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Direct and inverse problems assosiated
with inclined passing of SH-waves
through 1d inhomogeneous medium®*

A.S. Alekseev and V.S. Belonosov

Wave process in a one-dimensional vertically-inhomogeneous medium induced by a sound-
ing impulse moving from the depth is considered. Mathematical background of the algo-
rithm for the reconstruction of the medium’s mechanical parameters is given when the
form of the initial wave and the surface seismogram are known. Theoretical results are
illustrated by the numerical examples.

Observations of wave fields in internal points of the medium, i.e., bore-
holes, are used in seismoprospecting to obtain more comprehensive informa-
tion on the geologic medium under study. Over the recent years, a special
method of vertical seismic profiling (VSP) has been developed using obser-
vations in a number of points along the borehole. One of the difficulties of
this method is the absence of direct information on the form of the initial
wave generating interference vibrations in the layer and at the earth’s sur-
face. It is hard to solve the inverse dynamic problem of seismoprospecting
(VSP in particular) without this information.

The given paper deals with direct and inverse problems of dynamics of
horizontally polarized waves in a vertically inhomogeneous elastic medium.
It is supposed that measurements of wave displacements were carried out
both at the free surface of the earth and inside of it at one or several
depths. Theorems of the existence and uniqueness of solutions not only
for the inverse, but also for the direct problem are presented, since we
didn’t manage to find the consideration of these issues in terms of classical
mathematical physics in spite of the fact that they were sufficiently well
studied theoretically. Moreover, consideration of these questions in the
rigorous, but adapted form can be of interest in geophysics.

*This work was supported in part by Russian Fund of Fundamental Research under
Grant 93-05-8638.
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1. Statement of the problem

Let the Cartesian coordinates in R3 be z, y, 2. We suppose that the half-
space z > 0 is filled with an elastic isotropic medium having the Lame
parameters A, u and density p. The process of wave propagation in this
medium is described by the general system of dynamic elasticity theory
equations

(A+p)graddivU + p AU + (grad M) divU + (grad p) U' + U’ grad p = p Uy.

Here U = (X, Y, Z) is the displacement vector of the medium points, U’
is the Jacobi matrix of the mapping (z,y,2) — U(z,y,2) and t is time.
Absence of external influences on the free surface z = 0 is interpreted as
fulfilment of the boundary conditions

AivU+2u2, =0, X,+2,=0, Y,+2,=0.

In the subsequent discussion it will be supposed that the functions A,
i, p are twice continuously differentiable and depend only on z, and the
displacement vector is parallel to the y-axis, i.e., X = Z = 0. Then the
initial system will be substantially simplified

(A+p)(Yy): + Ay =0,
(A+p)(¥y)e =0,
(At p) Yy + pAY 4 .Y, = pYy,

and the boundary conditions will have the form

Y, =0, Y, =0.
z=0 z=0
The first equation of this system together with the first boundary condition

form the homogeneous Cauchy problem over the derivative Y,,, due to which
Y, = 0. Thus, Y = Y(z,z2,t), and

#(Yxr'i"Yzz)“}'ﬂz.Yz =P},tt, z>0; (1)

Y, =0. (2)
z=0
Further we shall restrict our consideration to the case, when the func-
tions p, p are constant for z > H > 0 and equal to some known values g,
po- Under these conditions the equation (1) in the domain {z > H, —o0 <
z < oo } has particular solutions of the plane waves






