


1. BBEAEHI1E 

3KcnepHMBHTanbH~e 3Ha4BHH~ ~AepH~X MOMBHTOB, OTHOWBHHH MaTpH4-
HbiX 3neMeHTOB H eepo~THOCTeA 3neKTpoMarHHTH~x nepexoAOB Aa~T 
Ba>KHY~ HHQlOpMa~l-1~ 0 CTPYKType ~Apa 1-1 ero B036yw..qeHHbiX COCTO~HH~X. 
3TH eenH4HH~ ~en~~Tc~ 4YBCTBHTenbHWMH KPHTepM~MM An~ npoeepKH 
npMMeHMMOCT\.1 B~6paHH~X ~AePHWX nOTeH~HanOB H BOnHOBWX QlYHK~HH 
B coepeMeHHWX MOAen~X ~Apa. OnpeAeJleHHe HOB~X 1-1 YT04HeHHe paHee 
M3MepeHH~X 3Ha4eHMH ~AePHWX MOMBHTOB, BpeMeH >KM3HM B036Y>KAeHH~X 

COCTO~HMH aTOMH~X ~Aep, K03QlQlM~HeHTOB CMeWHBaHM~ MYJlbTMnonbHO
CTeH M3ny4eHHH n03BOJl~~T He TOnbKO npoeepHTb cy~eCTBY~~He Mo
Ae!lbHble npeACTaeneH\.1~ 0 CBOHCTBaX B036Y>KABHHbiX COCTO~HHH ~Apa, 
HO H HaMeTMTb nyTH yny4WeHH~ 3TMX npeACTaBJlBHMH. 

B HaCTO~~eA pa6oTe MeTOAOM MHTerpanbH~X B03My~eHH~X yrnOBWX 
KOppen~~HH M3MepeH MarHHTH~H MOMeHT YPOBH~ 242,9 K3B 165 E~ 
B peaynbTaTe aHanM3a HOBbiX AaHHbiX 111 no cxeMe pacnaAa 165Tm"' 165 Er 
BpeM~ >KH3HH T11 2 = /0,98+0,14/ Hc 12~ KOTOpoe paHee CB~3WBaJlOCb 
C COCTO~HMBM 745,9 K3B, npHnMCbiBaeM COCTO~HH~ 1/r 589,8 K3B. 
PeaynbTaT~ npoBeAeHHbiX MccneAoBaHHH yrnoBbiX yy -Koppen~~HA noaeo-
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B paMKax coepeMeHHbiX nonyMHKpocKonM4eCKHX MOAeneA ~APa npoee
AeHw paC4eTW MarHHTHWX MOMeHTOB OCHOBH~X COCTO~HMH poTa~HOHHWX 
nonce 3/2-[521) \.1 5/r[523) An~ He4eTHO-HeHTpOHHbiX M30TOnOB 
161, 163, 165 Er, 

2. nPHrOTOBnEHHE HCT04HHKOB H nPOBEAEHHE 3KCnEPHMEHTA 

MoHOM30TonHwe MCT04HHKH 165Tm nony4anHcb e peaK~MH rny6oKoro 
pac~enneHM~ TaHTana npOTOHaMH C 3HeprHeH 660 t13B Ha BHyTpeHHeM 
ny4Ke CHHxpo~HKnoTpoHa nRn OHRH c nocneAY~~HM paAHOXMMH4eCKHM 
BWAeneHMeM <!JpaK~HH TYJlH~ 1-1 pa3AeneHMeM ee no MaccaM Ha 3neKTpo
MarHHTHOM Macc-cenapaTope. 

npH cenapa~HH HOHW 185Tm BHeAp~nHCb B aJl~MHHHeBy~ QlOJlbry, 
KOTopa~ 3aTeM paCTBOp~naCb B KOH~eHTpHpoBaHHOH con~HOH KHCnoTe. 
B M3MepeHH~x Mcnonbaoeanc~ IN pacTeop TmC1 3 , noMe~eHH~A e nneKcH
rnacoey~ aMnyny AHaMeTpOM 2 MM H BWCOTOH h = 5 MM. 

HccneADBaHH~ npoBOAHnHcb Ha aeToMaTH3HpoeaHHo~ Koppen~~HoH
HOM cneKTPOMeTpe c nonynpoeo~HHKOB~M Oe(Li)· 1-1 ABYM~ c~HHTMnn~
~HOHHWMH Na~Tl)-AeTeKTopaMI-1 31 . npH H3MepeHH~X B03My~eHHWX yrno
B~X KOppen~~HH BHeWHC~ non~pv.3y~ee MarHHTHOe none C03AaBaJlOCb 
3neKTpOMarHHTOM 5poHeeoro TMna /H = 2 Tn B 3a3ope Me>KAY non~CaMH, 
paBHOM 5 MM/. -~:·~·-·• 1 
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AnR HaKonneH~R cneKTpoa coanaAeH~H ~cnonb30BancR 4096-Ka
HanbHbiH aMnn~T.YAHbiH aHan~3aTop ICA-70. B KOHI..Ie Ka>KAOH cep~~ ~3-
MepeH~H HaKonneHHaR ~H~opMai..I~R nepeAaaanacb no n~H~~ caR3~ Ha 
3BH EC-1010. CneKTP~ coanaAeH~H o6pa6aT~aan~cb c noM~b~ naKeTa 
nporpaMM GAMMA 14; Ko3~~~~..~~eHTbl yrnoa~x KoppenRI..I~H A 22 ~ A 44 
paCC4~TbiBan~cb C y4eTOM BKnaAOB KOHK.YP~P.YIOUI~X KaCKaAOB, KOMnTo
HOBCKOrO pacnpeAeneH~R ~ cny4aHH~x coanaAeH~H. 

3. YrnOBbiE yy -KOPPEHRLU•H1 

3aAa4a, KoTopaR cTaa~nacb np~ ~ccneAOBaH~~ yrnoa~x KoppenR
LI~H a 165 Er, 3aKn~4anacb a onpeAeneH~~ aen~4~H~ ao3MOmHoH np~Me
c~ E2-KOMnOHeHTa B M1-nepeXOAaX MemA.Y COCTORH~RM~ poTai..I~OHH~X 

nonoc OTP~I..IaTenbHOH 4eTHOCT~ c ~K = +1. 
nony4eHH~e K03~~~~..~~eHT~ yrnoBbiX KoppenRI..I~H nocne aaeAeH~R 

nonpaaoK Ha KoHe4H~e TenecH~e yrn~ AeTeKTopoa 151 np~BeAeH~ 
a Ta6n. 1. TaM me AnR cpaaHeH~R AaHbl K03~~~~..~~eHT~ yrnoa~x Kop
penRI..I~H, onpeAeneHH~e a pa6oTe/6/. 

np~ aHan~3e K03~~~LI~eHTOB yrnoa~X KOppenRI..I~H 1Ta6n. 11 Mbl 
~CXOA~n~ ~3 cxeMbl pacnaAa 165 Tm .. 165 Er lp~c. 1 I, npeAnomeHHOH 
B pa6oTe /1// ~ M,YnbT~nonbHOCTeH y -nepeXOAOB, onpeAeneHH~X B pa-
6oTax11•7·9. B cooTBeTCTB~~ c AaHH~M~ 3T~x pa6oT np~H~Manocb, 
4TO nepexoA~ 1131,2 K3B ~ 1184,4 K3B ~Me~T 4~CT~H E1-xapaKTep. 

~ , .... n I I .,. I ...., ,.. 1 ..., 

1'\.dl...Kdl-4 I I I U'"t '"1 - L""tL, ;J/ "~U \...DT1~DtDO~ 1 \.oV'-' 1 vnn~1n \.oV \.oiU'tn'";u••r• 

312+-312--512-. nocKOnbK.Y nepeXOA 1184,4 K3B 4~CTbiH - El, ~3 
Ta6n~l..l/10/ cneA.YeT, 4TO napl..l~anbHbiH K03~~~~..~~eHT A2 11184,41 = 
= -0,400. 11cnonb3.YR 3Kcnep~MeHTanbHoe 3Ha4eH~e A 22 AnR AaHHoro 
KacKaAa 1Ta6n. 11, nony4aeM A22 1242,91 = +0, 12131. Ha ocHoae 
3TOH aen~4~H~ 6~n ycTaHoaneH npeAen ao3MOmHOH np~Mec~ E2-KoMno
HeHTa B nepexoAe 242,9 K3B: M1 +::; 0, 04%E2 np~ 8 > 0, 4TO Haxo
A~TCR B cornac~~ C AaHH~M~ no 3neKTpOHaM BHyTpeHHeH KOHBep-
C~~ /1,9/ • 

KacKaA 1113,5- 242,91 K3B. 11cnonb3YR 3Ha4eH~e A21242,91, 
ycTaHoaneHHOe np~ aHan~3e npeA~A.Y~ero KacKaAa, onpeAen~n~ nap
~..~~anbHbli:1 K03~~~~..~~eHT A2 1113,51 = -0,40811221, ~3 KoToporo cne
A.YeT MynbT~nonbHbiH cocTaB nepexoAa 113,5 K3B: M1 +$1%E2 (8<0). 

KacKaA 11131,2- 296,11 K3B. BepxH~i:1 nepexoA 3Toro KacKaAa 

312+-512--512- ~MeeT 4~CT~H E1-xapaKTep, no3TOMY ~3 Ta6n~1..1 1101 

cneAyeT A2 I 1131 , 21 = 0, 3 7 4. AHanor~4HO npeA~A.Y~~M KacKaAaM, 
onpeAenReM nap1..1~anbH~H K03~~~~..~~eHT A 2 1296,1 I = -0,323161 I, 
aHan~3 KoToporo no3BOnReT np~n~caTb nepexOA.Y 296,1 K3B MynbT~-

nonbHOCT~ ~n~ M1 + I1,0~~·~1%E2, 18 = -0, 10~~·~~1, ~n~ M1+181~451%E2 
+0 32 , , 

18 = +2,07_0:27/. 
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165 
Er. Bbi,JJ;ene~ Be

JIH'IHHbl, onpe,o;eneHHbie B Hac TOH~efl paooTe. 

B pa6ore/ 1 11An~ nepexoAa 296;1 K3B onpeAeneH K03~~4HeHT 8HyT
peHHeA KOH8epCHH /KBK/ a K = 0, 113, 4TO n0380n~eT np~n~caTb eMy 
MynbTHnOnbHOCTb - M1. ~AHaKO B pa6oTe 111, TaK~e Ha OCHOBe AaHH~X 
no KBK /aK = 0,051/, MYnbTHnonbHOCTb 3TOro nepexoAa onpeAen~erc~ 

KaK E2. 
TaK~M o6pa3oM, ~Me~~Hec~ AaHH~e no KBK npor~eope4~8bl ~ He 

Aa~T 803MO~HOCTH OAH03Ha4Horo e~6opa B An~ nepexoAa 296,1 K3B. 
PaCCMOTP~M pa3P~AKY COCTO~HH~ 5/2- 296,1 K38 poTa4HOHHOA no

nOCbl 3/'£ [ 521) y-nepeXOAaMH 218,8 H 296, 1 K38 Ha OCH08HOe ~ nep-
80e 8036Y~AeHHOe COCTO~H~~ nonoCbl 5/T (523). nocKOnbKY yKa3aHH~e 
COCTO~H~~ npaKT~4eCKH He CMeWH8a~TC~ /eM. Ta6n.5/, OTHOWeHH~ np~
BeAeHHbiX sepo~THOCTeA 3neKTP~4eCKHX ~ MarHHTHbiX nepeXOAOB OAHHa
K080A MynbTHnOnbHOCT~, ~AY~HX Me~AY Ha4anbHbiM COCTO~HHeM li Ki 
~ A8YM~ KoHe4HbiMH COCTO~HH~M~ lrKr H l(Kr OAHOA epa~arenbHOA 
nonOC~ 8 He4eTH~X ~Apax, AOn~HO OnHC~8aTbC~ OTHOWeHHeM K8aApaTOB 
K03$$H4HeHTOB Kne6wa-fopAaHa /npae~na AnarH/: 

2 
B(aL; I1K1 ... IrKr) <11 LKt Kr - Kt I IrKr > 

/1/ 

4 

H3 aHanH3a OTHOWeHHA npH8eAeHH~X Bepo~THOCTeA MO~HO onpeAenHTb 
8enH4HHY OTHOWeHH~ 82 (E2/M1) pa3p~~a~~HX nepeXOA08. 

Hcnonb3YeM 3To c8oACT8o An~ 8~6opa OAHOro H3 A8YX 803MO~H~x 
3Ha4eHH~ 8/296,1/. OTHoweHH~ K8aAPaTo8 K03$$H4HeHT08 Kne6wa
fopAaHa pn~ cny4ae8 E2 H M1-nepeXOA08: 5/2-3/2-[521] ~ 5/2-5/2-[523] 
H 5/2- 3/2-(521).;. 7/2-5/2- (523) pa8Hbl: 

B(E2, 6/2 3/2 ... 6/2 5/2) <5/2 2 3/2 II 15/2 6/2 > 2 

B(E2, 5/2 3/2 ~ 7/2 5/2 ) 2 3/2 I I 7/2 5/2>2 
27 /2/ 

<5/2 

B(Ml, 5/2 3/2 ... 5/2 5/2) < 5/2 1 3/2 ll 5/2 5/2~ 
• = 0,4 131 

B(M1, 5/2 3/2 ~ 7/2 5/2) < 6/2 1 3/2 1 1 712 5/2 > 2 

3KcnepHMeHTanbH~e 3Ha4eHH~ npH8eAeHH~x 8epo~THocreA M1- H E2-
nepeXOAOB onpeAen~~TC~ B~pa~eHH~MH: 

B(M1) 
3,96·10r, 

T ~12(M1) E:(K'JB) 
/4/ 

H 

B(E2) 
56,3 

rrY (Ji'C)\ li'5fvn0\ 
/51 

1/1! ,-·-, -y , ... _' 

y 
T 1/2 (M1) E2 

Y4HT~8a~ To, 4To =., ( ) 83 e -u Ml, ~ OTHOWeHHe ypaBHeHHH 
r[;2 (E2) 

/2/ ~ /3/ H nOACTaBn~~ B~pa~eHH~ /4/ H /5/ An~ np~BeAeHH~X &e
POATHOCTeA Hl- H E2-nepeXOAOB, nony4aeM: 

B(E2; 296,1) 

B(E2; 218,8) 

B(M1; 218,8) 

B(M1; 296,1) 

16,23 • 8 2 (296,1) 

29,68 • 8 2 (218,8) 
= 67,5. !61 

OTKyAa 8 2 /296' 1 I = 123 '44 8 2 /218 '8/. naACTa8n~~ 3Ha4eHHe 
8 2 /218,8/ = 0,07, onpeAeneHHoe KaK cpeAHee 3Ha4eHHA H3 pa-
6or 191 H 111 ~ nony4aeM 8 2 /296, 1 I = 8, 65. 3ro no3eon~eT Bbl6paTb 
H3 ABYX B03MO~H~X 3Ha4eHHA OTHOWeH~H cMeW~8aHH~ An~ nepeXOAa 

296, 1 K38 OAHO - fj = +2 07+0 '32 
' -0,27" 

KacKaA /346,8 - 242,9/ K38 + /346,9 - 242,9/ K38. 8 pa6o-

Te 1121 ~~n npo8eAeH T~aTenbH~H aHanH3 K03$$~J.4~eHTOB yrn08biX Kop
pen~l.4~~ 3Toro cyMMapHoro KacKaAa /pHc.1/ c npHene4eHHeM AaHH~x 
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no HCCneAOBaHH~ cneKTpOB y-ny4e~ H 3neKTPOHOB BHyTpeHHe~ KOH
BepcHH 185 Er 11 •91. B pe3ynbTaTe 6bln ycTaHoaneH MynbTHnonbHbl~ co
eTas AY6neTa y-nepeXOAOB: 3/2+/346,8/ 3/2-- E1 H 1/2-/346,9/ 
3/2-- M1 + 0,7%E2. AaHHble HacTo~~Hx H3MepeHH~ noATBeP*Aa~T 3TH 
pe3ynbTaTbl. 

MynbTHnOnbHbl~ COCTaB HCCneAyeMbiX Y -nepeXOAOB, ycTaH0BneHHbl~ 
Ha OCHOBaHHH H3MepeHHbiX K03¢$H~HeHTOB yrnOBbiX KOppen~~H~ /CM. 
Ta6n. 1/, npHBeAeH a Ta6n.2. 

4. YT04HEHHE CXEMbl YPOBHEtl 
165 

Er 

oanaHC HHTeHCHBHOCTe~ nepeXOAOB, 3acen~~~HX H pa3p~~a~~HX 
COCTO~HH~ 745,9 H 589,8 K38 165 Er, npoBeAeHHbl~ B pa6oTe Ill, no3ao
n~eT nepe~TH OT O~eHKH nepHOAa nonypacnaAa COCTO~HH~ 1/2-
589,8 K3B IT 11.2 :;; 0, 6 He 121 I K onpeAeneHH~ ero T04Horo 3Ha4eHH~. 

8 pa6oTe/1/ 6blnO noKa3aHo, 4TO COCTO~HHe 745,9 K38 3acen~eTC~ 
TOnbKO B pe3ynbTaTe K-3aXBaTa. no3TOMY npH TO~ nocTaHOBKe 3KCne
PHMeHTa /coanaAeHH~ KOHBepcHOHHbiX 3neKTPOHOB K-384,5; K-389,4; 
L -346,9 K38 C raMMa-ny4aMH E y.?300 K38/, KOTOpa~ HMena MeCTO 
B HCCneAOBaHH~X/2~ npHnHCbiBaeMOe COCTO~HH~ 745,9 K38 apeM~ ~M3-
HH T 

112 
= /0, 98.:.:_0, 14/ HC cneAyeT OTHOCHTb K COCTO~HH~ 1/2-

589,8 K38, TaK KaK OCHOBHO~ BKnaA B COBnaAeHH~ TOrAa AOn~Hbl 
AaBaTb KOHBepcHOHHble 3neKTPOHbl L-346,9 K3B. 

An~ Bb14HcneHH~ npHBeAeHHbiX aepo~THOcTe~ nepeXOAOB, pa3p~~a~

W.VJ.x.. Y~Ut:H::Nb ~83,8 r'\V~, n~vCAv,. .. p·u•n.J ;....:..~,.,-;-;, ::.~~;;~,: =:: ;:.:=:~::~::::~~:~ 

nepexoAa c 3HeprHe~ 292 ,11 K3B a cxeMe pacnaAa 165 Er. B pa6oTe 
Bblnoaa H AP·/ 1/ 3TOT nepeXOA pa3Me~eH Me~AY COCTO~HH~MH 3/2+ 
589,7 K38 H 1/2-297,3 K38. 0AHaKO B pa6oTe Maprye/11/eCTb yKa-
3aHHe Ha TO, 4TO nepeXOA C 3HeprHe~ 292,4 K38 ~Bn~eTC~ AY6neT
HbiM H HAeT He TOnbKO C ypOBH~ 3/2+ 589,7 K38, HO H C ypoBH~ 
1/2- 589,8 K3B. Bocnonb3oBaBWHCb 3Ha4eHHeM K03$$H~HeHTa BHyT
peHHe~ KOHBepCHH nepeXOAa 292,4 K38 a = 0,094 /31/

11
/H npHH~B 

BO BHHMaHHe 3Ha4eHHe CnHHa COCTO~HH~ 5~9 ,8 K38 1 /2-
1121

H3 Bbl

pa~eHH~: 

3KC!l. 
aK = P • a K(M1) + (1- P) • aK (El), /7/ 

ly(M1) p 
rAe ly(E

1
) = 

1
_ p, MO>KHO onpeAenHTb OTHOCHTenbHble HHTeHCHBHOCTH 

KOMnoHeHT AY6neTa. nony4eHo p = 0,75 /25/. npHBeAeHHble aepo~T
HOCTH nepeXOAOB, pa3P~*a~~HX COCTO~HHe 589,8 K38, H ~aKTOpbl 3a
npeTa no Ba~cKon¢y, npHBeAeHbl a Ta6n.3. 

Heo6xoAHMO oTMeTHTb, 4TO ¢aKTOPbl 3anpeTa H aepo~iHocTH nepe
XOAOB C KOnneKTHBHOrO COCTO~HH~, KaKHM ~Bn~eTC~ COCTO~HHe C 3Hep
rHe~ 589,8 K38 113• 14~ Ha npaKTH4eCKH 4HCTble OAHOKBa3H4aCTH4Hble 
COCTO~HH~, He npOTHBOpe4aT CHCTeMaTHKe nepeXOAOB Me~y OAHOKBa3H-
4aCTH4HbiMH COCTO~HH~MH. 

6 

("'") 

Cl! 
::f 
~ 
1=: 
\0 
Cl! 

E-< 

... 
~ril ..,.., 
u"' 0 ..... 
:I:~ 
E-< (!) 

c:: ;.: 
0 
P,CO 
Cl) ~ 

lllO\ 
co 

CI)Ll) 

~. 
:I:N 
Cll-.. 
r:t-
Cl) 

Ill Cl) 
~ ~ 
p, = t:: 0: 

0 
~ E-< 
,....,u 

lito 
~() 

:»:< 
~g 
g g 
u ~ >=: 
Cl! p, 
~ tr) 

Cl! 
0 p, 
t:: .. 
Cl! Ill 
E-< 0 
Cl) r:t 
p, 0 
t:: :< 
Cl! Cl) 
tr) p, 

QJ 
:a t:: 
p, 
0,-., 
..,..J 
;.:~ 

~al 

('I) 
0 

~ 
H 

: . 
('I) 
H 

['-

. 
t:: 
0 ,. 
!<; 
11) 0 ......... H 

...J . 
C\2 

"' l!) ....... 
~ C\2 

~ 
0 
0 

= ~ 
~ 
~ ~ 

co 
..-4 

H 

\-4 0 

....... l!) 

">..~ C\2 
~ !<; ~ ....... 

'<' 'H' N 

~ C\2 
l!) 

1--J ~ 

'H 
I 
C\2 

114 ........ 
H 

'H 
I 
C\2 

H ........ 
H 

......... 
~ 
11) ....... 
!<; 0 ....... .._, 

• C\2 
p., ........ 

~E-<H 

('I) C\2 H 
0 0 0 
H H H . . ... 

ril .., 
f3 en . 

('I) ('I) "' ..... .. 
""' H C\2 ~ 

(!) 
;.: 

. 
t:: 
0 

..0 
!<; 
11) ['-,. ,. ,. 

0 0 0 
H H H . . . 
['- en ""' ""' 

('I) ('I) 

""' 0 C\2 

..;!" 0\ 
("'") 

Cl! ("'") 

::f 
~ 
1=: c:: 
\0 :I: 
C1l Ill 

E-< 0 

......... ......... H g g 0 
I+ 
C\2 .. ['-

;;. .. .... 0 
~ ~ 

p, 
:>. 
() . 

p., 
Ill 0 

~ 
tl"t 
['-

!:il+a C\2 
~ 

0 
r:t 
0 
:< 
Cl) 
p, 
Cl) 

t:: 

Ql 
E-< ....... ......... en 0 

~ !;l ""' ""' ....... ....... C\2 0 .. ... , 
I ~ ~ 

C\2 2 l!) 

0 0 

~ 

>:S: 
Cl) 
E-< 

:J'I C\2 ~ ........ 
l!) l!) 

() 

" I I I 

en en - .. 
~ en 

!R ('I) 

:I: 
E-< 
0:: 
0 
~ 
Cl) 
Ill 

~ I 
:.t C\2 

........ 
('I) l!) 

"H' 1!3' C\2 
l!) e L...J 

I I 

~ ~ 

~ 
= Cl) 
r:t 
Cl) 

~ 
p, 
t:: 

I 

~ \-4 ~ H 
['- l!) 

......... ......... ......... 
C\2 0 ('I) .. .. 
H C\2 ~ ,., ~ ('t) 
~ H H ....... ....... ....... 

f" r 
C\2 ~ ........ 
('I) l!) 

Cl) 

m 
Cl) 
El 

I .... ~ ~ H 
l!) It) 

0 
:I: 

en 
I 
0 
H co 

E-< 
0 

........ CD 
·~ rJ:! en 

('I) 

r' 
en ffi 
!R 0 

7 



nony4eHHble $aKTOpbl BeTBJleHI1fl f i /T a611. 3/ no3BOJ1RIOT pa3MeCTI1Tb 
nepeXOA 749,0 K3B MemAY COCTORHI1RMI1 5/!"1339,6 K3B 11 1/2-
589,8 K3B. B pa6oTelll nepeXOA 749,0 K3B paaMe~eH MemAY COCToR
HI1RMI1 5/2- 1339,6 K3B 11 3/2+ 589,7 K3B. B nOJlb3Y npeAnaraeMoro 
HaM11 Bapl1aHTa pa3Me~eHI1fl 

OCJla6neHI1R 11HTeHC11BHOCTe~ 

roeopi1T To, 4TO AilR 3Ha4eH11R $aKTopa 
y-ny4e~ 749,0 K3B, paBHoro 0,52, 

nony4aeTCR ny4wee cornac11e co 3Ha4eHI1eM, nony4eHH~M B 3Kcnepi1-
MeHTax no e-y cosnaAeH11RM 111 /$aKTOP ocna6neHI1R paeeH 0,36/7//. 
KpoMe Toro, 11MeeTcR ny4wee cornac11e no 3Hepr1111, 4eM B anbTepHa
TI1BHOM Bapl1aHTe pa3Me~eHI1fl nepeXOAa 749,0 K3B MemAy COCTORHI1RMI1 
5/2- 1339,6 K3B 11 3/2+ 589,7 K3B. 

HaM11 6~na npeAnPI1HRTa non~TKa onpeAe1leH11R KBaHTOBoro 411cna 
K" AJlfl COCTORHI1fl 1339,6 K3B no OTHOWeHI110 npi1BeAeHH~X BepoRTHO
CTe~ M1-nepexoAOB, cneAY10~11X Ha nepe~e ABa ypoBHR poTa~I10HHOH 
nOJlOCbl OCHOBHOrO COCTORHI1fl 5/2- (523]. nony4eHH~e pe3yJlbTaTbl 
/Ta6n.4/ no3BOJ1RIOT CAeJlaTb 3aKJ1104eHI1e, 4TO COCTORH11e 1339,6 K3B 
11MeeT, BepoRTHee BCero, K rr = 5/2-, XOTR 3Ha411TeJlbHOe OTKJlOHeHI1e 
OTHOWeHI1fl npi1BeAeHH~X eepORTHOCTe~ OT paC4eTH~X, CBI1AeTeJlbCTBy
eT 0 CJlOmHOH CTPYKType 3TOrO COCTORHI1R. 

5. HArH~TH~~ MOMEHT COCTO~H~~ 242,9 K3B 

165 
113MepeH11e MarH11THOrO MOMeHTa ypoBHR 242,9 K3B Er npoBOAI1-

JlOCb MeTOAOM 11HTerpaJlbH~X B03My~eHH~X yrJlOB~X Koppe11R~I1~ yy-Kac-
• ~ .. "'• • ... 1 ..... ,... ' .... , .. 1., ,.. .., 1.,.. n 1 . __ n 

KaiJ.Ot:S 11 IO"'t,"'t - L"1L,:.Jt "..;ru n 1 • •.JtJ ~-,~,JI ,,..., ..... 

B 3Kcnep11MeHTe per11cTp11poeanocb 411C1lo coenaAeHI1H N(8, ±H) 
A11R ABYX npoTI1BononomH~X HanpaeneHI1H MarHI1THoro nonR HBHew. 
= 2,0 Tn/, npl1nomeHHoro K 11CT04HI1KY nepneHA11KY11RPHO nnocKoCTI1 
AeTeKTOpOB. Yro11 MemAY OCRMI1 AeTeKTOPOB COCTaBJlRJl 8 = 135°, noc
ne 4ero onpeAenRnacb 3Kcnepi1MeHTa1lbHaR ee1111411Ha: 

N(8,+ H)- N(8-H) 
R = 2 /8/ 

N(8 + H) + N(8 - H) 

KOTOpaR B C1ly4ae A 22 >> A 44 CBR3aHa C yrnOM noBOPOTa KaPTI1H~ 

yrnoeo~ KoppenR~I111 cneAY10~11M e~pameHI1eM: 

R = - b2 sin~8 , 

3A22 
b2=----

4 + A22 

/9/ 

4aCTOTa JlapMOPOBCKO~ npe~eCCI111 WL onpeAeJlReTCR npOI13BeAeH11eM 
Be1111411H MarH11THOro MOMeHTa RAPa ~ 11 AeHCTBy~ero Ha Hero 3$¢eK
TI1BHoro MarH11THoro nonR ~$$. = H 8 HeWH. · f3 I f3- napaMarHI1THaR 

8 

., 

j 

nonpaeKa/: 

/10/ 

3Ta QOpMyna AeHCTBI1Te1lbHa B TOM CJ1y4ae, ec1111 B 113Y4aeMOM o6-
paa~e 11MeeT MeCTO TOJlbKO CTaTI1CTI14eCKOe MarH11THOe B3a11MOAe~CTBI1e, 

a APYri1M11 B11AaMI1 ceepxToHKI1X B3ai1MOAe~CTBI1~ MOmHo npeHe6pe4b. 
B mi1AK11X o6paa~ax B03MOmHo ocna6neHI1e yrnoBoH KoppenR~I111 

AI1HaMI14eCK11M KBaAPYnOJlbH~M B3a11MOAe~CTB11eM. Q~eHKa 11HTerpa1lbHOrO 
$aKTOpa OCJla6neHI1R yrJlOBOH KoppeJ1R~I111, onpeAeJlReMoro 3TI1M B3ai1MO
AeHCTB11eM, Ha OCHOBe AaHH~X pa6oT IU>·l7/ /B npeAnOJlO~eHI111 Beni1-
411H~ cneKTPOCKOnl14eCKOrO KBaApynOJlbHOrO 3JleKTPI14eCKoro MOMeHTa 
Q= 1,5 6 11 nep110Aa nonypacnaAa T 112 = 0,30/2/ Hc 121 npoMemy-

T04Horo COCTORHI1R 113Y4aeM~X KaCKaAOB/ AaeT 'G 22 (oo) 2 0, 998. .QnR 
Era+ napaMarH11THaR nonpaeKa onpeAeneHa KaK TeopeTI14eCKI1 f3reop = 
6,82~0,38 1181,TaK 11 3Kcnepi1MeHTaJlbHO {3 3KCn. = 6,61~0,30/191. • 

Cornac11e 3TI1X eeni1411H AaeT B03MOmHOCTb HaAemHo onpeAe1111Tb 3Q$eK
TI1BHoe MarH11THOe none, Ae~CTBYIO~ee Ha RAPa 3p611R ~$$.= 13,2/7/Tn. 

np11 B~411CJleHI111 3KCnepi1MeHTaJlbHOH Be1111411H~ MarHI1THOrO MOMeHTa 
YPOBHR 242,9 K3B 166Er 11CnOJlb30BaJlOCb 3Ha4eH11e epeMeHI1 m113H11 
T 112 = 0, 30/2/ He 113 pa6oT~ 121 • 4acToTa napMopoecKoH npe~ecc1111 
wL= 215/3/·10 6 paA/c onpeAeJlRJlacb KaK cpeAHeeaeeweHHaR ee1111411Ha 

ABYX 4aCTOT, no1ly4eHH~X B pe3y1lbTaTe 113MepeHI1H 11HTerpaJlbH~X Boa
My~eHH~X yrJlOB~X KoppeJ1R~I1H yy-KaCKaAOB /1184,4- 242,9/ K3B 
~ /11~_~- ?4?_G/ K~R . 

nony4eHHOe 3Ha4eHI1e MarHI1THOrO MOMeHTa ~/242,9/=-0,51/14/R.M. 
l&oE t XOpOWO yKJlaA~BaeTCR B CI1CTeMaT11KY 3KCnepi1MeHTaJlbH~X BeJ111411H 
MarHI1TH~X MOMeHTOB 3/2-(521] COCTORH11H He4eTHO-He~TpOHH~X (Dy, 
'Gd , Er) RAeP peAKoaeMeJlbHO~ o6nacTI1 /-0,25 + -0,55/ R.M/71• 

6. TEOPETH4ECKHE PAC4ET~ MArH~TH~X MOHEHTOB 

B paMKax coepeMeHH~x nonyMI1KPOCKOnl14eCK11X MOAene~ RAPa HaMI1 
6bl1111 npoeeAeH~ pac4eT~ MarHI1TH~X Al1nOJlbH~X MOMeHTOB 3/2- (521] 
11 5/2- (523] COCTORHI1~ He4eTHO-He~TpOHH~X 1130TOnOB 161• HIS, 16oEr, 
Ailfl KOTOp~X 11MeiOTCR 3KCnepi1MeHTa1lbH~e AaHH~e/20,21/ /CM.Ta6n.6/. 

a/ Pac4eT~ e paMKax OAH04aCTI14HO~ MOAe1111 
Ae$OPMI1poeaHHoro RAPa c Y4eToM KBaApynonbHOH Eg 
11 reKcaAeKanonbHOH £ 4 Ae$opMa~HH 

~cno1lb30BaJ1Cfl raMI1JlbTOH11aH HHJlbCCOHa, MOA11$11~11poeaHH~~ ryc
Ta$COHOM 11 AP· fg2~Be1111411Ha MarH11THOrO MOMeHTa onpeAeilRJlaCb 113 



Bblpa)l(eH~R ;2s; : 

111 I 

3Hepr~~ OAH04aCT~4H~X COCTORH~H B ac~MnTOT~4eCKOM npeACTaBne
H~~ [NnzA)O ~ K03$$~~~eHT~ pa3nO)I(eH~f1 BOnHOB~X QYHK~~H 
(ae, n- 112 ,af,n + 11 r) a c$ep~4ecKoM 6a3~ce \NfAI> 6~n~ e~4~c
neH~ c noMo~b~ nporpaMM~, on~caHHoH a pa6oTe 124:napaMeTp~ KBaA
pynonbHOH £ 2 ~ reKcaAeKanonbHOH £ 4 Ae$opMa~~H 6~n~ B3RT~ ~3 

pa6oT~ 3KcTpeMa ~ JlaMMa 121V.Bo ecex pac4eTax gs= 0,8 ·gsceo6. 
~ g R= 0, 3 I gf = 0 AnR He4eTHo-HeHTpoHH~x RAePI. 

61 Pac4eT~ B paMKax o6o6~eHHOH MOAen~ RAPa 
c ~cnonb3oBaH~eM noTeH~~ana CaKcoHa-ByAca, 
aA~a6aT~4ecKoe np~6n~meH~e 

B aA~a6aT~4eCKOM np~6n~~eH~~ COCTORH~fl aKc~anbHO-C~MMeTp~4-
HOro He4eTHOro RAPa xapaKTep~3Y~TCf1 KBaHTOB~M~ 4~cnaM~ nonHoro 
yrnoeoro MoMeHTa I, ero npoeK~~~ K Ha ocb c~MMeTp~~ RAPa ~ He
KoToporo Ha6opa p ac~MnToT~4eCK~x KBaHTOB~x 4~cen. B 3TOM np~-
6n~)l(eH~~ MarH~TH~H MOMeHT onpeAenReTCfl ~OpMynoH/28/: 

_K_(g 
IJ. = gR + I+ 1 K 1121 

rAe B o6~eM cny4ae Ben~4~Ha gft OTn~4aeTCf1 OT 3Ha4eH~H gR B 4eT
H0-4eTH~X RApax ~3-3a B3a~MOAe~CTB~f1 Kop~on~ca Me)I(AY BHeWH~M~ 
HyKnoHaM~ ~ OCTOBOM. 

Y4eT 3~~eKTOB cn~HOBOH nonf1P~3a~~~, KOTopafl B03H~KaeT KaK 
pe3ynbTaT Bn~RH~fl 1+-B036Y)I(AeH~H OCTOBa, CBOA~nCR K nepeHOPM~
POBKe cn~HoBoro r~poMarH~THoro QaKTopa g /28~ B 3TOM cny4ae gK -
r~poMarH~TH~H K03$Q~~~eHT BHyTpeHHero AB~)I(eH~fl ~MeeT B~A: 

rAe o6~4Ho 
RAep. 

g 3$~. = 0 6g 8 , 8, 

1131 

B~4~cneH~f1 OAH04aCT~4H~X YPOBHeH ~ BOnHOB~X $YHK~~H B noTeH
~~ane CaKcoHa-ByACa npoBOA~n~cb c noM~b~ nporpaMM~ CALDNU 1271 

/28T 
napaMeTp~ noTeH~~ana 6~n~ no3a~MCTBoBaH~ ~3 pa6oT~ 

el PaC4eT~ B paMKaX HeaA~a6aT~4eCKOH POTOpHOH MOAen~ 

3Ta MOAenb RBnReTCR npRM~M o6o6~eH~eM MOAen~ 6opa-~10TTenbco
Ha Ha cny4aH C~nbHOro B3a~MOAeHCTB~f1 Kop~on~ca Me)I(AY BHeUIH~M~ 

10 

E1/MeV/ 

1.3 

1,0 

0,5 

- 712" 
712~----~-
51r ----
312" ____ 3"'-1~2"~-
112" ---- m::---1_112 __ _ 
1112·~---

912-,__ __ _ 912" 

712-,__ __ _ 

5trll5121 5/2" 

712" .---

512-~---- .,..3,--2-=---
312"b-ruillL .• - -'i'i,;r-2_~--

1112" ..l?..Q~---- "'11~12~---

912·E ___ 912- :,:r-----~:
2

-2~--
- ::~ ~---_-...:.::.=::-~-- ~;~~~~~~~--"~""':~'-=---

1112"~- _ • _c.;ll'-'120---- "'" '""" n- ,,- ""[ "" "• 

exp. theor 1112• --------

9/2- ------"-91co2_-__ 9/2 ----

712" --- _.!-'7/'-"'2_--- 712' = ~ ~- =---'-''-'-
5/2' 512 [642) ----

512- [525) -"'51.,_2"__ exp. theo' 

exp. theor. 

CpaBHeHHe paCC"iHTaHHhlX gHa"ieHHH 3HeprHH COCTOHHHH 
PHc.2. "eHHH 165Er c gKcrrepHMeHTanhHNMH 3Ha~ -
poTaJJ;HOHHblX ITOJIOC B / 14; 
M«. HRM - HeanHa6aTH"iecKaH BpamaTeJihHaH MOAeJih 
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Pe3ynbTaT~ pac~eToe /Ta6n.5/ noKaaan~, ~To Ha~6onee cy~ecT
eeHH~e np~Mec~ K n~A~PY~~eMy KOMnOHeHTY YPOBH~ 242,9 K3B 
3/2-(521] B 186 Er Aa~T COCTO~H~~ 1/2-(521) /1%/ ~ 1/2-(530) /1%/, 
a B OCHOBHOe COCTO~HHe nonoc~ 5/2-(523) Aa~T COCTO~H~~ 3/2-(532) 
/0,3%1 ~ 3/2-[531] /0,3%/. Pac~eT~, npoeeAeHH~e An~ H30Tonoe 
181,188Er, Aa~T aHanor~~HY~ KapT~HY CMeW~BaH~~, XOT~ BKnaA np~
MCCH~X COCTO~H~~ HeCKOnbKO yeen~~~BaeTC~. Y~eT 3T~X np~Mece~, 
a TaK~e nepeHOpM~POBKa MaTp~~H~X 3neMeHTOB 3a c~eT cn~H-cn~Ho
eoro B3uHMOAe~cTB~~ no3eon~~T yny~WHTb cornacHe c 3KcnepHMeHTOM. 

H3 Ta6n.6 BHAHO, ~TO TeopeTH4eCKHe 3Ha4eHH~ MarHHTH~X MOMeH
TOB, paCC4HTaHH~e B paMKaX HeaAHafiaTH4eCKO~ MOAenH, ny4We corna
CY~TC~ c 3KcnepHMeHTanbH~MH 3Ha4eHH~MH no cpaeHeHH~ c pac4eTaMH, 
e~nonHeHH~MH a paMKax OAH04aCTH4HO~ MOAenH HHnbccoHa H a aAHa6a
TH4eCKOM npH6nH~eHHH. 3To oco6eHHo aaMeTHO npo~en~eTc~ An~ nono
c~ 3/2''"(521), An~ KOTOpO~ BKnaA npHMeCH~X COCTO~HH~ 3a C4eT Ko
pHOnHCOBa B3aHMOAe~CTBH~ a~we, 4eM a cny4ae nonoc~ 5/2-[523]. 
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