
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 149101

���ÚÚÚßßßñññ���¢¢¢���555µµµþþþPPP~~~AAA���999���***ÅÅÅnnn���&&&¢¢¢*

R�k1)† Mt�2)† 4[B2) Ú!1)

1) ( ¥I�ÆEâ�Æ�¢/¥ÔnI[�	*ÿÕ, /¥Ú�m�ÆÆ�, Ü� 230026 )

2) ( ¥I�ÆEâ�Æ¥I�Æ�á�åÆ1�Ú�O­:¢�¿, Ü� 230027 )

( 2011 c 11 � 6 FÂ�; 2011 c 12 � 9 FÂ�?Uv )

A^ Metravib 9Å�©Û¤, ±�Úñ�?1�uÅ\1��ª, ©Oén«ØÓ�YÝ�"h�Ú$ìß
ñ!"hÚ[h�Úg���ßñ?1
P~¢�ïÄ, ��P~�9µþ5Æ. âd5Æ¦�§��-¹UÚ�
f�ÄªÇ, Ù-¹UÚ�f��ÄªÇ'mY�f�-¹UÚ�Ä�ªÇ$, dy�^�Úßñ¥�)�"��
fq��N�Ä'ü�½�á��f��ÄªÇ$�Ñ
)º. 3�Úñ��¬âm."�?ë�*Ñ�´�N
�f!�N9íN�f. ¿�Ñ��YÝÚÅ¢XêO�, P~rÝÚ-¹UO�, �f��ÄªÇOp, µþ�m
~��(Ø. 3�uÅAå�^e, dõ«¶Ô¬N�(
¤��Úßñ´�«õ¬!õ���N, duSÜ(�
E,!"�2Ù, �)µþP~´ÊHy�. ßñ¥�3:"�! �!¬.9Ì¬.¡�Nõ"�9"�m��
p�^Ñ�±�)µþ.P~¸. ^�Úßñ¥Ak��Ú�N9ßñSÜ(��E,5)º
�Úßñ�P~
Ån, ég,/òÙ÷*P~A���*(�;�ë3�å. �Úßñ¥��«"�!�.�¬��õ­µþ, ¦
§��µþP~¸C°, ©ÙëêO�. ù�ïÄQäknØ¿Â, �äk¢^d�.

'�c: �Úñ�, ¢�5, P~Ån, õ­µþ

PACS: 91.60.Qr, 91.60.Hg

1 Ú ó

3/�þÜ, /�ÅP~�Ì�Å�´ÛÜ6
N�6Ä [1]. P~´duñ��¢�5r/�Uþ
=z�9��«L§ [2]. 3/�P~ïÄ¥, <�
�5�a�I��Ð/
)/�UþáÂ�Ôn
L§ [1].

éõ©zÑuyP~'�Ýéñ�5�Cz
�¯a�õ. /�ÅÚå�/¥0�C/3 10−7

þ?, ù���C/UÚå��ÝCzé�, 
Ú
å�P~Cz´Å�� 5 �. ^P~ Qs/Qp �'
��«Ü©�ÚÝ'^�Ý VP/VS �'��Ð�
õ [1], ��, ^ Qs/Qp '^ VP/VS é�ÚÝuÿ
(¯Ý�p�õ. ,	, P~A5'Å�é0��
SÜ(�Cz��¯a, ù�´·�a,��S3

¤Ï�P~. P~�§Ý,p
~�, 3 20 ◦C—

100 ◦C �mP~Cz� 5 �, ù«P~~�'�
Ý~��§Ý��õ [3]. ¤±, 3Å��P~ïÄ
¥, P~é/�Å��A'Å�(¯�õ, Ïd, P
~�ïÄé/¥Ônt&äkAÏ�¿Â, ét&
/9�ð¥½U,í¥´ék¢^d��, P~
�9Y!hí;�'X�ïÄ�Ò¤
9��ï
Ä�K.

/�ñ�¢Sþ´4;.��þ!�õ�á
�. |¤ñ��¶Ô�â����¹�â¬N�"
�!�âm��>!��«!�É�, §��md
�(ÔÅ(
¤�ñ�á�. 3/¥þ, ¤k�ñ
�wå5Ð�Ñ´¹Y�, ù«õ�á�¥D�k
�«6N (�)�NÚíN), duñ�SÜ(��
E�©E,, É���m�1Ö�^�, LyÑr
����5A�, òù«ñ�¡�¢�5½Å�5
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N [4]. duñ�AÏ��*(�, éÙ�\±Ï5
1Ö�, §���5�5'XÒNy3AC¢�u
Aå��� , ¤±, ù«��5ØÓu����
�5�5á�, §��¹¢�Úµþ [4−9].

dÅÄ�§�±íÑÅDÂL§©�ü�Ü
©: �´�¢£�5Ü©, ,��¢£��5Ü©,

�ö� � 90◦. �±@�¢£´��5P~��
Ï, Ï�ÃØ´Å�DÂ�´g,.ñ�ÉåG�
�Ü©´3�5��S, ¤±ïÄ¢£��5ù�
P~´�©k¿Â� [10].

SÑ½P~EâÌ�^u�N�"��(�
�ïÄ. �ñ�¹kgd6N��, P~�6N�
ÚÝké��'X [1], 3�¹6N�ñ�¥P~�
'ZHñ�¥�P~��õ. ùL², P~Å�Ì
�û½u�Y6NÚñ��e�'X, 
Ø´û½
uñ��e�P~½6N�P~. Cc5éñ�¥
�¹��NÚå�ñ���5ïÄ�5�É�­
À, ïÄñ�¥��NÚå�µþP~�K�Qä
k]Ô5qäk¢S¿Â, -/ÆïÄö�©a,
� [11−14]. ¢�¿ïÄén)�5Å3AÏñ�¥
DÂ�ÔnÅ�´�~­��, XJ
)
ÔnÅ
�, T��nØA^Òk�â, ¿�ù«(Ü (¢�
¿ïÄ�ÔnÅ��nØ�(Ü) kÏu·�\r
n)¤�)º�y� [15].

·��(J¿�X3/��þÜ�Y6NÌ
�XP~. �Y6N�9µþÚå�P~��U�
LÅ5µþÚå�P~ [1].

3·��¢�^�e, 3Ü©�Úñ�¥ P Å
P~' S ÅP~�r, 
3���Úñ�¥�Ð
��. Mavko Ú Nur[16] �âÛÜ6Ä�.O�

3�½�n��Y/GÚpî'��S��
A
Ï�P~�, uy�.¥¤^�pî'����
Y (10−4) 3P~¥åÌ��^, =¦ù
�Y3
o�Y¥¤Ó�z©'é�, §���^%´é
��. O’Connell[17] �ïÄL², �Y�pî'A
3 10−2—10−3 �m. ¦+ù
ïÄ(Jké��
O, �wå5Ð�ý�õê�P~Ñ´dpî'�
�� 10−3—10−4 ��YÚå� [2]. �â�.¥¤
^�pî')ºù
*ÿ, w5�Ð�Å�´«m
6Ä [1], «m6Ä´' Biot .6Ä�­��/�
P~5
. �±@�: 3·�é��Úßñ¤��
¢�¥,«m6Ä´Ì��P~Å�. �,, ù�w
{��ú@�I����õ�nØó� [1]. �d

©z [16—20] �?1
µþP~�nØ�.ïÄ.

Mavko Ú Nur[16] @�, �z�^�«Ñ´Ü©�
Ú, Ó����d
�«L¡, ���È\3�«
"à½÷�«�Ý��Â �/��, �«�Ø 
¦�N6Ä�íNÓâ�«�, ÚåÅ5Uþ�Ñ,

NÈ�Ø Úåz�^�«Ø 
�)P~. Ï�
ù�nØé�*(�[!4�¯a, 3·�Ø�

)�Úñ���*(�[!�, ØU^§½þýO
P~���. l Mavko Ú Nur[16] �O�wÑ, ^ù
«Å��Ñ�Uþ���·��*ÿaq. ���
�ýO´ Qs/Qp '�Cq� 2, ù�·��*ÿ�
���.

Zinszner � [21] Ú Abeele � [11] ±9R�k
� [22,23] ÏL�þ¢�ïÄ¼�ßñÚ�nñ��
�5A� (Å�!P~) '�5A���6u�N
��3.

Vo-Thanh[24] ïÄ
�Úßñ¥6NÅÝéÅ
�P~Ú�Ý�K�. Batzle � [25] 3¢�¿ÏL
�(½p�ÌAå-AC�{��
NõÄ:5�
ñ�Ø Ú}�ÅA5�êâ, ���ÝªÑ´ñ
���þ!5!�Y6N5�9�N6Ä5�E
,¼ê. ªÑ�±��6N�«J¦^½m�^5
ÿþ'ßÇ. /�á5Ø==É��Y6N«a�
K�, �É�N3ñ�SÜ$ÄUå�K�, Ïd
½Â6N¹Ä5�'ßÇ¤�', ��NÅ5¤�
'. ÏL/���(ªã�/��ÝªÑÚ6N¹
Ä5�K�, |^��XÚ3/�AC�Ì� 10−7

�ÿþ
 5 Hz—800 kHz ��55�. æ^Aå -

AC!��Ú�(n«¢��{ÿþ
kÅÀæ
�P~Ú�þ, ¼�P~¸�§Ý,p�pª�£
Ä, �þ�§Ý,p
ü$!�ªÇOp
O��
(J. Batzle � [26] ÏL¢�¦Ñ
6N6ÝUC

Úå��ÝCz.

ñ�SÜ��[(�é§Ý!�Y6N�á
5ÚAå´�©¯a�, Ïd�´ñ���[(�
��A¦Ùäk��5Ú¢�5. ñ��[(�¥
�6Né��5�A��zAOwÍ, �´�[(
�±9�Y6NÄ¾´XÛK���5�A�, 8
c�Ø�©�Ù.·��Ì�,�3u/�U=z
�9U�Å�, 
Ø3uK�/��Ì�?ÛÙ¦
L§ [27]. �©ïÄ�P~Ø´�ñ�AÛ/�k
'�	3¤ÏP~ (Ñ�!�SõgÅ!AÛuÑ
�), 
´0��S3¤ÏP~, =�ÅÚõ�Y0
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�9Ù�Ú6N�m�p�^k'�P~. �
�
«ù
'X, Aæ^ Metravib 9Å�©Û¤é�Ú
ñ�?1�uÅ\1¢�, /P~½SÑé�Ná
�SÜ"�Ú(�A¯a�A:, ÁãlP~Ån
�¡5&¢ù�¯K.

2 ¢��{�Eâ

æ^oA$ìßñÚg���ßñ, \ó¤�
»� 9.4 mm, �Ý� 50 mm ��Î/�¬, �¬�
O��ë�©z [8]. ¢�cé�¬��YÝ!�
Ý!'ßÇ?1
ÿÁ.

¢�æ^l{IÚ?� Metravib 9Å�©Û
¤, ��å��� 450 N, ªÇ� 10−5—103 Hz,§
Ý��� –150 ◦C—600 ◦C �Ä�åÆ©Û. �¢
�Ì�ÀJåÚ £����ëê, ©O?1§
ÝÌÚªÇÌÁ�. ¢���½·1� 100 N, �
uÅÄ1Öð� 60 N, òo1Ö��3¯Ñ:±
e. ,§�Ç� 1 ◦C/min, ±dïÄ�Úñ��P
~ÚÑÑ�!�þÚ�5Å�Ýé§ÝÚªÇ�
�A. ���'°ÝXe: §Ý���­½Ý�
± 0.1 ◦C; ÑÑÏf�©EÇ� 10−5; ªÇ�©E
Ç� 0.01%; å�©EÇ� 0.000024 N; £�©E
Ç� 3 nm.

3 ¢�(J�©Û

e¡±"h�Úßñ�¢�(J5äN©Û
P~��*Ån.

ã 1�"h�Ú$ìßñ PI-10 (16.08%) �P
~§ÝÌ. dã¥ØJwÑ, �ªÇ� 5 Hz �, P~
¸¸ 3 –9 ◦C; �ªÇ� 100 Hz �, P~¸¸ 
3 28 ◦C �m; �ªÇUYJp� 200 Hz �, P~
¸¸ £� 44 ◦C; �ªÇ2Jp� 400 Hz �, P
~¸¸ �p§��£�
 60 ◦C �m. ��, "
h�Ú$ìßñØ��3²w�P~¸, 
��X
ÿþªÇ�Jp, P~¸�¸ ´�p§��£Ä
�, ÎÜ9-¹µþ5Æ.

ã 3�"h�Ú$ìßñ PII-15 (17.2%) �P
~§ÝÌ. dãØJwÑ, �ªÇ� 5 Hz �, P~¸
¸ 3 –11 ◦C; �ªÇ� 50 Hz �, P~¸¸ £
� 7 ◦C; �ªÇ� 100 Hz �, P~¸¸ 3 18 ◦C

�m; �ªÇUYJp� 200 Hz �, P~¸¸ �

p§��£�
 30 ◦C, �ªÇUYJp� 300 Hz

�, P~¸¸ £� 53 ◦C; �ªÇ2Jp� 400 Hz

�, P~¸¸ �p§��£�
 56 ◦C �m. �
�, "h�Ú$ìßñØ��3²w�P~¸, 

��XÿþªÇ�Jp, P~¸�¸ �´�p§
��£Ä�, ÎÜ9-¹µþ5Æ. dP~¸�¸
/��, �X�ÄªÇ�Jp, P~¸�rÝü$,

¸C�C°, ©ÙëêO�. ã 1 �P~¸�¸/
A��ÎÜù�5Æ.

ã 5�"h�Úg���ßñ�P~§ÝÌ.

dãØJwÑ, �ªÇ� 5 Hz �, P~¸¸ 3
–14◦C; �ªÇ� 10 Hz �, P~¸¸ £� –6 ◦C;

�ªÇUYJp� 100 Hz �, P~¸¸ �p§
��£�
 20 ◦C �m. ��, "h�Ú$ìßñ
Ø��3²w�P~¸, 
��XÿþªÇ�Jp,

P~¸�¸ ´�p§��£Ä�, ÎÜ9-¹µ
þ5Æ. Ó���w�, "h�Úg���ßñP
~¸�/�A��ã 1 Úã 3 �´aq�.

ã 7 �[h�Úg���ßñ�P~§Ý
Ì. d ã Ø J w Ñ, � ª Ç� 50 Hz �, P ~ ¸
¸ 3 50 ◦C; � ª Ç� 200 Hz �, P ~ ¸ ¸
 £� 65 ◦C; �ªÇ� 250 Hz �, P~¸¸ 
3 67 ◦C; �ªÇUYJp� 300 Hz �, P~¸¸
 £� 87 ◦C; �ªÇ2Jp� 400 Hz �, P~¸
¸ �p§��£�
 100 ◦C �m. ��, "h�
Ú$ìßñØ��3²w�P~¸, 
��Xÿþ
ªÇ�Jp, P~¸�¸ ´�p§��£Ä�,

ÎÜ9-¹µþ5Æ. lP~¸�¸/A���,

[h�Úg���ßñ�P~¸¸/A��"h
�Ú�n«ßñP~¸�¸/A�kwÍ�ØÓ.

P~¸�$§ý�þãn«�Úßñ$§ý­�
Ä��Î, p§ýP~­�� , ØL§E,ÎÜ
�ªÇOp, P~¸¸°O�!¸C��A:.

du-¹U H ´£ãµþL§���4�­
��ëê, §� τ0 (Ü�±���Nµþ��*
Ån. eµþL§´ÏL�f*Ñ5?1�, Kµ
þ�m τ Ú§Ý T �'X�Ì Arrhenius �§:

τ = τ0eH/kT , (1)

ª¥ τ0 ´ªÇÏf, H ´-¹U, k ´À�[ù~
ê, T ´ýé§Ý. T'Xr�Úñ��Å�1�
�äk�½-¹U�©f�ÝL§éXå5
, �
±ÏLù�'X¦Ñ-¹U H .
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�ACµþ´�uAå�Cz�, ò��¢�
� δ ��), â¬ÚåP~. � ωτ = 1 �, P~�
�4��, Ù ω = 2πf , d (1) ª��

2πfτ0eH/kT = 1. (2)

Ïd, �±ÏLUCªÇ��{5¦�-¹U. �
3 f1 ªÇeÿ��P~¸¸§� T1, f2 ªÇeÿ
��P~¸¸§� T2, �ªÇd f1 C� f2 �, ¸
§d T1 C� T2,

ln
(

f2

f1

)
=

H

k

(
1
T1

− 1
T2

)
, (3)

dd�[Ü�� lnf ÚµþP~¸�¸§��
ê (1000/T ) ¤��'X (�ã 2, 4, 6, 8). ã 2, 4, 6,

8 ´�ã 1, 3, 5, 7 �éA�µþP~¸�¸§�ª
Ç� Arrhenius 'X (lnf -1000/T ) ã. §��[Ü'
X©OXe:

ln f = 23.79441 − 5.81068 × 1000/T,

ln f = 25.66048 − 6.27561 × 1000/T,

ln f = 27.10532 − 6.63833 × 1000/T,

ln f = 28.34966 − 7.08432 × 1000/T, (4)

d[Ü����å�¦µþ�m τ0, ����Ç
�¦-¹U H . ¦�"h�Ú$ìßñ (16.08%)

�P~¸�-¹U H �� 0.5 eV, µþ�m τ0

�� 0.46×10−10 s Ú"h�Ú$ìßñ (�YÝ
� 17.2%) µþP~¸�-¹U H �� 0.54 eV, µ
þ�m τ0 �� 0.717×10−11 s.

±aq��{·�¦�[h�Ú���ß
ñ G-A-1 (12.84%) Ú"h�Ú���ßñ�µþ
P~¸�-¹U H ©O�� 0.61 eV Ú 0.57 eV, µ
þ�m τ0 ©O�� 0.49×10−12 Ú 0.17×10−11 s.

dã 5 � 100 Hz �¸§3 20 ◦C, ã 7 � 50 Hz

�¸§®� 20◦C, �±��, ã 7 � 100 Hz �¸§
Apu 20 ◦C, `²[h�Ú��ßñ�¸§'"
h�Ú��ßñ�¸§�p. dd(J��, [h
�Ú�g���ßñ�-¹UÑ�u"h�Ú�
g���ßñ�-¹U, �f��ÄªÇ'"h�
Úg���ßñJp, µþ�mg,'"h�Ú�
g���ßñ á. ,	����­��Ï�´[
h'"hÅ¢Xê�, ¤±[h�Ú���ßñ'
"h�Ú���ßñ�P~�� (ã 5 "h�Ú�
g���ßñ²þP~¸�� 0.13, 
ã 7 [h�
Ú���ßñ²þP~¸�� 0.25), -¹UÒ¬O

�, �f½©f��ÄªÇOp, �Ä�Ç\¯, µ
þ�mg,� á. ã 1 �"h�Ú$ìßñ��
YÝ (16.08%) 'ã 2 �"h�Ú$ìßñ��Y
Ý (17.2%) �, P~rÝ�'��YÝ�"h�Ú
$ìß�, -¹U��, �f��ÄªÇü$, µþ
�mO�.

� � � � � �� � � � � � � � � � � �� � � � ��� � � �� � � �
� � � � �� 	
 � � 
� � � � 
� � � � 
� � � � 
� � �

ã 1 "h�Ú$ìßñ P-I-10 (16.08%) �P~§ÝÌ

3.0 3.2 3.4 3.6 3.8

2

4

6

ln
f
/
(l
o
g
 H

z)

1000/T/K-1

ã 2 �ã 1 �éA�"h�Ú$ìßñ� lnf -1000/T 'X

� � � � � � � � � � � � � � � � � �� � � � ��� � � �� � � � � 	 
� � 	 
� � � 	 
� � � 	 
� � � 	 
� � � 	 
� 
 �� ��
ã 3 "h�Ú$ìßñ P-II-15 (17.2 %) �P~§ÝÌ
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3.0 3.2 3.4 3.6 3.8

2

4

6
ln
f
/
(l
o
g
 H

z)

1000/T/K-1

ã 4 �ã 3 �éA�"h�Ú$ìßñ� lnf -1000/T 'X

� � � � � � � � � � � � �� � � �� � � �� � � �� � � � � 	 
� � 	 
� � � 	 
� �
 � � �
ã 5 "h�Úg���ßñ (12.84 %) �P~§ÝÌ

ln
f
/
(l
o
g
 H

z)

3.4 3.6 3.8

1.5

2.5

3.5

4.5

1000/T/K-1

ã 6 � ã 5 � é A � " h � Ú g � � � ß ñ � lnf -

1000/T 'X

ü«"h�Ú$ìßñ�µþP~¸�-¹
U H ©O� 0.5 eV Ú 0.54 eV, �� 0.04, "h�Ú
��ßñÚ[h�Ú��ßñ�µþP~¸�-
¹U H ©O� 0.57 eV Ú 0.61 eV, ��� 0.04, ùo
«ØÓ�¹��Úßñ-¹U�kØÓ, �Ñ?3
Ó�þ?. Uã�^S, �f½©f��ÄªÇ©

O� 2.16×1010 Hz, 1.394×1011 Hz, 5.91×1011 Hz,

2.05×1012 Hz, dù
êâ©Û��, Ø[h�Ú
��ßñ	, Ù¦n«"h�Úßñ��f½©f
��ÄªÇÑ$umY�f��ÄªÇ, ék�U
´�Úñ�¥�"� (�) ��), ��"�NC
��fq�Ä, â¬Úå�f��ÄªÇü$. d
d��, 3�Úñ��"�?, ë�*Ñ�´�N
�f, �k�U´�Ú�N�f½í33�Y¥�
íN�f. d±þêâ'���, �Ó�"h�Ú
$ìßñ�YÝ��'�YÝ���f½©f�
�ÄªÇp��þ?; 
�Ó�YÝ�Ó�«g�
��ßñ�ÚØÓÅ¢Xê��N�, Å¢Xê�
�[h�Úg���ßñ'Å¢Xê��"h�
Úg���ßñ��f½©f��ÄªÇp��
þ?. lþã(JØJ�Ñ, ��Úñ���YÝ
O�, P~Ú-¹UO�, �f½©f��Äª
ÇOp, �Ä�Ý\¯, µþ�m á; ��Ú�
N�Å¢XêO�, P~Ú-¹UO�, �f½
©f��ÄªÇOp, �Ä�Ý\¯, µþ�m
� á.

ñ�´dNõ5�ØÓ�¶Ô�¬N�(

¤, 3ù«õ¬��Ná��¬N¥, �f�,Ä
�þ�½u��:NC, �é'�­½, �3�¢
� 100 ◦C ��p§Ýe, §���UÏL¤¢ “*
Ñ” ��ª3¬N��*"�¥£Ä. ¬âm.´
¬N�Ì�"�, �f�±'�N´/÷X¬âm
.*Ñ, ¤±	.��f�±'\¿©Ùu¬âm
.?, SÜ�,��f½Y,Ô  �N´8¥3
¬âm.?, ù
Ñ�±¦¬âm.äkE,�Ä
5ÚÔnåÆ5�, ¿�)�«K� [28].

� � � � � � � � � � �� � � ��� � �� � �� � �� � � � � 	 
� � � 	 
� � � 	 
� � � 	 
� � � 	 
� � � 	 
� � 
� ��
ã 7 [h�Úg���ßñ G-A-1 (12.84 %) �P~§ÝÌ
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ln
f
/
(l
o
g
 H

z)

2.7 2.9 3.1 3.3

2

4

6

1000/T/K-1

ã 8 �ã 7 éA� lnf -1000/T 'X

4 (ØÚ?Ø

3/�t&¥P~uÿU
Jøñ�SÜ�
*"��&E, 
�'Å�ÿþ�(¯Ýp�õ,

é/�Å��A'Å��¯a, Ïd, ïÄP~9
ÙÅné/¥ÔncÙ´/¥Ônt&äkAÏ
¿Â. �©éØÓ�YÝ�"h�Ú$ìßñÚ±
ØÓÅ¢Xê�[hÚ"h�Ú�g���ßñ
?1�uÅü¶\1¢�, ïÄ§��µþP~¸
£Ä�¢�5A:, &¢P~�Ån, ég,/ò
µþP~�÷*y���Úßñ��*(�;�
/ë3�å.

·�3ªÇ 5—400 Hz, §Ý�� –50 ◦C—

100 ◦C �¢�¥, ¼�
"h�Ú$ìßñÚ"h
9[h�Ú��ßñ�P~¸�¸ ��ÄªÇ
Jp�p§��£Ä�µþ5Æ, ��
�)µþ
P~¸�-¹UÚ�ÄªÇ, ¢�(J� 10 Hz ±
e���¢�¤���9µþ5Æ�Î [9], y¢

µþÅ�3/��Úñ�¥´ÊH�3�, ù�/
¥Ônt&�]�)ºÚñ�ÔnnØ�.�ï
Ä [20,21] Jø
¢�Ä:Ú#�Ån.

Ù¥"h�Ú$ìßñ�-¹UÚ�f��
ÄªÇ'mY�f�Ä�ªÇ$, ù«�¹é�
U´�Úßñ¥�)�"� (��) �) ��f
q��Ä, ù«�fq��N�Ä'ü�½�á�
�f��ÄªÇ$, ��"h�Ú$ìßñ��Ä
ªÇü$. ÙgÏ-¹U$, �¬���f�Äª
Çü$, ù�¬¦µþ�mO�, ¿�µþL§�
É¬.þ�f*Ñ���. 3ñ�ù«�Ná��

¬N¥, �f�,?u�é­½G�, ���¬?
u�é�p�§Ý�, �f�¬ÏL*Ñ3¬N¥
£Ä, 
��f'�N´÷X¬âm.ù«"�*
Ñ. Ù¢3�Úñ�¥¬âm.ÒX¶Ô�â�m
��(?, �±NB	.��fÚSÜ�,��f
½Y,Ô, ��¬âm.äkE,�5�, ¿K�
á��÷*5U. dd��, 3�Ú$ìßñÚg
���ßñ�"�?ë�÷X¬âm.*Ñ�´
�f, ��)�NÚíN�f. [h�Ú��ßñ
´n«ßñ¥-¹UÚ�f��ÄªÇ�p�, §
��ÄªÇ�?3mY�f��ÄªÇ��, ¤±
3[h�Úg���ßñ¥ë�*Ñ��´�f,

du§��ÄªÇ�p, ¤±µþ�m�á. lù
pØJ�Ñ, P~Ì��N�Úñ�SÜ��*(
�Cz, 
�z�«�*(���^ÑkÙA½
� Q−1 é§ÝÚªÇ��A. Ïd, P~ïÄ´ä
k�Æ¿Â���#+�.·�ïÄ�8�´F"
3/¥Ônt&Eâ�uÐ¥UÏ�:�å. lþ
ã(J�±wÑd�ïÄäk­���Æ¿ÂÚ
¢^�µ.

�Ó�YÝ�Ó�«��ßñ�ÚØÓÅ¢
Xê��N ([hÚ"h), duP~é�Ú�N�
Å¢5pÝ¯a, �*	�ÏÅ¢ÝCzÚå�P
~¸. [h�Å¢Xê'"h�Å¢Xê�, ¤±
[h�Ú'"h�Ú��ßñP~�, -¹U��,

�f��ÄªÇp��þ?, �A�µþ�m� 
á
��þ?; dØÓ�YÝ�$ìßñ�Ú�Ó
Å¢Xê�"h��Ó�YÝ���ßñ�ÚØ
ÓÅ¢Xê��N�¢�(J��, ��YÝÚÅ
¢XêO�, P~O�!-¹U�O�!�f��
ÄªÇJp!µþ�m á.

3�Úßñù«õ¬!õ���(�Ná�
þ, ?1 5—400 Hz ��uÅ�CAå�^�, ¬N
�â�±�p�ÞwÄ�)�â>.�µþ, Úå
µþ.P~¸. 3ßñ¥7,�3Nõ"�, X:
"�! �!¬.9Ì¬.¡��±�)µþ.
P~¸, ù
"��m��p�^��±�)µþ
.P~¸. �âµþP~¸�¸/A�(Ü�Úß
ñSÜ(�±9"�!�ú�E,5�A�©Û,

�Úñ�¥�:"�!¬.9Ì¬.¡�±9�
Ú�N�ñ��e�mÑ�±�)µþ.P~¸.

�Ï�Ú$ìßñÚ[h�Úg���ßñ¥�
�«"�!�.�¬��õ­µþ, ¦§��µþ
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P~¸C°, ©ÙëêO�.

/�Å�P~Å�Úÿþ�{Eâ�ïÄ�
?3åÚ�ã, §´ñ�ÔnïÄ�c÷�K, §
�ïÄ(J�±üØ/�]�)º¥����5,

~�Ø(½5Ï�. P~Ån�ïÄ��¢S/�

�A©ÛÚá5�üJø�â, kÏu/�]��
)º, ��nØ�.�U?ÚuÐJø
#�g´.

��, ù�5Æ5�¢�(JØ��nØ�.ïÄ
C½
¢�Ä:, �­��´ÿÐ
ñ�ÔnnØ
�.�uÐ�mÚA^cµ.
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Abstract

Attenuation experiments are performed by Metravib dynamic mechanical analyzer with sine wave loading style to study the

viscoelastic relaxation property of pump-oil saturated and glycerol saturated Pengshan sandstone and Zigong arkoses with three kinds

of porosities. Based on the thermal relaxation regularities, the activation energies and the atomic vibration frequencies of relaxation

attenuation peaks for three kinds of saturated sandstones are evaluated. The results show that activation energies and atomic vibrations

frequencies of sandstone samples are lower than those of interstitial atoms. The overall vibration behavior of atomic cluster with

defects can be used to explain why vibration frequencies are low in samples. Besides the solid atoms, the gas and liquid atoms filled

in defects contribute greatly to overall vibration of sample. Saturated sandstone, cemented by a combination of mineral crystals, is

a polycrystalline, multiphase solid with internal complex structure and widespread defects, and it easily takes on thermal relaxation

property under sine wave loading. Such flaws and defects as point defects, dislocation and grain boundary in samples and their

interaction interaction can produce relaxation attenuation peak. To explain the relaxation mechanism by saturated liquid and internal

structure of the sandstone, it is natural to relate the attenuation characteristics to its macro-meso-structure. It is notable that when

taking the defects, multiple phase boundary into consideration, a new interesting phenomenon appears, there produces multi relaxation

with broader peak and more widely distributed parameter. This investigation is helpful to study theoretical model and seismic data

interpretation.

Keywords: saturated rock, viscoelastic, attenuation mechanism, multi relaxation

PACS: 91.60.Qr, 91.60.Hg
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