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� ¸¸³μÉ·¥´Ò ¶μ¤Ìμ¤Ò ± ·¥Ï¥´¨Õ § ¤ Î  ¢Éμ³ É¨§ Í¨¨ μ¸´μ¢´ÒÌ ¶·μÍ¥¸¸μ¢ ¶·¨
¶·μ¢¥¤¥´¨¨ ¤μ²£μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨μ´μ¢ Ê¸É ´μ¢±¨ ¤Ê¡-
´¥´¸±¨° £ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ· Ö¤¥· μÉ¤ Î¨ (ƒ�‘, DGFRS). �¶¨¸Ò¢ ÕÉ¸Ö ¶μ¤-
Ìμ¤Ò ± ± ¢ μ¡² ¸É¨ ¸¶¥±É·μ³¥É·¨¨ ·¥¤±¨Ì α-· ¸¶ ¤μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥·, É ± ¨ ±
¸μ§¤ ´¨Õ ¸¨¸É¥³ ±μ´É·μ²Ö, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ¡¥§ ¢ ·¨°´μ¥ ¶·μ¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´Éμ¢
¸ ¸¨²Ó´μ · ¤¨μ ±É¨¢´Ò³¨ ³¨Ï¥´Ö³¨ ¨ ¶·μÉμ±μ²¨·μ¢ ´¨¥ μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ Ô±¸-
¶¥·¨³¥´É . � ¸¸³ É·¨¢ ¥É¸Ö ¸¶¥Í¨Ë¨±  ¤¥É¥±Éμ·μ¢ DSSSD (Double Side Silicon Strip
Detector), μ¸μ¡¥´´μ ·μ²Ó ±· ¥¢ÒÌ ÔËË¥±Éμ¢ ¸μ¸¥¤´¨Ì pÄn-¶¥·¥Ìμ¤μ¢ ¶·¨ ¶·¨³¥´¥-
´¨¨ ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯. Š· É±μ · ¸¸³μÉ·¥´ ¶·¨³¥· ¡¥c¶ÊÎ±μ¢μ£μ Ô±¸-
¶¥·¨³¥´É  Å ¶μ¶ÒÉ±¨ ´ ¡²Õ¤¥´¨Ö ÔËË¥±É  ‡¥´μ´ . �¸´μ¢´Ò¥ ¶·¨³¥·Ò ¶·¨¢¥¤¥´Ò
¤²Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö ´  ¶ÊÎ± Ì ¨μ´μ¢ 48Ca Í¨±²μÉ·μ´  “-400 ‹Ÿ�
�ˆŸˆ. �·¥¤¸É ¢²¥´ ¸Í¥´ ·¨° · §¢¨É¨Ö ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯ ¤²Ö ¸²ÊÎ Ö
μÎ¥´Ó ¢Ò¸μ±¨Ì ¨´É¥´¸¨¢´μ¸É¥° ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ´  ¶¥·¸¶¥±É¨¢´ÒÌ Ê¸±μ·¨É¥²ÖÌ
‹Ÿ� �ˆŸˆ.

Different approaches to solving tasks related to the automation of main processes
in long-term experiments with heavy-ion beams at the Dubna gas-ˇlled recoil separator
(DGFRS) are examined. Techniques in the ˇeld of spectroscopy of rare α-decays of
superheavy nuclei and approaches to the development of control systems which ensure
fail-safety when conducting experiments with extremely radioactive targets and registra-
tion of the main parameters of experiments are described. The speciˇcity of DSSSD
(Double Side Silicon Strip Detector) detectors is examined. A special emphasis is placed
on the role of edge phenomena of neighboring pÄn junctions when the method for ©ac-
tive correlationsª is applied. An example of a beam-free experiment is brie	y examined
in an attempt to observe the Zeno effect. The main examples are speciˇed for nu-
clear complete fusion reactions with beams of 48Ca accelerated by the U-400 cyclotron
at FLNR, JINR.

PACS: 07.05.-t; 07.05.Dz

∗E-mail: tyra@jinr.ru



�‚’�Œ�’ˆ‡�–ˆŸ �Š‘�…�ˆŒ…�’�‚ �� ƒA‡�����‹�…���Œ ‘…����’��… 139

‚‚…„…�ˆ…

“¸É ´μ¢±  ¤Ê¡´¥´¸±¨° £ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ· Ö¤¥· μÉ¤ Î¨ [1], ¢¢¥-
¤¥´´ Ö ¢ ·¥ ²Ó´ÊÕ Ô±¸¶²Ê É Í¨Õ ¢ ¸¥·¥¤¨´¥ 1990-Ì ££., Å ¶·¨³¥· ´ ¨¡μ²¥¥
Ê¸¶¥Ï´μ£μ ¶·μ¥±É  ¢ μ¡² ¸É¨ ¸¨´É¥§  ¨ ¨§ÊÎ¥´¨Ö ¸¢μ°¸É¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥·.
ˆ³¥´´μ ´  ÔÉμ° Ë¨§¨Î¥¸±μ° Ê¸É ´μ¢±¥ ¡Ò²¨ ¸¨´É¥§¨·μ¢ ´Ò 50 ´μ¢ÒÌ ¨§μÉμ-
¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥·. “¸¶¥Ì Ô±¸¶¥·¨³¥´Éμ¢, ¶·¥¤¶μ² £ ÕÐ¨Ì ¨¸¶μ²Ó§μ¢ -
´¨¥ ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢, ¡Ò² ¡Ò ¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦¥´ ¡¥§
¶·¨³¥´¥´¨Ö ¸¶¥Í¨ ²Ó´ÒÌ ³¥Éμ¤μ¢  ¢Éμ³ É¨§ Í¨¨ Ô±¸¶¥·¨³¥´Éμ¢, μ¸μ¡¥´´μ ¸
ÊÎ¥Éμ³ ¨Ì ¸²μ¦´μ¸É¨ ¨ ¶·μ¤μ²¦¨É¥²Ó´μ¸É¨,   É ±¦¥ Éμ£μ, ÎÉμ Ô±¸¶¥·¨³¥´É -
Éμ·μ¢ ¨´É¥·¥¸μ¢ ²¨ μÎ¥´Ó ·¥¤±¨¥ ¸μ¡ÒÉ¨Ö · ¸¶ ¤  ´Ê±²¨¤μ¢, ±μÉμ·Ò¥ ´¥μ¡Ìμ-
¤¨³μ ¡Ò²μ ´ ¤¥¦´μ ¢Ò¤¥²¨ÉÓ ¨§ Ëμ´μ¢ÒÌ ¸¨£´ ²μ¢, É ± ¨²¨ ¨´ Î¥ ¸¢Ö§ ´´ÒÌ
¸ · ¡μÉμ° Ê¸±μ·¨É¥²Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢. ˆ³¥´´μ  ²£μ·¨É³Ò ·¥ ²Ó´μ£μ ¢·¥³¥´¨
¸Ò£· ²¨ §¤¥¸Ó ·¥Ï ÕÐÊÕ ·μ²Ó [2Ä4].

�É³¥É¨³, ÎÉμ ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ¤μ¡´μ£μ ·μ¤ , ¢ Éμ³ Î¨¸²¥ ¨ ¢ É¥Ì,
±μÉμ·Ò¥ ¶·μ¢μ¤ÖÉ¸Ö ¢ ¢¥¤ÊÐ¨Ì ³¨·μ¢ÒÌ ´ ÊÎ´ÒÌ Í¥´É· Ì ¸ ¶·¨³¥´¥´¨¥³
Ô²¥±É·μ³ £´¨É´ÒÌ ¸¥¶ · Éμ·μ¢ Ö¤¥· μÉ¤ Î¨ · §²¨Î´μ£μ É¨¶ , · ¢´μ ± ± ¨ ¢
Ô±¸¶¥·¨³¥´É Ì ¶μ ¨§ÊÎ¥´¨Õ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥·, ·μ²Ó
¶·¨³¥´¥´¨Ö ¢Ò¸μ±μÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸¨¸É¥³, ¸¨¸É¥³ ±μ´É·μ²Ö
¨ § Ð¨ÉÒ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¶·μÍ¥¸¸μ¢  ¢Éμ³ É¨§ Í¨¨ Ô±¸¶¥·¨³¥´É  ¶¥·¥-
μÍ¥´¨ÉÓ ¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦´μ. 
μ²¥¥ Éμ£μ, ¸ μÎ¥¢¨¤´μ¸ÉÓÕ ¸ÊÐ¥¸É¢Ê¥É
É¥´¤¥´Í¨Ö ¶μ ´ · ¸É ´¨Õ ¨³¥´´μ ÔÉμ° ·μ²¨ ¶μ μÉ´μÏ¥´¨Õ ± ¤·Ê£¨³ ±μ³¶μ-
´¥´É ³, μ¶·¥¤¥²ÖÕÐ¨³ Ê¸¶¥Ì Ô±¸¶¥·¨³¥´É .

—Éμ ¦¥ ± ¸ ¥É¸Ö Éμ£μ, ÎÉμ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö μ¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ μ¡² -
¸É¨ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ¶μ²ÊÎ ÕÉ¸Ö ¨³¥´´μ ´  £ §μ´ ¶μ²´¥´´ÒÌ ¸¥¶ · Éμ· Ì
Ö¤¥· μÉ¤ Î¨, Éμ, ¶μ-¢¨¤¨³μ³Ê, ÔÉμ ¸¢Ö§ ´μ ¸ μ¸´μ¢´Ò³ ¶·¨´Í¨¶μ³ ¨Ì · -
¡μÉÒ Å ³¨´¨³¨§ Í¨¥° ¤¨¸¶¥·¸¨¨ · ¢´μ¢¥¸´μ£μ § ·Ö¤μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö
¶·¨ ¤¢¨¦¥´¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¨ Ö¤¥· μÉ¤ Î¨ ¢ £ §¥ ´¨§±μ£μ ¤ ¢²¥´¨Ö (¢μ¤μ-
·μ¤, £¥²¨°). Š ± ¸²¥¤¸É¢¨¥ ÔÉμ£μ ¶·¨´Í¨¶ , ¶μ¤μ¡´Ò¥ ¸¥¶ · Éμ·Ò μ¡² ¤ ÕÉ
μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ É· ´¸¶μ·É  Ö¤¥· μÉ¤ Î¨ ¢ Ëμ± ²Ó´ÊÕ
¶²μ¸±μ¸ÉÓ Ê¸É ´μ¢±¨ ¨ ¢Ò¸μ±¨³ (¶μ·Ö¤±  1 ³±¸) ¡Ò¸É·μ¤¥°¸É¢¨¥³.

‘�…–ˆ”ˆŠ� „�‹ƒ�‚�…Œ…��›• �Š‘�…�ˆŒ…�’�‚ �� ƒ�‘

”μ·³ ²Ó´μ¥ ¶μ´ÖÉ¨¥ ® ¢Éμ³ É¨§ Í¨Ö Ö¤¥·´μ-Ë¨§¨Î¥¸±μ£μ Ô±¸¶¥·¨³¥´É ¯
¨ μ¶¨¸ ´¨¥ ¶·μÍ¥¸¸μ¢  ¢Éμ³ É¨§ Í¨¨ ¢ ¸²ÊÎ ¥ ¤μ²£μ¢·¥³¥´´ÒÌ ¨ ¢Ò¸μ±μÎÊ¢-
¸É¢¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ´  Ê¸É ´μ¢±¥ ƒ�‘ ‹Ÿ� ¨³. ƒ. �.”²¥·μ¢ , £¤¥ ¶·¨-
³¥´ÖÕÉ¸Ö ± ± ¢Ò¸μ±μ¨´É¥´¸¨¢´Ò¥ ¶ÊÎ±¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢, ¢ Î ¸É´μ¸É¨ 48Ca,
É ± ¨ ¢Ò¸μ±μ ±É¨¢´Ò¥  ±É¨´¨¤´Ò¥ ³¨Ï¥´¨ (U, Pu, Am, Cm, Bk, Cf, Ra, Np),
É·¥¡Ê¥É¸Ö · §¤¥²¨ÉÓ ´  ´¥¸±μ²Ó±μ Î ¸É¥°, a ¨³¥´´μ:

Å  ¢Éμ³ É¨§ Í¨Ö ¶·μÍ¥¸¸μ¢ ´ ² ¤±¨ ¨ É¥¸É¨·μ¢ ´¨Ö ¸¶¥±É·μ³¥É·¨Î¥¸±μ°
 ¶¶ · ÉÊ·Ò (´¨§Ï Ö ¸ÉÊ¶¥´Ó);
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Å · §· ¡μÉ± , É¥¸É¨·μ¢ ´¨¥ ¨ Ô±¸¶²Ê É Í¨Ö ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò
(¸¨¸É¥³  ´ ¡μ·  ¤ ´´ÒÌ);

Å · §· ¡μÉ± , Ô±¸¶²Ê É Í¨Ö ¸¨¸É¥³Ò ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¨ § Ð¨ÉÒ μÉ
 ¢ ·¨°´ÒÌ ¸¨ÉÊ Í¨°;

Å ¸μ§¤ ´¨¥ ³¥Éμ¤μ¢,  ²£μ·¨É³μ¢, ¶·μ£· ³³, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ¢Ò¸ÏÊÕ
Ëμ·³Ê  ¢Éμ³ É¨§ Í¨¨ Ë¨§¨Î¥¸±μ£μ Ô±¸¶¥·¨³¥´É ,   ¨³¥´´μ  ¢Éμ³ É¨§ Í¨Õ ¶μ
®±μ´¥Î´μ³Ê ·¥§Ê²ÓÉ ÉÊ¯ (¢ ¸²ÊÎ ¥ Ô±¸¶¥·¨³¥´Éμ¢ ´  ƒ�‘ ÔÉμ ¶μ¨¸± Ê± § É¥²Ö
´  ¶μÉ¥´Í¨ ²Ó´μ¥ ³´μ£μ§¢¥´´μ¥ ±μ··¥²¨·μ¢ ´´μ¥ ¸μ¡ÒÉ¨¥ Ô´¥·£¨ÖÄ¢·¥³ÖÄ
±μμ·¤¨´ É  (Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ X , Y ¸ ¶·¨³¥´¥´¨¥³ ·¥§¨¸É¨¢´ÒÌ PIPS
¨²¨ DSSSD ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í) ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥
¢·¥³¥´¨); · ¤¨± ²Ó´μ¥ ¶μ¤ ¢²¥´¨¥ Ëμ´μ¢ÒÌ ¶·μ¤Ê±Éμ¢;

Å  ¢Éμ³ É¨§ Í¨Ö ¶·μÍ¥¸¸μ¢ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ, ¢ Î ¸É´μ¸É¨ ¶·μÍ¥¸¸ 
± ²¨¡·μ¢±¨ ³´μ£μ¸É·¨¶μ¢ÒÌ ¤¥É¥±Éμ·μ¢ (PIPS, DSSSD);

Å ³μ¤¥²¨·μ¢ ´¨¥ Ë¨§¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¤¥É¥±Éμ·μ¢
± ± μ¸´μ¢Ò ¤²Ö ·¥£¨¸É· Í¨¨ ÉÖ¦¥²ÒÌ Ö¤¥· ¨ ¶·μ¤Ê±Éμ¢ ¨Ì · ¸¶ ¤ ; ¶·μ¢¥-
¤¥´¨¥ ´¥μ¡Ìμ¤¨³ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¤²Ö ¨§¢²¥Î¥´¨Ö
Ì · ±É¥·´ÒÌ ¶ · ³¥É·μ¢, ¢ Éμ³ Î¨¸²¥ ¨ É¥Ì, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¶·¨³¥´¥´Ò
¶·¨ Î¨¸²¥´´μ³ ³μ¤¥²¨·μ¢ ´¨¨ · ¡μÉÒ ¤¥É¥±Éμ·μ¢;

Å μ¶ÒÉÒ, ´¥ ¸¢Ö§ ´´Ò¥ ¸ ¶ÊÎ± ³¨ Ê¸±μ·¨É¥²Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ “-400
(´  ¶·¨³¥·¥ ¶μ¶ÒÉ±¨ ´ ¡²Õ¤¥´¨Ö ®ÔËË¥±É  ‡¥´μ´ ¯).

�¶¨¸ ´¨¥ ¸¨¸É¥³, ¶·μÍ¥¸¸μ¢,  ²£μ·¨É³μ¢, ³¥Éμ¤¨± ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶·¨-
¢¥¤¥´´μ° ¤¥É ²¨§ Í¨¥°,   É ±¦¥ μÍ¥´±  ¶¥·¸¶¥±É¨¢ ´  ¡²¨¦ °Ï¥¥ ¡Ê¤ÊÐ¥¥
(¨³¥¥É¸Ö ¢ ¢¨¤Ê ¸±μ·μ¥ ¶μÖ¢²¥´¨¥ ¢Ò¸μ±μ¨´É¥´¸¨¢´ÒÌ Ê¸±μ·¨É¥²¥° ÉÖ¦¥²ÒÌ
¨μ´μ¢ ‹Ÿ� �ˆŸˆ ∼ 5−10 p³±�) ¢ Î ¸É¨, ± ¸ ÕÐ¥°¸Ö · §¢¨É¨Ö ¸¥¶ · Éμ· 
ƒ�‘, ¨ Ö¢²Ö¥É¸Ö ¢ Ê§±μ³ ¸³Ò¸²¥ Í¥²ÓÕ ¤ ´´μ° · ¡μÉÒ. ‚ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ
±· É±μ μ¶¨¸Ò¢ ÕÉ¸Ö  ´ ²μ£¨Î´Ò¥ ¸¨¸É¥³Ò-®¶·¥¤Ï¥¸É¢¥´´¨±¨¯. Šμ´¥Î´μ ¦¥,
´¥±μÉμ·Ò¥ ¡μ²¥¥ ³¥²±¨¥ (²μ± ²Ó´Ò¥) ¸μ¸É ¢²ÖÕÐ¨¥ μ¡Ð¥£μ ¶·μÍ¥¸¸   ¢Éμ³ -
É¨§ Í¨¨ É ±¦¥ μ¶¨¸Ò¢ ÕÉ¸Ö Ë· £³¥´É ·´μ, a ¡μ²¥¥ ¶μ²´μ¥ μ¶¨¸ ´¨¥ Î¨É É¥²Ó
³μ¦¥É ´ °É¨ ¢ · ¡μÉ Ì [5Ä26].

Œ¥Éμ¤Ò É¥¸É¨·μ¢ ´¨Ö  ¶¶ · ÉÊ·Ò. ‚ ¤ ´´μ³ ¶Ê´±É¥ ·¥ÎÓ ´¨ ¢ ±μ¥³ ¸²Ê-
Î ¥ ´¥ ¨¤¥É μ ¸¨¸É¥³¥ ´ ¸É·μ°±¨ ¨ ¶·μ¢¥·μ±, ±μÉμ·ÊÕ ¨¸¶μ²Ó§ÊÕÉ ¨´¦¥´¥·Ò-
Ô²¥±É·μ´¨±¨, · §· ¡μÉÎ¨±¨ Éμ£μ ¨²¨ ¨´μ£μ ³μ¤Ê²Ö. �¤´ ±μ ÉμÉ Ë ±É, ÎÉμ
¶·μ¢¥¤¥´¨¥ ¤μ²£μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¶μ¨¸±Ê Ê²ÓÉ· ·¥¤±¨Ì ¸μ¡Ò-
É¨° α-· ¸¶ ¤  ÉÖ¦¥²ÒÌ Ö¤¥· É·¥¡Ê¥É ¶μ¢ÒÏ¥´´μ° ´ ¤¥¦´μ¸É¨ ¶·¨³¥´Ö¥³μ°
 ¶¶ · ÉÊ·Ò, ¶·¥¤¶μ² £ ¥É, ÎÉμ Ë¨§¨±¨-Ô±¸¶¥·¨³¥´É Éμ·Ò, ¶μ²Ó§μ¢ É¥²¨ ¤ ´-
´μ°  ¶¶ · ÉÊ·Ò, · §· ¡ ÉÒ¢ ÕÉ É¥¸Éμ¢Ò¥ ¶·μ£· ³³Ò, ¶μ¤É¢¥·¦¤ ÕÐ¨¥ É¥ ¨²¨
¨´Ò¥ ¸¨²Ó´Ò¥ ¸Éμ·μ´Ò ¨ ¢ÒÖ¢²ÖÕÐ¨¥ ÌμÉÖ ¡Ò ¨ ³ ²Ò¥ μÉ±²μ´¥´¨Ö μÉ ¦¥² ¥-
³ÒÌ Ì · ±É¥·¨¸É¨±. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢μ¤¨É¸Ö É¥¸É ´  ¸É ¡¨²Ó´μ¸ÉÓ ¤²Ö
¡²μ±  12-· §·Ö¤´μ£μ �–� ��-25 [27], ±μÉμ·Ò° ¶·¨³¥´Ö²¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì
ƒ�‘ (·¨¸. 1). �É³¥É¨³, ÎÉμ ¶·¨¢¥¤¥´´Ò° ´  £· Ë¨±¥ ¶ · ³¥É· ´ ±²μ´  ¤ ¥É
´¥ ¡μ²¥¥ Î¥³ ¢¥·Ì´ÕÕ £· ´Ó ¶ · ³¥É·  b ≈ 2 · 10−4.
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�¨¸. 1. ’¥¸É ´  ¸É ¡¨²Ó´μ¸ÉÓ �–� ��-25 ®’¥Ì¨´¢¥¸É¯

�·¨³¥·´μ É ± ¦¥ ¶·μ¢μ¤ÖÉ¸Ö É¥¸ÉÒ ´  É¥·³μ¸É ¡¨²Ó´μ¸ÉÓ ¸¶¥±É·μ³¥É·¨-
Î¥¸±μ£μ É· ±É . �¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ ¸É ´¤ ·É´Ò° ¨¸ÉμÎ´¨± α-Î ¸É¨Í ¸ Ô´¥·-
£¨¥° 5,5 ŒÔ‚. �μ¨¸± Í¥´É·μ¨¤Ò ¶¨±  ¶·μ¨¸Ìμ¤¨É ¶μ É °³¥·Ê ¶·¨²μ¦¥´¨Ö
(μ¡ÒÎ´μ 5 ³¨´). �·μ£· ³³  ¶μ´¨³ ¥É ¤¥Ë¨´¨Í¨Õ ®¶¨±¯ ¡Ê±¢ ²Ó´μ,   ¨³¥´´μ:
intj=0; intS= PEAK MIN; for (j=N min; j<N max; j++) if (sp alpha[j] >S)
{ channel=j; S=sp alpha[j];} elsechannel = channel min;
¨ ¶μ¸²¥ ÔÉμ£μ ´ Ìμ¤¨É¸Ö ¶μ²μ¦¥´¨¥ Í¥´É·μ¨¤Ò · ¸¶·¥¤¥²¥´¨Ö ¸ ÊÎ¥Éμ³
¶ · ³¥É·  �˜�‚ (¶μ²´ Ö Ï¨·¨´  ´  ¶μ²μ¢¨´¥ ¢Ò¸μÉÒ). ‡´ Î¥´¨Ö ¶ · -
³¥É·μ¢ PEAK MIN, N min,max, channel min § ¤ ÕÉ¸Ö ¶·¥¤¢ ·¨É¥²Ó´μ,  
sp alpha [8192] Å  ±ÉÊ ²Ó´Ò° ³ ¸¸¨¢ ¸¶¥±É· .

‘μμÉ¢¥É¸É¢¥´´μ, ¶μ²μ¦¥´¨¥ Í¥´É·μ¨¤Ò ¨Ð¥É¸Ö ¸μ£² ¸´μ ´¨¦¥¶·¨¢μ¤¨-
³μ° ¶·μÍ¥¤Ê·¥.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶μ²μ¦¥´¨¥ ¶¨±  5,5 ŒÔ‚ ¶·¨ É¨¶¨Î´ÒÌ ´ ¸É·μ°-
± Ì £ · ´É¨·μ¢ ´´μ ´ Ìμ¤¨É¸Ö ¢ ¶¥·¢μ° ¶μ²μ¢¨´¥ ¸¶¥±É·  (< 4096):
if (chjj > MCHAN && MM >11)
{
S=0; SS=0; SQ2=0; SSS=0;
for (j=0; j < 4096; j++) SSS+=	oat(sp act[j]);
for (j=chjj -dw; j < chjj+dw; j++)
{
S+=	oat(sp act[j]); SS+=	oat(j)*	oat(sp act[j]);SQ2+=	oat(j*j)*	oat(sp act[j]);
}
DS=SSS-SSS MEMO; SSS MEMO=SSS;
if (S>2) mean n=SS/S; if (S>2) mean n2=SQ2/S;
sigma=0;sigma=double(mean n2) -pow(mean n,2);
if (sigma >0.3) sigma=sqrt(double(sigma)); else sigma=0;
FWHM=2.35*sigma;
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�¨¸. 2. �μ§¨Í¨μ´´Ò° ±μ¤ ·¥£¨¸É·  ¸μ¸ÉμÖ´¨Ö. „¥³μ´¸É· Í¨Ö ´ ²¨Î¨Ö ±· ¥¢ÒÌ ÔËË¥±-
Éμ¢ ¤²Ö § ¤´¨Ì ¸É·¨¶μ¢ ¤¥É¥±Éμ·  DSSSD (¶Ê´±É¨·´Ò¥ ²¨´¨¨, μÉ²¨Î´Ò¥ μÉ ®Î¨¸ÉÒÌ¯
±μ¤μ¢ ¸É¥¶¥´¥° Î¨¸²  2). Šμ¤ 2n (n = 0−7) ¸μμÉ¢¥É¸É¢Ê¥É 16 μ¤¨´μÎ´Ò³ ¸¨£´ ² ³.
‚¸¥£μ 128 ¸É·¨¶μ¢. ‘· ¡ ÉÒ¢ ´¨¥ ¸μ¸¥¤´¥£μ ¸É·¨¶  Å ±μ¤ 2n + 2n+1

„·Ê£μ° ¶·¨³¥· É¥¸É  ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ·μ²¨ ±· ¥¢ÒÌ ÔËË¥±Éμ¢ ¤²Ö ¸²ÊÎ Ö
¶·¨³¥´¥´¨Ö ¤¥É¥±Éμ·  DSSSD (§ ¤´¨¥ 128 ¸É·¨¶μ¢) ¶μ± § ´ ´  ·¨¸. 2. �É³¥-
É¨³, ÎÉμ ®Î¨¸ÉÒ¥¯ ¸É¥¶¥´¨ Î¨¸²  2 ¶μ± §Ò¢ ÕÉ [9] ¸¨ÉÊ Í¨Õ, ±μ£¤  ¸¨£´ ² ´¥
¤¥²¨É¸Ö ³¥¦¤Ê ¸É·¨¶ ³¨, ¢ Éμ ¢·¥³Ö ± ± ±μ³¡¨´ Í¨Ö 2n +2n+1 ¸μμÉ¢¥É¸É¢Ê¥É
¤¥²¥´¨Õ § ·Ö¤  ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ¸É·¨¶ ³¨. 
Ò²μ ¶μ± § ´μ, ÎÉμ ¤²Ö ¨¸ÉμÎ-
´¨±  α-· ¸¶ ¤  ≈ 5,5 ŒÔ‚ ¨´É¥·¥¸ÊÕÐ¨° ¶ · ³¥É· ±μ²¨Î¥¸É¢  ®¤¢μ°´ÒÌ¯
¸¨£´ ²μ¢ ¶·¨³¥·´μ · ¢¥´ 17 %.

�  ·¨¸. 3 ¶μ± § ´ ·¥§Ê²ÓÉ É ¶·μ£· ³³Ò É¥¸É -´ ¸É·μ°±¨ £¥´¥· Éμ·  ÉμÎ-
´μ°  ³¶²¨ÉÊ¤Ò (· §· ¡μÉ±  ‹Ÿ� �ˆŸˆ [28]).

� §Ê³¥¥É¸Ö, ¶μ¸±μ²Ó±Ê ¶·¨³¥´¥´¨¥ ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯ Ö¢²Ö-
¥É¸Ö μ¤´¨³ ¨§ ±· ¥Ê£μ²Ó´ÒÌ ³μ³¥´Éμ¢ ¸ ÉμÎ±¨ §·¥´¨Ö ± ± · ¤¨± ²Ó´μ£μ ¶μ¤ -
¢²¥´¨Ö Ëμ´ , É ± ¨ ´ ¤¥¦´μ¸É¨ ¢Ò¤¥²¥´¨Ö ³´μ£μ§¢¥´´μ£μ ¸μ¡ÒÉ¨Ö ¨§ μ¡Ð¥£μ
³ ¸¸¨¢  ¤ ´´ÒÌ ¡¥§ ÊÌÊ¤Ï¥´¨Ö É ±μ£μ ¸¢μ°¸É¢  ¸¥¶ · Éμ· , ± ± ÔËË¥±É¨¢-
´μ¸ÉÓ ¸μ¡¨· ´¨Ö ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥· ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨, É¥¸ÉÒ ³¥Éμ¤  ¤μ
¶·¨³¥´¥´¨Ö ´  ¶ÊÎ±¥ ÉÖ¦¥²ÒÌ ¨μ´μ¢ Ö¢²ÖÕÉ¸Ö μ¡Ö§ É¥²Ó´Ò³¨. �¤¨´ ¨§ ´¨Ì
μ¸´μ¢ ´ ´  É·¨¢¨ ²Ó´μ³ ´ ¡μ·¥ event-by-event ¸μ¡ÒÉ¨° μÉ μ¡ÒÎ´μ£μ ¨¸ÉμÎ-
´¨±  α-Î ¸É¨Í 239Pu. ‘³Ò¸² É¥¸É  [7, 9] § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¶·¨ μ¶·¥-
¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ ¸μ¡ÒÉ¨Õ, ¸μμÉ¢¥É¸É¢ÊÕÐ¥³Ê ·¥£¨¸É· Í¨¨ α-Î ¸É¨ÍÒ, ¶·¨
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�¨¸. 3. �±´μ ¶·μ£· ³³Ò Å É¥¸É  ¢·¥³¥´´�ÒÌ ¨§³¥·¥´¨°. ˆ¸ÉμÎ´¨± Å £¥´¥· Éμ· ÉμÎ-
´μ°  ³¶²¨ÉÊ¤Ò

¶μ³μÐ¨ £¥´¥· Éμ·  ¸²ÊÎ °´ÒÌ Î¨¸¥² ¶·¨¸¢ ¨¢ ¥É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ®Ö¤·Ê
μÉ¤ Î¨¯  ³¶²¨ÉÊ¤  ¢·¥³¥´¨ ¶·μ²¥É . �  ·¨¸. 4 ¶·¨¢¥¤¥´ Ë· £³¥´É ±μ¤  ¨ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨° ¸¶¥±É· ®¢·¥³¥´¨ ¶·μ²¥É ¯:
: intntt=0; ntt = random (100);
if (ntt>30) tof =(TOF MIN+TOF MAX)/2-random(600)+random(550); elsetof=0;
if (ER==true)
‡ ¶¨¸Ó ¢ ³ É·¨ÍÊ Ö¤¥· μÉ¤ Î¨ ();
if (ALFA==true)
�μ¨¸± ±μ··¥²ÖÍ¨¨ ();

�¨¸. 4. ‘¶¥±É· ®¢·¥³¥´¨ ¶·μ²¥É ¯, c£¥´¥·¨·μ¢ ´´Ò° É¥¸Éμ¢μ° ¶·μ£· ³³μ° ´ ¡μ· 
¤ ´´ÒÌ
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Šμ··¥²ÖÍ¨μ´´Ò° ¨´É¥·¢ ² ¢·¥³¥´¨ ¨ ¢·¥³Ö ¶ Ê§Ò ®¢´¥ ¶ÊÎ± ¯ § ¤ ÕÉ¸Ö
¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ § £·Ê§± ³¨ ¤¥É¥±Éμ·  Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ƒ�‘. �·¨ ÔÉμ³
μ¡· §ÊÕÐ¨¥¸Ö ¶ Ê§Ò (¨Ì ¢·¥³Ö ¨ ¤·Ê£¨¥ ¶ · ³¥É·Ò) § ¶¨¸Ò¢ ÕÉ¸Ö ¢ ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨° É¥±¸Éμ¢Ò° Ë °². “¸¶¥Ì É¥¸É  ¸μμÉ¢¥É¸É¢Ê¥É Éμ³Ê ¸²ÊÎ Õ, ±μ£¤ 
¶ · ³¥É·Ò μ¸É ´μ¢μ¢ ¤ ´´μ£μ Ë °²  ¨ É ±μ¢Ò¥ ¶μ¸²¥ ÉÐ É¥²Ó´μ£μ  ´ ²¨§ 
off-line ¸μ¢¶ ¤ ÕÉ.

‘¨¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨ÖÄ´ ¡μ·  ¤ ´´ÒÌ. �¥·¢¨Î´Ò¥ ¸¨¸É¥³Ò, É¥¸ÉÒ,
¶·¨´Í¨¶Ò. �·¨ · ¸¸³μÉ·¥´¨¨ ¤ ´´μ° É¥³Ò, ¶μ ³´¥´¨Õ  ¢Éμ· , ´ ·Ö¤Ê ¸  ±-
ÉÊ ²Ó´Ò³¨ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤¥É¥±É¨·ÊÕÐ¨³¨ ¸¨¸É¥³ ³¨ ´¥μ¡Ìμ¤¨³μ · ¸-
¸³μÉ·¥ÉÓ ¸¶¥±É·μ³¥É·¨Î¥¸±¨¥ ¶·μ£· ³³Ò, ¶·¥¤Ï¥¸É¢ÊÕÐ¨¥ Éμ³Ê μ¡Ð¥³Ê ¤¨-
§ °´Ê, ±μÉμ·Ò° ¶·¨³¥´¥´ ¢  ±ÉÊ ²Ó´ÒÌ ¸¨¸É¥³ Ì ¤¥É¥±É¨·μ¢ ´¨ÖÄ´ ¡μ·  ¤ ´-
´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ´  ƒ�‘. �·¥¦¤¥ ¢¸¥£μ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ ¤¢ÊÌ ¶·¥¤Ï¥-
¸É¢¥´´¨±μ¢,   ¨³¥´´μ: ¶·μ£· ³³Ê Pluton [29] ¨ Helios-94 Å ¶·μ£· ³³Ê ¤²Ö · -
¡μÉÒ ¸μ¡¸É¢¥´´μ ¸ ¶¥·¢μ° ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³μ° ƒ�‘ [26] ´ Î ² 
1990-Ì ££. ‚ ´¥±μÉμ·μ³ ¸³Ò¸²¥ ¶μ¸²¥¤ÊÕÐ¨¥ ¶·μ£· ³³´Ò¥ ¶·μ¤Ê±ÉÒ ¤¥É¥±-
É¨·ÊÕÐ¨Ì ¸¨¸É¥³ ƒ�‘ ³μ¦´μ ¸Î¨É ÉÓ ´ ¸²¥¤´¨± ³¨ ¨³¥´´μ ÔÉ¨Ì ¤¢ÊÌ ¶·μ-
£· ³³. „ ´´Ò¥ ¶·μ£· ³³´Ò¥ ¶·μ¤Ê±ÉÒ μ¡Ñ¥¤¨´ÖÕÉ ¤¢  μ¡Ð¨Ì ³μ³¥´É : ¨¸-
¶μ²Ó§μ¢ ´¨¥ ¶μ¢¥·Ì´μ¸É´μ-¡ ·Ó¥·´ÒÌ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ ± ± μ¸´μ¢Ò ¸¨-
¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨Ö ¨ ¶·¨³¥´¥´¨¥  ´ ²μ£μ¢ÒÌ ³Ê²ÓÉ¨¶²¥±¸μ·μ¢ ¤²Ö μ¶É¨-
³¨§ Í¨¨ ±μ´Ë¨£Ê· Í¨¨ ¸¶¥±É·μ³¥É·  ¸ ÉμÎ±¨ §·¥´¨Ö ¶·¨¥³  ¸¨£´ ²μ¢ ¸ ´¥-
¸±μ²Ó±¨Ì ¤¥É¥±Éμ·μ¢. � §Ê³¥¥É¸Ö, ¤²Ö  ´ ²μ£μ¢ÒÌ ¸¨£´ ²μ¢ ¢ ¤¨ ¶ §μ´¥ § -
£·Ê§μ± 100Ä103 ƒÍ ¨³¥´´μ ¤ ´´ Ö ¸Ì¥³  ³Ê²ÓÉ¨¶²¥±¸¨·μ¢ ´¨Ö μ¡¥¸¶¥Î¨¢ ² 
¸ÊÐ¥¸É¢¥´´Ò¥ ¶·¥¨³ÊÐ¥¸É¢ . � ±¥É Pluton (MERA-60/30, RT-11,  ¸¸¥³¡²¥·,
Ëμ·É· ´) ¡Ò² ¶·¨³¥´¥´ ¢ off-line (¶μ¸²¥ Ì¨³¨Î¥¸±μ£μ ¢Ò¤¥²¥´¨Ö ¨´É¥·¥¸ÊÕ-
Ð¨Ì ´Ê±²¨¤μ¢) Ô±¸¶¥·¨³¥´É Ì ´  ´¨§±μËμ´μ¢μ³ α-¸¶¥±É·μ³¥É·¥ ‹Ÿ� �ˆŸˆ.

—Éμ ¦¥ ± ¸ ¥É¸Ö ¶·μ£· ³³Ò/¸¨¸É¥³Ò Helios-94 (®�· ¢¥Í¯, IBM-XT, DOS,
TurboPascal/ ¸¸¥³¡²¥·), Éμ ¶·¨ ¶μ³μÐ¨ ÔÉμ£μ ¶ ±¥É  Ë ±É¨Î¥¸±¨ ¡Ò² ¸μ§¤ ´
¶¥·¢Ò° ¸¶¥±É·μ³¥É· ƒ�‘ ´  μ¸´μ¢¥ ³´μ£μ¤¥É¥±Éμ·´μ° ¸¡μ·±¨.

‘¨¸É¥³  ¶·¨´¨³ ²  ¸¨£´ ²Ò ¸ 6Ä8 ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¨ μ¤-
´μ£μ ¤¥É¥±Éμ·  ¢·¥³¥´¨ ¶·μ²¥É  (TOF) ¨²¨ ΔE (¸¨£´ ², ¶·μ¶μ·Í¨μ´ ²Ó´Ò°
Ê¤¥²Ó´Ò³ ¶μÉ¥·Ö³ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ²¨¡μ ¢ £ §¥, ²¨¡μ ¢ Éμ´±μ³ (≈ 70 ³±³)
±·¥³´¨¥¢μ³ ¤¥É¥±Éμ·¥). �·¨ ÔÉμ³ ¤²Ö ¸¨£´ ²μ¢ ¸ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢
Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ μ¡· §μ¢Ò¢ ²¨¸Ó ¸¶¥±É·Ò ¤¢ÊÌ Ï± ² Å α-· ¸¶ ¤  ¨
¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö (¤μ 250 ŒÔ‚). �É¤¥²Ó´Ò¥ ¶μ¤¶·μ£· ³³Ò ¶ ±¥É  μ¡¥¸-
¶¥Î¨¢ ²¨ ¸¶¥Í¨ ²Ó´Ò° ·¥¦¨³ · ¡μÉÒ ¸¶¥±É·μ³¥É· , ´ ¶·¨³¥·, ·¥¦¨³ ³ -
´¨¶Ê²ÖÍ¨¨ ¶ÊÎ±μ³ Í¨±²μÉ·μ´  ¸ § ¤ ´´Ò³¨ ¢·¥³¥´´Ò³¨ ¨´É¥·¢ ² ³¨ (¶ÊÎμ±
¢±²ÕÎ¥´/¶ÊÎμ± ¢Ò±²ÕÎ¥´) ¸¥±Ê´¤´μ£μ ¤¨ ¶ §μ´ . Š·μ³¥ Éμ£μ, ´¥±μÉμ·Ò¥ ¶μ¤-
¶·μ£· ³³Ò ¶ ±¥É  μ¡¥¸¶¥Î¨¢ ²¨ ³¨´¨³ ²Ó´Ò¥ ¶μÉ·¥¡´μ¸É¨ μ¡· ¡μÉ±¨ ¸¶¥±-
É·μ³¥É·¨Î¥¸±¨Ì ¤ ´´ÒÌ, ´ ¡· ´´ÒÌ ¢ Ëμ·³ É¥ event-by-event, ´ ¶·¨³¥·, ¶·μ-
Í¥¤Ê·  μ¶·¥¤¥²¥´¨Ö ¶¥·¨μ¤μ¢ ¶μ²Ê· ¸¶ ¤  ¤²Ö ¢Ò¡· ´´ÒÌ ²¨´¨°/¨´É¥·¢ ²μ¢,
¸μ·É¨·μ¢±  ¡ÊË¥·  ¶μ ¶·¨§´ ±Ê ¶ÊÎμ±/¢´¥ ¶ÊÎ± , ÎÉ¥´¨¥ ²¨´¨°  ³¶²¨ÉÊ¤´μ£μ
¸¶¥±É·  ¤²Ö ¢Ò¡· ´´μ£μ ´μ³¥·  ¤¥É¥±Éμ· , ÎÉ¥´¨¥ ¨ ¢Ò¡μ·±  ¢·¥³¥´´ÒÌ ±μ·-
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E1

E2

6,82 МэВ

6,56 МэВ

�¨¸. 6. αÄα-±μ··¥²ÖÍ¨¨ (É¥¸É) ¤²Ö Í¥¶μÎ±¨
223Ra→ 219Rn→ 215Po

·¥²ÖÍ¨° ¶μ  ¡¸μ²ÕÉ´μ° ¢·¥³¥´´μ°
Ï± ²¥ ¸ ÊÎ¥Éμ³ ´μ³¥·  ¤¥É¥±Éμ·  ¨
·Ö¤ ¤·Ê£¨Ì. “¸²μ¢´ Ö ¡²μ±-¸Ì¥³  ¶ -
±¥É  ¨§μ¡· ¦¥´  ´  ·¨¸. 5 ¸μ¢³¥¸É´μ
¸ ´¥±μÉμ·Ò³¨ ¢·¥³¥´´Ò³¨ ¤¨ £· ³-
³ ³¨ [30].

�¸´μ¢´Ò³¨ Í¥²Ö³¨ ¶·¨³¥´¥´¨Ö
¶ ±¥É  ¡Ò²¨:

Å ¸¶¥±É·μ³¥É·¨Î¥¸±¨¥ É¥¸ÉÒ ¢
·¥ ±Í¨ÖÌ É¨¶  natDy+ 40Ar, natW+
22Ne, 197Au+ 22Ne, 207Pb + 40Ar
¨ ¤·.;

Å ¢´¥¶ÊÎ±μ¢Ò¥ É¥¸ÉÒ (¢´¥Ï´¨°
¨¸ÉμÎ´¨±, ·¨¸. 6) αÄα-±μ··¥²ÖÍ¨°;

Å ¨§ÊÎ¥´¨¥ · ¸¶·¥¤¥²¥´¨° ¶·μ¤Ê±Éμ¢ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¢ Ëμ± ²Ó´μ° ¶²μ¸-
±μ¸É¨ ¸¥¶ · Éμ· ;

Å ¨§³¥·¥´¨¥ · ¢´μ¢¥¸´ÒÌ ¸·¥¤´¨Ì § ·Ö¤μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¨ ¶·μ¤Ê±Éμ¢
Ö¤¥·´ÒÌ ·¥ ±Í¨° [31];

Å μ¶ÒÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ¨§μÉμ¶  Ë¥·³¨Ö;
Å ¶¥·¢Ò¥ μ¶ÒÉÒ ¶μ ¸¨´É¥§Ê Ô²¥³¥´É  Z = 110 ¢ ·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö-

´¨Ö 235U + 40Ar→ 110 + 5n [32].
�·¥¦¤¥ Î¥³ ¶·¨¸ÉÊ¶¨ÉÓ ± μ¶¨¸ ´¨Õ  ±ÉÊ ²Ó´ÒÌ ¸¶¥±É·μ³¥É·μ¢ ƒ�‘, ¸²¥-

¤Ê¥É μ¸μ¡μ μÉ³¥É¨ÉÓ ·μ²Ó ¸É ´¤ ·É  Š�Œ�Š (´¥ ¸ ³μ£μ ¡Ò¸É·μ£μ ¸É ´¤ ·É 
¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö).

‚μ-¶¥·¢ÒÌ, ¨ ÔÉμ £² ¢´μ¥, ¶·¨ § £·Ê§± Ì ¥¤¨´¨ÍÒ-¸μÉ´¨ £¥·Í ¨ ³¥·É¢ÒÌ
¢·¥³¥´ Ì ¶μ·Ö¤±  10 ³±¸ ¶·¥¨³ÊÐ¥¸É¢  ¡μ²¥¥ ¸μ¢·¥³¥´´ÒÌ ³μ¤Ê²¥° (´ ¶·¨-
³¥· VME) ¸±μ·¥¥ Î¨¸Éμ Ê³μ§·¨É¥²Ó´Ò. Š·μ³¥ Éμ£μ, ¨³¥´´μ ¡²μ±¨ Š�Œ�Š
μÉ²¨Î ÕÉ¸Ö ´ ¤¥¦´μ¸ÉÓÕ ¶·¨ ¤μ²£μ¢·¥³¥´´μ° Ô±¸¶²Ê É Í¨¨, ²¥£±μ § ³¥´Ö-
¥³Ò ¨ Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´Ò. �Î¥´Ó §´ Î¨³Ò³ Ö¢²Ö¥É¸Ö ¨ Éμ, ÎÉμ Š�Œ�Š ¶·¨

�¨¸. 7. 
²μ±-¸Ì¥³  ¸μ¢³¥¸É´μ° · ¡μÉÒ ¸¶¥±É·μ³¥É·  ¶μ¨¸±  ±μ··¥²ÖÍ¨° EVRÄα (‹Ÿ�,
2014) ¨ ¡Ò¸É·μ£μ ¸¶¥±É·μ³¥É·  ORNL (Pixie, digital)
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´ ²¨Î¨¨ ±·¥°É-±μ´É·μ²²¥·μ¢, · §· ¡μÉ ´´ÒÌ ¢ �ˆŸˆ [33, 34], ²¥£±μ ¨´É¥-
£·¨·Ê¥É¸Ö ´¥ ¶·μ¸Éμ ¸ Ö§Ò± ³¨ ¢Ò¸μ±μ£μ Ê·μ¢´Ö (Pas¸al, C, C++ ¨ ¤·.), ´μ ¨
¸μ ¸·¥¤ ³¨ RAD (C++ Borland Builder, Delfy ¨ ¤·.), · §Ê³¥¥É¸Ö, ¶·¨ ´ ²¨Î¨¨
¤· °¢¥·μ¢ Windows. Š·μ³¥ Éμ£μ, ¢ É¥Î¥´¨¥ ¶μ¸²¥¤´¨Ì ²¥É ¤²Ö ·¥£¨¸É· Í¨¨
¡Ò¸É·ÒÌ (∼ 500 ´¸) · ¸¶ ¤μ¢ ´  ƒ�‘ ¶·¨³¥´Ö¥É¸Ö ¶ · ²²¥²Ó´Ò° ¸¶¥±É·μ-
³¥É· ORLN (Pixie-16, ·¨¸. 7). …£μ ´¥¤μ¸É É±μ³ ´  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ´ ·Ö¤Ê ¸
¶·¥¨³ÊÐ¥¸É¢μ³ ¡Ò¸É·μ£μ ¸Î¨ÉÒ¢ ´¨Ö ¨ ¶¥·¥´μ¸  ¸μ¡ÒÉ¨Ö Ö¢²Ö¥É¸Ö ¶·μ¡²¥³ 
μ¶¥· Í¨° ¸ ¶² ¢ ÕÐ¥° ÉμÎ±μ° ¢ ·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨. � ¨³¥´´μ ÔÉμ
´¥μ¡Ìμ¤¨³μ ¤²Ö · ¤¨± ²Ó´μ£μ ¶μ¤ ¢²¥´¨Ö Ëμ´ , ÎÉμ ¨ ¤μ¸É¨£ ¥É¸Ö ¸ ¶·¨³¥-
´¥´¨¥³ C++ Builder +Š�Œ�Š [2Ä6].

‘¶¥±É·μ³¥É· ´  μ¸´μ¢¥ 12-¸É·¨¶μ¢μ£μ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´μ£μ
PIPS-¤¥É¥±Éμ·  CANBERRA NV. �  ·¨¸. 8 ¶·¥¤¸É ¢²¥´  ¡²μ±-¸Ì¥³  (¶μ²-
´μ¸ÉÓÕ ¶μ± § ´Ò Î¥ÉÒ·¥ É· ±É ) ¸¶¥±É·μ³¥É·  ƒ�‘ ´  μ¸´μ¢¥ 12-¸É·¨¶μ¢μ£μ
¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´μ£μ PIPS-¤¥É¥±Éμ·  [35].

�¨¸. 8. 
²μ±-¸Ì¥³  ¸¶¥±É·μ³¥É·  ´  μ¸´μ¢¥ 12-¸É·¨¶μ¢μ£μ PIPS-¤¥É¥±Éμ· : 1 Å
¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´Ò° PIPS-¤¥É¥±Éμ·; 2 Å § ·Ö¤μ-ÎÊ¢¸É¢¨É¥²Ó´Ò° ¶·¥¤-
¢ ·¨É¥²Ó´Ò° Ê¸¨²¨É¥²Ó microCatsa; 3 Å ¸Ê³³¨·ÊÕÐ¨°/¨´¢¥·É¨·ÊÕÐ¨° Ê¸¨²¨É¥²Ó;
4 Å Ê¸¨²¨É¥²Ó ‘“-4Š; 5 Å Ê¸¨²¨É¥²Ó Ortec-575; 6 Å  ´ ²μ£μ¢Ò° ³Ê²ÓÉ¨¶²¥±-
¸μ· �Œ-206Š; 7 Å �–� ��-24Š; 8 Å  ´ ²μ£μ¢Ò° ¤¨¸±·¨³¨´ Éμ· (Ô´¥·£¨¨); 9 Å
²μ£¨Î¥¸±¨° ¡²μ± Š‹-202 ¤²Ö Ê¶· ¢²¥´¨Ö �–�; 10 Å § ·Ö¤μ-ÎÊ¢¸É¢¨É¥²Ó´Ò° ¶·¥¤Ê-
¸¨²¨É¥²Ó ��-201; 11 Å ¡Ò¸É·Ò° Ê¸¨²¨É¥²Ó (timing ˇlter) Polon-1501; 12 Å ´ ´μ¸¥-
±Ê´¤´ Ö § ¤¥·¦±  Polon-1506; 13 Å ¤¨¸±·¨³¨´ Éμ· ¶μ¸ÉμÖ´´μ° ¸μ¸É ¢²ÖÕÐ¥°; 14 Å
T/A-¶·¥μ¡· §μ¢ É¥²Ó Polon-1701A; Start/Stop Å ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ ± ³¥·Ò ´¨§±μ£μ
¤ ¢²¥´¨Ö (¶¥´É ´); E(ff) Å Ô´¥·£¨¨ μ¸±μ²±μ¢ ¤¥²¥´¨Ö; E(α), E(EVR) Å Ô´¥·£¨¨
α-Î ¸É¨Í ¨ Ö¤¥· μÉ¤ Î¨ ¸μμÉ¢¥É¸É¢¥´´μ
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„²Ö ¶μ²´μ£μ ¶·¥¤¸É ¢²¥´¨Ö μ Ëμ·³¨·Ê¥³μ³ ¸¨¸É¥³μ° ¸μ¡ÒÉ¨¨ (16 ¸²μ¢
¶μ 16 ¡¨É) ´  ·¨¸. 9,   ¶μ± § ´ ¸Ì¥³ É¨Î¥¸±¨° ¢¨¤ ³μ¤Ê²Ö ¤¥É¥±É¨·μ¢ ´¨Ö.
„¥É¥±Éμ· ¶·¨³¥´Ö¥É¸Ö ¤²Ö ¨§³¥·¥´¨Ö Ô´¥·£¨¨ ¨ ¢·¥³¥´¨ ¶·μ²¥É  (TOF) Ö¤¥·
μÉ¤ Î¨ ¨ Ëμ´μ¢ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢, ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¢¥²¨Î¨´ Ô´¥·£¨° α-
· ¸¶ ¤  ¨ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ´Ê±²¨¤ , § ¢¥·Ï ÕÐ¥£μ Í¥¶μÎ±Ê · ¸¶ ¤μ¢.
Š·¥³´¨¥¢Ò° ¤¥É¥±Éμ· Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ μ±·Ê¦¥´ ¤μ¶μ²´¨É¥²Ó´μ ¢μ¸¥³ÓÕ
¤¥É¥±Éμ· ³¨ ¡¥§ ¶μ§¨Í¨μ´´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¤²Ö Ê¢¥²¨Î¥´¨Ö £¥μ³¥É·¨Î¥-
¸±μ° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ÊÎ ¸É´¨±μ¢ α-· ¸¶ ¤ . �·¨ ÔÉμ³ ¤ ´´ Ö
¢¥²¨Î¨´  ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 87 % μÉ 4π (α-· ¸¶ ¤). Œ ¸¸¨¢ ¨§ É·¥Ì ±·¥³-
´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ ¶μ³¥Ð¥´ §  μ¸´μ¢´Ò³ (Ëμ± ²Ó´Ò³) ¤¥É¥±Éμ·μ³ ¤²Ö ¶μ¤ -
¢²¥´¨Ö Ëμ´  Î ¸É¨Í, ¤¢¨£ ÕÐ¨Ì¸Ö ¸μ ¸Éμ·μ´Ò Í¨±²μÉ·μ´  ¨ ´¥ μ¸É ¢²ÖÕÐ¨Ì

�¨¸. 9.  ) ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ ³μ¤Ê²Ö ¤¥É¥±É¨·μ¢ ´¨Ö (¢ ´¥±μÉμ·ÒÌ μ¶ÒÉ Ì
¡μ²¥¥ Éμ²¸Éμ¥ ¢Ìμ¤´μ¥ μ±´μ Å 1,2Ä1,5 ³±³, 0,5 ³±³ Å ·¥ ±Í¨¨ ¸ 20,22Ne). ¡) PIPS-
¤¥É¥±Éμ· CANBERRA NV (12 ¸É·¨¶μ¢)
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�¨¸. 10. ’·¨ £·Ê¶¶Ò Ëμ´μ¢ÒÌ Î ¸É¨Í (α, d, p), ¶μ¤ ¢²Ö¥³Ò¥ VETO-¤¥É¥±Éμ·μ³. �·¥¤-
¸É ¢²¥´ ¸É·¨¶ º2

¸¨£´ ²μ¢ ¢·¥³¥´¨ ¶·μ²¥É , ¶·¨ ÔÉμ³ ¶·μÌμ¤ÖÐ¨Ì μ¸´μ¢´μ° ¤¥É¥±Éμ· ´ ¸±¢μ§Ó
(≈ 300 ³±³ Si; ¸³. ·¨¸. 9, 10). �·¨³¥·Ò ¸¶¥±É·μ¢ α-· ¸¶ ¤  ¨ ±·¨¢ Ö · ¸-
¶ ¤  (¢·¥³Ö Å ¶μ ±μ··¥²ÖÍ¨¨ EVRÄα) ¶·¨¢¥¤¥´Ò ´  ·¨¸. 11,  Ä¢ ¤²Ö Ö¤¥·´μ°
·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö´¨Ö 206Pb + 48Ca→ 252No +2n. „²Ö £¥´¥· Í¨¨ TOF-
¸¨£´ ²  ¶·¨³¥´Ö²¨¸Ó ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ ± ³¥·Ò ´¨§±μ£μ ¤ ¢²¥´¨Ö (¶¥´É ´
(¶·μÉμ±) 1Ä1,7 ’μ··; ¶·μ²¥É´ Ö ¡ §  65 ³³; · §³¥· 140 × 60 ³³) [36]. � §-
·¥Ï¥´¨¥ μ¸´μ¢´ÒÌ ¸É·¨¶μ¢ Ëμ± ²Ó´μ£μ ¤¥É¥±Éμ·  ¸μ¸É ¢²Ö²μ μ¡ÒÎ´μ μ±μ²μ
40 ±Ô‚ ¤μ μ¡²ÊÎ¥´¨Ö. � §·¥Ï¥´¨¥ ¤²Ö α-Î ¸É¨Í, ·¥£¨¸É·¨·Ê¥³ÒÌ ¡μ±μ¢Ò³¨
¤¥É¥±Éμ· ³¨ ¶·¨ ¢Ò²¥É¥ ¨§ μ¸´μ¢´μ£μ ¤¥É¥±Éμ·  (¶·¨ £²Ê¡¨´¥ ¨³¶² ´É Í¨¨
≈ 1−5 ³±³), μ±μ²μ 190 ±Ô‚. �μ§¨Í¨μ´´μ¥ · §·¥Ï¥´¨¥ (¢¥·É¨± ²Ó) μ¡ÒÎ´μ
0,8 ³³ ¤²Ö ¶ · EVRÄα ¨ 0,5 ³³ ¤²Ö ¶ · EVRÄSF ¸¨£´ ²μ¢. „²Ö Ê²ÊÎÏ¥´¨Ö
Ëμ´μ¢ÒÌ Ê¸²μ¢¨° ¶·¨ ¤¥É¥±É¨·μ¢ ´¨¨ ¤μ²£μ¦¨¢ÊÐ¨Ì · ¸¶ ¤μ¢ (μÉ ¸¥±Ê´¤ ¤μ
Î ¸μ¢, ¤´¥°) ¶ÊÎμ± μÉ±²ÕÎ ²¸Ö ¶·¨ ¤¥É¥±É¨·μ¢ ´¨¨ ± ´¤¨¤ É  ´  EVRÄα ¢
·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ [13]. „²Ö μ¶·¥¤¥²¥´¨Ö ¢·¥³¥´¨ ¸μ¡ÒÉ¨Ö ¶·¨³¥-
´Ö²¨¸Ó 16-¡¨Éμ¢Ò¥ ¸Î¥ÉÎ¨±¨ Š‘-011 [37]. „²Ö ¶μ²ÊÎ¥´¨Ö ¤ ´´ÒÌ ¨§ ±·¥°É 
¶·¨³¥´Ö²¨¸Ó ±μ´É·μ²²¥·Ò, μ¶¨¸ ´´Ò¥ ¢ · ¡μÉ Ì [38, 39], ¨ ³μ¤Ê²Ó ¶ ³ÖÉ¨ ¸μ-
¡ÒÉ¨° (≈ 256) [4]. Šμ´É·μ²²¥· ±·¥°É  ŠŠ-202 ¨³¥² ¶¥·¥¶·μ£· ³³¨·Ê¥³ÊÕ
¶ ³ÖÉÓ ¸ Ê²ÓÉ· Ë¨μ²¥Éμ¢Ò³ ¸É¨· ´¨¥³ ��‡“ “” (EPROM). ‚ ¨´É¥£· ²Ó´ÊÕ
³¨±·μ¸Ì¥³Ê ¶ ³ÖÉ¨ ¶·¥¤¢ ·¨É¥²Ó´μ § ¶¨¸Ò¢ ²¨¸Ó  ¤·¥¸  ¨ ¸Ê¡ ¤·¥¸  ¸É ´-
Í¨° ±·¥°É , ¶μ¤²¥¦ ¢Ï¨Ì ÎÉ¥´¨Õ. Šμ´É·μ²²¥· £¥´¥·¨·μ¢ ² Éμ²Ó±μ ±μ³ ´¤Ò
ÎÉ¥´¨Ö ¨ ³μ£ · ¡μÉ ÉÓ ¸ ³μ¤Ê²Ö³¨, ¨³¥¢Ï¨³¨ ´¥ ¡μ²¥¥ Î¥ÉÒ·¥Ì ¸Ê¡ ¤·¥¸μ¢.
Š ¦¤μ¥ ¸²μ¢μ ¤ ´´ÒÌ, ¸Î¨ÉÒ¢ ¥³μ¥ ±μ´É·μ²²¥·μ³, ¶¥·¥¤ ¢ ²μ¸Ó ¨³ ¢ ¡ÊË¥·-
´ÊÕ ¶ ³ÖÉÓ, · §³¥Ð ¥³ÊÕ ¢ μÉ¤¥²Ó´μ³ ±·¥°É¥. �  ÎÉ¥´¨¥ ¨ ¶¥·¥¤ ÎÊ μ¤´μ£μ
16-· §·Ö¤´μ£μ ¸²μ¢  § É· Î¨¢ ²μ¸Ó ´¥ ¡μ²¥¥ 1,5 ³±¸. �É³¥É¨³ É ±¦¥, ÎÉμ
¡²μ±-¶¥·¥Ì¢ ÉÎ¨± ¸μ¡ÒÉ¨Ö ¤²Ö μ¡· ¡μÉ±¨ ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ´ 
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�¨¸. 11. a) ‘¶¥±É· α-· ¸¶ ¤ . �¥ ±Í¨Ö 206Pb+ 48Ca→ 252No+2n. ¡) ‘¶¥±É· α-· ¸-
¶ ¤μ¢ ®¢´¥ ¶ÊÎ± ¯. ¢) Š·¨¢ Ö · ¸¶ ¤  ´Ê±²¨¤  252No
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¶·¥¤³¥É ¶μ¨¸±  ±μ··¥²ÖÍ¨° EVRÄα · ¸¶μ² £ ²¸Ö ¢ Éμ³ ¦¥ ±·¥°É¥. �·¨ ± -
¦¤μ³ § ¶Ê¸±¥ ±μ´É·μ²²¥·  ¤ ´´Ò¥, ¸Î¨É ´´Ò¥ ¸ § ¶·μ£· ³³¨·μ¢ ´´ÒÌ ¤²Ö
ÎÉ¥´¨Ö ³μ¤Ê²¥°, ¶·¥¤¸É ¢²Ö²¨ ¨´Ëμ·³ Í¨Õ ¨³¥´´μ μ¡ μ¤´μ³ ¸μ¡ÒÉ¨¨. 
Ê-
Ë¥·´ Ö ¶ ³ÖÉÓ ´ ± ¶²¨¢ ²  ³ ¸¸¨¢ § · ´¥¥ μ¶·¥¤¥²¥´´μ£μ Î¨¸²  ¸μ¡ÒÉ¨°.
�μ¸²¥ ÔÉμ£μ ¤ ´´Ò¥ ¶¥·¥¤ ¢ ²¨¸Ó ±μ´É·μ²²¥·μ³ ŠŠ-012 [39] ¢ ¶ ³ÖÉÓ �Š
AT/486(586). �  § ¶¨¸Ó 16 ¸²μ¢ μ¤´μ£μ ¸μ¡ÒÉ¨Ö ¢ ¡ÊË¥·´ÊÕ ¶ ³ÖÉÓ É·¥-
¡μ¢ ²μ¸Ó μ±μ²μ 24 ³±¸. ‚·¥³Ö § ¶μ²´¥´¨Ö ¶ ³ÖÉ¨ μ¶·¥¤¥²Ö²μ¸Ó ¸Ê³³ ·´μ°
§ £·Ê§±μ° ¤¥É¥±É¨·ÊÕÐ¥£μ ³μ¤Ê²Ö ¨ μ¡ÒÎ´μ ¸μ¸É ¢²Ö²μ ´¥¸±μ²Ó±μ ¸¥±Ê´¤, ¢
Éμ ¢·¥³Ö ± ± ¢·¥³Ö ¶¥·¥¤ Î¨ ¶ ±¥É  ¤ ´´ÒÌ ¨§ ¡²μ±  ¡ÊË¥·´μ° ¶ ³ÖÉ¨ ¢
�Š Å μ±μ²μ 12 ³¸. ‚ μÉ¤¥²Ó´ÒÌ ¸²ÊÎ ÖÌ ¸ Í¥²ÓÕ ³¨´¨³¨§ Í¨¨ ¢·¥³¥´¨
·¥£¨¸É· Í¨¨ ¢Éμ·μ£μ ¸μ¡ÒÉ¨Ö ¶μ¸²¥ ¶¥·¢μ£μ ·¥£¨¸É·¨·Ê¥³μ£μ ¶ · ²²¥²Ó´μ ¸
μ¸´μ¢´Ò³ ¡ÊË¥·μ³ ¶ ³ÖÉ¨ ¤μ¡ ¢²Ö²¸Ö ¢Éμ·μ° ¡²μ± ¨ ¤μ¶μ²´¨É¥²Ó´Ò° ±·¥°É
®É¥´¥¢ÒÌ¯ �–�, É. ¥. ³μ¤Ê²Ö³-μÍ¨Ë· Éμ· ³ ÔÉμ£μ ±·¥°É  · §·¥Ï ²μ¸Ó · ¡μ-
É ÉÓ ¢ É¥Î¥´¨¥ ¢·¥³¥´¨ § ´ÖÉμ¸É¨ ¡²μ±μ¢ μ¸´μ¢´μ£μ. �·¨ ÔÉμ³ ³¨´¨³ ²Ó´μ
·¥£¨¸É·¨·Ê¥³μ¥ ¢·¥³Ö ¸μ¸É ¢²Ö²μ μ±μ²μ 7 ³±¸. Š·μ³¥ ¢¸¥£μ ¶·μÎ¥£μ ¨§³¥·¨-
É¥²Ó´ Ö ¸¨¸É¥³  ¸μ¤¥·¦ ²  ³μ¤Ê²¨ ¤²Ö  ¢Éμ³ É¨Î¥¸±μ£μ, ¶¥·¨μ¤¨Î¥¸±μ£μ ³μ-
´¨Éμ·¨·μ¢ ´¨Ö μ¸´μ¢´μ£μ Ô²¥±É·μ´´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¸¨¸É¥³Ò. ˆ§³¥·¨É¥²Ó-
´ Ö ¸¨¸É¥³  ¢±²ÕÎ ²   ¢Éμ´μ³´ÊÕ ±μ´É·μ²Ó´μ-¤¨ £´μ¸É¨Î¥¸±ÊÕ ¶μ¤¸¨¸É¥³Ê,
¶μ¸ÉμÖ´´μ μ¶μ¢¥Ð ¢ÏÊÕ Ô±¸¶¥·¨³¥´É Éμ·  μ ¸μ¸ÉμÖ´¨¨ μ¸´μ¢´ÒÌ ¶ · ³¥-
É·μ¢ ³μ¤Ê²Ö ¤¥É¥±É¨·μ¢ ´¨Ö, É ±¨Ì ± ± ¤ ¢²¥´¨¥ ¶¥´É ´ , ÏÊ³ ¸¡μ·±¨ ¶μ-
²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ (μÉ´μ¸¨É¥²Ó´Ò¥ ¥¤¨´¨ÍÒ), ¨´É¥´¸¨¢´μ¸ÉÓ ¸· -
¡ ÉÒ¢ ´¨Ö ¢·¥³Ö¶·μ²¥É´ÒÌ ± ³¥· ´¨§±μ£μ ¤ ¢²¥´¨Ö, § £·Ê§±  Ëμ± ²Ó´μ£μ ¤¥-
É¥±Éμ· , É¥³¶¥· ÉÊ·  ¢ μ±·¥¸É´μ¸É¨ ³μ¤Ê²Ö ¤¥É¥±É¨·μ¢ ´¨Ö (¸³. ·¨¸. 12). �É 
¦¥ ¶μ¤¸¨¸É¥³  ¤ ¢ ²  ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ ¢μ§³μ¦´μ¸ÉÓ ¨§³¥·ÖÉÓ ¸¶¥±É· α-
Î ¸É¨Í ¸ ¤¥É¥±Éμ·  n-Si(Au), ±μ´É·μ²¨·ÊÕÐ¥£μ ¢μ§³μ¦´μ¥ μ¸Ò¶ ´¨¥ ³¨Ï¥´¨
¢μ ¢·¥³Ö μ¶ÒÉ .

‘¶¥±É·μ³¥É· ´  μ¸´μ¢¥ ¡²μ±μ¢ ®’¥Ì¨´¢¥¸É¯ ¤²Ö 32-¸É·¨¶μ¢μ£μ PIPS-
¤¥É¥±Éμ·  CANBERRA NV. ‚ 2009 £. ¡Ò² ¸μ§¤ ´ ¸¶¥±É·μ³¥É· ƒ�‘ ´ 
μ¸´μ¢¥ 32-¸É·¨¶μ¢μ£μ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´μ£μ PIPS-¤¥É¥±Éμ·  [14]. �μ-
¢Ò° ³μ¤Ê²Ó ¤¥É¥±É¨·μ¢ ´¨Ö ¸μ¸ÉμÖ² ¨§ 32-¸É·¨¶μ¢μ£μ ¤¥É¥±Éμ·  Ëμ± ²Ó´μ°
¶²μ¸±μ¸É¨ 12 × 6 ¸³ (£μ·¨§μ´É ²ÓÄ¢¥·É¨± ²Ó), 24-¸É·¨¶μ¢μ£μ ¡μ±μ¢μ£μ ¤¥-
É¥±Éμ·  ¡¥§ ¶μ§¨Í¨μ´´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¨ 8-¸É·¨¶μ¢μ£μ VETO-¤¥É¥±Éμ· ,
¶μ³¥Ð¥´´μ£μ ´¥¶μ¸·¥¤¸É¢¥´´μ §  μ¸´μ¢´Ò³ ¤¥É¥±Éμ·μ³ Ëμ± ²Ó´μ° ¶²μ¸±μ-
¸É¨. Šμ´¸É·Ê±Í¨Ö TOF-¤¥É¥±Éμ·  ¡Ò²  ¶·¨³¥·´μ É ± Ö ¦¥, ± ± μ¶¨¸ ´μ ¢
¶·¥¤Ò¤ÊÐ¨Ì ¶Ê´±É Ì, §  ¨¸±²ÕÎ¥´¨¥³ Éμ£μ, ÎÉμ ¢ ¸·¥¤´¥³ · ¡μÎ Ö ÉμÎ± 
¶μ ¤ ¢²¥´¨Õ ¶ ·μ¢ ¶¥´É ´  ¢ ¤²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¡Ò²  ÎÊÉÓ ¢ÒÏ¥,
  ¨³¥´´μ μ±μ²μ ≈ 1,7 ’μ··. ’ ±¦¥ ¸²¥£±  ¡Ò² Ê¢¥²¨Î¥´ ¶·μÉμ± ¶ ·μ¢
¶¥´É ´  Î¥·¥§ ³μ¤Ê²Ó, ÎÉμ ¶μ ¸μ¢μ±Ê¶´μ¸É¨ μ¡¥¸¶¥Î¨¢ ²μ ¡μ²¥¥ Ê¸Éμ°Î¨-
¢ÊÕ · ¡μÉÊ TOF-¤¥É¥±Éμ· . �μ¶μ²´¥´¨¥ ¢Ìμ¤´μ° ¥³±μ¸É¨ ¸ ¦¨¤±¨³ ¶¥´É -
´μ³ ¶·μ¨¸Ìμ¤¨²μ ¢ ¸·¥¤´¥³ Î¥·¥§ 3Ä4 ´¥¤¥²¨ ´¥¶·¥·Ò¢´μ° · ¡μÉÒ (¶·μÉμ± ).
�μ²´ Ö £¥μ³¥É·¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¸¡μ·±¨ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ É ±¦¥
¸μ¸É ¢²Ö²  87% μÉ 4π. „²Ö ¨§³¥·¥´¨Ö ¢¥·É¨± ²Ó´μ° ±μμ·¤¨´ ÉÒ, ¢ μÉ²¨Î¨¥
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�¨¸. 12. a) Œμ´¨Éμ·¨´£ ÔËË¥±É¨¢´μ£μ (�˜�‚) · §³¥·  ¶ÊÎ±  48‘  (+18, ∼ 15 ³±�)
Ê¸±μ·¨É¥²Ö “-400 Ô²¥±É·μ³¥Ì ´¨Î¥¸±¨³ ¸± ´¥·μ³. ¡) Œμ´¨Éμ·¨´£ ¶ · ³¥É·μ¢ ¤¥É¥±-
É¨·ÊÕÐ¥£μ ³μ¤Ê²Ö

μÉ ¶·¥¤Ò¤ÊÐ¨Ì ¢¥·¸¨° ¸¶¥±É·μ³¥É· , ¨¸¶μ²Ó§μ¢ ²¨¸Ó μ¡  ¸¨£´ ² : ®top¯ ¨
®bottom¯. „²Ö ·¥£¨¸É· Í¨¨ ¸¨£´ ²μ¢ α-¤¨ ¶ §μ´  (≈ 0,6−20 ŒÔ‚) ¸¶¥Í¨-
 ²Ó´μ ¤²Ö Ô±¸¶¥·¨³¥´É  ¶μ ¸¨´É¥§Ê Ô²¥³¥´É  Z = 117 Ë¨·³μ° ®’¥Ì¨´¢¥¸É¯
(��‡ ®„Ê¡´ ¯) ¡Ò² · §· ¡μÉ ´ �–� PA-3n (¨ ·Ö¤ ¤·Ê£¨Ì ³μ¤Ê²¥°). „ ´´Ò°
�–� ¨³¥² ¢´ÊÉ·¥´´ÕÕ ¶ ³ÖÉÓ ´  μ¤´μ ¸μ¡ÒÉ¨¥. ‚ ·¥§Ê²ÓÉ É¥ ¢ § ¢¨¸¨³μ-
¸É¨ μÉ ±μ´Ë¨£Ê· Í¨¨ ¸¶¥±É·μ³¥É·  (¤¢  ¢ ·¨ ´É ) ³¨´¨³ ²Ó´Ò¥ ·¥£¨¸É·¨·Ê¥-
³Ò¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸¨£´ ²μ¢ α-¤¨ ¶ §μ´  ¢Ò£²Ö¤¥²¨ ± ± 5Ä15Ä5Ä15 . . . ¨
5Ä40Ä5Ä40Ä(. . .5Ä40) ³±¸. �  ·¨¸. 13,   ¶μ± § ´ μÉ±²¨± ¢ÒÌμ¤  ¸¨£´ ²  ®³¥·É-
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�¨¸. 13. a) ‘¨£´ ² ®³¥·É¢μ¥ ¢·¥³Ö¯ ��-3n (£¥´¥· Éμ·´Ò° É¥¸É). ¡) Š·¥°É Š�Œ�Š ¸
�–� ��-3n ®’¥Ì¨´¢¥¸É¯

¢μ¥ ¢·¥³Ö¯ �–� �A-3n ¶·¨ £¥´¥· Éμ·´μ³ É¥¸É¥ ¸¶¥±É·μ³¥É· . �  ·¨¸. 13, ¡
¶μ± § ´ ¢´¥Ï´¨° ¢¨¤ ±·¥°É  ¸¶¥±É·μ³¥É· . ‚ ÔÉμ³ ¦¥ ±·¥°É¥ ´ Ìμ¤¨É¸Ö ¨
·Ö¤ ¤·Ê£¨Ì ¡²μ±μ¢, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì Ëμ·³¨·μ¢ ´¨¥ ¸μ¡ÒÉ¨Ö. ‹μ£¨Î¥¸±¨°
¡²μ± Å ¤¨¸±·¨³¨´ Éμ· ‘”-11 Å μ¡¥¸¶¥Î¨¢ ¥É Ëμ·³¨·μ¢ ´¨¥ μ¤´μ¡¨É´ÒÌ
¶·¨§´ ±μ¢-³¥Éμ± · §²¨Î´ÒÌ ¸μ¸ÉμÖ´¨° (´ ¶·¨³¥·, ³¥É±  ®¶·μ²¥É¯ Å ¸· ¡μ-
É ² μ¤¨´ ¨§ ¤¥É¥±Éμ·μ¢ ®¸É ·É¯ ¨²¨ ®¸Éμ¶¯). Œμ¤Ê²Ó Timer (¸¶· ¢ ) ¶·¨
ÎÉ¥´¨¨ ¤¢ÊÌ ¸Ê¡ ¤·¥¸μ¢ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ μ¡· §μ¢ ´¨Ö É¥±ÊÐ¥£μ ¢·¥³¥´¨, ¢
Éμ ¢·¥³Ö ± ± μ¸É ²Ó´Ò¥ �–� ±·¥°É  μ¡¸²Ê¦¨¢ ÕÉ ±μμ·¤¨´ É´Ò¥ ¸¨£´ ²Ò ¸
¡μ±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¨ £·Ê¡ÊÕ Ï± ²Ê ¸¶¥±É·μ³¥É·  (Ï± ²  μ¸±μ²±μ¢ ¤¥²¥´¨Ö,
¶·¨³¥·´μ ¤μ 250 ŒÔ‚). 
²μ± Š‚-002 μ¡¥¸¶¥Î¨¢ ¥É ¸¨£´ ² ’’‹ ¶μ ±μ³ ´¤¥
±μ³¶ÓÕÉ¥·  ®μÉ±²ÕÎ¨ÉÓ ¶ÊÎμ± “-400¯ ¨ ¶μ μ¡· É´μ° ±μ³ ´¤¥ ®¢±²ÕÎ¨ÉÓ ¶Ê-
Îμ± “-400¯. ‘¨£´ ² TOF μÍ¨Ë·μ¢Ò¢ ¥É¸Ö ¶·¨ ¶μ³μÐ¨ �–� ��-25.
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�¨¸. 14. a) ’¨¶¨Î´Ò¥ ¢¥²¨Î¨´Ò �˜�‚ ¤²Ö PIPS-¤¥É¥±Éμ· . ¡) � · ³¥É· �˜�‚
(¸É·¨¶ º15)

„²Ö ¶·¥¤¸É ¢²¥´¨Ö μ ¶ · ³¥É·¥ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¸É·¨¶μ¢
PIPS-¤¥É¥±Éμ·  ´  ·¨¸. 14,  , ¡ ¶μ± § ´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢¥²¨Î¨´Ò ¤²Ö ´¥-
±μÉμ·ÒÌ ¸É·¨¶μ¢.

�¸´μ¢´Ò³ Ô±¸¶¥·¨³¥´Éμ³ ¤²Ö ¤ ´´μ£μ ¸¶¥±É·μ³¥É·  ¡Ò²μ μ¡²ÊÎ¥´¨¥
249Bk+ 48Ca→ 117 + 3,4n [41Ä43]. ‘¶¥±É·μ³¥É·¨Ö · ¸¶ ¤μ¢ ¢¥² ¸Ó ¸ ¶·¨-
³¥´¥´¨¥³ ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯. —Éμ ± ¸ ¥É¸Ö ¨§£μÉμ¢²¥´¨Ö Ô±§μ-
É¨Î¥¸±μ° ³¨Ï¥´¨ ¨§ 249Bk, Éμ ÔÉμÉ ¢μ¶·μ¸ ¶μ¤·μ¡´μ ¨§²μ¦¥´ ¢ ¶·¥¤Ò¤ÊÐ¥³
μ¡§μ·¥ [11]. �¨¦¥ ¶·¨¢¥¤¥´Ò Í¥¶μÎ±¨ · ¸¶ ¤  (·¨¸. 15,  ), ¤¥³μ´¸É·¨·ÊÕ-
Ð¨¥ Ê¸¶¥Ï´μ¥ ¶·¨³¥´¥´¨¥ μ¶¨¸ ´´μ° É¥Ì´¨±¨ ¤¥É¥±É¨·μ¢ ´¨Ö. �É³¥É¨³ ·¥-
±μ·¤´μ ´¨§±μ¥ §´ Î¥´¨¥ ¸²ÊÎ °´μ£μ ¶ · ³¥É·  μ¦¨¤ ´¨Ö N(random) ≈ 10−20

(²¥¢ Ö/´¨¦´ÖÖ Í¥¶μÎ±  · ¸¶ ¤ ), Ì · ±É¥·¨§ÊÕÐ¥£μ Î·¥§¢ÒÎ °´μ ¢Ò¸μ±ÊÕ
¸É É¨¸É¨Î¥¸±ÊÕ §´ Î¨³μ¸ÉÓ (´ ¤¥¦´μ¸ÉÓ) ·¥£¨¸É· Í¨¨. ‡´ Î¨É¥²Ó´Ò° ¢±² ¤
¢ ¸Éμ²Ó ³ ²μ¥ §´ Î¥´¨¥ N(random) ¢´μ¸¨É ¨³¥´´μ ¶·¨³¥´¥´¨¥ ³¥Éμ¤  ® ±-
É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯. �  ·¨¸. 15, ¡ ¶μ± § ´Ò ¶·¨³¥·Ò ¸¶¥±É·μ¢ α-· ¸¶ ¤μ¢
¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥·.

‘μ¢·¥³¥´´Ò° ¸É ÉÊ¸ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò ƒ�‘ Ä ¸¶¥±É·μ³¥É· ´ 
μ¸´μ¢¥ ¤¥É¥±Éμ·  DSSSD. �¸´μ¢´ Ö ¶·¨Î¨´  ¶·¨³¥´¥´¨Ö DSSSD (Double
Side Silicon Strip Detector) ¸¢Ö§ ´  ¸ É¥³, ÎÉμ ¢ ¤²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì
¶·¥¦¤¥ ¢¸¥£μ ¶·¥¤¸É ¢²ÖÕÉ ¨´É¥·¥¸ ±μ··¥²¨·μ¢ ´´Ò¥ ¸μ¡ÒÉ¨Ö É¨¶  EVRÄαÄ
αÄα . . . αÄ(SF). �·¨Î¥³ ´ ¤¥¦´μ¸ÉÓ ¤¥É¥±É¨·μ¢ ´¨Ö § ¢¨¸¨É ± ± μÉ ±μ²¨Î¥-
¸É¢  §¢¥´Ó¥¢, É ± ¨ μÉ ¶μ§¨Í¨μ´´μ£μ · §·¥Ï¥´¨Ö. Š ± ¡Ò²μ ¶μ± § ´μ ¢ÒÏ¥,
¶·¨ · §·¥Ï¥´¨¨ 0,8 ³³ (EVRÄα) ¨ Ï¨·¨´¥ ¸É·¨¶  μ±μ²μ 9 ³³ ¢¥²¨Î¨´  ®Ô²¥-
³¥´É ·´μ°¯ ¶μ§¨Í¨μ´´μ° ÖÎ¥°±¨ ¸μ¸É ¢²Ö¥É 7,2 ³³2. „²Ö ¤¥É¥±Éμ·  DSSSD
É¨¶¨Î´ Ö ¢¥²¨Î¨´  μ±μ²μ 1 ³³2, É. ¥. ¤μ¸É¨£ ¥É¸Ö ¢Ò¨£·ÒÏ ¶·¨³¥·´μ ¶μ·Ö¤± 
¢¥²¨Î¨´Ò ¤²Ö μ¤¨´μÎ´μ£μ §¢¥´ . � §Ê³¥¥É¸Ö, ¤¥É¥±Éμ· ¶μ¤μ¡´μ£μ É¨¶  · ¡μ-
É ¥É Éμ²Ó±μ ¢ ·¥¦¨³¥ ¶μ²´μ£μ μ¡¥¤´¥´¨Ö. �  ·¨¸. 16 ¶μ± § ´ ¤¥É¥±Éμ· Micron
Semiconductors (‚¥²¨±μ¡·¨É ´¨Ö), ¶·¨³¥´Ö¥³Ò° ¢ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³¥
ƒ�‘. ‹¨Í¥¢ Ö ¸Éμ·μ´  ¤¥É¥±Éμ·  (μ³¨Î¥¸± Ö) ¸μ¤¥·¦¨É 48 £μ·¨§μ´É ²Ó´ÒÌ
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�¨¸. 15. a) –¥¶μÎ±¨ · ¸¶ ¤μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¸¶¥±É·μ³¥É·μ³ ƒ�‘ ´  μ¸´μ¢¥ 32-
¸É·¨¶μ¢μ£μ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´μ£μ PIPS-¤¥É¥±Éμ· . ¡) ‘¶¥±É·Ò · ¸¶ ¤μ¢ ¸¢¥·Ì-
ÉÖ¦¥²ÒÌ Ö¤¥·, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ PIPS-¤¥É¥±Éμ· ³¨ CANBERRA NV (12 ¸É·¨¶μ¢ ¨
32 ¸É·¨¶ ). ‘¥·Ò³ Í¢¥Éμ³ ¢Ò¤¥²¥´  Í¥¶μÎ±  · ¸¶ ¤μ¢ Ô²¥³¥´É  Z = 115
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�¨¸. 16. „¥É¥±Éμ· DSSSD Micron Semiconductors (‚¥²¨±μ¡·¨É ´¨Ö)

¸É·¨¶μ¢, ¢ Éμ ¢·¥³Ö ± ± ´  ¶·μÉ¨¢μ¶μ²μ¦´μ° ¸Éμ·μ´¥ (pÄn-¶¥·¥Ìμ¤) ´ Ìμ-
¤ÖÉ¸Ö 128 ¢¥·É¨± ²Ó´ÒÌ ¸É·¨¶μ¢.

Š·¥°É ¸ �–� �A-27n (®’¥Ì¨´¢¥¸É¯, „Ê¡´ ) ¸¶¥±É·μ³¥É·  ƒ�‘ ¨§μ¡· -
¦¥´ ´  ·¨¸. 13, ¡. �¸μ¡¥´´μ¸ÉÓÕ �–� ��-27n Ö¢²Ö¥É¸Ö Éμ, ÎÉμ μ´ μÍ¨Ë·μ-
¢Ò¢ ¥É μ¡¥ Ï± ²Ò (· §²¨Î´Ò¥ ¸Ê¡ ¤·¥¸ ) ¨, ±·μ³¥ Éμ£μ, μ¡· Ð¥´¨¥ ¶μ ¤·Ê-
£μ³Ê ¸Ê¡ ¤·¥¸Ê ¸μμÉ¢¥É¸É¢Ê¥É ¢·¥³¥´¨ ¸¨´Ì·μ´¨§ Í¨¨ (³±¸). „ ´´Ò° ¶ · -
³¥É· ¶μ§¢μ²Ö¥É μ¡· §μ¢Ò¢ ÉÓ ¸μ¸É ¢´μ¥ ¸μ¡ÒÉ¨¥, § ¶¨¸ ´´μ¥ ¢ · §´Ò¥ �–�.

²μ±-É °³¥· ¶μ± § ´ ¸²¥¢  μÉ ±·¥°É-±μ´É·μ²²¥·  (N = 19, 1M). 
²μ±-¸Ì¥³ 
¶·μ£· ³³Ò ´ ¡μ·  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 17,  .

�¸μ¡¥´´μ¸É¨ ¡²μ±-¸Ì¥³Ò, ¸¢Ö§ ´´Ò¥ ¸ ¶·¨³¥´¥´¨¥³ ³¥Éμ¤  ® ±É¨¢´ÒÌ
±μ··¥²ÖÍ¨°¯, ³¥Éμ¤ Ëμ·³¨·μ¢ ´¨Ö ³ É·¨ÍÒ Ö¤¥· μÉ¤ Î¨ ¨ ¤·Ê£¨¥ μ¸μ¡¥´´μ-
¸É¨ ¡Ê¤ÊÉ · ¸¸³μÉ·¥´Ò ´¨¦¥. �É³¥É¨³, ÎÉμ 352 ¶·¥Í¨§¨μ´´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ
¶ · ³¥É·  ¨§¢²¥± ÕÉ¸Ö ¨§ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢ ± ²¨¡·μ¢μÎ´μ° ·¥ ±Í¨¨ ¶μ²-
´μ£μ ¸²¨Ö´¨Ö natYb + 48Ca→ 217Th +3n. �·¨ ÔÉμ³ ± ²¨¡·μ¢μÎ´μ¥ μ¡²ÊÎ¥´¨¥
¶·μ¢μ¤¨É¸Ö ³¨´¨³Ê³ ¤²Ö É·¥Ì §´ Î¥´¨° Éμ±  ¤¨¶μ²´μ£μ ³ £´¨É . –¥²Ó Å ¶μ-
²ÊÎ¨ÉÓ ¡μ²¥¥-³¥´¥¥ · ¢´μ³¥·´ÊÕ § ¸¢¥É±Ê ¢¸¥Ì ¢¥·É¨± ²Ó´ÒÌ ¸É·¨¶μ¢ ¤¥É¥±-
Éμ·  Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ¸¥¶ · Éμ· .

Š· É±μ μ¶¨¸ ´´Ò° ¢ÒÏ¥ ¸¶¥±É·μ³¥É· ¸μ¢³¥¸É´μ ¸ Í¨Ë·μ¢Ò³ ¸¶¥±É·μ³¥-
É·μ³ ORNL (‘˜�) ¶·¨³¥´Ö²¸Ö ¢ ¸μ¢³¥¸É´μ³ Ô±¸¶¥·¨³¥´É¥ ‹Ÿ� (�ˆŸˆ)Ä
ORNLÄLLNL (‘˜�) ¢ 2013Ä2014 ££. ¢ ·¥ ±Í¨ÖÌ 239,240Pu + 48Ca→ ∗114.



�‚’�Œ�’ˆ‡�–ˆŸ �Š‘�…�ˆŒ…�’�‚ �� ƒA‡�����‹�…���Œ ‘…����’��… 157

Check prolongation

t Nt N, 5 20� � �

2

Start (input 352 calib. param’s)

“0”

“1”

F8 (reg.)

Read (F0) “state”

Read modules from crate 1

N(ev’s 512) readout� �

Filter #1(channel)

Calibration & Filter #2

Alpha true�
EVR, ?�

None

EVR true�

Write to “EVR” matrix elapsed time

Cyclotron
on 0t �

False

True
t t_max?�

Stop cyclotron
Start pause timer

True

False
EVR ?��

�¨¸. 17. a) 
²μ±-¸Ì¥³  ¶·μ£· ³³Ò ´ ¡μ·  (¶·μ¤μ²¦¥´¨¥ ·¨¸. 17 ¸³. ´  ¸. 158Ä159)

‚ 2015 £. ´ Î ²μ¸Ó ¶·¨³¥´¥´¨¥ ¸¶¥±É·μ³¥É·  ¢ ·¥ ±Í¨¨ 252Cf+ 48Ca. ‚ ± -
Î¥¸É¢¥ ¶·¨³¥· -É¥¸É  ´  ·¨¸. 17, ¢ ¶μ± § ´  ³¶²¨ÉÊ¤´Ò° ¸¶¥±É· § ·¥£¨¸É·¨-
·μ¢ ´´ÒÌ Ô´¥·£¨° Ö¤¥· 217Th, ¨§¢²¥Î¥´´Ò° ¨§ Ë °²  ¤ ´´ÒÌ ¸ ¶·¨³¥´¥´¨¥³
μ¶¨¸ ´´μ£μ  ²£μ·¨É³  ·¥ ²Ó´μ£μ ¢·¥³¥´¨ ¤²Ö ¤¥É¥±Éμ·  DSSSD. � ¡²Õ¤ ¥É¸Ö
¶· ±É¨Î¥¸±¨ ¨¤¥ ²Ó´ Ö Ëμ·³  ¸¶¥±É·  ·¥±μ°² .

‘¨¸É¥³  ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¨ § Ð¨ÉÒ μÉ ¢´¥ÏÉ É´ÒÌ ¸¨ÉÊ Í¨° ƒ�‘.
�¶¨¸Ò¢ ¥³ Ö ¸¨¸É¥³  ±μ´É·μ²Ö ƒ�‘ Ë ±É¨Î¥¸±¨ (¸ ±μ¸³¥É¨Î¥¸±¨³¨ ¨§³¥´¥-
´¨Ö³¨) ¸μμÉ¢¥É¸É¢Ê¥É ¸¨¸É¥³¥ 2009Ä2014 ££. �¢Éμ· μÉ³¥Î ¥É, ÎÉμ ¨³¥´´μ ‘Š�
Ö¢²Ö²μ¸Ó ¢ É¥ £μ¤Ò ´ ¨¡μ²¥¥ ±μ´¸¥·¢ É¨¢´Ò³ Ô²¥³¥´Éμ³ ¨´É¥£·¨·μ¢ ´´μ£μ
¸¶¥±É·μ³¥É·¨Î¥¸±μ£μ ±μ³¶²¥±¸  ƒ�‘.

�·¥¤Ï¥¸É¢ÊÕÐ¨¥ ¸¨¸É¥³Ò. �·¥¦¤¥ Î¥³ Ê± § ÉÓ μ¸´μ¢´Ò¥ ËÊ´±Í¨¨ ¨
¶·¨¢¥¸É¨ ¶·¨³¥·Ò ¶·¨³¥´¥´¨Ö ¸¨¸É¥³Ò ±μ´É·μ²Ö Ô±¸¶¥·¨³¥´Éμ¢ ƒ�‘ (‘Š�),
¶μ-¢¨¤¨³μ³Ê, ¸²¥¤Ê¥É Ê¶μ³Ö´ÊÉÓ ¸¨¸É¥³Ê ±μ´É·μ²Ö, μ¶¨¸ ´´ÊÕ ¢ · ¡μÉ¥ [44].
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Блоки связи
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Крейт АЦП

�¨¸. 17. ¡) ‚´¥Ï´¨° ¢¨¤ ¸¶¥±É·μ³¥É·  ´  μ¸´μ¢¥ DSSSD. Š·¥°É ¸  ´ ²μ£μ-Í¨Ë·μ¢Ò³¨
¶·¥μ¡· §μ¢ É¥²Ö³¨ ��-27n (´¨¦´¨°). ‘²¥¢  Ë· £³¥´É Í¨Ë·μ¢μ£μ ¸¶¥±É·μ³¥É·  ORNL

‘¨¸É¥³  Ô±¸É·¥³ ²Ó´μ£μ Ê¶· ¢²¥´¨Ö Éμ±μ³ ¶ÊÎ±  Í¨±²μÉ·μ´  “-400 ‹Ÿ�
�ˆŸˆ ¸μ§¤ ´  ¢ 1989 £. �¸´μ¢´μ° ËÊ´±Í¨¥° ¸¨¸É¥³Ò ¡Ò²μ  ¢Éμ³ É¨Î¥¸±μ¥
§ ¦¨£ ´¨¥ ¤Ê£¨ ¨ ¶μ²ÊÎ¥´¨¥ § ¤ ´´ÒÌ μ¶¥· Éμ·μ³ §´ Î¥´¨° ¶ · ³¥É·μ¢ ¤Ê-
£μ¢μ£μ · §·Ö¤ , ³μÐ´μ¸É¨, · ¸Ìμ¤Ê¥³μ° ´  · ¸¶Ò²¥´¨¥ · ¡μÎ¥£μ ¢¥Ð¥¸É¢ 
Ô²¥±É·μ¤ , ¨ ¨Ì ¶μ¸²¥¤ÊÕÐ Ö ¸É ¡¨²¨§ Í¨Ö. ‘¨¸É¥³  ¶μ§¢μ²Ö²   ¢Éμ³ É¨Î¥-
¸±¨ ¢Ò¢μ¤¨ÉÓ ¨μ´´Ò° ¨¸ÉμÎ´¨± ¨§ ¢Ò±²ÕÎ¥´´μ£μ ¸μ¸ÉμÖ´¨Ö ´  ±¢ §¨μ¶É¨-
³ ²Ó´Ò° ·¥¦¨³ §  ¸·¥¤´¥¥ ¢·¥³Ö 10Ä15 ³¨´ ¸ ¶μ£·¥Ï´μ¸ÉÓÕ ¸μ¡²Õ¤¥´¨Ö
μ£· ´¨Î¥´¨° � 5% ¨ ¸É ¡¨²¨§¨·μ¢ ÉÓ Éμ± ¶ÊÎ±  ¸ ¶μ£·¥Ï´μ¸ÉÓÕ � 3%. �·¨
ÔÉμ³ ´  ÔËË¥±É¨¢´μ¸ÉÓ ·¥Ï¥´¨Ö § ¤ Î¨ μ± §Ò¢ ²¨ ¢²¨Ö´¨¥ É ±¨¥ Ë ±Éμ·Ò,
± ± ´¥¸É ¡¨²Ó´μ¸ÉÓ ¤Ê£μ¢μ£μ · §·Ö¤ , ¤·¥°Ë Ô±¸É·¥³Ê³ , ¸·Ò¢ ¤Ê£¨ ¨ ¶·μ¡μ¨
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�¨¸. 17. ¢) ‘¶¥±É· ¢¥²¨Î¨´ ¸¨£´ ²μ¢ ·¥£¨¸É·¨·Ê¥³ÒÌ Ô´¥·£¨° Ö¤¥· Éμ·¨Ö (¤¥É¥±Éμ·
DSSSD)

´  · ¸¶Ò²Ö¥³μ³ Ô²¥±É·μ¤¥ ¨¸ÉμÎ´¨± . ˆ§-§  ÔÉ¨Ì Ë ±Éμ·μ¢ ËÊ´±Í¨Ö μÉ±²¨± 
¶·¥É¥·¶¥¢ ²  · §·Ò¢Ò. �¡Ð¨°  ²£μ·¨É³ ¶μ²ÊÎ¥´¨Ö § ¤ ´´μ£μ Éμ±  ¶ÊÎ± 
¸μ¸ÉμÖ² ¢ ¸²¥¤ÊÕÐ¥³:

1) ¤¨ ²μ£μ¢Ò° ¢¢μ¤ § ¤ ´¨Ö ´  ·¥¦¨³ Ê¶· ¢²¥´¨Ö;
2)  ¢Éμ³ É¨Î¥¸±μ¥ § ¦¨£ ´¨¥ ¤Ê£μ¢μ£μ · §·Ö¤ ;
3)  ¢Éμ³ É¨Î¥¸±¨° ¶μ¨¸± § ¤ ´´μ£μ Éμ±  ¶ÊÎ±  ¸ ¸μ¡²Õ¤¥´¨¥³ μ£· ´¨-

Î¥´¨°.
‚ ´ £²Ö¤´μ° Ëμ·³¥ ÔÉμ ¨§μ¡· ¦¥´μ ´  ·¨¸. 18.
�¥±μÉμ·Ò¥  ¸¶¥±ÉÒ ¶·¨³¥´¥´¨Ö μ¡Ð¥² ¡μ· Éμ·´ÒÌ (‹Ÿ�, “-400) ¸¨¸-

É¥³. “Î ¸É¨¥ μ¡Ð¥² ¡μ· Éμ·´ÒÌ ¸¨¸É¥³  ¢Éμ³ É¨§ Í¨¨ ¢ Ô±¸¶¥·¨³¥´É Ì
ƒ�‘ ´μ¸¨É ±μ¸¢¥´´Ò° Ì · ±É¥·, É ± ± ± ¨Ì ¶·Ö³μ¥ ´ §´ Î¥´¨¥ Å  ¢Éμ³ -
É¨§ Í¨Ö Í¨±²μÉ·μ´  “-400. „ ´´Ò¥ ¸¨¸É¥³Ò ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ¤¥¦Ê·´μ³Ê
Ô±¸¶¥·¨³¥´É Éμ·Ê Ê¶· ¢²ÖÉÓ ¤¢¨¦¥´¨¥³ ¶·μ¡´¨±μ¢, ´ Ìμ¤ÖÐ¨Ì¸Ö ´¥¶μ¸·¥¤-
¸É¢¥´´μ ¶¥·¥¤ Ë¨§¨Î¥¸±μ° Ê¸É ´μ¢±μ°, ¨ ´ ¡²Õ¤ ÉÓ ·Ö¤ ¢¥²¨Î¨´, μÉ´μ¸Ö-
Ð¨Ì¸Ö ± · ¡μÉ¥ Í¨±²μÉ·μ´ . ’ ±¦¥ ¢μ§³μ¦´μ Ê¶· ¢²¥´¨¥ Éμ± ³¨ É·¥Ì Ô²¥±-
É·μË¨§¨Î¥¸±¨Ì  £·¥£ Éμ¢ (¤¨¶μ²Ó´μ£μ ³ £´¨É  ¨ ¤¢ÊÌ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§).
�μ¤·μ¡´μ¸É¨ μ ¸¨¸É¥³¥  ¢Éμ³ É¨§ Í¨¨ Í¨±²μÉ·μ´  Î¨É É¥²Ó ³μ¦¥É ´ °É¨ ¢
· ¡μÉ Ì [45, 46].

Š·μ³¥ Éμ£μ, ´  ƒ�‘ ¶·¨³¥´Ö¥É¸Ö  ¢Éμ´μ³´ Ö ¸¨¸É¥³  ¡²μ±¨·μ¢μ± ¶μ
¶μ± § É¥²Ö³ ¢ ±ÊÊ³  ¨ ¤²Ö § Ð¨ÉÒ Éμ´±μ£μ ¢Ìμ¤´μ£μ μ±´  ¢·¥³Ö¶·μ²¥É´μ£μ
³μ¤Ê²Ö. ‚ ‘Š� ƒ�‘ ¤ ´´Ò¥  ¢Éμ´μ³´Ò¥ ¶μ¤¸¨¸É¥³Ò ¶μ¸Ò² ÕÉ μ¤´μ¡¨É´ÊÕ
¨´Ëμ·³ Í¨Õ ®0 Å ´μ·³ /1 Å  ¢ ·¨Ö¯.

�¸´μ¢´Ò¥ É·¥¡μ¢ ´¨Ö ± É¥Ì´¨Î¥¸±¨³ ¸¨¸É¥³ ³ ƒ�‘. �·¨ ¶·μ¢¥¤¥´¨¨
Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸¨´É¥§Ê ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· Ô±¸¶¥·¨³¥´É ²Ó´ Ö  ¶¶ · ÉÊ· 
¨§³¥·Ö¥É ¨ ·¥£¨¸É·¨·Ê¥É Ë¨§¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò, ¸¢Ö§ ´´Ò¥ ¢ μ¸´μ¢´μ³ ¸ ³´μ-
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�¨¸. 18. ‘Ì¥³   ²£μ·¨É³  ¸¨¸É¥³Ò § ¦¨£ ´¨Ö ¨¸ÉμÎ´¨± 

£μ± ´ ²Ó´μ° ¸¶¥±É·μ³¥É·¨Î¥¸±μ° ¨´Ëμ·³ Í¨¥° ¸ ¤¥É¥±É¨·ÊÕÐ¥£μ ³μ¤Ê²Ö ¸¥-
¶ · Éμ· ,   É ±¦¥ ¢¥²¨Î¨´Ò, μÉ· ¦ ÕÐ¨¥ ¸μ¸ÉμÖ´¨¥ ¸μ¡¸É¢¥´´μ Ô²¥±É·μ³ £-
´¨É´μ£μ ¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨, · ¢´μ ± ± ¨ ¶ · ³¥É·Ò ¶ÊÎ±  Í¨±²μÉ·μ´ 
¨ ¤·Ê£¨Ì ¸¨¸É¥³, ¸¢Ö§ ´´ÒÌ ¸ ¶ÊÎ±μ³. ‚ Î ¸É´μ¸É¨, μ¸μ¡μ  ±ÉÊ ²Ó´Ò³ ¸Î¨É -
¥É¸Ö ±μ´É·μ²Ó ¶ · ³¥É·μ¢ £ §μ¢μ£μ ¢·¥³Ö¶·μ²¥É´μ£μ ³μ¤Ê²Ö ¤¥É¥±É¨·ÊÕÐ¥°
¸¨¸É¥³Ò, ¨£· ÕÐ¥£μ ±²ÕÎ¥¢ÊÕ ·μ²Ó ¢ ·¥£¨¸É· Í¨¨/¨¤¥´É¨Ë¨± Í¨¨ ÉÖ¦¥²ÒÌ
Ö¤¥· μÉ¤ Î¨. ‚Éμ·Ò³ μ¶·¥¤¥²ÖÕÐ¨³ Ë ±Éμ·μ³, μ¡¥¸¶¥Î¨¢ ÕÐ¨³ ¡¥§ ¢ ·¨°-
´ÊÕ · ¡μÉÊ ¢¸¥£μ ±μ³¶²¥±¸  ƒ�‘, Ö¢²Ö¥É¸Ö É¥¶²μ¸Éμ°±μ¸ÉÓ · ¤¨μ ±É¨¢´μ°
³¨Ï¥´¨ ¨ ¢Ìμ¤´μ£μ μ±´  ¸¥¶ · Éμ· , · §¤¥²ÖÕÐ¥£μ · ¡μÎ¨° μ¡Ñ¥³ ¸¥¶ · -
Éμ· , § ¶μ²´¥´´μ£μ ¢μ¤μ·μ¤μ³ ¤μ ¤ ¢²¥´¨Ö 1 ’μ··, μÉ ¨μ´μ¶·μ¢μ¤  Í¨±²μ-
É·μ´ , £¤¥ ¤ ¢²¥´¨¥ ¸μ¸É ¢²Ö¥É ∼ 10−5−10−7 ’μ··.

ˆ¸¶μ²Ó§μ¢ ´¨¥ ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ 48‘  (¢¶²μÉÓ ¤μ 1013 ¸−1) ¢Ò´Ê¦¤ ¥É
μ¡· Ð ÉÓ μ¸μ¡μ¥ ¢´¨³ ´¨¥ ´  · ¢´μ³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶ÊÎ±  ¶μ ¢¸¥° ¶μ-
¢¥·Ì´μ¸É¨ · ¤¨μ ±É¨¢´μ° ³¨Ï¥´¨, ÎÉμ ¤μ¸É¨£ ¥É¸Ö

1) · §³¥Ð¥´¨¥³  ±É¨¢´μ£μ ¢¥Ð¥¸É¢  ´  ¢· Ð ÕÐ¥³¸Ö ¤¨¸±¥;

2) ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ ±μ¶¥·¥³¥´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, μÉ±²μ´ÖÕÐ¥£μ ¶Ê-
Îμ± ¢ ¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨¨ ± μ¸¨ ¢· Ð¥´¨Ö.
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‘±μ·μ¸ÉÓ ¢· Ð¥´¨Ö ¤¨¸±  ¸ · §³¥Ð¥´´μ° ´  ´¥³ ³¨Ï¥´ÓÕ ¸μ¸É ¢²Ö¥É
∼ 30 μ¡./¸. „²Ö ±μ´É·μ²Ö §  ¸±μ·μ¸ÉÓÕ ¢· Ð¥´¨Ö ³¨Ï¥´¨ ´  ÔÉμ° ¦¥ μ¸¨
· §³¥Ð ¥É¸Ö ¤μ¶μ²´¨É¥²Ó´Ò° ¤¨¸± ¸ ¶·μ·¥§ÓÕ ¨ ¶ ·  ¸¢¥Éμ¤¨μ¤ÄËμÉμ¤¨μ¤
(�‹106�Ä”„265 [47]). �´ ²μ£¨Î´Ò³ ¸¶μ¸μ¡μ³ ·¥Ï ¥É¸Ö § ¤ Î  § Ð¨ÉÒ
¢Ìμ¤´μ£μ μ±´  ¸¥¶ · Éμ· .

„²Ö ÔËË¥±É¨¢´μ° § Ð¨ÉÒ ¤¥É¥±Éμ·  Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ μÉ ¨´É¥´¸¨¢-
´ÒÌ ¶ÊÎ±μ¢ ¨μ´μ¢ 48‘  É·¥¡Ê¥É¸Ö É ±¦¥ ¦¥¸É±¨° ±μ´É·μ²Ó Éμ±  ¢ μ¡³μÉ± Ì
¤¨¶μ²Ó´μ£μ ³ £´¨É  ¸¥¶ · Éμ· . ‘¶¨¸μ± μ¸´μ¢´ÒÌ ±μ´É·μ²¨·Ê¥³ÒÌ ¶ · ³¥-
É·μ¢ ¶·¨¢¥¤¥´ ¢ É ¡². 1. �É¤¥²Ó´μ ´¨¦¥ ¢Ò¤¥²Ö¥É¸Ö ¶μ¤¸¨¸É¥³  ¨§³¥·¥´¨Ö
Ô´¥·£¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢.

Kμ´É·μ²Ó ¶ · ³¥É·μ¢ ¸¥¶ · Éμ· . �μ¸±μ²Ó±Ê ¸¨¸É¥³  ±μ´É·μ²Ö ¶ · -
³¥É·μ¢ (‘Š�) ¤¥É ²Ó´μ μ¶¨¸ ´  ¢ · ¡μÉ Ì [5Ä9], §¤¥¸Ó ¸²¥¤Ê¥É ±μ³¶ ±É´μ¥
¨§²μ¦¥´¨¥ μ¸´μ¢´ÒÌ ³μ³¥´Éμ¢. ‚¸Ö ¸¨¸É¥³  ±μ´É·μ²Ö ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤¢¥
£·Ê¶¶Ò ËÊ´±Í¨μ´ ²Ó´ÒÌ ¡²μ±μ¢, μ¸ÊÐ¥¸É¢²ÖÕÐ¨Ì Ê¸¨²¥´¨¥ ¨ ¶·¥μ¡· §μ¢ -

’ ¡²¨Í  1. �¸´μ¢´Ò¥ ±μ´É·μ²¨·Ê¥³Ò¥ ¶ · ³¥É·Ò ‘Š� ƒ�‘

� · ³¥É· Œ¥Éμ¤ ¨§³¥·¥´¨Ö

’μ± ³ £´¨É  ¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ �·¥μ¡· §μ¢ ´¨¥
´ ¶·Ö¦¥´¨¥ → Î ¸ÉμÉ 

‚· Ð¥´¨¥ ¢Ìμ¤´μ£μ μ±´  ¨ ³¨Ï¥´¨ ‚ÒÌμ¤´μ¥ ´ ¶·Ö¦¥´¨¥
(Ô²¥±É·¨Î¥¸±¨° ±μ´É·μ²Ó) ¶·¨¢μ¤ → Î ¸ÉμÉ 

‚· Ð¥´¨¥ μ±´  ¨ ³¨Ï¥´¨ �¥¶μ¸·¥¤¸É¢¥´´Ò° ¸Î¥É ¨³¶Ê²Ó¸μ¢
(μ¶É¨Î¥¸±¨° ±μ´É·μ²Ó) ¶ ·Ò ¸¢¥Éμ¤¨μ¤ÄËμÉμ¤¨μ¤ ¢´ÊÉ·¨

μ¡Ñ¥±É  ±μ´É·μ²Ö

„ ¢²¥´¨¥ ¶¥´É ´  ¨ ¢μ¤μ·μ¤  � ¶·Ö¦¥´¨¥ (¤ ÉÎ¨±¨ Å
¢μ ¢·¥³Ö¶·μ²¥É´μ³ ³μ¤Ê²¥ ¡ · É·μ´Ò MKS [48])→ Î ¸ÉμÉ 
¨ μ¡Ñ¥³¥ ¸¥¶ · Éμ· 

‚¥²¨Î¨´  ¢ ±ÊÊ³  � ¶·Ö¦¥´¨¥ ¢ÒÌμ¤ 
¢ μ¶·¥¤¥²¥´´ÒÌ ÉμÎ± Ì (¤ ÉÎ¨±¨ Pfeiffer [49])→ Î ¸ÉμÉ 

’μ± Í¨²¨´¤·  ” · ¤¥Ö ¶ÊÎ±  ’μ± → Î ¸ÉμÉ 
ÉÖ¦¥²ÒÌ ¨μ´μ¢

� ¡μÉ  ¶¥·¥³ÒÎ±¨ �–� −5/+5 ‚
¶¥´É ´Ä¢μ¤μ·μ¤ (¤ /´¥É)

’¥³¶¥· ÉÊ·´Ò¥ ¶ · ³¥É·Ò � ¶·Ö¦¥´¨¥→ Î ¸ÉμÉ 

„ ¢²¥´¨¥ ´ ¸ÒÐ¥´´ÒÌ ¶ ·μ¢ ¶¥´É ´  � ¶·Ö¦¥´¨¥→ ±μ¤ �–� (0Ä10 ‚)
¢ ¢ÒÌμ¤´μ° ¥³±μ¸É¨ ¦¨¤±μ£μ ¶¥´É ´ 

„μ¶μ²´¨É¥²Ó´Ò¥ ¶ · ³¥É·Ò � ¶·Ö¦¥´¨¥→ ±μ¤ 7 ¢Ìμ¤μ¢ �–�
¶μ¸ÉμÖ´´μ£μ Éμ±  −5/+5 ‚

‡ £·Ê§±  ¸¨¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨Ö �¥¶μ¸·¥¤¸É¢¥´´Ò° ¸Î¥É
¨ TOF-³μ¤Ê²Ö ¨³¶Ê²Ó¸μ¢ (TTL)

’μ± (¸ ¢´ÊÉ·¥´´¨³ Ê¸¨²¥´¨¥³), ’μ± → Î ¸ÉμÉ 
¸¢Ö§ ´´Ò° ¸ Éμ±μ³ Í¨²¨´¤·  ” · ¤¥Ö
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´¨¥ ¸¨£´ ²μ¢ ¸ ¤ ÉÎ¨±μ¢, ±μ´É·μ²Ó ¶μ ¶μ·μ£ ³ (§ ¤ ¥É¸Ö ¤¨ ¶ §μ´ ¨§³¥·Ö¥³μ°
¢¥²¨Î¨´Ò) ¨ ¢Ò· ¡μÉ±Ê ¸¨£´ ²μ¢ Alarm ¢ ¸²ÊÎ ¥ ¢ÒÌμ¤  ¶ · ³¥É·μ¢ §  ¶·¥-
¤¥²Ò § ¤ ´´μ£μ ¤¨ ¶ §μ´ ,   É ±¦¥ μ¸ÊÐ¥¸É¢²ÖÕÐ¨Ì μÍ¨Ë·μ¢±Ê Ê± § ´´ÒÌ
¸¨£´ ²μ¢ (¡²μ±-¸Ì¥³  ´  ·¨¸. 19).

ƒ·Ê¶¶  ¡²μ±μ¢, μ¸ÊÐ¥¸É¢²ÖÕÐ¨Ì μÍ¨Ë·μ¢±Ê, · §³¥Ð ¥É¸Ö ¢ ±·¥°É¥
Š�Œ�Š ¨ · ¡μÉ ¥É ¶μ¤ Ê¶· ¢²¥´¨¥³ �Š (Pentium-4, 2,4 ƒƒÍ) ¶μ ¶·μ£· ³³¥,
¢Ò¶μ²´¥´´μ° ¶μ¤ C++ Borland Builder 6 (Windows XP). ‚ ¸¨¸É¥³¥ ±μ´É·μ²Ö
ƒ�‘ ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤ ¶·¥μ¡· §μ¢ ´¨Ö ¨§³¥·Ö¥³ÒÌ ¢¥²¨Î¨´ (X) ¢ Î ¸ÉμÉÊ
(F ) ¸É ´¤ ·É´ÒÌ Ô²¥±É·¨Î¥¸±¨Ì ¨³¶Ê²Ó¸μ¢ (X → U , B → F , c−1) ¸ ¶μ¸²¥¤Ê-
ÕÐ¥° ·¥£¨¸É· Í¨¥° ÔÉ¨Ì ¨³¶Ê²Ó¸μ¢ ¢ ¸Î¥ÉÎ¨±¥-¨´É¥´¸¨³¥É·¥, § ¶μ³¨´ ÕÐ¥³
Î¨¸²μ ¨³¶Ê²Ó¸μ¢ §  μ¶·¥¤¥²¥´´Ò° ¨´É¥·¢ ² ¢·¥³¥´¨. �μ¸²¥¤´¨° ¢Ò· ¡ ÉÒ¢ -
¥É¸Ö ¢ ¡²μ±¥ Ê¶· ¢²ÖÕÐ¨Ì ±μ³ ´¤ (
“Š) Å ÔÉμ ¸¨£´ ² Time (¸³. ¡²μ±-¸Ì¥³Ê
´  ·¨¸. 19).


²μ± Ê¶· ¢²ÖÕÐ¨Ì ±μ³ ´¤ · ¡μÉ ¥É ¢ ·¥¦¨³¥ μ¤´μ¢¨¡· Éμ· , § ¶Ê¸± ¥-
³μ£μ ¶μ ±μ³ ´¤¥ F16*A(0). �μ³¨³μ ¸¨£´ ²  Time ¡²μ± Ê¶· ¢²ÖÕÐ¨Ì ±μ³ ´¤
³μ¦¥É ¢Ò¤ ÉÓ É·¨ ´¥§ ¢¨¸¨³ÒÌ ±μ³ ´¤Ò Ê¶· ¢²¥´¨Ö on/off Å ¶μ § ¤ ´¨Õ
Ô±¸¶¥·¨³¥´É Éμ·  ¨²¨ ¶μ ¶·μ£· ³³¥ �Š.

‚ ¸¨¸É¥³¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤¢  ¢μ¸Ó³¨¢Ìμ¤μ¢ÒÌ ¡²μ±  § Ð¨ÉÒ (
‡), ¸μ¡¨-
· ÕÐ¨¥ (μ¡Ñ¥¤¨´ÖÕÐ¨¥) ¢¸¥ ¸¨£´ ²Ò Alarm ¨ ¢Ò· ¡ ÉÒ¢ ÕÐ¨¥ ¸¨£´ ² ´ 
Ô²¥±É·μ¸É É¨Î¥¸±¨° ¶·¥·Ò¢ É¥²Ó Éμ±  ¶ÊÎ±  Í¨±²μÉ·μ´  “-400 (®Îμ¶¶¥·¯).

²μ± § Ð¨ÉÒ Î¥·¥§ ³ £¨¸É· ²Ó Š�Œ�Š ¸¢Ö§ ´ ¸ �Š, Î¥·¥§ ±μÉμ·Ò° μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ¨´É¥· ±É¨¢´ Ö ¶μ¸É ´μ¢±  ¢Ò¡· ´´ÒÌ ¶ · ³¥É·μ¢ ´  ±μ´É·μ²Ó.

�´ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö:
Å ·¥£¨¸É·, Ë¨±¸¨·ÊÕÐ¨° É¨¶ ¶ · ³¥É·μ¢, ¶μ¸É ¢²¥´´ÒÌ ´  ±μ´É·μ²Ó, Å

É ± ´ §Ò¢ ¥³Ò° ·¥£¨¸É· Ê¸²μ¢¨°;
Å ¸¨¸É¥³Ê ±²ÕÎ¥°, Ê¶· ¢²Ö¥³ÒÌ ¸μ ¸Éμ·μ´Ò ®·¥£¨¸É·  Ê¸²μ¢¨°¯ ¨ ¶·μ-

¶Ê¸± ÕÐ¨Ì ¢Ìμ¤´Ò¥ ¸¨£´ ²Ò Alarm ¢ ·¥£¨¸É· ®�¢ ·¨°¯;
Å ·¥£¨¸É· ®�¢ ·¨°¯, ¸μ¤¥·¦¨³μ¥ ±μÉμ·μ£μ ³μ¦¥É ¡ÒÉÓ ¶·μÎ¨É ´μ Î¥·¥§

³ £¨¸É· ²Ó Š�Œ�Š;
Å ¸Ì¥³Ê μ¡Ñ¥¤¨´¥´¨Ö ¸¨£´ ²μ¢ ¡²μ±¨·μ¢±¨ (Alarm) ¨ ¢Ò· ¡μÉ±¨ ¸¨£´ ² 

®�¢ ·¨Ö¯ ´  ¶Ê²ÓÉ Í¨±²μÉ·μ´  “-400.
”Ê´±Í¨¨ ¡²μ±  § Ð¨ÉÒ ¨ ¡²μ±  Ê¶· ¢²ÖÕÐ¨Ì ±μ³ ´¤ ¸¢¥¤¥´Ò ¢ É ¡². 2.
�É³¥É¨³, ÎÉμ ¢ ÏÉ É´μ³ ·¥¦¨³¥ ¸ ³  ¡²μ±¨·μ¢±  (¶ÊÎ± ) Ê¸É ´ ¢²¨¢ -

¥É¸Ö ¨ ¸´¨³ ¥É¸Ö  ¢Éμ³ É¨Î¥¸±¨, ¥¸²¨ ¢Ò¶μ²´¥´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê¸²μ¢¨Ö,
  ·¥£¨¸É· ®Alarm¯ § ¶μ³¨´ ¥É ¸ ³ Ë ±É ¢μ§´¨±´μ¢¥´¨Ö ¡²μ±¨·μ¢±¨.

‚ É¥Î¥´¨¥ 2008Ä2014 ££.∗ ¸¨¸É¥³  ±μ´É·μ²Ö ¶·¨³¥´Ö² ¸Ó ¢ Ô±¸¶¥·¨³¥´É Ì
´  ¶ÊÎ±¥ ¨μ´μ¢ 48‘ , ´ ¶· ¢²¥´´ÒÌ ´  ¸¨´É¥§ ´μ¢ÒÌ ¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ
Ö¤¥·. ‘¨¸É¥³  ´¥ Éμ²Ó±μ μ¡¥¸¶¥Î¨¢ ²  É¥±ÊÐ¨° ±μ´É·μ²Ó ¨ ¶·μÉμ±μ²¨·μ¢ -
´¨¥ ¶ · ³¥É·μ¢ ¤μ²£μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ´μ ¨ ¶·¥¤μÉ¢· É¨²  ·Ö¤

∗� ´¥¥, ¢ 2005Ä2008 ££., ¶·¨³¥´Ö²¨¸Ó  ¢Éμ´μ³´Ò¥ ³μ¤¨Ë¨Í¨·Ê¥³Ò¥ ¶μ¤¸¨¸É¥³Ò.
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’ ¡²¨Í  2. �¸´μ¢´Ò¥ ËÊ´±Í¨¨ Š�Œ�Š-¡²μ±μ¢ 	‡ ¨ 	“Š


‡ (¡²μ± § Ð¨ÉÒ, 2Œ) 
“Š (¡²μ± Ê¶· ¢²ÖÕÐ¨Ì ±μ³ ´¤, 1Œ)

F26*A (7. . .0) Å Ê¸É ´μ¢±  § Ð¨ÉÒ F16*A(0) Å § ¤ ´¨¥ ¢·¥³¥´¨
¶μ ¤ ´´μ³Ê ¶ · ³¥É·Ê ·¥£¨¸É· Í¨¨/´ Î ²μ μÉ¸Î¥É .

�μ μ±μ´Î ´¨¨ ¡²μ± ³μ¦¥É ¡²μ±¨·μ¢ ÉÓ
¢´¥Ï´¨¥ Ê¸É·μ°¸É¢  (0,02, 0,2 ¨ 2 ¸)

F24*A (7. . .0) Å ¸´ÖÉ¨¥ § Ð¨ÉÒ F16*A(2)/A(3) Å ¢Ò¤ Î  ´¥§ ¢¨¸¨³μ°
±μ³ ´¤Ò Ê¶· ¢²¥´¨Ö 1 (TTL)

F2*A (²Õ¡μ¥) Å ÎÉ¥´¨¥ ¸μ¤¥·¦¨³μ£μ F16*A(4)/A(5) Å ±μ³ ´¤  2
§ Ð¨ÉÒ Alarm

F10*A (²Õ¡μ¥) Å ¸¡·μ¸ ·¥£¨¸É·  F16*A(6)/A(7) Å ±μ³ ´¤  3
Alarm

 ¢ ·¨°, ¸¢Ö§ ´´ÒÌ ± ± ¸ ¢ÒÌμ¤μ³ ¶ · ³¥É·μ¢ ¨§ · ¡μÎ¨Ì ¨´É¥·¢ ²μ¢, É ± ¨ ¸
´¥ÏÉ É´Ò³¨ ¸¨ÉÊ Í¨Ö³¨: ´ ¶·¨³¥·, ¸ ¶·μ¶ ¤ ´¨¥³ Ô²¥±É·μÔ´¥·£¨¨, μ¸É ´μ-
¢μ³ ¢· Ð¥´¨Ö μ±´  ¨ ³¨Ï¥´¨, ´ ·ÊÏ¥´¨¥³ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨°, · §·ÊÏ¥´¨¥³
¢ ±ÊÊ³´μ£μ ³ £´¨É´μ£μ ¢¢μ¤  μ±´  ¸¥¶ · Éμ·  ¨ ·Ö¤  ¤·Ê£¨Ì. ‚ ¡²¨¦ °-
Ï¥³ ¡Ê¤ÊÐ¥³  ¢Éμ·Ò ¶² ´¨·ÊÕÉ · ¸Ï¨·¨ÉÓ ¢μ§³μ¦´μ¸É¨ ¸¨¸É¥³Ò ±μ´É·μ²Ö
¶ · ³¥É·μ¢ ƒ�‘ ± ± ¸ ÉμÎ±¨ §·¥´¨Ö Ê¢¥²¨Î¥´¨Ö ¸¶¨¸±  ¶ · ³¥É·μ¢, É ± ¨
³μ¤¨Ë¨± Í¨¨ μÉ¤¥²Ó´ÒÌ ¡²μ±μ¢ ¨  ²£μ·¨É³μ¢ Ê¶· ¢²¥´¨Ö.

Œ¥Éμ¤ ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯ Å ¢Ò¸Ï Ö Ëμ·³   ¢Éμ³ É¨§ Í¨¨ Ô±¸-
¶¥·¨³¥´É . �¸´μ¢´Ò¥ ¨¤¥¨ ³¥Éμ¤ . �¢Éμ· ¶·¨³¥´¨² ¸²μ¢μ¸μÎ¥É ´¨¥ ®¢Ò¸Ï Ö
Ëμ·³ ¯ ¸μ¢¸¥³ ´¥ ¶μÉμ³Ê, ÎÉμ μ¶¨¸Ò¢ ¥³Ò° ´¨¦¥ ³¥Éμ¤ ¨ ¥£μ  ²£μ·¨É³¨Î¥-
¸± Ö ¨  ¶¶ · ÉÊ·´ Ö ·¥ ²¨§ Í¨Ö ¸²μ¦´¥¥ ¨²¨ ¶·μÐ¥ ¢ ¸· ¢´¥´¨¨ ¸ Î¥³ ¡Ò
Éμ ´¨ ¡Ò²μ, ´μ ¶μÉμ³Ê, ÎÉμ μ´ ¶·μ¢μ¤¨É  ¢Éμ³ É¨§ Í¨Õ Ô±¸¶¥·¨³¥´É  ´¥ ¶μ
¶·μ³¥¦ÊÉμÎ´Ò³ É¥Ì´μ²μ£¨Î¥¸±¨³ ¶ · ³¥É· ³,   Ë ±É¨Î¥¸±¨, ¶μ ¶μÎÉ¨ ±μ´¥Î-
´μ° Í¥²¨ Ô±¸¶¥·¨³¥´É ,   ¨³¥´´μ: ¶μ ¢Ò¤¥²¥´¨Õ ±μ··¥²¨·μ¢ ´´ÒÌ §¢¥´Ó¥¢
¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨. �·¨ ÔÉμ³, ¶μ¸±μ²Ó±Ê ¶·μÍ¥¸¸ Î·¥§¢ÒÎ °´μ
¡Ò¸É·Ò° (¤¥¸ÖÉ±¨ ³¨±·μ¸¥±Ê´¤), ¢μ§´¨± ¥É ¢μ§³μ¦´μ¸ÉÓ ±· É±μ¢·¥³¥´´μ£μ
μÉ±²ÕÎ¥´¨Ö ¶ÊÎ±  Í¨±²μÉ·μ´  ¨, ¸μμÉ¢¥É¸É¢¥´´μ, · ¤¨± ²Ó´μ£μ ¶μ¤ ¢²¥´¨Ö
Ëμ´  ´  ´¥¸±μ²Ó±μ ¶μ·Ö¤±μ¢ ¶·¨ ·¥£¨¸É· Í¨¨ ¶μ¸²¥¤ÊÕÐ¨Ì · ¸¶ ¤μ¢ ¶μ¸²¥
¤¥É¥±É¨·μ¢ ´¨Ö §¢¥´  (´ ¶·¨³¥·) EVRÄα. �μ-¢¨¤¨³μ³Ê, ¶¥·¢μ¨¸ÉμÎ´¨±μ³
¤ ´´μ£μ ¶μ¤Ìμ¤  ¸²¥¤Ê¥É ¸Î¨É ÉÓ · ¡μÉÒ [2, 3, 50, 51], ¢ Éμ ¢·¥³Ö ± ± μ¸É ²Ó-
´Ò¥ · ¡μÉÒ μÉ´μ¸ÖÉ¸Ö ± · §¢¨É¨Õ ³¥Éμ¤ , ¢¶²μÉÓ ¤μ 2015 £.

�¡Ð Ö ¸Ì¥³  ¶·μÍ¥¸¸  ¸ Ì · ±É¥·´Ò³¨ ¶ · ³¥É· ³¨ ¨§μ¡· ¦¥´ 
´  ·¨¸. 20.

� ¨¡μ²¥¥ ¤¥É ²Ó´μ ³¥Éμ¤ ¨§²μ¦¥´ ¢ · ¡μÉ Ì [3, 4, 6, 11Ä14],   §¤¥¸Ó ¶·¨-
¢μ¤ÖÉ¸Ö ¶·¨³¥·Ò, μÉ´μ¸ÖÐ¨¥¸Ö ¢ μ¸´μ¢´μ³ ± ·¥ ±Í¨Ö³ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¸
¨μ´ ³¨ 48Ca ¨  ±É¨´¨¤´Ò³¨ ³¨Ï¥´Ö³¨.
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�¨¸. 20. 
²μ±-¸Ì¥³  ¶·μÍ¥¸¸  ¶μ¨¸±  §¢¥´Ó¥¢ EVRÄα ¨ ¶μ¤ ¢²¥´¨Ö Ëμ´ . � · ³¥É·
¢·¥³¥´¨ ¦¨§´¨ μ·¡¨ÉÒ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢ Í¨±²μÉ·μ´¥ ¶·¨¢¥¤¥´ μÍ¥´μÎ´μ

„¨¸±·¥É¨§ Í¨Ö ³ ¸¸¨¢  ¸¨£´ ²μ¢ ¤²Ö ·¥§¨¸É¨¢´μ£μ ¸É·¨¶  PIPS-¤¥É¥±-
Éμ·μ¢. ‚ ¸²ÊÎ ¥ ¶·¨³¥´¥´¨Ö PIPS-¤¥É¥±Éμ·μ¢ ·¥ ²Ó´Ò° ³´μ£μ¸É·¨¶μ¢Ò° ¤¥-
É¥±Éμ· (12 ¨²¨ 32 ¸É·¨¶ ) ¶·¥¤¸É ¢²¥´ ¢ ¶ ³ÖÉ¨ �Š ¢ ¢¨¤¥ ¤¢ÊÌ ³ É·¨Í,
  ¨³¥´´μ ³ É·¨ÍÒ Ö¤¥· μÉ¤ Î¨ ¨ ³ É·¨ÍÒ α-· ¸¶ ¤μ¢. …¸²¨ Ô±¸¶¥·¨³¥´É -
Éμ·  ¨´É¥·¥¸Ê¥É ¶μ¨¸± ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ¨³¥´´μ μ¤´μ£μ ¶¥·¢μ£μ
±μ··¥²¨·μ¢ ´´μ£μ §¢¥´  EVRÄα, Éμ Éμ²Ó±μ ³ É·¨Í  ·¥±μ°²μ¢ (Ö¤¥· μÉ¤ Î¨,
EVR) Ö¢²Ö¥É¸Ö ¸É É¨Î¥¸±¨³ μ¡Ñ¥±Éμ³, É. ¥. ¶μ¶μ²´Ö¥É¸Ö ¨ ¸μÌ· ´Ö¥É¸Ö ¢ É¥-
Î¥´¨¥ ¢¸¥£μ  ±ÉÊ ²Ó´μ£μ Ë °²  ¤ ´´ÒÌ. �²¥³¥´Éμ³ ¦¥ ³ É·¨ÍÒ Ö¢²Ö¥É¸Ö
É¥±ÊÐ¥¥ ¢·¥³Ö, ¶μ²ÊÎ ¥³μ¥ μÉ Ô²¥±É·μ´´μ°  ¶¶ · ÉÊ·Ò ¤²Ö ¤ ´´μ£μ ¸μ¡ÒÉ¨Ö.
�·¨ ÔÉμ³ ¢¸Ö±¨° · §, ±μ£¤  ¤¥É¥±É¨·Ê¥É¸Ö α-· ¸¶ ¤ ¸ ´¥μ¡Ìμ¤¨³Ò³ ´ ¡μ·μ³
¶ · ³¥É·μ¢, ¶·μ¨¸Ìμ¤¨É ¸· ¢´¥´¨¥ ¢·¥³¥´ ¸ Ô²¥³¥´É ³¨ ³ É·¨ÍÒ ·¥±μ°²μ¢,
¢±²ÕÎ Ö ¡²¨¦ °Ï¨Ì ¸μ¸¥¤¥° ¶μ ¢¥·É¨± ²¨ ¢ ¤ ´´μ³ ¸É·¨¶¥. …¸²¨ ³¨´¨³ ²Ó-
´Ò° ¶ · ³¥É· · §´¨ÍÒ Ô²¥³¥´Éμ¢ ¶μ¶ ¤ ¥É ¢ ´Ê¦´Ò° (§ · ´¥¥ Ê¸É ´μ¢²¥´-
´Ò° Ô±¸¶¥·¨³¥´É Éμ·μ³) ¨´É¥·¢ ² ¢·¥³¥´, Éμ ¶·μ¨¸Ìμ¤¨É ¢Ò¤ Î  ±μ³ ´¤Ò
´  μ¸É ´μ¢ μ¡²ÊÎ¥´¨Ö ¢ É¥Î¥´¨¥ μ¶·¥¤¥²¥´´μ£μ ¢·¥³¥´¨. �Éμ ¢·¥³Ö ³μ¦¥É
¡ÒÉÓ ¶·μ¤²¥´μ  ¢Éμ³ É¨Î¥¸±¨, ¶·¨ ´ Ìμ¦¤¥´¨¨ Ì · ±É¥·´μ£μ α-· ¸¶ ¤  ¢
Éμ³ ¦¥ ¸É·¨¶¥. ‚¥²¨Î¨´  ¦¥ ±μ··¥²ÖÍ¨μ´´μ£μ ¢·¥³¥´´μ£μ ¶ · ³¥É·  § ¤ -
¥É¸Ö ²¨¡μ ± ± ±μ´¸É ´É , ²¨¡μ ¢ ¢¨¤¥ ËÊ´±Í¨μ´ ²Ó´μ° § ¢¨¸¨³μ¸É¨ É¨¶ 
Δt = Δt(Eα), £¤¥ Eα Å Ô´¥·£¨Ö § ·¥£¨¸É·¨·μ¢ ´´μ° α-Î ¸É¨ÍÒ. ‚¥²¨Î¨´ 
¤μ¶Ê¸É¨³μ£μ ¨´É¥·¢ ²  ¢·¥³¥´¨ ¶·μ²¥É  § ¤ ¥É¸Ö ¢ ± ´ ² Ì. �  ·¨¸. 21,  Ä¢
¸Ì¥³ É¨Î´μ ¶μ± § ´  ²£μ·¨É³ ¶μ¨¸±  ¨¸±μ³μ° ±μ··¥²ÖÍ¨¨ EVRÄα,   É ±¦¥
¸Ì¥³Ò ¢±²ÕÎ¥´¨Ö ·¥§¨¸É¨¢´ÒÌ ¸É·¨¶μ¢ ¤²Ö ¸²ÊÎ ¥¢ ·¨¸. ¡ (PIPS, 12 ¸É·¨¶μ¢)
¨ ·¨¸. ¢ (PIPS, 32 ¸É·¨¶ ). � §Ê³¥¥É¸Ö, ¥¸²¨ T Å ¶μ²´μ¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´É ,

Éμ
N∑
1

Δti � T . �¡ÒÎ´μ ¶μÉ¥·¨ ¢μ ¢·¥³¥´¨ μ¡²ÊÎ¥´¨Ö ¸μ¸É ¢²ÖÕÉ ¥¤¨´¨ÍÒ

(·¥¤±μ ¤μ 10) ¶·μÍ¥´Éμ¢, ÎÉμ ¡μ²¥¥ Î¥³ ¶·¨¥³²¥³μ ¸ ÉμÎ±¨ §·¥´¨Ö ¢Ò¨£·ÒÏ 
¢ ± Î¥¸É¢¥ ¤¥É¥±É¨·μ¢ ´¨Ö.
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�¨¸. 21.  ) ƒ¥´¥· Í¨Ö ±μ·μÉ±¨Ì ¶ Ê§ ¶·¨ ¶·¨³¥´¥´¨¨ ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²Ö-
Í¨°¯. ¡) ‘Ì¥³  ¢±²ÕÎ¥´¨Ö ·¥§¨¸É¨¢´μ£μ ¸É·¨¶  (PIPS, 12 ¸É·¨¶μ¢). ¢) ‘Ì¥³  ¶μ¨¸± 
Ê± § É¥²Ö ´  ¶μÉ¥´Í¨ ²Ó´ÊÕ ±μ··¥²ÖÍ¨Õ EVRÄα (PIPS, 32 ¸É·¨¶ )
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‚ ± Î¥¸É¢¥ ¤¥³μ´¸É· Í¨¨ ÔËË¥±É¨¢´μ¸É¨ ³¥Éμ¤  ´  ·¨¸. 22,   ¶·¨¢¥¤¥´
¸¶¥±É· α-· ¸¶ ¤´μ° Ï± ²Ò (μ¡Ð Ö ¶ ²¨É· ). �·¨ ÔÉμ³ ¸²¥¤Ê¥É ¨³¥ÉÓ
¢ ¢¨¤Ê, ÎÉμ ¤²Ö ¢Ò¤¥²¥´¨Ö ¸¶¥±É·  ¶μ¤ ¢²¥´¨¥ ¶μ ¶ · ³¥É·Ê ¢·¥³¥´¨
¶·μ²¥É  ¨ ¸¨£´ ²Ê VETO-¤¥É¥±Éμ·  Ê¦¥ ¡Ò²μ ¶·μ¨§¢¥¤¥´μ. ‚ ¶· ¢μ³ ¢¥·Ì-
´¥³ Ê£²Ê ¶μ± § ´ ¸¶¥±É· ¢ ¶ Ê§ Ì, £¥´¥·¨·Ê¥³ÒÌ ¶·μ£· ³³μ° ´ ¡μ· . �¨±
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�¨¸. 22. a) ‘μ¡ÒÉ¨Ö ¢ ¶ÊÎ±¥ (μ¸´μ¢´μ¥ μ±´μ) ¨ ¢´¥ ¶ÊÎ±  (¢·¥§± ). ¡) „¥³μ´¸É· Í¨Ö
ÔËË¥±É¨¢´μ¸É¨ ³¥Éμ¤ . �μ¤ ¢²¥´¨¥ Ëμ´  ¤μ¶μ²´¨É¥²Ó´μ ± μÎ¨¸É±¥ ¶μ ¸¨£´ ² ³ TOF
¨ VETO-¤¥É¥±Éμ·μ¢. �¥ ±Í¨Ö 249Bk+ 48Ca→ ∗117
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¢ · °μ´¥ 5,5 ŒÔ‚ ¶·¨´ ¤²¥¦¨É ´¥ ¶·μ¤Ê±É ³ ·¥ ±Í¨¨,   ¨¸ÉμÎ´¨±Ê-³μ´¨Éμ·Ê.
�  ·¨¸. 22, ¡ ¶μ± § ´Ò ·¥ ²Ó´Ò¥ ¸¶¥±É·Ò ¢ ¶ÊÎ±¥ ¨ ¢´¥ ¶ÊÎ±  ¤²Ö ·¥ ±Í¨¨
249Bk+ 48Ca→ ∗117.

‚¸¶μ³μ£ É¥²Ó´Ò¥ ¶·μÍ¥¤Ê·Ò ¶·μ£· ³³Ò ´ ¡μ·  ¶·μÉμ±μ²¨·ÊÕÉ ¶ · ³¥-
É·Ò μ¸É ´μ¢μ¢, ¨ ¢ É¥Î¥´¨¥ ¶·¨³¥·´μ 3Ä5 ³¨´ ÔÉ  ¨´Ëμ·³ Í¨Ö ¸É ´μ¢¨É¸Ö
¤μ¸ÉÊ¶´μ° ¤¥¦Ê·´μ³Ê Ô±¸¶¥·¨³¥´É Éμ·Ê, ¨ μ´ ³μ¦¥É ¶·¥¤¢ ·¨É¥²Ó´μ ¸Ê¤¨ÉÓ μ
Ì · ±É¥·¥ § ·¥£¨¸É·¨·μ¢ ´´μ£μ ¸μ¡ÒÉ¨Ö. �¨¦¥ ¶·¨¢μ¤¨É¸Ö É ±μ° É¥±¸Éμ¢Ò°
¶·¨³¥·.
2 10091.8 32.4 0 0.0 2446.508 0.9509 745 1 0 0:12:29
15 10965.840.4 0 0.0 2787.342 0.1006 745 1 0 0:17:57
15 10284.635.9 22.4 2787.643 745 0 0 149 3033 (1.265+ 9.017)
15 9619.940.1 18.9 2793.432 745 0 0 100 2064
15 9401.440.1 18.8 2942.940 745 0 0 0 0

‚ ¤ ´´μ³ ¶·¨³¥·¥ ¸¨¸É¥³  ®¶μ°³ ² ¯ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ 10966 ±Ô‚
(¢ ¶ÊÎ±¥, ¶·μ¨§¢¥¤¥´ μ¸É ´μ¢)→ 10285 ±Ô‚ (¢´¥ ¶ÊÎ± ; dt = 301 ³¸)→
9620 ±Ô‚ (¢´¥)→ 9401 ±Ô‚ (¢´¥) ¢ ¸É·¨¶¥ º15. ‘μ¡ÒÉ¨¥ 10966 ±Ô‚ Ö¢²Ö¥É¸Ö
¤¢μ°´Ò³, É. ¥. ¶μ²´ Ö  ³¶²¨ÉÊ¤  μ¡· §μ¢ ´  ¨§ ¸Ê³³Ò  ³¶²¨ÉÊ¤ ¸É·¨¶  º15
Ëμ± ²Ó´μ£μ ¤¥É¥±Éμ·  ¨ ¸¨£´ ²  ¡μ±μ¢μ£μ ¤¥É¥±Éμ·  (1265 ±Ô‚).

‘¶¥Í¨Ë¨±  ¶·¨³¥´¥´¨Ö ¤¥É¥±Éμ·μ¢ DSSSD ¢ ·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨.
‚ÒÏ¥ ¡Ò²¨ Ê± § ´Ò ¶·¥¨³ÊÐ¥¸É¢  ¨¸¶μ²Ó§μ¢ ´¨Ö ¤¥É¥±Éμ·μ¢ DSSSD ¢ ¤μ²£μ-
¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì. —Éμ ¦¥ ± ¸ ¥É¸Ö ¸¶¥Í¨Ë¨±¨ ¶·¨³¥´¥´¨Ö, ¸²¥¤Ê¥É
¨³¥ÉÓ ¢ ¢¨¤Ê ¸²¥¤ÊÕÐ¥¥:

Å ¤¥É¥±Éμ·´ Ö ¸É·Ê±ÉÊ·  (£¥μ³¥É·¨Ö ¸É·¨¶μ¢ É¨¶  ®·¥Ï¥É± ¯) Ê¦¥ ¶·¥¤-
¶μ² £ ¥É ¥¸É¥¸É¢¥´´ÊÕ ³ É·¨Î´ÊÕ ¸É·Ê±ÉÊ·Ê;

Å ¡² £μ¤ ·Ö ´ ²¨Î¨Õ P+-¨§μ²¨·ÊÕÐ¥£μ ¸²μÖ ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ¸É·¨-
¶ ³¨ μ³¨Î¥¸±μ° (Ë·μ´É ²Ó´μ°) ¸Éμ·μ´Ò ¤¥É¥±Éμ·  ±· ¥¢Ò¥ ÔËË¥±ÉÒ ¤²Ö ÔÉ¨Ì
¸É·¨¶μ¢ (48) ¶·¥´¥¡·¥¦¨³μ ³ ²Ò;

Å ´ μ¡μ·μÉ, ¤²Ö ¸μ¸¥¤´¨Ì ¸É·¨¶μ¢ § ¤´¥° ¸Éμ·μ´Ò, ¸μ¤¥·¦Ð¥° pÄn-¶¥-
·¥Ìμ¤Ò, ÔËË¥±É ¤¥²¥´¨Ö § ·Ö¤  ³¥¦¤Ê ¸É·¨¶ ³¨ ³μ¦¥É ¤μ¸É¨£ ÉÓ ≈ 17%
(α-Î ¸É¨Í  5,5 ŒÔ‚). ‘ μÎ¥¢¨¤´μ¸ÉÓÕ ÔÉμÉ ÔËË¥±É ¤μ²¦¥´ ¡ÒÉÓ ¶·¨´ÖÉ ¢μ
¢´¨³ ´¨¥ ¶·¨ ¶μ¨¸±¥ ±μ··¥²ÖÍ¨° EVRÄα (¨ ´¥ Éμ²Ó±μ).

’·¨¢¨ ²Ó´μ¥, ´μ μ¸´μ¢´μ¥ ¸²¥¤¸É¢¨¥ ±· ¥¢μ£μ ÔËË¥±É  ¸μ¸Éμ¨É ¢ Éμ³,
ÎÉμ ¶·¨ μ¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´μ£μ Ô²¥³¥´É  (X , Y ) ¨ μ¡· §μ¢ ´¨¨ ¢·¥³¥´¨
±μ··¥²ÖÍ¨¨ ¸ ·¥±μ°²μ³ ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ¤¢  ¸μ¸¥¤´¨Ì Ô²¥³¥´É , ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨Ì É·¥³ ¨§ 128 ¸É·¨¶μ¢ § ¤´¥° (¶¥·¥Ìμ¤´μ°) ¶μ¢¥·Ì´μ¸É¨ ¤¥É¥±-
Éμ· . ˆ³¥´´μ ÔÉμ ¨ ¨§μ¡· ¦¥´μ ¸Ì¥³ É¨Î´μ ´  ·¨¸. 23. � §Ê³¥¥É¸Ö, ¢ ± ¦¤μ³
É ±μ³ ¸²ÊÎ ¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö Ë ±É  μ¸É ´μ¢  ¶ÊÎ±  (μ¡²ÊÎ¥´¨Ö  ±É¨´¨¤´μ°
³¨Ï¥´¨) ¡¥·¥É¸Ö ³¨´¨³ ²Ó´μ¥ ¢·¥³Ö EVRÄα ¨§ ¢Ò¡μ·±¨.

‘¢¥·Ì¢Ò¸μ±¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ Å ¢¥·μÖÉ´Ò¥ ¸Í¥´ ·¨¨. ‘ ¢¢μ¤μ³
¢ Ô±¸¶²Ê É Í¨Õ ´μ¢ÒÌ Ê¸±μ·¨É¥²¥° ‹Ÿ� �ˆŸˆ (∼ 5−10 p³±�) ¢¸É ¥É ¢μ-
¶·μ¸ μ ¢Ò¡μ·¥ ³¥Éμ¤μ¢, ³¨´¨³¨§¨·ÊÕÐ¨Ì Ëμ´μ¢Ò¥ ¸μ¡ÒÉ¨Ö, ±μÉμ·Ò¥ ³μ£ÊÉ
¨³¨É¨·μ¢ ÉÓ ¨¸±μ³ÊÕ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸¨£´ ²μ¢ ¨²¨ ÌμÉÖ ¡Ò ¥¥ Î ¸ÉÓ.
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DSSSD
detector Stop Start

Pentane
1.6 Torr

EVR

dE1

dE2

TOF

E X j j( ), , 1	

E Y i( ),

Position:
i j j j, , 1, 1� �

Energy:

E X E Y( ) ( ),

EVR , EVR , Time elapsed , from CAMAC( ) ( 1) ( )i j i j� 	 �

�¨¸. 23. ‘Ì¥³  μ¶·¥¤¥²¥´¨Ö  ±ÉÊ ²Ó´ÒÌ Ô²¥³¥´Éμ¢ ³ É·¨ÍÒ ·¥±μ°²μ¢ ¶·¨ ÊÎ¥É¥ ±· ¥-
¢ÒÌ ÔËË¥±Éμ¢

�¨¸. 24. ‚μ§³μ¦´Ò° ±μ³¡¨´¨·μ¢ ´´Ò°  ²£μ·¨É³ ¶μ¤ ¢²¥´¨Ö Ëμ´ 

‚ ÔÉμ³ ¸²ÊÎ ¥ ´¥ ¨¸±²ÕÎ¥´μ, ÎÉμ ¢³¥¸Éμ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸¨£´ ²μ¢
EVRÄα ¡Ê¤¥É ¢¥·μÖÉ¥´ ±μ³¡¨´¨·μ¢ ´´Ò° ¶μ¤Ìμ¤, ±μ£¤  ¸¨£´ ² EVR ¶μ·μ-
¦¤ ¥É ¡μ²¥¥ ±μ·μÉ±ÊÕ ¶ Ê§Ê,   · ´¥¥ μ¶¨¸ ´´Ò°  ²£μ·¨É³ · ¡μÉ ¥É Ë ±É¨Î¥-
¸±¨ ¸μ¢³¥¸É´μ (·¨¸. 24, t2 � t1).
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�·¨ ÔÉμ³ ¸¨¸É¥³  ´¥· ¢¥´¸É¢, μ¶¨¸Ò¢ ÕÐ¨Ì ¤ ´´Ò°  ²£μ·¨É³, ¨³¥¥É
¢¨¤ [6]

η(t1, t2, τEVR−α) � μ � 1, t1 � νατEVR−αt2,

P (max {t1, τEVR−α}, τ0) � 1 − ε, log Nb � −Nmin.

‚ ¤ ´´μ° ¸¨¸É¥³¥ ´¥· ¢¥´¸É¢ ε, μ Å ³ ²Ò¥ Î¨¸²  ¡μ²ÓÏ¥ ´Ê²Ö; t1, t2 Å
¢·¥³¥´  ¶ Ê§; να Å § £·Ê§±  (´  Ô²¥³¥´É) ¤²Ö α-Î ¸É¨Í; τEVR−α Å ±μ·-
·¥²ÖÍ¨μ´´μ¥ ¢·¥³Ö EVRÄα; Nmin Å ¶·¨¥³²¥³Ò° Ê·μ¢¥´Ó ¸É É¨¸É¨Î¥¸±μ°
§´ Î¨³μ¸É¨ ¸μ¡ÒÉ¨Ö; τ0 Å ¢·¥³Ö ¦¨§´¨ ÊÎ ¸É´¨±  α-· ¸¶ ¤  (¨§¢¥¸É´μ¥ ¨²¨
μ¦¨¤ ¥³μ¥). � · ³¥É· P Ì · ±É¥·¨§Ê¥É μÍ¥´¨¢ ¥³μ¥ ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥
¢¥·μÖÉ´μ¸É¨ ¶·μ¨§¢μ¤¸É¢  μ¸É ´μ¢  ¶·¨ ¤ ´´ÒÌ Ê¸²μ¢¨ÖÌ, η Å ¤μ¶Ê¸É¨³Ò°
Ê·μ¢¥´Ó ¶μÉ¥·Ó μ¡Ð¥° ÔËË¥±É¨¢´μ¸É¨ Ô±¸¶¥·¨³¥´É  ¨§-§  £¥´¥·¨·Ê¥³ÒÌ ±μ-
·μÉ±¨Ì ¶ Ê§.

Š·μ³¥ Éμ£μ, ¶μ¸±μ²Ó±Ê ²Õ¡μ¥ ³´μ£μ§¢¥´´μ¥ ¸μ¡ÒÉ¨¥ ¶·¥¤¸É ¢¨³μ ¢ ¢¨¤¥
£· Ë , ²Õ¡μ¥ ¨§ ´ Î ²Ó´ÒÌ ·¥¡¥· £· Ë , · §Ê³¥¥É¸Ö, ¶·¨ ´¥±μÉμ·μ° ¶·¥¤¸± -
§Ê¥³μ¸É¨ ¸¢μ°¸É¢ (Ô´¥·£¥É¨Î¥¸±¨Ì, ¢·¥³¥´´ÒÌ) ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ¢ ± Î¥-
¸É¢¥ É·¨££¥·  μ¸É ´μ¢  ¶ÊÎ±  [6]. � ¶·¨³¥·, É ±, ± ± ÔÉμ ¶μ± § ´μ ´  ·¨¸. 25.

�¥±μÉμ· Ö ¶·μË¨² ±É¨Î¥¸±¨ μ£· ´¨Î¨É¥²Ó´ Ö ³¥·  · ¡μÉÒ  ²£μ·¨É³ 
·¥ ²Ó´μ£μ ¢·¥³¥´¨ ¸ ÉμÎ±¨ §·¥´¨Ö ¶μÉ¥·Ó μ¡Ð¥° ÔËË¥±É¨¢´μ¸É¨ Ô±¸¶¥·¨-
³¥´É  ¶·¨ Î·¥§¢ÒÎ °´μ ¢Ò¸μ±¨Ì ¨´É¥´¸¨¢´μ¸ÉÖÌ ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢
(≈ 5−10 p³±�) ³μ¦¥É ¡ÒÉÓ ¢¢¥¤¥´ , ¥¸²¨ ¶·¨´ÖÉÓ ¢¥²¨Î¨´Ê ¢¥·μÖÉ´μ¸É¨ ¸²Ê-
Î °´μ£μ ¸μ¢¶ ¤¥´¨Ö ¸¨£´ ²μ¢ ·¥±μ°²  ¨ α-Î ¸É¨ÍÒ ¢ ± Î¥¸É¢¥ ´¥§ ¢¨¸¨³μ°
¶¥·¥³¥´´μ° W = W (τ0, τ1, ν

i,j
EVR, νi,j±1

α ). ‡´ ± ±1 ÊÎ¨ÉÒ¢ ¥É ¨³¥´´μ ±· ¥-
¢μ° ÔËË¥±É ¤²Ö ¸É·¨¶μ¢ pÄn-¶¥·¥Ìμ¤´μ° ¸Éμ·μ´Ò ¤¥É¥±Éμ·  (128 ¸É·¨¶μ¢).
‚¥²¨Î¨´  ν μ¡μ§´ Î ¥É § £·Ê§±Ê  ±ÉÊ ²Ó´μ£μ ¶¨±¸¥²Ö (¶¥·¥¸¥Î¥´¨¥ ¶¥·¥¤´¥£μ
¸É·¨¶  ¸ É·¥³Ö § ¤´¨³¨). �·¨Î¥³  ±ÉÊ ²Ó´μ¥ §´ Î¥´¨¥ νi,j

EVR ³μ¦¥É ¢ÒÎ¨-
¸²ÖÉÓ¸Ö ¤²Ö ¤ ´´μ£μ ¶¨±¸¥²Ö ¨ ³μ³¥´É  ¢·¥³¥´¨ ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ ³ É·¨Í 
·¥±μ°²μ¢ Ö¢²Ö¥É¸Ö ¸É É¨Î¥¸±μ°. � §Ê³¥¥É¸Ö, ³ É·¨Î´Ò° Ô²¥³¥´É ¢ ÔÉμ³ ¸²Ê-
Î ¥ ³μ¦¥É ¡ÒÉÓ ¸²¥£±  ¨§³¥´¥´,   ¨³¥´´μ: ´ ·Ö¤Ê ¸  ±ÉÊ ²Ó´Ò³ §´ Î¥´¨¥³
É¥±ÊÐ¥£μ ¢·¥³¥´¨ ·¥£¨¸É· Í¨¨ Ö¤·  μÉ¤ Î¨ ³μ¦´μ § ¶¨¸Ò¢ ÉÓ  ±ÉÊ ²Ó´μ¥ ´ 

�¨¸. 25.  ) Œ´μ£μ§¢¥´´Ò° α-· ¸¶ ¤. ¡) ƒ· Ë ±μ··¥²ÖÍ¨° (α1 −EVR . . . αn − (n−1)-Ö
α-Î ¸É¨Í )
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¤ ´´Ò° ³μ³¥´É ±μ²¨Î¥¸É¢o ·¥±μ°²μ¢ ¸ ´ Î ²  μÉ±·ÒÉ¨Ö Ë °² . �μ¸±μ²Ó±Ê
¢ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ³ É·¨Í  (Ô²¥³¥´É) α-· ¸¶ ¤μ¢ ¤¨´ ³¨Î¥¸± Ö, ³μ¦´μ
¡· ÉÓ ´¥±μÉμ·μ¥ · ¢´μ³¥·´μ¥ ÔËË¥±É¨¢´μ¥ §´ Î¥´¨¥ ¤²Ö ¢¸¥£μ ¤¥É¥±Éμ· . „²Ö
Ê¢¥²¨Î¥´¨Ö ´ ¤¥¦´μ¸É¨ ³μ¦´μ ¸¤¥² ÉÓ ³ É·¨ÍÊ α-· ¸¶ ¤μ¢ ¸É É¨Î¥¸±μ°, ± ±
¨ ³ É·¨ÍÊ ·¥±μ°²μ¢. ‚¥²¨Î¨´Ê ¦¥ Ô²¥³¥´É  ¤²Ö μ¡¥¨Ì ³ É·¨Í μ¶·¥¤¥²¨ÉÓ ± ±
±μ³¶²¥±¸´μ¥ Î¨¸²μ ¢ ¢¨¤¥ Zk,n = telaps

k,n +iNk,n, £¤¥ k, n Å ¨´¤¥±¸Ò ³ É·¨ÍÒ;
N Å Î¨¸²μ § ¶μ²´¥´¨° ¶¨±¸¥²Ö ´  ¤ ´´Ò° ³μ³¥´É ¢·¥³¥´¨ (§¤¥¸Ó i Å ³´¨-
³ Ö ¥¤¨´¨Í ). ‘μμÉ¢¥É¸É¢¥´´μ, νi,j

EVR(telaps
i,j ) = NEVR

i,j /telaps
i,j (N � 1, É. ¥. ¶·¨

¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ° ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ± ). � §Ê³¥¥É¸Ö, ¢ ¡μ²¥¥ ¶·μ¸Éμ³ ¸²Ê-
Î ¥ ³μ¦´μ μ¡μ°É¨¸Ó μÍ¥´μÎ´Ò³¨, ¸·¥¤´¨³¨ §´ Î¥´¨Ö³¨. “¸²μ¢¨¥ μ¸É ´μ¢ 
¶·¨ ÔÉμ³ ¸É ´μ¢¨É¸Ö ¡μ²¥¥ ¦¥¸É±¨³ ¨ ¨³¥¥É ¢¨¤ ¸¨¸É¥³Ò

W (τ0, τ1, ν
i,j
EVR, νi,j±1

α ) � ε, τ1 � τ0.

‚ ¤ ´´μ³ ¸²ÊÎ ¥ ³ É·¨Í  ·¥±μ°²μ¢ ¢ ±μ¤¨·μ¢±¥ ‘++ ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ 
± ±
//- - - - - - - - - Ë· £³¥´É - - - - - - - - -
Structure rec
{Float ti;
Unsigned nn;}
Static rec evn[48][128];
//- - - - - - - - - end - - - - - - - - - - -

Š ¢μ¶·μ¸Ê μ ¢¥·μÖÉ´μ³ ¸³¥Ð¥´¨¨ ·¥ ²Ó´ÒÌ ¢·¥³¥´ ¦¨§´¨ (¶¥·¨μ¤μ¢ ¶μ-
²Ê· ¸¶ ¤ ) ¶·¨ ´¥μ¶·¥¤¥²¥´´μ³ ¸μμÉ´μÏ¥´¨¨ ³ É¥·¨´¸±μ¥ Ö¤·μ Ä ¤μÎ¥·´¥¥
Ö¤·μ. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯ ´ ¨¡μ²¥¥ ±·¨É¨Î-
´Ò³ ¢·¥³¥´´Ò³ ¶ · ³¥É·μ³ Ö¢²Ö¥É¸Ö ¢·¥³Ö ¦¨§´¨ ³ É¥·¨´¸±μ£μ Ö¤· . �Í¥´± 
¤ ´´μ° ¢¥²¨Î¨´Ò, ¶·¥¤Ï¥¸É¢ÊÕÐ Ö ¤μ²£μ¢·¥³¥´´μ³Ê Ô±¸¶¥·¨³¥´ÉÊ, μ¡ÒÎ´μ
¡ §¨·Ê¥É¸Ö ± ± ´  É¥μ·¥É¨Î¥¸±¨Ì, É ± ¨ ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ ´¨ÖÌ. � §Ê-
³¥¥É¸Ö, ¶·¨ ¶·¥¤¢ ·¨É¥²Ó´μ° Ê¸É ´μ¢±¥ ¢·¥³¥´´ÒÌ ±μ··¥²ÖÍ¨μ´´ÒÌ ¨´É¥·¢ -
²μ¢ ¶·μ£· ³³Ò, £¥´¥·¨·ÊÕÐ¥° μ¸É ´μ¢Ò ¶ÊÎ±  Í¨±²μÉ·μ´ , Ô±¸¶¥·¨³¥´É Éμ·
¤¥°¸É¢Ê¥É ¸ ´¥±μÉμ·Ò³ ®§ ¶ ¸μ³¯. �¤´ ±μ ¶·¨ ¢¢μ¤¥ ¢ Ô±¸¶²Ê É Í¨Õ Ë ¡·¨±¨
¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ c ¨´É¥´¸¨¢´μ¸ÉÖ³¨ ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¶μ·Ö¤± 
10 p³±� ¢μ§³μ¦¥´ ¤μ¶μ²´¨É¥²Ó´Ò° Ë ±Éμ· ´¥ÉμÎ´μ¸É¨ ¢ ¢¥²¨Î¨´¥ ¢·¥³¥´-
´μ£μ ¨´É¥·¢ ² , ¸¢Ö§ ´´Ò° ¨³¥´´μ ¸ É¥³, ÎÉμ ¶·¨Ìμ¤¨É¸Ö, ¶μ ±· °´¥° ³¥·¥
¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨, · ¡μÉ ÉÓ (μ¶·¥¤¥²ÖÉÓ Ê± § É¥²Ó ´  EVRÄα-
±μ··¥²ÖÍ¨Õ) ´  £· ´¨ ³¨´¨³Ê³  ¸É É¨¸É¨Î¥¸±μ° §´ Î¨³μ¸É¨ ¤ ´´μ£μ §¢¥´ ,
¨¸¶μ²Ó§Ê¥³μ£μ ± ± É·¨££¥· μ¸É ´μ¢ . ‘²¥¤μ¢ É¥²Ó´μ, ¢ ± Î¥¸É¢¥ É¥μ·¥É¨±μ-
³¥Éμ¤¨Î¥¸±μ£μ ¸É ´μ¢¨É¸Ö  ±ÉÊ ²Ó´Ò³ ¨ ¢μ¶·μ¸ μ ³¥Éμ¤ Ì μÍ¥´±¨ ¢¥·μÖÉ´μ£μ
¨´É¥·¢ ² , ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ . �¤¨´ ¨§ ÔËË¥±É¨¢´ÒÌ ¶μ¤Ìμ¤μ¢ ¨§²μ¦¥´
 ¢Éμ· ³¨ · ¡μÉÒ [52].

�·¥¤²μ¦¥´  ²£μ·¨É³ ¶μ¸É·μ¥´¨Ö μÍ¥´±¨ ¢·¥³¥´¨ ¦¨§´¨ ¶·¨ ´¥μ¶·¥¤¥-
²¥´´μ³ § ¤ ´¨¨ ®¸É ·É  ¢·¥³¥´¨¯. „²Ö ¤μÎ¥·´¥£μ ¸¨£´ ²  ³μ¦¥É ¡ÒÉÓ ´¥-
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¸±μ²Ó±μ ± ´¤¨¤ Éμ¢ ´  ¢·¥³Ö ¸É ·É  μÉ¸Î¥É  ¢·¥³¥´¨. �·¨ ÔÉμ³ μÍ¥´±  ¸É·μ-
¨É¸Ö ´  μ¸´μ¢ ´¨¨ Ëμ·³Ê²

〈τ〉 =
nt∑

i=1

wi
t − ti
nt

, wi = exp
(
− t − ti

τ

)
, i = 1, 2, 3, . . . , nt.

‡¤¥¸Ó ¢¥²¨Î¨´  ¸É É¨¸É¨Î¥¸±μ£μ ¢¥¸  wi ´μ·³ ²¨§μ¢ ´  ¤²Ö ± ¦¤μ£μ t.
“¸·¥¤´¥´´ Ö ¸Ê³³  É ±μ¢μ° μÍ¥´±¨ ¤²Ö ¢¸¥Ì ®¤μÎ¥·´¨Ì¯ · ¸¶ ¤μ¢ ¨ ¡Ê-
¤¥É ¶·¥¤¸É ¢²ÖÉÓ μ±μ´Î É¥²Ó´ÊÕ ¢¥·μÖÉ´ÊÕ μÍ¥´±Ê ¤²Ö ¶ · ³¥É·  ¢·¥³¥´¨
¦¨§´¨ τ . � §Ê³¥¥É¸Ö, ¤ ´´Ò° ¶μ¤Ìμ¤ Ö¢²Ö¥É¸Ö ¤μ¢μ²Ó´μ μ¡Ð¨³, ¢ Éμ ¢·¥³Ö
± ± ¢ ·¥ ²Ó´μ¸É¨ ³μ¦¥É ¢μ§´¨±´ÊÉÓ ¸¨ÉÊ Í¨Ö ¸ ¶·¨³¥´¥´¨¥³ ³¥Éμ¤  ® ±-
É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯, ±μ£¤  ¤¢  ¶μÉ¥´Í¨ ²Ó´ÒÌ ¸¨£´ ²  (± ´¤¨¤ É  ´  Ö¤·μ
μÉ¤ Î¨) ³μ£ÊÉ ¡ÒÉÓ § ¸Î¨É ´Ò ¢ ¶·¨¢Ö§±¥ ± ·¥£¨¸É·¨·Ê¥³μ³Ê α-· ¸¶ ¤Ê ± ±
¢¥¸Ó³  ¢¥·μÖÉ´Ò¥ ±μ··¥²¨·μ¢ ´´Ò¥ ¨³¶Ê²Ó¸Ò. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¸ ÉμÎ±¨ §·¥´¨Ö
 ²£μ·¨É³  ¶μ¨¸±  Ê± § É¥²Ö ´  ±μ··¥²ÖÍ¨Õ EVRÄα ¢μ§³μ¦´μ ¶·μ¸Éμ¥ Ê¤¢μ¥-
´¨¥ ³ É·¨ÍÒ ·¥±μ°²μ¢, ÎÉμ ¢·Ö¤ ²¨ ¢μ§³μ¦´μ ¸ ¶· ±É¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö
¢¢¨¤Ê ¶·¥¤¶μ² £ ¥³μ° £·μ³μ§¤±μ¸É¨  ²£μ·¨É³  ¢ μ¶¨¸ ´´μ³ ¢ÒÏ¥ μ¡Ð¥³ ¸²Ê-
Î ¥ n ± ´¤¨¤ Éμ¢ ´  ®¶· ¢¨²Ó´Ò°¯ ·¥±μ°².

�²¥³¥´ÉÒ  ¢Éμ³ É¨§ Í¨¨ ¶·¨ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ. Š ²¨¡·μ¢±  48 ¸É·¨-
¶μ¢ DSSSD-¤¥É¥±Éμ·  Micron Semiconductors-RAD. C++ Builder ¶·¨²μ¦¥´¨¥
MONITOR-2015 (Î ¸É´Ò° ¸²ÊÎ °). „ ´´μ¥ ¶·¨²μ¦¥´¨¥ ¶·¥¤´ §´ Î¥´μ ¤²Ö
· ¡μÉÒ ¸ Ë °² ³¨ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò ƒ�‘ ´  μ¸´μ¢¥ ¤¥É¥±Éμ·  DSSSD.
�´μ ¶μ¤·μ¡´μ μ¶¨¸ ´μ ¢ ¢ÒÏ¥Ê± § ´´ÒÌ · ¡μÉ Ì. ” °²Ò ¤ ´´ÒÌ (event-
by-event) Ì· ´ÖÉ¸Ö ´  ´μ¸¨É¥²¥ DS 1511 Disk Station [6] ¢ ±μ³´ É¥ ¤¨¸É ´-
Í¨μ´´μ£μ ±μ´É·μ²Ö ƒ�‘, É ³ ¦¥ · ¸¶μ²μ¦¥´Ò ±μ³¶ÓÕÉ¥·Ò ¤²Ö · ¡μÉÒ ¸
¤ ´´Ò³¨ (·¨¸. 26).

�¨¸. 26. ‘Ì¥³  ¶·μÍ¥¸¸  ´ ¡μ· /¢¨§Ê ²¨§ Í¨¨ ¤ ´´ÒÌ
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Š Î¨¸²Ê μ¸´μ¢´ÒÌ £¨¸Éμ£· ³³ μÉ´μ¸ÖÉ¸Ö ¸²¥¤ÊÕÐ¨¥ £·Ê¶¶Ò [8] (·¨¸. 27):
Å μ¸´μ¢´ Ö £¨¸Éμ£· ³³ , ¸μ¤¥·¦ Ð Ö ¸¶¥±É·Ò α-· ¸¶ ¤  (¸Ê³³ ·´Ò°, ¶μ

É¥±ÊÐ¥° ± ²¨¡·μ¢±¥, ¥¸²¨ ¥¸ÉÓ), ¸¶¥±É· μÉ´μ¸¨É¥²Ó´ÒÌ ¢·¥³¥´, ¶·¨ · ¡μÉ¥ ¸
¢· Ð ÕÐ¥°¸Ö ³¨Ï¥´ÓÕ, ¸¶¥±É· ΔE1, ΔE2 (¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ ± ³¥·Ò ´¨§-
±μ£μ ¤ ¢²¥´¨Ö), TOF (¢·¥³Ö ¶·μ²¥É );

Å £¨¸Éμ£· ³³Ò (± ´ ²Ò, Ô´¥·£¨Ö ¶μ ± ²¨¡·μ¢±¥ ¶μ ¸μ¡ÒÉ¨Õ
OnMouseMove ´  μÉ¤¥²Ó´μ° ¶ ´¥²¨) Ô´¥·£¨¨ ¤²Ö 48 ¶¥·¥¤´¨Ì ¸É·¨¶μ¢ ¨
128 § ¤´¨Ì, Ï¥¸ÉÓ ¸¶¥±É·μ¢ ¡μ±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¨ ¸¶¥±É· VETO-¤¥-
É¥±Éμ· ;

Å £¨¸Éμ£· ³³Ò · ¸¶·¥¤¥²¥´¨° § £·Ê§±¨ ¶μ ¶¥·¥¤´¨³ ¨ § ¤´¨³ ¸É·¨¶ ³;
Å £¨¸Éμ£· ³³  (¸Ê³³ ·´ Ö) Ô´¥·£¨° £·Ê¡μ° Ï± ²Ò (¤μ 300 ŒÔ‚) ¶μ É¥-

±ÊÐ¥° ± ²¨¡·μ¢±¥;
¨ ·Ö¤ ¤·Ê£¨Ì.

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 27,  , ¡ ¶μ± § ´  μ¸´μ¢´ Ö ¢Ìμ¤´ Ö £¨¸Éμ-
£· ³³  ¨ £¨¸Éμ£· ³³  · ¸¶·¥¤¥²¥´¨Ö ¶μ ¸É·¨¶ ³ ¶·¨ É¥¸É¥ ´  ¢´¥Ï´¥³ ¨¸-
ÉμÎ´¨±¥ α-Î ¸É¨Í. �  ·¨¸. 27, ¢ ¶·¨¢¥¤¥´Ò ¸¶¥±É·Ò ΔE ¸ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ
± ³¥· ®¸É ·É¯/®¸Éμ¶¯.

�É³¥É¨³, ÎÉμ ¸¶¥±É· ¢·¥³¥´ ¢· Ð ÕÐ¥°¸Ö ³¨Ï¥´¨ Î¥É±μ ¶μ± §Ò¢ ¥É · §-
¤¥²¥´¨¥ ´  μÉ¤¥²Ó´Ò¥ ¸¥±Éμ· . �  ·¨¸. 28 (¶· ¢ Ö Î ¸ÉÓ) ¶μ± § ´ ¸Ê³³ ·´Ò°
¸¶¥±É· α-· ¸¶ ¤μ¢ ¨ Ï± ²Ò μ¸±μ²±μ¢ ¤¥²¥´¨Ö ¤¥É¥±Éμ·  DSSSD (Ö¤¥·´ Ö
·¥ ±Í¨Ö ¶μ²´μ£μ ¸²¨Ö´¨Ö natYb+ 48Ca).

�·¨ ¶·μ¢¥¤¥´¨¨ ¤μ²£μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸¨´É¥§Ê ‘’Ÿ ¶·¥Í¨-
§¨μ´´Ò° ± ²¨¡·μ¢μÎ´Ò° ¶·μÍ¥¸¸ §´ Î¨³ ´¥ Éμ²Ó±μ ¤²Ö μ±μ´Î É¥²Ó´μ° μ¡-
· ¡μÉ±¨ ·¥§Ê²ÓÉ Éμ¢, ´μ ¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö ³ ¸¸¨¢  ± ²¨¡·μ¢μÎ´ÒÌ ±μ´¸É ´É,
¶·¨³¥´Ö¥³ÒÌ ¤²Ö ¶μ¨¸±  ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ±μ··¥²ÖÍ¨μ´´ÒÌ §¢¥-
´Ó¥¢ É¨¶  ERÄα. ‡ Î ¸ÉÊÕ ¤ ´´ Ö ¶·μÍ¥¤Ê·  § ´¨³ ¥É ¢·¥³Ö ¤μ 2 ¸ÊÉ ¨
¡μ²¥¥. ‚ Éμ ¦¥ ¢·¥³Ö ¶·¨ ´ ²¨Î¨¨ ¤μ¸É ÉμÎ´μ° ¸É É¨¸É¨±¨ Ô±¸¶·¥¸¸-³¥Éμ¤Ò
³μ£ÊÉ Ê¶·μ¸É¨ÉÓ ¤ ´´ÊÕ ¶·μÍ¥¤Ê·Ê. �¨¦¥ ¶·¥¤² £ ¥É¸Ö ³¥Éμ¤, ¸ÊÉÓ ±μÉμ·μ£μ
¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³:

Å ¶μ¸±μ²Ó±Ê ¨§´ Î ²Ó´μ ±μÔËË¨Í¨¥´ÉÒ Ê¸¨²¥´¨Ö Ô²¥±É·μ´´ÒÌ É· ±Éμ¢
´¥ μÉ²¨Î ÕÉ¸Ö ´  10Ä15% ¶μ¸²¥ ´ ¸É·μ°±¨  ¶¶ · ÉÊ·Ò,  ¢Éμ³ É¨Î¥¸± Ö ¶·μ-
Í¥¤Ê·  ¢Ò¡¨· ¥É É·¨ ´ ¨¡μ²¥¥ Ô´¥·£¨Î´Ò¥ ²¨´¨¨, μÉ¸¥± Ö (¶μ ´μ³¥·Ê ± ´ ² )
· ¸¶μ²μ¦¥´´Ò¥ ´¨¦¥;

Å Ë¨²ÓÉ·ÊÕÉ¸Ö ± ´ ²Ò, ¥¸²¨ ¨Ì ¸μ¤¥·¦ ´¨¥ ´¥ ¤μ¸É¨£ ¥É ≈ 15−35% μÉ
³ ±¸¨³ ²Ó´μ ÔËË¥±É¨¢´μ° ²¨´¨¨;

Å ´ Ìμ¤ÖÉ¸Ö ³ ±¸¨³Ê³Ò (Í¥´É· ÉÖ¦¥¸É¨) ¢¸¥Ì É·¥Ì ¶¨±μ¢ ¢ ± ´ ² Ì;
Å ¶·μ¨§¢μ¤¨É¸Ö ¶¥·¢μ¥ ¶·¨¡²¨¦¥´¨¥ ± ²¨¡·μ¢±¨ ¶μ μ¤´μ° (¸ ³μ°

¶· ¢μ°) ²¨´¨¨ c ¶·¨¸¢μ¥´¨¥³ §´ Î¥´¨Ö Ô´¥·£¨¨ α-· ¸¶ ¤  217Th
(9261 ±Ô‚);

Å μ¶·¥¤¥²ÖÕÉ¸Ö ¶μ ¶¥·¢μ³Ê ¶·¨¡²¨¦¥´¨Õ Ô´¥·£¨¨ ¤¢ÊÌ ²¥¢ÒÌ ¶¨±μ¢;
Å ¶·μ¨¸Ìμ¤¨É ®· ¸¶μ§´ ¢ ´¨¥¯ ¨ ±μ··¥±Í¨Ö Ô´¥·£¨¨ ²¥¢ÒÌ ¶¨±μ¢ ¤μ

§´ Î¥´¨° 8700 ¨ 7923 ±Ô‚;
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�¨¸. 27.  ) �±´μ μ¸´μ¢´ÒÌ £¨¸Éμ£· ³³ ¶·¨²μ¦¥´¨Ö. �μ± § ´Ò £¨¸Éμ£· ³³Ò α-· ¸-
¶ ¤ , ¸¶¥±É·  ¢·¥³¥´ ¢· Ð ÕÐ¥°¸Ö ³¨Ï¥´¨, ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥· ΔE1, ΔE2

¨ ¢·¥³¥´¨ ¶·μ²¥É  (TOF). ¡) ‘¶¥±É· α-· ¸¶ ¤μ¢ (É¥¸É 5,5 ŒÔ‚) ¨ · ¸¶·¥¤¥²¥´¨¥
¸μ¡ÒÉ¨° ¶μ 40 (¸²¥¢ ) ¨ 128 (¢¸Ö ¶ ²¨É·  ¸´¨§Ê) ¸É·¨¶ ³. ¢) ‘¶¥±É·Ò ΔE ¸ ± ³¥·
®¸É ·É¯ ¨ ®¸Éμ¶¯ (¨¸¶μ²Ó§Ê¥É¸Ö ¢ ³¥Éμ¤¥ ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯)
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�¨¸. 28. ‘¶¥±É· Ï± ² α-Î ¸É¨Í (²¥¢Ò°) ¨ μ¸±μ²±μ¢ ¤¥²¥´¨Ö (¶· ¢Ò°)

Å μ±μ´Î É¥²Ó´μ ¢¸¥ 48 ¸É·¨¶μ¢  ¢Éμ³ É¨Î¥¸±¨ (¶μ ´ ¦ É¨Õ ±´μ¶±¨ Ô±¸-
¶¥·¨³¥´É Éμ·μ³) ± ²¨¡·ÊÕÉ¸Ö ¸ ¶·¨³¥´¥´¨¥³ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢
¶μ É·¥³ ÊÉμÎ´¥´´Ò³ ²¨´¨Ö³;

Å μ¡· §ÊÕÉ¸Ö ¤¢  ¢ÒÌμ¤´ÒÌ Ë °²  ·¥§Ê²ÓÉ É :  ) ´ ¡μ· ±μ´¸É ´É (Ei =
aiN + bi, i = 0, . . . , 47), ¡) Ë °² μÉ±²μ´¥´¨° μÉ Ê¸²μ¢´μ ®¶· ¢¨²Ó´μ°¯ ± ²¨-
¡·μ¢±¨ (¶·¨ ¥¥ ´ ²¨Î¨¨) ¤²Ö ± ´ ²  N = 1000 (¶·¨³¥·´μ 8 ŒÔ‚).

…¸²¨ ¢¸¥ ¦¥ ´¥¢μ§³μ¦´μ Ê¸É ´μ¢¨ÉÓ μÉ¸¥Î±Ê É·¥Ì ¶· ¢ÒÌ ¶¨±μ¢ ¥¤¨´μ-
μ¡· §´μ (§ ¤ ¢ μ¤¨´ ´μ³¥· ± ´ ²  ¤²Ö ¢¸¥Ì 48 ¸É·¨¶μ¢), Éμ Ô±¸¶¥·¨³¥´É Éμ·
³μ¦¥É Ê¸É ´μ¢¨ÉÓ ± ´ ² ¨´¤¨¢¨¤Ê ²Ó´μ ¢ ¨´É¥· ±É¨¢´μ³ ·¥¦¨³¥ ¶μ ¸μ¡Ò-
É¨Õ OnMouseClick. „²Ö μ¡Ð¥° ¤¥³μ´¸É· Í¨¨ ¶·μÍ¥¸¸  ´  ·¨¸. 29 ¶μ± § ´Ò
Ì · ±É¥·´Ò¥ Ï £¨ Ë¨²ÓÉ· Í¨¨ ¸¶¥±É·μ¢.

‡´ Î¥´¨Ö ¢¥²¨Î¨´ μÉ±²μ´¥´¨° μÉ Ê¸²μ¢´μ ®¶· ¢¨²Ó´μ°¯ ± ²¨¡·μ¢±¨ ¸μ-
μÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨³ Î¨¸² ³ (±Ô‚, º44, 48 μÉ±²ÕÎ¥´Ò; ¶¥·¢μ¥ Î¨¸²μ
¶ ·Ò Å ´μ³¥· ¸É·¨¶ , ¢Éμ·μ¥ Å μÉ±²μ´¥´¨¥):
{1, 1; 2, 5; 3, Ä7; 4, Ä3; 5 Ä2; 6, 1; 7, 1; 8, 1; 9, 0; 10, Ä1; 11, Ä3; 12, Ä3; 13,
Ä4; 14, Ä3; 15, Ä1; 16, 0; 17, 1; 18, Ä3; 19, 0; 20, Ä2; 21, 0; 22, 3; 23, Ä2; 24,
0; 25, 0; 26, 0; 27, Ä4; 28, 0; 29, 0; 30, 0; 31, 0; 32, 0; 33, 2; 34, Ä2; 35, Ä2;
36, 0; 37, 0; 38, Ä4; 39, 0; 40, Ä1; 41, Ä1; 42, 2; 43, Ä1; 45, Ä1; 46, 3; 47, 0}.
‘²¥¤Ê¥É ¶·¨§´ ÉÓ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ Î¨¸¥² Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ° (¸É ´¤ ·É´μ¥
μÉ±²μ´¥´¨¥ 2,1 ±Ô‚, ·¨¸. 30).

’¨¶¨Î´Ò¥ μÉ±²μ´¥´¨Ö ¢ ¡μ²¥¥ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ (¶·¨³¥·´μ 6,5Ä
15 ŒÔ‚) ¶μ± § ´Ò ´  ·¨¸. 30, ¡ ¤²Ö ¸É·¨¶μ¢ º21, 31.
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�¨¸. 29. • · ±É¥·´Ò¥ Ï £¨ Ë¨²ÓÉ· Í¨¨ ¸¶¥±É·μ¢. a) � Î ²Ó´Ò° ¸¶¥±É· (¸É·¨¶ º7).
¡) � Ìμ¦¤¥´¨¥ É·¥Ì ¶¨±μ¢ (¶μ± § ´Ò É·¥Ê£μ²Ó´Ò³¨ ³ ·±¥· ³¨). ¢) �±μ´Î É¥²Ó´Ò°
·¥§Ê²ÓÉ É
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�¨¸. 30. ’¨¶¨Î´Ò¥ μÉ±²μ´¥´¨Ö:  ) μÉ±²μ´¥´¨¥ μÉ ¶·¥Í¨§¨μ´´μ° ± ²¨¡·μ¢±¨; ¡) μÉ-
±²μ´¥´¨¥ μÉ ¶·¥Í¨§¨μ´´μ° ± ²¨¡·μ¢±¨ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ´  ¶·¨³¥·¥ ¸É·¨¶μ¢
º21, 31; ¢) ¶μ£·¥Ï´μ¸ÉÓ ± ²¨¡·μ¢±¨ ¤²Ö μ±·¥¸É´μ¸É¥° 5 ¨ 9 ŒÔ‚ ¤²Ö ¢¸¥Ì ¸É·¨¶μ¢
(±·μ³¥ º44, 48)

Š·μ³¥ Éμ£μ, ¶·¨ ´ Ìμ¦¤¥´¨¨ Ô´¥·£¨¨ α-· ¸¶ ¤  ¤²Ö ³ ¸¸, μÉ²¨Î ÕÐ¨Ì¸Ö
μÉ · °μ´  ∼ 200−220 (´ ¶·¨³¥·, ∼ 280−300), ¸²¥¤Ê¥É ¸Î¨É ÉÓ¸Ö ¨ ¸ ¢μ§³μ¦-
´μ¸ÉÓÕ ¸¨¸É¥³ É¨Î¥¸±μ° μÏ¨¡±¨, ±μÉμ· Ö ³μ¦¥É ¤μ¸É¨£ ÉÓ ¶μ·Ö¤±  ∼ 20 ±Ô‚
¨§-§  Éμ£μ, ÎÉμ Ë ±É¨Î¥¸±¨ Ô´¥·£μ¢Ò¤¥²¥´¨¥ ¢ ±·¥³´¨¥¢μ³ ¤¥É¥±Éμ·¥ ¨³¶² ´-
É¨·μ¢ ´´μ£μ ´Ê±²¨¤  ¸μμÉ¢¥É¸É¢Ê¥É ´¥ Ô´¥·£¨¨ α-Î ¸É¨ÍÒ,   Î ¸É¨Î´μ° ¸Ê³³¥
É ±μ¢μ° ¸ μ¸É É±μ³ Ô´¥·£μ¢Ò¤¥²¥´¨Ö Ö¤·  μÉ¤ Î¨, ÌμÉÖ ¡Ò ¨ ¸ ¡μ²ÓÏ¨³ §´ -
Î¥´¨¥³ ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò ¨³¶Ê²Ó¸  ¶μ¸²¥¤´¥£μ. ‘ ³ ¦¥ ¶μ¶· ¢μÎ´Ò° ³´μ-
¦¨É¥²Ó μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥³ É¨¶ 

μ =
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‚ ¤ ´´μ° Ëμ·³Ê²¥ m Å ³ ¸¸  α-Î ¸É¨ÍÒ; MSHE,0 Å ³ ¸¸Ò ‘’Ÿ ¨ ± ²¨¡· -
Éμ·  (¸·¥¤´¥¥ §´ Î¥´¨¥ ¶μ ¤¨ ¶ §μ´Ê) ¸μμÉ¢¥É¸É¢¥´´μ; η Å Ë ±Éμ·, § ¢¨¸ÖÐ¨°
μÉ ¶μÉ¥·Ó Ö¤·  μÉ¤ Î¨ ¶·¨ α-· ¸¶ ¤¥ ¨³¶² ´É¨·μ¢ ´´μ£μ Ö¤·  ´  ·¥±μ³¡¨´ -
Í¨Õ Ô²¥±É·μ´´μ-¤Ò·μÎ´ÒÌ ¶ · ¨ Ö¤¥·´μ¥ · ¸¸¥Ö´¨¥ ¢ ·¥Ï¥É±¥ ±·¥³´¨Ö [53].

�·¨ · ¡μÉ¥ ¶·μ£· ³³Ò Writer.exe [8] ¢ ·¥¦¨³¥ ¶μ¨¸±  ¶μÉ¥´Í¨ ²Ó´μ£μ
± ´¤¨¤ É  ´  ¨´É¥·¥¸ÊÕÐÊÕ Ô±¸¶¥·¨³¥´É Éμ·μ¢ ±μ··¥²ÖÍ¨Õ ¸ § ¤¥·¦±μ°
μ±μ²μ 5 ³¨´ μ¡· §Ê¥É¸Ö ¤μ¡ ¢²¥´¨¥ ± É¥±¸Éμ¢μ³Ê Ë °²Ê ER alfa.txt, ¸μ¤¥·-
¦ Ð¥³Ê μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò μ¸É ´μ¢  ¶ÊÎ±  Í¨±²μÉ·μ´  “-400 ‹Ÿ�. �¨¦¥
¶·¨¢¥¤¥´ Ë· £³¥´É Ë °²  ¸ ¢Ò¤¥²¥´´Ò³ ¸μ¡ÒÉ¨¥³.

32 26 32 29 8406,7 1234 10557,7 10643,2 3296,465462 0,305143 124 0 333163
8 22 23 6 6882,5 1213 10408,4 10433,9 659,463835 1,019952 124 0 1988255

31 13 46 39 6038,0 1131 10188,9 10181,7 273,261318 0,000092 125 0 355968
→ 26 14 30 37 10195,3 1230 10391,3 10452,2 1974,362087 0,252507 126 0 188488

16 20 16 9 8229,6 1310 11219,0 11302,4 2249,231891 0,433879 129 1 1161934
28 53 37 88 8201,2 1180 10158,0 9678,3 2791,649032 0,002914 129 0 1585918
29 13 40 40 6273,6 1311 11196,1 11210,7 3475,295652 0,048494 129 0 1616396

‘μ¡ÒÉ¨¥ ¶·μ¨§μÏ²μ ¢ Ë °²¥ º126, ¶μ·Ö¤±μ¢Ò° ´μ³¥· 188488, Ô´¥·£¨Ö Ö¤· 
μÉ¤ Î¨ 10,2 ŒÔ‚, ±μ··¥²ÖÍ¨μ´´μ¥ ¢·¥³Ö 0,25 ¸.

—Éμ ± ¸ ¥É¸Ö ¶·μ£· ³³Ò MONITOR-2015, Éμ μ´  μ¡· §Ê¥É É¥±¸Éμ¢Ò°
Ë °² outb.txt (Ë· £³¥´É).
→ 1 0 30 0 37 1230 10391,3 10452,2 1974,362087 24532 0 0 0 13322 188488

1 1 30 0 37 1121 9462,4 9504,8 1976,690526 59214 0 0 0 7803 188499
1 1 30 0 37 1006 8482,5 8496,5 2072,108045 56319 0 0 0 9525 188930

ˆ§ ÔÉμ° § ¶¨¸¨ ¢¨¤´μ, ÎÉμ §  ¸μ¡ÒÉ¨¥³ º188488 ¸²¥¤Ê¥É · ¸¶ ¤ ¢ Ëμ± ²Ó-
´μ³ ¤¥É¥±Éμ·¥ ¢ Éμ³ ¦¥ ¸É·¨¶¥ ®¢´¥ ¶ÊÎ± ¯ (Î¨¸²μ 1, ¢Éμ· Ö ±μ²μ´± ), ÎÉμ,
μÎ¥¢¨¤´μ, Ö¢²Ö¥É¸Ö ± ´¤¨¤ Éμ³ ´  ³´μ£μ§¢¥´´μ¥ ¸μ¡ÒÉ¨¥ ¨ μ¡²¥£Î ¥É Ë §Ê
ÉÐ É¥²Ó´μ° μ¡· ¡μÉ±¨.

� ·Ö¤Ê ¸ · ¸¸³μÉ·¥´´Ò³ ¢ÒÏ¥ ¶·μ£· ³³  ¶·¥¤¶μ² £ ¥É ¸²¥¤ÊÕÐ¥¥:
 ) ¢Ò¢μ¤ ±μ²¨Î¥¸É¢  Ö¤¥· μÉ¤ Î¨ ¨ α-Î ¸É¨Í, Ô´¥·£¨¨ ±μÉμ·ÒÌ ¸μμÉ¢¥É-

¸É¢ÊÕÉ ¶μÉ¥´Í¨ ²Ó´μ° ±μ··¥²ÖÍ¨¨ EVRÄα;
¡) § ³¥´  Ô´¥·£¨¨ 9,26 ŒÔ‚ ´  7,45 (211Po) ŒÔ‚ ± ± ¨¸ÉμÎ´¨±  ¤²Ö

¶¥·¢μ£μ ¶·¨¡²¨¦¥´¨Ö ¶·μÍ¥¸¸  ± ²¨¡·μ¢±¨;
¢) ¶μ± § ´μ³¥·μ¢ ¸É·¨¶μ¢ (¶¥·¥¤´¨Ì ¨ § ¤´¨Ì), ¶μ¤μ§·¥¢ ¥³ÒÌ ¢ ´¥¶· -

¢¨²Ó´μ° · ¡μÉ¥ ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì É· ±Éμ¢;
£) É¥¸É Î ¸μ¢ ¸¨´Ì·μ´¨§ Í¨¨ ¸μ¸É ¢´ÒÌ ¸μ¡ÒÉ¨° ¢ Éμ³ ¸²ÊÎ ¥, ±μ£¤  Ô´¥·-

£¨Ö α-· ¸¶ ¤  ¤¥²¨É¸Ö ³¥¦¤Ê μ¸´μ¢´Ò³¨ ¨ ¡μ±μ¢Ò³¨ ¤¥É¥±Éμ· ³¨;
¤) ¢Ò¢μ¤ ¸μ¤¥·¦ ´¨Ö ±μ²¨Î¥¸É¢  ¸μ¡ÒÉ¨°, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ § ¸Î¨É ´Ò

± ± μ¸±μ²±¨ ¤¥²¥´¨Ö ¶μ ¸É·¨¶ ³.
‘μ§¤ ´´μ¥ ‘++-¶·¨²μ¦¥´¨¥ MONITOR-2015 Ö¢²Ö¥É¸Ö §´ Î¨³Ò³ ¤μ¶μ²-

´¥´¨¥³ ± ¸¨¸É¥³ ³ ¤¥É¥±É¨·μ¢ ´¨Ö ¨ ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ƒ�‘. „μ¶μ²´¨-
É¥²Ó´μ μ´μ μ¡¥¸¶¥Î¨¢ ¥É ´¥ Éμ²Ó±μ ¢¨§Ê ²Ó´Ò° ±μ´É·μ²Ó £¨¸Éμ£· ³³, ´μ
¨ ¶μ§¢μ²Ö¥É ¸μ¢³¥¸É´μ ¸ ±μ¤μ³ Writer.exe μ¶É¨³¨§¨·μ¢ ÉÓ · ¡μÉÊ ¸¶¥±É·μ-
³¥É·  ƒ�‘ ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨. �¢Éμ· ´ ³¥·¥´ ¢ ¡²¨¦ °Ï¥³
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�¨¸. 31. �·¨³¥·  ¢Éμ³ É¨Î¥¸±μ£μ ¶μ¨¸±  ¶¨±μ¢ ¶·μ£· ³³μ° VSHEC [54]

¡Ê¤ÊÐ¥³ ¸μ¢¥·Ï¥´¸É¢μ¢ ÉÓ ¨´¸É·Ê³¥´ÉÒ ¨ ³¥Éμ¤Ò  ¢Éμ³ É¨§ Í¨¨ ¤²¨É¥²Ó-
´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ƒ�‘ ´  ¶ÊÎ±¥ ÉÖ¦¥²ÒÌ ¨μ´μ¢ Í¨±²μÉ·μ´  “-400 ‹Ÿ�
¨³. ƒ. �.”²¥·μ¢ . „μ¶μ²´¨É¥²Ó´Ò° ¢Ò¢μ¤ § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¢ ¸²ÊÎ ¥
¶·¨³¥´¥´¨Ö Ô±¸¶·¥¸¸-± ²¨¡·μ¢±¨ É· ±Éμ¢ ¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¶μ²ÊÎ¥´´ÒÌ ±μ-
ÔËË¨Í¨¥´Éμ¢ ¶·¨ ¶μ¨¸±¥ ±μ··¥²ÖÍ¨° É¨¶  EVRÄα ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥-
³¥´¨ · ¸Ï¨·¥´¨Ö ¤¨ ¶ §μ´  Ô´¥·£¨° Ö¤¥· μÉ¤ Î¨ ´  ¢¥²¨Î¨´Ê ±200 ±Ô‚ ¶·¨
μ¸´μ¢´μ³ ¤¨ ¶ §μ´¥ 5Ä16 ŒÔ‚ ¡μ²¥¥ Î¥³ ¤μ¸É ÉμÎ´μ.

�²¥³¥´ÉÒ μ¡Ð¥£μ ¶μ¤Ìμ¤  ± ± ²¨¡·μ¢±¥. ‚ · ¡μÉ¥ [54] ¡Ò²  ¶μ¤·μ¡´μ
μ¶¨¸ ´  ¶·μ£· ³³  VSHEC, ¶·μ¢μ¤ÖÐ Ö  ¢Éμ³ É¨Î¥¸±ÊÕ ± ²¨¡·μ¢±Ê ¸¶¥±-
É·μ¢, ¨ ¤ ´μ ¤¥É ²Ó´μ¥ μ¶¨¸ ´¨¥ ¶·μÍ¥¤Ê·, ¶μÔÉμ³Ê ¢ ¤ ´´μ° · ¡μÉ¥  ¢Éμ·
μ£· ´¨Î¨¢ ¥É¸Ö Ê± § ´¨¥³ ´  μ¤´Ê ¨§ μ¸´μ¢´ÒÌ ¨¤¥°,   ¨³¥´´μ ´  Éμ, ÎÉμ
¸ ³μ ¶μ´ÖÉ¨¥ ®¶¨±¯  ¢Éμ·Ò · ¸¸³ É·¨¢ ÕÉ Î¥·¥§ ¢¥²¨Î¨´Ê ±¢ §¨±·¨¢¨§´Ò,
±μÉμ· Ö ±μ²¨Î¥¸É¢¥´´μ ¢Ò· ¦ ¥É¸Ö ± ±

Qc =
−y′′√
1 + y′2

.

„ ´´Ò° ¶ · ³¥É· ¶·¨³¥´Ö¥É¸Ö ¤²Ö Ê¸¨²¥´¨Ö ®±μ´É· ¸É´μ¸É¨¯ ¶¨±μ¢ ¶·¨ ¨Ì
 ¢Éμ³ É¨Î¥¸±μ³ ¶μ¨¸±¥. ‚ ¶·¨¢¥¤¥´´μ° Ëμ·³Ê²¥ y(x) ¨ ¥¸ÉÓ ¸μ¡¸É¢¥´´μ
¸¶¥±É·.

�·¨³¥· ·¥§Ê²ÓÉ É  ¶·¨³¥´¥´¨Ö ¤ ´´μ£μ ¶μ¤Ìμ¤  ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 31.
Œμ¤¥²¨·μ¢ ´¨¥ Ë¨§¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¤¥É¥±Éμ·μ¢

± ± μ¸´μ¢Ò ¤²Ö ·¥£¨¸É· Í¨¨ ÉÖ¦¥²ÒÌ Ö¤¥· ¨ ¶·μ¤Ê±Éμ¢ ¨Ì · ¸¶ ¤ . �μ-
¸±μ²Ó±Ê ¢¸¥ Ô±¸¶¥·¨³¥´É Éμ·Ò, ¨³¥ÕÐ¨¥ μÉ´μÏ¥´¨¥ ± ¶·¨³¥´¥´¨Õ ±·¥³-
´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢, É ± ¨²¨ ¨´ Î¥ ¨´É¥·¥¸ÊÕÉ¸Ö ¢´ÊÉ·¥´´¨³¨ ¶·μÍ¥¸¸ ³¨
¶·¨ ¤¥É¥±É¨·μ¢ ´¨¨ É¥Ì ¨²¨ ¨´ÒÌ Î ¸É¨Í (± ± ¨  ¢Éμ· ´ ¸ÉμÖÐ¥£μ μ¡§μ· ),
±μ²¨Î¥¸É¢μ ¶Ê¡²¨± Í¨°, ¶μ¸¢ÖÐ¥´´ÒÌ É ±¨³ Ö¢²¥´¨Ö³, ± ± ·¥±μ³¡¨´ Í¨Ö
´¥· ¢´μ¢¥¸´ÒÌ ´μ¸¨É¥²¥°, ¤¥¸É·Ê±Í¨Ö É·¥±μ¢ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í,
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³Ê²ÓÉ¨¶²¨± Í¨Ö § ·Ö¤  ¨ ¤·., ¤μ¢μ²Ó´μ §´ Î¨É¥²Ó´μ. �μÔÉμ³Ê ¢ ¤ ´´μ³ · §-
¤¥²¥ ¤ ´  ±· É± Ö Ëμ·³Ê²¨·μ¢±  Éμ£μ, ¸ Î¥³ ·¥ ²Ó´μ ¶·¨Ìμ¤¨É¸Ö ¸É ²±¨¢ ÉÓ¸Ö
¶·¨ · ¸±·ÒÉ¨¨ É¥·³¨´  ®³μ¤¥²¨·μ¢ ´¨¥¯. ‚ ¶μ´¨³ ´¨¨  ¢Éμ·  ÔÉμ (Ê¸²μ¢´μ)
³μ¦¥É ¡ÒÉÓ ¸¢¥¤¥´μ ± ¸²¥¤ÊÕÐ¥³Ê:

Å ¨§ÊÎ¥´¨¥ Ö¢²¥´¨Ö ·¥±μ³¡¨´ Í¨¨ Ô²¥±É·μ´´μ-¤Ò·μÎ´ÒÌ ¶ · ¢ ¶·¨¶μ-
¢¥·Ì´μ¸É´ÒÌ ¸²μÖÌ ¶μ²Ê¶·μ¢μ¤´¨±μ¢; ÊÎ¥É ·μ²¨ ± ´ ²  ¶μ¢¥·Ì´μ¸É´μ° ·¥-
±μ³¡¨´ Í¨¨, ¨§³¥·¥´¨° ´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¤²Ö μÍ¥´±¨ ÔËË¥±É¨¢´μ£μ
§´ Î¥´¨Ö ¸±μ·μ¸É¨ ¶μ¢¥·Ì´μ¸É´μ° ·¥±μ³¡¨´ Í¨¨; ·¥±μ³¡¨´ Í¨μ´´μ° ±μ³¶μ-
´¥´ÉÒ ¶μ²´μ£μ ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò ¨³¶Ê²Ó¸ ;

Å ¨§ÊÎ¥´¨¥ Ö¢²¥´¨Ö Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ (Ö¤¥·) ¢ ·¥-
Ï¥É±¥ ±·¥³´¨Ö, ¶·¨³¥´¥´¨¥ Ëμ·³Ê²Ò ‚¨²±¨´¸  [55] ¤²Ö μÍ¥´±¨ ¸μ¸É ¢²Ö-
ÕÐ¥° ¸Éμ²±´μ¢¨É¥²Ó´ÒÌ ¶μÉ¥·Ó; ÊÎ¥É ÔËË¥±É  ± ´ ²¨·μ¢ ´¨Ö;

Å ¶μ¸É·μ¥´¨¥ ³μ¤¥²¨ (´ ¶·¨³¥·, [56], ¨ ¤·.) ¤²Ö · ¸Î¥É  ¶² §³¥´´ÒÌ
¢·¥³¥´;

Å Ë¨§¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ Ö¢²¥´¨Ö ³Ê²ÓÉ¨¶²¨± Í¨¨ § ·Ö¤ , ´ ¡²Õ¤¥-
´¨¥ ÔËË¥±É  ´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨μ´μ¢; μ¶·¥¤¥²¥´¨¥ ±·¨É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢
¶·μÍ¥¸¸ ;

Å ³μ¤¥²¨·μ¢ ´¨¥ ¶·μ²¥É  ÉÖ¦¥²ÒÌ Ö¤¥· Î¥·¥§ · ¡μÎ¨¥ ¸·¥¤Ò Ô²¥±É·μ³ £-
´¨É´ÒÌ ¸¥¶ · Éμ·μ¢; ·¥£¨¸É·¨· Í¨Ö ¤¥É¥±Éμ· ³¨ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ¸¶¥±-
É·μ¢ Ö¤¥· μÉ¤ Î¨ (´ ¶·¨³¥·, [57]);

Å Î¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ·¥£¨¸É·¨·Ê¥³ÒÌ ¸¶¥±É·μ¢ ¸¶μ´É ´´μ£μ ¤¥-
²¥´¨Ö ¨³¶² ´É¨·μ¢ ´´ÒÌ Ö¤¥·, ·μ²Ó Ê£²μ¢μ° § ¢¨¸¨³μ¸É¨ ·¥±μ³¡¨´ Í¨μ´´μ°
±μ³¶μ´¥´ÉÒ ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò;

Å ¶μ²ÊÎ¥´¨¥ Ô³¶¨·¨Î¥¸±¨Ì ¸μμÉ´μÏ¥´¨° ¤²Ö ¨§³¥·Ö¥³μ£μ §´ Î¥´¨Ö Ô´¥·-
£¨¨ ·¥±μ°²  ¤¥É¥±Éμ·μ³ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨, ¸· ¢´¥´¨¥ ¸ ³μ¤¥²Ó´Ò³¨ · ¸-
Î¥É ³¨;

Å ÊÎ¥É Ë²Ê±ÉÊ Í¨μ´´ÒÌ μ¸μ¡¥´´μ¸É¥° ¶·μÍ¥¸¸  ¸¡μ·  ´¥· ¢´μ¢¥¸´μ£μ
§ ·Ö¤  [58].

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 32 ¶·¨¢¥¤¥´ · ¸Î¥É´Ò° (�Š-¸¨³Ê²ÖÍ¨Ö)
¸¶¥±É· ¤²Ö Ô²¥³¥´É  Z = 118 [59].

‚ ± Î¥¸É¢¥ ¢Éμ·μ£μ ¶·¨³¥·  ´¨¦¥ ¶·¨¢¥¤¥´  ¸¨¸É¥³  Ê· ¢´¥´¨° �¨³ �´
‘¥´  [60] ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¸¶¥±É·  ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¨³¶² ´É¨·μ¢ ´-
´ÒÌ Ö¤¥· ¤²Ö ¸²ÊÎ Ö ´¨§±μμ³´μ£μ (¶μ·Ö¤±  100Ä300 �³ · ¸³) ¶μ¢¥·Ì´μ¸É´μ-
¡ ·Ó¥·´μ£μ ¤¥É¥±Éμ· . �É³¥É¨³, ÎÉμ ¤²Ö ¸²ÊÎ Ö PIPS-¤¥É¥±Éμ· , ¨§£μÉμ¢²¥´-
´μ£μ ¨§ ±·¥³´¨Ö n-É¨¶  ¸ Ê¤¥²Ó´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ ≈ 10 ±�³ · ¸³ ¨ ¡μ²¥¥,
³μ¦´μ ¶·¨³¥´ÖÉÓ ÔËË¥±É¨¢´μ¥ ¸·¥¤´¥¥ ¤²Ö μÍ¥´±¨ ·¥±μ³¡¨´ Í¨μ´´μ° ¸μ¸É -
¢²ÖÕÐ¥° ¶μ²´μ£μ ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò ¨³¶Ê²Ó¸  ²¨¡μ (¤²Ö ÊÉμÎ´¥´¨Ö) ¢¢μ¤¨ÉÓ
Ê£²μ¢ÊÕ ±μ··¥±Í¨Õ [61]. �·¨Î¨´  ÔÉμ£μ § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¶·¨ ´¥ μÎ¥´Ó
¢Ò¸μ±¨Ì ´ ¶·Ö¦¥´¨ÖÌ ¸³¥Ð¥´¨Ö ¨ ¢Ò¸μ±μ³ Ê¤¥²Ó´μ³ ¸μ¶·μÉ¨¢²¥´¨¨ ³ É¥-
·¨ ²  ¤¥É¥±Éμ·  Ì · ±É¥·´Ò° ¶² §³¥´´Ò° · §³¥· rpl = 2 2

√
Datpl ¸· ¢´¨³ ¸

· §³¥·μ³ ¸μ¡¸É¢¥´´μ É·¥±  (Da Å ±μÔËË¨Í¨¥´É  ³¡¨¶μ²Ö·´μ° ¤¨ËËÊ§¨¨,
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�¨¸. 32. � ¸Î¥É´Ò¥ ¸¶¥±É·Ò ·¥±μ°²  Z = 118. ‘É·¥²±¨ Ê± §Ò¢ ÕÉ ´   ³¶²¨ÉÊ¤Ò
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨°

tpl Å ¶² §³¥´´μ¥ ¢·¥³Ö):

Δij
st = Δst(ε

ij
1 ) + Δst(ε

ij
2 ) − Δst(ε

ij
2 − ε′ij2 ),

(Δ0
r)ij = k1Δ0

r(ε
ij
1 + ε′ij2 − Δij

st),

(Δr)ij = [(Δ0
r)ij + Δ0

j ]k2j , Aij = εij
1 + ε′ij2 − Δij

st − Δij
r ,

k1 =
nL

x=0

〈nL〉 , k2j = 1 − Δtj

tpl
j

, Δ0
r(ξ, r) =

stpl

r
ξ.

‚ ¶·¨¢¥¤¥´´μ° ¸¨¸É¥³¥ Ê· ¢´¥´¨° tpl Å ¶² §³¥´´μ¥ ¢·¥³Ö; Δtj Å
¢·¥³Ö (μÍ¥´μÎ´μ¥)  ³¡¨¶μ²Ö·´μ° ¤¨ËËÊ§¨¨ É·¥± , Ê¤ ²¥´´μ£μ μÉ ¶μ¢¥·Ì´μ-
¸É¨; Δtj = l2/2Da, Δst Å ¸Éμ²±´μ¢¨É¥²Ó´ Ö ±μ³¶μ´¥´É  ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò
¨³¶Ê²Ó¸ ; 1, 2 Å ¨´¤¥±¸Ò ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ μ¸±μ²±μ¢; i Å ¨´¤¥±¸ ³ ¸¸μ-
¢μ£μ Î¨¸² ; j Å ¨´¤¥±¸ Ê£²  ¢Ò²¥É  ¶μ μÉ´μÏ¥´¨Õ ± ´μ·³ ²¨ ¶μ¢¥·Ì´μ¸É¨;
Δ0

r Å ·¥±μ³¡¨´ Í¨μ´´ Ö ±μ³¶μ´¥´É  „�ˆ ¤²Ö ´μ·³ ²Ó´μ£μ ¶ ¤¥´¨Ö; Δij
r Å

 ±ÉÊ ²Ó´ Ö ·¥±μ³¡¨´ Í¨μ´´ Ö ±μ³¶μ´¥´É ; k1, k2 Å ¶μ¶· ¢μÎ´Ò¥ ±μÔËË¨-
Í¨¥´ÉÒ, ÊÎ¨ÉÒ¢ ÕÐ¨¥ É¥±ÊÐ¥¥ §´ Î¥´¨¥ Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó ¨ Ê¤ ²¥´¨¥ É·¥±  μÉ
¶μ¢¥·Ì´μ¸É¨ ¸μμÉ¢¥É¸É¢¥´´μ; Da Å ±μÔËË¨Í¨¥´É  ³¡¨¶μ²Ö·´μ° ¤¨ËËÊ§¨¨;
s, ξ, r Å §´ Î¥´¨Ö ¸±μ·μ¸É¨ ¶μ¢¥·Ì´μ¸É´μ° ·¥±μ³¡¨´ Í¨¨, É¥±ÊÐ¨¥ §´ Î¥´¨Ö
Ô´¥·£¨¨ ¨ ¶·μ¡¥£ ; ε1, ε2 Å Ô´¥·£¨¨ μ¸±μ²±μ¢.

‡�Š‹
—…�ˆ…

� ¸¸³μÉ·¥´Ò μ¸´μ¢´Ò¥ ¶μ¤Ìμ¤Ò ±  ¢Éμ³ É¨§ Í¨¨ ¤μ²£μ¢·¥³¥´´ÒÌ Ô±¸¶¥-
·¨³¥´Éμ¢ ¶μ ¸¨´É¥§Ê ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ´  Ê¸É ´μ¢±¥ ¤Ê¡´¥´¸±¨° £ §μ´ ¶μ²-
´¥´´Ò° ¸¥¶ · Éμ· Ö¤¥· μÉ¤ Î¨. ˆ³¥´´μ ¸μ¢³¥¸É´μ¥ ¶·¨³¥´¥´¨¥ ± ± ¸¶¥±É·μ-
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³¥É·¨Î¥¸±¨Ì ¸¨¸É¥³, ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯, É ± ¨ ¸¨¸É¥³ ±μ´É·μ²Ö
¸¥¶ · Éμ·  ¶·¨¢¥²μ ± Ê¸¶¥ÌÊ Ô±¸¶¥·¨³¥´Éμ¢ ¢ Î ¸É¨, ± ¸ ÕÐ¥°¸Ö ´ ¤¥¦´μ£μ
¤¥É¥±É¨·μ¢ ´¨Ö Ê²ÓÉ· ·¥¤±¨Ì · ¸¶ ¤μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ¶·¨ · ¤¨± ²Ó´μ³
¶μ¤ ¢²¥´¨¨ Ëμ´ . �·¨³¥´¥´¨¥ (¸ ÊÎ¥Éμ³ ¨¸¸²¥¤μ¢ ´´ÒÌ μ¸μ¡¥´´μ¸É¥°) ¸¨-
¸É¥³ ´  μ¸´μ¢¥ ¤¥É¥±Éμ·μ¢ DSSSD ¸ÊÐ¥¸É¢¥´´μ · ¸Ï¨·Ö¥É ¢μ§³μ¦´μ¸É¨ ¸¶¥±-
É·μ³¥É·μ¢.

‚ ¸²ÊÎ ¥ ¶·¨³¥´¥´¨Ö ¢ ¡²¨¦ °Ï¥³ ¡Ê¤ÊÐ¥³ ¸¢¥·Ì¨´É¥´¸¨¢´ÒÌ Ê¸±μ·¨É¥-
²¥° ÉÖ¦¥²ÒÌ ¨μ´μ¢ ‹Ÿ� ¨³. ƒ. �.”²¥·μ¢  (≈ 5−10 p³±�) ¨¸¶μ²Ó§μ¢ ´¨¥ Ê¸μ-
¢¥·Ï¥´¸É¢μ¢ ´´μ£μ ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯ ¤²Ö ´ ¤¥¦´μ£μ ¢Ò¤¥²¥´¨Ö
α-· ¸¶ ¤μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ¸É ´μ¢¨É¸Ö ¶· ±É¨Î¥¸±¨ ¡¥§ ²ÓÉ¥·´ É¨¢´Ò³.
�ÉμÉ ¦¥ ¢Ò¢μ¤ ± ¸ ¥É¸Ö ¸¨ÉÊ Í¨¨, ±μ£¤  ¢μ§´¨± ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ Ê³¥´ÓÏ¨ÉÓ
Ëμ´ ¶·¨ ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì μ¶ÒÉ Ì ´ ¡²Õ¤¥´¨Ö ¸μ¢¶ ¤¥´¨° αÄX ¨ αÄγ ¤²Ö
³´μ£μ§¢¥´´ÒÌ ¸μ¡ÒÉ¨°.

�¢Éμ· ¡² £μ¤ ·¥´ ±μ²²¥£ ³ �.Œ.‘ÊÌμ¢Ê ¨ �.�. ‚μ¨´μ¢Ê §  ¶μ³μÐÓ ¢
· ¡μÉ¥ ¨ Í¥´´Ò¥ § ³¥Î ´¨Ö. � ¡μÉ  Î ¸É¨Î´μ ¶μ¤¤¥·¦ ´  �””ˆ, £· ´É
º16-52-55002.

�·¨²μ¦¥´¨¥ 1
�””…Š’ ®‡…����¯ Å ���›’Š� ��	‹
„…�ˆŸ

’μ´±¨° ÔËË¥±É, § ±²ÕÎ ÕÐ¨°¸Ö ¢ £¨¶μÉ¥É¨Î¥¸±μ³ μÉ±²μ´¥´¨¨ ±·¨¢μ°
· ¸¶ ¤  · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· μÉ Ô±¸¶μ´¥´Í¨ ²Ó´μ° § ¢¨¸¨³μ¸É¨ ¢ μ¡² ¸É¨
¡μ²ÓÏ¨Ì ¢·¥³¥´ (t > 25T1/2), ¶·¥¤¸± § ´ ¸· ¢´¨É¥²Ó´μ ¤ ¢´μ [62]. �¤¨´
¨§ ¡¥c¶ÊÎ±μ¢ÒÌ ³¥Éμ¤μ¢ ¤²Ö ¶μ¶ÒÉ±¨ μ¡´ ·Ê¦¨ÉÓ ¤ ´´Ò° ÔËË¥±É ¡Ò² ¶·¥¤-
²μ¦¥´ Š.‘Ê¡μÉ¨Î¥³ (®‚¨´Î ¯, 
¥²£· ¤, ‘¥·¡¨Ö) [63Ä66]. ˆ¤¥Ö § ±²ÕÎ ² ¸Ó ¢
É· ´¸¶μ·É¥ Éμ·¨¥¢μ° Ô³ ´ Í¨¨ ¨ ·¥£¨¸É· Í¨¨ ¢·¥³¥´ ee ¦¨§´¨, ± ± ÔÉμ ¨§μ-
¡· ¦¥´μ ´  ·¨¸. 33. �·¨ ÔÉμ³ μÉ¤¥²Ó´Ò¥  Éμ³Ò Rn ¶μ¶ ¤ ²¨ ´  ¶μ¢¥·Ì´μ¸ÉÓ
¤¥É¥±Éμ·μ¢ (n-Si(Au), ∼ 1,2 ±�³ · ¸³, ¤¨ ³¥É· 18 ³³), · ¸¶μ²μ¦¥´´ÒÌ ¢ £¥μ-
³¥É·¨¨, ¡²¨§±μ° ± 4π (∼ 80%). �¥£¨¸É·¨·μ¢ ²¸Ö · ¸¶ ¤ 220Rn→ 216Po. �μ-
¶ÒÉ±  ´ ¡²Õ¤¥´¨Ö ÔËË¥±É  ¤ ²  μÉ·¨Í É¥²Ó´Ò° ·¥§Ê²ÓÉ É. ’¨¶¨Î´Ò° ¸¶¥±É·
α-· ¸¶ ¤μ¢ ¶μ± § ´ ´  ·¨¸. 34.

�-decay

Det 1 Det 2

Rn atom path

Th

�¨¸. 33. ‘Ì¥³  Ô±¸¶¥·¨³¥´É . �μ± § ´Ò ¤¢  ¤¥É¥±Éμ· , ¤¢  § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´ÒÌ
¶·¥¤Ê¸¨²¨É¥²Ö, ¶² ¸É¨´  Éμ·¨Ö ¨ ¶ÊÉÓ  Éμ³μ¢ · ¤μ´  [64]
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�¨¸. 34. ’¨¶¨Î´Ò° ¸¶¥±É· α-· ¸¶ ¤μ¢. Šμ··¥²ÖÍ¨μ´´Ò¥ ¶¨±¨ (Rn→Po) ¶μ± § ´Ò
¸É·¥²± ³¨

„²Ö ´ ¡μ·  ¤ ´´ÒÌ ¶·¨³¥´Ö²¨¸Ó ¤¢  É· ±É  ¸¶¥±É·μ³¥É· , μ¶¨¸ ´´μ£μ
¢ÒÏ¥. ’μÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö É¥±ÊÐ¥£μ ¢·¥³¥´¨ ¸μ¸É ¢²Ö²  0,1 ³¸.

�  ·¨¸. 35 ¶μ± § ´  ¨Éμ£μ¢ Ö ±·¨¢ Ö · ¸¶ ¤  ¤²Ö μ¤´μ£μ ¨§ Ô±¸¶¥·¨-
³¥´Éμ¢.

�É³¥É¨³, ÎÉμ ¶μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ , (143,5±0,6) ³¸,
Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ÉμÎ´Ò³.
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�¨¸. 35. ˆ§³¥·¥´´ Ö ±·¨¢ Ö · ¸¶ ¤  ¨§μÉμ¶  216Po
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�·¨²μ¦¥´¨¥ 2

� �…Š�’��›• ’…�„…�–ˆŸ• ��‡‚ˆ’ˆŸ ‘Š� ƒ�‘

�¢Éμ· ¸· §Ê ¤μ²¦¥´ μÉ³¥É¨ÉÓ, ÎÉμ, £μ¢μ·Ö μ ®É¥´¤¥´Í¨ÖÌ¯, μ´ ¨³¥¥É ¢
¢¨¤Ê ¡²¨¦ °Ï¥¥ (1Ä2 £μ¤ ) ¡Ê¤ÊÐ¥¥ ¢ · §¢¨É¨¨ ¸¨¸É¥³Ò, ¶·¨Î¥³ ¢ · ³± Ì
¸ÊÐ¥¸É¢ÊÕÐ¥£μ ¨ ¶μ¸ÉμÖ´´μ ³μ¤¥·´¨§¨·Ê¥³μ£μ ¨´É¥£·¨·μ¢ ´´μ£μ ¸¶¥±É·μ-
³¥É·¨Î¥¸±μ£μ ±μ³¶²¥±¸  ƒ�‘, ¢±²ÕÎ Ö ¸¢¥·Ì¡Ò¸É·μ¤¥°¸É¢ÊÕÐ¨° Í¨Ë·μ¢μ°
¸¶¥±É·μ³¥É· ORNL. �μ¢Ò¥ Ê¸É ´μ¢±¨ ‹Ÿ� �ˆŸˆ, ¨Ì ¸¨¸É¥³Ò ³μ´¨Éμ·¨´£  ¨
±μ´É·μ²Ö, ¢¢μ¤¨³Ò¥ ¢ ¸É·μ° ¶μ¸²¥ ¶·¨´ÖÉ¨Ö ¢ Ô±¸¶²Ê É Í¨Õ Ë ¡·¨±¨ ¸¢¥·ÌÉÖ-
¦¥²ÒÌ Ô²¥³¥´Éμ¢, ´ Ìμ¤ÖÉ¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢´¥ Ëμ±Ê¸  ¨´É¥·¥¸μ¢  ¢Éμ· .

�É³¥É¨³, ÎÉμ ‘Š� Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ±μ´¸¥·¢ É¨¢´Ò³ Ô²¥³¥´Éμ³ ¨´É¥-
£·¨·μ¢ ´´μ° ¸¨¸É¥³Ò ƒ�‘. ‘ÊÐ¥¸É¢¥´´Ò¥ ¨§³¥´¥´¨Ö ¢ ¸¨¸É¥³¥ ¶·μ¨¸Ìμ¤ÖÉ
· § ¢ ¶ÖÉÓ-¸¥³Ó ²¥É, ¢ Éμ ¢·¥³Ö ± ± ¢ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸¨¸É¥³ Ì, ¶μ ³´¥´¨Õ
 ¢Éμ· , ¸ÊÐ¥¸É¢¥´´Ò¥ Ê²ÊÎÏ¥´¨Ö ¸²¥¤ÊÕÉ ± ¦¤Ò¥ ¶μ²Éμ· -¤¢  £μ¤ . �Éμ ¦¥
± ¸ ¥É¸Ö ¨ μÉ¤¥²Ó´ÒÌ Ô²¥±É·μ´´ÒÌ ³μ¤Ê²¥° ¸¨¸É¥³ ´ ¡μ·  ¸¶¥±É·μ³¥É·¨Î¥-
¸±¨Ì ¤ ´´ÒÌ.

�μ ¨³¥´´μ ¢ 2015Ä2016 ££. É ±μ¢Ò¥ ¨§³¥´¥´¨Ö μ¶·¥¤¥²¥´´μ ¡Ê¤ÊÉ ¨³¥ÉÓ
³¥¸Éμ [67, 68]. �·¨ ÔÉμ³  ¢Éμ·Ò [5] ´ ³¥·¥´Ò ¸μÌ· ´¨ÉÓ ·Ö¤ ¡ §μ¢ÒÌ ¶·¨´Í¨-
¶μ¢, μ¶·¥¤¥²¨¢Ï¨Ì, ¶μ ¨Ì ³´¥´¨Õ, μÎ¥¢¨¤´Ò° Ê¸¶¥Ì ¶·¨³¥´¥´¨Ö ¶·¥¤Ò¤ÊÐ¨Ì
¢¥·¸¨° ¸¨¸É¥³Ò, ´ ·Ö¤Ê ¸ Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´¨¥³ μ¸´μ¢´ÒÌ ³μ¤Ê²¥° ¨ ¨Ì μ¡Ö-
§ É¥²Ó´μ° Ê´¨Ë¨± Í¨¥°,   ¨³¥´´μ:

Å ¸μÌ· ´ÖÕÉ¸Ö Éμ²Ó±μ ¤¢  · §· ¡μÉÎ¨±  Ô²¥±É·μ´´ÒÌ ³μ¤Ê²¥°:  ) Ë¨·³ 
®’¥Ì¨´¢¥¸É¯ (¶μ ³´¥´¨Õ  ¢Éμ· , ²ÊÎÏ Ö Ë¨·³  ¢ �” (¨ ´¥ Éμ²Ó±μ) ¢ ¤ ´´μ°
μ¡² ¸É¨), ¡) ¸μ¡¸É¢¥´´μ · §· ¡μÉ±¨ ¨´¦¥´¥·μ¢-Ô²¥±É·μ´¨±μ¢ £·Ê¶¶Ò ƒ�‘;

Å ¤μ²£μ¢·¥³¥´´ Ö ´ ¤¥¦´μ¸ÉÓ ³μ¤Ê²¥°, ¢ Éμ³ Î¨¸²¥ ¨ ¢ ¤²¨É¥²Ó´ÒÌ ¢´¥-
¶ÊÎ±μ¢ÒÌ É¥¸É Ì;

Å ³ ±¸¨³ ²Ó´ Ö  ¢Éμ´μ³´μ¸ÉÓ  ´ ²μ£μ¢ÒÌ ¤¨¸±·¨³¨´¨·ÊÕÐ¨Ì (¶μ μ¸-
´μ¢´Ò³ ¶ · ³¥É· ³ Ô±¸¶¥·¨³¥´É ) ³μ¤Ê²¥° ¶·¨ μ¶·¥¤¥²¥´¨¨ ¸¨ÉÊ Í¨¨ ® ¢ -
·¨Ö (alarm)¯. �Š-¶·μ£· ³³  ‘++ Builder ¶·¨ ÔÉμ³ ¨£· ¥É ÌμÉÖ ¨  ±É¨¢´μ-
¶ ¸¸¨¢´ÊÕ, ´μ ¢¥¤μ³ÊÕ ·μ²Ó;

Å ¨´É¥´¸¨¢´Ò¥ É¥¸ÉÒ ¸¨¸É¥³Ò/³μ¤Ê²¥° ¤μ²¦´Ò ¡ÒÉÓ ¤μ²£μ¢·¥³¥´´Ò³¨,
¶·¨ ÔÉμ³  ¶¶ · ÉÊ· , μ¡¥¸¶¥Î¨¢ ÕÐ Ö ÔÉ¨ É¥¸ÉÒ, ¤μ²¦´  · §· ¡ ÉÒ¢ ÉÓ¸Ö
Ë ±É¨Î¥¸±¨ ¶ · ²²¥²Ó´μ;

Å ¤μ²¦¥´ ¡ÒÉÓ ¸μÌ· ´¥´ ¶·¨´Í¨¶ ¨´É¥£· Í¨¨ (´Ê¦´μ ¨§¡¥£ ÉÓ · §²¨Î-
´ÒÌ ¸É ´¤ ·Éμ¢, Ö§Ò±μ¢ ¶·μ£· ³³¨·μ¢ ´¨Ö ¨ É. ¶.) μ¡Ð¥° ¸¨¸É¥³Ò ¤¥É¥±É¨·μ-
¢ ´¨ÖÄ³μ´¨Éμ·¨´£ Ä§ Ð¨ÉÒ ± ± ¢ μ¡² ¸É¨ Ô²¥±É·μ´´ÒÌ · §· ¡μÉμ±, É ± ¨,
μ¸μ¡¥´´μ, ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö (‘++ Builder, Windows);

Å ²¨¸É ¶·μÉμ±μ²¨·Ê¥³ÒÌ ¶·μ£· ³³μ° ¶ · ³¥É·μ¢ ¤μ²¦¥´ ¡ÒÉÓ ¨¸Î¥·¶Ò-
¢ ÕÐ¨³, ¢ Éμ³ Î¨¸²¥ ¸ ¢μ§³μ¦´Ò³ μÉ¸²¥¦¨¢ ´¨¥³ (¸ Ì · ±É¥·´Ò³¨ ¢·¥³¥-
´ ³¨) ¤¨´ ³¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢/¨§³¥´¥´¨°;

Å ¡²μ± ®¨¸¶μ²´¥´¨°¯ ¡Ê¤¥É ¢±²ÕÎ ÉÓ ¢ ¸¥¡Ö ¸¨£´ ²Ò (¶μ ¢Ìμ¤Ê) ¢¸¥Ì
¶μ¤¸¨¸É¥³, ± ± É¥Ì´μ²μ£¨Î¥¸±¨Ì, É ± ¨ ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì. �Éμ ¦¥ ± ¸ -



�‚’�Œ�’ˆ‡�–ˆŸ �Š‘�…�ˆŒ…�’�‚ �� ƒA‡�����‹�…���Œ ‘…����’��… 185

¥É¸Ö ¶·¨³¥´¥´¨Ö ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯. ˆ, ¥¸É¥¸É¢¥´´μ, ¸ ¤Ê¶²¨± -
Í¨¥° μÉ ±´μ¶μ± (¶·¨²μ¦¥´¨¥ Windows ¢ ±μ³´ É¥ ¤¨¸É ´Í¨μ´´μ£μ ±μ´É·μ²Ö),
Ê¶· ¢²Ö¥³ÒÌ ¤¥¦Ê·´Ò³ Ô±¸¶¥·¨³¥´É Éμ·μ³;

Å ³μ´¨Éμ·Ò μ¸´μ¢´μ£μ ¨´É¥·Ë¥°¸  (¢ ¶ · ²²¥²Ó) ¤μ²¦´Ò ¡ÒÉÓ ¤μ¸ÉÊ¶´Ò
μ¤´μ¢·¥³¥´´μ ± ± ³¨´¨³Ê³ ¢ É·¥Ì ±·¨É¨Î¥¸±¨Ì ÉμÎ± Ì: ±μ³´ É  ¤¨¸É ´Í¨-
μ´´μ£μ ±μ´É·μ²Ö, μ±·¥¸É´μ¸ÉÓ ¸μ¡¸É¢¥´´μ ¸¥¶ · Éμ·  ¨ ±μ³´ É  ¸μ ¸Éμ°± ³¨
 ¶¶ · ÉÊ·Ò ¸¨¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨Ö.

Š·μ³¥ Éμ£μ, ¤²Ö ´μ¢μ° ¸¨¸É¥³Ò ¶² ´¨·Ê¥É¸Ö ¨§ÊÎ¨ÉÓ, ¢ Éμ³ Î¨¸²¥ ¨ ³μ-
¤¥²Ó´μ, Î·¥§¢ÒÎ °´μ ¢ ¦´Ò° ¢μ¶·μ¸ μ ¢μ§³μ¦´μ¸É¨ ¶μ²´μ¸ÉÓÕ  ¢Éμ´μ³´μ£μ
(³¥¸ÖÍÒ Ä μ¤¨´-¤¢  £μ¤ ) ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ¸ ³¨´¨³ ²Ó´Ò³ ¢³¥Ï -
É¥²Ó¸É¢μ³ (¢¶²μÉÓ ¤μ μÉ¸ÊÉ¸É¢¨Ö ´  ¤²¨É¥²Ó´μ¥ ¢·¥³Ö) ¤¥¦Ê·´ÒÌ Ë¨§¨±μ¢-
Ô±¸¶¥·¨³¥´É Éμ·μ¢. ‘² ¡Ò³¨ §¢¥´ÓÖ³¨ ¶·¨ ¶¥·¥Ìμ¤¥ ± ¤ ´´μ° ¶μ¸É ´μ¢±¥
Ô±¸¶¥·¨³¥´É , ¶μ-¢¨¤¨³μ³Ê, Ö¢²ÖÕÉ¸Ö É·¨ ¸μ¸É ¢²ÖÕÐ¨e: ¶·μÉμ± ¢μ¤μ·μ¤ 
(¸¥¶ · Éμ·) ¨ ¶¥´É ´  (TOF-³μ¤Ê²Ó),   É ±¦¥ ´ ²¨Î¨¥ ¢· Ð ÕÐ¥°¸Ö ¢Ò¸μ±μ-
 ±É¨¢´μ°  ±É¨´¨¤´μ° ³¨Ï¥´¨. � §Ê³¥¥É¸Ö, ¶·¥μ¤μ²¥´¨¥ ¶μ¸²¥¤´¥° ¶·¥£· ¤Ò
¶·¥¤¶μ² £ ¥É ´¥ Éμ²Ó±μ É¥Ì´¨Î¥¸±¨¥ ·¥Ï¥´¨Ö, ´μ É ±¦¥,   ³μ¦¥É, ¨ ¢ ¶¥·¢ÊÕ
μÎ¥·¥¤Ó,  ¤³¨´¨¸É· É¨¢´Ò¥. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, É¥³¶Ò · §¢¨É¨Ö IT-É¥Ì´μ²μ£¨°
μ¡²¥£Î ÕÉ, ¶μ ³´¥´¨Õ  ¢Éμ· , ´¥ Éμ²Ó±μ ·¥Ï¥´¨¥ É¥Ì´¨Î¥¸±¨Ì ¶·μ¡²¥³.

�·¨²μ¦¥´¨¥ 3

‘‚…�•‚›‘�Šˆ… ˆ�’…�‘ˆ‚��‘’ˆ �“—Š�‚ ’Ÿ†…‹›• ˆ���‚

EVR1 (EVR2)→α-±μ··¥²ÖÍ¨Ö. � ¸¸³μÉ·¥´´Ò° ¢ÒÏ¥ (¸³. É ±¦¥ [52])
¸²ÊÎ ° ¶·¥É¥´¤Ê¥É ´  ¢¸¥μ¡Ð´μ¸ÉÓ, ¢ Éμ ¢·¥³Ö ± ± ¤ ¦¥ ¶·¨ Éμ± Ì ¶μ·Ö¤± 
5 p³±�, ¶μ¦ ²Ê°, Éμ²Ó±μ ¸²ÊÎ ° n = 2 ³μ¦´μ ¸Î¨É ÉÓ  ±ÉÊ ²Ó´Ò³.

� ¸¸³μÉ·¨³ ¸¨ÉÊ Í¨Õ, ¨§μ¡· ¦¥´´ÊÕ ´  ·¨¸. 36. ‘Î¨É ¥³, ÎÉμ ¢¸¥ É·¨
·¥±μ°²  ¶μ ±μμ·¤¨´ É¥ ¡²¨§±¨ ± ±μμ·¤¨´ É¥ α-Î ¸É¨ÍÒ.

EVR3 EVR2 EVR1
t1

�

t2

t3

Время

�¨¸. 36. ‚μ§³μ¦´ Ö ±μ´Ë¨£Ê· Í¨Ö Ö¤¥· μÉ¤ Î¨ μÉ´μ¸¨É¥²Ó´μ α-· ¸¶ ¤  ¶·¨ ¸¢¥·Ì¢Ò-
¸μ±¨Ì ¨´É¥´¸¨¢´μ¸ÉÖÌ ¶ÊÎ±  ´  Ê¸±μ·¨É¥²¥ Å Ë ¡·¨±¥ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢
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�·¨ ÔÉμ³ t3 � t1,2, t1 ∼ t2, ¶·¨Î¥³ μ¡¥ ¢¥²¨Î¨´Ò ¡²¨§±¨ ± Éμ³Ê ¶ · -
³¥É·Ê, ±μÉμ·Ò° ¶μ¤· §Ê³¥¢ ¥É μ¸É ´μ¢ ¶ÊÎ± .

�Ê¸ÉÓ ¸É É¨¸É¨Î¥¸±¨¥ ¢¥¸  ¢·¥³¥´ ¸μμÉ¢¥É¸É¢ÊÕÉ ¢¥²¨Î¨´¥ ¤²Ö ¶μ¸ÉμÖ´-
´μ£μ ¨´É¥·¢ ² ,   ¨³¥´´μ:

w(t) ≈ 1 − exp
(
− t

τ

)
.

‡¤¥¸Ó τ Å ¶·¥¤¶μ² £ ¥³μ¥ ¸³¥Ð¥´´μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨.
‘μμÉ¢¥É¸É¢¥´´μ ¢Ò· ¦¥´¨¥ ¤²Ö ®¨§³¥·¥´´μ£μ¯ ¸³¥Ð¥´´μ£μ ¢·¥³¥´¨ ¦¨§-

´¨ § ¶¨Ï¥É¸Ö ± ±

τ =
t1(1 − e−t1/τ ) + t2(1 − e−t2/τ )

2 − e−t1/τ − e−t2/τ
.

�·¨ ±μ´±·¥É´ÒÌ §´ Î¥´¨ÖÌ ¢·¥³¥´ t1, t2 ¨ § ¤ ´´μ° ËÊ´±Í¨¨ μ¸É ´μ¢ 
F (τ0(Eα), τ) = 0 ¶·μ£· ³³  ¨ ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ ´¥μ¡Ìμ¤¨³μ¸ÉÓ μ¸É ´μ¢ , £¤¥
τ0 Å § ¤ ´´ Ö Ô±¸¶¥·¨³¥´É Éμ·μ³ ¢¥²¨Î¨´  ±μ··¥²ÖÍ¨μ´´μ£μ ¢·¥³¥´¨ (²¨¡μ
ËÊ´±Í¨μ´ ²Ó´ Ö § ¢¨¸¨³μ¸ÉÓ), τ Å ¢·¥³Ö, μ¶·¥¤¥²Ö¥³μ¥ ¨§ ¶·¨¢¥¤¥´´μ£μ
¢ÒÏ¥ Ê· ¢´¥´¨Ö, ¶ · ³¥É· Eα Å ¨§³¥·¥´´ Ö Ô´¥·£¨Ö α-Î ¸É¨ÍÒ. � ¶μ³´¨³,
ÎÉμ τ ∼ τ0.

ˆ²¨, μ¡μ§´ Î¨¢ t1/τ = x ¨ t2/τ = y, ³μ¦´μ § ¶¨¸ ÉÓ ¢ÒÏ¥¶·¨¢¥¤¥´´μ¥
Ê· ¢´¥´¨¥ ± ±

x(1 − e−x) + y(1 − e−y)
2 − e−x − e−y

= 1.

„ ²¥¥ ¢ ¸¨²Ê ¶·¥¤¶μ²μ¦¥´¨Ö t1 ∼ t2, ¢¢μ¤Ö ¸¢μ¡μ¤´Ò° ³ ²Ò° ¶ · ³¥É·
Δ � 1, É ±μ°, ÎÉμ y = x+Δ, ¶μ²ÊÎ¨³ Ê· ¢´¥´¨¥, ·¥Ï ¥³μ¥ μÉ´μ¸¨É¥²Ó´μ X
¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ ¶ · ³¥É· Ì Δ:

x(1 − e−x) + (x + Δ)(1 − e−(x+Δ))
2 − e−x − e−(x+Δ)

= 1.

�¥±μÉμ·μ¥ Ê¶·μÐ¥´¨¥ ¤μ¸É¨£ ¥É¸Ö ¶·¨ · §²μ¦¥´¨¨ ¶μ ¶ · ³¥É·Ê Δ. � §Ê-
³¥¥É¸Ö, ¶·¨ ¶·¨³¥´¥´¨¨ ³¥Éμ¤  ® ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°¯ Ê· ¢´¥´¨¥ ¤μ²¦´μ
¡ÒÉÓ Î ¸ÉÓÕ ±μ¤  ´ ¡μ·  ¤ ´´ÒÌ ‘++ Builder (´ ¶·¨³¥·, Writer.exe, Win-
dows [7, 8, 11, 13]) ¨ ·¥Ï ÉÓ¸Ö ¢ ·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨ ¸ É¥³¨ ¨²¨ ¨´Ò³¨
¤μ¶μ²´¨É¥²Ó´Ò³¨ Ê¶·μÐ¥´¨Ö³¨, ±·¨É¥·¨Ö³¨ μ¸É ´μ¢  ¶ÊÎ±  ¨ ¤μ¶μ²´¨É¥²Ó-
´μ£μ ³¥·É¢μ£μ ¢·¥³¥´¨ ¸¨¸É¥³Ò, ¸¢Ö§ ´´μ£μ ¸ ¤ ´´μ° ¶·μÍ¥¤Ê·μ°.

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 37 ¶·¨¢¥¤¥´μ ·¥Ï¥´¨¥ ¤ ´´μ£μ Ê· ¢´¥´¨Ö ³¥-
Éμ¤μ³ ¶·μ¸ÉÒÌ ¨É¥· Í¨°. �É³¥É¨³, ÎÉμ ¨§³¥·¥´´μ¥ ¢·¥³Ö ¤²Ö 15 ¨É¥· Í¨°
¸μ¸É ¢¨²μ 8 ³±¸, ¢ Éμ ¢·¥³Ö ± ± É·¥Ì-Î¥ÉÒ·¥Ì ¨É¥· Í¨°, ¶μ-¢¨¤¨³μ³Ê, ¢¶μ²´¥
¤μ¸É ÉμÎ´μ ¤²Ö ´ Ï¨Ì Í¥²¥°. �¥Ï¥´¨¥ ¢Ò¶μ²´¥´μ ¤²Ö ´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥-
´¨Ö X0 = 1,5 ¨ ¶ · ³¥É·  Δ = 0,7.
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�¨¸. 37. �¥Ï¥´¨¥ ³¥Éμ¤μ³ ¶·μ¸ÉÒÌ ¨É¥· Í¨°. X0 = 1,5

ˆ§³¥·¥´¨¥ ¢·¥³¥´¨ ¶μ²´μ£μ Í¨±²  (15 ¨É¥· Í¨°, ¶ · ³¥É· NITER) ¶·μ-
¢¥¤¥´μ ¶·¨ ¶μ³μÐ¨ ¶·μÍ¥¤Ê·Ò, ¶·¥¤¸É ¢²¥´´μ° ´¨¦¥ (±μ¤¨·μ¢±  ‘++).
wintim();
for (j=0; j < NITER; j++)
{
fun1 (xx); xx = xx + fn;
arr[j]=xx;
}
wintim(); t ˇn =dlt;
//ÅÅÅÅÄ
void fastcall wintim()
{
QueryPerformanceCounter(&EndingTime);
ElapsedMicroseconds.QuadPart=EndingTime.QuadPart-StartingTime.QuadPart;
ElapsedMicroseconds.QuadPart *=1000000;
ElapsedMicroseconds.QuadPart /=Frequency.QuadPart;
elti =ElapsedMicroseconds.QuadPart;
vremya=elti;
dlt=elti-memot;
memot=elti;
}

�  ·¨¸. 38 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¢·¥³¥´¨ ¢Ò¶μ²´¥´¨Ö  ²£μ·¨É³  ¶μ-
¨¸±  ±μ··¥²ÖÍ¨¨ ( ±ÉÊ ²Ó´μ¥ ±μ²¨Î¥¸É¢μ Í¨±²μ¢ Å 1). ‚ ·¨ ´ÉÒ YES/NO
¸μμÉ¢¥É¸É¢ÊÕÉ ¶·μÌμ¦¤¥´¨Õ Í¨±²  ¶μ¨¸±  ¤μ ±μ´Í  ¨ Ë¨²ÓÉ· Í¨Õ ´  · ´´¥°
¸É ¤¨¨ ¸μμÉ¢¥É¸É¢¥´´μ.
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�¨¸. 38. ‚·¥³Ö, § É· Î¨¢ ¥³μ¥ ´   ²£μ·¨É³ ¶μ¨¸±  ±μ··¥²ÖÍ¨¨, ¢ § ¢¨¸¨³μ¸É¨ μÉ
±μ²¨Î¥¸É¢  Í¨±²μ¢ ( ±ÉÊ ²Ó´μ Å μ¤¨´ Í¨±²)

� ¢μ§³μ¦´μ° ¨³¶²¥³¥´É Í¨¨ (¡ §μ¢Ò° ³μ¤Ê²Ó ´μ¢μ£μ ¸¶¥±É·μ³¥É· 
ƒ�‘ ¢ 2016Ä2017 ££.). ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ë¨·³μ° ®’¥Ì¨´¢¥¸É¯ · §· ¡μ-
É ´ Ê´¨± ²Ó´Ò° ³μ¤Ê²Ó ¸ μÎ¥´Ó ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ ¨´É¥£· Í¨¨ (Ê¸¨²¨É¥²ÓÄ
³Ê²ÓÉ¨¶²¥±¸μ·Ä�–� ¢ μ¤´μ³ ¡²μ±¥ ´  16 ¢Ìμ¤μ¢, ¤¢¥ Ï± ²Ò). �¨¦¥ ¶·¨-
¢μ¤ÖÉ¸Ö μ¸´μ¢´Ò¥ ËÊ´±Í¨¨ ¨ ¶¥·¢Ò¥ É¥¸ÉÒ ¤ ´´μ£μ ³μ¤Ê²Ö (Š�Œ�Š 1Œ).
�É³¥É¨³, ÎÉμ ¡²μ± ¨³¥¥É ¢´ÊÉ·¥´´ÕÕ ¶ ³ÖÉÓ ´  ¢μ¸¥³Ó ¸μ¡ÒÉ¨°, ¢±²ÕÎ Ö
¶ · ³¥É· É¥±ÊÐ¥£μ ¢·¥³¥´¨. ˆ³¥´´μ ÔÉμ ¤¥² ¥É ¢μ§³μ¦´Ò³ ·¥£¨¸É· Í¨Õ ¶¥·-
¢ÒÌ ¢μ¸Ó³¨ ¸μ¡ÒÉ¨° ¸ ³¥·É¢Ò³ ¢·¥³¥´¥³ μ±μ²μ 2,5Ä3 ³±¸.

�¨¸. 39. ’¥¸Éμ¢Ò¥ ¸¶¥±É·Ò (£¥´¥· Éμ· 16 ¢ÒÌμ¤μ¢) ¤²Ö ³μ¤Ê²Ö ADP-16
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�¨¸. 40.  ) ’¥¸É ¸É ¡¨²Ó´μ¸É¨ ³μ¤Ê²Ö ADP-16. ¡) ‘· ¢´¨É¥²Ó´Ò° É¥¸É ¤²Ö �–� ��-25
®’¥Ì¨´¢¥¸É¯

Å N*A(0)[F(0)+F(2)] Å ÎÉ¥´¨¥ ¸¨£´ ²μ¢ ¶¥·¢μ° (α-· ¸¶ ¤) Ï± ²Ò
(∼ ¤μ 25 ŒÔ‚,13 ¡¨É);

Å N*A(1)[F(0)+F(2)] Å ÎÉ¥´¨¥ ¸¨£´ ²μ¢ £·Ê¡μ° Ï± ²Ò (¤μ 250 ŒÔ‚,
12 ¡¨É);

Å N*A(2)[F(0)+F(2)] Å ÎÉ¥´¨¥ ¢·¥³¥´¨ ¸¨´Ì·μ´¨§ Í¨¨ (³±¸);
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Å N*A(0)*F(8) Å É¥¸É LAM;
Å N*A(0)*F(10) Å ¸¡·μ¸;
Å N*A(0)*F(16) Å W(8 . . . 1) Ê¸É ´μ¢±  ¶μ·μ£  (± ´ ²Ò);
Å N*A(0)*F(24) Å ³ ¸±¨·μ¢±  L;
Å N*A(0)*F(26) Å ¤¥³ ¸±¨·μ¢±  L.
„²Ö É¥¸É¨·μ¢ ´¨Ö ¡²μ±   ¢Éμ·μ³ · §· ¡μÉ ´  ‘++-¶·μ£· ³³  ADP-16 (¶μ

¨³¥´¨ ¡²μ± ). �  ·¨¸. 39Ä40 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ É¥¸Éμ¢ ¶¥·¸¶¥±É¨¢´μ£μ
¡²μ±  ¸¶¥±É·μ³¥É·  ƒ�‘.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Subotic K. et al. Evaporation Residue Collection Efˇciencies and Position Spectra of
the Dubna Gas-Filled Recoil Separator // Nucl. Instr. Meth. A. 2002. V. 481. P. 71Ä80.

2. Tsyganov Yu. S. The Dubna Gas-Filled Recoil Separator: Status and Developments //
J. Phys. G: Nucl. Part. Phys. 1999. V. 25. P. 937Ä940.

3. Tsyganov Yu. S., Polyakov A. N., Sukhov A. M. An Improved Real-Time PC-Based
Algorithm for Extraction of Recoil-Alpha Sequences in Heavy-Ion Induced Nuclear
Reactions // Nucl. Instr. Meth. A. 2003. V. 513. P. 413Ä416.

4. Tsyganov Yu. S. et al. Detection System for Heavy Element Research: Present Status //
Nucl. Instr. Meth. A. 2004. V. 525. P. 213Ä216.

5. Sukhov A.M., Polyakov A. N., Tsyganov Yu. S. Parameter Monitoring and Control
System of the Dubna Gas-Filled Recoil Separator // Phys. Part. Nucl. Lett. 2010. V. 7,
No. 5. P. 370Ä377.

6. Tsyganov Yu. S., Polyakov A. N. Real-Time Operating Mode with DSSSD Detector to
Search for Short Correlation ER-ALPHA Chains // Cyber. Phys. 2014. V. 3, No. 2.
P. 85Ä90.

7. Tsyganov Yu. S. Method of ®Active Correlations¯ for DSSSSD Detector Application //
Part. Nucl., Lett. 2015. V. 12, No. 1(192). P. 128Ä135.

8. –Ò£ ´μ¢ �.‘. �¢Éμ³ É¨§ Í¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  ¤Ê¡´¥´¸±μ³ £ §μ´ ¶μ²´¥´´μ³
¸¥¶ · Éμ·¥ Ö¤¥· μÉ¤ Î¨ // �¨¸Ó³  ¢ �—�Ÿ. 2015. ’. 12, º2. ‘. 524Ä531.

9. –Ò£ ´μ¢ �.‘. �²¥³¥´ÉÒ  ¢Éμ³ É¨§ Í¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ´  Ê¸É ´μ¢±¥ ¤Ê¡´¥´¸±¨°
£ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ· Ö¤¥· μÉ¤ Î¨ // �¨¸Ó³  ¢ �—�Ÿ. 2015. ’. 12, º1(192).
‘. 116Ä127.

10. –Ò£ ´μ¢ �. ‘. � ¤¥É¥±É¨·μ¢ ´¨¨ ·¥¤±¨Ì ¸μ¡ÒÉ¨° É¨¶  ERÄαÄSF. ‘μμ¡Ð. �ˆŸˆ
�13-2009-79. „Ê¡´ , 2009.

11. –Ò£ ´μ¢ �. ‘. ‘¨´É¥§ ´μ¢ÒÌ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ´  Ê¸É ´μ¢±¥ ¤Ê¡´¥´¸±¨°
£ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ·: ¸Ê³³  É¥Ì´μ²μ£¨° // �—�Ÿ. 2014. ’. 45, ¢Ò¶. 5Ä6.
‘. 1485Ä1531.

12. –Ò£ ´μ¢ �.‘. �¥£¨¸É· Í¨Ö ¸¨²Ó´μ¨μ´¨§¨·ÊÕÐ¨Ì Î ¸É¨Í: ´¥²¨´¥°´Ò¥ Ö¢²¥´¨Ö
¢ ¶·¨¶μ¢¥·Ì´μ¸É´ÒÌ ¸²μÖÌ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ // �—�Ÿ. 2013. ’. 44, ¢Ò¶. 1.
‘. 185Ä225.

13. –Ò£ ´μ¢ �.‘. ƒ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ· Ö¤¥· μÉ¤ Î¨: ¶·μ£· ³³´Ò¥ ¶·μ¤Ê±ÉÒ,
 ²£μ·¨É³Ò // �—�Ÿ. 2011. ’. 42, ¢Ò¶. 5. ‘. 1535Ä1590.



�‚’�Œ�’ˆ‡�–ˆŸ �Š‘�…�ˆŒ…�’�‚ �� ƒA‡�����‹�…���Œ ‘…����’��… 191

14. Tsyganov Yu. S., Polyakov A. N., Sukhov A. M. Integrated PC-Based System for De-
tecting and Parameter Monitoring at the Dubna Gas-Filled Recoil Separator // Proc.
of the 4th Intern. Conf. NPAE-2012, Kyev, Sept. 3Ä7, 2012. Part II. P. 412Ä414.

15. Tsyganov Yu. S. et al. Focal Plane Detector of the Dubna Gas-Filled Recoil Separator //
Nucl. Instr. Meth. A. 1997. V. 392. P. 197Ä201.

16. Tsyganov Yu. S. An Extended Real-Time Algorithm for Radical Suppression of Back-
ground Products in Heavy-Ion-Induced Nuclear Reactions // Phys. Part. Nucl. Lett.
2007. V. 4, No. 4. P. 363Ä366.

17. Tsyganov Yu. S., Polyakov A. N. Computing at the Dubna Gas-Filled Recoil Separator //
Nucl. Instr. Meth. A. 2006. V. 558. P. 329Ä332.

18. Polyakov A. N., Sukhov A. N., Tsyganov Yu. S. On-Line Monitoring System of the
Dubns Gas-Filled Recoil Separator // Proc. of NEC'2007 Intern. Symp., Varna, Bul-
garia, Sept. 10Ä17, 2007. P. 390Ä392.

19. Tsyganov Yu. S. et al. New Detection System for Heavy-Element Research // Proc. of
NEC'2013 Intern. Symp., Varna, Bulgaria, Sept. 9Ä16, 2013. P. 250Ä256.

20. Tsyganov Yu. S. et al. Real-Time Mode Detection of Heavy-Ion Induced Nuclear
Reaction Products // Nucl. Instr. Meth. A. 2002. V. 477. P. 406Ä409.

21. Tsyganov Yu. S. A Multi-Interval Theory for Active Correlations Technique // Phys.
Part. Nucl. Lett. 2009. V. 6, No. 1. P. 56Ä62.

22. Tsyganov Yu. S. Detection of Ultra Rare α-Decays of Superheavy Nuclei // Nucl. Instr.
Meth. A. 2007. V. 573. P. 161Ä164.

23. Tsyganov Yu. S. A Reasonable Extension of AlphaÄAlpha Correlation Technique //
Appl. Rad. Isotopes. 1997. V. 48, No. 4. P. 541Ä544.

24. –Ò£ ´μ¢ �. ‘. �·μ£· ³³  ¢¨§Ê ²Ó´μ£μ ±μ´É·μ²Ö ¸¶¥±É·μ³¥É·¨Î¥¸±μ° ¨´Ëμ·³ -
Í¨¨. ‘μμ¡Ð. �ˆŸˆ �10-98-20. „Ê¡´ , 1998.

25. Tsyganov Yu. S., Polyakov A. N., Sukhov A. M. Visual Application for Beam Associated
System of Gas-Filled Separator. JINR Commun. E10-99-36. Dubna, 1999.

26. †ÊÎ±μ ‚. …., –Ò£ ´μ¢ �. ‘. ˆ§³¥·¨É¥²Ó´Ò° ¶·μ£· ³³´Ò° ³μ¤Ê²Ó ¤²Ö ¸¶¥±É·μ³¥-
É·¨¨ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°. ‘μμ¡Ð. �ˆŸˆ �7-89-451. „Ê¡´ , 1989.

27. Kuznetsov A., Kuznetsov E. Electronic Devices for Constructing a Multichannel Data
Acquisition System // Proc. of NEC'2009 Intern. Symp., Varna, Bulgaria, Sept. 7Ä14,
2009. P. 173Ä179.

28. ‘Ê¡¡μÉ¨´ ‚. ƒ., ‚μ¨´μ¢ 	. 	., ˆ²¨¥¢ ‘.�. ƒ¥´¥· Éμ· ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì ¨³¶Ê²Ó-
¸μ¢ ¸É ¡¨²Ó´μ°  ³¶²¨ÉÊ¤Ò // �’�. 2005. º5. ‘. 153Ä154.

29. ŠÊ§´¥Íμ¢ 	. �. ¨ ¤·. ‘¶¥±É·μ³¥É· ·¥¤±¨Ì ¸μ¡ÒÉ¨°  ²ÓË -· ¸¶ ¤  // �’�. 1987.
º1. ‘. 36Ä39.

30. –Ò£ ´μ¢ �. ‘. � ´¥±μÉμ·ÒÌ μ¸μ¡¥´´μ¸ÉÖÌ ¤¥É¥±É¨·μ¢ ´¨Ö ¨³¶² ´É¨·μ¢ ´´ÒÌ ÉÖ-
¦¥²ÒÌ Ö¤¥·. ‘μμ¡Ð. �ˆŸˆ �7-91-565. „Ê¡´ , 1991.

31. Oganessian Yu. Ts. et al. Average Charge States of Heavy Atoms in Delute Hydrogen //
Phys. Rev. C. 2001. V. 64. P. 064309.

32. Oganessian Yu. Ts. et al. An Attempt to Synthesize Element 110 in the Reaction
40Ar+ 236U // 6th Intern. Conf. on Nuclei Far from Stability & 9th Intern. Conf.
on Atomic Masses and Fundamental Constants, Bernkastel-Kues, 1992. Intern. Phys.
Conf. Ser. 1992. No. 132: Sec. 4.



192 –›ƒ���‚ �.‘.

33. 	´ÉÕÌμ¢ ‚. 	., —Ê·¨´ ˆ.�., †Ê· ¢²¥¢ �.ˆ. –¨Ë·μ¢Ò¥ ³μ¤Ê²¨ Š�Œ�Š. ‘μμ¡Ð.
�ˆŸˆ �10-87-928. „Ê¡´ , 1987.

34. Semenov Yu. B., Zhuchko V. E., Kamanin D. V. Interface for the KK009/KK012
CAMAC Controllers in the PCI Standard // JINR Sci. Report ®Heavy Ion Physics¯
2001Ä2002 / Ed. by A.G. Popeko. Dubna, 2003. P. 233.

35. Subbotin V. G. et al. The Detection System of the Dubna Gas-Filled Recoil Separator //
Acta Phys. Polon. B. 2003. V. 34, No. 4. P. 2159Ä2162.

36. Mezentsev A. N. et al. Low Pressure TOF Module // JINR Sci. Report ®Heavy Ion
Physics¯ 1992Ä1993. Dubna, 1993. P. 203.

37. Zhuravlev N. I. CAMAC Modules. JINR Commun. 10-8754. Dubna, 1975.

38. —Ê·¨´ ˆ.�. Š·¥°É-±μ´É·μ²²¥· KK-009. ‘μμ¡Ð. �ˆŸˆ �10-90-589. „Ê¡´ , 1990.

39. ‘ÊÌμ¢ A. M. ¨ ¤·. Š·¥°É-±μ´É·μ²²¥· KK-202. ‘μμ¡Ð. �ˆŸˆ �13-96-371. „Ê¡´ ,
1996.

40. †Ê· ¢²¥¢ �.ˆ. Œμ¤Ê²¨ Š�Œ�Š. ‘μμ¡Ð. �ˆŸˆ �10-95-284. „Ê¡´ , 1995.

41. Oganessian Yu. Ts. et al. Production and Decay of the Heaviest Odd-Z Nuclei in the
249Bk+ 48Ca Reaction // J. Phys.: Conf. Ser. 2015. V. 580. P. 012038.

42. Oganessian Yu. Ts. et al. Production and Decay of Heaviest Nuclei 293,294117 and
294118 // Phys. Rev. Lett. 2012. V. 109. P. 162501.

43. Oganessian Yu. Ts., Utyonkov V. K. Super-Heavy Element Research // Rep. Progress
Phys. 2015 (in press).

44. Š ¸ÓÖ´μ¢ 	. 	. ¨ ¤·. Œ¨±·μ¶·μÍ¥¸¸μ·´ Ö ¶μ¤¸¨¸É¥³  Ô±¸É·¥³ ²Ó´μ£μ Ê¶· ¢²¥´¨Ö
Éμ±μ³ ¶ÊÎ±  Í¨±²μÉ·μ´  “-400 ¶μ¸·¥¤¸É¢μ³ ¢ ·¨ Í¨¨ ·¥¦¨³  ¨μ´´μ£μ ¨¸ÉμÎ-
´¨±  // �’�. 1989. º6. ‘. 82Ä86.

45. Zager V. B., Krylov A. I. Visualization, Monitoring and Processing of Large Data Sets
from Accelerator Control System // Proc. of NEC'2013, XXIV Intern. Symp., Varna,
Bulgaria, Sept. 9Ä16, 2013. P. 283.

46. Aleynikov V., Krylov A., Zager V. Web Monitoring of Physical Facilities at the FLNR //
Proc. of NEC'2009, XXII Intern. Symp., Varna, Bulgaria, Sept. 7Ä14, 2009. P. 29.

47. „¨μ¤Ò. �Ê±μ¢μ¤¸É¢μ ± ¶·¨³¥´¥´¨Õ. Œ.: � ¤¨μ ¨ ¸¢Ö§Ó, 1990. C. 206.

48. http://www.blms.ru/mks

49. http://www.pfeifer-vacuum.net

50. Tsyganov Yu. S. Pseudo-Real-Time PC-Based Code for Extraction of Short Recoil-
Alpha Energy-Time-Position Correlated Sequences // Proc. of XVII Nucl. Electronics
Intern. Symp., Varna, Bulgaria, Sept. 15Ä21, 1997. P. 206Ä210.

51. Tsyganov Yu. S., Polyakov A. N. A PC-Based Code Operating with an E-TOF Detect-
ing Module in Obtaining Short αÄα Correlated Sequences for Heavy Ion Reaction
Products // Appl. Rad. Isotopes. 1996. V. 47, No. 4. P. 451Ä454.

52. Zlokazov V. B., Tsyganov Yu. S. Half-Life Estimation under Indeˇnite ®MotherÄ
Daughter¯ Relation // Phys. Part. Nucl. 2010. V. 7, No. 6. P. 658Ä666.

53. Tsyganov Yu. S. Physical Basis of Critical Analysis // Phys. Part. Nucl. Lett. 2014.
V. 11, No. 6. P. 1Ä6.

54. Zlokazov N. B., Utynkov V. K., Tsyganov Yu. S. VSHEC Å A Program for an Automatic
Spectrum Calibration // CPC. 2013. V. 184. P. 428Ä431.



�‚’�Œ�’ˆ‡�–ˆŸ �Š‘�…�ˆŒ…�’�‚ �� ƒA‡�����‹�…���Œ ‘…����’��… 193

55. Wilkins B. D. Formula for Pulse Height Defect Calculation // Nucl. Instr. Meth. 1971.
V. 92. P. 381.

56. Seibt W., Tove P., Sundstroem K. Model of Track Destruction for Highly Ionizing
Partices // Nucl. Instr. Meth. 1973. V. 113. P. 317.

57. Tsyganov Yu. S. Parameter of Equilibrium Charge States Distribution Width for Cal-
culation of Heavy Recoil Spectra // Nucl. Instr. Meth. A. 1996. V. 378. P. 356Ä359.

58. Kushniruk V. F., Tsyganov Yu. S. A Note on Collected-Charge Fluctuations in Silicon
Surface-Barrier Detectors at Heavy Ion Registration // Appl. Rad. Isotopes. 1997.
V. 48, No. 5. P. 691Ä693.

59. Tsyganov Yu. S. Complex Signal Amplitude Analysis for Complete Fusion Reaction
Products // Part. Nucl., Lett. 2011. V. 8, No. 1(164). P. 63Ä67.

60. �¨³ �´ ‘¥´, –Ò£ ´μ¢ �. ‘. � ·¥£¨¸É· Í¨¨ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö Ö¤¥·, ¨³-
¶² ´É¨·μ¢ ´´ÒÌ ¢ ±·¥³´¨¥¢Ò° ¶μ¢¥·Ì´μ¸É´μ-¡ ·Ó¥·´Ò° ¤¥É¥±Éμ·. ‘μμ¡Ð. �ˆŸˆ
�7-90-112. „Ê¡´ , 1990.

61. Tsyganov Yu. S. An Approximate Formula for Angular Dependence of the Residual
Defect in a Silicon Surface-Barrier Detector // Nucl. Instr. Meth. A. 1995. V. 363.
P. 611Ä613.

62. Khalˇn E. K. On the Small Deviation from Exponential Law // Zh. Eksp. Teor. Fiz.
1958. V. 33. P. 1371.

63. Nadderd L. et al. 4π Detector for Study of Zeno Effect Using 220Rn→ 216Po αÄ
α Correlated Chains // Proc. of NEC'2007, XXI Intern. Symp., Varna, Bulgaria,
Sept. 10Ä17, 2007. P. 362Ä366.

64. Nadderd L. et al. New Proposals for Zeno Effect Study // Proc. of NEC'2009, XXII
Intern. Symp., Varna, Bulgaria, Sept. 7Ä14, 2009. P. 220Ä222.

65. Novkovic D. et al. Testing the Exponential Decay Law of Gold 198Au // Nucl. Instr.
Meth. A. 2006. V. 566. P. 477Ä480.

66. Rutherford E. On the Alpha Decay // Sitzung Acad. Wiss. Wien, Math.-Natur. Kl.
1911. 2A, 120. P. 303.

67. ‘ÊÌμ¢ 	. Œ., �μ²Ö±μ¢ 	.�. � §¢¨É¨¥ ´μ¢μ° ¸¨¸É¥³Ò ±μ´É·μ²Ö ƒ�‘. — ¸É´μ¥ ¸μμ¡Ð.
2015.

68. –Ò£ ´μ¢ �. ‘., ‘ÊÌμ¢ 	. Œ., �μ²Ö±μ¢ 	.�. Šμ´É·μ²Ó ¶ · ³¥É·μ¢ ¤μ²£μ¢·¥³¥´´ÒÌ
Ô±¸¶¥·¨³¥´Éμ¢ ´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨μ´μ¢ // ’·. Œ¥¦¤Ê´ ·. ±μ´Ë. ®“¸Éμ°Î¨¢μ¸ÉÓ
¨ ¶·μÍ¥¸¸Ò Ê¶· ¢²¥´¨Ö¯ (SCP'2005), ¶μ¸¢ÖÐ¥´´μ° 75-²¥É¨Õ ¸μ ¤´Ö ·μ¦¤¥´¨Ö
‚. ˆ. ‡Ê¡μ¢ , ‘ ´±É-�¥É¥·¡Ê·£, 30 ¨Õ´Ö Ä 1 ¨Õ²Ö 2005 £.


