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�·¥¤¸É ¢²¥´ μ¡§μ· ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨Ö ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò Ì ²Ó±μ-
£¥´¨¤μ¢ ³¥¤¨ ¨ ¸¥·¥¡· . �É¨ ³ É¥·¨ ²Ò μ¡² ¤ ÕÉ · §´μμ¡· §´Ò³ ´ ¡μ·μ³ Ë¨§¨Î¥¸±¨Ì
¸¢μ°¸É¢, ÎÉμ ¤¥² ¥É ¨Ì ¶¥·¸¶¥±É¨¢´Ò³¨ ¤²Ö ¶· ±É¨Î¥¸±μ£μ ¶·¨³¥´¥´¨Ö. ”¨§¨Î¥¸±¨¥
¸¢μ°¸É¢  ±·¨¸É ²²μ¢ μ¶·¥¤¥²ÖÕÉ¸Ö Ì¨³¨Î¥¸±¨³ ¸μ¸É ¢μ³, ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ-
·μ° ¨ ¢μ§¤¥°¸É¢¨¥³ ¢´¥Ï´¨Ì Ê¸²μ¢¨°. ‚ μ¡§μ·¥ ¶·μ¢¥¤¥´  ´ ²¨§ μ¶Ê¡²¨±μ¢ ´´ÒÌ
·¥§Ê²ÓÉ Éμ¢ ¶μ ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ Ì ²Ó±μ£¥´¨¤μ¢ ³¥¤¨ ¨ ¸¥·¥¡·  ¶·¨ ´¨§-
±¨Ì ¨ ¢Ò¸μ±¨Ì É¥³¶¥· ÉÊ· Ì. �É³¥Î¥´  ¶·μÉ¨¢μ·¥Î¨¢μ¸ÉÓ μ¶Ê¡²¨±μ¢ ´´ÒÌ ¤ ´´ÒÌ
μ ±·¨¸É ²²¨Î¥¸±¨Ì ¶ · ³¥É· Ì. �¢Éμ· ³¨ ¶·¥¤¸É ¢²¥´Ò ¸μ¡¸É¢¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸-
¸²¥¤μ¢ ´¨Ö É¥³¶¥· ÉÊ·´μ° § ¢¨¸¨³μ¸É¨ ±·¨¸É ²²¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ¨ μ¸μ¡¥´´μ¸É¥°
Ë §μ¢ÒÌ ¶¥·¥Ìμ¤μ¢ ¢ Ì ²Ó±μ£¥´¨¤ Ì ³¥¤¨ ¨ ¸¥·¥¡·  · §²¨Î´μ£μ ¸μ¸É ¢ .

We present a review of studies of the crystal structure of copper and silver chalco-
genides. These materials have a diverse set of physical properties that make them promising
for practical application. Physical properties of the crystals are determined by the chem-
ical composition, crystal structure and the in	uence of external conditions. Analysis was
conducted of published results on the crystal structure of copper and silver chalcogenides
at high and low temperatures. The inconsistency of published data on the crystal para-
meters was noted. We present the results of our own investigation of the temperature
dependence of the crystal parameters and features of phase transitions in copper and silver
chalcogenides of different composition.

PACS: 61.66.Dk

‚‚…„…�ˆ…

‘μ¢·¥³¥´´ Ö Ë¨§¨±  É¢¥·¤μ£μ É¥² , ±·¨¸É ²²μ£· Ë¨Ö, ³¨´¥· ²μ£¨Ö ¨§Ê-
Î ÕÉ ¶μ¢¥¤¥´¨¥ ¢¥Ð¥¸É¢ , ´ Ìμ¤ÖÐ¥£μ¸Ö ¢ Ê¸²μ¢¨ÖÌ, μ¶·¥¤¥²Ö¥³ÒÌ ¡μ²Ó-
Ï¨³ Î¨¸²μ³ ¢´¥Ï´¨Ì ¶ · ³¥É·μ¢: É¥³¶¥· ÉÊ·μ°, ¤ ¢²¥´¨¥³, ´ ¶·Ö¦¥´´μ¸ÉÓÕ
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Ô²¥±É·¨Î¥¸±μ£μ ¨ ³ £´¨É´μ£μ ¶μ²¥° ¨ É. ¤. ‚ § ¢¨¸¨³μ¸É¨ μÉ ¢´¥Ï´¨Ì Ê¸²μ¢¨°
¢ ±·¨¸É ²² Ì ³μ£ÊÉ ¶·μ¨¸Ìμ¤¨ÉÓ · §²¨Î´Ò¥ ¶·μÍ¥¸¸Ò: ¶μ²¨³μ·Ë´Ò¥ ¶·¥¢· -
Ð¥´¨Ö, ·¥±·¨¸É ²²¨§ Í¨Ö, · ¸¶ ¤ É¢¥·¤ÒÌ · ¸É¢μ·μ¢, É¥·³¨Î¥¸± Ö ¤¥¸É·Ê±-
Í¨Ö, Ê¶μ·Ö¤μÎ¥´¨¥ ¨ · §Ê¶μ·Ö¤μÎ¥´¨¥ ¨ É. ¤., ±μÉμ·Ò¥ ±μ·¥´´Ò³ μ¡· §μ³
¨§³¥´ÖÕÉ Ë¨§¨Î¥¸±¨¥ ¨ ³¥Ì ´¨Î¥¸±¨¥ ¸¢μ°¸É¢  É¢¥·¤ÒÌ É¥², ¨³¥ÕÐ¨Ì ¶μ-
¸ÉμÖ´´Ò° Ì¨³¨Î¥¸±¨° ¸μ¸É ¢.

‘·¥¤¨ ´ ¨¡μ²¥¥ ¢ ¦´ÒÌ ¶·μ¡²¥³ Ë¨§¨±¨ É¢¥·¤μ£μ É¥²  ¶μ²¨³μ·Ë¨§³
Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ μ¸´μ¢´ÒÌ. �·¨ ¶μ²¨³μ·Ë¨§³¥ μ¤´  ±·¨¸É ²²¨Î¥¸± Ö
¸É·Ê±ÉÊ·  · §·ÊÏ ¥É¸Ö ¨ ¢ Éμ³ ³¥¸É¥, £¤¥ ´ Î ²μ¸Ó · §·ÊÏ¥´¨¥, μ¡· §Ê¥É¸Ö § -
·μ¤ÒÏ ±·¨¸É ²²  ´μ¢μ° ³μ¤¨Ë¨± Í¨¨, ¨³¥ÕÐ¨°  ¡¸μ²ÕÉ´μ ´μ¢ÊÕ ±·¨¸É ²-
²¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê. � ¨¡μ²ÓÏ¨° ´ ÊÎ´Ò° ¨ ¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸ ¶·¥¤-
¸É ¢²Ö¥É ¨¸¸²¥¤μ¢ ´¨¥ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ ±·¨¸É ²² Ì, ¨³¥ÕÐ¨Ì
¸É¥Ì¨μ³¥É·¨Î¥¸±¨¥ ¨ ´¥¸É¥Ì¨μ³¥É·¨Î¥¸±¨¥ ¸μ¸É ¢Ò. Œ¥Ì ´¨§³ Ë §μ¢ÒÌ ¶·¥-
¢· Ð¥´¨°,   É ±¦¥ ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´ÒÌ ³μ¤¨Ë¨± Í¨° ¢ ¸μ-
¢·¥³¥´´μ° ±·¨¸É ²²μ£· Ë¨¨ ¨¸¸²¥¤ÊÕÉ¸Ö ¸ ¶·¨³¥´¥´¨¥³ ³¥Éμ¤μ¢ ¢Ò¸μ±μ-
É¥³¶¥· ÉÊ·´μ° ·¥´É£¥´μ£· Ë¨¨. Š·μ³¥ Éμ£μ, ¶μ²ÊÎ¥´¨¥ ·¥´É£¥´μ£· ³³ ¶·¨
· §²¨Î´ÒÌ É¥³¶¥· ÉÊ· Ì ¶μ§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ ¶ · ³¥É·Ò ·¥Ï¥É±¨ ¶·¨ · §-
²¨Î´ÒÌ É¥³¶¥· ÉÊ· Ì ¨ ¨§ÊÎ ÉÓ É¥¶²μ¢μ¥ · ¸Ï¨·¥´¨¥ ¢¤μ²Ó · §²¨Î´ÒÌ ±·¨-
¸É ²²μ£· Ë¨Î¥¸±¨Ì ´ ¶· ¢²¥´¨°.

�·¨ ¨§ÊÎ¥´¨¨ ³¥Ì ´¨§³  ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ´ ·Ö¤Ê ¸μ ¸É·Ê±-
ÉÊ·´Ò³¨ ¤ ´´Ò³¨ ¶μ²¥§´μ ¨³¥ÉÓ É¥·³μ¤¨´ ³¨Î¥¸±¨¥ ¤ ´´Ò¥ ³μ¤¨Ë¨± Í¨°.

„²Ö ¨§ÊÎ¥´¨Ö ³¥Ì ´¨§³  ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ μ¶É¨Î¥¸±¨ ´¥¶·μ-
§· Î´ÒÌ ±·¨¸É ²² Ì ¡μ²¥¥ Ê¤μ¡´Ò³¨ Ö¢²ÖÕÉ¸Ö Ì ²Ó±μ£¥´¨¤Ò ³¥¤¨ ¨ ¸¥·¥¡· ,
±μÉμ·Ò¥ ¡μ£ ÉÒ ¶μ²¨³μ·Ë´Ò³¨ ¶·¥¢· Ð¥´¨Ö³¨. �μÔÉμ³Ê ¢ ¤ ´´μ° · ¡μÉ¥
μ¡Ñ¥±É ³¨ ¨¸¸²¥¤μ¢ ´¨Ö ¢Ò¡· ´Ò ÔÉ¨ ¸¨¸É¥³Ò.

„²Ö ¢ÒÖ¸´¥´¨Ö Ì · ±É¥·  ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ´¥μ¡Ìμ¤¨³μ ¶·¥Í¨-
§¨μ´´μ¥ ¨§³¥·¥´¨¥ ¶ · ³¥É·μ¢ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨, μ¡Ñ¥³  ¨  Éμ³´μ°
¶²μÉ´μ¸É¨,   É ±¦¥ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³μ¤¨Ë¨± Í¨° ¢
ËÊ´±Í¨¨ É¥³¶¥· ÉÊ·Ò. ’μÎ´Ò¥ μ¶·¥¤¥²¥´¨Ö ÔÉ¨Ì ¶ · ³¥É·μ¢ ¢¸¥£¤  Ö¢²Ö²¨¸Ó
 ±ÉÊ ²Ó´Ò³¨ ¶·μ¡²¥³ ³¨ Ë¨§¨±¨ É¢¥·¤μ£μ É¥²  ¶μÉμ³Ê, ÎÉμ ¢¸¥ Ë¨§¨Î¥¸±¨¥
¸¢μ°¸É¢  ±·¨¸É ²²μ¢ μ¶·¥¤¥²ÖÕÉ¸Ö, ¶·¥¦¤¥ ¢¸¥£μ, μ¸μ¡¥´´μ¸ÉÖ³¨ ±·¨¸É ²²¨-
Î¥¸±μ° ¸É·Ê±ÉÊ·Ò. ˆ¸¸²¥¤μ¢ ´¨Ö ¢ ÔÉμ³  ¸¶¥±É¥ ¤ ÕÉ μ¡Ï¨·´Ò¥ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ¢ÒÖ¸´¥´¨Ö  Éμ³´μ£μ ³¥Ì ´¨§³  ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥-
´¨° ¨ ¤¨´ ³¨±¨ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨.


¨´ ·´Ò¥ ¨ É·μ°´Ò¥ ¸μ¥¤¨´¥´¨Ö ¨ ´¥¸É¥Ì¨μ³¥É·¨Î¥¸±¨¥ ¸μ¸É ¢Ò Ì ²Ó-
±μ£¥´¨¤μ¢ ³¥¤¨ ¨ ¸¥·¥¡· , ± ± ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò¥ ³ É¥·¨ ²Ò, ¸¨²Ó´μ ¸ -
³μ²¥£¨·μ¢ ´Ò ¸μ¡¸É¢¥´´Ò³¨ ¤¥Ë¥±É ³¨ ·¥Ï¥É±¨. ˆ´É¥·¥¸ ± ÔÉ¨³ ±² ¸¸ ³
³ É¥·¨ ²μ¢ μ¡Ê¸²μ¢²¥´ É¥³, ÎÉμ μ´¨ μ¡² ¤ ÕÉ É ±¨³¨ ËμÉμ- ¨ Ô²¥±É·μË¨§¨-
Î¥¸±¨³¨ ¸¢μ°¸É¢ ³¨, ±μÉμ·Ò¥ ¤¥² ÕÉ ¨Ì ¶·¨£μ¤´Ò³¨ ¤²Ö ¶·¥μ¡· §μ¢ É¥²¥°
É¥¶²  ¢ Ô²¥±É·¨Î¥¸É¢μ, ËμÉμ·¥§¨¸Éμ·μ¢, ËμÉμ¤¨μ¤μ¢ ¨ É. ¤.

�· ±É¨Î¥¸±μ¥ ¶·¨³¥´¥´¨¥ ¨Ì ¢ ¦´ÒÌ Ë¨§¨Î¥¸±¨Ì ¸¢μ°¸É¢ É·¥¡Ê¥É ¤¥-
É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö ·¥ ²Ó´μ° ¸É·Ê±ÉÊ·Ò, ¸É·Ê±ÉÊ·´ÒÌ Ë §μ¢ÒÌ ¶·¥¢· Ð¥´¨°
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¢ ´¨Ì, Ê¸É ´μ¢²¥´¨Ö ³¥Ì ´¨§³  ÔÉ¨Ì ¶·¥¢· Ð¥´¨°, μ¡² ¸É¥° ¸É ¡¨²Ó´μ¸É¨
± ¦¤μ° ¨§ ³μ¤¨Ë¨± Í¨° ¨ É. ¤.

‚ ¤ ´´μ³ μ¡§μ·¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ¶μ²¨³μ·Ë´Ò¥ ¶·¥¢· Ð¥´¨Ö Cu2Se,
Cu1,80Zn0,20Se, Cu1,75Zn0,05Se, Ag2Se, AgCuSe, Ag1±xCu1∓xSe,
AgCuSe1−x(S,Te)x.

1. Š�ˆ‘’�‹‹ˆ—…‘Š�Ÿ ‘’�“Š’“�� ‘�…„ˆ�…�ˆŸ Cu2Se

�  ¤¨ £· ³³¥ ¸μ¸ÉμÖ´¨Ö ³¥¤ÓÄ¸¥²¥´ ¸μ¥¤¨´¥´¨¥ Cu2Se ¸ÊÐ¥¸É¢Ê¥É ¢ μ¡² -
¸É¨ 38,38 ¢¥¸.% Se [1, 2]. �²μÉ´μ¸ÉÓ Cu2Se ρ = 6,749 £/¸³3, ÉμÎ±  ¶² ¢²¥´¨Ö
T¶² = 1386 Š [3].

„²Ö Cu2Se ¨§¢¥¸É´Ò ¤¢¥ ³μ¤¨Ë¨± Í¨¨. ‘É·Ê±ÉÊ·  ´¨§±μÉ¥³¶¥· ÉÊ·´μ°
α-Cu2Se ´¥ ¨¸¸²¥¤μ¢ ´ . ‘É·Ê±ÉÊ·  ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ±Ê¡¨Î¥¸±μ° Ë §Ò
¡Ò²  ¢¶¥·¢Ò¥ · ¸Ï¨Ë·μ¢ ´  ¢ [4], ¨ ¶μ± § ´μ, ÎÉμ ¶ · ³¥É· Ô²¥³¥´É ·´μ°
ÖÎ¥°±¨ a = 5,840 �A (¶·¨ 443 Š), ¶·μ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  ¸¨³³¥É·¨¨ F 4̄3m.
— ¸ÉÓ  Éμ³μ¢ Cu ¨ ¢¸¥  Éμ³Ò Se § ´¨³ ÕÉ ¶μ²μ¦¥´¨Ö  Éμ³μ¢ Zn ¨ S ¢ Í¨´-
±μ¢μ° μ¡³ ´±¥ 4Se-4(d), 000, 4Cu-4(c) 1/4 1/4 1/4. �¸É ²Ó´Ò¥  Éμ³Ò · §-
³¥Ð ÕÉ¸Ö ¸É É¨¸É¨Î¥¸±¨ ¶μ ¶μ²μ¦¥´¨Ö³ 4(b) 1/2 1/2 1/2 ¨ 16(¥) xxx ¶·¨
x = 2/3. �¨± ±μ° ¨§¡¨· É¥²Ó´μ¸É¨ ¶·¨ § ¶μ²´¥´¨¨ ¶Ê¸ÉμÉ  Éμ³ ³¨ Cu ´¥
´ ¡²Õ¤ ¥É¸Ö. �μ [5, 6], ¶μ²μ¦¥´¨¥ 16(¥) ¸ x = 2/3 § ´¨³ ¥É¸Ö ¸μ §´ Î¨É¥²Ó´μ
³¥´ÓÏ¥° ¢¥·μÖÉ´μ¸ÉÓÕ. � ¸¶·¥¤¥²¥´¨¥  Éμ³μ¢ Cu1+ § ¢¨¸¨É μÉ ¸μ¸É ¢  ¨
É¥³¶¥· ÉÊ·Ò. �Éμ³Ò ³¥¤¨ ¢¥¸Ó³  ¶μ¤¢¨¦´Ò¥, ÎÉμ ¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó´μ°
¸±μ·μ¸É¨ ¤¨ËËÊ§¨¨.

‘ÊÐ¥¸É¢μ¢ ´¨¥ £μ³μ£¥´´ÒÌ Ë § ¢ ¸μ¸É ¢¥ Cu2−xSe ¸ ´¥¤μ¸É É±μ³ Cu1+

É¥¸´μ ¸¢Ö§ ´μ É ±¦¥ ¸ ¶μ¤¢¨¦´μ¸ÉÓÕ Cu-¨μ´μ¢. ŠÊ¡¨Î¥¸± Ö ³μ¤¨Ë¨± Í¨Ö ¶·¨
§´ Î¨É¥²Ó´μ³ ´¥¤μ¸É É±¥  Éμ³μ¢ ³¥¤¨ Ê¸Éμ°Î¨¢  ¨ ¶·¨ μ¡ÒÎ´ÒÌ É¥³¶¥· ÉÊ-
· Ì. �´  É ±¦¥ ¸ÊÐ¥¸É¢Ê¥É ¢ ¶·¨·μ¤¥ ¢ ¢¨¤¥ ³¨´¥· ²  (¡¥·Í¥²¨ ´¨É ) [7Ä
17]. �·¨ ´μ·³ ²Ó´μ° É¥³¶¥· ÉÊ·¥ ¤²Ö ¸μ¸É ¢  Cu2−xSe (£¤¥ x = 0,5) ´ °¤¥´
¶ · ³¥É· Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ a = 5,72 �A.

‚ ²¨É¥· ÉÊ·¥ μÉ´μ¸¨É¥²Ó´μ ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò ´¨§±μÉ¥³¶¥· -
ÉÊ·´μ° α-Cu2Se,   É ±¦¥ É¥³¶¥· ÉÊ·Ò ¶μ²¨³μ·Ë´μ£μ ¶·¥¢· Ð¥´¨Ö ¨³¥ÕÉ¸Ö
¶·μÉ¨¢μ·¥Î¨¢Ò¥ ¸¢¥¤¥´¨Ö, ±μÉμ·Ò¥ ¶μ¤ÒÉμ¦¥´Ò ¢ É ¡². 1.

‚ · ¡μÉ¥ [7] ÊÉ¢¥·¦¤ ¥É¸Ö, ÎÉμ ¤²Ö ¸μ¥¤¨´¥´¨Ö Cu2Se ¢ ¶·¥¤¥² Ì μÉ
±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò ¤μ 393 Š ¸ÊÐ¥¸É¢Ê¥É · ¢´μ¢¥¸´ Ö μ¡² ¸ÉÓ Ê¶μ·Ö¤μ-
Î¥´´μ° Ë §Ò ¸ É¥É· £μ´ ²Ó´μ° ·¥Ï¥É±μ° ¸ ¶¥·¨μ¤ ³¨ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨
a = 11,49 �A, c = 11,72 �A,   ¢ÒÏ¥ 393 Š Å ´¥Ê¶μ·Ö¤μÎ¥´´ Ö Ë §  ¸ £· ´¥-
Í¥´É·¨·μ¢ ´´μ° ±Ê¡¨Î¥¸±μ° (ƒ–Š) ·¥Ï¥É±μ°, ¶ · ³¥É· Ô²¥³¥´É ·´μ° ÖÎ¥°±¨
±μÉμ·μ° a = 5,82 �A. �¢Éμ· ÔÉμ° · ¡μÉÒ É ±¦¥ μÏ¨¡μÎ´μ ¸Î¨É ¥É, ÎÉμ ¶·¥¢· -
Ð¥´¨¥ ¢ Cu2Se ´μ¸¨É ³ ·É¥´¸¨É´Ò° Ì · ±É¥·, ¨ Ê± §Ò¢ ¥É, ÎÉμ ®¶·¥¢· Ð¥´¨¥
¶·μ¨¸Ìμ¤¨É ¡¥§ μ¡· §μ¢ ´¨Ö § ·μ¤ÒÏ¥°, μ¤´μ¢·¥³¥´´μ ¶μ ¢¸¥³Ê μ¡· §ÍÊ¯.
�É¨³  ¢Éμ· ¨ μ¡ÑÖ¸´Ö¥É ´¥§ ¢¨¸¨³ÊÕ μÉ É¥³¶¥· ÉÊ·Ò ¡μ²ÓÏÊÕ ¸±μ·μ¸ÉÓ ¶·¥-
¢· Ð¥´¨Ö.
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’ ¡²¨Í  1. � · ³¥É·Ò Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± -
Í¨¨ Cu2Se

’¨¶ ·¥Ï¥É±¨, �A
� · ³¥É·Ò

’¥³¶¥· ÉÊ· 
¶·¥¢· Ð¥´¨Ö, K

ƒμ¤ ¨¸¸²¥-
¤μ¢ ´¨Ö

�¢Éμ·Ò·¥Ï¥É±¨, �A
a b c

’¥É· £μ´ ²Ó´ Ö 11,49 Å 11,72 376 1945 W. Borchert [7]
’¥É· £μ´ ²Ó´ Ö 11,63 Å 11,40 Å 1959 P. Junod [8]
�·Éμ·μ³¡¨Î¥¸± Ö 8,17 6,68 10,5 393 1985 �. �.ˆ¡· £¨-

³μ¢ [10]
ŠÊ¡¨Î¥¸± Ö 5,813 Å Å Å 1957 
. ŠμÉμ¢¨Î,

‚. „. ”· ´±-
ŠμÉ¥´¸±¨° [11]

�·Éμ·μ³¡¨Î¥¸± Ö 4,118 7,032 20,38 403 1971 A. N. Stevels,
F. Jellinek [12]

�¥ μ¶·¥¤¥²¥´ Å Å Å Å 1887 M. Bellati,
S. Lussana [13]

�¥ μ¶·¥¤¥²¥´ Å Å Å �·¥¢· Ð¥´¨Ö
´¥É ¤μ 573

1969 S. K. Sharma
[14]

�¥ μ¶·¥¤¥²¥´ Å Å Å 404 1966 R. D.Heyding
[15]

�¥ μ¶·¥¤¥²¥´ Å Å Å 404 2009 Yu.G. Asadov
[16]

2. Š�ˆ‘’�‹‹ˆ—…‘Š�Ÿ ‘’�“Š’“�� α- ˆ β-Œ�„ˆ”ˆŠ�–ˆˆ Ag2Se

‘μ£² ¸´μ [1, 2] ¸¥·¥¡·μ ¸ ¸¥²¥´μ³ μ¡· §ÊÕÉ μ¤´μ ¸μ¥¤¨´¥´¨¥ Ag2Se, ¸μ-
¤¥·¦ Ð¥¥ 26,79 ¢¥¸.% Se.

‹¨É¥· ÉÊ·´Ò¥ ¤ ´´Ò¥ μ ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ ´¨§±μÉ¥³¶¥· ÉÊ·´μ°
³μ¤¨Ë¨± Í¨¨ α-Ag2Se ¶·μÉ¨¢μ·¥Î¨¢Ò [18, 19]. ‚ [20] ¶·¨¢¥¤¥´  Éμ²Ó±μ É -
¡²¨Í  ³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ´¨°, · ¸¸Î¨É ´´ÒÌ ¨§ ¶μ·μÏ±μ£· ³³Ò ´¨§±μ-
É¥³¶¥· ÉÊ·´μ° α-Ag2Se. ‚ [21] ¶·¨ ¨§ÊÎ¥´¨¨ Éμ´±¨Ì ¶²¥´μ± Ag2Se, ¶μ²ÊÎ¥´-
´ÒÌ ¢ ¢ ±ÊÊ³¥, ³¥Éμ¤μ³ Ô²¥±É·μ´´μ° ¤¨Ë· ±Í¨¨ ¶μ± § ´μ, ÎÉμ ´¨§±μÉ¥³¶¥-
· ÉÊ·´ Ö ³μ¤¨Ë¨± Í¨Ö ±·¨¸É ²²¨§Ê¥É¸Ö ¢ É¥É· £μ´ ²Ó´μ° ¸¨´£μ´¨¨ ¸ ¶ · ³¥-
É· ³¨ ·¥Ï¥É±¨ a = 7,08 �A, c = 4,98 �A. �¢Éμ·Ò ÔÉμ° · ¡μÉÒ É ±¦¥ ¸μμ¡Ð ÕÉ,
ÎÉμ ¶·¨ μ¡· É´μ³ ¶·¥¢· Ð¥´¨¨ ¨§ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ ¢ ´¨§-
±μÉ¥³¶¥· ÉÊ·´ÊÕ ¶·¥¢· Ð¥´¨¥ ¶·μ¨¸Ìμ¤¨É Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´ÊÕ μ¡Ñ¥³´μ-
Í¥´É·¨·μ¢ ´´ÊÕ É¥É· £μ´ ²Ó´ÊÕ ³μ¤¨Ë¨± Í¨Õ ¸ ¶ · ³¥É· ³¨ ·¥Ï¥É±¨ a =
4,98 �A ¨ c = 4,78 �A. ‚ [22, 23] ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ´  ¶²¥´± Ì ¶μ-
²ÊÎ¥´μ Ag2Se ´  ¶μ¢¥·Ì´μ¸É¨ ±·¨¸É ²²  KCl ¨ NaCl ¸ ¨¸¶ ·¥´¨¥³ ¢ ¢ ±ÊÊ³¥
Se ¨ Ag. �μ± § ´μ, ÎÉμ ³¥É ¸É ¡¨²Ó´ Ö ƒ–Š ³μ¤¨Ë¨± Í¨Ö ¸ ¶ · ³¥É·μ³
·¥Ï¥É±¨ a = 5,65 �A ¶μ²ÊÎ ¥É¸Ö ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¨§ ¶²¥´±¨, ¶μ²Ê-
Î¥´´μ° ¶·¨ 573 Š,   μ·Éμ·μ³¡¨Î¥¸± Ö ³μ¤¨Ë¨± Í¨Ö ¸ ¶ · ³¥É· ³¨ ·¥Ï¥É±¨
a = 7,06 �A, b = 7,76 �A, c = 4,34 �A Å ¨§ ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¶·¨ 473 Š.
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�¨§±μÉ¥³¶¥· ÉÊ·´ Ö ³μ¤¨Ë¨± Í¨Ö Ag2Se, ¶μ [6], ¨³¥¥É ¶¸¥¢¤μ±Ê¡¨Î¥-
¸±ÊÕ ¸É·Ê±ÉÊ·Ê ¸ ¶ · ³¥É·μ³ ·¥Ï¥É±¨ a = 4,978 �A. �¢Éμ·Ò ÔÉμ° · ¡μÉÒ
¶·¥¤¶μ² £ ÕÉ, ÎÉμ μ¡¥ ³μ¤¨Ë¨± Í¨¨ Ag2Se Ì · ±É¥·¨§ÊÕÉ¸Ö μ¤¨´ ±μ¢Ò³ · ¸-
¶μ²μ¦¥´¨¥³  Éμ³μ¢ Se ¨ ¶·¥¢· Ð¥´¨¥ ¢ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´ÊÕ ³μ¤¨Ë¨± Í¨Õ
¢Ò§¢ ´μ · §Ê¶μ·Ö¤μÎ¥´¨¥³  Éμ³μ¢ Ag. �É¨³¨ ¦¥  ¢Éμ· ³¨ ¶·¨¢μ¤¨É¸Ö ¨ É·¥-
ÉÓÖ μ·Éμ·μ³¡¨Î¥¸± Ö ³μ¤¨Ë¨± Í¨Ö, ±μÉμ· Ö Î¥·¥§ ´¥±μÉμ·μ¥ ¢·¥³Ö ¶·¥¢· Ð -
¥É¸Ö ¢ ¶¸¥¢¤μ±Ê¡¨Î¥¸±ÊÕ. � · ³¥É·Ò Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ μ·Éμ·μ³¡¨Î¥¸±μ°
³μ¤¨Ë¨± Í¨¨: a = 7,046 �A, b = 14,32 �A ¨ c = 7,82 �A.

‚ [24] ¸μμ¡Ð ¥É¸Ö, ÎÉμ ¢ ·¥§Ê²ÓÉ É¥ ´¥¸±μ²Ó±¨Ì Í¨±²μ¢ ´ £·¥¢  ¨ μÌ² -
¦¤¥´¨Ö ¢ ´¥±μÉμ·μ° μ¡² ¸É¨ ¶²¥´±¨ Ag2Se μ¡´ ·Ê¦¨¢ ÕÉ¸Ö ¤¢  · §²¨Î´ÒÌ
É¨¶  ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨: ¶¥·¢ Ö É·¨±²¨´´ Ö ¸ ¶ · ³¥É· ³¨
·¥Ï¥É±¨ a = 7,0 �A, b = 7,6 �A, c = 4,3 �A, α = 92◦, β = 91,5◦, γ = 92◦,   ¢Éμ-
· Ö ¨³¥¥É ³μ´μ±²¨´´ÊÕ ¸É·Ê±ÉÊ·Ê. ‚ [25] ¶·μ¢μ¤¨²μ¸Ó ¨¸¸²¥¤μ¢ ´¨¥ Ag2Se
É ±¦¥ ¢ Éμ´±μ¶²¥´μÎ´μ³ ¸μ¸ÉμÖ´¨¨ ¨ ¶μ± § ´μ, ÎÉμ ¶·¨ ´¨§±¨Ì É¥³¶¥· ÉÊ-
· Ì ¢ μ¤´μ° ¨ Éμ° ¦¥ ¶²¥´±¥ ¸ÊÐ¥¸É¢ÊÕÉ É¥É· £μ´ ²Ó´ Ö, μ·Éμ·μ³¡¨Î¥¸± Ö
¨ É·¨±²¨´´ Ö ³μ¤¨Ë¨± Í¨¨ Ag2Se. �¨¦¥ ¶·¨¢¥¤¥´Ò ¸Ì¥³Ò ¸É·Ê±ÉÊ·´ÒÌ
¶·¥¢· Ð¥´¨° ¨§ ÔÉμ° · ¡μÉÒ (É ¡². 2).

’ ¡²¨Í  2. ‘Ì¥³Ò ¸É·Ê±ÉÊ·´ÒÌ ¶·¥¢· Ð¥´¨° ¢ Ag2Se [25]

ŠÊ¡¨Î¥¸± Ö, a = 7,046 �A [24]

↑ [001]T‖[110]K
[100]T‖[110]K

∼ 406 K � [100]M‖[110]K
[010]M‖[112]K

Œμ´μ±²¨´´ Ö

a = 6,91 �A, b = 7,87 �A, c = 4,23 �A, β = 99,58◦ [25]

↓ 406 K � [100]P.T‖[100]M
[010]P.T‖[010]M

� 318 K

’¥É· £μ´ ²Ó´ Ö [19] �·Éμ·μ³¡¨Î¥¸± Ö [23] ’·¨±²¨´´ Ö [25]

a = 7,08 �A a = 7,06 �A a = 7,0 �A, α = 92◦

c = 4,98 �A b = 7,80 �A b = 7,8 �A, β = 91,5◦

c = 4,34 �A c = 4,3 �A, γ = 92◦

ˆ§ ¢ÒÏ¥¨§²μ¦¥´´μ£μ ¸É ´μ¢¨É¸Ö Ö¸´μ, ÎÉμ · §´Ò¥ ¨¸¸²¥¤μ¢ É¥²¨ ¶·¨¢μ-
¤ÖÉ ¶·μÉ¨¢μ·¥Î¨¢Ò¥ ¤ ´´Ò¥ ¤²Ö ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ ¨ · §²¨Î´Ò¥ ¸¨´£μ´¨¨
¤²Ö ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ Ag2Se: ±Ê¡¨Î¥¸±ÊÕ [22], É¥É· £μ´ ²Ó-
´ÊÕ [8, 21Ä26], μ·Éμ·μ³¡¨Î¥¸±ÊÕ [23, 27Ä37], ³μ´μ±²¨´´ÊÕ [24Ä38] ¨²¨ É·¨-
±²¨´´ÊÕ [8, 25]. �É³¥É¨³, ÎÉμ ¢ ÔÉ¨Ì · ¡μÉ Ì Ê¸²μ¢¨Ö ¶μ²ÊÎ¥´¨Ö μ¡· §Íμ¢,
É ± ¦¥ ± ± ¨ ³¥Éμ¤Ò ¨¸¸²¥¤μ¢ ´¨Ö, ¡Ò²¨ · §²¨Î´Ò³¨. �Éμ μ¸μ¡¥´´μ μÉ´μ-
¸¨É¸Ö ± ¨¸¸²¥¤μ¢ ´¨Ö³ Éμ´±μ¶²¥´μÎ´ÒÌ ¸μ¸ÉμÖ´¨°.

�μ ÔÉμ° ¶·¨Î¨´¥ ¥¤¨´μ° ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ Ag2Se ¶·¨-
¶¨¸ ´Ò · §²¨Î´Ò¥ É¨¶Ò ¸É·Ê±ÉÊ·Ò. �¸´μ¢´ Ö ¶·¨Î¨´  · §´μ·¥Î¨¢μ¸É¨  ¢-
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Éμ·μ¢ ¨¸¸²¥¤μ¢ ´¨Ö μ¡· §Íμ¢ ¢ Éμ´±μ¶²¥´μÎ´μ³ ¸μ¸ÉμÖ´¨¨, ¶μ-¢¨¤¨³μ³Ê, § -
±²ÕÎ ¥É¸Ö ¢ μ¡· §μ¢ ´¨¨ · §²¨Î´ÒÌ ´¥¸É¥Ì¨μ³¥É·¨Î¥¸±¨Ì Ë §, ¸μ¸É ¢ ±μÉμ-
·ÒÌ ´¥ ±μ´É·μ²¨·μ¢ ²¸Ö.

‚ ¡μ²ÓÏ¨´¸É¢¥ · ¡μÉ [26, 30, 39], £¤¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ³ ¸¸¨¢´Ò¥ μ¡· §ÍÒ,
É¥³¶¥· ÉÊ·  ¶μ²¨³μ·Ë´μ£μ α → β ¶·¥¢· Ð¥´¨Ö ¢ Ag2Se ´ Ìμ¤¨É¸Ö ¢ ¨´É¥·-
¢ ²¥ 406Ä413 Š. �¤´ ±μ ¢ [39] α → β ¶·¥¢· Ð¥´¨Ö ¢ Ag2Se ´ ¡²Õ¤ ²¨ ¶·¨
433 Š ¨ ¶·¨Ï²¨ ¢ ¢Ò¢μ¤Ê, ÎÉμ ¡μ²¥¥ ¢Ò¸μ± Ö É¥³¶¥· ÉÊ·  Ì · ±É¥·´  ¤²Ö
μ¡· §Íμ¢ ¢ ¢¨¤¥ Éμ´±¨Ì ¶²¥´μ±.

Š·¨¸É ²²¨Î¥¸± Ö ¸É·Ê±ÉÊ·  ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ ¡μ²¥¥ ¶μ-
¤·μ¡´μ · ¸¸³ É·¨¢ ² ¸Ó ¢ [30, 35]. ‚ [30] Ô²¥±É·μ´μ£· Ë¨Î¥¸±¨³ ³¥Éμ-
¤μ³ ¤²Ö ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ α-Ag2Se Ê¸É ´μ¢²¥´  μ·Éμ·μ³-
¡¨Î¥¸± Ö ¸É·Ê±ÉÊ·  ¸ ¶ · ³¥É· ³¨ ·¥Ï¥É±¨ a = 7,05 �A, b = 7,85 �A ¨
c = 4,33 �A. �²¥³¥´É ·´ Ö ÖÎ¥°±  ¸μ¤¥·¦¨É Z = 4Ag2Se, ¶·μ¸É· ´¸É¢¥´-
´ Ö £·Ê¶¶  (¶·. £·.) ¸¨³³¥É·¨¨ P2221. “ÉμÎ´¥´´Ò¥ ¶ · ³¥É·Ò  Éμ³μ¢ Ag,
Se,   É ±¦¥ ³¥¦ Éμ³´Ò¥ · ¸¸ÉμÖ´¨Ö ¢ α-Ag2Se ¤ ´Ò ¢ É ¡². 3 ¨ 4.

’ ¡²¨Í  3. �Éμ³´Ò¥ ¶μ²μ¦¥-
´¨Ö ¢ α-Ag2Se [30]

�Éμ³
Šμμ·¤¨´ ÉÒ

x y z

Ag(I) 0,121 0,225 0,022

Ag(II) 0,393 0 0
Ag(III) 0,378 0,500 0

Se 0,298 0,275 0,522

’ ¡²¨Í  4. Œ¥¦ Éμ³´Ò¥ · ¸¸ÉμÖ´¨Ö ¢ α-Ag2S¥
(¢  ´£¸É·¥³ Ì) [30]

�Éμ³ Ag(I) Ag(II) Ag(III) Se

Ag(I) 2,62, 2,91 2,61 2,82 2,54, 2,98

Ag(II) Å 2,64 3,925 3,06, 3,19

Ag(III) Å Å 2,77 2,89, 2,93
Se Å Å Å 3,53, 3,76

’ ¡²¨Í  5. �Éμ³´Ò¥ ¶μ²μ¦¥-
´¨Ö ¢ α-Ag2Se [35]

�Éμ³
Šμμ·¤¨´ ÉÒ

x y z

Ag(I) 0,375 0,619 0,456

Ag(II) 0,978 0,279 0,361
Se 0,608 0,485 0,149

’ ¡²¨Í  6. Œ¥¦ Éμ³´Ò¥ · ¸-
¸ÉμÖ´¨Ö ¢ α-Ag2S¥ (¢  ´£¸É·¥-
³ Ì) [35]

�Éμ³ Se Se Se Se

Ag(I) 2,62 2,71 2,79 2,86

Ag(II) 2,62 2,74 2,81 Å

‚ [35] ¤²Ö ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ α-Ag2S¥ ¶·¥¤²μ¦¥´  É ±¦¥
μ·Éμ·μ³¡¨Î¥¸± Ö ¸É·Ê±ÉÊ·  ¸ ¶ · ³¥É· ³¨ ·¥Ï¥É±¨ a = 4,333 �A, b = 7,062 �A,
c = 7,764 �A, Z = 4, ¶·. £·. D4

2ÄP212121. �μ§¨Í¨¨  Éμ³μ¢ ¨ ³¥¦ Éμ³´Ò¥
· ¸¸ÉμÖ´¨Ö ¢ α-Ag2S¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 5 ¨ 6.

‚ μ·Éμ·μ³¡¨Î¥¸±μ° ·¥Ï¥É±¥ Ag(I) ´ Ìμ¤¨É¸Ö ¢ É¥É· Ô¤·¨Î¥¸±μ³,   Ag(II)
¢ É·¥Ê£μ²Ó´μ³ μ±·Ê¦¥´¨¨  Éμ³μ¢ Se. ‚ μ¡¥¨Ì · ¡μÉ Ì ¸¨´£μ´¨¨, ¶ · ³¥É·Ò
Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ¨ ±μ²¨Î¥¸É¢μ  Éμ³μ¢ ¢ Ô²¥³¥´É ·´μ° ÖÎ¥°±¥ μ¤¨´ ±μ¢Ò,
  ¶·μ¸É· ´¸É¢¥´´Ò¥ £·Ê¶¶Ò ¸¨³³¥É·¨¨ · §´Ò¥, É. ¥. ¢ [30] ¶·. £·. ¸¨³³¥É·¨¨
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¢Ò¡· ´  D2
2ÄP2221,   ¢ [35] D4

2ÄP212121. ‚ ¶·. £·. ¸¨³³¥É·¨¨ P2221 Ê¸²μ-
¢¨Ö ¶μ£ ¸ ´¨Ö Ê¸É ´ ¢²¨¢ ÕÉ μ£· ´¨Î¥´¨¥ Éμ²Ó±μ μÉ· ¦¥´¨Õ É¨¶  (00l), £¤¥
l = 2n,   ¢ ¶·. £·. P212121 ¶· ¢¨²  ¶μ£ ¸ ´¨° ¸²¥¤ÊÕÐ¨¥: (hkl) Å ´¥É
μ£· ´¨Î¥´¨°, (h00) Å h = 2n, (0k0) Å k = 2n, (00l) Å l = 2n.

‚ ¤ ²Ó´¥°Ï¥³ ¶·¨ μ¡· ¡μÉ±¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¡Ê¤¥É ¨¸¶μ²Ó-
§μ¢ ´  ¶·. £·. P2221. ‚Ò¡μ· ¨³¥´´μ ÔÉμ° ¸É·Ê±ÉÊ·´μ° ³μ¤¥²¨,   ´¥ P212121

´¥ ¸¢Ö§ ´ ¸ μÏ¨¡μÎ´μ¸ÉÓÕ ¶μ¸²¥¤´¥°.
�¥¸³μÉ·Ö ´  Éμ, ÎÉμ ´¨§±μÉ¥³¶¥· ÉÊ·´ Ö ³μ¤¨Ë¨± Í¨Ö Ag2S¥ ±·¨¸É ²-

²¨§Ê¥É¸Ö ¢ μ·Éμ·μ³¡¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥, ¨³¥¥É¸Ö ¡μ²ÓÏμ¥ ¸Ìμ¤¸É¢μ ¸ ³μ´μ-
±²¨´´μ° ¸É·Ê±ÉÊ·μ° Ag2S. �  ·¨¸. 1 ¶μ± § ´μ · ¸¶μ²μ¦¥´¨¥  Éμ³μ¢ ¢ μ¡¥¨Ì

�¨¸. 1. �·μ¥±Í¨Ö ¸É·Ê±ÉÊ·Ò ³μ´μ±²¨´´μ° α-Ag2S ¨ μ·Éμ·μ³¡¨Î¥¸±μ° α-Ag2S¥ ¶μ
´ ¶· ¢²¥´¨Õ [011]

�¨¸. 2. ˆ¤¥ ²¨§¨·μ¢ ´´ Ö μ¡Ñ¥³´μ-Í¥´É·¨·μ¢ ´´ Ö ±Ê¡¨Î¥¸± Ö Ô²¥³¥´É ·´ Ö ÖÎ¥°± 
β-Ag2S(Se)
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¸É·Ê±ÉÊ· Ì ¢ ¶·μ¥±Í¨¨ (011). ‘É·Ê±ÉÊ·´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·-
´μ° ³μ¤¨Ë¨± Í¨¨ β-Ag2S¥ [26] ¶μ¤É¢¥·¤¨²μ ¸Ìμ¤¸É¢μ ¸μ ¸É·Ê±ÉÊ·μ° β-Ag2S,
É. ¥. Se2− μ¡· §ÊÕÉ μ¡Ñ¥³´μ-Í¥´É·¨·μ¢ ´´ÊÕ ±Ê¡¨Î¥¸±ÊÕ (�–Š) ·¥Ï¥É±Ê,
   Éμ³Ò Ag1+ · ¸¶·¥¤¥²¥´Ò ¢ ¡μ²ÓÏμ³ ±μ²¨Î¥¸É¢¥ ¶Ê¸ÉμÉ ÔÉμ° ·¥Ï¥É±¨, ¶·¥-
¨³ÊÐ¥¸É¢¥´´μ ¢ ´ ¨¡μ²¥¥ ±·Ê¶´ÒÌ ¨§ ´¨Ì. �μ ¸· ¢´¥´¨Õ ¸ β-Ag2S ¢ β-Ag2S¥
´¥§´ Î¨É¥²Ó´μ Ê¢¥²¨Î¨¢ ¥É¸Ö ¶ · ³¥É· ·¥Ï¥É±¨, É. ¥. Δa = (4,98− 4,88) �A =
0,10 �A. �É  · §´μ¸ÉÓ · ¢´  · §´μ¸É¨ ¨μ´´ÒÌ · ¤¨Ê¸μ¢ Se ¨ S.

�μ ¤ ´´Ò³ [26], ¶ · ³¥É· ·¥Ï¥É±¨ β-Ag2S¥ · ¢¥´ a = 4,983 �A, Z =
2Ag2S¥, ¶·. £·. O5

h-Fm3m. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  ¨¤¥ ²¨§¨·μ¢ ´´ Ö μ¡Ñ¥³´μ-
Í¥´É·¨·μ¢ ´´ Ö ±Ê¡¨Î¥¸± Ö Ô²¥³¥´É ·´ Ö ÖÎ¥°± .

3. Š�ˆ‘’�‹‹ˆ—…‘Š�Ÿ ‘’�“Š’“�� ‘�…„ˆ�…�ˆŸ AgCuSe

�·¨ ¸μμÉ´μÏ¥´¨¨ Ag2S¥ : Cu2S¥ = 1 : 1 μ¡· §Ê¥É¸Ö ¸μ¥¤¨´¥´¨¥ AgCuS¥
¶μ ¶¥·¨É¥±É¨Î¥¸±μ° ·¥ ±Í¨¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 1033 Š [40]. �μ²¨³μ·Ë´Ò¥
¶·¥¢· Ð¥´¨Ö ¢ ¸μ¥¤¨´¥´¨ÖÌ Ag2S¥ ¨ Cu2S¥ μÉ· §¨²¨¸Ó ¨ ´  ¨Ì É·μ°´ÒÌ
¸¶² ¢ Ì. �·¨ É¥³¶¥· ÉÊ· Ì ´¨¦¥ 473 Š É¢¥·¤Ò¥ · ¸É¢μ·Ò ´  μ¸´μ¢¥ Ag2S¥ ¨
Cu2S¥ ¶·¥É¥·¶¥¢ ÕÉ Ô¢É¥±Éμ¨¤´Ò¥ · ¸¶ ¤Ò [40Ä42].

�  μ¡· §Í¥ ¥¸É¥¸É¢¥´´μ£μ ³¨´¥· ²  ¢ [43] ¢¶¥·¢Ò¥ ¶μ± § ´μ, ÎÉμ Ag-
CuS¥ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ±·¨¸É ²²¨§Ê¥É¸Ö ¢ É¥É· £μ´ ²Ó´μ° ¸É·Ê±-
ÉÊ·¥ ¸ ¶ · ³¥É· ³¨ ·¥Ï¥É±¨ a = 4,075 �A ¨ c = 6,29 �A, ¶·. £·. P4/nmm,
Z = 2AgCuS¥. ‚ÒÎ¨¸²¥´´ Ö ¶²μÉ´μ¸ÉÓ ρ¢ÒÎ = 7,91 £/¸³3 ¸μμÉ¢¥É¸É¢Ê¥É Ô±¸-
¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ° ρ¨§³ = 7,67 £/¸³3.

‚ [44] ¤²Ö ¸É·Ê±ÉÊ·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¨¸¶μ²Ó§μ¢ ²¨¸Ó μ¡· §ÍÒ ¨§ μ¤´μ° ¨
Éμ° ¦¥ ¶μ·μ¤Ò. ‚ ¢¨¤¥ ¤¥´¤·¨É  AgCuS¥ · ¸¶·μ¸É· ´¥´  ¢ ± ²ÓÍ¨É¥. �¡· §ÍÒ
¶μ¤¢¥·£ ²¨¸Ó É· ¢²¥´¨Õ ¢ ±¨¸²μÉ¥ HCl,   § É¥³ ¤¥´¤·¨ÉÒ · §¤·μ¡²Ö²¨¸Ó ¢ ¦¥-
²¥§´μ° ¸ÉÊ¶±¥ ¶·¨ É¥³¶¥· ÉÊ·¥ ¦¨¤±μ£μ  §μÉ . �¡· ¡μÉ±  ¶·¨ ´¨§±μ° É¥³¶¥-
· ÉÊ·¥ ¶·μ¢μ¤¨² ¸Ó ¤²Ö Éμ£μ, ÎÉμ¡Ò ¢ μ¡· §Í¥ ´¥ ¶·μ¨¸Ìμ¤¨²¨ ¶² ¸É¨Î¥¸±¨¥
¤¥Ëμ·³ Í¨¨. „²Ö ¤¨Ë· ±Í¨μ´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢Ò¡¨· ²¨¸Ó ³μ´μ±·¨¸É ²²Ò
· §³¥·μ³ ¶μ·Ö¤±  0,1 ³³. �·¨ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ¶μ¤É¢¥·¦¤ ÕÉ¸Ö ¶·. £·.
¸¨³³¥É·¨¨ ¨ ¶ · ³¥É·Ò Ô²¥³¥´É ·´μ° ÖÎ¥°±¨, ¶·¨¢¥¤¥´´Ò¥ ¢ [44]. �μ  ´ ²¨§
¢ °¸¥´¡¥·£μ£· ³³, ¶μ²ÊÎ¥´´ÒÌ μÉ ´¥¸±μ²Ó±¨Ì ±·¨¸É ²²μ¢, ¶μ± § ², ÎÉμ, ¥¸²¨
ÊÎ¨ÉÒ¢ ÉÓ ¶μÖ¢¨¢Ï¨¥¸Ö ´  ¢ °¸¥´¡¥·£μ£· ³³¥ ´¥¸±μ²Ó±μ μÎ¥´Ó ¸² ¡ÒÌ ¶ÖÉ¥´,
¸¨³³¥É·¨Ö ±·¨¸É ²²  ¸É ´μ¢¨É¸Ö μ·Éμ·μ³¡¨Î¥¸±μ°, É. ¥. · §³¥· Ô²¥³¥´É ·´μ°
ÖÎ¥°±¨, Ê± § ´´Ò° ¢ [44] ¢ ´ ¶· ¢²¥´¨¨ μ¸¨ b, Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ ¶ÖÉÓ · §, É. ¥.
a = 4,105 �A, b = 4,07 �A · 5 = 20,35 �A, c = 6,31 �A. ˆ¤¥ ²¨§¨·μ¢ ´´ Ö
±·¨¸É ²²¨Î¥¸± Ö ¸É·Ê±ÉÊ·  AgCuSe ¶μ± § ´  ´  ·¨¸. 3.

‚ ÔÉμ° ¸É·Ê±ÉÊ·¥  Éμ³Ò Ag · ¸¶μ²μ¦¥´Ò ¢ ¶²μ¸±μ¸ÉÖÌ, ¶¥·¶¥´¤¨±Ê²Ö·-
´ÒÌ μ¸¨ c. Š ¦¤Ò°  Éμ³ Ag μ±·Ê¦¥´ Î¥ÉÒ·Ó³Ö ¤·Ê£¨³¨  Éμ³ ³¨ Ag ´ 
· ¸¸ÉμÖ´¨¨ 2,96 �A, μ¤¨´  Éμ³ S¥ ´ Ìμ¤¨É¸Ö ´  ¡²¨§±μ³ · ¸¸ÉμÖ´¨¨ 2,67 �A,
Î¥ÉÒ·¥  Éμ³  Å ´  · ¸¸ÉμÖ´¨¨ 3,59 �A,   μ¤¨´ Å ´  · ¸¸ÉμÖ´¨¨ 3,64 �A.



820 �‘�„�‚ �. ƒ., �‹›…‚ �.ˆ., 
�
�…‚ �. ƒ.

’ ±¨³ μ¡· §μ³,  Éμ³Ò S¥ μ¡· §ÊÕÉ ¸²μ¨ · ¸¶²ÕÐ¥´´μ£μ É¥É· Ô¤· , ¢ ±μÉμ-
·μ³ ± ¦¤Ò° Ê£μ² ¶μ¤¥²¥´ ¶μ¤μ¡´Ò³¨ É¥É· Ô¤· ³¨. Š ¦¤Ò°  Éμ³ Se ¸¢Ö§ ´

�¨¸. 3. Š·¨¸É ²²¨Î¥¸± Ö ¸É·Ê±-
ÉÊ·  AgCuSe

¸ Î¥ÉÒ·Ó³Ö ¤·Ê£¨³¨  Éμ³ ³¨ S¥ ´  · ¸¸ÉμÖ-
´¨¨ 3,30 �A. �Éμ³Ò Cu · ¸¶μ²μ¦¥´Ò ¢´ÊÉ·¨
· ¸¶²ÕÐ¥´´μ£μ É¥É· Ô¤· . �´¨ ´¥ · ¸¶μ² £ -
ÕÉ¸Ö ¢ Í¥´É·¥ É¥É· Ô¤· ,   ¸±μ·¥¥, ¡²¨§±¨ ±
μ¤´μ³Ê ¨§ ¤²¨´´ÒÌ ·¥¡¥·, ²¥¦ Ð¨Ì ´  · ¸-
¸ÉμÖ´¨¨ 2,06 �A μÉ μ¤´μ° ¶ ·Ò  Éμ³μ¢ Se ¨
´  · ¸¸ÉμÖ´¨¨ 2,50 �A μÉ ¤·Ê£μ° ¶ ·Ò. ‘ -
³μ¥ ¡²¨§±μ¥ · ¸¸ÉμÖ´¨¥ Cu-Ag · ¢´μ 2,98 �A.

Ò²μ μÉ³¥Î¥´μ, ÎÉμ μ¤´μ ¨§ · ¸¸ÉμÖ´¨° Cu-Se
¡μ²ÓÏ¥, Î¥³ ³μ¦´μ ¡Ò²μ ¡Ò ¶·¥¤¶μ²μ¦¨ÉÓ,
Éμ£¤  ± ± ¢¸¥ ¤·Ê£¨¥ ³¥¦ Éμ³´Ò¥ · ¸¸ÉμÖ´¨Ö
± § ²¨¸Ó ¶·¨¥³²¥³Ò³¨. �¤´μ° ¨§ μ¸μ¡¥´´μ-
¸É¥° ¸É·Ê±ÉÊ·Ò AgCuSe Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ± -
¦¤Ò°  Éμ³ Ag ¸¢Ö§ ´ ¡²¨§±μ Éμ²Ó±μ ¸ μ¤´¨³
 Éμ³μ³ Se ¨ ¸¨²Ò ¸¢Ö§¨ ¸É·Ê±ÉÊ·Ò ³μ£ÊÉ μÉÎ -
¸É¨ § ¢¨¸¥ÉÓ μÉ ³¥É ²²¨Î¥¸±¨Ì ¸¢Ö§¥° Ag-Ag.

‚ ÔÉμ° ¦¥ · ¡μÉ¥ μÉ³¥Î¥´μ, ÎÉμ ¶·¨ É¥³-
¶¥· ÉÊ·¥ 463Ä468 Š μ·Éμ·μ³¡¨Î¥¸± Ö ´¨§±μÉ¥³¶¥· ÉÊ·´ Ö ³μ¤¨Ë¨± Í¨Ö
AgCuSe ¶·¥¢· Ð ¥É¸Ö ¢ ±Ê¡¨Î¥¸±ÊÕ ¨ ¶·¥¢· Ð¥´¨¥ μ¡· É¨³μ¥.

ˆ§ ¢ÒÏ¥¨§²μ¦¥´´μ£μ Ö¸´μ, ÎÉμ ¢ É·μ°´ÒÌ ¸μ¥¤¨´¥´¨ÖÌ AgCuSe, £¤¥, ¢ μÉ-
²¨Î¨¥ μÉ ¡¨´ ·´ÒÌ ¸μ¥¤¨´¥´¨° Ag2Se ¨ Cu2Se, ÊÎ ¸É¢ÊÕÉ ¤¢  É¨¶  ± É¨μ´μ¢,
¤μ ´ ¸ÉμÖÐ¥£μ ¢·¥³¥´¨ ¶·μ¡²¥³  ¶μ²¨³μ·Ë¨§³  μ¸É ¥É¸Ö ´¥· §·¥Ï¥´´μ°.

4. ‘ˆ�’…‡, ”ˆ‡ˆŠ�-•ˆŒˆ—…‘Šˆ‰ ���‹ˆ‡ Cu2Se, Ag2Se, AgCuSe
ˆ Ag1,5Cu0,5Se, Ag0,4Cu1,6Se, Cu1,80Zn0,20Se, Cu1,75Zn0,05Se,

AgCuSe0,5S0,5, AgCuSe0,5Te0,5

„²Ö ¶μ²ÊÎ¥´¨Ö £μ³μ£¥´´ÒÌ μ¡· §Íμ¢ Ê± § ´´ÒÌ ¸μ¸É ¢μ¢ ¨¸¶μ²Ó§μ¢ ²¨
³¥Éμ¤ ¶·Ö³μ£μ ¸¨´É¥§ , É. ¥. Ì¨³¨Î¥¸±μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¨¸Ìμ¤´ÒÌ ±μ³¶μ-
´¥´Éμ¢. „²Ö ¸¨´É¥§¨·Ê¥³ÒÌ ¸μ¸É ¢μ¢ ¢ ± Î¥¸É¢¥ ·¥ ±Éμ·  ¡Ò²¨ ¶·¨³¥´¥´Ò
 ³¶Ê²Ò ¨§ ¢Ò¸μ±μ± Î¥¸É¢¥´´μ£μ ±¢ ·Í  ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 1 ¸³ ¨ ¤²¨-
´μ° 10 ¸³. �³¶Ê²Ò § ¶μ²´Ö²¨¸Ó ¨¸Ìμ¤´Ò³¨ ±μ³¶μ´¥´É ³¨ Cu, Ag, Zn, S, Se,
Te ¢ ±μ²¨Î¥¸É¢ Ì, ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ± ¦¤μ£μ ¨§ ¸μ¸É ¢μ¢, ¨ Ô¢ ±Ê¨·μ¢ ²¨¸Ó
¤μ ¤ ¢²¥´¨Ö 10−3 Œ� ,   § É¥³ § ¶ ¨¢ ²¨¸Ó. ˆ¸¶μ²Ó§μ¢ ´´Ò¥ ¨¸Ìμ¤´Ò¥ ±μ³-
¶μ´¥´ÉÒ ¤²Ö ¸¨´É¥§  ¨³¥²¨ ¸²¥¤ÊÕÐÊÕ Î¨¸ÉμÉÊ: Cu Å Ô²¥±É·μ²¨É¨Î¥¸±ÊÕ,
Ag ¨ Zn Å 99,999, Se, S, Te Å ³ ·±¨ B5. Šμ²¨Î¥¸É¢μ ¨¸Ìμ¤´ÒÌ ±μ³¶μ-
´¥´Éμ¢, ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ¸¨´É¥§¨·μ¢ ´¨Ö, ¢ μÉ¤¥²Ó´μ¸É¨ ¤²Ö ± ¦¤μ£μ ¸μ¸É ¢ 
¶·¨¢¥¤¥´μ ¢ É ¡². 7.

„²Ö ¸¨´É¥§  Ê± § ´´ÒÌ ¸μ¸É ¢μ¢ ¡Ò²¨ ¢Ò¡· ´Ò μ¤¨´ ±μ¢Ò¥ Ê¸²μ¢¨Ö.
‘ Í¥²ÓÕ ¶·¥¤μÉ¢· Ð¥´¨Ö ¢§·Ò¢   ³¶Ê²Ò,   É ±¦¥ ¤²Ö ¶μ²´μ° ¤¨ËËÊ§¨¨ · ¸-
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’ ¡²¨Í  7. Šμ²¨Î¥¸É¢μ ¨¸Ìμ¤´ÒÌ ±μ³¶μ´¥´Éμ¢ ¢ ¢ÒÏ¥Ê± § ´´ÒÌ ¸μ¸É ¢ Ì (¢  Éμ³-
´ÒÌ ¶·μÍ¥´É Ì)

‘μ¸É ¢ Cu Ag Zn S Se Te

Cu2Se 61,677 Å Å Å 38,323 Å
Ag2Se Å 66,6666 Å Å 33,3333 Å

AgCuSe 33,3333 33,3333 Å Å 33,3333 Å
Ag1,5Cu0,5Se 16,6666 49,9999 Å Å 33,3333 Å

Ag0,4Cu1,6Se 45,4311 19,2836 Å Å 35,2853 Å

Cu1,80Zn0,20Se 55,458 Å 6,162 Å 38,380 Å
Cu1,75Zn0,05Se 57,488 Å 1,690 Å 40,822 Å

AgCuSe0,5S0,5 27,9995 47,5383 Å 7,0651 17,3972 Å

AgCuSe0,5Te0,5 33,3333 33,3333 Å Å 16,6666 16,6666

¶² ¢²¥´´ÒÌ ¸¥·Ò, ¸¥²¥´  ¨ É¥²²Ê·  ¸ ³¥¤ÓÕ, ¸¥·¥¡·μ³ ¨ Í¨´±μ³ É¥³¶¥· ÉÊ·Ê
¶¥Î¨ ³¥¤²¥´´μ ¶μ¢ÒÏ ²¨ ¢ μ¤´μ³ ¸²ÊÎ ¥ ¤μ É¥³¶¥· ÉÊ·Ò ¶² ¢²¥´¨Ö ¸¥²¥´ 
(T¶² = 493 Š), ¢ ¤·Ê£μ³ ¸²ÊÎ ¥ ¤μ É¥³¶¥· ÉÊ·Ò ¶² ¢²¥´¨Ö ¸¥·Ò (T¶² = 393 Š)
¨ É¥²²Ê·  (T¶² = 725 Š) ¨ ± ¦¤Ò° ¸μ¸É ¢ ¢ μÉ¤¥²Ó´μ¸É¨ ¶μ¤¤¥·¦¨¢ ²¸Ö ¶·¨
ÔÉμ° É¥³¶¥· ÉÊ·¥ 4 Î. �μ¸²¥ ÔÉμ£μ É¥³¶¥· ÉÊ·Ê ¶¥Î¨ ¶μ¢ÒÏ ²¨ ¸μ ¸±μ·μ-
¸ÉÓÕ 50 Š/Î ¢ÒÏ¥ É¥³¶¥· ÉÊ·Ò ¶² ¢²¥´¨Ö AgCuSe (T¶² = 1039 Š). �μ¸²¥
¶ÖÉ¨Î ¸μ¢μ° ¢Ò¤¥·¦±¨ ¶·¨ ÔÉμ° É¥³¶¥· ÉÊ·¥ ¸ Í¨±²¨Î¥¸±¨³ ¢¨¡·¨·μ¢ ´¨¥³
 ³¶Ê²Ò ¸ μ¡· §Í ³¨ ³¥¤²¥´´μ μÌ² ¦¤ ² ¸Ó ¤μ 400 Š, ¨ ¶·¨ ÔÉμ° É¥³¶¥· ÉÊ·¥,
¸ Í¥²ÓÕ £μ³μ£¥´¨§ Í¨¨, ¶μ²ÊÎ¥´´Ò¥ μ¡· §ÍÒ μÉ¦¨£ ²¨¸Ó ¢ É¥Î¥´¨¥ 200 Î.

„²Ö Ê¸É ´μ¢²¥´¨Ö ¨´¤¨¢¨¤Ê ²Ó´μ¸É¨ ± ¦¤μ£μ ¸μ¸É ¢  ¡Ò² ¶·μ¢¥¤¥´ É ±¦¥
³¨±·μ¸É·Ê±ÉÊ·´Ò° ¨ ·¥´É£¥´μË §μ¢Ò°  ´ ²¨§.

4.1. Œ¨±·μ¸É·Ê±ÉÊ·´Ò°  ´ ²¨§ Cu2Se, Ag2Se ¨ AgCuSe. „²Ö ³¨±·μ¸±μ-
¶¨Î¥¸±μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¨§ ¸¨´É¥§¨·μ¢ ´´ÒÌ ¸μ¸É ¢μ¢ ¡Ò²¨ ¸·¥§ ´Ò ¶²μ¸±¨¥
μ¡· §ÍÒ. ‘´ Î ²  ¶·μ¢μ¤¨²¨ Ï²¨Ëμ¢±Ê μ¡· §Íμ¢ ¢¸¥Ì ¸μ¸É ¢μ¢. �· ¢¨²Ó-
´μ¥ ¨§£μÉμ¢²¥´¨¥ Ï²¨Ëμ¢ ¨³¥¥É Î·¥§¢ÒÎ °´μ ¢ ¦´μ¥ §´ Î¥´¨¥, ¶μ¸±μ²Ó±Ê μÉ
ÔÉμ£μ § ¢¨¸¨É ¶· ¢¨²Ó´μ¸ÉÓ Éμ²±μ¢ ´¨Ö ³¨±·μ¸É·Ê±ÉÊ·. …¸²¨ Ï²¨ËÒ ¶·¨-
£μÉμ¢²¥´Ò ´¥¶· ¢¨²Ó´μ, μÏ¨¡μÎ´μ¥ Éμ²±μ¢ ´¨¥ ³¨±·μ¸É·Ê±ÉÊ·Ò ¶μÎÉ¨ ¢¸¥-
£¤  ´¥¨§¡¥¦´μ. ‘ ³Ò³ ¢ ¦´Ò³ ¶·¨ ¨§£μÉμ¢²¥´¨¨ Ï²¨Ëμ¢ Ö¢²Ö¥É¸Ö ¶·¥¤μÉ-
¢· Ð¥´¨¥ ¶μ¢·¥¦¤¥´¨Ö ¶μ¢¥·Ì´μ¸É¨ Ï²¨Ë , § ±²ÕÎ ÕÐ¥£μ¸Ö ¢ ¨§³¥´¥´¨¨
³¨±·μ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ¸É´μ£μ ¸²μÖ ³ É¥·¨ ²  ¢ ·¥§Ê²ÓÉ É¥ ¤¥Ëμ·³ Í¨¨
¨²¨ ´ £·¥¢ . ˜²¨Ëμ¢ ´¨¥ ¨ ¶μ²¨·μ¢±  μ¡· §Í  ¤μ²¦´Ò μ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö É -
±¨³ μ¡· §μ³, ÎÉμ¡Ò ´  ¥£μ ¶μ¢¥·Ì´μ¸É¨ μ¸É ¢ ²¸Ö ³¨´¨³ ²Ó´Ò° ¨¸± ¦¥´´Ò°
¸²μ°. �Éμ ´¥μ¡Ìμ¤¨³μ ¤²Ö ¢ÒÖ¢²¥´¨Ö ¨¸É¨´´μ° ³¨±·μ¸É·Ê±ÉÊ·Ò ³ É¥·¨ ² 
¶μ¸²¥ É· ¢²¥´¨Ö. Š·μ³¥ Éμ£μ, ´  ¶μ¢¥·Ì´μ¸É¨ Ï²¨Ë  ´¥ ¤μ²¦´μ ´ ¡²Õ¤ ÉÓ¸Ö
¶μ²¨·μ¢μÎ´ÒÌ Í · ¶¨´, Ö³μ±. ˆ§£μÉμ¢²¥´¨¥ Ï²¨Ëμ¢ μ¡· §Í  ¸μ¸Éμ¨É ¨§ ¸²¥-
¤ÊÕÐ¨Ì μ¸´μ¢´ÒÌ μ¶¥· Í¨°:  ) ¢Ò·¥§±  μ¡· §Í ; ¡) Ï²¨Ëμ¢± ; ¢) ¶μ²¨·μ¢± ;
£) É· ¢²¥´¨¥.

�μ²¨·μ¢±  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ±μ´¥Î´ÊÕ ¸ÉÊ¶¥´Ó ¢ ¶·μÍ¥¸¸¥ ¨§£μÉμ¢²¥-
´¨Ö £² ¤±μ° §¥·± ²Ó´μ° ¶μ¢¥·Ì´μ¸É¨, ¸¢μ¡μ¤´μ° μÉ Í · ¶¨´. �μ²ÊÎ¥´¨¥ É ±μ°
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�¨¸. 4. Œ¨±·μ¸É·Ê±ÉÊ·Ò Cu2Se ( ), Cu1,80Se (¡), Cu1,80Zn0,20Se (¢), Cu1,75Zn0,05Se (£),
Ag2Se (¤), AgCuSe (¥), Ag0,4Cu1,6Se (¦), Ag1,5Cu0,5Se (§), AgCuSe0,5S0,5 (¨),
AgCuSe0,5Te0,5 (±). “¢¥²¨Î¥´¨¥ 360×
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¶μ¢¥·Ì´μ¸É¨ Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ ¤²Ö ¶·μ¢¥¤¥´¨Ö ¶· ¢¨²Ó´μ£μ
 ´ ²¨§ .

„²Ö ¢ÒÖ¢²¥´¨Ö ³¨±·μ¸É·Ê±ÉÊ·Ò ¸¨´É¥§¨·μ¢ ´´ÒÌ μ¡· §Íμ¢ ¨§ ± ¦¤μ£μ
¸²¨É±  ¡Ò²¨ ¸·¥§ ´Ò μ¡· §ÍÒ ¢ ¢¨¤¥ ¶² ¸É¨´, ¶μ¢¥·Ì´μ¸É¨ ±μÉμ·ÒÌ ¸´ Î ² 
Ï²¨Ëμ¢ ²¨,   § É¥³ ¶μ²¨·μ¢ ²¨ ¸ ¶μ³μÐÓÕ  ²³ §´μ° ¶ ¸ÉÒ. „²Ö ¢ÒÖ¢²¥-
´¨Ö Ì · ±É¥·¨¸É¨±¨ ³ É¥·¨ ²  ¸ ¶μ¢¥·Ì´μ¸É¥° Ê¤ ²Ö²¸Ö ¶μ²¨·μ¢ ´´Ò° ¸²μ°
É· ¢²¥´¨¥³ ¸μ¸É ¢ ³¨ 50% HNO3 + 50% H2O ¨ 1 : 1HNO3, 1 : 1HCl. Œ¨±·μ-
ËμÉμ£· Ë¨¨ ¶μ¢¥·Ì´μ¸É¥° ± ¦¤μ£μ μ¡· §Í  ¸´¨³ ²¨¸Ó ¸ ¶μ³μÐÓÕ ³¥É ²²μ-
£· Ë¨Î¥¸±μ£μ ³¨±·μ¸±μ¶  ³ ·±¨ ŒˆŒ-7, · ¡μÉ ÕÐ¥£μ ´  μÉ· ¦¥´´μ³ ¸¢¥É¥.

Œ¨±·μËμÉμ£· Ë¨¨ ¶μ¢¥·Ì´μ¸É¥° Ê± § ´´ÒÌ μ¡· §Íμ¢, ¶·¨¢¥¤¥´´Ò¥ ´ 
·¨¸. 4, ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢¸¥ ¶μ²ÊÎ¥´´Ò¥ ¸μ¸É ¢Ò μ¤´μË §´Ò ¨ Ì · ±É¥·¨§Ê-
ÕÉ¸Ö ±·Ê¶´μ¡²μÎ´Ò³¨ ¸É·Ê±ÉÊ· ³¨ ¡¥§ ± ±¨Ì-²¨¡μ ¢±²ÕÎ¥´¨°. ‘É·Ê±ÉÊ· ,
· §³¥·Ò ¨ · ¸¶μ²μ¦¥´¨¥ §¥·¥´ Ê ± ¦¤μ£μ μ¡· §Í  μÉ²¨Î ÕÉ¸Ö. ˆ§ ³¨±·μËμ-
Éμ£· Ë¨°, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö μ¤´μ£μ ¸μ¸É ¢ , ¤¢ÊÌË §´μ¸ÉÓ ¥£μ · §²¨Î¨ÉÓ ¡Ò²μ
´¥¢μ§³μ¦´μ ¨§-§  ¡²¨§μ¸É¨ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢ . „²Ö ¢ÒÖ¸´¥´¨Ö ¸ÊÐ¥¸É¢μ¢ -
´¨Ö · §²¨Î´ÒÌ Ë § Ê μ¤´μ£μ ¨ Éμ£μ ¦¥ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  É·¥¡Ê¥É¸Ö ·¥´É-
£¥´μË §μ¢Ò°  ´ ²¨§.

4.2. �¥´É£¥´μË §μ¢Ò°  ´ ²¨§. �·¨ μ¶·¥¤¥²¥´¨¨ μ¤´μË §´μ¸É¨ μ¤´μ£μ ¨
Éμ£μ ¦¥ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  ·¥´É£¥´μË §μ¢Ò°  ´ ²¨§ Ö¢²Ö¥É¸Ö ¸μ¢¥·Ï¥´´μ
´¥§ ³¥´¨³Ò³. …¸²¨ ¢ ¸¨´É¥§¨·μ¢ ´´μ³ ¸μ¸É ¢¥ ÊÎ ¸É¢ÊÕÉ · §²¨Î´Ò¥ Ë §Ò,
Éμ ± ¦¤ Ö Ë §  ¡Ê¤¥É Ì · ±É¥·¨§μ¢ ÉÓ¸Ö ¸¢μ¥° ·¥´É£¥´μ£· ³³μ°, É. ¥. ¤¨Ë· ±-
Í¨μ´´Ò³¨ μÉ· ¦¥´¨Ö³¨ ¨ ¨´É¥´¸¨¢´μ¸ÉÖ³¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì μÉ· ¦¥´¨°.

„²Ö μ¶·¥¤¥²¥´¨Ö Ë §μ¢ÒÌ ¸μμÉ´μÏ¥´¨° ¸μ¸É ¢  ¨§ ± ¦¤μ£μ ¸¨´É¥§¨·μ-
¢ ´´μ£μ ¸²¨É±  ¨§£μÉμ¢²Ö²¨ μ¡· §ÍÒ ¢ ¢¨¤¥ ¶μ·μÏ±μ¢. �μ·μÏ±μ³ ± ¦¤μ£μ
¸μ¸É ¢  ´ ¶μ²´Ö²¨ ¸É¥±²Ö´´Ò° ± ¶¨²²Ö· ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ ∼ 0,8 ³³, ¨
¶·¨ ¢Ò¤ ¢²¨¢ ´¨¨ ¸ μ¤´μ£μ ±μ´Í  ¶·μ¢μ²μ±μ° ¤¨ ³¥É·μ³ ∼ 0,7 ³³ ¶μ²ÊÎ ²¨¸Ó
¸¶·¥¸¸μ¢ ´´Ò¥ μ¡· §ÍÒ ¢ ¢¨¤¥ ¶·μ¢μ²μ±¨. �É É ±¨Ì μ¡· §Íμ¢ ± ¦¤μ£μ ¸μ-
¸É ¢  ¸´¨³ ²¨ ¶μ·μÏ±μ£· ³³Ò ¢ ± ³¥·¥ �Š„-57.3 ´  CuŠα-¨§²ÊÎ¥´¨¨ (λα =
1,5418 �A), Ë¨²ÓÉ· Å Ni, Ô±¸¶μ§¨Í¨Ö 16 Î. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¶ · ³¥É·μ¢
·¥Ï¥É±¨ ¨§ ¶μ·μÏ±μ£· ³³Ò ¶·¨¢¥¤¥´Ò ¢ É ¡². 8. Š ± ¢¨¤´μ ¨§ É ¡². 8, ¶·¨
±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ Cu2Se, Cu1,80Se, Cu1,75Zn0,05Se, Ag2Se ¨ AgCuSe μ¤-
´μË §´Ò¥, Cu1,80Zn0,20Se, Ag0,4Cu1,6Se, Ag1,5Cu0,5Se ¨ AgCuSe0,5S0,5 ¤¢ÊÌ-
Ë §´Ò¥,   AgCuSe0,5Te0,5 É·¥ÌË §´Ò¥.

Š ± ¡Ê¤¥É ¶μ± § ´μ, ¶·¨ ¢Ò¸μ±μ° É¥³¶¥· ÉÊ·¥ ¢¸¥ ¸μ¸É ¢Ò ¶·¥¢· Ð ÕÉ¸Ö
¢ ¥¤¨´ÊÕ ±Ê¡¨Î¥¸±ÊÕ ³μ¤¨Ë¨± Í¨Õ.

5. ‚›��™ˆ‚��ˆ… Œ���Š�ˆ‘’�‹‹�‚

�μ²ÊÎ¥´¨¥ ³μ´μ±·¨¸É ²²μ¢ ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ Ì¨³¨Î¥-
¸±μ£μ ¸μ¸É ¢ , ¶·¥É¥·¶¥¢ ÕÐ¥£μ μÉ ±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò ¤μ É¥³¶¥· ÉÊ·Ò
¶² ¢²¥´¨Ö μ¤´μ ¨²¨ ´¥¸±μ²Ó±μ ¸É·Ê±ÉÊ·´ÒÌ ¶·¥¢· Ð¥´¨°, ¸¢Ö§ ´μ ¸ μ¶·¥¤¥-
²¥´´Ò³¨ É·Ê¤´μ¸ÉÖ³¨. „¥²μ ¢ Éμ³, ÎÉμ ¨§ · ¸¶² ¢  ¨ £ §μ¢μ° Ë §Ò ¢¸¥£¤ 
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· ¸ÉÊÉ ±·¨¸É ²²Ò ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨,   ±·¨¸É ²²Ò ´¨§±μ-
É¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ ¶μ²ÊÎ ÕÉ¸Ö ¶·¨ μÌ² ¦¤¥´¨¨ ¤μ ±μ³´ É´μ° É¥³-
¶¥· ÉÊ·Ò ¢ ·¥§Ê²ÓÉ É¥ ¸É·Ê±ÉÊ·´ÒÌ ¶·¥¢· Ð¥´¨°.

‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ μÎ¥´Ó Î ¸Éμ ¸É·Ê±ÉÊ·´Ò¥ ¶·¥¢· Ð¥´¨Ö ¸μ¶·μ¢μ-
¦¤ ÕÉ¸Ö §´ Î¨É¥²Ó´Ò³ ¨§³¥´¥´¨¥³ μ¡Ñ¥³ , ÎÉμ ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ´ -
¶·Ö¦¥´¨° ¨ ± · §¢¨É¨Õ ¸Ê¡¸É·Ê±ÉÊ·Ò ¢ ±·¨¸É ²² Ì. Œμ´μ±·¨¸É ²²¨Î´μ¸ÉÓ
´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨, · ¸ÉÊÐ¥° ¢´ÊÉ·¨ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ°
³μ¤¨Ë¨± Í¨¨, § ¢¨¸¨É ¢ μ¸´μ¢´μ³ μÉ · §´μ¸É¨ ¶²μÉ´μ¸É¥°. �μ · §´μ¸É¨ ¶²μÉ-
´μ¸É¥° ³μ¤¨Ë¨± Í¨¨ ¶μ²¨³μ·Ë´ÒÌ ¢¥Ð¥¸É¢ ³μ¦´μ · §¤¥²¨ÉÓ ´  ¸²¥¤ÊÕÐ¨¥
É·¨ £·Ê¶¶Ò:

Å ¶²μÉ´μ¸ÉÓ · ¸ÉÊÐ¥° ³μ¤¨Ë¨± Í¨¨ ρ· ³¥´ÓÏ¥ ¶²μÉ´μ¸É¨ ³ É·¨Î´μ£μ
±·¨¸É ²²  ρ³, É. ¥. ρ· < ρ³;

Å ¶²μÉ´μ¸ÉÓ · ¸ÉÊÐ¥° ³μ¤¨Ë¨± Í¨¨ ¡μ²ÓÏ¥, Î¥³ ¶²μÉ´μ¸ÉÓ ³ É·¨Î´μ£μ
±·¨¸É ²² , É. ¥. ρ· > ρ³;

Å ¶²μÉ´μ¸É¨ · ¸ÉÊÐ¥£μ ¨ ³ É·¨Î´μ£μ ±·¨¸É ²²μ¢ ¨²¨ · ¢´Ò, ¨²¨ μÉ²¨-
Î ÕÉ¸Ö ´¥§´ Î¨É¥²Ó´μ, É. ¥. ρ· = ρ³, ρ· � ρ³ ¨²¨ ρ· � ρ³.

‚ ¸²ÊÎ ¥, ±μ£¤  ρ· < ρ³, ¢ ¶·μÍ¥¸¸¥ ¶·¥¢· Ð¥´¨Ö ³ É·¨Î´Ò° ±·¨¸É ²²
¤¥Ëμ·³¨·Ê¥É¸Ö ¨ μÎ¥´Ó Î ¸Éμ · ¸É·¥¸±¨¢ ¥É¸Ö, ¨ ± ¦¤ Ö μ¡· §μ¢ ¢Ï Ö¸Ö É·¥-
Ð¨´  ¸É ´μ¢¨É¸Ö ¨¸ÉμÎ´¨±μ³ μ¡· §μ¢ ´¨Ö ³´μ¦¥¸É¢  Í¥´É·μ¢ ±·¨¸É ²²¨§ -
Í¨¨. ‚ ·¥§Ê²ÓÉ É¥ ³μ´μ±·¨¸É ²² ¶·¥¢· Ð ¥É¸Ö ¢ ¶μ²¨±·¨¸É ²².

‚ ¸²ÊÎ ¥ ρ· > ρ³ ±μ´É ±É ³¥¦¤Ê · ¸ÉÊÐ¨³ ±·¨¸É ²²μ³ ¨ ±·¨¸É ²²μ³-
¸·¥¤μ° ¸² ¡¥¥É ¨ · ¸¸ÉμÖ´¨¥ ¶μ¢¥·Ì´μ¸É´μ£μ · §¤¥²  Ë § ¸É ´μ¢¨É¸Ö ¡μ²ÓÏ¥,
Î¥³ ³¥¦ Éμ³´μ¥ · ¸¸ÉμÖ´¨¥. �·¨ ÔÉμ³ ·μ¸É ±·¨¸É ²²  ´μ¢μ° Ë §Ò μ¸É ´ ¢²¨-
¢ ¥É¸Ö. �·μÍ¥¸¸ ¶·¥¢· Ð¥´¨Ö ¶·μ¤μ²¦ ¥É¸Ö §  ¸Î¥É μ¡· §μ¢ ´¨Ö ¢¸¥ ´μ¢ÒÌ ¨
´μ¢ÒÌ § ·μ¤ÒÏ¥°. ‚ ÔÉμ³ ¸²ÊÎ ¥ É ±¦¥ ³μ´μ±·¨¸É ²² ¶·¥¢· Ð ¥É¸Ö ¢ ¶μ²¨-
±·¨¸É ²². ‚ μ¡μ¨Ì ¸²ÊÎ ÖÌ ¨§ É ±μ£μ ¶μ²¨±·¨¸É ²²  ¢Ò· ¸É¨ÉÓ ³μ´μ±·¨¸É ²²
´¥ Ê¤ ¥É¸Ö.

‚ ¸²ÊÎ ¥ ρ· � ρ³, ρ· � ρ³ ¨ ρ· = ρ³ μ¡ÒÎ´μ ´ ¡²Õ¤ ¥É¸Ö ¤¢  É¨¶  ¶·¥-
¢· Ð¥´¨Ö: ³μ´μ±·¨¸É ²² � ³μ´μ±·¨¸É ²² ¨ ³μ´μ±·¨¸É ²² � ¶μ²¨±·¨¸É ²².
‡¤¥¸Ó ¶·¥¢· Ð¥´¨¥ ³μ´μ±·¨¸É ²²Ä¶μ²¨±·¨¸É ²² ¶·μ¨¸Ìμ¤¨É ¸ μ¡· §μ¢ ´¨¥³
³´μ¦¥¸É¢  Í¥´É·μ¢ ±·¨¸É ²²¨§ Í¨¨ ¨ §  ¸Î¥É ¤¥Ë¥±É´μ¸É¨ ³ É·¨Î´μ£μ ±·¨-
¸É ²² . ˆ§ É ±μ£μ ¶μ²¨±·¨¸É ²²  ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Î¨¸² Ì ¶·¥¢· Ð¥´¨°
³μ¦´μ ¶μ²ÊÎ¨ÉÓ ³μ´μ±·¨¸É ²² ´Ê¦´μ° ³μ¤¨Ë¨± Í¨¨.

„²Ö ¢Ò· Ð¨¢ ´¨Ö ³μ´μ±·¨¸É ²²μ¢ ¸¨´É¥§¨·μ¢ ´´ÒÌ μ¡· §Íμ¢ ´ ¨¡μ²¥¥
¶·¨¥³²¥³Ò³ ¸¶μ¸μ¡μ³ μ± § ² ¸Ó Ô±¸¶¥·¨³¥´É ²Ó´μ ´ °¤¥´´ Ö ±μ³¡¨´ Í¨Ö
³¥Éμ¤μ¢ ³¥¤²¥´´μ£μ μÌ² ¦¤¥´¨Ö ¨ 
·¨¤¦³¥´ , ±μÉμ·Ò¥ ¶·¨³¥´ÖÕÉ¸Ö ¶·¨
¢Ò· Ð¨¢ ´¨¨ ±·¨¸É ²²μ¢ ¨§ · ¸¶² ¢ .

‘¨´É¥§¨·μ¢ ´´Ò¥ μ¡· §ÍÒ Ag2S(Se,Te), AgCuS, Ag2−xCuxS,
AgCuS0,5(Se,Te)0,5 ¶μ¸²¥ ¨Ì ¨§ÊÎ¥´¨Ö ³¥Éμ¤μ³ ·¥´É£¥´μË §μ¢μ£μ  ´ ²¨§  ¶μ-
³¥Ð ÕÉ¸Ö ¢  ³¶Ê²Ò ¨§ ¢Ò¸μ±μ± Î¥¸É¢¥´´ÒÌ ±¢ ·Í¥¢ÒÌ É·Ê¡μ± ¤²¨´μ° 10 ¸³
¨ ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 0,5 ¸³. �¢ ±Ê¨·μ¢ ´´Ò¥ ¤μ ¤ ¢²¥´¨Ö 10−5 � 
 ³¶Ê²Ò ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸μ¸É ¢ ³¨ ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ£μ ³¥Ì ´¨§³ 
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�¨¸. 5. Œμ´μ±·¨¸É ²²Ò Cu2Se ( ), Ag2Se (¡), AgCuSe (¢), Cu1,80Zn0,20Se (£),
Ag1,5Cu0,5Se (¤), AgCuSe0,5S0,5 (¥)

¶¥·¥³¥Ð ÕÉ¸Ö ¢´ÊÉ·¨ ¢¥·É¨± ²Ó´μ° ¶¥Î¨, ¨³¥ÕÐ¥° É·¨ É¥³¶¥· ÉÊ·´Ò¥ §μ´Ò.
‚ ¢¥·Ì´¥° §μ´¥ ¶μ¤¤¥·¦¨¢ ¥É¸Ö É¥³¶¥· ÉÊ·  ´  50 Š ¢ÒÏ¥,   ¢μ ¢Éμ·μ° Å
´  50 Š ´¨¦¥ ÉμÎ±¨ ¶² ¢²¥´¨Ö ¸μ¸É ¢ . ‚ ¢¥·Ì´¥° §μ´¥ ¶¥Î¨ ¸μ¸É ¢ ¢  ³-
¶Ê²¥ ´ Ìμ¤¨É¸Ö ¢ · ¸¶² ¢²¥´´μ³ ¸μ¸ÉμÖ´¨¨. Šμ£¤  μ¸É·Ò° ±μ´Î¨±  ³¶Ê²Ò
¶¥·¥Ìμ¤¨É ÉμÎ±Ê É¥³¶¥· ÉÊ·Ò ¶² ¢²¥´¨Ö, ¸μ ¸Éμ·μ´Ò §μ´Ò ¸ ³¥´ÓÏ¥° É¥³-
¶¥· ÉÊ·μ° μ¡· §ÊÕÉ¸Ö § ·μ¤ÒÏ¨ ±·¨¸É ²²  ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± -
Í¨¨. �¥·¥³¥Ð¥´¨¥  ³¶Ê²Ò ¸μ ¸±μ·μ¸ÉÓÕ 0,2 ¸³/Î μ± § ²μ¸Ó ¶μ¤Ìμ¤ÖÐ¨³ ¤²Ö
·μ¸É  μ¡· §μ¢ ¢Ï¥£μ¸Ö § ·μ¤ÒÏ  ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° Ë §Ò. �·¨ ¤ ²Ó´¥°-
Ï¥³ ¸³¥Ð¥´¨¨  ³¶Ê²Ò, ¸μ¤¥·¦ Ð¥° ±·¨¸É ²²Ò ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š
Ë §Ò, ¶·¨ ¶¥·¥Ìμ¤¥ ¢ μ¡² ¸ÉÓ É¥³¶¥· ÉÊ· ¸É·Ê±ÉÊ·´μ£μ ¶·¥¢· Ð¥´¨Ö ³μ´μ-
±·¨¸É ²² ¨§ ƒ–Š Ë §Ò ¶¥·¥Ìμ¤¨É ¢ ´¨§±μÉ¥³¶¥· ÉÊ·´ÊÕ Ë §Ê. ‡ É¥³  ³¶Ê²Ò
¢ É·¥ÉÓ¥° §μ´¥ ¶¥Î¨ ¢Ò¤¥·¦¨¢ ÕÉ ¢ É¥Î¥´¨¥ É·¥Ì ´¥¤¥²Ó ´¨¦¥ É¥³¶¥· ÉÊ·Ò
¸É·Ê±ÉÊ·´μ£μ ¶·¥¢· Ð¥´¨Ö, É. ¥. ¶μ¤¢¥·£ ÕÉ μÉ¦¨£Ê.

�  ·¨¸. 5 ¶·¨¢¥¤¥´Ò ¶μ²ÊÎ¥´´Ò¥ É ±¨³ ¸¶μ¸μ¡μ³ ³μ´μ±·¨¸É ²²Ò, ±μÉμ-
·Ò¥ ¸É ²¨ μ¡Ñ¥±É ³¨ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ ´¨Ì.
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6. ‚›‘�Š�’…Œ�…��’“���…
�…�’ƒ…�„ˆ”��Š’�Œ…’�ˆ—…‘Š�… ˆ‘‘‹…„�‚��ˆ…
��‹ˆŒ��”�›• ��…‚��™…�ˆ‰ ˆ ’…�Œˆ—…‘Šˆ…

��‘˜ˆ�…�ˆŸ �’„…‹œ�›• Œ�„ˆ”ˆŠ�–ˆ‰

6.1. ‘É·Ê±ÉÊ·´Ò¥  ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ Cu2S¥. Œμ-
´μ±·¨¸É ²²Ò Cu2S¥ ²¥£±μ ¸± ²Ò¢ ÕÉ¸Ö ¢ ´ ¶· ¢²¥´¨¨ [011]. ˆ§ É ±¨Ì ±·¨-
¸É ²²μ¢ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¢ ¨´É¥·¢ ²¥ Ê£²μ¢ 10 � 2θ � 90◦ ¡Ò²¨
§ Ë¨±¸¨·μ¢ ´Ò ¸¥³Ó Î¥É±¨Ì ¤¨Ë· ±Í¨μ´´ÒÌ ¶¨±μ¢ ¸ ¨´¤¥±¸ ³¨ (011), (022),
(027), (040), (055), (0.0.18) ¨ (400). ‚¸¥ ¤¨Ë· ±Í¨μ´´Ò¥ μÉ· ¦¥´¨Ö μÉ ¶μ·μÏ-
±μ£· ³³Ò ¨ § Ë¨±¸¨·μ¢ ´´Ò¥ μÉ ³μ´μ±·¨¸É ²²  ¨´¤¨Í¨·ÊÕÉ¸Ö ¢ ´¨§±μÉ¥³-
¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ ¸ ¶ · ³¥É· ³¨ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨
a = 4,118 �A, b = 7,032 �A, c = 20,360 �A, Z = 12 [45Ä47].

�μ¸²¥ ¶μ²ÊÎ¥´¨Ö ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥,
´¥ ¨§³¥´ÖÖ μ·¨¥´É Í¨Õ ±·¨¸É ²² , ¢±²ÕÎ¨²¨ ¶¥ÎÓ ¨ ¶·¨ É¥³¶¥· ÉÊ· Ì 323,
373, 405, 423, 473, 523 ¨ 573 Š ¶·μ¨§¢μ¤¨²¨ Ô±¸¶¥·¨³¥´ÉÒ. �¥·¥¤ ± ¦¤Ò³
¶μ²ÊÎ¥´¨¥³ ¸¶¥±É·μ¢ É¥³¶¥· ÉÊ·Ê ¶¥Î¨ ¶μ¤¤¥·¦¨¢ ²¨ ¶μ¸ÉμÖ´´μ° ¢ É¥Î¥´¨¥
30 ³¨´. ‡ ¶¨¸Ó, ¶·μ¨§¢¥¤¥´´ Ö ¶·¨ 423 Š, Ê¦¥ μÉ´μ¸¨² ¸Ó ± ¢Ò¸μ±μÉ¥³¶¥· -
ÉÊ·´μ° ƒ–Š ³μ¤¨Ë¨± Í¨¨. �·¨ ÔÉμ³ ¢¸¥ ¤¨Ë· ±Í¨μ´´Ò¥ μÉ· ¦¥´¨Ö, ¶·¨´ ¤-
²¥¦ Ð¨¥ ´¨§±μÉ¥³¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨, ¨¸Î¥§ ÕÉ, ¨ ¢
¶·¥¦´¥³ ¨´É¥·¢ ²¥ Ê£²μ¢ Ë¨±¸¨·ÊÕÉ¸Ö ¤¨Ë· ±Í¨μ´´Ò¥ μÉ· ¦¥´¨Ö ¸ ¨´¤¥±-
¸ ³¨ (111), (222) ¨ (333), ¶·¨´ ¤²¥¦ Ð¨¥ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š ³μ¤¨-
Ë¨± Í¨¨ ¸ ¶ · ³¥É·μ³ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ a = 5,836 �A. 
Ò²μ Ê¸É ´μ¢²¥´μ,
ÎÉμ É¥³¶¥· ÉÊ·  · ¢´μ¢¥¸¨Ö ³¥¦¤Ê ³μ¤¨Ë¨± Í¨Ö³¨ T¶· = (407 ± 1) K [48].

ˆ§ ¤¨Ë· ±Í¨μ´´ÒÌ ¸¶¥±É·μ¢ ¶·¨ 293, 323, 373, 405 Š · ¸¸Î¨É ²¨ ¶ · -
³¥É·Ò ·¥Ï¥É±¨ μ·Éμ·μ³¡¨Î¥¸±μ°,   ¶·¨ 423, 473, 523, 573 Š Å ƒ–Š ³μ¤¨-
Ë¨± Í¨¨. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶·¨¢¥¤¥´Ò ¢ É ¡². 9 ¨ £· Ë¨Î¥¸±¨ ´  ·¨¸. 6.

�  μ¸´μ¢¥ §´ Î¥´¨° ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨-
Ë¨± Í¨° Cu2Se · ¸¸Î¨É ´Ò ±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¶μ μ¸´μ¢-

’ ¡²¨Í  9. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò Cu2Se ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· ÉÊ· Ì

TÔ±¸¶, Š Œμ¤¨Ë¨± Í¨Ö
� · ³¥É·Ò

Z �·. £·. V , �A3 ρ, £/¸³3·¥Ï¥É±¨, �A
a b c

293 �·Éμ·μ³¡¨Î¥¸± Ö 4,117 7,032 20,347 12 P2221 589,061 6,968

323 �·Éμ·μ³¡¨Î¥¸± Ö 4,118 7,034 20,351 12 P2221 589,487 6,963
373 �·Éμ·μ³¡¨Î¥¸± Ö 4,121 7,038 20,367 12 P2221 590,716 6,948

405 �·Éμ·μ³¡¨Î¥¸± Ö 4,125 7,042 20,380 12 P2221 592,003 6,933

423 ƒ–Š 5,839 4 F 4̄3m 199,074 6,827
473 ƒ–Š 5,844 4 F 4̄3m 199,586 6,855

523 ƒ–Š 5,855 4 F 4̄3m 200,715 6,816
573 ƒ–Š 5,662 4 F 4̄3m 201,436 6,792
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�¨¸. 6. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨, μ¡Ñ¥³  ¨ ¶²μÉ´μ¸É¨ μ·Éμ-
·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨Ë¨± Í¨° Cu2Se

´Ò³ ±·¨¸É ²²μ£· Ë¨Î¥¸±¨³ ´ ¶· ¢²¥´¨Ö³, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 10.
Š ± ¢¨¤´μ ¨§ É ¡². 10, ±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ·Éμ·μ³¡¨Î¥-
¸±μ° ³μ¤¨Ë¨± Í¨¨ ¶μ²μ¦¨É¥²Ó´Ò ¨ ¶μ¢¥·Ì´μ¸ÉÓ ¨³¥¥É ¢¨¤ Ô²²¨¶¸μ¨¤ ,   ¶μ-
¢¥·Ì´μ¸ÉÓ ±μÔËË¨Í¨¥´Éμ¢ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¨³¥¥É
¢¨¤ ¸Ë¥·Ò.

‡ ¢¨¸¨³μ¸ÉÓ ¶²μÉ´μ¸É¥° μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨Ë¨± Í¨°, · ¸¸Î¨-
É ´´ Ö ¸ ¶μ³μÐÓÕ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨, ¶μ± § ² , ÎÉμ ¶²μÉ´μ¸ÉÓ ¶·¨ É¥³-
¶¥· ÉÊ·¥ · ¢´μ¢¥¸¨Ö ³μ¤¨Ë¨± Í¨° (T¶· = 407 Š) ¨§³¥´Ö¥É¸Ö ¸± Î±μ³ ´ 
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’ ¡²¨Í  10. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨-
Ë¨± Í¨° ±·¨¸É ²²  Cu2Se (106 K−1)

T , Š α[100] α[010] α[001] ᾱ =
α[100] + α[010] + α[001]

3

β = α[100]+

α[010] + α[001]

293Ä323 8,097 9,480 6,553 8,043 24,130

293Ä373 12,145 10,666 12,287 11,699 35,098

293Ä405 17,350 12,697 14,481 14,843 44,528
423Ä473 17,126 17,126 51,378

423Ä523 27,402 27,402 82,206

423Ä573 26,260 26,260 78,780

�¨¸. 7. Œ¨±·μËμÉμ£· Ë¨Ö ( ) ¨ ² ÊÔ£· ³³  (¡) ±·¨¸É ²²  Cu2Se ¶μ¸²¥ É·¥Ì±· É´μ£μ
¶·¥¢· Ð¥´¨Ö

0,062 £/¸³3 (·¨¸. 6). �¥§´ Î¨É¥²Ó´μ¥ ¨§³¥´¥´¨¥ ¶²μÉ´μ¸É¨ ³μ¤¨Ë¨± Í¨° ¤ ²μ
¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¨ÉÓ ³μ´μ±·¨¸É ²²Ò ´¨§±μÉ¥³¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨Î¥¸±μ°
³μ¤¨Ë¨± Í¨¨ ¶·¨ É·¥Ì±· É´μ³ ¶·¥¢· Ð¥´¨¨, ±μÉμ·μ¥ ¶μ¤É¢¥·¦¤ ÕÉ ³¨±·μ-
ËμÉμ£· Ë¨Ö ¨ ² ÊÔ£· ³³ , ¶·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 7.

� ¤μ μÉ³¥É¨ÉÓ, ÎÉμ ¸ Ê¢¥²¨Î¥´¨¥³ Î¨¸²  ±· É´μ¸É¨ ¶·¥¢· Ð¥´¨°
(¢ÒÏ¥ 10) ¶·μ¨¸Ìμ¤¨É ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨, É. ¥. ¨³¥¥É ³¥¸Éμ ¶¥·¥Ìμ¤
Cu2Se ¢ Cu2−xSe (x = 0,20) ¸ ¢Ò¤¥²¥´¨¥³ ³¥¤¨ ´  £· ´¨Í¥ ¡²μ±μ¢ Cu2−xSe.
�ÉμÉ ´¥¸É¥Ì¨μ³¥É·¨Î¥¸±¨° ¸μ¸É ¢ ¨³¥¥É É ±¦¥ ƒ–Š ·¥Ï¥É±Ê ¸ ¶ · ³¥É·μ³
a = 5,740 �A ¨ Ê¸Éμ°Î¨¢ ¢ É¥³¶¥· ÉÊ·´μ° μ¡² ¸É¨ μÉ ±μ³´ É´μ° ¤μ É¥³¶¥· -
ÉÊ·Ò ¶² ¢²¥´¨Ö.

� ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶¥·¨μ¤  ·¥Ï¥É±¨ ¶μ ¨§³¥´¥´¨Ö³ Ê£²μ¢ μÉ· ¦¥´¨°
(111), (222) ¨ (333) ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 299Ä573 Š ¶·¨¢¥¤¥´Ò ¢ É ¡². 11.

‘ ¶μ³μÐÓÕ §´ Î¥´¨° ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ · ¸¸Î¨É ´Ò ±μÔËË¨Í¨¥´ÉÒ É¥-
¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 299Ä573 Š, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò
¢ É ¡². 12. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μ¢¥·Ì´μ¸ÉÓ ±μÔËË¨Í¨¥´É  É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö
¨³¥¥É ¢¨¤ ¸Ë¥·Ò.
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’ ¡²¨Í  11. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò Cu1,80Se ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· ÉÊ· Ì

TÔ±¸¶, Š Œμ¤¨Ë¨± Í¨Ö a, �A Z �·. £·. V , �A3 ρ, £/¸³3

299 ƒ–Š 5,734 4 Fm3m 188,527 6,772

383 ƒ–Š 5,747 4 Fm3m 189,527 6,733

473 ƒ–Š 5,767 4 Fm3m 191,801 6,663

573 ƒ–Š 5,773 4 Fm3m 192,394 6,642

’ ¡²¨Í  12. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ƒ–Š ³μ¤¨Ë¨± Í¨° ±·¨¸É ²² 
Cu1,80Se (106 K−1)

T , Š α[100] ᾱ = 3a[100]/3 β = 3α[100]

299Ä383 26,99 26,99 80,97

299Ä473 33,08 33,08 99,24

299Ä573 24,82 24,82 74,76

’ ¡²¨Í  13. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò Cu1,80Zn0,20Se ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· -
ÉÊ· Ì

TÔ±¸¶, Š Œμ¤¨Ë¨± Í¨Ö
� · ³¥É·Ò

Z �·. £·. V , �A3 ρ, £/¸³3·¥Ï¥É±¨, �A

a b c

290
�·Éμ·μ³¡¨Î¥¸± Ö 4,127 7,033 20,362 12 P2221 591,011 6,957

ƒ–Š 5,756 4 Fm3m 190,705 7,187

370
�·Éμ·μ³¡¨Î¥¸± Ö 4,131 7,049 20,409 12 P2221 594,298 6,919

ƒ–Š 5,765 4 Fm3m 191,601 7,153

470
�·Éμ·μ³¡¨Î¥¸± Ö 4,149 7,054 20,439 12 P2221 598,189 6,875

ƒ–Š 5,772 4 Fm3m 192,300 7,126

570
�·Éμ·μ³¡¨Î¥¸± Ö 4,156 7,070 20,471 12 P2221 601,498 6,836

ƒ–Š 5,782 4 Fm3m 193,301 7,091

670
�·Éμ·μ³¡¨Î¥¸± Ö 4,167 7,088 20,506 12 P2221 605,659 6,790

ƒ–Š 5,793 4 Fm3m 194,406 7,050

770
�·Éμ·μ³¡¨Î¥¸± Ö 4,189 7,089 20,517 12 P2221 609,269 6,749

ƒ–Š 5,802 4 Fm3m 195,314 7,018

870
�·Éμ·μ³¡¨Î¥¸± Ö 4,196 7,102 20,535 12 P2221 611,943 6,720

ƒ–Š 5,819 4 Fm3m 196,224 6,985
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6.2. ‘É·Ê±ÉÊ·´Ò¥ ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨°¢ Cu1,80Zn0,20Se.
Œμ´μ±·¨¸É ²²Ò Cu1,80Zn0,20Se, ± ± ¨ ³μ´μ±·¨¸É ²²Ò Cu2S¥, ²¥£±μ ¸± ²Ò¢ -
²¨¸Ó ¶μ ¶²μ¸±μ¸É¨ (011). �É ±·¨¸É ²²¨Î¥¸±μ£μ ¸²¨É±  μÉ¤¥²¨²¨ μ¡· §ÍÒ ¢
¢¨¤¥ ¶² ¸É¨´μ± · §³¥· ³¨ 4 × 4 × 1 ³³, Ê¤μ¡´Ò¥ ¤²Ö ¤¨Ë· ±Éμ³¥É·¨Î¥¸±μ£μ

�¨¸. 8. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨,   É ±¦¥ ¶²μÉ-
´μ¸É¨ μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨Ë¨± Í¨° Cu1,80Zn0,20Se
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¨¸¸²¥¤μ¢ ´¨Ö. ‡ Ë¨±¸¨·μ¢ ´´Ò¥ ¤²Ö ÔÉ¨Ì μ¡· §Íμ¢ ¶·¨ ±μ³´ É´μ° É¥³¶¥-
· ÉÊ·¥ ¢ ¨´É¥·¢ ²¥ Ê£²μ¢ 10 � 2θ � 70◦ Ï¥¸ÉÓ ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨°
¨´¤¨Í¨·ÊÕÉ¸Ö É ± ¦¥, ± ± ´  ¤¨Ë· ±Éμ£· ³³¥ ¶μ·μÏ±  Cu1,80Zn0,20Se, ´ 
μ¸´μ¢¥ μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š ³μ¤¨Ë¨± Í¨¨, ³¥É -
¸É ¡¨²Ó´μ ¸ÊÐ¥¸É¢ÊÕÐ¥° ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ [49].

� ¤μ μÉ³¥É¨ÉÓ, ÎÉμ μ¡¥ ³μ¤¨Ë¨± Í¨¨ ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 290Ä873 Š
¸ÊÐ¥¸É¢ÊÕÉ ¸É ¡¨²Ó´μ. �  μ¸´μ¢¥ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ · ¸¸Î¨É ²¨ ¶ -
· ³¥É·Ò ·¥Ï¥É±¨ μ¡¥¨Ì ³μ¤¨Ë¨± Í¨° ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 290Ä870 Š,
±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 13 ¨ £· Ë¨Î¥¸±¨ ´  ·¨¸. 8.

Š ± ¢¨¤´μ ¨§ ·¨¸. 8, ¶ · ³¥É·Ò ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ μ·Éμ·μ³¡¨Î¥-
¸±μ° ¨ ƒ–Š ³μ¤¨Ë¨± Í¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ É¥³¶¥· ÉÊ·Ò · ¸ÉÊÉ ²¨´¥°´μ,  
§´ Î¥´¨Ö ¶²μÉ´μ¸É¨ μ¡¥¨Ì ³μ¤¨Ë¨± Í¨° ²¨´¥°´μ Ê³¥´ÓÏ ÕÉ¸Ö. �²μÉ´μ¸ÉÓ
ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¡μ²ÓÏ¥, Î¥³ ¶²μÉ´μ¸ÉÓ μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨,
É. ¥. Δρ = ρƒ–Š − ρμ·Éμ·μ³¡ = 0,3 £/¸³3.

�  μ¸´μ¢¥ É¥³¶¥· ÉÊ·´μ° § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ · ¸¸Î¨É ²¨
±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 14. ‚ ƒ–Š
³μ¤¨Ë¨± Í¨¨ ±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¶μ μ¸´μ¢´Ò³ ±·¨¸É ²²μ-
£· Ë¨Î¥¸±¨³ ´ ¶· ¢²¥´¨Ö³ α[100] = α[010] = α[001] · ¢´Ò ¨ ¶μÔÉμ³Ê ¶μ¢¥·Ì-
´μ¸ÉÓ ±μÔËË¨Í¨¥´É  É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¨³¥¥É ¢¨¤ ¸Ë¥·Ò, μ¡² ¤ ÕÐ¥°
¢Ò¸Ï¥° ¸¨³³¥É·¨¥° ∞/∞m.

’ ¡²¨Í  14. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨-
Ë¨± Í¨° ±·¨¸É ²²  Cu1,80Zn0,20Se (106 K−1)

T , Š α[100] α[010] α[001] ᾱ =
α[100] + α[010] + α[001]

3

β = α[100]+

α[010] + α[001]

290Ä370 12,115 28,437 28,853 23,135 69,405
290Ä470 29,615 16,588 21,009 22,404 67,212

290Ä570 25,096 18,789 19,118 21,001 63,003

290Ä670 25,506 20,580 18,611 21,566 64,697
290Ä770 31,298 16,588 15,859 21,248 63,745

290Ä870 28,826 16,915 14,659 20,130 60,390
290Ä370 19,545 19,545 58,635

290Ä470 15,443 15,443 46,329

290Ä570 16,332 16,332 48,996
290Ä670 16,916 16,916 50,748

290Ä770 16,649 16,649 49,947

290Ä870 16,475 16,475 49,425

‚ μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨ ¢¸¥ ±μÔËË¨Í¨¥´ÉÒ ¶μ²μ¦¨É¥²Ó´Ò¥,
¶μÔÉμ³Ê ¶μ¢¥·Ì´μ¸ÉÓ ¨³¥¥É ¢¨¤ Ô²²¨¶¸μ¨¤  ¨ ¶μ¢¥·Ì´μ¸É¨ ±μÔËË¨Í¨¥´Éμ¢
É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¨³¥ÕÉ ¸¨³³¥É·¨Õ (m · 2)/m.
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6.3. ‘É·Ê±ÉÊ·´Ò¥  ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ Cu1,75Zn0,05Se.
„²Ö É¥³¶¥· ÉÊ·´μ-¤¨Ë· ±Éμ³¥É·¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ¨¸¶μ²Ó§μ¢ ²¨ ¶²μ¸±¨¥
μ¡· §ÍÒ · §³¥· ³¨ 5 × 4 × 2 ³³ (¶·μ¨§¢μ²Ó´μ° ±·¨¸É ²²μ£· Ë¨Î¥¸±μ° μ·¨-
¥´É Í¨¨). �·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¢ ¨´É¥·¢ ²¥ Ê£²μ¢ 10 � 2θ � 70◦

¡Ò²¨ § Ë¨±¸¨·μ¢ ´Ò μÉ· ¦¥´¨Ö μÉ ¶²μ¸±μ¸É¥° (111), (200), (220), (311) ¨
(400), ¶·¨´ ¤²¥¦ Ð¨¥ ±Ê¡¨Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨. �Éμ ¶μ¤É¢¥·¤¨²  É ±¦¥ ¶μ-
·μÏ±μ£· ³³ . �μ¸²¥ § ¶¨¸¨ ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨° ¶·¨ ±μ³´ É´μ° É¥³-
¶¥· ÉÊ·¥, ´¥ ´ ·ÊÏ Ö μ·¨¥´É Í¨¨ ±·¨¸É ²² , ¢±²ÕÎ ²¨ ¶¥ÎÓ (“�‚’-2000) ¨
¶·μ¢μ¤¨²¨ § ¶¨¸Ó Î¥·¥§ ± ¦¤Ò¥ 100 Š ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 290Ä670 Š.
‚ ÔÉμ³ É¥³¶¥· ÉÊ·´μ³ ¨´É¥·¢ ²¥ ¢ Î¨¸²¥ ¤¨Ë· ±Í¨μ´´ÒÌ ¶¨±μ¢ ¨ ¨Ì ¨´-
É¥´¸¨¢´μ¸É¨ ¨§³¥´¥´¨° ´¥ ´ ¡²Õ¤ ²¨. �  μ¸´μ¢¥ ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨°
· ¸¸Î¨É ²¨ ¶ · ³¥É·Ò ·¥Ï¥É±¨ ¨ ¶²μÉ´μ¸É¨, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 15
¨ £· Ë¨Î¥¸±¨ ´  ·¨¸. 9.

’ ¡²¨Í  15. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò Cu1,75Zn0,05Se ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· -
ÉÊ· Ì

TÔ±¸¶, Š a, �A Z �·. £·. V , �A3 ρ, £/¸³3

290 5,741 4 Fm3m 189,218 6,787

370 5,749 4 Fm3m 190,010 6,759

470 5,758 4 Fm3m 190,904 6,728

570 5,766 4 Fm3m 191,701 6,698

670 5,774 4 Fm3m 192,500 6,673

�¨¸. 9. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ƒ–Š Ë §Ò
Cu1,75Zn0,05Se
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‚ ¸É·Ê±ÉÊ·¥ ±·¨¸É ²²  Cu1,75Zn0,05Se  Éμ³Ò Zn++ § ´¨³ ÕÉ ¢ μ¸´μ¢-
´μ³ ³¥¸É  Cu++ ¢ É¥É· Ô¤·¨Î¥¸±¨Ì ¶Ê¸ÉμÉ Ì. �μ¤¢¨¦´μ¸É¨  Éμ³μ¢ Zn++

¢ ·¥Ï¥É±¥ Cu1,75Zn0,05Se ¨ ¸¢Ö§¨ Zn-Se ¨ Zn-Cu μÉ²¨Î ÕÉ¸Ö μÉ ¶μ¤¢¨¦´μ¸É¨
 Éμ³μ¢ Cu ¢ Cu2−xSe,   É ±¦¥ μÉ ¸¢Ö§¥° Cu-Se ¨ Cu-Cu, ±μÉμ·Ò¥ Ö¢²Ö²¨¸Ó
¶·¨Î¨´μ° ¸É ¡¨²¨§ Í¨¨ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š ³μ¤¨Ë¨± Í¨¨ [50].

�  μ¸´μ¢¥ É¥³¶¥· ÉÊ·´μ° § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ · ¸¸Î¨É ²¨
±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 16. ‚ ±Ê-
¡¨Î¥¸±μ³ ±·¨¸É ²²¥ ±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¢ É·¥Ì ´ ¶· ¢²¥-
´¨ÖÌ μ¤¨´ ±μ¢Ò ¨ ¶μÔÉμ³Ê ¶μ¢¥·Ì´μ¸ÉÓ ±μÔËË¨Í¨¥´Éμ¢ ¨³¥¥É ¢¨¤ ¸Ë¥·Ò,
μ¡² ¤ ÕÐ¥° ¢Ò¸Ï¥° ¸¨³³¥É·¨¥°, É. ¥. ∞/∞m.

’ ¡²¨Í  16. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ƒ–Š ³μ¤¨Ë¨± Í¨¨ ±·¨¸É ²² 
Cu1,75Zn0,05Se (106 K−1)

T , Š α[100] ᾱ = 3α[100]/3 β = 3α[100]

290Ä370 17,419 17,419 52,257

290Ä470 16,451 16,451 49,353

290Ä570 16,552 15,552 46,656

290Ä670 16,127 15,127 45,381

6.4. ‘É·Ê±ÉÊ·´Ò¥  ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ Ag2Se. Œμ´μ-
±·¨¸É ²²Ò α-Ag2Se · §³¥· ³¨ 5 × 3 × 1 ³³ ¡Ò²¨ Ê¸É ´μ¢²¥´Ò ´  ¤¥·¦ É¥²¥
¶²μ¸±¨Ì μ¡· §Íμ¢ ¤¨Ë· ±Éμ³¥É· . �·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¢ ¨´É¥·¢ ²¥
Ê£²μ¢ 10 � 2θ � 90◦ ¡Ò²¨ § ¶¨¸ ´Ò ¸¥³Ó Î¥É±¨Ì ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨°.

� ¤μ μÉ³¥É¨ÉÓ, ÎÉμ ¶μ·μÏ±μ£· ³³Ò ¨ ¤¨Ë· ±Éμ£· ³³Ò, § ¶¨¸ ´´Ò¥ μÉ
³μ´μ±·¨¸É ²² , Ìμ·μÏμ ¨´¤¨Í¨·ÊÕÉ¸Ö μ¡¥¨³¨ ¸É·Ê±ÉÊ·´Ò³¨ ³μ¤¥²Ö³¨, É. ¥.
P2221 ¨ P212121. ‚ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¸É·Ê±ÉÊ·´ÊÕ ³μ¤¥²Ó
P2221.

�μ¸²¥ § ¶¨¸¨ ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨° ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥
¢±²ÕÎ ² ¸Ó ¶¥ÎÓ “�‚’-2000 ¨ ¶·μ¨§¢μ¤¨² ¸Ó § ¶¨¸Ó ¶·¨ 323, 373 ¨ 393 Š.
� ¤μ μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ ÔÉ¨Ì É¥³¶¥· ÉÊ· Ì ¢ Î¨¸² Ì ¨ ¨´É¥´¸¨¢´μ¸ÉÖÌ ²¨-
´¨° ¨§³¥´¥´¨° ´¥ ¶·μ¨¸Ìμ¤¨É. �·¨ ´ £·¥¢¥ μ¡· §Í  ¤μ 433 Š ¢ ¶·¥¦´¥³
¨´É¥·¢ ²¥ Ê£²μ¢ μÉ· ¦¥´¨° ¡Ò²μ § Ë¨±¸¨·μ¢ ´μ Éμ²Ó±μ É·¨ ¤¨Ë· ±Í¨μ´´ÒÌ
μÉ· ¦¥´¨Ö μÉ ¶²μ¸±μ¸É¥° (200), (211) ¨ (220) ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° �–Š
³μ¤¨Ë¨± Í¨¨. 
Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ É¥³¶¥· ÉÊ·  · ¢´μ¢¥¸¨Ö ³¥¦¤Ê α- ¨
β-³μ¤¨Ë¨± Í¨Ö³¨ · ¢´  T¶· = (406 ± 1) Š. �·¥¢· Ð¥´¨¥ μ¡· É¨³μ¥ ¨ ¶·μ-
¨¸Ìμ¤¨É ¶μ É¨¶Ê ³μ´μ±·¨¸É ²²Ä³μ´μ±·¨¸É ² [36].

‚ É ¡². 17 ¶·¨¢μ¤ÖÉ¸Ö · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·  ·¥Ï¥É±¨ ¨ ¶²μÉ´μ-
¸É¨ α- ¨ β-³μ¤¨Ë¨± Í¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ É¥³¶¥· ÉÊ·Ò, ±μÉμ·Ò¥ ´  ·¨¸. 10
¨²²Õ¸É·¨·ÊÕÉ¸Ö £· Ë¨Î¥¸±¨.

Š ± ¢¨¤´μ ¨§ ·¨¸. 10, ¶·¨ ¶·¥¢· Ð¥´¨¨ α → β ³¨±·μ¶²μÉ´μ¸ÉÓ ¨§³¥´Ö-
¥É¸Ö ¸± Î±μ³, É. ¥. Δρ = ρα − ρβ = 0,18 £/¸³3. �É  · §´μ¸ÉÓ ¶²μÉ´μ¸É¥° α- ¨
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’ ¡²¨Í  17. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò Ag2Se ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· ÉÊ· Ì

TÔ±¸¶, Š Œμ¤¨Ë¨± Í¨Ö
� · ³¥É·Ò

Z �·. £·. V , �A3 ρ, £/¸³3·¥Ï¥É±¨, �A

a b c

299 �·Éμ·μ³¡¨Î¥¸± Ö 7,065 7,847 4,325 4 P2221 239,779 8,164

323 �·Éμ·μ³¡¨Î¥¸± Ö 7,068 7,852 4,330 4 P2221 240,261 8,145

373 �·Éμ·μ³¡¨Î¥¸± Ö 7,074 7,863 4,336 4 P2221 241,153 8,115

393 �·Éμ·μ³¡¨Î¥¸± Ö 7,078 7,868 4,339 4 P2221 241,598 8,100

433 ƒ–Š 4,981 2 Fm3m 125,73 7,918

473 ƒ–Š 4,985 2 Fm3m 123,849 7,901

523 ƒ–Š 4,991 2 Fm3m 124,296 7,872

�¨¸. 10. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ ¨ ¶²μÉ´μ¸É¨ α- ¨ β-³μ¤¨-
Ë¨± Í¨° Ag2Se

β-³μ¤¨Ë¨± Í¨° Ê¢¥²¨Î¨¢ ¥É Ê¶·Ê£¨¥ ´ ¶·Ö¦¥´¨Ö ´  £· ´¨Í¥ ¤¢ÊÌ ³μ¤¨Ë¨± -
Í¨°. �·¨ ¶·¥¢· Ð¥´¨¨ α � β ³μ´μ±·¨¸É ²²¨Î´μ¸ÉÓ μ¡· §Í  ¸μÌ· ´Ö¥É¸Ö ¨
¤ ¦¥ Ê²ÊÎÏ ¥É¸Ö ¤μ Î¥ÉÒ·¥Ì±· É´μ£μ ¶·¥¢· Ð¥´¨Ö.

�  ·¨¸. 11 ¶·¨¢¥¤¥´  ¸¥·¨Ö ³¨±·μËμÉμ£· Ë¨° ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ-
¤¨Ë¨± Í¨¨, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö μ¤´μ° ¨ Éμ° ¦¥ £· ´¨ (110), ¶·¨´ ¤²¥¦ Ð¥°
³μ´μ±·¨¸É ²² ³ β-³μ¤¨Ë¨± Í¨° ¶·¨ ³´μ£μ±· É´μ³ ¶·¥¢· Ð¥´¨¨. �  ÔÉμ°
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�¨¸. 11. ‘¥·¨Ö ³¨±·μËμÉμ£· Ë¨° £· ´¨ (110) ¶·¨ ³´μ£μ±· É´μ³ α � β ¶·¥¢· Ð¥-
´¨¨ Ag2Se: a) £· ´Ó (110) β-³μ¤¨Ë¨± Í¨¨ ¶μ¸²¥ ¶·¥¢· Ð¥´¨Ö β1 → α1 (Ê¶·Ê£¨° ·μ¸É
³μ´μ±²¨´´μ° ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ ¢ ³ É·¨Î´μ³ �–Š ±·¨¸É ²²¥); ¡) ¶μ-
²¨·μ¢ ´´ Ö £· ´Ó (110) ¶μ¸²¥ ¶·¥¢· Ð¥´¨Ö β → α1; ¢) É  ¦¥ £· ´Ó ¶μ¸²¥ ¶·¥¢· Ð¥´¨Ö
α1 → β2 → α2

£· ´¨ ¶μ¸²¥ ¶·¥¢· Ð¥´¨Ö β1 → α1 μÉÎ¥É²¨¢μ ¢¨¤¥´ ·¥²Ó¥Ë (ËμÉμ a). �μ¸²¥
ÔÉμ£μ ¶μ¢¥·Ì´μ¸ÉÓ ³¨±·μËμÉμ£· Ë¨·μ¢ ´´μ° £· ´¨ Ï²¨Ëμ¢ ²¨ ¨ ¶μ²¨·μ¢ ²¨
(ËμÉμ ¡) ¨ ¶μ¸²¥ ¶·¥¢· Ð¥´¨Ö α1 → β2 → α2 § ´μ¢μ ¸´Ö²¨ ³¨±·μËμÉμ£· -
Ë¨Õ (¢), ´  ±μÉμ·μ° Ìμ·μÏμ ¢¨¤¥´ Ê¶·Ê£¨° ·μ¸É α-³μ¤¨Ë¨± Í¨¨. �·¨ ¤ ²Ó-
´¥°Ï¥³ Ê¢¥²¨Î¥´¨¨ ±· É´μ¸É¨ ¶·¥¢· Ð¥´¨° ¨§-§  ´ ±μ¶²¥´¨Ö ´ ¶·Ö¦¥´¨° ¨
¤¥Ë¥±Éμ¢ ³μ´μ±·¨¸É ²²¨Î´μ¸ÉÓ ·¥§±μ ÊÌÊ¤Ï ¥É¸Ö.

�  μ¸´μ¢¥ É¥³¶¥· ÉÊ·´μ° § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ · ¸¸Î¨É ´Ò
±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ´¨§±μÉ¥³¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨Î¥¸±μ°
¨ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° �–Š ³μ¤¨Ë¨± Í¨° Ag2Se, §´ Î¥´¨Ö ±μÉμ·ÒÌ ¶·¨¢¥-
¤¥´Ò ¢ É ¡². 18.

Š ± ¢¨¤´μ ¨§ É ¡². 18, ±μÔËË¨Í¨¥´É É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ·Éμ·μ³¡¨-
Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨ Ag2Se ³¥¤²¥´´μ · ¸É¥É ¶·¨ ¶μ¢ÒÏ¥´¨¨ É¥³¶¥· ÉÊ·Ò
¶μ ´ ¶· ¢²¥´¨Õ [100] ¨ [010],   ¢ ´ ¶· ¢²¥´¨¨ [001] Ê³¥´ÓÏ ¥É¸Ö. �´¨§μ-
É·μ¶´μ¥ · ¸Ï¨·¥´¨¥ μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ É¥³-
¶¥· ÉÊ·Ò Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ ¶·¨Î¨´ ¶·¥¢· Ð¥´¨Ö ÔÉμ° ³μ¤¨Ë¨± Í¨¨ ¢ �–Š
³μ¤¨Ë¨± Í¨Õ.
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’ ¡²¨Í  18. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ·Éμ·μ³¡¨Î¥¸±μ° ¨ �–Š ³μ¤¨-
Ë¨± Í¨° ±·¨¸É ²²  Ag2Se (106 K−1)

T , Š α[100] α[010] α[001] ᾱ =
α[100] + α[010] + α[001]

3

β = α[100]+

α[010] + α[001]

299Ä323 17,69 26,55 39,50 27,91 83,74

299Ä373 18,17 27,55 31,55 25,76 77,27

299Ä393 19,58 28,47 32,47 26,84 80,52

433Ä473 26,57 26,57 79,71

433Ä523 21,64 21,64 64,89

6.5. ‘É·Ê±ÉÊ·´Ò¥  ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ AgCuS¥. �·¨
±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ (295 Š) μÉ ±·¨¸É ²²¨Î¥¸±μ£μ ¸²¨É±  AgCuS¥ ¢ ¶·μ¨§-
¢μ²Ó´μ° μ·¨¥´É Í¨¨ ¢Ò·¥§ ²¨ μ¡· §ÍÒ · §³¥· ³¨ 4 × 4 × 1 ³³, ¤²Ö ±μÉμ·ÒÌ
¢ ¨´É¥·¢ ²¥ Ê£²μ¢ 10 � 2θ � 90◦ § Ë¨±¸¨·μ¢ ´Ò 11 Î¥É±¨Ì ¤¨Ë· ±Í¨μ´-
´ÒÌ μÉ· ¦¥´¨°. ‡ Ë¨±¸¨·μ¢ ´´Ò¥ μÉ· ¦¥´¨Ö ¸μ¢¶ ¤ ÕÉ ¸ μÉ· ¦¥´¨Ö³¨ ¶μ-
·μÏ±μ£· ³³Ò ¨ ÉμÎ´μ ¨´¤¨Í¨·ÊÕÉ¸Ö ´  μ¸´μ¢¥ ¶ · ³¥É·μ¢ μ·Éμ·μ³¡¨Î¥¸±μ°
·¥Ï¥É±¨.

�μ¸²¥ § ¶¨¸¨ ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨° ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥
¢±²ÕÎ ²¨ ¶¥ÎÓ ¨ Î¥·¥§ ± ¦¤Ò¥ 50 Š ¶·μ¢μ¤¨²¨ ±μ´É·μ²Ó´Ò¥ § ¶¨¸¨. ’¥³¶¥· -
ÉÊ·  μ¡· §Í  ¶¥·¥¤ ´ Î ²μ³ ± ¦¤μ° § ¶¨¸¨ ¶μ¤¤¥·¦¨¢ ² ¸Ó ¶μ¸ÉμÖ´´μ° ¢ É¥-
Î¥´¨¥ 40 ³¨´. ‡ Ë¨±¸¨·μ¢ ´´Ò¥ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ 11 ¤¨Ë· ±Í¨μ´-
´ÒÌ μÉ· ¦¥´¨° ¤μ É¥³¶¥· ÉÊ·Ò 495 Š μ¸É ÕÉ¸Ö ¶μ¸ÉμÖ´´Ò³¨. �·¨ 545 Š ¢¸¥
11 ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨° ¨¸Î¥§ ÕÉ ¨ ¢ ¶·¥¦´¥³ ¨´É¥·¢ ²¥ Ê£²μ¢ Ë¨±-
¸¨·ÊÕÉ¸Ö Î¥ÉÒ·¥ ´μ¢ÒÌ μÉ· ¦¥´¨Ö μÉ ¶²μ¸±μ¸É¥° ¸ ¨´¤¥±¸ ³¨ (111), (200),
(220) ¨ (311) ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¸ ¶ · ³¥É· ³¨ Ô²¥³¥´-
É ·´μ° ÖÎ¥°±¨ a = 6,0823 �A, Z = 4, ¶·. £·. Fm3m ¨ ρ = 7,389 £/¸³3 [51].

’¥³¶¥· ÉÊ·  · ¢´μ¢¥¸¨Ö ³¥¦¤Ê ³μ¤¨Ë¨± Í¨Ö³¨ · ¢´  T¶· = (504± 1) Š.
�·¥¢· Ð¥´¨Ö ¢ AgCuSe μ¡· É¨³Ò¥ ¨ ¶·μ¨¸Ìμ¤ÖÉ ¶μ É¨¶Ê ³μ´μ±·¨¸É ²²Ä
³μ´μ±·¨¸É ²².

‘ ¶μ³μÐÓÕ ¤¨Ë· ±Éμ£· ³³Ò · ¸¸Î¨É ²¨ ¶ · ³¥É·Ò ·¥Ï¥É±¨ μ·Éμ·μ³-
¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨Ë¨± Í¨°, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 19 ¨ £· Ë¨Î¥¸±¨
¶μ± § ´Ò ´  ·¨¸. 12. Š ± ¢¨¤´μ ¨§ ·¨¸. 12, ¶ · ³¥É·Ò a, b ¨ c μ·Éμ·μ³¡¨Î¥-
¸±μ° ¨ ¶ · ³¥É· ·¥Ï¥É±¨ a ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ É¥³¶¥· ÉÊ·Ò
· ¸ÉÊÉ ²¨´¥°´μ. �·¨ ¶·¥¢· Ð¥´¨¨ μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨ ¢ ¢Ò¸μ-
±μÉ¥³¶¥· ÉÊ·´ÊÕ ƒ–Š ³μ¤¨Ë¨± Í¨Õ ¶²μÉ´μ¸ÉÓ ±·¨¸É ²²  AgCuSe ¸± Î±μ³
Ê³¥´ÓÏ ¥É¸Ö ´  Δρ = 0,28 £/¸³3 [52].

�  μ¸´μ¢¥ É¥³¶¥· ÉÊ·´μ° § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ μ·Éμ·μ³¡¨-
Î¥¸±μ° ¨ ƒ–Š ³μ¤¨Ë¨± Í¨° ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 295Ä595 Š · ¸¸Î¨É ´Ò
±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö (É ¡². 20). „²Ö μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨-
Ë¨± Í¨¨ ±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¶μ ´ ¶· ¢²¥´¨Õ [010] ¸¨²Ó´μ
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’ ¡²¨Í  19. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò AgCuSe ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· ÉÊ· Ì

TÔ±¸¶, Š Œμ¤¨Ë¨± Í¨Ö
� · ³¥É·Ò

Z �·. £·. V , �A3 ρ, £/¸³3·¥Ï¥É±¨, �A
a b c

295 �·Éμ·μ³¡¨Î. 4,104 20,350 6,310 10 P4/nmm 526,988 7,888

345 �·Éμ·μ³¡¨Î. 4,111 20,412 6,321 10 P4/nmm 530,419 7,837
395 �·Éμ·μ³¡¨Î. 4,116 20,515 6,337 10 P4/nmm 535,095 7,768

445 �·Éμ·μ³¡¨Î. 4,125 20,565 6,349 10 P4/nmm 538,590 7,718

495 �·Éμ·μ³¡¨Î. 4,130 20,614 6,366 10 P4/nmm 541,975 7,669
504 ƒ–Š 6,069 4 Fm3m 223,538 7,436

545 ƒ–Š 6,082 4 Fm3m 224,978 7,389

595 ƒ–Š 6,097 4 Fm3m 226,646 7,334

�¨¸. 12. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ (¢´¨§Ê) ¨
¶²μÉ´μ¸ÉÓ (¢¢¥·ÌÊ) μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨Ë¨± Í¨¨ AgCuSe

μÉ²¨Î ÕÉ¸Ö μÉ α[100] ¨ α[001]. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ μ¸´μ¢´μ° ¶·¨Î¨´μ° É¥³-
¶¥· ÉÊ·´μ° ´¥¸É ¡¨²Ó´μ¸É¨ ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ AgCuSe Ö¢²Ö-
¥É¸Ö ¸ÊÐ¥¸É¢μ¢ ´¨¥  ´¨§μÉ·μ¶¨¨ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö.
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’ ¡²¨Í  20. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨-
Ë¨± Í¨° ±·¨¸É ²²  AgCuSe (106 K−1)

T , Š α[100] α[010] α[001] ᾱ =
α[100] + α[010] + α[001]

3

β = α[100]+

α[010] + α[001]

295Ä345 34,113 60,934 34,865 43,304 129,912

295Ä395 29,240 81,081 42,789 51,037 153,110

295Ä445 34,113 70,434 41,204 48,584 145,751

295Ä495 31,676 64,865 44,374 46,972 140,915

504Ä545 52,245 52,245 156,735

504Ä595 50,699 50,699 152,097

Š·¨¸É ²²μ£· Ë¨Î¥¸±¨¥ ¤ ´´Ò¥ ¨ É¥³¶¥· ÉÊ·  ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥-
´¨° ¢ ¡¨´ ·´ÒÌ ¸μ¥¤¨´¥´¨ÖÌ Cu2S¥ ¨ Ag2S¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 9 ¨ 17.
Š ± ¢¨¤´μ, É¥³¶¥· ÉÊ·Ò ¶¥·¥Ìμ¤  ³¥¦¤Ê ´¨§±μÉ¥³¶¥· ÉÊ·´Ò³¨ μ·Éμ·μ³¡¨-
Î¥¸±¨³¨ ¨ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´Ò³¨ ƒ–Š (Cu2S¥) ¨ �–Š (Ag2S¥) ³μ¤¨Ë¨± -
Í¨Ö³¨ μ¤¨´ ±μ¢Ò. ‚ É·μ°´μ³ ¸μ¥¤¨´¥´¨¨ AgCuSe, É. ¥.1/2(Cu2S¥ ·Ag2S¥),
É¥³¶¥· ÉÊ·  · ¢´μ¢¥¸¨Ö ³¥¦¤Ê ´¨§±μÉ¥³¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ¢Ò-
¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š ³μ¤¨Ë¨± Í¨Ö³¨ ´  96 Š ¢ÒÏ¥, Î¥³ ¢ ¡¨´ ·´ÒÌ
¸μ¥¤¨´¥´¨ÖÌ Cu2S¥ ¨ Ag2S¥.

� ¤μ μÉ³¥É¨ÉÓ, ÎÉμ ¶ · ³¥É·Ò ·¥Ï¥É±¨ ´¨§±μÉ¥³¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨-
Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨ AgCuSe ¶·¨¡²¨§¨É¥²Ó´μ ¸μμÉ¢¥É¸É¢ÊÕÉ §´ Î¥´¨Ö³ ¶ · -
³¥É·μ¢ ·¥Ï¥É±¨ ´¨§±μÉ¥³¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨ Cu2S¥.
‚ ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ Cu2S¥  Éμ³Ò Cu ¸É É¨¸É¨Î¥¸±¨ · ¸¶·¥¤¥²¥´Ò ¢
É¥É· Ô¤·¨Î¥¸±¨Ì ¶Ê¸ÉμÉ Ì, μ¡· §μ¢ ´´ÒÌ  Éμ³ ³¨ Se,   ¢ ¸É·Ê±ÉÊ·¥ AgCuSe
 Éμ³Ò Ag · ¸¶μ² £ ÕÉ¸Ö ¢ ¶²μ¸±μ¸ÉÖÌ, ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ μ¸¨ c, ¨  Éμ³Ò
Cu, ± ± ¨ ¢ Cu2S¥, · ¸¶μ² £ ÕÉ¸Ö ¢ Í¥´É·¥ É¥É· Ô¤·μ¢, μ¡· §μ¢ ´´ÒÌ  Éμ-
³ ³¨ Se. �É¨ ¸É·Ê±ÉÊ·´Ò¥ μÉ²¨Î¨Ö ¨ μ¡· §μ¢ ¢Ï¨¥¸Ö ¤μ¶μ²´¨É¥²Ó´Ò¥ ¸¢Ö§¨
Cu-Ag ¨ Ag-Se É ±¦¥ Ö¢²ÖÕÉ¸Ö ¶·¨Î¨´μ° ¶μ¢ÒÏ¥´¨Ö É¥³¶¥· ÉÊ·Ò ¶·¥¢· -
Ð¥´¨Ö ¢ AgCuSe (T¶· = 504 Š) ¶μ ¸· ¢´¥´¨Õ ¸ Cu2S¥ (T¶· = 407 Š) ¨ Ag2S¥
(T¶· = 408 Š).

6.6. ‘É·Ê±ÉÊ·´Ò¥  ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ Ag0,4Cu1,6S¥.
�·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ μÉ ±·¨¸É ²²¨Î¥¸±μ£μ ¸²¨É±  Ag0,4Cu1,6Se ¶·μ-
¨§¢μ²Ó´μ° μ·¨¥´É Í¨¨ ¢Ò·¥§ ²¨ μ¡· §ÍÒ · §³¥· ³¨ 2 × 4 × 6 ³³. �É É ±μ£μ
μ¡· §Í  ¢ ¨´É¥·¢ ²¥ Ê£²μ¢ 10 � 2θ � 110◦ § Ë¨±¸¨·μ¢ ´Ò 18 Î¥É±¨Ì ¤¨Ë· ±-
Í¨μ´´ÒÌ μÉ· ¦¥´¨°. ˆ§ 18 μÉ· ¦¥´¨° 14 ¨´¤¨Í¨·ÊÕÉ¸Ö ´  μ¸´μ¢¥ ¶ · ³¥-
É·μ¢ μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨± Í¨¨ AgCuSe,   μ¸É ¢Ï¨¥¸Ö Î¥ÉÒ·¥ ¨ ¸¥³Ó
¨§ 14 ¨´¤¨Í¨·ÊÕÉ¸Ö É ±¦¥ ´  μ¸´μ¢¥ ¶ · ³¥É·μ¢ μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨-
± Í¨¨ Ag2S¥. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ±·¨¸É ²²Ò Ag0,4Cu1,6Se ¶·¨ ±μ³´ É´μ°
É¥³¶¥· ÉÊ·¥ ¤¢ÊÌË §´Ò¥, ± ± ¨ ±·¨¸É ²²Ò Ag1,5Cu0,5Se.

�μ¸²¥ § ¶¨¸¨ ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨° ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥, ´¥
¨§³¥´ÖÖ μ·¨¥´É Í¨¨ ±·¨¸É ²² , ¢±²ÕÎ ²¨ ¶¥ÎÓ ¨ Î¥·¥§ ± ¦¤Ò¥ 50 Š ¶·μ¢μ-
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¤¨²¨ ±μ´É·μ²Ó´Ò¥ ¤¨Ë· ±Í¨μ´´Ò¥ § ¶¨¸¨. ’¥³¶¥· ÉÊ·  μ¡· §Í  ¶¥·¥¤ ´ Î -
²μ³ ± ¦¤μ° § ¶¨¸¨ ¶μ¤¤¥·¦¨¢ ² ¸Ó ¶μ¸ÉμÖ´´μ° ¢ É¥Î¥´¨¥ 50 ³¨´.

‚ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 293Ä523 Š ¢ Î¨¸² Ì ¨ ¨´É¥´¸¨¢´μ¸ÉÖÌ ¤¨Ë· ±-
Í¨μ´´ÒÌ μÉ· ¦¥´¨° ¨§³¥´¥´¨° ´¥ ¶·μ¨¸Ìμ¤¨²μ. �·¨ 573 Š ¢¸¥ ¤¨Ë· ±Í¨μ´-
´Ò¥ μÉ· ¦¥´¨Ö ¨¸Î¥§ ÕÉ ¨ ¢ ¶·¥¦´¥³ ¨´É¥·¢ ²¥ Ê£²μ¢ Ë¨±¸¨·Ê¥É¸Ö 7 ´μ¢ÒÌ
μÉ· ¦¥´¨°, ¶·¨´ ¤²¥¦ Ð¨Ì ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¸ ¶ -
· ³¥É·μ³ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ a = 5,896 �A [53].

‚ É ¡². 21 ¶·¨¢¥¤¥´Ò É¥³¶¥· ÉÊ·´Ò¥ § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨
μ¡¥¨Ì μ·Éμ·μ³¡¨Î¥¸±¨Ì ¨ ƒ–Š ³μ¤¨Ë¨± Í¨° Ag0,4Cu1,6Se,   ´  ·¨¸. 13 μ´¨
¶·¥¤¸É ¢²¥´Ò £· Ë¨Î¥¸±¨. Š ± ¢¨¤´μ ¨§ ·¨¸. 13, ¶·¨ É¥³¶¥· ÉÊ·¥ 473 Š ¶ -
· ³¥É·Ò ³μ¤¨Ë¨± Í¨¨, ±·¨¸É ²²¨§ÊÕÐ¥°¸Ö ¢ ¸É·Ê±ÉÊ·¥ AgCuSe, ·¥§±μ μÉ-
±²μ´ÖÕÉ¸Ö μÉ ²¨´¥°´μ¸É¨, ¨ ¶ · ³¥É·Ò a ¨ b ¸μμÉ¢¥É¸É¢ÊÕÉ ³μ¤¨Ë¨± Í¨¨
Ag2S¥.

’ ¡²¨Í  21. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò Ag0,4Cu1,6Se ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· -
ÉÊ· Ì

TÔ±¸¶,
Š

Œμ¤¨Ë¨± Í¨Ö
� · ³¥É·Ò

Z �·. £·. V , �A3 ρ, £/¸³3·¥Ï¥É±¨, �A

a b c

293
AgCuSe Å μ·Éμ·μ³¡¨Î. 4,104 20,350 6,310 10 P4/nmm 526,988 7,885

Ag2Se Å μ·Éμ·μ³¡¨Î. 4,333 7,062 7,764 4 P212121 237,576 8,237

373
AgCuSe Å μ·Éμ·μ³¡¨Î. 4,105 20,396 6,318 10 P4/nmm 528,978 7,858

Ag2Se Å μ·Éμ·μ³¡¨Î. 4,340 7,089 7,765 4 P212121 238,900 8,192

473
AgCuSe Å μ·Éμ·μ³¡¨Î. 4,120 20,453 6,301 10 P4/nmm 530,962 7,828

Ag2Se Å μ·Éμ·μ³¡¨Î. 4,361 27,126 7,773 4 P212121 241,558 8,101

523
AgCuSe Å μ·Éμ·μ³¡¨Î. 4,153 20,533 6,312 10 P4/nmm 538,247 7,723

Ag2Se Å μ·Éμ·μ³¡¨Î. 4,424 7,172 7,759 4 P212121 246,185 7,949

573 Ag0,4Cu1,6Se Å ƒ–Š 5,896 4 Fm3m 204,962 7,250

673 Ag0,4Cu1,6Se Å ƒ–Š 5,903 4 Fm3m 205,692 7,223

Š ± ¢¨¤´μ ¨§ É ¡². 22, ±μÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ¶μ μ¸´μ¢-
´Ò³ ±·¨¸É ²²μ£· Ë¨Î¥¸±¨³ ´ ¶· ¢²¥´¨Ö³ ¶μ²μ¦¨É¥²Ó´Ò ¢ μ·Éμ·μ³¡¨Î¥¸±μ°
³μ¤¨Ë¨± Í¨¨ AgCuSe. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ·Éμ·μ³¡¨Î¥-
¸±μ° ³μ¤¨Ë¨± Í¨¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 523 Š Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Ö³ α[100],
α[010] > 0 ¨ α[001] < 0, É. ¥. ¶·¨ μ¤´μ³ μÉ·¨Í É¥²Ó´μ³ ±μÔËË¨Í¨¥´É¥ ¨³¥¥É¸Ö
μ¤´  ¢ÒÉÖ´ÊÉ Ö ¶μ²μ¦¨É¥²Ó´ Ö μ¡² ¸ÉÓ ¨ ¤¢¥ μÉ·¨Í É¥²Ó´Ò¥ Ö°Í¥μ¡· §´Ò¥
μ¡² ¸É¨. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ μ¤´μ° ¨§ ¶·¨Î¨´ ´¥Ê¸Éμ°Î¨¢μ¸É¨ ´¨§±μÉ¥³¶¥-
· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ Ö¢²Ö¥É¸Ö É¥¶²μ¢μ¥ · ¸Ï¨·¥´¨¥.

6.7. ‘É·Ê±ÉÊ·´Ò¥  ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ Ag1,5Cu0,5S¥.
�·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ μÉ ¶μ²¨±·¨¸É ²²¨Î¥¸±μ£μ μ¡· §Í  Ag1,5Cu0,5Se
¢ ¢¨¤¥ ¶² ¸É¨´±¨ · §³¥· ³¨ 4 × 5 × 1 ³³ ¢ ¨´É¥·¢ ²¥ Ê£²μ¢ 10 � 2θ �
90◦ § Ë¨±¸¨·μ¢ ´Ò 27 ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨°. „²Ö ÉμÎ´μ£μ ¨´¤¨Í¨-



��‹ˆŒ��”�›… ��…‚��™…�ˆŸ ‚ Cu2Se, Ag2Se, AgCuSe 841

�¨¸. 13. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨, μ¡Ñ¥³  ¨ ¶²μÉ´μ¸É¨ μ·Éμ-
·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨Ë¨± Í¨° Ag0,4Cu1,6Se

·μ¢ ´¨Ö ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ Ag1,5Cu0,5Se Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö
³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ´¨° di ¸· ¢´¨¢ ²¨¸Ó ¸ ³¥¦¶²μ¸±μ¸É´Ò³¨ · ¸¸ÉμÖ-
´¨Ö³¨, · ¸¸Î¨É ´´Ò³¨ ´  μ¸´μ¢¥ ¶ · ³¥É·μ¢ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ ´¨§-
±μÉ¥³¶¥· ÉÊ·´ÒÌ ³μ¤¨Ë¨± Í¨° AgCuSe, Cu2S¥ ¨ Ag2S¥. �±¸¶¥·¨³¥´É ²Ó-
´Ò¥ §´ Î¥´¨Ö di ³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ´¨° Ag1,5Cu0,5Se, §  ¨¸±²ÕÎ¥´¨¥³
d = 2,4812 �A ¨ d = 1,8625 �A, Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ ¸μ¢¶ ¤ ÕÉ ¸ · ¸¸Î¨É ´-
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’ ¡²¨Í  22. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ·Éμ·μ³¡¨Î¥¸±μ° ¨ ƒ–Š ³μ¤¨-
Ë¨± Í¨° ±·¨¸É ²²  Ag0,4Cu1,6Se (106 K−1)

T , Š α[100] α[010] α[001] ᾱ =
α[100] + α[010] + α[001]

3

β = α[100]+

α[010] + α[001]

293Ä373 3,046 28,256 15,848 15,717 47,150
293Ä473 21,659 28,119 7,924 19,234 57,702

293Ä523 51,911 39,098 1,378 30,796 92,387
293Ä373 20,194 47,791 1,610 23,198 69,595

293Ä473 35,900 50,348 6,440 30,896 92,686

293Ä523 91,311 67,723 Ä2,800 52,078 156,234
523Ä673 11,872 11,872 35,616

´Ò³¨ §´ Î¥´¨Ö³¨ ³¥¦¶²μ¸±μ¸É´ÒÌ · ¸¸ÉμÖ´¨° Ag2S¥ ¸ ¶ · ³¥É· ³¨ ·¥Ï¥É±¨
a = 4,333 �A, b = 7,062 �A, c = 7,764 �A. “± § ´´Ò¥ ¢ÒÏ¥ ¤¢  ³¥¦¶²μ¸±μ¸É-
´ÒÌ · ¸¸ÉμÖ´¨Ö,   É ±¦¥ ·Ö¤ ¤·Ê£¨Ì ¨´¤¨Í¨·ÊÕÉ¸Ö É ±¦¥ ´  μ¸´μ¢¥ ¶ · ³¥-
É·μ¢ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ´¨§±μÉ¥³¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨Î¥¸±μ° ³μ¤¨Ë¨± -
Í¨¨ AgCuSe ¸ ¶ · ³¥É· ³¨ ·¥Ï¥É±¨ a = 4,105 �A, b = 20,350 �A, c = 6,310 �A.

‚ ¤¨Ë· ±Í¨μ´´ÒÌ ± ·É¨´ Ì, § Ë¨±¸¨·μ¢ ´´ÒÌ ¶·¨ ±μ³´ É´μ° É¥³¶¥· -
ÉÊ·¥, ¤μ 423 Š ¨§³¥´¥´¨° ´¥ ¶·μ¨¸Ìμ¤¨É. �·¨ 423 Š ¢ ¶·¥¦´¥³ ¨´É¥·¢ ²¥
Ê£²μ¢ Ë¨±¸¨·Ê¥É¸Ö 14 μÉ· ¦¥´¨°, ±μÉμ·Ò¥ É ±¦¥ ¸μÌ· ´¨²¨ ¤¢ÊÌË §´μ¸ÉÓ.
�·¨ É¥³¶¥· ÉÊ·¥ 488 Š ¢¸¥ μÉ· ¦¥´¨Ö ¨¸Î¥§ ÕÉ ¨ ¢ ¶·¥¦´¥³ ¨´É¥·¢ ²¥ Ê£²μ¢
Ë¨±¸¨·ÊÕÉ¸Ö Î¥ÉÒ·¥ ´μ¢ÒÌ μÉ· ¦¥´¨Ö ¸ ¨´¤¥±¸ ³¨ (200), (220), (311) ¨ (400),
±μÉμ·Ò¥ ¶·¨´ ¤²¥¦ É ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¸ ¶ · ³¥É·μ³
Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ a = 6,107 �A [53, 54].

’ ¡²¨Í  23. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò Ag1,5Cu0,5Se ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· -
ÉÊ· Ì

TÔ±¸¶,
Š

Œμ¤¨Ë¨± Í¨Ö
� · ³¥É·Ò

Z �·. £·. V , �A3 ρ, £/¸³3·¥Ï¥É±¨, �A

a b c

295
Ag2Se Å μ·Éμ·μ³¡¨Î. 4,333 7,062 7,764 4 P212121 237,576 8,237

AgCuSe Å μ·Éμ·μ³¡¨Î. 4,105 20,350 6,310 10 P4/nmm 527,117 7,885

373
Ag2Se Å μ·Éμ·μ³¡¨Î. 4,340 7,084 7,787 4 P212121 239,408 8,175
AgCuSe Å μ·Éμ·μ³¡¨Î. 4,110 20,481 6,307 10 P4/nmm 530,904 7,829

423
Ag2Se Å μ·Éμ·μ³¡¨Î. 4,354 7,068 7,869 4 P212121 242,161 8,119

AgCuSe Å μ·Éμ·μ³¡¨Î. 4,085 20,797 6,317 10 P4/nmm 536,665 7,744

473
Ag2Se Å μ·Éμ·μ³¡¨Î. 4,364 7,078 7,900 4 P212121 244,013 8,019
AgCuSe Å μ·Éμ·μ³¡¨Î. 4,090 20,793 6,330 10 P4/nmm 538,325 7,721

523 ƒ–Š 6,107 4 Fm3m 227,753 7,950

573 ƒ–Š 6,118 4 Fm3m 228,936 7,900
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�¨¸. 14. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ ¨ ¶²μÉ´μ-
¸É¨ ³μ¤¨Ë¨± Í¨° Ag1,5Cu0,5Se

�¡· §ÍÒ Ag1,5Cu0,5Se, ¤¢ÊÌË §´Ò¥ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥, ¶·¨ ¶μ-
¢ÒÏ¥´¨¨ É¥³¶¥· ÉÊ·Ò ¸É ´μ¢ÖÉ¸Ö μ¤´μË §´Ò³¨ ¸μ ¸É·Ê±ÉÊ·μ° ¢Ò¸μ±μÉ¥³-
¶¥· ÉÊ·´μ° ³μ¤¨Ë¨± Í¨¨ AgCuSe. ‚ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ ¶·¨ 406 Š ´¨§-
±μÉ¥³¶¥· ÉÊ·´ Ö μ·Éμ·μ³¡¨Î¥¸± Ö ³μ¤¨Ë¨± Í¨Ö Ag2Se ¶·¥¢· Ð ² ¸Ó ¡Ò ¢
�–Š,   ´¨§±μÉ¥³¶¥· ÉÊ·´ Ö μ·Éμ·μ³¡¨Î¥¸± Ö AgCuSe ¶·¨ 504 Š Å ¢ ƒ–Š
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³μ¤¨Ë¨± Í¨Õ. ‘²¥¤μ¢ É¥²Ó´μ, ¢ÒÏ¥ 504 Š μ¡· §¥Í ¸μ¸ÉμÖ² ¡Ò ¨§ ¤¢ÊÌ
�–Š+ƒ–Š Ë §.

‚ É ¡². 23 ¶·¨¢¥¤¥´  É¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨
μ¡¥¨Ì μ·Éμ·μ³¡¨Î¥¸±¨Ì ¨ ƒ–Š ³μ¤¨Ë¨± Í¨° ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 295Ä
573 Š,   ´  ·¨¸. 14 μ´  ¶·¥¤¸É ¢²¥´  £· Ë¨Î¥¸±¨. Š ± ¢¨¤´μ ¨§ ·¨¸. 14, §´ -
Î¥´¨Ö ¶ · ³¥É·μ¢ a ¨ c Ag2S¥ ¨ ¶ · ³¥É·  a AgCuSe ¢ § ¢¨¸¨³μ¸É¨ μÉ
É¥³¶¥· ÉÊ·Ò · ¸ÉÊÉ ²¨´¥°´μ,   §´ Î¥´¨Ö ¶ · ³¥É·  b Ag2S¥ ¨ ¶ · ³¥É·μ¢ b
¨ c CuAgSe μÉ±²μ´ÖÕÉ¸Ö μÉ ²¨´¥°´μ¸É¨.

ˆ§ É¥³¶¥· ÉÊ·´μ° § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ · ¸¸Î¨É ´Ò ±μÔËË¨-
Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö μ¡¥¨Ì μ·Éμ·μ³¡¨Î¥¸±¨Ì ¨ ƒ–Š ³μ¤¨Ë¨± Í¨°
Ag1,5Cu0,5Se, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 24.

’ ¡²¨Í  24. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ±·¨¸É ²²  Ag1,5Cu0,5Se
(106 K−1)

Œμ¤¨Ë¨-
± Í¨Ö

T , Š α[100] α[010] α[001] ᾱ =
α[100]+α[010]+α[001]

3

β = α[100]+

α[010]+ α[001]

Ag2Se

295Ä373 19,04 39,65 36,71 31,80 95,40

295Ä473 37,28 5,99 103,83 49,03 147,10

295Ä473 40,13 12,67 96,96 49,92 149,76

AgCuSe

295Ä373 15,23 80,34 Ä6,14 29,81 89,43
295Ä423 37,48 169,08 8,53 71,70 215,09

295Ä473 33,56 120,88 17,26 57,23 171,70

ƒ–Š 523Ä573 37,99 37,99 113,97

6.8. ‘É·Ê±ÉÊ·´Ò¥  ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢ AgCuS¥0,5S0,5.
�·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ μÉ ¶·μ¨§¢μ²Ó´μ μ·¨¥´É¨·μ¢ ´´μ£μ ±·¨¸É ²² 
AgCuSe0,5S0,5 · §³¥· ³¨ 1 × 5 × 5 ³³ ¢ ¨´É¥·¢ ²¥ Ê£²μ¢ 10 � 2θ � 100◦

¡Ò²¨ § Ë¨±¸¨·μ¢ ´Ò 16 ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨°, ¨´¤¨Í¨·μ¢ ´¨¥ ±μÉμ-
·ÒÌ ¶μ¤É¢¥·¦¤ ¥É ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¢ μ¡· §Í¥ ¤¢ÊÌ Ë §, μ¤´  ¨§ ±μÉμ·ÒÌ ¶μ
· §³¥· ³ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ¨¤¥´É¨Î´  ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ´μ±²¨´´μ°
Cu1,96S ¸ ¶ · ³¥É· ³¨ ·¥Ï¥É±¨ a = 26,897 �A, b = 15,515 �A, c = 13,585 �A,
β = 90,13◦, Z = 128, ¶·. £·. P21/n, ρ = 5,870 £/¸³3,   ¤·Ê£ Ö μ¡² ¤ ¥É
Ô²¥³¥´É ·´μ° ÖÎ¥°±μ° ´¨§±μÉ¥³¶¥· ÉÊ·´μ° μ·Éμ·μ³¡¨Î¥¸±μ° AgCuSe [55].

�μ¸²¥ § ¶¨¸¨ ¤¨Ë· ±Éμ£· ³³Ò ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥, ´¥ ´ ·ÊÏ Ö
μ·¨¥´É Í¨¨ ±·¨¸É ²² , ¢±²ÕÎ ²¨ ¶¥ÎÓ ¨ Î¥·¥§ ± ¦¤Ò¥ 100 Š ¶·μ¢μ¤¨²¨ ±μ´-
É·μ²Ó´Ò¥ § ¶¨¸¨. � ¤μ μÉ³¥É¨ÉÓ, ÎÉμ ¸ ·μ¸Éμ³ É¥³¶¥· ÉÊ·Ò Î¨¸²μ μÉ· ¦¥´¨°
¨ ¨Ì ¨´É¥´¸¨¢´μ¸É¨, § Ë¨±¸¨·μ¢ ´´Ò¥ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥, μ¸É ÕÉ¸Ö
¶μ¸ÉμÖ´´Ò³¨. ’μ²Ó±μ ¶·¨ 773 Š ¢ ¶·¥¦´¥³ ¨´É¥·¢ ²¥ Ê£²μ¢ Ë¨±¸¨·ÊÕÉ¸Ö
9 μÉ· ¦¥´¨°, ¶·¨´ ¤²¥¦ Ð¨¥ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¸ ¶ -
· ³¥É·μ³ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ a = 6,356 �A, Z = 4, ¶·. £·. Fm3m. 
Ò²μ
Ê¸É ´μ¢²¥´μ, ÎÉμ É¥³¶¥· ÉÊ·  · ¢´μ¢¥¸¨Ö ³¥¦¤Ê ´¨§±μ- ¨ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·-
´μ° ³μ¤¨Ë¨± Í¨Ö³¨ T¶· = 695 Š.
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�¨¸. 15. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ ¸ÊÐ¥¸É¢Ê-
ÕÐ¨Ì Ë § ¢ AgCuSe0,5S0,5

�  μ¸´μ¢¥ ¤¨Ë· ±Éμ£· ³³Ò · ¸¸Î¨É ´Ò ¶ · ³¥É·Ò Ô²¥³¥´É ·´μ° ÖÎ¥°±¨
¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³μ¤¨Ë¨± Í¨° ¢ ±·¨¸É ²²¥ AgCuSe0,5S0,5 ¢ ¨´É¥·¢ ²¥ É¥³¶¥-
· ÉÊ· 293Ä973 Š, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 25 ¨ £· Ë¨Î¥¸±¨ ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 15.

Š ± ¢¨¤´μ ¨§ ·¨¸. 15, ¶ · ³¥É·Ò Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ a2, b2 ¨ c2 ³μ´μ-
±²¨´´μ° Cu1,96Se ¶·¨ 373 Š μÉ±²μ´ÖÕÉ¸Ö μÉ ²¨´¥°´μ¸É¨, É. ¥. ¶ · ³¥É·Ò b2, ¨
c2 ·¥§±μ · ¸ÉÊÉ,   ¶ · ³¥É· a2 ¤μ 373 Š Ê³¥´ÓÏ ¥É¸Ö ¨ ¶μ¸²¥ 373 Š ´ Î¨´ ¥É
²¨´¥°´μ · ¸É¨. � · ³¥É·Ò ·¥Ï¥É±¨ a1, b1 ¨ c1 ³μ¤¨Ë¨± Í¨¨, ¶·¨´Ö¢Ï¥°
μ·Éμ·μ³¡¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê AgCuSe, ¶·¨ 473 Š μÉ±²μ´ÖÕÉ¸Ö μÉ ²¨´¥°´μ¸É¨.
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�¥¸³μÉ·Ö ´  É ±μ¥ ¶μ¢¥¤¥´¨¥ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨ μ¡¥¨Ì ³μ¤¨Ë¨± Í¨°
¢ § ¢¨¸¨³μ¸É¨ μÉ É¥³¶¥· ÉÊ·Ò, ¢ Î¨¸² Ì ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨° ¨ ¨Ì
¨´É¥´¸¨¢´μ¸ÉÖÌ ¸ÊÐ¥¸É¢¥´´ÒÌ ¨§³¥´¥´¨° ´¥ ¶·μ¨¸Ìμ¤¨É.

�É³¥É¨³, ÎÉμ ¢ ´¨§±μÉ¥³¶¥· ÉÊ·´μ° ³μ´μ±²¨´´μ° Cu1,96S ¸²μ¨  Éμ³μ¢
¸¥·Ò μ¡· §ÊÕÉ £¥±¸ £μ´ ²Ó´ÊÕ ¶²μÉ´ÊÕ Ê¶ ±μ¢±Ê,    Éμ³Ò ³¥¤¨ ³¥¦¤Ê ÔÉ¨³¨
¸²μÖ³¨ · ¸¶·¥¤¥²¥´Ò ¢ ¨¸± ¦¥´´ÒÌ É·¥Ê£μ²Ó´¨± Ì, ¤¥¢ÖÉÓ ¢ É¥É· Ô¤·¨Î¥¸±¨Ì
¶Ê¸ÉμÉ Ì ¨ μ¤¨´ ´ Ìμ¤¨É¸Ö ¢ ¤¢μ°´μ° ±μμ·¤¨´ Í¨¨. ‚μ§³μ¦´μ,  Éμ³Ò ¸¥·¥¡· 
Î ¸É¨Î´μ § ´¨³ ÕÉ ¶μ²μ¦¥´¨¥  Éμ³μ¢ ³¥¤¨.

‚ ·¥Ï¥É±¥ AgCuSe  Éμ³Ò Ag ´ Ìμ¤ÖÉ¸Ö ¢ ¶²μ¸±μ¸ÉÖÌ, ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ
μ¸¨ c. �±μ²μ ± ¦¤μ£μ ¨§ ´¨Ì · ¸¶μ² £ ÕÉ¸Ö 4Ag ´  · ¸¸ÉμÖ´¨¨ 2,96 �A ¨
6Se ´  · ¸¸ÉμÖ´¨ÖÌ 2,67 �A (4Se), 3,59 �A (1Se), 3,64 �A (1Se). �Éμ³Ò Se
μ¡· §ÊÕÉ ¢ÒÉÖ´ÊÉÒ¥ É¥É· Ô¤·Ò, ¢ ±μÉμ·ÒÌ ´ Ìμ¤ÖÉ¸Ö  Éμ³Ò Cu. � ¸¸ÉμÖ´¨Ö
Se-Se ¸μ¸É ¢²ÖÕÉ 3,30 �A, · ¸¸ÉμÖ´¨Ö Cu-Se Å μÉ 2,06 ¤μ 2,50 �A, ´ ¨³¥´ÓÏ¥¥
· ¸¸ÉμÖ´¨¥ Cu-Ag Å 2,98 �A.

Š·¨¸É ²²Ò AgCuSe0,5S0,5, ¸μ¸ÉμÖÐ¨¥ ¨§ ¤¢ÊÌ Ë § ¶·¨ ±μ³´ É´μ° É¥³-
¶¥· ÉÊ·¥, ¶·¨ ¶μ¢ÒÏ¥´¨¨ É¥³¶¥· ÉÊ·Ò ¤¥Ëμ·³¨·ÊÕÉ ¤·Ê£ ¤·Ê£ . �  £· ´¨Í¥
ÔÉ¨Ì Ë § μ¡· §Ê¥É¸Ö § ·μ¤ÒÏ ƒ–Š ³μ¤¨Ë¨± Í¨¨, ±μÉμ·Ò° · ¸É¥É §  ¸Î¥É
μ¡¥¨Ì Ë §. �·¨ μÌ² ¦¤¥´¨¨ ¨§ ¥¤¨´μ° ƒ–Š ³μ¤¨Ë¨± Í¨¨ ¢Ò¤¥²ÖÕÉ¸Ö ¤¢¥
Ë §Ò, É. ¥. ±·¨¸É ²² ¢μ§¢· Ð ¥É¸Ö ¢ ¶¥·¢μ´ Î ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥. �·¥¢· Ð¥´¨Ö
μ¡· É¨³Ò¥ ¨ ¶·μ¨¸Ìμ¤ÖÉ ¶μ É¨¶Ê ³μ´μ±·¨¸É ²²Ä³μ´μ±·¨¸É ²².

’ ¡²¨Í  26. ŠμÔËË¨Í¨¥´ÉÒ É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö ±·¨¸É ²²  AgCuSe0,5S0,5

(106 K−1)

‘μ¸É ¢ T , Š α[100] α[010] α[001] ᾱ =
α[100]+α[010]+α[001]

3

β = α[100]+

α[010]+ α[001]

Cu1,96S

293Ä373 18,638 38,901 42,388 33,309 99,927

293Ä473 17,810 23,288 81,091 40,730 122,189

293Ä573 16,109 23,137 57,132 32,126 96,378

293Ä673 14,126 23,232 46,365 27,908 83,723

AgCuSe

293Ä373 52,007 55,423 17,917 41,782 125,347

293Ä473 66,623 47,370 83,170 65,721 197,163

293Ä573 45,451 27,320 61,998 44,923 134,769

293Ä673 49,592 28,080 47,778 41,817 125,450

ƒ–Š 773Ä873 11,013 11,013 33,039

AgCuSe0,5S0,5 773Ä973 12,587 12,587 37,761

� ¸¸Î¨É ´´Ò¥ ´  μ¸´μ¢¥ É¥³¶¥· ÉÊ·´μ° § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ ·¥Ï¥É±¨
¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³μ¤¨Ë¨± Í¨° ¢ ¸μ¸É ¢¥ AgCuSe0,5S0,5 ±μÔËË¨Í¨¥´ÉÒ É¥¶²μ-
¢μ£μ · ¸Ï¨·¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ É ¡². 26.

Š ± ¢¨¤´μ ¨§ É ¡². 26, ¢ ³μ¤¨Ë¨± Í¨¨, ¶·¨´Ö¢Ï¥° ¸É·Ê±ÉÊ·Ê Cu1,96S, É¥-
¶²μ¢μ¥ · ¸Ï¨·¥´¨¥ ¢ ´ ¶· ¢²¥´¨¨ [010] § ³¥É´μ μÉ²¨Î ¥É¸Ö μÉ [100] ¨ [001],
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É. ¥. α[100] < α[010] > α[001]. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ μ¤´μ° ¨§ ¶·¨Î¨´ ¸ÊÐ¥¸É¢μ-
¢ ´¨Ö ¶μ²¨³μ·Ë¨§³  ¢ AgCuSe0,5S0,5 Ö¢²Ö¥É¸Ö  ´¨§μÉ·μ¶¨Ö ±μÔËË¨Í¨¥´Éμ¢
É¥¶²μ¢μ£μ · ¸Ï¨·¥´¨Ö.

6.9. ‘É·Ê±ÉÊ·´Ò¥  ¸¶¥±ÉÒ ¶μ²¨³μ·Ë´ÒÌ ¶·¥¢· Ð¥´¨° ¢
AgCuSe0,5Te0,5. �·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ μÉ ¶·μ¨§¢μ²Ó´μ μ·¨¥´É¨·μ¢ ´-
´μ£μ ±·¨¸É ²²  AgCuSe0,5Te0,5 · §³¥· ³¨ 1 × 5 × 5 ³³ ¢ ¨´É¥·¢ ²¥ Ê£²μ¢
10 � 2θ � 90◦ ¡Ò²¨ § Ë¨±¸¨·μ¢ ´Ò 22 ¤¨Ë· ±Í¨μ´´ÒÌ μÉ· ¦¥´¨Ö, ±μÉμ-
·Ò¥ ¸μ¢¶ ²¨ ¸ μÉ· ¦¥´¨Ö³¨, § Ë¨±¸¨·μ¢ ´´Ò³¨ μÉ ¶μ·μÏ±μ£· ³³Ò ¸¨´É¥-
§¨·μ¢ ´´μ£μ μ¡· §Í . �¡· §¥Í ¸μ¸É ¢  AgCuSe0,5Te0,5 ¸μ¸Éμ¨É ¨§ É·¥Ì Ë §:
I Å Ë § , ¶μ · §³¥· ³ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ¨¤¥´É¨Î´ Ö ´¨§±μÉ¥³¶¥· ÉÊ·-
´μ³Ê μ·Éμ·μ³¡¨Î¥¸±μ³Ê Cu2Te ¸ ¶ · ³¥É· ³¨ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ a =
7,319 �A, b = 22,3236 �A, c = 36,3458 �A; Ë §  II ±·¨¸É ²²¨§Ê¥É¸Ö ¢ μ·Éμ-
·μ³¡¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥, ¶·¨´ ¤²¥¦ Ð¥° ´¨§±μÉ¥³¶¥· ÉÊ·´μ° Ë §¥ CuAgSe,
¨ III Å ±Ê¡¨Î¥¸± Ö Ë §  ¸  ²³ §μ¶μ¤μ¡´μ° ¸É·Ê±ÉÊ·μ° ¸ ¶ · ³¥É·μ³ ·¥Ï¥É±¨
a = 7,3319 �A [16].

�  ¤¨Ë· ±Éμ£· ³³¥ ¡μ²ÓÏ¨´¸É¢μ ·¥Ë²¥±¸μ¢ μÉ ´ ¡²Õ¤ ¥³ÒÌ É·¥Ì Ë §
´ ±² ¤Ò¢ ÕÉ¸Ö ¤·Ê£ ´  ¤·Ê£ . �·¨Î¨´μ° ³´μ£μË §´μ¸É¨ ¸μ¸É ¢ 
AgCuSe0,5Te0,5 ¢ μ¸´μ¢´μ³ Ö¢²Ö¥É¸Ö ¶¥·¥· ¸¶·¥¤¥²¥´¨¥  ´¨μ´μ¢ (Se ¨ Te)
¨ ± É¨μ´μ¢ (Ag ¨ Cu) ¸μμÉ¢¥É¸É¢¥´´μ. �μ¸²¥ § ¶¨¸¨ ¤¨Ë· ±Éμ£· ³³Ò ¶·¨
±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¢±²ÕÎ ²¨ ¶¥ÎÓ ¨ Î¥·¥§ ± ¦¤Ò¥ 50 Š ¶·μ¢μ¤¨²¨ ±μ´-
É·μ²Ó´Ò¥ § ¶¨¸¨. ’¥³¶¥· ÉÊ·Ê μ¡· §Í  ¶¥·¥¤ ´ Î ²μ³ ± ¦¤μ° § ¶¨¸¨ ¶μ¤¤¥·-
¦¨¢ ²¨ ¶μ¸ÉμÖ´´μ° ¢ É¥Î¥´¨¥ 40 ³¨´. �·¨ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ μ¸É ¥É¸Ö É·¥ÌË §-
´μ¸ÉÓ μ¡· §Í  AgCuSe0,35Te0,35 ¨ ¶·¨ (444±1) Š μ¡¥ μ·Éμ·μ³¡¨Î¥¸±¨¥ Ë §Ò
¶·¥¢· Ð ÕÉ¸Ö ¢ ±Ê¡¨Î¥¸±ÊÕ Ë §Ê. �·¥¢· Ð¥´¨¥ μ¡· É¨³μ¥.

’ ¡²¨Í  27. Š·¨¸É ²²¨Î¥¸±¨¥ ¶ · ³¥É·Ò AgCuSe0,5Te0,5 ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· -
ÉÊ· Ì

TÔ±¸¶,

Š
Œμ¤¨Ë¨± Í¨Ö

� · ³¥É·Ò
Z �·. £·. V , �A3

ρ,

£/¸³3·¥Ï¥É±¨, �A

a b c

Cu2Te Å μ·Éμ·μ³¡¨Î. 7,319 22,236 36,458 104 P6/mmm 5933,358 7,41

293 AgCuSe Å μ·Éμ·μ³¡¨Î. 4,107 20,421 6,299 10 P4/nmm 528,291 8,00

AgCuSe Å ±Ê¡¨Î. 7,715 8 Fd3m 459,205 7,94

Cu2Te Å μ·Éμ·μ³¡¨Î. 7,329 22,361 36,515 104 P6/mmm 5984,216 7,36

373 AgCuSe Å μ·Éμ·μ³¡¨Î. 4,110 20,442 6,322 10 P4/nmm 531,153 7,82

gCuSe Å ±Ê¡¨Î. 7,729 8 Fd3m 461,711 7,90

473 AgCuSe0,5Te0,5 Å ±Ê¡¨Î. 7,759 8 Fd3m 467,108 7,81

�  μ¸´μ¢¥ ¤¨Ë· ±Éμ£· ³³Ò · ¸¸Î¨É ´Ò ¶ · ³¥É·Ò ·¥Ï¥É±¨ ¸ÊÐ¥¸É¢ÊÕ-
Ð¨Ì Ë §, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 27 ¨ £· Ë¨Î¥¸±¨ ¶μ± § ´Ò ´  ·¨¸. 16.
Š ± ¢¨¤´μ ¨§ ·¨¸. 16, ¶ · ³¥É·Ò ·¥Ï¥É±¨ μ¡¥¨Ì μ·Éμ·μ³¡¨Î¥¸±¨Ì ¨ ±Ê¡¨-
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�¨¸. 16. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·μ¢ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ ¸ÊÐ¥¸É¢Ê-
ÕÐ¨Ì Ë § ¢ AgCuSe0,5Te0,5
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Î¥¸±μ° Ë § ¢ § ¢¨¸¨³μ¸É¨ μÉ É¥³¶¥· ÉÊ·Ò · ¸ÉÊÉ ²¨´¥°´μ. ‚ ¦´μ μÉ³¥É¨ÉÓ,
ÎÉμ ¶·¨ ¶·¥¢· Ð¥´¨¨ μ¡¥¨Ì μ·Éμ·μ³¡¨Î¥¸±¨Ì Ë § ¢ ±Ê¡¨Î¥¸±ÊÕ ¶ · ³¥É·
±Ê¡¨Î¥¸±μ° Ë §Ò ´¥ μÉ±²μ´Ö¥É¸Ö μÉ ²¨´¥°´μ¸É¨. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ±Ê¡¨Î¥-
¸± Ö Ë §  ¶·¨ ¶·¥¢· Ð¥´¨¨ μ¡¥¨Ì μ·Éμ·μ³¡¨Î¥¸±¨Ì Ë § ¨£· ¥É ·μ²Ó £μÉμ¢μ°
§ É· ¢±¨.

‡�Š‹�—…�ˆ…

‚ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³, ÎÉμ ¢ Ê± § ´´ÒÌ ¸μ¸É ¢ Ì μÉ ±μ³´ É´μ° ¤μ É¥³¶¥-
· ÉÊ·Ò ¶² ¢²¥´¨Ö ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´Ò³ ·¥´É£¥´¤¨Ë· ±Éμ³¥É·¨Î¥¸±¨³ ³¥Éμ-
¤μ³ μ¶·¥¤¥²¥´Ò μ¡² ¸É¨ ¸ÊÐ¥¸É¢μ¢ ´¨Ö μÉ¤¥²Ó´ÒÌ ³μ¤¨Ë¨± Í¨°. �μ± § ´μ,
ÎÉμ ´¥§ ¢¨¸¨³μ μÉ ¸Ìμ¤¸É¢  ¸É·Ê±ÉÊ·,   É ±¦¥ μÉ Ì¨³¨Î¥¸±¨Ì ¸¢Ö§¥° ¶·¥¢· -
Ð¥´¨¥ μ¤´μ° ¸É·Ê±ÉÊ·Ò ¢ ¤·Ê£ÊÕ ¶·μ¨¸Ìμ¤¨É ¸ μ¡· §μ¢ ´¨¥³ ¨ ·μ¸Éμ³ § ·μ-
¤ÒÏ  ±·¨¸É ²²  ´μ¢μ° ³μ¤¨Ë¨± Í¨¨ ¢´ÊÉ·¨ ³ É·¨Î´μ£μ ±·¨¸É ²² . ‘Ìμ¤¸É¢μ
¸É·Ê±ÉÊ· ¨²¨ ¦¥ ¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, μ¡Ñ¥³μ¢ ¨ ¶²μÉ-
´μ¸É¥° μ¡¥¨Ì ³μ¤¨Ë¨± Í¨° ¸μ§¤ ÕÉ ¡² £μ¶·ÖÉ´Ò¥ Ê¸²μ¢¨Ö ¤²Ö ¶·¥¢· Ð¥´¨Ö
³μ´μ±·¨¸É ²²  μ¤´μ° ³μ¤¨Ë¨± Í¨¨ ¢ ³μ´μ±·¨¸É ²²Ò ¤·Ê£μ°.
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