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Š Î¥¸É¢μ ¶ÊÎ±  ² §¥·´μ£μ ¤· °¢¥·  ËμÉμ¨´¦¥±Éμ·  ´¥¶μ¸·¥¤¸É¢¥´´μ ¸¢Ö§ ´μ
¸ ± Î¥¸É¢μ³ ¶ÊÎ±  ËμÉμÔ²¥±É·μ´μ¢. „²Ö ¤¨ £´μ¸É¨±¨ ² §¥·´μ£μ ¶ÊÎ±  ´  ¸É¥´¤¥
ËμÉμ¶ÊÏ±¨ ‹”‚	 �ˆŸˆ ·¥ ²¨§μ¢ ´  ¸¨¸É¥³  ®¢¨·ÉÊ ²Ó´μ£μ ± Éμ¤ ¯, ¶μ§¢μ²Ö-
ÕÐ Ö ¢¨§Ê ²¨§¨·μ¢ ÉÓ ¶·μË¨²Ó ² §¥·´μ£μ ¶ÊÎ±  ´  ± Éμ¤¥. ‚¨§Ê ²¨§ Í¨Ö ·¥ -
²¨§μ¢ ´  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §· ¡μÉ ´´μ£μ ¢ DESY Zeuthen ¶·μ£· ³³´μ£μ ±μ³-
¶²¥±¸  AVINE. “¸É ´μ¢²¥´μ μ¡μ·Ê¤μ¢ ´¨¥ ¤²Ö ¨§³¥·¥´¨Ö Ô³¨ÉÉ ´¸  Ô²¥±É·μ´-
´μ£μ ¶ÊÎ±  Ð¥²¥¢Ò³ ³¥Éμ¤μ³; ´ ¶¨¸ ´μ ¨ ¶·μÉ¥¸É¨·μ¢ ´μ ´  ² §¥·´μ³ ¶ÊÎ±¥
μ·¨£¨´ ²Ó´μ¥ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ EmCa ¤²Ö ¢ÒÎ¨¸²¥´¨Ö Ô³¨ÉÉ ´¸ .

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

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

Nozdrin M.A. et al. P9-2016-6
Diagnostics at JINR LHEP Photogun Bench

The photoinjector electron beam quality dramatically depends on the laser driver
beam quality. For laser beam diagnostics a ©virtual cathodeª system was realized at
the JINR LHEP photogun bench. The system allows one to image laser beam proˇle
at the cathode. The AVINE software complex developed in DESY Zeuthen is being
used for imaging. Equipment for emittance measurement using the slit method was
installed. The original emittance calculation software EmCa was created and tested
with the laser beam.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2016
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‘μ§¤ ´´Ò° ¢ ‹”‚	 �ˆŸˆ ¸É¥´¤ ËμÉμ¶ÊÏ±¨ [1,2] ¶·¥¤´ §´ Î¥´ ¤²Ö · §-
· ¡μÉ±¨ ¨ ¸μ¢¥·Ï¥´¸É¢μ¢ ´¨Ö ®¶·μ§· Î´ÒÌ¯ ËμÉμ± Éμ¤μ¢ ¸ Í¥²ÓÕ Ê¢¥²¨Î¥-
´¨Ö ±¢ ´Éμ¢μ£μ ¢ÒÌμ¤ , ¢·¥³¥´¨ ¦¨§´¨ ¨ ¸´¨¦¥´¨Ö É·¥¡μ¢ ´¨° ± ¢ ±ÊÊ³-
´Ò³ Ê¸²μ¢¨Ö³. ®�·μ§· Î´Ò°¯ ËμÉμ± Éμ¤ Ö¢²Ö¥É¸Ö · §¢¨É¨¥³ ¶·¥¤²μ¦¥´´μ°
¢ �ˆŸˆ ±μ´Í¥¶Í¨¨ ®¶μ²μ£μ¯ ËμÉμ± Éμ¤  [3, 4] ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸¥É±Ê
¨§ ³¥É ²²¨Î¥¸±μ° ¶·μ¢μ²μ±¨ ³¨±·μ´´ÒÌ · §³¥·μ¢ ¨²¨ ±¢ ·Í¥¢ÊÕ/¸ ¶Ë¨·μ¢ÊÕ
¶² ¸É¨´Ê, ¸²Ê¦ ÐÊÕ ¶μ¤²μ¦±μ° ¤²Ö ¸μ§¤ ´¨Ö ¶²¥´μÎ´ÒÌ ± Éμ¤μ¢ ¨§ · §²¨Î-
´ÒÌ ËμÉμ³ É¥·¨ ²μ¢ Å ± ± ³¥É ²²μ¢, É ± ¨ ¶μ²Ê¶·μ¢μ¤´¨±μ¢.

‚ ¦´μ° § ¤ Î¥° ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ± Éμ¤μ¢ Ö¢²Ö¥É¸Ö ¤¨ £´μ¸É¨±  ¶ÊÎ±  Å
± ± ² §¥·´μ£μ, É ± ¨ Ô²¥±É·μ´´μ£μ. „²Ö ÔÉμ° Í¥²¨ ´  ¸É¥´¤¥ ¸μ§¤ ´ ·Ö¤ ¤¨ -
£´μ¸É¨Î¥¸±¨Ì ¶μ¤¸¨¸É¥³.

1. ����“„�‚��ˆ… ‘’…�„�

�¸´μ¢´Ò³¨ Ô²¥³¥´É ³¨ ¸É¥´¤  (·¨¸. 1) Ö¢²ÖÕÉ¸Ö ËμÉμ¶ÊÏ±  ¶·Ö³μ£μ ¤¥°-
¸É¢¨Ö ¸ ³ ±¸¨³ ²Ó´Ò³ ´ ¶·Ö¦¥´¨¥³ 30 ±‚, Ëμ±Ê¸¨·ÊÕÐ¨° ³ £´¨É ¸ ±μ··¥±-
É¨·ÊÕÐ¨³¨ μ¡³μÉ± ³¨, ¤¨ £´μ¸É¨Î¥¸± Ö ¸¨¸É¥³  ¨ ¤· °¢¥·´Ò° ² §¥·. � ¡μ-
Î¨° ¢ ±ÊÊ³ ¢ ± ³¥·¥ ¸É¥´¤  Å ´¥ ÌÊ¦¥ 10−8 Éμ··. „²Ö ¨§³¥·¥´¨Ö § ·Ö¤ 
Ô²¥±É·μ´´ÒÌ ¸£Ê¸É±μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö Í¨²¨´¤· ” · ¤¥Ö (·¨¸. 2), Ô´¥·£¨Ö ² §¥·-
´ÒÌ ¨³¶Ê²Ó¸μ¢ ¨§³¥·Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¨§³¥·¨É¥²Ö ³μÐ´μ¸É¨/Ô´¥·£¨¨ Ophir
Nova II ¸ ¶¨·μÔ²¥±É·¨Î¥¸±¨³ ¤ ÉÎ¨±μ³ PE25 (·¨¸. 3).

�¨¸. 1. ‘Ì¥³  ¸É¥´¤  ËμÉμ¶ÊÏ±¨: 1 Å ®¶·μ§· Î´Ò°¯ ËμÉμ± Éμ¤; 2 Å Ëμ±Ê¸¨·ÊÕÐ¨°
³ £´¨É ¸ ±μ··¥±É¨·ÊÕÐ¨³¨ μ¡³μÉ± ³¨; 3 Å ¶μ£²μÉ¨É¥²Ó ¶ÊÎ± 
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�¨¸. 2. –¨²¨´¤· ” · ¤¥Ö c ¤¢Ê³Ö §μ´ ³¨ Å Í¥´É· ²Ó´μ°
¨ ¶¥·¨Ë¥·¨°´μ°

�¨¸. 3. ˆ§³¥·¥´¨¥ Ô´¥·-
£¨¨ ² §¥·´μ£μ ¶ÊÎ± 

1.1. ‹ §¥·Ò. �¸´μ¢´Ò³ ² §¥·´Ò³ ¤· °¢¥·μ³ ´  ¤ ´´Ò° ³μ³¥´É Ö¢²Ö¥É¸Ö
LS-2134 ¶·μ¨§¢μ¤¸É¢  LOTIS TII (Œ¨´¸±). ’ ±¦¥ ¨¸¶μ²Ó§μ¢ ²¸Ö LS-2151,
  ¢ ¤ ´´μ¥ ¢·¥³Ö ¨¤¥É ¶μ¤£μÉμ¢¨É¥²Ó´ Ö · ¡μÉ  ¸ LS-2132 UTF Éμ° ¦¥ Ë¨·³Ò.
‘²¥¤ÊÕÐ¨³ ÔÉ ¶μ³ · §¢¨É¨Ö ¤μ²¦¥´ ¸É ÉÓ ´μ¢Ò° ¸É¥´¤ Å ËμÉμ¨´¦¥±Éμ· , Å
¨¸¶μ²Ó§ÊÕÐ¨° ¢ ± Î¥¸É¢¥ ¤· °¢¥·  Ê´¨± ²Ó´ÊÕ ² §¥·´ÊÕ ¸¨¸É¥³Ê [5, 6] ¶·μ-
¨§¢μ¤¸É¢  ˆ�” ��� (�¨¦´¨° �μ¢£μ·μ¤) ¨ ¶μ§¢μ²ÖÕÐ¨° Ê¸±μ·ÖÉÓ Ô²¥±É·μ´Ò
¤μ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ 400 ±Ô‚. � · ³¥É·Ò ¢ÒÏ¥¶¥·¥Î¨¸²¥´´ÒÌ ² §¥·μ¢
¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1. 	 · ³¥É·Ò ² §¥·μ¢

� · ³¥É·, ¥¤¨´¨Í  ¨§³¥·¥´¨Ö LS-2134 LS-2151 LS-2132 ˆ�” ���

ˆ¸¶μ²Ó§Ê¥³ Ö ¤²¨´  ¢μ²´Ò, ´³ 266 260Ä266

„²¨É¥²Ó´μ¸ÉÓ ³¨±·μ¨³¶Ê²Ó¸ , ¶¸ 15 000 75 5 000 8Ä12

	´¥·£¨Ö ¢ ³¨±·μ¨³¶Ê²Ó¸¥, ³±„¦ 15 000 5 000 30 000 1,85

„²¨É¥²Ó´μ¸ÉÓ ³ ±·μ¨³¶Ê²Ó¸ , ³±¸ Å 800

—¨¸²μ ³¨±·μ¨³¶Ê²Ó¸μ¢ ¢ ³ ±·μ¨³¶Ê²Ó¸¥ Å 8 000

— ¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö ³ ±·μ¨³¶Ê²Ó¸μ¢, ƒÍ Å 10

1.2. �¶¶ · ÉÊ·  ¨§³¥·¥´¨Ö Ô³¨ÉÉ ´¸ . 	³¨ÉÉ ´¸ Å μ¤´  ¨§ ¢ ¦´¥°Ï¨Ì
Ì · ±É¥·¨¸É¨± ¶ÊÎ±  Î ¸É¨Í, ¨ ¥£μ ¨§³¥·¥´¨¥ Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ ±²ÕÎ¥¢ÒÌ
§ ¤ Î ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ËμÉμ± Éμ¤μ¢. �  ¸É¥´¤¥ ¸μ§¤ ¥É¸Ö ¸¨¸É¥³  ¨§³¥·¥´¨Ö
Ô³¨ÉÉ ´¸  Ð¥²¥¢Ò³ ³¥Éμ¤μ³. ‚ ¸μ¸É ¢ ¸¨¸É¥³Ò ¢Ìμ¤¨É ¸²¥¤ÊÕÐ¥¥ μ¡μ·Ê-
¤μ¢ ´¨¥:

• Ð¥²¥¢ Ö ³ ¸± , ¶·¥¤¸É ¢²ÖÕÐ Ö ¸μ¡μ° ¢μ²ÓË· ³μ¢ÊÕ ¶² ¸É¨´Ê Éμ²Ð¨-
´μ° 1 ³³ ¸ 9 Ð¥²Ö³¨ Ï¨·¨´μ° 50 ³±³, · ¸¶μ²μ¦¥´´Ò³¨ ´  · ¸¸ÉμÖ´¨¨ 3 ³³
¤·Ê£ μÉ ¤·Ê£ ;
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• ¢ ±ÊÊ³´Ò° ¡μ±¸, ¢ ±μÉμ·μ³ · §³¥Ð ¥É¸Ö ³ ¸± , μ¸´ Ð¥´´Ò° ¤¢ÊÌ¶μ§¨-
Í¨μ´´Ò³ ¶´¥¢³ É¨Î¥¸±¨³ ¶·¨¢μ¤μ³ ¤²Ö ¢¢μ¤ /¢Ò¢μ¤  ³ ¸±¨ ¢/¨§ É· ±É  (¡μ±¸
¨ ³ ¸±  ¨§£μÉμ¢²¥´Ò ´  § ± § ¢ RadiaBeam Technologies);

• ²Õ³¨´μËμ·´Ò° Ô±· ´ (· §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ, ¶μ¤·μ¡´¥¥ ¸³. ¶. 3.2);
• ¢Ò¸μ±μÎÊ¢¸É¢¨É¥²Ó´ Ö ¢¨¤¥μ± ³¥·  Prosilica GC1380 ¤²Ö ¢¨§Ê ²¨§ Í¨¨

¶·μË¨²Ö ¶ÊÎ±  ´  Ô±· ´¥ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö Ð¥²¥¢μ° ³ ¸±¨;
• ±μ³¶·¥¸¸μ· ´  ³ ±¸¨³ ²Ó´μ¥ ¤ ¢²¥´¨¥ 7  É³ ¤²Ö ¶μ¤ Î¨ ¸¦ Éμ£μ ¢μ§-

¤ÊÌ  ´  ¶´¥¢³ É¨Î¥¸±¨° ¶·¨¢μ¤.
1.3. ‚¨¤¥μμ¡μ·Ê¤μ¢ ´¨¥. �  ¸É¥´¤¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¢Ò¸μ±μÎÊ¢¸É¢¨É¥²Ó´ Ö

Í¨Ë·μ¢ Ö ¢¨¤¥μ± ³¥·  AVT Prosilica GC1380 ¸ μ¡Ñ¥±É¨¢μ³ Kowa LM50JCM.
� · ³¥É·Ò ± ³¥·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡². 2. Š ³¥·  ¶μ¤¤¥·¦¨¢ ¥É § ¶Ê¸± μÉ ¢´¥Ï-
´¥£μ ¨¸ÉμÎ´¨±  ¶μ ¤¢Ê³ ± ´ ² ³: ¨§μ²¨·μ¢ ´´μ³Ê (§ ¤¥·¦±  ¸· ¡ ÉÒ¢ ´¨Ö
É·¨££¥·  5 ³±¸, ¤·μ¦ ´¨¥ (jitter) ± 0,5 ³±¸) ¨ ´¥¨§μ²¨·μ¢ ´´μ³Ê (§ ¤¥·¦± 
¸· ¡ ÉÒ¢ ´¨Ö É·¨££¥·  3,7 ³±¸, ¤·μ¦ ´¨¥ ± 20 ´¸). ‚ ¸¢Ö§¨ ¸ μÉ¸ÊÉ¸É¢¨¥³
³μÐ´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¶μ³¥Ì ´  ¸É¥´¤¥ ¨¸¶μ²Ó§Ê¥É¸Ö ´¥¨§μ²¨·μ¢ ´´Ò° ¢ÒÌμ¤.

’ ¡²¨Í  2. 	 · ³¥É·Ò ± ³¥·Ò Prosilica

‘¥´¸μ· 2.3ª Sony ICX285AL CCD

� §·¥Ï¥´¨¥ 1360× 1024

� §³¥· ¶¨±¸¥²Ö 6,45× 6,45 ³±³

— ¸ÉμÉ  ± ¤·μ¢ 20,2 ± ¤·  ¢ ¸¥±Ê´¤Ê

�μÉ·¥¡²Ö¥³ Ö ³μÐ´μ¸ÉÓ �¥ ¡μ²ÓÏ¥ 3,3 ‚É

�¶¶ · É´Ò° ¨´É¥·Ë¥°¸ IEEE 802.3 1000BASE-T, 100BASE-TX

�·μ£· ³³´Ò° ¨´É¥·Ë¥°¸ GigE Vision Standard 1.0

2. 	��ƒ��ŒŒ��… ��…‘	…—…�ˆ…

2.1. 	·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ´  μ¸´μ¢¥ Vimba SDK. ‚ ¤μ¸ÉÊ¶´Ò°
´  ¸ °É¥ AVT ¶ ±¥É ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö Vimba SDK [7] ¢Ìμ¤¨É ¶·¥¤-
´ §´ Î¥´´ Ö ¤²Ö · ¡μÉÒ ¸ ± ³¥·μ° ¶·μ£· ³³  Vimba Viewer, ¶μ§¢μ²ÖÕÐ Ö
¶·μ¸³ É·¨¢ ÉÓ ¨§μ¡· ¦¥´¨¥ ¸ ± ³¥·Ò ¨ ¤ ÕÐ Ö ¤μ¸ÉÊ¶ ± ¥¥ ¶ · ³¥É· ³. �¤-
´ ±μ ¤²Ö · ¡μÉÒ ¢ ± Î¥¸É¢¥ ¤¨ £´μ¸É¨Î¥¸±μ£μ �� ¤ ´´ Ö ¶·μ£· ³³  ¨³¥¥É
¤μ¸É ÉμÎ´μ ¸² ¡Ò° ËÊ´±Í¨μ´ ². ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¡Ò²  ´ Î É  · §· ¡μÉ±  ¸μ¡-
¸É¢¥´´μ£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö, ¡² £μ, Ê¶μ³Ö´ÊÉÒ° SDK ¶·¥¤μ¸É ¢²Ö¥É
¤²Ö ÔÉμ£μ ¤μ¸É ÉμÎ´μ Ï¨·μ±¨¥ ¢μ§³μ¦´μ¸É¨.

Vimba SDK Å ± ³¥·μ´¥§ ¢¨¸¨³Ò° ´ ¡μ· ¸·¥¤¸É¢ · §· ¡μÉ±¨ �� ¤²Ö 32-
¨ 64-¡¨É´ÒÌ μ¶¥· Í¨μ´´ÒÌ ¸¨¸É¥³ Windows XP, Windows 7, Windows 8
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¨ · §²¨Î´ÒÌ ¤¨¸É·¨¡ÊÉ¨¢μ¢ Linux, ¶μ§¢μ²ÖÕÐ¨° · ¡μÉ ÉÓ ¸ ± ³¥· ³¨, ¶μ¤-
¤¥·¦¨¢ ÕÐ¨³¨ AVT 1394 (Éμ²Ó±μ Windows) ¨ AVT GigE Vision [8]. SDK
¶·¥¤μ¸É ¢²Ö¥É API ¤²Ö Ö§Ò±μ¢ C, C++ ¨ .NET, ¶·¨Î¥³ ¸ ¶μ¸²¥¤´¨³ ³μ¦´μ
¶μ²Ó§μ¢ ÉÓ¸Ö ²Õ¡Ò³ ¨§ Ö§Ò±μ¢ ¤²Ö .NET: C#, C++/cli ¨²¨ Visual Basic .NET.
API ¤²Ö ²Õ¡μ£μ ¨§ Ö§Ò±μ¢ ·¥ ²¨§Ê¥É ¸²¥¤ÊÕÐ¨¥ ËÊ´±Í¨¨:

• ¶·¥¤μ¸É ¢²¥´¨¥ ¸¶¨¸±  ¶μ¤±²ÕÎ¥´´ÒÌ ± ³¥·;
• ±μ´É·μ²Ó ¶ · ³¥É·μ¢ ± ³¥·Ò;
• ¶μ²ÊÎ¥´¨¥ ¨§μ¡· ¦¥´¨° ¸ ± ³¥·Ò;
• Ê¢¥¤μ³²¥´¨¥ μ ¶μ¤¸μ¥¤¨´¥´¨¨ ¨²¨ μÉ¸μ¥¤¨´¥´¨¨ ± ³¥·.
Vimba API ¨¸¶μ²Ó§Ê¥É μ¡Ñ¥±É´ÊÕ ³μ¤¥²Ó, ¸Ì¥³  ±μÉμ·μ° ¶·¥¤¸É ¢²¥´ 

´  ·¨¸. 4. �¡Ñ¥±É System μ²¨Í¥É¢μ·Ö¥É ¸μ¡μ° ´¥¶μ¸·¥¤¸É¢¥´´μ API, ¸μμÉ¢¥É-
¸É¢¥´´μ, ¢μ§³μ¦´μ ¸μ§¤ ÉÓ Éμ²Ó±μ μ¤¨´ ¥£μ Ô±§¥³¶²Ö·. �·¨²μ¦¥´¨¥ ¤μ²¦´μ
¨´¨Í¨ ²¨§¨·μ¢ ÉÓ ÔÉμÉ μ¡Ñ¥±É, ¶·¥¦¤¥ Î¥³ ¶μ²Ó§μ¢ ÉÓ¸Ö ± ±¨³¨ ¡Ò Éμ ´¨
¡Ò²μ ËÊ´±Í¨Ö³¨ API. �¡Ñ¥±É System ¸μ¤¥·¦¨É ¸¶¨¸μ± ¨´É¥·Ë¥°¸μ¢ ¨ ± ³¥·
¨ ¸²Ê¦¨É μ¸´μ¢´μ° ÉμÎ±μ° ¤μ¸ÉÊ¶  ± ÔÉ¨³ μ¡Ñ¥±É ³. �¡Ñ¥±É Camera ¨¸¶μ²Ó-
§Ê¥É¸Ö ¤²Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ¢¨¤¥μ± ³¥·μ°. �´ ¶·¥¤μ¸É ¢²Ö¥É ´ ¡μ· ËÊ´±Í¨°,
´¥ § ¢¨¸ÖÐ¨° μÉ ¨¸¶μ²Ó§Ê¥³μ£μ ± ³¥·μ° ¨´É¥·Ë¥°¸ . �¡Ñ¥±É Interface
¸²Ê¦¨É ¤²Ö · ¡μÉÒ ¸ Ë¨§¨Î¥¸±¨³ ¶μ·Éμ³ ±μ³ÓÕÉ¥·  ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö Ê¶· -
¢²¥´¨Ö ´ ¸É·μ°± ³¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¨´É¥·Ë¥°¸Ê μ¡μ·Ê¤μ¢ ´¨Ö. Š ¦¤Ò°
¨§ ¶¥·¥Î¨¸²¥´´ÒÌ μ¡Ñ¥±Éμ¢ Å System, Camera ¨ Interface Å ¸μ¤¥·-
¦¨É ·Ö¤ μ¡Ñ¥±Éμ¢ Feature, ¸μ¤¥·¦ Ð¨Ì ¢ ¸¥¡¥ ´ ¸É·μ°±¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
μ¡Ñ¥±Éμ¢ ¢¥·Ì´¥£μ Ê·μ¢´Ö. „²Ö μ¡Ñ¥±É  System ÔÉμ £²μ¡ ²Ó´Ò¥ ´ ¸É·μ°±¨
API Å ´ ¶·¨³¥·, ¨´Ëμ·³ Í¨Ö μ Éμ³, ± ±¨¥ ³μ¤Ê²¨ É· ´¸¶μ·É´ÒÌ Ê·μ¢´¥°

�¨¸. 4. ‘Ì¥³  μ¡Ñ¥±É´μ° ³μ¤¥²¨ Vimba API
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(transport layer) § £·Ê¦¥´Ò. „²Ö μ¡Ñ¥±É  Camera Å ´ ¸É·μ°±¨ ±μ´±·¥É´μ°
± ³¥·Ò, É ±¨¥ ± ± ¢·¥³Ö Ô±¸¶μ§¨Í¨¨ ¨²¨ Ëμ·³ É ¨§μ¡· ¦¥´¨Ö. „²Ö μ¡Ñ¥±É 
Interface Å ´ ¸É·μ°±¨ ¨´É¥·Ë¥°¸´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö, ´ ¶·¨³¥·, IP- ¤·¥¸
¸¥É¥¢μ° ± ·ÉÒ. � ±μ´¥Í, μ¡Ñ¥±ÉÒ Frame ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¶μ²ÊÎ¥´¨Ö ¨§μ-
¡· ¦¥´¨° ¸ ± ³¥·Ò.

‘μ§¤ ´μ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ (·¨¸. 5) ¢ ¸·¥¤¥ MS Visual Studio 2010
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ö§Ò±  C++, ¨³¥ÕÐ¥¥ ¸²¥¤ÊÕÐ¨° ËÊ´±Í¨μ´ ²:

•  ¢Éμ·¨§ Í¨Õ ± ³¥·Ò ¶μ Ê´¨± ²Ó´μ³Ê ´μ³¥·Ê;
•  ¸¨´Ì·μ´´Ò° ¢Ò¢μ¤ ¢¨¤¥μ¶μÉμ±  ¸ ± ³¥·Ò ´  Ô±· ´ ±μ³¶ÓÕÉ¥· ;
• ¢Ò¢μ¤ ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨ · ¸¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¢ Ê± -

§ ´´ÒÌ μ¶¥· Éμ·μ³ ¸¥Î¥´¨ÖÌ.

�¨¸. 5. �μ¶¥·¥Î´Ò° ¶·μË¨²Ó ¶ÊÎ±  ¢ ��, ¸μ§¤ ´´μ³ ´  μ¸´μ¢¥ Vimba SDK. ‘¶· ¢  ¨
¸´¨§Ê μÉ ¨§μ¡· ¦¥´¨Ö Å ¸¥Î¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶²μ¸±μ¸ÉÖÌ

�  ÔÉμ³ ÔÉ ¶¥ · §· ¡μÉ±¨ �� ¡Ò²μ ¶μ²ÊÎ¥´μ ¶·¥¤²μ¦¥´¨¥ μÉ ±μ²²¥£
¨§ DESY Zeuthen μ ¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö · §· ¡μÉ ´´μ£μ É ³ ¶·μ-
£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö AVINE, ±μÉμ·μ¥ μ¶¨¸Ò¢ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¶μ¤· §-
¤¥²¥. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ · ¡μÉÒ ´ ¤ ¸μ¡¸É¢¥´´Ò³ ¶·μ£· ³³´Ò³ μ¡¥¸¶¥Î¥´¨¥³
¢·¥³¥´´μ ¶·¥±· Ð¥´Ò.

2.2. 	·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ AVINE. AVINE Å Advanced Video and
Imaging Network Environment Å · §· ¡μÉ ´´Ò° ¢ DESY Zeuthen ´ ¡μ· ¶·μ-
£· ³³´ÒÌ ¨´¸É·Ê³¥´Éμ¢ ¤²Ö ¸μ§¤ ´¨Ö ¸¨¸É¥³ ¢¨¤¥μ´ ¡²Õ¤¥´¨Ö (¢ ¶¥·¢ÊÕ μÎ¥-
·¥¤Ó, ¶μ¶¥·¥Î´μ£μ ¶·μË¨²Ö ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ Î ¸É¨Í) ´  Ë¨§¨Î¥¸±¨Ì Ê¸É -
´μ¢± Ì. ƒ¨¡±μ¸ÉÓ ¸¨¸É¥³Ò μ¡¥¸¶¥Î¨¢ ¥É¸Ö §  ¸Î¥É ±μ³¶μ´¥´É´μ£μ ¶μ¤Ìμ¤ .
� ¡μ· ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ±μ³¶μ´¥´Éμ¢ ¨ ¨Ì ¢§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê ¸μ¡μ° ¶·¥¤-
¸É ¢²¥´Ò ´  ·¨¸. 6. ‘¥·¢¥·´ Ö Î ¸ÉÓ ¸¨¸É¥³Ò ´ ¶¨¸ ´  ´  C++ ¨ · ¡μÉ ¥É
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�¨¸. 6. ‘Ì¥³  ±μ³¶μ´¥´Éμ¢ AVINE ¨ ¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ¸μ¡μ°

¶μ¤ Ê¶· ¢²¥´¨¥³ MS Windows XP ¨²¨ 7, ±²¨¥´É¸± Ö Î ¸ÉÓ ¨³¥¥É C++ ¢¥·¸¨Õ,
±μÉμ· Ö É ±¦¥ · ¡μÉ ¥É Éμ²Ó±μ ¶μ¤ Ê¶· ¢²¥´¨¥³ Windows, ¨ Java-¢¥·¸¨Õ, · -
¡μÉ ÕÐÊÕ ´  ²Õ¡μ° ¶² ÉËμ·³¥, ¶μ¤¤¥·¦¨¢ ÕÐ¥° Java Runtime Enviroment
¢¥·¸¨¨ ´¥ ´¨¦¥ 1.6 [9]. ‚ ¦´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö Éμ, ÎÉμ
¸¥·¢¥·´ Ö ¨ ±²¨¥´É¸± Ö Î ¸É¨ ³μ£ÊÉ ¡ÒÉÓ Ê¸É ´μ¢²¥´Ò ´  μ¤´μ³ ±μ³¶ÓÕ-
É¥·¥ [10]. ˆ³¥´´μ ¢ É ±μ³ ¢ ·¨ ´É¥ AVINE, Ê¸É ´μ¢²¥´´ Ö ´  ´μÊÉ¡Ê±¥
ASUS U36S, ¨¸¶μ²Ó§Ê¥É¸Ö ´  ¸É¥´¤¥ ËμÉμ¶ÊÏ±¨.

�¸´μ¢´Ò³ ±μ³¶μ´¥´Éμ³ ¸¨¸É¥³Ò, ¸ ±μÉμ·Ò³ ¢§ ¨³μ¤¥°¸É¢Ê¥É ¶μ²Ó§μ-
¢ É¥²Ó, Ö¢²Ö¥É¸Ö ¢¨¤¥μ±²¨¥´É, ±μÉμ·Ò°, ± ± ¡Ò²μ ¸± § ´μ ¢ÒÏ¥, ¤μ¸ÉÊ¶¥´
¢ Windows- ¨ ±·μ¸¸¶² ÉËμ·³¥´´μ³ JAVA-¢ ·¨ ´É¥. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¨¸-
¶μ²Ó§Ê¥É¸Ö ¶¥·¢Ò°, ¢ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ±·μ¸¸¶² ÉËμ·³¥´´μ¸ÉÓ ´¥ É·¥¡Ê¥É¸Ö,
  Windows-¢¥·¸¨Ö · §· ¡ ÉÒ¢ ¥É¸Ö ¤ ¢´μ ¨ ¨³¥¥É ¡μ²ÓÏ¥ ¢μ§³μ¦´μ¸É¥°. �·μ-
£· ³³  Video Client 3 (·¨¸. 7) μ¡² ¤ ¥É ·Ö¤μ³ ËÊ´±Í¨°, É ±¨Ì ± ± [11]:

• ‚¨§Ê ²¨§ Í¨Ö ¶ÊÎ±  ¢ —� ¨ ¢ ¤¢ÊÌ ·¥¦¨³ Ì ²μ¦´μ£μ Í¢¥É  (classic ¨
MATLAB JET-like).

• ‘μÌ· ´¥´¨¥ Ëμ´  (± ± μ¤´μ£μ ¨§μ¡· ¦¥´¨Ö, É ± ¨ ´¥¸±μ²Ó±¨Ì ¸ ¶μ¸²¥-
¤ÊÕÐ¨³ μ¡Ñ¥¤¨´¥´¨¥³ ¤¢Ê³Ö ³¥Éμ¤ ³¨: envelope ¨ average) ¨ ¥£μ ¢ÒÎ¨É ´¨¥
¨§ μ¡Ð¥° ± ·É¨´±¨. ‡ ¶¨¸Ó Ëμ´  ´  ¤¨¸±. ‚μ§³μ¦´μ¸ÉÓ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ² -
§¥·´Ò³ § É¢μ·μ³ (shutter).
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�¨¸. 7. ˆ§μ¡· ¦¥´¨¥ ¶μ¶¥·¥Î´μ£μ ¶·μË¨²Ö ¶ÊÎ±  ² §¥·  LS-2134 ¢ Video Client 3 Å
μ¸´μ¢´μ¥ μ±´μ ¶·μ£· ³³Ò ¨ μ±´μ Ê¢¥²¨Î¥´¨Ö Î ¸É¨ ¨§μ¡· ¦¥´¨Ö

• ‡ ¶¨¸Ó ¨§μ¡· ¦¥´¨Ö ´  ¤¨¸± ¢ ¸¢μ¥³ Ëμ·³ É¥ ¨ ¢ bmp. �Ò¸É·μ¥ ¸μÌ· -
´¥´¨¥ ¶μ £μ·ÖÎ¥° ±² ¢¨Ï¥ (¢±²ÕÎ Ö μ¡· ¡μÉ±Ê Å ¢Ò·¥§ ´¨¥ Ëμ´ , ²μ¦´Ò°
Í¢¥É Å ¢ μÉ²¨Î¨¥ μÉ Save). ‚μ§³μ¦´μ¸ÉÓ μ¤´μ¢·¥³¥´´μ£μ ¸μÌ· ´¥´¨Ö Ëμ´ 
¨ ¨§μ¡· ¦¥´¨Ö (¸ ¶μ³μÐÓÕ Ê¶· ¢²¥´¨Ö § É¢μ·μ³ ² §¥· ).

• ‡ £·Ê§±  ¨§μ¡· ¦¥´¨Ö (¸ ¢μ§³μ¦´μ° § £·Ê§±μ° Ëμ´  ¨ ¥£μ ¢ÒÎ¨É ´¨¥³
¨§ ¨§μ¡· ¦¥´¨Ö Å ¢ ÔÉμ³ ¸²ÊÎ ¥ Ëμ´ ´ ¤μ § £·Ê§¨ÉÓ ¤μ ¨§μ¡· ¦¥´¨Ö).

• “¸É ´μ¢±  ³ ¸ÏÉ ¡  ¶¨±¸¥²ÓÄ³³ ¶μ £μ·¨§μ´É ²Ó´μ° ¨ ¢¥·É¨± ²Ó´μ°
μ¸Ö³.

• �μ¤¸Î¥É ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨ ¸·¥¤´¨Ì ±μμ·¤¨´ É (Í¥´É· ) ¨ ¸·¥¤´¥±¢ -
¤· É¨Î´μ£μ · §³¥·  ¶ÊÎ±  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ÔÉ¨³ ³ ¸ÏÉ ¡μ³ ´  μ¸´μ¢¥ ¤¢ÊÌ
³¥Éμ¤μ¢ ¢ÒÎ¨¸²¥´¨Ö (Fourier analysis ¨ Straightforward statistics).

• �¥Î ÉÓ (¢ É. Î. ¢ Ë °²) ¨§μ¡· ¦¥´¨Ö ²¨¡μ ¢¸¥£μ μ±´  ¶·μ£· ³³Ò.
• “¢¥²¨Î¥´¨¥ Î ¸É¨ ¨§μ¡· ¦¥´¨Ö ¢ μÉ¤¥²Ó´μ³ μ±´¥.
• �·μ¥Í¨·μ¢ ´¨¥ ¢¨¤¥μ¸¨£´ ²  ¶μ £μ·¨§μ´É ²Ó´μ° ¨ ¢¥·É¨± ²Ó´μ° μ¸Ö³.
• ‡ ¶¨¸Ó ¸¥·¨° ¨§μ¡· ¦¥´¨° ¨ ¶μ¸²¥¤ÊÕÐ¥¥ Ê¸·¥¤´¥´¨¥.
• ‚Ò¡μ· μ¡² ¸É¨ ¨´É¥·¥¸  (Area of Interest), ±·Ê£²μ° ¨²¨ ±¢ ¤· É´μ°.

‚ ÔÉμ³ ¸²ÊÎ ¥ ¢¸¥ ¢ÒÎ¨¸²¥´¨Ö ¤¥² ÕÉ¸Ö ¤²Ö ÔÉμ° μ¡² ¸É¨,   ´¥ ¤²Ö ¢¸¥£μ
Ô±· ´ .

3. „ˆ�ƒ��‘’ˆŠ� �‹…Š’�����ƒ� 	“—Š�

„²Ö ´ ¡²Õ¤¥´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¤¢  ¢ ·¨ ´É : ¸ Ô±· -
´μ³, · ¸¶μ²μ¦¥´´Ò³ ¶μ¤ Ê£²μ³ 45 ¨ 90◦ ¶μ μÉ´μÏ¥´¨Õ ± μ¸¨ ¶ÊÎ± .
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3.1. �±· ´ ¶μ¤ Ê£²μ³ 45◦. 	ÉμÉ ¢ ·¨ ´É ¨¸¶μ²Ó§μ¢ ²¸Ö ¤μ Ê¸É ´μ¢±¨
¸É ´Í¨¨ ¨§³¥·¥´¨Ö Ô³¨ÉÉ ´¸  Ð¥²¥¢Ò³ ³¥Éμ¤μ³. ‚¨¤¥μ± ³¥·  ¡Ò²  Ê¸É ´μ-
¢²¥´  ´  ¡μ±μ¢μ³ Ë² ´Í¥ μÉ¤¥²Ó´μ£μ ¢ ±ÊÊ³´μ£μ ¡μ±¸  ¸ ²Õ³¨´¥¸Í¥´ÉÒ³
Ô±· ´μ³, · ¸¶μ²μ¦¥´´Ò³ ¶μ¤ Ê£²μ³ 45◦ ± μ¸¨ ¶ÊÎ± . ‘É¥´¤ ¸ ÔÉ¨³ ¢ ·¨-
 ´Éμ³ ¤¨ £´μ¸É¨±¨ ¨ ¨§μ¡· ¦¥´¨¥ ´  ¢¨¤¥μ± ³¥·¥ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 8.
–¨Ë· ³¨ μ¡μ§´ Î¥´Ò: 1 Å ² §¥· LS-2134, 2 Å Ëμ±Ê¸¨·ÊÕÐ¨° ³ £´¨É, 3 Å
¶·μË¨²μ³¥É·, 4 Å ¢ ±ÊÊ³´Ò° ¡μ±¸ ¸ ²Õ³¨´¥¸Í¥´É´Ò³ Ô±· ´μ³, 5 Å ¢¨¤¥μ-
± ³¥· , 6 Å ¨§μ¡· ¦¥´¨¥ ² §¥·´μ£μ ¶ÊÎ± , 7 Å ¨§μ¡· ¦¥´¨¥ Ô²¥±É·μ´´μ£μ
¶ÊÎ± . �¤´ ±μ ¢ ¸¢Ö§¨ ¸ ´ ³ £´¨Î¨¢ ´¨¥³ ¢ ±ÊÊ³´μ£μ ¡μ±¸  μÉ ÔÉμ£μ ¢ ·¨ ´É 
¶·¨Ï²μ¸Ó μÉ± § ÉÓ¸Ö, ´¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¶μ±  ÔÉμÉ ¢ ·¨ ´É ¥¤¨´¸É¢¥´´Ò°,
¢ ±μÉμ·μ³ Ê¤ ²μ¸Ó ¢Ò¤¥²¨ÉÓ Ô²¥±É·μ´´Ò° ¶ÊÎμ±.

�¨¸. 8. ‚ ·¨ ´É ¤¨ £´μ¸É¨±¨ ¶μ¶¥·¥Î´μ£μ ¶·μË¨²Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸ Ô±· ´μ³,
· ¸¶μ²μ¦¥´´Ò³ ¶μ¤ Ê£²μ³ 45◦ ± μ¸¨ ¶ÊÎ± 

3.2. �±· ´ ¶μ¤ Ê£²μ³ 90◦. ‚ ÔÉμ³ ¢ ·¨ ´É¥ ´  ¢ÒÌμ¤´μ³ Ë² ´Í¥ ¢ ±ÊÊ³-
´μ£μ ¡μ±¸  ¸ Ð¥²¥¢μ° ³ ¸±μ° § ±·¥¶²¥´ ²Õ³¨´μËμ·´Ò° Ô±· ´ (¨¸¶μ²Ó§μ¢ -
²¨¸Ó ¤¢  ¢ ·¨ ´É : Ëμ¸Ëμ· ¨ ± ²¨¥¢μ¥ ¸É¥±²μ),   §  ´¨³ · §³¥Ð¥´  ¢¨¤¥μ± -
³¥·  (·¨¸. 9).

3.3. ‡ ¸¢¥É±  ²Õ³¨´μËμ·  ² §¥·μ³. �¸´μ¢´μ° ¶·μ¡²¥³μ° ¤²Ö ´ ¡²Õ¤¥-
´¨Ö ¶ÊÎ±  Ô²¥±É·μ´μ¢ Ö¢²Ö¥É¸Ö § ¸¢¥É±  ²Õ³¨´μËμ·  ² §¥·μ³ (Ê¸Ê£Ê¡²ÖÕÐ -
Ö¸Ö ³ ²μ° Ö·±μ¸ÉÓÕ ²Õ³¨´μËμ·  ¨§-§  ´¨§±μ° Ô´¥·£¨¨ Ô²¥±É·μ´μ¢). ‚ Î ¸É´μ-
¸É¨, ¢Ò¤¥²¨ÉÓ Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¢ ¢ ·¨ ´É¥ ¸ · ¸¶μ²μ¦¥´¨¥³ ²Õ³¨´μËμ· 
¶μ¤ Ê£²μ³ 90◦ ¶μ±  ´¥ Ê¤ ¥É¸Ö. �¨¦¥ ¶¥·¥Î¨¸²¥´Ò ¶² ´¨·Ê¥³Ò¥ ¢ ·¨ ´ÉÒ
³¨´¨³¨§ Í¨¨ ¢²¨Ö´¨Ö Ë ±Éμ·  § ¸¢¥É±¨ ² §¥·μ³ ¢ ¶μ·Ö¤±¥ Ê¡Ò¢ ´¨Ö ¶·¨μ-
·¨É¥É .

8



�¨¸. 9. ‚ ·¨ ´É · §³¥Ð¥´¨Ö ¢¨¤¥μ± ³¥·Ò §  ¸É ´Í¨¥° ¨§³¥·¥´¨Ö Ô³¨ÉÉ ´¸ . ‚ Í¥´-
É·¥ Å ¢ ±ÊÊ³´Ò° ¡μ±¸ ¸¨¸É¥³Ò ¨§³¥·¥´¨Ö Ô³¨ÉÉ ´¸  Ð¥²¥¢Ò³ ³¥Éμ¤μ³. ‘É·¥²±μ°
¶μ± § ´μ · §³¥Ð¥´¨¥ ²Õ³¨´μËμ·  (± ²¨¥¢μ¥ ¸É¥±²μ). �¸É ²Ó´μ¥ μ¡μ·Ê¤μ¢ ´¨¥  ´ -
²μ£¨Î´μ ¶·¥¤¸É ¢²¥´´μ³Ê ´  ·¨¸. 8

• �¦¨¤ ÕÐ Ö¸Ö ¢ ¨Õ²¥ 2016 £. ¶μ¸É ¢±  ¤¨ £´μ¸É¨Î¥¸±μ£μ Ê§² 
RadiaBeam Technologies ¸ ¥Ð¥ ¤¢Ê³Ö É¨¶ ³¨ Ô±· ´μ¢: �ˆƒ ¨ Ëμ¸Ëμ· P-22
(¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ÔÉ¨ ²Õ³¨´μËμ·Ò ¡Ê¤ÊÉ ¸² ¡¥¥ § ¸¢¥Î¨¢ ÉÓ¸Ö ² §¥·μ³).

• �É±²μ´¥´¨¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸ ¶μ³μÐÓÕ ¤¨¶μ²Ó´μ£μ ³ £´¨É . ’ ±
± ± ÔÉμÉ ¢ ·¨ ´É ¶μ§¢μ²Ö¥É ¶μ²´μ¸ÉÓÕ ¨§¡ ¢¨ÉÓ¸Ö μÉ § ¸¢¥É±¨ ¢ μÉ²¨Î¨¥
μÉ ¶·¥¤Ò¤ÊÐ¥£μ, μ´, ¢¥·μÖÉ´¥¥ ¢¸¥£μ, ¡Ê¤¥É ·¥ ²¨§μ¢ ´ ´¥§ ¢¨¸¨³μ μÉ Éμ£μ,
´ ¸±μ²Ó±μ ¡Ê¤¥É ¸´¨¦¥´  § ¸¢¥É±  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ´μ¢ÒÌ Ô±· ´μ¢.

• “¸É ´μ¢±  ´  ¶ÊÉ¨ ¶ÊÎ±  Ëμ²Ó£¨, ¶·μ´¨Í ¥³μ° ¤²Ö Ô²¥±É·μ´μ¢ ¨ ´¥-
¶·μ´¨Í ¥³μ° ¤²Ö ² §¥·´μ£μ ²ÊÎ . „²Ö ÔÉμ£μ ¢ ·¨ ´É  É·¥¡Ê¥É¸Ö ¡
μ²ÓÏ Ö, Î¥³
¨³¥ÕÐ¨¥¸Ö ´  ¸É¥´¤¥ ËμÉμ¶ÊÏ±¨ 30 ±Ô‚, Ô´¥·£¨Ö Ô²¥±É·μ´μ¢. �μÔÉμ³Ê μ´,
¢¥·μÖÉ´¥¥ ¢¸¥£μ, ¡Ê¤¥É ·¥ ²¨§μ¢ ´ ´  ¸μ§¤ ÕÐ¥³¸Ö ¸É¥´¤¥ ËμÉμ¨´¦¥±Éμ· ,
£¤¥ Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ ¡Ê¤¥É ¸μ¸É ¢²ÖÉÓ 100Ä400 ±Ô‚.

• � §³ £´¨Î¨¢ ´¨¥ ¨³¥ÕÐ¥£μ¸Ö ¡μ±¸  (¶. 3.1). 	Éμ ´ ¨³¥´¥¥ ¶¥·¸¶¥±-
É¨¢´Ò° ¢ ·¨ ´É ¢ ¸¢Ö§¨ ¸ É¥³, ÎÉμ · §³ £´¨Î¨¢ ´¨¥ ¶·¨¤¥É¸Ö ¶·μ¢μ¤¨ÉÓ ·¥£Ê-
²Ö·´μ.

3.4. 	μ¶¥·¥Î´Ò° Ô³¨ÉÉ ´¸ Ô²¥±É·μ´´μ£μ ¶ÊÎ± . �·¨ ¨§³¥·¥´¨¨ Ô³¨É-
É ´¸  Ð¥²¥¢Ò³ ³¥Éμ¤μ³ ´  ¶ÊÉ¨ ¶ÊÎ±  Ô²¥±É·μ´μ¢ Ê¸É ´ ¢²¨¢ ¥É¸Ö ³ ¸± 
¸ Éμ´±¨³¨ Ð¥²Ö³¨, · §¤¥²ÖÕÐ Ö ¶ÊÎμ± ´  ´¥¡μ²ÓÏ¨¥ ®¶μ¤¶ÊÎ±¨¯ Å ¡¨³-
²¥ÉÒ. ‡´ Ö · §³¥·Ò ¡¨³²¥Éμ¢ ¨ ¨Ì ±μμ·¤¨´ ÉÒ, Ï¨·¨´Ê Ð¥²¥° ³ ¸±¨ ¨ · ¸-
¸ÉμÖ´¨¥ ³¥¦¤Ê ´¨³¨ ¨ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ³ ¸±μ° ¨ Ô±· ´μ³, ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ
¶μ¶¥·¥Î´Ò° Ô³¨ÉÉ ´¸ ¶ÊÎ±  [12].
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�  ¤ ´´Ò° ³μ³¥´É ·¥ ²¨§μ¢ ´μ ¨ ¶·μÉ¥¸É¨·μ¢ ´μ ´  ² §¥·´μ³ ¶ÊÎ±¥ μ¡μ-
·Ê¤μ¢ ´¨¥ ¨ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¤²Ö · ¸Î¥É  ¶μ¶¥·¥Î´μ£μ Ô³¨ÉÉ ´¸ 
¶ÊÎ±  ¢ ¢¥·É¨± ²Ó´μ° ¶²μ¸±μ¸É¨. ‚ § ¢¨¸¨³μ¸É¨ μÉ ·¥§Ê²ÓÉ Éμ¢ É¥¸É¨·μ¢ ´¨Ö
¸ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ ¶² ´¨·Ê¥É¸Ö ²¨¡μ § ³¥´¨ÉÓ ¶´¥¢³ É¨Î¥¸±¨° ¶·¨¢μ¤
´  É·¥Ì¶μ§¨Í¨μ´´Ò° (¸ ¤¢Ê³Ö ³ ¸± ³¨ ¸μ ¢§ ¨³´μ ¶¥·¶¥´¤¨±Ê²Ö·´Ò³¨ Ð¥-
²Ö³¨), ²¨¡μ ¨¸¶μ²Ó§μ¢ ÉÓ ³¥Éμ¤ Pepper-pot, ¶·¨ ±μÉμ·μ³ ¢³¥¸Éμ Ð¥²¥¢μ°
³ ¸±¨ ¨¸¶μ²Ó§Ê¥É¸Ö ³ ¸±  ¸ ´¥¸±μ²Ó±¨³¨ ·Ö¤ ³¨ μÉ¢¥·¸É¨°.

�¨¸. 10. �·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ EmCa

„²Ö · ¸Î¥É  Ô³¨ÉÉ ´¸  Ð¥²¥¢Ò³ ³¥Éμ¤μ³ ¡Ò²μ ¸μ§¤ ´μ ¶·μ£· ³³´μ¥ μ¡¥¸-
¶¥Î¥´¨¥ EmCa (·¨¸. 10). �·μ£· ³³  ´ ¶¨¸ ´  ¢ ¸·¥¤¥ MS Visual Studio 2010
´  Ö§Ò±¥ C++ ¨ · ¡μÉ ¥É ¸ ¨§μ¡· ¦¥´¨Ö³¨, ¸μÌ· ´¥´´Ò³¨ ¢ ¢¨¤¥μ±²¨¥´É¥
AVINE. „²Ö ¢ÒÎ¨¸²¥´¨Ö Ô³¨ÉÉ ´¸  ¨¸¶μ²Ó§Ê¥É¸Ö Ëμ·³Ê² , ¢Ò¢¥¤¥´´ Ö ¢ [12].
�²£μ·¨É³ · ¡μÉÒ ¶·μ£· ³³Ò ¸²¥¤ÊÕÐ¨°:

1. �É±·ÒÉ¨¥ Ë °²  ¸ ¨§μ¡· ¦¥´¨¥³ (±´μ¶±  Load image...), ¢Ò¢μ¤
¨§μ¡· ¦¥´¨Ö ¨ ¥£μ ¶ · ³¥É·μ¢ (· §³¥·Ò, Ë¨§¨Î¥¸±μ¥ ¨ ÔËË¥±É¨¢´μ¥ Î¨¸²μ
¡¨É ´  ¶¨±¸¥²Ó, ³ ¸ÏÉ ¡´Ò° ±μÔËË¨Í¨¥´É) ´  Ô±· ´. �  ¤ ´´Ò° ³μ³¥´É
¶μ¤¤¥·¦¨¢ ¥É¸Ö Éμ²Ó±μ Ëμ·³ É *.imm (¡¥§ ¸¦ É¨Ö) ¸ · §·¥Ï¥´¨¥³ 8 ¡¨É
´  ¶¨±¸¥²Ó.

2. ”¨²ÓÉ· Í¨Ö ¨§μ¡· ¦¥´¨Ö Å ¥¸²¨ ÔÉ  μ¶Í¨Ö ¢±²ÕÎ¥´ , ¢¸¥ ¶¨±¸¥²¨,
¨³¥ÕÐ¨¥ §´ Î¥´¨¥ μÉ 0 ¤μ 15, ¸É ´μ¢ÖÉ¸Ö Î¥·´Ò³¨ (¶μ²ÊÎ ÕÉ §´ Î¥´¨¥ 0).

3. ‚Ò¡μ· ¡¨³²¥Éμ¢. �¨³²¥ÉÒ ¢Ò¡¨· ÕÉ¸Ö ¢·ÊÎ´ÊÕ ¶ÊÉ¥³ ´ ¦ É¨Ö ±´μ¶±¨
Mouse select, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ± ¦¤μ³Ê ¨§ ¡¨³²¥Éμ¢, ¨ ¢Ò¡μ·  · ³±μ°.
’¥¸É¨·μ¢ ´¨¥ ¶·μ£· ³³Ò ¶·μ¢μ¤¨²μ¸Ó ´  ¨§μ¡· ¦¥´¨¨ ² §¥·´μ£μ ¶ÊÎ± , · §-
¤¥²¥´´μ£μ ´  É·¨ ¡¨³²¥É , ¢ ¸¢Ö§¨ ¸ Î¥³ Î¨¸²μ ¡¨³²¥Éμ¢ ¶μ±  Ë¨±¸¨·μ¢ ´μ
(¨, ¸μμÉ¢¥É¸É¢¥´´μ, · ¢´μ É·¥³).
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4. ‘μ¡¸É¢¥´´μ ¢ÒÎ¨¸²¥´¨¥ Ô³¨ÉÉ ´¸ , μ¸ÊÐ¥¸É¢²Ö¥³μ¥ ¶·¨ ´ ¦ É¨¨ ´ 
±´μ¶±Ê Calc.

�² ´¨·Ê¥É¸Ö ¸²¥¤ÊÕÐ¥¥ · §¢¨É¨¥ ¶·μ£· ³³Ò:
• · ¡μÉ  ¸ ¶·μ¨§¢μ²Ó´Ò³ ±μ²¨Î¥¸É¢μ³ ¡¨³²¥Éμ¢;
• μÉμ¡· ¦¥´¨¥ ¨§μ¡· ¦¥´¨Ö ¶ÊÎ±  ¢ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥;
• · ¡μÉ  ¸ · §·¥Ï¥´¨¥³ ¤μ 16 ¡¨É ´  ¶¨±¸¥²Ó ¨ ¸ Ëμ·³ Éμ³ *.imc (¨¸-

¶μ²Ó§Ê¥É¸Ö ¸¦ É¨¥ ¸ ¶μ³μÐÓÕ ¡¨¡²¨μÉ¥±¨ zlib);
•  ¢Éμ³ É¨Î¥¸±μ¥ ¢Ò¤¥²¥´¨¥ ¡¨³²¥Éμ¢;
• ·¥ ²¨§ Í¨Ö ¢ÒÎ¨¸²¥´¨Ö μ¡Ð¥£μ ¶μ¶¥·¥Î´μ£μ Ô³¨ÉÉ ´¸  (¢ ¤¢ÊÌ ¶²μ¸±μ-

¸ÉÖÌ) Å ¶μ¸²¥  ¶¶ · É´μ° ·¥ ²¨§ Í¨¨.

4. „ˆ�ƒ��‘’ˆŠ� ‹�‡…���ƒ� 	“—Š�

�·μË¨²Ó ² §¥·´μ£μ ¶ÊÎ±  ³μ¦¥É ´ ¡²Õ¤ ÉÓ¸Ö ¢ ¤¢ÊÌ ³¥¸É Ì: §  ¸É ´Í¨¥°
¨§³¥·¥´¨Ö Ô³¨ÉÉ ´¸  ¨ ¢ ¶μ§¨Í¨¨ ± Éμ¤  (É. ´. ¢¨·ÉÊ ²Ó´Ò° ± Éμ¤).

4.1. ‡  ¸É ´Í¨¥° ¨§³¥·¥´¨Ö Ô³¨ÉÉ ´¸ . �¶¨¸ ´¨¥ · ¸¶μ²μ¦¥´¨Ö μ¡μ·Ê-
¤μ¢ ´¨Ö ¢ ÔÉμ³ ¢ ·¨ ´É¥ ¤ ´μ ¢ ¶. 3.1. ˆ§μ¡· ¦¥´¨¥ ¶ÊÎ±  ´  ·¨¸. 7 ¸¤¥² ´μ
¨³¥´´μ ¶·¨ É ±μ³ ¢ ·¨ ´É¥ · §³¥Ð¥´¨Ö μ¡μ·Ê¤μ¢ ´¨Ö (¨¸¶μ²Ó§μ¢ ²¸Ö Ëμ¸-
Ëμ·´Ò° ²Õ³¨´μËμ·). 	ÉμÉ ¢ ·¨ ´É ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·¨ É¥¸É¨·μ¢ ´¨¨ ��
EmCa.

4.2. ‚¨·ÉÊ ²Ó´Ò° ± Éμ¤. ‚¨·ÉÊ ²Ó´Ò° ± Éμ¤ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° É ±μ¥
· ¸¶μ²μ¦¥´¨¥ ¤¨ £´μ¸É¨Î¥¸±μ£μ μ¡μ·Ê¤μ¢ ´¨Ö, ¶·¨ ±μÉμ·μ³ ¶·μË¨²Ó ¶ÊÎ± 
´  ²Õ³¨´μËμ·´μ³ Ô±· ´¥ ¸μμÉ¢¥É¸É¢Ê¥É ¶·μË¨²Õ ¶ÊÎ±  ´  ± Éμ¤¥. „μ¸É¨£ -
¥É¸Ö ÔÉμ · ¸¶μ²μ¦¥´¨¥³ Ô±· ´  É ±¨³ μ¡· §μ³, ÎÉμ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ² §¥·μ³
¨ Ô±· ´μ³ · ¢´μ · ¸¸ÉμÖ´¨Õ ³¥¦¤Ê ² §¥·μ³ ¨ ± Éμ¤μ³ (·¨¸. 11). � ¸¶μ²μ-
¦¥´¨¥ ·¥ ²Ó´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¨ ¨§μ¡· ¦¥´¨¥ ¶·μË¨²Ö ¶ÊÎ±  ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 12.

�¨¸. 11. ‘Ì¥³  ¢¨·ÉÊ ²Ó´μ£μ ± Éμ¤ 
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�¨¸. 12. �¡μ·Ê¤μ¢ ´¨¥ ¢¨·ÉÊ ²Ó´μ£μ ± Éμ¤ : 1 Å ² §¥· LS-2134; 2 Å §¥·± ²μ; 3 Å
Ëμ¸Ëμ·´Ò° ²Õ³¨´μËμ·; 4 Å ¢¨¤¥μ± ³¥· ; 5 Å ¨§μ¡· ¦¥´¨¥ ¶ÊÎ±  ² §¥·  ´  ¢¨·ÉÊ-
 ²Ó´μ³ ± Éμ¤¥

�¨¸. 13. ˆ§³¥´¥´¨¥ ¸·¥¤´¥° ±μμ·¤¨´ ÉÒ ¶ÊÎ±  ² §¥·  ´  ¢¨·ÉÊ ²Ó´μ³ ± Éμ¤¥ ¢μ ¢·¥-
³¥´¨

�Ò²¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸É ¡¨²Ó´μ¸É¨ ±μμ·¤¨´ ÉÒ ¶ÊÎ±  ¨ ¥£μ ¸·¥¤´¥-
±¢ ¤· É¨Î´μ£μ · §³¥· . ‡´ Î¥´¨Ö ¨§³¥·Ö²¨¸Ó ¥¦¥³¨´ÊÉ´μ ¢ É¥Î¥´¨¥ 30 ³¨´.
�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 13 ¨ 14. Š ± ¢¨¤´μ, ¶ÊÎμ± ¨³¥¥É
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�¨¸. 14. ˆ§³¥´¥´¨¥ ¸·¥¤´¥±¢ ¤· É¨Î´μ£μ · §³¥·  ¶ÊÎ±  ² §¥·  ´  ¢¨·ÉÊ ²Ó´μ³ ± Éμ¤¥
¢μ ¢·¥³¥´¨

É¥´¤¥´Í¨Õ ± £μ·¨§μ´É ²Ó´μ³Ê ¸¤¢¨£Ê. „²Ö μ¶·¥¤¥²¥´¨Ö ¶·¨Î¨´ ÔÉμ£μ ¶² ´¨-
·Ê¥É¸Ö ¶·μ¢¥¸É¨ ¡μ²¥¥ ¶·μ¤μ²¦¨É¥²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö.

‡�Š‹
—…�ˆ…

„²Ö ¤¨ £´μ¸É¨±¨ ² §¥·´μ£μ ¶ÊÎ±  ´  ¸É¥´¤¥ ËμÉμ¶ÊÏ±¨ ‹”‚	 �ˆŸˆ
·¥ ²¨§μ¢ ´  ¸¨¸É¥³  ®¢¨·ÉÊ ²Ó´μ£μ ± Éμ¤ ¯, ¶μ§¢μ²ÖÕÐÖÖ ¢¨§Ê ²¨§¨·μ¢ ÉÓ
¶·μË¨²Ó ² §¥·´μ£μ ¶ÊÎ±  ´  ± Éμ¤¥. ‚¨§Ê ²¨§ Í¨Ö ·¥ ²¨§μ¢ ´  ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ · §· ¡μÉ ´´μ£μ ¢ DESY Zeuthen ¶·μ£· ³³´μ£μ ±μ³¶²¥±¸  AVINE.
“¸É ´μ¢²¥´μ μ¡μ·Ê¤μ¢ ´¨¥ ¤²Ö ¨§³¥·¥´¨Ö Ô³¨ÉÉ ´¸  Ô²¥±É·μ´´μ£μ ¶ÊÎ±  Ð¥-
²¥¢Ò³ ³¥Éμ¤μ³; ´ ¶¨¸ ´μ ¨ ¶·μÉ¥¸É¨·μ¢ ´μ ´  ² §¥·´μ³ ¶ÊÎ±¥ μ·¨£¨´ ²Ó´μ¥
¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ EmCa ¤²Ö ¢ÒÎ¨¸²¥´¨Ö Ô³¨ÉÉ ´¸ .

�¸´μ¢´Ò¥ ¶² ´Ò ¶μ · §¢¨É¨Õ μ¶É¨Î¥¸±μ° ¤¨ £´μ¸É¨±¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ-
±  ¸¢Ö§ ´Ò ¸ ³¨´¨³¨§ Í¨¥° § ¸¢¥É±¨ ²Õ³¨´μËμ·  ² §¥·´Ò³ ¶ÊÎ±μ³ ¸ ¶μ-
³μÐÓÕ Ê¸É ´μ¢±¨ ¶·μ´¨Í ¥³μ£μ ¤²Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¨ ´¥¶·μ´¨Í ¥³μ£μ
¤²Ö ² §¥·  μ±´  ²¨¡μ ¸ ¶μ³μÐÓÕ μÉ±²μ´¥´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ³ £´¨Éμ³.
�μ¸²¥ ·¥Ï¥´¨Ö ÔÉμ° § ¤ Î¨ ¶² ´¨·Ê¥É¸Ö § ¢¥·Ï¥´¨¥ · ¡μÉ ¶μ ¸μ§¤ ´¨Õ ¸É ´-
Í¨¨ ¨§³¥·¥´¨Ö ¶μ¶¥·¥Î´μ£μ Ô³¨ÉÉ ´¸  ¶ÊÎ±  Ð¥²¥¢Ò³/Pepper-pot ³¥Éμ¤μ³.
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