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Abstract

Purpose. Determination of the granulometric characteristics and loosening coefficient of mine rocks formed during stope
operations from undercutting the bottom rocks as a potential backfill material based on a set of mine and laboratory research.

Methods. To do research, a complex methodology is used, which includes a photographic surveying the mass of destroyed
rocks from undercutting the bottom rocks in mine conditions, digital processing and determining the granulometric compo-
sition in the software package, sampling the mine rocks at the surface complex, and reconstructing the granulometric com-
position, similar to the full-scale mine conditions in the laboratory. Sieve analysis, laboratory balance and laboratory con-
tainer are used to determine the granulometric composition and loosening coefficient.

Findings. The dependence between the granulometric composition and loosening coefficient of rocks, which increases by
33% within fractions of 0-50 mm and by 8% within fractions of 50-140 mm, has been revealed. It has been determined that
the destroyed rocks in the face within fractions of 0-140 mm have a bulk density of 1.28 g/cm?, loosening coefficient of 1.7,
the voidness of and the maximum reserve for the backfill mass compaction with mine rocks is 41.9%. An analytical assess-
ment of the volumes of the formed cavities of the mined-out area in the longwall face and gobed mine workings, as well as
the prospects and completeness of their filling with mine rocks have been performed.

Originality. It has been determined that the loosening coefficient of mine rocks destroyed in the stope face by KA-200
shearer changes according to the logarithmic dependence on their granulometric composition. This makes it possible to
control the granulometric characteristics of the backfill material to achieve the maximum density of the backfill mass.

Practical implications. Further research can serve as a basis for determining the rational parameters for the formation
and placement of backfill masses during complex-mechanized selective mining of coal seams using various methods of
backfilling operations.

Keywords: mine rocks, rock undercutting, stope face, shearer, granulometric composition, loosening coefficient, under-
ground cavities, backfill material

1. Introduction

In developed countries, the rational use of natural re-
sources is an important component during mining of various
types of minerals, since environmental protection is the most
important principle of modern society. Particular attention is
paid to the coal mining industry, since the implementation of
a number of technological mining processes has a negative
impact on the natural environment for a number of factors.
The latter include subsidence of the daylight surface in the
absence of backfilling the mined-out area [1]-[3], accumula-

tion of waste rock dumps and tailings over large areas, as
well as atmosphere pollution with coalmine methane and
products of blasting operations, pollution of surface water
bodies with highly mineralized mine waters [4]-[6]. The coal
mining industry is still an important component of the econ-
omy in a number of countries, such as Poland, Russia,
Ukraine, USA, China, India, where coal is a raw material for
energy and metallurgy [7]-[9].

The most serious technogenic impacts of mining opera-
tions are on the subsoil and the daylight surface. When min-
erals are mined from the subsoil, cavities are formed. Then,
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as a result of stresses redistribution in the mass, the processes
of rock displacement occur, disrupting the hydrogeological
regimes of groundwater [10], [11]. And, even worse, a shift
trough is formed on the daylight surface.

Currently, Western Donbas plays a decisive role in the
development of the coal-mining industry and the state econ-
omy of Ukraine. More than 70% of all coal production in the
country is provided by the coal-mining enterprises of this
region, which are represented by 8 operating mines of PJSC
“DTEK Pavlohradvuhillia” [12]-[14]. It is here that under-
ground coal mining without the use of backfilling technolo-
gies has led to serious changes in the earth's surface
(Bohdanivka town and Ternivka city). As a result of the
earth's surface subsidence, the groundwater level has in-
creased, which has led to water-logging and the formation of
a flood zone with an area of about 17.0 km?. The depth of the
groundwater level in the flooded areas ranges from 1.1 to
3.0 m. The annual monitoring of the daylight surface and
groundwater level has revealed that, compared to 2018, the
earth’s surface subsidence has increased by 0.15 m [15].
However, there are still no measures to combat floods. Also,
waste in the form of waste rock dumps as a result of mining
operations accumulates on the daylight surface in this area.
Thus, during the industrial development of coal seams in the
Western Donbas, 11 waste dumps were formed, in which
more than 100 million tons of waste rocks with a total area of
more than 200 hectares were accumulated [16].

It is possible to improve the ecological situation in coal-
mining regions through the development and implementation
of environmental resource-saving mining technologies, one
of which is the use of backfilling of the mined-out area. In
world practice, mining technologies with backfilling of the
mined-out area, as well as the method of disposal of the
industrial waste, such as mine rocks, tailings, metallurgical
slags, have proven high efficiency and environmental safe-
ty [17]-[19]. When developing valuable types of ore deposits,
mining technologies with backfilling with paste or cemented
rockfill have become widespread [20]-[22], since significant
underground cavities are formed in the depths. When devel-
oping coal deposits, mining technologies with backfilling are
rarely used. Their use is conditioned by the presence of me-
dium-thick and thick coal seams, as well as the danger of the
earth’s surface failure during the extraction of reserves. In
this case, mine rocks accumulated in the dumps, which are
transported from the surface dumps to the mine, are used as a
backfill material [23], [24].

Many teams around the world are developing “green”
technologies for coal mining, aimed at reducing the volumes
of waste generation and pollutant emissions into the atmos-
phere, as well as improving the energy quality of coal prod-
ucts. In particular, a number of publications in recent years
have been devoted to improving the quality of mined coal
and reducing its losses [25]-[27]. The works of the authors
in [28], [29] are aimed at finding a more perfect technology
for stope operations. In the works [30], [31], it is proposed to
use the processes of underground rock mass enrichment.
Particularly noteworthy is a number of works aimed at the
development of advanced technologies of selective coal
mining, excluding the dilution of coal by the rocks of under-
cutting during mining operations. In the case of selective
mining of coal, the rocks of the coal seam bottom undercut-
ting can be an effective backfill material. When developing
an effective technology, it can be used for backfilling the
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mined-out area of the longwall face and mine workings
gobed after its advance. Currently, new technological solu-
tions are being developed for using the undercut rocks to
backfill the mined-out area [2], [32].

For the development of a new advanced coal mining
technology with backfilling or leaving the mine rocks in the
mined-out area of mines, it is especially important to
study the physical-mechanical properties of the backfill
material in the process of its formation during mining, in
particular, the granulometric characteristics. The granulo-
metric composition of the backfill material during the
formation of the backfill mass ensures its certain defor-
mation and compression properties, the study of which is of
priority importance.

Further, based on a complex of mine and laboratory re-
search, the granulometric characteristics are determined of
rocks formed in the process of stope operations from under-
cutting the bottom rocks as a potential material for backfill-
ing. These studies will make it possible to determine the real
granulometric composition and loosening coefficient of mine
rocks, to assess the real volumes of possible placement of
rocks in the mined-out area and gobed mine workings fol-
lowing the longwall face, as well as to substantiate the re-
quired productivity of the backfill equipment.

2. Research methods

2.1. Brief description of the research object

The research on granulometric characteristics of mine
rocks obtained from undercutting the bottom rocks in
longwall faces is conducted in the conditions of the Heroiiv
Kosmosu Mine, PJSC “DTEK Pavlohradvuhillia”. The
extraction panels in the Heroiiv Kosmosu Mine are mined
out to the rise of the seam in the direction of the main
mine workings. The length of the extraction panels is
1000-1500 m, and the length of the longwall faces is
200-250 m. The mining sites of the Heroiiv Kosmosu Mine
are equipped with KD-80, KD-90, KD-99 mechanized
complexes and KA-200 shearers, designed for the devel-
opment of thin seams. The daily production of coal is in the
range of 1500-2000 tons/day. The geological seam thick-
ness is within 0.78-0.96 m, and extracting seam thickness is
1.03-1.07 m. Bottom rocks are mainly represented by argil-
lites and siltstones, the roof rocks — by argillites and sand-
stones. The category of roof rocks according to failure
ability ranges from light to medium.

The 912 longwall face of Cq seam in the Heroiiv Kosmo-
su Mine of PJSC “DTEK Pavlohradvuhillia has been cho-
sen to study the granulometric composition of mine rocks. In
the 912 longwall face, the extracting seam thickness averages
1.07 m with an average geological seam thickness of 0.95 m.
The structural column of the coal seam is shown in Figure 1.
It is rather problematic to study the granulometric composi-
tion of mine rocks lying in the bottom of the seam, since a
complete total extraction of the seam thickness is performed
and it is not possible to obtain the volume of destroyed rocks
without coal. At the time of the research, the mining of the
912 extraction pillar was completed with a longwall face,
approaching the boundary of the protecting pillar of the main
mine workings, and there were preparations for dismantling
the mechanized complex. The KA-200 shearer performed
removal of stripping over the seam bottom rocks to obtain an
experimental volume of destroyed rocks.
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Figure 1. Structural column of coal seam Co

According to the mining-and-geological prediction of the
912 longwall face, dark gray, flat-lying hogbacked lamellar
argillite occurs in the bottom of the seam. Below the bottom
of the coal seam it has a lumpy texture and with carbonized
detritus along the stratification. Physical-mechanical proper-
ties are given in Table 1.

Table 1. Physical-mechanical properties of argillite

Parameter Value
Compression strength, MPa 2.1-15.0
Tensile strength, MPa 1.2-1.7
Humidity, % 4.0
Real density, g/lcm?® 2.32
Cutting resistance, KN/cm 1.7
Porosity, % 11.0
Adhesion coefficient, MPa 3.6
Internal friction angle, deg. 39
Elasticity modulus, MPa 8300
Poisson’s ratio 0.32

In the conditions of studied mine, the sources and balance
of the generated volumes of waste rock and underground
cavities in the course of mining operations have been previ-
ously studied in detail [33]. This study is a continuation of
the studies noted above, in terms of determining the proper-
ties of mine rocks as a potential backfill material.

2.2. Research on granulometric composition
using information technology in mine conditions

It is problematic to deliver experimental samples of de-
stroyed rocks for laboratory research from the 912 longwall
face to the surface. Therefore, it is decided to use information
technology to determine the granulometric composition. Sam-
pling of mine rocks for laboratory research is performed direct-
ly at the surface technological complex for sorting raw coal.

The photographic surveying of destroyed rocks is con-
ducted on a belt conveyor of the 912 longwall face haulage
roadway, since the surveying of destroyed rocks after the
passage of the shearer is dangerous due to the possible failure
of friable roof rocks into the stope face. The location and
process of photographic surveying of the destroyed rocks is
shown in Figure 2. Photographic surveying of the destroyed
rock is made using a specialized explosion-proof camera of
the mine occupational safety and health department. To de-
termine the granulometric composition based on the results
of surveying, specialized software WipFrag for scaling vari-
ous images is used. To scale the rock fractions to the full-
scale ones, a 1.0-meter tape measure is used as a reference,
which is applied to the surface of the destroyed rock mass.
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Figure 2. Schematic representation of the place for surveying the
granulometric composition of the destroyed rocks

In the program, the size of the grid division into fractions
is selected for the most correct delineation of the rock frac-
tions, after which additional delineation of the fractions is
performed manually (Fig. 3). After the stage of delineating
the fractions, the program plots a curve of the granulometric
characteristic of the destroyed rocks and data on the percent-
age of a certain rock fraction. Plotting of the granulometric
characteristic curve using the software package makes it
possible in laboratory conditions from the selected mine
rocks to simulate and form the real granulometric composi-
tion of the seam bottom rocks destroyed by KA-200 shearer.
The proposed research method is effective in a difficult situa-
tion associated with taking the real mine rock samples.

Figure 3. Photo fixation of rocks from the bottom undercutting,
destroyed by KA-200 shearer at the exit of the rock mass
from the 912 longwall face

2.3. Research on granulometric composition
and loosening coefficient of mine rocks
in laboratory conditions

Mine rocks, sampled at the surface technological complex for
sorting raw coal, contain coarse fractions, mainly 100-200 mm,
due to the ingress of rocks from the drifting face into a single
stream. The laboratory jaw crusher is used to recreate the
granulometric composition of rocks in laboratory conditions,
similar to that destroyed by KA-200 shearer during stope
operations. Based on the obtained data on the granulometric
characteristics of the destroyed rock, using a software pack-
age, after sieve analysis in laboratory conditions and after
crushing, dispersion into separate fractions of 0-5, 5-10, 10-35,
35-50, 50-60, 60-100 and 100-140 mm is performed.

Then, the loosening coefficient of each rocks fraction is
studied, which characterizes the degree of loosening the
rocks and shows how many times the volume of the loosened
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rock exceeds the volume occupied by it in the mass. This
coefficient is important in the technology of backfilling of
the mined-out area, as it allows estimating the real volumes
of destroyed rocks that can be placed.

The task of determining the coefficient of loosening of
destroyed rocks in laboratory conditions was solved through
the mass parameter. The rock loosening coefficient is deter-
mined as the ratio of the mass of the rock capacity with real
density to the mass of the same rock capacity in the loosened
state. The bulk density of destroyed rocks was determined as
the weight of rocks in a given volume. To determine the
loosening coefficient, a laboratory plastic container with a
size of 20.5x13.4x10.3cm and a volume of 2830 cm? is
used. The container is filled in turn with separately dispersed
rock fractions 0-5, 5-10, 10-35, 35-50, 50-60, 60-100 and
100-140 mm. Each container with fractions is weighed to fix
the net weight. With a container volume of 2830 ¢cm?® and a
real rock density in the mass of 2.2 g/cm?, its weight is 6226 g.
The laboratory balance such as VW-10 LN LED up to 10 kg
with accuracy of 2 g is used.

Then, all the rock fractions are mixed according to the
distribution of their specific composition obtained in the
program, and a free-flowing rock mixture is formed, similar
to the rocks destroyed by KA-200 shearer during the stope
operations to determine the overall loosening coefficient.

3. Results and discussion

The quality of the backfill material from mine rocks is
determined by important parameters such as the loosening
coefficients, porosity and shrinkage during filling. The loos-
ening coefficient allows not only to assess the actual volumes
of filling the backfill material from mine rocks, but also the
limit of its possible compaction, in terms of the coefficient of
the destroyed rocks porosity. To determine these parameters,
the primary task is to determine the granulometric composi-
tion of rocks, which is performed by laboratory research.

The granulometric composition of the destroyed rocks of
the seam bottom can depend on the type of shearer used, as
well as the arrangement of the cutters on the auger. In our
research, the seam bottom rocks are destroyed by the augers
of KA-200 shearer, which are drums with a vertical axis of
rotation, equipped with KPD04.06.010 cutter holders of the
10 type with PK32/70.000 tangential rock-destruction cutters
with a boltless fastening. Photo fixation of destroyed rocks on
a belt conveyor of the 912 longwall face stope makes it possi-
ble using the WipFrag software package to obtain their granu-
lometric characteristic, shown in Figure 4. The distribution of
the destroyed rocks fraction share is summarized in Table 2.

100% |

001 =281 mm
|D20 = 11,09 mm
D50 = 26,71 mm
| D80 = 62,08 mm
D89 = 139,25 mm
|sPH =060

% Passing

10 100 1

Size (mm)

Figure 4. Distribution of the granulometric composition of the
bottom undercutting rocks in the 912 longwall face stope

Table 2. Granulometric composition of the seam bottom rocks

destroyed by KA-200 shearer

Fraction, 60- 100-
mm 0-5 5-10 10-35 35-50 50-60 100 140
Share,% 3.95 133 4275 149 55 13.1 6.5
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Analysis of the data in Table 2 shows that 75% of
destroyed rocks contain fractions up to 50 mm in size, which
may well be suitable as a backfill material with possible
mechanical and vibration backfilling, and do not require a
preliminary crushing stage, as in the case of pneumatic back-
filling. With a decrease in the granulometric composition of
the backfill material, its shrinkage proportionally decreases.
Therefore, the predominant amount of fraction up to 50 mm
can have a positive effect on the backfill material defor-
mation characteristics.

Each fraction of mine rocks of 0-5, 5-10, 10-35, 35-50,
50-60, 60-100 and 100-140 mm, filled into a laboratory con-
tainer is weighed to determine the degree of its filling, which
is presented in Figures 5 and 6. Experimental data are sum-
marized in Table 3. Based on the experimental data, the
dependence of the change in the loosening coefficient of
mine rocks depending on their fractional composition has
been obtained, which is shown in Figure 7.

Figure 6. Studying the degree of filling a laboratory container
with rocks of fractions 0-5, 5-10, 10-35, 35-50, 50-60,
60-100 and 100-140 mm (V = 2830 cm?)
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Table 3. Experimental data of weighing the rock fractions to determine the loosening coefficient

Fraction, mm 0-5 5-10 10-35 35-50 50-60 60-100  100-140
Weight of the container with
. 6223
rock at real density, g
Weight of the container with — gg6 3355 3174 3074 2892 2802 2672
rock of different fractions, g
Container volume, cm? 2830
Bulk density, g/sm? 1.36 1.17 1.12 1.09 1.02 0.99 0.95
Loosening coefficient 1.61 1.87 1.99 2.15 2.18 2.22 2.32

¥=0.3552 In(x) + 1.616
R?=0.9906

Loosening coefficient
= =
n [#s]

—
%]

£
o

10-35mm  35-50mm  50-60 mm 60-100 mm 100-140 mm

5-10 mm

0-5 mm
Fraction size, mm

Figure 7. Dependence of the change in the loosening coefficient of
undercutting rocks with different fractional composition

Analysis of Figure 7 shows that the loosening coefficient
of mine rocks destroyed in the stope face by KA-200 shearer
changes according to the logarithmic dependence of the form
y =0.3552 In(x) + 1.616 on their granulometric composition,
while the approximation reliability is 0.99.

It should be noted that the loosening coefficient within
fractions of 0-50 mm increases by 33% and fractions of
50-140 mm — by 8%. Using the data on the loosening coeffi-
cient, it is possible to control the granulometric characteris-
tics of the backfill material in order to achieve the maximum
backfill mass density and the completeness of filling the
mined-out area. After determining the loosening coefficient
of each rock fraction, they are mixed in accordance with a
certain percentage to recreate a free-flowing mine rock mix-
ture similar to that destroyed by KA-200 shearer in mine
conditions. A mixture of mine rocks with fractions of 0-
140 mm is also weighed and the degree of filling the labora-
tory container with it is measured (Fig. 8).

0-140 mm

Figure 8. Studying the degree of filling a laboratory container with
mixture of destroyed rocks with fractions of 0-140 mm
(V =2830cmd)

The weight of the laboratory container with mine rock
fractions of 0-140 mm is 3620 g, and taking into account the
weight of the rocks — 6223 g with the real density of the
same volume, the loosening coefficient is k; = 1.7 and bulk
density is 1.27 g/sm®. The loosening coefficient of mine
rocks and bulk density is linearly related to the voidness,
which is indicator of the quantity of voids between fractions
of destroyed rocks. If to know the emptiness of the backfill
mass from mine rocks, it is possible to determine the limit to
which it can be compacted. For practical purposes, with a
sufficient degree of accuracy, the value of the voidness can
be determined by the formula:

P :(1—7'0—-")100, %, Q)
7rd.

where:

yp.d. — bulk density destroyed rocks, g/cm?;

yr.q. — real density of rock mass, g/cm? (yr.q. = 2.2 g/cm?3).

The relationship of the main parameters of the destroyed
rocks with their fractional composition is presented in
Table 4, and their graphic interpretation is shown in Figure 9.

Table 4. Relationship between the loosening coefficient, bulk density and voidness of destroyed rocks

Parameter Fraction, mm Mixture of rocks
0-5 5-10 10-35 35-50 50-60 60-100  100-140 0-140 mm
Bulk density, g/sm? 1.36 1.17 1.12 1.09 1.02 0.99 0.95 1.28
Loosening coefficient 1.61 1.87 1.99 2.15 2.18 2.22 2.32 1.7
Voidness, % 39.0 47.0 49.1 50.5 53.7 55.0 56.9 41.9

In our case, the bulk density of the destroyed rocks
(0-140 mm) using the KA-200 combine is 1.28 g/cm?®, the
loosening coefficient is 1.7, and the voidness and the maxi-
mum margin for compaction of the backfill mass from de-
stroyed rocks is 41.9%.

From a practical point of view, the loosening coefficient
of mine rocks, when using them as a backfill material, and
taking into account the known cavities in the mined-out area,
formed during mining of coal seam, allows to assess the
volumes of their possible placement. The placement of rocks
in the mined-out area can be either in the form of a simple

leaving of mine rocks without compaction, or in the formation
of a compacted backfill mass by a mechanical method.

For the conditions of the average longwall face in the
Heroiiv Kosmosu Mine, PJSC “DTEK Pavlohradvuhillia”,
the balance of cavities formed during coal mining in the
longwall face, as well as the volume of backfill material from
undercutting the rocks, using the selective technology and
leaving the rocks in the mined-out area, has approximately
been estimated. Furthermore, this technology was developed
with the participation of the authors of this research [2], [34].
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Figure 9. Graphical dependence of the coefficient of loosening,
bulk density and voidness of destroyed rocks from their
fractional composition

An assessment has been made of how much mine rocks
of undercutting can potentially be placed in a mined-out area
of a longwall face or in the gobed mine workings using se-
lective mining technology. Selective technology provides for
the first-priority mining of the strip along the coal seam with
an average geological thickness of 0.87 m and mining of a
bottom rock bench with a thickness of 0.2 m during the re-
verse movement of a shearer along the face and the subse-
quent placement of rocks in the mined-out area using a back-
filling horizontal-closed belt conveyor. Next, the volumes of
formed cavities and mine rocks are assessed:

—the formed cavities of the mined-out area: the longwall
face length is 250 m, the extracting seam thickness is 1.07 m,
the convergence value of roof and bottom rocks of the seam
is 0.2m (m —extracting seam thickness, m), and the daily
longwall face advance is 2.5 m. The volume of the formed
cavities in the mined-out area is 530 m3;

—the formed cavities of the gobed mine workings: the
daily longwall face advance is 2.5m, the finished cross-
section of mine working is 15.0 m?, reduced cross-section in
the zone of active displacements behind the longwall face is
0.7S (S - cross-sectional area of mine working); haulage
roadway and ventilation drift are gobed. The volume of the
formed cavities in the gobed mine workings is 45 m?;

—the volume of formed mine rocks of undercutting is
215 m® with a longwall face length of 250 m, extracting rock
bench thickness of 0.2 m, a daily longwall face advance of
2.5 m and a rock loosening coefficient of 1.7.

The results of comparing the volumes of cavities and
mine rocks are shown in the diagram (Fig. 10).

600
530

500

s
=
S

w
=3
]

215

Volume, m?

%]
=3
=)

—
=
S

525

0
Formed cavities of
gobed mine workings

Formed longwall face
cavities

Destroyed rocks of
undercutting

Figure 10. Diagram for comparing the daily volumes of the
formed cavities and longwall face mine rocks with a
selective mining technology

Analysis of Figure 10 shows that the volume of undercut-
ting rocks destroyed by the shearer and used as backfill mate-
rial is insufficient to completely fill the cavities of the mined-
out area of the longwall face. In this case, the degree of fill-
ing the mined-out area is 40%. The placement of rocks in this
case is like the usual leaving of rocks in the mined-out area.
Complete backfilling of the mined-out area can be achieved
due to certain improvements in the technology of selective
coal mining with backfilling. It is advisable to form in the
mined-out area parallel to the face line through one rock
strips of the backfill mass, compacting it with vibration and
mechanical action. In this case, the volume of undercutting
rocks is enough to backfill up to 90% of the seam thickness.
The volume of destroyed undercutting rocks is 4 times great-
er than the volume of cavities in the gobed drifts following
the longwall face. There is also a variant of backfilling the
cavities of the gobed mine workings with mine rocks of
undercutting, and the rest of the mine rocks are placed in the
mined-out area of the longwall face. However, the degree of
filling decreases to 30%.

In this research, the granulometric composition and loos-
ening coefficient are studied of mine rocks, which are formed
as a result of undercutting the seam bottom in the stope face
and used as a backfill material or production waste for leav-
ing in the mine-out area. An analytical assessment of the
volumes of the formed cavities, as well as the prospects for
their filling with mine rocks is presented.

Further research can serve as a basis for determining the
rational parameters for the formation and placement of back-
fill masses during complex-mechanized selective mining of
coal seams using various methods of backfilling operations.

4. Conclusions

A combined methodology for studying the granulometric
composition of destroyed undercutting rocks has been devel-
oped on the basis of mine and laboratory research using
information technologies, when the collection and delivery of
experimental samples from the stope face is complicated by
production conditions.

It has been determined that the loosening coefficient of
mine rocks destroyed in the stope face by KA-200 shearer
changes according to the logarithmic dependence on
their granulometric composition. The loosening coefficient
within fractions 0-50 mm increases by 33% and fractions
50-140 mm — by 8%. Using the data on the loosening coeffi-
cient, it is possible to control the granulometric characteris-
tics of the backfill material in order to achieve the maximum
backfill mass density and the completeness of filling the
mined-out area.

It has been found that 75% of destroyed rocks contain
fractions up to 50 mm in size, which may well be suitable as
a backfill material with possible mechanical and vibration
backfilling, and do not require a preliminary crushing stage,
as in the case of pneumatic backfilling.

It has been determined that the destroyed rocks in the
face within fractions of 0-140 mm have a bulk density of
1.28 g/cm?, loosening coefficient of 1.7, the voidness of and
the maximum reserve for the backfill mass compaction with
mine rocks is 41.9%.

An analytical assessment of the volumes of the formed
cavities and mine rocks has been performed. It has been de-
termined that the volume of undercutting rocks destroyed by
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the shearer and used as backfill material is insufficient to
completely fill the cavities of the mined-out area of the
longwall face. In this case, the degree of filling the mined-out
area is 40%. Complete backfilling of the mined-out area can
be achieved due to certain improvements in the technology of
selective coal mining with backfilling. It is advisable to form
in the mined-out area parallel to the face line through one rock
strips of the backfill mass, compacting it with vibration and
mechanical action. In this case, the degree of filling the mined-
out area can approach 90% of the seam thickness. The volume
of destroyed undercutting rocks is 4 times greater than the
volume of cavities in the gobed drifts following the longwall
face. The cavities of the gobed mine workings can also be
filled with mine rocks of undercutting, and the rest of the mine
rocks can be placed in the mined-out area of the longwall face.
In this case, the degree of filling decreases to 30%.
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JocaigxeHHs] TPAaHYJIOMETPHYHOT0 CKJIATY HIAXTHHX MOPix
SIK 3aKJIATHOT0 MaTepiay BHPOOJIE€HOT0 MPOCTOPY BYTiIBHUX AXT

M. IlernboBannii, [|. Manamkeswd, K. Cait, €. bynat, B. IlomoBuu

Meta. BuzHadeHHs rpaHyJIOMETPHYHHIX XapaKTEPUCTHK Ta KoedillieHTa pO3IyNIeHHs IIaXTHUX MOPiJ, YTBOPEHHUX Y IPOIIECi OYUCHUX PO-
OiT BiJl IPHUCIKAHHS MOPIJ MiJOIIBH, SIK HOTEHIIIHHOTO 3aKJIaJHOTO MaTepialy Ha OCHOBI KOMIUIEKCY IIAaXTHHX 1 JaOOPaTOPHHUX AOCITIIKECHb.

MeTtomuxka. [y mpoBeieHHs AOCTIPKEHb BUKOPUCTaHA KOMIJICKCHAa METOJIMKA, sIKa CKiIananacs 3 GoTo3HOMKH MacH 3pyHHOBAHHX I10-
Pix mpuCiKaHHS TOPiJ MiIOMIBY Y MIAXTHUX YMOBaxX, HU(GPOBOi 0OPOOKM Ta BU3HAYEHHS I'PAHYJIOMETPUYHOTO CKIIay B IIPOrPaMHOMY IaKe-
Ti, Bi#0OpY Npo0 IMAaXTHHUX HOPiJ HAa MOBEPXHEBOMY KOMILIECKCI, BIATBOPEHHS IPaHyIOMETPUYHOTO CKJIaqy aHAJOT1YHO HATYpHUM LIaXTHUM
yMoBaM y sabopatopii. {1 BU3HAYeHHs TPaHYJIOMETPUYHOTO CKJIaxy Ta Koe(illieHTa pO3MyLICHHS BUKOPHCTOBYBAJINCS CUTOBHH aHAIi3,
nabopaTopHi Bard, 1abopaTopHa €EMHICTb.

PesyabTaTn. BusBieHo B3a€MO3B’SI30K TPaHYJIOMETPUYHOTO CKIIAAY Ta KOeQiIli€eHTa PO3MYIICHHS IMOpiA, SKUA y Mexax (pakmiit
0-50 MM 3pocrae Ha 33%, a ¢pakmiid 50-140 mm — Ha 8%. BcTaHOBIEHO, 110 3pyiHOBaHI IMOPOAM B OYHCHUX BHOOSX y Mexkax (pakIii
0-140 MM MaroTh HacHMHy WIBHICTE 1.28 r/cM®, koedirieHT posmymeHHs 1.7, a iX MyCTOTHICTh i MaKCHMANbHHUI Pe3epB yIIiTbHEHHS —
41.9%. Hanana aHamiTHYHA OIIiHKA OOCSTIB YTBOPEHUX MYCTOT BUPOOJICHOTO MPOCTOPY JIaBH Ta BUPOOOK, 10 MOTAIIAIOTHCS, & TAKOX TepC-
MIEKTUB 1 HIOBHOTH iX 3alIOBHEHHSI IIAXTHUMH IIOPOJaMH.

HaykoBa HoBHM3HA. BcTaHOBJICHO, 1110 KOS(IMI€HT PO3MYIIEHHS MIAXTHUX MOPiJ, 3pyHHOBaHUX B OYHUCHOMY BHOOT OUMCHUM KOMOAHOM
KA-200, 3MiHIO€TBCsI 32 JTorapru(MiuHOIO 3aIEKHICTIO Bii IXHHOTO IPAHYJIOMETPHYHOTO CKIady, IO Ja€ MOXJIMBICTh YIPABIATH TPAaHyIIO-
METPHYHUMH XapaKTePUCTHUKAMHU 3aKJIaJHOTO MaTepially UIsl JOCSITHEHHS MaKCHMAJbHOI IIJIBHOCTI 3aKJIaHOTO MacHBY.

MpakTnyna 3HayuMicTs. JlocmipkeHAS Hamali CIyryBaTUMYTh 0a3010 Ul BCTAHOBJICHHS paliOHATBHUX MapaMeTpiB (OPMyBaHHS Ta
PO3MIIIEHHS 3aKJIaJHIX MacHUBIB IPH KOMIUIEKCHO-MEXaHi30BaHOMY CEJIeKTHBHOMY BHIMAaHHI BYTUIFHHX IDIACTIB Pi3HUMH 3aco0aMu 3xikic-
HEHHS 3aKJIaIHUX POOIT.

Knrwwuosi cnosa: waxmui nopoou, nPUCiKanHs nOpio, OYUCHUL 8UOIL, OYUCHUTL KOMOAUH, SPAHYTIOMEMPUYHUL CKIAO, KOepIiyicHm po3ny-
WeHHs, ni03eMHi nyCmomu, 3aKiaoHull mamepian

HccaenoBanue TPaAHYJOMETPHYIECCKOI0o COCTAaBA HIAXTHBIX MMOPOJX
KaK 3aKJaJ09YHOIr0 MaTepuajaa BBIpaﬁOTaHl—[OFO NPOCTPAHCTBA YIOJbHBIX IIAXT

M. Tletnépansiii, [I. Manamkesud, E. Caii, E. Bynart, B. [Tonouu

Lean. Onpenenenne TpaHyIOMETPUIECKUX XapaKTEPHCTHK M KOI(PPUITHEHTA Pa3phIXJICHUS MAaXTHBIX MOPOJI, 00pa30BaHHBIX B IIPOIIEC-
Ce OYHCTHBIX PaboT OT MPHCEYKH TOPOJI TIOYBBI, KAK MOTEHIIMAIBHOTO 3aKJIaJOYHOT0 MaTepHalla Ha OCHOBE KOMIUIEKCa MIAXTHBIX | J1abopa-
TOPHBIX MCCIIEIOBAHMUI.

MeToaunka. [t IpOBEICHUS UCCIIE0BaHUI UCIIOIb30BaHa KOMIUIEKCHAsE METO/NKA, KOTOpasi COCTOsIa M3 (POTOCHEMKH MacChl pa3py-
IICHHBIX MOPOJ MPHCEYKU TOPO/| MOYBHI B IIAXTHBIX YCIOBHAX, HHU(POBOH 00pabOTKH M ONpeleieHHs rPaHyIOMETPHYECKOro COCTaBa B
HPOrpaMMHOM TakeTe, 0TOOpa Mpo0 MIAXTHBIX MOPOA Ha MOBEPXHOCTHOM KOMIUIEKCE, BOCCO3/IaHHs IPaHYJIOMETPHYECKOI0 COCTaBa aHAJIO-
I'MYHO HATYPHBIM LIAXTHBIM YCJIOBHUSM B Jlaboparopun. s omnpesieneHus rpaHyJIOMETPHYECKOr0 COCTaBa U KO HIIMeHTa pa3phIXJICHHs
HCIIONIB30BAJIUCH CUTOBBIH aHaN3, Ta00OPaTOPHBIE BECHI, JIA00PATOPHAs EMKOCTb.

Pe3yabTarThl. BeisiBieHa B3aMMOCBSI3b TPAHYJIOMETPUYECKOTO COCTaBa M KOA((hHIMEHTa pa3phIXJICHHS MOPOJ, KOTOPHIH B Ipeaenax
¢paxnouit 0-50 mm Bo3pactaeTr Ha 33%, a dpakmuit 50-140 Mmm — Ha 8%. YcTaHOBIEHO, YTO pa3pylICHHBIE MOPOJBI B OYHCTHBIX 3a005X B
npenenax dpaximii 0-140 MM 061a1aI0T HACKHIMHON MIOTHOCTEIO 1.28 r/em, ko3 durmenToM paspeixienus 1.7, a UX MyCTOTHOCTh U MaK-
CHUMaJIBHBIA pe3epB yrmuioTHeHust — 41.9%. JlaHa aHanuTHYecKas OlleHKa 00BEMOB OOpa30BaHHBIX ITyCTOT BBIPAOOTAHHOTO MPOCTPAHCTBA
JIaBBI U MOTAIIAEMBIX BHIPAOOTOK, a TAK)KE MEPCIISKTUB U MOJHOTHI UX 3aMOHEHUS IAXTHBIMH OPOIaMH.

Hayunasi HOBH3HA. Y CTaHOBIICHO, 4TO KOA()(HUIUEHT pa3phIXICHHs MIAXTHBIX MOPOJ, Pa3PyIICHHBIX B OYUCTHOM 3a00€ OYMCTHBIM KOM-
6aitnom KA-200, n3mensieTcst o jtorapu)MUUeckoll 3aBUCUMOCTH OT UX TPaHyJOMETPHYECKOTr0 COCTaBa, YTO JIaeT BO3MOXKHOCTH YIPABISATH
IpaHyJIOMETPHYECKUMH XapaKTePUCTHKAMHM 3aKJIaJOYHOTO MaTepHaa JUisl JOCTH)KEHNS] MaKCUMAIIbHOH TUIOTHOCTH 3aKJIaI04HOTO MacCHBa.

IIpakTHYecKasi 3HAYMMOCTD. ViccnenoBanys B JalbHEHIIEM MOCTyKaT 0a30i VISl YCTAHOBIICHHS PALlMOHAJIBHBIX apaMeTpoB (HOpMH-
pOBaHMS M pa3MELICHUs 3aKJIaJJOYHBIX MAaCCHBOB IPH KOMILUIEKCHO-MEXaHU3HMPOBAHHO CEJIEKTUBHOIN BBIEMKE YrOJBHBIX IIIACTOB Pa3iny-
HBIMH CPEJICTBaMU MPOU3BO/ICTBA 3aKJIaI0YHBIX PaboT.

Kniouesuvie cnosa: waxmmuvle nopoosi, npuceyka nopoo, O4UCmMHOU 3a60M, OUUCMHOT KOMOAUH, 2PAHYIOMEMPUYECKUTI COCMAB, KOIPpu-
YueHm paspuiXaenust, NOO3eMHble NYCMONbl, 3aKAA00YHbIL MAMepUan
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