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Šμμ·¤¨´ É´ Ö ÉμÎ´μ¸ÉÓ ³¨´¨-¤·¥°Ëμ¢ÒÌ É·Ê¡μ±
¶·¨ ·¥£¨¸É· Í¨¨ ´ ¢¥¤¥´´μ£μ ¸¨£´ ² 

ˆ§³¥·¥´  ±μμ·¤¨´ É´ Ö ÉμÎ´μ¸ÉÓ ³¨´¨-¤·¥°Ëμ¢ÒÌ É·Ê¡μ± ¶·¨ ·¥£¨¸É· Í¨¨
¸¨£´ ² , ´ ¢¥¤¥´´μ£μ ´  ¢´¥Ï´¨¥ Ô²¥±É·μ¤Ò. Šμμ·¤¨´ É  Î ¸É¨ÍÒ μ¶·¥¤¥²Ö² ¸Ó
¶·¨ ¶μ³μÐ¨ Ô²¥±É·μ¤μ¢ (¸É·¨¶μ¢ Ï¨·¨´μ° 1 ¸³), · ¸¶μ²μ¦¥´´ÒÌ ¶¥·¶¥´¤¨±Ê-
²Ö·´μ ´ ¶· ¢²¥´¨Õ  ´μ¤´ÒÌ ¶·μ¢μ²μ±. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Î¥ÉÒ·¥Ì ¸²μ¥¢ É·Ê¡μ±
¶μ²ÊÎ¥´  ¸·¥¤´¥±¢ ¤· É¨Î´ Ö ±μμ·¤¨´ É´ Ö ÉμÎ´μ¸ÉÓ μ±μ²μ 0,4 ³³.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
�ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Abazov V.M. et al. P13-2009-173
The Spatial Accuracy of Mini-Drift Tubes by Detecting
the Induced Signals

The coordinate accuracy of the mini-drift tubes determined by detection of the
signals induced on the outer electrodes has been investigated. The particle coordinate
was found using the 1-cm-wide strips placed orthogonally to the anode wires. The
space accuracy of about 0.4 mm (r.m.s.) was achieved with four tube layers.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2009



‚‚…„…�ˆ…

ˆ§³¥·¥´¨¥ ¸¨£´ ²μ¢, ´ ¢¥¤¥´´ÒÌ ´  ± Éμ¤´ÒÌ ¸É·¨¶ Ì ¢ ¶·μ¢μ²μÎ´μ° ± -
³¥·¥, ¶μ§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ ¢Éμ·ÊÕ ±μμ·¤¨´ ÉÊ Î ¸É¨ÍÒ ¢¤μ²Ó  ´μ¤´μ° ¶·μ-
¢μ²μ±¨ ¸ ÉμÎ´μ¸ÉÓÕ, ´ ³´μ£μ ¶·¥¢ÒÏ ÕÐ¥° Ï¨·¨´Ê ¸É·¨¶μ¢ [1]. „ ´´μ¥
¸¢μ°¸É¢μ ¨¸¶μ²Ó§Ê¥É¸Ö ¢μ ³´μ£¨Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´μ¢± Ì.

�² ¸É¨±μ¢Ò¥ ¸É·¨³¥·´Ò¥ É·Ê¡±¨, ¨§¢¥¸É´Ò¥ ± ± É·Ê¡±¨ ˆ ·μÎÎ¨ [2],
É ±¦¥ ¶μ§¢μ²ÖÕÉ ¸Î¨ÉÒ¢ ÉÓ ¢Éμ·ÊÕ ±μμ·¤¨´ ÉÊ ¸ ¤¥É¥±Éμ·  §  ¸Î¥É ¸¨£´ -
²μ¢, ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ´  ¢´¥Ï´¨¥ Ô²¥±É·μ¤Ò Î¥·¥§ ·¥§¨¸É¨¢´Ò° ± Éμ¤. 
Éμ
μÉ²¨Î ¥É ¤ ´´Ò° ³¥Éμ¤ μÉ É· ¤¨Í¨μ´´μ£μ ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ·³ Í¨¨ ¸μ ¸É·¨-
¶μ¢, Ö¢²ÖÕÐ¨Ì¸Ö ¸¥£³¥´É¨·μ¢ ´´Ò³¨ ± Éμ¤ ³¨.

‚ ‹Ÿ� �ˆŸˆ ¢ · ³± Ì ¸μÉ·Ê¤´¨Î¥¸É¢  ¸ ‹ ¡μ· Éμ·¨¥° ¨³. 
.”¥·³¨
(‘˜�) ¨ ¸ –…�� ¡Ò² · §· ¡μÉ ´ ³μ¤¨Ë¨Í¨·μ¢ ´´Ò° ¢ ·¨ ´É É·Ê¡μ± ˆ -
·μÎÎ¨ Å ³¨´¨-¤·¥°Ëμ¢Ò¥ É·Ê¡±¨ (Œ„’) [3, 4]. ‚ μÉ²¨Î¨¥ μÉ ¶² ¸É¨±μ¢ÒÌ
É·Ê¡μ± μ¸´μ¢Ê Œ„’ ¸μ¸É ¢²ÖÕÉ  ²Õ³¨´¨¥¢Ò¥ ¶·μË¨²¨. Š·μ³¥ Éμ£μ, ¢ Œ„’
Ê¸É ´μ¢²¥´Ò ± Éμ¤´Ò¥ ±·ÒÏ±¨ ¨§ Éμ´±¨Ì ²¨¸Éμ¢ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨, ±μÉμ-
·Ò¥ ¢³¥¸É¥ ¸ ¶·μË¨²Ö³¨ Ëμ·³¨·ÊÕÉ ÖÎ¥°±¨ ±¢ ¤· É´μ£μ ¸¥Î¥´¨Ö. „ ´´Ò¥
É·Ê¡±¨, ¤ ÕÐ¨¥ μ¤´Ê ±μμ·¤¨´ ÉÊ ¶·¨ ·¥£¨¸É· Í¨¨ ¸¨£´ ²   ´μ¤´μ° ¶·μ¢μ-
²μ±¨, Ê¸¶¥Ï´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì D0 [5] ¢ ‹ ¡μ· Éμ·¨¨
¨³. 
.”¥·³¨ (‘˜�) ¨ COMPASS [6] ¢ –…��.

‚ ´μ¢μ³ Ô±¸¶¥·¨³¥´É¥ PANDA [7], ¶² ´¨·Ê¥³μ³ ´  ¡Ê¤ÊÐ¥³ Ê¸±μ·¨É¥²Ó-
´μ³ ±μ³¶²¥±¸¥ FAIR („ ·³ÏÉ ¤É, ƒ¥·³ ´¨Ö), Œ„’ ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó-
§μ¢ ÉÓ ¢ ³Õμ´´μ° ¸¨¸É¥³¥. �¢Éμ· ³¨ ¶·¥¤²μ¦¥´μ μ¤´μ¢·¥³¥´´μ ¨§³¥·ÖÉÓ
¤¢¥ ±μμ·¤¨´ ÉÒ ¸ ± ¦¤μ° Œ„’, ·¥£¨¸É·¨·ÊÖ ± ± ¸¨£´ ²Ò ¸  ´μ¤´ÒÌ ¶·μ¢μ-
²μÎ¥±, É ± ¨ ¸¨£´ ²Ò, ¨´¤ÊÍ¨·μ¢ ´´Ò¥ ´  ¢´¥Ï´¨¥ Ô²¥±É·μ¤Ò. „²Ö ÔÉμ£μ ¢
Œ„’ ¡Ò²¨ Ê¤ ²¥´Ò ± Éμ¤´Ò¥ ±·ÒÏ±¨ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö
Ô²¥±É·¨Î¥¸±μ° ¶·μ§· Î´μ¸É¨ ¸¨¸É¥³Ò, ¨ Ê¸É ´μ¢²¥´Ò ¶μ²μ¸±μ¢Ò¥ Ô²¥±É·μ¤Ò
(¸É·¨¶Ò) ¸´ ·Ê¦¨ Œ„’. �μ¶¥·¥Î´Ò° · §·¥§ É ±μ° ±μ´¸É·Ê±Í¨¨ Œ„’, ´ §¢ ´-
´μ° ´ ³¨ Œ„’ ¸ μÉ±·ÒÉμ° £¥μ³¥É·¨¥° ± Éμ¤ , ¨²¨ Œ„’ ¸ μÉ±·ÒÉÒ³ ± Éμ¤μ³,
¶μ± § ´ ´  ·¨¸. 1. ‘É¥´±¨  ²Õ³¨´¨¥¢μ£μ ¶·μË¨²Ö ¨³¥ÕÉ Éμ²Ð¨´Ê 0,6 ³³,
· ¸¸ÉμÖ´¨¥ ³¥¦¤Ê Í¥´É· ³¨ ÖÎ¥¥± · ¢´μ 10 ³³. �´μ¤ ¢Ò¶μ²´¥´ ¨§ §μ²μÎ¥´μ°
¢μ²ÓË· ³μ¢μ° ¶·μ¢μ²μÎ±¨ ¤¨ ³¥É·μ³ 50 ³±³, ´ ÉÖ´ÊÉμ° ¸ ¸¨²μ° 200 £. ‚μ
¢¸¥Ì ÖÎ¥°± Ì Î¥·¥§ ± ¦¤Ò¥ 50Ä70 ¸³ ¶μ ¤²¨´¥ Ê¸É ´μ¢²¥´Ò ¶² ¸É³ ¸¸μ¢Ò¥
¶μ¤¤¥·¦±¨, Ë¨±¸¨·ÊÕÐ¨¥ ¶·μ¸É· ´¸É¢¥´´μ¥ ¶μ²μ¦¥´¨¥ ¶·μ¢μ²μÎ¥± ¨ μ¡¥¸-
¶¥Î¨¢ ÕÐ¨¥ Ô²¥±É·μ¸É É¨Î¥¸±ÊÕ ¸É ¡¨²Ó´μ¸ÉÓ ¸¨¸É¥³Ò. ‘´ ·Ê¦¨ Œ„’, ¸μ
¸Éμ·μ´Ò μÉ±·ÒÉμ° Î ¸É¨  ²Õ³¨´¨¥¢μ£μ ¶·μË¨²Ö, Ê¸É ´ ¢²¨¢ ¥É¸Ö ¶²μ¸±μ¸ÉÓ
¸μ ¸É·¨¶ ³¨, ´ ¶· ¢²¥´´Ò³¨ ¶¥·¶¥´¤¨±Ê²Ö·´μ ±  ´μ¤´Ò³ ¶·μ¢μ²μÎ± ³. „²Ö
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�¨¸. 1. ‘¥Î¥´¨¥ Œ„’ ¸ μÉ±·ÒÉμ° £¥μ³¥É·¨¥° ± Éμ¤ . �μ± § ´Ò Éμ²Ó±μ ¤¢¥ ¶·μ¢μ²μÎ-
´Ò¥ ¶μ¤¤¥·¦±¨. ‚´¥Ï´¨° (¸É·¨¶μ¢Ò°) Ô²¥±É·μ¤ ¢Ò¶μ²´¥´ ¨§ ¤¢Ê¸Éμ·μ´´¥£μ Ëμ²Ó£¨-
·μ¢ ´´μ£μ ¸É¥±²μÉ¥±¸Éμ²¨É 

ÔÉμ£μ ¨¸¶μ²Ó§Ê¥É¸Ö ¶² ¸É¨´  ¤¢Ê¸Éμ·μ´´¥£μ Ëμ²Ó£¨·μ¢ ´´μ£μ ¸É¥±²μÉ¥±¸Éμ-
²¨É  Éμ²Ð¨´μ° 2 ³³ ¸ ´ ·¥§ ´´Ò³¨ ´  ´¥° ¸É·¨¶ ³¨ Ï¨·¨´μ° 1 ¸³. ‘É·¨¶Ò
μ¡· Ð¥´Ò ± ¤¥É¥±Éμ·Ê, ´ ·Ê¦´ Ö Ëμ²Ó£  § §¥³²¥´ .

Œ„’ ¸ μÉ±·ÒÉμ° £¥μ³¥É·¨¥° ± Éμ¤  ¨³¥¥É ¶·¨´Í¨¶¨ ²Ó´Ò¥ μÉ²¨Î¨Ö μÉ
¸É ´¤ ·É´μ° Œ„’ ¸ § ±·ÒÉμ° £¥μ³¥É·¨¥° ± Éμ¤ . 
Éμ ¸¢Ö§ ´μ ¸ · §²¨Î¨Ö³¨ ¢
Ëμ·³¨·μ¢ ´¨¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ Œ„’ ¤¢ÊÌ É¨¶μ¢. „²Ö ¨¸¸²¥¤μ¢ ´¨Ö · §-
²¨Î¨° ´ ³¨ ¡Ò²μ ¶·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ Ì · ±É¥·¨¸É¨±¨ ¤¢ÊÌ É¨¶μ¢ Œ„’ [8].
	Ò²μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ Œ„’ ¸ μÉ±·ÒÉμ° £¥μ³¥É·¨¥° ± Éμ¤  (¶·¨ ¶μ-
¤ Î¥ ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö ´   ´μ¤´ÊÕ ¶·μ¢μ²μ±Ê) ¨³¥¥É Ì · ±É¥·¨¸É¨±¨,
¨¤¥´É¨Î´Ò¥ Œ„’ ¸ § ±·ÒÉμ° £¥μ³¥É·¨¥° ± Éμ¤ , μ¤´ ±μ μ´¨ ¤μ¸É¨£ ÕÉ¸Ö
¶·¨ ´ ¶·Ö¦¥´¨ÖÌ ¶·¨³¥·´μ ´  100 ‚ ¢ÒÏ¥. 	Ò²  É ±¦¥ ¶μ± § ´  ´ ¤¥¦´ Ö
·¥£¨¸É· Í¨Ö ¸¨£´ ²μ¢, ´ ¢¥¤¥´´ÒÌ ´  ¢´¥Ï´¨Ì ¸É·¨¶ Ì, ¶·¨ · ¡μÉ¥ Œ„’ ¢
μ£· ´¨Î¥´´μ-¶·μ¶μ·Í¨μ´ ²Ó´μ³ ·¥¦¨³¥.

„ ´´ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¨§ÊÎ¥´¨Õ ±μμ·¤¨´ É´μ° ÉμÎ´μ¸É¨ ³¨´¨-¤·¥°-
Ëμ¢ÒÌ É·Ê¡μ± ¸ μÉ±·ÒÉμ° £¥μ³¥É·¨¥° ± Éμ¤  ¶·¨ ·¥£¨¸É· Í¨¨ ¸¨£´ ²μ¢, ´ -
¢¥¤¥´´ÒÌ ´  ¢´¥Ï´¨¥ ¸É·¨¶Ò.

1. Œ…’�„ˆŠ� ˆ‡Œ…�…�ˆ‰

„²Ö ¨¸¸²¥¤μ¢ ´¨° ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¸¡μ·±  ¨§ Î¥ÉÒ·¥Ì Œ„’, · ¸¶μ-
²μ¦¥´´ÒÌ ¤·Ê£ ´ ¤ ¤·Ê£μ³. „²¨´  ± ¦¤μ° Œ„’ ¸μ¸É ¢²Ö²  60 ¸³. „²¨´ 
¸É·¨¶μ¢ ¸μ¸É ¢²Ö²  μ±μ²μ 10 ¸³. ‘Î¨ÉÒ¢ ´¨¥ ¨´Ëμ·³ Í¨¨ ¶·μ¢μ¤¨²μ¸Ó ¸ Î¥-
ÉÒ·¥Ì ¸É·¨¶μ¢ ´  ± ¦¤μ° Œ„’. �μ¢¥·Ì´μ¸ÉÓ ¸É¥±²μÉ¥±¸Éμ²¨É  ¸μ ¸É·¨¶ ³¨
²¥¦ ²  ´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¶² ¸É¨±μ¢μ³ ¶¥´ ²¥, μ¡· É´ Ö (¢´¥Ï´ÖÖ) ¸Éμ·μ´ 
¡Ò²  § §¥³²¥´ . ‚¸¥ Œ„’ ¡Ò²¨ ¢Ò¸É ¢²¥´Ò É ±, ÎÉμ ¶·μ¢μ²μÎ±¨ · ¸¶μ² £ -
²¨¸Ó ¤·Ê£ ´ ¤ ¤·Ê£μ³. ‘É·¨¶Ò É ±¦¥ · ¸¶μ² £ ²¨¸Ó ¸É·μ£μ ¤·Ê£ ´ ¤ ¤·Ê£μ³.
	²μ±-¸Ì¥³  É¥¸Éμ¢ÒÌ ¨§³¥·¥´¨° ¶·¨¢¥¤¥´  ´  ·¨¸. 2. �´μ¤´Ò¥ ¶·μ¢μ²μÎ±¨
· ¸¶μ² £ ÕÉ¸Ö ¶ · ²²¥²Ó´μ ¶²μ¸±μ¸É¨ ¸É· ´¨ÍÒ, ¸É·¨¶Ò ´ ¶· ¢²¥´Ò ¶¥·¶¥´-
¤¨±Ê²Ö·´μ.
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�¨¸. 2. 	²μ±-¸Ì¥³  É¥¸Éμ¢ÒÌ ¨§³¥·¥´¨°

‚¸¥ Œ„’ ¶·μ¤Ê¢ ²¨¸Ó £ §μ¢μ° ¸³¥¸ÓÕ 70 %Ar + 30%CO2 ¶·¨  É³μ¸Ë¥·-
´μ³ ¤ ¢²¥´¨¨. ‚Ò¸μ±μ¥ ´ ¶·Ö¦¥´¨¥ ¶μ¤ ¢ ²μ¸Ó ´  ¶·μ¢μ²μÎ±¨, ¨§³¥·¥´¨Ö
¶·μ¢μ¤¨²¨¸Ó ¶·¨ 2300 ‚. �·¨ ÔÉμ³ ´ ¶·Ö¦¥´¨¨ Œ„’ · ¡μÉ ÕÉ ¢ μ£· ´¨Î¥´´μ-
¶·μ¶μ·Í¨μ´ ²Ó´μ³ ·¥¦¨³¥ ¨ ´  ¶² Éμ ¶μ²´μ° ÔËË¥±É¨¢´μ¸É¨ (¶·¨ ·¥£¨¸É· -
Í¨¨  ´μ¤´μ£μ ¸¨£´ ²  ¸ ¶μ·μ£μ³ 1 ³±�).

‚¸¥ ¢μ¸¥³Ó ¶·μ¢μ²μÎ¥± ± ¦¤μ° Œ„’ ¡Ò²¨ μ¡Ñ¥¤¨´¥´Ò, ¨ ¸Ê³³ ·´Ò¥ ¸¨£-
´ ²Ò ± ¦¤μ£μ ¤¥É¥±Éμ·  ¶μ¸²¥ Ê¸¨²¥´¨Ö ´  ¶² É¥ Ê¸¨²¨É¥²Ö-¤¨¸±·¨³¨´ Éμ· 
ADB-16 [9] ¶μ¤ ¢ ²¨¸Ó ´  ¢Ìμ¤Ò ¶·¥μ¡· §μ¢ É¥²Ö § ·Ö¤Ä±μ¤ ADC ³μ¤¥²¨
2249� (LeCroy) [10]. ‘¨£´ ²Ò ¸ ± ¦¤μ£μ ¨§ Î¥ÉÒ·¥Ì ¸É·¨¶μ¢ μÉ ± ¦¤μ° Œ„’
Ê¸¨²¨¢ ²¨¸Ó ¤¢Ê³Ö ± ¸± ¤ ³¨ Ê¸¨²¨É¥²Ö Ampl-8.3 [11] ¨ É ±¦¥ ¶μ¤ ¢ ²¨¸Ó ´ 
¢Ìμ¤Ò ADC. Š ¡¥²Ó´Ò¥ § ¤¥·¦±¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö ¸¨´Ì·μ´¨§ Í¨¨ ¨§³¥·Ö-
¥³ÒÌ ¸¨£´ ²μ¢ ¸ § ¶Ê¸±μ³. „²¨É¥²Ó´μ¸ÉÓ ¸¨£´ ²  ®gate¯ ADC · ¢´Ö² ¸Ó 1 ³±¸.
„¢  ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±  · §³¥·μ³ 100× 20× 100 ³³ · ¸¶μ² £ ²¨¸Ó
¸¨³³¥É·¨Î´μ ´ ¤ ¨ ¶μ¤ 2-³ ¨ 3-³ ¸É·¨¶ ³¨ ¤¥É¥±Éμ·´μ° ¸¡μ·±¨. ‘¨£´ ²Ò ¸μ
¸Î¥ÉÎ¨±μ¢ ¶μ¸²¥ ¤¨¸±·¨³¨´ Éμ·μ¢ (D) ¨ § ¤¥·¦±¨ (DL) ¶μ¸ÉÊ¶ ²¨ ´  ¸Ì¥³Ê
¸μ¢¶ ¤¥´¨° (‘‘) ¨ § ¶Ê¸± ²¨ ¨§³¥·¥´¨Ö ´  ADC.
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2. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

�·μÌμ¦¤¥´¨¥ ±μ¸³¨±¨ Î¥·¥§ ¸¡μ·±Ê Œ„’ ¢Ò§Ò¢ ¥É ² ¢¨´Ò ¢ ÖÎ¥°± Ì,
±μÉμ·Ò¥ ¶¥·¥¸¥± ÕÉ¸Ö Î ¸É¨Í¥°. ‡ ·Ö¤, μ¡· §ÊÕÐ¨°¸Ö ¢¡²¨§¨ ¶·μ¢μ²μÎ±¨ ¢
·¥§Ê²ÓÉ É¥ £ §μ¢μ£μ Ê¸¨²¥´¨Ö, ¨´¤ÊÍ¨·Ê¥É ¸¨£´ ²Ò ´  ¢´¥Ï´¨Ì ¸É·¨¶ Ì.

’¨¶¨Î´Ò¥ ¸¶¥±É·Ò ¸¨£´ ²μ¢ ¸ ± ¦¤μ£μ ¨§ Î¥ÉÒ·¥Ì ¸É·¨¶μ¢ ¤²Ö μ¤´μ°
¨§ Œ„’ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3. ‘Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸Î¥ÉÎ¨±¨ μÉ¡¨· ²¨ Î -
¸É¨ÍÒ, ¶·μÌμ¤ÖÐ¨¥ Î¥·¥§ ¢Éμ·μ° ²¨¡μ É·¥É¨° ¸É·¨¶, ¶μÔÉμ³Ê μ¸´μ¢´Ò¥ ¸¨£-
´ ²Ò ¨´¤ÊÍ¨·ÊÕÉ¸Ö ¨³¥´´μ ´  ÔÉ¨Ì ¸É·¨¶ Ì.

�¨¸. 3. ‘¶¥±É·Ò ¸¨£´ ²μ¢ μÉ ±μ¸³¨±¨ ¸ Î¥ÉÒ·¥Ì ¸É·¨¶μ¢ μ¤´μ° ¨§ Œ„’. �É¡¨· ²¨¸Ó
Î ¸É¨ÍÒ, ¶·μÏ¥¤Ï¨¥ Î¥·¥§ μ¤¨´ ¨§ ¤¢ÊÌ Í¥´É· ²Ó´ÒÌ ¸É·¨¶μ¢

‘¶¥±É· ¸Ê³³Ò ¸¨£´ ²μ¢ ¸ Î¥ÉÒ·¥Ì ¸É·¨¶μ¢ ¤²Ö ± ¦¤μ£μ ¸μ¡ÒÉ¨Ö ¤²Ö Éμ°
¦¥ Œ„’ ¶μ± § ´ ´  ·¨¸. 4.

Šμ··¥²²ÖÍ¨Ö  ´μ¤´ÒÌ ¨ ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ´  ¸É·¨¶ Ì ¸¨£´ ²μ¢, ¶·¨¢¥¤¥´-
´ÒÌ ± ¢Ìμ¤´Ò³ Éμ± ³ ¶·¥¤Ê¸¨²¨É¥²¥°, ¶μ± § ´  ´  ·¨¸. 5 ¤²Ö μ¤´μ° ¨§ É¥¸Éμ-
¢ÒÌ Œ„’. �  ·¨¸. 5 É ±¦¥ ¶·¥¤¸É ¢²¥´ ·¥§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö ÔÉμ£μ · ¸¶·¥-
¤¥²¥´¨Ö ¢ μ¡² ¸É¨ ²¨´¥°´μ° § ¢¨¸¨³μ¸É¨  ´μ¤´μ£μ ¸¨£´ ²  (¤μ 20 ³±�). ˆ§
·¥§Ê²ÓÉ Éμ¢ Ë¨É¨·μ¢ ´¨Ö ¸²¥¤Ê¥É, ÎÉμ ¸·¥¤´¥¥ §´ Î¥´¨¥ μÉ´μÏ¥´¨Ö ¸Ê³³ ·-
´μ£μ ´ ¢¥¤¥´´μ£μ ´  Î¥ÉÒ·¥Ì ¸É·¨¶ Ì ¸¨£´ ²  ±  ´μ¤´μ³Ê · ¢´μ 21,6± 1,0%.

�·¨ ¢μ¸¸É ´μ¢²¥´¨¨ É·¥±μ¢ Î ¸É¨ÍÒ ¶μ ´ ¢¥¤¥´´Ò³ ´  ¸É·¨¶ Ì ¸¨£´ ² ³
¢ ± ¦¤μ° Œ„’ μ¶·¥¤¥²Ö² ¸Ó ±μμ·¤¨´ É  ² ¢¨´Ò ¢¤μ²Ó ¶·μ¢μ²μÎ±¨. „²Ö ± -
¦¤μ£μ ¸μ¡ÒÉ¨Ö ´  ± ¦¤μ° ¶²μ¸±μ¸É¨ ¢ÒÎ¨¸²Ö²μ¸Ó ¶μ²μ¦¥´¨¥ Í¥´É·  ÉÖ¦¥¸É¨
´ ¢¥¤¥´´ÒÌ ´  ¸É·¨¶ Ì ¸¨£´ ²μ¢ Xcog, ¶·¨ ÔÉμ³ ¡· ²¸Ö ¸É·¨¶ ¸ ³ ±¸¨³ ²Ó-
´Ò³ ¸¨£´ ²μ³ ¨ ¤¢  ¸μ¸¥¤´¨Ì ¸É·¨¶ . ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´ ¢¥¤¥´´Ò¥ ´ 
¸É·¨¶ Ì ¸¨£´ ²Ò, μ¶·¥¤¥²ÖÕÐ¨¥ Í¥´É·Ò ÉÖ¦¥¸É¨ § ·Ö¤μ¢, ¶μ± § ´Ò ´  ·¨¸. 6
¤²Ö μ¤´μ£μ ¸μ¡ÒÉ¨Ö. �¸¨  ¡¸Í¨¸¸ ¶μ± §Ò¢ ÕÉ ±μμ·¤¨´ ÉÒ ¸É·¨¶μ¢ ¢¤μ²Ó
¶·μ¢μ²μÎ±¨ ¢ ¸ ´É¨³¥É· Ì (Ï¨·¨´  ¸É·¨¶  ¸μ¸É ¢²Ö¥É 1 ¸³). �  μ¸ÖÌ μ·¤¨´ É
¶·¨¢¥¤¥´Ò ´ ¢¥¤¥´´Ò¥ ´  ¸É·¨¶ Ì ¸¨£´ ²Ò ¢ ± ´ ² Ì ADC.

�μ²ÊÎ¥´´Ò¥ É ±¨³ μ¡· §μ³ §´ Î¥´¨Ö ¤ ÕÉ Î¥ÉÒ·¥ ÉμÎ±¨ ´  É·¥±¥ Î -
¸É¨ÍÒ. ’·¥±¨ Ë¨É¨·μ¢ ²¨¸Ó ¶·Ö³μ° ²¨´¨¥° ³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢.
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�¨¸. 4. ‘¶¥±É· ¸Ê³³ ·´ÒÌ ¸¨£´ ²μ¢
¸ Î¥ÉÒ·¥Ì ¸É·¨¶μ¢ μ¤´μ° Œ„’

�¨¸. 5. Šμ··¥²²ÖÍ¨Ö  ´μ¤´ÒÌ ¨ ¸É·¨¶μ¢ÒÌ
(¸Ê³³  Î¥ÉÒ·¥Ì ¸É·¨¶μ¢) ¸¨£´ ²μ¢ μ¤´μ°
Œ„’ ¨§ ¸¡μ·±¨, ¶·¨¢¥¤¥´´ÒÌ ± ¢Ìμ¤´Ò³ Éμ-
± ³ ¶·¥¤Ê¸¨²¨É¥²¥°

�¨¸. 6. ˆ§³¥·¥´´Ò¥ ´  ¸É·¨¶ Ì § -
·Ö¤Ò, μ¶·¥¤¥²ÖÕÐ¨¥ Í¥´É·Ò ÉÖ¦¥¸É¨
´ ¢¥¤¥´´ÒÌ § ·Ö¤μ¢, ¤²Ö ¨´¤¨¢¨¤Ê ²Ó-
´μ£μ ¸μ¡ÒÉ¨Ö

�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ μÉ±²μ´¥´¨° ΔX ±μμ·-
¤¨´ É É·¥±μ¢, μ¶·¥¤¥²¥´´ÒÌ ¶μ Í¥´É· ³ ÉÖ-
¦¥¸É¨ ´ ¢¥¤¥´´ÒÌ ´  ¸É·¨¶ Ì § ·Ö¤μ¢, μÉ Ë¨-
É¨·ÊÕÐ¥° ¶·Ö³μ° ¤²Ö μ¤´μ° Œ„’ ¨§ ¸¡μ·±¨

„²Ö ± ¦¤μ° Œ„’ μ¶·¥¤¥²Ö²μ¸Ó μÉ±²μ´¥´¨¥ ±μμ·¤¨´ ÉÒ Í¥´É·  ÉÖ¦¥¸É¨ ´ -
¢¥¤¥´´μ£μ ¸¨£´ ²  Xcog μÉ Ë¨É¨·ÊÕÐ¥° ¶·Ö³μ° Xfit, ΔX = Xcog − Xfit.
� ¸¶·¥¤¥²¥´¨¥ μÉ±²μ´¥´¨° ΔX ¤²Ö μ¤´μ° ¨§ Œ„’ ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 7.
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”¨É¨·μ¢ ´¨¥ ¶μ²ÊÎ¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ËÊ´±Í¨¥° ƒ Ê¸¸  ¤ ¥É §´ Î¥´¨¥ ±μ-
μ·¤¨´ É´μ° ÉμÎ´μ¸É¨ ³¨´¨-¤·¥°Ëμ¢ÒÌ É·Ê¡μ± ¶·¨ ·¥£¨¸É· Í¨¨ ´ ¢¥¤¥´´ÒÌ
´  ¸É·¨¶ Ì ¸¨£´ ²μ¢. ‚ ¤ ´´μ³ · ¸¶·¥¤¥²¥´¨¨ ¶μ²ÊÎ¥´μ σ ≈ 0,4 ³³.

‡�Š‹�—…�ˆ…

�·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö ¸¡μ·±¨ ³¨´¨-¤·¥°Ëμ¢ÒÌ É·Ê¡μ± ¸ μÉ±·ÒÉμ° £¥μ-
³¥É·¨¥° ± Éμ¤ , · ¡μÉ ÕÐ¨Ì ¢ μ£· ´¨Î¥´´μ-¶·μ¶μ·Í¨μ´ ²Ó´μ³ ·¥¦¨³¥.

�μ± § ´μ, ÎÉμ ·¥£¨¸É· Í¨Ö ´ ¢¥¤¥´´ÒÌ ´  ¢´¥Ï´¨¥ ¸É·¨¶Ò ¸¨£´ ²μ¢ ¶μ-
§¢μ²Ö¥É ´ ¤¥¦´μ ¢μ¸¸É ´ ¢²¨¢ ÉÓ É·¥±¨ Î ¸É¨Í. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Î¥ÉÒ-
·¥Ì ¸²μ¥¢ Œ„’ ¸μ ¸É·¨¶ ³¨ Ï¨·¨´μ° 1 ¸³ ¶μ²ÊÎ¥´  ±μμ·¤¨´ É´ Ö ÉμÎ´μ¸ÉÓ
σ ≈ 0,4 ³³.
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