHO, '-!TO B cnyqae HCCJIC)],OBaHHhlX nepexo,D,OB eBponH51 H 

JIIOTeU,H51 nonpaBKH 3a ClJeT 3cpcpeKTOB BTOporo nop51,D,Ka npeHe6pe)l(HMO 

MaJihI II He BJIH51IOT Ha 3Ha'-!eHH51 CMA. 
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B naparpacpe 5.2 npttBO,D,HTC.11 pe3yJihTaTbI ,D,HccepTaQHH no CMA 

B onTH'-ICCKHX cneKTpax H30TOnOB ISH
55

Eu. OHM noJiy'-ICHbI H3 3Ha'-ICHHH 

KOHCTaHT MafHHTHOfO ,D,HnOJibHOfO B3aHMO)],CHCTBHH no cpopMyJie (9), 
npHBe,D,CHbl B Ta6JIHQe 6. 

Ta6n1111a 6. CMA B036y)l()],eHHoro ypoBHH ttccne,D,yeMhIX . moTonoB 

eBponHH. 

H3oTontt'lecKaH napa I~\% 
151-153 -0,76(3) 
152-153 -5,54(80) 
153-154 -1,17(19) 
153-155 0,25(54) 

Ilaparpacp 5.3 nocBHIQeH H3MepeHtteM CMA B moTonax 
175

•
176

Lu. OHM 

HBJIHIOTCH YA06HbIMH o6ieKTaMH )],JIH ttccne,D,oBaHHH CMA, TaK KaK 

HMeIOT 3aMeTHO OTJIH'-laIOIQHCCH 3Ha'-!eHHH cnHHOB H MafHHTHblX 

MOMeHTOB. Tio3TOMY MO)l(HO 0)KH)],aTb H cyIQeCTBeHHOfO pa3JIH'-IHH 

B pacnpe,D,CJICHH.IIX H,D,epHoro MarHeTH3Ma H, CJie,D,OBaTeJibHO, 3aMeTHOH 

CMA. 

B 6oJihlllHHCTBe pa6oT (HanpHMep [19]), nOCB.IIIQeHHbIX H3MepeHHIO 

CMA B H30TOnax JIIOTCQHH OT,D,eJibHbie H3MepeHHH OTHOCHJIHCb K 

ypoBHHM 0)],HOfO TepMa. B 3TOM cnyqae cpaBHeHHe OTHOllleHHH KOHCTaHT 

CTP ypoBHett pa3HhIX TepMoB, KOTOpbie Heo6xo,D,HMhI )],JIH onpe,D,eJieHH.11 

CMA, MO)KeT 6bITb HCKa)l(eHo B03MO)KHbIMH CHCTeMaTH'-leCKHMH 

OWH6KaMH, npttcyIQHMH Ka)l()],OMY H3 OT,D,eJibHblX H3MepeHHH. IJ;eHHOCTb 

Harnett pa60Tbl COCTOHT HMeHHO B TOM, '-!TO KOHCTaHTbl CTP o6oHX 

ypoBHett HCCJie,D,yeMoro nepexo,D,a H3MepeHbl B H,D,eHTH'-IHblX ycJIOBHHX, 

'-!TO CHJibHO CHlI)KaeT pOJib CHCTeMaTH'leCKHX Ollll160K. Hccne,D,OBaJICH 

nepexo,D, Me)l()],y HH)KHHM 5d6s2 2 
D312 H B036y)l()],eHHhIM 5d6s6p 4F312 

ypoBHHMH. HcnOJib30BaJiaCb TpexypoBHeBaH cxeMa: B036y)l()],eHHe 

aTOMOB Lu - Ha )],JIHHe BOJIHbI 573,7 HM H perHCTpaQHH pe3oHaHCHOH 

cpnyopecQeHQHH - Ha 647,8 HM. 3TO n03BOJIHJIO cyIQeCTBCHHO CHH3HTb 

napa3HTttylO 3aCBeTKy. ATOMHblH ny'-IOK C03,D,aBaJICH nocpe,D,CTBOM 

Jia3epHOH aTOMH3aQHH 113 o6pa3QOB OKHCH JIIOTeQHH (Lu203) 

HaTypaJibHOfO H30TOnHOfO COCTaBa (1 75
Lu - 97,4% H 

176
Lu - 2,6%). 

lllHpttHa pe3oHaHCHOH JIHHHH cocTaBJI.11na ~ 100 MfQ, 06pa6oTKa 

cneKTpoB npoBO,D,HJiacb aHanortt'-IHO y)Ke on11caHHhIM cnytia.11M Na II Eu. 

KoHCTaHThI CTP nonyqeHbI nptt noMOIQH cpopMyJihI (1). 3Ha'-leHHH CMA 
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B036y)K)].eHHOfO yposmr 
1
~

2 = 0,84(3) % nony11eHO C IICnOJib30BaHIIeM 

!pOpMyJibl (9). 
B naparpaclie 5.4 npoBOAIITC51 o6cy)K)].eHIIe pe3yJibTaTOB no CMA. ,lJ;n51 
II30TOrrnqecKoif napbI 

151
Eu II 

153
Eu (cM. Ta6nm.1:a 5.2) 3Ha11eHIIe 

1
~

2 = - 0,76(3) % IIOBIIAIIMOMY CB513aHO C Ha6JIIOAaeMbIM CKaqKOM 

Aeq>opMaQIIII IIpII nepeXOAe Me)K)].y HeMTpOHHbIMII qIIcJiaMH N = 88 
l1 N = 90. 3TOT pe3yJibTaT IIOATBep)K)],eH pacqeTaMH [20]. B cny11ae 

175
Lu 

l1 
176

Lu o6a H30TOIIa HMeIOT np116JIH3IITeJibHO OAHHaKOBbie BttyTpeHHIIe 

KBa.zi,pynoJibHbie MOMeHTbl l1 CMA 
1
~

2 = 0,84(3) % CB513aHa He C 

ll3MeHeHHeM cpopMbI 51Apa, a C A06aBJieHHeM HecnapeHHOro HettTpOHa K 

51APY 
175

Lu. OH ysen11q11saeT AOJIIO CIIHHOBOM KOMIIOHeHTbI B MarHHTHOM 

MOMeHTe 51Apa 11 np11BOAITT K pocry cpeAHero paAeyca pacnpeAeJieHI151 

3J1eKTp1111ecKOfO TOKa l1 HHAYIJ:HpyeMoro HM MarHIITHOfO MOMeHTa. 

3Ha11eHI151 CMA AJI51 moTon11qecK11x nap 
152

Eu -
153

Eu 11 
153

Eu -
154

Eu 

TaJOKe o6n51CH51IOTC51 A06aBJieHHeM HecnapeHHOro HeMTpOHa. 

3aKJ1101Jeu11e 

1. MoAepHmaQHeM 3KCnep11MeHTaJibHOM ycTaHOBKII AOCTIIrttyTO 

CIIeKTpaJibHOe pa3peweHIIe 5 MfIJ: Ha ypOBHe tJYBCTBIITeJibHOCTM 1012 

HCCJieAyeMbIX aTOMOB B o6pa3IJ:e. TaKHM o6pa30M, ee 

3KCIIepHMeHTaJibHbie B03MO)l{HOCTM HaXOA51TC51 Ha KalJeCTBeHHO HOBOM 

ypoBHe, 1ITO II03B0JI51eT HCCJieAOBaTb TaKHe TOHKHe 3q>q>eKTbl, KaK, 

HaIIpIIMep CBepXTOHKa51 MarHHTHa51 aHOMaJII151. 

2. TTpoBeAeHbl 3KCnepIIMeHTbl no myqeHHIO CBepXTOHKOro 

paclll,enneHM51 
22

Na 11 
23

Na Ha onr11qecKOM D2 JIHHMII. 

2.1. Bnepsb1e nony11eHbI 3HatJ:eHH51 MarHHTHOM AHnOJibHOM 11 

3JieKTp1111ecKoif KBaApynoJibHOM KOHCTaHT 
22

Na AJI51 B036y)K)].eHHoro 

3p 2P312 ypoBH51 onTMlJeCKOfO nepexci,!\a. 

2.2. Bnepsb1e onpeAeJieH M30Ton1111ecK11if CABIIr 
22

Na no OTHOWeHHIO 

K 
23

Na Ha onTIItJ:ecKoif JIMHMM D2. 
2.3. BnepBble onpeAeJieH 3HaK 3JieKTpIIqecKoro KBaApynoJibHOfO 

MOMeHTa 
22

Na l1 BIIepBbie MOAeJibHO He3aBHCMMbIM cnoco6oM 

(OITTHlJeCKIIM MeTOAOM) ero 3HalJeHHe Qo(22) = 0,439(26) 6, a TaJOKe 

onpeAeJieH napaMeTp KBa.zi,pynOJibHOM Ae1opMaIJ:MII /J2 = 0,435(25), qTO 

YKa3hrnaeT Ha BbIT51ttyryIO cpopMy 51Apa 
2
Na. Pe3yJibTaTbI o6cy)l{AeHbI 

C TOlJ:KII 3peHM51 pa3JII1lJ:HblX BapttaHTOB o6onoqeqHOM MOAeJIH AJI51 51Aep 

c 3anonHeH11eM sd-06onoqK11. 
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3. TTpoBeAeHbI 3KCIIepttMeHTbl IIO myqeHIIIO csepxTOHKOro 

paclll,eIIJieHH51 l1 ll30TOIIHlJ:eCKOfO CABIIra B QeIIOlJ:Ke ll30TOnOB espOIIH51: 
151

"
155

Eu. HccJieAoBaH onr1111ecKIIM nepexoA Me)K)].y ypoBH51MH 4/6s2 8S712 

➔ 4/6s6p 6P512 B aTOMax Eu. 

3.1. H3BJietJ:eHbI M npoaHaJIII3I1pOBaHbl MarHHTHa51 AIIIIOJibHa51 II 

3JieKTpH1IeCKa51 KBMPYIIOJibHM KOHCTaHTbl csepXTOHKOro paclll,eIIJieHII51. 

• BnepBbie IIOJiy11eHbl 3HatJ:eHH51 KOHCTaHT CBepXTOHKOro paclll,eIIJieHH51 
v 154E 155E 

06011x ypoBHeH OIITIIlJ:eCKOro nepeXOAa u II u. 

• BnepBbie IIOJiy11eHbl 3HalJ:eHI151 KOHCTaHT csepxTOHKOro paclll,eIIJieHM51 

so36y)K)].eHHoro 4/6s6p 6P512 ypoBH51 onT1111ecKoro nepexoAa 
152

Eu. C 

IIOBbillieHHOH TOlJHOCTblO nony11eHO 3HalJeHMe 3JieKTpII1IeCKOM 
V 41 ;;6 2 s8 152E 

KBaApyIIOJibHOII KOHCTaHTbl OCHOBHOro tJ S 7/2 ypoBH51 u, a ee 

3HaK onpeAeJieH snepBbie. 

• C IIOBbIWeHHOM TOtJ:HOCTbIO onpeAeJieHhI KOHCTaHTbI csepxTOHKoro 

paclll,eIIJieHII51 B036y)K)].eHHOfO 4/6s6p 6
P512 ypOBH51 OIITIIqecKoro 

nepexoAa 
151

Eu II 
153

Eu. 

3.2. C IIOBbillieHHOM TOlJ:HOCTblO onpeAeJieHbl MarHHTHbie AMIIOJibHbie 

l1 3JieKTp1111ecKI1e KBaApyIIOJibHbie · MOMeHTbl ll30TOIIOB espOIIM51 
152

•
154

•
155

Eu. 3HaK 3JieKTp1111eCKOfO KBaApyIIOJibHOro MOMeHTa 
152

Eu 

onpeAeJieH snepBbie. 

3.3. C IIOBbillieHHOM TOlJ:HOCTbIO onpeAeJieHbl BHyrpeHHHe 

3JieKTp1111eCKI1e KBa.zi,pynoJibHbie MOMeHTbl l1 napaMeTpbl KBaApyIIOJibHOM 
,h 152 154 155E 

Ae'PopMaIJ:MH ' ' u. Pe3yJibTaTbl xopowo BIIHCbIBaIOTC51 B o6lll,yIO 

KapTHHY csoifcTB 51Aep nepexOAHOM o6nacTII. 

3.4. BnepBbie ll3MepeHbl l130TOnMtJ:eCKHe CABMrM B QeIIOllKe M30TOIIOB 
151-155E v 

U l1 C IIOBbillieHHOH TOqHOCTblO onpeAeJieHbl l13MeHeHI151 

cpeAHeKBaApaTMlJ:HOro 3ap51AOBOro paAeyca. Pe3yJibTaTbl ny11we 

cornacyIOTC51 C 06lll,eH CHCTeMaTMKOH 3ap51AOBbIX paAeycoB, tJ:eM 

IIMeBWHeC51 paHee AaHHbie. 

4. HccJieAOBaHa CBepxTOHKa51 MarHHTHa51 aHOMaJil151 B l130TOIIax 

espOIIM51 II JIIOTeQM51: 

4.1. BnepBbie onpeAeJieHa CBepXTOHKa51 MarHHTHM aHOMaJIM51 B 
t5t-t55E y ,h,h 

QeIIOlJ:Ke u. lJ:TeHO BJil151HIIe 3'P'PeKTOB BToporo IIOp51AKa Ha 

KOHCTaHTbl CBepXTOHKOro paclll,eIIJieHII51. TTony11eHHbie TaKIIM o6pa30M 

3HatJ:eHI151 csepxTOHKOH MarHHTHOH aHOMaJIIIM CB060AHbl OT BJIM51Hl151 

3JieKTpOHHbIX 3q>q>eKTOB l1 OTpa)l{aIOT TOJibKO M3MeHeHH51 B 51,!\epHOH 

CTpyKrype. 
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4.2. ITonyqeHbl HOBbie, 6onee KOppeKTHbie, H3MepeHHbie B 0)],HOM 
3KCnepHMeHTe 3HaqeHml csepXTOHKOH MafHHTHOH aHOMaJIHH H30TOilOB 
11s.116Lu. , 

4.3. O6Hapy)KeHO HaJIHqHe 6oJibllIOH CBepXTOHKOH aHOMaJIHH 
B cnyqa51x pe3KOf0 H3MeHeHH51 JJ,eq>apMaI . .{HH (151"153Eu) HJIH B cnyqa51x 

6 
~ (1s1-1s2E 1s2-1s3E JJ,O asneHHH K HJJ.PY HecnapeHHoro HettTpotta u, u, 

m-116Lu). 
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