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–Ò£ ´μ¢ �.‘. P7-2018-71
REDSTORM2 Å ¶ ±¥É ¶·μ£· ³³ ‘++ ¤²Ö ´μ¢μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ· 
Ö¤¥· μÉ¤ Î¨ ‹Ÿ� �ˆŸˆ

�·¥¤¸É ¢²¥´ ¶ ±¥É ¶·μ£· ³³ ‘++ ¤²Ö ´μ¢μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ· 
Ö¤¥· μÉ¤ Î¨ ‹Ÿ� �ˆŸˆ. „ ´´ Ö ¢¥·¸¨Ö ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö Ö¢²Ö¥É¸Ö £²Ê-
¡μ±μ° ³μ¤¥·´¨§ Í¨¥° ¶ ±¥É  REDSTORM (REal-time Detection and STORage of
Multichain events) ¨ ¶·¥¤´ §´ Î¥´  ¤²Ö · ¡μÉÒ ¸ Ëμ± ²Ó´Ò³ DSSSD-¤¥É¥±Éμ·μ³
¸¥¶ · Éμ·  ¨ £ §μ¢Ò³ ¢·¥³Ö¶·μ²¥É´Ò³ ³μ¤Ê²¥³ ´¨§±μ£μ ¤ ¢²¥´¨Ö ¢ Ô±¸¶¥·¨-
³¥´É Ì ¶μ ¶μ¨¸±Ê ·¥¤±¨Ì α-· ¸¶ ¤μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥·. �·μ£· ³³  ´ ¡μ· 
¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì ¤ ´´ÒÌ · ¡μÉ ¥É ¸ ¶·¨³¥´¥´¨¥³ ³¥Éμ¤   ±É¨¢´ÒÌ ±μ··¥-
²ÖÍ¨°. �É¤¥²Ó´μ · ¸¸³μÉ·¥´Ò ¶·μ£· ³³Ò, ³μ¤¥²¨·ÊÕÐ¨¥ Ìμ¤ Ô±¸¶¥·¨³¥´É , ¨
·Ö¤ É¥¸Éμ¢ ¸ ¶·¨³¥´¥´¨¥³ ± ± £¥´¥· Éμ·  ÉμÎ´μ°  ³¶²¨ÉÊ¤Ò, É ± ¨ ¢´¥Ï´¨Ì
¨¸ÉμÎ´¨±μ¢ α-Î ¸É¨Í.

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

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2018

Tsyganov Yu. S. P7-2018-71
REDSTORM2 Å ‘++ Program Package for New Gas-Filled Recoil Separator
of FLNR (JINR)

C++ program package for new FLNR (JINR) Gas-Filled Recoil Separator
is presented. This version of the software is in fact a deep upgrade of former
REDSTORM program. It will be applied together with DSSSD focal plane detector
and time-of-
ight gaseous detector of the separator in the experiments aimed at the
search of rare α-decays of superheavy nuclei. Program for storage of spectrometry
data operates with applying of active correlation technique. Programs modeling the
experiments to search for correlation chains in a real-time mode as well as simple
tests of electronics apparatuses are under consideration too. For those purposes a
speciˇc pulse generator and external α-decay sources are used.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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� Î ²μ É¥±ÊÐ¥£μ ¢¥± , ¢´¥ ¢¸Ö±μ£μ ¸μ³´¥´¨Ö, μ§´ ³¥´μ¢ ²μ¸Ó ¢Ò¤ Õ-
Ð¨³¸Ö μÉ±·ÒÉ¨¥³ ¢ μ¡² ¸É¨ Ö¤¥·´μ° Ë¨§¨±¨ Å μÉ±·ÒÉ¨¥³ ®μ¸É·μ¢  ¸É -
¡¨²Ó´μ¸É¨¯ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· [1Ä5]. ‘¨´É¥§ ´μ¢ÒÌ Ô²¥³¥´Éμ¢ Z = 113−118
¡Ò² μ¸ÊÐ¥¸É¢²¥´ ´  Ê¸É ´μ¢±¥ ®„Ê¡´¥´¸±¨° £ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ· Ö¤¥·
μÉ¤ Î¨¯ (ƒ�‘) [6, 7]. ‚ Ô±¸¶¥·¨³¥´É Ì ´  ¨´É¥´¸¨¢´μ³ (¢¶²μÉÓ ¤μ 1,5 p·³±�)
¶ÊÎ±¥ ¨μ´μ¢ 48‘  ¡Ò² ¶·¨³¥´¥´ ·Ö¤ Ê´¨± ²Ó´ÒÌ É¥Ì´μ²μ£¨° [8Ä16], ÎÉμ
¨ μ¶·¥¤¥²¨²μ Ê¸¶¥Ì É·Ê¤μ¥³±¨Ì ¤μ²£μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸¨´É¥§Ê
¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ´  Ê¸±μ·¨É¥²¥ “-400 ‹Ÿ� (�ˆŸˆ). ‘ ÉμÎ±¨ §·¥´¨Ö ¶μ-
¤ ¢²¥´¨Ö Ëμ´μ¢, ¸¢Ö§ ´´ÒÌ É ± ¨²¨ ¨´ Î¥ ¸ · ¡μÉμ° Í¨±²μÉ·μ´ , ·¥Ï ÕÐ Ö
·μ²Ó ¢ Ô±¸¶¥·¨³¥´É Ì ¶·¨´ ¤²¥¦ ²  ³¥Éμ¤Ê  ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨° [8Ä16], ±μ-
Éμ·Ò° ¶μ§¢μ²Ö² ¶·μ¨§¢μ¤¨ÉÓ ·¥£¨¸É· Í¨Õ Ê²ÓÉ· ·¥¤±¨Ì ¸μ¡ÒÉ¨° α-· ¸¶ ¤ 
¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥· ¢ ¶· ±É¨Î¥¸±¨ ¡¥¸Ëμ´μ¢ÒÌ Ê¸²μ¢¨ÖÌ. �É³¥É¨³, ÎÉμ ¸ ¢¢μ-
¤μ³ ¢ ¸É·μ° ¢ 2019 £. ´μ¢μ£μ ¸¢¥·Ì¨´É¥´¸¨¢´μ£μ Í¨±²μÉ·μ´  DC-280 ‹Ÿ�
�ˆŸˆ (®” ¡·¨±  ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢¯) [17, 18] §´ Î¥´¨¥ ¤ ´´μ£μ ³¥-
Éμ¤  ¢μ§· ¸É ¥É ³´μ£μ±· É´μ. ‘μ¢¥·Ï¥´¸É¢μ¢ ´¨Õ ³¥Éμ¤  ¨ ¥£μ  ²£μ·¨É³μ¢,
¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö,   É ±¦¥ ·Ö¤Ê ¤·Ê£¨Ì  ¸¶¥±Éμ¢ ¨ ¶μ¸¢ÖÐ¥´  ÔÉ 
· ¡μÉ .

1. Œ…’�„ �Š’ˆ‚�›• Š���…‹Ÿ–ˆ‰ ˆ ��ˆŒ…�› �…‡“‹œ’�’�‚
‚ �Š‘�…�ˆŒ…�’�• “‘’���‚Šˆ ®„“��…�‘Šˆ‰
ƒ�‡�����‹�…��›‰ ‘…����’�� Ÿ„…� �’„�—ˆ¯

Œ¥Éμ¤  ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨° μ¸´μ¢ ´ ´  Éμ³, ÎÉμ ¶·¨·μ¤  ¸ ³  ¤ ¥É ¨¸-
¸²¥¤μ¢ É¥²Ö³ ´¥±¨° ®±²ÕÎ¯ ± ¡¥¸Ëμ´μ¢μ° ·¥£¨¸É· Í¨¨ α-· ¸¶ ¤μ¢ ¸¢¥·ÌÉÖ-
¦¥²ÒÌ Ö¤¥· ¡² £μ¤ ·Ö ¨Ì ³´μ£μ§¢¥´´μ¸É¨. ‚ ÔÉμ³ ¸²ÊÎ ¥ ·¥£¨¸É· Í¨Ö ¢ ·¥ ²Ó-
´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ Ê± § É¥²Ö ´  ¶μÉ¥´Í¨ ²Ó´ÊÕ ±μ··¥²ÖÍ¨Õ ³μ¦¥É ¸²Ê-
¦¨ÉÓ É·¨££¥·μ³ ¤²Ö μÉ±²ÕÎ¥´¨Ö ¶ÊÎ±  Í¨±²μÉ·μ´  “-400 ¨ ¸μ§¤ ¢ ÉÓ, É ±¨³
μ¡· §μ³, ±μ·μÉ±¨° ¨´É¥·¢ ² ¢·¥³¥´¨ ¤²Ö ¡¥¸Ëμ´μ¢μ° ·¥£¨¸É· Í¨¨ ¶μ¸²¥¤ÊÕ-
Ð¨Ì · ¸¶ ¤μ¢. ‚ ¶·μÏ²ÒÌ Ô±¸¶¥·¨³¥´É Ì ´  ƒ�‘ É ±¨³ Ê± § É¥²¥³ Ö¢²Ö² ¸Ó
±μ··¥²ÖÍ¨Ö ¶μ Ô´¥·£¨¨-¢·¥³¥´¨-±μμ·¤¨´ É¥ §¢¥´  É¨¶  ER-α, £¤¥ ¶¥·¢Ò° ¸¨£-
´ ² ¸μμÉ¢¥É¸É¢μ¢ ² ·¥£¨¸É· Í¨¨ ¨³¶² ´É¨·μ¢ ´´μ£μ ¢ ±·¥³´¨¥¢Ò° ¤¥É¥±Éμ·
Ö¤·  μÉ¤ Î¨ ¢ ·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¸ ¨μ´ ³¨ 48‘ . �¸μ¡¥´´μ  ±ÉÊ ²¥´
¤ ´´Ò° ³¥Éμ¤ ¶·¨ ´ ²¨Î¨¨ ¸· ¢´¨É¥²Ó´μ ¡μ²ÓÏ¨Ì ¢·¥³¥´ · ¸¶ ¤  ¢ ±μ´Í¥
·¥£¨¸É·¨·Ê¥³μ° Í¥¶μÎ±¨ α-· ¸¶ ¤μ¢. „¨ ¶ §μ´ ¢·¥³¥´ ³μ¦¥É ¸μ¸É ¢²ÖÉÓ μÉ
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³¨´ÊÉ ¤μ ¤¥¸ÖÉ±μ¢ Î ¸μ¢. ’¨¶¨Î´Ò¥ ¤²Ö ÔÉμ£μ ¸²ÊÎ Ö ¶·¨³¥·Ò ¶·¥¤¸É ¢²¥´Ò
¢ · ¡μÉ¥ [19] ¤²Ö Ô²¥³¥´É  Z = 115 (Mc).

2. ���…Š’ DC-280

‚ · ¡μÉ Ì [17, 18] μ¶¨¸ ´ ´μ¢Ò° Í¨±²μÉ·μ´ ‹Ÿ� �ˆŸˆ Å DC-280, ¶·¨-
¢¥¤¥´Ò ´¥±μÉμ·Ò¥ ¥£μ ¶ · ³¥É·Ò ¤²Ö · §²¨Î´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢. ’ ±, ¶·¨
¶μÉ¥´Í¨ ²¥ ¨´¦¥±É¨·ÊÕÐ¥£μ ¶ÊÎ±  ¢¶²μÉÓ ¤μ 100 ±‚ ¨ ³ £´¨É´μ³ ¶μ²¥
0,6Ä1,3 ’² ¤¨ ¶ §μ´ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í ¸μ¸É ¢²Ö² A/Z = 4−7,5. �¦¨¤ ¥-
³Ò¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ ´  ³¨Ï¥´¨ ³μ£ÊÉ ¸μ¸É ¢²ÖÉÓ ´¥¸±μ²Ó±μ p·³±A,
¨ ÔÉμ ´ ³´μ£μ ¡μ²ÓÏ¥ §´ Î¥´¨°, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ μ¶ÒÉ Ì ´  Í¨±²μÉ·μ´¥
“-400. 	ÉμÉ Ë ±É ¨ μ¶·¥¤¥²Ö¥É ¶μ¢ÒÏ¥´´Ò¥ É·¥¡μ¢ ´¨Ö ± ¸¨¸É¥³ ³ ¤¥-
É¥±É¨·μ¢ ´¨Ö, Ô²¥±É·μ´´Ò³ ¡²μ± ³, ¶·μ£· ³³´μ³Ê μ¡¥¸¶¥Î¥´¨Õ, ³¥Éμ¤ ³
¨  ²£μ·¨É³ ³ ·¥ ²Ó´μ£μ ¢·¥³¥´¨ ¶·¨ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸¨´-
É¥§Ê Ô²¥³¥´Éμ¢ Z = 119, 120 (´ ¶·¨³¥·, ´  ¶ÊÎ±¥ ¨μ´μ¢ 50Ti). �É¤¥²Ó´Ò°
 ±ÉÊ ²Ó´Ò° ¢μ¶·μ¸ Å ÔÉμ ¢μ¶·μ¸ · ¤¨ Í¨μ´´μ° ¸É ¡¨²Ó´μ¸É¨ Ëμ± ²Ó´ÒÌ
¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¤¥É¥±Éμ·μ¢ ¸¶¥±É·μ³¥É·  ´μ¢μ£μ £ §μ´ ¶μ²´¥´-
´μ£μ ¸¥¶ · Éμ· .

3. ���ƒ��ŒŒ� REDSTORM2:
‘’�“Š’“��, �‘��‚�›… �“�Š’› Œ…�	

‚ · ¡μÉ¥ [20] μ¶¨¸ ´  ¶·μ£· ³³  REDSTORM ¤²Ö ´ ¡μ·  ¤ ´´ÒÌ Å
μ¸É ´μ¢μ¢ ¶ÊÎ±  ¤²Ö ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ· 
´  μ¸´μ¢¥ 32-¸É·¨¶μ¢μ£μ ¤¥É¥±Éμ·  ¸ ·¥§¨¸É¨¢´Ò³ ¸²μ¥³ ¶·μ¨§¢μ¤¸É¢  Can-
berra NV (�¥²Ó£¨Ö). „ ´´ Ö ¸¨¸É¥³  ¤¥É¥±É¨·μ¢ ´¨Ö ¨³¥² : 32 ¶μ§¨Í¨μ´´μ-
ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ·¥§¨¸É¨¢´ÒÌ ¸É·¨¶ ; ¢μ¸¥³Ó ¡μ±μ¢ÒÌ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢
¡¥§ ¶μ§¨Í¨μ´´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¤²Ö ¶μ¢ÒÏ¥´¨Ö £¥μ³¥É·¨Î¥¸±μ° ÔËË¥±-
É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ Î ¸É¨Í, ¢Ò²¥É ÕÐ¨Ì ¢ μ¡· É´ÊÕ ¶μ²Ê¸Ë¥·Ê ¶μ μÉ´μ-
Ï¥´¨Õ ± ´ ¶· ¢²¥´¨Õ ¶ÊÎ± ; ¢¥Éμ-¤¥É¥±Éμ·, ¶μ³¥Ð¥´´Ò° §  Ëμ± ²Ó´Ò³, ¤²Ö
¶μ¤ ¢²¥´¨Ö Ëμ´  ¤²¨´´μ¶·μ¡¥¦´ÒÌ Î ¸É¨Í; £ §μ¢Ò° ¢·¥³Ö¶·μ²¥É´Ò° ¤¥É¥±-
Éμ· ¤²Ö ·¥£¨¸É· Í¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¤¢¨¦ÊÐ¨Ì¸Ö ¶μ ´ ¶· ¢²¥´¨Õ ¨³-
¶² ´É¨·Ê¥³ÒÌ Ö¤¥·. ˆ³¥´´μ ÔÉ  ¸¨¸É¥³  ¤¥É¥±É¨·μ¢ ´¨Ö ¡Ò²  ¶·¨³¥´¥´ 
¶·¨ μÉ±·ÒÉ¨¨ ´μ¢μ£μ Ô²¥³¥´É  Å Z = 117 (Ts) [21].

�¶¨¸Ò¢ ¥³μ¥ ¢ ¤ ´´μ° · ¡μÉ¥ ¶·¨²μ¦¥´¨¥ C++ Builder REDSTORM2,
¶μ ¸ÊÐ¥¸É¢Ê, Ö¢²Ö¥É¸Ö £²Ê¡μ±μ° ³μ¤¥·´¨§ Í¨¥° ¶·¥¤Ò¤ÊÐ¥° ¢¥·¸¨¨, ÎÉμ ±μ´-
±·¥É´μ ¢Ò· ¦ ¥É¸Ö:

Å ¢ ¡μ²ÓÏ¥° ¸É¥¶¥´¨ £¨¡±μ¸É¨  ²£μ·¨É³  ¶μ¨¸±  ±μ··¥²¨·μ¢ ´´ÒÌ §¢¥-
´Ó¥¢ ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨;

Å ¢ ´ ²¨Î¨¨ Ë °²μ¢ § ¤ ´¨Ö, ´¥ ¶·¥¤¶μ² £ ÕÐ¨Ì ¶·μÍ¥¸¸  ¶¥·¥±μ³¶¨-
²ÖÍ¨¨;

Å ¢ ´ ²¨Î¨¨ · §´μμ¡· §´ÒÌ ¢´ÊÉ·¥´´¨Ì É¥¸Éμ¢  ¶¶ · ÉÊ·Ò;
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Å ¢ ´ ²¨Î¨¨ É¥¸É  Œμ´É¥-Š ·²μ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÍ¥¸¸  μ¡²ÊÎ¥´¨Ö
¸ ¶·¨¢Ö§±μ° ± ¸¨£´ ² ³ £¥´¥· Éμ· -Ô±¢¨¢ ²¥´É  ¸¨£´ ²μ¢ IMI-2011 TekhIn-
vest [22];

Å ¢ ·Ö¤¥ ¤·Ê£¨Ì Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´¨°, É ±¨Ì ± ± ¶·¨²μ¦¥´¨Ö É¥μ·¥É¨Î¥-
¸±μ£μ Ì · ±É¥·  ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÍ¥¸¸  ·¥£¨¸É· Í¨¨.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¡²μ±-¤¨ £· ³³  · ¸¸³ É·¨¢ ¥³μ° ¶·μ£· ³³Ò,   ´ 
·¨¸. 2 Å Î ¸É¨Î´ Ö ¸¶¥Í¨Ë¨± Í¨Ö ¤²Ö ¸²ÊÎ Ö ³μ¤¥²¨·μ¢ ´´ÒÌ ¸¶¥±É·μ¢. � 
·¨¸. 3 ¶μ± § ´ μ¸´μ¢´μ° ¨´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö,   ´  ·¨¸. 4 ¨ 5 ¸μ¤¥·¦ É¸Ö
¶Ê´±ÉÒ ³¥´Õ μ¸´μ¢´ÒÌ É¥¸Éμ¢ ¨ ¤·Ê£¨Ì ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¤¥°¸É¢¨°. � §Ê³¥-
¥É¸Ö, ·¨¸. 2 ¸μμÉ¢¥É¸É¢Ê¥É É¥¸Éμ¢μ³Ê ·¥¦¨³Ê ¶μ¨¸±  ±μ··¥²ÖÍ¨° É¨¶  ER-α.
‚ ± Î¥¸É¢¥ ¸É ·Éμ¢μ£μ Ï £  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·μÍ¥¤Ê·  ÎÉ¥´¨Ö Ê¸É ´μ¢μÎ´ÒÌ
Ë °²μ¢ conˇg ADC.txt, 111.txt, 112.txt ¨ 333.txt, ±μÉμ·Ò¥ ¤μ²¦´Ò ¶μ³¥Ð ÉÓ¸Ö
¢ Éμ° ¦¥ (É¥±ÊÐ¥°) ¤¨·¥±Éμ·¨¨.

�¨¸. 1. �²μ±-¤¨ £· ³³  ¶·μ£· ³³Ò REDSTORM2. ‡¥²¥´Ò³ Í¢¥Éμ³ ¶μ± § ´ ¡²μ±
Ê¸²μ¢´μ° ±μ³¶¨²ÖÍ¨¨ ¶μ ±²ÕÎÊ TST OST
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�¨¸. 2. �²μ±-¸Ì¥³ , ¸¶¥Í¨Ë¨± Í¨Ö ¢ ·¨ ´É  Œμ´É¥-Š ·²μ ER, α, Ëμ´ (¸³. ·¨¸. 1)

�¨¸. 3. �¸´μ¢´μ° ¨´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¶·μ£· ³³Ò REDSTORM2. ’¥¸É¨·μ¢ ´¨¥
¶·μ£· ³³Ò ¸ ¶·¨³¥´¥´¨¥³ £¥´¥· Éμ·  IMI-2011 TekhInvest. �· ¢ Ö ¶ ´¥²Ó Å ·¥£¨¸É·
¡²μ±  § Ð¨ÉÒ. �±ÉÊ ²Ó´Ò° ±μ´É·μ²Ó Å ¶¥´É ´, ¢μ¤μ·μ¤, ¶·¥·Ò¢ É¥²Ó ¶ÊÎ±  (chopper)
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�¨¸. 4. Œ¥´Õ É¥¸Éμ¢  ¶¶ · ÉÊ·Ò ¨ ¶·μ£-
· ³³Ò

�¨¸. 5. �Ê´±ÉÒ ³¥´Õ · §¤¥²  〈Spectra〉

„²Ö ¤ ´´μ£μ ¶Ê´±É  £² ¢´μ£μ ³¥´Õ:

• 〈Strip panel〉 μÉ±·Ò¢ ¥É ¶ ´¥²Ó § ¶Ê¸±  £¥´¥· Éμ·  IMI-2011 (¶μ²Ó§μ¢ -
É¥²Ó ¢Ò¡¨· ¥É ´μ³¥·  ± ´ ²μ¢  ±ÉÊ ²Ó´μ£μ ¸É·¨¶ , ¶μ¤±²ÕÎ¥´´μ£μ ± £¥´¥· -
Éμ·Ê ³´μ£μÏÉÒ·Ó±μ¢Ò³ · §Ñ¥³μ³, ¨²¨ ´¥¸±μ²Ó±¨Ì ¸É·¨¶μ¢ (1Ä16));

• 〈Help N (CAMAC)〉 ¶μ± §Ò¢ ¥É ¸¶¥Í¨Ë¨± Í¨Õ ³¥¸É ±μ´±·¥É´ÒÌ ³μ¤Ê-
²¥° ¢ ±·¥°É¥;

• 〈Table param〉 ¶μ± §Ò¢ ¥É ¶ · ³¥É·Ò ±μ··¥²ÖÍ¨° (¶¥·¢¨Î´μ ¸μ¤¥·¦ -
Ð¨Ì¸Ö ¢ 222.txt);

• 〈min dt〉 μÉ±·Ò¢ ¥É £¨¸Éμ£· ³³Ê · §´μ¸É¨ ¢·¥³¥´ ³¥¦¤Ê ²Õ¡Ò³¨ ¤¢Ê³Ö
¶μ¸²¥¤μ¢ É¥²Ó´Ò³¨ ¸μ¡ÒÉ¨Ö³¨ ¢ ¨´É¥·¢ ²¥ 5Ä100 ³±¸;
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• 〈test VOLT〉 Å É¥¸Éμ¢μ¥ ¶¥·¨μ¤¨Î¥¸±μ¥ (1Ä3 ¸) ¶¥·¥±²ÕÎ¥´¨¥ Ê·μ¢´Ö
TTL ¡²μ±  16-in Discriminator ®’¥Ìˆ´¢¥¸É¯ (Ë ±É ¶¥·¥±²ÕÎ¥´¨Ö 3.3→ 0 ‚
´ ¡²Õ¤ ¥É¸Ö ´  μ¸Í¨²²μ£· Ë¥);

• 〈test eff〉 Å É¥¸É μ¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´Ò ÔËË¥±É¨¢´μ¸É¨ ¶μ¤ ¢²¥´¨Ö
¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¶μ ´ ¡²Õ¤ ¥³μ³Ê ¶¨±Ê ¢·¥³Ö¶·μ²¥É´Ò³ ¤¥É¥±Éμ·μ³.

’ ±¨¥ μ¸´μ¢´Ò¥ ¶Ê´±ÉÒ ³¥´Õ, ± ± 〈Reset Spectrum〉, 〈Print Spectrum〉,
〈FF=visu〉, 〈sp VETO〉, 〈Log++〉, ¸μμÉ¢¥É¸É¢¥´´μ μ¡μ§´ Î ÕÉ:

Å ¸¡·μ¸ ´ ±μ¶²¥´´μ£μ ¸Ê³³ ·´μ£μ ¸¶¥±É·  (¶·¨ ÔÉμ³ ´¥±μÉμ·Ò¥ ¶Ê´±ÉÒ
³¥´Õ ´¥ ±É¨¢´Ò ¤²Ö ¶μ²Ó§μ¢ É¥²Ö ¨ ¶·¥¤´ §´ Î¥´Ò ¤²Ö · §· ¡μÉÎ¨±μ¢ ¶·μ-
£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö ¨²¨ Ô²¥±É·μ´´ÒÌ ³μ¤Ê²¥° ¢ ¶·μÍ¥¸¸¥ ¸μ§¤ ´¨Ö, É¥-
¸É¨·μ¢ ´¨Ö ¨ ´ ¸É·μ°±¨);

Å ¶¥Î ÉÓ ¸¶¥±É·  ´  Ê¸É ´μ¢²¥´´μ³ ¶·¨´É¥·¥ (Ëμ·³ É  Landscape);
Å μÉ±·ÒÉ¨¥ μ±´  ¸¶¥±É·  ¢Éμ·μ° Ï± ²Ò (∼ 20Ä300 ŒÔ‚);
Å ¢¨§Ê ²¨§ Í¨Õ ¸¶¥±É·  ¸¨£´ ²μ¢ ¢¥Éμ-¤¥É¥±Éμ· ;
Å ¢±²ÕÎ¥´¨¥/¢Ò±²ÕÎ¥´¨¥ ²μ£ ·¨Ë³¨Î¥¸±μ° Ï± ²Ò μ¸¨ μ·¤¨´ É

(μÉ¸Î¥ÉÒ).
�Ê´±É 〈Puasson〉 ¢ £² ¢´μ³ ³¥´Õ 〈Calculation〉 ¢Ò§Ò¢ ¥É ¶·μÍ¥¤Ê·Ê ¢Ò-

Î¨¸²¥´¨Ö ¢¥·μÖÉ´μ¸É¨ Éμ£μ, ÎÉμ ´  ¢·¥³¥´´μ³ ¨´É¥·¢ ²¥ 8 · tdead ≈ 200 ³±¸
¶·μ¨§μ°¤¥É ¶¥·¥¶μ²´¥´¨¥ ¢´ÊÉ·¥´´¥£μ ¡ÊË¥·  · §³¥·μ³ ¢μ¸¥³Ó ¸²μ¢ 16 bit
¡²μ±  ADP-16 ¸ ÊÎ¥Éμ³ ±μ´±·¥É´ÒÌ § £·Ê§μ± Ëμ± ²Ó´μ£μ ¤¥É¥±Éμ· . ‚ ¤ ´´μ³
¸²ÊÎ ¥ ¢μ¸¥³Ó Å ÔÉμ ³ ±¸¨³ ²Ó´Ò° · §³¥· ¡ÊË¥· . �·¨ ÔÉμ³ ¢¥²¨Î¨´  ·¥ ²Ó-
´μ° § £·Ê§±¨ ¢¢μ¤¨É¸Ö ¢ ¨´É¥· ±É¨¢´μ³ ·¥¦¨³¥. � · ³¥É· tdead Å ³¥·É¢μ¥
¢·¥³Ö ¸Î¨ÉÒ¢ ´¨Ö μ¤´μ£μ ¸μ¡ÒÉ¨Ö. ‡´ Î¥´¨¥ ¶ · ³¥É·  § £·Ê§±¨ Ëμ± ²Ó´μ£μ
¤¥É¥±Éμ·  ¶μ Ê³μ²Î ´¨Õ · ¢´μ 103 ƒÍ.

�·μ£· ³³  ±μ³¶¨²¨·Ê¥É¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ±²ÕÎ¥° ±μ³¶¨²ÖÍ¨¨ ¢ É·¥Ì
¢ ·¨ ´É Ì, É ±¨¥ ± ±:

1) · ¡μÎ Ö ¶·μ£· ³³  ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  ƒ�‘ (GNS 2019.exe);
2) ¶·μ£· ³³  ¤²Ö É¥¸É¨·μ¢ ´¨Ö ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì É· ±Éμ¢ ¸ ¶·¨³¥´¥-

´¨¥³ £¥´¥· Éμ·  IMI-2011 TekhInvest (pulser.exe);
3) É¥¸É Œμ´É¥-Š ·²μ μ¸É ´μ¢μ¢ ¶ÊÎ±  ¸ ¶·¨¢Ö§±μ° ± ¨³¶Ê²Ó¸ ³ £¥´¥· -

Éμ·  IMI-2011 (Carlo.exe).
3.1. ‡ £·Ê§μÎ´Ò¥ Ë °²Ò, ´¥±μÉμ·Ò¥ ¶Ê´±ÉÒ ³¥´Õ ¶·¨²μ¦¥´¨Ö, Ëμ·³ É

¸μ¡ÒÉ¨Ö. ‡ £·Ê§μÎ´Ò¥ Ë °²Ò 111.txt, 112.txt ¨ 333.txt μ¶·¥¤¥²ÖÕÉ § ¤ ´¨¥
¶·μ£· ³³¥ ·¥¦¨³  · ¡μÉÒ ¨ ¸μ¤¥·¦ É μ¸´μ¢´Ò¥ § £·Ê§μÎ´Ò¥ ¶ · ³¥É·Ò. ’ ±,
Ë °² 111.txt ¸μ¤¥·¦¨É ± ²¨¡·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¢¸¥Ì 48 + 48 = 96
¸É·¨¶μ¢ (Ë·μ´É ²Ó´ÒÌ + ¡μ±μ¢ÒÌ) ¢ ¶·¥¤¶μ²μ¦¥´¨¨ ²¨´¥°´μ¸É¨ Ï± ². ’μ
¥¸ÉÓ ´  ± ¦¤Ò° ¸É·¨¶ ¶·¨Ìμ¤¨É¸Ö ¶μ ¤¢  ¶ · ³¥É·  Å ´Ê²¥¢ Ö μ·¤¨´ É  ¨
´ ±²μ´ Ei = aiNi + bi, i = 1, . . . , 96. ‡¤¥¸Ó Ei Å  ±ÉÊ ²Ó´μ¥ §´ Î¥´¨¥
Ô´¥·£¨¨ ·¥£¨¸É·¨·Ê¥³μ£μ ¸¨£´ ² , Ni Å ´μ³¥· ± ´ ² . �μ·Ö¤μ± ¸²¥¤μ¢ ´¨Ö
±μÔËË¨Í¨¥´Éμ¢ ± ²¨¡·μ¢±¨ ¢ Ë °²¥ É ±μ¢:

• ¶¥·¢Ò¥ 48 Î¨¸¥² Å ±μÔËË¨Í¨¥´ÉÒ ´ ±²μ´  ¶¥·¥¤´¨Ì ¸É·¨¶μ¢;
• ¸²¥¤ÊÕÐ¨¥ 48 Î¨¸¥² Å ´Ê²¥¢Ò¥ μ·¤¨´ ÉÒ ¶¥·¥¤´¨Ì ¸É·¨¶μ¢;
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• ¸²¥¤ÊÕÐ¨¥ 48 Î¨¸¥² Å ±μÔËË¨Í¨¥´ÉÒ ´ ±²μ´  ¡μ±μ¢ÒÌ ¸É·¨¶μ¢;
• ¸²¥¤ÊÕÐ¨¥ 48 Î¨¸¥² Å ´Ê²¥¢Ò¥ μ·¤¨´ ÉÒ ¡μ±μ¢ÒÌ ¸É·¨¶μ¢.
” °² 112.txt ¸μ¤¥·¦¨É ¶ · ³¥É·Ò,  ±ÉÊ ²Ó´Ò¥ ¤²Ö ·¥¦¨³  ¶μ¨¸±  ±μ··¥-

²¨·μ¢ ´´ÒÌ §¢¥´Ó¥¢ É¨¶  ER-α ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨, É ±¨¥ ± ±:
ERmin Å ³¨´¨³ ²Ó´ Ö ¨§³¥·Ö¥³ Ö Ô´¥·£¨Ö ·¥±μ°²  (6000 ±Ô‚);
ERmax Å ³ ±¸¨³ ²Ó´ Ö ¨§³¥·Ö¥³ Ö Ô´¥·£¨Ö ·¥±μ°²  (17 000 ±Ô‚);
Eα.min Å ³¨´¨³ ²Ó´ Ö Ô´¥·£¨Ö α-Î ¸É¨ÍÒ (8500 ±Ô‚);
Eα.max Å ³ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö α-Î ¸É¨ÍÒ (12 000 ±Ô‚);
MAX α ¨ MIN α Å ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¶ · ³¥É·Ò (20 000Ä7000 ±Ô‚);
(TOFmin, TOFmax) Å ¨´É¥·¢ ² (± ´ ²Ò) ¤²Ö ¢·¥³¥´¨ ¶·μ²¥É  (1000Ä3000;

12 bit �–�);
DE1,2 MIN Å ³¨´¨³ ²Ó´μ §´ Î¨³Ò¥ ± ´ ²Ò ¤²Ö § Î¥É  ¸¨£´ ²  ΔE1,2 ¸

± ³¥· ®‘É ·É¯ ¨ ®‘Éμ¶¯ (¶·¨³¥·´μ 100);
EPS Å ¤μ¶Ê¸É¨³Ò° ¨´É¥·¢ ² ±μ··¥²ÖÍ¨μ´´μ£μ ¢·¥³¥´¨ ER-α

(1 000 000 ³±¸);
kkk Å Ë ±Éμ· ¶·μ¤²¥´¨Ö ¨´É¥·¢ ²  ¶ Ê§Ò (∼ 3Ä20);
(Eαnextmin, Eαnextmax) Å Ô´¥·£¥É¨Î¥¸±¨° ¨´É¥·¢ ² ¤²Ö ¶·μ¤²¥´¨Ö ¶ Ê§Ò

(8000, 9500 ±Ô‚);
Pause Å ¶ Ê§  μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨ (60 ¸).
‘²¥¤ÊÕÐ¨° ¶ · ³¥É· ¢ É¥±¸É¥, ¶·¨´¨³ ÕÐ¨° §´ Î¥´¨Ö 1/0, μ§´ Î ¥É · §-

·¥Ï¥´¨¥/§ ¶·¥É ´  ¶μ¨¸± ±μ··¥²ÖÍ¨° ¨ μ¸É ´μ¢±¨ μ¡²ÊÎ¥´¨Ö, § É¥³ ¸²¥¤Ê¥É
Î¨¸²μ ¢ ³¨±·μ¸¥±Ê´¤ Ì, μ§´ Î ÕÐ¥¥, ÎÉμ · §´¨Í  ³¥´ÓÏ¥ ÔÉμ£μ ¢·¥³¥´¨ ³μ-
¦¥É Ê± §Ò¢ ÉÓ ´  Éμ, ÎÉμ ¸μ¡ÒÉ¨¥ Ö¢²Ö¥É¸Ö ¸μ¸É ¢´Ò³. ‘²¥¤ÊÕÐ¨° ¶ · ³¥É·
1/0 μ§´ Î ¥É Éμ, ÎÉμ ¶μ¸²¥ ± ¦¤μ° ·¥£¨¸É· Í¨¨ ·¥±μ°²  ¶·μ¨¸Ìμ¤¨É ¶μ´¨¦¥-
´¨¥ ¶μ·μ£  ·¥£¨¸É· Í¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¡²μ±  ADP-16 ´  ¢·¥³Ö (¢ ³¨±·μ-
¸¥±Ê´¤ Ì), ´  ±μÉμ·μ¥ Ê± §Ò¢ ¥É ¶μ¸²¥¤´¨° ¶ · ³¥É· Ë °² .

�·¨ · ¡μÉ¥ ¶·μ£· ³³Ò Ëμ·³¨·ÊÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ¸¶¥±É·Ò (£¨¸Éμ£· ³³Ò):
Å ¸Ê³³ ·´Ò° ¸¶¥±É· (48 ¸É·¨¶μ¢) Ï± ²Ò α-Î ¸É¨Í (∼ 300 ±Ô‚ Ä 13 ŒÔ‚);
Å ¸¶¥±É· ¢¥Éμ-¤¥É¥±Éμ· ;
Å ¸Ê³³ ·´Ò° ¸¶¥±É· ¸ 48 ¡μ±μ¢Ò³¨ ¤¥É¥±Éμ· ³¨;
Å £¨¸Éμ£· ³³Ò · ¸¶·¥¤¥²¥´¨Ö ±μ²¨Î¥¸É¢  ¸μ¡ÒÉ¨° ¶μ ¶¥·¥¤´¨³ ¨ § ¤´¨³

¸É·¨¶ ³;
Å ¸¶¥±É·Ò ¢·¥³¥´¨ ¶·μ²¥É  ¨ Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó ¢ ¸Î¥ÉÎ¨± Ì ®‘É ·É¯ ¨

®‘Éμ¶¯ (TOF, ΔE1 ¨ ΔE2);
Å ¸Ê³³ ·´Ò° ¸¶¥±É· Ï± ²Ò 25Ä300 ŒÔ‚ (FF Å Ï± ² );
Å ¸¶¥±É· · §´μ¸É¨ É¥±ÊÐ¨Ì Ë °²μ¢ÒÌ ¢·¥³¥´ 5Ä100 ³±¸;
Å ¸¶¥±É· ¸μ¡ÒÉ¨° ®¢´¥ ¶ÊÎ± ¯;
Å ·Ö¤ ¤·Ê£¨Ì.
” °² 333.txt ¨³¥¥É ¢¸¶μ³μ£ É¥²Ó´μ¥ §´ Î¥´¨¥ ¨ ¸É ´μ¢¨É¸Ö  ±ÉÊ ²Ó´Ò³

¢ ¸²ÊÎ ¥, ±μ£¤  μ¤¨´ ¨§ ¡²μ±μ¢ § Ð¨ÉÒ ¸¨¸É¥³Ò ±μ´É·μ²Ö ¨ § Ð¨ÉÒ ¸¥¶ · -
Éμ·  ´ Ìμ¤¨É¸Ö ¢ ÔÉμ³ ¦¥ ±·¥°É¥ (¡²μ± 1M). ‚ ÔÉμ³ ¸²ÊÎ ¥ ¢ ¤ ´´Ò° Ë °²
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§ ¶¨¸Ò¢ ¥É¸Ö ¸μ¸ÉμÖ´¨¥ ¸¨¸É¥³Ò ±μ´É·μ²Ö ¸ ÉμÎ±¨ §·¥´¨Ö · §·¥Ï¥´¨Ö ¶μ-
¸É ´μ¢±¨ ´  ±μ´É·μ²Ó Éμ£μ ¨²¨ ¨´μ£μ É¥Ì´μ²μ£¨Î¥¸±μ£μ ¶ · ³¥É·  (¢¸¥£μ 16
¶ · ³¥É·μ¢). ’μ£¤  ¶·¨ ¶¥·¥§ ¶Ê¸±¥ ¶·μ£· ³³Ò ¢μ§¢· Ð ¥É¸Ö ¶·¥¤Ò¤ÊÐ¥¥ ¸μ-
¸ÉμÖ´¨¥ ¡²μ±  § Ð¨ÉÒ. ” °² rate.txt ¸μ¤¥·¦¨É ¶·¥¤¥²Ó´ÊÕ ¢¥²¨Î¨´Ê § £·Ê§μ±
¨ ±· É´μ¸ÉÓ ¶μ¢Éμ·¥´¨Ö ¤ ´´μ£μ ¸μ¡ÒÉ¨Ö ¢ É¥Î¥´¨¥ 1Ä3 ¸. ‚ ¸²ÊÎ ¥ ¶·¥¢ÒÏ¥-
´¨Ö ¤ ´´μ° ¢¥²¨Î¨´Ò ¶·μ¨¸Ìμ¤¨É μÉ±²ÕÎ¥´¨¥ ¶ÊÎ±  ¶·¨ ´ ²¨Î¨¨ · §·¥Ï¥´¨Ö
´  ¤ ´´ÊÕ μ¶¥· Í¨Õ ¢ ¶Ê´±É¥ ³¥´Õ 〈ALARM〉.

—Éμ ¦¥ ± ¸ ¥É¸Ö Ëμ·³ É  ¸μ¡ÒÉ¨Ö, Éμ μ´ ¶·¥¤¸É ¢²¥´ É ±:

class ara
{
public:
Word ID; // ±μ¤ ¸μ¡ÒÉ¨Ö 1...6
Word aa; //  ³¶²¨ÉÊ¤  ¶¥·¥¤´¨Ì ¸É·¨¶μ¢, α-Ï± ²  0...8192
Word ff; // Ï± ²  μ¸±μ²±μ¢ ¤¥²¥´¨Ö 16 · 4096
Word tsi; // ³¨±·μ¸¥±Ê´¤´Ò° ¸Î¥ÉÎ¨± ¢· Ð¥´¨Ö ³¨Ï¥´¨ 0...65535
Word t
; // ¢·¥³Ö ¶·μ²¥É  0...4095 (± ´ ²Ò)
Word D11; // ΔE1, 0...4095 (± ´ ²Ò)
Word D12; // ΔE2, 0...4095 (± ´ ²Ò)
Word as; // VETO-¤¥É¥±Éμ·, 0...4095 (± ´ ²Ò)
Word fs; // ¸É ÉÊ¸ ·¥£¨¸É· 0...65535
Byte cod; // ´μ³¥· § ¤´¥£μ ¸É·¨¶ 
Byte cob; // ´μ³¥· ¢Éμ·μ£μ ¸É·¨¶ , ¥¸²¨ ¥¸ÉÓ
unsigned wsec; // É¥±ÊÐ¥¥ ¢·¥³Ö, ¸¥±Ê´¤Ò Windows
unsigned exs; ; // É¥±ÊÐ¥¥ ¢·¥³Ö, ³¨±·μ¸¥±Ê´¤Ò Windows
Word ab; //  ³¶²¨ÉÊ¤  α-Ï± ²Ò, § ¤´¨° ¸É·¨¶
Word bb; // ¢Éμ· Ö  ³¶²¨ÉÊ¤  (¥¸²¨ ¥¸ÉÓ)
};
static ara zeroev={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
ara event[EVENT IN BUFFER];

�¡ÒÎ´μ ¶ · ³¥É· EVENT IN BUFFER=515,   zeroev Å ´Ê²¥¢μ¥ ¸μ¡ÒÉ¨¥.

3.2. �¸´μ¢´Ò¥ ¡²μ±¨ ¶·¨ · ¡μÉ¥ ¶·μ£· ³³Ò. �·¨ · ¡μÉ¥ ¶·¨²μ¦¥´¨Ö
¢§ ¨³μ¤¥°¸É¢¨¥ (ÎÉ¥´¨¥/§ ¶¨¸Ó) ¶·μ¨¸Ìμ¤¨É ¸ 14 ¡²μ± ³¨ Å  ´ ²μ£μ¢Ò³¨
¶·μÍ¥¸¸μ· ³¨ Š�Œ�Š ADP-16 ®’¥Ìˆ´¢¥¸É¯, ¡²μ±μ³-¨¸¶μ²´¨É¥²¥³ ¶¥·¥-
¤ Î¨ TTL ¸¨£´ ²  Î¥·¥§ ¡²μ± μ¶É¨Î¥¸±μ° · §¢Ö§±¨ ¨ ¡²μ±μ³ § Ð¨ÉÒ ¸¨¸É¥³Ò
±μ´É·μ²Ö ¶ · ³¥É·μ¢ ´  μ¸É ´μ¢±Ê ¶ÊÎ±  16-in ¤¨¸±·¨³¨´ Éμ· (2Œ), ¡²μ-
±μ³ Pa3n (¸¨£´ ²Ò TOF, ΔE1 ¨ ΔE2),   É ±¦¥ ¡²μ±μ³ ®¸É ÉÊ¸´Ò° ·¥£¨¸É·¯
(1Œ). ’·¨££¨·μ¢ ´¨¥ ¶·μÍ¥¸¸  ÎÉ¥´¨Ö ¸μ¡ÒÉ¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¨ ¶μ³μÐ¨
¡²μ±  1Œ 6-ˆ‹ˆ, Ë ±É¨Î¥¸±¨ μ¡Ñ¥¤¨´ÖÕÐ¥£μ ¶μ ˆ‹ˆ Ï¥¸ÉÓ ¸¨£´ ²μ¢ ¡²μ-
±μ¢ ADP-16 (48 Ë·μ´É ²Ó´ÒÌ ¸É·¨¶μ¢ DSSSD-¤¥É¥±Éμ·  ¨ 48 ¡μ±μ¢ÒÌ ¤¥-
É¥±Éμ·μ¢).
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�¨¸. 6. ‘¶¥±É·Ò, £¥´¥·¨·Ê¥³Ò¥ ¶·μ£· ³³μ° ¸ ¶·¨¢Ö§±μ° ± ¸¨£´ ² ³ £¥´¥· Éμ· . �μ-
± § ´Ò (¸²¥¢  ´ ¶· ¢μ) ¸£¥´¥·¨·μ¢ ´´Ò¥ ¸¶¥±É·Ò ΔE1,2, TOF, ER. “§±¨¥ ¶¨±¨ ¸μμÉ-
¢¥É¸É¢ÊÕÉ ¸¨£´ ² ³ α-· ¸¶ ¤ . ’ ±¦¥ ¶μ± § ´Ò Ëμ´μ¢Ò¥ μÉ¸Î¥ÉÒ (· ¢´μ³¥·´μ¥ · ¸-
¶·¥¤¥²¥´¨¥)

�¸´μ¢Ê ¸¨¸É¥³Ò ¶·¥¤¸É ¢²Ö¥É ¡²μ± ADP-16. �´ ¶μ§¢μ²Ö¥É:
Å ¶·¨´¨³ ÉÓ 16 ¢Ìμ¤´ÒÌ ¸¨£´ ²μ¢ ¸ § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´μ£μ ¶·¥¤Ê¸¨-

²¨É¥²Ö;
Å μ¡· §μ¢Ò¢ ÉÓ Í¨Ë·μ¢Ò¥ ±μ¤Ò ¤²Ö ¤¢ÊÌ Ï± ² (α-Î ¸É¨Í ¨ μ¸±μ²±μ¢

¤¥²¥´¨Ö);
Å ¸Î¨ÉÒ¢ ÉÓ ®ÏÉ ³¶ ¢·¥³¥´¨¯ (time stamp) ¤²Ö ± ¦¤μ£μ ¢Ìμ¤´μ£μ ¸¨£-

´ ²  ¸ ÉμÎ´μ¸ÉÓÕ 1 ³±¸;
Å ³¥´ÖÉÓ ¶μ·μ£¨ ·¥£¨¸É· Í¨¨, ¨¸¶μ²Ó§ÊÖ ±μ³ ´¤Ò Š�Œ�Š.
„²Ö § ¶¨¸¨ É·¥Ì ¸¨£´ ²μ¢ TOF, ΔE1,2 ¨¸¶μ²Ó§Ê¥É¸Ö ¡²μ± 1Œ Pa3n

®’¥Ìˆ´¢¥¸É¯.
Š·μ³¥ É·¥Ì Ê± § ´´ÒÌ Ë °²μ¢ ¢ ¤¨·¥±Éμ·¨¨ ¤μ²¦¥´ ´ Ìμ¤¨ÉÓ¸Ö Ë °²

ADC conˇg.txt, ¢ ±μÉμ·μ³ Ê± § ´Ò ´μ³¥·  ¸É ´Í¨° ¡²μ±μ¢ Pa3n, 16-in ¤¨¸-
±·¨³¨´ Éμ·,   ¶μ¸²¥¤´¥¥ §´ Î¥´¨¥ (μ¡ÒÎ´μ 100Ä250) Ê± §Ò¢ ¥É ´  ¢¥²¨Î¨´Ê
¶μ·μ£  ¶μ Ê³μ²Î ´¨Õ ¤²Ö ¡²μ±μ¢ ADP-16. �Éμ¡· ¦¥´¨¥ ÔÉμ° ¨´Ëμ·³ Í¨¨
¸μ¤¥·¦¨É ´¨¦´ÖÖ ¶ ´¥²Ó ¶·¨²μ¦¥´¨Ö ¶·¨ ¥£μ § ¶Ê¸±¥. ’ ±, ´  ·¨¸. 3 ¢¥²¨Î¨´ 
¶μ·μ£  ·¥£¨¸É· Í¨¨ Ê± § ´  ± ± Thr→ 250.

3.3. ’¥¸É ·¥¦¨³  ¶·¥·Ò¢ ´¨Ö ¶ÊÎ± . � ¡μÉ  ¶·μ£· ³³Ò μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¶·¨ ´ ²¨Î¨¨ £¥´¥· Éμ·  IMI-2011 TekhInvest ¢ ±·¥°É¥. �·¨ ÔÉμ³ ²Õ¡μ° ·¥-
£¨¸É·¨·Ê¥³Ò° ¸¨£´ ² ¶·¥μ¡· §Ê¥É¸Ö ¢ ¸¨£´ ² ²¨¡μ É¨¶  α, ²¨¡μ É¨¶  ER,
²¨¡μ ®Ëμ´¯ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¢¥·μÖÉ´μ¸ÉÖ³¨. �  ·¨¸. 6 ¶μ± § ´ É¨¶¨Î´Ò°
¸Ê³³ ·´Ò° ¸¶¥±É· £¥´¥·¨·Ê¥³ÒÌ ¸ ¶·¨¢Ö§±μ° ± £¥´¥· Éμ·Ê IMI-2011 ¸μ¡Ò-

9



É¨° ®¨³¶² ´É Í¨¨¯, ®α-· ¸¶ ¤ ¯,   É ±¦¥ ®Ëμ´μ¢ÒÌ¯ ¸μ¡ÒÉ¨° (· ¢´μ³¥·´μ).
‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´¨¦¥ ¶·¨¢¥¤¥´ Ë· £³¥´É, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¸¨ÉÊ Í¨¨ ®·¥-
±μ°²¯ (ER=true). �É³¥É¨³, ÎÉμ ¢ ÔÉμ³ ¶·¨³¥·¥ ¶ · ³¥É· carlμ1 = 4,   ±²ÕÎ
TST OST ¢ header-Ë °²¥ μ§´ Î ¥É ´ Î ²μ/±μ´¥Í ¡²μ±  Ê¸²μ¢´μ° ±μ³¶¨²ÖÍ¨¨.
�¥·¥³¥´´Ò¥ tof, DE1 ¨ DE2 Å £¥´¥·¨·Ê¥³Ò¥  ³¶²¨ÉÊ¤Ò ®¸¨£´ ²μ¢¯ ¢·¥³¥´¨
¶·μ²¥É  ¨ ΔE ¤²Ö ± ³¥· ®‘É ·É¯ ¨ ®‘Éμ¶¯:

#if (TST_OST)
tof=0; DE1=0; DE2=0; cnt_rrr++; chn=0;
int rrr=random(100);
if (rrr>set_carlo1)
{
chn=(TOF_MIN+TOF_MAX)/2+160+random(330)-

random(310)+random(150)-random(130)+random(120)-
random(138)+random(70)-random(65)+random(18)-
random(22)+random(8);

tof=chn;
DE1=1000-random(270)+random(250)-

random(180)+random(160)+random(30);
DE2=1300-random(240)+random(220)-random(120)+

random(80)+random(24);
ww=ww+600+random(250)-random(240)+random(140)-random(120)+

random(40)-random(30);
}
// ¶·μ¤μ²¦¥´¨¥, ¥¸²¨ rrr�set carlo1
#endif

”· £³¥´É Ë °² -·¥§Ê²ÓÉ É  £¥´¥· Éμ·´μ£μ É¥¸É  (Ë °² B STOP.txt  ±ÉÊ-
 ²Ó´μ° ¤¨·¥±Éμ·¨¨) ¸²¥¤ÊÕÐ¨°:

4353 7 29 39 20 11614.1 9471.3 34354 649469543 11383 32769 827
4353 7 29 39 20 11361.1 9474.6 34456 750987097 10955 32768 827
4353 7 29 39 20 11223.0 9507.5 35206 1501325783 7685 32769 827
4353 7 29 39 20 11423.5 9481.2 35587 1882098620 5928 32766 827
...

‚ ¤ ´´μ° § ¶¨¸¨ ·¥§Ê²ÓÉ É :
1-Ö ±μ²μ´±  ¸μ¤¥·¦¨É ¸É ÉÊ¸´Ò° ·¥£¨¸É·;
2-Ö Å ´μ³¥· ¶¥·¥¤´¥£μ ¸É·¨¶  (Ô²¥±É·μ´´μ¥ §´ Î¥´¨¥);
3-Ö Å ´μ³¥· ¶¥·¥¤´¥£μ ¸É·¨¶  (Ë¨§¨Î¥¸±μ¥ §´ Î¥´¨¥);
4-Ö Å ´μ³¥· § ¤´¥£μ ¸É·¨¶  (Ô²¥±É·μ´´μ¥ §´ Î¥´¨¥);
5-Ö Å ´μ³¥· § ¤´¥£μ ¸É·¨¶  (Ë¨§¨Î¥¸±μ¥ §´ Î¥´¨¥);
6-Ö Å §´ Î¥´¨¥ Ô´¥·£¨¨ ·¥±μ°² ;
7-Ö Å §´ Î¥´¨¥ Ô´¥·£¨¨ α-Î ¸É¨ÍÒ;
8-Ö Å ¢·¥³Ö Windows (¸);
9-Ö Å Ë °²μ¢μ¥, É¥±ÊÐ¥¥ ¢·¥³Ö (³±¸);
10-Ö Å ¢·¥³Ö ¢ ³±¸ ¶μ μÉ´μÏ¥´¨Õ ± ¸É ·ÉÊ μÉ ¶·μÌμ¦¤¥´¨Ö ¸¶¨Í ¢· -

Ð ÕÐ¥°¸Ö ³¨Ï¥´¨;
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11-Ö Å ±μ··¥²ÖÍ¨μ´´μ¥ ¢·¥³Ö ER-α;
12-Ö Å ´μ³¥· Ë °² .
—Éμ ± ¸ ¥É¸Ö ¸μ¤¥·¦ ´¨Ö ¸É ÉÊ¸´μ£μ ·¥£¨¸É· , Éμ Ë ±É¨Î¥¸±¨ ÔÉμ ¶μ§¨-

Í¨μ´´Ò° ±μ¤ ¸· ¡μÉ ¢Ï¨Ì ³μ¤Ê²¥° (14 bit) ¨ ¤μ¶μ²´¨É¥²Ó´ Ö (¸¶¥Í¨ ²Ó´ Ö)
¨´Ëμ·³ Í¨Ö (15-°, 16-° bit),   ¨³¥´´μ ´ ²¨Î¨¥ ¥¤¨´¨ÍÒ μ§´ Î ¥É ¸· ¡ ÉÒ-
¢ ´¨¥ É·¥Ì ³μ¤Ê²¥°, ·¥£¨¸É·¨·ÊÕÐ¨Ì ¸¨£´ ²Ò 48 ¶¥·¥¤´¨Ì ¸É·¨¶μ¢, É·¥Ì
³μ¤Ê²¥°, ·¥£¨¸É·¨·ÊÕÐ¨Ì ¸¨£´ ²Ò 48 ¸É·¨¶μ¢ ¡μ±μ¢ÒÌ ¤¥É¥±Éμ·μ¢, ¨ Ï¥¸É¨
³μ¤Ê²¥°, ·¥£¨¸É·¨·ÊÕÐ¨Ì ¸¨£´ ²Ò 128 § ¤´¨Ì ¸É·¨¶μ¢ ¸μμÉ¢¥É¸É¢¥´´μ. Bit
16 = 1 μ§´ Î ¥É, ÎÉμ ¸¨¸É¥³  μ¸É ´μ¢¨²  μ¡²ÊÎ¥´¨¥,   bit 15 = 1 μ§´ Î ¥É,
ÎÉμ ¸· ¡μÉ ² ¤μ¶μ²´¨É¥²Ó´Ò°  ´ ²μ£μ¢Ò° ¡²μ±, μ¡Ñ¥¤¨´ÖÕÐ¨° ¶μ ˆ‹ˆ ¸¨£-
´ ²Ò ¸· ¡ ÉÒ¢ ´¨Ö ± ³¥· ®‘É ·É¯ ¨ ®‘Éμ¶¯ ¢·¥³Ö¶·μ²¥É´μ° ¸¨¸É¥³Ò. �·¨
ÔÉμ³ ¶μ¤· §Ê³¥¢ ¥É¸Ö, ÎÉμ ´ §¢ ´´Ò¥ ¢ ¤ ´´μ³ ¶μ·Ö¤±¥ ¡²μ±¨ ADP-16 § ´¨-
³ ÕÉ ³¥¸É  ¢ ±·¥°É¥ ¸ ¶¥·¢μ£μ ¶μ Î¥ÉÒ·´ ¤Í Éμ¥.

�¥·¥±²ÕÎ¥´¨¥ Ê·μ¢´Ö TTL ¡²μ± -¨¸¶μ²´¨É¥²Ö ±μ´É·μ²¨·Ê¥É¸Ö, ¢ Éμ³ Î¨-
¸²¥ ¨ ¢¨§Ê ²Ó´μ ¶μ μ¸Í¨²²μ£· ËÊ. � §Ê³¥¥É¸Ö, ¢¥¤¥É¸Ö § ¶¨¸Ó ¢ Ë °²-¶·μÉμ-
±μ² ®μ¸É ´μ¢μ¢ ¶ÊÎ± ¯ B STOP.txt, £¤¥ ´ ·Ö¤Ê ¸ Ô´¥·£¥É¨Î¥¸±¨³¨ Ì · ±É¥·¨-
¸É¨± ³¨ ¶ ·Ò ¸¨£´ ²μ¢, μÉ¢¥É¸É¢¥´´ÒÌ §  ¶·¥·Ò¢ ´¨¥ ¶·μÍ¥¸¸  ®μ¡²ÊÎ¥´¨Ö
³¨Ï¥´¨¯, § ¶¨¸Ò¢ ÕÉ¸Ö ±μμ·¤¨´ É , É¥±ÊÐ¥¥ ¢·¥³Ö ¸μ¡ÒÉ¨Ö ¨ ¢·¥³¥´´μ°
¨´É¥·¢ ² ³¥¦¤Ê ¸¨£´ ²μ³ ·¥±μ°²  ¨ α-· ¸¶ ¤ .

4. „�“ƒˆ… ��ˆ‹�†…�ˆŸ

� ¸¸³ É·¨¢ ¥³Ò¥ ´¨¦¥ ¶·μ£· ³³Ò ´¥ Ö¢²ÖÕÉ¸Ö ¸¶¥±É·μ³¥É·¨Î¥¸±¨³¨
¢ ¶·Ö³μ³ ¸³Ò¸²¥ ÔÉμ£μ ¸²μ¢ , ´μ μ´¨ ²¨¡μ ¶·¥¤´ §´ Î¥´Ò ¤²Ö ±μ´É·μ²Ö É¥Ì-
´μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢, ²¨¡μ ³μ¤¥²¨·ÊÕÉ ¶·¨³¥´¥´¨¥ É¥Ì ¨²¨ ¨´ÒÌ  ²-
£μ·¨É³μ¢ ¤²Ö ³¨´¨³¨§ Í¨¨ Ëμ´  ¨ ¤¥É¥±É¨·μ¢ ´¨Ö ·¥¤±¨Ì ¸μ¡ÒÉ¨° · ¸¶ ¤ ,
²¨¡μ · ¸¸Î¨ÉÒ¢ ÕÉ É¥ ¨²¨ ¨´Ò¥ ¸¶¥Í¨Ë¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò ¶·¨ ·¥£¨¸É· Í¨¨
¸¨²Ó´μ¨μ´¨§¨·ÊÕÐ¨Ì Î ¸É¨Í ±·¥³´¨¥¢Ò³¨ ¤¥É¥±Éμ· ³¨.

4.1. �·μ£· ³³  (SU-2019) ¤²Ö  ¢Éμ´μ³´μ° ¸¨¸É¥³Ò ±μ´É·μ²Ö £ §μ´ ¶μ²-
´¥´´μ£μ ¸¥¶ · Éμ· . �  ·¨¸. 7 ¶μ± § ´ μ¸´μ¢´μ° ¨´É¥·Ë¥°¸ ¶·μ£· ³³Ò. � 
´¨¦´¨Ì ¶ ´¥²ÖÌ ·¨¸Ê´±  ¶μ± § ´Ò ¤¢  ·Ö¤  ±´μ¶μ± Å ¶μ 16 ¢ ± ¦¤μ³. �·¨
´ ¦ É¨¨ ± ¦¤μ° ±´μ¶±¨ ¶·μ¨¸Ìμ¤¨É ¶μ¸É ´μ¢±  Éμ£μ ¨²¨ ¨´μ£μ ¶ · ³¥É·  ´ 
±μ´É·μ²Ó. �·¨ ¸²¥¤ÊÕÐ¥³ ´ ¦ É¨¨ ¶·μ¨¸Ìμ¤¨É μ¡· É´ Ö μ¶¥· Í¨Ö: ¸´ÖÉ¨¥
¸ ±μ´É·μ²Ö. ‚ ¸²ÊÎ ¥  ±ÉÊ ²Ó´μ¸É¨ ±μ´É·μ²Ö É¥±¸É § £² ¢¨Ö ±´μ¶±¨ ¸É ´μ-
¢¨É¸Ö ¸¢¥É²μ-§¥²¥´Ò³, ¢ Éμ ¢·¥³Ö ± ± ¨¸Ìμ¤´Ò° Í¢¥É Å ¦¥²ÉÒ°. 	Éμ ± ¸ ¥É¸Ö
´¨¦´¥£μ (μ¸´μ¢´μ£μ) ·¥£¨¸É·  ±´μ¶μ±, ±μÉμ·Ò¥ ¸μμÉ¢¥É¸É¢ÊÕÉ ¶¥·¢μ³Ê ¡²μ±Ê
§ Ð¨ÉÒ Š�Œ�Š 1Œ (¸³., ´ ¶·¨³¥·, [23], · §²¨Î¨¥ Å ¢ ±μ²¨Î¥¸É¢¥ ± ´ ²μ¢:
16 ¢³¥¸Éμ 8). ‚Éμ·μ° ·¥£¨¸É· ±´μ¶μ± ¶μ¸É ´μ¢±¨/¸´ÖÉ¨Ö ¸ ±μ´É·μ²Ö (¢Éμ·μ°
¡²μ± § Ð¨ÉÒ ´  16 ¢Ìμ¤μ¢) ¨¸¶μ²Ó§Ê¥É ³´¥³μ´¨±Ê ¤ /´¥É (Y/N).

‚ ¤ ´´μ³ É¥¸Éμ¢μ³ ¶·¨³¥·¥ ¸¨¸É¥³  ¢Ò¤ ¥É ±μ¤ μÏ¨¡±¨ 12 ¢ ¢¥·Ì´¥³
²¥¢μ³ Ê£²Ê, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É É·¥ÉÓ¥° ¨ Î¥É¢¥·Éμ° ±´μ¶± ³ (¶·¨Î¨´ ³). � ¤-
¶¨¸Ó ADC dc ¢μ ¢Éμ·μ° ¸É·μ±¥ ¢¥·Ì´¥° ¶ ´¥²¨ £μ¢μ·¨É μ Éμ³, ÎÉμ ¢±²ÕÎ¥´
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�¨¸. 7. �¸´μ¢´μ° ¨´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¶·μ£· ³³Ò SU-2019: 1 ¨ 2 ´  ¢¥·Ì´¥°
¶ ´¥²¨ Å £² ¢´μ¥ ³¥´Õ ¶·¨²μ¦¥´¨Ö

16-¢Ìμ¤μ¢Ò° (0Ä5 ‚) �–� ¶μ¸ÉμÖ´´μ£μ Éμ±  Ë¨·³Ò ®’¥Ìˆ´¢¥¸É¯. ‚ ¤ ´´μ³
¶·¨³¥·¥ ´  3-° ¢Ìμ¤ �–� ¶μ¸ÉÊ¶ ¥É ¸¨£´ ² + 3,3 ‚, ±μÉμ·Ò° ¶·¥μ¡· §Ê¥É¸Ö
¢ ± ´ ² 2667. �¶·μ¸ ± ± �–�, É ± ¨ ¢ÒÌμ¤  μ¡μ¨Ì ¡²μ±μ¢ § Ð¨ÉÒ μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö ¶μ ¸μ¡ÒÉ¨Õ onTimer (C++ Builder) μ¡ÒÎ´μ ¸ Ë¨±¸¨·μ¢ ´´Ò³
¨´É¥·¢ ²μ³ ¢·¥³¥´¨ 2Ä3 ¸.

4.2. �·μ£· ³³  ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÍ¥¸¸  μ¸É ´μ¢μ¢ ¶ÊÎ±  ¤²Ö ¡μ²¥¥
¸²μ¦´ÒÌ  ²£μ·¨É³μ¢. �·μ£· ³³  Simula.exe · §· ¡μÉ ´  ¤²Ö ±μ³¶ÓÕÉ¥·´μ£μ
³μ¤¥²¨·μ¢ ´¨Ö ®·¥£¨¸É·¨·Ê¥³ÒÌ¯ ¸μ¡ÒÉ¨° ¨ ¶·μ¢¥·±¨  ²£μ·¨É³μ¢ ¶μ¨¸± 
±μ··¥²ÖÍ¨°, ¢ Éμ³ Î¨¸²¥ ¨ ¡μ²¥¥ ¸²μ¦´ÒÌ, Î¥³ ER-α, É ±¨Ì ± ± ³μ¤¥²¨-
·μ¢ ´¨¥ ¨ ¶μ¨¸± ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ±μ··¥²¨·μ¢ ´´ÒÌ §¢¥´Ó¥¢
É¨¶  ER-α-α. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ ¤ ´´μ° ¶·μ£· ³³Ò
¶·¥¤¸É ¢²¥´μ ¢ · ¡μÉ¥ [24]. Šμ´¥Î´Ò³ ¦¥ ·¥§Ê²ÓÉ Éμ³ ¤¥°¸É¢¨Ö ¶·μ£· ³³Ò
Ö¢²Ö¥É¸Ö É¥±¸Éμ¢Ò° Ë °² result.txt, ¢ ±μÉμ·μ³ Ë¨±¸¨·ÊÕÉ¸Ö ´ °¤¥´´Ò¥ ±μ·-
·¥²ÖÍ¨μ´´Ò¥ §¢¥´ÓÖ.

4.3. �·μ£· ³³  U400.exe. „ ´´ Ö ¶·μ£· ³³  Ö¢²Ö¥É¸Ö ³μ¤¨Ë¨± Í¨¥°
· ´¥¥ ¶·¨³¥´Ö¥³μ£μ ¶·¨²μ¦¥´¨Ö ¤²Ö ¨§³¥·¥´¨Ö Ô´¥·£¨¨ ¶ÊÎ±  Í¨±²μÉ·μ´ 
“-400 ‹Ÿ� �ˆŸˆ ¶ÊÉ¥³ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¶·μ²¥É  ¸ Ô²¥±É·μ¤μ¢ PickUp [23].
�·¨´Í¨¶ · ¡μÉÒ ¶·¥¤¥²Ó´μ ¶·μ¸É. �μ¸²¥ § ¶μ²´¥´¨Ö ¡ÊË¥·  (1000 ¨³¶Ê²Ó-
¸μ¢) ¶·μ£· ³³  ´ Ìμ¤¨É Í¥´É· ÉÖ¦¥¸É¨ ¶¨± , ¨ ¶μ ´ °¤¥´´μ³Ê §´ Î¥´¨Õ ¢·¥-
³¥´¨ ¶·μ²¥É  ¨ ¨§¢¥¸É´μ° ³ ¸¸¥ ¨μ´  ´ Ìμ¤¨É¸Ö ¨¸±μ³μ¥ §´ Î¥´¨¥ Ô´¥·£¨¨
¶ÊÎ± . „ ´´μ¥ §´ Î¥´¨¥ ¤μ¸ÉÊ¶´μ ´¥ Éμ²Ó±μ Ô±¸¶¥·¨³¥´É Éμ·Ê, ´μ ¨ μ¶¥· Éμ·Ê
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�¨¸. 8. ˆ´É¥·Ë¥°¸ ¶·μ£· ³³Ò Single.exe. �μ± § ´ ¶Ê´±É ³¥´Õ É¥¸É  ¸É ¡¨²Ó´μ¸É¨. � 
´¨¦´¥° ¶ ´¥²¨ ¶μ± § ´μ É¥±ÊÐ¥¥ §´ Î¥´¨¥ Í¥´É·  ÉÖ¦¥¸É¨ ¶¨±  (± ´ ² 836.0). ‚¥·Ì-
´¥¥ §´ Î¥´¨¥ ¢ ²¥¢μ³ Ê£²Ê 3 Å �˜�‚ ¢ ± ´ ² Ì. ’¨¶ �–� Å ��25 ®’¥Ìˆ´¢¥¸É¯

Í¨±²μÉ·μ´ , ±μÉμ·Ò° ³μ¦¥É ¢´μ¸¨ÉÓ ±μ··¥±É¨¢Ò, ³¥´ÖÉÓ ´ ¸É·μ°±Ê Í¨±²μ-
É·μ´  ¢ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ μ¤´μ° ¨²¨ ´¥¸±μ²Ó±¨Ì ¸¥±Ê´¤. �μ¤·μ¡´μ ¶·¨´Í¨¶
¨§³¥·¥´¨Ö ¨§²μ¦¥´ ¢ · ¡μÉ¥ [23].

4.4. �·μ£· ³³  Single.exe. �·μ£· ³³  Single.exe ¶·¥¤´ §´ Î¥´  ¤²Ö É¥-
¸É¨·μ¢ ´¨Ö μ¤¨´μÎ´ÒÌ �–�, ¢ Éμ³ Î¨¸²¥ ¤²Ö ¶·μ¢¥¤¥´¨Ö É¥¸Éμ¢ ¤μ²£μ¢·¥³¥´-
´μ° ¸É ¡¨²Ó´μ¸É¨. �  ·¨¸. 8 ¶μ± § ´ μ¸´μ¢´μ° ¨´É¥·Ë¥°¸ ¶·μ£· ³³Ò,   É ±¦¥
· §¢¥·´ÊÉÒ° ¶Ê´±É ³¥´Õ ¤²Ö ¢±²ÕÎ¥´¨Ö É¥¸É  ¸É ¡¨²Ó´μ¸É¨. �μ¸²¥ ¢±²ÕÎ¥-
´¨Ö ¤ ´´μ£μ ·¥¦¨³  ¶·μ£· ³³  ¶μ ¸μ¡ÒÉ¨Õ onTimer (μ¡ÒÎ´μ · § ¢ 5 ³¨´)
 ¢Éμ³ É¨Î¥¸±¨ ´ Ìμ¤¨É Í¥´É· ÉÖ¦¥¸É¨ ´ ¨¡μ²¥¥ ¨´É¥´¸¨¢´μ£μ ¶¨±  ¨ § ´μ-
¸¨É ÔÉμ §´ Î¥´¨¥ ¢ É¥±¸Éμ¢Ò° Ë °² ¸ Ê± § ´¨¥³  ¸É·μ´μ³¨Î¥¸±μ£μ ¢·¥³¥´¨.
�´ ²¨§ ÔÉμ£μ Ë °²  ¨ Ö¢²Ö¥É¸Ö ·¥§Ê²ÓÉ Éμ³ É¥¸É . ‚ ¤ ´´μ³ ¸²ÊÎ ¥ ¶·μ¢¥·Ö-
¥É¸Ö ¸É ¡¨²Ó´μ¸ÉÓ ¢¸¥°  ¶¶ · É´μ° ²¨´¨¨: £¥´¥· Éμ· Ä § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´Ò°
¶·¥¤Ê¸¨²¨É¥²Ó ÄËμ·³¨·ÊÕÐ¨° Ê¸¨²¨É¥²Ó Ä�–�.

5. “�ˆ‚…�‘�‹œ�›‰ �‹�Š 2M 16-in ®’¥Ìˆ´¢¥¸É¯
Š�Š ˆ‘��‹�ˆ’…‹œ�›‰ Œ�„“‹œ

…¸²¨, ± ± ¶μ± § ´μ ´  ·¨¸. 3, ¢ ³¥´Õ 〈actuator〉 ¢Ò¡· ´  ¶μ§¨Í¨Ö 16-in
TekhInvest, Éμ ÔÉμ μ§´ Î ¥É, ÎÉμ ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ³¥¸É¥ ¢ ±·¥°É¥ ¤μ²¦¥´
´ Ìμ¤¨ÉÓ¸Ö ¡²μ± 16-in Discriminator. �·¨ ÔÉμ³ Ë¨·³ -¶·μ¨§¢μ¤¨É¥²Ó ¤μ²¦´ 
É ± § ¶·μ£· ³³¨·μ¢ ÉÓ ³ É·¨ÍÊ ®ALTERA¯, ÎÉμ¡Ò ¡Ò²¨  ±ÉÊ ²Ó´Ò ¸²¥¤ÊÕ-
Ð¨¥ ËÊ´±Í¨¨ ¨ ¢ÒÌμ¤Ò ¡²μ± :
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�¨¸. 9. �²μ± 2Œ 16-in Discriminator ¢ ±·¥°É¥ ¸¨¸É¥³Ò ´ ¡μ·  ¤ ´´ÒÌ (¶μ± § ´ ¸É·¥²-
±μ°)

�¨¸. 10. �²μ± 16-in Discriminator. ‘É·¥²± ³¨ ¶μ± § ´Ò μ¸´μ¢´Ò¥ ¢ÒÌμ¤Ò
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• ‚Ìμ¤Ò 1Ä15 DB-37-NIM, ¸Î¥ÉÎ¨±¨ (15 ÏÉ.) 16 bit, ¶·¨Î¥³ F(10)A(0) Å
§ ¶Ê¸± ¨´É¥·¢ ²  ¨§³¥·¥´¨Ö ¢¸¥Ì ¸Î¥ÉÎ¨±μ¢ ¨ ¸¡·μ¸ ¶·¥¤Ò¤ÊÐ¨Ì §´ Î¥´¨°;

• F(16)A(0)W[8-1] Å § ¶¨¸Ó ¨´É¥·¢ ²  ¸Î¥É  ¢¸¥Ì ¸Î¥ÉÎ¨±μ¢;
• F(0)A[14-0]W[8-1] Å ÎÉ¥´¨¥ ¤ ´´ÒÌ ¸Î¥ÉÎ¨±μ¢;
• · §Ñ¥³ Œ1 Å ¢ÒÌμ¤ TTL, NA(1)F(26) Ê¸É ´μ¢±  ´  Ê·μ¢´¥ + 3,3 ‚.

NA(1)F(24) Å Ê¸É ´μ¢±  ´  Ê·μ¢´¥ 0 ‚ (¸³. ·¨¸. 10);
• Œ8 Å ¢Ìμ¤ ¸¨£´ ²  ®¸¡·μ¸¯ ¤μ¶μ²´¨É¥²Ó´μ£μ ¸Î¥ÉÎ¨±  16 bit. ‘¡·μ¸

μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ ¨§³¥´¥´¨Õ 3.3→ 0 TTL;
• ¢ÒÌμ¤ Œ6 Å £¥´¥· Éμ· NIM ¸¨£´ ²μ¢ 1 ŒƒÍ.
�  ·¨¸. 10 ¶μ± § ´ ¡²μ± 2M 16-in Discriminator ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥

¢Ìμ¤Ò/¢ÒÌμ¤Ò.

6. �‹œ’…���’ˆ‚�›‰ (®ƒˆ�Šˆ‰¯) �‹ƒ��ˆ’Œ
�…�‹œ��ƒ� ‚�…Œ…�ˆ

‚ · ¡μÉ¥ [9] ¶·¥¤²μ¦¥´μ μ¶É¨³¨§¨·μ¢ ÉÓ  ²£μ·¨É³ ·¥ ²Ó´μ£μ ¢·¥³¥´¨ ¶μ
¤μ¶Ê¸É¨³μ° ¢¥²¨Î¨´¥ ¶μÉ¥·Ó ¢·¥³¥´¨ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨. ˜ ¡²μ´ ËÊ´±Í¨¨,
μ¸ÊÐ¥¸É¢²ÖÕÐ¥° ¤ ´´μ¥ ¤¥°¸É¢¨¥, ³μ£ ¡Ò ¢Ò£²Ö¤¥ÉÓ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³.
�Ê¸ÉÓ ||εij || Å ³ É·¨Í  ¢Ìμ¤´ÒÌ ¶ · ³¥É·μ¢, μ¶·¥¤¥²ÖÕÐ¨Ì ¢μ§³μ¦´μ¸ÉÓ
μ¸É ´μ¢  ¶·¨ ·¥£¨¸É· Í¨¨ ±μ··¥²ÖÍ¨μ´´μ£μ ¸μ¡ÒÉ¨Ö ¢ Ô²¥³¥´É¥ (i, j), £¤¥
i = 1−48 ¨ j = 1−128.

„²Ö μ¶·¥¤¥²¥´´μ¸É¨ · ¸¸³μÉ·¨³ ±μ··¥²ÖÍ¨Õ É¨¶  ER-α-α. ‚ ÔÉμ³ ¸²Ê-
Î ¥ ¤μ¶Ê¸É¨³μ¥ ¢·¥³Ö ti,j μÉ ·¥±μ°²  ¤μ ¢Éμ·μ° α-Î ¸É¨ÍÒ μ¶·¥¤¥²Ö¥É¸Ö ¨§
¸μμÉ´μÏ¥´¨Ö

CPER
i,j (1, ti,j)Pα

i,j(2, ti,j) � εi,j .

‚ ¤ ´´μ° § ¶¨¸¨ §´ Î¥´¨Ö P μ¡μ§´ Î ÕÉ ¢¥·μÖÉ´μ¸É¨ ¶μ²ÊÎ¨ÉÓ ´  ¨´É¥·¢ ²¥
(0, ti,j) μ¤¨´ ·¥±μ°² (ER) ¨ ¤¢¥ α-Î ¸É¨ÍÒ. �¡ÒÎ´μ ¨³¥ÕÉ ¤¥²μ ¸ ¢¥·μÖÉ-
´μ¸ÉÖ³¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¶Ê ¸¸μ´μ¢¸±μ³Ê ¶·μÍ¥¸¸Ê [24]. �μ·³¨·μ¢μÎ´Ò°
³´μ¦¨É¥²Ó C ¸ μÎ¥¢¨¤´μ¸ÉÓÕ (¸³. ±μ³¡¨´ Í¨¨ ¸¨£´ ²μ¢ ´¨¦¥) ¢ ¤ ´´μ³ ¸²Ê-
Î ¥ · ¢¥´ 1/3. Šμ³¡¨´ Í¨¨ ¢μ§³μ¦´ÒÌ ¸¨£´ ²μ¢ É ±μ¢Ò: ER-α-α, α-ER-α
¨ α-α-ER.

�É³¥É¨³, ÎÉμ Éμ²Ó±μ ¶¥·¢ Ö ±μ³¡¨´ Í¨Ö μÉ¢¥Î ¥É Ë¨§¨Î¥¸±μ³Ê ¸³Ò¸²Ê.
ˆ ¢ ¸²ÊÎ ¥, ¥¸²¨ ¸¨£´ ²Ò ¤¢ÊÌ α-Î ¸É¨Í · §²¨Î¨³Ò, É. ¥. ¨³¥ÕÉ ³¥¸Éμ ¸¨£-
´ ²Ò α1 ¨ α2, ¡Ê¤¥³ ¨³¥ÉÓ ¤¥²μ ¸μ ¸²¥¤ÊÕÐ¨³¨ ±μ³¡¨´ Í¨Ö³¨: ER-α1-α2,
ER-α2-α1, α1-ER-α2, α2-ER-α1, α1-α2-ER ¨ α2-α1-ER. ‘μμÉ¢¥É¸É¢¥´´μ, ¢
ÔÉμ³ ¸²ÊÎ ¥ C = 1/6.

‡�Š‹	—…�ˆ…

�·¥¤¸É ¢²¥´ ¶·μ£· ³³´Ò° ¶ ±¥É ‘++ REDSTORM2 ¤²Ö ¨¸¸²¥¤μ¢ ´¨°
·¥ ±Í¨° ´  ¶ÊÎ±¥ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ´μ¢μ£μ Í¨±²μÉ·μ´  ‹Ÿ� �ˆŸˆ Å DC-280.
�Ö¤ ·¥Ï¥´¨° ¸μμÉ¢¥É¸É¢Ê¥É ± ± ¶·¨³¥´¥´¨Õ DSSSD ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨-
É¥²Ó´ÒÌ ¤¥É¥±Éμ·μ¢ ´μ¢μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  ‹Ÿ� �ˆŸˆ, É ±
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¨ Ê¸²μ¢¨Ö³ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸¢¥·Ì¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢ ·¥-
 ±Í¨ÖÌ ¸¨´É¥§  ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢. ‚Ò¶μ²´¥´ ·Ö¤ ¶·¥¤¢ ·¨É¥²Ó´ÒÌ
É¥¸Éμ¢.
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