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INFLUENCE OF UNDERGROUND MINING ACTIVITIES
ON THE TOPOGRAPHIC SURFACE, CASE STUDY OF NUI BEO COAL MINE
(VIETNAM)

Purpose. Coal mining activities by underground mining method will disrupt the equilibrium of the surrounding rock mass. In
underground mining, determining the influence zone of exploiting the longwall on the topographic surface is extremely important.
Through analyzing the displacement and deformation of the rock mass when exploiting the longwall 21103 in Seam 11 at Nui Beo
Coal Mine, the influence is to be determined of exploiting this longwall on the topographic surface in order to forecast the bound-
ary of the influence zone that may affect the surface works, ensuring the safety of such works.

Methodology. To achieve the research results, actual field survey methods, data analysis and numerical modeling methods are
used in this article.

Findings. Analysis of the results from the numerical model determined that the total height of the collapsed and cracked area
when exploiting the longwall 21103 in Seam 11 is about 85 m. The subsidence to the ground is about 10 cm from the center of the
subsidence area. The analysis results from the numerical model also show that the roof collapse angle is 69°, thereby determining
the area of influence on the topographic surface in the range of 55 m. Results on the cross-sections show that the boundary of the
influence of mining on the topographic surface is the closest section 6—6, which is about 12 m. The stability time of the collapsed
rock mass is determined to be about 5 months.

Originality. On the basis of UDEC (Universal Distinct Element Code) software, the authors have developed a simulation
model for the mining process of the longwall 21103 in Seam 11. Analysis of the results from the model has shown the state of dis-
placement and deformation of the surrounding rock mass. In this study, the numerical modeling method is applied to simulate the
displacement of the longwall, which is consistent with the actual production of the underground mine. This enabled the authors
to assess and identify the affected area with the required degree of reliability.

Practical value. The research results of the paper are used as a basis for implementation in actual production at Nui Beo Coal
Mine. On the basis of the analysis of the surrounding rock mass displacements and deformations, when exploiting the longwall
21103 in Seam 11 at Nui Beo Coal Mine, the affected boundary of the topographic surface has been determined. At the same time,
the stability time of the collapsed rock mass is also calculated. So, this is also the basis for Nui Beo Coal Mine to plan construction

works on the site outside the determined affected areas to ensure the safety of such works.
Keywords: underground mining, displacement and deformation, topographic surface, Nui Beo Coal Mine

Introduction. It is well known that underground coal min-
ing usually causes serious damage to underground structures
and topographic surface buildings. One of the most important
manifestations of underground mining activities is its potential
influence on the initiation and reactivation of slope move-
ments [1, 2]. The degree of impact of exploiting the longwall
on the topographic surface depends on many different factors
[3]. The factors of geological conditions include the thickness
of alluvium, the depth of mining compared to the ground, the
mechanical parameters of the rock mass, the hydrogeological
characteristics. There are also technological factors such as
mining method, support plan of the longwall, mining height,
top coal recovery height and mine pressure control method.

Nui Beo Coal Mine has begun to convert from an open-pit
mine to an underground mine according to the coal industry
development plan approved by the Prime Minister [4]. Cur-
rently, the mine has operated stably and maintains a capacity
of 1.5 million tons/year. To meet the annual capacity, the Nui
Beo Coal Mine has added Seam 11 to the mining plan. Seam
11 can be exploited with many different longwalls, of which the
longwall 21103 in Seam 11 has been prepared and ready to be
exploited (according to Nui Beo Coal Mine production plan,
2021). According to the survey, this longwall has the closest
distance to the topographic surface where the households are
living. The exploitation of the longwall in Seam 11 will cause
displacement and deformation zones in the surrounding rock
mass, and at the same time form a new stress state. In this new
stress state, the rock mass is completely destabilized and af-
fects the surrounding rock mass and topographic surface, and
at the same time, may adversely affect the households [5, 6].
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The assessment and determination of the boundary of influ-
ence of the displacement and deformation zones when exploit-
ing the longwall 21103 in Seam 11 on the topographic surface
at Nui Beo Coal Mine is required in order to ensure the safety
of the topographic surface works and safety in mining. There-
fore, this study is necessary for the reality of the Nui Beo Coal
Mine.

In the world and in the country, there have been studies to
determine the influence of mining on topographic surface
works [7]. On that basis, solutions are proposed to minimize
the impact of displacement and deformation caused by mining
activities. Case studies are based on numerical modeling
methods to calculate and predict the degree of roof collapse
[8, 9], and calculate the pressure on support by analytic meth-
od [10, 11], studies on the influence of mining on surface sub-
sidence [12, 13], studies to determine the displacement and
deformation areas of roof when exploiting the longwall [14—
16]. The studies calculate the pressure for the longwalls in
complex geological conditions [17—19].

It can be seen that, there have been many studies related to
the determination of surface subsidence, displacement and de-
formation of roof when exploiting the longwall. However, the
above studies have not mentioned development models to
forecast and determine the influence of boundary and collapse
angle of roof on the topographic surface when exploiting the
longwall near residential households. Therefore, in this study,
the authors developed a simulation model of the mining pro-
cess of the longwall 21103 in Seam 11 at Nui Beo Coal Mine,
observed and determined the boundary of influence on the
topographic surface. This is also the basis for evaluating, ana-
lyzing and identifying the boundary that affects the topo-
graphic surface when exploiting this longwall, which is also an
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important problem for Nui Beo Coal Mine in implementing
and ensuring mining safety.

Research Methods. Research method basis. On the basis of
information on geological conditions, stratigraphic columns
of boreholes were collected, development a numerical model
based on UDEC software. From there the results from the
model were analyzed to determine the research results. The
specific steps are as follows:

1. Collecting geological documents.

2. Developing models based on UDEC software.

3. Analyzing the model results to determine the boundary
of influence on the topographic surface when exploiting the
longwall in Seam 11 at Nui Beo Coal Mine.

4. Analyzing the model results to determine the fracture
angle of the roof, the level of subsidence of the topographic
surface.

5. Determining the stabilization time of collapsed rock mass.

Features of geological conditions in the study side. The stra-
tigraphy of the study side consists of siltstone, claystone, and
solid sandstone. However, in some places the roof has soft thin
layers of claystone and coal clay forming a false roof, which
collapses along with the coal mining process. The results of the
mechanical analysis of the samples are shown in Table 1. The
stratigraphic column of Seam 11 at Nui Beo Coal Mine is
shown in Fig. 1.

LK-NBHL44/5.30

10.000

110.0052

Seam 11

Fig. 1. LK-NBHL44/5.30 borehole stratigraphic column in
Seam 11 at Nui Beo Coal Mine

Study side. The longwall 21103 belongs to Seam 11 at Nui
Beo Coal Mine, mining depth is from —130 level. After Nui
Beo Coal Mine was opened up by a pair of shafts according to

Table 1
Analytical results of the roof and floor rock of Seam 11
Rock unit Value resis?a(;llllggf::il(;h s, Tensile strenzgth oy Inten;eltllgiiction Cohesive force | Specific we;ight Y
(kG/cm?) (kG/em?’) (degrees) ¢ (g/cm’)
Siltstone (Immediate Max 1412.87 121.79 34°50° 449 3.15
roof) Min 171 16.3 31°53° 61 268
Medium 565.85 57.16 32°24° 191.59 2.35
Gravelstone (Main Max 2652.83 197.34 357207 890.00 2.77
roof) Min 150.4 11.40 33°06’ 139.00 2.53
Medium 1218.01 106.26 34°45° 474.52 2.62
Sandstone (Main roof) | Max 3132 500 35°00” 563.0 2.93
Min 148.83 6.06 22°30° 117.0 2.33
Medium 979.68 86.37 33°44° 324.06 2.65
Siltstone (Main roof) Max 1385 123 34°50° 376 2.77
Min 182 16.1 30°15° 66 2.53
Medium 668.53 56.19 3225’ 193.2 2.65
Claystone (Main roof) | Max 962.80 62.9 32°01° 108.0 3.15
Min 150.40 11.4 30°54° 51.0 2.22
Medium 345.81 32.80 31°42° 63.73 2.64
Gravelstone Max 1536.91 139.19 35°00° 460.00 2.65
(Immediate floor) Min 800.13 77.71 33°56 244.00 256
Medium 1198.45 107.24 34°22 361.00 2.60
Sandstone (Immediate | Max 2811.42 238.00 35°35° 900.00 2.79
floor) Min 127.00 42.00 31°45° 138.00 252
Medium 1061.93 102.37 34°16° 347.26 2.66
Siltstone (Immediate Max 1092 78.67 36°15° 324 2.86
floor) Min 2016 25.5 32°02 69 254
Medium 522.41 44.16 32°44° 132 2.67
Claystone (Immediate | Max 1987.00 76.50 33°54' 116.00 2.76
floor) Min 103.00 22.30 29°30° 43.00 2.44
Medium 460.18 34.66 31°49' 71.14 2.60
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the plan of Vietnam Coal and Mineral Industries Group, the
longwall 21103 was also prepared and ready for exploitation.
The preparation plan of the longwall is shown in Fig. 2.

Mining technology, operation scheme, economic and
technical indices of the longwall.

+ Basic parameters of longwall 21103.

- average thickness of seam: 5.1 m;

- average slope angle: 5°;

- extraction height: 2.6 m;

- thickness of top coal recovery: 2.5 m;

- the length of the longwall in the dip direction: 84 m;

- the length of the longwall in the strike direction: 80 m.

+ Mining technology.

Mining technology applied in the longwall 21103 is a
mechanized mining technology to recover top coal, cut coal by
shearer, support by shield, transport coal by scraper conveyors
and control mine pressure by caving method. Some of the ba-
sic equipment used in a specific longwall is shown in Table 2.

+ Operation scheme.

The production tasks in the longwall face 21103 are orga-
nized and performed in cycles. A cycle of three web cuts is
completed within three shifts, equivalent to the face moving
progress of 1.89 m per day. A web cut includes the following
stages: cutting face and moving supports with an advance rate
of 0.63 m, recovering top coal and ventilation drifts. The in-
spection and maintenance of equipment are carried out at the
top of each shift, including maintenance, repair, and replace-
ment of spare parts if necessary for shearer, roof supports,
scraper conveyors, electrical equipment and emulsifier pump
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systems, dust filter system, power supply system, water supply
system, methane warning system, and pressure test of sup-
ports. The number of workers in the face is arranged depend-
ing on the specific work of each shift.

+ Economic and technical indices.

After researching and establishing an operation scheme for
longwall 21103 in Seam 11 at Nui Beo Coal Mine, which is
exploited by mechanized technology, with the above equip-
ment combination, the main economic-technical indices are
calculated. They are shown in Table 3.

Building a numerical model. Based on the geological con-
ditions and approved mining design of the longwall 21103 in
Seam 11 at Nui Beo Coal Mine, a simulation model of the
studied area has been built with dimensions of 300 m length,
156 m wide, including many layers of rock and coal. Extrac-
tion height: 2.6 m. Thickness of top coal recovery: 2.5 m. The
simulation model is shown in Fig. 3.

Results and discussion. Analysis of numerical modeling re-
sults to determine the collapse step of the roof and the total height
of the collapsed and cracked area when exploiting the longwall
21103 in Seam 11. Analysis of the modeling results shows that
when the longwall moved in the strike direction of 18 m, the
immediate roof began to delaminate, and cracks began to ap-
pear. With the longwall cut of 28 m in the strike direction, the
immediate roof began to collapse into the voids, more and
more cracks appeared with increasing density. With the long-
wall cut of 38 m in the strike direction, the immediate roof was
almost completely collapsed, the main roof moved to the cav-
ing area, increasing the movement of rock mass, the crack sys-
tems had a thickness of about 1.5—2.0 m. Fig. 4 shows a model
of the process of forming cracks with the longwall cut of 38 m
in the strike direction.

With the longwall cut of 46 m in the strike direction, the
immediate roof was completely collapsed, the main roof
moved to the caving area, increasing the movement of rock
mass, the crack system continued to grow strongly, with a
thickness of about 1.5—2.0 m. Fig. 5 shows a model of the pro-
cess of forming cracks with the longwall cut of 46 m in the
strike direction.

g i Table 3
B LR . o
2ie Y/ !;L“El Economic and technical indices of the longwall 21103
EiLEN
i No. Indices Unit Amount
Fig. 2. Location of the longwall 21103 in Seam 11 at Nui Beo 1 | Average thickness of coal seam m 5.1
Coal Mine -
2 | Average slope angle of coal seam do 5
3 | The length of the longwall in the m 80
Table 2 strike direction
The equipment is mainly gsed at the loqgwall 21103 in Seam 4 | Extraction height m 26
11 at Nui Beo Coal Mine
5 | Top coal recovery height m 2.5
No. Equipment Type Amount | Note . -
6 | Average length in dip direction m 84
1 | Shearer MG160/391-WD 01 26.5 - - 3
tons 7 | Volumetric weight of coal ton/m 1.64
2 | Shield ZF4400/17/28 50 | 16tons § | Extraction coefficient - 0.95
3 Shield ZFG4800/18/30 06 18.5 9 | Top coal recovery coefficient — 0.85
tons 10 | The number of shifts per day shift 3
4 | Scraper SGZ630/264 02 - 11 | Coal output of one face cut (1 shift) ton 405
conveyors 12 | The number of web cuts per day web 3
> | Crusher PCMII0 o1 _ 13 | Cycle completion coefficient — 1
6 Convejymg $22730/132 ol N 14 | Coal output of a day ton 2430
Machine
7 | Belt conveyor DSJ100/63/275 o1 _ 15 | Coal output of a month ton 60750
8 | Emulsifying BRW315/31.5 o1 _ 16 | Capacity of longwall face ton/year | 619,650
pumping station 17 | The number of workers per day worker 72
9 | Mist station BPWS315/10 01 - 18 | Direct labor productivity ton/labor 33.75
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Fig. 3. Simulation of the mining area at the longwall 21103 in
Seam 11 by UDEC 2D-3.1 software
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Fig. 4. Process of forming cracks with the longwall cut of 3§ m in
the strike direction
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Fig. 5. Process of forming cracks with the longwall cut of 46 m in
the strike direction

Fig. 6 shows that there was a great change from the roof
with the longwall cut of 68 m in the strike direction, the main
roof collapsed clearly, the system of cracks developed strongly.
When the longwall continued to be cut of 80 m in the strike
direction, the collapsed rock mass began to stabilize. Fig. 7
shows that the total height of the collapsed and cracked area of
the roof when exploiting the longwall 21103 in Seam 11 is
about 85 m.

Analysis of numerical modeling results to determine the
fracture angle of the roof at longwall 21103 in Seam 11 and
determine the boundary of influence of displacement and de-
formation on cross-sections of topographic surface.

+ Analysis of numerical modeling results to determine the
[fracture angle of the roof.

According to the results of the model, the displacement range
of the roof in the longwall 21103, corresponding to the fracture
angle is about 69 degrees. This result is shown in Fig. 8 below.

UDEC (Version 3.190)

~4.000E+66——

~1.000E+66——
0.000E+66——

Fig. 6. Process of forming cracks with the longwall cut of 68 m in
the strike direction
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Cycle 380560
Time 6.490E+01 sec

-1.000E+01

x= 78.943y= 37.576
block= 782779 zone= 2578857

Fig. 7. Process of forming cracks with the longwall cut of 80 m in
the strike direction

UDEC (Version 3.10)

Fig. 8 Fracture process of roof in the longwall 21103 in Seam
11 at Nui Beo Coal Mine

+ Determining the boundary of in fluence of displacement and
deformation area caused by exploiting the longwall 21103 on the
respective cross-sections.

As shown in Fig. 2, the mining area of longwall 21103, this
area is adjacent to the residential boundary. In order to deter-
mine the influence of the displacement caused by mining ac-
tivities in the longwall 21103 on the topographic surface cor-
responding to the fracture angle of 69 degrees, in Fig. 2, sec-
tions 3—3; 4—4; 5—5 and 6—6 are shown; we continue to bring
the fracture angle of 69 degrees to each of those sections,
thereby determining the boundary of its influence. This result
is shown in Figs. 9 to 12 as follows.

Figs. 9 to 12 show that, when exploiting the longwall 21103
in Seam 11 at Nui Beo Coal Mine, the total height of the col-
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lapsed and cracked area is 85 m, the fracture angle is 69 de-
grees. On the basis of the corresponding cross-sections, the
area of influence (influence boundary) of this longwall exploi-
tation on the topographic surface is 55 m. The cross-sections
also show that this influence boundary will gradually move
closer to the safe protection boundary of the residential area
and the boundary of the house on the ground. Section 6—6
shows the closest distance of 12 m, while the furthest distance
of 82 m is shown in section 3—3. The results are shown in Ta-
ble 4.

Analysis of numerical modeling results to determine surface
subsidence caused by exploiting the longwall 21103. The results
of model analysis show that the depth of surface subsidence
when exploiting the longwall 21103 is about 10 cm (the greatest
subsidence depth is at the center of the displacement basin of
the rock mass). The process of surface subsidence of the rock
mass when exploiting the longwall 21103 is shown in Fig. 13.

Calculating the end time of the impact of the displacement on
the topographic surface. The time of displacement and defor-
mation is calculated from the beginning to the end of exploit-
ing the longwall, and at the same time, the collapsed rock mass
has completely stabilized. According to the National Regula-
tion TCVN 10673:2015 on Mine Surveying (point 12.1.1.11)
[20], the time to be considered as the end of the displacement
process is when the total subsidence in 06 months does not
exceed 10 % of maximum subsidence, but not more than

Table 4

Results of determining the boundary of influence of
exploiting the longwall 21103 in Seam 11 at Nui Beo Coal
Mine on cross-sections
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Fig. 11. Boundary of influence of displacement and deforma-
tion caused by exploiting the longwall 21103 on the cross-
sections 5—5
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Fig. 12. Boundary of influence of displacement and deforma-
tion caused by exploiting the longwall 21103 on the cross-
sections 6—6
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Fig. 13. Process of surface subsidence of the rock mass when ex-
ploiting the longwall 21103
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30 mm. The time of topographic surface displacement when
exploiting the longwall is determined by the formula

H
T—kT~7(ctg60+ctg\u3), §))

where H is average mining depth, m; C is the average speed of
the longwall, m/month; k is the coefficient depending on the
average speed of the longwall (C) and the average mining
depth (H), determined according to Table 5.

The results of calculating the displacement time of the
longwall 21103 in Seam 11 at Nui Beo Coal Mine are shown in
Table 6.

The calculation results in Table 6 show that the time to end
the displacement when exploiting the longwall 21103 in Seam
11 at Nui Beo Coal Mine is about 4.58 months, this result is
rounded to 5 months.

Conclusions.

1. The total height of the vertical collapse and cracking area
is within the allowable safety limit. According to the analysis re-
sults from numerical modeling, the total height of the vertical
collapse and fracture zone is about 85 m, which means that the
maximum limit of the fracture zone is about 50 m from the
topographic surface.

2. The influence of displacement and deformation is within
the allowable limit. The influence of displacement and defor-
mation on the ground when exploiting the longwall 21103 in
Seam 11 is shown through the fracture angle of the rock mass
during the collapse. The results of model analysis show that
the fracture angle of the rock mass is 69 degrees. When deter-
mining displacement and deformation on some cross-sec-
tions, it is shown that the affected areas are outside the safety
protection boundary of residential areas and allowable bound-
ary of households on the topographic surface. At section 6—6
(Fig. 12), the affected area of displacement and deformation
when exploiting the longwall 21103 is the closest to the safety
protection boundary and the residential boundary (Table 4).

3. Surface subsidence is within the allowable limit calculated
from 55 m onwards (outside the affected area of exploiting the
longwall 21103 in Seam 11). The depth of surface subsidence
when exploiting the longwall 21103 is about 10 cm (the greatest
subsidence depth is at the center of the rock displacement ba-
sin). The subsidence depth decreases gradually as further away
from the center of the displacement basin, the permissible
subsidence is outside the affected area of exploiting the long-
wall 21103 in Seam 11, i.e. from 55 m onwards.

4. The end time of displacement and deformation effects is
about 5 months. The calculation results of the end time of the

Table 5
Table for looking up coefficients &
Average speed of the Average mining depth H, m
longwall C, m/month | Upto 100 | Upto 300 >500
20 1.5 1.2 1.1
60 1.8 1.5 1.3
Up to 150 2.0 1.5 1.5
Table 6
Results of calculation of displacement effect time
= &
B3s |2 g 5
o = g =] g )

No. | Longwall 288 | o g 5E=
“2E | Ese| & 25%
25|55 8| £€2
<50 | <TXT O « (SRS INS

1 21103 47.25 123 1.5 4.58

effects of displacement and deformation when exploiting the
21103 in Seam 11 is 4.58 months (rounded to 5 months),
shown in Table 6.

Nui Beo Coal Joint Stock Company — Vinacomin needs to
manage the area within the boundary of the influence of dis-
placement and deformation when exploiting the longwall
21103, not allowing the construction of works close to the safe
boundary of the longwall has ended mining. The Company
continues observation at some locations closest to the longwall
(safety boundary) to monitor displacement and deformation.

Acknowledgments. The authors would like to thank Nui Beo
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ing the field survey and providing data to complete this study.
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Meta. BugoOyToK ByTijuisl Mia3eMHUM CIIOCOOOM MOPY-
11Iy€e piBHOBary MacuBy, 110 oTouye BUpoOKy. [Ipu minzem-
HUX TipHMYUX POOOTAaX MAyXe Ba’JIUBO BU3HAUUTU 30HY
BIUIMBY MpOLIECY eKcCIlIyaTalii JaBu Ha TornorpadidyHy mo-
BepxHio. [lInsxoM aHanisy 3MillleHHs i1 nedopmallii MacuBy
ripcbKux nopin npu po3po6uiiasu 21103 y ruiacti 11 Byrisib-
Hoi mraxti Hyi beo BusHauuTH BIuiMB eKCIutyaTallii i€i 1aBu
Ha TornorpadiyHy MOBepXHIO 3 METOIO MPOTHO3YBaHHST MEXi
30HU BIUIMBY, L0 MOXE€ BIUIMBATU HA MOBEPXHEBi POOOTH,
3a0e3reuyoun 6e3neKy Takux pooiT.

MeTtonuka. 1151 TOCATHEHHS pe3yJbTaTiB HOCTiIXKEHHS
B pOOOTi BUKOPUCTOBYIOTHCSI METOAM PEaTbHUX MOJIbOBUX
JNIOCJIIKEeHb, aHali3 JaHUX i METOIU YHUCEIbHOIO MOJEIIO-
BaHHS.

PesyabraTn. AHaiti3 pe3yabTaTiB YMCEIbHOI MOAEIi 10-
3BOJIMB BU3HAYUTH, 1110 3arajibHa BUCOTA 30HU OOBaJIEHHS Ta
TpillMH npu BianpaioBaHHi jasu 21103 miacta 11 craHo-
BUTH 0;113bKO 85 M. [IpocimaHHs IpyHTY CTAHOBUTH OJIM3HKO
10 cM BimHOCHO 1IeHTpY oOJacTi mpocinaHHs. PesynbraTu
aHaJIi3y YMCceIbHOI MOJIeJTi TaKOX MOKa3yloTh, 110 KYyT 00Ba-
JIEHHSI TIOKPIiBJi CTAaHOBUTDH 69°, 1110 BU3HAYAE 30HY BIUIUBY
Ha TororpaiuHy MoBepXHIO B miana3oHi 55 m. Pesynpratn
BiIHOCHO MOMEPEeYHMUX IMEepepi3iB MoKazaiM, IO MEXEIo
BIUIMBY TipChbKMX pOOIT Ha TormorpadiuHy IMOBEpXHIO € Haii-
oyKya OisTHKa 6—6 TPOTSKHICTIO 6JM3bKo 12 M. BusHa-
YEHO, 1110 Yac CTIMKOCTI MOPYIIEHOTO MAaCUBY TipCHKUX MOPi/l
CTAHOBUTb OJIU3BKO 5 MiCAIIiB.

Haykosa HoBusHa. Ha ocHoBi mporpamu UDEC (YHiBep-
CaJIbHUM YHIKaJbHUIA KOJ eJIeMeHTa) aBTOpaMu po3podJieHa
iMiTaliifHa Momeab Tpollecy BimmpaioBaHHs JaBu 21103
rutacta 11. AHaui3 pe3yJbTartiB MoJesli moKa3aB 3MillleHU I i
ne(OopMOBaHUIA CTaH BMIIIYIOUYOTO MAcCUBY TipChKUX ITOPi.
JInst imiTaliii 3MillieHHST JIJaBU Y 1IbOMY JOCJiI)KeHHi 3aCTOCO-
BYETBHCSI METOIl YMCEIBHOTO MOJETIOBAHHS, 10 BilANOBiTae
(hakTMuHOMY BUIOOYTKY IMig3eMHOI KonaibHi. Lle no3Bonuio
aBTOpaM OLIIHUTU 1 BU3HAYMTHU 30HY BIUIMBY 3 HEOOXiTHUM
CTYIEHEM JOCTOBIpHOCTI.

IIpakTyHa 3HauumicTsb. Pe3ynbraTy OCHIIKEHHS JaHOT
poOOTH BUKOPUCTOBYIOTHCS SIK OCHOBA JIJIs1 BIPOBA/XKEHHS B
peajibHe BUpOOHUMIITBO Ha ByriibHi# maxti Hyi beo. Ha min-
CTaBi aHaJIi3y 3CyBiB i fedhopMalliil BMillyl04oro MacuBy Tip-
CBKUX TIOpif Tpy BinmpairoBaHHi gaBu 21103 muracra 11 By-
rinbHoi maxti Hyi beo BU3HauaeTbest Mexxa TororpadiyHoi
MOBEPXHi, 10 MiagaeTbcs BIUiMBY. [Ipu 11bOMYy TakoX po3-
PaxOBYETbCS Yac CTIMKOCTI MOPYLHIEHOTO MAacHUBY TipCbKUX
nopia. TakuM 4MHOM, 11e TaKOX € MiJCTaBOIO ISl BYT'UIbHOI
mwaxtu Nui Beo Coal Mine nuianyBatu OyaiBeibHiI poOOTH Ha
TEPUTOPIi 3a MeXaMU 30H BIUIMBY, 110 Oy BU3HAYEHI IS
3a0e3reueHHs1 6e3MeKn TaKuX pooiT.

KimouoBi ciioBa: niozemuuii 6udodymox, smiujerus it deghop-
Mayis, monoepagiuna nosepxus, gyeirvna waxma Hyi beo
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