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Abstract

Purpose. Substantiation of the conditions for haulage drifts stability using different protection methods in steeply dipping
seams based on a set of experimental studies.

Methods. To achieve the purpose set, mine instrumental observations have been performed to study the rock pressure mani-
festations in zonal advance workings adjacent to the stope face on the haulage horizon. The conditions for their mainte-
nance, within the mining site, are assessed by the side rocks convergence value on the drift contour and the change in the
cross-sectional area, taking into account the deformation properties of the protective structures.

Findings. It is recorded that in the zone of the stope works influence, in the most difficult conditions, haulage drifts are
maintained, when coal pillars or clumps of prop stays are used for their protection. It has been determined that a decrease
in the section of such mine workings up to 50% is the result of the protective structures destruction. When protecting the
hau-lage drifts with the rolling-on chocks, a decrease in the mine working section up to 30% occurs in the process of the
protective structures compression. It has been revealed that deformation of coal pillars or clumps of prop stays up to 10-
20% leads to a loss of their stability, and an increase to 60% leads to a complete loss of their load-bearing capacity, in-
tensification of rock displacements on the mine working contour and deterioration of its stability. It has been determined
that in the process of deformation of the rolling-on chocks from sleepers by 20-60%, they are compressed without loss of
load-bearing capacity, which ensures a smooth deflection of the overhanging stratum and restriction of rock displace-
ments on the haulage drift contour.

Originality. To study the deformation characteristics of protective structures above the drift, the function of the increment is
used of side rock displacements on the haulage drift contour along the mining site length dependent on the relative defor-
mations of protective structures, which makes it possible to assess the real dynamics of the process.

Practical implications. When mining steep coal seams, using the specificity of geomechanical processes, which are mani-
fested in an anisotropic coal-rock mass during unloading, satisfactory mine workings stability can be ensured by changing
the deformation properties of protective structures above the drift.
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1. Introduction adjacent to the stope face satisfies the requirements of the
Safety Rules (SR) [3].

Analysis of the mine workings state in the mines devel-
oping the steeply dipping coal seams indicates that about
50% of the haulage drifts length have sections that do not
meet the performance requirements [4]. The unsatisfactory
mine workings state and the repair work implementation in
them negatively affects the stope face operation, worsening

The problem of ensuring the stability of advance work-
ings at the mining sites of deep coal mines is one of the main
ones in improving the technical-and-economic performance
of the enterprise [1], [2]. Advance workings ensure the prep-
aration of the mine field areas and minerals mining at the
mining sites. For the regular mining sites operation, it is
necessary that the section of the zonal advance workings
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the conditions for mining site ventilation and reducing the
safety level when conducting mining operations [5].

The protection of zonal advance workings is a set of min-
ing and technological measures designed to ensure their
operating state in accordance with the requirements of regu-
latory documents [3]. The search for reliable methods of
protecting the haulage drifts is one of the main directions for
increasing the efficiency of steep coal seams mining, which
means that it confirms the relevance of these studies to en-
sure the stability of zonal advance workings in deep coal
mines [1]. The safety of work, the timely reserves develop-
ment at the mining sites and the technical-and-economic
performance of the coal enterprise depend on the appropriate
solution to this problem.

1.1. Analysis of literary sources

The global experience of deep mines operation indicates
that the efficiency of mining the coal seams at great depths
depends on the side rocks stability in the stope face and the
state of the exploited mine workings [2]. The side rocks stabil-
ity in the coal-rock mass containing the mine workings is large-
ly determined by the method for controlling the roof in the
stope face. The state of haulage drifts at mining sites depends
on the method used to protect the advance workings [6], [7].

Currently, at the most coal mines mining the steeply dip-
ping coal seams, the method of supporting the roof on chocks
or complete caving of the roof is used to control the rock
pressure in the stope face. It is noted in the works [7], [8] that
when the roof is supported on chocks, the side rocks stability
and the operating state of the zonal advance workings are
ensured. At the same time, when using this method, stable
and safe operation of stope faces is not always guaranteed.
This is caused, first of all, by the formation of uncaved roof
areas behind the stope face. The negative consequences of
such a geomechanical situation can manifest themselves
when supporting the haulage drifts in the mined-out space,
when sudden failures of the overhanging stratum provoke
blockages of mine workings.

A number of researchers, in particular, in the work [9],
considering the complete roof caving as a method to control
rock pressure, recommend its use for easily caved side rocks.
In this case, as noted in the research, the stability of mine
workings at the mining site is ensured. However, with easily
caved side rocks, as a result of a change in the stability and
strength of rocks along the height of the level and in the
direction of the strike of the seam, the roof or bottom is bro-
ken into blocks and caved uncontrollably. This situation
leads to blockage of the stope face and haulage drift.

It is indicated in the works [10]-[12] that the method of
roof control by backfilling the mined-out space with crushed
rock most favourably influences on the side rocks state in the
coal-rock mass. It is noted that when using this method, the
side rocks failure in the stope face and blockages of mine
workings at the mining site are excluded. Nevertheless, for
various reasons, this method is not used in the mines of
Ukraine when mining the steep coal seams. This can be ex-
plained by the additional cost for purchasing equipment for
backfilling operations.

To maintain mine workings in an operating state, it is al-
so proposed to use a hardening backfill [8]. This solution will
lead to restriction of the side rocks displacement in the coal-
rock mass due to the minimum settling of the hardening
support. At the same time, there are still unresolved issues
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with the regulation of the processes of hardening the backfill.
The influence of hardening supports on the stability of side
rocks and haulage drifts in terms of stresses concentration in
the coal-rock mass is unclear.

At coal mining enterprises, to ensure the operating state
of the zonal advance workings, non-pillar schemes for devel-
oping the mining sites are used or the haulage drifts are pro-
tected with coal pillars. Non-pillar methods of haulage drifts
protection have been widespread until now [13]. This is
conditioned by a decrease in the loss of minerals during the
mining of extracted areas, a decrease in the risk of endoge-
nous fires and sudden emissions of coal and gas.

The work [14] presents the research results of the haulage
drifts stability in the case of different protection methods. To
compare, the protection of advance workings with wooden
structures or with coal pillars with limited dimensions is
considered. According to the research results, it has been
determined that in the zone of stope works influence, there is
a stratification of side rocks, discontinuity of the overhanging
stratum and deformation of the mine working contour. At the
same time, nothing is mentioned about preventing the side
rocks stratification and ensuring the stability of the advance
workings behind the stope face in the mined-out space.

Ensuring the haulage drifts stability during their entire
operational life guarantees the normal operation of the
transport and the required amount of air for ventilating the
mining sites. In the work [5], it is proposed to use rolling-on
chocks from wooden sleepers to protect the haulage drifts
and ensure their operating state. The use of yielding wooden
structures to protect mine workings will restrict the rocks
displacement on the haulage drift contour, but for this it is
necessary to take into account a change in the stiffness of
protective structures along the mine working length.

The experience of Ukrainian mines performance, when
mining the steeply dipping seams, shows that in the practice
of mining operations, they still prefer to use the method with
coal pillars for protecting the haulage drifts [4], [7]. The
height of the pillars, restricting the mine working from the
influence of the mined-out space, is 8 m. It is considered that
with such sizes of coal pillars, the operating state of the haul-
age drifts is ensured. Meanwhile, protecting stump pillars
with this size, especially in the zone of stope works influ-
ence, are prone to destruction and falling apart. As a result,
cavities are formed above the haulage drift and the mine
working stability deteriorates. Attempts to determine the
changes in the intensity of the rock pressure manifestations
along the length of the supported mine workings, depending
from the size of the protecting pillars, are made in the
work [15]. However, the results obtained do not allow to
determine the general patterns of such changes. Hence, the
research results cannot be used to substantiate the method for
protecting the mine workings.

Analysis of the known methods for protecting the haulage
drifts on a steep dip indicates their diversity. Global expe-
rience and practice of mining the steep coal seams show that
when protecting the zonal advance workings with coal pillars
of limited sizes, about 50% of haulage drifts are in an unsatis-
factory state [7]. Non-pillar schemes for mining the mining
sites, in certain mining-and-geological conditions, do not fully
ensure the operating state of the zonal advance workings adja-
cent to the stope face [4], [5]. All this allows to assert the ex-
pediency of conducting experimental research on the haulage
drifts stability in coal mines developing steeply dipping seams.
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Based on such research, it is possible to develop recommenda-
tions for ensuring the operating state of the haulage drifts,
taking into account the applied methods of protection.

1.2. Purpose and objectives of research

The purpose of the research is to substantiate the condi-
tions for ensuring the haulage drifts stability with different
methods of protection in steeply dipping seams.

To achieve the purpose, the following research objectives
are set:

—to carry out experiments in in-situ conditions, studying the
rock pressure manifestations on the haulage drifts contour with
different methods of protection and to assess the conditions for
their maintenance in the zone of stope operations influence;

—to study the deformation characteristics of protective
structures and to determine their influence on the haulage
drifts stability along the length of the mining site.

2. Materials and methods of research

To study the peculiarities of the rock pressure manifesta-
tion along the length of the haulage drifts and determine the
main factors, depending on the method of protection, and
influencing the stability of mine workings, in-situ tests have
been conducted at the Tsentralna Mine of the State Enter-
prise “Toretskvuhillia” (Toretsk, Ukraine).

In this regard, in this work, the object of research is the
processes of ensuring the side rocks stability in the haulage
drifts with different methods of protection in steeply dipping
seams. As a consequence, in order to study the periodic na-
ture of the rock pressure manifestations in the advance work-
ings with different methods of protection, in-situ tests of the
haulage drifts stability in the seams I3, Is and ls on the hori-
zon of 1146 m have been conducted.

When observing at the experimental sites (Fig. 1), bench-
marks are set along the mine working contour at specially
equipped metering stations. With the help of mine surveying
tape, the value of convergence of benchmarks relative to
each other is determined. The measurement error is +2 mm.
The scheme of metering stations and the location of bench-
marks on the haulage drift contour is presented in Figure 2.

In order to quickly assess the conditions for supporting
the haulage drift along the length of the mining site, the fol-
lowing methodology is used: as the stope face advances, the
width B (m) and height H (m) of the mine working are de-
termined at the metering station. After such measurements
are taken, the change in the cross-sectional area of the haul-
age drift S (m?) is recorded. The measurement scheme is
shown in Figure 2b.

The mining-and-geological conditions of the experimental
sites are presented in Table 1. The values of elasticity modulus
E (Pa) of coal seams I3, Is and lg are presented in Table 2.

Haulage drift along the seam Is. Mine working is protect-
ed with rolling-on chocks from wooden sleepers. After a
while, the protection method is changed to coal pillars.
Cross-sectional area of the drift S = 8.5 m?. Distance between
arch support frames (AP-3) with wooden lagging 0.8 m.
Velocity of haulage drift mining Vin= 16 m/month, stope
operations Vg = 10 m/month. The drift is developed using
drilling-and-blasting operations. Roof control method in
stope face is complete caving.

Haulage drift along the seam Is. Mine working is protect-
ed with rolling-on chocks from sleepers, then by clumps of
prop stays or by coal pillars.
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Figure 1. Scheme of experimental sites for determining the side
rocks displacement on the contour and a change in the
cross-sectional area of the haulage drift: (a) with the
method of protecting with coal pillars; (b)with the
method of protecting with rolling-on chocks from wood-
en sleepers; (c)with the method of protecting with
clumps of prop stays: 1 — haulage drift; 2 —coal pillars;
3 —rolling-on chocks from wooden sleepers; 4 — clumps
of prop stays; h =8 m — pillar height, m; | =5 m — pillar
length, m; h =6m - rolling-on chock height, m; I =5m —
rolling-on chock width, m; h =3m — clump height, m;
I =3 m - clump width, m; Vs, Vp — direction of stope and
preparatory operations; MS — metering stations

3
2|/.4
W — 1

Figure 2. Scheme of the metering station for determining the side
rocks displacement on the contour of the haulage drift (a)
and a change in the cross-sectional area of the advance
working along the length of the mining site (b): 1, 2, 3,4 -
benchmarks, 1-2, 1-3, 1-4, 2-3 — benchmark displacements
1, 2 towards 3, 4; H — mine working height, m; B — mine
working width, m; & = 59°— angle of seam inclination, deg
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Table 1. Mining-and-geological conditions of the experimental sites

Inclination . Side rocks
Seam Thickness
: angle a, roof bottom
index m, m - - - - - -
deg immediate main immediate main
Clay shale, thickness Sandy shale, thickness Clay shale, thickness
ls 59 1.05 uptom=4.0m uptom=7.0m Clay shale uptom=15m
| 59 06 Clay shale, thickness Clay shale, thickness Clay shale, sandy shale, Sandstone, thickness
° ' uptom=1.7-25m uptom=10m thickness of m =2.0 m m=10m
le 59 062 Clay shale, thickness Clay shale, thickness  Clay shale, thickness up  Clay shale, thickness

uptom=11m

uptom=8-10m

tom=0.8-25m uptom=25-44m

Table 2. Values of the coal seam elasticity modulus E (Pa)

Seam index  Elasticity modulus E (Pa)
Is 0.29-10%
Is 0.33-10%
ls 0.31-10%

Cross-sectional area of the haulage drift S =8.5 m? Dis-
tance between arch support frames (AP-3) with wooden
lagging 0.8 m. Velocity of haulage drift mining
Vh = 14 m/month, stope operations Vg =11 m/month. The
drift is developed using drilling-and-blasting operations.
Roof control method in stope face is complete caving.

Haulage drift along the seam l;. Mine working is protec-
ted with rolling-on chocks from wooden sleepers. After a
while, the protection method is changed to coal pillars.
Cross-sectional area of the drift S = 8.5 m?. Distance between
arch support frames (AP-3) with wooden lagging 0.8 m.
Velocity of haulage drift mining Vi =16 m/month, stope
operations Vg = 10 m/month. The drift is developed using
drilling-and-blasting operations. Roof control method in
stope face is complete caving.

Haulage drift along the seam ls. Mine working is protec-
ted with rolling-on chocks from sleepers, then by clumps of
prop stays or by coal pillars. Cross-sectional area of the haul-
age drift S=8.5m? Distance between arch support frames
(AP-3) with wooden lagging 0.8 m. Velocity of haulage drift
mining Vh = 14 m/month, stope operations Vg = 11 m/month.
The drift is developed using drilling-and-blasting operations.
Roof control method in stope face is complete caving.

Haulage drift along the seam ls. Mine working is protec-
ted with coal pillars. Cross-sectional area of the haulage drift
S =28.5m? Distance between arch support frames (AP-3)
with wooden lagging 0.8 m. Velocity of haulage drift mining
Vh = 12 m/month, stope operations Vs = 8 m/month. The drift
is developed using drilling-and-blasting operations. Roof
control method in stope face is complete caving. The dimen-
sions of the protective structures are shown in Figure 1.

In the real conditions of mining the steep coal seams,
with different methods of controlling the rock pressure in the
stope face, the safety of the haulage drift is ensured due to
the side rocks stability. In this case, in order to maintain the
integrity of the stratum overhanging the in-seam advance
working, protective structures are erected — coal pillars or
wooden structures.

The load P (H) on the protective structure is determined
from Hooke’s law [16], [17]:

4h

P=ES.", 1)

where:
E — elasticity modulus, Pa;
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S — cross-sectional area of the protective structure per 1
running meter of the haulage drift, m?: for pillars S = 8 m?; for
rolling-on chocks S = 6 m?; for clumps S = 3 m?; ratio 4h/h is
a relative deformation of the protective structure, that is:

4h
=—, 2
£= 2

where:

4h — vertical convergence according to measurements in
the drift, m;

h — protective structure height (corresponds to the coal
seam thickness), m.

In this research, we take the change in the distance be-
tween benchmarks 1 and 3 on the haulage drift contour as the
value 4h (m):

4h = U_3.

As a simple and, at the same time, illustrating indicator of
the analysis of the haulage drifts stability taking into account
the rock displacements on the contour and the deformation
properties of protective structures, we use an assessment of
the increment of roof displacements Au (m) on the haulage
drift contour with different protection methods with distance
from the stope face, determined as:
AU =U(y_3)i ~U(1-3)i-1- ®)

To smooth out short-term fluctuations and identify cha-
racteristic trends in changes of the studied parameter, the
method of simple sliding average [18], [19] is applied with
an averaging period 2:

AUi - Aui_l
> .

Currently, wood is the most common fastening material
in mines when using non-pillar methods of mine working
protection. The strength of wood varies widely, depending
on the nature and direction of the load. Therefore, it is sup-
posed that when using the rolling-on chocks from wooden
sleepers, their compression occurs across the fibres. In the
case when clumps of prop stays are used to protect mine
workings, the compression of such wooden structures occurs
along the fibres. The action of compressive forces along or
across the fibres determines the value of elasticity modulus E
(Pa) of wooden specimens [20], [21].

The values of elasticity modulus E (Pa) of protective
structures made of wood are presented in Table 3. It should
be noted that the protective structures above the drift de-
signed to support the side rocks behind the stope face are
specific objects along the entire length of the mining site.

(4)
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Table 3. Values of elasticity modulus E (Pa) of protective structures

Protective structure Elasticity modulus E (Pa)
Rolling-on chocks from 520-10°
wooden sleepers
Clumps of wooden prop stays 12600-108

The deformation characteristics of such objects depend
on a large number of factors. In order to assess the conditions
for supporting the haulage drifts with different methods of
protection, experimental data are used on the side rocks con-
vergence and the increment of displacements along the
length of the haulage drift. Taking into account the calculated
load on the protective structures P (H) and the value of their
relative deformation e, it is possible to obtain a real assessment
of the deformation properties of coal pillars, rolling-on chocks
from sleepers and clumps of prop stays, and, therefore, to
assess the conditions for supporting the haulage drifts.

3. Results

3.1. Rock pressure manifestations on the haulage
drift contour with different protection methods

When performing in-situ measurements, the main atten-
tion is paid to the side rocks displacement u (mm) on the
mine working contour with different methods of protection,
depending on the distance to the stope face along the length
of the haulage drift | (m) at the mining site.

Based on the results of in-situ tests, graphs are plotted of
the side rock displacements u (mm) on the contour of the
haulage drift of seams I3, Is and Is while protecting with coal
pillars along the mining site length | (m) (Fig. 3).

In all cases, when protecting the haulage drift with coal
pillars, the rock displacements from the bottom side are in-
significant and range uy4 = 110-140 mm (Fig. 3a, b).

Figure 3a presents the graphs of side rock displacements u
(mm) on the haulage drift contour of the seam ls. It can be seen
from the graphs that the greatest side rock displacements on
the haulage drift contour are recorded in the direction of
benchmarks 1-3 and 2-3. In quantitative terms, the maximum
set value of displacements u (mm) at a distance of | =100 m
behind the stope face is ui.3 = 510 mm and u,.3 = 390 mm.

Figure 3b presents the graphs of side rock displacements
u (mm) on the haulage drift contour of the seam Is. During
the experiments, it is noted that the greatest side rock dis-
placements take place from the side of the roof, in the direc-
tion of benchmarks 1-3 and 2-3. The value of displacements
u (mm) at a distance of 1 =100 m behind the stope face is
for benchmarks 1-3 u;-3 =450 mm and for benchmarks 2-3
Us.3 =310 mm.

Figure 3c presents the graphs of side rock displacements
u (mm) on the haulage drift contour of the seam ls along the
mining site length | (m). Based on the results of in-situ tests,
by measuring the benchmarks convergence in the haulage
drift, the maximum side rock displacements are determined
at a distance of | = 100 m behind the stope face. In the direc-
tion of benchmarks 1-3 and 2-3, these displacements are uj-
3 =490 mm and u,.3 = 280 mm.

Figure 4 presents the graphs of side rock displacements u
(mm) on the haulage drift contour of the seams Is and Is along
the mining site length I (m). As a result of the tests per-
formed, it has been determined that the greatest rock dis-
placements are recorded by benchmarks 1-3 and 2-3, which
reflect the displacements of the roof rocks.
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Figure 3. Graphs of side rock displacements u (mm) on the haulage

drift contour when protecting with coal pillars along the
mining site length | (m): (a) haulage drift on the seam
I3; (b) haulage drift on the seam Is; (c) haulage drift on
the seam ls; 1-2; 2-3; 1-3; 1-4 —benchmark displace-
ments 1, 2 towards the benchmarks 2, 3, 4 on the mine
working contour

The value of the roof displacements on the haulage drift
contour at a distance of 1 =60 m behind the stope face is on
the seam Is u;3 = 350 mm and u,.3 = 200 mm (Fig. 4a). For
the seam I, the displacements of the roof rocks at the same
distance are equal to ui;3=320mm and u,3= 50 mm
(Fig. 4b). At a distance of | > 60 m, the side rocks conver-
gence noticeably decreases. The roof rock displacements at a
distance of 1 =100 m behind the stope face are for the seam
Is U3 =390 mm and uz3 =250 mm (Fig. 4a), and for the
seam lg — Uz-3 = 380 mm and uz-3 = 280 m (Fig. 4b).
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Figure 4. Graphs of side rock displacements u (mm) on the hau-
lage drift contour when protecting with rolling-on
chocks from wooden sleepers along the mining site
length I (m): (a) haulage drift on the seam Is; (b) haulage
drift on the seam ls; 1-2; 1-3; 2-3; 2-4 — benchmark dis-
placements 1, 2 towards the benchmarks 3, 4

Figure 5 presents the graphs of side rock displacements u
(mm) on the haulage drift contour of the seam 15 when pro-
tecting with clumps of wooden prop stays along the mining
site length | (m). It can be seen from the graphs that the ma-
ximum side rock displacements on the haulage drift contour
take place from the side of the roof in the direction of
benchmarks 1-3 and 2-3. At a distance of | > 60 m behind the
stope face, the roof displacements exceed the structural
yielding property of support in the drift. The roof displace-
ments reach the value ui.3 = 350-440 mm and increase. At a
distance of | = 100 m, rock displacements by benchmarks 1-3
and 2-3 are ui.3 =560 mm and u,.3 = 470 mm, respectively.
The bottom rock displacements are ui.4 = 210 mm.

During observations of rocks displacement on the haulage
drift contour, a decrease in the cross-sectional area of mine
workings along the mining site length is also recorded.

3.2. Determining the deformation properties
of protective structures above the drift

In order to assess the conditions for supporting zonal ad-
vance workings with different methods of protection, especial-
ly in the zone of stope works influence, it is necessary to joint-
ly consider the issues of the haulage drifts stability and the
operability of protective structures. This approach will make it
possible to determine the patterns of haulage drifts defor-
mation behind the stope face, to substantiate the rational pa-
rameters of protective structures. For this purpose, along with
the registration of the side rocks convergence on the advance
working contour, as the stope face advances, the change in the
cross-sectional area S (m?) of the haulage drift is recorded.
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Figure 5. Graphs of side rock displacements u (mm) on the hau-
lage drift contour of the seam Is when protecting with
clumps of wooden prop stays along the mining site
length | (m): 1-4; 2-4; 2-3; 1-3 — benchmark displace-
ments 1, 2 towards benchmarks 3, 4

Figure 6 shows the graphs of the change in the value of S (m?)
along the mining site length | (m) with different methods of
protection. Figure 6a shows the graphs of the change in the
value of S (m?) of the haulage drift along the mining site length
I (m), when the advance working is driven on the seam Is. From
the presented graphs it can be seen that when the drift is protec-
ted with coal pillars, the mine working section changes from
S=85m?to S=4.1m? at a distance of 1 =100 m behind the
stope face. The decrease in the section is about 52% of the
initial (S=8.5m?), recorded at the conjugation of the hau-
lage drift with the stope face of the seam I5. When using roll-
ing-on chocks from wooden sleepers to protect the haulage
drift, the mine working section at a distance of 1=100m
decreases to S = 6.0 m?. In this case, the area loss is 30%.

Figure 6b shows the graphs of the change in the value of
S (m?) along the mining site length | (m), when the haulage
drift is driven on the seam Is. In the case when mine working
is protected with coal pillars, the drift section changes from
§S=8.5m? to S=23.95m? at a distance of | =100 m behind
the stope face. The cross-sectional area loss is 54%. When
the haulage drift is protected with rolling-on chocks from
sleepers, the drift section decreases from S=85m? to
S =5.8 m? at a distance of | = 100 m. The area loss is 32%.

The use of clumps of prop stays for protecting the hau-
lage drift leads to a situation when the advance working
section decreases from S =8.2 m? to S = 3.8 m? at a distance
of 1 =100 m behind the stope face. Loss of the drift cross-
sectional area is 53% (Fig. 6b). When protecting the haulage
drift of the seam Is with coal pillars, the drift section decreas-
es from S=8.4m? to S=4.0m? at a distance of 1 =100 m
behind the stope face. The reduction in the cross-sectional
area of the drift is 53% of the initial one (Fig. 6¢).

As a result of performed measurements of the height /7
and width B of mine working along the mining site length I,
it has been determined that the support in the haulage drift
has characteristic bends and is deformed from the roof side.

Figure 7 shows the graphs of changes in the calculated
load on protective structures P (MN) along the experimental
site length | (m). It can be seen from the graphs that when
the haulage drift is protected with coal pillars, the calculated
load increases in stages. Thus, at a distance | =10-30 m
behind the stope face, an insignificant increase in the load is
noted when P = 3.1-4.9 MN. At a distance of | = 100 m, the
load on the pillar increases to values of P =12-19 MN
(Fig. 7, graphs 1.1; 1.2; 1.3).
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Figure 6. Graphs of the change in the cross-sectional area of the
haulage drift S (m?) along the mining site length I (m)
with different methods of protection: (a) haulage drift
on the seam I3; (b) haulage drift on the seam Is; (c) haul-
age drift on the seam ls; 1 — coal pillars; 2- rolling-on
chocks from wooden sleepers; 3 — clumps of prop stays

When protecting the haulage drift with rolling-on chocks
from sleepers, the load increases smoothly and reaches
maximum values of P = 2.5-3.0 MN at a distance of | =60 m
behind the stope face. Further, an increase in the calculated
load P is insignificant (Fig. 7, graphs 2.2; 2.3).

When protecting the haulage drift with clumps of prop
stays, the load increases in stages. Thus, at a distance of
I =30 m behind the stope face, the calculated load on the
clumps of prop stays corresponds to P =7.5 MN. At a dis-
tance of | = 30-80 m, an increase in the load up to P = 33 MN
is observed. The maximum values of the load P =34.5 MN
are noted at a distance of 1 =100 m behind the stope face
(Fig. 7, graph 3.2).
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Figure 7. Graphs of the change in the calculated load on protec-
tive structure along the haulage drift length | (m) with
different methods of protection: 1.1; 1.2; 1.3 — coal pil-
lars; 2.2; 2.3 — rolling-on chocks from wooden sleepers;
3.2 — clumps of prop stays: 1.1 — seam I3; 1.2; 2.2; 3.2 —
seam Is; 1.3; 2.3 —seam ls

Figure 8 shows the graphs of the change in the relative
deformation ¢ of protective structures located above the
haulage drift along the experimental site length I (m).
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Figure 8. Graphs of the change in the relative deformation & of
protective structures depending on the distance to the stope
face | (m) with different methods of protecting the haulage
drift: 1.1; 1.2; 1.3 — coal pillars; 2.2; 2.3 — rolling-on
chocks from wooden sleepers; 3.2 — clumps of prop stays:
1.1-seamls; 1.2; 2.2; 3.2 —seam Is; 1.3; 2.3 —seam ls

It can be seen from the presented graphs that when the
haulage drift is protected with coal pillars, the value of the
relative deformation ¢ increases with an increase in the
length | of the experimental site. The maximum values of the
relative deformation ¢ of coal pillars are recorded at a dis-
tance of 1 =100 m behind the stope face. Thus, for coal pil-
lars, left to protect the haulage drift of the seam I3, the values
of the relative deformation correspond to & =0.49 (Fig. 8,
graph 1.1). To protecting pillars of the haulage drift of seam
Is, this value is equal to ¢ =0.75 (Fig. 8, graph 1.2), and for
seam lg — ¢ = 0.77 (Fig. 8, graph 1.3).

When protecting the haulage drift with rolling-on chocks
from wooden sleepers, an increase in relative deformation is
recorded at a distance of 1 =10-60 m behind the stope face.
Moreover, for the seam Is, the value of ¢=0.6, and for the
seam lg — £ =0.5, at a distance of | =60 m (Fig. 8, graphs 2.2
and 2.3). With an increase in the experimental site length to
|1 =100 m, the values of the relative deformation of the rolling-
on chocks increase insignificantly and are equal to ¢ = 0.65 for
seam |5 and ¢ = 0.55 — for seam lg (Fig. 8, graphs 2.2 and 2.3).

When protecting the haulage drift with clumps of prop
stays, at a distance of | = 10-30 m the value of the relative de-
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formation corresponds to & = 0.19. With the distance from the
stope face, that is, at a distance of 1 =80 m, the value of the
relative deformation increases to ¢ =0.88. The maximum va-
lues of the studied parameter, equal to ¢ = 0.9, are recorded at a
distance of | = 100 m behind the stope face (Fig. 8, graph 3.2).

Figures 9-11 show graphs of the change in the increment
of roof rock displacements 4u on the haulage drift contour
with different protection methods with an increase in the
relative deformation ¢ of protective structures.
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Figure 9. Graphs of the change in the increment of displacements
Au (m) on the haulage drift contour depending on the
relative deformation ¢ of the stump coal pillars:
(a) haulage drift on the seam Is; (b) haulage drift on the
seam Is; (c) haulage drift on the seam l¢: 1 —a change in
the increment of roof displacements 4u on the haulage
drift contour; 2 — sliding average

It can be seen from the graphs above that the stump coal
pillar after unloading of the coal-rock mass is deformed un-
der external forces. As a result of this interaction of side rocks
with protective structures above the drift, the increment of
displacements Au on the haulage drift contour with an increase
in the relative deformation ¢ of the latter, increases or decreas-
es as the length of the mining site changes (Fig. 9-11).
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When protecting the haulage drift with coal pillars, as can
be seen from the graph in Figure 9, in the initial deformation
zone A-B (along the sliding average), with an increase in the
relative deformation ¢, the resistance of the coal pillar increas-
es. This process is characterized by a decrease in the value of
the increment of the roof displacements Au on the mine work-
ing contour. It is recorded that with an increase in the relative
deformation of the coal pillar of the seam I3 from £=0.1 to
£=0.12, the increment of the roof displacements decreases
from 4u =0.08 m to 4u = 0.02 m (Fig. 9a). For a coal pillar of
the seam Is, when the value of the relative deformation chang-
es from ¢=0.1 to ¢=0.18, the value of Au decreases from
0.06 to 0.02 m (Fig. 9b). For a coal pillar of the seam I, a
change in the value of the relative deformation from & =0.09 to
£=0.19 is accompanied by a decrease in the increment of
displacements from 4u = 0.05 m to 4u = 0.02 m (Fig. 9c).

A sharp drop in the resistance of coal pillars with an in-
crease in the increment of roof displacements Au is recorded
in the zone b-c. This process is caused by the beginning of
gradual fracturing in pillars and is accompanied by an in-
crease in relative deformation ¢. Thus, for a coal pillar of the
seam ls, with an increase in the relative deformation from
£=0.12 to £=0.2, the increment of roof displacements in-
creases from Au=0.02m to Au=0.082m (Fig. 9a). For a
coal pillar of the seam Is, with an increase in the relative
deformation from ¢=0.18 to ¢ =0.31, the value of Au in-
creases from 0.02 to 0.07 m (Fig. 9b). For a coal pillar of the
seam lg, a change in the relative deformation from ¢ =0.19 to
& =0.29 causes an increase in the increment of displacements
of the roof rocks on the haulage drift contour from
Au=0.02 mto 4u =0.06 m (Fig. 9c).

A qualitative analysis of the diagrams shown in Fig. 9 in-
dicates that at the initial stage of deformation (zone A-B
along the sliding average), the coal pillars operate in the mode
of increasing resistance, with a decrease in the increment
value of the roof displacements Au. As the process of fractur-
ing develops, the pillars begin to gradually lose their load-
bearing capacity, which, against the background of periodic
roof subsidence as a whole, is characterized by a gradual
increase in the increment of roof displacements Au (zone B-C).

The maximum values of the increment in the displace-
ments Au of the roof rocks on the haulage drift contour when
protecting with coal pillars are noted at the maximum ¢ va-
lues of the protective structures relative deformation. It is
noted that with the coal pillar deformation of the seam I; by
42%, the maximum increment in displacements is
Au =0.08 m (Fig. 9a). When the coal pillar of the seam Is is
deformed by 48%, the maximum increment of displacement
is 4u =0.08 m (Fig. 9b). For a coal pillar of the seam lg, with
its deformation by 59%, the maximum increment in dis-
placements is Au = 0.082 m (Fig. 9c).

Further deformation of the pillar leads to its complete de-
struction and partial falling apart with a loss of load-bearing
capacity and resistance to side rocks displacement (zone D-E).

Similar dependences can be observed during the defor-
mation of rolling-on chocks from wooden sleepers located
above the haulage drift of the seams Is and ls (Fig. 10). It is seen
from the presented graphs that at the initial stage of deformation
(zone AB along the sliding average), the average increment in
roof displacements Au is either conditionally constant (seam Is,
Fig. 10a) or gradually decreases (as in the case of deformation
of the protective structure located above the haulage drift of the
seam ls, from 4u = 0.1 m to A4u = 0.01-0.02 m, Fig. 10b).
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Figure 10. Graphs of the change in the increment of displace-
ments 4u (m) depending on the relative deformation &
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This testifies to the operation of protective structures in
the mode of constant or slightly increasing resistance (typical
for yielding and limited-yielding support structures, respec-
tively [8], [22]).

The maximum compression of the rolling-on chocks is
achieved with a relative deformation & = 0.5-0.6 (there is an
abrupt compaction of the protective structure before that —
zone B-C), after which further displacements of the side
rocks practically cease (zone C-D).

Deformation of clumps of prop stays used to protect the
haulage drift of the seam Is is characterized by operation in
the mode of increasing resistance (zone A-B) to the value
of relative deformation ¢ =0.16-0.19, followed by destruc-
tion of prop stays and loss of load-bearing capacity. This is
accompanied by an uncontrolled increase in displacements
(zone B-C) until almost complete convergence of the side
rocks (zone C-D). The average value of the increment in
displacements in the B-C zone is the highest of the com-
pared methods of protecting the haulage drifts
(4u =0.08 m), as well as the maximum convergence of
rocks (90%) (Fig. 11).

Thus, the analysis of alternating changes in the increment
of side rock displacements on the haulage drift contour and
the change in the cross-sectional area of mine working along
the mining site length makes possible to identify, based
on data of experimental observations, the characteristic
modes of protective structures operation and give a real
assessment of the zonal advance workings stability with
different methods of protection.
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4. Discussion

The experience of mines developing the steeply dipping
coal seams shows that to ensure the operating state of zonal
advance workings, it is preferable to use such protection
methods as coal pillars (Fig. 1a) or special wooden structures
(Fig. 1b, c). As a result of the experimental research, the
conditions for the haulage drifts stability with different
methods of protection have been substantiated (Fig. 1). For
this, at specially equipped metering stations, the value of the
side rocks displacement on the mine working contour has
been determined (Fig. 2). It has been revealed that the most
difficult conditions for supporting the haulage drifts are
formed in the zone of stope works influence, when using
protective structures with a stiff initial characteristic — coal
pillars (Fig. 1a) or clumps of prop stays (Fig. 1c).

When protecting the haulage drift with coal pillars or
clumps of prop stays (Fig. 1a, c), at a distance of 1=0-60 m
behind the stope face, roof displacements reach values
Uz-3 = 320-400 mm and uz.3 = 220-370 mm (Fig. 3). At a dis-
tance of | >60m, the side rock displacements on the haulage
drift contour exceed the structural yielding property of the sup-
port, and the mine working section decreases by 50% (Fig. 3, 6).

When protecting the haulage drift with rolling-on chocks
from sleepers, the side rocks convergence at the interval
1 =0-60 m behind the stope face increases to the values
U3 = 320-360 mm and up3=200-220 mm (Fig. 4). At a
distance of 1 =100 m along the haulage drift length, the dis-
placements of benchmarks 1-3 and 2-3 reach maximum val-
ues and are equal to ui3=350-380 mm and up3=220-
290 mm. Reduction in the drift section with this method of
protection is about 30% (Fig. 6b).

Under normal mine conditions, protective structures lo-
cated above the haulage drift are usually exposed to static
loads. As the stope face advances, with an increases the min-
ing site length and when protecting the haulage drift with coal
pillars or clumps of prop stays, the calculated load on the pro-
tective structure also increases (Fig. 7, graphs 1.1; 1.2; 1.3;
3.2). Meanwhile, in conditions when the haulage drift is pro-
tected with rolling-on chocks from sleepers, the calculated
load on the yielding protective structures gradually increases
to a certain value, and then stabilizes (Fig. 7, graphs 2.2; 2.3).

To assess the conditions for supporting the haulage drifts
with different methods of protection (Fig. 1), the change in
the cross-sectional area of mine workings S (m?) along the
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mining site length is recorded (Figs. 2b, 6). It has been de-
termined that the decrease in the cross-sectional area of the
haulage drift when protecting with coal pillars or clumps of
prop stays (Fig. 1a, ¢) changes almost linearly, with an in-
crease in the distance | (m) from the stope face. It has been
revealed that with such side rock displacements on the haul-
age drift contour (Fig. 3a, b, c), at a distance of 1>60m
behind the stope face, the mine working section decreases to
50% (Fig. 6, graph 1.3).

In the case when the haulage drift is protected with roll-
ing-on chocks made of wooden sleepers, a decrease in the
mine working section up to 30% at a distance of | = 0-60 m
behind the stope face is recorded. This can be explained by
the intensification of the side rock displacements on the
haulage drift contour during the initial compression of roll-
ing-on chocks (Figs. 4, 6, graph 2). After the chocks compac-
tion, mine working section decreases insignificantly (at
I >60 m, Fig. 6, dependence 2).

It is possible to substantiate the deterioration of the haul-
age drifts stability with different methods of protection
(Fig. 1), using the dependences reflecting the change in the
increment of roof displacements Au depending on the relative
deformation ¢ of protective structures (Figs. 9-11). To smooth
out periodic deviations and identify characteristic defor-
mation areas, a sliding average is applied (Formula (4)).

Analysis of the dependences shown in Figure 9 indicates
that when protecting the haulage drift with coal pillars, after
their deformation by 10-20% (zone AB, Fig. 9a, b, c), the
protective structures stability is lost. At a distance of | >30m
behind the stope face, the roof displacements grow almost
linearly (Fig. 3a, b, c), and the resistance of protecting pillars
to external loads decreases (zones BC and DE in Fig. 9b, c).
At a distance of 1>80m, when the pillars deformation
reaches 50-60%, there is a final loss of the load-bearing ca-
pacity by the protective structures (zone DE, Fig. 9b, ¢). The
drift stability deteriorates.

When protecting a haulage drift with rolling-on chocks
made of wooden sleepers (Fig. 1b), when they are com-
pressed and the protective structures are deformed by
50-60%, the strongly marked yielding properties of the used
protective structures, operating in the mode of constant re-
sistance, are manifested. This has the most favourable effect
on the operating state of the drifts. After that, at a distance of
I>60m, rock displacements and a change in the haulage
drift section practically cease (Fig. 4).

When protecting a haulage drift with clumps of prop
stays, with their relative deformation in the range of
& = 0-0.2, the used protective structures have strongly marked
stiff characteristics. Upon reaching the relative deformation
of the protective structures of ¢~ 0.2, the clumps of prop
stays lose their load-bearing capacity and practically do not
interfere with the side rocks convergence above the haulage
drift (zone BC, Fig. 11). At a distance | > 15-25 m behind the
stope face, the haulage drift section decreases, and the mine
working support is deformed. The maximum reduction in the
mine working section is 50% (Fig. 6).

Thus, based on the research performed, it can be con-
cluded that when mining the steep coal seams in conditions
of great depths, the protection of haulage drifts with initially
stiff protective structures, exposed to brittle destruction (in
this case, coal pillars or clumps of prop stays), is ineffective.
It is possible to ensure the operating state of the zonal ad-
vance workings if, when unloading the coal-rock mass, the
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protective structures above the drift are stable and yielding.
The protection of mine workings with rolling-on chocks
made of wooden sleepers or by backfilling the mined-out
space conforms these requirements. It is also obvious that it
is possible to ensure the operating state of the haulage drifts
by changing the deformation characteristics of the protective
structures above the drift. This will restrict the side rocks
displacement and preserve the integrity of the overhanging
stratum in the coal-rock mass containing the mine workings.

5. Conclusions

When studying the peculiarities of the rock pressure ma-
nifestation in the haulage drifts of steep coal seams using the
method of protecting with coal pillars or clumps of prop
stays, an increase in the roof rock displacements on the mine
working contour, as the stope face advances, has been deter-
mined. In this case, the rocks deformation at a distance of
1 > 60 m behind the stope face exceeds the structural yielding
property of the support, which leads to a decrease in the mine
working section up to 50%. The use of rolling-on chocks
made of wooden sleepers to protect mine workings restricts
the side rocks convergence on the haulage drift contour, as a
result of which the mine working section at a distance of
1> 60 m is reduced to 30%.

The deformation characteristics of the protective struc-
tures located above the haulage drift determine the system’s
ability to respond to the impact of various external factors,
manifested in an anisotropic coal-rock mass during un-
loading. Protective structures, exposed to brittle destruction,
and having an initial stiff characteristic (coal pillars or
clumps of prop stays), with a relative deformation in the
range of 0.1<¢<0.6 lose their stability and load-bearing
capacity. When the rolling-on chocks made of sleepers are
deformed to values of relative deformation ¢ =0.5-0.6, as a
result of their compression, accompanied by compaction of
the material, without loss of load-bearing capacity, a smooth
deflection of the roof and bottom above the haulage drift and
restriction of rock displacements on the mine working con-
tour are ensured.

A decrease in the haulage drift section when protecting
with coal pillars or clumps of prop stays occurs after their
destruction and loss of load-bearing capacity. When protect-
ing mine workings with rolling-on chocks made of sleepers,
a decrease in the mine working section occurs as a result of
compression, without losing the load-bearing capacity of the
protective structure above the drift.
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ExcnepuMeHTaIbHi A0CTiIzkeHHA cTilikocTi
BiIKaTOYHMX IITPEKiB HA MJIACTAX KPYTOro NagiHHA

I. Iopmanos, 1. Bynera, f. bauypina, I'. boituenko, B. losrans, O. Karon, O. Korrea, €. Ilogkomnaes

Meta. OOTpyHTYBaHHS yMOB CTIMIKOCTI BiIKaTOYHUX IITPEKIB IIPH Pi3HHUX CII0OCO0aX OXOPOHH Ha IUIACTax KPyTOro IaJiHHS Ha OCHOBI
KOMIUIEKCY €KCIIEPUMEHTAIBHHX JOCITIPKEHb.

MeToauka. J[jist TOCSATHEHHS OCTaBICHOT il OyM BUKOHAHI MIAXTHI IHCTPYMEHTAJIbHI CIIOCTEPEXKESHHS 3 BUBUCHHS MTPOSIBIB TiPCHKOTO
THCKY B AUIbHHYHUX MiJrOTOBYMX BHPOOKaX, IO MPUMHKAIOTH J0 OYMCHOTO 330010 Ha BiKATOYHOMY FOPHU3OHTI. YMOBH iX MiATPUMKH B
Me)KaxX BHIMKOBOI JiTBHHIII OLIHIOBAINCH BETUYMHOIO KOHBEPreHIlii O19HMX MOPiJ Ha KOHTYPI IITPEKY Ta 3MIHOIO IUIOII Iepepisy 3 ypaxy-
BaHHIM AedopManiifHIX BIACTUBOCTEH OXOPOHHUX CIIOPY.

Pe3yabTaTn. 3adixcoBaHo, 0 B 30HI BIUIMBY OYHCHUX POOIT, B HAHOUIBII CKIIaJHAX YMOBAX MIATPUMYIOTHCS BIIKATOUHI IITPEKH, KOJIU
JUISL iX OXOPOHM BHKOPHCTOBYIOTH IIIMKH BYTULIA a00 Kymmi 3i cToHOK. BeraHoBieHo, mo 3MeHIeHHs nepepizy BUpoOok 10 50% B Takux
YMOBaX, BiIOyBa€ThCS B pe3ybTaTi PyHHYBaHHS OXOPOHHUX CIOPYA. IIpu 0XOpOHi BiIKaTOYHMX IITPEKiB HAKATHUMH KOCTPaMH, 3MEHIIECH-
Hs niepepizy 1o 30% BinOyBaeThesl B pe3yibTarti iX CTHCHEHHs. BeraHoBneHo, mo mpyu AedopMyBaHHI HUTHKIB BYTiUIsI a00 KYIiB 3i CTOHOK
1o 10-20% BinOyBaeThest BTpaTa iX CTiHKOCTI, a 3pocTanHs 10 50-60% mpU3BOAWTH 10 MOBHOI BTPATH 1X HECYUOi 3AaTHOCTI, iHTeHCH(iKaril
3MillleHb TIOPi/l Ha KOHTYpi BUPOOKH it moripuieHH!o 11 cTilikocTi. Bu3HaueHo, 1o B pe3ynbTaTi ehopMyBaHHS HAaKATHUX KOCTPIB 31 IIMaia Ha
20-60% BinOyBaeThcst X CTHCHEHHsS Ge3 BTpAaTH HECY4oi 3[aTHOCTI, IO 3a0e3ledye MIaBHUH MPOTHH HABHCAIOYOi TOBIII Ta OOMEKEHHS
3CYBIB IOpiA HA KOHTYP1 BiIKATOYHOTO IITPEKY.

HaykoBa HoBu3HA. /)11 BUBYECHHS edOpPMAIiiTHUX XapaKTePUCTHK HAAIITPEKOBUX OXOPOHHHUX BUPOOOK BUKOPHCTaHa (QYHKIIIS IPHPO-
CTy 3CyBIB OIYHMX TOPiJ HA KOHTYpi BiIKATOYHOTO IITPEKY MO TOBKHHI BUIMKOBOI JUTHHHUII BiJl BIiTHOCHHX AedopMaliii OXOPOHHHX CIO-
PYZ, 110 TO3BOJIUTH OLIHUTH peajbHy IMHAMIKY TIPOLECy.

MpakTnyna 3aaunMicTs. [Ipy BinnpalroBaHHI KPyTHUX BYTUIBHUX IUIACTIB, BUKOPHCTOBYIOUM OCOOJMBOCTI F€OMEXaHIYHUX IIPOIIECIB,
110 TPOSIBIISIIOTECS. B @HI30TPOITHOMY BYTJIETIOPOJHOMY MacHBi IPH PO3BAaHTaXKEHHI, 3a0BUIbHY CTIHKICTh BUPOOOK MOYKHA 3a0€3MEeYHTH 3a
paxyHoOK 3MiHH Ae(hopManiiiHUX BIACTHBOCTEH HAMIITPEKOBHX OXOPOHHHX CIIOPY.

Knrouosi cnosa: zipcokuii muck, wimpex, niompumra 2ipcoKux Uupo6oK, Yiluk, KOCMpu, OXOPOHHI cnopyou, nopoou, 8yeienopoOoHull
macus

JKCcNepUMeHTAIbHbIE HCCIe0BAHUS YCTOHYMBOCTH
OTKATOYHBIX IITPEKOB HA MJIACTAX KPYTOro NajgeHus

W. Vopnanos, 1. bynera, 4. bauypuna, I'. boituenko, B. Jlosrans, A. Katon, O. Kortesa, E. Ilogkomaes

Leab. O60cHOBaHME YCIOBUH YCTOMIMBOCTH OTKATOYHBIX MITPEKOB IIPH Pa3HbIX cocobax OXpaHBI HA IUIACTaX KPyTOro MaJeHUs Ha Oc-
HOBE KOMIUIEKCA SKCIIEPUMEHTAIbHBIX UCCIICA0BAHUI.

MeToaunka. [t TOCTH)XEHHMS IIOCTaBJICHHOH LeJIM ObUIN BBIIIOJIHEHBI IIAXTHBIE HHCTPYMEHTAIbHbBIE HAOIIOACHHS 10 U3YYEHHIO TIPOSIB-
JIEHUH TOPHOT'O JABJIEHUs B yUYaCTKOBBIX MOJATOTOBUTEIBHBIX BHIPAOOTKAX, MPUMBIKAIOIIUX K OYMCTHOMY 320010 Ha OTKaTOUHOM TOPU30HTE.
VYcnoBus UX MOAJEpKaHus, B IPeenaxX BHIEMOYHOTO YUacTKa, OLEHUBAINCH BETMUYMHON KOHBEPIEHIIMN OOKOBBIX MOPOJ] HA KOHTYpE IITpeKa
1 U3MEHEHHEM LI ONEPETHOT0 CEUSHNUS, C yIeTOM Je()OPMAIIMOHHEIX CBOHCTB OXPAaHHBIX COOPYKEHHUH.

Pe3yabTaThl. 3adUKCHPOBaHO, YTO B 30HE BIMSHUS OYHCTHBIX PaboT, B HanOOJIee CIOXKHBIX yCIOBUSIX IOIEPKUBAIOTCS OTKATOYHBIE
IITPEKH, KOT/A JUIS MX OXPaHBI UCIONB3YIOT IEIUKHU YIS WIN KYCTHI U3 CTOEK. Y CTAaHOBJICHO, YTO YMEHBIICHHE CEYEHHS TAKUX BEIPAOOTOK
10 50%, siBIsieTcs pe3ylbTaTOM Pa3pyLICHHs OXpaHHBIX coopyxkeHul. [Ipu oxpaHe OTKaTOUHBIX IITPEKOB HAKATHBIMU KOCTPAMU, YMEHBIIIC-
HUe ceyeHus BBIpaboTku 110 30% MPOUCXOMUT B IPOLIECCE CHKATUSI OXPAHHBIX COOPY)KEHUH. Y CTaHOBIICHO, YTO IIPH Ae(hOPMUPOBAHUH LEIIH-
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KOB YIJIl MJIU KYCTOB M3 cToek 10 10-20% mpoucxoaut noTeps uxX yCTOMIMBOCTH, a pocT 40 60% MPUBOAUT K MOJTHON MOTepe UX HecyIueit
CIOCOOHOCTH, HHTEHCU(UKAIIMY CMEIICHUH OPOJ Ha KOHTYpPE BBIPAOOTKH M yXYy[UICHHIO e¢ yCTOHuMBOCTU. ONpenelieHo, YTo B IpoLecce
JeopMUpOBaHHS HAKATHBIX KOCTPOB U3 mmain Ha 20-60%, MpoucxoauT ux cxaTtue 0e3 MoTepH Hecymel CIIOCOOHOCTH, YTO 0OecreunBaeT
IUIABHBIH MPOrHO HABHUCAIOLICH TOJIIH M OTPAaHUYCHHE CMEIICHHH OPOJ Ha KOHTYpE OTKaTOYHOTO MITPEKa.

Hayunas HoBu3Ha. [y u3ydeHns neopMaioOHHBIX XapaKTEPHCTHK HAJIITPEKOBBIX OXPAHHBIX COOPYKEHUH HCIIOIb30BaHa (YHKIHUS
MIPUPOCTA CMEIEHUH OOKOBBIX IOPOJ HAa KOHTYpe OTKaTOYHOTO HITPeKa IO JUIMHE BHIEMOYHOTO ydYacTKa OT OTHOCHTENBHBIX AehopmManuii
OXpPaHHBIX COOPYKEHHIA, YTO TO3BOJINIIO OLEHUTH PeabHYI0 JUHAMUKY Ipolecca.

IIpakTHYeckast 3HAYUMOCTD. [Ipy 0TpabOTKE KPYTHIX YrOJNBHBIX IIACTOB, UCIIOIB3YsI OCOOEHHOCTH I€OMEXaHUUECKHX MPOLECCOB, KO-
TOpBIC TPOSBIAIOTCA B aHU30TPOITHOM YIJVICIOPOJHOM MAacCHBE IIPHM PasrpysKe, YAOBJICTBOPUTEIILHYIO YCTOHYMBOCTH BBIPAOOTOK MOXHO
00ecreunTh 3a CUET H3MEHEHHUS Ae(OPMALMOHHBIX CBOMCTB HAIIITPEKOBBIX OXPAHHBIX COOPYIKEHHH.

Knrouegvie cnosa: copHoe oasnenue, wmpex, no00epi#CaHUe 20PHLIX 8bIPADOMOK, YEAUK, KOCMPbI, OXPAHHbIE COOPYHCEHUS, NOPOObL,
VenenopoOHbIl MACCU8
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