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ˆ§³¥·¥´Ò ¢ÒÌµ¤Ò ¶¥·¢¨Î´ÒÌ µ¸±µ²±µ¢ Å ¨§µÉµ¶µ¢ ±¸¥´µ´  ¸ ³ ¸¸µ¢Ò³¨ Î¨-
¸² ³¨ 138Ä143 Å ¶·¨ ËµÉµ¤¥²¥´¨¨ Ö¤¥· 232Th ¨ 238U. �±¸¶¥·¨³¥´ÉÒ ¶·µ¢¥¤¥´Ò
´  ³¨±·µÉ·µ´¥ ‹Ÿ� �ˆŸˆ ¶·¨ Ô´¥·£¨¨ Ê¸±µ·¥´´ÒÌ Ô²¥±É·µ´µ¢ 25 ŒÔ‚. ˆ¸¶µ²Ó-
§µ¢ ² ¸Ó ³¥Éµ¤¨±  ¶¥·¥´µ¸  ¢Ò²¥É¥¢Ï¨Ì ¨§ ³¨Ï¥´¨ µ¸±µ²±µ¢ £ §µ¢Ò³ ¶µÉµ±µ³ ¶µ
± ¶¨²²Ö·Ê ¨ ±µ´¤¥´¸ Í¨¨ ¨´¥·É´ÒÌ £ §µ¢ Kr ¨ •¥ ¢ ±·¨µ¸É É¥ ¶·¨ É¥³¶¥· ÉÊ·¥ ¦¨¤-
±µ£µ  §µÉ . �¸±µ²±¨ ¢¸¥Ì µ¸É ²Ó´ÒÌ Ô²¥³¥´Éµ¢ § ¤¥·¦¨¢ ²¨¸Ó Ë¨²ÓÉ·µ³ ´  ¢Ìµ¤¥
± ¶¨²²Ö· . ˆ¤¥´É¨Ë¨± Í¨Ö ¨§µÉµ¶µ¢ •¥ ¶·µ¨§¢µ¤¨² ¸Ó ¶µ γ-¸¶¥±É· ³ ¨Ì ¤µÎ¥·´¨Ì
¶·µ¤Ê±Éµ¢. �µ²ÊÎ¥´µ · ¸¶·¥¤¥²¥´¨¥ ´¥§ ¢¨¸¨³ÒÌ ¢ÒÌµ¤µ¢ ¨§µÉµ¶µ¢ •¥ ¶µ ¨Ì ³ ¸-
¸µ¢Ò³ Î¨¸² ³, ¶·µ¢¥¤¥´µ ¸· ¢´¥´¨¥ ÔÉ¨Ì ¢ÒÌµ¤µ¢ ¸  ´ ²µ£¨Î´Ò³¨ ¢ÒÌµ¤ ³¨ ¶·¨
¤¥²¥´¨¨ ¡Ò¸É·Ò³¨ ¨ É¥¶²µ¢Ò³¨ ´¥°É·µ´ ³¨.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ.�. ”²¥·µ¢  �ˆŸˆ.

Independent Yields of Xe Isotopes at Photoˇssion of 232Th
and 238U

Yu.P.Gangrsky et al.

The yields of the primary ˇssion fragments Å Xe isotopes Å at the photoˇssion
of 232Th and 238U were measured. The experiments were performed on the microtron
of FLNR, JINR, at the accelerated electron energy of 25 MeV. The procedure methodic
of ˇssion fragments transportation by the gas �ow on the capillar and condensation of
the inert gases in the cryostat at the liquid nitrogen temperature was used. The ˇssion
fragments of another elements were stopped by the ˇlter on the entrance of capillar. The
identiˇcation of the Xe isotopes was performed using the γ spectra of their daughter
products. The mass distribution of the Xe isotopes independent yields was obtained, and
the comparision with yields at the prompt and thermal neutron ˇssion was discussed.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions,
JINR.
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‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ¢¸¥ ¡µ²ÓÏ¥¥ §´ Î¥´¨¥ ¶·¨µ¡·¥É ÕÉ ¨¸¸²¥¤µ¢ ´¨Ö ¸ ¶ÊÎ± ³¨ · -
¤¨µ ±É¨¢´ÒÌ Ö¤¥·. ‚µ ³´µ£¨Ì ¸²ÊÎ ÖÌ ·¥ ±Í¨¨ ¸ · ¤¨µ ±É¨¢´Ò³¨ Ö¤· ³¨ ¶µ§¢µ²ÖÕÉ
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¶µ²ÊÎ¨ÉÓ É ±ÊÕ ¨´Ëµ·³ Í¨Õ µ Ö¤¥·´µ° ¸É·Ê±ÉÊ·¥, ±µÉµ· Ö ´¥¤µ¸ÉÊ¶´  ¶·¨ ¨§ÊÎ¥´¨¨
· ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤ . �µÔÉµ³Ê ¢ Í¥²µ³ ·Ö¤¥ ´ ÊÎ´ÒÌ Í¥´É·µ¢ ¸µ§¤ ÕÉ¸Ö ¨²¨ Ê¦¥ · -
¡µÉ ÕÉ Ê¸É ´µ¢±¨ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¶ÊÎ±µ¢ Ê¸±µ·¥´´ÒÌ · ¤¨µ ±É¨¢´ÒÌ Ö¤¥·. �µ¤µ¡´ Ö
Ê¸É ´µ¢±  ¸µ§¤ ¥É¸Ö ¨ ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ.�.”²¥·µ¢  �¡Ñ¥¤¨´¥´´µ£µ
¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° (¶·µ¥±É DRIBs [1]). ‘µ£² ¸´µ ÔÉµ³Ê ¶·µ¥±ÉÊ ¶·¥¤-
¶µ² £ ¥É¸Ö Ê¸±µ·ÖÉÓ ²¥£±¨¥ ´¥°É·µ´µ¨§¡ÒÉµÎ´Ò¥ Ö¤·  ¨ µ¸±µ²±¨ ¤¥²¥´¨Ö. ˆ¸ÉµÎ´¨±µ³
¶µ¸²¥¤´¨Ì ¡Ê¤¥É ËµÉµ¤¥²¥´¨¥ Ê· ´  ¶µ¤ ¢µ§¤¥°¸É¢¨¥³ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ³¨±·µÉ·µ´ .
�¸µ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É Ê¸±µ·¥´¨¥ ´ ¨¡µ²¥¥ ´¥°É·µ´µ¨§¡ÒÉµÎ´ÒÌ µ¸±µ²±µ¢ ¤¥²¥-
´¨Ö, Ê¤ ²¥´´ÒÌ µÉ ¤µ²¨´Ò β-¸É ¡¨²Ó´µ¸É¨ ´  4Ä6 ³ ¸¸µ¢ÒÌ ¥¤¨´¨Í. �µÔÉµ³Ê µ¤´µ°
¨§ § ¤ Î ¶·µ¥±É  Ö¢²Ö¥É¸Ö ¢Ò¡µ· µ¶É¨³ ²Ó´ÒÌ Ê¸²µ¢¨° ¤²Ö ¶µ²ÊÎ¥´¨Ö ³ ±¸¨³ ²Ó´µ£µ
¢ÒÌµ¤  É ±¨Ì µ¸±µ²±µ¢. �É¨ Ê¸²µ¢¨Ö ¢±²ÕÎ ÕÉ µ¡²ÊÎ ¥³ÊÕ ³¨Ï¥´Ó, ¡µ³¡ ·¤¨·ÊÕÐ¨¥
Î ¸É¨ÍÒ ¨ Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö ¤¥²ÖÐ¥£µ¸Ö Ö¤· .

–¥²ÓÕ ¤ ´´µ° · ¡µÉÒ Ö¢²Ö¥É¸Ö µ¶·¥¤¥²¥´¨¥ ´¥§ ¢¨¸¨³ÒÌ ¢ÒÌµ¤µ¢ µ¸±µ²±µ¢ (¨§µÉµ-
¶µ¢ ±¸¥´µ´ ), µ¡· §ÊÕÐ¨Ì¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥ ¤¥²¥´¨Ö 232Th ¨ 238U ¶µ¤ ¤¥°¸É¢¨¥³
γ-±¢ ´Éµ¢. ‚Ò¡µ· ¨´¥·É´µ£µ £ §  ±¸¥´µ´  µ¡Ê¸²µ¢²¥´ É¥³, ÎÉµ µ´ Ö¢²Ö¥É¸Ö µ¤´¨³ ¨§
´ ¨¡µ²¥¥ Ê¤µ¡´ÒÌ Ô²¥³¥´Éµ¢ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¶ÊÎ±  Ê¸±µ·¥´´ÒÌ ¨µ´µ¢ ´  Í¨±²µÉ·µ´¥.

ˆ§³¥·¥´¨Ö ´¥§ ¢¨¸¨³ÒÌ ¢ÒÌµ¤µ¢ µ¸±µ²±µ¢ ¨´É¥·¥¸´Ò É ±¦¥ ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ³¥-
Ì ´¨§³  ¤¥²¥´¨Ö. ˆ§³¥·¥´¨Ö ¨§µÉµ¶´ÒÌ ¨ ¨§µ¡ ·´ÒÌ · ¸¶·¥¤¥²¥´¨° µ¸±µ²±µ¢ ¤¥²¥´¨Ö
¸¢Ö§ ´Ò ¸ ¤¨´ ³¨±µ° ÔÉµ£µ ¶·µÍ¥¸¸ , ¢ µ¸µ¡¥´´µ¸É¨ ¸ ¥£µ ¶µ¸²¥¤´¥° ¸É ¤¨¥°, ¶·¥¤Ï¥-
¸É¢ÊÕÐ¥° · §¤¥²¥´¨Õ Ö¤·  ´  µ¸±µ²±¨. ˆ§µÉµ¶Ò •¥ ¸ A = 136−144 ´ Ìµ¤ÖÉ¸Ö ¢¡²¨§¨
³ ±¸¨³Ê³  ¶µ²´µ£µ ³ ¸¸µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢ ¤¥²¥´¨Ö.

‡ ·Ö¤µ¢Ò¥ ¨ ¨§µÉµ¶´Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢ ¤µ¸É ÉµÎ´µ ¶µ²´µ ¨§ÊÎ¥´Ò ²¨ÏÓ
¶·¨ ¤¥²¥´¨¨ ¨§µÉµ¶µ¢ Th, U ¨ Pu ´¥°É·µ´ ³¨ ´¨§±¨Ì Ô´¥·£¨° (µ´¨ ¶·¥¤¸É ¢²¥´Ò ¢
µ¡§µ· Ì [2,3]). ‚ ¸²ÊÎ ¥ ËµÉµ¤¥²¥´¨Ö ¶µ¤µ¡´ Ö ¨´Ëµ·³ Í¨Ö §´ Î¨É¥²Ó´µ ¡¥¤´¥¥. Œµ¦´µ
µÉ³¥É¨ÉÓ ²¨ÏÓ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éµ¢, ¢Ò¶µ²´¥´´ÒÌ ¢ ƒ¥´É¥ (�¥²Ó£¨Ö), ¢ ±µÉµ·ÒÌ
¤²Ö ·Ö¤  ³ ¸¸µ¢ÒÌ Î¨¸¥² µ¸±µ²±µ¢ µ¶·¥¤¥²¥´Ò ¶ · ³¥É·Ò § ·Ö¤µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö ¶·¨
ËµÉµ¤¥²¥´¨¨ 235U ¨ 238U [4Ä5].

�Š‘�…�ˆŒ…�’�‹œ��Ÿ Œ…’�„ˆŠ�

„²Ö ¨§³¥·¥´¨Ö ´¥§ ¢¨¸¨³ÒÌ ¢ÒÌµ¤µ¢ ¨§µÉµ¶µ¢ •¥, µ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨¨ ¤¥²¥´¨Ö
232Th ¨ 238U ¶µ¤ ¤¥°¸É¢¨¥³ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö, ¨¸¶µ²Ó§µ¢ ² ¸Ó ³¥Éµ¤¨±  ¶¥·¥´µ¸ 
µ¸±µ²±µ¢ £ §µ¢µ° ¸É·Ê¥° ¸ ¶µ¸²¥¤ÊÕÐ¨³ ¢Ò³µ· ¦¨¢ ´¨¥³ ¨´¥·É´ÒÌ £ §µ¢ ¢ ±·¨µ¸É É¥
¶·¨ É¥³¶¥· ÉÊ·¥ ¦¨¤±µ£µ  §µÉ . �²µ±-¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É ´µ¢±¨ ¶·¥¤¸É ¢²¥´ 
´  ·¨¸. 1.

ˆ¸ÉµÎ´¨±µ³ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ¸²Ê¦¨² ¶ÊÎµ± Ô²¥±É·µ´µ¢, Ê¸±µ·¥´´ÒÌ ´  ³¨±·µ-
É·µ´¥ Œ’-25 ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ.�.”²¥·µ¢  �ˆŸˆ. �¶¨¸ ´¨¥ Ê¸±µ-
·¨É¥²Ö ¨ ¥£µ µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ¶·¥¤¸É ¢²¥´Ò ¢ · ¡µÉ¥ [6]. ‚ ± Î¥¸É¢¥ ±µ´¢¥·Éµ· 
¨¸¶µ²Ó§µ¢ ²¨ ¢µ²ÓË· ³µ¢Ò° ¤¨¸± Éµ²Ð¨´µ° 4 ³³. ‡  ±µ´¢¥·Éµ·µ³ · ¸¶µ² £ ²¸Ö  ²Õ³¨-
´¨¥¢Ò° Í¨²¨´¤· ¤²¨´µ° 2 ¸³ ¤²Ö ¶µ£²µÐ¥´¨Ö Ô²¥±É·µ´µ¢. �ÊÎµ± Ô²¥±É·µ´µ¢ ¨³¥² Ëµ·³Ê
Ô²²¨¶¸  · §³¥·µ³ 6 ³³ ¶µ ¢¥·É¨± ²¨ ¨ 7 ³³ ¶µ £µ·¨§µ´É ²¨.

�¥ ±Í¨µ´´ Ö ± ³¥·  ¶·¥¤¸É ¢²Ö²  ¸µ¡µ° Í¨²¨´¤· ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·µ³ 40 ³³ ¨
£²Ê¡¨´µ° 30 ³³, ¸ ¢Ìµ¤´Ò³ µ±´µ³ ¤¨ ³¥É·µ³ 25 ³³ ¨ ¢ÒÌµ¤´Ò³ µ±´µ³ ¤¨ ³¥É·µ³ 40 ³³.
‘¨³³¥É·¨Î´µ ¶µ ¤¨ ³¥É·Ê ·¥ ±Í¨µ´´µ° ± ³¥·Ò ¤·Ê£ ´ ¶·µÉ¨¢ ¤·Ê£  ¡Ò²¨ · ¸¶µ²µ¦¥´Ò
µÉ¢¥·¸É¨Ö ¤²Ö ¢¢µ¤  ¨ ¢Ò¢µ¤  ¡ÊË¥·´µ£µ £ § . ‚ ± Î¥¸É¢¥ ¡ÊË¥·´µ£µ £ §  ¨¸¶µ²Ó§µ¢ ²¸Ö
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Î¨¸ÉÒ°  ·£µ´ ¶·¨ ¤ ¢²¥´¨¨ ¢ µ¤´Ê  É³µ¸Ë¥·Ê. ‚ ÔÉ¨Ì Ê¸²µ¢¨ÖÌ µ¡¥¸¶¥Î¨¢ ² ¸Ó ¶µ²´ Ö
µ¸É ´µ¢±  ¢¸¥Ì µ¸±µ²±µ¢ ¤¥²¥´¨Ö Éµ·¨Ö ¨ Ê· ´  ¢ £ §µ¢µ° ¸·¥¤¥. ‚ ± Î¥¸É¢¥ ¶·µ¨§¢µ¤ÖÐ¨Ì

�¨¸. 1. �²µ±-¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É ´µ¢±¨

³¨Ï¥´¥° ¨¸¶µ²Ó§µ¢ ²¨¸Ó Ëµ²Ó£  ¨§ ³¥-
É ²²¨Î¥¸±µ£µ Éµ·¨Ö Éµ²Ð¨´µ° 20 ³±³
¨ ¸²µ° µ±¨¸¨ Ê· ´  (U3O8), Éµ²Ð¨´µ°
3 ³£/¸³2, ´ ´¥¸¥´´Ò° ´   ²Õ³¨´¨¥¢ÊÕ
¶µ¤²µ¦±Ê Éµ²Ð¨´µ° 20 ³±³. Œ¨Ï¥´¨
· ¸¶µ² £ ²¨¸Ó ¸ µ¡µ¨Ì Éµ·Íµ¢ ·¥ ±Í¨µ´-
´µ° ± ³¥·Ò ¨ µÉ¤¥²Ö²¨¸Ó µÉ ¢´¥Ï´¥°  É-
³µ¸Ë¥·Ò  ²Õ³¨´¨¥¢Ò³¨ µ±´ ³¨ Éµ²Ð¨-
´µ° 100 ³±³.

„²Ö µÉ¢µ¤  £ §  ¨ É· ´¸¶µ·É¨·µ¢±¨
µ¸±µ²±µ¢ ¤¥²¥´¨Ö ±¸¥´µ´  ± ±·¨µ¸É ÉÊ
¨¸¶µ²Ó§µ¢ ²¸Ö É¥Ë²µ´µ¢Ò° ± ¶¨²²Ö· ¢´Ê-
É·¥´´¨³ ¤¨ ³¥É·µ³ 2 ³³, ¤²¨´µ° µÉ µ¤-
´µ£µ ¤µ ¤¥¸ÖÉ¨ ³¥É·µ¢. �  ¢Ìµ¤¥ ¢ ± ¶¨²-
²Ö· · ¸¶µ² £ ²¸Ö ¢µ²µ±´¨¸ÉÒ° Ë¨²ÓÉ·. ‚
± Î¥¸É¢¥ ±·¨µ¸É É  ¨¸¶µ²Ó§µ¢ ² ¸Ó ³¥¤-
´ Ö É·Ê¡± , ¸¢¥·´ÊÉ Ö ¢ ¸¶¨· ²Ó. �¡Ð Ö ¤²¨´  É·Ê¡±¨ ¸µ¸É ¢²Ö²  3 ³¥É· , ¢´ÊÉ·¥´´¨°
¤¨ ³¥É· Å 3 ³³ ¸ Éµ²Ð¨´µ° ¸É¥´±¨ 0,5 ³³. ‘¢¥·´ÊÉ Ö ³¥¤´ Ö É·Ê¡±  µÌ² ¦¤ ² ¸Ó ¤µ
É¥³¶¥· ÉÊ·Ò ¦¨¤±µ£µ  §µÉ .

�¸É ´µ¢¨¢Ï¨¥¸Ö ¢ £ §¥ µ¸±µ²±¨ É· ´¸¶µ·É¨·µ¢ ²¨¸Ó £ §µ¢Ò³ ¶µÉµ±µ³ ¶µ ± ¶¨²²Ö·Ê ¢
±·¨µ¸É É. …£µ ¤µ¸É¨£ ²¨ ¶· ±É¨Î¥¸±¨ ¡¥§ ¶µÉ¥·Ó ²¨ÏÓ ¨´¥·É´Ò¥ £ §Ò Kr ¨ •¥. �¸É ²Ó´Ò¥
Ô²¥³¥´ÉÒ, µ¡· §ÊÕÐ¨¥¸Ö ± ± ¶¥·¢¨Î´Ò¥ µ¸±µ²±¨ ¨²¨ ¶µ¸²¥ β-· ¸¶ ¤ ,  ¤¸µ·¡¨·µ¢ ²¨¸Ó
´  Ë¨²ÓÉ·¥ ¨ ´  ¸É¥´± Ì ± ¶¨²²Ö· . ‚·¥³Ö É· ´¸¶µ·É¨·µ¢±¨ µ¸±µ²±µ¢ •¥ ¢ ±·¨µ¸É É

�¨¸. 2. –¥¶µÎ±¨ β-· ¸¶ ¤µ¢ µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¸ A =
138−143. �µ¤Î¥·±´ÊÉÒ ¨§µÉµ¶Ò, Ê ±µÉµ·ÒÌ ¨§³¥·Ö²¨¸Ó
γ-¸¶¥±É·Ò

µ¶·¥¤¥²Ö²µ¸Ó ¸±µ·µ¸ÉÓÕ ¶µÉµ±   ·-
£µ´ , ±µÉµ· Ö § ¢¨¸¥²  µÉ ¤²¨´Ò ± -
¶¨²²Ö·  ¨ µ¡Ñ¥³  ± ³¥·Ò. �É  ¸±µ-
·µ¸ÉÓ, ¨§³¥·Ö¥³ Ö ¢ ¸¶¥Í¨ ²Ó´ÒÌ
µ¶ÒÉ Ì, µ¡¥¸¶¥Î¨¢ ²  ¢·¥³Ö É· ´¸-
¶µ·É  µÉ 0,05 ¤µ 0,7 ¸ ¶·¨ ¤²¨´ Ì
± ¶¨²²Ö·  µÉ 1 ¤µ 10 ³. �µ¶ ¢Ï¨¥
¢ ±·¨µ¸É É  Éµ³Ò Kr ¨ •¥ ±µ´¤¥´-
¸¨·µ¢ ²¨¸Ó ¨ ´ ± ¶²¨¢ ²¨¸Ó ¢ ´¥³.
’ ³ ¦¥ ´ Ìµ¤¨²¨¸Ó ¨ ¶·µ¤Ê±ÉÒ β-
· ¸¶ ¤  Kr ¨ •¥. �µ ¨´É¥´¸¨¢´µ¸É¨
¨Ì ¨§²ÊÎ¥´¨Ö µ¶·¥¤¥²Ö²µ¸Ó Î¨¸²µ
Ö¤¥· ÔÉ¨Ì ¶·µ¤Ê±Éµ¢ · ¸¶ ¤ ,   ¸²¥-
¤µ¢ É¥²Ó´µ, ¨ ¨Ì ¶·¥¤Ï¥¸É¢¥´´¨±µ¢,
É.¥. ´¥§ ¢¨¸¨³Ò¥ ¢ÒÌµ¤Ò Kr ¨ •¥.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò Í¥¶µÎ±¨
β-· ¸¶ ¤µ¢ µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¸ A =
138 − 143, ¢±²ÕÎ ÕÐ¨¥ ¨§µÉµ¶Ò Xe. ‚ ÔÉ¨Ì Í¥¶µÎ± Ì ¶·¨ A = 141−143 •¥ Ö¢²Ö¥É¸Ö
¶¥·¢¨Î´Ò³ µ¸±µ²±µ³,   ¶·¨ A = 138−140 Î ¸É¨Î´µ µ¡· §Ê¥É¸Ö ¶µ¸²¥ β-· ¸¶ ¤  ¨§µÉµ¶µ¢
I. �¤´ ±µ ¢µ ¢¸¥Ì ¸²ÊÎ ÖÌ ¶¥·¨µ¤Ò ¶µ²Ê· ¸¶ ¤  ÔÉ¨Ì ¨§µÉµ¶µ¢ ¡µ²ÓÏ¥ ¢·¥³¥´¨ ¤¨ËËÊ-
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§¨¨ ¤µ ¸É¥´µ± ± ³¥·Ò µ¸É ´µ¢¨¢Ï¨Ì¸Ö µ¸±µ²±µ¢, ¶µÔÉµ³Ê ¨§µÉµ¶Ò I  ¤¸µ·¡¨·ÊÕÉ¸Ö ´ 
¸É¥´± Ì ¨ ´¥ ¢´µ¸ÖÉ ¢±² ¤  ¢ ¨§³¥·Ö¥³Ò° ¢ÒÌµ¤ •¥, Ê´µ¸¨³µ£µ ¶µÉµ±µ³ £ §  ¢ ± ¶¨²²Ö·.

�¨¸. 3. ‘¶¥±É·Ò γ-¨§²ÊÎ¥´¨Ö: ¢¢¥·ÌÊ ¨§ Ë¨²ÓÉ· ,
¢´¨§Ê Å ¨§ ±·¨µ¸É É 

‚ ± ¦¤µ° ¨§ Í¥¶µÎ¥± ± ± ¶·µ-
¤Ê±ÉÒ β-· ¸¶ ¤  ¨§µÉµ¶µ¢ Xe µ¡· §Ê-
ÕÉ¸Ö ¨§µÉµ¶Ò Cs, Ba, La ¨ Ce ¸ Ê¤µ¡-
´Ò³¨ ¤²Ö ¨§³¥·¥´¨° · ¤¨µ ±É¨¢´Ò³¨
Ì · ±É¥·¨¸É¨± ³¨ · ¸¶ ¤ . �´¨ ¨ ¨¸-
¶µ²Ó§µ¢ ²¨¸Ó ¤²Ö µ¶·¥¤¥²¥´¨Ö ¢ÒÌµ-
¤µ¢ ¨§µÉµ¶µ¢ •¥.

�¡²ÊÎ¥´¨¥ ³¨Ï¥´¥° ´  ³¨±·µ-
É·µ´¥ ¶·µÌµ¤¨²µ µ±µ²µ 30 ³¨´ÊÉ.
’µ± Ô²¥±É·µ´µ¢ ¶·¨ ÔÉ¨Ì µ¡²ÊÎ¥´¨ÖÌ
¸µ¸É ¢²Ö² ∼ 15 ³±	, Ô´¥·£¨Ö Ô²¥±-
É·µ´µ¢ Å Ee = 25 ŒÔ‚. �µ¸²¥
5-³¨´ÊÉ´µ° ¢Ò¤¥·¦±¨ ±·¨µ¸É É µÉ¤¥-
²Ö²¸Ö µÉ ·¥ ±Í¨µ´´µ° ± ³¥·Ò ¨ ¶¥-
·¥´µ¸¨²¸Ö ± Ge-¤¥É¥±Éµ·Ê µ¡Ñ¥³µ³

30 ¸³3, ´  ±µÉµ·µ³ ¨§³¥·Ö²¨¸Ó ¸¶¥±É·Ò γ-¨§²ÊÎ¥´¨Ö ¨ µ¶·¥¤¥²Ö²¨¸Ó ¢ÒÌµ¤Ò ¶·µ¤Ê±Éµ¢
· ¸¶ ¤  ¨§µÉµ¶µ¢ •¥ ¸ ¶¥·¨µ¤ ³¨ ¶µ²Ê· ¸¶ ¤  µÉ 10 ³¨´ÊÉ ¤µ ¤¥¸ÖÉ±µ¢ Î ¸µ¢. „ ´´ Ö
³¥Éµ¤¨±  µ¡² ¤ ²  ¢Ò¸µ±µ° ÔËË¥±É¨¢´µ¸ÉÓÕ ¨ ¸¥²¥±É¨¢´µ¸ÉÓÕ ¤²Ö ¢Ò¤¥²¥´¨Ö ¨§ ¢¸¥£µ
´ ¡µ·  µ¸±µ²±µ¢ ¸ µÎ¥´Ó ¸²µ¦´Ò³ ¸¶¥±É·µ³ γ-¨§²ÊÎ¥´¨Ö ¨´¥·É´ÒÌ £ §µ¢ Kr ¨ •¥ (·¨¸. 3,
£¤¥ ¸· ¢´¨¢ ÕÉ¸Ö γ-¸¶¥±É·Ò ¨§ Ë¨²ÓÉ·  ¨ ±·¨µ¸É É ).

�…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�

ˆ§ ¸¶¥±É·µ¢ γ-¨§²ÊÎ¥´¨Ö ¶·µ¤Ê±Éµ¢ · ¸¶ ¤  •¥ ¡Ò²¨ µ¶·¥¤¥²¥´Ò ¶²µÐ ¤¨ γ-²¨´¨°,
¶·¨´ ¤²¥¦ Ð¨Ì ¨§µÉµ¶ ³ 138Cs, 139Ba,140La,141La,142La,143Ce. �É¨ ¶²µÐ ¤¨ ¸¢Ö§ ´Ò ¸
¢ÒÌµ¤ ³¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¨§µÉµ¶µ¢ ¸µµÉ´µÏ¥´¨¥³

Y (A) =
S(1 + α)f(t)N

tIε1ε2ε3η
; (1)

£¤¥ S Å ¶²µÐ ¤Ó γ-²¨´¨¨ ¢ ¸¶¥±É·¥ ¶µ¸²¥ ¢ÒÎ¥É  Ëµ´ ; t Å ¢·¥³Ö ¨§³¥·¥´¨Ö; ε1, ε2,
ε3 Å ¸µµÉ¢¥É¸É¢¥´´µ ÔËË¥±É¨¢´µ¸É¨ É· ´¸¶µ·É¨·µ¢±¨ Ö¤¥· •¥ ¶µ ± ¶¨²²Ö·Ê,  ¤¸µ·¡Í¨¨
¨Ì ¢ ±·¨µ¸É É¥ ¨ ·¥£¨¸É· Í¨¨ γ-¨§²ÊÎ¥´¨Ö; η Å µÉ´µ¸¨É¥²Ó´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ γ-²¨´¨¨
¶·¨ · ¸¶ ¤¥; α Å ¶µ²´Ò° ±µÔËË¨Í¨¥´É ±µ´¢¥·¸¨¨ γ-¨§²ÊÎ¥´¨Ö (¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤ ´´Ò¥
µ ¸Ì¥³ Ì · ¸¶ ¤  ¨§ É ¡²¨ÍÒ ¨§µÉµ¶µ¢ [7]); f(t) Å ¢·¥³¥´´µ° Ë ±Éµ·, ÊÎ¨ÉÒ¢ ÕÐ¨°
· ¸¶ ¤ Ö¤¥· •¥ §  ¢·¥³Ö ¨Ì ¤¢¨¦¥´¨Ö ¶µ ± ¶¨²²Ö·Ê, ´ ±µ¶²¥´¨¥ ¨ · ¸¶ ¤ ¨§³¥·Ö¥³ÒÌ
Ö¤¥·; N Å Î¨¸²µ Ö¤¥· 232Th ¨²¨ 238U ¢ ¸²µ¥, ¨§ ±µÉµ·µ£µ ¢Ò²¥É ÕÉ µ¸±µ²±¨, I Å
¨´É¥´¸¨¢´µ¸ÉÓ γ-±¢ ´Éµ¢ ¢ Éµ·³µ§´µ³ ¸¶¥±É·¥, ¢Ò§Ò¢ ÕÐ¨Ì ¤¥²¥´¨¥ Ö¤¥·. �µ²ÊÎ¥´´Ò¥
É ±¨³ ¸¶µ¸µ¡µ³ ¢ÒÌµ¤Ò ÔÉ¨Ì ¨§µÉµ¶µ¢ ¸µµÉ¢¥É¸É¢ÊÕÉ, µÎ¥¢¨¤´µ, ´¥§ ¢¨¸¨³Ò³ ¢ÒÌµ¤ ³
¨§µÉµ¶µ¢ •¥ ¸ É¥³¨ ¦¥ ³ ¸¸µ¢Ò³¨ Î¨¸² ³¨ A = 138−143.

�µ¸±µ²Ó±Ê ¨§³¥·Ö¥³Ò¥ ¨§µÉµ¶Ò Cs, Ba, La ¨ ‘¥ ¶µ²ÊÎ¥´Ò ¢ µ¤´µ³ µ¡²ÊÎ¥´¨¨,  
¶²µÐ ¤¨ ¨Ì γ-²¨´¨° µ¶·¥¤¥²¥´Ò ¢ µ¤´µ³ ¨§³¥·¥´¨¨, Éµ ÔÉ¨ ¶²µÐ ¤¨ ¸ ÊÎ¥Éµ³ Ê± § ´´ÒÌ
¢ÒÏ¥ Ë ±Éµ·µ¢ α, η, ε3 ¨ f(t) ¶µ§¢µ²ÖÕÉ ¶µ²ÊÎ¨ÉÓ µÉ´µ¸¨É¥²Ó´Ò¥ ¢ÒÌµ¤Ò ÔÉ¨Ì ¨§µÉµ¶µ¢.
„²Ö ¶µ²ÊÎ¥´¨Ö  ¡¸µ²ÕÉ´ÒÌ ¢ÒÌµ¤µ¢ µ´¨ ´µ·³¨·µ¢ ²¨¸Ó ´  ¢ÒÌµ¤ ¨§µÉµ¶  139•¥, ±µÉµ·Ò°
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¶·¨´¨³ ²¸Ö · ¢´Ò³ 6 % µÉ Î¨¸²   ±Éµ¢ ¤¥²¥´¨Ö. �¸±µ²±¨ ¸ A = 139 ´ Ìµ¤ÖÉ¸Ö ¢
³ ±¸¨³Ê³¥ ³ ¸¸µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö Ï¨·µ±µ£µ ±·Ê£  ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·,   µÉ´µ¸¨É¥²Ó´Ò°
¢±² ¤ •¥ ¶·¨ ÔÉµ³ §´ Î¥´¨¨ A ¤²Ö Ö¤¥· ThÄPu ¸µ¸É ¢²Ö¥É ´¥ ³¥´¥¥ 90 % [2Ä4].

’ ¡²¨Í  1. �¥§ ¢¨¸¨³Ò¥ ¢ÒÌµ¤Ò ¨§µÉµ¶µ¢ •¥ ¶·¨ ËµÉµ¤¥²¥´¨¨ Ö¤¥· 232Th ¨ 238U

ˆ§µÉµ¶Ò ±¸¥´µ´  ˆ§³¥·Ö¥³Ò¥ ¨§µÉµ¶Ò ‚ÒÌµ¤ ¨§µÉµ¶µ¢ •¥, %
232Th(γ,f) 238U(γ,f)

138•¥ 138Cs 3,9 (4) 3,9 (4)
139•¥ 139Ba 6,0 (6) 6,0 (6)
140•¥ 140Ba,140La 3,5 (4) 5,5 (5)
141•¥ 141Ba,141La 1,0 (1) 3,0 (4)
142•¥ 142Ba,142La 0,4 (1) 1,1 (2)
143•¥ 143La,143Ce 0,44 (8)

�µ²ÊÎ¥´´Ò¥ µ¶¨¸ ´´Ò³ ¸¶µ¸µ¡µ³ ´¥§ ¢¨¸¨³Ò¥ ¢ÒÌµ¤Ò ¨§µÉµ¶µ¢ •¥ ¶·¨ ËµÉµ¤¥²¥-
´¨¨ 232Th ¨ 238U (µÉ´¥¸¥´´Ò¥ ± Î¨¸²Ê  ±Éµ¢ ¤¥²¥´¨Ö),   É ±¦¥ ¤µÎ¥·´¨¥ ¨§µÉµ¶Ò, ±µÉµ-
·Ò¥ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤²Ö µ¶·¥¤¥²¥´¨Ö ÔÉ¨Ì ¢ÒÌµ¤µ¢, ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1. �  ·¨¸. 4 ¨
5 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ÔÉ¨Ì ¢ÒÌµ¤µ¢ µÉ ³ ¸¸µ¢µ£µ Î¨¸²  µ¸±µ²±µ¢. „²Ö ¸· ¢´¥´¨Ö
¶·¨¢¥¤¥´Ò  ´ ²µ£¨Î´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢ ·¥ ±Í¨¨ 232Th(n, f ) ¸ ¡Ò¸É·Ò³¨ ´¥°É·µ´ ³¨
(14,7 ŒÔ‚) Å ·¨¸. 4,   É ±¦¥ ¢ ·¥ ±Í¨ÖÌ 238U(n, f ) ¸ ¡Ò¸É·Ò³¨ ´¥°É·µ´ ³¨ ¨ 235U(n, f )
¸ É¥¶²µ¢Ò³¨ ´¥°É·µ´ ³¨ Å ·¨¸. 5.

�¨¸. 4. ‡ ¢¨¸¨³µ¸ÉÓ ¢ÒÌµ¤  ¨§µÉµ¶µ¢ •¥ µÉ ³ ¸¸µ¢µ£µ Î¨¸²  A ¶·¨ ¤¥²¥´¨¨ 232Th ¢ ·¥ ±Í¨ÖÌ: • Å
232Th(γ, f ), ∆ Å 232Th(n, f ), En = 14, 7 ŒÔ‚

�¨¸. 5. ‡ ¢¨¸¨³µ¸ÉÓ ¢ÒÌµ¤  ¨§µÉµ¶µ¢ •¥ µÉ ³ ¸¸µ¢µ£µ Î¨¸²  A ¶·¨ ¤¥²¥´¨¨ ¨§µÉµ¶µ¢ Ê· ´  ¢
·¥ ±Í¨ÖÌ: • Å 238U(γ, f ), ∇ Å 238U(n, f ), En = 14, 7 ŒÔ‚ ¨ ∆ Å 235U(n, f ), É¥¶²µ¢Ò¥ ´¥°É·µ´Ò

ˆ§-§  ´¥¶·¥·Ò¢´µ£µ ¸¶¥±É·  Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ÔÉ¨ ¢ÒÌµ¤Ò µÉ´µ¸ÖÉ¸Ö ± µ¶·¥¤¥-
²¥´´µ³Ê ¤¨ ¶ §µ´Ê Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö. �ÉµÉ ¤¨ ¶ §µ´ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨§ ¨§³¥·¥´´µ°
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´  µ¶ÒÉ¥ ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ 238U(γ, f ) [8] ¨ · ¸¸Î¨É ´´µ£µ ¤²Ö ¤ ´´ÒÌ Ê¸²µ-
¢¨° ¸¶¥±É·  Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö [9]. ‘·¥¤´ÖÖ Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö µ± §Ò¢ ¥É¸Ö · ¢´µ°
12,5 ŒÔ‚,   ¶µ²ÊÏ¨·¨´  · ¸¶·¥¤¥²¥´¨Ö Å 6 ŒÔ‚.

��‘“†„…�ˆ… �…‡“‹œ’�’�‚

�·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 4 ¨ 5 ¨§µÉµ¶´Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢ •¥ ¢ ·¥ ±Í¨ÖÌ ¸
γ-±¢ ´É ³¨ ¨ ´¥°É·µ´ ³¨ ´  232Th ¨ 238U µÎ¥´Ó ¡²¨§±¨ ¶µ ¸¢µ¥° Ëµ·³¥. �Éµ Ê± §Ò¢ ¥É
´  ¥¤¨´Ò° ³¥Ì ´¨§³ Ê¸É ´µ¢²¥´¨Ö § ·Ö¤µ¢µ£µ · ¢´µ¢¥¸¨Ö ¢ µ¡¥¨Ì ·¥ ±Í¨ÖÌ. ‘µ£² ¸´µ
¸ÊÐ¥¸É¢ÊÕÐ¨³ ³µ¤¥²Ö³ µ¸´µ¢´Ò³ ³¥Ì ´¨§³µ³ Ëµ·³¨·µ¢ ´¨Ö Ö¢²Ö¥É¸Ö ±µ²²¥±É¨¢¨§¨-
·µ¢ ´´µ¥ ¤¢¨¦¥´¨¥ ´Ê±²µ´µ¢, ¶·µÖ¢²ÖÕÐ¥¥¸Ö Î¥·¥§ ¤¨¶µ²Ó´Ò¥ ¨§µ¢¥±Éµ·´Ò¥ ±µ²¥¡ ´¨Ö
[10]. �¥·¨µ¤ ±µ²¥¡ ´¨° § ·Ö¤µ¢µ° ³µ¤Ò ∼ 10−21 ¸,   ¢·¥³Ö µÉ ¸¥¤²µ¢µ° ÉµÎ±¨ ¤µ · §·Ò¢ 
´¥ ³¥´¥¥ 5 · 10−21 ¸, ¶µÔÉµ³Ê ¶·µÍ¥¸¸ Ê¸É ´µ¢²¥´¨Ö § ·Ö¤µ¢µ£µ · ¢´µ¢¥¸¨Ö ¢ µ¸±µ²± Ì
Ö¢²Ö¥É¸Ö  ¤¨ ¡ É¨Î¥¸±¨³.

�¥§ ¢¨¸¨³Ò¥ ¢ÒÌµ¤Ò µ¸±µ²±µ¢ µ¤´µ£µ Ô²¥³¥´É  ³µ¦´µ µ¶¨¸ ÉÓ · ¸¶·¥¤¥²¥´¨¥³ ƒ Ê¸¸ :

Y (A) = Kexp
[
− (A − A0)2

2σ2

]
, (2)

£¤¥ A0 Å ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ¥ ³ ¸¸µ¢µ¥ Î¨¸²µ, σ Å ¤¨¸¶¥·¸¨Ö · ¸¶·¥¤¥²¥´¨Ö, K Å
´µ·³¨·ÊÕÐ¨° ³´µ¦¨É¥²Ó. � · ³¥É·Ò ÔÉµ£µ · ¸¶·¥¤¥²¥´¨Ö,   É ±¦¥ ¶µ²´Ò¥ ¢ÒÌµ¤Ò
¢¸¥Ì ¨§µÉµ¶µ¢ •¥ ¤²Ö µ¡¥¨Ì ·¥ ±Í¨° ËµÉµ¤¥²¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2. „²Ö ¸· ¢´¥´¨Ö
¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ÔÉ¨Ì ¶ · ³¥É·µ¢ ¤²Ö Ê± § ´´ÒÌ ¢ÒÏ¥ ·¥ ±Í¨° ¤¥²¥´¨Ö 232Th, 238U ¨
235U ´¥°É·µ´ ³¨ É¥¶²µ¢Ò³¨ ¨ ¸ Ô´¥·£¨¥° 14,7 ŒÔ‚. ˆ§ É ¡²¨ÍÒ ¢¨¤´Ò ¡²¨§±¨¥ §´ Î¥´¨Ö
´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ£µ ³ ¸¸µ¢µ£µ Î¨¸²  A0 ¶·¨ ¤¥²¥´¨¨ 232Th ¨ 238U ´¥°É·µ´ ³¨ ¨ γ-
±¢ ´É ³¨, ·µ¸É ¤¨¸¶¥·¸¨¨ · ¸¶·¥¤¥²¥´¨Ö ¨ Ê³¥´ÓÏ¥´¨¥ ¸Ê³³ ·´µ£µ ¢ÒÌµ¤  ¨§µÉµ¶µ¢ •¥
¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö.

’ ¡²¨Í  2. � · ³¥É·Ò ¨§µÉµ¶´µ£µ · ¸¶·¥¤¥²¥´¨Ö •¥

�¥ ±Í¨Ö A0 σ ΣY(Xe), %

232Th(γ,f) 138,7(3) 1,48(8) 19,5(1,2)
238U(γ,f) 139,2(3) 1,64(6) 19,9(9)
232Th(n,f), 14,7 ŒÔ‚ 139,2(2) 1,63(3) 17,2
238U(n,f), 14,7 ŒÔ‚ 139,5(2) 1,68(3) 12,3
235U(n,f), É¥¶². 138,4(2) 1,50(3) 22,3

•µÉÖ ¶ · ³¥É·Ò ¨§µÉµ¶´µ£µ · ¸¶·¥¤¥²¥´¨Ö •¥ ¢µ ¢¸¥Ì ·¥ ±Í¨ÖÌ ¡²¨§±¨ ¶µ ¢¥²¨Î¨´¥,
Ô±¸¶µ´¥´Í¨ ²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ ¢ÒÌµ¤µ¢ ¶·¨¢µ¤¨É ± § ³¥É´µ³Ê · §²¨Î¨Õ ¤²Ö ´ ¨¡µ²¥¥
´¥°É·µ´µ¨§¡ÒÉµÎ´ÒÌ ¨§µÉµ¶µ¢. ˆ§ ¸· ¢´¥´¨Ö § ¢¨¸¨³µ¸É¥° ´  ·¨¸. 4 ¨ 5 ³µ¦´µ ¢¨¤¥ÉÓ,
ÎÉµ ´ ¨¡µ²ÓÏ¨¥ ¢ÒÌµ¤Ò ¸ ³ÒÌ ´¥°É·µ´µ¨§¡ÒÉµÎ´ÒÌ ¨§µÉµ¶µ¢ •¥ (142•¥, 143•¥) ´ ¡²Õ-
¤ ÕÉ¸Ö ¶·¨ ¤¥²¥´¨¨ 238U γ-±¢ ´É ³¨ ¨²¨ ¡Ò¸É·Ò³¨ ´¥°É·µ´ ³¨. ‚ ¸¶µ¸µ¡¥, ¨¸¶µ²Ó§Ê-
¥³µ³ ¢ ¶·µ¥±É¥ DRIBs (µ¡²ÊÎ¥´¨¥ ³¨Ï¥´¨ ¨§ 238U ¢¥¸µ³ ¢ 10 £ ¶µÉµ±µ³ Éµ·³µ§´µ£µ
¨§²ÊÎ¥´¨Ö ¶·¨ Ô´¥·£¨¨ Ô²¥±É·µ´µ¢ 25 ŒÔ‚ ¨ ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±  Ô²¥±É·µ´µ¢ 20 ³±	),
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³µ¦´µ ¤µ¸É¨£´ÊÉÓ ¢ÒÌµ¤  µ¸±µ²±µ¢ ¨§µÉµ¶µ¢ •¥: 142Xe−1, 5 ·109, 143Xe−4 ·108 1/¸. ˆ§
Ô±¸É· ¶µ²ÖÍ¨¨ ¶µ²ÊÎ¥´´ÒÌ § ¢¨¸¨³µ¸É¥° ³µ¦´µ µ¦¨¤ ÉÓ, ÎÉµ ¸ ¢ÒÌµ¤ ³¨ ¡µ²¥¥ 107 1/¸
³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¨§µÉµ¶Ò ¢¶²µÉÓ ¤µ 145•¥.

�µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ, ÎÉµ ·¥ ±Í¨Ö ËµÉµ¤¥²¥´¨Ö Ê· ´  ³µ¦¥É ¡ÒÉÓ
Ê¸¶¥Ï´µ ¨¸¶µ²Ó§µ¢ ´  ¤²Ö ¶µ²ÊÎ¥´¨Ö ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±µ¢ ´¥°É·µ´µ¨§¡ÒÉµÎ´ÒÌ ¨§µÉµ¶µ¢
¢ µ¡² ¸É¨ ¸·¥¤´¨Ì ³ ¸¸ Ö¤¥·.

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ¶·µË. Œ.ƒ.ˆÉ±¨¸Ê §  ¶µ¸ÉµÖ´´Ò°
¨´É¥·¥¸ ¨ ¶µ¤¤¥·¦±Ê · ¡µÉÒ, ƒ.‚.�Ê±² ´µ¢Ê §  ¨§£µÉµ¢²¥´¨¥ ³¨Ï¥´¥° ¨ 	.ƒ.�¥²µ¢Ê § 
µ¡²ÊÎ¥´¨¥ ´  ³¨±·µÉ·µ´¥.
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