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850 ◦C. “¸É ´μ¢²¥´μ, ÎÉμ §´ Î¨É¥²Ó´μ¥ ¨§³¥´¥´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¨´É¥´¸¨¢´μ-
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The structure properties of the xerogels with composition 95GeO2Ä5Eu2O3,
94.9GeO2Ä5Eu2O3Ä0.1Ag and 99.9GeO2Ä0.1Ag, which annealed on air at temper-
ature up to 850 ◦C, were studied by means of X-rays and neutron diffraction.
Considerable changes were observed in relative intensity of the luminescence exci-
tation lines of Eu3+ ions 7F0 → 5L6 and 7F0 → 5H6 at silver doping correlated
with decreasing of size of characteristic polydisperse clusters, which were formed at
annealing. The character of chemical bonds changing at clusters forming and its role
in optical properties are analyzed.
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�μ¨¸± ´μ¢ÒÌ μ¶É¨Î¥¸±¨- ±É¨¢´ÒÌ ³ É¥·¨ ²μ¢, ¸¶μ¸μ¡´ÒÌ ÔËË¥±É¨¢´μ
¨§²ÊÎ ÉÓ Ô´¥·£¨Õ ¢ § ¤ ´´μ° μ¡² ¸É¨ ¸¶¥±É·  ¶·¨ ¢μ§¡Ê¦¤¥´¨¨ ¸¢¥Éμ³ ¸ ³¨-
´¨³ ²Ó´Ò³¨ ¶μÉ¥·Ö³¨, ¨ μ¡ÑÖ¸´¥´¨¥ ¨Ì Ë¨§¨Î¥¸±¨Ì ¸¢μ°¸É¢ Ö¢²Ö¥É¸Ö μ¤´μ°
¨§  ±ÉÊ ²Ó´ÒÌ § ¤ Î ¸μ¢·¥³¥´´μ° Ë¨§¨±¨ ±μ´¤¥´¸¨·μ¢ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¨
³ É¥·¨ ²μ¢¥¤¥´¨Ö [1]. �¥·¸¶¥±É¨¢´Ò³¨ ³ É¥·¨ ² ³¨ Ö¢²ÖÕÉ¸Ö ´ ´μ¸É·Ê±-
ÉÊ·´Ò¥ μ±¸¨¤´Ò¥ ¸¨¸É¥³Ò, Ëμ·³¨·Ê¥³Ò¥ ±μ²²μ¨¤´μ-Ì¨³¨Î¥¸±¨³ ¸¶μ¸μ¡μ³,
¸μ¤¥·¦ Ð¨¥ ¨μ´Ò ·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¨ ¡² £μ·μ¤´ÒÌ ³¥É ²²μ¢ [2Ä6].
�´¨ μÉ²¨Î ÕÉ¸Ö ¢Ò¸μ±μ° ¸É ¡¨²Ó´μ¸ÉÓÕ, £¨¡±μ¸ÉÓÕ Ê¶· ¢²¥´¨Ö ¸¶¥±É· ²Ó´μ-
²Õ³¨´¥¸Í¥´É´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ §  ¸Î¥É ¢ ·¨ Í¨¨ ¸μ¸É ¢ ,   É ±¦¥ ²¥£±μ
¨´É¥£·¨·ÊÕÉ¸Ö ¢ ±μ³¶μ´¥´ÉÒ μ¶É¨Î¥¸±¨Ì Ê¸É·μ°¸É¢ [7]. ”¨§¨Î¥¸±¨¥ ¸¢μ°¸É¢ 
¨ Ô±¸¶²Ê É Í¨μ´´Ò¥ Ì · ±É¥·¨¸É¨±¨ É ±¨Ì ¸¨¸É¥³ μ¶·¥¤¥²ÖÕÉ¸Ö ¨Ì Ì¨³¨Î¥-
¸±¨³ ¸μ¸É ¢μ³, μ¸μ¡¥´´μ¸ÉÖ³¨ ¸É·Ê±ÉÊ·´μ£μ ¸É·μ¥´¨Ö ¨ Ì · ±É¥·μ³ ²μ± ²Ó-
´μ° ¸É·Ê±ÉÊ·Ò Å Ëμ·³¨·μ¢ ´¨¥³ ±² ¸É¥·μ¢ ¢μ±·Ê£ μ¶É¨Î¥¸±¨- ±É¨¢´ÒÌ ¨μ-
´μ¢. ‚ Î ¸É´μ¸É¨, ¡²¨¦´¥£μ ¨ ¤ ²Ó´¥£μ ¶μ·Ö¤±   Éμ³´μ° ¸É·Ê±ÉÊ·Ò Í¥´É·μ¢ ¨
±² ¸É¥·μ¢, μÉ¢¥É¸É¢¥´´ÒÌ §  μ¸μ¡¥´´μ¸É¨ μ¶É¨Î¥¸±μ£μ μÉ±²¨± ; ±² ¸É¥·μ¢ ¢
¸É·Ê±ÉÊ·¥ É¢¥·¤μ£μ É¥² ; ¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢, ¸Ëμ·³¨·μ¢ ´´ÒÌ ´  ¶μ¢¥·Ì-
´μ¸É¨ ¶²¥´μ±. ‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ´ ÊÎ´Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ¶²¥´μÎ´Ò¥
¸¨¸É¥³Ò ´  μ¸´μ¢¥ ¤¨μ±¸¨¤  £¥·³ ´¨Ö GeO2 ¸ ¨´± ¶¸Ê²¨·μ¢ ´´Ò³¨ Î ¸É¨-
Í ³¨ μ±¸¨¤μ¢ ·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¨ ¡² £μ·μ¤´ÒÌ ³¥É ²²μ¢ [8Ä13]. �¡-
´ ·Ê¦¥´μ ³´μ£μ±· É´μ¥ Ê¢¥²¨Î¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ËμÉμ²Õ³¨´¥¸Í¥´Í¨¨ ¨μ-
´μ¢ …u3+¢ Éμ´±¨Ì ¶²¥´± Ì GeO2ÄAg ¶μ¸²¥ ¨Ì μÉ¦¨£  ¢ ¤¨ ¶ §μ´¥ É¥³¶¥· ÉÊ·
600 < Tμ < 800 ◦‘ [11] ¨ ¢μ§¡Ê¦¤¥´¨¥ ¢ “”-μ¡² ¸É¨ ¸¶¥±É·  ¶μ ¸· ¢´¥´¨Õ
¸  ´ ²μ£¨Î´Ò³¨ ¶²¥´± ³¨ ¡¥§ ¸¥·¥¡· . �·¨ ¤μ¶μ²´¨É¥²Ó´μ³ ²¥£¨·μ¢ ´¨¨ É -
±¨Ì ¶²¥´μ± §μ²μÉμ³ ÔËË¥±É Ê¢¥²¨Î¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ²Õ³¨´¥¸Í¥´Í¨¨ …u3+

¸μÌ· ´Ö¥É¸Ö, μ¤´ ±μ Tμ, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ³ ±¸¨³ ²Ó´μ³Ê ¶·μÖ¢²¥´¨Õ ÔÉμ£μ
ÔËË¥±É , ¸¤¢¨£ ¥É¸Ö ¸ 700 ¤μ 900 ◦‘ [10]. ‚ · ¡μÉ Ì [14Ä19] Ê¸É ´μ¢²¥´μ,
ÎÉμ ¶·¨ É¥·³¨Î¥¸±μ³ ¢μ§¤¥°¸É¢¨¨ ´  ¢μ§¤ÊÌ¥ ¢ ¶²¥´± Ì GeO2ÄAg ¶·¨ É¥³¶¥-
· ÉÊ· Ì μÉ¦¨£  150Ä350 ◦‘ Ëμ·³¨·ÊÕÉ¸Ö ¶μ²¨¤¨¸¶¥·¸´Ò¥ Î ¸É¨ÍÒ ¸¥·¥¡· 
· §³¥·μ³ 5Ä50 ´³. ‘ Ê¢¥²¨Î¥´¨¥³ É¥³¶¥· ÉÊ·Ò ¤μ 600 ◦‘ ÔÉ¨ Î ¸É¨ÍÒ μ±¨¸²Ö-
ÕÉ¸Ö ¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¸ ³ É·¨Í¥° GeO2 ¸ Ëμ·³¨·μ¢ ´¨¥³ Ë §Ò £¥·³ ´ É 
¸¥·¥¡·  Ag2Ge4O9, ±μÉμ·Ò° ¶·¨ É¥³¶¥· ÉÊ·¥ ¢ÒÏ¥ 700 ◦‘ ¶μ¤¢¥·£ ¥É¸Ö É¥·-
³¨Î¥¸±μ³Ê · §²μ¦¥´¨Õ ´  ¸¥·¥¡·μ ¨ ¤¨μ±¸¨¤ £¥·³ ´¨Ö. �¡· §ÊÕÐ¨¥¸Ö ¶·¨
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ÔÉμ³ ´ ´μÎ ¸É¨ÍÒ ¸¥·¥¡·  ¨³¥ÕÉ ¤¨ ³¥É· ¤μ 20 ´³ ¨ Ì · ±É¥·¨§ÊÕÉ¸Ö ¡μ-
²¥¥ Ê§±¨³ · ¸¶·¥¤¥²¥´¨¥³ ¶μ · §³¥· ³, Î¥³ Î ¸É¨ÍÒ ¸¥·¥¡· , μ¡· §μ¢ ´´Ò¥
¢ ÔÉ¨Ì ¶²¥´± Ì ¶·¨ ´¨§±μ° É¥³¶¥· ÉÊ·¥ (¤μ 400 ◦‘). �¥ ²¨§ Í¨Ö Ê± § ´-
´μ£μ ³¥Ì ´¨§³  Ëμ·³¨·μ¢ ´¨Ö ´ ´μÎ ¸É¨Í ¸¥·¥¡·  μ¡¥¸¶¥Î¨¢ ¥É ¨Ì ¢Ò¸μ±ÊÕ
Ê¸Éμ°Î¨¢μ¸ÉÓ ± μ±¨¸²¥´¨Õ [14, 17].

�·¨  ±É¨¢ Í¨¨ ¶²¥´μ± GeO2ÄAg ¨μ´ ³¨ Eu3+ ´ ¡²Õ¤ ¥É¸Ö Ê¸²μ¦´¥´¨¥
Ê± § ´´ÒÌ ¢ÒÏ¥ ¶·μÍ¥¸¸μ¢, ¶·μÉ¥± ÕÐ¨Ì ¶·¨ μÉ¦¨£¥. 	Éμ ¸¢Ö§ ´μ ¸ É¥³,
ÎÉμ ¨μ´Ò Eu3+ ±μ´±Ê·¨·ÊÕÉ ¸ ¨μ´ ³¨ Ag+ §  Ëμ·³¨·μ¢ ´¨¥ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨Ì £¥·³ ´ Éμ¢ (¸¥·¥¡·  ¨²¨ ¥¢·μ¶¨Ö), ¢²¨ÖÖ ´  ¸μ¸É ¢ ¨ ±¨´¥É¨±Ê μ¡· -
§μ¢ ´¨Ö £¥·³ ´ É  ¸¥·¥¡·  ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ´  É¥³¶¥· ÉÊ·Ê ¥£μ É¥·³μ²¨§ ,
· §³¥·Ò ¨ Ëμ·³Ê ´ ´μÎ ¸É¨Í (Ag0)n [11]. Š·μ³¥ Éμ£μ, μ¡· §ÊÕÐ¨°¸Ö £¥·-
³ ´ É ¥¢·μ¶¨Ö ³μ¦¥É ¶·¨¢¥¸É¨ ± ¨§³¥´¥´¨Õ ³μ·Ëμ²μ£¨¨ ¶²¥´±¨ (´ ¶·¨³¥·,
¶μ·¨¸Éμ¸É¨ ¨ §¥·´¨¸Éμ¸É¨), ÎÉμ É ±¦¥ ¡Ê¤¥É μ± §Ò¢ ÉÓ ¢²¨Ö´¨¥ ´  ¶·μÍ¥¸¸
μ±¨¸²¥´¨Ö ¸¥·¥¡· . � ¡²Õ¤ ¥³Ò° ÔËË¥±É Ê¢¥²¨Î¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ²Õ³¨-
´¥¸Í¥´Í¨¨ ¨μ´μ¢ …u3+ ¢ ¶²¥´± Ì μ¡Ê¸²μ¢²¥´ £² ¢´Ò³ μ¡· §μ³ μ¡· §μ¢ ´¨¥³
¢ Ê± § ´´μ³ É¥³¶¥· ÉÊ·´μ³ ¨´É¥·¢ ²¥ ¸²μ¦´ÒÌ μ¶É¨Î¥¸±¨Ì Í¥´É·μ¢, ¢±²ÕÎ -
ÕÐ¨Ì ¨μ´Ò ¥¢·μ¶¨Ö, ¶·μ¸ÉÒ¥ ¨ ¸²μ¦´Ò¥ ¨μ´Ò ¸¥·¥¡·  ¨ ¥£μ μ²¨£μ³¥·´Ò¥
±² ¸É¥·Ò �gn+

m , ¸É ¡¨²¨§¨·μ¢ ´´Ò¥ ´  ¶μ¢¥·Ì´μ¸É¨ ¸¥·¥¡·Ö´ÒÌ ´ ´μÎ ¸É¨Í,
¸ μ¤´μ¢·¥³¥´´μ° ·¥ ²¨§ Í¨¥° Ì¨³¨Î¥¸±μ° ¸¢Ö§¨ EuÄOÄAg. 	Éμ ¶μ§¢μ²Ö¥É ¤μ-
¸É¨ÎÓ ¢Ò¸μ±μ£μ (¡²¨§±μ£μ ± 100%) ±¢ ´Éμ¢μ£μ ¢ÒÌμ¤  ¶¥·¥¤ Î¨ Ô²¥±É·μ´´ÒÌ
¢μ§¡Ê¦¤¥´¨° ·¥¤±μ§¥³¥²Ó´μ³Ê  ±É¨¢ Éμ·Ê μÉ ¨μ´μ¢ ¨ μ²¨£μ³¥·´ÒÌ ±² ¸É¥·μ¢
¸¥·¥¡· . �·¨ ¶μ²´μ³ μ±¨¸²¥´¨¨ ¸¥·¥¡·  ¢ ¶²¥´± Ì (Tμ > 800 ◦‘) ÔËË¥±É
Ê¢¥²¨Î¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ²Õ³¨´¥¸Í¥´Í¨¨ ¨μ´μ¢ …u3+ ´¥ ´ ¡²Õ¤ ¥É¸Ö.

„²Ö ¢ÒÖ¸´¥´¨Ö ¶·¨Î¨´, μ¡Ê¸² ¢²¨¢ ÕÐ¨Ì §´ Î¨É¥²Ó´μ¥ ¨§³¥´¥´¨¥ μ¶É¨-
Î¥¸±¨Ì ¸¢μ°¸É¢ ¸¨¸É¥³Ò GeO2ÄEu2O3ÄAg, ´¥μ¡Ìμ¤¨³  ¨´Ëμ·³ Í¨Ö μ ¥¥ ¸É·Ê±-
ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨± Ì ¨ ¨Ì ¨§³¥´¥´¨¨ ¶·¨ μÉ¦¨£¥. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥
¶·μ¢¥¤¥´μ ¸É·Ê±ÉÊ·´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¸¨¸É¥³Ò GeO2ÄEu2O3ÄAg ³¥Éμ¤ ³¨ ·¥´É-
£¥´μ¢¸±μ° ¤¨Ë· ±Í¨¨ ¨ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ´ ¶· ¢²¥´´μ¥ ´ 
¢ÒÖ¢²¥´¨¥ ·μ²¨ ¸É·Ê±ÉÊ·´ÒÌ ¨§³¥´¥´¨° ¨ ±² ¸É¥·μμ¡· §μ¢ ´¨Ö ¢ Ëμ·³¨·μ-
¢ ´¨¨ μ¶É¨Î¥¸±¨Ì ¸¢μ°¸É¢.

1. ��ˆ‘��ˆ… �Š‘�…�ˆŒ…�’�

„²Ö ¨¸¸²¥¤μ¢ ´¨° ¨¸¶μ²Ó§μ¢ ²¨¸Ó μ¡· §ÍÒ ¢ Ëμ·³¥ ±¸¥·μ£¥²¥°, ±μÉμ·Ò¥
Ëμ·³¨·μ¢ ²¨¸Ó ¨§ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±μ³¶μ§¨É´ÒÌ §μ²¥° GeO2 ¸ ¢Ò¸ÊÏ¨¢ -
´¨¥³ ´  ¢μ§¤ÊÌ¥ ¶·¨ 60 ◦‘ [14]. ‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´μ£μ ³ É¥·¨ ²  ¨¸¶μ²Ó-
§μ¢ ²¸Ö §μ²Ó G¥O2, ¶μ²ÊÎ¥´´Ò° ¶¥·¥μ¸ ¦¤¥´¨¥³ ¶μ·μÏ±μμ¡· §´μ£μ G¥O2 ¢
¶·¨¸ÊÉ¸É¢¨¨ · ¸É¢μ·   ³³¨ ± . �·¨ ¶μ²ÊÎ¥´¨¨ ±μ³¶μ§¨É´μ£μ §μ²Ö ¢ ¨¸Ìμ¤´Ò°
μ±¸¨¤´Ò° §μ²Ó ¤μ¡ ¢²Ö²¨ · ¸Î¥É´μ¥ ±μ²¨Î¥¸É¢μ ¢μ¤´μ£μ · ¸É¢μ·  Eu(NO3)3
¨/¨²¨ AgNO3, ¶¥·¥³¥Ï¨¢ ²¨ ¤²Ö · ¢´μ³¥·´μ£μ · ¸¶·¥¤¥²¥´¨Ö ±μ³¶μ´¥´Éμ¢
¨ ¶μ¤¢¥·£ ²¨ Ê²ÓÉ· §¢Ê±μ¢μ° μ¡· ¡μÉ±¥ ¢ É¥Î¥´¨¥ 2 ³¨´.
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�É¦¨£ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Íμ¢ ¶·μ¨§¢μ¤¨²¸Ö ´  ¢μ§¤ÊÌ¥. ‚·¥³Ö μÉ¦¨£  ¤²Ö
± ¦¤μ° É¥³¶¥· ÉÊ·Ò Å 1 Î.

	±¸¶¥·¨³¥´ÉÒ ¶μ ·¥´É£¥´μ¢¸±μ° ¤¨Ë· ±Í¨¨ ¶·μ¢μ¤¨²¨¸Ó ´  ¶μ·μÏ±μ¢μ³
¤¨Ë· ±Éμ³¥É·¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¸É ´Í¨¨ ®Œ¥¤¨ ´ ¯ (¨¸ÉμÎ´¨± ¸¨´Ì·μ-
É·μ´´μ£μ ¨§²ÊÎ¥´¨Ö ®‘¨¡¨·Ó-2¯, ��– ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯) [20]. „²¨´ 
¢μ²´Ò ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¸μ¸É ¢²Ö²  0,578 
A. ‚·¥³Ö μ¤´μ£μ ¨§³¥·¥-
´¨Ö Å μ±μ²μ 1 ³¨´. 	±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¡Ò²¨ μ¡· ¡μÉ ´Ò ¸ ¶μ³μÐÓÕ
¶·μ£· ³³Ò FullProf [21].

	±¸¶¥·¨³¥´ÉÒ ¶μ ³ ²μÊ£²μ¢μ³Ê · ¸¸¥Ö´¨Õ ´¥°É·μ´μ¢ ¶·μ¢μ¤¨²¨¸Ó ´ 
¸¶¥±É·μ³¥É·¥ SANS-1 [22] ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ ·¥ ±Éμ·  FRG-1 (GKSS, ƒ¥·-
³ ´¨Ö). —¥ÉÒ·¥ ¶μ§¨Í¨¨ ¤¥É¥±Éμ· , ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ · §²¨Î´Ò³ · ¸¸ÉμÖ´¨Ö³
μÉ μ¡· §Í , ¶μ§¢μ²ÖÕÉ ¶·μ¢μ¤¨ÉÓ Ô±¸¶¥·¨³¥´ÉÒ ¢ ¤¨ ¶ §μ´¥ ¶¥·¥¤ ´´μ£μ ¨³-
¶Ê²Ó¸  q μÉ 0,005 ¤μ 0,25 
A−1. „²¨´  ¢μ²´Ò ´¥°É·μ´μ¢ λ ¢ Ô±¸¶¥·¨³¥´É¥
¸μ¸É ¢²Ö²  8,1 
A,   · §·¥Ï¥´¨¥ Δλ/λ = 0,01. ˆ¸¸²¥¤Ê¥³Ò° μ¡· §¥Í ¶μ³¥-
Ð ²¸Ö ¢ ±¢ ·Í¥¢Ò° ±μ´É¥°´¥· Éμ²Ð¨´μ° 1 ³³. „²Ö ¢¸¥Ì ¶μ²ÊÎ¥´´ÒÌ ¸¶¥±É·μ¢
¡Ò²  ¢Ò¶μ²´¥´  ¶·μÍ¥¤Ê·  ±μ··¥±Í¨¨ ´  Ëμ´ ¨  ´¨§μÉ·μ¶¨Õ ¤¥É¥±Éμ· .

2. �‘��‚�›… �…‡“‹œ’�’›

2.1. �¥´É£¥´μ¢¸± Ö ¤¨Ë· ±Í¨Ö. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò ·¥´É£¥´μ¢¸±¨¥
¤¨Ë· ±Éμ£· ³³Ò ±¸¥·μ£¥²¥° 99,9GeO2Ä0,1Ag ¤²Ö · §²¨Î´ÒÌ É¥³¶¥· ÉÊ· μÉ-
¦¨£ . �·¨ Tμ = 150 ◦‘ ´ ¡²Õ¤ ¥É¸Ö  ³μ·Ë´ Ö Ë § . �¥¡μ²ÓÏ¨¥ ¤¨Ë· ±Í¨μ´-
´Ò¥ ·¥Ë²¥±¸Ò ¶·¨ 2θ = 8,17 (3)◦ ¨ 16,12 (4)◦ ³μ£ÊÉ Ê± §Ò¢ ÉÓ ´  ¶·¨¸ÊÉ¸É¢¨¥
£¥·³ ´ Éμ¢  ³³μ´¨Ö [23], μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¶·μÍ¥¸¸¥ ¸¨´É¥§  ±¸¥·μ£¥²¥°. �·¨
¶μ¢ÒÏ¥´¨¨ Tμ ¤μ 200 ◦‘ ´ ¡²Õ¤ ¥É¸Ö ±·¨¸É ²²¨§ Í¨Ö ¨¸Ìμ¤´μ°  ³μ·Ë´μ°
Ë §Ò (·¨¸. 1), ¸É·Ê±ÉÊ·  ±μÉμ·μ° μ¶¨¸Ò¢ ¥É¸Ö £¥±¸ £μ´ ²Ó´μ° ¸¨³³¥É·¨¥° ¸
¶·μ¸É· ´¸É¢¥´´μ° £·Ê¶¶μ° P32 21. � ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ Ô²¥-
³¥´É ·´μ° ÖÎ¥°±¨ ¶·¨ Tμ = 200 ◦‘ (a = 4,994 (3) 
A ¨ c = 5,648 (4) 
A)
¡²¨§±¨ ± ¢¥²¨Î¨´ ³ ¤²Ö £¥±¸ £μ´ ²Ó´μ£μ ¤¨μ±¸¨¤  £¥·³ ´¨Ö GeO2 [24]. „¨Ë-
ËÊ§´Ò° Ëμ´ ¢ · °μ´¥ ¸É·Ê±ÉÊ·´μ£μ ¶¨±  (101/011) ´  2θ ∼ 9,6◦ ³μ¦¥É Ê± -
§Ò¢ ÉÓ ´  ´¥¶μ²´ÊÕ ±·¨¸É ²²¨§ Í¨Õ ¨¸Ìμ¤´μ°  ³μ·Ë´μ° Ë §Ò. �´ ¨¸Î¥§ ¥É
¶·¨ ¤ ²Ó´¥°Ï¥³ ¶μ¢ÒÏ¥´¨¨ É¥³¶¥· ÉÊ·Ò μÉ¦¨£ . �¡· §μ¢ ¢Ï Ö¸Ö £¥±¸ £μ-
´ ²Ó´ Ö Ë §  ¸É ¡¨²Ó´  ¢¶²μÉÓ ¤μ Tμ = 800 ◦‘. �μÖ¢²¥´¨Ö Ë §Ò £¥·³ ´ É 
¸¥·¥¡·  Ag2Ge4O9, ±μÉμ·Ò° μ¡´ ·Ê¦¨¢ ¥É¸Ö ¢  ´ ²μ£¨Î´ÒÌ ¶μ ¸μ¸É ¢Ê ±¸¥-
·μ£¥²ÖÌ, ´μ ¸ ¡μ²ÓÏ¨³ ¸μ¤¥·¦ ´¨¥³ ¸¥·¥¡·  (¢ 10 · §) [16], ¢ ¨¸¸²¥¤Ê¥³ÒÌ
±¸¥·μ£¥²ÖÌ ´¥ ´ ¡²Õ¤ ¥É¸Ö.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò É ±¦¥ ·¥´É£¥´μ¢¸±¨¥ ¤¨Ë· ±Éμ£· ³³Ò ±¸¥·μ-
£¥²Ö 94,9GeO2Ä5Eu2O3Ä0,1Ag ¤²Ö · §²¨Î´ÒÌ É¥³¶¥· ÉÊ· μÉ¦¨£ . „¨Ë· ±-
Éμ£· ³³Ò ¸¨¸É¥³Ò 95GeO2-5Eu2O3 ¨¤¥´É¨Î´Ò ¤¨Ë· ±Éμ£· ³³ ³ 95,9GeO2Ä
5Eu2O3Ä0,1Ag, ÎÉμ ¸¢Ö§ ´μ ¸ ´¥§´ Î¨É¥²Ó´Ò³ ¢²¨Ö´¨¥³ ³ ²μ° ±μ´Í¥´É· Í¨¨
Ag ´  ¶ · ³¥É·Ò ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò. „μ¶μ²´¨É¥²Ó´Ò¥ ¶¨±¨ ³ ²μ°
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�¨¸. 1. �¥´É£¥´μ¢¸±¨¥ ¤¨Ë· ±Éμ£· ³³Ò ±¸¥·μ£¥²¥° 99,9GeO2Ä0,1Ag ¤²Ö É¥³¶¥· ÉÊ·
μÉ¦¨£  Tμ = 200, 800 ◦C ¨ 94,9GeO2Ä5Eu2O3Ä0,1Ag ¤²Ö É¥³¶¥· ÉÊ· μÉ¦¨£  Tμ = 200,
600, 800 ◦C. �·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨, · ¸¸Î¨É ´´Ò° ¶·μË¨²Ó, · §-
´μ¸É´ Ö ±·¨¢ Ö (¤²Ö ¸μ¥¤¨´¥´¨Ö 94,9GeO2Ä5Eu2O3Ä0,1Ag ¨ Tμ = 200 ◦C). ˜É·¨Ì ³¨
Ê± § ´Ò ¶μ²μ¦¥´¨Ö ¡·Ô££μ¢¸±¨Ì ¶¨±μ¢ ¤²Ö £¥±¸ £μ´ ²Ó´μ° Ë §Ò. ‡¢¥§¤μÎ± ³¨ μ¡μ-
§´ Î¥´Ò ¤μ¶μ²´¨É¥²Ó´Ò¥ ·¥Ë²¥±¸Ò μÉ Ë §Ò £¥·³ ´ Éμ¢  ³³μ´¨Ö, μ¡· §ÊÕÐ¨Ì¸Ö ¶·¨
¸¨´É¥§¥ ±¸¥·μ£¥²¥° (200 ◦C), ¨ É¥É· £μ´ ²Ó´μ° Ë §Ò GeO2 (600 ¨ 800 ◦C)

¨´É¥´¸¨¢´μ¸É¨ ¢ ¤¨ ¶ §μ´¥ Ê£²μ¢ · ¸¸¥Ö´¨Ö 10Ä12◦ É ±¦¥ ³μ¦´μ ¶·¨¶¨¸ ÉÓ
·¥Ë²¥±¸ ³ μÉ £¥·³ ´ Éμ¢  ³³μ´¨Ö, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¶·μÍ¥¸¸¥ ¸¨´É¥§  ±¸¥-
·μ£¥²¥° (Powder diffraction ˇle PDF [6-45], PDF [21-795]). �·¨ Ê¢¥²¨Î¥-
´¨¨ É¥³¶¥· ÉÊ·Ò μÉ¦¨£  ¸ÊÐ¥¸É¢¥´´ÒÌ ¨§³¥´¥´¨° ´  ¤¨Ë· ±Éμ£· ³³ Ì ´¥
μ¡´ ·Ê¦¥´μ. ‚ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· μÉ¦¨£  ¢¶²μÉÓ ¤μ 800 ◦‘ £¥±¸ £μ´ ²Ó-
´ Ö Ë §  GeO2 ¸μÌ· ´Ö¥É¸Ö. ‚³¥¸É¥ ¸ É¥³ ¶·¨ Tμ = 600Ä800 ◦‘ ´ ¡²Õ¤ -
ÕÉ¸Ö ³ ²μ¨´É¥´¸¨¢´Ò¥ ·¥Ë²¥±¸Ò, ±μÉμ·Ò¥ ³μ¦´μ μÉ´¥¸É¨ ± É¥É· £μ´ ²Ó´μ³Ê
GeO2 (PDF [35-729]), μ¡· §μ¢ ¢Ï¥³Ê¸Ö ¢ ·¥§Ê²ÓÉ É¥ · §²μ¦¥´¨Ö ¶·¨³¥¸´μ°
Ë §Ò £¥·³ ´ Éμ¢  ³³μ´¨Ö. � ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´μ°
ÖÎ¥°±¨ ¸μ¸É ¢¨²¨ a = 4,987 (5) 
A ¨ c = 5,651 (7) 
A ¶·¨ Tμ = 200 ◦‘. �·¨
Tμ < 800 ◦‘ ¢ · °μ´¥ ¸É·Ê±ÉÊ·´μ£μ ¶¨±  (101) ´  2θ ∼ 10◦ ´ ¡²Õ¤ ¥É¸Ö
¸¨²Ó´μ¥ ¤¨ËËÊ§´μ¥ £ ²μ, É ± ¦¥ ± ± ¨ ¢ ¸²ÊÎ ¥ ¸¨¸É¥³Ò 99,9GeO2Ä0,1Ag,
±μÉμ·μ¥ ¶·¨ ¢Ò¸μ±¨Ì É¥³¶¥· ÉÊ· Ì μÉ¦¨£  (Tμ = 800 ◦‘) ¨¸Î¥§ ¥É.

2.2. Œ ²μÊ£²μ¢μ¥ · ¸¸¥Ö´¨¥ ´¥°É·μ´μ¢. �  ·¨¸. 2, a ¶·¥¤¸É ¢²¥´Ò ¸¶¥±-
É·Ò ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¤²Ö ±¸¥·μ£¥²¥° ¸¨¸É¥³Ò 99,9GeO2Ä
0,1Ag. ‘ Ê¢¥²¨Î¥´¨¥³ Tμ μÉ 150 ¤μ 850 ◦‘ ¢ ¤¨ ¶ §μ´¥ ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó-
¸μ¢ ¤μ 0,3 
A−1 ´ ¡²Õ¤ ¥É¸Ö ¸³¥Ð¥´¨¥ ±·¨¢ÒÌ ¨´É¥´¸¨¢´μ¸É¨ ¶μ  ¡¸μ²ÕÉ´μ°
¢¥²¨Î¨´¥,   ¢ μ¡² ¸É¨ μÉ 0,5 ¤μ 2 
A−1 Å É ±¦¥ ¨§³¥´¥´¨¥ ¨Ì ´ ±²μ´ .
’ ±μ¥ ¶μ¢¥¤¥´¨¥, ¢μ§³μ¦´μ, ¸¢Ö§ ´μ ¸ ¶·¨¸ÊÉ¸É¢¨¥³ ´¥±μÉμ·μ° μ¸É ÉμÎ´μ°
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�¨¸. 2. Š·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ±¸¥·μ£¥²¥° 99,9GeO2Ä0,1Ag (a),
95,0GeO2Ä5Eu2O3 (b) ¨ 94,9GeO2Ä5Eu2O3Ä0,1Ag (c) ¤²Ö É¥³¶¥· ÉÊ· μÉ¦¨£  Tμ =
150 (1), 550 (3) ¨ 850 ◦C (2). „²Ö ¤ ´´ÒÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Tμ = 550 ◦C, ¶·¥¤¸É ¢²¥´ 
É¥μ·¥É¨Î¥¸± Ö ±·¨¢ Ö, · ¸¸Î¨É ´´ Ö ¶μ Ëμ·³Ê²¥ (2)

¤μ²¨ ¢μ¤Ò ¢ μ¡Ñ¥³¥ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Íμ¢, ±μÉμ· Ö ¨¸¶ ·Ö¥É¸Ö ¶·¨ ¡μ²¥¥
¢Ò¸μ±¨Ì É¥³¶¥· ÉÊ· Ì μÉ¦¨£ . �μ¤μ¡´Ò° Ì · ±É¥· ±·¨¢μ° ³ ²μÊ£²μ¢μ£μ · ¸-
¸¥Ö´¨Ö ³μ¦¥É Ê± §Ò¢ ÉÓ ´  Ë· ±É ²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê [25] ±¸¥·μ£¥²Ö 99,9GeO2Ä
0,1Ag, ±μÉμ· Ö ´¥ ¨§³¥´Ö¥É¸Ö ¸ ·μ¸Éμ³ É¥³¶¥· ÉÊ·Ò μÉ¦¨£ . ”· ±É ²Ó´ÊÕ
· §³¥·´μ¸ÉÓ D ³μ¦´μ μÍ¥´¨ÉÓ ¨§ Ê· ¢´¥´¨Ö ¤²Ö ¨´É¥´¸¨¢´μ¸É¨ ³ ²μÊ£²μ¢μ£μ
· ¸¸¥Ö´¨Ö: dΣ(q)/dΩ = q−D. �·¨ Tμ = 850 ◦‘ ¶μ²ÊÎ ¥³ D = 2,97 ± 0,05.

�  ·¨¸. 2, ¡, ¢ ¶·¥¤¸É ¢²¥´Ò ¸¶¥±É·Ò ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢
¤²Ö ±¸¥·μ£¥²¥° 95GeO2Ä5Eu2O3 ¨ 94,9GeO2Ä5Eu2O3Ä0,1Ag. �·¨ Ê¢¥²¨Î¥-
´¨¨ É¥³¶¥· ÉÊ·Ò μÉ¦¨£  μÉ 150 ¤μ 550 ◦‘ ´ ¡²Õ¤ ÕÉ¸Ö § ³¥É´Ò¥ ¨§³¥´¥´¨Ö
¢ ±·¨¢ÒÌ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö. „²Ö μ¶¨¸ ´¨Ö ¸²μ¦´μ° Ëμ·³Ò ±·¨¢ÒÌ
¶·¥¤²μ¦¥´  ³μ¤¥²Ó, ¢±²ÕÎ ÕÐ Ö · ¸¸¥Ö´¨¥ μÉ ±·Ê¶´ÒÌ ±² ¸É¥·μ¢, ±μÉμ·μ¥
³μ¦´μ μ¶¨¸ ÉÓ ËÊ´±Í¨¥° ¢¨¤  q−α, ¨ ±² ¸É¥·μ¢ ¶·μ³¥¦ÊÉμÎ´μ£μ · §³¥· ,
±μÉμ·μ¥ ³μ¦´μ μ¶¨¸ ÉÓ ¸ ¶μ³μÐÓÕ μ¡· É´μ£μ ËÊ·Ó¥-¶·¥μ¡· §μ¢ ´¨Ö [26].
’μ£¤  ¢ ¶·¨¡²¨¦¥´¨¨ ¨§μÉ·μ¶´ÒÌ Î ¸É¨Í ¨´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö ³μ¦´μ
§ ¶¨¸ ÉÓ ¢ ¢¨¤¥

dΣ(q)/dΩ = Aq−α + 4π

∞∫

0

p(r)
sin qr

qr
dr, (1)

£¤¥ ¶²μÉ´μ¸ÉÓ ¤²¨´Ò · ¸¸¥Ö´¨Ö p(r) μÉ ±² ¸É¥·μ¢ ¶·μ³¥¦ÊÉμÎ´μ£μ · §³¥·  ¢
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ÉμÎ±¥ r ¢Ò· ¦ ¥É¸Ö Î¥·¥§  ¢Éμ±μ··¥²ÖÍ¨μ´´ÊÕ ËÊ´±Í¨Õ ±μ´É· ¸É :

p(r) = r2

∫
Δρ(u)Δρ(r + u)u2du. (2)

‡¤¥¸Ó Δρ(r) Å ¶ ·´ Ö ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ±μ´É· ¸É , · ¸¸Î¨ÉÒ¢ ¥³ Ö
± ± · §´μ¸ÉÓ ³¥¦¤Ê ¶²μÉ´μ¸ÉÓÕ ¤²¨´Ò · ¸¸¥Ö´¨Ö ±² ¸É¥·μ¢ ¢ ÉμÎ±¥ r, ¨
Ê¸·¥¤´¥´´μ° ¶²μÉ´μ¸É¨ ¤²¨´Ò · ¸¸¥Ö´¨Ö ³ É·¨ÍÒ ρs: Δρ(r) = ρ(r) − ρs.

� ·´ Ö ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ±² ¸É¥·μ¢ ¶·μ³¥¦ÊÉμÎ´μ£μ · §³¥· , ¨³¥-
ÕÐ¨Ì ±μ´¥Î´Ò° ³ ±¸¨³ ²Ó´Ò° · §³¥· Dmax,  ¶¶·μ±¸¨³¨·μ¢ ² ¸Ó ²¨´¥°´μ°
±μ³¡¨´ Í¨¥° ±μ´¥Î´μ£μ Î¨¸²  N ±Ê¡¨Î¥¸±¨Ì B-¸¶² °´μ¢, · ¢´μ³¥·´μ · ¸-
¶·¥¤¥²¥´´ÒÌ ¢ ¨´É¥·¢ ²¥ μÉ 0 ¤μ Dmax:

ρ(r) =
N∑

i=1

aiϕi(r), (3)

£¤¥ ai Å ±μÔËË¨Í¨¥´É i-£μ ±Ê¡¨Î¥¸±μ£μ B-¸¶² °´  ϕi(r).
‚¥·Ì´¨° ¶·¥¤¥² §´ Î¥´¨° ¶ · ³¥É·  r, ¢Ìμ¤ÖÐ¨° ¢ μ¡· É´μ¥ ËÊ·Ó¥-

¶·¥μ¡· §μ¢ ´¨¥, ¢Ò¡¨· ²¸Ö É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ËÊ´±Í¨Ö p(r) ¸É·¥³¨² ¸Ó ±
0 ¤²Ö ¡μ²ÓÏ¨Ì §´ Î¥´¨° r.

‘μ£² ¸´μ ¨¸¶μ²Ó§Ê¥³μ° ³μ¤¥²¨, ³μ¦´μ μÍ¥´¨ÉÓ ¶ ·´ÊÕ ËÊ´±Í¨Õ · ¸-
¶·¥¤¥²¥´¨Ö ¤²Ö ¸¨¸É¥³Ò ´¥¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ±² ¸É¥·μ¢. �  ·¨¸. 3 ¶·¥¤¸É -
¢²¥´Ò ±·¨¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö · §³¥·μ¢ ¶·μ³¥¦ÊÉμÎ´ÒÌ ±² ¸É¥·μ¢ ¤²Ö ±¸¥·μ-
£¥²¥° 95GeO2Ä5Eu2O3 ¨ 94,9GeO2Ä5Eu2O3Ä0,1Ag ¶·¨ É¥³¶¥· ÉÊ· Ì μÉ¦¨£ 
350 ¨ 550 ◦‘. �μ ¶μ²ÊÎ¥´´Ò³ § ¢¨¸¨³μ¸ÉÖ³ p(r) ³μ¦´μ μ¶·¥¤¥²¨ÉÓ · ¤¨Ê¸
£¨· Í¨¨ Rg , Ì · ±É¥·¨§ÊÕÐ¨° · §³¥· ¶·μ³¥¦ÊÉμÎ´ÒÌ ±² ¸É¥·μ¢:

Rg =

⎡
⎢⎢⎢⎣

D∫
0

r2p(r)dr

D∫
0

p(r)dr

⎤
⎥⎥⎥⎦

1/2

. (4)

� ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö · ¤¨Ê¸μ¢ £¨· Í¨¨ Rg ¨ ³ ±¸¨³ ²Ó´ÒÌ · §³¥·μ¢
¶·μ³¥¦ÊÉμÎ´ÒÌ  £·¥£ Éμ¢ Dmax ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

‘·¥¤´¨¥ · §³¥·Ò ¶·μ³¥¦ÊÉμÎ´ÒÌ ±² ¸É¥·μ¢ ¤²Ö ¸¨¸É¥³ 95GeO2Ä5Eu2O3

¨ 94,9GeO2Ä5Eu2O3Ä0,1Ag · §²¨Î ÕÉ¸Ö ¶· ±É¨Î¥¸±¨ ¢ ¤¢  · §  (É ¡². 1), ¶·¨-
Î¥³ ¶·¨ Ê¢¥²¨Î¥´¨¨ É¥³¶¥· ÉÊ·Ò μÉ¦¨£  ¨Ì · §³¥· ´¥§´ Î¨É¥²Ó´μ Ê¢¥²¨Î¨-
¢ ¥É¸Ö. 	Éμ Ê± §Ò¢ ¥É ´  ¸ÊÐ¥¸É¢¥´´μ¥ ¨§³¥´¥´¨¥ ³μ·Ëμ²μ£¨¨ Î ¸É¨Í ¢ ±¸¥-
·μ£¥²ÖÌ ¸ μ±¸¨¤μ³ ¥¢·μ¶¨Ö ¶·¨ ¤μ¡ ¢²¥´¨¨ ¸¥·¥¡· . “Î¨ÉÒ¢ Ö μÉ¸ÊÉ¸É¢¨¥
¶μ¤μ¡´ÒÌ ±² ¸É¥·μ¢ ¢ ±¸¥·μ£¥²ÖÌ GeO2 ¨ GeO2ÄAg, ³μ¦´μ ¶μ² £ ÉÓ, ÎÉμ ¨Ì
¶μÖ¢²¥´¨¥ μ¡Ê¸²μ¢²¥´μ ±² ¸É¥·¨§ Í¨¥° μ±¸μ±μ³¶²¥±¸μ¢ ¥¢·μ¶¨Ö. �·¨Î¨´Ê
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�¨¸. 3. ”Ê´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö · §³¥·μ¢ ¶·μ³¥¦ÊÉμÎ´ÒÌ  £·¥£ Éμ¢ ¤²Ö ±¸¥·μ£¥-
²¥° 94,9GeO2Ä5Eu2O3Ä0,1Ag (1) ¨ 95,0GeO2Ä5Eu2O3 (2) ¶·¨ É¥³¶¥· ÉÊ· Ì μÉ¦¨£ 
350 (¸²¥¢ ) ¨ 550 ◦C (¸¶· ¢ )

’ ¡²¨Í  1. � ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö ³ ±¸¨³ ²Ó´μ£μ · §³¥·  ¨ · ¤¨Ê¸  £¨· Í¨¨
¶·μ³¥¦ÊÉμÎ´ÒÌ ±² ¸É¥·μ¢ ¤²Ö ±¸¥·μ£¥²¥° GeO2ÄEu2O3 ¨ GeO2ÄEu2O3ÄAg ¢ § ¢¨-
¸¨³μ¸É¨ μÉ É¥³¶¥· ÉÊ·Ò μÉ¦¨£ 

‘μ¸É ¢, ³μ². % Tμ,
◦C Dmax, 
A Rg, 
A

95GeO2Ä5Eu2O3
350 190 59,3±1,1
550 200 62,1±1,5

94,9GeO2Ä5Eu2O3Ä0,1Ag
350 90 31,1±0,7
550 100 36,1±0,7

¦¥ §´ Î¨É¥²Ó´μ£μ Ê³¥´ÓÏ¥´¨Ö · §³¥·μ¢ ÔÉ¨Ì ±² ¸É¥·μ¢ ¶·¨ ¢¢¥¤¥´¨¨ ¸¥·¥-
¡·  ³μ¦´μ ¸¢Ö§ ÉÓ ¸ μ¡· §μ¢ ´¨¥³ Ì¨³¨Î¥¸±¨Ì ¸¢Ö§¥° EuÄOÄAg, Ëμ·³¨·μ¢ -
´¨¥ ±μÉμ·ÒÌ ¡Ò²μ μ¤´μ§´ Î´μ Ê¸É ´μ¢²¥´μ ¤²Ö ¶²¥´μ± GeO2ÄEu2O3ÄAg ¶·¨
Tμ ≈ 700 ◦‘ ¨ ¢ÒÏ¥ [11]. �μ¸±μ²Ó±Ê ¶·μ¸ÉÒ¥ ¨μ´Ò ¸¥·¥¡·  (  ¨³¥´´μ É ±¨¥

7



�¨¸. 4. ‘¶¥±É·Ò ¢μ§¡Ê¦¤¥´¨Ö ²Õ³¨´¥¸Í¥´Í¨¨ ¨μ´μ¢ Eu3+ ¢ ±¸¥·μ£¥²ÖÌ 95,5GeO2Ä
5Eu2O3 (1) ¨ 94,4GeO2Ä5Eu2O3Ä0,1Ag (2), ´μ·³¨·μ¢ ´´Ò¥ ¶μ ³ £´¨Éμ¤¨¶μ²Ó´μ° ¶μ-
²μ¸¥ 7F 0 → 5L6 (λ ∼ 530 ´³). „²¨´  ¢μ²´Ò ·¥£¨¸É· Í¨¨ Å 615 ´³

¨ ¤μ²¦´Ò ¶·¥¢ ²¨·μ¢ ÉÓ ¢ ±¸¥·μ£¥²ÖÌ ¶·¨ ¨¸¶μ²Ó§Ê¥³ÒÌ ±μ´Í¥´É· Í¨ÖÌ Ag)
¢ ¶μ¤μ¡´ÒÌ ¸¨¸É¥³ Ì Ö¢²ÖÕÉ¸Ö μ¤´μ¢ ²¥´É´Ò³¨, μ´¨ ³μ£ÊÉ ²¨ÏÓ § ³Ò± ÉÓ
±¨¸²μ·μ¤´Ò¥ ®³μ¸É¨±¨¯, É. ¥. μ¡· §μ¢ ´¨¥ É ±¨Ì ¸¢Ö§¥° ¤μ²¦´μ ¢¥¸É¨ ± ¤·μ-
¡²¥´¨Õ Ëμ·³¨·ÊÕÐ¨Ì¸Ö ±² ¸É¥·μ¢. ‚ ¶μ²Ó§Ê Ê± § ´´μ° ¶·¨Î¨´Ò ¸¢¨¤¥É¥²Ó-
¸É¢Ê¥É  ´ ²¨§ ¸¶¥±É·μ¢ ¢μ§¡Ê¦¤¥´¨Ö ²Õ³¨´¥¸Í¥´Í¨¨∗ ¨μ´μ¢ Eu3+ ¢ ¨¸¸²¥¤μ-
¢ ´´ÒÌ ±¸¥·μ£¥²ÖÌ, μÉμ¦¦¥´´ÒÌ ¶·¨ 550 ◦‘ (¸³. ·¨¸. 4). Š ± ¢¨¤´μ, ¢¢¥¤¥´¨¥
¸¥·¥¡·  ¸μ¶·μ¢μ¦¤ ¥É¸Ö Ê¢¥²¨Î¥´¨¥³ ¶·¨¡²¨§¨É¥²Ó´μ ¢ 1,3 ¨ 2 · §  ®¸¢¥·Ì-
ÎÊ¢¸É¢¨É¥²Ó´ÒÌ¯ ¸¶¥±É· ²Ó´ÒÌ ¶μ²μ¸ 7F0 → 5L6 (λ ≈ 395 ´³) ¨ 7F0 → 5H6

(λ ≈ 318 ´³), ¨´É¥´¸¨¢´μ¸ÉÓ ±μÉμ·ÒÌ μ¶·¥¤¥²Ö¥É¸Ö ¶ · ³¥É·μ³ Ω6 [27]. ‘μ-
£² ¸´μ [28, 29], Ê¢¥²¨Î¥´¨¥ ÔÉμ£μ ¶ · ³¥É·  ¨´É¥´¸¨¢´μ¸É¨ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É
μ¡ Ê³¥´ÓÏ¥´¨¨ ¸É¥¶¥´¨ ±μ¢ ²¥´É´μ¸É¨ ¸¢Ö§¨ LnÄO. „¥°¸É¢¨É¥²Ó´μ, μÍ¥´¨-
¢ Ö ¸¨²Ê ¥¤¨´¨Î´μ° Ì¨³¨Î¥¸±μ° ¸¢Ö§¨ ¶μ ³¥Éμ¤¨±¥ [30], ´ Ìμ¤¨³, ÎÉμ ¤²Ö
¸¢Ö§¥° Eu3+ÄO2− ¨ Ag+ÄO2− ¥¥ ¢¥²¨Î¨´  ¸μ¸É ¢²Ö¥É ¸μμÉ¢¥É¸É¢¥´´μ 1,25
¨ 1,29 μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í. 	Éμ ¶·¨¢¥¤¥É, ¸μ£² ¸´μ ¨§¢¥¸É´μ³Ê ¶· ¢¨²Ê
®¶μ²Ö·¨§ Í¨¨ ¨ ±μ´É·¶μ²Ö·¨§ Í¨¨¯, ± ¸³¥Ð¥´¨Õ ±¨¸²μ·μ¤  μÉ ¨μ´  Eu3+

± Ag+ ¢ Í¥¶¨ EuÄOÄAg ¨ Ê³¥´ÓÏ¥´¨Õ ¸É¥¶¥´¨ ±μ¢ ²¥´É´μ¸É¨ ¸¢Ö§¨ EuÄO.
ˆ¸Î¥§´μ¢¥´¨¥ μ¶¨¸ ´´ÒÌ ±² ¸É¥·μ¢ ¸ Ê¢¥²¨Î¥´¨¥³ Tμ ¤μ 850 ◦‘ ³μ¦¥É ¸¢¨¤¥-
É¥²Ó¸É¢μ¢ ÉÓ μ¡ μ¡· §μ¢ ´¨¨ ´μ¢μ° Ë §Ò, ¢μ§³μ¦´μ, £¥·³ ´ É  ¥¢·μ¶¨Ö. �·¨
ÔÉμ³ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ [11] ²μ£¨Î´μ μ¦¨¤ ÉÓ Ëμ·³¨·μ¢ ´¨Ö ³´μ£μ³¥·μ¢ μ±¨-
¸²¥´´μ£μ ¸¥·¥¡·  ¨ ¶μÖ¢²¥´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨³ ±² ¸É¥·μ¢. �¤´ ±μ ¨§-§ 
³ ²ÒÌ ±μ´Í¥´É· Í¨° Ag É ±¨¥ ±² ¸É¥·Ò ¢ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥ ´¥ μ¡´ ·Ê-
¦¨¢ ÕÉ¸Ö.

∗‘¶¥±É·Ò ¢μ§¡Ê¦¤¥´¨Ö ²Õ³¨´¥¸Í¥´Í¨¨ ¨§³¥·Ö²¨ ´  ¸¶¥±É·μË²Êμ·¨³¥É·¥ ‘„‹-2.
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‡�Š‹	—…�ˆ…

�·μ¢¥¤¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ³¥Éμ¤ ³¨ ·¥´É£¥´μ¢¸±μ° ¤¨Ë· ±Í¨¨ ¨ ³ ²μ-
Ê£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¸É·Ê±ÉÊ·´ÒÌ ¸¢μ°¸É¢ ±¸¥·μ£¥²¥° 99,9GeO2Ä
0,1Ag, 95GeO2Ä5Eu2O3 ¨ 94,9GeO2Ä5Eu2O3Ä0,1Ag ¶μ± § ²¨, ÎÉμ GeO2 ¢ ÔÉ¨Ì
¸¨¸É¥³ Ì ±·¨¸É ²²¨§Ê¥É¸Ö ¢ £¥±¸ £μ´ ²Ó´μ° Ë §¥ ¸¨³³¥É·¨¨ P3221. “¸É ´μ-
¢²¥´μ, ÎÉμ ¢ § ¢¨¸¨³μ¸É¨ μÉ É¥³¶¥· ÉÊ·Ò μÉ¦¨£  ¢ ¨´É¥·¢ ²¥ 350Ä550 ◦‘
¢ ±¸¥·μ£¥²ÖÌ, ¸μ¤¥·¦ Ð¨Ì ¥¢·μ¶¨°, ¶μ ¸· ¢´¥´¨Õ ¸ ±¸¥·μ£¥²Ö³¨ ¡¥§ ´¥£μ,
´ ¡²Õ¤ ¥É¸Ö μ¡· §μ¢ ´¨¥ ¶·μ³¥¦ÊÉμÎ´ÒÌ ±² ¸É¥·μ¢ ¸ ®¤¨ ³¥É·μ³¯ ∼ 200 
A.
‚¢¥¤¥´¨¥ ¢ ÔÉ¨ ±¸¥·μ£¥²¨ ¸¥·¥¡·  ¢¥¤¥É ± Ê³¥´ÓÏ¥´¨Õ · §³¥·μ¢ É ±¨Ì ±² ¸É¥-
·μ¢ ¢¤¢μ¥. „ ´´Ò° Ë ±É ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ ¤·μ¡²¥´¨¥³ ±² ¸É¥·μ¢ ¨§-§  μ¡· -
§μ¢ ´¨Ö Ì¨³¨Î¥¸±¨Ì ¸¢Ö§¥° EuÄOÄAg, μ Î¥³ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É Ê¢¥²¨Î¥´¨¥ μÉ-
´μ¸¨É¥²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ ¶μ²μ¸ ¢μ§¡Ê¦¤¥´¨Ö ²Õ³¨´¥¸Í¥´Í¨¨ 7F 0 → 5L6

¨ 7F 0 → 5H6 ¨μ´μ¢ Eu3+. �·¨ ¢Ò¸μ±¨Ì É¥³¶¥· ÉÊ· Ì μÉ¦¨£  (Tμ = 850 ◦‘)
¢ ÔÉ¨Ì ±¸¥·μ£¥²ÖÌ ´ ¡²Õ¤ ¥É¸Ö · ¸¶ ¤ μ¡· §μ¢ ´´ÒÌ ±² ¸É¥·μ¢, ÎÉμ ²μ£¨Î´μ
¸¢Ö§ ÉÓ ¸ μ¡· §μ¢ ´¨¥³ ´μ¢μ° Ë §Ò £¥·³ ´ É  ¥¢·μ¶¨Ö.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  ��””ˆ-�ˆŸˆ º•08„-002.
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