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“Î·¥¦¤¥´¨¥ �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê± ˆ´¸É¨ÉÊÉ £¥μ²μ£¨¨ Š ·�– ���, �¥É·μ§ ¢μ¤¸±, �μ¸¸¨Ö

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¢²¨Ö´¨Ö ¸¶μ¸μ¡μ¢ Ì¨³¨Î¥¸±μ° ¨ É¥·³¨-
Î¥¸±μ° μ¡· ¡μÉμ± ´  ¸É·Ê±ÉÊ·´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¨ Ì¨³¨Î¥¸±¨° ¸μ¸É ¢ Ê²ÓÉ· ¤¨¸¶¥·¸´ÒÌ  ²³ §μ¢
(“„�) ¤¥Éμ´ Í¨μ´´μ£μ ¸¨´É¥§ . �Ò² ¶·μ¢¥¤¥´ ¸· ¢´¨É¥²Ó´Ò°  ´ ²¨§ “„� ¶ÖÉ¨ · §²¨Î´ÒÌ ¶·μ¨§-
¢μ¤¨É¥²¥°. 	¸μ¡μ¥ ¢´¨³ ´¨¥ Ê¤¥²¥´μ ¸É·Ê±ÉÊ·´Ò³ Ì · ±É¥·¨¸É¨± ³ μ¡· §Íμ¢ (· §³¥·Ê μ¡² ¸É¥°
±μ£¥·¥´É´μ£μ · ¸¸¥Ö´¨Ö,  £·¥£ Í¨¨), ±μÉμ·Ò¥ ¡Ò²¨ μ¶·¥¤¥²¥´Ò ³¥Éμ¤ ³¨ ‘�Œ, �‘Œ ¨ �‘�.
�´ ²¨§ ¶·¨³¥¸¥° ¶·μ¢¥¤¥´ ³¥Éμ¤ ³¨ ³ ¸¸-¸¶¥±É·μ³¥É·¨¨,  Éμ³´μ- ¡¸μ·¡Í¨μ´´μ£μ  ´ ²¨§  ¨ ·¥´É-
£¥´μ¸¶¥±É· ²Ó´μ£μ ³¨±·μ ´ ²¨§ .

The effect of chemical and thermal treatment on structural characteristics and chemical composition
of detonation synthesis ultradispersed diamonds (UDDs) was studied. UDDs of ˇve different producers
were compared. Special attention was paid to structural characteristics of samples (size of coherent
scattering regions, aggregation), which were determined by SEM, AFM, and X-ray diffraction methods.
Impurities were analyzed by methods of mass spectrometry, atomic and absorption analysis, and X-ray
spectral analysis.

PACS: 81.05.ug; 81.05.uj

�²³ §´Ò¥ ´ ´μÎ ¸É¨ÍÒ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ö¢²ÖÕÉ¸Ö ´ ¨¡μ²¥¥ ¸¨´É¥§¨·Ê¥³Ò³¨ ´ -
´μ³ É¥·¨ ² ³¨. �μ·μÏμ± ´ ´μ ²³ §  (��) μ¡² ¤ ¥É Ê´¨± ²Ó´μ° ¢¥²¨Î¨´μ° Ê¤¥²Ó´μ°
¶μ¢¥·Ì´μ¸É¨ ¨ ¶μ¢¥·Ì´μ¸É´μ° Ô´¥·£¨¨, ÎÉμ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¥£μ ¢ ± Î¥¸É¢¥ ³μÐ-
´μ£μ ¸É·Ê±ÉÊ·μμ¡· §μ¢ É¥²Ö ¢ · §²¨Î´ÒÌ ³ É¥·¨ ² Ì (·¥§¨´Ò, ±¥· ³¨±¨, ¶² ¸É³ ¸¸Ò) ¤²Ö
¸ÊÐ¥¸É¢¥´´μ£μ Ê²ÊÎÏ¥´¨Ö Ì · ±É¥·¨¸É¨±. �� ¨³¥¥É  ±É¨¢´ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ¨§-§  ¸¢μ¨Ì
· §³¥·μ¢, É ± ± ± μ¡² ¤ ÕÉ ¢Ò¸μ±μ° ¤¨¸¶¥·¸´μ¸ÉÓÕ ¨ ´ ²¨Î¨¥³ ¤¥Ë¥±Éμ¢ ¶μ¢¥·Ì´μ¸É-
´ÒÌ ¸É·Ê±ÉÊ· Î ¸É¨ÍÒ. �Éμ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¨Ì ¤²Ö ¸μ§¤ ´¨Ö ´ ´μ±μ³¶μ§¨Í¨μ´-
´ÒÌ ³ É¥·¨ ²μ¢, Ô²¥³¥´Éμ¢ ´ ´μÔ²¥±É·μ´¨±¨, ¸¥²¥±É¨¢´ÒÌ  ¤¸μ·¡¥´Éμ¢, ± É ²¨§ Éμ·μ¢,
μ¡Ñ¥±Éμ¢ ³¥¤¨±μ-¡¨μ²μ£¨Î¥¸±μ£μ ¨¸¶μ²Ó§μ¢ ´¨Ö. ‚Ò¸μ± Ö  ¤¸μ·¡Í¨μ´´ Ö ¸¶μ¸μ¡´μ¸ÉÓ
¨ ¡μ²ÓÏ Ö Ê¤¥²Ó´ Ö ¶μ¢¥·Ì´μ¸ÉÓ Ì¨³¨Î¥¸±¨ ¨´¥·É´ÒÌ Ö¤¥·, £¨¤·μËμ¡´μ¸ÉÓ ¶μ¢¥·Ì´μ¸É¨
¶μ§¢μ²ÖÕÉ ¨¸¶μ²Ó§μ¢ ÉÓ �� ¢ ³¥¤¨Í¨´¥ ¨ ¡¨μ²μ£¨¨: ¢ μ´±μ²μ£¨¨, £ ¸É·μÔ´É¥·μ²μ£¨¨, ¶·¨
¸μ¸Ê¤¨¸ÉÒÌ § ¡μ²¥¢ ´¨ÖÌ, ¶·¨ ¶·μ¨§¢μ¤¸É¢¥ ²¥± ·¸É¢ [1Ä3]. ‚ ´ ¸ÉμÖÐ¨¥¥ ¢·¥³Ö £² ¢´Ò³
¶·¥¶ÖÉ¸É¢¨¥³ ± ¨Ì Ï¨·μ±μ³Ê ¨¸¶μ²Ó§μ¢ ´¨Õ Ö¢²Ö¥É¸Ö μÉ¸ÊÉ¸É¢¨¥ Î¥É±μ° ¸É ´¤ ·É¨§ Í¨¨
¨ ´¨§± Ö ¸É ¡¨²Ó´μ¸ÉÓ ± Î¥¸É¢  Ê · §´ÒÌ ¶·μ¨§¢μ¤¨É¥²¥°. �¥·¥Î¨¸²¥´´Ò¥ Ë ±ÉÒ ¤¥² ÕÉ
¨§ÊÎ¥´¨¥ ��  ±ÉÊ ²Ó´Ò³ ¨ ¶¥·¸¶¥±É¨¢´Ò³.

�� ¸μ¸Éμ¨É ´  80Ä88% ¨§ Ê£²¥·μ¤ . Š·μ³¥ Ê£²¥·μ¤  ¢ ´¥³ ¸μ¤¥·¦¨É¸Ö ±¨¸²μ·μ¤
(10% ¨ ¡μ²¥¥), ¢μ¤μ·μ¤ (0,5Ä1,5 %),  §μÉ (2Ä3%) ¨ ´¥¸£μ· ¥³Ò° μ¸É Éμ± (0,5Ä8,0 %),
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±μÉμ·Ò° ¸μ¸Éμ¨É ¨§ μ±¸¨¤μ¢, ± ·¡¨¤μ¢ ¨ ¸μ²¥° · §²¨Î´ÒÌ Ô²¥³¥´Éμ¢ (Fe, Ti, Cr, Cu, K,
Ca, Si, Zn, Pb) [4, 5]. �¥Ê£²¥·μ¤´Ò¥ ±μ³¶μ´¥´ÉÒ �� Ö¢²ÖÕÉ¸Ö ¸μ¸É ¢²ÖÕÐ¨³¨ ¶·μ¤Ê±É ,
μ¶·¥¤¥²ÖÕÐ¨³¨ ¥£μ ¸¢μ°¸É¢ .

‘·¥¤´¨° · §³¥·  ²³ §´μ° ´ ´μÎ ¸É¨ÍÒ, Ê± §Ò¢ ¥³Ò° · §´Ò³¨ ¶·μ¨§¢μ¤¨É¥²Ö³¨ (			
®‘ˆ�’�¯, 			 ®� ´μÉ¥Ì¯), · ¢¥´ 4Ä6 ´³. ’ ± Ö Î ¸É¨Í  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°  ²³ §´μ¥
Ö¤·μ, μ±·Ê¦¥´´μ¥ μ¡μ²μÎ±μ°, ¢ ±μÉμ·μ° ¶·¨¸ÊÉ¸É¢ÊÕÉ ¤¢¥ Ë §Ò:  ³μ·Ë´ Ö  ²³ §´ Ö
(Ê£²¥·μ¤ ¢ ¸μ¸ÉμÖ´¨¨ sp3-£¨¡·¨¤¨§ Í¨¨) ¨  ³μ·Ë´ Ö £· Ë¨Éμ¢ Ö (sp2) [6]. � §²¨Î¨¥
´ ¡²Õ¤ ¥É¸Ö ´¥ Éμ²Ó±μ ¢ Ì¨³¨Î¥¸±μ³ ¸μ¸É ¢¥ μ¡μ²μÎ¥±, ´μ ¨ ¢ ¨Ì Éμ²Ð¨´¥ (¢ Î¨¸²¥
¸²μ¥¢ Ê£²¥·μ¤  ¨ ¢ ³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ´¨ÖÌ ¢ μ¡μ²μÎ±¥) [4]. �μ¢¥·Ì´μ¸ÉÓ Î ¸É¨ÍÒ
¶μ±·ÒÉ  ËÊ´±Í¨μ´ ²Ó´Ò³¨ £·Ê¶¶ ³¨ (Ê£²¥¢μ¤μ·μ¤´Ò¥, ±¨¸²μ·μ¤-, ¸¥·μ- ¨  §μÉ¸μ¤¥·¦ -
Ð¨¥). �μ²ÓÏμ¥ ¢²¨Ö´¨¥ Ì¨³¨Î¥¸±μ¥ ¸μ¸ÉμÖ´¨¥ ¶μ¢¥·Ì´μ¸É¨ �� μ± §Ò¢ ¥É ´  ¨Ì ¸¶¥-
± ´¨¥. •¨³¨Î¥¸±μ¥ ³μ¤¨Ë¨Í¨·μ¢ ´¨¥ ¨¸Ìμ¤´ÒÌ �� Ê³¥´ÓÏ ¥É ¸É¥¶¥´Ó £· Ë¨É¨§ Í¨¨
 ²³ §  ¶·¨ ¸¶¥± ´¨¨, ÎÉμ ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¶·μÎ´μ¸É¨ ¨ É¢¥·¤μ¸É¨ ¶μ²ÊÎ ¥³ÒÌ
¶μ²¨±·¨¸É ²²μ¢ [7].

� ´¥¥ ¶·¥¤¶μ² £ ²μ¸Ó, ÎÉμ  ²³ §´Ò¥ ´ ´μÎ ¸É¨ÍÒ ¨³¥ÕÉ ±¢ §¨¸Ë¥·¨Î¥¸±ÊÕ Ëμ·³Ê.
�μ²ÊÎ¥´´Ò¥ ´  ¶·μ¸¢¥Î¨¢ ÕÐ¥³ Ô²¥±É·μ´´μ³ ³¨±·μ¸±μ¶¥ ¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö ¨§μ¡· -
¦¥´¨Ö μÉ¤¥²Ó´ÒÌ ��-±² ¸É¥·μ¢ ¶μ± § ²¨, ÎÉμ �� Å ³´μ£μ£· ´´¨±¨ ¸ Ìμ·μÏ¥° μ£· ´-
±μ° [8]. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¡Ò²μ ¶μ± § ´μ, ± ± ÔÉ  ³´μ-
£μ£· ´´ Ö Ëμ·³  ¢²¨Ö¥É ´  ¸É ¡¨²Ó´μ¸ÉÓ ¶μ¢¥·Ì´μ¸É¨ ´ ´μÎ ¸É¨Í [9, 10].

�� ¸±²μ´´Ò ±  £·¥£ Í¨¨ ¸ μ¡· §μ¢ ´¨¥³ ¶¥·¢¨Î´ÒÌ ¨ ¢Éμ·¨Î´ÒÌ ¸É·Ê±ÉÊ·. �£·¥-
£ ÉÒ ¨³¥ÕÉ Ë· ±É ²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê ¨ · §·ÊÏ ÕÉ¸Ö Ê²ÓÉ· §¢Ê±μ³. ‚ ¸Ê¸¶¥´§¨ÖÌ ³μ£ÊÉ
μ¡· §μ¢Ò¢ ÉÓ¸Ö ¸¥É¨, ¢μ²μ±´ , ´¨É¨ ¨ Í¥¶¨, ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¸ÊÐ¥¸É¢μ¢ ´¨¨ ¤¨-
¶μ²Ó´μ£μ ³μ³¥´É  Ê ��, ±μÉμ·Ò° ¨¸Î¥§ ¥É ¶·¨ ¢μ§´¨±´μ¢¥´¨¨ ´ ¤³μ²¥±Ê²Ö·´ÒÌ ¸É·Ê±-
ÉÊ· [4].

� ¤¥¦´μ¸ÉÓ ¨ ¢μ¸¶·μ¨§¢μ¤¨³μ¸ÉÓ É ±¨Ì ¸²μ¦´ÒÌ ³ É¥·¨ ²μ¢ § ¢¨¸ÖÉ μÉ Ì¨³¨Î¥¸±μ°
¨ ¸É·Ê±ÉÊ·´μ° ¸É ¡¨²Ó´μ¸É¨ ´ ´μ ²³ §´μ£μ Ö¤· ,   É ±¦¥ μÉ ¸É·Ê±ÉÊ·Ò ¨ ·¥ ±Í¨μ´-
´μ° ¸¶μ¸μ¡´μ¸É¨ ¶μ¢¥·Ì´μ¸É¨ ‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´μ ¢²¨Ö´¨¥ ¸¶μ¸μ¡μ¢ É¥·³¨-
Î¥¸±μ° ¨ Ì¨³¨Î¥¸±μ° μ¡· ¡μÉμ± ´  ¸É·Ê±ÉÊ·´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¨ Ì¨³¨Î¥¸±¨° ¸μ¸É ¢
��-¤¥Éμ´ Í¨μ´´μ£μ ¸¨´É¥§ .

	¡· §ÍÒ ¢ ¢¨¤¥ ¶μ·μÏ±μ¢ ¨ ¢μ¤´ÒÌ ¤¨¸¶¥·¸¨° ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¨§ · §´ÒÌ ¨¸ÉμÎ´¨-
±μ¢: “„�-1 (”��– ®�²É °¯); “„�-3 (			 ®�¥ ²-„§¥·¦¨´¸±¯); “„�-4 (”‘“� ‘Š’�
®’¥Ì´μ²μ£¯); “„�-5 (NanoCarbon Research Institute Ltd.); “„�-6 (Gansu Liru Lingyun
NanoMaterial Co Ltd.).

•¨³¨Î¥¸±¨° ¸μ¸É ¢ ¡Ò² μ¶·¥¤¥²¥´ ¶μ¸·¥¤¸É¢μ³ ³ ¸¸-¸¶¥±É·μ³¥É·¨¨ (³ ¸¸-¸¶¥±É·μ-
³¥É· ICP-MS Xseries2 (ThermoFisher Scientiˇc) ¸ ¨´¤Ê±É¨¢´μ ¸¢Ö§ ´´μ° ¶² §³μ°),  Éμ³´μ-
 ¡¸μ·¡Í¨μ´´μ£μ  ´ ²¨§  ( Éμ³´μ- ¡¸μ·¡Í¨μ´´Ò° ¸¶¥±É·μËμÉμ³¥É· AAS3) ¨ ·¥´É£¥´μ-
¸¶¥±É· ²Ó´μ£μ ³¨±·μ ´ ²¨§  ( ´ ²¨§ Éμ· INCA-350 (Oxford AG)), ¸μ¢³¥Ð¥´´μ£μ ¸ Ô²¥±-
É·μ´´Ò³ ³¨±·μ¸±μ¶μ³ VEGA II LSH (			 TESCAN). �´ ²¨§  £·¥£ Í¨¨ ¸É·Ê±ÉÊ·´ÒÌ
Ô²¥³¥´Éμ¢ ¡Ò² ¶·μ¢¥¤¥´ ¸ ¶μ³μÐÓÕ ³¥Éμ¤μ¢ ‘�Œ (VEGA II LSH) ¨ �‘Œ (¸± ´¨·ÊÕ-
Ð¨° ³Ê²ÓÉ¨³¨±·μ¸±μ¶ ‘ŒŒ-220),    ´ ²¨§ ¸É·Ê±ÉÊ·´ÒÌ ¶ · ³¥É·μ¢ ±·¨¸É ²²¨Éμ¢ Å
¸ ¶μ³μÐÓÕ �‘� (Thermo Scientiˇc ARL X'TRA Powder X-ray Diffraction System, λCu =
1, 54056 
A).

„²Ö μ¶·¥¤¥²¥´¨Ö Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  μ¡· §Íμ¢ ¡Ò²¨ ¶·¨£μÉμ¢²¥´Ò ¢μ¤´Ò¥ ¤¨¸¶¥·¸¨¨
(¸ ±μ´Í¥´É· Í¨¥° 0,1 ³£/³²). “„�-4 ¨ “„�-6 ¶¥·¥¢¥¸É¨ ¢ ¢μ¤Ê ´¥ Ê¤ ²μ¸Ó. �´ ²¨§
¶μ± § ² ´ ²¨Î¨¥ ¢ μ¡· §Í Ì ¸²¥¤ÊÕÐ¨Ì ¶·¨³¥¸¥° (³±£/²): “„�-1 (Cu = 30,01 ± 0,32;
Zn = 22,44 ± 0,57; Sb = 14,09 ± 0,20), “„�-3 (Cu = 73,34 ± 0,31; Ni = 19,36 ± 0,28),
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“„�-5 (Zr = 2245,99 ± 74,17; W = 126,25 ± 6,62; Y = 75,88 ± 2,28; Zn = 40,7 ± 2,2;
Hf = 40,4 ± 1,9; Pb = 23,25 ± 0,53; Cr = 19,06 ± 0,79; Cd = 17,26 ± 0,01).

�μ ·¥§Ê²ÓÉ É ³ ‘�Œ ¨ �‘Œ, ¢ μ¡· §Í Ì ´ ¡²Õ¤ ² ¸Ó ¢Éμ·¨Î´ Ö  £·¥£ Í¨Ö (· §³¥·Ò
 £·¥£ Éμ¢ Ê± § ´Ò ¢ É ¡². 1). �£·¥£ ÉÒ μ¡· §Íμ¢ “„�-1 ¨ “„�-5 ¨³¥ÕÉ ¶· ¢¨²Ó´ÊÕ
Ëμ·³Ê, ¡²¨§±ÊÕ ± ±Ê¡¨Î¥¸±μ°, “„�-3 Å μ±·Ê£²ÊÕ,   μ¡· §¥Í “„�-6 ¸μ¤¥·¦¨É ±·Ê¶´Ò¥
¢ÒÉÖ´ÊÉÒ¥  £·¥£ ÉÒ.

’ ¡²¨Í  1. � §³¥·Ò  £·¥£ Éμ¢ (´³)

“„�-1 “„�-3 “„�-4 “„�-5 “„�-6

100Ä200 40Ä110 10 110Ä180 1000

�´ ²¨§ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ³¥Éμ¤μ³ ¶μ·μÏ±μ¢μ£μ ·¥´É£¥´μ¸É·Ê±ÉÊ·´μ£μ  ´ ²¨§ ,
¶μ± § ², ÎÉμ ´¥μ¡· ¡μÉ ´´Ò° μ¡· §¥Í “„�-6 ¸μ¤¥·¦¨É ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ  ³μ·Ë´μ£μ
Ê£²¥·μ¤  ¨ ´ ¡²Õ¤ ¥É¸Ö Éμ²Ó±μ μ¤¨´ ¸² ¡Ò° ¶¨±, ±μÉμ·Ò° ³μ¦¥É ¸μμÉ¢¥É¸É¢μ¢ ÉÓ μÉ· -
¦¥´¨Õ (111)  ²³ § . �  ¤¨Ë· ±Éμ£· ³³ Ì μ¸É ²Ó´ÒÌ μ¡· §Íμ¢ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¶ÖÉÓ Î¥É±μ
¢Ò· ¦¥´´ÒÌ μÉ· ¦¥´¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì  ²³ §Ê (Fd3m). ‘¶μ¸μ¡ μ¡· ¡μÉ±¨ ´¥ ¶μ¢²¨Ö²
´  ¶ · ³¥É· Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ �� (a = 0,357(1) ´³).

‘¢μ°¸É¢  ¶μ²¨±·¨¸É ²²¨Î¥¸±μ£μ ³ É¥·¨ ²  § ¢¨¸ÖÉ μÉ · §³¥·  ±·¨¸É ²²¨Éμ¢,   μ´ Å
μÉ Ê¸²μ¢¨° ¶μ²ÊÎ¥´¨Ö ³ É¥·¨ ²  ¨ ¢μ§¤¥°¸É¢¨°, ±μÉμ·Ò³ ¶μ¤¢¥·£ ²¸Ö. 	Í¥´¨ÉÓ · §³¥·
±·¨¸É ²²¨Éμ¢ ¢ μ¡· §Í¥ ³μ¦´μ, · ¸¸Î¨É ¢ · §³¥· μ¡² ¸É¨ ±μ£¥·¥´É´μ£μ · ¸¸¥Ö´¨Ö (	Š�)
¶μ ÊÏ¨·¥´¨Õ ¤¨Ë· ±Í¨μ´´ÒÌ ²¨´¨°. � §³¥·Ò 	Š� μ¡· §Íμ¢ ¡Ò²¨ · ¸¸Î¨É ´Ò ¶μ É·¥³
´ ¨¡μ²¥¥ ¨´É¥´¸¨¢´Ò³ μÉ· ¦¥´¨Ö³: (111), (220) ¨ (311). ‚ ¶·¥¤¥² Ì ÉμÎ´μ¸É¨ Ô±¸¶¥·¨-
³¥´É  ´ ¡²Õ¤ ¥É¸Ö · §´¨Í  ¢ · §³¥· Ì 	Š� ´¥ Éμ²Ó±μ ³¥¦¤Ê μÉ¤¥²Ó´Ò³¨ μ¡· §Í ³¨, ´μ
¨ ¢ ¶·¥¤¥² Ì μ¤´μ£μ μ¡· §Í  ¢ · §´ÒÌ ´ ¶· ¢²¥´¨ÖÌ (É ¡². 2). ’ ±μ° ·¥§Ê²ÓÉ É ³μ¦´μ
μ¡ÑÖ¸´¨ÉÓ ¶·¥¤¶μ²μ¦¥´¨¥³, ÎÉμ ±·¨¸É ²²¨É Å ³´μ£μ£· ´´¨±.

’ ¡²¨Í  2. � §³¥·Ò �Š� ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Íμ¢ (´³)

hkl “„�-1 “„�-3 “„�-4 “„�-5 “„�-6

1 1 1 3,6(1) 3,8(1) 4,2(1) 3,9(1) 3,8(1)
2 2 0 3,6(1) 3,8(1) 4,0(1) 3,7(1) 3,7(1)
3 1 1 3,9(1) 4,0(1) 4,4(1) 4,2(1) 4,0(1)

’¥·³μμ¡· ¡μÉ±¥ (’	) ¡Ò²¨ ¶μ¤¢¥·£´ÊÉÒ ¤¢  μ¡· §Í : “„�-5 ¨ “„�-6. �·μÍ¥¸¸ ¶·μ-
Ìμ¤¨² ¢ ¢ ±ÊÊ³¥ ¶·¨ É¥³¶¥· ÉÊ·¥ 300 ◦‘ ¢ É¥Î¥´¨¥ 9 Î. �μ¸²¥ μ¡· ¡μÉ±¨ μ¡· §¥Í “„�-6
¨§³¥´¨² Í¢¥É ¸μ ¸¢¥É²μ-±μ·¨Î´¥¢μ£μ ´  Ïμ±μ² ¤´Ò°,   “„�-5 Å ¸ É¥³´μ-¸¥·μ£μ ´ 
É¥³´μ-±μ·¨Î´¥¢Ò°.

�´ ²¨§ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ³¥Éμ¤ ³¨ �‘� ¨ ‘�Œ, ¶μ± § ², ÎÉμ ¶μ¸²¥ ’	 ¢ μ¡· §-
Í Ì ¶·μ¨§μÏ²¨ ¸É·Ê±ÉÊ·´Ò¥ ¨§³¥´¥´¨Ö. �  ¤¨Ë· ±Éμ£· ³³¥ μ¡· §Í  “„�-6 ¢³¥¸Éμ Ë §Ò
 ³μ·Ë´μ£μ Ê£²¥·μ¤  ¶μÖ¢¨²¨¸Ó ¶ÖÉÓ μÉ· ¦¥´¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì  ²³ §Ê. …¸²¨ ¸μ¶μ¸É -
¢¨ÉÓ ¤¨Ë· ±Éμ£· ³³Ò “„�-6 ¶μ¸²¥ ’	 ¨ ¨¸Ìμ¤´μ£μ μ¡· §Í  “„�-5, Éμ ³μ¦´μ ¢¨¤¥ÉÓ,
ÎÉμ μ´¨ ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ. �  ËμÉμ£· Ë¨ÖÌ, ¶μ²ÊÎ¥´´ÒÌ c ¶μ³μÐÓÕ
¸± ´¨·ÊÕÐ¥£μ Ô²¥±É·μ´´μ£μ ³¨±·μ¸±μ¶ , ¢¨¤´μ, ÎÉμ ¨¸Ìμ¤´Ò° μ¡· §¥Í “„�-5 ¨ É¥·-
³μμ¡· ¡μÉ ´´Ò° “„�-6 ¨³¥ÕÉ ¸Ìμ¤´ÊÕ ³μ·Ëμ²μ£¨Õ. ’ ±¨³ μ¡· §μ³, ¤μ¸É ÉμÎ´μ ³Ö£-
± Ö É¥·³μμ¡· ¡μÉ±  ¶μ§¢μ²¨²  ¨§¡ ¢¨ÉÓ¸Ö μÉ  ³μ·Ë´μ£μ Ê£²¥·μ¤  ¨ μ¶·¥¤¥²¨ÉÓ · §³¥·Ò
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	Š� ¤²Ö μ¡· §Í  “„�-6 (É ¡². 2). �  ¤¨Ë· ±Éμ£· ³³¥ μ¡· §Í  “„�-5 ¶μ¸²¥ ’	 ¶μÖ¢¨-
²μ¸Ó £ ²μ ¢ μ¡² ¸É¨ Ê£²μ¢ 13Ä35◦. 	É· ¦¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥  ²³ §Ê, ¸μÌ· ´¨²¨¸Ó,
´μ ¨Ì ¨´É¥´¸¨¢´μ¸ÉÓ ¸´¨§¨² ¸Ó ¶μÎÉ¨ ¢ ¤¢  · § . �  ËμÉμ£· Ë¨ÖÌ É¥·³μμ¡· ¡μÉ ´´μ£μ
“„�-5, ¶μ²ÊÎ¥´´ÒÌ c ¶μ³μÐÓÕ ¸± ´¨·ÊÕÐ¥£μ Ô²¥±É·μ´´μ£μ ³¨±·μ¸±μ¶ , ¢¨¤´μ, ÎÉμ ³¥²-
±¨¥ Î ¸É¨ÍÒ ¸¶¥±²¨¸Ó ¢ ¶²μÉ´Ò¥ ¸Ë¥·¨Î¥¸±¨¥  £·¥£ ÉÒ · §³¥·μ³ ¶·¨³¥·´μ 10Ä15 ³±³.
�É¨  £·¥£ ÉÒ ´¥ · §·ÊÏ¨²¨¸Ó ¶·¨ · ¸É¨· ´¨¨ μ¡· §Í  ¢  £ Éμ¢μ° ¸ÉÊ¶±¥. �μ-¢¨¤¨³μ³Ê,
¨Ì μ¡· §μ¢ ´¨¥ ¶·¨¢¥²μ ± Ê³¥´ÓÏ¥´¨Õ ¨´É¥´¸¨¢´μ¸É¥° ¤¨Ë· ±Í¨μ´´ÒÌ ¶¨±μ¢ ¨ μ¡· -
§μ¢ ´¨Õ £ ²μ. ’	 ´¥ ¶μ¢²¨Ö²  ´  · §³¥· 	Š�.

�´ ²¨§ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ³¥Éμ¤μ³ ·¥´É£¥´μ¸¶¥±É· ²Ó´μ£μ ³¨±·μ ´ ²¨§ , ¶μ± § ²,
ÎÉμ ¢ ¨¸Ìμ¤´μ³ μ¡· §Í¥ “„�-6 μ¡´ ·Ê¦¥´ Éμ²Ó±μ Ê£²¥·μ¤. �μ¸²¥ ’	 ¡Ò² ´ °¤¥´ ·Ö¤ ³¥-
Ì ´¨Î¥¸±¨Ì ¶·¨³¥¸¥°: É¨É ´ ¨ ¸¢¨´¥Í (¢ ¢¨¤¥ ³¥É ²²¨Î¥¸±¨Ì Î ¸É¨Í, ¶μ±·ÒÉÒÌ Éμ´±¨³
¸²μ¥³ μ±¸¨¤  ³¥É ²² ); μ±¸¨¤ ¦¥²¥§  ¨ Î ¸É¨ÍÒ, ¸μ¸ÉμÖÐ¨¥ ¨§ ¸¥·¥¡· ,  ²Õ³¨´¨Ö ¨ ±¨-
¸²μ·μ¤  ¶·¨³¥·´μ ¢ · ¢´μ° ¶·μ¶μ·Í¨¨. � §³¥· μ¡´ ·Ê¦¥´´ÒÌ Î ¸É¨Í 5Ä10 ³±³. �¥´É£¥-
´μ¸¶¥±É· ²Ó´Ò° ³¨±·μ ´ ²¨§ μ¡· §Í  “„�-5 ¶μ§¢μ²¨² ¤μ¶μ²´¨É¥²Ó´μ μ¡´ ·Ê¦¨ÉÓ É¨É ´,
¦¥²¥§μ,  ²Õ³¨´¨° ¨ Ì²μ·. �Ò²μ ¶μ± § ´μ, ÎÉμ ¢ ¸μ¸É ¢ μ¡· §Í  ¢ ¢¨¤¥ ³¥É ²²¨Î¥¸±¨Ì
Î ¸É¨Í, ¶μ±·ÒÉÒÌ μ±¸¨¤´μ° ¶²¥´±μ°, ¢Ìμ¤ÖÉ É¨É ´ (3Ä10 ³±³), Í¨·±μ´¨° (5Ä10 ³±³) ¨
Í¨´± (∼ 80 ³±³). ’ ±¦¥ μ¡´ ·Ê¦¥´Ò Î ¸É¨ÍÒ (10Ä15 ³±³), ¸μ¸ÉμÖÐ¨¥ ¨§ ¸¥·¥¡· ,  ²Õ-
³¨´¨Ö ¨ ±¨¸²μ·μ¤  ¶·¨³¥·´μ ¢ · ¢´μ° ¶·μ¶μ·Í¨¨. �²Õ³¨´¨°, ±¨¸²μ·μ¤ ¨ Ì²μ· ¢Ìμ¤ÖÉ
¢ ¢¨¤¥ Î ¸É¨Í (∼ 100 ³±³), ¸μ¸É ¢ ±μÉμ·ÒÌ ´ ¨¡μ²¥¥ ¢¥·μÖÉ´μ μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ°
Al(ClO4)3,   ¦¥²¥§μ ¨ Ì·μ³ Å ¢ ¢¨¤¥ Î ¸É¨Í (μÉ 3 ¤μ 40 ³±³), ¸μ¸É ¢ ±μÉμ·ÒÌ ³μ¦´μ
μ¶¨¸ ÉÓ Ëμ·³Ê²μ° Fe(CrO2)2. �μ¸²¥ ’	 ¡Ò²¨ μ¡´ ·Ê¦¥´Ò Î ¸É¨ÍÒ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
μ±¸¨¤Ê ¦¥²¥§  (∼ 10 ³±³).

� ¡μÉ  ¶μ¤¤¥·¦ ´  	�‡ ���-5, SI Visby project 00996/2008, �””ˆ 080498825-·-
¸¥¢¥·, ”� �” ¶μ ´ Ê±¥ ¨ ¨´´μ¢ Í¨Ö³ ƒŠ (º 02.740.11.0395, º 02.740.11.5179), ”� ¶μ
μ¡· §μ¢ ´¨Õ, ”–� ®� ÊÎ´Ò¥ ¨ ´ ÊÎ´μ-¶¥¤ £μ£¨Î¥¸±¨¥ ± ¤·Ò ¨´´μ¢ Í¨μ´´μ° �μ¸¸¨¨ ´ 
2009Ä2013 ££.¯ ƒŠ (�1156, �1220) ¨ ¶·μ£· ³³μ° ®� §¢¨É¨¥ ´ ÊÎ´μ£μ ¶μÉ¥´Í¨ ²  ¢Ò¸Ï¥°
Ï±μ²Ò¯ § ¤ ´¨¥ º 2.1.1./497.
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