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��5/�Å3/�¥DÂ9üz5Æ�ïÄäk�¢S¿Â. |^k��©�{, é��5/�pÅÚî
Å3ä�(�/�¥�üzL§?1
�[�ê��[. (JL², ��5/�pÅÚîÅ3ä�(�/�¥�±
Åìüz¤���áÅ½ü��áÅ½�áÅ�½��. /�Å�Ð©ÌÝ!ªÑXêÚNåÏféüzL§Ú
(JÑk�K�. ïÄ(J�«
��5/�Å3�«�(�/�¥�üz5Æ, ùkÏu3nØþ)º�
A
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1 Ú ó

<��Ï*ÿ/�Å�uy
/�Å���
y�, �[�ªÌ©Ûy²��y�Ø�´	ÜU
þÌ�´dSÜUþÚå [1]. �
)ºù«/
�Å���y�<�Ú^
ä�åÆ�Vg ——
� f [2,3]. � fduÙ�f�m�åtÑU

l±�0�áÂUþ. �l9åÆ�Ý�Ä, Ø
#N� fÃ�/O\SU, �7L�3�½�K
�. �� f¥È\�Uþ��ÙK��BØU�
3, §»�º�;��Uþ. 3²;nØ¥, r
/�0�����þ!�G½��É50�5?
n [4−8]. ¢Sþ, /�0�´�«dNõ¬GñN
�[��.¡�ë�å5�E,(� [1,9], 3�Å
^�eù«(��0��±w�� ([) (�0�.
3�(�0�¥, [��.¡�åX� f��^,
Ïd�(�/�0��±áÂ!;�Úº�Uþ.
���$rÝ�Å3/�¥DÂ�, �3.¡�S
�)�½�Aå¿¢33.¡�S, =0�®;�

�½�Uþ. ùé��5�Å�5ù®/¤
�
«ýAå|, �rÝ�L�½K��ÅDÂ�, U

º�.¡�¥;��Uþ¿áÂdUþÅ�

����. �é{5`, Uþl$rÝ�ÅáÂ�
0�¥, ?Å��P~; rÝ�L�½K��Å
U
º�0�.¡�¥;��Uþ, ¿áÂdUþ
Å�����. Ïd, ù«äk�(�/�0�
¥��5/�Å�DÂ, ØU^Ï~�ÅðXÚ5
£ã, 7L^äkUþ����ÅðXÚ5£ã,
�k�ÅðXÚâU
�NÑ/�Å����P
~A5. Zheng � [10,11] æ^Cq©Û�{�[

��5��É50�¥/�Å�DÂ. Engelbrecht
Ú Khamidullin[1] ïÄ
�(�/�¥��5/�
Å�DÂ¯K, ¿ïá
Äu� fÅn��«�
�nØ�.:

ut + unux + duxxx = εf(u), (1)

ùp d �ªÑXê, §�N0�ªÑ5�rf; ε ´
�NXÚNårf (=Uþ��õ��) �ëê, {
¡NåÏf. f ´Äu� fÅn�Nå, �^X
engõ�ªL«

f(u) = −(a1u − a2u
2 + a3u

3), (2)

Ù¥ a1, a2, a3 ��~ê, ¡�Nåëê. d�.U

�Ð/£ã��5/�Å3ä�(�/�¥�
DÂ�üz [1,12]. � n = 1 �, �§ (1) £ã��5
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/�pÅ�DÂ; � n = 2 �, �§ (1) £ã��5
/�îÅ (SH Å) �DÂ. ©z [1,12,13] ¥^�Ì
�{ïÄ n = 1 ���.�§ (1), �Ñ
�áÅ3
/�0�¥DÂ��±���½P~�ÐÚ(Ø.
·�3©z [14,15] ¥|^k��©�{, ©Oï
Ä n = 1 Ú n = 2 ���.�§ (1), �Ñ
3ä�
(�/�¥�áÅ�DÂ9�p�^�Ä�5Æ.

�©|^k��©�{, ©OéØÓÌÝ��
�5/�pÅÚîÅ3�(�/�¥�üzL§
?1ê��[ïÄ, �Ñ�N��5/�pÅÚî
Åüz5Æ��[(J, ¿?ØXÚªÑXêÚN
åÏfé��5/�pÅÚîÅüz�K�.

2 ��5/�pÅ�üz

� n = 1 �, �§ (1) £ã��5/�pÅ
3ä�(�/�¥�DÂ. �!|^3©z [14]
¥�E��©�ª, ÄkéØÓÌÝ� ��5
/�pÅ3ä�(�/�¥�üzL§?1ê
��[ïÄ. O�¥ªÑXê�� d = 10−1.1,
� © z [16] � Ó. N å Ï f � � ε = 2, Ù 8
� Ò ´ \ ¯ / � Å ü z L §. N å ë ê À �
� a1 = 1.0, a2 = 0.5, a3 = 0.0556, �©z [12,14]
�Ó. §��ØÓÀ�é�Åüz�K�, Peter-
son Ú Salupere 3 © z [16] ¥ ? 1 
 � [ � ï
Ä, 3dØ2?Ø. ®kïÄL² [14], Nåëê�
� a1 = 1.0,a2 = 0.5,a3 = 0.0556 �, é�áÅ�Ð
©ÌÝ�3ü�K�, = A1 = 4.11 Ú A2 = 6.38.
Ð©ÌÝ�u1��K� A1 ��áÅDÂL§¥
ÅìP~¿ªu", Ð©ÌÝ3ü�K��m��
áÅ���¿ªu1��K� A2, Ð©ÌÝ�
u1��K� A2 ��áÅP~¿ªu1��K
� A2. �
©Û��5/�pÅ´Ä�kù��
���ÚP~5Æ, ·�À�Xe�uÅ

u(x, 0) = A0 sin(x) (3)

��Ð©-y, 3±Ï>.^�

u(x, t) = u(x + 2π, t) (4)

e, é��5/�pÅ3/�¥�üzL§?1

ê��[ïÄ. ã 1 w«�´Ð©ÌÝ A0 = 2.8(�
�u1��K� A1) �, /�pÅ�üz. dã�
±wÑ, /�pÅ3ªÑÚ��5�Ó�^eC/
¿ÅìP~��. ù�5Æ�þã�áÅ�P~
5Æ�Ó. �Ð©ÌÝ A0 = 4 � (E�u1��K

� A1), /�pÅ3ªÑÚ��5�Ó�^em©
C/¿Åì��¤��ÌÝ� A2 �½DÂ��
áÅ (Xã 2 ¤«), ù�:�þã�áÅ���5
ÆØÓ. Ñyù«y��Ì��Ï´, �,/�p
Å�Ð©ÌÝ A0 < A1, �/�pÅ3ªÑÚ��
5�Ó�^eC/���ÌÝ�±�u1��K
� A1, �/�pÅ�±��¤��ÌÝ� A2 ��
áÅ¿½DÂ. ã 3 w«�´Ð©ÌÝ A0 = 5
(3ü�K��m) �/�pÅ�üz. �±wÑ,
/�pÅC/¿Åì��¤ü�ÌÝ� A2 �½
DÂ��áÅ. ã 4 w«�´Ð©ÌÝ A0 = 7 (�
u1��K� A2) �/�pÅ�üz. dã�±w
Ñ, /�pÅC/¿ÅìP~¤ü�ÌÝ� A2 �
½DÂ��áÅ. ·��ê��[�uy, XJ
��5/�pÅ�Ð©ÌÝv
�, K�±üz¤
�áÅ�. o�, XÚ�ªÑXê!NåëêÚN
åÏf(½��¹e, /�pÅ�Ð©ÌÝû½X
§üz¤���áÅ½ü��áÅ½�áÅ�½
��.

ã 1 /�pÅ�üz A0 = 2.8, d = 10−1.1, ε = 2, t = 0

(:�), t = 1 (»ò�), t = 4.5 (¢�)

ã 2 /�pÅ�üz A0 = 4, d = 10−1.1, ε = 2, t = 0 (:
�), t = 1.5 (»ò�), t = 4 (¢�)
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ã 3 /�pÅ�üz A0 = 5, d = 10−1.1, ε = 2, t = 0 (:
�), t = 1.33 (»ò�), t = 6 (¢�)

ã 4 /�pÅ�üz A0 = 7, d = 10−1.1, ε = 2, t = 0 (:
�), t = 1 (»ò�), t = 7.33 (¢�)

�X·��	XÚ�ªÑXêÚNåÏfé
��5/�pÅüz�K�. Äk�ÄªÑXêé
/�pÅüz�K�. ã 2, ã 5 Úã 6 L«�´
ØÓªÑe, Ó�Ð©ÌÝ A0 = 4 ���5/�
pÅ�üz. ã 2 L«ªÑXê d = 10−1.1 �, �
�5/�pÅüz¤���áÅ; ã 5 L«ªÑ
Xê d = 0.04 �, üz¤ü��áÅ; ã 6 L«ª
ÑXê d = 0.01 �, üz¤n��áÅ, =�áÅ
�. ��5¿�´ªÑXêØU�� (=ªÑØU
�r), ÄKòrÅ¯�ªÑØN´/¤�áÅ,
=Lr�ªÑØ|u/¤�áÅ (Xã 7 ¤«). Ï
d, 3Ù¦ëêØC��¹e, ªÑXêû½X�
�5/�pÅüz¤���áÅ½ü��áÅ½
�áÅ�½��. Ùg�ÄNåÏfé��5/
�pÅüz�K�. �d, 3ã 8 ¥±�
NåÏ
f ε = 0.2 �, /�pÅ�üzL§. �ã 2 '��
�, 3Ó�Ð©ÌÝ A0 = 4 ÚªÑXê d = 10−1.1

��¹e, duNåÏf�ØÓ/�pÅüz/

¤�áÅ��mw,ØÓ. lã 2 wÑ, �3 t = 4
�, /�ÅÒ�üz¤��½DÂ��áÅ (¢
�); �lã 8 wÑ, � t = 4 ��áÅ��/¤ (»
ò�), �3 t = 38 �â/¤
½DÂ��á
Å (¢�). Ïd, NåÏfû½X��5/�pÅ
�üz¯ú. NåÏf�, /�pÅüz�¯; Nå
Ïf�, /�pÅüz�ú.

ã 5 /�pÅ�üz d = 0.04, A0 = 4, ε = 2, t = 0 (:�),
t = 0.8 (»ò�), t = 7.5 (¢�)

ã 6 /�pÅ�üz d = 0.01, A0 = 4, ε = 2, t = 0 (:�),
t = 0.6 (»ò�), t = 7 (¢�)

ã 7 /�pÅ�üz d = 1,A0 = 4, ε = 2, t = 0 (:�),
t = 1 (»ò�), t = 7 (¢�)
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ã 8 /�pÅ�üz ε = 0.2, A0 = 4, d = 10−1.1, t = 0

(:�), t = 4 (»ò�), t = 38 (¢�)

3 ��5/�îÅ�üz

� n = 2 �, �§ (1) £ã��5/�îÅ (SH
Å) 3ä�(�/�¥�DÂ. �!|^·�3
©z [15] ¥�E��©�ª, ÄkéØÓÌÝ�
��5/�îÅ3ä�(�/�¥�üzL§?
1ê��[. O�¥ªÑXêÀ�� d = 0.5, �
© [12,15] ��Ó. NåÏfE�� ε = 2, Nå
ëê��� a1 = 1.0, a2 = 0.5, a3 = 0.0556, �
þ!�Ó. ²©z [15] �ïÄ��, d�é�á
Å�Ð©ÌÝ��3ü�K�, = A1 ≈ 4.2570
Ú A2 ≈ 6.3374. Ð©ÌÝ�u1��K� A1 �
�áÅDÂL§¥ÅìP~¿ªu", Ð©ÌÝ3
ü�K��m��áÅÅì���¿ªu1��
K� A2, Ð©ÌÝ�u1��K� A2 ��á
ÅÅìP~¿ªu1��K� A2. �
�	��
5/�îÅ�üz5Æ, ·��´± (3) ªL«�
�uÅ��Ð©-y¿3±Ï>.^� (4) e, é
/�îÅ3/�0�¥�üzL§?1
ê��
[ïÄ. ã 9 w«�´Ð©ÌÝ A0 = 3(��u1
��K� A1) �, /�îÅ�üz. dã�±wÑ,
/�îÅ3ªÑÚ��5�Ó�^eC/¿Åì
P~��, ù�5Æ�þã�áÅ�P~5Æ�
Ó. �Ð©ÌÝ A0 = 4 � (E�u1��K� A1),
/�îÅ3ªÑÚ��5�Ó�^em©C/¿
�Åì��¤��ÌÝ� A2 �½DÂ��á
Å (Xã 10 ¤«). Ñyù«��5Æ�Ì��Ï
�´du/�îÅC/���ÌÝ�u1��K
� A1 ¤Úå. ã 11 w«�´Ð©ÌÝ A0 = 6(3
ü�K��m) �/�îÅ�üz. d�, /�î

ÅC/¿Åì��¤ü�ÌÝ� A2 �½DÂ�
�áÅ. ã 12 w«�´Ð©ÌÝ A0 = 7(�u1�
�K� A2) �/�îÅ�üz. d�, /�îÅC
/¿ÅìP~¤ü�ÌÝ� A2 �½DÂ��á
Å. XJ��5/�îÅ�Ð©ÌÝv
�, K�
�±üz¤�áÅ�. Ùg·���	
ªÑXê
ÚNåÏfé��5/�îÅüz�K�. �[(
JL², Ð©ÌÝ� A0 = 4 �/�îÅ, �ªÑX
ê d = 0.5 �üz¤���áÅ (Xã 10 ¤«), �
ªÑXê d = 0.2 �üz¤ü��áÅ, �ªÑX
ê d = 0.05 �üz¤n��áÅ. du�Ì�'X
ùpvk�Ñ�ü«�¹e��[ã�. Ïd, 3
Ù¦ëêØC��¹e, ªÑXêû½X��5/
�îÅüz¤���áÅ½ü��áÅ½�áÅ
�½��. ,	, éNåÏf��	L², NåÏf
��û½X��5/�îÅ�üz¯ú. o�, �
�5/�îÅ�üz5Æaqu/�pÅ, �´ü
ö¤I�üz^� (XªÑXê)!L§9(J (¤
/¤�áÅ�A�) ØÓ.

ã 9 /�îÅ�üz ε = 2, A0 = 3, d = 0.5, t = 0 (:�),
t = 4 (»ò�), t = 38 (¢�)

ã 10 /�îÅ�üz ε = 2, A0 = 4, d = 0.5, t = 0 (:�),
t = 4 (»ò�), t = 38 (¢�)
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ã 11 /�îÅ�üz ε = 2, A0 = 6, d = 0.5, t = 0 (:�),
t = 4 (»ò�), t = 38 (¢�)

ã 12 /�îÅ�üz ε = 2, A0 = 7, d = 0.5, t = 0 (:�),
t = 4 (»ò�), t = 38 (¢�)

4 ( Ø

�©Äu� fÅn��«��nØ�., ^
k��©�{éä�(�/�¥��5/�pÅ
ÚîÅ�üzL§?1
�[�ê��[ïÄ. (
JL²: 3Ó�«/� (ªÑXê�Ó!Nåëê
ØC) ¥, ��ÌÝ�/�pÅÅìüz��, �
�ÌÝ�/�pÅÅìüz¤���áÅ½ü�
�áÅ, ��ÌÝ�/�pÅÅìüz¤�áÅ�;
3ØÓ�/� (ªÑXêØÓ!NåëêØC) ¥,
Ó�«ÌÝ���5/�pÅ��±üz¤��
�áÅ½ü��áÅ½�áÅ�½��. ��5¿
�´Lr�ªÑØ|u��5/�pÅüz/¤
�áÅ. NåÏf�åX\¯/�pÅüzL§½
~�/�pÅüzL§��^, éüz(JvkK
�. ��5/�îÅ�üz5Æaq�/�pÅ,
�´üö¤I�üz^�!L§9(JØÓ. �©
(JòkÏu3nØþ)º��5/�Å3ä�
(�/�¥üz9dd�)��
AÏ/�Å
y�. X©z [1] ¥�Ñ�/�Å���y�, �|
^�©(J�Ñ�Ün�)º, ùÒ´/�Å3�
(�/�¥DÂ�º�/�¥;��Uþ¿áÂ
dUþ���. ,	, ©z [17,18] ¥���/�
¤P¹��[È5 £Ú�F.AC±9�?*
ÿ��pª}�L¡Å [19] �AÏ/�Åy�, �
�}Á^/�Å3�(�/�¥DÂ9¤/¤�
�áÅ5)º, 3©z [20] ¥�?1Laq�}
Á.
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Evolution of nonlinear seismic waves in
microstructured earth crust∗
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Abstract

Study of propagation and evolution of nonlinear seismic wave in earth crust is of important practical significance. In this paper,

evolutions of nonlinear seismic longitudinal wave and transverse wave in microstructured earth crust are simulated detailedly by using

the finite difference method. The results indicate that nonlinear seismic longitudinal wave and transverse wave in microstructured earth

crust may evolve into one solitary wave or two solitary waves or solitary wave train, or disappearance. The initial amplitude of seismic

wave, dispersion coefficient and body force factor significantly influence the evolution process. Our results reveal the evolution law of

nonlinear seismic wave in a microstructured earth crust, which will help to explain some special seismic wave phenomena in theory.

Keywords: seismic wave, solitary wave, microstructured earth crust
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