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

�·¥¤¸É ¢²¥´  ³Ê²ÓÉ¨¶²¥±¸´ Ö ¸¨¸É¥³  ¸¡μ·  ¤ ´´ÒÌ ¤²Ö § ¤ Î Ê¶· ¢²¥´¨Ö Ê¸±μ·¨É¥²¥³
‹“�-200. ‘¡μ· ¤ ´´ÒÌ £·Ê¶¶Ò § ¤ Î (± ´ ²μ¢ ¸¨¸É¥³Ò) ¸¨´Ì·μ´¨§¨·μ¢ ´ ¸ Í¨±²μ³ Ê¸±μ·¥´¨Ö.
�¶¥· Í¨¨ £·Ê¶¶Ò ± ´ ²μ¢ ¨ Ê§²  ¸¨¸É¥³Ò · ¸¶·¥¤¥²¥´Ò ¸ ÊÎ¥Éμ³ · §¢¨É¨Ö ¥e ³¨´¨³ ²Ó´μ° ¸É·Ê±-
ÉÊ·Ò. —¨¸²μ ± ´ ²μ¢, μ¡¸²Ê¦¥´´ÒÌ §  ¢·¥³Ö Í¨±² , ¨ ¶μÉμ± ¤ ´´ÒÌ μ¶·¥¤¥²¥´Ò ¤²Ö ¶·¨³¥´¨³ÒÌ
·¥¦¨³μ¢ ¸¨´Ì·μ´¨§ Í¨¨ ¨ ¢μ§³μ¦´μ° μÎ¥·¥¤¨ μ¡¸²Ê¦¨¢ ´¨Ö § ¤ Î. • · ±É¥·¨¸É¨±¨ ± ´ ²μ¢ ¨
Ê§²  ¸¨¸É¥³Ò μ¶É¨³¨§¨·μ¢ ´Ò ¸ Í¥²ÓÕ ¸μ±· É¨ÉÓ ¢·¥³Ö μ¦¨¤ ´¨Ö ¤²Ö § ¤ Î ±μ´É·μ²Ö ±μ·μÉ±μ£μ
Í¨±²  Ê¸±μ·¨É¥²Ö, ¡Ò¸É·μ° § Ð¨ÉÒ ¨ μ¶¥· É¨¢´μ£μ Ê¶· ¢²¥´¨Ö.

The multiplex system of data acquisition for tasks to control the accelerator LUE-200 is presented.
Data acquisition of group of tasks (system channels) is synchronized with an acceleration cycle. Ope-
rations of group of channels and a system node are allocated, in view of development of minimal
system structure. The number of the channels serviced during the cycle and a data 	ow are deˇned
for applicable modes of timing and possible queue of service of tasks. The main characteristics of the
channels and a system node are optimized to reduce a waiting time for tasks of supervision of a short
cycle of the accelerator, fast protection and feedback control.
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�·¥¤¸É ¢²¥´  ³Ê²ÓÉ¨¶²¥±¸´ Ö ¸¨¸É¥³  ¸¨´Ì·μ´¨§¨·μ¢ ´´μ£μ ¸¡μ·  ¤ ´´ÒÌ ¤²Ö £·Ê¶¶Ò
§ ¤ Î Ê¶· ¢²¥´¨Ö Ê¸±μ·¨É¥²¥³ É¨¶  ‹“�-200 (¸ Î ¸ÉμÉμ° ¶μ¢Éμ·¥´¨Ö Í¨±²μ¢ Ê¸±μ·¥´¨Ö
¤μ 150 Í¨±²μ¢/¸) [1].

�·¥¤²μ¦¥´´ Ö · ´¥¥ ¨´Ëμ·³ Í¨μ´´μ-¨§³¥·¨É¥²Ó´ Ö ¸¨¸É¥³  ¤²Ö ±μ´É·μ²Ö É¥Ì´μ²μ-
£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ¡Ò²  ¶·¨³¥´¥´ , ±μ£¤  Ê¸±μ·¨É¥²Ó ‹“�-40 Ê¸É ´μ¢±¨ ˆ
�-30, § É¥³
¸¥±Í¨¨ Ê¸±μ·¨É¥²Ö ‹ˆ“-30 ¨ ‘‚—-¸É¥´¤ ‹“�-200 Ê¸É ´μ¢±¨ ˆ�…� μ¸´ Ð ²¨¸Ó μÉ¤¥²Ó-
´Ò³¨ ¸·¥¤¸É¢ ³¨ (± ´ ² ³¨) ¸¡μ·  ¤ ´´ÒÌ [2].

�·¥¤¸É ¢²¥´´ Ö ¸¨¸É¥³  · §¢¨¢ ¥É¸Ö ¤²Ö § ¤ Î ±μ´É·μ²Ö ¨³¶Ê²Ó¸´ÒÌ ¶ · ³¥É·μ¢ ±μ-
·μÉ±μ£μ Í¨±² ,   É ±¦¥ ¡Ò¸É·μ° § Ð¨ÉÒ ¨ μ¶¥· É¨¢´μ£μ Ê¶· ¢²¥´¨Ö (¸ μ¡· É´μ° ¸¢Ö§ÓÕ).
…¥ ³¨´¨³ ²Ó´ Ö ¸É·Ê±ÉÊ·  ¢±²ÕÎ ¥É £·Ê¶¶Ê (∼ 10) ± ´ ²μ¢, ±μÉμ·Ò¥ ¤μ²¦´Ò ¡ÒÉÓ μ¡-
¸²Ê¦¥´Ò §  ¢·¥³Ö Í¨±² . ‘Î¨ÉÒ¢ ¥³Ò¥ ¤ ´´Ò¥ ± ´ ²  ³μ£ÊÉ ¢±²ÕÎ ÉÓ £·Ê¶¶Ê (∼ 100)
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§´ Î¥´¨° ¶ · ³¥É·μ¢. “§¥² ¸¨¸É¥³Ò μ¡¥¸¶¥Î¨¢ ¥É ¸¨´Ì·μ´¨§ Í¨Õ (¸ Í¨±²μ³ Ê¸±μ·¥´¨Ö)
¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ μ¶¥· Í¨° ¶μ²ÊÎ¥´¨Ö ¤ ´´ÒÌ ¤²Ö £·Ê¶¶Ò § ¤ Î. ‚Ò¡μ· ¶·μÍ¥¤Ê·Ò
μ¶¥· Í¨° ¨ ¸É·Ê±ÉÊ·Ò (± ´ ²μ¢ ¨ μ¡Ð¥£μ Ê§² ) μ¡Ê¸²μ¢¨² Ì · ±É¥·¨¸É¨±¨ ¶·μ¨§¢μ¤¨-
É¥²Ó´μ¸É¨ ¨ ¨¸¶μ²Ó§μ¢ ´¨Ö μ¡μ·Ê¤μ¢ ´¨Ö ¶·¥¤¸É ¢²¥´´μ° ¸¨¸É¥³Ò.

1. ���–…„“�› ��…��–ˆ‰
ˆ ‘’�“Š’“�� Œ“‹œ’ˆ�‹…Š‘��‰ ‘ˆ‘’…Œ›

�μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ μ¸´μ¢´ÒÌ μ¶¥· Í¨° ¤²Ö § ¤ Î ¸¨¸É¥³Ò: ¨§³¥·¥´¨¥ (M), ¸Î¨ÉÒ-
¢ ´¨¥ ¨ ¸¡μ· ¤ ´´ÒÌ (D), μ¡³¥´ ¤ ´´Ò³¨ (E) ¸ μ¡· ¡μÉ±μ° (P) ¤²Ö ± ¦¤μ° § ¤ Î¨.
�·μÍ¥¤Ê·Ò μ¶¥· Í¨° ³Ê²ÓÉ¨¶²¥±¸´μ° ¸¨¸É¥³Ò · ¸¶·¥¤¥²¥´Ò ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ · §¢¨É¨¥³
¸É·Ê±ÉÊ·Ò ± ´ ²μ¢ (É¨¶  A, B ¨ C) ¨ ¨Ì Ê§²  (¸μμÉ¢¥É¸É¢¥´´μ, ¤²Ö μ¶¥· Í¨° P ¨ E, § É¥³
D ¨ ¤ ²¥¥ M). �·μÍ¥¤Ê·Ò μ¶¥· Í¨° ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ ¸É·Ê±ÉÊ·Ò · ¸¸³ É·¨¢ ²¨¸Ó,
¶·¥¦¤¥ ¢¸¥£μ, ¤²Ö ¸¨¸É¥³ É¨¶  A ¨ § É¥³ B [3].

� §¢¨É¨¥ ¨ μ¶É¨³¨§ Í¨Ö Ì · ±É¥·¨¸É¨± ³Ê²ÓÉ¨¶²¥±¸´μ° ¸¨¸É¥³Ò ¶·¨ ¸μ±· Ð¥´¨¨
¶¥·¨μ¤  Í¨±²μ¢ Ê¸±μ·¨É¥²Ö É ±¦¥ ¸¢Ö§ ´Ò ¸ Ê¸²μ¦´¥´¨¥³ Ê¸²μ¢¨° ¸¨´Ì·μ´¨§ Í¨¨ ¤²Ö
´μ¢ÒÌ § ¤ Î ¤¨ £´μ¸É¨±¨ ±μ·μÉ±μ£μ Í¨±² , ¡Ò¸É·μ° § Ð¨ÉÒ ¨ μ¶¥· É¨¢´μ£μ Ê¶· ¢²¥´¨Ö.

�·¨³¥´Ö¥³Ò¥ ·¥¦¨³Ò ¸¨´Ì·μ´¨§ Í¨¨ ¸¡μ·  ¤ ´´ÒÌ ¨ μ¡¸²Ê¦¨¢ ´¨Ö £·Ê¶¶Ò § ¤ Î
(¸ ¢μ§³μ¦´Ò³ μ¡· §μ¢ ´¨¥³ μÎ¥·¥¤¨) ¤ ²¥¥ μ¡μ¸´μ¢Ò¢ ÕÉ¸Ö ¸ ÊÎ¥Éμ³ μ¸´μ¢´ÒÌ Ì · ±-
É¥·¨¸É¨± ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ¸¨¸É¥³Ò (±μ²¨Î¥¸É¢  ¤ ´´ÒÌ ± ¦¤μ° § ¤ Î¨ ¨ Î¨¸²  § ¤ Î,
μ¡¸²Ê¦¥´´ÒÌ §  ¢·¥³Ö Í¨±² ,   É ±¦¥ ¸±μ·μ¸É¨ ¶μ²ÊÎ¥´¨Ö ¤ ´´ÒÌ ¨ ¢·¥³¥´¨ μ¡¸²Ê-
¦¨¢ ´¨Ö § ¤ Î). �¶É¨³¨§¨·Ê¥³Ò¥ Ì · ±É¥·¨¸É¨±¨ ± ´ ²μ¢ ¨ Ê§²  ±μμ·¤¨´¨·ÊÕÉ¸Ö (± ±
¶μ± § ´μ ¤ ²¥¥), ÎÉμ¡Ò ¸μ±· É¨ÉÓ ¨Ì ¢·¥³Ö μ¦¨¤ ´¨Ö (¶·μ¸ÉμÖ μ¡μ·Ê¤μ¢ ´¨Ö) ¶·¨ μ¡¸²Ê-
¦¨¢ ´¨¨ £·Ê¶¶Ò § ¤ Î ¸¨¸É¥³Ò.

2. ‘ˆ‘’…Œ� ‘���� „���›• „‹Ÿ ‡�„�— “���‚‹…�ˆŸ

ŒÊ²ÓÉ¨¶²¥±¸´ Ö ¸¨¸É¥³  ¸¨´Ì·μ´¨§¨·μ¢ ´´μ£μ ¸¡μ·  ¤ ´´ÒÌ ¤²Ö § ¤ Î Ê¶· ¢²¥´¨Ö,  
É ±¦¥ ±μ´É·μ²Ö Í¨±²  Ê¸±μ·¥´¨Ö ¨ § Ð¨ÉÒ (·¨¸. 1) ¶μ¸É·μ¥´  ´  μ¸´μ¢¥ ¸¨¸É¥³´μ£μ Ê§² .

‚ ¸μ¸É ¢ Ê§²  ¢±²ÕÎ¥´Ò ±μ´É·μ²²¥·Ò ¸¨´Ì·μ´¨§ Í¨¨ (TC) ¸ ¢Ìμ¤μ³ § ¶Ê¸±  (Start),
μ¡³¥´  ¤ ´´Ò³¨ (LE) ¸ ¢ÒÌμ¤μ³ Ê¶· ¢²¥´¨Ö (Control) ¨ § Ð¨ÉÒ (DB) ¸ ¥e ¢ÒÌμ¤μ³
(Protect).

Œμ¤Ê²¨ ¸¡μ·  ¤ ´´ÒÌ £·Ê¶¶ N ± ´ ²μ¢: ±μ´¢¥·É¥·Ò  ³¶²¨ÉÊ¤Ò (AC), § ¤¥·¦±¨ (DC)
¨ Ê·μ¢´Ö ¸¨£´ ²  (VC),   É ±¦¥ ³Ê²ÓÉ¨¶²¥±¸´Ò° ·¥£¨¸É· Éμ· (ML) ¸ ¢Ìμ¤ ³¨ ¸¨´Ì·μ´¨-
§ Í¨¨ (Sync).

Œμ¤Ê²¨ ± ´ ²μ¢ ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¸¡μ·  ¤ ´´ÒÌ: ³μ¤Ê²¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¢Ò-
¡μ·±¨ (SC) ¨ ·¥£¨¸É· Í¨¨ (SL) ¸¥·¨¨ ¨³¶Ê²Ó¸´ÒÌ ¶ · ³¥É·μ¢.

Œμ¤Ê²¨ ± ´ ²μ¢ ±μ´É·μ²Ö ¤¥¢¨ Í¨¨ £·Ê¶¶ ¤ ´´ÒÌ: ¨¤¥´É¨Ë¨± Éμ·Ò (DR) ¨ ·¥£¨¸É· -
Éμ· (DL) μÉ±²μ´¥´¨Ö ¶ · ³¥É·μ¢.

2.1. ‘¡μ· ¤ ´´ÒÌ £·Ê¶¶Ò ± ´ ²μ¢. ‘¡μ· ¤ ´´ÒÌ ¸¨´Ì·μ´¨§¨·μ¢ ´ ¸μ ¸É ·Éμ³ Í¨±² .
Œμ¤Ê²¨ ¢Ò¶μ²´ÖÕÉ ¢Ò¡μ·±Ê, ¶·¥μ¡· §μ¢ ´¨¥ ¨ ¸μÌ· ´¥´¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ¢Ìμ¤´ÒÌ
¨³¶Ê²Ó¸μ¢,   É ±¦¥ ¸¨£´ ²μ¢ ´¨§±μ£μ Ê·μ¢´Ö. ŒÊ²ÓÉ¨¶²¥±¸´Ò° ·¥£¨¸É· Éμ· μ¡¥¸¶¥Î¨¢ ¥É
¸Î¨ÉÒ¢ ´¨¥ ¨ ¸¡μ· ¤ ´´ÒÌ £·Ê¶¶ N ± ´ ²μ¢ (§  ¢·¥³Ö ¶μ·Ö¤±  1 ³¸) ¨ μ¡³¥´ ¤ ´´Ò³¨ ¸
Ê§²μ³ ¸¨¸É¥³ (¤²Ö ¤¨ £´μ¸É¨±¨ Í¨±²  ¨ ¶μ¸²¥¤ÊÕÐ¥£μ Ê¶· ¢²¥´¨Ö).



ŒÊ²ÓÉ¨¶²¥±¸´ Ö ¸¨¸É¥³  ¸¨´Ì·μ´¨§¨·μ¢ ´´μ£μ ¸¡μ·  ¤ ´´ÒÌ 955

�¨¸. 1. ‘¨¸É¥³  ¸¨´Ì·μ´¨§¨·μ¢ ´´μ£μ ¸¡μ·  ¤ ´´ÒÌ ¤²Ö § ¤ Î Ê¶· ¢²¥´¨Ö, ±μ´É·μ²Ö Í¨±²  Ê¸±μ-

·¥´¨Ö ¨ § Ð¨ÉÒ

2.2. �μ¸²¥¤μ¢ É¥²Ó´Ò° ¸¡μ· £·Ê¶¶Ò ¤ ´´ÒÌ. ‘¡μ· £·Ê¶¶Ò ¤ ´´ÒÌ ± ¦¤μ£μ ± ´ ² 
¸¨´Ì·μ´¨§¨·μ¢ ´ ¸ ´ Î ²μ³ Í¨±²  ¨ ¸¥·¨¥° ´ ´μ¸¥±Ê´¤´ÒÌ É ±Éμ¢. Œμ¤Ê²¨ ¢Ò¶μ²´ÖÕÉ
¶μ¸²¥¤μ¢ É¥²Ó´ÊÕ ¢Ò¡μ·±Ê §´ Î¥´¨°  ³¶²¨ÉÊ¤Ò ¨ Î¨¸²  É ±Éμ¢. ŒÊ²ÓÉ¨¶²¥±¸´ Ö ·¥£¨-
¸É· Í¨Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¤ ´´ÒÌ ¶·¨³¥´¨³  ¤²Ö ¤¨ £´μ¸É¨±¨ ¸¥·¨¨ ¶ · ³¥É·μ¢ ¨³-
¶Ê²Ó¸  (¥£μ Ëμ·³Ò) ¨ ·Ö¤  ¨³¶Ê²Ó¸μ¢ Í¨±² .

2.3. Šμ´É·μ²Ó ¤¥¢¨ Í¨¨ £·Ê¶¶ ¤ ´´ÒÌ. Œμ¤Ê²¨, μÉ¸²¥¦¨¢ ÕÐ¨¥ ¤¥¢¨ Í¨Õ ¤ ´´ÒÌ,
¢ ¸²ÊÎ ¥ ¨¤¥´É¨Ë¨± Í¨¨ ¨ ·¥£¨¸É· Í¨¨  ¢ ·¨°´μ£μ μÉ±²μ´¥´¨Ö ¶ · ³¥É·μ¢ Í¨±² , Ê¶· -
¢²ÖÕÉ ´¥¶μ¸·¥¤¸É¢¥´´μ ¡²μ±μ³ § Ð¨ÉÒ. �Éμ μ¡¥¸¶¥Î¨¢ ¥É ¡Ò¸É·ÊÕ ¡²μ±¨·μ¢±Ê Í¨±² 
¨ ¶μ¸²¥¤ÊÕÐ¥¥ ¨§³¥´¥´¨¥ ·¥¦¨³  · ¡μÉÒ. �¥£¨¸É·¨·Ê¥³Ò¥ ¤ ´´Ò¥ ¶¥·¥¤ ÕÉ¸Ö É ±¦¥ ¢
Ê§¥² ¸¨¸É¥³Ò (¤²Ö § ¤ Î ¶μ¸²¥¤ÊÕÐ¥° ¤¨ £´μ¸É¨±¨ ¨ Ê¶· ¢²¥´¨Ö).

3. •���Š’…�ˆ‘’ˆŠˆ ‘ˆ�•���ˆ‡ˆ��‚����ƒ� ‘���� „���›•

�¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ (N Å Î¨¸²μ ± ´ ²μ¢, μ¡¸²Ê¦¥´´ÒÌ §  ¢·¥³Ö Í¨±²  T , ¨
K Å ±μ²¨Î¥¸É¢μ ¤ ´´ÒÌ ± ´ ² , n Å ¸±μ·μ¸ÉÓ ¸Î¨ÉÒ¢ ´¨Ö ¤ ´´ÒÌ ¨ ¢·¥³Ö μ¦¨¤ ´¨Ö
¤²Ö ± ´ ²  ¨ Ê§² , ¨Ì Ë ±Éμ·Ò ¶·μ¸ÉμÖ P1, P2) μ¶·¥¤¥²¥´Ò ¤²Ö ¶·¨³¥´¨³ÒÌ ·¥¦¨³μ¢
¸Î¨ÉÒ¢ ´¨Ö.

3.1. ‘Î¨ÉÒ¢ ´¨¥ £·Ê¶¶Ò ¤ ´´ÒÌ. ‚·¥³Ö ¸Î¨ÉÒ¢ ´¨Ö t < T , ¨ Ë ±Éμ· m = t/T
μ£· ´¨Î¥´ (� 0,1). ‘±μ·μ¸ÉÓ ¸Î¨ÉÒ¢ ´¨Ö n1 � K/mT . „²Ö ± ´ ²  Ë ±Éμ· P1 = m,   ¤²Ö
Ê§²  P2 = (1 − m), ¨ ¥£μ §´ Î¥´¨¥ ¢¥²¨±μ. ‘²¥¤μ¢ É¥²Ó´μ, ÔÉμ μ¡μ·Ê¤μ¢ ´¨¥ ¨¸¶μ²Ó§Ê-
¥É¸Ö ´¥ÔËË¥±É¨¢´μ.

3.2. ‘Î¨ÉÒ¢ ´¨¥ ¤ ´´ÒÌ £·Ê¶¶Ò ± ´ ²μ¢. ‘±μ·μ¸ÉÓ n � n1N/A, £¤¥ A Å Î ¸ÉÓ
¶¥·¨μ¤  T ¤²Ö ¶μ¤£μÉμ¢±¨ ¤ ´´ÒÌ. …¸²¨ ¢·¥³Ö ¸Î¨ÉÒ¢ ´¨Ö t = mT , Éμ n � KN/mTA.
�É´μÏ¥´¨¥ μ¦¨¤ ´¨Ö ± ¶¥·¨μ¤Ê T ¤²Ö ± ´ ²  P1 � (N −1)m/N ,   ¤²Ö Ê§²  P2 = 1−mA
¨ μ¸É ¥É¸Ö §´ Î¨É¥²Ó´Ò³. �¡μ·Ê¤μ¢ ´¨¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¸ Ê³¥·¥´´μ° ÔËË¥±É¨¢´μ¸ÉÓÕ.
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3.3. �μ¸²¥¤μ¢ É¥²Ó´μ¥ ¸Î¨ÉÒ¢ ´¨¥ ¤ ´´ÒÌ. Š ´ ² ¸ ´μ³¥·μ³ i ¡Ê¤¥É μ¡¸²Ê¦¥´ (§ 
¢·¥³Ö t) ¸ § ¤¥·¦±μ° (i − 1)t. —¨¸²μ ± ´ ²μ¢, · ¡μÉ ÕÐ¨Ì μ¤´μ¢·¥³¥´´μ ¸ μ¡¸²Ê¦¨¢ -
´¨¥³: N � (T − t1)/(t2 + t3). ‡¤¥¸Ó t1 Å ¢·¥³Ö ¶μ¤£μÉμ¢±¨ ¸Î¨ÉÒ¢ ´¨Ö ¤²Ö £·Ê¶¶Ò ± ´ -
²μ¢,   t3 ¨ t2 Å ¶μ¤£μÉμ¢±¨ ¨ ¸Î¨ÉÒ¢ ´¨Ö ¤ ´´ÒÌ ± ´ ² . �·¨ Ê¸²μ¢¨¨ (t2 + t3) = mT ,
  t1 < T ¸±μ·μ¸ÉÓ n ¨³¥¥É Ê³¥·¥´´μ¥ §´ Î¥´¨¥ (∼ n1). „²Ö ± ´ ² , μ¦¨¤ ÕÐ¥£μ μ¡¸²Ê-
¦¨¢ ´¨Ö, Ë ±Éμ· P1, μ¶·¥¤¥²Ö¥³Ò° ± ± ∼ t3/T , ¡Ê¤¥É ³ ² ¶·¨ Ê¸²μ¢¨¨ t3 < Nt2. „²Ö
μ¡Ð¥£μ Ê§²  Ë ±Éμ· P2 = (t1 +Nt3)/T , ¨ ¶·¨ Ê¸²μ¢¨¨ t3 < t2 ¨ t2 = mT μ´ ´¥ ¶·¥¢Ò¸¨É
1 − Nm, ÎÉμ ³¥´ÓÏ¥, Î¥³ ¢ ¶·¥¤Ò¤ÊÐ¥³ ·¥¦¨³¥. �ÉμÉ ·¥¦¨³ ¡μ²¥¥ ÔËË¥±É¨¢¥´.

4. ��‘‹“†ˆ‚��ˆ… ‡�„�— ‘ˆ‘’…Œ›
��ˆ ����‡�‚��ˆˆ �—…�…„ˆ

�¡¸²Ê¦¨¢ ´¨¥ £·Ê¶¶Ò § ¤ Î ³μ¦¥É ¢Ò¶μ²´ÖÉÓ¸Ö ¸ μÎ¥·¥¤ÓÕ [4], ¥¸²¨ § ¶·μ¸ μÉ ± ´ ² 
¶μ¸ÉÊ¶¨É, ±μ£¤  Ê§¥² § ´ÖÉ μ¡¸²Ê¦¨¢ ´¨¥³ ¤·Ê£¨Ì § ¶·μ¸μ¢. �¦¨¤ ´¨¥ ± ´ ²  ¨ Ê§² 
(Ë ±Éμ·Ò ¨Ì ¶·μ¸ÉμÖ P1 ¨ P2) ¢ § ¢¨¸¨³μ¸É¨ μÉ Î¨¸²  ± ´ ²μ¢ N ¶μ± § ´μ ´  ·¨¸. 2.

ˆ¸¶μ²Ó§Ê¥³Ò¥ §¤¥¸Ó μ¡μ§´ Î¥´¨Ö: Ë ±Éμ· m Å μÉ´μÏ¥´¨¥ ¸·¥¤´¨Ì §´ Î¥´¨° ¢·¥³¥´¨
μ¡¸²Ê¦¨¢ ´¨Ö ± ¢·¥³¥´¨ ³¥¦¤Ê § ¶·μ¸ ³¨; k Å Î¨¸²μ ¶μÖ¢¨¢Ï¨Ì¸Ö § ¶·μ¸μ¢; P0 Å ¢¥-
·μÖÉ´μ¸ÉÓ Éμ£μ, ÎÉμ Ê§¥² ´¥ § ´ÖÉ μ¡¸²Ê¦¨¢ ´¨¥³. �·¨ § ¤ ´´μ³ Ê³¥´ÓÏ¥´¨¨ §´ Î¥´¨Ö
m (¤μ 0,1, 0,05 ¨ 0,025) μ¦¨¤ ´¨¥ ± ´ ²  ´¥ ¶·¥¢Ò¸¨É ¢·¥³¥´¨ μ¡¸²Ê¦¨¢ ´¨Ö ¤²Ö ¸μ-
μÉ¢¥É¸É¢¥´´μ ¡μ²ÓÏ¥£μ Î¨¸²  ± ´ ²μ¢ (∼ 8, 13 ¨ 21). �¦¨¤ ´¨¥ ± ´ ²  (¶·¨ m = 0,1)
¡Ê¤¥É ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥, ¥¸²¨ ¶μ¤±²ÕÎ¨ÉÓ ¢Éμ·μ° Ê§¥² (¤¨ £· ³³  1 ¡²¨§±  ± ¶μ-
§¨Í¨¨ ¤¨ £· ³³Ò 2, ¨ Î¨¸²μ N ∼ 20) ¨²¨ É·¥É¨° (¤¨ £· ³³Ò ¶μ± § ´Ò ÏÉ·¨Ìμ¢Ò³¨
²¨´¨Ö³¨). „¨ £· ³³Ò ¤¥³μ´¸É·¨·ÊÕÉ É ±¦¥ ÔËË¥±É¨¢´μ¸ÉÓ ·¥¦¨³μ¢ ³Ê²ÓÉ¨¶²¥±¸´μ°
¸¨¸É¥³Ò.

�  μ¸´μ¢¥ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ μ¶É¨³¨§¨·Ê¥³Ò¥ Ì · ±É¥·¨¸É¨±¨ ± ´ ²μ¢ ¨ Ê§² 
³Ê²ÓÉ¨¶²¥±¸´μ° ¸¨¸É¥³Ò ±μμ·¤¨´¨·ÊÕÉ¸Ö É ±, ÎÉμ¡Ò ¸μ±· É¨ÉÓ ¢·¥³Ö ¶μ²ÊÎ¥´¨Ö ¤ ´-
´ÒÌ (μ´μ ¸¨´Ì·μ´¨§¨·μ¢ ´μ ¸ Í¨±²μ³ Ê¸±μ·¥´¨Ö) ¨ ¢μ§³μ¦´Ò¥ § ¤¥·¦±¨ ¤²Ö £·Ê¶¶Ò
¥¥ § ¤ Î. �·¨ ¤ ²Ó´¥°Ï¥³ ¸μ±· Ð¥´¨¨ ¶¥·¨μ¤  Í¨±²μ¢ ¸É ´μ¢¨É¸Ö μ¸μ¡¥´´μ ¢ ¦´Ò³
· §¢¨É¨¥ ¨ μ¶É¨³¨§ Í¨Ö ¸¨¸É¥³Ò ¸¡μ·  ¤ ´´ÒÌ ¤²Ö § ¤ Î ±μ´É·μ²Ö Í¨±²  ¨ Ê¶· ¢²¥´¨Ö
Ê¸±μ·¨É¥²¥³.

�¨¸. 2. �¦¨¤ ´¨¥ ± ´ ²  ¨ Ê§²  (P1 ¨ P2): 1, 2 ¨ 3 Å ¶·¨ §´ Î¥´¨ÖÌ m ¤μ 0,1, 0,05 ¨ 0,025
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