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The article presents the results of the interaction of electromagnetic waves in the mode of pulsed signals 

with the environments over hydrocarbon deposits. The behavior of the components of the dielectric constant of 

an anisotropic environment over the reservoir in the mode of pulsed signals based on the quasi-hydrodynamic 

approach is investigated. An analysis of the constituent components of the dielectric constant of the medium over 

hydrocarbons for electromagnetic waves with right and left circular polarizations, depending on the pulse fre-

quency. 

 

Introduction. Methods for the search for hydrocarbon deposits are based on the analysis of electrophysi-

cal and electrochemical processes in anisotropic environment over hydrocarbon deposits [1 - 4]. Similar studies 

for plasma-like media make it possible to use existing solutions for studying the interaction of electromagnetic 

waves (EMW) with hydrocarbon deposits when studying plasma based on the quasi-hydrodynamic approach [5 - 

8]. The propagation of radio-pulse signals in the environment above the reservoir can be the basis for many 

methods of hydrocarbon exploration [9 - 10].  The relevance of the tasks considered in this work is to improve 

the existing electromagnetic methods of geological exploration and to develop new methods for searching, 

identifying oil and gas (hydrocarbon) deposits, which are a strategic type of mineral resources. The 

characteristics of the environment above the reservoir during the propagation of electromagnetic waves with 

right and left circular polarizations are determined, which increases the information content of the methods of 

contouring and allocation of hydrocarbon deposits. It is shown that the research results can be used to identify 

the environment above the deposits by the nature and value of the total and difference components of the 

dielectric constant of the anisotropic layer. 

The interaction of the medium over hydrocarbon deposits with pulsed signals. Consider the process of in-

teraction of EMW with hydrocarbon deposits in the pulse mode of the form: 
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Where 
2

U
и

τ⋅
=1 – amplitude ; f2 ⋅π⋅=ω  − frequency ; ωо – carrier frequency ; 

и
τ  − pulse width. 

The process of interaction of electromagnetic waves with local switching on the propagation path of radio 

waves can be represented in the form of an oblique incidence of a plane wave with vertical polarization in a me-

dium with parameters ε0, μ0, δ0 on an infinite surface with anisotropic impedance. This EMW is excited using a 

portable transmitter that moves along the studied profile. 

It is of interest to analyze the frequency characteristics of combinational components. 
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The expressions (2) contain matrix elements: 
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Information on the properties of the anisotropic medium is contained in the components of the tensor 

(3) 
1 2 3
, , ,ε ε εɺ ɺ ɺ  that are studied in various modes of interaction of the environment with EMW. The calculation of 

the components of the dielectric constant tensors was carried out on the basis of experimentally obtained pa-

rameters of the environment over hydrocarbon deposits [3]: electrical conductivity 
rδ  =10-5 s/m; particle 



MATERIALS OF XII JUNIOR RESEARCHERS’ CONFERENCE                                                     2020 

ICT, Electronics, Programming, Geodesy 

 178

concentration Nе = Nи = (1015 – 1017 ) m-3; particle collision frequency 
9

2 10ν π= ⋅ ⋅  rad / s. The dielectric con-

stant of the environment was studied in the range from 1 to 25. The research technique involves irradiating the 

profile under investigation with an electromagnetic wave at a fixed frequency, receiving a reflected signal. The 

electric field strength of the reflected signal is measured at the measurement points of the studied profile, and 

the boundary of the hydrocarbon deposit is determined from the anomalous values of the electric field strength 

of the reflected signal. 

A frequency analysis of expressions (2) for the combinational components has been carried out (Fig. 1, 2). 

 

 
 

P 1 – for ԑr = 25; 2 – for ԑr = 20; 3 - for ԑr = 2 

 

Figure 1. – Dependencies Re εL = ᴪ (Fi) 
 

  

1 – for ԑr = 25; 2 – for ԑr = 20; 3 - for ԑr = 2. 

 

Figure 2. – Dependencies Re εL = ᴪ (Fi) 
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There was conducted an analysis of the interaction of the anisotropic layer over hydrocarbons with EMW 

in the mode of radio-pulse signals. The AC dielectric permittivity tensor is derived over hydrocarbon deposits in 

the mode of radio-pulse signals. The results of the study can be investigated in exploratory geophysics. In this 

connection, it should be noted: 

- AC dielectric permittivity tensor over hydrocarbon deposits in the mode of radio-pulse signals can be 

used to determine the electrodynamic characteristics of the environment above the reservoir in a wide frequen-

cy range of the probed signals when the pulse frequency changes; 

- studies can be used to determine the characteristics of the environment over the reservoir during the 

propagation of EMW with right and left circular polarizations, which increases the information content of the 

contouring and separation of hydrocarbon deposits. 
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