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ŠÊÉÊ§μ¢ ‘.�. ¨ ¤·. P13-2009-140
‘¨¸É¥³  ´¥¶·¥·Ò¢´μ° § ¶¨¸¨ ¶μÉμ±  ¤ ´´ÒÌ
´  ¶ÊÎ±¥ ¨³¶Ê²Ó¸´μ£μ ·¥ ±Éμ·  ˆ��-2 ¶·¨ ·¥£¨¸É· Í¨¨ ¸¶¥±É·μ¢
μÉ ± ¦¤μ£μ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨

�·¥¤²μ¦¥´ , · §· ¡μÉ ´  ¨ ·¥ ²¨§μ¢ ´  ¸¨¸É¥³  ¶·μ¤μ²¦¨É¥²Ó´μ£μ ´¥¶·¥-
·Ò¢´μ£μ ´ ±μ¶²¥´¨Ö ¶μÉμ±  ¤ ´´ÒÌ ´  ´¥°É·μ´´μ³ ¶ÊÎ±¥ ¨³¶Ê²Ó¸´μ£μ ·¥ ±Éμ· 
ˆ��-2 ¢ ·¥¦¨³¥ ·¥£¨¸É· Í¨¨ ¸¶¥±É·μ¢ · ¸¸¥Ö´¨Ö μÉ μ¡· §Í  §  ± ¦¤Ò° ¨³¶Ê²Ó¸
³μÐ´μ¸É¨. ‘¨¸É¥³ , μ¸´μ¢ ´´ Ö ´  ¶·¨³¥´¥´¨¨ ¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÕÉ¥·  ¨
USB-É¥Ì´μ²μ£¨¨, ¶·μ¤¥³μ´¸É·¨·μ¢ ²  · ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ ¨ ´ ¤¥¦´μ¸ÉÓ ¢ É¥Î¥-
´¨¥ ´¥¤¥²Ó´μ£μ Í¨±²  ¨§³¥·¥´¨°. �´ ²μ£¨Î´ Ö  ¶¶ · ÉÊ·  ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö
´  ´¥°É·μ´´μ³ ¶ÊÎ±¥ ·¥ ±Éμ·  ˆ��-2Œ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¨§³¥´¥´¨Ö ¸É·Ê±ÉÊ·Ò ¨
³¨±·μ¸É·Ê±ÉÊ·Ò ±μ´¤¥´¸¨·μ¢ ´´ÒÌ ¸·¥¤ ¶·¨ Ë §μ¢ÒÌ ¶¥·¥Ìμ¤ Ì ¨ Ì¨³¨Î¥¸±¨Ì
·¥ ±Í¨ÖÌ ¸ ¸Ê¡³¨²²¨¸¥±Ê´¤´Ò³ · §·¥Ï¥´¨¥³, ¤²Ö ¨§ÊÎ¥´¨Ö ·¥¤±¨Ì ¸μ¡ÒÉ¨° ¢
±¢ §¨¸É ¡¨²Ó´ÒÌ μ¡Ñ¥±É Ì,   É ±¦¥ ¢ Ô±¸¶¥·¨³¥´É Ì ¸μ ¸É ¡¨²Ó´Ò³¨ μ¡· §Í ³¨
¤²Ö ±μ´É·μ²Ö  ¶¶ · ÉÊ·Ò ¨ ·¥ ±Éμ· .

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

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

Kutuzov S.A. et al. P13-2009-140
System of Continuous Data-Flow Recording at a Beam
of the IBR-2 Pulsed Reactor in the Mode of Obtaining Scattering Spectra
from Each Power Pulse

A system for long-term continuous accumulation of data-	ow on a neutron beam
of the IBR-2 pulsed reactor in the mode of obtaining scattering spectra from a sample
for each power pulse has been suggested, developed and realized. The system based
on the application of a personal computer and USB-technology has demonstrated
its serviceability and reliability during a week-long measurement cycle. Similar
equipment will be used on a neutron beam of the IBR-2M reactor for investigations
of changes in the structure and microstructure of condensed media at phase transitions
and chemical reactions with sub-millisecond resolution, for studying rare events in
quasi-stable objects, as well as in experiments with stable samples for controlling
the data acquisition system and 	uctuation of the reactor power.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2009
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‘ ¸¥·¥¤¨´Ò 1980-Ì ££. ´  ¨³¶Ê²Ó¸´μ³ ·¥ ±Éμ·¥ ˆ��-2 (‹�”, �ˆŸˆ),
μ¡² ¤ ÕÐ¥³ ·¥±μ·¤´Ò³¨ ¶ · ³¥É· ³¨ (¶·¨ ¸·¥¤´¥° ³μÐ´μ¸É¨ 2 Œ‚É ¨³-
¶Ê²Ó¸´ Ö ³μÐ´μ¸ÉÓ ¤μ¸É¨£ ¥É 1500 Œ‚É ¶·¨ Î ¸ÉμÉ¥ ¶μ¢Éμ·¥´¨Ö ¨³¶Ê²Ó¸μ¢
5 ƒÍ) [1], ¢¥¤ÊÉ¸Ö ´¥°É·μ´μ£· Ë¨Î¥¸±¨¥ Ô±¸¶¥·¨³¥´ÉÒ ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨ ¸
Í¥²ÓÕ ¨§ÊÎ¥´¨Ö ±¨´¥É¨±¨ Ë §μ¢ÒÌ ¶¥·¥Ìμ¤μ¢ ¨ Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨° ¢ ±μ´-
¤¥´¸¨·μ¢ ´´ÒÌ ¸·¥¤ Ì [2Ä8]. ‚¶¥·¢Ò¥ ¶·¨ ¸¥±Ê´¤´ÒÌ Ô±¸¶μ§¨Í¨ÖÌ ¡Ò²¨ ¨§-
³¥·¥´Ò ¸¶¥±É·Ò ´  ¡μ²ÓÏ¨Ì ¨ ³ ²ÒÌ Ê£² Ì · ¸¸¥Ö´¨Ö, ¶μ§¢μ²¨¢Ï¨¥ ¨§¢²¥ÎÓ
¨´Ëμ·³ Í¨Õ μ¡  Éμ³´μ° ¸É·Ê±ÉÊ·¥ ¨ ³¨±·μ¸É·Ê±ÉÊ·¥ ¸·¥¤Ò ´  · §²¨Î´ÒÌ
¶·μ¸É· ´¸É¢¥´´ÒÌ ³ ¸ÏÉ ¡ Ì ¢ ¶·μÍ¥¸¸¥ Ë¨§¨±μ-Ì¨³¨Î¥¸±¨Ì ¶·¥¢· Ð¥´¨°.

‚ · ¡μÉ¥ [9] ¡Ò²μ ¶μ± § ´μ, ÎÉμ ·¥¦¨³ ·¥£¨¸É· Í¨¨ ´¥°É·μ´´ÒÌ ¸¶¥±É·μ¢
μÉ ± ¦¤μ£μ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ˆ��-2 ¢Ò¢μ¤¨É ³¥Éμ¤ ´  ± Î¥¸É¢¥´´μ ´μ¢Ò°
Ê·μ¢¥´Ó. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¢·¥³Ö¶·μ²¥É´ Ö (TOF) μ¸Ó, ¸²Ê¦ Ð Ö ¤²Ö · §¢¥·É±¨ ¶μ
¸±μ·μ¸ÉÖ³ ¶ ¤ ÕÐ¥£μ ´  μ¡· §¥Í ¸¶¥±É·  ´¥°É·μ´μ¢, ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¨
¤²Ö ¸²¥¦¥´¨Ö §  ¨§³¥´¥´¨Ö³¨ ¸É·Ê±ÉÊ·Ò μ¡· §Í  ¸ ¸Ê¡³¨²²¨¸¥±Ê´¤´Ò³ · §-
·¥Ï¥´¨¥³ ¶·¨ ¢·¥³¥´¨ ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ¨³¶Ê²Ó¸ ³¨ ³μÐ´μ¸É¨ 200 ³¨²²¨-
¸¥±Ê´¤. ‘μÎ¥É ´¨¥ ¶·μ¤μ²¦¨É¥²Ó´ÒÌ ´¥¶·¥·Ò¢´ÒÌ ¨§³¥·¥´¨° ¸ ·¥£¨¸É· Í¨¥°
¸¶¥±É·μ¢ μÉ ± ¦¤μ£μ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ¤ ¥É Ê´¨± ²Ó´ÊÕ ¢μ§³μ¦´μ¸ÉÓ ¨§Ê-
Î¥´¨Ö μ¡· §Íμ¢, ¢ ±μÉμ·ÒÌ ¤²¨É¥²Ó´Ò¥ ³ ²μ§ ³¥É´Ò¥ ¨§³¥´¥´¨Ö ¶ · ³¥É·μ¢
¸μ¸ÉμÖ´¨Ö (¸É·Ê±ÉÊ·Ò ¨ ³¨±·μ¸É·Ê±ÉÊ·Ò) Î¥·¥¤ÊÕÉ¸Ö ¸ ¡Ò¸É·Ò³¨ ¸¶μ· ¤¨-
Î¥¸±¨³¨ ¢¸¶²¥¸± ³¨. �·¨ ÔÉμ³ ´¥μ¡Ìμ¤¨³Ò³ É·¥¡μ¢ ´¨¥³ ± ¨§³¥·¨É¥²Ó´μ°
 ¶¶ · ÉÊ·¥ Ö¢²Ö¥É¸Ö Ê¸²μ¢¨¥ ·¥£¨¸É· Í¨¨ ¸¶¥±É·μ¢ μÉ ± ¦¤μ£μ ¨³¶Ê²Ó¸  ¢ É¥-
Î¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨ (2Ä3 ´¥¤¥²¨) ¡¥§ ± ±¨Ì-²¨¡μ ¶·μ¡¥²μ¢. ‘ÊÐ¥¸É¢Ê-
ÕÐ Ö ¢ ‹�”  ¶¶ · ÉÊ·  ¢ ¸É ´¤ ·É Ì KAMAK ¨ VME ´¥ Ê¤μ¢²¥É¢μ·Ö¥É ÔÉμ³Ê
Ê¸²μ¢¨Õ. „²Ö ·¥Ï¥´¨Ö ÔÉμ° § ¤ Î¨ ¡Ò²μ ¸μ§¤ ´μ ´μ¢μ¥ Ô²¥±É·μ´´μ¥ ¨ ¶·μ-
£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥, ¶μ§¢μ²¨¢Ï¥¥ ¢ ¤¥± ¡·¥ 2006 £. ¶·μ¢¥¸É¨ ´  5-³ ¶ÊÎ±¥
ˆ��-2 ´¥¶·¥·Ò¢´Ò¥ ¨§³¥·¥´¨Ö ´  ¸¥·¨¨ μ¡· §Íμ¢ ¢ É¥Î¥´¨¥ ´¥¤¥²¨ ¢ ·¥¦¨³¥
·¥£¨¸É· Í¨¨ ¸¶¥±É·μ¢ μÉ Ï¥¸É¨ ¤¥É¥±Éμ·μ¢ §  ± ¦¤Ò° ¨³¶Ê²Ó¸ ³μÐ´μ¸É¨,
μ Î¥³ ±· É±μ ¡Ò²μ ¤μ²μ¦¥´μ ¢ · ¡μÉ¥ [10]. –¥²Ö³¨ ¨§³¥·¥´¨° Ö¢²Ö²¨¸Ó
¶·μ¢¥·±  ±μ··¥±É´μ¸É¨ · ¡μÉÒ  ¶¶ · ÉÊ·Ò, μÉ· ¡μÉ±  ³¥Éμ¤¨±¨ ¶·μ¢¥¤¥´¨Ö
É ±μ£μ ·μ¤  Ô±¸¶¥·¨³¥´Éμ¢, ÊÉμÎ´¥´¨¥ ±μ´Í¥¶Í¨¨ ´μ¢μ° ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ°
Ê¸É ´μ¢±¨ Å ¸¶¥±É·μ³¥É·  ·¥ ²Ó´μ£μ ¢·¥³¥´¨ (‘�‚) [13].
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ˆ§³¥·¨É¥²Ó´Ò° ³μ¤Ê²Ó ¸¨¸É¥³Ò ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ ¢ ·¥¦¨³¥ ·¥£¨¸É· -
Í¨¨ ¸¶¥±É·μ¢ μÉ ± ¦¤μ£μ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ¢±²ÕÎ ¥É �Š ¸ ¶·μÍ¥¸¸μ·μ³
Pentium 4, 1,7 ƒƒÍ, μ¶¥· É¨¢´ÊÕ ¶ ³ÖÉÓ 512 Œ¡, USB-¶μ·É ¨ Ô²¥±É·μ´-
´Ò° ¡²μ±, Ëμ·³¨·ÊÕÐ¨° ¢·¥³¥´´μ° ±μ¤ ¨ ´μ³¥· ¸· ¡μÉ ¢Ï¥£μ ¤¥É¥±Éμ· .
USB-¶² É  μ¡¥¸¶¥Î¨¢ ¥É ¶·¨¥³ 16-¡¨É´ÒÌ ¸²μ¢ ¨ ¸¢Ö§Ó ¸ ±μ³¶ÓÕÉ¥·μ³ ¶μ
¶·μÉμ±μ²Ê USB 1.1 [11]. �²¨§±¨³  ´ ²μ£μ³ ¶² ÉÒ Ö¢²Ö¥É¸Ö NI USB 6501 [12].
‡ ¶¨¸Ó ¸¶¥±É·μ¢ ´  ¤¨¸± ¶·μ¨¸Ìμ¤¨É ¢ ·¥¦¨³¥ ping-pong ¶μ·Í¨Ö³¨ ¶μ 100 ¨³-
¶Ê²Ó¸μ¢. �²μ±-¸Ì¥³   ¶¶ · ÉÊ·Ò ¶·¨¢¥¤¥´  ´  ·¨¸. 1.

�¨¸. 1. �²μ±-¸Ì¥³   ¶¶ · ÉÊ·Ò (μ¶¨¸ ´¨¥ ¢ É¥±¸É¥). ‘” Å ¸μ£² ¸μ¢ É¥²Ó-
Ëμ·³¨·μ¢ É¥²Ó

‘μ£² ¸μ¢ É¥²¨-Ëμ·³¨·μ¢ É¥²¨ ¨ ¸Ì¥³  ®ˆ²¨¯ ¶μ¤£μÉμ¢²ÖÕÉ ´¥μ¡Ìμ¤¨-
³Ò¥ Ê·μ¢´¨, § ¤¥·¦±¨ ¨ Ë·μ´ÉÒ ¸É·μ¡μ¢ ¤²Ö § ¶¨¸¨ ¢ USB-¡²μ± ¨ ¶μ¸²¥¤ÊÕ-
Ð¥° ¶¥·¥¤ Î¨ ¢ �Š ¶·¨Ï¥¤Ï¥£μ ¸μ¡ÒÉ¨Ö. ‘¨£´ ²Ò ¸ ¤¥É¥±Éμ·μ¢ ‘�Œ-12 μ¡-
· ¡ ÉÒ¢ ÕÉ¸Ö ¸É ´¤ ·É´Ò³¨ ¤²Ö ‹�” ¡²μ± ³¨ Ê¸¨²¨É¥²¥°-Ëμ·³¨·μ¢ É¥²¥°
¨ ´  ¢Ìμ¤ ¸¨¸É¥³Ò ¶μ¸ÉÊ¶ ÕÉ ¢ ´μ·³ ²¨§μ¢ ´´μ³ ¢¨¤¥. ”μ·³ É ¤¢ÊÌ¡ °É´μ£μ
¸Ëμ·³¨·μ¢ ´´μ£μ ¸²μ¢  ¶μ± § ´ ´  ·¨¸. 2.

�¨¸. 2. ”μ·³ É ¸Ëμ·³¨·μ¢ ´´μ£μ ¤¢ÊÌ¡ °É´μ£μ ¸²μ¢ 
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�Ò² ¢Ò¡· ´ ¶μ§¨Í¨μ´´Ò° ±μ¤, ¶·¨ ±μÉμ·μ³ ± ¦¤μ³Ê ¸Î¥ÉÎ¨±Ê ¸μμÉ¢¥É-
¸É¢Ê¥É μ¤¨´ ¡¨É. �·¨ ¤¢μ¨Î´μ³ ±μ¤¨·μ¢ ´¨¨ ´μ³¥·  ¤¥É¥±Éμ·  ¢μ§³μ¦´ 
¶μÉ¥·Ö ¨²¨ ¨¸± ¦¥´¨¥ ¨´Ëμ·³ Í¨¨ ¢ ¸²ÊÎ ¥ ¸· ¡ ÉÒ¢ ´¨Ö ¤¢ÊÌ ¨²¨ ¡μ²¥¥
¤¥É¥±Éμ·μ¢ ¢ É¥Î¥´¨¥ μ¤´μ° ³¨±·μ¸¥±Ê´¤Ò. �·¨ ¤²¨´¥ ¸²μ¢  16 ¡¨É Î¨¸²μ
¤¥É¥±Éμ·μ¢ μ£· ´¨Î¥´μ Ï¥¸ÉÓÕ. ‚ ¤ ²Ó´¥°Ï¥³ ¶·¨ ¶¥·¥Ìμ¤¥ ´  ¨´É¥·Ë¥°¸
USB 2.0 ¶² ´¨·Ê¥É¸Ö Ê¢¥²¨Î¥´¨¥ ¤²¨´Ò ¸²μ¢  ¤μ 64 ¡¨É ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³
· ¸Ï¨·¥´¨¥³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢μ§³μ¦´μ¸É¥°.

�¥·¥¤ ¢ ¥³Ò¥ ¶μ USB-± ´ ²Ê ¤ ´´Ò¥ ¶·¨´¨³ ÕÉ¸Ö ¶·μ£· ³³μ° ¢ μÉ¤¥²Ó-
´μ³ ¶μÉμ±¥. „²Ö ¸¨´Ì·μ´¨§ Í¨¨ ¶·μ£· ³³´ÒÌ ¶·μÍ¥¸¸μ¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸É ´-
¤ ·É´Ò¥ ¢ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³¥ WINDOWS XP ¸μμ¡Ð¥´¨Ö. �μ¸²¥ § ´¥¸¥-
´¨Ö ¢ μ¶¥· É¨¢´ÊÕ ¶ ³ÖÉÓ ±μ³¶ÓÕÉ¥·  μÎ¥·¥¤´μ£μ ¶ ±¥É  ¶·μ¸³ É·¨¢ ²μ¸Ó
± ¦¤μ¥ ¸²μ¢μ ¨ ¶μ ¡¨ÉÊ, ¸μμÉ¢¥É¸É¢ÊÕÐ¥³Ê ¸· ¡μÉ ¢Ï¥³Ê ¤¥É¥±Éμ·Ê, ¤μ¡ -
¢²Ö² ¸Ó ¥¤¨´¨Í  ¢ ¥£μ ¢·¥³¥´´μ° ¸¶¥±É·. Š ´ ² ¨´±·¨³¨´¨·μ¢ ´¨Ö μ¶·¥¤¥-
²Ö²¸Ö TOF-±μ¤μ³. „²Ö ¨¸±²ÕÎ¥´¨Ö ¶μ¢Éμ·´μ° μ¡· ¡μÉ±¨ (¢ ¸²ÊÎ ¥ ´ ²μ¦¥-
´¨Ö ¨³¶Ê²Ó¸  μÉ ¤·Ê£μ£μ ¸Î¥ÉÎ¨±  ¢ É¥Î¥´¨¥ ³¨±·μ¸¥±Ê´¤Ò) ¢Ò¸É ¢²Ö²¸Ö Ë² £
¶·¨¥³ .

�·μ¢¥·±  ´  ¢μ§³μ¦´Ò¥ μÏ¨¡±¨ ¤¥² ² ¸Ó ¶μ TOF-±μ¤Ê, ±μÉμ·Ò° ¤μ²¦¥´
³¥´ÖÉÓ¸Ö ´¥ ¡μ²¥¥ Î¥³ ´  ¥¤¨´¨ÍÊ ¢ ¸Éμ·μ´Ê ·μ¸É . �·¨ ¤μ¸É¨¦¥´¨¨ § -
±²ÕÎ¨É¥²Ó´μ£μ ± ¤·  (1023) ¶·¨¥³´Ò° ¶μÉμ± ¶μ¸Ò² ² ¸μμ¡Ð¥´¨¥ μ¸´μ¢´μ³Ê
¶·μÍ¥¸¸Ê ¶·μ£· ³³Ò μ § ¢¥·Ï¥´¨¨ μÎ¥·¥¤´μ° ¢·¥³¥´´μ° · §¢¥·É±¨. �´ ²¨-
§¨·ÊÕÐ Ö Î ¸ÉÓ ¶·μ£· ³³Ò, ¶μ²ÊÎ¨¢ Ê¢¥¤μ³²¥´¨¥, § ¶¨¸Ò¢ ²  ´ ¡· ´´Ò¥ £¨-
¸Éμ£· ³³Ò ¢ Ë °², £μÉμ¢¨²  ³ ¸¸¨¢Ò, ¶·μ¸³ É·¨¢ ²  μÏ¨¡μÎ´Ò¥ Ê¸²μ¢¨Ö.
‘É É¨¸É¨±  μ ¸±μ·μ¸É¨ ´ ¡μ·  ¤ ´´ÒÌ ¶μ ± ¦¤μ³Ê ¸Î¥ÉÎ¨±Ê, Î¨¸²¥ ´ ²μ¦¥-
´¨°, ±μ²¨Î¥¸É¢¥ ¸É ·Éμ¢, § Ë¨±¸¨·μ¢ ´´ÒÌ μÏ¨¡± Ì, ¨³¥´¨ Ë °²  ¤²Ö § ¶¨¸¨
μ¡´μ¢²Ö² ¸Ó ´  Ô±· ´¥ ± ¦¤ÊÕ ¸¥±Ê´¤Ê. �μ¸²¥ ± ¦¤ÒÌ ¸É  ¶·¨´ÖÉÒÌ ¸É ·-
Éμ¢ É¥±ÊÐ¨° Ë °² § ±·Ò¢ ²¸Ö, § ¶¨¸Ó ¸¶¥±É·μ¢ ¶¥·¥±²ÕÎ ² ¸Ó ´  § · ´¥¥
μÉ±·ÒÉÒ° Ë °² ¨ £μÉμ¢¨²μ¸Ó ¶μ¤±²ÕÎ¥´¨¥ ¸²¥¤ÊÕÐ¥£μ.

‚¸¥£μ ¡Ò²μ ¨§³¥·¥´μ ¡μ²¥¥ 20 ³¨²²¨μ´μ¢ ¸¶¥±É·μ¢ (40 ƒ¡). �£·μ³´Ò°
μ¡Ñ¥³ ¤ ´´ÒÌ ¶μÉ·¥¡μ¢ ² ¸μ§¤ ´¨Ö ¸¶¥Í¨ ²Ó´ÒÌ ¶·μ£· ³³ ¤²Ö ¢¨§Ê ²¨§ Í¨¨
¨ μ¶¥· Í¨° ¸μ ¸¶¥±É· ³¨.

�…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰


±¸¶¥·¨³¥´É ¶·μ¢μ¤¨²¸Ö ¢ ·¥¦¨³¥ non-stop, ±μ£¤  ± ¦¤Ò° ¸¨£´ ² ¸É ·É 
μÉ ¶μ¤¢¨¦´μ£μ μÉ· ¦ É¥²Ö ·¥ ±Éμ·  § ¶Ê¸± ² ·¥£¨¸É· Í¨Õ ¸μ¡ÒÉ¨° ¨ § ¶¨¸Ó
¸¶¥±É·μ¢. 
ÉμÉ ¶·μÍ¥¸¸ ¶·μ¤μ²¦ ²¸Ö ¶·¨ ¸¡·μ¸ Ì ³μÐ´μ¸É¨ ·¥ ±Éμ·  ¨ ¶·¨
§ ±·ÒÉ¨¨ ¶ÊÎ± . �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´  Ì·μ´μ£· ³³  (¸Ê³³ ·´Ò° ¸Î¥É ¶μ
¸¶¥±É·Ê §  ¸Éμ ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ ¸ μ¤´μ£μ ¨§ £¥²¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ ¢ É¥Î¥-
´¨¥ ´¥¸±μ²Ó±¨Ì ¸ÊÉμ±), ¸¢μ¥£μ ·μ¤  Ô²¥±É·μ´´Ò° Ô±¸¶¥·¨³¥´É ²Ó´Ò° ¦Ê·´ ².
’ ±μ° ·¥¦¨³ · ¡μÉÒ ¶μ§¢μ²Ö¥É ´¥ É· É¨ÉÓ ¢·¥³Ö ¨ ¢´¨³ ´¨¥ Ô±¸¶¥·¨³¥´É -
Éμ·  ´  ¤¨ ²μ£ ¸ ¶·μ£· ³³μ°, ¤¥² ¥É ´ £²Ö¤´μ° Ì·μ´μ²μ£¨Õ ¢¸¥Ì ¤¥°¸É¢¨°
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�¨¸. 3. •·μ´μ£· ³³  ¶·μ¢¥¤¥´´ÒÌ ¢ ¤¥± ¡·¥ 2006 £. Ô±¸¶¥·¨³¥´Éμ¢ §  ´¥¸±μ²Ó±μ ¸ÊÉμ±
(¢¢¥·ÌÊ) ¨ ¥¥ Ë· £³¥´É ¢ É¥Î¥´¨¥ ´¥¸±μ²Ó±¨Ì Î ¸μ¢ (¢´¨§Ê). �μ μ¸¨  ¡¸Í¨¸¸ μÉ²μ¦¥´Ò
¸ÊÉ±¨ ¨²¨ Î ¸Ò, ¶μ μ¸¨ μ·¤¨´ É Å ¸Ê³³ ·´Ò° ¸Î¥É μ¤´μ£μ ¨§ £¥²¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ § 
100 ¨³¶Ê²Ó¸μ¢ ·¥ ±Éμ· 

¶μ § ±·ÒÉ¨Õ ¨ μÉ±·ÒÉ¨Õ ¶ÊÎ±  ¨ ¸³¥´¥ μ¡· §Íμ¢. ‚ É¥Î¥´¨¥ ´¥¤¥²¨ ¡Ò²¨
¶·μ¢¥¤¥´Ò ·¥ ²Ó´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¸ · §²¨Î´Ò³¨ μ¡· §Í ³¨, ¢ μ¸´μ¢´μ³ ¸
É¥³¶¥· ÉÊ·´Ò³ ¢μ§¤¥°¸É¢¨¥³. “¶· ¢²¥´¨¥ É¥³¶¥· ÉÊ·μ° ¨ ¥¥ ±μ´É·μ²Ó ´ 
μ¡· §Í¥, · ¡μÉ  £μ´¨μ³¥É·  ¨ ¤·Ê£¨Ì ¢´¥Ï´¨Ì Ê¸É·μ°¸É¢, ¶·¥¤´ §´ Î¥´´ÒÌ
¤²Ö ¢ ·¨ Í¨¨ Ê¸²μ¢¨° ´  μ¡· §Í¥, ¨´¨Í¨¨·μ¢ ²¨¸Ó ¶ · ²²¥²Ó´μ ¨ ´¥§ ¢¨-
¸¨³μ μÉ μ¸´μ¢´μ° ¶·μ£· ³³Ò. 
ÉμÉ ¶μ¤Ìμ¤ ¸μÌ· ´¨É¸Ö ¨ ¢ ´μ¢μ° ¢¥·¸¨¨
¶·μ£· ³³Ò, ¸μ§¤ ¢ ¥³μ° ´  ¡μ²¥¥ ¸μ¢·¥³¥´´μ° Ô²¥³¥´É´μ° ¡ §¥.

�·¨´Í¨¶¨ ²Ó´Ò³ ³μ³¥´Éμ³ ¢ ¤ ´´μ° · ¡μÉ¥ ¡Ò²μ ¢ÒÖ¸´¥´¨¥ ±μ··¥±É´μ-
¸É¨ ¨ ¸É ¡¨²Ó´μ¸É¨ · ¡μÉÒ  ¶¶ · ÉÊ·Ò. ‘ ÔÉμ° Í¥²ÓÕ ¶·μ¢μ¤¨²¨¸Ó ¨§³¥·¥´¨Ö
´  μ¡· §Í¥, ´¥ ¶μ¤¢¥·¦¥´´μ³ ± ±μ³Ê-²¨¡μ ¢´¥Ï´¥³Ê ¢μ§¤¥°¸É¢¨Õ. ‚ ± Î¥-
¸É¢¥ É ±μ£μ μ¡· §Í  ¡Ò²  ¢Ò¡· ´  ±¥· ³¨±  ¨§ μ±¨¸¨  ²Õ³¨´¨Ö (Al2O3, ¸
¤μ¡ ¢±μ° ¸ÊÌμ£μ Í¥³¥´É  ¤²Ö Ê¢¥²¨Î¥´¨Ö ¶μ¤²μ¦±¨), ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ μÉ
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±μÉμ·μ° ¶·μ¨¸Ìμ¤¨²¨ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥. �  ·¨¸. 4,   ¶μ± § ´ Ë· £-
³¥´É ¨§ 700 ¨§³¥·¥´´ÒÌ §  ± ¦¤Ò° ¨³¶Ê²Ó¸ ³μÐ´μ¸É¨ ¸¶¥±É·μ¢ ´  μ¤´μ³ ¨§
£¥²¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ ‘�Œ-12 (É¥²¥¸´Ò° Ê£μ² Å 0,008 ¸·, Ê£μ² · ¸¸¥Ö´¨Ö Å
170 ◦) ¨ Ì · ±É¥·´Ò° ¸¶¥±É· ¨§ ÔÉμ° ¸¥·¨¨, ¨³¥ÕÐ¨° ¢ ³ ±¸¨³Ê³¥ §´ Î¥-
´¨¥ μ±μ²μ 10. �  ·¨¸. 4, ¡ ¶·¥¤¸É ¢²¥´Ò  ´ ²μ£¨Î´Ò¥ ¸¶¥±É·Ò, ¨§³¥·¥´´Ò¥
¢ É¥Ì ¦¥ Ê¸²μ¢¨ÖÌ ´  ÏÉ É´μ³ ¤¥É¥±Éμ·¥ ¨§ ²¨É¨¥¢μ£μ ¸É¥±²  ¡μ²ÓÏμ° ¶²μ-

�¨¸. 4.  ) �μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¨§ 700 ¸¶¥±É·μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ´  £¥²¨¥¢μ³ ¤¥-
É¥±Éμ·¥ (¢¢¥·ÌÊ), ¨ Ì · ±É¥·´Ò° ¸¶¥±É· §  μ¤¨´ ¨³¶Ê²Ó¸ (¢´¨§Ê). �¡· §¥Í Å ±¥· ³¨± 
Al2O3; ¡) ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¨§ 700 ¸¶¥±É·μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ´  ²¨É¨¥¢μ³ ¤¥-
É¥±Éμ·¥ (¢¢¥·ÌÊ), ¨ Ì · ±É¥·´Ò° ¸¶¥±É· §  μ¤¨´ ¨³¶Ê²Ó¸ (¢´¨§Ê). �¡· §¥Í ÉμÉ ¦¥
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Ð ¤¨ (É¥²¥¸´Ò° Ê£μ² Å 0,08 ¸·, Ê£μ² · ¸¸¥Ö´¨Ö Å 152 ◦), ±μÉμ·Ò° ¢ ¸¨¸É¥³¥
VME ³μ£ ±· É±μ¢·¥³¥´´μ (´¥¸±μ²Ó±μ ³¨´ÊÉ) ·¥£¨¸É·¨·μ¢ ÉÓ ¸¶¥±É·Ò §  ± -
¦¤Ò° ¨³¶Ê²Ó¸ ³μÐ´μ¸É¨ ¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ¤²Ö ±μ´É·μ²Ö (³ ±¸¨³ ²Ó´μ¥ §´ -
Î¥´¨¥ ¸Î¥É  μ±μ²μ 70). �¥¸³μÉ·Ö ´  ¶·¥¤¥²Ó´μ ³ ²ÊÕ ¸É É¨¸É¨±Ê, £¥²¨¥¢Ò°
¸Î¥ÉÎ¨± ¤ ¥É  ¤¥±¢ É´ÊÕ ¨´Ëμ·³ Í¨Õ. �¨¸. 5,   ¤¥³μ´¸É·¨·Ê¥É Ë²Ê±ÉÊ Í¨Õ
¸Ê³³ ·´μ£μ ¸Î¥É  ¶μ ¸¶¥±É·Ê ´  Éμ³ ¦¥ ÊÎ ¸É±¥. ‡  ¨¸±²ÕÎ¥´¨¥³ μ¤´μ° ®¢Ò-

�¨¸. 5.  ) ”²Ê±ÉÊ Í¨¨ ¸Ê³³Ò ¸Î¥É  ¶μ ¸¶¥±É·Ê §  ± ¦¤Ò° ¨³¶Ê²Ó¸ ³μÐ´μ¸É¨ ´  £¥²¨-
¥¢μ³ ¤¥É¥±Éμ·¥. �¡· §¥Í Å ±¥· ³¨±  Al2O3; ¡) Éμ ¦¥, ÎÉμ ´  ·¨¸. 5,  , ¤²Ö ²¨É¨¥¢μ£μ
¤¥É¥±Éμ· 
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¡¨Éμ°¯ ÉμÎ±¨, · §¡·μ¸ ´¥ ¶·¥¢ÒÏ ¥É 10%. ‚Ò¡¨É Ö ÉμÎ±  ¢μ§´¨± ²  ± ¦¤Ò°
· §, ±μ£¤  Ô±¸¶¥·¨³¥´É Éμ· ¸ ¶μ³μÐÓÕ ¢´¥Ï´¥° ¶·μ£· ³³Ò ¶·μ¸³ É·¨¢ ²
¥Ð¥ ´¥ § ±·ÒÉÒ° Ë °². �Ï¨¡±  ¨³¥²  ²μ± ²Ó´Ò° Ì · ±É¥·, ´¥ ¶·¨¢μ¤¨² 
± § ¢¨¸ ´¨Õ ¨²¨ ¸¡μÕ μ¸´μ¢´μ° ¶·μ£· ³³Ò ¨ ¡Ê¤¥É Ê¸É· ´¥´  ¢ ¸²¥¤ÊÕÐ¥°
¢¥·¸¨¨ ¶·μ£· ³³Ò. �  ·¨¸. 5, ¡ ¶μ± § ´   ´ ²μ£¨Î´ Ö ±·¨¢ Ö ¤²Ö ²¨É¨¥¢μ£μ
¤¥É¥±Éμ· . �¥¸³μÉ·Ö ´  ¤¥¸ÖÉ¨±· É´μ¥ ¶·¥¢μ¸Ìμ¤¸É¢μ ¢ ¸É É¨¸É¨±¥ ¤²Ö ÔÉμ£μ
¸²ÊÎ Ö, · §¡·μ¸ É ±¦¥ ´ Ìμ¤¨É¸Ö ´  Ê·μ¢´¥ 10%, ÎÉμ ¶μ§¢μ²Ö¥É ¶·¥¤¶μ²μ-
¦¨ÉÓ ¶·¨Î¨´Ê ÔÉμ£μ ÔËË¥±É  ¢ Ë²Ê±ÉÊ Í¨ÖÌ ³μÐ´μ¸É¨ ·¥ ±Éμ· . �  ·¨¸. 6
¶μ± § ´Ò ¸¶¥±É·Ò ´  ¤¢ÊÌ É¨¶ Ì ¤¥É¥±Éμ·μ¢, ¶·¨¢¥¤¥´´Ò¥ ± μ¤´μ³Ê ³ ±¸¨-
³Ê³Ê ¨´É¥´¸¨¢´μ¸É¨. •μ·μÏ¥¥ ¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê ´¨³¨ Ö¢²Ö¥É¸Ö ¥Ð¥ μ¤´¨³
¤μ± § É¥²Ó¸É¢μ³ ±μ··¥±É´μ° · ¡μÉÒ μ¡¸Ê¦¤ ¥³μ° ¸¨¸É¥³Ò ´ ±μ¶²¥´¨Ö.

�¨¸. 6. „¨Ë· ±Í¨μ´´Ò¥ ¸¶¥±É·Ò ±¥· ³¨Î¥¸±μ£μ μ¡· §Í  Al2O3, ¨§³¥·¥´´Ò¥ ¸ ¶μ³μ-
ÐÓÕ ²¨É¨¥¢μ£μ ¤¥É¥±Éμ·  (¢¢¥·ÌÊ) ¨ £¥²¨¥¢μ£μ ¤¥É¥±Éμ·  (¢´¨§Ê)
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�¨¸. 6 É ±¦¥ ¤ ¥É ¶μ¤¸± §±Ê μÉ´μ¸¨É¥²Ó´μ ¢Ò¡μ·  É¨¶  ¤¥É¥±Éμ·  ¤²Ö
¡Ê¤ÊÐ¥° ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±¨ Å ‘�‚. ƒ¥²¨¥¢Ò¥ ¸Î¥ÉÎ¨±¨ ¶·¥¤-
¶μÎÉ¨É¥²Ó´¥¥, ¶μ¸±μ²Ó±Ê ¸¶μ¸μ¡´Ò μ¡¥¸¶¥Î¨ÉÓ ¡μ²¥¥ ¢Ò¸μ±ÊÕ £¥É¥·μ£¥´´μ¸ÉÓ
¤¥É¥±Éμ·´μ° ¸¨¸É¥³Ò ¨ ¡μ²ÓÏÊÕ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ´¥°É·μ´ ³ ´  ´¨¸¶ ¤ Õ-
Ð¥³ ÊÎ ¸É±¥ ¸¶¥±É·  (> 3 �A), ´ ¨¡μ²¥¥ ¨´Ëμ·³ É¨¢´μ³, É ± ± ± ¥¸É¥¸É¢¥´´μ¥
· §·¥¦¥´¨¥ ¤¨Ë· ±Í¨μ´´ÒÌ ²¨´¨° ´  ´¥³ μ§´ Î ¥É Ê²ÊÎÏ¥´¨¥ ÔËË¥±É¨¢´μ£μ
Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö [14]. Š Éμ³Ê ¦¥ ¶·μ¡²¥³  ³¥·É¢μ£μ ¢·¥³¥´¨ ´ 
ÔÉμ³ ÊÎ ¸É±¥ ´¥ É ± ¸¥·Ó¥§´ .

‚›‚�„›

�·μ¢¥¤¥´´Ò° ¡¥§ ¥¤¨´μ£μ ¸¡μÖ Ô±¸¶¥·¨³¥´É ¶μ± § ² · ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ ¨
´ ¤¥¦´μ¸ÉÓ Ô²¥±É·μ´¨±¨, ¤ ² ¢μ§³μ¦´μ¸ÉÓ ´ · ¡μÉ±¨ μ¶ÒÉ  ¢§ ¨³μ¤¥°¸É¢¨Ö
¸ μÎ¥´Ó ¡μ²ÓÏ¨³¨ μ¡Ñ¥³ ³¨ ¤ ´´ÒÌ,   É ±¦¥ ¶μ§¢μ²¨² ¢ μ¸´μ¢´μ³ ¸Ëμ·³¨-
·μ¢ ÉÓ ±μ´Í¥¶Í¨Õ ¡Ê¤ÊÐ¥° ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±¨ ¤²Ö ¨¸¸²¥¤μ¢ ´¨°
Ë¨§¨±μ-Ì¨³¨Î¥¸±¨Ì ¶·¥¢· Ð¥´¨° ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨ ¸ ¸Ê¡³¨²²¨¸¥±Ê´¤´Ò³
· §·¥Ï¥´¨¥³. Œ¥Éμ¤ ¨§³¥·¥´¨Ö ¸ ·¥£¨¸É· Í¨¥° ¸¶¥±É·μ¢ §  ± ¦¤Ò° ¨³¶Ê²Ó¸
·¥ ±Éμ·  ¶μ²¥§´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¨ ¤²Ö ¨§ÊÎ¥´¨Ö ·¥¤±¨Ì ¸μ¡ÒÉ¨° ¢ ±¢ §¨¸É -
¡¨²Ó´ÒÌ μ¡Ñ¥±É Ì,   É ±¦¥ ¢ Ô±¸¶¥·¨³¥´É Ì ¸μ ¸É ¡¨²Ó´Ò³¨ μ¡· §Í ³¨ ¤²Ö
±μ´É·μ²Ö · ¡μÉÒ  ¶¶ · ÉÊ·Ò ¨ ¸ ³μ£μ ·¥ ±Éμ· .

�¢Éμ·Ò ¢Ò· ¦ ÕÉ £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ �. ‘. �¨±¨Ëμ·μ¢Ê ¨ �.‘. Š¨-
·¨²μ¢Ê §  ¶·μ£· ³³Ê ¤²Ö ±· É±μ¢·¥³¥´´ÒÌ ¨§³¥·¥´¨° ¢ ¸¨¸É¥³¥ VME-¸¶¥±-
É·μ¢ ´  ²¨É¨¥¢μ³ ¤¥É¥±Éμ·¥ §  ± ¦¤Ò° ¨³¶Ê²Ó¸ ·¥ ±Éμ· , �.Œ. � ² £Ê·μ¢Ê ¨
‚. ‚. †Ê· ¢²¥¢Ê Å §  ·¥Ï¥´¨¥ μ·£ ´¨§ Í¨μ´´ÒÌ ¢μ¶·μ¸μ¢, ˆ.�. �μ¡·¨±μ¢Ê
¨ �.�. ‘¨·μÉ¨´Ê Å §  É¥Ì´¨Î¥¸±ÊÕ ¶μ³μÐÓ.
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