
P7-2005-117

�.‘. –Ò£ ´μ¢

� ‚�‡Œ�†��‰ Œ�„ˆ”ˆŠ�–ˆˆ

Œ�’�ˆ—��ƒ� �‹ƒ��ˆ’Œ� „‹Ÿ

�Š‘	�…‘‘-���‹ˆ‡� �…„Šˆ•

Š���…‹ˆ��‚���›• ‘�
›’ˆ‰



–Ò£ ´μ¢ �.‘. P7-2005-117
� ¢μ§³μ¦´μ° ³μ¤¨Ë¨± Í¨¨ ³ É·¨Î´μ£μ  ²£μ·¨É³  ¤²Ö Ô±¸¶·¥¸¸- ´ ²¨§ 
·¥¤±¨Ì ±μ··¥²¨·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨°

� ¸¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ³μ¤¨Ë¨± Í¨¨  ²£μ·¨É³  ¶μ¨¸±  ·¥¤±¨Ì ¸μ¡ÒÉ¨°
¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨. „ ´´Ò°  ²£μ·¨É³ ¡Ò² · §· ¡μÉ ´ ¤²Ö ¸μ¢³¥¸É-
´μ° · ¡μÉÒ ¸ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³μ° £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨
‹Ÿ� ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨. �¸´μ¢´ Ö § ¤ Î   ±É¨¢´μ° ¸¨¸É¥³Ò, ¶μ¸É·μ-
¥´´μ° ´  μ¸´μ¢¥ ¤ ´´μ£μ  ²£μ·¨É³ , Å · ¤¨± ²Ó´μ¥ ¶μ¤ ¢²¥´¨¥ Ëμ´  Î ¸É¨Í,
¸¢Ö§ ´´ÒÌ ¸ ¨´É¥´¸¨¢´Ò³¨ ¶ÊÎ± ³¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢.

� ¡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¡´ , 2005

Tsyganov Yu. S. P7-2005-117
On Modiˇcation Scenario of the Matrix Algorithm for Express
Analysis of Rare Correlated Sequences

Modiˇcation scenario of real-time algorithm of searching for rare correlated
sequences is considered. This algorithm has been designed to operate together
with the Dubna Gas-Filled Recoil Separator detection system in heavy-ion induced
nuclear reactions. The basic goal of this system is to provide a radical suppression
of background products related with very intense heavy-ion beams.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2005
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„¥É¥±É¨·μ¢ ´¨¥ Ê²ÓÉ· ·¥¤±¨Ì (¸ÊÉ−1 Ä ³¥¸.−1) ¸μ¡ÒÉ¨° · ¸¶ ¤  ÉÖ¦¥²ÒÌ
Ö¤¥· ¶μ¸É ¢¨²μ ¶¥·¥¤ ¨¸¸²¥¤μ¢ É¥²Ö³¨ § ¤ ÎÊ μ¡´ ·Ê¦¥´¨Ö ±μ··¥²¨·μ¢ ´´ÒÌ
¸μ¡ÒÉ¨° ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨, · ¢´μ ± ± ¨ ¸μ§¤ ´¨Ö  ±É¨¢´ÒÌ ¸¨¸É¥³
´ ¡μ·  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶μ§¢μ²ÖÕÐ¨Ì ´¥ Éμ²Ó±μ ¢¥¸É¨ Ê± § ´´ÊÕ
¶·μÍ¥¤Ê·Ê ¢ Ëμ·³ É¥ ®¸μ¡ÒÉ¨¥ §  ¸μ¡ÒÉ¨¥³¯, ¸ ¶μ¸²¥¤ÊÕÐ¨³ ´ ±μ¶²¥´¨¥³ ¨
μ¡· ¡μÉ±μ°, ´μ ¨ £¥´¥·¨·μ¢ ÉÓ ±μ·μÉ±¨¥ ¶ Ê§Ò ¢ ¶·μÍ¥¸¸¥ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨
¢ ³μ³¥´É ¢·¥³¥´¨, ±μ£¤  ¸¨¸É¥³  ¤¥É¥±É¨·Ê¥É ¢¥·μÖÉ´μ£μ ± ´¤¨¤ É  ´  ¶μ¸²¥-
¤ÊÕÐ¨° ³´μ£μ§¢¥´´Ò° · ¸¶ ¤, · ¤¨± ²Ó´μ ¸´¨¦ Ö É ±¨³ μ¡· §μ³ Ëμ´μ¢Ò¥
§ £·Ê§±¨, ±μÉμ·Ò¥ ¶μÉ¥´Í¨ ²Ó´μ ³μ£ÊÉ ¨³¨É¨·μ¢ ÉÓ ·¥ ²Ó´Ò° ÔËË¥±É. ‡ ³¥-
É¨³, ÎÉμ ¶·¨³¥´¥´¨¥ ¸Éμ²Ó ¨§μÐ·¥´´μ° É¥Ì´¨±¨ ¤¥É¥±É¨·μ¢ ´¨Ö ¸ ´¥¨§¡¥¦-
´μ¸ÉÓÕ ¶·¥¤¶μ² £ ¥É ¶μÉ¥·¨ ¢ ¢¥²¨Î¨´¥ μ¡Ð¥° ÔËË¥±É¨¢´μ¸É¨ Ô±¸¶¥·¨³¥´É 
¨§-§  ¶·¥·Ò¢ ´¨Ö Í¨±²  μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨. „²Ö ¤μ¸É¨¦¥´¨Ö ¶·¨¥³²¥³ÒÌ ¶μ-
É¥·Ó (μ¡ÒÎ´μ ¥¤¨´¨ÍÒ ¶·μÍ¥´Éμ¢) ´¥μ¡Ìμ¤¨³μ ¸μ§¤ ´¨¥ ± ± ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¨Ì ¢·¥³Ö¶·μ²¥É´ÒÌ (¨/¨²¨ ¤·Ê£¨Ì) ¤¥É¥±Éμ·μ¢, μ¡² ¤ ÕÐ¨Ì ¢Ò¸μ±μ° ÔË-
Ë¥±É¨¢´μ¸ÉÓÕ ¢Ò¤¥²¥´¨Ö ¸μ¡ÒÉ¨° É¨¶  ®¶·¨²¥ÉÄ· ¸¶ ¤¯, É ± ¨ ¶·¨³¥´¥´¨¥
¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¸É·¨¶μ¢ÒÌ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢, Ë¨±¸¨·ÊÕ-
Ð¨Ì ¨³¶² ´É¨·μ¢ ´´μ¥ Ö¤·μ ¢ μ¶·¥¤¥²¥´´μ° ÉμÎ±¥ ±·¨¸É ²² , ÎÉμ ¸μ§¤ ¥É
¢ ¸¢μ¥ ¢·¥³Ö ¢μ§³μ¦´μ¸ÉÓ ´ ¤¥¦´μ£μ ¢Ò¤¥²¥´¨Ö £¥´¥É¨Î¥¸±¨ ¸¢Ö§ ´´ÒÌ · ¸-
¶ ¤μ¢ ¨¸¸²¥¤Ê¥³ÒÌ ¶·μ¤Ê±Éμ¢. Š·μ³¥ Éμ£μ, ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ Ö¢²Ö¥É¸Ö
´ ²¨Î¨¥ ¶μ²´μ£μ ´ ¡μ· ∗ ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¨ ¨Ì ¸É ¡¨²Ó´μ¸ÉÓ
¢ É¥Î¥´¨¥ ¢¸¥£μ Ô±¸¶¥·¨³¥´É , ÎÉμ, ¥¸É¥¸É¢¥´´μ, ¶·¥¤¶μ² £ ¥É μ¶·¥¤¥²¥´´Ò¥
¦¥¸É±¨¥ É·¥¡μ¢ ´¨Ö ± Ô²¥±É·μ´´μ°  ¶¶ · ÉÊ·¥ ¨ ¶·μÍ¥¸¸Ê ± ²¨¡·μ¢±¨, ¶·¨-
Î¥³ ´¥¶·¥³¥´´μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · ¸¶ ¤μ¢ ¨³¶² ´É¨·μ¢ ´´ÒÌ Ö¤¥·.

‘¶¥Í¨Ë¨Î´Ò¥ É·¥¡μ¢ ´¨Ö ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¨ ± μ¸μ¡¥´´μ-
¸ÉÖ³ Ëμ·³¨·μ¢ ´¨Ö  ³¶²¨ÉÊ¤´μ£μ ¸¶¥±É·  ¢ ±·¥³´¨¥¢μ³ ¤¥É¥±Éμ·¥ ¸ ÊÎ¥Éμ³
É ±¨Ì Ë ±Éμ·μ¢, ± ± ¨¸¶ ·¥´¨¥ ´¥°É·μ´μ¢, Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ¨ ¸É· -
£²¨´£¨ ¢ · §²¨Î´ÒÌ ¶μ£²μÐ ÕÐ¨Ì ¸·¥¤ Ì ¨, ¶·¥¦¤¥ ¢¸¥£μ, ¤¥Ë¥±É  ³¶²¨-
ÉÊ¤Ò, ¶·¨¸ÊÐ¨° ÉÖ¦¥²Ò³ Ö¤· ³. „ ´´ Ö ¶·μ¡²¥³  μ¡ÒÎ´μ ·¥Ï ¥É¸Ö ¤¢μÖ±μ,
¸ ¶·¨¢²¥Î¥´¨¥³ ± ± Ô±¸É· ¶μ²ÖÍ¨° μÉ ¡²¨§²¥¦ Ð¨Ì (¶μ A, Z) Ö¤¥·, É ± ¨
³μ´É¥-± ·²μ-¸¨³Ê²ÖÍ¨¨∗∗, ³μ¤¥²¨·ÊÕÐ¨Ì ¤ ´´ÊÕ ¸¨ÉÊ Í¨Õ ¨ É¨¶ ±¨´¥³ -
É¨±¨ ·¥ ±Í¨¨ [1].

∗‚ ´ Ï¥³ ¸²ÊÎ ¥ ¨Ì ±μ²¨Î¥¸É¢μ · ¢´μ 128.
∗∗�¡ÒÎ´μ ´  ¡μ²¥¥ · ´´¥° ¸É ¤¨¨ Å ¶·μ¥±É¨·μ¢ ´¨Ö ¸¨¸É¥³Ò.
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1. Œ�’�ˆ—��… ��…„‘’�‚‹…�ˆ… ��™…ƒ� ��’�Š� „���›•
„‹Ÿ �Š‘��…‘‘-���‹ˆ‡� Š���…‹Ÿ–ˆ‰

	·¨ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´Éμ¢, ´ ¶· ¢²¥´´ÒÌ ´  ¸¨´É¥§ ¸¢¥·ÌÉÖ¦¥²ÒÌ
Ö¤¥· ¨ ·¥£¨¸É· Í¨Õ ¶·μ¤Ê±Éμ¢ · ¸¶ ¤ , ±²ÕÎ¥¢Ò³ ³μ³¥´Éμ³, ±·μ³¥ ¸μ¡-
¸É¢¥´´μ ¢μ§³μ¦´μ¸É¨ μ¡²ÊÎ ÉÓ ³¨Ï¥´Ó ¢Ò¸μ±μ¨´É¥´¸¨¢´Ò³¨ ¶ÊÎ± ³¨ ÉÖ¦¥-
²ÒÌ ¨μ´μ¢, Ö¢²Ö¥É¸Ö ¶·¨³¥´¥´¨¥ ¡Ò¸É·ÒÌ (¢·¥³Ö É· ´¸¶μ·É  1Ä2 ³±¸) Ô²¥±-
É·μ³ £´¨É´ÒÌ ¸¥¶ · Éμ·μ¢, ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ±μÉμ·ÒÌ · ¸¶μ² £ ÕÉ ¢Ò-
¸μ±μÔËË¥±É¨¢´ÊÕ ¨ ´ ¤¥¦´ÊÕ ¸¨¸É¥³Ê ¤¥É¥±É¨·μ¢ ´¨Ö, ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ¶μ
¸μ¢μ±Ê¶´μ¸É¨ ¶·¨¥³²¥³ÊÕ μÎ¨¸É±Ê μÉ Ëμ´μ¢ÒÌ ¶·μ¤Ê±Éμ¢ ¶·¨ Ê¸²μ¢¨¨ ¤μ¸É -
ÉμÎ´μ° ÔËË¥±É¨¢´μ¸É¨ ¸μ¡¨· ´¨Ö Ö¤¥·, ¨Ì ¤¥É¥±É¨·μ¢ ´¨Ö Ëμ± ²Ó´Ò³ ¤¥É¥±-
Éμ·μ³, ± ± ¨ ¶·μ¤Ê±Éμ¢ ¨Ì · ¸¶ ¤ . �¡· §ÊÕÐ¨°¸Ö ¶·¨ ÔÉμ³ ¨ § ¶¨¸Ò¢ ¥³Ò°
´  ¶μ¸ÉμÖ´´Ò¥ ´μ¸¨É¥²¨ ¶μÉμ± ¤ ´´ÒÌ ¶·¥¤¸É ¢²Ö¥É ¨§ ¸¥¡Ö ¸Î¥É´μ¥, ´μ,
¢ ¶·¨´Í¨¶¥, ´¥μ£· ´¨Î¥´´μ¥ ³´μ¦¥¸É¢μ, ±μÉμ·μ¥ ¢¶μ¸²¥¤¸É¢¨¨ ¶μ¤¢¥·£ ¥É¸Ö
´¥μ¤´μ±· É´μ³Ê, ÉÐ É¥²Ó´μ³Ê off-line ¨Éμ£μ¢μ³Ê  ´ ²¨§Ê, ¶μ ¸ÊÉ¨ ¨ Ö¢²ÖÕÐ¥-
³Ê¸Ö § ¢¥·Ï ÕÐ¨³ ¤¥°¸É¢¨¥³ ¤²¨É¥²Ó´μ£μ Ô±¸¶¥·¨³¥´É . �¤´ ±μ ¤²Ö Í¥²¥°
¤¥É¥±É¨·μ¢ ´¨Ö ±μ··¥²ÖÍ¨° ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ¸¦ É¨¥ ¨´Ëμ·-
³ Í¨¨, ¸ ¶¥·¥Ìμ¤μ³ ± ¤¨¸±·¥É´μ³Ê ¶·¥¤¸É ¢²¥´¨Õ ¤ ´´ÒÌ ¢ ¶ · ²²¥²Ó´μ³
± ´ ²¥, ¶μ μÉ´μÏ¥´¨Õ ± ¶¥·¢¨Î´μ³Ê ¶μÉμ±Ê ¤ ´´ÒÌ, ´ Ï²μ Ï¨·μ±μ¥ ¶·¨-
³¥´¥´¨¥ ¸ ±μ´¥Î´μ° Í¥²ÓÕ · ¤¨± ²Ó´μ£μ Ê³¥´ÓÏ¥´¨Ö ¢¥²¨Î¨´Ò ¶ · ³¥É· ,
Ì · ±É¥·¨§ÊÕÐ¥£μ Éμ, ÎÉμ ¤ ´´μ¥ ¤¥É¥±É¨·μ¢ ´´μ¥ ¨ ´ °¤¥´´μ¥ ¢ μ¡Ð¥³ ³ ¸-
¸¨¢¥ ¤ ´´ÒÌ ±μ··¥²¨·μ¢ ´´μ¥ ¸μ¡ÒÉ¨¥ ´¥ ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´μ ´ ²¨Î¨¥³
¸²ÊÎ °´ÒÌ Ë ±Éμ·μ¢ · ¸¸³ É·¨¢ ¥³μ£μ Ô±¸¶¥·¨³¥´É .

	·¨ ¶·¥μ¡· §μ¢ ´¨¨ ´ Î ²Ó´μ£μ ¶μÉμ±  ¤ ´´ÒÌ ¨ ¶·¨¢¥¤¥´¨Ö ¥£μ ± ¤¨¸-
±·¥É´μ° Ëμ·³¥, ¶·¨¥³²¥³μ° ¤²Ö Ê± § ´´μ° ¢ÒÏ¥ Í¥²¨, ¶·¨´¨³ ¥É¸Ö ¢μ ¢´¨-
³ ´¨¥, ÎÉμ:

Å ¤¨¸±·¥É´μ¸ÉÓ ¶μ ¢¥·É¨± ²¨ μ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´μ° ±μμ·¤¨´ É´μ£μ
· §·¥Ï¥´¨Ö ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´μ£μ ¸É·¨¶ ;

Å ¤¨¸±·¥É´μ¸ÉÓ ¶μ £μ·¨§μ´É ²¨ μ¶·¥¤¥²Ö¥É¸Ö ¸Ê³³ ·´Ò³ Î¨¸²μ³ ¸É·¨¶μ¢
¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´μ£μ ¤¥É¥±Éμ· ;

Å ¶¥·¢μ° ¨§ ³ É·¨Í ¢¸¥£¤  Ö¢²Ö¥É¸Ö ³ É·¨Í  Ö¤¥· μÉ¤ Î¨ ± ± ¸μμÉ¢¥É-
¸É¢ÊÕÐ Ö ¶¥·¢μ³Ê ¤¥É¥±É¨·Ê¥³μ³Ê ¢ Í¥¶μÎ±¥ · ¸¶ ¤μ¢ μ¡Ñ¥±ÉÊ, ¸μ¤¥·¦ Ð¥³Ê
± Éμ³Ê ¦¥ μÉ²¨Î¨É¥²Ó´Ò° ¶·¨§´ ±, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ´¥´Ê²¥¢μ° ¢¥²¨Î¨´¥ ¢·¥-
³¥´¨ ¶·μ²¥É ;

Å ¶μ¸²¥¤ÊÕÐ¨¥ ³ É·¨ÍÒ Å ³ É·¨ÍÒ  ²ÓË -Î ¸É¨Í;
Å μ¡Ð¥¥ Î¨¸²μ ³ É·¨Í § ¢¨¸¨É ± ± μÉ É¨¶  ¸μ¡ÒÉ¨Ö, ±μ²¨Î¥¸É¢  §¢¥´Ó¥¢,

É ± ¨ μÉ ¶μÉ·¥¡´μ¸É¨ ±μ´±·¥É´μ£μ Ô±¸¶¥·¨³¥´É  ¸ ÉμÎ±¨ §·¥´¨Ö ¤μ¸É ÉμÎ´μ-
¸É¨ ³¥Éμ¤μ¢;

Å ³ É·¨Î´Ò³ Ô²¥³¥´Éμ³ ± ¦¤μ° ¨§ ³ É·¨Í Ö¢²Ö¥É¸Ö É¥±ÊÐ¥¥ ¢·¥³Ö ¸μ-
¡ÒÉ¨Ö, § ·¥£¨¸É·¨·μ¢ ´´μ¥ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³μ°. �  ·¨¸. 1 ¢ ± Î¥¸É¢¥
´ £²Ö¤´μ£μ ¶·¨³¥·  ¶·¥¤¸É ¢²¥´  ¶μ²´ Ö ¸Ì¥³  · ¸¶ ¤μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö
Í¥¶μÎ±¥ ¨§ Î¥ÉÒ·¥Ì  ²ÓË -· ¸¶ ¤μ¢, § ¢¥·Ï ÕÐ¥°¸Ö ¸¶μ´É ´´Ò³ ¤¥²¥´¨¥³.
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�¨¸. 1. ‘Ì¥³ É¨Î´μ¥ ¶·¥¤¸É ¢²¥´¨¥ Í¥¶μÎ±¨ ¨§ Î¥ÉÒ·¥Ì  ²ÓË -· ¸¶ ¤μ¢. ‚ ± Î¥¸É¢¥
±μ³¡¨´ Éμ·´ÒÌ μ¡Ñ¥±Éμ¢ (¢¥·Ï¨´) ¢Ò¸ÉÊ¶ ÕÉ ³ É·¨ÍÒ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì · ¸¶ ¤μ¢

‚ ¡μ²¥¥ μ¡Ð¥³ ¸²ÊÎ ¥ ¨¸¸²¥¤Ê¥³Ò° μ¡Ñ¥±É ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ¢
¢¨¤¥ ƒ = ƒ (•, W ), £¤¥ ³´μ¦¥¸É¢μ • Å n-³¥·´μ¥ ³´μ¦¥¸É¢μ ³ É·¨Í, ¸μ¤¥·-
¦ Ð¨Ì É¥±ÊÐ¨¥ ¢·¥³¥´ , ¢ ± Î¥¸É¢¥ ³ É·¨Î´μ£μ Ô²¥³¥´É . Ÿ¸´μ, ÎÉμ ·¥¡· 
£· Ë  (³´μ¦¥¸É¢μ W ) μ¡Ö§ ´Ò ¡ÒÉÓ μ·¨¥´É¨·μ¢ ´´Ò³¨ ± ± ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
¨³¥´´μ £¥´¥É¨Î¥¸±¨³ ¸¢Ö§Ö³ ³¥¦¤Ê ¶·¥¤Ò¤ÊÐ¨³ ¨ ¶μ¸²¥¤ÊÕÐ¨³ · ¸¶ ¤ ³¨
Ö¤· , ¨³¶² ´É¨·μ¢ ´´μ£μ (¨ ¦¥¸É±μ Ë¨±¸¨·μ¢ ´´μ£μ, ¢ Éμ³ Î¨¸²¥ ¨ ³¥Ì ´¨Î¥-
¸±¨) ¢ ±·¨¸É ²² ±·¥³´¨Ö. Š·μ³¥ Éμ£μ, ¤ ´´Ò° £· Ë Ö¢²Ö¥É¸Ö ¸¨²Ó´μ ¸¢Ö§´Ò³.
�É³¥É¨³, μ¤´ ±μ, ÎÉμ ¢¸É·¥Î ÕÐ¨°¸Ö ¨ ¶·¨³¥´Ö¥³Ò° ´  ¶· ±É¨±¥ ³¥Éμ¤ ±μ·-
·¥²ÖÍ¨° Ö¤·μ μÉ¤ Î¨ Ä  ²ÓË -Î ¸É¨Í  ¸μμÉ¢¥É¸É¢Ê¥É £· ËÊ, ´¥ ¸μ¤¥·¦ Ð¥³Ê
Í¨±²μ¢, É. ¥. Ö¢²ÖÕÐ¥³Ê¸Ö ¤¥·¥¢μ³ ¸ ¢¥·Ï¨´μ°, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¨³¶² ´É¨-
·μ¢ ´´μ³Ê Ö¤·Ê. ‚μ§³μ¦´μ¥ ¸¶μ´É ´´μ¥ ¤¥²¥´¨¥, § ¢¥·Ï ÕÐ¥¥ · ¸¶ ¤, ¨´É¥-
·¥¸ , ¸ ÉμÎ±¨ §·¥´¨Ö ¶μ¨¸±  ¢ ·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨, ´¥ ¶·¥¤¸É ¢²Ö¥É.

2. �� �””…Š’ˆ‚��‘’ˆ �‘’���‚� „‹Ÿ Œ��ƒ�Œ…��›•
–…��—…Š

� ¸¸³μÉ·¨³ ¤²¨´´ÊÕ Í¥¶Ó, ¸μ¸ÉμÖÐÊÕ ¨§ ¤μ¸É ÉμÎ´μ ³´μ£μÎ¨¸²¥´´ÒÌ
· ¸¶ ¤μ¢, ¢ ±μÉμ·μ° μ¸É ´μ¢ ¶·μ¨§¢μ¤¨É¸Ö ¶¥·¢Ò³¨ n-· ¸¶ ¤ ³¨ ¨ ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨° ¥° ¸¢Ö§´Ò° £· Ë ƒ = ƒ (•, W ). „ ´´ Ö ¸Ì¥³  ¶·¥¤¶μ² £ ¥É ´ ²¨Î¨¥
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(¢ ¶μ²´μ³ ¢ ·¨ ´É¥)
(n − 1)n

2
·¥¡¥·. ‘μμÉ¢¥É¸É¢ÊÕÐ Ö ³ É·¨Í  ¸³¥¦´μ¸É¨

aij = 1 ¤²Ö ²Õ¡ÒÌ i, j. „²Ö ¸²ÊÎ Ö  ±ÉÊ ²Ó´μ¸É¨ Éμ²Ó±μ ·¥¡¥· É¨¶  Ö¤·μ
μÉ¤ Î¨ Ä  ²ÓË -Î ¸É¨Í  a1,j = 1 ¤²Ö ²Õ¡μ£μ j ¨ aij = 0 ¢μ ¢¸¥Ì μ¸É ²Ó-
´ÒÌ ¸²ÊÎ ÖÌ. �μ³¥·  ¢¥·Ï¨´ ¸μμÉ¢¥É¸É¢ÊÕÉ Ìμ¤Ê ¢·¥³¥´¨, ÎÉμ ¨ μ¶·¥¤¥²Ö¥É
μ·¨¥´É Í¨Õ. ‡ ³¥É¨³, ÎÉμ ¢ ·¥ ²Ó´μ³ ¸²ÊÎ ¥ ¸²¥¤Ê¥É ¶μ³´¨ÉÓ, ÎÉμ Ëμ´μ¢Ò¥
§ £·Ê§±¨ ´¥ ¢¸¥£¤  ¶μ§¢μ²ÖÕÉ ¤¥² ÉÓ ±μ··¥²ÖÍ¨μ´´Ò¥ ¢·¥³¥´´Ò¥ μ±´  ¤²Ö
¤ ´´μ£μ ·¥¡·  ³´μ£μ ¡μ²ÓÏ¥ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ , Î ¸Éμ ¶·¥¤¶μ² £ ¥³μ£μ ¨
μÍ¥´¨¢ ¥³μ£μ ´  μ¸´μ¢¥ ¶μ²ÊÔ³¶¨·¨Î¥¸±¨Ì ¸μμÉ´μÏ¥´¨°.

‘ ÊÎ¥Éμ³ ±μ´¥Î´μ¸É¨ ¢·¥³¥´´μ£μ ¨´É¥·¢ ² , ¢Ò¡· ´´μ£μ Ô±¸¶¥·¨³¥´É Éμ-
·μ³, ÔËË¥±É¨¢´μ¸ÉÓ ¤¥É¥±É¨·μ¢ ´¨Ö ±μ··¥²ÖÍ¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° n-³Ê ·¥-
¡·Ê, ¡Ê¤¥É μÉ²¨Î´  μÉ Î¨¸Éμ £¥μ³¥É·¨Î¥¸±μ° (ε) ´  Ë ±Éμ· (δTn), ±μÉμ·Ò°,
¢ ¸¢μÕ μÎ¥·¥¤Ó, μ¶·¥¤¥²Ö¥É¸Ö ¨§ ¸μμÉ´μÏ¥´¨Ö Cn = 1 Å exp (ÄλnδTn), £¤¥
¶ · ³¥É· λn Å ¶μ¸ÉμÖ´´ Ö · ¤¨μ ±É¨¢´μ£μ · ¸¶ ¤  ¤²Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ
´Ê±²¨¤ . ’ ±¨³ μ¡· §μ³, ¢¥·μÖÉ´μ¸ÉÓ Éμ£μ, ÎÉμ μ¸É ´μ¢ ¶·μ¨§μ°¤¥É ´  m-³∗

§¢¥´¥ ¨²¨ ´  μ¤´μ³ ¨§ ¶·¥¤Ï¥¸É¢ÊÕÐ¨Ì, μ¶·¥¤¥²Ö¥É¸Ö ·¥±Ê··¥´É´Ò³ ¸μμÉ´μ-
Ï¥´¨¥³ pm = pm−1 + (1 − pm−1)Cmεm.

	 · ³¥É· ÔËË¥±É¨¢´μ¸É¨ ¤¥É¥±É¨·μ¢ ´¨Ö μ¤¨´μÎ´μ° Î ¸É¨ÍÒ ε μ¶·¥¤¥-
²Ö¥É¸Ö ´¥· ¢¥´¸É¢μ³ 0,5 < ε < 0,87. 
μ²¥¥ ÉÐ É¥²Ó´ Ö Ô³¶¨·¨Î¥¸± Ö ± ²¨-
¡·μ¢±  ¢ É¥¸Éμ¢ÒÌ ·¥ ±Í¨ÖÌ ¤ ¥É ε ≈ 0,7. �É³¥É¨³, ÎÉμ ¤²Ö ÊÎ¥É   ²ÓË Ä
 ²ÓË -±μ··¥²ÖÍ¨° ¸²¥¤Ê¥É ¨³¥ÉÓ ¤¥²μ ¸ ±¢ ¤· É¨Î´Ò³ §´ Î¥´¨¥³ Ê± § ´´μ£μ
¶ · ³¥É· , É ± ± ± ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ Ö¤·  μÉ¤ Î¨ ¡²¨§±  ± ¥¤¨-
´¨Í¥. Š·μ³¥ Éμ£μ, ¸²¥¤Ê¥É ¤μ¡ ¢¨ÉÓ, ÎÉμ ¶μ²´ Ö ¸Ì¥³  ³μ¦¥É ¶·¥¤¸É ¢²ÖÉÓ
¨´É¥·¥¸ ¢ ·¥¦¨³¥ on-line-real-time Éμ²Ó±μ ¢ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ÔËË¥±É¨¢´μ¸ÉÓ
·¥£¨¸É· Í¨¨ Ö¤·  μÉ¤ Î¨ μÉ²¨Î ¥É¸Ö μÉ ¥¤¨´¨ÍÒ ²¨¡μ ±μ£¤  ¤ ´´Ò° ¸¨£´ ² ¨¸-
¶μ²Ó§Ê¥É¸Ö ± ± ¡²μ±¨·ÊÕÐ¨°, É. ¥. Ë ±É¨Î¥¸±¨ ¢ ·¥¦¨³¥ ·¥£¨¸É· Í¨¨ Éμ²Ó±μ
· ¸¶ ¤μ¢ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°. ‚ ·¥¦¨³¥ ¦¥ on-line ¢¨§Ê ²¨§ Í¨¨,
· ¢´μ ± ± ¨ off-line  ´ ²¨§  Ê¦¥ ´ ±μ¶²¥´´ÒÌ ¤ ´´ÒÌ, ÔÉ  ¸Ì¥³  ³μ¦¥É ¡ÒÉÓ
¢¶μ²´¥ ¢μ¸É·¥¡μ¢ ´ .

3. �’����†…�ˆ… ‘—…’��ƒ� Œ��†…‘’‚� ˆ‘•�„�›•
„���›• �� Š��…—��… Œ��†…‘’‚� Œ�’�ˆ—�›•

�‹…Œ…�’�‚ ’…Š“™ˆ• ‚�…Œ…�

‚¢μ¤Ö ±μ³¶·¥¸¸¨Õ ¤ ´´ÒÌ, ¸´¨³ ÕÐÊÕ ¢ ¶·¨´Í¨¶¥ ¢§ ¨³´ÊÕ μ¤´μ§´ Î-
´μ¸ÉÓ, ³Ò ¨ Ê¶·μÐ ¥³ § ¤ ÎÊ ¶μ¨¸±  ±μ··¥²ÖÍ¨°. Šμ´±·¥É´μ¸ÉÓ Éμ£μ ¨²¨
¨´μ£μ μÉμ¡· ¦¥´¨Ö ³´μ¦¥¸É¢  ¶μÉμ±  ¤ ´´ÒÌ ´  ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨Ì ³ É·¨Í § ¢¨¸¨É μÉ ±μ´±·¥É´μ£μ ¢¨¤  ¢Ìμ¤´ÒÌ Ô²¥±É·¨Î¥¸±¨Ì

∗ˆ§³¥´¥´¨¥ ¢¥²¨Î¨´Ò ¢¥·μÖÉ´μ¸É¨ ·¥£¨¸É· Í¨¨ ¸²ÊÎ °´μ£μ ¸μ¡ÒÉ¨Ö μÍ¥´¨¢ ¥É¸Ö Ë ±Éμ·μ³

∼ Cm
n

Kn−m
, £¤¥ K Å Ë ±Éμ· ¶μ¤ ¢²¥´¨Ö μ¤¨´μÎ´ÒÌ  ²ÓË -· ¸¶ ¤μ¢ (¨ ¨Ì ¨³¨É Éμ·μ¢), ¸³. [17].
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Í¥¶¥° § ·Ö¤μ-ÎÊ¢¸É¢¨É¥²Ó´ÒÌ É· ±Éμ¢. �¨¦¥ · ¸¸³ É·¨¢ ¥É¸Ö ¸Ì¥³  ¢±²ÕÎ¥-
´¨Ö ·¥§¨¸É¨¢´ÒÌ ¸É·¨¶μ¢ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¤¥É¥±Éμ·μ¢. ‚ ¶¥·¢μ³
¸²ÊÎ ¥ ¶·¨³¥´Ö¥É¸Ö μ¶μ·´Ò° ·¥§¨¸Éμ· ¸ Í¥²ÓÕ ¸³¥Ð¥´¨Ö ´Ê²¥¢μ£μ Ê·μ¢´Ö
±μμ·¤¨´ É´μ£μ ¸¨£´ ² . 
μ²¥¥ Éμ£μ, ¢ ÔÉμ³ ¸²ÊÎ ¥ μ¡Ìμ¤ÖÉ¸Ö μ¤´¨³ ±μμ·¤¨-
´ É´Ò³ ¸¨£´ ²μ³ ¸ ± ¦¤μ£μ ¸É·¨¶ :

j = int

{
Nmax

[
aiNa + bi

ayiNy + byi

(
R0i

Ri
+ 1

)
− R0i

Ri
+ δa,esc,ER

i

]}
, (1)

ta,ER
i,j = t(É¥±ÊÐ¥¥ ¢·¥³Ö). (2)

‚ ¸²ÊÎ ¥ ¦¥ É· ¤¨Í¨μ´´μ£μ ¢±²ÕÎ¥´¨Ö ·¥§¨¸É¨¢´μ£μ ¸É·¨¶ , ±μ£¤  ¨³¥¥É
³¥¸Éμ ¸Ñ¥³ ¨´Ëμ·³ Í¨¨ ¸ μ¡¥¨Ì ¸Éμ·μ´ ¸É·¨¶  (top-bottom), Ëμ·³Ê²  (1)
¡Ê¤¥É ¨³¥ÉÓ ¤·Ê£μ° ¢¨¤ (3),   ¨³¥´´μ:

j = int

{
Nmax

[
atiNta + bit

ayitNy + byti + aiybNyb + biyb
+ δa,esc,ER

i

]}
. (3)

‚ Ëμ·³Ê² Ì (1), (2) ¨´¤¥±¸ j ¸μμÉ¢¥É¸É¢Ê¥É ¢¥·É¨± ²Ó´μ° ±μμ·¤¨´ É¥, ¢ Éμ
¢·¥³Ö ± ± ¸É·μ±  ³ É·¨ÍÒ i ¢ ¤ ´´μ³ ¸²ÊÎ ¥ μ¶·¥¤¥²¥´  ´μ³¥·μ³ ¸É·¨¶  (³ ±-
¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ Å 12), ¶ · ³¥É· R0i Å §´ Î¥´¨¥ μ¶μ·´μ£μ ·¥§¨¸Éμ·  ¤²Ö
i-£μ ¸É·¨¶ , Ri Å ¢¥²¨Î¨´  ¸μ¶·μÉ¨¢²¥´¨Ö ¸ ³μ£μ ·¥§¨¸É¨¢´μ£μ ¸É·¨¶ , ¶ ·Ò
(ai, bi) ¨ (ayi, byi) Å ± ²¨¡·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ, ¶μ²ÊÎ ¥³Ò¥ μ¡ÒÎ´μ ¨§
É¥¸Éμ¢ÒÌ ·¥ ±Í¨° ¤²Ö ¸Ê³³ ·´μ° ¨ ±μμ·¤¨´ É´μ° Ï± ²Ò ¸μμÉ¢¥É¸É¢¥´´μ,  
¸ ³¨  ³¶²¨ÉÊ¤Ò ·¥£¨¸É·¨·Ê¥³ÒÌ ¸¨£´ ²μ¢ ¢Ò· ¦¥´Ò ¢ ± ´ ² Ì ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨Ì �–	 (Nα, Ny). �¥§´ Î¨É¥²Ó´ Ö ¤μ¡ ¢±  δ ¸μμÉ¢¥É¸É¢Ê¥É É·¥³ ¸²ÊÎ Ö³
Ö¤·μ μÉ¤ Î¨ Ä  ²ÓË -· ¸¶ ¤ ¶μ²´μ¸ÉÓÕ ¢ Ëμ± ²Ó´μ³ ¤¥É¥±Éμ·¥ Ä  ²ÓË -· ¸¶ ¤
¸ ´¥´Ê²¥¢μ° ±μ³¶μ´¥´Éμ° ¢ ¡μ±μ¢μ³ ¤¥É¥±Éμ·¥. � ¡μ· ¢¥²¨Î¨´ ¤ ´´ÒÌ ¶ -
· ³¥É·μ¢ É ±¦¥ ¨§¢²¥± ¥É¸Ö ¨§  ´ ²¨§  ±μ··¥²ÖÍ¨° ¨§¢¥¸É´ÒÌ · ¸¶ ¤μ¢ ¢
É¥¸Éμ¢ÒÌ ·¥ ±Í¨ÖÌ. ‚ Ëμ·³Ê²¥ (3) ¨´¤¥±¸Ò t ¨ b ¸μμÉ¢¥É¸É¢ÊÕÉ ¸Éμ·μ´ ³
¸É·¨¶  ®top¯ ¨ ®bottom¯.

”· £³¥´É ±μ¤ , ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶·¨¢¥¤¥´´μ° ¸Ì¥³¥, £¤¥ reco [12]
[Nmax] Å ³ É·¨Í  Ö¤¥· μÉ¤ Î¨,   tim1 Å ¶μ¸²¥¤´¥¥ ( ±ÉÊ ²Ó´μ¥) ¢·¥³Ö § -
·¥£¨¸É·¨·μ¢ ´´μ°  ²ÓË -Î ¸É¨ÍÒ, ¨³¥¥É ¢¨¤
...
if (tof ==0 && ww[7]==0 && e total>EAMIN &&
e total<EAMAX && ww[14] < METKAMAX ) {

dt1 = tim1 - reco[strip][npix];
dt2 = tim1 - reco[strip][npix+1];
dt3 = tim1 - reco[strip][npix-1];
dt4 = tim1 - reco[strip][npix+2];
dt5 = tim1 - reco[strip][npix-2];
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dt6 = tim1 - reco[strip][npix+3];
dt7 = tim1 - reco[strip][npix-3];

dt = (dt1<dt2) ? dt1 : dt2;
dt = (dt<dt3) ? dt : dt3;
dt = (dt<dt4) ? dt : dt4;
dt = (dt<dt5) ? dt : dt5;
dt = (dt<dt6) ? dt : dt6;
dt = (dt<dt7) ? dt : dt7;

...
‚ ¤ ´´μ³ Ë· £³¥´É¥ ±μ¤  ´  ‘++ ¶¥·¢ Ö ¨§ ¶·¨¢¥¤¥´´ÒÌ ¨´¸É·Ê±Í¨°

μ§´ Î ¥É ¶·¨§´ ± ®· ¸¶ ¤ ¯, e total Ä ¸Ê³³ ·´ÊÕ Ô´¥·£¨Õ, É. ¥. ¸Ê³³Ê Ô´¥·-
£¨° ¢ μ¡μ¨Ì ¤¥É¥±Éμ· Ì, Ëμ± ²Ó´μ³ ¨ ¡μ±μ¢μ³, ¶·¨ Ê¸²μ¢¨¨ ´¥´Ê²¥¢μ£μ ±μ-
μ·¤¨´ É´μ£μ ¸¨£´ ² , EAMIN ¨ EAMAX Å ¶·¨´¨³ ¥³Ò° ¨´É¥·¢ ² Ô´¥·-
£¨°, METKAMAX Å ¤μ¶μ²´¨É¥²Ó´Ò° ¶·¨§´ ± ¤²Ö ¸¨£´ ² , ¶·¨´¨³ ¥³μ£μ § 
 ²ÓË -· ¸¶ ¤. „²Ö ¢Ò¡μ·±¨ ³¨´¨³ ²Ó´ÒÌ ¢·¥³¥´ ¶·¨³¥´Ö¥É¸Ö μ¡ÒÎ´Ò° ®¶Ê-
§Ò·Ó±μ¢Ò°¯ ³¥Éμ¤ ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ ¡μ²¥¥ ¨§μÐ·¥´´Ò¥ ¸Ì¥³Ò ¸μ·É¨·μ¢±¨
¢·Ö¤ ²¨ ´¥μ¡Ìμ¤¨³Ò ¢ Ê¸²μ¢¨¨ ¸¨²Ó´μ° μ£· ´¨Î¥´´μ¸É¨ ³ ¸¸¨¢μ¢ ¢Ò¡μ·μ± ¸μ-
¸¥¤¥° (±μ´±·¥É´μ 7 Ô²¥³¥´Éμ¢, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶μ ¢¥·É¨± ²Ó´μ° ±μμ·¤¨´ É¥
¶·¨³¥·´μ ±1 ³³ ¶·¨ μ¡Ð¥° ¤²¨´¥ ·¥§¨¸É¨¢´μ£μ ¸²μÖ 40 ³³).

4. ��ˆŒ…�…�ˆ… �‹ƒ��ˆ’Œ�‚ ‚ Ÿ„…��›• �…�Š–ˆŸ•
��‹��ƒ� ‘‹ˆŸ�ˆŸ

‡  ¶μ¸²¥¤´¨¥ Î¥ÉÒ·¥ £μ¤  É¥Ì´¨±  ¤¥É¥±É¨·μ¢ ´¨Ö ±μ··¥²¨·μ¢ ´´ÒÌ §¢¥-
´Ó¥¢ É¨¶  Ö¤·μ μÉ¤ Î¨ Ä  ²ÓË -Î ¸É¨Í  ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ¶·¨-
³¥´Ö² ¸Ó ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ ¸¨´É¥§Ê ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ¶·¨ μ¡²ÊÎ¥´¨¨ · §-
²¨Î´ÒÌ  ±É¨´¨¤´ÒÌ ³¨Ï¥´¥° ¨´É¥´¸¨¢´Ò³¨ ¶ÊÎ± ³¨ ¨μ´μ¢ 48Ca. �¥§Ê²ÓÉ ÉÒ
ÔÉ¨Ì Ô±¸¶¥·¨³¥´Éμ¢, ¨§²μ¦¥´´Ò¥ ¢ ¤¥É ²ÖÌ ¢ · ¡μÉ Ì [2, 3], ¶μ± §Ò¢ ÕÉ ¡μ-
²¥¥ Î¥³ Ê¸¶¥Ï´μ¥ ¶·¨³¥´¥´¨¥ ¤ ´´μ° ³¥Éμ¤¨±¨ ¤¥É¥±É¨·μ¢ ´¨Ö. …¸²¨ ¨³¥ÉÓ
¢ ¢¨¤Ê ¢¥¸Ó ´ ¡μ· μ¡²ÊÎ¥´¨°, Éμ · §´¨Í  ¢ ¸Í¥´ ·¨ÖÌ ¶·¨³¥´¥´¨Ö  ²£μ·¨É³μ¢
± ¸ ² ¸Ó ²¨ÏÓ ¢Ìμ¤´ÒÌ ¶ · ³¥É·μ¢,   É ±¦¥ ¢ ·¨ ´Éμ¢ ¶·μ¤²¥´¨° ¶ Ê§ ®¢´¥
¶ÊÎ± ¯ ¶μ¸²¥ Éμ£μ ± ± ¤¥É¥±É¨·μ¢ ²μ¸Ó μÎ¥·¥¤´μ¥ ¸μ¡ÒÉ¨¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥
Éμ³Ê ´μ³¥·Ê ¸É·¨¶ , £¤¥ ¡Ò²  § ·¥£¨¸É·¨·μ¢ ´  ±μ··¥²ÖÍ¨Ö, £¥´¥·¨·ÊÕÐ Ö
¶ Ê§Ê [4].

‘μμÉ¢¥É¸É¢ÊÕÐ Ö ¸Ì¥³  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2. �É³¥É¨³, ÎÉμ ¶¥É²Ö μÉ
¶¥·¢μ°  ²ÓË -Î ¸É¨ÍÒ ± Ö¤·Ê μÉ¤ Î¨ ¶·¥¤¶μ² £ ¥É ¢μ§³μ¦´μ¸ÉÓ Ê¢¥²¨Î¥´¨Ö
¢¥·μÖÉ´μ¸É¨ ÔËË¥±É¨¢´μ¸É¨ μ¸É ´μ¢  ¢ Éμ³ ¸²ÊÎ ¥, ¥¸²¨ ÔËË¥±É¨¢´μ¸ÉÓ ·¥-
£¨¸É· Í¨¨ Ö¤·  μÉ¤ Î¨ ¡Ê¤¥É ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ÉÓ¸Ö μÉ ¥¤¨´¨ÍÒ. ˆ³¥´´μ ¢
ÔÉμ³ ¸²ÊÎ ¥ É¥±ÊÐ¥¥ ¢·¥³Ö  ²ÓË -· ¸¶ ¤  ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´μ ¢ ³ É·¨Î´Ò°
Ô²¥³¥´É ³ É·¨ÍÒ Ö¤¥· μÉ¤ Î¨ (¶¥É²Ö t+1 ´  ·¨¸. 2).
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�¨¸. 2. 	·¨³¥´Ö¥³ Ö ¸Ì¥³  μ¸É ´μ¢ 

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ´  ·¨¸. 3 ¶μ± § ´μ ¥¸É¥¸É¢¥´´μ¥ μ£· ´¨Î¥´¨¥ ¶·¨-
³¥´¥´¨Ö  ²£μ·¨É³  ¶μ ¶ · ³¥É·Ê ¢Ìμ¤´μ£μ Éμ±  ¶·¨ É¨¶¨Î´ÒÌ ¶ · ³¥É· Ì
¨ ±¢ ¤· É¨Î´μ° Ô±¸É· ¶μ²ÖÍ¨¨ ¢ μ¤´μ° ¨§ ·¥ ±Í¨° ¸  ±É¨´¨¤´μ° ³¨Ï¥´ÓÕ,
μ¡²ÊÎ ¥³μ° ¨μ´ ³¨ 48‘ . 	·¨ §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¨Ì (∼50) ¨´É¥´¸¨¢´μ¸ÉÖÌ
 ²£μ·¨É³ ¨ É¥Ì´¨±  ¤¥É¥±É¨·μ¢ ´¨Ö ´Ê¦¤ ÕÉ¸Ö ¢ ³μ¤¨Ë¨± Í¨¨. ‚·¥³¥´´Ò¥
¶ · ³¥É·Ò  ²£μ·¨É³  ¡Ò²¨: 1c Å ±μ··¥²ÖÍ¨μ´´μ¥ ¢·¥³Ö, 1 ³¨´ Å ¶ Ê§ .

�¨¸. 3. �Í¥´±  £· ´¨ÍÒ ¶·¨³¥´¨³μ¸É¨  ²£μ·¨É³  ¶μ ¶ · ³¥É·Ê ¢Ìμ¤´μ£μ Éμ±  ¨μ´μ¢
48Ca+18 (¶μ μ¸¨ μ·¤¨´ É Å ¶·μÍ¥´É ¶μÉ¥·Ó §  ¸Î¥É μ¸É ´μ¢μ±)

	μ ¶μ¢μ¤Ê ¤ ´´μ° μÍ¥´±¨ Ê³¥¸É´μ ¸²¥¤ÊÕÐ¥¥:
‹¥³³ : ‚ ¶·¥¤¶μ²μ¦¥´¨¨ ¶μ¤μ¡¨Ö ¸¶¥±É· ²Ó´ÒÌ μ¡² ¸É¥° ¸μ¡ÒÉ¨°, ¨³¨-

É¨·ÊÕÐ¨Ì Ö¤·  ¨  ²ÓË -· ¸¶ ¤Ò ¢ ´¥±μÉμ·μ° μ±·¥¸É´μ¸É¨ Éμ±μ¢ ¨μ´μ¢,  
É ±¦¥ ¸¨²Ó´μ£μ ¶¥·¥¸¥Î¥´¨Ö μ¡² ¸É¥° μ¶·¥¤¥²¥´¨Ö (ÎÉμ Ì · ±É¥·´μ ¤²Ö ·¥-
 ²Ó´μ° ±¨´¥³ É¨±¨ ¸ ¨μ´ ³¨ 48‘ ) ±¢ ¤· É¨Î´ Ö Ô±¸É· ¶μ²ÖÍ¨Ö ¤ ¥É ´¨¦-
´ÕÕ £· ´Ó ¶·¨³¥´¨³μ¸É¨ ³¥Éμ¤¨±¨.
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‚ ¸ ³μ³ ¤¥²¥, ¶Ê¸ÉÓ, ¢ ¸¨²Ê ¶·¥¤¶μ²μ¦¥´¨Ö ¶μ¤μ¡¨Ö, να = xI ,   νR = yI .
‡¤¥¸Ó I Å §´ Î¥´¨¥ Éμ±  ¨μ´μ¢, ν Å § £·Ê§±  Ö¤· ³¨ ¨  ²ÓË -Î ¸É¨Í ³¨,

x, y Å ±μÔËË¨Í¨¥´ÉÒ ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨.
	Ê¸ÉÓ ¨§³¥´¥´´μ¥ §´ Î¥´¨¥ Éμ±  ¨μ´μ¢ I = kI0, £¤¥ I0 Å ´ Î ²Ó´μ¥ §´ Î¥-

´¨¥ Éμ± . 	μ² £ Ö, ÎÉμ ¢ μ¡² ¸É¨ ¶¥·¥¸¥Î¥´¨Ö μ¡² ¸É¥° μ¶·¥¤¥²¥´¨Ö ¸μ¡ÒÉ¨¥
¨³¨É¨·Ê¥É ²¨¡μ  ²ÓË -· ¸¶ ¤ (¢·¥³Ö ¶·μ²¥É  · ¢´μ ´Ê²Õ), ²¨¡μ Ö¤·μ μÉ¤ Î¨
(¡μ²ÓÏ¥ ´Ê²Ö),   μ¡Ð¥¥ (¸Ê³³ ·´μ¥) ±μ²¨Î¥¸É¢μ É ±¨Ì ¸μ¡ÒÉ¨° ¶·μ¶μ·Í¨-
μ´ ²Ó´μ Éμ±Ê, ¨³¥¥³: x + y = k = const. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¢¥·μÖÉ´μ¸ÉÓ
μ¸É ´μ¢  ¶·μ¶μ·Í¨μ´ ²Ó´  ¶·μ¨§¢¥¤¥´¨Õ § £·Ê§μ± Ö¤¥· ¨  ²ÓË -· ¸¶ ¤μ¢,
É. ¥. ¶·μ¨§¢¥¤¥´¨Õ xy. �μ ¶·¨ Ë¨±¸¨·μ¢ ´´μ° ¸Ê³³¥ ³ ±¸¨³Ê³ ¶·μ¨§¢¥-
¤¥´¨Ö ¸μμÉ¢¥É¸É¢Ê¥É · ¢¥´¸É¢Ê ¸² £ ¥³ÒÌ, ÎÉμ ¨ · ¢´μ¸¨²Ó´μ ¤μ± §Ò¢ ¥³μ³Ê
ÊÉ¢¥·¦¤¥´¨Õ.

5. ‘��‚�…�ˆ… ‘ �„ˆ��—�›Œ, �…Š���…‹ˆ��‚���›Œ
‘��›’ˆ…Œ, ‘��’‚…’‘’‚“
™ˆŒ Ÿ„�“ �’„�—ˆ

� ¸¸³μÉ·¨³ ¸¨ÉÊ Í¨Õ, Ö¢²ÖÕÐÊÕ¸Ö É·¨¢¨ ²Ó´μ° ¶μ μÉ´μÏ¥´¨Õ ± ±μ··¥-
²¨·μ¢ ´´μ° ¶ ·¥,   ¨³¥´´μ: μ¤¨´μÎ´Ò° ¸¨£´ ² μÉ Ö¤·  μÉ¤ Î¨ ¸ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨³¨ ¢¥²¨Î¨´ ³¨ ·¥£¨¸É·¨·Ê¥³μ° Ô´¥·£¨¨ ¨/¨²¨ ¢·¥³¥´¨ ¶·μ²¥É  ¸²Ê¦¨É
¶·¨§´ ±μ³ ¢¥·μÖÉ´μ° ¶μ¸²¥¤ÊÕÐ¥° Í¥¶μÎ±¨ · ¸¶ ¤  ¨³¶² ´É¨·μ¢ ´´μ£μ ´Ê-
±²¨¤  ¨ ¢Ò§Ò¢ ¥É μ¸É ´μ¢ ¶ÊÎ±  ´  ¢·¥³Ö τR.

� §Ê³¥¥É¸Ö, ¨ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¨´É¥·¢ ² ®¢´¥ ¶ÊÎ± ¯ ³μ¦¥É ¡ÒÉÓ ¶·μ-
¤²¥´ ¢ ¸²ÊÎ ¥ ·¥£¨¸É· Í¨¨  ²ÓË -· ¸¶ ¤  ´  ¤ ´´μ³ ¸É·¨¶¥ [5]. 	μ¶ÒÉ -
¥³¸Ö μÍ¥´¨ÉÓ ¸μμÉ´μÏ¥´¨¥ ¢·¥³¥´ ¢ ¶·¥¤² £ ¥³μ³ ¨ · ¸¸³μÉ·¥´´μ³ · ´¥¥
(τRα) ¸²ÊÎ ¥ ¶ ·´ÒÌ ±μ··¥²ÖÍ¨°. 
Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ´¥±μÉμ·Ò¥ ÔËË¥±É¨¢-
´Ò¥ ¸·¥¤´¨¥ § £·Ê§±¨ ´  Ô²¥³¥´É ¸É·¨¶  ¸ ÊÎ¥Éμ³ ¢¥·É¨± ²Ó´μ° ±μμ·¤¨´ ÉÒ.
	Ê¸ÉÓ νR ¨ να Å § £·Ê§±¨ ´  ¤ ´´Ò° Ô²¥³¥´É ¸μ¡ÒÉ¨°, ¶·¨´¨³ ¥³ÒÌ § 
Ö¤·  μÉ¤ Î¨, ¨  ²ÓË -Î ¸É¨ÍÒ ¢ μ¶·¥¤¥²¥´´μ³ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¸μμÉ¢¥É-
¸É¢¥´´μ. ’μ£¤  ¢¥·μÖÉ´μ¸ÉÓ μ¸É ´μ¢  ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ¶ ·´Ò³¨ ±μ··¥²ÖÍ¨-
Ö³¨ PRα = νR να τRα. …¸²¨ T Å ¶μ²´μ¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´É , Éμ Î¨¸²μ ¶ Ê§ ¢
μ¡²ÊÎ¥´¨¨ ³¨Ï¥´¨ ¡Ê¤¥É N = PT , É. ¥. N = νRνατRαT ,   μ¡Ð¥¥ ¶μÉ¥·Ö´´μ¥
¢·¥³Ö ´  ³¨Ï¥´¨ Å ΔT = νRνα τstτRαT .

ˆ²¨ ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¶¥·¥³¥´´ÒÌ
η = ΔT/T = νR να τstτRα.
„ ²¥¥, ¶Ê¸ÉÓ ³Ò § ¤ ¥³ ´¥±μÉμ·ÊÕ ¶·¨¥³²¥³ÊÕ ¸ ÉμÎ±¨ §·¥´¨Ö μ¡Ð¥°

ÔËË¥±É¨¢´μ¸É¨ Ô±¸¶¥·¨³¥´É  ¢¥²¨Î¨´Ê ¶μÉ¥·Ó η0 � 1. ’μ£¤  ¢ ¸²ÊÎ ¥ ¶ Ê§,
£¥´¥·¨·Ê¥³ÒÌ μ¤¨´μÎ´Ò³¨ Ö¤· ³¨ μÉ¤ Î¨, ¨³¥¥³ η0 = τR νR.

‘μμÉ¢¥É¸É¢¥´´μ, ¶·¨· ¢´Ö¢ ¶· ¢Ò¥ Î ¸É¨ ¶·¨¢¥¤¥´´ÒÌ ¸μμÉ´μÏ¥´¨°, μ±μ´-
Î É¥²Ó´μ ¶μ²ÊÎ ¥³ Ëμ·³Ê²Ê, ±μÉμ·ÊÕ ¨ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö μÍ¥´±¨ · §-
´ÒÌ ¸Í¥´ ·¨¥¢ μÉ±²ÕÎ¥´¨Ö ¶ÊÎ±  ´  ³¨Ï¥´¨,   ¨³¥´´μ

τR = να τst τRα. (4)
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	·¨´¨³ Ö ¢ ± Î¥¸É¢¥ ¸·¥¤´¨Ì § £·Ê§μ± ´  μ¤¨´ ¨§ Í¥´É· ²Ó´ÒÌ ¸É·¨¶μ¢
¶μ Ö¤· ³ μÉ¤ Î¨ ¨  ²ÓË -Î ¸É¨Í ³ 2,3 ¨ 0,24 ¢ ³¨´ÊÉÊ ¸μμÉ¢¥É¸É¢¥´´μ ¨
¶¥·¥μ¶·¥¤¥²ÖÖ ¨Ì ´  Ô²¥³¥´É μ±μ²μ ¤¢ÊÌ ³¨²²¨³¥É·μ¢ ¶μ ¢¥·É¨± ²¨, ¸ ÊÎ¥Éμ³
¶μ²´μ° ¤²¨´Ò ·¥§¨¸É¨¢´μ£μ ¸²μÖ, ¨£´μ·¨·ÊÖ · ¸¶·¥¤¥²¥´¨¥ ¶μ ¢¥·É¨± ²¨,
¶μ²ÊÎ ¥³ 2·10−3 ¨ 2·10−4 ¸−1.

’μ£¤  ¨§ (4) ¸²¥¤Ê¥É τR = 2·10−4· 1 ³¨´ · 1 ¸ = 2·10−4· 60 · 1 = 12 ³¸.
�Éμ ¨ ¶μ± §Ò¢ ¥É ´¥¶·¨¥³²¥³μ¸ÉÓ É·¨¢¨ ²Ó´μ£μ ¢ ·¨ ´É  ¢ Éμ³ ¸²ÊÎ ¥,

¥¸²¨ ¨¸¸²¥¤Ê¥³Ò° ´Ê±²¨¤ ¨³¥¥É ¸· ¢´¨É¥²Ó´μ ¡μ²ÓÏ¨¥ (¤¥¸ÖÉÒ¥ ¤μ²¨, ¥¤¨-
´¨ÍÒ, ¤¥¸ÖÉ±¨ ¸¥±Ê´¤) ¢·¥³¥´  ¦¨§´¨.

�´ ²μ£¨Î´μ μÍ¥´¨¢ ¥³ μ¡Ð¨¥ ¶μÉ¥·¨:

Λ =
12,20∑

i,j

ηi,j = 240 · 2 · 10−3c−1 · 2 · 10−4 · 1c · 60 c ≈ 1%.

�É³¥É¨³ ¥Ð¥ · §, ÎÉμ ¶·¨¢¥¤¥´´Ò¥ ¢ ¤ ´´μ³ · §¤¥²¥ ¢Ò±² ¤±¨ ¨³¥ÕÉ
¸Ê£Ê¡μ μÍ¥´μÎ´Ò° Ì · ±É¥·.

‡�Š‹
—…�ˆ…

�±¸¶·¥¸¸-³¥Éμ¤ ¶μ¨¸±  ±μ··¥²¨·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨° ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥
¢·¥³¥´¨ ³μ¦¥É ¡ÒÉÓ ³μ¤¨Ë¨Í¨·μ¢ ´ ± ± ¢ ¸Éμ·μ´Ê ¢¸¥μ¡Ð´μ¸É¨ ¤²Ö ¶·¨³¥-
´¥´¨Ö ¢ ¤·Ê£¨Ì μ¡² ¸ÉÖÌ, É ± ¨ ¢ ¸Éμ·μ´Ê ¤μ¡ ¢²¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ §¢¥´Ó¥¢
¡¥§ ¸ÊÐ¥¸É¢¥´´μ£μ ¶μ´¨¦¥´¨Ö ¡Ò¸É·μ¤¥°¸É¢¨Ö. 	·¨³¥´¥´¨¥ ¢ Ô±¸¶¥·¨³¥´-
É Ì ´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¶·¥¤¶μ² £ ¥É ´¥±μÉμ·Ò¥ μ£· ´¨Î¥´¨Ö ¢ · °μ´¥
Éμ±μ¢ μ±μ²μ 3 p³±A (´  ¶·¨³¥·¥ ¨μ´μ¢ 48‘ ). ‚ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì ¨´É¥´-
¸¨¢´μ¸É¥° ´¥μ¡Ìμ¤¨³Ò ¶ · ³¥É·Ò μ¸É ´μ¢μ±, μÉ²¨Î´Ò¥ μÉ ³¨´ÊÉ´ÒÌ ¶ Ê§
¨ ¸¥±Ê´¤´ÒÌ/¤¥¸ÖÉ¨¸¥±Ê´¤´ÒÌ ±μ··¥²ÖÍ¨μ´´ÒÌ ¢·¥³¥´. �²ÓÉ¥·´ É¨¢μ° Ö¢²Ö-
¥É¸Ö £²Ê¡μ± Ö ³μ¤¥·´¨§ Í¨Ö ± ± ¸¨¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨Ö, É ± ¨ ¸μ¡¸É¢¥´´μ
¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨, ·¥§Ê²ÓÉ Éμ³ ±μÉμ·μ° ¸É ²  ¡Ò ³¨´¨³¨§ Í¨Ö § £·Ê§μ±
´  §´ Î¨³Ò° Ô²¥³¥´É ¤¥É¥±Éμ· .

�É¤¥²Ó´μ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ ÉμÉ ´¥μ¸¶μ·¨³Ò° Ë ±É, ÎÉμ ¶·¨³¥´¥´¨¥  ±-
É¨¢´ÒÌ ¸¨¸É¥³ ´ ¡μ·  ¤ ´´ÒÌ ´  μ¸´μ¢¥  ²£μ·¨É³μ¢ ·¥ ²Ó´μ£μ ¢·¥³¥´¨ (¤ ´-
´μ£μ ¨²¨ ¥Ð¥ ± ±μ£μ-²¨¡μ) ¶· ±É¨Î¥¸±¨ ·¥§±μ ³¨´¨³¨§¨·Ê¥É É ± ´ §Ò¢ ¥³Ò¥
®Î¥²μ¢¥Î¥¸±¨¥ μÏ¨¡±¨¯ (¸³., ´ ¶·¨³¥·, [6]).
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