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

� ¸¸³ É·¨¢ ¥É¸Ö ³μ¤¨Ë¨Í¨·μ¢ ´´ Ö ¨´É¥£·¨·μ¢ ´´ Ö ¸¨¸É¥³  ±μ´É·μ²Ö ¶ · ³¥É·μ¢ (‘Š�) Ô±¸-
¶¥·¨³¥´Éμ¢ ¶μ ¸¨´É¥§Ê ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ´  Í¨±²μÉ·μ´¥ “-400 ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨°
¨³. ƒ.�. ”²¥·μ¢  (‹Ÿ�). �±¸¶¥·¨³¥´ÉÒ ¶μ μ¡²ÊÎ¥´¨Õ ÉÖ¦¥²ÒÌ É· ´¸Ê· ´μ¢ÒÌ ³¨Ï¥´¥° ¶·μ¢μ¤¨-
²¨¸Ó ´  Ê¸É ´μ¢±¥ ¤Ê¡´¥´¸±¨° £ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ· (ƒ�‘) Ö¤¥· μÉ¤ Î¨ [1]. � ¸¸³ É·¨¢ ¥³ Ö
¸¨¸É¥³  ËÊ´±Í¨μ´ ²Ó´μ · ¸¶ ¤ ¥É¸Ö ´  É·¨ ±μ³¶μ´¥´ÉÒ,   ¨³¥´´μ: ¸¨¸É¥³Ê ±μ´É·μ²Ö ¶ · ³¥É·μ¢
³μ¤Ê²Ö ¤¥É¥±É¨·μ¢ ´¨Ö ƒ�‘, ¸¨¸É¥³Ê ³μ´¨Éμ·¨´£  ¶ · ³¥É·μ¢, ¸¢Ö§ ´´ÒÌ ¸ ¶ÊÎ±μ³ Í¨±²μÉ·μ´ ,
  É ±¦¥ ¸¨¸É¥³Ê ±μ´É·μ²Ö É¥Ì´μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ¸μ¡¸É¢¥´´μ ¸¥¶ · Éμ· . ‘¨¸É¥³  ¨¸¶μ²-
´¥´  ¢ ¸É ´¤ ·É¥ Š�Œ�Š,   ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¢Ò¶μ²´¥´μ ¶μ¤ Windows XP ¢ ¸·¥¤¥ RAD
Borland's Builder C++ 6.0 ¨ ¨´É¥·Ë¥°¸´μ° ± ·Éμ° Kk009Pci (‹Ÿ�) [2, 3].

A modiˇed integrated parameter monitoring and control system (SCP) of the experiments aimed at
the synthesis of superheavy nuclei at the U 400 cyclotron of the Flerov Laboratory of Nuclear Reactions
is considered. All experiments to irradiate the actinide targets are performed at the Dubna gas-ˇlled
recoil separator [1]. This system can be subdivided into three components, namely: detection module
parameters control, beam associated subsystem, and the separator technical parameter control system.
System is designed in CAMAC standard. Software is made under Windows XP using RAD Borland's
Builder C++ 6.0 and Kk009Pci interface [2, 3].

PACS: 29.85.Ca
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‚ É¥Î¥´¨¥ ¶μ¸²¥¤´¨Ì ²¥É ¢ ‹Ÿ� �ˆŸˆ ¶·μ¢μ¤ÖÉ¸Ö Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ¨ ¨§Ê-
Î¥´¨Õ ¸¢μ°¸É¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· Ô²¥³¥´Éμ¢ �¥·¨μ¤¨Î¥¸±μ° É ¡²¨ÍÒ „. ˆ.Œ¥´¤¥²¥¥¢ .
‚μ§³μ¦´μ¸ÉÓ ¨¸±Ê¸¸É¢¥´´μ£μ ¶μ²ÊÎ¥´¨Ö ¨ ¨§ÊÎ¥´¨Ö ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ¡Ò²  ¶·¥¤¸± § ´ 
É¥μ·¥É¨± ³¨ μ±μ²μ 40 ²¥É ´ § ¤. Š Éμ³Ê ¢·¥³¥´¨ ¡Ò²μ ¸¨´É¥§¨·μ¢ ´μ 12 ¨¸±Ê¸¸É¢¥´´ÒÌ
Ô²¥³¥´Éμ¢ ÉÖ¦¥²¥¥ Ê· ´  (¢¶²μÉÓ ¤μ 104-£μ), ´¥ ¸ÊÐ¥¸É¢μ¢ ¢Ï¨Ì ¢ ¶·¨·μ¤¥. ‘¢μ°¸É¢ 
Ö¤¥· ÔÉ¨Ì Ô²¥³¥´Éμ¢ Ê± §Ò¢ ²¨ ´  Éμ, ÎÉμ ¥Ð¥ ¡μ²¥¥ ÉÖ¦¥²Ò¥ Ö¤·  ³μ£ÊÉ ¸ÊÐ¥¸É¢μ¢ ÉÓ
´ ¸Éμ²Ó±μ ±μ·μÉ±μ¥ ¢·¥³Ö, ÎÉμ ¨Ì ´ ¡²Õ¤¥´¨¥ ¢ Ô±¸¶¥·¨³¥´É¥ ¡Ê¤¥É ¶· ±É¨Î¥¸±¨ ´¥-
¢μ§³μ¦´Ò³. �¤´ ±μ ¨§ É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥Éμ¢ ¸²¥¤μ¢ ²μ, ÎÉμ ¡² £μ¤ ·Ö μ¸μ¡¥´´μ¸ÉÖ³
¸É·Ê±ÉÊ·Ò Ö¤·  ¢μ§³μ¦´μ ¸ÊÐ¥¸É¢μ¢ ´¨¥ μÉ´μ¸¨É¥²Ó´μ ¤μ²£μ¦¨¢ÊÐ¨Ì ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥·
¢¡²¨§¨ ¤¢ ¦¤Ò ³ £¨Î¥¸±μ£μ ¨§μÉμ¶  114-£μ Ô²¥³¥´É  ¸ Î¨¸²μ³ ´Ê±²μ´μ¢ (¶·μÉμ´μ¢ ¨ ´¥°-
É·μ´μ¢) 298 (μ¸É·μ¢ ¸É ¡¨²Ó´μ¸É¨ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢).

‘ ÉμÎ±¨ §·¥´¨Ö  ¶¶ · ÉÊ·´μ° ·¥ ²¨§ Í¨¨ ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶·¥¤¶μ² £ ÕÉ ¸μ-
§¤ ´¨¥ ÎÊ¢¸É¢¨É¥²Ó´μ° ¤¥É¥±É¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò, ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢
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¨ ¢Ò¸μ±μÔËË¥±É¨¢´ÒÌ ¸¥¶ ·¨·ÊÕÐ¨Ì Ê¸É·μ°¸É¢ [4Ä6]. �·μÍ¥¸¸ ±μ´É·μ²Ö ¶ · ³¥É·μ¢
´ §¢ ´´ÒÌ ¸¨¸É¥³ ¶·¥¤¸É ¢²Ö¥É ¢ ÔÉμ³ ¸²ÊÎ ¥ μÉ¤¥²Ó´Ò° ¨´É¥·¥¸ ¨, ¢´¥ ¢¸Ö±μ£μ ¸μ³´¥-
´¨Ö, Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³μ° ¸μ¸É ¢²ÖÕÐ¥° μ¡Ð¥£μ Ê¸¶¥Ì  Ô±¸¶¥·¨³¥´Éμ¢. �  É·¥¡μ¢ -
´¨Ö ± ¸¨¸É¥³ ³ ±μ´É·μ²Ö ´ ±² ¤Ò¢ ÕÉ¸Ö É·¥¡μ¢ ´¨Ö, μ¡Ê¸²μ¢²¥´´Ò¥ É ±μ° ¸¶¥Í¨Ë¨±μ°
Ô±¸¶¥·¨³¥´Éμ¢, ± ± ³ ²Ò¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨¸¸²¥¤Ê¥³ÒÌ ¶·μ¤Ê±Éμ¢, ¸ÊÐ¥¸É¢¥´´ Ö
¤²¨É¥²Ó´μ¸ÉÓ Ô±¸¶¥·¨³¥´Éμ¢ (³¥¸ÖÍÒ) ¨, § Î ¸ÉÊÕ, ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¶·¨³¥´¥´¨Ö ¢Ò¸μ±μ-
 ±É¨¢´ÒÌ ³ É¥·¨ ²μ¢ ¢ ± Î¥¸É¢¥ ³¨Ï¥´¥° ¤²Ö μ¡²ÊÎ¥´¨Ö (226Ra, 245,248Cm, 233,238U,
242,244Pu, 249Am, 237Np, 249Bk, 249Cf).
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�·¨ ¶·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£μ-
± ´ ²Ó´μ° ¸¶¥±É·μ³¥É·¨Î¥¸±μ° ¨´Ëμ·³ Í¨¥° ¸ ¤¥É¥±É¨·ÊÕÐ¥£μ ³μ¤Ê²Ö ¸¥¶ · Éμ· , ¢¥-
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 [7], ¨£· 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· , μÉ¤¥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¨±²μÉ·μ´ , £¤¥ ¤ ¢²¥´¨¥ ¸μ¸É ¢²Ö¥É μ±μ²μ
∼ 10−5−10−7 ’μ··.

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

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

‚ÒÌμ¤´μ¥ ´ ¶·Ö¦¥´¨¥ ¶·¨¢μ¤  → Î ¸ÉμÉ 
¨ ³¨Ï¥´¨ (Ô²¥±É·¨Î¥¸±¨° ±μ´É·μ²Ó)
‚· Ð¥´¨Ö μ±´  �¥¶μ¸·¥¤¸É¢¥´´Ò° ¸Î¥É ¨³¶Ê²Ó¸μ¢ ¶ ·Ò
¨ ³¨Ï¥´¨ (μ¶É¨Î¥¸±¨° ±μ´É·μ²Ó) ¸¢¥Éμ¤¨μ¤ÄËμÉμ¤¨μ¤ ¢´ÊÉ·¨ μ¡Ñ¥±É  ±μ´É·μ²Ö
„ ¢²¥´¨Ö ¶¥´É ´  ¨ ¢μ¤μ·μ¤  ¢μ � ¶·Ö¦¥´¨¥ (¤ ÉÎ¨±¨ Å
¢·¥³Ö¶·μ²¥É´μ³ ³μ¤Ê²¥ ¨ μ¡Ñ¥³¥ ¸¥¶ · Éμ·  ¡ · É·μ´Ò MKS [11]) → Î ¸ÉμÉ 
‚¥²¨Î¨´Ò ¢ ±ÊÊ³  � ¶·Ö¦¥´¨¥ ¢ÒÌμ¤ 
¢ μ¶·¥¤¥²¥´´ÒÌ ÉμÎ± Ì (¤ ÉÎ¨±¨ Pfeiffer [12]) → Î ¸ÉμÉ 
’μ± Í¨²¨´¤·  ” · ¤¥Ö ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢ ’μ± → Î ¸ÉμÉ 
� ¡μÉ  ¶¥·¥³ÒÎ±¨ ®¶¥´É ´Ä¢μ¤μ·μ¤¯ (¤ /´¥É) �–� −5/ + 5 ‚
’¥³¶¥· ÉÊ·´Ò¥ ¶ · ³¥É·Ò � ¶·Ö¦¥´¨¥ → Î ¸ÉμÉ 
„ ¢²¥´¨¥ ´ ¸ÒÐ¥´´ÒÌ ¶ ·μ¢ ¶¥´É ´ 

� ¶·Ö¦¥´¨¥ → ±μ¤ �–� (0−10 ‚)
¢ ¢ÒÌμ¤´μ° ¥³±μ¸É¨ ¦¨¤±μ£μ ¶¥´É ´ 
„μ¶μ²´¨É¥²Ó´Ò¥ ¶ · ³¥É·Ò

� ¶·Ö¦¥´¨¥ → ±μ¤ 7 ¢Ì. �–�
¶μ¸ÉμÖ´´μ£μ Éμ±  −5/ + 5 ‚
‡ £·Ê§±¨ ¸¨¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨Ö ¨ TOF ³μ¤Ê²Ö �¥¶μ¸·¥¤¸É¢¥´´Ò° ¸Î¥É ¨³¶Ê²Ó¸μ¢ (TTL)
’μ± (¸ ¢´ÊÉ·¥´´¨³ Ê¸¨²¥´¨¥³),

’μ± → Î ¸ÉμÉ 
¸¢Ö§ ´´Ò° ¸ Éμ±μ³ Í¨²¨´¤·  ” · ¤¥Ö



‘¨¸É¥³  ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¤Ê¡´¥´¸±μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  605

ˆ¸¶μ²Ó§μ¢ ´¨¥ ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ 48‘  (¢¶²μÉÓ ¤μ 1013 c−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¥´¨. �μ¸²¥¤´¥¥ ¤μ¸É¨£ ¥É¸Ö:

• · §³¥Ð¥´¨¥³  ±É¨¢´μ£μ ¢¥Ð¥¸É¢  ´  ¢· Ð ÕÐ¥³¸Ö ¤¨¸±¥ [8];
• ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ ±μ¶¥·¥³¥´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, μÉ±²μ´ÖÕÐ¥£μ ¶ÊÎμ± ¢ ¶μ¶¥-

·¥Î´μ³ ´ ¶· ¢²¥´¨¨ ± μ¸¨ ¢· Ð¥´¨Ö.
‘±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 [9]). �´ ²μ£¨Î´Ò³
¸¶μ¸μ¡μ³ ·¥Ï ¥É¸Ö § ¤ Î  § Ð¨ÉÒ ®¢Ìμ¤´μ£μ μ±´ ¯ ¸¥¶ · Éμ·  [10].

„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´Ò³
· §¤¥²μ³ ´¨¦¥ ¢Ò¤¥²Ö¥É¸Ö ¶μ¤¸¨¸É¥³  ¨§³¥·¥´¨Ö Ô´¥·£¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢.
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Šμ³¶ÓÕÉ¥· ¸¨¸É¥³Ò ±μ´É·μ²Ö ´ Ìμ¤¨É¸Ö ¢ § ²¥ Ê¸±μ·¨É¥²Ö. „²Ö ´ ¡²Õ¤¥´¨Ö ¨ Ê¶· -
¢²¥´¨Ö ±μ³¶ÓÕÉ¥· ³¨ �Š1 (·¨¸. 1), ´ Ìμ¤ÖÐ¨³¨¸Ö ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥, ¨¸¶μ²Ó§Ê-
¥É¸Ö KVM-Ê¤²¨´¨É¥²Ó CE-300 [13], ±μÉμ·Ò° μ¡¥¸¶¥Î¨¢ ¥É Ê¤ ²¥´´μ° ±μ´¸μ²¨ (±² ¢¨ -
ÉÊ· , ³ÒÏÓ, ³μ´¨Éμ· ¤¨´ ³¨±¨ ¨ ³¨±·μËμ´) ¤μ¸ÉÊ¶ ± ±μ³¶ÓÕÉ¥·´μ° ¸¨¸É¥³¥ ¡¥§ ¸¥É¨
Ethernet.

‚¸Ö ¸¨¸É¥³  (‘Š�) ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤¢¥ £·Ê¶¶Ò ËÊ´±Í¨μ´ ²Ó´ÒÌ ¡²μ±μ¢, μ¸ÊÐ¥¸É¢²Ö-
ÕÐ¨Ì Ê¸¨²¥´¨¥ ¨ ¶·¥μ¡· §μ¢ ´¨¥ ¸¨£´ 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· Í¨Õ Ê± § ´´ÒÌ
¸¨£´ ²μ¢ (μ¡Ð Ö ¸Ì¥³  Ô±¸¶¥·¨³¥´É  ¨ ¡²μ±-¸Ì¥³  ‘Š� Å ´  ·¨¸. 1, 2 ¸μμÉ¢¥É¸É¢¥´´μ).

ƒ·Ê¶¶  ¡²μ±μ¢, μ¸ÊÐ¥¸É¢²ÖÕÐ¨Ì μÍ¨Ë· Í¨Õ, · §³¥Ð ¥É¸Ö ¢ ±·¥°É¥ Š�Œ�Š ¨ · ¡μ-
É ¥É ¶μ¤ Ê¶· ¢²¥´¨¥³ �Š (�¥´É¨Ê³-4, 2,4 ƒ£Í) ¶μ ¶·μ£· ³³¥, ¢Ò¶μ²´¥´´μ° ¶μ¤ Borland
C++ Builder 6 [2] (Windows XP). ‘¨¸É¥³  ±μ´É·μ²Ö ƒ�‘ ¨¸¶μ²Ó§Ê¥É ¤²Ö ¨§³¥·¥´¨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 , ¸−1) ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸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).

	²μ± Ê¶· ¢²ÖÕÐ¨Ì ±μ³ ´¤ · ¡μÉ ¥É ¢ ·¥¦¨³¥ μ¤´μ¢¨¡· Éμ· , § ¶Ê¸± ¥³μ£μ ¶μ ±μ-
³ ´¤¥ 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¨Ì (μ¡Ñ-
¥¤¨´ÖÕÐ¨¥) ¢¸¥ ¸¨£´ ²Ò ALARM ¨ ¢Ò· ¡ ÉÒ¢ ÕÐ¨Ì ¸¨£´ ² ´  Ô²¥±É·μ¸É É¨Î¥¸±¨° ¶·¥-
·Ò¢ É¥²Ó Éμ±  ¶ÊÎ±  Í¨±²μÉ·μ´  “-400. 	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.
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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 ¨ 2,0 ¸)

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

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

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

¢Ìμ¤´Ò¥ ¸¨£´ ²Ò ALARM ¢ ·¥£¨¸É· ®�¢ ·¨°¯;
• ·¥£¨¸É· ®�¢ ·¨°¯, ¸μ¤¥·¦¨³μ¥ ±μÉμ·μ£μ ³μ¦¥É ¡ÒÉÓ ¶·μÎ¨É ´μ Î¥·¥§ ³ £¨¸É· ²Ó

Š�Œ�Š;
• ¸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· ® ² ·³μ¢¯
§ ¶μ³¨´ ¥É ¸ ³ Ë ±É ¢μ§´¨±´μ¢¥´¨Ö ¡²μ±¨·μ¢±¨.

3. ���ƒ��ŒŒ��… ��…‘�…—…�ˆ… ‘Š�.
‘ˆ‘’…Œ� Š�Œ��„

�·μ£· ³³  ¢¨§Ê ²¨§ Í¨¨ ±μ´É·μ²Ö ¢Ò¶μ²´¥´  ´  Borland's Builder C++ 6.0 (Win-
dows XP) ¨ ¶μ§¢μ²Ö¥É μÉ¸²¥¦¨¢ ÉÓ ¨§³¥´¥´¨Ö ¸²¥¤ÊÕÐ¨Ì ¢¥²¨Î¨´: Éμ±  ¤¨¶μ²Ó´μ£μ ³ £-
´¨É  ¸¥¶ · Éμ· , Éμ±μ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ³ £´¨É´ÒÌ ²¨´§, ¸±μ·μ¸É¥° ¢· Ð¥´¨Ö ¢Ìμ¤´μ£μ
¢ ±ÊÊ³´μ-¶²μÉ´μ£μ μ±´  ¨ μ¡²ÊÎ ¥³μ° ³¨Ï¥´¨, ¶ · ³¥É·μ¢ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò ¨
·Ö¤  ¤·Ê£¨Ì ¶ · ³¥É·μ¢. �  ·¨¸. 3 ¶·¨¢¥¤¥´  Ê¶·μÐ¥´´ Ö ¡²μ±-¸Ì¥³  ¶·μ£· ³³Ò. „²Ö
· ¡μÉÒ ¸  ¶¶ · ÉÊ·μ° Š�Œ�Š ¨¸¶μ²Ó§Ê¥É¸Ö ¨´É¥·Ë¥°¸´ Ö ± ·É  Kk009Pci, · ¡μÉ ÕÐ Ö
¸ ±·¥°É-±μ´É·μ²²¥·μ³ ŠŠ012 [3].

‘± ´¨·μ¢ ´¨¥ μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ Ô±¸¶¥·¨³¥´É , μÉ´μ¸ÖÐ¨Ì¸Ö ± ± ± ¸¥¶ · Éμ·Ê,
É ± ¨ ± ¶ÊÎ±Ê Í¨±²μÉ·μ´  “-400 ¶·μ¨§¢μ¤¨É¸Ö ¶μ ¸μ¡ÒÉ¨Ö³ ®On-Timer¯, ¢ Éμ ¢·¥³Ö ± ±
¤²Ö μ¶·μ¸  �–� ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì ¸¨£´ ²μ¢ ¸ ¶μ²Ê¶·μ¢μ¤´¨±μ¢μ£μ ¤¥É¥±Éμ·  (¤¥É¥±-
Éμ·μ¢) μÉ±·Ò¢ ¥É¸Ö μÉ¤¥²Ó´Ò° ¶μÉμ± (Thread) ¸ ¶·¨μ·¨É¥Éμ³ ´  μ¤¨´-¤¢  ¶Ê´±É  ´¨¦¥
´μ·³ ²Ó´μ£μ (tpLowest). �·μÉμ±μ²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸  ¨§³¥·¥´¨° μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ·¥-
¦¨³¥ ®On-Timer¯ μ¤¨´ · § ¢ 5 ³¨´. „²Ö ²ÊÎÏ¥£μ ¶·¥¤¸É ¢²¥´¨Ö μ · ¡μÉ¥ ¶·μ£· ³³Ò ´ 
·¨¸. 4 ¶·¨¢¥¤¥´ ¨´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö, ±μÉμ·Ò° Ë ±É¨Î¥¸±¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ®¦¨-
¢ÊÕ¯ Ê¶·μÐ¥´´ÊÕ ³´¥³μ¸Ì¥³Ê ¸¥¶ · Éμ· . „¢  μ¸´μ¢´ÒÌ ·¥£¨¸É·  ±μ³ ´¤ ¶μ²Ó§μ¢ É¥²Ö
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�¨¸. 3. 	²μ±-¸Ì¥³  ¸¨¸É¥³Ò ±μ´É·μ²Ö ¶ · ³¥É·μ¢

· ¸¶μ²μ¦¥´Ò ¢ ´¨¦´¥° (μ¡Ð¨¥) ¨ ¢¥·Ì´¥° (¸¶¥Í¨ ²Ó´Ò¥) Î ¸ÉÖÌ ¨§μ¡· ¦¥´¨Ö (³μ´¨-
Éμ· ). ‘´ÖÉ¨¥ ¨ ¶μ¸É ´μ¢±  ´  ±μ´É·μ²Ó ¶ · ³¥É·μ¢ ¶·μ¨§¢μ¤¨É¸Ö ´ ¦ É¨¥³ ±´μ¶±¨ ´¨¦-
´¥£μ ·¥£¨¸É·  ³ÒÏÓÕ. �É  μ¶¥· Í¨Ö μ¡· É¨³  Å ¶μ¢Éμ·´μ¥ ´ ¦ É¨¥ ¸´¨³ ¥É ±μ´É·μ²Ó,
¶·¨ ÔÉμ³ ¶·¨ ¶μ¸É ´μ¢±¥ ´  ±μ´É·μ²Ó § £μ· ¥É¸Ö §¥²¥´μ¥ ¶μ²¥ ¢μ±·Ê£ ¸μμÉ¢¥É¸É¢ÊÕÐ¥°
±´μ¶±¨. …¸²¨ ¢μ ¢·¥³Ö Ô±¸¶¥·¨³¥´É  ¶ · ³¥É·, ¶μ¸É ¢²¥´´Ò° ´  ±μ´É·μ²Ó, ´ Ìμ¤¨É¸Ö ¢´¥
· ¡μÎ¥£μ ¨´É¥·¢ ² , Í¢¥Éμ¢μ¥ ¶μ²¥ ¸É ´μ¢¨É¸Ö ±· ¸´Ò³ ¨, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ, ¶·μ¨¸Ìμ¤¨É
¶·¥·Ò¢ ´¨¥ ¶·μÍ¥¸¸  μ¡²ÊÎ¥´¨Ö. �·¨ ÔÉμ³ ¸¨¸É¥³  £¥´¥·¨·Ê¥É ¸É ´¤ ·É´Ò¥ ¸¨£´ ²Ò
³Ê²ÓÉ¨³¥¤¨ , £·μ³±μ¸ÉÓ ±μÉμ·ÒÌ ·¥£Ê²¨·Ê¥É¸Ö ¶μÉ¥´Í¨μ³¥É· ³¨ ¢´¥Ï´¨Ì  ±Ê¸É¨Î¥¸±¨Ì
±μ²μ´μ±. �É¤¥²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ ¶·μ£· ³³Ò Ö¢²ÖÕÉ¸Ö ¨³¨É Éμ· ³¨ ¤¢¨¦¥´¨Ö (¢· Ð -
ÕÐ Ö¸Ö ³¨Ï¥´Ó ¨ μ±´μ) ¨ ¶·μÉμ±  £ §  (¶¥´É ´μ¢Ò° É· ±É ¢·¥³Ö¶·μ²¥É´μ£μ ³μ¤Ê²Ö).
‚ ¸²ÊÎ ¥ μ¸É ´μ¢ , ±·μ³¥ ¨§³¥´¥´¨Ö Í¢¥É  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ëμ·³ ´  ±· ¸´Ò°, É ±¦¥
¶·μ¨¸Ìμ¤¨É μ¸É ´μ¢ ¨³¨É¨·ÊÕÐ¥£μ ¤¢¨¦¥´¨Ö.

—Éμ ± ¸ ¥É¸Ö ¢¥·Ì´¥£μ, ¸¶¥Í¨ ²Ó´μ£μ ·¥£¨¸É·  ±μ³ ´¤ ¶μ²Ó§μ¢ É¥²Ö, μ´ μÉ´μ¸¨É¸Ö ±
É ±¨³ ¸¨¸É¥³ ³, ± ± ®· §³ §±  ¶ÊÎ± ¯ ¶¥·¥¤ ³¨Ï¥´ÓÕ, ±μÉμ·ÊÕ ¶·¨³¥´ÖÕÉ ¸ Í¥²ÓÕ μ¸² -
¡¨ÉÓ É¥¶²μ¢ÊÕ ´ £·Ê§±Ê ´  ³¨Ï¥´Ó ¨ ¢Ìμ¤´μ¥ ¢ ±ÊÊ³´μ¥ μ±´μ ¸¥¶ · Éμ· , ¨ ·Ö¤ ¤·Ê£¨Ì
¸¨¸É¥³. “¸É ´μ¢±  ¶μ·μ£μ¢ÒÌ §´ Î¥´¨° ¶·μ¨¸Ìμ¤¨É É ±¦¥ ¶ÊÉ¥³ ¢Ò¸É ¢²¥´¨Ö ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨Ì ±μ¤μ¢ Í¨Ë·μ ´ ²μ£μ¢μ£μ ¶·¥μ¡· §μ¢ É¥²Ö. �É³¥É¨³, ÎÉμ ´¥±μÉμ·Ò¥ ±´μ¶±¨
¢¥·Ì´¥£μ ·¥£¨¸É·  ±μ³ ´¤ ¢μ ¨§¡¥¦ ´¨¥ ®Î¥²μ¢¥Î¥¸±¨Ì¯ μÏ¨¡μ± ´ Ìμ¤ÖÉ¸Ö ¢ ¶ ¸¸¨¢-
´μ³ ¸μ¸ÉμÖ´¨¨ ¨ ¨Ì  ±É¨¢ Í¨Ö/¤¥ ±É¨¢ Í¨Ö ¶·μ¨¸Ìμ¤¨É ¶ÊÉ¥³ ¤μ¶μ²´¨É¥²Ó´μ£μ ´ ¦ É¨Ö
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶Ê´±Éμ¢ μ¸´μ¢´μ£μ ³¥´Õ.

�  ·¨¸. 4 ¶μ± § ´  ±μ´±·¥É´ Ö ¸¨ÉÊ Í¨Ö μ¤´μ£μ ¨§ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸¨´É¥§Ê ´μ¢ÒÌ
Ô²¥³¥´Éμ¢ ´  Ê¸É ´μ¢±¥ ƒ�‘.
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�¨¸. 4. Œ´¥³μ¸Ì¥³ -¨´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ‘Š� ƒ�‘

� ¨³¥´´μ, ´  ¤ ´´Ò° ³μ³¥´É: ¤ ¢²¥´¨¥ ¶¥´É ´  ¢ ± ³¥·¥ 1,736 ’μ··, ¤ ¢²¥´¨¥ ¢μ-
¤μ·μ¤  ¶¥·¥¤ ¢Ìμ¤´Ò³ μ±´μ³ ¢·¥³Ö¶·μ²¥É´μ£μ ³μ¤Ê²Ö 1,02 ’μ··, ¢ · °μ´¥ ¢ÒÌμ¤  ¨§
¤¨¶μ²Ó´μ£μ ³ £´¨É  0,976 ’μ··, ¢· Ð¥´¨¥ ³¨Ï¥´¨ 28,0 μ¡./¸ (μ¡ , ¨ μ¶É¨Î¥¸±¨°, ¨ Ô²¥±-
É·¨Î¥¸±¨° ¤ ÉÎ¨±¨), ¢· Ð¥´¨¥ · ³±¨ ¢Ìμ¤´μ£μ μ±´  ¸¥¶ · Éμ·  16,3 μ¡./¸, ¢ ±ÊÊ³ ¶¥·¥¤
¢Ìμ¤´Ò³ μ±´μ³ ¸¥¶ · Éμ·  6,74·10−6 ’μ··, ´  ´¥±μÉμ·μ³ Ê¤ ²¥´¨¨ ¢ ¸Éμ·μ´Ê Í¨±²μÉ·μ´ 
1,85 · 10−6 ’μ··, Éμ± ¨μ´μ¢ 48Ca+18 ´  ³¨Ï¥´¨ 16,18 ³±� (∼ 1 Î ¸É. · ³±� ), § £·Ê§±¨
 ¢Éμ´μ³´μ£μ ±μ´É·μ²²¥·  ¸¨¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨Ö ƒ�‘ [14] ¨ ¸¨£´ ²  ®true start¯ ¢·¥³Ö-
¶·μ²¥É´μ£μ ³μ¤Ê²Ö 165 ¨ 351 ¸μμÉ¢¥É¸É¢¥´´μ, Éμ±¨ ¤¨¶μ²Ó´μ£μ ³ £´¨É  ¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ
²¨´§ 449, 1622 ¨ 1619 � ¸μμÉ¢¥É¸É¢¥´´μ, Éμ± ¢ μ¡³μÉ±¥ ¸¨¸É¥³Ò · §³ §±¨ ¶ÊÎ±  14,8 �.
�  ±μ´É·μ²¥, ¸ ¢μ§³μ¦´μ¸ÉÓÕ μÉ±²ÕÎ¥´¨Ö ¶ÊÎ±  ¢ ¤ ´´Ò° ³μ³¥´É, ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥-
É·Ò (¸²¥¢  ´ ¶· ¢μ Å ´¨¦´¨° ·¥£¨¸É·): ¤¨¶μ²Ó´Ò° ³ £´¨É, μ¡¥ ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò,
¢· Ð¥´¨Ö ¢Ìμ¤´μ£μ μ±´  ¨ ³¨Ï¥´¨ (Ô²¥±É·¨Î¥¸±¨¥ ¤ ÉÎ¨±¨), Éμ± · §³ §±¨ ¶ÊÎ± , ¢ ±ÊÊ³
¢ μ¶·¥¤¥²¥´´ÒÌ ÉμÎ± Ì ¶¥·¥¤ ¸¥¶ · Éμ·μ³ (G5, DBVSK), ¢· Ð¥´¨Ö ¢Ìμ¤´μ£μ μ±´  ¨
³¨Ï¥´¨ (μ¶É¨Î¥¸±¨¥ ¤ ÉÎ¨±¨, ¶ ·Ò ËμÉμ¤¨μ¤Ä¸¢¥Éμ¤¨μ¤).

4. ˆ‡Œ…�…�ˆ… 	�…�ƒˆˆ �“—Š� –ˆŠ‹�’����

•μÉÖ ¤ ´´ Ö ¶μ¤¸¨¸É¥³  ‘Š� ƒ�‘ Ê¶μ³Ö´ÊÉ  ¢ÒÏ¥, ¸²¥¤Ê¥É Ê¶μ³Ö´ÊÉÓ μ ´¥° ÎÊÉÓ
¶μ¤·μ¡´¥¥, ¶μ¸±μ²Ó±Ê μ´  ¸¢Ö§ ´  ¸ ¶ · ³¥É·μ³, ±μÉμ·Ò° μ¡¥¸¶¥Î¨¢ ¥É ¨ μ¡²¥£Î ¥É ¶·μ-
Í¥¸¸ ´ ¸É·μ°±¨ ¨ Ô±¸¶²Ê É Í¨¨ Í¨±²μÉ·μ´  ¶·¨ ¶·μ¢¥¤¥´¨¨ ¤²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢
´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨μ´μ¢. �  ·¨¸. 5, 6 ¶·¨¢¥¤¥´Ò ¡²μ±-¸Ì¥³  ¨§³¥·¨É¥²Ó´μ£μ ³μ¤Ê²Ö
¨ Ì · ±É¥·´ Ö ± ·É¨´ , ´ ¡²Õ¤ ¥³ Ö μ¶¥· Éμ·μ³ Í¨±²μÉ·μ´  ¢ ¶·μÍ¥¸¸¥ ´ ¸É·μ°±¨-
¨§³¥·¥´¨Ö. �μ¸±μ²Ó±Ê ®¸£Ê¸É±¨ Éμ± ¯ ¨§ Ê¸±μ·¨É¥²Ö “-400 ¨¤ÊÉ Í¨±²¨Î¥¸±¨, ¶μÖ¢¨² ¸Ó
¢μ§³μ¦´μ¸ÉÓ ¡μ²¥¥ ÉμÎ´μ£μ ±μ´É·μ²Ö ¢·¥³¥´¨ ¶·μ²¥É  ³¥¦¤Ê Ô²¥±É·μ¤ ³¨ Pick-Up1 ¨
Pick-Up2 ¶μ μ¸Í¨²²μ£· ËÊ §  ¸Î¥É ¶¥·¥Ìμ¤  ´  ¡μ²¥¥ ÉμÎ´ÊÕ ¢·¥³¥´´ÊÕ Ï± ²Ê ¨ ¢Ò¡μ· 
¢ ± Î¥¸É¢¥ ®¶¥·¢μ£μ ¨³¶Ê²Ó¸ ¯ Å ¨³¶Ê²Ó¸  ¸μ ¢Éμ·μ£μ ¶¨± ¶-Ô²¥±É·μ¤ .

�É³¥É¨³, ÎÉμ ¨³¥´´μ ¸μ¢¶ ¤¥´¨¥ ´Ê¦´μ£μ §´ Î¥´¨Ö Ô´¥·£¨¨ ¨ Ê¸²μ¢´μ Ìμ·μÏ¥°
Ëμ·³Ò ¨³¶Ê²Ó¸μ¢ ¸ Pick-Up Ô²¥±É·μ¤μ¢ Ö¢²Ö¥É¸Ö Ë ±Éμ·μ³ Ê¸²μ¢´μ ®Ìμ·μÏ¥°¯ ´ -
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�¨¸. 5. 	²μ±-¸Ì¥³  ¨§³¥·¨É¥²Ó´μ£μ ³μ¤Ê²Ö Ô´¥·£¨¨ ¶ÊÎ±  Í¨±²μÉ·μ´  “-400. T = 147,059 ´¸ Å

¶¥·¨μ¤ ¸²¥¤μ¢ ´¨Ö; dTOF ∼ 23 ´¸ (¸³. ·¨¸. 6) Å ¨§³¥·¥´´μ¥ μ¸Í¨²²μ£· Ëμ³ ¢·¥³Ö; TOF =

124,059 ´¸ Å ¶μ²´μ¥ ¢·¥³Ö ¶·μ²¥É . TOF = T−dTOF (¡²μ±¨ VT120, CFD 584, TA 567 Å Ë¨·³ 

®ORTEC¯)

�¨¸. 6. Š ·É¨´ , ´ ¡²Õ¤ ¥³ Ö μ¶¥· Éμ·μ³
Í¨±²μÉ·μ´  ¢ ¶·μÍ¥¸¸¥ ¨§³¥·¥´¨Ö/´ ¸É·μ°±¨.

‚ ¢¥·Ì´¥³ μ±´¥ ¶μ± § ´  ¨§³¥·Ö¥³ Ö ¢¥²¨-

Î¨´  Ô´¥·£¨¨ (¢·¥³Ö μ¡´μ¢²¥´¨Ö ∼ 1 ¸) ¨μ-
´μ¢ 48‘  (¶·¨³¥·) ¨ Ëμ·³  ¨³¶Ê²Ó¸μ¢ ¸ ¢Ò-

Ìμ¤μ¢ VT-120(1) ¨ VT-120(2). �¥·¥¤ ÕÐ Ö IP

± ³¥·  Å Panasonic BB-HCM515

¸É·μ°±¨. ‚ ¸²ÊÎ ¥, ¤ ¦¥ ¥¸²¨ ¢¥²¨Î¨´  Ô´¥·£¨¨ ¶ÊÎ±  ¶μ¶ ¤ ¥É ¢ § · ´¥¥ § ¤ ´´Ò°
¨´É¥·¢ ², ´μ Ëμ·³  ¨³¶Ê²Ó¸μ¢ μÉ²¨Î ¥É¸Ö μÉ Ê¸²μ¢´μ ®Ìμ·μÏ¥°¯ (Ï¨·μ±¨¥ ¨³¶Ê²Ó¸Ò,
´ ²¨Î¨¥ ¤μ¡ ¢μÎ´μ° ±μ³¶μ´¥´ÉÒ ¨ É. ¶.), ¸¨¸É¥³  μ¶μ¢¥Ð ¥É μ¡ ÔÉμ³ μ¶¥· Éμ· , ¢¥¤ÊÐ¥£μ
´ ¸É·μ°±Ê. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·μÉμ±μ²¨·μ¢ ´¨Ö ´  ·¨¸. 7 ¶μ± § ´  ¢§ÖÉ Ö ¨§ ¶·μÉμ±μ² 
¢¥²¨Î¨´  Ô´¥·£¨¨ ¶ÊÎ±  ¨μ´μ¢ 48‘  ¤²Ö  ¢£Ê¸É  2009 £. �  ·¨¸. 8 ¶μ± § ´Ò ±μ´É·μ²Ó´Ò¥
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�¨¸. 7. ˆ§³¥·¥´´μ¥ §´ Î¥´¨¥ Ô´¥·£¨¨ ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¤²Ö  ¢£Ê¸É  2009 £.

�¨¸. 8. ”μ·³ ²Ó´Ò¥ ¶ · ³¥É·Ò ¶μ¤¸É·μ°±¨
Ëμ·³Ò ¶ÊÎ± : S1 ¨ S2. �μ± § ´Ò μ¡² ¸É¨

Ê¸²μ¢´μ ®¶²μÌμ°¯ ¨ ®Ìμ·μÏ¥°¯ Ëμ·³Ò ¨³-

¶Ê²Ó¸μ¢ ¸ Pick-Up Ô²¥±É·μ¤μ¢. �·¨ ´ Ìμ¦¤¥-
´¨¨ ¶ · ³¥É·μ¢ ¢ ®¶²μÌμ°¯ μ¡² ¸É¨ Í¨Ë·μ-

¢μ¥ μ±´μ ¨§³¥·¥´´μ° Ô´¥·£¨¨ ´  ¶Ê²ÓÉ¥ Í¨-

±²μÉ·μ´  § ±·Ò¢ ¥É¸Ö  ¢Éμ³ É¨Î¥¸±¨, ¨ μ¶¥-
· Éμ· ¶μ¤¸É· ¨¢ ¥É Ëμ·³Ê ¨³¶Ê²Ó¸  ¸ Pick-Up

Ô²¥±É·μ¤ 

¶ · ³¥É·Ò S1 ¨ S2, ¶·¨³¥´Ö¥³Ò¥ ¶·μ£· ³³μ° ¤²Ö Ëμ·³ ²Ó´μ£μ · §¤¥²¥´¨Ö ¢ ¶·μÍ¥¸¸¥
´ ¸É·μ°±¨ ´  μ¡² ¸É¨ ®¶²μÌ Ö-Ìμ·μÏ Ö¯ ¤²Ö Ëμ·³Ò ¨³¶Ê²Ó¸μ¢ ¸ Pick-Up Ô²¥±É·μ¤μ¢.
� · ³¥É· S1 μ¶·¥¤¥²Ö¥É¸Ö ± ± μÉ´μ¸¨É¥²Ó´ Ö ¤μ²Ö ¸¶¥±É· , ´ Ìμ¤ÖÐ Ö¸Ö ¢ ¶·¥¤¥² Ì ±2
± ´ ²  μÉ ³ ±¸¨³Ê³ ,   S2 Å ±1 ± ´ ² μÉ ³ ±¸¨³Ê³ . “¸²μ¢¨¥ ®Ìμ·μÏ¨°¯ μ¶·¥¤¥²¥´μ
± ± S1 > ε1 && S2 > ε2, £¤¥ ε1,2 ´ Ìμ¤ÖÉ¸Ö Ô³¶¨·¨Î¥¸±¨³ ¶ÊÉ¥³1.

5. ���’�Š�‹ˆ��‚��ˆ… ����Œ…’��‚ 	Š‘�…�ˆŒ…�’�

� · ³¥É·Ò, § ¶¨¸Ó ¢ ¶·μÉμ±μ² Ô±¸¶¥·¨³¥´É  (É¥±¸Éμ¢Ò° Ë °²) ±μÉμ·ÒÌ μ¸ÊÐ¥¸É¢²Ö¥É
¸¨¸É¥³ , ¸²¥¤ÊÕÐ¨¥: § £·Ê§±¨ ¸¶¥±É·μ³¥É·  ¨ ¢·¥³Ö¶·μ²¥É´μ£μ ³μ¤Ê²Ö ¸¨¸É¥³Ò ¤¥É¥±-
É¨·μ¢ ´¨Ö, Éμ±¨ ¤¨¶μ²Ó´μ£μ ³ £´¨É  ¨ μ¡¥¨Ì ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§, ¤ ¢²¥´¨¥ ¶¥´É ´  ¢
± ³¥·¥ ¢·¥³Ö¶·μ²¥É´μ£μ ³μ¤Ê²Ö ¨ ¤ ¢²¥´¨¥ ¢μ¤μ·μ¤  ¢ · ¡μÎ¥³ μ¡Ñ¥³¥ ¸¥¶ · Éμ· , ¸±μ-
·μ¸É¨ ¢· Ð¥´¨Ö ¢Ìμ¤´μ£μ μ±´  ¸¥¶ · Éμ·  ¨ ³¨Ï¥´¨, Éμ± ¢ μ¡³μÉ±¥ ¸¨¸É¥³Ò · §³ §±¨
¶ÊÎ± ,  ³¶²¨ÉÊ¤  ¸¨£´ ²  ËμÉμ¤¨μ¤  ³¨Ï¥´¨, ¢ ±ÊÊ³ ¶¥·¥¤ ¢Ìμ¤´Ò³ μ±´μ³ ¸¥¶ · Éμ· 
¨ ´  ´¥±μÉμ·μ³ μÉ¤ ²¥´¨¨ μÉ ´¥£μ, ¢·¥³Ö ¶·μ²¥É  ¨μ´μ¢ ¨§ Í¨±²μÉ·μ´  ¨ ¨Ì Ô´¥·£¨Õ,
¤ ¢²¥´¨¥ ´ ¸ÒÐ¥´´ÒÌ ¶ ·μ¢ ¶¥´É ´  ¢ μ¡Ñ¥³¥ ¸ ¦¨¤±¨³ ¶¥´É ´μ³, ¸±μ·μ¸ÉÓ μ¡μ·μÉμ¢
·μÉμ·  Ëμ·¢ ±ÊÊ³´μ£μ ´ ¸μ¸  ¶¥´É ´μ¢μ£μ É· ±É , É¥³¶¥· ÉÊ·´Ò¥ ¶ · ³¥É·Ò ¢ ´¥¸±μ²Ó-
±¨Ì ÉμÎ± Ì, ¢·¥³Ö-¤ É .

�¤¨´ ¨§ ¶·¨³¥·μ¢ ¢·¥³¥´´μ° § ¢¨¸¨³μ¸É¨ ¨§³¥·¥´´μ° Ô´¥·£¨¨ ¶ÊÎ±  Í¨±²μÉ·μ´ 
¶·¨¢¥¤¥´ ¢ÒÏ¥ (¸³. É ±¦¥ [15]). �  ·¨¸. 9Ä11 ¤ ´Ò  ´ ²μ£¨Î´Ò¥ § ¢¨¸¨³μ¸É¨ ¤²Ö ¶ -

1’¨¶¨Î´μ: ε1 � 0,68; ε2 � 0,51.
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�¨¸. 9. � · ³¥É· ¤ ¢²¥´¨Ö ¶¥´É ´  ¢ · ¡μÎ¥³ μ¡Ñ¥³¥ ¢·¥³Ö¶·μ²¥É´μ£μ ³μ¤Ê²Ö

�¨¸. 10. � · ³¥É· ¤ ¢²¥´¨Ö ¢μ¤μ·μ¤  ¢ · ¡μÎ¥³ μ¡Ñ¥³¥ ¸¥¶ · Éμ· 

�¨¸. 11. Š·¨¢ Ö ¤¥£· ¤ Í¨¨ ¸·¥¤´¥°  ³¶²¨ÉÊ¤Ò ¸¨£´ ²  ËμÉμ¤¨μ¤  ¢· Ð ÕÐ¥°¸Ö ³¨Ï¥´¨

· ³¥É·μ¢ ¤ ¢²¥´¨Ö ¶¥´É ´  ¨ ¢μ¤μ·μ¤ ,   É ±¦¥ ¶ · ³¥É·  ¸·¥¤´¥°  ³¶²¨ÉÊ¤Ò ¸¨£´ ² 
¸ ËμÉμ¤¨μ¤  ¢· Ð ÕÐ¥°¸Ö ³¨Ï¥´¨, ¶μ± §Ò¢ ÕÐ¥° μ¡ÐÊÕ ¤¥£· ¤ Í¨Õ ¶ ·Ò ¸¢¥Éμ¤¨μ¤Ä
ËμÉμ¤¨μ¤ ¸μ ¢·¥³¥´¥³ μ¡²ÊÎ¥´¨Ö. �μ ³´¥´¨Õ  ¢Éμ·μ¢, ¶·¨Î¨´  ¤ ´´μ£μ ¶μ¢¥¤¥´¨Ö ´μ¸¨É
±μ³¡¨´¨·μ¢ ´´Ò° Ì · ±É¥·,   ¨³¥´´μ: Ë ±Éμ· · ¤¨ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¶·¨¡μ·μ¢ ¤μ-
¶μ²´Ö¥É¸Ö § ¶Ò²¥´¨¥³ ¨Ì  ±É¨¢´ÒÌ ¶μ¢¥·Ì´μ¸É¥° ±μ´¸É·Ê±É¨¢´Ò³¨ ³ É¥·¨ ² ³¨.



614 ‘ÊÌμ¢ �. Œ., �μ²Ö±μ¢ �. �., –Ò£ ´μ¢ �. ‘.

„²Ö ±μ´É·μ²Ö Éμ±  ¶ÊÎ±  ¨μ´μ¢ 48‘ , ¶·μÌμ¤ÖÐ¨Ì Î¥·¥§ ³¨Ï¥´Ó, · §· ¡μÉ ´ ¶·¥μ¡· -
§μ¢ É¥²Ó ¸¨£´ ²  ¸ Í¨²¨´¤·  ” · ¤¥Ö (F. C.) ¢ Î ¸ÉμÉÊ (¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸É ´¤ ·É´ÒÌ
¸¨£´ ²μ¢, ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ Éμ±Ê ¶ÊÎ± ). ‘ Í¥²ÓÕ Ê¸É· ´¥´¨Ö ¢²¨Ö´¨Ö ¨μ´¨§ Í¨¨ ¢μ-
¤μ·μ¤  ¢´ÊÉ·¨ ± ³¥·Ò ƒ�‘ ¨ ¤·Ê£¨Ì ¢Éμ·¨Î´ÒÌ ÔËË¥±Éμ¢ ¶μ¤ ¤¥°¸É¢¨¥³ ¶ÊÎ±  ¶¥·¥¤
Í¨²¨´¤·μ³ ” · ¤¥Ö ¡Ò²¨ · §³¥Ð¥´Ò ¤¢¥ ¨§μ²¨·μ¢ ´´Ò¥ ¶·μ¢μ¤ÖÐ¨¥ ¶² ¸É¨´Ò, ´  ±μ-
Éμ·Ò¥ ¡Ò²μ ¶μ¤ ´μ ´ ¶·Ö¦¥´¨¥ ¸³¥Ð¥´¨Ö 20 ‚. ’μ± ¢ Í¥¶¨ ÔÉ¨Ì ¶² ¸É¨´ ¨§³¥·Ö²¸Ö
Ê± § ´´Ò³ ¢ÒÏ¥ ¸¶μ¸μ¡μ³. ’ ±¨³ μ¡· §μ³ Ê¤ ²μ¸Ó ¸ÊÐ¥¸É¢¥´´μ ¶μ¢Ò¸¨ÉÓ ÉμÎ´μ¸ÉÓ ¨§-
³¥·¥´¨Ö Éμ±  ¸ Í¨²¨´¤·  ” · ¤¥Ö. 	Ò²  μ¶·¥¤¥²¥´  ²¨´¥°´ Ö § ¢¨¸¨³μ¸ÉÓ ³¥¦¤Ê ¤¢Ê³Ö
Ê± § ´´Ò³¨ ±μ³¶μ´¥´É ³¨ Éμ± . �·¨ Éμ±¥ ¶ÊÎ±  ∼ 10 ³±� Éμ± ¢ Í¥¶¨ ¶² ¸É¨´, ¶ · ²-
²¥²Ó´ÒÌ ´ ¶· ¢²¥´¨Õ ¶ÊÎ± , ¤μ¸É¨£ ² ∼ 100 ³±�.

‡�Š‹
—…�ˆ…

‚ É¥Î¥´¨¥ 2008Ä2010 ££.1 ¸¨¸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¤  ¢ ·¨°, ¸¢Ö§ ´´ÒÌ ± ± ¸ ¢ÒÌμ¤μ³ ¶ · ³¥-
É·μ¢ ¨§ · ¡μÎ¨Ì ¨´É¥·¢ ²μ¢, É ± ¨ ¸ ´¥ÏÉ É´Ò³¨ ¸¨ÉÊ Í¨Ö³¨: ´ ¶·¨³¥·, ¸ ¶·μ¶ ¤ ´¨¥³
Ô²¥±É·μ¸¥É¨, 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 · ¸Ï¨·¥´¨Ö ¸¶¨¸±  ¶ · ³¥É·μ¢ ¨ ³μ¤¨Ë¨± Í¨¨ ± ± μÉ¤¥²Ó´ÒÌ ¡²μ±μ¢,
É ± ¨  ²£μ·¨É³μ¢ Ê¶· ¢²¥´¨Ö.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ §  ¶μ¤¤¥·¦±Ê ¤ ´´μ° · ¡μÉÒ ¨ Í¥´´Ò¥ μ¡¸Ê¦¤¥´¨Ö

‚.Š. “É¥´±μ¢Ê, 
. ‚.‹μ¡ ´μ¢Ê , ”.˜.�¡¤Ê²²¨´Ê, ˆ. ‚.˜¨·μ±μ¢¸±μ³Ê, �.�. ‚μ¨´μ¢Ê,

  É ±¦¥ ‚. ‚.	 Ï¥¢μ³Ê §  ¶μ³μÐÓ ¢ · §· ¡μÉ±¥ ¨´É¥·Ë¥°¸  ¶·μ£· ³³Ò ±μ´É·μ²Ö.
� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Î ¸É¨Î´μ° ¶μ¤¤¥·¦±¥ £· ´É  �””ˆ º09-02-12060.

�·¨²μ¦¥´¨¥

“�ˆ‚…�‘�‹œ�›‰ 16-Š���‹œ�›‰ �‹�Š

•μÉÖ μ¸´μ¢´Ò¥ Ê¶· ¢²ÖÕÐ¨¥ ¡²μ±¨ · §· ¡μÉ ´Ò ¨ μÉÉ¥¸É¨·μ¢ ´Ò  ¢Éμ· ³¨ ¤ ´´μ°
¸¨¸É¥³Ò ±μ´É·μ²Ö, Î ¸ÉÓ ¶·¨³¥´¥´´ÒÌ ¢ ¸¨¸É¥³¥ ¡²μ±μ¢ Š�Œ�Š · §· ¡μÉ ´  · ´¥¥
±μ²²¥±É¨¢μ³  ¢Éμ·μ¢ [16]. „ ´´Ò¥ É¨¶Ò Ê¸É·μ°¸É¢ ¶μ± § ²¨ ¢Ò¸μ±ÊÕ ´ ¤¥¦´μ¸ÉÓ § 
¢¸¥ ¢·¥³Ö Ô±¸¶²Ê É Í¨¨ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  ´  ¶ÊÎ±¥ ÉÖ¦¥²ÒÌ ¨μ´μ¢. ‘ Í¥²ÓÕ
¤ ²Ó´¥°Ï¥° Ê´¨Ë¨± Í¨¨ ¸¨¸É¥³Ò  ¢Éμ·Ò ¶·¨³¥´ÖÕÉ ¶·μ£· ³³¨·Ê¥³Ò° ¡²μ± Š�Œ�Š
2Œ [17], ¶·μ¨§¢¥¤¥´´Ò° ��� ®’¥Ì¨´¢¥¸É¯ ��‡ ®„Ê¡´ ¯ ´  ¡μ²¥¥ ¸μ¢·¥³¥´´μ° Ô²¥³¥´É-
´μ° ¡ §¥. „ ´´Ò° ¡²μ±, § ¶·μ£· ³³¨·μ¢ ´´Ò° ¶·μ¨§¢μ¤¨É¥²¥³, ¸¶¥Í¨ ²Ó´μ ¤²Ö ´ Ï¥°
¸¨¸É¥³Ò ¶μ§¢μ²Ö¥É:

Å ¶·¨³¥´ÖÉÓ 16 ¢Ìμ¤μ¢ NIM ± ± ¸Î¥É´Ò¥ ¢Ìμ¤Ò ¤¢ÊÌ ¸Î¥ÉÎ¨±μ¢ Š‘019;
Å § ¤ ¢ ÉÓ ¨´É¥·¢ ²Ò ¢·¥³¥´¨ ¨§ ¶·μ£· ³³Ò ¸¨¸É¥³Ò ±μ´É·μ²Ö (10 ³¸Ä2,6 ¸);

1� ´¥¥, ¢ 2005Ä2008 ££. ¶·¨³¥´Ö²¨¸Ó  ¢Éμ´μ³´Ò¥, ³μ¤¨Ë¨Í¨·Ê¥³Ò¥ ¶μ¤¸¨¸É¥³Ò [15].
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Å ¨¸¶μ²Ó§μ¢ ÉÓ ¤¢  É¥¸Éμ¢ÒÌ ¢ÒÌμ¤  Å ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸μ¢ NIM 1000 ¨
100 ƒÍ;

Å ¨¸¶μ²Ó§μ¢ ÉÓ Î¥ÉÒ·¥ ¢Ìμ¤  (2 NIM+ 2 TTL),  ´ ²μ£¨Î´ÒÌ Î¥ÉÒ·¥³ ¡²μ± ³
Š‘022 [15];

Å ¤¢  ¢ÒÌμ¤  É· ¶¥Í¨¥¢¨¤´ÒÌ ¶μ²μ¦¨É¥²Ó´ÒÌ ¸¨£´ ²μ¢ ¸  ³¶²¨ÉÊ¤μ° μ±μ²μ 3,3 ‚
(¨³¨É Í¨Ö ¢Ìμ¤´ÒÌ ¸¨£´ ²μ¢ �–�), 1000 ¨ 100 ƒÍ.

�¸´μ¢´Ò¥ ËÊ´±Í¨¨ ³μ¤Ê²Ö ¸²¥¤ÊÕÐ¨¥: F16*W[8 . . . 1] Å § ¶¨¸Ó ¨´É¥·¢ ²  ¸Î¥É ,
255 §´ Î¥´¨°; F10*A0 Å § ¶Ê¸± ¨´É¥·¢ ²  ¨§³¥·¥´¨Ö; F0*A[15 . . .0] Å ÎÉ¥´¨¥ ¤ ´´ÒÌ
¸Î¥ÉÎ¨±μ¢; F2*A(0) ¨ F2*A(1) Å ÎÉ¥´¨¥ ¨´É¥´¸¨³¥É·μ¢ (NIM); F2*A(2) ¨ F2*A(3) Å
ÎÉ¥´¨¥ ¨´É¥´¸¨³¥É·μ¢ (TTL).
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