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A B S T R A C T  
 

 

Kudryavy volcano is the world's only deposit of rare elements in the form of pure rhenium 
mineralization. The development of the field is hampered by numerous factors: high temperatures of 

geothermal fields, strong winds, fumarolic activity, where the use of a drilling and blasting method to 

destroy rocks in a crater can lead to the closure of all fumarole channels, which will lead to the 
accumulation of enormous energy and further eruption. The article describes the existing electrical 

methods for the rock destruction, it was found that the current-voltage characteristic of volcanogenic 

breccia with an increase in the distance between the electrodes more than 50 cm turns into a C-shaped 
dependence, reducing the current strength from 0.85 A to 0.2 A, forming a full breakdown channel. In 

this case, the minimum breakdown strength of the electric field is 0.3±0.1 kV/cm, with an increase in 
this indicator to 3.7 kV/cm, the efficiency of channeling increases to 2%. Around the breakdown 

channel, a new substance is formed with new conductive properties, different from volcanic breccia, 

which prevents the formation of the channel along the old trajectory. 

doi: 10.5829/ije.2021.34.05b.33 
 

 
1. INTRODUCTION1 
 
When evaluating various ways of rocks destruction, it 

can be stated that the development of a volcanogenic 

rhenium deposit in the crater of Kudryavy volcano 

showed the impossibility of using the traditional method 

of drilling and blasting to destroy rocks. This is caused 

by a number of factors, such as high temperature of the 

geothermal fields 300°С, as well as non-interrupting 

fumarolic emissions. 

The use of the electric method allows to destroy 

rocks safely without the risk of overlapping fumarole 

channels in the volcano depth. 

The advantage of electrical approachs is a simple 

working medium supplying electrical energy to the 

rock. The development of these methods began in the 

60s by number of scientists. In this research, the 

development trend analysis of this method was carried 

out, as well as the theories of dielectric breakdown of 
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solids, in particular, the theory of thermal breakdown, 

were worked out, but the behavior of rocks with initial 

thermal stresses was not studied [1-6]. 

Many techniques of crushing rocks electrically 

developed up today [5-10] have not gone beyond 

laboratories; others have successfully passed industrial 

tests and can be recommended for commercial use. 

Destroying rocks by electrical method was 

developed in various directions such as an 

electrothermal approach, an electrodynamic way, and a 

combined technology [1-4]. 

The electrothermal approach was used in the Iron 

Age, as oversized pieces of iron ore were splitted using 

the energy of fire. Currently, the source of such a way 

can be microwave radiation, high frequency current, 

industrial frequency current, or infrared radiation. 

The electrothermal method of rock destruction is 

based on creation of an uneven distribution of 

temperature in the volume of the rock, as a result of 

which a solid working medium is formed that destroys 

the rock. The force generated by the working medium 
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must exceed the force of the disruptive strength of the 

rock. 

PFrt  , (1) 

where 
rtF  is the force generated by the working medium 

measured in N , and P  is the force needed to destroy 

the rock measured in N  

,SF trt 0=  (2) 

where 





−
=

1

TE
t

 is the thermal stress created by the 

working medium at the average temperature of T  

measured in 2/ mN ; 
0S  is the area, to which the force 

from the working medium is applied (the area of the 

loaded surface of the working medium) measured in 
2m ;   is the coefficient of volumetric expansion of the 

rock measured in 1/deg, and E  is Young’s modulus of 

the rock, 2/ mN ; and   is Poisson’s ratio of the rock. 

T  is the average temperature of the working medium 

measured in С0 , and k  is the coefficient that takes into 

account   decrease at working medium expansion in 

response to reaction from the rock surrounding the 

working medium ( 1k ). 

Since the working medium is located inside a piece 

of rock, it destroys the rock with tensile stresses. In this 

regard, using the theory of maximum stresses, we 

obtain: 

,S][P rr=  (3) 

where ][ r  is the breakdown point of the tensile 

strength of the rock measured in
2/ mN , and 

rS  is the 

area of the newly formed surface measured in 
2m . 

The temperature of the working medium is 

determined by the amount of energy supplied to it 

0VС
T




= , 

(4) 

where   is the energy supplied from the source to the 

working medium, J;   is the efficiency of the input into 

the working medium; 
С  is the volumetric heat capacity 

of the rock, deg,/ 3mJ ; and 
0V  is the working medium 

volume, 3m . 

Consequently, we get: 

,][
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
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(5) 

That is the efficiency of electrothermal destruction is 

determined by the properties of the rock, the size of the 

destroyed piece, and the power of the current source [3, 

7-10]. 

Energy   can be imparted to the working medium 

by either electric current or electromagnetic radiation. 

In contrast to the electrothermal method with a solid 

substance as a working medium and a low intensity of 

the energy input process, the electrodynamic method is 

a way with a gaseous working medium, and it is 

characterized by a high intensity of energy release, 

which gives a complete separation of the destroyed rock 

into several single pieces. The essence of this method is 

the use of an electrical impulse from a capacitor bank to 

destroy the rock [7-11]. 

Depending on the nature of preparing a piece for the 

supply of an energy pulse, there are two main versions 

of this method: with the preliminary formation of a 

breakdown path in the rock (high-frequency voltage or 

power-frequency voltage), and with the use of the 

electrohydraulic effect (with or without an exploding 

wire) [10, 11]. This method has not been widely applied 

in the mining industry. Installations for crushing 

oversized rocks have been manufactured and tested only 

based on the electrohydraulic effect [11-13]. 

In order to destroy a rock electrohydraulically, it is 

necessary to drill a hole, fill it with water, put into it a 

wire connected by a spark gap to the capacitor bank, or 

place in the water electrodes applying a high voltage to 

them to form a breakdown path and the subsequent 

discharge of the capacitor bank [10, 12, 13, 14]. 

To maximize the destruction effect, it is proposed to 

use the phenomenon of mechanical resonance, for 

which such parameters of the discharge circuit or such a 

medium are selected, in which the maximum energy of 

vibrations excited by each electrohydraulic shock falls 

on the spectrum that coincides with the natural vibration 

frequency of the rock particles. 
The combined technique is a combination of the 

electrothermal way with either the mechanical or the 

electrodynamic one [6, 14-33]. 
The destruction of rocks with the lowest energy was 

carried out better in heated rocks [13-24]. Taking into 

account this fact, the use of the combined (electrical and 

mechanical) method for destroying a rock having an 

initial thermal stress is promising for use on a 

volcanogenic deposit of rare elements [14, 15]. 
In this regard, the Kudryavy volcano crater thick 

rocks electrical breakdown study in 50 Hz 

electromagnetic field remains relevant, since the 

development of the volcanogenic deposit of rare 

elements with high temperatures of geothermal fields is 

associated with the solution of this issue. 

Thus, the aim of the study is to explore the current-

voltage characteristic of the rock subjected to an initial 

thermo-stressed state under the temperature 300°C and 

to study the thick rocks electrical breakdown in order to 
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increase the efficiency of its destruction by an electrical 

way. 

The innovation of this research are studied the 

dependences of rock current-voltage characteristics on 

the electrode spacing and the electric field breakdown 

intensity as well as the dispersion of the resistance 

depending on the spacing. 

Electric field breakdown intensity as a function of 

the rock resistance was examined as well as the path 

forming efficiency depending on the spacing and on the 

electric field intensity. 

Interrelationship between temporal variation of 

current and that of voltage at breakdown path 

crystallization at t moment was traced. 

The practical significance of this study lies in the 

fact that the object under study will make it possible to 

destroy the rocks of the geothermal fields of Kudryavy 

volcano safely without closing the fumarolic emission 

paths in the depth of the crater, which can provoke an 

eruption. 

 

 

 

2. MATERIALS AND METHODS 
 

The object of present study is to investigate the rock 

selected at the geothermal field of the volcanogenic 

deposit in the crater of Kudryavy volcano on the Kuril 

Islands (Russia).  

The rocks have the following strength properties, 

determined by the method of coaxial counter-directed 

spherical indeters: the ultimate strength in uniaxial 

tension is 32 MPa, the ultimate strength of uniaxial 

compression is 133 MPa, and shear without normal 

stresses is 43 MPa [34-36]. 

Volcanic breccia are the complex multicomponent 

media, for which it is possible to determine the nature of 

the interaction with the electric field and reveal the type 

of the required dependencies in the laboratory 

conditions only [15-22]. For this purpose, an 

experimental plant was created, on which the whole 

complex of studies on rock breakdown in an electric 

field of industrial frequency was performed (Figure 1). 
The electrodes were made of aluminum and in the 

experiments they were placed on the surface of the piece of 

rock ( gapelectrodel  =length of the breakdown path surfaceL ) 

(Figure 1b). 

Two types of the single-phased oil-cooled (IOM) 

transformers were used to supply power: IOM 100/25 with 

the rated power of 25 kVА and the other, more powerful, 

IOM 100/100, with the rated power of 100 kVA. 

The studies were carried out on the volcanic breccia 

heated up to 300°C. The rocks of the geothermal fields 

represented by porous slag and tuff that could be 

destroyed mechanically did not study for the thick rock 

breakdown. 
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Figure 1. The diagram of the experimental plant for studying 

the breakdown of rocks in geothermal fields of Kudryavy 

volcano, heated to 300°C 
R

rT  is the regulating transformer; O

rT  is the main transformer; 

a – is the power supply schematic drawing (split-winding 

transformer) is shown; b – is the  arrangement schema of 

electrodes (
surfacegapelectrode Ll = ); c – presents the I-V 

characteristics of the studying plant  appearance; d – is the  

breakdown channels 
 

 

The phenomenon of the thermal breakdown is 

described by the following differential equation system 

[1-4, 22]: 





=

=+

0

02

)grad(div

)grad()gradT(div




 (6) 

where   is the potential; T  is the temperature;   

is the specific electrical conductivity; and   is the 

coefficient of the thermal conductivity of the dielectric. 

The first equation shows that the amount of Joule 

heat released per unit time in the unit volume of the 

dielectric is equal to the of heat released amount by this 

volume per unit of time into its environment. 

The second equation expresses the continuity of the 

streamlines in the dielectric.  

This equation system solution is rather difficult 

mathematically. In addition, it is known that this system 

does not fully reflect the processes occurring in the rock 

when exposed to a strong field. In particular, this 

concerns the anomalous conductivity preceding the 

breakdown, which significantly changes the nature of 

the process [2, 6]. 
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Equation (6) establishes the nature of the various 

rock properties influence on the breakdown process. It 

is impossible to obtain the quantitative values of electric 

field breakdown intensity and breakdown time for the 

rocks at different electrode spacings from the 

dependences; therefore, they have to be determined 

experimentally. 

In practice, it is very difficult to determine the exact 

value of the breakdown voltage due to the imperfection 

of their structures. Therefore, some average value is 

determined according to the appropriate methodologies. 

[1-4, 13, 23-33] For rocks, which are complex 

heterogeneous multicomponent media, breakdown 

voltages depend on composition, rock structure, the 

occurrence conditions, the shape of the piece being 

destroyed, and the thermal stresses, etc. [2-5]. 

The methodology for determining the dependence of 

the electric field breakdown intensity on the electrode 

spacing included: 

1) the current-voltage characteristics of volcanic 

breccia heated to 300°C in the non-uniform field for 

different electrode spacings were obtained; 

2) the electric field breakdown intensity based on the 

current-voltage characteristics are determined at the 

following condition  

,tg
dE

dt
=  at 

2


 →  (7) 

3) the breakdown intensity dependence on the 

electrode spacing from the obtained data were 

determined. 

The experimental method for studying thick rocks 

electrical breakdown provides for gradually raising the 

voltage applied to the breakdown path, as well as 

lowering it gradually by fixing the current-voltage 

characteristics of the breakdown path. 

 

 

3. RESULTS AND DISCUSSION 
 
3. 1. Rocks Current-Voltage Characteristics Study 
The nature of the heated volcanic breccia electrical 

conductivity can be determined only by the detailed 

study of the current-voltage characteristics. 
Figure 2 shows the volcanogenic breccia current-

voltage characteristics for the various electrode spacing 

gapelectrodel .  

The transition of the current-voltage characteristic to 

an C-shaped one corresponds to the rock breakdown 

with formatting the complete breakdown path closing 

the electrodes. 

To achieve it, it is necessary to ensure the minimum 

pre-breakdown current density, since for large 

thicknesses this factor determines the breakdown. It was 
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Figure 2. Current-voltage characteristic of the volcanic 

breccia heated up to 300°С depending on the electrode spacing 

at 
surfacegapelectrode Ll =  

 

 

calculated from the experimental data that the current 

density in the rock required for the breakdown is 

constant and equal to 31030 − ,j A/cm2.  

The decrease in j at 50gapelectrodel cm is associated 

with lack of power of the source, and not with the 

breakdown process. 

If the power of the source is low, then there is a 

sharp drop in voltage at the output of the high-voltage 

transformer connected to the load, in comparison with 

its open circuit voltage 

222 ZIU −=  , (8) 

where 
2U  is the voltage applied to the rock and   is 

the transformer e.m.f., V ; 
2Z  is the transformer 

secondary winding resistance, Ω; 
2I  is the secondary 

winding current (through the rock), A. 

From expressions (8) and 
.С.ТjSI = we get 

22 ZjBU .С.Т−=   (9) 

where 
.С.ТS  is the conducting section, m2, i.e. the 

preservation of the required current density with an 

increase in the conducting section 
.С.ТS  is ensured only 

by the   (e.m.f.) of the transformer. 

It was found that, at a large electrode spacing, the 

current-voltage characteristics of the rock were stable. 

Therefore, there is a slight dispersion of the resistance. 

The resistance dispersion studied as a function of the 

electrode spacing and that of the electric field intensity 

showed that the resistance dispersion decreases with 

increasing in both the spacing and intensity (Figure 3). 

The small dispersion of the rock resistance for large 

distances between the electrodes and the uniformity of 

the current-voltage characteristics show that when the 

rock is destroyed, the operating parameters of the 

electrical installation will be quite stable. 
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Figure 3. 300°С volcanic breccia resistance dispersion 

dependence on electric field intensity at 

surfacegapelectrode Ll =  

 

 

When placing the electrodes along the horizontal 

surface of the rock (half-space) (Figure 1b), the electric 

field intensity, E, which leads to anomalous 

conductivity and, as a consequence, to an electrical 

breakdown, decreases with increasing the spacing, 

tending to a certain constant at a larger spacing, 

gapelectrodel  (Figure 4). 

Averaging the electric field breakdown intensity, 

br elE , one can say that for a breakdown with the buried 

path, an electric field intensity not less than 1.03.0   

kV/cm is sufficient at an electrode spacing < 1 m. 

The considered rock makes up the absolute majority 

among the rocky non-destructible rocks of the 

Kudryavy volcanic deposit, the rest of the rocks are the 

rocks that are amenable to mechanical destruction. 

Having determined the average values, the electric 

field breakdown intensity of the rock under study, let us 

consider their relationship with the duration of staying 

of the sample under voltage before the breakdown. This 

is one of the most difficult questions, and it is possible 

to calculate an electrical breakdown time of a dielectric 

using a complex mathematical apparatus and for a one-

dimensional case only [12-16, 25, 26]. Therefore, in 

each specific case, it is advisable to carry out 

experimental studies. 
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Figure 4. Electric field breakdown intensity dependence on 

the electrode spacing in volcanic breccia 

The time to dielectric breakdown is determined by 

an intensity of the electric field in that it is located. The 

found values of the electric field breakdown intensity 

for the considered rock (Figures 4) are not limitation, 

that is, the values whose outreaching may lead to a 

surface breakdown. 

As mentioned above, the more the exposure time, 

the less the electric field breakdown intensity. However, 

when a rock is destroyed, it is necessary, on the 

contrary, to minimize the exposure time before 

breakdown. This is achieved by increasing the electric 

field intensity to its limiting value, i.e., almost to the 

surface overlap intensity. 

The more the field intensity, the less both the time to 

the dielectric breakdown and the dispersion of this time, 

which ultimately will make it possible to determine the 

performance of the plant or unit more accurately. 

To estimate the breakdown time, we use the 

equation of the energy balance of the process. 

The energy supplied to the rock is spent on heating 

the rock to the melting point, on the phase transition of 

matter in the volume of the path from the solid state to 

the liquid state, and on losses due to thermal 

conductivity. 

The energy balance equation is as follows: 

  ++=
t T t

.Surf_PathPath

.melt

gradTdtSqdTcmPdt
0 0 0

 , (10) 

where P  is the incoming power; 
2

2 klrm PathPath =  is 

the breakdown path mass; 
22 lkrS Path.Surf_Path = is the 

breakdown path lateral surface area; 
.meltT  is the rock 

melting temperature; ,c  are rock thermal properties; 

2k is the heat transfer coefficient; and q is the 

elektrische ladung. 

The Equation (10) integration is as follows: 

gradTlkrP

qTlkrC
t

Path

.meltPath

2

2

2

2

 

−

+
=  (11) 

The power incoming to a rock 

UIP =  (12) 

can be expressed through the transformer e.m.f. from 

Equation (9) as follows: 

)ZI(IP 222 −=   (13) 

By substituting Equation (13) into Equation (11), we 

have: 

gradTlkr)ZI(I

qTlkrC
t

Path

.meltPath

2222

2

2

2

 

−−

+
=  (14) 

Figure 5 shows the results of a study of the average 

number of breakdowns N dependence on the time t of 
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volcanic breccia being under stress at various electric 

field intensities. 

The functions presented in the form of graphs in 

Figure 5, they have the properties of a gamma 

distribution, the density of which has presented in the 

following form [9-10]: 

xr ex
)(G

)x(f 



 −−= 1 , 
(15) 

where dxxe)(G x




−−=
0

1  is the gamma function; 

0r  is a scale parameter; and   is a form parameter. 

With an increase in 
r  parameter, which, in our 

case, is the increase in electric field intensity, the 

distribution shape remains constant, and the time to the 

breakdown decreases and is determined with a smaller 

scatters. 

The t  oscillations are associated with the dispersion 

of the resistance of the rock, which was indicated above, 

since the resistance of the dielectric determines the 

electric field breakdown intensity. 

For volcanic breccia, this dependence is linear (Figure 

6). 

Due to the fact that when a rock is destroyed, 

breakdown path formation is a technological operation, 

it is necessary to determine the efficiency of energy use 

in this process. This is done by calculating the ratio of 
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Figure 5. Specimen time to dielectric breakdown 

distribution at various electric field intensities (for volcanic 

breccia) at lelectrode gap=0.5m 
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Figure 6. Electric field breakdown intensity dependence 

on rock resistance 

the energy required to form a breakdown path of a given 

diameter to the energy actually expended. When 

calculating the energy spent on the formation of the 

breakdown path itself, the diameter of the breakdown 

path was taken to be constant and equal to 3 mm, and 

the path length was 1.25 times larger than the electrode 

spacing. Thus, the energy during formation of the 

breakdown path 3 mm in diameter is spent on heating its 

volume to the melting temperature and on the phase 

transition from the solid to the liquid state. The actually 

expended energy was determined by device readings. 

The study results are shown in Figures 7 and 8. 

As one can see, the breakdown path formation is an 

inefficient process. Its efficiency can be increased by 

using a high-intensive electric field. 

However, it should be taken into account that while 

forming a breakdown path due to the high temperature 

gradient, a solid working medium is formed, which 

deforms the rock. Solid working medium formation in 

parallel with breakdown path formation significantly 

increases the efficiency of energy use. 

 

3. 2. Thick Rocks Electrical Breakdown Study 
Results           When the stationary mode of electrical 

conductivity is violated, thermal destruction of the 

dielectric occurs, which entails breakdown path 
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Figure 7. Path forming efficiency dependence on electrode 

spacing (IOM 100/100 single-phased oil-cooled transformer)  
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Figure 8. Path forming efficiency dependence on electric field 

intensity (IOM 100/100 single-phased oil-cooled transformer, 

lelectrode gap=50 cm, specific electrical resistance 

Rspecific=1kΩ/cm (volcanic breccia)  
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formation. Such a path passes through the volume of the 

dielectric from one electrode to another. While the 

breakdown path is forming, the object destruction 

preparation is coming to its end, since the breakdown 

path is a circuit element in which the electrical energy is 

converted into mechanical work, accompanied by the 

destruction of the rock. 
The supply of energy to the breakdown path, as is 

known, can be produced from a power transformer or a 

capacitor bank. In both cases, the efficiency of energy 

input is determined by resistance of the breakdown path 

formation, which depends on its length, electric field 

intensity, and mineral composition of the rock. The 

breakdown path resistance and its change in time 

determine the design parameters of the rock-cutting 

installation: the response time of the switching devices, 

the power, and operating voltage of the power current 

sources. 

The thermal breakdown path in the rock consists of 

two phases: liquid (melt of mineral matter) and gaseous 

(vapor of mineral matter and air), which are in the 

condition of intense turbulent motion. The process of 

rock heating, formation, and growth of the path is 

accompanied by the ejection of the components that 

make up the path through its mouth. The intensity of 

their release is determined by the electric field intensity 

and the energy source power. 

When the molten substance is released from the 

path, the resistance of the path increases, the energy is 

lost, and the efficiency of the process decreases. 

Breakdown path resistance as a function of the 

effective voltage and the released power was studied 

with the experimental setup shown in Figure 1. 

The voltage was reduced until the moment of 

regeneration of the dielectric properties of the sample 

caused by the melting crystallization. The change in 

current in the path with time at a constant voltage value 

was studied, as well as intensity of regeneration of 

dielectric properties in the sample. It was found that, for 

each voltage step, the value of the current passing by the 

path is stationary with respect to time (Figure 9). 

The volcanic breccia breakdown path resistance 

established experimentally is 5.0 kΩ/cm. In the 

experiments, a high-voltage transformer of IOM 100/25 

type with a rated power of 25 kVA was used. When 

operating the more powerful source, the transformer of 

IOM 100/100 type, the breakdown path resistance was 1 

kΩ/cm. 

The subsequent action of the current on the rock 

does not cause any breakdown path formation along the 

same trajectory, and its formation occurs in a new 

region of the dielectric. This is due to the fact that as a 

result of melting and subsequent crystallization, a new 

substance is formed, which has more ordered structure 

and, consequently, lower conductivity. 
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Figure 9. Current and voltage use in breakdown path diagram  

 

 

The regenerating is a very intensive process 

determined by the amount of power released in the path. 

It was found that when it decreases to 0.4-0.6 kW, a 

phase transition occurs (Figure 10, point 1) and 

regeneration of the dielectric properties of the rock, and 

it can be seen that the resistance of the former path 

increases by 50% (which was obtained by comparing 

PathR  path resistance at points 1 and 2). Such an increase 

in the resistance of the circuit leads to a sharp decrease 

in the current in the rock and to an even greater cooling 

of the path. (Figure 10, from point 2 to point 3). 

It should be noted here that when the closed 

breakdown path is formed, the reverse process with the 

same transition between phases occurs. This explains 

the fact that today it has not been possible to obtain a 

smooth current-voltage characteristic of the dielectric 

from its pre-breakdown state to its breakdown. The 
 

 

 
 

0 1 

10 

20 

U, кВ 
 

t,
 s

e
c 

30 

Voltage 

decreasing 

2 3 4 5 6 

40 

50 

60 

70 

80 

90 

 

 
 

0 

10 

20 

I, A 
 

t,
 s

ec
 

30 

Path 

crystallizing 

0.1 

40 

50 

60 

70 

80 

90 

0 

0.2 

Path 

cooling 

1 
2 

3 

 
(а) (b) 

Figure 10. Temporal variation of voltage (а) and current (b) 

in crystalizing the breakdown path 

 



M. V. Rylnikova and K. R. Argimbaev / IJE TRANSACTIONS B: Applications  Vol. 34, No. 05, (May 2021)   1371-1380                                1378 

transition from solid phase into liquid one reduces the 

resistance, which leads to a sharp increase in the 

current, the rate of which is determined by the dynamics 

of the phase transition, which gives a special point on 

the current-voltage characteristic of the dielectric, which 

undergoes breakdown (Figure 10). 

Breakdown path temporal behavior study makes it 

possible to determine very important design parameter 

of the plant for an electrical destruction of rocks — the 

response time of switching devices, which switch power 

sources of current that load the path. 

Crystallization of the breakdown path, the current-

voltage characteristics of which are given in Figure 10, 

lasted for 1 second. With a higher released power, 

before removing the voltage, the crystallization process 

takes more time (Figure 11). 

The trend of time of the path being in the melt state 

until the moment of its crystallization depending on the 

power released before removing the voltage is shown in 

Figure 12. 

Thus, when using the high-voltage transformer of 

the greater power, the switches can operate in a 

relatively unstressed time mode, which allows the use of 

electromechanical drive. 
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Figure 12. Time of the path being in the melt state until the 

moment of its crystallization, depending on the power 

released in the path at the moment of removing the voltage 

4. CONCLUSIONS 
 

Summing up, we can conclude that the study of thick 

rocks electrical breakdown in a 50 Hz electromagnetic 

field makes it possible to establish that the current-

voltage characteristics of volcanogenic breccia, with an 

increase in the distance between the electrodes from lэл 

= 50 cm, transforms into a C-shaped curve, which 

corresponds to the breakdown of the rock with the 

formation of a complete breakdown channel closing the 

electrodes. 

It was calculated that the current density required for 

breakdown in the rock is constant and equal to 
31030 − ,j A/cm2. The decrease j  at 50элl  cm is 

associated with a lack of source power and not with the 

breakdown process. Given this feature, the studies were 

carried out with the distance between the electrodes up 

to 50 cm. 

The study of the dispersion of resistance as a 

function of the distance between the electrodes and the 

electric field strength showed that it decreases with an 

increase in the distance between the electrodes and an 

increase in the electric field strength. A decrease in the 

dispersion of resistance in large gaps between the 

electrodes is associated with averaging the composition, 

and hence the properties of the rock. 

Averaging the values of the breakdown strength 

br elE  for volcanogenic breccias, one can conclude that 

the field strength of 1.03.0   kV/cm is sufficient for the 

breakdown with the deepening of the channel at the 

distance between the electrodes <1 m. 

The resistivity of the breakdown channel in 

volcanogenic breccia is 5.0 kOhm/cm when using the 

high-voltage transformer of the IOM 100/25 type with a 

rated power of 25 kVA, increasing the power of the 

transformer to 100 kVa (transformer of the IOM 

100/100 type), the resistivity of the breakdown channel 

is 1 kΩ/cm. 

In this case, the process of complete registration of 

the dielectric properties of the rock occurs after the 

stress is removed. The repeated action of the electric 

current on the rock forms the breakdown channel along 

the new trajectory. This is due to the formation of the 

new substance around the breakdown  channel, which 

has new conductive properties. 

The results obtained are of great importance in rocks 

electrothermal destruction theory development; namely, 

they show the behavior of current-voltage 

characteristics of the rock when electrode spacing is 

being increased. Besides, they can prove that rocks with 

initial thermal stress can be destroyed more easily and 

with minimal energy costs if the electrothermal method 

is used. The practical significance of the study is due to 

the way of destruction being applicable at the 

volcanogenic rhenium deposit of the Kudryavy active 

volcano crater. 
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Persian Abstract 

 چکیده 
  یها  نه یبالا در زم  یشوند: دما  یم  دانیم  ن یمانع توسعه ا  یاست. عوامل مختلف   ومیخالص رن  یساز  یدر جهان به صورت کان  اب یتنها رسوب عناصر کم  یاویآتشفشان کودر

تواند منجر به بسته شدن تمام    یدهانه م  کیسنگ ها در    بردن  نیاز ب  یو انفجار برا  یکه استفاده از روش حفار  یی، جا  کیفومارول  تی، فعال  دی، وزش باد شد  ییگرما  نیزم

کند ، مشخص  ی م فیسنگ را توص بیتخر یموجود برا یک یالکتر یمقاله روش ها  نیشود. ا یم شتر یو فوران ب میعظ یشود ، که منجر به تجمع انرژ fumarole یکانال ها

  ان یشود ، باعث کاهش قدرت جر  یم  لیشکل تبد  C  ی وابستگ  کیمتر به    یسانت  50از    شیب  دهاالکترو  نیفاصله ب  شیبا افزا  یآتشفشان  یمشخصه برش ها  انیشد که ولتاژ جر

  ش یمتر است ، با افزا  یولت بر سانت  لوکی  0.1  ±  0.3  یکیالکتر  دانیحالت ، حداقل مقاومت در برابر شکست م  نیکانال شکست کامل. در ا  کی  لی، تشک  A  0.2تا    A  0.85از  

، متفاوت از برش   دیجد  ییرسانا  ات یبا خصوص  یدی ، ماده جد  هی. در اطراف کانال تجزابدی  یم  شافزای  ٪2تا    یمتر ، بازده کانال ساز  یسانت  برولت    لویک  3.7شاخص به    نیا

 کند.  یم یریجلوگ یمیقد ریکانال در امتداد مس لیشود که از تشک  یم جادی، ا یآتشفشان
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