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ELECTRICAL PROPERTIES OF CAMBRIAN ROCKS IN VOLYNO-PODILLIA
(Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɱɥɟɧɨɦ ɪɟɞɚɤɰɿɣɧɨʀ ɤɨɥɟɝɿʀ ɤɚɧɞ. ɝɟɨɥ. ɧɚɭɤ, ɫɬɚɪɲ. ɧɚɭɤ. ɫɩɿɜɪɨɛ. ȱ. Ɇ. Ȼɟɡɪɨɞɧɨɸ)
In this article, we present the results of applying a petroelectrical research technique to complex terrigenous and carbonate
reservoirs. There have been determined the petroelectrical properties and their relation to porosity and permeability of sandstones,
dolomites and limestones (Cambrian deposits) from the Volodymyrska area, Volyno-Podillia. The aim of the research was to build
petroelectrical models of reservoir rocks to ensure a comprehensive analysis of electrical parameters of rocks and their correlation with
porosity and permeability. Determining effective resistivity of reservoir rocks can provide data on: changes in different types and groups
of rocks, stratigraphic horizons, facies and geological sections; correlations between effective resistivity and mineral composition, pore
structure, substance phase ratio, electric field intensity and frequency; resistance variations due to epigenetic transformation and
metamorphic changes in rocks.
Petrophysical laboratory studies included determining: bulk density of rocks (both dry and saturated with synthetic brine); effective
porosity (obtained by nitration and synthetic brine saturation); residual water saturation factor (by centrifugation); permeability (by
stationary nitrogen filtration method); interval time (P-wave velocity) and electrical resistivity. Laboratory research yielded data on the
petroelectrical parameters of Cambrian sandstones, dolomites and limestones from the hydrocarbon prospective Volodymyrska area,
as well as empirical correlations between petroelectrical parameters, porosity and permeability of the studied rocks.
It has been found that the electrical resistivity of the dry extracted samples (mainly determined by electrical resistance of the rock
matrix) ranges from 5,2·104 Ohms m (sandstones) to 2,4·107 (dolomites), with an average value of 3,8·106. The electrical resistivity of
synthetic brine saturated rock samples (NaCl solution) ranges from 7,2 Ohms m (sandstones) to 73 (limestones), with an average value
of 45. The formation resistivity factor ranges from 20,4 to 85,5, with an average value of 44,1 (sandstones); from 143,9 to 207,6, with an
average value of 188,6 (limestones); from 81,7 to 198,7, with an average value of 155.6 (dolomites). The variation range of the resistance
increase is: from 1 to 3,24, with an average value of 1,24 (sandstones); from 1 to 7,19, with an average value of 2,24 (limestones); from 1
to 2,76, with an average value of 1,44 (dolomites). Sandstones are characterized by changes in resistance from 1 to 2,12, with an
increase in pressure from atmospheric to hydrostatic (to 59 MPa), while for limestones the resistivity index ranges from 1 to 7,7, with
pressure ranging between 0-49 MPa.
There have been found correlations between electrical resistivity and porosity ratio, as well as resistance increase and the water
saturation ratio in the laboratory and reservoir conditions, which may be used as a framework for geological interpretation of
geophysical data. These correlation dependences are generally approximated by the power function. Data analysis shows that
petroelectrometric studies are a powerful tool in laboratory and field research, being efficient enough to give extensive and useful
information about rock properties. Laboratory data on electrical resistance of rocks may be employed to further reinforce the
interpretation of the results of electrometric well logging and electric exploration.
Key words: core, water saturation, fluid, borehole, Cambrian, sandstone, limestone, dolomite, centrifuge, porosity, electrical
resistivity, pressure, permeability, petroelectrical parameters, correlation dependence.

Introduction. The intricate correlation between porosity,
permeability and logging and field geophysical data requires a
thorough analysis based on petrophysical laboratory studies.
A crucial factor in determining the geoelectrical properties of
rocks is electrical resistivity (U), which is determined by rock
composition and texture, capacity space structure, oil- gasand water saturation of rocks, porosity factor, reservoir water
salinity, temperature and pressure [1–8].
Our main purpose was to develop a petroelectrical
model of reservoir rocks so as to provide the basis for a
comprehensive analysis of their electrical parameters and
their relation to porosity and permeability. Determining
reservoir rock resistivity is essential to clarifying its
variation range for certain types and groups of rocks,
determining individual stratigraphic horizons, sections and
facies; revealing the correlation between resistivity and a
number of attributes, such as mineral composition, pore
space structure, the phase relation of matter, frequency
and tension of the electric field, as well as identifying the
nature of changes in electrical resistivity under epigenetic
transformations and metamorphic changes in rocks.
Laboratory data on resistivity variation in rocks are used in
electrical logging interpretation and electrical exploration.
This paper presents the results of petroelectrical laboratory
analysis of Cambrian sandstones, limestones and dolomites
from the hydrocarbon prospective Volodymyrska area

(Volodymyrska-1 and Volodymyrska-2 wells, the interval
1,190–2,520 m). The area is located in the northern part of the
eastern side of the Lviv Paleozoic rock bend in Volyno-Podillia
edge of the East-European platform.
Experiment. A series of laboratory experiments involved
identifying the density of the rocks under study (dry and
saturated with synthetic brine), open porosity (method of
nitrogen saturation and method of synthetic brine saturation),
residual water saturation factor (by centrifugation),
permeability (nitrogen filtration method), interval time (velocity
of P-waves) and resistivity. In the laboratory experiments, we
determined electrical resistivity of rock samples under various
conditions (dry, partially and completely saturated with
reservoir synthetic brine) under atmospheric conditions and
under those similar to in-situ conditions.
Laboratory electrometric measurements of dry core
samples were performed at a temperature of 20° C with a
digital teraohmmeter C.A. 6547, which ensures highprecision measurement of electrical resistivity in the
range of 10 ɤOhms to 10 ɌOhms, using a DC twoelectrode scheme, with computerized digital recording [3–
7]. For NaCl (M = 30 g/l) saturated samples, RCL-meter
MHC-1100 was used. Cylindrical samples to be tested
were placed in a special core holder with nonpolarized
electrodes, which are specially made from graphitized
rubber. In order to determine the correlation between the
petrophysical parameters and the water saturation levels
© Vyzhva S., Onyshchuk D., Onyshchuk V., Pastushenko T., 2014
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(and hence oil and gas saturation) of rocks, we studied
the changes in resistivity while stripping water on
centrifuge OC-6M.
Petroelectrical analysis involved repeated measuring of
electrical resistivity in core samples saturated with
synthetic brine. Measurements were performed before and
after centrifugation in stripping modes from 1,000 to 6,000
rev/min with a measurement interval of 1,000 rev/min,
water displacement pressure ranging from 0,2 to 1,0 MPa
(7 measurement cycles). Simultaneously, water saturation
factor and velocity of elastic waves were being determined.
The mean relative error of electrical resistance was
estimated to be 2,4%.
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Data analysis. Petrophysical laboratory research
yielded data on porosity, permeability and electric
properties of the major types of rocks, as shown in Table 1.
The laboratory measurements have shown that
resistivity values measured on dry extracted samples
(electrical resistivity of the rock matrix) range from 51,610
(sandstone) to 24,441,890 Ohmsm (dolomites), with an
average of 3,827,440 Ohmsm. Major variations in the
resistivity values of the samples are due to
inhomogeneities in the texture of rocks (the presence of
clay and sandy layers) and their disarray. Specific electrical
resistivity of rock samples saturated with synthetic brine (NaCl
solution) ranges from 7,2 (sandstones) to 73 Ohms·m
(limestones) with an average value of 45 ohmsm.

Table 1
Results of measuring petrophysical properties of limestones, dolomites and sandstones
3
Open porosity, %
Density, ɤg/m
Residual Resistivity, Ohms·m
PermeParameter
Resistivity
Water
ability,
Index
Rock
Age
NaCl
with
NaCl
NaCl
Value
factor
Saturation
dry
dry
saturated nitrogen saturated femtom2
saturated
Factor
1
2
3
4
5
6
7
8
9
10
11
12
13
1
limestones
ȯ min
2,661 2,673
0,01
0,002
0,001
0,03
131,110
50,5
143,9
2
limestones
ȯ max
2,699 2,704
0,025
0,013
3,479
0,67
6,588,358
72,9
207,6
3
limestones
ȯ avg
2,690 2,695
0,016
0,006
0,442
0,269
1,423,156
66,2
188,6
4
dolomites
ȯ min
2,690 2,694
0,017
0,005
0,001
0,3
146,508
28,7
81,7
5
dolomites
ȯ max
2,845 2,854
0,046
0,038
0,002
0,65
24,441,890 69,8
198,7
6
dolomites
ȯ avg
2,753 2,766
0,026
0,017
0,001
0,41
6,411,826
54,6
155,6
7
sandstones ȯ min
2,116 2,222
0,054
0,044
0,005
0,27
51,610
7,2
20,4
8
sandstones ȯ max
2,486 2,526
0,13
0,116
1,067
0,86
11,127,988 30
85,5
9
sandstones ȯ avg
2,290 2,361
0,089
0,077
0,139
0,71
3,647,329
15,5
44,1
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Fig. 1. Correlation between porosity (ࢥ) and the formation resistivity factor (FR) –
Archie–Dahnov Equation (laboratory conditions):
a – sandstone, b – limestone, c – dolomite

Our laboratory studies showed the following correlation
(Fig. 1a, 1b, 1c) between porosity (Ҁ) and the formation
resistivity factor (FR): F ɚ  I m – Archie-Dahnov Equation
for sandstone, limestone and dolomite, respectively, where
a is constant coefficient, and m – structural indicator [7].

Electrical resistivity can be quantified using Archie–
Dahnov Equation: FR 1.675  I 1.22 where R2 = 0.835
(sandstones), FR

40.99  I 0.27 , where R2 = 0.77 (lime-
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stones), FR 37.60  I 0.33 , R2 = 0.74 (dolomites), where –
0
0
FR = R /RW, R – the resistivity of a 100% water saturated
rock, RW – electrical resistivity of reservoir water.
Data analysis showed that in sandstones, relative
changes in formation resistivity factor range from 20.4 to
85.5, with an average value of 50. Accordingly, porosity
variation is within the range of 0.089 to 0.116, with an average value of 0.077. For limestone, variation in formation
resistivity ranges from 143.9 to 207.6, with an average
value of 180, whereas porosity varies from 0.002 to 0.015,
with an average value of 0.008. Dolomites show variation
in formation resistivity factor ranging from 81.7 to 198.7,
with an average value of 145, and porosity variation of
0.005 to 0.038, with an average value of 0.017.
Limestone and dolomite from Volodymyrska area show
little difference in the values: coefficient a is 41 and 36.6
respectively, and the structural index m – 0.273 and 0.33.
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On the other hand, for sandstones from the Volodymyrska
area, coefficient a is 1.675, and structural index m – 1.124,
these values being markedly different from those above.
We used the centrifuge OC–6M in our laboratory experiment and carried out statistical analysis of petroelectrical measurements to determine the correlation between
resistivity index (IR) and water saturation factor (Sw) for the
rocks under study. Correlation dependences are as follows:
for sandstones – IR 1.069  S w0.92 , with R2 = 0.82, for the
limestones the relationship is: IR 1.169  S w0.79 , with
R2 = 0.86; dolomites dependence can be expressed by the
following formula: IR 0.997  Sw0.87 , with R2 = 0.79, where
IR = Rt / Ro, Ro – partially water-saturated rock resistivity
and Rt is water-saturated rock resistivity. Fig. 2a, 2b and 3c
show the correlations:
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Fig. 2. Correlation between water saturation factor (Sw) and resistivity index (IR):
a – sandstones, b – limestones, c – dolomites

Data analysis shows that the sandstones have a resistivity index ranging from 1 to 3.23, with an average value of
1.24. Accordingly, water saturation factor ranges from 1 to
0.29, with an average value of 0.88. For limestones, resistivity index variation is from 1 to 7.19, with an average
value of 2.24 and water saturation factor ranging from 1 to
0.08, with an average value of 0.48. For dolomites, resistivity index ranges from 1 to 2.76, with an average value of
1.44 and the corresponding water saturation factor varying
from 1 to 0.33, with an average value of 0.71.
It should be noted, that in the correlation equation

IR

b  S wn which expresses the relationship between wa-

tability index n ranges from 0.79 (limestones) to 0.92
(sandstones). The rocks under study show little difference
in these attributes.
To evaluate specific resistivity of rocks in situ, we carried out a comprehensive study using a special high pressure installation – VSC-1000, with pressure ranging from
the atmospheric pressure to 59 MPa. The results clearly
show that under increasing pressure, closing of microcracks and deformation of the pore space result in an increase in the electrical resistivity of rocks. We have been
able to define the correlation between the mean value of
the resistivity increase coefficient (Q) and pressure (p) for
sandstones and limestones. This relationship can be expressed by polynomials of order 3 and 4:

ter saturation factor and resistivity index, coefficient b varies from 0.997 (dolomites) to 1.17 (limestones), and wetQ 1u 10-5 ɪ3  13 u 10-4 u ɪ2  5.9 u 10-2 u ɪ  0.9993 , with R2=0.99 (sandstones),

Q 8  10 6  ɪ 4  9  10 4  ɪ3  2.98  10 2  ɪ2  4.022  ɪ  0.4302 , with R2=0.99 (limestones).
Figures 3a and 3b show this relationship.
59 MPa. For the limestones, the variation range of resistivSandstones show a variation of resistivity increasing
ity increasing coefficient is from 1 to 7.7, with an increase
coefficient ranging from 1 to 2.12, with an increase in the
in the hydrostatic pressure from the atmospheric pressure
hydrostatic pressure from the atmospheric pressure up to
up to 59 MPa.
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Fig. 3. Correlation between the resistivity increasing coefficient (Q) and pressure (p) for: sandstones (a) and limestones (b)

Graphs in Fig. 3 suggest that there are three areas
showing marked differences in the nature of electric resistivity variation. In the first area, where pressure ranges
from the atmospheric pressure to 24.5 MPa, resistivity increasing coefficient is very high – up to 1.8 for sandstones.
This may be caused by intense closing of microcracks,
which reduces channels conductivity. The following range
of pressure variation – from 24.5 to 44 MPa – is associated
with a certain stabilization of electrical resistivity variation.
In this case the coefficient of resistivity increasing ranges
from 1.8 to 2 for sandstones. In the range of pressures
from 44 to 59 MPa resistivity increasing coefficient is lower
than in the first range, but higher than in the second one.
The slow growth rate of the resistivity increasing coefficient
in the ranges (plots) 2 and 3 may be accounted for by relatively smaller (than in the first range) deformations of the
pore space, which constricts or breaks the conduction
channels. For limestones, in the first section (pressure increases from atmospheric to 9.8 MPa) the resistivity increasing coefficient varies from 1 to 2. In the range of pressures from 9.8 to 29 MPa, there is some stabilization in
electrical resistivity variation to be observed. With pressure
increasing above 30 MPa, the resistivity increasing coefficient rises sharply (up to 7.7 at a pressure of 59 MPa). This
is probably due to abrupt closing of major cracks responsible for electrical conductivity.
Using the data on measuring resistivity under pressure,
we calculated its values for the rocks in situ. A petroelectrical study with high pressures applied enabled us to define
the relationship between porosity ( )כand formation resistivity factor (FR) in situ. The Archie–Dahnov Equation for
the Cambrian sandstones (in situ) is as follows (Fig. 4):
2
FR 1.365  M ,1.52 , with R = 0.92.


Fig. 4. Correlation between porosity (ࢥ)
and formation resistivity factor (FR) under in situ conditions
for the Cambrian sandstones

To evaluate electrical anisotropy, we took measurements of electrical resistivity along and across the stratification. Resistivity anisotropy coefficient O was determined
using the formula:

O

Rv
Rh

where Rh and Rv = electrical resistivity along and across
stratification respectively.
The results show that the resistivity anisotropy coefficient of dry extracted sandstones varies from 1.01 to 1.09,
with an average value of 1.05. Anisotropy factor of saturated (NaCl solution) sandstones ranges from 1.05 to 1.18,
with an average value of 1.12.
A comprehensive analysis of the petrophysical data set
was the basis for determining petroelectrical models of
consertal sandstones, limestones and dolomites. In this
paper, the petroelectrical model is presented in the form of
geoelectrical data and relationships between petroelectrical
parameters and physical properties of the Volodymyrska
area rocks. These data are summarized in Table 2.
Conclusions. We have shown that, being a powerful
tool for both laboratory and field studies, electrometric
methods prove to be effective and provide extensive and
accurate data on the properties of rocks. Petroelectrical
study plays an important role in petrophysics and is widely
used in determining the physical properties of rocks and
ores. Determining their composition, structure and condition is essential for solving various tasks in mineral exploration, particularly in petroleum geology.
Laboratory experiment has been conducted in order to
determine the petroelectrical attributes of Cambrian sandstones, limestones and dolomites from the hydrocarbon
prospective Volodymyrska area. It was found that the electrical resistivity of the dry extracted samples (determined
mainly by electrical resistance of the rock matrix) ranges
from 5.2·104 Ohmsām (sandstones) to 2.4·107 (dolomites),
with an average value of 3.8·106. The electrical resistivity of
rock samples saturated with synthetic brine (NaCl solution)
ranges from 7.2 Ohmsām (sandstones) to 73 (limestones),
with an average value of 45. The formation resistivity factor
ranges from 20.4 to 85.5 with an average value of 44.1
(sandstones); from 143.9 to 207.6, with an average value
of 188.6 (limestones); from 81.7 to 198.7, with an average
value of 155.6 (dolomites). The variation range of the resistance increase is: from 1 to 3.24, with an average value of
1.24 (sandstones); from 1 to 7.19, with an average value of
2.24 (limestones); from 1 to 2.76, with an average value of
1.44 (dolomites). Sandstones are characterized by
changes in resistance from 1 to 2.12 with an increase in
pressure from atmospheric to hydrostatic (to 59 MPa),
while for limestones the resistivity index ranges from 1 to
7.7, with pressure ranging between 0-49 MPa. Our study
has revealed empirical relationships between petroelectrical parameters and filtration–capacity properties of sandstones, limestones and dolomites, which are essential to
the geological interpretation of geophysical data. These
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relationships are approximated by a power function.
Extensive petroelectrical research into the properties of
sandstones, limestones and dolomites has ensured accurate petroelectrical models of these rocks based on geological and geophysical data. The models show significant
differences in the electrical parameters of sandstones,
limestones and dolomites. These models can become a
powerful tool in studying the petrophysical properties of
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different rock types. Further research into petroelectrical
properties of rocks will require data on dielectric permeability, dielectric loss tangent, as well as evaluating the relevance of geoelectric parameters which account for variation in electrical resistivity of dry extracted samples exposed to direct current over longer periods of time and establishing their correlations with logging data.

Table 2
Petroelectrical models of rocks (wells Volodymyrska–1 and Volodymyrska–2,
the interval 1,190–2,520 m) from Volodymyrska area
Parameter variation range (mean value)/
Petroelectrical parameter/
Correlation equation (correlation coefficient)
Index
Correlation dependence
Sandstones
Limestones
Dolomites
1
2
3
4
5
4
7
5
6
5
7
Electrical resistivity
5.2·10 y 1.1·10
1.3·10 y 6.6·10
1.5·10 y 2.4·10
1
6
6
6
of dry extracted samples
(6.4·10 )
(3.6·10 )
(1.4·10 )
Electrical resistivity of rock
7.2 y 30
50.5 y 72.9
28.7 y 69.8
2
samples saturated with synthetic
(17.6)
(63.2)
(51)
brine (NaCl solution)
Formation resistivity factor (F)
20.4 y 85.8
143.9 y 207.6
81.7 y 198.7
3
in laboratory conditions
(50)
(180)
(145)
Formation resistivity factor (F)
36y146
4
–
–
under in situ conditions
(75)
5

Archie–Dahnov dependence
(laboratory conditions)

F 1.675  PF1.224

6

Archie–Dahnov dependence
(in situ conditions)

F 1.365  PF1.519 with

7
8

2

with R =0.84

Resistivity index (I)

10

Correlation between water
saturation factor (Sw)
and resistivity index (I)

11

Correlation between resistivity
increase (Q) and pressure (p)

12

Coefficient of resistivity increasing with pressure changing from
atmospheric to 59 MPa

41  PF0.273 with R2=0.77

–

2

R =0.92
1.01 y 1.09
(1.05)

Resistivity anisotropy coefficient
O of dry extracted samples
Resistivity anisotropy coefficient
O of rock samples saturated with
synthetic brine (NaCl solution)

9

F

I

F

2

37.6  PF0.33 with R =0.74
–

–

–

1.05 y 1.18
(1.12)

–

–

1 y 3.24
(1.24)

1 y 7.19
(2.24)

1 y 2.76
(1.44)

1.067  Sw0.925

I 1.09  S w0.86
2

2

with R =0.82

with R =0.82

Q 1  10 5 ɪ3  13  104 
ɪ2  5.9  10 2  ɪ  0.9993
2
with R =0.99
1 y 2.12
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ȿɅȿɄɌɊɂɑɇȱ ȼɅȺɋɌɂȼɈɋɌȱ ɉɈɊȱȾ ɄȿɆȻɊȱɘ ȼɈɅɂɇɈ-ɉɈȾȱɅɅə
ɍ ɫɬɚɬɬɿ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɪɟɡɭɥɶɬɚɬɢ ɬɚ ɨɫɨɛɥɢɜɨɫɬɿ ɦɟɬɨɞɢɤɢ ɩɟɬɪɨɟɥɟɤɬɪɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɩɪɢ ɜɢɜɱɟɧɧɿ ɫɤɥɚɞɧɨ ɩɨɛɭɞɨɜɚɧɢɯ ɤɚɪɛɨɧɚɬɧɢɯ ɿ ɬɟɪɢɝɟɧɧɢɯ ɤɨɥɟɤɬɨɪɿɜ. ɇɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɟɥɟɤɬɪɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɬɚ ʀɯɧɿɣ ɡɜ'ɹɡɨɤ ɡ ɽɦɧɿɫɧɢɦɢ
ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɩɿɫɤɨɜɢɤɿɜ, ɜɚɩɧɹɤɿɜ ɿ ɞɨɥɨɦɿɬɿɜ ɤɟɦɛɪɿɸ ȼɨɥɨɞɢɦɢɪɫɶɤɨʀ ɩɥɨɳɿ ȼɨɥɢɧɨ-ɉɨɞɿɥɥɹ. Ɇɟɬɨɸ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɛɭɥɚ
ɪɨɡɪɨɛɤɚ ɬɚ ɫɬɜɨɪɟɧɧɹ ɩɟɬɪɨɟɥɟɤɬɪɢɱɧɢɯ ɦɨɞɟɥɟɣ ɩɨɪɿɞ-ɤɨɥɟɤɬɨɪɿɜ ɹɤ ɨɫɧɨɜɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɧɚɥɿɡɭ ʀɯɧɿɯ ɟɥɟɤɬɪɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɿ
ɡɜ'ɹɡɤɿɜ ɡ ɽɦɧɿɫɧɨ-ɮɿɥɶɬɪɚɰɿɣɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ. Ʉɨɦɩɥɟɤɫ ɩɟɬɪɨɮɿɡɢɱɧɢɯ ɥɚɛɨɪɚɬɨɪɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɤɥɸɱɚɜ ɜɢɡɧɚɱɟɧɧɹ: ɝɭɫɬɢɧɢ
ɞɨɫɥɿɞɠɟɧɢɯ ɩɨɪɿɞ (ɫɭɯɢɯ ɿ ɧɚɫɢɱɟɧɢɯ ɦɨɞɟɥɥɸ ɩɥɚɫɬɨɜɨʀ ɜɨɞɢ); ɜɿɞɤɪɢɬɨʀ ɩɨɪɢɫɬɨɫɬɿ (ɦɟɬɨɞɚɦɢ ɧɚɫɢɱɟɧɧɹ ɚɡɨɬɨɦ ɿ ɦɨɞɟɥɥɸ ɩɥɚɫɬɨɜɨʀ ɜɨɞɢ); ɤɨɟɮɿɰɿɽɧɬɚ ɡɚɥɢɲɤɨɜɨɝɨ ɜɨɞɨɧɚɫɢɱɟɧɧɹ (ɦɟɬɨɞɨɦ ɰɟɧɬɪɢɮɭɝɭɜɚɧɧɹ); ɩɪɨɧɢɤɧɨɫɬɿ (ɦɟɬɨɞɨɦ ɫɬɚɰɿɨɧɚɪɧɨʀ ɮɿɥɶɬɪɚɰɿʀ ɚɡɨɬɭ); ɿɧɬɟɪɜɚɥɶɧɨɝɨ ɱɚɫɭ (ɲɜɢɞɤɨɫɬɿ ɩɨɡɞɨɜɠɧɿɯ ɩɪɭɠɧɢɯ ɯɜɢɥɶ) ɿ ɩɢɬɨɦɨɝɨ ɟɥɟɤɬɪɢɱɧɨɝɨ ɨɩɨɪɭ. ɍ ɩɪɨɰɟɫɿ ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ ɜɢɡɧɚɱɚɜɫɹ ɩɢɬɨɦɢɣ ɟɥɟɤɬɪɢɱɧɢɣ ɨɩɿɪ ɡɪɚɡɤɿɜ ɩɨɪɿɞ ɩɪɢ ɪɿɡɧɢɯ ɭɦɨɜɚɯ (ɫɭɯɿ, ɧɟɩɨɜɧɿɫɬɸ ɬɚ ɩɨɜɧɿɫɬɸ ɧɚɫɢɱɟɧɿ ɪɨɡɱɢɧɨɦ-ɿɦɿɬɚɬɨɪɨɦ ɩɥɚɫɬɨɜɨɝɨ ɮɥɸʀɞɭ) ɜ ɚɬɦɨɫɮɟɪɧɢɯ ɭɦɨɜɚɯ, ɚ ɬɚɤɨɠ ɜ ɭɦɨɜɚɯ ɧɚɛɥɢɠɟɧɢɯ ɞɨ ɩɥɚɫɬɨɜɢɯ.
ɍ ɪɟɡɭɥɶɬɚɬɿ ɜɢɤɨɧɚɧɢɯ ɥɚɛɨɪɚɬɨɪɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɢɜɱɟɧɨ ɩɟɬɪɨɟɥɟɤɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ ɩɿɫɤɨɜɢɤɿɜ, ɜɚɩɧɹɤɿɜ ɿ ɞɨɥɨɦɿɬɿɜ ɤɟɦɛɪɿɸ ȼɨɥɨɞɢɦɢɪɫɶɤɨʀ ɩɥɨɳɿ, ɩɟɪɫɩɟɤɬɢɜɧɨʀ ɧɚ ɜɭɝɥɟɜɨɞɧɿ. ɍɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɧɚɱɟɧɧɹ ɩɢɬɨɦɨɝɨ ɟɥɟɤɬɪɢɱɧɨɝɨ ɨɩɨɪɭ ɫɭɯɢɯ ɟɤɫɬɪɚɝɨɜɚɧɢɯ ɡɪɚɡɤɿɜ
(ɩɢɬɨɦɢɣ ɟɥɟɤɬɪɢɱɧɢɣ ɨɩɿɪ ɦɿɧɟɪɚɥɶɧɨɝɨ ɫɤɟɥɟɬɚ) ɡɦɿɧɸɽɬɶɫɹ ɜɿɞ 5,2·104 (ɩɿɫɤɨɜɢɤɢ) ɞɨ 2,4·107 Ɉɦɦ (ɞɨɥɨɦɿɬɢ) ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɡɧɚɱɟɧɧɿ
3,8·106 Ɉɦɦ. ɉɢɬɨɦɢɣ ɟɥɟɤɬɪɢɱɧɢɣ ɨɩɿɪ ɡɪɚɡɤɿɜ ɩɨɪɿɞ ɧɚɫɢɱɟɧɢɯ ɦɨɞɟɥɥɸ ɩɥɚɫɬɨɜɨʀ ɪɿɞɢɧɢ (ɪɨɡɱɢɧ NaCl) ɡɦɿɧɸɽɬɶɫɹ ɜɿɞ 7,2 (ɩɿɫɤɨɜɢɤɢ) ɞɨ
73 Ɉɦɦ (ɜɚɩɧɹɤɢ) ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɡɧɚɱɟɧɧɿ 45 Ɉɦɦ. Ⱦɿɚɩɚɡɨɧ ɡɦɿɧɢ ɜɿɞɧɨɫɧɨɝɨ ɟɥɟɤɬɪɢɱɧɨɝɨ ɨɩɨɪɭ ɫɬɚɧɨɜɢɬɶ: ɜɿɞ 20,4 ɞɨ 85,5 ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɡɧɚɱɟɧɧɿ 44,1 (ɩɿɫɤɨɜɢɤɢ); ɜɿɞ 143,9 ɞɨ 207,6 ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɡɧɚɱɟɧɧɿ 188,6 (ɜɚɩɧɹɤɢ); ɜɿɞ 81,7 ɞɨ 198,7 ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɡɧɚɱɟɧɧɿ 155,6
(ɞɨɥɨɦɿɬɢ). Ⱦɿɚɩɚɡɨɧ ɡɦɿɧɢ ɩɚɪɚɦɟɬɪɚ ɡɛɿɥɶɲɟɧɧɹ ɟɥɟɤɬɪɢɱɧɨɝɨ ɨɩɨɪɭ ɫɬɚɧɨɜɢɬɶ: ɜɿɞ 1 ɞɨ 3,24 ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɡɧɚɱɟɧɧɿ 1,24 (ɩɿɫɤɨɜɢɤɢ);
ɜɿɞ 1 ɞɨ 7,19 ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɡɧɚɱɟɧɧɿ 2,24 (ɜɚɩɧɹɤɢ); ɜɿɞ 1 ɞɨ 2,76 ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɡɧɚɱɟɧɧɿ 1,44 (ɞɨɥɨɦɿɬɢ). ɉɿɫɤɨɜɢɤɢ ɦɚɸɬɶ ɞɿɚɩɚɡɨɧ ɡɦɿɧɢ
ɤɨɟɮɿɰɿɽɧɬɚ ɡɛɿɥɶɲɟɧɧɹ ɨɩɨɪɭ ɜɿɞ 1 ɞɨ 2,12 ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɜɫɟɛɿɱɧɨɝɨ ɬɢɫɤɭ ɜɿɞ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɨ 59 Ɇɉɚ. Ⱦɥɹ ɜɚɩɧɹɤɿɜ ɞɿɚɩɚɡɨɧ ɡɦɿɧɢ ɤɨɟɮɿɰɿɽɧɬɚ ɡɛɿɥɶɲɟɧɧɹ ɨɩɨɪɭ ɫɬɚɧɨɜɢɬɶ ɜɿɞ 1 ɞɨ 7,7 ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɜɫɟɛɿɱɧɨɝɨ ɬɢɫɤɭ ɜɿɞ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɨ 49 Ɇɉɚ.
ɍɫɬɚɧɨɜɥɟɧɿ ɟɦɩɿɪɢɱɧɿ ɤɨɪɟɥɹɰɿɣɧɿ ɡɚɥɟɠɧɨɫɬɿ ɦɿɠ ɩɟɬɪɨɟɥɟɤɬɪɢɱɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɬɚ ɽɦɧɿɫɧɨ-ɮɿɥɶɬɪɚɰɿɣɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ
ɞɨɫɥɿɞɠɟɧɢɯ ɩɨɪɿɞ (ɦɿɠ ɜɿɞɧɨɫɧɢɦ ɨɩɨɪɨɦ ɿ ɤɨɟɮɿɰɿɽɧɬɨɦ ɩɨɪɢɫɬɨɫɬɿ ɜ ɥɚɛɨɪɚɬɨɪɧɢɯ ɿ ɩɥɚɫɬɨɜɢɯ ɭɦɨɜɚɯ; ɦɿɠ ɩɚɪɚɦɟɬɪɨɦ ɡɛɿɥɶɲɟɧɧɹ
ɟɥɟɤɬɪɢɱɧɨɝɨ ɨɩɨɪɭ ɬɚ ɤɨɟɮɿɰɿɽɧɬɨɦ ɜɨɞɨɧɚɫɢɱɟɧɧɹ), ɳɨ ɫɥɭɠɚɬɶ ɨɫɧɨɜɨɸ ɝɟɨɥɨɝɿɱɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɝɟɨɮɿɡɢɱɧɢɯ ɞɚɧɢɯ. ɐɿ ɡɚɥɟɠɧɨɫɬɿ ɚɩɪɨɤɫɢɦɭɸɬɶɫɹ ɜ ɛɿɥɶɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɫɬɟɩɟɧɟɜɨɸ ɮɭɧɤɰɿɽɸ. Ⱥɧɚɥɿɡ ɧɚɜɟɞɟɧɢɯ ɞɚɧɢɯ ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ ɟɥɟɤɬɪɨɦɟɬɪɢɱɧɿ ɦɟɬɨɞɢ ɽ ɩɨɬɭɠɧɢɦ ɡɚɫɨɛɨɦ ɹɤ ɥɚɛɨɪɚɬɨɪɧɢɯ, ɬɚɤ ɿ ɩɨɥɶɨɜɢɯ ɞɨɫɥɿɞɠɟɧɶ, ɞɨɫɢɬɶ ɟɮɟɤɬɢɜɧɿ ɣ ɧɚɞɚɸɬɶ ɲɢɪɨɤɭ ɬɚ ɰɿɧɧɭ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ
ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɪɿɞ.
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ɗɅȿɄɌɊɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɉɈɊɈȾ ɄȿɆȻɊɂə ȼɈɅɕɇɈ-ɉɈȾɈɅɖə
Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɦɟɬɨɞɢɤɢ ɢ ɪɟɡɭɥɶɬɚɬɵ ɩɟɬɪɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢ ɢɡɭɱɟɧɢɢ ɫɥɨɠɧɨ ɩɨɫɬɪɨɟɧɧɵɯ
ɤɚɪɛɨɧɚɬɧɵɯ ɢ ɬɟɪɪɢɝɟɧɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɢɯ ɫɜɹɡɶ ɫ ɟɦɤɨɫɬɧɵɦɢ
ɫɜɨɣɫɬɜɚɦɢ ɩɟɫɱɚɧɢɤɨɜ, ɢɡɜɟɫɬɧɹɤɨɜ ɢ ɞɨɥɨɦɢɬɨɜ ɤɟɦɛɪɢɹ ȼɥɚɞɢɦɢɪɫɤɨɣ ɩɥɨɳɚɞɢ ȼɨɥɵɧɨ-ɉɨɞɨɥɶɹ. ɐɟɥɶɸ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɪɚɡɪɚɛɨɬɤɚ ɢ ɫɨɡɞɚɧɢɟ ɩɟɬɪɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɨɪɨɞ-ɤɨɥɥɟɤɬɨɪɨɜ ɤɚɤ ɨɫɧɨɜɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɧɚɥɢɡɚ ɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ
ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɜɹɡɟɣ ɫ ɟɦɤɨɫɬɧɨ-ɮɢɥɶɬɪɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ʉɨɦɩɥɟɤɫ ɩɟɬɪɨɮɢɡɢɱɟɫɤɢɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɤɥɸɱɚɥ
ɨɩɪɟɞɟɥɟɧɢɟ: ɩɥɨɬɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɨɪɨɞ (ɫɭɯɢɯ ɢ ɧɚɫɵɳɟɧɧɵɯ ɦɨɞɟɥɶɸ ɩɥɚɫɬɨɜɨɣ ɜɨɞɵ); ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ (ɦɟɬɨɞɚɦɢ
ɧɚɫɵɳɟɧɢɹ ɚɡɨɬɨɦ ɢ ɦɨɞɟɥɶɸ ɩɥɚɫɬɨɜɨɣ ɜɨɞɵ); ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɫɬɚɬɨɱɧɨɝɨ ɜɨɞɨɧɚɫɵɳɟɧɢɹ (ɦɟɬɨɞɨɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ); ɩɪɨɧɢɰɚɟɦɨɫɬɢ (ɦɟɬɨɞɨɦ ɫɬɚɰɢɨɧɚɪɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɚɡɨɬɚ); ɢɧɬɟɪɜɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (ɫɤɨɪɨɫɬɢ ɩɪɨɞɨɥɶɧɵɯ ɭɩɪɭɝɢɯ ɜɨɥɧ) ɢ ɭɞɟɥɶɧɨɝɨ
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȼ ɩɪɨɰɟɫɫɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɨɩɪɟɞɟɥɹɥɨɫɶ ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɡɰɨɜ
ɩɨɪɨɞ ɩɪɢ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ (ɫɭɯɢɟ, ɱɚɫɬɢɱɧɨ ɢ ɩɨɥɧɨɫɬɶɸ ɧɚɫɵɳɟɧɧɵɟ ɪɚɫɬɜɨɪɨɦ-ɢɦɢɬɚɬɨɪɨɦ ɩɥɚɫɬɨɜɨɝɨ ɮɥɸɢɞɚ) ɜ ɚɬɦɨɫɮɟɪɧɵɯ
ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɛɥɢɠɟɧɧɵɯ ɤ ɩɥɚɫɬɨɜɵɦ.
ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɭɱɟɧɵ ɩɟɬɪɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɟɫɱɚɧɢɤɨɜ, ɢɡɜɟɫɬɧɹɤɨɜ ɢ
ɞɨɥɨɦɢɬɨɜ ɤɟɦɛɪɢɹ ȼɥɚɞɢɦɢɪɫɤɨɣ ɩɥɨɳɚɞɢ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɵ. ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɭɯɢɯ ɷɤɫɬɪɚɝɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ (ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɤɟɥɟɬɚ) ɢɡɦɟɧɹɟɬɫɹ ɨɬ 5,2·104 (ɩɟɫɱɚɧɢɤɢ) ɞɨ 2,4·107
Ɉɦɦ (ɞɨɥɨɦɢɬɵ) ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ 3,8·106 Ɉɦɦ. ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɪɨɞ, ɧɚɫɵɳɟɧɧɵɯ ɦɨɞɟɥɶɸ ɩɥɚɫɬɨɜɨɣ
ɠɢɞɤɨɫɬɢ (ɪɚɫɬɜɨɪ NaCl), ɢɡɦɟɧɹɟɬɫɹ ɨɬ 7,2 (ɩɟɫɱɚɧɢɤɢ) ɞɨ 73 Ɉɦɦ (ɢɡɜɟɫɬɧɹɤɢ) ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ 45 Ɉɦɦ. Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: 20,4 – 85,5 ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ 44,1 (ɩɟɫɱɚɧɢɤɢ); 143,9 – 207,6 ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ
188,6 (ɢɡɜɟɫɬɧɹɤɢ); ɨɬ 81,7 ɞɨ 198,7 ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ 155,6 (ɞɨɥɨɦɢɬɵ). Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɭɜɟɥɢɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: 1 – 3,24 ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ 1,24 (ɩɟɫɱɚɧɢɤɢ); 1 – 7,19 ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ 2,24 (ɢɡɜɟɫɬɧɹɤɢ); 1 – 2,76 ɩɪɢ ɫɪɟɞɧɟɦ
ɡɧɚɱɟɧɢɢ 1,44 (ɞɨɥɨɦɢɬɵ). ɉɟɫɱɚɧɢɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɜɟɥɢɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 1 – 2,12 ɩɪɢ
ɭɜɟɥɢɱɟɧɢɹ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɨɬ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɨ 59 Ɇɉɚ. Ⱦɥɹ ɢɡɜɟɫɬɧɹɤɨɜ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɜɟɥɢɱɟɧɢɹ
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1 – 7,7 ɩɪɢ ɭɜɟɥɢɱɟɧɢɹ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɨɬ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɨ 49 Ɇɉɚ.
ɍɫɬɚɧɨɜɥɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɩɟɬɪɨɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɟɦɤɨɫɬɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɨɪɨɞ (ɦɟɠɞɭ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ
ɩɨɪɢɫɬɨɫɬɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɿ ɩɥɚɫɬɨɜɵɯ ɭɫɥɨɜɢɹɯ; ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɨɦ ɭɜɟɥɢɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɨɞɨɧɚɫɵɳɟɧɢɹ), ɤɨɬɨɪɵɟ ɫɥɭɠɚɬ ɨɫɧɨɜɨɣ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. ɗɬɢ ɡɚɜɢɫɢɦɨɫɬɢ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫɬɟɩɟɧɧɨɣ ɮɭɧɤɰɢɟɣ. Ⱥɧɚɥɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɷɥɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɹɜɥɹɸɬɫɹ ɦɨɳɧɵɦ ɫɪɟɞɫɬɜɨɦ ɤɚɤ ɥɚɛɨɪɚɬɨɪɧɵɯ, ɬɚɤ ɢ ɩɨɥɟɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵ ɢ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɲɢɪɨɤɭɸ ɢ
ɰɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜɨɣɫɬɜɚɯ ɩɨɪɨɞ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɟɪɧɚ, ɮɢɥɶɬɪɚɰɢɨɧɧɨ-ɟɦɤɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɩɨɪɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ,
ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɟɫɱɚɧɢɤ, ɢɡɜɟɫɬɧɹɤ, ɩɨɪɢɫɬɨɫɬɶ, ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɞɚɜɥɟɧɢɟ, ɩɪɨɧɢɰɚɟɦɨɫɬɶ,
ɩɟɬɪɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ.

