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˜¢¥Íμ¢ ‚. �. ¨ ¤·. P11-2011-96
8-¢Ìμ¤μ¢ Ö ¸¨¸É¥³  TOF ¤²Ö ´¥°É·μ´´μ-Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
¶μ ³¥Éμ¤Ê ¢·¥³¥´¨ ¶·μ²¥É 

� §· ¡μÉ ´Ò Ô²¥±É·μ´¨±  ¨ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¤²Ö ·¥£¨¸É· Í¨¨ ¢·¥³Ö¶·μ-
²¥É´ÒÌ ¸¶¥±É·μ¢ ¸ ³ ²μ° Ï¨·¨´μ° ± ´ ²  (10 ´¸). 8-¢Ìμ¤μ¢Ò° ¢·¥³¥´´μ° ±μ¤¨·μ¢Ð¨±
¶μ§¢μ²Ö¥É ¨§³¥·ÖÉÓ ¢·¥³¥´´Ò¥ ¨´É¥·¢ ²Ò ¶·¨ ¨´É¥´¸¨¢´μ¸É¨ ¸¨£´ ²μ¢ 105 · 8. ˆ¸¶μ²Ó§μ-
¢ ´¨¥ USB-¨´É¥·Ë¥°¸  ¸¤¥² ²μ ¸¨¸É¥³Ê ³μ¡¨²Ó´μ°. �·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¸¨¸É¥³Ò
TOF ¢±²ÕÎ ¥É Ê¶· ¢²ÖÕÐÊÕ ¶·μ£· ³³Ê, ¤· °¢¥·´Ò° ¸²μ°, ¶·μ£· ³³Ò Ê¶· ¢²¥´¨Ö ¸μ·-
É¨·μ¢±μ° ¤ ´´ÒÌ, μ¡· ¡μÉ±μ° ¤ ´´ÒÌ ¨ ¤·Ê£¨¥ ³μ¤Ê²¨, ¶·¥¤¸É ¢²¥´´Ò¥ ¢ ¨¸¶μ²´Ö¥³μ³
Ëμ·³ É¥. ‚§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê ³μ¤Ê²Ö³¨ ¢Ò¶μ²´Ö¥É¸Ö ¶μ ¸¥É¨ ¨/¨²¨ Î¥·¥§ ¸¶¥Í¨ ²Ó´μ
· §· ¡μÉ ´´Ò° ¨´É¥·Ë¥°¸, μ¸´μ¢ ´´Ò° ´  ³¥Ì ´¨§³¥ Ë °²μ¢, μÉμ¡· ¦¥´´ÒÌ ¢ ¶ ³ÖÉÓ.
� §· ¡μÉ ´´ Ö ³¥Éμ¤¨±  ¨´É¥£· Í¨¨ · ¸¶·¥¤¥²¥´´μ° ¸¨¸É¥³Ò ¨§ ±μ³¶μ´¥´Éμ¢ ¢ ¨¸¶μ²´Ö-
¥³μ³ Ëμ·³ É¥ ¶μ¢ÒÏ ¥É ¶·¥¥³¸É¢¥´´μ¸ÉÓ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö, ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ
¢Ò¶μ²´ÖÉÓ ¸¡μ·±Ê ¸¨¸É¥³Ò ¸¨² ³¨ ¶μ²Ó§μ¢ É¥²Ö. ‘¨¸É¥³  ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¶·¥Í¨§¨-
μ´´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¢ Ê¸²μ¢¨ÖÌ ´¨§±μ° ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ´¥°É·μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´±  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2011

Shvetsov V.N. et al. P11-2011-96
8-Channel System for Neutron-Nuclear Investigations
by Time-of-Flight Method

In connection with commissioning of the IREN pulsed resonance neutron source, new
electronics and appropriate software are developed for registration of time-of-	ight spectra
with small width of the channel (10 ns). The hardware-software system is intended for
research of the IREN neutron beam characteristics, properties of new detectors, and also for
performance of precision experiments under conditions of low intensity or registration of rare
events.

The time encoder is the key element of the system hardware. It is developed on the basis
of the Cypress-technologies. The unit can measure time intervals for signals intensity up to
105 for each of eight inputs. Using a USB interface provides system mobility.

The TOF System Software includes the control program, driver software layer, data sorting
program and data processing utilities and other units, performed as executable applications.
The interprocess communication between units is provided by network and/or by specially
designed interface based on the mechanism of named ˇles mapped into memory. This method
provides fastest possible communication between processes.

The developed methods of integrating the executable components into a system provide
a distributed system, improve the reusing of the software and provide the ability to assemble
the system by the user.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2011



‚‚…„…�ˆ…

‚ ¸¢Ö§¨ ¸ ¢¢μ¤μ³ ¢ Ô±¸¶²Ê É Í¨Õ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ˆ�…� [1] ¶μÉ·¥-
¡μ¢ ² ¸Ó · §· ¡μÉ±  ´μ¢μ° Ô²¥±É·μ´¨±¨ ¤²Ö ·¥£¨¸É· Í¨¨ ¢·¥³¥´´ÒÌ ¸¶¥±É·μ¢
¸ ³ ²μ° Ï¨·¨´μ° ± ´ ²  ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö.

‚ ¤ ´´μ° · ¡μÉ¥ μ¶¨¸Ò¢ ¥É¸Ö ¶·μ£· ³³´μ- ¶¶ · É´ Ö ¸¨¸É¥³  ·¥£¨¸É· -
Í¨¨ ¢·¥³Ö¶·μ²¥É´ÒÌ ¸¶¥±É·μ¢, ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö Ì · ±É¥-
·¨¸É¨± ´μ¢μ£μ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ (ˆ�…�), ´μ¢ÒÌ ¤¥É¥±Éμ·μ¢,   É ±¦¥ ¤²Ö
¢Ò¶μ²´¥´¨Ö ¶·¥Í¨§¨μ´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¢ ´μ¢ÒÌ Ê¸²μ¢¨ÖÌ [2].

‚ ¸¨¸É¥³Ê  ¢Éμ³ É¨§ Í¨¨ Ô±¸¶¥·¨³¥´É  (‘�
) ¢±²ÕÎ¥´Ò ¤¢  ¸¶¥Í¨ ²Ó-
´ÒÌ ¡²μ±  Å ¢·¥³¥´´μ° ±μ¤¨·μ¢Ð¨±, · §· ¡μÉ ´´Ò° ¢ ‹�” �ˆŸˆ, ¨ ¶·¥¤-
´ §´ Î¥´´Ò° ¤²Ö ³¥¸É´μ£μ ¨/¨²¨ Ê¤ ²¥´´μ£μ Ê¶· ¢²¥´¨Ö μ±·Ê¦¥´¨¥³ μ¡· §Í 
³´μ£μËÊ´±Í¨μ´ ²Ó´Ò° ³¨±·μÏ £μ¢Ò° ±μ´É·μ²²¥· 8SMC1-USBhF, μ¶¨¸ ´¨¥
±μÉμ·μ£μ ³μ¦´μ ´ °É¨ ´  ¸ °É¥ Ë¨·³Ò [3].

1. ��ˆ‘��ˆ… ‚�…Œ…���ƒ� Š�„ˆ��‚™ˆŠ�

Š²ÕÎ¥¢Ò³ Ô²¥³¥´Éμ³  ¶¶ · É´μ° Î ¸É¨ ¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö ¢·¥³¥´´μ° ±μ-
¤¨·μ¢Ð¨±. “¸É·μ°¸É¢μ ¸μ¡· ´μ ´  μ¸´μ¢¥ ¤¨¸±·¥É´μ° ²μ£¨±¨ ¶·μ£· ³³¨·Ê¥-
³μ° ²μ£¨Î¥¸±μ° ¨´É¥£· ²Ó´μ° ¸Ì¥³Ò Xilinx ¸¥·¨¨ ®Spartan3E¯ ¨ ³¨±·μ±μ´-
É·μ²²¥·  Cypress (¸³. [4]) ¸¥·¨¨ FX2LP.

”Ê´±Í¨μ´ ²Ó´ Ö ¸Ì¥³  ¢·¥³¥´´μ£μ ±μ¤¨·μ¢Ð¨±  ¶·¨¢¥¤¥´  ´  ·¨¸. 1.
“¸É·μ°¸É¢  § Ð¨ÉÒ ¶·¥¤´ §´ Î¥´Ò ¤²Ö μ£· ´¨Î¥´¨Ö ¶μ  ³¶²¨ÉÊ¤¥ ¨³-

¶Ê²Ó¸μ¢ ´ ¶·Ö¦¥´¨Ö ¨ Éμ± , ¢Ò§¢ ´´ÒÌ · §·Ö¤ ³¨ ¸É É¨Î¥¸±μ£μ Ô²¥±É·¨Î¥¸É¢ 
¨ ´ ¢μ¤± ³¨ μÉ ³μÐ´ÒÌ Ô²¥±É·μ³ £´¨É´ÒÌ ¨¸ÉμÎ´¨±μ¢.

“·μ¢¥´Ó μ£· ´¨Î¥´¨Ö μ¶·¥¤¥²¥´ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¤μ¶Ê¸É¨³Ò³¨ ¶ · ³¥-
É· ³¨ ¶μ¸²¥¤ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ ¸Ì¥³Ò.

Šμ´¢¥·É¥·Ò Ê·μ¢´¥° μ¸ÊÐ¥¸É¢²ÖÕÉ ¶·¥μ¡· §μ¢ ´¨¥ ¢ÒÌμ¤´ÒÌ ¸¨£´ ²μ¢
´¥°É·μ´´ÒÌ ¤¥É¥±Éμ·μ¢ ¸É ´¤ ·É  NIM-CAMAC ¢ ¸¨£´ ²Ò ¸É ´¤ ·É  LV-
TTL, ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö · ¡μÉÒ Ê¸É·μ°¸É¢ .

‡ ¤ ÕÐ¨° £¥´¥· Éμ· ¢Ò· ¡ ÉÒ¢ ¥É ¸¨£´ ² Î ¸ÉμÉμ° 100 ŒƒÍ, ±μÉμ·Ò°
¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö É ±É¨·μ¢ ´¨Ö (¸¨´Ì·μ´¨§ Í¨¨ · ¡μÉÒ) ¢¸¥Ì μ¸É ²Ó´ÒÌ Ô²¥-
³¥´Éμ¢ ¸Ì¥³Ò.
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”μ·³¨·μ¢ É¥²¨ ¤¥É¥±Éμ·´ÒÌ ¨ ®Start¯ ¨³¶Ê²Ó¸μ¢ μ¸ÊÐ¥¸É¢²ÖÕÉ ¢Ò¤¥²¥-
´¨¥ ¶¥·¥¤´¥£μ Ë·μ´É  ¢Ìμ¤´ÒÌ ¨³¶Ê²Ó¸μ¢ ¨ Ëμ·³¨·μ¢ ´¨¥ Ê¶· ¢²ÖÕÐ¨Ì ¸¨£-
´ ²μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ÔÉμ³Ê ³μ³¥´ÉÊ ¢·¥³¥´¨. ‚Ìμ¤ ®Start¯ ¤μ¶μ²´¨É¥²Ó´μ
¡²μ±¨·Ê¥É¸Ö ´  ±μ·μÉ±μ¥ ¢·¥³Ö (1000 ³±¸) ¶μ¸²¥ ¶·¨Ìμ¤  ¨³¶Ê²Ó¸ , Î¥³ μ¡¥¸-
¶¥Î¨¢ ¥É¸Ö ¶μ¢ÒÏ¥´´ Ö Ê¸Éμ°Î¨¢μ¸ÉÓ · ¡μÉÒ Ê¸É·μ°¸É¢  ¢ Ê¸²μ¢¨ÖÌ ³μÐ´ÒÌ
¨³¶Ê²Ó¸´ÒÌ Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ³¥Ì.

�μ ¨³¶Ê²Ó¸Ê ®Start¯ ¶·μ¨§¢μ¤ÖÉ¸Ö μ¡´Ê²¥´¨¥ ¸Î¥ÉÎ¨±  ¢·¥³¥´¨ (´μ³¥· 
¢·¥³¥´´μ£μ ± ´ ² ) ¨ ¨´±·¥³¥´É ¸Î¥ÉÎ¨±  ¸¨£´ ²μ¢ ®Start¯. ‡´ Î¥´¨¥ ¸Î¥É-
Î¨±  ¢·¥³¥´¨ ¨´±·¥³¥´É¨·Ê¥É¸Ö ± ¦¤Ò¥ 10 (¨²¨ 100) ´¸ ¨ ®§ ³μ· ¦¨¢ -
¥É¸Ö¯ ¶·¨ ¤μ¸É¨¦¥´¨¨ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö ¸Î¥É . — ¸ÉμÉ  ¨´±·¥³¥´É¨-
·μ¢ ´¨Ö ÔÉμ£μ ¸Î¥ÉÎ¨±  μ¶·¥¤¥²Ö¥É ¤¨¸±·¥É´μ¸ÉÓ ¨§³¥·¥´¨Ö ¨ ³ ±¸¨³ ²Ó-
´μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¶μ¸ÉÊ¶²¥´¨Ö ¸¨£´ ²  μÉ ¤¥É¥±Éμ·  μÉ´μ¸¨É¥²Ó´μ ¸¨£-
´ ²  ®Start¯.

�μ ± ¦¤μ³Ê ¤¥É¥±Éμ·´μ³Ê ¨³¶Ê²Ó¸Ê ¶·μ¨§¢μ¤ÖÉ¸Ö ¨´±·¥³¥´É¨·μ¢ ´¨¥
¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¸Î¥ÉÎ¨±  ¤¥É¥±Éμ·´ÒÌ ¨³¶Ê²Ó¸μ¢ ¨ § ´¥¸¥´¨¥ ¢ ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨° ¡ÊË¥· FIFO ¨´Ëμ·³ Í¨¨ μ¡ ¨³¶Ê²Ó¸¥ (É¥±ÊÐ¥¥ §´ Î¥´¨¥ ¸Î¥ÉÎ¨± 
¢·¥³¥´¨ ¨ ´μ³¥· ¤¥É¥±Éμ·  0 . . . 7). �·¨ ¶¥·¥¶μ²´¥´¨¨ ¡ÊË¥·  ¶μ¤¸Î¥É ¨³-
¶Ê²Ó¸μ¢ ¶·μ¤μ²¦ ¥É¸Ö ¡¥§ ¸μÌ· ´¥´¨Ö ¨´Ëμ·³ Í¨¨, ¢¶²μÉÓ ¤μ (ÌμÉÖ ¡Ò Î -
¸É¨Î´μ£μ) μ¸¢μ¡μ¦¤¥´¨Ö ¡ÊË¥· .

�²μ±¨·μ¢±  ¢¸¥Ì ¤¥É¥±Éμ·´ÒÌ ¢Ìμ¤μ¢ ´  § ¤ ´´μ¥ ¢·¥³Ö μÉ ´ Î ²  ¢·¥-
³¥´´μ£μ μ±´  (¶μÖ¢²¥´¨Ö ¨³¶Ê²Ó¸  ®Start¯) μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
±μ³¶ · Éμ·  ´μ³¥·  ¢·¥³¥´´μ£μ ± ´ ² .

‚ ·¥£¨¸É·¥ ¶ · ³¥É·μ¢ Ì· ´¨É¸Ö ¨´Ëμ·³ Í¨Ö μ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É· Ì
É¥±ÊÐ¥£μ Í¨±²  ¨§³¥·¥´¨Ö:

• ¸μ¸ÉμÖ´¨¨ ¶·μÍ¥¸¸  ·¥£¨¸É· Í¨¨, ¸μ¸ÉμÖ´¨¨ ¤¥É¥±Éμ·´ÒÌ ¡ÊË¥·μ¢ FIFO;
• É·¥¡Ê¥³μ³ Î¨¸²¥ ¸¨£´ ²μ¢ ®Start¯ (¢·¥³¥´´ÒÌ μ±μ´) ¤²Ö Ê¶· ¢²¥´¨Ö

¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓÕ ·¥£¨¸É· Í¨¨;
• ¶¥·¨μ¤¨Î´μ¸É¨ ¨´±·¥³¥´É  ¸Î¥ÉÎ¨±  ¢·¥³¥´¨ (10 ¨²¨ 100 ´¸);
• ¶·μ¤μ²¦¨É¥²Ó´μ¸É¨ ¨´É¥·¢ ²  ¡²μ±¨·μ¢±¨ ¤¥É¥±Éμ·´ÒÌ ¢Ìμ¤μ¢.
�¥£¨¸É· Í¨Ö ¤¥É¥±Éμ·´ÒÌ ¨³¶Ê²Ó¸μ¢ ´ Î¨´ ¥É¸Ö ¶μ USB-±μ³ ´¤¥ ®�Ê¸±¯.

�·¥¤¢ ·¨É¥²Ó´μ ¶μ ÔÉμ° ±μ³ ´¤¥ μ¡´Ê²Ö¥É¸Ö ¸Î¥ÉÎ¨± ¸¨£´ ²μ¢ ®Start¯, ¨ ¢
¶μ²¥ ¶ · ³¥É·μ¢ § ´μ¸¨É¸Ö § ¤ ´´μ¥ ¶μ²Ó§μ¢ É¥²¥³ §´ Î¥´¨¥ ±μ²¨Î¥¸É¢  ·¥-
£¨¸É·¨·Ê¥³ÒÌ ¸¨£´ ²μ¢ ®Start¯. �¥£¨¸É· Í¨Ö ¶·¥±· Ð ¥É¸Ö ¶·¨ ¤μ¸É¨¦¥´¨¨
ÔÉ¨³ ¸Î¥ÉÎ¨±μ³ § ¤ ´´μ£μ §´ Î¥´¨Ö ¨²¨ ¶μ USB-±μ³ ´¤¥ ®‘Éμ¶¯. ˆ¸¶μ²´¥-
´¨¥ ±μ³ ´¤ ®�Ê¸±¯ ¨ ®‘Éμ¶¯ ¸¨´Ì·μ´¨§¨·Ê¥É¸Ö c ¶¥·¢Ò³ ¸²¥¤ÊÕÐ¨³ §  ´¨³¨
¨³¶Ê²Ó¸μ³ ®Start¯.

�μ μ±μ´Î ´¨¨ ·¥£¨¸É· Í¨¨ §´ Î¥´¨¥ ¸Î¥ÉÎ¨±μ¢ ¤¥É¥±Éμ·´ÒÌ ¨³¶Ê²Ó¸μ¢
É ±¦¥ § ´μ¸¨É¸Ö ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¤¥É¥±Éμ·´Ò° ¡ÊË¥· FIFO.

Œμ¤Ê²Ó Ê¶· ¢²¥´¨Ö, ¢Ò· ¡ ÉÒ¢ Ö ´¥μ¡Ìμ¤¨³Ò¥ Ê¶· ¢²ÖÕÐ¨¥ ¸¨£´ ²Ò,
±μμ·¤¨´¨·Ê¥É ¸μ¢³¥¸É´ÊÕ ¸¨´Ì·μ´´ÊÕ · ¡μÉÊ Ô²¥³¥´Éμ¢ ¸Ì¥³Ò.

ˆ³¨É Éμ· ¤¥É¥±Éμ·´μ£μ ¨ ®Start¯ ¨³¶Ê²Ó¸μ¢ · ¡μÉ ¥É ¶μ¸ÉμÖ´´μ ¨ ´¥§ -
¢¨¸¨³μ μÉ μ¸É ²Ó´μ° Î ¸É¨ ¸Ì¥³Ò. �´ ¢Ò· ¡ ÉÒ¢ ¥É ¤¥É¥±Éμ·´Ò° ¨ ®Start¯
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¨³¶Ê²Ó¸Ò ¤²¨É¥²Ó´μ¸ÉÓÕ 20 ´¸ ¸ ¶¥·¨μ¤μ³ 10485760 ¨ 10485740 ´¸ ¸μμÉ-
¢¥É¸É¢¥´´μ, ±μÉμ·Ò¥ § É¥³ ±μ´¢¥·É¨·ÊÕÉ¸Ö ¢ Ë¨§¨Î¥¸±¨¥ Ê·μ¢´¨ ¸É ´¤ ·É 
NIM-CAMAC. Œμ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¸ Í¥²ÓÕ ± ²¨¡·μ¢±¨ ¨ É¥¸É¨·μ¢ ´¨Ö.

Œ¨±·μ±μ´É·μ²²¥· μ¸ÊÐ¥¸É¢²Ö¥É:

• ¶¥·¥³¥Ð¥´¨¥ ¤ ´´ÒÌ ¨§ ¤¥É¥±Éμ·´ÒÌ ¡ÊË¥·μ¢ FIFO ¢μ ¢´ÊÉ·¥´´¨° ¸¤¢μ-
¥´´Ò° ¡ÊË¥· FIFO USB;

• ¶¥·¥¤ ÎÊ ÔÉ¨Ì ¤ ´´ÒÌ ¶μ USB-¨´É¥·Ë¥°¸Ê;

• ¢Ò· ¢´¨¢ ´¨¥ (¤μ¶μ²´¥´¨¥) ¤μ ±· É´μ£μ ¤²¨´¥ ¡ÊË¥·  μ¡Ð¥£μ μ¡Ñ¥³ 
¶¥·¥¤ ¢ ¥³ÒÌ ¤ ´´ÒÌ;

• ¶·¨¥³ ¨ ¢Ò¶μ²´¥´¨¥ USB-±μ³ ´¤ Ê¶· ¢²¥´¨Ö Ê¸É·μ°¸É¢μ³;

• ¶¥·¥¤ ÎÊ ¶μ USB-¨´É¥·Ë¥°¸Ê ¨´Ëμ·³ Í¨¨ μ ¸μ¸ÉμÖ´¨¨ ¶·μÍ¥¸¸  ·¥£¨-
¸É· Í¨¨ ¨ ¸μ¸ÉμÖ´¨¨ ¤¥É¥±Éμ·´ÒÌ ¡ÊË¥·μ¢ FIFO.

‘É·Ê±ÉÊ·  ¢´ÊÉ·¥´´¨Ì ¡ÊË¥·μ¢ FIFO ¢·¥³¥´´μ£μ ±μ¤¨·μ¢Ð¨±  ¶·¨¢¥-
¤¥´  ´  ·¨¸. 2.

�¨¸. 2. ‘É·Ê±ÉÊ·  ¢´ÊÉ·¥´´¨Ì ¡ÊË¥·μ¢ FIFO ¢·¥³¥´´μ£μ ±μ¤¨·μ¢Ð¨± 

�¥·¥³¥Ð¥´¨¥ ¤ ´´ÒÌ ¨§ ¤¥É¥±Éμ·´ÒÌ ¡ÊË¥·μ¢ FIFO ¢μ ¢´ÊÉ·¥´´¨° ¸¤¢μ-
¥´´Ò° ¡ÊË¥· FIFO USB μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ³¥Éμ¤μ³ ¶μ¸²¥¤μ¢ É¥²Ó´μ° Í¨±²¨Î¥-
¸±μ° ¢Ò¡μ·±¨. �·¨Î¥³ ¶·¨ ´ ²¨Î¨¨ ¤μ¸É ÉμÎ´μ£μ ±μ²¨Î¥¸É¢  ¸¢μ¡μ¤´μ£μ ³¥-
¸É  ¢ ¡ÊË¥·¥ FIFO USB ¨´Ëμ·³ Í¨Ö ¨§ μÎ¥·¥¤´μ£μ ¤¥É¥±Éμ·´μ£μ ¡ÊË¥·  FIFO
± ´ ²  ¢ÒÎ¨ÉÒ¢ ¥É¸Ö ¢¸Ö ¶μ²´μ¸ÉÓÕ. �·¨ μÉ¸ÊÉ¸É¢¨¨ ¸¢μ¡μ¤´μ£μ ³¥¸É  ¢ ¡Ê-
Ë¥·¥ FIFO USB ¶μ¸²¥¤μ¢ É¥²Ó´Ò° ¶¥·¥¡μ· ¡ÊË¥·μ¢ FIFO ± ´ ²μ¢ ¶·μ¤μ²¦ -
¥É¸Ö, ÌμÉÖ Ë ±É¨Î¥¸±μ£μ ¶¥·¥³¥Ð¥´¨Ö ¤ ´´ÒÌ ´¥ ¶·μ¨¸Ìμ¤¨É.

Šμ³ ´¤Ò Ê¶· ¢²¥´¨Ö ¢·¥³¥´´Ò³ ±μ¤¨·μ¢Ð¨±μ³:

• Ê¸É ´μ¢±  Ï¨·¨´Ò ¢·¥³¥´´μ£μ ± ´ ² ;

• Ê¸É ´μ¢±  ¶·μ¤μ²¦¨É¥²Ó´μ¸É¨ ¡²μ±¨·μ¢±¨ ¤¥É¥±Éμ·´ÒÌ ¢Ìμ¤μ¢;

• ®�Ê¸±¯, ®‘Éμ¶¯ ·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ;

• § ¶·μ¸ ¸μ¸ÉμÖ´¨Ö ¶·μÍ¥¸¸  ·¥£¨¸É· Í¨¨, ¡ÊË¥·μ¢ FIFO, ¢¥·¸¨¨ ¶·μ-
£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö.
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’¥Ì´¨Î¥¸±¨¥ ¶ · ³¥É·Ò:
Î¨¸²μ ´¥§ ¢¨¸¨³ÒÌ ¤¥É¥±Éμ·´ÒÌ ¢Ìμ¤μ¢ 8

¸É ´¤ ·É ¸¨£´ ²μ¢ NIM-CAMAC (16 ³�)

³¨´¨³ ²Ó´ Ö ¤²¨É¥²Ó´μ¸ÉÓ ¨ ¶·μ³¥¦ÊÉμ± ³¥¦¤Ê
¤¥É¥±Éμ·´Ò³¨ ¨³¶Ê²Ó¸ ³¨ 10 ´¸
³¨´¨³ ²Ó´ Ö Ï¨·¨´  (¤¨¸±·¥É´μ¸ÉÓ) ¢·¥³¥´´μ£μ
± ´ ²  10/100 ´¸
·¥£¨¸É·¨·Ê¥³Ò° ´μ³¥· ¢·¥³¥´´μ£μ ± ´ ² 
¨³¶Ê²Ó¸  0 . . . 221Ä1
³ ±¸¨³ ²Ó´ Ö · ¡μÎ Ö ¤²¨É¥²Ó´μ¸ÉÓ ¢·¥³¥´´μ£μ
μ±´  20/200 ³¸
¸Ê³³ ·´μ¥ ±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢ ¶μ ± ¦¤μ³Ê
± ´ ²Ê 0 . . . 225Ä1

¤μ¶Ê¸É¨³ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ·¥£¨¸É·¨·Ê¥³ÒÌ ¨³¶Ê²Ó¸μ¢:
¸·¥¤´¥¥ ¸Ê³³ ·´μ¥ ¶μ ¢¸¥³ ¤¥É¥±Éμ· ³ 8 · 105¨³¶./¸

¸·¥¤´¥¥ ¶μ μ¤´μ³Ê (± ¦¤μ³Ê) ¤¥É¥±Éμ·Ê 9 · 105¨³¶./¸

¶¨±μ¢μ¥ ®³£´μ¢¥´´μ¥¯ ¸Ê³³ ·´μ¥ ¶μ ¢¸¥³
¤¥É¥±Éμ· ³ 4096 ¨³¶.
¶¨±μ¢μ¥ ®³£´μ¢¥´´μ¥¯ ¶μ μ¤´μ³Ê (± ¦¤μ³Ê)
¤¥É¥±Éμ·Ê 512 ¨³¶.

¶·¥¤Ê¸É ´μ¢±  Î¨¸²  ·¥£¨¸É·¨·Ê¥³ÒÌ
¸¨£´ ²μ¢ ®Start¯ (μ±μ´) 1 . . . 224Ä1
¶ · ³¥É· ¤²¨É¥²Ó´μ¸É¨ ¨´É¥·¢ ² 
¡²μ±¨·μ¢±¨ ¢Ìμ¤μ¢ 0 . . . 221Ä1 ¢·¥³. ± ´.
¨´É¥·Ë¥°¸ USB2.0 HS

£ ¡ ·¨É´Ò¥ · §³¥·Ò 140 × 115 × 35 ³³

¶¨É ´¨¥ USB (250 ³�)

2. ���ƒ��ŒŒ��… ��…‘�…—…�ˆ… ‘ˆ‘’…Œ› TOF

�·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¸¨¸É¥³Ò TOF · ¡μÉ ¥É ¶μ¤ Ê¶· ¢²¥´¨¥³ μ¶¥-
· Í¨μ´´μ° ¸¨¸É¥³Ò Windows ¨ ¢±²ÕÎ ¥É:

• ¶·μ£· ³³Ò ¤· °¢¥·´μ£μ ¸²μÖ;
• Ê¶· ¢²ÖÕÐÊÕ ¶·μ£· ³³Ê;
• ¶·μ£· ³³Ê Ê¶· ¢²¥´¨Ö ¸μ·É¨·μ¢±μ° ¤ ´´ÒÌ;
• ¶·μ£· ³³Ê μ¡· ¡μÉ±¨ ¤ ´´ÒÌ;
• ¸²Ê¦¥¡´Ò¥ ¶·μ£· ³³Ò.
2.1. „· °¢¥·´Ò° ¸²μ° ¶·μ£· ³³. � §· ¡μÉ ´Ò ¤¢¥ ¶·μ£· ³³Ò ¤· °¢¥·-

´μ£μ ¸²μÖ Å TOFusb ¨ BLK,   É ±¦¥ BulkRead ¤²Ö ³¨±·μ¶·μÍ¥¸¸μ·  USB-
¨´É¥·Ë¥°¸ .
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2.1.1. �·μ£· ³³  TOFusb · ¡μÉ ¥É ´  
‚Œ, ± ±μÉμ·μ° ¶μ¤±²ÕÎ ¥É¸Ö
±μ¤¨·μ¢Ð¨±, ¨ Ê¶· ¢²Ö¥É · ¡μÉμ° ³¨±·μ¶·μÍ¥¸¸μ·  ±μ¤¨·μ¢Ð¨±  ±μ³ ´¤ ³¨
Î¥·¥§ USB-¨´É¥·Ë¥°¸. ‚ ¶ ³ÖÉÓ ³¨±·μ¶·μÍ¥¸¸μ·  ±μ¤¨·μ¢Ð¨± , ¢ ¸μμÉ¢¥É-
¸É¢¨¨ ¸ É¥Ì´μ²μ£¨¥° Ë¨·³Ò (¸³. [4]), ®§ Ï¨¢ ¥É¸Ö¯ ¶·μ£· ³³  BulkRead,
±μÉμ· Ö ·¥ ²¨§Ê¥É bulk-¨´É¥·Ë¥°¸ ¤²Ö ¢¸¥Ì ¢Ìμ¤μ¢, ¶μ ±μÉμ·Ò³ ¶μ¸ÉÊ¶ ÕÉ
¤ ´´Ò¥ μ ¢·¥³¥´¨ ¶·μ²¥É  ´¥°É·μ´μ¢ μÉ ¤¥É¥±Éμ·μ¢, ¨´É¥·¶·¥É Í¨Õ ±μ³ ´¤,
¶μ¸ÉÊ¶ ÕÐ¨Ì μÉ TOFusb, ¨ ¶¥·¥¤ ÎÊ ¶μÉμ±  ¤ ´´ÒÌ ¶μ USB-¨´É¥·Ë¥°¸Ê.
�·μ£· ³³  TOFusb ¶μ ±μ³ ´¤¥ ®Start¯ § ¶Ê¸± ¥É ¶·μÍ¥¸¸Ò ·¥£¨¸É· Í¨¨ ¤ ´-
´ÒÌ μÉ ¤¥É¥±Éμ·μ¢, ¶¥·¥¤ Î¨ ¨Ì ´  Ê¶· ¢²ÖÕÐÊÕ 
‚Œ ¨ § ¶¨¸¨ ¢μ ¢Ìμ¤´μ°
¡ÊË¥· ¶·μ£· ³³Ò ¸μ·É¨·μ¢±¨. Š ¦¤μ¥ ¸μ¡ÒÉ¨¥, § ·¥£¨¸É·¨·μ¢ ´´μ¥ ¤¥É¥±Éμ-
·μ³, μ¶¨¸Ò¢ ¥É¸Ö ± ¤·μ³ ¨§ Î¥ÉÒ·¥Ì ¡ °Éμ¢, £¤¥ ±μ¤¨·Ê¥É¸Ö ¢·¥³Ö ¶·μ²¥É 
´¥°É·μ´  (21 ¡¨É), ´μ³¥· ¢Ìμ¤  (¤¥É¥±Éμ· ) ¨ ¤·Ê£¨¥ ¤ ´´Ò¥. �·¨ μ¡´ ·Ê-
¦¥´¨¨ ¤ ´´ÒÌ ¢μ ¢Ìμ¤´μ³ ¡ÊË¥·¥ ¢±²ÕÎ ¥É¸Ö ¸μ·É¨·μ¢±  ¤ ´´ÒÌ ¢ ¡ÊË¥· 
¸¶¥±É·μ¢ ¢ μ¶¥· É¨¢´μ° ¶ ³ÖÉ¨ 
‚Œ.

�²£μ·¨É³ ¸μ·É¨·μ¢±¨ ¨¸¶μ²Ó§Ê¥É É ¡²¨Î´μ¥ μ¶¨¸ ´¨¥ μ¸¨ ¢·¥³¥´¨ Ëμ·-
³¨·Ê¥³ÒÌ ¸¶¥±É·μ¢, § ¤ ¢ ¥³μ¥ ¶·μ£· ³³μ° Ê¶· ¢²¥´¨Ö ¢·¥³¥´´μ° ¤¨ £· ³-
³μ° (¶·μ£· ³³μ° TimeScale, ¸³. ´¨¦¥). �² £μ¤ ·Ö ÔÉμ³Ê ¤²Ö ²Õ¡μ£μ ¢ ·¨ ´É 
μ¶¨¸ ´¨Ö ¢·¥³¥´´μ° ¤¨ £· ³³Ò ¢·¥³Ö ¸μ·É¨·μ¢±¨ μ¤´μ ¨ Éμ ¦¥ ¨ ¸μ¸É ¢²Ö¥É
30 ´¸/¸μ¡ÒÉ¨¥ ´  
‚Œ ¸ Î ¸ÉμÉμ° ¶·μÍ¥¸¸μ·  2,8 ƒƒÍ. �μ³¨³μ ¸¶¥±É·μ¢ ¸
§ ¤ ´´μ° ¶μ²Ó§μ¢ É¥²¥³ ¢·¥³¥´´μ° ¤¨ £· ³³μ°, ³μ¦´μ · §·¥Ï¨ÉÓ Ëμ·³¨·μ-
¢ ´¨¥ ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¸¶¥±É·μ¢ ¸ § ¤ ´´μ° Ë¨±¸¨·μ¢ ´´μ° Ï¨·¨´μ° ± ´ ² ,
¶μ²´μ¸ÉÓÕ ¶¥·¥±·Ò¢ ÕÐ¨Ì ³ ±¸¨³ ²Ó´μ¥ ¢·¥³¥´´μ¥ μ±´μ. ‚±²ÕÎ¥´¨¥ Ëμ·-
³¨·μ¢ ´¨Ö É ±μ£μ ¢¸¶μ³μ£ É¥²Ó´μ£μ ¸¶¥±É·  Ê¢¥²¨Î¨¢ ¥É ¢·¥³Ö ¸μ·É¨·μ¢±¨
¸μ¡ÒÉ¨Ö ´  10%.

�·μ£· ³³  TOFusb ´ ¶¨¸ ´  ´  Ö§Ò±¥ C++ Builder, ¶·¥¤¸É ¢²¥´  ¢ ¨¸-
¶μ²´Ö¥³μ³ (.exe) Ëμ·³ É¥, § £·Ê¦ ¥É¸Ö ¨ ¢Ò£·Ê¦ ¥É¸Ö ¢ ´Ê¦´Ò¥ ³μ³¥´ÉÒ
¢·¥³¥´¨ Ê¶· ¢²ÖÕÐ¥° ¶·μ£· ³³μ° TOF. ‚§ ¨³μ¤¥°¸É¢¨¥ ¸ Ê¶· ¢²ÖÕÐ¥° ¶·μ-
£· ³³μ° μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥·¥§ ¶μ¨³¥´μ¢ ´´Ò° ÊÎ ¸Éμ± μ¡Ð¥° ¶ ³ÖÉ¨ (Ë °²,
μÉμ¡· ¦¥´´Ò° ¢ ¶ ³ÖÉÓ).

2.1.2. �·μ£· ³³  BLK (¡²μ± ²μ± ²Ó´μ£μ ±μ´É·μ²Ö) Å Ê´¨Ë¨Í¨·μ¢ ´´ Ö
¶μ¤¸¨¸É¥³  ³´μ£μ±μμ·¤¨´ É´μ£μ Ê¶· ¢²¥´¨Ö μ±·Ê¦¥´¨¥³ μ¡· §Í . �´  ³μ-
¦¥É · ¡μÉ ÉÓ ´  
‚Œ, ± ±μÉμ·μ° ¶μ¤±²ÕÎ¥´ ±μ´É·μ²²¥· 8SMC1-USBhF, ¨
·¥ ²¨§Ê¥É ±μ´¥Î´Ò°  ¢Éμ³ É, Ê¶· ¢²Ö¥³Ò° ´μ³¥·μ³ ¸μ¸ÉμÖ´¨Ö. ‚ ¶·μ£· ³³¥
¶·¨¸ÊÉ¸É¢Ê¥É ¡²μ± ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ ¸¥É¨ ¸ Ê¶· ¢²ÖÕÐ¥° ¶·μ£· ³³μ° ¨ ¨´-
É¥·¶·¥É Éμ· ±μ³ ´¤.

�·¨ § ¶Ê¸±¥ BLK ¡²μ± ¸¥É¥¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ Ë¨±¸¨·μ¢ ´´μ³Ê ´μ-
³¥·Ê ¶μ·É  · §Ò¸±¨¢ ¥É Ê¶· ¢²ÖÕÐÊÕ ¶·μ£· ³³Ê, ·¥£¨¸É·¨·Ê¥É¸Ö ¨ ¢ ¤ ²Ó-
´¥°Ï¥³ ¢Ò¶μ²´Ö¥É ¶·¨¥³ ±μ³ ´¤ ¨ ¶¥·¥¤ ÎÊ ¸μμ¡Ð¥´¨°. „²Ö ¢§ ¨³μ¤¥°¸É¢¨Ö
¸ BLK ¢ Ê¶· ¢²ÖÕÐÊÕ ¶·μ£· ³³Ê ¢¸É· ¨¢ ¥É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¶·μÍ¥¤Ê· .

‘¶¨¸μ± ·¥ ²¨§Ê¥³ÒÌ ±μ³ ´¤ § ¤ ¥É¸Ö É¥±¸Éμ¢Ò³ Ë °²μ³ ´Ê³¥·μ¢ ´´ÒÌ
¸±·¨¶Éμ¢, μ¶¨¸Ò¢ ÕÐ¨Ì  ²£μ·¨É³ ¤μ¸É¨¦¥´¨Ö ´Ê¦´μ£μ ¸μ¸ÉμÖ´¨Ö. ‚¸É·μ¥´-
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´Ò° ¨´É¥·¶·¥É Éμ· Ê¶· ¢²Ö¥É ³¥Ì ´¨±μ° ¸¨¸É¥³Ò, ¨¸¶μ²Ó§ÊÖ ¤· °¢¥·Ò
Ë¨·³Ò (¸³. [4]).

2.2. “¶· ¢²ÖÕÐ Ö ¶·μ£· ³³  TOF. �·μ£· ³³  TOF Å ¨´É¥·Ë¥°¸ ¶μ²Ó-
§μ¢ É¥²Ö ± ¸¨¸É¥³¥ ·¥£¨¸É· Í¨¨ ¢·¥³Ö¶·μ²¥É´ÒÌ ¸¶¥±É·μ¢. �·μ£· ³³  ¨³¥¥É
É·¨ ¸É· ´¨ÍÒ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ μ¸´μ¢´Ò³ ·¥¦¨³ ³ · ¡μÉÒ, ¨ ´¥¸±μ²Ó±μ
μ±μ´, ¸μ§¤ ¢ ¥³ÒÌ ¢Ò§Ò¢ ¥³Ò³¨ ËÊ´±Í¨μ´ ²Ó´Ò³¨ ³μ¤Ê²Ö³¨.

� §¢ ´¨Ö ¸É· ´¨Í ¨ ·¥¦¨³Ò · ¡μÉÒ ¸²¥¤ÊÕÐ¨¥:
• ®Single ˇle¯ Å ·¥£¨¸É· Í¨Ö μ¤¨´μÎ´μ£μ Ë °²  (¸¶¥±É· );
• ®Files by cycle¯ Å ·¥£¨¸É· Í¨Ö Ë °²μ¢ ¢ Í¨±²¥;
• ®Auto control¯ Å  ¢Éμ³ É¨Î¥¸±μ¥ ¨§³¥´¥´¨¥ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨

¤ ´´ÒÌ.
�±´μ Ê¶· ¢²¥´¨Ö ¶·μ£· ³³μ° ¶μ± § ´μ ´  ·¨¸. 3. „²Ö ± ¦¤μ£μ ·¥¦¨³ 

· ¡μÉÒ ¶·μ£· ³³  μÉ±·Ò¢ ¥É ¤μ¸ÉÊ¶ ± ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ (¤μ¶μ²´¨É¥²Ó´Ò³)
¶ · ³¥É· ³ Ê¶· ¢²¥´¨Ö ¨ § ¢μ¤¨É ¸¢μ¥ ¤¥·¥¢μ ± É ²μ£μ¢ (± É ²μ£¨ \S, \C, \A).
‚ μÉ¤¥²Ó´Ò¥ ¶μ¤± É ²μ£¨ § ´μ¸ÖÉ¸Ö ¤ ´´Ò¥ ± ¦¤μ£μ ¤¥É¥±Éμ· . � §¢ ´¨Ö Ë °-

�¨¸. 3. �±´μ Ê¶· ¢²ÖÕÐ¥° ¶·μ£· ³³Ò ¢ ·¥¦¨³¥  ¢Éμ³ É¨Î¥¸±μ£μ ¨§³¥´¥´¨Ö Ê¸²μ¢¨°
·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ
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²μ¢ Ëμ·³¨·ÊÕÉ¸Ö  ¢Éμ³ É¨Î¥¸±¨, ¢ ´ §¢ ´¨¥ ¢±²ÕÎ ¥É¸Ö É¥±¸Éμ¢ Ö ³¥É± , § -
¤ ¢ ¥³ Ö ¶μ²Ó§μ¢ É¥²¥³. ‚ · §´ÒÌ ·¥¦¨³ Ì ¨¸¶μ²Ó§ÊÕÉ¸Ö · §´Ò¥ Ï ¡²μ´Ò
´ §¢ ´¨° Ë °²μ¢, ÊÎ¨ÉÒ¢ ÕÐ¨¥ ¸μ¸É ¢ ¶ · ³¥É·μ¢. ‚¸¥£¤  ¸μ§¤ ÕÉ¸Ö ¸¶¨¸±¨
´ §¢ ´¨° Ë °²μ¢, ¶·¥¤´ §´ Î¥´´Ò¥ ¤²Ö  ¢Éμ³ É¨§ Í¨¨ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ. ‚¥-
¤¥É¸Ö ¶·μÉμ±μ² · ¡μÉÒ ¶·μ£· ³³Ò TOF, ¢ ±μÉμ·μ³ μÉ³¥Î ÕÉ¸Ö ¸ÊÐ¥¸É¢¥´´Ò¥
¸μ¡ÒÉ¨Ö: ¨§³¥´¥´¨¥ ·¥¦¨³  · ¡μÉÒ, ¨§³¥´¥´¨¥ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ,
§ ¶¨¸Ó Ë °² , ¢μ§´¨±´μ¢¥´¨¥ ¸¡μ¥¢ ¨ μÏ¨¡μ± ¨ É. ¤. �μ¢Ò° Ë °² ¶·μÉμ±μ² 
 ¢Éμ³ É¨Î¥¸±¨ § ¢μ¤¨É¸Ö ¶·¨ ¸³¥´¥ ¸ÊÉμ±, ¥£μ ´ §¢ ´¨¥ Ëμ·³¨·Ê¥É¸Ö É ±¦¥
 ¢Éμ³ É¨Î¥¸±¨ ¨ ¢±²ÕÎ ¥É ¤ ÉÊ ¸μ§¤ ´¨Ö.

�·μ£· ³³  TOF ¢¸¥£¤  ¶·μ¤μ²¦ ¥É · ´¥¥ ¶·¥·¢ ´´ÊÕ · ¡μÉÊ, ¢μ¸¸É ´ -
¢²¨¢ Ö § ¤ ´´Ò¥ ¤μ ÔÉμ£μ ¶μ²Ó§μ¢ É¥²¥³ §´ Î¥´¨Ö Ê¶· ¢²ÖÕÐ¨Ì ¶¥·¥³¥´´ÒÌ
¨ ¸μ¸ÉμÖ´¨¥ ¶·¥·¢ ´´ÒÌ ¶·μÍ¥¤Ê·.

2.2.1. �¥£¨¸É· Í¨Ö μ¤¨´μÎ´ÒÌ Ë °²μ¢. „ ´´Ò° ·¥¦¨³ ¶·¥¤´ §´ Î¥´
¤²Ö ¸²ÊÎ Ö, ±μ£¤  ¶μ²Ó§μ¢ É¥²Ó Î ¸Éμ ³¥´Ö¥É Ê¸²μ¢¨Ö ·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ Å
´ ¶·¨³¥·, ¤²Ö ´μ¢μ° ¶·μ²¥É´μ° ¡ §Ò ¨ ¤¥É¥±Éμ·  ¶·μ¢¥·Ö¥É · ¡μÉÊ ¸ § ¤ ´´μ°
¢·¥³¥´´μ° ¤¨ £· ³³μ°. �·μÉμ±μ²¨·Ê¥É¸Ö ¨§³¥´¥´¨¥ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨ ¨
Ë ±É § ¶¨¸¨ Ë °² . �·¨ ¨§³¥´¥´¨¨ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨ ¶·μ£· ³³  § ¢μ-
¤¨É ´μ¢Ò° ´μ³¥· £·Ê¶¶Ò ·¥£¨¸É·¨·Ê¥³ÒÌ Ë °²μ¢ ¨ μ¡´Ê²Ö¥É ¸Î¥ÉÎ¨± Ë °²μ¢
¢ £·Ê¶¶¥. �μ¸²¥ § ¶¨¸¨ Ë °²   ¢Éμ³ É¨Î¥¸±¨ ¨§³¥´Ö¥É¸Ö ¶μ·Ö¤±μ¢Ò° ´μ³¥·
Ë °²  ¢ £·Ê¶¶¥. ˆ³¥´  Ë °²μ¢ Ëμ·³¨·ÊÕÉ¸Ö  ¢Éμ³ É¨Î¥¸±¨ ¨ ¢±²ÕÎ ÕÉ ¤ ÉÊ,
¢·¥³Ö ¸μ§¤ ´¨Ö Ë °² , ´μ³¥· £·Ê¶¶Ò Ë °²μ¢, ´μ³¥· ¤¥É¥±Éμ· , ´μ³¥· Ë °² 
¢ £·Ê¶¶¥ ¨ § ¤ ´´ÊÕ ¶μ²Ó§μ¢ É¥²¥³ É¥±¸Éμ¢ÊÕ ³¥É±Ê, μÉ· ¦ ÕÐÊÕ É¥³Ê ¨¸-
¸²¥¤μ¢ ´¨Ö.

�μ²Ó§μ¢ É¥²Ó § ¤ ¥É ¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓ Ô±¸¶μ§¨Í¨¨ ¤ ´´ÒÌ ¨ É¥±¸Éμ¢ÊÕ
³¥É±Ê ¢ ´ §¢ ´¨¨ Ë °²μ¢. „²Ö Ê¶· ¢²¥´¨Ö ·¥£¨¸É· Í¨¥° ¶·¥¤μ¸É ¢²¥´Ò Î¥ÉÒ·¥
±´μ¶±¨: ®Start¯, ®Stop¯, ®Continue¯, ®End¯. � §´ Î¥´¨¥ ±´μ¶μ± ¸μμÉ¢¥É¸É¢Ê¥É
´ §¢ ´¨Ö³.

2.2.2. �¥£¨¸É· Í¨Ö Ë °²μ¢ ¢ Í¨±²¥. �·¨ ¡μ²ÓÏμ° ¶·μ¤μ²¦¨É¥²Ó´μ-
¸É¨ Ô±¸¶μ§¨Í¨¨ ¸μ¸ÉμÖ´¨Ö ¥¸ÉÓ ´¥¸±μ²Ó±μ μÎ¥¢¨¤´ÒÌ ¶·¨Î¨´ ± Éμ³Ê, ÎÉμ¡Ò
· §¡¨ÉÓ ¶μ²´ÊÕ Ô±¸¶μ§¨Í¨Õ ´  ¶μ¸²¥¤μ¢ É¥²Ó´Ò¥ ¨´É¥·¢ ²Ò ¡μ²¥¥ ±μ·μÉ±¨Ì
¨§³¥·¥´¨° ¨ § ·¥£¨¸É·¨·μ¢ ÉÓ Ë °²Ò ¸ Î ¸É¨Î´μ° Ô±¸¶μ§¨Í¨¥°. ˆ³¥´´μ ¤²Ö
É ±¨Ì ¨§³¥·¥´¨° ¢¢¥¤¥´  ¸É· ´¨Í  ®File by cycle¯. �μ²Ó§μ¢ É¥²Ó ¢ ¶μ²ÖÌ §´ -
Î¥´¨° ¶ · ³¥É·μ¢ ¸É· ´¨ÍÒ ®Single ˇle¯ (¢¨¤¨³ÒÌ ¢ ²Õ¡μ³ ·¥¦¨³¥) § ¤ ¥É
¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓ ¨§³¥·¥´¨Ö μÉ¤¥²Ó´μ£μ Ë °²  ¨ É¥±¸Éμ¢ÊÕ ³¥É±Ê ´ §¢ ´¨Ö
Ë °² ,   ¢ ¶μ²ÖÌ ¶ · ³¥É·μ¢ ¸É· ´¨ÍÒ ®File by cycle¯ § ¤ ¥É ±μ²¨Î¥¸É¢μ É -
±¨Ì Ë °²μ¢. �·μ£· ³³  ¸μ¸É ¢²Ö¥É ¸¶¨¸μ± Ë °²μ¢, ¨§³¥·¥´´ÒÌ ¶·¨ § ¤ ´´ÒÌ
Ê¸²μ¢¨ÖÌ. ’ ±μ° ¸¶¨¸μ± ¶·¥¤´ §´ Î¥´ ¤²Ö ¸¶¥Í¨ ²Ó´μ° ¶μ¤¸¨¸É¥³Ò Ô±¸¶·¥¸¸-
 ´ ²¨§ , ±μÉμ· Ö ¶μ§¢μ²Ö¥É ¶·μ±μ´É·μ²¨·μ¢ ÉÓ ¸μ¢³¥¸É¨³μ¸ÉÓ (±μ··¥±É´μ¸ÉÓ)
¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢ μÉ¤¥²Ó´ÒÌ Ô±¸¶μ§¨Í¨ÖÌ, ¤²Ö ¶μ²ÊÎ¥´¨Ö Ë °²μ¢ ¸Ê³³ ·-
´μ° Ô±¸¶μ§¨Í¨¨. � §¢ ´¨Ö Ë °²μ¢ Î ¸É¨Î´μ° Ô±¸¶μ§¨Í¨¨, Ë °²  ¸μ ¸¶¨¸±μ³
´ §¢ ´¨° Ë °²μ¢, ±μÉμ·Ò¥ ¤μ²¦´Ò  ´ ²¨§¨·μ¢ ÉÓ¸Ö ¸μ¢³¥¸É´μ, Ëμ·³¨·ÊÕÉ¸Ö
 ¢Éμ³ É¨Î¥¸±¨.
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Š ± ¨ ¤²Ö ¶·¥¤Ò¤ÊÐ¥£μ ·¥¦¨³ , ¤²Ö Ê¶· ¢²¥´¨Ö · ¡μÉμ° ¢¢¥¤¥´Ò ±´μ¶±¨
®Start¯, ®Stop¯, ®Continue¯, ®End¯. ‘¨¸É¥³  ¶·μ¤μ²¦ ¥É ¶·¥·¢ ´´ÊÕ · ¡μÉÊ.
�μÔÉμ³Ê ¥¸²¨ · ¡μÉ  ¡Ò²  ¶·¥·¢ ´  ´  ¤ ´´μ° ¸É· ´¨Í¥, Éμ ¶μ¸²¥ ¶μ¢Éμ·´μ°
§ £·Ê§±¨ ¶·μ£· ³³  · §·¥Ï¨É ¨¸¶μ²Ó§μ¢ ´¨¥ ±´μ¶μ± ®Continue¯ ¨ ®End¯.

2.2.3. �¢Éμ³ É¨Î¥¸±μ¥ ¨§³¥´¥´¨¥ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ. 
É 
¸É· ´¨Í  ¶·¥¤´ §´ Î¥´  ¤²Ö ·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ ¶·¨  ¢Éμ³ É¨Î¥¸±μ³ ¨§-
³¥´¥´¨¨ Ê¸²μ¢¨° μ±·Ê¦¥´¨Ö μ¡· §Í  (´ ¶·¨³¥· ¸³¥´¥ ³¨Ï¥´¥°, ¢±²ÕÎ¥-
´¨¨/¢Ò±²ÕÎ¥´¨¨ ¶μ²Ö·¨§ Í¨¨ ¨ É. ¤.). ‚ ¶·μÍ¥¸¸¥ ´ ±μ¶²¥´¨Ö ´Ê¦´μ° ¸É É¨-
¸É¨±¨ Ê¸²μ¢¨Ö μ±·Ê¦¥´¨Ö μ¡· §Í  ´¥μ¤´μ±· É´μ Î¥·¥¤ÊÕÉ¸Ö, ¨ ¤²Ö ± ¦¤μ£μ ¨§
¸μ¸ÉμÖ´¨° ¸μ¸É ¢²Ö¥É¸Ö ¸¢μ° ¸¶¨¸μ± § ·¥£¨¸É·¨·μ¢ ´´ÒÌ Ë °²μ¢. ‚ ¤ ²Ó´¥°-
Ï¥³ ± ¦¤Ò° ¨§ ÔÉ¨Ì ¸¶¨¸±μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨¸¸²¥¤μ¢ ¢Ï¨³¸Ö ¸μ¸ÉμÖ´¨Ö³
³¨Ï¥´¥°, ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö ±μ´É·μ²Ö ± Î¥¸É¢  § ·¥£¨¸É·¨·μ¢ ´-
´ÒÌ ¤ ´´ÒÌ,  ¢Éμ³ É¨§¨·μ¢ ´´μ° μ¡· ¡μÉ±¨ ¨²¨ ±μ··¥±Í¨¨.

ˆ§³¥´¥´¨¥ ¸μ¸ÉμÖ´¨Ö μ±·Ê¦¥´¨Ö μ¡· §Í  ¢Ò¶μ²´Ö¥É¸Ö ¶·μ£· ³³ ³¨ ¤· °-
¢¥·´μ£μ ¸²μÖ (¶μ¤¸¨¸É¥³  BLK), ¤μ¸ÉÊ¶´Ò³¨ ¶μ ¸¥É¨ ¨ ¶·¥¤¸É ¢²¥´´Ò³¨ ¢
¢¨¤¥ ±μ´¥Î´ÒÌ  ¢Éμ³ Éμ¢.

2.3. �·μ£· ³³´ Ö μ¡Ð Ö Ï¨´ . ‚§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê Ê¶· ¢²ÖÕÐ¥°
¶·μ£· ³³μ° TOF ¨ ¤· °¢¥·´Ò³ ¸²μ¥³ (¶·μ£· ³³μ° TOFusb) μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
Î¥·¥§ ¶·μ£· ³³´ÊÕ μ¡ÐÊÕ Ï¨´Ê (��˜). ��˜ ·¥ ²¨§Ê¥É¸Ö · §· ¡μÉ ´´μ°
ËÊ´±Í¨¥° API GetODB, ±μÉμ· Ö § Ì¢ ÉÒ¢ ¥É ·¥¸Ê·¸ μ¶¥· É¨¢´μ° ¶ ³ÖÉ¨ ´Ê¦-
´μ£μ · §³¥· , ¨ ³μ¤Ê²¥³, ±μÉμ·Ò° ®´ ±² ¤Ò¢ ¥É¯ ´  ÔÉÊ ¶ ³ÖÉÓ μ¶¨¸ ´¨¥
´Ê¦´μ° ¸É·Ê±ÉÊ·Ò ¤ ´´ÒÌ. ”Ê´±Í¨Ö GetODB ¸μ§¤ ¥É ¶μ¨³¥´μ¢ ´´Ò° Ë °²,
μÉμ¡· ¦¥´´Ò° ¢ ¶ ³ÖÉÓ (·¥ ²¨§μ¢ ´μ ¢ �‘ Windows), ¨²¨ ´ Ìμ¤¨É ¸μ§¤ ´-
´Ò° · ´¥¥, ¨ ¢μ§¢· Ð ¥É ¢Ò§Ò¢ ÕÐ¥° ¶·μ£· ³³¥ Ê± § É¥²Ó ´  ÔÉμÉ ÊÎ ¸Éμ±
¶ ³ÖÉ¨. ‚¸¥³ ¶·μ£· ³³ ³, ¶μ¤±²ÕÎ¨¢Ï¨³¸Ö ± ��˜, ¶·¥¤μ¸É ¢²ÖÕÉ¸Ö μ¤´¨ ¨
É¥ ¦¥ §´ Î¥´¨Ö ¢¸¥Ì ¶¥·¥³¥´´ÒÌ, μ¶¨¸ ´´ÒÌ ¢ ¸É·Ê±ÉÊ·¥ ¤ ´´ÒÌ, ´ ²μ¦¥´´μ°
´  ��˜. ‹Õ¡ Ö ¶·μ£· ³³  ³μ¦¥É ¨§³¥´ÖÉÓ §´ Î¥´¨Ö ÔÉ¨Ì ¶¥·¥³¥´´ÒÌ, ¨¸-
¶μ²Ó§ÊÖ ¸¥³ Ëμ· ¤²Ö Ê¸É· ´¥´¨Ö ±μ´Ë²¨±Éμ¢ ¶·¨ μ¤´μ¢·¥³¥´´μ³ μ¡· Ð¥´¨¨
± μ¤´μ° ¶¥·¥³¥´´μ°.

�¡· § ��˜ ¸μÌ· ´Ö¥É¸Ö ¢ ¶ ³ÖÉ¨ ¤μ É¥Ì ¶μ·, ¶μ±  ± ´¥° ¶μ¤±²ÕÎ¥´
ÌμÉÓ μ¤¨´ ¶μ²Ó§μ¢ É¥²Ó (¶·μÍ¥¸¸). �² £μ¤ ·Ö ÔÉμ³Ê ¢μ ¢·¥³Ö · ¡μÉÒ ¸¨¸É¥³Ò
TOF ³μ£ÊÉ § £·Ê¦ ÉÓ¸Ö · §²¨Î´Ò¥ ¶·μ£· ³³Ò ¨ ¶μ²ÊÎ ÉÓ ¡Ò¸É·Ò° ¤μ¸ÉÊ¶ ±
μ¤´μ³Ê ¨ Éμ³Ê ¦¥ ¸μ¤¥·¦ ´¨Õ ¤ ´´ÒÌ ¢ ��˜.

‘É·Ê±ÉÊ·  ¤ ´´ÒÌ ¢ ��˜ ¢±²ÕÎ ¥É:

• £·Ê¶¶Ê Ê¶· ¢²ÖÕÐ¨Ì ¶ · ³¥É·μ¢ ¤²Ö ¤· °¢¥·´μ£μ ¸²μÖ, ¢ Î¨¸²¥ ±μÉμ·ÒÌ
É ¡²¨ÍÒ, Ê¶· ¢²ÖÕÐ¨¥ ¸μ·É¨·μ¢±μ° ¤ ´´ÒÌ;

• ¡ÊË¥·  ¸¶¥±É·μ¢, § ¶μ²´Ö¥³Ò¥ ¢ ·¥¦¨³¥ on-line ¶·μ£· ³³ ³¨ ¸μ·É¨-
·μ¢±¨ ¨ ¤·.

”Ê´±Í¨Ö API GetODB ´¥ § ¢¨¸¨É μÉ ±μ´±·¥É´μ£μ ¢ ·¨ ´É  μ¶¨¸ ´¨Ö
¸É·Ê±ÉÊ·Ò ¤ ´´ÒÌ ¨ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´  ¢ · §²¨Î´ÒÌ ¶·μ¥±É Ì ¡¥§
¨§³¥´¥´¨Ö.
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2.4. “¶· ¢²¥´¨¥ ¢·¥³¥´´μ° ¤¨ £· ³³μ° ¶·μ£· ³³Ò ¸μ·É¨·μ¢±¨. �·μ-
£· ³³  ¸μ·É¨·μ¢±¨ ¸É·μ¨É ¸¶¥±É·Ò (£¨¸Éμ£· ³³Ò) ±μ²¨Î¥¸É¢  § ·¥£¨¸É·¨·μ-
¢ ´´ÒÌ ´¥°É·μ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ ¶·μ²¥É  ¤¨¸É ´Í¨¨ μÉ ¨¸ÉμÎ´¨± 
¤μ ¤¥É¥±Éμ·  ´¥°É·μ´μ¢. �¸Ó ¢·¥³¥´¨ ¶·μ£· ³³Ò ¸μ·É¨·μ¢±¨ ¶·¥¤¸É ¢²Ö¥É¸Ö
¢ ¢¨¤¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ± ´ ²μ¢ (ÖÎ¥¥± ¶ ³ÖÉ¨). Š ¦¤μ³Ê ± ´ ²Ê ¸μμÉ¢¥É-
¸É¢Ê¥É μ¶·¥¤¥²¥´´Ò° ¨´É¥·¢ ² ¢·¥³¥´¨ ¶·μ²¥É  ´¥°É·μ´μ¢. �μ²´μ¥ μ¶¨¸ ´¨¥
ÔÉμ° μ¸¨, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö Ê¸É ´μ¢²¥´¨Ö ¸μμÉ¢¥É¸É¢¨Ö ³¥¦¤Ê ´μ³¥·μ³ ± ´ ² 
¨ ¢·¥³¥´¥³ ¶·μ²¥É  ´¥°É·μ´μ¢, § ¤ ¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ ¶ · ³¥É· ³¨:

1) ¢·¥³¥´¥³ § ¤¥·¦±¨ ¢¸¶ÒÏ±¨ ´¥°É·μ´μ¢ μÉ´μ¸¨É¥²Ó´μ ¸É ·Éμ¢μ£μ ¨³-
¶Ê²Ó¸  μÉ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢;

2) ¢·¥³¥´¥³ § ¤¥·¦±¨ ´ Î ²  ·¥£¨¸É· Í¨¨ ¨ ¸μ·É¨·μ¢±¨ ¤ ´´ÒÌ μÉ´μ¸¨-
É¥²Ó´μ ¢¸¶ÒÏ±¨ ´¥°É·μ´μ¢. „ ´ Ö § ¤¥·¦±  μ¶·¥¤¥²Ö¥É É ±¦¥ ¸¤¢¨£ ´ Î ² 
μ¸¨ ¢·¥³¥´¨ ¸¶¥±É·  μÉ´μ¸¨É¥²Ó´μ ¢¸¶ÒÏ±¨ ´¥°É·μ´μ¢;

3) 8 ¢·¥³¥´´Ò³¨ ¨´É¥·¢ ² ³¨, ¤²Ö ± ¦¤μ£μ ¨§ ±μÉμ·ÒÌ § ¤ ¥É¸Ö ¥£μ ¤²¨´ 
(±μ²¨Î¥¸É¢μ³ ± ´ ²μ¢) ¨ Ï¨·¨´  ± ´ ²  ¢ ¤¨¸±·¥É Ì ¶μ 10 ´¸;

4) Î ¸ÉμÉμ° ¢¸¶ÒÏ¥± ´¥°É·μ´μ¢, μ¶·¥¤¥²ÖÕÐ¥° ³ ±¸¨³ ²Ó´ÊÕ ¶·μÉÖ¦¥´-
´μ¸ÉÓ μ±´  ¤²Ö ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢.

�μ²´μ¥ ±μ²¨Î¥¸É¢μ ± ´ ²μ¢ μ¶·¥¤¥²Ö¥É¸Ö ¸Ê³³μ° ¶μ ¢¸¥³ 8 ¨´É¥·¢ ² ³,
´μ ¶·¨´Ê¤¨É¥²Ó´μ μ£· ´¨Î¥´μ ¨ ´¥ ³μ¦¥É ¡ÒÉÓ ¡μ²¥¥ 10000. ‚·¥³¥´´μ¥
μ±´μ, ¢ É¥Î¥´¨¥ ±μÉμ·μ£μ ·¥£¨¸É·¨·ÊÕÉ¸Ö ´¥°É·μ´Ò, μ¶·¥¤¥²Ö¥É¸Ö ¸Ê³³μ°
¶·μ¤μ²¦¨É¥²Ó´μ¸É¥° ¨¸¶μ²Ó§Ê¥³ÒÌ ¨´É¥·¢ ²μ¢ ¨ § ¤ ´´Ò³¨ § ¤¥·¦± ³¨ ¨²¨
¶¥·¨μ¤μ³ ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ ¢¸¶ÒÏ¥± Ê¸±μ·¨É¥²Ö (¨¸¶μ²Ó§Ê¥É¸Ö ³¥´ÓÏ¥¥
¨§ ÔÉ¨Ì ¤¢ÊÌ §´ Î¥´¨°). 
´¥·£¨Ö ´¥°É·μ´μ¢ (Ô‚) ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

E = (72,3 L/t)2,

£¤¥ L Å ¤²¨´  ¶·μ²¥É´μ° ¡ §Ò (³); t Å ¢·¥³Ö ¶·μ²¥É  ´¥°É·μ´  (³±¸).
„²Ö § ¤ ´¨Ö §´ Î¥´¨° ¨¸¶μ²Ó§Ê¥³ÒÌ ¶ · ³¥É·μ¢ ¢¢¥¤¥´  ¶·μ£· ³³ 

TimeScale, ¢Ò§Ò¢ ¥³ Ö ¨§ ¶·μ£· ³³Ò Ê¶· ¢²¥´¨Ö. Š ¦¤μ¥ ¸μÎ¥É ´¨¥ ¶ · -
³¥É·μ¢ ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´μ ¢ Ë °²,   Ë °² ¶μ³¥Î¥´ ¸É·μ±μ° ±μ³³¥´É ·¨Ö
¶μ²Ó§μ¢ É¥²Ö (¤²Ö ¶μ¸²¥¤ÊÕÐ¥° ¨¤¥´É¨Ë¨± Í¨¨ ¥£μ ¶·¨ ¶μ¨¸±¥) ¨ ¶μ³¥Ð¥´
¢  ·Ì¨¢. ‹Õ¡μ° ¨§ ÔÉ¨Ì Ë °²μ¢ ³μ¦¥É ¡ÒÉÓ ¢Ò¡· ´ ¨§  ·Ì¨¢  ¨ ´ §´ Î¥´ ¤²Ö
¤ ²Ó´¥°Ï¥£μ ¨¸¶μ²Ó§μ¢ ´¨Ö ¶μ Ê³μ²Î ´¨Õ.

�·¨ ¨§³¥´¥´¨¨ ¨¸¶μ²Ó§Ê¥³μ° Ï± ²Ò ¸μ·É¨·μ¢±¨ ¤ ´´ÒÌ ¨´±·¥³¥´É¨·Ê-
¥É¸Ö ´μ³¥· £·Ê¶¶Ò Ë °²μ¢ ¨ μ¡´Ê²Ö¥É¸Ö ¸Î¥ÉÎ¨± Ë °²μ¢ ¢ £·Ê¶¶¥. �μ³¥·
£·Ê¶¶Ò ¢±²ÕÎ ¥É¸Ö ¢ ´ §¢ ´¨¥ Ë °² . ” ±É ¨§³¥´¥´¨Ö ¨¸¶μ²Ó§Ê¥³μ° Ï± ²Ò
¢·¥³¥´¨ μÉ³¥Î ¥É¸Ö ¢ ¶·μÉμ±μ²¥ · ¡μÉÒ.

2.5. ‚¨§Ê ²¨§ Í¨Ö ¸¶¥±É·μ¢. �·μ£· ³³  ¨³¥¥É 8 É· ±Éμ¢ ¨§μ¡· ¦¥´¨Ö
¤ ´´ÒÌ, ÎÉμ ¶μ§¢μ²Ö¥É ¶μ³¥¸É¨ÉÓ ¢ μ¤´μ³ μ±´¥ ¤μ 8 ¸¶¥±É·μ¢ ¢ μ¤´μ° ¸¨¸É¥³¥
±μμ·¤¨´ É. �μ³¥·  É· ±Éμ¢ ¸μμÉ¢¥É¸É¢ÊÕÉ ´μ³¥· ³ ¤¥É¥±Éμ·μ¢ (¢Ìμ¤μ¢). ‚μ
¢·¥³Ö ·¥£¨¸É· Í¨¨ ¤ ´´ÒÌ ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ·¥¦¨³  ¢Éμ³ É¨Î¥¸±μ£μ μ¡-
´μ¢²¥´¨Ö ¨§μ¡· ¦¥´¨Ö ¸ ¶¥·¨μ¤μ³, § ¤ ¢ ¥³Ò³ ¶μ²Ó§μ¢ É¥²¥³.
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�¨¸. 4. �±´μ ¶·μ£· ³³Ò ¢¨§Ê ²¨§ Í¨¨ ¸¶¥±É·μ¢

‘ ¨§μ¡· ¦¥´¨¥³ ¢ ± ¦¤μ³ É· ±É¥ ¢μ§³μ¦´Ò ¡Ò¸É·Ò¥ μ¶¥· Í¨¨: ¢±²Õ-
Î¨ÉÓ/¢Ò±²ÕÎ¨ÉÓ ¨§μ¡· ¦¥´¨¥, ¸³¥¸É¨ÉÓ ¶μ ¢¥·É¨± ²¨, Ê³´μ¦¨ÉÓ ¶μ± ´ ²Ó´μ
´  § ¤ ´´μ¥ Î¨¸²μ, ±μ¶¨·μ¢ ÉÓ ¤ ´´Ò¥ ¢ ¤·Ê£μ° É· ±É, § £·Ê§¨ÉÓ ¢ É· ±É ¤ ´-
´Ò¥ ¨§ Ë °²  ¨ ¤·.

�·¨ ¤¢¨¦¥´¨¨ ³ÒÏ¨ ¨ ¤¢ÊÌ ±Ê·¸μ·μ¢ ¢Ò¢μ¤¨É¸Ö ¨´Ëμ·³ Í¨Ö μ¡ Ô´¥·£¨¨
¨ ±μ²¨Î¥¸É¢¥ μÉ¸Î¥Éμ¢ ´¥°É·μ´μ¢ ¢ ²Õ¡μ³ ± ´ ²¥, ¤²Ö ± ¦¤μ£μ ¸¶¥±É·  ¢Ò¢μ-
¤¨É¸Ö ¸Ê³³  μÉ¸Î¥Éμ¢ ¢ ¨´É¥·¢ ²¥, μ£· ´¨Î¥´´μ³ ¤¢Ê³Ö ±Ê·¸μ· ³¨. ‚¢¥¤¥´Ò
´¥μ¡Ìμ¤¨³Ò¥ μ¶¥· Í¨¨ ¡Ò¸É·μ£μ Ê¶· ¢²¥´¨Ö ¢¨§Ê ²¨§¨·Ê¥³Ò³ ± ¤·μ³ ¸ ¶μ-
³μÐÓÕ ³ÒÏ¨. �±´μ ¶·μ£· ³³Ò ¢¨§Ê ²¨§ Í¨¨ ¶μ± § ´μ ´  ·¨¸. 4. ‘¢¥É²Ò¥
¶μ²Ö Ê¶· ¢²ÖÕÐ¨Ì Ô²¥³¥´Éμ¢ ³μ£ÊÉ ·¥¤ ±É¨·μ¢ ÉÓ¸Ö.

2.6. �·μ£· ³³  Ô±¸¶·¥¸¸- ´ ²¨§  ¤ ´´ÒÌ. ‚ ´¥±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 ¨ Ì · ±É¥·¨¸É¨±
¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢. ‘ Í¥²ÓÕ · ´´¥£μ μ¡´ ·Ê¦¥´¨Ö ¸ÊÐ¥¸É¢¥´´ÒÌ ¨¸± ¦¥-
´¨° ·¥£¨¸É·¨·Ê¥³ÒÌ ¸¶¥±É·μ¢ ¨ Ë¨²ÓÉ· Í¨¨ ¸μ³´¨É¥²Ó´ÒÌ ¤ ´´ÒÌ · §· ¡μ-
É ´  ²£μ·¨É³ Ô±¸¶·¥¸¸- ´ ²¨§  ¤ ´´ÒÌ. �  μ¸´μ¢¥ ÔÉμ£μ  ²£μ·¨É³  ¸μ§¤ ´ 
¶μ¤¸¨¸É¥³  Ô±¸¶·¥¸¸- ´ ²¨§  ¤ ´´ÒÌ EA. �μ¤¸¨¸É¥³  EA ¢Ò¶μ²´¥´  ¢ ¢¨¤¥
³μ¤Ê²Ö ¢ § £·Ê¦ ¥³μ³ (.exe) Ëμ·³ É¥ ¨ ³μ¦¥É · ¡μÉ ÉÓ ¢ ¤¢ÊÌ ·¥¦¨³ Ì:

•  ¢Éμ³ É¨Î¥¸±μ³ Å ¢μ ¢·¥³Ö ·¥£¨¸É· Í¨¨ ¨ ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ;
• off-line Å ¤²Ö  ´ ²¨§  · ´¥¥ ´ ±μ¶²¥´´ÒÌ ¤ ´´ÒÌ.
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2.6.1. �²£μ·¨É³  ´ ²¨§  ¨ ¶·μ£· ³³´Ò° ³μ¤Ê²Ó Ô±¸¶·¥¸¸- ´ ²¨§ .
‚ ¸¶¥±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 = mSi,j/S0,j,

St = mSi,j/Si−1,j,

M = mJSi,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¢.

„ ´´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 − L0| ¨²¨ |St − St−1| > kσ,

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

„ ´´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.

2.6.2. ˆ´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¶μ¤¸¨¸É¥³Ò EA ¢  ¢Éμ³ É¨Î¥¸±μ³
·¥¦¨³¥ ±μ´É·μ²Ö. „ ´´ Ö ¶μ¤¸¨¸É¥³  ³μ¦¥É ¡ÒÉÓ § £·Ê¦¥´  ´  Ê¤ ²¥´´ÒÌ

‚Œ, ¶μ¤±²ÕÎ¥´  ± TOF ¶μ ¨§¢¥¸É´μ³Ê IP- ¤·¥¸Ê ¨ ¶¥·¥¢¥¤¥´  ¢ ·¥¦¨³  ¢-
Éμ³ É¨Î¥¸±μ£μ  ´ ²¨§ . ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶·μÉμ±μ² ¸μ¢³¥¸É´μ£μ  ´ ²¨§  ¤ ´´ÒÌ
¶·¥¤μ¸É ¢²Ö¥É¸Ö ¶μ²Ó§μ¢ É¥²Õ ¶μ¸²¥ § ¶¨¸¨ ± ¦¤μ£μ Ë °² . �·¨ ¢μ§´¨±´μ¢¥-
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�¨¸. 5. ˆ´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¢  ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥ · ¡μÉÒ EA

´¨¨ ´ ·ÊÏ¥´¨Ö § ¤ ´´ÒÌ ±·¨É¥·¨¥¢ ¤μ¸Éμ¢¥·´μ¸É¨ ¤ ´´ÒÌ ³μ¦¥É ¢Ò· ¡ ÉÒ-
¢ ÉÓ¸Ö ¶·¥¤Ê¶·¥¤¨É¥²Ó´Ò° ¸¨£´ ².

�  ·¨¸. 5 ¶·¨¢¥¤¥´ ¨´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¤²Ö  ¢Éμ³ É¨Î¥¸±μ£μ ·¥¦¨³ 
±μ´É·μ²Ö. ‚Ò¡μ· ·¥¦¨³  · ¡μÉÒ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ Ê¶· ¢²ÖÕÐ¨Ì
Ô²¥³¥´Éμ¢ ®auto/manual¯ ¢ ¶μ²¥ ®Control mode¯. „²Ö ¸μ¥¤¨´¥´¨Ö ¸ ¶·μ£-
· ³³μ° Ê¶· ¢²¥´¨Ö Ô±¸¶¥·¨³¥´Éμ³ TOF ¸²¥¤Ê¥É § ¤ ÉÓ ¥¥ IP- ¤·¥¸ (¶μ²¥
®IP addr¯) ¨ ´ ¦ ÉÓ ±² ¢¨ÏÊ ®Connect¯. ‚ ¸²ÊÎ ¥ Ê¸¶¥Ï´μ£μ ¸μ¥¤¨´¥´¨Ö
¸²¥¢  ¢μ§´¨±´¥É ³¥É±  ®OK¯ ´  §¥²¥´μ³ ¶μ²¥.

„²Ö ´ ¸É·μ°±¨ ·¥¦¨³  ®auto¯ ¶μ²Ó§μ¢ É¥²¥³ § ¤ ¥É¸Ö ¤μ¶Ê¸É¨³μ¥ μÉ±²μ-
´¥´¨¥ Å §´ Î¥´¨¥ k ¸É ´¤ ·É´ÒÌ μÏ¨¡μ± σ (¶μ²¥ ®Allowed error¯) Å ¨
¸¶¨¸μ± ¨´É¥·¢ ²μ¢ ±μ´É·μ²Ö. „²Ö ¸μ¸É ¢²¥´¨Ö ¸¶¨¸±  ¨´É¥·¢ ²μ¢ ±μ´É·μ²Ö
¨ Ëμ·³¨·μ¢ ´¨Ö  ·Ì¨¢  É ±¨Ì ¸¶¨¸±μ¢ ³μ£ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ±Ê·¸μ·Ò ¶·μ-
£· ³³Ò ¢¨§Ê ²¨§ Í¨¨ ¸¶¥±É·μ¢.

‚ ¶·μÍ¥¸¸¥ ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ¤ ´´ Ö ¶·μ£· ³³  ¢ ¶μ²¥ ®Results
of control (Protocol)¯ ¶·¥¤¸É ¢²Ö¥É ·¥§Ê²ÓÉ ÉÒ ±μ´É·μ²Ö ¤ ´´ÒÌ (μ¤´  ¸É·μ± 
¤²Ö ± ¦¤μ£μ Ë °² ). ‚¢¥¤¥´Ò É·¨ Ëμ·³ É  ¢Ò¢μ¤  ·¥§Ê²ÓÉ Éμ¢ ±μ´É·μ²Ö:

• ®Protocol with +/−¯, £¤¥ ¤²Ö ± ¦¤μ£μ ¨´É¥·¢ ²  ¸¨³¢μ²μ³ ®−¯ μ¡μ§´ -
Î ¥É¸Ö ´ ·ÊÏ¥´¨¥ ±·¨É¥·¨Ö, § ¤ ´´μ£μ ¢ ¶μ²¥ ®Allowed error¯;

• ®Protocol with relations¯ ¸μ¤¥·¦¨É ´μ·³¨·μ¢ ´´Ò¥ μÉ´μÏ¥´¨Ö L, S, M ;
• ®Protocol with sum values¯ ¸μ¤¥·¦¨É §´ Î¥´¨Ö ¸Ê³³, ´  μ¸´μ¢ ´¨¨ ±μ-

Éμ·ÒÌ ¶μ²ÊÎ¥´Ò μÉ´μÏ¥´¨Ö L, S, M .

2.6.3. ˆ´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¶μ¤¸¨¸É¥³Ò EA ¢ ¤¨ ²μ£μ¢μ³ ·¥-
¦¨³¥ ±μ´É·μ²Ö. �μ¸²¥ § ¢¥·Ï¥´¨Ö Ô±¸¶¥·¨³¥´É , ¢ ¸²ÊÎ ¥ ´ ²¨Î¨Ö ¶·¥-
¤Ê¶·¥¦¤¥´¨° ¶μ¤¸¨¸É¥³Ò 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-
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�¨¸. 6. ˆ´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¢ ¤¨ ²μ£μ¢μ³ ·¥¦¨³¥ · ¡μÉÒ EA

¸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¢ ¢ ¶·μ£· ³³¥ EA ¢¢¥¤¥´ ¤¨ ²μ£μ¢Ò° ·¥¦¨³, ±μÉμ·Ò° ¶μ§¢μ²Ö¥É ¢ ·¥¦¨³¥
off-line ¶μ¢Éμ·¨ÉÓ  ´ ²¨§ ¶·¨ ¤·Ê£¨Ì ¶ · ³¥É· Ì ±μ´É·μ²Ö.

�  ·¨¸. 6 ¶·¥¤¸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.

�·μ£· ³³  ¶μ§¢μ²Ö¥É ¢Ò¡· ÉÓ ´Ê¦´Ò° ¸¶¨¸μ±. „²Ö ±· É±μ¸É¨ ¤ ²Ó´¥°-
Ï¥£μ ¶·¥¤¸É ¢²¥´¨Ö ¢¢μ¤¨É¸Ö (¨ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ÔÉμ³ ¦¥ μ±´¥) ¤²Ö ± ¦¤μ£μ
´ §¢ ´¨Ö Ë °²  ¶¸¥¢¤μ´¨³ Å ¶μ·Ö¤±μ¢Ò° ´μ³¥· ¢ ¸¶¨¸±¥. ˆ¸Ìμ¤´Ò° ¸¶¨¸μ±
³μ¦¥É ¡ÒÉÓ · §¤¥²¥´ ´  ¤¢ : ®used¯ ¨ ®excluded¯, ±Ê¤  ¶μ³¥Ð ÕÉ¸Ö ´ §¢ ´¨Ö
(ÉμÎ´¥¥ Å ¶¸¥¢¤μ´¨³Ò)  ´ ²¨§¨·Ê¥³ÒÌ (®used¯) ¨ ¨¸±²ÕÎ¥´´ÒÌ ¨§  ´ ²¨§ 
(®excluded¯) Ë °²μ¢. �μ ³¥·¥ · §¢¨É¨Ö ¶·μÍ¥¸¸   ´ ²¨§  ¶·μ£· ³³  μÉ±·Ò-
¢ ¥É ¤μ¶μ²´¨É¥²Ó´Ò¥ Ô²¥³¥´ÉÒ Ê¶· ¢²¥´¨Ö · ¡μÉμ°, ´ §´ Î¥´¨¥ ±μÉμ·ÒÌ ¶μ-
´ÖÉ´μ ¨§ ´ ¤¶¨¸¥°.
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�¤´μ¢·¥³¥´´μ ¸ ¶¥·¢Ò³ ¸¶¨¸±μ³ (±´μ¶±  ®Get FIRST ˇles list¯, ¸³. ·¨¸. 6)
¶·μ£· ³³  ³μ¦¥É § £·Ê§¨ÉÓ  ¸¸μÍ¨¨·μ¢ ´´Ò° ¸¶¨¸μ± (®Get associated list¯), ´¥
¶μ± §Ò¢ Ö ¥£μ ¢ μ±´¥. ‚¸¥ ³ ´¨¶Ê²ÖÍ¨¨ ·¥¤ ±É¨·μ¢ ´¨Ö ¸¶¨¸±μ¢ ¡Ê¤ÊÉ ¢Ò¶μ²-
´ÖÉÓ¸Ö ¸¨´Ì·μ´´μ ´ ¤ μ¡μ¨³¨ ¸¶¨¸± ³¨, ¢μ§³μ¦´  ¢¨§Ê ²¨§ Í¨Ö μÉ¤¥²Ó´ÒÌ
Ë °²μ¢ ¨ Ë °²μ¢ ¸Ê³³  ¸¸μÍ¨¨·μ¢ ´´μ£μ ¸¶¨¸± .

�·¥¤¸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. Š ± ¨ ¢  ¢Éμ³ É¨Î¥¸±μ³ ·¥-
¦¨³¥, ·¥§Ê²ÓÉ ÉÒ ±μ´É·μ²Ö ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢ É·¥Ì · §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
¸μ¤¥·¦ ´¨¥³ ¸¶¨¸±μ¢ Ë °²μ¢ μÉ¤¥²Ó´ÒÌ ¨§³¥·¥´¨°, ¸Ê³³ ³¨, ·¥¤ ±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 μÉ¤¥²Ó´ÒÌ Ë °²μ¢ ¨
Ë °²μ¢ ¸Ê³³, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö μÉ·¥¤ ±É¨·μ¢ ´´ÒÌ ¸¶¨¸±μ¢. �É·¥¤ ±É¨·μ¢ ´-
´Ò¥ ¸¶¨¸±¨ ¨ ¸Ê³³ ·´Ò¥ Ë °²Ò ³μ£ÊÉ ¡ÒÉÓ ¸μÌ· ´¥´Ò, ´ §¢ ´¨Ö Ë °²μ¢
¶·μ£· ³³  £¥´¥·¨·Ê¥É  ¢Éμ³ É¨Î¥¸±¨ ¨ ¶·¥¤μ¸É ¢²Ö¥É ¢μ§³μ¦´μ¸ÉÓ ¨Ì ¸±μ·-
·¥±É¨·μ¢ ÉÓ.

‡�Š‹	—…�ˆ…

‘¨¸É¥³  · §· ¡μÉ ´  ¤²Ö ¢Ò¶μ²´¥´¨Ö ¢·¥³Ö¶·μ²¥É´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¨
¨¸¶ÒÉ ´  ¢ Ô±¸¶¥·¨³¥´É Ì ´  ¨¸ÉμÎ´¨±¥ ´¥°É·μ´μ¢ ˆ�…�. � §· ¡μÉ ´´Ò°
¢·¥³¥´´μ° ±μ¤¨·μ¢Ð¨± ´ ¤¥¦´μ · ¡μÉ ¥É ¶·¨ Ô±¸¶μ§¨Í¨ÖÌ ¶·μ¤μ²¦¨É¥²Ó´μ-
¸ÉÓÕ ¢ ¸μÉ´¨ Î ¸μ¢. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤ ´´μ° ¸¨¸É¥³Ò ¡Ò²  ¢Ò¶μ²´¥´  Î ¸ÉÓ

�¨¸. 7. ‘¶¥±É· ´¥°É·μ´μ¢ μÉ ¨¸ÉμÎ´¨±  ˆ�…�, ¶μ²ÊÎ¥´´Ò° ´  9-³¥É·μ¢μ° ¶·μ²¥É´μ°
¡ §¥
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¨¸¸²¥¤μ¢ ´¨°, ¤μ²μ¦¥´´ÒÌ ¢ · ¡μÉ¥ [1]. �  ·¨¸. 7 ¶·¨¢¥¤¥´ ¢·¥³Ö¶·μ²¥É-
´Ò° ¸¶¥±É· ´¥°É·μ´μ¢, ¶μ²ÊÎ¥´´Ò° ´  9-³¥É·μ¢μ° ¶·μ²¥É´μ° ¡ §¥ Ê¸É ´μ¢±¨
ˆ�…�. �¥°É·μ´Ò ·¥£¨¸É·¨·μ¢ ²¨¸Ó £¥²¨¥¢Ò³ ¸Î¥ÉÎ¨±μ³ ‘�Œ-17.

�¥£¨¸É·¨·μ¢ ²¨¸Ó É·¨ £·Ê¶¶Ò ± ´ ²μ¢ ¸ · §²¨Î´μ° Ï¨·¨´μ°:
1) ± ´ ²Ò 1 . . . 1000, Ï¨·¨´  20 ´¸;
2) ± ´ ²Ò 1001 . . .5000, Ï¨·¨´  200 ´¸;
3) ± ´ ²Ò 5001 . . .10000, Ï¨·¨´  2000 ´¸.
Šμ´¸É·Ê±É¨¢´μ¥ ¨¸¶μ²´¥´¨¥ USB-¨´É¥·Ë¥°¸  μ¡¥¸¶¥Î¨¢ ¥É ¸¨¸É¥³¥ ³μ-

¡¨²Ó´μ¸ÉÓ, ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¥¥ É ±¦¥ ¢ ¢Ò¥§¤´ÒÌ Ô±¸¶¥·¨³¥´É Ì.
Šμ³¶μ´¥´ÉÒ ¸¨¸É¥³Ò (Ê¶· ¢²ÖÕÐ Ö ¶·μ£· ³³ , ¶·μ£· ³³Ò ¤· °¢¥·´μ£μ

¸²μÖ, ¶μ¤¸¨¸É¥³  Ô±¸¶·¥¸¸- ´ ²¨§ ) ¶·¥¤¸É ¢²¥´Ò ¢ ¨¸¶μ²´Ö¥³μ³ Ëμ·³ É¥
(.exe), μ¡Ñ¥¤¨´¥´¨¥ ¨Ì ¢ ¸¨¸É¥³Ê μ¸ÊÐ¥¸É¢²Ö¥É¸Ö  ¢Éμ³ É¨Î¥¸±¨ ¶μ ¸¥É¨ ¨²¨
Î¥·¥§ · ¡μÎÊÕ μ¡² ¸ÉÓ, ´ §¢ ´´ÊÕ ®¶·μ£· ³³´ Ö μ¡Ð Ö Ï¨´ ¯. ’ ±μ° ¶μ¤-
Ìμ¤ μ¡¥¸¶¥Î¨¢ ¥É ¸¨¸É¥³¥ £¨¡±μ¸ÉÓ, ¸¶μ¸μ¡¸É¢Ê¥É ¶μ¢Éμ·´μ³Ê ¨¸¶μ²Ó§μ¢ -
´¨Õ ±μ¤  ¨ ¢ ±μ´¥Î´μ³ ¸Î¥É¥ ¶μ¢ÒÏ¥´¨Õ ´ ¤¥¦´μ¸É¨ ·¥§Ê²ÓÉ Éμ¢. �¥ ²¨-
§ Í¨Ö ��˜ ¢μ§³μ¦´  ¨ ¢ ¤·Ê£¨Ì μ¶¥· Í¨μ´´ÒÌ ¸¨¸É¥³ Ì (¸³. [5]), ¨  ¢Éμ·Ò
·¥±μ³¥´¤ÊÕÉ ¨¸¶μ²Ó§μ¢ ´¨¥ ÔÉμ£μ ¶·¨¥³  ¤²Ö μ·£ ´¨§ Í¨¨ ¡Ò¸É·μ£μ ¢§ ¨³μ-
¤¥°¸É¢¨Ö ¶·μ£· ³³, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ Ëμ·³ É¥ § £·Ê§±¨.

�μ¤¸¨¸É¥³  Ô±¸¶·¥¸¸- ´ ²¨§ , ³μ¤Ê²¨ ��˜ ¨ ¶μ¤¸¨¸É¥³  BLK ³μ£ÊÉ
¡ÒÉÓ ¡¥§ ¨§³¥´¥´¨Ö ¨¸¶μ²Ó§μ¢ ´Ò ¢ ¸μ¸É ¢¥ ¤·Ê£¨Ì ¸¨¸É¥³  ¢Éμ³ É¨§ Í¨¨
Ô±¸¶¥·¨³¥´É .
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