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Purpose of the study. To study physical properties of the reservoir rocks of Semyrenkivske field in the
Hlynsko-Solokhivskyi oil and gas region (OGR) of the Dnipro-Donets Aulacogene with the aim of evaluating
their filtration-capacitive properties aswell asto justify the relationship of oil and gasfields with sources of local
magnetic anomalies that occur during the passage of hydrocarbons. The resear ch methodology consists in the
experimental study of rock samples (cylinders), namely, measuring the magnetic susceptibility with the MFK1-B
kappabridge and determining the density and open porosity according to standard methods, analyzing, and
comparing the obtained data with the geol ogi cal -tectonic maps of the study area. Results. The obtained val ues of
magnetic susceptibility, density, and open porosity of reservoir rock samples were obtained from 11 wells in the
Semyrenkivske field, which are represented by sandstones, aeuritic sandstones, aleurolites, and limestones. The
distribution of these parameters with depth was investigated, and their correlation dependences were cal culated.
In all wells, the inverse correlation between open porosity and density for all types of rocks is fixed. No clear
patterns regarding the relationship of magnetic susceptibility and density have been identified. The integrated
approach used to conduct experimental studies together with theoretical data, and analysis of the geomagnetic
field and fault-block tectonics made it possible to comprehensively analyze and clarify the current state of ail
and gas potentia in the HIynsko-Solokhivskyi OGR, to formulate criteria for the deep oil and gas content of the
Earth's crust of the studied region, and to identify the vertical migration routes of hydrocarbons. Scientific
novelty. Petrophysical studies of rocks in combination with the analysis of the magnetic field and fault tectonics
of the territory were carried out for the first time for the Semyrenkivske field, namely, magnetic and filtration-
capacitive characterigtics of reservoir rock samples were obtained, which make it possible to more thoroughly
and comprehensively study the hydrocarbon potential of this area. Practical value. The obtained results
supplement the information on the petrophysical properties of the rocks of the region under study. For the
Semyrenkivske field, on the basis of the presence of a local magnetic anomaly and a node of the intersection of
the Kryvorizko-Krupetskyi and sublatitudinal faults, it is possible to forecast the presence of an “echeloned” gas
condensate deposit, including the bottom of the sedimentary cover and the crystalline basement.

Key words; physical properties of rocks, magnetic susceptibility; local and regional anomaies of the
magnetic field; Semyrenkivske field; hydrocarbon deposits.

Introduction

In recent decades, the date of the industrial oil and
gas content of sedimentary complexes at depths of
more than 4 km has been estimated in different regions
of the world, particularly in the United States and
Vietnam [Tectonics.., 2015; Lukin, & da. 2011;
Lukin, & Shchukin, 2005]. The largest gas debits from
deep-seated  resarvoirs  of  the  Dnipro-Donets
Aulacogene (DDA) in Ukraine were obtained at several
gas-condensate fidds, in particular, Rudivs ke (from
well 1, interval 5750-5790 m, horizon T-1) with a debit
of 1020 thousand m*¥day [Lukin et al., 2011]. In this
regard, it isimportant to search for criteriafor the deep
oil and gas potential of the Earth's crust. One of such
criteria is the experimentally revealed change in the
magnetization of rocks on the paths of hydrocarbons
[Orlyuk, 1999]. Such changes were studied on rock
samples in different regions of the world, particularly
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in China [Liu, e da., 2006], Coombia [Costanzo-
Alvarez, e d., 2012], Venezuda[Aldana, et al., 2003],
United Kingdom [Abubakar et a., 2015], and other
countries.  Experimental dudies revedled devated
values of magnetic susceptibility and remnent
magnetization of sedimentary rocks (syderites,
argillites, sandstones, limestones) from hydrocarbon
deposits. The authors believe that such a phenomenon
is connected with the formation of magnetic minerals—
magnetite, hematite, and pyrrhotite. In particular, in
[Abubakar et a., 2015], during heating of clay samples
with kerogen content, at 250 °C a peak was observed in
the formation of new magnetic minerals, at 300 °C
therewas a decrease in their content, and at 320 °C - an
increase again. The authors explain such jumps by the
formation of pyrrhatite, although they do not exclude
the presence of magnetite and greigite. The sze of the
newly formed grains is (<10 nm), which make it
possible for them to migrate with hydrocarbon fluids
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and to form sources of magnetic anomalies over
hydrocarbon deposits. A Smilar experiment was also
carried out on samples of sedimentary rocks in the
Centra part and of the Chernigiv segment of the
Dnipro-Donets Aulacogene (DDA). A sharpincreasein
the magnetic susceptibility was al so observed at 250 °C
[Orlyuk, 1999; Drukarenko, 2017]. Regarding the
Chernigiv segment of DDA, it is shown that a certain
change in the magnetization of rocks on the paths of
predicted migration of deep hydrocarbons and in the
locations of their deposits occurs throughout the section
of the Earth's crug, including the sedimentary layer
[Drukarenko, 2017; Orlyuk, Drukarenko, 2018]. Here,
for the majority of studied wells, at different depths,
decompressed rocks of different types with increased
magnetic susceptibility, incuding argillites near the
crystaline basement, were identified. The prospects of
the identified zones within the sedimentary cover are
justified by the confinement of these zones to magnetic
sources in the crystaline basement, as well as the
connection with the DDA boundary faults, the
Kherson-Smolens’k transregiona tectonic suture, and
the accompanying faults, which are consdered as
pathways of the deep hydrocarbons.

There are also studies on the role of living
organisms (microbes) in the formation of magnetic
minerals in the presence of crude oil [Aldana et al.,
2003, Costanzo-Alvarez et a., 2006]. A detailed
analysis of studies of the reationship between
magnetic mineralogy and oil biodegradation using the
example of sedimentary oil-bearing rocks from
Colombia, Great Britain, Canada, and Indonesia is
presented in [Emmerton et al, 2013]. It was concluded
that low-quality ail is characterized by a high content
of multi-domain magnetite in its composition, as well
as the presence of hematite. Biodegradation is a
double process in which, firgly, aliphatic
carbohydrates are removed, which reduces the quality
of the ail, and secondly, magnetic signs (markers) are
formed and destroyed. According to the authors, these
complex processes make it possible to clarify some
contradictions regarding the rdationship of
hydrocarbon depositsto magnetic minerals.

Magnetics and gravity for direct detection of
hydrocarbon pools and ddineation of various
hydrocarbon  structures and  signatures  were
effectively applied in the Muradkhanli, Arabkubaly
and Jafarly oil deposits of centrd Azerbaijan
[Gadirov, & Eppelbaum, 2012]. Special attention was
paid to investigating the subvertical zone over a
hydrocarbon deposit. Changes of physical properties
of the rocks in sections of Muradkhanli and Jafarly
fields are recorded. Thus, in [Gadirov, 2013],
obtained data from different stratigraphic complexes
from oil and empty wells were analyzed. The
magnetic susceptibility of rocks above and below the
hydrocarbon deposits differs dramatically from those
ones in the environments surrounding the reservoir.
This parameter decreased from 1.5 to 8 times in
different depositsin the areas of reservoir location.
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The study of the magnetic characterigtics of
sedimentary rocks turned out to be effective for other
oil and gas regions of Ukraine, in particular, the
central part of the DDA, Peredkarpats kiy bending,
Volyno-Podillia [Maksymchuk, & Kuderavets 2009;
Maksymchuk, et al., 2006; Kuderavets, et a., 2014].
According to theoretical studies and the results of
experimental studies of rock samples in conjunction
with geomagnetic data and fault-block tectonics, we
can explain the current oil and gas potentia of the
Hlynsko-Solokhivskyi  region and identify the
channels of vertical migration of hydrocarbons, as
well as forecast their presence in the bottoms of the
sedimentary cover and crystalline basement.

In particular, in [Seiful-Mulyukov, 2012] an
emphasis is placed on the verticd migration of
hydrocarbons as the only possible route for the entry
of hydrocarbons from the depths of the Earth.
According to the author, evidence of thisisin rocksin
the sedimentary layer of the Earth's crugt, which
contain carbon in smal concentrations, in sediments
of both the Paleozoic and Cenozoic ages.

The Semyrenkivske field is located within the
boundaries of the Lokhvytska regiona magnetic
anomaly (with an intensity of 300 nT) of the south-
west strike, coordinated with the strike of the Central
graben of the Dnipro-Donets Aulacogene (Fig. 1.b.).
Scheme of the HIynsko-Solokhivskyi oil-and-gas
region and Semyrenkivske field location see Fig. 1.a.
This fidd is located at the junction of the Central
longitudinal, Krivoriz’ko-Krupetskiy  transverse
faults [Pashkevich, et d., 2014], which are regional
criteriafor oil and gas [ Starostenko, 2015]. According
to Fig. 1.c, amost al the fields of the Hlynsko-
Solokhivskyi oil and gasregion are located within the
limits of positive local magnetic anomalies, while the
Semyrenskivske field itsdlf is located within a local
anomaly of sublatitudina intensty of 90 nT. Thus,
even for this region, the regularity of the occurrence
of deposits to the locations of positive magnetic
anomalies is valid [Orlyuk, 1999; Orlyuk, &
Pashkevich, 2011].

Resear ch methodol ogy

The studies were conducted on samples of
cylindrical rock (310 samples) from 11 wells, which
are lithologically represented by sandstones, aleuritic
sandstones, aleuralites, and limestones. Samples were
taken from depths in the range from 3,741 m (well 1)
to 6,535 m (well 17). They belong to the productive
horizons V-16, V-17, V-18, V-19, V-24, V-26
(Visean), B-8-9, B-10-11, B-12 (Bashkirian) and
partly to horizons S-6, S9, S19-20, S-21, S22-23
(Serpukhovian and Famennian). The bulk densty of
the studied rocks in the dry state was determined by
weighing and cal culating the geometric dimensions of
laboratory samples (cylinders and cubes), and
saturated samples using the hydrostatic weighing
method according to standard methods [Dortman,
1984] at the petrophysical laboratory of the Institute
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of Geology of the Kyiv Taras Shevchenko Nationa
University. In laboratory studies, the open porosity
coefficient was determined by the gravimetric method
with saturation of rock samples with NaCl solution
with a salinity of 160 g / | and gas using standard
techniques. Digital analytical scales WPS 360/ c/ 2
(accuracy 0,001 g) were used for the measurements.

The average relative error in determining the porosity
coefficient was 1.2 %. The measurement of the
volume magnetic susceptibility x was carried out
using a MFK1-B kappabridge with a sensitivity of
6*10® Cl in the in the Central Scientific Center
“Magnetic Station of the Demydiv” of the Ingtitute of
Geophysics NAS of Ukraine.
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Fig. 1. Scheme (a) and maps of regional (AT), e (b) and local (AT),,0c (€) cOmponents of geomagnetic

field of the HIynsko-Solokhivskyi oil-and-gas region and Semyrenkivske field location
Legend: 1 —main faults; 2 —the border of the DDA; 3 —faults: K-Kr — Kryvorizko-Krupetskyi, Z-1n — Zakhidno-

Inguletskyi, V-Lg — Verkhovtsevsko-Lgovskyi; 4 — border of HIynsko-Sol okhivskyi oil-and-gas region;
5 —Hlynsko-Sol okhivskyi oil-and-gas region (on scheme); Lh — Lokhvytskyi segment of the DDA;
G — Hlynsko-Solokhivskyi oil-and-gas region; fields location, faults and oil-and-gas location by
[Tectonics..., 2015; Map..., 2009]

As aready noted, the magnetic susceptibility,
density, and porosity of rock samples were
experimentally  investigated and  correlation
dependencies between these parameters were
caculated. According to the results of studies,
diagrams of parameters distribution with the depth of
each well were plotted and their correlations among
themselves were analyzed, both within individual
horizons of reservoir rocks and amongst them.

The results

The results of the research are presented in the form
of diagrams of the distribution of magnetic susceptihility,
thickness, and porosity of rocks depending on the depth
and their corrdaions among themsdves. The average
values of the parameters sudied are presented in Table 1
and 2. Let us condder in more detail the physica
properties of therocksin theindividua wells.
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Table 1
Aver age values of parameter s of sandstones
Well number Magnetic &ésg?pt'b'“ty 10 Density kg/m® Open porosity %
1 16.21 2526 6.55
5 3.9 2517 5.96
18 10 2557 4.48
21 4,22 2474 7.5
67 1.94 2408 9.36
Table 2
Aver age values of parameters of aleuritic sandstones
Well number Magneni%m;;apnbmty Density kg/m® Open porosity %
16 6.23 2510 6.1
18 13.7 2560 5.09
21 6.08 2480 6.68
64 5.33 2476 6.6
67 2.54 2406 9.2

In well 1, samples were taken from the depths of
37415070 m, although there are several fairly
powerful intervals from which the core was not taken.
Several horizons are distinguished; rocks are
presented by sandstones and aeurolites. From top to
bottom: horizon B-8-9 (4 samples) are characterized
by the highest values of y — (18-42)* 10” SI, although
there is a sample with an anomalously low value of
0.23*10° SI. The horizon B-12 is the most magnetic —
(31.6-46.3)*10° SI (4 samples). In the horizon C-6
there are 3 samples — (5.2-6.8) * 10° g, in the
horizon C-9 - 1 sample with y = 24.2*10° SI. Horizon
C-19-20 misrepresented by 3 samples with increased
magnetic susceptibility (18.8-26.6)*10° SI. In the
horizon C-21 - 3 samples (6.4-21.8)*10° g, in the
horizon C-22-23 there are also 3 samples with
magnetic susceptibility within (7.8-9.2)*10° S, in the
horizon V-16 there are also 3 samples with y = (8.9—
14.9)*10° CI. It is possible to note the horizon C-19-
20 with increased values of magnetic susceptibility
againgt the background in the range of 4360-4538 m,
which includes 2 samples from horizons C-21 and
C-9 (Fig. 2). Thereis a dight increase of density with
depth, and magnetic susceptibility decreases with
depth (r = -0,58). The correlation coefficient between
x and density is 0.32; between porosity and density -
(-0,84). There are 2 layers of aleurolites with elevated
values of magnetic susceptibility in the range of
3964-4220 m - (29-46)*10° SI and open porosity —
5.9-7.3%, and low values of y (5.3-6.8)*10° Sl and a
porosity of 1.7-3.6% (4222-4360 m). The density of
these rocks in the first interval is lower - 2542 kg/m3,
in the second is higher — 2529-2627 kg / m°. The
average value of y of aleurolites is 22.5¢10° SI. The
correlation coefficient between magnetic
susceptibility and porosity for aeurolitesis0.81.
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In well 2 there are only 5 samples of sandstones
with y in therange (1,.1-1.42)* 10° SI (Fig. 3).

In well 4, the x values of sandstones of the V-17
and V-18 horizons (2 samples) vary within (3.2-
35)*10° S, there is a sample with a high value (x =
60*10° SI). In the horizon V-17 (5180-5278 m), the
values are smaller than in V-18 (5381-5552 m). The
average value of magnetic susceptibility is 18.2*10°
SI (Fig. 4).

In well 5, samples were taken from depths of
5150-5699 m. The highest magnetic susceptibility
values of sandstones are observed in the V-16 horizon
(5.3-6.9)*10° Sl at a depth of 5160-5285 m. The V-
17 horizon is characterized by lower values — (2.7—
5)*10” SI; in the horizon V-18 there are two samples
with very low values of y: 0.45*10° SI and -0.05* 10°
SI. The lowest values of y are in the V-19 horizon —
(1.6-3.2)*10° SI. That is, it is possible to indicate
a decrease in magnetic susceptibility with depth
(r = -0.54) againgt the background of an increase in
density (Fig. 5). The correlation coefficient between
porosity and dendity is (-0.99).

In the well 9, there are only 5 samples of
sandstones of the V-16 horizon and they are
characterized by magnetic susceptibility values in the
range 0.8-3.4* 10" SI.

Well 16 (5080-5317 m). In the interval (5216—
5236 m) of the V-17 horizon, the values of magnetic
susceptibility and density of auleritic sandstones are
greater than in the interval (5300-5316 m) of the V-
18 horizon: (1.5-14.3)*10° SI and (1.9-8.8)*10° SI
accordingly (Fig. 7). Magnetic susceptibility
decreases with depth (r = -0.45), just like density
(r = -0.55), open porosity increases with depth —
(r = 0.47). The correlation coefficient between
porosity and dengity is-0.93.
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Fig. 2. Diagram of distribution of magnetic susceptibility, density,
and open porosity of the rocks from bore-hole 1
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Fig. 3. Diagram of distribution of magnetic susceptibility,
density, and open porosity of the rocks from bore-hole 2
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Fig. 7. Diagram of distribution of magnetic susceptibility, density,
and open porosity of the rocks from bore-hole 16

Well 17 (5960-6532 m). In the sampling intervals
of the V-24 and V-26 horizons, the samples are
represented by limestones, in the F horizon — auleritic
sandstones (2 samples), and are characterized by very
low y values (-0.8-2.8)*10° SI (Fig. 8). The
correlation coefficient between porosity and density is
-0.9, there are no correlation dependencies among

other parameters. As is known, limestone consist
mainly of calcite [Pecherskiy, 1985]. Calcium
carbonate (CaCOs) is characterized by negative values
of molar magnetic susceptibility - up to -40*10°
cm®mol™  [Landolt-Bornstein, 1986]. This may
explain the negative values of the magnetic
susceptibility of limestones. According to the authors
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[Lukin et al., 2011], the oil and gas potential of the
lithosphere is controlled by metasomatism zones. The
widespread manifestation of petrometasomatism
depends primarily on the mineral and chemica
composition. Petrophysical properties of the rocks
that make up its substrate are also observed in
carbonate rocks, for example, metasomatic oil-bearing
dolomites developed in biogenic limestone. The
authors note that pure biogenic and crystaline
granular limestones form a substrate on which all
superimposed processes are clearly manifested,
including the metasomatic replacement [Lukin et al.,
2011].

Strength and high density are also emphasized,
with reduced primary porosity of rocks with
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manifestations of metasomatism, such as, for
example, in quartzitic sandstones with which the
productive horizons of the lower Carboniferous of
the central part of the DDA are connected. The
limestones in this study have the highest density
and the lowest open porosity among all rocks. The
negative values of the magnetic susceptibility of
these limestones can be further explained by the
presence of hydrocarbons, since, asis well known,
oil is diamagnetic. Therefore, they can be a
typical representative of the secondary collector,
but for this it is necessary to conduct
mineralogical studies to investigate the mineral
and chemical composition and structure of these
rocks.
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Fig. 8. Diagram of distribution of magnetic susceptibility,
density, and open porasity of the rocks from bore-hole 17

Well 18 (5570-5620 m). Magnetic susceptibility
of aleuritic sandstones and sandstones within the V-19
horizon naturally increases with depth, reaching
values of y = (22-26)*10° I in the interval 5605—
5612 m, dropping further to 9*10° SI (5615m)
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(Fig. 9). The dendty of rocks naturally decreases with
a depth of 2630 kg/m° at a depth of 5590 m to 2500
kg/m® — by 5615m. Naturally, a substantial inverse
relationship was found between porosity and density
(r =-0.89).
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Fig. 9. Diagram of distribution of magnetic susceptibility, density,
and open porosity of the rocks from bore-hole 18

Well 21 (5577-5588 m). Within the boundaries of
the V-19 horizon, there is a small layer of sandstones
and aleuritic sandstones (5582-5586 m) with elevated
values of y — (4.25-19.7)* 10" SI. At other depths, the
magnetic susceptibility is very dight (0.5-6.2)*107°
Sl (Fig. 10). In the depth range of 5584-5586 m, the
density of sandstones decreases, while aleuritic
sandstones are increasing. Magnetic susceptibility of
rocks decreases, and density increases within the
limits of interval 5581-5581.8 m. Thereisadight asso-
ciation of magnetic susceptibility and density (r = 0,47)
and the reverse one with open porosity (r = -0,37) for
all types of rocks. A close relationship was observed
between porosity and density (r = -0.97).

In the well 64 core was taken from depths of 5248—
5386 m. The V-17 and V-18 horizons, which are
represented by aleuritic sandstones, were allocated. In
horizon V-17, the values of magnetic susceptibility are
in the range of (0.6-5.3)*10° SI. In the horizon V-18
there are two intervals: a a depth of 5344-5357 m,
values are within (-0.3-4.9*10° SI, there are 2
samples with elevated vaues of this parameter:

15.2*10° Sl and 23.8*10° SI. At a depth of 5381-5386
m — the values are (3.1-24)*10° SI (Fig. 11). The
correlation coefficient between open porosty and
dendty is -0.97, and the corrdation dependences
between other parameters are very small. If the values
of y of these three parameters are averaged over the
intervals of 5240-5300 m, 5340-5360 m and 5380-
5390 m, then it can be concluded that the magnetic
susceptibility increases with depth (r = 0.3):
Yar = 3.39%10° S, ya. = 442¢10° Sl and ya. =
= 0.62¢10° SI respectively. Rocks in the range of
5340-5360 m with o,, = 2462 kg/m® are characterized
by the lowest dendty val ues and the highest porosity of
7.04%, the lowest - in the range of 5380-5390 m with
Oa. = 2491 kg / m* and open porosity of 6.38%. In the
range of 5240-5300m, the average dengty of rocksis
2484 kg / m®, with an open porosity of— 6.19%.

WE 67 (5482-5515 m). Rocks of horizon V-19 in
the range of 5490-5500 m are characterized by eevated
values of magnetic susceptibility (5-28.2)*10° SI) and
density (2620 kg/m®) of sandstones and aeuritic
sandstones againg the background of their insignificant
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values (x = (-0.06-2.2)*10° SI, 6 = 2270-2460 kg/m®)
(Fig. 12). Let us note the presence of 3 samples with
increased values of y at a depth of 5509-5513m —
(x = 11,5-17.8)*10° SI). Density increases dightly with
depth (r = 0.35). The corrdation dependences of the
dudied parameters are very indgnificant, with the
exception of porodity and dendty — (r = -0.98).

The discussion of the results

In most wdls, no clear patternsin the distribution of
the studied characterigtics could be detected. Thisis due,
primarily, to the unevenness of sampling in wdls, their
inggnificant number, as wel as low-power or different
sampling intervals. The experimenta data on the
magnitudes of the magnetic susceptibility, densty, and
porosity of rocks alows us to anayze their average
values for individual horizons of the sedimentary cover.
Horizon V-16 is found in wells 16 (5080-5088 m), 5
(5150-5159 m), 9 (5065-5075 m) and 1 (5065-5070 m)
and is represented by severa samples in each of the
wells. The highest values of magnetic susceptihbility have
sandstones from the wel 1 — (8.9-14.9)*10° S, the
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lowest ones - sandstones from wel 9 — (0.8-3.4)*10°
SI. This is an interegting pattern, since the depth of
sampling in these welsisthe same.

Horizons V-17 and V-18 are found in wells 16, 4, 2
and 64. In well 64 a depths of 5248-5295, the
magnetic susceptibility of the aeuritic sandstones of
horizon V-17 is dightly lower (0.6-5.3) * 10° S| than
the sandstones of well 2 from a depth of 5200-5259 m
(1.1-1.4)*10° SI. In well 4 at a depth of 5180-5278 m,
the value of magnetic susceptibility of sandstones (3.1—
-35)*10° Sl isclosetoy values of aleuritic sandstones
from well 16 a adepth of 5216-5236 m ((1.5-14.3)*10° S)
and higher in value from wells 64 and 2. In the well 16,
the V-18 horizon is open at a depth of 5300-5316 m
with low magnetic susceptibility values of aleuritic
sandstones ((1.9-8.8)* 10° SI). In well 64, this horizon
islocated at a depth of 5344-5386 m with more high
values of aeuritic sandstones — (-0.3-24)*10° SI.
In well 4 - at adepth of 5381-5552 m (total 2 samples)
with high x values of sandstones (22-31)* 10° S, dose
to the values from 64 wells.
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Fig. 10. Diagram of distribution of magnetic susceptibility, density,
and open porosity of the rocks from bore-hole 21
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Within the limits of horizon V-19 in wells 18, 21,
67 there are found layers of sandstones and aleuritic
sandstones with increased magnetic susceptibility at
different depths. In the well 18 - at a depth of 5605—
5612 m ((22-26)* 10° SI), in the well 21 — 5582—
5586 m ((4.25-19.7)* 10" Sl), in the well 67 — 5490
5500 m ((5-28)*10° SI) againg the background of
low indicators - (-0.06-2.2)* 10" SI. In the well 5, this
horizon is represented by sandstones 5568-5700 m
and is characterized by the lowest values of magnetic
susceptibility of rocksin thiswell (1.6-3.2)*10® SI.
The least magnetic susceptibility are found in the
aleuritic sandstones from well 17, the F horizon (ya, =
= -0.05*107° SI) and in limestones from well 17 of
the V-24 horizons (o, = 0.07*10°° SI) and the V-26
horizon ( ya. = 0.38¢10° SI). They also have the
highest density (2705 kg / m®), and naturally, the
lowest open porosity (0.71%). The most high
magnetic susceptibility values are characterized by
sandstones (horizons B-8-9, C-19-20, C-21, C-22-
23 and V-16) and aeuralites (horizons B-12 and
C-6) of well 1 —16.2 and 22.5* 10 SI respectively,
aleuritic sandstones and sandstones (horizon V-19)

from well 18 with x = 13.7410° SI and 10.08*10®
SI, respectively, as well as the sandstones of well 4
from horizon V-18 with y,, = 18.2*10° SI (Tab. 1,
2). Note that most of the values of the magnetic
susceptibility of rocks are characteristic of rocks
from the deposits of hydrocarbons, but in general,
the variation range of magnetic susceptibility
values is quite wide - from (-0.042)*10 SI (well
17, limestone, horizon V-24) to 60.6*10° SI
(sandstone, well 4, horizon V-18). There are
samples with abnormally high y values on the
background of significantly lower levels: in well
21, the magnetic susceptibility of aleuritic
sandstone from horizon V-19 is 126*10° S,
sandstone from well 67 from horizon V-19 is
53.610° SI, aleuritic sandstone with streaks of
carbonaceous inclusionsin horizon V-18 of well 64
— 82.210° 9l and aeuritic sandstone of horizon
V-16 from well 16 — 46.2*10° Sl. The limits of
changes and average values of the physical
parameters of core samples in the horizons are
given in Table 3. Such a significant differentiation
of the values of the magnetic susceptibility of rocks
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depends not only on their lithological composition
and pal eotectonic conditions of formation, but also
on their oil and gas content [Maksymchuk,
Kuderavets, 2009; Drukarenko, 2017]. By a number
of theoretical models [Berezkin et al., 1982
Orlyuk, 1997], and as a result of experimenta
studies and observations of local magnetic
anomalies over hydrocarbon deposits, the presence
of zones in the environment with differentiated
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magnetic properties over deposits of oil and gas has
been established. Local magnetic anomalies over
deposits are explained by magnetic
inhomogeneities of the epigenetic nature in near-
surface layers, as well as, as already noted, by
changes in the magnetization of rocks in the
passage of hydrocarbons through deep faults and in
confinement to magnetic sources in the lower parts
of sedimentary cover and crystalline basement.
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Fig. 12. Diagram of distribution of magnetic susceptibility,
density, and open porasity of the rocks from bore-hole 67

In almost all wells, the behavior of the
magnetic susceptibility and density of rocks is the
same with depth. Only in wells 1 and 5 a decrease
in the magnetic susceptibility of rocks was
recorded against the background of an increase in
their density. In well 21, a small layer of
sandstones and aleuritic sandstones (5585-5588m)
can be distinguished, in which the magnetic
susceptibility rises slightly with depth against the
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background of rock softening. This can be a
favorable condition for the passage and
accumulation of hydrocarbons, since it is one of
the regional criteria for oil and gas content
[Starostenko, 2015]. In al wells, the inverse
correlation between open porosity and density for
all types of rocks is naturally observed, the
highest (-0.99) - in well 5, the lowest - in well 1
(-0.84).
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Table 3
The limits and aver age values of physical parameter s of samples
from wells of Semyrenkivske gas condensate field
. Parameter 5 o Density kg/m’ Open porosity

Horizon Type of rocks value 1 10° Si Bry Mineralogica %
1| V-16 sandstone min 0.79 2476 2673 1.87
2| V-16 sandstone max 14.91 2634 2703 7.96
3| V-16 sandstone average 5.33 2557 2668 4.9
41 V-17 aleuritic sandstones min 0.61 2317 2642 351
5| V-17 aleuritic sandstones max 24.1 2690 2817 115
6| V-17 aleuritic sandstones average 6.2 2500 2677 75
7| V-17 sandstone min 112 2317 2667 3.7
8| V-17 sandstone max 60.6 2690 2817 13.2
9| V-17 sandstone average 9.61 2486 2675 8.45
10| Vv-18 aleuritic sandstones min -0.33 2348 2637 1.88
11| Vv-18 aleuritic sandstones max 24.1 2715 2809 111
12| Vv-18 aleuritic sandstones average 5.56 2490 2665 6.49
13| Vv-18 sandstone min -0.047 2406 2669 2.45
14| Vv-18 sandstone max 30.9 2701 2769 105
15| Vv-18 sandstone average 9.48 2537 2699 6.47
16| V-19 aleuritic sandstones min -0.06 2209 2618 1.28
17| V-19 aleuritic sandstones max 26.2 2928 2970 16.4
18| V-19 aleuritic sandstones average 5.08 2455 2663 8.8
19| V-19 sandstone min 0.08 2300 2619 0.95
20| V-19 sandstone max 22.4 2612 2726 13.2
21| V-19 sandstone average 3.49 2455 2665 7.1
22| V-24 limestone min -0.042 2680 2691 0.23
23| V-24 limestone max 0.9 2725 2756 11
24| V-24 limestone average 0.07 2706 2722 0.66
25| V-26 limestone min -0.22 2677 2685 0.23
26| V-26 limestone max 2.8 2715 2729 0.76
27| V-26 limestone average 0.38 2702 2716 0.49
28| Sils sandstone min 2465 2652 17
29| Sis sandstone max 2627 2728 79
30| Sis sandstone average 2538 2690 5.6
31| S2b sandstone min 2436 2705 6.0
32| S2b sandstone average 2532 2737 75
33| S6 aleurolite min 5.27 2555 2652 1.73
34| S6 aleurolite max 6.89 2627 2673 3.64
35| S6 aleurolite average 5.87 2581 2660 2.95
36| S-19-20 sandstone min 18.8 2551 2709 5.61
37| S$19-20 sandstone max 26.6 2574 2727 6.22
38| S-19-20 sandstone average 224 2557 2719 5.94
39| S21 sandstone min 2.46 2465 2676 477
40| S21 sandstone max 2.57 2577 2707 7.89
41| S21 sandstone average 12.05 2505 2689 6.83
42| S-22-23 sandstone min 7.8 2432 2679 6.38
43| S-22-23 sandstone max 9.2 2513 2684 7.34
44| S-22-23 sandstone average 8.54 2493 2682 7
45| B-8-9 sandstone min 184 2435 2705 6.16
46| B-8-9 sandstone max 42 2605 2776 99
47| B-8-9 sandstone average 26.9 2498 2730 8.48
48| B-12 aleurolite Min 28.9 2539 2727 5.9
49| B-12 aleurolite Max 46.3 2603 2769 7.25
50| B-12 aleurolite Average 34.6 2656 2742 6.75
51 F aleuritic sandstones Min -0.59 2523 2637 0.72
52 F aleuritic sandstones Max 0.49 2688 2708 4.4
53 F aleuritic sandstones Average -0.05 2583 2662 2.56
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With regard to the ratio of magnetic susceptibility
and open porosity, the highest correlation coefficient
between these parameters is observed in aeurolite
(well 1), which is equal to 0.81. The weak backward
correlation was found in the aleuritic sandstones of
well 18 - (r = -0.28), well 21 - (r = -0.32), well 67 —
(r = -0.27); and sandstones of well 5 — (-0.23) and
well 21 —(-0.45).

The least density are found in sandstones and
aleuritic sandstones in well 67 with o4, = 2406 kg/m®
and open porosity of 9.3%. The dendty of rocks
varies within quite considerable limits from 2209
kg/m® to 2928 kg/m® (aeuritic sandstones, horizon
V-19), with its average value being 2510 kg/m°. The
apparent mineralogical dendity of the studied rocks
varies from 2619 kg/m? (aleuritic sandstones, horizon
V-19) to 2970 kg/m® (aleuritic sandstones, horizon
V-19), with its average value - 2680 kg/m®. Wide
limits of density fluctuations indicate the variability of
the lithological composition of core samples and their
porosity.

As aresult of analyzing the laboratory studies
of the porosity of rocks by the method of saturation
with a model of the NaCl collector solution, it was
found that this parameter varies from 0.23 %
(limestones of horizons V-24, V-26) to 16.4 %
(aleuritic sandstone, horizon V-19) with an average
of 3.4%. In the general, the studied sandstones are
characterized by elevated open porosity values
(Table 3).

It should be noted that part of the sandstone
samples from the described wells were used to study
changes in the acoustic and capacitive properties of
terrigenous rocks under high pressures and a
gualitative assessment was given of changes in the
structure of their void spaces under conditions of
compression and relaxation [Vyzhva et al., 2017]. As
aresult, it was found that the elastic wave velocities
are more sensitive to pressure changes than the
porosity coefficient, and it was also possible to reduce
collectors properties of reservoir rocks during their
compaction (provided that the total porosity decreases
and no new penetrating channels were found). The
authors of the above article identified a group of 4
samples of aeuritic sandstones from well 67 of
horizon V-19 with a similar structure of void space,
which have a fairly high open porosity — from 7.1%to
13.13%.

In the above mentioned work [Lukin et a., 2011],
as a result of analyzing the filtration-capacitive
characteristics of sandy collectors-metasomatites at
great depths, the authors made a decision about
conditionality of reservoir rocks with a porosity of 6-
6.5%. It also noted that the actual gas flow rates from
wells over 5.5 km vary from weak gas emission to
270 thousand m*/day and it is impossible to trace the
pattern of flow rate's decrease with depth, according
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to the authors, even with a large amount of factual
material, since collectors are highly productive with
porosity of 6-8, and even 5.5-7%.

Asan example, the authors bring data directly for
several wells, one of which is well 2, from the
Semyrenkivske field. In it, at a depth of 5505-5600
m, a gas flow rate of 268 thousand m*day was
obtained from rocks with a porosity coefficient of
5.5-8.5%. Unfortunately, samples from these depths
for the mentioned well are absent and it was not
possible to investigate the magnetic susceptibility
and density of rocks. The authors explain the high
flow rates from low-porous layers caused by the
presence of significant fracturing in them, which is
confirmed by the actual research data of a large
number of cores and by geophysica well-
researching data [Lukin et al, 2011]. Taking into
account that the Semyrenkivske field is located in
the intersection zone of geodynamically active faults
at the present stage of their development and above
the magnetic source (predictably Devonian age) in
the upper part of the crystalline basement and the
bottoms of the sedimentary cover [Orlyuk, 1999;
Pashkevich et al., 2014], it is possible to predict the
development of this type of reservoir rocks at more
significant depths. To the west of Verkhovtsevsko-
Lgovskyi fault the main magnetic sources of the
Earth’s crust are located. Devonian magmatism is
presented here most energetically, which indicates
the intensity of the deep processes during rifting. To
the west of Poltava, bodies with high magnetisation
are located at different depths and at the top of the
crust and are associated with stems of magmatic
formations and effusives. The largest magnetic
bodies here are corrdlated with areas with an
abnormally high density, which may indicate the
intensive basification of this part of aulacogene that
spatially coincides with the area of the Central
Depression [Orlyuk, 1999]. As a source of the
Lokhvytska regional magnetic anomaly, where the
Semyrenkivske field is located, the complex
magmatic body of the Devonian sage of
development with several stages of formation is
considered. During the last stage there was the
penetration of the stem-shaped bodies [ Pashkevich et
a., 2014]. According to [Bagdasarova, 2013],
longitudinal, and near-subliminal faults remain
geodynamically active up to the present. We can
make an assumption about the geodynamical activity
of this part of the crust while faults considered as
hydrocarbon migration paths. It partially confirmed
by Semyrenkivske and several other fieldlocations.
These fields located in close proximity to the
Kryvorizko-Krupetskyi, Central and sublatitudinal
faults are related to stem-shaped body in the area of
the Semyrenkivske deposit. These faults of
consolidated crust apparently are linked to ruptures
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in sedimentary cover and can be the supply channels
for deep fluids[Pashkevich et al., 2014].

Scientific novelty and practical value

For the first time, magnetic, and filtration-
capacitive characteristics of reservoir rocks samples
were obtained in complex with magnetic field
andlysis and fault tectonics of the territory were
performed for the Semyrenkivske fied. The
integrated  approach made it possible to
comprehensively analyze and explain the modern ail
and gas content of the HIynsko-Solokhivskyi OGR, to
formulate criteria for the deep oil and gas content of
the Earth's crust in the region under study, and to
identify vertical hydrocarbon migration routes.
Petrophysical characteristics obtained can be used for
congtruction of geological and geophysical models,
stratification of geological sections, and allocation of
lithomagnetic marking horizons.

Conclusions and suggested futher research

Asareault, for the Semyrenkivske fidd, on the basis
of the presence of a loca magnetic anomaly and the
node of the intersection of the Kryvorizko-Krupetskyi
and sublatitudind faults, it is possble to predict the
presence of “layered” gas condensate deposits, including
the bottoms of sedimentary cover and the crysalline
basement. It can be assumed there is a presence of
significantly fractured reservoir rocks with low porosity
bdow 5600 m in the research area, conddering the
presence of geodynamicaly active faults and the
magnetic source, probably of Devonian age and the
gem-shaped in the lower parts of sedimentary cover and
the upper part of the crystalline basement.

Carrying out additional mineralogical research and
the wuse of aready obtained petroacoustic
electrometric data for a part of the samples of Lower
Carboniferous terrigenous rocks from Semyrenkivske
field will enable determination of the perspectivity of
reservoir rocks at great depths. Lower Carboniferous
secondary reservoirs of the central part of the DDA
are of particular interest to study, since the productive
horizons there ae connected with quartzite-
sandstones with completely reduced primary porosity.
Therefore the secondary nature of the reservoir rocks
appears quite sharply. It is necessary to investigate the
physical parameters of the rocks from the outside of
the productive horizons and compare them to the
already obtained data. This determines the further
direction of the research.
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3B'SI30K ®I3UYHMX BJIACTUBOCTENM INIMBUHHUX TTOPIJI-KOJIEKTOPIB I'TMHCHKO-
COJIOXIBCBKOI'O HA®TOI'ABOHOCHOTI'O PAMOHY 3 TEOMATHITHUM ITOJIEM TA PO3JIOMHO-
BJIOKOBOIO TEKTOHIKOHIO

Meta nmocmimkennsi. J{ocmigutu (i3udHI BIACTUBOCTI MOPiA-KOJEKTOPiB CEMUPEHKIBCHKOI'O POJOBHUIIA
I'muacpko-ConoxiBebkoro HadTorazoHocHoro paiiony (HI'P) JIHinmpoBchko-/IOHEIBKOTO aBIAKOTeHY ISt
OIIIHKH iX (iIBTPaIiiHO-eMHICHUX BJIACTHBOCTEH, a TAKOXK OOTPYHTYBaHHS 3B’ 53Ky Ha(TOra30BHX POIOBHIIL 3
JOKEpeNaM¥l JIOKAJIBHUX MarHiTHUX aHOMallii, SIKi BHHHKAIOTh IIPU TPOXOIDKEHHI BYIVIEBOAHIB. MeToauka
JOCJTIIKeHb TONISIrae B CKCIIEPUMEHTATbHOMY BHBYCHHI 3pas3kiB mopif (IMITIHAPH), a caMe y BHMIipIOBaHHI
MarHiTHOl crpuiiHsTIMBocTi Ha KarmomeTpi MFK1-B ta y Bu3HauenHi ryctuHHM 1 BigKpuTOi HOPUCTOCTI 3a
CTaHJapPTHUMHU METOJIMKaMH, y aHaji3l Ta 3iCTaBJIEHHI OTPUMAaHUX JaHHX 3 T'eOJIOrO-TeKTOHIYHUMHU KapTaMu
paiiony nocimimkens. Pesyabratn. OTpuMaHi 3Ha4YeHHs MArHiTHOI CHPUHHSATIUBOCTI, TYCTUHH Ta BiJKPUTOI
TIOPUCTOCTI 3pa3KiB Mopia-konekTopiB 3 11 cBepmioBuH CeMHPEHKIBCHKOIO pOJOBHINA, SIKi TpelcTaBiIeHi
MICKOBUKaMH, aJIeBPUTUCTUMHU ITiICKOBHKAaMH, BalHAKAMH Ta ayeBpoiiTaMu. JlocmipkeHO pO3MOJT JaHHX
mapaMeTpiB i3 TIVIMOMHOI, a TaKOK pO3PaxOBAaHO iXHI KOPENAMIMHI 3alIe)KHOCTI. Y BCIX CBEpIJIOBHHAX
3aikcoBaHa OOEpHEHA KOPENALis MiX BIAKPHTOIO ITOPHUCTICTIO Ta 'YCTHHOIO JUIs BCIX THINB mopix. YiTkux
3aKOHOMIPHOCTEH MIOA0 3B’SI3KYy MAarHiTHOI CIPHHHATIMBOCTI Ta TYCTHMHH HE BHSBJICHO. BUKOpHCTaHUI
KOMIUIEKCHHI TiJIXiJ] Y MPOBEICHHI eKCIIEpUMEHTAIbHUX AOCIIKEHb Y CYKYIMHOCTI 3 TEOPETUYHUMH JIaHUMH,
aHaJII30M FEOMATHITHOTO TOJISI Ta PO3JIOMHO-0JIOKOBOIO TEKTOHIKOIO JTA€ MOXKIIUBICTh BCEOIYHO MPOAHATI3yBaTh
Ta MOSICHUTH Cy4acHy HadrorazoHocHicTh | mnHebko-ComnmoxiBebkoro HI'P, chopmymoBaty kpurepii rimmOuHHOT
Ha(TOra30HOCHOCTI 3€MHOi KOpPH JOCHI/PKYBAaHOI'O pEriOHY, BHAUIUTH BEPTUKAIbHI IUIAXH Mirpamii
ByriieBoHiB. HaykoBa HoBu3Ha. Brepime miss CeMHUpPEHKIBCHKOrO pPOOBHINA BUKOHAHO MNETPOQi3UuHI
JIOCITI/DKEHHS TIOpiJ] Y KOMIUIEKCI 3 aHaji30M MarHiTHOTO IOJsi Ta PO3JIOMHOI TEKTOHIKM TEpPUTOpii, a came
OTPUMaHO MAarHiTOMETPUYHI Ta (LIBTpaIiHO-€MHICHI XapaKTePUCTUKH 3pa3KiB MOPiI-KOJIEKTOPIiB, 1O JAI0Th
3MOry JeTajbHillle Ta KOMIUIEKCHO BHUBYUTH BYIJICBOJHEBHU IIOTEHIIa]l Iboro paiony. IIpakTuuna
3HAYymicTh. OTpUMaHi pe3yybTaTH JOMOBHIOIOTH 1H(POPMAIIiIOo PO MeTpodi3udHI BIACTUBOCTI MPCHKUX ITOPiL
nociimpkyBanoro periony. s CeMHpPEHKIBCHKOI'O POMOBHINA, HA IiJCTaBI HASBHOCTI JIOKAJbHOI MarHiTHOL
aHomaJtii Ta By3na rnepetuHy KpuBopizpko-Kpymenpkoro ta cyOIIMpOTHOrO pO3JOMIB, MOKHA ITPOTHO3YBATH
HasABHICTh “EIIeIOHOBAHOr0” Ta30KOHAEHCATHOIO IMOKJIAAy, BKIIOYHO 3  HHU3aMU OCAaJOBOrO 4YOXJa Ta
KPHUCTATIYHUM (DYHIaMEHTOM.

Kniouosi crosa: Gi3ndHi BIaCTHBOCTI MOPIiJI; MarHiTHa CHPUHHSTINBICTD; JOKAJIBHI Ta periOHaIbHI aHOMaJTiT
MarHiTHOro mosi; CeMUpeHKiBCbKE POJIOBUIIE; POIOBHIIA BYTJICBOIHIB.
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CBSI3b ®U3NYECKUX CBOVMCTB I'JIYBMHHBIX [TOPO/I-KOJUIEKTOPOB
TJIMHCKO-COJIOXOBCKOI'O HE®GTOTA3OHOCHOT'O PAMIOHA C TEOMATHUTHBIM TTOJIEM
U PA3JIOMHO-BJIOKOBOMW TEKTOHUKOM

Heanr wuccaenoBanmsi. lccnenoBaTh (U3MUYECKME CBOWCTBA IMOPOA-KOMIEKTOPOB CeMHPEHKOBCKOTO
Mecropokaenust  'murcko-ComoxoBckoro — HererazoHocHoro paiiona (HI'P)  J{mermpoBcko-/loHenkoro
aBJIAKOTCHA TSI OIICHKH MX (DHIBTPAIMOHHO-EMKOCTHBIX CBOWCTB, a TAK)Ke 00OOCHOBAHHUE CBs3HM HEe(TEra3oBhIX
MECTOPOXKJCHAN C HWCTOYHUKAMH JIOKAJIBHBIX MArHUTHBIX AHOMAJIHH, BO3HUKAIOUIMX TPH TMPOXOKICHUU
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yrIIeBoA0poioB. MeToauka Hccaeq0BaHMil 3aKII0UaeTCsl B OKCIIEPUMEHTAILHOM U3y4eHUH 00pa3IoB MOPOI
(IUIIMHAPB), @ UMEHHO B U3MEPEHUH MArHUTHON BOCTIPHMMYHBOCTH Ha Kanmomerpe MFK1-B u B onpeneneHun
TUTOTHOCTH M OTKPBITON IMOPHCTOCTH MO CTaHIAPTHBIM METOAMKAM, B aHAIM3E M COTMOCTABICHHU TONYYECHHBIX
JAHHBIX C T'€OJOrO-TEKTOHHYECKUMH KapTaMH paiioHa uccienoBanuii. PesysbraTbl. [lomydeHHbIC 3HAUYCHHUS
MarHUTHON BOCIPHUMYHBOCTH, IUIOTHOCTH W OTKPBITON MOPHUCTOCTH OOpasiloB MOPOA-KOICKTOpoB u3 11
ckBakMH CEMHUPEHKOBCKOIO MECTOPOXICHHUS, KOTOpBIC TIPEJCTABICHBI TIECUAHHKAMHU, ACBPUTHCTHIMH
MeCUaHWKaMHU, U3BECTHAKAMHU U aJIeBPOTUTAMHU. VIcCieoBaHO pacrpe/ieiieHue TaHHbIX MapaMeTpoOB ¢ TITyOHHOMH,
a TaKXKe PACCUMTAHbl MX KOPPEISAIMOHHBIC 3aBUCHMOCTH. BO BCeX CKBakMHAX 3aHKCHpOBaHA OOpaTHAsI
KOPPETSAIUS MEXKIY OTKPHITON MOPUCTOCTHIO U TIOTHOCTBIO TSl BCEX THIIOB MOPOJ. YeTKHX 3aKOHOMEPHOCTEH
CBSI3M MAarHUTHOW BOCIPUHUMYHMBOCTH W TUIOTHOCTH HE BBISABIEHO. MCIIONB30BaH KOMIUIEKCHBIA TOMXOI B
MPOBEICHUH SKCIIEPUMEHTAIBHBIX HCCICTOBAHUA B COBOKYITHOCTH C TEOPETHYCCKMMH JAaHHBIMH, aHATIH30M
TEOMArHUTHOT'O MOJIS ¥ Pa3JIOMHO-0JI0OKOBOW TEKTOHUKOM A€T BO3MOXKHOCTh BCECTOPOHHE MPOAHATH3UPOBATh
000CHOBaTh COBpeMEHHYI0 HedrerazoHocHocTh [ nmHcko-ComnoxoBckoro HIP, chopmymupoBaTh KpuTepuu
TyOMHHON He(Tera30HOCHOCTH 3EMHOW KOphI HCCIEMyEeMOr0 pErHOHa, BBIICIWTh BEPTUKAIBHBIC ITYTH
Murpanuu yriesomoponos. Hayunas HoBusHa. Brieperie 111 CeMHUPEHKOBCKOTO MECTOPOXK/ICHHS BBITOTHECHBI
neTpohU3MIECKUE HCCIENOBAHUS TIOPOA B KOMIUIGKCE C aHAJIM30M T€OMAarHHTHOTO IO U Pa3IOMHOI
TEKTOHHUKH TEPPUTOPHM, & WMEHHO TIONYyYeHO MATrHHUTOMETPHUYECKHEe |  (HIBTPAIMOHHO-EMKOCTHBIC
XapaKTepPUCTUKH 00pa3IoB MOpPOJ-KOJUIEKTOPOB, TO3BOJISIONIME Oojiee JEeTaIbHO M KOMIUIEKCHO H3Y4YHUTh
YIIEBOJOPOIHBIA MOTEHIMAN JaHHOrO paioHa. I[lpakTHyeckasi 3HAYHMOCTb. [lONydCHHBIC PE3YIBTATHI
JOTIONHAIOT HMH(OpMAIMI0 0 MEeTPODU3MISCKHX CBOWCTBAX TOPHBIX TMOPOI HCCIEIyeMOro peruona. Jlms
CeMHpPEHKOBCKOIO MECTOPOXK/ICHHUS, HA OCHOBAHMM HANMYMS JIOKAJHHONH MArHUTHON aHOMAIUM M y371a
nepecedennss KpuBopokcko-Kpyrmenkoro u cyOmmMpoTHOr0 pas3ioMOB, MOYKHO TPOTHO3HUPOBATH HATUYHE
“9IIICTIOHUPOBAHHON" TA30KOHJCHCATHON 3aJIeKH, BKIIOYas HHU3BI OCAJOYHOrO YeXJia U KPUCTAJUIMYCCKUN
(byHIaMEeHT.

Kniouesvle cnosa:. ¢dusmdeckue CBOMCTBA TMOPOJA; MAarHUTHAas BOCIPUHUMYHMBOCTG, JIOKAJIbHBIE W
pEerHOHANIbHBIE ~ AHOMAJHMH  MAarHutHoro 1mojs; CeMHPEHKOBCKOE  MECTOPOXKACHHE,  MECTOPOXKICHHUS
YIIIEBOAOPOJIOB.
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