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�¶¨¸Ò¢ ÕÉ¸Ö ·¥´É£¥´μμ¶É¨Î¥¸± Ö ¸Ì¥³  ¨  ¶¶ · ÉÊ·  ³´μ£μËÊ´±Í¨μ´ ²Ó´μ£μ ¸¨´Ì·μÉ·μ´´μ£μ
¸¶¥±É·μ³¥É· , ¤μ· ¡μÉ ´´Ò¥ ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¤¨Ë· ±Í¨¨ ¢ £¥μ³¥É·¨¨ „¥¡ ÖÄ˜¥··¥· . �·¨¢¥¤¥´Ò
É¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¸¶¥±É·μ³¥É· . „ ´Ò ¶·¨³¥·Ò ± ·É¨´ ¤¨Ë· ±Í¨¨ ´  ¶μ²¨±·¨¸É ²² Ì
¸ ·¥£¨¸É· Í¨¥° ± ± ¢ ¶·Ö³ÊÕ, É ± ¨ ¢ μ¡· É´ÊÕ ¶μ²Ê¸Ë¥·Ò.

X-ray optical diagram and equipment of multifunctional synchrotron spectrometer, ˇnished to study
diffractions in DebyeÄScherrer geometry, are described. The technical characteristics of spectrometer
are given. The examples of diffraction patterns on the polycrystals with the registration both into the
straight line and the reverse of hemisphere are presented.

PACS: 61.05 cp; 61.46-w
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„¨Ë· ±Í¨μ´´Ò¥ ³¥Éμ¤Ò ¨¸¸²¥¤μ¢ ´¨Ö ¢¥Ð¥¸É¢ ¢ ¶μ²¨±·¨¸É ²²¨Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨
¢¥¸Ó³  Ï¨·μ±μ ¶·¨³¥´ÖÕÉ¸Ö ´  ¨¸ÉμÎ´¨± Ì ‘ˆ (¸³., ´ ¶·¨³¥·, [1]). �·¥¤¸É ¢²Ö²μ¸Ó Í¥-
²¥¸μμ¡· §´Ò³ ¤μμ¡μ·Ê¤μ¢ ÉÓ ¤²Ö É ±¨Ì ¨¸¸²¥¤μ¢ ´¨° μ¡¸Ê¦¤ ¥³Ò° ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥
¸¶¥±É·μ³¥É·. „μμ¡μ·Ê¤μ¢ ´¨¥ ¸¶¥±É·μ³¥É·  ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ·¥£¨¸É· Í¨Õ ¤¨Ë· ±-
Í¨μ´´ÒÌ ± ·É¨´ ± ± ¢ ¶¥·¥¤´ÕÕ, É ± ¨ ¢ § ¤´ÕÕ ¶μ²Ê¸Ë¥·Ò. �· ±É¨Î¥¸±¨ ¢¸¥ μ¶¨-
¸ ´´Ò¥ ¢ ¶Ê¡²¨± Í¨ÖÌ ¸¶¥±É·μ³¥É·Ò μ¡¥¸¶¥Î¨¢ ÕÉ ·¥£¨¸É· Í¨Õ ¤¨Ë· ±Í¨μ´´ÒÌ ± ·É¨´
¢ ¶¥·¥¤´ÕÕ ¶μ²Ê¸Ë¥·Ê ¨²¨ ¶·¨ Ê£² Ì ¤¨Ë· ±Í¨¨, ´¥ ¸²¨Ï±μ³ ¶·¨¡²¨¦ ÕÐ¨Ì¸Ö ± Ê£²Ê
2θ = 180◦. ’ ±, ¢ · ¡μÉ¥ [2] μ¶¨¸ ´ ¸¨´Ì·μÉ·μ´´Ò° ¤¨Ë· ±Éμ³¥É· ¢ £¥μ³¥É·¨¨ μ¡· É´μ£μ
· ¸¸¥Ö´¨Ö, ¢ ±μÉμ·μ³ μ¡² ¸ÉÓ Ê£²μ¢ ¤¨Ë· ±Í¨¨ ¡Ò²  μ£· ´¨Î¥´  §´ Î¥´¨¥³ 2θ = 160◦.

1E-mail: shal@sunse.jinr.ru
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‚ ´ Ï¥° ¶·¥¤Ò¤ÊÐ¥° · ¡μÉ¥ [3] ³Ò ¤¥É ²Ó´μ · ¸¸Î¨É ²¨ · §²¨Î´Ò¥ Ì · ±É¥·¨¸É¨±¨
³¥Éμ¤  „¥¡ ÖÄ˜¥··¥·  ¸ ·¥£¨¸É· Í¨¥° ¤¨Ë· ±Í¨μ´´μ° ± ·É¨´Ò ¶·¨ Ê£² Ì, ¡²¨§±¨Ì ±
§´ Î¥´¨Õ 2θ = 180◦. ‚ É ±¨Ì Ê¸²μ¢¨ÖÌ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ³¥Éμ¤  ± μÉ´μ¸¨É¥²Ó´μ³Ê
¨§³¥´¥´¨Õ ³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ´¨° ¢ ±·¨¸É ²² Ì ¶·¥¢ÒÏ ¥É ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ÎÊ¢-
¸É¢¨É¥²Ó´μ¸ÉÓ ³¥Éμ¤  ¸ ·¥£¨¸É· Í¨¥° ¨§²ÊÎ¥´¨Ö ¢ ¶¥·¥¤´ÕÕ ¶μ²Ê¸Ë¥·Ê ¢ ¸μÉ´¨ · §.

‚ · ¡μÉ¥ [4] ³Ò ¶·μ¢¥²¨ ¶¥·¢Ò¥ ¶·μ¡´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¤¨Ë· ±Í¨¨ „¥¡ ÖÄ˜¥··¥-
·  ¢ μ¡· É´ÊÕ ¶μ²Ê¸Ë¥·Ê.

‘•…Œ� ˆ ������’“��

�¸´μ¢μ° ¤²Ö ¤μμ¡μ·Ê¤μ¢ ´¨Ö c Í¥²ÓÕ ¶·μ¢¥¤¥´¨Ö ¤¨Ë· ±Í¨μ´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¸²Ê-
¦¨² · ´¥¥ ¸μ§¤ ´´Ò° ¨ § ¶ÊÐ¥´´Ò° ¢ ŠÊ·Î Éμ¢¸±μ³ ¨´¸É¨ÉÊÉ¥ EXAFS-¸¶¥±É·μ³¥É· ¢
¤¨¸¶¥·¸¨μ´´μ° ³μ¤¥ ¸ ¨§£¨¡´Ò³ ±·¨¸É ²²μ³-³μ´μÌ·μ³ Éμ·μ³ [5, 6].

�¥´É£¥´μμ¶É¨Î¥¸± Ö ¸Ì¥³  ³´μ£μËÊ´±Í¨μ´ ²Ó´μ£μ ¸¶¥±É·μ³¥É· , ¤μμ¡μ·Ê¤μ¢ ´´μ£μ
¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¢ £¥μ³¥É·¨¨ „¥¡ ÖÄ˜¥··¥· , ¤ ´  ´  ·¨¸. 1.

	¥²Ò° ¶ÊÎμ± ‘ˆ (1) Î¥·¥§ Ð¥²¨ (2) ¶ ¤ ¥É ´  ¶²μ¸±¨° ±·¨¸É ²²-³μ´μÌ·μ³ Éμ·
Si(111) (3). �É· ¦¥´´Ò° μÉ ³μ´μÌ·μ³ Éμ·  ¶ÊÎμ± ‘ˆ (4) ¶ ¤ ¥É ´  ¶²μ¸±μ¥ §¥·± ²μ
(5) ¨, μÉ· ¦ Ö¸Ó μÉ ´¥£μ (6), ¶μ¶ ¤ ¥É ´  ¨¸¸²¥¤Ê¥³Ò° μ¡· §¥Í (9). �·¨ · ¸¸¥Ö´¨¨ μ¡· -
§ÊÕÉ¸Ö ¤¨Ë· ±Í¨μ´´Ò¥ ±μ´Ê¸Ò ± ± ®¢¶¥·¥¤¯ (10), É ± ¨ ®´ § ¤¯ (8). �±· ´Ò (7) ¨ (11)
·¥£¨¸É·¨·ÊÕÉ ÔÉ¨ ±μ´Ê¸Ò.

‚ ´ ¸ÉμÖÐ¥³ ¢ ·¨ ´É¥ · ¸¸³ É·¨¢ ¥³μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ·¥£¨¸É·¨·ÊÕÐ¨° Ô±· ´ (7)
· ¸¶μ² £ ¥É¸Ö ´¨¦¥ ¶ ¤ ÕÐ¥£μ ´  μ¡· §¥Í ¶ÊÎ± . �μÔÉμ³Ê ´  ¸Ì¥³¥ Ê¸²μ¢´μ ¶μ± § ´ 
Éμ²Ó±μ Î ¸ÉÓ ¤¨Ë· ±Í¨μ´´μ£μ ±μ´Ê¸  ®´ § ¤¯, ±μÉμ· Ö ¶μ¶ ¤ ¥É ´  ÔÉμÉ Ô±· ´. � §³¥Ð¥-
´¨¥ Ô±· ´  (7) ¶μ¤ ¶ ¤ ÕÐ¨³ ¶ÊÎ±μ³ ¶μ§¢μ²ÖÉ ´ ³ ³μ¤¥²¨·μ¢ ÉÓ ¶·¨³¥´¥´¨¥ Í¨Ë·μ¢μ£μ
¤¥É¥±Éμ·  ¢³¥¸Éμ ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶² ¸É¨´ ¨§μ¡· ¦¥´¨Ö (Image plate).

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶² ¸É¨´ ¨§μ¡· ¦¥´¨Ö Í¥²¥¸μμ¡· §´μ ¸¤¥² ÉÓ ¢ ·¥£¨¸É·¨·ÊÕÐ¥³
Ô±· ´¥ (7) μÉ¢¥·¸É¨¥ ¨ ¶·μ¶Ê¸É¨ÉÓ Î¥·¥§ ´¥£μ ¶ ¤ ÕÐ¨° ´  μ¡· §¥Í ¶ÊÎμ±. �Éμ ¤ ¸É
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�¨¸. 1. �¥´É£¥´μμ¶É¨Î¥¸± Ö ¸Ì¥³  ¸¶¥±É·μ³¥É·  ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¢ £¥μ³¥É·¨¨ „¥¡ ÖÄ˜¥··¥· :

1 Å ¡¥²Ò° ¶ÊÎμ± ‘ˆ; 2 Å Ð¥²¨ ¡¥²μ£μ ¶ÊÎ± ; 3 Å ¶²μ¸±¨° ±·¨¸É ²²-³μ´μÌ·μ³ Éμ·; 4 Å

μÉ· ¦¥´´Ò° ³μ´μÌ·μ³ É¨§¨·μ¢ ´´Ò° ¶ÊÎμ± ‘ˆ; 5 Å ¶²μ¸±μ¥ §¥·± ²μ; 6 Å μÉ· ¦¥´´Ò° μÉ §¥·± ² 
¶ÊÎμ±; 7 Å Ô±· ´ ¤²Ö ·¥£¨¸É· Í¨¨ ¤¨Ë· ±Í¨¨ ®´ § ¤¯; 8 Å ±μ´Ê¸ ¤¨Ë· ±Í¨¨ ®´ § ¤¯; 9 Å

¨¸¸²¥¤Ê¥³Ò° μ¡· §¥Í; 10 Å ±μ´Ê¸ ¤¨Ë· ±Í¨¨ ®¢¶¥·¥¤¯; 11 Å Ô±· ´ ¤²Ö ·¥£¨¸É· Í¨¨ ¤¨Ë· ±Í¨¨
®¢¶¥·¥¤¯
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¶μ²´μ¥ § ³±´ÊÉμ¥ ±μ²ÓÍμ ·¥£¨¸É·¨·Ê¥³μ£μ ±μ´Ê¸ , ÎÉμ ¶μ§¢μ²¨É ¨¸±²ÕÎ¨ÉÓ ¢²¨Ö´¨¥ ´¥-
¨§¡¥¦´μ ¶μÖ¢²ÖÕÐ¨Ì¸Ö ±· ¥¢ÒÌ Ê¸²μ¢¨° ®¶μ²μ¢¨´±¨¯ ±μ²ÓÍ  ¨ ¶μ¢Ò¸¨ÉÓ ÉμÎ´μ¸ÉÓ ³ -
É¥³ É¨Î¥¸±μ° μ¡· ¡μÉ±¨ ¤¨Ë· ±Í¨μ´´ÒÌ ± ·É¨´.

�  ·¨¸. 1 ¶μ± § ´ ´¥¨§μ£´ÊÉÒ° (¶²μ¸±¨°) ±·¨¸É ²²-³μ´μÌ·μ³ Éμ·. ‚ É ±μ° £¥μ³¥É·¨¨
Ô±¸¶¥·¨³¥´É  ¶μ²ÊÎ ¥É¸Ö ´ ¨²ÊÎÏ Ö (¶μ ¸· ¢´¥´¨Õ ¸ ¨§μ£´ÊÉÒ³ ±·¨¸É ²²μ³) ³μ´μÌ·μ³ -
É¨Î´μ¸ÉÓ μÉ· ¦¥´´μ£μ μÉ ±·¨¸É ²²  ¨§²ÊÎ¥´¨Ö. Š·μ³¥ Éμ£μ, · ¸Ìμ¤¨³μ¸ÉÓ μÉ· ¦¥´´μ£μ
¶ÊÎ±  É ±¦¥ ´ ¨³¥´ÓÏ Ö ¨ μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ ³ ²μ° · ¸Ìμ¤¨³μ¸ÉÓÕ ¶ ¤ ÕÐ¥£μ ´ 
±·¨¸É ²² ®¡¥²μ£μ¯ ¶ÊÎ± . �¡¥ ÔÉ¨ ¢¥²¨Î¨´Ò Å ³μ´μÌ·μ³ É¨Î´μ¸ÉÓ ¨ · ¸Ìμ¤¨³μ¸ÉÓ Å
¢²¨ÖÕÉ ´  · §·¥Ï¥´¨¥ ¤¨Ë· ±Í¨μ´´ÒÌ ± ·É¨´. �¨¦¥ ¶·¨¢¥¤¥´ ¤¥É ²Ó´Ò°  ´ ²¨§ ÔÉ¨Ì,  
É ±¦¥ ¤·Ê£¨Ì Ë ±Éμ·μ¢, μ¶·¥¤¥²ÖÕÐ¨Ì · §·¥Ï¥´¨¥ ¤¨Ë· ±Í¨μ´´ÒÌ ± ·É¨´, ¨ ¶μ²ÊÎ¥´ 
 ¶¶ · É´ Ö ËÊ´±Í¨Ö ¸¶¥±É·μ³¥É· . �μ±  ³Ò μ£· ´¨Î¨³¸Ö § ³¥Î ´¨¥³, ÎÉμ ¢ ´¥±μÉμ-
·ÒÌ ¸²ÊÎ ÖÌ ´¥¡μ²ÓÏμ° ¨§£¨¡ ±·¨¸É ²²  ¶μ²¥§¥´, É ± ± ± ¢²¨Ö´¨¥ ¨§£¨¡  ´  ÊÌÊ¤Ï¥´¨¥
· §·¥Ï¥´¨Ö ³μ¦¥É ¡ÒÉÓ ¶· ±É¨Î¥¸±¨ ´¥§ ³¥É´Ò³,   Ê¢¥²¨Î¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¸Ëμ±Ê¸¨-
·μ¢ ´´μ£μ ¶ÊÎ±  ¸É ´μ¢¨É¸Ö ¸ÊÐ¥¸É¢¥´´Ò³.

‡…�Š�‹�

Š¢ ·Í¥¢μ¥ §¥·± ²μ ¢Ò¸μÉμ° 50 ³³, Ï¨·¨´μ° 100 ³³ ¨ ¤²¨´μ° 250 ³³ ¸²Ê¦¨É ¤²Ö
μÎ¨¸É±¨ ³μ´μÌ·μ³ É¨§¨·μ¢ ´´μ£μ ¶ÊÎ±  μÉ ¢Ò¸Ï¨Ì £ ·³μ´¨± c ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔËË¥±É 
¶μ²´μ£μ ¢´¥Ï´¥£μ μÉ· ¦¥´¨Ö. � ¶·¨³¥·, ¶·¨ λ1 = 1,3 
A ±·¨É¨Î¥¸±¨° Ê£μ² ¶μ²´μ£μ
¢´¥Ï´¥£μ μÉ· ¦¥´¨Ö μÉ ±¢ ·Í  θc · ¢¥´ 3,1 ³· ¤, ¢ Éμ ¢·¥³Ö ± ± ¶·¨ λ3 = 0,43 
A ±·¨É¨-
Î¥¸±¨° Ê£μ² ¶μ²´μ£μ ¢´¥Ï´¥£μ μÉ· ¦¥´¨Ö μÉ ±¢ ·Í  θc · ¢¥´ 1 ³· ¤. ‡ ³¥É¨³, ÎÉμ ¢Éμ· Ö
£ ·³μ´¨±  ¢ μÉ· ¦¥´´μ³ μÉ ³μ´μÌ·μ³ Éμ·  ¶ÊÎ±¥ μÉ¸ÊÉ¸É¢Ê¥É, É ± ± ± μÉ· ¦¥´¨¥ (222)
Ö¢²Ö¥É¸Ö § ¶·¥Ð¥´´Ò³ ¢ ¸É·Ê±ÉÊ·¥ ±·¥³´¨Ö.

�  ·¨¸. 2 ¶·¨¢¥¤¥´ ¶·¨³¥· ±·¨¢μ° μÉ· ¦¥´¨Ö μÉ §¥·± ² . ‡¤¥¸Ó ¶μ μ¸¨  ¡¸Í¨¸¸ μÉ-
²μ¦¥´ Ê£μ² ¶ ¤¥´¨Ö ³μ´μÌ·μ³ É¨§¨·μ¢ ´´μ£μ ¶ÊÎ±  ´  §¥·± ²μ. �ÉμÉ Ê£μ² ³μ¦´μ ¡Ò²μ
³¥´ÖÉÓ Õ¸É¨·μ¢μÎ´Ò³¨ ¶·¨¢μ¤ ³¨ §¥·± ²  (¢¸¥£μ §¥·± ²μ ¨³¥¥É 3 ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò).

’ ± ± ± Ê£μ² ¶μ²´μ£μ ¢´¥Ï´¥£μ μÉ· ¦¥´¨Ö § ¢¨¸¨É μÉ Ô´¥·£¨¨, Éμ ¶·¨ ¸±μ²Ó±μ-
´¨¡Ê¤Ó §´ Î¨É¥²Ó´μ³ ¨§³¥´¥´¨¨ Ô´¥·£¨¨ ³μ´μÌ·μ³ É¨§¨·μ¢ ´´μ£μ ¨§²ÊÎ¥´¨Ö §¥·± ²μ
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�¨¸. 2. �·¨³¥· ±·¨¢μ° μÉ· ¦¥´¨Ö ³μ´μÌ·μ³ É¨§¨·μ¢ ´´μ£μ ¶ÊÎ±  ¸ Ô´¥·£¨¥° E = 9,5 ±Ô‚ μÉ

±¢ ·Í¥¢μ£μ §¥·± ²  (SiO2)
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�¨¸. 3. ‡¥·± ²μ ¢ ¢ ±ÊÊ³´μ³ ±μ¦ÊÌ¥

¦¥² É¥²Ó´μ ¶μ¤¸É· ¨¢ ÉÓ, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ³ ±¸¨³ ²Ó´ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ μ¸´μ¢´μ° £ ·-
³μ´¨±¨ ¶·¨ ¤μ¸É ÉμÎ´μ³ ¶μ¤ ¢²¥´¨¨ ¢Ò¸Ï¨Ì £ ·³μ´¨±.

„²Ö ¤¨Ë· ±Í¨μ´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ μÉ¸ÊÉ¸É¢¨¥ ¢Ò¸Ï¨Ì £ ·³μ´¨± ¢ ¶ÊÎ±¥ μÎ¥´Ó ¢ ¦´μ.
’ ±¨¥ £ ·³μ´¨±¨ ¤ ÕÉ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¤¨Ë· ±Í¨μ´´Ò¥ ±μ´Ê¸Ò, Î¥³ § ³¥É´μ § É·Ê¤´ÖÕÉ
· ¸Ï¨Ë·μ¢±Ê ¤¨Ë· ±Éμ£· ³³. Š·μ³¥ Éμ£μ, μ´¨ Ê¢¥²¨Î¨¢ ÕÉ Ëμ´ §  ¸Î¥É Ë²Êμ·¥¸Í¥´Í¨¨
Ô²¥³¥´Éμ¢, ¢Ìμ¤ÖÐ¨Ì ¢ ¸μ¸É ¢ μ¡· §Í .

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¨¸¶μ²Ó§Ê¥³Ò° ¤¨ ¶ §μ´ Ô´¥·£¨¨ (μ±μ²μ 10 ±Ô‚) ¸¨²Ó´μ ¶μ£²μ-
Ð ¥É¸Ö ¢ ¢μ§¤ÊÌ¥. �·¨ ·¥ ²Ó´μ ¨¸¶μ²Ó§Ê¥³ÒÌ · ¸¸ÉμÖ´¨ÖÌ ³μ´μÌ·μ³ Éμ·Äμ¡· §¥ÍÄÔ±· ´
¶μ·Ö¤±  1 ³ É ±μ¥ ¶μ£²μÐ¥´¨¥ ¸É ´μ¢¨É¸Ö ´¥¶·¨¥³²¥³μ ¡μ²ÓÏ¨³. � μ¡μ·μÉ, ¢Ò¸Ï¨¥
£ ·³μ´¨±¨ ¶μ£²μÐ ÕÉ¸Ö ¢ ¢μ§¤ÊÌ¥ § ³¥É´μ ³¥´ÓÏ¥. �μÔÉμ³Ê ¤ ¦¥ ³ ² Ö ¶·¨³¥¸Ó É ±¨Ì
£ ·³μ´¨± ¢ ¶ÊÎ±¥ ¶μ¸²¥ ³μ´μÌ·μ³ Éμ·  μÎ¥´Ó ¢·¥¤´ . �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´ ¢¨¤ ¡²μ± 
§¥·± ²  ¢ ¢ ±ÊÊ³´μ³ μ¡Ñ¥³¥, Ê¸É ´μ¢²¥´´μ£μ ´  ¶²¥Î¥ ¸¶¥±É·μ³¥É· .

������’��Ÿ ”“�Š–ˆŸ ‘�…Š’��Œ…’��

� ¸¸³μÉ·¨³ ¶μ²¨±·¨¸É ²²¨Î¥¸±¨° μ¡· §¥Í, ±·¨¸É ²²¨ÉÒ ±μÉμ·μ£μ ´¥ ¸²¨Ï±μ³ ³ ²Ò
¨ ´¥ ÊÏ¨·ÖÕÉ ¤¨Ë· ±Í¨μ´´Ò¥ ²¨´¨¨. �·¨³¥³ É ±¦¥, ÎÉμ ¤·Ê£¨¥ ¸¢μ°¸É¢  μ¡· §Í  ´¥
¶·¨¢μ¤ÖÉ ± § ³¥É´μ³Ê ÊÏ¨·¥´¨Õ ¤¨Ë· ±Í¨μ´´ÒÌ ²¨´¨°.

‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¨ ¶ · ³¥É·Ò · ¸Î¥É  Ï¨·¨´Ò ²¨´¨¨ ¶·¨ ¤¨Ë· ±Í¨¨ ´  ¶μ²¨-
±·¨¸É ²²¥ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 4, a. �  ·¨¸. 4, ¡ ¡μ²¥¥ ¶μ¤·μ¡´μ ¶μ± § ´  ¸Ì¥³ ,   É ±¦¥
¶ · ³¥É·Ò · ¸Î¥É  ¤²Ö ÊÎ ¸É±  μ¡· §¥ÍÄÔ±· ´.

‚ ± Î¥¸É¢¥ ³μ´μÌ·μ³ Éμ·  ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¶²μ¸±¨° ¨¤¥ ²Ó´Ò° ±·¨¸É ²². �É-
³¥É¨³, ÎÉμ ¶²μ¸±μ¥ §¥·± ²μ ´¥ ³¥´Ö¥É Ëμ·³Ò ¢μ²´μ¢μ£μ Ë·μ´É . �μÔÉμ³Ê ´  ·¨¸. 4,  
§¥·± ²μ Ê¸²μ¢´μ ´¥ ¶μ± § ´μ.
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Монохроматор

Источник, �S

Щель, �H

��1
���
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L1

L2

L3
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��p���

Образец

2�p

a

L3

Экран

��p

2�p

�t

�N
���

c

b

p

q

�Z1

б

Экран

Образец

�¨¸. 4. a) ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¨ ¶ · ³¥É·Ò · ¸Î¥É  Ï¨·¨´Ò ²¨´¨¨ ¶·¨ ¤¨Ë· ±Í¨¨ ´  ¶μ²¨±·¨-
¸É ²²¥: ΔS Å · §³¥· ¨¸ÉμÎ´¨± ; ΔH Å · §³¥· Ð¥²¨ ¶¥·¥¤ ³μ´μÌ·μ³ Éμ·μ³; Δθ1 Å · ¸Ìμ¤¨-

³μ¸ÉÓ ¶ÊÎ±  ¶¥·¥¤ ³μ´μÌ·μ³ Éμ·μ³; ΔθM Å · ¸Ìμ¤¨³μ¸ÉÓ ¶ÊÎ±  ¶μ¸²¥ ³μ´μÌ·μ³ Éμ· ; Δθp Å
· ¸Ìμ¤¨³μ¸ÉÓ ¶ÊÎ±  ¶μ¸²¥ μ¡· §Í ; λ0 Å ¢Ò¤¥²Ö¥³ Ö ³μ´μÌ·μ³ Éμ·μ³ ¤²¨´  ¢μ²´Ò; Δλ Å ¸¶¥±-

É· ²Ó´ Ö Ï¨·¨´  ¶μ²μ¸Ò ³μ´μÌ·μ³ Éμ· ; L0 Å · ¸¸ÉμÖ´¨¥ μÉ ¨¸ÉμÎ´¨±  ¤μ Ð¥²¨; L1 Å · ¸¸ÉμÖ-

´¨¥ μÉ Ð¥²¨ ¤μ ³μ´μÌ·μ³ Éμ· ; L2 Å · ¸¸ÉμÖ´¨¥ μÉ ³μ´μÌ·μ³ Éμ·  ¤μ μ¡· §Í ; L3 Å · ¸¸ÉμÖ´¨¥
μÉ μ¡· §Í  ¤μ Ô±· ´ . ¡) �μ¤·μ¡´μ¥ ¨§μ¡· ¦¥´¨¥ Î ¸É¨ ¸Ì¥³Ò ·¨¸. 4,   ¢ ³¥¸É¥ ¨¸¸²¥¤Ê¥³μ£μ μ¡· §Í 

¨ ·¥£¨¸É·¨·ÊÕÐ¥£μ Ô±· ´ : ΔN Å · §³¥· ¶ÖÉ´  ¨§²ÊÎ¥´¨Ö ´  μ¡· §Í¥; Δt Å Éμ²Ð¨´  μ¡· §Í 

¢¤μ²Ó ¶ÊÎ± ; L3 Å · ¸¸ÉμÖ´¨¥ μÉ μ¡· §Í  ¤μ Ô±· ´ 

� ¸Ìμ¤¨³μ¸ÉÓ ¡¥²μ£μ ¶ÊÎ±  Δθ1 ¶¥·¥¤ ³μ´μÌ·μ³ Éμ·μ³ μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

Δθ1 =
ΔS + ΔH

L0
. (1)

� ¸Ìμ¤¨³μ¸ÉÓ ³μ´μÌ·μ³ É¨§¨·μ¢ ´´μ£μ ¶ÊÎ±  ¶μ¸²¥ ³μ´μÌ·μ³ Éμ·  · ¢´  · ¸Ìμ¤¨³μ¸É¨
¡¥²μ£μ ¶ÊÎ±  ¶¥·¥¤ ³μ´μÌ·μ³ Éμ·μ³:

ΔθM = Δθ1. (2)

� ¸Ìμ¤¨³μ¸ÉÓ ¤¨Ë· £¨·μ¢ ¢Ï¥£μ ¶ÊÎ±  ¶μ¸²¥ μ¡· §Í  Δθp ¢Ò· ¦ ¥É¸Ö ¸Ê³³μ°:

Δθp = ΔθM + Δθ(Δλ), (3)
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£¤¥ Δθ(Δλ) Å ÊÏ¨·¥´¨¥, μ¡Ê¸²μ¢²¥´´μ¥ ¤¨¸¶¥·¸¨¥° ¶·¨ ¤¨Ë· ±Í¨¨ ¨§²ÊÎ¥´¨Ö ´  ¶μ-
²¨±·¨¸É ²²¨Î¥¸±μ³ μ¡· §Í¥. ‘¶¥±É· ²Ó´ÊÕ ¶μ²μ¸Ê, ¢Ò·¥§ ¥³ÊÕ ³μ´μÌ·μ³ Éμ·μ³, μ¶·¥-
¤¥²¨³, ¤¨ËË¥·¥´Í¨·ÊÖ § ±μ´ 	·Ô££  ¤²Ö ³μ´μÌ·μ³ Éμ· :

Δλ

λ
= ΔθM ctg θM . (4)

ˆ¸¶μ²Ó§ÊÖ É ±μ° ¦¥ ¶·¨¥³ ¤²Ö ¤¨Ë· ±Í¨¨ ´  μ¡· §Í¥ ¨ ¢Ò· ¦¥´¨¥ (4), ¶μ²ÊÎ ¥³

Δθ(Δλ) = ΔθM
tg θp

tg θM
(5)

¨ ¤²Ö · ¸Ìμ¤¨³μ¸É¨ ¶μ¸²¥ ¶μ²¨±·¨¸É ²²¨Î¥¸±μ£μ μ¡· §Í  Δθp ¨³¥¥³

Δθp = ΔθM

(
1 +

tg θp

tg θM

)
. (6)

� §³¥· ¶ÖÉ´  ¶ÊÎ±  ´  μ¡· §Í¥

ΔN = ΔH + (L1 + L2)ΔθM . (7)

ˆ§ ·¨¸. 4, ¡ ¢¨¤´μ, ÎÉμ Ï¨·¨´  ¤¨Ë· ±Í¨μ´´μ° ²¨´¨¨ ¢ ¶²μ¸±μ¸É¨ Ô±· ´  ΔZ1 ¥¸ÉÓ ¸Ê³³ 
É·¥Ì ¸² £ ¥³ÒÌ:

ΔZ1 = cb + bp + pq. (8)

‡¤¥¸Ó cb μ¡Ê¸²μ¢²¥´μ · ¸Ìμ¤¨³μ¸ÉÓÕ ¶ÊÎ±  Δθp ¶μ¸²¥ μ¡· §Í :

cb =
L3Δθp

(cos 2θp)2
, (9)

¤ ²¥¥
bp = ΔN, (10)

pq = Δt tg 2θp. (11)

ˆ§ ¢Ò· ¦¥´¨° (8)Ä(11) ¶μ²ÊÎ ¥³

ΔZ1 =
L3Δθp

(cos 2θp)2
+ [ΔH + (L1 + L2) θM ] + Δt tg 2θp. (12)

�±μ´Î É¥²Ó´μ ¶μ²´ Ö Ï¨·¨´  ¤¨Ë· ±Í¨μ´´μ° ²¨´¨¨ ΔZ ´  Ô±· ´¥ μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· -
¦¥´¨¥³

ΔZ = (ΔZ2
1 + ΔZ2

2 )1/2, (13)

£¤¥ ΔZ2 Å · §·¥Ï¥´¨¥ ·¥£¨¸É·¨·ÊÕÐ¥£μ Ô±· ´ .
�Í¥´±   ¶¶ · É´ÒÌ ¢±² ¤μ¢ ¢ ÊÏ¨·¥´¨¥ ¶μ§¢μ²Ö¥É ¢Ò¡¨· ÉÓ μ¶É¨³ ²Ó´Ò¥ Ê¸²μ¢¨Ö

¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢. ’ ±, Î¨¸²¥´´Ò°  ´ ²¨§ ¢Ò· ¦¥´¨Ö (13) ¶μ± §Ò¢ ¥É, ÎÉμ
¤²Ö ®¶·Ö³μ£μ¯ ¨ ®μ¡· É´μ£μ¯ · ¸¸¥Ö´¨Ö · §²¨Î´Ò¥ Ë ±Éμ·Ò ¢´μ¸ÖÉ ± ·¤¨´ ²Ó´μ · §´Ò¥
¢±² ¤Ò. �·¨ ¤¨Ë· ±Í¨¨ ®¢¶¥·¥¤¯ μ¸´μ¢´μ° ¢±² ¤ ¢  ¶¶ · É´μ¥ ÊÏ¨·¥´¨¥ ¢´μ¸¨É Ï¨·¨´ 
Ð¥²¨, ¢ Éμ ¢·¥³Ö ± ± ¶·¨ ¤¨Ë· ±Í¨¨ ®´ § ¤¯ £² ¢´ÊÕ ·μ²Ó ¨£· ¥É Ï¨·¨´  ¸¶¥±É· ²Ó´μ°
¶μ²μ¸Ò ³μ´μÌ·μ³ Éμ· .
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�  ·¨¸. 5,   ¶·¨¢¥¤¥´  ¤¨Ë· ±Éμ£· ³³  ²¨¸Éμ¢μ° ³¥¤¨ ¶·¨ · ¸¸¥Ö´¨¨ ®´ § ¤¯.
‚¥·É¨± ²Ó´Ò° ¶·Ö³μÊ£μ²Ó´¨± μ¡μ§´ Î ¥É μ¡² ¸ÉÓ ¤¨Ë· ±Éμ£· ³³Ò, ±μÉμ· Ö ¨¸¶μ²Ó-

§μ¢ ² ¸Ó ¶·¨ ¶μ¸É·μ¥´¨¨ ¶·μË¨²Ö ¨´É¥´¸¨¢´μ¸É¨. �  ·¨¸. 5, ¡ ¶μ± § ´ ¶·μË¨²Ó ¨´É¥´¸¨¢-

�¨¸. 5. a) „¨Ë· ±Éμ£· ³³  ²¨¸Éμ¢μ° ³¥¤¨ ¶·¨ · ¸¸¥Ö´¨¨ ®´ § ¤¯. „¥É¥±Éμ· Å Image Plate (IP)
(Fujiˇlm BAS-IP MS 2025 and Fujiˇlm BAS-IP SR 2025 (20 × 25 cm)). „²¨´  ¢μ²´Ò ‘ˆ Å

1,397 
A; · ¸¸ÉμÖ´¨¥ μ¡· §¥ÍÄ¤¥É¥±Éμ· Å 270 ³³; Ô±¸¶μ§¨Í¨Ö Å152 ³� ·³¨´. ‚¥·É¨± ²Ó´Ò° ¶·Ö-

³μÊ£μ²Ó´¨± μ¡μ§´ Î ¥É μ¡² ¸ÉÓ ¤¨Ë· ±Éμ£· ³³Ò, ±μÉμ· Ö ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶·¨ ¶μ¸É·μ¥´¨¨ ¶·μË¨²Ö
¨´É¥´¸¨¢´μ¸É¨. ¡) �·μË¨²Ó ¤¨Ë· ±Éμ£· ³³Ò ³¥¤¨, ¶·¨¢¥¤¥´´μ° ´  ·¨¸. 5, a. ƒμ·¨§μ´É ²Ó´ Ö ²¨´¨Ö

¨¸¶μ²Ó§μ¢ ² ¸Ó ¶·¨ μÍ¥´±¥ Ï¨·¨´Ò ¶¨± 
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�¨¸. 6. „¨Ë· ±Éμ£· ³³  ±μ·Ê´¤  ¶·¨ · ¸¸¥Ö´¨¨
®¢¶¥·¥¤¯. „¥É¥±Éμ· Å Image Plate (IP); · §³¥·

¶ÊÎ±  ´  μ¡· §Í¥ Å 1 × 1 ³³; ¤²¨´  ¢μ²´Ò
‘ˆ Å 1,30 
A; Ô±¸¶μ§¨Í¨Ö Å 640 ³� ·³¨´; · ¸-

¸ÉμÖ´¨¥ μ¡· §¥ÍÄ¤¥É¥±Éμ· Å 225 ³³

�¨¸. 7. „¨Ë· ±Éμ£· ³³  ±μ·Ê´¤  ¶·¨ · ¸¸¥Ö-
´¨¨ ®´ § ¤¯. „¥É¥±Éμ· Å Image Plate (IP); · §-

³¥· ¶ÊÎ±  ´  μ¡· §Í¥ Å 1×1 ³³; ¤²¨´  ¢μ²´Ò

‘ˆ Å 1,30 
A; Ô±¸¶μ§¨Í¨Ö Å 980 ³� ·³¨´; · ¸-
¸ÉμÖ´¨¥ μ¡· §¥ÍÄ¤¥É¥±Éμ· Å 180 ³³

�¨¸. 8. „¨Ë· ±Éμ£· ³³  ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ ¶·¨

· ¸¸¥Ö´¨¨ ®´ § ¤¯. „¥É¥±Éμ· Å Image Plate; · §-
³¥· ¶ÊÎ±  ´  μ¡· §Í¥ Å 2 × 2 ³³; ¤²¨´  ¢μ²´Ò

‘ˆ Å 1,29 
A; Ô±¸¶μ§¨Í¨Ö Å 580 ³� ·³¨´; · ¸-

¸ÉμÖ´¨¥ μ¡· §¥ÍÄ¤¥É¥±Éμ· Å 130 ³³

´μ¸É¨ ¤¨Ë· ±Éμ£· ³³Ò ³¥¤¨, ¶·¥¤¸É ¢²¥´´μ° ´  ·¨¸. 5,  . �·μË¨²Ó ¶μ¸É·μ¥´ ¸ ¶μ³μÐÓÕ
¶·μ£· ³³Ò FIT2D [7]. „¨Ë· ±Éμ£· ³³Ò ·¨¸. 5 ´μ¸ÖÉ ± Î¥¸É¢¥´´Ò° Ì · ±É¥·. �´¨ Ö·±μ
¨²²Õ¸É·¨·ÊÕÉ μ¸μ¡¥´´μ¸ÉÓ  ¶¶ · É´μ° ËÊ´±Í¨¨ ¸¶¥±É·μ³¥É· , § ±²ÕÎ ÕÐÊÕ¸Ö ¢ ¸¨²Ó-
´μ³ ÊÏ¨·¥´¨¨ ¤¨Ë· ±Í¨μ´´ÒÌ ²¨´¨° ¶·¨ ¶·¨¡²¨¦¥´¨¨ Ê£²  · ¸¸¥Ö´¨Ö 2θ ± 180◦.

�  ·¨¸. 6, 7 ¶·¨¢¥¤¥´Ò ¤¨Ë· ±Éμ£· ³³Ò ±μ·Ê´¤μ¢μ£μ ¸É ´¤ ·É  ¨ μ¡· §Í  ´¥·¦ ¢¥Õ-
Ð¥° ¸É ²¨. �μ¸ÉμÖ´´Ò¥ ·¥Ï¥Éμ± ¨ ´ ¡μ·Ò ³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ´¨° ¤²Ö ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ¨´¤¥±¸μ¢ Œ¨²²¥·  ¢ ¶·¥¤¥² Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶μ£·¥Ï´μ¸É¥° ¸μ£² ¸ÊÕÉ¸Ö ¸
¡¨¡²¨μÉ¥±μ° ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ ICDD (International Centre for Diffraction Data) [8].

� · ³¥É·Ò ±μ²¥Í μ¡· §Í  ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ (·¨¸. 8) ¶μ§¢μ²¨²¨ · ¸¸Î¨É ÉÓ ³¥¦-
¶²μ¸±μ¸É´Ò¥ · ¸¸ÉμÖ´¨Ö: d1 = 0,665 
A c hkl = 432 ¨ d2 = 0,703 
A c hkl = 431. �μ¸Éμ-
Ö´´ Ö £· ´¥Í¥´É·¨·μ¢ ´´μ° ·¥Ï¥É±¨ ±Ê¡¨Î¥¸±μ° ¸¨´£μ´¨¨ μÍ¥´¥´  ± ± a = 3,58 
A [9].

‡�Š‹�—…�ˆ…

�·¥¤¸É ¢²¥´´Ò¥ ³ É¥·¨ ²Ò ¶μ¤É¢¥·¦¤ ÕÉ £μÉμ¢´μ¸ÉÓ ¸É ´Í¨¨ EXAFS-D ± ¢Ò¶μ²´¥-
´¨Õ § ± §μ¢ ¶μ²Ó§μ¢ É¥²¥° ¢ ¨¸¸²¥¤μ¢ ´¨ÖÌ ¢ ¤¨Ë· ±Í¨μ´´μ° ³μ¤¥ ®¶·Ö³μ£μ¯ · ¸¸¥Ö-
´¨Ö, ÎÉμ ´¥μ¡Ìμ¤¨³μ ¤²Ö ·¥´É£¥´μ¸É·Ê±ÉÊ·´μ£μ Ë §μ¢μ£μ  ´ ²¨§ . �  ¸É ´Í¨¨ ·¥ ²¨§μ-
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¢ ´  · §· ¡μÉ ´´ Ö  ¢Éμ· ³¨ ³¥Éμ¤¨±  ¤¨Ë· ±Í¨μ´´μ£μ ®μ¡· É´μ£μ¯ · ¸¸¥Ö´¨Ö, ±μÉμ· Ö
³μ¦¥É ´ °É¨ ¶·¨³¥´¥´¨¥ ¢ ¨¸¸²¥¤μ¢ ´¨ÖÌ ³ É¥·¨ ²μ¢, ¶μ¤¢¥·¦¥´´ÒÌ · §²¨Î´Ò³ ¢μ§¤¥°-
¸É¢¨Ö³ Å É¥³¶¥· ÉÊ·Ò, μ¡²ÊÎ¥´¨Ö, ²¥£¨·μ¢ ´¨Ö, μ¸É ÉμÎ´ÒÌ ´ ¶·Ö¦¥´¨°. ‚ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö  ¢Éμ·Ò ¸ ¶μ³μÐÓÕ ÔÉμ° ³¥Éμ¤¨±¨ ¶·μ¢μ¤ÖÉ ¨§ÊÎ¥´¨¥ ¶μ¢¥¤¥´¨Ö ³ É¥·¨ ²μ¢ ¢ ¶·μ-
Í¥¸¸¥ ³¥Ì ´¨Î¥¸±μ° ´ £·Ê§±¨ ¶μ¤ ¶ÊÎ±μ³ ‘ˆ.

�² £μ¤ ·´μ¸É¨. ˆ§³¥·¥´¨Ö ¶·μ¢¥¤¥´Ò ´  μ¡μ·Ê¤μ¢ ´¨¨ �ˆ– ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨-
ÉÊÉ¯, Î ¸É¨Î´μ Ë¨´ ´¸¨·Ê¥³μ³ §  ¸Î¥É ¸·¥¤¸É¢ ‘μ£² Ï¥´¨Ö μ ¶·¥¤μ¸É ¢²¥´¨¨ ¸Ê¡¸¨¤¨¨
μÉ 15  ¢£Ê¸É  2014 £. º14.619.21.0002 (Ê´¨± ²Ó´Ò° ¨¤¥´É¨Ë¨± Éμ· RFMEFI61914X0002)
³¥¦¤Ê Œ¨´¨¸É¥·¸É¢μ³ μ¡· §μ¢ ´¨Ö ¨ ´ Ê±¨ �μ¸¸¨°¸±μ° ”¥¤¥· Í¨¨ ¨ �ˆ– ®ŠÊ·Î Éμ¢-
¸±¨° ¨´¸É¨ÉÊÉ¯.
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