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�¶·¥¤¥²¥´¨¥ ³¥¸Éμ¶μ²μ¦¥´¨Ö  ´μ¤´ÒÌ ¶·μ¢μ²μ±
¢ Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡± Ì (¸É·μÊ) ´μ¢μ£μ É¨¶ 
¢ ¢¨¤¨³μ³ ¸¢¥É¥ ¤²Ö ¤·¥°Ëμ¢ÒÌ ± ³¥· Ô±¸¶¥·¨³¥´É  NA62.
I. ˆ§³¥·¥´¨Ö ¢ ¶·μÌμ¤ÖÐ¥³ ¸¢¥É¥

ˆ§ÊÎ¥´¨¥ ¶μ¤ ³¨±·μ¸±μ¶μ³ Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± (¸É·μÊ) ´μ¢μ£μ
É¨¶  ¤²Ö ¤·¥°Ëμ¢ÒÌ ± ³¥· Ô±¸¶¥·¨³¥´É  NA62 ¶μ± § ²μ, ÎÉμ μ´¨ ¶μ²Ê¶·μ§· Î´Ò
¨ ¶·¨ μ¸¢¥Ð¥´¨¨ ´ ¶· ¢²¥´´Ò³ ¸¢¥Éμ³ ¶μ§¢μ²ÖÕÉ ´ ¡²Õ¤ ÉÓ ¢ ´¨Ì  ´μ¤´Ò¥
¶·μ¢μ²μ±¨ ¨ ¨§³¥·ÖÉÓ ¨Ì ³¥¸Éμ¶μ²μ¦¥´¨¥ ± ± ¢ ¶·μÌμ¤ÖÐ¥³, É ± ¨ ¢ μÉ· ¦¥´´μ³
¸¢¥É¥.

‚ ÔÉμ° · ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö ´μ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ± ²¨¡·μ¢μÎ´ÒÌ ¨§³¥·¥´¨° ±μμ·-
¤¨´ É  ´μ¤´ÒÌ ¶·μ¢μ²μ± ´  ³¨±·μ¸±μ¶¥ “ˆŒ-23 ¸ ÉμÎ´μ¸ÉÓÕ ∼ ±1−2 ³±³.
�μ± § ´μ, ÎÉμ, ¨¸¶μ²Ó§ÊÖ ³¨±·μ¸±μ¶ ¸ Ô²¥±É·μ´´Ò³ μ±Ê²Ö·μ³ ¨ μ¶É¨Î¥-
¸±ÊÕ ¸± ³ÓÕ, ¢  ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥ ¨§³¥·¥´¨° ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ÉμÎ´μ¸ÉÓ
∼ ±0,003 ³±³. ‚ μÉ²¨Î¨¥ μÉ ³¥Éμ¤μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · ¤¨μ ±É¨¢´μ£μ ¨²¨
·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨°, ¶·¥¤²μ¦¥´´Ò° §¤¥¸Ó ¸¶μ¸μ¡ ³´μ£μ ¶·μÐ¥.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
¨ �.Œ. 	 ²¤¨´  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2016

Glonti L. N. et al. „13-2016-82
Determination of the Anode Wire Position in a New Type
of Thin-Wall Drift Tubes (Straws)
for the NA62 Drift Chambers Using Visible Light.
I. Measurements in Transmitted Light

Microscope studies of thin-wall drift tubes (straws) of a new type for the NA62
drift chambers have shown that under certain conditions they are semitransparent
and, when illuminated by directional light, allow their anode wires to be observed
in both transmitted and re�ected light. These tubes are supposed to be used in other
experiments as well.

In this work, new results of the calibration measurements performed with an
accuracy of about ∼ ±1−2 μm using the UIM-23 microscope are presented. It is also
shown that the measurements can in principle be automated. The ˇrst semiautomatic
measurements accurate to about ∼ ±0.003 μm are reported, which are made under
the MBS-type microscope with a digital eyepiece. The proposed method is much
simpler than the methods based on radioactive or X-ray radiation.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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�·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ Ô±¸¶¥·¨³¥´-
É Ì ¸ ¤·¥°Ëμ¢Ò³¨ ¸É·μÊ-± ³¥· ³¨ § ¢¨¸¨É μÉ ³´μ£¨Ì Ë ±Éμ·μ¢. ‚ ¶¥·¢ÊÕ
μÎ¥·¥¤Ó ÔÉμ ³¥Ì ´¨Î¥¸±¨¥ ÉμÎ´μ¸É¨ ¨§£μÉμ¢²¥´¨Ö ± ³¥·Ò, ¸ ³¨Ì É·Ê¡μ±, ´ -
±μ´¥Î´¨±μ¢ ¨ ¶μ¤¤¥·¦¥± ± ´¨³. ‡ É¥³ ¢ ¦´Ò ¸μ¸É ¢ ¨ ¤ ¢²¥´¨¥ £ §μ¢μ° ¸³¥¸¨,
Ë¨§¨Î¥¸±¨¥ ¶·μÍ¥¸¸Ò ¢ ¤·¥°Ëμ¢ÒÌ É·Ê¡± Ì, Ô²¥±É·μ´¨±  ¸Ñ¥³  ¤ ´´ÒÌ ¨ ¤·.
‘·¥¤¨ ´¨Ì ¢ ¦´μ¥ ³¥¸Éμ § ´¨³ ÕÉ ÉμÎ´μ¸ÉÓ · ¸¶μ²μ¦¥´¨Ö  ´μ¤´ÒÌ ¶·μ¢μ-
²μ± ¢ ± ³¥·¥ ¨ ¢Ò¤¥·¦±  · ¸¸ÉμÖ´¨° ³¥¦¤Ê ´¨³¨ (¨Ì ¶ · ²²¥²Ó´μ¸ÉÓ) ¶μ
¢¸¥° ¤²¨´¥.

Šμμ·¤¨´ ÉÒ É·¥±  ²Õ¡μ° § ·Ö¦¥´´μ° Î ¸É¨ÍÒ, ¶·μÏ¥¤Ï¥° Î¥·¥§ ¶²μ¸-
±μ¸ÉÓ ¤·¥°Ëμ¢μ° ± ³¥·Ò, ¸É·μ£μ ¶·¨¢Ö§ ´Ò ± ¡²¨¦ °Ï¨³ ± ÔÉμ³Ê É·¥±Ê  ´μ¤-
´Ò³ ¶·μ¢μ²μ± ³. ‚μÉ ¶μÎ¥³Ê ±μ´É·μ²¨·μ¢ ÉÓ ¨Ì ·¥ ²Ó´μ¥ ³¥¸Éμ¶μ²μ¦¥´¨¥
¢ ± ³¥·¥ É ± ¢ ¦´μ.

‚ ¸²ÊÎ ÖÌ, ±μ£¤   ´μ¤´ Ö ¶·μ¢μ²μ±  ¢¨§Ê ²Ó´μ ´¥¤μ¸ÉÊ¶´  ¤²Ö ´ ¡²Õ-
¤¥´¨Ö, ¨¸¶μ²Ó§ÊÕÉ · ¤¨μ ±É¨¢´Ò° ¨¸ÉμÎ´¨± Ô²¥±É·μ´μ¢ ¨²¨ ·¥´É£¥´μ¢¸±¨¥
²ÊÎ¨. “¸É·μ°¸É¢ , μ¸´μ¢ ´´Ò¥ ´  ¶·¨³¥´¥´¨¨ ÔÉ¨Ì ³¥Éμ¤μ¢, ¤μ¸É ÉμÎ´μ
¸²μ¦´Ò. „²Ö ¸± ´¨·μ¢ ´¨Ö ¶·μ¢μ²μ± ´¥μ¡Ìμ¤¨³μ ¸¨´Ì·μ´´μ ¶¥·¥³¥Ð ÉÓ
¨¸ÉμÎ´¨± ¨ ¤¥É¥±Éμ· · ¸¸¥Ö´´μ£μ ´  ¶·μ¢μ²μ± Ì ¨§²ÊÎ¥´¨Ö, · ¸¶μ²μ¦¥´´Ò¥
´  ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ ¸Éμ·μ´ Ì ± ³¥·Ò (¶ ¸¸¨¢´Ò°, ¨²¨ É¥´¥¢μ° ³¥Éμ¤). ˆ²¨
¦¥ ¢ ± Î¥¸É¢¥ ¤¥É¥±Éμ·  ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¸ ³¨ ¤·¥°Ëμ¢Ò¥ É·Ê¡±¨ ( ±-
É¨¢´Ò° ³¥Éμ¤; μ´, ±¸É É¨, ´¥ ¶·¨³¥´¨³ ¢ ¶·μÍ¥¸¸¥ ¶·μ¨§¢μ¤¸É¢  ± ³¥·).
‚ μ¡μ¨Ì ¸²ÊÎ ÖÌ ³¥¸Éμ¶μ²μ¦¥´¨¥  ´μ¤´ÒÌ ¶·μ¢μ²μ± μ¶·¥¤¥²Ö¥É¸Ö ¶μ Í¥´-
É· ³ · ¸¶·¥¤¥²¥´¨Ö · ¸¸¥Ö´´μ£μ ´  ´¨Ì ¨§²ÊÎ¥´¨Ö. 
Éμ ¤μ¢μ²Ó´μ ¤²¨É¥²Ó´ Ö
¨ É·Ê¤μ¥³± Ö ¶·μÍ¥¤Ê·  (¸³., ´ ¶·¨³¥·, [1Ä3]).

„·¥°Ëμ¢Ò¥ É·Ê¡±¨, ¶·¥¤´ §´ Î¥´´Ò¥ ¤²Ö · ¡μÉÒ ¢ ¢ ±ÊÊ³¥ ¨ ¨¸¶μ²Ó§μ-
¢ ´´Ò¥ ¢ ¤·¥°Ëμ¢ÒÌ ± ³¥· Ì Ô±¸¶¥·¨³¥´É  NA62 (¢¸¥£μ 7200 É·Ê¡μ± ¤¨ -
³¥É·μ³ 9,80 ³³ ¨ ¤²¨´μ° 2300 ³³) [4, 5], μ± § ²¨¸Ó ¶μ²Ê¶·μ§· Î´Ò³¨ ¸ ±μ-
ÔËË¨Í¨¥´Éμ³ ¶·μ§· Î´μ¸É¨ ∼ 2 %. �·¨ ¨Ì ¶·μ¸¢¥Î¨¢ ´¨¨ ´ ¶· ¢²¥´´Ò³
²ÊÎμ³ ¢¨¤¨³μ£μ ¸¢¥É  ¢ ³¨±·μ¸±μ¶¥ ³μ¦´μ Ìμ·μÏμ ´ ¡²Õ¤ ÉÓ  ´μ¤´Ò¥ ¶·μ-
¢μ²μ±¨. ‘²¥¤μ¢ É¥²Ó´μ, ¶·¨ ¶¥·¥³¥Ð¥´¨¨ ± ³¥·Ò ¨²¨ ³¨±·μ¸±μ¶  ³μ¦´μ
ÉμÎ´μ ¨§³¥·¨ÉÓ ¨Ì ³¥¸Éμ¶μ²μ¦¥´¨¥. ‚ÒÖ¢²¥´¨¥ ÔÉμ£μ Ë ±É  ¶μ§¢μ²¨²μ ´ ³
· §· ¡μÉ ÉÓ μÉ´μ¸¨É¥²Ó´μ ¶·μ¸Éμ° ¸¶μ¸μ¡ ¨§³¥·¥´¨Ö ±μμ·¤¨´ É  ´μ¤´ÒÌ ¶·μ-
¢μ²μ± ¢ ¤·¥°Ëμ¢ÒÌ ± ³¥· Ì ¸ É ±¨³¨ É·Ê¡± ³¨ (¸³. [6, 7]). ‚ · ¡μÉ¥ [6] ¡Ò²μ
¶μ± § ´μ, ÎÉμ ¸ ¶μ³μÐÓÕ ³¨±·μ¸±μ¶  ³μ¦´μ ´¥¶μ¸·¥¤¸É¢¥´´μ μ¶·¥¤¥²ÖÉÓ
³¥¸Éμ¶μ²μ¦¥´¨¥ ¶·μ¢μ²μ± ø30 ³±³ ¸ ÉμÎ´μ¸ÉÓÕ ¶·¨³¥·´μ 5 ³±³. �·μ¢μ²μ±¨
μ¡´ ·Ê¦¨¢ ÕÉ¸Ö ± ± ¢ ¶·μÌμ¤ÖÐ¥³, É ± ¨ ¢ μÉ· ¦¥´´μ³ μÉ ´¨Ì ¸¢¥É¥. „²Ö
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�¨¸. 1. ˆ§μ¡· ¦¥´¨¥  ´μ¤´μ° ¶·μ¢μ²μ±¨ ø30 ³±³ ¢ 9,80-³³ ¶μ²Ê¶·μ§· Î´μ° É·Ê¡±¥:
 ) ¢ ¶·μÌμ¤ÖÐ¥³ ¸¢¥É¥; ¡) ¢ μÉ· ¦¥´´μ³ ¸¢¥É¥

¶·¨³¥·  ´  ·¨¸. 1 ¶μ± § ´μ ¨§μ¡· ¦¥´¨¥ É ±μ°  ´μ¤´μ° ¶·μ¢μ²μ±¨ ¢´ÊÉ·¨
¤·¥°Ëμ¢μ° É·Ê¡±¨ ¢ ¶·μÌμ¤ÖÐ¥³ ¸¢¥É¥ (·¨¸.  ) ¨ ¢ μÉ· ¦¥´´μ³ (·¨¸. ¡).

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ μ¶¨¸ ´ ¸¶μ¸μ¡ μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ É  ´μ¤´ÒÌ ¶·μ-
¢μ²μ± ¢ É·Ê¡± Ì ¸ ¶μ³μÐÓÕ ¶·μÌμ¤ÖÐ¥£μ ¢¨¤¨³μ£μ ¸¢¥É . „²Ö μÍ¥´±¨ ¨ ¨¸-
±²ÕÎ¥´¨Ö ¸¨¸É¥³ É¨Î¥¸±¨Ì μÏ¨¡μ± ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¤¢¥ ¸¥·¨¨ ´¥§ ¢¨¸¨³ÒÌ
¨§³¥·¥´¨° ´  ³¨±·μ¸±μ¶ Ì · §´μ£μ É¨¶ . �·¨¢μ¤ÖÉ¸Ö ´μ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ± -
²¨¡·μ¢μÎ´ÒÌ ¨§³¥·¥´¨° ´  ³¨±·μ¸±μ¶¥ “ˆŒ-23 ¸ ÉμÎ´μ¸ÉÓÕ ∼ ±1−2 ³±³.
�μ± § ´  É ±¦¥ ¶·¨´Í¨¶¨ ²Ó´ Ö ¢μ§³μ¦´μ¸ÉÓ  ¢Éμ³ É¨§ Í¨¨ ¶·μÍ¥¸¸  ¨§³¥-
·¥´¨°. �·¨¢¥¤¥´Ò ¶¥·¢Ò¥ ¤ ´´Ò¥  ¢Éμ³ É¨Î¥¸±¨Ì ¨§³¥·¥´¨° ´  ¸É¥·¥μ³¨±·μ-
¸±μ¶¥ É¨¶  Œ	‘ ¸ Ô²¥±É·μ´´Ò³ μ±Ê²Ö·μ³, £¤¥ ¶μ²ÊÎ¥´  ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨°
∼ ±0,003 ³±³. ’ ±μ¥  ¢Éμ³ É¨§¨·μ¢ ´´μ¥ Ê¸É·μ°¸É¢μ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ
¢ ·¥ ²Ó´ÒÌ ± ³¥· Ì.

1. Œ�Š…’ Š�Œ…�›

’μ´±μ¸É¥´´Ò¥ ¤·¥°Ëμ¢Ò¥ É·Ê¡±¨ (¸É·μÊ) ´μ¢μ£μ É¨¶ , ´  ±μÉμ·ÒÌ ¶·μ-
¢μ¤¨²¨¸Ó ¨§³¥·¥´¨Ö, ¡Ò²¨ ¸¢ ·¥´Ò ¶μ μ¡· §ÊÕÐ¥° ¨§ 36-³±³ ³ °² ·μ¢μ°
¶²¥´±¨ ¸ ¶·¨³¥´¥´¨¥³ Ê²ÓÉ· §¢Ê± . �´¨ ¨³¥ÕÉ ¤¨ ³¥É· 9,80 ³³ ¨ ¶μ±·ÒÉÒ
¨§´ÊÉ·¨ ³¥¤ÓÕ ¨ §μ²μÉμ³ ¸ Éμ²Ð¨´μ° 0,05 ¨ 0,02 ³±³ ¸μμÉ¢¥É¸É¢¥´´μ [8].

Œ ±¥É ¸ ¤·¥°Ëμ¢Ò³¨ É·Ê¡± ³¨ ¤²Ö ÔÉμ° · ¡μÉÒ ¡Ò² ¨§£μÉμ¢²¥´ ¸ ¢Ò¸μ±μ°
³¥Ì ´¨Î¥¸±μ° ÉμÎ´μ¸ÉÓÕ. � ¸¶μ²μ¦¥´¨¥ É·Ê¡μ± ¢ ¤¢  ·Ö¤ , ± ± ¨ · ¸¸ÉμÖ´¨Ö
³¥¦¤Ê ´¨³¨, ¶μ¢Éμ·Ö²¨ ¨Ì £¥μ³¥É·¨Õ ¢ ¤·¥°Ëμ¢ÒÌ ± ³¥· Ì ¤²Ö Ô±¸¶¥·¨³¥´É 
NA62 (·¨¸. 2). Œ¥¦μ¸¥¢Ò¥ · ¸¸ÉμÖ´¨Ö £´¥§¤ ¤²Ö É·Ê¡μ±, ¨Ì ¸μμ¸´μ¸ÉÓ ´  ±μ´-
Í Ì ¨ ¤¨ ³¥É·Ò ¸ ³¨Ì μÉ¢¥·¸É¨° ¨³¥²¨ ÉμÎ´μ¸ÉÓ ¶μ·Ö¤±  10 ³±³. Šμ²¨Î¥¸É¢μ
É·Ê¡μ± ¢ ³ ±¥É¥ · ¢´Ö²μ¸Ó 10, ¤²¨´  · ¡μÎ¥° Î ¸É¨ Å 150 ³³. ‚ ± Î¥¸É¢¥
 ´μ¤  ³Ò É ±¦¥ ¨¸¶μ²Ó§μ¢ ²¨ ¶μ±·ÒÉÊÕ §μ²μÉμ³ 30-³±³ ¢μ²ÓË· ³μ¢ÊÕ ¶·μ-
¢μ²μ±Ê. ‚ μÉ²¨Î¨¥ μÉ ·¥ ²Ó´μ° ± ³¥·Ò, ¢ ±μÉμ·μ° ¤¨ ³¥É· É·Ê¡μ± μ¡ÒÎ´μ
¨³¥¥É μ¶·¥¤¥²¥´´Ò° · §¡·μ¸, ¢ ´ Ï¥³ ¸²ÊÎ ¥ μ´¨ ¡Ò²¨ ¶μ ¤¨ ³¥É·Ê μÉμ¡· ´Ò
¸É·μ£μ μ¤¨´ ±μ¢Ò³¨ (· §¡·μ¸ ¡Ò² ³¥´ÓÏ¥ 0,01 ³³). ’ ±¦¥ ¸É·μ£μ ¡Ò²¨ μÉμ-
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�¨¸. 2. —¥·É¥¦ ³ ±¥É  (¢ ·¥ ²Ó´μ³ ³ ±¥É¥ ¡Ò²¨ § ¤¥°¸É¢μ¢ ´Ò ¤¢  ·Ö¤ )

¡· ´Ò ´ ±μ´¥Î´¨±¨ ¶μ ¶μ¸ ¤μÎ´μ³Ê ¤¨ ³¥É·Ê É·Ê¡μ±. �´¨ Ê¸É ´ ¢²¨¢ ²¨¸Ó
¢ ´ ±μ´¥Î´¨± Ì ¡¥§ ²ÕËÉ . ‘²¥¤μ¢ É¥²Ó´μ, ³μ¦´μ ¸ ¡μ²ÓÏμ° ¢¥·μÖÉ´μ¸ÉÓÕ
¸Î¨É ÉÓ, ÎÉμ · §¡·μ¸ ¢ · ¸¶μ²μ¦¥´¨¨ ¶·μ¢μ²μ± ¢ ³ ±¥É¥ § ¢¨¸¨É ¢ μ¸´μ¢´μ³
μÉ · §¡·μ¸  ¢ ¤¨ ³¥É· Ì ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¤²Ö Ë¨±¸ Í¨¨ ¶·μ¢μ²μ± ¶¨´μ¢ ¨
μÉ¢¥·¸É¨° ¶μ¤ ´¨Ì ¢ ´ ±μ´¥Î´¨± Ì.

‚μ ¢·¥³Ö ¸¡μ·±¨ ·¥ ²Ó´ÒÌ ± ³¥· ¢μ§´¨± ¥É · §¡·μ¸ ¶·μ¢μ²μ± μÉ · ¸-
Î¥É´μ£μ ¶μ²μ¦¥´¨Ö, § ¢¨¸ÖÐ¨° μÉ É¥Ì´μ²μ£¨¨ ¸¡μ·±¨ ¨ ´¥±μÉμ·ÒÌ ¤·Ê£¨Ì
¶·¨Î¨´; ¨, ¶μ-¢¨¤¨³μ³Ê, ÔÉμÉ · §¡·μ¸ ¢ ± ³¥· Ì ¡Ê¤¥É ¸ÊÐ¥¸É¢¥´´μ ¡μ²ÓÏ¥.

2. Š�‹ˆ���‚�—�›… ˆ‡Œ…�…�ˆŸ
‚ ���•�„Ÿ™…Œ ‘‚…’… �� ŒˆŠ��‘Š��… “ˆŒ-23

‘É Í¨μ´ ·´Ò° ³¨±·μ¸±μ¶ “ˆŒ-23 ¶μ§¢μ²Ö¥É ¶¥·¥³¥Ð ÉÓ ¨ ¨§³¥·ÖÉÓ
μ¡Ñ¥±É ¸ ÉμÎ´μ¸ÉÓÕ ∼� 1 ³±³, ´μ ¢ ´ Ï¥³ ¸²ÊÎ ¥ ·¥ ²Ó´ Ö ÉμÎ´μ¸ÉÓ ¸Ê-
Ð¥¸É¢¥´´μ § ¢¨¸¥²  μÉ Ê³¥´¨Ö μ¶¥· Éμ·  ¸μ¢³¥Ð ÉÓ ¢¨§¨· ³¨±·μ¸±μ¶  ¸ Í¥´-
É·μ³ ¨²¨ ±· Ö³¨ ¶·μ¢μ²μ±¨. „²Ö ¨§ÊÎ¥´¨Ö ¢μ§´¨± ÕÐ¨Ì ¶·¨ ÔÉμ³ ¸¨¸É¥³ -
É¨Î¥¸±¨Ì μÏ¨¡μ± ¨§³¥·¥´¨Ö ¢´ Î ²¥ ¶·μ¢μ¤¨²¨ É·¨ μ¶¥· Éμ· . �·¨ ± ¦¤μ³
¨§³¥·¥´¨¨ ¢¨§¨· ³¨±·μ¸±μ¶  ¶μ¸²¥¤μ¢ É¥²Ó´μ ¶μ¤¢μ¤¨²¸Ö ± ¤¢Ê³ ±· Ö³ ¨§μ-
¡· ¦¥´¨Ö ¶·μ¢μ²μ±¨ ¨ ¸Î¨ÉÒ¢ ²¨¸Ó μ¡¥ ±μμ·¤¨´ ÉÒ. ˆÌ · §´μ¸ÉÓ ¤ ¢ ²  §´ -
Î¥´¨¥ ¨§¢¥¸É´μ£μ ¤¨ ³¥É·  ¶·μ¢μ²μ± (30 ³±³). � ¸¶·¥¤¥²¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥
¶·¨ ¨§³¥·¥´¨¨ ¤¨ ³¥É· , ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3,  . Š ± ¢¨¤´μ, · §¡·μ¸ Ê · §´ÒÌ
μ¶¥· Éμ·μ¢ ¢´ Î ²¥ ¡Ò² §´ Î¨É¥²¥´. �¶ÒÉ´Ò³ ¶ÊÉ¥³ ¡Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ
É·¥´¨·μ¢±  μ¶¥· Éμ·μ¢ ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎÏ ¥É ± Î¥¸É¢μ ¨§³¥·¥´¨° (·¨¸. 3, ¡).

3



�¨¸. 3. � ¸¶·¥¤¥²¥´¨Ö ¨§³¥·¥´¨° ¤¨ ³¥É·  ¶·μ¢μ²μ±:  ) ¶¥·¢Ò¥ ¨§³¥·¥´¨Ö; ¡) ¨§³¥-
·¥´¨Ö ¶μ¸²¥ É·¥´¨·μ¢±¨; ¢) Ê¸·¥¤´¥´´Ò¥ ¤ ´´Ò¥ μÉ ¤¢ÊÌ μ¶¥· Éμ·μ¢

„²Ö ¤¨ ³¥É·  ¶·μ¢μ²μ± ¡Ò²  ¶μ²ÊÎ¥´  ¸·¥¤´ÖÖ ¢¥²¨Î¨´  (29,8±1,0) ³±³
(·¨¸. 3, ¢), ÎÉμ ´ ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¶μ²´¥ ¶·¨¥³²¥³Ò³. �É³¥É¨³, ÎÉμ Ê¸·¥¤´¥-
´¨¥ ±μμ·¤¨´ É ±· ¥¢ ¨§μ¡· ¦¥´¨Ö ¶·μ¢μ²μ±¨ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ ¥¥ Í¥´É·
¡μ²¥¥ ÉμÎ´μ.

�μ¸±μ²Ó±Ê ¢ ³ ±¥É¥ É·Ê¡±¨ · ¸¶μ²μ¦¥´Ò ¢ ¤¢  ·Ö¤  (¸³. ·¨¸. 2), ¨§³¥-
·¥´¨Ö μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¢ ¤¢  ÔÉ ¶ . ‘´ Î ²  ³¨±·μ¸±μ¶ Ëμ±Ê¸¨·ÊÕÉ ´  ¶·μ-
¢μ²μ±¨ ¢ ¶¥·¢μ³ ·Ö¤Ê, § É¥³ Å ¢μ ¢Éμ·μ³. ˆ§³¥·¥´¨Ö ±μμ·¤¨´ É μÉ¤¥²Ó´ÒÌ
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’ ¡²¨Í  1. ˆ§³¥·¥´¨Ö ¤¢ÊÌ ¸²μ¥¢ ¶·μ¢μ²μ± ¸ Ï £μ³ 17,60 ³³ (§¤¥¸Ó ¨ ¤ ²¥¥ ¨§³¥·¥-
´¨Ö ¢¢¥·Ì ¨ ¢´¨§ ¶·μ¢μ¤¨²¨¸Ó ´  · ¸¸ÉμÖ´¨¨ 135 ³³ ¢¤μ²Ó É·Ê¡μ±) ´  ³¨±·μ¸±μ¶¥
“ˆŒ-23

ºÄº
¶·μ¢μ²μ±

�¶¥· Éμ· 1 �¶¥· Éμ· 2
σ ‘·¥¤´¥¥

10.07.2015 28.07.2015 09.07.2015 10.07.2015

1Ä3 ¢¥·Ì 17,627 17,630 17,630 17,632 0,002 17,630

1Ä3 ´¨§ 17,550 17,551 17,552 17,550 0,001 17,551

3Ä5 ¢¥·Ì 17,664 17,667 17,668 17,668 0,002 17,667

3Ä5 ´¨§ 17,632 17,632 17,631 17,630 0,001 17,631

5Ä7 ¢¥·Ì 17,591 17,588 17,588 17,587 0,002 17,589

5Ä7 ´¨§ 17,594 17,600 17,600 17,602 0,003 17,599

7Ä9 ¢¥·Ì 17,605 17,609 17,607 17,606 0,001 17,607

7Ä9 ´¨§ 17,630 17,632 17,631 17,633 0,001 17,632

2Ä4 ¢¥·Ì 17,704 17,710 17,712 17,708 0,003 17,709

2Ä4 ´¨§ 17,584 17,586 17,586 17,585 0,001 17,585

4Ä6 ¢¥·Ì 17,569 17,571 17,572 17,572 0,001 17,571

4Ä6 ´¨§ 17,591 17,594 17,591 17,592 0,001 17,592

6Ä8 ¢¥·Ì 17,592 17,596 17,592 17,597 0,002 17,594

6Ä8 ´¨§ 17,630 17,629 17,633 17,629 0,002 17,630

8Ä10 ¢¥·Ì 17,579 17,580 17,579 17,577 0,001 17,579

8Ä10 ´¨§ 17,560 17,561 17,561 17,562 0,001 17,561

¶·μ¢μ²μ± ¸²¥¤Ê¥É ¶·μ¢μ¤¨ÉÓ ´¥ ³¥´¥¥ Î¥³ ¢ ¤¢ÊÌ · §¤¥²¥´´ÒÌ ¶²μ¸±μ¸ÉÖÌ
¢¤μ²Ó É·Ê¡μ±. ’μ£¤  ¶μ ¶μ²ÊÎ¥´´Ò³ ±μμ·¤¨´ É ³ ³μ¦´μ ¡Ê¤¥É μ¶·¥¤¥²¨ÉÓ
´¥ Éμ²Ó±μ ³¥¸Éμ¶μ²μ¦¥´¨¥ ¶·μ¢μ²μ± ¢ ÉμÎ±¥ ¨§³¥·¥´¨Ö, ´μ ¨ ´ ¶· ¢²¥´¨¥
± ¦¤μ° ¶·μ¢μ²μ±¨. ‘·¥¤´ÖÖ ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö · ¸¶μ²μ¦¥´¨Ö ¶·μ¢μ²μ±, ¶μ-
²ÊÎ¥´´ Ö ´ ³¨ ´  “ˆŒ-23, · ¢´  ±1−2 ³±³. ‘¢μ¤´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥-
´¨° · ¸¸ÉμÖ´¨° ³¥¦¤Ê ¶·μ¢μ²μ± ³¨ ¶·¨ Ï £ Ì 17,60 ¨ 8,80 ³³ ¶·¨¢¥¤¥´Ò ¢
É ¡². 1 ¨ 2. 
É¨ ÉμÎ´μ¸É¨ ¤²Ö ¶·¥¤² £ ¥³μ£μ ´ ³¨ ³¥Éμ¤  ¢ ± ±μ°-Éμ ³¥·¥
Ö¢²ÖÕÉ¸Ö ¶·¥¤¥²Ó´Ò³¨. „μ¸É¨ÎÓ É ±μ° ÉμÎ´μ¸É¨ ¶·¨ · ¡μÉ¥ ¸ ·¥ ²Ó´Ò³¨ ± -
³¥· ³¨, ¶μ-¢¨¤¨³μ³Ê, ¡Ê¤¥É É·Ê¤´μ, ´μ ¶μ²ÊÎ¨ÉÓ ¸·¥¤´ÕÕ ÉμÎ´μ¸ÉÓ ¶μ·Ö¤± 
±0,003−±0,004 ³±³ ¢¶μ²´¥ ·¥ ²Ó´μ. ‚ ¶· ±É¨Î¥¸±¨Ì ¸²ÊÎ ÖÌ É ± Ö ÉμÎ´μ¸ÉÓ
μ¡ÒÎ´μ ¤μ¸É ÉμÎ´ .

�  ·¨¸. 4 ¶μ± § ´μ · ¸¶μ²μ¦¥´¨¥ ¤¥¢ÖÉ¨ ¶·μ¢μ²μ± μÉ´μ¸¨É¥²Ó´μ ¶¥·¢μ°,
¨§³¥·¥´´μ¥ ´  ³ ±¥É¥. „²Ö ´ £²Ö¤´μ¸É¨ ³ ¸ÏÉ ¡Ò μÉ±²μ´¥´¨° ±μ´Íμ¢ ¶·μ-
¢μ²μ± μÉ´μ¸¨É¥²Ó´μ ¨Ì · ¸Î¥É´μ£μ · ¸¶μ²μ¦¥´¨Ö (ÏÉ·¨Ì¶Ê´±É¨·´Ò¥ ²¨´¨¨)
Ê¢¥²¨Î¥´Ò.
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’ ¡²¨Í  2. ˆ§³¥·¥´¨Ö ¤¢ÊÌ ¸²μ¥¢ ¶·μ¢μ²μ± ¸ Ï £μ³ 8,80 ³³ ´  ³¨±·μ¸±μ¶¥ “ˆŒ-23

ºÄº
¶·μ¢μ²μ±

�¶¥· Éμ· 1 (³³) �¶¥· Éμ· 2 (³³)
σ ‘·¥¤´¥¥

07.10.2015 28.07.2015 09.09.2015 23.09.2015

1Ä2 ¢¥·Ì 8,910 8,914 8,912 8,911 0,002 8,912

1Ä2 ´¨§ 8,862 8,862 8,864 8,862 0,001 8,863

2Ä3 ¢¥·Ì 8,719 8,715 8,720 8,718 0,002 8,718

2Ä3 ´¨§ 8,686 8,690 8,689 8,690 0,002 8,689

3Ä4 ¢¥·Ì 8,988 8,992 8,992 8,993 0,002 8,991

3Ä4 ´¨§ 8,895 8,891 8,893 8,896 0,002 8,894

4Ä5 ¢¥·Ì 8,676 8,677 8,671 8,675 0,003 8,675

4Ä5 ´¨§ 8,736 8,740 8,738 8,736 0,002 8,738

5Ä6 ¢¥·Ì 8,897 8,896 8,898 8,894 0,002 8,896

5Ä6 ´¨§ 8,858 8,856 8,857 8,852 0,003 8,856

6Ä7 ¢¥·Ì 8,691 8,692 8,694 8,694 0,002 8,693

6Ä7 ´¨§ 8,743 8,745 8,742 8,745 0,002 8,744

7Ä8 ¢¥·Ì 8,900 8,901 8,899 8,900 0,001 8,900

7Ä8 ´¨§ 8,886 8,882 8,882 8,883 0,002 8,883

8Ä9 ¢¥·Ì 8,706 8,705 8,706 8,707 0,001 8,706

8Ä9 ´¨§ 8,742 8,748 8,743 8,743 0,003 8,744

9Ä10 ¢¥·Ì 8,871 8,876 8,871 8,872 0,002 8,873

9Ä10 ´¨§ 8,818 8,814 8,819 8,821 0,003 8,818

�¨¸. 4. � ¸¶μ²μ¦¥´¨¥ ¶·μ¢μ²μ± ¢ ³ ±¥É¥
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3. ˆ‡Œ…�…�ˆŸ ‚ ���•�„Ÿ™…Œ ‘‚…’…
‘ �‚’�Œ�’ˆ—…‘ŠˆŒ ��‘��‡��‚��ˆ…Œ ���‚�‹�Š

�  ¸²¥¤ÊÕÐ¥³ ÔÉ ¶¥ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö, ¶·¨¡²¨¦¥´´Ò¥ ± ·¥ ²Ó-
´Ò³ Ê¸²μ¢¨Ö³ ± ³¥·. �  ·¨¸. 5 ¶μ± § ´  ¶·¨³¥·´ Ö ¸Ì¥³  μ¶·¥¤¥²¥´¨Ö ³¥-
¸Éμ¶μ²μ¦¥´¨Ö ¶·μ¢μ²μ± ¢ É·Ê¡± Ì ¢ ¶·μÌμ¤ÖÐ¥³ ¸¢¥É¥, ¢§ÖÉ Ö ¨§ · ¡μÉÒ [6].
�´  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ³ ±¥É ± ³¥·Ò ¸ É·Ê¡± ³¨, ³¨±·μ¸±μ¶, μ¸¢¥É¨É¥²Ó ¢ ¢¨¤¥
¸¢¥Éμ¤¨μ¤´μ° ³ É·¨ÍÒ ¨ μ¶É¨Î¥¸±ÊÕ ¸± ³ÓÕ. ˆÌ ¢§ ¨³´μ¥ ¶¥·¥³¥Ð¥´¨¥ μ¸Ê-
Ð¥¸É¢²Ö²μ¸Ó ¸ ÉμÎ´μ¸ÉÓÕ ∼ 0,6 ³±³ ¸ ¶μ³μÐÓÕ μ¶É¨Î¥¸±μ° ¸± ³Ó¨ Ë¨·³Ò
®Huber¯, Ê¶· ¢²Ö¥³μ° ±μ³¶ÓÕÉ¥·μ³ [9]. Šμμ·¤¨´ ÉÒ ¶·μ¢μ²μ± Ë¨±¸¨·μ¢ -
²¨¸Ó ¸É¥·¥μ³¨±·μ¸±μ¶μ³ É¨¶  Œ	‘. „²Ö ¸± ´¨·μ¢ ´¨Ö ¨Ì ¨§μ¡· ¦¥´¨° ¨
 ¢Éμ³ É¨Î¥¸±μ° § ¶¨¸¨ ¨´Ëμ·³ Í¨¨ ¢ ±μ³¶ÓÕÉ¥· ¡Ò² ¨¸¶μ²Ó§μ¢ ´ Ô²¥±É·μ´-
´Ò° μ±Ê²Ö· Ë¨·³Ò ®Levenhuk¯ ¸ · §·¥Ï¥´¨¥³ 5,1 Œ¶. ‚ μÉ²¨Î¨¥ μÉ ·¨¸. 5,
¢ ¤ ´´μ° · ¡μÉ¥ ¶¥·¥³¥Ð ²¸Ö ¸ ³ ³ ±¥É μÉ´μ¸¨É¥²Ó´μ ³¨±·μ¸±μ¶ .

„²Ö ¶·μ¸¢¥Î¨¢ ´¨Ö É·Ê¡μ± ¶·¨ · ¡μÉ¥ ¢ ¶·μÌμ¤ÖÐ¥³ ¸¢¥É¥ ( ´ ²μ£ ¶ ¸¸¨¢-
´μ£μ ³¥Éμ¤  [3]) ³Ò ¶·¨³¥´¨²¨ ´¥¶μ¤¢¨¦´Ò° ¶·μÉÖ¦¥´´Ò° ¨¸ÉμÎ´¨± ¢ ¢¨¤¥
¸¢¥Éμ¤¨μ¤´μ° ³ É·¨ÍÒ, § ±·¥¶²¥´´Ò° ´  ³ ±¥É¥ ¶μ§ ¤¨ É·Ê¡μ±, ± ± ¶μ± § ´μ
´  ·¨¸. 5. �·¨ ÔÉμ³ ¤¨μ¤Ò ´  ³ É·¨Í¥ ¡Ò²¨ · ¸¶μ²μ¦¥´Ò ¸ Ï £μ³, · ¢´Ò³
¸¤¢¨£Ê Ï £  É·Ê¡μ± ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ·Ö¤μ¢ (8,80 ³³). Š ¦¤Ò° μÉ¤¥²Ó´Ò°
¸¢¥Éμ¤¨μ¤ Î¥·¥§ ¸É¥´±¨ É·Ê¡±¨ μ¸¢¥Ð ² ®¸¢μÕ¯ ¶·μ¢μ²μ±Ê. ˆ¸¶μ²Ó§μ¢ ´´Ò¥
¸¢¥Éμ¤¨μ¤Ò ¨³¥²¨ ¸¢¥ÉÖÐ¨°¸Ö ¤¨ ³¥É· ∼ 1,5 ³³, ¶μÔÉμ³Ê ¨Ì ÉμÎ´μ¥ · ¸-
¶μ²μ¦¥´¨¥ μÉ´μ¸¨É¥²Ó´μ ¶·μ¢μ²μ± ´¥ É·¥¡μ¢ ²μ¸Ó. ‚ Í¥²μ³ ÔÉμ Ê¶·μ¸É¨²μ
¶·μÍ¥¸¸ ¨§³¥·¥´¨Ö.

�¨¸. 5. ‘Ì¥³  Ê¸É ´μ¢±¨ ¤²Ö ¨§³¥·¥´¨Ö ³¥¸Éμ¶μ²μ¦¥´¨Ö ¶·μ¢μ²μ± ¢ ¶·μÌμ¤ÖÐ¥³ ¸¢¥É¥
¢ ¶μ²Ê¶·μ§· Î´μ° É·Ê¡±¥: 1 Å  ´μ¤´ Ö ¶·μ¢μ²μ± ; 2 Å ¶μ²Ê¶·μ§· Î´Ò¥ ¤·¥°Ëμ¢Ò¥
É·Ê¡±¨; 3 Å ¶·μÉÖ¦¥´´Ò° ¨¸ÉμÎ´¨± ¸¢¥É  (¸¢¥Éμ¤¨μ¤´ Ö ³ É·¨Í ); 4 Å ³¨±·μ¸±μ¶;
5 Å Ô²¥±É·μ´´Ò° μ±Ê²Ö·; 6 Å μ¶É¨Î¥¸± Ö ¸± ³ÓÖ; 7 Å Ê¶· ¢²ÖÕÐ¨° ±μ³¶ÓÕÉ¥·
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’·¥¡μ¢ ´¨Ö, ¶·¥¤ÑÖ¢²Ö¥³Ò¥ ± μ¶É¨±¥ ³¨±·μ¸±μ¶ , ¤μ¸É ÉμÎ´μ ¶·μ¸ÉÒ.
�´  ¤μ²¦´  ¨³¥ÉÓ Ê¢¥²¨Î¥´¨¥ ¶μ·Ö¤±  50−80x, μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏμ¥ · ¡μ-
Î¥¥ · ¸¸ÉμÖ´¨¥ (∼ 40−80 ³³) ¨, ¶μ ¢μ§³μ¦´μ¸É¨, ¡μ²ÓÏÊÕ £²Ê¡¨´Ê ·¥§±μ¸É¨.
„²Ö ¨¸±²ÕÎ¥´¨Ö ¢²¨Ö´¨Ö ¶ · ²² ±¸ , ¶·¨¸ÊÐ¥£μ ¸É¥·¥μ³¨±·μ¸±μ¶ ³, É·Ê¡±¨
¸ ¶·μ¢μ²μ± ³¨ · ¸¶μ² £ ²¨¸Ó ¢ ¶²μ¸±μ¸É¨, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ μ¸¨ ¸É¥·¥μÉ·Ê-
¡μ± ³¨±·μ¸±μ¶ .

‚ ¶μ²Ê ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥ ¨§μ¡· ¦¥´¨¥ ¶·μ¢μ²μ±¨ § ¶¨¸Ò¢ ¥É¸Ö ¨
μ¡· ¡ ÉÒ¢ ¥É¸Ö ¢ ±μ³¶ÓÕÉ¥·¥, ±μÉμ·Ò° ¢Ò¤ ¥É É ¡²¨ÍÊ ±μμ·¤¨´ É. ‚ ¸²Ê-
Î ¥ ·ÊÎ´μ£μ μÉ¸Î¥É  ±μμ·¤¨´ É μ¶¥· Éμ· ´¥¶μ¸·¥¤¸É¢¥´´μ (¨²¨ ¸ ¶μ³μÐÓÕ
Ô²¥±É·μ´´μ£μ μ±Ê²Ö· ) ¶μ¸²¥¤μ¢ É¥²Ó´μ ¸Î¨ÉÒ¢ ¥É ±μμ·¤¨´ ÉÒ ¨§μ¡· ¦¥´¨Ö
¶·μ¢μ²μ±¨ ¶·¨ ¸μ¢¶ ¤¥´¨¨ ¢¨§¨·  ³¨±·μ¸±μ¶  ¸ ¥£μ ±· Ö³¨.

Š ± μÉ³¥Î ²μ¸Ó ¢ÒÏ¥, ¤²Ö ¢μ¸¸É ´μ¢²¥´¨Ö ´ ¶· ¢²¥´¨Ö ¶·μ¢μ²μ± ¢ ± -
³¥·¥ ¸²¥¤Ê¥É ¶μ¢Éμ·¨ÉÓ ¨§³¥·¥´¨Ö ±μμ·¤¨´ É ¢ ¤·Ê£μ° ¶²μ¸±μ¸É¨. �·¨ ¢¥·É¨-
± ²Ó´μ³ · ¸¶μ²μ¦¥´¨¨ É·Ê¡μ± ÔÉ¨Ì ¤ ´´ÒÌ ¡Ê¤¥É ¤μ¸É ÉμÎ´μ. �μ ¤²Ö ÊÎ¥É 
£· ¢¨É Í¨μ´´μ£μ ¶·μ£¨¡  £μ·¨§μ´É ²Ó´μ ¨²¨ ´ ±²μ´´μ · ¸¶μ²μ¦¥´´ÒÌ É·Ê-
¡μ± ¨²¨ ¶·¨ ´ ²¨Î¨¨ ¢ É·Ê¡± Ì ¶μ¤¤¥·¦¥± ¤²Ö ¶·μ¢μ²μ± ¶μÉ·¥¡ÊÕÉ¸Ö ¤μ¶μ²-
´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ¢¤μ²Ó ¶·μ¢μ²μ± ¢ ´¥¸±μ²Ó±¨Ì ³¥¸É Ì, ¢ § ¢¨¸¨³μ¸É¨ μÉ
¨Ì ¸¢μ¡μ¤´μ° ¤²¨´Ò.

„²Ö  ¢Éμ³ É¨§ Í¨¨ ¶·μÍ¥¸¸  ¨§³¥·¥´¨Ö ¡Ò²μ · §· ¡μÉ ´μ ¶·¨²μ¦¥´¨¥
Straw Recognition, ¶·¥¤´ §´ Î¥´´μ¥ ¤²Ö · ¸¶μ§´ ¢ ´¨Ö ¨§μ¡· ¦¥´¨°  ´μ¤´ÒÌ
¶·μ¢μ²μ± ¨ ¢ÒÎ¨¸²¥´¨Ö ¨Ì ¸³¥Ð¥´¨Ö μÉ · ¸Î¥É´μ£μ ¶μ²μ¦¥´¨Ö. Š·μ³¥ Éμ£μ,
¨¸¶μ²Ó§μ¢ ´¨¥ ÔÉμ° ¶·μ£· ³³Ò ¤μ²¦´μ ¨¸±²ÕÎ¨ÉÓ ¸¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨,
Ì · ±É¥·´Ò¥ ¤²Ö ·ÊÎ´ÒÌ ¨§³¥·¥´¨°.

�¨¸. 6. ƒ² ¢´μ¥ μ±´μ ¶·¨²μ¦¥´¨Ö Straw Recognition
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ˆ§μ¡· ¦¥´¨¥ ¢ ¶·¨²μ¦¥´¨¨ Straw Recognition ¶μ²ÊÎ ²μ¸Ó ´¥¶μ¸·¥¤¸É¢¥´-
´μ ¸ ³¨±·μ¸±μ¶ , ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸É ´¤ ·É´μ£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö
Ë¨·³Ò ®Levenhuk¯. 
Éμ Ê¸±μ·Ö¥É ¶·μÍ¥¸¸ · ¸¶μ§´ ¢ ´¨Ö ¨, ±·μ³¥ Éμ£μ,
¤¥² ¥É ¢μ§³μ¦´Ò³ ¢ ¤ ²Ó´¥°Ï¥³ · §· ¡μÉ±Ê ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ  ¢Éμ³ -
É¨§¨·μ¢ ´´μ° ¸¨¸É¥³Ò ¨§³¥·¥´¨Ö.

„²Ö ¸μ§¤ ´¨Ö £· Ë¨Î¥¸±μ£μ ¨´É¥·Ë¥°¸  ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¡¨¡²¨μÉ¥± 
Qt [10],   ¤²Ö μ¡· ¡μÉ±¨ ¨§μ¡· ¦¥´¨° Å ¡¨¡²¨μÉ¥±  OpenCV [11]. ˆ§μ¡· -
¦¥´¨¥ £² ¢´μ£μ μ±´  ¶·¨²μ¦¥´¨Ö ¶μ± § ´μ ´  ·¨¸. 6.

‚ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ´ ¸²¥¤ÊÕÐ¨°  ²£μ·¨É³ · ¸¶μ§´ ¢ ´¨Ö ¨§μ¡· ¦¥´¨Ö.
1. �μ²ÊÎ¥´¨¥ ¨§μ¡· ¦¥´¨Ö  ´μ¤´μ° ¶·μ¢μ²μ±¨ ¸ ¶μ³μÐÓÕ ³¨±·μ¸±μ¶  ¸

Ô²¥±É·μ´´Ò³ μ±Ê²Ö·μ³.
2. �μ¤£μÉμ¢±  ¨§μ¡· ¦¥´¨Ö ( ¤ ¶É¨¢´ Ö μ¡· ¡μÉ±  Ëμ´ , ´ ²μ¦¥´¨¥

Ë¨²ÓÉ·μ¢ ¤²Ö Ê³¥´ÓÏ¥´¨Ö Ê·μ¢´Ö ÏÊ³ ).
3. �μ²ÊÎ¥´¨¥ £· ¤¨¥´É  Ö·±μ¸É¨ ¨§μ¡· ¦¥´¨Ö ¶·¨ ¶μ³μÐ¨ μ¶¥· Éμ·  ‘μ-

¡¥²Ö [12].
4. ‚ÒÖ¢²¥´¨¥ ¨§μ¡· ¦¥´¨Ö  ´μ¤´μ° ¶·μ¢μ²μ±¨.
5. ‚ÒÎ¨¸²¥´¨¥ ¤¨ ³¥É·  ¶·μ¢μ²μ±¨ ¢ ³¨±·μ³¥É· Ì.
6. ‚ÒÎ¨¸²¥´¨¥ ¸³¥Ð¥´¨Ö ¶·μ¢μ²μ±¨ μÉ Í¥´É·  ± ¤· .
7. ‚ÒÎ¨¸²¥´¨¥ · ¸¸ÉμÖ´¨Ö μÉ ¸μ¸¥¤´¥° ¶·μ¢μ²μ±¨.
8. ‘μÌ· ´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨Ö ¢ ¢¨¤¥ Ë °²μ¢ Excel ¨ ¢ ¢¨¤¥ ¨§μ-

¡· ¦¥´¨° ¸ ´ ´¥¸¥´´Ò³¨ · §³¥· ³¨.
„²Ö ¶¥·¥¢μ¤  ±μ²¨Î¥¸É¢  ¶¨±¸¥²¥° ¢ ³¨±·μ³¥É·Ò ¡Ò²μ ¨¸¶μ²Ó§μ¢ ´μ ¤¢ 

¢¨¤  ± ²¨¡·μ¢±¨.
1. �μ ¨§³¥·¥´¨Õ £· ¤Ê¨·μ¢ ´´μ° Ï± ²Ò ¸ ¤¥²¥´¨Ö³¨ ¶μ 100 ³±³.
2. �μ ¨§³¥·¥´¨Õ ¶¥·¥³¥Ð¥´¨Ö μ¶É¨Î¥¸±μ° ¸± ³Ó¨ ´  ¨§¢¥¸É´μ¥ · ¸¸ÉμÖ-

´¨¥ (¨§³¥·¥´¨¥ ¨§μ¡· ¦¥´¨° ¶·μ¢μ²μ±¨ ¤μ ¨ ¶μ¸²¥ ¶¥·¥³¥Ð¥´¨Ö ¢ ¶·¥¤¥² Ì
μ¤´μ£μ ¶μ²Ö ¢¨¤¨³μ¸É¨).

Š ²¨¡·μ¢±  ¶μ ¶¥·¥³¥Ð¥´¨Õ ¤ ¥É ¡μ²¥¥ ´ ¤¥¦´Ò° ·¥§Ê²ÓÉ É, ¶μ¸±μ²Ó±Ê,
±·μ³¥ μ¶É¨Î¥¸±¨Ì ¸¢μ°¸É¢ ³¨±·μ¸±μ¶  ¨ μ±Ê²Ö· , μ´  μ¸´μ¢Ò¢ ¥É¸Ö ´  ¢Ò¸μ-
±μ° ÉμÎ´μ¸É¨ ¶¥·¥³¥Ð¥´¨Ö μ¶É¨Î¥¸±μ° ¸± ³Ó¨.

�¥·¥³¥Ð Ö ³ ±¥É ¸ Ï £μ³ 17,6 ³³ ¢ ± ¦¤μ³ ·Ö¤Ê É·Ê¡μ±, ³Ò ¨§³¥·Ö²¨ μÉ-
±²μ´¥´¨¥ ± ¦¤μ°  ´μ¤´μ° ¶·μ¢μ²μ±¨ μÉ Í¥´É·  ± ¤· . �μ ÔÉ¨³ ¤ ´´Ò³ ¡Ò²¨
¢ÒÎ¨¸²¥´Ò · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ¶·μ¢μ²μ± ³¨. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²Ó-
É ÉÒ ¸¢¥¤¥´Ò ¢ É ¡². 3. ‘· ¢´¥´¨¥ ¤ ´´ÒÌ ¢ É ¡². 1 ¨ 3 ¶μ± §Ò¢ ¥É Ìμ·μÏ¥¥
¸μ¢¶ ¤¥´¨¥ ¢ ¶·¥¤¥² Ì μÏ¨¡μ± ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ ¨§³¥·¥´¨°. �  ¤ ´´μ³ ÔÉ ¶¥
ÉμÎ´μ¸ÉÓ ·ÊÎ´ÒÌ ¨§³¥·¥´¨° ´  ³¨±·μ¸±μ¶¥ “ˆŒ-23 ´¥¸±μ²Ó±μ ¢ÒÏ¥.

„²Ö ¤ ²Ó´¥°Ï¥£μ · §¢¨É¨Ö  ¢Éμ³ É¨§ Í¨¨ ¨§³¥·¥´¨° ³μ¦´μ ¢Ò¤¥²¨ÉÓ
4 ¢ ¦´ÒÌ § ¤ Î¨.

1. „μ· ¡μÉ±   ²£μ·¨É³  · ¸¶μ§´ ¢ ´¨Ö ¸ Í¥²ÓÕ ¶μ¢ÒÏ¥´¨Ö ÉμÎ´μ¸É¨ ¨§-
³¥·¥´¨° ¶·¨ ´¥¨¤¥ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ (¶·¨ ¸² ¡μ³ μ¸¢¥Ð¥´¨¨ ¨²¨ ¸¡¨Éμ³ Ëμ-
±Ê¸¥).
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’ ¡²¨Í  3. ˆ§³¥·¥´¨Ö ¤¢ÊÌ ¸²μ¥¢ ¶·μ¢μ²μ± ´  ³¨±·μ¸±μ¶¥ Œ�‘ ¸ Ô²¥±É·μ´´Ò³
μ±Ê²Ö·μ³

ºÄº
¶·μ¢μ²μ±

�¶¥· Éμ· 1 �¶¥· Éμ· 2
σ ‘·¥¤´¥¥

19.10.16 19.10.16 29.10.16 29.10.16

1Ä3 ¢¥·Ì 17,632 17,637 17,632 17,632 0,003 17,633

1Ä3 ´¨§ 17,669 17,670 17,667 17,667 0,002 17,668

3Ä5 ¢¥·Ì 17,590 17,590 17,587 17,587 0,002 17,589

3Ä5 ´¨§ 17,606 17,604 17,608 17,608 0,002 17,607

5Ä7 ¢¥·Ì 17,712 17,711 17,712 17,708 0,002 17,711

5Ä7 ´¨§ 17,572 17,573 17,571 17,572 0,001 17,572

7Ä9 ¢¥·Ì 17,593 17,596 17,589 17,591 0,003 17,592

7Ä9 ´¨§ 17,578 17,579 17,576 17,578 0,001 17,578

2Ä4 ¢¥·Ì 17,554 17,550 17,554 17,553 0,002 17,553

2Ä4 ´¨§ 17,633 17,634 17,628 17,629 0,003 17,631

4Ä6 ¢¥·Ì 17,600 17,601 17,599 17,599 0,001 17,600

4Ä6 ´¨§ 17,631 17,629 17,627 17,627 0,002 17,629

6Ä8 ¢¥·Ì 17,584 17,588 17,585 17,585 0,002 17,586

6Ä8 ´¨§ 17,594 17,593 17,591 17,592 0,001 17,593

8Ä10 ¢¥·Ì 17,628 17,631 17,627 17,628 0,002 17,629

8Ä10 ´¨§ 17,560 17,563 17,559 17,556 0,003 17,560

2. „μ· ¡μÉ±  ¨´É¥·Ë¥°¸  ¶·¨²μ¦¥´¨Ö Straw Recognition ¤²Ö Ê¤μ¡¸É¢  ¥£μ
¨¸¶μ²Ó§μ¢ ´¨Ö.

3. “¶· ¢²¥´¨¥ ¶¥·¥³¥Ð¥´¨¥³ μ¶É¨Î¥¸±μ° ¸± ³Ó¨ ´¥¶μ¸·¥¤¸É¢¥´´μ ¨§
¶·μ£· ³³Ò Straw Recognition ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö μÉ¤¥²Ó´μ£μ ¶·μ£· ³³´μ£μ
μ¡¥¸¶¥Î¥´¨Ö.

4. �¢Éμ³ É¨§ Í¨Ö ¶μ¤¸É·μ°±¨ Ëμ±Ê¸´μ£μ · ¸¸ÉμÖ´¨Ö.

‡�Š‹	—…�ˆ…
‚ Éμ´±μ¸É¥´´ÒÌ É·Ê¡± Ì ´μ¢μ£μ É¨¶  ¤²Ö Ô±¸¶¥·¨³¥´É  NA62, ±μÉμ·Ò¥

μ± § ²¨¸Ó ¶μ²Ê¶·μ§· Î´Ò³¨ ¤²Ö ¢¨¤¨³μ£μ ¸¢¥É , ¸ ¶μ³μÐÓÕ μ¶É¨Î¥¸±μ£μ ³¨-
±·μ¸±μ¶  ³μ¦´μ ¨§³¥·¨ÉÓ ³¥¸Éμ¶μ²μ¦¥´¨¥  ´μ¤´ÒÌ ¶·μ¢μ²μ± ± ± ¢ ¶·μÌμ-
¤ÖÐ¥³, É ± ¨ ¢ μÉ· ¦¥´´μ³ ¸¢¥É¥. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨¸¶μ²Ó§μ¢ ´¨¥ É ±¨Ì
É·Ê¡μ± ¶·¥¤¶μ² £ ¥É¸Ö ¨ ¢ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´É Ì.

Š ²¨¡·μ¢μÎ´Ò¥ ¨§³¥·¥´¨Ö ¢ ¶·μÌμ¤ÖÐ¥³ ¸¢¥É¥ ´  ³¨±·μ¸±μ¶¥ “ˆŒ-23
¶μ± § ²¨, ÎÉμ ³μ¦´μ ¤μ¸É¨ÎÓ ÉμÎ´μ¸É¨ ¶μ·Ö¤±  1Ä2 ³±³. ˆ§³¥·¥´¨Ö, ¶·¨¡²¨-
¦¥´´Ò¥ ± ·¥ ²Ó´Ò³ Ê¸²μ¢¨Ö³ ¸ ¶μ³μÐÓÕ μ¡ÒÎ´μ£μ ³¨±·μ¸±μ¶  É¨¶  Œ	‘
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¨ ³ ±¥É , · ¸¶μ²μ¦¥´´μ£μ ´  μ¶É¨Î¥¸±μ° ¸± ³Ó¥ ®�uber¯, ¶·μ¢μ¤¨²¨¸Ó ¶·¨
¶μ³μÐ¨ Ô²¥±É·μ´´μ£μ ¸± ´¨·μ¢ ´¨Ö ¢ ¶μ²Ê ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥. 
Éμ ¶μ-
§¢μ²Ö¥É Ê¸É· ´¨ÉÓ ¸¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨, ¢μ§´¨± ÕÐ¨¥ ¶·¨ ¸μ¢³¥Ð¥´¨¨
μ¶¥· Éμ·μ³ ¢¨§¨·  ³¨±·μ¸±μ¶  ¸ ±· ¥³ ¶·μ¢μ²μ±¨. �¢Éμ³ É¨§¨·μ¢ ´´Ò¥ ¨§-
³¥·¥´¨Ö ¤ ÕÉ ·¥§Ê²ÓÉ ÉÒ, ¸É É¨¸É¨Î¥¸±¨ ¸μ¢³¥¸É¨³Ò¥ ¸ ± ²¨¡·μ¢μÎ´Ò³¨ ¤ ´-
´Ò³¨ μÉ “ˆŒ-23.

‚ ¤ ²Ó´¥°Ï¥³ ¶·μÍ¥¸¸ ¨§³¥·¥´¨Ö ³μ¦´μ ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ  ¢Éμ-
³ É¨§¨·μ¢ ÉÓ, ¨¸±²ÕÎ Ö ¶·¨¢Ö§±Ê ±μμ·¤¨´ É ± ±μ·¶Ê¸Ê ± ³¥·Ò.

‚ ¡Ê¤ÊÐ¥³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¦´Ò³ ¶μ²ÊÎ¨ÉÓ É ±¨¥ ¦¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨
· ¡μÉ¥ ¸ μÉ· ¦¥´´Ò³ ¸¢¥Éμ³, É ± ± ± ¨§³¥·¥´¨Ö ¢ μÉ· ¦¥´´μ³ ¸¢¥É¥ ¨³¥ÕÉ
¢ ¦´μ¥ ¶·¥¨³ÊÐ¥¸É¢μ Å ¶μ§¢μ²ÖÕÉ · ¸¶μ² £ ÉÓ ¨ ³¨±·μ¸±μ¶, ¨ μ¸¢¥É¨É¥²Ó
´  μ¤´μ° ¸Éμ·μ´¥ ¶²μ¸±μ¸É¨ É·Ê¡μ±. 
Éμ μ¸μ¡¥´´μ Ê¤μ¡´μ ¶·¨ μÉ¸ÊÉ¸É¢¨¨ ¤μ-
¸ÉÊ¶  ± É·Ê¡± ³ ¸ ¤·Ê£μ° ¸Éμ·μ´Ò ± ³¥·Ò ¤²Ö μ¸¢¥Ð¥´¨Ö ¶·μ¢μ²μ±. ‚ μ¸É ²Ó-
´μ³ μ´¨ ¨¤¥´É¨Î´Ò ¸ ¨§³¥·¥´¨Ö³¨ ¢ ¶·μÌμ¤ÖÐ¥³ ¸¢¥É¥, ´μ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö
É·¥¡ÊÕÉ É·Ê¤μ¥³±μ° ´ ¸É·μ°±¨ μ¸¢¥Ð¥´¨Ö. �μ-¢¨¤¨³μ³Ê, ¡Ò²μ ¡Ò ¶μ²¥§´μ
· §· ¡μÉ ÉÓ ¸¶¥Í¨ ²Ó´Ò° ¨¸ÉμÎ´¨± ¸¢¥É , ¶μ§¢μ²ÖÕÐ¨° ¶·μ¸ÉÒ³ ¸¶μ¸μ¡μ³
¶μ²ÊÎ¨ÉÓ ± Î¥É¸¢¥´´μ¥ ¨§μ¡· ¦¥´¨¥ ¶·μ¢μ²μ±¨ ¢ μÉ· ¦¥´´μ³ ¸¢¥É¥.

�·¥¤²μ¦¥´´Ò° §¤¥¸Ó ³¥Éμ¤ Ê¤μ¡¥´ É¥³, ÎÉμ ¨§³¥·¥´¨Ö ³μ¦´μ ¶·μ¢μ¤¨ÉÓ
± ± ¤μ, É ± ¨ ¶μ¸²¥ ¸¡μ·±¨ ± ³¥·Ò. Š·μ³¥ Éμ£μ, ¥£μ ³μ¦´μ ¶·¨³¥´¨ÉÓ ¤²Ö
¨¸¸²¥¤μ¢ ´¨Ö ¸³¥Ð¥´¨Ö  ´μ¤  ¢ É·Ê¡±¥ ¶μ¤ ¢²¨Ö´¨¥³ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö,
¶μ¸²¥ ¶μ¤ Î¨ ¢ É·Ê¡±Ê ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö. ‚ ¶·¨´Í¨¶¥, ¢μ§³μ¦´μ É ±¦¥
μ¤´μ¢·¥³¥´´μ¥ ¨§³¥·¥´¨¥ ³¥¸Éμ¶μ²μ¦¥´¨Ö ± ± ¶·μ¢μ²μ±, É ± ¨ ¸ ³¨Ì É·Ê¡μ±.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¢Ò· ¦ ÕÉ ¸¢μÕ £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ �.ˆ. 	 -
· ´μ¢μ°, �.�. ‘¨·μÉ¨´Ê ¨ ‚.�.˜ ²Ö¶¨´Ê §  ¤¥°¸É¢¥´´ÊÕ ¶μ³μÐÓ ¢ · ¡μÉ¥.
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