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Abstract: The article considers the Earth crust blocks interaction with the use of Newton’s Pendulum. In order
to demonstrate various states of geological environment block models affected by external influence the blocks
system movement modeling at different contacts (rift model) has been carried out. Rotational and oscillatory
movements of blocks conducts to the problem of nonlinear mathematical pendulum oscillation. The nonlinear
equation of motion allows multisoliton solutions in the form of a kink and a breather. Interaction of nonlinear
waves leads to further displacement of the unit and to excessive strain on the blocks borders. External influence
leads to two types of disintegration of the system either in the form of seismic response (earthquake) or in the
form of aftershock process. Long-term weak impact on the rock mass may initiate a strong earthquake or
modulate the real seismic process. In reality the both processes appear independently, so as inter-block suture
zone (breaks) are in various consolidated states.
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INTRODUCTION of the author [6], the block model of geophysical

A qualitative description of the models of kinematics progress along the faults [8] and many others
earthquakes in a homogeneous solid in the presence of model-based [9].
the fault began with the pioneering work of Reid's elastic  The reduction of nonlinear geophysical tasks to the
rebound [1]. The development of this model on the basis equation (1) is connected with its complete integrability
of theoretical and experimental studies in recent years are allowing to find solutions that describe interaction of
presented in the [2]. solitary waves called solitons in explicit form.

At present, the most actively developing models The authors of this article [6] worked out the
seismic processes in the block structure of the crust [3, 4] equation of the block movement (in the form of a ball) on
with the wave [5] and nonlinear properties of their the rotating Earth.
interaction [6].

The basis of the nonlinear equations of the earth's , (2)
crust blocks motion is hyperbolic equation of sine-Gordon
[7]. For the function (x,t), depending on one spatial that is reduced to the equation (1) in dimensionless
variable x and time t, the equation of partial derivatives as coordinates x  = K z t  = c K t. If the blocks system can
has a universal character in the modern theory of be represented in the form of a cylinders set (a prism with
nonlinear waves. diamond design in the grounds), it will result in disturbing

 –  = sin , or  = sin , (1) elastically linked together as a result of the periodic loadxx tt xt

In geomechanical research of geological angular momentum will result to the emergence of elastic
environments nonlinear models were used in the study of stresses around it that in virtue of the laws of mechanics
seismicity in the geophysical environment rotation theory will  be  characterized  by  the  appropriate torque.  All the

environment [4] and during the authors’ study of
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rotational motions, in which the volume V bodies are

F(t) = F sin( .t)). The change in the direction of one unit0
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conclusions of the author [6] are also valid for the together, making a cyclical damped oscillations at increase
rheology  of  the  earth's  crust with the following in observation duration. In real geological environment
parameters of the system: the radius of the cylinder is the dispersion of blocks leads to the formation of dynamic
R(R = 60 – 70km); height (depth) is h (h  = 60km); seismic flaw due to the strong earthquake.max max

density is  (  = 3 / ); the moment of the cylinder During the period of disintegration the local3

inertia relative to its axis is I = R h/2; the kinetic energy deformation of bloc environment separate parts is4

of rotation is W = I ’/2, where ’ is the perturbation of the possible and, thus, one and the same system of units may
angular velocity. react differently to the same external exposures at different

The equation of motion (2) with the periodic load periods of observation.
consideration can be written in the following form: Map legend: m is the Earth crust block; F(m,v) is the

, (3) The ratio of the periods of consolidated and

where h(t) is the variation of the periodic potential, earth's crust. In its motion the block will only interact with
h(t0<<1. For example, h(t) = k sin( .t) is for the model two side blocks that determines the type of the motion.el

0

of elastic blocks interaction, where k  is the coefficient of Let us consider the chain of three identical tightlyel
0

friction in the periodic force absence. If the interblock
environment is heterogeneous, the equation of motion (2)
can be presented in the following form:

, (4)

where K = K (1 + h(t)), f(z) is, for example, the friction2 2
0

force potential f(z) = k  sin(2 x/b, |f(z)|<<1... b=L/2n,el
0

where L is the linear block size, n=1, 2, 3,…., b is the linear
inter-bloc size of heterogeneity.

Laboratory Experiment: Let us consider Newton’s Fig. 1 for three simultaneously interacting blocks.
Pendulum mathematical (Fig. 1) for the demonstration of
bloc-to-bloc model of geological environment under the
influence of the external load F(m,v).

The physical properties of faults (f) and blocks (m)
are not visible in case of its consolidated state. The pulse
influence of the force F(m,v) on one of the blocks will lead
to a separation of the boundary block (blocks) at any
length of the blocks chain, id est with the parameters of
L=d•n, (d is diameter of the block, n is the block quantity),
each external action F(m,v) can be compared to any
earthquake. The probability of such pair events (doublet)
p = p(n) approaches 1 p(n ) with a large enough
number of blocks (block boundaries) n .

Let us put a sheet of paper between the balls (blocks)
(f zones, Fig. 1) in order to demonstrate non-consolidated
state of rock mass. In this case a minor impact on the edge
ball (block) leads to a complete disintegration of the
system (the dispersion of blocks).

And the motion of the blocks in the initial period
depends on the physical (elastic-viscous) properties of
inter-block  zones. The entire system blocks starts moving

pulce (periodic) load; f is an interblock suture zone.

unconsolidated state is defined by the processes in the

connected blocks on the elastic stand. We will get the
following equation for the radial force diverting the block
to the angle  and influencing i-block,

, (5)

where  is the sum of force moments acting in the

blocks system. For example, from the equation (5) we will
get the following equation (6) for the system shown on

, (6)

where mgl sin  is gravitation moment,  is the

force moments sum of side blocks twisting. We get the
equation in designations of  = mgl2

/I and c  = d  /I from (3) and in dimensionless coordinates2 2

t  = t and x  = x /c the equation of sine-Gordon (1).
The solutions of the equation (1) are sufficiently

examined. In the approximation of progressing waves (z)
= u(x  – U.t ) it is reduced to the form (1 – U )u  – sinu =2

zz

0. For U  < 1 and the change of a variable , to2

the equation of mathematical pendulum [7].

u  – sin u = 0 (7)

In starting variables (7) it is written in the following
form
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Fig. 1: Newton’s Pendulum for the demonstration of environment state model

(8) center of gravity: , where

where f(x ± Vt) = (x,t) = ( ), . Multiplying and

integrating the equation (8) by f’, we get the equation of
oscillator, moving in the potential U(f) =  sin f.

(9)

As E= , the equation (9) corresponds to the
separatrix movement. Two type of rotational and periodic
trajectories  divide  the  separatrix;  the   trajectories  from
f  = 2 k, k N (0 and 6.28). It is real from (9) f ’ = 2 (cos(f)k k

– 1) = f’  – 4  sin (f/2) = 0, .  From which2 2

 and after integrating

, , or finally.

That represents the solitonic solution in the form of
a kink.

In its general view the solution (1) in the form of a
kink or topological soliton has the following form:

(x, t) = 4 rctg exp[–k (v)(x + vt)]

where k= ±1 is topological charge of kink. k = +1 is called
kink and v = -1 is called antikink. The parametric variable
v is the speed of the kink, where  its value must
not exceed the speed limit equal to 1.

One more solution of the sine-Gordon equation is
called breather or dynamic soliton. It is a spatially
localized nonlinear oscillating function, which has the
following  form  for  the case of a soliton with a stationary

is the internal frequency of the breazer oscillations.
The interaction of soliton solutions is not a simple

superposition of the solutions. This is manifested in the
fact that the kinks interact changing the phase of their
movement with the passage of them through each other.
Taking into account such interaction, the solution can be
presented in the following form:

Tectonic Interpretation: Due to the nonlinear properties
of rock massif there is an additional deformation  = rnl

blocks, r = L/2. The voltage in the nonhomogeneous
bodies depends on the speed of deformation (t) and fort

them the equation can be presented in the following form
[10].

(10)

where c is the speed of transverse elastic waves,  is the
density of a solid body,  is the constant determining the
stress relief. =2•10  sm/s (60 sm/y) is the same for all the6

rocks. With the constant speed of deformation (t) =t

const the solution of the equation (10) can be presented
in the following form . With the

course of time the stress of nonhomogeneous body
changes in the limits of 0 c .L t

2
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