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�·¥¤¸É ¢²¥´Ò ´μ¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ËμÉμ¢μ§¡Ê¦¤¥´¨Õ ¸¶¨´μ-
¢ÒÌ ¨§μ³¥·μ¢ Cd ¨ In ·¥ ²Ó´Ò³¨ ¨ ¢¨·ÉÊ ²Ó´Ò³¨ ËμÉμ´ ³¨ (Ô²¥±É·μ´ ³¨) ¢ μ¡² -
¸É¨ ¶μ·μ£μ¢μ° Ô´¥·£¨¨. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ô²¥±É·μ´´μ£μ ²¨-
´¥°´μ£μ Ê¸±μ·¨É¥²Ö ‹“�-8 ˆŸˆ ���. �¥§Ê²ÓÉ ÉÒ ¸μ¶μ¸É ¢²¥´Ò ¸ É¥μ·¥É¨Î¥¸±¨³¨
· ¸Î¥É ³¨ ¢ · ³± Ì Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ³μ¤¥²¥°. ‘ÊÐ¥¸É¢Ê¥É ´¥¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨ É¥μ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨.

New experimental results on photo-excitation of Cd and In spin isomers by real and
virtual photons (electrons) in the threshold energy region are presented. Measurements
have been performed using the INR electron linac LUE-8. The results are compared with
theoretical calculations within the framework of phenomenological models. There is a
discrepancy between experimental data and theoretical calculations.

PACS: 25.20.Dc
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‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¨´É¥·¥¸ ± ¨§ÊÎ¥´¨Õ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° ¢¡²¨§¨
¶μ·μ£  §´ Î¨É¥²Ó´μ ¢μ§·μ¸. ’ ±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸É ²¨ ¢ ¦´Ò³¨, ¢ Î ¸É´μ-
¸É¨, ¡² £μ¤ ·Ö μÉ±·ÒÉ¨Õ ´¨§±μ²¥¦ Ð¨Ì ±μ²²¥±É¨¢´ÒÌ Ö¤¥·´ÒÌ ¢μ§¡Ê¦¤¥´¨°
(¶¨£³¨-·¥§μ´ ´¸μ¢) ¢ ¸·¥¤´¥ÉÖ¦¥²ÒÌ Ö¤· Ì, £¤¥ ¶·μÖ¢²ÖÕÉ¸Ö ´μ¢Ò¥ ±μ²¥¡ -
É¥²Ó´Ò¥ ³μ¤Ò, ¨ ¢¢¨¤Ê ¶μÖ¢²¥´¨Ö É¥μ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨°, ´ ¶· ¢²¥´´ÒÌ
´  ¨Ì ¨´É¥·¶·¥É Í¨Õ. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¨§ÊÎ¥´¨¥ ¨§μ³¥·-
´ÒÌ ¸μ¸ÉμÖ´¨° ¢ ·¥ ±Í¨ÖÌ (γ, γ′) ´  ¸·¥¤´¥ÉÖ¦¥²ÒÌ Ö¤· Ì, ¶μ¸±μ²Ó±Ê ¢¥·μ-
ÖÉ´μ¸ÉÓ § ¸¥²¥´¨Ö ¨§μ³¥· ³¨ ³μ¦¥É § ¢¨¸¥ÉÓ μÉ ³Ê²ÓÉ¨¶μ²Ó´μ¸É¨ ´ Î ²Ó´μ°
¸É ¤¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ËμÉμ´ÄÖ¤·μ.
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‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¢ÒÌμ¤Ò A(γ, γ′)Am-·¥ ±Í¨¨ ¤²Ö ¨§μÉμ¶μ¢ Cd ¨ In
¶·¨ Ô´¥·£¨¨ ËμÉμ´μ¢ μÉ 4 ¤μ 9 ŒÔ‚ ¨§³¥·Ö²¨¸Ó ³¥Éμ¤μ³ ´ ¢¥¤¥´´μ°  ±É¨¢-
´μ¸É¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥ ²Ó´ÒÌ ¨ ¢¨·ÉÊ ²Ó´ÒÌ ËμÉμ´μ¢ [1]. �¥ ²Ó´Ò¥ Ëμ-
Éμ´Ò (¶ÊÎμ± Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö) ¡Ò²¨ ¶μ²ÊÎ¥´Ò ´  ²¨´¥°´μ³ Ê¸±μ·¨É¥²¥
‹“�-8 ˆ´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ���. ‚ÒÌμ¤ ·¥ ±Í¨¨ ¸ ·¥ ²Ó´Ò³¨
ËμÉμ´ ³¨ ¨§³¥·Ö²¨, ¨¸¶μ²Ó§ÊÖ ¢ ± Î¥¸É¢¥ Éμ·³μ§´μ° ³¨Ï¥´¨ ¢μ²ÓË· ³μ¢Ò°
· ¤¨ Éμ· Éμ²Ð¨´μ° 0,4 ³³, · ¸¶μ²μ¦¥´´Ò° ´  · ¸¸ÉμÖ´¨¨ 7 ¸³ ¶¥·¥¤ ³¨Ï¥-
´ÓÕ ¨§ Cd ¨²¨ In (·¨¸. 1). �·¨ ¨§³¥·¥´¨¨ ¢ÒÌμ¤  ·¥ ±Í¨¨ ¸ ¢¨·ÉÊ ²Ó´Ò³¨
ËμÉμ´ ³¨ (Ô²¥±É·μ´ ³¨) · ¤¨ Éμ· Ê¤ ²Ö²¸Ö ¨§ ¶ÊÎ± . �´¥·£¨Ö Ô²¥±É·μ´μ¢ ¢
μ¡μ¨Ì ¸²ÊÎ ÖÌ ¡Ò²  μ¤¨´ ±μ¢μ°. „¨ ³¥É· Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  · ¤¨ Éμ·¥
¨²¨ ³¨Ï¥´¨ ¸μ¸É ¢²Ö² 8 ³³, ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  3 ³±¸, Î ¸ÉμÉ  ¶μ¢Éμ-
·¥´¨Ö 50 ƒÍ ¨ Ï¨·¨´  ¸¶¥±É·  (FWHM) μ±μ²μ 0,5 ŒÔ‚, Éμ± Ô²¥±É·μ´μ¢
∼ 1 ³±�.

�μ¸²¥ μ¡²ÊÎ¥´¨Ö μ¡· §ÍÒ ¶μ³¥Ð ²¨ ¢ ´¨§±μËμ´μ¢ÊÕ ± ³¥·Ê ¸ ¤¥É¥±Éμ-
·μ³ ¨§ μ¸μ¡μ Î¨¸Éμ£μ £¥·³ ´¨Ö (HPGe) μ¡Ñ¥³μ³ 130 ¸³3 [2]. ‡ Ð¨É  μÉ Ëμ´ 
¸μ¸ÉμÖ²  ¨§ ¸¢¨´Í  Éμ²Ð¨´μ° 15 ¸³, ³¥¤¨ (2 ¸³) ¨ μ²μ¢  (1 ¸³). �¡Ð¨° Ê·μ-

�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ ¤²Ö ¨§ÊÎ¥´¨Ö ·¥ ±Í¨° ËμÉμ¢μ§¡Ê¦¤¥´¨Ö
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¢¥´Ó Ëμ´μ¢μ£μ ¸Î¥É  ¢ ¨´É¥·¢ ²¥ §´ Î¥´¨° Ô´¥·£¨¨ E = 100−1000 ±Ô‚ ´¥
¶·¥¢ÒÏ ² 3 ¸−1.
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‚ÒÌμ¤ ¨¸¸²¥¤Ê¥³μ° ·¥ ±Í¨¨ Si (¨²¨ Î¨¸²μ μÉ¸Î¥Éμ¢ ¢ i- ´ ²¨É¨Î¥¸±μ³
¶¨±¥) ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ± ±

Si =
migiNApiai

Miλi
JiE(t1, t2, t3),

£¤¥ Ji Å ¸±μ·μ¸ÉÓ ·¥ ±Í¨¨: Ji =
∞∫
0

σi(E)Φ(E) dE, E(t1, t2, t3) = (1 −

e−λit1) e−λit2(1 − e−λit3) Å Ë ±Éμ·, ÊÎ¨ÉÒ¢ ÕÐ¨° ´ · ¡μÉ±Ê ¨ · ¸¶ ¤ · -
¤¨μ ±É¨¢´μ£μ ¨§μÉμ¶  §  ¢·¥³Ö μ¡²ÊÎ¥´¨Ö (t1), § ¤¥·¦±¨ (t2) ¨ ¨§³¥·¥´¨Ö

�¨¸. 2. ƒ ³³ -¸¶¥±É·  ±É¨¢¨·μ¢ ´´μ£μ μ¡· §Í  Cd. Eγ max = 9 ŒÔ‚, ¢·¥³Ö μ¡²ÊÎ¥´¨Ö
1200 ¸, ¢·¥³Ö ¨§³¥·¥´¨Ö 1200 ¸

�¨¸. 3. ƒ ³³ -¸¶¥±É·  ±É¨¢¨·μ¢ ´´μ£μ μ¡· §Í  In. Eγmax = 7,5 ŒÔ‚, ¢·¥³Ö μ¡²ÊÎ¥´¨Ö
900 ¸, ¢·¥³Ö ¨§³¥·¥´¨Ö 1200 ¸



742 ‡“…‚ ‘. ‚. ˆ „�.

(t3), σi(Eγ) Å ¸¥Î¥´¨¥ Ö¤¥·´μ° ·¥ ±Í¨¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ´ ²¥-
É ÕÐ¥£μ ËμÉμ´ , Φ(E) Å ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ¶μÉμ±  £ ³³ -¨§²ÊÎ¥´¨Ö,
  μ¸É ²Ó´Ò¥ ±μÔËË¨Í¨¥´ÉÒ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ³´μ¦¨É¥²¨.

’¨¶¨Î´Ò¥  ±É¨¢ Í¨μ´´Ò¥ ¸¶¥±É·Ò ¶μ± § ´Ò ´  ·¨¸. 2 ¨ 3.

�…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

�¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4: σq(Eγ max) Å ¸¥Î¥´¨¥
´  Ô±¢¨¢ ²¥´É´Ò° ËμÉμ´ ËμÉμ¢μ§¡Ê¦¤¥´¨Ö ËμÉμ´ ³¨ ¨ σe(Ee) Å ¸¥Î¥´¨¥
ËμÉμ¢μ§¡Ê¦¤¥´¨Ö Ô²¥±É·μ´ ³¨. �·¥¤¸É ¢²¥´´Ò¥ §´ Î¥´¨Ö ¨´¤ÊÍ¨·μ¢ ´´ÒÌ
Ô²¥±É·μ´ ³¨ ¸¥Î¥´¨° σe(Ee) ¡Ò²¨ ¸±μ··¥±É¨·μ¢ ´Ò ´  ¢±² ¤ Éμ·³μ§´μ£μ
¨§²ÊÎ¥´¨Ö, ¸μ§¤ ¢ ¥³μ£μ ¢ ³¨Ï¥´¨ ¤¢¨¦ÊÐ¨³¨¸Ö Ô²¥±É·μ´ ³¨.

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨, ¶·¨¢¥¤¥´´Ò¥ ¢ · ¡μÉ Ì [3, 4], ¸μμÉ¢¥É¸É¢ÊÕÉ
¨§³¥·¥´¨Ö³ ¸ Ê· ´μ¢μ° ³¨Ï¥´ÓÕ. �¥§Ê²ÓÉ É ¶·¥¤Ò¤ÊÐ¥° · ¡μÉÒ [1] ¶·¥¤-
¸É ¢²Ö¥É ¸μ¡μ° Ê¸·¥¤´¥´´μ¥ ¶μ ¨§ÊÎ¥´´Ò³ Ö¤· ³ Cd ¨ In §´ Î¥´¨¥. ’¥μ·¥-
É¨Î¥¸±¨¥ ±·¨¢Ò¥ ¶·¥¤¸É ¢²ÖÕÉ · ¸Î¥ÉÒ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¡μ·´μ¢¸±μ£μ ¶·¨-
¡²¨¦¥´¨Ö ¸ ¶²μ¸±¨³¨ (PWBA) [5] ¨ ¨¸± ¦¥´´Ò³¨ (DWBA) [4] ¢μ²´ ³¨,
μ£· ´¨Î¥´´Ò¥ ¢±² ¤μ³ E1.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ μÉ´μÏ¥´¨¥ σq/σe ¨³¥¥É μÉ´μ¸¨É¥²Ó´Ò° Ì · ±É¥·
¨ ´¥ É·¥¡Ê¥É  ¡¸μ²ÕÉ´μ£μ ¨§³¥·¥´¨Ö. �μÔÉμ³Ê ¥£μ ¶μ£·¥Ï´μ¸É¨ § ¢¨¸ÖÉ £² ¢-
´Ò³ μ¡· §μ³ μÉ μÍ¥´±¨ ¶μÉμ±μ¢ ¤²Ö ´μ·³ ²¨§ Í¨¨. �É  ¶·μÍ¥¤Ê·  μ¤¨´ ±μ¢ 
¤²Ö · §´ÒÌ ¨§μÉμ¶μ¢, ¶μÔÉμ³Ê ¶μ²ÊÎ¥´´Ò° ·¥§Ê²ÓÉ É ´μ¸¨É μ¡Ð¨° Ì · ±É¥·.

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ É¥μ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸± § ´¨Ö³¨ ¢ · ³± Ì ¡μ·´μ¢¸±μ£μ
¶·¨¡²¨¦¥´¨Ö ¸ ¶²μ¸±¨³¨ ¢μ²´ ³¨ [5] μÉ´μÏ¥´¨¥ σq/σe ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ

�¨¸. 4. �É´μÏ¥´¨¥ σq(Eγ max)/σe(Ee) ± ± ËÊ´±Í¨Ö Ô´¥·£¨¨ Ô²¥±É·μ´μ¢. �±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥: � ¨ � Å ¶·¨¢¥¤¥´Ò ¢ · ¡μÉ Ì [3,4]; � Å ¨§ · ¡μÉÒ [1]; � Å 113mIn
(´ ¸ÉμÖÐ Ö · ¡μÉ ); � Å 115mIn (´ ¸ÉμÖÐ Ö · ¡μÉ ). Š·¨¢Ò¥: PWBA Å ·¥§Ê²ÓÉ É ¢Ò-
Î¨¸²¥´¨Ö ¶μ Ëμ·³Ê²¥ (1), DWBA Å ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ³¥Éμ¤μ³ ¨¸± ¦¥´´ÒÌ ¢μ²´ [4]
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£¤¥ α Å ¶μ¸ÉμÖ´´ Ö Éμ´±μ° ¸É·Ê±ÉÊ·Ò; me Å ³ ¸¸  Ô²¥±É·μ´ .
‚¨¤´μ, ÎÉμ μÉ´μÏ¥´¨¥ σq(Eγ max)/σe(Ee) ¢ · ³± Ì ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³μ¤¥-

²¥° ´¥ § ¢¨¸¨É μÉ § ·Ö¤  Ö¤·  ³¨Ï¥´¨. ’ ±¨³ μ¡· §μ³, ¨Ì ³μ¦´μ ¸· ¢´¨ÉÓ
¸ ¤ ´´Ò³¨, ¨³¥ÕÐ¨³¨¸Ö ¤²Ö ÉÖ¦¥²ÒÌ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·. �·¥¤¸É ¢²¥´´Ò¥ ¢ ²¨-
É¥· ÉÊ·¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ μÎ¥´Ó ¸É ·Ò ¨ ¸±Ê¤´Ò, ´μ É¥³ ´¥
³¥´¥¥ ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ ´¥±μÉμ·Ò¥ ¢Ò¢μ¤Ò.

„·Ê£¨¥ É¥μ·¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ ¶μ²ÊÎ¥´Ò ¸ ÊÎ¥Éμ³ ¢²¨Ö´¨Ö ¨¸± ¦¥´´ÒÌ
¢μ²´ ¨ · §³¥·  Ö¤· , ´μ ¢¸¥ μ´¨ ÊÎ¨ÉÒ¢ ÕÉ Éμ²Ó±μ ¢±² ¤ E1. ‚¨¤´μ, ÎÉμ §´ -
Î¥´¨Ö μÉ´μÏ¥´¨Ö ¤²Ö ¢¸¥Ì É¥μ·¥É¨Î¥¸±¨Ì ±·¨¢ÒÌ Ê¢¥²¨Î¨¢ ÕÉ¸Ö ± ¶μ·μ£Ê, ´μ
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨ ¶μ± §Ò¢ ÕÉ ³ ±¸¨³Ê³ ¢¡²¨§¨ Ee = 20 ŒÔ‚. —Éμ¡Ò
μ¡ÑÖ¸´¨ÉÓ ÔÉμ · §²¨Î¨¥ ³¥¦¤Ê É¥μ·¨¥° ¨ Ô±¸¶¥·¨³¥´Éμ³, ³μ¦´μ ¶·¥¤¶μ²μ-
¦¨ÉÓ, ÎÉμ ¢¨·ÉÊ ²Ó´Ò¥ ËμÉμ´Ò ¨³¥ÕÉ · §²¨Î´ÊÕ ³Ê²ÓÉ¨¶μ²Ó´μ¸ÉÓ ¢ μ¡² ¸ÉÖÌ
´¨§±¨Ì (Ee < 20 ŒÔ‚) ¨ ¢Ò¸μ±¨Ì (Ee > 20 ŒÔ‚) Ô´¥·£¨°. ‚μ§³μ¦´μ, ÔÉμ
μ§´ Î ¥É, ÎÉμ ¢ ¤μ¶μ²´¥´¨¥ ± ¢±² ¤Ê E1 ¢μ§¡Ê¦¤¥´¨Ö E2 ³μ£ÊÉ ¨£· ÉÓ ¢ ¦´ÊÕ
·μ²Ó ¢¡²¨§¨ ¶μ·μ£ .

‡�Š‹�—…�ˆ…

�μ²ÊÎ¥´Ò ´μ¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ËμÉμ¢μ§¡Ê¦¤¥´¨Õ
¸¶¨´μ¢ÒÌ ¨§μ³¥·μ¢ Cd ¨ In ·¥ ²Ó´Ò³¨ ¨ ¢¨·ÉÊ ²Ó´Ò³¨ ËμÉμ´ ³¨ (Ô²¥±-
É·μ´ ³¨) ¢ μ¡² ¸É¨ ¶μ·μ£μ¢μ° Ô´¥·£¨¨. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ Ô²¥±É·μ´´μ£μ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ‹“�-8 ˆŸˆ ���. �¥§Ê²ÓÉ ÉÒ
¸μ¶μ¸É ¢²¥´Ò ¸ É¥μ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨ ¢ · ³± Ì Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì
³μ¤¥²¥°. ‘ÊÐ¥¸É¢Ê¥É ´¥¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨
É¥μ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨. �¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éμ¢ ¨ ³μ¤¥²¨·μ-
¢ ´¨Ö ¶μ± §Ò¢ ÕÉ, ÎÉμ ¨§ÊÎ¥´¨¥ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ
¸ ·¥ ²Ó´Ò³¨ ¨ ¢¨·ÉÊ ²Ó´Ò³¨ ËμÉμ´ ³¨ ³μ¦¥É ¤ ÉÓ ´μ¢ÊÕ ËÊ´¤ ³¥´É ²Ó´ÊÕ
¨´Ëμ·³ Í¨Õ μ ¸¢μ°¸É¢ Ì Ö¤¥·. �μ¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ³μ£ÊÉ ¡ÒÉÓ ¶·μ¢¥¤¥´Ò
¸ É· ¤¨Í¨μ´´Ò³¨ Ê¸±μ·¨É¥²Ö³¨ Ô²¥±É·μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ��”, £· ´É 16-12-10039.
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