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PECULIARITIES OF MINING THE PROTECTING PILLAR IN THE LAMINAL
MASSIF OF SOFT ROCKS

Purpose. Increasing the completeness of mining coal reserves from protecting pillars located in a laminal massif of soft rocks
in the roof and bottom in order to reduce the coal losses in mines and horizons in case when mining operations are at the stage of
completion.

Methodology. A geomechanical model is developed for research into mining of protecting pillars influenced by stope works,
taking into account the laminal massif and rheological processes of creep deformations and stress relaxation of the rock massif.
Numerical modelling and analysis of the stress-strain state of the massif are conducted. Conclusions are drawn in terms of sub-
stantiation of the technical solutions for mining the protecting pillars.

Findings. New patterns have been determined of the stress-strain state of a laminal rock massif in the zone influenced by stope
works. A geomechanical model has been developed for mining the protecting pillars with account of rheological processes in the
rocks, and the technological parameters of mining the coal from longwall faces have been substantiated. A possibility is provided
for repeated use of mine workings by introducing a resource-saving fastening system.

Originality. The patterns have been determined of the frontal bearing pressure zone displacement ahead of the longwall face
during mining the protecting pillars, as well as the concentration factor Ky = 1.1—1.3 at a height from the ¢, coal seam up to 18—
20 m, when contacting the thick siltstone. It was found that the calculated compressive resistance is by 4.2 times higher than the

value of acting 6, and, according to this factor, siltstone maintains continuity through all its thickness. When approaching the c(l7
seam, vertical stress concentration increases and is already Ky = 1.9—2.7. Based on the account and analysis of these factors, one
can assert that the roof of the seam and the seam itself are not destroyed.

Practical value. Technological solutions have been developed for mining the protecting pillars to increase the completeness of
coal reserves extraction while reducing its production costs and increasing the safety of stope operations by means of decreasing

the rock pressure onto powered support.
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Introduction. The technologies of mining a coal seam in a
descending order are widely used not only in the Western Don-
bas conditions and in the geologically similar Lviv-Volyn Coal
Basin, but also have a long history of application in other coal-
mining countries. The relevance of studying this problem is dif-
ferently vectored, for example, conditioned by the necessity to
ensure mine workings stability during the period of stope works,
conducted both in the overlying seams and underlying seams.
That is, the influence of overworking and underworking of the
mine rock massif should be taken into account. On the other
hand, after the mine field section of the overlying seam is mined
out, considerable coal reserves still remain in various kinds of
the protecting pillars. Their extraction provides not only a more
complete coal recovery, but also a significant reduction in cost
for its output. This is facilitated by a number of factors:

- protecting pillars are partially or fully surrounded by
mine workings, which sharply reduces the cost for their prepa-
ration to extraction;
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- protecting pillars, previously planned for mining, have
significant dimensions in order to reliably restrict the influence
of stope works in the specific Western Donbas conditions
(slightly metamorphized rocks occurring in the coal-bearing
stratum); consequently, substantial coal reserves are concen-
trated in the pillars, and their mining in a number of mining-
engineering situations is possible using traditional technolo-
gies;

- laminal coal-bearing massif of the Western Donbas soft
rocks is characterized by an active flow of rheological process-
es (creep deformations and stresses relaxation), which contrib-
utes to “smoothing” the concentrations of bearing pressure
and the consolidation of fully or partially broken rocks in the
mined-out space (after previous stope works operation), which
borders on the protecting pillar;

- in most cases, the preparatory mine workings that sur-
round the protecting pillar are being filled, which eliminates
the costs for their further maintenance; if it is necessary to pre-
serve such mine workings, the conditions for their mainte-
nance are improved by unloading the surrounding massif from
the side of the previous periods of stope works operation and

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N° 5 17



partial relaxation of the lateral bearing pressure in the process
of mining the protecting pillar;

- low mechanical characteristics of lithotypes of the lami-
nal coal-bearing massif do not allow extended consoles over-
hanging and, thereby, they restrict the load on the powered
support of the stope complex in case of appropriate velocities
of the longwall face advance, which increases the operational
safety. In addition, a partial weakening of the coal seam in the
stope face enables intensification of coal mining process.

The above-mentioned and other factors of a predominant-
ly geomechanical nature form a certain specificity of mining
the protecting pillars in the slightly metamorphized Western
Donbas rocks. This requires a more detailed research in terms
of substantiating the current direction to increase the com-
pleteness of the coal reserves extraction while reducing its pro-
duction costs [1]. Aseries of studies, conducted both in
Ukraine [2] and abroad [3], are devoted to this direction. Par-
ticular attention is focused on mining and geological [4], hy-
drogeological [5] as well as mining-engineering conditions for
mining the coal seams [6].

Purpose. Mining-and-geological and mining-engineering
conditions for mining the protecting pillars are quite diverse
even within the limits of a separate coal-bearing region — the
Western Donbas [7]. Therefore, it is expedient to consider this
geomechanical problem using a specific example
(M.I. Stashkova Mine of the “Dniprovske” MM) to protect
the underlying steep-dipping ventilation crosscut No. 1 (SVC
No. 1) of the seam c5, which is maintained in the bottom of the

seam ¢s+ci. The issues of state of the SVC No. 1 of the seam
¢s, influenced by overworking, will not be studied here. More-
over, according to the general expert assessment in the studies
|8] for similar Western Donbas conditions and the computa-
tional experiment results, specifically for the conditions under
consideration, a unified opinion has been formulated about
the absence of stope works negative influence along the seam
¢ It is expedient (from an economic and technical point of
view) to mine the reserves of a protecting coal pillar. The re-
serve volume is about 160 thousand tons, and the dimensions
of the extraction area (576 m long and 165 m wide) fully allow
it to be mined-out by traditional technology using a coal ex-
tracting complex).

The peculiarities of the geomechanical processes of the
coal-overlaying formation displacement should be studied us-
ing a rather complex research object — a laminal coal-bearing
massif of soft rocks, the mechanical properties of which are
additionally reduced under the negative influence of fracturing
and moisture saturation of most lithotypes [9] constituting this
massif.

The research object complexity is demonstrated by a geo-
mechanical sheet in the protecting pillar location, shown in
Fig. 1. To illustrate the effect of the rock pressure anomalies
development in the presented laminal massif of soft rocks, a

Fig. 1. Geological sheet in the area of the protecting pillar of the
seam cg to protect the SVC No. 1 of the seam c;s in
M. I. Stashkova Mine

prediction scheme is constructed (Fig. 2). In the scheme, the
propagation of the frontal bearing pressure zone with the con-
centration criterion K|, of vertical stresses o, (K, = c,/yH > 1)
and the unloading zone (K, < 1) is shown at a qualitative level.
A widely used parameter yH is applied here, which reflects the
initial geostatic vertical pressure in the virgin massif: y —
weight-average unit specific gravity of rocks over the depth H
of the protecting pillar location. These rock pressure anoma-
lies are shown in the bottom of the seam ¢ in order to simplify
the visualization, but they also have a mirror reflection in the
roof of the seam.

In general, the rock pressure anomalies development will
be assessed beginning with the roof of the mined seam c¢g. Its
immediate roof is represented by argillite with an average
thickness of about 2.4 m, which is characterized by the geo-
logical mine service in the range from rather unstable to very
unstable, prone to collapse. There are several reasons for this:
the argillite structure is laminal with weakened coherence be-
tween the layers, and the mica admixture shows signs of a “fri-
able” roof; there is fracturing at the level of 6—8 fr./m; argillite
occurs between two water-flooded lithotypes (seam ¢ and
sandstone), which reduces its average compressive resistance
tO Gomyr = 4.5 MPa. The mentioned reasons suggest the argil-
lite collapse straight behind the fencing of the powered sup-
port sections without formation of any extended rock cantile-
vers. Consequently, the argillite in the immediate roof is not
able to create a significant concentration of vertical stresses o,
and, most likely, the unloading zone will not propagate for a
considerable distance towards the roof and bottom of the
seam cg.

The first rock layer of the main roofis represented by sand-
stone with a thickness of 0.9—1.2 m; its compressive resistance
in a moisture-saturated state is G,,,,. = 6.7 MPa; fracturing
intensity is 8—10 fr./m. All mentioned factors indicate an un-
stable sandstone state and its obligatory collapse without can-
tilevers hanging (behind the longwall face) for any significant
distance. Therefore, the bearing pressure zone ahead of the
stope face will be characterized by moderate stress concentra-
tions with their restricted development ahead of the longwall
face; behind it, collapsing sandstone creates, being weakened,
a bearing to the overlying thick argillite, which leads to a re-
duced level of unloading and a moderate height (depth) of this
zone propagation.

The second layer of the main roof is represented by argil-
lite with thickness of up to 6.8 m. Despite the occurrence of

Fig. 2. Prediction scheme of the rock pressure anomalies devel-
opment when mining the protecting pillar of the seam cg:

frontal bearing pressure zone; -——-— unloading zone behind
the longwall face
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argillite between two water-flooded lithotypes (below it —

sandstone, above it — seam ¢, ) and due to its thickness, it is
exposed to local moisture saturation only in areas of contact
with water-flooded lithotypes. Therefore, the mine surveying
service characterizes basic state of argillite as naturally moist,
in which most of its thickness has an average compressive re-
sistance of G, = 20.6 MPa. On the other hand, the laminal
and micaceous argillite structure, as well as the level of its frac-
turing of 6—8 fr./m does not, in our opinion, contribute to the
formation of rock blocks with significant dimensions. Then,
the zone of hinged-block displacement will be composed of
relatively small rock partings with a limited length of the rock
cantilever overhang over the mined-out space. This makes it
possible to predict a considerable moderate stress concentra-
tion and dimensions of the frontal bearing pressure zone. Giv-
en the small depth of mining (at an average of 180 m), we con-
sider that the zone of hinged-block displacement, as well as
the entire area of active shifts of the coal-overlaying formation,

will propagate into the main roof to the seam ¢; and in total
will be of 10.5—11.2 m in height. At the same time, an in-
creased deformability of rocks in this area leads to insignificant
stress concentrations in the zone of frontal bearing pressure
and a reduced degree of unloading in the area of mined-out
space (Fig. 3).

Thus, the outlined concepts provide the basis for predict-
ing a moderate development of the zones of frontal bearing
pressure and unloading in the bottom of the seam ¢4 (Fig. 2);
further on, the state of each adjacent lithotype will be studied
in more detail.

The immediate bottom of the water-flooded coal seam c;
is represented by argillite with a thickness of 3.5 m, mainly of a
laminal structure, which is swelled in water for several hours
and intensively heaved according to the geological prediction
data. Even in a naturally moist state, it has a very low compres-
sive resistance of G, = 11.4 MPa, and when water satura-
ted — Gy = 3.6 MPa. The underlying argillite layer with a
thickness of up to 0.8—0.9 m, separated by a coal interlayer
with a thickness of up to 0.2 m, has similar properties. The
total thickness of adjacent bottom is about 4.5—4.7 m; its very
low strength properties, especially in the water-saturated state,
make it possible to suggest the active weakening of rocks under
the influence of bearing pressure and acquisition of the prop-
erties of easily deformable medium. Such a state of both argil-
lite layers leads to a damping effect development, which con-
tributes to an intensive decrease in both the stresses concentra-
tion value and the area of the frontal bearing pressure zone
propagation; such a visco-plastic medium very actively “ab-
sorbs” any rock pressure anomalies. Therefore, it is possible to
predict a significant restriction of the frontal bearing pressure
propagation both towards the bottom of the seam ¢, and to-
wards its roof.

Below, there is a siltstone layer (mainly of 2.0 m thick-
ness), which is also characterized by low compressive resis-
tance: in the naturally moist state G.,,,. = 13.2 MPa, and with
account of stratification and fracturing (8—10 fr./m), its damp-
ing properties make a certain contribution to restricting the
height (depth) of frontal bearing pressure zone propagation.

An argillite layer with a thickness of 5.8—6.0 m is located
under siltstone. It also belongs to the category of very soft
rocks — it has a low compressive resistance (G, = 12.9 MPa)
in a naturally moist state and is quite easily deformable. In our
opinion, due to its thickness, argillite finally “dampens” the
frontal bearing pressure zone, which does not propagate deep-

er towards the seam ¢5+c%.

The clearly observed damping properties of lithotypes in
the bottom rocks of the seam c¢¢ for a very significant total
thickness make it possible to predict a restricted propagation
of the unloading zone.

In general, according to the analysis results of the compo-
sition and mechanical properties of lithotypes, a conclusion
has been made about the relatively favourable conditions for
mining the protecting pillar of the seam cg:

- the frontal bearing pressure zone ahead of the longwall
face has a restricted propagation with predominantly reduced
stress concentrations. This makes it possible to predict a mod-
erate load on the sections of coal extracting complex and the
support of extraction mine workings adjacent to the longwall
face;

- the unloading zone behind the longwall face does not
propagate for significant distances towards the roof and the
bottom of the seam c¢¢ due to the property of soft rocks free-
collapsing in the immediate roof and, thereby, creating an ac-
tive bearing to lowering the main roof; therefore, in case of
necessity to maintain extraction mine workings behind the
longwall face, a moderate development of rock pressure mani-
festations towards the bottom should be expected.

To confirm the preliminary conclusions, a computational
experiment was performed to calculate the stress-strain state
(SSS) of the rock massif, enclosing the protecting pillar of the
seam cg. A widely tested finite element method was used as a
calculation technique.

The geomechanical model of the studied object was con-
structed in compliance with existing recommendations [10]
and using the modelling experience [11] for the laminal massif
conditions of the Western Donbas soft rocks.

The geometrical model dimensions were substantiated on
the basis of the following considerations (Fig. 4). Model height
(vertical coordinate Y) is selected from the damping condition
of the SSS components perturbations caused by stope works at
the upper and lower boundaries. Here, the stresses compo-
nents fluctuations are reduced to the level of 5—10 % of the
value characterizing the initial state of the virgin massif; such a

a

b

Fig. 3. Example of the vertical stresses o, distribution in fastening and security systems depending on the roof rocks structure:

a — predominantly thick-bedded; b — predominantly thin-bedded
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Mined-out space when mining
a protecting pillar

Powered support section simulator

Mined-out space for the previous periods

Fig. 4. Geomechanical model of mining the protecting pillar of
the seam c,

state, for example, for vertical stresses o, is determined by the
value of yH. According to a preliminary assessment of the
height (depth) of the rock pressure anomaly propagation to-
wards the roof and bottom of the seam c¢g, the model height
Y=28 m is quite sufficient.

The model length in the coordinate X parallel to the longi-
tudinal axes of the extraction mine workings and to the pro-
tecting pillar length is determined by the following conditions:
to the rise of the seam ¢4 ahead of the longwall face, the frontal
bearing pressure zone should disappear at the lateral boundary
of the model; to the dip of the seam behind the longwall face,
the unloading zone propagation should be stabilized towards
the roof and bottom of the seam ¢4 at the opposite lateral
boundary of the model. Based on mine instrumental observa-
tions and numerous computational experiments for the West-
ern Donbas conditions, the total model length was adopted
(with some safety factor) to the rise of the seam ¢ X'= 150 m.

According to the model width (coordinate Z along the
strike of the seam c¢4), which is in parallel to the length of the
longwall face, it is necessary to represent the following compo-
nents: the extraction site width, two mine workings connected
with longwall face and two areas of mined-out space adjacent
from both sides to the protecting pillar of the seam c¢. In these
areas, during previous periods of stope works operation, cer-
tain stress relaxation and collapsed rocks consolidation oc-
curred. As a result, the influence intensity of the lateral bearing
pressure zones decreased, and the residual rock pressure un-
evenness in the borders of the mined-out space acts within the
limited area (along the coordinate Z), which is adjacent to ex-
traction mine workings. The width of these areas according to
studies [12] for the Western Donbas conditions does not ex-
ceed 15—25 m. If to summarize the dimensions of all compo-
nents with a certain margin, the model width is taken to be
Z =250 m.

The mechanical characteristics of lithotypes that compose
the model were chosen according to the Geological Survey
data of mines, research of the Institute of Geotechnical Me-
chanics named by N. Poljakov of the NAS of Ukraine and
works [2] on studying the physical-mechanical properties of
the Western Donbas rocks. The influence of factors (stratifica-
tion, fracturing, moisture saturation and rheology) weakening
the rock was taken into account based on the methodology
[13]. The mechanical properties of collapsed and consolidated
rocks in the mined-out space were determined on the basis of
research [14].

The model borderline conditions were specified on its sur-
faces in accordance with generally accepted principles for cal-
culating the SSS of geomechanical objects using the finite ele-
ment method. The geostatic pressure (c, = yH = 4.5 MPa) of
the virgin massif acts on the upper surface at a depth of
H =180 m. At the lower model boundary, the condition of a
“rigid base” was used. The condition “symmetry” was applied

on all lateral surfaces, which reflects the rock massif effect be-
yond the model boundaries. It should also be noted that to
eliminate some SSS distortion near the model surfaces (under
the influence of borderline conditions), one extreme rock layer
of argillite with a thickness of 10 m each was added in the roof
and bottom. These extreme layers serve to compensate the
possible frontier distortions of the SSS massif, and with its fur-
ther analysis, they are excluded from consideration.

The final stage of the geomechanical model substantiation
is reflecting the internal forces created by the reaction of the
mechanized support of the stope complex and the support of
the extraction mine workings. The experience of modelling
the repulse of the powered support section to the rock massif,
surrounding the longwall face, has substantiated a technologi-
cal technique simple enough for conducting a computational
experiment. This technique enables the simulator to reflect the
reaction in the form of a rectangular prism with the dimen-
sions of the powered support as a whole in both transverse and
longitudinal sections of the longwall face [15]. The mechanical
simulator properties are specified in accordance with the type
of powered support in compliance with its technical character-
istics: the maximum value of repulse (load-bearing capacity),
the sliding ability of hydraulic prop stays of the sections, esti-
mated yield limit of steel of its roofing. At the same time, the
real deformation-strength characteristic of the powered sup-
port operation is reflected at the minimum costs of a computa-
tional resource. As for an error, as a result of such idealization,
modelling of the real KD-90 powered support structure,
which is widely used in the Western Donbas, showed moderate
differences in the stresses components distribution only in the
rocks of the immediate roof and bottom to a height (depth) of
0.8—1.5 m. In more remote areas of the massif, the error does
not exceed 1—4 %.

In regard to the reaction of extraction mine workings sup-
port, it is not modelled at all for the following reason. The tra-
ditional structures reaction of frame supports is at least by
1—1.5 orders of magnitude lower than the value of the stress
components in the rock massif. The works [16] indicate the
insignificant effects of the support reaction on the SSS of even
an adjacent massif with the exception of border rocks at a dis-
tance of 1.0—1.5 m. In addition, the lack of support reaction is
added to a certain safety factor for predicting the stability of
the studied massif [17].

The substantiation of the above assumptions and idealiza-
tion against the background of its small error allows, as practi-
cal experience shows [18], ensuring the stability of the SSS
calculation procedure, especially for such large-scale objects
as the studied geomechanical system.

The developed geomechanical model was tested for con-
sistency with existing concepts about the processes of coal-
bearing massif displacement when conducting stope works
[19]. Positive test results provided the basis to conduct a full-
fledged computational experiment.

Problem solving and analysis of the results. Within the
framework of a substantiated geomechanical model for mining
the protecting pillar of the seam ¢, a computational experi-
ment made it possible to determine the SSS of the laminal
massif of soft rocks; through its analysis, a number of pecu-
liarities of the vertical ,, horizontal c,, and stresses intensity
o components distribution has been determined; in such a se-
quence, the analysis results are presented with the use of indi-
cators K,, K,, K, and K, reflecting the value of the corre-
sponding components with respect to the initial virgin massif
state.

On the curve of vertical stresses o, (Fig. 5) in the roof of the
seam cg, the frontal bearing pressure zone is clearly observed
ahead of the longwall face, when mining the protecting pillar.
The following parameters of the frontal bearing pressure zone
were determined. A very weak influence of the stope face (con-
centration criterion K, of 1.1-1.3 level) can be observed at a
height (from the seam c¢z) to 18—20 m, affecting thick siltstone.
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Fig. 5. Curves of the vertical stresses G, in the coal-bearing massif

Its calculated compressive resistance is many times greater than
the acting stresses ¢, and, by this factor, siltstone retains conti-
nuity over its entire thickness. When approaching to the seam c;,
the vertical stress concentration increases and at the height of

the seam ¢} occurrence it is already K, =1.9-2.7, which in ab-
solute units is up to 12 MPa. Such a value of compressive stress-
es g, is significantly lower than the calculated compressive resis-
tance of coal (by 2.56 times) and argillite (by 1.72 times) occur-

ring in the roof of the seam ¢;. It can be concluded that accord-
ing to the factor of the vertical stresses o, action, the rocks in the

roof of the seam ¢, and the seam itself retain continuity.
A different pattern is observed in the bottom rocks of the

seam ¢}, up to the seam c,, which is being mined; this parting
with a thickness of 10.4 m is significantly weakened by water-
flooded lithotypes, the compressive resistance of which be-
comes many times less than the acting concentrations of c,.

Thus, in the argillite of the seam ¢, bottom, the compressive
stresses 0, act in the main range of 9—14 MPa, and its com-
pressive resistance in the water-saturated state is Gy, =
= 3.1 MPa according to the data of mining-and-geological
prediction. In the lower part of the argillite thickness, o, in-
creases to values of 17—23 MPa, and it is in contact with water-
flooded sandstone and, most likely, is exposed to moisture
saturation. This area of argillite propagates in height up to
2.5—2.8 m, and to the rise — up to 8—9 m and is definitely ex-
posed to weakening with loss of stability. As a result, the stabil-
ity of argillite throughout its thickness of 6.8 m is doubtful:

- in the upper part there is a moisture saturation from the

seam ¢, and the compressive resistance of argillite becomes by
2.9—4.5 times less than the compressive stresses 6, acting here;

- in the middle part of the argillite thickness, the influence
of moisture saturation is weakened, but o, grows, approaching
the value c,,,,. in a naturally moist state;

- the previously mentioned lower part of the argillite thick-
ness is exposed to moisture saturation from the sandstone, and
the o, acting here are by 5.5—7.4 times higher than the com-
pressive resistance.

Thus, the collapse of weakened argillite behind the stope
face is quite predictable.

The underlying water-flooded sandstone has a small thick-
ness of 1.2 m, but the main factor of its instability is a low com-
pressive resistance (G, = 6.7 MPa) in a water-saturated
state. At the same time, compressive stresses 6, = 19—27 MPa
act in sandstone, many times exceeding G,,,,, and leading to
its destruction.

Argillite with a thickness of 2.4 m is located under the wa-
ter-flooded sandstone, which represents the immediate roof of
the water-flooded coal seam c4. Obviously, argillite is exposed
to moisture saturation, in which its compressive resistance de-
creases to G, = 3.1 MPa. The vertical stresses c,, acting in

argillite near the stope face (to the rise of the seam in the area
of up to 4—5 m long) reach 23—48 MPa, which unambigu-
ously weakens the immediate roof (ratio /G o, = 7.4—15.5)
even before the longwall face approach.

In the coal seam ¢¢ being mined, on its border (0.7—1.2 m
wide), the highest concentrations of o, = 50—60 MPa are
formed, which are by 1.63 times higher than the coal compres-
sive resistance (G, = 30.7 MPa) and create the so-called
zone of its pressing-out.

In general, the following conclusions can be made about
the state of the roof rocks in the seam cg under the action of
vertical stresses G, in the zone of frontal bearing pressure ahead
of the longwall face:

- the roof rocks weakening is predicted up to a coal seam
¢t to a height of 10.4 m; in this case the vertical pressure from
the unstable rocks weight will be approximately 250 kPa;

- the load-bearing capacity of sections of the applied pow-
ered supports is approximately by 2 times higher than the pre-
dicted vertical rock pressure, which could ensure trouble-free
longwall face operation;

- very unstable water-flooded and weakened immediate
roof of the seam ¢4 does not allow any significant areas of out-
cropping and requires the powered support sections to be
closed immediately after the shearing machine passage;

- for the above reason, collapse of the immediate roof
rocks will occur near the section fencing and “heave” the over-
lying layers of the main roof due to the sufficient thickness
(2.4 m) of argillite in the immediate roof; due to this process
the main roof layers rest upon the collapsed rock straight be-
hind the longwall face, which leads to a decrease in the load on
the sections of the powered support;

- the phenomenon of intense pressing-out of coal in the
stope face contributes to a sharp decrease in the power inten-
sity of its destruction, which allows the shearing machine to
operate with higher speeds of supply; the latter circumstance
favourably affects the reduction of vertical rock pressure on the
powered support.

In the border parts of the protecting pillar, adjacent to the
extraction mine workings, the concentration criteria K, the
frontal bearing pressure zone are slightly reduced, which is
conditioned by the repulse of consolidated rocks of the mined-
out space for the previous periods of stope works. The most
significant influence of about 25—40 % was recorded for in-
creased concentration K, levels in the rock layers adjacent to
the mine workings. The revealed peculiarity of g, distribution
is favourable in terms of reducing the load on mine workings
support and increasing, thereby, their stability.

The field of horizontal stress g, distribution indicates the
formation of a concentration K, = 2.6—5.7 in the immediate
roof of the seam ¢, This concentration in the absolute mea-
surement is not so significant (5—11 MPa), but destructive, if
compared with a very low compressive resistance G, =
=3.1 MPa of the water-saturated argillite. This area propagates
over the entire argillite thickness, and to the rise it has an ex-
tent of up to 20—23 m, including straight over the entire width
of the longwall face. Thus, according to the factor of horizon-
tal stress o, action, the total destruction of argillite in the im-
mediate roof is predicted, which, due to its thickness (2.4 m),
“heaves” the overlying layers of the main roof straight behind
the fencing of the powered support section; the repulse reac-
tion of the collapsed rocks reduces the displacement activity of
the coal-overlaying formation and the load on the longwall
face support.

The nearest lithotype of the main roof — water-flooded
sandstone — is also characterized by low compressive resis-
tance of G, = 6.7 MPa. For comparison, for the most part of
the concentrations o, area extent (up to 40—48 m), their level
of 6—13 MPa causes either the limiting state of sandstone or its
weakening. Directly above the longwall face and behind the
support section, the concentrations act K, = 13—18 of com-
pressive stresses o, = 25—35 MPa at a distance of 2 m. They
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definitely destroy sandstone, supplementing (in height) the
zone of uncontrolled collapse and enhancing repulse reaction
against the overlying main roof layers.

Above the water-flooded sandstone, a thick argillite oc-
curs, which is in contact with the water-flooded coal seam ¢;.
Obviously, not all argillite experiences moisture saturation due
to its thickness of 6.8 m, but its parts that are in contact (above
and below) with water-flooded lithotypes will surely lose com-
pressive resistance to a value of G, = 3.1 MPa. At the same
time, two areas with increased o, =4—6 MPa are formed along
the entire argillite thickness: the first area with a width (to the
rise) up to 9—10 m is located at a distance of 8—9 m from the
stope face; the second area with a width of 17—20 m is located
above the longwall face and in the mined-out space. Argillite
in the noted areas is exposed to partial weakening and some
part of it is involved in the formation of the load on the pow-
ered support.

The overlying lithotypes, beginning with the seam c}), are
in a stable state due to the compressive resistance which sig-
nificantly exceeds the value of acting stresses G,.

Thus, according to the criterion of influence of the hori-
zontal stresses, it can be stated that the weight of stable rocks
above the longwall face is less than half of the powered support
load-bearing capacity. This is facilitated by the formation
straight behind the sections fencing of a sufficiently thick zone
of uncontrolled collapse, which creates an active bearing to
lowering the overlying layers of the main roof.

In the coal seam ¢4 being mined, the maximum concentra-
tions of o, = 20—30 MPa (K, = 10.4—15.5) are concentrated
ahead of the stope face at a distance of up to 3.0—3.5 m. They
do not exceed the compressive resistance of coal, even in a
water-flooded state, which indicates the stability of the seam ¢;
by the factor of &, action.

In the rocks of the seam ¢4 bottom, weakening from the
action of horizontal stresses o, propagates to a depth of 6.0—
6.5 m. As noted earlier, this area develops a “damping effect”,
which restricts the value and area of concentration ¢, propaga-
tion in the frontal bearing pressure zone. This is positive in
addition to its manifestations in the form of a load on the sec-
tions of powered support in the longwall face.

A similar positive effect is observed in the areas of massif
surrounding the extraction mine workings. But here the influ-
ence of the mined-out space of collapsed and consolidated
rocks after the previous periods of stope extraction of the seam
¢ is also added. This influence of the “yieldable environment”
is totalized with the previous “damping effect”, as a result of
which the maxima o, in the adjacent rock massif are reduced
by 1.3—2.1 times for various levels of horizontal stresses con-
centration. Therefore, it is possible to predict a decrease in the
intensity of rock pressure manifestations in the extraction
mine workings based on the factor of the component ¢, action.

Another horizontal component, representing stresses o, is
more interesting near the extraction mine workings, since
across the main width of the protecting pillar it varies in a rath-
er limited range without formation of significant o, perturba-
tions.

Around the extraction mine workings in their roof a zone
of moderate unloading is formed, while in the sides — an area
of increased rock pressure.

In the unloading zone, the lithotype bending is directed
into the mine workings cavity. Therefore, in the central part of
an arch in each adjacent rock layer, an area of reduced (up to
o, = 0) stresses is formed in the lower (by thickness) rock
bands, and in the upper rock bands — a small concentration of
compressive stresses o, of K, =1.5—-3.5level. In the lateral arch
parts, the areas of unloading and g, concentrations interchange
within the lithotype thickness. Weakening of rocks in the mine
working arch under the action of ¢, can be predicted only in
the immediate roof of the seam ¢4, represented by very soft
argillite. If we consider the upper ripping of the extraction
mine workings, the height of the unstable rocks arch does not

exceed 1.6—2.0 m, and the load from their weight is 200—
250 kN/m:; this value approximately corresponds to the work-
ing resistance of the frame support made of the special profile
SCP-22(27), being set along the mine working with a step of
1.0 m. Therefore, the vertical load on the support can be ex-
pected of quite a moderate value.

In the sides of the extraction mine workings of the in-
creased rock pressure zone, they have an asymmetric (with
respect to the vertical axis) pattern of o, distribution. Ahead of
the longwall face in the frontal bearing pressure zone, the con-
centration of o, is higher from the side of the coal pillar, and
behind the longwall face — from the side of the mined-out
space after the previous periods of the stope extraction of the
seam cg. But, in both of the noted areas, weakening of the side
rocks is quite limited: in the sides of mine workings — 1.2—
2.7 m, towards the roof — up to 2.4 m, towards the bottom — up
to 3.5 m. It should be taken into account that the weakened
rocks displacements in the sides partially “absorb” the col-
lapsed and consolidated rocks themselves. This allows suggest-
ing the development of a moderate lateral load on the frame
support of the extraction mine workings.

In general, two conclusions can be drawn by the factor of
horizontal stresses , action:

- the component o, does not induce the development of
roof rocks weakening in the longwall face above the seam ¢,
thus, the load on the powered support still does not exceed
50 % of its load-bearing capacity;

- around the extraction mine workings, a moderate differ-
ently vectored rock pressure is predicted at the level of working
resistance of traditional frame support structures.

In the final part of the SSS analysis of the soft rocks lami-
nal massif, the peculiarities of the stresses intensity o distribu-
tion field are studied; it should be recalled that this parameter
is the most informative when assessing the rock state: prelimit-
ing or superlimiting.

The upper rock layers of the studied coal-bearing stratum,
representing the roof of the seam ¢, are characterized by a
moderate distribution of ¢ in the main interval of 3—10 MPa.
On this background, a thick siltstone stands out, in the upper
part of which the stresses intensity increases to ¢ = 14—18 M Pa.
However, the compressive resistance of siltstone
G eompr = 25.9 MPa in the naturally moist state exceeds the level
of ¢ concentrations, and, therefore, it is necessary to predict
the maintenance of its continuity throughout this lithotype
thickness.

The rest of lithotypes in the roof of the seam ¢} and the
seam itself are influenced by o, the level of which is many
times lower than the corresponding values of compressive re-
sistance of these rocks. This leads to the conclusion about the
stability of rocks in the roof, including the seam ¢;.

Thick argillite occurs in the bottom of the seam ¢;, which,
when being water-saturated, sharply reduces its compressive
resistance to o, = 3.1 MPa. This process is enhanced by the
location of argillite above the water-flooded sandstone and
under a water-flooded seam ¢}. Given the significant argillite
thickness of 6.8 m, it is possible that not all of its thickness will
be saturated with moisture. Although, we should take into ac-
count the average level of fracturing, which intensifies the pen-
etration of mine water into the middle part of the argillite
thickness. Therefore, with a high degree of probability and
with some safety factor of prediction, it is expedient to con-
sider the strength characteristic 6., = 3.1 MPa of water-sat-
urated argillite.

Based on the above considerations, the field of the stress

intensity o distribution in the argillite of the seam ¢, bottom
and the main roof of the mined seam ¢4, was analysed. In the
upper part of the argillite thickness (about 2.5—-2.8 m), ¢ =
= 10—13 MPa act, which propagate to the rise at a distance of
up to 8—9 m. The indicator 6/G,,,,, = 3.2—4.2 clearly evidenc-
es the process of weakening in the upper part of the argillite
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thickness. In its lower part, the concentration ¢ increases to
the level of 15—33 MPa and, thereby, contributes to the argil-
lite destruction. Thus, a significant rock volume in the main
roof of the seam ¢, represented by argillite, is in an unstable
state over the entire thickness and up to 8—10 m to the rise.

The indicated unstable rocks volume (in the frontal bear-
ing pressure zone) induces weakening of the underlying lithot-
ypes: of water-flooded sandstone in the main roof and water-
saturated argillite in the immediate roof of the seam cg. This
process is promoted by the following circumstances:

- in water-flooded sandstone with a compressive resistance
of Gomyr = 6.7 MPa to the rise at a distance of 27—29 m,
o = 9—15 MPa act; across the width of 18—20 m, o = 17—
33 MPa are propagated, and over an area with a length of 3.0—
3.5 m, the stresses intensity reaches a maximum of 35—
40 MPa;

- in the water-saturated argillite of the immediate roof with
a compressive resistance of 6, = 3.1 MPa, the area of break-
ing stresses o is reduced, occupying to the rise the width of: up
to 6.5—7.0 m for 6 = 9—15 MPa; up to 5—6 m for o = 17—
33 MPa and up to 1.0—1.5 m for 6 = 35—45 MPa.

The data presented indicate a definite collapse (in the
frontal bearing pressure zone) of sandstone in the main roof
and argillite in the immediate roof. In such a way, the total
thickness of unstable rocks in the roof of the seam ¢ is 10.4 m,
which forms a vertical load of about 230—250 kPa. The pow-
ered support of the stope face has a maximum resistive reac-
tion exceeding approximately twice the specified vertical rock
pressure. Thus, with an appropriate performance of techno-
logical operations there is no danger to set the stope complex
onto a “rigid base”.

The second conclusion concerns the formation of uncon-
trolled collapse zone straight behind the fencing of the pow-
ered support sections. It is proved by the fact that in the argil-
lite of the immediate roof, the indicator 6/G,,,, reaches 10.6—
14.5; in the sandstone of the main roof it is 4.9—6.0; in the
overlying thick argillite of the main roof, it is 3.2—10.6. With
such ratios of acting ¢ and compressive resistance G, of
lithotypes, any extended rock cantilevers are not formed.
Moreover, the process of uncontrolled collapse begins straight
near the fencing of the powered support section and develops
to a considerable height towards the roof. In this case, the col-
lapsed rocks immediately create reliable bearing to the overly-
ing massif of coal-overlaying formation; for example, at a dis-
tance of 0.5—1.0 m behind the longwall face, the value o is
stabilized at the level of 80—90 % of the state of the virgin mas-
sif. Consequently, the practical absence of significant rock
cantilevers reduces the load on the powered support, and with
the rhythmic advancing the stope face, the reliable operation
of the support will be ensured.

The third conclusion is based on a study on the state of the
coal seam ¢, border part. Despite its significant hardness, even
in a water-saturated state (G, = 30.7 MPa), the border part
of the seam with a width of 0.7—1.2 m experiences weakening
o = 35—45 MPa. This leads to active pressing-out of coal, a
decrease in the power intensity of its destruction and the
shearing machine operation with higher speeds of supply.

In the area of extraction mine workings location, the fol-
lowing peculiarities of the stress intensity o distribution are
observed. An unloading zone ¢ with relatively limited dimen-
sions is formed above mine workings — its height does not ex-
ceed 1.5—2.0 m with an unloading level of K = 0.3—0.7. This
fact, in our opinion, is conditioned by the influence of low
deformation characteristics of collapsed and consolidated
rocks in the mined-out the space after the previous periods of
stope works in the seam c¢g. Such a volume of unloaded rocks
in the roof in case of loss of its stability is able to create a verti-
cal load onto a support of moderate size, which does not pose
a danger to the stability of extraction mine workings. In their
sides, the parameters of o distribution vary depending on the
position of the mine working site relative to the stope face.

Ahead of the longwall face in the frontal bearing pressure
zone, significant concentrations of ¢ act from the side of the
coal pillar; however, due to the repulse reaction of collapsed
and consolidated lateral rocks from the opposite side of mine
working, the main level of these concentrations (K, =2.9—5.6)
is, even so, lower than in the central part of the protecting pil-
lar width. Here, rock destruction is predicted, mainly in the
immediate roof, with partial weakening of the sandstone in the
main roof. The depth of destructive ¢, penetrating into massif
varies over a wide range: from 1.3—2.0 m in the beginning of
the bearing pressure zone to 3.0—4.5 m near the stope face.
This is the most dangerous (in terms of formation of the
oblique load on the support) mine working area, which is tem-
porarily strengthened by traditional means of fastening, since
after the longwall face passage in the collapsed rocks of the
newly formed mined-out space, an unloading zone (K < 1) is
set with reduced lateral and oblique pressure on the frame sup-
port. This reduction of load is mainly caused by the action of
two factors: firstly, the soft rocks of the adjacent roof during
their collapse immediately straight behind the longwall face,
create a bearing to the more distant layers of the main roof,
receiving the most part of bearing pressure; secondly, col-
lapsed and consolidated rocks from the opposite side of mine
working also actively resist to the lowering of the overlying
rock layers in the main roof. As a result, after the longwall face
passage, the extraction mine workings are surrounded by an
easily deformable, weakened massif, which is not able to create
any significant concentrations of ¢. Here we face with a geo-
mechanical situation close to the conditions for maintaining
mine workings in collapsed rocks, and studies on such condi-
tions [20] prove a significant increase in the stability of mine
workings for various purposes (Fig. 6).

From the above information, the fourth conclusion is
drawn about the satisfactory state of extraction mine workings
(with the temporary use of traditional prop stays for the
strengthening support) in case of arising necessity for their fur-
ther exploitation as part of the underground mine complex.

Practical value of the research performed has several direc-
tions of implementation in the conditions of soft rocks laminal
massif occurrence:

- substantiating the engineering decisions expediency for
mining the protecting pillars in order to increase the complete-
ness of the coal reserves extraction while reducing costs of its
output;

- increasing the safety of stope works by reducing rock
pressure on the powered support of the coal extracting com-
plex and the fastening structures of extraction mine workings
adjacent to the longwall face (Fig. 7);

- providing resource-saving maintenance of extraction
mine workings for their further use in the technical complex of
the mine (Fig. 8).

Conclusions. Using a specific example of mining the pro-
tecting pillar of the seam ¢4, the development of a number of
favourable geomechanical factors is predicted that ensure

Fig. 6. Fragment of a fabricated drift
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Fig. 8. State of the extraction mine working in M. I. Stashkova
Mine (Western Donbas)

trouble-free coal extraction in compliance with the relevant
technological regulations:

- vertical rock pressure is approximately by 2 times lower
than the load-bearing capacity of the powered support section,
which excludes the possibility to set it on a “rigid base”;

- the collapse of a very unstable immediate roof with suf-
ficient thickness creates an active bearing to the main roof lay-
ers straight behind the section fencing and reduces the load on
the powered support;

- the maintenance of extraction mine workings at the bor-
der with the mined-out space of the previous periods of stope
works has a positive effect on their stability due to combining
the function of active resistance to rock pressure by collapsed
and consolidated rocks with the function of “smoothing” the
concentrations of SSS components caused by their increased
deformability;

- extraction mine workings can successfully function while
being maintained in the mined-out space for solving other
mining-engineering tasks of the underground mine complex;

- the combination of mentioned favourable factors con-
tributes to resource saving while increasing the completeness
of the coal reserves extraction.
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Mera. [1inBuieHHSI TOBHOTU BUMMAHHS 3aI1aCiB BYTULIS
i3 OXOPOHHUX LIUIMKIB, 110 PO3TAllIOBaHi y IIapyBaTOMy Ma-
CUBI CJAOKMX TOpid MOKPiBIi ¥ MiAOIIBU IJISI 3HUXKEHHS
BTpAT BYTULIS Ha IIaxTax i TOPU30HTaX, JIe TipHU4Yi poOOTH
HaOIIKAIOTHCS IO CBOTO 3aBEPILIEHHS.

Metoauka. CTBOpeHa reoMexaHiyHa MOJIEb JOCIiIKEH-
HSI BiNMpAIIOBAaHHSI OXOPOHHMX IIJIMKIB B YMOBax BIUTUBY
OYUMCHMX POOIT 3 ypaxyBaHHSIM I1LIapyBaTOr0 MacUBY Ta peo-
JIOTIYHMX TTPOIIECiB TTOB3YUOCTi Aecopmalliii i peakcairii Ha-
MpyXeHb ripcbkoro Macuny. [1poBeneHo yucenbHe MOIEIO-
BaHHSI Ta aHaIi3 HampyxXeHo-IedOpMOBAHOTO CTaHy. 3po-
0JIEHO BUCHOBKH 111010 OOTPYHTYBAHHSI TEXHIYHUX PillIeHb 3
BiAMpaLoBaHHS OXOPOHHMX IiJUKIiB.

PesyabraT. BcTaHoB/IeHI HOBI 3aKOHOMIPHOCTI Hampy-
JKeHO-1e(OPMOBAHOTO CTaHY LIAPYBATOTO TipCHKOTO MACUBY
Y 30Hi BIUIMBY O4MCHUX poOiT. CTBOpeHa reoMexaHiyHa MO-
JIeJib BiANpallOBaHHSI OXOPOHHUX WIJIMKIB 3 ypaxyBaHHSIM
PeOoJIOTIYHUX TTPOLIECiB Y MOpOIax Ta OOrPYHTOBAHI TEXHOJIO-
riy"i mapaMeTpu BUAOOYTKY BYriisl i3 yaB. 3abesredyeHa
MOXJIMBICTb TOBTOPHOTO BUKOPUCTAaHHS BUPOOOK 3a paxy-
HOK YIIPOBAIXKEHHSI pecypco30epirarouoi KpilmwibHOI CHU-
CTEMU.

HaykoBa HoBM3HA. BcTaHOBIIEHI 3aKOHOMIpHOCTI Tiepe-
MillleHHSI 30HU (DPOHTAJILHOTO OIMOPHOT0 TUCKY TOIepery
JIaBH, 1110 BilMpalbOBYE OXOPOHHI LIIMKU, KOe(hillieHT KOH-
uenTpatii K, = 1,1—1,3 Ha BUCOTI Bill ByTiJIbHOTO TIJ1aCTa Cg 10
18—20 M, 3avinarounii MOTYXKHUI aneBpoiT. BctaHoBIeHO,
1110 PO3paxyHKOBUIA OIip CTUCHEHHIO Y 4,2 pa3a TepeBaxae
BEJIMYMHY AiI0YHX 0y, i 32 UMM (haKTOPOM aleBPOJIT 30epirae
LIUJTICHICTh MO BCiil cBOiil MOTYXHOCTI. 13 HAOAMKEHHSIM 10

IUTacTa €} KOHLIGHTPALIisl BEPTUKAIBHUX HAIPYKEHb 3pOCTAE
Ta CTaHOBUTH yxe K, = 1,9—2,7. VpaxyBaHHs Ta aHajli3 LUX
(bakTOpiB A€ MigcTaBy CTBEPXKYBATH, 1110 MOKPIBJIs Ij1acTa
1 cam T1aCT HE pYHHYIOTBCS.

IIpakTyna 3HauyumicTh. P03po0JsieHI TeXHOJOriUHI pi-
IIEHHST 3 BiAMpalloBaHHS OXOPOHHUX ILUIMKIB JUIs1 TiABU-
ILIEHHS TTOBHOTY BUJIYYEHHs 3amaciB BYTiLIA 3 OMHOYACHUM
3HUXKEHHSIM COOIBapTOCTI BUAOOYTKY i MiABUILIEHHSIM O€3-
MEeKM OYMCHUX POOIT 32 paXyHOK 3HMXKEHHSI TipChbKOTO TUCKY
Ha MeXaHi30BaHe KPIIJIeHHSI.

KiiouoBi ciioBa: 8yeinas, eipcokuil Macue, 0Xo0poHHUU Yinuk,
HanpysceHo-0eopMosanuli CmaH, HA6aAHMAaAMNCeHHs, BUNYHEHHS
3anacie
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Iexan. [ToBBITIICHME TTOJTHOTHI BEIEMKH 3aI1aCOB YTJISI C OX-
PaHHBIX 1IEJIMKOB, PACIOJOXEHHbIX B CJIOMCTOM MacCHBe
C1a0BIX TIOPOJI KPOBJIM Y TIOUBHI, IJISI CHYDKEHUST TTOTEPh YIS
Ha 1I1axTaX W FOpU30HTaX, Ilie TOpHbIe pabOThl OIUBSITCS K
CBOEMY 3aBEpILCHUIO.

MeTtoauka. CoznaHa reoMexaHW4YeCKask MOJENb UCCIeI0-
BaHUS OTPaOOTKM OXPAHHBIX IIEJIMKOB B YCIOBUSIX BIUSTHUS
OUYMCTHBIX PabOT C YUETOM CJIOMCTOIO MAaCCUBa U PeOJIOTUYe-
CKHUX TIPOILIECCOB TOJ3y4yecTH aedopMalvii U perakcauu
HaIpsDKeHUI TOpHOTO MaccuBa. [IpoBeeHo YnciIeHHOe MO~
JeTMPOBaHWE W aHAJIM3 HAaIPSLKEHHO-Ie(hOPMUPOBAHHOTO
coctosTHusl MaccuBa. CreslaHbl BBIBOABI 1O OOOCHOBaHMIO
TEXHUYECKMX PEIICHUIA IT0 OTpabOTKE OXpaHHBIX LIETUKOB.

PesynbTaThl. YCTaHOBJICHBI HOBBIE 3aKOHOMEPHOCTH Ha-
MPSKEHHO-1e(DOPMUPOBAHHOTO COCTOSTHMS CJIOMCTOTO TOP-
HOrO MaccuBa B 30HE BJIMSIHUSI OYMCTHBIX padoTr. Co3znaHa
reoMexaHnJyecKasi MOJeIb OTPaOOTKM OXPAHHBIX LIEJTMKOB C
Y4ETOM PEOJIOTUYECKUX MPOIIECCOB B TTOpOIax U 000CHOBA-
HbI TEXHOJIOTMUECKHUE TTapaMeTphbl 100bIYM yriist u3 j1aB. O6e-
cIileueHa BO3MOXXHOCTh TIOBTOPHOTO WCITOJIb30BaHUST BBIpa-
0OTOK 3a CUeT BHEAPEHUs pecypcocOeperarolieii KpernexxHou
CUCTEMBI.

Hayunas HoBU3HA. YCTaHOBJIEHBI 3aKOHOMEPHOCTH TIEepe-
MeIIeHUsT 30HbI (PPOHTATHLHOTO OITOPHOTO AaBJICHUSI BITEpe-
JIM JIaBbl, OTpabaThIBAIONICH OXpaHHbIE LEAUKU, KOIDDULIM-
eHT KoHLeHTpauuu Ky = 1,1—1,3 Ha BbICOTE OT YroJbHOTO
macra ¢ 1o 18—20 M, 3aTparnBarolieii MOIIHbI aJTeBPOJIUT.
YcTaHOBJIEHO, UTO pacyeTHOE COMPOTUBJIEHUE CXKATUIO B 4,2
paza IMPeBOCXOANUT BEIMYUHY NEUCTBYIOLIMX G, U MO 3TOMY
(hakTopy ayIeBPOJIUT COXpaHSET IEJOCTHOCTb IO BCE CBOECH

motrHocty. C MpUOIMXEHUEM K TUIACTy Cf KOHIIEHTPALIMS
BEPTUKAJIbHBIX HAMpPSDKEHU pacTeT W COCTaBJIsIeT yxke
Ky=1,9-2,7. Yuet 1 aHa/I13 3TUX (haKTOPOB JaET OCHOBAaHUE
YTBEep:KIaTh, YTO KPOBJIS TUIACTA U CaM IUIACT HE paspylla-
J0TCSI.

IIpakTyeckas 3HauuMoCTb. Pa3zpaboraHbl TEXHOJIOTHMYE-
CKMeE pelleHUsI IO 0TPabOTKe OXpaHHBIX LIETUKOB ISl TTOBbI-
LIEHMS TIOJIHOTHI M3BJICUCHUS 3aI1acoB YIVISI ¢ OMHOBPEMEH-
HBIM CHMKEHHUEM Ce0eCTOMMOCTHU JOOBIUM U TOBBILLIEHUEM
0e30ITaCHOCTH OUYMCTHBIX pabOT 3a CUET CHUKEHUSI TOPHOTO
JaBJIeHMS] HA MEXaHU3MPOBAHHYIO KpeTlb.
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