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ELECTRICAL PROPERTIES OF CAMBRIAN ROCKS IN VOLYNO-PODILLIA
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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 (p), which is determined by rock
composition and texture, capacity space structure, oil- gas-
and 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 high-
precision measurement of electrical resistivity in the
range of 10 kOhms to 10 TOhms, using a DC two-
electrode 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
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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%.

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 Ohms-m (dolomites), with an
average of 3,827,440 Ohms-m. 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 Ohmsm
(limestones) with an average value of 45 ohms-m.

Table 1
Results of measuring petrophysical properties of limestones, dolomites and sandstones
Density, kg/m°® | Open porosity, % p Residual | Resistivity, Ohms-m
Parameter NaCl ith NaCl ag:ms- Water NaCl Resistivity
Index Rock Age a wi a ) : a
Value dry saturated | nitrogen | saturated | femtom2 Saé:(r:?gron dry saturated factor
1 2 3 4 5 6 7 8 9 10 11 12 13
1 imestones | € min 2,661[2,673 0,01 0,002 0,001 0,03 131,110 50,5 143,9
P imestones | € max 2,699 (2,704 0,025 0,013 3,479 0,67 6,588,358 |72,9 207,6
B imestones | € @avg 2,690 [2,695 0,016 0,006 0,442 0,269 1,423,156 |66,2 188,6
4 dolomites € min 2,690 (2,694 0,017 0,005 0,001 0,3 146,508 28,7 81,7
3 dolomites € max 2,845(2,854 0,046 0,038 0,002 0,65 24,441,890 (69,8 198,7
6 dolomites € avg 2,753 2,766 0,026 0,017 0,001 0,41 6,411,826 |54,6 155,6
7 sandstones | € min 2,116 2,222 0,054 0,044 0,005 0,27 51,610 7,2 20,4
B sandstones | € max 2,486 | 2,526 0,13 0,116 1,067 0,86 11,127,988 |30 85,5
o sandstones | € Rvg 2,290 (2,361 0,089 0,077 0,139 0,71 3,647,329 [155 441
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Fig. 1. Correlation between porosity (¢) and the formation resistivity factor (FR) —
Archie-Dahnov Equation (laboratory conditions):
a — sandstone, b — limestone, ¢ — dolomite

Our laboratory studies showed the following correlation
(Fig. 1a, 1b, 1c) between porosity (¢) and the formation

resistivity factor (Fr): F=a-¢™ — 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: F, =1.675-¢"% where R’ = 0.835

(sandstones), F =40.99-4°% where R® = 0.77 (lime-
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stones), F, =37.60-¢°%, R? = 0.74 (dolomites), where —

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 av-
erage 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.

10
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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 ex-
periment and carried out statistical analysis of petroelectri-
cal measurements to determine the correlation between
resistivity index (Ir) and water saturation factor (Sy) for the
rocks under study. Correlation dependences are as follows:

for sandstones — I, =1.069-S.%%, with R? = 0.82, for the
limestones the relationship is: I, =1.169-S,°7°, with
R? = 0.86; dolomites dependence can be expressed by the
following formula: I, =0.997-S.** | with R® = 0.79, where

Ir = Rt/ Ro, Ry — partially water-saturated rock resistivity
and Ry is water-saturated rock resistivity. Fig. 2a, 2b and 3c
show the correlations:

resstivity ndex (I

v=1.1689x 0™ =il
=086 ~.

[N 1.9

water eaturation factor (Sw)

watar eaturatian fastar (Sw)

c
Fig. 2. Correlation between water saturation factor (Sw) and resistivity index (IR):
a — sandstones, b — limestones, ¢ — dolomites

Data analysis shows that the sandstones have a resis-
tivity 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, resis-
tivity 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, resistiv-
ity 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

lx =b-S, which expresses the relationship between wa-

ter saturation factor and resistivity index, coefficient b var-
ies from 0.997 (dolomites) to 1.17 (limestones), and wet-

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 car-
ried out a comprehensive study using a special high pres-
sure installation — VSC-1000, with pressure ranging from
the atmospheric pressure to 59 MPa. The results clearly
show that under increasing pressure, closing of micro-
cracks and deformation of the pore space result in an in-
crease 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 ex-
pressed by polynomials of order 3 and 4:

Q=1x10%p* =13x10* xp? +5.9x102% xp + 0.9993 , with R=0.99 (sandstones),
Q=-8-10°-p*+9-10*-p>-2.98-102-p? +4.022-p +0.4302 , with R?>=0.99 (limestones).

Figures 3a and 3b show this relationship.

Sandstones show a variation of resistivity increasing
coefficient ranging from 1 to 2.12, with an increase in the
hydrostatic pressure from the atmospheric pressure up to

59 MPa. For the limestones, the variation range of resistiv-
ity increasing coefficient is from 1 to 7.7, with an increase
in the hydrostatic pressure from the atmospheric pressure
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 resis-
tivity variation. In the first area, where pressure ranges
from the atmospheric pressure to 24.5 MPa, resistivity in-
creasing 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 rela-
tively 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 in-
creases from atmospheric to 9.8 MPa) the resistivity in-
creasing coefficient varies from 1 to 2. In the range of pres-
sures 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 coeffi-
cient rises sharply (up to 7.7 at a pressure of 59 MPa). This
is probably due to abrupt closing of major cracks responsi-
ble for electrical conductivity.

Using the data on measuring resistivity under pressure,
we calculated its values for the rocks in situ. A petroelectri-
cal study with high pressures applied enabled us to define
the relationship between porosity (¢) and formation resis-
tivity factor (Fgr) in situ. The Archie-Dahnov Equation for
the Cambrian sandstones (in situ) is as follows (Fig. 4):

Fr =1.365-¢7%, with R® = 0.92.
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Fig. 4. Correlation between porosity (¢)
and formation resistivity factor (FR) under in situ conditions
for the Cambrian sandstones

To evaluate electrical anisotropy, we took measure-
ments of electrical resistivity along and across the stratifi-
cation. Resistivity anisotropy coefficient 1 was determined
using the formula:

where Ry and Ry = electrical resistivity along and across
stratification respectively.

The results show that the resistivity anisotropy coeffi-
cient of dry extracted sandstones varies from 1.01 to 1.09,
with an average value of 1.05. Anisotropy factor of satu-
rated (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 condi-
tion is essential for solving various tasks in mineral explora-
tion, particularly in petroleum geology.

Laboratory experiment has been conducted in order to
determine the petroelectrical attributes of Cambrian sand-
stones, limestones and dolomites from the hydrocarbon
prospective Volodymyrska area. It was found that the elec-
trical resistivity of the dry extracted samples (determined
mainly by electrical resistance of the rock matrix) ranges
from 5.2:10* Ohms'm (sandstones) to 2.4-10" (dolomites),
with an average value of 3.8-10°%. The electrical resistivity of
rock samples saturated with synthetic brine (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 resis-
tance 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 petroelectri-
cal parameters and filtration—capacity properties of sand-
stones, 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 accu-
rate petroelectrical models of these rocks based on geo-
logical 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

different rock types. Further research into petroelectrical
properties of rocks will require data on dielectric permeabil-
ity, dielectric loss tangent, as well as evaluating the rele-
vance of geoelectric parameters which account for varia-
tion in electrical resistivity of dry extracted samples ex-
posed to direct current over longer periods of time and es-
tablishing 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
Petroelectrical parameter/ Parameter variation range (mean value)/
Index Correlation dependence Correlation equation (correlation coefficient)
P Sandstones Limestones Dolomites
1 2 3 4 5
1 Electrical resistivity 5.2:10% + 1.1-10" 1.3-10° + 6.6:10° 1.510° +2.4-10
of dry extracted samples (3.6:10%) (1.4-10% (6.4:10°%)
Electrical resistivity of rock . . .
2 |samples saturated with synthetic 7&%;;30 50.(56?: 27)29 28'7(571 ?9'8
brine (NaCl solution) ) )
3 Formation resistivity factor (F) 20.4 +85.8 143.9 + 207.6 81.7 + 198.7
in laboratory conditions (50) (180) (145)
4 Formation resistivity factor (F) 36+146 _ _
under in situ conditions (75)
5 Archie-Dahnov dependence F=1.675-PF " F_ 41.PF97 \ith R%=077 | F=37.6.PF°® with R?=0.74
(laboratory conditions) with R?=0.84 ' ’ '
6 Archie-Dahnov dependence F =1.365-PF "' with _
(in situ conditions) R2=0.92 -
7 Resistivity anisotropy coefficient| 1.01 +1.09 _ _
A of dry extracted samples (1.05)
Resistivity anisotropy coefficient
: 1.05+1.18
8 |1 of rock samples saturated with (1.12) - -
synthetic brine (NaCl solution) '
e 1+3.24 1+7.19 1+2.76
9 Resistivity index (1) (1.24) (2.24) (1.44)
Correlation between water _ Q0925 _ G086
10 saturation factor (Sy) ! __1'0627 Sw I_'1'092 S, [=1.003-S,2%* with R?=0.79
and resistivity index (1) with R"=0.82 with R"=0.82
Q=-8-10"°.p*+
, . Q=1-10"p® ~13.10* DU
1 Correlation between resistivity 02 +5.9-107 - p+0.9993 9-10"-p°-3.06-10" - _
increase (Q) and pressure (p) I ’ : 2 )
with R%=0.99 p +4.Q45 §_+ 0.3645
with R"=0.97
Coefficient of resistivity increas-
12 |ing with pressure changing from 1+212 1+7.7 -
atmospheric to 59 MPa
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ENIEKTPU4YHI BIIACTUBOCTI NOPIA KEMBPIIO BOJNTIMHO-NMOAA

Y cmammi po3ansidarombcs pe3ynbmamu ma ocobnueocmi MemoduKku rnempoesieKmpuyHuUx AocnioxeHb Npu eus4YeHHi cknadHo nobydoea-
Hux kap6oHamHux i mepu2eHHUX Kosekmopie. HasedeHo pe3ynbmamu eu3HaYeHHs1 eJleKmpuYHUX napamempie ma ixHili 36'130K 3 eMHICHUMU
e/lacmueocmsiMu rnickoeukie, eanHsikie i donomimie kem6pito Bonodumupcskoi nnowi BonuHo-IModinnsi. Memoto npoeedeHux docnidxeHb 6yna
po3pobka ma cmeopeHHs1 nempoesieKmpu4HuUx modesieli Nopio-KosieKmopie ik 0CHO8U KOMIMJIEKCHO20 aHasli3y IXHiX eflekmpuyHux napamempie i
36'sA3Kkie 3 eMHicHO-hinbmpayiliHumu enacmueocmsimu. Komnnekc nempogpizuyHux nabopamopHux AocnidxeHb 8K/0Ya8 8U3HAYEHHS: 2yCMUHU
docnidxeHux nopid (cyxux i Hacu4eHuUx modensnto niaacmoeoi eodu); eidkpumoi nopucmocmi (MemodaMu Hacu4eHHs1 a30moM i Mmodensno niaacmo-
eoi eodu); koeghiyienma 3anuwikoeo2o eodoHacu4eHHs1 (MemodoM yeHmpughyayeaHHsl); MPOHUKHocmi (MemodoM cmayioHapHoi ¢hinbmpayii aso-
my); iHmepeanbHo20 4acy (weudkocmi Mo3006XHIX NPYXHUX X8UJb) i MUMOMO20 esleKmpuU4YHO20 onopy. Y npouyeci nabopamopHux pobim eu3Ha-
4aecsi numomuli eneKmpu4HuUl onip 3pa3kie nopio npu pisHux ymoeax (cyxi, HenoeHicmMw ma MnoeHicmMI Hacu4eHi Ppo34UHoOM-imimamopom nnac-
moeozo ¢hoidy) 8 ammocghepHUX yMOBaXxX, a MaKoX 8 yMoeax HabnuxeHux 0o naacmosux.

Y pesynbmami eukoHaHux n1abopamopHux docnidxeHb 8UBYEHO rMempoesieKmpuYHi Nnapamempu nickoeukie, eanHsikie i donomimie kem6pito Bo-
JT00UMUPCBLKOI MIOWi, MepcrneKmueHoi Ha 8y211e800HI. YcmaHo8IeHo, W0 3Ha4YeHHs1 MUMOMO20 e/IeKIMPUYHO20 OMopy CyXUX eKcmpaz208aHuXx 3pa3skie
(mumomuti enekmpu4Hull onip mMiHepanbHO20 cKeslema) 3MiHremsbcst 8id 5,2:104 (nickoeuku) do 2,4-107 OMm-m (OosromMimu) npu cepeOHbOMY 3HaYeHHI
3,8:106 OM-M. lMumomuti enekmpuyHuUli onip 3pa3kie nopio HacuyeHux ModesuTto nnacmoeoi piduHu (po3yuH NaCl) 3miHroembCcsi 8id 7,2 (mickosuku) Ao
73 OM-M (8anHsiku) Npu cepeOHbLOMY 3Ha4eHHi 45 Om-M. [iana3oH 3MiHU 8iOGHOCHO20 esleKmpPUYHO20 Oropy cmaHoeums: eid 20,4 do 85,5 npu ceped-
HbOMY 3HauyeHHi 44,1 (nickoeuku); eid 143,9 do 207,6 npu cepedHbOMy 3Ha4YeHHi 188,6 (sanHsiku); eid 81,7 do 198,7 npu ceped@HbLOMY 3Ha4YeHHi 155,6
(Oonomimu). fiana3oH 3miHu napamempa 36inbWeHHs1 efleKmpUYHO20 ornopy cmaHosums: 8id 1 do 3,24 npu cepedHbLOMY 3HayYyeHHi 1,24 (nickoeuku);
8id 1 do 7,19 npu cepedHbLOMY 3HayYeHHI 2,24 (8anHsiku); eid 1 do 2,76 npu cepedHbOMY 3HayeHHI 1,44 (donomimu). llickoeuku Matome diana3oH 3MiHU
KoegpiyieHma 36inbweHHs1 onopy 8id 1 do 2,12 npu 36inbweHHi 8cebiyHo20 mucky eid ammocgepHozo 0o 59 Mlla. [ns eanHsikie diana3oH 3MiHU Koe-
¢iyieHma 36inbweHHs1 onopy cmaHoeums 8i0 1 do 7,7 npu 36inbweHHi eceb6iyH020 MUCKy 8i0 ammocgepHoz0 Ao 49 Mla.

YcmaHoeneHi eMnipuyHi KopensayiliHi 3anexHocmi Mix nempoesniekmMpuYHUMU Nnapamempamu ma eMHiCHO-ghinbmpayiliHumMu enacmusocmsimu
docnidxeHux nopio (Mix eiOHOCHUM oropoM i KoegpiyieHmom nopucmocmi e nabopamopHux i MIaCMo8UX yMo8ax; MiX napamMempom 36inbuieHHs1
esleKmpu4HoO20 ornopy ma KoegiyicHmomM 8000HaCUYEHHS), W0 CITy)kKamb OCHOB0I 2e0s102i4YHOi iHmepnpemayii 2eoghizuyHux daHux. Lji 3anexHo-
cmi anpokcumytomscsi 8 6inbwocmi eunadkie cmeneHesoro pyHKyiero. AHaniz HagedeHUx OaHUX ceidyumb PO me, Wo eseKmpPoMempuyHi Me-
modu € nomyHum 3acobom sik nabopamopHux, mak i nonboeux docnidxeHb, documb eghekmueHi Ui Hadaromb WUPOKY Ma UiHHY iHghopmauito npo
eslacmueocmi nopio.

Knro4oei cnoea: docnidxeHHs1 kepHa, ¢hinbmpayiliHo-eMHICHi napamempu, eflekKmpuYHi napamempu, nopoeuli npocmip, kopensiyiliHi 3anexHo-
cmi, nickosuK, eanHsik, mopucmicms, eIeKmpuYyHuUl onip, MUcK, MPOHUKHICMb, MempoesIeKmpuUYHi napamMempu.
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ANEKTPUYECKUE CBOUCTBA NOPOJ KEMBPUS BOJIbIHO-NMOQOMbA

Paccmampusearomcsi ocob6eHHocmu MemoduKu U pesysibmamael MempoasiekmpuyecKux uccredogaHull Npu uly4eHuuU CII0XKHO MOCMPOEHHbIX
Kap6oHamHbIX U meppu2eHHbIX Konekmopos. [pusedeHbl pe3ynibmamabl onpedesieHusi 3/1eKMPUYecKUX napaMmempos U Ux cesi3b C eMKOCMHbIMU
ceolicmeaMu necyaHuKoe, useecmHsikoe u dosjomumoe kembpusi Bnadumupckolii nnowadu BonbiHo-[Modonbs. Llenbio npoeedeHHbIx uccnedoea-
Hull 6bina pa3pabomka u co3daHue nempo3asiekmpuyeckux Mmodeseli MOPod-KOJI/IeKMOPO8 Kak OCHO8bI KOMITJIEKCHO20 aHalu3a ux 3/1eKmpu4ecKux
napamempos u cesizeli ¢ eMKOCMHO-uIbmMpayuoHHbIMU ceolicmeamu. Komnnekc nempoghusuyeckux nabopamopHbix uccredosaHull eknroqan
onpedesneHue: NIOMHOCMU ucciedo8aHHbIX MOpod (CyXux U HacbiWeHHbIX MOOesbio rniacmoegoll 80dbl); omkpbimol nopucmocmu (Memodamu
HacbIWeHuUsi a3omoM u mModesibio nnacmoeoli eo0hbl); koaghguyueHma ocmamo4Ho20 e00oHachkIWeHUsi (Memodom yeHmpugyaupoeaHusi); npo-
Huyaemocmu (MemodoM cmayuoHapHol (hunbmpayuu azoma); UHmepeasabHO20 8pemMeHu (CKopocmu MPodosibHbIX Yyrpyaux 80JIH) U yOesbHO20
aniekmpuyecko2o conpomusesneHusi. B npoyecce nabopamopHbix pabom onpedensnock ydenbHoe 3/leKmpu4yeckoe cornpomuesieHue obpasyoe
nopod npu pa3sHbIX ycoeusix (Cyxue, 4aCMu4HO U MOJIHOCMbIO HachkIWEHHbIe PacmeopoM-UMUMamopoM n1acmosgozo ¢giouda) 8 ammMochepHbIX
ycrioeusix, a makxe 8 ycro8usix npubuwKeHHbIX K M1acmoebiM.

B pesynbmame 8bInosiHeHHbIX 1abopamopHbIX uccredosaHull usyyeHbl nMempoasieKmpuyYyecKue rnapaMempbl Mec4aHukoe, U3eecmHsiKoe u
dosilomumoe keMbpusi Bnadumupckol nnow,adu nepcrekmueHoll Ha y2/1ee000po0bl. YOeslbHoe 3sieKmpu4ecKoe cornpomuesieHue cyxux aKcmpa-
2upoeaHHbIx obpa3yoe (ydesibHOe 3/IeKMPUYECKOe COMpomuesieHuUe MUHEPasbHO20 cKeslema) u3meHsiemcsi om 5,2-104 (necyaHuku) do 2,4-107
Om-m (Gonmomumel) npu cpedHem 3HavyeHuu 3,8:106 OM-M. YOenbHOe aneKmpu4eckoe conpomuesieHue nopod, HacblWeHHbIX MOOesbIo niacmosol
Xudkocmu (pacmeop NaCl), usmenssemcsi om 7,2 (mec4aHuku) 0o 73 OM-M (U38eCMHSIKU) Npu cpedHeM 3Ha4YeHuu 45 OMm-M. [Juana3oH u3mMeHeHusi
OmHocumenbLHO20 dsIeKmpuveckozo conpomusneHusi: 20,4 — 85,5 npu cpedHem 3HaqeHuu 44,1 (necyaHuku); 143,9 — 207,6 npu cpedHeM 3HavyeHUU
188,6 (useecmusku); om 81,7 do 198,7 npu cpedHeM 3Ha4YeHuu 155,6 (donomumsi). Juana3oH usMeHeHUs1 NapaMempa yeesluyeHUsl 3/IeKMPUYECKO-
20 conpomueneHusi: 1 — 3,24 npu cpedHem 3HavyeHuu 1,24 (necyaHuku); 1 — 7,19 npu cpedHem 3HavyeHuu 2,24 (uzeecmHsiku); 1 — 2,76 npu cpedHem
3HayeHuu 1,44 (donomumsi). [lecHaHUKu xapakmepu3yromcsi Ouana3oHOM U3MeHeHUs1 KoaghghpuyueHma yeenuyeHusi conpomueneHuss 1 — 2,12 npu
yeesiu4yeHuUs1 8cecmopoHHe20 AaeneHusi om ammocgepHozo do 59 Mlla. [na uzeecmHsikoe Ouana3oH U3MeHeHUs Ko3ghpuyueHma yeenuyeHusi
conpomusJsieHusi cocmaessiem 1 — 7,7 npu yeenuyeHusi eCeCmMopoHHe20 daesieHusi om ammocgepHozo do 49 Ma.

YcmaHoeneHbl  amnupuyveckue  KOPPEeNSIUUOHHbIE 3a8UCUMOCMU  MeXOy Mempo3sieKmpu4yecKUMuU napamempamMu U  €MKOCMHO-
¢unbmpayuoHHbIMU ceolicmeamu uccredoeaHHbIX Mopod (Mex0y omHoCcUMesIbHbIM 3JIEKMPUYECKUM CorpomuesieHueM u KoagguyueHmom
nopucmocmu e nabopamopHbIX i Nacmoebix ycrioeusix; Mexoy napamempom yeesludyeHusi cConpomuesieHusi u KoaggpuyueHmom eodoHachluje-
Husl), Komopble c/ly)Xam OocHogol 2eosio2uyeckoli UHmepnpemayuu 2eogusudeckux 0aHHbIX. MU 3a8UCUMOCMU annpPoKcuMmupytomcsi 8 60sb-
wuHcmee cryyaee cmeneHHol pyHkyuel. AHanu3 npueedeHHbIX 0aHHbIX ceudemesibcmayem o MoM, Ymo 3sieKmpomempuyeckue Memoos! sie-
JNIsIFoMcsi MOUWHbIM cpedcmeoM Kak slabopamopHbIX, mak u rnosieebix uccredosaHuli, docmamoyHo aghghekmueHbI U Mpedocmassisiiom WupoKyr u
UeHHyto uHghopmayuro o ceolicmeax nopoa.

Knroueenie crnosa: uccrnedosaHue KepHa, hunibmpayuoHHO-eMKOCMHbIe napaMempabl, 3/1eKmpuYeckue napamempsl, Mopogoe npocmpaHcmeo,
KOppesisiyuoHHbIe 3a8UCUMOCMU, NecYaHUK, U38eCMHsIK, mopucmocms, ydesibHoe 3/1eKmpuYyeckoe conpomuesneHue, dassieHue, MPOHUYaeMocms,
nempoasiekmpuyeckue napaMmempal.





