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Œ.ˆ.˜¨Éμ¢ ∗, ‘. �.Š ³¥·¤¦¨¥¢
� Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Í¥´É· ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, Œμ¸±¢ 

�·¥¤¸É ¢²¥´ ±· É±¨° μ¡§μ· ·¥§Ê²ÓÉ Éμ¢ ¸ ³μ¸μ£² ¸μ¢ ´´μ° É¥μ·¨¨  ´£ ·³μ´¨Î¥-
¸±¨Ì ÔËË¥±Éμ¢ ¢Éμ·μ£μ ¨ É·¥ÉÓ¥£μ ¶μ·Ö¤±μ¢ ¶μ  ³¶²¨ÉÊ¤¥ ·μ¦¤¥´¨Ö Ëμ´μ´μ¢, μ¸´μ-
¢ ´´μ° ´  ±¢ ´Éμ¢μ° É¥μ·¨¨ ³´μ£¨Ì É¥². �·μ¢¥¤¥´ Î¨¸²¥´´Ò° (¤²Ö ÔËË¥±Éμ¢ ¢Éμ·μ£μ
¶μ·Ö¤± ) ¨ É¥μ·¥É¨Î¥¸±¨°  ´ ²¨§ ´μ¢ÒÌ, É. ¥. É·¥Ì- ¨ Î¥ÉÒ·¥Ì±¢ §¨Î ¸É¨Î´ÒÌ, ±μ··¥-
²ÖÍ¨° ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ (backward-going graphs) ¢ ³ £¨Î¥¸±¨Ì Ö¤· Ì ¨ ¢ Ö¤· Ì
¸μ ¸¶ ·¨¢ ´¨¥³. �μ²ÊÎ¥´  Ëμ·³Ê²  ¤²Ö ¢¥·μÖÉ´μ¸É¨ ¶¥·¥Ìμ¤  ³¥¦¤Ê μ¤´μËμ´μ´´Ò³
¨ ¤¢ÊÌËμ´μ´´Ò³ ¸μ¸ÉμÖ´¨Ö³¨, ¨ ¢Ò¶μ²´¥´μ ¥¥ ¸· ¢´¥´¨¥ ¸ ·¥Ï¥´¨¥³  ´ ²μ£¨Î´μ°
§ ¤ Î¨ ¢ · ³± Ì ±¢ §¨Î ¸É¨Î´μ-Ëμ´μ´´μ° ³μ¤¥²¨. �μ± § ´μ, ÎÉμ ¨¸¶μ²Ó§μ¢ ´´Ò° ¶μ¤-
Ìμ¤ ¸μ¤¥·¦¨É ·Ö¤ ´μ¢ÒÌ ÔËË¥±Éμ¢.

A short review of results of the self-consistent theory of second- and third-order
anharmonic effects in phonon creation amplitude is given within the nuclear quantum
many-body approach. A quantitative (for second-order effects) and general analysis of
new, i.e. three- and four-quasiparticle corrrelations in the ground state (backward-going
graphs) is performed for nuclei with and without pairing. The expression for the probability
of transition between two-phonon and one-phonon states is derived and a comparison with
the analogous formula obtained within the quasparticle-phonon model is performed. It is
shown that the approach under consideration contains new effects.

PACS: 44.25.+f; 44.90.+c

‚‚…„…�ˆ…

�´£ ·³μ´¨Î¥¸±¨¥ ÔËË¥±ÉÒ, ±μÉμ·Ò¥ ±μ²¨Î¥¸É¢¥´´μ ¨§ÊÎ ²¨¸Ó ¢ Ö¤¥·´μ°
Ë¨§¨±¥ ´¨§±¨Ì Ô´¥·£¨°, É. ¥. ¶·¨ Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö ¤μ 30Ä40 ŒÔ‚, ³μ¦´μ
· §¤¥²¨ÉÓ ´  ¤¢  ¢¨¤ : ÔËË¥±ÉÒ ¢Éμ·μ£μ ¨ É·¥ÉÓ¥£μ ¶μ·Ö¤±μ¢ ¶μ  ³¶²¨ÉÊ¤¥
·μ¦¤¥´¨Ö Ëμ´μ´  g, ¥¸²¨ ¶·¥¤¶μ² £ ¥É¸Ö μÉ´μ¸¨É¥²Ó´μ ¸² ¡Ò°  ´£ ·³μ´¨§³,
±μ£¤  ¸ÊÐ¥¸É¢Ê¥É ³ ²Ò° ¶ · ³¥É· ¶μ  ³¶²¨ÉÊ¤¥ ·μ¦¤¥´¨Ö Ëμ´μ´  g (¢ ¤ ²Ó-
´¥°Ï¥³ ÔËË¥±ÉÒ g2 ¨ g3). “± § ´´Ò° ¶ · ³¥É· ¸ÊÐ¥¸É¢Ê¥É ¤²Ö ³ £¨Î¥¸±¨Ì
Ö¤¥· [1] ¨ ¶μ²Ê³ £¨Î¥¸±¨Ì Ö¤¥· [2].
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�´£ ·³μ´¨Î¥¸±¨¥ ¶μ¶· ¢±¨ g2 ¤²Ö ³ £¨Î¥¸±¨Ì Ö¤¥· ¨§ÊÎ ²¨¸Ó ¤ ¢´μ ¢
· ³± Ì É¥μ·¨¨ Ö¤¥·´ÒÌ ¶μ²¥° (TŸ�) [1, 3], ³¥Éμ¤  ËÊ´±Í¨° ƒ·¨´  (”ƒ) [4].
„²Ö Ö¤¥· ¸μ ¸¶ ·¨¢ ´¨¥³ μ´¨ · ¸¸³ É·¨¢ ²¨¸Ó ¢ · ³± Ì ’Ÿ� [5], ³¥Éμ¤ 
”ƒ [6,7] ¨ ±¢ §¨Î ¸É¨Î´μ-Ëμ´μ´´μ° ³μ¤¥²¨ (Š”Œ) [8,9] (¶μ¤·μ¡´¥¥ ¸³. [7]).

‚ [7] ¢¶¥·¢Ò¥ ¡Ò²μ ¸± § ´μ μ ´μ¢μ³ ÔËË¥±É¥ É·¥Ì±¢ §¨Î ¸É¨Î´ÒÌ ±μ··¥-
²ÖÍ¨° ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ (Š�‘), ±μÉμ·Ò¥, ± ± μ± § ²μ¸Ó, ¢¥²¨±¨ (¢ μÉ²¨-
Î¨¥ μÉ ¤¢ÊÌ±¢ §¨Î ¸É¨Î´ÒÌ Š�‘, ¨³¥ÕÐ¨Ì¸Ö ¢ ¸É ´¤ ·É´μ³ (±¢ §¨Î ¸É¨Î´μ³)
³¥Éμ¤¥ Ì μÉ¨Î¥¸±¨Ì Ë § ((Š)Œ•”)) ¨ μ¡ÑÖ¸´ÖÕÉ ¶μ²μ¢¨´Ê ÔËË¥±É . ‘²¥¤Ê¥É
μÉ³¥É¨ÉÓ, ÎÉμ ÔÉ¨ ´μ¢Ò¥ Š�‘ ¢ g2-¶μ¤Ìμ¤¥ Ë ±É¨Î¥¸±¨ ÊÎ¨ÉÒ¢ ²¨¸Ó ¢ · ³-
± Ì ’Ÿ� [5] ¨ ³¥Éμ¤  ”ƒ [6, 10], ´μ ±μ²¨Î¥¸É¢¥´´μ μ´¨ ´¥ ¢Ò¤¥²Ö²¨¸Ó ¨ ´¥
´ §Ò¢ ²¨¸Ó.

	μ²ÓÏÊÕ ·μ²Ó ¢ ¨§ÊÎ¥´¨¨ ÔËË¥±Éμ¢ ¢Éμ·μ£μ ¨ É·¥ÉÓ¥£μ ¶μ·Ö¤±μ¢ ¸Ò£· ² 
· ¡μÉ  [11] ¤²Ö ³ £¨Î¥¸±¨Ì Ö¤¥·, μ¸´μ¢ ´´ Ö ´  ³¥Éμ¤¥ ”ƒ ¨ É¥μ·¨¨ ±μ´¥Î-
´ÒÌ Ë¥·³¨-¸¨¸É¥³ (’Š”‘) [12] ¨ ¨¸¶μ²Ó§ÊÕÐ Ö Ê¸²μ¢¨Ö ¸μ£² ¸μ¢ ´¨Ö ³¥¦¤Ê
¸·¥¤´¨³ ¶μ²¥³ ¨ ÔËË¥±É¨¢´Ò³ Ö¤¥·´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³, ÎÉμ ¶μ§¢μ²¨²μ ¨§-
¡¥¦ ÉÓ ¢¢¥¤¥´¨Ö ´μ¢ÒÌ ¶ · ³¥É·μ¢. ˆ¸Ìμ¤´Ò³ ¶μ²μ¦¥´¨¥³ §¤¥¸Ó Ö¢²Ö¥É¸Ö
¨¸¶μ²Ó§μ¢ ´¨¥ Œ•” (ÉμÎ´¥¥, ¶·¨¡²¨¦¥´¨Ö 	μ· ÄŒμÉÉ¥²Ó¸μ´  ¤²Ö · ¸Î¥É 
 ³¶²¨ÉÊ¤Ò g) ¨ ÔËË¥±Éμ¢ É ± ´ §Ò¢ ¥³μ£μ Ëμ´μ´´μ£μ ÉÔ¤¶μ²  (tadpole), ±μ-
Éμ·Ò° ¶μ μ¶·¥¤¥²¥´¨Õ ¸μ¤¥·¦¨É ¢¥²¨Î¨´Ê δ1g2 ≡ g12, £¤¥ δ1g2 ¥¸ÉÓ ¢ ·¨ Í¨Ö
 ³¶²¨ÉÊ¤Ò ·μ¦¤¥´¨Ö Ëμ´μ´  2 ¢ ¶μ²¥ Ëμ´μ´  1 (¶μ¤·μ¡´¥¥ ¸³. [13]).

1. ��ƒ��Œ��ˆ—…‘Šˆ… �””…Š’› ‚’���ƒ� ���Ÿ„Š�

1.1. �¡Ð¨¥ ¸μμÉ´μÏ¥´¨Ö. ŒÒ ¨¸¶μ²Ó§Ê¥³ Ë ±É ¸ÊÐ¥¸É¢μ¢ ´¨Ö ³ ²μ£μ
¶ · ³¥É· 

α =
|〈1‖gs‖2〉|2
(2j1 + 1)ω2

s

� 1 (1)

¤²Ö ³ £¨Î¥¸±¨Ì ¨ ¶μ²Ê³ £¨Î¥¸±¨Ì Ö¤¥·, £¤¥ 〈1‖gs‖2〉 Å ¶·¨¢¥¤¥´´Ò° ³ É·¨Î-
´Ò° Ô²¥³¥´É  ³¶²¨ÉÊ¤Ò ·μ¦¤¥´¨Ö Ëμ´μ´  ¸ Ô´¥·£¨¥° ωs. “Î¥É ¢¸¥Ì g2-Î²¥´μ¢
μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Ëμ´μ´´μ£μ ÉÔ¤¶μ² , É. ¥. §  ¸Î¥É ÊÎ¥É 
´¥¶μ²Õ¸´ÒÌ ¶μ¶· ¢μ± ± ³ ¸¸μ¢μ³Ê μ¶¥· Éμ·Ê ·μ¦¤¥´¨Ö Ëμ´μ´ .

�¸´μ¢´Ò¥ Ê· ¢´¥´¨Ö ’Š”‘, μ¶¨¸Ò¢ ÕÐ¨¥, ¸μμÉ¢¥É¸É¢¥´´μ, ¶μ²Ö·¨§Ê¥-
³μ¸ÉÓ Ö¤·  ¨  ³¶²¨ÉÊ¤Ê ·μ¦¤¥´¨Ö Ëμ´μ´ , ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¸¨³¢μ²¨Î¥-
¸±¨° ¢¨¤:

V̂ = V̂0 + F̂ ÂV̂ , (2)

ĝL = F̂ Âĝ, (3)

£¤¥ ¢¸¥ Î²¥´Ò Ê· ¢´¥´¨Ö Ö¢²ÖÕÉ¸Ö ³ É·¨Í ³¨.
�¥¶μ²Õ¸´ Ö ¤¨ £· ³³  (É ± ´ §Ò¢ ¥³Ò° ÉÔ¤¶μ²) ¥¸ÉÓ ¸¢¥·É±  ”ƒ ¸ ¢¥-

²¨Î¨´μ° δ1g2 ≡ g12. �É  ¢¥²¨Î¨´  μ¶·¥¤¥²Ö¥É¸Ö ¢ ·¨ Í¨¥° Ê· ¢´¥´¨Ö (3)



��ƒ��Œ��ˆ—…‘Šˆ… �””…Š’› ‚’���ƒ� ˆ ’�…’œ…ƒ� ���Ÿ„Š�‚ 617

�¨¸. 1. “· ¢´¥´¨Ö (4) ¤²Ö g12 ¢ ¤¨ £· ³³´μ³ ¢¨¤¥

¢ ¶μ²¥ Ëμ´μ´  1 ¨ Ê¤μ¢²¥É¢μ·Ö¥É ¨´É¥£· ²Ó´μ³Ê Ê· ¢´¥´¨Õ, £· Ë¨Î¥¸±¨ ¶·¥¤-
¸É ¢²¥´´μ³Ê ´  ·¨¸. 1:

g12 = δ1FAg2 + F (δ1A)g2 + FAg12. (4)

‚μ ¢¸¥Ì · ¸Î¥É Ì ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤ Ô´¥·£¥É¨Î¥¸±μ£μ ËÊ´±Í¨μ´ ²  ¶²μÉ-
´μ¸É¨, ¢ · ³± Ì ±μÉμ·μ£μ Ö¤¥·´μ¥ ¸·¥¤´¥¥ ¶μ²¥ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ± ± ¶¥·¢ Ö
¶·μ¨§¢μ¤´ Ö ¶μ ¶²μÉ´μ¸É¨ μÉ Ô´¥·£¥É¨Î¥¸±μ£μ ËÊ´±Í¨μ´ ² ,   ÔËË¥±É¨¢´ Ö
 ³¶²¨ÉÊ¤  ¢§ ¨³μ¤¥°¸É¢¨Ö F · ¸¸Î¨ÉÒ¢ ¥É¸Ö ± ± ¢Éμ· Ö ¢ ·¨ Í¨μ´´ Ö ¶·μ-
¨§¢μ¤´ Ö. ˆ¸¶μ²Ó§Ê¥É¸Ö Ìμ·μÏμ ¨§¢¥¸É´Ò° ´ ¡μ· ¶ · ³¥É·μ¢ ËÊ´±Í¨μ´ ² 
” Ö´¸  DF3-a.

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¢ É ¡². 1 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¸ ³μ¸μ£² ¸μ¢ ´´ÒÌ
· ¸Î¥Éμ¢ Ì · ±É¥·¨¸É¨± ¶¥·¢ÒÌ 3−-Ëμ´μ´μ¢ ¢ ¨§μÉμ¶ Ì μ²μ¢ . Š ± ¢¨¤´μ,
¶μ²ÊÎ¥´μ ¤μ¸É ÉμÎ´μ · §Ê³´μ¥ μ¶¨¸ ´¨¥ Ô´¥·£¨° ¶¥·¢ÒÌ 3−-Ëμ´μ´μ¢ ¨, ÎÉμ
μ¸μ¡¥´´μ ¢ ¦´μ ¤²Ö g2-ÔËË¥±Éμ¢, Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥ ¶·¨¢¥¤¥´´ÒÌ ¢¥·μÖÉ´μ-
¸É¥° B(E3).

’ ¡²¨Í  1. �´¥·£¨¨ ω3 ¨ ¢¥·μÖÉ´μ¸É¨ B(E3) ↑ (e2b3) ¤²Ö ¶¥·¢ÒÌ 3−-¸μ¸ÉμÖ´¨° ¨§μ-
Éμ¶μ¢ μ²μ¢  (¶·¨¢μ¤ÖÉ¸Ö Éμ²Ó±μ Ö¤· , ¤²Ö ±μÉμ·ÒÌ ¥¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥,
¶μ¤·μ¡´¥¥ ¸³. [14])

A ω3, ŒÔ‚ ωexp
3 B(E3) B(E3)exp

112 3,221 2,355 0,102 0,087(12)
114 3,157 2,275 0,106 0,100(12)
116 3,100 2,266 0,106 0,127(17)
118 3,072 2,325 0,106 0,115(10)
120 3,069 2,401 0,112 0,115(15)
122 3,112 2,493 0,107 0,092(10)
124 3,208 2,614 0,103 0,073(10)

1.2. Š¢ ¤·Ê¶μ²Ó´Ò¥ ³μ³¥´ÉÒ ¢ μ¤´μËμ´μ´´μ³ ¸μ¸ÉμÖ´¨¨. ‚ · ³± Ì ¸ -
³μ¸μ£² ¸μ¢ ´´μ° ’Š”‘ [13] ¸É É¨Î¥¸±¨° Ô²¥±É·μ³ £´¨É´Ò° ³μ³¥´É μ¤´μËμ-
´μ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¸ ³μ³¥´Éμ³ L ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¤¨ £μ´ ²Ó´Ò° ³ É·¨Î´Ò°
Ô²¥³¥´É MLL:

MLL = V GgLGgLG + V GGδLFGGgL. (5)
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„²Ö Ö¤¥· ¸μ ¸¶ ·¨¢ ´¨¥³ ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ Î¥ÉÒ·¥ ”ƒ

G1(ε) = Gh
1 (−ε) =

u2
1

ε − E1 + ıδ
+

v2
1

ε + E1 − ıδ
, (6)

F
(1)
1 (ε) = F

(2)
1 (ε) = − Δ1

2E1

[
1

ε − E1 + ıδ
+

1
ε + E1 − ıδ

]
, (7)

£¤¥ E1 =
√

(ε1 − μ)2 + Δ2
1, u2

1 = (E1 + ε1 − μ)/ 2E1 = 1−v2
1. ‚ ÔÉμ³ ¸²ÊÎ ¥

¶μ²ÊÎ ¥É¸Ö ¢μ¸¥³Ó  ³¶²¨ÉÊ¤, ¤¢¥ ¨§ ±μÉμ·ÒÌ ¶μ± § ´Ò ´  ·¨¸. 2. � ¸Î¥ÉÒ
¢ [7] ¶μ± § ²¨, ÎÉμ ¢±² ¤ ¸² £ ¥³ÒÌ ¸ δF ¨ δF ξ ³ ².

�μ¸²¥ μÉ¤¥²¥´¨Ö Ê£²μ¢ÒÌ ¶¥·¥³¥´´ÒÌ ¨ ¢ÒÎ¨¸²¥´¨Ö ¨´É¥£· ²μ¢ μÉ É·¥Ì
”ƒ ¶μ²ÊÎ ¥É¸Ö ¸²¥¤ÊÕÐ¥¥ μ±μ´Î É¥²Ó´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö  ³¶²¨ÉÊ¤Ò ¶¥·¥Ìμ¤ :

MLL =
∑
123

(−1)L+1

(
I L L
0 L −L

) {
I L L
j3 j2 j1

}
V12g

L
31g

L
23 A

(pair)
123 , (8)

A
(pair)
123 =

(
1

(ωL + E13)(ωL + E23)
+

1
(ωL − E13)(ωL − E23)

)
×

×
[
u2

1u
2
2u

2
3 − v2

1v2
2v

2
3 +

Δ1Δ2

4E1E2
(u2

3 − v2
3) +

+
Δ1Δ3

4E1E3
(u2

2 − v2
2) +

Δ2Δ3

4E2E3
(u2

1 − v2
1)

]
+

+
1

E12

[
2E23(u2

1v
2
2u2

3 − v2
1u

2
2v

2
3)

E2
23 − ω2

L

+
2E13(v2

1u2
2u

2
3 − u2

1v
2
2v

2
3)

E2
23 − ω2

L

−

−
(

Δ1Δ2

4E1E2
(u2

3 − v2
3) +

Δ1Δ3

4E1E3
(u2

2 − v2
2) +

Δ2Δ3

4E2E3
(u2

1 − v2
1)

)
×

×
(

E13

E2
13 − ω2

L

+
E23

E2
23 − ω2

L

)]
. (9)

�¨¸. 2. �·¨³¥·Ò £· Ë¨±μ¢ ¤²Ö  ³¶²¨ÉÊ¤ MLL ¸ ÊÎ¥Éμ³ ¸¶ ·¨¢ ´¨Ö
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�¨¸. 3. Š¢ ¤·Ê¶μ²Ó´Ò¥ ³μ³¥´ÉÒ ¶¥·¢ÒÌ 2+-¸μ¸ÉμÖ´¨° ¨§μÉμ¶μ¢ μ²μ¢ 

ˆ¸¶μ²Ó§ÊÖ Ëμ·³Ê²Ê Q =
√

16π/5MLL, ²¥£±μ ¶μ²ÊÎ¨ÉÓ ¨§ ÔÉμ£μ ¢Ò· ¦¥´¨Ö
±¢ ¤·Ê¶μ²Ó´Ò° ³μ³¥´É ¢ μ¤´μËμ´μ´´μ³ ¸μ¸ÉμÖ´¨¨ c ³μ³¥´Éμ³ L. ‚Éμ· Ö
¶μ²μ¢¨´  Ëμ·³Ê²Ò (8), ¶·μ¶μ·Í¨μ´ ²Ó´ Ö 1/E12, ¤ ¥É ´μ¢Ò¥, É ± ´ §Ò¢ ¥³Ò¥
É·¥Ì±¢ §¨Î ¸É¨Î´Ò¥ Š�‘.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¸ ³μ¸μ£² ¸μ¢ ´´ÒÌ · ¸Î¥Éμ¢ ±¢ ¤·Ê-
¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ ¢ ¶¥·¢μ³ 2+-¸μ¸ÉμÖ´¨¨ ¤²Ö ¨§μÉμ¶μ¢ μ²μ¢ . �μ²ÊÎ¥´μ
· §Ê³´μ¥ ¸μ£² ¸¨¥ ¸ ¨³¥ÕÐ¨³¨¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. �± § ²μ¸Ó,
ÎÉμ ¢¥²¨Î¨´  ±¢ ¤·Ê¶μ²Ó´μ£μ ³μ³¥´É  μ¶·¥¤¥²Ö¥É¸Ö ¸Ê³³μ° ¤¢ÊÌ μ¸´μ¢´ÒÌ
ÔËË¥±Éμ¢: ÔËË¥±É  Š�‘ (¤ ÕÐ¥£μ 50Ä60% μÉ ¶μ²´μ° ¢¥²¨Î¨´Ò) ¨ ÔËË¥±É 
¶μ²Ö·¨§Ê¥³μ¸É¨ Ö¤·  (¶μ·Ö¤±  40Ä50%), ±μÉμ·Ò¥ ¨³¥ÕÉ μ¤¨´ ±μ¢Ò¥ §´ ±¨.
�´ ²μ£¨Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò ¨ ¤²Ö ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ ¶¥·¢ÒÌ
3−-¸μ¸ÉμÖ´¨° [16].

1.3. ‚¥·μÖÉ´μ¸É¨ Ô²¥±É·μ³ £´¨É´ÒÌ ¶¥·¥Ìμ¤μ¢. ‚ · ³± Ì  ´ ²μ£¨Î´μ£μ
¶μ¤Ìμ¤  ³μ¦´μ · ¸¸Î¨É ÉÓ ¤·Ê£μ° ÔËË¥±É ¢Éμ·μ£μ ¶μ·Ö¤±  Å ¢¥·μÖÉ´μ¸É¨
EL-¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê μ¤´μËμ´μ´´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨. ‚ É ¡². 2 ¶·¥¤¸É ¢²¥´Ò
·¥§Ê²ÓÉ ÉÒ E1- ¨ E2-¶¥·¥Ìμ¤μ¢ ¢ ¤¢ ¦¤Ò ³ £¨Î¥¸±¨Ì ¨§μÉμ¶ Ì 132Sn ¨ 208Pb.
� ¸Î¥ÉÒ ¶μ± § ²¨ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éμ³.

’ ¡²¨Í  2. ‚¥·μÖÉ´μ¸É¨ Ô²¥±É·μ³ £´¨É´ÒÌ ¶¥·¥Ìμ¤μ¢ B(EL)(e2fm2L)

EL �¥·¥Ìμ¤ Ÿ¤·μ
Š�‘ = 0, Š�‘= 0, Š�‘ �= 0,

�±¸¶¥·¨³¥´É
V = eqV0 Veff Veff

1 2 3 4 5 6 7

E1 ↓ 3−
1 → 2+

1
132Sn 7,6 · 10−4 6,9 · 10−5 1,3 · 10−3 > 2,8 · 10−4

2+
1 → 3−

1
208Pb 2,45 · 10−4 2,4 · 10−5 9,5 · 10−4 (7,9 ± 2,7) · 10−4

E2 ↓ 5−
1 → 3−

1
132Sn 3,28 · 10−3 13,8 25,7 24,3 ± 1,2

5−
1 → 3−

1
208Pb 19,35 46,0 18,8 27,9 ± 1,5
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�μ²´ Ö ¢¥·μÖÉ´μ¸ÉÓ ¶¥·¥Ìμ¤ , É ± ¦¥ ± ± ¨ ¢ ¸²ÊÎ ¥ ¸ ±¢ ¤·Ê¶μ²Ó´Ò³¨
³μ³¥´É ³¨, μ¶·¥¤¥²Ö¥É¸Ö ¤¢Ê³Ö ¡μ²ÓÏ¨³¨ ÔËË¥±É ³¨: Š�‘ ¨ Ö¤¥·´μ° ¶μ-
²Ö·¨§Ê¥³μ¸ÉÓÕ. „²Ö ´ £²Ö¤´μ¸É¨ ¢ ±μ²μ´±¥ 4 ¶·¨¢¥¤¥´ ·¥§Ê²ÓÉ É ¤²Ö ¸²Ê-
Î Ö, ±μ£¤  μ¡  ÔËË¥±É  μÉ¸ÊÉ¸É¢ÊÕÉ, ¢ ±μ²μ´±¥ 5 ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö Š�‘, ´μ
¢±²ÕÎ¥´ ÔËË¥±É ¶μ²Ö·¨§Ê¥³μ¸É¨, ¢ ±μ²μ´±¥ 6 ¶·¨¢¥¤¥´ ·¥§Ê²ÓÉ É ¸ ÊÎ¥Éμ³
¢¸¥Ì ÔËË¥±Éμ¢. ˆ´É¥·¥¸´μ, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ E2-¶¥·¥Ìμ¤  ¨ · ¸Î¥É  ±¢ ¤·Ê-
¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ E1-¶¥·¥Ìμ¤ μ¶·¥¤¥²Ö¥É¸Ö ´¥ ¸Ê³³μ°,   · §´μ¸ÉÓÕ ¤¢ÊÌ
ÔËË¥±Éμ¢. ‚ Éμ ¢·¥³Ö ± ± ¢±²ÕÎ¥´¨¥ ¶μ²Ö·¨§Ê¥³μ¸É¨ Ö¤·  Ê³¥´ÓÏ ¥É  ³¶²¨-
ÉÊ¤Ê ¶¥·¥Ìμ¤  ´  ¶μ·Ö¤μ±, ¢±²ÕÎ¥´¨¥ Š�‘ ¤ ¥É Ê¢¥²¨Î¥´¨¥ ´  ¶μ·Ö¤μ±. �Éμ
¶μ¤Î¥·±¨¢ ¥É ¢ ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸ ³μ¸μ£² ¸μ¢ ´´μ° ¸Ì¥³Ò · ¸Î¥Éμ¢.

2. ��ƒ��Œ��ˆ—…‘Šˆ… �””…Š’› ’�…’œ…ƒ� ���Ÿ„Š�

�³¶²¨ÉÊ¤  ¶¥·¥Ìμ¤  ¤²Ö É·¥Ì Ëμ´μ´μ¢ ¢μ ¢´¥Ï´¥³ ¶μ²¥ ¨³¥¥É ¸²¥¤ÊÕ-
Ð¨° ¢¨¤ [11]:

MLL = V0GGg1Gg2Gg3 + V0GGg12Gg3 + V0GGg123. (10)

ˆ¸¶μ²Ó§ÊÖ Ê· ¢´¥´¨¥ (·¨¸. 4), ¶μ²ÊÎ¥´´μ¥ ¢ ·Ó¨·μ¢ ´¨¥³ Ê· ¢´¥´¨Ö (4),

g123 = δ1δ2FGGg3 + δ1FGg2Gg3G + δ1FGGg23+
+ FGg12Gg3G + FGg1Gg2Gg3G + FGGg123, (11)

´ Ìμ¤¨³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö M (3):

M (3) = V Gg1Gg2Gg3G + V Gg12Gg3G + V GGδ1FGGg12+
+ V GGδ1FGg1Gg2G + V Gδ1δ2FGg3G, (12)

¨²¨ ¢ £· Ë¨Î¥¸±μ³ ¢¨¤¥ Å ¸³. ´  ·¨¸. 5.
�μ  ´ ²μ£¨¨ ¸ ¶μ²ÊÎ¥´´Ò³ ¢ · ¡μÉ¥ [7] ·¥§Ê²ÓÉ Éμ³ μ ³ ²μ¸É¨ ¢±² ¤ 

£· Ë¨±μ¢ ¸ δF ¢ ¶μ²´ÊÕ ¢¥²¨Î¨´Ê  ³¶²¨ÉÊ¤Ò ¶¥·¥Ìμ¤  ³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ

�¨¸. 4. „¨ £· ³³´Ò° ¢¨¤ Ê· ¢´¥´¨Ö (10) ¤²Ö g123
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�¨¸. 5. ƒ· Ë¨Î¥¸±μ¥ ¢Ò· ¦¥´¨¥ Ëμ·³Ê²Ò (11) ¤²Ö M (3)

£· Ë¨±¨ 3, 4 ¨ 5 ´  ·¨¸. 5 ¤ ÕÉ ³ ²Ò° ¢±² ¤. ‚Éμ·μ° £· Ë¨± ´  ·¨¸. 5 ¸ g12

¸μ¤¥·¦¨É ÔËË¥±ÉÒ ÉÔ¤¶μ²  ¨ É·¥Ì±¢ §¨Î ¸É¨Î´ÒÌ Š�‘. ƒ· Ë¨±¨ É ±μ£μ É¨¶ 
´¨£¤¥ ´¥ · ¸¸³ É·¨¢ ²¨¸Ó, ¨ ¢ ÔÉμ° · ¡μÉ¥ μ´¨ · ¸¸³ É·¨¢ ÉÓ¸Ö ´¥ ¡Ê¤ÊÉ.
�μÔÉμ³Ê μ¡¸Ê¦¤ ¥³ Éμ²Ó±μ £· Ë¨±¨ ¶¥·¢μ£μ É¨¶ . „²Ö Ö¤¥· ¸μ ¸¶ ·¨¢ ´¨¥³
¸²¥¤Ê¥É · ¸¸³μÉ·¥ÉÓ ¢μ¸¥³Ó £· Ë¨±μ¢, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 6. ‘ ÊÎ¥Éμ³
¶¥·¥¸É ´μ¢μ± Ëμ´μ´μ¢ ÔÉμ ¤ ¸É 48 £· Ë¨±μ¢ (Ï¥¸ÉÓ ¶¥·¥¸É ´μ¢μ± Ëμ´μ´μ¢
¤²Ö ± ¦¤μ£μ ¨§ ¢μ¸Ó³¨ £· Ë¨±μ¢ ¸ · §²¨Î´Ò³¨ ”ƒ ´  ·¨¸. 6) [15].

”μ·³Ê²  ¤²Ö  ³¶²¨ÉÊ¤Ò ¶¥·¥Ìμ¤ , ±¢ ¤· É ±μÉμ·μ° μ¶·¥¤¥²Ö¥É ¢¥·μÖÉ-
´μ¸ÉÓ ¶¥·¥Ìμ¤ , ¨³¥¥É ¸²¥¤ÊÕÐ¨° μ¡Ð¨° ¢¨¤:

M (3) =
∑

i=1−48,1234

V12 gs1
13 gs2

34 gs3
42 A

(i)
1234(ω, ωs1 , ωs2ωs3). (13)

‚ ÔÉμ³ ¢Ò· ¦¥´¨¨ ¨´¤¥±¸ 1 μ¡μ§´ Î ¥É ¶μ²´Ò° ´ ¡μ· μ¤´μÎ ¸É¨Î´ÒÌ ±¢ ´-
Éμ¢ÒÌ Î¨¸¥² (n1, j1, l1, m1), Ai Å ¨´É¥£· ²Ò μÉ Î¥ÉÒ·¥Ì ”ƒ, ¢¥·Ï¨´  V ¨
 ³¶²¨ÉÊ¤  gsi Ê¤μ¢²¥É¢μ·ÖÕÉ ¸μμÉ¢¥É¸É¢¥´´μ Ê· ¢´¥´¨Ö³ (2) ¨ (3), ¢ ±μÉμ·ÒÌ
¸²¥¤Ê¥É Ê¦¥ ÊÎ¥¸ÉÓ ¸¶ ·¨¢ ´¨¥ (¸³. [12]).

‚ ·¥§Ê²ÓÉ É¥ ¨´É¥£·¨·μ¢ ´¨Ö Î¥ÉÒ·¥Ì ”ƒ G

A
(1)
1234 =

∫
G1(ε)G2(ε − ω)G3(ε − ω1)G4(ε − ω + ω2) dε (14)

�¨¸. 6. �³¶²¨ÉÊ¤  ¶¥·¥Ìμ¤  ¤²Ö Ö¤¥· ¸μ ¸¶ ·¨¢ ´¨¥³ M (3)
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¸ § ±μ´μ³ ¸μÌ· ´¥´¨Ö ω = ω1 + ω2 − ω4 ¶μ²ÊÎ ÕÉ¸Ö 14 ¸² £ ¥³ÒÌ (Ëμ·³Ê² 
¶·¨¢μ¤¨É¸Ö ¢¶¥·¢Ò¥):(

1
(E13 + ω1)(E24 + ω2)(E34 + ω4)

+
1

(E13 − ω1)(E24 − ω2)(E34 − ω4)
+

+
1

(E13 + ω1)(E24 + ω2)(E12 + ω)
+

1
(E13 − ω1)(E24 − ω2)(E12 − ω)

)
×

×
[
u2

1v
2
2v

2
3u2

4 + v2
1u

2
2u

2
3v

2
4 + b1234

]
+

+

(
1

(E14 + ω2 − ω)(E23 + ω1 − ω)(E34 + ω4)
+

+
1

(E14 − ω2 + ω)(E23 − ω1 + ω)(E34 − ω4)
+

+
1

(E14 − ω2 + ω)(E23 − ω1 + ω)(E12 + ω)
+

+
1

(E14 + ω2 − ω)(E23+ω1 − ω)(E12 − ω)

)[
u2

1v
2
2u

2
3v

2
4 + v2

1u
2
2v

2
3u2

4 + b1234

]
+

+

(
1

(E14 + ω2 − ω)(E23 + ω1 − ω)(E24 + ω2)
+

+
1

(E14 − ω2 + ω)(E23 − ω1 + ω)(E24 − ω2)
+

+
1

(E14 − ω2 + ω)(E23 − ω1 + ω)(E13 − ω1)
+

+
1

(E14 + ω2 − ω)(E23 + ω1 − ω)(E13 + ω1)

)[
u2

1u
2
2v

2
3v

2
4 + v2

1v
2
2u2

3u
2
4 + b1234

]
+

+

(
1

(E14 − ω2 + ω)(E12 + ω)(E13 + ω1)
+

+
1

(E14 + ω2 − ω)(E12 − ω)(E13 − ω1)

)[
u2

1v
2
2v

2
3v

2
4 + v2

1u2
2u

2
3u

2
4 + b1234

]
+

+

(
1

(E12+ω)(E23−ω1+ω)(E24+ω2)
+

1
(E12−ω)(E23+ω1−ω)(E24−ω2)

)
×
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×
[
v2
1u

2
2v

2
3v2

4 + u2
1v

2
2u2

3u
2
4 + b1234

]
+

+

(
1

(E13+ω1)(E23+ω1−ω)(E34+ω4)
+

1
(E13−ω1)(E23−ω1+ω)(E34−ω4)

)
×

×
[
v2
1v

2
2u2

3v
2
4 + u2

1u
2
2v

2
3u2

4 + b1234

]
+

+

(
1

(E14+ω2−ω)(E24+ω2)(E34+ω4)
+

1
(E14−ω2+ω)(E24−ω2)(E34−ω4)

)
×

×
[
v2
1v

2
2v2

3u
2
4 + u2

1u
2
2u

2
3v

2
4 + b1234

]
. (15)

�·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ · ¸¸³μÉ·¥ÉÓ ±μ´±·¥É´Ò° ¸²ÊÎ ° ¶¥·¥Ìμ¤  ³¥¦¤Ê ¤¢ÊÌ-
Ëμ´μ´´Ò³ ¨ μ¤´μËμ´μ´´Ò³ ¸μ¸ÉμÖ´¨Ö³¨, ¤²Ö ±μÉμ·μ£μ ¨³¥ÕÉ¸Ö Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥ ¨ · ¸Î¥ÉÒ ¢ · ³± Ì ¤·Ê£¨Ì ³μ¤¥²¥°. ‚ Î ¸É´μ¸É¨, ¢ · ¡μÉ¥ [9]
¡Ò²  · ¸¸³μÉ·¥´  § ¤ Î  μ E1-¶¥·¥Ìμ¤¥ ³¥¦¤Ê ±μ´±·¥É´Ò³¨ ¤¢ÊÌËμ´μ´´Ò³
¨ μ¤´μËμ´μ´´Ò³ ¸μ¸ÉμÖ´¨Ö³¨ ¢ Ö¤· Ì ¸μ ¸¶ ·¨¢ ´¨¥³. �¢Éμ·Ò ¢Ò¢¥²¨ Ëμ·-
³Ê²Ê (10), · ¸¸Î¨É ²¨ ¢¥·μÖÉ´μ¸ÉÓ ´ ¡²Õ¤ ¥³ÒÌ E1-¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê ¤¢ÊÌËμ-
´μ´´Ò³ 1−-¸μ¸ÉμÖ´¨¥³, ¢±²ÕÎ ÕÐ¨³ ´¨§±μ²¥¦ Ð¨¥ μ¤´μËμ´μ´´Ò¥ 2+- ¨
3−-¸μ¸ÉμÖ´¨Ö, ¨ μ¤´μËμ´μ´´Ò³ 2+-¸μ¸ÉμÖ´¨¥³ ¢ É·¥Ì Ö¤· Ì Sn, Sm, Nd ¨
¶μ²ÊÎ¨²¨ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éμ³. �μ  ´ ²μ£¨¨ ¸ [9] · ¸¸³μ-
É·¨³ ¶¥·¥Ìμ¤ ³¥¦¤Ê ±μ´±·¥É´Ò³ ¤¢ÊÌËμ´μ´´Ò³ ¸μ¸ÉμÖ´¨¥³ [1 × 2] → 4
´  μ¤´μËμ´μ´´μ¥ ¸μ¸ÉμÖ´¨¥ 4. ‚ Ëμ·³Ê²Ê (10) [9] ¢Ìμ¤¨É μ¡Ð¨° ³´μ¦¨-
É¥²Ó u+

12u
+
13u

+
24u

+
43 (u+

12 ≡ u1v2 + v1u2), ±μÉμ·Ò° ¶·μ¨¸Ìμ¤¨É μÉ ³´μ¦¨É¥²Ö
u+

12 ¢ (10) [9] ¨ ¸μ¤¥·¦¨É¸Ö ¢ μ¶·¥¤¥²¥´¨ÖÌ ¤²Ö É·¥Ì  ³¶²¨ÉÊ¤ ψ, φ μ¶¥-
· Éμ·  ·μ¦¤¥´¨Ö Ëμ´μ´ , μ¶¨¸Ò¢ ¥³μ£μ ¢ · ³± Ì (Š)Œ•”. ‘μμÉ¢¥É¸É¢ÊÕ-
Ð¥¥ ®¶·¨¢¥¤¥´¨¥ ± ±¢ ¤· É ³¯ ³μ¦´μ ¢Ò¶μ²´¨ÉÓ Ëμ·³Ê²μ° u+

12u
+
13u

+
24u

+
43 =

u2
1v

2
2v

2
3u2

4 + v2
1u

2
2u

2
3v

2
4 + b1234, ¢ ±μÉμ·μ° ¢Ò¤¥²¥´Ò ´ ¨¡μ²¥¥ Ë¨§¨Î¥¸±¨ ¨´É¥-

·¥¸´Ò¥ ¤²Ö ´ ¸ ¶·μ¨§¢¥¤¥´¨Ö ¸² £ ¥³ÒÌ ¸ Î¥ÉÒ·Ó³Ö ±¢ ¤· É ³¨ ±μÔËË¨Í¨-
¥´Éμ¢ 	μ£μ²Õ¡μ¢ ,   μ¸É ²Ó´Ò¥ Î ¸É¨, ¸μ¤¥·¦ Ð¨¥ ¶μ ¤¢  ±¢ ¤· É  ±μÔËË¨-
Í¨¥´Éμ¢ 	μ£μ²Õ¡μ¢  ¨ ¢¥²¨Î¨´Ò Δi, μ¡μ§´ Î¥´Ò Î¥·¥§ b1234.

‚ Ëμ·³Ê²¥ (15) Ï¥¸ÉÓ ¸² £ ¥³ÒÌ ¸μ¤¥·¦ É ¶μ ¤¢  ³´μ¦¨É¥²Ö ¢¨¤  u2u2

¨²¨ v2v2 ¨ ¢ ¶·¥¤¥²¥ μÉ¸ÊÉ¸É¢¨Ö ¸¶ ·¨¢ ´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÉ ¸²ÊÎ Õ, ±μ£¤ 
¤¢¥ Î ¸É¨ÍÒ (¤Ò·±¨) ´ Ìμ¤ÖÉ¸Ö ¢ÒÏ¥ ¶μ¢¥·Ì´μ¸É¨ ”¥·³¨,   ¤¢¥ ¤Ò·±¨ (Î -
¸É¨ÍÒ) ´ Ìμ¤ÖÉ¸Ö ´¨¦¥ ¶μ¢¥·Ì´μ¸É¨ ”¥·³¨. ˆ§ ´¨Ì ¤¢  ¸² £ ¥³ÒÌ ¸ Î¨¸²¨-
É¥²Ö³¨ u2

1v
2
2v

2
3u2

4 ¨ v2
1u

2
2u

2
3v

2
4 , ± ± ¡Ê¤¥É ¶μ± § ´μ ¤ ²¥¥, ¸μ¤¥·¦ É¸Ö ¢ Ëμ·-

³Ê²¥ (10) [9]. —¥ÉÒ·¥ ¸² £ ¥³ÒÌ ¸ ¨´Ò³ ´ ¡μ·μ³ ±μÔËË¨Í¨¥´Éμ¢ 	μ£μ²Õ-
¡μ¢ ,   ¨³¥´´μ [v2

1u2
2v

2
3u

2
4 +u2

1v
2
2u2

3v
2
4 + b1234] ¨ [v2

1v2
2u

2
3u

2
4 +u2

1u
2
2v

2
3v

2
4 + b1234],

μÉ¸ÊÉ¸É¢ÊÕÉ ¢ Ëμ·³Ê²¥ (10) [9].

Š·μ³¥ ¸² £ ¥³ÒÌ É¨¶  u2u2v2v2 ¢ ·¥§Ê²ÓÉ É¥ ¨´É¥£·¨·μ¢ ´¨Ö Î¥ÉÒ·¥Ì
”ƒ G ¢ Ëμ·³Ê²¥ (15) ¸μ¤¥·¦ É¸Ö ¢μ¸¥³Ó ¸² £ ¥³ÒÌ ¤·Ê£μ£μ É¨¶ ,   ¨³¥´´μ:
[v2

1u2
2u

2
3u

2
4 + u2

1v
2
2v

2
3v2

4 + b1234], [u2
1v

2
2u2

3u
2
4 + v2

1u2
2v

2
3v

2
4 + b1234], [v2

1v2
2u

2
3v

2
4 +
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u2
1u

2
2v

2
3u

2
4 + b1234] ¨ [v2

1v
2
2v2

3u
2
4 + u2

1u
2
2u

2
3v

2
4 + b1234]. ‚ ¶·¥¤¥²¥ μÉ¸ÊÉ¸É¢¨Ö

¸¶ ·¨¢ ´¨Ö μ´¨ ¸μμÉ¢¥É¸É¢ÊÕÉ ¸²ÊÎ Õ, ±μ£¤  μ¤´  Î ¸É¨Í  (¤Ò·± ) ´ Ìμ¤¨É¸Ö
¢ÒÏ¥ ¶μ¢¥·Ì´μ¸É¨ ”¥·³¨ ¨ É·¨ ¤Ò·±¨ (Î ¸É¨ÍÒ) ´ Ìμ¤ÖÉ¸Ö ´¨¦¥ ¶μ¢¥·Ì´μ¸É¨
”¥·³¨, μ´¨ É ±¦¥ μÉ¸ÊÉ¸É¢ÊÕÉ ¢ Ëμ·³Ê²¥ (10) [9].

�·¨¢¥¤¥³ ¶μ²´Ò° ¢¨¤ ¶μ²ÊÎ¥´´μ£μ ´ ³¨  ´ ²μ£  Ëμ·³Ê²Ò (10) [9] ¤²Ö
 ³¶²¨ÉÊ¤Ò ¶¥·¥Ìμ¤  ¨§ ¤¢ÊÌËμ´μ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ μ¤´μËμ´μ´´μ¥. ’μ²Ó±μ
¤¢  ¨§ ¨³¥ÕÐ¨Ì¸Ö Ê ´ ¸ 14 ¸² £ ¥³ÒÌ ¸ ±μÔËË¨Í¨¥´É ³¨ 	μ£μ²Õ¡μ¢  ¢Ìμ¤ÖÉ
¢ Ëμ·³Ê²Ê (10) [9] Å ÔÉμ ¸² £ ¥³Ò¥, ´¥ ¸μ¤¥·¦ Ð¨¥ Ô´¥·£¨¨ ω:

〈
[s1 × s2]I3 ‖ M (3) ‖ s4

〉
=

∑
1234

V12 gs1
13 gs2

34 gs3
42×

×
∑

J

(−1)J

(
u2

1 v2
2 v2

3 u2
4 + v2

1 u2
2 u2

3 v2
4 + b1234

)
×

×
[(

1
(E13+ω1)(E24+ω2)(E34+ω4)

+
1

(E13−ω1)(E24−ω2)(E34−ω4)

)
δI3J +

+
(

1
(E13 + ω1)(E24 − ω2)(E34 − ω4)

+
1

(E13 − ω1)(E24 + ω2)(E34 + ω4)

)
×

× (2J + 1)
{

L I4 I3

I1 I2 J

}] ⎧⎨⎩
j2 j1 L
j4 j3 I4

I2 I1 J

⎫⎬⎭ + [GSC] + [uvvv]. (16)

‚Ò¶¨¸ ´´ Ö Î ¸ÉÓ ¸μμÉ¢¥É¸É¢Ê¥É Ëμ·³Ê²¥ (10) [9]. �¥¢Ò¶¨¸ ´´Ò¥ ¨ §´ -
Î¨É¥²Ó´μ ¡μ²¥¥ ¤²¨´´Ò¥ Î ¸É¨, μ¡μ§´ Î¥´´Ò¥ ± ± [GSC] ¨ [uvvv], ¸μμÉ-
¢¥É¸É¢ÊÕÉ Ê± § ´´Ò³ ¢ÒÏ¥ Š�‘ (Î¥ÉÒ·¥³ Ê± § ´´Ò³ ¸² £ ¥³Ò³ ¨ ¢μ¸Ó³¨
¸² £ ¥³Ò³ ¸ [uvvv] ¢ ¨´É¥£· ²¥ (14)). �μ²μ¢¨´  ¨§ ´¨Ì ¸μ¤¥·¦¨É §´ -
³¥´ É¥²¨ (E12 ± ω), Ì · ±É¥·´Ò¥ ¤²Ö ¨§ÊÎ¥´´ÒÌ · ´¥¥ Š�‘ ¢Éμ·μ£μ ¶μ-
·Ö¤±  [7, 16].

�μ¸±μ²Ó±Ê ¢ [9] ¡Ò²μ ¶μ²ÊÎ¥´μ Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ ¤²Ö ±μ´±·¥É´μ£μ ¸²ÊÎ Ö E1-¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê ¤¢ÊÌËμ´μ´´Ò³ [2+

1 ×
3−1 ]1− ¨ 2+

1 -¸μ¸ÉμÖ´¨Ö³¨ ¢ É·¥Ì Ö¤· Ì ¸μ ¸¶ ·¨¢ ´¨¥³, ´¥²Ó§Ö ¨¸±²ÕÎ¨ÉÓ
Éμ£μ, ÎÉμ ¡Ê¤ÊÐ¨¥ ¸²μ¦´Ò¥ · ¸Î¥ÉÒ ¤²Ö ÔÉμ£μ ¸²ÊÎ Ö ¶μ± ¦ÊÉ, ÎÉμ ¢¸¥ ´¥-
ÊÎÉ¥´´Ò¥ ÔËË¥±ÉÒ ±μ³¶¥´¸¨·ÊÕÉ ¤·Ê£ ¤·Ê£ . ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ± ¦¤Ò° ¨§
¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ ¶Ê´±Éμ¢ ¨³¥¥É ¢¥¸Ó³  μ¡Ð¨° Ì · ±É¥· ¶μ ¸· ¢´¥´¨Õ ¸
¶·¨³¥· ³¨, · ¸¸³μÉ·¥´´Ò³¨ ¢ [9]. �μÔÉμ³Ê ± ¦¤Ò° ¨§ ´¨Ì ¶·¨³¥´¨³ ¤²Ö
³´μ£¨Ì ¤·Ê£¨Ì Ë¨§¨Î¥¸±¨Ì ¸²ÊÎ ¥¢ Å ¶μ ³Ê²ÓÉ¨¶μ²Ó´μ¸É¨ ¨ Ô´¥·£¨¨ ¶¥-
·¥Ìμ¤μ¢, Ì · ±É¥·¨¸É¨± ³ Ëμ´μ´μ¢ ¨ É. ¶. ˆ´ Î¥ £μ¢μ·Ö, ¶μÖ¢²Ö¥É¸Ö ³´μ£μ
´μ¢ÒÌ Ë¨§¨Î¥¸±¨Ì ¢ ·¨ ´Éμ¢ ¨§ÊÎ¥´¨Ö  ´£ ·³μ´¨Î¥¸±¨Ì ÔËË¥±Éμ¢ É·¥ÉÓ¥£μ
¶μ·Ö¤± . Š ÔÉμ³Ê ¸²¥¤Ê¥É ¤μ¡ ¢¨ÉÓ Ë ±É ´ ²¨Î¨Ö ¢ Ëμ·³Ê² Ì (12), (16) ¨ ´ 
·¨¸. 5 ¢¥·Ï¨´Ò V , μ¶¨¸Ò¢ ÕÐ¥° ¶μ²Ö·¨§Ê¥³μ¸ÉÓ Ö¤·  ¶μ¤ ¤¥°¸É¢¨¥³ ¢´¥Ï-
´¥£μ ¶μ²Ö V0, ±μÉμ· Ö μ¶·¥¤¥²Ö¥É¸Ö ÔËË¥±É¨¢´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ´Ê±²μ´μ¢.
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Š ± ¶μ± § ´μ · ´¥¥ [7, 14, 16], ¤²Ö ¸²ÊÎ Ö ÔËË¥±Éμ¢ ¢Éμ·μ£μ ¶μ·Ö¤±  ´ ¡²Õ-
¤ ¥³Ò¥ ¤ ´´Ò¥ μ¡ÑÖ¸´ÖÕÉ¸Ö Éμ²Ó±μ ¶·¨ ¸μ¢³¥¸É´μ³ ÊÎ¥É¥ ¢±² ¤μ¢ μÉ Š�‘
¨ Ö¤¥·´μ° ¶μ²Ö·¨§Ê¥³μ¸É¨. Œμ¦´μ ¸Î¨É ÉÓ, ÎÉμ Éμ ¦¥ ¸ ³μ¥ ¢³¥¸É¥ ¸ ¢±² ¤μ³
μÉ £· Ë¨±μ¢ ¸ g12 ¡Ê¤¥É ¢ ¦´Ò³ ¨ ¤²Ö  ´£ ·³μ´¨Î¥¸±¨Ì ÔËË¥±Éμ¢ É·¥ÉÓ¥£μ
¶μ·Ö¤± .

‡�Š‹	—…�ˆ…

‚ · ¡μÉ¥ ¶μ± § ´μ, ÎÉμ ±¢ ´Éμ¢ Ö É¥μ·¨Ö ³´μ£¨Ì É¥² ¢ Ëμ·³ ²¨§³¥ ”ƒ
¶·¥¤μ¸É ¢²Ö¥É Ê¤μ¡´Ò° ¨ ÔËË¥±É¨¢´Ò° ¨´¸É·Ê³¥´É ± ± ¤²Ö É¥μ·¥É¨Î¥¸±μ£μ
 ´ ²¨§ , É ± ¨ ¤²Ö ¸ ³μ¸μ£² ¸μ¢ ´´ÒÌ · ¸Î¥Éμ¢  ´£ ·³μ´¨Î¥¸±¨Ì ÔËË¥±Éμ¢
¢ ³ £¨Î¥¸±¨Ì ¨ ¶μ²Ê³ £¨Î¥¸±¨Ì Ö¤· Ì. �μ²ÊÎ¥´μ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ · ¸Î¥-
Éμ¢ ÔËË¥±Éμ¢ ¢Éμ·μ£μ ¶μ·Ö¤±  ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, Ê± § ´μ ´ 
¡μ²ÓÏμ° ¢±² ¤ ´μ¢ÒÌ ÔËË¥±Éμ¢ Š�‘ ¢ ¨Ì ¢¥²¨Î¨´Ê. ‚ · ³± Ì ¤ ´´μ° É¥-
μ·¨¨ ¶·μ¢¥¤¥´  ´ ²¨§ ÔËË¥±Éμ¢ É·¥ÉÓ¥£μ ¶μ·Ö¤±  ¨ ¢¶¥·¢Ò¥ Ê± § ´μ ´  ¸Ê-
Ð¥¸É¢μ¢ ´¨¥ ·Ö¤  ´μ¢ÒÌ ÔËË¥±Éμ¢. ‚ ¡²¨¦ °Ï¥³ ¡Ê¤ÊÐ¥³  ¢Éμ·Ò ´ ¤¥ÕÉ¸Ö
¶·¥¤¸É ¢¨ÉÓ ¡μ²¥¥ ¶μ¤·μ¡´Ò°  ´ ²¨§ ÔËË¥±Éμ¢ É·¥ÉÓ¥£μ ¶μ·Ö¤± .

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ‚.
. �μ´μ³ ·¥¢Ê ¨ ‚.�.•μ¤¥²Õ § 
¶²μ¤μÉ¢μ·´Ò¥ μ¡¸Ê¦¤¥´¨Ö. � ¡μÉ  ¶μ¤¤¥·¦ ´  £· ´Éμ³ ��” º 16-12-10155.
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