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On the frequency dependence of the electrical rocks
The rocks are a combination of different rock-forming minerals.  In its electrical properties may be a dielectric, and an electric cable.  Under the influence of the electromagnetic field in the rock there is the total current,which consists of current conduction of free charges and the displacement current:
  =+ (1)
Electric displacement vector  is associated with field strength  and the polarization vector  ratio:
 =  + (2)
where: - dielectric constant.
In the rock, which is a heterogeneous environment, there may be all kinds of polarization. Their total is the total polarization vector that is conveniently regarded as the sum of two components: the instantaneous and relaxation:
 
 =    +(3)

Instantaneous polarization Rмгн is the sum of the elastic polarization of electron and ion displacement that radio frequencyvaries in proportion to the electric field vector of the instantaneous Therefore, the polarization can be written:
 =  (4)
where:- polarizability of the elastic displacement.
The relaxation component of the total polarization vector, which is the sum of the dipole orientation,thermal, ionic, structural and electrolytic polarization lags behind the phase change of the electric field.The dependence of the relaxation time of the polarization expressed as a sum of exponentially growing functions
=   (5)
where  - the polarization relaxation  -relaxation time of each type of relaxation polarization.


Thus, the total polarization vector is written as
=  (6)
For harmonically varying field    =  full polarization vector can be written as:
 = (7)
Replacing in (2) the polarization vector P in terms of its value from (6) and substituting the obtained value of the electric displacement D in equation (1) yields:
= +i+   +iω∑(8)
Total conductivity of the rock, which is determined on the basis of equation (7)
(9)
The first term of the admittance(ohmic conduction) is created in the rock-free electric charges.The second term is the conductivity of the displacement current in a vacuum. The third and fourth termdue tothe presence of the rock polarization currents instantaneous polarization and relaxation, the last component of a complex value.Its real part 
Re =  (10)
is the active component of the total electrical conductivity and on a par with ohmic conductivity determines the loss of electromagnetic energy that go into heating the rock.
Imaginary part
Im =  (11)
in conjunction with the second and third terms is the reactive component of the total electrical energy losses and causes no. 
Let us consider the active component of the total electric
Re (12)
It is not only dependent on the frequency in the absence of relaxation processes.Because rocks relaxation processes occur generally depends on the conductivity of the active component of the frequency.  Radio frequencyvalue under the sum is negligible and the dependence of the total conductivity is weak.At frequencies its value tends toalso  and substantially independent of frequency.If the field frequency is close to   ,the active component of the admittance has the most vivid frequency dependence.
For some relaxation time distribution is a monotonic increase in conductance with increasing frequency, and the form of this dependence is determined by the polarizabilityx and relaxation time.The distribution of relaxation times and the magnitudeof the polarizability of certain types of polarization are poorly understood, so the theoretical calculation of the frequency dependence of the conductance is in serious trouble.For practical purposes, the frequency dependence of the real part of the complex conductivity with sufficient accuracy can be defined experimentally.
Experimental study of the electrical conductivity of rocks depending on the field frequency in a large number of works of Russian and foreign authors.Fig. 1 shows a number of frequency dependence of the resistivity of various rock obtained using various measurement methods. Despite the seemingly contradictory nature of dependence of the resistance of different rocks on the frequency, they are all in good agreement with the theoretical assumptions.
Virtually no frequency dependence of the electrical resistance of rocks according to Smith-Rose (resonant circuit), B. S. Enenshteyna (field measurement), M. I.  Mikhailov (field measurements, Lecher line), and Abraham (field measurements, Lecherline) who studied the rocks and soils with high electrical conductivity.In contrast, a pronounced frequency dependence from the data ofKeller and Likastro (bridged), A.V. Veshev (kumetr), Chakravarty and Hastgira (Lecher line), A. D. Petrovsky (radio sounding), investigating the rocks with a high ohmic resistance ρOm.m.
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Fig. 1. The frequency dependence of the resistivity of rocks taken from:
1, 2 - M Strutt, 3, 4 - G. Keller, 5 – M.I. Mikhailov, 6 -  Abraham, 7 - M. Chakravarty, S. Khastgir, 8 – A.D. Petrovsky, 
9 - D. Karshinsky, 10 – A.V. Veshev, 11 – B.S. Enenshteyn, 12 - R. Smith-Rose.
Of great interest is the work of Shtrutta (bridged), who studied the rocks with a high ohmic resistance (dry river sand ohm-meters) and soil with low resistance of   ohm-meters.In the first case it was striking frequency dependence as soil resistance with increasing field frequency of 20,000 times decreased only by 1.5 times.
Similar dependence of the resistance of different rocks Lt. frequency obtained by us (Fig. 2) experimentally using kumetrov E9-1, E9-2 and Lecher line.In the frequency range 30 - 100 MHz applied to the compensation method of measurement(6).Forhigh-resistivity rocks (Fig. 2, curves 1 - 9) showed a strong increase in conductivity with increasing frequency electric field.These rock-through conductivity compared with the relaxation conductivity is negligible quantity.
With the increase of the share of the ohmic conductivity (Fig. 2, curves 10,11) is slower growth Re σis full.In low-resistivity rocks (curves12-14) plays the main role-through conductivity, and varies with the frequency of the active component of the polarization current is a small part of the total conductivity of rock.Therefore, the frequency dependence of the total conductivity, and hence the resistivity is practically absent.
[image: ]
Fig. 2. The dependence of the resistance of air-dried samples of some rocks on the frequency
1, 2 - ijolites, 3, 4 - rischorrites 5 - urtite, 6, 7, 8 - apatite ore, 9 - lujaurite, 10 - limestone, 11 - coal, 12 - sandstone,
13 - sandy shale, 14 - clay slate.
Conclusions
1. The real part of the complex conductivity of the rock is caused by two factors: the transfer of the electric field of the free electric charges and relaxation processes  
Re
2. The conductivity of the rock is a function of the frequency of the electric field. The criteria for determining the nature of the frequency dependence of theelectrical conductivity of rocks is the second term.

3. The relative change in the electrical conductivity of the rock with a frequency dependent on the proportion of terms in (11).For low-resistivity rocks ratio is in favor of the ohmic conductivity as a result of the frequency dependence of the electrical conductivity has not been experimentally observed. Forhigh-resistance of rock-through conductivity is negligible and is dominated by the relaxation processes, in consequence of that high-resistance rocks have a pronounced frequency dependence of the electrical conductivity or resistance.
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