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1 Ú ó

/�´�<aE¤ã�)·Úã����g
,/³, ¥IÉ/�/³��c�î­. â{I/
�t&Û (USGS) ]�, ­.{¤þkP1� 11 g
k� 10 �<±þ�/�, k 4 gu)3¥I, k
�C 140 �<, Ók�o<ê��. 3 20 ­V, ¥
Iu)Lk�Z<±þ�/� 22 g, k�� 60
�<±þ. Cc5·I�ºqu)
fA (2008
c)!�ä (2010 c) �/��, 3­.��u)

<Z (2004 c)!°/ (2010 c)!�| (2010 c)!
F� (2011 c) ��/�, E¤�­���>8¯
%. Ïd, /�Ú/�ý�ïÄ´�Æ.¡��A
O­���K. ¦+ê�c5<�?1
�þ�ó
�, ¥IÚ{!F!��Iþ�Ñ
ã�ãå, Á
�^�«�{?1/�cî&ÿÚïÄ. ,
, /
�ý�ïÄ�U¼�­�?Ð. Ä��£´, /�
ý�´é�Æ�]Ô, ´­.5�ÆJK [1]. 'u
/�ýÿïÄ!/�ïÄyG, /¥ÔnÆ[�$
�@� “�ØX_<¹�”.

DÚ/�Æ±ëY0�nØ�Ä: [2−4], Ì
��nÄu�NëY0�¥�Aå - AC'X, ±
9Å�ÅDÂ5Æ. �âÅ3�NëY0�¥D
ÂnØ, /¥ÔnÆ[3/�&ÿÚ±�ÅïÄ/
¥�E��¡, ¼�
�þkd�¤J, L²3/

�ïÄ¥^ëY0�*:?nÅ�DÂ¯K´�
(�. ,�w,�¯¢´, ñ�ÉØ»��L§�
7½ÎÜ�NAå - AC'X9�'Cz5Æ. �
´ù«@£ÚS., ¦<�3/�ïÄ¥��þ
±ëY0�*:�Ä:. ,
, ê�c5, 3k'
/�)�Úu)L§!/�cî9Ù&ÿ�¯K
þ, $^ëY0�*gK��vk¼�<�Ï"
�(J. ~X, /�cî�&ÿ, ¦+¦^
�«&
ÿ�{, Ù�
éõ/�cî*ÿ�Õ, X{I/
�Æ[ Shearer[2] 35/�ÆÚØ (Introduction to
Seismology)6�Ö¥¤`: “�Ù�!(½�!k
ÔnÅ��cîé�”. ¦$���aq: “3\|
4Zæ, ¦+2Ù
/�OÚÙ¦¤ì, �L�A
�cpvk*ÿ�?Û�/�ck�Ù�!�£
O�cî. @o, ù´��o? ��oUþù�¯<
�¯�3�/�cvkuÿ�²w�cî?”. Ù¢,
3�­.���Ñ´Xd.

�g 8 ?/�º��Uþ� 6.3 × 1016 J, �L
8c�®½ 1 c^>Uþ. ùo��Uþ�È\L
§, No�Uvk�±*ÿ�cîQ? Ø�¯¢L
², /�u)c(¢k,
É~Úcî,��3,
�ù
/�cîy��Ôn��vk��@£, é
Ø�cî&E�/�u)�éXÚ5Æ, �Ø^`
¢y/�ý�
. ±�u3ISþ���3'u/
�´Ä�±ý��-��Ø.

/�Ä¾´XÛ�)�? kvkcî? XÛ&
ÿcî¿ïá�/�u)�éX? /�´Ä�ý
ÿ? £�ù
¯K, Äk�á�Ù/�u)c��
�CzL§9ÔnÅ�. XÚu/���^åXÛ
/¤, /�)�L§�åXÛ�^, �)�ocî,
cîXÛD4!&ÿÚ©Û, u)/��^��.
/�/Cu)c�Cz´O·åÆ1�, 3ù«�
¹e, |�Ù�^Ú$Ä�Ä�Ôn�n�´ëY
0�nØí?

�©�â�/�E�Ä�A�Ú®k*ÿ¯
¢, ò/�Ú/¢���ºÝlÑ��âÔ�NX,
$^�âÔn�n, ¼�
é/��#@£. ù

@£�): Úu/���/�Eå�/¤Å�; /
�cî&E±ñ��¬¢w£ÄÚåó/ªDÂ
�.95Æ; &ÿk�/�cî&E��{�n;
/�cî&E�/�u)�m�'é. Ó�, ^�
âÔn�né�
/�¤ÏÚ±cJ±n)�e
Z/�Æy��Ñ
)º, �é/���ý�5?
1
?Ø. l
�«
^�âÔn�n�ëY0�
*g@£ù
¯K���«O, L²éu/�)�

119103-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 119103

L§�O·åÆ1�
ó, ëY0�nØØ2·^,
7L^lÑ��âÔn�n.

2 �âÔ��'A5{0

�
�B�©�¡�Øã, kò�¤?Ø¯K
�'��âÔ�A5�{�0� [5−8].

�âÔ�NX´ÊH�3�lÑ�Ô�/�,
�â�mØ�3XÓ�f½©f�m@���p
�^, 3�p�>���^´�ÞåÚ-E. ¤ï
Äé�ºÝ�u��, Ø�Ä9$Ä�K�. �â
Ô�äk����NÚ6NØÓ�AÏ$Ä5Æ,
C�õc5ÚåÔnÆ[�'5 [5−8], ¤�và�
ÔnïÄc÷��. �´�âÔ�ïÄ�#?Ð,
¦·��±^ÙïÄ/�¯K, ¿¼�#@£.

2.1 ¢¢¢www (stick-slip) £££ÄÄÄ

¢w£Ä´ÔN3	å�^e�Ñ�Þ{å
��«$Ä�ª. íåØ
KÔN·�ØÄ, 
�
íå����Ñ·�Þ{å�, ÔN�c£Ä. �
�,�ÔN½{å�qÊ¢, íå2\���½
§ÝÔNq£Ä. 3õ�ÔN�¤�NX¥, �X
íå�O�, åÚ$Ä7,±¢w£Äù«E,�
�ªD4. ÔNþ�^å9Ù$Ä�ûu·�Þ
å�Ä�Þå, ±9Ù¦ÔN�{å�K�. ¢w
£Ä3/�Æ¥¿Ø)), BK (Burridge-Knopoff)
�.Ò´ò¢w$Ä��)º/��)��«Å
� [9,10]. ·�K5`², )��^å¦ñ��¬Å
g�)¢w£Ä, òåÚ$ÄDÂÑ�, ØÓuë
Y0�åÆ¥Aå - AC�DÂ. ¢w£Ä��/
�u)Å�� BK �.�±¢w£ÄDÂcî&
E´üaØÓ�¯K.

2.2 ¤¤¤ÿÿÿÚÚÚåååóóó

�\��^åÏ�â¤ÿ
�)åó, /¤Ø
þ!��^å�ä. åÏLåóDÂ, �^å��
��u)UC. 3åóþ��âÉår, åó	�
�âÉåf, $���ØÉå, Xã 1 ¤«.

åó�Ý�ê���â±þ, ���O��N
X?n. �âÔ�¥�å±åóDÂ, ��¬UC,
ù´�âNX�ëY0��­�«O. ;.�~f
´÷ó�A [7], e3÷ó¥V\÷ , �pÝ��
÷ó�»�ü��, ÷ó.Ü�ØrØ2�V\÷
 
O�. ù´du÷ ­þ�R�Øå=z��

÷ó9�î��^å, ÏL�Þå=��ó9�e
Øå���.

ã 1 � â N X ¥ � å ó, f Ú L « å ó þ � ^ å
r [http://www.phy.duke.edu/∼bob/]

2.3 @@@ØØØ)))äää

m��âNX\Ø�NÈ (��â��YNÈ
�Ú) �Cz�ûu�â�8§Ý. é�8�âN
X\Ø�NÈ¬u))ä, ù´duØå¦�âu
)$Ä, l
Úå�âmYC�¤�. NÈ)ä�
�½§Ý�2\Ø, KNÈÂ .

2.4 AAAååå - AAACCC'''XXX

éu�þ�â|¤�É�NX, ��ìëY0
�, ^���5�þ£ãÙ^M§Ý. tâfÚ¢
âf����5�þ�©O� 10 Ú 100 MPa. �
��5�þCq�'u φ2/3τ1/3, Ù¥ φ�NÈ©
ê, τ ��\Aå [11]. dd��, �âNX���
5�þ�NÈØ ÚAåO\
C�. éu�þ�
â|¤�NX, å±åó/ªDÂ, þãAå - AC
'XØ¤á.

2.5 ���âââ666ÄÄÄ

�âÔ�6Ä1����6NØÓ, �3DÕ
6!�86Ú{ln«G� [12−15]. ���â66
þCz3F~)¹¥~���, X�Ï6!<6!
2X6�.

6Ä��{l�ÚDÕ6��86=CÑu
)6þ�âC. =C�ûu�^å!�âßÝ!±
9 d/d0 �Ï� [12−15], Ù¥ d�m�º�, d0 ��
â�». éu��XÚ, DÕ�â6�Ñ�º� d

���½§Ý�, 6þ¬â,~�, u)DÕ6 -
�86=C [15]. ?�Ú~� d, K¬/¤{lG
�, 6þ�C� 0. 3��NX, éuº��Ó�â,
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� d/d0 ���� 4 �, Ò¬Ñy{l [14]. ã 2(a)
«¿Ð©6þ Q0 �½�, 6þ Q �m�º� d

Cz'X. � d ~��, Q âC©OÑy3�.º
� dc2 Ú dc1, éADÕ6��86Ú6Ä��{l
�=C. 
� d O��, Q � d 
O�, 3 dc2 ?Ø
u)âC. � d ØC, UC�âßÝ�, 6þCz5
Æaq.

ã 2 �â6�6þ (a) ÚÄU (b) �m�º� d �Cz
'X, ã¥�ÞL« d O�Ú~��6þ� d Cz��;
(c) éA (b) ¥m�º�� d1 Ú d2 ����â6ã�

�6þCz�éA, �â6�ÄU�u)Cz,
Xã 2(b) ¤«. e��Ä d ÅìO���¹. 3�
86G�, � d â,O�, l d1 O�� d2, Xã 2(c)
¤«, KÄUUC� ∆E ≈ m(v2 − v2

0)/2, Ù¥ v0

Ú v�6ÄUCc��â�²þ�Ý, m�ë�C
z��â�þ.

3 /��/¢�¤Ú$Ä��â�.

/¥Ôn�£w�·�, /¥	Ü�/�¿
�´ë¤�N���ñ��, 
´d�¬!ä�
�¤. �¬ºÝ�� 103—104 km þ?, 3�¬

Sqkéõ��ØÓ�ä�. ä�ñ��¬º
Ý�1—102 kmØ�, /G!þÝ!|¤�Ø�Ó.
ã 3(a)�·I�ä�©Ùã [16]. ä�m�Y��
ä�Y, Ù°Ý��� cm—10 m ±þ, ã 3(b) w
«�´ä�Y. ä�YdÊèÚñ��z|¤, ´
Z�c5/�CÄ��Ô. ä�»�
/�ñ��
�ëY5Ú��5. w,, dñ��¬!ä�Úä
�Y|¤�/�, ¿�´þ!�ëYN. ñ�´�
N, �5�þé�,�ê� GPa, Éå�ÎÜ�NA
å - AC5Æ. ä�Y��´�â0�, 3	å�^
e, ä�YéN´u)/C. 3�ÉØ��5�þ
��� 10—100 MPa �m, ÉØ��5�þ�XØ
å�O�
ÅìO�, Cq�l φ2/3τ1/3 'X, $
�����ñ��5�þ���§Ý. Ïd, éu
�)ñ��¬Úä�Y�NX,��ØÓu�¬ñ
�. 3ïÄ/�)�!±9cî�)ÚDÂùaO
·åÆ1��, Ø�2ò/�ñ�����¬�N
ëY0�?n, ëY0�Aå - AC'XØ2·^.
eòù�NX���ºÝlÑ��âNX5?n,
K�^ã 4 «¿ñ�¬Úä���«|�a., x
Ú�^�Lñ¬m�ä�Y. �ñ¬Éå�, �ñ
¬/G!ÙÛÚ{åû½
�^å���ÚDÂ
��, ¥yåóDÂA�.� � � � � � � � � � � � 	 
 
 � � 	

� � 

� � �

� � � �
ã 3 (a)·I�ä�©Ùã [16]; (b) {I\³ Tejon Pass
�ä�Y
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ëY0�nØ�Û�^u/�ÅDÂÚÿþ,
¼��þkd�(J. ùéN´^Å30�¥�D
ÂA55)º: /�Å�ªÇ��� 0.1—10 Hz, ;
.DÂ�Ý�� 5 km/s, =/�ÅÅ��3 102—
105 m ��. /�ñ��¬>.�ä�Y�°Ý�
�� m �êþ?, '�ÅÅ���õ, ù«Øþ!
5Ø¬éÅ�DÂ�)���K�. Ïd, éu/
�ÅDÂÚ&ÿù��¯K, òñ¬!ä�ÚÙm
�ä�Y|¤�/�Cqw�þ!ëY0�, ^ë
Y0�nØ?n´Ün�.

 
nNn

N

ã 4 �«/�ñ��|�å���Ú��©Ù«¿, Ù
¥xÚ�^L«ä�Y, ùÚ�ÞL«°Äå, =Ú�Þ
L«ñ��¬Éå��Ú��. ñ�þ�fÚ«¿Éå�
��, �fÉå��

´Ä�ò/����«�^ëY0�²þ�
A��Cq, ~X, òñ�Úä�Y|Ü�/C�
��5/C5?nQ? Ø�±, Ï�?Û/�þ3
Û�/«u), e^���²þ��{, TT¬¿
�/�)�L§�k�cî&E, ùò3�¡�[
`². /�e¡´/¢, du"y��*	]�, é
/¢�@�´^/�Å�&ÿ�{Úíÿ
¼�
�. /¢þÝ� 3000 km, ©�þ/¢Úe/¢ü
�. �C/��þ/¢²þ�Ý�� 3.5 g/cm3, Ì
�d���p§^zñ��¤, ¥�N(¬/��
3, ¿kÛÜLK, LKÔ��Ó 1%—10%[17]. ^
/�Å�Û��{�±��/¢���þÝ!(
�Ú¤©Øþ!©Ù���ã� [2,17−20], �EØ

)Ù[�(�. �âÔnzÆ����nÚa'
¢�@�, Ù¥�N(¬Ô�3p§pØeÅÚÏ
L���A½� - ���A/¤��­½�Ô�,
X¾��!��!�0��. l9åÆ*:w, �
þLN©Ù3�¬��Ô��>./¤��©à
�´Uþ�$G�, aqpNÈ©ê�XÚ�þY
�·ÜNX. 3/¢¥, ù
��ñ�¬�ºÝ�
±�� km þ?, $���, Ù$Ä�~�ú. w,,
/¢ù«d�¬��Ô�Ú�þLN|¤�NX
�Aw��ºÝ�âNX, �llÑ��âÔ�$
Ä5Æ, �ØU^ëY0�$Ä*g�£ã.

ã 5 ¤«�/�!/¢Úä��©ÙÚ(�
/�. /�þÝéØþ!, ��/�þÝ��� 5—

10 km, �º/�þÝ²þ�� 35 km, pì!p�
/«/��þ, �þ�� 70 km[17,21]. /�Ú/¢
�.¡7½]àØ², ù®��2�@� [17,22]. /
��e¡¬¥y���ì£!p�!]/, 9/�
ä�?@Ø/¤�º$�/�, ÙåÏ§Ý���
L/L�pÝCz. /¢¥��Nñ�¬��Ú
þÝéØþ!, /G�É, Ó�/¢²þ�Ý'/
�ñ��Ýp. /�!/¢9Ù.¡�ù
Ä�
A�ò¬é/�Ú/¢m�p�^9$Ä�)­
�K�.

ã 5 /�ñ��Ú/¢©Ù«¿ã w«
/��ä
�!ä�Y, /¢¥�ñ�¬9LKñó; ���¬?\
�º�¬�e�G��±Ñ; J�éAä� �

l±þ?Ø��, /�!/¢´Øþ!lÑ�
�âNX. 
3/�Å&ÿÚïÄ¥òÙ��ëY
0��´Cq, ù«Cq¤á��Ï®3c¡`².

4 Úu/���/�Eå/¤

ÊH@�, /¢6Ä´/�u)�Ì�°Äå

 [3]. ,
, ÚuÛ�/«/���/�EåXÛ
/¤, ±cÿÃ�ß�ã�. f
/�´/�ñ�
�u)¯�»�
Úå, ù«»��)�ÄÚä�.
3,«�u)/��7�^�´�^åÈ\�v

�, ��¦T/¬»�.   

du/�Ú/¢´Øþ!�lÑNX, �/¬
/��E�ØÓ, ùû½
°Ä/¬$Ä��^å
Ú/¬$Ä¤É{å�Øþ!. 3/¢6Ä�ú

±Y/°Äe, duØþ!�^!Øþ!$ÄÚØ
þ!{å��,
/¬Éå±YO�, UþÅÚÈ
\, /¤Úu/���/�Eå. 3UþÈ\L§
¥, ÏL/¬¢w£Ä±9åó/ªDÂ. /��
���ûuÈ\Uþ�p$. åóþ°Ä/¬$Ä
��^åÚ¤É{å��, ¤�9«�-|»�U
å�r, K�È\�Uþ�p, ¬Úu�/�. Ïd,
/¢$Ä±9/¬$ÄÚ{åØþ!´Úu/�
�/�Eå��
, �\
)/��Eé@£/�
)�Ú/�u)�'­�. �
/�u)3/��
e�?, ÙÅ��f
/�ØÓ. ·�±/�Ú/
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¢��â�.�Ä:, ?ØÚuÛ�/«/���
/�Eå/¤�o«Ì�a..

4.1 ���¬¬¬>>>...ØØØþþþ!!!���^̂̂ÚÚÚ$$$ÄÄÄ������ÛÛÛ���
///¬¬¬ÉÉÉååå888¥¥¥

�¬>�´/���fÚ$Ä�¹��«�,
/¥þ�/�õêu)3ùp. Cc5<Ý� (8.5
?, 2004 c)!�| (8.8 ?, 2010 c) ÚÀF� (9.0
?, 2011 c) �/�þ´3�¬>.u)�. �¬¥
kNõä�, ù
ä��ñ��¬��!/GÚþ
Ý�Ø�Ó. ä�YÉ@Ø��/C'ñ���õ,

�Øþ!. �¬@Ø½:À�, �Ü©�^åØ
Ó, �?¤É{å�ØÓ. ~X, k<@�, 2011 c
ÀF��/��u)�U´°.ìóe�k4

�¬>., �¦�¬È\
ã�Uþ. �¬>��
�¬mä�YÉØ §ÝØÓ��Øþ!�¢w
£Ä, ù«�¬>�Øþ!w£�±?1*ÿ [23].
�´�¬>�$ÄÚ{å�Øþ!, ��Û�/�
ñ��Éå8¥, Úu/�. �^å�©ÙÚ8¥
�ûuNC/��EG¹.

4.2 ���SSSñññ������¬¬¬ØØØþþþ!!!���EEEÚÚÚ$$$ÄÄÄ������
ÛÛÛ���///¬¬¬ÉÉÉååå888¥¥¥

·I�ºu)�/�Ì�´�S�º/�,·
�­:)ºùaÚu/���/�Eå. ¥I�º
É�<Ý��¬�À�$ÄÚ�²��¬:À�
@Ø�Ó�^. GPS ÿþ���/¬$Ä�Ý¥þ
ã�Ù/w«, /��/¬�£Ä��Ú�Çk²
w��O [24−27]. ã 6��Ì;.�¥I�º¹Ä
/¬$Ä�Ý¥þã [25], �ÞL«/¬$Ä��,
¿IÑ
zc£Äþ. I�Ñ, £Äþ¿ØL«�
^å��, Ï��?�5�þØÓ, ä�Y�5�
þé$, þÝéØþ!. �^å����ûu/¬
¤É��{å, ù�ëY0�Aå - AC*gké
��O.

Ò$Ä��
ó, 3<Ý��¬$ÄíÄe,
.iÚo*/¬�À�$Ä, ©p7ÚOR�/¬
��$Ä, u�!uHÚ
�õd/¬�À$Ä,

8ÜÚ8H/¬K�H$Ä. ù«/¬$Ä��
�UC, 3DÚëY0�/�Æ¥^¤¢ “�º<
º” Ú “ /�Oþ” �b`5)º [24], ùw,´Ø
Ün�. Ù¢, ^/��¤Ú$Ä��â�., ù«
/¬£Ä���UCÒéN´n). lã 4 ¤«�
n��, �/¬�/G!©ÙÚ¤É{åû½
§

�$Ä���Cz, éuÓ��^å5
, ù«$
Äã�3����ÏS�N��.

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � � � � � � �� � � � �� � � � �� � � � �	 � � �
 � � �� � � �
ã 6 ¥I�º¹Ä/¬$Ä�Ý¥þã [25]

Ó�/¬þ��^å©ÙÚ$Ä, �ûuÙ�
��EG¹ (�)/GÚ|¤�)!¤É{å, ±9
±�/¬��^. /¬¤É��^åØþ!, �±
u)²Ä!=Ä, ½·�ØÄ. aq��^å��
Cz�3���ä�u). �^���UC, �¬
m�í@½{	, ±9ñ��¬/G�þ�E¤,
?�^å�8¥. e,?�^å��v
�, ¦�
¬�Ä½�¬�f?»�, K¬Úu/�.

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

ã 7 9�ìä��É<Ý��¬$Ä@ØÚu 2008 f
A�/� [28]

é 2008 c 5 � 12 FfA�/��ïÄ, Jø

k`Ñå�~f. Ü��� [28] Ú Shen � [29] �
ïÄþL², Üõ/¬±���Ç�À@Ø, oA
/¬Ä�vku)£Ä, /�coA/¬�9�ì
ä���m�A�vk�é$Ä, Xã 7 ¤«. �
´Üõ/¬@ØÚoA/¬�{	, ��9�ìä
��Éå8¥, Úu
fA�/�. /��äN 
�û½udä��/G!|¤!©Ù9Ù�Ù¦
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ä��p�^�Ï�.
ùa/¬$Ä��Û�/�ñ�Éå8¥�

y�, ÒXÓY¡þ�82X@�. íÄ�¬2X,
���Ù¦2X¬$ÄÚ$Ä��UC, e��{
	¬/¤åóÚ�^å8¥, ±�,
2X¬�@
»½@�Ñ5.

4.3 ÛÛÛ���///���eeeÜÜÜàààååå{{{			///¢¢¢666ÄÄÄÚÚÚååå
ÉÉÉååå888¥¥¥

c¡®²`², /¢´lÑ�NX, Ù¥ñ�
¬N��Ú/G�Ø�Ó, /��/¢�.¡]à
Ø², ¦/¢6Ä�3�?É��{åk����
«O. 3,
«�, du/��eàå, /¢6ÄÉ
�{	. ù�, �Ù�éA�/�ñ��¬7,É
�é�íå, ¿@ØÙ¦�¬, ù«íå�E¤�
^å8¥, �UÚu/�. ù�í�J±��*ÿ,
%w,´Ün�.

4.4 eee������¬¬¬½½½///¢¢¢666ÄÄÄ{{{lll - ))){{{lll===
CCCÚÚÚåååUUUþþþººº���

ù«Uþº�¬Úå¥
Ú�
/�, ò3�
¡;�?Ø.

±þo«a.�/�Eå3Û�/«8à�
u)/�þkÈ\L§, Ø/¢«��1�8cÃ
{¼�v
&E	, 3/�¥�CzK/¤�&ÿ
�/�cî&E. �´ù«L§Jø
*ÿf
/
�cî&E�Å¬, �¡ò�[©Û.

l�âÔ�$Ä5Æ��Ý5w,ÃØ´f

/��´�
/�, Ñ´�â×l¤Úå��A.
f
/�´duñ��¬$ÄÉ�{	Ú×l, È
\Uþ, u)
ñ¬ó��¥. 
�
/�K´/
¢ñ¬6É�×l, ÏL)×lº�Uþ.

þãÚu/���/�EåÅ�ØUlëY
0�*g��, �âÔ�$Ä5ÆK��Ñ'��
ß�`². 'u/¢Ô��þ�^Úå�»ì/�,
±9Ù¦XY¥�Ï��K�, ùpØ�?Ø.

5 f
/�cî&E��)!DÂÚ
&ÿ [30]

/�cî´�l/�m©)��/�u)L
§¥�)��d/�'é��«�*ÿ&E. e^
DÚëY0�*g, ò/�ñ�����¬�N5
?n, K7,�Ñ(Ø: ?Ûcî�k�Aå�C

¯ÑAå�â¬Ñy [2]. ,
, �È±5, ±d*g
�Ä:�*ÿ�� “�Ù�!(½�!kÔnÅ�
�cîé�”[2]. ù´dué/�ñ��@£�Ø
)Ú*ÿ�{ØÜ·
E¤. �kò/�ñ���
�lÑ��âNX, â�¼�é/�cî9Ù&ÿ
��(@£.

5.1 ///���cccîîî���///¤¤¤ÚÚÚÌÌÌ���AAA���

/�u)c, 7,kUþÈ\L§. ñ��¬
É�íØ�^����Ñ�ÞåÚ>.ä�Y{
å�, ¬u)¢w£Ä, @Øä�Y, qíÄe�ñ
��¬$Ä, Òù�ìg¦Ù¦ñ��¬u)£Ä.
Xc¤ã, ù«�^Ú£Ä3/�¥�½±åó/
ªD4. �Xåó�9�ñ��¬Oõ, ¤É��
�ÞåÚ{å�ØäO�, ��Uåó�à���
ñ��¬½�¹Ää�, ��,
åó¬È\é�
�^å, Ù�f?K�Uu)/�. Ïd, /�cî
�Ä�A�´UþÈ\L§�ñ��¬¢w£Ä
ÚåóDÂ, ±9/�ò�u)��
NC/�¥
�^å�±YO�, ù
/�cî&E´�±*ÿ
�. e¡·��Ññ��¬¢w £Úåó©Ù�
¢S*ÿyâ, ¢��[, ¿`²Ù��5Æ.

5.2 ñññ������¬¬¬¢¢¢www£££ÄÄÄÚÚÚåååóóó©©©ÙÙÙ���***ÿÿÿ
yyyâââ

ä�m��é £Ï~^ “UC” 5Lã. A
�5¿�´, ä�YÉ�@Ø�, ä�måÿþ�
oª³´eü. 
ä��Ä�, *ÿ��måCz
ª³K�U´eü½þ,, �ÿþ:��k'.

� â�= [31] é·I m Y à ä � � Ú Niu
� [32] é{I Parkfield Á�|�*ÿ, ¦�æ8
á�mSä�m £êâ, þuyÄ�´��ª 
£, zg £ål� µm—mm þ?, L²ñ��¬
$ÄÌ�´¢w£Ä, ½OëY£Ä. �= [31] �
uyõ�/�äkù«¢w£Äcî, /�u)�
K��. 3Ï~�¹e, ñ��¬�¢w£Ä�Ê
H*ÿ�. ã 8 ±Ñ
{IH\² Hayward ä�ê
�UCÕ�ã�m�ÿþêâ. �±wÑ, ØÓÿ
þ:þ*ÿ�ù«¢w£Ä. £ÄaC��Ø�Ó,
�¤zgaC��m�Uéá, k
K�±Yê�
©¨, $�ê��, 'Ï~ÔN�Ñ�Þ{å�¢
w £±Y�m��õ. ù´duñ��¬$ÄÉ
��«Øþ!{åÚ/C�K�, ��ä�þ¤*
ÿ¢w£Ä�E,5.
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� � � � � � � �� � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � � �	 � 
 � �	 � 
 � � � � 
 � �� � � �� � � 
 � �� � � ��
� � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � �  � � � � ! "� � � � � � � � ! "�  � � �#

� � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � � $ � � � � �	 � � � � �	 � � � � �	 � � � � �	 � � � � � � � 
 � �� $ � �� � 
 � �� � � �%� � �  � � � �� � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � �� � � � � � � � � �� � � � �� � � � �� � � � � � � � � ! "� � � � � � � ! "� � � � �&� � �  � � � �� � � � � � � � � � � � � � � � � �� � � � � � � � � �� � � � �� � � � �� � � � � � � � � ! " � � � �� � � � ! "� � � � �'

( ) * + ( * ( (, , - . ( - / ( , ( / ( * 0 ( * ( (, - / + - / ( , , , ( * , ( * ( (. - / , - / ( , ,1 0 (1 + 01 + (1 . 01 . (
2 34 56 7 8

6 9 :6 ; ;6 < = >
? @@ ? @@ ? @@

? @@
? @@A BB

ã 8 {IH\² Hayward ä�ê�UCÿþÕ�ÿþêâ p�IL«ä�>.�é £þ, î�I�ÿþFÏ
Ú�m, ÿþ:�mm�� 10 min, ÿþ°Ý�� 10 µm; �ã¥ cfw, cpp, ctm, coz ©O��ÿþÕ�Ò, A, B, C, D,
E ?���á�mm��êâ©O±u¤éA��ã¥; 3�ã¥IÑ
�
w£��ªaC±Y��mÚaCp
Ý [http://cires.colorado.edu/∼bilham/CREEPDATA/HaywardCreepmeterAccess.htm]

ä�>.� “UC” ÿþþA�*ÿ�ù«
¢w£Ä. ,
, �Ü©uL�Ø©¥, òä�>
. “UC” *ÿêâ�
��m�²þ, ¢w£Ä
���ª £��Ñ�!²
. 8c� GPS Eâ
ÿØU©Eù«�ºÝ�¢w £.

3ñ�¥J±&ÿ�Aå - AC�ëYCz,
%�&ÿ�AC��ªâC [33,34]!“��”[35,36]

Ú “fe”[37], ±9U\3�N�&Eþ��a
C [4,38], þ´ñ��¬�¢w£Ä�yâ. ¢w£
ÄÚå�ñ�¥ØÓ/ªAå½ACaC�/�
Ú�Ïò3�¡?Ø.

GPS ÿþ�����/¬$Ä�ÇÚ��©
Ù, �/¬£ÄþØ�Ó, ¿k��UC, k
/¬
KÄ�Øu)£Ä, ù
�lã 6 Úã 7 wÑ, c
¡��
`². �, GPS ÿþ�Ñ�´�/�?
$Ä��Ú\È£Äþ, �Ä�L²
ñ��¬å

óDÂÚ©Ù�A�.
,��¡, ¢S*ÿ��k
�/��cî&

E�±DÂé�, � 103 km þ?, Xè�â�¥A
Cÿþ [39]!/eY *ÿ [4,38] 9ñ�¥�AC
��*ÿ [36] �. ù
/�cî&EØ�U´�¬
ñ�¥�AåÚAC�DÂ, Ï�ñ���5�þ
é�, �Aå τ �ål r �'X´ τ ∝ r−1, ñ�¥
AåÚACØ�UDÂé�ål. /�cî&E�
U´±ñ��¬¢w £Úåó/ªDÂ, ÅÚD
Â�é�ål. òñ��¬w��â, 103 km þ?
ØL=´�����â
®.

þ¡�Þ�*ÿ¯¢Ú©ÛL², ñ��¬$
Ä�Ì�/ª´¢w£Ä, /¬£ÄÎÜ�âÔ�
åóDÂÚ©Ù���A�. ¢w£Ä�ÊH�3
L², ��ñ��¬¤É��Þ{å¿Ø�, �¡
�ò`².

119103-8



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 119103� � � � �
I

� � � � � � 	 � � 	 � 
 � � 
 � � � � � � � � � � � � �
II

ã 9 ¬N3²�þ¢w£Ä�¢�Ù�

¿Ø´`ñ��¬¢w£ÄÒ�½´/�c
î, �k3	åÚ{å�^e, ÏLñ��¬¢w
£ÄÚØ ä�YÅìÈ\Uþ, ¿/¤åó. �
åóþUþÈ\��½§Ý±�, åó©ÙÚDÂ
�&Eâ´/�cî, ù´e¡ò�[?Ø�¯K.

5.3 ¢¢¢www£££ÄÄÄÚÚÚåååóóóDDDÂÂÂ������[[[¢¢¢��� [30]

�
¼�éñ��¬¢w£ÚåóDÂ5Æ
�@£,·�±���.?1åóþ¢w£Ä!å
�©Ù9DÂ�¢�Ú©Û.

ò�|±��ë��7á¬N�3²�þ,
Xã 9 ¤«. a'¢Sñ��¬Úä�Y|¤�
NX, ���Lä�Y. �¬N����5å©O
± ki∆xi L«, ki ��5Xê, ∆xi �/Cþ, ¬N
¤Ée²���Þå� Fif .

D a ì I Ú II © O ÿ þ A Ú B þ ¤ É �
å, (JXã 10(a) ¤«. A ¤É�å� FA =
FAf + kA∆xA. A £Ä�Ø ���å�\3 B
þ, �^å� FB = kA∆xA ¥y��.üNþ
,, Xã 10(c) ¤«. � kA∆xA = FBf �, B m
© ¢ w £ Ä. d u A Ú B þ � u ) ¢ w £ Ä,
FB = FBf + kB∆xB − kAδxA ª¥ −kAδxA � B
£Ä�c¡��tµ�K�. kB∆xB − kAδxA �
±��!K½". Ïd, B ¤Éå¥yE,Cz,
X 10(d) ¤«, � B ØÄ�å¥��.üNþ,k
²wØÓ. Ó���o´ FA > FB.

A Ú B ¬N £�Ùmå�Czdã 10(b) «
Ñ, L²må�¥yÑE,Cz, ù�`²ã 8 ¥
¢w£Ä���üNCz��Ï.

éuXã 9 ¤« n �¬N|¤�NX, ¤k
Ù¦¬NþÉå��¹aqþã B ¤É�^å
�Cz5Æ. 1 i �¬N�½ØÄ�Éå� Fi =
ki−1∆xi−1, �¢w£Ä¥y��.üNþ,, X
ã 10(c) ¤«. � ki−1∆xi−1 > Ff i �, 1 i �¬N
u)£Ä, �^å� Fi = Ff i + ki∆xi − ki−1δxi−1,
¥yE,���Cz, ù´Ï�Ùc�¬Nþ�

u)£Ä¤�, X 10(d) ¤«. |^ù«�^åC
z�A��±�½¬N��4ÙC�¬N´Äu
)£Ä.

5.4 ///���cccîîîDDDÂÂÂ555ÆÆÆ

¢S/�ñ��¬�¢w£ÄÚåDÂ7
, � l þ ã ¢ � a q 5 Æ. ò ñ � � ¬ É � �
� � � Þ å Ú � � { å © O ^ Ff Ú Fr L «.
� k 3 1 i − 1 ñ � ¬ N m © u ) £ Ä � 1 i

�ñ�¬NâÉå, £ÄÚå�{åCzOþ
� ∆Fr(i−1). 1 i �ñ�¬Nþ��^å, 3§
�u)£Ä�� Fi ≈ ∆Fr(i−1), ®u)£Ä�
� Fi ≈ Ff i + ∆Fr i − δFr(i−1), Ù¥ −δFr(i−1) �
dñ¬£Ä�c¡ä�Ytµ�K�. ùü«�¹
�A�©OXã 11(a) Ú 11(b) ¤«. ¤k Fi þ¥
y�ñ¬£ÄÚä�Y�Ø 
O��ª³. 

�, o´k Fi−1 > Fi. Ïd, ��ñ¬©O�U¢
w£Ä�, �ñ¬þ�å7,Åg~�. ã 11(a)
«¿÷Xñ�¬N|¤�åóþ,�]�å�©
Ù, ùpb½Ó�ñ¬þ�¤Éå©Ùþ! (¢
SþØþ!). Ù¥1 n �ñ¬Ø£Ä, ¤Éc�
íå Fn ≈ ∆Fr(n−1), �Ùc¡�ä�Y�Ø 

¥yüN��ªþ,ª³. 1 n �ñ¬�«�
ØÉå.

e1 n �ñ¬£½ØÄ, c¡l j � n − 1 ñ
¬m�ä�Y�ÅìØ , §���5�þO��
�ñ��5�þ���, j � n − 1 �ñ¬ò|Ü
¤�N�ÓÚ¢w£Ä. ù
ñ¬þ��^åÑé
�,�

F ≈
n−1∑
i=j

Ffi + ∆Fr(n−1) − δFr(j−1).

eCq@��¬Nþ�å�Ó, ^ã 11(b) «¿. Ù
¥ ∆Fr(n−1) �ù
ñ¬�N¢w£Ä��^å�
Oþ, =1 n − 1 �ñ¬�¡ä�Y{å��^,
δFr(j−1) ��N¢w£Ä� j ñ¬cä�Ytµ�
K�. F �A¥yÑXã 10(d) ¤«E,��Cz
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�A:. 1 n �ñ¬þ¤Éíå� Fn ≈ ∆Fr(n−1),
�Ùc¡�ä�Y�Ø 
ØäO�, LyÑ 10(c)
¤«üN��ªþ,ª³. n ñ¬���ñ¬þK
ØÉå.

lþ¡©Û��, 3�ñ¬©O�U¢w£Ä
�¹, c¡�ñ¬É��^å�, Ù�ñ¬Éå�
g~�. ����¡,��{åñ¬
Ø´£Ä½

£½�, c¡¤kñ¬�¢w£Ä�ÅÚÈ\, ¤
É{åØäO�, £½ñ¬þ�^å�Ùcä�Y
�Ø 
O�. 3þãñ¬Éå©Ù�©Û¥, �
Ñ
ñ¬·�Ú£Ä�Éå��O, Ï�·�ÞÚ
Ä�Þ��O'ñ¬oÉå��õ. 3¢S*ÿ¥,
Xã 10(d) �ã¤«ñ�¥�Aå����´·�
ÞÚÄ�Þ��OÚå.

� � � � � �
� � �� � �

� � �	 
� 	 � � 
 � � � � � 
 � ��

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

	 � �� � � � � � � ! " � � " � � �  � #  � � � �    � � # $ � �� # � "
ã 10 (a) A Ú B ¬Nþ��^å; (b) A Ú B ¬N £�ÙmålCz; (c) ã 10(a) ¥J�µ 1 ���ã, �ã�ñ
�¥&ÿ� 1987 c 1 � 24 F#õ¿� 6.4 ?/��cîAC�� [33]; (d) ã 10(a) ¥J�µ 2 ���ã, �ã�ñ
�¥&ÿ� 2008 c«A 8 ?/�c�AC�� [35]

� � � � � �� � � � � ��� � �� � � � ��� � �	
ã 11 (a) �ñ¬©O¢w£Ä�, ,�]��ñ��¬þå�©Ù; (b) 1 n ñ¬£½, c�ñ¬|ÜÓÚ
¢w£Ä��^å©Ù. ã¥J��Þ«¿�^åO�ª³
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y3^ã 11(a) 5©Û�ñ¬m©ÉåÚ£Ä
��m. e�ñ¬þ^S£Ä, l1 1 ñ¬m©£
ÄåÅgDÂ, K1 n �ñ¬m©Éå��m�

tn(F ) ≈
n−1∑

i

∆ti − ∆tn−1 + tad,

m©£Ä��m�

tn(S) ≈
n−1∑

i

∆ti + tad,

Ù¥ ∆ti�1 i �ñ¬ £òY�m, tad�N\�
m. 3¢SL§¥, duñ¬��ØÓ, ¤É��Þ
åÚ{åþk�O, ¿�¤kñ¬þ^S£Ä. 3
,�ñ¬£Ä6Ê�, c¡�
ñ¬m�ä�Y�
�U?�Ú�Ø , ñ¬u)�é£Ä, ��K�
�1 n �ñ¬. d�¹e�^åÚ£ÄDÂ�mò
´1�E,, ã 8 ¥¢w£Ä��m�±±Yê�
�½��, ØÓu·�^7á¬Ú��¢��¢w
£Ä, Ò´~f. ·�6Ø�ÄN\�m�äN�
¹, �^ tad L«�U�N\�m. 1�ñ¬m©É
å¿£Ä�, &EDÂ�ØÓålñ¬��mØÓ,
���ålñ¬¤^��m��, Ó�ñ��¬�
��?�£ÄÄ�Ó�u).

3©Ûc¡��ñ�óÉå!£ÄÚD4L
§�Ä:þ, 25w��/�ñ��þå�©ÙÚ
DÂ. ���ñ¬É�/�Eå�^, Ù/GÚÙ
¦ñ¬�ÙÛû½
/�cî&EXÛ�)ÚD
Â. ~Xã 4 ¤«��«|�a., /¤ü�©|
åóD4. åóþ��^å�, �Cåó>.�ñ
¬�¬É}��^, 
Ù¦Ø3åó9ÙNC�ñ
�¬KÉåé�½ØÉå. ñ��¬Éíå�, Ï
L@Øä�Y, ìg¦Ù§ñ��¬u)£Ä. ã 4
mþ�IP� N �´�¡Èñ¬, ¦dåóÉ��
{å, $�£½ØÄ, ��m�åóÈ\�å'�
��ñ�óÉå��õ, 
���mØäO�. ù
«�¹e, ä�½�Äé�Uu)3dñ�ó��
fÜ©.

3±þ�[¢�Ú?Ø¥��9�¬NÉå
@Øä�Y��¹. ¢SL§�¬k¬N�Äu),
ä�Y�)}�/C, 3*ÿ¥�±«©, Ø2�
[`².

5.5 ///���cccîîî&&&EEE���&&&ÿÿÿ

/�cî&E�&ÿÄk´�*ÿÚ�½È
\Uþ�åó9ÙG�, Ï~¤U*ÿ��É~C

z��Ñk^]�. ñ¬�¢w£Ä!åó©Ù!
ñ¬£½9|Ü!ñ¬¥å�È\�þ�ÏL�
�½m�*ÿ¼�, �¤k�cî&E. �
�/
��cî&E�DÂé�, DÂ�m�±Yê�½
��. ��&ÿ:v
õ, ä�>.�é £ (“U
C “)[31] ÿþ!è�â�¥ACÿþ [39], /eY 
*ÿ�þ�U�Ññ¬�¢w£ÄÚ£½!åó
©Ù�&E, Ó��Ñ&EDÂ�mgS. X, /�
c*ÿ��/eY É~d	���¥=£�y
� [4] Ò´cî�mgS�Ly. ñ�¥Aå - A
C��*ÿ [33−37] �£Oñ¬´¢w£Ä�´£
½. e*ÿ��üNþ,���, �AC���C
zé�, X�u 10−6, KL«ñ¬E,¢w£Ä, 3
dñ¬�c�åóþ6�Ø¬u)/�. e*ÿ�
üNþ,��� [33], L²dñ¬®£½ØÄ. �A
å��±YO��v
p�, K3NCñ¬«�ò
�Uu)/�. ñ¬ÉØ�^åé�Ú=òu)/
� (»�½�Ä) �, AO´�/�, Ø�*ÿñ¬
Aå - ACüNþ,���	, �¬�)Ù¦g)
�A�cîy�, X>^!>lÚg(Å�. l

éu)/���U5?1�ä.

^a|Å [40]!/>!>^!­å� [4,38] &
ÿ�{��±¼�k^�cî&E�©ÙÚCz,
ù
&E�ûu/��Ø �§Ý. �åó«�*
ÿØ�cî&E, ù
«�Ø¬u)/�.

cî&E&ÿæ8êâþL±¦þá��m
m�, X±¦½©¨�P¹�Ð, ��ØATòê
â�U±þ�²þ��. ekv
õ�&ÿ:, Ò
�±¼�cî���?�=�&Ò, �)� !«
�!�m!Cz�������&E, ¿�«©Ø
Ócî�5
.

*ÿ�ñ¬�¢w£Ä¿�Ò´/�cî&
E, �/�cî&E7½±¢w£ÄÚåó/ªD
Â, ��â±þ¤ã�nÜ*ÿ(J, �½åó�
/¤!©ÙÚUþÈ\�¹.

5.6 ///���cccîîî���///���uuu)))���'''ééé

/�)��/�u)��Ü$ÄL§�): �
/�Eåéñ¬�Ð©�^!ñ¬�¢w£Ä!
ñ¬åó©ÙÚD4!ñ¬£½9|Ü!ñ¬�
ä�½�Ä (=/�u)). ®k��þ&ÿ¯¢`
², ù
L§�Ü©�±��½m�/&ÿ�, /
¤k�cî&E. '�´&ÿÚ(½ñ¬¢w£Ä
Úñ¬åóþUþ�È\L§, ^c¡¤ã�n
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Ú�{�±�½. Ì�A�Ú&ÿ�:´: cî&
EåóDÂ, 7,©ÙØþ!, �/cî&E�O
é�; �
�/��cî&E�3 103 km ��^
ØÓ�{&ÿ�; ä�>. “UC” ÿþ���a
Cª�é £, =�ñ¬�¢w£Ä; 3ñ�¥J
±&ÿ��¯Ñ�A�Aå - ACCz, %�&ÿ
� “��”, ��ä¢w£Ä!åó©Ù!ñ¬|Ü
£Ä9£½; /eY þ,½eüL²/�É@Ø
Úñ¬¢w£Ä; è�â�¥&ÿñ�¬£ÄÚä
�YØ Úå�è�/C; a|Å!/>����
NÉØ/��Ý½�5�þ�Cz. eU�áX�
&ÿ:, �â¤JÑ�n, K�¼�k��/�c
î&E. ¡��k�cî&E, ´du¤kù
/
�cî&Eþk²(�ÔnÅ�, U
^®k�{
?1&ÿ¼�ÙCz5Æ, ¿��/�)��u)
L§ïáéX. �k�
Ù¦cî,�Ú�UuÐ
�&ÿ�{ÿI?�ÚïÄÚ@£. äN&ÿL§
¥, �¡Ýº]�Ú?1©Û�©7�, e¡�{
�`².   

�åóþ�ñ¬�©Ou)¢w£Ä�, ñ¬
��Éå��Ø�, Ï�ñ¬¤É�Þå��, Ù
�Ïò3�¡`². ,
, �Xu)¢w£Äñ¬
�Oõ, åóØä�Ð, åócÜ�ñ¬þÉåÅ
ÚO�, åóþ�ñ¬þå�©ÙXã 11(a) ¤«,
lc��Åg~�. eñ¬��9�¡ñ¬þu)
¢w£Ä, dñ¬¤*ÿ����¬LyÑE,/
ª, aqã 10(d) ¤«. �ÿþ��ñ¬¥��.A
C!fe½�N�&EÆC�, zg��ACþ�
� 10−8—10−7 [34−37], ���u 10−2 �íØ�A
åCz. ������*ÿ:¤? �!�¬£Ä
�¹9ÛÜ�¸k', �N
·�ÞåÚÄ�Þå
«O, ±9¤É{å�Cz.

eñ¬®²£½, �UÈ\é��^å, c�
ñ¬�¢w£ÄØ ä�Y¦3dñ¬¥�ÿþ
�üNþ,���ªAC, ù�NCé�Uòu)
/�. ö½�� [33] é#õ¿� 6.4 ?/�cîA
C�*ÿ´��;.�~f, Xã 10(c) ¥�ã¤
«. ¦��ñ�AC&ÿ:å�¥ 24 km, l/�
c 105 Um©u)��.üNACaC, \ÈAC
þ�� 10−4, ��c� 60 USÄ�Ø2O�, 1987
c 1 � 24 FBu)
¿� 6.4 ?/�. eT*ÿ¯
~U�Ñ��ñ¬«��&ÿêâ, KØ=�(½
dñ¬��Øu)¢w£Ä, ���äÙ¦ñ¬�
£ÄÚÉå©Ù, ¼�����cî&E.  

l�ñ¬ÉåÚÄ���m©Û��, 3°Ä

å±Y�^e, ñ¬m©Éå¿£Ä�, &EDÂ
�ØÓål&ÿ:��mØÓ. du�ñ¬zg¢
w £�õê� 10−6—10−3 m ��, zg¢w 
£qkØ���mm�. ÏLñ¬¢w £!ä�
YØ , �Ú�ÚØþ!/Åg��D4, �¬k
Ù¦E,N\ò´. Ïd, /�cî&EÈ\ÚD
Â��&ÿ:��m�±�ê�, $�êc. ��
5`, ���ål¤^��m��. éw,, du/
�G¹�E,5, ±9åó©ÙÚDÂA�, 3Ø
Ó/:½ØÓ�m*ÿ�cî&E���Ú/�
��Ø¬�Ó.

GPS ÿþ�±�Ñ/�£Ä�����Ú£
Äþ, ¿ØL«Aå - ACý¢'X, ØU^uÃX
UþÈ\����, 8c�©EÇ�Øv±�Ñ/
�cî&E. XÛ«©åóÚ¢w£Äcî� GPS
*ÿ���/£Ä��µ, ±9«©ØÓ/�Úå
�cî&E, ´��5¿�¯K. ÏLév
õ&
ÿ]�Ú/�(���¡©Û, A´�±(½�.

^õ«/�cî*ÿ�{��Ü, ÏLnÜ©
ÛØÓ&ÿ:æ8��êâ, �¼�ñ¬Éå - £
Ä - ä�Y/C, ±9åó/¤ÚC[�©ÙÚ�
m�L§, =�¼�/�)��u)�'����
&E. ù
*ÿéýÿ/�u)�«�Ú�mk­
�d�.

6 ¥
Ú�
/��¤Ï

�
�Ý� 102 km þ?��
/�¤Ï´�
Ï±5(¾/�Æ[�¯K [2,41,42]. ��Údv�
/¢«��ñ��¬Ïp§
^z, Ø��U�f

/�@�Ïñ�ä�
�). ¦+<�QJÑA
«ØÓb`, Áã)ºÙÔnÅ�, þÏ"y�&
��â
���ÊH@� [2,41,42].   
·�@�, due�ñ��Ú/¢þ��ºÝ

lÑ�â�Ô�, e��ñ��¬$ÄL§¥�U
u)×l - )×l=C [12,13], ù«=C�UþC
z´Úu�
/���
.   

e��¬�� 102 km þ?�?, ñ��¬>
��úLz, LzÜ©�'~�e��Ý
O�,
�ñ��¬��U©�¤��ñ¬. ù
3dv«
��e�ñ��¬, ±9±��/¢¥�ñ�¬,
��ØÓ, /G�É, ºÝ���± km O, Aw�
�ºÝ�âÔ�NX. §��ú$Ä, ?u�86
G�. §�$ÄL§¥�U��,
��æNÔ,
X/�ñ��e�ò�N!�ºÝ�Nñ¬½�
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8ñ¬ì�. ¦e�ñ��,
Ü©u){l, 6
�~$, =Ï~¤ã�´¶�A. ù«É{�;.
G�Xã 12 ¤«, Ù¥ A Ú B L«{	Ô, d�/
¤×l�Ï��m�°Ý.

A

B

d

ã 12 e�ñ��¬6ÄÉ{G�«¿, Ù¥ A Ú B L
«{	ñ�¬

��m�í£, du���íåØäÈ\, ñ
��¬LzÜ©ØäOõ, ñ¬©�, ½^z!�
C9zÆL§��Ï, ¦�{lñ¬ºÝ~�½m
� d â,C�, ù
Czþ�÷v{l��6Ä�
=C^� [12−15]. ÒXÓY�6â»"�, 6þâ
,C�, ÚåUþ�â,º�. lã 2 �wÑ, 3L
«6þUC� A-B-D ­�þ, d â,C�, d d1 â
,C� d2, ��6þ�â,O�, Úå$ÄUþ�
O�� ∆E. �Ä�¢Se��ñ��¬$Ä�~
�ú, �{l�7½ v0 �Cu 0. =C�UþUC
�Cq^ ∆E ≈ mv2/2 L«. ·�Þ~5�Oñ
��¬ÄU�Cz. � d = 30 km, ñ¬þÝ 10 km,
)×l�6Ä�ñ���Ý� 10 km, Ù¥LzÜ
©� 10%. ñ��Ý� 3000 kg/m3, )×l�6Ä
�Ý� v = 1 m/s, =��u<�Ú1�Ý. K�
� ∆E = 4.5 × 1015 J, ù�Uþº�®�Úu�
g 7.2 ?�
/� (7 ?/�Uþ� 2 × 1015 J). d
d��, �){lñ¬�NÈ, 9Ù){l�6Ä
�Ý�û½
º�Uþ���, =û½
�
/�
��?. Xc®²`²��â6@�, ��âßÝ
~�, ½�âº�~�, ½m�º�O�, ½�^å
O�, ×l - )×l=Cþ�u) [12−15]. bX)
{lñ¬�¡Èé�, ½6Ä�ÝUCé�½éú,
Kù
6Ä��Cz�U/¤�/�, ½ú/�.

/���u)3vk���¬�/¢«�. d
u/¢��ºÝlÑ�â�Ô�, 3/�e?u�
ú�86G�. É�/�ò�N, ±9Ù¦�Nñ
¬{	, �¬u)×l - )×l=C. ù
/��±
u)3l/��C�/¢«�, ��¡�¥
/�.

c®�Ñ, ��÷v=C^�, =�Uu)×
l - )×l=C. ù«=C��ÝÃ', �´3é
�?, X�L 1000 km �, ñ�LzÜ©Oõ, =ñ
�¬ßÝC$, 2J±/¤×l
. ×l - )×l
=CL§�)���ñ¬6Ä, ù«6Ä�3�C
�^, 7,��&ÿ��CÅ. 
u�â6Ä×l -
)×l=C�/�Å�, �/�â,ä��Úu�
f
/�Å�éØÓ. ­#ïá×lI����m
È\, Ïd¥
Ú�
/�  é�*ÿ�k{
�. ,��¡, ù«×l - )×l=CX�Ï6�
�, ÙÚO5�äk�g5Æ, =�
/��7,
�l Gutenberg-Richter ½Æ.

7 /�Æ¥eZy��)ºÚ?Ø

�
/�Æ�;Í [2−4], ±9®uL�k'/
���þØ©¥, þJÑ
Ø�J±)º�/�Æ
*ÿy�Ú¦¯. e^�âÔ�$Ä5ÆÚ·�c
¡JÑ�*g, ù
¯KK´un). c©¥®k
�
?Ø, e¡ÒeZÌ�y���)Ån�{�
�ã.

7.1 ///���cccîîî���ñññ���»»»���ÅÅÅ���ØØØ������

<�~±ñ�\Ø¢�9Ù»�L§�Ä:,
í2�/��/CÚ»�, ��/�)�Úu)�
Ä�Ôn�ª [2−4], ¿JÑ
õ«b`½�.. �
âëY0�*:, /�cñ�¥7,kAå - AC
�È\, A�*ÿ�aq�NØ /C!¯Ñ�C
z­�, /�u)�Aå - ACK¬��º�. Ø
�<ÁãÏé�ñ�»�L§�A�/�cî&
E, *ÿ(J%ØUX�. ¢S*ÿuy, /�c
î¿��lñ��AåÚACDÂ5Æ, �ñ�
»�Å�Ø��, vk&ÿ��¯Ñ�A�cîy
�, /�AåÓ�Czé� [32,35], %�*ÿ� “�
�”[33,37].

�â�âÔn�n, cî&EÌ�±ñ¬¢w
£Ä!ä�YØ ½}�/CÚåó�ªD4,Ã
Ø´ÙÌ�Ú�ÝþØéA�NAå - AC'X.
Ó�, å!/�!�¸ÑØþ!, DÂ´»Úµþ
1��Ø��, Ó��^å¬3ØÓ�����)
ØÓ��J. Ïd, /�cî&E�ñ�»�Å�
7,Ø��, Ó�/��cî3�?&ÿ�(J¬
k²w�«O.  

ñ ¬ ¢ w £ Ä Ê H � 3 L ², ñ � � ¬ �
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/¢m�Þå'�Nm��Þå��õ. ·�
k^~fl�¡5`²ñ¬£Ä�É���Þ
å Ø �. b e ñ � � ¬ � / ¢ � m u ) a q �
N m � � Þ � ^, � � Þ X ê� 0.2, é u ¡ È
� 100 km × 100 km!þÝ� 10 km �ñ��¬,
e�Ù�Ý� 2.75 × 103 kg/m3, K¤��Ñ��
Þå� 5.5 × 1017 N, =3ñ��¬à¡É��²
þAå�� 0.55 GPa. Xd��Aå®�Lñ�|
Ø4� (� 0.1 GPa [3]), ñ¬à¡?ò�@�. ñ�
�¬�/¢m�Þ{å���U�Ï´: ��¡,
/¢��Ý'ñ����Ý�, 6Ä5��r, 3
/�Ú/¢m�U�3$�ÞXê>., ù´d
u/�Ú/¢�Ï�é$ÄE¤�; ,��¡, d
u­å�^, /�eÜØrép, X 10 km �?�
� 0.3 GPa, �Lñ�¯ÑrÝ, �U��}�rÝ
��ü$, /¤´uw£�}��, ±�ñ¬£Ä
�É{å�. 3±þ?Ø¥·��Ñ
ñ��¬>
.��Þ{å, Ï�>.ä�Y�Þ{å�é��.
3¢SL§¥, ��U´/¢6ÄíÄñ��¬$
Ä. 3ù«�¹e, ´ñ��¬>.��Þ{å�
�ñ¬�)¢w£Ä.ÃØ´@�«�ÏÚåñ�
�¬¢w£Ä, þ`²ñ����AåØ¬é�.
'uñ¬£Ä{å�äN�¹E´AT�\ïÄ
�¯K.  

3åñ�»�:��?, ñ�¥Aå½AC�
�~� r �, ñ�¥Ø��U*ÿ��²w�Aå
½AC�ëYCzy�. ñ¬��¢w£Ä�, �
*ÿ�SÜ�AC “��”, Ì�5g·�ÞÚÄ�
Þå�O��z, ACþ��� 10−9—10−7 [35,36],
�� 10−2 ��íØþ?, ��uñ�¥�N�A
Cþ. 3å�
�C?, K�*ÿ�SÜk���
üNþ, “��” Aåcî, ù´ñ¬��£½Ø
Ä, c�Ù¦ñ¬¢w£Ä¤Úå. 1987 c¿� 6.4
?/�å�¥ 24 km ñ�¥AC*ÿJø
éÐ
�~f [33]. ¦�*ÿ�AC��.aC\È�
� 10−4, =ñ�¥Aå�� 5 MPa, E�$uñ�
�|ØrÝ. �â�¬AC “��” �ØÓA�, �
±�O�¬?u “£Ä” G�½ “£½” G�, ±9
åó¥dñ¬NCñ¬�¹ÄG¹.   

/��EG�û½
ñ�Aå©ÙéØþ!.

�, /�~~´ä��Ä, ½ö´Û�ñ�»�,
�k3»�ñ�?é�«�â�*ÿ�ép�A
å, �^¯ÑrÝLã. ùÒ´��o¢S*ÿ�

�ñ�Aå  'ñ�»�¢��$�õ��Ï.
Ïd, /�cî�)ÚDÂ��Ø�lñ��A
å - AC'X.

7.2 äää���>>>...������ééé   £££ÚÚÚaaaCCC

ä�>.ål�éCz, Ï~¡� “UC”, e
±�á�mm�ÿþ, �*ÿ�ä�ü>ål��
maCªO�½~�. 3c¡�Þ�©zÚã 8 ¥
�ÿþêâþéAù«ù«aCªCz, ã 10(b)
K�Ñ
�[¢�(J. ù
�´ñ��¬¢w£
ÄÚä�YÉ�AØ �Ly. ¢w£ÄaCªO
�½~�´�Au�Þå�^, 
ëY£ÄK´ä
�YÉØ Úå. �J�Ü©�®k*ÿ¥, ÿþ
��mm��, ¿?1
��m²þ, vk�Ñù
aaCª £&E. 

ä�>.�aCª £ÿþé/�cî&ÿ
é­�, A�©'5. “UC” ù�Vg5
u�N
á�5�, �Aå�±ØC^�e, AC��m

Cz�y�, w,ØU�N¤ÿþ��ý¢�¹,
Aò “UC” ÿþUã� “¢w£Ä” ÿþ.

7.3 cccîîî&&&EEEDDDÂÂÂééé���, ©©©ÙÙÙØØØþþþ!!!

lè�â�!/eY !ñ�ACÚ/>�
�*ÿ��, �
�/�cî&E�DÂ 103 km
þ? [4,36,39,43−45], ù´åóDÂ�7,(J. òñ
��¬���â, ����ñ��¬�¤�åóº
Ý=�� 103 km þ?. åó	�«�Ø¬k²w
�cî&E, Ïd, cî&E©Ù�½Øþ!. ,
,
ÏL*ÿcî&E�Øþ!©ÙÚ�m�O, %�
¼��¬åó©Ù±9$ÄDÂ�mgS�k^
&E. I�`², /�¬3åó,?u),·�¤`
cî&EDÂé�, ´�åóDÂ��, ù«Uþ
È\L§�&E3/�u)c�*ÿ�. éu�/
�, 3l�
é�?¯k=�¼�cî&E.

7.4 ���ºººÝÝÝ///���$$$ÄÄÄ

� 
 * ÿ L ², � u ) � º Ý � ¬ Ó Ú $
Ä [46], P¹��å 102—103 km þ?�/�>.
A�Ó�£Ä, å½ÅØ�U��Xd¯�DÂ�
Ý. w,, ù´���ñ��¬½|Ü�¬��N
¢w £¤�. dud�ºÝ�¬8ìS�Ø /
CØþ!, �Úå>.à:$ÄÑy��m�.
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7.5 ///eeeYYY   ���,,,üüüÚÚÚaaaCCC

/�cî��´/eY u)É~Ä�þ
,!eüCz, Ly�aC½�C [4]. ù
ØÓ�
y�´XÛ�)�, ���U�ÑÜn�)º. ^
�âÔ�@Ø)äA5Úþ¡¤JÑ�cî&E
DÂ�.N´`²Ù�Ï. e&ÿ:NC@
ñ�
�¬�5?utÑG�, É@Ø�¬¦«�oNÈ
Â , ü@/eY, KY þ,. e/�?u�8G
�, K�\�^¬¦ÙNÈ)ä, �YO�, �¦/
eY eü. ØÓ/«ÚØÓ�ã&ÿ�(JØ¬
�Ó. /eY aC½�CA�&ÿ:NCñ��
¬�¢w£Äþ�éA, ���¢w £7½¦/
eY u)��aC. e¢w £ÚåCzé�,
½�¬ëY£Ä, K/eY Ly��C. /eY
 Czcî&E���3åó9NC«�â�*
ÿ�.

7.6 ///������«««

3éõ�¹e, ��/�u)c, *ÿ�±�
«�¬õgu)���/�, ¡��/��«y
� [1−4], u)�/���¥^�©Ù [3,4]. ù«y
��ÑyN´dcã�*:5)º. du/�u)
3åóþ, 
�åóþUþ�È\´±YÚ�ú�
L§, Ù©Ù�/����m�±�é­½. 3¢
S/�¥�ä�/GÚ(�éØ�Ó, ©Ù��,
>.ë�Øà, Ï
åóþ�?��^åÚ|»�
-|åÑØþ!. UþÈ\L§¥, /�7½Äk
u)3dåó,/��f/«. �XUþÈ\U
YO�, NCg�f/«�U�Uu)�õ�X�
/�, ��±���/�º�Uþ. ÒXÓ·�±
Y@Øõ�|ØrÝØÓ�ÔN¤U*	��y
�. ¯¢þ, ¿��/��½u)3õ��/�¤
����«, ��U3Ù¦NC«�, =¤¢ “b�
«”[3]. /�^�©Ù�wy
åóþUþ±YÈ
\Úº��A�. ´Ä�)/��«y�, ±9u
)X�/��©Ù!�mm�Ú�?��,���
ûuåóþUþÈ\Ú/�G¹. k
�/�Ñy
X�c�, ��w��a�«y�, =´/�u)
��mm�éá
®.

7.7 ///���333ÓÓÓ���///«««­­­EEEuuu)))

3{¤þÓ�/«~¬­Eu)/� [1,4]. c
¡®²`², du/�u)3åóþ, åóþUþ

È\±Y
�ú, Ù©Ù/����m�±�é­
½. ,/«u)�g/��, eÚå/��å
�
,�3, /��¸�{åÚ/��é­½, ²Le
ZcUþÈ\, 7,��Uu)/�. ù�aq�
«y�, duÈ\Uþ�mé�, ~����/�.
/���û½u���UþÈ\ÚNC«�/�
(�G¹.

7.8 ���ccc²²²···

��c~�3q�wØ�cî&ECz� “²
·” y�, Ù¢ù�´/�)�L§9Ùcî&E
�Ly��. dã 11(b) ��, eê�ñ¬Åì|Ü
¿£½ØÄ, L²ñ¬m�ä�Y��5�þO�
��ñ��5�þ��, ù�*ÿØ�ù
ñ¬m
��é£Ä, ^/eY ��{*ÿØ�²w�c
î&E, q�?u “²·” G�. ��|Üñ¬É�
�å�UYO�, 3,ñ¬¥�*ÿ�AåüN�
�ªaCþ,, ±Y�ã�m�u)/�.

ã 10(c) �ãL«�¿� 6.4 ?/�cîAC
=´;.~f [33]. l/�c 105 Um©, ñ¬�
�Ø£Ä, =NC*ÿØ��¢w£Äk'�c
î&E, �@�´²·�ã. 
dñ¬SÜAåK
´��ªO�. �/�c� 60 U�, SÜAåÄ�
Ø2?�Ú²wO�, 3dñ¬SÜ�q�´ “²
·” 
. Ù¢, ù�ñ¬®?u�.G�, ���u
)ä�½�Ä. ùp, 105 UÚ 60 U´üaØÓ�
²·Ï.

3è�â�¥&ÿ/�cî&E¯~¥ [39],
õê¯~*ÿ��cÿþAC�k��eü, ù´
Ïñ¬|Ü¿£½ØÄ
Úå. �&ÿ:?ñ¬ 
£Ê��, â�¥&ÿìØ2É�è�±Y/C�
�^, &ÿì	Ù��5¡EåÚ±�âf��m
�tµ, ¦&ÿìÅì���Ð©G�, �¦*ÿ
��ACþü$. âf�µþ1�´E,�¯K,
���\ïÄ.

Ïd, ��c “²·” y�´åóñ¬£½
ØÄ, �k3=ò»�/�NC�UÑy,
c
î, 3��?��&ÿ�{wØ�cî&ECz
�Ly.

7.9 ///������
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f
/���
�Ý´ÊH'%�¯K��.
·I��º/��
�Ý�Ü©� 10—20 km �
m [3,47]. ��o/�u)3Xd��/�, 
Øu
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)3l/L�f?? Ù�Ï�)ºXe.

c®`², ä�m�ä�Y´�â�Ô�,
��� þ � â N X, Ù � � � 5 � þ C q � '
u φ2/3τ1/3, φ �NÈ©ê, τ ��\Aå. 3/
�¥, du­å�^, Ør��ÝCq�5O�, ä
�Y¥½Xd. eÀä�Y���Ó5, �ÑNÈ
©êÚÙ¦Ï�Cz�K�, =�Cq@�ä�Y
���5�þ��ÝCz�'u (ρh)1/3, Ù¥ ρ�
ä�Y²þ�Ý, h��Ý. l
UoÑ��ä�Y
���5�þ��ÝCz'X. e ρ = 2 g/cm3,
��ä�Y¥­åÚå�Ør3 10 m �?�
� 0.2 MPa, 3 10 km �?�� 200 MPa. 1 2 !
®ã, éu�¢�âf���5�þ�� 100 MPa,
eCq@�/Le 10 m ?ä�Y����5�þ
�d�, K��Ñ3 10 km �?ä�Y����5
�þ�� 1 GPa, ='/L?p
� 10 �. �?ä
�Y�¢S���5�þ��U'þã����
�õ, Ï�Ù¦Ï�XNÈ©ê φ!�Ý ρ Úá�
��K� [11] vk�Ä, φ Ú ρ þA��ÝO\

C�. Ïd, ä�Y���5�þ��Ý h1/3 �O
�'X�´Ù$�.

ñ��¬¢w£Ä@Øä�Y, du�?ä�
Y�5�þ�, Ó�@Ø £¬Úåä�Y�Ü�
Aå�, ��¥ h1/3 'X, �¦ä�Yü>ñ¬�
ÜÉ�'ÙþÜ��õ�Y²�^å. 3���{
å½£½ñ¬{	�, �´ñ¬�ÜÉ�î�@Ø
�^å�, ��/���u)3/���?. ù�
�)º¤*ÿ���?��, �
²þ�Ý���
y� [47], Ï��^å���´K�/�����
�'�Ï�. �,, /��?Úu)äN ��d
�
«/��E5�¤û½. ~X, �?�^å�
�, �
�Ý�ÛØ��
? ù�U´du��?
ä�Y����5�þÏp§
ü$
, ½�U�
�?/��¸Ø´u)»�.

ä�Y@ØÚå�î��^åþ�e�, ¦f
�ñ�¥�Aå½ACCz�½'�Ü��õ, ù
�´Ï~3ñ�¥ (=¦3 1 km �?) *ÿ��c
îÚÓ�Aå½ACCz��­��Ï. ñ��¬
¢w£Ä� £3/LE´²w�, ä�>.må
ÿþ!±9è�â�¥ACÿþ�þ��Ñk'
ù
 £�k^cî&E. è�â�¥ACÒ´d
u¢w£Ä@Øä�Y��è�/C
Úå [39].

l±þ©Û���, ñ��¬¥�3þ�e�
�^åFÝE¤�åÝ, dåÝé/�u)kÛK
�, ��?�ÚïÄ.

7.10 ///���cccîîî&&&EEE������


���'''XXX

/�u)�*ÿ�/�Å&El�
�	D
Â, /�cî&E´Ä�´l�
?�	*Ñ�
Q? Ø´Xd. c¡�?Ø®�ÙL², /�)�
L§±ñ��¬¢w£ÄÚåóò�DÂÚÈ\
Uþ. Ïd, �Ü©/�cî&EØ´l�
?�
), ù´/�/¤�ÏJ'X¤û½. äN3Û?
u)/�, �ûuåóþUþ�È\Ú/�^�.
ÒXÓu)öY/³@�, ü�ÚþiYþ�¹´
û½´Äu)ö/��
, /³Ú#t��5´ö
/3Û?u)�^�. ý�ö/Ä���â´ü�
ÚþiYþ�¹. Ù¢, Uíý��aq. éu/
�
ó, �â�NëY0�*:, 7,@� “?Ûc
î�k�Aå�C¯ÑAå�â¬Ñy [2]”, l

�Ñcî&Ed�
�	DÂ�(Ø. ù´Ø�(
�, TT¬¿�/�)�L§��Ü©cî&E.
¢S&ÿ¥, ~~*	� “�cÉ~d	���¥
[£!¬à, 
��É~d�¥�	�*Ñ” �y
� [4]. ù«y��ÎÜ·�c¡�âÔn�né/
�cî�)Å��Øã. �k�ñ¬ÉØ�^åé
�, ?uòu)/���.G��, 3�
NCâ
�UÚåAå±YO�, ¿�UÚuÙ¦g)cî
&E. eU&ÿ�ù«&E, òé��ý�ékd
�.

7.11 ///���cccîîîïïïÄÄÄ¥¥¥ëëëYYY000���***gggÚÚÚ���
âââÔÔÔnnn���nnn���������«««OOO

ÄuëY0�nØ�DÚ/�Æ�Ì�Ä:
´Aå - AC'XÚ(ÅDÂnØ [2,3], �^u/
�ÅDÂ&ÿÚïÄ. Ï�/���EØ¬é�Å
DÂ�)­�K�, ù3c¡®²`².

ñ�Úä�Y´üaØÓG�Ô�, /�ñ�
�áu�ëY(��E,8Ü�Ô�NX, 3?Ø
/�cî&E�)ÚDÂùaO·åÆ$Ä¯K
�, 7L��Øþ!�âÔ�NX5?n, ëY0
�*gØ2·^. lÚu/��/�Eå/¤, �
��Û�/«�Uþ©Ù!È\Ú8¥, þAT^
�âÔn�n`². 3dÄ:þJÑ�cî&E�
)ÚDÂ�.�8(�: ñ��¬¢w£Ä, ±å
ó/ª©ÙÚDÂ. cî&E�)ÚDÂ/ª!�
ÝÚ©Ù5ÆØ�l�NëY0��Aå - AC
'X.

^ëY0�nØÃ{`²*ÿ��cî&E
�/�)��u)L§�Ôn'é, ØU�äù
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cî&E´Äk�. éu Shearer[2] JÑ� “L�A
�cpvk*ÿ�?Û�/�ck�Ù�!�£
O�cî. @o, ù´��o? ��oUþù�¯<
�¯�3�/�cvkuÿ�²w�cî?” ¯K.
£�Ò´: L�ÄuëY0�nØ@£/�cî�
*:Ø�(, &ÿ/�cî��{Úé&E�n)
�ØÜ·, Ã{�(&ÿÚ£O/�cî&E. ë
Y0�*:�ØUn)þ¡@
�/�Æ¯K, 

�âÔn�nK�±�Ù/��)º.

Ïd, Äu�âÔn�né/�cîÚ/�)
�L§�@£�DÚëY0�*gk��«O. /
�¤�9�ñ��¬êþØõ, éuùa��êþ
�â|¤�NX, 3nØþÃ{¢y�â0�Úë
Y0�üö�m�LÞ.

8 /���ýÿ5

'u/�ýÿ¯K, �$� [1] �
'��¡
�µã, ¿�Ñ “8c/�ýÿÿ?uÐÏ��Æ
&¢�ã, /�ýÿ�Uå!AO´á!�/�ý
ÿ�Uå�´é$�”. ®k�(JL², ¥�Ï/
�ýÿÄ�Ø¤õ, �Ù�!(½�!kÔnÅ�
�cîÄ�vk*ÿ�.  
·��â�âÔn�né/��#@£5?

Ø/���ýÿ5¯K. /��g|��.y�´
'u/�ýÿ�Ø�õ�¯K��. g|��.5
¤�9�´��m!���½+N5¯�üz�
�²ï�ÚO5Æ, ��@�, ��mS�¥½�
��u)/��ÚO5�ÎÜg|��.5�A
� [48]. g|��.55Æw�·�, Ø�U�ÑO
(�¥�Ï/�ýÿ, ��ØÑü�¯�u)�½
Ø�ýÿ�(Ø. ¯����.G�Úu)âC,
�½kÙS3ÔnÅ�ÚüzL§. ?1ýÿ7L
÷vü�Ä�^�: 1�, é¯�u)ÚL§�Ô
nÅ�k�Ù@£; 1�, kÜ·iÿ�{Úv

&ÿ&E. eéâu¯���u)�ÔnÅ�ÚL
§Ø�Ù, ½Ã{3¤�9«�Ú�½�m��¼
�v
�k�iÿ&E, KÃ{¢yýÿ. �Ï×
l¯K´g|��.5���;.~f. eú´þ
�6�Ýp�,�§Ý, �´þ�½¬u)×l,
×l�ªÝÚ§ÝÎÜg|��.55Æ. <�Ø
�ýÿ���´þÛ�!Û?u)×l. ��ÏL
é,�´ã�î�iÿ5�äd?´Ä¬u)×
l, Ï�×lÅ��Ù, iÿ�{¤Ù. 3/�ýÿ
¯Kþ, e^ëY0�*:5w�/�ñ��, 7

½�Ñ/�Ø�ýÿ�(Ø. �Ïk�: Ù�, ØU
é/�)�L§¥cî&E�)ÚDÂÅ�k�
(@£, J±¢yk�&ÿ; Ù�, ò/�w� “�
��¬”, /�/C¯��'é�Ý7,é�, =¦
kÜ·&ÿ�{, �Ø�U3��/��?v
�
�ºÝ�áv
õ�&ÿ:. ¢Sþ, éu�{ü

�aq¯K, X3¢�¿�ü¬þ!ñ��ä�
¢�¥, �J±éu)ä��(� ��Ñýÿ,
�Ø^`é/�ù��E,y��ýÿ
.

'u/���ýÿ5�Ø¥, �Ø���òë
Y0�*g�g|��.5éX3�å, @�/�
Ø�ýÿ, ù´g,�; 
,��KÌ�l/�ï
ÄuÐ��Ý, @�/�Ø´Ø�ýÿ�. 'uü
«*:��Ø, �$� [1]!Ç§û� [49,50] ®�

éÐ�µã, ùpØ2Kã. ·�K±lÑ��â
Ôn�n5`²/��)�Úu)�Å�, lcî
&EDÂÚ&ÿ��¡5`²/���ýÿ5, ¿
?Ø�Uýÿ�§Ý.

�â�âÔn�nÚþ¡�©Û, ��½/�
�Uu)���´ñ��¬|¤åó�,�Úe
Zä�, ù�u)�.=C�'é�Ý��~�.

�, cî&E�ÔnÅ��Ù, DÂ´»Ú�m
^SÄ��ÿ, Ïd, 3,�½A�ä����´
Ä¬u)/�A´�&ÿ�. eU3z�ñ��¬
Ù�&ÿ:, ÏLcã�õ«�{*ÿñ��¬�
¢w£ÄÚåó, @£åó¥ £!å©ÙÚCz
G�, ¿éñ��¬SÜAå��a.?1«©,
K�±�ä=
«�ò�Uu)/�, =
«�Ø
¬u)/�. e*ÿ�ñ��¬£½ÚAå��Ø
äþ,, �È\�ép� [33,34], KNC«�ò�U
u)/�. /�����ûuNC/�{åÚ|»
�rÝ, �/�^����'. åó¥¢w£ÄÚ
åóK�«����Kþ�/�)�UþÈ\k
', ´Ä����ä/��?��â, ÿI�õ¢
S*ÿêâ�u�.

�â·�þ¡�©ÛÚ8c�@£, ±9¤U
¼��*ÿ]�, �äu)/��/:!/���
Ú���m´�U�, 
�½O(�mK�(J.
´Ä��âcî&E!/��¸!�«���A
Ú²�5Æ�nÜ©Û¼�(½�@£, �I�\
ïÄÚ�þ�¢S*ÿ. ��'5�´Û�/�»
�½�ÄcNC«��)����A, X3r�^
åe/��)�>^�A�.

I�`², k
/�cî&EÑy�, �,�
UØu)/�. ��kü«Ï�¬��ù«�U

119103-17



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 119103

5: �´/¢°Äå3,
�¹e~f½��, X
Û�/¢±é��×l - 6Ä=Cº�Uþ; �´
ñ��¬åó�tµ, �þ!�âåó�µþ½Ù
¦Z6�¦åó~f½��, ù�´�âÔ��A
5. ~X, ÏLåóþ,
ñ��¬�¢w£Ä�
¦®È\�UþÅÚº�K. ú/� [51] �UÒ´
ù«tµÚUþº�L§
Úå, dL§AT´�
*ÿ��. ,	, 3��G�e, Ù¦/�½Ï��
Upu/�, 3¢S*ÿ¥�A5¿.

/�´4�E,�g,y�, é/��ýÿI
��þ�Ý\Úq£�ïÄÈ\. Äk��(@£
/�)�L§Úcî�)�ÔnÅ�, æ�Ü·�
&ÿÚ©Û�{. �7I�áv
õ&ÿ:, 3'
5«��ñ��¬Úä������|Ü·&ÿ
¤ì, ¿�¤�ä. Ó�, I�é·Iä��/�
G¹k��\�
). ·��&, 3�\@£/�
Ôn�n�Ä:þ, ÏL�þ*ÿ]�È\ÚnÜ
©Û, �±ÅÚ�CÚ¢y/�ýÿ�8I. ·I
´�º/�/³�î­I[, Ó�¥º/¡È 7%,
3 20 ­Vu)
Ó�¥ 35% � 7 ?±þ�º/
� [52]. éu�º/�, �é�´�áv
õ&ÿ:,
¿¢y/�ýÿ. 
3°�«�, K(J�õ.

±þ'u/�ýÿ�?Ø=�uf
/�. é
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/�, du8c�Ã{��*ÿ/¢«��
&E, J±¼�ÙcîÚ?1ýÿ.

9 ( Ø
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Abstract
To recognize the seismogenic process, mechanism and behavior of seismic precursors, as well as look for the ways of earthquake

prediction the granular physics principle is applied based on the basic structure of the crust and mantle and existing experimental
observations, where we treat the earth crust and mantle as large scale discrete matters. Main outcomes are: A granular model of the
structure and movement of the earth crust and mantle is established. A formation mechanism of the tectonic forces, which causes
the earthquakes, and a model of propagation for precursive signals are proposed. Properties of the seismic precursive signal and its
relevance with the earthquake occurrence are illustrated, and principle of ways to detect the effective seismic precursor is elaborated.
In the paper the mechanism of palintectic earthquake is also explained by the jamming-unjamming transition of the granular flow.
Some earthquake phenomena which were previously difficult to understand are explained, and the predictability of the earthquake is
discussed. Due to the discrete nature of the earth crust and mantle, the continuum theory no longer applies during the quasi-static
seismogenic process. In all in this paper, based on granular physics, we study the causes of earthquakes, earthquake precursors and
earthquake prediction, and a new understanding, different from the traditional seismological point of view, is obtained.

Keywords: granular matter, earthquake prediction, earthquake precursor, deep earthquake
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