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‚ µ¡§µ·¥ ¨§²µ¦¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ¨¸¸²¥¤µ¢ ´¨Õ ¸¥Î¥´¨° ¢µ§¡Ê¦¤¥´¨Ö ¨§µ-
³¥·´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· ¨ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ ·¥ ±Í¨ÖÌ (γ, n) ¢ µ¡² ¸É¨ Ô´¥·£¨° £¨£ ´É¸±µ£µ
¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ . �Ì¢ Î¥´ Ï¨·µ±¨° ±·Ê£ Ö¤¥· ¸ A = 45 ÷ 197. �·¨¢¥¤¥´µ ¸· ¢´¥´¨¥ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¸ · ¸Î¥É ³¨,   É ±¦¥ ¸ ·¥§Ê²ÓÉ É ³¨ ¨§ ¤·Ê£¨Ì
·¥ ±Í¨° (n, 2n), (p, n) ¨ ¤·.

Present survey presents the experimental data on the nuclear isomer states excitation and isomeric
ratios in the (γ, n)-reactions within the giant dipole resonance energy region. A wide circle of nuclei
with A = 45÷ 197 has been overviewed. The experimental isomeric ratio values are compared with
calculated ones as well as those of other reactions, i.e. (n, 2n), (p, n), etc.

‚‚…„…�ˆ…

‚ ¦´Ò³ ¸·¥¤¸É¢µ³ ¨¸¸²¥¤µ¢ ´¨Ö ¸¢µ°¸É¢ ¨ Ì · ±É¥·¨¸É¨±  Éµ³´ÒÌ Ö¤¥·
Ö¢²ÖÕÉ¸Ö Ö¤¥·´Ò¥ ·¥ ±Í¨¨. ˆ¸¶µ²Ó§ÊÖ ¢ ± Î¥¸É¢¥ §µ´¤µ¢ · §²¨Î´Ò¥ Î ¸É¨ÍÒ:
¶·µÉµ´Ò, ´¥°É·µ´Ò, £ ³³ -±¢ ´ÉÒ ¨ É.¤., ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ± ± Í¥²Ò° ·Ö¤
µ¡Ð¨Ì ¸¢µ°¸É¢ Ö¤¥·, É ± ¨ ¶ · ³¥É·Ò ¨Ì µÉ¤¥²Ó´ÒÌ Ê·µ¢´¥°. ˆ¸¸²¥¤µ¢ -
´¨Ö, ¶·µ¢µ¤¨³Ò¥ ´  ËµÉµ´´ÒÌ ¶ÊÎ± Ì, ¨³¥ÕÉ ·Ö¤ ¶·¥¨³ÊÐ¥¸É¢. �¥·¢µ¥ ¨§
´¨Ì ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¢§ ¨³µ¤¥°¸É¢¨¥ £ ³³ -±¢ ´Éµ¢ ¸ Ö¤· ³¨ ¶·µ¨¸Ìµ¤¨É
¶µ¸·¥¤¸É¢µ³ Ô²¥±É·µ³ £´¨É´ÒÌ ¸¨², ¸¢µ°¸É¢  ±µÉµ·ÒÌ ´ ¨¡µ²¥¥ ¨§ÊÎ¥´Ò ¨
Ìµ·µÏµ ¨§¢¥¸É´Ò. �²¥±É·µ³ £´¨É´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ §´ Î¨É¥²Ó´µ ¸² ¡¥¥ ¶µ
¸· ¢´¥´¨Õ ¸ Ö¤¥·´Ò³, ÎÉµ ¶µ§¢µ²Ö¥É ¶·¨  ´ ²¨§¥ ¨¸¶µ²Ó§µ¢ ÉÓ É¥µ·¨Õ ¢µ§-
³ÊÐ¥´¨° ¨ É.¤. ˆ¸¸²¥¤µ¢ ´¨¥ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¸Ò£· ²µ µ¶·¥¤¥²ÖÕÐÊÕ
·µ²Ó ¢ Ëµ·³¨·µ¢ ´¨¨ ¸µ¢·¥³¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ ¢Ò¸µ±µ²¥¦ Ð¨Ì ±µ²-
²¥±É¨¢´ÒÌ ¢µ§¡Ê¦¤¥´¨ÖÌ ¢ Ö¤· Ì É¨¶  £¨£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢. ƒ¨£ ´É¸±¨°
¤¨¶µ²Ó´Ò° E1-·¥§µ´ ´¸ Å Ï¨·µ±¨° ³ ±¸¨³Ê³ ¢ µ¡² ¸É¨ 14 ÷ 18 ŒÔ‚ Å
£² ¢´ Ö µ¸µ¡¥´´µ¸ÉÓ ¢ ¸¥Î¥´¨ÖÌ ¶µ£²µÐ¥´¨Ö £ ³³ -±¢ ´Éµ¢ Ö¤· ³¨. �´ Ö¢²Ö-
¥É¸Ö ´ ¨¡µ²¥¥ ¨§ÊÎ¥´´µ° ±µ²²¥±É¨¢´µ° ³µ¤µ°. ‘ÊÐ¥¸É¢ÊÕÐ¨¥ ³¥Éµ¤Ò ¥£µ
¨¸¸²e¤µ¢ ´¨Ö (Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ É¥µ·¥É¨Î¥¸±¨¥) µ¡¥¸¶¥Î¨¢ ÕÉ ¶µ²ÊÎ¥´¨¥
´ ¨¡µ²¥¥ ´ ¤¥¦´µ°, · §´µµ¡· §´µ° ¨ µÉ´µ¸¨É¥²Ó´µ ²¥£±µ ¨´É¥·¶·¥É¨·Ê¥³µ°
¨´Ëµ·³ Í¨¨.
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‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö · §¢¨É¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° £¨£ ´É-
¸±µ£µ E1-·¥§µ´ ´¸  ¢ §´ Î¨É¥²Ó´µ° ³¥·¥ ¸¢Ö§ ´µ ¸ ¨§ÊÎ¥´¨¥³ · §²¨Î´ÒÌ ± -
´ ²µ¢ ¥£µ · ¸¶ ¤ , ¨ ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó É ±¨Ì, ¢ ·¥§Ê²ÓÉ É¥ ±µÉµ·ÒÌ ¢µ§³µ¦´µ
¨§ÊÎ¥´¨¥ § ¸¥²¥´¨Ö µ¶·¥¤¥²¥´´ÒÌ, ¢Ò¤¥²¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·-¶·µ¤Ê±Éµ¢. ‚
± Î¥¸É¢¥ ¢Ò¤¥²¥´´ÒÌ ³µ£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò ¨§µ³¥·´Ò¥ ¸µ¸ÉµÖ´¨Ö, ¢·¥³Ö
¦¨§´¨ ±µÉµ·ÒÌ §´ Î¨É¥²Ó´µ,   ¸¶¨´ Jm µÉ²¨Î ¥É¸Ö µÉ ¸¶¨´  Jg µ¸´µ¢´µ£µ
¸µ¸ÉµÖ´¨Ö ´  ´¥¸±µ²Ó±µ ¥¤¨´¨Í.

�¸µ¡¥´´µ¸ÉÓÕ ËµÉµÖ¤¥·´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ µ¸´µ¢´ Ö
³ ¸¸  ·¥§Ê²ÓÉ Éµ¢ ¢ ´¨Ì ¶µ²ÊÎ¥´  ´  ¶ÊÎ± Ì Éµ·³µ§´µ£µ £ ³³ -¨§²ÊÎ¥´¨Ö
Ô²¥±É·µ´´ÒÌ Ê¸±µ·¨É¥²¥°, ¨ ´¥¶µ¸·¥¤¸É¢¥´´µ ¢ É ±¨Ì Ô±¸¶¥·¨³¥´É Ì ¨§³¥-
·Ö¥É¸Ö ¢ÒÌµ¤ ËµÉµÖ¤¥·´µ° ·¥ ±Í¨¨ Υ(Eγ max), ¸¢Ö§ ´´Ò° ¸ ¥¥ ¸¥Î¥´¨¥³ σ
¸µµÉ´µÏ¥´¨¥³:

Υ(Eγ max) = k

Eγ max∫
E¶µ·

σ(E)Φ(E, Eγ max)dE, (1)

£¤¥ k Å ´µ·³¨·µ¢µÎ´Ò° ³´µ¦¨É¥²Ó, E¶µ· Å ¶µ·µ£ ËµÉµÖ¤¥·´µ° ·¥ ±Í¨¨,
Eγ max Å ³ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö Éµ·³µ§´µ£µ ¸¶¥±É·  Φ(E, Eγ max). „¥É ²Ó´µ
¶·µÍ¥¤Ê·  ËµÉµÖ¤¥·´µ£µ Ô±¸¶¥·¨³¥´É  µ¶¨¸ ´  ¢ · ¡µÉ¥ [1].

’ ±¨³ µ¡· §µ³, ¨§ ËµÉµÖ¤¥·´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¢µ§¡Ê¦¤¥´¨Õ ¨§µ³¥-
·µ¢ ¶µ²ÊÎ ÕÉ ¤ ´´Ò¥ ¤¢ÊÌ ¢¨¤µ¢: ¢ÒÌµ¤Ò Υ ¨ ¸¥Î¥´¨Ö σ. �¥¶µ¸·¥¤¸É¢¥´´µ
¨§ Ô±¸¶¥·¨³¥´É  ¶µ²ÊÎ ÕÉ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢:

d =
Υm

Υg
¨²¨ η =

Υm

Υtot
=

Υm

Υm + Υg
=

1
1 + 1/(Υm/Υg)

=
1

1 + 1/d
.

ˆ¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨¥ (1), ¶·µÍ¥¤Ê·  ·¥Ï¥´¨Ö ±µÉµ·µ£µ ¨§¢¥¸É´  [2Ä4],
³µ¦´µ ¨§¢²¥ÎÓ ¸¥Î¥´¨Ö ¨ ¶µ²ÊÎ¨ÉÓ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨°:

r =
σm

σg
¨²¨ R =

σm

σtot
=

σm

σm + σg
=

1
1 + 1/(σm/σg)

=
1

1 + 1/r
.

‡¤¥¸Ó Υm, Υg, Υtot ¨ σm, σg , σtot Å ¢ÒÌµ¤Ò ¨ ¸¥Î¥´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·-
´µ£µ m ¨ µ¸´µ¢´µ£µ g ¸µ¸ÉµÖ´¨°,   É ±¦¥ ¶µ²´Ò¥ ¢ÒÌµ¤Ò ¨ ¸¥Î¥´¨Ö ·¥ ±Í¨°.

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢
·¥ ±Í¨¨ (γ, n) ¶µÖ¢¨²¨¸Ó ¶· ±É¨Î¥¸±¨ µ¤´µ¢·¥³¥´´µ ¸ ´ Î ²µ³ ¸¨¸É¥³ É¨-
Î¥¸±¨Ì ¨§³¥·¥´¨° ¸¥Î¥´¨° ËµÉµ´Ê±²µ´´ÒÌ ·¥ ±Í¨°. ‚ ´ Î ²¥ 60-x £µ¤µ¢
¡Ò²¨ ¶·µ¢¥¤¥´Ò ¨¸¸²¥¤µ¢ ´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥ ±Í¨¨
(γ, n) ´  Ö¤· Ì 59Co, 81Br, 90Zr, 92Mo, 115In, 121Sb [5Ä10]. ‚ · ¡µÉ Ì [5, 6]
Š Í ¸ ¸µÉ·Ê¤´¨± ³¨, ¨¸¸²¥¤µ¢ ¢ ·¥ ±Í¨Õ (γ, n) ¨ ¨§³¥·¨¢ ¸¥Î¥´¨¥ ¢µ§¡Ê¦¤¥-
´¨Ö ¨§µ³¥·´ÒÌ ¨ µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· 80Br, 89Zr, 91Mo, 114In, ¶µ²ÊÎ¨²¨
¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨° ¤²Ö ÔÉ¨Ì Ö¤¥·. ‚ · ¡µÉ Ì [7, 8] ¢ ·¥ ±Í¨¨
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(γ, n) ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ ¤²Ö Ö¤¥· 59Co, 121Sb.
Š ±µ´ÍÊ 60-x £µ¤µ¢ ±·Ê£ ¨¸c²¥¤Ê¥³ÒÌ Ö¤¥· · ¸Ï¨·¨²¸Ö [8Ä14]. B ·¥ ±Í¨¨
(γ, n) ¡Ò²¨ ¶·µ¢¥¤¥´Ò ¨¸¸²¥¤µ¢ ´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ±µ·µÉ±µ¦¨¢ÊÐ¨Ì ¨§µ³¥·µ¢
¸ T1/2 = 10−6 ÷ 10−1 c [14], ¢ ±µÉµ·ÒÌ ¶µ²ÊÎ¥´Ò ¶µ·µ£¨ ·¥ ±Í¨°, ¸¥Î¥´¨Ö ¨
¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨°.

‚ ´ Î ²¥ 70-x £µ¤µ¢ ´  µ¸´µ¢¥ ¸É É¨¸É¨Î¥¸±µ° É¥µ·¨¨ ¶·¥¤²µ¦¥´  ± ¸-
± ¤´µ-¨¸¶ ·¨É¥²Ó´ Ö ³µ¤¥²Ó  ´ ²¨§  ¨§µ³¥·´ÒÌ oÉ´µÏ¥´¨° r = σm/σg ¢
·¥ ±Í¨ÖÌ (γ, n), (n, 2n) [15] ¨ ´ Î ÉÒ ¶µ¶ÒÉ±¨ ±µ²¨Î¥¸É¢¥´´µ£µ µ¶¨¸ ´¨Ö
µÉ´µ¸¨É¥²Ó´µ° ¢¥·µÖÉ´µ¸É¨ § ¸¥²¥´¨Ö ³¥É ¸É ¡¨²Ó´µ£µ ¨ µ¸´µ¢´µ£µ ¸µ¸Éµ-
Ö´¨°, ÎÉµ, ¢ ¸¢µÕ µÎ¥·¥¤Ó, ¸É¨³Ê²¨·µ¢ ²µ ¶·µ¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¨¸¸²¥¤µ¢ ´¨° ¢ ÔÉµ³ ´ ¶· ¢²¥´¨¨. �¥¶²µÌµ° ¶¥·¥Î¥´Ó · ¡µÉ ¶µ ¨§³¥·¥´¨Õ
¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¤µ 1985 £. ¶·¨¢¥¤¥´ ¢ · ¡µÉ¥ [16]. ˆ§ ÔÉµ£µ µ¡§µ· 
¸²¥¤Ê¥É, ÎÉµ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ ·¥ ±Í¨ÖÌ (γ, n) ¢ µÉ¤¥²Ó´ÒÌ Ô´¥·£¥É¨Î¥-
¸±¨Ì ÉµÎ± Ì ¨§³¥·Ö²¨¸Ó ¤²Ö ∼ 30  Éµ³´ÒÌ Ö¤¥·,   ¸¥Î¥´¨Ö σm(E) ¨§³¥·Ö²¨¸Ó
¢¸¥£µ ´  ∼ 10 Ö¤· Ì.

‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ´ ¡²Õ¤ ¥É¸Ö ´µ¢Ò° ¶µ¤Ñ¥³ ¨´É¥·¥¸  ± ¨¸¸²¥¤µ¢ ´¨Ö³
·¥ ±Í¨° (γ, n)m. ‘ µ¤´µ° ¸Éµ·µ´Ò, ÔÉµ µ¡ÑÖ¸´Ö¥É¸Ö ±· °´¥° ´¥¤µ¸É ÉµÎ-
´µ¸ÉÓÕ ¨´Ëµ·³ Í¨¨ ¶µ ¤ ´´µ³Ê ¢µ¶·µ¸Ê. Š É ²µ£ ¨§µÉµ¶µ¢ [17] ¶µ± §Ò¢ ¥É,
ÎÉµ ¤²Ö ¡µ²¥¥ Î¥³ 100 Ö¤¥· ¨³¥¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¨§ÊÎ¥´¨Ö ¸¥Î¥´¨° ¢µ§¡Ê¦¤¥-
´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥ ±Í¨¨ (γ, n). ‚ Éµ ¦¥ ¢·¥³Ö ¨³¥¥É¸Ö ¢ ´ ²¨Î¨¨
∼ 10% ¶µÉ¥´Í¨ ²Ó´µ° ¨´Ëµ·³ Í¨¨. Š Éµ³Ê ¦¥, ± ± ¸¶· ¢¥¤²¨¢µ µÉ³¥Î ²µ¸Ó
¢ · ¡µÉ¥ [16], §´ Î¨É¥²Ó´ Ö Î ¸ÉÓ ¨´Ëµ·³ Í¨¨ µ¡ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨ÖÌ ¶µ-
²ÊÎ¥´  ¢ 60-x £µ¤ Ì ¨ ´Ê¦¤ ¥É¸Ö ¢ ÊÉµÎ´¥´¨¨ ´  ´µ¢µ³ Ô±¸¶¥·¨³¥´É ²Ó´µ³
Ê·µ¢´¥: ´  ¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ £ ³³ -¶ÊÎ± Ì ´µ¢ÒÌ Ê¸±µ·¨É¥²¥° ¸ ¨¸¶µ²Ó-
§µ¢ ´¨¥³ ¤²Ö ·¥£¨¸É· Í¨¨ ´ ¢¥¤¥´´µ° £ ³³ - ±É¨¢´µ¸É¨ ¡µ²¥¥ ¸µ¢¥·Ï¥´´µ°
¶µ²Ê¶·µ¢µ¤´¨±µ¢µ° £ ³³ -¸¶¥±É·µ³¥É·¨¨ ¨ ¨§µÉµ¶¨Î¥¸±¨ µ¡µ£ Ð¥´´ÒÌ ³¨-
Ï¥´¥°.

• · ±É¥·´µ° Î¥·Éµ° ´µ¢ÒÌ · ¡µÉ Ö¢²Ö¥É¸Ö ±µ³¶²¥±¸´µ¸ÉÓ ¨¸¸²¥¤µ¢ ´¨°,
ÉÐ É¥²Ó´µ¸ÉÓ ¨§³¥·¥´¨° Ô´¥·£¥É¨Î¥¸±¨Ì § ¢¨¸¨³µ¸É¥° ¨§µ³¥·´ÒÌ µÉ´µÏ¥-
´¨° (ˆ�) d = f(E), ¸¥Î¥´¨° σm = f(E), ¶µ¶ÒÉ±¨ ¨¸¸²¥¤µ¢ ÉÓ Ô¢µ²ÕÍ¨Õ
ˆ� ¢ § ¢¨¸¨³µ¸É¨ µÉ ³ ¸¸Ò ¨§µÉµ¶µ¢ d = f(A), ¸¶¨´  ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨°
d = f(Jm) ¨ É.¤. �µÖ¢¨² ¸Ó Ê¢¥·¥´´µ¸ÉÓ, ÎÉµ ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ ¢µ§¡Ê¦¤¥-
´¨° ¨§µ³¥·µ¢ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨´Ëµ·³ Í¨Õ ¤²Ö ÊÉµÎ´¥´¨Ö ¢¨¤  ËÊ´±Í¨¨
· ¸¶·¥¤¥²¥´¨Ö ¶²µÉ´µ¸É¨ Ö¤¥·´ÒÌ Ê·µ¢´¥°, ¥¥ Ô´¥·£¥É¨Î¥¸±µ° ¨ ¸¶¨´µ¢µ°
¸µ¸É ¢²ÖÕÐ¨Ì,   É ±¦¥ ¢ÒÖ¸´¥´¨Ö ³¥Ì ´¨§³µ¢ · ¸¶ ¤  ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ
±µ²²¥±É¨¢´ÒÌ ¸µ¸ÉµÖ´¨°.

Š ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¸É ²  ¶µ´ÖÉ´  µ£· ´¨Î¥´´µ¸ÉÓ · §²¨Î´ÒÌ ¢ ·¨ ´-
Éµ¢ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨ [18]. �¥¸³µÉ·Ö ´  µÉ´µ¸¨É¥²Ó´ÊÕ ¶·µ-
¸ÉµÉÊ, ¶·µ§· Î´µ¸ÉÓ ¸Ì¥³Ò ¢ÒÎ¨¸²¥´¨°, Ë¨§¨Î¥¸±ÊÕ  ¤¥±¢ É´µ¸ÉÓ ± ¸± ¤´µ-
¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨, ¤²Ö ¸µ£² ¸µ¢ ´¨Ö ·¥§Ê²ÓÉ Éµ¢ · ¸Î¥É  ¸ Ô±¸¶¥·¨³¥´-
Éµ³ ¤ ¦¥ ¢ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (γ, n) ¶·¨Ìµ¤¨É¸Ö ¢¢µ¤¨ÉÓ ³µ¤¥²Ó´Ò¥ ¶ · ³¥É·Ò.
‚ÒÖ¸´¨²µ¸Ó, ÎÉµ ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ ¢ ·¥ ±Í¨¨ (γ, n) ¸ÊÐ¥¸É¢¥´´Ò° ¢±² ¤,   ¨´µ£¤ 
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¨ µ¶·¥¤¥²ÖÕÐ¨°, ¤ ¥É ¶µ²Ê¶·Ö³µ° ³¥Ì ´¨§³ [19], ¨ ¨¸¶µ²Ó§µ¢ ´¨¥ ± ¸± ¤´µ-
¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨ § É·Ê¤´¨É¥²Ó´µ. ’¥³ ´¥ ³¥´¥¥ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´ Ö
³µ¤¥²Ó ¤µ ´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨ µ¸É ² ¸Ó µ¸´µ¢´Ò³ ¨´¸É·Ê³¥´Éµ³  ´ ²¨§  Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ‚ ÔÉµ³ ¶² ´¥ ËµÉµÖ¤¥·´Ò¥ ¤ ´´Ò¥ µÎ¥´Ó Ê¤µ¡´Ò
¤²Ö  ¶·µ¡ Í¨¨ · §²¨Î´ÒÌ ³µ¤¥²Ó´ÒÌ ¶µ¤Ìµ¤µ¢: ËµÉµ´Ò ¶·¨¢´µ¸ÖÉ ¢ Ö¤·µ
µÉ´µ¸¨É¥²Ó´µ ³ ²Ò¥ ¨§³¥´¥´¨Ö (¶µ ¸· ¢´¥´¨Õ ¸ ¸¨²Ó´µ¤¥°¸É¢ÊÕÐ¨³¨ Î ¸É¨-
Í ³¨) ¢ µ¡² ¸É¨ Ô´¥·£¨° ³¥´ÓÏ¥ 30 ŒÔ‚. O¸´µ¢´Ò³ ³¥Ì ´¨§³µ³ ¶µ£²µÐ¥´¨Ö
£ ³³ -±¢ ´Éµ¢ Ö¢²Ö¥É¸Ö Ô²¥±É·¨Î¥¸±¨° ¤¨¶µ²Ó´Ò°, É.¥. £ ³³ -±¢ ´ÉÒ ¶·¨¢´µ-
¸ÖÉ ¢ Ö¤·µ ³µ³¥´É � = 1, ¨ ÔÉ  ¢¥²¨Î¨´  ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ Ô´¥·£¨¨.
�µ-¢¨¤¨³µ³Ê, ¤ ²Ó´¥°Ï¨° ¶·µ£·¥¸¸ ¢ ¶µ´¨³ ´¨¨ ¨ µ¶¨¸ ´¨¨ ³¥Ì ´¨§³µ¢
ËµÉµ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ³µ¦¥É ¡ÒÉÓ ¤µ¸É¨£´ÊÉ ¢ ´ ±µ¶²¥-
´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ³ É¥·¨ ² , ¸µ¶µ¸É ¢²¥´¨¨ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ
¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ ¸ ËµÉµ´¥°É·µ´´Ò³¨ ¤ ´´Ò³¨, ±µ³¶²¥±¸´µ³  ´ ²¨§¥
¤ ´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢, ¸µ¢¥·Ï¥´¸É¢µ¢ ´¨¨ · ¸Î¥Éµ¢.

�Éµ° Í¥²¨ ¤µ²¦¥´ ¸¶µ¸µ¡¸É¢µ¢ ÉÓ ¨ ´ ¸ÉµÖÐ¨° µ¡§µ· Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
· ¡µÉ ¶µ ¨¸¸²¥¤µ¢ ´¨Õ ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· ¢ ·¥ ±Í¨¨
(γ, n) ¢ µ¡² ¸É¨ Ô´¥·£¨° ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ , ¨Ì  ´ ²¨§ ¨ ¸µ¶µ¸É ¢²¥´¨¥ ¸
·¥§Ê²ÓÉ É ³¨ ¨§ ¤·Ê£¨Ì ·¥ ±Í¨°. �¨¦¥ ¶·¨¢¥¤¥´ µ¡§µ· ·¥§Ê²ÓÉ Éµ¢ ¨¸¸²¥¤µ-
¢ ´¨° ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¨§µÉµ¶µ¢ 44Sc, 73,77,79,81Se, 85,87Sr,
129−137Ba, 121,123,129Te, 141Nd, 144Sm, 152Eu, 164Ho, 167Er, 179Hf , 183W, 184Re
¨ 196Au, ¶µ²ÊÎ¥´´ÒÌ ¢ ¶µ¸²¥¤´ee ¢·¥³Ö.

1. ‚�‡�“†„…�ˆ… ˆ‡�Œ…��‚ Ÿ„…� fpg-���‹�—Šˆ

1.1. ‘± ´¤¨°-45. ‘ ÉµÎ±¨ §·¥´¨Ö ¨§ÊÎ¥´¨Ö ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ-
¤µ¢ d = Υm/Υg ¢ ·¥ ±Í¨ÖÌ (γ, n)m 45Sc Ö¢²Ö¥É¸Ö Ê¤µ¡´Ò³ Ö¤·µ³. ‘± ´¤¨° Å
³µ´µ¨§µÉµ¶¥´. �¥·¨µ¤Ò ¶µ²Ê· ¸¶ ¤  44mSc, 44gSc ¸µ¸É ¢²ÖÕÉ T m

1/2 = 2, 44 ¸ÊÉ

¨ T g
1/2 = 3, 92 Î. ˆ´É¥´¸¨¢´µ¸ÉÓ £ ³³ -²¨´¨°, ¸µ¶·µ¢µ¦¤ ÕÐ¨Ì · ¸¶ ¤ ¨§µ-

³¥·´µ£µ 6+- ¨ µ¸´µ¢´µ£µ 2+-¸µ¸ÉµÖ´¨°, §´ Î¨É¥²Ó´ . �µÔÉµ³Ê ¢µ§¡Ê¦¤¥´¨¥
¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö 44mSc ¨ ¨§³¥·¥´¨¥ ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö ¢ ·¥ ±Í¨¨
(γ, n) ¶·¥¤¶·¨´¨³ ²µ¸Ó ¢ ·Ö¤¥ · ¡µÉ [20Ä26]. ‚ ÔÉ¨Ì · ¡µÉ Ì ¶µ²ÊÎ¥´  ¨´-
Ëµ·³ Í¨Ö µ¡ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨ÖÌ ¶·¨ µÉ¤¥²Ó´ÒÌ ³ ±¸¨³ ²Ó´ÒÌ Ô´¥·£¨ÖÌ
Éµ·³µ§´µ£µ £ ³³ -¸¶¥±É· , ¢ µ¸´µ¢´µ³ ¶·¨ Ô´¥·£¨¨ Eγ max ¢ÒÏ¥ £¨£ ´É¸±µ£µ
¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ . ‘¨¸É¥³ É¨Î¥¸±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨°
·¥ ±Í¨° 45Sc(γ, n)44mSc ¨ ¨§ÊÎ¥´¨¥ ±·¨¢µ° d = f(E) ¢ µ¡² ¸É¨ £¨£ ´É¸±µ£µ
E1-·¥§µ´ ´¸  ¶·µ¢¥¤¥´Ò ¢ · ¡µÉ Ì [27, 28].

ˆ§³¥·¥´¨¥ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢ ¢ ·¥ ±Í¨¨ 45Sc(γ, n)44m,gSc
¶·µ¢µ¤¨²µ¸Ó ¢ µ¡² ¸É¨ Ô´¥·£¨° 12 ÷ 21 ŒÔ‚. ˆ¤¥´É¨Ë¨± Í¨Ö ¨§µ³¥·´µ£µ
¸µ¸ÉµÖ´¨Ö µ¸ÊÐ¥¸É¢²Ö² ¸Ó ¶µ ËµÉµ¶¨±Ê ¸ Ô´¥·£¨¥° 0,271 ŒÔ‚, µ¸´µ¢´µ£µ Å
¶µ ¶¨±Ê 1,157 ŒÔ‚. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÎ¨¸²Ö²¨¸Ó
¶µ Ëµ·³Ê²¥ [29]:
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d =
Υm

Υg
=

[
1/λm

(
1 − e−λmtµ¡²

)
e−λmtµÌ²

(
1 − e−λmt¨§³

)
1/λg

(
1 − e−λgtµ¡²

)
e−λgtµÌ² (1 − e−λgt¨§³)

×

×
(

Ng

Nm

ξmKmαm

ξgKgαg
− p

λg

λg − λm

)
− p

λm

λg − λm

]−1

. (2)

‡¤¥¸Ó Ng, Nm Å ±µ²¨Î¥¸É¢µ ¨³¶Ê²Ó¸µ¢ ¢ ËµÉµ¶¨±¥ µ¸´µ¢´µ£µ ¨ ¨§µ³¥·´µ£µ
¸µ¸ÉµÖ´¨°, ξm,g Å ËµÉµÔËË¥±É¨¢´µ¸ÉÓ ¤¥É¥±Éµ· , αm,g Å ¨´É¥´¸¨¢´µ¸ÉÓ ²¨-
´¨°, Km,g Å ¸ ³µ¶µ£²µÐ¥´¨¥ ¨§ÊÎ ¥³ÒÌ ²¨´¨° ¢ µ¡· §Í¥, p Å ±µÔËË¨Í¨¥´É
¢¥É¢²¥´¨Ö, λm,g Å ¶µ¸ÉµÖ´´Ò¥ · ¸¶ ¤ , tµ¡², tµÌ², t¨§³ Å ¢·¥³Ö µ¡²ÊÎ¥´¨Ö,
µÌ² ¦¤¥´¨Ö ¨ ¨§³¥·¥´¨Ö ´ ¢¥¤¥´´µ°  ±É¨¢´µ¸É¨. �µ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ± § ´Ò ´  ·¨¸. 1 É¥³´Ò³¨ ÉµÎ± ³¨. „²Ö ¸· ¢´¥´¨Ö ´ 
·¨¸. 1 ¸¢¥É²µ° ÉµÎ±µ° ¨ ±·¥¸É¨±µ³ µ¡µ§´ Î¥´Ò ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö, ¶µ²Ê-
Î¥´´Ò¥ ¢ · ¡µÉ Ì [25, 26] ¶·¨ Ô´¥·£¨¨ Eγ max = 22 ŒÔ‚. ˆ§ ·¨¸. 1 ¢¨¤´µ, ÎÉµ
ÌµÉÖ ¶µ·µ£ ·¥ ±Í¨¨ 45Sc(γ, n)44mSc · ¢¥´ 11,3 ŒÔ‚, ¶µ·µ£ ¢µ§¡Ê¦¤¥´¨Ö ¨§µ-
³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö 6+ 44mSc ¸µ¸É ¢²Ö¥É (12±0, 2) ŒÔ‚. ‚ÒÏ¥ ¶µ·µ£  ¨§µ³¥·-
´µ¥ µÉ´µÏ¥´¨¥ Υm/Υg ¡Ò¸É·µ ´ · ¸É ¥É ¨ ¶·¨ Eγ max = 22 ŒÔ‚ ¢ÒÌµ¤¨É ´ 
¶² Éµ ¨ ¤µ¸É¨£ ¥É §´ Î¥´¨Ö (0, 21±0, 03), ÎÉµ ¢ ¶·¥¤¥² Ì µÏ¨¡µ± ¸µ£² ¸Ê¥É¸Ö
¸ · ´¥¥ ¶µ²ÊÎ¥´´Ò³¨ ·¥§Ê²ÓÉ É ³¨. �  ·¨¸. 1 ¸¶²µÏ´µ° ²¨´¨¥° ¶µ± § ´ ·¥-
§Ê²ÓÉ É  ¶¶·µ±¸¨³ Í¨¨ d = f(E) ±·¨¢µ° É¨¶  d = A·th[B(E−E0)]. �µ¤£µ´± 
µ¸ÊÐ¥¸É¢²Ö² ¸Ó ³¥Éµ¤µ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢. �·¨ ÔÉµ³ ¶µ²ÊÎ¥´Ò ¸²¥¤ÊÕ-
Ð¨¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢: A = (0, 218± 0, 007), B = (0, 228± 0, 02) ŒÔ‚−1,
E0 = (11, 6 ± 0, 07) ŒÔ‚.

‘¥Î¥´¨¥ σm(E) ·¥ ±Í¨¨ 45Sc(γ, n)44mSc ¶·¨¢¥¤¥´µ ´  ·¨¸. 1. �  ÔÉµ³ ¦¥
·¨¸Ê´±¥ ¤²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥´µ ¶µ²´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ 45Sc(γ, n)44Sc [28].
�µ²ÊÎ¥´´ Ö µÍ¥´±  ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¸¥Î¥´¨° σm/σg ¢ µ¡² ¸É¨
14 ÷ 16 ŒÔ‚ ¶·¨³¥·´µ ´  10% ¶·¥¢ÒÏ ¥É ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ ¢ÒÌµ¤µ¢
Υm/Υg,   ¢ µ¡² ¸É¨ ¢ÒÏ¥ 20 ŒÔ‚ ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ¥É ¸ ´¨³¨. (�  ·¨¸. 1
E∗ = Eγ max − E¶µ·.) �µ£·¥Ï´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö r ¸µ¸É ¢²Ö¥É ∼ 15%.

„²Ö ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´Éµ³ ¡Ò²¨ ¢Ò¶µ²´¥´Ò · ¸Î¥ÉÒ ¨§µ³¥·´ÒÌ µÉ-
´µÏ¥´¨° ¶µ µ¸´µ¢ ´´µ° ´  ¸É É¨¸É¨Î¥¸±µ° É¥µ·¨¨ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ°
³µ¤¥²¨ [15, 31, 32]. �·¨ · ¸Î¥É Ì ¶·¥¤¶µ² £ ²µ¸Ó: ³ É¥·¨´¸±¨³ Ö¤·µ³ ¶µ-
£²µÐ ¥É¸Ö ¤¨¶µ²Ó´Ò° £ ³³ -±¢ ´É. ‡ É¥³ ¨¸¶ ·Ö¥É¸Ö ´¥°É·µ´ ¸ Ô´¥·£¨¥° εn.
‚µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¤µÎ¥·´e£µ Ö¤·  ¶¥·¥Ìµ¤ÖÉ ¢ µ¸´µ¢´µ¥ ¨ ¨§µ³¥·´µ¥
¶ÊÉ¥³ ¨¸¶Ê¸± ´¨Ö ± ¸± ¤  ¤¨¶µ²Ó´ÒÌ £ ³³ -±¢ ´Éµ¢, ¶µ¸²¥¤´¨° ¨§ ±µÉµ·ÒÌ
¨ § ¸¥²Ö¥É ¨§µ³¥·´µ¥ ¨²¨ µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥. �²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¸Î¨É ² ¸Ó
¶µ Ëµ·³Ê²¥ �¥É¥ Å �²µÌ :

ρ(U, J) =
2J + 1

24
√

2a1/4U5/4σ3
exp

{
2
√

aU −
(
J + 1

2

)2

2σ2

}
. (3)
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‡¤¥¸Ó a Å ¶ · ³¥É· ¶²µÉ´µ¸É¨ Ê·µ¢´¥°, U Å Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö, σ Å ¶ -
· ³¥É· µ£· ´¨Î¥´¨Ö ¸¶¨´ , J Å ¸¶¨´Ò ¸µ¸ÉµÖ´¨°. �µ²¥¥ ¶µ¤·µ¡´µ ¶·µÍ¥¤Ê· 
· ¸Î¥Éµ¢ ¶·¨¢¥¤¥´  ¢ · ¡µÉ¥ [28]. �¥§Ê²ÓÉ É É¥µ·¥É¨Î¥¸±µ£µ  ´ ²¨§  ¶µ± § ´
´  ·¨¸. 1 ÏÉ·¨Ì¶Ê´±É¨·´µ° ²¨´¨¥°. ‘µ£² ¸¨Ö ¸ Ô±¸¶¥·¨³¥´Éµ³ Ê¤ ¥É¸Ö ¤µ-
¸É¨ÎÓ ¤²Ö Ô´¥·£¨¨ 18 ÷ 23 ŒÔ‚ ¶·¨ Ë¨±¸ Í¨¨ ¶ · ³¥É·  µ£· ´¨Î¥´¨Ö ¸¶¨´ 
σ = 3.

�¨¸. 1. a) ‡ ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢ (1) ¨ ¸¥Î¥´¨° (2) ·¥ ±Í¨¨
45Sc(γ, n)44m,gSc µÉ Ô´¥·£¨¨. ¡) ‘¥Î¥´¨¥ ·¥ ±Í¨¨ 45Sc(γ, n)44m,gSc ¨ ¸· ¢´¥´¨¥ ¥£µ
¸ ¶µ²´Ò³ ËµÉµ´¥°É·µ´´Ò³ ¸¥Î¥´¨¥³ (2)

K ± ¢¨¤´µ ¨§ ·¨¸. 1, · ¸Î¥ÉÒ ¤²Ö (γ, n)m-·¥ ±Í¨¨ ± Î¥¸É¢¥´´µ ¸Ìµ¤´Ò
¸ Ô±¸¶¥·¨³¥´É ²Ó´µ° ±·¨¢µ°. �¥±µÉµ·µ¥ ¸³¥Ð¥´¨¥ É¥µ·¥É¨Î¥¸±µ° ±·¨¢µ° ¢
µ¡² ¸É¨ ¡µ²ÓÏ¨Ì Ô´¥·£¨° ´ ¡²Õ¤ ¥É¸Ö ¤²Ö · ¸Î¥É´ÒÌ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨°
¨ ¤²Ö ¤·Ê£¨Ì Ö¤¥·. ‚µ§³µ¦´Ò° ¶ÊÉÓ Ê¸É· ´¥´¨Ö ÔÉµ£µ · ¸Ìµ¦¤¥´¨Ö Å ¨¸-
¶µ²Ó§µ¢ ´¨¥ ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ Ë¥·³¨-£ §  ¸ µ¡· É´Ò³ ¸¤¢¨£µ³ [33, 34].
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Ÿ¤·µ 44Sc Ö¢²Ö¥É¸Ö µ¤´¨³ ¨§ ´¥³´µ£¨Ì Ö¤¥·, ±µÉµ·µ¥ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ, ¨,
¸²¥¤µ¢ É¥²Ó´µ, ¨§ÊÎ¨ÉÓ µÉ´µ¸¨É¥²Ó´Ò¥ ¢ÒÌµ¤Ò ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´µ£µ 6+-
¨ µ¸´µ¢´µ£µ 2+-cµ¸ÉµÖ´¨° ¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ:

45Sc(γ, n)44m,gSc, 45Sc(n, 2n)44m,gSc, 41K(α, n)44m,gSc,
44Ca(p, n)44m,gSc, 44Ca(α, p3n)44m,gSc, 46Ti(γ, pn)44m,gSc.

�¤´µ° ¨§ ¶¥·¢ÒÌ · ¡µÉ É ±µ£µ ·µ¤  Ö¢²Ö¥É¸Ö · ¡µÉ  ’ É ·ÎÊ±  ¨ ¤·. [20].
‚ ´¥° ¶µ²ÊÎ¥´  µÍ¥´±  ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö ¤²Ö ·¥ ±Í¨¨ 46Ti(γ, pn)44m,gSc
¶·¨ Eγ max = 48 ŒÔ‚, d = Υm/Υg < 0, 02, µÉ´µÏ¥´¨Ö Υm/Υg = 0, 16 ¤²Ö
·¥ ±Í¨¨ 45Sc(γ, n)44m,gSc ¶·¨ Ô´¥·£¨¨ Eγ max = 24 ŒÔ‚, ¶·¨ 36 ŒÔ‚ Å 0,19,
¶·¨ 48 ŒÔ‚ Å 0,19, ÎÉµ ¡²¨§±µ ± §´ Î¥´¨Ö³ d, ¶µ²ÊÎ¥´´Ò³ ¢ · ¡µÉ¥ [28]
¤²Ö Ô´¥·£¨¨ Eγ max = 21 ŒÔ‚. ‚ · ¡µÉ¥ [20] ¤²Ö ·¥ ±Í¨¨ 45Sc(n, 2n)44m,gSc
¶µ²ÊÎ¥´µ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ σm/σg = 0, 72. „²Ö ÔÉµ£µ ¸²ÊÎ Ö  ¢Éµ· ³¨
¸¤¥² ´  ´ ²¨§ ¶µ ¸É É¨¸É¨Î¥¸±µ° É¥µ·¨¨ ¨ ¶µ²ÊÎ¥´ ¶ · ³¥É· µ£· ´¨Î¥´¨Ö
¶µ ¸¶¨´Ê σ = 2, 8 ± 0, 3. �Éµ ¸µ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨ · ¡µÉÒ [35] ¤²Ö
En = 14, 4 ŒÔ‚ σm/σg = 0, 572 ¨ σ = 2, 5. ‡¤¥¸Ó Ê³¥¸É´µ Ê¶µ³Ö´ÊÉÓ, ÎÉµ ¢
· ¡µÉ¥ [21] ¢ ·¥ ±Í¨¨ 45Sc(n, 2n)44m,gSc ¶µ²ÊÎ¥´µ r = σm/σg = 0, 91 ± 0, 0
¶·¨ En = 14, 1 ŒÔ‚. ‘µ£² ¸¨¥ ¸É É¨¸É¨Î¥¸±¨Ì · ¸Î¥Éµ¢ (¶µ ¸Ì¥³¥,  ´ ²µ£¨Î-
´µ° · ¸Î¥É ³ [31,32]) ¤µ¸É¨£ ¥É¸Ö ¶·¨ σ = 3, 68. ‡´ Î¨É¥²Ó´ Ö ¢¥²¨Î¨´  r
¤²Ö ·¥ ±Í¨¨ (n, 2n) µ¡ÑÖ¸´Ö¥É¸Ö §´ Î¨É¥²Ó´Ò³¨ Ê£²µ¢Ò³¨ ³µ³¥´É ³¨, ¶·¨¢-
´µ¸¨³Ò³¨ ´¥°É·µ´ ³¨. ‚ · ¡µÉ¥ K ·µ¨ ¨ ¤·. [36] ¶µ²ÊÎ¥´Ò ¡²¨§±¨¥ ± Ê¶µ-
³Ö´ÊÉÒ³ ¢¥²¨Î¨´ ³ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö σm/σg = 0, 71±0, 06 ¤²Ö ·¥ ±Í¨¨
(n, 2n) ¶·¨ En = 15, 0 ŒÔ‚. ‚ÒÎ¨¸²¥´¨Ö ¶µ ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ ¤ ²¨
σ = 3, 5 ± 0, 1. � · ³¥É·Ò µ£· ´¨Î¥´¨Ö ¸¶¨´  σ ¤²Ö ·¥ ±Í¨¨ (n, 2n) ¡²¨§±¨
± §´ Î¥´¨Õ, ¶µ²ÊÎ¥´´µ³Ê ¢ · ¡µÉ¥ [28] ¤²Ö ·¥ ±Í¨¨ (γ, n).

ˆ´É¥·¥¸´µ ¸· ¢´¨ÉÓ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¤²Ö ·¥ ±Í¨¨ (γ, n), ¶µ²ÊÎ¥´-
´Ò¥ ¢ · ¡µÉ Ì [27, 28], ¸ µÉ´µÏ¥´¨Ö³¨ ¸¥Î¥´¨° ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´µ° ¶ ·Ò
Jπ

g = 2+, Jπ
m = 6+ Ö¤·  44Sc ¢ ·¥ ±Í¨¨ 44Ca(p, n)44Sc ¨ 44Ca(α, p3n)44Sc [37]

(·¨¸. 2),   É ±¦¥ 41K(α, n)44m,gSc [38] ¨ 45Sc(d, t)44m,gSc [39] (·¨¸. 3).

‘É·¥²± ³¨ ´  ·¨¸. 2 ¶µ± § ´Ò ¶µ·µ£¨ ·¥ ±Í¨¨. ‘¶²µÏ´Ò³¨ ±·¨¢Ò³¨ ¨§µ-
¡· ¦¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¶µ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨. � ¸Î¥ÉÒ
¢Ò¶µ²´Ö²¨¸Ó ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò RAIN-VO23 [40]. „²Ö ¢ÒÎ¨¸²¥´¨Ö ¶²µÉ-
´µ¸É¨ Ê·µ¢´¥° ¨¸¶µ²Ó§µ¢ ´µ ¢Ò· ¦¥´¨¥ ¨§ ³µ¤¥²¨ Ë¥·³¨-£ §  ¸ µ¡· É´Ò³
¸³¥Ð¥´¨¥³ ¨ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨³ ÊÎ¥Éµ³ µ¡µ²µÎ¥Î´µ° ¶µ¶· ¢±¨ ¨§ · ¡µÉÒ
[41]. � · ³¥É·Ò ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¡· ²¨¸Ó ¨§ ¸¨¸É¥³ É¨±¨, ¶·¨¢¥¤¥´´µ°
¢ Ê¶µ³Ö´ÊÉµ° · ¡µÉ¥. �·¨ ³µ¤¥²¨·µ¢ ´¨¨ (α, p3n)-·¥ ±Í¨¨ ÊÎ¨ÉÒ¢ ²¨¸Ó ¢¸¥
¢µ§³µ¦´Ò¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ ¨¸¶Ê¸± ´¨Ö Î ¸É¨Í: p3n, 2npn, 3np. ˆ§ ·¨-
¸Ê´±  ¢¨¤´µ, ÎÉµ ¨¸¶µ²Ó§µ¢ ´´Ò° ¢ [37] ¢ ·¨ ´É ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ-
¤¥²¨ Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤¨É Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¢ µ¡¥¨Ì ·¥ ±Í¨ÖÌ.
�Éµ ¤µ²¦´µ £µ¢µ·¨ÉÓ µ ¶·¥µ¡² ¤ ´¨¨ ¸É É¨¸É¨Î¥¸±µ£µ ³¥Ì ´¨§³ . K ± µÉ³¥-
Î ÕÉ ¸ ³¨  ¢Éµ·Ò [37], ÔÉµÉ ·¥§Ê²ÓÉ É ¢ µ¡Ð¥³-Éµ ´¥É·¨¢¨ ²¥´, ¶µ¸±µ²Ó±Ê ¢
¸¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö 44Sc ¢ (p, n)-·¥ ±Í¨¨ § ³¥É´Ò° ¢±² ¤ ³µ¦¥É ¤ ÉÓ ³¥Ì -
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�¨¸. 2. ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö, ¶µ²ÊÎ¥´´Ò¥ ¤²Ö 44Sc ¢ ·¥ ±Í¨ÖÌ (p, n) ¨ (α, p3n).
‘¶²µÏ´ Ö ²¨´¨Ö Å · ¸Î¥É ¶µ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨

´¨§³ ¶·Ö³µ£µ ¢Ò¡¨¢ ´¨Ö ´¥°É·µ´  ¶·µÉµ´µ³,   ¢ (α, p3n)-·¥ ±Í¨¨ Å ¶·¥¤-
· ¢´µ¢¥¸´Ò° ³¥Ì ´¨§³ Ô³¨¸¸¨¨ Î ¸É¨Í. ’µÉ Ë ±É, ÎÉµ ¶·Ö³µ° ³¥Ì ´¨§³ ´¥
¶·µÖ¢²Ö¥É¸Ö ´  Ëµ´¥ ¸É É¨¸É¨Î¥¸±µ£µ ¢ (p, n)-·¥ ±Í¨¨, µ¡ÑÖ¸´Ö¥É¸Ö É¥³, ÎÉµ
·¥ ±Í¨Ö ¨¤¥É ´  Î¥É´µ-Î¥É´µ³ µ±µ²µ³ £¨Î¥¸±µ³ Ö¤·¥-³¨Ï¥´¨ 44Ca ¨ ¸µ¶·µ-
¢µ¦¤ ¥É¸Ö · §·Ò¢µ³ ¤¢ÊÌ ¶ ·. � Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ ¸µ£² ¸¨¥ · ¸Î¥É´ÒÌ
¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ (α, p3n)-·¥ ±Í¨¨ ¢ ¤¨ ¶ §µ´¥
Ô´¥·£¨° µÉ ¶µ·µ£  ¤µ 55 ŒÔ‚ ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥-
´¨Ö µ¸É ¢Ï¥°¸Ö ¶µ¸²¥ ¢Ò²¥É  ¨§ Ö¤·  ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±µ° ¶·¥¤· ¢´µ¢¥¸´µ°
Î ¸É¨ÍÒ ´¥¤µ¸É ÉµÎ´µ ¤²Ö ·¥ ²¨§ Í¨¨ ¢ÒÌµ¤´µ£µ ± ´ ² . „·Ê£¨³¨ ¸²µ¢ ³¨,
¶·¥¤· ¢´µ¢¥¸´Ò° ³¥Ì ´¨§³ Ô³¨¸¸¨¨ ¶¥·¢µ° Î ¸É¨ÍÒ ³µ¦¥É ¶·¨¢¥¸É¨ Éµ²Ó±µ
± ¶·µ¶µ·Í¨µ´ ²Ó´µ³Ê Ê³¥´ÓÏ¥´¨Õ ¨ σm(Eα), ¨ σg(Eα), ÎÉµ ´¥ µÉ· §¨É¸Ö ´ 
§´ Î¥´¨¨ ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö.
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�¨¸. 3. ‡ ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´µ£µ µÉ´µÏ¥-
´¨Ö µÉ Ô´¥·£¨¨, ¶µ²ÊÎ¥´´ Ö ¢ ·¥ ±Í¨ÖÌ
a) (α, n) ¨ ¡) (d, t) ¤²Ö 44Sc

‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨°, ¶µ²ÊÎ¥´´ÒÌ ¢
(γ, n)-·¥ ±Í¨¨, ¸ ¨§µ³¥·´Ò³ µÉ´µÏ¥-
´¨¥³ ¤²Ö (α, p3n)-·¥ ±Í¨¨ ¶µ± §Ò¢ ¥É,
ÎÉµ ¢ ¶µ¸²¥¤´¥³ ¸²ÊÎ ¥ r ´  ¶µ·Ö-
¤µ± ¢ÒÏ¥. ’ ±µ¥ µÉ²¨Î¨¥ Ê±² ¤Ò¢ ¥É¸Ö
¢ ¸É É¨¸É¨Î¥¸±ÊÕ ¸Ì¥³Ê, ¶µ¸±µ²Ó±Ê
α-Î ¸É¨ÍÒ ¶·¨¢´µ¸ÖÉ ¢ Ö¤·µ §´ -
Î¨É¥²Ó´Ò° Ê£²µ¢µ° ³µ³¥´É, ¨ ¶·¨
ÔÉµ³ § ¸¥²Ö¥É¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´µ ¢Ò-
¸µ±µ¸¶¨´µ¢µ¥ ¸µ¸ÉµÖ´¨¥ 6+.

‚ Éµ ¦¥ ¢·¥³Ö ¸µ¶µ¸É ¢²¥´¨¥ r
¤²Ö (γ, n)- ¨ (p, n)-·¥ ±Í¨° ¤ ¥É ¶·µ-
É¨¢µ¶µ²µ¦´ÊÕ ± ·É¨´Ê. ‚ · ¸¸³ -
É·¨¢ ¥³µ³ Ô´¥·£¥É¨Î¥¸±µ³ ¨´É¥·¢ ²¥ r
¤²Ö (p, n)-·¥ ±Í¨¨ ´  ¶µ·Ö¤µ± ³¥´ÓÏ¥,
Î¥³ ¤²Ö (γ, n). �·µ¸ÉÒ³ µ¡ÑÖ¸´¥-
´¨¥³ ÔÉµ³Ê ³µ¦¥É ¡ÒÉÓ · §²¨Î¨¥ ³¥-
Ì ´¨§³µ¢ ÔÉ¨Ì ¤¢ÊÌ ·¥ ±Í¨°. ‚ ¶µ²Ó§Ê
¶µ¸²¥¤´¥£µ ÊÉ¢¥·¦¤¥´¨Ö ³µ¦¥É ¸²Ê-
¦¨ÉÓ µÉ´µÏ¥´¨¥ ¢¥²¨Î¨´ ¨´É¥£· ²Ó-
´ÒÌ ¸¥Î¥´¨° (γ, 2n)- ¨ (γ, n)-·¥ ±Í¨°

´  45Sc:
28,5∫
21,5

σ(γ, 2n)/
28,5∫
21,5

σ(γ, n) [30],

ÎÉµ Ê± §Ò¢ ¥É ´  ¡µ²ÓÏÊÕ (> 50%)
¤µ²Õ ¢±² ¤  ¶µ²Ê¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¢
¸¥Î¥´¨¥ ·¥ ±Í¨¨ (γ, n). �¤´ ±µ ¤²Ö ÊÉµÎ´¥´¨Ö ´¥µ¡Ìµ¤¨³µ · ¸Ï¨·¨ÉÓ Ô´¥·-
£¥É¨Î¥¸±¨° ¤¨ ¶ §µ´ ¨¸¸²¥¤µ¢ ´¨Ö (p, n)-·¥ ±Í¨¨.

‚ Ï¨·µ±µ³ Ô´¥·£¥É¨Î¥¸±µ³ ¤¨ ¶ §µ´¥ ¶µ²ÊÎ¥´µ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥
σm/σg ¤²Ö ·¥ ±Í¨° 41K(α, n)44m,gSc [38] ¨ 45Sc(d, t)44m,gSc [39] (·¨¸. 3). ˆ
ÌµÉÖ  ¢Éµ· ³¨ ´¥ ¶·µ¢¥¤¥´µ ¸· ¢´¥´¨¥ ¸ · ¸Î¥É ³¨ ¶µ ¸É É¨¸É¨Î¥¸±µ° É¥µ·¨¨,
¸· ¢´¨¢ Ö ¶·¨ µ¤¨´ ±µ¢ÒÌ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö µ¸É ÉµÎ´µ£µ Ö¤·  ¨§µ³¥·´Ò¥
µÉ´µÏ¥´¨Ö, ¶µ²ÊÎ¥´´Òe ¢ ·¥ ±Í¨ÖÌ 44Ca(α, p3n)44m,gSc ¨ 41K(α, n)44m,gSc,
³µ¦´µ µÉ³¥É¨ÉÓ ¨x ¡²¨§µ¸ÉÓ ¶µ ¢¥²¨Î¨´¥, ÎÉµ Ê± §Ò¢ ¥É ´  ¸Ìµ¤´µ¸ÉÓ ³¥-
Ì ´¨§³µ¢ ÔÉ¨Ì ·¥ ±Í¨°. ˆ§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ ¢ ·¥ ±Í¨¨ (d, t) ¶·¨ ´¨§±¨Ì
Ô´¥·£¨ÖÌ ¸· ¢´¨³µ ¸ ˆ� ¢ ·¥ ±Í¨¨ (γ, n) [27],   ¶·¨ Ô´¥·£¨¨ …d > 25 ŒÔ‚
¸· ¢´¨³µ ¸ ˆ� ¢ ·¥ ±Í¨¨ (α, n).

ˆ§ ¢ÒÏ¥¸± § ´´µ£µ ¸²¥¤Ê¥É, ÎÉµ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¤²Ö Ö¤·  44Sc
´ ±µ¶²¥´ ¤µ¸É ÉµÎ´µ ¶µ²´Ò° ¨ µ¡Ï¨·´Ò° Ô±¸¶¥·¨³¥´É ²Ó´Ò° ³ É¥·¨ ² ¶µ
¨¸¸²¥¤µ¢ ´¨Õ ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö 6+ ¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ.
‚ Éµ ¦¥ ¢·¥³Ö µÉ¸ÊÉ¸É¢Ê¥É ¥¤¨´Ò° ¶µ¸²¥¤µ¢ É¥²Ó´Ò° ¶µ¤Ìµ¤ ¤²Ö µ¶¨¸ ´¨Ö
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¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ, ÌµÉÖ ¤²Ö ÔÉµ£µ ¨³¥ÕÉ¸Ö ¤µ-
¢µ²Ó´µ Ìµ·µÏ¨¥ ¶·¥¤¶µ¸Ò²±¨. „µ¸É¨¦¥´¨Õ ÔÉµ° Í¥²¨ ¤µ²¦´Ò ¸¶µ¸µ¡¸É¢µ¢ ÉÓ
¨ ¨³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥ [42] ¶µ ¨§³¥·¥´¨Õ ¸¥Î¥´¨° ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´Ê±²µ´-
´ÒÌ ± ´ ²µ¢ · ¸¶ ¤  £¨£ ´É¸±µ£µ E1-·¥§µ´ ´¸  ´  Ö¤·¥ 45Sc.

1.2. ‘¥²¥´-74, 78, 80, 82. ‘¨¸É¥³ É¨±  ´¨§±µ²¥¦ Ð¨Ì ¸¶¥±É·µ¢ ¨ · §·Ò¢-
´µ¸É¥° ¢ ¨§³¥·¥´´ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ § ¸¥²¥´´µ¸ÉÖÌ Ê·µ¢´¥° Ê± §Ò¢ eÉ ´  ´ -
²¨Î¨¥ ¶¥·¥Ìµ¤  Ëµ·³Ò ¢ ±µ´Ë¨£Ê· Í¨ÖÌ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¨§ ¸¶²Õ¸´ÊÉµ°
¢ ¸Ë¥·¨Î¥¸±ÊÕ ¶·¨ ¶¥·¥Ìµ¤¥ µÉ N = 40 ± N = 42 ¨ ¨§ ¸Ë¥·¨Î¥¸±µ° ¢
´¥¸±µ²Ó±µ ¤¥Ëµ·³¨·µ¢ ´´ÊÕ, ¢ÒÉÖ´ÊÉÊÕ ³¥¦¤Ê N = 42 ¨ N = 44. �¥-
 ±Í¨Ö ¸·Ò¢  ¨ ¶µ¤Ì¢ É  Ê± §Ò¢ ¥É ´  ¸µ¸ÊÐ¥¸É¢µ¢ ´¨¥ · §²¨Î´ÒÌ Ëµ·³ ´ 
É¥Ì ¦¥ Ö¤· Ì [43, 44]. �É  ¸²µ¦´ Ö ¸É·Ê±ÉÊ·  ¶·¥¤¸± §Ò¢ ² ¸Ó É¥µ·¥É¨Î¥-
¸±¨³¨ · ¸Î¥É ³¨, ¢Ò¶µ²´¥´´Ò³¨ ± ± ¶µ ³¥Éµ¤Ê • ·É·¨ Å ”µ± , É ± ¨ ¶µ
¤¨´ ³¨Î¥¸±µ° ±µ²²¥±É¨¢´µ° ³µ¤¥²¨. ‘²µ¦´µ¸ÉÓ ¸¢µ°¸É¢ Ê¶µ³Ö´ÊÉÒÌ Ö¤¥·,
¶µ-¢¨¤¨³µ³Ê, µÉµ¡· ¦ ¥É¸Ö É¥³, ÎÉµ µ¤´µÎ ¸É¨Î´ Ö ³µ¤¥²Ó ´¥ ³µ¦¥É ¶µ¸²¥-
¤µ¢ É¥²Ó´µ ÊÎ¥¸ÉÓ ¢¸¥ µ¡´ ·Ê¦¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¢µ°¸É¢  ÔÉ¨Ì Ö¤¥·
[45]. �µ-¢¨¤¨³µ³Ê, ¶¥·¢µ° · ¡µÉµ°, ¶µ¸¢ÖÐ¥´´µ° ¨§³¥·¥´¨Õ ¨§µ³¥·´µ£µ
¸µ¸ÉµÖ´¨Ö ´  ¨§µÉµ¶ Ì ¸¥²¥´ , ¡Ò²µ ¨¸¸²¥¤µ¢ ´¨¥, ¶·µ¢¥¤¥´´µ¥ ¢ 1956 £.
¡· §¨²Ó¸±¨³¨ ÊÎ¥´Ò³¨ [46]. �·¨ Eγ max = 20 ŒÔ‚ ¤²Ö Ö¤¥· 82Se ¡Ò²µ ¶µ-
²ÊÎ¥´µ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ ¢ÒÌµ¤µ¢ Υm/Υg = 1, 0 ± 0, 05, ÎÉµ ´¥¸±µ²Ó±µ
¶·¥¢ÒÏ ¥É ¸µ¢·¥³¥´´Ò¥ §´ Î¥´¨Ö. ‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ´ ¡²Õ¤ ¥É¸Ö  ±É¨¢¨-
§ Í¨Ö ¨§³¥·¥´¨°, ¨ ¢µ§¡Ê¦¤¥´¨¥ ¨§µ³¥·µ¢ ¨§µÉµ¶µ¢ ¸¥²¥´  ¢ (γ, n)-·¥ ±Í¨¨
¨¸¸²¥¤Ê¥É¸Ö ¢ ·Ö¤¥ ² ¡µ· Éµ·¨°. ” ³ ‡Ê¨ •¨Ô´ ¸ ¸µÉ·Ê¤´¨± ³¨ [47] ¤²Ö ¨§µ-
Éµ¶  74Se ¶·¨ Ô´¥·£¨¨ Eγ max = 14, 5 ŒÔ‚ ¶µ²ÊÎ¨² d = Υm/Υg = 7, 5,
ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É η = Υm/(Υm + Υg) = 0, 89. �µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¸· ¢´¨¢ ÕÉ¸Ö ¸ ¨§µ³¥·´Ò³¨ µÉ´µÏ¥´¨Ö³¨ ¨§ ·¥ ±Í¨¨ (n, 2n)m ¨ · ¸Î¥É ³¨,
¶·µ¢¥¤¥´´Ò³¨ ¶µ ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨. �¡¸Ê¦¤ ¥É¸Ö ¸Ì¥³  ´¨§±µ²¥¦ Ð¨Ì
Ê·µ¢´¥° Ö¤·  73Se. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ·¥ ±Í¨¨ 74Se(γ, n)73m,gSe,
¶µ-¢¨¤¨³µ³Ê, ¶µ¤É¢¥·¦¤ ÕÉ ¸Ì¥³Ê, ¢ ±µÉµ·µ° Jπ

g = 9/2− ¨ Jπ
m = 3/2−. ˆ§µ-

³¥·´µ¥ ¸µ¸ÉµÖ´¨¥ Ö¢²Ö¥É¸Ö ´ ¨´¨§Ï¨³ ±µ³¶µ´¥´Éµ³ ·µÉ Í¨µ´´µ° ¶µ²µ¸Ò ¸
kπ = 3/2−.

� ¨¡µ²¥¥ ¶µ²´µ ¶·µÍ¥¸¸Ò ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥ ±Í¨¨
(γ, n) ´  ¨§µÉµ¶ Ì ¸¥²¥´  ¨¸¸²¥¤µ¢ ²¨¸Ó ¢ · ¡µÉ¥ [48]. �·Ö³Ò³ ·¥§Ê²ÓÉ -
Éµ³ ¨§³¥·¥´¨° ¡Ò²¨ ±·¨¢Ò¥ ¢ÒÌµ¤µ¢ Υ(Eγ max) ·¥ ±Í¨° 78Se(γ, n)77mSe,
80Se(γ, n)79mSe, 82Se(γ, n)81m,gSe. ˆ¸¶µ²Ó§µ¢ ²¨¸Ó ¨§µÉµ¶¨Î¥¸±¨ µ¡µ£ Ð¥´-
´Ò¥ ³¨Ï¥´¨. ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¸ Ï £µ³ ∆E = 0, 5 ŒÔ‚,   ¢ µ¡² ¸É¨
¶µ·µ£µ¢ Å ¸ Ï £µ³ ∆E = 0, 25 ¨²¨ 0,125 ŒÔ‚. �´ ²¨§ ±·¨¢ÒÌ ¢ÒÌµ¤µ¢
¶µ± § ², ÎÉµ ¶µ·µ£ ·¥ ±Í¨¨ 74Se(γ, n)75mSe ¸µ¸É ¢²Ö¥É (12, 3 ± 0, 2) ŒÔ‚,
¶µ·µ£ ·¥ ±Í¨¨ 78Se(γ, n) 77mSe Å (11, 15 ± 0, 10) ŒÔ‚, 80Se(γ, n)79mSe Å
(10, 05±0, 10) ŒÔ‚ ¨ 82Se(γ, n)81mSe Å (9, 85±0, 15) ŒÔ‚. �µ·µ£¨ ·¥ ±Í¨¨
(γ, n) ¸µ¸É ¢²ÖÕÉ ¤²Ö 74,78,80,82Se 12,1; 10,5; 9,9 ¨ 9,3 ŒÔ‚ ¸µµÉ¢¥É¸É¢¥´´µ.
„²Ö 74Se ¨ 80Se ¢ ¶·¥¤¥² Ì µÏ¨¡µ± ¶µ·µ£¨ ·¥a±Í¨¨ (γ, n)m · ¢´Ò Ô´¥·£¥É¨Î¥-
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¸±µ³Ê ¶µ·µ£Ê, É.¥. ¸Ê³³¥ Ô´¥·£¨¨ ¶µ·µ£  ·¥ ±Í¨¨ (γ, n) ¨ Ô´¥·£¨¨ ¨§µ³¥·´µ£µ
Ê·µ¢´Ö. (�µ¸±µ²Ó±Ê ¸¶¨´ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö ÔÉ¨Ì Ö¤¥· Jπ

m = 3/2−, 1/2−,
  µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ ³ É¥·¨´¸±µ£µ Ö¤·  0+, Éµ ¶·¨ · ¸¶ ¤¥ ¸µ¸ÉµÖ´¨° £¨-
£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  1− ´¨± ±¨Ì § ¶·¥Éµ¢ ¶µ Ê£²µ¢µ³Ê ³µ³¥´ÉÊ
¤²Ö § ¸¥²¥´¨Ö ¨§µ³¥·´ÒÌ Ê·µ¢´¥° ´¥ ¢µ§´¨± ¥É.) ‘¶¥±É·µ¸±µ¶¨Î¥¸±¨¥ Ì · ±-
É¥·¨¸É¨±¨ ¨§µÉµ¶µ¢ ¸¥²¥´  [17] ¶·¨¢¥¤¥´Ò ¢ É ¡².1.

’ ¡²¨Í  1. ‘¶¥±É·µ¸±µ¶¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ Ö¤¥· ¸¥²¥´ 

ˆ§µÉµ¶ Jπ T1/2 —¨¸²µ γ-±¢ ´Éµ¢ ŠµÔËË¨Í¨¥´É Eγ , ŒÔ‚
´  · ¸¶ ¤, % ¢¥É¢²¥´¨Ö

73mSe 3/2− 38,9 ³¨´ 2,27 0,73 0,254
73gSe 9/2+ 7,1 Î 94,9 0,361
77mSe 7/2+ 17,5 c 51,5 0,162
79mSe 1/2− 3,89 ³¨´ 9,1 0,0955
81mSe 7/2+ 57,3 ³¨´ 8,7 0,995 0,1030
81gSe 1/2− 18,5 ³¨´ 0,288 0,2899

„²Ö Ö¤¥· 78Se ¨ 82Se Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ (ÔËË¥±É¨¢´Ò¥) ¶µ·µ£¨ ·¥ ±Í¨¨
(γ, n)m § ³¥É´µ (∼ 0, 5 ŒÔ‚) ¶·¥¢ÒÏ ÕÉ Ô´¥·£¥É¨Î¥¸±¨° ¶µ·µ£ ÔÉµ° ·¥ ±-
Í¨¨. �Éµ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ ¶·¨ · ¸¶ ¤¥ £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ 
¤²Ö § ¸¥²¥´¨Ö ³¥É ¸É ¡¨²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ¢µ§´¨± ¥É § ¶·¥É ¶µ Ê£²µ¢µ³Ê ³µ-
³¥´ÉÊ. �µ¸±µ²Ó±Ê µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ ³ É¥·¨´¸±µ£µ Ö¤·  ¨³¥¥É Jπ = 0+,
Éµ ¶·¨ · ¸¶ ¤¥ ¸µ¸ÉµÖ´¨° 1− £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  ¤²Ö § ¸¥²¥´¨Ö Ê·µ¢´¥°
¸ Jπ = 7/2+ ´¥µ¡Ìµ¤¨³µ, ÎÉµ¡Ò ´¥°É·µ´Ò Ê´µ¸¨²¨ ³µ³¥´É �n = 3 (¶·¨
�n = 2 ¸ÊÐ¥¸É¢Ê¥É § ¶·¥É ¶µ Î¥É´µ¸É¨). Š ± ¶µ± § ²¨ · ¸Î¥ÉÒ ¶µ µ¶É¨-
Î¥¸±µ° ³µ¤¥²¨ [49], ¢ ¸¶¥±É·¥ ´¥°É·µ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ Ö¤·  ¸ Ô´¥·£¨¥°
∼ 0, 5 ŒÔ‚, ¶µÖ¢²ÖÕÉ¸Ö ´¥°É·µ´Ò ¸ Ê£²µ¢Ò³ ³µ³¥´Éµ³ � = 3. ‘ ·µ¸Éµ³
Ô´¥·£¨¨ ¨Ì ¤µ²Ö ¡Ò¸É·µ Ê¢¥²¨Î¨¢ ¥É¸Ö. �·¨ ´ ²¨Î¨¨ ¶µ²Ê¶·Ö³µ£µ ± ´ ² 
·¥ ±Í¨¨ (γ, n) ¸ ¶µ³µÐÓÕ É ±µ£µ ³¥Ì ´¨§³  § ¸¥²¥´¨Ö ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö
³µ¦´µ µ¡ÑÖ¸´¨ÉÓ ¢µ§´¨±´µ¢¥´¨¥ ÔËË¥±É¨¢´µ£µ ¶µ·µ£ . ‘ ¤·Ê£µ° ¸Éµ·µ´Ò,
¶µ¢ÒÏ¥´¨¥ ÔËË¥±É¨¢´µ£µ ¶µ·µ£  ´  0,5 ŒÔ‚ ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸ ´ ²¨Î¨¥³
¶·¨ ÔÉµ° Ô´¥·£¨¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì  ±É¨¢ Í¨µ´´ÒÌ Ê·µ¢´¥°, ¨§ ±µÉµ·ÒÌ ¶µ-
¸·¥¤¸É¢µ³ ± ¸± ¤  £ ³³ -±¢ ´Éµ¢ § ¸¥²Ö¥É¸Ö ¨§µ³¥·´µ¥ ¸µ¸ÉµÖ´¨¥. „²Ö 77Se
É ±¨³ Ê·µ¢´¥³ ³µ¦¥É ¡ÒÉÓ ¸µ¸ÉµÖ´¨¥ ¸ J = 1/2, E = 0, 491 ŒÔ‚ ¨ J = 3/2,
E = 0, 467 ŒÔ‚.

ˆ§³¥·¥´´Ò¥ ±·¨¢Ò¥ ¢ÒÌµ¤  ·¥ ±Í¨¨ (γ, n)m ¤²Ö Ö¤¥· 78,80,82Se ¨¸¶µ²Ó-
§µ¢ ²¨¸Ó ¤²Ö · ¸Î¥É  ¸¥Î¥´¨°. � ¸Î¥É ¢¥²¸Ö ³¥Éµ¤µ³ �¥´Ëµ²Ó¤  Å ‹¨¸¸  [2]
¸ Ï £µ³ ∆E = 1 ŒÔ‚. �µ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¥Î¥´¨Ö ¶·¨¢¥¤¥´Ò
´  ·¨¸. 4. ‚¸¥ ¸¥Î¥´¨Ö ¨³¥ÕÉ µ¤´µ£µ·¡ÊÕ Ëµ·³Ê ¸ ³ ±¸¨³Ê³µ³ ¶·¨ Ô´¥·£¨¨
∼ 16 ŒÔ‚. ‘¥Î¥´¨Ö  ¶¶·µ±¸¨³¨·µ¢ ´Ò ¶µ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢
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�¨¸. 4. ‘¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n)m ¤²Ö ¨§µÉµ¶µ¢ 78,80,82Se

±·¨¢Ò³¨ ‹µ·¥´Í  (¸¶²µÏ´Ò¥ ±·¨¢Ò¥ ´  ·¨¸. 4):

σ(E) = σ0
Γ2

0E
2

(E2
0 − E2)2 − Γ2

0E
2
. (4)

� · ³¥É·Ò  ¶¶·µ±¸¨³ Í¨¨: ¸¥Î¥´¨¥ ¢ ³ ±¸¨³Ê³¥ σ0, Ô´¥·£¨Ö ·¥§µ´ ´¸  E0,
¥£µ ¶µ²ÊÏ¨·¨´  Γ0 ¶·¨¢¥¤¥´Ò ¢ É ¡². 2.
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’ ¡²¨Í  2. � · ³¥É·Ò ±·¨¢ÒÌ ‹µ·¥´Í 

ˆ§µÉµ¶ σ0, ³¡ Γ0, ŒÔ‚ E0, ŒÔ‚ χ2

78Se 43, 2 ± 1, 7 3, 65 ± 0, 25 16, 25 ± 0, 077 13,1

80Se 77, 9 ± 2, 0 4, 94 ± 0, 24 16, 04 ± 0, 071 4,8

82Se 51, 1 ± 2, 2 4, 76 ± 0, 35 16, 00 ± 0, 11 4,1

�µ¸±µ²Ó±Ê µ¸´µ¢´Ò¥ ¸µ¸ÉµÖ´¨Ö ¤µÎ¥·´¨Ì Ö¤¥· 73Se ¨ 81Se ´¥¸É ¡¨²Ó´Ò,
Éµ ¨³¥¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¨ÉÓ ´¥¶µ¸·¥¤¸É¢¥´´µ ¨§ Ô±¸¶¥·¨³¥´É  ±·¨¢ÊÕ
¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢ η = Υm/(Υm + Υg) = Υm/Υtot ¨²¨ d =
= Υm/Υg. „²Ö · ¸Î¥É  ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¨¸¶µ²Ó§µ¢ ² ¸Ó Ëµ·³Ê²  (2).

�µ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ η ¤²Ö
Ö¤¥· 74,82Se ¶µ± § ´Ò ±·Ê¦± ³¨ ´  ·¨¸. 5. • · ±É¥· ¨Ì ¶µ¢¥¤¥´¨Ö ± ± ËÊ´±-
Í¨¨ Ô´¥·£¨¨ · §²¨Î¥´: ¤²Ö 82Se Å ÔÉµ · ¸ÉÊÐ Ö µÉ ¶µ·µ£  ËÊ´±Í¨Ö, ¢ÒÌµ-
¤ÖÐ Ö ´  ´ ¸ÒÐ¥´¨¥ ¢ µ¡² ¸É¨ ¢ÒÏ¥ 20 ŒÔ‚, ¤²Ö 74Se Å ÔÉµ ¸¶ ¤ ÕÐ Ö
ËÊ´±Í¨Ö. ’ ±µ¥ ¶µ¢¥¤¥´¨¥ ±·¨¢ÒÌ η = f(E) µ¡Ê¸²µ¢²¥´µ ¸¶¨´ ³¨ ³¥É ¸É -
¡¨²Ó´ÒÌ ¸µ¸ÉµÖ´¨° (7/2+ ¤²Ö 81m,gSe ¨ 1/2− ¤²Ö 73mSe).

‡ ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö η µÉ Ô´¥·£¨¨ ¢ µ¡² ¸É¨ £¨£ ´É¸±µ£µ
E1-·¥§µ´ ´¸  ¢¶¥·¢Ò¥ ¨§³¥·¥´  ¢ [48] ¤²Ö Ö¤¥· 74Se, 82Se. �· ±É¨Î¥¸±¨
µ¤´µ¢·¥³¥´´µ ¨§³¥·¥´Ò η = f(E) ¢ [50] ¨ ´¥¸±µ²Ó±µ ¶µ§¦¥ ¶µ¤µ¡´ Ö · ¡µÉ 
¶·µ¢¥¤¥´  ¢ „Ê¡´¥ [51]. �µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ [50, 51] ´ Ìµ¤ÖÉ¸Ö ¢ Ìµ·µÏ¥³
¸µ£² ¸¨¨ ¸ ¤ ´´Ò³¨ · ¡µÉÒ [48].

ˆ§³¥·¥´´Ò¥ ¸¥Î¥´¨Ö σm ¤²Ö Ö¤¥· 78,80,82Se [48],   É ±¦¥ ´ ²¨Î¨¥ ²¨É¥-
· ÉÊ·´ÒÌ ¤ ´´ÒÌ ¶µ ¶µ²´Ò³ ËµÉµ´¥°É·µ´´Ò³ ¸¥Î¥´¨Ö³ σn [30] ¶µ§¢µ²¨²¨
¶µ²ÊÎ¨ÉÓ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨° R = σm/σtot. „²Ö Ö¤¥· ¢¸¥Ì ¨¸¸²¥¤Ê-
¥³ÒÌ ¨§µÉµ¶µ¢ ¸¥²¥´  ¢ µ¡² ¸É¨ ³ ±¸¨³Ê³  ¸¥Î¥´¨Ö σn (É.¥. É ³, £¤¥ µÏ¨¡± 
µ¶·¥¤¥²¥´¨Ö r ³¨´¨³ ²Ó´ ) ¶µ²ÊÎ¥´Ò ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨°. �·¨
E = 16, 0 ŒÔ‚ ¤²Ö 73Se ¨³¥¥³ R = 0, 84 ± 0, 08; ¤²Ö 77Se R = 0, 34 ± 0, 06,
¤²Ö 79Se R = 0, 56 ± 0, 07 ¨ ¤²Ö 81Se R = 0, 36 ± 0, 06.

�  ·¨¸. 5 ¸¶²µÏ´Ò³¨ ²¨´¨Ö³¨ ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¨§µ³¥·´ÒÌ
µÉ´µÏ¥´¨° R ¶µ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨ ¤²Ö Ö¤¥· 74,78,80,82Se. � 
ÔÉµ³ ¦¥ ·¨¸Ê´±¥ (±·¥¸É¨±¨) ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§µ³¥·´Ò¥ µÉ-
´µÏ¥´¨Ö ¸¥Î¥´¨° R = σm/(σm + σg) = σm/σtot ¶·¨ Ô´¥·£¨¨ 16 ŒÔ‚. �·¨
ÔÉµ³ ¤²Ö µ¶·¥¤¥²¥´¨Ö R §´ Î¥´¨Ö ¶µ²´µ£µ ËµÉµ´¥°É·µ´´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨
(γ, n) ¡· ²¨¸Ó ¨§ · ¡µÉÒ [30]. � ¸Î¥É R(E) ¢¥²¸Ö ¡¥§ ¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢
(±·¨¢ Ö 1) ¨ ¸ Ë¨±¸ Í¨¥° ¶ · ³¥É·µ¢ µ£· ´¨Î¥´¨Ö ¸¶¨´ . K·¨¢Ò¥ 2, 3 ¸µ-
µÉ¢¥É¸É¢ÊÕÉ Ë¨±¸ Í¨¨ σ = 3 ¨ σ = 2 ¸µµÉ¢¥É¸É¢¥´´µ. ˆ ÌµÉÖ · ¸Î¥ÉÒ ¤ ÕÉ
± Î¥¸É¢¥´´µ ¶· ¢¨²Ó´ÊÕ ± ·É¨´Ê ¶µ¢¥¤¥´¨Ö ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ± ± ËÊ´±-
Í¨° Ô´¥·£¨¨, ±µ²¨Î¥¸É¢¥´´µ£µ ¸µ£² ¸¨Ö Ê¤ ¥É¸Ö ¤µ¸É¨ÎÓ ¶·¨ Ë¨±¸ Í¨¨ σ. �·¨
ÔÉµ³ ¤²Ö 74Se σ = 2, 0, 78Se Å 1,8, 80Se Å 2,8, 82Se Å 2,0 [48].
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�¨¸. 5. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ (◦) ¨ ¸¥Î¥´¨° (×) ¤²Ö ¨§µ-
Éµ¶µ¢ ¸¥²¥´  ¨ ¨Ì ¸· ¢´¥´¨¥ ¸ · ¸Î¥Éµ³ ¶µ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨. Š·¨¢Ò¥:
1 Å · ¸Î¥É ¡¥§ ¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢; 2 Å · ¸Î¥É ¶·¨ Ë¨±¸ Í¨¨ σ = 3; 3 Å σ = 2

„²Ö ¸· ¢´¥´¨Ö ¢ É ¡². 3 ¶·¨¢¥¤¥´Ò ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¤²Ö ¨§µÉµ¶µ¢
¸¥²¥´ , ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥ ±Í¨¨ (n, γ) ¨ (n, 2n). ‚¨¤´µ, ÎÉµ É ± ¦¥, ± ± ¨ ¢
·¥ ±Í¨¨ (γ, n), ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ´ ¡²Õ¤ ¥É¸Ö ·µ¸É ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö
´  Ö¤·¥ 81Se ¨ ¸¶ ¤ ´  Ö¤·¥ 73Se. •µÉÖ ´¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ ·¥ ±-
Í¨¨ (n, 2n) ¡µ²¥¥ ¢Ò· ¦¥´µ § ¸¥²¥´¨¥ ¢Ò¸µ±µ¸¶¨´µ¢µ£µ ¸µ¸ÉµÖ´¨Ö ¨§µ³¥·´µ°
¶ ·Ò.



‚�‡�“†„…�ˆ… ˆ‡�Œ…��›• ‘�‘’�Ÿ�ˆ‰ Ÿ„…� 399

’ ¡²¨Í  3. ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¤²Ö ¨§µÉµ¶µ¢ ¸¥²¥´ , ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥ ±Í¨ÖÌ
(n, γ), (n, 2n)

Ÿ¤·µ-¶·µ¤Ê±É ’¨¶ �´¥·£¨Ö σm/σg σ ‘¸Ò²± 
·¥ ±Í¨¨ E¶, ŒÔ‚

77Se (n, γ) É¥¶².´¥°É·. 0, 210 ± 0, 034 Å [52]
79Se ÄªÄ ÄªÄ 0, 37 ± 0, 08 Å
81Se ÄªÄ ÄªÄ 0, 114 ± 0, 007 Å

73Se (n, 2n) 15,0 0,78 4,2 [36]
81Se ÄªÄ 15,0 0,78 2,9

73Se (n, 2n) 14,7 0,65 2,6 [53]
77Se ÄªÄ 14,7 0,51 2,7
79Se ÄªÄ 14,7 0,17 3,3
81Se ÄªÄ 14,7 0,73 3 ± 0, 5

73Se (n, 2n) 13,7 0,14 [54]
ÄªÄ 14,2 0,15
ÄªÄ 15,0 0,14
ÄªÄ 15,2 0,17
ÄªÄ 15,9 0,16
ÄªÄ 16,3 0,14
ÄªÄ 16,6 0,12
ÄªÄ 17,1 0,165
ÄªÄ 17,6 0,165

73Se (n, 2n) 14,5 0,44 [47]

1.3. Ÿ¤·  86Sr, 88Sr, 90Zr, 92Mo. Ÿ¤·  ¸ § ³±´ÊÉµ° µ¡µ²µÎ±µ° N = 50
Ö¢²ÖÕÉ¸Ö µ¡Ñ¥±Éµ³  ±É¨¢´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¸ ÉµÎ±¨ §·¥´¨Ö ¨§ÊÎ¥´¨Ö ± ±
¸É·Ê±ÉÊ·Ò Ê·µ¢´¥° ¢ ·¥ ±Í¨ÖÌ ¸·Ò¢  ¨ ¶µ¤Ì¢ É  ´¥°É·µ´µ¢ [55, 56], É ± ¨
¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ´  ÔÉ¨Ì Ö¤· Ì ¢ ·¥ ±Í¨ÖÌ (γ, n), (n, 2n) ¨ É.¤. ‘¶¥±-
É·µ¸±µ¶¨Î¥¸±¨¥ Ë ±Éµ·Ò, ¶µ²ÊÎ¥´´Ò¥ ¶µ¸·¥¤¸É¢µ³  ´ ²¨§a (p, d)- ¨ (d, p)-
·¥ ±Í¨°, ¤ ÕÉ ¶µ²¥§´Ò¥ ¸¢¥¤¥´¨Ö µ ¸É·Ê±ÉÊ·¥ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·
1g9/2-µ¡µ²µÎ±¨. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò,  ´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ
¨§µ³¥·´Ò³ µÉ´µÏ¥´¨Ö³ ¢ ·¥ ±Í¨ÖÌ (γ, n), (n, 2n) ¢ · ³± Ì ¸É É¨¸É¨Î¥¸±µ°
É¥µ·¨¨ ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ ¨´Ëµ·³ Í¨Õ µ ¸¶¨´µ¢µ° § ¢¨¸¨³µ¸É¨ ¶²µÉ´µ¸É¨
Ö¤¥·´ÒÌ Ê·µ¢´¥°.

� Î ²µ ¨¸¸²¥¤µ¢ ´¨° ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·µ¢ Ö¤¥· 1g9/2-µ¡µ²µÎ±¨ µÉ´µ-
¸¨É¸Ö ± 60-³ £µ¤ ³. ‚ ÔÉ¨Ì · ¡µÉ Ì ¡Ò²  ¶µ²ÊÎ¥´  ¨´Ëµ·³ Í¨Ö µ §´ Î¥-
´¨ÖÌ ·¥ ±Í¨° 90Zr(γ, n)89m,gZr ¨ 92Mo(γ, n)91m,gMo ¢ µ¡² ¸É¨ £¨£ ´É¸±µ£µ
E1-·¥§µ´ ´¸ , µÍ¥´¥´µ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ ¸¥Î¥´¨° ¤²Ö ÔÉ¨Ì Ö¤¥· [5]. ‚
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’ ¡²¨Í  4. ‘¶¥±É·µ¸±µ¶¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ Ö¤¥· ¸ N = 50

Ÿ¤·µ-³¨Ï¥´Ó E¶µ·(γ, n), ‘¶¨´ „µÎ¥·´¥¥ Jπ
g Jπ

m Em,
ŒÔ‚ Ö¤· -³¨Ï¥´¨ Ö¤·µ ±Ô‚

86Sr 11,5 0+ 85Sr 9/2+ 1/2− 239
88Sr 11,2 0+ 87Sr 9/2+ 1/2− 388
90Zr 11,9 0+ 89Zr 9/2+ 1/2− 588
92Mo 13,1 0+ 91Mo 9/2+ 1/2− 653

¤ ²Ó´¥°Ï¥³ ¨´Ëµ·³ Í¨Ö µ ¢µ§¡Ê¦¤¥´¨¨ ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ÔÉ¨Ì Ö¤¥· ¢ ·¥-
 ±Í¨¨ (γ, n), ¢ µ¸´µ¢´µ³, ± ¸ ² ¸Ó ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢ ¤²Ö Ö¤¥·
92Mo, 90Zr, 88Sr ¶·¨ µ¶·¥¤¥²¥´´ÒÌ Ë¨±¸¨·µ¢ ´´ÒÌ ³ ±¸¨³ ²Ó´ÒÌ Ô´¥·£¨ÖÌ
Éµ·³µ§´µ£µ ¸¶¥±É·  Eγ max [5, 47, 57Ä61].

� ¨¡µ²¥¥ µ¡Ï¨·´ Ö ¨´Ëµ·³ Í¨Ö µ ËµÉµ¢µ§¡Ê¦¤¥´¨¨ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ-
´¨Ö 2p−1

1/2 ¨³¥eÉ¸Ö ¤²Ö Ö¤·  89Zr. „²Ö ÔÉµ£µ Ö¤·  ¨§³¥·Ö²µ¸Ó ¸¥Î¥´¨¥ ¢µ§¡Ê¦-

¤¥´¨Ö ¢ ·¥ ±Í¨¨ (γ, n) [5, 60], ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ ¸¥Î¥´¨° ¢ § ¢¨¸¨³µ¸É¨
µÉ Ô´¥·£¨¨ £ ³³ -±¢ ´Éµ¢ ¨ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ ¢ÒÌµ¤µ¢ ¤²Ö · §²¨Î´ÒÌ
Eγ max [47, 57Ä59]. K ¸µ¦ ²¥´¨Õ, ´ ¡²Õ¤ ¥É¸Ö § ³¥É´Ò° · §¡·µ¸ ¤ ´´ÒÌ.

‚ · ¡µÉ Ì [62Ä64] ¤¥É ²Ó´µ ¨¸¸²¥¤µ¢ ´µ ËµÉµ¢µ§¡Ê¦¤¥´¨¥ ¨§µ³¥·´ÒÌ ¸µ-
¸ÉµÖ´¨° Jπ

m = 1/2− ¢ ·¥ ±Í¨¨ (γ, n) ´  Ö¤· Ì 86Sr, 88Sr, 90Zr, 92Mo ¢
µ¡² ¸É¨ £¨£ ´É¸±µ£µ E1-·¥§µ´ ´¸ . ‚ · ¡µÉ Ì [62, 63] ¨§³¥·¥´¨¥ ±·¨¢ÒÌ ¢Ò-
Ìµ¤µ¢ Υm(Eγ max) ·¥ ±Í¨° 86Sr(γ, n)85mSr, 88Sr(γ, n)87mSr, 90Zr(γ, n)89mZr
¨ 92Mo(γ, n)91mMo ¶·µ¢µ¤¨²µ¸Ó ¢ µ¡² ¸É¨ Ô´¥·£¨° 10 ÷ 18 ŒÔ‚ ¸ Ï £µ³
∆E = 0, 5 ŒÔ‚. ‘¶¥±É·µ¸±µ¶¨Î¥¸±¨¥ ¤ ´´Ò¥ ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥· ¶·¨¢¥¤¥´Ò ¢
É ¡². 4.

�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢ÒÌµ¤µ¢ Υm(Eγ max) ¶µ± § ², ÎÉµ
¶µ·µ£¨ ·¥ ±Í¨¨ (γ, n)m ¸µ¸É ¢²ÖÕÉ: ´  86Sr Å (11, 75 ± 0, 15) ŒÔ‚,
´  88Sr Å (11, 5 ± 0, 1) ŒÔ‚, ´  90Zr Å (12, 7 ± 0, 1) ŒÔ‚ ¨ ´ 
92Mo Å (13, 4 ± 0, 15) ŒÔ‚. �  ¢¸¥Ì ¢ÒÏ¥Ê¶µ³Ö´ÊÉÒÌ Ö¤· Ì ¶µ·µ£ ¢µ§-
¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¶·¥¤¥² Ì µÏ¨¡µ± ¸µ¢¶ ¤ ¥É ¸ · ¸Î¥É´Ò³,
É.¥. Ô´¥·£¨Ö ¶µ·µ£  ·¥ ±Í¨¨ (γ, n) ¶²Õ¸ Ô´¥·£¨Ö ³¥É ¸É ¡¨²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö.

‚ µ¡² ¸É¨ £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¶·¨ ¶µ£²µÐ¥´¨¨ £ ³³ -
±¢ ´Éµ¢ Ö¤· ³¨ 86,88Sr, 90Zr, 92Mo, µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ ±µÉµ·ÒÌ ¨³¥¥É
Jπ = 0+, ¢µ§¡Ê¦¤ ¥É¸Ö ¸µ¸ÉµÖ´¨¥ 1−. ˆ ÌµÉÖ ¢ ¶·¨¶µ·µ£µ¢µ° µ¡² ¸É¨
¸¶¥±É· ¢Ò²¥É ÕÐ¨Ì ´¥°É·µ´µ¢ ´¥ ¨³¥¥É ¨¸¶ ·¨É¥²Ó´µ£µ Ì · ±É¥·  [65], µ¤-
´ ±µ, ¢¢¨¤Ê ´¨§±µ° Ô´¥·£¨¨ ¢Ò²¥É ÕÐ¨Ì ´¥°É·µ´µ¢, ¨³¨ Ê´µ¸¨É¸Ö ³ ²Ò°
³µ³¥´É � = 0, 1. �µÔÉµ³Ê ´¨± ±µ£µ ¤µ¶µ²´¨É¥²Ó´µ£µ § ¶·¥É  ¶µ Ê£²µ¢µ³Ê
³µ³¥´ÉÊ ´¥ ¢µ§´¨± ¥É, ¨ ¨§µ³¥·´Ò¥ ¸µ¸ÉµÖ´¨Ö Ö¤¥· 85m,87mSr, 89mZr, 91Mo,
¨³¥ÕÐ¨¥ Jπ

m = 1/2−, § ¸¥²ÖÕÉ¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ¶·¨ ¤µ¸É¨¦¥´¨¨ £ ³³ -
±¢ ´É ³¨ Ô´¥·£¥É¨Î¥¸±µ£µ ¶µ·µ£  ·¥ ±Í¨¨ A(γ, n)(A − 1)m.
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�µ²ÊÎ¥´´Ò¥ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±·¨¢ÒÌ ¢ÒÌµ¤µ¢ ·¥ ±Í¨° ¸¥Î¥´¨Ö ¢µ§-
¡Ê¦¤¥´¨Ö ³¥É ¸É ¡¨²Ó´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· 85,87Sr, 89Zr, 91Mo ¶·¥¤¸É ¢²¥´Ò

�¨¸. 6. ‡ ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨° ·¥ ±Í¨¨
(γ, n)m µÉ Ô´¥·£¨¨ ¤²Ö Ö¤¥· 86,88Sr, 90Zr,
92Mo

´  ·¨¸. 6. “± § ´´Ò¥ µÏ¨¡±¨ ¸É -
É¨¸É¨Î¥¸±¨¥. ‚¸¥ ¶·¨¢¥¤¥´´Ò¥ ¸¥-
Î¥´¨Ö ¢ µ¡Ð¨Ì Î¥·É Ì ¶µ¢Éµ·ÖÕÉ
Ëµ·³Ê ¸¥Î¥´¨Ö (γ, n)-·¥ ±Í¨¨: µ´¨
¨³¥ÕÉ µ¤´µ£µ·¡Ò° ¢¨¤ ¸ ³ ±¸¨³Ê-
³µ³ ¢ · °µ´¥ 16Ä17 ŒÔ‚, ÎÉµ ¢ ¶·¥-
¤¥² Ì µÏ¨¡µ± ¸µ¢¶ ¤ ¥É ¸ ¶µ²µ¦¥-
´¨¥³ £¨£ ´É¸±µ£µ E1-·¥§µ´ ´¸  ´ 
¨¸¸²¥¤Ê¥³ÒÌ Ö¤· Ì. �¤´ ±µ ¶µ  ¡-
¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ ¸¥Î¥´¨Ö ·¥ ±-
Í¨¨ (γ, n)m § ³¥É´o ³¥´ÓÏ¥.

‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ · ´¥¥ ¨§-
³¥·¥´´ÒÌ ¶µ²´ÒÌ ËµÉµ´¥°É·µ´´ÒÌ
¸¥Î¥´¨° ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¥-
Î¥´¨° ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·µ¢ ¢ · -
¡µÉ¥ [62] ¡Ò²¨ ¶µ²ÊÎ¥´Ò Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö
¸¥Î¥´¨° R = σm/σn. �·¨ Ô´¥·-
£¨¨ 16,5 ŒÔ‚ (É.¥. ¢ · °µ´¥ ³ ±-
¸¨³Ê³ ) ¶µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ¨§µ-
³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨°: ¤²Ö
85mSr Å 0, 60± 0, 08; ¤²Ö 87mSr Å
0, 60 ± 0, 08; ¤²Ö 89mZr Å 0, 60±
±0, 08 ¨ ¤²Ö 91mMo Å 0, 52±0, 10,
¶·¨ Ô´¥·£¨¨ 17,0 ŒÔ‚ ¤²Ö 91mMo
RÔ±¸¶ = 0, 60 ± 0, 10.

‘ Í¥²ÓÕ ÊÉµÎ´¥´¨Ö ¶µ²ÊÎ¥´´ÒÌ
·¥§Ê²ÓÉ Éµ¢ ¤²Ö 90Zr ¶µ³¨³µ ¨§µ-
³¥p´ÒÌ µÉ´µÏ¥´¨° ¸¥Î¥´¨° ¨§³¥-
·¥´Ò ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÌµ-
¤µ¢ η = Υm/(Υm + Υg) ¤¢Ê³Ö ³¥-
Éµ¤ ³¨:

1) c ¨¸¶µ²Ó§µ¢ ´¨¥³ ¨§¢¥¸É´µ°
Ëµ·³Ê²Ò (2), ·¥£¨¸É·¨·ÊÖ µ¤´µ¢·¥-
³¥´´µ ËµÉµ¶¨±¨ · ¸¶ ¤  ¨§µ³¥·-
´µ£µ ¨ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨°;

2) ¨¸¶µ²Ó§ÊÖ Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ ¨§µ³¥·´µ¥ ¸µ¸ÉµÖ´¨¥ ¨³¥¥É ¶¥·¨µ¤
¶µ²Ê· ¸¶ ¤  §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥, Î¥³ µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ (T m

1/2 � T g
1/2),

¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ η ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ± ± µÉ´µÏ¥´¨¥ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ
¢ÒÌµ¤µ¢.
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�µ²ÊÎ¥´´Ò¥ ÔÉ¨³¨ ¤¢Ê³Ö ¸¶µ¸µ¡ ³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§µ³¥·´Ò¥ µÉ´µ-
Ï¥´¨Ö ¢ÒÌµ¤µ¢ η(Eγ max) = Υm/(Υm +Υg) ¤²Ö 90Zr ¶·¨ · §²¨Î´ÒÌ Eγ max

¶·¨¢¥¤¥´Ò ¢ É ¡². 5, ¨§ ´¥¥ ¢¨¤´µ, ÎÉµ ·¥§Ê²ÓÉ ÉÒ ¸¶µ¸µ¡µ¢ 1 ¨ 2 Ìµ·µÏµ
¸µ£² ¸ÊÕÉ¸Ö ³¥¦¤Ê ¸µ¡µ° ¨ ¸ ´ ¨¡µ²¥¥ ÉµÎ´Ò³¨ ·¥§Ê²ÓÉ É ³¨ ¤·Ê£¨Ì  ¢Éµ·µ¢
[47, 58, 59].

’ ¡²¨Í  5. ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ η ¤²Ö 90Zr

Eγ max 14,0 15,0 16,0 20,0

1 0, 68 ± 0, 08 0, 73 ± 0, 07 0, 70 ± 0, 05 0, 59 ± 0, 02
‘¶µ¸µ¡

2 0, 66 ± 0, 04 0, 62 ± 0, 03 0, 60 ± 0, 03 0, 60 ± 0, 03

1.4. �¡¸Ê¦¤¥´¨¥ ·¥§Ê²ÓÉ Éµ¢. � ¸¸³µÉ·¥´´Ò¥ ¢ÒÏ¥ Ö¤·  ¸ A = 74÷92 ²¥-
¦ É ¢ µ¡² ¸É¨ µ¡µ²µÎ±¨ N = 50. �¨§±µ²¥¦ Ð¨¥ ¸µ¸ÉµÖ´¨Ö ¨Ì ¤µÎ¥·´¨Ì Ö¤¥·
µ¶·¥¤¥²ÖÕÉ¸Ö ¢ µ¸´µ¢´µ³ 1g−1

9/2, 2p−1
1/2 ´¥°É·µ´´Ò³¨ ¤Ò·± ³¨, 2d5/2− , 3s1/2- ¨

2p3/2− ´¥°É·µ´´Ò³¨ Î ¸É¨Î´Ò³¨ ±µ´Ë¨£Ê· Í¨Ö³¨. ‚ · ¸¸³ É·¨¢ ¥³ÒÌ Ö¤· Ì

¸µ¸ÉµÖ´¨Ö 2p−1
1/2 Ö¢²ÖÕÉ¸Ö ¨§µ³¥·´Ò³¨. ‚ ÔÉ¨Ì Ö¤· Ì ¸ Ê¢¥²¨Î¥´¨¥³ Î¨¸² 

´¥°É·µ´µ¢ ¶·µ¨¸Ìµ¤¨É § ¶µ²´¥´¨¥ µ¡µ²µÎ±¨ 1g9/2. �  ÔÉµ° µ¡µ²µÎ±¥ 74Se
´¥ ¨³¥¥É ´¥°É·µ´µ¢ (³Ò ¨³¥¥³ ¶µ²Ê³ £¨Î¥¸±µ¥ Î¨¸²µ ´¥°É·µ´µ¢ N = 40),
¨§µÉµ¶Ò 88Sr, 90Zr, 92Mo Ì · ±É¥·¨§ÊÕÉ¸Ö ³ £¨Î¥¸±¨³ Î¨¸²µ³ N = 50 ¤²Ö
´¥°É·µ´µ¢ ¨ § ¶µ²´¥´´µ° ¶µ¤µ¡µ²µÎ±µ° 1g9/2.

�¨§±µ²¥¦ Ð¨¥ ¸µ¸ÉµÖ´¨Ö ¤µÎ¥·´¨Ì ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥· ¨³¥ÕÉ ¸¶¨´Ò ¨
Î¥É´µ¸É¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ´¥°É·µ´´Ò³ ±µ´Ë¨£Ê· Í¨Ö³ 1g9/2, 2p3/2, 2p1/2,
1f5/2. �·¨ ÔÉµ³ ¤²Ö ¢¸¥Ì · ¸¸³ É·¨¢ ¥³ÒÌ Ö¤¥· ¢ ¨§µ³¥·´ÒÌ ¶ · Ì ¢Ò¸µ-
±µ¸¶¨´µ¢Ò¥ ¸µ¸ÉµÖ´¨Ö Ëµ·³¨·ÊÕÉ¸Ö ¶µ¤µ¡µ²µÎ±µ° 1g9/2,   ´¨§±µ¸¶¨´µ¢Ò¥
2p3/2 ¨²¨ 2p1/2.

�´ ²¨§ ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, n)m ´  Ö¤· Ì 74Se, 76Se, 78Se, 80Se, 82Se,
88Sr, 90Zr, 92Mo ¶µ± §Ò¢ ¥É [62Ä64], ÎÉµ ¤²Ö Ö¤¥· ¸ Î¨¸²µ³ ´¥°É·µ´µ¢,
¸µµÉ¢¥É¸É¢ÊÕÐ¨³ § ¶µ²´¥´´µ° 1g9/2-¶µ¤µ¡µ²µÎ±¥, ¸¥Î¥´¨Ö Ì · ±É¥·¨§ÊÕÉ¸Ö
Ê³¥´ÓÏ¥´¨¥³ Ï¨·¨´Ò Γ0 ¶·¨³¥·´µ ¢ 1,4 ·a§  ¶µ ¸· ¢´¥´¨Õ ¸ ´Ê±²µ´ ³¨,
Ê¤ ²¥´´Ò³¨ µÉ ³ £¨Î¥¸±µ£µ Î¨¸²  N = 50.

K ± ¨§¢¥¸É´µ, Ï¨·¨´  £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ´¥¶µ¸·¥¤¸É¢¥´-
´µ ¸¢Ö§ ´  ¸ ¶ · ³¥É·µ³ ¤¥Ëµ·³ Í¨¨ β. ˜¨·¨´  Γ0 ¶µ²´µ£µ ¸¥Î¥´¨Ö ËµÉµ¶µ-
£²µÐ¥´¨Ö σtot (¸µµÉ¢¥É¸É¢¥´´µ, ¨ Ï¨·¨´  ¶µ²´µ£µ ËµÉµ´¥°É·µ´´µ£µ ¸¥Î¥´¨Ö
σn) · ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³ β, ¨ ¸¥Î¥´¨¥ ¶·¨µ¡·¥É ¥É ¤¢Ê£µ·¡ÊÕ Ëµ·³Ê ¤²Ö
¸¨²Ó´µ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥· (β = 0, 3).

‚ ¤ ´´µ³ ¸²ÊÎ ¥ µ¡ÑÖ¸´¥´¨¥ Ê³¥´ÓÏ¥´¨Ö Ï¨·¨´Ò Γ É ±¦¥, ¢¥·µÖÉ´¥¥
¢¸¥£µ, ¸¢Ö§ ´µ ¸ Ê³¥´ÓÏ¥´¨¥³ ¶ · ³¥É·  ¤¥Ëµ·³ Í¨¨ ¶µ ³¥·¥ § ¶µ²´¥´¨Ö
µ¡µ²µÎ±¨ N = 50 (¸³. É ¡². 6). ˆ§ É ¡²¨ÍÒ ¢¨¤´µ, ÎÉµ ¶µ ³¥·¥ § ¶µ²´¥´¨Ö
µ¡µ²µÎ±¨ ¶ · ³¥É· ¤¥Ëµ·³ Í¨¨ Ê³¥´ÓÏ ¥É¸Ö, ¸¶¥±É· ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì
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’ ¡²¨Í  6. • · ±É¥·¨¸É¨±¨ ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì Ê·µ¢´¥° Ö¤¥· ¢¡²¨§¨ µ¡µ²µÎ±¨
N = 50

ˆ§µÉµ¶ E2+ E0+ E4+/E2+ β

76Se 0,559 1,122 2,38 0,33

78Se 0,614 1,498 2,34 0,3

80Se 0,666 1,479 2,58 0,25

82Se 0,655 1,99 0,2

88Sr 1,836 3,151 2,15

90Zr 2,186 1,752 1,40

92Mo 1,509 2,517 1,51

¢µ§¡Ê¦¤¥´¨° ¸É ´µ¢¨É¸Ö Ì · ±É¥·´Ò³ ¤²Ö ¦¥¸É±¨Ì Ö¤¥·, ¶·¨ ÔÉµ³ Ï¨·¨´ 
¸¥Î¥´¨Ö ËµÉµ¶µ£²µÐ¥´¨Ö σtot É ±¦¥ Ê³¥´ÓÏ ¥É¸Ö.

„¥Ëµ·³ Í¨Ö ³µ¦¥É ¨³¥ÉÓ § ³¥É´µ¥ ¢²¨Ö´¨¥ ´  ¢¥²¨Î¨´Ê ¨§µ³¥·´ÒÌ µÉ´µ-
Ï¥´¨°, ¶µ¸±µ²Ó±Ê µ´  ³µ¦¥É ¶·¨¢¥¸É¨ ± ¶µ¢ÒÏ¥´´µ³Ê ¢¥¸Ê ¢Ò¸µ±µ¸¶¨´µ¢ÒÌ
¸µ¸ÉµÖ´¨° [66]. � ²¨Î¨¥ É ±µ£µ ÔËË¥±É  ¤µ²¦´µ ¶·¨¢¥¸É¨ ± ·µ¸ÉÊ ¨§µ³¥·-
´µ£µ µÉ´µÏ¥´¨Ö σh/σn ¸ Ê¢¥²¨Î¥´¨¥³ β. (‡¤¥¸Ó σh Å ¸¥Î¥´¨¥ ¢µ§¡Ê¦¤¥´¨Ö
¢Ò¸µ±µ¸¶¨´µ¢µ° ±µ³¶µ´¥´ÉÒ ¨§µ³¥·´µ° ¶ ·Ò (1g9/2), σl Å ´¨§±µ¸¶¨´µ¢µ°,
σn Å ¶µ²´µ¥ ¸¥Î¥´¨¥ (γ, n)-·¥ ±Í¨¨, σn = σh + σl.) �¤´ ±µ É ±µ£µ ´¥
¶·µ¨¸Ìµ¤¨É. �  ·¨¸. 7 ¶·¨¢¥¤¥´  § ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° σh/σn,
¢§ÖÉÒÌ ¶·¨ Ô´¥·£¨¨ ³ ±¸¨³Ê³  ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¤²Ö Ö¤¥· ¢ µ¡² ¸É¨
40 ≤ N ≤ 50, µÉ N . ‚¨¤´µ, ÎÉµ ¨³¥¥É¸Ö É¥´¤¥´Í¨Ö ·µ¸É  σh/σn ¸ Ê³¥´ÓÏ¥-
´¨¥³ β. �µ-¢¨¤¨³µ³Ê, ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¢ÒÏ¥Ê¶µ³Ö´ÊÉÒ° ³¥Ì ´¨§³ ´¥ ¨£· ¥É
¸ÊÐ¥¸É¢¥´´µ° ·µ²¨.

�·¨  ´ ²¨§¥ ¤ ´´ÒÌ µ¡ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨ÖÌ ¢ ·¥ ±Í¨¨ (γ, n) ´  Ö¤· Ì
¨§µÉµ¶µ¢ Se, Sr, 90Zr, 92Mo µ¡´ ·Ê¦¨¢ ÕÉ¸Ö ¨ ´¥±µÉµ·Ò¥ ¤·Ê£¨¥ § ±µ´µ³¥·-
´µ¸É¨. �  ·¨¸. 7,a ¶·¨¢¥¤¥´Ò § ¸¥²¥´´µ¸É¨ θ ¢´¥Ï´¨Ì ¶µ¤µ¡µ²µÎ¥± Ö¤¥· ¢
µ¡² ¸É¨ 40 ≤ N ≤ 50 ¢ § ¢¨¸¨³µ¸É¨ µÉ ±µ²¨Î¥¸É¢  ´¥°É·µ´µ¢ [64]. Š ±
¢¨¤´µ ¨§ ·¨¸Ê´± , ¢ · ¸¸³ É·¨¢ ¥³ÒÌ Ö¤· Ì ¢ ¨´É¥·¢ ²¥ 40 ≤ N ≤ 50 ¶·µ-
¨¸Ìµ¤¨É ¢ µ¸´µ¢´µ³ § ¸¥²¥´¨¥ ´¥°É·µ´´µ° ¶µ¤µ¡µ²µÎ±¨ 1g9/2. ˆ§ ¸· ¢´¥´¨Ö
·¨¸. 7,a ¨ 7,¡ ¢¨¤´  µ¶·¥¤¥²¥´´ Ö ±µ··¥²ÖÍ¨Ö ³¥¦¤Ê θn(N) ¤²Ö µ¡µ²µÎ±¨
1g9/2 ¨ σh/σn = f(N); ¶µ ³¥·¥ ·µ¸É  § ¸¥²¥´´µ¸É¨ ÔÉµ° ¶µ¤µ¡µ²µÎ±¨ · ¸É¥É
¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥. Šµ··¥²ÖÍ¨Ö ¥Ð¥ ¡µ²¥¥ µÉÎ¥É²¨¢ , ¥¸²¨ ¸µ¶µ¸É ¢¨ÉÓ
σh/σn ¨ N/Σ, £¤¥ N Å Î¨¸²µ ´¥°É·µ´µ¢ ´  ¶µ¤µ¡µ²µÎ±¥ 1g9/2,   Σ Å
¸Ê³³ ·´µ¥ Î¨¸²µ ´¥°É·µ´µ¢ ´  ¢´¥Ï´¨Ì ¶µ¤µ¡µ²µÎ± Ì 2p1/2, 2p3/2, 1f5/2,
1g9/2. ˆ§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ σh/σn, ¶µ²ÊÎ¥´´µ¥ ¤²Ö 81Br, É ±¦¥ ¸µ£² ¸Ê-
¥É¸Ö ¸ ÔÉµ° § ¢¨¸¨³µ¸ÉÓÕ [67]. (”Ê´±Í¨Ö N/Σ ¶µ± § ´  ¸¶²µÏ´µ° ²¨´¨¥°
´  ·¨¸. 8). ’µ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ σh/σn ¶· ±É¨Î¥¸±¨
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�¨¸. 7. Šµ··¥²ÖÍ¨Ö ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö ¨ § ¸¥²¥´´µ¸É¨ θn µ¡µ²µÎ±¨ 1g9/2 ¢ µ¡² -
¸É¨ 40 ≤ N ≤ 50:  ) § ¢¨¸¨³µ¸ÉÓ § ¸¥²¥´´µ¸É¨ ¢´¥Ï´¨Ì ¶µ¤µ¡µ²µÎ¥± Ö¤¥· µÉ
±µ²¨Î¥¸É¢  ´¥°É·µ´µ¢, ¡) § ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö σh/σn µÉ ±µ²¨Î¥¸É¢ 
´¥°É·µ´µ¢. Š·¥¸É¨± ³¨ ¨ ¸¶²µÏ´µ° ²¨´¨¥° ¶·¨¢¥¤¥´µ ¸µµÉ´µÏ¥´¨¥ N/Σ

�¨¸. 8. ‘¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n) ¢ ¶·¨¶µ·µ£µ¢µ° µ¡² ¸É¨ ¤²Ö ³ £¨Î¥¸±¨Ì Ö¤¥· 88Sr,
90Zr, 92Mo ¨ ¸· ¢´¥´¨¥ ¨Ì ¸ ´µ·³¨·µ¢ ´´Ò³¨ ¸¶¥±É·µ¸±µ¶¨Î¥¸±¨³¨ Ë ±Éµ· ³¨, ¶µ-
²ÊÎ¥´´Ò³¨ ¨§ ·¥ ±Í¨¨ (p, d)
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²¨´¥°´µ · ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³ ±µ²¨Î¥¸É¢  ´¥°É·µ´µ¢ N ´  ¢´¥Ï´¥° 1g9/2-
µ¡µ²µÎ±¥, ³µ¦¥É ¸²Ê¦¨ÉÓ Ê± § ´¨¥³ ´  ¢ ¦´ÊÕ ·µ²Ó ¶µ²Ê¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢
¶·¨ § ¸¥²¥´¨¨ ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥ ±Í¨¨ (γ, n)m.

„²Ö ³ £¨Î¥¸±¨Ì Ö¤¥· ¸ N = 50, É.¥. 88Sr, 90Zr, 92Mo ¢ · ¡µÉ Ì [62, 63]
¶·¥¤¶·¨´ÖÉµ ¡µ²¥¥ ¤¥É ²Ó´µ¥ ¨§ÊÎ¥´¨¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ A(γ, n)(A − 1)m ¢
µ¡² ¸É¨ ¶µ·µ£µ¢ ·¥ ±Í¨¨. K·¨¢Ò¥ ¢ÒÌµ¤µ¢ Υm(E) ¸´¨³ ²¨¸Ó ¸ Ï £µ³ ∆E =
= 0, 125 ŒÔ‚, ¸¥Î¥´¨Ö σ(E) · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¸ Ï £µ³ ∆E = 0, 250 ŒÔ‚.
�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 8. Š ± ¢¨¤´µ ¨§ ·¨¸. 8, ¸¥Î¥´¨Ö ¢ ¶·¨-
¶µ·µ£µ¢µ° µ¡² ¸É¨ (γ, n)m-·¥ ±Í¨¨ ´  Ö¤· Ì 88Sr, 90Zr, 92Mo ¨³¥ÕÉ ¸É·Ê±-

�¨¸. 9. ‘¥Î¥´¨¥ ·¥ ±Í¨¨ (γ, n)m ¤²Ö
Ö¤¥· 138Ba, 142Nd, 144Sm

ÉÊ·Ê. �´ ²¨§ ¶µ± §Ò¢ ¥É, ÎÉµ ÔÉ  ¸É·Ê±-
ÉÊ·  ¸¢Ö§ ´  ¸ ´¨§±µ²¥¦ Ð¨³¨ ¤Ò-
·µÎ´Ò³¨ Ê·µ¢´Ö³¨, ¶·¨´ ¤²¥¦ Ð¨³¨
2p−1

3/2-¶µ¤µ¡µ²µÎ±¥ ¸ Jπ = 1/2−, E =
= 0, 588 ŒÔ‚, Jπ = 3/2−, E =
= 1, 09ŒÔ‚ ´  Ö¤·¥ 89Zr, Jπ = 1/2−,
E = 0, 653 ŒÔ‚ ¨ Jπ = 3/2−, E =
= 1, 15 ŒÔ‚ ´  Ö¤·¥ 91Mo ¨ Jπ =
= 1/2−, E = 0, 388 ŒÔ‚, Jπ = 3/2−,
E = 0, 86 ŒÔ‚ ´  Ö¤·¥ 87Sr. ‚
¸¥Î¥´¨¨ ·¥ ±Í¨¨ 86Sr(γ, n)85mSr µ¡-
´ ·Ê¦¨ÉÓ ¸É·Ê±ÉÊ·Ê ´¥ Ê¤ ²µ¸Ó. �µ-
¢¨¤¨³µ³Ê, ´ °¤¥´´ Ö ¸É·Ê±ÉÊ·  ¸¢Ö§ ´ 
¢ µ¸´µ¢´µ³ ¸ 2p−1

1/2, 2p−1
3/2 ´¥°É·µ´´Ò³¨

¤Ò·± ³¨ ¨²¨ 2d3/2 ´¥°É·µ´´Ò³¨ Î -
¸É¨Î´Ò³¨ ±µ´Ë¨£Ê· Í¨Ö³¨.

“¤µ¡´Ò³ ¨´¸É·Ê³¥´Éµ³ ¤²Ö ¨¸¸²¥-
¤µ¢ ´¨Ö µ¡µ²µÎ¥Î´µ° ¸É·Ê±ÉÊ·Ò Ö¤¥·
¨ ¶·¨·µ¤Ò µ¤´µÎ ¸É¨Î´ÒÌ ´¨§±µ²¥¦ -
Ð¨Ì ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¢²ÖÕÉ¸Ö
·¥ ±Í¨¨ ¸·Ò¢  ¨ ¶µ¤Ì¢ É  [66]. � 
·¨¸. 9 ¶·¨¢¥¤¥´µ ¸µ¶µ¸É ¢²¥´¨¥ ´µ·-
³¨·µ¢ ´´ÒÌ ¸¶¥±É·µ¸±µ¶¨Î¥¸±¨Ì Ë ±-
Éµ·µ¢ c2s, ¶µ²ÊÎ¥´´ÒÌ ¢ ·¥ ±Í¨¨
(p, d) [55], ¨ ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, n)m

´  ¨¸¸²¥¤Ê¥³ÒÌ ¢ · ¡µÉ Ì [62, 63]
Ö¤· Ì, ¶·¨´ ¤²¥¦ Ð¨Ì § ³±´ÊÉµ° µ¡µ-
²µÎ±¥ N = 50.

�  ·¨¸. 8 ¢¨¤´a § ³¥É´ Ö ±µ··¥-
²ÖÍ¨Ö ¢¥²¨Î¨´Ò ¸¶¥±É·µ¸±µ¶¨Î¥¸±¨Ì
Ë ±Éµ·µ¢, ¶µ²ÊÎ¥´´ÒÌ ¤²Ö ¸µ¸ÉµÖ´¨°
2p−1

3/2 ¨ 2p−1
1/2 ¨ ¸É·Ê±ÉÊ·Ò ¢ ¸¥Î¥´¨ÖÌ
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¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥ ±Í¨¨ A(γ, n)(A − 1)m ¢ ¶·¨¶µ·µ-
£µ¢µ° µ¡² ¸É¨. ’ ±µ¥ ¶µ¢¥¤¥´¨¥ · ¸¸³ É·¨¢ ¥³ÒÌ ¢¥²¨Î¨´ ³µ¦¥É Ê± §Ò¢ ÉÓ
´  §´ Î¨É¥²Ó´µ¸ÉÓ ¢±² ¤  ¶µ²Ê¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¢ ¸¥Î¥´¨¥ A(γ, n)(A − 1)m

·¥ ±Í¨¨ ¢ · ¸¸³ É·¨¢ ¥³µ° µ¡² ¸É¨ Ô´¥·£¨°.
�µ-¢¨¤¨³µ³Ê, ¢ · °µ´¥ ¶µ·µ£  ·¥ ±Í¨¨ (γ, n)m ´  Ö¤· Ì 88Sr, 90Zr, 92Mo

µ¶·¥¤¥²ÖÕÐÊÕ ·µ²Ó ¢ § ¸¥²¥´¨¨ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö 1p1/2 Ö¤¥· 87Sr, 89Zr,
91Mo ¨£· ÕÉ ¶·Ö³Ò¥ ¶¥·¥Ìµ¤Ò ´  ³¥É ¸É ¡¨²Ó´Ò° Ê·µ¢¥´Ó ¨²¨ ´  ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨¥  ±É¨¢ Í¨µ´´Ò¥ Ê·µ¢´¨ ¸ ³ ²Ò³ J (¢ ¸µµÉ¢¥É¸É¢¨¨ ¸o ¸¶¥±É·µ-
¸±µ¶¨Î¥¸±¨³¨ Ë ±Éµ· ³¨), ¨§ ±µÉµ·ÒÌ µ£· ´¨Î¥´´Ò³ Î¨¸²µ³ ¶¥·¥Ìµ¤µ¢ (µ¤-
´¨³) § ¸¥²Ö¥É¸Ö ¨§µ³¥·´µ¥ ¸µ¸ÉµÖ´¨¥. �·¨ ÔÉµ³ ¢±² ¤ ± ¦¤µ£µ  ±É¨¢ Í¨µ´-
´µ£µ Ê·µ¢´Ö ´¥É·Ê¤´µ µ¶·¥¤¥²¨ÉÓ. �·¨ ·µ¸É¥ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ÔÉ¨Ì Ö¤¥·
Ê¢¥²¨Î¨¢ ¥É¸Ö Ô´¥·£¨Ö ¢Ò²¥É ÕÐ¨Ì ´¥°É·µ´µ¢ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ÊÏ¨·Ö¥É¸Ö
¸¶¥±É· ¨Ì · ¸¶·¥¤¥²¥´¨Ö ¶µ Ê£²µ¢Ò³ ³µ³¥´É ³. � ¸É¥É ¨ Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö
¤µÎ¥·´¨Ì Ö¤¥·. • · ±É¥·¨¸É¨±¨ ± ¸± ¤  £ ³³ -±¢ ´Éµ¢, § ¸¥²ÖÕÐ¨Ì ¨§µ³¥·-
´µ¥ ¸µ¸ÉµÖ´¨¥, Ê¸²µ¦´ÖÕÉ¸Ö. �Éµ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ ¶·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì
Ô´¥·£¨ÖÌ ¸É·Ê±ÉÊ·  ¢ ¢ÒÌµ¤¥ (¸¥Î¥´¨°) ·¥ ±Í¨¨ (γ, n)m ´  Ö¤· Ì 88Sr, 90Zr,
92Mo, µ¡Ê¸²µ¢²¥´´ Ö ¸É·Ê±ÉÊ·o° Ê·µ¢´¥° ¤µÎ¥·´¨Ì Ö¤¥·, ¸£² ¦¨¢ ¥É¸Ö.

2. ‚�‡�“†„…�ˆ… ˆ‡�Œ…��›• ‘�‘’�Ÿ�ˆ‰ Ÿ„…�
���‹�—Šˆ h11/2

• · ±É¥·¨¸É¨±¨ £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  (ƒ„�) ¤²Ö Ö¤¥· ¸ A =
= 110 ÷ 150 ¨§ÊÎ ²¨¸Ó ¢ ·Ö¤¥ · ¡µÉ [66Ä70]. ‘¨¸É¥³ É¨Î¥¸±¨¥ ¨¸¸²¥¤µ¢ -
´¨Ö ¡Ò²¨ ¢ µ¸´µ¢´µ³ ¶µ¸¢ÖÐ¥´Ò µ¶·¥¤¥²¥´¨Õ ¸¥Î¥´¨° ¶µ²´µ£µ ¶µ£²µÐ¥´¨Ö
£ ³³ -±¢ ´Éµ¢ Ö¤· ³¨ ³¥Éµ¤µ³ ¸Ê³³¨·µ¢ ´¨Ö ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´¥°É·µ´´ÒÌ
·¥ ±Í¨° (γ, n), (γ, 2n) ¨ É.¤. �Ò²µ ¶µ± § ´µ, ÎÉµ ¶¥·¥Ìµ¤´Ò° Ì · ±É¥· µ¡² -
¸É¨ µÉ ¸Ë¥·¨Î¥¸±¨Ì Ö¤¥· ± ¤¥Ëµ·³¨·µ¢ ´´Ò³ ¢¥¤¥É ± · ¸Ð¥¶²¥´¨Õ £¨£ ´É-
¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ : ±·¨¢ Ö ¶µ²´µ£µ ¸¥Î¥´¨Ö ËµÉµ¶µ£²µÐ¥´¨Ö ¨§ µ¤-
´µ£µ·¡µ° Ëµ·³Ò ¶·¨´¨³ ¥É ¤¢Ê£µ·¡ÊÕ. „²Ö Ö¤¥·, ¶·¨´ ¤²¥¦ Ð¨Ì ± § ³±´Ê-
Éµ° µ¡µ²µÎ±¥ ¸ Î¨¸²µ³ ´¥°É·µ´µ¢ N = 82, ¡Ò²µ ¶µ± § ´µ ´ ²¨Î¨¥ ¸É·Ê±ÉÊ·Ò
¢ ¶µ²´ÒÌ ËµÉµ´¥°É·µ´´ÒÌ ¸¥Î¥´¨ÖÌ ¢ µ¡² ¸É¨ 9÷ 12 ŒÔ‚. ‚µ§³µ¦´Ò³ µ¡Ñ-
Ö¸´¥´¨¥³ É ±µ° ¸É·Ê±ÉÊ·Ò Ö¢²Ö¥É¸Ö ¶·µÖ¢²¥´¨¥ ¶·µ¸ÉÒÌ 1p-1h-¸µ¸ÉµÖ´¨°,
¢ ±µÉµ·ÒÌ ¤Ò·±  ²¥¦¨É ¢ ´¨§±µ²¥¦ Ð¨Ì µ¡µ²µÎ± Ì N = 82 (´ ¶·¨³¥·, ¢
2s-2d-µ¡µ²µÎ±¥).

‘¨¸É¥³ É¨Î¥¸±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö · ¸¶ ¤´ÒÌ Ì · ±É¥·¨¸É¨± £¨£ ´É¸±µ£µ ¤¨-
¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¸ ¢µ§¡Ê¦¤¥´¨¥³ ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¤µ 1985 £. ¶· ±É¨-
Î¥¸±¨ ´¥ ¶·µ¢µ¤¨²¨¸Ó. ˆ³¥²µ¸Ó ´¥¸±µ²Ó±µ · ¡µÉ ¶µ ¨§³¥·¥´¨Õ ¢ µÉ¤¥²Ó´ÒÌ
Ô´¥·£¥É¨Î¥¸±¨Ì ÉµÎ± Ì ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢ [16].

� ¸ÉµÖÐ¨° · §¤¥² ¶µ¸¢ÖÐ¥´ ¨¸¸²¥¤µ¢ ´¨Õ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¨ ¸¥Î¥-
´¨° ·¥ ±Í¨¨ (γ, n)m ´  Ö¤· Ì c A = 110÷150, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢¡²¨§¨ § ³±´ÊÉµ°
µ¡µ²µÎ±¨ N = 82. ‚ µ¸´µ¢´µ³ ¤²Ö ÔÉµ£µ · °µ´  µ¸´µ¢´Ò¥ ¨ ´¨§±µ²¥¦ Ð¨¥
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’ ¡²¨Í  7. ˆ´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö ¢µ§¡Ê¦¤¥´¨Ö σ¨´É ¨§µ³¥·µ¢ h11/2 ¨ ¨§µ³¥·´Ò¥
µÉ´µÏ¥´¨Ö ¢ ·¥ ±Í¨¨ (γ, n)

�¥ ±Í¨Ö E¶µ·, ŒÔ‚ σ¨´É, ³¡·ŒÔ‚ σm/σg

109Pd(γ, n)107mPd 9,43 67(7) 0,054(6)

110Pd(γ, n)109mPd 9,0 77(8) 0,060(7)

116Cd(γ, n)115mCd 8,87 199(20) 0,18(2)

118Sn(γ, n)117mSn 9,69 90(18) 0,11(2)

120Tl(γ, n)119mTl 10,67 209(22) 0,20(2)

122Tl(γ, n)121mTl 10,14 307(28) 0,26(2)

124Tl(γ, n)123mTl 9,67 379(30) 0,31(3)

130Tl(γ, n)129mTl 8,51 460(45) 0,45(5)

136Xe(γ, n)135mXe 8,52 160(40) 0,10(2)

134Ba(γ, n)133mBa 9,75 256(20) 0,17(1)

136Ba(γ, n)135mBa 9,38 259(20) 0,15(1)

138Ba(γ, n)137mBa 9,27 162(12) 0,12(1)

138Ce(γ, n)137mCe 9,98 157(20) 0,19(2)

140Ce(γ, n)139mCe 9,95 223(20) 0,14(1)

142Nd(γ, n)141mNd 10,66 110(15) 0,61(10)

144Sm(γ, n)143mSn 11,25 91(9) 0,47(4)

¢µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¨Ì ¤µÎ¥·´¨Ì Ö¤¥· Ö¢²ÖÕÉ¸Ö Î¨¸ÉÒ³¨ ´¥°É·µ´´Ò³¨
¤Ò·µÎ´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ 2d−1

3/2, 3s−1
1/2, 1h−1

11/2, ¶·¨ ÔÉµ³ ¸µ¸ÉµÖ´¨Ö 1h−1
11/2

Ö¢²ÖÕÉ¸Ö ³¥É ¸É ¡¨²Ó´Ò³¨.
� ¨¡µ²¥¥ ¶µ²´µ ¨¸¸²¥¤µ¢ ´¨¥ ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ h11/2-¸µ¸ÉµÖ´¨°

¶·µ¢¥¤¥´µ ¢ [71Ä73]. ‚ · ¡µÉ¥ [72] ¨¸¸²¥¤µ¢ ´Ò ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¶·¨
Ô´¥·£¨¨ £ ³³ -±¢ ´Éµ¢ Eγ max = 25 ŒÔ‚ ¤²Ö 16 ¨§µÉµ¶µ¢ µÉ 109Pd ¤µ 144Sm.
�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¨¢¥¤¥´Ò ¢ É ¡². 7.

Š ± ¢¨¤´µ ¨§ É ¡². 7, ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¨ ¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö ´ ¨-
¡µ²¥¥ ´¨§±¨¥ ¤²Ö ¸ ³ÒÌ ÉÖ¦¥²ÒÌ Ö¤¥·, ±µÉµ·Ò¥ ¸µµÉ¢¥É¸É¢ÊÕÉ ´ Î ²Ê ¨ ±µ´ÍÊ
µ¸É·µ¢  ¨§µ³¥·¨¨ ÔÉ¨Ì ¸µ¸ÉµÖ´¨°. Œ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ¨§µ³¥·´ÒÌ µÉ´µ-
Ï¥´¨° ¨³¥ÕÉ ¨§µÉµ¶Ò µ²µ¢  ¨ É¥²²Ê· .

Ÿ¤·  É¥²²Ê·  ´ Ìµ¤ÖÉ¸Ö ¢¡²¨§¨ ³ £¨Î¥¸±µ£µ ¶µ Î¨¸²Ê ¶·µÉµ´µ¢ Ö¤· 
Sn (Z = 50) ¨ Ì · ±É¥·¨§ÊÕÉ¸Ö ´¥¡µ²ÓÏ¨³ §´ Î¥´¨¥³ ¶ · ³¥É·  ¤¥Ëµ·³ -
Í¨¨ β ÔÉ¨Ì ¨§µÉµ¶µ¢. ˆ§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ ¤²Ö ´¨Ì · ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³
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Î¨¸²  ´¥°É·µ´µ¢. ‘ ³µ¥ ¡µ²ÓÏµ¥ §´ Î¥´¨¥ Υm/Υg = 0, 45 ¨³¥¥É 129Tl. �´µ
Ö¢²Ö¥É¸Ö ´ ¨¡µ²ÓÏ¨³ ¸·¥¤¨ ¨¸¸²¥¤µ¢ ´´ÒÌ ¸µ¸ÉµÖ´¨° h11/2. „²Ö ¨§µÉµ¶µ¢
¡ ·¨Ö § ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° µÉ Î¨¸²  ´¥°É·µ´µ¢ ¨³¥¥É ¶·µ-
É¨¢µ¶µ²µ¦´ÊÕ É¥´¤¥´Í¨Õ: ¸ ¶·¨¡²¨¦¥´¨¥³ ± ³ £¨Î¥¸±µ³Ê Î¨¸²Ê N = 82
¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ Ê³¥´ÓÏ ¥É¸Ö. �µ¸±µ²Ó±Ê ¸¢µ°¸É¢  ¸É ¡¨²Ó´ÒÌ ¨§µÉµ-
¶µ¢ ¡ ·¨Ö §´ Î¨É¥²Ó´µ ³¥´ÖÕÉ¸Ö ¸ ¨§³¥´¥´¨¥³ Î¨¸²  ´¥°É·µ´µ¢ ¢ Ö¤·¥, µ´¨
Ö¢²ÖÕÉ¸Ö Ê¤µ¡´Ò³ µ¡Ñ¥±Éµ³ ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¢²¨Ö´¨Ö Î¨¸²  N ´  ¢¥²¨Î¨´Ê
¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö.

�´¥·£¥É¨Î¥¸±¨¥ § ¢¨¸¨³µ¸É¨ d = Υm/Υg = f(Eγ max) ¨ ¤¨ËË¥·¥´Í¨ ²Ó-
´Ò¥ ¸¥Î¥´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° h11/2 ¶µ²ÊÎ¥´Ò ¤²Ö ¨§µÉµ¶µ¢
Ba, 142Ne, 144Sm [71, 73].

2.1. � ·¨°. �·µÍ¥¸¸Ò § ¸¥²¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥ ±Í¨¨ (γ, n)
¤²Ö ¨§µÉµ¶µ¢ ¡ ·¨Ö 130,132,134,136,138Ba ¤¥É ²Ó´µ ¨¸¸²¥¤µ¢ ´Ò ¢ · ¡µÉ¥ [71].
ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ´  Éµ·³µ§´µ³ ¶ÊÎ±¥ ³¨±·µÉ·µ´  ¢ µ¡² ¸É¨ Ô´¥·£¨°
10Ä25 ŒÔ‚ ¸ Ï £µ³ ∆E = 1 ŒÔ‚. �µ²ÊÎ¥´´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n)m

¨³¥ÕÉ µ¤´µ£µ·¡Ò° Ì · ±É¥· ¸ ³ ±¸¨³Ê³µ³ ¶·¨ Ô´¥·£¨¨ ∼ 15 ŒÔ‚. ‘¥Î¥-
´¨Ö  ¶¶·µ±¸¨³¨·µ¢ ²¨¸Ó ²µ·¥´Íe¢¸±¨³¨ ±·¨¢Ò³¨ (4). � · ³¥É·Ò  ¶¶·µ±-
¸¨³ Í¨¨: σ0, E0, Γ0,   É ±¦¥ ¸¶¨´Ò ¨ Î¥É´µ¸É¨ µ¸´µ¢´µ£µ Jg ¨ ¨§µ³¥·´µ£µ
Jm ¸µ¸ÉµÖ´¨°, Ô´¥·£¨Ö ¨§µ³¥·  ¨ ¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö σ¨´É ¶·¨¢¥¤¥´Ò ¢
É ¡². 8.

’ ¡²¨Í  8. • · ±É¥·¨¸É¨±¨ ¨§µ³¥·µ¢ Ba ¨ ¶ · ³¥É·Ò  ¶¶·µ±¸¨³ Í¨¨ ¸¥Î¥´¨°
·¥ ±Í¨¨ (γ, n)m ´  ¨§µÉµ¶ Ì ¡ ·¨Ö [73]

Ÿ¤¥·´ Ö Jπ
g Jπ

m Em, E0, Γ0, σ0, σ¨´É,
·¥ ±Í¨Ö ŒÔ‚ ŒÔ‚ ŒÔ‚ ŒÔ‚ ŒÔ‚·³¡

130Ba(γ, n)129mBa 1/2+ 11/2− 0,277 15,3 3,1 72 347

132Ba(γ, n)131mBa 1/2+ 9/2− 0,187 15,1 2,9 64 293

134Ba(γ, n)133mBa 1/2+ 11/2− 0,288 15,1 3,1 52 256

136Ba(γ, n)135mBa 1/2+ 11/2− 0,268 15,2 3,2 52 259

138Ba(γ, n)137mBa 1/2+ 11/2− 0,661 15,2 2,6 39 162

ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ ¤²Ö ¢¸¥Ì ¨§µÉµ¶µ¢ ¡ ·¨Ö Ö¢²ÖÕÉ¸Ö · ¸ÉÊ-
Ð¨³¨ ËÊ´±Í¨Ö³¨: ¡Ò¸É·µ ´ · ¸É ÕÉ ¢ÒÏ¥ ¶µ·µ£  ¨ ¶·¨ Ô´¥·£¨ÖÌ 20Ä25 ŒÔ‚
¤µ¸É¨£ ÕÉ ´ ¸ÒÐ¥´¨Ö. �·¨ ÔÉµ³ ˆ� ¤²Ö 137Ba ³¨´¨³ ²Ó´Ò, ¤²Ö 129Ba ³ ±-
¸¨³ ²Ó´Ò. ‚ µ¡² ¸É¨ Ô´¥·£¨° ¢ÒÏ¥ £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ˆ�
³¥´ÖÕÉ¸Ö ¸² ¡µ, ÎÉµ £µ¢µ·¨É µ Éµ³, ÎÉµ ¢ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨ÖÌ ¸ ¢Ò²¥-
Éµ³ µ¤´µ£µ ´¥°É·µ´  Ô´¥·£¥É¨Î¥¸±¨° Í¥´É· ÉÖ¦¥¸É¨ ´ Ìµ¤¨É¸Ö ¢ · °µ´¥ ƒ„�
13 ÷ 17 ŒÔ‚ [73].
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‡¤¥¸Ó ´¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ · ¡µÉ¥ [71] É ±¦¥ ¨¸¸²¥¤µ¢ ´Ò ¸¥Î¥-
´¨Ö ¨ ˆ� ¢ÒÌµ¤µ¢ ¤²Ö ·¥ ±Í¨¨ 138Ba(γ, n)137mBa. ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó

�¨¸. 10. ‡ ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´ÒÌ µÉ´µ-
Ï¥´¨° ¢ÒÌµ¤µ¢ µÉ ³ ±¸¨³ ²Ó´µ° Ô´¥·-
£¨¨ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ¤²Ö Ö¤¥· 138Ba,
142Nd, 144Sm

¢ µ¡² ¸É¨ 10 ÷ 18ŒÔ‚ ¸ Ï £µ³ ∆E =
= 0, 5 ŒÔ‚. �µ²ÊÎ¥´´µ¥ ¸¥Î¥´¨¥
¶·¨¢¥¤¥´o ´  ·¨¸. 9. “± § ´´Ò¥ µÏ¨¡-
±¨ Å ¸É É¨¸É¨Î¥¸±¨¥. ‘¶²µÏ´µ°
±·¨¢µ° ´  ÔÉµ³ ·¨¸Ê´±¥ ¶µ± § ´ ·¥-
§Ê²ÓÉ É  ¶¶·µ±¸¨³ Í¨¨ ¸¥Î¥´¨Ö ²µ-
·¥´Í¥¢¸±µ° ±·¨¢µ°, ¶ · ³¥É·Ò ±µÉµ-
·µ° ¶·¨¢¥¤¥´Ò ¢ É ¡². 9. ‘ ¨¸¶µ²Ó§µ-
¢ ´¨¥³ ²¨É¥· ÉÊ·´ÒÌ ¤ ´´ÒÌ ¶µ ¶µ²-
´Ò³ ¸¥Î¥´¨Ö³ ·¥ ±Í¨¨ (γ, n) [30] ¢
· ¡µÉ¥ [71] ¶µ²ÊÎ¥´Ò ¨§µ³¥·´Ò¥ µÉ-
´µÏ¥´¨Ö ¸¥Î¥´¨° R ¨ ¢ÒÌµ¤µ¢ η.

„²Ö ˆ� ¸¥Î¥´¨° ¤²Ö Ö¤·  138Ba
¶·¨ Ô´¥·£¨¨ 16,0 ŒÔ‚ ¶µ²ÊÎ¥´µ R =
= 0, 16 ± 0, 03. ˆ§µ³¥·´Ò¥ µÉ´µÏ¥-
´¨Ö ¢ÒÌµ¤µ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 10.
Š·¥¸É¨±µ³ ´  ·¨¸Ê´±¥ ¶µ± § ´µ ˆ�,
¶µ²ÊÎ¥´´µ¥ ¤²Ö 138Ba ¶·¨ Ô´¥·£¨¨
15,3 ŒÔ‚ ¢ · ¡µÉ¥ [77]. � ²¨Î¨¥ §´ -
Î¨É¥²Ó´µ£µ Ê£²µ¢µ£µ ³µ³¥´É  11/2−

³¥É ¸É ¡¨²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö 137Ba ¶µ
¸· ¢´¥´¨Õ ¸ ³µ³¥´Éµ³ 1− ¢µ§¡Ê¦¤¥´-
´µ£µ ³ É¥·¨´¸±µ£µ Ö¤·  138Ba µ¡Ê-
¸² ¢²¨¢ ¥É ¶µ¢ÒÏ¥´¨¥ ÔËË¥±É¨¢´µ£µ
¶µ·µ£  ·¥ ±Í¨¨ 138Ba(γ, n)137mBa ´ 
∼ 1, 7 ŒÔ‚. �¥§Ê²ÓÉ ÉÒ · ¡µÉ
[71] ¨ [73] Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ¤·Ê£
¸ ¤·Ê£µ³.

“³¥´ÓÏ¥´¨¥ ˆ� ¸ Ê¢¥²¨Î¥´¨¥³
N ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ ¢²¨Ö´¨¥³ Í¥-
²µ£µ ·Ö¤  Ë ±Éµ·µ¢: §´ Î¥´¨Ö³¨ ¸¶¨-
´µ¢ ¨§µ³¥·´µ£µ ¨ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ-
´¨°, ¶²µÉ´µ¸ÉÓÕ Ê·µ¢´¥° ±µ´¥Î´µ£µ
Ö¤· , Ô´¥·£¨¥° ¸¢Ö§¨ ´¥°É·µ´  ¨ ¤·.

2.2. �¥µ¤¨³-142, ¸ ³ ·¨°-144. ‚¶¥·¢Ò¥ ˆ� ¢ÒÌµ¤µ¢ ¤²Ö ´¥µ¤¨³ , ¶µ-
¢¨¤¨³µ³Ê, ¡Ò²µ ¶µ²ÊÎ¥´µ ¢ · ¡µÉ¥ [61] ¶·¨ Ô´¥·£¨¨ …γ max = 70 ŒÔ‚. ‡ É¥³
ˆ� d = 0, 55 ¨§³¥·¥´µ ¶·¨ E = 55 ŒÔ‚ ¢ · ¡µÉ¥ [18]. �¥¤ ¢´µ [75] ¤²Ö
·¥ ±Í¨¨ (γ, n) ´  Ö¤· Ì 142Nd ¨ 144Sm ¨§³¥·¥´Ò ˆ� ¢ Î¥ÉÒ·¥Ì ÉµÎ± Ì ¶·¨
Eγ max = 15; 16,5; 18 ¨ 20 ŒÔ‚. �µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö: d = 0, 022;
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0,045; 0,050 ¨ 0,052 ¤²Ö 142Nd ¨ d = 0, 031; 0,039; 0,043 ¨ 0,044 ¤²Ö 144Sm.
ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö, ¡²¨§±¨¥ ± ÔÉ¨³ §´ Î¥´¨Ö³, ¶µ²ÊÎ¥´Ò ¢ „Ê¡´¥ ¶·¨
Eγ max = 25 ŒÔ‚: d = 0, 061(10) ¤²Ö 142Nd ¨ d = 0, 047(4) ¤²Ö 144Sm [72].

‚ · ¡µÉ¥ [71] ¨§³¥·¥´¨¥ ¢ÒÌµ¤µ¢ ·¥ ±Í¨° 144Sm(γ, n)143mSm ¨
142Nd(γ, n)141mNd ¶·µ¢µ¤¨²µ¸Ó ¸ Ï £µ³ ∆E = 0, 5 ŒÔ‚. �µ¸±µ²Ó±Ê µ¸´µ¢-
´Ò¥ ¸µ¸ÉµÖ´¨Ö Ö¤¥· 141Nd ¨ 143Sm ´¥¸É ¡¨²Ó´Ò,   ¶¥·¨µ¤Ò · ¸¶ ¤  ¨§µ³¥·-
´ÒÌ ¸µ¸ÉµÖ´¨° T m

1/2 §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥, Î¥³ µ¸´µ¢´µ£µ, Éµ ˆ� ¢ÒÎ¨¸²Ö²¨¸Ó
¶µ Ëµ·³Ê²¥

η =
Υm

Υtot
=

Nm

Ng

Cg ξg Kg αg

1
λg

(1 − e−λgtµ¡²) e−λgt′µÌ²(1 − e−λgt¨§³)

Cm ξm Km αm

1
λm

(1 − e−λmtµ¡²) e−λmtµÌ²(1 − e−λmt¨§³)
.

‡¤¥¸Ó Ng, Nm Å ±µ²¨Î¥¸É¢µ ¨³¶Ê²Ó¸µ¢ ¢ ËµÉµ¶¨±¥ µ¸´µ¢´µ£µ ¨§µ³¥·´µ£µ
¸µ¸ÉµÖ´¨Ö, ξm,g Å ËµÉµÔËË¥±É¨¢´µ¸ÉÓ ¤¥É¥±Éµ· , αm,g Å ¨´É¥´¸¨¢´µ¸ÉÓ
²¨´¨°, Km,g Å ¸ ³µ¶µ£²µÐ¥´¨¥ ¨§ÊÎ ¥³ÒÌ ²¨´¨° ¢ µ¡· §Í¥, Cm,g Å ¶·µ-
¸Î¥ÉÒ ¨ ´ ²µ¦¥´¨Ö ·¥£¨¸É·¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò, λm,g Å ¶µ¸ÉµÖ´´Ò¥ · ¸-
¶ ¤ , tµ¡² Å ¢·¥³Ö µ¡²ÊÎ¥´¨Ö, tµÌ², t¨§³, t′µÌ², t′¨§³ Å ¢·¥³Ö µÌ² ¦¤¥´¨Ö ¨
¨§³¥·¥´¨Ö ¨§µ³¥·´µ£µ ¨ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨°.

�µ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ηÔ±¸¶ ¤²Ö 141Nd ¨ 143Sm ¶µ± -
§ ´Ò ÉµÎ± ³¨ ´  ·¨¸. 10. ‘¶²µÏ´µ° ²¨´¨¥° ´  ·¨¸Ê´±¥ ¶µ± § ´ ·¥§Ê²ÓÉ É  ¶-
¶·µ±¸¨³ Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° ±·¨¢µ° η(E) ËÊ´±Í¨¥° ¢¨¤ 
η = A · th[B(E0 − E)]. �·¨ ÔÉµ³ ¶µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥-
É·µ¢: A = 0, 049 ± 0, 02, B = 0, 23 ± 0, 015, E0 = (11, 24 ± 0, 02) ŒÔ‚ ¤²Ö
141Nd ¨ A = 0, 064 ± 0, 009, B = 0, 11 ± 0, 02, E0 = (12, 18 ± 0, 02) ŒÔ‚.
� · ³¥É· E0 ¨³¥¥É ¸³Ò¸² ¶µ·µ£  ·¥ ±Í¨¨ (γ, n)m.

�  ·¨¸. 10 ¸¢¥É²Ò³¨ ÉµÎ± ³¨ ´ ´¥¸¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¨§µ³¥·´ÒÌ
µÉ´µÏ¥´¨° ¢ µ¡² ¸É¨ 15Ä18 ŒÔ‚, ¶µ²ÊÎ¥´´Ò¥ ¢ · ¡µÉ¥ [75]. �  ·¨¸. 10
É ±¦¥ ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨° 144Sm(γ, n)143mSm,
142Nd(γ, n)141m,gNd. ‘¶²µÏ´µ° ²¨´¨¥° ´  ·¨¸Ê´±¥ ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ
¶µ¤£µ´±¨ ¸¥Î¥´¨Ö ²µ·¥´Íe¢¸±µ° ±·¨¢µ°. � · ³¥É·Ò  ¶¶·µ±¸¨³ Í¨¨ ¶·¨¢¥-
¤¥´Ò ¢ É ¡². 9. �·¨¢¥¤¥´´Ò¥ ¸¥Î¥´¨Ö ¶µ§¢µ²ÖÕÉ ¶µ²ÊÎ¨ÉÓ µÍ¥´±Ê ¨§µ³¥·´µ£µ
µÉ´µÏ¥´¨Ö ¸¥Î¥´¨Ö R = σm/σtot. ’ ± Ö µÍ¥´±  ¶µ²ÊÎ¥´  ¨ ¸µ¸É ¢²Ö¥É ¶·¨
Ô´¥·£¨¨ 16 ŒÔ‚ R = 0, 056 ± 0, 010 ¤²Ö ´¥µ¤¨³  ¨ R = 0, 57 ± 0, 010 ¤²Ö
¸ ³ ·¨Ö. ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨° ´¥¸±µ²Ó±µ ¶·¥¢ÒÏ ÕÉ ¨§µ³¥·´Ò¥
µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢, ÎÉµ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ ´¥¸µ¢¶ ¤¥´¨Ö ¶µ·µ£µ¢ ·¥ ±Í¨°
(γ, n) ¨ (γ, n)m.

2.3. �´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¤²Ö ·¥ ±Í¨¨ (γ, n)m ¢ ¸²Ê-
Î ¥ Ö¤¥· ¸ Î¨¸²µ³ ´¥°É·µ´µ¢ N = 82. �·¨ ¨§ÊÎ¥´¨¨ ·¥ ±Í¨¨ (γ, n) ¶·¥¤-
¸É ¢²Ö¥É¸Ö ¨´É¥·¥¸´Ò³ ¢ÒÖ¸´¨ÉÓ ¥¥ ³¥Ì ´¨§³. ‚ É ¡². 10 ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ
¨§µÉµ¶µ¢ 138Ba, 142Nd ¨ 144Sm ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö En Å Ô´¥·£¨¨ ¶µ·µ£ 
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’ ¡²¨Í  9. � · ³¥É·Ò ²µ·¥´Íe¢¸±¨Ì ±·¨¢ÒÌ,  ¶¶·µ±¸¨³¨·ÊÕÐ¨Ì ¸¥Î¥´¨Ö (γ, n)m-
[71] ¨ (γ, n)-·¥ ±Í¨° [30]

Ÿ¤·µ σ0, ³¡ E0, Γ0, χ2 σL, ³¡ EL, ΓL,
ŒÔ‚ ŒÔ‚ ŒÔ‚ ŒÔ‚

138Ba 51, 4 ± 1, 6 15, 5 ± 0, 1 3, 29 ± 0, 14 2,7 356 15,29 4,89

142Nd 19, 8 ± 0, 9 15, 4 ± 0, 1 3, 51 ± 0, 24 8,5 359 14,94 4,44

144Sm 22, 0 ± 1, 0 16, 2 ± 0, 1 3, 4 ± 0, 23 16 383 15,32 4,45

’ ¡²¨Í  10. �´¥·£¨¨ ¶µ·µ£µ¢ ·¥ ±Í¨° (γ, n) ¨ (γ, n)m

Ÿ¤·µ En(γ, n), ŒÔ‚ Eiso, ŒÔ‚ E· ¸Î, ŒÔ‚ EÔËË, ŒÔ‚ ∆E, ŒÔ‚

138Ba 8,8 0,661 9,5 11, 0 ± 0, 15 1,5

142Nd 9,8 0,756 10,6 11, 9 ± 0, 2 1,0

144Sm 10,6 0,754 10,4 12, 2 ± 0, 2 0,8

(γ, n)-·¥ ±Í¨¨, E· ¸Î = En + Em, £¤¥ Em Å Ô´¥·£¨Ö ¨§µ³¥·´µ£µ Ê·µ¢´Ö,
EÔËË Å Ô±¸¶¥·¨³¥´É ²Ó´Ò° ÔËË¥±É¨¢´Ò° ¶µ·µ£ ·¥ ±Í¨¨ (γ, n)m ¨ ∆E =
= EÔËË − E· ¸Î.

ˆ§  ´ ²¨§a ¶·¨¢¥¤¥´´ÒÌ ¤ ´´ÒÌ ¢¨¤´µ, ÎÉµ ¤²Ö ¢¸¥Ì ¨¸¸²¥¤Ê¥³ÒÌ ·¥ ±-
Í¨° 138Ba(γ, n)137mBa, 142Nd(γ, n)141m,gNd ¨ 144Sm(γ, n)143m,gSm ´ ¡²Õ-
¤ ¥É¸Ö ¸¨¸É¥³ É¨Î¥¸±µ¥ ¶·¥¢ÒÏ¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¶µ·µ£  ´ ¤ · ¸Î¥É-
´Ò³ EÔËË > E· ¸Î ´  1Ä1,5 ŒÔ‚. ‘¶¨´ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¨§ÊÎ ¥³ÒÌ Ö¤¥·
0+. �·¨ ¶µ£²µÐ¥´¨¨ £ ³³ -±¢ ´Éµ¢ ¢µ§¡Ê¦¤ ÕÉ¸Ö ¸µ¸ÉµÖ´¨Ö £¨£ ´É¸±µ£µ
¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¸ Jπ = 1−. ˆ§µ³¥·´Ò¥ ¸µ¸ÉµÖ´¨Ö µ¸É ÉµÎ´ÒÌ Ö¤¥· Ì -
· ±É¥·¨§ÊÕÉ¸Ö ¸¶¨´µ³, · ¢´Ò³ 11/2−. � ²¨Î¨¥ É ±µ£µ ¢Ò¸µ±µ£µ ¶µ·µ£  ∆E
·¥ ±Í¨¨ (γ, n)m ³µ¦¥É ¡ÒÉÓ µ¡Ê¸²µ¢²¥´µ É·¥¡µ¢ ´¨¥³ ¸µÌ· ´¥´¨Ö Ê£²µ¢µ£µ
³µ³¥´É  ¨ Î¥É´µ¸É¨ ¶·¨ ´¥¶µ¸·¥¤¸É¢¥´´µ³ § ¸¥²¥´¨¨ µÉ¤¥²Ó´ÒÌ ¸µ¸ÉµÖ´¨°
¶·¨ ¢Ò²¥É¥ ´¥°É·µ´µ¢ ¨§ ³ É¥·¨´¸±µ£µ Ö¤· . � ¸¸³µÉ·¨³ ÔÉÊ ¸¨ÉÊ Í¨Õ ¶µ-
¤·µ¡´¥¥. �¥¶µ¸·¥¤¸É¢¥´´µ¥ § ¸¥²¥´¨¥ ¸µ¸ÉµÖ´¨° Jπ = 11/2− Ê Ö¤¥· 137Ba,
141Nd ¨ 143Sm ³µ¦¥É µ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö Éµ²Ó±µ ´¥°É·µ´ ³¨ ¸ �n = 4 ¨ ¡µ-
²¥¥. � ¸Î¥ÉÒ ¶µ µ¶É¨Î¥¸±µ° ³µ¤¥²¨ [48] ¶µ± §Ò¢ ÕÉ, ÎÉµ § ³¥É´Ò¥ §´ Î¥´¨Ö
±µÔËË¨Í¨¥´Éµ¢ Tl ¶·¨ � = 4 ¶µ²ÊÎ ÕÉ¸Ö ¤²Ö ´¥°É·µ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¸ Ô´¥·-
£¨¥° En = 1 − 1, 5 ŒÔ‚. �Éµ ¸µµÉ¢¥É¸É¢Ê¥É Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö 11,0 ŒÔ‚
¤²Ö 138Ba ¨ ∼ 12, 5 ŒÔ‚ ¤²Ö 144Sm, ÎÉµ ¢ ¶·¥¤¥² Ì µÏ¨¡µ± ¸µ¢¶ ¤ ¥É ¸
Ô±¸¶¥·¨³¥´É ²Ó´µ µ¶·¥¤¥²¥´´Ò³¨ ¢ · ¡µÉ¥ [71] ¶µ·µ£ ³¨ ·¥ ±Í¨¨ (γ, n)m.

�´ ²¨§ ¸Ì¥³ Ê·µ¢´¥° ¨§ÊÎ ¥³ÒÌ Ö¤¥· [76] ¶µ± §Ò¢ ¥É, µ¤´ ±µ, ÎÉµ ¢µ ¢¸¥Ì
ÔÉ¨Ì Ö¤· Ì ¨³¥¥É¸Ö 7/2−-Ê·µ¢¥´Ó, · ¸¶ ¤ ±µÉµ·µ£µ ¨¤¥É ´  11/2−-¸µ¸ÉµÖ´¨¥.
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‚¥·µÖÉ´¥¥ ¢¸¥£µ, ÎÉµ ÔÉµ (2+ + h11/2−)-¸µ¸ÉµÖ´¨¥, ¶µÖ¢²ÖÕÐ¥¥¸Ö §  ¸Î¥É
¢§ ¨³µ¤¥°¸É¢¨Ö ¢¨¡· Í¨µ´´µ£µ ±µ·  ¸ h11/2−-µ¤´µÎ ¸É¨Î´Ò³ ¸µ¸ÉµÖ´¨¥³.
�É¨ Ê·µ¢´¨ ¨³¥ÕÉ Ô´¥·£¨Õ 1,79 ŒÔ‚ Ê 137Ba (∆ = E(7/2−) − E(11/2−) =
= 1, 1 ŒÔ‚), 1,81 ŒÔ‚ Ê 141Nd (∆ = 1, 0 ŒÔ‚) ¨ 1,31 ŒÔ‚ Ê 143Sm
(∆ = 0, 6 ŒÔ‚). „²Ö ´¥¶µ¸·¥¤¸É¢¥´´µ£µ § ¸¥²¥´¨Ö ÔÉ¨Ì ¸µ¸ÉµÖ´¨° ´¥µ¡-
Ìµ¤¨³Ò ´¥°É·µ´Ò ¸ �n = 2 ¨ ¡µ²¥¥, ¨ · ¸Î¥ÉÒ ¶µ µ¶É¨Î¥¸±µ° ³µ¤¥²¨ [49]
¶µ± §Ò¢ ÕÉ, ÎÉµ ´¥°É·µ´Ò ¸ Ô´¥·£¨¥° 0, 1 ÷ 0, 3 ŒÔ‚ ¨³¥ÕÉ §´ Î¥´¨Ö ±µÔË-
Ë¨Í¨¥´Éµ¢ Tl ¤²Ö �n = 2, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¤µ²¥ É ±¨Ì ´¥°É·µ´µ¢ ¢ ´¥¸±µ²Ó±µ
¶·µÍ¥´Éµ¢. ‚ ÔÉµ³ ¸²ÊÎ ¥ ∆E = 1, 3 ± 0, 1 ¤²Ö 137Ba, 1, 2 ± 0, 1 ¤²Ö 141Nd ¨
0, 8 ± 0, 1 ¤²Ö 143Sm. K ± ¢¨¤´µ, ¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³ µÎ¥´Ó Ìµ·µÏ¥¥
(¸³. É ¡². 10). ’ ±¨³ µ¡· §µ³, ¨§ ÔÉ¨Ì ¤ ´´ÒÌ ³µ¦´µ ¸¤¥² ÉÓ ¢Ò¢µ¤, ÎÉµ ¢
¶·¨¶µ·µ£µ¢µ° µ¡² ¸É¨ ¨§µ³¥·´Ò¥ ¸µ¸ÉµÖ´¨Ö ¸ Jπ = 11/2− ¤²Ö Ö¤¥· 137Ba,
141Nd ¨ 143Sm § ¸¥²ÖÕÉ¸Ö ± ± ´¥¶µ¸·¥¤¸É¢¥´´µ, É ± ¨ ¨§ ´¨¦ °Ï¨Ì 7/2−-
cµ¸ÉµÖ´¨°, ±µÉµ·Ò¥ ¢µ§¡Ê¦¤ ÕÉ¸Ö ¶·¨ ¢Ò²¥É¥ ¨§ ³ É¥·¨´¸±µ£µ Ö¤·  ´¥°É·µ-
´µ¢ ¸ � ≥ 2.

�´ ²¨§ Ëµ·³Ò ¸¥Î¥´¨° ¤²Ö (γ, n)m-·¥ ±Í¨¨ É ±¦¥ ¶µ± §Ò¢ ¥É ´¥±µÉµ·Ò¥
µ¸µ¡¥´´µ¸É¨. ‘¶²µÏ´Ò³¨ ²¨´¨Ö³¨ ´  ·¨¸. 9 ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ ¶µ¤£µ´±¨
¸¥Î¥´¨° σm ²µ·¥´Í¥¢¸±¨³¨ ±·¨¢Ò³¨. � · ³¥É·Ò  ¶¶·µ±¸¨³ Í¨¨ σ0, E0, Γ0

¶·¨¢¥¤¥´Ò ¢ É ¡². 9. ‚ ÔÉµ° É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ¤²Ö ¸· ¢´¥´¨Ö ¶ · ³¥É·Ò ²µ-
·¥´Í¨ ´µ¢ σL, EL, ΓL,  ¶¶·µ±¸¨³¨·ÊÕÐ¨Ì ¶µ²´Ò¥ ËµÉµ´¥°É·µ´´Ò¥ ¸¥Î¥´¨Ö
σn = σ(γ, n) + σ(γ, 2n) + ... [30].

�´ ²¨§¨·ÊÖ Ì · ±É¥·¨¸É¨±¨ ¸¥Î¥´¨° σm, ³µ¦´µ µÉ³¥É¨ÉÓ Ê³¥´ÓÏ¥´¨¥ ¨Ì
Ï¨·¨´ Γ0 ¶µ ¸· ¢´¥´¨Õ ¸ ΓL ¶·¨³¥·´µ ´  1 ŒÔ‚ ¨ ¸¨¸É¥³ É¨Î¥¸±¨° ¸¤¢¨£
³ ±¸¨³Ê³µ¢ E0 ¢ ¸Éµ·µ´Ê ¡µ²ÓÏ¨Ì Ô´¥·£¨° ¶µ ¸· ¢´¥´¨Õ ¸ EL. �É¨ µ¡¸Éµ-
ÖÉ¥²Ó¸É¢  ¢Ò§¢ ´Ò ¤¢Ê³Ö ¶·¨Î¨´ ³¨. ‚µ-¶¥·¢ÒÌ, §´ Î¨É¥²Ó´Ò³ ¶µ¢ÒÏ¥´¨¥³
¶µ·µ£  ·¥ ±Í¨¨ (γ, n)m ¶µ ¸· ¢´¥´¨Õ ¸ (γ, n), ÎÉµ ¸¢Ö§ ´µ, ¶·¥¦¤¥ ¢¸¥£µ, ¸
´ ²¨Î¨¥³ §´ Î¨É¥²Ó´µ£µ (11/2−) ³µ³¥´É  ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö, ¢µ-¢Éµ·ÒÌ,
¸ ¢¨¤µ³ ËÊ´±Í¨¨ η = f(E) Å ¡Ò¸É·Ò° ·µ¸É ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¸ Ê¢¥²¨-
Î¥´¨¥³ Ô´¥·£¨¨ E ¸¶µ¸µ¡¸É¢Ê¥É ¸³¥Ð¥´¨Õ ³ ±¸¨³Ê³  ²µ·¥´Í¨ ´  ¢ ¸Éµ·µ´Ê
¡µ²ÓÏ¨Ì Ô´¥·£¨°.

„²Ö ¨§ÊÎ ¥³ÒÌ Ö¤¥· ¶·µ¢¥¤¥´ · ¸Î¥É ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¶µ ± ¸± ¤´µ-
¨¸¶ ·¨É¥²Ó´µ° ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ [31, 32]. �É³¥É¨³, ÎÉµ ¸µ£² ¸¨¥ · ¸-
Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ Ê¤ ¥É¸Ö ¶µ²ÊÎ¨ÉÓ ¶·¨ Ë¨±¸ Í¨¨ ¶ · -
³¥É·  µ£· ´¨Î¥´¨Ö ¸¶¨´  σ ¢ Ëµ·³Ê²¥ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°. �·¨ ÔÉµ³ ¶µ²Ê-
Î¥´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö: σ = 3 ¤²Ö 138Ba ¨ σ = 1, 5 ¤²Ö 142Nd ¨ 144Sm. ‚
µ¡Ð¥³-Éµ, ÔÉµ É ±¦¥ ´¥¸±µ²Ó±µ ´¥µ¦¨¤ ´´Ò° ·¥§Ê²ÓÉ É, É.±. Ö¤·  ´ Ìµ¤ÖÉ¸Ö
¢ µ¤´µ° µ¡µ²µÎ±¥ ¶µ ´¥°É·µ´ ³ ¨ ¶·µÉµ´ ³, ¨ ¢¥²¨Î¨´  ¶ · ³¥É·  σ ¤µ²¦´ 
¡ÒÉÓ ¶·¨³¥·´µ µ¤¨´ ±µ¢µ° ¤²Ö ¢¸¥° µ¡² ¸É¨ Ö¤¥·.

�¶·¥¤¥²¥´´Ò¥  ´µ³ ²¨¨ ´ ¡²Õ¤ ÕÉ¸Ö ¨ ¢  ¡¸µ²ÕÉ´ÒÌ §´ Î¥´¨ÖÌ ¨§µ-
³¥·´ÒÌ µÉ´µÏ¥´¨°. „²Ö ÔÉµ£µ · ¸¸³µÉ·¨³ ¢¥²¨Î¨´Ò Υ ¤²Ö ´ ¨¡µ²¥¥ ÉµÎ´µ
¨§³¥·Ö¥³µ° µ¡² ¸É¨ Ô´¥·£¨° Eγ max ≥ 16 ŒÔ‚. Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó, ¨¸¸²¥-
¤Ê¥³Ò¥ Ö¤·  138Ba, 142Nd ¨ 144Sm ¶·¨´ ¤²¥¦ É § ³±´ÊÉµ° µ¡µ²µÎ±¥ N = 82
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¨ ¶µÔÉµ³Ê ¤µ²¦´Ò ¡ÒÉÓ ¡²¨§±¨ ¶µ ¸¢µ¨³ ¶ · ³¥É· ³. „¥°¸É¢¨É¥²Ó´µ, Ê ¢¸¥Ì
¸É ¡¨²Ó´ÒÌ Ö¤¥· µ¡µ²µÎ±¨ N = 82 µÉ 136Xe ¤µ 144Sm ¨ ¨Ì ¤µÎ¥·´¨Ì Ö¤¥·
µÎ¥´Ó ¡²¨§±¨ Ì · ±É¥·¨¸É¨±¨: Ê ´¨Ì ¶· ±É¨Î¥¸±¨ ¨¤¥´É¨Î´Ò ¸¶¥±É·Ò ´¨§-
±µÔ´¥·£¥É¨Î´ÒÌ ¢µ§¡Ê¦¤¥´¨° (3/2+ Å µ¸´µ¢´µ¥ ¨ 1/2+ Å ¶¥·¢µ¥ ¢µ§¡Ê¦-
¤¥´´µ¥ ¸µ¸ÉµÖ´¨Ö), Ô´¥·£¨¨ ¨§µ³¥·´ÒÌ (Jπ = 11/2−) Ê·µ¢´¥°, ¶ · ³¥É·Ò
¤¥Ëµ·³ Í¨¨ β0 ¨ É.¤. ‚ Éµ ¦¥ ¢·¥³Ö Éµ, ÎÉµ ¤²Ö 137Ba ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö
¢ ¤¢  · §  ¡µ²ÓÏ¥, Î¥³ ¤²Ö 141Nd ¨ 143Sm, µ± § ²µ¸Ó ´¥¸±µ²Ó±µ ´¥µ¦¨¤ ´-
´Ò³. Ÿ¸´µ, ÎÉµ ¢ · ³± Ì ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨, ´¥ ÊÎ¨ÉÒ¢ ÕÐ¥°
± ±¨Ì-Éµ ¨´¤¨¢¨¤Ê ²Ó´ÒÌ µ¸µ¡¥´´µ¸É¥°, µ¡ÑÖ¸´¨ÉÓ ÔÉµ ´¥²Ó§Ö.

�  ·¨¸. 11 ÉµÎ± ³¨ ¶µ± § ´Ò ˆ� ¢ÒÌµ¤µ¢ ¶·¨ Ô´¥·£¨¨ Eγ max =
=18Ä20 ŒÔ‚ ¤²Ö Ö¤¥· ¸ N = 82: 136Xe, 138Ba, 140Ce, 142Nd ¨ 144Sm, ¢§ÖÉÒ¥
¨§ · ¡µÉÒ [74], ¨ ±·¥¸É¨± ³¨ Å ¨§ · ¡µÉÒ [76]. ‚¨¤´µ, ÎÉµ Ö¤·  ³µ¦´µ
Ê¸²µ¢´µ · §¡¨ÉÓ ´  ¤¢¥ £·Ê¶¶Ò. K µ¤´µ° µÉ´¥¸É¨ 136Xe, 138Ba ¨ 140Ce, ¤²Ö
±µÉµ·ÒÌ η = 0, 1, ± ¤·Ê£µ° Å 142Nd ¨ 144Sm, ¤²Ö ±µÉµ·ÒÌ η = 0, 05.

�¤´¨³ ¨§ ¢µ§³µ¦´ÒÌ ³¥Ì ´¨§³µ¢, ¶·¨¢µ¤ÖÐ¨x ± §´ Î¨É¥²Ó´µ³Ê · §-
²¨Î¨Õ ¢ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨ÖÌ ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥·, Ö¢²Ö¥É¸Ö · §²¨Î-
´Ò° ¢±² ¤ ¸É É¨¸É¨Î¥¸±¨Ì ¨ ¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¢ µ¡² ¸É¨ ³ ±¸¨³Ê³  £¨-
£ ´É¸±µ£µ ·¥§µ´ ´¸  ¨ ¢ÒÏ¥. �·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ ¶µ·µ£  (γ, 2n)-·¥ ±Í¨¨
(∼ 16 − 20 ŒÔ‚) É ±µ° ¢±² ¤ ¤µ¢µ²Ó´µ ²¥£±µ µÍ¥´¨ÉÓ, ¸µ¶µ¸É ¢²ÖÖ ¨´É¥-
£· ²Ó´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ σ(γ, 2n) ¨ σ(γ, n): k =

∫
σ(γ, 2n)dE/

∫
σ(γ, n)dE

¨ ¨´É¥£·¨·ÊÖ µÉ ¶µ·µ£  En (γ, n)-·¥ ±Í¨¨ ¤µ (En + 5) ŒÔ‚. (ˆ´Ëµ·³ Í¨Ö µ
σ(γ, 2n) ¨ σ(γ, n) ¨³¥¥É¸Ö ¢ [30].) �Í¥´±  ¶µ ¸µµÉ´µÏ¥´¨Ö³ ¸É É¨¸É¨Î¥¸±µ°
É¥µ·¨¨ ¶µ± §Ò¢ ¥É [77, 78], ÎÉµ ¤²Ö 138Ba ¨ 140Ce ¶·¨³¥¸¨ ¶·Ö³ÒÌ ·¥ ±Í¨°
´¥ ¶·¥¢ÒÏ ÕÉ 20%, ¢ Éµ ¢·¥³Ö ± ± ¤²Ö 142Nd ¨ 144Sm µ´¨ ³µ£ÊÉ ¸µ¸É ¢²ÖÉÓ
¡µ²¥¥ 50%.

�¨¸. 11. ‡ ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´ÒÌ µÉ´µ-
Ï¥´¨° ¢ÒÌµ¤µ¢ ·¥ ±Í¨¨ (γ, n)m ¤²Ö
Ö¤¥· µ¡µ²µÎ±¨ N = 82 µÉ ³ ¸¸Ò Ö¤¥· A

’ ±µ° ¦¥ ¡µ²ÓÏµ° ¢±² ¤ (∼ 70%)
¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¤²Ö ·¥ ±Í¨¨ (γ, n) ¢
µ¡² ¸É¨ E>20 ŒÔ‚ ´ ¡²Õ¤ ²¸Ö ¢ ´¥°-
É·µ´µ¤¥Ë¨Í¨É´µ³ ³ £¨Î¥¸±µ³ N = 50
Ö¤·¥ 92Mo ¢ [79]. � ²¨Î¨¥ É ±µ£µ
ÔËË¥±É   ¢Éµ·Ò o¡ÑÖ¸´¨²¨ · ¸¶ ¤µ³
¸µÉµÖ´¨° (T + 1) £¨£ ´É¸±µ£µ ·¥§µ-
´ ´¸  92Mo ´  ¢Ò¸µ±µ²¥¦ Ð¥¥  ´ ²µ-
£µ¢µ¥ ¸µ¸ÉµÖ´¨¥ 91Mo. �µ¸±µ²Ó±Ê ¶·¨
ÔÉµ³ ± ´ ² (γ, 2n) § ¶·¥Ð¥´, Éµ ¶µ-
¢ÒÏ ¥É¸Ö ¢±² ¤ σ(γ, n). ’ ± ± ± ¶µ-
·µ£ ¢µ§¡Ê¦¤¥´¨Ö  ´ ²µ£µ¢µ£µ ¸µ¸ÉµÖ-
´¨Ö Bn̄ ¤²Ö 92Mo ¸µ¸É ¢²Ö¥É 19,6 ŒÔ‚,
  ¶µ·µ£ ·¥ ±Í¨¨ (γ, 2n) Å 22,8 ŒÔ‚,
Éµ ¶·¨ µÉ±·ÒÉ¨¨ ± ´ ²  (γ, 2n) ¨³¥-
ÕÉ¸Ö ¢¸¥ Ê¸²µ¢¨Ö ¤²Ö § ¸¥²¥´¨Ö ¸µ¸Éµ-
Ö´¨Ö (T + 1) ³µ²¨¡¤¥´ -91.
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K ¸µ¦ ²¥´¨Õ, ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¤²Ö 142Nd ¨ 144Sm É ±µ¥ µ¡ÑÖ¸´¥´¨¥, ¶µ-
¢¨¤¨³µ³Ê, ´¥ ³µ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´µ. ˆ§¢¥¸É´µ, ÎÉµ ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· (T +1)
¤¨¶µ²Ó´µ° ±µ³¶µ´¥´Éµ° ³µ¦´µ ¶·¥´¥¡·¥ÎÓ. ˆ ÌµÉÖ Ô´¥·£¥É¨Î¥¸±¨° ¨´É¥·¢ ²
³¥¦¤Ê T ¨ (T +1) ¸µ¸É ¢²Ö¥É ¢¸¥£µ ´¥¸±µ²Ó±µ ŒÔ‚, µÉ´µÏ¥´¨¥ ¨´É¥£· ²Ó´ÒÌ
¸¥Î¥´¨° σ−1 ¤²Ö T - ¨ (T + 1)-±µ³¶µ´¥´É ¤ ¥É [77]:

σ−1(T + 1)
σ−1(T )

=
1

T + 1

(
1 − 3T

2A2/3

)
,

ÎÉµ ¢ ¸²ÊÎ ¥ Ö¤¥· µ¡µ²µÎ±¨ N = 82 ¸µ¸É ¢²Ö¥É ¢¸¥£µ 0, 02±0, 04. �µ²¥¥ Éµ£µ,
¶µ·µ£¨ § ¸¥²¥´¨Ö  ´ ²µ£µ¢ÒÌ ¸µ¸ÉµÖ´¨° Bn̄ ²¥¦ É ¢ÒÏ¥ ¶µ·µ£µ¢ (γ, 2n).

’¥³ ´¥ ³¥´¥¥ ¤²Ö Ö¤¥· 142Nd ¨ 144Sm ¶·¨ Ô´¥·£¨ÖÌ ¡µ²ÓÏ¥ 16 ŒÔ‚
´¥²Ó§Ö ¨¸±²ÕÎ¨ÉÓ §´ Î¨É¥²Ó´µ£µ ¢±² ¤  ¶µ²Ê¶·Ö³µ£µ ± ´ ²  (γ, n); ¶·¨ ÔÉµ³
¶·¥¨³ÊÐ¥¸É¢¥´´µ § ¸¥²ÖÕÉ¸Ö ´¨§±µ¸¶¨´µ¢Ò¥ (Jπ = 1/2+, Jπ = 3/2+) ¸µ¸Éµ-
Ö´¨Ö ¨§µ³¥·´µ° ¶ ·Ò.

�¤´ ±µ, ¶µ-¢¨¤¨³µ³Ê, ¸²¥¤Ê¥É µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ¨ ´  ¢µ§³µ¦´ÊÕ § -
¢¨¸¨³µ¸ÉÓ R µÉ § ¸¥²¥´¨Ö ¶·µÉµ´´ÒÌ ¶µ¤µ¡µ²µÎ¥±. ‚ Ö¤· Ì Xe, Ba ¨ Ce
¶·µÉµ´Ò ´ Ìµ¤ÖÉ¸Ö ¢ g7/2-¶µ¤µ¡µ²µÎ±¥,   ¢ Nd ¨ Sm Å ¢ d5/2-¶µ¤µ¡µ²µÎ±¥.
’ ±¨³ µ¡· §µ³, ¶µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ [71Ä73] µ¡ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨ÖÌ ¨ ¸¥-
Î¥´¨ÖÌ (γ, n)m-·¥ ±Í¨°, ¶µ-¢¨¤¨³µ³Ê, Ê± §Ò¢ ÕÉ ´  ¸²µ¦´µ¸ÉÓ ³¥Ì ´¨§³ 
§ ¸¥²¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· 1h11/2 ¨ ´  §´ Î¨É¥²Ó´Ò° ¢±² ¤ ¢ ˆ�
´¥¸É É¨¸É¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢.

3. ’Ÿ†…‹›… Ÿ„��

3.1. …¢·µ¶¨°-153. ‚ ¶·¨·µ¤¥ ¨³¥ÕÉ¸Ö ¤¢  ¸É ¡¨²Ó´ÒÌ ¨§µÉµ¶  ¥¢·µ¶¨Ö:
151Eu ¨ 152Eu Å Ö·±¨¥ ¶·¥¤¸É ¢¨É¥²¨ ¶¥·¥Ìµ¤´µ° µ¡² ¸É¨; ¤²Ö ´¨Ì ´ ¡²Õ¤ -
¥É¸Ö ·¥§±µ¥ ¨§³¥´¥´¨¥ ¸¢µ°¸É¢ ¶µ¢¥·Ì´µ¸É¨ Ö¤· . ƒ¨£ ´É¸±¨° ¤¨¶µ²Ó´Ò° ·¥-
§µ´ ´¸ ¢ ¸¥Î¥´¨ÖÌ ËµÉµ¶µ£²µÐ¥´¨Ö ´  Ö¤·¥ 151Eu ¨³¥¥É µ¤´µ£µ·¡ÊÕ Ëµ·³Ê,
Ì · ±É¥·´ÊÕ ¤²Ö ¸Ë¥·¨Î¥¸±µ£µ Ö¤· ,   ´  Ö¤·¥ 153Eu Å ¤¢Ê£µ·¡ÊÕ, ÎÉµ É¨-
¶¨Î´µ ¤²Ö ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥·. �¥Î¥É´µ-´¥Î¥É´Ò¥ ¨§µÉµ¶Ò 150Eu, 152Eu
¨ 154Eu ¨³¥ÕÉ ¨§µ³¥·´Ò¥ ¸µ¸ÉµÖ´¨Ö ¸µ ¸¶¨´-Î¥É´µ¸ÉÓÕ 8− ¨ 0−. ‘¶¥±É·µ-
³¥É·¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ µ¸´µ¢´ÒÌ ¨ ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¨§µÉµ¶ Ì
¥¢·µ¶¨Ö: ¨Ì ¸¶¨´Ò ¨ Î¥É´µ¸É¨ Jπ, ´Ê±²µ´´Ò¥ ±µ´Ë¨£Ê· Í¨¨, ¸¶¥±É·µ¸±µ-
¶¨Î¥¸±¨¥ ±¢ ¤·Ê¶µ²Ó´Ò¥ ³µ³¥´ÉÒ Q, ¶ · ³¥É·Ò ¤¥Ëµ·³ Í¨¨ ¶·¨¢¥¤¥´Ò ¢
É ¡². 11 [80].

‚ · ¡µÉ¥ [80] ¶·µ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢
Υ(0−)/Υ(5−) ¢ ·¥ ±Í¨ÖÌ 151Eu(γ, n)150m,gEu, Υ(0−)/Υ(3−) ¨ Υ(8−)/Υ(3−)
¢ ·¥ ±Í¨ÖÌ 153Eu(γ, n)152m1,m2Eu. ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¢ ¤¨ ¶ §µ´¥ £· -
´¨Î´ÒÌ Ô´¥·£¨° 13 ÷ 22 ŒÔ‚ ¸ Ï £µ³ 1 ŒÔ‚. �µ²ÊÎ¥´´Ò¥ ¨§µ³¥·´Ò¥ µÉ´µ-
Ï¥´¨Ö ¢ÒÌµ¤µ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 12. ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö Υ(0−)/Υ(5−)
¶ ¤ ÕÉ ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨,   Υ(8−)/Υ(3−) · ¸É¥É. �µ¸²¥¤´ÖÖ Ì · ±É¥-



‚�‡�“†„…�ˆ… ˆ‡�Œ…��›• ‘�‘’�Ÿ�ˆ‰ Ÿ„…� 415

’ ¡²¨Í  11. ‘¶¥±É·µ³¥É·¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨§µÉµ¶µ¢ ¥¢·µ¶¨Ö

ˆ§µÉµ¶ E, ±Ô‚ Jπ �Ê±²µ´´Ò¥ ±µ´Ë¨£Ê· Í¨¨ Q, ¡ β2

150gEu 0 5− p(d5/2) + n(f5/2) 1,13(5) 0,11(1)

150mEu 42,1 0− p(d5/2) − n(f5/2) (0,10)

151gEu 0 5/2+ p(d5/2) 0,903(10) 0,13(1)

152gEu 0 3− p[413]5/2 + n[505]11/2 2,54(22) 0,29(3)

152m1Eu 45,6 0− p[411]3/2 + n[532]3/2 0,19

152m2Eu 147,8 8− p[413]5/2 + n[505]11/2 0,29

153gEu 0 5/2+ p[413]5/2 2,412(2) 0,32(1)

154gEu 0 3− p[413]5/2 + n[505]11/2 2,84(10) 0,33

154mEu 160 8− p[413]5/2 + n[505]11/2 0,33

·¨¸É¨±  ¸µ£² ¸Ê¥É¸Ö ¸ ¶µ²ÊÎ¥´´µ° ¢ · ¡µÉ Ì [81, 82] § ¢¨¸¨³µ¸ÉÓÕ
Υ(8−)/Υ(3−) = f(Eγ max) ¤²Ö ¡µ²¥¥ Ê§±µ£µ ¤¨ ¶ §µ´  Ô´¥·£¨°.

ˆ§³¥·¥´´µ¥ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ σ(0−)/σ(3−) ¢ ·¥ ±Í¨¨
151Eu(n, γ)152Eu [80] ¤²Ö ¨§µ³¥·  ¸ Jπ = 0− ¸µ¸É ¢¨²µ ¢ ¸²ÊÎ ¥ É¥¶²µ-

�¨¸. 12. ‡ ¢¨¸¨³µ¸ÉÓ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢
Ö¤¥· Eu ¢ ¨§µ³¥·´µ³ ¨ µ¸´µ¢´µ³ ¸µ¸Éµ-
Ö´¨ÖÌ µÉ £· ´¨Î´µ° Ô´¥·£¨¨ Éµ·³µ§´µ£µ
¨§²ÊÎ¥´¨Ö

¢ÒÌ ´¥°É·µ´µ¢ 0,52(1). �Éµ ˆ� ²¥-
¦¨É ¢ ¨´É¥·¢ ²¥ ¨§¢¥¸É´ÒÌ §´ Î¥´¨°
0,43 [83]÷0,65 [84]. ‚ ¸²ÊÎ ¥ ¨§µ-
³¥·µ¢ ¸ Jπ = 8− ¢ ·¥ ±Í¨¨ (n, γ)
´  ¨§µÉµ¶ Ì 151Eu ¨ 153Eu ¶µ²ÊÎ¥´Ò
µÍ¥´±¨ ˆ� (σ(8−)/σ(3−)), ¸µ¸É ¢²Ö-
ÕÐ¨¥ ∼ 7·10−4 ¤²Ö 152Eu ¨ ∼ 3·10−4

¤²Ö 154Eu.
‚ · ¡µÉ¥ [81] ¶·µ¢¥¤¥´µ ¨§ÊÎ¥-

´¨¥ ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö ¨§µ³¥·´ÒÌ
¸µ¸ÉµÖ´¨° ¸ Jπ = 8− ¨ Jπ = 0−

¢ ·¥ ±Í¨¨ 153Eu(γ, n)152m1,m2Eu ¨
Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ˆ� d =
= Υ(8−)/Υ(0−) = f(Eγ max). ˆ§³¥-
·¥´¨Ö ¢ÒÌµ¤µ¢ ¶·µ¢¥¤¥´Ò ¢ µ¡² ¸É¨
Ô´¥·£¨° 8 ÷ 18 ŒÔ‚ ¸ Ï £µ³ ∆E =
= 0, 5 ŒÔ‚. ‘¥Î¥´¨Ö σ8− ¨ σ0− · ¸-
¸Î¨ÉÒ¢ ²¨¸Ó ¨§ ±·¨¢ÒÌ ¢ÒÌµ¤µ¢ ³¥Éµ-
¤µ³ �¥´Ëµ²Ó¤  Å ‹¨¸¸  [2] ¸ Ï £µ³
1 ŒÔ‚. �µ²ÊÎ¥´´Ò¥ ¸¥Î¥´¨Ö ¶·¨¢¥-
¤¥´Ò ´  ·¨¸. 13. Š ¸µ¦ ²¥´¨Õ, ¢ · -
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¡µÉ¥ [81] ´¥ ¨§³¥·Ö²¸Ö ¢ÒÌµ¤ § ¸¥²¥´¨Ö µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö. �¤´ ±µ, ¨¸-
¶µ²Ó§ÊÖ ²¨É¥· ÉÊ·´Ò¥ ¤ ´´Ò¥ ¶µ ¶µ²´Ò³ ¸¥Î¥´¨Ö³ ·¥ ±Í¨¨ (γ, n), ³µ¦´µ
µÍ¥´¨ÉÓ ¢¥²¨Î¨´Ò ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö R = σ(0−)/σn = σ(0−)/(σ(0−)+
+σ(3−)). ’ ± Ö µÍ¥´±  · ¢´  ¶·¨ Ô´¥·£¨¨ 9 ŒÔ‚ Å 0,2; 12 ŒÔ‚ Å 0,43;
14 ŒÔ‚ Å 0,47 ¨ 15,5 ŒÔ‚ Å 0,56. �µ£·¥Ï´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö ˆ� ∼ 20%.

�µ¸±µ²Ó±Ê ·¥ ±Í¨¨ (γ, n) ¨ (n, γ) ¨¤ÊÉ Î¥·¥§ ¸µ¸É ¢´µ¥ Ö¤·µ, Éµ ¶·¥¤-
¸É ¢²Ö¥É § ³¥É´Ò° ¨´É¥·¥¸ ¸· ¢´¨ÉÓ ·¥§Ê²ÓÉ ÉÒ ¶µ ˆ� ¸¥Î¥´¨°, ¶µ²ÊÎ¥´-
´ÒÌ ¢ ·¥ ±Í¨ÖÌ 151Eu(n, γ)152m1,m2Eu ¨ 153Eu(γ, n)152m1,m2Eu ¶·¨ ¸· ¢´¨-
³ÒÌ Ô´¥·£¨ÖÌ. �´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö 152Eu ¢ ·¥ ±Í¨¨ 151Eu(γ, n)150m,gEu
¶·¨ § Ì¢ É¥ É¥¶²µ¢µ£µ ´¥°É·µ´  ¸µ¸É ¢²Ö¥É ∼ 6, 3 ŒÔ‚. Œ ±¸¨³ ²Ó´ Ö
Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¤µÎ¥·´¥£µ Ö¤·  ¢ ·¥ ±Í¨¨ (γ, n) · ¢´  Eγ − E¶µ·, £¤¥
E¶µ· Å Ô´¥·£¨Ö ¶µ·µ£  (γ, n)-·¥ ±Í¨¨. ‚ É ¡². 12, 13 ¶·¨¢¥¤¥´Ò ˆ� ¸¥Î¥´¨°
σ(8−)/σ(0−) ¨ σ(0−)/(σ(0−)+σ(3−)) ·¥ ±Í¨¨ (n, γ), ¶µ²ÊÎ¥´´Ò¥ ¢ [84, 85],
¨ (γ, n) [81].

’ ¡²¨Í  12. ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨° ¢µ§¡Ê¦¤¥´¨Ö ¸µ¸ÉµÖ´¨° 8− ¨ 0− ¢
·¥ ±Í¨ÖÌ (n, γ) ¨ (γ, n)

”¨²ÓÉ· σm2/σm1 Eγ , ŒÔ‚ E − E¶, ŒÔ‚ σm2/σm1

Cd (1, 05 ± 0, 05)10−3 12,5 3,9 (3, 9 ± 0, 8)10−3

Cd + B (0, 85 ± 0, 07)10−3 14,0 5,4 (10, 4 ± 1, 0)10−3

Sc (1, 1 ± 0, 2)10−3 15,5 6,9 (15, 8 ± 2, 4)10−3

’ ¡²¨Í  13. �É´µÏ¥´¨¥ ¸¥Î¥´¨° ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´µ£µ 0−- ¨ µ¸´µ¢´µ£µ 3−-
¸µ¸ÉµÖ´¨° Ö¤·  152Eu ¢ ·¥ ±Í¨ÖÌ (n, γ) ¨ (γ, n)

σm1/(σm1 + σg) Eγ , ŒÔ‚ E − E¶, ŒÔ‚ σm1/(σm1 + σg)

’¥¶²µ¢Ò¥ 9,0 0,4 0, 20 ± 0, 04
´¥°É·µ´Ò 0, 394 ± 0, 005 12,0 3,4 0, 43 ± 0, 08

�¶¨± ¤³.
´¥°É·µ´Ò 0, 399 ± 0, 004 14,0 5,4 0, 47 ± 0, 10

�¥°É·µ´Ò
2 ±Ô‚ 0, 412 ± 0, 005 15,5 6,9 0, 54 ± 0, 10

�¥°É·µ´Ò
55 ±Ô‚ 0, 411 ± 0, 008

�¥°É·µ´Ò
144 ±Ô‚ 0, 366 ± 0, 006
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Š ·É¨´  § ¸¥²¥´¨Ö ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ ·¥ ±Í¨ÖÌ (γ, n) ¨ (n, γ)
¡²¨§± , ´µ ´¥ ¨¤¥´É¨Î´ . ’ ±, ´ ¶·¨³¥·, É¥¶²µ¢Ò¥ ´¥°É·µ´Ò ¶·¨¢´µ¸ÖÉ ¢
Ö¤·µ � = 0, ¨ ˆ� ¶· ±É¨Î¥¸±¨ ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²ÖÕÉ¸Ö Ì · ±É¥·¨¸É¨± ³¨
± ¸± ¤  £ ³³ -±¢ ´Éµ¢. �·¨ ¶µ£²µÐ¥´¨¨ £ ³³ -±¢ ´É  Ö¤·Ê ¶¥·¥¤ ¥É¸Ö ¶· ±-
É¨Î¥¸±¨ Ë¨±¸¨·µ¢ ´´Ò° ³µ³¥´É � = 1. �¤´ ±µ Ì · ±É¥·¨¸É¨±¨ ¢µ§¡Ê¦¤¥´-
´ÒÌ ¸µ¸ÉµÖ´¨° ¤µÎ¥·´¥£µ Ö¤·  ¶·¨ ÔÉµ³ µ¶·¥¤¥²ÖÕÉ¸Ö Ô´¥·£¨¥° ε ¨ ³µ³¥´Éµ³
� Ê²¥É ÕÐ¥£µ ´¥°É·µ´ . (�µ²¥¥ ¤¥É ²Ó´µ¥ ¸µ¶µ¸É ¢²¥´¨¥ ³¥Ì ´¨§³µ¢ ¢µ§¡Ê-
¦¤¥´¨Ö ¨§µ³¥·µ¢ ¢ ·¥ ±Í¨ÖÌ (γ, n) ¨ (n, γ) ¶·¨¢¥¤¥´µ ¢ [80].)

�¨¸. 13. ‘¥Î¥´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´µ£µ
8−-Ê·µ¢´Ö ( ) ¨ ¨§µ³¥·´µ£µ 0−-Ê·µ¢´Ö (¡)
¢ ·¥ ±Í¨¨ 153Eu(γ, n)152m1 ,m2Eu. Š·¨-
¢ Ö 1 Å ¶µ²´µ¥ ¸¥Î¥´¨¥ (γ, n)-·¥ ±Í¨¨ ´ 
Ö¤·¥ 153Eu

Š ± ¢¨¤´µ ¨§ É ¡². 12, 13, ¨§µ-
³¥·´Ò¥ µÉ´µÏ¥´¨Ö σ(0−)/(σ(0−)+
+σ(3−)) ¶·¨ ¸· ¢´¨³ÒÌ Ô´¥·£¨ÖÌ
¢µ§¡Ê¦¤¥´¨Ö ¡²¨§±¨. ‚ ¸²ÊÎ ¥ ¨§µ-
³¥·´µ£µ µÉ´µÏ¥´¨Ö σ(8−)/σ(0−) ¶µ-
²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ˆ� ¤²Ö ·¥ ±Í¨¨
(γ, n) ´  ¶µ·Ö¤µ± ¡µ²ÓÏ¥, Î¥³ ¤²Ö
(n, γ).

�µ·µ£ ·¥ ±Í¨¨ (γ, n) ´  Ö¤·¥
153Eu ¸µ¸É ¢²Ö¥É 8,6 ŒÔ‚ [30].
�Í¥´±  ¶µ·µ£  ¢µ§¡Ê¦¤¥´¨Ö ¨§µ-
³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö 0− ¸µ¸É ¢²Ö¥É
(8, 9 ± 0, 2) ŒÔ‚. �¡· Ð ¥É
´  ¸¥¡Ö ¢´¨³a´¨¥  ´µ³ ²Ó´µ ¢Ò-
¸µ±¨° ®ÔËË¥±É¨¢´Ò°¯ ¶µ·µ£ ·¥-
 ±Í¨¨ 153Eu(γ, n)152m2Eu ¸ ¢µ§¡Ê-
¦¤¥´¨¥³ Ê·µ¢´Ö 8−, ¸µ¸É ¢²ÖÕÐ¨°
(11, 5± 0, 2) ŒÔ‚ ¨ ¶·¥¢ÒÏ ÕÐ¨° ´ 
∼ 3 ŒÔ‚ Ô´¥·£¥É¨Î¥¸±¨° ¶µ·µ£ § ¸¥-
²¥´¨Ö ¸µ¸ÉµÖ´¨Ö 8− ¢ ·¥ ±Í¨¨ (γ, n).

Š ± ¢¨¤´µ ¨§ É ¡². 11, µ¸´µ¢-
´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ ´¥Î¥É´µ-Î¥É´ÒÌ
Ö¤¥· Ö¢²ÖÕÉ¸Ö µ¤´µÎ ¸É¨Î´Ò¥ ¶·µ-
Éµ´´Ò¥ d5/2 ¤²Ö ¸Ë¥·¨Î¥¸±µ£µ 151Eu
¨ [413]5/2 ¤²Ö ¤¥Ëµ·³¨·µ¢ ´´µ£µ
153Eu. ‚ ´¥Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì ±µ´-
Ë¨£Ê· Í¨¨ µ¸´µ¢´ÒÌ 3−- ¨ ¨§µ³¥·-
´ÒÌ 8−-Ê·µ¢´¥° µ¶·¥¤¥²ÖÕÉ¸Ö ÔÉ¨³¨
¶·µÉµ´´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ ¨ ´¥°É·µ´-
´Ò³¨ f5/2 ¤²Ö ¸Ë¥·¨Î¥¸±µ£µ 150Eu ¨ [505]11/2 ¤²Ö ¤¥Ëµ·³¨·µ¢ ´´ÒÌ 152Eu ¨
154Eu. ‚ Éµ ¦¥ ¢·¥³Ö ¨§µ³¥·´Ò° Ê·µ¢¥´Ó 0− ¢ 152Eu ¨³¥¥É ¤·Ê£ÊÕ ±µ´Ë¨£Ê-
· Í¨Õ: µ´ Ëµ·³¨·Ê¥É¸Ö ¨§ ¶·µÉµ´´µ£µ [411]3/2 ¨ ´¥°É·µ´´µ£µ [532]3/2 ¸µ¸Éµ-
Ö´¨°. ‚ Ö¤·¥ 152Eu µ¸´µ¢´µ° 3−- ¨ ¨§µ³¥·´Ò° 0−-Ê·µ¢´¨ ¨³¥ÕÉ § ³¥É´µ · §-
´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢ ±¢ ¤·Ê¶µ²Ó´µ° ¤¥Ëµ·³ Í¨¨, ¢ Éµ ¦¥ ¢·¥³Ö β2 ¨§µ-
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³¥·´µ£µ Ê·µ¢´Ö 8− §´ Î¨É¥²¥´ ¨ ¡²¨§µ± ± ¶ · ³¥É·Ê ¤¥Ëµ·³ Í¨¨ µ¸´µ¢´µ£µ
¸µ¸ÉµÖ´¨Ö. ’ ±¨³ µ¡· §µ³, ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ ·¥ ±Í¨° 151Eu(n, γ)152m1m2Eu
¨ 153Eu(γ, n)152m1m2Eu ¶µÖ¢²Ö¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¨§ÊÎ¨ÉÓ ¢²¨Ö´¨¥ ¤¥Ëµ·³ -
Í¨¨ ´  § ¸¥²¥´¨¥ ¨§µ³¥·µ¢ 152Eu. ‚ · ¡µÉ¥ [80] ¡Ò² ¸¤¥² ´ ¢ ¦´Ò° ¢Ò-
¢µ¤ µ Éµ³, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ § ¸¥²¥´¨Ö ¨§µ³¥·´ÒÌ 8− (¤¥Ëµ·³¨·µ¢ ´´µ£µ) ¨
0− (¸Ë¥·¨Î¥¸±µ£µ) ¸µ¸ÉµÖ´¨° 152Eu ¸² ¡µ § ¢¨¸¨É (¨²¨ ´¥ § ¢¨¸¨É) µÉ Éµ£µ,
¸Ë¥·¨Î¥¸±¨³ ¨²¨ ¤¥Ëµ·³¨·µ¢ ´´Ò³ Ö¢²Ö¥É¸Ö ³ É¥·¨´¸±µ¥ Ö¤·µ. �ÉµÉ ¢Ò¢µ¤
¶µ¤É¢¥·¦¤ ÕÉ ¨ ·¥§Ê²ÓÉ ÉÒ · ¡µÉÒ [81].

�·¨ · ¸¶ ¤¥ ¸µ¸ÉµÖ´¨° £¨£ ´É¸±µ£µ E1-·¥§µ´ ´¸  153Eu ´¥µ¡Ìµ¤¨³ Ö ¢¥-
²¨Î¨´  Jπ = 8− ¤µÎ¥·´¥£µ Ö¤·  ³µ¦¥É ¡ÒÉÓ ¤µ¸É¨£´ÊÉ  ± ¸± ¤µ³ ¤¨¶µ²Ó´ÒÌ
£ ³³ -±¢ ´Éµ¢ ¨§ Î¥ÉÒ·¥Ì ¶¥·¥Ìµ¤µ¢ ¨²¨ ¨¸¶Ê¸± ´¨¥³ ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢ ¸
� = 4. ’µ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ Ê 152Eu µÎ¥´Ó ¢Ò¸µ±¨° (3 ŒÔ‚) ®ÔËË¥±É¨¢-
´Ò°¯ ¶µ·µ£ ¢µ§¡Ê¦¤¥´¨Ö ¢ ·¥ ±Í¨¨ (γ, n) ¸µ¸ÉµÖ´¨Ö 8−, ¶µ-¢¨¤¨³µ³Ê, ¸¢Ö§ ´µ
´¥ ¸ ¤¥Ëµ·³ Í¨¥°,   ¸ ³¥Ì ´¨§³µ³ § ¸¥²¥´¨Ö Ê·µ¢´Ö 8−, ´ ²¨Î¨¥³ ¢Ò¸µ±µ
· ¸¶µ²µ¦¥´´ÒÌ (3,4 ŒÔ‚)  ±É¨¢ Í¨µ´´ÒÌ Ê·µ¢´¥°.

K ± µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö σ(8−)/σ(0−), ¶µ²ÊÎ¥´´Ò¥
¤²Ö ·¥ ±Í¨¨ (γ, n), ´  ¶µ·Ö¤µ± ¡µ²ÓÏ¥, Î¥³ ¤²Ö (n, γ). �É¸Õ¤  ¸²¥¤Ê¥É,
ÎÉµ § ¸¥²¥´¨¥ ¢Ò¸µ±µ¸¶¨´µ¢µ£µ 8−-¨§µ³¥·  ¶·µ¨¸Ìµ¤¨É ÔËË¥±É¨¢´¥¥, ±µ-
£¤  Ö¤·Ê µ¤´µ¢·¥³¥´´µ ¶¥·¥¤ ¥É¸Ö (¨²¨ Ê´µ¸¨É¸Ö) §´ Î¨É¥²Ó´Ò° Ê£²µ¢µ° ³µ-
³¥´É. ‚ ± ¸± ¤¥ ¦¥ £ ³³ -±¢ ´Éµ¢ ÔÉµ ¸µ¸ÉµÖ´¨¥ § ¸¥²Ö¥É¸Ö £µ· §¤µ ³¥´¥¥
ÔËË¥±É¨¢´µ. �Éµ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ, ´ ¶·¨³¥·, ¢ ·¥ ±Í¨ÖÌ (n, 2n) ¤µ²¦¥´
´ ¡²Õ¤ ÉÓ¸Ö ·µ¸É ˆ� ¶µ ¸· ¢´¥´¨Õ ¸ ·¥ ±Í¨Ö³¨ (γ, n).

3.2. ’Ö¦¥²Ò¥ ¤¥Ëµ·³¨·µ¢ ´´Ò¥ Ö¤· . ‚¸¥ · ¸¸³ É·¨¢ ¥³Ò¥ §¤¥¸Ó Ö¤· 
165Ho, 168Er, 180Hf , 184W ¶·¨´ ¤²¥¦ É ± £·Ê¶¶¥ ¸¨²Ó´µ¤¥Ëµ·³¨·µ¢ ´´ÒÌ
 ±¸¨ ²Ó´µ-¸¨³³¥É·¨Î´ÒÌ Ö¤¥· ¨ µ¶¨¸Ò¢ ÕÉ¸Ö ¡²¨§±¨³¨ Ì · ±É¥·¨¸É¨± ³¨.
„µÎ¥·´¨¥ Ö¤· , ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥ ±Í¨¨ (γ, n), ¸É ¡¨²Ó´Ò. ‘¥Î¥´¨Ö ËµÉµ¶µ-
£²µÐ¥´¨Ö σtot ¤²Ö ´¨Ì ¨³¥ÕÉ ¢¨¤ ¤¢Ê£µ·¡ÒÌ ±·¨¢ÒÌ, É¨¶¨Î´Ò° ¤²Ö É ±¨Ì
Ö¤¥· [86, 87]. ‚µ§¡Ê¦¤¥´¨¥ ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ´ ¨¡µ²¥¥ ¶µ²´µ ¨§ÊÎ ²µ¸Ó
¢ · ¡µÉ Ì [88, 89]. • · ±É¥·¨¸É¨±¨ Ö¤¥·: ¸¶¨´-Î¥É´µ¸É¨ µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨°
³ É¥·¨´¸±¨Ì Ö¤¥· Jπ

g0
, ¶µ·µ£¨ ·¥ ±Í¨¨ (γ, n), Ô´¥·£¨¨ ³¥É ¸É ¡¨²Ó´ÒÌ ¸µ¸Éµ-

Ö´¨° Em, ¸¶¨´-Î¥É´µ¸É¨ µ¸´µ¢´ÒÌ Jπ
g - ¨ ¨§µ³¥·´ÒÌ Jπ

m-¸µ¸ÉµÖ´¨° ¤µÎ¥·´¨Ì
Ö¤¥· ¶·¨¢¥¤¥´Ò ¢ É ¡². 14.

ƒµ²Ó³¨°-165. ˆ§µ³¥·´µ¥ ¸µ¸ÉµÖ´¨¥ 164Ho ¸ Jπ = 6− ¨ Ô´¥·£¨¥° 0,14 ŒÔ‚
¨³¥¥É ¶¥·¨µ¤ ¶µ²Ê· ¸¶ ¤  T1/2 = 37 ³¨´, µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ 1+ · ¸¶ ¤ -
¥É¸Ö ¸ ¶¥·¨µ¤µ³ T1/2 = 29, 0 ³¨´. �µ¸±µ²Ó±Ê µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ 164Ho
´¥¸É ¡¨²Ó´µ, Éµ ¤²Ö · ¸Î¥É  ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ Υm/Υg ¢ · -
¡µÉ Ì [88, 89] ¨¸¶µ²Ó§µ¢ ²µ¸Ó ¸µµÉ´µÏ¥´¨¥ (2). ˆ´É¥´¸¨¢´µ¸ÉÓ § ¸¥²¥´¨Ö
¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö µ¶·¥¤¥²Ö² ¸Ó ¶µ £ ³³ -²¨´¨¨ Em = 0, 0375 ŒÔ‚,  
µ¸´µ¢´µ£µ Å ± ± ¸·¥¤´¥¥ ¨´É¥´¸¨¢´µ¸É¨ ¤¢ÊÌ ²¨´¨°: E1 = 0, 0735 ŒÔ‚ ¨
E2 = 0, 0915 ŒÔ‚. �µ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ˆ� η = Υm/(Υm + Υg)
¶·¨¢¥¤¥´Ò ´  ·¨¸. 14. �µ·µ£ ·¥ ±Í¨¨ 165Ho(γ, n)164m,gHo ¢ ¶·¥¤¥² Ì µÏ¨-
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’ ¡²¨Í  14. • · ±É¥·¨¸É¨±¨ Ö¤¥·

Œ É¥·¨´- Jπ
g0

�µ·µ£ „µÎ¥·´¥¥ Jπ
g Jπ

m Em, ∆J = (Jπ
g − Jπ

m)
¸±¨¥ ·¥ ±Í¨¨ Ö¤·o ŒÔ‚
Ö¤·  (γ, n), ŒÔ‚
165Ho 7/2− 8,0 164Ho 1+ 6− 0,140 5

168Er 0+ 7,8 167Er 7/2+ 1/2− 0,208 3

180Hf 0+ 7,4 179Hf 9/2+ 1/2− 0,377 4

184W 0+ 7,4 183W 1/2− 11/2+ 0,304 5

¡µ± ¸µ¢¶ ¤ ¥É ¸ Ô´¥·£¥É¨Î¥¸±¨³ ¶µ·µ£µ³ ·¥ ±Í¨¨ (γ, n)m, ÎÉµ µ¡Ê¸²µ¢²¥´µ
´¥¡µ²ÓÏµ° · §´¨Í¥° ¸¶¨´µ¢ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö 164Ho (Jπ = 6−) ¨ µ¸´µ¢-
´µ£µ ¸µ¸ÉµÖ´¨Ö ³ É¥·¨´¸±µ£µ Ö¤·  165Ho (Jπ = 7/2+).

‘¥Î¥´¨¥ ·¥ ±Í¨¨ (γ, n)m ¤²Ö 165Ho ¶·¨¢¥¤¥´µ ´  ·¨¸. 15. � ¸¸Î¨É ´´Ò¥
¶µ ÔÉ¨³ §´ Î¥´¨Ö³ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö R = σm/(σm +σg) ¸µ¸É ¢²ÖÕÉ ¶·¨
Ô´¥·£¨¨ E = 14 ŒÔ‚ R = 0, 37 ± 0, 03 ¨ ¶·¨ E = 15 ŒÔ‚ R = 0, 33 ± 0, 03.
� ¸Î¥É ¶µ ¨¸¶ ·¨É¥²Ó´µ-± ¶¥²Ó´µ° ³µ¤¥²¨ [31, 32] ¤ ¥É Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥
¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³ ¶·¨ Ë¨±¸ Í¨¨ ¶ · ³¥É·  σ = 3.

�¨¸. 14. ‡ ¢¨¸¨³µ¸ÉÓ ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ ·¥ ±Í¨¨ 165Ho(γ, n)164m,gHo
µÉ ³ ±¸¨³ ²Ó´µ° Ô´¥·£¨¨ Éµ·³µ§´µ£µ ¸¶¥±É· 

ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ ·¥ ±Í¨¨ (n, 2n) ¶·¨ Ô±¢¨¢ ²¥´É´ÒÌ Ô´¥·£¨ÖÌ
¢µ§¡Ê¦¤¥´¨Ö µ¸É ÉµÎ´µ£µ Ö¤·  [39, 90] ¶µ²ÊÎ ÕÉ¸Ö ¡²¨§±¨³¨ ± ¶µ²ÊÎ¥´´Ò³
¢¥²¨Î¨´ ³ R. ‚ · ¡µÉ¥ [90] ¶·¨ Ô´¥·£¨¨ ´¥°É·µ´µ¢ 14,0 ŒÔ‚ ¶µ²ÊÎ¥´µ
§´ Î¥´¨¥ R = 0, 37±0, 04. �·µ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¶µ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ°
³µ¤¥²¨ ¤ ²¨ ¶ · ³¥É· µ£· ´¨Î¥´¨Ö ¸¶¨´  σ = 3, 8. �µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ
Ê± §Ò¢ ÕÉ ´  ¡	o²ÓÏÊÕ ¢¥·µÖÉ´µ¸ÉÓ § ¸¥²¥´¨Ö ¨§µ³¥·´µ£µ (¢Ò¸µ±µ¸¶¨´µ¢µ£µ)
¸µ¸ÉµÖ´¨Ö 6− ¢ ·¥ ±Í¨¨ (n, 2n) ¶µ ¸· ¢´¥´¨Õ ¸ ·¥ ±Í¨¥° (γ, n).
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�¨¸. 15. ‘¥Î¥´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥ ±Í¨¨ (γ, n)m ¤²Ö Ö¤¥· 165Ho,
168Er, 180Hf ¨ 184W

�·¡¨°-168, £ Ë´¨°-180, ¢µ²ÓË· ³-184. „µÎ¥·´¨¥ Ö¤· , ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥-
 ±Í¨¨ (γ, n) ´  Ö¤· Ì 168Er, 180Hf, 184W, ¸É ¡¨²Ó´Ò. �µÔÉµ³Ê ¢ · ¡µÉ Ì
[89, 91] ¸ Í¥²ÓÕ ¨§ÊÎ¥´¨Ö ¢µ§¡Ê¦¤¥´¨Ö ³¥É ¸É ¡¨²Ó´ÒÌ ¸µ¸ÉµÖ´¨° ¨§³¥·Ö-
²¨¸Ó  ¡¸µ²ÕÉ´Ò¥ ¢ÒÌµ¤Ò ·¥ ±Í¨¨ (γ, n)m. OÉ³¥É¨³, ÎÉµ µ¶·¥¤¥²¥´¨¥ ¢Ò-
Ìµ¤  µ¡· §µ¢ ´¨Ö ¨§µ³¥·  167mEr ¢¥²µ¸Ó ¶µ ²¨´¨¨ 0,207 ŒÔ‚, 179mHf Å
¶µ ²¨´¨¨ 0,217 ŒÔ‚ ¨ 183mW Å ¶µ ²¨´¨¨ 0,1079 ŒÔ‚. • · ±É¥·¨¸É¨±¨
£ ³³ -¶¥·¥Ìµ¤µ¢ ¢§ÖÉÒ ¨§ · ¡µÉ [16, 74]. ‚ ± Î¥¸É¢¥ ³¨Ï¥´¥° ¨¸¶µ²Ó§µ¢ -
²¨¸Ó ¨§µÉµ¶¨Î¥¸±¨ µ¡µ£ Ð¥´´Ò¥ ¨§µÉµ¶Ò.
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ˆ§³¥·¥´´Ò¥ §´ Î¥´¨Ö Υm ¸µ¸É ¢²ÖÕÉ §´ Î¨É¥²Ó´ÊÕ Î ¸ÉÓ µÉ ¢ÒÌµ¤  ·¥-
 ±Í¨¨ (γ, n) ´  ÔÉ¨Ì Ö¤· Ì. ‚ÒÌµ¤Ò Υm(E) ¨³¥ÕÉ ¶µ·µ£¨, ¨ ¨Ì §´ Î¥´¨Ö
¤²Ö Ô·¡¨Ö-168 ¨ £ Ë´¨Ö-180 ¸µ¢¶ ¤ ÕÉ c Ô´¥·£¥É¨Î¥¸±¨³¨ ¶µ·µ£ ³¨ ·¥ ±Í¨¨
(γ, n) (Ô´¥·£¨Ö ¶µ·µ£  (γ, n)-·¥ ±Í¨¨ ¶²Õ¸ Ô´¥·£¨Ö ¨§µ³¥·´µ£µ Ê·µ¢´Ö). „²Ö
¢µ²ÓË· ³  ¶µ·µ£ ·¥ ±Í¨¨ (γ, n)m ´  2,5 ŒÔ‚ ¢ÒÏ¥ ¶µ·µ£  ·¥ ±Í¨¨ (γ, n).

�µ²ÊÎ¥´´Ò¥ ¨§ ±·¨¢ÒÌ ¢ÒÌµ¤  ¸¥Î¥´¨Ö ·¥ ±Í¨° 168Er(γ, n)167mEr,
180Hf(γ, n)179mHf ¨ 184W(γ, n)183mW ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 15. “± § ´´Ò¥
µÏ¨¡±¨ ¸É É¨¸É¨Î¥¸±¨¥. �¥µ¶·¥¤¥²¥´´µ¸ÉÓ Ô´¥·£¥É¨Î¥¸±µ° Ï± ²Ò ¸µ¸É ¢²Ö¥É
³¥´¥¥ 1%.

‘· ¢´¥´¨¥ ÔÉ¨Ì ¸¥Î¥´¨° ¸ ¶µ²´Ò³¨ ¸¥Î¥´¨Ö³¨ σtot ·¥ ±Í¨¨ (γ, n) [30]
¶µ± §Ò¢ ¥É, ÎÉµ ¸¥Î¥´¨Ö σm ¸µ¸É ¢²ÖÕÉ ¶·¨³¥·´µ ¶µ²µ¢¨´Ê ¸¥Î¥´¨° σtot.
Œ ±¸¨³Ê³Ò ¸¥Î¥´¨° σm ¨ σn ¤²Ö ¨§µÉµ¶µ¢ 180Hf ¨ 168Er ¢ ¶·¥¤¥² Ì µÏ¨-
¡µ± ¸µ¢¶ ¤ ÕÉ, ³ ±¸¨³Ê³ ¦¥ ¸¥Î¥´¨Ö ¤²Ö 184W ´¥¸±µ²Ó±µ ¸³¥Ð¥´ ¢ ¸Éµ·µ´Ê
¡µ²ÓÏ¨Ì Ô´¥·£¨°.

�µ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¥Î¥´¨Ö σm  ¶¶·µ±¸¨³¨·µ¢ ´Ò ¸Ê³³µ°
¤¢ÊÌ ²µ·¥´Í¨ ´µ¢. � · ³¥É·Ò  ¶¶·µ±¸¨³ Í¨¨: σ1, E1, Γ1, σ2, E2, Γ2 ¶·¨¢¥-
¤¥´Ò ¢ É ¡². 15.

’ ¡²¨Í  15. � · ³¥É·Ò ²µ·¥´Í¥¢¸±¨Ì ±·¨¢ÒÌ

� · ³¥É· 165Ho 168Er 180Hf 184W

σ1 67, 1 ± 1, 7 151, 8 ± 2, 8 157, 7 ± 4, 0 25, 7 ± 1, 3

Γ1 1, 89 ± 0, 06 3, 26 ± 0, 04 3, 11 ± 0, 04 3, 16 ± 0, 15

E1 11, 95 ± 0, 02 12, 0 ± 0, 02 12, 4 ± 0, 02 13, 2 ± 0, 06

σ2 98, 0 ± 0, 8 116, 1 ± 1, 2 91, 8 ± 3, 2 Å

Γ2 4, 15 ± 0, 1 4, 18 ± 0, 15 2, 93 ± 0, 14 Å

E2 14, 5 ± 0, 03 14, 8 ± 0, 03 14, 3 ± 0, 04 Å

� ²¨Î¨¥ ¶µ²´ÒÌ ¸¥Î¥´¨° ËµÉµ¶µ£²µÐ¥´¨Ö ¨ ¶µ²´ÒÌ ¸¥Î¥´¨° σn ·¥ ±Í¨¨
(γ, n) [30] ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¨ÉÓ ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥· Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨° R = σm/(σm + σg) = σm/σn. �µ²Ê-
Î¥´´Ò¥ §´ Î¥´¨Ö RÔ±¸¶ ¸µ¸É ¢²ÖÕÉ ¤²Ö ·¥ ±Í¨¨ 168Er(γ, n)167mEr Å 0,58 ¶·¨
E = 12, 25 ŒÔ‚ ¨ 0,65 ¶·¨ E = 13, 25 ŒÔ‚, ¤²Ö ·¥ ±Í¨¨ 180Hf(γ, n)179mHf Å
0,51 ¶·¨ E = 12, 25 ŒÔ‚ ¨ 0,55 ¶·¨ E = 13, 25 ŒÔ‚ ¨ ¤²Ö ·¥ ±Í¨¨
184W(γ, n)183mW ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ¢¥²¨Î¨´  ¸µ¸É ¢²Ö¥É 0,055 ¨ 0,07. �µ-
£·¥Ï´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö R ∼ 15Ä20%.

� ¨³¥´ÓÏ¥¥ §´ Î¥´¨¥ RÔ±¸¶ ¶µ²ÊÎ¥´µ ¤²Ö 184W (∆J = 5). ‚ Éµ ¦¥
¢·¥³Ö RÔ±¸¶ ¤²Ö ·¥ ±Í¨° 168Er(γ, n)167mEr ¨ 180Hf(γ, n)179mHf ¢ ¶·¥¤¥² Ì
20% ¸µ¢¶ ¤ ÕÉ. � §¢¨É¨¥ ± ¸± ¤µ¢ £ ³³ -±¢ ´Éµ¢ ¶·¨ ¸´ÖÉ¨¨ ¢µ§¡Ê¦¤¥-
´¨Ö Ö¤¥· 167Er ¨ 179Hf ¨¤¥É ¢ µ¸´µ¢´µ³ ¨§ ¸µ¸ÉµÖ´¨° ¸ ³ ²Ò³¨ ¸¶¨´ ³¨.
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‚ µ¡µ¨Ì ¸²ÊÎ ÖÌ Ö¤·  168Er ¨ 180Hf ¶µ¸²¥ ¶µ£²µÐ¥´¨Ö ¤¨¶µ²Ó´µ£µ £ ³³ -
±¢ ´É  ¶¥·¥Ìµ¤ÖÉ ¨§ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö 0+ ¢ 1−. ‘¶¥±É·Ò ¨¸¶Ê¸± ¥³ÒÌ
´¥°É·µ´µ¢ ¢¢¨¤Ê ¡²¨§µ¸É¨ Ì · ±É¥·¨¸É¨± Ö¤¥· ¶· ±É¨Î¥¸±¨ ¨¤¥´É¨Î´Ò. ‚
µ¡µ¨Ì ¸²ÊÎ ÖÌ ¨§µ³¥·´µ¥ ¸µ¸ÉµÖ´¨¥ ¨³¥¥É Jπ = 1/2−,   ´ ²¨Î¨¥ ¢ Ö¤·¥
179Hf ±µ´±Ê·¨·ÊÕÐ¥£µ (´ Ìµ¤ÖÐ¥£µ¸Ö ³¥¦¤Ê ¨§µ³¥·´Ò³ ¨ µ¸´µ¢´Ò³ ¸µ¸Éµ-
Ö´¨Ö³¨) Ê·µ¢´Ö 7/2− ¤¥² ¥É ÔÉ¨ Ö¤·  ¢ ¨§¢¥¸É´µ³ ¸³Ò¸²¥ ¡²¨§´¥Í ³¨. � -
²¨Î¨¥ ´¥¡µ²ÓÏµ£µ · ¸Ìµ¦¤¥´¨Ö (RÔ±¸¶ ¤²Ö 168Er ´¥¸±µ²Ó±µ ¡µ²ÓÏ¥) ³µ¦¥É
¡ÒÉÓ ¸¢Ö§ ´µ c ¤¢Ê³Ö ¶·¨Î¨´ ³¨ Å ¸ · §´¨Í¥° Ô´¥·£¨° ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ-
´¨° (0,208 ŒÔ‚ ¤²Ö 167mEr ¨ 0,377 ŒÔ‚ ¤²Ö 179mHf) ¨ c µÉ²¨Î¨¥³ Î¥É´µ¸É¨
¸µ¸ÉµÖ´¨° (¤²Ö Ô·¡¨Ö Jπ

m = 1/2−, Jπ
g = 7/2+, ¤²Ö £ Ë´¨Ö Jπ

m = 1/2−,  
¸¶¨´-Î¥É´µ¸ÉÓ ±µ´±Ê·¨·ÊÕÐ¥£µ Ê·µ¢´Ö Jπ

±µ´± = 7/2−).

’µ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ Ì · ±É¥·¨¸É¨±¨ Ê·µ¢´¥°, ÊÎ¨ÉÒ¢ ¥³ÒÌ ¶·¨ ¶µ-
¸²¥¤´¥³ (·¥Ï ÕÐ¥³) ¶¥·¥Ìµ¤¥ ± ¸± ¤  £ ³³ -±¢ ´Éµ¢ ¤²Ö Ö¤¥· 167Er ¨ 179Hf,
±·µ³¥ Î¥É´µ¸É¨, ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ÕÉ, ¶µ-¢¨¤¨³µ³Ê, ¶·¥¤¸É ¢²Ö¥É Ê¤µ¡´Ò°
¸²ÊÎ ° ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¢²¨Ö´¨Ö Î¥É´µ¸É¨ ´  ¢¥²¨Î¨´Ê ¨§µ³¥·´µ£µ µÉ´µÏ¥-
´¨Ö. �¤´ ±µ ¡²¨§µ¸ÉÓ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¤²Ö µ¡µ¨Ì Ö¤¥· Ê± §Ò¢ ¥É ´ 
´¥§´ Î¨É¥²Ó´µ¸ÉÓ ¢²¨Ö´¨Ö Î¥É´µ¸É¨ ¶µ¸²¥¤´¥£µ ¶¥·¥Ìµ¤  ´  ¢¥²¨Î¨´Ê RÔ±¸¶.

�µ¸²¥¤µ¢ É¥²Ó´Ò° É¥µ·¥É¨Î¥¸±¨° ¶µ¤Ìµ¤ ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥-
²¨ ´¥ ¤ ¥É ¤µ¸É ÉµÎ´µ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ£µ µ¶¨¸ ´¨Ö ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨°
. „²Ö 168Er ¨ 180Hf µ´¨ ´¥¸±µ²Ó±µ § ´¨¦¥´Ò,   ¤²Ö 184W §´ Î¨É¥²Ó´µ § -
¢ÒÏ¥´µ ¶µ ¸· ¢´¥´¨Õ ¸ RÔ±¸¶. Š ¸µ£² ¸¨Õ ¸ µ¶ÒÉµ³ ¶·¨¢µ¤¨É Ë¨±¸ Í¨Ö
¶ · ³¥É·  µ£· ´¨Î¥´¨Ö ¶µ ¸¶¨´Ê σ ¢ Ëµ·³Ê²¥ �¥É¥ Å �²µÌ  (3). �·¨ ÔÉµ³
¤²Ö 168Er ¶µ²ÊÎ¥´µ ¸µ£² ¸¨¥ ¶·¨ σ = 2, 0, ¤²Ö 180Hf Å ¶·¨ σ = 2, 2 ¨ ¤²Ö
184W Å ¶·¨ σ = 3, 0.

3.3. �¥´¨°-185. �¥Î¥É´µ-Î¥É´Ò¥ Ö¤·  Re ²¥¦ É ¢ ¶¥·¥Ìµ¤´µ° µ¡² ¸É¨
µÉ ¸¨²Ó´µ¤¥Ëµ·³¨·µ¢ ´´ÒÌ  ±¸¨ ²Ó´µ-¸¨³³¥É·¨Î´ÒÌ Ö¤¥· ± ¸Ë¥·¨Î¥¸±¨³.
�¡· §ÊÕÐ¨°¸Ö ¢ ·¥ ±Í¨¨ (γ, n) ´¥¸É ¡¨²Ó´Ò° ¨§µÉµ¶ 184Re ¨³¥¥É ¢Ò¸µ-
±µ¸¶¨´µ¢Ò° ¨§µ³¥· ¸ Jπ = 8+ ¨ T1/2 = 165 ¸ÊÉ. �¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥
¨³¥¥É Jπ = 3− ¨ T1/2 = 38 ¸ÊÉ. ‚ · ¡µÉ Ì [81, 92] ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥
¢ÒÌµ¤µ¢ Υm/Υg µ¶·¥¤¥²Ö²µ¸Ó ¶µ £ ³³ -²¨´¨Ö³ ¸ Ô´¥·£¨¥° 903 ¨ 921 ±Ô‚,
¶·¨´ ¤²¥¦ Ð¨Ì · ¸¶ ¤Ê 184gRe ¨ 184mRe ¸µµÉ¢¥É¸É¢¥´´µ. „²Ö µ¡²ÊÎ¥´¨Ö ¨¸-
¶µ²Ó§µ¢ ²¨¸Ó ³¨Ï¥´¨ ¨§ µ¡µ£ Ð¥´´µ£µ 185Re (96%). “Î ¸Éµ±  ¶¶ · ÉÊ·´µ£µ
£ ³³ -¸¶¥±É·  µÉ · ¸¶ ¤  184Re ¶·¨¢¥¤¥´ ´  ·¨¸. 16.

�µ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ d =
= Υm/Υg ¤²Ö ·¥ ±Í¨¨ 185Re(γ, n)184m,gRe ¶µ± § ´Ò ÉµÎ± ³¨ ´  ·¨¸. 17.
�µ£·¥Ï´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö ¸µ¸É ¢¨²  ∼ 3%. ‘¶²µÏ´µ° ±·¨¢µ° ´  ·¨¸. 17
¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ d = A·th[B(E − E0)]. �¶¶·µ±¸¨³ Í¨Ö µ¸ÊÐ¥¸É¢²Ö-
² ¸Ó ³¥Éµ¤µ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢. �¶É¨³ ²Ó´ Ö ¶µ¤£µ´±  ¶µ²ÊÎ¥´  ¤²Ö
A = 0, 0549± 0, 02, B = 0, 0467± 0, 02, E0 = 9, 84 ± 0, 01.

�µ·µ£ ·¥ ±Í¨¨ (γ, n) ´  Ö¤·¥ 185Re ¸µ¸É ¢²Ö¥É 7,8 ŒÔ‚. �±¸¶¥·¨³¥´É ²Ó-
´ Ö Ô´¥·£¨Ö ¶µ·µ£  ·¥ ±Í¨¨ 185Re(γ, n)184mRe · ¢´  (9, 8±0, 14) ŒÔ‚. …¸²¨
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�¨¸. 16. “Î ¸Éµ± Ô±¸¶¥·¨³¥´É ²Ó´µ£µ γ-¸¶¥±É·  ¨ Ë· £³¥´É ¸Ì¥³Ò · ¸¶ ¤  184Re

ÊÎ¥¸ÉÓ, ÎÉµ Ô´¥·£¨Ö ¨§µ³¥·´µ£µ Ê·µ¢´Ö 184Re · ¢´  0,188 ŒÔ‚, Éµ ¢¨¤´µ, ÎÉµ
Em

¶µ· ¡µ²ÓÏ¥ En
¶µ· ´  1,8 ŒÔ‚. � ²¨Î¨¥ §´ Î¨É¥²Ó´µ£µ ÔËË¥±É¨¢´µ£µ ¶µ·µ£ ,

�¨¸. 17. ‡ ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨
¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö ¢ÒÌµ¤µ¢ ·¥ ±Í¨¨
185Re(γ, n)184m,gRe

± ± ¨ ¢ ¸²ÊÎ ¥ 153Eu, ¸¢Ö§ ´µ ¸µ
§´ Î¨É¥²Ó´Ò³ Ê£²µ¢Ò³ ³µ³¥´Éµ³ ¨§µ-
³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö (Jπ = 8+) ¨ § -
³¥É´µ° · §´¨Í¥° Ê£²µ¢µ£µ ³µ³¥´É 
³ É¥·¨´¸±µ£µ Ö¤·  (Jπ = 5/2+) ¨
¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö ¤µÎ¥·´¥£µ Ö¤· 
(Jπ = 8+).

ˆ³¥ÕÐ¨¥¸Ö ¢ ²¨É¥· ÉÊ·¥ ¤ ´´Ò¥
¶µ ¶µ²´Ò³ ¸¥Î¥´¨Ö³ (γ, n)-·¥ ±Í¨¨
[30] ¶µ§¢µ²¨²¨ · ¸¸Î¨É ÉÓ ¸¥Î¥´¨¥ ·¥-
 ±Í¨¨ 185Re(γ, n)184m,gRe. �µ²ÊÎ¥´-
´µ¥ ¸¥Î¥´¨¥ σm ¨ ¥£µ ¸· ¢´¥´¨¥ ¸ ¸¥-
Î¥´¨¥³ σ(γ, n) ¶·¨¢¥¤e´µ ´  ·¨¸. 18.
ˆ§ ¸µ¶µ¸É ¢²¥´¨Ö σm ¨ σ(γ, n) ¸²¥-
¤Ê¥É, ÎÉµ ¨§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥-
Î¥´¨° · ¢´Ò R = 0, 0185 ¶·¨ E =
= 13, 5 ŒÔ‚, 0,027 ¶·¨ E=14, 5ŒÔ‚
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¨ 0,039 ¶·¨ E = 15, 5 ŒÔ‚. �Í¥´±  ¶µ£·¥Ï´µ¸É¨ µ¶·¥¤¥²¥´¨Ö R ¸µ¸É -
¢²Ö¥É ∼ 15%. �·¨¢¥¤¥´´Ò° ¢ · ¡µÉ¥ · ¸Î¥É ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¸¥Î¥´¨°
¤ ¥É ¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³ ¶·¨ Ë¨±¸ Í¨¨ ¶ · ³¥É·  µ£· ´¨Î¥´¨Ö ¸¶¨´ 
σ � 3, 0.

�¨¸. 18. ‡ ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨Ö ·¥ ±Í¨¨
185Re(γ, n)184mRe µÉ Ô´¥·£¨¨ ¨ ¸· ¢´¥-
´¨¥ ¥£µ ¸ ¶µ²´Ò³ ËµÉµ´¥°É·µ´´Ò³ ¸¥Î¥-
´¨¥³ σ(γ, n)

�·¥¤¸É ¢²Ö¥É¸Ö ¨´É¥·¥¸´Ò³ ¸· ¢-
´¨ÉÓ ˆ� ¤²Ö ·¥ ±Í¨¨ (γ, n) ¸ ¨§µ³¥·-
´Ò³¨ µÉ´µÏ¥´¨Ö³¨ ¤²Ö 184mRe, ¶µ-
²ÊÎ¥´´Ò³¨ ¢ ¤·Ê£¨Ì ·¥ ±Í¨ÖÌ.

‚ · ¡µÉ¥ [90] ¸ ¶µ³µÐÓÕ ¡Ò¸É-
·ÒÌ ´¥°É·µ´µ¢ 14,8 ŒÔ‚ ¨¸¸²¥¤µ-
¢ ´  ·¥ ±Í¨Ö 185Re(n, 2n)184m,gRe.
�µ²ÊÎ¥´´µ¥ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥
σm/σtot = 0, 15 ± 0, 08 §´ Î¨É¥²Ó´µ
¢ÒÏ¥, Î¥³ ¶µ²ÊÎ¥´´µ¥ ¢ · ¡µÉ Ì
[81, 92] ¶·¨  ´ ²µ£¨Î´ÒÌ Ô´¥·£¨ÖÌ
γ-±¢ ´Éµ¢. ’ ±µ¥ · ¸Ìµ¦¤¥´¨¥ µ¡Ñ-
Ö¸´Ö¥É¸Ö § ³¥É´Ò³ Ê£²µ¢Ò³ ³µ³¥´-
Éµ³, ¶·¨¢´µ¸¨³Ò³ ¢ Ö¤·µ ¡Ò¸É·Ò³
´¥°É·µ´µ³.

�  ¶¥·¢Ò° ¢§£²Ö¤,  ´ ²µ£¨Î´ Ö
± ·É¨´  ¤µ²¦´  ¡Ò²  ¡Ò ´ ¡²Õ-
¤ ÉÓ¸Ö ¨ ¢ ·¥ ±Í¨¨ (p, n). �¤´ ±µ
É ±µ£µ ´¥ ¶·µ¨¸Ìµ¤¨É. ‚ · ¡µÉ¥
[85] ¨§³¥·¥´µ ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥

σm/σg ¢ ·¥ ±Í¨¨ 184W(p, n)184Re ¢ µ¡² ¸É¨ Ô´¥·£¨° ¶·µÉµ´µ¢ 4 ÷ 26 ŒÔ‚.
�µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö σm/σg ¶·¨¢¥¤¥´Ò ¢ É ¡². 16. ‚¨¤´µ, ÎÉµ σm/σg ³ ²Ò
¨ ¸· ¢´¨³Ò ¸ ¢¥²¨Î¨´ ³¨, ¶µ²ÊÎ¥´´Ò³¨ ¢ ·¥ ±Í¨¨ (γ, n). ’ ±µ¥ ¶µ¢¥¤¥´¨¥
¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨°, ¶µ-¢¨¤¨³µ³Ê, ¸¢Ö§ ´µ ¸ ³¥Ì ´¨§³µ³ ·¥ ±Í¨¨ (p, n),
§´ Î¨É¥²Ó´Ò³ ¢±² ¤µ³ ¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¨ ¶·¥¨³ÊÐ¥¸É¢¥´´Ò³ § ¸¥²¥´¨¥³
¸µ¸ÉµÖ´¨° Ö¤·  184Re ¸ ´¨§±¨³¨ ¸¶¨´ ³¨.

’ ¡²¨Í  16. ˆ§µ³¥·´Ò¥ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨° ¢ ·¥ ±Í¨¨ 184W(p, n)184m,gRe

Ep, ŒÔ‚ σm/σg Ep, ŒÔ‚ σm/σg

3,8 0, 028 ± 0, 003 12,0 0, 040 ± 0, 005

4,7 0, 040 ± 0, 004 20,0 0, 058 ± 0, 005

5,45 0, 043 ± 0, 004 23,0 0, 10 ± 0, 01

6,15 0, 058 ± 0, 004 26,0 0, 15 ± 0, 03

6,7 0, 075 ± 0, 005
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‚µ§¡Ê¦¤¥´¨¥ ³¥É ¸É ¡¨²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö 8+ 184Re ¨¸¸²¥¤µ¢ ²µ¸Ó ¨ ¢
(α, n)-·¥ ±Í¨¨ [92]. �±¸¶¥·¨³¥´É ²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ σm/σg ¤²Ö ·¥ ±Í¨¨
181Ta(α, n)184m,gRe ´µ¸¨É ¸²µ¦´Ò° Ì · ±É¥· ¨ ¶·¨¢¥¤¥´  ´  ·¨¸. 19. �¡· -
Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ´¥Ì · ±É¥·´Ò° µ¡· É´Ò° Ìµ¤ § ¢¨¸¨³µ¸É¨ σm/σg µÉ
Ô´¥·£¨¨ ¶·¨ Eα < 15 ŒÔ‚. �¡ÑÖ¸´¥´¨¥ ÔÉµ£µ ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸ ´ ²¨-
Î¨¥³ ¸¨²Ó´µ£µ ±¢ §¨Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö α-Î ¸É¨Í ¨²¨ ¶µ¢ÒÏ¥´´Ò³ ¢Ò²¥Éµ³
¢ µ¡² ¸É¨ ´¨§±¨Ì Ô´¥·£¨° ¸µ¸É ¢´µ£µ Ö¤·  ¨§ ´¨§±µ¸¶¨´µ¢ÒÌ ¸µ¸ÉµÖ´¨° ¶·µ-
Éµ´µ¢. �Éµ ¶·¨¢µ¤¨É ± µ¡¥¤´¥´¨Õ ´¨§±µ¸¶¨´µ¢ÒÌ ¸µ¸ÉµÖ´¨°, ÎÉµ ¶·¨¢µ¤¨É ±
Ê¢¥²¨Î¥´¨Õ σm/σg.

�¨¸. 19. ‘· ¢´¥´¨¥ ¨§µ³¥·´ÒÌ
µÉ´µÏ¥´¨° ¤²Ö Ö¤·  184Re, ¶µ²Ê-
Î¥´´ÒÌ ¤²Ö ·¥ ±Í¨¨ (γ, n) ( ) ¸
·¥§Ê²ÓÉ É ³¨, ¶µ²ÊÎ¥´´Ò³¨ ¢ ·¥-
 ±Í¨ÖÌ: ¡) (p, n), ¢) (p, 2n) ¨
£) (α, n)

�  ·¨¸. 19 ¶·µ¢¥¤¥´µ ¸· ¢´¥´¨¥ ¶µ²Ê-
Î¥´´ÒÌ ¤ ´´ÒÌ σ8+/σ3− ¤²Ö ·¥ ±Í¨° (γ, n),
(p, n), (α, n): ±·¨¢ Ö a (É¥³´Ò¥ ÉµÎ±¨)
σm/σg Å ¤²Ö ·¥ ±Í¨¨ (γ, n) [92], ±·¨¢ Ö
¡ (±·¥¸É¨±¨) Å ¤²Ö ·¥ ±Í¨¨ (p, n) [85] ¨
±·¨¢ Ö £ (¸¢¥É²Ò¥ ÉµÎ±¨) Å ¤²Ö ·¥ ±Í¨¨
(α, n) [81].

K ± ¢¨¤´µ, µ¡Ð¨° Ìµ¤ § ¢¨¸¨³µ¸É¥°
(p, n)- ¨ (α, n)-·¥ ±Í¨° ¶µ¤µ¡¥´. �¥§Ê²Ó-
É ÉÒ · ¸Î¥É  ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö ¤²Ö
(p, n)-·¥ ±Í¨¨ ¢ · ³± Ì ± ¸± ¤´µ-¨¸¶ ·¨-
É¥²Ó´µ° ³µ¤¥²¨ [85, 93] ¤²Ö · §²¨Î´ÒÌ ¶ -
· ³¥É·µ¢ ¶µ± § ²¨, ÎÉµ · ¸Î¥É´ Ö ±·¨¢ Ö ¤²Ö
(p, n)-p¥ ±Í¨¨ Ö¢´µ ÊÌµ¤¨É µÉ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ §´ Î¥´¨° ¸ ¶µ¢ÒÏ¥´¨¥³ Ô´¥·£¨¨
´ ²¥É ÕÐ¨Ì ¶·µÉµ´µ¢. ‚ Éµ ¦¥ ¢·¥³Ö ¤²Ö
(α, n)-·¥ ±Í¨° ¶·µ¢¥¤¥´´Ò° · ¸Î¥É ¶µ  ´ -
²µ£¨Î´µ° ¸Ì¥³¥ ¢ µ¡² ¸É¨ 20 ÷ 40 ŒÔ‚ ¤ ¥É
Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ ¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´-
Éµ³. �µ-¢¨¤¨³µ³Ê, É ±µ¥ · §²¨Î¨¥ Ê± §Ò¢ ¥É
´  Éµ, ÎÉµ ³¥Ì ´¨§³ ·¥ ±Í¨¨ (p, n) µÉ²¨Î ¥É¸Ö µÉ (α, n) ¨ (γ, n).

3.4. ‡µ²µÉµ-197. ˆ§µÉµ¶ 197Au ¶·¨´ ¤²¥¦¨É ± ¸Ë¥·¨Î¥¸±¨³ Ö¤· ³. ‚µ§-
´¨± ÕÐ¨° ¢ ·¥ ±Í¨¨ (γ, n) ´¥¸É ¡¨²Ó´Ò° ¨§µÉµ¶ 196Au ¨³¥¥É ¨§µ³¥· 196mAu
(Jπ = 12−, T1/2 = 9, 7 Î) ¨ µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ 196gAu (Jπ = 2−, T1/2 =
= 6, 18 ¸ÊÉ). ‚ · ¡µÉ¥ [94] ¢ µ¡² ¸É¨ Ô´¥·£¨° 10 ÷ 70 ŒÔ‚ ¨¸¸²¥¤µ-
¢ ´  § ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢ ¢ ·¥ ±Í¨ÖÌ
197Au(γ, n)196m,gAu ¨ 197Au(e, e′n)196m,gAu. ˆ§³¥·¥´¨Ö ¶·µ¢¥¤¥´Ò ¶µ  ±É¨-
¢ Í¨µ´´µ° ³¥Éµ¤¨±¥. �µ²ÊÎ¥´´ Ö ¤²Ö ·¥ ±Í¨¨ (γ, n) § ¢¨¸¨³µ¸ÉÓ µÉ´µ¸¨É¥²Ó-
´ÒÌ ˆ� κ = d(Eγ max)/d(Eγ max = 52 ŒÔ‚) = f(Eγ max) ¨³¥¥É ¢¨¤ ±·¨¢µ°
´ ¸ÒÐ¥´¨Ö ¨ ¶·¨¢¥¤¥´  ´  ·¨¸. 20. ˆ§  ´ ²¨§  κ = f(Eγ max) ¢¨¤´µ, ÎÉµ
·¥ ±Í¨Ö (γ, n)m ´  §µ²µÉ¥ ¨³¥¥É ¶µ·µ£ ∼ 12 ŒÔ‚, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ ¢ÒÏ¥
¶µ·µ£  (γ, n)-·¥ ±Í¨¨ 8,1 ŒÔ‚.
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�¨¸. 20. ‡ ¢¨¸¨³µ¸ÉÓ µÉ £· ´¨Î´µ° Ô´¥·£¨¨ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö µÉ´µ¸¨É¥²Ó-
´ÒÌ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° κ = d(Eγ max)/d(Eγ, max = 52 ŒÔ‚) ¤²Ö ·¥ ±Í¨¨
197Au(γ, n)196m,gAu

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ [94], ÎÉµ µ¸o¡¥´´µ ¢¥²¨±  ¢¥·µÖÉ´µ¸ÉÓ ¢µ§¡Ê¦¤¥´¨Ö
¸µ¸ÉµÖ´¨Ö Jπ = 12− ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ ¶·¨ ¡µ²ÓÏ¨Ì ¶¥·¥-
¤ ¢ ¥³ÒÌ ³µ³¥´É Ì [95, 96]. ’ ±, ¨§µ³¥·´µ¥ µÉ´µÏ¥´¨¥ ¸¥Î¥´¨° σ12−/σ2−

¢ ·¥ ±Í¨¨ 192Os(11B, α3n)196m,gAu ¶µ¤ ¤¥°¸É¢¨¥³ ¨µ´µ¢ 11B ¶·¨ ¸·¥¤´¥³
¢´µ¸¨³µ³ ³µ³¥´É¥ � = 15 ¶µ ¤ ´´Ò³ · ¡µÉÒ [95] ¸µ¸É ¢²Ö¥É 3 · 10−1. Š ±
¶µ± § ´µ ¢ · ¡µÉ¥ [95], ¶·¨ Ê³¥´ÓÏ¥´¨¨ ¶¥·¥¤ ¢ ¥³µ£µ ³µ³¥´É  µÉ´µÏ¥´¨¥
¢ÒÌµ¤µ¢ 196mAu ¨ 196gAu ¤µ¢µ²Ó´µ ·¥§±µ Ê³¥´ÓÏ ¥É¸Ö ¨ ¶·¨ ¸·¥¤´¥³ ¢´µ-
¸¨³µ³ ³µ³¥´É¥ � = 3 ¸µ¸É ¢²Ö¥É 1, 7 · 10−2. ‚ ¸²ÊÎ ¥ ·¥ ±Í¨° (e, e′n) ¨
µ¸µ¡¥´´µ (γ, n), ±µ£¤  ¶· ±É¨Î¥¸±¨ ¨³¥¥É ³¥¸Éµ Éµ²Ó±µ ¤¨¶µ²Ó´µ¥ (� = 1) ¸
´¥¡µ²ÓÏµ° ¶·¨³¥¸ÓÕ ±¢ ¤·Ê¶µ²Ó´µ£µ (� = 2) ¶µ£²µÐ¥´¨Ö, ¢¥·µÖÉ´µ¸ÉÓ ¢µ§-
¡Ê¦¤¥´¨Ö ¸µ¸ÉµÖ´¨Ö Jπ = 12− ´¥¢¥²¨±  ¨ ¸µ¸É ¢²Ö¥É ¶·¨ Eγ max = 50 ŒÔ‚
(6, 1 ± 0, 4) · 10−4, ÎÉµ ¸µ£² ¸Ê¥É¸Ö ¸ · ´¥¥ ¶µ²ÊÎ¥´´Ò³ §´ Î¥´¨¥³ 5 · 10−4

[97]. ‚ µ¡² ¸É¨ ´ ¸ÒÐ¥´¨Ö ¢±² ¤ ±¢ ¤·Ê¶µ²Ó´µ£µ ¶µ£²µÐ¥´¨Ö ¢ ˆ� ¸µ¸É -
¢²Ö¥É ∼ 9%.

ˆ§ ¸µ¶µ¸É ¢²¥´¨Ö ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢ ¢ ·¥ ±Í¨¨ (γ, n) ¨
(e, e′n) ¢ · ¡µÉ¥ [54] ¸¤¥² ´ ¢Ò¢µ¤, ÎÉµ ´ ¡²Õ¤ ¥³µ¥ ¢ µ¡² ¸É¨ Ô´¥·£¨° ¢µ§-
¡Ê¦¤¥´¨Ö ∼ 12 ÷ 20 ŒÔ‚ ·¥§±µ¥ Ê¢¥²¨Î¥´¨¥ ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö ´¥ ¸¢Ö-
§ ´µ, ± ± ÔÉµ ³µ¦´µ ¡Ò²µ ¶·¥¤¶µ²µ¦¨ÉÓ, ¸ Ê¢¥²¨Î¥´¨¥³ ¤µ²¨ ±¢ ¤·Ê¶µ²Ó´ÒÌ
¶µ£²µÐ¥´¨°,   ¤µ²¦´µ ¡ÒÉÓ ¸¢Ö§ ´µ ¸ ³¥Ì ´¨§³µ³ § ¸¥²¥´¨Ö ¢Ò¸µ±µ¸¶¨´µ-
¢ÒÌ ¸µ¸ÉµÖ´¨°. � ¨¡µ²¥¥ ¢¥·µÖÉ´Ò³ Ö¢²Ö¥É¸Ö ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ÔÉµ § ¸¥-
²¥´¨¥ ¶·µ¨¸Ìµ¤¨É ¢ ·¥§Ê²ÓÉ É¥ ± ¸± ¤µ¢ ¨§ ¡µ²ÓÏµ£µ Î¨¸²  £ ³³ -¶¥·¥Ìµ¤µ¢,
Ê¸²µ¢¨Ö µ¡· §µ¢ ´¨Ö ±µÉµ·ÒÌ ¸É ´µ¢ÖÉ¸Ö ¢¸¥ ¡² £µ¶·¨ÖÉ´¥¥ ¸ Ê¢¥²¨Î¥´¨¥³
Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö. ‚µ§³µ¦´µ [94], ÎÉµ Î ¸É¨Î´µ ÔÉµÉ ·µ¸É ¸¢Ö§ ´ ¸ Ê¢¥²¨-
Î¥´¨¥³ ³µ³¥´Éµ¢, Ê´µ¸¨³ÒÌ ±¢ §¨¶·Ö³Ò³¨ ´¥°É·µ´ ³¨, ´ ¡²Õ¤ ¥³Ò³¨ ¶·¨
Ô´¥·£¨ÖÌ ¢ÒÏ¥ ∼ 20 ŒÔ‚.
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� ¸¸³ É·¨¢ Ö ¸µ¢·¥³¥´´µ¥ ¸µ¸ÉµÖ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö ¢µ§-
¡Ê¦¤¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ·¥ ±Í¨¨ (γ, n) ¢ µ¡² ¸É¨ £¨£ ´É¸±µ£µ ¤¨-
¶µ²Ó´µ£µ ·¥§µ´ ´¸ , ³µ¦´µ µÉ³¥É¨ÉÓ ¸²¥¤ÊÕÐ¥¥.

Å ‡  ¶µ¸²¥¤´¥¥ ¢·¥³Ö ´  ¸µ¢·¥³¥´´µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ¡ §¥ ¨§³¥-
·¥´Ò § ¢¨¸¨³µ¸É¨ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨° ¢ÒÌµ¤µ¢ µÉ Ô´¥·£¨¨ £ ³³ -±¢ ´Éµ¢,
¨¸¸²¥¤µ¢ ´  Ô¢µ²ÕÍ¨Ö ˆ� ¸ ¨§³¥´¥´¨¥³ ³ ¸¸Ò Ö¤¥·, ¶µ²ÊÎ¥´Ò ¸¥Î¥´¨Ö ¢µ§-
¡Ê¦¤¥´¨Ö ¨§µ³¥·µ¢ ¤²Ö Ï¨·µ±µ£µ ±·Ê£  Ö¤¥· ¢ µ¡² ¸É¨ 45 < A < 200.

Å „²Ö ³ £¨Î¥¸±¨Ì Ö¤¥· ¸ N = 50 µ¡´ ·Ê¦¥´  ¸É·Ê±ÉÊ·  ¸¥Î¥´¨°
(γ, n)m-·¥ ±Í¨¨ ¢ ¶·¨¶µ·µ£µ¢µ° µ¡² ¸É¨, ¸¢Ö§ ´´ Ö ¸µ ¸¶¥±É·µ³ ´¨§±µÔ´¥·-
£¥É¨Î¥¸±¨Ì ¢µ§¡Ê¦¤¥´¨° ¤µÎ¥·´¨Ì Ö¤¥·.

Å ‚¥²¨Î¨´  ¨§µ³¥·´µ£µ µÉ´µÏ¥´¨Ö § ¸¥²¥´¨Ö ¢Ò¸µ±µ¸¶¨´µ¢µ° ±µ³¶µ-
´¥´ÉÒ ¨§µ³¥·´µ° ¶ ·Ò ¤²Ö Ö¤¥· fpg-µ¡µ²µÎ±¨ ±µ··¥²¨·Ê¥É ¸ ±µ²¨Î¥¸É¢µ³
´¥°É·µ´µ¢ ´  Ê·µ¢´ÖÌ 1g9/2, ÎÉµ ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸ ¶µ²Ê¶·Ö³Ò³ ³¥Ì ´¨§-
³µ³ (γ, n)m-·¥ ±Í¨¨.

Å „²Ö Ö¤¥·, ¶·¨´ ¤²¥¦ Ð¨Ì µ¡µ²µÎ±¥ N = 82, µ¡´ ·Ê¦¥´ ÔËË¥±É ·¥§-
±µ£µ Ê³¥´ÓÏ¥´¨Ö § ¸¥²¥´¨Ö ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö 1h11/2 ¸ Ê¢¥²¨Î¥´¨¥³ A
¶·¨ ¶¥·¥Ìµ¤¥ Z = 58Ä60.

Å „²Ö Ö¤·  152Eu ¶µ± § ´µ, ÎÉµ ¶·¨ · ¸¶ ¤¥ ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ-
¸ÉµÖ´¨°, ¢ µÉ²¨Î¨¥ µÉ ´¨§±µ²¥¦ Ð¨Ì, ¢¥·µÖÉ´µ¸ÉÓ § ¸¥²¥´¨Ö ¨§µ³¥·´ÒÌ 8−

(¤¥Ëµ·³¨·µ¢ ´´µ£µ) ¨ 0− (¸Ë¥·¨Î¥¸±µ£µ) ¸µ¸ÉµÖ´¨° 152Eu ¸² ¡µ § ¢¨¸¨É (¨²¨
´¥ § ¢¨¸¨É) µÉ Éµ£µ, ¸Ë¥·¨Î¥¸±¨³ ¨²¨ ¤¥Ëµ·³¨·µ¢ ´´Ò³ ¡Ò²µ ³ É¥·¨´¸±µ¥
Ö¤·µ.

Å �¸´µ¢´Ò³ ³¥Ì ´¨§³µ³ § ¸¥²¥´¨Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° ÉÖ¦¥²ÒÌ Ö¤¥·
¢ ·¥ ±Í¨¨ (γ, n) Ö¢²Ö¥É¸Ö ¸É É¨¸É¨Î¥¸±¨°.

Å ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö µÉ¸ÊÉ¸É¢Ê¥É Í¥²µ¸É´Ò° É¥µ·¥É¨Î¥¸±¨° ¶µ¤Ìµ¤ ±
µ¶¨¸ ´¨Õ ¨§µ³¥·´ÒÌ µÉ´µÏ¥´¨°. ˆ§ ¸· ¢´¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ˆ� ¸
·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éµ¢ ¢ · ³± Ì ± ¸± ¤´µ-¨¸¶ ·¨É¥²Ó´µ° ³µ¤¥²¨ ¸²¥¤Ê¥É ¸¤¥-
² ÉÓ ¢Ò¢µ¤, ÎÉµ ¶µ¸²¥¤µ¢ É¥²Ó´Ò¥ · ¸Î¥ÉÒ ´¥ ¤ ÕÉ ¸µ£² ¸¨Ö ¸ Ô±¸¶¥·¨³¥´Éµ³,
¨ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ µ¶¨¸ ´¨¥ ˆ� ¤µ¸É¨£ ¥É¸Ö ¢¢¥¤¥´¨¥³ ¶ · ³¥É·µ¢.
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