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Conclusion. The obtained results confirm the
earlier idea [Gintov, 2005] about a strong extension
of the lithosphere in the central part of the Ukraini-
an Shield which took place ca. 1.8 Ga ago. At this
time the Shield was divided by the submeridional

Kherson-Smolensk intracratonic fault belt, 60—
70 km wide. The phases of transtension were inter-
rupted by transpression phases, however extension
predominated. This defined the emplacement both
the Novoukrainka and Korsun’-Novomirgorod pluton.
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Computer modeling of nonlinear dynamic processes
in structured geophysical media
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In different kinds of deformation processes prac-
tically all rocks reveal specific properties such as
nonlinearity, hysteresis, dilatancy and dependence
on the rate of deformation. These nonlinear proper-
ties are usually attributed to the structural constitu-
tion of the materials and to the processes taking
place on contacts of structural elements: crystals,
grains, granules, etc. The experiments with neu-
tron diffraction [Darling et al., 2004] confirm the de-
pendence of the non-classical properties of sedi-
mentary rocks (sandstones, marble and limestone)
on the deformation processes of small material vo-
lumes near bonds and contacts, inhomogeneous
stresses in the grains and the pore space available
for grain motion. For the explicit study of this de-
pendence the computer simulation of dynamic de-
formation processes in the structured medium has
been performed.

The structured medium is modeled by the dis-
crete system of 2D deformed elements (grains).

Three types of grain interaction: a) elastic, b) vis-
coelastic and c) elastoplastic are considered. The

Fig. 1. The grains massif.
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Fig. 2. The stress-strain diagrams for three types of grains
interaction: a — elastic, b — viscoelastic, c — elastoplastic.

Fig. 3. The structured massif in which propagates the nonlinear wave.

molecular dynamic technique is used for simula-
tion the dynamic of the discrete medium [Cundall,
Strack, 1979]. The grains massif is placed in a rec-
tangular aria (Fig. 1). The massif is deformed by
the piston, which is driven by the force acting in the
x-direction

( )max
2

0 /sin ttff π= . (1)

The thin wall with the coordinate xs is located
inside the massif. Knowing coordinates of piston xp

and xs one can to determine the actual strain ε(t) of
the thin layer Ω1
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Fig. 4. Averaged velocities Vx vs. time t at the distance x=0.16.
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the first case. Averaged mass velocities are calcu-
lated at six distances away from the piston by ave-
raging the velocities of particles in thin layers. The
dependences of the averaged velocities on time are
presented in Fig. 4. The propagating wave rapidly
decays being transformed then into a periodically
one. Fig. 5 shows that in the massif periodical wave
structures are formed. If the massif is in a pre-
stressed state the wave attenuates slowly and the
wave structures do not arise. The prestressed state
is created by the z-direction weighting.

and to build the stress-strain diagram. The stress-
strain diagrams for three types of grains interaction
are presented in Fig. 2. All diagrams are nonlinear
and hysteretic. The hysteresis squares in the vis-
coelastic and elastoplastic cases are greater then
in the elastic one.

The second part of the report is devoted to the
propagation of nonlinear wave in structured media
in gravitation field. The massif consists of 56000
elements with the elastic Hertzian contacts (Fig. 3).
The wave is generated by the same procedure as in

Fig. 5. The vector field at the time t=0.96 ms.
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Efficient method for solving the resistivity sounding
inverse problem
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The aim of electromagnetic sounding including
the logging is to determine medium parameters on
the base of measurement data. In other words, it is
necessary to associate each vector g from the mea-
surement space G to vector p from the space of
model parameters P. The finding of such correspon-
dence determines the essence of solving the inverse
problem.

Traditionally in solving the logging inverse prob-
lem, it is accepted to use a minimization of the func-
tional:
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where: n is the number of sounds in the equipment,
T
iρ  are computed theoretical values of apparent re-

sistance (AR) of the model under consideration, P
iρ

are values obtained really in AR measuring and δi is
the value of error for i-th sound. The values of model
parameters, to which computed T

iρ correspond at
each step of the iterative process of minimization of
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