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development at increasing σ and C1 = C2 (zero loop area) we see that the size of T-period cycle is growing
and there is an interval of σ corresponding to the existence of 2T-period cycle (Fig.  3,  a). The structure of
solutions (2) is much more complicated in the case of nonzero histeretic loop area at C2 = 9,5, C1 = 19.
Studying the Poincare diagram in picture 3b we can distinguish several period doubling cascade, intervals
of the different type chaotic attractor existence, moment of the histeretic transition from one attractor to
other.

Thus, the accounting a histeretic loop in the dynamical equation of state causes new wave regimes
creation. The histeretic loop is the way of elastic energy utilization and in the same time it is the nonlinear
element of media, which can cause unstability generation in media and produce localized dissipative
structures.
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Launched in March 2002, the GRACE mission
measures the temporal variation of the gravity field
at a spatial resolution of about 400  km, and at a
temporal resolution from ten days to one month.

These information complements ground based
geodetic and geophysical ones. The temporal vari-
ations of the Earth gravity field are dominated by
the effect of the water circulation between the at-
mosphere, the oceans, the land hydrological sys-
tems and the polar ice caps. Such mass redistribu-
tions cause geoid variations of a few millimetres at
various temporal and spatial scales. Locally, large
seismic events also generate geoid variations of si-
milar amplitude, which may also be detectable by
GRACE [Gross, Chao, 2001; Mikhailov et al., 2004;
Sun, Okubo, 2004; de Viron et al., 2008].

One of the largest earthquakes in recent decades,
the Mw 9.2 Sumatra-Andaman, earthquake, occur-

red on December 26
th
 2004 at a particularly com-

plex subduction boundary, along which the Indian
and Australian plates subduct below a set of micro-
plates comprising the forearc sliver plate, the Bur-
ma and the Sunda ones. The Sumatra-Andaman
earthquake ruptured at least 1300  km of this sub-
duction boundary. It was followed by numerous af-
tershocks and by a second very large earthquake,
the Mw 8.7 Nias earthquake, on March 28th, 2005.
During the following years, slip at depth has conti-
nued, as showed by the sequence of recorded af-
tershocks and regional GPS data.

The December 2004 Sumatra-Andaman event is
associated with a large gravity co-seismic anomaly
in the Andaman Sea and very fast post seismic re-
laxation that is well monitored by Grace [Panet et
al., 2007; 2010]. This gravity variation is due to ver-
tical displacement of density interfaces (mostly the
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upper crust boundary and the Moho), and to rock
density changes resulting from variations of the
stress field (dilatation/compression). At large
scales, the density variation effect dominates that
of the vertical displacement. Part of the gravity low
has been attributed to non-uniform coseismic sub-
sidence of the Andaman Sea overriding plate [Pa-
net et al., 2007].

Comparison of Grace data with the sparse GPS
available information allowed us to construct a re-
laxation model and to discuss the amount of after-
slip. In our post-seismic model the observed GPS
displacements and gravity variations are well ex-
plained by of visco-elastic relaxation plus small
amount of afterslip at the downdip extension of the
co-seismically ruptured fault planes. Our model
comprises 60  km thick elastic layer above a visco-
elastic asthenosphere with Burgers body rheology.
The mantle below depth 220  km has Maxwell rheo-
logy. Assuming a low transient viscosity in the 60—
220  km depth range, the GRACE data are best

explained by constant steady-state viscosity
throughout the ductile portion of the upper mantle
(e.g. 60—660  km). This suggests that the localiza-
tion of relatively low viscosity in the asthenosphere
is chiefly in the transient viscosity rather than the
steady-state viscosity. The data indicate that man-
tle viscosity is as low as 8,1018  Pa s in the 220—
660  km depth range, maybe indicating a transient
behaviour of the upper mantle in response to the
exceptionally high amount of stress released by the
earthquakes. The remaining misfit to the GRACE
data, larger at the smaller spatial scales, was ex-
plained by a cumulative afterslip of about 75  cm at
depth continuation of the co-seismic rupture, over
30— months period spanned by the GRACE mo-
dels. It produces small crustal displacements at the
level of GPS errors.

Our results confirm that satellite gravity is an
essential complement to the ground geodetic and
geophysical networks, for understanding the seis-
mic cycle and the Earth inner structure.
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Numerical study of dynamic phenomena in the coal seam
with taking into the account the influence

of gas filtration and diffusion
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Coal beds are media with hierarchically orga-
nized structure, in which the processes of gas trans-

fer in solid framework produce the significant influ-
ence on the mechanical response. Numerical si-
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