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–Ò£ ´μ¢ �. ‘. P7-2008-189
“· ¢´¥´¨¥ ˜³¨¤É : ¨´É¥£·¨·μ¢ ´¨¥ ¶μ ®£¨¡±μ³Ê¯ ¶ÊÉ¨

Š² ¸¸¨Î¥¸±¨° ³¥Éμ¤, ¶·¥¤²μ¦¥´´Ò° Š.-•.˜³¨¤Éμ³ ¤²Ö μ¶·¥¤¥²¥´¨Ö μ¦¨¤ ¥³μ° ¢¥-
²¨Î¨´Ò ¸²ÊÎ °´ÒÌ ±μ··¥²ÖÍ¨°, ¶·¥¤¶μ² £ ¥É ´ ²¨Î¨¥ ´¥±μÉμ·ÒÌ  ¶·¨μ·´ÒÌ §´ ´¨° μ
É¨¶¥ ³´μ£μ§¢¥´´μ£μ ¸μ¡ÒÉ¨Ö ¤²Ö ¢Ò¤¥²¥´¨Ö ¥£μ ¨§ ¸ÉμÌ ¸É¨Î¥¸±μ£μ ¶μÉμ±  ¸¨£´ ²μ¢-
¨³¨É Éμ·μ¢. �·¨ ÔÉμ³ Ì · ±É¥·´Ò³¨ Ö¢²ÖÕÉ¸Ö ¸Í¥´ ·¨¨ ¸ Ê¶μ·Ö¤μÎ¥´¨¥³ ¨ Î ¸É¨Î´Ò³
Ê¶μ·Ö¤μÎ¥´¨¥³ (·¥£¨¸É·¨·Ê¥³Ò° ¸¨£´ ² Ö¤·  μÉ¤ Î¨ Å ¶¥·¢Ò° Ô²¥³¥´É Í¥¶μÎ±¨).

‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³μÉ·¥´ ¸²ÊÎ °, ±μ£¤  Ô²¥³¥´ÉÒ ¶μ·Ö¤±  ´ ¡²Õ¤ ÕÉ¸Ö ¢ ¶·μ¨§-
¢μ²Ó´μ³ ³¥¸É¥ ³´μ£μ§¢¥´´μ£μ ¸μ¡ÒÉ¨Ö. ˆ´É¥£·¨·μ¢ ´¨¥ Ê· ¢´¥´¨Ö ˜³¨¤É  ¶·μ¢μ¤¨É¸Ö
¨³¥´´μ ¤²Ö ®£¨¡±μ£μ¯ ¸Í¥´ ·¨Ö. � ¸¸³μÉ·¥´Ò ¢μ¶·μ¸Ò Ëμ·³¨·μ¢ ´¨Ö Ô´¥·£¥É¨Î¥¸±¨Ì
¨´É¥·¢ ²μ¢ ¤²Ö μÍ¥´μ± ¢¥²¨Î¨´ ¢¥·μÖÉ´μ¸É¥° ¸²ÊÎ °´ÒÌ ¸μ¢¶ ¤¥´¨°. �·¨¢¥¤¥´Ò μÍ¥´±¨
 ³¶²¨ÉÊ¤ ¸¨£´ ²  ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¤²Ö p−i−n ¤¨μ¤  ¢ ¸²ÊÎ ¥, ±μ£¤  Ô´¥·£¥É¨Î¥-
¸± Ö Ï± ²  · ¸¸³ É·¨¢ ¥É¸Ö μÉ´μ¸¨É¥²Ó´μ ¶¨±μ¢ ¸·¥¤´¥£μ ²¥£±μ£μ ¨ ÉÖ¦¥²μ£μ μ¸±μ²±μ¢
¨¸ÉμÎ´¨±  252Cf.

Š· É±μ ¶·¨¢¥¤¥´μ μ¶¨¸ ´¨¥ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò ¤Ê¡´¥´¸±μ£μ £ §μ´ ¶μ²´¥´´μ£μ
¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨, ÎÉμ ¤¥² ¥É ¤²Ö Î¨É É¥²Ö ¡μ²¥¥ ¶μ´ÖÉ´Ò³ ¸ ³ ¶·μÍ¥¸¸ Ëμ·³¨·μ-
¢ ´¨Ö ³´μ£μ§¢¥´´μ£μ ¸μ¡ÒÉ¨Ö · ¸¶ ¤  Ö¤¥· ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢.

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

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Tsyganov Yu. S. P7-2008-189
Schmidt Equation: ®Flexible¯ Path Integration

A classic method proposed by K.-H. Schmidt for determining an expected probability of
random correlations assumes some a priori knowledge on the type of the multiple-link event
to single it out of the stochastic stream of the imitator signals. Here, typical are scenarios with
ˇxed order or partially free order (taking the signal from recoil nucleus as the ˇrst element of
the chain).

The present work considers the case when the elements of order are observed in an
arbitrary location of the multiple-link event. Schmidt's equation is integrated just for the
®
exible¯ scenario. The problem of organizing energy intervals for evaluating the probability
of random correlations is also considered. Given are evaluations of the amplitudes of signals
from spontaneous ˇssion in p−i−n diode in the case that the energy scale is calibrated with
the peaks of average light and heavy ˇssion fragments of the 252Cf source.

Description of the detecting system of the Dubna gas-ˇlled recoil separator is given
in brief, which makes the process of the formation of multiple-link events in the decay of
superheavy elements more understandable to the reader.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2008
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“¸¶¥Ì¨, ¤μ¸É¨£´ÊÉÒ¥ ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ ¸¨´É¥§Ê ¸¢¥·Ì-
ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ (‘’�) ¨ ¨§ÊÎ¥´¨Õ ¨Ì Ë¨§¨Î¥¸±¨Ì ¨ Ì¨³¨Î¥¸±¨Ì
¸¢μ°¸É¢ [1Ä3], ´¥ ¢ ¶μ¸²¥¤´ÕÕ μÎ¥·¥¤Ó μ¡Ê¸²μ¢²¥´Ò ¶·¨³¥´¥´¨¥³ ¢Ò¸μ±μ-
ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¸¨¸É¥³ ¤¥É¥±É¨·μ¢ ´¨Ö, c¶μ¸μ¡´ÒÌ ´ ¤¥¦´μ ¢Ò¤¥²ÖÉÓ ±μ··¥-
²¨·μ¢ ´´Ò¥ ¸μ¡ÒÉ¨Ö  ²ÓË -· ¸¶ ¤  ¨ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥·.
�¤´ ±μ ¶·¨ ¢¸¥Ì ¢μ§³μ¦´μ¸ÉÖÌ ¸¨¸É¥³ ¤¥É¥±É¨·μ¢ ´¨Ö §´ Î¨³Ò° ¢±² ¤ ¢ μ¡-
Ð¨° Ê¸¶¥Ì Ô±¸¶¥·¨³¥´É  ¢´μ¸ÖÉ É¥μ·¥É¨Î¥¸±¨¥ ¶μ¤Ìμ¤Ò, ´ ¶· ¢²¥´´Ò¥ ´ 
μÍ¥´±Ê ¢¥·μÖÉ´μ¸É¨ Éμ£μ, ÎÉμ ³´μ£μ§¢¥´´μ¥ ¸μ¡ÒÉ¨¥, § ·¥£¨¸É·¨·μ¢ ´´μ¥ ¤¥-
É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³μ° ¨ ¶·¨¶¨¸Ò¢ ¥³μ¥ · ¸¶ ¤Ê Ö¤·  ‘’�, ´¥ μ¡Ê¸²μ¢²¥´μ
·Ö¤μ³ ¸²ÊÎ °´ÒÌ ¶·¨Î¨´ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ´¥ ¶·¥¤¸É ¢²Ö¥É ¶μ¸²¥¤μ¢ É¥²Ó-
´μ¸ÉÓ ¸²ÊÎ °´ÒÌ ¸¨£´ ²μ¢-¨³¨É Éμ·μ¢. �É³¥É¨³, ÎÉμ ¢ · ¡μÉ¥ [4] · ¸¸³μÉ·¥´
³¥Éμ¤ ¢¥·μÖÉ´μ¸É´ÒÌ μÍ¥´μ± ¶·¨ ´ ²¨Î¨¨ ·Ö¤   ¶·¨μ·´ÒÌ ¶·¥¤¶μ²μ¦¥´¨° μ
Ì · ±É¥·¥ ¨¸¸²¥¤Ê¥³μ£μ μ¡Ñ¥±É . �¤´¨³ ¨§ ±²ÕÎ¥¢ÒÌ ³μ³¥´Éμ¢ ³¥Éμ¤  · ¸-
Î¥É  Ö¢²Ö¥É¸Ö ³¥·  ¨§¢¥¸É´μ¸É¨  ¶·¨μ·´ÒÌ ¸¢μ°¸É¢ · ¸¶ ¤ . ‚ § ¢¨¸¨³μ¸É¨
μÉ ÔÉμ£μ  ¢Éμ·Ò [4] ¨ ¶·¥¤² £ ÕÉ ¤¢  ¸Í¥´ ·¨Ö · ¸Î¥É ,   ¨³¥´´μ: ¸ ¨§¢¥¸É-
´Ò³ ¶μ·Ö¤±μ³ ¸²¥¤μ¢ ´¨Ö  ²ÓË -· ¸¶ ¤  ¨ ¸ Î ¸É¨Î´Ò³ Ê¶μ·Ö¤μÎ¥´¨¥³ ¶·¨
´ ²¨Î¨¨ ®¸É ·É¥· ¯ Å § ·¥£¨¸É·¨·μ¢ ´´μ£μ ¸¨£´ ²  Ö¤·  μÉ¤ Î¨ (ER).

‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ³μ¤¥²¨ ¨ ¢Ò¢μ¤Ò · ¡μÉÒ [4] ¨ ´¥±μÉμ· Ö
³μ¤¨Ë¨± Í¨Ö ³¥Éμ¤ , ¶·¥¤¶μ² £ ÕÐ Ö ÎÊÉÓ ¡μ²¥¥ μ¡ÐÊÕ ¨ £¨¡±ÊÕ É· ±Éμ¢±Ê.

‚ ¡μ²¥¥ · ´´¨Ì · ¡μÉ Ì  ¢Éμ·  ¶μÌμ¦¨¥ ¶·μ¡²¥³Ò ·¥Ï ÕÉ¸Ö ¢ · ³± Ì
 ²ÓÉ¥·´ É¨¢´μ£μ ¶μ¤Ìμ¤  [5, 6], ¢ ±μÉμ·μ³ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö  ¶·¨μ·´ Ö ¨´Ëμ·-
³ Í¨Ö μ Ì · ±É¥·¥ É¨¶  · ¸¶ ¤  [7, 8]. Š· É±μ¥ μ¶¨¸ ´¨¥ ¸¨¸É¥³Ò ¤¥É¥±É¨-
·μ¢ ´¨Ö ƒ�‘ ¶·¥¤Ï¥¸É¢Ê¥É μ¶¨¸ ´¨Õ ³¥Éμ¤ .

1. „…’…Š’ˆ�“�™�Ÿ ‘ˆ‘’…Œ� „“��…�‘Š�ƒ�
ƒ�‡�����‹�…���ƒ� ‘…����’��� Ÿ„…� �’„�—ˆ

‘¶¥Í¨ ²¨§¨·μ¢ ´´Ò° ¸¶¥±É·μ³¥É·¨Î¥¸±¨° ±μ³¶²¥±¸ ¡Ò² · §· ¡μÉ ´ ¤²Ö
¶·μ¢¥¤¥´¨Ö ¤²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¶μ²ÊÎ¥´¨Õ ´μ¢ÒÌ ¸¢¥·ÌÉÖ¦¥²ÒÌ
Ö¤¥·,   É ±¦¥ ·Ö¤  ¤·Ê£¨Ì Ö¤¥·´ÒÌ ·¥ ±Í¨°, ± ± ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì ¶·¨¢¥¤¥´-
´Ò³ ¢ÒÏ¥ Í¥²Ö³, É ± ¨ ¶·¥¤¸É ¢²ÖÕÐ¨Ì μÉ¤¥²Ó´Ò° ¨´É¥·¥¸ [9Ä11]. �  ·¨¸. 1
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�¨¸. 1. 	²μ±-¸Ì¥³  ¸¶¥±É·μ³¥É·¨Î¥¸±μ£μ ±μ³¶²¥±¸  £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  ‹Ÿ�
¨³. ƒ. �.”²¥·μ¢  (´¥ ¢ ³ ¸ÏÉ ¡¥): 1 Å �Š-4; 2 Å ¸¨¸É¥³  ±μ´É·μ²Ö ¶ · ³¥É·μ¢
ƒ�‘; 3 Å ¤ ÉÎ¨± ±μ´É·μ²Ö ¢ ±ÊÊ³  Í¨±²μÉ·μ´ ; 4 Å ¡²μ± § Ð¨ÉÒ Éμ´±¨Ì μ±μ´ μÉ
´¥¸ ´±Í¨μ´¨·μ¢ ´´ÒÌ ¸¨ÉÊ Í¨°; 5 Å �–�-¨¸ÉμÎ´¨±; 6 Å ¨¸¶μ²´¨É¥²Ó´Ò° Ô²¥³¥´É
(Ô²¥±É·μ¸É É¨Î¥¸±μ¥ μÉ±²μ´¥´¨¥ ¶ÊÎ± )

¶μ± § ´  ¡²μ±-¸Ì¥³  ¸¶¥±É·μ³¥É·¨Î¥¸±μ£μ ±μ³¶²¥±¸  £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ -
· Éμ· ,   ´  ·¨¸. 2  , ¡ ¶μ± § ´Ò ± ± ¸Ì¥³ , É ± ¨ ¢´¥Ï´¨° ¢¨¤ ³μ¤Ê²Ö ¤¥É¥±-
É¨·μ¢ ´¨Ö. ”Ê´±Í¨μ´ ²Ó´μ μ´ ¸μ¸Éμ¨É ¨§ ¸¨¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨Ö ¨ ¢¨§Ê ²¨-
§ Í¨¨, ¸¨¸É¥³Ò ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¸¥¶ · Éμ· , ¸¨¸É¥³Ò ±μ´É·μ²Ö ¶ · ³¥-
É·μ¢ ¤¥É¥±É¨·ÊÕÐ¥£μ ³μ¤Ê²Ö, ¢±²ÕÎ Ö ¶ · ³¥É·Ò, ¸¢Ö§ ´´Ò¥ ¸ ¶ÊÎ±μ³ Í¨±²μ-
É·μ´ . �¸´μ¢μ° ³μ¤Ê²Ö ¤¥É¥±É¨·μ¢ ´¨Ö Ö¢²ÖÕÉ¸Ö ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´Ò°
PIPS∗-¤¥É¥±Éμ·, ¨§£μÉμ¢²¥´´Ò° Ë¨·³μ° CANBERRA Semiconductor NV ¶μ
¸¶¥Í¨ ²Ó´μ³Ê § ± §Ê, ¨ £ §μ¢Ò° ¢·¥³Ö¶·μ²¥É´Ò° ³μ¤Ê²Ó ´¨§±μ£μ ¤ ¢²¥´¨Ö.
PIPS-¤¥É¥±Éμ· ¸μ¸Éμ¨É ¨§ 12 ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ·¥§¨¸É¨¢´ÒÌ ¶μ²μ-
¸μ± (¸É·¨¶μ¢), ±μÉμ·Ò¥ ¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ ÉÓ ¨´Ëμ·³ Í¨Õ ´¥ Éμ²Ó±μ μ¡ Ô´¥·-
£¨¨ Î ¸É¨ÍÒ, ´μ É ±¦¥ μ ¶μ§¨Í¨¨ (´μ³¥· ¸É·¨¶  Å £μ·¨§μ´É ²Ó, ·¥§¨¸É¨¢´μ¥
¤¥²¥´¨¥ § ·Ö¤  Å ¢¥·É¨± ²Ó).

∗Passivated Implanted Planar Silicon.
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�¨¸. 2.  ) „¥É¥±É¨·ÊÕÐ¨° ³μ¤Ê²Ó ƒ�‘: Ëμ± ²Ó´Ò° ¤¥É¥±Éμ· Å 12 ¶μ²μ¸μ±; ®¢¥Éμ¯-
¤¥É¥±Éμ·; ¡μ±μ¢Ò¥ ¤¥É¥±Éμ·Ò Å 8 ±·¨¸É ²²μ¢; ± ³¥·Ò ®¸É ·É¯ ¨ ®¸Éμ¶¯ £ §μ¢μ£μ
¢·¥³Ö¶·μ²¥É´μ£μ ¤¥É¥±Éμ· . ‚Ìμ¤´μ¥ ² ¢¸ ´μ¢μ¥ μ±´μ 1 ³±³ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ¡μ²¥¥
¸¨³³¥É·¨Î´ÒÌ ·¥ ±Í¨ÖÌ (´ ¶·¨³¥·, ¸ 48Ca), ¢ ·¥ ±Í¨ÖÌ ¸ 22Ne ¨ 16O ¶·¨³¥´Ö²μ¸Ó
μ±´μ 0,5 ³±³. ¡) 12-¸É·¨¶μ¢Ò° PIPS-¤¥É¥±Éμ· Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨∗

� §·¥Ï¥´¨¥ μ¤´μ£μ ¸É·¨¶  ∼ 40−60 ±Ô‚ ¶·¨ μÉ¸ÊÉ¸É¢¨¨ · ¤¨ Í¨μ´´ÒÌ
¶μ¢·¥¦¤¥´¨° ¨ ∼ 80−90 ±Ô‚ ¶·¨ ¶μÖ¢²¥´¨¨ ¶μ¸²¥¤´¨Ì ¢ Ìμ¤¥ ¤μ²£μ¢·¥³¥´-
´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢. Šμμ·¤¨´ É´μ¥ · §·¥Ï¥´¨¥ ¸μ¸É ¢²Ö¥É μ±μ²μ 1 ¨ 0,5 ³³
¤²Ö ¶ · Ö¤·μ μÉ¤ Î¨ Ä  ²ÓË -· ¸¶ ¤ ¨  ²ÓË Ä ²ÓË  ¸μμÉ¢¥É¸É¢¥´´μ. �¸´μ¢´μ°
(Ëμ± ²Ó´Ò°) ¤¥É¥±Éμ· μ±·Ê¦¥´ ¸¡μ·±μ° ¨§ ¢μ¸Ó³¨ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢
¶²μÐ ¤ÓÕ 4× 4 ¸³ ¤²Ö ¶μ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ · ¸¶ ¤μ¢ (α,

∗�  ¸É ¤¨¨ ´ ¸É·μ°±¨ ¸¥¶ · Éμ·  ¨ · ´´¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¶·¨³¥´Ö² ¸Ó ¸¡μ·±  ¨§ 6
¶μ¢¥·Ì´μ¸É´μ-¡ ·Ó¥·´ÒÌ nÄSi(Au) ¤¥É¥±Éμ·μ¢ 2 × 3 ¸³. “¤¥²Ó´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ nÄSi ρ ∼
1,5−2,5 ±�³ · ¸³.
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¸¶μ´É ´´μ¥ ¤¥²¥´¨¥ (SF) Å ¢ ¸²ÊÎ ¥ ·¥£¨¸É· Í¨¨ ¤¢ÊÌ μ¸±μ²±μ¢), ±μ£¤  ¸μμÉ-
¢¥É¸É¢ÊÕÐ Ö Î ¸É¨Í -μ¸±μ²μ± ¢Ò²¥É ¥É ¢ μ¡· É´ÊÕ ¶μ²Ê¸Ë¥·Ê ¶μ μÉ´μÏ¥´¨Õ
± ´ ¶· ¢²¥´¨Õ ¨³¶² ´É Í¨¨ ´Ê±²¨¤  (¸³. ·¨¸. 2,  ). ‡  Ëμ± ²Ó´Ò³ ¤¥É¥±Éμ-
·μ³ ¶μ³¥Ð¥´ ®¢¥Éμ¯-¤¥É¥±Éμ· ¢ ¢¨¤¥ ¸¡μ·±¨ ¨§ É·¥Ì ±·¥³´¨¥¢ÒÌ ±·¨¸É ²²μ¢
4×4 ¸³ ¡¥§ ¶μ§¨Í¨μ´´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨. � §´ Î¥´¨¥ ¤ ´´μ£μ Ê¸É·μ°¸É¢  Å
¶μ¤ ¢²¥´¨¥ Ëμ´  ¤²¨´´μ¶·μ¡¥¦´ÒÌ ¸² ¡μ¨μ´¨§¨·ÊÕÐ¨Ì Î ¸É¨Í, ±μÉμ·Ò¥, ¢
¶·¨´Í¨¶¥, ³μ£ÊÉ ¨³¨É¨·μ¢ ÉÓ  ²ÓË -· ¸¶ ¤ ¢ Ëμ± ²Ó´μ³ ¤¥É¥±Éμ·¥, ¢ Éμ³
Î¨¸²¥ ¨ ¢ ¨´É¥·¥¸ÊÕÐ¥° μ¡² ¸É¨ Ô´¥·£¨° � 8,5 ŒÔ‚ (·¨¸. 3).

�¨¸. 3. „¢Ê³¥·´ Ö £¨¸Éμ£· ³³  ®¢¥Éμ¯-¤¥É¥±Éμ· (E2) Ä Ëμ± ²Ó´Ò° ¤¥É¥±Éμ· (E1).
�ÉÎ¥É²¨¢μ ´ ¡²Õ¤ ÕÉ¸Ö É·¨ £·Ê¶¶Ò Ëμ´μ¢ÒÌ ¤²¨´´μ¶·μ¡¥¦´ÒÌ (¢ Si) Î ¸É¨Í

�¨¸. 4. ˆ¸±μ³ Ö ¢¥²¨Î¨´  0,99996 ¶·¨ ¸É É¨¸É¨±¥ ÉÖ¦¥²ÒÌ ¨μ´μ¢ 729649. �¥ ±Í¨Ö
natYt+ 48Ca→Th∗. ‘¶¥±É· μ¸´μ¢´μ£μ μ±´  ¶·¨²μ¦¥´¨Ö ¸μμÉ¢¥É¸É¢Ê¥É ¸¶¥±É·Ê  ²ÓË -
· ¸¶ ¤μ¢ ¨§ ´ §¢ ´´μ° ·¥ ±Í¨¨ (¸É·¨¶ º 5) ¸ μÎ¨¸É±μ° ¶μ ¢·¥³¥´¨ ¶·μ²¥É , ¶·¨§´ ±Ê
(1 ¡¨É) · ¡μÉÒ μ¤´μ° ¨§ ± ³¥· ®¸É ·É¯ ¨²¨ ®¸Éμ¶¯,   É ±¦¥ ¶·¨ μÉ¸ÊÉ¸É¢¨¨ ¸¨£´ ² 
¢ ®¢¥Éμ¯-¤¥É¥±Éμ·¥ ¨ μÉ¸ÊÉ¸É¢¨¨ ³¥É±¨ ³ ¦μ·¨É ·´ÒÌ ¸μ¢¶ ¤¥´¨° (1 ¡¨É). E �
100 ŒÔ‚
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ƒ §μ¢Ò° ¤¥É¥±Éμ· ¢·¥³¥´¨ ¶·μ²¥É , · ¸¶μ²μ¦¥´´Ò° ¶¥·¥¤ ¸¡μ·±μ° ±·¥³-
´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ ¨ ¸μ¸ÉμÖÐ¨° ¨§ ¤¢ÊÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ³´μ£μ¶·μ¢μ²μÎ-
´ÒÌ ± ³¥· ®¸É ·É¯ ¨ ®¸Éμ¶¯, ´ Ìμ¤ÖÐ¨Ì¸Ö ´  ¶·μ²¥É´μ° ¡ §¥ 6,6 ¸³ ¨ ´ 
· ¸¸ÉμÖ´¨¨ ∼ 6 ¸³ μÉ Ëμ± ²Ó´μ£μ ¤¥É¥±Éμ· , ¶·¥¤´ §´ Î¥´ ¢ μ¸´μ¢´μ³ ¤²Ö
¶μ¤ ¢²¥´¨Ö Ëμ´  ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, É ± ¨²¨ ¨´ Î¥ ¸¢Ö§ ´´ÒÌ ¸
¶ÊÎ±μ³ Í¨±²μÉ·μ´  (· ¸¸¥Ö´´Ò¥ ¨μ´Ò; Î ¸É¨ÍÒ, ¡²¨§±¨¥ ¶μ ³ ¸¸¥ ± ³ É¥-
·¨ ²Ê ³¨Ï¥´¨, ¨ É. ¶.). ƒ §μ¢Ò° ³μ¤Ê²Ó · §¤¥²¥´ Éμ´±¨³ ² ¢¸ ´μ¢Ò³ μ±´μ³
(0,5Ä1 ³±³) ¸ · ¡μÎ¨³ £ §μ¢Ò³ μ¡Ñ¥³μ³ ¸¥¶ · Éμ· . ‚Ò¡μ· ¸Éμ²Ó Éμ´±μ£μ
· §¤¥²¨É¥²Ö μ¡Ê¸²μ¢²¥´ ¦¥² ´¨¥³ ³¨´¨³¨§ Í¨¨ Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¨¸-
¸²¥¤Ê¥³μ£μ ´Ê±²¨¤ . � ¡μÎ¨¥ ¸³¥Ð¥´¨Ö ¸μ¸É ¢²ÖÕÉ Va = +400 B ´   ´μ¤¥
¨ Vc = −100 B ´  ± Éμ¤¥. �·¨ ÔÉμ³ ¸É¥¶¥´Ó ¶μ¤ ¢²¥´¨Ö § ·Ö¦¥´´ÒÌ ÉÖ¦¥-
²ÒÌ ¨μ´μ¢ μ¡ÒÎ´μ ¸μ¸É ¢²Ö¥É μ±μ²μ 0,99996 (·¨¸. 4, 48Ca [12], ¤²Ö α-Î ¸É¨Í
243Am É¨¶¨Î´μ 0,95Ä0,997). � ¡μÎ¨¥ Ì · ±É¥·¨¸É¨±¨ ³μ¤Ê²Ö ¸¢¥¤¥´Ò ¢ É -
¡²¨ÍÊ.

� ¡μÎ¨¥ ¶ · ³¥É·Ò ¢·¥³Ö¶·μ²¥É´μ£μ ³μ¤Ê²Ö

� §³¥·, ³³ 140 × 60

�´μ¤´μ¥ ¸³¥Ð¥´¨¥, ‚ +400

Š Éμ¤´μ¥ ¸³¥Ð¥´¨¥, ‚ −100

� ¸¸ÉμÖ´¨¥  ´μ¤Ä± Éμ¤, ³³ 7
˜ £ ´ ³μÉ±¨:

W (Au), ³±³ 20
 ´μ¤, ³³ 2
± Éμ¤, ³³ 1

⇒ £¥μ³. ®¶·μ§· Î´μ¸É¨¯  ´μ¤ 
¨ ± Éμ¤  99 ¨ 98% ¸μμÉ¢¥É¸É¢¥´´μ

„ ¢²¥´¨¥ ¶¥´É ´  (¡¥§ μ¡·. ¸¢Ö§¨), ’μ·· 1,4Ä1,9
„ ¢²¥´¨¥ ¢μ¤μ·μ¤  ¢ ¸¥¶ · Éμ·¥, ’μ·· 1
� §³¥· ¢Ìμ¤´μ£μ (· §¤¥²¨É¥²Ó´μ£μ) μ±´ , ³³ 140 × 80

‚Ìμ¤´μ¥ μ±´μ (³ °² ·), ³±³ 0,5Ä1
� ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ± ³¥· ³¨
®¸É ·É¯ ¨ ®¸Éμ¶¯, ³³ 65
� ¸Ìμ¤ ¶¥´É ´  (¦¨¤±.), ³²/Î ∼ 1,7
’¨¶ £ §μ¢μ° ¶·μÉμÎ´μ° ¸¨¸É¥³Ò 	¥§ μ¡· É´μ° ¸¢Ö§¨, μÉ± Î± 

¡¥§³ ¸²Ö´Ò³ ´ ¸μ¸μ³
� ¸¸ÉμÖ´¨¥ μ±´μÄPIPS-¤¥É¥±Éμ·, ³³ 109
‘É¥¶¥´Ó μÎ¨¸É±¨ ¤²Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ 0,99996 (0,95Ä0,9993 ¤²Ö α-Î ¸É¨Í,

∼ 5−18 % Ô²¥±É·μ´Ò ±μ´¢¥·¸¨¨)
� §·¥Ï¥´¨¥ ≈ 2,5 ´¸ �˜�‚,

22Ne 5,5 ŒÔ‚/´Ê±²μ´
Œ ±¸¨³ ²Ó´μ ¤μ¸É¨£´ÊÉÒ° ´¥¶·¥·Ò¢´Ò° ¸·μ±
¨§³¥·¥´¨° ¢ ·¥ ²Ó´μ³ Ô±¸¶¥·¨³¥´É¥, ²¥É ∼ 0,5
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„ ´´ Ö ¸¨¸É¥³  ¤¥É¥±É¨·μ¢ ´¨Ö μ¡¥¸¶¥Î¨¢ ¥É ¢μ§³μ¦´μ¸ÉÓ ¢Ò¤¥²¥´¨Ö ¨§
μ¡Ð¥£μ ´ ¡μ·  ¸¨£´ ²μ¢, ¨´É¥·¥¸ÊÕÐ¨Ì Ô±¸¶¥·¨³¥´É Éμ·μ¢,   ¨³¥´´μ: ³´μ-
£μ§¢¥´´Ò¥ ¸μ¡ÒÉ¨Ö É¨¶  ERÄα(n)ÄSF, £¤¥ n Å Î¨¸²μ α-· ¸¶ ¤´ÒÌ §¢¥´Ó¥¢ ¢
§ ·¥£¨¸É·¨·μ¢ ´´μ³ ¸μ¡ÒÉ¨¨.

2. ��ˆ‘Š ‚�…Œ…��›• Š���…‹Ÿ–ˆ‰

„²Ö ¢ÒÎ¨¸²¥´¨Ö μ¦¨¤ ¥³μ£μ ÔËË¥±É¨¢´μ£μ ±μ²¨Î¥¸É¢  ¸²ÊÎ °´ÒÌ ±μ··¥-
²ÖÍ¨° ¶·¨ ¶μ¨¸±¥ ¢ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¢·¥³¥´´ÒÌ μ±´ Ì ¢ · ¡μÉ¥ [4] ¶μ²ÊÎ¥´ 
Ëμ·³Ê²  ¤²Ö ¨¸±μ³μ£μ §´ Î¥´¨Ö nb ¶·¨ ´ ²¨Î¨¨ K · §²¨Î´ÒÌ £·Ê¶¶ ¢ ³´μ-
£μ§¢¥´´μ³ ¸μ¡ÒÉ¨¨:

nb = Texp

K∏
i=1

λi

(
K∑

i=1

λi

)K−1

K−1∏
j=1

⎛
⎝1 − e

−
K−1∑

i=1
λiΔtj,j+1

⎞
⎠,

£¤¥ λi Å ¸·¥¤´¨° É¥³¶ ¸Î¥É  ¤²Ö ¸μ¡ÒÉ¨° £·Ê¶¶Ò i ¨ Δt Å ¨´É¥·¢ ² ¢·¥³¥´¨
³¥¦¤Ê ¶μ¸²¥¤μ¢ É¥²Ó´Ò³¨ ¸μ¡ÒÉ¨Ö³¨ (¸¨£´ ² ³¨).

� ¶·¨³¥·, ¤²Ö ±μ··¥²ÖÍ¨μ´´μ£μ ¸μ¡ÒÉ¨Ö É¨¶  αÄαÄSF (K = 3), ¶·¨Î¥³
 ²ÓË -· ¸¶ ¤Ò ¸²¥¤ÊÕÉ ¢ ¶·μ¨§¢μ²Ó´μ³ ¶μ·Ö¤±¥:

nb = Texp
λSFλ2

α

(λSF + λα)2
[1 − e−tc(λSF+λα)]2 (¸³. É ±¦¥ [13]).

‡¤¥¸Ó tc Å ¢¥²¨Î¨´  ¢·¥³¥´´μ£μ μ±´  μÉ ¸É ·É  ¤μ ¶μ¸²¥¤´¥£μ ¸μ¡ÒÉ¨Ö (μ¡-
Ð¨° ¨´É¥·¢ ²).

�É³¥É¨³, ÎÉμ ¶·¨³¥´Ö¥³Ò° ¢ Ô±¸¶¥·¨³¥´É Ì ´  ƒ�‘ ³¥Éμ¤ ® ±É¨¢´ÒÌ
±μ··¥²ÖÍ¨°¯ ¤²Ö · ¤¨± ²Ó´μ£μ ¶μ¤ ¢²¥´¨Ö Ëμ´  ¸¨£´ ²μ¢, ¸¢Ö§ ´´ÒÌ ¸ · ¡μ-
Éμ° Ê¸±μ·¨É¥²Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ “-400, μ¶¨¸Ò¢ ¥É¸Ö ¶·¨ ¶μ³μÐ¨ £· Ë  ±μ··¥-
²ÖÍ¨° [7]. �·¨ ÔÉμ³ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¦¥² ´¨Ö Ô±¸¶¥·¨³¥´É Éμ·  · §²¨Î´Ò¥
·¥¡·  (¸¢Ö§¨) ÔÉμ£μ £· Ë  ³μ£ÊÉ ¡ÒÉÓ  ±É¨¢¨·μ¢ ´Ò,   ¨³¥´´μ: ¡ÒÉÓ ¶·¨³¥-
´¥´Ò ¤²Ö £¥´¥· Í¨¨ μ¸É ´μ¢  ¶·μÍ¥¸¸  μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨ ¶ÊÎ±μ³ ÉÖ¦¥²ÒÌ
¨μ´μ¢. � ¨¡μ²¥¥ ¨´É¥·¥¸´Ò³ Ö¢²Ö¥É¸Ö ¸²ÊÎ ° ¨¸¶μ²Ó§μ¢ ´¨Ö ¶¥·¢μ° ±μ··¥-
²ÖÍ¨¨ ERÄα, ¤¥É¥±É¨·Ê¥³μ° ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨, ÎÉμ ¨ ´ Ï²μ Ï¨-
·μ±μ¥ ¶·¨³¥´¥´¨¥ ¢ Ô±¸¶¥·¨³¥´É Ì [1, 2]. �μ²Ó ¶¥·¢μ£μ §¢¥´  μ¡Ê¸²μ¢²¥´ 
¤¢Ê³Ö ¸²¥¤ÊÕÐ¨³¨ Ë ±Éμ· ³¨:

1) ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ER ¡²¨§±  ± 100 %;
2) Î ¸Éμ ¶¥·¢Ò°  ²ÓË -· ¸¶ ¤ ´ ¨¡μ²¥¥ ±μ·μÉ±¨° ¨, ¸²¥¤μ¢ É¥²Ó´μ, ´ ¨-

¡μ²¥¥ ¸É É¨¸É¨Î¥¸±¨ §´ Î¨³Ò° ¶μ μÉ´μÏ¥´¨Õ ± Ëμ´μ¢Ò³ ¸μ¡ÒÉ¨Ö³ ¢ ¤ ´´μ³
¢·¥³¥´´μ³ ¨´É¥·¢ ²¥.
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�´ ²μ£¨Î´μ Éμ³Ê, ± ± ¢ · ¡μÉ¥ [7] ¢¢μ¤¨É¸Ö £· Ë ±μ··¥²ÖÍ¨°, ¢¢¥¤¥³ ¤μ-
¶μ²´¨É¥²Ó´μ £· Ë ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¢·¥³¥´ · ¸¶ ¤  Ö¤¥·, ¨³¶² ´É¨·μ¢ ´´ÒÌ
¢ PIPS-¤¥É¥±Éμ·, ± ± ÔÉμ ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 6,  .

�μ¸±μ²Ó±Ê ¢ Ë¨²μ¸μË¨¨ ¸ÉμÌ ¸É¨Î¥¸±μ° ³μ¤¥²¨ ¸μ¡ÒÉ¨Ö [4] §´ Î¨³Ò³
Ë ±Éμ·μ³ Ö¢²Ö¥É¸Ö Ë ±É Ê¶μ·Ö¤μÎ¥´´μ¸É¨ ¸¨£´ ²μ¢ μÉ´μ¸¨É¥²Ó´μ ¤·Ê£ ¤·Ê£ 
¨ ¶·μ¨§¢μ²Ó´μ° £·Ê¶¶Ò μÉ´μ¸¨É¥²Ó´μ μ¡Ð¥£μ ®¸É ·É ¯ ¨²¨ ¥Ð¥ ± ±μ°-²¨¡μ

�¨¸. 5.  ) ƒ· Ë ±μ··¥²ÖÍ¨¨ · ¸¶ ¤μ¢ ¨³¶² ´É¨·μ¢ ´´ÒÌ Ö¤¥· ¤²Ö Í¥¶μÎ±¨ ERÄ7αÄ
SF. •μ¤ ¢·¥³¥´¨ ¶μ± § ´ ¸É·¥²± ³¨ (¶·¨Î¨´Ò ¢¥·Ï¨´ ER, SF ¨  4 ¶·¥¤¸É ¢²¥´Ò
¢ É¥±¸É¥). ¡) ƒ· Ë ±μ··¥²ÖÍ¨μ´´ÒÌ ¢·¥³¥´ 0−t7. ’¥³´Ò¥ ±·Ê¦±¨ ¸μμÉ¢¥É¸É¢ÊÕÉ
Ë ±Éμ· ³ Ê¶μ·Ö¤μÎ¥´¨Ö

�¨¸. 6.  ) –¥¶μÎ±  · ¸¶ ¤μ¢ ¸ Ê¶μ·Ö¤μÎ¥´¨¥³. ¡) –¥¶μÎ±  · ¸¶ ¤μ¢ ¸ Î ¸É¨Î´Ò³
Ê¶μ·Ö¤μÎ¥´¨¥³ ¸¨£´ ²μ¢ ER [4]
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¶·¨Î¨´Ò, Éμ ²Õ¡μ¥  ¶·¨μ·´μ¥ §´ ´¨¥ μ ¶·¥¤¶μ² £ ¥³μ³ μ¡Ñ¥±É¥ ³μ¦¥É ¸³¥-
Ð ÉÓ £· ´¨ÍÊ Ê¶μ·Ö¤μÎ¥´´μ¸É¨ ¶·¥¤¶μ² £ ¥³μ£μ ¸μ¡ÒÉ¨Ö ¢ ÉÊ ¨²¨ ¨´ÊÕ
¸Éμ·μ´Ê.

�¢Éμ· [4] · ¸¸³ É·¨¢ ¥É ¤¢  ¸Í¥´ ·¨Ö (¸³. ·¨¸. 6,  , ¡),   ¨³¥´´μ: ¸¨£´ ²Ò
(· ¸¶ ¤Ò), ¸²¥¤ÊÕÐ¨¥ ¢ ¸É·μ£μ μ¶·¥¤¥²¥´´μ³ ¶μ·Ö¤±¥, ¨ ¸²ÊÎ ° Î ¸É¨Î´μ£μ
Ê¶μ·Ö¤μÎ¥´¨Ö, ±μ£¤  ¸É ·Éμ³ ³´μ£μ§¢¥´´μ£μ ¸μ¡ÒÉ¨Ö ¢Ò¸ÉÊ¶ ¥É ¸¨£´ ² ·¥-
£¨¸É· Í¨¨ Ö¤·  μÉ¤ Î¨. ‚ Î ¸É´μ¸É¨, ¸¨ÉÊ Í¨Ö, ¸Ì¥³ É¨Î´μ ¶·¥¤¸É ¢²¥´´ Ö
´  ·¨¸. 5, ¶·¥¤¶μ² £ ¥É, ÎÉμ

Å ¸¨£´ ² ER Ö¢²Ö¥É¸Ö ¶¥·¢Ò³ Ê¶μ·Ö¤μÎ¨¢ ÕÐ¨³ Ë ±Éμ·μ³ ¤²Ö ¢¸¥°
Í¥¶μÎ±¨;

Å ¸¨£´ ² SF É ±¦¥ Ê¶μ·Ö¤μÎ¨¢ ¥É ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ, É ± ± ± ³μ¦¥É
Éμ²Ó±μ § ³Ò± ÉÓ ¥¥;

Å ¶·¥¤¶μ² £ ¥É¸Ö (¤²Ö ¶·¨³¥· !), ÎÉμ · ¸¶ ¤ α4 ¶·μ¨¸Ìμ¤¨É ¤²Ö ¨§-
¢¥¸É´μ£μ ¨§μÉμ¶  ¨, ´ μ¡μ·μÉ, μ¸É ²Ó´Ò¥ ¨§²ÊÎ É¥²¨ ´¥¨§¢¥¸É´Ò (¨²¨ ³ ²μ
¨§¢¥¸É´Ò).

ˆ³¥´´μ ¢¸¥ É·¨ ¶¥·¥Î¨¸²¥´´Ò¥ ¶·¨Î¨´Ò Ö¢²ÖÕÉ¸Ö Ë ±Éμ·μ³ Ê¶μ·Ö¤μ-
Î¥´¨Ö ¢ Éμ° ¨²¨ ¨´μ° ¸É¥¶¥´¨,   μ¡Ð Ö ¸¨ÉÊ Í¨Ö Å ÔÉμ ±μ³¡¨´ Í¨Ö ¸Í¥-
´ ·¨¥¢ Ê¶μ·Ö¤μÎ¥´´μ¸É¨, ¶·¥¤²μ¦¥´´ÒÌ ¢ · ¡μÉ¥ [4]. ‚ ± Î¥¸É¢¥ ¶¥·¢μ£μ
¶·¨¡²¨¦¥´¨Ö μ¸É ¢¨³ ¢´¥ · ³μ± ¤ ´´μ° · ¡μÉÒ ´ ²¨Î¨¥ § ±μ´μ³¥·´μ¸É¥°
É¨¶  ¸μμÉ´μÏ¥´¨Ö ‚¨μ²ÒÄ‘¨¡μ·£  [14], ±μÉμ·Ò¥ ÌμÉÖ ¨ μÉ· ¦ ÕÉ ¸ÊÉÓ Ö¢²¥-
´¨Ö  ²ÓË -· ¸¶ ¤ , ´μ ³μ£ÊÉ · ¸¸³ É·¨¢ ÉÓ¸Ö ´¥ ± ± Ê´¨¢¥·¸ ²Ó´Ò° § ±μ´ ´ 
¸É ¤¨¨ ¨¤¥´É¨Ë¨± Í¨¨,   ¢¸¥£μ ²¨ÏÓ ± ± ´¥±¨° ¶·¨¡²¨§¨É¥²Ó´Ò° Ê± § É¥²Ó
´  ¢μ§³μ¦´Ò¥ ¶·¥¤¶μ² £ ¥³Ò¥ ¸¢μ°¸É¢  ´Ê±²¨¤μ¢. ˆ, · §Ê³¥¥É¸Ö,  ¡¸μ²ÕÉ´Ò³
Ë ±Éμ·μ³ Ê¶μ·Ö¤μÎ¥´¨Ö Ö¢²Ö¥É¸Ö ´ ¡²Õ¤¥´¨¥ ¸¶¥±É·μ¢  ²ÓË -· ¸¶ ¤  ¸ ¤μ-
¸É ÉμÎ´μ° ¸É É¨¸É¨±μ° ¤²Ö ¢ÒÖ¢²¥´¨Ö ±μ··¥²ÖÍ¨μ´´ÒÌ ¶¨±μ¢, ¤ ¦¥ ¥¸²¨ ¢¸¥
¨§²ÊÎ É¥²¨ ´¥¨§¢¥¸É´Ò. ‚¶·μÎ¥³, ¶μ¸²¥¤´¨° ¶·¨³¥· ¢·Ö¤ ²¨  ±ÉÊ ²¥´ ¶·¨
¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´Éμ¢, ´ ¶· ¢²¥´´ÒÌ ´  ¸¨´É¥§ ¨ ·¥£¨¸É· Í¨Õ · ¸¶ ¤μ¢
‘’�, ¢¢¨¤Ê ³ ²μ¸É¨ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨´É¥·¥¸ÊÕÐ¨Ì ´Ê±²¨¤μ¢.

‘ ÊÎ¥Éμ³ ¸± § ´´μ£μ ¢ÒÏ¥ ¢ ¶·¨³¥´¥´¨¨ ± Ë¨²μ¸μË¨¨ ³¥Éμ¤  [4] Ê· ¢´¥-
´¨¥ Š.-•.˜³¨¤É , § ¶¨¸ ´´μ¥ ¢ Ëμ·³¥ § ¢¨¸¨³μ¸É¨ ¶²μÉ´μ¸É¨ ¢¥·μÖÉ´μ¸É¨
· ¸¶·¥¤¥²¥´¨Ö μÉ Ëμ´μ¢ÒÌ § £·Ê§μÎ´ÒÌ ¶ · ³¥É·μ¢, ¸²¥¤Ê¥É ¨´É¥£·¨·μ¢ ÉÓ
¸ ÊÎ¥Éμ³ ¶ÊÉ¨, ¶·¥¤¸É ¢²¥´´μ£μ ¢ ¢¨¤¥ £· Ë  ±μ··¥²ÖÍ¨μ´´ÒÌ ¢·¥³¥´. � ¸-
¸³ É·¨¢ Ö Í¥¶μÎ±Ê · ¸¶ ¤μ¢, ¸μ¸ÉμÖÐÊÕ ¨§ N ¸¨£´ ²μ¢, ¨§ ±μÉμ·ÒÌ ¶¥·¢Ò°
¸μμÉ¢¥É¸É¢Ê¥É Ö¤·Ê μÉ¤ Î¨, ¶μ¸²¥¤´¨° Å ¸¶μ´É ´´μ³Ê ¤¥²¥´¨Õ, ¶·¨Î¥³ ¶¥·-
¢Ò¥ M ¸¨£´ ²μ¢  ²ÓË -· ¸¶ ¤μ¢ μÉ´¥¸¥³ ± ´¥¨§¢¥¸É´Ò³ ´Ê±²¨¤ ³,   ¸μμÉ¢¥É-
¸É¢¥´´μ N−2−M ± ¨§¢¥¸É´Ò³, ³μ¦´μ ¶¥·¥¶¨¸ ÉÓ Ê· ¢´¥´¨¥ (5) ¨§ · ¡μÉÒ [4]
¢ ¢¨¤¥

nb = λ1T

M∏
i=1

{ Δt1,i+1∫
0

dp1,i+1

dt
dt

}
N∏

i=M

{ ΔtM,i+1∫
0

dpi,i+1

dt
dt

}
. (1)
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‚ ÔÉμ° Ëμ·³Ê²¥ ¢ ± Î¥¸É¢¥ ¶²μÉ´μ¸É¨ ¢¥·μÖÉ´μ¸É¨ ¡¥·¥É¸Ö, ± ± ¨ ¢ · ¡μÉ¥ [4],
¢Ò· ¦¥´¨¥

dpi,i+1

dt
= λi+1e−λi+1t

∏
j �=i+1

e−λjt. (2)

„²Ö ¸²ÊÎ Ö ¸· ¢´¨É¥²Ó´μ ³ ²ÒÌ § £·Ê§μ±, ¶μ¸ÉÊ¶ Ö  ´ ²μ£¨Î´μ Ê± § ´´μ° · -
¡μÉ¥, ¶μ²ÊÎ¨³ ¡μ²¥¥ ¶·μ¸Éμ¥ ¸μμÉ´μÏ¥´¨¥

nb ≈ T
M∏
i=1

λi

M∏
i=2

Δt1,i

N∏
i=M

λ̃i

N∏
i=M+1

Δti,i+1. (3)

…¸²¨ ¥Ð¥ Ê¶·μ¸É¨ÉÓ ¸¨ÉÊ Í¨Õ ¨ μ¶¥·¨·μ¢ ÉÓ ¸·¥¤´¨³¨ §´ Î¥´¨Ö³¨ λk, Éμ

nb ≈ λ1TλSFΔtSFλ̄M−1 ¯̃
λN−M

M∏
i=2

Δt1,i

N−1∏
i=M

Δti,i+1. (4)

„ ²¥¥, ¢§Ö¢ ¢ ± Î¥¸É¢¥ ¢·¥³¥´¨ Ô±¸¶¥·¨³¥´É  T ÔËË¥±É¨¢´μ¥ ¢·¥³Ö nTÔ±¸¶ [15],
£¤¥ n Å ±μ²¨Î¥¸É¢μ ±μμ·¤¨´ É´ÒÌ ¶¨±¸¥²¥° (≈ 200 ¤²Ö ±μ´±·¥É´μ£μ ¤¥-
É¥±Éμ·  ¸μ£² ¸´μ Éμ° ¦¥ · ¡μÉ¥), TÔ±¸¶ Å ¢·¥³Ö Ô±¸¶¥·¨³¥´É , ¨ ÊÎ¨ÉÒ¢ Ö,
ÎÉμ ¶μ²´μ¥ ±μ²¨Î¥¸É¢μ ¸¨£´ ²μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¤²Ö ¢¸¥£μ ¤¥É¥±Éμ· 
NSF = λSFnTÔ±¸¶, ¶μ²ÊÎ¨³

nb ≈ NSFλERλM−1
α λ̃N−M

α

M∏
i=2

Δt1,i

N∏
i=M

Δti,i+1. (5)

‚ ¢Ò· ¦¥´¨¨ (5) ¶¥·¥³¥´´Ò¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ · ³¥É· ³ § £·Ê§μ±, μ¡μ-
§´ Î¥´Ò · §´Ò³¨ ¸¨³¢μ² ³¨, ¶μ¸±μ²Ó±Ê ¤²Ö ¸²ÊÎ Ö ´¥¨§¢¥¸É´ÒÌ Ö¤¥· ¤μ²¦¥´
¨¸¶μ²Ó§μ¢ ÉÓ¸Ö £μ· §¤μ ¡μ²¥¥ Ï¨·μ±¨° Ô´¥·£¥É¨Î¥¸±¨° ¨´É¥·¢ ², ´¥  ¸¸μÍ¨-
¨·ÊÕÐ¨°¸Ö ¸ · §·¥Ï¥´¨¥³ ¤¥É¥±Éμ· , ± ± ÔÉμ ¤μ¶Ê¸É¨³μ ¤²Ö ¸²ÊÎ Ö ¨§¢¥¸É-
´ÒÌ ¨§μÉμ¶μ¢. � §Ê³¥¥É¸Ö, ¶μ¸²¥¤´¥¥ ÊÉμÎ´¥´¨¥ ´¥ · ¸¶·μ¸É· ´Ö¥É¸Ö ´  ¸¨£-
´ ² ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö, § ¢¥·Ï ÕÐ¥£μ Í¥¶μÎ±Ê · ¸¶ ¤ . �¶·¥¤¥²¥´¨¥ ¦¥
Ô´¥·£¥É¨Î¥¸±μ£μ ¨´É¥·¢ ²  ¤²Ö ¸¨£´ ²  (¨²¨ ¨³¨É Éμ· ) ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö
Ö¢²Ö¥É¸Ö ¶·¥¤³¥Éμ³ μÉ¤¥²Ó´μ£μ · ¸¸³μÉ·¥´¨Ö.

3. �‹œ’…���’ˆ‚�›‰ Œ…’�„ Å ��ˆ‘Š Š���…‹Ÿ–ˆ‰
‚ ��‘’�Ÿ���Œ ‚�…Œ…���Œ �Š�…

3.1. Œ¥Éμ¤ ®¶μ¸ÉμÖ´´μ£μ ¢·¥³¥´´μ£μ μ±´ ¯. ‚ · ¡μÉ¥ [16] ¶·¨³¥´¥´ ¶μ-
¨¸± ±μ··¥²ÖÍ¨μ´´ÒÌ §¢¥´Ó¥¢ ¢ ¶μ¸ÉμÖ´´μ³ ¢·¥³¥´´μ³ μ±´¥ tc (¸³. É ±¦¥ [12]).
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‘·¥¤´¥¥ ±μ²¨Î¥¸É¢μ μ¦¨¤ ¥³ÒÌ ¸²ÊÎ °´ÒÌ ±μ··¥²ÖÍ¨° · ¸¸Î¨ÉÒ¢ ²μ¸Ó ± ±

nb(x) =

K∏
i=1

λi

λK
nCn−1

x

(
tc

Texp

)x (
1 − tc

Texp

)n−1−x

. (6)

‚ ÔÉμ° · ¡μÉ¥ ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö²¨ ±μ··¥²ÖÍ¨¨ É¨¶  αÄSF ¨²¨ αÄαÄSF.
‚ Ëμ·³Ê²¥ (6) n = NSF + Nα, É. ¥. ¸Ê³³  ¢¸¥Ì ¸μ¡ÒÉ¨° ¤ ´´μ£μ É¨¶ ,

λ = n/Texp ¨ x Å ±μ²¨Î¥¸É¢μ ±μ··¥²ÖÍ¨μ´´ÒÌ §¢¥´Ó¥¢,   Texp Å ¢·¥³Ö
Ô±¸¶¥·¨³¥´É . ’ ±, ´ ¶·¨³¥·, ¤²Ö ±μ··¥²ÖÍ¨¨ αÄαÄSF Ëμ·³Ê²  (6) ¡Ê¤¥É
¨³¥ÉÓ ¢¨¤

nb =
λSFλα

(λSF + λα)2
n(n − 1)(n − 2)

2

(
tc

Texp

)2 (
1 − tc

Texp

)n−3

. (6′)

� ¸¶·μ¸É· ´ÖÖ Ëμ·³Ê²Ê (6) ¤²Ö ¸²ÊÎ Ö ±μ··¥²ÖÍ¨¨ É¨¶  ERÄSF (¨²¨ ERÄα),
³μ¦´μ ¶¥·¥¶¨¸ ÉÓ ¤ ´´μ¥ ¸μμÉ´μÏ¥´¨¥ ¢ ¢¨¤¥

nb =
λERλSF

(λER + λSF)2
n(n − 1)

(
tc

Texp

) (
1 − tc

Texp

)n−2

. (6′′)

3.2. �Ê ¸¸μ´μ¢¸±¨° ³¥Éμ¤. ‡¤¥¸Ó ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¢·¥³¥´´ÊÕ § -
¤¥·¦±Ê ³¥¦¤Ê ¤¢Ê³Ö ¸²ÊÎ °´Ò³¨ ¸μ¡ÒÉ¨Ö³¨ ³μ¦´μ · ¸¸Î¨É ÉÓ, ¨¸¶μ²Ó§ÊÖ
¶Ê ¸¸μ´μ¢¸±μ¥ · ¸¶·¥¤¥²¥´¨¥. —¨¸²μ μ¦¨¤ ¥³ÒÌ ¸²ÊÎ °´ÒÌ ±μ··¥²ÖÍ¨° nb

³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ [7]:

nb = TexpλSF

K∏
i=1

(λiΔti,i+1e−λiΔti,i+1). (7)

ˆ²¨ ¤²Ö ERÄSF-§¢¥´ 

nb = TexpλSF(λERtc) e−λERtc . (7′)

ˆ²¨ ¦¥ ¸ ÊÎ¥Éμ³ [15] ¤²Ö ¢¸¥£μ ¤¥É¥±Éμ·  μ¦¨¤ ¥³μ¥ ¨¸±μ³μ¥ ±μ²¨Î¥¸É¢μ
¸²ÊÎ °´ÒÌ ¸μ¡ÒÉ¨° ¤ ´´μ£μ É¨¶ 

NR = N tot
SF λERttc e−λERtc . (7′′)

� ¶μ³´¨³, ÎÉμ N tot
SF Å ¶μ²´μ¥ ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö

´  ¤¥É¥±Éμ·,   λER Å § £·Ê§±  Ö¤· ³¨ μÉ¤ Î¨ ´  ¶¨±¸¥²Ó∗ (±μμ·¤¨´ É´Ò°
Ô²¥³¥´É).

∗� ¶·¨³¥·, ¤²Ö tc = 192 ¨ λ̄ER ≈ 0,001 c−1 ± ± [4], É ± ¨ ¤ ´´Ò° ³¥Éμ¤ ¤ ÕÉ ¶·¨³¥·´μ
μ¤¨´ ±μ¢μ¥ §´ Î¥´¨¥ NR = 0,33 (0,3) (¸³. É ±¦¥ [22]). …¸²¨ ¶·¨´ÖÉÓ [23], ÎÉμ ¤²Ö n-· ¸¶ ¤μ¢
μ¶É¨³ ²Ó´Ò³ Ö¢²Ö¥É¸Ö ¢·¥³Ö (n + 1)/n · tc, Éμ ¤²Ö n = 1 tc = 384 c ¨ μÍ¥´±  ¸³¥Ð ¥É¸Ö ±
NR = 0,64 (0,52), É. ¥. ¶· ±É¨Î¥¸±¨ ± Ê·μ¢´Õ Ëμ´ .
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4. Š ‚����‘“ ���…„…‹…�ˆŸ 
�…�ƒ…’ˆ—…‘Šˆ• ˆ�’…�‚�‹�‚
‘���’����ƒ� „…‹…�ˆŸ

4.1. „¥²¥´¨¥ ¨³¶² ´É¨·μ¢ ´´ÒÌ Ö¤¥·. ‚ ¤ ´´μ³ ¸²ÊÎ ¥ ´ ¨¡μ²¥¥ Ì · ±-
É¥·´Ò³ ³μ³¥´Éμ³ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶·¨ ·¥£¨¸É· Í¨¨ ¸¨£´ ²  ¸¶μ´É ´´μ£μ ¤¥-
²¥´¨Ö £² ¢´Ò³ (Ëμ± ²Ó´Ò³) ¤¥É¥±Éμ·μ³ Ô´¥·£μ¢Ò¤¥²¥´¨¥ ¢ ¤¥É¥±Éμ·¥ Ë ±-
É¨Î¥¸±¨ (§  ¢ÒÎ¥Éμ³ ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò ¨μ´¨§ Í¨¨) ¥¸ÉÓ ¸Ê³³  Ô´¥·£μ¢Ò-
¤¥²¥´¨Ö ¶¥·¢μ£μ μ¸±μ²±  ¨ Î ¸É¨Î´μ ¢Éμ·μ£μ. …¸²¨ ¦¥ ·¥£¨¸É·¨·ÊÕÉ¸Ö μ¡ 
μ¸±μ²±  ± ± Ëμ± ²Ó´Ò³ ¤¥É¥±Éμ·μ³, É ± ¨ ¡μ±μ¢Ò³ (¸³. ·¨¸. 7), Éμ ¸Ê³³ ·-
´ Ö ·¥£¨¸É·¨·Ê¥³ Ö Ô´¥·£¨Ö É ±¦¥ μÉ²¨Î ¥É¸Ö μÉ ¸Ê³³ ·´μ° ±¨´¥É¨Î¥¸±μ°
Ô´¥·£¨¨. �·¨ ÔÉμ³, ± ± ¶μ± § ´μ ¢ · ¡μÉ Ì [17, 18], ¸ Ê³¥´ÓÏ¥´¨¥³ £²Ê¡¨´Ò
¨³¶² ´É Í¨¨ μÉ´μÏ¥´¨¥ ¸Ê³³ ·´μ° ·¥£¨¸É·¨·Ê¥³μ° Ô´¥·£¨¨ ± ¸Ê³³ ·´μ°
±¨´¥É¨Î¥¸±μ° Ê³¥´ÓÏ ¥É¸Ö. ‘ ÉμÎ±¨ §·¥´¨Ö ¶· ±É¨Î¥¸±μ£μ ¨´É¥·¥¸  Ô±¸-
¶¥·¨³¥´É Éμ·Ò § Î ¸ÉÊÕ ¶μ²Ó§ÊÕÉ¸Ö ±¨´¥³ É¨Î¥¸±μ° ³μ¤¥²ÓÕ. � ¨³¥´´μ,
¶·¨³¥´Ö¥É¸Ö ·¥ ±Í¨Ö ¶μ²´μ£μ ¸²¨Ö´¨Ö, ¶μ ¸¢μ¥° ±¨´¥³ É¨±¥ ¡²¨§± Ö ± ¨¸¸²¥-
¤Ê¥³μ°. ’ ±, ´ ¶·¨³¥·, ¤²Ö μ¶ÒÉμ¢ ¶μ ¸¨´É¥§Ê ‘’� ´  ¶ÊÎ±¥ ¨μ´μ¢ 48Ca [1, 2]
¶·¨³¥´Ö² ¸Ó ·¥ ±Í¨Ö 48Ca(206Pb, 2n)252No.

�¨¸. 7. � ¸Î¥É´ Ö ±·¨¢ Ö ¨§ · ¡μÉÒ [7]. �μ± § ´  Ô±¸¶¥·¨³¥´É ²Ó´ Ö ÉμÎ±  ¤²Ö ·¥-
 ±Í¨¨ 48Ca(206Pb,2n)252No ´  Ê¸É ´μ¢±¥ ƒ�‘. � · ³¥É· e μ¶·¥¤¥²¥´ ± ± μÉ´μÏ¥´¨¥
Í¥´É·μ¨¤Ò ¸¨£´ ²  ·¥£¨¸É·¨·Ê¥³μ° Ô´¥·£¨¨ ¤¢ÊÌ μ¸±μ²±μ¢ ± ¸·¥¤´¥³Ê §´ Î¥´¨Õ ¸Ê³-
³ ·´μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ´Ê±²¨¤  252No. �μ μ¸¨  ¡¸Í¨¸¸ Å £²Ê¡¨´  ¨³¶² ´É -
Í¨¨ ´Ê±²¨¤  ¢ ±·¥³´¨° (³±³)

� ¸Î¥É μÉ±²μ´¥´¨Ö μÉ´μÏ¥´¨Ö ·¥£¨¸É·¨·Ê¥³μ° ¸Ê³³ ·´μ° Ô´¥·£¨¨ μÉ
¸Ê³³ ·´μ° ±¨´¥É¨Î¥¸±μ° ¶μ± § ´ ´  ·¨¸. 7. „ ´´Ò° · ¸Î¥É É ±¦¥ ³μ¦¥É
· ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ´¥±μÉμ·μ¥ ¶·¨¡²¨¦¥´¨¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¨´É¥·¢ ²  ¶·¨
·¥£¨¸É· Í¨¨ μ¡μ¨Ì μ¸±μ²±μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö.

4.2. „·Ê£¨¥ μ¶ÒÉÒ, p+ÄiÄn+-¤¨μ¤. ‚ μ¶ÒÉ Ì, ¢ ±μÉμ·ÒÌ ¸¶μ´É ´´μ¥
¤¥²¥´¨¥ ¨£· ¥É ¢¸¶μ³μ£ É¥²Ó´ÊÕ ·μ²Ó, ´ ¶·¨³¥·, ¢ Ê¸¶¥Ï´μ § ¢¥·Ï¥´´ÒÌ ´¥-
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�¨¸. 8. „¨μ¤ p+ÄiÄn+ ¤²Ö ¨§³¥·¥´¨° ¸¶¥±É·μ¢ ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ Ì¨³¨¨ ‘’�. ’μ²-
Ð¨´  p+-¸²μÖ (0,6 ± 0,1) ³±³

¤ ¢´μ Ô±¸¶¥·¨³¥´É Ì ¶μ ¨§ÊÎ¥´¨Õ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ Ô²¥³¥´Éμ¢ 112
¨ 114 [19] ¤²Ö ·¥£¨¸É· Í¨¨  ²ÓË -· ¸¶ ¤μ¢ ¨ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¨¸¸²¥-
¤Ê¥³ÒÌ ´Ê±²¨¤μ¢ ¶·¨³¥´Ö²¨¸Ó ¤¥É¥±Éμ·Ò ´  μ¸´μ¢¥ pÄiÄn-¤¨μ¤μ¢, ¨³¥Õ-
Ð¨Ì ¡μ²¥¥ Éμ²¸Éμ¥ ¢Ìμ¤´μ¥ μ±´μ ¤²Ö p+-¸²μÖ∗, Î¥³ ¤²Ö PIPS-¤¥É¥±Éμ·  [20].
�  ·¨¸. 8 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  É ±μ£μ ¤¥É¥±Éμ· ,   ÉμÎ´¥¥, ¶ ·Ò ¤¥É¥±Éμ·μ¢, ±μ-
Éμ·Ò¥ ¸μ¸É ¢²Ö²¨ μ¸´μ¢Ê ¤¥É¥±Éμ·´μ° ¸¡μ·±¨ ±·¨μ£¥´´μ£μ ¤¥É¥±Éμ·  COLD.

‚ ± Î¥¸É¢¥ ¶¥·¢ÒÌ μÍ¥´μÎ´ÒÌ Ê· ¢´¥´¨° ´¨¦¥ ¶·¨¢μ¤ÖÉ¸Ö ¸μμÉ´μÏ¥´¨Ö
¤²Ö ´¥±μÉμ·ÒÌ ¸·¥¤´¨Ì  ³¶²¨ÉÊ¤.

„²Ö ¸·¥¤´¥£μ §´ Î¥´¨Ö § ·¥£¨¸É·¨·μ¢ ´´μ°  ³¶²¨ÉÊ¤Ò ± ²¨¡·μ¢μÎ´μ£μ
¨¸ÉμÎ´¨±  (´ ¶·¨³¥·, 252Cf)

ĀCf ≈ (1 − λ̄Cf)〈TKE〉Cf . (8)

ˆ  ´ ²μ£¨Î´μ ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ ‘’�

Ā‘’� ≈ (1 − λ̄‘’�)〈TKE〉‘’�. (9)

‡¤¥¸Ó λ Å ¸·¥¤´¥¥ μÉ´μ¸¨É¥²Ó´μ¥ §´ Î¥´¨¥ ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò ¨μ´¨§ Í¨¨;
A Å ¨§³¥·¥´´ Ö  ³¶²¨ÉÊ¤  ¸¨£´ ²μ¢; 〈TKE〉 Å ¢¥²¨Î¨´  ¸·¥¤´¥° ¸Ê³³ ·´μ°
±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨.

‘μμÉ¢¥É¸É¢¥´´μ, £·Ê¡ Ö μÍ¥´±  ¤²Ö ¶ · ³¥É·  〈TKE〉‘’� ³μ¦¥É ¡ÒÉÓ § -
¶¨¸ ´  ¢ ¢¨¤¥

〈TKE〉‘’� =
Ā‘’�

ĀCf

1 − λCf

1 − λ‘’�
〈TKE〉Cf . (10)

…¸²¨ ¢¢¥¸É¨ ¡¥§· §³¥·´ÊÕ ¢¥²¨Î¨´Ê χ ≡ 〈TKE〉‘’�

〈TKE〉Cf
, Éμ ¶μ²ÊÎ¨³

χ =
Ā‘’�

ĀCf

1 − λCf

1 − λ‘’�
. (11)

∗∼ 0,6 ³±³ ¢³¥¸Éμ 0,05Ä0,2.
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‚ ± Î¥¸É¢¥ ¸²¥¤ÊÕÐ¥£μ Ê¶·μÐ¥´¨Ö ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ μÉ´μ¸¨É¥²Ó´Ò¥ §´ Î¥-
´¨Ö ¤¥Ë¥±Éμ¢ μÉ²¨Î ÕÉ¸Ö Éμ²Ó±μ ´ ²¨Î¨¥³ · ¡μÎ¥° £ §μ¢μ° ¸·¥¤Ò  ·£μ´  ¶·¨
¤ ¢²¥´¨¨ 0,8  É³. ¢ § §μ·¥ 1,6 ³³ ³¥¦¤Ê ¤¥É¥±Éμ· ³¨ ¶·¨ ÔËË¥±É¨¢´μ³ Ê£²¥
≈ 42◦. �¡μ§´ Î¨³ ¸·¥¤´¥¥ μÉ´μ¸¨É¥²Ó´μ¥ ¤μ¡ ¢μÎ´μ¥ §´ Î¥´¨¥ ± ± ψ. ’μ£¤ 
¢ ¸¨²Ê ¶·¨´ÖÉÒÌ ¶·¥¤¶μ²μ¦¥´¨°

λ‘’� ≈ λCf + ψ(PAr). (12)

‘·¥¤´¨° ¶ · ³¥É· ψ ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ · ¸¸ÉμÖ´¨¨ ³¥¦¤Ê ¢¥·Ì´¨³ ¨ ´¨¦-
´¨³ ¤¥É¥±Éμ·μ³ ¶μ± § ´ ± ± § ¢¨¸ÖÐ¨° Éμ²Ó±μ μÉ ¤ ¢²¥´¨Ö  ·£μ´ . ‘μμÉ¢¥É-
¸É¢¥´´μ, ²¥£±μ ¶μ²ÊÎ ¥É¸Ö ´¨¦´ÖÖ £· ´¨Í  ¤²Ö ¨¸±μ³μ£μ ¶ · ³¥É·  χ ¶·¨
· §²μ¦¥´¨¨ ¶μ ¶ · ³¥É·Ê

ψ

1 − λCf
, χ � A‘’�

ACf
(1 + ψ(PAr)). (13)

‚ Éμ³ ¸²ÊÎ ¥, ¥¸²¨ ± ²¨¡·μ¢±  ¶·μ¢¥¤¥´  ¸ ®¶·¨¸¢ ¨¢ ´¨¥³¯ ¶¨± ³ ¸·¥¤-
´¥£μ ²¥£±μ£μ ¨ ¸·¥¤´¥£μ ÉÖ¦¥²μ£μ μ¸±μ²±μ¢ ± ²¨Ëμ·´¨Ö∗, Éμ ¤²Ö  ¡¸μ²ÕÉ´μ£μ
§´ Î¥´¨Ö 〈TKE〉‘’� ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ ¢ ÔÉμ³ ¸²ÊÎ ¥ ACf ≡ 〈TKE〉Cf , Ê· ¢-
´¥´¨¥ (13) ¶·¨´¨³ ¥É ¢¨¤

〈TKE〉‘’� � A‘’�(1 + ψ). (14)

�É³¥É¨³ ¥Ð¥ · §, ÎÉμ ¤²Ö ÊÉμÎ´¥´¨Ö μÍ¥´±¨ ¦¥² É¥²Ó´Ò ¨§³¥·¥´´Ò¥ §´ Î¥´¨Ö
¶μ²´μ£μ ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò ± ± ³¨´¨³Ê³ ¤²Ö ± ²¨¡·μ¢μÎ´μ£μ ¨¸ÉμÎ´¨± .

‚ ÔÉμ³ ¸²ÊÎ ¥ μÍ¥´±  ¸³¥Ð ¥É¸Ö ¢ ¸Éμ·μ´Ê

〈TKE〉‘’� ≈ A‘’�

(
1 +

ψ

1 − λCf

)
. (15)

‚§Ö¢ ¤²Ö μÍ¥´±¨ (¸³. ·¨¸. 7) μ±μ²μ 20% ¨ ¤μ¶μ²´¨É¥²Ó´μ μ±μ²μ 9% §  ¸Î¥É
ÊÉμ²Ð¥´´μ£μ ¢Ìμ¤´μ£μ μ±´ , É. ¥. λCf ∼ 29 %, ¶μ²ÊÎ¨³

〈TKE〉‘’� ≈ A‘’�

(
1 +

ψ

1 − 0,28

)
= A‘’�(1 + 1,23ψ).

ˆ ¥¸²¨ ¢¥²¨Î¨´  ψ ¤²Ö ÔËË¥±É¨¢´μ£μ Ê£²  42◦ ³μ¦¥É ¡ÒÉÓ μÍ¥´¥´  ± ±
∼ 7 + 2,2 % (Au), Éμ μ±μ´Î É¥²Ó´ Ö μÍ¥´± 

〈TKE〉‘’� ≈ A‘’�(1 + 1,23 · 0,092) = 1,13 · A‘’�. (16)

�·¨Î¥³, ¶μ¸±μ²Ó±Ê ¸ μÎ¥¢¨¤´μ¸ÉÓÕ λ‘’� � λCf , Éμ ¨ ¶μ¸²¥¤´¥¥ ¸μμÉ´μÏ¥´¨¥
¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ± ´¨¦´ÕÕ £· ´¨ÍÊ μÍ¥´±¨.

∗�¢Éμ·, ¶·¨§´ ¢ Ö É ±μ° É¨¶ ± ²¨¡·μ¢±¨, ´¥ ¸Î¨É ¥É ¥¥ μ¶É¨³ ²Ó´μ° ¤²Ö ¶·¥¤¸É ¢²¥´¨Ö
¶μ¤μ¡´ÒÌ ¤ ´´ÒÌ. 	μ²¥¥ ¥¸É¥¸É¢¥´´Ò³, ´  ¢§£²Ö¤  ¢Éμ· , Ö¢²Ö¥É¸Ö ¶·¥¤¸É ¢²¥´¨¥  ³¶²¨ÉÊ¤
¸¨£´ ²μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¶μ ± ²¨¡·μ¢±¥ α-Î ¸É¨Í ³¨ ¡¥§ ¶μ¶· ¢±¨ ´  ¤¥Ë¥±É  ³¶²¨ÉÊ¤Ò
¨μ´¨§ Í¨¨, ÎÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ Î¨É É¥²Õ ´  ´¥§ ¢¨¸¨³Ò¥ ¸¨³Ê²ÖÍ¨¨ Œμ´É¥-Š ·²μ.

13



4.3. �¥£¨¸É· Í¨Ö Ö¤¥· μÉ¤ Î¨. …¸²¨ ¤¥É¥±Éμ· ¶μ¤μ¡´μ£μ É¨¶  ¶·¨³¥-
´Ö¥É¸Ö ¢ Éμ³ Î¨¸²¥ ¨ ¤²Ö ·¥£¨¸É· Í¨¨ Ö¤¥· μÉ¤ Î¨, Éμ ¶·¨ μÍ¥´±¥ ¸·¥¤´¥°
¢¥²¨Î¨´Ò ·¥£¨¸É·¨·Ê¥³μ°  ³¶²¨ÉÊ¤Ò ¸¨£´ ²  ¸²¥¤Ê¥É É ±¦¥ ÊÎ¥¸ÉÓ · §´¨ÍÊ ¢
¢¥²¨Î¨´ Ì ³¥·É¢ÒÌ ¸²μ¥¢ PIPS-¤¥É¥±Éμ·μ¢ (¸³. ¸¨¸É¥³ É¨±Ê ¨§ · ¡μÉÒ [21]) ¨
p+ÄiÄn+-¤¨μ¤μ¢. �·¨¢¥¤¥´´μ¥ ¢ ÔÉμ° · ¡μÉ¥ ¸μμÉ´μÏ¥´¨¥ ¤²Ö ¨§³¥·¥´´μ° ¢¥-
²¨Î¨´Ò ¸¨£´ ²  Ô´¥·£¨¨ ¨³¶² ´É¨·Ê¥³μ£μ Ö¤·  μÉ¤ Î¨ E¨§³ ≈ −1,7+0,74·E¢Ì

¸²¥¤Ê¥É ¤μ¶μ²´¨ÉÓ: E¨§³ ≈ −1,7 + 0,74 · (E¢Ì −Δp+), £¤¥ ¶μ¸²¥¤´¨° ¶ · ³¥É·
ÊÎ¨ÉÒ¢ ¥É ¶μÉ¥·¨ ¢ p+-¸²μ¥ ¨, ¢μ§³μ¦´μ, ¢ ¸²μ¥ ³¥É ²²¨§ Í¨¨ (Al, Au. . . ).
‡¤¥¸Ó E¢Ì Å · ¸Î¥É´μ¥ ¢Ìμ¤´μ¥ §´ Î¥´¨¥ Ô´¥·£¨¨ Ö¤·  μÉ¤ Î¨.

‡�Š‹�—…�ˆ…

‚´¥ ¢¸Ö±¨Ì ¸μ³´¥´¨° ³¥Éμ¤ μÍ¥´μ± ±μ²¨Î¥¸É¢  ¸²ÊÎ °´ÒÌ ³´μ£μ§¢¥´-
´ÒÌ ¸μ¡ÒÉ¨°, ¶·¥¤²μ¦¥´´Ò° Š.-•.˜³¨¤Éμ³, Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ ´ ¨¡μ²¥¥
Î ¸Éμ ¶·¨³¥´Ö¥³ÒÌ ¤²Ö μ¶ÒÉμ¢ ¶μ ¸¨´É¥§Ê ¨ ·¥£¨¸É· Í¨¨ · ¸¶ ¤μ¢ ¸¢¥·ÌÉÖ-
¦¥²ÒÌ Ö¤¥·. 	 §¨·ÊÖ¸Ó ´  §´ ´¨¨ ´¥±μÉμ·ÒÌ  ¶·¨μ·´ÒÌ ¸¢μ°¸É¢ · ¸¶ ¤μ¢,
μ´ ¶·¥¤¶μ² £ ¥É ¤¢  · §²¨Î´ÒÌ ¸Í¥´ ·¨Ö ¤²Ö · §´μ° ¸É¥¶¥´¨ Ê¶μ·Ö¤μÎ¥´´μ-
¸É¨ §¢¥´Ó¥¢. ˆ§²μ¦¥´´Ò° ¢ ¤ ´´μ° · ¡μÉ¥ ³¥Éμ¤ ¨´É¥£·¨·μ¢ ´¨Ö Ê· ¢´¥´¨Ö
Š.-•.˜³¨¤É  ¤²Ö ¶²μÉ´μ¸É¨ ¢¥·μÖÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¸²ÊÎ °´ÒÌ ¸¨£´ ²μ¢-
¨³¨É Éμ·μ¢  ²ÓË -· ¸¶ ¤  ¤μ¶μ²´¥´ ¶μ¤Ìμ¤μ³, ¶·¥¤¶μ² £ ÕÐ¨³ ¨´É¥£·¨·μ-
¢ ´¨¥ ¶μ ®£¨¡±μ³Ê¯ ¶ÊÉ¨, μ¶ÖÉÓ-É ±¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·¥¤¶μ² £ ¥³μ°  ¶·¨-
μ·´μ° ¨´Ëμ·³ Í¨¨. � £²Ö¤´μ ÔÉμ ¶·¥¤¸É ¢²¥´μ ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö ¢·¥³¥´´μ£μ
£· Ë  ±μ··¥²ÖÍ¨°. � §Ê³¥¥É¸Ö, ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸É¥¶¥´¨ §´ ´¨°, ¨§³¥´Ö¥É¸Ö
´¥ Éμ²Ó±μ ¶ÊÉÓ ¨´É¥£·¨·μ¢ ´¨Ö, ´μ ¨ Ô´¥·£¥É¨Î¥¸±¨¥ ¨´É¥·¢ ²Ò, ¶·¨´¨³ ¥-
³Ò¥ ¤²Ö μÍ¥´μ± ¢¥²¨Î¨´ Ëμ´μ¢ÒÌ § £·Ê§μ± ´  ÉμÉ ¨²¨ ¨´μ° ¶·μ¸É· ´¸É¢¥´-
´Ò° Ô²¥³¥´É. �·¨ ÔÉμ³ ¤²Ö ¨´É¥·¢ ² , ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ± ± ¤¢μ°´Ò³, É ±
¨ μ¤¨´μÎ´Ò³ (Éμ²Ó±μ Ëμ± ²Ó´Ò° ¤¥É¥±Éμ· ¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨) μ¸±μ²± ³
¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö, ¤²Ö μÍ¥´μÎ´ÒÌ Í¥²¥° ¶·¨³¥´Ö¥É¸Ö ¨²¨ ¸¶¥±É· ±¨´¥³ -
É¨Î¥¸±μ° ³μ¤¥²¨ ¨¸¸²¥¤Ê¥³μ° ·¥ ±Í¨¨, ¨²¨/¨ · ¸Î¥É´Ò° ¶μ ³¥Éμ¤Ê Œμ´É¥-
Š ·²μ.

�¢Éμ· ¡² £μ¤ ·¥´ ¤μ±Éμ· ³ �.�°Ì²¥·Ê ¨ �. „·¥¸¸²¥·Ê∗ §  ¶μ³μÐÓ, Í¥´-
´Ò¥ § ³¥Î ´¨Ö ¨ ¶²μ¤μÉ¢μ·´Ò¥ μ¡¸Ê¦¤¥´¨Ö ¶·μ¡²¥³Ò.

„���‹�…�ˆ…. ˆ�’…�‚�‹œ��Ÿ �–…�Š�

�μ ³´¥´¨Õ  ¢Éμ· , ¢¥²¨Î¨´  NR (¸³. ¢ÒÏ¥)  ´ ²μ£¨Î´μ É ±¨³ ¨§³¥·Ö-
¥³Ò³ ¢¥²¨Î¨´ ³, ± ± ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  ´Ê±²¨¤μ¢, ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö

∗ˆ´¸É¨ÉÊÉ ¨³. �.˜¥··¥· , ‚¨²²¨£¥´, ˜¢¥°Í ·¨Ö.
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± ± ÉμÎ¥Î´ Ö ¢ Éμ³ ¸²ÊÎ ¥, ¥¸²¨ ´¥· ¢¥´¸É¢μ NR � 1 ¢Ò¶μ²´Ö¥É¸Ö ¢´¥ ¢¸Ö±¨Ì
¸μ³´¥´¨°. ‚ ¸ ³μ³ ¤¥²¥, ¸ ³  ÔÉ  ¢¥²¨Î¨´  ± ± É ±μ¢ Ö, ¢ μÉ²¨Î¨¥ μÉ ¨§³¥·Ö-
¥³ÒÌ ¢¥²¨Î¨´ Å ¸¢μ°¸É¢ ¨¸¸²¥¤Ê¥³ÒÌ ´Ê±²¨¤μ¢, ³ ²μ ¨´É¥·¥¸´ . �´  ¢¸¥£μ
²¨ÏÓ ¸²Ê¦¨É ´¥±¨³ Ê± § É¥²¥³ ±μ··¥±É´μ¸É¨ Ô±¸¶¥·¨³¥´É  ¨ ¨´É¥·¶·¥É Í¨¨
¥£μ ·¥§Ê²ÓÉ Éμ¢. �μÔÉμ³Ê ¢·Ö¤ ²¨  ±ÉÊ ²Ó´  · §´¨Í  ¢ Ë ±Éμ·¥ ¤¢ , É·¨ ¨
¡μ²¥¥, ¥¸²¨  ¡¸μ²ÕÉ´Ò° Ê·μ¢¥´Ó ¡¥¸±μ´¥Î´μ ³ ².

�¤´ ±μ, ¥¸²¨ · ¸Î¥É´μ¥ ÉμÎ¥Î´μ¥ §´ Î¥´¨¥ ¸μ¸É ¢²Ö¥É ¤¥¸ÖÉÒ¥,   ³μ¦¥É
¡ÒÉÓ ¨ ¸μÉÒ¥ ¤μ²¨ μÉ ¥¤¨´¨ÍÒ, Éμ · §Ê³´Ò³ ¸Í¥´ ·¨¥³ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ´¨¥
¨´É¥·¢ ²Ó´ÒÌ μÍ¥´μ±. Šμ´¥Î´μ, ¶·¨ ÔÉμ³ ¸ Í¥²ÓÕ ¶·¨¤ ´¨Ö μÍ¥´±¥ ± É¥£μ-
·¨¨ ¤μ¸É ÉμÎ´μ¸É¨  ±ÉÊ ²Ó´Ò³ ¡Ê¤¥É ¨³¥´´μ ¶· ¢Ò° ¨´É¥·¢ ². �¢Éμ·Ê ¤ ´-
´μ° · ¡μÉÒ ¶·¥¤¸É ¢²Ö¥É¸Ö · §Ê³´Ò³ ¸ ÊÎ¥Éμ³ ¸¢μ°¸É¢ ËÊ´±Í¨¨ ¶²μÉ´μ¸É¨
¢¥·μÖÉ´μ¸É¨ · ¸¶ ¤  ¶·¨³¥´ÖÉÓ ¨´É¥·¢ ²Ó´ÊÕ μÍ¥´±Ê ¢ Ëμ·³¥ ¶μ§¨É¨¢´μ£μ
μ¤´μ¸Éμ·μ´´¥£μ ¨´É¥·¢ ² :

τeff∫
0

ϕ(t)dt = 1 − ε, (1.1)

£¤¥ ¶μ¤Ò´É¥£· ²Ó´ Ö ËÊ´±Í¨Ö Å É¥μ·¥É¨Î¥¸± Ö ¶²μÉ´μ¸ÉÓ ¢¥·μÖÉ´μ¸É¨,   1−
ε Å ¢¥²¨Î¨´  ¤μ¢¥·¨É¥²Ó´μ£μ ¨´É¥·¢ ² .

…¸²¨ ¨§³¥·¥´´ Ö ÉμÎ¥Î´ Ö ¸²ÊÎ °´ Ö ¢¥²¨Î¨´  t ¸μ¸Éμ¨É ¨§ ¸Ê³³Ò t =
n∑

i=1

ti ¸²ÊÎ °´ÒÌ ¢¥²¨Î¨´ ti, ¨³¥ÕÐ¨Ì, ´ ¶·¨³¥·, ¶Ê ¸¸μ´μ¢¸±μ¥ · ¸¶·¥¤¥²¥-

´¨¥ ¸ ¶ · ³¥É· ³¨ λi ¸μμÉ¢¥É¸É¢¥´´μ, Éμ ³Ò ³μ¦¥³ ±μ´¸É É¨·μ¢ ÉÓ ¤²Ö ¨¸±μ-

³μ£μ ¶ · ³¥É·  É ±μ¥ ¦¥ · ¸¶·¥¤¥²¥´¨¥, ´μ ¸ ¶ · ³¥É·μ³ λ =
n∑

i=1

λi [24, 25].

‘μμÉ¢¥É¸É¢¥´´μ, (1.1) ¤²Ö μ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ£μ ¨´É¥·¢ ²  τeff ³μ¦´μ
§ ¶¨¸ ÉÓ ¢ ¢¨¤¥

λ

τeff∫
0

e−λtdt = 1 − ε. (1.2)

„²Ö μÍ¥´±¨ ¶ · ³¥É·μ¢ · ¸¶·¥¤¥²¥´¨Ö λi ¢μ¸¶μ²Ó§Ê¥³¸Ö ÉμÎ¥Î´Ò³¨ ¸μμÉ´μ-
Ï¥´¨Ö³¨

t¨§³
i ≈ λi

∞∫
0

t e−λitdt. (1.3)

„ ²¥¥ ¶·μ¨§¢¥¤¥³ μÍ¥´±Ê ¶μ Ëμ·³Ê² ³ ¨§ · ¡μÉÒ [2] ¤²Ö ¨´É¥·¢ ²μ¢ τi =

ait
¨§³
i , ¸ Ê¸²μ¢¨¥³ ÎÉμ

n∑
i=1

aiti = τeff . � ¸¸³ É·¨¢ Ö ¢ ± Î¥¸É¢¥ ¶¥·¢μ£μ ¶·¨-

¡²¨¦¥´¨Ö ai ≈ aj = a, £¤¥ a = τeff/t¨§³, ³μ¦´μ ¶·μ¨§¢¥¸É¨ ¶·¨¡²¨§¨É¥²Ó´ÊÕ
μÍ¥´±Ê ¨¸±μ³μ£μ ¤μ¸É ÉμÎ´μ£μ ¶ · ³¥É·  NR.
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�É³¥É¨³, ÎÉμ ¨´É¥·¢ ²Ó´Ò° ³¥Éμ¤ μÍ¥´±¨, ¶·¨³¥´¥´´Ò° ± ·¥§Ê²ÓÉ -
É ³ [22], Éμ²Ó±μ Ê¸¨²¨¢ ¥É ³¥·Ê ¸±¥¶É¨Í¨§³  ¶·¨³¥´¨É¥²Ó´μ ± ¨§²μ¦¥´´Ò³
¢ · ¡μÉ¥ ¢Ò¢μ¤ ³ μ ¶·¨´ ¤²¥¦´μ¸É¨ §¢¥´Ó¥¢ · ¸¶ ¤  É¨¶  ERÄFF ± Ö¤· ³
¨§μÉμ¶  283112.
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