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DEVELOPMENT OF A METHODOLOGY FOR ASSESSING
THE EXPEDIENCY OF MINE WORKINGS DECOMMISSIONING
BASED ON THE GEOMECHANICAL FACTOR

Purpose. Substantiation of the methodology for predicting the state of mine workings based on the study on geomechanical
processes when assessing the consequences of mine closure taking into account the entire period of their existence, during which
the development of displacement with various intensity occurs in the surrounding coal-bearing mass.

Methodology. The study is based on methods of analysis and synthesis, methods of comparison, abstraction, analogy, calcula-
tion and construction. The methods of mine tool observations of the manifestations of rock pressure and their processing by
methods of correlation and dispersion analysis for establishing the relationship of displacements of the mine working contour with

geomechanical factors were used.

Findings. A possibility of stage-by-stage decommissioning of mine workings when grouping mining-and-geological conditions
is substantiated. An example of calculating the displacements in a mine working during its decommissioning is presented. The
given calculation expressions make it possible to assess the mine working state, taking into consideration the patterns of the geo-
mechanical factor influence on making a technical decision on the expediency of its further operation.

Originality. The patterns of the rock pressure manifestation development in sequentially abandoned mine workings have been
determined. Based on the methods of correlation-dispersion analysis, the dependence of the mine working contour displacements
on geomechanical factors have been revealed throughout the entire period of its existence.

Practical value. A methodology for assessing the state of mine workings at the time of their decommissioning has been devel-
oped, which is an integral part of the recommendations to limit the negative influence of mine closure. The peculiarity of the
methodology is in taking into account the entire period of mine workings existence, which leads to a well-grounded technical deci-
sion on the possibility of dismantling the metal structures with the complete exclusion of emergency situations.
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Introduction. According to the World Coal Association
(WCA), about 30 % of the world’s primary energy demand is
provided through the use of coal [1]. In general, about 41 % of
all electrical energy in the world is generated from coal. Coal is
also used to smelt 70 % of the world’s steel [2].

Annually, about 7.8 billion tons of coal is mined in the
world and the tendencies of this production are relatively con-
tradictory: on the one hand, there is a tendency for a stable
increase in coal production, on the other, there is the same
steady process of closing the mines, especially in European
countries [3].

According to a directive of the European Union, unprofit-
able enterprises are deprived of government funding, and, as a
result, each unprofitable mine in Europe must cease mining
from January 1, 2019. For example, in Spain, this has led to
the closure of 26 coal mines. This deadline was set back in
2010, when the European Union began to take the initiative in
an effort to get rid of dependence on coal.

It should be noted that among the European coal countries,
Germany is not at all a pioneer in cessation of this traditional
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industry. For example, in Belgium, the last mine was closed
back in 1992, in France — in 2004, and in the UK — in 2015. In
all these countries, the hard coal mining has been discontinued
for economic reasons, and it is only very recently that there has
been a tendency to abandon it for environmental reasons.

At the same time, the experience of Germany shows that
with the help of government subsidies, the process of closing
the industry can be extended over many decades. The advan-
tage of the German approach is that it is socially responsible.

In Poland, the last coal mine should be closed in 2049.
The Polish government has decided to abandon coal in the en-
ergy sector, as well as to completely close 4 mines and place on
hold 14 mines more for 3 years.

The global closure of mines in Ukraine began in 1996.
Over these years, a systematic approach to making a decision
on mine liquidation has not been developed yet.

It should be noted that there are several ways to mine clo-
sure. Dry closure is a method involving a special reformation
of the relief, when hydrogeologists connect underground pas-
sages in such a way that water, flooding the mine, still remains
at a great depth and does not mix with groundwater. Semidry
closure involves the constant pumping of water from the mine,
as in the operating mode. One more way is to pump liquid
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glass, concrete or sand into the mine to avoid subsidence of the
bottom, but it is quite expensive and is only justified if there is
a city above the mine. There is also the so-called wet closure —
this is a simple flooding of a mine with water that is constantly
pumped out during its operation [4, 5].

One of the examples is the experience of DTEK Pav-
lohradvuhillia PRISC. The decision to close M. 1. Stashkova
mine in 2020 was influenced by the technical-and-economic
performance of the mine: the load on the stope face decreases,
labour productivity decreases, the cost of finished coal prod-
ucts increases, and the financial condition of the mine deterio-
rates. In addition, there are almost no commercial reserves left
on the mine’s balance sheet. It has just been mined out. Also,
until 2023, Blahodatna, Stepova, Samarska and Yuvileina
mines are planned to be closed.

To close mines in this region, it is necessary to develop a
hydrogeological and socio-economic prediction for the re-
gion, substantiate the phased mine closure, linking it with
funding opportunities, as well as to improve the legal/regula-
tory framework and study environmental problems [6].

A detailed analysis of publication [7] indicates that there
are no works which consistently present the theory for sub-
stantiating the organizational and technical measures to liqui-
date the unpromising coal enterprises, taking into account
environmental risk.

The published scientific works present the research results
of the individual technogenic factors impact. Thus, A. V. Mok-
hov, A. N. Petrov, Yu.A. Norvatov, D. 1. Saveliev and D. Kirn-
er study only hydrogeological aspects, thereby narrowing the
range of issues that need to be resolved for obtaining complete
objective information. Other scientists assess geomechanical
phenomena in the rock mass [§, 9]. In a number of scientific
works, the influence of objects of mine surface complex on the
natural environment is studied in detail [10, 11].

In the work [12], an attempt is made to assess the probabil-
ity of various types of damage arising as a result of the coal
mine liquidation in the zones of their large-scale closure.

Based on the analysis of the research and monitoring work
results [13], it has been found that the cessation of mining does
not mean a simultaneous cessation of impacts on the environ-
mental components.

With the purpose of comprehensive assessment of the eco-
logical-and-economic efficiency of options for reducing the
negative environmental consequences of the coal mine clo-
sure, an economic and mathematical model has been devel-
oped [14] with the target function of minimizing the total
ecological-and-economic costs.

The work [ 15] presents an economic substantiation and as-
sessment of expert decisions on the expediency of closing ex-
tremely unprofitable mines that do not have prospects for fur-
ther development, which is essential for the economy of the
coal mining industry.

Mine closure is a lengthy process that requires an assess-
ment of all the risks involved [16]. The problem of mining wa-
ter management also is very actual [17, 18]. All risks are inter-
connected and, therefore, an integrated approach is needed to
minimize them. Firstly, it is necessary to determine what
causes the risks. Secondly, it is necessary to develop measures
to prevent or minimize their occurrence [19].

Of course, it is impossible to consider all risk groups with-
in the framework of one study and give recommendations on
how to minimize the negative consequences of a mine closure.
Therefore, this work studies one of three main factors, namely
geomechanical, which forms the rock pressure manifestations
in underground mine workings and determines the expediency
and safety of their phased decommissioning.

Approaches to assessing the expediency of phased decom-
missioning of mine workings at operating mines. The operation
of many mine workings has been stopped for a long period of
time, their state (where it is still possible) is examined extreme-
ly rarely, which is associated with a considerable risk of such

works. Therefore, predicting the state of mine workings on the
basis of existing regulatory-technical documentation and the
study on geomechanical processes is of particular relevance.

The concept of “comprehensive substantiation” provides
for predicting the rock pressure manifestations in the mine
working for the period from the beginning of its development to
the present moment using various methods of both the industry
level [20] and predicting methods developed at Dnipro Univer-
sity of Technology at the Department of Mining Engineering
and Education [21, 22]. If to consider the task set from different
positions, it is possible to increase the reliability of the predic-
tive assessment of the mine working state at the current time.

As an example of a mine working to be decommissioned,
the Pivdennyi passage of slope No. 2 of the K} seam, 310 m
horizon, mined-out in 1979 at Belitska mine of Dobropilska
Mine Administration and since that moment its period of ex-
istence has been 41 years. The depth of the Pivdennyi passage
location (in accordance with the extract from the mine work-
ing plan of the Ké seam, 550 m horizon) varies in the main
range of 310—400 m; when performing mining-engineering
calculations, the average depth H = 360 m was taken.

When surveying the state of mine workings of the Kj seam
in the Pivdennyi passage (10/20/2006), the following was re-
vealed: progressing corrosion of the support metal; rupture of
yielding joists of the frame with their critical plastic deforma-
tions in the form of bending and buckling of a special profile;
in some places, there are border rock falls to a depth of 3—5 m;
the residual cross-sectional area of the mine working is 3.4—
5.8 m%. As a result, the general technical state of the mine
working was declared as unsatisfactory. In this regard, it is
quite fair to assume a further deterioration in the state of the
Pivdennyi passage for the past 14 years after its survey in 2006.

Mining-and-geological characteristics of the host rocks.
According to a general preliminary assessment, the host rocks
state can be characterized as moderately stable, but the pres-
ence of factors weakening the rock in the form of water cut,
moisture saturation and the presence of textural disturbances
(stratification, fracturing, individual inclusions) suggests rath-
er intense rock pressure manifestations in the Pivdennyi pas-
sage. In addition, it is necessary to take into account the rheo-
logical factor influence of the lithotypes behaviour, especially
argillite and siltstones in a moisture-saturated state. The rheo-
logical factor in the form of a deformation creep of rocks has
already been implicitly included into the main calculation pro-
visions of the normative methodology.

The Pivdennyi passage contour displacements are calcu-
lated by the methodology [21, 22]. The fundamental differ-
ences between the methodology for predicting the rock pres-
sure manifestations from the normative one are as follows (for
the conditions of maintaining mine working outside the zone
of stope operations impact).

Firstly, there are displacements in a number of the contour
sections, which are fundamental in terms of assessing the op-
erational state of mine working.

Secondly, the methodology is based on the results of ex-
tensive studies on the stress-strain state of the surrounding
mass and support, the behaviour of which is described by the
full diagram of the body deformation, that is, taking into ac-
count the stages of the rock weakening and loosening, and for
metal — by the yield plateau and the subsequent segment of
hardening. The Pivdennyi passage can be considered quite ac-
cessible for performing operations for dismantling the metal
structures in the process of its decommissioning. This conclu-
sion, based on calculations by the methodology [21], is quite
consistent with the previous conclusion, formulated on the
basis of calculations by the normative methodology. At the
same time, mine instrumental observations unambiguously
indicate the persistent process of deformation creep, which is
recorded by the degree of displacement development along the
contour of mine workings in many cases throughout the entire
period of their operation (Fig. 1).
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Fig. 1. Development of the mine working contour displacements

Therefore, we consider it expedient to assess the state of
the Pivdennyi passage using the methodology [20].

The source data for performing calculations are the same.
Then the displacements of the roof and bottom rocks for the
first year of the Pivdennyi passage maintenance will be

Ur=391; U® = 642.

It should be reminded that the calculations performed re-
late to the initial period of the Pivdennyi passage operation,
and our objective is to assess its 41 -year state after its construc-
tion. For this purpose, the dependences of the methodology
[20] are used for calculating the displacements in the roof U/
and bottom U,” for the entire period ¢ of the mine working
existence

U =U"+365V,(t-1)K,; (1)
Ul =U"+365V,, (1)K, @)

ar

where 7 = 41 years is the period of the Pivdennyi passage exis-
tence from the moment of its construction to the present time;
K, is the coefficient of influence of the cross-sectional area of
the working on he displacement rocks.

By the (1, 2), we determine: U/ =6891 mm; U? =7142 mm.

Thus, the total displacement of the roof and bottom rocks
in the Pivdennyi passage over the period of its existence of
41 years not only indicates the complete destruction of the
mine working, but also evidences a more than 4.6-fold excess
of the adjacent mass displacements over the initial height of
the Pivdennyi passage. The conclusion is obvious — the Piv-
dennyi passage of slope No. 2 of the Ké seam, 310 m horizon
has definitely ceased to exist, which excludes any possibility of
dismantling metal structures from this mine working.

Another approach to assessing the state of in-seam work-
ing, which is fundamentally different from the methodologies
discussed above, is described in the work [22], where the prob-
lem of calculating its contour displacements is solved by con-
ducting a computational experiment using the finite element
method (FEM).

To take into account the rheological factor of the displace-
ments development in the mine working rock contour in the
time ¢ of its maintenance, a visco-plastic physical model of the
rocks behaviour is used, which in the FEM software is usually
represented by a generalized creep equation of the form

e(t)=¢, + a,6%1%,

where €(7) is current relative rock deformation; ¢,, is an elastic
component of relative deformation; o is principal stress when
testing rock samples; # is rock deformation time (period for as-
sessing the mine working state); a,, a, and a; are coefficients of
approximation of experimentally determined creep diagrams
in coordinates “g—¢”.

Coeflicients a,, a, and a; were determined using the me-
thods of correlation-dispersion analysis based on experimental

data from the Institute of Geotechnical Mechanics named by
N. Poljakov of the National Academy of Sciences of Ukraine.

A fragment from the geomechanical model calculation is
presented in Fig. 2 in the form of a curve of total displacements
for the period of mine working operation 7 = 10 years. In this
case, the maximum roof subsidence is U/ =1859 mm, and
the bottom upheaving is U =1853 mm. As can be seen, if it
were not for periodic repair and restoration work, then accord-
ing to this prediction, in 10 years, Pivdennyi passage would be
completely unusable.

Proceeding from the applied use of numerical modelling
in the noted areas of knowledge, the most important argument
in favour of one method or another is taking into account the
spectrum of natural and technological factors when solving
the problem, which is assessed by engineering logic and is de-
termined by the correctness degree of solutions. When sub-
stantiating the choice of the form for solving the problem, it is
necessary to determine the characteristic features of the hy-
drogeomechanical processes that accompany the current min-
ing operations and their gradual cessation when closing the
mines.

Based on the analysis results of the existing ideas, prob-
lems and methods for their solution during the coal mine
closure in the process of a general decrease in coal consump-
tion, primarily in Europe, a number of main directions have
been identified. These include three factors that should be
studied (geomechanical, technological and hydrogeological
ones), and limiting their negative impact will make it possi-
ble to successfully implement environmental, economic and
social tasks on the territory of the coal-bearing regions of
Ukraine.

Substantiation of the approach and criteria for assessing the
state of mine working for the entire period of its maintenance.
A peculiarity of the methodology takes into account the devel-
opment of mine working contour displacements U in the time
t of its maintenance, and this accounting is made in an ex-
plicit form, where the parameter # is included in the calculated
expressions for determining the displacements U. If to plot the
dependency graph of two parameters, then the function U(¥) is
a bilinear link consisting of two straight sections (Fig. 3). The
first expresses the period of the mine working advance, when
the most active displacement of the adjacent mass occurs at a
distance of up to several hundred meters from the drifting face.
The second linear section characterizes the process of decay-
ing displacements of the mine working contour during the
time of its maintenance.

To extend the recommendations for assessing the mine
working state to a wide range of mining-and-geological con-
ditions, the functions U’(f), U*(f) and U*(¢) are determined
depending on the main geomechanical factors: the depth H
of the mine working placement and the average calculated
compressive resistance R of the adjacent coal-bearing mass.

Fig. 2. Total displacements curve in the vicinity of a mine working
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Fig. 3. Graphical representation of the qualitative dependences

of the U displacement development along the mine working
contour in the time t of its maintenance:
1 — according to methodology; 2 and 3 — measurements of dis-
placements during decaying and persistent creep, respectively;
U, — initial conventionally instantaneous contour displacement in
the drifting face; t, — the duration of intense displacements, up to
30—50 days; t,, — time of mine working operation

This problem solution is complicated by the need for long-
term instrumental observations of the rock pressure mani-
festations in a particular mine working, for which a new
original methodology has been developed for constructing
empirical dependences of its contour displacements devel-
opment.

Methodology for gathering information and presenting re-
sults. The methodology is based on the results of mine instru-
mental observations of the rock pressure manifestations, their
processing by methods of correlation-dispersion analysis for
setting a link between the mine working contour displace-
ments U'(7), U*(f), U*(f) and geomechanical factors during the
entire period of its existence.

More specifically, the methodology for predicting the
mine working contour displacements for the entire period of
its maintenance involves the sequential execution of a number
of tasks with the following algorithm of actions.

1. A complex of mine workings is selected, for which a va-
riety of geomechanical factors covers the entire range of their
variation both in strength properties R of the adjacent coal-
bearing stratum and in depth H of placement.

2. The dependency graphs U’(¢), U%(f), U*(f) are plotted for
each of the selected mine workings. If the mine working is still
in operation, then additional measurements of its contour dis-
placement are made for up to 4—6 months, but at different pe-
riods of its maintenance; in this case, repair and restoration
work (for example, bottom ripping) must be taken into ac-
count, if it is carried out during the study period. As a result,
discrete graphical dependences were obtained, corresponding
to certain periods of maintaining mine working, as shown in
Fig. 4, and in order to visually cover the entire period of its
operation, a logarithmic time scale is used when plotting

0

lday Imonth 0.5 1 2 5 10 20 SOyears

Fig. 4. Schematic representation of the methodology for plotting
the graphs of the U displacement development along the
mine working contour in the time t:

1 — discrete periods of fixing the displacements; 2 — generalized
dependence U(t)

graphs. Then, a generalizing graph (line 2) of the U(r) depen-
dence is plotted on discrete sections (line /) for each specific
mine working.

3. The set of graphs U(¥) is a source data base for the stud-
ied range of geomechanical factors H and R variation. The
most reliable link function is determined by the generalizing
graphical dependences using the methods of correlation-dis-
persion analysis

U=2(),

which (if appropriate information is available) is divided into
several functions

U= ()
Ul = (1)
Us =a°(1)
U =ar (1)

4. Using the methods of correlation-dispersion analysis,
the patterns of link between the function U(f) parameters and
the geomechanical factors H and R, are studied. For mine
workings with approximately the same values of H and R (de-
viations up to 10 %), generalizing graphs are combined (line 2
in Fig. 4) and, thus, the amount of source information in-
creases.

A combined representation of the patterns of link is used in
the developed methodology (in the course of the analysis)

U()=F(H, R)

in the form of functional and graphical dependences.

5. Dependences (6) are grouped in two directions:

- peculiarities of the texture and properties of lithotypes
composing the adjacent mass to a height (depth) of up to 20 m;

- peculiarities of the rheological properties of lithotypes,
which determine the development of decaying and persistent
creep in time ¢, which manifests itself in the form of displace-
ments U(f) on the mine working contour.

6. The generalizing dependences U(f) are constructed
based on the analysis results of mine measurements of a whole
mine working group, characterized by different depths H of
their placement and unequal value of the average calculated
compressive resistance R of adjacent rock layers. To adequate-
ly generalize such experimental data obtained in different mine
workings, it is necessary to introduce a criterion that ensures
their joint consideration. This criterion is the H/R ratio of the
geomechanical parameters H and R.

As an example, information has been collected on more
than 160 mine workings. The analysis was performed for other
mines, including DTEK Pavlohradvuhillia PRJSC. This
made it possible, in the subsequent correlation-dispersion
analysis of the sought patterns, to set aside the “uncharacter-
istic” cases (the calculation results of H/R and mine working
contour displacements, which go beyond the generalized pat-
terns). And a very extensive amount of the remaining source
data provided a fairly close correlative relationship of the
studied parameters.

Analysis of the patterns of the mine working contour dis-
placement development during its maintenance. In accordance
with p. 5 of the algorithm for the implementation of the pro-
posed methodology, the patterns of U displacement develop-
ment in the time ¢ of the contour of various mine workings
outside the zone of stope operations impact for the studied
period of their maintenance have been grouped.

The first general criterion for grouping is the peculiarities
of the texture and properties of the coal-bearing mass lithot-
ypes adjacent to mine working. With respect to the mass tex-
ture, the following patterns of influence on the function U(r)
were determined. In the medium-hard rocks (with compres-
sive resistance in the sample 6, = 40—70 MPa), mainly
decaying creep takes place, and the function U(¥) is selected
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similarly to graph 2 in Fig. 3. The period of time for the be-
ginning of displacements ¢, stabilization is greater than the
value of #,, but it is different for different conditions (param-
eters H and R) of mine working maintenance, as shown in
Fig. 5.

An example of the mine working contour displacements
development with decaying creep (for the Western Donbas
conditions) is shown in Fig. 6 and is characterized by the
following peculiarities. First of all, it should be noted that
for visual comparison, the generalized dependences U(?) for
the same values of the geomechanical criterion H/R=40 m/
MPa and H/R =20 m/MPa are taken. Thus, at H/R=40 m/
MPa, the convergence of the roof and bottom over a long

period of observations has reached U;** =2350 mm. Fur-
ther measurements show the insignificant increment in the
convergence U”*(f) and the indicated value can be consid-
ered as finite displacements. It was found that the roof and
bottom convergence were stabilized almost 15 months later
from the moment of mine working drivage and this is a sig-
nificant difference in the Western Donbas geomechanical
situation.

The determined patterns U”(¢) and U*(f) form a database,
which is studied by the methods of correlation-dispersion
analysis and, as a result, the following empirical dependences
of the link with the geomechanical criterion H/R were ob-
tained (correlation coefficient 0.659—0.763)

U/ =5.87(H/R)";
Us =4.31(H/R)'3;
1 =2.9(H/R)*¥;
15 =3.4(H/R)*2.

As an example of the mine working contour displacement
development with persistent deformation creep in the lithot-
ypes enclosing mine working, Fig. 7 shows the dependency
graphs (with account of the periodic bottom ripping) of U"’(r)
and U*(?) at the same values of the geomechanical criterion
H/R obtained earlier in other mining-and-geological condi-
tions.

There are two main differences between the U”’(¢) and
U'(f) dependences from the previous ones (Fig. 6). Firstly,

. . . b
the mine working contour displacements U]}’ and even a

U, mm

5

50 (13); 100

0

t, day

Fig. 5. Generalized dependences of the increase in the U dis-
placements of the mine working contour in the time t of its
maintenance in the conditions of the Krasnoarmiiskyi coal-
bearing region:

1— H/R=40 m/MPa; 2 — H/R =20 m/MPa; U™(#), US(1)

N
s
S wtssem
2000
1500
1000
500 ?
U}‘:425mﬂ__, —J—JJ"“"
= s %t
- %\ I
3 g2l g
g il T N L
0 g g9 ¥
5 10 t, month

Fig. 6. Generalized dependences of the increase in the U dis-
placements of the mine working contour in the time t of its
maintenance in the Western Donbas conditions with a
decaying deformation creep of the adjacent mass lithot-
ypes:

1— H/R =40 m/MPa; 2 — H/R =20 m/MPa;, U™(1), U()

year after its construction exceed those for the case of decay-
ing deformation creep of lithotypes in the main range by
25—-35%. Secondly, the patterns of the displacement in-

U, mm
N4

t=12month

3000

2000

1000

0

5 10 t, month

Fig. 7. Generalized dependences of the increase in the U dis-
placements of the mine working contour in the time t of its
maintenance in the Western Donbas conditions with a
persistent deformation creep of the adjacent mass lithot-
ypes:

1— H/R =40 m/MPa; 2 — H/R =20 m/MPa; U™(1), U()
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crease in time are close to linear ones and are adequately de-
scribed by linear link function with time 7 with a satisfactory
error. As a result of the performed analysis of the graphic in-
formation complex, the following calculated dependences are
proposed

Urb(t)=U[ +Vrb(t-12); (3)
UL =U,L+V*(t-12), 4)

where and are convergence of the roof and bottom, as well as
the sides of mine working after 12 months after its construc-
tion; V"* and V* are velocities of the roof, bottom and sides
convergence of mine working during the period of time
t> 12 months; have dimensionality mm/month.

The parameters included in expressions (3, 4) were studied
using the methods of correlation-dispersion analysis for ob-
taining empirical dependences of their quantitative relation-
ship with the geomechanical criterion H/R (correlation coef-
ficient 0.624—0.831)

Ul =5.33(H/R)";
Uty =5.0(H/R)";
U =0.55H/R-0.8
VS =028H/R+2.7.

The calculation formulas for predicting the convergence of
roof and bottom, as well as the sides of mine working have the
following final form

U (t) = 5.33(H/R)" + (0.55H/R - 0.8)(1 — 12);
US(t) = 5.0(H/R)"55 + (0.28 H/R + 2.7)(t - 12).

Summing up the research results, it can be stated that
the task of predicting the mine working contour displace-
ments has in full been completed, which is as part of assess-
ment of its operational state for making a decision on de-
commissioning of mine working with the removal of the
support or the impossibility of these actions during the
mine closure.

Conclusions. The methodology is an integral part of the
program for a comprehensive assessment of the expediency
of decommissioning mine workings with the removal of sup-
port during the mine closure in the Western Donbas and
Chervonoarmiiskyi coal region. The methodology is in-
tended to analyse the geomechanical situation by predicting
the rock pressure manifestations in horizontal and inclined
(low dip) mine workings, maintained outside the zone of
stope operations impact at depths of up to 1000 m in the
conditions of the Chervonoarmiiskyi coal region and West-
ern Donbas. The parameters of the rock pressure manifesta-
tion in the form of rocks convergence in roof and bottom
Vb sides V* of mine working and its residual cross-section-
al area S,,, are necessary criteria for making a technical deci-
sion on the expediency (or lack) of further mine working
maintenance in conjunction with other technological and
economic factors.
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Merta. OOrpyHTYBaHHSI METOIVKY MTPOTHO3YBAHHSI CTAHY
BUPOOOK Ha OCHOBi MOCHiIXK€Hb I€OMEXaHiUHUX MPOLECiB
MpU OLIHII HACAIAKIB 3aKPUTTS 1LIAXT 3 ypaXyBaHHSIM YCbOTO
iX TepMiHY iCHYBaHHSI, IPOTSTOM SIKOTO BiIOYBAETHCS PO3BU-
TOK 3pYyILIEHHS] HABKOJUIITHBOTO BYTJIEBMiCHOTO MacHUBY pi3-
HO1 iHTEHCUBHOCTI.

Metoauka. B oCHOBY DOCHIIXKEHHS MOKJIAACHO METOIU
aHali3y i cCUHTe3y, METONM TOPiBHSIHHS, abCTparyBaHHS,
aHaJIoTii, po3paXyHKOBO-KOHCTPYKTUBHUIL. 3aCTOCOBaHi Me-
TOIU IIAXTHUX iIHCTPYMEHTAJIbHUX CITIOCTEPEXKEHb 3a MPOsIBa-
MM TipCbKOTO TUCKY Ta X 00poOKa MeToJaMUu KOpPEeJsLiiHO-
NUCTEepPCiitHOro aHai3y Ha MpeAMeT BCTAHOBJIEHHS 3B’SI3KY
3CYBiB KOHTYPY BUPOOKH 3 TeOMeXaHiYHUMU (haKTOpaMH.

Pesyabratn. OOGrpyHTOBaHa MOXJIMBICTH IOCJiTOBHOL
JIiKBifauii BUpoOOK MpU TpyIryBaHHI FiPpHUYO-TEOJOTIUHUX
yMmoB. HaBeneHo npukiian po3paxyHKy 3MillleHb ITODiJ] Y BU-
pobui npu ii JikBinauii. HaBeaeHi po3paxyHKoOBi BUpa3u 10-
3BOJISIIOTH IATU OLLIHKY CTaHy ipHUYOi BUPOOKHM Y IJIaHi 3a-

KOHOMIpHOCTE! BIUIUBY T€OMEXaHiYHOTro (hakTopy Ha MpU-
WHSTTS TEXHIYHOTO PillleHHSs 1100 AOLUILHOCTI ii momaib-
1101 eKCILTyaTarii.

HaykoBa HoBu3Ha. BcTaHOB/IEHI 3aKOHOMIPHOCTI PO3BU-
TKY MPOSIBiB TiPCbKOTO TUCKY B NipHUYMX BUPOOKaX, 1110 IMO-
CJiIOBHO JiKBiAy0Thcsl. Ha OCHOBI MeTOIB KopeJsiliiiHO-
NUCTIePCiiiHOTrO aHali3y BCTAHOBJIEHI 3B’ SI3KU 3CYBiB KOHTYPY
BUPOOKYU 3 TeOMEXaHiYHUMU (HaKTOpaMH MPOTSTOM yChOTO
TepMiHy ii iCHyBaHHS.

IIpakTyna 3HayuMicTh. Po3pobiieHa MeToauKa OLIiHKUA
CcTaHy BUpPOOOK Ha MOMEHT iX JIiKBifallii, 1110 € CKJIalI0BOIO
YaCTUHOIO PEKOMEHMAIlill 1100 OOMEXeHHSI HEeraTMBHOTO
BIUIMBY 3aKpUTTS 1axT. OcoOIMBICTb METONUKU MOJISITAE B
ypaxyBaHHi BCbOTO TEPMiHY iCHYBaHHSI BUPOOOK, 1110 CIIpUSIE
OOI'PYHTOBAHOMY MPUIHSATTIO TEXHIYHOTO PilllEHHS 100
MOXJTUBOCTI BUJIyYEHHSI METAIOKOHCTPYKIIN TIPU TTOBHOMY
BUKJIIOUEHHIi aBapiltHUX CUTYaLliii.

KuiouoBi ciioBa: eipcokuii macus, 3miujeHHs, mepmin eKc-
nayamauii, aixeioauis eupobok, eeomexaniunuil hakmop
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