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 �C%_ �� �=;"e,* ��1L�, �� �UVN�/���1�C� �1�C8*� A�C	 �C8 
�K$���X !"� �� �'0�)� �8 �D �$K�b�L /a�C8 'CP�� �$9� 

B"D�2 6
* �� ���UD�0�,.


*��� 
��
�L�� M�L��
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���N� 
��
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�"%D ��$Y� /�)C8�� �C���1N�* Q$N,��N"� �
$R2 �0(SEM) 
�"�2K'��� �< =NK/�0 r�IF�'K ��*�* '�*.�
��RC2 6
* �� 
/*�8[�_�
�0 �'K �1L�, $��� ��$5 A* �D '�* CK$`O2 +�C�A �

[�_ �8 ��
��� �� �C0��$5 A* �'CK �"�2 /�0/�C��: 3;C<*� 
'CC��9�CC,* �CC1	�
 3
*!CC	* .�CC�*� ��CCV8* 6"-��CC"� 'CC: �� �CC0

 ��*� 'K� ���UD 'P �� 3
*!	* �8 � '��1���N"� C0 ��'C: A* �H
�� �""|2 +��N"� ';X �8 +��N"�';< .

�

7�! OMN
* $2�5 7*�5 /$-�* ��$Y��8 �'K �"�2 /�0�� �D '��9 ���: 3;D*� 7�� /��� °CrFF �'K �1K�8�,*.
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���� /*�8 x.
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Y1
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�C�� B
�Cg �
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?�'9 �� ��PpL S
�1� A* /*30�45/�0 �'K #�`�* /$C, A*
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� �;"�A �� //�0�$1�"��2 (Mn,Ni,Co)3O4

�,* �'K ����c .

A* �N
 �8�{ ��0�$1�"��2 W�� /�0�1�*��5B�,* .6C
* A* �� ��
 �C8 �'CK 7�*!C� +*�-
� ^,$2 �D �8�{ 6
* �
���� ?�'9 6
*

 �A*'�* S
�1� 45 6
* A* =P�: /�"��03�,* �'K �PpL .�1U�*
 �A*'�* �-�$-X � �L�, ^
*�K 6
* �*'�� �� �,* 6NY� /�"�

 ';K�8 �1K*� 3�� �8�{.6
*�8�;8 �� �~:p� �< �$K �
���� B

�� +*�C-
� /�C0��D �C8 �U�C� 30�4C5 6
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��� B
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B(K) α25ºC(K-1)

B"D�2 ��$Y�$��� /�0 
��$Y� /�0 3;<*�

'��9 ���: 
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* � ��D !"�+*�-
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NiMn2-xCoxO4?@/A$, )�g�: ��D(��u ����>x��� 
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�� 30�D'8�
 .Y0 6
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 ��$Y� �N
�1N�* ��$Y� A* �1�8 ��$5$��� /�0 /�C0�2�C8 �'CK �C"
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 �A*'C�* �8 \'K �8 �0�$1�"��2 6
* �N
�1N�* [*$L �C�*� /�C0
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