
 539.163 

γ-
d5/2- 22Ne(pγ)23Na

. . 1, . . 2, . . 1, . . 1,
. . 1, . . 1

1  “ - ”, 61108, , . , 1 
2 , 61002, , . , 28 

 20  2004 .

γ- d5/2 - 23Na ( 23N
* = 2,517 ), 22Ne(pγ)23Na  = 1623, 1721, 1803  1835 .

γ- , γ- -
γ- γi . 1-

-
δ- . 23Na. , -

γ- d5/2 - , -
1- .

: 22Ne(pγ)23Na, , - , 1- ,
, 1- .

,  ( )
,  (p,p)-, (pγ)-

(3He,d)-  [1, 2] . -
 ( ) - . , -

> = T0 + 1/2, T< = T0 -1/2 –
 ( 0 – ), . . .

Jπ = 5/2+

 [3]. γ- d5/2- 23Na ( -
* = 2,517 23N ). -

22Ne(pγ)23Na  = 1623, 1721, 1803  1835 . -
 = 1560-1850 , γ- -

γ- , .
-

γi d5/2- , -
δ-  [4]. 

-4 -
 4  400 .  10-15 .

22Ne,  “ ” 22Ne+ -
 [5].  4 

 = 2,0 .
γ-  Ge(Li)-  63 3

3,0 γ- 60Co. -
-II γ- 27Al(pγ)28Si

Ep = 991,86(3) . γ- -
 Ge(Li)- , .

γ- , 23Na,
θ  =0, 30, 45, 60  90o . γ-

, ,  NaJ(Tl) ∅150×100
2. 22Ne(pγ)23Na. -

,  “ ”
 IBM PC/AT 486. 
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22Ne(pγ)23Na Ep =1560-1850 .
γ-  ( γ > 2,61 γ > 6,13 ),

 NaJ(Tl) θ . = 55o . -
ΔEp = 1,0 . . 1 

γ- γ > 6,13 .

1600 1700 1800
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12000

18000

Ep,

-1
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5-1
72

1

19F

-1
61

5

-1
63

1
-1

62
3

-1
59

3

N
γ

.1. 22Ne(pγ)23Na -
Ep = 1560-1850 .

 1. 
22Ne(pγ)23Na

p
1) , E*, M Jπ S, p

2), γ,
1593 10,318 3/2- 10(3) 2000 2,5(3) 
1615 10,338 1/2- 2,1(5) 190 1,1(3) 
1623 10,346 5/2+ 9(2) 8 2,0(4) 
1631 10,353 3/2+ 6,0(15) 210 1,5(4) 
1721 10,440 5/2+ 13(3) 25 2,4(5) 
1803 10,519 5/2+ 4,4(11) 100 0,7(2) 
1835 10,549 5/2+ 11(3) 540 1,8(4) 

: 1)- ±0,8 ;
2)-  [6]

 7 , -
23Na.  Q  8794,26(17) ,

 [6]. ,  [7]. 
. 1 

≈ 5 , .
S = (2J + 1) γ/  ( , γ  – , -

), Ep = 1278 ,
 21(2) . S

. 1, γ,
 [6]. 
γ-  = 1623, 1721, 1803  1835  GeLi-

θ = 55° . -
γ-

23Na. -
b . 2. 

 = 1623, 1721, 1803  1835 -
 – Jπ = 5/2+ [6]. -

γ- δ.
γ- , , -

θ = 0, 30, 45, 60  90° . W(θ)
:

)(cos)(cos1)( 4422 PaPaW ++= , (1) 

2 4 δ. -
2 4

J δ
χ2. J δ , 2

min
2 ≡

0,1%- . 2 4 γ-
J δ . 3. 
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 3. 2 4 δ

**

fi EE → , M fi JJ → 2(Δ 2) 4(Δ 4) δ(Δδ)

10,440 →       0 5/2+ → 3/2+ 0,06(10) 0,06(11) -0,24(8) 

→ 0,440 → 5/2+ 0,11(9) 0,00(8) 0,22(10) 

→ 2,076 → 7/2+ -0,02(12) -0,06(13) 0,03(14) 

→ 2,982 → 3/2+ -0,38(7) 0,02(7) 0,35(8) 

→ 3,915 → 5/2+ 0,49(13) -0,03(11) -0,53(99) 

10,519 →        0 5/2+ → 3/2+ -0,65(5) 0,01(4) 0,11(3) 

→ 0,440 → 5/2+ 0,01(3) 0,06(7) 0,18(3) 

→ 2,076 → 7/2+ -0,70(4) 0,09(24) -0,40(3)  2,9(3)

→ 2,391 → 1/2+ 0,23(10) -0,49(14) 0,08(6) 

→ 2,982 → 3/2+ -0,41(7) 0,06(7) -0,01(3) 

→ 5,766 → 3/2+ 0,05(3) 0,06(7) -0,15(3) 

→ 7,891 → 5/2+ 0,46(8) 0,09(24) 0,01(3) 

10,549 →        0 5/2+ → 3/2+ 0,03(8) 0,06(9) -0,19(8) 

→ 0,440 → 5/2+ -0,80(16) 0,03(14) 2,0(40) 

→ 2,076 → 7/2+ 0,06(26) -0,04(24) -0,04(20) 

→ 2,391 → 1/2+ -0,59(13) 0,02(11) 0,7(2) 

→ 2,982 → 3/2+ -0,19(9) -0,04(9) 0,05(7) 

→ 3,915 → 5/2+ -0,16(7) 0,00(9) 0,80(18) 

→ 4,430 → 1/2+ -0,10(8) 0,13(9) 0,18(2) 

, .
. -
γ-  [7]. -

γ- : Jπ = 5/2+.

γi d5/2- 23Na. γi
1- . 2. 

, γ- Ep = 1623, 
1721, 1803  1835 . ,

d5/2- . γ-
1-  3,914  (Jπ = 5/2+),

( ). ,
, :

)21( 0
1

AACAC /T
A

VE-E += , (2) 

V1 ≈ 100 . 1- →  [4] -
,  3 . , ,

23Na. , γ- -
23Na, π = 3/2+

π = 1/2+,  [202 3/2]  [211 1/2]  [8]  ( .
. 3). Jπ = 3/2+, 5/2+  7/2+,

* ≈ 4,93 . . 4, 
( 1) 23Na.

68
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 619, 2004 À.Í. Âîäèí, Â.Þ. Êîðäà, Ë.Ï. Êîðäà ...



0,1

9194

92023

E*,Jπ

///////////////////////////////////
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. 4. ( 1)
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( 1)
( ), 23Na ,

 [9]: 

nP/T
A

VE-E ++= )21( 0AC
1 , (3) 

Pn - .
2/3,2/52/501

2
2/5 )( dd n , . . -

 1d5/2 , d5/2 ,  (J0T0) = (01) -
20Ne ( 20Ne 16  + α- ).

nd 01
2

2/5 )( nd 10
2

2/5 )( , 1-  [4], . . -
d5/2- . , 1- - -

d5/2- .
γ-  ( . . ). -

:

−−

−−
=

i
i

ii

yyxx

yyxx
yxr

i
i

i

22 )()(

)()(
),( . (4) 

r, c  (4) , . 3. 

 3. 
d5/2 - 23Na

0 440 2076 2982 3914 5379 5742 5766

1 -0,08 -0,30 -0,72 -0,63 -0,03 0,51 0,65 -0,06 -0,29 
 1 0,48 0,69 0,75 0,72 0,82 0,54 -0,08 0,01 

0   1 0,75 0,79 -0,24 0,25 0,47 0,81 0,88 

440    1 0,99 0,27 0,18 0,04 0,28 0,48 

2076     1 0,29 0,28 0,16 0,31 0,49 

2982      1 0,59 0,07 -0,75 -0,66 

3914       1 0,85 -0,09 -0,14 

5379        1 0,39 0,26 

5742         1 0,97 

5766          1 
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, 1- → -
. γ-

* = 0,440  5,742, .
γ

* = 0,440, 2,076, 2,982, 3,914  5,379 , -
. , γ- , -

γ- . -
: < -  ( )

. , , - d5/2-
23Na .

γ- -
1- * = 2,076 (7/2+), 5,927 (7/2+)  6,618 (7/2+) , l

, Δl = 2 (l- 1-  1d5/2 → 1g7/2).
F  = ( 1) / ( 1)  [10] 1-  20, 36  14. 

F , 1- -
d5/2- . ,

, l- .
γ-  AC → 0 ,

 0,12 (2) 2 .  (10,47 ) , 1-
 [11]. -

23Na. ,
AC → 0 1- 23Na.

, ( 1)
→ , 23Na -

. , -
1- -

.
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INFLUENCE OF DEFORMATION ON THE γ-DECAY OF FINE STRUCTURE OF THE
ANALOGUE d5/2 RESONANCE IN THE 22Ne(pγ)23Na REACTION 

A.N. Vodin1, V.Yu. Korda2, L.P. Korda1, O.A. Lepyoshkina1, S.A. Trotsenko1, I.V. Ushakov1

1NSC “Kharkov Institute of Physics and Technology”, 1, Akademichna st., Kharkiv, 61108 
e-mail: vodin@kipt.kharkov.ua 

2S C of Electrophysics, National Academy of Sciences of Ukraine, 28, Chernyshevsky st., Kharkiv, 61002 

Experimental studies of the γ-decay of four components of fine structure of the analogue d5/2 resonance in 23Na (a parent level with 
E* = 2,517 eV in 23Ne) observed in the 22Ne(pγ)23Na reaction were carried out at  = 1623, 1721, 1803 and 1835 keV. The decay 
schemes of the given resonances were constructed, mixing ratios were found for primary γ-transitions and their partial γ-widths γi
were determined. The rates of analogue-antianalogue M1 transitions are found to be slow in comparison with estimations on the shell 
model with surface δ-forces. It is connected with deformation of 23Na nucleus. It is shown that collective effects connected with the 
excitation of core polarisation states and the giant M1 resonance take part in the γ decay of the analogue resonance. 
KEY WORDS: 22Ne(pγ)23Na reaction, analogue resonance, -decay, probability of M1 transition, core polarization state, giant M1
resonance.
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