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摘　　　要

徐涛, 徐果明, 高尔根, 蒋先艺. 复杂介质的折射波射线追踪. 石油地球物理勘探, 2004, 39 (6) : 690～ 693

　　本文由二维层状介质模型出发论述了折射波逐段迭代射线追踪的原理, 由于连接炮点和接收点之间的初

始射线路径满足费马原理, 因此其上任意连续三点之间的射线路径也满足费马原理。据此即可分别推导出透射

中间点和折射点的一阶修正公式, 进行折射线逐段迭代计算求出整条射线路径。将此原理推广到二维块状介质

模型, 用于解决复杂介质中的折射波射线追踪, 推导出任意界面上折射点的一阶显式增量修正公式, 避免了高

次多元方程的求解, 具有计算速度快, 能够适用任意界面的特点。文中还指出了在块状介质模型中用逐段迭代

法进行射线追踪较在层状介质中难度大的原因在于射线路径点的增、删。实例试算表明, 文中所述方法是一种

有效的折射波射线追踪方法。
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引　　　言

在地震勘探领域, 地震波射线追踪是一种重要



折射点的一阶修正公式。

方 法 原 理

折射波逐段迭代射线追踪原理

图 1 为二维层状介质的逐段迭代射线追踪示意

图, 首先给出连接炮点 S 和接收点 R 之间的初始折

射射线路径 S P 1



将式 (3)代入式 (2) , 仅保留一阶小量, 最终得到

$x =
v 1 l1e1 - c1v 2

v 2d 1 - v 1 (p 1e1 + l1f ′f ″öe1)
(4)

式中

c1 = a1 + b1f ′(x 2)

d 1 = 1 + (f ′(x 2) ) 2 + b1f ″(x 2



图 4b　图 4a 模型共炮点折射波射线追踪结果

24 个检波器放置在起伏地表 (图中用叉号表示) , 第一层底部和
第二个尖灭层的底部定义为折射线, 射线追踪的精度为 0. 1m

图 5a　复杂组合模型及其速度结构 (数值单位: km ös)

组合模型包含正断层、逆断层、侵入体和透镜体等, 模型
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　　T h rough the staggered2grid fin ite2difference f2
o rw ard m odeling of w ave equat ion, the paper
m odeled the p ropagat ion of seism ic w ave in 22D
elast ic random m edium and self2excited and self2
received t im e2reco rds; com parison of acou st ic w ave
w ith elast ic w ave is m ade in layered random
m edium m odel, w h ich show ed tha t bo th have b ig
d ifference. In o rder to study the w avefield
characters in 22D elast ic random m edium m odel,w e
divided the theo ret ica l reco rds in to th ree d ifferen t
t im e segm en ts and com pu ted th ree sta t ist ica l
characterist ist ic va lues of sect ion separa tely in
th ree d ifferen t t im e segm en ts: la tera lly cen tra l
frequency, vert ica lly cen tra l frequency and rela t ive
va lue of w avefield energy. T hen, co rresponding to
each elast ic random m edium m odel, 9 d ifferen t
w avefield2characterized values are ob ta ined by
com pu ta t ion. F ina lly, th rough studying the changed
characters co rresponding to characterist ic va lues of
w aw efield w hen m edium m odels are changed; the
conclu sion tha t clo sely rela ted the m odel characters
( self2co rrela t ion length and roughness of random

m edium etc. ) to w avefield characters ( d istu rbed
frequency and energy of reco rded sect ion etc. ) : the
sta t ist ic characterist ic va lues of w avefield st rongly
rely on sta t ist ic characters of m edium , such as
co rrela t ion length and roughness etc. ; the seism ic
reco rds co rresponding to random m edium m odels
are characterized by com p lex w avefield such as
sca t tered w ave and seism ic w ave ta il.
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　　3D po st2m igra t ion seism ic da ta vo lum e p rovid2

ed a grea t num ber of info rm at ion fo r seism ic
in terp reta t ion. Becau se of influence of apertu re of
m igra t ion opera to r, the im age of 32D seism ic da ta
vo lum e in space is sm eared after m igra t ion, w h ich
is unfavo rab le fo r detect ing the fau lts. T herefo re,
the paper p resen ted u sing sm ear2elim ina ted
techn ique of im age to enhance fau lt info rm at ion of
3D seism ic da ta vo lum e. T he natu re of the m ethod
is to take ob served im age as convo lu t ion of t rue
im age w ith expan sion funct ion a t a po in t, and the
sm ear2elim ina ted techn ique of im age is to elim ina te
the influence of expan sion funct ion a t the po in t by
m u lt i2dim en sion deconvo lu t ion, then adding
coheren t ana lysis resu lted in h igh2reso lu t ion
im age. T he m ethod is of benefit fo r fau lt detect ion.
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