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‚ ¶·¨¡²¨¦¥´¨¨ δ-¶μÉ¥´Í¨ ²  · ¸¸Î¨É ´Ò ¸É·Ê±ÉÊ·Ò ³Ê²ÓÉ¨¶²¥Éμ¢ μ¸´μ¢´μ£μ ¸μ-
¸ÉμÖ´¨Ö ¤²Ö Ö¤¥· ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ³ ¸¸μ¢μ£μ Î¨¸²  A ¨ ¶·μ¢¥¤¥´  ´ ²¨§ · §-
²¨Î´ÒÌ ³ ¸¸μ¢ÒÌ ¸μμÉ´μÏ¥´¨° ¤²Ö · ¸Î¥É  Ô´¥·£¨¨ ¸¶ ·¨¢ ´¨Ö. ‘μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê
· ¸¸Î¨É ´´μ° ¸É·Ê±ÉÊ·μ° ³Ê²ÓÉ¨¶²¥É  ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ³μ¦¥É ¸²Ê¦¨ÉÓ
±·¨É¥·¨¥³ ¢Ò¡μ·  ¸μμÉ´μÏ¥´¨Ö ¤²Ö μÍ¥´±¨ Ô´¥·£¨¨ ¸¶ ·¨¢ ´¨Ö.

The ground state multiplet structure for nuclei over a wide range of mass number
A was calculated in δ approximation, and different mass relations for pairing energy
were analyzed in this work. Correlation between the calculated multiplet structure and
experimental data offer a guideline in deciding between mass relations for nucleon pairing.

PACS: 21.10.Dr; 21.30.Fe; 29.87.+g
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�¤´¨³ ¨§ ¶·μÖ¢²¥´¨° ¸¶ ·¨¢ ´¨Ö ´Ê±²μ´μ¢ ¢  Éμ³´μ³ Ö¤·¥ Ö¢²Ö¥É¸Ö · ¸-
¸²μ¥´¨¥ ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨: Ö¤·  ¸ Î¥É´Ò³¨ §´ Î¥´¨Ö³¨ N ¨ Z ¸¨²Ó´¥¥
¸¢Ö§ ´Ò, Î¥³ ¸μ¸¥¤´¨¥ Î¥É´μ-´¥Î¥É´Ò¥ Ö¤· . ’· ¤¨Í¨μ´´μ ¢¥²¨Î¨´  Î¥É´μ-
´¥Î¥É´μ£μ ÔËË¥±É  (EOS) Ö¢²Ö¥É¸Ö μÍ¥´±μ° ¸¨² ¸¶ ·¨¢ ´¨Ö Éμ¦¤¥¸É¢¥´´ÒÌ
´Ê±²μ´μ¢, ¤²Ö ¥¥ · ¸Î¥É  ¨¸¶μ²Ó§ÊÕÉ¸Ö Ëμ·³Ê²Ò ¸ ÊÎ¥Éμ³ ³ ¸¸ Î¥ÉÒ·¥Ì [1]
¨²¨ ¶ÖÉ¨ [2] ¸μ¸¥¤´¨Ì ¨§μÉμ¶μ¢:

Δ(4)
n (N) =

(−1)N

4
[−Sn(N + 1) + 2Sn(N) − Sn(N − 1)], (1)

∗E-mail: tretyakova@sinp.msu.ru
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Δ(5)
n (N) = 1/2[Δ(4)

n (N) + Δ(4)
n (N + 1)] =

= (−1)N/8[−Sn(N + 2) + 3Sn(N + 1) − 3Sn(N) + Sn(N + 2)], (2)

£¤¥ Sn(N) = B(N) − B(N − 1) Å Ô´¥·£¨Ö μÉ¤¥²¥´¨Ö ´¥°É·μ´  μÉ Ö¤· 
(N, Z); B(N) Å Ô´¥·£¨Ö ¸¢Ö§¨ Ö¤· . ‚ Ëμ·³Ê² Ì (1) ¨ (2) ¤²Ö ´¥°É·μ´´μ£μ
EOS Î¨¸²μ ¶·μÉμ´μ¢ Z Ë¨±¸¨·μ¢ ´μ. �´ ²μ£¨Î´Ò¥ Ëμ·³Ê²Ò (§¤¥¸Ó ¨ ¤ ²¥¥)
¤²Ö ¶·μÉμ´μ¢ ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¶ÊÉ¥³ Ë¨±¸¨·μ¢ ´¨Ö Î¨¸²  ´¥°É·μ´μ¢ N
¨ § ³¥´μ° ¢ Ëμ·³Ê² Ì N ´  Z.

‡´ Î¨É¥²Ó´μ¥ Î¨¸²μ ¨¸¸²¥¤μ¢ ´¨° ¶μ¸¢ÖÐ¥´μ μÍ¥´±¥ ± ± ¢±² ¤  ¢ EOS
´¥¶μ¸·¥¤¸É¢¥´´μ ¸¶ ·¨¢ ´¨Ö ´Ê±²μ´μ¢, É ± ¨ ¢±² ¤μ¢ ¤·Ê£¨Ì ³´μ£μÎ ¸É¨Î-
´ÒÌ ÔËË¥±Éμ¢. ‚ · ¡μÉ¥ [3] ¢ ± Î¥¸É¢¥ μÍ¥´±¨ ¸¶ ·¨¢ ´¨Ö ¶·¥¤² £ ¥É¸Ö ¨¸-
¶μ²Ó§μ¢ ÉÓ ´ ¨¡μ²¥¥ ¶·μ¸Éμ° ¢ ·¨ ´É μÍ¥´±¨ EOS ¶μ Ô´¥·£¨Ö³ ¸¢Ö§¨ É·¥Ì
¸μ¸¥¤´¨Ì Ö¤¥·:

Δ(3)
n (N) =

(−1)N

2
[Sn(N) − Sn(N + 1)], (3)

¶·¨Î¥³ ¶μ± § ´μ, ÎÉμ ´ ¨²ÊÎÏ¥° μÍ¥´±μ° ¸¶ ·¨¢ ´¨Ö ´Ê±²μ´μ¢ Ö¢²Ö¥É¸Ö Ëμ·-

³Ê²  (3) ¤²Ö ´¥Î¥É´μ£μ Î¨¸²  ´¥°É·μ´μ¢ Δ(3)
n (N + 1). �ÉμÉ ¢Ò¢μ¤ ¸μ£² ¸Ê-

¥É¸Ö ¸ ¶·Ö³Ò³ μ¶·¥¤¥²¥´¨¥³ ¢¥²¨Î¨´Ò ¸¶ ·¨¢ ´¨Ö ¤¢ÊÌ ´¥°É·μ´μ¢ Δnn ± ±
· §´μ¸É¨ ³¥¦¤Ê Ô´¥·£¨¥° μÉ¤¥²¥´¨Ö ¶ ·Ò ´¥°É·μ´μ¢ Snn μÉ Ö¤·  (Z, N) ¨
Ê¤¢μ¥´´μ° Ô´¥·£¨¥° μÉ¤¥²¥´¨Ö ´¥°É·μ´  Sn μÉ Ö¤·  (Z, N − 1) [4]:

Δnn(N) = Snn(N)− 2Sn(N − 1) = Sn(N) − Sn(N − 1) = 2Δ3
n(N − 1). (4)

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¤ ´´Ò¥ ¢ ·¨ ´ÉÒ · ¸Î¥É  EOS ¶·μ ´ ²¨§¨·μ¢ ´Ò ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ¥Ð¥ μ¤´μ£μ ¶·μÖ¢²¥´¨Ö ¸¶ ·¨¢ ´¨Ö ´Ê±²μ´μ¢ Å Ëμ·³¨·μ¢ ´¨Ö
¢ ¸¶¥±É·¥ ´¨§±μ²¥¦ Ð¨Ì ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨°  Éμ³´μ£μ Ö¤·  Ì · ±É¥·-
´ÒÌ ´ ¡μ·μ¢ Ê·μ¢´¥° ¸ JP = 0+, 2+, . . . , J+

max Å É ± ´ §Ò¢ ¥³μ£μ ³Ê²ÓÉ¨-
¶²¥É  μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö.

1. Œ�„…‹œ ‘…�œ��ˆ’ˆ

�´ ²¨§Ê ÔËË¥±É  EOS ¢ · §²¨Î´ÒÌ É¥μ·¥É¨Î¥¸±¨Ì ¶μ¤Ìμ¤ Ì ¶μ¸¢ÖÐ¥´μ
³´μ£μ ¨¸¸²¥¤μ¢ ´¨°. ‚¸²¥¤ §  · ¡μÉμ° [3] · ¸¸³μÉ·¨³ ¸μμÉ´μÏ¥´¨Ö (1)Ä(4)
¢ ³μ¤¥²¨ ¸¥´Óμ·¨É¨, μ¶¨¸Ò¢ ÕÐ¥° ¤¢¨¦¥´¨¥ N ´Ê±²μ´μ¢ ¢ 2Ω-±· É´μ ¢Ò-
·μ¦¤¥´´μ° μ¡μ²μÎ±¥. ‘μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö Ô´¥·£¨¨ ¢ ¤ ´´μ° ³μ¤¥²¨ ³μ£ÊÉ
¡ÒÉÓ § ¶¨¸ ´Ò ¢ É¥·³¨´ Ì Î¨¸²  Î ¸É¨Í N ¨ ¸¥´Óμ·¨É¨ v Å Î¨¸²  ´¥¸¶ ·¥´-
´ÒÌ ´Ê±²μ´μ¢:

E(N, v) = −1
4
G(N − v)(2Ω − v − N + 2), (5)

£¤¥ G Å ¶ · ³¥É· ¸¶ ·¨¢ ´¨Ö; 2Ω = 2j + 1. „²Ö Î¥É´μ£μ Î¨¸²  ´Ê±²μ´μ¢
N = 2n ¤²Ö μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¸¥´Óμ·¨É¨ v = 0, ¤²Ö ´¥Î¥É´μ£μ Î¨¸² 
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N = 2n + 1 v = 1. ‚ [3] ¶μ²ÊÎ¥´μ ¢Ò· ¦¥´¨¥ ¤²Ö EOS-ÔËË¥±É , μ¶·¥¤¥²¥´-
´μ£μ ¢Ò· ¦¥´¨¥³ (3):

Δ(3)
n (N) =

⎧⎪⎨
⎪⎩

1
2
GΩ +

1
2
G ¶·¨ N = 2n,

1
2
GΩ ¶·¨ N = 2n + 1.

(6)

�μ¸±μ²Ó±Ê ¤ ´´Ò° ·¥§Ê²ÓÉ É ´¥ § ¢¨¸¨É μÉ N , Éμ Ê¸·¥¤´¥´¨Ö (1) ¨ (2) ¤²Ö
¡μ²ÓÏ¥£μ Î¨¸²  Ö¤¥· ¢ ³μ¤¥²¨ ¸¥´Óμ·¨É¨ ¸μ¢¶ ¤ ÕÉ:

Δ5
n(N) = Δ4

n(N) =
1
2
GΩ +

1
4
G ¶·¨ N = 2n ¨ N = 2n + 1. (7)

‚Ò· ¦¥´¨Ö ¤²Ö ¶·Ö³μ£μ μ¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¸¶ ·¨¢ ´¨Ö Δnn ¢ ¸μμÉ¢¥É¸É¢¨¨

¸ (4) ¤ ÕÉ ¤²Ö Î¥É´μ£μ Î¨¸²  ´Ê±²μ´μ¢ ³¥´ÓÏ¥¥ §´ Î¥´¨¥, Î¥³ 2Δ(3)
n :

Δnn(N) =

{
GΩ ¶·¨ N = 2n,

GΩ + G ¶·¨ N = 2n + 1.
(8)

‚ ¤ ´´μ³ ¶·¥¤¥²Ó´μ³ ¸²ÊÎ ¥ ¢¥²¨Î¨´  ¸¶ ·¨¢ ´¨Ö Δnn(N) = 2Δ3
n(N + 1) ¨

Ö¢´Ò³ μ¡· §μ³ ´¥ § ¢¨¸¨É μÉ N .

2. Œ“‹œ’ˆ�‹…’ �‘��‚��ƒ� ‘�‘’�Ÿ�ˆŸ

‘¶ ·¨¢ ´¨¥ Éμ¦¤¥¸É¢¥´´ÒÌ ´Ê±²μ´μ¢ ¶·¨¢μ¤¨É ± Ëμ·³¨·μ¢ ´¨Õ ¢ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É· Ì Ì · ±É¥·´μ£μ ´ ¡μ·  ´¨§±μ²¥¦ Ð¨Ì ¢μ§¡Ê¦¤¥´´ÒÌ
¸μ¸ÉμÖ´¨° ¸ Î¥É´Ò³¨ §´ Î¥´¨Ö³¨ ¶μ²´μ£μ ³μ³¥´É , ±μÉμ·Ò¥ μ¡· §ÊÕÉ ³Ê²ÓÉ¨-
¶²¥É μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö Ö¤· . ‘´ÖÉÓ ¢Ò·μ¦¤¥´¨¥ ¤²Ö Ê·μ¢´¥° ¸ J �= 0 ¢ ¸²Ê-
Î ¥ ¶ ·Ò Éμ¦¤¥¸É¢¥´´ÒÌ ´Ê±²μ´μ¢ ¸¢¥·Ì ¤¢ ¦¤Ò ³ £¨Î¥¸±μ£μ μ¸Éμ¢  ³μ¦´μ
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢ ± Î¥¸É¢¥ ¸¨² ¸¶ ·¨¢ ´¨Ö ²μ± ²Ó´μ£μ δ-¶μÉ¥´Í¨ ²  [5].
“·μ¢´¨ ³Ê²ÓÉ¨¶²¥É  ¤²Ö v = 2 ³μ£ÊÉ ¡ÒÉÓ ´ °¤¥´Ò Î¥·¥§ μÉ´μ¸¨É¥²Ó´Ò°
¸¤¢¨£ Ô´¥·£¨¨ ¸μ¸ÉμÖ´¨°:

ΔEJ

ΔE0
= (2j + 1)

(
j j J

1/2 −1/2 0

)2

, (9)

¶·¨ ÔÉμ³ ¸¤¢¨£ Ô´¥·£¨¨ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ΔE0 μÉ´μ¸¨É¥²Ó´μ ¶μ²μ¦¥´¨Ö
¢Ò·μ¦¤¥´´ÒÌ Ê·μ¢´¥° μ¶·¥¤¥²Ö¥É¸Ö Ô´¥·£¨¥° ¸¶ ·¨¢ ´¨Ö ΔNN [6]. ‘É·μ£μ
£μ¢μ·Ö, ¤ ´´Ò° ¶μ¤Ìμ¤ ¶·¨³¥´¨³ Éμ²Ó±μ ± Ö¤· ³ ¸ μ¤´μ° ¶ ·μ° Éμ¦¤¥¸É¢¥´-
´ÒÌ ´Ê±²μ´μ¢ (¤Ò·μ±) ¸¢¥·Ì³ £¨Î¥¸±μ£μ μ¸Éμ¢ , É. ¥. ¢¡²¨§¨ ³ £¨Î¥¸±¨Ì Î¨-
¸¥² [7]. �¤´ ±μ ¸μ£² ¸´μ ³μ¤¥²¨ ¸¥´Óμ·¨É¨ ³Ê²ÓÉ¨¶²¥É ¸μ¸ÉμÖ´¨° ¸ v = 2
¸μ¢¶ ¤ ¥É ¤²Ö ²Õ¡μ£μ ±μ²¨Î¥¸É¢  ¶ · ´Ê±²μ´μ¢ ´  μ¡μ²μÎ±¥. ˆ ¤¥°¸É¢¨É¥²Ó´μ,
± ± ¡Ò²μ ¶μ± § ´μ ¢ · ¸Î¥É Ì ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¥° ¨§μÉμ¶μ¢ ¨ ¨§μÉμ´μ¢
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¢ μ¡² ¸É¨ ³ £¨Î¥¸±¨Ì Î¨¸¥² 20, 50, 82, 126 [8], ¶·¨ § ¶μ²´¥´¨¨ ¶μ¤μ¡μ²μÎ¥±
¸ ¢Ò¸μ±¨³¨ §´ Î¥´¨Ö³¨ j μÉ 7/2 ¤μ 11/2 ¶μ²μ¦¥´¨¥ Ê·μ¢´¥° ¸ J � 4 ³μ¦¥É
¡ÒÉÓ ¶μ²ÊÎ¥´μ ¢ ¶·¨¡²¨¦¥´¨¨ δ-¶μÉ¥´Í¨ ²  ¸ ÊÎ¥Éμ³ ΔE0 = Δnn = 2Δn.
’ ±¨³ μ¡· §μ³, ¸É¥¶¥´Ó ¸μμÉ¢¥É¸É¢¨Ö · ¸¸Î¨É ´´ÒÌ Ê·μ¢´¥° GSM Ô±¸¶¥·¨-
³¥´É ²Ó´Ò³ §´ Î¥´¨Ö³ ³μ¦¥É ¸²Ê¦¨ÉÓ ±·¨É¥·¨¥³ ¤μ¸Éμ¢¥·´μ¸É¨ μÍ¥´±¨ ¸¨²
¸¶ ·¨¢ ´¨Ö ¢ ¤ ´´μ³ Ö¤·¥.

3. �…‡“‹œ’�’›

�  ·¨¸. 1 ¶μ± § ´Ò ¶·¨³¥·Ò · ¸Î¥É  GSM ¤²Ö Ö¤¥· 210Po ¨ 210Pb ¢ ¶·¥¤-
¶μ²μ¦¥´¨¨, ÎÉμ μ¸´μ¢´μ° ±μ´Ë¨£Ê· Í¨¥° Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ¶ ·Ò ¶·μÉμ´μ¢
(´¥°É·μ´μ¢) ¢ ¸μ¸ÉμÖ´¨¨ j =9/2 ¸¢¥·Ì ¤¢ ¦¤Ò ³ £¨Î¥¸±μ£μ 208Pb. ‚¨¤´μ, ÎÉμ
¨¸¶μ²Ó§μ¢ ´¨¥ Ô´¥·£¨¨ ¸¶ ·¨¢ ´¨Ö Δnn (4) ¶·¨¢μ¤¨É ± ¸¨¸É¥³ É¨Î¥¸±μ³Ê § -

´¨¦¥´¨Õ ¶μ²μ¦¥´¨Ö Ê·μ¢´¥° ³Ê²ÓÉ¨¶²¥É ,   ¨¸¶μ²Ó§μ¢ ´¨¥ EOS 2Δ(3)
n (3) Å

± § ¢ÒÏ¥´¨Õ. „ ´´Ò° ·¥§Ê²ÓÉ É ¸μμÉ¢¥É¸É¢Ê¥É ¸μμÉ´μÏ¥´¨Ö³ ³μ¤¥²¨ ¸¥´Óμ-

·¨É¨ (8) ¨ (6). ˆ¸¶μ²Ó§μ¢ ´¨¥ Ê¸·¥¤´¥´´ÒÌ §´ Î¥´¨° 2Δ(4)
n (1) ¨ 2Δ(5)

n (2)
Ê²ÊÎÏ ¥É ¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê É¥μ·¨¥° ¨ Ô±¸¶¥·¨³¥´Éμ³. �μ¤μ¡´Ò³ μ¡· §μ³
¡Ò²¨ · ¸¸³μÉ·¥´Ò μ±μ²μ 50 Î¥É´μ-Î¥É´ÒÌ ¨§μÉμ¶μ¢, μÉ´μ¸¨É¥²Ó´μ ±μÉμ·ÒÌ
³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¨Ì μ¸´μ¢´ Ö ±μ´Ë¨£Ê· Í¨Ö Ëμ·³¨·Ê¥É¸Ö μ¤´μ° ¨²¨
´¥¸±μ²Ó±¨³¨ ¶ · ³¨ Éμ¦¤¥¸É¢¥´´ÒÌ ´Ê±²μ´μ¢ ¢ ¸μ¸ÉμÖ´¨¨ ¸ j � 7/2. ‚ ± Î¥-
¸É¢¥ ±·¨É¥·¨Ö μÍ¥´±¨ · ¸Î¥É  ¨¸¶μ²Ó§μ¢ ² ¸Ó ²¨´¥°´ Ö  ¶¶·μ±¸¨³ Í¨Ö · ¸-
¶·¥¤¥²¥´¨Ö ¸μμÉ¢¥É¸É¢¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸¸Î¨É ´´ÒÌ §´ Î¥´¨° Ô´¥·-
£¨¨ ¸μ¸ÉμÖ´¨° GSM: Eexp = AEcalc. �·¨³¥· ¶μ¤μ¡´μ°  ¶¶·μ±¸¨³ Í¨¨ ¤²Ö

2Δ(5)
n ¶·¨¢¥¤¥´ ´  ·¨¸. 2, a. �μ¸±μ²Ó±Ê ´¨§±μ²¥¦ Ð¨¥ Ê·μ¢´¨, ¨ ¢ ¶¥·¢ÊÕ μÎ¥-

·¥¤Ó ¸μ¸ÉμÖ´¨Ö JP = 2+
1 , ¢ ¸·¥¤´¨Ì ¨ ÉÖ¦¥²ÒÌ Ö¤· Ì Ö¢²ÖÕÉ¸Ö ¶·μÖ¢²¥´¨Ö³¨

±μ²²¥±É¨¢´ÒÌ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò, Éμ ¡Ò² · ¸¸³μÉ·¥´ ¢ ·¨ ´É  ¶¶·μ±¸¨³ Í¨°

�¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¶¥±É·Ò [10] ¨ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  GSM ¤²Ö Ö¤¥· 210Po (a)
¨ 210Pb (¡). „ ´´Ò¥ ¤²Ö · ¸Î¥É  Δn ¨ Δp ¢§ÖÉÒ ¨§ [9]
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�¨¸. 2. �¥§Ê²ÓÉ ÉÒ ¤²Ö ΔE0 = 2Δ(5). a) ‹¨´¥°´ Ö  ¶¶·μ±¸¨³ Í¨Ö ¸μμÉ¢¥É¸É¢¨Ö Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ ¸μ¸ÉμÖ´¨° GSM ¡¥§ ÊÎ¥É  Ê·μ¢´¥°
2+ (¸¶· ¢ ). ¡) �É±²μ´¥´¨¥ · ¸¸Î¨É ´´ÒÌ §´ Î¥´¨° μÉ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢ § ¢¨¸¨-
³μ¸É¨ μÉ J . �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢§ÖÉÒ ¨§ [10]

¡¥§ ÊÎ¥É  ¸μ¸ÉμÖ´¨° 2+. �  ·¨¸. 2, ¡ ¶·¨¢¥¤¥´μ μÉ±²μ´¥´¨¥ · ¸¸Î¨É ´´ÒÌ
§´ Î¥´¨° Ô´¥·£¨¨ μÉ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ (Ecalc − Eexp) ¢ § ¢¨¸¨³μ¸É¨ μÉ J .
‚¨¤´μ Ê³¥´ÓÏ¥´¨¥ μÉ±²μ´¥´¨Ö ¸ ·μ¸Éμ³ J . ‚ ± Î¥¸É¢¥ ¶·¥¤¥²Ó´μ£μ ¢ ·¨-
 ´É  ¡Ò²¨ É ±¦¥ · ¸¸³μÉ·¥´Ò  ¶¶·μ±¸¨³ Í¨¨ ¸ ÊÎ¥Éμ³ Éμ²Ó±μ ¸μ¸ÉμÖ´¨° ¸
J = Jmax.

�¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥. �·¨ ÊÎ¥É¥ ¢¸¥Ì Ê·μ¢´¥° ³Ê²ÓÉ¨¶²¥É 
´ ¨¡μ²¥¥ ¡²¨§±μ¥ ± ¥¤¨´¨Í¥ §´ Î¥´¨¥ ±μÔËË¨Í¨¥´É  A ¸μμÉ¢¥É¸É¢Ê¥É Δnn

¶·¨ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±μ³ §´ Î¥´¨¨ ¸É ´¤ ·É´μ£μ μÉ±²μ´¥´¨Ö σ. 	¥§ ÊÎ¥É  2+,
  É ±¦¥ ¸ ÊÎ¥Éμ³ Éμ²Ó±μ Ê·μ¢´¥° Ô´¥·£¨¨ ¸ Jmax ´ ¨²ÊÎÏÊÕ μÍ¥´±Ê · ¸-
Ð¥¶²¥´¨Ö ³Ê²ÓÉ¨¶²¥É  μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¸ v = 2 ¤ ¥É Ê¤¢μ¥´´μ¥ §´ Î¥´¨¥

EOS-ÔËË¥±É , · ¸¸Î¨É ´´μ¥ ´  μ¸´μ¢¥ ³ ¸¸ ¶ÖÉ¨ ¸μ¸¥¤´¨Ì Ö¤¥· 2Δ(5)
n .

�¥§Ê²ÓÉ ÉÒ  ¶¶·μ±¸¨³ Í¨¨ ¤²Ö · §²¨Î´ÒÌ ³¥Éμ¤μ¢ μÍ¥´±¨ Ô´¥·£¨¨ ¸¶ ·¨¢ ´¨Ö ¸
ÊÎ¥Éμ³ · §²¨Î´ÒÌ ´ ¡μ·μ¢ Ê·μ¢´¥° ³Ê²ÓÉ¨¶²¥É 

�´¥·£¨Ö
¸¶ ·¨¢ ´¨Ö

J > 0 J > 2 J = Jmax

A σ A σ A σ

ΔNN 0,991 0,621 1,045 0,550 1,163 0,560

2Δ
(3)
N 0,751 0,902 0,799 0,749 0,849 0,608

2Δ
(4)
N 0,863 0,647 0,914 0,498 0,991 0,278

2Δ
(5)
N 0,871 0,634 0,923 0,488 1,004 0,246
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