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� ¡μÉ  ¶μ¸¢ÖÐ¥´  ³μ¤¥·´¨§ Í¨¨ ¤¥É¥±Éμ·´μ° ¸¨¸É¥³Ò ¨ ¸¨¸É¥³Ò Ê¶· ¢²¥-
´¨Ö ´¥°É·μ´´Ò³ ¶μ·μÏ±μ¢Ò³ ¤¨Ë· ±Éμ³¥É·μ³ (	�„) ´  ± ´ ²¥ ƒ�Š-5 ·¥ ±Éμ· 
‚‚�-Í (Ë¨²¨ ² ”ƒ“� 	ˆ”•ˆ ¨³. ‹. Ÿ.Š ·¶μ¢ , �¡´¨´¸±). ‚ Ìμ¤¥ · ¡μÉÒ ¡Ò²
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 ¢Éμ³ É¨§¨·μ¢ ´ ¶·μÍ¥¸¸ ¨§³¥·¥´¨°.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
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Bogdzel A.A. et al. P13-2012-46
Experiment Automation System for a Neutron Powder Diffractometer

The study is concerned with the modernization of a detector system and a control
system of the neutron powder diffractometer (NPD) on the GEK-5 channel of the
VVR-c reactor (Obninsk branch of the Karpov Institute of Physical Chemistry). In
the course of the work a PC-connected hardware-software complex providing for
data acquisition and accumulation, as well as for experiment control, has been cre-
ated. The main modules of the automation system of NPD and the software complex
Sonix+ developed in FLNP, JINR, are brie
y described. As a result of the mod-
ernization the luminosity of the diffractometer has increased and the measurement
process has become fully automated.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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‘ 1966 £. ´  ± ´ ²¥ ƒ�Š-5 ·¥ ±Éμ·  ‚‚�-Í (Ë¨²¨ ² ”ƒ“� 	ˆ”•ˆ
¨³. ‹. Ÿ.Š ·¶μ¢ , �¡´¨´¸±) · ¡μÉ ¥É ´¥°É·μ´´Ò° ¶μ·μÏ±μ¢Ò° ¤¨Ë· ±Éμ-
³¥É· (	�„) [1, 2] (·¨¸. 1), ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö  Éμ³´μ° ¸É·Ê±-
ÉÊ·Ò ¶μ²¨±·¨¸É ²²¨Î¥¸±¨Ì ³ É¥·¨ ²μ¢ ¸ ¢Ò¸μ±μ¸¨³³¥É·¨Î´μ° Ô²¥³¥´É ·´μ°
ÖÎ¥°±μ°, μ¡² ¤ ÕÐ¥° ´¥¡μ²ÓÏ¨³¨ ¶¥·¨μ¤ ³¨ (³¥É ²²μ¢, Ê¶μ·Ö¤μÎ¨¢ ÕÐ¨Ì¸Ö
¸¶² ¢μ¢, ¸¥£´¥ÉμÔ² ¸É¨±μ¢ ¸μ ¸É·Ê±ÉÊ·μ° É¨¶  ¶¥·μ¢¸±¨É , £¨¤·¨¤μ¢ ¨ μ±¸¨-
¤μ¢ ³¥É ²²μ¢ ¨ ¤·.). ‚ ± Î¥¸É¢¥ ±·¨¸É ²² -³μ´μÌ·μ³ Éμ·  ¨¸¶μ²Ó§Ê¥É¸Ö ³μ-
´μ±·¨¸É ²² Í¨´±  (¶²μ¸±μ¸ÉÓ 002), ÎÉμ ¶·¨ Ê£²¥ ³μ´μÌ·μ³ É¨§ Í¨¨ θ³ = 15◦

¤ ¥É ¤²¨´Ê ¢μ²´Ò 1,279 �A. �¥·¥¤ ±·¨¸É ²²μ³-³μ´μÌ·μ³ Éμ·μ³ · ¸¶μ²μ¦¥´
¸μ²²¥·μ¢¸±¨° ±μ²²¨³ Éμ· ¤²¨´μ° 300 ³³ ¨ · ¸Ìμ¤¨³μ¸ÉÓÕ ∼ 23′. �²μÉ-
´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢ ´  μ¡· §Í¥ ∼ 5 · 106 ¸³−2 · ¸−1. ‚±² ¤ ´¥°É·μ´μ¢ ¢
³μ´μÌ·μ³ É¨Î¥¸±μ³ ¶ÊÎ±¥ ¸ λ/2 ¸μ¸É ¢²Ö¥É 1,5 %. “¸É ´μ¢± , É ±¨³ μ¡· -
§μ³, μ¡² ¤ ¥É ¤μ¸É ÉμÎ´μ° ¸¢¥Éμ¸¨²μ° ¨ ¸·¥¤´¨³ · §·¥Ï¥´¨¥³ (¤²Ö θB = 60◦,
Δd/d = 0,015). � ¸¸ÉμÖ´¨¥ μÉ ±·¨¸É ²² -³μ´μÌ·μ³ Éμ·  ¤μ μ¡· §Í  3050 ³³.
	¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¸²¥ ³μ´μÌ·μ³ Éμ·  · ¸¶μ²μ¦¥´ μ¤´μÐ¥²¥¢μ° ´¥°É·μ´μ-
¢μ¤ ¤²¨´μ° 2150 ³³ ¨ · ¸Ìμ¤¨³μ¸ÉÓÕ ∼ 40′.

�¸´μ¢´Ò¥ ËÊ´±Í¨μ´ ²Ó´Ò¥ Ê§²Ò ¤¨Ë· ±Éμ³¥É·  	�„ ´  ± ´ ²¥ ƒ�Š-5
·¥ ±Éμ·  ‚‚�-Í:

Å ¤¨Ë· ±Éμ³¥É· ®John Curran¯;
Å ¶¥·¢¨Î´Ò° ±μ²²¨³ Éμ·;

�¨¸. 1. „¨Ë· ±Éμ³¥É· 	�„ ´  ·¥ ±Éμ·¥ ‚‚�-Í
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Å ³μ´μÌ·μ³ Éμ·;
Å ¢Éμ·¨Î´Ò° ±μ²²¨³ Éμ·;
Å ¤¥É¥±Éμ·´ Ö ¸¨¸É¥³ ;
Å Ô²¥±É·μ´¨±   ¢Éμ³ É¨§ Í¨¨ ¨§³¥·¥´¨°, ¢±²ÕÎ ÕÐ Ö  ¶¶ · ÉÊ·Ê ±μ´-

É·μ²Ö, Ê¶· ¢²¥´¨Ö ¨ ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ.

‘ˆ‘’…Œ� �‚’�Œ�’ˆ‡�–ˆˆ �Š‘�…�ˆŒ…�’�‚ �� ��„

�¡Ð Ö μ·£ ´¨§ Í¨Ö ¸¨¸É¥³Ò  ¢Éμ³ É¨§ Í¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ¤¨Ë· ±Éμ³¥-
É·  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2.

�´  ¢±²ÕÎ ¥É  ¶¶ · É´μ-¶·μ£· ³³´Ò° ±μ³¶²¥±¸, μ¡¥¸¶¥Î¨¢ ÕÐ¨° Ê¶· -
¢²¥´¨¥, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ¨ ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ
¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·μ°,   ¨³¥´´μ:

Å ¡²μ± ¶·¥¤Ê¸¨²¨É¥²¥° ¸ ¢Ò¸μ±μ¢μ²ÓÉ´Ò³¨ · §¢Ö§± ³¨ ¨ Ë¨²ÓÉ· ³¨;
Å NIM-±·¥°É ¸ ¤¥É¥±Éμ·´μ° Ô²¥±É·μ´¨±μ° ¨ Ô²¥±É·μ´¨±μ° ´ ±μ¶²¥´¨Ö

¤ ´´ÒÌ;
Å ¤¢¨£ É¥²Ó ¸ ·¥¤Ê±Éμ·μ³, ¤ ÉÎ¨±μ³ OCD-SL00-B-1212 ¨  ¤ ¶É¥·μ³

RS485/SSI ‹ˆ�-916;

�¨¸. 2. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¸¨¸É¥³Ò  ¢Éμ³ É¨§ Í¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ´  	�„
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Å Î ¸ÉμÉ´Ò° ¶·¨¢μ¤ VF-S11;
Å μ¶É¨Î¥¸±¨° ¶·¥μ¡· §μ¢ É¥²Ó ¢ USB 2.0 ¨ ¤¢  ¶·¥μ¡· §μ¢ É¥²Ö

USB/RS485 AC4;
Å ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥· (�Š).

„¥É¥±Éμ·´ Ö ¸¨¸É¥³ . Œμ¤¥·´¨§¨·μ¢ ´´ Ö ¤¥É¥±Éμ·´ Ö ¸¨¸É¥³  (·¨¸. 3)
¤¨Ë· ±Éμ³¥É·  ¸μ¸Éμ¨É ¨§ ±μ²²¨³ Éμ·  ¸μ²²¥·μ¢¸±μ£μ É¨¶  ¸ · ¸Ìμ¤¨³μ¸ÉÓÕ
∼ 80◦, 10 ´¥°É·μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ ¨ ¶μ¢μ·μÉ´μ° ¶² ÉËμ·³Ò. �μ¢μ·μÉ μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö É·¥ÌË §´Ò³  ¸¨´Ì·μ´´Ò³ ¤¢¨£ É¥²¥³ Î¥·¥§ ·¥¤Ê±Éμ· ¨²¨ ¸ ¶μ-
³μÐÓÕ ·ÊÎ´μ£μ Ê¶· ¢²¥´¨Ö. 	  μ¸¨ ·¥¤Ê±Éμ·  Ê¸É ´ ¢²¨¢ ¥É¸Ö  ¡¸μ²ÕÉ´Ò°
³´μ£μμ¡μ·μÉ´Ò° Ê£²μ¢μ° ¤ ÉÎ¨± OCD-SL00-B-1212 ¸ ¶ · ³¥É· ³¨:

Å 1 μ¡μ·μÉ 12′

Å ±μ²¨Î¥¸É¢μ μ¡μ·μÉμ¢ 240◦/12′ 1200
Å · §·¥Ï¥´¨¥ ´¥ ÌÊ¦¥ 0,06◦.

“£²μ¢μ¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¤¥É¥±Éμ· ³¨, · ¸¶μ²μ¦¥´´Ò³¨ μÉ μ¡· §Í  ´ 
· ¸¸ÉμÖ´¨¨ 800 ³³, · ¢´μ 1◦. „¥É¥±Éμ·Ò ¶¥·¥¤¢¨£ ÕÉ¸Ö ¸ Ê£²μ¢Ò³ Ï £μ³,
· ¢´Ò³ 0,1◦ (¨²¨ 0,05◦), ¶μÔÉμ³Ê ± ¦¤Ò° n-° ¤¥É¥±Éμ· § °³¥É ¶μ²μ¦¥´¨¥
(n − 1)-£μ ¤¥É¥±Éμ·  Î¥·¥§ 10 (20) Ï £μ¢.

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¤¥É¥±Éμ·´μ° ¸¨¸É¥³Ò:
Å ³ ¸¸  ¤¥É¥±Éμ·´μ° ¸¨¸É¥³Ò 200 ±£
Å · ¤¨Ê¸ ¢· Ð¥´¨Ö 1,2 ³
Å ¤¨ ¶ §μ´ ¢· Ð¥´¨Ö 140◦

Å ÉμÎ´μ¸ÉÓ ¸± ´¨·μ¢ ´¨Ö ´¥ ÌÊ¦¥ ±0,06◦

Å ¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö ®�Ò¸É·μ¯ 1◦/40 c
Å ¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö ®Œ¥¤²¥´´μ¯ 1◦/600 c.

�¨¸. 3. „¥É¥±Éμ·Ò, ¸μ²²¥·μ¢¸±¨° ±μ²²¨³ Éμ· ¨ § Ð¨É  (¶ · Ë¨´ ¸ ± ·¡¨¤μ³ ¡μ· )
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‹ÕËÉ ¢Ò¡¨· ¥É¸Ö ¶·μ£· ³³´μ: ¤¢¨¦¥´¨¥³ ¸¨¸É¥³Ò ¤¥É¥±Éμ·μ¢ ± ÉμÎ±¥
¸± ´¨·μ¢ ´¨Ö Éμ²Ó±μ ¸ μ¤´μ° ¸Éμ·μ´Ò.

�²¥±É·μ´¨±  Ê¶· ¢²¥´¨Ö. ‘¨£´ ² ¸ Ê£²μ¢μ£μ ¤ ÉÎ¨±  Î¥·¥§  ¤ ¶É¥·
RS485/SSI ‹ˆ�-916 ¨ ¨´É¥·Ë¥°¸ USB/RS485 ¶μ¤ ¥É¸Ö ´  Ê¶· ¢²ÖÕÐ¨° ±μ³-
¶ÓÕÉ¥· (¸³. ·¨¸. 2). “¶· ¢²¥´¨¥ ¶μ¢μ·μÉμ³ ¤¥É¥±Éμ·´μ° ¸¨¸É¥³Ò μ¸ÊÐ¥¸É¢²Ö-
¥É¸Ö Ô²¥±É·μ¶·¨¢μ¤μ³ VF-S11. �²¥±É·μ¶·¨¢μ¤ ¨³¥¥É ¢¸É·μ¥´´Ò° ³¨±·μ±μ´-
É·μ²²¥·, ±μÉμ·Ò° ·¥ ²¨§Ê¥É  ²£μ·¨É³ Ê¶· ¢²¥´¨Ö ¶μ ¸±μ·μ¸É¨ ¢· Ð¥´¨Ö ¨
¶μ ³μ³¥´ÉÊ ´  ¢ ²Ê ¤¢¨£ É¥²Ö. ‘¢Ö§Ó ³¨±·μ±μ´É·μ²²¥·  ¶·¨¢μ¤  ¸ Ê¶· ¢²Ö-
ÕÐ¨³ ±μ³¶ÓÕÉ¥·μ³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥·¥§ ±μ´¢¥·É¥· RS4003Z ¨ ¨´É¥·Ë¥°¸
USB/RS485.

‚ ·¥¦¨³¥ ·ÊÎ´μ£μ Ê¶· ¢²¥´¨Ö ¶μ¢μ·μÉ ¤¥É¥±Éμ·´μ° ¸¨¸É¥³Ò ¢Ò¶μ²´Ö-
¥É¸Ö ¶·¨ ¶μ³μÐ¨ ±´μ¶μ± ®¶Ê¸±¯/®¸Éμ¶¯ ¸ ±μ´É·μ²¥³ ¶μ Í¨Ë·μ¢μ³Ê ¨´-
¤¨± Éμ·Ê Ê£²  ¶μ¢μ·μÉ . “¶· ¢²ÖÕÐ¨° ±μ³¶ÓÕÉ¥· ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢²ÖÉÓ
Ê£²μ¢μ¥ ¸± ´¨·μ¢ ´¨¥ ¨ ´ ±μ¶²¥´¨¥ ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢ ¶μ § ¤ ´´Ò³
¶ · ³¥É· ³:

Å ´ Î ²Ó´μ³Ê ¨ ±μ´¥Î´μ³Ê Ê£²Ê;
Å Ï £Ê Ê£² ;

Å ¢·¥³¥´¨ Ô±¸¶μ§¨Í¨¨.

� ±μ¶²¥´¨¥ ¸¶¥±É·μ¢. ‘¡μ· ¨ ´ ±μ¶²¥´¨¥ ¤ ´´ÒÌ μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¶·μ-
£· ³³¨·Ê¥³Ò³ Ô²¥±É·μ´´Ò³ ¡²μ±μ³ MPD-16, ±μÉμ·Ò° ¶·¨´¨³ ¥É ¸¨£´ ²Ò
μÉ ¸Î¥ÉÎ¨±μ¢, μ¸ÊÐ¥¸É¢²Ö¥É ¨Ì ¶·¥μ¡· §μ¢ ´¨¥, ¶·¥¤¢ ·¨É¥²Ó´ÊÕ μ¡· ¡μÉ±Ê
¨ ¶¥·¥¤ ÎÊ ¢ �Š. ‚¸¥ ÔÉ¨ μ¶¥· Í¨¨ ¢Ò¶μ²´ÖÕÉ¸Ö ³¨±·μ¶·μ£· ³³ ³¨, ®§ -
Ï¨ÉÒ³¨¯ ¢ ¶·μ£· ³³¨·Ê¥³Ò¥ ²μ£¨Î¥¸±¨¥ ³ É·¨ÍÒ ¡²μ±  (�‹ˆ‘). Šμ³¶²¥±¸
³¨±·μ¶·μ£· ³³ μ¡¥¸¶¥Î¨¢ ¥É ·¥£¨¸É· Í¨Õ ¨ ´ ±μ¶²¥´¨¥ ¤ ´´ÒÌ μÉ ¸Î¥ÉÎ¨-
±μ¢, ¨Ì £¨¸Éμ£· ³³¨·μ¢ ´¨¥, ¶·μ³¥¦ÊÉμÎ´μ¥ § ¶μ³¨´ ´¨¥ ¢ ¶ ³ÖÉ¨ ¡²μ±  ¨
¶¥·¥¤ ÎÊ ¢ �Š ¤²Ö Ì· ´¥´¨Ö ¨ ¶μ¸²¥¤ÊÕÐ¥° off-line μ¡· ¡μÉ±¨. � · ²²¥²Ó´μ
¸ ´ ±μ¶²¥´¨¥³ ¶μ § ¶·μ¸ ³ ¶μ²Ó§μ¢ É¥²Ö ¤ ´´Ò¥ ¶¥·¥¤ ÕÉ¸Ö ¢ �Š ¤²Ö ¢¨§Ê-
 ²¨§ Í¨¨ ¸ Í¥²ÓÕ ±μ´É·μ²Ö Ô±¸¶¥·¨³¥´É .

‚ Ô²¥±É·μ´¨±Ê ¢¸É·μ¥´ É¥¸Éμ¢Ò° £¥´¥· Éμ·, ¨³¨É¨·ÊÕÐ¨° · ¡μÉÊ ¸¨-
¸É¥³Ò ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ. �Éμ ¶μ§¢μ²Ö¥É ¶·μ¢¥¸É¨ ¡Ò¸É·ÊÕ ¶·μ¢¥·±Ê · -
¡μÉμ¸¶μ¸μ¡´μ¸É¨  ¶¶ · ÉÊ·Ò ¶¥·¥¤ ¸¥ ´¸μ³,   É ±¦¥ ¥¥  ¢Éμ´μ³´ÊÕ μÉ² ¤±Ê
¡¥§ ¶μ¤±²ÕÎ¥´¨Ö ¤¥É¥±Éμ·´ÒÌ Ô²¥³¥´Éμ¢. �¥·¥¤ Î  ¤ ´´ÒÌ ³¥¦¤Ê Ô²¥±É·μ-
´¨±μ° ¸¡μ·  ¤ ´´ÒÌ ¨ ¶μ·Éμ³ USB 2.0 μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥·¥§ ¨´É¥·Ë¥°¸-
´Ò° ¡²μ± ¶μ ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¢μ²μ±μ´´μ-μ¶É¨Î¥¸±μ° ²¨´¨¨ ¸¢Ö§¨. ‘±μ-
·μ¸ÉÓ ¶¥·¥¤ Î¨ ¤ ´´ÒÌ Å 1,25 ƒ¡¨É/¸, ³ ±¸¨³ ²Ó´ Ö Ê¤ ²¥´´μ¸ÉÓ ±μ³¶ÓÕ-
É¥·  Å ¤μ 100 ³. Šμ´¸É·Ê±É¨¢´μ ¡²μ± MPD-16 ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¶² É ¸É ´-
¤ ·É  NIM: Ê± § ´´μ£μ ¢ÒÏ¥ ¶·μ£· ³³¨·Ê¥³μ£μ ¡²μ±  ¨ ¡²μ±  Ê¸¨²¨É¥²¥°-
Ëμ·³¨·μ¢ É¥²¥°, ¢ ±μÉμ·μ³ μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¤¨¸±·¨³¨´ Í¨Ö ¸¨£´ ²μ¢, ¶·¥-
μ¡· §μ¢ ´¨¥ ¨Ì ± ¥¤¨´μ³Ê ²μ£¨Î¥¸±μ³Ê ¶·¥¤¸É ¢²¥´¨Õ (LVDS) ¨ ¶¥·¥Ìμ¤
μÉ · §Ñ¥³μ¢ LEMO ´  ²¥´ÉμÎ´Ò° ± ¡¥²Ó. 	  ·¨¸. 4 ¶·¨¢¥¤¥´  ¡²μ±-¸Ì¥³ 
MPD-16.
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�¨¸. 4. �²μ±-¸Ì¥³  ¸¨¸É¥³Ò ¸¡μ·  ¨ ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ ¸ ¤¥É¥±Éμ·μ¢ ¤¨Ë· ±Éμ³¥-
É·  	�„

�·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥. „²Ö Ê¶· ¢²¥´¨Ö Ô±¸¶¥·¨³¥´Éμ³ ¶·¨³¥´¥´
¶·μ£· ³³´Ò° ¨´¸É·Ê³¥´É ²Ó´Ò° ±μ³¶²¥±¸ Sonix+ [3]. �Ò²  ¨¸¶μ²Ó§μ¢ ´ 
É¨¶μ¢ Ö ¸Ì¥³  μ·£ ´¨§ Í¨¨ · ¡μÉÒ ±μ³¶²¥±¸  §  ¥¤¨´¸É¢¥´´Ò³ ¨¸±²ÕÎ¥´¨¥³.
�μ¸±μ²Ó±Ê ³¥Éμ¤¨±  ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨° ´  ¸¶¥±É·μ³¥É·¥ ´¥¨§³¥´´  ¨ ¤μ-
¸É ÉμÎ´μ ¶·μ¸É , ¤²Ö ¶μ¢ÒÏ¥´¨Ö ±μ³Ëμ·É´μ¸É¨ ¶μ²Ó§μ¢ É¥²¥° ¡Ò²μ ¶·¨´ÖÉμ
·¥Ï¥´¨¥ μ · §· ¡μÉ±¥ ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ° ¶·μ£· ³³Ò £· Ë¨Î¥¸±μ£μ ¨´É¥·-
Ë¥°¸  (GUI) ObninskMainRelease (·¨¸. 5).

‚ μ¤´μ° ¶·μ£· ³³¥ μ¡Ñ¥¤¨´¥´Ò ¢¸¥ ËÊ´±Í¨¨, ±μÉμ·Ò¥ ³μ£ÊÉ ¶μÉ·¥¡μ-
¢ ÉÓ¸Ö ¶·¨ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´É :

Å § ¤ ´¨¥ ¶ · ³¥É·μ¢ Ô±¸¶¥·¨³¥´É ;
Å ¶Ê¸± ¨ μ¸É ´μ¢±  Ô±¸¶μ§¨Í¨¨;
Å ¢Ò¢μ¤ ¨¸Éμ·¨¨ ¨§³¥·¥´¨Ö (¶·μÉμ±μ²Ó´μ£μ Ë °² );
Å ¢¨§Ê ²¨§ Í¨Ö ´ ± ¶²¨¢ ¥³ÒÌ ¸¶¥±É·μ¢ ¨ É¥±ÊÐ¨Ì §´ Î¥´¨° ¤²Ö ¢Ò-

¡· ´´ÒÌ ¸Î¥ÉÎ¨±μ¢.
‡ £·Ê§±  ¢¸¥£μ ±μ³¶²¥±¸  ¶·μ£· ³³ ¸±·ÒÉ  μÉ ¶μ²Ó§μ¢ É¥²Ö ¨ ¢Ò¶μ²´Ö-

¥É¸Ö  ¢Éμ³ É¨Î¥¸±¨ ¶·¨ ¶¥·¢μ³ ¢Ò§μ¢¥ ¶·μ£· ³³Ò ¨´É¥·Ë¥°¸  (GUI). �·¨
ÔÉμ³ ³μ¦´μ μÉ±²ÕÎ ÉÓ ¨´É¥·Ë¥°¸, ´¥ μ¸É ´ ¢²¨¢ Ö ¨§³¥·¥´¨°. �·¨ ¶μ¢Éμ·-
´μ³ § ¶Ê¸±¥ ¨´É¥·Ë¥°¸ ®¶μ¤Ì¢ ÉÒ¢ ¥É¯ É¥±ÊÐ¥¥ ¨§³¥·¥´¨¥ ¸ ³μ¸ÉμÖÉ¥²Ó´μ.

�É³¥É¨³, ÎÉμ ´ ·Ö¤Ê ¸μ ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò³ GUI, ¤μ¸ÉÊ¶¥´ ¨ ¸É ´¤ ·É-
´Ò° ¶μ²Ó§μ¢ É¥²Ó¸±¨° ¨´É¥·Ë¥°¸ Sonix+, ±μÉμ·Ò³ ³μ¦´μ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö ¶μ
´¥μ¡Ìμ¤¨³μ¸É¨.
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�¨¸. 5. �¡Ð¨° ¢¨¤ ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ ¨´É¥·Ë¥°¸  ¶·μ£· ³³Ò ObninskMainRelease

�·μ£· ³³  ObninskMainRelease ´ ¶¨¸ ´  ´  Ö§Ò±¥ Python [4] ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ PyQT [5] ¨ £· Ë¨Î¥¸±μ° ¡¨¡²¨μÉ¥±¨ matplotlib [6].

‡�Š‹	—…�ˆ…

�¥§Ê²ÓÉ Éμ³ ¢Ò¶μ²´¥´´ÒÌ · ¡μÉ Ö¢²Ö¥É¸Ö ±μ·¥´´ Ö ³μ¤¥·´¨§ Í¨Ö ¤¥É¥±-
Éμ·´μ° ¸¨¸É¥³Ò ¤¨Ë· ±Éμ³¥É· ,   É ±¦¥ Ê¶· ¢²ÖÕÐ¥° Ô²¥±É·μ´¨±¨ ¨ Ô²¥±-
É·μ´¨±¨ ¸¡μ·  ¨ ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ. ‚ ¸μ¸É ¢ μ¡μ·Ê¤μ¢ ´¨Ö 	�„ ¢±²ÕÎ¥´
�Š, ¨ · §· ¡μÉ ´ ±μ³¶²¥±¸ ¶·μ£· ³³ ¤²Ö ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ ¨ Ê¶· ¢²¥-
´¨Ö Ô±¸¶¥·¨³¥´Éμ³. ‚¸Ö  ¶¶ · ÉÊ·  ¸¨¸É¥³Ò  ¢Éμ³ É¨§ Í¨¨ Ô±¸¶¥·¨³¥´Éμ¢
´  	�„ Ê¸É ´μ¢²¥´  ´  ¶ÊÎ±¥ ¨ ¸¤ ´  ¢ Ô±¸¶²Ê É Í¨Õ ¢³¥¸É¥ ¸ ¶·μ£· ³³-
´Ò³ μ¡¥¸¶¥Î¥´¨¥³. �·μ¢¥¤¥´Ò É¥¸Éμ¢Ò¥ ¨¸¶ÒÉ ´¨Ö ¨ · ¡μÎ¨¥ ¨§³¥·¥´¨Ö. ‚
± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 6 ¶μ± § ´  ´¥°É·μ´μ£· ³³  μ¡· §Í  Ni, ¨§³¥·¥´´ Ö
´  	�„.

Œμ´μÉμ´´μ¥ ¢μ§· ¸É ´¨¥ Ëμ´  ´  ´¥°É·μ´μ£· ³³¥ μ¡Ê¸²μ¢²¥´μ ¶μ¢ÒÏ¥-
´¨¥³ Ëμ´  ¢ Í¥´É· ²Ó´μ³ § ²¥ ·¥ ±Éμ·  ¶·¨ ¶·¨¡²¨¦¥´¨¨ ¡ É ·¥¨ ¸Î¥ÉÎ¨±μ¢
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�¨¸. 6. 	¥°É·μ´μ£· ³³  μ¡· §Í  Ni, Ï £ ¸± ´¨·μ¢ ´¨Ö Å 0,05◦, ¢·¥³Ö Ô±¸¶μ§¨Í¨¨ Å
30 ¸ (¨´É¥´¸¨¢´μ¸ÉÓ ¶·¨¢¥¤¥´  ± 1 ¸)

± § Ð¨É¥ μÉ ¶·Ö³μ£μ ¶ÊÎ± . �É´μÏ¥´¨¥ ¸¨£´ ²/Ëμ´ ³μ¦´μ ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎ-
Ï¨ÉÓ §  ¸Î¥É Ê¸¨²¥´¨Ö § Ð¨ÉÒ ¸Î¥ÉÎ¨±μ¢ μÉ Ëμ´  § ² ,   É ±¦¥ ¶ÊÉ¥³ ¶μ¤¡μ· 
³¨´¨³ ²Ó´μ°  ¶¥·ÉÊ·Ò ¤²Ö ¶ ¤ ÕÐ¥£μ ´  μ¡· §¥Í ¶ÊÎ± .

‚ ·¥§Ê²ÓÉ É¥ ³μ¤¥·´¨§ Í¨¨ ³Ò Ê¢¥²¨Î¨²¨ ¸¢¥Éμ¸¨²Ê 	�„ ¶μ ¸· ¢´¥´¨Õ
¸ Ê¸É ´μ¢±μ° ´  μ¤´μ³ ¸Î¥ÉÎ¨±¥ ¢ 10 · §, ÎÉμ ¶μ§¢μ²Ö¥É Ê³¥´ÓÏ¨ÉÓ ¢·¥³Ö
¨§³¥·¥´¨Ö,   É ±¦¥ μ¶É¨³¨§¨·μ¢ ÉÓ · ¸Ìμ¤¨³μ¸É¨ ±μ²²¨³¨·ÊÕÐ¥° ¸¨¸É¥³Ò
¤²Ö ¤μ¸É¨¦¥´¨Ö ²ÊÎÏ¥£μ · §·¥Ï¥´¨Ö. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, Ê± § ´´Ò° ¢Ò¨£·ÒÏ
¢ ¸¢¥Éμ¸¨²¥ ¶μ§¢μ²Ö¥É ´  ¶μ·Ö¤μ± Ê³¥´ÓÏ¨ÉÓ μ¡Ñ¥³ (³ ¸¸Ê) μ¡· §Í  ¢ 10 · §,
ÎÉμ ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´μ, É ± ± ± Î ¸Éμ ¡Ò¢ ¥É ¸²μ¦´μ ¶μ²ÊÎ¨ÉÓ μ¡· §¥Í ¡μ²Ó-
Ïμ° ³ ¸¸Ò.

‚μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö £· Ë¨Î¥¸±μ£μ ¨´É¥·Ë¥°¸  ObninskMainRe-
lease ¸ § ¤ ´¨¥³ ¶ · ³¥É·μ¢ ¸Ñ¥³±¨, ¢¨§Ê ²¨§ Í¨¨ ´ ± ¶²¨¢ ¥³ÒÌ ¸¶¥±É·μ¢,
  É ±¦¥ ¢Ò¢μ¤ ´¥°É·μ´μ£· ³³ ´  ¸μ¢·¥³¥´´Ò¥ ´μ¸¨É¥²¨ Ö¢²Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´-
´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ ¶μ ¸· ¢´¥´¨Õ ¸μ ¸É ·μ° ¸¨¸É¥³μ°, ¢ ±μÉμ·μ° ¢¢μ¤ ¶ -
· ³¥É·μ¢ Ô±¸¶¥·¨³¥´É  ¢Ò¶μ²´Ö²¸Ö ¸ ³ £´¨É´μ° ²¥´ÉÒ, ¢Ò¢μ¤ ´¥°É·μ´μ-
£· ³³ Å Éμ²Ó±μ ´  Í¨Ë·μ¶¥Î ÉÓ.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¸Î¨É ÕÉ ¸¢μ¨³ ¤μ²£μ³ ¢Ò· §¨ÉÓ ¡² £μ¤ ·´μ¸ÉÓ
‚. ‚. ‘Ê³¨´Ê, ‚.�. —Ê¡Ò±¨´Ê §  ¶μ³μÐÓ ¢ · ¡μÉ¥ ¨ ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ Œ¨´μ¡·´ Ê±¨ ¢ · ³± Ì
£μ¸Ê¤ ·¸É¢¥´´ÒÌ ±μ´É· ±Éμ¢ º 16.518.11.7086 ¨ º16.518.11.7108.
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