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ƒÊ´¤μ·¨´ �.�. ¨ ¤·. P10-2007-94
�±¸¶·¥¸¸- ´ ²¨§ ¸¶¥±É·μ¢ ¢ ¶·¥Í¨§¨μ´´ÒÌ Ô±¸¶¥·¨³¥´É Ì

‚ ´¥±μÉμ·ÒÌ ¶·¥Í¨§¨μ´´ÒÌ Ô±¸¶¥·¨³¥´É Ì (¨¸¸²¥¤μ¢ ´¨¥ ¸¢μ°¸É¢ ¶μ²Ö·¨-
§μ¢ ´´ÒÌ Î ¸É¨Í ¨ ³¨Ï¥´¥°, ÔËË¥±Éμ¢ ´¥¸μÌ· ´¥´¨Ö Î¥É´μ¸É¨ ¨ ¤·.) ¢·¥³Ö
¨§³¥·¥´¨Ö ¸μ¸É ¢²Ö¥É ¤¥¸ÖÉ±¨ Î ¸μ¢, ¶·¨ ÔÉμ³ ¸ÊÐ¥¸É¢¥´´ÊÕ ·μ²Ó ¶·¨μ¡·¥É ¥É
ÊÎ¥É ¢μ§³μ¦´μ£μ ¤·¥°Ë  ¢μ ¢·¥³¥´¨ ¶ · ³¥É·μ¢ ·¥£¨¸É·¨·ÊÕÐ¥° ¸¨¸É¥³Ò. ‘ Í¥-
²ÓÕ · ´´¥£μ μ¡´ ·Ê¦¥´¨Ö ¸ÊÐ¥¸É¢¥´´ÒÌ ¨¸± ¦¥´¨° ·¥£¨¸É·¨·Ê¥³ÒÌ ¸¶¥±É·μ¢,
¨Ì Ë¨²ÓÉ· Í¨¨ ¨ ¨¸¸²¥¤μ¢ ´¨Ö ¸¶μ¸μ¡μ¢ ±μ··¥±Í¨¨ ·¥§Ê²ÓÉ Éμ¢ · §· ¡μÉ ´ 
¶·μ£· ³³  Ô±¸¶·¥¸¸- ´ ²¨§  ¤ ´´ÒÌ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
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Gundorin N.A. et al. P10-2007-94
An Express-Analysis of Spectra in Precision Experiments

Some precision experiments, such as research of polarized particles and targets,
parity violations, etc., use tens hours for measurements. In this case, signiˇcant
importance is drawn to an account of possible drift of registering system parameters
in time. The aim of early detection of signiˇcant distortions in registered spectra, of
their ˇltration and correction of results has been addressed to in development of the
data express-analysis program.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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‚‚…„…�ˆ…

‚ ´¥±μÉμ·ÒÌ ¶·¥Í¨§¨μ´´ÒÌ Ô±¸¶¥·¨³¥´É Ì (¨¸¸²¥¤μ¢ ´¨¥ ¸¢μ°¸É¢ ¶μ-
²Ö·¨§μ¢ ´´ÒÌ Î ¸É¨Í ¨ ³¨Ï¥´¥°, ÔËË¥±Éμ¢ ´¥¸μÌ· ´¥´¨Ö Î¥É´μ¸É¨ ¨ ¤·.)
¢·¥³Ö ¨§³¥·¥´¨Ö ¸μ¸É ¢²Ö¥É ¤¥¸ÖÉ±¨ Î ¸μ¢, ¶·¨ ÔÉμ³ ¸ÊÐ¥¸É¢¥´´ÊÕ ·μ²Ó ¶·¨-
μ¡·¥É ¥É ÊÎ¥É ¢μ§³μ¦´μ£μ ¤·¥°Ë  ¢μ ¢·¥³¥´¨ ¶ · ³¥É·μ¢ ·¥£¨¸É·¨·ÊÕÐ¥°
¸¨¸É¥³Ò. ‘ Í¥²ÓÕ · ´´¥£μ μ¡´ ·Ê¦¥´¨Ö ¸ÊÐ¥¸É¢¥´´ÒÌ ¨¸± ¦¥´¨° ·¥£¨¸É·¨-
·Ê¥³ÒÌ ¸¶¥±É·μ¢ ¨ Ë¨²ÓÉ· Í¨¨ ¸μ³´¨É¥²Ó´ÒÌ ¤ ´´ÒÌ · §· ¡μÉ ´  ²£μ·¨É³
Ô±¸¶·¥¸¸- ´ ²¨§  ¤ ´´ÒÌ. �  μ¸´μ¢¥ ÔÉμ£μ  ²£μ·¨É³  ´ ¶¨¸ ´Ò ¶·μ£· ³³Ò,
· ¡μÉ ÕÐ¨¥ ¢ ¸¨¸É¥³ Ì  ¢Éμ³ É¨§¨·μ¢ ´´μ£μ Ê¶· ¢²¥´¨Ö (‘�“) ¢ ·¥¦¨³¥
on-line, ¨ ¶·μ£· ³³   ´ ²¨§  ¸¶¥±É·μ¢ ¢ ·¥¦¨³¥ off-line.

1. �‹ƒ��ˆ’Œ ˆ ���ƒ��ŒŒ�›‰ Œ�„“‹œ �Š‘��…‘‘-���‹ˆ‡�

‚ ¸¶¥±É·μ³¥É·¨¨ É¨¶¨Î´μ° ¶· ±É¨±μ°, ¨¸¶μ²Ó§Ê¥³μ° ¤²Ö ¶μ²ÊÎ¥´¨Ö ¤ ´-
´ÒÌ ¸ ´Ê¦´μ° ¸É É¨¸É¨Î¥¸±μ° ÉμÎ´μ¸ÉÓÕ, Ö¢²Ö¥É¸Ö ¶μ¢Éμ·¥´¨¥ ¨§³¥·¥´¨°
μ¤´μ£μ É¨¶  (μ¡ÒÎ´μ · ¢´μ° ¶·μ¤μ²¦¨É¥²Ó´μ¸É¨) ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¨Ì ±μ´É·μ-
²¥³, Ë¨²ÓÉ· Í¨¥° ¨ ¸Ê³³¨·μ¢ ´¨¥³ ¤μ¸Éμ¢¥·´ÒÌ ¤ ´´ÒÌ. ‚ ¸²ÊÎ ¥ ¶μ¨¸± 
¶·μÖ¢²¥´¨Ö ´Ê¦´μ£μ ÔËË¥±É  ¶·¨ ¨§³¥´¥´¨¨ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ
É ± Ö ¶·μÍ¥¤Ê·  ¤μ¶μ²´Ö¥É¸Ö Î¥·¥¤μ¢ ´¨¥³ Ê¸²μ¢¨°, ¨ ¢μ§´¨± ÕÉ ¤¢  (¨²¨
¡μ²¥¥) ¸¶¨¸±  Î¥·¥¤ÊÕÐ¨Ì¸Ö ¨§³¥·¥´¨°, ¶μ¤²¥¦ Ð¨Ì ±μ´É·μ²Õ ¨ ¸Ê³³¨·μ-
¢ ´¨Õ ¤ ´´ÒÌ ¶μ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¸¶¨¸± ³.

„²Ö ¢Ò¶μ²´¥´¨Ö ±μ´É·μ²Ö ´  μ¸¨ ´μ³¥·μ¢ ± ´ ²μ¢ ¸¶¥±É·  ¢Ò¡¨· ÕÉ¸Ö
¨´É¥·¢ ²Ò (¶·μ¨§¢μ²Ó´μ¥ ±μ²¨Î¥¸É¢μ). „²Ö ± ¦¤μ£μ ¸¶¥±É· , ¶μ²ÊÎ¥´´μ£μ ¢
μÎ¥·¥¤´μ³ i-³ ¨§³¥·¥´¨¨, ¢ÒÎ¨¸²Ö¥É¸Ö ¸Ê³³  Si,j μÉ¸Î¥Éμ¢ ¢ ± ´ ² Ì, ¶·¨-
´ ¤²¥¦ Ð¨Ì j-³Ê ¨´É¥·¢ ²Ê. ‚ÒÎ¨¸²ÖÕÉ¸Ö μÉ´μÏ¥´¨Ö

Lt = m∗Si,j/S0,j , St = m∗Si,j/Si−1,j, M = m∗J∗Si,j/Ss,j.

‡¤¥¸Ó Ss,j Å ¸Ê³³  ¸¶¥±É·μ¢, ¶μ²ÊÎ¥´´ÒÌ ¢ J ¨§³¥·¥´¨ÖÌ, m Å ´μ·-
³¨·μ¢μÎ´Ò° ±μÔËË¨Í¨¥´É. 	É´μÏ¥´¨¥ Lt Ì · ±É¥·¨§Ê¥É ®¤μ²£μ¢·¥³¥´´ÊÕ¯
¸É ¡¨²Ó´μ¸ÉÓ Ê¸²μ¢¨° ¨§³¥·¥´¨Ö, St Å ®±· É±μ¢·¥³¥´´ÊÕ¯, M Ì · ±É¥·¨-
§Ê¥É ¸μ¢³¥¸É¨³μ¸ÉÓ ¤ ´´μ£μ ¨§³¥·¥´¨Ö ¸ ¸Ê³³ ·´Ò³ ¸¶¥±É·μ³. ‚ÒÎ¨¸²¥´¨Ö
¢Ò¶μ²´ÖÕÉ¸Ö ¤²Ö ¢¸¥Ì § ¤ ´´ÒÌ ¨´É¥·¢ ²μ¢.
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„ ´´Ò°  ²£μ·¨É³ ¨¸¶μ²Ó§Ê¥É¸Ö ¢  ¢Éμ³ É¨Î¥¸±¨ · ¡μÉ ÕÐ¥³ ¶·μ£· ³³-
´μ³ ³μ¤Ê²¥, ±μÉμ·Ò° ³μ¦¥É ¡ÒÉÓ ¢±²ÕÎ¥´ ¢ ‘�“ ¨ · ¡μÉ ÉÓ ¢ ·¥¦¨³¥ on-line.
‚ ¸²ÊÎ ¥, ±μ£¤  ¢¥²¨Î¨´ 

|Lt − Lt−1| ¨²¨ |St − St−1| > k∗σ,

£¤¥ σ Å ¸É ´¤ ·É´ Ö μÏ¨¡± , k Å § ¤ ¥É¸Ö ¶μ²Ó§μ¢ É¥²¥³, ¢Ò· ¡ ÉÒ¢ ¥É¸Ö
¶·¥¤Ê¶·¥¦¤ ÕÐ¨° ¸¨£´ ² (¸μ¡ÒÉ¨¥). �μ ÔÉμ³Ê ¸¨£´ ²Ê μ·£ ´¨§Ê¥É¸Ö μ¡· É´ Ö
¸¢Ö§Ó ¸ ¶μ¤¸¨¸É¥³μ° ·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ. ’¨¶¨Î´ Ö ¶·¥¤Ê¸³μÉ·¥´´ Ö ·¥ ±-
Í¨Ö ´  ¤ ´´μ¥ ¸μ¡ÒÉ¨¥ Å ¨§³¥´¥´¨¥ ± É ²μ£  ¤²Ö ¸μÌ· ´¥´¨Ö ¸μ³´¨É¥²Ó´ÒÌ
¤ ´´ÒÌ ¨ ¢Ò¤ Î  ¶·¥¤Ê¶·¥¦¤ ÕÐ¥£μ ¸μμ¡Ð¥´¨Ö ¡¥§ μ¸É ´μ¢±¨ · ¡μÉÒ ‘�“.

„ ´´Ò° ¶·μ¸Éμ°  ²£μ·¨É³ ¶μ§¢μ²Ö¥É ¤²Ö ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¸¥·¨° ¨§³¥-
·¥´¨° μ¡´ ·Ê¦¨ÉÓ ¨§³¥´¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ¤¥É¥±Éμ· , Ê·μ¢´Ö Ëμ´ , Í¥´Ò
¤¥²¥´¨Ö Ï± ²Ò Ô´¥·£¨¨, ¢ÒÌμ¤ ±μ´É·μ²¨·Ê¥³ÒÌ ¶ · ³¥É·μ¢ §  £· ´¨ÍÒ ¤μ-
¶Ê¸É¨³ÒÌ §´ Î¥´¨° ¨ ¤·Ê£¨¥ ÔËË¥±ÉÒ.

Œμ¤Ê²Ó ¢Ò¶μ²´¥´ ¢ § £·Ê¦ ¥³μ³ (.exe) Ëμ·³ É¥ ¨ ¶·¥¤´ §´ Î¥´ ¤²Ö ¨¸-
¶μ²Ó§μ¢ ´¨Ö ¢ ¶μ¤¸¨¸É¥³¥ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ [1]. ‹Õ¡ Ö ‘�“ ³μ¦¥É ¨¸¶μ²Ó-
§μ¢ ÉÓ ¥£μ ± ± ¸¥·¢¥· ¸ ´μ³¥·μ³ ¶μ·É  4000. 	¡³¥´ ¶ · ³¥É· ³¨ (§´ Î¥´¨¥
k, ¸¶¨¸μ± ¨´É¥·¢ ²μ¢, ´ §¢ ´¨¥ Ë °² ) ¨ ¶μ²ÊÎ¥´¨¥ ·¥§Ê²ÓÉ É  ±μ´É·μ²Ö ¢Ò-
¶μ²´ÖÕÉ¸Ö ¶μ ¶·μÉμ±μ²Ê TCP/IP. ‚ ¶·μÍ¥¸¸¥ · ¡μÉÒ ³μ¤Ê²¥³ Ëμ·³¨·Ê¥É¸Ö
¶·μÉμ±μ² ±μ´É·μ²Ö ¸ ¤ ´´Ò³¨ ¤²Ö ± ¦¤μ£μ Ë °² .

2. ˆ�’…�”…‰‘ ��‹œ‡�‚�’…‹Ÿ „ˆ�‹�ƒ�‚�‰ ���ƒ��ŒŒ›
Š��’��‹Ÿ

�μ¸²¥ § ¢¥·Ï¥´¨Ö Ô±¸¶¥·¨³¥´É , ¢ ¸²ÊÎ ¥ ´ ²¨Î¨Ö ¶·¥¤Ê¶·¥¦¤¥´¨° ³μ-
¤Ê²Ö Ô±¸¶·¥¸¸- ´ ²¨§ , ¢μ§´¨± ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¡μ²¥¥ ÉÐ É¥²Ó´μ£μ  ´ ²¨§ 
¤ ´´ÒÌ. �¥μ¡Ìμ¤¨³μ¸ÉÓ ¤μ¶μ²´¨É¥²Ó´μ£μ  ´ ²¨§  ¤μ¸Éμ¢¥·´μ¸É¨ ¤ ´´ÒÌ ³μ-
¦¥É ¶μÖ¢¨ÉÓ¸Ö ¨ ¢ ¸¢Ö§¨ ¸ ¢μ¶·μ¸ ³¨, ¢μ§´¨±Ï¨³¨ ¶μ¸²¥ Ê£²Ê¡²¥´´μ° ³ É¥³ -
É¨Î¥¸±μ° μ¡· ¡μÉ±¨ ¤ ´´ÒÌ. „²Ö ¤¥É ²Ó´μ£μ  ´ ²¨§  ¶·¨Î¨´Ò ¶·¥¤Ê¶·¥¦¤ -
ÕÐ¥£μ ¸μμ¡Ð¥´¨Ö, ¢Ò· ¡μÉ ´´μ£μ ³μ¤Ê²¥³ Ô±¸¶·¥¸¸- ´ ²¨§ , ¨ ¨¸¸²¥¤μ¢ ´¨Ö
¸¶μ¸μ¡μ¢ ±μ··¥±Í¨¨ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ · §· ¡μÉ ´  ¸¶¥Í¨ ²Ó-
´ Ö ¶·μ£· ³³  EA, ±μÉμ· Ö ¶μ§¢μ²Ö¥É ¢ ·¥¦¨³¥ off-line ¶μ¢Éμ·¨ÉÓ  ´ ²¨§ ¶·¨
¤·Ê£¨Ì ¶ · ³¥É· Ì ±μ´É·μ²Ö. ‚ ¤ ´´μ³ · §¤¥²¥ μ¶¨¸Ò¢ ¥É¸Ö ÔÉ  ¶·μ£· ³³ .

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´ ¨´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¶·μ£· ³³Ò EA, ¶μ§¢μ²Ö-
ÕÐ¨° ¢Ò¶μ²´¨ÉÓ  ´ ²¨§ μ¤´μ£μ ¨²¨ ¤¢ÊÌ ( ¸¸μÍ¨¨·μ¢ ´´ÒÌ) ¸¶¨¸±μ¢ Ë °²μ¢
¤ ´´ÒÌ.

�·¥¤¸É ¢²¥´´Ò° ¨´É¥·Ë¥°¸ ¶μ§¢μ²Ö¥É § ¤ ÉÓ ¨´É¥·¢ ²Ò ±μ´É·μ²Ö ¨ ¶·¥-
¤¥²Ó´μ ¤μ¶Ê¸É¨³ÊÕ ¶μ£·¥Ï´μ¸ÉÓ μÉ´μÏ¥´¨° k. �¥§Ê²ÓÉ ÉÒ ±μ´É·μ²Ö ¶·¥¤¸É -
¢²ÖÕÉ¸Ö ¢ · §²¨Î´ÒÌ Ëμ·³ É Ì, ¤²Ö ± ¦¤μ£μ Ë °²  Å μÉ¤¥²Ó´ Ö ¸É·μ± . �·μ-
£· ³³  ¶μ§¢μ²Ö¥É ³ ´¨¶Ê²¨·μ¢ ÉÓ Ë °² ³¨ μÉ¤¥²Ó´ÒÌ ¨§³¥·¥´¨°, ¸Ê³³ ³¨,
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�¨¸. 1. ˆ´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¶·μ£· ³³Ò EA

�¨¸. 2. 	±´μ ¢¨§Ê ²¨§ Í¨¨ £· Ë¨±μ¢ ¶·μ£· ³³Ò EA
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·¥¤ ±É¨·μ¢ ÉÓ (¸¨´Ì·μ´¨§¨·μ¢ ÉÓ) ¸μ¤¥·¦ ´¨¥  ¸¸μÍ¨¨·μ¢ ´´μ£μ ¸¶¨¸±  Ë °-
²μ¢, ¶·¥¤¸É ¢²ÖÉÓ ¤²Ö ¢¨§Ê ²Ó´μ£μ ±μ´É·μ²Ö · §²¨Î´Ò¥ ¸μÎ¥É ´¨Ö Ë °²μ¢.

	±´μ ¶·μ£· ³³Ò ¢¨§Ê ²¨§ Í¨¨ ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 2. ‚ ²¥¢μ° Î ¸É¨
μ±´  ¶μ³¥Ð¥´Ò Ê¶· ¢²ÖÕÐ¨¥ Ô²¥³¥´ÉÒ, ±μÉμ·Ò¥ ¶μ§¢μ²ÖÕÉ ¡Ò¸É·μ ¸±μ³¶μ-
´μ¢ ÉÓ ¢ ¶μ²¥ £· Ë¨±  ´Ê¦´Ò° ¸μ¸É ¢ ¸¶¥±É·μ¢ ¤²Ö ¢¨§Ê ²Ó´μ£μ ±μ´É·μ²Ö,
¢Ò¶μ²´¨ÉÓ ´ ¤ ´¨³¨  ·¨Ë³¥É¨Î¥¸±¨¥ μ¶¥· Í¨¨ ¨ μ¶¥· Í¨¨ ³ ¸ÏÉ ¡¨·μ¢ -
´¨Ö.

�μ³¨³μ μ¶¥· Í¨° ±μ´É·μ²Ö ¸É ¡¨²Ó´μ¸É¨ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨ ¢ ¶·μ-
£· ³³Ê EA ¢±²ÕÎ¥´  ¢μ§³μ¦´μ¸ÉÓ ¢Ò¶μ²´¥´¨Ö ´ ¤ ¸¶¥±É· ³¨  ·¨Ë³¥É¨Î¥-
¸±¨Ì μ¶¥· Í¨° ¨ μ¶¥· Í¨¨ ¸£² ¦¨¢ ´¨Ö.

3. �‹ƒ��ˆ’Œ ‘ƒ‹�†ˆ‚��ˆŸ

„²Ö μ¡· ¡μÉ±¨ ¤ ´´ÒÌ ¨¸¶μ²Ó§Ê¥É¸Ö  ²£μ·¨É³ ²μ± ²Ó´μ-μ¶É¨³ ²Ó´μ£μ
¸£² ¦¨¢ ´¨Ö ¨  ¶¶·μ±¸¨³ Í¨¨ ±Ê¸μÎ´μ-±Ê¡¨Î¥¸±¨³¨ ¸¥£³¥´É ³¨ (Sk) ¸  ¢Éμ-
³ É¨Î¥¸±¨³ ¢Ò¡μ·μ³ Ê§²μ¢ [2]. ‚ ÔÉμ³  ²£μ·¨É³¥ Î¨¸²μ ¢´ÊÉ·¥´´¨Ì

�¨¸. 3.

Ê§²μ¢ ¨ ¨Ì · ¸¶μ²μ¦¥´¨¥ ´  ¶μ-
¤Ò´É¥·¢ ² Ì μ¶·¥¤¥²ÖÕÉ¸Ö ¢ ·¥-
¦¨³¥  ¢Éμ³ É¨Î¥¸±μ£μ ¸²¥¦¥´¨Ö
´  μ¸´μ¢¥ Œ�Š-μÍ¥´±¨ ¶ · ³¥-
É·μ¢ ³μ¤¥²¨ ¨ ¶μ¸ÉμÖ´¸É¢  É·¥ÉÓ¥°
¶·μ¨§¢μ¤´μ° ±Ê¡¨Î¥¸±μ£μ ¸¥£³¥´É 

(S(3)
k = const).

Œμ¤¥²Ó S(τ ; r, α, β, θ) ±Ê¡¨Î¥-
¸±μ£μ ¸¥£³¥´É  ¶μ²ÊÎ¥´  ¶ÊÉ¥³ ¶ -
· ³¥É·¨§ Í¨¨ Ê· ¢´¥´¨Ö y = a0 +
a1x + a2x

2 + a3x
3 É·¥³Ö Ë¨±-

¸¨·μ¢ ´´Ò³¨ ¶ · ³¥É· ³¨ (·¥¶¥·-
´Ò³¨ ÉμÎ± ³¨ ´  ±·¨¢μ° f (r =
[rα, rβ , r0]T , r∗ = f∗)), μ¤´¨³ ¸¢μ-
¡μ¤´Ò³ ¶ · ³¥É·μ³ (θ = S(3)/6,
θ ≡ a3) ¨ ¤¢Ê³Ö Ê¶· ¢²ÖÕÐ¨³¨ ´¥-

¶·¥·Ò¢´Ò³¨ ¶ · ³¥É· ³¨ (α, β) (·¨¸. 3). ‡´ Î¥´¨¥ É¥±ÊÐ¥° ÉμÎ±¨ S(τ) ¢Ò-
· ¦ ¥É¸Ö ¸Ê³³μ° ¤¢ÊÌ ¶ · ¡μ² Å ±¢ ¤· É¨Î´μ°, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ ·¥¶¥·-
´Ò¥ ÉμÎ±¨ (Π(τ) = (r,d)) ¨ ±Ê¡¨Î¥¸±μ° Å Q(τ) = τ(τ − α)(τ − β) ¢ ¢¨¤¥
S = Π + θQ, £¤¥ θ Å ´¥¨§¢¥¸É´Ò° ¸¢μ¡μ¤´Ò° ¶ · ³¥É·. ‚¥¸μ¢Ò¥ ¨²¨ ¡ §¨¸-
´Ò¥ ËÊ´±Í¨¨ d = [d1, d2, d3]T μ¶·¥¤¥²ÖÕÉ¸Ö ¶μ  ¡¸Í¨¸¸ ³ Î¥ÉÒ·¥Ì ÉμÎ¥± Å
É·¥Ì ·¥¶¥·´ÒÌ ¨ μ¤´μ° É¥±ÊÐ¥° Å ¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ±¢ ¤· É¨Î´Ò¥ ¶ -
· ¡μ²Ò μÉ´μ¸¨É¥²Ó´μ τ ¨ ¤·μ¡´μ-· Í¨μ´ ²Ó´Ò¥ ËÊ´±Í¨¨ μÉ´μ¸¨É¥²Ó´μ α ¨
β. ˆ¸¶μ²Ó§ÊÖ ±·¨É¥·¨° Œ�Š ¨ ²¨´¥°´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¶μ ¶ · ³¥É·Ê θ, μ¶É¨-
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³ ²Ó´ÊÕ μÍ¥´±Ê θ ³μ¦´μ ¢ÒÎ¨¸²ÖÉÓ ¶μ ·¥±Ê··¥´É´μ° Ëμ·³Ê²¥:

θn = θn−1 + Kn

[
f̃n − Π̃n − θn−1Qn

]
, θ0 = 0, n = 1, 2, ...,

£¤¥ Kn(τn, α, βn) = Qn/
∑n

k=1 Q2
k Å ±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö,   f̃n = fn + en,

en ∼ N(0, σ2) Å μÏ¨¡± .

�¨¸. 4.

’ ± ± ± ¸±μ·μ¸ÉÓ Ê¡Ò¢ -
´¨Ö ±μÔËË¨Í¨¥´É  Kn ¸μ-
¸É ¢²Ö¥É ¶μ·Ö¤μ±, ¡²¨§±¨°
± O(n−3) (·¨¸. 4, ²μ£ ·¨Ë-
³¨Î¥¸± Ö Ï± ²  ¶μ μ¡¥¨³
μ¸Ö³), Éμ ¶·μÍ¥¤Ê·  ¢ÒÎ¨-
¸²¥´¨Ö μÍ¥´±¨ θ Ê¸Éμ°Î¨¢ 
± μÏ¨¡± ³ en. �Éμ ¶μ§¢μ-
²Ö¥É μ¸ÊÐ¥¸É¢²ÖÉÓ ¸²¥¦¥´¨¥
¢ ¤¨´ ³¨Î¥¸±μ³ ·¥¦¨³¥ ¨
É¥³ ¸ ³Ò³ ´ Ìμ¤¨ÉÓ Ê§²Ò
¶μ¤Ò´É¥·¢ ²μ¢, ´  ±μÉμ·ÒÌ
±·¨¢ Ö ¶·¨¡²¨¦ ¥É¸Ö ±Ê¡¨-
Î¥¸±¨³¨ ¸¥£³¥´É ³¨. •μÉÖ Ê¸²μ¢¨Ö £² ¤±μ¸É¨ ¶μ ¶·μ¨§¢μ¤´Ò³ ¢ Ê§² Ì ¸´¨³ -
ÕÉ¸Ö, ÔÉμÉ ´¥¤μ¸É Éμ± ²¥£±μ Ê¸É· ´Ö¥É¸Ö ¸É ´¤ ·É´μ° ¶·μÍ¥¤Ê·μ° ¶μ¸É·μ¥´¨Ö
±Ê¡¨Î¥¸±μ£μ ¸¶² °´  ´  μ¸´μ¢¥ ´ °¤¥´´ÒÌ ¶·¨ É ±μ³ ¸²¥¦¥´¨¨ Ê§²μ¢.

‡�Š‹�—…�ˆ…

�·μ£· ³³Ò · §· ¡μÉ ´Ò ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ¸¨¸É¥³¥ Ê¶· ¢²¥´¨Ö ¨ μ¡-
· ¡μÉ±¨ ¤ ´´ÒÌ ¸¶¥±É·μ³¥É·μ¢ Š	‹•ˆ„�, COCOS. 	É¤¥²Ó´Ò¥  ²£μ·¨É³Ò
±μ´É·μ²Ö ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¢ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´É Ì ¸ 1980 £. [3Ä5].

Œμ¤Ê²Ó  ¢Éμ³ É¨Î¥¸±μ£μ ±μ´É·μ²Ö ¤ ´´ÒÌ ¨¸¶μ²Ó§Ê¥É¸Ö É ±¦¥ ¢ § ¤ Î Ì
³μ´¨Éμ·¨´£  (´ ¶·¨³¥·, ¢ ¸¨¸É¥³ Ì · ¤¨ Í¨μ´´μ£μ ±μ´É·μ²Ö) ¤²Ö μ¡´ ·Ê¦¥-
´¨Ö ¢ÒÌμ¤  ±μ´É·μ²¨·Ê¥³ÒÌ ¶ · ³¥É·μ¢ §  £· ´¨ÍÒ ¤μ¶Ê¸É¨³ÒÌ §´ Î¥´¨°.
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