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‘ Í¥²ÓÕ ¶μ¨¸±  ³ £´¨ÉμÊ¶μ·Ö¤μÎ¥´´μ° Ë §Ò ¨¸¸²¥¤μ¢ ´μ ¶μ¢¥¤¥´¨¥ ¶μ²Ö-
·¨§ Í¨¨ μÉ·¨Í É¥²Ó´ÒÌ ³Õμ´μ¢ ¢ Zn0,99Co0,01O. �¡· §¥Í ¡Ò² ¶μ²ÊÎ¥´ ³¥Éμ¤μ³
É¢¥·¤μË §´μ£μ ¸¨´É¥§  ¨§ ZnO ¨ Co3O4. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ ¶μ¶¥·¥Î´μ³
¸¶¨´Ê ³Õμ´  ³ £´¨É´μ³ ¶μ²¥ 1,5 ±ƒ¸ ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 5Ä300 Š,   É ±¦¥
¢ μÉ¸ÊÉ¸É¢¨¥ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¶·¨ É¥³¶¥· ÉÊ·¥ 6 Š. ” ±Éμ¢, ¸¢¨¤¥-
É¥²Ó¸É¢ÊÕÐ¨Ì μ ¢μ§´¨±´μ¢¥´¨¨ ¤ ²Ó´¥£μ ³ £´¨É´μ£μ ¶μ·Ö¤± , ´¥ μ¡´ ·Ê¦¥´μ.
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Mamedov T. N. et al. P14-2010-45
Search for Magnetic-Ordered Phase
in Zn0.99Co0.01O by the μSR-Method

The behavior of the negative muon polarization was studied to search for possible
magnetic ordered phase in Zn0.99Co0.01O. The sample was produced by solid-phase
reaction method by using ZnO ¨ Co3O4. Measurements were performed in transverse
magnetic ˇeld 1.5 kG in the temperature range 5Ä300 K and in zero external magnetic
ˇeld at temperature 6 K. There were not observed any evidences for the long-range
magnetic order.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2010



‚‚…„…�ˆ…

� §¡ ¢²¥´´Ò¥ ³ £´¨É´Ò¥ ¶μ²Ê¶·μ¢μ¤´¨±¨ ¢Ò§Ò¢ ÕÉ ¶·¨¸É ²Ó´Ò° ¨´É¥-
·¥¸ ¸ ÉμÎ±¨ §·¥´¨Ö ¨Ì ¢μ§³μ¦´μ£μ ¶·¨±² ¤´μ£μ ¶·¨³¥´¥´¨Ö ¢ μ¡² ¸ÉÖÌ μ¶Éμ-
¨ ³ £´¨ÉμÔ²¥±É·μ´¨±¨. •μÉÖ ³ £´¨É´Ò¥ ¶μ²Ê¶·μ¢μ¤´¨±¨ ¨§¢¥¸É´Ò ¤ ¢´μ, ¶μ-
¨¸± ³ É¥·¨ ²μ¢ ¸ ¢Ò¸μ±μ° É¥³¶¥· ÉÊ·μ° ŠÕ·¨ TC, ±μÉμ·Ò¥ ¶μ¸²Ê¦¨²¨ ¡Ò
μ¸´μ¢μ° ¤²Ö ¨§£μÉμ¢²¥´¨Ö Ô²¥³¥´Éμ¢ Ô²¥±É·μ´¨±¨, · ¡μÉμ¸¶μ¸μ¡´μ° ¶·¨ ±μ³-
´ É´μ° É¥³¶¥· ÉÊ·¥ ¨ ¢ÒÏ¥, ´¥ ¶·¥±· Ð ¥É¸Ö. � ¨¡μ²¥¥ ¶μ¤·μ¡´μ ¨¸¸²¥¤μ-
¢ ´Ò ³ £´¨É´Ò¥ ¸¢μ°¸É¢  ¡¨´ ·´μ£μ ¶μ²Ê¶·μ¢μ¤´¨±  ¨§  ·¸¥´¨¤  £ ²²¨Ö ¸
¶·¨³¥¸ÓÕ ³ ·£ ´Í  Ga1−xMnxAs, Ê ±μÉμ·μ£μ É¥³¶¥· ÉÊ·  ŠÕ·¨ ¸μ¸É ¢²Ö¥É
159 Š [1]. �¥¤ ¢´μ Ë¥··μ³ £´¥É¨§³ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¡Ò² μ¡´ -
·Ê¦¥´ ¢ ¶μ²Ê¶·μ¢μ¤´¨± Ì CdGeP2:Mn ¨ CdGeAs2:Mn [2].

ˆ§ É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥Éμ¢ [3, 4] ¸²¥¤Ê¥É, ÎÉμ ¢´¥¤·¥´¨¥³ ´¥±μÉμ·ÒÌ
Ô²¥³¥´Éμ¢ ¶¥·¥Ìμ¤´ÒÌ ³¥É ²²μ¢ ¢ ZnO ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ³ £´¨É´Ò° ¶μ²Ê-
¶·μ¢μ¤´¨± ¸ É¥³¶¥· ÉÊ·μ° ŠÕ·¨ ¢ÒÏ¥ ±μ³´ É´μ°. �É¨ · ¸Î¥ÉÒ ¸É¨³Ê²¨·μ-
¢ ²¨ ¶·μ¢¥¤¥´¨¥ ¸¥·¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¸¢μ°¸É¢ ¸μ¥¤¨´¥´¨°
Zn1−xMexO (£¤¥ Me Å V, Cr, Mn, Fe, Co, Ni) (¸³., ´ ¶·¨³¥·, [5Ä19]). �¥§Ê²Ó-
É ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡μÉ μ± § ²¨¸Ó ¶·μÉ¨¢μ·¥Î¨¢Ò³¨ Å ¢ ´¥±μÉμ·ÒÌ
· ¡μÉ Ì ¸μμ¡Ð ²μ¸Ó μ ´ ¡²Õ¤¥´¨¨ Ë¥··μ³ £´¨É´ÒÌ ¸¢μ°¸É¢ Ê μ¡· §Íμ¢ ZnO,
¤μ¶¨·μ¢ ´´ÒÌ Mn, Co ¨²¨ Ni,   ¢ ¤·Ê£¨Ì Ë¥··μ³ £´¥É¨§³ μ¡´ ·Ê¦¥´ ´¥ ¡Ò².

‚ É¥μ·¥É¨Î¥¸±μ³ [20] ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ³ [21] ¨¸¸²¥¤μ¢ ´¨ÖÌ  ¢Éμ·Ò
¶·¨Ï²¨ ± § ±²ÕÎ¥´¨Õ, ÎÉμ ¤²Ö ¢μ§´¨±´μ¢¥´¨Ö Ë¥··μ³ £´¨É´μ£μ Ê¶μ·Ö¤μÎ¥-
´¨Ö ¢ ZnO, ±·μ³¥ Ô²¥³¥´Éμ¢ ¶¥·¥Ìμ¤´ÒÌ ³¥É ²²μ¢, ´¥μ¡Ìμ¤¨³μ ¤μ¶¨·μ¢ -
´¨¥ μ¡· §Í   §μÉμ³. �μ · ¸Î¥É ³ [20], ¶μÖ¢²¥´¨¥ ´μ¸¨É¥²¥° § ·Ö¤  p-É¨¶ 
(¤Ò·μ±) ¸¶μ¸μ¡¸É¢Ê¥É ¢μ§´¨±´μ¢¥´¨Õ Ë¥··μ³ £´¨É´μ£μ μ¡³¥´´μ£μ ¢§ ¨³μ-
¤¥°¸É¢¨Ö ¸¶¨´μ¢  Éμ³μ¢ ¶¥·¥Ìμ¤´ÒÌ ³¥É ²²μ¢ ¢ ZnO. ‚ Éμ ¦¥ ¢·¥³Ö ¨§ · ¸-
Î¥Éμ¢ [22, 23] ¸²¥¤Ê¥É, ÎÉμ ³ £´¨É´μ¥ Ê¶μ·Ö¤μÎ¥´¨¥ ¢ ¸¨¸É¥³¥ Zn1−xCoxO
¢μ§³μ¦´μ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¢ μ¶·¥¤¥²¥´´ÒÌ ±μ´Í¥´É· Í¨ÖÌ ¶ ·Ò Co-VO, ¸μ¸Éμ-
ÖÐ¥° ¨§ ±μ¡ ²ÓÉ  ¨ ¢ ± ´¸¨¨ ±¨¸²μ·μ¤ . �·¨Î¥³ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸μμÉ´μ-
Ï¥´¨° ±μ´Í¥´É· Í¨¨ ¨μ´μ¢ ±μ¡ ²ÓÉ  ¨ ¶ ·Ò Co-VO ³μ¦¥É ¢μ§´¨± ÉÓ ²Õ¡ Ö
¨§ ¸²¥¤ÊÕÐ¨Ì ¢μ§³μ¦´ÒÌ ³ £´¨É´ÒÌ Ë §: ¶ · ³ £´¨É´ Ö, ¸Ê¶¥·¶ · ³ £´¨É-
´ Ö,  ´É¨Ë¥··μ³ £´¨É´ Ö, Ë¥··μ³ £´¨É´ Ö ¨ ¸¶¨´-¸É¥±μ²Ó´ Ö. �μ ³´¥´¨Õ
 ¢Éμ·μ¢ · ¡μÉ [22, 23], ´ ¡²Õ¤ ¥³Ò¥ ¢ ´¥±μÉμ·ÒÌ Ô±¸¶¥·¨³¥´É Ì ³ £´¨É´Ò¥
¸¢μ°¸É¢  Zn1−xMexO μ¡Ê¸²μ¢²¥´Ò ¢μ§´¨±´μ¢¥´¨¥³ ¸Ê¶¥·¶ · ³ £´¨É´μ£μ ¸μ-
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¸ÉμÖ´¨Ö. „²Ö ¨¤¥´É¨Ë¨± Í¨¨ ÔÉ¨Ì ¸μ¸ÉμÖ´¨° ´¥¤μ¸É ÉμÎ´μ ¨§³¥·¥´¨Ö ³ £-
´¨É´μ° ¢μ¸¶·¨¨³Î¨¢μ¸É¨ ¨ £¨¸É¥·¥§¨¸  ¢ ¥¥ § ¢¨¸¨³μ¸É¨ μÉ ³ £´¨É´μ£μ ¶μ²Ö.
�¢Éμ·Ò É ±¦¥ μÉ³¥Î ÕÉ, ÎÉμ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ³ £´¨É´ÒÌ Ë § ¢ ¤ ´´μ³
¸²ÊÎ ¥ ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÉ É ±¨¥ ³¨±·μ¸±μ¶¨Î¥¸±¨¥ ³¥Éμ¤Ò, ± ± μSR, ��� ¨
¤¨Ë· ±Í¨Ö γ-±¢ ´Éμ¢.

ZnO μÉ´μ¸¨É¸Ö ± Ï¨·μ±μ§μ´´Ò³ ®¶·Ö³Ò³¯ ¶μ²Ê¶·μ¢μ¤´¨± ³, ±·¨¸É ²-
²¨Î¥¸± Ö ¸É·Ê±ÉÊ·  Å ¢Õ·Í¨É, ρ = 5,6 £/¸³3, Eg = 3,35 Ô‚, TD = 416 Š,
T¶² = 2248 Š, gn = −1,94 [24], gp � 1,5 [24]. Œμ´μ±·¨¸É ²²Ò ¨ ¶²¥´±¨
ZnO ¢ μ¸´μ¢´μ³ μ¡² ¤ ÕÉ ¶·μ¢μ¤¨³μ¸ÉÓÕ n-É¨¶ , ÎÉμ μ¡Ê¸²μ¢²¥´μ ¢Ò¸μ±μ°
±μ´Í¥´É· Í¨¥° ¸μ¡¸É¢¥´´ÒÌ ¤¥Ë¥±Éμ¢: ¤μ´μ·μ¢ É¨¶  ³¥¦¤μÊ§¥²Ó´μ£μ Zni, ¢ -
± ´¸¨° Í¨´±  VZn ¨ ¢ ± ´¸¨° ±¨¸²μ·μ¤  VO. �μ ÔÉμ° ¦¥ ¶·¨Î¨´¥ ¶μ²ÊÎ¥´¨¥
μ¡· §Í  p-É¨¶  ¶·μ¢μ¤¨³μ¸É¨ ¶ÊÉ¥³ ²¥£¨·μ¢ ´¨Ö ZnO Ô²¥³¥´É ³¨ V £·Ê¶¶Ò
(N, P, As) μ± §Ò¢ ¥É¸Ö ¤μ¸É ÉμÎ´μ ¸²μ¦´Ò³,   Ô²¥±É·μ´´Ò¥ ¸μ¸ÉμÖ´¨Ö  ±Í¥¶-
Éμ·´ÒÌ Í¥´É·μ¢ ¢ ZnO ¶· ±É¨Î¥¸±¨ ´¥ ¨¸¸²¥¤μ¢ ´Ò. ‚ ²¨É¥· ÉÊ·¥ ¨³¥¥É¸Ö
²¨ÏÓ ´¥¸±μ²Ó±μ · ¡μÉ, ¢ ±μÉμ·ÒÌ ¸μμ¡Ð ¥É¸Ö μ ¶μ²ÊÎ¥´¨¨ μ¡· §Íμ¢ p-É¨¶ 
¤μ¶¨·μ¢ ´¨¥³ ZnO  §μÉμ³ (¸³., ´ ¶·¨³¥·, [25, 26]). �Éμ³  §μÉ , § ³¥Ð Õ-
Ð¨° ±¨¸²μ·μ¤ ¢ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¥ ZnO, μ¡· §Ê¥É  ±Í¥¶Éμ·´Ò° Í¥´É·
¸ Ô´¥·£¨¥° ¨μ´¨§ Í¨¨ Ev = 140 ŒÔ‚ [26] (Ev = 180 ŒÔ‚ [27]).

� ¸ÉμÖÐ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¶μ¨¸±Ê ¢μ§³μ¦´μ° ³ £´¨ÉμÊ¶μ·Ö¤μÎ¥´´μ°
Ë §Ò ¢ ¸¨¸É¥³¥ Zn0,99Co0,01O ¸ ¶μ³μÐÓÕ μSR-³¥Éμ¤  ´  ¶ÊÎ±¥ ¶μ²Ö·¨§μ¢ ´-
´ÒÌ μÉ·¨Í É¥²Ó´ÒÌ ³Õμ´μ¢. �·¨ μ¸É ´μ¢±¥ ³Õμ´μ¢ ¢ ¨¸¸²¥¤Ê¥³μ³ μ¡· §Í¥
Î ¸ÉÓ μÉ·¨Í É¥²Ó´ÒÌ ³Õμ´μ¢ § Ì¢ ÉÒ¢ ÕÉ¸Ö  Éμ³ ³¨ ±¨¸²μ·μ¤ . �μ¸±μ²Ó±Ê
¡μ·μ¢¸±¨° · ¤¨Ê¸ ³Õμ´  ´  1s-Ê·μ¢´¥ ¶·¨³¥·´μ ¢ mμ/me � 207 · § ³¥´ÓÏ¥,
Î¥³ · ¤¨Ê¸ 1s-Ô²¥±É·μ´ , μÉ·¨Í É¥²Ó´Ò° ³Õμ´ Ô±· ´¨·Ê¥É ´  ¥¤¨´¨ÍÊ § ·Ö¤
Ö¤· , ¨ ¸É·Ê±ÉÊ·  Ô²¥±É·μ´´μ° μ¡μ²μÎ±¨ ¤ ´´μ£μ  Éμ³  ±¨¸²μ·μ¤  ¸É ´μ-
¢¨É¸Ö  ´ ²μ£¨Î´μ° ¸É·Ê±ÉÊ·¥ Ô²¥±É·μ´´μ° μ¡μ²μÎ±¨  Éμ³   §μÉ . �μ²Ö·¨§ -
Í¨Ö ¸¶¨´  ³Õμ´  § ¢¨¸¨É μÉ ¸μ¸ÉμÖ´¨Ö Ô²¥±É·μ´´μ° μ¡μ²μÎ±¨ § Ì¢ É¨¢Ï¥£μ
³Õμ´  Éμ³ , μÉ ¢§ ¨³μ¤¥°¸É¢¨Ö ÔÉμ£μ  Éμ³  ¸μ ¸·¥¤μ° ¨ μÉ ³ £´¨É´μ° ¸É·Ê±-
ÉÊ·Ò ¸·¥¤Ò. ‚ ¶ · ³ £´¨É´ÒÌ ³ É¥·¨ ² Ì ¶·¨ ¤¨ ³ £´¨É´μ° μ¡μ²μÎ±¥ § Ì¢ -
É¨¢Ï¥£μ ³Õμ´  Éμ³  ¶·¥Í¥¸¸¨Ö ¸¶¨´  ³Õμ´  ¡Ê¤¥É ¶·μ¨¸Ìμ¤¨ÉÓ ´  Î ¸ÉμÉ¥,
¡²¨§±μ° ± f � 13,55 ·H , £¤¥ H Å ¢´¥Ï´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ´  μ¡· §Í¥ ¢ ±ƒ¸
¨ Î ¸ÉμÉ  ¢ ŒƒÍ.

�·μ¢¥¤¥´´Ò¥ · ´¥¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢ ·Ö¤¥ μ±¸¨¤μ¢ ¶¥·¥Ìμ¤´ÒÌ ³¥É ²²μ¢
¶μ± §Ò¢ ÕÉ [28], ÎÉμ ¶·¨ Ë §μ¢μ³ ¶¥·¥Ìμ¤¥ ¶ · ³ £´¥É¨±- ´É¨Ë¥··μ³ £´¥É¨±
¶μ²Ö·¨§ Í¨Ö ³Õμ´μ¢ ´  1s-Ê·μ¢´¥  Éμ³  ±¨¸²μ·μ¤ , ´ ¡²Õ¤ ¥³ Ö ´  Î ¸ÉμÉ¥
¶·¥Í¥¸¸¨¨ ¸¢μ¡μ¤´μ£μ ¸¶¨´  ³Õμ´  ¢μ ¢´¥Ï´¥³ ³ £´¨É´μ³ ¶μ²¥, ¸± Î±μ-
μ¡· §´μ Ê³¥´ÓÏ ¥É¸Ö ¢ ¤¢ -É·¨ · § . ‚ ¶ · ³ £´¨É´μ° Ë §¥ ´ ¡²Õ¤ ¥É¸Ö ·¥-
² ±¸ Í¨Ö ¸¶¨´  ³Õμ´  ¸μ ¸±μ·μ¸ÉÓÕ 0,1Ä1 ŒƒÍ, μ¡Ê¸²μ¢²¥´´ Ö ¢§ ¨³μ¤¥°-
¸É¢¨¥³ ³ £´¨É´ÒÌ ³μ³¥´Éμ¢ ³Õμ´  ¨ Ô²¥±É·μ´μ¢ d-μ¡μ²μÎ±¨ ¶¥·¥Ìμ¤´ÒÌ ³¥-
É ²²μ¢. ‚  ´É¨Ë¥··μ³ £´¨É´μ° Ë §¥ ³ £´¨É´Ò¥ ³μ³¥´ÉÒ  Éμ³μ¢ ¶¥·¥Ìμ¤´ÒÌ
³¥É ²²μ¢ Ê¶μ·Ö¤μÎ¥´Ò, ÎÉμ ¶·¨¢μ¤¨É ± ¸ÊÐ¥¸É¢¥´´μ³Ê ·μ¸ÉÊ ¸±μ·μ¸É¨ ·¥² ±-
¸ Í¨¨ ¸¶¨´  ³Õμ´  ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ± μÉ¸ÊÉ¸É¢¨Õ ¶μ²Ö·¨§ Í¨¨ ³Õμ´  ´ 

2



Î ¸ÉμÉ¥ ¶·¥Í¥¸¸¨¨ ¸¢μ¡μ¤´μ£μ ¸¶¨´ . ‚ Ë¥··μ³ £´¨É´μ° ¦¥ Ë §¥ ¢μ§³μ¦´μ
´ ¡²Õ¤¥´¨¥ ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  ¢ ³ £´¨É´μ³ ¶μ²¥ ¤μ³¥´  ¢ μÉ¸ÊÉ¸É¢¨¥
¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö.

ˆ‡Œ…�…�ˆŸ

ˆ§³¥·¥´¨Ö ¡Ò²¨ ¢Ò¶μ²´¥´Ò ´  ¸¶¥±É·μ³¥É·¥ GPD [29], · ¸¶μ²μ¦¥´´μ³
´  ³Õμ´´μ³ ± ´ ²¥ μE1 Ê¸±μ·¨É¥²Ö ¶·μÉμ´μ¢ ˆ´¸É¨ÉÊÉ  � Ê²Ö ˜¥··¥· 
(PSI, ˜¢¥°Í ·¨Ö), ¢ ³ £´¨É´μ³ ¶μ²¥ ¨ ¢ μÉ¸ÊÉ¸É¢¨¥ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ
¶μ²Ö. ‚¥²¨Î¨´  ¶¥·¶¥´¤¨±Ê²Ö·´μ£μ ± ´ ¶· ¢²¥´¨Õ ¢¥±Éμ·  ´ Î ²Ó´μ° ¶μ-
²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´  μ¤´μ·μ¤´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¸μ¸É ¢²Ö²  1,5 ±ƒ¸ ¸
¤μ²£μ¢·¥³¥´´μ° ¸É ¡¨²Ó´μ¸ÉÓÕ ´¥ ÌÊ¦¥ Î¥³ 10−4. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢
±·¨μ¸É É¥, ¶·μ¤Ê¢ ¥³μ³ ¶ · ³¨ £¥²¨Ö, ÎÉμ ¶μ§¢μ²Ö²μ ¨§³¥´ÖÉÓ É¥³¶¥· ÉÊ·Ê
μ¡· §Í  ¢ ¤¨ ¶ §μ´¥ 4,2Ä300 K. �¡· §¥Í ¡Ò² Ê¶ ±μ¢ ´ ¢ ³¥¤´ÊÕ ±Õ¢¥ÉÊ. ŠÕ-
¢¥É  ¸ μ¡· §Íμ³ ¶·¨±²¥¨¢ ² ¸Ó ± ³¥¤´μ³Ê ¤¥·¦ É¥²Õ. ’¥³¶¥· ÉÊ·  μ¡· §Í 
¸É ¡¨²¨§¨·μ¢ ² ¸Ó ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ Î¥³ 0,1 K.

	Ò² ¨¸¶μ²Ó§μ¢ ´ ¶μ²¨±·¨¸É ²²¨Î¥¸±¨° μ¡· §¥Í ¸ μ¡Ð¨³ ¢¥¸μ³ ∼ 5 £
Zn0,99Co0,01O. �¡· §¥Í ¡Ò² ¶μ²ÊÎ¥´ ¶ÊÉ¥³ É¢¥·¤μË §´μ£μ ¸¨´É¥§  ¨§ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¥£μ ¡·ÊÉÉμ-¸μ¸É ¢  ¸³¥¸¨ ZnO ¨ Co3O4. �¤´μË §´μ¸ÉÓ μ¡· §Í 
¶·μ¢¥·Ö² ¸Ó ·¥´É£¥´μË §´Ò³  ´ ²¨§μ³ ´  ¤¨Ë· ±Éμ³¥É·¥ „���-2. Œ¥Éμ¤
¶μ²ÊÎ¥´¨Ö μ¤´μË §´ÒÌ μ¡· §Íμ¢ Zn1−xCoxO ¶μ¤·μ¡´μ μ¶¨¸ ´ ¢ · ¡μÉ¥ [18].

‚·¥³¥´´ Ö Ô¢μ²ÕÍ¨Ö ¶μ²Ö·¨§ Í¨¨ ³Õμ´μ¢ P (t), μ¸É ´μ¢¨¢Ï¨Ì¸Ö ¢ μ¡· §Í¥,
¨¸¸²¥¤μ¢ ² ¸Ó ¶ÊÉ¥³ ¨§³¥·¥´¨Ö ¢·¥³¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·μ´μ¢ ¨§ ·¥-
 ±Í¨¨ μ− → e− + ν̄e + νμ, ¢Ò²¥É ÕÐ¨Ì ¶μ ´ ¶· ¢²¥´¨Õ, ¶¥·¶¥´¤¨±Ê²Ö·-
´μ³Ê ¢´¥Ï´¥³Ê ³ £´¨É´μ³Ê ¶μ²Õ. ‡ ¢¨¸¨³μ¸ÉÓ ±μ²¨Î¥¸É¢  § ·¥£¨¸É·¨·μ¢ ´-
´ÒÌ Ô²¥±É·μ´μ¢ μÉ ¢·¥³¥´¨ (¶μ μÉ´μÏ¥´¨Õ ± ¢·¥³¥´¨ μ¸É ´μ¢±¨ ³Õμ´μ¢ ¢
μ¡· §Í¥) ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

N(k) =
2∑

i=1

N0i exp (−t/τi) {1 + Gi(t)} + Bg,

Gi(t) = 1/3 · Pi(t) cos(2πfit + ϕi), t = Δt · k − t0,

(1)

£¤¥ N0i Å ¢¥²¨Î¨´ , μ¶·¥¤¥²Ö¥³ Ö ±μ²¨Î¥¸É¢μ³ ³Õμ´μ¢, § Ì¢ Î¥´´ÒÌ  Éμ-
³ ³¨ i-É¨¶  (i = 1 Å Zn, i = 2 Å O); τi Å ¢·¥³Ö ¦¨§´¨ ³Õμ´  ´  1s-Ê·μ¢´¥
¢  Éμ³¥ i-É¨¶ ; fi ¨ ϕi Å Î ¸ÉμÉ  ¨ Ë §  ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  ¢ ³ £´¨É-
´μ³ ¶μ²¥; Bg Å ¸²ÊÎ °´Ò° Ëμ´, ´¥ ¸¢Ö§ ´´Ò° ¸ · ¸¶ ¤μ³ μ¸É ´μ¢¨¢Ï¨Ì¸Ö
¢ μ¡· §Í¥ ³Õμ´μ¢; k ¨ Δt Å ´μ³¥· ± ´ ²  ¨ Ï¨·¨´  ± ´ ²  £¨¸Éμ£· ³³Ò;
t0 Å ¶μ²μ¦¥´¨¥ ´Ê²Ö ¢·¥³¥´¨ ¢ £¨¸Éμ£· ³³¥.

‚ ´ ¸ÉμÖÐ¨Ì ¨§³¥·¥´¨ÖÌ Δt ¸μ¸É ¢²Ö²  0,625 ´¸. Œ¥Éμ¤¨±  ¨§³¥·¥´¨°
¨ ¶·μÍ¥¤Ê·  ¢μ¸¸É ´μ¢²¥´¨Ö ËÊ´±Í¨¨ ¶μ²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´  Pi(t) ¨§
 ¶¶ · ÉÊ·´ÒÌ μ−SR-¸¶¥±É·μ¢ ¶μ¤·μ¡´μ μ¶¨¸ ´Ò ¢ · ¡μÉ Ì [30,31].
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�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ Ë¨É¨·μ¢ ²¨¸Ó ËÊ´±Í¨¥° (1) ¢ ¶·¥¤¶μ²μ¦¥-
´¨¨, ÎÉμ Pi(t) = P0i exp (−λit) ¨ λi = 0 ¢ ¸²ÊÎ ¥ Zn. �μ¸±μ²Ó±Ê ¢·¥³¥´ 
¦¨§´¨ ³Õμ´  ´  1s-Ê·μ¢´ÖÌ ³¥¤¨ ¨ Í¨´±  ¢¥¸Ó³  ¡²¨§±¨ Å (163,5 ± 1,0) ¨
(160±0,7) ´¸ [32], ¢ ËÊ´±Í¨¨ (1) ¢±² ¤Ò ³Õμ´μ¢, μ¸É ´μ¢¨¢Ï¨Ì¸Ö ¢ ±Õ¢¥É¥ ¨
¤¥·¦ É¥²¥, ¨ ³Õμ´μ¢, § Ì¢ Î¥´´ÒÌ  Éμ³ ³¨ Í¨´±  ¢ μ¡· §Í¥, μ¶¨¸Ò¢ ²¨¸Ó ± ±
μ¤´μ ¸² £ ¥³μ¥ ¶μ¤ §´ ±μ³ ¸Ê³³Ò (μ¤´  Ô±¸¶μ´¥´É  ¸ ¢ ·Ó¨·Ê¥³Ò³ ¢·¥³¥´¥³
¦¨§´¨). �μ ÔÉμ° ¶·¨Î¨´¥ ¢¥²¨Î¨´  ¶μ²Ö·¨§ Í¨¨ ³Õμ´μ¢ ¢ Í¨´±¥, ´ °¤¥´´ Ö
¢ ´ ¸ÉμÖÐ¨Ì ¨§³¥·¥´¨ÖÌ, ´¥¸±μ²Ó±μ § ´¨¦¥´ , ¨ ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¢ ¤ ²Ó´¥°-
Ï¨Ì μ¡¸Ê¦¤¥´¨ÖÌ ´¥ ¶·¨´¨³ ²¨¸Ó ¢μ ¢´¨³ ´¨¥. „ ²¥¥ ³Ò ¡Ê¤¥³ · ¸¸³ É·¨-
¢ ÉÓ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ¢¥¤¥´¨Ö ¶μ²Ö·¨§ Í¨¨ ³Õμ´μ¢, § Ì¢ Î¥´´ÒÌ
 Éμ³ ³¨ ±¨¸²μ·μ¤ . ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ Ë¨É¨·μ¢ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ËÊ´±Í¨¨ ¶μ²Ö·¨§ Í¨¨ P (t) = P0 exp (−

√
λt), ¸μ-

μÉ¢¥É¸É¢ÊÕÐ¥° ·¥² ±¸ Í¨¨ ¸¶¨´  ³Õμ´  ¢ · §¡ ¢²¥´´μ° ¸¨¸É¥³¥ ¸²ÊÎ °´μ
· ¸¶·¥¤¥²¥´´ÒÌ Ë²Ê±ÉÊ¨·ÊÕÐ¨Ì ³ £´¨É´ÒÌ ³μ³¥´Éμ¢, ´¥ ¶·¨¢μ¤¨É ± § ³¥É-
´μ³Ê Ê³¥´ÓÏ¥´¨Õ χ2.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ ¶μ²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´  G(t) μÉ
¢·¥³¥´¨ ´  1s-Ê·μ¢´¥ ±¨¸²μ·μ¤ , ¨§³¥·¥´´Ò¥ ¶·¨ 6 ¨ 150 K. �±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥ ¶μ¸²¥ ¢ÒÎ¨É ´¨Ö ¢±² ¤μ¢ Ëμ´ , Cu ¨ Zn Ê³´μ¦¥´Ò ´  exp (t/τO)
(£¤¥ τO = 1,840 ³±¸ Å ¢·¥³Ö ¦¨§´¨ ³Õμ´  ´  ±¨¸²μ·μ¤¥) ¨ ¶·μ¢¥¤¥´μ ¸Ê³-
³¨·μ¢ ´¨¥ ¶μ ¢μ¸Ó³¨ ± ´ ² ³ (Δt = 5 ´¸). Š ± ¢¨¤´μ, ¨³¥¥É ³¥¸Éμ ·¥² ±¸ -
Í¨Ö Å Ê³¥´ÓÏ¥´¨¥ ¶μ²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´  ¢μ ¢·¥³¥´¨.

’¥³¶¥· ÉÊ·´Ò¥ § ¢¨¸¨³μ¸É¨ ¸±μ·μ¸É¨ ·¥² ±¸ Í¨¨ λ ¨ ¢¥²¨Î¨´Ò ´ Î ²Ó-
´μ° ¶μ²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´  a = P0/3 ´  1s-Ê·μ¢´¥ ±¨¸²μ·μ¤  ¶·¥¤¸É -
¢²¥´Ò ´  ·¨¸. 2. ‘ ·μ¸Éμ³ É¥³¶¥· ÉÊ·Ò ¸±μ·μ¸ÉÓ ·¥² ±¸ Í¨¨ ¸¶¨´  ³Õμ´ 
Ê³¥´ÓÏ ¥É¸Ö,   ´ Î ²Ó´ Ö ¶μ²Ö·¨§ Í¨Ö Ê¢¥²¨Î¨¢ ¥É¸Ö. ’¥³¶¥· ÉÊ·´Ò¥ § -
¢¨¸¨³μ¸É¨ λ ¨ a ¶·¨¡²¨¦¥´´μ μ¶¨¸Ò¢ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨³¨ ËÊ´±Í¨Ö³¨: λ =
2,25 ·T−0,5 ¨ a = 0,034+0,00004 ·T . �¥ ¨¸±²ÕÎ¥´μ, ÎÉμ ¢¡²¨§¨ 6 Š ¨³¥ÕÉ¸Ö
´¥±μÉμ·Ò¥ ´¥·¥£Ê²Ö·´μ¸É¨ ¢ § ¢¨¸¨³μ¸ÉÖÌ λ ¨ a μÉ É¥³¶¥· ÉÊ·Ò.

— ¸ÉμÉ  ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  ¢ ³ £´¨É´μ³ ¶μ²¥ ´¥ § ¢¨¸¨É μÉ É¥³-
¶¥· ÉÊ·Ò (¸³. ·¨¸. 3) ¨ ¸·¥¤´¥¥ §´ Î¥´¨¥ ¢ ¨´É¥·¢ ²¥ 5Ä300 Š ¸μ¸É ¢²Ö¥É
f = 20,271 ± 0,002 ŒƒÍ ¶·¨ μ¦¨¤ ¥³μ° ¤²Ö ¶μ²Ö 1500 ƒ¸ ¢¥²¨Î¨´¥ f0 =
20,330 ŒƒÍ. ‘μμÉ¢¥É¸É¢¥´´μ, ¸¤¢¨£ Î ¸ÉμÉÒ ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  ¢ μ¡· §Í¥
¸μ¸É ¢²Ö¥É Δf/f0 = (f0 − f)/f0 = (2,9 ± 0,1) · 10−3.

Š ± ¸²¥¤Ê¥É ¨§ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ¤ ´´ÒÌ, ¢ Zn0,99Co0,01O ¸± Î±μμ¡· §-
´μ¥ ¨§³¥´¥´¨¥ ¶μ²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´  ¢ § ¢¨¸¨³μ¸É¨ μÉ É¥³¶¥· ÉÊ·Ò μÉ-
¸ÊÉ¸É¢Ê¥É. ˆ³¥¥É ³¥¸Éμ ²¨ÏÓ ¶· ±É¨Î¥¸±¨ ¶² ¢´Ò° ·μ¸É ¸±μ·μ¸É¨ ·¥² ±¸ Í¨¨
¨ Ê³¥´ÓÏ¥´¨¥ ¢¥²¨Î¨´Ò ¶μ²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´  ¸ ¶ ¤¥´¨¥³ É¥³¶¥· ÉÊ·Ò.
� ¡²Õ¤ ¥³ Ö ´ Î ²Ó´ Ö ¶μ²Ö·¨§ Í¨Ö ¸¶¨´  ³Õμ´  ´  1s-Ê·μ¢´¥ ±¨¸²μ·μ¤ 
¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¡²¨§±  ± ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ° ¢¥²¨Î¨´¥ ¸ ÊÎ¥-
Éμ³ ¤¥¶μ²Ö·¨§ Í¨¨ ³Õμ´  ¶·¨ ¶¥·¥Ìμ¤ Ì ¨§ ¢μ§¡Ê¦¤¥´´ÒÌ Ê·μ¢´¥° ¢ μ¸´μ¢-
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�¨¸. 1. ‚·¥³¥´´ Ö § ¢¨¸¨³μ¸ÉÓ ¶μ²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´  G(t) ´  1s-Ê·μ¢´¥ ±¨¸²μ·μ¤ 
¢ Zn0,99Co0,01O

´μ¥ ¸μ¸ÉμÖ´¨¥. �É¨ ¤ ´´Ò¥ Ê± §Ò¢ ÕÉ ´  μÉ¸ÊÉ¸É¢¨¥ ³ £´¨É´μ£μ Ë §μ¢μ£μ
¶¥·¥Ìμ¤  ¨ ¤ ²Ó´¥£μ ³ £´¨É´μ£μ ¶μ·Ö¤±  ¢ ¤¨ ¶ §μ´¥ É¥³¶¥· ÉÊ· ¨¸¸²¥¤μ¢ -
´¨Ö, ¶μ ±· °´¥³ ³¥·¥, ¸ ¥¤¨´μ° É¥³¶¥· ÉÊ·μ° ¶¥·¥Ìμ¤  ¢ Í¥²μ³ ¤²Ö ¢¸¥£μ
μ¡· §Í . �¤´ ±μ ´¥ ¨¸±²ÕÎ¥´μ ¢μ§´¨±´μ¢¥´¨¥ ¡²¨¦´¥£μ ³ £´¨É´μ£μ ¶μ·Ö¤± 
¸ Ê³¥´ÓÏ¥´¨¥³ É¥³¶¥· ÉÊ·Ò, ´  ÎÉμ Ê± §Ò¢ ¥É ¶μ¸É¥¶¥´´μ¥ Ê³¥´ÓÏ¥´¨¥  ³-
¶²¨ÉÊ¤Ò ¶μ²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´ .

”¥··μ³ £´¨É´μ¥ Ê¶μ·Ö¤μÎ¥´¨¥ ¢ μ¡· §Í¥ ³μ¦¥É ¡ÒÉÓ μ¡´ ·Ê¦¥´μ É ±¦¥
¨§³¥·¥´¨Ö³¨ ¢ ´Ê²¥¢μ³ ¢´¥Ï´¥³ ³ £´¨É´μ³ ¶μ²¥. �·¨ Ë¥··μ³ £´¨É´μ³ Ê¶μ-
·Ö¤μÎ¥´¨¨ ³ £´¨É´ÒÌ ³μ³¥´Éμ¢  Éμ³μ¢ (¨μ´μ¢) ±μ¡ ²ÓÉ  ¢ μ¡Ñ¥³¥ μÉ¤¥²Ó´ÒÌ
¤μ³¥´μ¢ ¤μ²¦´μ ¸ÊÐ¥¸É¢μ¢ ÉÓ §´ Î¨É¥²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥. ‘μμÉ¢¥É¸É¢¥´´μ,
¢ μÉ¸ÊÉ¸É¢¨¥ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¸¶¨´ ³Õμ´  ´  1s-Ê·μ¢´¥ ±¨¸²μ·μ¤ 
¡Ê¤¥É ¶·¥Í¥¸¸¨·μ¢ ÉÓ ¢μ ¢´ÊÉ·¥´´¥³ ³ £´¨É´μ³ ¶μ²¥ μÉ¤¥²Ó´ÒÌ ¤μ³¥´μ¢. �·¨
ÔÉμ³ ¶·μ¥±Í¨Ö ¢¥±Éμ·  ¶μ²Ö·¨§ Í¨¨ ´  ´ ¶· ¢²¥´¨¥ ´ Î ²Ó´μ° ¶μ²Ö·¨§ Í¨¨
³Õμ´  § ¢¨¸¨É μÉ Ê£²  θ ³¥¦¤Ê ´ ¶· ¢²¥´¨¥³ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¤μ³¥´¥ ¨
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�¨¸. 2. ’¥³¶¥· ÉÊ·´Ò¥ § ¢¨¸¨³μ¸É¨ ´ Î ²Ó´μ° ¶μ²Ö·¨§ Í¨¨ λ (μÉ±·ÒÉÒ¥ ±·Ê¦±¨)
¨ ¸±μ·μ¸É¨ ·¥² ±¸ Í¨¨ λ (É¥³´Ò¥ ±·Ê¦±¨) ¸¶¨´  ³Õμ´  ´  1s-Ê·μ¢´¥ ±¨¸²μ·μ¤  ¢
Zn0,99Co0,01O

´ Î ²Ó´μ° ¶μ²Ö·¨§ Í¨¨ ³Õμ´  ± ±

Gz(t) = 1/3 · P0 · (cos2(θ) + sin2(θ) · cos(2πft)). (2)

�·¨ · ¢´μ° ¢¥·μÖÉ´μ¸É¨ · §²¨Î´ÒÌ μ·¨¥´É Í¨° ¤μ³¥´μ¢ ¢ ¶·μ¸É· ´¸É¢¥
Ê¸·¥¤´¥´¨¥ ¶μ Ê£²Ê θ ¶·¨¢μ¤¨É ²¨ÏÓ ± Ê³¥´ÓÏ¥´¨Õ ´ ¡²Õ¤ ¥³μ°  ³¶²¨-
ÉÊ¤Ò ¶·¥Í¥¸¸¨¨ ¸¶¨´  ´  É·¥ÉÓ ¶μ ¸· ¢´¥´¨Õ ¸ ¢¥²¨Î¨´μ°, ¸μμÉ¢¥É¸É¢ÊÕÐ¥°
¨¸É¨´´μ³Ê §´ Î¥´¨Õ ¶μ²Ö·¨§ Í¨¨ ³Õμ´  (¸³., ´ ¶·¨³¥·, [33]):

G(t) = 1/3 · P0 · (1/3 + 2/3 · cos(2πft)). (3)

�¤´ ±μ ¶·¨ ¨§³¥·¥´¨ÖÌ ¢ μÉ¸ÊÉ¸É¢¨¥ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¶·¨
T = 6 K ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  ¸ Î ¸ÉμÉμ° ¢ ¨´É¥·¢ ²¥ 0,14Ä250 ŒƒÍ
μ¡´ ·Ê¦¥´μ ´¥ ¡Ò²μ. ‚ Éμ ¦¥ ¢·¥³Ö ¢μ ¢´¥Ï´¥³ ³ £´¨É´μ³ ¶μ²¥ 1500 ƒ¸ ¢μ
¢¸¥³ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 5Ä300 K ´ ¡²Õ¤ ¥É¸Ö ¶·¥Í¥¸¸¨Ö ¸¶¨´  ³Õμ´  (¨
´¥§´ Î¨É¥²Ó´Ò° ¸¤¢¨£ Î ¸ÉμÉÒ ¶·¥Í¥¸¸¨¨), ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ Ö μ ´ ²¨Î¨¨ ¶μ-
²Ö·¨§ Í¨¨ ¸¶¨´  ³Õμ´ . ’μ ¥¸ÉÓ μÉ¸ÊÉ¸É¢¨¥ ¸¨£´ ²  ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´ 
¢ ´Ê²¥¢μ³ ¢´¥Ï´¥³ ¶μ²¥ ´¥ μ¡Ê¸²μ¢²¥´μ ¶μ²´μ° ¶μÉ¥·¥° ¶μ²Ö·¨§ Í¨¨ ³Õμ´ 
¢ ¢¥Ð¥¸É¢¥. ‘²¥¤μ¢ É¥²Ó´μ, Ë¥··μ³ £´¨É´μ¥ Ê¶μ·Ö¤μÎ¥´¨¥ ¢ μ¡· §Í¥ ¸μ §´ -
Î¥´¨¥³ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¤μ³¥´ Ì ¡μ²¥¥ 10 ƒ¸ μÉ¸ÊÉ¸É¢Ê¥É. �¥ ¨¸±²ÕÎ¥´μ
É ±¦¥ ¸²¥¤ÊÕÐ¥¥ μ¡¸ÉμÖÉ¥²Ó¸É¢μ: ¢ ¸¨²Ê ¸²ÊÎ °´μ£μ · ¸¶·¥¤¥²¥´¨Ö  Éμ³μ¢
±μ¡ ²ÓÉ  ¨ Éμ£μ, ÎÉμ μ¡· §¥Í ¶μ·μÏ±μμ¡· §´Ò°, · §³¥·Ò μ¡² ¸É¥°, £¤¥ ¢μ§-
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�¨¸. 3. ’¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  ´  1s-Ê·μ¢´¥
±¨¸²μ·μ¤  ¢ Zn0,99Co0,01O

´¨± ¥É ±μ··¥²ÖÍ¨Ö ³ £´¨É´ÒÌ ³μ³¥´Éμ¢ ¨μ´μ¢ Co, §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ · §-
³¥·  ¤μ³¥´ , Ì · ±É¥·´μ£μ ¤²Ö μ¡ÒÎ´ÒÌ ³ £´¨É´ÒÌ ³ É¥·¨ ²μ¢ (¸Ê¶¥·¶ · -
³ £´¨É´μ¥ ¸μ¸ÉμÖ´¨¥), ¨ ¸¨²Ó´μ μÉ²¨Î ÕÉ¸Ö ¤·Ê£ μÉ ¤·Ê£ . �·¨ ÔÉμ³ ¢¥²¨Î¨´ 
³ £´¨É´μ£μ ¶μ²Ö ¢ · §´ÒÌ Î ¸ÉÖÌ μ¡· §Í  ¡Ê¤¥É μÉ²¨Î É¸Ö, ÎÉμ ³μ¦¥É ¶·¨¢μ-
¤¨ÉÓ ± μÉ¸ÊÉ¸É¢¨Õ ´ ¡²Õ¤ ¥³μ° ¶·¥Í¥¸¸¨¨ ¸¶¨´  ³Õμ´  ¢ ´Ê²¥¢μ³ ¢´¥Ï´¥³
³ £´¨É´μ³ ¶μ²¥.

’ ±¨³ μ¡· §μ³, ¶μ²ÊÎ¥´´Ò¥ ¢ ´ ¸ÉμÖÐ¥³ Ô±¸¶¥·¨³¥´É¥ ·¥§Ê²ÓÉ ÉÒ ´¥
¸¢¨¤¥É¥²Ó¸É¢Ê¥É ¢ ¶μ²Ó§Ê ¢μ§´¨±´μ¢¥´¨Ö ¤ ²Ó´¥£μ ³ £´¨É´μ£μ ¶μ·Ö¤±  ¢ ¸¨-
¸É¥³¥ Zn0,99Co0,01O ¢ ¤¨ ¶ §μ´¥ É¥³¶¥· ÉÊ· 5Ä300 K. �¤´ ±μ ´¥ ¨¸±²ÕÎ¥´μ
μ¡· §μ¢ ´¨¥ ´¥¡μ²ÓÏ¨Ì, ¶μ ¸· ¢´¥´¨Õ · §³¥· ³¨ ¤μ³¥´μ¢, ²μ± ²Ó´ÒÌ μ¡² -
¸É¥° ¢ μ¡· §Í¥, £¤¥ ¨³¥¥É ³¥¸Éμ ±μ··¥²ÖÍ¨Ö ³ £´¨É´ÒÌ ³μ³¥´Éμ¢ ¨μ´μ¢ ±μ-
¡ ²ÓÉ .

�¢Éμ·Ò ¡² £μ¤ ·´Ò ¤¨·¥±Í¨¨ ˆ´¸É¨ÉÊÉ  � Ê²Ö ˜¥··¥·  §  ¶·¥¤μ¸É -
¢²¥´¨¥ ¢μ§³μ¦´μ¸É¨ ¶·μ¢¥¤¥´¨Ö ´ ¸ÉμÖÐ¨Ì ¨§³¥·¥´¨° ¨ ‚.�. „Ê£¨´μ¢Ê § 
¶μ²¥§´ÊÕ ¤¨¸±Ê¸¸¨Õ.
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