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„ ´µ µ¶¨¸ ´¨¥ ±µ´¸É·Ê±Í¨¨ £ §µ¢µ£µ ² ¢¨´´µ£µ ¤¥É¥±Éµ·  ´¨§±µ£µ ¤ ¢²¥´¨Ö,
¨¸¶µ²Ó§Ê¥³µ£µ ¢ ± Î¥¸É¢¥ ¸É ·Éµ¢µ£µ ¤²Ö ¢·¥³Ö¶·µ²¥É´ÒÌ ¸¶¥±É·µ³¥É·µ¢ ÉÖ¦¥-
²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. „¥É¥±Éµ· ¨³¥¥É É·¥ÌÔ²¥±É·µ¤´ÊÕ ±µ´¸É·Ê±Í¨Õ ¸ ¤¢Ê³Ö
¶·µ¢µ²µÎ´Ò³¨  ´µ¤ ³¨ ¨ ³¥É ²²¨§¨·µ¢ ´´Ò³ ¶²¥´µÎ´Ò³ ± Éµ¤µ³ ³¥¦¤Ê ´¨³¨.
‚ ± Î¥¸É¢¥ · ¡µÎ¥£µ £ §  ¨¸¶µ²Ó§Ê¥É¸Ö ¶¥´É ´ ¶·¨ ¤ ¢²¥´¨¨ µ±µ²µ 4 Éµ··. �·¨-
¢¥¤¥´Ò É ±¦¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö Ì · ±É¥·¨¸É¨± ¤¥É¥±Éµ· , ¶µ²ÊÎ¥´´Ò¥ ¸
¶µ³µÐÓÕ α-¨¸ÉµÎ´¨±µ¢ ¨ ¨¸ÉµÎ´¨±µ¢ µ¸±µ²±µ¢ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö 252Cf .
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Start Detector for Time-of-Flight Spectrometers of
Heavy Charged Particles

Design description of a low gas pressure avalanche counter which is used as a
start detector in time-of-	ight spectrometers of heavy charged particles is presented.
The detector has three-electrode construction with two wire anodes and a metallized
cathode between the anodes. Pentane at a pressure of about 4 torr is used as a
working gas. The results of the investigations obtained with the help of the sources
of α-particles and spontaneous ˇssion fragments of 252Cf source are also presented.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004



‚‚…„…�ˆ…

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨ÖÌ ¶µ Ë¨§¨±¥ ÉÖ-
¦¥²ÒÌ ¨µ´µ¢ ´ ¨¡µ²¥¥ ÔËË¥±É¨¢´Ò³ ³¥Éµ¤µ³ ¨§ÊÎ¥´¨Ö Ì · ±É¥·¨¸É¨± ¶·µ-
¤Ê±Éµ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° Ö¢²Ö¥É¸Ö ¢·¥³Ö¶·µ²¥É´Ò° ³¥Éµ¤ [1], µ¸´µ¢ ´´Ò°
´  ¨§³¥·¥´¨¨ ¸±µ·µ¸É¨ ¶·µ¤Ê±Éµ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°. ‚ ±µ³¡¨´ Í¨¨ ¸ ¤·Ê-
£¨³¨ ³¥Éµ¤ ³¨, É ±¨³¨ ± ± ∆E − E-³¥Éµ¤, ³¥Éµ¤ ³ £´¨É´µ£µ  ´ ²¨§  ¨ ¶·.,
µ´ ¶µ§¢µ²Ö¥É ´ ¨¡µ²¥¥ ÔËË¥±É¨¢´µ ¨§³¥·ÖÉÓ § ·Ö¤ ¨ ³ ¸¸Ê ¶·µ¤Ê±É . �¤¨´
¨§ ´ ¨¡µ²¥¥ ¢ ¦´ÒÌ Ô²¥³¥´Éµ¢ ¢·¥³Ö¶·µ²¥É´µ£µ ¸¶¥±É·µ³¥É·  Å ¸É ·Éµ¢Ò°
¤¥É¥±Éµ· (‘„), ´  ¶ · ³¥É·Ò ±µÉµ·µ£µ ´ ±² ¤Ò¢ ¥É¸Ö ·Ö¤ ¦¥¸É±¨Ì, ¶µ·µ°
¶·µÉ¨¢µ·¥Î¨¢ÒÌ É·¥¡µ¢ ´¨°. ‘„ ¤µ²¦¥´ µ¡² ¤ ÉÓ ¢Ò¸µ±¨³ ¢·¥³¥´´Ò³ · §-
·¥Ï¥´¨¥³, ¨³¥ÉÓ ³¨´¨³ ²Ó´Ò¥ ¨µ´¨§ Í¨µ´´Ò¥ ¶µÉ¥·¨ Ô´¥·£¨¨ ¶·¨ ¢Ò¸µ±µ°
ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ÉÖ¦¥²ÒÌ ¨µ´µ¢, ¢Ò¸µ±ÊÕ £¥µ³¥É·¨Î¥¸±ÊÕ ¸¢¥-
Éµ¸¨²Ê ¨ ³¨´¨³ ²Ó´Ò¥ · §³¥·Ò ±µ´¸É·Ê±É¨¢´ÒÌ ¨ · ¸¸¥¨¢ ÕÐ¨Ì Ô²¥³¥´Éµ¢.
’. ±. ‘„ · ¡µÉ ¥É ¢ ´¥¶µ¸·¥¤¸É¢¥´´µ° ¡²¨§µ¸É¨ µÉ ¨¸¸²¥¤Ê¥³µ° ³¨Ï¥´¨, µ´
¤µ²¦¥´ ¢Ò¤¥·¦¨¢ ÉÓ ¡µ²ÓÏ¨¥ § £·Ê§±¨, µ¡² ¤ ÉÓ ¢Ò¸µ±µ° · ¤¨ Í¨µ´´µ° ¸Éµ°-
±µ¸ÉÓÕ ¨ ³¨´¨³ ²Ó´µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ ± ´¥°É·µ´´µ³Ê Ëµ´Ê ¨ ± Ëµ´µ¢Ò³
²¥£±¨³ § ·Ö¦¥´´Ò³ Î ¸É¨Í ³, ¢ Î ¸É´µ¸É¨, ± δ-Ô²¥±É·µ´ ³. �·¨ · ¡µÉ¥ ´ 
Í¨±²µÉ·µ´ Ì ¦¥² É¥²Ó´µ É ±¦¥ ¨³¥ÉÓ ‘„ ¸ ³¨´¨³ ²Ó´µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ
± ‚—-´ ¢µ¤± ³ ¨ ³ £´¨É´Ò³ ¶µ²Ö³. �¥³ ²µ¢ ¦´Ò³¨ ¤²Ö Ô±¸¶¥·¨³¥´É Éµ· 
¸¢µ°¸É¢ ³¨ Ö¢²ÖÕÉ¸Ö É ±¦¥ ¶·µ¸ÉµÉ  ±µ´¸É·Ê±Í¨¨, ´ ¤¥¦´µ¸ÉÓ ¢ Ô±¸¶²Ê É -
Í¨¨ ¨, ´ ±µ´¥Í, ´¥¢Ò¸µ± Ö ¸Éµ¨³µ¸ÉÓ.

‚ ´ ¨¡µ²ÓÏ¥° ¸É¥¶¥´¨ ¢¸¥³ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´Ò³ ¸¢µ°¸É¢ ³ Ê¤µ¢²¥É¢µ-
·ÖÕÉ ¶·µ¶µ·Í¨µ´ ²Ó´Ò¥ £ §µ¢Ò¥ ¤¥É¥±Éµ·Ò ´¨§±µ£µ ¤ ¢²¥´¨Ö, É ± ´ §Ò¢ ¥-
³Ò¥ £ §µ¢Ò¥ ² ¢¨´´Ò¥ ¤¥É¥±Éµ·Ò, ¨²¨ ² ¢¨´´Ò¥ ¸Î¥ÉÎ¨±¨ (‹‘).

‚ ²¨É¥· ÉÊ·¥ ¶µ¤·µ¡´µ · ¸¸³µÉ·¥´Ò ¶·¨´Í¨¶Ò · ¡µÉÒ ‹‘ (¸³., ´ ¶·¨-
³¥·, [2]), ¶µÔÉµ³Ê ³Ò µ¸É ´µ¢¨³¸Ö ´  ÔÉµ³ µÎ¥´Ó ±· É±µ.

�·µ¸É¥°Ï¨° ‹‘ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤¢  ¶²µ¸±µ¶ · ²²¥²Ó´ÒÌ Ô²¥±É·µ¤ 
( É. ´. ¶²µ¸±µ¶ · ²²¥²Ó´Ò° ‹‘ ¨²¨ ��‹‘), · §¤¥²¥´´ÒÌ ´¥¡µ²ÓÏ¨³ (´¥-
¸±µ²Ó±µ ³³) ¶·µ³¥¦ÊÉ±µ³, § ¶µ²´¥´´Ò³ · ¡µÎ¨³ £ §µ³ ¶·¨ ¤ ¢²¥´¨¨ µÉ ¤¥-
¸ÖÉÒÌ ¤µ²¥° Éµ·· ¤µ ´¥¸±µ²Ó±¨Ì ¤¥¸ÖÉ±µ¢ Éµ··. …¸²¨ ´ ¶·Ö¦¥´´µ¸ÉÓ Ô²¥±É·¨-
Î¥¸±µ£µ ¶µ²Ö ¢´ÊÉ·¨ ¤¥É¥±Éµ·  ¤µ¸É ÉµÎ´µ ¢¥²¨± , Éµ ¶¥·¢¨Î´Ò¥ Ô²¥±É·µ´Ò,
µ¡· §µ¢ ´´Ò¥ ¤¥É¥±É¨·Ê¥³µ° Î ¸É¨Í¥°, µ¡² ¤ ÕÉ ¤µ¸É ÉµÎ´µ° Ô´¥·£¨¥° ¤²Ö
¸µ§¤ ´¨Ö ¢ £ §¥ Ô²¥±É·µ´´µ-¨µ´´µ° ² ¢¨´Ò, ÎÉµ ¶·¨¢µ¤¨É ± Ëµ·³¨·µ¢ ´¨Õ
¢ÒÌµ¤´µ£µ ¸¨£´ ²  ¸  ³¶²¨ÉÊ¤µ° ¤µ ´¥¸±µ²Ó±¨Ì ³‚ ¨ ¢·¥³¥´¥³ ´ · ¸É ´¨Ö
Ô²¥±É·µ´´µ° ±µ³¶µ´¥´ÉÒ ´¥¸±µ²Ó±µ ´¸. �µ ¸· ¢´¥´¨Õ ¸ ¤¥É¥±Éµ· ³¨, · ¡µ-
É ÕÐ¨³¨ ¶·¨ ´µ·³ ²Ó´µ³ ¤ ¢²¥´¨¨ £ § , ‹‘ µ¡² ¤ ÕÉ ·Ö¤µ³ ´¥¸µ³´¥´´ÒÌ
¶·¥¨³ÊÐ¥¸É¢:
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- ¸Ê¡´ ´µ¸¥±Ê´¤´Ò³ ¢·¥³¥´´Ò³ · §·¥Ï¥´¨¥³; ´¨§±µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ
± Ëµ´µ¢Ò³ § ·Ö¦¥´´Ò³ Î ¸É¨Í ³, ´¥°É·µ´ ³ ¨ γ-±¢ ´É ³ ¢¸²¥¤¸É¢¨¥ ´¨§±µ°
¶²µÉ´µ¸É¨ · ¡µÎ¥£µ ¢¥Ð¥¸É¢ ;

- ¢Ò¸µ±¨³¨ ¶·¥¤¥²Ó´Ò³¨ § £·Ê§± ³¨, ÎÉµ ¸¢Ö§ ´µ ¸ ·¥§±¨³ Ê³¥´ÓÏ¥´¨¥³
¢²¨Ö´¨Ö ¶·µ¸É· ´¸É¢¥´´µ£µ § ·Ö¤  ¶µ²µ¦¨É¥²Ó´ÒÌ ¨µ´µ¢ ¢¸²¥¤¸É¢¨¥ ¡µ²¥¥
¢Ò¸µ±µ° Ê¤¥²Ó´µ° ´ ¶·Ö¦¥´´µ¸É¨ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö.

— ¸Éµ ¢³¥¸Éµ ¶²µ¸±µ¶ · ²²¥²Ó´ÒÌ Ô²¥±É·µ¤µ¢ ¨¸¶µ²Ó§ÊÕÉ¸Ö Ô²¥±É·µ¤Ò,
¨§£µÉµ¢²¥´´Ò¥ ¨§ Éµ´±µ° ¶·µ¢µ²µ±¨. Š ± ¶µ± § ´µ ¢ [3], É ±¨¥ ³´µ£µ¶·µ¢µ-
²µÎ´Ò¥ ‹‘ (Œ�‹‘) ¨³¥ÕÉ ¡µ²¥¥ ¢Ò¸µ±¨° ±µÔËË¨Í¨¥´É £ §µ¢µ£µ Ê¸¨²¥´¨Ö
¢¸²¥¤¸É¢¨¥ ¤¢ÊÌ¸É ¤¨°´µ£µ · §¢¨É¨Ö ² ¢¨´Ò: ¸´ Î ²  ¢ µ¡² ¸É¨ ¶µ¸ÉµÖ´´µ£µ
Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¸Î¥ÉÎ¨± , § É¥³ ¢ ´¥¶µ¸·¥¤¸É¢¥´´µ° ¡²¨§µ¸É¨ µÉ ¶·µ-
¢µ²µÎ±¨. Š·µ³¥ Éµ£µ, Œ�‹‘ ³µ£ÊÉ ¡ÒÉÓ ²¥£±µ ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö ¨§³¥·¥´¨Ö
±µµ·¤¨´ ÉÒ ¶µ¶ ¤ ´¨Ö Î ¸É¨ÍÒ.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ µ¶¨¸ ´  ±µ´¸É·Ê±Í¨Ö ¨ ¶·¨¢¥¤¥´Ò ´¥±µÉµ·Ò¥ ·¥§Ê²Ó-
É ÉÒ ¨¸¸²¥¤µ¢ ´¨° Ì · ±É¥·¨¸É¨± ‹‘, · §· ¡µÉ ´´µ£µ ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·-
´ÒÌ ·¥ ±Í¨° �ˆŸˆ, ±µÉµ·Ò° ¨¸¶µ²Ó§Ê¥É¸Ö ± ± ‘„ ¢ · §²¨Î´ÒÌ ¢·¥³Ö¶·µ-
²¥É´ÒÌ ¸¶¥±É·µ³¥É· Ì ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í [1, 4].

1. Š��‘’�“Š–ˆŸ

�  ·¨¸. 1 ¤ ´ µ¡Ð¨° ¢¨¤,   ´  ·¨¸. 2 Å ¸Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ ‘„. ‚
¥£µ µ¸´µ¢Ê ¶µ²µ¦¥´  É·¥ÌÔ²¥±É·µ¤´ Ö ±µ´¸É·Ê±Í¨Ö ¸ ¶²¥´µÎ´Ò³ ³¥É ²²¨§¨-
·µ¢ ´´Ò³ ± Éµ¤µ³ 1, · ¸¶µ²µ¦¥´´Ò³ ³¥¦¤Ê ¤¢Ê³Ö ¶·µ¢µ²µÎ´Ò³¨  ´µ¤ ³¨ 2.

�¨¸. 1. ‚¨¤ ¸É ·Éµ¢µ£µ ¤¥É¥±Éµ· 
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�¨¸. 2. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ ¸É ·Éµ¢µ£µ ¤¥É¥±Éµ· : 1 Å ± Éµ¤; 2 Å  ´µ¤Ò; 3 Å
¸É¥±²µÉ¥±¸Éµ²¨Éµ¢Ò¥ µ¶· ¢±¨; 4, 5 Å ¤¨¸É ´Í¨µ´´Ò¥ µ¶· ¢±¨; 6 Å ¢Ìµ¤´Ò¥ µ±´ 

�´µ¤Ò ¨³¥ÕÉ ´Ê²¥¢µ° ¶µÉ¥´Í¨ ², ´  ± Éµ¤ ¶µ¤ ¥É¸Ö µÉ·¨Í É¥²Ó´µ¥ ¢Ò¸µ±µ¥
´ ¶·Ö¦¥´¨¥, ¸ ´¥£µ ¦¥ ¸´¨³ ¥É¸Ö ¨ ¢ÒÌµ¤´µ° ¸¨£´ ². ’ ±µ¥ · ¸¶µ²µ¦¥´¨¥
Ô²¥±É·µ¤µ¢ ¨¸¶µ²Ó§µ¢ ²µÓ ¢ ¶µ§¨Í¨µ´´µ-ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ‹‘ (�—‹‘) [5] 4π-
¸¶¥±É·µ³¥É·  ”�
�‘ [1] ¨ Ö¢²Ö¥É¸Ö, ´  ´ Ï ¢§£²Ö¤, µ¶É¨³ ²Ó´Ò³ ¶µ ¸· ¢´¥-
´¨Õ ¸ ¤¢ÊÌÔ²¥±É·µ¤´µ° ±µ´¸É·Ê±Í¨¥°, É ± ± ±, ¢µ-¶¥·¢ÒÌ, ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ
¤¢Ê±· É´µ¥ Ê¢¥²¨Î¥´¨¥  ³¶²¨ÉÊ¤Ò ¸¨£´ ²  ¶·¨ µ¤¨´ ±µ¢µ° ¤²¨É¥²Ó´µ¸É¨ ¨³-
¶Ê²Ó¸  ¨, ¢µ-¢Éµ·ÒÌ, ¸¢µ¤¨É ± ³¨´¨³Ê³Ê ¢²¨Ö´¨¥ Ô²¥±É·¨Î¥¸±¨Ì ´ ¢µ¤µ± ´ 
¸¨£´ ²Ó´Ò° Ô²¥±É·µ¤. Š·µ³¥ Éµ£µ, ¶·¨ É ±µ³ · ¸¶µ²µ¦¥´¨¨ Ô²¥±É·µ¤µ¢ Ô²¥±-
É·µ¸É É¨Î¥¸±¨° ¶µÉ¥´Í¨ ², µ¡· §µ¢ ´´Ò° ´  ¢Ìµ¤´ÒÌ µ±´ Ì δ-Ô²¥±É·µ´ ³¨,
¢Ò¡¨¢ ¥³Ò³¨ ¨§ ³¨Ï¥´¨, ´¥ ¢²¨Ö¥É ´  ±µ´Ë¨£Ê· Í¨Õ ¶µ²Ö ³¥¦¤Ê Ô²¥±É·µ-
¤ ³¨, ÎÉµ µ¸µ¡¥´´µ ¢ ¦´µ ¶·¨ · ¡µÉ¥ ¸ ¶ÊÎ± ³¨ ¨µ´µ¢ ÉÖ¦¥²¥¥ Ar, ¶µÔÉµ³Ê
³¥É ²²¨§ Í¨¨ µ±µ´ ¨ ¶µ¤ Î¨ ´  ´¨Ì ¶µÉ¥´Í¨ ²  ´¥ É·¥¡Ê¥É¸Ö. Š Éµ¤ ¨§£µ-
Éµ¢²¥´ ¨§ ³ °² ·µ¢µ° ¶²¥´±¨, µ¡¥ ¸Éµ·µ´Ò ±µÉµ·µ° § ¶Ò²¥´Ò ¸²µ¥³ §µ²µÉ 
Éµ²Ð¨´µ° 40 ³±£/¸³2. � ³¨ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤¢  É¨¶  ¶²¥´±¨: ¶²¥´±  Ë¨·³Ò
Du Point Éµ²Ð¨´µ° 1,2 ³±³ ¨ Ë¨·³Ò Goodfellow Éµ²Ð¨´µ° 0,9 ³±³. �¡ 
É¨¶  ¶²¥´±¨ µ¡² ¤ ÕÉ Ìµ·µÏ¨³¨ ¶·µÎ´µ¸É´Ò³¨ ¶ · ³¥É· ³¨, ¤µ¸É ÉµÎ´µ
É¥·³µ¸Éµ°±¨ ¤²Ö É¥·³¨Î¥¸±µ£µ ´ ¶Ò²¥´¨Ö §µ²µÉ , ¨ ¨³¥ÕÉ Ìµ·µÏ¥¥ ± Î¥¸É¢µ
¶µ¢¥·Ì´µ¸É¨, ÎÉµ ¶µ§¢µ²Ö¥É ¶µ¤ ¢ ÉÓ ¢Ò¸µ±¨° ¶µÉ¥´Í¨ ² ¡¥§ ¢µ§´¨±´µ¢¥´¨Ö
¨¸±·µ¢µ£µ · §·Ö¤ . �´µ¤Ò ¨§£µÉµ¢²¥´Ò ¨§ ³¥¤´µ-¡¥·¨²²¨¥¢µ° ¶·µ¢µ²µ±¨ Éµ²-
Ð¨´µ° 50 ³±³, ´ ³µÉ ´´µ° ¸ Ï £µ³ 1 ³³. ’ ±¨³ µ¡· §µ³, ¶·µ§· Î´µ¸ÉÓ ¤¥-
É¥±Éµ·  ¸µ¸É ¢²Ö¥É ¶·¨³¥·´µ 90%. Œ¥¦Ô²¥±É·µ¤´Ò¥ ¶·µ³¥¦ÊÉ±¨ ¸µ§¤ ÕÉ¸Ö
µ¶· ¢± ³¨ ¨§ ¸É¥±²µÉ¥±¸Éµ²¨É  3 Éµ²Ð¨´µ° 3 ³³, ± ±µÉµ·Ò³ ¶·¨±²¥¨¢ ÕÉ¸Ö
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¨ ¶·¨¶ ¨¢ ÕÉ¸Ö, ¸µµÉ¢¥É¸É¢¥´´µ, ± Éµ¤ ¨  ´µ¤´Ò¥ ¶·µ¢µ²µÎ±¨. „¨¸É ´Í¨µ´-
´Ò¥ ¸É¥±²µÉ¥±¸Éµ²¨Éµ¢Ò¥ µ¶· ¢±¨ 4 µ¡¥¸¶¥Î¨¢ ÕÉ § §µ· ³¥¦¤Ê  ´µ¤ ³¨ ¨
¢Ìµ¤´Ò³¨ µ±´ ³¨. ‚Ìµ¤´Ò¥ µ±´  6 ¨§£µÉµ¢²¥´´Ò ¨§ ³ °² ·µ¢µ° ¶²¥´±¨ Éµ²-
Ð¨´µ° 1,2 ¨²¨ 0,9 ³±³, ¶·¨±²¥¥´´µ° ± ¸É¥±²µÉ¥±¸Éµ²¨Éµ¢Ò³ µ¶· ¢± ³ 5, ¨
¶µ¤¤¥·¦¨¢ ÕÉ¸Ö ¸¥É± ³¨ ¨§ ± ¶·µ´µ¢µ° ²¥¸±¨ Éµ²Ð¨´µ° 0,15 ³³. ƒ¥·³¥É¨-
§ Í¨Ö ¶·µ¨§¢µ¤¨É¸Ö ¶·¨ ¶µ³µÐ¨ ¢ ±ÊÊ³´µ£µ ¸¨²¨±µ´µ¢µ£µ £¥·³¥É¨± .

‘„ ¨³¥¥É Ëµ·³Ê Ê¸¥Î¥´´µ£µ ¤¨¸± , ÎÉµ ¶µ§¢µ²Ö¥É ³ ±¸¨³ ²Ó´µ ¶·¨¡²¨-
§¨ÉÓ ¥£µ ± ¨¸¸²¥¤Ê¥³µ° ³¨Ï¥´¨, ¥¸²¨ ¢·¥³Ö¶·µ²¥É´µ¥ ¶²¥Îµ · ¸¶µ²µ¦¥´µ ¶µ¤
µ¸É·Ò³ Ê£²µ³ ± µ¸¨ ¶ÊÎ± . ƒ ¡ ·¨É´Ò¥ · §³¥·Ò ‘„ 100 × 70 × 12 ³³ ¶·¨
¤¨ ³¥É·¥ ¢Ìµ¤´µ£µ µ±´  60 ³³ ¨ 120 × 90 × 12 ³³ ¶·¨ ¤¨ ³¥É·¥ ¢Ìµ¤´µ£µ
µ±´  80 ³³.

2. •���Š’…�ˆ‘’ˆŠˆ

� ³¨ ¡Ò²¨ ¨§£µÉµ¢²¥´Ò ¨ ¨¸¶ÒÉ ´Ò ‘„ ¤¢ÊÌ É¨¶µ¢: ¸ ¤¨ ³¥É·µ³ ¢Ìµ¤´ÒÌ
µ±µ´ 60 ¨ 80 ³³. �¥· ³¥É·Ò ‘„ µ¡µ¨Ì É¨¶µ¢ ¶·¨¡²¨§¨É¥²Ó´µ µ¤¨´ ±µ¢Ò, ¶µ-
ÔÉµ³Ê ´¨¦¥ ¡Ê¤ÊÉ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ‘„ ¸ ¤¨ ³¥É·µ³ ¢Ìµ¤´µ£µ
µ±´  60 ³³. ‚ ± Î¥¸É¢¥ · ¡µÎ¥£µ £ §  ¨¸¶µ²Ó§µ¢ ²¸Ö Î¨¸ÉÒ° ´-¶¥´É ´ ¶·¨ ¤ -
¢²¥´¨¨ 4Ä5 Éµ··. �  ·¨¸. 3 ¨§µ¡· ¦¥´  Ëµ·³  Éµ±µ¢µ£µ ¨³¶Ê²Ó¸  µÉ µ¸±µ²±µ¢

�¨¸. 3. ”µ·³  Éµ±µ¢µ£µ ¨³¶Ê²Ó¸  ¸É ·Éµ¢µ£µ ¤¥É¥±Éµ· 

¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö 252Cf ¶·¨ ´ ¶·Ö¦¥´¨¨ 500 ‚, ¶µ²ÊÎ¥´´ Ö ¶·¨ ¶µ³µÐ¨
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¡Ò¸É·µ£µ Ê¸¨²¨É¥²Ö ¸ ¸µ¡¸É¢¥´´Ò³ Ë·µ´Éµ³ ´ · ¸É ´¨Ö Éµ±µ¢µ£µ ¨³¶Ê²Ó¸ 
2 ´¸. „²¨É¥²Ó´µ¸ÉÓ Ë·µ´É  ¨ Ï¨·¨´  ¨³¶Ê²Ó¸  ´  ¶µ²Ê¢Ò¸µÉ¥ ¸µ¸É ¢²ÖÕÉ
¸µµÉ¢¥É¸É¢¥´´µ 5 ¨ 7 ´¸. ‚·¥³¥´´µ¥ · §·¥Ï¥´¨¥ ‘„ ¨¸¸²¥¤µ¢ ²µ¸Ó ´  ¨¸-
ÉµÎ´¨± Ì α-Î ¸É¨Í 226Ra ¨ 239Pu. 
²µ±-¸Ì¥³  ¨§³¥·¨É¥²Ó´µ° Ô²¥±É·µ´¨±¨
¡Ò²  ¸É ´¤ ·É´µ°. ‚ ± Î¥¸É¢¥ Ëµ·³¨·µ¢ É¥²¥° ¢·¥³¥´´µ° ¶·¨¢Ö§±¨ ¨¸¶µ²Ó-
§µ¢ ²¨¸Ó ¤¨¸±·¨³¨´ Éµ·Ò ¸µ ¸²¥¤ÖÐ¨³ ¶µ·µ£µ³ ZFK 5386 [6]. �  ·¨¸. 4 ¶µ-

�¨¸. 4. ‚·¥³Ö¶·µ²¥É´Ò° ¸¶¥±É· α-Î ¸É¨Í 226Ra

�¨¸. 5. ‚·¥³Ö¶·µ²¥É´Ò° ¸¶¥±É· α-Î ¸É¨Í 239Pu

± § ´ ¢·¥³Ö¶·µ²¥É´Ò° ¸¶¥±É· α-Î ¸É¨Í 226Ra, ¶µ²ÊÎ¥´´Ò° ¶·¨ ¶µ³µÐ¨ ¤¢ÊÌ
¨¤¥´É¨Î´ÒÌ ¤¥É¥±Éµ·µ¢ ´  ¶·µ²¥É´µ° ¡ §¥ 67 ¸³. „²Ö ÉµÎ´µ£µ µ¶·¥¤¥²¥´¨Ö
¢·¥³¥´´µ£µ · §·¥Ï¥´¨Ö ¤¢  ¨¤¥´É¨Î´ÒÌ ¤¥É¥±Éµ·  ¡¥§ ¢Ìµ¤´ÒÌ µ±µ´ ¶µ³¥Ð -
²¨¸Ó ¢ ± ³¥·Ê, § ¶µ²´¥´´ÊÕ ¶¥´É ´µ³ ¶·¨ ¤ ¢²¥´¨¨ 4,3 Éµ··, ´  ³¨´¨³ ²Ó´µ³
· ¸¸ÉµÖ´¨¨ ¤·Ê£ µÉ ¤·Ê£ . ‚·¥³¥´´µ¥ · §·¥Ï¥´¨¥, ¨§³¥·¥´´µ¥ É ±¨³ µ¡· §µ³
¶·¨ ¶µ³µÐ¨ α-¨¸ÉµÎ´¨±  239Pu, ¸µ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ∼ 500 ¶¸ ¶·¨ ¶¥·¥¸Î¥É¥
´  µ¤¨´ ‘„. �·¨ ÔÉµ³ ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ µ¸´µ¢´µ° ¢±² ¤ ¢ · §·¥Ï¥´¨¥
¶·¨ ·¥£¨¸É· Í¨¨ α-Î ¸É¨Í ¢´µ¸ÖÉ ¸É É¨¸É¨±  µ¡· §µ¢ ´¨Ö Ô²¥±É·µ´´µ-¨µ´´ÒÌ
¶ · ¨ ÏÊ³Ò ¶·¥¤Ê¸¨²¨É¥²Ö. �·¨ ·¥£¨¸É· Í¨¨ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¸²¥¤Ê¥É µ¦¨-
¤ ÉÓ ¸ÊÐ¥¸É¢¥´´µ£µ Ê²ÊÎÏ¥´¨Ö · §·¥Ï¥´¨Ö ¨§-§  Ê¢¥²¨Î¥´¨Ö Ô´¥·£µ¢Ò¤¥²¥´¨Ö
¢ ¤¥É¥±Éµ·¥.
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�¶¨¸ ´´Ò¥ ‘„ ¡Ò²¨ Ê¸¶¥Ï´µ µ¶·µ¡µ¢ ´Ò ¢ ·Ö¤¥ Ô±¸¶¥·¨³¥´Éµ¢ ´  ¸¶¥±-
É·µ³¥É·e ”�
�‘ [1] ¨ Ê¸É ´µ¢±¥ •…�„…‘ [4] ¨ ¶µ± § ²¨ ´ ¤¥¦´ÊÕ ¸É -
¡¨²Ó´ÊÕ · ¡µÉÊ ¢ É¥Î¥´¨¥ ¶·¨³¥·´µ 100 Î ¸µ¢ ¶·¨ § £·Ê§± Ì 105 µ¸±µ²±µ¢
¤¥²¥´¨Ö ¢ ¸¥±Ê´¤Ê. �·¨ É ±¨Ì Ê¸²µ¢¨ÖÌ ´¥ ¡Ò²µ § ³¥Î¥´µ ± ± ÊÌÊ¤Ï¥´¨Ö
Ì · ±É¥·¨¸É¨± ‘„, É ± ¨ ¨§³¥´¥´¨Ö ± Î¥¸É¢  Ô²¥±É·µ¤µ¢.
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