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‚¨§Ê ²¨§ Í¨Ö ¨  ´ ²¨§ ´¥°É·μ´´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ
real-time ¤ ´´ÒÌ

„²Ö ¶·¥¤¢ ·¨É¥²Ó´μ£μ  ´ ²¨§  ¨ ³ É¥³ É¨Î¥¸±μ° μ¡· ¡μÉ±¨ ¡μ²ÓÏ¨Ì ³ ¸¸¨-
¢μ¢ ´¥°É·μ´´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ ¥³ÒÌ ¶·¨ ¨§ÊÎ¥´¨¨ ¶¥·¥Ìμ¤´ÒÌ
¶·μÍ¥¸¸μ¢ ¢ ±·¨¸É ²² Ì, ¸μ§¤ ´μ ´¥μ¡Ìμ¤¨³μ¥ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥. �´μ
¢±²ÕÎ ¥É ¶·μ£· ³³Ò ¢¨§Ê ²¨§ Í¨¨ 2D ³ ¸¸¨¢μ¢ ¨´Ëμ·³ Í¨¨, ¶μ²ÊÎ ¥³μ° ´ 
´¥°É·μ´´ÒÌ TOF-¤¨Ë· ±Éμ³¥É· Ì ¸ · §¢¥·É±μ° ¸¶¥±É·μ¢ ¶μ ¢·¥³¥´¨ ¶·μ²¥É , ¨
¶·μ£· ³³´Ò° ¶ ±¥É, ¶μ§¢μ²ÖÕÐ¨° ¶·μ¢¥¸É¨  ´ ²¨§ ¨§³¥´¥´¨°  Éμ³´μ° ¸É·Ê±-
ÉÊ·Ò μ¡· §Í  ¶·¨ ¶¥·¥Ìμ¤´μ³ ¶·μÍ¥¸¸¥ ¢  ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥. �¥§Ê²ÓÉ Éμ³
 ´ ²¨§  Ö¢²ÖÕÉ¸Ö § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ (¨²¨ ´¥¶μ¸·¥¤¸É¢¥´´μ μÉ ¢¥²¨Î¨´Ò
¢´¥Ï´¥£μ ¢μ§¤¥°¸É¢¨Ö) ¸É·Ê±ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨±, ¨³¥ÕÐ¨Ì¸Ö ¨²¨ ¢μ§´¨± Õ-
Ð¨Ì ¶·¨ Ë §μ¢ÒÌ ¶¥·¥Ìμ¤ Ì ±·¨¸É ²²μ£· Ë¨Î¥¸±¨Ì Ë §. 	·¨ ´¥μ¡Ìμ¤¨³μ¸É¨
¸ ¶μ³μÐÓÕ ¶·μ£· ³³´μ£μ ¶ ±¥É  ³μ¦´μ ¢¥¸É¨  ´ ²¨§ ¤ ´´ÒÌ, ¨§³¥·Ö¥³ÒÌ ¸
· §¢¥·É±μ° ¶μ Ê£²Ê · ¸¸¥Ö´¨Ö ´  ¤¨Ë· ±Éμ³¥É· Ì ¸ ³μ´μÌ·μ³ É¨Î¥¸±¨³ ¶ÊÎ±μ³
´¥°É·μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
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Zlokazov V.B. et al. P3-2014-94
Visualization and Analysis of Neutron Diffraction
Real-Time Data

For the preliminary analysis and ˇnal mathematical processing of large neu-
tron diffraction data arrays, obtained in studies of transitions processes in crystals,
necessary software has been created. It contains the program for visualization of
2D data, obtained at a TOF-diffractometer with time of 
ight scanning, and the
program package, which enables analysis of the atomic structure changes during
the transition process in an automatic mode. Results of the analysis are temporal
dependences of the structural crystal characteristics of crystal phases, which can be
presented as dependences on outer impact. If needed the package enables the analy-
sis of data, measured at a constant wavelength diffractometer with scanning along
scattering angle.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2014
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‚ ‹�” �ˆŸˆ ´  ¨³¶Ê²Ó¸´μ³ ·¥ ±Éμ·¥ ˆ��-2 ¤¨Ë· ±Í¨Ö ¨ ³ ²μÊ£²μ-
¢μ¥ · ¸¸¥Ö´¨¥ ´¥°É·μ´μ¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¨§ÊÎ¥´¨Ö ¶¥·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢ ¢
±μ´¤¥´¸¨·μ¢ ´´ÒÌ ¸·¥¤ Ì ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨ (real-time ¶·μÍ¥¸¸Ò) ¢ Ê¸²μ¢¨ÖÌ
in situ. ‚ ¸É ´¤ ·É´μ° ¶μ¸É ´μ¢±¥ É ±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¨¸¸²¥¤Ê¥³Ò° μ¡· -
§¥Í ¶μ¤¢¥·£ ¥É¸Ö ¢´¥Ï´¥³Ê ¢μ§¤¥°¸É¢¨Õ, § ¢¨¸ÖÐ¥³Ê μÉ ¢·¥³¥´¨ ´¥¶·¥·Ò¢´μ
¨²¨ ¸± Î±μμ¡· §´μ, ¨ §  μ¶·¥¤¥²¥´´Ò¥ ¶·μ³¥¦ÊÉ±¨ ¢·¥³¥´¨ ts ¨§³¥·ÖÕÉ¸Ö
¸¶¥±É·Ò · ¸¸¥Ö´¨Ö. 	·¨ ´¥¶·¥·Ò¢´μ³ ¸± ´¨·μ¢ ´¨¨ (´ ¶·¨³¥·, ¶μ É¥³¶¥-
· ÉÊ·¥) ¤²¨É¥²Ó´μ¸ÉÓ ¢·¥³¥´¨ ¨§³¥·¥´¨Ö ¢Ò¡¨· ¥É¸Ö ¤μ¸É ÉμÎ´μ° ¤²Ö ´ ¡μ· 
´¥μ¡Ìμ¤¨³μ° ¸É É¨¸É¨±¨, ´μ, ¸ ¤·Ê£μ° ¸Éμ·μ´Ò, ¤μ²¦´μ ¢Ò¶μ²´ÖÉÓ¸Ö Ê¸²μ¢¨¥
ts � τ , £¤¥ τ Å Ì · ±É¥·´μ¥ ¢·¥³Ö ¶·μÍ¥¸¸ . …¸²¨ ¶¥·¥Ìμ¤´Ò° ¶·μÍ¥¸¸ Ì -
· ±É¥·¨§Ê¥É¸Ö Ô±¸¶μ´¥´Í¨ ²Ó´Ò³ É¨¶μ³ ¨§³¥´¥´¨Ö ¶ · ³¥É·μ¢, Éμ §  ¢·¥³Ö τ
¶ · ³¥É· ¨§³¥´Ö¥É¸Ö ´  0,63 μÉ ¥£μ ¢¥²¨Î¨´Ò ¢ ±μ´Í¥ ¶·μÍ¥¸¸  (·¨¸. 1).

�Í¥´±Ê ³¨´¨³ ²Ó´μ° ¢¥²¨Î¨´Ò ts ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ ¸μμÉ´μÏ¥´¨Ö ¤²Ö
¸±μ·μ¸É¨ ¸Î¥É  ´  ¸¶¥±É·μ³¥É·¥ J0 = Φ0 ·S ·δ ·Ωd/4π [´¥°É·μ´μ¢/¸], £¤¥ Φ0 Å
¶μÉμ± ´¥°É·μ´μ¢ ´  μ¡· §Í¥; S Å ¤μ¸ÉÊ¶´ Ö ¶²μÐ ¤Ó μ¡· §Í ; δ Å ¥£μ · ¸-
¸¥¨¢ ÕÐ Ö ¸¶μ¸μ¡´μ¸ÉÓ (± ± ¶· ¢¨²μ, ¢Ò¡¨· ¥É¸Ö δ ≈ 0,1); Ωd/4π Å ¤μ²Ö
¶μ²´μ£μ É¥²¥¸´μ£μ Ê£² , μÌ¢ ÉÒ¢ ¥³μ£μ ¤¥É¥±Éμ·μ³. ‘μ¢·¥³¥´´Ò¥ ´¥°É·μ´´Ò¥

�¨¸. 1. ‘Ì¥³ É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·  ¶¥·¥Ìμ¤´μ£μ ¶·μÍ¥¸¸  p μÉ ¢·¥³¥´¨.
�±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  ¶μ§¢μ²Ö¥É ¨§³¥·ÖÉÓ §´ Î¥´¨¥ p §  ¢·¥³Ö ts. …¸²¨ ¢Ò-
¶μ²´Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥ τ � ts, Éμ ¶·μÍ¥¸¸ ³μ¦´μ ¶·μ¸²¥¤¨ÉÓ ¸ ¤μ¸É ÉμÎ´μ° ¸É¥¶¥´ÓÕ
¶μ¤·μ¡´μ¸É¨
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¤¨Ë· ±Éμ³¥É·Ò ¸¶μ¸μ¡´Ò μ¡¥¸¶¥Î¨ÉÓ J0 ∼ 105 ´¥°É·μ´μ¢/¸ ¨ ¡μ²ÓÏ¥, ÎÉμ ¶μ-
§¢μ²Ö¥É ¨§ÊÎ ÉÓ ¶¥·¥¸É·μ°±Ê  Éμ³´μ° ¸É·Ê±ÉÊ·Ò ±·¨¸É ²²  ¶·¨ ¶¥·¥Ìμ¤´ÒÌ
¶·μÍ¥¸¸ Ì ¸ Ì · ±É¥·´Ò³¨ ¢·¥³¥´ ³¨ ´  Ê·μ¢´¥ 10 ³¨´ ¨ ³¥´ÓÏ¥. �¡§μ·
· ´´¨Ì real-time ¨¸¸²¥¤μ¢ ´¨°, ¢Ò¶μ²´¥´´ÒÌ ´  ·¥ ±Éμ·¥ ˆ��-2 ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ³¥Éμ¤  ¢·¥³¥´¨ ¶·μ²¥É  (´  TOF-¤¨Ë· ±Éμ³¥É·¥) ¥Ð¥ ¢ 1980-¥ ££.,
¶·¨¢¥¤¥´ ¢ · ¡μÉ Ì [1, 2], £¤¥ ¤ ´Ò ¶·¨³¥·Ò Ô±¸¶¥·¨³¥´Éμ¢, ¢ ±μÉμ·ÒÌ ¢¥²¨-
Î¨´Ò ts ¸μ¸É ¢²Ö²¨ μÉ 2 ¸ ¤μ 5 ³¨´. �  ¢Ò¸μ±μ¶μÉμÎ´ÒÌ ¸É Í¨μ´ ·´ÒÌ ·¥ ±-
Éμ· Ì, ´  ¤¨Ë· ±Éμ³¥É· Ì ¸ ³μ´μÌ·μ³ É¨Î¥¸±¨³ ¶ÊÎ±μ³ ´¥°É·μ´μ¢ ³μ¦´μ
¤μ¸É¨£ ÉÓ ¶·¨³¥·´μ É ±¨Ì ¦¥ ¶ · ³¥É·μ¢. ’ ±, ´  Ê¸É ´μ¢±¥ D20 ´  ·¥ ±Éμ·¥
¢ ILL, Ö¢²ÖÕÐ¥°¸Ö μ¤´μ° ¨§ ´ ¨¡μ²¥¥ ¸¢¥Éμ¸¨²Ó´ÒÌ ´¥°É·μ´´ÒÌ ¤¨Ë· ±-
Éμ³¥É·μ¢ ¸ ³μ´μÌ·μ³ É¨Î¥¸±¨³ ¶ÊÎ±μ³ (λ0-¤¨Ë· ±Éμ³¥É·), É¨¶¨Î´μ¥ ¢·¥³Ö
´ ¡μ·  ¸É É¨¸É¨±¨ ¸μ¸É ¢²Ö¥É ´¥¸±μ²Ó±μ ³¨´ÊÉ,   ¢ ´¥±μÉμ·ÒÌ μ¸μ¡ÒÌ ¸²Ê-
Î ÖÌ ¥£μ Ê¤ ¥É¸Ö Ê³¥´ÓÏ ÉÓ ¤μ 0,5 ¸ [3]. �¡Ð¥¥ ±μ²¨Î¥¸É¢μ ¤¨Ë· ±Í¨μ´´ÒÌ
¸¶¥±É·μ¢, ´ ± ¶²¨¢ ¥³ÒÌ ¢ É ±¨Ì Ô±¸¶¥·¨³¥´É Ì, ¸μ¸É ¢²Ö¥É, ± ± ¶· ¢¨²μ, μÉ
´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ ¤μ ´¥¸±μ²Ó±¨Ì ¸μÉ¥´.

„·Ê£¨³ É¨¶μ³ real-time Ô±¸¶¥·¨³¥´Éμ¢, ¢ ±μÉμ·ÒÌ É ±¦¥ ´ ± ¶²¨¢ ¥É¸Ö
¡μ²ÓÏμ¥ Î¨¸²μ ¸¶¥±É·μ¢, Ö¢²ÖÕÉ¸Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶μ¢¥¤¥´¨Ö ³ É¥·¨ ²μ¢ ¶·¨
³¥¤²¥´´μ ³¥´ÖÕÐ¨Ì¸Ö Ê¸²μ¢¨ÖÌ, ¶·¨Î¥³ § Î ¸ÉÊÕ ¶·μÍ¥¸¸ ³´μ£μ±· É´μ ¶μ-
¢Éμ·Ö¥É¸Ö. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¢·¥³Ö ts ¢ μ¸´μ¢´μ³ μ¶·¥¤¥²Ö¥É¸Ö ¨§ Ê¸²μ¢¨Ö
´¥μ¡Ìμ¤¨³μ° ¶μ¤·μ¡´μ¸É¨ ¸²¥¦¥´¨Ö §  ¶μ¢¥¤¥´¨¥³ ³ É¥·¨ ²  ¨ ¸μ¸É ¢²Ö¥É
´¥¸±μ²Ó±μ ³¨´ÊÉ. ’¨¶¨Î´Ò³¨ ¶·μÍ¥¸¸ ³¨ É ±μ£μ É¨¶  Ö¢²ÖÕÉ¸Ö ¨§³¥´¥´¨Ö
¸É·Ê±ÉÊ·Ò Ô²¥±É·μ¤μ¢ ¨¸ÉμÎ´¨±μ¢ Éμ± , ¶·μ¨¸Ìμ¤ÖÐ¨¥ ¶·¨ Ô²¥±É·μÌ¨³¨Î¥-
¸±¨Ì ·¥ ±Í¨ÖÌ. � ¶·¨³¥·, ¶·μÍ¥¸¸ § ·Ö¤ -· §·Ö¤  ¸É ´¤ ·É´μ£μ ²¨É¨¥¢μ£μ
 ±±Ê³Ê²ÖÉμ·  ¤²Ö ³μ¡¨²Ó´ÒÌ É¥²¥Ëμ´μ¢ ¥³±μ¸ÉÓÕ 2000 ³� · Î, ¢Ò¶μ²´¥´´μ£μ
¸ Ô²¥±É·μ¤ ³¨ ¨§ ±μ¡ ²ÓÉ É  ²¨É¨Ö ¨ £· Ë¨É , ³μ¦¥É § ´¨³ ÉÓ μ±μ²μ 8 Î.
‚ Ìμ¤¥ ÔÉμ£μ ¶·μÍ¥¸¸  Ô²¥±É·μ¤Ò ¶·¥É¥·¶¥¢ ÕÉ ´¥¸±μ²Ó±μ ¸É·Ê±ÉÊ·´ÒÌ Ë -
§μ¢ÒÌ ¶¥·¥Ìμ¤μ¢, ¤¥É ²Ó´Ò°  ´ ²¨§ ±μÉμ·ÒÌ ¢μ§³μ¦¥´, ¥¸²¨ ts ≈ 5 ³¨´,
É. ¥. §  μ¤¨´ Í¨±² § ·Ö¤ -· §·Ö¤  ´¥μ¡Ìμ¤¨³μ ¨§³¥·¨ÉÓ 96 ¤¨Ë· ±Í¨μ´´ÒÌ
¸¶¥±É·μ¢.

� ±μ´¥Í, ¢ ´¥±μÉμ·ÒÌ (¶μ±  ¥Ð¥ Ê´¨± ²Ó´ÒÌ) ¸²ÊÎ ÖÌ ´ ±μ¶²¥´¨¥ ¸¶¥±-
É·μ¢ ´  ·¥ ±Éμ·¥ ˆ��-2 ¢¥¤¥É¸Ö ¢ É¥Î¥´¨¥ ¶·μ¤μ²¦¨É¥²Ó´μ£μ ¢·¥³¥´¨ (¤μ 1 ´¥-
¤¥²¨) ¢ ·¥¦¨³¥ ´μ´-¸Éμ¶ ¸ § ¶¨¸ÓÕ ¨´Ëμ·³ Í¨¨ μÉ ± ¦¤μ£μ ¨³¶Ê²Ó¸  ³μÐ-
´μ¸É¨, É. ¥. 5 · § ¢ ¸¥±Ê´¤Ê. � ¶·¨³¥·, ¢ · ¡μÉ¥ [4] ¶·¨¢¥¤¥´μ μ¶¨¸ ´¨¥
Ô±¸¶¥·¨³¥´Éμ¢, ¢ ±μÉμ·ÒÌ ¨§³¥·Ö²μ¸Ó ¤μ 20 · 106 ¸¶¥±É·μ¢. �Î¥¢¨¤´μ, ÎÉμ
¸Éμ²Ó ¡μ²ÓÏ¨¥ μ¡Ñ¥³Ò ¤ ´´ÒÌ, ´ ± ¶²¨¢ ¥³ÒÌ ´  ¸μ¢·¥³¥´´ÒÌ ´¥°É·μ´´ÒÌ
¸¶¥±É·μ³¥É· Ì, É·¥¡ÊÕÉ ¸¶¥Í¨ ²Ó´ÒÌ ¶·μ£· ³³ ¤²Ö ¨Ì ¢¨§Ê ²¨§ Í¨¨ ¨ ¤ ²Ó-
´¥°Ï¨Ì μ¶¥· Í¨° ¸ ´¨³¨.

‚ ²Õ¡ÒÌ real-time Ô±¸¶¥·¨³¥´É Ì ¨Ì ¶·μ³¥¦ÊÉμÎ´Ò³ ·¥§Ê²ÓÉ Éμ³ Ö¢-
²Ö¥É¸Ö ´¥±μÉμ· Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ Ë °²μ¢, ¶μ¤²¥¦ Ð Ö ¤ ²Ó´¥°Ï¥³Ê  ´ -
²¨§Ê ¸´ Î ²  ´  Ê·μ¢´¥ ¢¨§Ê ²¨§ Í¨¨, § É¥³ ¸ ¶·¨³¥´¥´¨¥³ ³ É¥³ É¨Î¥¸±μ°
μ¡· ¡μÉ±¨. � ¶·¨³¥·, ±μ´¥Î´Ò° ÔÉ ¶  ´ ²¨§  ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢ Ìμ¤¥ Ë -
§μ¢ÒÌ ¶·¥¢· Ð¥´¨° ¶μ²¨±·¨¸É ²²¨Î¥¸±μ£μ μ¡· §Í , ¤μ²¦¥´ ¢±²ÕÎ ÉÓ ¨¸¶μ²Ó-
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§μ¢ ´¨¥ ³¥Éμ¤  �¨É¢¥²Ó¤  ¤²Ö μ¶·¥¤¥²¥´¨Ö ¥£μ ¸É·Ê±ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨±.
�Î¥¢¨¤´μ, ÎÉμ Ê¸²μ¢¨Ö³¨ ¶·¨³¥´¨³μ¸É¨ ³¥Éμ¤  �¨É¢¥²Ó¤  Ö¢²Ö¥É¸Ö §´ ´¨¥
´ Î ²Ó´μ£μ ¸É·Ê±ÉÊ·´μ£μ ¸μ¸ÉμÖ´¨Ö ¨ ¢Ò¶μ²´¥´¨¥ ¸μμÉ´μÏ¥´¨Ö ts � τ , É ±
± ± Éμ²Ó±μ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¸É·Ê±ÉÊ·´ Ö ¨´Ëμ·³ Í¨Ö, ¶μ²ÊÎ¥´´ Ö ´  i-³ Ï £¥
 ´ ²¨§ , ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ± ± ¨¸Ìμ¤´ Ö ¤²Ö ¸²¥¤ÊÕÐ¥£μ (i + 1)-£μ Ï £a.
‚ ¸²ÊÎ ¥ ¤¨Ë· ±Í¨¨ ¶·μ£· ³³´Ò°  ´ ²¨§ ± ¦¤μ£μ i-£μ ÔÉ ¶  ¸É·Ê±ÉÊ·´μ°
Ô¢μ²ÕÍ¨¨ ¨¸¸²¥¤Ê¥³μ£μ μ¡· §Í  ¢±²ÕÎ ¥É ¶μ¨¸± ¶¨±μ¢ ¢ ¸¶¥±É·¥, ¨Ì ¨´¤¥±¸ -
Í¨Õ, μ¶·¥¤¥²¥´¨¥ ¶μ²μ¦¥´¨° ¨ ¶²μÐ ¤¥° ¨ ÊÉμÎ´¥´¨¥ É¥±ÊÐ¥£μ ¸É·Ê±ÉÊ·´μ£μ
¸μ¸ÉμÖ´¨Ö μ¡· §Í  ¶μ ³¥Éμ¤Ê �¨É¢¥²Ó¤ .

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ (¶ ±¥ÉÒ
MAPS ¨ SPEVA), ±μÉμ·μ¥ ¶μ§¢μ²Ö¥É ¶·μ¢¥¸É¨ ¶¥·¥Î¨¸²¥´´Ò¥ ¤¥°¸É¢¨Ö ¢
¶μÎÉ¨  ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥. “¸¶¥Ï´ Ö ·¥ ²¨§ Í¨Ö  ¢Éμ³ É¨Î¥¸±μ£μ ·¥-
¦¨³  ¢μ ³´μ£μ³ § ¢¨¸¨É μÉ ´ ²¨Î¨Ö ¶·¥¤¢ ·¨É¥²Ó´μ° ¨´Ëμ·³ Í¨¨ μ¡  Éμ³-
´μ° ¸É·Ê±ÉÊ·¥ μ¡· §Í . ‚ Î ¸É´μ¸É¨, ¶μ³¨³μ ¸É·Ê±ÉÊ·Ò ¨¸Ìμ¤´μ£μ ¸μ¸ÉμÖ´¨Ö
¶·¥¤¶μ² £ ÕÉ¸Ö ¨§¢¥¸É´Ò³¨ Ë §Ò, ¶μÖ¢²¥´¨¥ ±μÉμ·ÒÌ ¢μ§³μ¦´μ ¢ Ìμ¤¥ ¸É·Ê±-
ÉÊ·´μ° Ô¢μ²ÕÍ¨¨. �¥§Ê²ÓÉ Éμ³  ´ ²¨§  Ö¢²ÖÕÉ¸Ö § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ (¨²¨
´¥¶μ¸·¥¤¸É¢¥´´μ μÉ ¢¥²¨Î¨´Ò ¢´¥Ï´¥£μ ¢μ§¤¥°¸É¢¨Ö) ¸É·Ê±ÉÊ·´ÒÌ Ì · ±É¥·¨-
¸É¨± Ë § Å ¨Ì μÉ´μ¸¨É¥²Ó´μ£μ ±μ²¨Î¥¸É¢ , ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥±,
±μμ·¤¨´ É  Éμ³μ¢, Ë ±Éμ·μ¢ § ¶μ²´¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ ¶μ§¨Í¨° ¨ É. ¤. �¡  ¶ -
±¥É   ¤ ¶É¨·μ¢ ´Ò ±  ´ ²¨§Ê ¤ ´´ÒÌ, ¶μ²ÊÎ ¥³ÒÌ ´  TOF-¤¨Ë· ±Éμ³¥É· Ì
¸ · §¢¥·É±μ° ¸¶¥±É·μ¢ ¶μ ¢·¥³¥´¨ ¶·μ²¥É . �¤´ ±μ ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ ¸
¨Ì ¶μ³μÐÓÕ ³μ¦´μ ¢¥¸É¨  ´ ²¨§ ¤ ´´ÒÌ, ¨§³¥·Ö¥³ÒÌ ´  ¤¨Ë· ±Éμ³¥É· Ì ¸
³μ´μÌ·μ³ É¨Î¥¸±¨³ ¶ÊÎ±μ³, É. ¥. ±μ£¤  · §¢¥·É±  ¢¥¤¥É¸Ö ¶μ Ê£²Ê · ¸¸¥Ö´¨Ö.

1. ���‹ˆ‡ „ˆ”��Š–ˆ���›• REAL-TIME „���›•

	·¥¤¢ ·¨É¥²Ó´Ò° ÔÉ ¶  ´ ²¨§  ¡μ²ÓÏ¨Ì ³ ¸¸¨¢μ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´-
Ëμ·³ Í¨¨ ¸μ¸Éμ¨É ¢ ¨Ì ¢¨§Ê ²Ó´μ³ ±μ´É·μ²¥ ¨ Ë¨±¸¨·μ¢ ´¨¨ ´¥±μÉμ·ÒÌ
Ì · ±É¥·´ÒÌ μ¸μ¡¥´´μ¸É¥°. „²Ö ÔÉμ£μ ¡Ò²  · §· ¡μÉ ´  ¸¶¥Í¨ ²¨§¨·μ¢ ´-
´ Ö ¶·μ£· ³³  MAPS, μ¶Í¨¨ ±μÉμ·μ° ¢±²ÕÎ ÕÉ ¢¨§Ê ²¨§ Í¨Õ ¢¸¥£μ ¨²¨ Î -
¸É¨ ³ ¸¸¨¢  ¨§³¥·¥´´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢ (·¨¸. 2), ´μ·³¨·μ¢±Ê ¤ ´-
´ÒÌ ´  ÔËË¥±É¨¢´Ò° ¶μÉμ± ´¥°É·μ´μ¢ μÉ ¨¸ÉμÎ´¨± , ¸Ê³³¨·μ¢ ´¨¥ ¸μ¸¥¤´¨Ì
¸¶¥±É·μ¢ ¢ § ¤ ´´μ³ ¨´É¥·¢ ²¥ ´μ³¥·μ¢, ¸Ê³³¨·μ¢ ´¨¥ ¶μ¢Éμ·ÖÕÐ¨Ì¸Ö Í¨-
±²μ¢, ¨´¤¨± Í¨Õ ³¥¦¶²μ¸±μ¸É´μ£μ · ¸¸ÉμÖ´¨Ö ¨ ¨´É¥´¸¨¢´μ¸É¨ ¤¨Ë· ±Í¨μ´-
´ÒÌ ³ ±¸¨³Ê³μ¢, Ô±¸¶μ·É ¤ ´´ÒÌ ¢ § ¤ ´´ÒÌ Ëμ·³ É Ì.

ˆ´É¥´¸¨¢´μ¸ÉÓ ´¥°É·μ´μ¢, · ¸¸¥Ö´´ÒÌ ´  ¶μ²¨±·¨¸É ²²¨Î¥¸±μ³, ¢ μ¡Ð¥³
¸²ÊÎ ¥ ³´μ£μË §´μ³, μ¡· §Í¥, ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ± ±

Ii(x) =
∑

k

AikSk(x, Pik) + Bi(x), (1)

£¤¥ ¨´É¥´¸¨¢´μ¸ÉÓ Ii μÉ´μ¸¨É¸Ö ± ¨´É¥·¢ ²Ê ¢·¥³¥´¨ ti; k Å ´μ³¥· ¢±²ÕÎ¥´-
´μ° ¢  ´ ²¨§ Ë §Ò; Aik Å ±μÔËË¨Í¨¥´ÉÒ, Ì · ±É¥·¨§ÊÕÐ¨¥ ¢±² ¤ k-° Ë §Ò
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�¨¸. 2 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). 	·¨³¥· ¨§μ¡· ¦¥´¨Ö 2D ³ ¸¸¨¢  real-time
¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ ¶·μ£· ³³μ° MAPS, ¶μ²ÊÎ¥´´μ£μ ¢ Ìμ¤¥ ¶·μÍ¥¸¸μ¢ § ·Ö¤ -

· §·Ö¤  Li- ±±Ê³Ê²ÖÉμ·  ´  ¤¨Ë· ±Éμ³¥É·¥ ”„‚� (·¥ ±Éμ· ˆ��-2). ƒμ·¨§μ´É ²Ó´ Ö

μ¸Ó ¸μμÉ¢¥É¸É¢Ê¥É ¢·¥³¥´¨ ¶·μ²¥É  ´¥°É·μ´μ¢ (³¥¦¶²μ¸±μ¸É´μ³Ê · ¸¸ÉμÖ´¨Õ), ¢¥·É¨-
± ²Ó´ Ö μ¸Ó Å  ¸É·μ´μ³¨Î¥¸±μ³Ê ¢·¥³¥´¨ (¸¢¥·ÌÊ ¢´¨§). Œ ¸¸¨¢ ¢±²ÕÎ ¥É 76 ¸¶¥±-

É·μ¢, ¤¨Ë· ±Í¨μ´´Ò¥ ¶¨±¨ ¢ ±μÉμ·ÒÌ ¨§³¥´ÖÕÉ¸Ö ¶μ ¶μ²μ¦¥´¨Õ ¨ ¨´É¥´¸¨¢´μ¸É¨

(£· ¤ Í¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¶μ Í¢¥ÉÊ, μÉ É¥³´μ-¸¨´¥£μ ¤μ Ö·±μ-±· ¸´μ£μ). ‘¶¥±É· ¢´¨§Ê
¸μμÉ¢¥É¸É¢Ê¥É É¥±ÊÐ¥³Ê ¶μ²μ¦¥´¨Õ ±Ê·¸μ· . ‘²¥¢  ¨ ¸¶· ¢  · ¸¶μ² £ ¥É¸Ö ¸²Ê¦¥¡´ Ö

¨´Ëμ·³ Í¨Ö

¢ ¨´É¥·¢ ²¥ ¢·¥³¥´¨ ti; Sk Å ¤¨Ë· ±Í¨μ´´Ò° ¸¶¥±É· k-° Ë §Ò, § ¢¨¸ÖÐ¨°
μÉ ¤¨¸±·¥É´μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶¥·¥³¥´´μ° x ¨ ´ ¡μ·  ¶ · ³¥É·μ¢ Pik ,
Ì · ±É¥·¨§ÊÕÐ¨Ì É¥±ÊÐ¥¥ ¸É·Ê±ÉÊ·´μ¥ ¸μ¸ÉμÖ´¨¥ μ¡· §Í . ”μ´μ¢ Ö ±μ³¶μ-
´¥´É  Bi(x) ³μ¦¥É ¡ÒÉÓ ¢±²ÕÎ¥´  ¢ · ¸¸³μÉ·¥´¨¥ ± ± μÉ¤¥²Ó´ Ö Ë §  ¨²¨
¢ÒÎÉ¥´  ¨§ ¶μ²´μ° ¨´É¥´¸¨¢´μ¸É¨ ¤μ  ´ ²¨§ .

�¡ÒÎ´μ ¢ ± Î¥¸É¢¥ ¶¥·¥³¥´´μ° x ¨¸¶μ²Ó§Ê¥É¸Ö ´μ³¥· ± ´ ²   ´ ²¨§ Éμ· 
¨²¨ ÖÎ¥°±¨ ¶ ³ÖÉ¨, μ¤´μ§´ Î´μ ¸¢Ö§ ´´Ò¥ ¸ Ë¨§¨Î¥¸±μ° ¶¥·¥³¥´´μ°, ¶μ ±μÉμ-
·μ° ¶·μ¢¥¤¥´μ ¸± ´¨·μ¢ ´¨¥ μ¡· É´μ£μ ¶·μ¸É· ´¸É¢  ±·¨¸É ²²  (¶¥·¥¤ ´´Ò°
¨³¶Ê²Ó¸, Ê£μ² · ¸¸¥Ö´¨Ö, ¢·¥³Ö ¶·μ²¥É ). ‚ Î ¸É´μ¸É¨, ¤²Ö TOF-¤¨Ë· ±Éμ-
³¥É·  ´μ³¥· ± ´ ²   ´ ²¨§ Éμ·  ¢·¥³¥´¨ ¶·μ²¥É  N ¸¢Ö§ ´ ¸ ¢¥²¨Î¨´μ° ³¥¦-
¶²μ¸±μ¸É´μ£μ · ¸¸ÉμÖ´¨Ö d ¢ ±·¨¸É ²²¥ ¸μμÉ´μÏ¥´¨¥³ N = 505,556Ld sin θ/
Δ + N0, £¤¥ L (¢ ³¥É· Ì) Å ¶μ²´μ¥ ¶·μ²¥É´μ¥ · ¸¸ÉμÖ´¨¥ μÉ ¨¸ÉμÎ´¨± 
¤μ ¤¥É¥±Éμ· ; Δ (¢ ³¨±·μ¸¥±Ê´¤ Ì) Å Ï¨·¨´  ± ´ ²   ´ ²¨§ Éμ· ; N0 Å
§ ¤¥·¦±  ¢·¥³¥´¨ § ¶Ê¸±   ´ ²¨§ Éμ·  μÉ´μ¸¨É¥²Ó´μ ¨³¶Ê²Ó¸  ´¥°É·μ´μ¢ μÉ
¨¸ÉμÎ´¨± ; d ¢Ò· ¦ ¥É¸Ö ¢  ´£¸É·¥³ Ì.

4



Šμ´¥Î´μ° § ¤ Î¥°  ´ ²¨§  ¢Ò· ¦¥´¨Ö (1) Ö¢²Ö¥É¸Ö μ¶·¥¤¥²¥´¨¥ ¤²Ö ¢¸¥Ì
¢·¥³¥´ ti ´ ¡μ·μ¢ ¶ · ³¥É·μ¢ Pik , ¨Ì ¸É É¨¸É¨Î¥¸±¨Ì μÏ¨¡μ± ¨ ´¥±μÉμ·ÒÌ
¢¥²¨Î¨´ (χ2, R-Ë ±Éμ·μ¢), Ì · ±É¥·¨§ÊÕÐ¨Ì ¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê Ô±¸¶¥·¨-
³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨ ¸É·Ê±ÉÊ·´μ° ³μ¤¥²ÓÕ ¨§ÊÎ ¥³μ£μ ³ É¥·¨ ² . �´ 
μÉ´μ¸¨É¸Ö ± ±² ¸¸Ê ´¥±μ··¥±É´ÒÌ ´¥²¨´¥°´ÒÌ § ¤ Î, ¸μμÉ¢¥É¸É¢¥´´μ, ¤²Ö ¥¥
·¥Ï¥´¨Ö ¤μ²¦´μ ¡ÒÉÓ § ¤ ´μ ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ ´ Î ²Ó´μ¥ ¶·¨¡²¨¦¥´¨¥ ¶μ
¢¥²¨Î¨´ ³ ¶ · ³¥É·μ¢ ¤²Ö ± ¦¤μ£μ ¨´É¥·¢ ²  ¢·¥³¥´¨ ti. 	μ¸±μ²Ó±Ê ¸É·Ê±-
ÉÊ·´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¨¸Ìμ¤´μ£μ ¸μ¸ÉμÖ´¨Ö μ¡· §Í  ¶·¥¤¶μ² £ ÕÉ¸Ö ¨§¢¥¸É-
´Ò³¨, ¶·¨ ¢Ò¶μ²´¥´¨¨ ¸μμÉ´μÏ¥´¨Ö ts � τ ¨ μÉ¸ÊÉ¸É¢¨¨ ·¥§±¨Ì ¸± Î±μ¢
¢ ¥£μ ¸É·Ê±ÉÊ·´μ° Ô¢μ²ÕÍ¨¨ ¶μ¸²¥¤μ¢ É¥²Ó´Ò°  ´ ²¨§ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨´-
Ëμ·³ Í¨¨, ¶μ²ÊÎ¥´´μ° ´  i-³ Ï £¥ ¤²Ö ¸²¥¤ÊÕÐ¥£μ (i + 1)-£μ Ï £a, ¶μ§¢μ²Ö¥É
·¥Ï¨ÉÓ ÔÉÊ § ¤ ÎÊ ¢ ¶·¨´Í¨¶¥.

‚ ¶ ±¥É¥ SPEVA  ²£μ·¨É³  ¢Éμ³ É¨Î¥¸±μ£μ  ´ ²¨§  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨
¸¶¥±É·μ¢ ÊÎ¨ÉÒ¢ ¥É ¨³¥ÕÐÊÕ¸Ö  ¶·¨μ·´ÊÕ ¨´Ëμ·³ Í¨Õ ¨ μ¸ÊÐ¥¸É¢²Ö¥É ´¥-
¸±μ²Ó±μ É¨¶μ¢ÒÌ μ¶¥· Í¨°:

Å  ¢Éμ¨´¤¥±¸ Í¨Õ [5], É. ¥. ¶μ¨¸± ¶¨±μ¢, ¶¥·¥¢μ¤ ¨Ì ¶μ²μ¦¥´¨° ¢ ³¥¦-
¶²μ¸±μ¸É´Ò¥ · ¸¸ÉμÖ´¨Ö (dhkl) ¨ μ¶·¥¤¥²¥´¨¥ ´ Î ²Ó´ÒÌ §´ Î¥´¨° ¶ · ³¥-
É·μ¢ Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥± § ¤ ´´ÒÌ Ë §;

Å μ¶·¥¤¥²¥´¨¥ ¶μ²μ¦¥´¨° ¨ ¨´É¥£· ²Ó´ÒÌ ¨´É¥´¸¨¢´μ¸É¥° ´ °¤¥´´ÒÌ
¶¨±μ¢ ¨ ¶μ²ÊÎ¥´¨¥ ´  ¨Ì μ¸´μ¢¥ ÊÉμÎ´¥´´ÒÌ §´ Î¥´¨° ´¥±μÉμ·ÒÌ ¶ · ³¥-
É·μ¢ ¶ÊÉ¥³ ³¨´¨³¨§ Í¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ËÊ´±Í¨μ´ ²  (ÔÉμÉ ·¥¦¨³ ¤ ²¥¥
μ¡μ§´ Î ¥É¸Ö ± ± UPEAK-mode);

Å μ¶¨¸ ´¨¥ ¢¸¥£μ ¶·μË¨²Ö ¸¶¥±É·  ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ Ì -
· ±É¥·¨¸É¨± μÉ¤¥²Ó´ÒÌ Ë § (´ ¡μ·  ¶ · ³¥É·μ¢ Pik) ¨ ±μÔËË¨Í¨¥´Éμ¢ Aik

(¤ ²¥¥ μ¡μ§´ Î ¥É¸Ö ± ± Rietveld-mode).
„ ²¥¥ · ¸¸³μÉ·¥´Ò ´¥±μÉμ·Ò¥ ¸¶¥Í¨Ë¨Î¥¸±¨¥ μ¸μ¡¥´´μ¸É¨ ¨¸¶μ²Ó§Ê¥³ÒÌ

 ²£μ·¨É³μ¢.
1.1. �μ¨¸± ¶¨±μ¢ ¢¥¤¥É¸Ö ¸ ¶μ³μÐÓÕ ³¥Éμ¤ , μ¸´μ¢ ´´μ£μ ´  ¶μ´Ö-

É¨¨ ±¢ §¨±·¨¢¨§´Ò qc ËÊ´±Í¨¨, μ¶¨¸Ò¢ ÕÐ¥° ¶·μË¨²Ó ¶¨±  y(x), ¶μ¤ ±μÉμ-
·μ° ¶μ´¨³ ¥É¸Ö ¶·¨¡²¨¦¥´´μ¥ §´ Î¥´¨¥ μÉ´μÏ¥´¨Ö 2-° ¨ 1-° ¶·μ¨§¢μ¤´ÒÌ
ËÊ´±Í¨¨ y(x): qc(x) = −y′′(x)/

√
1 + y′2(x) [6]. � ²¨Î¨¥ ¶¨±  ¢ ÉμÎ±¥ x

Ëμ·³ ²Ó´μ ¸¢Ö§Ò¢ ¥É¸Ö ¸μ ¸É É¨¸É¨Î¥¸±¨ §´ Î¨³Ò³ ²μ± ²Ó´Ò³ ³ ±¸¨³Ê³μ³
ËÊ´±Í¨¨ qc(x) ¢ ÉμÎ±¥ x. Š¢ §¨±·¨¢¨§´  qc(x)  ³¶²¨ÉÊ¤´μ ´¥§ ¢¨¸¨³ , μÉ
Î ¸ÉμÉÒ ÏÊ³  § ¢¨¸¨É Éμ²Ó±μ ²¨´¥°´μ, ¸μμÉ¢¥É¸É¢¥´´μ, ¶μ¤ ¢²Ö¥É ²¨´¥°´Ò°
Ëμ´ ¨ ¶·¨¤ ¥É ¶¨±Ê ¡μ²¥¥ ®¶¨±μμ¡· §´Ò°¯ ¢¨¤. �´  ¨³¥¥É ²μ± ²Ó´Ò¥ Ô±¸-
É·¥³Ê³Ò ¢ É¥Ì ¦¥ ¸ ³ÒÌ ÉμÎ± Ì, ÎÉμ ¨ ¨¸Ìμ¤´ Ö ËÊ´±Í¨Ö, ´μ ¨Ì Ï¨·¨´ 
§ ³¥É´μ ³¥´ÓÏ¥, Î¥³ Ê y(x), ¨, É ±¨³ μ¡· §μ³, ¶μ¨¸± ¶¨±μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
²¥£Î¥. ”μ´ Ëμ·³ ²Ó´μ μ¶·¥¤¥²Ö¥É¸Ö ± ± ´¨§±μÎ ¸ÉμÉ´ Ö ±μ³¶μ´¥´É  ¸¶¥±É· ,
Ö¢²ÖÕÐ Ö¸Ö μ£¨¡ ÕÐ¥° ¶¨±μ¢ ¸´¨§Ê. �²£μ·¨É³ ¸£² ¦¨¢ ´¨Ö Ëμ´  μ¸´μ¢ ´
´  ³¥Éμ¤¥ ¤¨¸±·¥É´μ° ¸¶² °´-¨´É¥·¶μ²ÖÍ¨¨ ¨ ¤¥É ²Ó´μ μ¶¨¸ ´ ¢ [6]. � -
¡μÉ  ¶·μ£· ³³Ò ¶μ¨¸±  ¶¨±μ¢ ·¥£Ê²¨·Ê¥É¸Ö ¤¢Ê³Ö ¶ · ³¥É· ³¨ Sens ¨ Res,
¢¥²¨Î¨´Ò ±μÉμ·ÒÌ § ¢¨¸ÖÉ μÉ Ê·μ¢´Ö ¸É É¨¸É¨±¨ ¨ ¶μ¤¡¨· ÕÉ¸Ö ¢ É¥¸Éμ¢ÒÌ
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¶·μ£μ´ Ì ¶·μ£· ³³Ò. 	 · ³¥É· Sens ·¥£Ê²¨·Ê¥É Ê·μ¢¥´Ó ¸É É¨¸É¨Î¥¸±μ° §´ -
Î¨³μ¸É¨ ¨´É¥´¸¨¢´μ¸É¨ ¶¨±  ¨ ¶μ§¢μ²Ö¥É μÉ¸¥¨¢ ÉÓ ¸²¨Ï±μ³ ¸² ¡Ò¥ ¶¨±¨.
	 · ³¥É· Res ·¥£Ê²¨·Ê¥É ¤μ¶Ê¸É¨³ÊÕ ¡²¨§μ¸ÉÓ ¶μ²μ¦¥´¨° ¤¢ÊÌ ¸μ¸¥¤´¨Ì ¶¨-
±μ¢, É. ¥. ¶μ§¢μ²Ö¥É μÉ¸¥¨¢ ÉÓ ¶¨±¨, ¸²¨Ï±μ³ ¡²¨§±μ · ¸¶μ²μ¦¥´´Ò¥.

1.2. ˆ¤¥´É¨Ë¨± Í¨Ö ¶¨±μ¢. �¥§Ê²ÓÉ Éμ³ ÔÉ ¶  ¶μ¨¸±  Ö¢²Ö¥É¸Ö ´ ¡μ·
¶¨±μ¢, ±μÉμ·Ò¥ ´¥μ¡Ìμ¤¨³μ ±μ··¥±É´μ ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ´  ¶·¨´ ¤²¥¦´μ¸ÉÓ
Éμ° ¨²¨ ¨´μ° Ë §¥ ¨ ¶·¨¸¢μ¨ÉÓ ¨³ ¨´¤¥±¸Ò Œ¨²²¥· . „²Ö ÔÉμ£μ ¶μ²μ¦¥´¨Ö
´ °¤¥´´ÒÌ ·¥Ë²¥±¸μ¢ ¶¥·¥¸Î¨ÉÒ¢ ÕÉ¸Ö ¢ ³¥¦¶²μ¸±μ¸É´Ò¥ · ¸¸ÉμÖ´¨Ö dm,
£¤¥ m Å ´μ³¥· ´ °¤¥´´μ£μ ¶¨± , ¨ ¨§ ´ ¡μ·μ¢ ³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ-
´¨° dhkl, μ¶·¥¤¥²¥´´ÒÌ ¶μ § ¤ ´´Ò³ ¶ · ³¥É· ³ Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥± ¢¸¥Ì
¢±²ÕÎ¥´´ÒÌ ¢  ´ ²¨§ ¸É·Ê±ÉÊ·´ÒÌ Ë §, ¤²Ö ± ¦¤μ£μ dm ¨Ð¥É¸Ö ¡²¨¦ °Ï Ö
± ´¥³Ê ¢¥²¨Î¨´ . 	¨± dm ¸Î¨É ¥É¸Ö ¨¤¥´É¨Ë¨Í¨·μ¢ ´´Ò³, ¥¸²¨ Ê¸É ´μ¢²¥´μ
¸μμÉ¢¥É¸É¢¨¥ dm = dhkl ± δm, £¤¥ ¢¥²¨Î¨´Ò δm Ì · ±É¥·¨§ÊÕÉ ± Î¥¸É¢μ ¨´-
¤¥±¸ Í¨¨.

…¸²¨ ¢¸¥ δm ´¥ ¶·¥¢ÒÏ ÕÉ § · ´¥¥ § ¤ ´´Ò° Ê·μ¢¥´Ó μÉ±²μ´¥´¨Ö (·¥£Ê-
²¨·Ê¥É¸Ö ¶ · ³¥É·μ³ Ucr), Éμ ¤ ²¥¥ ¶·μ¨§¢μ¤¨É¸Ö ÊÉμÎ´¥´¨¥ ¢¥²¨Î¨´ ¶ · ³¥-
É·μ¢ Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥± § ¤ ´´ÒÌ Ë § ¶μ ¶μ²μ¦¥´¨Ö³ ¨¤¥´É¨Ë¨Í¨·μ¢ ´´ÒÌ
¶¨±μ¢.

1.3. �¶¨¸ ´¨¥ Ëμ´  ¨ ¶·μË¨²Ö ¶¨± . „²Ö ±μ··¥±É´μ£μ ´ Ìμ¦¤¥´¨Ö £¥μ-
³¥É·¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¤¨Ë· ±Í¨μ´´μ£μ ¶¨±  (¶²μÐ ¤¨, ¶μ²μ¦¥´¨Ö, Ï¨-
·¨´Ò) ¨ ¤²Ö μ¡· ¡μÉ±¨ ¸¶¥±É·μ¢ ¶μ ³¥Éμ¤Ê �¨É¢¥²Ó¤  É·¥¡ÊÕÉ¸Ö  ¤¥±¢ É´Ò¥
³μ¤¥²¨ ¤²Ö § ¤ ´¨Ö Ëμ´μ¢μ° ¶μ¤²μ¦±¨ ¨ ¶·μË¨²Ö ¤¨Ë· ±Í¨μ´´ÒÌ ¶¨±μ¢.
‚ ¨¸¶μ²Ó§Ê¥³ÒÌ ´ ³¨ ¶·μ£· ³³ Ì ¥¸ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¢Ò¡μ·  ¤²Ö μ¶¨¸ ´¨Ö
¶·μË¨²Ö ¶¨±μ¢ ´¥¸±μ²Ó±¨Ì ¸É ´¤ ·É´ÒÌ ËÊ´±Í¨° Å ƒ Ê¸¸ , ‹μ·¥´Í  ¨²¨
¶¸¥¢¤μËÊ´±Í¨¨ ‚μ°É . �¤´ ±μ § Î ¸ÉÊÕ ¡μ²¥¥ ´ ¤¥¦´Ò³ ³¥Éμ¤μ³ Ö¢²Ö¥É¸Ö
¨¸¶μ²Ó§μ¢ ´¨¥ ¢ ± Î¥¸É¢¥ ¶·μË¨²Ö ¶¨±μ¢ ³μ¤¥²¨, ¨§³¥·¥´´μ° Ô±¸¶¥·¨³¥´-
É ²Ó´μ. ‚ Î ¸É´μ¸É¨, ¨³¥´´μ ¸ ¶μ³μÐÓÕ ÔÉμ£μ ³¥Éμ¤  Ê¤ ¥É¸Ö μ¶¨¸ ÉÓ ¶·μ-
Ë¨²Ó ¶¨±μ¢, ¶μ²ÊÎ ¥³ÒÌ ´  ËÊ·Ó¥-¤¨Ë· ±Éμ³¥É·¥ ¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö
(”„‚�, [7]), ¢ ±μÉμ·μ³, ± ± ¶· ¢¨²μ, ¢¸²¥¤¸É¢¨¥ ±μ··¥²ÖÍ¨μ´´μ° ¶·¨·μ¤Ò
´ ± ¶²¨¢ ¥³ÒÌ ¤ ´´ÒÌ ¶·¨¸ÊÉ¸É¢ÊÕÉ μÉ·¨Í É¥²Ó´Ò¥ ¶·μ¢ ²Ò ¸ μ¤´μ° ¨²¨
μ¡¥¨Ì ¸Éμ·μ´ ¶¨± . ‚ ÔÉμ³ ¸²ÊÎ ¥ μ¤¨´ ¨§ ´ ¨¡μ²¥¥ ¨´É¥´¸¨¢´ÒÌ ¶¨±μ¢
¸¶¥±É·  ¢Ò¡¨· ¥É¸Ö ± ± ³μ¤¥²Ó ¶·μË¨²Ö m(x) ¨ ¤¥² ¥É¸Ö ¶·¥¤¶μ²μ¦¥´¨¥,
ÎÉμ ²Õ¡μ° ¤·Ê£μ° ¶¨± f(x) ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´ ÔÉμ° ³μ¤¥²ÓÕ ¶ÊÉ¥³ ¶·¥μ¡· -
§μ¢ ´¨Ö:

f(x) = Am

(
x − C

W

)
, (2)

£¤¥ A Å  ³¶²¨ÉÊ¤ ; C Å ¶μ²μ¦¥´¨¥; W Å Ï¨·¨´  ¶¨± . ‘¶¥±É· ¢ Í¥-
²μ³ Ö¢²Ö¥É¸Ö ¸Ê³³μ° É ±¨Ì ËÊ´±Í¨° ¨ ´¥±μÉμ·μ° ËÊ´±Í¨¨ Ëμ´ ,   ¶ · -
³¥É·Ò {A, C, W}i ¤²Ö ± ¦¤μ£μ ¶¨±  ¨³¥ÕÉ ¸¢μ¨ §´ Î¥´¨Ö. ˆ´μ£¤  ¶·¨Ìμ-
¤¨É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¡μ²¥¥ ¸²μ¦´μ¥ ¶·¥μ¡· §μ¢ ´¨¥ ¨ ¢¢μ¤¨ÉÓ ¢ Ï¨·¨´Ê ¶¨±μ¢
§ ¢¨¸¨³μ¸ÉÓ μÉ x. ‡ Î ¸ÉÊÕ ¨³¥´´μ ÔÉμÉ ³¥Éμ¤ ¶μ§¢μ²Ö¥É ¢Ò¶μ²´¨ÉÓ Ê¤μ-
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¢²¥É¢μ·¨É¥²Ó´μ¥ μ¶¨¸ ´¨¥ ¶·μË¨²Ö ¶¨±  ¸ ³¨´¨³ ²Ó´μ ¤μ¶Ê¸É¨³Ò³ Î¨¸²μ³
Ë¨§¨Î¥¸±¨ ¶·μ§· Î´μ ¨´É¥·¶·¥É¨·Ê¥³ÒÌ ¶ · ³¥É·μ¢.

’ ±μ° ¶μ¤Ìμ¤ ³μ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´ ¨ ± ³μ¤¥²¨ Ëμ´μ¢ÒÌ ËÊ´±Í¨°, ´μ
μ¡ÒÎ´μ ¢ ± Î¥¸É¢¥ ³μ¤¥²¨ Ëμ´  ¶·μÐ¥ ¨ ´ ¤¥¦´¥¥ ¨¸¶μ²Ó§μ¢ ÉÓ ¶μ²¨´μ³Ò.

1.4. �¥¦¨³Ò UPEAK-mode ¨ Rietveld-mode. ‘ ¶μ³μÐÓÕ ¶¥·¢μ£μ ¨§ ´¨Ì
ÊÉμÎ´ÖÕÉ¸Ö μ¸´μ¢´Ò¥ £¥μ³¥É·¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ μÉ¤¥²Ó´ÒÌ ¤¨Ë· ±Í¨-
μ´´ÒÌ ¶¨±μ¢ Å ¶²μÐ ¤¨, ¶μ²μ¦¥´¨Ö ¨ Ï¨·¨´Ò. „²Ö ÔÉμ£μ ¸ ¶μ³μÐÓÕ ³¥Éμ¤ 
´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢ (Œ�Š) ³¨´¨³¨§¨·Ê¥É¸Ö ¸É ´¤ ·É´Ò° ËÊ´±Í¨μ´ ²:

χ2 =
∑

j

ωj

(
Iexp, j − Ical, j

)2
, (3)

£¤¥ Iexp, j Å ¨´É¥´¸¨¢´μ¸ÉÓ, ¨§³¥·¥´´ Ö ¢ j-° ÉμÎ±¥ ¸¶¥±É· ; Ical, j Å ¢Ò-
Î¨¸²¥´´μ¥ ¤²Ö ÔÉμ° ÉμÎ±¨ ¸ ¶μ³μÐÓÕ ¶ · ³¥É·¨Î¥¸±μ° ³μ¤¥²¨ (2) §´ Î¥´¨¥
¨´É¥´¸¨¢´μ¸É¨; ωj Å ¸É É¨¸É¨Î¥¸±¨° ¢¥¸ ÉμÎ±¨. „²Ö ³μ¤¥²¨, ± ± ¶· ¢¨²μ,
¢Ò¡¨· ¥É¸Ö μ¤¨´μÎ´Ò° ¤¨Ë· ±Í¨μ´´Ò° ¶¨±, ¨§³¥·¥´´Ò° ¢ ¶·¥¤¢ ·¨É¥²Ó´μ³
Ô±¸¶¥·¨³¥´É¥ ¸μ ¸É ´¤ ·É´Ò³ μ¡· §Íμ³, ´ ¶·¨³¥· Al2O3. 	·¨³¥· μ¶¨¸ ´¨Ö
ÊÎ ¸É±  ¸¶¥±É·  ¢ ·¥¦¨³¥ UPEAK-mode ¸ § ¤ ´¨¥³ Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥-
¤¥²¥´´μ° ³μ¤¥²¨ ¶μ± § ´ ´  ·¨¸. 3. 	·¥¤¢ ·¨É¥²Ó´μ ¡Ò²μ ¨§¢¥¸É´μ, ÎÉμ ´ 
ÔÉμ³ ÊÎ ¸É±¥ ´ Ìμ¤ÖÉ¸Ö 5 ¶¨±μ¢. �¡· ¡μÉ±  ¶μ§¢μ²¨²  ÊÉμÎ´¨ÉÓ ¨Ì ¶μ²μ¦¥-
´¨Ö, μ¶·¥¤¥²¨ÉÓ Ï¨·¨´Ò ¨ ¶²μÐ ¤¨.

�¨¸. 3. “Î ¸Éμ± ¤¨Ë· ±Í¨μ´´μ£μ ¸¶¥±É·  ¶μ·μÏ±  ¡ ·¨¥¢μ£μ £¥±¸ Ë¥··¨É , ¨§³¥-
·¥´´Ò° ´  ”„‚�, ¸μ¤¥·¦ Ð¨° ´¥¸±μ²Ó±μ ¸¨²Ó´ÒÌ ¨ ¸² ¡ÒÌ ¶¨±μ¢. �¶¨¸ ´¨¥ ¶·μ-
Ë¨²Ö ¶·μ¢¥¤¥´μ ¢ UPEAK-mode ¸ § ¤ ´¨¥³ Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²¥´´μ° ³μ¤¥²¨
(χ2 = 2,14). 	μ± § ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨, · ¸¸Î¨É ´´Ò° ¶·μË¨²Ó ¨ · §-
´μ¸É´ Ö ±·¨¢ Ö (¢´¨§Ê). “ÉμÎ´¥´´Ò¥ ¶μ²μ¦¥´¨Ö ¶¨±μ¢ μ¡μ§´ Î¥´Ò ¢¥·É¨± ²Ó´Ò³¨
ÏÉ·¨Ì ³¨
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Rietveld-mode ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶μ ³¥Éμ¤Ê �¨É¢¥²Ó¤  ¸É·Ê±-
ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨± ± ¦¤μ° Ë §Ò, ¢ ±μÉμ·Ò¥, ± ± ¶· ¢¨²μ, ¢±²ÕÎ ÕÉ¸Ö
¶ · ³¥É·Ò Ô²¥³¥´É ·´μ° ÖÎ¥°±¨, ±μμ·¤¨´ ÉÒ  Éμ³μ¢, Ë ±Éμ·Ò § ¸¥²¥´´μ¸É¨
¶μ§¨Í¨° ¨ μÉ´μ¸¨É¥²Ó´μ¥ ¸μ¤¥·¦ ´¨¥ Ë §Ò ¢ μ¡· §Í¥. 	μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥
¨¸¶μ²Ó§Ê¥³ÒÌ ¶·¨ ÔÉμ³  ²£μ·¨É³μ¢ ¸μ¤¥·¦¨É¸Ö ¢ · ¡μÉ¥ [8]. ’ ± ¦¥ ± ± ¢
UPEAK-mode ³¨´¨³¨§¨·Ê¥É¸Ö ËÊ´±Í¨μ´ ² (3), ¤²Ö Ical ¨¸¶μ²Ó§Ê¥É¸Ö Ëμ·³Ê² 

Ical(dj) = A
∑
hkl

rhkl

∣∣Fhkl

∣∣2QLf(dhkl − dj), (4)

£¤¥ A Å ´μ·³¨·ÊÕÐ Ö ¶μ¸ÉμÖ´´ Ö; rhkl Å Ë ±Éμ·Ò ¶μ¢Éμ·Ö¥³μ¸É¨; QL Å
Ë ±Éμ· ‹μ·¥´Í ; ¢¸¥ Ì · ±É¥·¨¸É¨±¨  Éμ³μ¢ ±·¨¸É ²²  ¢Ìμ¤ÖÉ ¢ ¸É·Ê±ÉÊ·´Ò¥
Ë ±Éμ·Ò Fhkl, ¢ ±μÉμ·ÒÌ É¥¶²μ¢Ò¥ ±μ²¥¡ ´¨Ö ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢ ¨§μÉ·μ¶´μ³ ¶·¨-
¡²¨¦¥´¨¨; f Å ¶·μË¨²Ó´ Ö ËÊ´±Í¨Ö, § ¤ ´´ Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ (2). 	·¨³¥·
¨¸¶μ²Ó§μ¢ ´¨Ö Rietveld-mode ¤²Ö ÊÉμÎ´¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨± ±Ê-
¡¨Î¥¸±μ° Ë §Ò Ë¥··¨É  ³¥¤¨ ¶μ± § ´ ´  ·¨¸. 4.

�¢Éμ³ É¨Î¥¸± Ö μ¡· ¡μÉ±  ¸¶¥±É·μ¢ ¸ ¸¨²Ó´Ò³¨ Ë²Ê±ÉÊ Í¨Ö³¨ ¨Ì Ë¨-
§¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± É·¥¡Ê¥É ¡μ²ÓÏμ° Ê¸Éμ°Î¨¢μ¸É¨ Œ�Š-¶·μÍ¥¤Ê· ¶μ
μÉ´μÏ¥´¨Õ ± ÉμÎ´μ¸É¨ § ¤ ´¨Ö ´ Î ²Ó´ÒÌ §´ Î¥´¨° ¶ · ³¥É·μ¢. Œ É¥³ É¨-
Î¥¸±¨ ÔÉμ μ§´ Î ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ·μ¡ ¸É´ÒÌ ¶·μÍ¥¤Ê· ³¨´¨-
³¨§ Í¨¨, ´ ¶·¨³¥· ³¥Éμ¤  μ¡μ¡Ð¥´´ÒÌ ¢¥¸μ¢ [9] ¢ ËÊ´±Í¨μ´ ²¥ (3). Š·μ³¥
Éμ£μ, ¢ ¦´Ò³ Ê¸²μ¢¨¥³ Ê¸¶¥Ì   ¢Éμ³ É¨Î¥¸±μ£μ  ´ ²¨§  ¶μ¸²¥¤μ¢ É¥²Ó´μ-
¸É¨ Ii(x) Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥  ¶·¨μ·´μ° ¨´Ëμ·³ Í¨¨ μ¡ μ¦¨¤ ¥³ÒÌ §´ Î¥´¨ÖÌ

�¨¸. 4. „¨Ë· ±Í¨μ´´Ò° ¸¶¥±É· CuFe2O4, ¨§³¥·¥´´Ò° ¶·¨ 500 ◦‘ (±Ê¡¨Î¥¸± Ö Ë § ) ¨
μ¡· ¡μÉ ´´Ò° ¶μ ³¥Éμ¤Ê �¨É¢¥²Ó¤ . 	μ± § ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨, · ¸¸Î¨É ´-
´ Ö ËÊ´±Í¨Ö ¨ · §´μ¸É´ Ö ±·¨¢ Ö, ´μ·³¨·μ¢ ´´ Ö ´  ¸É É¨¸É¨Î¥¸±ÊÕ μÏ¨¡±Ê. ‚¥·É¨-
± ²Ó´Ò¥ ÏÉ·¨Ì¨ Å · ¸¸Î¨É ´´Ò¥ ¶μ²μ¦¥´¨Ö ¤¨Ë· ±Í¨μ´´ÒÌ ¶¨±μ¢
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¶ · ³¥É·μ¢ Pi ¤²Ö · §²¨Î´ÒÌ Ë §. �É  ¨´Ëμ·³ Í¨Ö § ¤ ¥É £·Ê¡Ò° ±μ´ÉÊ·
μ¦¨¤ ¥³μ° Ô¢μ²ÕÍ¨¨ ¶ · ³¥É·μ¢ ¨ ¶μ§¢μ²Ö¥É ±μ´É·μ²¨·μ¢ ÉÓ Ìμ¤ ¨Ì μ¶·¥¤¥-
²¥´¨Ö ¨ ¨¸¶· ¢²ÖÉÓ ¥£μ, ¥¸²¨ ´  ± ±μ³-Éμ Ï £¥ μ¡· ¡μÉ±  ¸¡¨¢ ¥É¸Ö. Š·¨É¥-
·¨Ö³¨ ¶· ¢¨²Ó´μ° μ¡· ¡μÉ±¨ ¸¶¥±É·  ¸²Ê¦ É ¤μ¶Ê¸É¨³Ò¥ §´ Î¥´¨Ö ¸É É¨¸É¨-
Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± (χ2, R-Ë ±Éμ·μ¢), ´ ¤¥¦´μ¸ÉÓ ¨´¤¥±¸ Í¨¨, É. ¥. Ìμ·μ-
Ï¥¥ ¸μμÉ¢¥É¸É¢¨¥ · ¸¸Î¨É ´´ÒÌ ¨ ¨§³¥·¥´´ÒÌ ¶μ²μ¦¥´¨° ¶¨±μ¢ ¨ Ìμ·μÏ Ö
¸Ìμ¤¨³μ¸ÉÓ ¶·μÍ¥¸¸  ³¨´¨³¨§ Í¨¨. „μ¶μ²´¨É¥²Ó´μ° £ · ´É¨¥° ¶· ¢¨²Ó´μ¸É¨
¶μ²ÊÎ¥´´μ£μ ¸Í¥´ ·¨Ö ¸É·Ê±ÉÊ·´ÒÌ ¶·¥¢· Ð¥´¨° ¸²Ê¦¨É ¸μ¢¶ ¤¥´¨¥ ·¥§Ê²Ó-
É Éμ¢ ¶·¨ μ¡· ¡μÉ±¥ ¸¥·¨¨ ¸¶¥±É·μ¢ ¢ ¶·Ö³μ³ ¨ μ¡· É´μ³ ´ ¶· ¢²¥´¨ÖÌ ¨§-
³¥´¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¶ · ³¥É· , § ¤ ÕÐ¥£μ ¨Ì Ô¢μ²ÕÍ¨Õ.

1.5. �¥±μÉμ·Ò¥ μ¸μ¡¥´´μ¸É¨ ¶ ±¥É  SPEVA. 	·μ£· ³³´Ò° ¶ ±¥É SPEVA
(SPectra EVolution Analysis) ¨´É¥£·¨·μ¢ ´ ¢ ¶·μ£· ³³Ê VMRIA (Visual Multi-
phase RIetveld Analysis). ‡ ¶Ê¸± ¶ ±¥É  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢Ò§μ¢μ³ VMRIA ¨
¢¢¥¤¥´¨¥³ ¢Ìμ¤´μ£μ Ë °²  (¢ 2-/4-¡ °É´μ³ ¨²¨ ASCII-Ëμ·³ É¥), ¢ ±μÉμ·μ³
¸μ¤¥·¦¨É¸Ö ´¥μ¡Ìμ¤¨³ Ö ¶¥·¢μ´ Î ²Ó´ Ö ±·¨¸É ²²μ£· Ë¨Î¥¸± Ö ¨´Ëμ·³ Í¨Ö
μ¡ μ¡· §Í¥, Ê¸É ´μ¢μÎ´Ò¥ ¶ · ³¥É·Ò ¨ ¨³Ö Ë °² , ¸μ¤¥·¦ Ð¥£μ ¨´Ëμ·³ -
Í¨Õ μ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ μ¡· ¡ ÉÒ¢ ¥³ÒÌ ¸¶¥±É·μ¢. ‚¢μ¤ ¶ · ³¥É·μ¢, ·¥-
£Ê²¨·ÊÕÐ¨Ì μ¡· ¡μÉ±Ê, ¶·μ¨§¢μ¤¨É¸Ö Î¥·¥§ ¤¨ ²μ£μ¢Ò¥ μ±´  £· Ë¨Î¥¸±μ£μ
¨´É¥·Ë¥°¸ . ‚ Éμ³ Î¨¸²¥ ¢Ò¡¨· ¥É¸Ö ·¥¦¨³ μ¡· ¡μÉ±¨: UPEAK-mode ¨²¨
Rietveld-mode. ‚ ¶¥·¢μ³ ¨§ ´¨Ì ¶·μ¢μ¤¨É¸Ö  ´ ²¨§ μÉ¤¥²Ó´ÒÌ ¶¨±μ¢ ¨ μ¶·¥-
¤¥²ÖÕÉ¸Ö ¨Ì £¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò Å ¶μ²μ¦¥´¨Ö, Ï¨·¨´Ò, ¶²μÐ ¤¨.
‚Éμ·μ° ·¥¦¨³ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨± Ë §.

„²Ö ¢¨§Ê ²Ó´μ£μ ±μ´É·μ²Ö ± Î¥¸É¢  μ¡· ¡μÉ±¨ ¶ ±¥É μ¡¥¸¶¥Î¨¢ ¥É ¶μ-
¸²¥¤μ¢ É¥²Ó´Ò° £· Ë¨Î¥¸±¨° ¢Ò¢μ¤ ·¥§Ê²ÓÉ Éμ¢ μ¡· ¡μÉ±¨ ± ¦¤μ£μ ¤¨Ë· ±-
Í¨μ´´μ£μ ¸¶¥±É· ,   ·¥§Ê²ÓÉ ÉÒ μ¡· ¡μÉ±¨ Ô±¸¶μ·É¨·ÊÕÉ¸Ö ¢ ¢ÒÌμ¤´μ° Ë °²
(¢ ASCII-Ëμ·³ É¥). 	·¨ ÔÉμ³ ¥¸ÉÓ ¢μ§³μ¦´μ¸ÉÓ μÉμ¡· ÉÓ ¸É·Ê±ÉÊ·´Ò¥ Ë §Ò,
¨§³¥´¥´¨Ö ¶ · ³¥É·μ¢ ±μÉμ·ÒÌ ´¥μ¡Ìμ¤¨³μ ¶·μ¸²¥¤¨ÉÓ, ¨ ¢Ò¤¥²¨ÉÓ ´ ¨¡μ²¥¥
§´ Î¨³Ò¥ ·¥Ë²¥±¸Ò, ¨§³¥´¥´¨Ö ¶μ²μ¦¥´¨Ö ¨ ¨´É¥´¸¨¢´μ¸É¨ ±μÉμ·ÒÌ ´ ¨¡μ-
²¥¥ ¨´É¥·¥¸´Ò.

2. ��ˆŒ…� ���‹ˆ‡� ‘’�“Š’“���ƒ� ”�‡�‚�ƒ� �…�…•�„�

‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¡μÉÒ ¶·μ£· ³³´μ£μ ¶ ±¥É  SPEVA · ¸¸³μÉ·¨³
¨§³¥´¥´¨¥ ¸É·Ê±ÉÊ·Ò ¶μ²´μ¸ÉÓÕ ¨´¢¥·É¨·μ¢ ´´μ° Ï¶¨´¥²¨ CuFe2O4 ¢ ¨´-
É¥·¢ ²¥ É¥³¶¥· ÉÊ· 20Ä500 ◦‘.

‚ Ô±¸¶¥·¨³¥´É Ì, ¶·μ¢¥¤¥´´ÒÌ ´  ”„‚� ¢ ·¥¦¨³¥ ¢Ò¸μ±μ£μ · §·¥Ï¥-
´¨Ö (Δd/d ≈ 0,001), ¡Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ ¢ Ìμ¤¥ μÌ² ¦¤¥´¨Ö Ë¥··¨É 
³¥¤¨ μÉ 500 ◦C ¶·¨ TC ≈ 440 ◦C ´ Î¨´ ¥É¸Ö ¸É·Ê±ÉÊ·´Ò° Ë §μ¢Ò° ¶¥·¥Ìμ¤
¨§ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ±Ê¡¨Î¥¸±μ° Ë §Ò (¶·μ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  Fd3m)
¢ É¥É· £μ´ ²Ó´ÊÕ Ë §Ê (¶·μ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  I41/amd) [10]. � ¢´μ¢¥¸-
´μ¥ ¸μ¸ÊÐ¥¸É¢μ¢ ´¨¥ μ¡¥¨Ì Ë § ´ ¡²Õ¤ ¥É¸Ö ¤μ É¥³¶¥· ÉÊ·Ò 400 ◦C, ´¨¦¥
±μÉμ·μ° μ¸É ¥É¸Ö Éμ²Ó±μ É¥É· £μ´ ²Ó´ Ö ³μ¤¨Ë¨± Í¨Ö.
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�´ ²¨§¨·Ê¥³ Ö ¤ ²¥¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢ ¡Ò² 
¨§³¥·¥´  ´  ”„‚� ¢ ·¥¦¨³¥ ¸·¥¤´¥£μ · §·¥Ï¥´¨Ö (Δd/d ≈ 0,01) ¶·¨ ´ £·¥¢ -
´¨¨ μ¡· §Í  ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 20Ä500 ◦‘ ¸ Ï £μ³ ¶μ É¥³¶¥· ÉÊ·¥ 20 ◦‘
¨ ¢·¥³¥´¥³ ¨§³¥·¥´¨Ö ¢ ± ¦¤μ° ÉμÎ±¥ 2 ³¨´. �¢Éμ³ É¨Î¥¸± Ö μ¡· ¡μÉ±  ¸ ¶μ-
³μÐÓÕ ¶ ±¥É  SPEVA μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸´ Î ²  ¢ ÔÉμ° ¦¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨,
É. ¥. ¶·¨ ´ £·¥¢ ´¨¨ μÉ 20 ¤μ 500 ◦C, § É¥³ ¡Ò² ¶·μ¢¥¤¥´  ´ ²¨§ ¢ μ¡· É´μ°
¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨. ‚ μ¡μ¨Ì ¸²ÊÎ ÖÌ μ¡· ¡μÉ±  ¶·μ¢μ¤¨² ¸Ó ¶·¨ § ¤ ´¨¨
μ¡¥¨Ì ¸É·Ê±ÉÊ·´ÒÌ Ë § ¢ ¨´É¥·¢ ²¥ ³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ´¨° 1,0Ä3,3 �A.
„¨Ë· ±Í¨μ´´Ò¥ ¶¨±¨, ¸¢Ö§ ´´Ò¥ ¸ ³ £´¨É´μ° ¸É·Ê±ÉÊ·μ° (Ê¶μ·Ö¤μÎ¨¢ ÕÉ¸Ö
³ £´¨É´Ò¥ ³μ³¥´ÉÒ ¨μ´μ¢ ³¥¤¨ ¨ ¦¥²¥§ ), ±μÉμ·Ò¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¢ ¸¶¥±É· Ì
¢μ ¢¸¥³ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· (±·μ³¥ 500 ◦‘), ¡Ò²¨ μÉ´μ¸¨É¥²Ó´μ ¸² ¡Ò³¨ ¨
¢ μ¡· ¡μÉ±Ê ´¥ ¢±²ÕÎ ²¨¸Ó.

‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´ÒÌ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ¢¥²¨Î¨´Ò ¶ · ³¥É·μ¢
Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ É¥É· £μ´ ²Ó´μ° (PT ) Ë §Ò: a = b = 5,812 �A, c =
8,711 �A ¶·¨ 20 ◦C ¢ Ìμ¤¥ ¶·Ö³μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ μ¡· ¡μÉ±¨ ¨ a =
b = 5,936 �A, c = 8,427 �A ¶·¨ 440 ◦C ¢ Ìμ¤¥ μ¡· É´μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ-
¸É¨ μ¡· ¡μÉ±¨. „²Ö ±Ê¡¨Î¥¸±μ° (PC) Ë §Ò Ë¨±¸¨·μ¢ ²μ¸Ó Éμ²Ó±μ §´ Î¥´¨¥
a = 8,416 �A ¶·¨ 500 ◦C. ‚¥²¨Î¨´Ò É¥¶²μ¢ÒÌ ¶ · ³¥É·μ¢ ¨ Ë ±Éμ·Ò § ¸¥²¥´-
´μ¸É¨  Éμ³μ¢ μ¡¥¨Ì Ë § ¡Ò²¨ Ë¨±¸¨·μ¢ ´Ò.

�  ¶¥·¢μ° ¸É ¤¨¨  ´ ²¨§  μ¡· ¡μÉ±  ¶·μ¢μ¤¨² ¸Ó ¢ ·¥¦¨³¥ UPEAK-mode,
¢±²ÕÎ ÕÐ¥°  ¢Éμ³ É¨Î¥¸±¨° ¶μ¨¸±, ¨´¤¥±¸ Í¨Õ ¨ μ¶·¥¤¥²¥´¨¥ ¶ · ³¥É·μ¢
μÉ¤¥²Ó´ÒÌ ¶¨±μ¢, § É¥³ Å ¢ ·¥¦¨³¥ Rietveld-mode, É. ¥. ÊÉμÎ´¥´¨¥ ¸É·Ê±ÉÊ·Ò
¶μ ³¥Éμ¤Ê �¨É¢¥²Ó¤ .

2.1. �¥§Ê²ÓÉ ÉÒ μ¡· ¡μÉ±¨ ¢ ·¥¦¨³¥ UPEAK-mode. „²Ö ¶·¥¤¢ ·¨É¥²Ó-
´μ£μ μ¶·¥¤¥²¥´¨Ö Ô¢μ²ÕÍ¨¨ ¸É·Ê±ÉÊ·´ÒÌ Ë § ¶·¨ Ë §μ¢μ³ ¶¥·¥Ìμ¤¥ ¤μ¸É -
ÉμÎ´μ ¶·μ¸²¥¤¨ÉÓ §  ¨§³¥´¥´¨¥³ ´¥¸±μ²Ó±¨Ì μÉ¤¥²Ó´ÒÌ ´ ¨¡μ²¥¥ ¨´É¥´¸¨¢-
´ÒÌ ·¥Ë²¥±¸μ¢ μÉ ÔÉ¨Ì Ë §.

�¨¸. 5. “Î ¸Éμ± ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢, ¨§³¥·¥´´ÒÌ ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· ÉÊ· Ì,
¸ Ê± § ´¨¥³ ·¥Ë²¥±¸μ¢ É¥É· £μ´ ²Ó´μ° (μ¡μ§´ Î¥´Ò §´ Î±μ³ T) ¨ ±Ê¡¨Î¥¸±μ° (μ¡μ-
§´ Î¥´Ò §´ Î±μ³ C) Ë §
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�¨¸. 6. ’¥³¶¥· ÉÊ·´Ò¥ § ¢¨¸¨³μ¸É¨ ¨´É¥´¸¨¢´μ¸É¥° ·¥Ë²¥±¸μ¢ (220) ¨ (004) É¥É· £μ-
´ ²Ó´μ° Ë §Ò ¨ (400) ±Ê¡¨Î¥¸±μ° Ë §Ò

�¨¸. 7. ’μ ¦¥, ÎÉμ ´  ·¨¸. 6, ¤²Ö ·¥Ë²¥±¸μ¢ (211) T, (103) T ¨ (311) C

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´ ÊÎ ¸Éμ± ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢, ¨§³¥·¥´´ÒÌ ¢
Ìμ¤¥ ´ £·¥¢ ´¨Ö μ¡· §Í , ¸ μÉ³¥Î¥´´Ò³¨ ¢Ò¡· ´´Ò³¨ ¶¨± ³¨, ¤²Ö ±μÉμ·ÒÌ
 ´ ²¨§¨·μ¢ ² ¸Ó Ô¢μ²ÕÍ¨Ö ¨Ì ¶ · ³¥É·μ¢. ’¥³¶¥· ÉÊ·´Ò¥ § ¢¨¸¨³μ¸É¨ ¨Ì ¨´-
É¥´¸¨¢´μ¸É¥° ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 6, 7. � Ë §μ¢μ³ ¶¥·¥Ìμ¤¥ ¨§ É¥É· £μ´ ²Ó-
´μ° Ë §Ò ¢ ±Ê¡¨Î¥¸±ÊÕ ³μ¦´μ ¸Ê¤¨ÉÓ ¶μ ·¥§±μ³Ê ¶ ¤¥´¨Õ ¨´É¥´¸¨¢´μ¸É¥°
·¥Ë²¥±¸μ¢ Ë §Ò PT ¨ ¢μ§· ¸É ´¨Õ ¨´É¥´¸¨¢´μ¸É¥° ¶¨±μ¢ Ë §Ò PC ¢ μ¡² ¸É¨
É¥³¶¥· ÉÊ· 420Ä450 ◦C.

2.2. �¥§Ê²ÓÉ ÉÒ μ¡· ¡μÉ±¨ ¢ ·¥¦¨³¥ Rietveld-mode. �  ·¨¸. 8 ¶μ± -
§ ´ ¶·¨³¥· μ¡· ¡μÉ±¨ ¤¨Ë· ±Í¨μ´´μ£μ ¸¶¥±É· , ¨§³¥·¥´´μ£μ ¶·¨ 420 ◦C
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�¨¸. 8 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). „¨Ë· ±Í¨μ´´Ò° ¸¶¥±É· CuFe2O4, ¨§³¥·¥´´Ò°
¶·¨ T = 420 ◦C ¨ μ¡· ¡μÉ ´´Ò° ¶μ ³¥Éμ¤Ê �¨É¢¥²Ó¤ . 	μ± § ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥

ÉμÎ±¨, ¢±² ¤Ò ¢ ¨´É¥´¸¨¢´μ¸ÉÓ μÉ ±Ê¡¨Î¥¸±μ° (¢¥·Ì´¨° ·Ö¤ ÏÉ·¨Ìμ¢, ±· ¸´ Ö ±·¨¢ Ö)
¨ É¥É· £μ´ ²Ó´μ° (´¨¦´¨° ·Ö¤ ÏÉ·¨Ìμ¢, ¸¨´ÖÖ ±·¨¢ Ö) Ë § ¨ · §´μ¸É´ Ö ±·¨¢ Ö

¢ ·¥¦¨³¥ Rietveld-mode. �¥¸³μÉ·Ö ´  ¶·¥´¥¡·¥¦¥´¨¥ ³ £´¨É´Ò³ ¢±² ¤μ³,
± Î¥¸É¢μ μ¶¨¸ ´¨Ö ¤¢ÊÌË §´μ£μ ¸μ¸ÉμÖ´¨Ö μ¡· §Í  ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥
(χ2 = 5,03).

�¡· ¡μÉ±  ¸¶¥±É·μ¢ ¢ ÔÉμ³ ·¥¦¨³¥ μÎ¥´Ó ÎÊ¢¸É¢¨É¥²Ó´  ± ¶ · ³¥É·Ê
Sens. 	·¨ § ¤ ´¨¨ Sens = 0,5 ¤μ¸É¨£ ¥É¸Ö ´ ¨²ÊÎÏ¨° ·¥§Ê²ÓÉ É μ¡· ¡μÉ±¨
¶·¨ ¶·Ö³μ³ Ìμ¤¥, ¥¸²¨ ¸Ê¤¨ÉÓ ¶μ ±·¨É¥·¨Õ μ¡· ¡μÉ±¨ χ2, ¨³¥ÕÐ¥³Ê §´ Î¥´¨Ö
¢ ¨´É¥·¢ ²¥ μÉ 3,91 ¤μ 5,02. �¤´ ±μ ¶·¨ μ¡· É´μ³ Ìμ¤¥ ¤²Ö ±μ··¥±É´μ°
μ¡· ¡μÉ±¨ ¢¸¥Ì ¸¶¥±É·μ¢ ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ Sens = 1.

‡ ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ±Ê¡¨Î¥¸±μ° ¨ É¥É· -
£μ´ ²Ó´μ° Ë § ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 20Ä500 ◦C, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡· -
¡μÉ±¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢, ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 9.
‘· ¢´¥´¨¥ É¥³¶¥· ÉÊ·´ÒÌ § ¢¨¸¨³μ¸É¥° ¤²Ö ¶ · ³¥É·μ¢ Ë § PT ¨ PC ,
· ¸¸Î¨É ´´ÒÌ ¶·¨ ¨´¤¨¢¨¤Ê ²Ó´μ° μ¡· ¡μÉ±¥ ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢,
¨§³¥·¥´´ÒÌ ¢ ·¥¦¨³¥ ¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö [10], ¸  ´ ²μ£¨Î´Ò³¨ § ¢¨¸¨-
³μ¸ÉÖ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¶·¨  ¢Éμ³ É¨Î¥¸±μ° μ¡· ¡μÉ±¥, Ìμ·μÏμ ¸μμÉ¢¥É-
¸É¢ÊÕÉ ¤·Ê£ ¤·Ê£Ê. �¡ μÉ´μ¸¨É¥²Ó´μ³ ¸μ¤¥·¦ ´¨¨ ¢ μ¡· §Í¥ PT - ¨ PC-Ë §
³μ¦´μ ¸Ê¤¨ÉÓ ¶μ É¥³¶¥· ÉÊ·´Ò³ § ¢¨¸¨³μ¸ÉÖ³ ³ ¸ÏÉ ¡´ÒÌ Ë ±Éμ·μ¢
ÔÉ¨Ì Ë § (·¨¸. 10). �É¨ ·¥§Ê²ÓÉ ÉÒ ÉμÎ´μ ¸μμÉ¢¥É¸É¢ÊÕÉ Ê¸É ´μ¢²¥´-
´μ³Ê ¢ · ¡μÉ¥ [10] ¨´É¥·¢ ²Ê ¸μ¸ÊÐ¥¸É¢μ¢ ´¨Ö ±Ê¡¨Î¥¸±μ° ¨ É¥É· £μ´ ²Ó-
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�¨¸. 9. ‡ ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥± É¥É· £μ´ ²Ó´μ° (a′ = b′ = a
√

2)
¨ ±Ê¡¨Î¥¸±μ° Ë § μÉ É¥³¶¥· ÉÊ·Ò, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡· ¡μÉ±¥ ¢ ·¥¦¨³¥ Rietveld-mode

�¨¸. 10. ‡ ¢¨¸¨³μ¸É¨ ³ ¸ÏÉ ¡´ÒÌ Ë ±Éμ·μ¢ (¢ ¶·μ¨§¢μ²Ó´ÒÌ ¥¤¨´¨Í Ì) É¥É· £μ´ ²Ó-
´μ° (²¥¢ Ö Ï± ² ) ¨ ±Ê¡¨Î¥¸±μ° (¶· ¢ Ö Ï± ² ) Ë § μÉ É¥³¶¥· ÉÊ·Ò ¶·¨ μ¡· ¡μÉ±¥ ¢
·¥¦¨³¥ Rietveld-mode

´μ° Ë § ¢ ¤¨ ¶ §μ´¥ É¥³¶¥· ÉÊ· 400Ä440 ◦C ¨ ¶¥·¥Ìμ¤Ê ¢ ±Ê¡¨Î¥¸±ÊÕ Ë §Ê
¶·¨ 440 ◦C.

‡�Š‹�—…�ˆ…

‘μ§¤ ´Ò ¶·μ£· ³³´Ò¥ ¶ ±¥ÉÒ MAPS ¨ SPEVA, ¶·¥¤´ §´ Î¥´´Ò¥ ¤²Ö ¢¨-
§Ê ²¨§ Í¨¨, ¶·¥¤¢ ·¨É¥²Ó´μ£μ  ´ ²¨§  ¨ ³ É¥³ É¨Î¥¸±μ° μ¡· ¡μÉ±¨ ¡μ²ÓÏ¨Ì
³ ¸¸¨¢μ¢ ´¥°É·μ´´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ ¥³ÒÌ ¶·¨ ¨§ÊÎ¥´¨¨ ¶¥-
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·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢ ¢ ±·¨¸É ²²¨Î¥¸±¨Ì ³ É¥·¨ ² Ì. �´¨ ¶μ± § ²¨ ¸¢μÕ
ÔËË¥±É¨¢´μ¸ÉÓ ¨ ¶μ§¢μ²¨²¨ ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨  ¢Éμ³ É¨§¨·μ¢ ÉÓ μ¡-
· ¡μÉ±Ê ¤¥¸ÖÉ±μ¢ ¨ ¸μÉ¥´ ¸¶¥±É·μ¢, ·¥£¨¸É·¨·Ê¥³ÒÌ ¢ Ìμ¤¥ real-time Ô±¸¶¥·¨-
³¥´Éμ¢ ¢ Ê¸²μ¢¨ÖÌ in situ ´  ´¥°É·μ´´ÒÌ TOF-¤¨Ë· ±Éμ³¥É· Ì. ‚ ¶·¨´Í¨¶¥,
¸ ¨Ì ¶μ³μÐÓÕ ¢μ§³μ¦¥´  ´ ²¨§  ´ ²μ£¨Î´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ ¥³ÒÌ ´  ¤¨Ë· ±-
Éμ³¥É· Ì ¸ ³μ´μÌ·μ³ É¨Î¥¸±¨³ ¶ÊÎ±μ³ ´¥°É·μ´μ¢. �μ²¥¥ Éμ£μ, ¶·¨ ´¥±μÉμ-
·μ° ³μ¤¨Ë¨± Í¨¨ ·¥ ²¨§μ¢ ´´ÒÌ ¢ MAPS ¨ SPEVA  ²£μ·¨É³μ¢ μ´¨ ³μ£ÊÉ
¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö  ´ ²¨§  ¨ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ, ¶μ²ÊÎ ¥³ÒÌ ¢ ¤·Ê£¨Ì
É¨¶ Ì real-time Ô±¸¶¥·¨³¥´Éμ¢, ´ ¶·¨³¥· ¨Ì ³μ¦´μ ¶·¨³¥´¨ÉÓ ¤²Ö  ¢Éμ³ -
É¨§¨·μ¢ ´´μ° μ¡· ¡μÉ±¨ ¸¶¥±É·μ¢, ¨§³¥·Ö¥³ÒÌ ¶·¨ ¸± ´¨·μ¢ ´¨¨ μ¡Ñ¥³´ÒÌ
³ É¥·¨ ²μ¢ ¶·¨  ´ ²¨§¥ ¢´ÊÉ·¥´´¨Ì ´ ¶·Ö¦¥´¨° ¢ ´¨Ì.

�¡· ¡μÉ±  É¥³¶¥· ÉÊ·´μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢
Ï¶¨´¥²¨ CuFe2O4 ¸ ¶μ³μÐÓÕ ¶ ±¥É  SPEVA ¶μ± § ²  Ê¸Éμ°Î¨¢ÊÕ · ¡μÉÊ
¢¸¥Ì μ¸´μ¢´ÒÌ ¸É ¤¨°  ´ ²¨§  Å ¶μ¨¸±  ¨ ¨´¤¥±¸ Í¨¨ ¶¨±μ¢, μ¶·¥¤¥²¥´¨¥
¨Ì £¥μ³¥É·¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±, ÊÉμÎ´¥´¨¥ ¸É·Ê±ÉÊ·´ÒÌ ¶ · ³¥É·μ¢. 	·¥¤-
¶μ² £ ¥É¸Ö, ÎÉμ ¤¨Ë· ±Í¨μ´´ Ö ³μ¤  ¶ ±¥É  SPEVA ¡Ê¤¥É Ï¨·μ±μ ¨¸¶μ²Ó§μ-
¢ ÉÓ¸Ö ¤²Ö  ´ ²¨§  ¸É·Ê±ÉÊ·´ÒÌ ¶¥·¥Ìμ¤μ¢ ¢ ´μ¢ÒÌ Ô²¥±É·μ¤´ÒÌ ³ É¥·¨ ² Ì
¤²Ö ²¨É¨°-¨μ´´ÒÌ  ±±Ê³Ê²ÖÉμ·μ¢ ¶·¨ Ô²¥±É·μÌ¨³¨Î¥¸±μ³ Í¨±²¨·μ¢ ´¨¨ ¢
Ô±¸¶¥·¨³¥´É Ì, ±μÉμ·Ò¥ ¢¥¤ÊÉ¸Ö ´  ”„‚� ¢ · ³± Ì £· ´É  ��”.

‚ Ìμ¤¥ real-time Ô±¸¶¥·¨³¥´Éμ¢ § Î ¸ÉÊÕ É·¥¡Ê¥É¸Ö ¶·μ¸²¥¤¨ÉÓ ´¥ Éμ²Ó±μ
§  ¨§³¥´¥´¨Ö³¨  Éμ³´μ° ¸É·Ê±ÉÊ·Ò Ì¨³¨Î¥¸±¨Ì ¸μ¥¤¨´¥´¨°, ´μ ¨ §  ±·Ê¶-
´μ³ ¸ÏÉ ¡´Ò³¨ ´¥μ¤´μ·μ¤´μ¸ÉÖ³¨ ±·¨¸É ²²¨Î¥¸±μ° ¸·¥¤Ò. �Éμ ³μ¦´μ ¸¤¥-
² ÉÓ, ·¥£¨¸É·¨·ÊÖ μ¤´μ¢·¥³¥´´μ ¸¶¥±É·Ò ¤¨Ë· ±Í¨¨ ¨ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö-
´¨Ö ´¥°É·μ´μ¢ (Œ“��). ’ ±μ° Ô±¸¶¥·¨³¥´É ´  TOF-¤¨Ë· ±Éμ³¥É·¥ ³μ¦¥É
¡ÒÉÓ μ·£ ´¨§μ¢ ´ ¸· ¢´¨É¥²Ó´μ ¶·μ¸Éμ. „²Ö ÔÉμ£μ ¤μ¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ
Ê³¥·¥´´μ ±μ²²¨³¨·μ¢ ´´Ò° ¶¥·¢¨Î´Ò° ¶ÊÎμ± ¨ μ¤¨´ ¨²¨ ´¥¸±μ²Ó±μ ¤¥É¥±-
Éμ·μ¢, Ê¸É ´μ¢²¥´´ÒÌ ´  ³ ²ÒÌ Ê£² Ì · ¸¸¥Ö´¨Ö ´  ¸· ¢´¨É¥²Ó´μ ´¥¡μ²Ó-
Ïμ³ · ¸¸ÉμÖ´¨¨ μÉ μ¡· §Í . �² £μ¤ ·Ö Ï¨·μ±μ³Ê ¸¶¥±É·Ê ¶¥·¢¨Î´μ£μ ¶ÊÎ± 
¤¨ ¶ §μ´ ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸μ¢ ¶μ²ÊÎ ¥É¸Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨³, ÎÉμ¡Ò Ê¢¥-
·¥´´μ ·¥£¨¸É·¨·μ¢ ÉÓ ³ ²μÊ£²μ¢μ¥ · ¸¸¥Ö´¨¥. �²£μ·¨É³Ò μ¡· ¡μÉ±¨ ¸¶¥±É·μ¢
Œ“�� § ³¥É´μ μÉ²¨Î ÕÉ¸Ö μÉ ¸²ÊÎ Ö ¤¨Ë· ±Í¨¨ ´¥°É·μ´μ¢ ´  ±·¨¸É ²²¨Î¥-
¸±μ³ ³ É¥·¨ ²¥, ´μ μ¡Ð Ö ¸É· É¥£¨Ö μ¸É ¥É¸Ö ¶·¥¦´¥°. � ¡μÉ  ¶μ ¨Ì ¢±²ÕÎ¥-
´¨Õ ¢ ¶ ±¥É SPEVA ¡Ê¤¥É § ¢¥·Ï¥´  ¢ 2015 £.

	·¥¤¸É ¢²¥´´Ò¥ ¢ · ¡μÉ¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ²ÊÎ¥´Ò ´  ¤¨-
Ë· ±Éμ³¥É·¥ ”„‚� ´  ·¥ ±Éμ·¥ ˆ��-2. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ°
¶μ¤¤¥·¦±¥ �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤ , £· ´É º14-12-00896.
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