
!!""#"## $$%%!$$&!

"f2\ghi)(jmk’/0Ql06!"**""$
789!""("##*:;<!=>?9-"&!#&%:;<"

!!"#$!

tuvwxyzk1H
0bA{|&}/{~!"#’

  李晓江 "

#k’/0Ql06!f2ghi"**""$$

@AB/CDZmEFGHIu6)UJK#LiJMNOP$/45678"9:"!""#"$%#$$%$("!$($

;<!,’T8:?fw!B?CDE9%(8:FhijGHIJ"&’R=>856W!Kv3X\M8zY

L1"QRSTWXa7o(U:MB?CDNOWE9%:F8iKxA3L*1!PUQ]^8:MR

S=>%!bt]TAUVpq!bW]TAXVpq!‘OIJpqQY’Zj[5pE8&Cc*+\!]

jpE^h_<‘a?ijbV‘a8cz![6?vd’]i:%(8:FIJ8:efg!hAzY*1

3X:efg8ijY?ijkE"RL18lmhno3XUpqp8W]%8(o![pA XX0*1[

\XV?UV|pq?vUt]T8(o"T%3XaL18qrst?zYLu"

关键词  地震波传播方程  黏弹性层状多孔介质   传递拒阵  固-流耦合模型  正演模拟  快速傅氏变换

(!-.

&ffKYZtb#SfK:?Kijt!/
@i!m3naGXYtRS^\g\i"4Mo
XY%;oXY<myoXYtN2_)*pPw
klI="@ANO!nr’ZCtmyoXY2
JH’Z3ZXYX2@U"a93$’ZvbN
xAanr,oS9brpq~s!|}@8pI
9:JHldt4p’Zb&nr:XY"3no
kPBpq’ZCtpqs<nr,oSpqCb
rt]-uv"nr,oSpqCtbrJ>"#
!-t?;<=!ZP=<=tg5r:"PB
b&nr:XYkZuvR%"wvR’&(SEjM
N’!(jx?C.26‘"~W!a9b&nr:X
YXBpy5kvtss!̂ jfK$1vXBp
34"D>~6‘b&nr:XY9)BC@A
$!fKv_I/p",w!@ib&nr:XYC
3notfK"Q~-zBC"

T8:?k&’)*"TUp4pmy’Zotpq
)*’%(!&9qt|Q)*12<Iw7yt{m
y4p’Zlm’$("a94p’ZkDE$=%3
4F)%|}$=jx?t6‘!jBok4p’Z

CtpqBCs<e~Ht!|}23405fz
9PsBCt+U+’)!*(Ss;+’(!’(@A",a
9XYtNry!bj~KLdP’3\1tXY!
^!vuANtmynrXYD}!}w883i
"ts;<’’&"("78_~#~3naGtJH
zR!@8p3nok3^!S4p{my’ZC
pqtwBJ‘S+<’"

H[!%‘3^KLXYKL88JH3ZB
CtbN+"m93^!S4p{my’ZCot
pqBC!S8+U+^~3‘}t!|}gSYm
}?BCti"s;+’>BJJ%R"PQ|r
V8pYm3^!S4p{my’ZCotpqt
p"#3<’"2bct2/[S2/@J’!
-!Qp"#3<’hJ^_p4p3^’ZtD
I!_/3@ipfK"Q"kS+I=C!HI

XX0JiK’Fs_)$%M&%k"!4ZAl
pNrt{my7~-/fKS$?yt’rf
K"s;XEGH^bw#‘=pp"#3<’t
vcy"

!!!$&}

m93^!S4p{my’ZCotpqB

lijie19591025
文本框
返回目录  



!$$%%!$$& R(q!{my3^4p’ZC3nopq<=tp"#3+’ $&&!! !

C"#~T8:?)*#$$"T7~<=A

#0I’!$%0I(&0I L*
!
%% &$%HH *&0I") %&&

)’*"M%HH (M’ %!&
ZC!$~nr,ot)*Xv’)~!Skq8
z’%HH~rI6k’#0IS%0IJ>~6zhvS6
khv’"H&IL(LF"TCL SLF J>~nr,
oS+,trIXv’&(MH5(L9G%"I5&(LF"T
CL9~pqCbrtrIXv"5~pqj’’H
IE8M!"!H5%"I#&"TC"S# J>~ngS-
gtpYhv)+H!^_pq8ztr:"6"
m9w7t{my.%"nrt7~<=A

4&%@&"0I ’4!%@&%0I
8&%@&#HH ’8!%@&%*

HH

%%&

ZC!"0IS%0IJ>A6zS6kt#vv’#HH~r
I6z’m9{my.%"/s4&%@&"4!%@&"

8&%@&S8!%@&BA-9$.t!JKL"urtc
}ZA

!

4&%@&’0
F

H’"
4&H$

H

$&H
"4!%@&’0

5

H’"
4!H$

H

$&H

8&%@&’0
F

H’"
8&H$

H

$&H
"8!%@&’0

5

H’"
8!H$

H

$&

’

(

) H

%$&

TC!4&H"4!H"8&HS8!HBA2.%2-t[s)m
9mmy.%"kZ%$&CFH5H""1c-6zS
6k./myva-/)

RS&%k"A

1:%/&’2
k

"
:%&&CI/&E&

ZC:%&&c-$.kv&tFd(s)mZ%$&9
&%k""B<k"9k.Cnr,ot)*Xv

$,nr,otrIXvL"b

$’
4!%/&
!4&%/&

L ’ 8!
%/&

%8&%/

’

(

) &

%)&

ZC!4&%/&"4!%/&"8&%/&S8!%/&J>A4&%@&"

4!%@&"8&%@&S8!%@&t&%k")#~ T8:?)
*"vB<$87~<=

#0I ’!$%0I(&0I L*
!
%% &$%HH *&0I") %*&

)’*"M%HH (M’ %(&
TC

3"’&*&L"M’ &
((&*&!L

%#&

&’&*"L
"(’5%1*&& %’&

ZC!&~nrt80Q’1~brt80Q)m9
nr,o"T;z+1<=v2A#($

$0!()%*)&*)9!!’" %&"&
brt;z+1<=A

*4)()9%*
!!
H *)9&*

)9
5!
l’" %&&&

ZC!H~nr,ot34Q’)9S)FJ>AbrS
nrtWj")H5)9G%&I5&)F’%~rz’!~ng
t6zhv)

w’*<=tI%&+0v|r^8$#($)
0&~3^XY-d0)0C88pGH/t<
h+sD3sS,1‘ty56JH)k3S.<
h,^_t~&7/?)k%<h"wj~V93
sSA3t‘j)m9m5BC"b56nLwo
mJHtBC"aZ%&"&SZ%&&&t&%k"vB

%)3D3()95A3&/
! ’$6#3$3(

$6*%3
$%

)9/
!3D3( )9

5/
!(/% &H 5A3 ’*$1)$3

)9/
!3D%( )9

5/
!(/% &H 5A% ’*$1)$

’

(

) %

%&!&

0&!3^XY-d0

kZ%&!&C"ApA{"8Rprz%)aZ%*&S
Z%(&vBk"9t7~<=

6#% ’!3$
$3D%
$%(

L*!%3% &$ $3$3
$3(

$3D%
$% &% *3"1)

6#3 ’!3$
$3D3
$3(

L*!%3% &$ $3D3
$3(

$3D%
$% &% *3"1)

6*%3 ’$
$3D3
$%(

$3D%
$% &

’

(

) 3
%&%7&

lijie19591025
文本框
返回目录  



!$&!!! D E 3 4 F ) a G !""#"!

1)’*3"M $3
D3
$3(

$3D%
$! "% *M $5A3$3 (

$5A%
$! "% !&%K"

%!%#&’

4Z!&!"SZ!&%"C9R#3 SA3#B<

$6#%
$% ’*

$6*%3
$3 ()

/!3D%()9/
!5A%

$6*%3
$% ’*

L*!%$

L($%$

$6#%
$3(

!$"
L($%$

* )9/
!

)9
5/

!(/
(

)

+

,H

$3)
$3(

!
(/

!
)* )

!
9/!

)9
5/

!(/
(

)

+

,H

3D3*
$$ L(

3$! "%
L($%3$

$!3D3
$3!

$1)
$%’*)9

/!3D%* )9
5/

!(/! "H 5A%!!!!! !!&$"

$3D3
$% ’

&
3$
6*%3 *$3D%$3

$3D%
$% ’

&

L($%3$
6#%(3"1)* L*!%3! "$ $3D3$$ %3

$5A%
$% ’* 3"

L($%3$
6#%* &

M(
3"!

L($%3
(

)

+

,$
1)(

( &
)9
5/

!(/H

$!1)
$3!(

)9/
!

)9
5/

!(/H

* !$"

+L($%3

(

)

+

,$

$3D3
$

’

(

)
3

!!RS$%k"

N:!,"’2
(k

*k
1:!3"CI8,3E3

ZC&N:!3"~3tFd(s’mZ!&$"9$%k"B

$N#%
$% ’*

8,N*%3 ()/
!ND%()9/

!NA%

$N)
$%’*)9

/!ND%* )9
5/

!(/! "H NA%

$6*%3
$%
’*
L*!%$

L($%$
8,N#%(

!$"
L($%$

* )9/
!

)9
5/

!(/
(

)

+

,H

8,N)(

( /
!
)* )

!
9/!

)9
5/

!(/
(

)

+

,H

(
$3$ L(

3$! "%
L($%3$

,

7

8

9

:

! ND3

$ND3
$% ’

&
3$
N*%3 *8,ND%!!!!!!!!!! !!&)"

$ND%
$% ’

&

L($%3$
N#%(3"N)* L*!%3! "$8,ND$ %3

$NA%
$% ’ 3"

L($%3$
N#%* &

M(
3"!

L($%3$

(

)

(

( ,
!

)9
5/

!(/
+

,H

N)( )9/
!

)9
5/

!(/H

* !$"
L($%3

(

)

+

,$
8,ND

’

(

)

3

v|Z!&)"2s#3dZ

$’
$%’

(’ !&*"

TC

’0 ’ !N#%!ND3!N)!N*%3!ND%!NA%" !&("

(’ !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
" " " *8, )/

!
)9/

!

" " " &
$

I8, "

" " " " *)9/
! *)95/

!*/H

*
L*!%$

L($%$
8,
$$ L($! "% ,!
L($%$

(/!)* )
!
9/!

)9
5/

!(/
(

)

+

,H

!$"
L($%$

* )9/
!

)9
5/

!(/
(

)

+

,H

8, " " "

&

L($%$
*
L*!%$

L($%$
8,

6"
L($%$

" " "

*6"
L($%$

)9/
!

)9
5/

!(/H

* !$"
L($%

(

)

+

,$
8,

*,
!

)9
5/

!(/H

*&M*
6"!

L($%$

7

8

9

:

" " "

!&#"

lijie19591025
文本框
返回目录  



!$$%%!$$& R(q!{my3^4p’ZC3nopq<=tp"#3+’ $&%!! !

#3(vJ+A

(’)0") "&’#
ZC"~wsmt#3$TAs[:~#3(tD
E;%#~o;<=t)*$m9Fd$I3’

Z$Rk

’I ’)0
IC-I"%I*%I*&#)I’I*&

TC

C-I"%I*%I*&#’

C+I&"%I*%I*&#

C+I!"%I*%I*&#

C+I%"%I*%I*&#

C+I$"%I*%I*&#

C+I)"%I*%I*&#

C+I*"%I*%I*&

(

)

+

,#

"!&#

aZ"!"#;<B<

’I ’*’" "!!#
ZC’" ~3c?6tZ\;$[

*’)0
IC-I"%I*%I*&#)I)0

I*&C-I*&"%I*&*%I*!#O
O)I*&&)0

&C-&"%&*%"#)& "!%#

!!~6‘Z"!!#fKo!$$R‘88Z\:Q%
w48$[*p2/[S2/@J’CtZ\:Q
BC’*($2=sHPQvoxD‘’*(%|}va
Z"!!#B<’I$W9a$%S&%)k"B<$?
t+%

$!8&5’

$?~ok{my4p’ZCpqts;K
a$̂ _wsZ3XY%k"9t{myXvA

5L ’L&(%*/&(*/
$!3$’$

&(!*/
&(*/

TC*~nr,otws{yrs%+H*H"$1
XYAmyr%*3[wt&hGHA!%&H!"A)

%!H)"A)%H&!"A%Tqrs!brt80Q1A

)_&"=$*],7)34QHA&"I%1)pqj5A

!"‘)56ijB A&"*&"&#i*A)’Z\:QA

)H"S*%3H"$k[w6‘p4=Z\:Q$b)l
oA0%k$wsKaC$A3B‘-}rs!

)H&’""5<*A
%)LH$_&"’i*A!)’H%_&"

’i*A!)

(9H&"""5<*A
%)*H"J"")%k$xsKaC}s

LH$_&"’i*A!$$H&"
&" i*A)m 9 $ x 3 ~

)H!)""5<*A
%)Tqrs2Ka&g-%

|r6‘XX0"Ji$%k"#<’bc$%
S&%t_)k"%}~)&H"J""$F))3H#A)

P&HP3H*$%PQP&SP3 J>Am9$.kv

&Sk.kv3t=>Is%0!!0)88pm
y2{myXYk%<htoJvD% tmv%T
C0!~Ka&CmyXYtGH$0%~Ka&
C{myXYGH$0$~Ka!CmyXYGH$
0)~Ka!C{myXYGH%0CImc-k

3H&*Am’tpY$Jmc-k3H#Am’tp
Y%y561‘k3H"m’%aGHmvv>8
myS{myXY.tm>~=>t%,w$m9

!!0!!Ka&CmyXYt%hpY 0%!Ka&C{myXYt%hpY!!

lijie19591025
文本框
返回目录  



!$&$!! D E 3 4 F ) a G !""#"!

0$!Ka!CmyXYt%hpY

0)!Ka!C{myXYt%hpY

ok3^!S4p{my’ZCtpq8?I4t
-jX~32dSt!

)!<7

78UV8k3^!S4p{my’ZCr:
opqt<+U+"JUpp"#3<’t2"y
SVj"c9ps;XE!

3$’Zv‘nrmyXY#nr{myXY#
b$nr:myXYSb$nr:{myXYjb
chi!&f,^_|:tXB"XY2JHld
\g\xb",S+$tfK$1v^\g\/!
22/[’S2/@J’gv"78tp"#3’
fK"QIi!D>~k3sh4$"&f3sX
B"p"#3’,XBt$1v3>!PwIm@
3tV&fKAAHR!m9’?@,*XY"7

8tp"#3’B@‘"j‘$]z>krs*
t;!

78]@Apm5BC",78<’3;<U
e<I5BC"bN^n5BC"u’9k3^’Z
Ct4?opqBC"z‘ [7B5C4k"e678
t$%k"%F8*i&!P}k"9tZ%&)&|2
,!-’,Tq#BO7g-"9v‘p"#3<’
+V!

@ A B C

(&)!\67B< W 7BE .8 ^/LCA8Q7B74P?8>7S8FPAAC?=8>
;=CFF@=CE8F?=8K@?8:B8B7>:BF:48E7?8B<;:=:@FACE8Q
@A/J945/)-9&05G-9-D/;,604"&’’("!’*&(’!&#’

(!)!\67B<W7BE.8^/2;?8A@AF:@=>C9=CR@CB>P8BM8Q
K=7?8:B;=:E@>?8:B?C>6B:4:<P/G,&9-E,DF"10,51,Q
25<05,,905<"&’’#"!&%%&*!%’!!$#

(%)!T8:?] 3/06C:=P:9;=:;7<7?8:B:9C47F?8>D7MCF8B
F7?@=7?CE;:=:@FF:48E"YY"[8<6Q9=CR@CB>P=7B<C/R
71-D/&"-17F"&’)*"!#*&(’!&’&

($)!T8:?] 3/]C>67B8>F:9EC9:=A7?8:B7BE7>:@F?8>
;=:;7<7?8:B8B;:=:@FACE87/R7))EG$./"&’*!"
%%%$&*&$#!!&$’#

())!178i"N798E8F37BE-7B7FCD8>6cV/W7MC;=:;7Q
<7?8:B8B6C?C=:<CBC:@F";:=:@FACE87*3MC4:>8?P
F?=CFF"98B8?CQE899C=CB>CAC?6:E/+,-)$./01/"&’’)"
*"%!&*%!(!%$"

(*)!+7j:3"L7C??737BEN8?7487B8V/L84CB?K:@BE7=P
>:BE8?8:BF9:=D7MC;=:;7<7?8:B8BF7?@=7?CE;:=:@F
ACE87/S5&R-: PDF,9456454EF,&$-6/05<,-=
F,1$"&’’*"!"*!)%!!(%

(()!\8CB5D8>e2O"O67B<O07BETC??CFF,/1=78BCE
>:BF:48E7?8B<7BE EPB7A8> KC67M8:=7FF@A;?8:BF8B
F:84F/+T-&,1$50UD,"&’#""%"%$&*%#)!%’)

(#)!,=CM:F?U[ /i:B48BC7=?=7BF8CB?;6CB:ACB78BF7?@Q
=7?CE;:=:@FACE87/?-F)D&F,&$-6/054))EF,1$
456,5<"&’#!"!"*%!&#

(’)!,=CM:F?U [/W7MC;=:;7<7?8:B8B94@8EQF7?@=7?CE
;:=:@FACE87*3BC998>8CB?98B8?CC4CACB?;=:>CE@=C/
"-0E6.54F01/456,49&$UD4H,,5<05,,905<"&’#)"
$%$&*

(&")!R(q"v8C/Zyo;<=twyl2/[’/
DE34F)aG"&’’*"%&%&&*!&!!(

!!"#$"’()

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
;
;
;
;

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
;
;
;
;

<

<<
<

#

!"#$%&’()*+,-./!

lijie19591025
文本框
返回目录  




