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Abstract 
 
To ensure the safety of important national economic objects in the conditions of technogenic, biogenic and anthropogenic interference, it 
is advisable to carry out automated electromagnetic control of geodynamic processes on the basis of multipolar sensing systems. The 
paper substantiates the use of methods of compensation of geodynamic variations to increase the sensitivity of multipolar geoelectric 

control sys-tems. The developed method involves the implementation of compensation of changes in the components of electric field in 
the control points caused by the natural geodynamic mismatch of the probing system from the object under study, using additional 
sources. Selection of sources parameters is based on the solution of an approximation problem of the variations of the transverse and 
longitudinal field compo-nent caused by the geodynamics of the controlled medium. Mathematical modeling has confirmed high accura-
cy of compensation of real geoelectric fields by the field of additional sources in the conditions of both narrow and wide area of location 
of the receiving electrodes of the probing installation, which determines an efficiency of the method in the conditions of complex con-
struction, typical for most geotech-nical objects. 
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1. Introduction 

The use of geodynamic monitoring systems based on geoelectric 
methods of control of the geological environment allows to ensure 
the safety of operation of important national economic objects in 

the conditions of technogenesis and activation of exogenous hy-
drogeological processes. In particular, to increase the geodynamic 
sensitivity of geoelectric control, equipotential methods are widely 
used [1-2]. The major drawbacks limiting the application of these 
methods are the difficulty of accurate installation of measuring 
electrodes on equipotential lines, which is necessary to ensure 
high sensitivity of the control system to small geodynamic chang-
es in geological objects [3]. In addition, to preserve the metrologi-

cal properties of measurement systems in the process of their long-
term operation, it is necessary to carry out a time-consuming pro-
cedure for resetting the measuring electrodes for positioning them 
on the equipotential lines arising from the geodynamic imbalance 
of the system.  
One of the ways to solve the problem is the use of multi-pole elec-
trical installations with additional compensation sources [4-5]. 
Their use allows selection of the currents values of additional 
sources to eliminate an influence of additive noise caused by the 

initial inaccurate installation of measuring electrodes or changes in 
the field structure caused by the geodynamics of the controlled 
medium during the system operation. Thus, it is possible to in-
crease the sensitivity of the system to small geodynamic varia-
tions.  
One of the requirements for multipolar systems of geoelectric 
monitoring of geodynamic processes is the possibility of algo-
rithmic current adjustment of the system to the expected change in 

the conditions of geodynamic control and arbitrary spatial location 

of a multipolar electrical installation [6]. For the implementation 
of the adjustment flexible control of additional sources currents to 
create a field, reverse the geodynamic change of the field of the 

controlled environment, is required. The choice of sources param-
eters requires the solution of the approximation problem of the 
variations of the transverse and longitudinal field component 
caused by geodynamics of the controlled medium, near the typical 
simplest inhomogeneities. 
The aim of the work is to study the method of approximation of 
geodynamic changes in the electric field by the field of additional 
sources to compensate for the mismatch of the geoelectric moni-

toring system due to geodynamic variations of the parameters of 
the controlled area of the geological environment. 

2. Compensation method of geodynamic 

changes by the field of additional sources 

The conditions of application of geoelectric systems of geodynam-
ic control are quite diverse and are primarily determined by the 
controlled object and its geodynamic parameters. In small-depth 
geophysics, standard models are used to describe near-surface 
inhomogeneities and their geodynamic variations [7-9]. Usually, 
when using geoelectric methods at small distances and depths, 
typical for the tasks of geotechnical monitoring of objects, two 

media with a flat boundary can be selected as the model of the 
geoelectric section [10]. The model is illustrated in figure 1. 
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Fig. 1: Model of Two Media Boundary Using One Point Source of Geoe-

lectric Field. 

 
Here, the point source with current I0 is located on the surface of 

the half-space at the origin (point A), the axis z is directed to the 
depth. The distance from the source A to the media boundary is 
equal to d, so the mirror image of the source has coordinates 

)0;0;2( d
. Taking into account the boundary conditions, the field 

potentials at the ground-air boundary at the point ),( yx  with coor-

dinates of the first medium 1U  and the second medium 2U  are de-

termined by the expressions: 
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In (1.1) and (1.2) the first terms determine the normal component 
of the potential due to the influence of the real source A; the sec-
ond terms determine the abnormal component of the potential, 
describing an impact of heterogeneity and caused by imaginary 

source: À .  

In accordance with obtained expressions for the potential the ratio 
for complex vectors of the geoelectric field in the first medium 
take the form 
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And for the second environment 
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Based on the principle of stationarity and linearity of the geoelec-
tric section, change in tension under the influence of current geo-
dynamic variations of the object of control under the condition of 
initial balancing of the measuring system can be determined by the 
expression 
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Where ),...,( 0
1

0
1 LL    and ),...,( 00

1
0

L   are the current 

and nominal value of the vector of geodynamic parameters with 
dimension L. In the simplest case, geodynamics of a medium with 
a sufficient degree of accuracy is described by changing of one 
parameter. In particular, for the considered plane boundary of the 

two media such parameter can be the boundary shift d . In other 

cases, the variable parameters can be the slope rotation of the 
plane boundary, or the approximating planes coefficients that are 
the fragments of the piecewise linear boundary [11-13]. 

Thus, change in the field strength at variation d  (schematically 

shown in figure 2) takes the form: 
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For the 1st medium 
 


























 










 







3

22
5

22

2
101

)2(

2

)2(

)2(6

2

),,(

ydxydx

dxKI

d

dyxE x



 

                            (6.1) 

 


























 







5

22

101

)2(

)2(6

2

),,(

ydx

dxyKI

d

dyxE y



 

                                     (6.2) 

 
For the 2nd medium, components of the intensity (3) do not con-
tain a controlled geodynamic parameter, therefore  
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Fig. 2: Field Change On ÀE


 , Caused By Geodynamic Shift of the Bound-

ary d  for the Source A, Located in the Point P. 

 
To implement an adjustment of the measuring system, it is neces-

sary to control the currents of additional sources to create a field, 
reverse to the geodynamic change of field of the controlled medi-
um. In general, the field control is carried out on many receiving 

points with coordinates )y,( mmx , condition of compensation of geo-

dynamic variations of the object for a point takes the form: 
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Where 
ê
n

ê
n

ê
n óxI ,,

 are currents and coordinates of additional compen-

sation sources? According to (7), compensation is not required for 
the second environment, so the lower indices are omitted.  
One of the possible approaches for the practical use of this method 

in the systems of geodynamic control in geotechnical monitoring 
of objects is the use of approximation algorithms for determining 
the parameters of compensation signals. 
Parametric approximation  
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When implementing the proposed method of compensation of 
geodynamic changes on the basis of parametric approximation, 
various options are possible. As the parameters of the objective 
minimization function, variations of different individual parame-
ters of the intensity vector can be used: longitudinal or transverse 
component, modulus or phase vector or its individual components.  
Approximation of the longitudinal component of the variation of 
the electric field intensity ΔEx or the transverse component ΔEу 

On the basis of (8) condition of optimal compensation according 
to the criterion of minimum standard error (MSE) takes the form 
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Approximation of the amplitude components of electrical field 
variations  
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Approximation of the phase components of electric field intensity 
variations 
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To increase the sensitivity of the measuring device, it seems prom-

ising to use information about the phase component of the field 
changes in the first place, neglecting the amplitude component. 
This idea is the basis of the phase method of registration of iso-
tropic and anisotropic near-surface layers [14]. The method has 
better noise immunity in comparison with the amplitude method 
most widely used in electromagnetic sounding and profiling.  
Approximation of components of the electric field of heterogenei-
ty by the field of extended additional sources 

Based on the expression for a field potential of the linear electrode 
[15], approximate value of the potential approximated by the sys-

tem of vertical linear electrodes with length nL  has the form 
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The expression (12) can be used as a normal component of the 
potential (1) for the problem of minimizing an approximation of 
the electric field potential. The potential of a curvilinear source 
(for example, a cable segment) can be obtained by integrating the 

potential of a point source along the corresponding curve.  
In practice, during the geodynamic research there is a problem 
associated with inability to provide a uniform spatial distribution 
of the points of registration of the electromagnetic field. This is 
due to the fact that most of the geodynamic objects are located in 
areas of complex development, typical for most industrial enter-
prises or in conditions of limited access. When solving the prob-
lems of geodynamic control, the collection system used is initially 

stationary and uneven. Due to the fact that the distances from the 
object and to the source of the probing signal are initially different, 
errors in the registration of the electromagnetic field at different 
points of observation have different dispersions. Therefore, a dis-
tinctive feature of the application of processing methods in geody-
namic measurement systems, which allows to significantly reduce 
the error of geodynamic estimates, is the use of weight coeffi-
cients [16]. 

Weighting coefficients mn  are determined based on the depend-
ence of the variance of approximation errors of the field parameter 

  from the argument, and, accordingly, are determined by the 

localization of the field registration point mr  relative to the source 

of the probing field nr  and object of study: 
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Where )( mnL r  is the function that determines the spatial location of 

the registration point. 
Approximation MSE of the field parameter Λ with introduction of 
weight coefficients  
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Where 1mn  at uniform grid registration. 

Mathematical modeling of geodynamic changes compensation by 
the field of additional sources 
Based on the solution of minimization problem (9), an approxima-

tion of the components of variation of electric field intensity xE
 

and yE
 by the field of additional compensation sources is per-

formed. The calculation is performed for two variants of spatial 
placement of the receiving electrodes: 1) single receiving elec-

trode (M=1) at the point
2,2 dydx mm 

; 2) uniform grid of 

receiving electrodes 6x5 (M=30). In both cases, accepted: 
AI 10  ; 

5d м; 5.0d m; 11  Ohm∙m; 12 10 
. For the solution of a 

minimization problem of the chosen nonlinear method based on 
the conjugate gradient (nonlinear conjugate gradient method) [17, 

18] and software MathCAD parameter TOL (tolerance, Conver-
gence Tolerance) is assumed to be TOL=10-6. 
In the 1st case compensation MSE of the section boundary shift on 

d  by one additional source (N=1) at optimal (in accordance with 

(9)) source parameters (
ñI =18 mA, 

ñx =4.95 m, 
ñy =1.06 m) was 

1.238∙10-6 V/m, which is significantly less than initial approxima-

tion error (7.065∙10-4 at 
ñ
imI =0.1 A, 

ñ
im

ñ
im yx 

= –5 m). The section 

boundary offset compensation MSE when the parameters of the 

additional source are changed (offset along the abscissa axis x , 

offset along the ordinate axis on y , and change of currents on 

I ) is shown in figure 3. Figure 3 illustrates the good landscape 
of optimization problem and the apparent absence of local minima 

(with the exception of x ≈1.4 m in Fig. 3a). 

MSE, mV/m 

 
(A) 

 
 

(B) 
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(C) 

 
Fig. 3: Сompensation MSE for the Boundary Displacement when Chang-

ing the Parameters of Additional Source (N=1, Ic=18ma, Xc=4.95 M, 

Yc=1.06 M) for the Field Measurements at One Point (M=1, Хm=D/2, 

Ym=D/2): A) Displacement Along the Abscissa Axis on Δх; B) Displace-

ment Along the Ordinates Axis on Δу; С) Change In Currents on ΔI. 

 
In the 2nd case (a uniform grid of receiving electrodes 6x5, 
M=30), the compensation MSE by one additional source (N=1) 
with the same initial approximation as in the case 1 is significantly 
higher: 1.003∙10-3. It is important to increase the number of 
sources. Figure 4 shows the offset compensation of the section 
boundary by seven additional sources (N=7). The resulting com-
pensation MSE was 5.727∙10-4 V/m with an initial approximation 

error of 2.365∙10-3 V/m, there are also no visible local minima on 
the graphs of MSE dependence from the source parameters (figure 
4c, 4d, 4e).  
Dependence of the compensation MSE from the number of addi-
tional sources confirms that for field measurements at a single 
point (M=1, хm=d/2, ym=d/2), one source N=1 (figure 5a) is 
enough, for field measurements in a distributed array of points 6x5 
(M=30, figure 5b), it is important to increase the number of 

sources. 
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MSE, MV/m 
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Fig. 4: Compensation of the Boundary Offset by Seven Additional 

Sources (N=7) for the Field Measuring in the Array of Points 6x5 (M=30): 

A) Location of the Receiving Electrodes (Crosses) and Emitting Elec-

trodes (Hollow Circles Show the Initial Value, Filled Circles – End Ap-

proach); B) Final Distribution of the Currents and Abscissas Of Additional 

Sources (Approximation Result); С) Compensation MSE Of The Sources 

Displacement On Δх; D) Compensation MSE of the Sources Displacement 

on Δу; D) Compensation MSE when Changing the Sources Currents on ΔI. 

 
(A) MSE, 10

-6
 V/ 

 
 

(B) MMSE, 10
-3

 V/M 

 
Fig. 5: Dependence of the Compensation MSE from the Number of Addi-

tional Sources N: A) for the Measurements of Field at One Point (M=1, 

Хm=D/2, Ym=D/2), Only One Source N=1 Is Enough; B) for Measure-

ments of Field in the Array of Points 6x5 (M=30). 

 
Thus, mathematical modeling has confirmed a high accuracy of 
compensation of real geoelectric fields by the field of additional 
sources in the conditions of both narrow and wide area of the re-

ceiving electrodes location of the probing installation, which de-
termines an efficiency of method in the conditions of complex 
construction.  

Receiving electrodes  
Emitting electrodes (initial value)  
Emitting electrodes (final approximation) 
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3. Conclusion 

The paper substantiates the use of compensation methods of geo-
dynamic variations to increase the sensitivity of multipolar geoe-
lectric control systems. Developed method involves an implemen-
tation of compensation of changes in the components of electric 

field in the control points caused by the natural geodynamic mis-
match of the probing system from the object under research, using 
additional sources. Selection of source parameters is based on the 
solution of approximation problem of variations of the transverse 
and longitudinal component of the field caused by geodynamics of 
the controlled medium. Mathematical modeling has confirmed a 
high accuracy of compensation of real geoelectric fields by the 
field of additional sources in the conditions of both narrow and 

wide area of location of the receiving electrodes of the probing 
installation, which determines an efficiency of the method in the 
conditions of complex development, characteristic of modern 
conditions of territories formation. Further development of the 
method involves its mathematical modeling and experimental 
testing for independent or simultaneous geodynamic changes in 
various geoelectric parameters of the controlled medium: a rota-
tion or slope of the plane boundary, or coefficients of the approx-

imating planes, which are fragments of a piecewise linear bounda-
ry. In addition, it should be noted that this method can be success-
fully used to create an effect of presence of geodynamic variations 
due to additional electrodes, which simplifies the task of installing 
the control system in real conditions. 
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