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1, B B e JJ. e H H e 

CnHHOByiD qaCTb MarHHTHoro MynbTHnonhHoro onepaTopa MO~Ho aanHcaTb 

Ill 
B BHJJ.e 

.., e'ti 
Ill (A,, 1J. )• --

(1 2M c 

• 

y AIJ. ( O l • ¢ l ) ] • 
( 1,1) 

rJJ.e g a - CllHHOBOe rHpOM8rHHTHOe OTHOWeHHe, C llOMOWb iD npOCTbiX npeo6-

p830B8HHA npeJJ.CT8BHM ero B BHJJ.e: 

m <A..,.,.) .. --il :r 
2M c l 

( 1.2) 

rJJ.e 



u 0 = u z , u± 
1 

+-= ( u +iu ) y 2 "- y 

MarHHTHbie CBOtfCTB8 Sl):tep MOryT 38MeTHO B03MYlll8Tb T Onb KO OCT8TO"i -

Hb!e B381'1MO)letfCTBI'IS! 0 KOTOpbie MO)I(HO npeACT 8BI'!T b B BH)le npOH3Be)leHHS! Mynh-

Tl'IITOnetl TI'IIT8 ( 1. 2) o Pa3n0)1(1'1M ueHTpanb Hb!H CITHHOB b!H ITO T eHU H8n ITO Mynb -

TI'IITOnSIM: 

v <I 71 - -; 2 I ) ;:; 1 ;2 = :£ 
4rr ~< + 1 -A 

J It ( r 1 ' r 2 ) :£ -k-- ( - 1) 
k A= t, 1t ± 1 2 + 1 

• ( 1.3) 

A 11--+-+ -+ -+ 
x :£ (-1) lu(l)Yk(l)}AIL I u (2) Y k (2 ) lA-I' 

~~-=-A 

BbiAenHM HeKoTOpbie "ineHbi pa3nO)I(eHHSI ( 1.3). 

a) MarHHTHbie AHnonhHhie B38HMOAetfcTBHSI A = 1 , k = 0,2 

IL J ( r , r ) ! ( - 1) u ( 1) u ,, ( 2) + 
o 1 2 I' 1L -,. 

\ 1.4) 

4rr J
2

(r
1
,r

2
) :£ ( -t/ l ;(l)Y(l) } 1;(2)Y

2
(2) }1 IL 2 1 p. -11-+ --

5 

3TH B38HMO)leHCTBHS! MOryT B03MYIU8Tb MarHHTHb!e )lHITOITbHbie MOMeHThl H 

M 1 -rrepexoAbi B HApax. B "i8CTHOCTH , rrepBbiH "ineH Bbipa)l(eHHSI ( 1.4) He -

rronh30BancSI EoxHBUKH H Ora3oi!: rrpH HccneJioBaHHH CITHHOBbiX nonSipH3a -

/2/ 
uHOHHbiX s!jlqJeKTOB B HApax • B "ieTHO - "ieTHhiX ae<jJopMHpoBaHHhiX HApax MarHHT-

Hbie )li'IITOnhHbie B381'1MO)leHCTBI'IS! MoryT reHepHpOB8Tb 1 + - COCTOS!HI'IS! c K = 0 

I'IITI'I 1. npl'l rronO)I(I'!TenhHOM 3HaKe v <I ·? 1 --; 2 I) B381'1MO)leHCTBI'IS! ( 1.4) S!BITS! -

JOTCS! OTT8nKHB8TenhHbiMI'Io 

4 

6) CnHH-KBaapyno 

_.!!_J (r,r) :£ (-
5 2 1 2 "' 

3TH B381i:'vfOAeli:CTBI'IS! re 

CBS!38liHbie C {3 - 1'1 y 

KB8ApynonhHbie B381'1MOA 

B) MarHHTHbie oKT. 

".!!.._ J (r ,r ) :£ 
5 2 1 2 /L 

3TH B38HMOAei!:CTBHS! M< 

T8K)I(e H8 CBOli:CTB8 3+-

UenhJO ABHHOH pa6 

ITOIThHb!X B38 HMO.(leli:CTBH 

nax 38ITHChiBaeTcSI raM! 

HAep B MeToJle TaM Ma-

HCCne)lOB8HHS! MBrHHTH 

Y"iTeM B cHcTeMe 

AeHCTBHS! (B )l8nbHeHIU• 

CITHH-KB8ApyrronhHbiX B3 

91jJ¢eKTO B)! 



IYIIl8Tb TOnbKO OCT8TO'I -

,JA noT eHuHan no Mynb-

k ± 1 

4rr 

2k +1 

lA_,.,. . 

1 1 k = 012 

11:+1-A 
( -1) 

• ( 1,3) 

\ 1,4) 

aHDOnhHhle MOMeHThl H 

i Bblp8)1(eHHSI ( 1,4) HC -

R CDHHOBblX DOnSipH38-

pOB8HHbiX Hapax MarHHT-

1 + -COCTOSIHHSI c K = 0 

,-IQ):leHCTBHSI ( 1,4) SIBnSI-

6) CnHH-KBaapynonbHbJe BaaHMoaeAcTBHH A • 2 1 k • 2 

4rr --J (r 1 r) I s 2 1 2 II. 

( 1,5) 

3TH B38Jf.MOaeACTBHSI reHepHpy!OT B 'I~THO-'I~THblX HapaX Q + H 2 + -coCTOSIHHSI, 

CBSI38HHbJe C {3 - H 
/13/ 

y - BH6p8UHSIMH • no C006p8)1(9HHSIM CHMMeTpHH CDHH-

KBaapynonbHble B38HMOaeACTBHSI cna6o B03MYIIl810T M8rHHTHbl9 MO M 9HTbl Haep, 

B) MarHHTHbJe OKTynonbHbJe saaHMoaeACTBHSI A .. 3, k .. 2 

4rr 

s 
( 1,6) 

3TH B38HMoaeACTBHSI MoryT BnHSITb H8 MarHHTHbJe OKTynonbHbJe MO M 9HT bJ 1 8 

+ 
T8K)I(e H8 CBOHCTBa 3 -COCTOSIHHH B 'I~THO-'I~THbiX Hapax, 

llenb!O aaHHOH pa60Tbl SIBnSI9TCSI HccneaOB8HHe CBOHCTB MarHHTHbiX aH-

nonbHbiX saaHMoaeAcTBHA s aecjlopMHpoBaHHbiX Hap ax, B nocneayJOmHx p a aae-

nax 38DHCbJB89TCSI raMHnbTOHH8H H pewaeTCSI 3aaaqa 0 cneKTpe H9"1~THbiX 

Haep B MeToae TaMMa-llaHKOBa. nony'leHHbJe peweHHSI HCnonb3YIOT C SI anSI 

HCCneaoB8HHSI MarHHTHblX aHnOnbHbiX MOM9HTOB Haep, 

2. TaMHJibTOHHaH 

Y'ITeM B CHCTeMe OCT8TO'Iiible napHbl9 H M8rHHTHbl9 aHnOnhHbl9 B38HMO-

aeACTBHSI ( B aan&H9HW9M Mbl DOK8)1(9M 0 "'TO BKnJO"'eHHe KBaapynonbH h lX H 

CDHH-KBaapynonbHblX B38HMOae HCTBHH He cyweCTB9HHO anSI p a CCM8 TpHB8 9MblX 

a4>cjleKTOB): 

5 



H - l: f ( r) B (r) + -
2
1 l: 

a sa , 
a,r r,r 

rae r=ln,p}, 

f =· 1 6 2 +(E -A) 2 
• v • 

K r r, Til. (r)T
11
(r'), 

" "' 0, 1 

a ... - = l: 
p= ± 

+ 
a "P a a'p 

( 2.1) 

a + 
v 

- onepaTop PO*IleHHH KBaaHqacTHUhi, CHaqana yqTeM TOnbKO nep-

B bla qneH MSrHHTHOrO llHllOnbHOrO B38HMO,I:leacTBHH ( 1,4) H npeanonO)f(HM1 

'ITO Bee paaHanbHbie MaTpH'IHbie aneMeHThi OT onepaTopa J 
0 

( r 
1 

, r 
2

) oaHHa

KOBbi H HX MO)f(HO annpOKCHMHpOBSTb KOHCTSHTOa K • B 3TOM npH6nH)f(eHHH 

Til. ( r) l: < s p I u + ( -1)11 u I a 'p ' > a + ( r ) a , , ( r ) , 
" -,. •p • p 

( 2.2) 
, 

••• ,p,p 

rae a : - onepaTopbi PO*.tleHHH qacTHU, 

B llSnbHearneM HCllOnbayeM CneayiDlliHe CBoacTBB CHMMeTpHH O.tlHO'ISC-

TH'IHblX MSTpH'IHbiX aneMeHTOB! 

u' '"'~ "' < s + I u + <- 1 / u I s, + > 
•• 1-' -f.l 

-<s-lu+(-1)11-u Is'-> .. 
tJ. -~~-

- 'jl.) 
(1 

•• 
= <s+lu +(-1)/l 

tJ. 

(tJ.) 
(1 , 

• • 

u I a 
-I-' 

~(jl.) , 
• • 

<~t= 0,1) 
( 2.3) 

>=<s-1 u +(-1)11-u Is'+>-= 
" -jl. 

<~t~+l). 

6 

.I. 

!_ 

B Bbipa}l(eHHSIX ( 

KBHOHH'IeCKOe npeo6pa 

BHne: 

rne 

T IJ. ( r) c l:, 

D •• l: 
p 

•• 

1 
+--

y2 

+ ;;« IJ.) 

•• 

+ 
pa ·-

C ,. - 1- I a •• ..;2 p • 

M '= .. u u + \ • • 

0 TMeTHM cnenyiC 

c, 

+ ' [ C 0 •' ( r ) , C >.'>. ( r 

+...L(.s ,, B, , 
2 81\ 1\ . 



r , ) ' ( 2.1) 

a s'p 

( 1.4) H npennono)!(HM1 

J 
0 

( r I , r 
2

) OrtHHa-

:r> a , , (r} ' ( 2.2) 
• p 

'18 CHMMeTpHH OrtH0'18C-

,.,. 
- (-1) (1 

-p. 
I S, - ·> e 

( 2,3) 

,. 
+(-1} u Is'+>= 

-f,£ 

B BbipaJKeHHSIX ( 2,3) I s + > H I s- > conpSIJKeH bi no BpeMeHa. npoBen SI 

KBHOHH'IeCKoe npeo6paaoBAHHe Eoromo6oBa, a anaweM onepaTop T P. ( r) B 

BHne: 

rne 

T(r)•I 
p. ' 

[ 
I p. l 

q ' •• •• 

1 
+--

y2 .. I p.l 
q ' •• 

[C+,(r)+C •(rll+ . . . . 

-lp.) 
+ q 

-+ -
[C

00
,(r)+C

00
•(r)ll L •• 

D •• I 
p 

c ·--•• 

M •= •• 

..;2 

u. u 

•• 

+ 
pa•-Pa•'-p 

I a , a 
p • p ·- p 

, + v 

D ••' a I 
p 

c 

L 

•• 

·= •• 

..;2 

+ 
a • -P a •, p 

I pa , a , 
p • p • p 

0TMeTHM c nenyiDw He CBOACTB8 o nepa TopoB c •• ·<c ••• ): 

c •• -o, c.'.=- c •• ' 
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B aarrhHellweM Mbi ae 6yaeM paami'!BTb B cyMMax qrreHbi c onepaTopaMH 

D •• H 0 88 '• C 88 •H C 88 ' t IIOCKOITbKy BCe BblpBlKeHHSI anSI HHX HaeH-

TH1.fHbt. 

rae 

PaaaerrHM raMHJibTOHHaH aa TPH qacTH 

Hooll 

H • H • qp + H coll + H 1 nt • 

Haqpe l: ( 8 (r)B88(r) 
a,r 

1 I 
-= T r, r K rr' I 

+ 
u 1 Ill, L , [ C , ( r ) + • • • • • • •• 

+C
88

•(r)] I u
1"' 1,L ,( c:.,•(r')+ C., •(r')] 

, mm mm m 

H tnt : 

m,m 

1 

2..;2 
l: 

r,r 
K r r' l: l: 

' ' •• mm 

u'lll M••' x •• 

+ 
X u'"'1' L.,.,•D •• ·(r) ( c.,.,•(r') + c.,.,•(r ')] + .,., 

,,.., ( ,.., + ' 
+u ,L •u ,M •(C •(r)+C .{r)JDm.,•(r)l. 

•• a a mm mm a a a a . 

H eqp OIIHC b iBBeT oaHOKB83 H'I8CTH'IHOe aBH lKeHHe B Hape l H ooll 

(2,7) 

(2,7a) 

(2.7s) 

(2.7c) 

- KOIT-

rr eK T HBHbi e B 0 3 6 ylKae HHSI 1 C BSI38 HH bie C M81'HHTH b i MH aH IIOITbH b i M H B38H M Oael!-

C T BH SI M H 1 8 H tnt - C BSI3b o aHO'I8CTH'IH OI'O H K OnneKTHBHOI'O aBH lKeHHl!, 

8 

faMHJibTOHH8H {3-

A ,.,.• = 11 1/ 2 ~ p a 
p 

+ 
C a 8 ' , A ,\,\ ' ] = 

B MeTo.ne rrpH6rrHlt 

O IIepa T Opbl IIpH6JIH.lK8HHC 

KB8APYIIOllb Hhle B3BUMO.Q 

H b!X CBOtiCTB HAep, 

O.nHoljJoHHbie BorrHo 

poBaHHbiX B38HMO.Q8t\CTBI 

BB 1 HM8HH0 1 pOT 8UHOHHb 

+ + 
CIIHHbl 2 1 4 o o • 1 

6y.lK.Q8HHH ( K 11 =0+) 

3, Pewe 

B HyTpeHHIOIO BOJIH 

IIp08KU Het\ MOM8HT8 K 

+ 1 

y2 
I , 

T 

¢ K (r 

~ ~ 
f./ ".·II 



meHbi c o n epaTopaMH 

:H SI An SI HHX HAeH-

+ 

, X . 

+ 

( r ' ) I . 

~. H coil 

( 2,7) 

(2,7a ) 

(2.7s) 

(2.7c ) 

- KOn-

ll1bHbiMH B38HMOA el!-

10r0 ABH>KeHHi! , 

faMHnbTOHHBH {3- H y BH6pauHtl: Bbipa)l{aeTCSI qepe3 orrepaTOpbi 

A,.,.' =11v 2 ~ 
p 

p a,.'p a ,. _ p, 

( 2. 8) 

8 MeTOJle I1pH6nH)I{eHHOro BTOpU'-IHOrO KB8HTOB8HHSI MO)I{HO C'IHT8Tb 8TH 

onepaTOpbl I1pH6nH)I{eHHO KOMMyTHpyJOilllfMH H 1 cneJlOB8TenbH0
1 

He Y'IHTblB8Tb 

+ 
KB8JlpynonbHbie B3811MOJleHCTBHSI I1pH paCCMOTpeHHH 1 -COCTOSIHHH H MarHHT-

HhlX CBOHCTB SIJlep. 

pOB8HHbiX B38HMOAelfCTBHeM ( 2, 7a) t HMeJOT pa3nH'IHbie Bp8lll8TenbHbie CBOlfCT-

Ba, HMeHH0 0 pOTBUHOHHbie COCTOSIHHSI, OCHOBBHHbie Ha {3 - BH6p8UHH, HMeiOT 

+ + 
Cl1HHbl 2 1 4 • • • 1 a pOT8UHOHH8SI nonoca M8rHHTHOrO JlHI10nbHOro 803-

HMeeT Cl1HHbl , 11 T.Ll. 

3 . PemeHHe JlnSI He'-IeTHbiX SIJlep B MeToJle TaMMa-llaHKoBa 

BHyTpeHHIOIO BOnHOBYIO ~YHKUHIO JlnSI He'leTHOrO SIJlpa B COCTOSIHHH C 

npoeKu Heii MOMeHTa K 3arrumeM B BHJle: ( K > 1/2): 

+ _1_ ~ 
r' 

K"' 
R 

s. 
(r, r') + 

av (r' ) I 'll
0 

( 3. 1) 



rJle 'I' 
0 

- BaKyyM no KBa3H'!aCTHUaM, a N K (r) H RKV 
••' - aMnnHTYJlbl 

CMellJHBa HHSI OJlHOKBa3H'!aCTH'IHbiX H TpeXKBa3H'!aCTH'IHbiX COCTOSIHHfi: ( Y'!TeM 

npHMeCH THITa (3D), (3p),(2p, D) H (2n, p )). B Bhipa)l(eHHH (3,1) BBe-

JleHO ycnOBHe 6nOKHpOBKH, KOTOpoe 03HaqaeT, 'ITO He'!~THaSI KBa3H'!aCTHUa He 

npHHHMaeT yqacTHSI B o6paaoBaHHH CBSI3aHHbiX nap, 

BblflHll!eM ycnoBHe HOpMHpOBKH: 

+ 2 
¢K ¢K~ NK(r) + l: 

r, 

K V 2 
l: l: [ R ,( r, r ') ] ., 1 . 
11 ea'/:Y •• 

(3.2) 

fiepeCTaHOBO'!HaSI CHMMeTpHSI onepaTOpOB C 8 8 ' HaKna)lbiBaeT ycnOBHe 

Ha aMnnHTYJlbl 

R K,v 
• • 

llnH H8XO)I(JleHHSI 8MITnHTYJl 

HCITOnbayeM BapHBUHOHHbifi: MeTOJl! 

KV 

R • • 

NK H 

( 3,3) 

R K v, H co6cTBeHHbiX aHa'!eHHA 
1111 

8 1¢K(r) H¢K(r)-tK(r}-

( 3,4) 

2 K V 2 
-cuK(r)( NK (r) + l: ( R

88
,) - 1]] 0 . 

3)leCb B8pH8UHOHHbifi: MHO)!( HTenb CU (r) K . HMeeT CMbiCn CJlBHra SHeprHH 

0JlHOKB83H'!aCTH'IHOrO COCTO.IIHHSI 0 o6ycnOBneHHOrO MarHHTHbiM JlHITOnbHbiM B3a-

HMOJleHCTBHeM, 

B a pHauHOHHbie ypaBHeHHH HMeiOT BHJl: 

10 

• 

- wK( r ) N K(r) ~ 

[ E ,( r ') + E I 

+ ~ K , ,, 
r r 

I< rr N! 

rne 

WK
11
(r,r') 

EyneM C"!HTBTh, "! T o 

Tor na ceKyn~pHoe ypa 

rne 

P(K,wK) = K ~ [a(!l ) 
K v 

II 



- aMnnHTY.tlbl 

b!X COCTOSIHHJ% ( Y'ITeM 

B b!p8)KeHHH ( 3. 1) BBe-

~TH8SI KB83H'I8CTHU8 He 

"'1 . (3.2) 2 

HaKna.tlbJBaeT ycnoBHe 

( 3.3) 

co6CTBeHHbiX 3H8'1eHHJ% 

(3 .4 ) 

M b!Cn C.tiBHra aHeprHH 

EHTH biM ,l:IHnOnbHb!M B38-

rne 

(I') 
I a K II MK II W K II ( r ' r ' ) 
II 

) <1'> M [a <1'>, L 
K rr' N K ( r a K 11 K 11 • • 

WK
11
(r, r ')= I 

o o ' f, II 

(jl ) 
a ' .. 

EyneM C'iHTBTh, 'iTo 

K =K = K =K 
-T r n n PP 

K =qK• 
np 

Torna ceKyrrSlpHoe ypaaHeHue nm1 wK(r) MOlKHo 3anuca Tb a aune: 

rne 

l . 

11 

(3 . 4a ) 

( 3 .1a ) 

(3.5 ) 

(3 . 6) 



FKY(r,r')= ::£ 
•• , f, y 

Tv ( wK) = 

2 
[a<ll~L •• ·l,, .. 

l 
0 0 

~ r ') + l 
11 

( r ) - fK ( r ) - w K ( r ) 

1+ K FK
11
(r) KQFKY(r'"r) 

K q FK II ( r) 1 +K FK
11

( r'f, r) 

(3.7) 

(3.8) 

<PyHKUHH F K v< r) HMeeT BHLl ( 3. 7 ) rrpH r ·-= r 11 yqeTe 6nOKHpOBKH 

(s,s ',l. v) 

Jle rKo rroKa3 a Tb , "'TO B rrpH6nH>KeHHH TaMMa-ilaHKOBa ypaBHeHHe 

S) 11 (wK)I ve K = 0 
(3.9) 

+ 
o npeaen fle T :O!HeprHH 1 - COCTOHHH H B "! e THO-'ie THbiX fiLl pax. Jle rKO BHLleTb H3 

ceKynRpHoro ypa s HeHHfl ( 3.6 ) H BbipalKeHHii (3.7) 11 (3.8), 'iTO HH lKaiiwee pewe-

HH e nelKHT B o6naCTH 

( ll J 2 ( 1 ) 
-K :E[cr MK 11 ] <w < 0, 

II Kll K (3.10) 

a c n eay rowee pe~eHHe non y "!aeTc fl y lKe npH 
I 2 J 

WK _2:t
88

, . 

12 

I 

I 

Hcrronb3YH ypaBHe 

aM rrnHTya: 

N-2 
K 

RKV 

•• 

K[l+K(l-q )F
1 

~y(C&IK) 

K q 
X 

g) II (c.JK) 

RKI 
A) 

c 

3aeCb 3H8"10K r OTHOC 

TYLlbl 
Kll 

R .>..>. , ( r , -! r) o 

HnH ( 2p, n) rrpH K 
n 

oqeHb cna6o 38BHCHT o 

roMy. OaHaKo B6nH3H H 

rrpHMeceii pe3KO B03pac 



(3.7) 

(3.8) 

11
(r'f.r) 

i-ilaHKOBa ypaBHeHHe 

(3.9) 

S1Jlp8X. nerKO BHJ]eTb H3 

3,8) , 'ITO HHlKa~wee pewe-

(3,10) 

I 

' J 

Hcrronb3YSI ypaBHeHHSI (3.2), (3.4) H (3.6), rronyqHM Bbipa>KeHHSI anSI 

aM rrnHTya: 

N-2 (r) .. 1 + 
K 

a 
P(~e,cuK), 

iJcu K 

K(l+~e(l-q )FKv(r'"r)] 

g;"(cuK) 

[ ll') L ] 
a••' ••' r 

£
88

lr)+£.., (r)-£K(r)-cuK(r) 

(.3.11) 

R~~, (r'" r) = N (r) [ u(l.t) M ] x 
'"' K Kv Kll 

I( q 
X 

3aeCb 3Ha'IOK r OTHOCHTCSI K CHCTeMe He'I~THOrO 'IHCna qaCTHU, a aMITnH-

TYJlbl 
K V ( , R >.>..' r -1 r) orrpeaemnoT TpexKBa3H'IaCTH'IHbie rrpHMeCH THrra ( 2n, p) 

HnH ( 2p, D) rrpH 
I( " 0 np 

ITpH ManbiX 

O'leHb cna6o 3aBHCSIT OT CUK' Mano MeHSI~TCSI OT OJ]HOrO COCTOSIHHSI K JJpy-

roMy. 0JJHaKO B6nH3H HyneA ljlyHKUHH g}V ( CUK) pOnb TpeXKBa3H'18CTH'IHhlX 

rrpHMece~ pe3KO Bo3pacTaeT, 
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4, CrrHHosasr rronsrpH3aUHSI n MarHnTHbie MOMeHTbi He'l~THbiX sraep 

TionaraeM, 'ITO CITHH CHCTeMbl paBeH CYMMe CITHHOB 'laC T H U 

... 
s ~ 

... 
s i(r). ( 4, 1) 

1, r 

Bbi'IHCIIHM cpeauee 3Ha'leHne TpeTbeH rrpoeKU HH CITHHa Ha OCb CHMMeT pnn 

HLipa, OrpaHH'IJIMCH BKITaaaMH TaKHX TpeXKBa3H'IaCTJI'!HbiX COCTOSIHHH B BOITHO -

) " + BYIO cPYHKUH!O ( 14 , B KOTOpbiX napa KBa3H'!aCTHU HMeeT K = 0 
J1 OCT8BHM 

TOIThKO qrreHbi c v = K • B aToM crry'!ae ceKyrrsrpHoe ypasHeHHe HMeeT O'leHb 

IlpOCTOH BHLI! 

Ctl (r)= - K[ac 01 l 2 11-
K K K 

1 + K (1- q
2

) FK(r' f,r 

g) ((UK ) 
l. 

( 4 , 2) 

HH)!{alfwee peweHHe ypaBHeHHSI ( 4.2 ) rre)!{JIT B oorraCTH - K [ a1°1 ] 2 < Ctl( 11 < 0, 
KK K 

crreayiOIIIHe peweHH51 - BbiWe Hynelf cj:JyHKU HH ~ ( WK) • 

ilrrsr cpe a Hero 3 H a'leHHsr o n epaTopa c n nHa rrorr y 'laeM B b ipa )!{e HHe: 

+ " 
¢ ( r ) S ¢K(r)= K ,. 

1 
2 

(11 0) 11 -
KK 

2 
-2NK(r)[l-

l+K (1-q)F (r'"'r) 
K 

g) ( W K) 

14 

] l . 

( 4,3) 

TiocneAHHA 'IlleR B ( 4,3) < 

Marrbie TpexKBa3H'!a CTH 'IH : 

CKOITH'leCKHH BKnaa H IT ~ 

B COCTOSI.HHH 
¢( ll I 

K 

H ble AHITOilbHbie B3aHMOAe 

u · I o I 
KK 

OaH aKo a nSI. s1 

MaiT0 1 H ~eKT B38HMOAei 

HbiH BbJWe OITHCa H HOMY /:. 

Ora3oit s paMK a x TeopHn 

CTBHH KaK LIOITOITHHTeiTbl 

B pac'!~Tax rHpOM 

51Lipa X OO bl'IHO HCITOITb3 y : 

r ae 
1 o I 

C1 K K 

1 ( K g K = -2-

- aHaro~ 

UHHM H Hrrhc coH a . 

YHcrreHHwe pac'!eTh 

MeHTaiTbHhle aaHHhle rrpH 

g •fl • 0,6 g r 
!! c 
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MOMeHTbl ITOLipOOHO HCCIT 

HH'IHMCH paCCMOTpeHHe~ 

OITHCa HHHo 



M8HTbi H8'1~THbiX .Haep 

CIIHHOB '18C T H U 

( 4 , 1) 

~IIHHa Ha OCb CHMMeTpHH 

i'!Hb!X COCTOSIHHI!' B BOnHO

:eeT KIT eO+ 
H OCTBBHM 

Je ypaBH8HHe HMeeT 0'18Hb 

T ) 

I. 
{4 , 2) 

8CTH - K [ (7( O) )
2 < (U( 1 ) < 0 

K K K ' 

yqaeM Bwp a)l(eHHe: 

( 4 ,3) 

- J I. 

nocneaHHH qneH B ( 4 ,3) o6ycnOBn8H BKnaaaMH Tp8XKB83H'18CTH'IHblX COCTOSIHH H, 

Manbie TpexKBa3H'!a CTH'IHbie rrpHMecH, KorepeHTHO cKnaahi BaHcb, a a iOT M a K po -

CKOIIH'18CKHH BKnaa H IlpHBOa.HT K 38M8THOH IIOn.HpH38UHH OCTOB8 napa, 

8 COCTOSIHHH ¢~1 ) ( T) 1 KOTOpOMY COOTB8TC TByeT peweHHe w(Kl), MarHHT-

H bie aHrronhHbie B38HMoaeli:cTBH.H 3aMeTHO yMeHblllaiOT oaHo'!aCTH'!Hoe 3Ha'!eHHe 

C1 ( 0 ) 
KK 

0aHaKO an.H Bbilllene)I(81UHX ( TpexKB83H'!8CTH'IH biX) COCTOSIHHH !r (w ) 
K 

M ano
1 

H a<jl<peKT B3aHMoae li:cTBHH oKa3biBa eTCH o 6pa THbiM, Pe3ynbTa T, a HanorH'I-

HblH Bbilll8 OIIHCBHHOMY an.H COCTO.HHH.H 
¢ ( 1 ) 

K I 
6wn rrony'!eH EoxnauKH H 

Ora3oli: B paMKax TeopHH B03MymeHH.H H rrpH y'I ~Te ( n P ) - B3aHMoaeli:-

/2/ 
CTBH .H KBK aorronHHTenhHOrO B03MyiUeHH.H 

B pac'I~Tax rHpoMarHHTHbiX <t>aKTopoB B He'I~THbiX ae<l>opMHpoBaHH h iX 

/5/ 1 
o6hi'IHO HCrronh3yiOT <t>opMyny HHnbccona ( K > -) 

2 nap ax 

K gK =-1-( T 

2 '· 

( 4 ,4 ) 

rne 
( 0) 

U K K 
- a H a roHanbH bii!' M a T p H'IHb il!: a n eMeHT o rr epaT opa a n o cPYHK-

z 

UHSIM H HnbC COHB o 

4 HcneHHbie pacqeT bi rroKa3anH , 'IT O <i>opMyna xopowo onHCbiBaeT a KcnepH-

MeHTanbHhle aaHHhle rrpH 3aMeHe 
r i
8 

- cPBKTOpa H8 a<i>cPeKTHBHOe 3H 8'1eHHe 

g eff • 0,6 g T 
~ el 

161 
, BnH.HHHe rronHpH38UHOHH h iX a<t><l>eKTOB Ha Mar HHTHbie 

/2 7- 9 / 
MoMeHThi rroapo6no Hccneaosanoch B pnae pa6oT ' • no a ToMy M b i orpa-

HH'IHMC.H paCCMOTpeHHeM cneaCTBHH, B b iT8K8IOIUHX H3 rrpeanar a eMOrO HBMH 

O IIHC8 HHSio 

15 



'--

Hcrronb3yeM yrrpomeHHy~ BOIIHOBY~ ~YHKUH~ THrra: 

¢ ( r )=l N K(r )a+K(r)+ -
1

- ~ ~ R K ,( r , r ') a+K(r) C + ,(r')l IJI 
K - , ' J a s a a 0 y2 T SS)"'K 

flm1 3~eKTHBHoro g 8 - ~BKTOpa ITOIIY'iHM ITpOCTOe BblpB)!(eHHe: 

• ff 
g • 

X 

r 
g r = ( 

K F K (r) 

s; (ClJK) 

r 
g e 

r I 2 gf ) 1 - 2 N K ( r ) x 

[l+K(l-q 2 )F (r'f.r)]l 
K 

r ' ' 2 
(g -i0 )2N·(r) 

KqFK(r'f.r) 

:r ( (),) ) • t K 

K 

F (r)= F (r) lv=K 
K Kll 

ilnR HH)!(aAwero peweHHR ypaBHeHHR ( 4.2) aceraa HMeeM g • ff 

• 

( 4 . 5) 

(4 . 6) 

r 
< g • 
"' 

0UHBKO B03M0)!(Hhl BhlCOKO/le)!(aUIHe (TpexKB83H'i8CTH'iHhle) COCTORHHR
1 

llllR 

KOTOp h!X eft > r 
ga ., gs) T.K. ~YHKUHR F K ( r) MeHRe T 3HBK C pOCTOM WK, 

nocnea HH n 'illeH B ( 4.6) o6ycnosneH ( n p) - B3BHMoaelkTBHeM H BKnaa ero 

3ii13H<'::HT OT dHAKfl q . 

H.:m6onee CHllbHO BIIHIIIIHC (n P ) - B38HMOQBHCTB!fl! rrpM q = - 1. npH 

q ~ -1 
3ttxpeKTbl CITHJ!OBOH IT01111pH38Ulill B HeATpOHHOW H rrpOTOHHOti CHC -

'n J MI1X MOI'yT BJi111MII0 CO Kp811!8 '1' b C H. 

. ,... 
"" 

B o6meM cnyqae, HC 

'iTO aononHHTenbHbiA BKna; 

~ (I 

Y,V '"K 

TaKHe BKnSLlbi Mory· 

COKO/le)!(SUlHX TpexKB83H'io 

pacceRHHR He'i~THOil 'i8C~ 

c K"- o+ OK83b!B8E 

Hb!X MarHHTHblX MOMeHTOI 

5. E 

B pac'i~Tax ucnonh 

Hb!X ypoBHeil H napaMeTpbi 

Pemanocb ypasaeaHe ( 4.2 

<j>yHKUHH ( 4.5). Bbi6op na 

cnepHMeHT8/lbHbiMH Ll8HHbl 

Pac'i~Tbi noKa3anu, • 

HHTHbiX LlHITO/lbHbiX B38HMO 

(0,002 + 0,005) h (l) 0 ( 

38BHCHT OT COCTORHHR 1 01 

HH)!(Si\mHe ypOBHH H8 OllH: 

QqeHb B8)!(H0 1 'iTO l 

qpe3Bbl'i8il:HO M8/lb!M Tpe x 



THrra: 

( 4 , 5) 

Bb!p8)1{9HHe: 

l - ( 4.6) 

cerna HMeeM 
r 

~ g ., 

!TH'iHb!e) COCTOSIHHS1
1 

JlllSI 

·HHe T 3H8K C pOCTOM C:UK . 

10.Qe~\cTBH€M H BK118Jl ero 

frCTB!iH 11pH Q = -} . npH 

JO HHOH H 11pOTOHHOH CHC -

B o6meM cny'lae, HCI10llb3YSI BOllHOBbie !j>yHKIIHH (3,1), MO)I(j{O rroKaaaTb, 

'ITO .QOI1011HHT91lbHblA BK118.Q B MarHHTHblA MOM9HT orrpe.Q911SI9TCSI '1119H8MH THrra: 

RK"(r ') RK",,(r ') . •' . .. (4.'7) 

r 

TaKHe BK118.Qbl MOryT 6b!Tb cymecTB€HHb!MH TOllbKO .QllSI HeKOTOpblX Bbl-

COK0119)1{8WHX Tp€XKBa3H'I8CTH'IHblX COCTOSIHHA, TaKHM o6pa30M 0 TOllbKO Y'I~T 

paCC€SIHHSI H€'i~THOA '18CTHUbl Ha .QByXKB83H'i8CTH'IHb!X B036y:>Kll€HHSIX OCTOBa 

c K 17 
.. 0 + OK83b!B89TCSI B8)1(jfb!M 11pH Bbl'IHC119HHH CT8TH'i€CKHX .QHI101lb-

Hb!X MarHHTHb!X MOM€HTOB HH3K0119)1{8WHX COCTOSIHHA C 
1 K >-2-. 

5. Bbi'IHCneaHe !j>aKTopoB g K 

B paC'I~TaX HCI101lb30B8118Cb O.QHa .QllSI Bcex SI.Qep CXeMa O.QHO'i8CTH'I

/ 10/ 
Hb!X ypoBHeA H rrapaMeTpb! rrapHb!X B38HMO.QeitCTBHA, rrpHBeneHHbl€ B pa6oTe , 

Pewanocb ypasaeaHe ( 4.2) JlllSI aaeprHH H Bbi'IHCllSillHCb aMrrnHTYllbi sonaosoA 

!j>yHKUHH ( 4,5). Bbi6op napaMeTpOB K H q npoBOAHllCSI H3 cpasaeHHSI c aK-

crrepHMeHT81lbHb!MH Jl8HHb!MHo 

Pac'I~Tbi noKaaanH, 'ITO casHrH OAHOKBa3H'IaCTH'IHbiX yposaea H3-aa Mar-

HHTHbiX .QHI101lbHbiX B38HMOJJ.eitCTBHA 
{ 1, 

C<l IC M81lbl H 06bl'iHO H€ 11p9Bb!W810T 

(0,002 .. 0,005) h Q) 0 ( 
-1/! ) Cl) 

= 41 A Mas • BenH'IHHa w K TSK)Ke cna6o 

38BHCHT OT COCTOSIHHSI, 1109TOMY rrpaKTH'IeCKH B38HMOJJ.eAC TBHe CJlBHraeT Bee 

HH)KaftwHe ypOBHH Ha O.QHY H Ty )Ke BellH'IHHy, 

O'ieHb B8)KHO, 'ITO MarHHTHbie JJ.HrrOllbHbie saaHMOJJ.eAcTBHSI rrpHBOJlSIT K 

'lpe3Bbi'18AHO M81lb!M TpexKB831i'18CTH'IHb!M 11pHMeCSIM B OCHOBHbiX H HH3K01le-

17 



>K8IIIHX B036y>K.QeHHbiX COCTOSIHHSIX ( CMo Ta6n. 1, 2) o BenH'IHH8 N K cna6o 38-

BHCHT OT napaMeTpoB I< H q • TaKHM o6pa30M 0 XOTSI pacceHHHe He'i~THOA 

+ " + '18CTHUbl H8 1 -B036y>KLleHHSIX OCTOB8 ( K "' 0 ) H npHBOLlHT K CHnbHOA nepe-

HOpMHpOBKe CnHHOBOrO rHpOM8rHHTHOrO OTHOllieHHSI g
8

,COCTOSIHHSI npaKTH'IeCKH 

OCT810TCSI 0LlHOKB83H'I8CTH'IHbiMH no CTpyKType. 

3aBHCHMOCTb OTHOllieHHSI g eff / g r 
• • OT napaMeTpOB K H q npoae-

MOHCTpHpOB8H8 H8 pHCo 1,2 LlnSI SILlep 
181 Dy H 115 Lu . flpH Bbi6ope q "'+ 1 

nonHpH38UHOHHbie BKn8Llbl OT npOTOHHOJ% H Heii:TpOHHOA CHCTeM B38HMHO COKpa-

IIISIOTCSio 

YaosneTBopHTenbHOe cornacHe Bbi'IHCneHHbiX H aKcnepHMeHTanbHbiX 3Ha

qeHHA g nonyqaeTCSI npH l< "' 0,04 t W O .. 300 K9Bo 3TO 3H8'1eHHe KOHCTSH-

Tbi B38HMOLleAcTBHSI npHMepHo Ha 25% MeHbme, qeM Hcnonb30B8HHoe EoxHau-

/2/ 
KH H 0ra30A .Pa3nH'IHe CBSI38HO C TeM, 'ITO B pacq~Tax HaMH He npo-

BOLlHnaCb npoueaypa nepeHOpMHpOBKH B38HMOLleACTBHSio 

AHanH3 aKcnepHMeHTanbHbiX aaHHbiX noKa3biBaeT, 'ITO o6bi'IHO - -+<q:;j 0. 

1 
HHoraa TeopeTH'IeCKHe pe3ynbT8Tbi npH q • + T TSK>Ke He npoTHBope-

qaT aKcnepHMeHTanbHbiM Ll8HHbiM ( HanpHMep, a 
173 Yb ) • 

CocTOHHHSI c K-+ Tpe6yiOT OC06oro paCCMOTpeHHSI 0 TSK KSK B 3TOM 

cnyqae y'i~T pacceHHHSI He'I~THOA 'ISCTHUbl Ha B036y>KLleHHSIX OCTOBa C K'T-= 1 t 

CyiiieCTBeHHO nepeHOpMHpyeT BenH'IHHY 0LlH0'18CTH'iHOrO MSTiJH'IJIOrO aneMeHT8 

onepaTopa u+ 

Hb!X 3HS'IeHHSI 

H npHBOLlHT K He06XOLlHMOCTH paCCM8TpHB8Tb LlBS pa3nH'I-

g eff 
• 

I 111 

yq~T BTOpOrO qneHa BO B38HMOLleJ%CTBHH ( 1.4) npHBeaeT K llOnOnHHTenb-

HbiM HeKorepeHTHbiM BKn8ll8M B MSrHHTHbiA MOMeHT. 0ueHK8 BnHSIHHSI 3TOrO 

B3aHMOLleAcTBHH 6yaeT nposeaeHa B aanbHeAmeM. 

18 

.....,.. 
+ 
II 

0"" 

~ 
~ ... 
a:!:, - ........ 0" 

d 



• BenH'IHHa N K cna6o aa-

XOTR pacceRHHe Heq~THOA 

npHBOAHT K CHnbHOA nepe-

g 8 ,COCTORHHH npaKTH'IeCKH 

tMeTpOB K H q npoae-

; Ln . OpH Bbi6ope q ""+ 1 

>A CHCTeM B38HMHO COKpa-

aKcnepHMeHTanbHbiX aHa-

B. 3To 3H8'IeHHe KOHCT8H-

HcnonbaoBaHHoe EoxHau-

pacq~Tax HaMH He npo-

T 1 'ITO 06bi'IHO --+ <q:;j 0 • 

TBKMe He ITpOTHBOpe-

Yb ). 

lOTpeHHH, T8K KBK B aTOM 

)I{AeHHHX OCTOBa C K ;r = 1 t 

•ro MaTpH'Il!oro aneMeHTa 

:CM8TpHB8Tb AB8 paanHq-

npHaeaeT K aononHHTenb-

•• OueHKa BnHHHHR aToro 

j 
~ 
N. 

" C::J 
c::> 

lg 
c::i 

~ 
C:j 

~ 

C::J 
C:j 
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3 <l>¢eKTb l M8r HR T Hbl: 

MO:>KHO p8CCM8TpliB8Tb Kl 

H 8 L\BYXK B 831i'l8CT ii'lHblX B 

CKOITR'!eCKOe npORBneHRe C 

6onhill0H ITnOTHOCTii T8KRX 

6biTb o6Hapy:>KeHbi B cneK 

menR . B HacToRmee BpeMR 

HO o6Hapy:>K9HO B 
110 Yb 

o6Hapy:>KeHRe CKOnneHRH 

Ha yron 180°, a TaK:>Ke n 

B8HHOe CITiiHOBb!Mii B381iMC 

pRJ:\ aHanOrli'!HhlX B036y:>KL\ 

C TO'IKR 3peHRR TeO 

MOMeHTOB BhlCOKOB036y:>K 

MarHiiTHbiX MOMeHTOB COC' 

PaccMoTpeHHhie B3Bl 

B He'l~THhiX Rnpax ( Eoxf. 

rneCTBeHHhl TOnbKO 38pRl 

'ITO liHTep<jlepeHUiiOHHbie ~ 

:>KYTCR cymeCTBeHHb!Mii .Qn. 

B036y:>K.QeHHhle COCTORHii~ 

KBBHToBoro '!Rena A N = 

-+ -+ 
CTBiiRM TliiT8 0" 1 0'2 



() 
:s: 

0. 

6 o 3 a K n 10 q e H H e 

3¢<j>eKTbl MarHHTHb!X ):!HllOnbRhiX B3aHMO.U8iiCTBHi!: B HeqeTHb!X S!.Upax 

MO-HO paCCM8TpHBaTb KaK o6ycnOBn8HHhl8 pacceHHH8M H8'IeTHOii qaCTHUhl 

Ha JlBYXKBa3H'IaCTH'IHhiX B036Y*Jl8HHSIX OCTOBa C K" = 0 + 
+ 

HnH 1 o MaKpo-

CKOllH'I8CK08 npOHBn8HH8 CllHHOBOi!: nonHpH3aUHH OKa3anOCb B03MO*Hb!M H3-3a 

6onbWOH nnOTHOCTH TaKHX JlBYXKB83H'I8CTI1'IHhiX B036Y*Il8HHH1 KOTOpbte MoryT 

6b!Tb 06Hapy•eHbl B Cll8KTp8X q e THO-'IeTHhi X S!Jlep Bb!W8 3HepreTH'I8CKOii 

wenHo B HacToHmee BpeMH 6onhwoe KonH'-!eCTBO 1 + - cocTOHHHH: 3KcnepHMeHTanh -

170 Yb npH pacnaJJe 
110 I 12/ Lu o Han6onee nepcneKTHBHO 

+ 
o6Hapy•eHH8 CKOnneHHH 1 -GOCTOSIHHH llpH HeynpyrOM paCC8SIHHI1 3n8KTpOHOB 

0 + 
Ha yron 180 , a TaK•e npH pacceHHHH HyKnOHOBo CocTOHHHe 1 , reHepnpo-

B 208Pb/13/' 
BaHH08 CllHHOBb!MH B3aHMOJl8i!:CTBHSIMH 1 H8JlaBHO 6binO np8JlCKa3aHO 

pHil aHanorH'IHh!X B036Y*Il8HHii o6Hapy•eH B nerKHX Hllp8Xo 

C TO'IKH 3p8HHSI TeOpHH npeJlCTaBnHeT HHTepeC H3MepeHH8 MarHHTHbiX 

MOM8HTOB BhlCOKOB036Y*Il8HHhlX COCTOSIHHii 1 a T8K*8 TlllaTenbHhlii aHanH3 

MarHHTHblX MOM8HTOB COCTOSIHHH C 

PaccMoTpeHHhie B3aHMoneH:cTBHH cna6o BnHHJOT Ha .,.. {3 - nepexollhi 

B He'IeTHhlX H.Upax (EoxHauKH H Ora3a noKa3ann , 'ITO B 3TOM cnyqae c y-

114/ 
mecTBeHHhi TOnbKO 3apH.UOBoo6MeHHbie B3aHMo.ueJ;tcTBHH ) o Bo3MO*Ho, 

'ITO 11HTepcpepeHUHOHHbi8 3¢<j>eKTbl H3-3a Tp8XKBa3H'-!aCTH'IHb!X npHMeCefi OKa-

*YTCSI cymeCTB8HHhiMI1 JlnH J. -nepeXOilOB H llnH {3 -pacnana Ha BwcoKo -

B036Y*Il8HHbi8 COCTOSIHHS!o 0nHaKO f3 -nepexo.U hi c H3MeHeHHeM rnaBHoro 

KBaHToBoro qHcna 11 N = ± 2 npaKTH'I8CKH HeqyBCTBHTenbHbi K B3aHMOJleJ;l:-

CTBHS!M THna 



B .1181IbHeArneM H8MH 6yayT p8CCMOTpeHbl COCTOSIHHSI C K .. _1_ 
2 

B 38KJIIO'IeHHe Bbip8)1(8eM 6n8roa8pHOCTb rrpo!fl. B.r.Conosbesy, 3.Eox-

H8UKH, B.K.nyKbHHosy, 11.neTKosy H B.E.EenHesy 38 rrone3Hbie o6cy)l(aeHHH 

p860Tbi. OaHH H3 8BTopos ( H.n.) Bbip8)1(8eT 6n8roa8pHOCTb rrpo!fl. O.Eopy 

H rrpo!fl. E.MoTTenbCOHy 38 rrone3Hbie .llHCKyccHH H rOCTellpHHMCTBO 

speMH- ero rrpe6biB8HHH B 11HCTHTyTe HHnbC8 Eop8. 
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7a61!lll'.a I 
Cpa3 ne11:1e 3!HI!CJWH I:b!X ~a, .1' 0iJ O:B 'iJK. . .c 3KcnepnMeHTuilbHWJll B H,llpax c 

He'leTHb!L! 'li!CI!OI.! Hei!TpOHOB 

a COCTO- itt = 0, 0 3 1iW . ..e, 8 0 , 041'i.W 0 

il.l\PO q tfj 

_______ _:~~------------ --~~~-~----~~~~~-----][~--- --~~:~----~~~~----2~---
t}K. JlHTepaTypa 

ISSGd [521]t l 0 99 , t-6 0 , 74 - 0 , 59 99 , 77 0 , 67 - 0 , 53 
l-1/4 99 , 85 C, 67 - 0 , 53 99 , 76 0 , 58 - 0 , 46 

'5 'Gci. [521]t [ 0 99 , 55 0 , 73 - 0 , 58 99 , 76 0 ,66 - 0 , 52 
l-1/4 99 , 83 U,66 - 0 , 52 99 , 75 0 , 58 - 0 ,46 

15'Dy [521]t { o 99, 86 0 , 74 - 0 , 59 99 , 77 0 ,67 - 0 , 53 
- 1/ 4 99 , 85 0 , 66 - 0 , 52 99 , 76 0 , 58 - 0 ,46 

IS9DJ:I [521]t { 0 99,85 o , 73 - 0 , 57 99 , 76 0 , 66 - 0 , 52 
-1/4 99 , 84 0 , 67 - 0 , 53 99 , 74 0 , 57 - 0 ,45 

'6'Dy [64-2Jt { o 99 ,81 o ,69 - 0 , 33 99 , 70 o , 61 - o , 3o 
- 1/ 4 99 , 81 0 , 63 - 0 , 30 99 , 70 0 , 54 - 0 ,26 

'"D!:I [523]~ * { o 99 , 83 o, 72 o , 34 99 , 74 o ,65 o , 31 
- 1/ 4 99 , 83 0 , 67 0 , 32 99 , 73 0 , 56 0 , 26 

16/DJ:I [S2 i]t • { o 99 , 84 o , 73 - 0, 58 99 , 75 o , 64 - 0 , 51 
- 1/ 4 99 , 83 0 ,64 - 0 , 51 99 ,73 0 , 56 - 0 ,45 

/63 l 0 99 , 83 0 , 7I 0 ,31f 99 , 73 0 ,63 0 , 30 
D!l [523]~ - 1/ 4 99 , 82 0 ,63 0 , 30 59 , 7I 0 , 59 0 ,28 

- 1/2 99 , 82 C, 59 C,2t. 9:- , 61 0 ,47 0 ,22 
16SD!:I [633Jt f 0 99 ,69 0 ,67 - 0 ,28 99 , 51 0 , 58 - 0 ,24 

l-1/ 4 99 ,69 0 ,61 - 0 ,25 99 , 50 0 , 50 - 0 ,21 
167£ [633)'t { 0 99 ,69 0 ,67 - 0 ,28 99 , 51 0 , 58 - 0 , 24 

r - I / 4 99 , 69 o ,61 - 0 , 25 99 , 50 0, 5o - 0 ,21 
173 1 0 99 , 70 0 , 7! - 0 ,44 99 , 53 0 , 63 - 0 , 39 

Yb [512)+ - 1/ 4 99 , 69 0 ,64 - 0 ,40 99 , 52 0 , 54 - 0 , 34 
+1/ 4 99,69 0 , 78 - 0 ,49 99 , 52 0 , 71 - 0 ,44 

{ 

0 99 , 69 0 ,71 0 , 31 99 , 51 0 ,63 0 ,27 
177Hf [514-]r - 1/ 4 99 ,68 0 ,64 0 ,28 99 , 50 0 , 55 0 ,24 

-1/ 2 99 ,67 0 , 59 0 , 25 99 ,47 0 ,48 0 , 2I 
t79Hf [624-Jt l o 99 , 65 o , n - 0 ,25 99 ,44 o , 63 - o ,23 

- 1/ 4 99 ,64 0 , 63 - 0 , 23 99 ,44 0 , 55 -0 , 20 
lf) Pac'leTbl npOJ:e,llellll ;!\llfl B03CiyJ.;,lleHHb!X COC TO RHIII\ H,llep , 

3KCn , 

- 0 , 476(24 ) 
- 0 , 484 (12 ) 
- 0 , 539(20 ) 
- 0 , 533(14 ) 

- 0 , 340(16) 
- 0 , 300(20 ) 

0 , 280 (25 ) 

- 0 , 565(30 ) 

0 , 240 (6 ) 
0 , 248(!0 ) 

- 0 , 24 

- 0 ,249 (9 ) 
- 0 , 259 (3 ) 
-0 ,483(20 ) 
-0 ,491 ( 9) 

0 , 2II (I3 ) 

- 0 ,186(II ) 

Ta6nHua 2 
CpaBHBHile Bh!'lllCI!eHHbiX ilJsKTOpOB '11< c SKcnepiDieHTsni>llbllll! B RAPBX c 

/ 2/ 
/ 15/ 
/ 2/ 
/ 15/ 

/15/ 
/ 16/ 

/17/ 

/17/ 

/ 2/ 
/ 15/ 

/ 18/ 

/ 2/ 
/1 5/ 
/2/ 
/15/ 

/ 2/ 

/ 2/ 

HB'lBTHWK 'li!CI!OU npOTOHOB ------------- .-·------------- ----------::~------.. ------------
f!,llp O COCTOII- X • 0, 03 11.w. K • 0, Olf-1\.Co:>o 91< 

Hl!e q N~<"· ~ r;!Hfat 91< Nl<!l.• r. gtHfpf 9K. aKcnepi!W. Jli!TepaTypa ----------------- _________ _____ j£:,_ _______________________ c,. _________ ----

IS! l 0 99 ,72 0,77 0 ,48 991 54 0, 71 0 1 53 0,654(3) /2/ 
Eu. [413Jt -1/4 99 ,71 0,73 0,52 99,53 0 ,66 0 ,58 0,671(4) /15/ 

-I/2 99 ,68 0,69 0, 55 99,49 0,60 0,63 
ISR..b '1ft41f ( 0 99 ,70 0 1 78 1,95 99,52 0 ,72 1 1 86 1,788(43) /2/ 

I L. .U i - ~ · ....... ,.. ...,,... n n 1. T nn n o C' T n £ '1 T ,.,,., T 07n/~t;) ... ../1.21 ________ _ 



"' -J./"t :J:J , U..J u , o "+ - u , ..J.L :?:? ,t .:> u , ::>o - u , '+ ::> 

":.DY [523]t I -~/If 99 ,83 o, 7I 0,3lf 99 , 73 0,63 0,30 

I 
0,240(6) / 2/ 

99 ,82 0,63 0,30 99 , 7I O,S9 0,28 0,248(IO ) /IS/ 
-I/2 S·~· , 82 G,S5' G,2L 95- ,6I 0,47 0,22 

IUD !:I [633]t ~ -~/4 99 ,69 0,67 - 0,28 99 , 51 0, 58 - 0,24 1 - 0,24 / 18/ 
99 ,69 0,61 -0,25 99 , SO o,so - 0,21 

l67£r [633)i f -~/4 
99 ,69 0,67 - 0,28 99 , S1 O, S8 - 0,24 -0 ,249(9) / 2. / 
99 ,69 0,61 - 0,25 99 , 50 o,so - 0,21 -0,2S9(3 ) /IS/ 

173Yb [5121+ I-~/4 
99 , 70 o, 7I - 0,44 99 , 53 0,63 - 0,39 -0 ,483 (20 ) /2/ 
99 ,69 0,64 - 0,40 99 , 52 O, S4 - 0, 34 -0 ,491 (9) /IS/ 

+I/4 99 ,69 0,78 -0,49 99 , 52 o, 7I - 0,44 

177
Hf {-~/4 

99 ,69 o, 7I 0, 31 99 ,SI 0,63 0,27 I 0,2II (I3) / 2/ 
[514-]t 99 ,68 0,64 0,28 99 , 50 o,ss 0,24 

-I/2 99 ,67 0, 59 0,25 99 ,47 0,48 0,2I 
t79Hf (624-]f { 0 99 ,65 0, 7I -0,25 99,44 0,63 - 0,23 I -O ,I86(II) /2/ 

-1/4 99 ,64 0,63 - 0,23 99 , 4~ . 0, 5S -0 ,20 
lf) Pacl!eTbl npOJ;e;n,eHbl ;!\JI H B030yl.>IJ,el!HbiX COCTOHHllll h)lep . 

Ta6JIHU8 2 
CpnBHBHKe Bbl'l l1C11BUHbiX !jlaKTOpOB '/~e C BKCnepl!liBHT8Jll>HiiDIK B IIJtPBX C 

HB'IBTHHK l!HCJIOU DpoTOHOB 

----c~~::-;-
fi)lpo HKB 'J 

---------
IS3Eu. L't13J• f -~/4 

l-I/2 
15
7b l'tt1]t L~/4 

1uHo (523Jt { -~/4 

17Sl..t.L (401tH I -~/4 
l-I,o 

/77 L. u. l404-]6 { -~/4 
-I,O 

lll { 0 "'Ta (404-H -I/4 
-I,o 

115Re [402]+ { -~/4 

'"Re (402]f { -~/4 
* { 0 ."

7
Re (St't)t -I/4 

------------- ---
~ • o.o31tw. K • 0, 041\.C.:)• 

_'!_~Y! ___ '}~'Hf'j{ ___ ~~-- _.!!.i:. r. ____ 'i•'Hf'il. ___ _j_'5. ___ 

99 ,72 0,77 0,48 99,54 o, 7I 0,53 
99,7! 0,73 0,52 99,53 0,66 0,58 
99,68 0,69 0,55 99,49 0,60 0,63 
99,70 0,78 1,95 99,52 0,72 !,86 
99,70 0,74 !,88 99,5! 0,67 !,77 
99,70 0,78 !,40 99,52 o, 7I !,36 
99,69 0,73 !,36 99,5! 0,66 !,32 
99,67 0,78 0,56 99,47 o, 72 0,60 
99,62 0,7! 0,6! 99,45 0,67 0,64 
99,43 0,63 0,67 99 ,!6 0,55 0,73 
99 ,67 0,78 0,56 99,47 0, 72 0,60 
99,66 0,74 0,59 99,46 0,68 0,64 
99,44 0,64 0,67 99 ,!6 0,55 0,73 
99,68 0,79 0,56 99,48 0,73 0,60 
99,67 0,75 0,58 99,47 0,68 0,63 
99,46 0,65 0,66 99,20 0,57 0,7! 
99 ,65 0,79 !,66 99,45 0,73 !,60 
99 ,64 0,76 !,63 99,43 0,69 !,56 
99,66 0,79 I,66 99,45 0,73 !,60 
99,65 0,76 !,63 99,4! 0,70 !,56 
99,69 0,80 !,35 99,49 0,74 !,32 
99,67 0,76 !,33 99,47 0,70 !,30 

lf)p8Cl! BT DpOBBABH AJ!H B036y~)IBHHOrO COCTOHHKH. 

~ 
81 

0,6511 
0,671 

I, 78f 
!,83( 
!,32~ 

!,355 
0, 7IE 
o, 725 
0,82( 
0,722 

o, 771 
o, 78( 

I,60S 
J:j7( 
!,63 
!,62( 

I< 
CDBplfll. JiHTepaTypa 

(3) /2/ 
(4) / IS/ 

(43) /2/ 
(35) /15/ 
(27) /2/ 
(20) /15/ 
(6) /6/ 
(4) /!5/ 
4) /!9/ 
(6) /2/ 

(4) /2/ 
(4) /!5/ 

(I7) /2/ 
2) /20/ 
(2) /2/ 
I) /20/ 


