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Œ¨Ï¥´¨ 237Np ¨ 241Am μ¡²ÊÎ ²¨¸Ó ¶ÊÎ±μ³ ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° 660 ŒÔ‚. ‘¥Î¥´¨Ö μ¡· -
§μ¢ ´¨Ö μ¸É ÉμÎ´ÒÌ Ö¤¥· ¡Ò²¨ μ¶·¥¤¥²¥´Ò ³¥Éμ¤μ³ ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²Ó-
É ÉÒ ¸· ¢´¨¢ ÕÉ¸Ö ¸ É¥μ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨ ¶μ ¤¥¢ÖÉ¨ ³μ¤¥²Ö³, ·¥ ²¨§μ¢ ´´Ò³ ¢ ¶·μ£· ³³ Ì
LAHET, CASCADE, CEM2k+GEM2, LAQGSM+GEM2, CEM2k+GEMINI ¨ LAQGSM+GEMINI.
‘· ¢´¥´¨¥ ¶μ± §Ò¢ ¥É, ÎÉμ ¢ Í¥²μ³ ¶·¨³¥´Ö¢Ï¨¥¸Ö ³μ¤¥²¨ ´¥ ³μ£ÊÉ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ μ¶¨¸ ÉÓ
¢¸¥ ¨§³¥·¥´´Ò¥ ¸¥Î¥´¨Ö, ¶·¨ Éμ³ ÎÉμ ´¥¸±μ²Ó±μ ²ÊÎÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¤¥³μ´¸É·¨·ÊÕÉ ³μ¤¥²¨ Bertini
¨ ISABEL, ¢±²ÕÎ¥´´Ò¥ ¢ ¶·μ£· ³³Ê LAHET.

237Np and 241Am targets were irradiated by the proton beam with energy 660 MeV. Cross sections
of the residual nuclei formation were determined using the induced activity method. The results
obtained are compared with the theoretical calculations by nine models realized in the computer codes
LAHET, CASCADE, CEM2k+GEM2, LAQGSM+GEM2, CEM2k+GEMINI and LAQGSM+GEMINI.
The comparison shows that generally the models employed cannot satisfactorily describe all the measured
cross sections. Nevertheless, the models Bertini and ISABEL, included in the code LAHET, show better
results.
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‡  ¶μ¸²¥¤´¥¥ ¤¥¸ÖÉ¨²¥É¨¥ ¨´É¥·¥¸ ± ¨¸¸²¥¤μ¢ ´¨Ö³ Ë¨§¨Î¥¸±¨Ì  ¸¶¥±Éμ¢ É· ´¸³ÊÉ -
Í¨¨ (É. ¥. ¶·¥¢· Ð¥´¨Ö ¢ ¸É ¡¨²Ó´Ò¥ ¨§μÉμ¶Ò ¢ ·¥§Ê²ÓÉ É¥ Ö¤¥·´ÒÌ ·¥ ±Í¨°)  ±É¨´μ¨¤μ¢
¨ ¶·μ¤Ê±Éμ¢ ¤¥²¥´¨Ö, ¢μ§´¨± ÕÐ¨Ì ¶·¨ · ¡μÉ¥  Éμ³´ÒÌ Ô²¥±É·μ¸É ´Í¨°, ´¥μ¡ÒÎ °´μ
¢μ§·μ¸. �Í¥´±¨, ¢Ò¶μ²´¥´´Ò¥ · §²¨Î´Ò³¨ £·Ê¶¶ ³¨ [1, 2], ¶μ± §Ò¢ ÕÉ, ÎÉμ  ±É¨¢´μ¸ÉÓ
μÉ· ¡μÉ ´´μ£μ Ö¤¥·´μ£μ Éμ¶²¨¢ , ¶μ¤¢¥·£Ï¥£μ¸Ö É· ´¸³ÊÉ Í¨¨, ¸· ¢´¨¢ ¥É¸Ö ¸  ±É¨¢´μ-
¸ÉÓÕ Ê· ´μ¢μ° ·Ê¤Ò Î¥·¥§ 1000 ²¥É Ì· ´¥´¨Ö, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥, Î¥³ 5 · 106 ²¥É
Ì· ´¥´¨Ö ¢ ¸²ÊÎ ¥ Éμ¶²¨¢ , ´¥ ¶·μÏ¥¤Ï¥£μ É ±μ° μ¡· ¡μÉ±¨. �´ ²¨§ · ¤¨ Í¨μ´´μ° μ¶ ¸-
´μ¸É¨ μÉ· ¡μÉ ´´μ£μ Ö¤¥·´μ£μ Éμ¶²¨¢  ¶μ± § ², ÎÉμ ¶μ¸²¥ Ô±¸É· ±Í¨¨ Ê· ´-¶²ÊÉμ´¨¥¢μ°
£·Ê¶¶Ò Ô²¥³¥´Éμ¢ ¨ É ±¨Ì ¶·μ¤Ê±Éμ¢ ¤¥²¥´¨Ö, ± ± 90Sr, 137Cs ¨ 129I, ´ ¨¡μ²ÓÏÊÕ μ¶ ¸-
´μ¸ÉÓ ¶·¥¤¸É ¢²ÖÕÉ 237Np ¨ 241Am [3], ¶·¨Î¥³ ¥¸²¨ 241Am (T1/2 = 432,2 £μ¤ ) ¤ ¥É ´ ¨-
¡μ²ÓÏ¨° ¢±² ¤ ¢  ±É¨¢´μ¸ÉÓ, Éμ 237Np (T1/2 = 2,144 ·106 ²¥É) μ¶ ¸¥´ ¢¢¨¤Ê ¥£μ ¡μ²ÓÏμ£μ
³ ¸¸μ¢μ£μ ¸μ¤¥·¦ ´¨Ö ¨ ¢Ò¸μ±μ° ³¨£· Í¨μ´´μ° ¸¶μ¸μ¡´μ¸É¨ ¢ ¡¨μ¸Ë¥·¥, ÎÉμ ¶·¨¢μ¤¨É
± ¥£μ ¡Ò¸É·μ³Ê ¶·μ´¨±´μ¢¥´¨Õ ¢ Î¥²μ¢¥Î¥¸±¨° μ·£ ´¨§³ ¶μ ¶¨Ð¥¢Ò³ Í¥¶μÎ± ³ [4].

ˆ¸¸²¥¤μ¢ ´¨Ö É· ´¸³ÊÉ Í¨¨ 237Np ¨ 241Am ¢ ¶μ²ÖÌ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¶μ± § ²¨, ÎÉμ
¸ Ê¢¥²¨Î¥´¨¥³ ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ Î¨¸²μ · §²¨Î´ÒÌ  ±É¨´μ¨¤μ¢, ¤ ÕÐ¨Ì § ³¥É-
´Ò° ¢±² ¤ ¢  ±É¨¢´μ¸ÉÓ Ö¤¥·´μ£μ Éμ¶²¨¢ , § ³¥É´μ ¸´¨¦ ¥É¸Ö [4]. �·¨ ÔÉμ³ ¤²Ö ·¥Ï¥´¨Ö
¶·μ¡²¥³Ò É· ´¸³ÊÉ Í¨¨ · ¤¨μ ±É¨¢´ÒÌ μÉÌμ¤μ¢ ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ ¸¨²Ó´μÉμÎ-
´Ò¥ ¶·μÉμ´´Ò¥ Ê¸±μ·¨É¥²¨, ¸¶μ¸μ¡´Ò¥ ¶·μ¨§¢μ¤¨ÉÓ ¶μÉμ±¨ ´¥°É·μ´μ¢ ¸ ¶²μÉ´μ¸ÉÓÕ ¤μ
1017 ¸³−2 · ¸−1. ‚ ·Ö¤¥ · ¡μÉ ¶·¥¤¶·¨´¨³ ²¨¸Ó ¨¸¸²¥¤μ¢ ´¨Ö É· ´¸³ÊÉ Í¨¨  ±É¨´μ¨-
¤μ¢ ± ± ¢ ¶μ²ÖÌ ¢Éμ·¨Î´ÒÌ ´¥°É·μ´μ¢, É ± ¨ ¢ ·¥ ±Í¨ÖÌ · ¸Ð¥¶²¥´¨Ö ¨ ¤¥²¥´¨Ö ¶μ¤
¤¥°¸É¢¨¥³ ¶ÊÎ±  ¶·μÉμ´μ¢ [5].

‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¶μÖ¢¨²¨¸Ó ¶·μ¥±ÉÒ ¶μ¤±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³, Ê¶· ¢²Ö¥³ÒÌ Ê¸±μ·¨-
É¥²¥³, ¢ ±μÉμ·ÒÌ Ô²¥³¥´ÉÒ μÉ· ¡μÉ ´´μ£μ Ö¤¥·´μ£μ Éμ¶²¨¢  ¢Ìμ¤ÖÉ ¢ ¸μ¸É ¢ ³¨Ï¥´¨,  
μ¡· §ÊÕÐ¨¥¸Ö ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ ¢Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ ¶μ¤¤¥·¦¨¢ ÕÉ Ê¶· ¢²Ö¥³ÊÕ Í¥¶-
´ÊÕ ·¥ ±Í¨Õ ¢ μ±·Ê¦ ÕÐ¥³ ³¨Ï¥´Ó ¡² ´±¥É¥ ¨§ ¤¥²ÖÐ¨Ì¸Ö ³ É¥·¨ ²μ¢ [6]. 	 §· ¡μÉ± 
¨ · ¸Î¥É ¶ · ³¥É·μ¢ É ±¨Ì Ê¸±μ·¨É¥²Ó´μ-¡² ´±¥É´ÒÌ ¸¨¸É¥³ ¶μÉ·¥¡μ¢ ²¨ ¨§ÊÎ¥´¨Ö ³¥-
Ì ´¨§³μ¢ μ¡· §μ¢ ´¨Ö μ¸É ÉμÎ´ÒÌ Ö¤¥· ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶·μÉμ´μ¢ ¸ ¢ÒÏ¥Ê± § ´´Ò³¨
Ô²¥³¥´É ³¨.

1. “‘‹�‚ˆŸ ��‹“—…�ˆŸ Œˆ˜…�…‰

�±¸¶¥·¨³¥´É ¶·μ¢μ¤¨²¸Ö ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ ¶·μÉμ´μ¢ Ë §μÉ·μ´  ‹ ¡μ· Éμ·¨¨
Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�.„¦¥²¥¶μ¢  �ˆŸˆ ¶·¨ Éμ±¥ 1,2 ³±� ¨ Ô´¥·£¨¨ 660 ŒÔ‚.
Œ¨Ï¥´¨ ¸μ¸ÉμÖ²¨ ¨§ μ±¨¸¥° NpO2(Np) ¨ AmO2(Am) ¸μμÉ¢¥É¸É¢¥´´μ. �¸´μ¢´Ò¥ Ì · ±É¥-
·¨¸É¨±¨ ³¨Ï¥´¥° ¨ ¶ÊÎ± , ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ ´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì, ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.
�¡²ÊÎ ¥³Ò¥ ³¨Ï¥´¨-μ¡· §ÍÒ ¡Ò²¨ £¥·³¥É¨Î´μ Ê¶ ±μ¢ ´Ò ¢  ²Õ³¨´¨¥¢Ò¥ ± ¶¸Ê²Ò ³ ¸-
¸μ° 78,8 £, · §³¥·Ò ±μÉμ·ÒÌ ¶μ± § ´Ò ´  ·¨¸. 1.

	 §³¥·Ò ¨ ¶μ²μ¦¥´¨¥ ¶ÊÎ±  ¢ ¶·μÍ¥¸¸¥ μ¡²ÊÎ¥´¨Ö ±μ´É·μ²¨·μ¢ ²¨¸Ó ¤¢ÊÌ±μμ·¤¨´ É-
´μ° ¶·μ¶μ·Í¨μ´ ²Ó´μ° ± ³¥·μ°. „²Ö ³μ´¨Éμ·¨·μ¢ ´¨Ö ¶ÊÎ±  ¨¸¶μ²Ó§μ¢ ² ¸Ó ·¥ ±Í¨Ö
27Al(p, 3pn)24Na. �¥·¢ Ö · ¡μÉ , ¶μ¸¢ÖÐ¥´´ Ö ÔÉμ° ·¥ ±Í¨¨, Å · ¡μÉ  [7], £¤¥ ¤²Ö
Ô´¥·£¨¨ ¶·μÉμ´μ¢ 660 ŒÔ‚ ¨§³¥·¥´μ §´ Î¥´¨¥ ¸¥Î¥´¨Ö, · ¢´μ¥ 10,8 ± 0,7 ³¡. „ ²Ó´¥°-
Ï¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸¥Î¥´¨° ÔÉμ° ·¥ ±Í¨¨ [8,9] ¤ ²¨ ´μ¢Ò¥ §´ Î¥´¨Ö ¸¥Î¥´¨° ¤²Ö Ô´¥·£¨°
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’ ¡²¨Í  1. ”¨§¨±μ-É¥Ì´¨Î¥¸±¨¥ ¸¢μ°¸É¢  ³¨Ï¥´¥° 237Np ¨ 241Am ¨ Ê¸²μ¢¨Ö μ¡²ÊÎ¥´¨Ö

X · ±É¥·¨¸É¨±¨ ³¨Ï¥´¥°
Œ¨Ï¥´Ó

¨ ¶ÊÎ±  237Np93
241Am95

�¥p¨μ¤ ¶μ²Êp ¸¶ ¤ , ²¥É 2,144(7)·106 432,2(7)
�μ²´Ò° ³ ¸¸μ¢Ò° ±μÔËË¨Í¨¥´É
μ¸² ¡²¥´¨Ö ²ÊÎ¥° ¸ Eγ = 300 ±Ô‚, ¸³2/£ 0,498 0,508
�²μÉ´μ¸ÉÓ μ±¨¸¨, £/¸³3 11,1 11,7

M ¸¸a, £ 0,742 0,742 0,177 0,183
Tμ²Ð¨´ , ³³ 0,193 0,193 0,043 0,044
A±É¨¢´μ¸ÉÓ, ³Š¨ 0,523 0,523 601 621
�μÉμ± ¶ÊÎ±  ¶·μÉμ´μ¢, 1014 ³¨´−1 2,64 2,66 2,72 2,58
‚p¥³Ö μ¡²ÊÎ¥´¨Ö, ³¨´ 5 30 5 30

	¨¸. 1. Œ¨Ï¥´Ó NpO2 (AmO2), Ê¶ ±μ¢ ´´ Ö ¢  ²Õ³¨´¨¥¢Ò° ±μ´É¥°´¥·

¢ÒÏ¥ 800 ŒÔ‚, ´μ ¤²Ö ´ Ï¥° Ô´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨ ¸¥Î¥´¨¥ ÔÉμ° ·¥ ±Í¨¨ ´¥ ¨§³¥-
´¨²μ¸Ó [10]. „²Ö ³μ´¨Éμ·¨·μ¢ ´¨Ö ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¨³¥´Ö²¨¸Ó Al-Ëμ²Ó£¨ É¥Ì ¦¥
· §³¥·μ¢, ÎÉμ ¨ ¸ ³¨ ³¨Ï¥´¨, ¨ ³ac¸μ° ≈ 99 ³£.

‘¶¥Í¨Ë¨±  Ô±¸¶¥·¨³¥´Éμ¢ ¸ μ¡²ÊÎ¥´´Ò³¨ · ¤¨μ ±É¨¢´Ò³¨ ³¨Ï¥´Ö³¨ ¸μ¸Éμ¨É ¢ Éμ³,
ÎÉμ ¢ ¨Ì ¸¶¥±É· Ì ¶·¨¸ÊÉ¸É¢Ê¥É ¢Ò¸μ±¨° γ-Ëμ´, ¢μ§´¨± ÕÐ¨° ¶·¨ · ¤¨μ ±É¨¢´μ³ · ¸-
¶ ¤¥ Ö¤¥· ¸ ³μ° ³¨Ï¥´¨. ’ ±, ´ ¶·¨³¥·, ¢¸Ö  ±É¨¢´μ¸ÉÓ 241Am (≈ 600 ³Š¨) · ¸¶·¥-
¤¥²¥´  ¶μ ¸¶¥±É·Ê É ±¨³ μ¡· §μ³, ÎÉμ ¥¸²¨ Ê¸²μ¢´μ · §¡¨ÉÓ ¥£μ ´  Ép¨ Ô´¥·£¥É¨Î¥¸±¨Ì
¨´É¥·¢ ² , Éμ ¸Ê³³ ·´Ò¥ ¨´É¥´¸¨¢´μ¸É¨ γ-±¢ ´Éμ¢ (Iγ) ¢ ÔÉ¨Ì ¨´É¥·¢ ² Ì ¡Ê¤ÊÉ · ¸¶·¥-
¤¥²¥´Ò ¶μ Ô´¥·£¨¨ (Eγ) É ±, ÎÉμ

∑
Iγ(Eγ < 103 ±Ô‚) :

∑
Iγ(103 < Eγ < 400 ±Ô‚) :∑

Iγ(Eγ > 400 ±Ô‚) μÉ´μ¸ÖÉ¸Ö ¤·Ê£ ± ¤·Ê£Ê ± ± 0,392 : 0,831·10−4 : 0,912·10−5. ˆ´É¥´-
¸¨¢´μ¸É¨ Iγ ¤ ÕÉ¸Ö ´  · ¸¶ ¤ (μ¸É ¢Ï¨¥¸Ö 60% · ¸¶ ¤μ¢ ¶·μ¨¸Ìμ¤ÖÉ ¸ ¨¸¶Ê¸± ´¨¥³ ±μ´-
¢¥·¸¨μ´´ÒÌ Ô²¥±É·μ´μ¢). ’ ±μ¥ Ô´¥·£¥É¨Î¥¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ γ-±¢ ´Éμ¢
¶μ§¢μ²Ö¥É ¸´¨§¨ÉÓ ¸μ¡¸É¢¥´´Ò° Ëμ´ μÉ · ¤¨μ ±É¨¢´μ° ³¨Ï¥´¨ ¢ Ìμ¤¥ ¨§³¥·¥´¨° ¸ ¶μ-
³μÐÓÕ Ë¨²ÓÉ·μ¢. ‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²¸Ö Ë¨²ÓÉ·, ¸μ¸ÉμÖÐ¨° ¨§ 10 ³³ Pb, 1 ³³
Cd ¨ 1 ³³ Cu. �·¨ ÔÉμ³, ¶μ³¨³μ ¸´¨¦¥´¨Ö Ëμ´ , §  ¸Î¥É Ê³¥´ÓÏ¥´¨Ö μ¡Ð¥°  ±É¨¢´μ¸É¨
³¨Ï¥´¨ ¸É ²μ ¢μ§³μ¦´Ò³ ¶·μ¢¥¤¥´¨¥ ¨§³¥·¥´¨° ¢ ¡μ²¥¥ ¡²¨§±μ° £¥μ³¥É·¨¨ ¨¸ÉμÎ´¨±Ä
¤¥É¥±Éμ· ¨, É ±¨³ μ¡· §μ³, § ³¥É´μ¥ Ê¢¥²¨Î¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢
¢ ·¥§Ê²ÓÉ É¥ Ê¢¥²¨Î¥´¨Ö É¥²¥¸´μ£μ Ê£²  ¶·¨ ¨§³¥·¥´¨¨ 241Am ¢ ≈ 700 · §.
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„²Ö ³¨Ï¥´¨ 237Np · ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ γ-±¢ ´Éμ¢ (Iγ) ¶μ Ô´¥·£¨¨ (Eγ ) ¢Ò-
£²Ö¤¨É ¨´ Î¥,

∑
Iγ(Eγ < 100 ±Ô‚) :

∑
Iγ(100 < Eγ < 400 ±Ô‚) :

∑
Iγ(Eγ > 400 ±Ô‚)

μÉ´μ¸ÖÉ¸Ö ± ± 0,167 : 0,548 : 0,0168. ’¥³ ´¥ ³¥´¥¥ ¤²Ö ÔÉμ° ³¨Ï¥´¨ É ±¦¥ ¨¸¶μ²Ó§μ-
¢ ²¸Ö μ¶¨¸ ´´Ò° ¢ÒÏ¥ Ë¨²ÓÉ·, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ¤μ¶Ê¸É¨³ÊÕ § £·Ê§±Ê ¸¶¥±É·μ³¥É·  ¨
μ¶É¨³ ²Ó´ÊÕ £¥μ³¥É·¨Õ ¨§³¥·¥´¨Ö.

�  μ¸´μ¢ ´¨¨ ¶²μÉ´μ¸É¨ ¨ · §³¥·μ¢ ³¨Ï¥´¥° ¡Ò²¨ · ¸cÎ¨É ´Ò ¶μ¶· ¢±¨ ´  ¸ ³μ¶μ-
£²μÐ¥´¨¥ γ-±¢ ´Éμ¢ (CA) ¶μ Ëμ·³Ê²¥, ¶·¨¢¥¤¥´´μ° ¢ · ¡μÉ¥ [11]:

CA =
[

μD

1 − exp (−μD)

]−1

,

£¤¥ μ Å ±μÔËË¨Í¨¥´É μ¸² ¡²¥´¨Ö,   D Å Éμ²Ð¨´  ³¨Ï¥´¨. �± § ²μ¸Ó, ÎÉμ ÔÉ  ¶μ¶· ¢± 
¤²Ö γ-²ÊÎ¥° ¸ Ô´¥·£¨¥° ¢ÒÏ¥ 300 ±Ô‚ ¤²Ö ³¨Ï¥´¨ 241Am ³¥´¥¥ 1,5 %,   ¤²Ö 237Np ³¥´¥¥
5%, ¨ ¥Õ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ.

2. ˆ‡Œ…�…�ˆ… γ-‘�…Š’��‚

�¡²ÊÎ¥´´Ò¥ ³¨Ï¥´¨ 241Am ¨§³¥·Ö²¨¸Ó HPGe-¤¥É¥±Éμ·μ³ ¸ ÔËË¥±É¨¢´μ¸ÉÓÕ 20 % ¨
Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ 1,8 ±Ô‚ ´  ²¨´¨¨ 1332 ±Ô‚ (60Co),   ³¨Ï¥´¨ 237Np Å
Ge(Li)-¤¥É¥±Éμ·μ³ ¸ ÔËË¥±É¨¢´μ¸ÉÓÕ 4,8 % ¨ · §·¥Ï¥´¨¥³ 2,6 ±Ô‚ ´  ²¨´¨¨ 1332 ±Ô‚
(60Co). 	¥£¨¸É· Í¨Ö ¸¶¥±É·μ¢ γ-¨§²ÊÎ¥´¨Ö ¶·μ¢μ¤¨² ¸Ó ¶·¨ ¶μ³μÐ¨  ´ ²¨§ Éμ·μ¢
SPECTRUM MASTER 921 (241Am) ¨ SPECTRUM MASTER 919 (237Np) ¸  ¢Éμ³ É¨-
Î¥¸±¨³ μ¶·¥¤¥²¥´¨¥³ ³¥·É¢μ£μ ¢·¥³¥´¨, ¸μ¥¤¨´¥´´ÒÌ ¸ PC, ÎÉμ ¤ ¢ ²μ ¢μ§³μ¦´μ¸ÉÓ
¨´É¥· ±É¨¢´μ£μ Ê¶· ¢²¥´¨Ö ¨§³¥·¥´¨Ö³¨.

�  ·¨¸. 2 ¶·¨¢μ¤ÖÉ¸Ö ±·¨¢Ò¥ ÔËË¥±É¨¢´μ¸É¨ HPGe-¤¥É¥±Éμ· , ¶·¨³¥´Ö¢Ï¥£μ¸Ö ¤²Ö
¨§³¥·¥´¨° Ö¤¥·-¶·μ¤Ê±Éμ¢ ¢ ³¨Ï¥´¨ 241Am, ¨§³¥·¥´´Ò¥ ¸ Ë¨²ÓÉ·μ³ ¨ ¡¥§ ´¥£μ, ¤²Ö ¨²-

	¨¸. 2. Š·¨¢Ò¥ ÔËË¥±É¨¢´μ¸É¨ HPGe-¤¥É¥±Éμ·  γ-±¢ ´Éμ¢ ¸ Ë¨²ÓÉ·μ³ (�, 1 ³³ Cd + 1 ³³ Cu +

10 ³³ Pb) ¨ ¡¥§ ´¥£μ (�)
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²Õ¸É· Í¨¨ ¢²¨Ö´¨Ö Ë¨²ÓÉ·  ´  ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¤¥É¥±Éμ·μ³ γ-²ÊÎ¥° ¢μ ¢¸¥³
¤¨ ¶ §μ´¥ Ô´¥·£¨°. ˆ§³¥·¥´¨Ö ¶¥·¢μ° ¸¥·¨¨ ³¨Ï¥´¥° (5-³¨´ÊÉ´Ò¥ μ¡²ÊÎ¥´¨Ö) ´ Î¨´ -
²¨¸Ó ¸¶Ê¸ÉÖ 10 ³¨´ ¶μ¸²¥ μ±μ´Î ´¨Ö μ¡²ÊÎ¥´¨Ö. Œ¨Ï¥´¨ ÔÉμ° ¸¥·¨¨ ¨§³¥·Ö²¨¸Ó 17 · §
¢ É¥Î¥´¨¥ 17 Î, ¢·¥³Ö ¨§³¥·¥´¨° ¨§³¥´Ö²μ¸Ó μÉ 5 ³¨´ ¤μ 3 Î,   · ¸¸ÉμÖ´¨¥ μÉ ³¨Ï¥´¨
¤μ ¤¥É¥±Éμ·  ¸μ¸É ¢²Ö²μ 150 ¸³ ¤²Ö 241Am ¨ 100 ¸³ ¤²Ö 237Np. ‚Éμ· Ö ¸¥·¨Ö ³¨Ï¥´¥°
(30-³¨´ÊÉ´Ò¥ μ¡²ÊÎ¥´¨Ö) ¨§³¥·Ö² ¸Ó 11 · § ¢ É¥Î¥´¨¥ 30 cÊÉ, ¶·¨ ÔÉμ³ ¢·¥³Ö ¨§³¥·¥´¨°
³¥´Ö²μ¸Ó μÉ 5 ¤μ 50 Î,   · ¸¸ÉμÖ´¨¥ μÉ ³¨Ï¥´¨ ¤μ ¤¥É¥±Éμ·  ¸μ¸É ¢²Ö²μ 100 ¨ 60 ¸³
¸μμÉ¢¥É¸É¢¥´´μ.

3. ������’Š� γ-‘�…Š’��‚

�¡· ¡μÉ±  ¸¶¥±É·μ¢ ¶·μ¨§¢μ¤¨² ¸Ó ¶·μ£· ³³μ° DEIMOS [12] ¢ ¨´É¥· ±É¨¢´μ³ ·¥-
¦¨³¥. �·μ£· ³³  μ¶·¥¤¥²Ö¥É ¶²μÐ ¤¨ ¨ ¶μ²μ¦¥´¨Ö ¶¨±μ¢ ¨ ¶μ§¢μ²Ö¥É Ê¸É ´μ¢¨ÉÓ Ô´¥·-
£¨¨ ¨ ¨´É¥´¸¨¢´μ¸É¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì γ-¶¥·¥Ìμ¤μ¢ μ¡· §μ¢ ¢Ï¨Ì¸Ö Ö¤¥·-¶·μ¤Ê±Éμ¢,  

’ ¡²¨Í  2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö 237Np

ˆ§μÉμ¶ T1/2 ’¨¶ σexp, ˆ§μÉμ¶ T1/2 ’¨¶ σexp,
· ¸¶ ¤  ³¡ · ¸¶ ¤  ³¡

48Sc 43,67 Î I(β−) 5,2(15) 122Sb 2,7 ¸ÊÉ C(β−) 19(4)
48V 15,97 ¸ÊÉ C(β+) 0,89(20) 124Sb 60,2 ¸ÊÉ C(β−) 16,7(20)

56Mn 2,58 Î C(β−) 25,4(45) 126Sb 12,4 ¸ÊÉ C(β−) 13,9(20)
74As 17,77 ¸ÊÉ I(β−, EC) 3,6(5) 127Sb 3,85 ¸ÊÉ C(β−) 14,7(20)
83Rb 86,2 ¸ÊÉ C(EC) 6,1(8) 128Sb 9,01 Î C(β−) 90(10)
84Rb 32,77 ¸ÊÉ C(EC, β−) 13,3(16) 132Te 3,20 ¸ÊÉ C(β−) 13(3)
86Rb 18,63 ¸ÊÉ C(β−, EC) 17,7(20) 133mTe 55,4 ³¨´ I(β+, IT) 18(4)
85Sr 64,84 ¸ÊÉ C(EC) 9,6(20) 124I 4,18 ¸ÊÉ I(β+, EC) 17,3(20)
91Sr 9,63 Î C(β−) 29(3) 131I 8,02 ¸ÊÉ C(β−) 20(4)
87Y 79,84 Î C(EC) 6,7(8) 134I 52,6 ³¨´ C(β−) 12,9(15)
88Y 106,65 ¸ÊÉ C(EC) 10,4(19) 136Cs 13,16 ¸ÊÉ C(β−) 9,1(13)
89Zr 78,49 Î C(EC) 4,6(5) 138Cs 33,41 ³¨´ C(β−) 14,9(29)
95Zr 64,02 ¸ÊÉ C(β−) 59(6) 131Ba 11,5 ¸ÊÉ C(β+, EC) 71(13)
95Nb 35,00 ¸ÊÉ C(β−) 22(4) 140Ba 12,75 ¸ÊÉ C(β−) 23(4)
99Mo 65,94 Î C(β−) 73(13) 145Eu 5,93 ¸ÊÉ C(β+, EC) 0,83(9)
95mTc 61 ¸ÊÉ C(β+, EC) 2,3(4) 146Eu 4,59 ¸ÊÉ I(β+, EC) 4,2(6)
96Tc 4,28 ¸ÊÉ C(EC) 5,7(9) 147Eu 24,1 ¸ÊÉ C(β+, EC) 1,9(6)
103Ru 39,26 ¸ÊÉ C(β−) 63(7) 146Gd 48,27 ¸ÊÉ C(EC) 1,39(16)
105Ru 4,44 Î C(β−) 19,6(20) 152Tb 17,5 Î C(β+, EC) 27(3)

106mRh 131 ³¨´ I(β−) 55(9) 171Lu 8,24 ¸ÊÉ C(β+, EC) 2,4(10)
106mAg 8,28 ¸ÊÉ I(β+, EC) 6,2(8) 185Os 93,6 ¸ÊÉ C(EC) 2,8(4)
110mAg 249,76 ¸ÊÉ I(β−) 18,0(20) 188Pt 10,2 ¸ÊÉ C(EC) 0,46(8)
115Cd 53,46 Î C(β−) 65(12) 206Po 8,8 ¸ÊÉ C(β+, EC) 3,8(7)

117mCd 3,46 Î C(β−) 17(4) 230Pa 17,4 ¸ÊÉ I(β+, EC) 1,6(3)
125Sn 9,64 ¸ÊÉ C(β−) 6,6(11) 234Np 4,4 ¸ÊÉ C(β+, EC) 2,2(4)

118mSb 5 Î I(β+, EC) 10,4(13) 238Np 2,12 ¸ÊÉ I(β−) 16(3)
120mSb 5,76 ¸ÊÉ I(β+, EC) 14,7(1,6)
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’ ¡²¨Í  3. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö 241Am

ˆ§μÉμ¶ T1/2 ’¨¶ σexp, ˆ§μÉμ¶ T1/2 ’¨¶ σexp,
· ¸¶ ¤  ³¡ · ¸¶ ¤  ³¡

48Sc 43,67 Î I(β−) 1,11(20) 108mRh 6 ³¨´ I(β−) 11,6(15)
48V 15,97 Î C(β+) 3,4(5) 112Pd 21,01 Î C(β−) 21,0(28)
52V 3,74 ³¨´ C(β−) 2,3(6) 106mAg 8,28 ¸ÊÉ I(β+, β−) 2,5(3)

52Mn 5,59 ¸ÊÉ C(β+, EC) 1,74(28) 110mAg 249,49 ¸ÊÉ I(β−, EC) 11,6(24)
54Mn 312,3 ¸ÊÉ I(EC) 10,1(14) 112Ag 3,130 Î I(β−) 20(4)
56Mn 2,58 Î C(β−) 6,7(16) 115Cd 53,46 Î C(β−) 19,2(28)
72Ga 14,1 Î C(β−) 1,5(7) 117mCd 3,46 Î C(β−) 6,9(7)
72As 26 Î C(β+, EC) 4,2(5) 116mIn 54,41 ³¨´ I(β−) 16,4(24)
76As 1,08 ¸ÊÉ I(β+) 4,5(16) 117mIn 116,2 ³¨´ C(β−) 21(3)
76Br 16,2 Î C(β+) 0,6(18) 118mIn 4,45 ³¨´ I(β−) 6,5(9)
82Br 35,3 Î I(β−) 8,0(11) 118mSb 5 Î I(β+, EC) 7,6(14)

84mBr 6 ³¨´ C(β−) 2,7(6) 120Sb 15,89 ³¨´ I(β+, EC) 10,8(14)
84Br 31,8 ³¨´ I(β−) 9,2(14) 122Sb 2,7 ¸ÊÉ C(β−, EC) 14,0(19)

82mRb 6,47 Î C(β+, EC) 2,1(10) 124Sb 60,2 ¸ÊÉ C(β−) 10,2(14)
84mRb 32,77 ¸ÊÉ C(β+, β−) 6,9(11) 126Sb 12,46 ¸ÊÉ C(β−) 7,3(14)
86Rb 18,63 ¸ÊÉ C(β−) 2,02(29) 127Sb 3,85 ¸ÊÉ C(β−) 7,3(12)
89Rb 15,15 ³¨´ C(β−) 11,1(15) 128Sb 9,01 Î C(β−) 3,3(10)
91Sr 9,63 Î C(β−) 15,0(1,7) 119mTe 4,7 ¸ÊÉ I(β+, EC) 3,7(5)
92Sr 2,71 Î C(β−) 11,8 (17) 121Te 16,78 ¸ÊÉ C(β+, EC) 5,3(10)
93Sr 7,42 ³¨´ C(β−) 10,4(22) 131mTe 30 Î I(β−) 6,5(11)

84mY 39,5 ³¨´ I(β+, EC) 3,1 (9) 132Te 3,20 ¸ÊÉ C(β−) 6,7(12)
87Y 79,8 Î C(β+, EC) 4,4(7) 124I 4,18 ¸ÊÉ I(β+, EC) 10,6(19)
88Y 106,65 ¸ÊÉ C(β+, EC) 6,2(10) 126I 13,11 ¸ÊÉ I(β+, β−) 6,8(18)

91mY 49,71 ³¨´ C(β−) 14(4) 130I 12,36 Î I(β−) 10,0(19)
95Y 10,3 ³¨´ C(β−) 17(4) 131I 8,02 ¸ÊÉ C(β−) 14,1(23)
89Zr 78,41 Î C(β+, EC) 3,8(7) 132I 2,30 Î I(β−) 8,3(12)
95Zr 64,02 ¸ÊÉ C(β−) 36(5) 133I 20,8 Î C(β−) 9,3(14)
97Zr 16,91 Î C(β−) 20(4) 134I 52,6 ³¨´ C(β−) 4,3(7)

92mNb 10,15 ¸ÊÉ I(β+, EC) 0,6(4) 132Cs 5,48 ¸ÊÉ I(β+, β−) 6,2(17)
95Nb 35,00 ¸ÊÉ C(β−) 17(2) 136Cs 13,16 ¸ÊÉ C(β−) 6,6(12)
96Nb 23,35 Î I(β−) 13,6(17) 140Ba 12,75 ¸ÊÉ C(β−) 3,6(6)
97Nb 72,1 ³¨´ C(β−) 13,3(21) 140La 1,68 ¸ÊÉ I(β−) 7,4(12)

98mNb 51,3 ³¨´ I(β−) 13,9(19) 135Ce 17,7 Î C(β+, EC) 17,0(25)
99Mo 65,94 Î C(β−) 44(6) 145Eu 5,93 ¸ÊÉ C(β+, EC) 1,65(19)
96Tc 4,28 ¸ÊÉ C(β+, EC) 2,71(28) 146Eu 4,59 ¸ÊÉ C(β+, EC) 1,16(17)
104Tc 18,3 ³¨´ C(β−) 22(6) 154Tb 21,5 Î C(β+, EC) 13(6)
103Ru 39,26 ¸ÊÉ C(β−) 63(10) 156Tb 5,35 ¸ÊÉ C(EC) 1,7(5)
105Ru 4,44 Î C(β−) 34(5) 198Tb 2,70 ¸ÊÉ C(β−) 1,33(20)
105Rh 35,36 Î C(β−) 77(13) 206Bi 6,24 ¸ÊÉ C(EC) 1,21(25)

106mRh 131 ³¨´ I(β−) 15,0(23) 240Am 50,8 Î I(EC) 45(5)

É ±¦¥ ¶·¥¤¥²Ò ·¥£¨¸É· Í¨¨ ¶¨±  ´  ¤ ´´μ³ Ëμ´¥, ÎÉμ ¢ ¦´μ ¶·¨ ¨¤¥´É¨Ë¨± Í¨¨ ¸ -
³¨Ì ¶·μ¤Ê±Éμ¢. ‡ É¥³, ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ ±¥É  ¶·μ£· ³³ [13], ¢ ¸¶¥±É· Ì Ê¸É· ´Ö²¨¸Ó
Ëμ´, ¶¨±¨ μ¤¨´μÎ´μ£μ ¨ ¤¢μ°´μ£μ ¢Ò²¥É , ¶·¨ μ¡´ ·Ê¦¥´¨¨ ´ ²μ¦¥´¨° γ-²¨´¨°, ¨Ì
¨´É¥´¸¨¢´μ¸É¨ ±μ··¥±É¨·μ¢ ²¨¸Ó. �μ μÉ±μ··¥±É¨·μ¢ ´´Ò³ É ±¨³ μ¡· §μ³ γ-²¨´¨Ö³
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μ¶·¥¤¥²Ö²¨¸Ó ¶¥·¨μ¤Ò ¶μ²Ê· ¸¶ ¤  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨§μÉμ¶μ¢. �¸É ÉμÎ´Ò¥ Ö¤·  § É¥³
¨¤¥´É¨Ë¨Í¨·μ¢ ²¨¸Ó ¶μ Ô´¥·£¨Ö³ ¨Ì γ-²¨´¨°, ¨Ì ¶¥·¨μ¤ ³ ¶μ²Ê· ¸¶ ¤ ,   ¥¸²¨ μ¡´ ·Ê-
¦¨¢ ²μ¸Ó ´¥¸±μ²Ó±μ γ-²¨´¨°, ¶·¨´ ¤²¥¦ Ð¨Ì μ¤´μ³Ê Ö¤·Ê, Éμ ¨ ¶μ μÉ´μÏ¥´¨Õ ¨Ì ¨´-
É¥´¸¨¢´μ¸É¥°, ±μÉμ·μ¥ ¸· ¢´¨¢ ²μ¸Ó ¸ É ¡²¨Î´Ò³ [14]. ‘¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö σa(Eγ(j))
± ¦¤μ£μ Ö¤· -¶·μ¤Ê±É  a μ¶·¥¤¥²Ö²μ¸Ó ¶μ ± ¦¤μ° ¨§ ¨¤¥´É¨Ë¨Í¨·μ¢ ´´ÒÌ ²¨´¨° ¢μ ¢¸¥Ì
¨§³¥·¥´´ÒÌ ¸¶¥±É· Ì ¸ ÊÎ¥Éμ³ ³¥·É¢μ£μ ¢·¥³¥´¨ ¸¶¥±É·μ³¥É·¨Î¥¸±μ£μ É· ±É :

σa(Eγ(j)) =
Si(Eγ(j))λa(tr,i/tl,i)

NpNtargεγIγ(Eγ(j))(1 − e−λat1) e−λpt2,i(1 − e−λatr,i)
, (1)

£¤¥ Si(Eγ(j)) Å Î¨¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° Eγ(j) ¢ i-³ ¸¶¥±É·¥;
λa Å ¶μ¸ÉμÖ´´ Ö · ¸¶ ¤ , c−1; Np Å Î¨¸²μ ¶·μÉμ´μ¢, Ê¶ ¢Ï¨Ì ´  ³¨Ï¥´Ó; Ntarg Å
Î¨¸²μ Ö¤¥· ´  1 ¸³2 ¶μ¢¥·Ì´μ¸É¨ ³¨Ï¥´¨; εγ Å  ¡¸μ²ÕÉ´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨
γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° Eγ(j) ¤¥É¥±Éμ·μ³; Iγ(Eγ(j)) Å ¨´É¥´¸¨¢´μ¸ÉÓ ´  · ¸¶ ¤ γ-±¢ ´Éμ¢
¸ Ô´¥·£¨¥° Eγ(j); t1, t2(i), tr,i, tl,i Å ¢·¥³Ö μ¡²ÊÎ¥´¨Ö, ¢·¥³Ö § ¤¥·¦±¨ (¶μ¸²¥ μ¡²ÊÎ¥-
´¨Ö),  ¸É·μ´μ³¨Î¥¸±μ¥ ¢·¥³Ö ¨§³¥·¥´¨Ö ¨ ®¦¨¢μ¥¯ ¢·¥³Ö ¨§³¥·¥´¨Ö ¸μμÉ¢¥É¸É¢¥´´μ.

‚¸¥£μ ¢ 28 ¸¶¥±É· Ì, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨§³¥·¥´¨Õ ¤¢ÊÌ μ¡²ÊÎ¥´´ÒÌ ³¨Ï¥´¥° 241Am,
¡Ò²μ μ¡´ ·Ê¦¥´μ 1025 γ-²¨´¨°, ¨§ ´¨Ì 166 ¨³¥ÕÉ · §´μ¥ §´ Î¥´¨¥ Eγ . �p¨ o¶·¥¤¥²e´¨¨
¶¥·¨μ¤o¢ ¶μ²Ê· ¸¶ ¤a ± ¦¤μ° ¨§ ÔÉ¨Ì 166 ²¨´¨° ¡Ò²μ μ¡´ ·Ê¦¥´μ, ÎÉμ 34 ¨§ ´¨Ì ¨³¥ÕÉ
¤Ê¡²¥É´Ò° ¨ 5 Å É·¨¶²¥É´Ò° Ì · ±É¥·. �μ¤Ìμ¤Ò, ¶·¨³¥´Ö¢Ï¨¥¸Ö ¶·¨ μ¶·¥¤¥²¥´¨¨ ¸¥-
Î¥´¨° ¶μ ¸²μ¦´Ò³ γ-²¨´¨Ö³, ¶μ¤·μ¡´μ ¨§²μ¦¥´Ò ¢ · ¡μÉ Ì [13, 15]. 
Ò²¨ μ¶·¥¤¥²¥´Ò
53 Ö¤· -μ¸É É±  ¨§ ³¨Ï¥´¨ 237Np ¨ 80 Ö¤¥·-μ¸É É±μ¢ ¨§ ³¨Ï¥´¨ 241Am. 	¥§Ê²ÓÉ ÉÒ
¶·¨¢¥¤¥´Ò ¢ É ¡². 2 ¨ 3. �·¨¢¥¤¥´´Ò¥ ¢ É ¡²¨Í Ì ¶μ£·¥Ï´μ¸É¨ Å ³ ±¸¨³ ²Ó´Ò¥ μÉ-
±²μ´¥´¨Ö μÉ ¸·¥¤´¥¢§¢¥Ï¥´´μ£μ §´ Î¥´¨Ö ¸¥Î¥´¨Ö ¨§ ´¥¸±μ²Ó±¨Ì ¨§³¥·¥´¨°. ’ ±¦¥ ¢
É ¡²¨Í Ì ¨¸¶μ²Ó§ÊÕÉ¸Ö μ¡μ§´ Î¥´¨Ö: I Å ´¥§ ¢¨¸¨³μ¥ ¸¥Î¥´¨¥; C Å ±Ê³Ê²ÖÉ¨¢´μ¥ ¸¥-
Î¥´¨¥; β+(β−) Å Ô²¥±É·μ´´Ò° (¶μ§¨É·μ´´Ò°) · ¸¶ ¤; EC Å Ô²¥±É·μ´´Ò° § Ì¢ É.

4. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

�μ³¨³μ Ö¤¥·, μÉ´¥¸¥´´ÒÌ ± ¶·μ¤Ê±É ³ ·¥ ±Í¨° 241Am ¨ 237Np ¸ ¶·μÉμ´ ³¨, ¢
γ-¸¶¥±É· Ì ³¨Ï¥´¥° ¡Ò²¨ μ¡´ ·Ê¦¥´Ò 7Be, 22Na ¨ 24Na, ±μÉμ·Ò¥ ³μ£²¨ μ¡· §μ¢ ÉÓ¸Ö ¢
Ìμ¤¥ ·¥ ±Í¨¨ p+27Al,   É ±¦¥ 27Mg ¨ 28Al, ¢¥·μÖÉ´μ ¢μ§´¨±Ï¨¥ ¢ 27Al(n, p)- ¨ 27Al(n, γ)-
·¥ ±Í¨ÖÌ ¸μμÉ¢¥É¸É¢¥´´μ, ¢ ³ É¥·¨ ²¥ Ê¶ ±μ¢±¨ ³¨Ï¥´¨. ‚ ¶·¥¤¶μ²μ¦¥´¨¨ μ¡· §μ¢ ´¨Ö
¶¥·¢ÒÌ É·¥Ì ¨§ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´ÒÌ ¶·μ¤Ê±Éμ¢ ¢ ¢¥Ð¥¸É¢¥ Ê¶ ±μ¢±¨ ¸¥Î¥´¨Ö ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨Ì ·¥ ±Í¨° ¸μ¸É ¢ÖÉ: σ(7Be) = (5,5 ± 0,5) ³¡, σ(22Na) = (16,4 ± 1,4) ³¡ ¨
σ(24Na) = (12,3 ± 1,1) ³¡, ÎÉμ ¢ ¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¥° ¸μ£² ¸Ê¥É¸Ö ¸ ²¨É¥· ÉÊ·´Ò³¨
§´ Î¥´¨Ö³¨ ÔÉ¨Ì ¸¥Î¥´¨° [16]: σ(7Be) = 5,0 ³¡, σ(22Na) = 15,0 ³¡ ¨ σ(24Na) = 10,8 ³¡,
¨§³¥·¥´´ÒÌ ¶·¨ Ô´¥·£¨¨ ¶·μÉμ´μ¢ 660 ŒÔ‚. Ha μ¸´μ¢e ²¨É¥· ÉÊ·´ÒÌ §´ Î¥´¨° ¸¥Î¥´¨°
·¥ ±Í¨° σ(Al(n, p)27Mg) = 52,5 ³¡ [16] ¨ σ(Al(n, γ)28Al) = (230±5) ³¡ [17] ¡Ò²  ¶μ²Ê-
Î¥´  μÍ¥´±  ¶μÉμ±  ¢Éμ·¨Î´ÒÌ ¨ Ëμ´μ¢ÒÌ ´¥°É·μ´μ¢, ¢ ±μÉμ·o³ ´ Ìμ¤¨² ¸Ó  ²Õ³¨´¨¥¢ Ö
± ¶¸Ê²  ¸ μ¡· §Í ³¨. „²Ö ¶¥·¢μ° ·¥ ±Í¨¨ ÔÉ  μÍ¥´±  ¸μ¸É ¢¨²  4 · 1012 ³¨´−1 ¤²Ö ´¥°-
É·μ´μ¢ ¸ Ô´¥·£¨¥° En > 4,5 ŒÔ‚, ¤²Ö ¢Éμ·μ° Å 2 · 1011 ³¨´−1 ¤²Ö É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢.

�  ·¨¸. 3 ¶μ¸É·μ¥´Ò μÉ´μÏ¥´¨Ö ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ ¢ ³¨Ï¥´¨
237Np ± ¸¥Î¥´¨Ö³ ¢ ³¨Ï¥´¨ 241Am ¤²Ö ¨§μÉμ¶μ¢, μ¡´ ·Ê¦¥´´ÒÌ ¢ μ¡e¨Ì ³¨Ï¥´ÖÌ. Š ±
¢¨¤´μ ¨§ ·¨¸Ê´± , ¡μ²ÓÏ¨´¸É¢μ μÉ´μÏ¥´¨° μ¡´ ·Ê¦¨¢ ¥É · §¡·μ¸ μÉ´μ¸¨É¥²Ó´μ ´¥±μÉμ-
·μ£μ ¸·¥¤´¥£μ §´ Î¥´¨Ö 1,64(14) (¶·¨ ´ Ìμ¦¤¥´¨¨ ÔÉμ£μ §´ Î¥´¨Ö ÉμÎ±¨ ¤²Ö 48V, 103Ru
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	¨¸. 3. �É´μÏ¥´¨Ö ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö Ö¤¥·-¶·μ¤Ê±Éμ¢ ¢ 237Np ¨ 241Am

¨ 145Eu ¡Ò²¨ ¨¸±²ÕÎ¥´Ò, ¶μ¸±μ²Ó±Ê μ´¨ ¨³¥ÕÉ ¡μ²ÓÏ¨¥ ¸É É¨¸É¨Î¥¸±¨¥ ¢¥¸  ¨ § ³¥É´μ
¢²¨ÖÕÉ ´  ¸·¥¤´¥¥).

5. ‘��‚�…�ˆ… �Š‘�…�ˆŒ…�’�‹œ�›• „���›• ‘ Œ�„…‹œ�›Œˆ
��‘—…’�Œˆ

„²Ö ¸· ¢´¥´¨Ö ¸ ¶μ²ÊÎ¥´´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ·¥§Ê²ÓÉ É ³¨ ¢ Ìμ¤¥ · ¡μÉÒ ¡Ò²¨
¢Ò¶μ²´¥´Ò · ¸Î¥ÉÒ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸²¥¤ÊÕÐ¨Ì ³μ¤¥²¥°, μ¸´μ¢ ´´ÒÌ ´  ³¥Éμ¤¥ Œμ´É¥-
Š ·²μ: LAHET [18] (¸ ± ¸± ¤ ³¨ Bertini [19] ¨ ISABEL [20], ¨¸¶ ·¥´¨¥³ „·¥¸´¥·  [21]
¨ ¤¥²¥´¨¥³ �ÉÎ¨¸μ´  (RAL) [22], ± ¸± ¤μ³ ŠÊ´Óμ´  (INCL) [23] ¸ ¨¸¶ ·¥´¨¥³/¤¥²¥´¨¥³
„·¥¸´¥·  [21]/RAL [22] ¨ ˜³¨¤É  ABLA [24]), ¶·μ£· ³³μ° ‚.‘. 
 · Ï¥´±μ¢  CASCADE
[25], ± ¸± ¤´μ-Ô±¸¨Éμ´´μ° ³μ¤¥²¨ CEM2k [26] ¨ ²μ¸- ² ³μ¸¸±μ° ¢¥·¸¨¨ ³μ¤¥²¨ ±¢ ·±-
£²Õμ´´ÒÌ ¸É·Ê´ LAQGSM [27], μ¡Ñ¥¤¨´¥´´Ò³, ¸μμÉ¢¥É¸É¢¥´´μ, ¸ μ¡μ¡Ð¥´´μ° ¨¸¶ ·¨-
É¥²Ó´μ° ³μ¤¥²ÓÕ GEM2 [28], ¨¸¶ ·ÖÕÐ¥° ¤μ 66 É¨¶μ¢ · §²¨Î´ÒÌ Ö¤¥·, LAQGSM+GEM2
[27, 29Ä32] ¨ CEM2k+GEM2 [26, 29Ä32],   É ±¦¥ ¸ ³μ¤¥²ÓÕ ¡¨´ ·´ÒÌ · ¸¶ ¤μ¢ GEMINI
[33], · ¸¸³ É·¨¢ ÕÐ¥° ¢ Éμ³ Î¨¸²¥ ¶·μÍ¥¸¸ ¨¸¶Ê¸± ´¨Ö μ¤´μ£μ ´Ê±²μ´  ± ± ±· °´¨°
¸²ÊÎ °  ¸¨³³¥É·¨Î´μ£μ ¤¥²¥´¨Ö LAQGSM+GEMINI ¨ CEM2k+GEMINI [31, 32]. ‚ ´ -
¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¸¥ ÔÉ¨ ³μ¤¥²¨ Ï¨·μ±μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ²¨É¥· ÉÊ·¥ ¤²Ö  ´ ²¨§  ¤·Ê£¨Ì
·¥ ±Í¨° (¸³., ´ ¶·¨³¥·, [9]).

Š Î¥¸É¢¥´´μ¥ ¶μ¨§μÉμ¶´μ¥ ¸· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ · ¸Î¥É ³¨ ¶μ ¢¸¥³
¨¸¶μ²Ó§μ¢ ´´Ò³ ³μ¤¥²Ö³ ¶·μ¢¥¤¥´μ ´  ·¨¸. 4 ¨ 5.
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	¨¸. 4. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ ¸¥Î¥´¨° ¤²Ö 237Np
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	¨¸. 5. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ ¸¥Î¥´¨° ¤²Ö 241Am
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„²Ö ±μ²¨Î¥¸É¢¥´´μ£μ ¸· ¢´¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ §´ Î¥´¨° ¡Ò² ¨¸-
¶μ²Ó§μ¢ ´ ±·¨É¥·¨°, ¶·¥¤²μ¦¥´´Ò° ¢ [34],

〈F 〉 = 10
√

〈(log[σcal/σexp])2〉 (2)

¨ ¥£μ ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥

S (〈F 〉) = 10
√

〈(| log(σi
cal/σi

exp)|−log(〈F 〉))2〉. (3)

‹μ£ ·¨Ë³¨Î¥¸±¨° ¢¨¤ ±·¨É¥·¨Ö ¸¢Ö§ ´ ¸ É¥³, ÎÉμ · §²¨Î¨Ö ³¥¦¤Ê · ¸Î¥É´Ò³¨ ¨ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ ¸¥Î¥´¨° ³μ£ÊÉ ¶·¥¢ÒÏ ÉÓ ¸ ³¨ §´ Î¥´¨Ö ¸¥Î¥´¨°, ¶μÔÉμ³Ê
´μ·³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ μÉ±²μ´¥´¨° É¥μ·¨¨ μÉ Ô±¸¶¥·¨³¥´É  Ö¢²Ö¥É¸Ö ³ ²μ¢¥·μÖÉ´Ò³,
¨ ¶·μ¸É¥°Ï¨³ ¶·¥¤¶μ²μ¦¥´¨¥³ Ö¢²Ö¥É¸Ö ¨Ì ²μ£´μ·³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥. „²Ö ´¥£μ 〈F 〉
¡Ê¤¥É ¸É ´¤ ·É´Ò³ μÉ±²μ´¥´¨¥³, ¶·¥μ¡· §μ¢ ´´Ò³ ± ²¨´¥°´μ° Ï± ²¥. ‘±μ¡±¨ 〈〉 ¢ Ëμ·-
³Ê² Ì μ§´ Î ÕÉ ´ Ìμ¦¤¥´¨¥ ¸·¥¤´¥£μ §´ Î¥´¨Ö. „²Ö ¸· ¢´¥´¨Ö ¡Ò²¨ ¢Ò¡· ´Ò ¤¢¥ ³ ¸-
¸μ¢Ò¥ μ¡² ¸É¨: ¶·μ¤Ê±ÉÒ ¢¸¥Ì ³ ¸¸μ¢ÒÌ Î¨¸¥² ¨ ¶·μ¤Ê±ÉÒ ¸ A < 175, É. ¥. ¢ Éμ° μ¡² ¸É¨,
£¤¥ ³μ¤¥²¨ · ¸¸Î¨ÉÒ¢ ÕÉ ¤¥²¥´¨¥.

	¨¸. 6. “¸²μ¢´ Ö ¸Ì¥³  Í¥¶μÎ±¨ ¨§μ¡ ·Ò β-´¥¸É ¡¨²Ó´ÒÌ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨

�μ¸±μ²Ó±Ê · ¸Î¥ÉÒ ¤ ÕÉ Éμ²Ó±μ ´¥§ ¢¨¸¨³Ò¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö μ¸É ÉμÎ´ÒÌ Ö¤¥·,
Éμ ¤²Ö ±μ··¥±É´μ¸É¨ ¸· ¢´¥´¨Ö ¸ ±Ê³Ê²ÖÉ¨¢´Ò³¨ ¸¥Î¥´¨Ö³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ Ô±¸¶¥·¨-
³¥´É¥, ¡Ò²  ¸¤¥² ´  ±μ··¥±É¨·μ¢±  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì · ¸Î¥É´ÒÌ ¸¥Î¥´¨°. –¥¶μÎ±Ê ¨§μ-
¡ ·Ò (A = const) β-´¥¸É ¡¨²Ó´ÒÌ μ¡· §μ¢ ¢Ï¨Ì¸Ö Ö¤¥·-¶·μ¤Ê±Éμ¢ n ¨ m, ¢±²ÕÎ Ö ¨Ì
¨§μ³¥·Ò, ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ ¸Ì¥³Ò, ¨§μ¡· ¦¥´´μ° ´  ·¨¸. 6. �  ·¨¸Ê´±¥ ´¥-
Î¥É´Ò³¨ Í¨Ë· ³¨ μ¡μ§´ Î¥´Ò ¨§μ³¥·´Ò¥ ¸μ¸ÉμÖ´¨Ö Ö¤¥·-¶·μ¤Ê±Éμ¢,   Î¥É´Ò³¨ Å ¨Ì
μ¸´μ¢´Ò¥ ¸μ¸ÉμÖ´¨Ö; νk,k+1, νk,k+2 ¨ νk,k+3 Å ±μÔËË¨Í¨¥´ÉÒ ¢¥É¢²¥´¨Ö ¶·¨ · ¸¶ ¤¥
¨§μ³¥·´ÒÌ ¸μ¸ÉμÖ´¨° (k Å ´¥Î¥É´μ¥); νl,l+1, νl,l+2 (l Å Î¥É´μ¥ Î¨¸²μ) Å ±μÔËË¨Í¨¥´ÉÒ
¢¥É¢²¥´¨Ö ¶·¨ · ¸¶ ¤¥ μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨°.

‚¥²¨Î¨´Ê ±Ê³Ê²ÖÉ¨¢´μ£μ ¸¥Î¥´¨Ö n-£μ Ö¤· -¶·μ¤Ê±É  ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¶μ μ¡μ¡Ð¥´-
´μ° Ëμ·³Ê²¥, ¸²¥¤ÊÕÐ¥° ¨§ Ë¨§¨Î¥¸±μ° É· ±Éμ¢±¨ ¶μ´ÖÉ¨° ´¥§ ¢¨¸¨³ÒÌ ¨ ±Ê³Ê²ÖÉ¨¢´ÒÌ
¸¥Î¥´¨°:

σcum
n = σind

n +
n−1∑
m=1

Bmnσind
m ,

Bmn = νmn +
n−1∑
l1>m

νml1νl1n +
n−1∑
l2>l1

n−2∑
l1>m

νml1νl1l2νl2n + . . . ,

(4)

£¤¥ νmn ≡ 0 ¶·¨ n − m > 3 ¤²Ö ´¥Î¥É´ÒÌ m ¨ ¶·¨ n − m > 2 Å ¤²Ö Î¥É´ÒÌ.
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ˆ§ ¸¥Î¥´¨°, ¨§³¥·¥´´ÒÌ ¢ ¤ ´´μ° · ¡μÉ¥, Éμ²Ó±μ 37 ´  237Np ¨ 45 ´  241Am ¡Ò²¨ μÉμ-
¡· ´Ò ¤²Ö ¸· ¢´¥´¨Ö ± ± μÉ¢¥Î ÕÐ¨¥ μ¸´μ¢´Ò³ Ë¨§¨Î¥¸±¨³ ¶·¨´Í¨¶ ³, ·¥ ²¨§μ¢ ´´Ò³
¢ ¨¸¶μ²Ó§μ¢ ´´ÒÌ ³μ¤¥²ÖÌ. ‚ Î ¸É´μ¸É¨, ¥¸²¨ ¢ Ô±¸¶¥·¨³¥´É¥ ¡Ò²o μ¶·¥¤¥²¥´o Éμ²Ó±μ
¨§μ³¥·´μ¥ ¸μ¸ÉμÖ´¨¥ ± ±μ£μ-²¨¡μ Ö¤·  ¨²¨, ´ ¶·μÉ¨¢, Éμ²Ó±μ ¥£μ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥ ¶·¨
Éμ³, ÎÉμ ¤ ´´μ¥ Ö¤·μ ¨³¥¥É μ¤¨´ ¨²¨ ´¥¸±μ²Ó±μ ¤μ¸É ÉμÎ´μ ¤μ²£μ¦¨¢ÊÐ¨Ì ¨§μ³¥·μ¢, ¨³¥-
ÕÐ¨Ì §´ Î¨É¥²Ó´ÊÕ · §·Ö¤±Ê ¢ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥, Éμ É ±¨¥ ¸¥Î¥´¨Ö ¨¸±²ÕÎ ²¨¸Ó ¨§
¸· ¢´¥´¨Ö. …¸²¨ ¦¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö Ö¤¥· ¢ μ¸´μ¢´μ³ ¨ ³¥É ¸É ¡¨²Ó´μ³ ¸μ¸ÉμÖ´¨ÖÌ
¡Ò²¨ μ¶·¥¤¥²¥´Ò ¢ Ô±¸¶¥·¨³¥´É¥ ´¥§ ¢¨¸¨³μ, Éμ ¸ · ¸Î¥É´Ò³ ¸¥Î¥´¨¥³ ¸· ¢´¨¢ ² ¸Ó ¨Ì
¸Ê³³ . �´ ²μ£¨Î´Ò° ¶μ¤Ìμ¤ ¨¸¶μ²Ó§Ê¥É¸Ö ¨ ¢ · ¡μÉ Ì ¤·Ê£¨Ì  ¢Éμ·μ¢ (¸³., ´ ¶·¨³¥·, [9]).

’ ¡²¨Í  4. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³μ¤¥²Ó´ÒÌ ¸¥Î¥´¨° ´  ³¨Ï¥´¨ 237Np ¤²Ö ¢Ò¡· ´-
´ÒÌ Ö¤¥·-¶·μ¤Ê±Éμ¢ ¸ A < 175

Œμ¤¥²Ó N/N30 %/N2,0 〈F 〉 S (〈F 〉)

CASCADE 27/4/15 9,75 7,40
INCL+RAL 32/7/16 3,51 2,49
INCL+ABLA 32/9/14 4,09 2,78
Bertini 32/4/16 3,29 2,30
ISABEL 32/5/16 3,34 2,37
CEM2k+GEM2 32/5/16 5,80 3,70
CEM2k+GEMINI 32/3/10 3,57 1,88
LAQGSM+GEM2 32/1/14 7,28 4,47
LAQGSM+GEMINI 32/4/12 4,69 2,64

’ ¡²¨Í  5. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³μ¤¥²Ó´ÒÌ ¸¥Î¥´¨° ´  ³¨Ï¥´¨ 237Np ¤²Ö ¢¸¥Ì
¢Ò¡· ´´ÒÌ Ö¤¥·-¶·μ¤Ê±Éμ¢

Œμ¤¥²Ó N/N30 %/N2,0 〈F 〉 S (〈F 〉)

CASCADE 32/5/16 11,29 7,75
INCL+RAL 37/8/19 3,35 2,39
INCL+ABLA 37/9/14 4,52 2,92
Bertini 37/6/20 3,18 2,26
ISABEL 37/5/19 3,18 2,26
CEM2k+GEM2 37/6/18 5,43 3,47
CEM2k+GEMINI 36/4/11 3,87 2,05
LAQGSM+GEM2 37/2/15 7,10 4,29
LAQGSM+GEMINI 36/5/13 4,82 2,69

‚ É ¡². 4Ä7 N Å μ¡Ð¥¥ ±μ²¨Î¥¸É¢μ ¸· ¢´¥´´ÒÌ ¸¥Î¥´¨°; N30% Å Î¨¸²μ ¸· ¢´¥´¨°,
¢ ±μÉμ·ÒÌ · §²¨Î¨¥ ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¨ · ¸Î¥É´Ò³ ¸¥Î¥´¨Ö³¨ ´e ¶·¥¢ÒÏ ²μ
30%; N2,0 Å Î¨¸²μ ¸· ¢´¥´¨°, ¢ ±μÉμ·ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´μ¥ ¨ · ¸Î¥É´μ¥ ¸¥Î¥´¨Ö · §-
²¨Î ÕÉ¸Ö ´¥ ¡μ²¥¥ Î¥³ ¢ 2 · § .

	¥§Ê²ÓÉ ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ ´¨ μ¤´  ¨§ ³μ¤¥²¥° ¶μ±  ´¥ ¤ ¥É Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ£μ
μ¶¨¸ ´¨Ö ¢¸¥Ì ¨§³¥·¥´´ÒÌ ¸¥Î¥´¨°. �·¨ ÔÉμ³ ´¥¸±μ²Ó±μ ²ÊÎÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¨§ÊÎ¥´-
´ÒÌ ¢ · ¡μÉ¥ ·¥ ±Í¨° ¤¥³μ´¸É·¨·ÊÕÉ ³μ¤¥²¨ Bertini ¨ ISABEL, Ö¢²ÖÕÐ¨¥¸Ö μ¶Í¨Ö³¨
¶·μ£· ³³Ò LAHET.
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’ ¡²¨Í  6. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³μ¤¥²Ó´ÒÌ ¸¥Î¥´¨° ´  ³¨Ï¥´¨ 241Am ¤²Ö ¢Ò¡· ´-
´ÒÌ Ö¤¥·-¶·μ¤Ê±Éμ¢ ¸ A < 175

Œμ¤¥²Ó N/N30 %/N2,0 〈F 〉 S (〈F 〉)

CASCADE 40/7/15 6,57 4,15
INCL+RAL 44/14/36 2,44 2,15
INCL+ABLA 44/16/35 2,96 2,69
Bertini 44/19/34 2,28 1,99
ISABEL 44/19/34 2,30 2,01
CEM2k+GEM2 44/21/32 2,76 2,50
CEM2k+GEMINI 44/7/17 3,18 2,02
LAQGSM+GEM2 44/21/33 3,38 3,14
LAQGSM+GEMINI 44/8/22 3,69 2,53

’ ¡²¨Í  7. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³μ¤¥²Ó´ÒÌ ¸¥Î¥´¨° ´  ³¨Ï¥´¨ 241Am ¤²Ö ¢¸¥Ì
¢Ò¡· ´´ÒÌ Ö¤¥·-¶·μ¤Ê±Éμ¢

Œμ¤¥²Ó N/N30 %/N2,0 〈F 〉 S (〈F 〉)

CASCADE 41/7/16 6,43 4,10
INCL+RAL 45/14/37 2,43 2,13
INCL+ABLA 45/17/36 2,93 2,68
Bertini 45/19/35 2,26 1,98
ISABEL 45/19/35 2,28 1.99
CEM2k+GEM2 45/22/33 2,73 2,48
CEM2k+GEMINI 45/7/18 3,14 2,01
LAQGSM+GEM2 45/22/34 3,34 3,12
LAQGSM+GEMINI 45/8/23 3,64 2,51

�  ·¨¸. 7 ¨§μ¡· ¦¥´Ò · ¸¶·¥¤¥²¥´¨Ö μÉ´μÏ¥´¨° É¥μ·¥É¨Î¥¸±¨Ì (Bertini) ¨ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¸¥Î¥´¨° ¢ μ¡e¨Ì ³¨Ï¥´ÖÌ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò Ô±¸¶¥·¨³¥´É ²Ó´μ£μ
¸¥Î¥´¨Ö. ˆ§ ·¨¸Ê´±a ¢¨¤´μ, ÎÉμ ¥¸²¨ ¤²Ö ¡μ²ÓÏ¨Ì ¸¥Î¥´¨° ÔÉ¨ μÉ´μÏ¥´¨Ö ¢ÒÌμ¤ÖÉ ´ 

	¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨° Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ É¥μ·¥É¨Î¥¸±¨Ì ¸¥Î¥´¨° μÉ ¢¥²¨Î¨´Ò ¸¥Î¥´¨Ö
¤²Ö ³¨Ï¥´¥° 237Np (a) ¨ 241Am (¡)
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´¥±μÉμ·μ¥ ¶² Éμ, Éμ ¢ μ¡² ¸É¨ ³ ²ÒÌ ¸¥Î¥´¨° Ì · ±É¥·´μ ³´μ£μ±· É´μ¥ ¶·¥¢ÒÏ¥´¨¥
· ¸Î¥É´ÒÌ ¸¥Î¥´¨° ´ ¤ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨. � ¶μ¸±μ²Ó±Ê ³ ²Ò¥ §´ Î¥´¨Ö ¸¥Î¥´¨°, ± ±
¶· ¢¨²μ, Ì · ±É¥·´Ò ¤²Ö Ö¤¥·, Ê¤ ²¥´´ÒÌ μÉ ²¨´¨¨ β-¸É ¡¨²Ó´μ¸É¨, Éμ ³μ¦´μ ¶·¥¤¶μ²μ-
¦¨ÉÓ, ÎÉμ ´ ¡²Õ¤ ¥É¸Ö § ¢ÒÏ¥´¨¥ · ¸Î¥É´ÒÌ μÍ¥´μ± ¸¥Î¥´¨° ¤²Ö Ö¤¥· ÔÉμ° μ¡² ¸É¨.

�  μ¸´μ¢¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ´ ³¨ ¡Ò²  μÍ¥´¥´  ÔËË¥±É¨¢´μ¸ÉÓ É· ´¸-
³ÊÉ Í¨¨ μ¡μ¨Ì ¨¸¸²¥¤μ¢ ´´ÒÌ ¨§μÉμ¶μ¢ ´  ¶·Ö³μ³ ¶·μÉμ´´μ³ ¶ÊÎ±¥. �·¨ ÔÉμ³ ¸Ê³³ ·-
´Ò¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö Ö¤¥·-¶·μ¤Ê±Éμ¢, ¸μ¸É ¢²ÖÕÐ¨¥ 989 ³¡ ¤²Ö 237Np ¨ 927 ³¡ ¤²Ö
241Am, ¡Ò²¨ ¶·¨´ÖÉÒ §  2 ¡ ± ¦¤μ¥, ÎÉμ¡Ò ÊÎ¥¸ÉÓ ¢±² ¤ ¸É ¡¨²Ó´ÒÌ ¨§μÉμ¶μ¢ ¨ ¨§μÉμ¶μ¢,
γ-±¢ ´ÉÒ ±μÉμ·ÒÌ ´ Ìμ¤ÖÉ¸Ö ¢´¥ · ¡μÎ¥£μ ¤¨ ¶ §μ´  ¨¸¶μ²Ó§μ¢ ¢Ï¥£μ¸Ö γ-¸¶¥±É·μ³¥É· .
’ ±μ° ¶μ¤Ìμ¤ ¸¢Ö§ ´ ¸ É¥³, ÎÉμ ¢ ¸·¥¤´¥³ ¸Ê³³  · ¸Î¥É´ÒÌ ¸¥Î¥´¨° ´ ¡²Õ¤ ¢Ï¨Ì¸Ö ´Ê-
±²¨¤μ¢ ¢ ¤¢  · §  ³¥´ÓÏ¥, Î¥³ ¨¸¶μ²Ó§Ê¥³μ¥ ¢ · ¸Î¥É Ì ´¥Ê¶·Ê£μ¥ ¸¥Î¥´¨¥, ¶μÔÉμ³Ê É ± Ö
¦¥ § ±μ´μ³¥·´μ¸ÉÓ ¡Ò²  ¶·¥¤¶μ²μ¦¥´  ¨ ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¥Î¥´¨°.


Ò²μ ¶μ²ÊÎ¥´μ, ÎÉμ ´  ¶·μÉμ´´μ³ ¶ÊÎ±¥ Éμ±μ³ 10 ³� §  ¢·¥³Ö μ¡²ÊÎ¥´¨Ö 1 ³¥¸ÖÍ ¢
¤ ´´μ° ³¨Ï¥´¨ É· ´¸³ÊÉ¨·Ê¥É (¶¥·¥°¤¥É ¢ ±μ·μÉ±μ¦¨¢ÊÐ¨¥ ¨ ¸É ¡¨²Ó´Ò¥ ¨§μÉμ¶Ò) 9%
237Np ¨ 241Am.

	 ¡μÉ  ¡Ò²  Î ¸É¨Î´μ ¶μ¤¤¥·¦ ´  DOE ‘˜�, CRDF (£· ´É MP2-304) ¨ NASA ATP01
(£· ´É NRA-01-01-ATP-066).
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