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Á��Û=AC�	| (§Ý|!>|!^|) �CzÌ=Û=ACÌ�±k�/�NÁ�é	|�Ä
åÆ�A1�. ïÄL², |^DÚ�Û{�±p°ÝÿþÛCÌ, y¢
¹Yþ� 32 �µþc>N�y�
Y (PMN-32%PT) �o� - á�=C´�«�u.ê¼N�C.

'�c: Û=ACÌ, SÑ, c>N, ê¼N�C

PACS: 46.80.+j, 62.40.+i

1 c ó

�C´g,.ÊH�3�y�, §Ø=äk
��Æâ¿Â, �3ó�.��
2�A^, Ï
d�Cy�´<�AO´á��ÆïÄö��
ïÄ�K. 3�CL§¥á��Ôn5�¬u)C
z, <��±ÏLÿþù
Ôn5��Cz5ïÄ
�CL§, ?uÐÑ�«�CnØÚr?á�5
U�UE$�uy#�á�5U [1]. 3ïÄ�C�
L§¥<�uÐÑ
�«���EâÚ¤ì, �§
�Ñäk�g�`:Ú":. ~X: �á�u)¬
�=C�, ¬�~êÚ(�¬u)Cz, Ïd�±
ÏLA^ X 1û�Eâÿþá�¬�~ê�Cz
5ïÄù�a.��C [2]. � X ��û�¤��
Ò´�«E,�¤ì, ïÄ�C�  I��\	
| (§Ý|!>|!^|), ù¦¤ìC��\E,
J±ö�. Ó�, X ��û�ãÌ�ÿþI��
½��m,   J±÷v�CÄåÆ�ïÄ. |^
�CL§¥á��NÈu)Cz�A:, <��±
A^)ä¤ÿþÁ�3�CL§¥AÛºÝ�C
z5ïÄá���C. �)ä¤  I�&�ÚÁ
�����>, ��Xÿþ°Ý�Jp¬C��
�[BÚö�Ø�B, Ó�, §��3	| (>|!
^|) �\�¡�(J [3]. d	, �k�«×£þ
9¤ (DSC) �Ù¦¢�C�, �Ñ�3aq�":,
ÏduÐÑ·ÜïÄá�3	|�^e��CÄ

åÆ�¤ìE´�CïÄ¥���¡.
åÆÌ¤´�CïÄ��óä, AO´Äu

Û{ (~X: �Û{) �õõUSÑÌ¤�±ÿþ
á�3�CL§¥�SÑ�þCz (SÑ¸Ú�
þº�½4�)[4,5]; ��w� [6], Zhang � [7] Ú�
°ÿ [8] �â�CL§¥SÑ¸��C�Ç�Cz
ïÄ
�CL§�.¡ÄåÆ, ��
�
�¤
J. �SÑÿþ  I��
�m, XJ3ÿþL
§¥Á�u)��AÛº� (X: NÈ½Û=) �
Cz, SÑ�¬du":¤£Ñy����Ø
�, $�ØUÿþ. �©3Û{�Ä:þuÐÑ�
Û=ACÌ¤QUÿþSÑ, �U3Ó�^�eÿ
þÛ=AC3�Ó�CL§¥�Cz, =Û=AC
Ì. Û=ACÌäkép�ÿþ°Ý (10−6), �
N´¢y	| (§Ý|!>|!^|) ��\, Ó�
�U¢�¯�/ÿþ�CL§¥Á��Û=AC,
·uïÄ�CL§¥�ÄåÆL§. ·�A^Û
=ACÌïÄ
�«��µþc>á��y�
Y (68%Pb(Mg1/3Nb2/3)O3-32%PbTiO3, {¡ PMN
32%PT) ��CL§, y¢§�o� - á�=C´
�«�u.ê¼N�C.

2 Û=ACÌ¤9Ùó��n

Û=ACÌ¤´3�Û{�Ä:þuÐÑ
5 �, ä k Ú Ï ~ � � Û { a q � ( � [9,10],
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Xã 1 ¤«.

ã 1 Û=ACÌÿþ¤ì(�«¿ã

Á� (^G!¡G) eà�½3.�þ, þàÚ
�±gd=Ä�{\�ë�. �Á�Û=��ÄS
C3{\þ���º=Ä, |^1m\�n=�ÿ
þÁ��Û=�?�ÑÛ=AC, äNÿþ�n
Xã 2 ¤«.

ò 1 r © Ù þ ! � ² 1 \ � 1 1 � (§
d 12 V/50 W ®¾�Ú|Ücº�)) ì�3Û
{{\þ���ºþ, ��11�Ý��dü�²
11>³¡|¤��� �&ÿì (�©1>³)
þ.�� �&ÿì´ÏLÿþü¬1>³¤�)
�>Ø� ∆U 5�N��1�31>³þ��é
 £ S. 3¢�¥,·��±¦1�¦þþ!, ¦1
�31>³þ��é £ S �>Ø� ∆U ¤�',
= S = α∆U .

ã 2 Û=ACÌÿþ�n«¿ã

ã 3 ¤«�´1�3��&ÿìþ��é

 ��>Ø��'X, �±ÏLUC��&ÿì
��é �¿ÿþ>Ø���. lã¥��, �
�1�Ø�Ñ&ÿì�&ÿ¡È, 1�31>³
þ��é £ S �>Ø� ∆U ¤�', �Ç��
ê dS/d(∆U ) =�'~Xê α.

ã 3 1� £���&ÿìÿþ���>Ø�'X

lã 2 ¥�±w�, �Á��)Û=� θ �,
��º��Xl ��=Ä� ��, ��1´=
L 2θ C¤1´� (J�), 1��) £ S, ?u 
��. ÏdÛ=�Ý θ = S/2L = α∆U/(2L). X
JÁ����ÎG, d�Û=AC (torsion strain)TS

�

TS =
1
2

α∆U

L

t

2l
, (1)

ª¥, ∆U L«¢Sÿþ���Á�Û=�)�>
Ø��, α�>Ø�� £�'~Xê, L�1´�
Ý½{\���&ÿì�ål, t �Á��þÝ, l

�Á��k��Ý.·��±|^p��[êi=
� (AD) kP¹��� �&ÿìÿþ���>Ø
� ∆U �	|�CzÌ, 2|^ (1) ªò�=�¤
Á��Û=ACÌ.

duÛ=��ÿþ°Ý�{\Ú�� �&
ÿì�ål L ¤�', Ó��²11�1r�¤�
''X, Ïd, Û=��ÿþ°Ý�±��p, Ï~
Up� 2 × 10−6 lÝ; Û=��ÿþþ§d{\Ú
�� �&ÿì�ål±9�� �&ÿì�ÿ
þ��û½, �±�âäN¢��¦?1N�, Ó
�du�Ýÿþ´��>ÿþ, 3Á�þ�±�B
/�\�«	| (§Ý|!>|!^|) 5ïÄ	
|eÁ���A1�; �k, Û=AC�ÿþL§
�~×�, ���¦?, äk¢�ÿþ5. ÏdÛ=
ACÌ·^uïÄÄåÆL§, (ÜSÑÿþUé
Ð/A^u�CÄåÆ�ïÄ.
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3 Û = A C Ì 3 µ þ c > N PMN-
32%PT ��CïÄ¥�A^

PMN-32%PT ´�«äkûÐÅ>ÍÜ5�µ
þc>Ná� [11], É�<��2�À. §��
(�?uOÓ.�.S [12,13], l¿§� 250 ◦C �
�S�±*	�ü��CL§, ®k�'©z�
� [14,15], �duùü��CL§é PMN-32%PT
�5UÚ¦^ké�K�, Ïd, éùü��C�
ïÄE,´ PMN-32%PT ïÄ¥���¡. �
©¦^�Á�´þ°7�íïÄ¤^ Bridge �
{)�� PMN-32%PT ü¬Á� [16,17], Á�º�
� 18 mm ×3 mm×1 mm, ý¡� (100) ¡.
·� ÿ þ 
 PMN-32%PT 3 , ü§L § ¥

� Û = A C Ì Ú S Ñ - � þ Ì, , ü§� Ç þ
� 1 ◦C/min, SÑÿþªÇ� 0.1, 0.2, 0.5, 2 Hz.
ÿþ(JXã 4 ¤«.

ã 4 w«
3,ü§L§¥, SÑ!�þ±9
Û=AC�§ÝCz�Ì�. ã¥�e¡��´
SÑÌ (tg δ), ¥m��´Û=ACÌ (Ts), þ¡
��´�þÌ M .

lSÑ - �þÌþ�±é�Ù/uy: l¿§
� 250 ◦C ��S, 3,§Úü§L§¥SÑ�Ñ
�3ü�¸, éA��þ��k�A�=C, ù
I�X PMN-32%PT 3ùã§Ý«�Su)ü�

=CL§. Ù¥, $§«��SÑ¸éAu!� - o
��C, p§«��SÑ¸éAuo� - á��C.
�?�Ú©Û·�uy: éAuo� - á��C�
SÑ¸/GØ½, �,l�Nþ�wÑù´��
pÝ�� 0.04 �SÑ¸ (�ã 4(c), (f)), �SÑ�
êâké�aÄ, ù¦�éù�SÑ¸�©ÛC�
(J. �´,·�éXéA�Û=ACÌ�±uy:
3 130 ◦C—150 ◦C§«, Û=AC�Ø
��4
��Ú�ãØäËÄ�¯�þ,	, ��3�
�
��ËÄ (,§�3¸�p§ýÑy (ã 4 (b)), ü
§�3¸�$§ýÑy (ã 4 (e)), =3�CL§�
Ïu)). ù�y�éÐ/)º
SÑêâØ½
��Ï; Ó�, ·�@�Û=ACÌ¥ÛAC�a
Ä5A��(u�¤&ÿ�(u��aq, §L�

 PMN-32%PT o�� - á����C´�«�u
.ê¼N�C, ÏØä�)âu5��C [18] Ú
�A�Û{":¤£. ù�éSÑÿþ(JA�
±��éÐ�½5)º: PMN-32%PT u)�u.
ê¼N�C�, Á�Øä�)âu5��C��

Û{":�aÄ, 3ÿþSÑ�z�êâ:ÑI
�æ��� 0.5—1 min ��m, 3ù��mãS"
:�¤£K�
SÑ�ÿþ°Ý. ��5¿�´,
ù
y�´0>§ÝÌ½ DSC ÿÁÑvk*	�
� [19], `²Û=ACÌÿþ�{é�C��A�
�(¯, êâ�5Æ5'SÑÌ�ûÐ.

ã 4 PMN 32 PT 3C§L§¥�SÑ - �þÚÛ=ACÌ (a) Ú (d) ©OéA,§L§Úü§L§; (b) Ú (e)� (a) � (d)
¥Û=ACÌÛÜ��ã; (c) Ú (f)� (a) � (d) ¥SÑ - �þÌÛÜ��ã
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4 ( Ø

3�Û{�Ä:þuÐ
Û=ACÌ¤, §�
±äkép�ÿþ°ÝÚ���ÿþ��, �±k

�/ÿþÁ�é	| (§Ý|!>|!^|) �Ä
åÆ�A1�, �SÑÿþ��Ü�±�Ð/ïÄ
�CÄåÆL§, ¦åÆÌ�{���Ð�A^.
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Torsion strain spectrum and its application to in
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Abstract
Torsion strain spectrum refers to the variation of the torsion strain of a specimen with external field, such as temperature, electric

and magnetic fields, which facilitates the research of its dynamic behavior. We demonstrate that a torsion strain spectrum can be
achieved in a high accuracy by making use of the conventional inverted torsion pendulum. By measuring its torsion strain spectrum of
ferroelectric relaxor PMN-32%PT, we verify that its tetragonal-cubic transformation belongs to a burst-type martensite transformation.

Keywords: torsion strain spectrum, internal friction, felectric, martensite transformation
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