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1 Ú ó

ÚåWv¶>bµþc>5�Ï�¬kéõ.
�k��lfü�¬ÚåSÜ��Å|, /¤ó4
fÀæ1��µþc>5. A  ½ B  �dlf�
O�/¤º��A, 3����,ßÝe±9Ø�
dlf�O�3�$ßÝeþ¬/¤µþc>5.
v��Ä�Ì�,LyÑ
;.�A�: �X�,
ßÝ�O\, ��±>¥5, 3c>NS©O¬Ñ
y�" !��>fÚ7álf" �Ì�0>
1�. ��,ßÝ��µþ�.ßÝ�, ±7ál
f" �Ì, �" Ú��>fßÝÄ���. Ï
d, K�µþc>�C1��Ì�Ï��¬â¥�
c>Æ!�Ì,�Ú7álf" .

n�c>á��c> - ^>�C±Þá���
]�ó4f�Ì, 0>~ê�ªÇÃ'. �kó
4f3>|r½�=�L§¥�3³^, 3n��
¹eµþ�m - §ÝU\�n� Arrhenius 'X

f = f0 exp
(
− Ea

kBTm

)
, (1)

Ù¥, f , f0, Ea ©O´ÿþªÇ, Debye ªÇÚUþ
³^. (1) ªL²µþ�m�¸�§Ý��ê'X.

µþc>N¥�µþ�m (½ÿþªÇ) �¸�§
Ý�� Vogel-Fulcher(VF) 'X

f = f0 exp
(
− Ea

kB(Tm − TVF)

)
, (2)

Ù¥, TVF �@�´È(§Ý. (2) ª�0>�ÑA
55u�d½Éd�,, ÏLO� ABO3 Wv¶
(�¥� A ½ B  , /¤
µþc>>bá�.

Àæ�Ô��y5Vg@�, Le�Ny5�
O\u§Ýp��(�Cz. �*(�CzØ
²w�r5Ô�ÊÝ�§Ý'X� Arrhenius /ª,
(�Cz²w�y5Ô�Ñ�l VF 'X:

η = η0 exp
(

Ea

kB(T − TVF)

)
. (3)

Angell[1] 3 1985 cJÑ
y5�Vg^5«©L
e�N�Àæz�C�É, Ù½Â�

m =
∂ log(η/η∞)

∂(Tg/T )

∣∣∣∣
T=Tg

, (4)

Ù¥, m �y5�ê, η �ÅÝ, Tg �Àæz=C§
Ý. dd, y5����ÏL (2) ª½þ/�Ñ. (4)
ªU
½þ/'�Àæ�Ô��Àæ/¤UåÚ
§Ýé�*(��K�. µþc>N¥, *Ñ�C
�0>�Ñ1��Ñl�Ó/ª� VF úª, �Ñ
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§Ý~^ü�ØÓªÇe�¸§� ∆Tm L«, J
±½þ/£ã0>�Ñ5. XJ�ÓõU�Ônþ
ò�±½þ/L«0>�Ñ§Ý, Bu�zïÄÙ
Ån.

µþc>N�,��wÍ�A�´0>�l
Ç�§Ý���5'X�U?�Øp - 	dúª

1
ε
− 1

εm
= C(T − T0)γ , 1 6 γ 6 2. (5)

Smolensky[2] ^pd.¤°©Ù¼ê3�°©Ù�
^�eCq��
 γ = 2. 3���©Ù^�e γ

3 1 � 2 �m.
·�cÏ�¢�(Juy [3], 3 Nb2O3 �,

� Ba0.8Sr0.2Ti3 >b¥, �þ� 1, 5, 10 mol%�, γ

©Ol 1.25 ÅÚO�� 2.0. dþã(Ø�±íä
Ñ: �,ÔßÝ3¬â¥¥�½�©Ù'X, �,
ßÝ�p, ©Ù��°, ¬â��É��, ��
 (4)
ª¥ γ �O�. ¬â�m�,�ßÝ9Ù¤éA¬
â�Øp§Ý Tc ���pd©Ù, ÎÜ Smolensky
�^�, dd�±íä7álf" ��3�A�
pd©Ù.

;.�¹Yµþc>á��y�Y´�Úy
lfkSü���S4z>|Ì��*Ñ�C;
v��Äµþc>á��*Ñ�C´�,�,
��fÌ��*Ñ�C. �§Ý30>¸NC�,
ÙCz¬��c>��^>�'~�Cz, =�
Æ [4,5] êþ9º��§ÝCz [6]. Ù¹zL§
� VF 'X: �XÿÁ§Ý�eü, ³^Uþ���
O�. dd, �©^��nØïÄ
v��Äµþ
c>á�¬âm�,�ßÝ!Øp§ÝÚ7ál
f" �pd©Ùé0>5U�K�, ¿©Û
7
álf" �K�Ån. ÏLÚ\�Le�Ny5
�'�Ônþ, L�
µþc>N�*Ñ§Ý.

2 �Ì�,éµþc>N0>5U�
K�

�,O�� A  ½ B  ��ÌlflfU

'�dO��lf�N´/�)µþ�A, Bu|
^úª`². ��Ì�,��*Ñ�C�µþ�A
�, �,�J�±^pd©ÙL«

f(y) =
1

σ
√

2π
exp

[
−(y − y0)2

2σ2

]
, (6)

Ù¥, f(y) �,¬âþ!�\�,�ßÝ y ��
©Ù¼ê, y0 �²þ�,ßÝ, σ L«©Ù°Ý,

σ
√

2π�8�zXê. ¬â�m¤¹,�ßÝ y �
ØÓò��z�¬â�Øp§Ý�ØÓ. Øp§Ý
�/¤
 Smolensky ¤£ã�pd©Ù [2]

f(Tc) =
1

σ
√

2π
exp

[
−(Tc − Tc0)2

2σ2

]
, (7)

Ù¥, Tc �¤�Ä¬â�Øp§Ý, Tc0 �¬â�
²þØp§Ý. �d©Ù�°Ý� (5) ª��. �Ä
± B  vlf" �Ì��¹, = 4 ��,�Ìl
f�)�� B   Ti lf" , Kvlf" �©
Ù��,ßÝ3�¬â�©Ù�Ó.

du�p��,ßÝéA�$�Øp§Ý,
� (6) ª� (7) ªþ�é¡�êÆ/ª. Ïd, 3 «
©Ù¼ê9Ù'X^ã 1 �Éz//�«¿£ã,
©Ù¼êþ3KÃ¡��Ã¡��mÈ©, ã¥�
ÞL«��Ônþ�O\��.

x

f↼y↽ 

f↼x↽ 

f↼TC↽ 

y
TC

y0

TC0

x0

T

ã 1 �,ßÝ y, Øp§Ý TC Ú B  7álf" ß
Ý x �pd©Ù«¿ã

2.1 ccc>>>���^̂̂>>>���ééé000>>>~~~êêê������zzz

�§Ý T 3ã 1 ¤«��C§«S�, c>�
�^>�¬â�'~��e�u T �È©¡È
��u T �È©¡È�'. �âpd©Ù¼ê�é
¡59¡È�'~'X, �±��ã 1 ,�§Ý T

�c>�¬â�'~�

F (T ) =
1

σ
√

2π

∫ ∞

T

f(T ′)dT ′

=
1

σ
√

2π

∫ y

−∞
f(y′)dy′

=
1

σ
√

2π

∫ x

−∞
f(x′)dx′. (8)

�ÑÆ9U!FÝU!� U�Ï��K�, c>
��3ÙdgdUÌ�dc>�Ú^>�¬â�
z, dÙ�Ñ�0>�lÇ�

λ = λ1 + λ2 =
1
ε1

+
1
ε2

, (9)
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Ù¥, eIêi 1 Ú 2 ©O�L^>�Ü©Úc>
�Ü©��z. �µþc>N30>¸�p§ýÜ
©�, �Øp§Ý�Øp - 	d§Ý�Ó, ^>�Ü
©��z�

λ1 =
1
ε1

=
∫ T

−∞
[α(T − Tc)] f(Tc)d(Tc)

=α(T − Tc0)[1 − F (T )]

+
ασ√
2π

e−
(T−Tc0)2

2σ2 , (10)

Ù¥, α �3ÙdgdU� 2 �Xê [7], 3�C�
p§ã«�, c>��'~�$, 3�½©Ù°Ý
�©Ù^�e, 0>~ê�±Cq�Ñ (5) ª�/
ª [7]. 3�C�$§ã, c>��0>�lÇ�

λ2 =
1
ε2

=
∫ ∞

T

[
α(Tc − T ) + 3βP 2 + 5γP 4

]
× f(Tc)d(Tc)

=
[
α(Tc0 − T ) +

3β2

4γ

]
F (T )

+
ασ√
2π

e−
(Tc0−T )2

2σ2 , (11)

Ù¥, β Ú γ ©O�3ÙdgdU� 4 Ú 6 �X
ê. 3�~c>N�Øp§ÝNC, c>��0>
�lÇ�'^>��� 4 �. du�,ßÝFÝ
���C«�ü����c>�é0>�lÇ�
�z²w�u^>���z. ��
0>~ê�:
ì~�.

2.2 777ááálllfff"""   ééé000>>>~~~êêê������zzz

¬â¹,�ßÝ�$�, T¬â�Øp§Ý�
p, 7álf" ßÝ�$. �§Ýlp§ü$�,
c>��7álf" ßÝÅìO\. 3�C§
Ý, (�tµ¦lfäk����Ä5. 7álf
" ¬�)�Ä�åP>Ö, 3f>|��^eå
P>Ö±9-u�/ª3" ?a� (hopping) £
Ä. 30�¥, ü4>Ö÷>|���£Ä¬¦ü
�à>4É�aA, >4þ�aA>Öu)Cz,
/¤�ó4faA���Ó��A [8], ddO�
0>~ê. ��C>|�Å����, >Ö3��
Å�eU
£Ä���ål, p����>ÖÈ
\9�����0>~ê. =3$ª�T�A�
�²w. Ïd, 3�C§«�$§ã, c>��'
~��, 7álf" ßÝO�����Älf
ßÝ�O�¦0>�Ñ5O�. Ó�, ù«�Äl

f�>6�A�¬���Ñ�O�. �X§Ý�
ü$, lfa��Uå~f, ¦0>~ê9Ù�Ñ
~�. þãÅn©Û��
¢��y¢: Ciomaga
3 BaZr0.10Ti0.90O3 >b¥*	��� �)�D
�>f3 Ti4+ lfþa��, �)
�r�µþ
c>�A, 0>¸Ñy²w� VF 'X, T>b
3 1000 ◦C ò» 50 h �, �� 9D�>f��,
µþc>�A����� [9].

3 µþc>N�0>�ÑL�

�â (4) ª½Ây5Vg��{, ½Â�Ñ
Ý M �

M =
∂ log(f0/f)

∂(Tm100/Tm)

∣∣∣∣
Tm=Tm100

=
(

Ea

log e · kBTm100

)
×

(
1

1 − TVF/Tm100

)2

, (12)

Ù¥, Tm100 ´ÿþªÇ� 100 Hz ��¸§. �
â (2) ª�ëêÚ Tm100 �±(½�ÑÝ M . �

U
l¢�êâ¥��B/�� M Ø^O�ü
���þ, �â 2 ��pªÇ 10n Ú 10l Hz �¸§
� Tmn Ú Tml �±�Ñ

M =(n − 2)
(

Tm100

Tm10n − Tm100

)
×

(
Tm10n − TVF

Tm100 − TVF

)
, n > 2

=
(n − 2)(l − 2)(c − a)
(a − 1)(c − 1)(l − n)

, l > n > 2, (13)

Ù¥, l � n dÿþªÇ(½, c = Tm10l/Tm100, a =
Tm10n/Tm100. d (11) ª�±½þ/L��,ßÝ
��ÑÝ M �Cz5Æ. ¢Sþ, �â?¿ 3 �ÿ
þ�ÒU(½ M : �â©z [10] �¢�(J, � x

©O� 0.1 Ú 0.075 � (Ba1−3x/2Bix)(ZryTi1−y)O3

c>>b3 1, 10, 100 kHz ÿÁªÇ�¢�� (275
K, 250 K, 231.25 K Ú 275 K, 256.25 K, 237.5 K), �
â (12) ª, ò 100 Hz C�� 1 kHz, �±�~�B
/�Ñ M �©O� 14.1 Ú 12.7. ÏL�ÑÝ M �
±©Û�,éµþ�K� [11], ¿ïáµþc>N
�Ù¦9åÆëþ�'é, Jpµþc>á��ï
Ä�ÝÚ2Ý.
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4 ( Ø

�v��Äc>á��\pßÝ�Ì,��,
,�3¬â�m¥pd©Ù. pßÝ��Ì�,U

�)7álf" ¿Úå¬âØp§Ý�Cz.
dd��
�p���pd.�,�©Ù!Øp
§Ý©ÙÚ7álf" ©Ù, ¿âd?Ø
3Ù
dgdUÚ0>~ê3*Ñ�C«��§Ý'X;
�â©Ù¼ê���'X�Ñ
7álf" ß

Ý30>~ê¸«�§Ýü$O��(Ø. Äu
�C��(�tµ, 7álf" äk���Ä5
�A:, JÑ7álf" Úå�ü4>Ö3>|
�^e�a�$Äk�UÚå0>�ÑÚ0>�
Ñ, d(Ø�)º0>~ê¢ÜÚJÜ��Ñy�,
¿��
�'¢��y¢. �âLe�NÀæ�
�C�L�Vg ‘y5’, JÑ
L�0>�Ñy�
� ‘µþÝ’ �Vg, µþÝ�^ Vogel-Fulcher úª
¥�[Üëþ½ 3 �¢�ÿÁ�0>¸§��Ñ.
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Abstract

Dielectric dispersion of relaxor ferroelectric in diffusion region is related to the doping of extrinsic ions or ordering arrangement

of intrinsic ions. The further explanation and unitive characterization of the dispersion property are required. Focusing on the facts

that cation vacancies and dielectric dispersion in barium titanate based relaxor ferroelectric can be caused by donor doping in high con-

centration, three equivalently correlated Gaussian distributions of doping dopants, Curie temperature, and cation vacancy are obtained.

The relevant Gibbs free energy and relation between dielectric constant and temperature of the relaxors with donor doping are deduced.

The result demonstrates an increase in concentration of cation vacancy with temperature decreasing in diffusion transition region. The

unipole charges caused by the cation vacancies are probably responsible for the dielectric dispersion and loss by their hopping motion.

Keywords: relaxor ferroelectric, cation vacancy, donor doping
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