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yi L«1 i «¤©Ó�N�'~. p§^>��0
>�lÇ λ �±d (3) ª¥�ëêû½, =

λ =
1
ε

=
∑

i

yiαi(T − T0i). (4)

�Ä�k 1 «�\Ô����¹. ^êi 1

L«¬â��, êi 2 L«�\Ô�, yh L«�
\Ô�3¬âL¡�ßÝ. ��\Ô�þ! (ho-

mogeneous) ©Ù3¬â¥�, T¬â�3Ùdgd
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1
6
γhP 6,

(5)

(5) ª�Xê�d (3) ª�ÑXe:

αh = (1 − yh)α1 + yhα2,

T0h =
(1 − yh)α1T01 + yhα2T02

(1 − yh)α1 + yhα2
,

βh = (1 − yh)β1 + yhβ2,

γh = (1 − yh)γ1 + yhγ2.

0>�lÇ�±d (4) ª¥�ëêû½.
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ã 1 ¥.¬â�Ø�(�»��.ã

3ã 1 ¥, R �¥/¬â��»�Ý, L ��
�,ßÝ�'����Ý, yh L«¬âL¡��,
ßÝ. ã¥�¬âßÝ©ÙÑln�*Ñ��êC
z'X. ¦^ó§þ���?n�{: ò 1/e �ß
ÝéA��Ý½� L, L ±S�«��Ø«, L � R

�«���«. ã 1 ¥êi�O\L«�X�(§
Ý�eü, ¬âS²þ�,ßÝ�~��Ø�(�
¥�«�~��«¿'X. du�p§Ýe,��
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X, =lØ�(�ØU��0>�lÇ�§Ý��
5'X.

3Wv¶(�¥ (X BaTiO3 X�>b), �,
Ô��Øp-	d§Ý T02 ��$u�NÔ��Ø
p-	d§Ý T01. Ïd, ã 1 ¥Ø�Ü©û½
Ø
p:§Ý. 3�p§Ý�(�>b�,¤©�þ!,

�éA�kb�Øp¸, �$§Ý�(��¬�
,¤©¥y���ßÝFÝCz, Xã 1 ¥êi�
O\¤«. ßÝFÝCzéØp:90>~ê�C
z'XXã 2 ¤«.

ã 2 ¥.¬â�0>~ê�§Ý�'X/�ã

ã 2 ¥�� 1, 2, 3 ©O�>b�N!X�,
ÔÚ�,Ô3>b�Nþ!©Ù��0>A�. 0
>~êþw«
�Ä�0>¸/. � 4 Ú 5 ©O
«¿/L«Ø�(�¥±Ø9��Ì�0>~ê
§Ý'X. ã 2 /�/£ã
Ø�(�0>~ê�
�,ßÝFÝ�Cz'X. ¬â�Øé�C T01 �
p§Ü©0>~êå����z, �é�C T0h

�$§Ü©0>~êå���z. 3�½�,þ�
^�e, �¬â�ØåÌ��^�, Ly�� 4

¤«��¹, 0>¸3�p�§Ý; �¬â��å
Ì��^�, Ly�é°�0>~ê¸/, X� 5

¤«��¹. 3�,Ô*Ñ�Ç�ú�^�e, $
�¬ÑyV¸y�; õ«Ô��,�, |^*Ñ�
Ç��É¬Ñyõ¸y�, ¦0>~ê�§Ý'X
C��©²".

3 ¬â�,¤©©Ù�0>A�

du�,Ô�©Ù¦Øp§Ý¥©Ù'X, �
�
0>~ê�§Ý²�/Cz. ��þ�,�,

Xò�þ� SrTiO3 �\ BaTiO3, d (4) ªCq/
k T01/T02 = 4. 3þ!©Ù��±�Ñã 2 ¥Øp
§Ý�Cq'X

T0h ≈
(

1 − yhα2

α1 + yhα2

)
T01

≈
(

1 − C1

C2
yh

)
T01, (8)

Ù¥, C1 Ú C2 ©O´ BaTiO3 Ú SrTiO3 �Øp
Xê, �±d¢�(½. ù«3p§�(^�e,

SrTiO3 þ!©Ù3 BaTiO3 ¥, ¦Øp§Ý�5C
z�(Ø�±3¢�(J¥Ny.

�\��´�,ßÝ�Cz¬é0>5�
å���K�. �þ�¢�y¢
U?�Øp-	d
úªXe:

1
ε
− 1

εm
= C(T − T0)γ , 1 6 γ 6 2. (9)

Smolensky ^pd.¤©©Ù¼ê3�°©
Ù�^�eCq��
 γ = 2. ·��¢�(
Juy [4], 3 Nb2O3 �,� Ba0.8Sr0.2Ti3 >b¥,

�þ� 1, 5, 10 mol%�, γ ©Ol 1.25 ÅÚO�
� 2.0. dþã(Ø�±íäÑ: �,ÔßÝ3¬
âL¡¥�½�©Ù'X, �,ßÝ�p, ©Ù
��°, ¬â��É��, ��
 (9) ª¥ γ �O
�. òpßÝ��\Ô�©Ù^uØ�(�, ¬â
.¡�,�ßÝ yh ¤éA¬â Tc ���pd©
Ù f(Tc) = exp[−(Tc − Tm)2/2σ2], ÎÜ Smolensky

�^�, �¬k� (9) ª�Ó��J.
c>N¥, �,¬���Ñy�, =/¤µþ

c>N. ��3v�+��¹þ� 0.01 �, w«Ñ

c>�C�A�, vku)�Ñ; ¹þ� 0.05 �
m©k
�Ñ,�, TßÝCq��,�µþ=C
:; ��,þ�� 0.10 �, 0>¸w«Ñ²w��
Ñ5 [4]. �éu�ÌÉd�,, �d�,I���
��,þâ¬Ñy�Ñ5. X BaTiO3 ����,
=C:� 0.06[5],  Zr 3 BaTiO3 ¥O� Ti �¹þ
��� 0.27 â¬¤�µþc>N [6,7]. dþã¢
�(J�±wÑ, pßÝ��,��0>�Ñ9¬
â�m�°�,�©Ù. Ï30>~êÑy4�
� Tm ±þ��½§Ý, E,¬k�
¬â�±�
c>�. duØ�(��¤©Cz, 3�½§Ý�
�S$�¬¦�
¬âSÜ�Ø�±�c>�
��^>�. dd�±n)pu0>~ê¸�µþ
c>N¥Ñy�Æ9U
*	�>¢£��y�.

n�c>á��c> — ^>�C±Þá��
�]�ó4f�Ì, 0>~ê�ªÇÃ'. �k
ó4f3>|r½�=�L§¥�3³^, 3n�
�¹eµþ�m§ÝU\�n� Arrhenius 'X.

�,¬���§kS�»�, �þ��,¦�kó
4f��^²wLyÑ5, Ó�¦Þá���]�
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ó4f�^~f. �kó4f�A�U\, ò¬�
�0>~ê�ªÇLy� Arrhenius 'X, =µþ
�m�¸�§Ý��ê'X. Àæ�Ô��y5V
g@�, y5�O\u§Ýp��(�Cz. (
�ØC�r5Ô�� Arrhenius 'X, (�Cz�
y5Ô�� Vogel-Fulcher 'X. µþc>N¥�µ
þ�m (½ÿþªÇ) �¸�§Ý� Vogel-Fulcher

'X, �±n)�§ÝCz��
c>��^>�
'~�Cz, =�Æ [8,9] êþ9º��§ÝC
z [10]. ù«Æ�CzaquÀæ�Ô�(��«
�Cz. Vogel-Fulcher ¼ê'X�^u£ãó4f
=��¹zL§: �XÿÁ§Ý�eü, ³^Uþ
���O� [11]. ³^Uþ�O�5uc>Æ (½
�«) �O�. �,¤©��þ!5��, ³^Uþ
�Cz���. Ø�(��¤©Øþ!�¬O�ó
4f=��¹zL§.

�,Ô�«a��,ßÝÚ�(§ÝÑé0
>~êÑåX�½�K��^. �(§ÝO\¬
¦¬âº�O�, ��'~~� [12], �,¤©�\
þ! [13]: 3 Ba (Zr0.2Ti0.8)O3 >b¥, �¬âº�
l 2 µm O�� 60 µm �, 0>~ê�¸/CÄ; �
¬âº����k�Ñy��3, ¬âO��Ñy
�ÅÚ��. þã(Ø`²: 3��¬â¥, �,Ô
��'ß¿þ!©Ù, Ø�(�9�Ñy���.

3¢S�A^¥,  ¬|^õ«���¹5
�É��Ù*ÑßÝ, ò¤�\õ«Ô�?\�S
ØÓ�ßÝ [14]; |^�(§Ý��¬â��, Uõ
0>~ê�§Ý½5. ù´8cõ�>b>Nì
�|^��{. 	.ÀÂE¤��²ï"�Ø¬w
ÍUCNX�gu4zrÝÚ4z�=L§. �¬
*	�	>|�^ewÍ�"�[£ [15]. �¬â
º����, Ø�(��K���, 0>~êÌ�
�SAå!�ÆÚ¬.Ï�k' [16].

4 ( Ø

3�½§Ýe�(, c>>b��,¤©3¬
âS±�5FÝ4~, ¤/¤�Ø�(�U
3$
§«�±�p�0>~ê, �ØU��0>�lÇ
�§Ý���5'X. Lp��(§Ýò¬¦¬â
L�, ��Ø�(���, 0>¸CÄ9$§«�
0>~êeü. �,ßÝ�p�¬¦,�3¬â�
m�Øþ!5/¤�°�©Ù, d^�´�)µþ
5�Ì��Ï: 30>~ê�¸�§Ý«�, ^>
��c>���. §Ý�Cz¬K�ü�'~9c
>Æ (�«) �Cz, l��c>µþ5. Ø�(
��¬O�0>�Ñ5.
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Abstract

Dominant features of relaxor ferroelectrics are dielectric dispersion and the nonlinear relationship between reciprocal dielectric

constant and temperature. The result of the analysis of the thermal dynamic function for core-shell structure in a grain shows that the

core-shell structure doped with dopant in linear gradient descending ingredients can remain high dielectric constant at low temperatures,

but cannot lead to the nonlinear relationship between reciprocal dielectric constant and temperature. By comparing diffusion transitions

with different doping ingredients, it is suggested that the concentration of ingredient will affect the inhomogeneity of the doping

ingredient. A wide distribution of the ingredient between grains by high doping concentration will result in the nonlinear relationship

between reciprocal dielectric constant and temperature, and therefore the coexistence of grains in paraelectric phase and in ferroelectric

phase in the peak area of dielectric constant. The change of measurement temperature will affect the ratio of the grains in two phases

and the change in ferroelectric domains, which results in ferroelectric dielectric dispersion. The core-shell structure will increase the

dielectric dispersion. Ferroelectric ceramics, doping species and their concentrations, and sintering temperature all can influence the

inhomogeneity of core-shell structure and dielectric dispersion.
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