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works is very expensive and missing of down holes off ore 
objects, which was forecasted by geophysic scientists, often 
has very negative consequences. Without special mathematic 
modeling on systematization of section distortions, caused by 
influence of relief during 2D or 3D inversion, it’s impossible 
to achieve final geoelectric sections, which are adequate to 
true ones. 

III. METHODS AND MATHEMATICAL MODEL 

In this research, the main instrument of modeling fields is 
the method of integral equations. The idea of this method is to 
provide the electric field as a sum of the primary field 
(generated by current electrodes) and the field of secondary 
charges (occur when the electric current flows in points of 
homogeneity violation of the medium and on the surface of 
the medium): ܧ ൌ ଴ܧ ൅  ଴ is the vector of theܧ ௦௘௖, whereܧ
primary electric field, ܧ௦௘௖ is the vector of total electric field 
of the secondary charges. Contact boundaries and 
heterogeneous inclusions of the geoelectric section act as 
secondary creators of electric field. Field computation 
problem is reduced to the system of integral equations on 
density of secondary sources, inducted on contact surfaces of 
conductive mediums and on surface relief of the medium. The 
mathematical description of this event leads to the Fredholm 
equations of type II.  

We obtained recently integral equations for solving the 
direct problem of sounding on local inclusion and buried relief 
in [19]-[21]. It was shown in [22], that the method of integral 
equations gives much more accurate field computation and 
especially their first derivatives in comparison with method of 
finite volumes. In the works, mentioned above, there were 
shown such advantages of method of integral equations, as 
decreasing the dimension of the problem from 3D to 2D and 
an opportunity of unified (one-for-all) approach for 
complicated configuration of contacting medium boundaries.  

In [3]-[5], [19]-[22], related with application of the method 
of integral equations to modeling of problem of electric 
sounding, they did not consider cases of relief form of daylight 
surface of the Earth. Or the cases were not carried up to 
systematical numeral modeling. 

Presence of relief essentially complicates a problem 
formulation for the method of integral equations in 
comparison with a case when the surface is plain. This is due 
to the fact that for plain surface of discontinuity “earth-air” we 
can use method of reflections [4], which allows us to get a 
relatively simple type of integral equations or a system of 
integral equations. In case of surface relief of discontinuity of 
the sounding medium and complicated internal boundary, a 
resulting mathematical model should be carried out as a 
system of integral equations.  

We consider the mathematical model of a direct current 
sounding method for medium with constant resistivity with 
any relief on the surface and with three-array of 
Schlumberger.  

It is known from Maxwell's equations that the stationary 
field electrostatic potential at points in the medium satisfies 

the differential equation of Laplace: 
 

பమ஦

ப୶మ ൅
பమ஦

ப୷మ ൅
பమ஦

ப୸మ ൌ 0                               (1) 

 
The condition of decreasing the potential at infinity 

߮ሺ∞ሻ  ൌ  0, and the condition on boundary of earth-air must be 
satisfied: 

 
ப஦

ப୸
ቚ

୸ୀ଴
ൌ 0                                       (2) 

IV. APPLICATION OF THE METHOD OF INTEGRAL EQUATIONS 

AND NUMERICAL RESULTS 

To calculate the field on the surface relief we assigned some 
distribution of current density on the surface, which 
compensate for it so as to satisfy the physical boundary 
condition: 
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ቚ
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                                 (3) 

 

Here, σ is the layer’s electrical conductivity, and U0 is the 
potential of a source electrode. For distribution of current 
densities on the surface relief we used a grid with a 
logarithmic expanding scale by radial, adapted to the position 
of the source electrode. 

Integral equations can be written for the intensities of 
secondary sources, and for the values of the potentials. We 
have built the integral equation for distribution of secondary 
sources, taking into account the given boundary condition and 
Green's formula. The following is the integral equation for 
distribution of secondary sources at points of M on the 
medium surface, formed under the influence of a single point 
current source, located at some point on the surface. Under the 
integrand calculates the mutual influence of all other sources 
on the source of M. From the integral equation it is required to 
calculate the current density of secondary source, ISሺPሻ-? 
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ப୬
ISሺPሻdSPГ

൅ E଴ሺMሻ൰,           (4) 
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where, ISሺMሻ is the current density of secondary source at 
point of M on the surface Г; E଴ሺMሻ is the electric field from a 
primary source at this point M; GሺP, Mሻ is Green's function; 
ISሺPሻ is the current density of secondary source at point of P, 
dSP is the surface area where the source P is. Equation (4) 
expresses the physical fact, that at the points of M of the 
surface the total current is zero, except the current source 
electrode. 

After calculating the distribution of secondary sources, the 
values of the potentials on the surface are calculated: 
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U0(M) is the potential of a source electrode. 



International Journal of Earth, Energy and Environmental Sciences

ISSN: 2517-942X

Vol:9, No:4, 2015

286

 

 

Fig. 2 shows the current density of the surface, obtained by 
solving the integral equation. 

 

 

 

(a) 
  

 

(b) 

Fig. 2 Current densities of secondary sources for different shapes of surface relief: A red asterisk indicates the position of the current source 
electrode; (a) Source electrode is located on a flat surface relief (b) source electrode is located on a convex surface relief 
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V. CONCLUSION 

The numerical method and computer program solves the 
direct problem of electrical prospecting with direct current 
under conditions of ground surface relief. The method is based 
on the construction of the adapted grid and iterative algorithm. 
The obtained results allow estimating the effect of topography 
on the measurements and will improve the quality of work and 
the development of computer technologies used in geophysics.  
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