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CORRELATION OF NATURAL PULSED ELECTROMAGNETIC FIELD OF THE EARTH
WITH STRESSES AND DEFORMATIONS, WHICH APPEARED IN EXHAUSTED SALT FIELDS
IN THE PRECARPATHIANS FOR KARST CREATION FORECASTING

(MpedcmaeneHo 4neHoMm pedakuyiliHoi koneaii 8-pom 2eos. Hayk O.l. MeHbwoeguMm)

The problem of solving the ecological and geological issues which arise as the result of working off in natural resources (in particular
the deposits of potassium salts) is actual at this time. Specificity is in easy solubility of salts and therefore the creation of artificial cavities
and karstic phenomena. The article examines the ways to solve the problems of mapping the salt karst and forecasting creation of dips
and subsidence of the earth's surface by the example of Kalush-Holyn potassium salt deposit which is located in Ukrainian Precarpathians.
As the basis of the research, the complex geophysical methods were considered. It was proved that the method of natural pulsed
electromagnetic field of the Earth (NPEMFE) can be selected as areliable evaluation method of stress-strain state of rocks and prediction
of karst processes and deformations which is associated with the presence of extracting chambers. The article describes the physical
preconditions for applying the method, sets out the basic postulates of field intensity anomalies classification and proposes the
methodology for depth evaluation. Using the real examples - the profile and planar research of potassium salt deposit - the succes of the
NPEMFE method is shown, along with its effectiveness to solve some ecological and geological problems, as well as feasibility of using

the method in other areas.

Keywords: ecological and geological problem, geophysical methods of research, deposits of salt, natural pulsed electromagnetic field

of the earth, karst, subsidence of the earth's surface.

Actuality of the question. One of the most significant
manifestations of the impact of mining on the geological
environment is the sinking of the earth's surface over mining
workings. With the development of this process there is
connected the decline in engineering-geological stability of
rocks, the decomposition of rock masses occurring over
underground workings, the redistribution of tensions around
the produced space in the rock massif. Because of the
accumulation of the earth's surface over mining, other
dangerous processes such as flooding and waterlogging
arise, which violate the natural conditions. Within the
territory of Ukraine, the total area of cultivated land exceeds
5500 km?, while the settlements and shifts over
underground workings are recorded (National report...,
2013). In Ivano-Frankivsk region, within Kalush-Holyn
deposit of potassium salts, the area of subsidence is
0.3 km?, the depth ranges from 0.2 to 2.1 m. The destruction
of residential and commercial buildings, as well as the
formation of numerous subsidence trough (Activation of
hazardous exogenous geological processes..., 2019).

Purpose and objectives of the research. The purpose
of the study is to determine the state of stresses and
deformations of rock masses at the observed sites of
Kalush-Holyn potassium salt field by the method of the
natural pulsed electromagnetic field of the Earth (NPEMFE),
by establishing interconnections between the results of
geodetic and geophysical measurements and processing of
predictive maps of the state of stresses and deformations of
the rocks array. The final stage is the assessment of the risk
of subsidence and deformation, as well as providing
recommendations on the differentiation of the territory in
terms of the possibility of building or the need to eliminate
the activity of economic and residential facilities.

Analysis of literary data. Taking into account that the
stress state of rocks can occur in different processes and
appearances and depend simultaneously on a large number of
factors, there is no single theory of NPEMFE for today.
However, in some cases, A.A. Vorobyov and V.M. Salomatin
presented the volume of experimental laboratory studies and
measurement results of NPEMFE in various geological studies
(Vorobyov, 1971, 1980; Salomatin et al., 1991).

New principles of data processing systems of NPEMFE in
the studies of the stress-strain state of rocks in the shifting areas
of Transcarpathia are described in the works of V.D. Cheban
(Cheban, 2002). A.V.Bezsmertnyi proposed the use of
NPEMFE in combination with other geophysical methods for
studying landslides on the southern coast of Crimea
(Bezsmertnyi, 2004). S.P. Kovalchuk describes the application
of the method of NPEMFE in detail and describes the results of
data processing on displacements and the search for
catacombs in Odessa region (Kovalchuk, 2003).

Also, the problem of using the NPEMFE method in
combination with other geophysical methods for forecasting
exogenous geological processes is dealt with by
E.D. Kuzmenko (Kuzmenko et al., 2009). In the works, the
calculation of the probabilistic criterion for the predicted
estimation of landslide sections is suggested and the
possibility of using geophysical methods for determining the
stability of landslide slopes is proved. Positive results of the
NPEMFE method are used to outline underground galleries,
mine workings, karst dips (Khmara et al., 2008; Bagriy,
2016). In the salt deposits in Ukraine, a complex of
geophysical methods is used for studying salt karsts:
gravimetry, probing by the formation of an electromagnetic
field (ZS), by the method of the natural pulsed
electromagnetic field of the Earth (NPEMFE) (Kuzmenko et
al., 2017, 2018; Shurovsky et al., 2012, 2013; Deshchytsia
et al., 2016; Maksymchuk et al., 2019).

The method of NPEMFE has also been applied
successfully for the search for hydrocarbon pools
(Malyshkov et al., 2016), the methodology for interpreting
the NPEMFE anomalies associated with the appearance of
earthquakes (Hao et al.,, 2017), and the search for
geodynamically active faults to improve the safety of mining
operations in ore deposits (Belova et al., 2019) and others.

Characteristics of the study area. From the geological
point of view, salt deposits of the Carpathian region are
located in the area of the spread of evaporate Neogene
deposits in the Precarpathian and Transcarpathian marginal
deflections. The location of salt deposits and salt
manifestations are depicted in Fig. 1.
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Fig. 1. Location of salt deposits and salt manifestations in the western part of Ukraine

Salt rocks have the sub-Carpathian stretch of at least
1000 km (Poland, Ukraine, Romania) with the width of
several tens of kilometres.

In the Carpathian region, there are three geological
formations, confined to Neogene deposits. The first
formation is connected with the inner zone (Boryslav-
Pokuttia), the second and third - with the outer zone (Sambir
and Bilche-Volitska) deflection. In Ukraine, in the Carpathian
region, there are two large deposits of potassium salt (each
one of them is over 100 million tons): Stebnyk and Kalush-
Holyn. The first refers to the inner zone, the second - to the
external zone. A typical lithologic-stratigraphic section of
Kalush-Holyn deposit is presented in Fig. 2.

In connection with changes in the sea level and
depending on the frequency of alternation of Neogene
deposits, one can assume that there are several salt
deposits. The depth of the salt chambers produced in the
lower layers is 300-400 m. The changes in deposits from
subhorizontal to sub-vertical (the latter characteristic of
Stebnyk deposit) are related to the post-neogene complex
formation. Salt deposits are mostly surrounded by breccia.
The presence of the upper part of the so-called "gypsum-
clay hat" is due to weathering processes. The extraction of
minerals on Kalush-Holyn field occurred in 1867-1995 in two
ways: surface and underground. The surface method is
represented by Dombrovskyi quarry, which after the end of
operation had a volume of about 52 million m3. The
produced underground chambers of Kalush mine (area 7.4
million m3), Novo-Holyn (area 12.1 million m®) and Holyn

(area 1.7 million m®) were only partially filled with solid
material. Most of the voids are filled with unsweetened
solutions of brine. This way of eliminating the voids does not
guarantee the stability of the rock massif, in particular the
rocks between and over the cameras. As a result, the
surface of the earth can settle down with subsequent
flooding and the formation of salt lakes. Geodetic and
geophysical methods were used to determine the dynamics
of precipitation and its prediction in time and space.

Tasks of the method of NPEMFE. Physical basis of
the method. The method of NPEMFE is increasingly used
to solve the following engineering, geological and
environmental tasks:

e qualitative estimation of the total natural field of
mechanical stress and tracking its dynamics;

e operational detection and prognosis of dangerous
exogenous phenomena and geological processes;

e determination of the moment of activation of
geodynamic processes, reflection and characteristics of
zones of dissolution;

¢ status monitoring of residential buildings, utility rooms
and infrastructure objects in order to detect possible
deformations of foundations and walls of structures;

e assessing the state of strain and deformation of the
dams and other hydrodynamic structures, defect detection
and water filtration.

The method is based on the processes of generating
minerals of the pulsed electromagnetic field during the
change in the state of the rock mass.
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Fig. 2. Stratigraphic column of Kalush-Holyn potassium salt deposit
The structure of each solid is not perfect. This is especially certain  mechanism of mechanical and electrical

true of the arrays and compounds occurring in nature -
minerals and rocks, the composition of which consists mainly
of dielectrics containing impurities, cracks, pores and other
defects. The presence of an external source of energy causes
the excitement of the internal structure of the body.

At the same time, the system proceeds from the state of
equilibrium, and the excess of electromagnetic energy can
be emitted. The transition from one state to another occurs
through various changes, the most interesting of which are
mechanical-electrical transformations. In the field of a
variable mechanical stress, an excitation of a crystal lattice
occurs. The mineral skeleton in the saturated and partially
saturated rocks is the first to engage in mechanical and
electrical transformations. In the clayey rocks, in addition to
the cracks and deformations of the structures of the
mountain skeleton, double electric layers are involved in the
process of formation of pulsed electromagnetic fields.
Intensive liquid filtration in capillaries, pores and other
cavities is accompanied by polarization. Physical nature of
phenomena forming pulsed fields is quite diverse. The
founder of this method is considered to be the well-known
physicist A. Vorobyov, who, introducing the concept of the
"natural pulsed electromagnetic field of the Earth",
understood a whole set of electrical discharges that are
constantly present in all layers of our planet and in outer
space (Vorobyov, 1980).

The intensity of geoelectric processes depends on many
factors: the composition and properties of the rocks of different
horizons, the degree of their activity, the thickness of the
deformed masses, the nature of deformations. The difficult
state of the stresses of a rock massif causes different
possibilites of the course of mechanical and electrical
phenomena. Because of this reason, these phenomena in the
literature are considered separately. Unlike other geophysical
methods, there is no single theory in the NPEMFE method.

For objects of natural origin, which have a complex
structure and geological history, it is difficult to determine a

transformations. Therefore, in the above-mentioned works,
the correlation of the field strength for each parameter
(affecting the field through initiation or intensification) is
shown using qualitative and descriptive research methods.
These studies are confirmed by a large empirical and
experimental basis, which is consistent with the general
physical and mathematical theorems.

The theoretical equations presented in A. Vorobyov's
work give a general idea of the multifactorial nature of the
electromagnetic radiation formation process. These formulas
can in no way be the basis for solving the simple or reciprocal
geophysical problem, since such templates do not exist for
NPEMFEs. For this reason, it should be assumed that the
NPEMFE method is a qualitative method, established on the
basis of comparison of geological phenomena and
corresponding field changes according to the principle "more
or less", based on qualitative dependence of geological
changes and electromagnetic field.

Among the fundamental works in the area of geological
studies of the nature of the electromagnetic field in the
earth's crust one should mention the works of B. Tarasov
and his colleagues (Tarasov et al.,, 1983). As for the
theoretical basis for the emergence of natural geoelectric
potentials, the article by V. Ilvanov (lvanov et al., 1991) is the
most informative and worth attention.

The basic idea is that stationary gradient geomechanical
fields contain stationary flows of charged defects of internal
structures represented in the form of ion deficiency (anions
or cations). In the state of thermodynamic equilibrium,
charged particles are compensated by charges with the
opposite sign, indicating that the field does not exist. After
the load is added, the charge equilibrium is disturbed, since
there is a directed distribution of defects and their separation
from the compensating charge cloud. This process causes
the generation of electric current to which a certain electric
potential corresponds.
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The researches represented in the literature and the
results obtained are theoretical substantiation and practical
evidence that electromagnetic signals are generated in
rocks of different mineralogical composition and with
different properties (mechanical and electrical) at certain
stages of microdeformation. In addition, the intensity of
electromagnetic radiation at different types of loads
increases with increasing content of dielectric minerals in
rocks. The transition from one phase of stress / deformation
to another is characterized by the extremums of the
frequencies of electromagnetic pulses. The authors of this
article pay particular attention to the fact that mechanical
and electrical transformations of energy and pulsed
radiation require a change in the state of mechanical stress
over a period of time.

Lately, the researchers of NPEMFE have limited
themselves to solving specific practical tasks concerning
data processing and the specifics of interpretation in
different geological conditions (Dolgii et al., 2015; Dovbnich
et al., 2012; Dodatko et al., 2013).

Methodology and measurement methodology.
Practical implementation of the NPEMFE method is carried
out in accordance with a specially developed method for the
use of portable devices of indicator type.

The most commonly used in Ukraine is a relatively easy
to use and inexpensive device for estimating the intensity of
the flux (frequency of occurrence) of natural pulses of an
electromagnetic field - a radio frequency indicator of a state of
stress and deformation of rocks (RHINDS). The indicator was
designed and manufactured by the Western Ukrainian
Geophysical Expedition and the Scientific-Production
Enterprise "Intellect” (Lviv). In addition, the devices
"APOGEY" (Kyiv) and "ADONIS-32" (Simferopol), which were
produced in different years in small quantities, are also used.

The method and way of performing work in the
configuration of devices and work with them require the
following sequence:

e division of devices according to the performed
function. One device is set to the base (reference), and the
other fixes the value of the field. The base unit is installed in
a geologically homogeneous and immovable part of the
measuring zone. Changes in field strength in this device are
caused by various types of interference - space,
atmospheric, induced by human. The meter operates in the
usual geophysical profiling.

¢ device synchronization. Before starting measurements
in the testing area, it is necessary to ensure simultaneous
registration of the field. To do this, you need to connect the
devices with a cable. Then set the same date and time (hour,
minute, second) on each device.

¢ selection and setting of frequency range. The device
can operate in the range of 2-50 kHz, that is, all pulses of the
field in a given range will be written as the total value - the
number of pulses per unit time. You can limit the registration
of smaller intervals (but not less than 5 kHz) - adapting to
specific tasks. Increasing the frequency leads to a decrease
in the depth of the range, that is, the choice of different
frequency ranges allows you to control the range of depth.

e setting the time and range of measurement.
Measurement interval is the period during which a device
performs a measurement. This parameter depends on the
time of measurement on the profile and the distance
between the profiles, since during this time the device needs
to be moved to the next measurement point. The
measurement cycle is constant for both devices and is
determined by an empirical method with a certain margin.
Measurements on each device are carried out in each cycle.

e setting the pulse accumulation mode. In order to
minimize the role of random signals, the device has a

function of accumulation of 1 to 15 full measurements over
a period of time. For example, you can set the mode of 15
measurements for 15 seconds (1 measurement per
second), you can also set the mode of 10 measurements in
20 seconds (1 measurement in 2 seconds), etc. The
duration of the measurement - 1, 2, 10, 60 seconds should
be taken into account. In the final result, we determine the
total number of pulses measured over a period of time, that
is, the number of pulses per second.

¢ orientation of antennas. According to the technical
documentation, field registration is carried out
simultaneously for three antennas: two horizontal - X and Y
and vertical Z. The antennas X and Y are oriented along the
directions south-north and west-east. When displaying
specific objects, one of the antennas should be directed
along the other, and the other - through the length of the
geological elements. For example, in the case of a bias, one
antenna should be directed along the slope, and the other
one is across. In each of the examples above, the antennas
are oriented identically for each time.

¢ the intensity of the radiation of the electromagnetic
field is denoted by 1, , I, , I, ..Additionally calculate the

total intensity (vector of the full field), taking into account the
interaction of each of the components according to the

formula T =,/1Z+17+12 . For each antenna is measured

the number of impulses per unit time (imp/s).

¢ data recording. Data recording from each antenna of
the device is carried out through the corresponding modules
installed in the device. Saved information can be read on the
computer with the added software.

Requirements for monitoring network NPEMFE are
similar to general requirements for geophysical profiling
(electric, magnetometric, gravimetric) in the profile or planar
versions.

The end results of the work are the graphs and maps of
the intensity of electromagnetic radiation for each antenna.
Anomalies from horizontal antennas usually reflect
anisotropic properties on a plane, and the vertical antenna
records an integrated signal that is transmitted from all
sides.

At the stage of preparing for the construction of charts
and maps from the obtained values of field strength, it is
necessary to deduct the values of variations that the
stationary device fixes. As a result, we get a signal without
regional interference (characteristic of this area). During the
interpretation, maps of anisotropy coefficients are also
calculated, which are calculated as the ratio of signals from

the horizontal components (% or I% ) for each
y X

observation point. When taking into account anisotropy
coefficients, the level of obstacles associated with
geological inhomogeneities is significantly reduced.

The resulting graphs and maps of NPEMFE in the future
can be considered as an independent source of information
or used as part of a complex study (Kuzmenko et al., 2009).

Interpretation of NPEMFE. Theoretical models.
Prediction of breed deformations based on NPEMFE data
can be based on the following principles:

e estimation of the state of stresses of the mountain
mass and prediction of conditions for its possible transition
to a critical state;

¢ determination of permanent deformations in rocks and
prediction of their transition to the phase of destruction;

¢ monitoring deformation processes to protect existing
objects from destructive effects.

There is no doubt that the methods based on the study
of the laws of changes in the properties of rocks are most
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useful in predicting, since they provide information on the
phenomena that precede the visible deformation of rocks.
The application of the NPEMFE method contributes to the
effective solution of these problems, as evidenced by the
multifactorial nature of the processes accompanied by
pulsed electromagnetic radiation. This is confirmed by a
formula that makes it possible to understand the physics of
the process, but it can not be used for modeling
(Kuzmenko et al., 2018).

This is due to the fact that the values of the parameters
in these formulas are unknown and, in theory, can vary in
considerable limits. Therefore, from a qualitative point of
view, it is necessary to consider possible inaccuracies and
to classify them under certain conditions.

The distribution of mechanical stresses associated with
mining is given in (Fig. 3). The processes forming the
pressure of the mountain mass include:

e deformation;

¢ movement and destruction of elements of the surface
of the earth;

¢ the interaction of elements of the array with buildings
and structures.

e The main factor causing pressure in the mountain
mass is gravity. Other factors having different probabilities
of occurrence, duration and strength include:

¢ tectonic (geodynamic) processes;

¢ production activity related to the extraction of minerals;

¢ the presence of underground and terrestrial facilities.

Fig. 3. The changing of mechanical tension distribution due to mining development:
1 - terrestrial surface; 2 — underground mine working; 3 — vertical and horizontal tension at points of straight AA before the development;
4 and 5 — respectively vertical and horizontal tension at points of straight AA after the development.
| — IV — NPEMFE curves

The intensity curves of NPEMFE in pulses per second
for various possible situations that occur in practice during
surveillance are shown in Fig. 3. In the presence of rocks
without any changes in static pressure in time, we obtain
curve |. In the case of a rock mass change due to the
deformation of any cell chambers (for example, the right to
the figure) we obtain the curve Il, and all groups are
deformed - curve lll. In the presence of additional intensions
over the sloping camera, we obtain the curve 1V. Obviously,
combinations of these situations can be ruled out. In
addition, additional signals from NPEMFE are possible with
a partial understanding of the solar breccias and,
accordingly, deformation of the rock massif.

In the initial stages of the development of deformation,
dislocation and relaxation of arrays, changing the mountains
with the help of electrical transformations will be recorded
only in the NPEMFE field. This means that only this method
can be used for forecasting. At the following stages, the
subsidence of the earth's part is observed in the form of
isometric multitudes, which to some extent undergo
corrections from the anomaly of NPEMFE.

Results of research of NPEMFE. Geophysical surveys
were carried out at all mine fields of Kalush-Holyn field.
Many geophysical data were collected for this area. The
majority of the sites used the method of NPEMFE, as well
as geodetic measurements of the surface of the Earth, which
had a monitoring character, were performed.

Below is an analysis of NPEMFE materials for the
following elements: profiling, surface surveys, recurrent
regime observations. The local elements for the selected

sections of the profiles are presented in such a way as to show
the anomalies of the intensity of the electromagnetic field over
the mining structures or complexes of structures (Fig. 4). To
demonstrate the intensity, the total intensity vector I, which
contains information from all antennas, is taken.

Anomalies on Fig. 4, a-d fully correspond to model
curves I-IV (Fig. 3). In the presence of a series of cameras,
they should be considered as one large cavity and the
anomaly will reflect the total effect. The curves in Figure 4, e-
f are confirmation of this, where abnormal effects in the
central part and extreme values over the cameras are
observed. It should be borne in mind that these significant
violations of the intensity of radiation correspond to the
development of sections of dissolution in the upper part of
the section at the active stage of precipitation.

We take 4 as an example to create a model for
qualitative interpretation of NPEMFE data and, accordingly,
the classification of abnormal violations. It is advisable to
consider the compatibility of types of anomalies of NPEMFE
with the stages of subsidence. Next Tab.1 shows the
sequence of stages of activity of the earth surface
sediments, which is determined on Fig. the basis of
comparison of geophysical and geodetic measurements.

The initial stage is characterized by small precipitation
(up to 1 m) at a rate of 0-20 mm/year and the absence or
presence of individual karst craters. At the stage of active
sedimentation, the maximum speed increases to hundreds
of millimeters per year, and the maximum precipitation
reaches several meters per year. In the central part of the
sediment, lakes are formed, and in the surrounding areas
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there are numerous karst craters and dips. At the final stage, For the proposed methodology of research, it is
the rate of precipitation decreases significantly. Each of necessary to introduce another phase, which precedes the
these stages is accompanied by the development of a initial stage. This stage was introduced to determine the
certain type of anomalies of NPEMFE. implicit (or hidden) processes of changing the stresses and

deformations of rocks.

Fig. 4. Fragments of geological models and corresponding curves NPEMFE:
a, b, ¢, d — one cavity: a — there is no change in static pressure over time, b — deformation of the right wall cavity,
¢ — deformation of walls, d — tensions over the ceiling cavity; e, f — complex cavities: e — anomalies in marginal areas,
f —central anomaly
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Table 1
Conformity of NPEMFE anomalies to the stages of subsidence in Kalush-Holyn deposit

Maximum . Characteristics of NPEMFE anom alies
Maximum - -
value of speed of Stage of On map On resistance profile
Deposit Deposit field, area surface t? iden b igd n
subsidence, subsigence, | subsidence Intensity Size Shape Intensity Size Shape
[mml/year]
[m]
. . . . . circular, K
«Kalush» Hotin sylvinite field 2.8 211 mm/year | attenuation major major isometric data available
Western part initial medium medium . small
Eastern 0.385 17 mmlyear VCIYCU|aI’V, all lenear
Holyn . . . isometric .
Eastern part active major major medium
«Nova
Holyn»
Northern part 0 null small small all small small
Kalush- lenear
Sivka Southern 0.255 11 - . : : " .
part . mmlyear initial medium small isometric medium medium
. . . medium,
«Holyn» Holyn 1.37 24 mmlyear attenuation data available major major lenear

The difference between this stage and the other is that the
fact that the deformation is not fixed with the help of geodetic
measurements, that is, the deposition has not occurred yet, but
will necessarily occur in the future on the plane or along the line
of violation of the intensity of the field. In this sense, the results
of the NPEMFE method can be considered as predictive of
increasing stresses and deformations. The said anomalous
phase of NPEMFE is called pre-primary.

Planar (superficial) studies in the mine fields Khotyn,
Sivka-Kaluska, Holyn testify to the effectiveness of using the
method to determine the stress state and deformations.
Violations of the intensity of the electromagnetic field may
precede precipitation or occur simultaneously, in parallel.
The typical confirmation of this is the results of field geodetic
observations and the results of NPEMFE research on the
Novo-Holyn mine field (Fig. 5).

Fig. 5. Results of profile geodetic and flat researches NPEMFE. The deposit "Nova Holyn"

The effectiveness and reliability of the NPEMFE method
is further confirmed by the results of monitoring observations
(Fig. 6). In 2005, three zones with abnormal values of about
25-50 imp/s were detected over the cameras, which were
responsible for the presence of dynamic deformations near

the walls and over the roof of the chambers. At the same
time, the subsidence of the earth's surface was not fixed,
that is, there was a "pre-initial" stage, indicating the
beginning of a violation of the state of rocks, which has not
been observed on the Earth's surface yet. In 2012, the
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deformation area was formed that was accompanied by
precipitation at an initial stage. In 2013, the intensity of the
anomalies of the electromagnetic field significantly
increased to 65 imp/s, while maintaining the area of
distribution of the previous year, and the initial stage of
subsidence moved into an active stage. The presence of
certain field anomalies in accordance with the data of
gravimetry is due to the development of areas of dissolution
associated with the processes of deformation, and,
probably, with the washing of salt from rocks in the infiltration
of surface water in the chamber. It should also be noted that
the intensity of the field on the left side of the profile is much

higher compared to the initial measurements in 2005. This
indicates the development of deformation processes due to
the presence of the lower row of chambers.

As the result of the analysis of the data presented in
Figures 5-6, the problem of assessing the environmental risk
in the area can be solved. As the result, it is possible to
answer the question of a balanced and diversified approach
to preventive actions, in particular the need to resettle
residents from territories threatened by the formation of karst
craters and the development of processes of subsidence of
the earth's surface.

Fig. 6. Monitoring by NPEMFE observation method

Conclusions. Summing up, one can distinguish the
following conclusions.

1. The problem of predicting the development of salt karsts
and deformation processes on waste deposits of potassium
and rock salt is relevant and well-known. In particular, in the
Carpathian region of Ukraine, this problem appeared on the
territories of the Solotvyno rock salt (Transcarpathia), Stebnyk
and Kalush deposits of potassium salt (Precarpathians).

2. One of the priority directions of research of salt karsts
and prediction of surface sedimentation and karst
phenomena is the use of geodetic measurements and
complex geophysical researches: vertical electrical probing,
sounding of the formation of an electromagnetic field,
tomography of electro-aerial, georadar measurements,
natural pulsed electromagnetic field of the earth, gravimetry.
However, the named complex is burdensome and requires
considerable material costs.

3. The results of the study showed that in the first stage
of this geophysical complex it is expedient to use the
NPEMFE method, which is based on the registration of the
intensity of the pulsed electromagnetic field arising as the
result of the mechano-electric transformations in the
dynamic changes of the stressed state of rocks, leading to
their deformation.

4. The method of NPEMFE should be considered
predictable, since it provides information on the
development of the deposition of the earth's surface and
failure phenomena even before they are fixed by geodetic
measurements. Similarly, information can be obtained by
other methods of electrometry by changes in electric

resistance and gravimetry by changing the density of rocks.
However, the NPEMFE method should be considered as the
mobility of execution and informativeness by the express
method. Other methods, especially gravimetric and
electrometric, should be considered as methods of detailing.

5. The advantages of the NPEMFE method, in addition
to the forecast of the geodynamic process development, are
the possibility of differentiation of the zones of subsidence of
the Earth's surface, as well as in identifying the stages of
deformation or subsidence - pre-primary, initial, active, final.

6. The article describes the classification characteristics
of the NPEMFE anomalies for the first time in accordance
with the degree of ecological-geological risk, coordinated
with the causes and characteristics of deformation
processes, formed the criteria for qualitative interpretation
for examples of specific geological situations, and also
demonstrated the effectiveness of the method for Kalush-
Holyn potassium salt deposit in Ukrainian Precarpathians.

7. Itis confirmed that the NPEMFE method is promising
for the use on other territories to assess the ecological risk
associated with the development of exogenous geological
processes (karst, landslide) in conditions of violation of the
primary state of rocks due to dynamic changes.
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3B'A30K MPMPOAHOIO IMMYJIbCHOIO ENIEKTPOMAIHITHOIO NONA 3EMNI 3 HAMPYXXKEHHAMU
TA JE®OPMALIAMU NPCbKUX NMOPIA HA BIAMPALBbOBAHUX POOOBULLIAX coni
B NEPEOKAPNATTI B 3A0AYAX NMPOrHO3YBAHHA PO3BUTKY KAPCTY

Y daHuli yac akmyanbHUM € MUMaHHSI 8UPIWEHHSsI eK0J/1020-2e0/102i4HUX NPOo6sieM, sIKi BUHUKaroMb y pe3ysibmami eidnpayroeaHHsi MPUPOOHUX
pecypcis, 30kpema podosuw kanitiHux conel. CneyugiyHicmb nonsieae y neakili po3yuHHOcmi cosell i, omxe, y CmMeOoPeHHi WMy4YHUX MOPOKHUH i
kapcmoeux sieuw. Po3ansiHymo winsixu eupiweHHs1 npo6ieM kapmyeaHHs COJISIHO20 Kapcmy ma npo2Ho3yeaHHs npoearie i ocidaHb 3eMHOi nosep-
XHi Ha npuknadi Kanyw-onuHcbko20 podosuwa KanitiHoi coni, ujo 3Haxodumscsi 8 YkpaiHcbkomy lMpukapnammi. Sk ocHogu AociOHUYbKO20 KOM-
nnekcy 6ynu posansiHymi 2eogizuyHi memoodu. [JoeedeHo, wjo Ans1 AocmoeipHOi oUiHKU HanpyxeHo-0eghopMoeaHO20 CMaHy 2ipcbKux nopio i
8i0noeioHO Onsi NPo2HO3y8aHHs1 Kapcmosux rnpouyecie i deghopmayili, Noe'si3aHux i3 HasieHicmo suG06Y8HUX KaMep i PO38UMKOM Kapcmy, MOXXHa
ycniwHo 3acmocogyeamu mMemoOd npupodHO20 iMMyIbCHO20 enlekmpomazHimHoz2o nossa 3emni (MIEMIM3). Po3ansHymo ¢hi3uyHi nepedymosu 3a-
cmocyeaHHsi Memody, eukniadeHoO OCHO8HI nocmynamu knacudikayii aHomanit HanpyxeHocmi noss, po3pobsieHo nidxid dnsA oyiHku 2nU6UHHOCM.
Y peanbHux npuknadax nokasaHo pe3ysibmamu npoginbHUX ma naowWuHHUX AocnidxeHb y Mexax KaniliHo2o podosuwa cori, siki ceidyamb npo
egekmueHicmb memody MIEMI3 dns eupiweHHs1 eKos1020-2e0/102iYHUX 3aday.

Knrouoei cnoea: exkonozo-2eonoeziyHa npobnema, 2eoghizuyHi Memodu docnidxeHHs1, podosuwia cosi, NpupodHe iMnybCHe efleKmpomMazHimHe
none 3emni, kapcm, ociOaHHs1 3eMHOT MO8EPXHi.
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WHcTUTYT NnpupoaoBeaYeckUx Hayk u Typusma,
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CBA3b ECTECTBEHHOIO UMNYJIbCHOIO SNIEKTPOMATHUTHOIO NOJIA 3EMIIN C HANPAXEHNAMU
N OE®OPMALMAMU TOPHbIX MOPO HA OTPABOTAHHbLIX MECTOPOXOEHUAX COJTU
B NMPUKAPTATbBE B 3A0AYAX NPOMHO3UPOBAHUA PA3BUTUA KAPCTA

B Hacmosiuee epemsi akmyasibHbIM 518/151€MCs1 PeweHuUe 3K0S102UYeCKUX U 2e0/102U4eCKUX MpobrieM, 603HUKaloWuX 6 pesysimame ompabomku
MPUPOOHbLIX PECYpcoes, 8 YaCMHOCMU MecmMopoX0eHull kanuliHbix conel. Cneyuguka 3akro4aemcsi e sie2koli pacmeopumocmu cosneli u, credoea-
mesibHO, 8 cO30aHUU UCKYCCMEEeHHbIX nosocmell U Kapcmoehbix sieneHull. PpaccMampuearomcesi crnocobbl peuwieHUsi 3aday KapmupoeaHUsi CoJ1Ie8020
Kapcma u npo2Ho3upoeaHusi 06pa3oeaHusi Npoeasnos u ocedaHuli 3eMHoU nosepxHocmu Ha npumepe Kanyw-onbiHcko2o MecmopoxxdeHus Kanuii-
Hol conu, komopoe Haxodumcs e [lpukapnamee. B kayecmee ocHo8bl ucciiedo8amesibCKO20 KOMIIeKkca 6bi1u paccMompeHbl 2eoghusudeckue
memodsl. [JokazaHo, Ymo Onsi HadeXHOoU OUEeHKU HanpsikeHHO-0eghopMUpPOB8aHHO20 COCMOSIHUSI 20PHbIX MOPod U, coomeemcmeeHHo, Ons npo-
2HO3UpOoBaHUsI Kapcmoebix npoyeccoe u deghopmayuli, cesizaHHbIX C Hanu4uem o6biearouux Kamep U pazeumueM Kapcma, MOXXHO yCrewHo npu-
MeHsImb Memod ecmecmeeHHO20 UMIYJIbCHO20 3JIeKmpoMa2HUmMHo2o noss 3emnsi (EM3MI13). OnucaHbl gpusudeckue npednochbiIKu NpuMeHeHus!
mMemoda, u3fioXXeHbl OCHOBHbIE Mocmysiamsi Kiaccugpukayuu rnosiell aHoMasnuli HanpsikeHHOCMU noJisi, pa3pabomaH nodxo0d K oyeHke 2/1y6uHHo-
cmu. Ha peanbHbix npumepax rnokasaHbl pe3ysibmamel NpogubHbIX U NiowadHbix uccriedosaHull 8 npedesax KaiuliHo20 MeCIMOPOXKOEeHUs1 Conu,
Komopsle ceudemesnicmeaytom 06 agpgpekmueHocmu memoda ENIMI13 Onsi peweHus 3KOSI02U4ECKUX U 2€0/102U4eCKUX 3aday.

Knroyeenie cnoea: akono20-2eonoaudeckas npobnema, 2eoghuzuyeckue Mmemods! uccriedogaHusi, 3aJ1eXu Cosu, NPUPOOGHOE UMIY/IbCHOE 3J1eK-
mpomazHumHoe nose 3emnu, kKapcm, ocedaHue 3eMHOU M08epXHOCMU.



