
�¨¸Ó³  ¢ �—�Ÿ. 2012. ’. 9, º4Ä5(174Ä175). ‘. 706Ä711

”ˆ‡ˆŠ� ˆ ’…•�ˆŠ� “‘Š��ˆ’…‹…‰

Š��–…�–ˆŸ Œ“‹œ’ˆˆ‡�’����ƒ�
���ˆ‡‚�„‘’‚� �� ��‡… “‘Š��ˆ’…‹Ÿ

�‹…Š’����‚
�. �.„μ¢¡´Ö, ‚. ˆ.�¨±¨Ëμ·μ¢, ‚. ‹. “¢ ·μ¢ 1

� Í¨μ´ ²Ó´Ò° ´ ÊÎ´Ò° Í¥´É· ®• ·Ó±μ¢¸±¨° Ë¨§¨±μ-É¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ¯, • ·Ó±μ¢, “±· ¨´ 

�·μ ´ ²¨§¨·μ¢ ´  ÔËË¥±É¨¢´μ¸ÉÓ ¶·μ¨§¢μ¤¸É¢  ¨§μÉμ¶μ¢ ´  Ê¸±μ·¨É¥²¥ Ô²¥±É·μ´μ¢. ‚ ± Î¥¸É¢¥
±·¨É¥·¨Ö ÔËË¥±É¨¢´μ¸É¨ ¶·¥¤²μ¦¥´ ±μÔËË¨Í¨¥´É ¨¸¶μ²Ó§μ¢ ´¨Ö Éμ·³μ§´ÒÌ ËμÉμ´μ¢ ¸ Ô´¥·£¨¥°
¢ÒÏ¥ ¶μ·μ£  ·¥ ±Í¨¨ ¢ ¶·μÍ¥¸¸¥  ±É¨¢ Í¨¨ ³¨Ï¥´¨. �μ± § ´  ¢μ§³μ¦´μ¸ÉÓ §´ Î¨É¥²Ó´μ£μ Ê¢¥-
²¨Î¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ¶ÊÉ¥³ ¶·¨³¥´¥´¨Ö ¢ ± Î¥¸É¢¥ ¢ÒÌμ¤´μ£μ Ê¸É·μ°¸É¢  Ê¸±μ·¨É¥²Ö ´ ¡μ· 
¨§ ¶μ¸²¥¤μ¢ É¥²Ó´μ · §³¥Ð¥´´ÒÌ ¨§μÉμ¶´ÒÌ ³¨Ï¥´¥° ¸¶¥Í¨ ²Ó´μ ¶μ¤μ¡· ´´μ£μ ¸μ¸É ¢ . �¥·¢ Ö
³¨Ï¥´Ó μ¤´μ¢·¥³¥´´μ Ö¢²Ö¥É¸Ö ±μ´¢¥·É¥·μ³ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¥¤²μ-
¦¥´ ¢ ·¨ ´É Ê¸É·μ°¸É¢  ¤²Ö μ¤´μ¢·¥³¥´´μ° ´ · ¡μÉ±¨ ¨§μÉμ¶μ¢ 192Ir, 67Cu, 57Co ¨ 11C. Œ¥Éμ¤μ³
±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ´  μ¸´μ¢¥ ¶·μ£· ³³´μ° ¸¨¸É¥³Ò PENELOPE/2008 ¨¸¸²¥¤μ¢ ´Ò É¥-
¶²μË¨§¨Î¥¸±¨¥ ¨ · ¤¨ Í¨μ´´Ò¥ Ê¸²μ¢¨Ö ¤²Ö ± ¦¤μ° ³¨Ï¥´¨ ¢ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Ô´¥·£¨¨ Ô²¥±-
É·μ´μ¢ 30Ä45 ŒÔ‚. �μ²ÊÎ¥´Ò ¤ ´´Ò¥ ¶μ ¢ÒÌμ¤Ê ¨§μÉμ¶μ¢ ¢ ¸²ÊÎ ¥ ¶·¨³¥´¥´¨Ö ¶·¥¤²μ¦¥´´μ£μ
Ê¸É·μ°¸É¢  ´  Ê¸±μ·¨É¥²¥ Š“’-30 ��– •”’ˆ.

The efˇciency of isotope production at the electron accelerator has been analyzed. The utilization
factor of bremsstrahlung photons of energies above the reaction threshold in the process of target
activation has been chosen as the efˇciency criterion. It is demonstrated that the efˇciency can be
substantially increased by the use of a stack of successively arranged isotopic targets of dedicated
composition as an output device of the accelerator. The ˇrst target also serves as a bremsstrahlung
converter. As an example, consideration is given to the device version for simultaneous production
of 192Ir, 67Cu, 57Co and 11C isotopes. The computer simulation technique based on the PENELOPE-
2008 code has been used to investigate thermophysical and radiation conditions for each target in the
electron energy range from 30 to 45 MeV. The isotope yield data have been obtained for the case of
using the proposed device at the NSC KIPT accelerator KUT-30.

PACS: 07.85.-m; 81-40wx; 87.53-j

‚‚…„…�ˆ…

�· ±É¨Î¥¸±¨ ¢¸¥ ¨§μÉμ¶Ò, ¶·¨³¥´Ö¥³Ò¥ ¢ ³¥¤¨Í¨´¥, ¶μ²ÊÎ ÕÉ ´  Ö¤¥·´ÒÌ ·¥ ±Éμ· Ì
¨ Ê¸±μ·¨É¥²ÖÌ ÉÖ¦¥²ÒÌ Î ¸É¨Í. ‡´ Î¨É¥²Ó´μ¥ Î¨¸²μ ¨§μÉμ¶μ¢ ³μ¦´μ ¶μ²ÊÎ ÉÓ É ±¦¥ ´ 
μÉ´μ¸¨É¥²Ó´μ ´¥¤μ·μ£¨Ì Ê¸±μ·¨É¥²ÖÌ Ô²¥±É·μ´μ¢ ¢ ·¥ ±Í¨ÖÌ ¶μ¤ ¢μ§¤¥°¸É¢¨¥³ Éμ·³μ§-
´ÒÌ ËμÉμ´μ¢ [1]. � ´¥¥ ÔÉμÉ ³¥Éμ¤ ¸Î¨É ²¸Ö ³ ²μ¶¥·¸¶¥±É¨¢´Ò³ ¢¢¨¤Ê ¸· ¢´¨É¥²Ó´μ
´¨§±¨Ì ¸¥Î¥´¨° ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° [2]. ‚³¥¸É¥ ¸ É¥³ · §¢¨É¨¥ Ö¤¥·´μ° ³¥¤¨Í¨´Ò
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¸μ¶·μ¢μ¦¤ ¥É¸Ö ¢μ§· ¸É ´¨¥³ ¸¶·μ¸  ´  · ¤¨μ´Ê±²¨¤´ÊÕ ¶·μ¤Ê±Í¨Õ ¢ μÉ´μÏ¥´¨¨ ± ±
¥¥ μ¡Ñ¥³ , É ± ¨ · ¸Ï¨·¥´¨Ö ´μ³¥´±² ÉÊ·Ò. �μÔÉμ³Ê ¸μ§¤ ´¨¥ ´μ¢ÒÌ, μ¸μ¡¥´´μ ´¥·¥ ±-
Éμ·´ÒÌ, É¥Ì´μ²μ£¨° ¸É ´μ¢¨É¸Ö  ±ÉÊ ²Ó´Ò³ [3]. ‚ Î ¸É´μ¸É¨, ¢¥¤ÊÉ¸Ö · ¡μÉÒ ¢ μ¡² ¸É¨
ËμÉμÖ¤¥·´μ£μ ¶·μ¨§¢μ¤¸É¢  99Œμ, 67‘u, 195mPt ¨ ¤·. (¸³., ´ ¶·¨³¥·, [4Ä6]).

�¤´μ° ¨§ μ¸μ¡¥´´μ¸É¥° ÔÉμ£μ ³¥Éμ¤  Ö¢²Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´´ Ö ´¥μ¤´μ·μ¤´μ¸ÉÓ ¶μ²Ö
Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö, ±μÉμ·Ò³  ±É¨¢¨·ÊÕÉ ¨§μÉμ¶´ÊÕ ³¨Ï¥´Ó. ’ ±, ¢ · ¡μÉ¥ [7] ¶μ± -
§ ´μ, ÎÉμ ´μ·³¨·μ¢ ´´Ò° ´  μ¤¨´ Ê¸±μ·¥´´Ò° Ô²¥±É·μ´ ¸ Ô´¥·£¨¥° E0 ¢ÒÌμ¤ ¨§μÉμ¶μ¢
yi(E0) ¢ Í¨²¨´¤·¨Î¥¸±μ° ³¨Ï¥´¨, μ¡²ÊÎ ¥³μ° ¢ÒÌμ¤ÖÐ¨³¨ ¨§ ±μ´¢¥·É¥·  Éμ·³μ§´Ò³¨
ËμÉμ´ ³¨ ¸ £ Ê¸¸μ¢Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨ ¶μÉμ± , ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ¢ ¢¨¤¥
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R ¨ H Å ¸μμÉ¢¥É¸É¢¥´´μ · ¤¨Ê¸ ¨ ¢Ò¸μÉ  ³¨Ï¥´¨; d Å Éμ²Ð¨´  ±μ´¢¥·É¥· ; a Å
· ¸¸ÉμÖ´¨¥ μÉ ³¨Ï¥´¨ ¤μ ±μ´¢¥·É¥· ; δr Å ¸·¥¤´¥¥ ±¢ ¤· É¨Î´μ¥ μÉ±²μ´¥´¨¥ · ¸¶·¥-
¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  Éμ·³μ§´ÒÌ ËμÉμ´μ¢; η(E0, d) Å ÔËË¥±É¨¢´μ¸ÉÓ ±μ´¢¥·¸¨¨
Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ ¢ Éμ·³μ§´μ¥ ¨§²ÊÎ¥´¨¥; ni Å μ¡Ñ¥³´ Ö ±μ´Í¥´É· Í¨Ö Ö¤¥·-³¨Ï¥´¥°;
μ(k) Å ²¨´¥°´Ò° ±μÔËË¨Í¨¥´É μ¸² ¡²¥´¨Ö ËμÉμ´μ¢ ¸ Ô´¥·£¨¥° k ¢ ³ É¥·¨ ²¥ ³¨Ï¥´¨;
ki Å Ô´¥·£¨Ö ËμÉμ´μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ³ ±¸¨³Ê³Ê ¸¥Î¥´¨Ö ·¥ ±Í¨¨ σmax

i ; Si(E0) Å
¸¢¥·É±  ²¨´¥ ·¨§¨·μ¢ ´´μ£μ ¸¶¥±É·  ËμÉμ´μ¢ ¨ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö i-·¥ ±Í¨¨ ¢ Ëμ·³¥
	·¥°É Ä‚¨£´¥·  [8], ´μ·³¨·μ¢ ´´ÒÌ ´ ¤²¥¦ Ð¨³ μ¡· §μ³.

Š ± ¸²¥¤Ê¥É ¨§ Ëμ·³Ê²Ò (1), · §³¥·Ò ËμÉμÖ¤¥·´μ° ³¨Ï¥´¨ R ≈ δr(d+a+H/2), H �
μ−1(ki) Ö¢²ÖÕÉ¸Ö ¡²¨§±¨³¨ ± μ¶É¨³ ²Ó´Ò³. „¥°¸É¢¨É¥²Ó´μ, ¶·¨ ¨Ì Ê¢¥²¨Î¥´¨¨ ¢ÒÌμ¤
¨§μÉμ¶  ´¥¸±μ²Ó±μ ¢μ§· ¸É ¥É, μ¤´ ±μ ·¥§±μ ¸´¨¦ ¥É¸Ö Ê¤¥²Ó´ Ö  ±É¨¢´μ¸ÉÓ ³¨Ï¥´¨.
‚³¥¸É¥ ¸ É¥³ μ± §Ò¢ ¥É¸Ö, ÎÉμ ¶·¨ ÔÉ¨Ì · §³¥· Ì ³¨Ï¥´¨ ¸ ´¥° ¢§ ¨³μ¤¥°¸É¢Ê¥É ²¨ÏÓ
∼ 30% Éμ·³μ§´ÒÌ ËμÉμ´μ¢, ¨³¥ÕÐ¨Ì Ô´¥·£¨Õ ¢ÒÏ¥ ¶μ·μ£  ·¥ ±Í¨¨.

1. Œˆ˜…���… “‘’��‰‘’‚�

„²Ö Ê¢¥²¨Î¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ Éμ·³μ§´ÒÌ Ëμ-
Éμ´μ¢ ¶·¥¤² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ Ê¸É·μ°¸É¢μ ¢ ¢¨¤¥ ´ ¡μ·  ¨§ ¶μ¸²¥¤μ¢ É¥²Ó´μ · §³¥-
Ð¥´´ÒÌ ¢¤μ²Ó μ¸¨ ¨§²ÊÎ¥´¨Ö ³¨Ï¥´¥° ¸¶¥Í¨ ²Ó´μ° £¥μ³¥É·¨¨ ¨ ¸μ¸É ¢  [9]. �  ·¨¸. 1
¶·¥¤¸É ¢²¥´  ¸Ì¥³  ¢ ·¨ ´É  É ±μ£μ Ê¸É·μ°¸É¢ . �´μ ¢±²ÕÎ ¥É μ¸´μ¢´ÊÕ ³¨Ï¥´Ó 5 ¨§
Í¨´±  ¤²Ö ¶·μ¨§¢μ¤¸É¢  67‘u ¶μ ·¥ ±Í¨¨ 68Zn (γ, p) 67Cu [5]. „μ¶μ²´¨É¥²Ó´μ ¶·¥¤² £ -
¥É¸Ö ¶·μ¨§¢μ¤¨ÉÓ ´ · ¡μÉ±Ê ¨§μÉμ¶  192Ir ¶μ ·¥ ±Í¨¨ 193Ir (γ, n) 192Ir ´¥¶μ¸·¥¤¸É¢¥´´μ
¢ ±μ´¢¥·É¥·¥ ¨§ ¨·¨¤¨Ö. “Î¨ÉÒ¢ Ö É ±¦¥, ÎÉμ ¨´É¥´¸¨¢´μ¸ÉÓ ¶μÉμ±  ¢Ò¸μ±μÔ´¥·£¥É¨Î-
´ÒÌ ËμÉμ´μ¢ §  μ¸´μ¢´μ° ³¨Ï¥´ÓÕ ¤μ¸É ÉμÎ´μ ¢¥²¨± , ¢ ÔÉμ° μ¡² ¸É¨ ³μ¦´μ · §³¥-
¸É¨ÉÓ ³¨Ï¥´¨-¸ É¥²²¨ÉÒ. ‚ ¤ ´´μ³ ¢ ·¨ ´É¥ μ¤´μ° ¨§ ´¨Ì Ö¢²Ö¥É¸Ö ¶² ¸É¨´  9 ¨§
´¨±¥²Ö ¤²Ö ´ · ¡μÉ±¨ 57‘μ μ¤´μ¢·¥³¥´´μ ¶μ ¤¢Ê³ ·¥ ±Í¨Ö³ 58Ni (γ, n) 57Ni →57Co ¨
58Ni (γ, p) 57Co [10]. „·Ê£ Ö ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Í¨²¨´¤· ¸ Í¨±²μ£¥±¸ ´μ³ ¤²Ö ¶·μ¨§¢μ¤-
¸É¢  ¨¸¶μ²Ó§Ê¥³μ£μ ¢ ��’ ¨§μÉμ¶  11‘ ¶μ ·¥ ±Í¨¨ 12‘ (γ, n) 11‘.
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�¨¸. 1. Šμ´Ë¨£Ê· Í¨Ö Ô²¥³¥´Éμ¢ ³¨Ï¥´´μ£μ Ê¸É·μ°¸É¢ 

2. “‘‹�‚ˆŸ Œ�„…‹ˆ��‚��ˆŸ

ˆ¸¸²¥¤μ¢ ´¨¥ ¢ÒÌμ¤  ¨§μÉμ¶μ¢ ¢ ¶·¥¤² £ ¥³μ³ ³¨Ï¥´´μ³ Ê¸É·μ°¸É¢¥,   É ±¦¥ ¶μ-
£²μÐ¥´´μ° Ô´¥·£¨¨ ¨§²ÊÎ¥´¨Ö ¢ ¥£μ Ô²¥³¥´É Ì ¶·μ¨§¢μ¤¨²μ¸Ó ³¥Éμ¤μ³ ±μ³¶ÓÕÉ¥·´μ£μ
³μ¤¥²¨·μ¢ ´¨Ö ´  μ¸´μ¢¥ ¶·μ£· ³³´μ° ¸¨¸É¥³Ò PENELOPE-2008 [11], ¤μ¶μ²´¥´´μ° ¤ ´-
´Ò³¨ ¶μ ¸¥Î¥´¨Ö³ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° [8]. � ´¥¥ ¡Ò²μ ¶μ± § ´μ, ÎÉμ É ±μ° ¶μ¤Ìμ¤
¤ ¥É Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ¸ ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´É  [5].

“¸²μ¢¨Ö ³μ¤¥²¨·μ¢ ´¨Ö ¸μμÉ¢¥É¸É¢μ¢ ²¨ Ì · ±É¥·¨¸É¨± ³ Ê¸±μ·¨É¥²Ö Š“’-30 [12].
…£μ ¢Ò¶Ê¸±´μ¥ μ±´μ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ É¨É ´μ¢ÒÌ Ëμ²Ó£ (¶μ§. 1 ¨ 2 ´  ·¨¸.1, ¡) Éμ²Ð¨´μ°
50 ³±³ ± ¦¤ Ö, · §¤¥²¥´´ÒÌ ¶·μ³¥¦ÊÉ±μ³ 4 ³³ ¤²Ö μÌ² ¦¤ ÕÐ¥° ¢μ¤Ò. “§¥² ±μ´¢¥·-
É¥·  ¢±²ÕÎ ¥É ¢Ìμ¤´ÊÕ 3 ¨ ¢ÒÌμ¤´ÊÕ 4 Ëμ²Ó£¨ ¨§ É¨É ´ . Œ¥¦¤Ê ´¨³¨ ´ Ìμ¤ÖÉ¸Ö Î¥ÉÒ·¥
¶² ¸É¨´Ò ¨§ ¶·¨·μ¤´μ£μ ¨·¨¤¨Ö Éμ²Ð¨´μ° 1 ³³, μÌ² ¦¤ ¥³Ò¥ ¢μ¤μ°. �¸´μ¢´ Ö ³¨Ï¥´Ó
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Í¨²¨´¤· 5 ¨§ ¶·¨·μ¤´μ£μ Í¨´±  ¤¨ ³¥É·μ³ ¨ ¢Ò¸μÉμ° 2 ¸³. Œ¨-
Ï¥´Ó ¶μ³¥Ð¥´  ¢ ± ¶¸Ê²Ê 6 ¨§ É¨É ´ , ¨³¥ÕÐÊÕ · §¢¨ÉÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ¤²Ö Ê²ÊÎÏ¥´¨Ö
É¥¶²μμÉ¢μ¤ . Š ¶¸Ê²  £¥·³¥É¨Î¥¸±¨ § ±·ÒÉ  ¡μ²É-±·ÒÏ±μ° 7 ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨.

‡  § ¤´¥° ¸É¥´±μ° 8 ±μ·¶Ê¸  μ¸´μ¢´μ° ³¨Ï¥´¨ ¢ ¢μ§¤ÊÌ¥ · §³¥Ð¥´  ³¨Ï¥´Ó-¸ É¥²-
²¨É 9 ¢ ¢¨¤¥ ¶² ¸É¨´Ò ¨§ ¶·¨·μ¤´μ£μ ´¨±¥²Ö ¤¨ ³¥É·μ³ 5 ¨ Éμ²Ð¨´μ° 0,5 ¸³. ‡  ´¥°
´ Ìμ¤¨É¸Ö ¥Ð¥ μ¤´  ³¨Ï¥´Ó-¸ É¥²²¨É 10, ¶·¥¤¸É ¢²ÖÕÐ Ö ¸μ¡μ° § ¶μ²´¥´´Ò° Í¨±²μ£¥±-
¸ ´μ³  ²Õ³¨´¨¥¢Ò° Í¨²¨´¤· ¤¨ ³¥É·μ³ 5 ¨ ¢Ò¸μÉμ° 10 ¸³ ¸ Éμ²Ð¨´μ° ¸É¥´μ± 3 ³³.

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò ¸¥Î¥´¨Ö ·¥ ±Í¨°, ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨.

3. �…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

�  ·¨¸. 3 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ¶μ£²μÐ¥´´μ° ³μÐ´μ¸É¨ ¨§²ÊÎ¥´¨Ö ¢ ±μ´¢¥·É¥·¥ ¨
³¨Ï¥´ÖÌ μÉ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢. ˆ§ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¸²¥¤Ê¥É, ÎÉμ ´ ¨¡μ²¥¥ Ô´¥·£μ-
´ ¶·Ö¦¥´´Ò³¨ Ô²¥³¥´É ³¨ Ê¸É·μ°¸É¢  Ö¢²ÖÕÉ¸Ö ±μ´¢¥·É¥· ¨ μ¸´μ¢´ Ö ³¨Ï¥´Ó, ±μÉμ·Ò¥
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�¨¸. 2. ‘¥Î¥´¨Ö ·¥ ±Í¨°

�¨¸. 3. �μ£²μÐ¥´´ Ö ³μÐ´μ¸ÉÓ ¨§²ÊÎ¥´¨Ö ¢ ±μ´¢¥·É¥·¥ ( ), μ¸´μ¢´μ° ³¨Ï¥´¨ (¡), ¸ É¥²²¨É¥-1 (¢)
¨ ¸ É¥²²¨É¥-2 (£)
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�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¢ÒÌμ¤  192Ir ¢ ¶² ¸É¨´ Ì ±μ´¢¥·É¥·  μÉ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢

‚ÒÌμ¤ ¨§μÉμ¶μ¢ (³Š¨/100 ³±A · Î)

ˆ§μÉμ¶
�´¥·£¨Ö, ŒÔ‚

30 35 40 45
192Ir 5,75 6,91 7,69 8,4
67Cu 0,58 1,13 1,76 2,41
57Co 0,07 0,11 0,15 0,19
57Ni 5,57 8,77 12,23 15,64
11C 106,8 216,2 337,0 473,2

¶·¨ Éμ±¥ ¶ÊÎ±  100 ³±� ¨ ¡μ²¥¥ É·¥¡ÊÕÉ ¨´É¥´¸¨¢´μ£μ ¶·¨´Ê¤¨É¥²Ó´μ£μ μÌ² ¦¤¥´¨Ö.
‚ Éμ ¦¥ ¢·¥³Ö ³¨Ï¥´¨-¸ É¥²²¨ÉÒ ¢ ´¥³ ´¥ ´Ê¦¤ ÕÉ¸Ö ¨ ³μ£ÊÉ μÌ² ¦¤ ÉÓ¸Ö Éμ²Ó±μ § 
¸Î¥É ±μ´¢¥±Í¨¨.

�  ·¨¸. 4 ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¶μ ´ · ¡μÉ±¥ 192Ir ¢ μÉ¤¥²Ó´ÒÌ ¶² ¸É¨´ Ì ±μ´¢¥·É¥· 
§  ¸ÊÉ±¨ μ¡²ÊÎ¥´¨Ö,   ¢ É ¡²¨Í¥ Å ¶μ²´Ò° ¢ÒÌμ¤ ¨§μÉμ¶μ¢ ¸ ÊÎ¥Éμ³ · ¸¶ ¤  Í¥²¥¢μ£μ
¨§μÉμ¶  §  ¢·¥³Ö  ±É¨¢ Í¨¨ ± ¦¤μ° ³¨Ï¥´¨.

‡�Š‹	—…�ˆ…

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤²Ö ËμÉμÖ¤¥·´μ£μ ¶·μ¨§¢μ¤¸É¢  ¨§μÉμ¶μ¢ μ¤´μ° ³¨Ï¥´¨ ¸ · §³¥-
· ³¨, μ¶É¨³¨§¨·μ¢ ´´Ò³¨ ¶μ ¸μμÉ´μÏ¥´¨Õ ¥¥ μ¡Ð¥° ¨ Ê¤¥²Ó´μ°  ±É¨¢´μ¸É¨, ¡
o²ÓÏ Ö
Î ¸ÉÓ ´ ¤¶μ·μ£μ¢ÒÌ Éμ·³μ§´ÒÌ ËμÉμ´μ¢ ´¥ ÊÎ ¸É¢Ê¥É ¢ ¶·μÍ¥¸¸¥  ±É¨¢ Í¨¨. �ËË¥±-
É¨¢´μ¸ÉÓ É¥Ì´μ²μ£¨¨ ³μ¦´μ ¶μ¢Ò¸¨ÉÓ ¶ÊÉ¥³ ¶·¨³¥´¥´¨Ö ¢ÒÌμ¤´μ£μ Ê¸É·μ°¸É¢  ¢ ¢¨¤¥
¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ³¨Ï¥´¥°, ¶¥·¢μ° ¨§ ±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö ±μ´¢¥·É¥·. ‚ ´¥³, ¢ § ¢¨¸¨-
³μ¸É¨ μÉ ³ É¥·¨ ² , ³μ¦´μ ¶·μ¨§¢μ¤¨ÉÓ 181W, 180Ta, 193m,195mPt, 192Ir ¨ ¤·. ‡  μ¸´μ¢´μ°
³¨Ï¥´ÓÕ ³μ¦´μ · §³¥¸É¨ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò¥ ³¨Ï¥´¨. ‚ ± ¦¤μ³ ¸²ÊÎ ¥ ¸μ¸É ¢ ³¨Ï¥´¥°
¨ ·¥¦¨³ ¨Ì  ±É¨¢ Í¨¨ Í¥²¥¸μμ¡· §´μ μ¶É¨³¨§¨·μ¢ ÉÓ ³¥Éμ¤μ³ ³μ¤¥²¨·μ¢ ´¨Ö ¸ ÊÎ¥-
Éμ³ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¨ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  Í¥²¥¢μ£μ ¨§μÉμ¶ . ’ ±, ¢ · ¸¸³μÉ·¥´´μ³
¢ ·¨ ´É¥ ¢ÒÌμ¤´μ£μ Ê¸É·μ°¸É¢  ¶·¨ ¥£μ μ¡²ÊÎ¥´¨¨ ¢ ·¥¦¨³¥ (40 ŒÔ‚, 200 ³±�), Ì · ±-
É¥·´μ³ ¤²Ö Ê¸±μ·¨É¥²Ö Š“’-30 ��– •”’ˆ, ¢ μ¸´μ¢´μ° ³¨Ï¥´¨ ¨§ ¶·¨·μ¤´μ£μ Í¨´± 



Šμ´Í¥¶Í¨Ö ³Ê²ÓÉ¨¨§μÉμ¶´μ£μ ¶·μ¨§¢μ¤¸É¢  ´  ¡ §¥ Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢ 711

³ ¸¸μ° 45 £ §  60 Î ³μ¦´μ ´ · ¡ ÉÒ¢ ÉÓ ¤μ 240 ³Š¨ ¨§μÉμ¶  67‘u. �Éμ°  ±É¨¢´μ¸É¨
¤μ¸É ÉμÎ´μ ¤²Ö É¥· ¶¨¨ 10Ä12 ¶ Í¨¥´Éμ¢. „μ¶μ²´¨É¥²Ó´μ ³μ¦´μ ¶·μ¨§¢¥¸É¨ ¤μ 27 Š¨
192Ir ¢ ±μ´¢¥·É¥·¥ (§  74 ¸ÊÉ),   É ±¦¥ ¤μ 2 Š¨ 57‘μ (270 ¸ÊÉ) ¨ 200 ³Š¨ 11‘ (20 ³¨´)
¢ ³¨Ï¥´ÖÌ-¸ É¥²²¨É Ì. ‚ÒÌμ¤  11‘, ¢ Î ¸É´μ¸É¨, ¤μ¸É ÉμÎ´μ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö · ¡μÉÒ
¶μ§¨É·μ´-Ô³¨¸¸¨μ´´μ£μ Éμ³μ£· Ë .
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