92  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I"'eorexniuHa Mexanika. 2019. Ne 148
UDC 553.981.4.04.001.18:552.578.2.061.4  DOL: https://doi.org/10.1051/e3sconf/20191090005 1

FORECAST OF THE POSITION OF PROMISING SAND RESERVOIRS IN
THE CROSS-SECTION OF THE CARBONIFEROUS GAS-BEARING STRATUM
"Lukinov V.V., ZZhykaIiak M.V.
"Institute of Geotechnical Mechanics named by N. Poliakov of National Academy of Sciences of
Ukraine, “State Regional Geological Enterprise «Donetskgeologiya» of the State Service of
Geology and Mineral Resources of Ukraine

NPOrHO3 NONOXEHHA NEPCNEKTUBHUX NILLAHUX KOJNIEKTOPIB

B PO3PI3| TA3OHOCHOI TOBLL|
1.l7yKiH06 B.B., >Kukansik M.B.
][Hcmumym eeomexniynoi mexanixu im. M.C. Ilonaxosa HAH Ykpainu, Zﬂepofcaeﬂe pecioHanvHe
2eonociune nionpuemcmaeo «/{oneyvkeeonoisy Jepaicasnoi cuyscou eeonocii ma naop Yrpainu

NPOrHO3 NONOXEHUA NEPCNEKTUBHbLIX NECYAHbIX KOJINTIEKTOPOB

B PA3PE3E TA3OHOCHOW TOJLLN
"Nykuroe B.B., 2Kukansik M.B.
]HHcmumym eceomexnuyeckot mexanuxku um. H.C. [lonakoea HAH Ykpaunei, T ocydapcmeeHnoe
peauonanvroe ceono2uyeckoe npeonpusmue /Joneykzeonoaus 1 ocyoapcmeennoul cyxicovl 2eonocuu
u Hedp Ykpaumwi

Annotation. The results of the study of the effect of rock pressure in an undisturbed mine workings on the change
in the density of sandstones within mine fields, areas of exploration of coal deposits of Donbas and some gas-
condensate and oil-gas-condensate deposits of the Dnipro-Donetsk Depression(DDD) are presented. It is noted, that
within the same mine field, exploration site or gas field, the depth reflects modern lithostatic pressure, and also carries
information on paleogravitational and paleotectonic pressure, which changed the reservoir properties of the rocks. For
the conditions of Donbas, the open porosity of sandstones, on average, decreases by 3% for every 1000 m of an
increase in the present depth of the rocks. A generalized analysis of changes in gas saturation of the gas-bearing strata
section using the example of sandstone reservoirs of gas-condensate and oil-gas-condensate fields of the DDD showed
that the specific gas saturation of two hundred meter intervals of the gas-strata section, with an increase in the depth,
first increases and then decreases. It has been established, that with increasing occurrence depth in the DDD oil-gas-
condensate and gas-condensate fields, as well as in the Donbas coal deposits, the change in the specific gas saturation
of sandstone reservoirs in the vertical section of the gas-bearing strata in a parabolic relationship is caused by a change
in the reservoir gas density and the gas pressure contained in them, diametrically opposite directions, which also affects
the formation of a larger number of productive sandstone reservoirs in the middle of the section and the gas-bearing
stratum. In the DDD deposits, the depth interval at which increased values of specific gas saturation of the stratum in the
section coincide with the interval at which the number of productive horizons increases, and the thickness of the interval
of maximum gas saturation of sandstones is 34% of the thickness of the gas-bearing stratum. In the rocks of the coal-
bearing stratum of the Donbas, as the mining seam is removed from the roof, the gas consumption and gas permeability
of the reservoirs decrease, and the gas pressure increases, which forms the parabolic nature of the gas saturation of the
sandstones worked out by mining. Methods for calculating the positions of the upper and lower boundaries of the zone of
maximum gas saturation of sandstone reservoirs within gas-bearing strata in coal, gas-condensate, and oil- gas-
condensate deposits are proposed, including in the developed sandstones of coal mines, which makes it possible to
determine objects in which it is advisable to search for gas accumulations.

Keywords: coal-gas, oil-gas-condensate and gas-condensate deposits, gas-bearing stratum, gas-bearing seam,
sandstone reservoirs.

Introduction. The growth of the country's economy is impossible without
providing it with the necessary resource base, in which the fuel and energy
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component plays an important role, orienting itself, in many respects, to the
traditional hydrocarbon energy raw materials — coal, oil, and gas. The article
discusses current issues currently facing the geology of hydrocarbon gases, aimed at
involving additional volumes of energy carriers in the country's fuel and energy
balance and affecting the problem of finding gas promising sand collectors. First of
all, these questions concern traditional and unconventional energy carriers, among
which, undoubtedly, methane of coal mines (CMM - coal mine methane) and
methane of closed mines (CAM — coal abandoned methane) occupies an important
place. The relevance of these issues is confirmed by the fact that the extraction and
use of methane from coal mines is not only possible, but also implemented on an
industrial scale in many countries, including Ukraine. Another group of questions is
related to the problem of the formation of traditional and unconventional hydrocarbon
traps, with a detailed study of the migration routes of hydrocarbon gases, the
conditions of their accumulation and preservation, which, in turn, requires a detailed
study of the processes and factors of the formation of hydrocarbon deposits and
accumulations. The substantiated scientifically and practically confirmed answers to
the above questions will help develop some promising directions for searching for
hydrocarbon accumulations, choosing criteria for assessing the gas content of sand
reservoirs and calculating the location parameters of the most promising gas-
saturated zones in the cross-section of coal and gas, gas and gas condensate fields,
which will allow to organize more reasonably and develop their effective
development.

The objective of the work is to study the effect of overburden stress in the
undisturbed (intact) solid mass on the compaction of sandstones as potential
reservoirs in the exploration areas of Donbas coal deposits and some hydrocarbon gas
deposits in the Dnipro-Donets Depression (DDD); in the establishment of regularities
of change in gasbearing properties of porous reservoirs with an increase in the current
depth cover of rocks; in the development of methods for the calculation and rapid
assessment of the forecasted position in the cross-section of gas-bearing stratum of
sand reservoirs, promising for exploration and development of hydrocarbon gas
deposits within the existing coal-gas, oil and gas condensate and gas-condensate
fields.

Methodology. The methodological basis of the research was the systematization,
analysis and synthesis of geological data characterizing the reservoir properties of
sandstones, the calculation of the depths of the maximum potential gas saturation of
sandstones in gas condensate and oil and gas condensate deposits of DDD and their
comparison with similar deposits in Donbas. When processing the geological and
calculated data, methods of mathematical statistics were used, on the basis of which
the corresponding graphs were built, regularities were studied, and conclusions were
drawn.

Earlier studies [1, 2] allowed to establish the regularities of changes with depth of
reservoir properties and potential gas saturation of sandstones in some geological and
industrial areas of Donbas, which served as the basis for calculating the predicted
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values of depths in the cross-section of coal-bearing stratum, favorable for the
accumulation of significant amounts of methane in sand reservoirs.

With the increase in the current depth of coal-bearing sediments, overburden
stress increases, due to the weight of overlying rocks, which leads to their
compaction, deterioration of gas saturated properties, decrease in open porosity of
sand reservoirs, increase in their bulk density. Within the same geological area and
one depth interval, which reflects the same degree of catagenetic changes in rocks,
the differences in the values of their reservoir properties mainly characterize the
differences in the formation conditions expressed in sandstone belonging to one or
another genetic type. The effect of tectonics can manifest itself in individual seams of
sandstones, for example, in the arches of anticlinal structures, when the fracture
hollowness that occurs during the deformation process of the seams increases the
overall hollowness (porosity) and causes the formation of a fracture and porous type
[3]. Using the example of analyzing exploration data on Gorlovskyi Deep Site
(Donbas), it can be seen that, despite the fluctuations, the open porosity values of
sandstones decrease with depth (Fig. 1).
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Figure 1 — The graph of changes of open porosity of sandstones with the depth
of their occurrence in Gorlivskyi Deep Site (Donbas)

Within one mine field, a site of exploration or a gas field, the depth of occurrence
reflects modern lithostatic pressure, and also carries information about
paleogravitational and paleotectonic pressure, which changed the reservoir properties
of rocks. For the conditions of Donbas, the open porosity of sandstones, on average,
decreases by 3 % for every 1000 m of increase in modern depth [2].

The sand saturation of the sandstones depends on two main factors — gas pressure
and gas capacity of the reservoir, which is controlled by the effective porosity, which
is the part of open porosity that is not filled with moisture. However, reliable
determination of the effective porosity of sandstones from cores of exploration wells
is difficult due to penetration of drilling mud filtrate into the core, therefore, the
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values of open porosity are used as an indicator of reservoir properties, including the
calculation of the maximum potential gas saturation. Taking into account the fact that
the absolute (weight) moisture of rocks decreases with depth, this approach can be
used both for generalized assessments of the maximum potential gas saturation of
Donbas sandstones, which have low porosity and low permeability, and for predicted
assessments for oil and gas condensate fields of DDD.

In DDD hydrocarbons during migration filled the most favorable to accumulation
highly porous sandstones; therefore, within one deposit, reservoirs of productive
horizons are characterized by elevated open porosity values. This causes a smaller
variation in the depths of occurrence of the open porosity values of the sandstones of
productive horizons within one deposit, or a group of deposits located in the same
geological conditions. The contraction of highly porous sandstones at the depth
which is expressed in the reduction of open porosity values observed here [4], which
1s clearly apparent in the example of sand reservoirs of Novoselivskyl and
Proletarskyi condensate deposits and Kremenivskyi and Eastern-Novoselivskyi oil
and gas condensate deposits timed in geological relation to Zachepilivsko-

Leventsovskyi structural swell within Rudenkivsko-Proletarskyi oil and gas region
(Fig. 2).
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Figure 2 — The graph of changes of the open porosity of sandstones with the depth of their
occurrence in Novoselivskyi, Eastern-Novoselivskyi, Proletarskyi and Kremenivskyi deposits

The change in the coefficient of open porosity of sandstones K, with increasing
depth of sandstones H, is described by the equation of general form:

K, =a- bH, (1)

where a and b — equation coefficients.

For the conditions of Novoselivskyi, Estern-Novoselivskyi, Proletarskyi and
Kremenivskyi deposits, this equation has the form:

K, =-0.0066 H + 31.04. (2)
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The vast majority of hydrocarbon deposits of DDD, with the exception of
individual fields with abnormally high gas pressures, such as Machukhskoe, are
characterized by gas pressure equal to or approximately equal to hydrostatic. Thus, as
the studies have shown, two parameters that determine the gas-bearing capacity of
sandstones, with increasing depth, change in opposite directions. The open porosity
of sandstones with increasing stratification depth, which reflects the action of both
modern and paleogravitational pressure — decreases, and the gas pressure in the pores,
as a result of the fact that fluid filtration processes and gas diffusion in the solid mass
proceed for a long time increases.

Gas does not occupy the entire volume of open pores. The part of this volume is
filled with liquid fluid, (mostly by water, but sometimes, especially at gas condensate
and oil and gas condensate fields by liquid hydrocarbons, therefore, the open porosity
of sandstones characterizes their maximum possible hydrocarbon capacity, and taking
into account gas pressure, maximum possible, or potential gas saturation. Fluid
pressure, in particular gas, in sandstones with depth increases at straight-line
correlation. In sand reservoirs of productive horizons of the above-mentioned fields
of DDD gas pressure is hydrostatic and increases in direct proportion to the increase
in the depth of their occurrence (Fig. 3).
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Figure 3 — The graph of changes of gas pressure with the depth of productive
sand horizons at Novoselivskyi, Eastern-Novoselivskyi, Proletarskyi
and Kremenivskyi deposits

The change of gas pressure (P) with stratification depth, in general terms, is
expressed as:
P=cH, (3)

where ¢ — equation coefficient.
The maximum potential gas saturation of sandstones G, can be represented as a
function f of the product of the open porosity coefficient K, and gas pressure P:

G, = fiP-Kp). 4)
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The maximum potential gas saturation of sandstones in the cross-section of the
gasbearing strata in the coal deposits of Donbas varies with the depth in a parabolic
law: it increases in the upper horizons to a maximum, and then decreases with the
depth to the complete absence of gas. In [1], an equation of general form is given:

Hy jpax = al(2D), )

the solution of which allows to determine the position of the depth H,,, of the
maximum potential gas saturation G;,,, In the cross-section of the gas-saturated
stratum.

Discussion of the outcomes. Formula (5) was proposed for coal deposits of
Donbas, provided that the absence of gas content corresponds to zero open porosity,
and in the deposits under study of DDD the minimum open porosity of productive
reservoirs is 8 — 10 %. In gas and gas condensate fields, the potential gas saturation of
reservoirs is realized and manifested in the values of the maximum concentration of
gas reserves at certain depths. A generalized analysis of changes in the gas saturation
of the cross-section of gas-bearing strata using the example of sand collectors of the
above gas condensate and oil-gas condensate fields of DDD [4] showed that the
specific gas saturation of two hundred meter intervals of the cross-section also varies
according to a parabolic law (Fig. 4). The actual depth of the upper boundary of the
gas-bearing stratum of the group of fields under consideration is 1,181 m, and the
lower limit of the gas-bearing stratum is 2,922 m. The thickness of the gas-bearing
stratum is 1,740 m, and its middle part is confined to the depth of 2,050 m. The
thickness of the maximum gas saturation of sandstones is 600 m, or 34 % of the
thickness of the gas-bearing stratum, and its middle is located at a depth of
approximately 2,100 m. The depth of the middle part of the interval is maximum gas-
saturated sandstones and the middle part of the gas-bearing stratum practically
coincide — 2,100 and 2,050 m, and the estimated depth of the maximum potential gas
saturation of sandstones, determined by formula (5) using the equation coefficients
(1) is 2,350 m. In works [1, 2], the mechanism verification of forming changes in the
maximum potential gas saturation of sandstones of a parabolic type, however, there is
no analysis of the relationship between the position of the most saturated part of the
section and the total thickness of the gas-bearing stratum. The graph (Fig. 4) shows
that the actual amount of gas contained in 1 m3 of the gas-bearing thickness, at
intervals of 200 meters, increases to the middle part of the section, with some
displacement towards the overlying horizons. In this case, the gas-bearing stratum is
conditionally considered as a set of imaginary reservoirs with a productive collector
with a capacity of two hundred meters.

In the case of the deposits under consideration of DDD, related to the geological
structure of the same order within the same oil and gas-bearing region, there is a
regular increase in the number of productive horizons, which is also parabolic in
nature (Fig. 5). The depths at which the number of productive horizons increases in
the cross-section coincide with the depths, 1,800 — 2,400 m, at which the increased
values of specific gas saturation stratum are noted.
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Figure 4 — The graph of changes in the actual specific gas saturation of the
cross-section of gas-bearing stratum within the 200-meter intervals at
Novoselivskyi, Eastern-Novoselivskyi, Proletarskyi and Kremenivskyi deposits
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Figure 5 — The graph of changes in the number of productive sand horizons at the intervals of
depths at Novoselivskyi, Eastern-Novoselivskyi, Proletarskyi and Kremenivskyi deposits

The obtained results allow us to consider the values of the thickness of the gas-
bearing stratum and the depths of its upper and lower limits as predicted for
establishing the position of the most gas-saturated sandstones in the cross-section, but
it 1s necessary to take into account that, depending on the geological conditions of
accumulation and preservation of deposits, the actual position of the maximum gas
saturation of productive reservoirs may vary. Thus, gas condensate and oil and gas
condensate deposits of DDD, as well as coal deposits, including mine conditions,
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when the change in gas intensity of the reservoir and the pressure of gas contained in
it occur in diametrically opposite directions, the formation of a larger number of
productive sand collectors occurs in the middle part of the crosssection of gas-bearing
stratum.

By a similar mechanism, processes occur in the rocks of coal-bearing stratum
when it is underworked by the face, when the mountain solid mass, due to unloading
from the overlying rocks, decompresses, and in the direction from the cavity that
occurs after the coal seam is excavated, decompression damps, gas pressure in the
rocks increases [5]. Most contrasting, due to the addition of the gravitational
component, gas-dynamic characteristics of the solid mass change in the vertical
direction, upwards from the declining seam.

The rocks of the undermined stratum are partially unloaded from the rock
pressure, experiencing tensile deformations, pore channels open up, increasing the
permeability of the solid mass, which is enhanced by cracks. At the same time,
methane acquires mobility and migrates from a region with a higher gas pressure, but
less permeable rocks, to a region with low gas pressure, but with more permeable
rocks and more favorable conditions for the formation of gas accumulations. As a
rule, such accumulations are formed in zones capable of holding gas, characterized
by signs of gas traps and meeting the requirements of a reservoir in which the
reservoir is, as a rule, decompressed sandstone. The effect of filling the decompressed
underworked sandstones with methane is most common in mines extracting coal
grades G, Zh, K, where the rocks belong to the mesocatagenesis stage (MC,, MC;,
MC,), and tensile deformations increase the existing small natural porous component
of the gas capacity of sandstones. Due to the fact that the process of deformation of
the roof rocks of the declining coal seam lasts a certain time, the position of the
reservoir and screening rocks in space is not constant, depends on the combination of
the physical properties of the rocks and their stressed-deformed state, which allows to
consider the formation of methane accumulations (CMM and CAM) in the
undermined solid mass as a permanent process, and the position of methane release
sources, reservoirs, screens and traps — migrating. Roof rocks of the working seam
are the main object of the underground current degassing, which is implemented by
wells drilled from the mine workings. Coal seams, including satellites, sandstones,
siltstones and mudstones, are considered as the objects of methane release. Coal
seams and inter-seams (satellites) are powerful natural accumulators of sorbed
methane, which are capable of giving it away for a long time and at great distances
from the declining seam, but slowly. Argillites, as well as coal seams, contain sorbed
methane, but in a smaller amount, are able to release it only in the zones that are
intensely disturbed by cracks, in the immediate vicinity over the declining coal seam
are not suitable for gas accumulation. Sandstones and siltstones contain mostly free
methane, which is able to accumulate in significant volumes in the areas of
decompression, when the gas becomes mobile due to the unloading of the solid mass
from the rock pressure. The above-described mechanism of methane movement in the
underworked solid mass is taken into account when work is organized on the current
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degassing during the period of face mining. To determine the drilling parameters of
degassing wells, it is necessary to know the thickness of the rocks subjected to
decompression due to underworking and the distance to the intended reservoirs, from
which it is advisable to pump out gas. In the work [6], formulas are given for
calculating unloading intervals for the underworked rocks of the coal-bearing
stratum, from which gas can be released, accumulating in favorable places, or falling
into a degassing well, if it stripped this rock. In particular, for sandstones and
siltstones, this interval is calculated by formula:

hs =70 mr'kl’ (6)

where /i, — unloading interval of underworked sandstones and siltstones; m, — mining
height of the working coal seam; k; — this coefficient taking into account the effect of
the degree of metamorphism on the value of the unloading swell, dimensionless, is
selected according to the «Guide ...» [7].

The unloading interval of underworked sandstones is the thickness of the rocks
lying above the roof of the mining coal seam, within which all sandstones are
decompressed and able to release gas. In the unloading zone, upward from the roof of
the declining seam, the reservoir properties of individual seams of sandstones, such
as open porosity and permeability, deteriorate and the gas pressure rises [5]. The
thickness of the rocks in the unloading sandstone zone is the thickness of the gas-
bearing seam, which is produced by the face and is the main source of CMM, or «fast
methaney, that is, methane entering the mine workings and the worked-out area of the
face during coal mining, and as it was shown above, the most favorable position of
the reservoir for the formation of methane accumulations, the CMM source in the
gas-bearing strata, is its middle part. The middle of the undermined gas-bearing
stratum will be located at a distance s, which corresponds to:

h=0.5h,=35m k. (7)

For example, for the conditions of mining of coal seam m; of O.F. Zasyadko
Western Face 16, the calculated capacity of the undermined gas-bearing stratum A is
126 m, and its middle is located at the distance 2 of 63 m from the seam roof m;
(Fig. 6).

Drilling of underground wells with a length of 126 m is a laborious, cost-based
and technically challenging task, since it requires, firstly, a considerable amount of
working time for drilling, secondly, a special rock-cutting tool (a bore bit) of
improved quality, thirdly, to protect the wellbore from his collapse under the action
of forces of rock pressure and keeping it in working condition along the entire length.
Under the conditions of mining of coal seam mj; of O.F. Zasyadko Western Longwall
16, the extraction of methane showed their high efficiency for the wells drilled in the
middle part of the gas-bearing stratum, which is located at a distance of about 63 m

from the seam ms; in the sandstone roof of m40Sm41, showed their effectiveness
(Fig. 7).
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Figure 6 — A cross-section of the coal-bearing stratum, undermined during extraction
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Considering that the thickness Ih of the zone of maximum gas saturation of
undermined sandstones, or the zone of the CMM accumulation i1s 34 % of the
thickness of the gasbearing stratum, and the depths of their central parts coincide, it is
proposed to use the following equation to determine the position /A:

Ih=H,— (35 m,"k; £ 0.17hy), (8)

where H,. — depth of cover of the declining coal seam.

The position of the zone of maximum gas saturation of subsided sandstones is
fixed by the depths of its upper /A, and lower Ih; boundaries, which are calculated
using the equations obtained after transforming formula (8):

Ih,=H.—46.9 m,k, )
Ihy=H.-23.1m,k,. (10)

For the conditions of extraction of the coal seam mj3 of O.F. Zasyadko Mine
shown in Figure 6 (depth 1,306 m, bed thickness 1.8 m, k; = 1), the boundaries of the
zone of maximum gas saturation of subsided sandstones, calculated by equations (9)
and (10), are located at depths of 1,219 m and 1,264 m. Within these depths lies
either almost all of the sandstone m4OSm41, or, in places where there is no coal seam
my', the lower and middle parts of the sandstone m4OSm43.

Conclusions. It has been established that oil and gas and gas condensate deposits
of DDD and coal deposits of Donbas, with increasing depth of cover the change of
reservoir gas capacity and pressure contained therein gas occur in diametrically
opposite directions, which causes the change of the specific gas saturation of
sandstone reservoirs in vertical cross-section of gas bearing stratum under parabolic
law. In the fields of DDD, the depth interval in which increased values of specific gas
saturation in the cross-section coincide with the interval in which the number of
productive horizons increases, and the thickness of the maximum gas saturation
interval in sandstones is 34 % of the thickness of the gas-bearing stratum. In the rocks
of Donbas coal-bearing stratum, when they are underworked by the face, as the
reservoir with offset distance from the roof of a declining stratum, the gas intensity
and gas permeability of the reservoirs decrease, and the gas pressure increases, which
forms a parabolic character of change in the gas saturation of the sandstones subsided
by mining works. A new method is proposed for calculating the position of the upper
and lower boundaries of the zone of maximum gas saturation of subsided sandstones,
which is one of the main accumulation sites and sources of methane input into the
mine workings of the CMM source.
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AHoTauifl. HaBegeHi pesynbtat JOCMILKEHHS BMMBY TPCLKOrO TUCKY B HEMOPYLIEHOMY FipHUYMMKU BUpOBKamu
MacuBi Ha 3MiHy LiINbHOCTI NICKOBMKIB B MeXax LUAXTHWUX MOMiB, AiNSHOK PO3BigkWM KaM'AHOBYTiNbHUX BigknageHb
[onbacy i feskux ra3okoHAeHCaTHUX Ta HadTorasokoHAeHcaTHUX poposuLy [HinpoBcbko-foHewbkoi 3anaguhm (O43).
BinsHaveHo, WO B Mexax OOHOr0 LIAXTHOrO Nons, LiNsHKA po3gigkn abo poposuwa rasdy, rmubuHa 3ansraHHs
Bigobpaxae CyyacHWn NITOCTATUYHMIA TUCK, @ TaKOX Hece iHopMaLjto NMpo naneorpa.iTalifiHi Ta NaneoTEKTOHIYH
TUCKW, SKi 3MIHIOBaNM KOMEKTOpCbki BnacTueocTi nopig. Ons ymos [owbGacy Bigkputa NOPUCTICTb MICKOBWKIB, B
cepeaHboMy, 3MeHLLYeTHCA Ha 3% Ha koxHi 1000 M 36inbLUeHHs CyyacHOi MubuHK 3ansaraHHs nopig. Y3aranbHeHui
aHania 3MiHW ra3oHacU4eHOCTi PO3pidy ra3oHOCHWX TOBLY Ha Npuknagdi nilaHux KOMEKTOPIB ra3oKOHOEHCATHWX Ta
HadhTorasokoHgeHcaTHUX pogosuwy 13 nokasas, WO NUTOMa rasoHaCUYEHICTb ABOXCOTMETPOBUX iHTEpPBANiB Po3pidy
ra30HOCHMX TOBLY, i3 30INbLUEHHAM TMMOMHM 3ansraHHs cnoyaTky 30inbLyeThCS, a NOTiM 3MEHLLYeTbes. BeTaHoBMeHo,
WO 3i 36iNbLUEHHAM rMMOUHN 3anaraHHs, Ha HapTOra3oKOHAEHCATHIUX Ta ra3okoHAeHcaTHUX pogosuwax [A3, a Takox
Ha ByrinbHUX pogosuwiax [loH6acy, 3amiHa NUTOMOI ra30HACUYEHOCTI MilAHWUX KONEKTOPIB Y BEpPTUKANbHOMY pO3pidi
ra3oHOCHWX TOBLY 3a NapaboniyHOK 3anexHiCTio 0ByMOBrEHa 3MIHOK ra30EMHOCTI KOMNEKTOPIB Ta TWUCKY rasy, SKui
MICTUTBCA B HWX, B JdiaMeTparnbHO NPOTUNEXHUX HanpsMKax, Lo TakoX BMMBae Ha opMyBaHHS BirbLuoi KiNbKOCT
NPOAYKTMBHWX MiLLaHUX KOMEKTOPIB B CEpeaHiit YacTuHi po3pidy rasoHOCHOI ToBLwi. Ha pogosuwax O3, iHTepean
rMMOMH, Ha SKOMY 3a3HavaloTbCs MiOBWLEHI 3HAYEHHS MUTOMOI ras3oHACWYEHOCTi TOBL B po3pisi 36iraeTbca 3
iHTEpBaroM, Ha SKoMy 36inbluyeTbCS KiNbKICTb MPOAYKTUBHUX TOPWU3OHTIB, @ MOTYXHICTb iHTEpPBany MakcUMarbHOI
ra3oHacu4eHoCTi MICKOBUKIB CTaHOBUTb 34% Bif MOTYXXHOCTI ra30HOCHOI TOBLL. Y nopoaax ByrneHocHoi ToBLwi [Jonbacy,
B Mipy BigdaneHHs Big NOKpiBMi nnacta, WO BiAnNpaLbOBYETLCS, ra30EMKICTb Ta ra3onpOHUKHICTb KOMEKTOpiB
3HWKYETbCS, @ TUCK rasy 36inblyeTbes, WO ¢opmye napaboniyHuii xapaktep 3MiHW ra3oHaCU4EeHOCTI MigpobneHux
FiPHUYUMI poBOTaMK NiCKOBWKIB.
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3anponoHoBaHO METOAM PO3PaXYHKY MOMOXEHHS BEPXHbOI Ta HWKHBOI TpaHWULb 30HW MaKCUManbHOI
rasoHacu4eHoCTi  MillaHWX KOMEKTOpiB B MeXaxX ra3OHOCHWMX TOBL, Ha BYriNbHUX, a30KOHOEHCATHUX Ta
HahTOrasokOHAEHCATHUX POAOBWLLAX, B TOMY u4ucri B NigpoGneHnx MiCKOBMKAX BYFiMbHWX LaxT, O [03BONSE
BMU3Ha4aTK 06'eKTH, B SIKMX OOLINBHO 34IMCHIOBATY NOLYK CKYNYeHb rasy.

KntoyoBi cnoBa: Byrnerasosi, HahTOra3oKOHZEHCATHi Ta ra3oKOHAEHCATHI POAOBULLA, ra30HOCHA TOBLUA,
ra3oHOCHWI NNacT, KONEKTOPY MiCKOBMKM.

AnHoTauus. [puBedeHbl pesynbTaTbl UCCNEAOBaHUS BIUSIHUS FOPHOTO [ABMEHWS B HEHAPYLUEHHOM TOPHbIMM
BblpabOTKaMM MaccuBe Ha W3MEHEHWe NNOTHOCTM NECYAHUKOB B Npefeniax LUAXTHbIX MOMe, y4acTKoB pasBeaKM
KaMEHHOYTOoMbHbIX 0TNOXeHW [JoHbacca N HEeKOTOPbIX ra30KOHAEHCATHbIX U HEPTEra3oKOHAEHCATHBIX MECTOPOXAEHUI
[OHenposcko-foHeukon Bnagubl (AAB). OTMeyeHo, 4TO B Npedenax O4HOrO LAXTHOMO MOMS, yyacTka pas3Bedkn unu
MeCTOpPOXAEHNS rasa, rnybuHa 3aneraHnsi otobpaxaeT COBPEMEHHOE NMTOCTATMYECKOE AaBMeHue, a Takke Hecet
WHGOPMaLMIO O NaneorpaBUTaLMOHHOM M MAaneoTEKTOHMYECKOM [JaBIEHWW, KOTOPOE M3MEHANO KOMMeKTopckue
ceoiicTBa nopog. [ns ycnosuin JoH6acca OTKpbITas NOPUCTOCTb MECYaHUKOB, B CPEAHEM, yMeHbluaeTes Ha 3 % Ha
kaxgele 1000 M yBenuueHWs COBpPEeMEHHOM rnyOuHbl 3aneraHus nopod. OOOOLIEHHbIN aHanM3 M3MEHEHUs
ra3oHaCbILLEHHOCTW pa3pe3a ra30HOCHbIX TOMW Ha MPUMEpe NecYaHblX KOMMEKTOPOB [a30KOHAEHCATHbIX 1
HedhTerasokoHOeHcaTHbIX MecTopoxaeHun [[B nokasan, 4to yOenbHas rasoHacbILEHHOCTb [BYXCOTMETPOBbIX
WHTEpBanoB paspe3a ra30HOCHbIX TOMW, C YBenuyeHneM rnybuHbl 3arneraHnsi, cHayana yBenuuuBaeTcs, a 3aTem
YMEHbLUAETCA. YCTaHOBMEHO, YTO C YyBENWyeHneM rnyOuHbl 3aneraHns, Ha HedTerasoKoHAEHCATHbIX K
ra3oKOHZAEeHcaTHbIX MecTopoxaeHnax B, a Takke Ha yronbHbIX MecTopoxaeHusx [JoHbacca, M3MeHeHne yaenbHOm
ra30HaCbILLEHHOCT NEeCYaHbIX KOMMEKTOPOB B BEPTUKANbHOM paspes3e ra3oHOCHbIX TOMW Mo napabonuyeckoi
3aBUCUMOCTN 0BYCNOBNEHO M3MEHEHWEM ra30€MHOCTI KOMNEKTOPOB W AABNEHUs rad3a, KOTOPbIN COAEPKUTCS B HUX, B
AVaMeTpanbHO NPOTUBOMONOXHBIX HanpaBMeHWsiX, YTO Takke BNWSET Ha (opmupoBaHWe OONbLIEro KonuyecTsa
MPOW3BOAMTENBHBIX MECHaHbIX KOMNMEKTOPOB B CPeaHER YacTu paspesa rasoHOCHOW Tonwy. Ha mectopoxaeHusx OB,
WHTepBan riybuH, Ha KOTOPOM OTMEYAIOTCS MOBbILLIEHHbIE 3HAYEHUS YAENbHON ra30HACHILEHHOCTM TONWM B pa3pese
CoBMajaeT C WHTEPBANOM, Ha KOTOPOM YBESMYMBAETCA KOMMYECTBO MPOAYKTUBHBLIX TOPWU3OHTOB, @ MOLLHOCTb
WHTEpPBana MaKCUManbHOM ra3oHaCbILEHHOCTU MecYaHWKoB cOCTaBnseT 34% OT MOLYHOCTM ra3oHOCHOW Tonwm. B
nopogax yrneHocHoi Tonwm [loHb6acca, no mepe yaaneHus OT KpoBMWM OTpabaTbiBaemoro nnacra, rasoemkocTb U
ra3onpoHNLAEMOCTb KOMNMEKTOPOB CHWXAETCS, a AABMEHWE rasa yBennumBaeTcs, Y4To dhopMupyeT napabonuyeckuii
XapakTep M3MEHeHUs! ra3oHachbIeHHOCTU NoApaboTaHHbIX rOpHbIMM paboTamu necyaHnkos. [peanoxeHsl MeTogbl
pacyeTa MOMOXEHUs BEPXHEN W HUXHEN rpaHWL, 30HbI MaKCUManbHOWM ra30HaChILEHHOCT NecYaHbIX KOMMEKTOpOoB B
npegenax rasoHOCHbIX TOMLY, HA YrofbHbIX, ra30KOHAEHCATHBIX M HEPTEra3okoHAEHCATHbIX MECTOPOXOEHNAX, B TOM
uacne B noapaboTaHHbIX MecYaHWKkax YrorbHbIX LWaxT, YTO MO3BOMSIET onpedenstb O6beKkTbl, B KOTOPbIX
LenecoobpasHo OCYLLECTBAATL NOUCK CKOMMEHWN ra3a.

KnioueBble cnoBa: yrnerasosble, HepTerasokoHAEHCaTHbIE U ra30KOHAEHCATHbIE MECTOPOXAEHUS, ra30HOCHas
TOMLLA, ra30HOCHBIM NNACT, KOMIEKTOPbI NECHAHMKA.
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