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Determination of the parameters of
sudden outbursts of coal and gas by drilling degassing wells
during mining and opening of coal seams

Demin V. F., |l sabek T. K., Shont a
(Karaganda State Technichlniversity, Karaganda, Republic of Kazakhstan)

The results of experimental studies in the mines of the Karaganda coal basin, which showed the
dependence of the effective influence of the radius of the degassing well from the depth of the mine,
the diameteof the well, the natural gas content of the coal seamggaamic and strength properties

of coal, the depth of gas weathering, etc.

Keywords: gasdynamic phenomenosudden outbursts of coal and gdsgassing.

One of the main ways to prevent the sudden release of coal and gas in the mines of the
Karaganda coal basin, both during the opening of the seams and carrying out preparatory
mine workings, is drilling of the leading (degassing) wells with a diameterl@025 m.

The effectiveness of its application depends on correct definition of the main parameters.
These include the diametdy the lengths, the numben, the norreducible lead of the wells

I, their mutual arrangement, the size of the protectaddeérous) zone in the circuit and the
outline. The value of, should be 5 m, on gentle and inclined strata in the driveways-a two
meter safe (protected) zone should be provided, and on particularly hazardous areas it should
be taken equal to 4 m on bosiides of the mine. On powerful, shallow beds, it is also
necessary to protect a&2m zone above the production circuit in the presence of tectonically
disturbed coal. The length of advanced wells with a diameter 623G0nm when carrying

out workings abng the formation should be -B® m, and their number is determined by the
formula [1, 2]

So (a+2b)my
N=88=88888, (1)
St S

whereSyis the effective area of the drainage welf; m

S,.- area of the protectgdangerous) area by a pack of broken coaf, m

a - the average width of the workpiece for stratification of a bundle or packs of broken
coal in the rough, m;

b - the width of the cavity of the treated coal mass of disturbed coal behind the outline,
m;

m\. - power of a bundle or packets of broken coal, m.

The area of the effective effect of the w&ljis assumed to be a rectangle, the size of
which by the layering,, and to the cross of the layler For wells with a diameter of 26250
mm,|,= 2.6 m,lx= 1.4 m, and for diameters 1:-360 mm, respectively, 1.7 m and 0.9 m [3].

The projected number of drainage wells in the exposure of shallow seams by overhangs
or other opening workings is defined as [3]

_(a+20)@h+b)
n= e , (2)
S, Gina
wherea - rough crosscut width, m;
h - height crosscut rough, m;

b - bandwidthtreated wells array coal crosscut from the sides and below (above) it is
normal, m;
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a - dip angle, deg.

When drilling diameter 13@50 mmS; value = 6.8 m(dimensions of a rectang®R=
2.6 nf) and a diameter 8020 mmS;;=2.6nf( di mensi ons of a rectanc

From formulas (1) and (2) that is defined by holes leading distance from its walls to the
point in the array ref at which the effea@idegassing coal. There are several methods of
determining the . KazNIIBGP Kazakh Science Research Institute for Work Safety in the
Mining Industry method, based on the registration of reducing the gas preg$yure the
control boreholes drilled atifferent distances from the well. For valugis taken away from
it, which value decreased 24 hours not less than 50% of its initial value. The method based on
the registration of #Abursto of gas emlssio
[4]. For the effective radius of influence of patalled wells is taken away from it to the hole,
the rate of gas releas® which increased by three measurements of not less than 10%
compared to the last valagto its drilling.

Parameteres also determined by the outburst hazard=g#, 5] equal

R = (SnaxT 1.8) (A ) 3)

hereSnhaxand G max respectively, the maximum output value of drilling culm (I/min) and
the rate gas s-meiegholginterval. mi nLm) one

For the Karaganda coal basi= 2. WhenR 2 2 formation zone is considered outburst
andR < 2 - nonthazardous. For the;was taken away from the contour well to the middle of
the interval between the adjacent control hole location a prescribed hazartbusor
hazardous values &

Comparative tests in Karaganda coal basin showed the following values of the effective
radius of influence of a well diameter of 0,13 m: the first methdd®5 m, the second 1.5
m, and the third 1.3 m [6]. In this exp@ment were set numerical valuesrgf - up rsand
downr,in cross layering can stretch assumed to be 0.5 m. Analysis of the methods of finding
the res shows that the definition of this parameter by measuring the rate of gassing makes up
4% and 20% higher values, compared with the first method [7]. Proved [6] that the method
based on the registration of the gas pressure yielded satisfactory resulip tmlg depth of
mining 4065 0 0 m, and the method of recording bl
the limit (max) values ofer. Finding an effective radius of influence of a well in terms of the
current forecast of outbur& in the control bagholes drilled at different distances from the
well studied, is more rapid and objective and applicable even at depths greater than 500 m.
Instructions [3] shows the refined formula for RRewhich has as follows:

R= (Snaxi 1.8) G ma4)i 6. (4)

WhenR?2 0 the zone of the formation is considered to be an outburst hazard.

The analysis shows that the depth of laying mines 400 m numerical value of the
effective radius of influence of a well in seven cases (43.75 %) less than the average of its
valuere = 1.25 m. Sure, this may lead to an underestimation of the number leading wells
workings passed at a depth of 400 m, artticates the need to consider when determining the
numberH of wells by the formulas (1) and (2). For ease of calculation of effective circular
area of influence is replaced by the well is approximately equal rectangular, while on the
bedding layer with @mall marginresis assumed to be 1.2 m, and this value is recommended
in order to find the effective impact of the drainage hole in the current instructions [3].

The degree of degassing adjacent to the well advanced coal, of course, depends on the
stressstrain statdront face of the array output. It affects the fracture porosity of carbon and
determining its permeability in different points of the array, the pressure of methane and
ultimately transferred to the filtration of gas from the formation it wellbore. For this
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reason, the table data are processed as accordigglttdd) allowing implicitly consider this
condition coal array. This gave the following empirical expression:

ret= 1.59€" 0019, (5)

The correlation ratid? = 0.76 indicates [2] that there is a close relationship between the
effective radius of the leading wells refy and the parameteiH(d). The coefficient of
determination ig7” = 0.58. This means 58% that the variation of the numerical valudue
to the ratio H/d), and 42% to the effect of other factors. These include the natural gassing
content of the coal seam, the gas dynamic and strength properties of coal, the depth of gas
weatheringH,, etc.

Analysis of the obtained dependence (5) indedkat for fixed values of the diameter
of the leading wellsl by a value of the radiusg;, the depth of the mine workings

The zone of effective well effect depends on the fracture zone formed in the vicinity of
the well. The larger this zone, the maney formed surface of the coal from which methane
is released.

To determine the zone of destruction around the well, the laws of continuum mechanics
are applied. Initially, an elastic problem is solved to determine the stress state of the rocks
around tle well and then, based on the accepted criterion of destruction, conditional zones of
inelastic deformations (CZID) were defined, within which rocks are considered to be
destroyed [7].

The solution of this problem was carried out on PC using the methatbged by the
department "Development of mineral deposits” of the Karaganda State Technical University
[1]. Calculations were made for the caifgoman walkway traversed along lay@g [2]. In
carrying out the drilling, advance wells with a diameter of 256 were drilled. The
necessary zone of destruction is determined taking into account the time factor. The time of
formation of the CZID is taken for a day, since the effective area of the well effect is
determined taking into account the decrease in tlepgassure near the control well by at
least 50% during the day.

However, the effective diametBx;will be larger tharDy, since over time methane gas
flow into the well will occur not only from the zone of the CZID, but also from the region
adjacent tat D¢t/ Dy = Kk, respectively

k=S¢ & (6)
Assuming that for this reservoir the valuelkoWill be constant, we will calculate the

required number of wells at different depths. Taking into account formula (2), it will be equal
to

_(a+20)@h+b) (7)
"~ k@Befsina

The coefficienk is determined experimentally in mine conditions.

Thus, the number of degassing wells to reduce the outburst of the formation at the site
of the formation will change with a change in the depth of the formation.

For example, therojected number of advanced wells with a diameter of 200 mm was
calculated to expose the ejectivazardous gently sloping seam at a depth of 850an=at®, b
= 1.5 m,a=5.4 m anch = 3.3 m according to the current instruction and taking into account the
obtained dependence (5), which determines the influendd of re:. In the first casen = 34
wells. The numerical value ofys found by (5) is 0.96 m. Turning to the rectanguéant of the
effective well effect area, creating a certain reserve, we §gk®.92 m, them = 56 wells. These
data indicate the necessity to take into account the reductignvnth the increase in the depth
of the mine workingsH, otherwise they auld create a dangerous situation related to the
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possibility of occurrence of the sudden outburst of coal and gas even after drilling the degassing
wells.

When drilling workings on an otdf-range formation, the deviation of the number of
wells, taking into account and without taking into account the dependemgdrom H will
be less than at the opening of the seams, since the area of effective welhefiemula (1)
will vary only due to the variation df.

The following relationships were proposed [2] between the gas pressure in the
formationP and the depti andH, - the depth of the gas weathering zone:

from1 <600 a3

t = 0'1 @ (+1 (D,, :[ P (8)
from1 >6 00 O3
t = 018, ({PO. 9)

After determining the deptH from expression (5) and substituting it into formula (9), it
turns out that

t =0.1[10%d (In 1.597 In re) i Ho] +1. (10)
Simil ar |l y600 when 1

t =0.06 [10°d (In 1.597 Inre) 1 Hol ™ (11)

By processing the tabular data, the following empirical dependence is revealed with the
maximum value of the determination coefficiegft= 0.32:

ree= 1. B°9%t1ty (12)

The numerical value ofr = 0.57 allows us to conclude that there is a noticeable
tightness between the parametegs and P, and the obtained value of’ indicates a
significant effect on the value of; of other factors.

The natural gassing content of strat®r mines in the Karaganda coal basin is defined
as [8]

1.3a(H-Ho)  100- A%~ W
Xx=0800003M3505358anmht (13)
1+b(H - Ho) 100

WhereA® - ash content of the reservoir,%;andb - coefficients that depend on the
properties of the seamd/ - ash content of coal,%.

The deptH is determined from the expression (13) and its value is substituted into the
formula (4), we find that

10* X
rei=1.59-expd 8 AD 685685 anti.
d -A*W) . 30(100 (14)
00000000

100
The resulting equation 41 more fully reflects not only theuantitative but also

gualitative relationship of the radius of the effective influence of the leading well with various
factors.
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The processing of tabular data revealed a parametric relationship with the correlation
ratio 7 = 0.93 between the ratig = ret/ d and the diameter of the degassing vaetif the
following kind:

k=176d >3 (15)

With increasingd the numerical value of the paramekedrops sharply. This indicates
that the change in the diameter of the degassing wells in the larger direction does not lead to a
significant change ime. The obtained conclusion is explained by the fact that from the
tectonically disturbed coal the prelag amount of gas through the advanced wells is
released during their drilling and the throughput of all wells with a diameter of00B98m
with existing gas flows is approximately the same [6].

When choosing the borehole diameter, it is necessary goided by the possibility of
excluding the sudden release of coal and gas from them during drilling and the minimum
necessary time for this procegssand degassing of the formatignin the treated zone to safe
values of the ejection hazard. A signifitgoart of the methane from the advanced wells is
allocated, mainly, during the introduction of the drilling tool into the coal massif and after the
completion of drilling, t htetglahasbeen estanlithedo n
[6] that, with screw drilling, the most optimal valuesdadre in the range from 0.2 to 0.25 m,
and smooth drilling with washing is 0.13 m.
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A Conceptual Modlreil v dm rAsBs egt Dlarttae gr i t
Underground Coal Mi nes based on

Ming Yang, Zinetullina A.
(School of Engineerindjazarbayev University, Astana, Kazakhstan)

Kazakhstan has Centr al Asi ads | argest recover a
must always be the highest priority during underground coal mining. The advancement of mechanical
and intelligent technology in coal mining leads to the c&ida of labor and accidents and increase of
production efficiency in underground coal mines. To continue improving underground coal mine
safety and create a safer working environment for operators, the Internet of Things (loT) technology
may facilitate te collection and organization of safeglated data, e.g., condition monitoring data,
process variable data, for subsequent data analysis for better asset integrity management. This paper
presents a conceptual framework for big eidrisen asset integritynanagement approach based on

loT technology. It describes the development of the framework including its structure, elements, and
strategies. The paper explores the opportunities and discuss the fitness and strength of adopting 10T,
big data, and data niimg technigues in improving asset integrity management, including optimization

of operational risk, identification of maintenance tasks and intervals, remnant life, and etc. The results
achieved from this study provide important implications for researtimei relevant area.

Keywords: Asset integrity management; Coal mining; Safety; Condition monitoring

1. Introduction

Underground coal mining is considered a
i ndustries in the worbkdotpl 8gees(RA0O®hi Basndl
fatality risk or b-eahgl i mppAceao rodni nbge atvvolr . tnhoe
data of 2012, Kazakhstan accounts for 116.
1.48% of the wonrldexhamedsiion reserves ( Mak
177 accidents were accounted in 2015, amon
I

ed t o serious i njuries (Kopyl ova, 2016) .
Karaganda wme2@las a result of an accident

were seriously injured, and He&r ppompdre hves ei

seven major hazards faced by(Kbpytoah, mR2OILA

Q) I meased risk of roof or walls falling
bl asting techniques for drivage and i
operati ons;

2) Unsafe act due to the | ack of proper
personnel ;

Bl ense toxic gas release;

4 Poor personal protection respiratory de
(5) No thermotactic personal protection aprfg
6) Lack of modern automated approaches for
(7Y Lack of water stemming approach for bor
Bl ncreased dust creation during operatic

Tripathy and Kumar Al a (2018) have categ

underground coal mines into 6 hazard groups
(1) Ge-mec hani cal (ground movement) ;
(2) Mechanical (rope haul age system. Belt c
B3 Chemi cal (shot firing and bl asting);
4 El ectrical (el ectricity);
5) Ge-ohemi cal (dust, gas, and other combus
(6) Environmerrdtadg li o(ni)n
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The Mechani cal and El ectrical hazard gr
compared to the ground movement. Apart fro
reasons and types of accidents hapgpgabiegl)
According to Kudryavcev, one third of thes
mai ntenance works on the rotating equi pment
mines and inability to ceseandl methenrsesmsat i
supports the needs and i mportance of devel
program for underground coal mines.

Thpaper aims to propose a conceptdrailvema
assettynmagagpepmmedhach underground coal mi nes
digitalization and smart producti on) i s a
proposed model would wunlock the potenti al
i nduss.t ri e

Tablikehson and type of accidents in Karag

Reasons and types of accident Average percentage ol Average percentage of

accidents suffered people
Rotating equipment 29.81% 13.36%

Falling of roof_and walls of the o5 61% 12.07%

mine

Falling ofhp(?ople from the 13.46% 5 60%

eight

Falling ofr?pjects from the 12 50% 5 60%

eight

Mine transport accidents 8.65% 3.88%

Toxic gas release 3.85% 4.74%
Methane explosion 2.88% 53.45%
Other 2.88% 1.29%
Total 100% 100%

The rest of the paper is structured as follows. Section 2 introduces the basics of asset
integrity management. In Section 3, the proposed conceptual model is presented. Section 4
discusses how to implement the proposed model. Section 5 concludes the paper.

2. Asset integrity management
Asset integrity management (AIM) is through systematic implementation of activities
including testing and inspection, maintenance and repair, quality assurance procedure
enforcement and training, to ensure the containmentaaérdous material and the high
availability of critical safety or utility systems during operation. AIM helps to obtain:
- Reports and data from initial and ongoing inspections and testing that verify
equipment is fabricated, installed, and operated infarfiservice mode.
- A systematic way to perform maintenance and repair work, and to control the
materials required by te activities.
- A quality assurance or risk management program that helps to prevent equipment
failures.
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A key element in AIM is Inspection and Maintenance (IM). Many studies have been
conducted on how to achieve optimized IM strategies by utilizing metheal models
(Barata et al., 2002; Gang and Deshmukh, 2006; Goel et al., 2003; Rathayake RMC, 2012
With According to Khan et al. (2016), the IM strategies have gone through the following five
stages:

(1) Breakdown maintenance in the 1940s: equipment nieelds broken down and is

unusable during maintenance.

(2) Preventive maintenance based on detection of degraded components in the 1960s:
degraded components are identified and replaced.

(3) Reliability based maintenance in the 194@80s: reliability modelsra utilized to
support optimization of IM frequencies.

(4) Reliability based design and preventive maintenance based on mathematical
modeling in the 1990s: quantitative models are used to determine IM intervals
according to target reliability.

(5) Risk-based dsign and preventative maintenance in the 2000s: Quantitative risk
assessment is performed at design and operational stage to support IM strategies
determination.

Khan et al. (2016) have proposed a conceptual framework fetimeaimonitoring and
mainterance and claimed that it would be the next generation of IM approach. In this
approach, dynamic risk assessment (DRA) is conducted to support IM planning based on real
time condition monitoring (CM) data. This approach is a way forward with the advancement
of process digitalization. However, a bigger step forward could be achieved if other advanced
technologies such as the Internet of Things (loT), big data, cloud computing, smart
equipment, and cybgahysical systems (CPS) are applied and integrated iasiet integrity
management framework. With the progression of Industry 4.0, one of the major trends in
production system, the CM and DRA based AIM could possibly be further enhanced to a
higher level to ensure process safety and improve production effcie

Gobbo Junior et al. (2018) have conducted a study on identifying the links and non
links between process safety and Industry 4.0. As one of the conclusions of their study, new
research directions could emerge from these-limis, such as, cloud compng, data
mining, information technology, internet of things, ratfiequency identification (RFID), and
CPS. This paper aims to propose a conceptual framework for a new generation of AIM
approach that incorporates the abowventioned technologies undire umbrella of 0T to
enhance safety and production efficiency during the process of Industry 4.0 of underground
coal mines.

3. The proposed conceptual framework: design and technical features

Figure 1 presents the proposed conceptual framework. Each ofdim elements of the
proposed model will be discussed in the following sections.
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Figure 17 The proposed conceptual framework

3.1 Condition monitoring data collection

Data pertaining to progressive defects in equipment, deviations in process operation,
variations of environmental factors, and others need to be collected through multiple sensors.
The data related to mining operations have the following features (W 2059):

- Spatial dispersion: different types of mining equipment are installed in large
underground space, such as roadways, chambers and longwall faces.

- Diversity: varieties types of data coming from the monitoring of underground
working environment (g., temperature, humidity, smoke, wind speed, mining stress,
groundwater activity, geological structure) and auxiliary data.

- Dynamic variation: CM data changes in real time. Using representative data within a
time slot is impossible due to existence afltiple influencing factors.

3.2 Data processing and storage

Yuan (2017) has discussed the pros and cons of different data acquisition, transmission,
and storage tools in the context of coal mining. The literature review presented in the paper
concludes thanternet of things (IoT) can overcome the weakness of the existing approaches.
loT can automatically identify, locate, track and monitor process systems timealThis
large network is comprised of a large number of sensors, signal frequency labesgaxand
signal recognizers (We et al., 2019). The big data collection technologies (e.g., online data
filing) enable multiple data collection and integration of heterogeneous data; while the big
data storage technologies use a big data architecture 8pgrk, Yarn) to enable the
distributed storage of structured data with the functions of full data lifecycle management,
data backup and recovery (Wang et al., 2018).

3.3 Data mining for risk quantification and monitoring control

Multiple anomalies existni the data collected and stored from the previous step. This
step intends to extract the abnormal data from the normal operation data. Statistical
classification approaches are applied for this purpose. Machine learning approaches can be
used to perform h riskbased inspection screen assessment to identify the safety critical
equipment (Rachman and Ratnayake, 2019). For the identified equipment, quantitative risk
assessment will be conducted. More research work is needed to investigate how machine
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learnirg approaches can be applied to generate most possible incident scenarios (e.g.,
cracking with pressure, temperature, vibration and flowrate; corrosion with pressure,
temperature, vibration and flowrate) and estimate their joint probabilities. The priybabili
failure (PoF) data could be generated through Monte Carlo simulation. Figure 2 gives an
example of how the joint PoF can be estimated.

Corrosion limit
state function
Generated by

data mining

Pressure limit
state function
Generated by

data mining

Monte Carlo simulation

Joint Pof for Corrosion and Pressure
Pair

Figure 27 An example of steps for joint probability of failure estimation
(Khan et al. 2016a)

Consequence of failure (CoF) can be estimated by historical data. Loss function can
also be used to estimate the rale loss due to process deviations and asset defect condition
(Khan et al., 2016b). The parameters of these loss functions can be lgameustorical
data. Risk is estimated by the product of PoF and CoF.

3.4 AIM application

The estimated risk can be applied to support the development of IM strategy and
quantify the remnant life of each equipmeRbr instance, the inspection interval can be
optimized based on the identifying the time where the IM cost is minimized subject to an
acceptable risk level.

4. The application of the framework

The application of the proposed framework needs to be implkechéhrough different

layers (Figure 3) under the defined scope of AIM, which include:

- Hardware and software layer: Hardware may consist of the host server, data and its
backup clusters, computer room. Software systems are comprised of data
management, da storage, operating systems. It provides technical support for data
collection and transmission.

- Data sensing layer: the function of this layer is to collect CM data for underground
coal mines in realime manner. It needs the devices such as sensusgjoping
equipment, communication equipment, RFID tags. The sensing devices are targeted
for equipment, process, environment, and personnel.

- Data transmission layer: aims to transmit the data to the process and storage units.
Considering the harsh einenment of underground coal mines, it is recommended to
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use wireless sensor networks (WSNs); because the wired network would be difficult
to design its layout, install, and maintain good performance (Wu et al., 2019).

- Data storage and process layer:he tayer, the received data are cleaned, reduced,
integrated, transformed and stored for standardization purpose. It constructs the big
data database and knowledge base.

- Data extraction and analysis layer: statistical classification techniques and other
advanced machine learning approaches are used to classify abnormal data, generate
incident scenarios, and quantify operational risks. Bayesian netvesed risk
models are recommended to deal with hitependent influencing factors is PoF and
CoF calculabns.

- Application and implementation layer: apply the quantified risk to support any
decisionmaking in asset integrity management. The achieved IM strategies and tasks
need to comply with applicable standards on the base design.

Data storage and process
layer

&
S ¥
N & Data transmission layer
AR
) *’o‘:
OQQ *\?’ Data sensing layer
o &
9 >
&

& | nardware &Sofitware Laye,
J Mgl

Figure 31 Technicallayers of CM-based AIM

5. Conclusions
As part of the trend of Industry 4.0, this paper has proposed a conceptual framework to

the development of datdriven AIM system based on IoT for underground coal mines. Its
main components are briefly described. Theppsed framework is a generic model which

can be applied to other process industries as well. Extensive studies are needed to identify
specific engineering solutions to its implementation. Special effort should be devoted to the
development of machine leang techniques for CM data extraction and analysis since there

is very limited work in the existing literature. The successful implementation of the proposed
framework needs a multiple disciplinary team consists of researchers and engineers from
mining, pocess safety, electric, data sciences, and computer science backgrounds.
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+

BbICOKO30NBHBIN WNam
80,000 ToHH B TOR

Y
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st dz] dgdz" » RrtesdBdlsseo " 7 L Odzj 4 On
nesbln hnaHr ue.HTp npaebii onaxr
/_11 4 3 3 5 lg A4
%
/ 7
6
’
u 7 200

11if oW Bk ¢ sd dzOv i hislgdE® d @l @skEgdsc Y ) MOBsss k!
S5imMdzsd L OC dzOH s Y idee@tiste @pOdnjindfcpvO ; dzcpimr sHWh j s fsteWHCC
cstdLsdids of fEMCO tokhT

{ d Mk digSe jaH ZOC O GOV lsdfso OF W dskesd dzOw fr
GBS dn AtRdlftsaint] BB $B®We d &z etso Odzdes 2 &

g lzh detsfls ftcj HdzZOG O] dq3ts 2 CtsdiB d dzd to 59 O dzdzts 2

fMdzj Hize h | d3: HdzZw ftserhjdedw 1+ WWjijClsdodesmisd yd
SlstcOB OIS 90 d3" n L Odzj 3 J2 dz2O EZyomls¢d ddOIlodesidy dzd
fsteWHC] © fHtjHjdEZOR 11850y 0 MmMdmilsj d3s2 dzd Mm SHW
97" tcOB SIS Odzdzts G 5 ftesMmistcOdzise O f SH dmS kmmilse j c
sjrdsdztedji?2 M MOBstsBER" jddj B3 LEHT (ted Mk dzts
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sMotsjddy LOHOmaksd W &j €z sC dn thkHd 7 L Odzj
d Mmdtetege ddzse Ols™ &5 d dzj zmlss2 yder 3 tolzH dz' d3c
fstetsHd B &EOMMde Od] .

] HOdh@tsdB o90ttdOdsj] SCtdBBddzdtetse Odzdzts? f SHL
f sdzdztslsts?2 of jBBCd twkzWESSdo By @@tk 52 - 9 ¢ d
sBtMMtsBdzj dgdz" = tkHdzr = L Odzj ¥0Or tydmlsde j COd3j te
cHdses Isj dzO.

4 wOLodlsdjd3 WittsdzsO ctstcdzr » tOBls ©® ftoj HY d
Yyjdzstc® ¢ WdazOde O o cttdl sUsOiz dtd §J tcafmnn
slstcOB Ol 9 Ojlsfw yjdasteOdz dzr 2 BdzisC (1, tod flzdzt
9" OB SlsOdzdztse s oisiistcOdzMiso © §tsH dMSEMmlse j dz
steOf jydd (tedmikzdesS 3) lddyos hdjmy s Off ot
flsj dzs¢ BCtsor A SEGuE yo jBal2efj@E 57 OfdzsY tlstcOB |
jfMisjMmke j dzdzse s S tsMO. Clts fftsorhOjls kEflsts?2 yds
LOf OMmMtse f jwoduydesets BsSSO (1, ted Mzdzs¢ 3) C
BOMMdo O Mddz deslstejh ddetse OlsT 7 teiH B des[C tisols (O3 tstdsch
sjndsdsedj?2 f MOmssetkzh jddjd kzur (4, tdhkc
LOC ZOHBYdzcG 5 BOMMde © o h OR BOdsdz f sSWHEC ] o

[ dzv ko jdzdyj dedv ftesdLeotsHdIlsj dz desfplsd HBBT Yd
BhsCshlzdgtaesd 3 d 4) fesdLesHdlmw Mo jtenik o dzg
mMtse dzOMdets Isj mndesdzse dyj MSts2 Mmnrojddi fGtoj HilsOo dzj dz
Bj MStsd Cqddsd BEESORd 5 Oy M 6hsOo dj ded j ¢
olststed ydets?2 dnr fgldtddsotddssChjd. | wftOtdsdd3j Ister Hdzdh O B C
dmrtsHY dL bjrdtsdsedyjmMédr o cOBtslstse il d dC
tczHdsets BOMMdea O dL + S zEOOydtsdzdz = B dzts€ 59

tedMizdes¢ 3) O HOdedes s EstedL sdelsy o f z2MC O.
1 sfdzjdzcfitdtded Odzd v L OC dzOH s ydesets BOMMdoe O o
BiyHE dddid EyoOmks¢oOr, dL HddhO0 (7, twtdihmkzdasC
3) ftosdL otsHdIsmw 9" f zMm¢ MOmktssBtolzh j dzdzts G ts 1
MOkssBtelzh jdad j o5 tolzH rd y(j it dcs@O fipdets dig j Af detg dzthds O 9 dzj «
lteddzv st 2 f stew HEBC 94 HJ ded W syd mlsdz n tcOB |
GiBlsjrndsdztse dj 2 (ted Mk dzts € 3), Mo w L Odgdz" 2 1)
MOmktstsBtolzh jdzadj &3 telkzHT (ted Mz dzts € 2) sB j Mt j yc
ZOC dzsdzdzs e ts 5B d2OY J dzd v dME EMMise j dzdese s BZOMMJ o
fjtcoduyudesets BdzsC O ftod bkdgide " jdedd Iseo jteHjBshj2
sOCY] dO 10y j o MtsMmjHAEQE jrdASY ] totOBHSAE IS tDfy
dL d3j dzgj ded v Cd3ldz otg elzdjudglizddisO dststsB tolzh j ded v thkH dztsG
sjrdtsdzsedj?2 M MOBstsBtokzh jddj ds telzH " .

Udrmdzd SBdesd3d Uud MEd2 OdOdzdL 5C0OL Odz yg dzj mMst
9jJHJjddY ydMmlsder » wWOBls M CtdiBddzdtctso Odzdats?
CsHBso 8?2 BB giesdfs wkHddCO 1, 0 ddzdz. Is ts dzdz
mMsMlsOoa dls 183 dgdzdz. Isj dzc j .

1 mJ 1Ists fsLotsdzdls fsor Mdls: BJLOo Otcd 2 dzts
Bj Miststetsy Hj dad v, zd3j dz@ M s L OlsteQOlsr O dr
Hstesesmistwh dj ta@e oy dists j S € skl dzd s o Odzdzs 2 1)
COC Cdsyjos?2 WOCkttt bkMks2ydosets t©OLodldw
Cstedz" = tcOBBI dzO Btsdzr h dr  disslye dsdzOf" Ish O Atfiste drd3y d
cOLOBSISC ] twkzHde 7 &) Miststetsy H | ded @ d Yy dg' fipdiz B iz §€ o
jsascdud MEddid EMmdtse dw &d .
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lining level colliery workings during underground mining of chromite dep¢2d43).
Bekbergenov D.K., Dzhangulova G.K., Aimbetov M.M., Tretyak A.V., Kabdeshev A.N.
Problems and Outlooks of Uncontrolled Caving Technology with Artificial Stope Sill in
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Bekbergenov D.K., Dzhangulova G.K.,Kasymhanova K.M., Toktarov A.A., Bektur B.K.
Perspective Technology of Developing Ore Reserves at Kazakhstan Mines Using the
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l.R. 1 BW g€ d dz, I ztiftd d Hte. RMMdzj Hise C
ftedL OBts2dzr 2 BOMMde ftod SHAdMISOHT2 dis?2 o' &3¢
1. 1. dtch ©Gomed2, l . RrR. mezydhoeddzd d Hts. Jgr
f sHL J tgzh B2d C OR v OdzdzOR O [/ / | tStedzr 2 Y ktedzOdz. (
l tctsB dzj 3" Cdif dzy SMdzse s Mo tsjdzedvy Mk jteCtlzy c
mr e w [/ wvtekBjytits?2 s. 1., SOf dzzdztso 1 . t .

} sH tjHOCYdJ?2 OCOHJBICO Eﬂstete,.‘p‘frwsmﬂimlzsuuﬁt
sOf dzk detso © / [ tsCoa O, 2006

trdz dedSsoe O [ . 1., | stcBOltsa ® . ¢. , [ d3j dzt W
9lststed ydztsc s B dzd tOdzstsB tcOL 59 Odzd € ts dztf| b O dzelz’C A
B Mststesi A jded@f ¢1 RrRIS(1T1I8G1L M. 2009.

¢csoV 4RIt JAI [l rve, KugeHsqdsisdii@Bodems .
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Solutions (mining, mining mechanical). KAZGIPROTCVETMET. ¥&menogorsk,
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R dzdzts o Oy d scdzdzOV s j A desdzts 6 W dffL D daj judzciafty o

1 dlsdd3B Oj 9 [[tof dza &N O " e s ddz [ . & .
(L Oyd sdzOdz! dzOw d dzy j dzj e dzOv 0OF éqm;ququgqnongsd
Edzd o jteidlsjls + dzj s jidd @y Kq 5hdeL d s,
CRIMdf.. p zdz@jeop@zBOIsr , s OL OR fls Odz)

1 tod ftod d3j dzj dzdnds s B @@ jst@dzts i d Mls j d3r tcOL OB IS¢ dz!
rjLCOLGOEMS et o) Misstesy Hjddw o yjdzdsoOn hsOe dj
ftoj HdzSY j d2O IjrdsdzsedwY dLodzj yj dedv dBBiHd dL vyJ dzd ¢
2 to) f dzydacg G350 W v fisor N dadv IR filsjOlipl hj§ 2t ffffiyOis sd
tOmMujso ftesyd MO yj B3j dasOydd Istej " ddz yj dzd ¢ O,
btejh qdzso Ols™ & f StESH .

sdzt yd o' j sfyddas@ztsc d v , yJ dzd € d, orh jdzOyde Odzd J ,

OLodlsdflgsHtslr 9O h j2 ftotsdzr hdzj dedetsfyplsd s OL OR f
Nddedw MHjtey Odzdw B lsOdzdztse o tkHOR, ko j dzc
ryk d fjtojtcOBtSISS 2 tolzH fdztsy dets G 5 ojhJjml
ydlsgdzz dz" § L O Ofmr 3 e@diizts af tsff lis®@alaizF dz' 4 j azd
Yy Mmj t©OLtcOBtslsCd B Miststetsy Hjdzd?2 dBjHT (9
Isj BOBId wWOLWOBBISd © yYjdzdecOR o jtrdzedr G
sCsets COyYyjmsoaO® [1]. Cbd yYyjdzdsdf telfaigiz®d
dzj ug dedw¥ d3j H fnUBfnTSBTSdS o hjd&zOudoe Odzd v .

1 tod dMmf sdz' L ts9 @dzdsdize oG] tc dats[ M ls j d3r tcOL tcOB
tdLEdsOR rjLSOLCOENS et o&j Missesy HjddY o 1
ydilsr o Ow Is ts, Yylsts yJjdzdsd ojJ waOdedizls OB ESUS®zs
Otk S22, ofmdzjHMmlsedj vyjets ttOLBdI" Mjls s &BC
sC dMmdzj dzd ¢ (SdMmMzstetsH o BLHERO, h Orlsdz | 9 tSH'T
sjrdtsdzcedd HtsB" yd d@BiHd dL yjdzdise tstedj dzlsd tets

vydlEwve Ists, Yylsts ftsmdzy LOejteh jddw ftesyd MMC
dzj sBaBHd B EZStjfdls!, dd)yd HOJIMwW &ilstsH ©LOM
Eftckzecdr HJWBSttdR3BOYyd?2 Istcjh ddseoOlsr 7 §fstetsH [ 2] .
1 Ocdzj sOded § yJ B delsdzts? MMy j dsfgflrh jemlisls ey s ¢ iz
¢ o Oy ddz0O s, tcOdzi J dMytsdz L soOdedz" @3 Hdzv o' h jdz
HOo dzj dzd J 3. [ Oo dzj dzd J gdz j Sydd BEZHjIs ko j dzd y
sCOL" 9 0Ols! LdzOydlsj dz' desy odzdwdzedd dzO (tetsyd MM
ftso jH ety fyj dzd O d2O0 ftesyj M dda jCIsdtetso Oda
L OC dz#g yoOs h j j fipw 9 slsdetsdlsj dz2 dats 3 ZoJjddyd ded d
dimmdzi Hs9 Oded® [ 3] .

t OmMMBsslsted A3 dzOG telzy j dzdzts § mMtshistsw dzd J sSMOHC O
Yd B4 delsdtelzj i3s3 36 i I glodfeiic)d. fyte dz' -

ca 0oz r- I
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) s A .P L, 1
| /47*’7/?;?’///2/)@ Y2 D
: Y !

p !

t d Mk dsks j1B0 ©OMyujk0 kftkzes? HjY¥sStdkOoydd
fsH HOodzjdedj o3 ddz j Cydd

ts Mls s tc ts dg Mm¢ o Oy dder dzO s M OH s ¢s HH @ dndsjoc
j dzZls Oydtsdzdz” d3 dzOfpstsds. dHGEjLdw yjd3j dalsder 7
degf§ j dzd® Mddz Msy tNsls faskysded vj fymg oo O¢ Is s

Hmd BO d&Octelzy jdzdw JjHJdzdydesets + dzj d&3j dzls O
dzs © MisjdSd Itjh dds Hj2Mseakjls t©WOMftcj HJ
Md 30dz2 dz0 Lk fCho@yleffiplyr Hits bkddziddr dzO@ CcteOdzd Yy
HG tSA3:

gr) nyr (1)

GHOINT dzOcGtelzL € O, tOMY tcj m pidfjhpEcyw dfds 2tc CEhtsdt i
t OHdEkMmMsds MSC o Oy d dz'tc Oty Iz fipts Ao dejOdpd] e tsfip s tc © dzj dzd »
tej dzj Bt ! . 1 OHOYO tftejHjdgddw §jtej &gjhjded
tslstcOdmiso © fsH Hj2Msodjd dzOctekzL Cd tejh j dzO

ot ot

1- n? 1- n?

. e._ . - .9
U(r)= Nofi)drd/ = éNPArY - nAreid/ u (2)
w PE éw w a

GHJ UMiejdduddd H YWt ddGyddyld J dzls - tzOindsdaP] dzl
btk e sigeiffisimtedy | ¢ t5istesdf@iPsr ; dzOc el y j dad v .

ltcd f§msolbtstedesdy dLoeodzj yjdedd dGBiHI duL YyJ dzd § t
BilssHdCO ®itejHjdzjddy Effss2ydeor s OO stotse
Cd BRI~ Oded Yj ME 2 fnd misd 3 ) Yy dzts o, O OCY
HiyWtstedsOydtsdzdzr = Istej B ts9 GdaPx OF " qftsidc da'tf ds totfdss tg ts HyQ diz
COdijte [ 3] .
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14 OdzOdzdL qtelkzw tOL tcOBSIsOdedz” | dBdetse tsyd Mmdzj dzdz
d yidzdise (tsded HBMsObtsydes § sHtsBds dL &y j d
tej " jddj Bl j d3dzts? -H QW Bted3d dz@rpritisiavdatzsVce gt &)tz 3'
Yy zg S f1] .

1 tod tGOLtGOBtslsQJ BsHJdzd L O tshMdtseslkz ftddwists
L dzj 3d delstse MdMmisj &isr € OS¢ JHJdets?2 fr)tsatsglzl]’dztsfnlsq’ o
Lbsets, -BOEPHBOSHYJ NSOV dBisH j dzj Ml SetgH dzis izl ©20, o f)
sf O h j2Mw 5 Ctdskztokz, djiyO0hji2 d&O Lkfttkzetd
tcOQo dgsd3zj todzets?2 st Jtoj ydes?2 dz2OctekzL € d BSEBO ™ o
f zsMStsMmisd o Hokn &OfwOodjddwin. |7 BtcOdzdzOW ot
dmf sdz! L s Ols Hdzv  -teHQifrfiytg tdsd@d tedz® Otdadtais & dzdztsh s M ls W dz

f sdztsy § dzd § Isj stod d f zOMmls d dz. 1 ted L Istsds f tod dad
L dzj d3j dzstse fesdmMatsHdl o EkZfttkzes?2 BdkOMISd. usa
Efdzse d2 { kPuides oy sy cPof ettd f ®0cdf silsj L
[ 3] :

P(x.y) =kmx,y) (3)

CHJSCS L WV dydjdzls (BsHEd ) Mhdseo Oded W .

I' HOdzdets? MmdMmisj i3 Y sted § yJ dzdd@jdie Ob dasE3s sz
Clsts sftcjHjdv]lsfw dn M teslsdo dzv j G3sMis ! dz
RO tew ) j degdets e s MisMmistsw dzd v ( My Olsdw s stedz’ n 'y
Il sssdzsyddz® COdR3jte dZORtsHdIsMw o B j d3desdg 9dzOf tov
SHdtshdsd d@OfeMisiszdesd. st WWdydjdas m EZydlstsd

o 1- 2
s =T e Al (4)

GHJy [T d@BHEZd Etickesibdyd,] dzsh,lolz AfiistzOg dzd ¢ ts
» i Slsdesh jdzdj §dzsh Onj2 fesdjk0 COdkjtwr d
tslso jlsMmise j dzdes o tsBi jJdRBdetsd3 d BGHdstshdsd dzOf t
tesets shdase Odzd v .

[Odzj | t©OmMMmdsslstedds dzOf tew y j dedetsj Msmlssw dad j

dmisdes 2 € Qidgy Jtedzj. dzd{jO M@ oW 3 j dzd?2 o yYJj dzd ¢ On 6
CdzOd3 3 nOded $d ctokzdzlstso. RLABBj dzj dzedj BGCtso5C

dd, _2(C+dtg/)

dx h,

GHJ] nitcOMmMistswdzdj Bls MotBtSHAS?2 o jtor datsflso
Yyd zdh§i®, 9" Msls©O© yJ dzd € O.

df tOo jHdEZzZdo sMiIs! 1 ssets EZteOodzj dzgdw MmdzjHEZjls dL
ftosdmMraHdl o tjLikd IsOIsj Hj2Mseadw Mmddz Myj ¢ dzj
9jtendzi 2 d dzdydzaj?2 GCBdzsOSCIsdz d3 {§ dzts MRCsUnjlsdzddg Otc O
s lsdesh | dzdflffd, 3] @O OJ smw W istedzzdzts?2 [ 3] :

(5)

dd, _1+sin/

= _ 6
dd, 1-sin/ (6)

RMC dzsaa@y (5) d (6) f§odiZEy0Oj &:
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dd, 1+sin/ 2(c+d,tg/)
dx 1- sin/ h, '

Rdzsjctcdtctso Odzedj 1 Istsets kZtcOo dzj dgdv H OMIs:

< 2tg/ (1+sin/ )x
C e 25|n/ ﬂ hy(1- siry )

a = {1+
‘ tg/'g( 1- sin/

-1

fedujd §amsswy ddzOY dJdzsj ctedetso Odgd® f s 6 ® § dz

d, MmdzjHohPisddaf dg®jls L dOud ddd , Bfwinjd']dsd
o
‘g _Ltsin/ (7)
a’n+£_ 1- sinj
ey

) sz yj dedetsj k2t Oo dzj dagoits LYERi@AsO jolsO jos, y judsdsS j ¢
5. j. BjLGWOdRIUdDGs d, BSdjj kscs, dj LOsdhmdl

J OCMd 30dz! detsy deOf oWy jdedd o Yddzd & OIS ¥ b dzts
h<r g OHgetsd tOLtekh jddw, tjStdjdilzshY c§tjH

- Q| 6a 8
Yot 7\ @r@arD | (8)

¢ HQT § t5 dzdzO W dzoatsmgih:@]a.dzo yj dzq ¢

FdY GftejHjdjddy LW%jClsdodts? Iltdh dqd Ct
Yj &zd COd3d tj Csd3j deu B9 By dsigliglsn zs h OW

Wl)(z'l) (9)

GHYT 8Bl Jadide" 2 oM cwioggeiclo Rtz jli(dlicisedB O
ok tesdjlsr Stsodd Hts d §ofd kejddyjddw tC

RMisdz L soOdzgdj t©OLtcOBOISTr 9 0] d3s?2 OolststcOBd d
B H] dL tsn tc Odzdz’ n yjdzdstse BJL dzOtclzh j dzd W (
fsorhjddjd ftesydshisd d dzj " j2 Mmfshtse dshisd,
COfdlsOdzt dz" 2 L OlstcOls, Ht sdzdzd Isj dz dzts L dzOydls§ dz
B4 HJ.

RMIstsydzd ¢ d

110lIs. 44610 t s. 4 smtss. f SHL J 3dets G 5 C Iz y dzt
mMjtjBtesmisH Jtey O ds tokzH / ¢dzlsOjo z.¢., 1 J dzO!
1., rOdzeodzdy o0 [ . , OBHW©GORBOdss [ .; GYfEBcC
l.¢. t(OBddetso dy. sthIstp.Eq’ugq@j;gHﬁng My cOo 51
Il dsddisB©jo [ .., Jwr dzetsyddz . &. , dBHEGOM]J
Csdzt 3BOsOydw d Mismse jj bkfmlsteOdzj dedv 4 ted
[l aBtedzd ¢ btezntse R 3 ~ dzd ¥ M SStizjdzOG B JOfn fc ) 0,
ftoetsdL o BIH2BIIR.H0.e8 1 8 3 & . 1-1H6.

92



¢ &ZBOISH5, Off tc j DL C . Rdzdzso Oydqd o B&OMIsd jflsj mise j dedz o
LChf stessted j delstotse Odgdats? d dzH Eflsted O

) jemMf jSsdo O dMfsd LseoOdedY ¢ dH s d Ay
&j cOBOtLdltse dz® o' §kMSj dL tydmlsd

g dzdzd S s . 8., 1 ECKECtS 1. 4. [ Of
(Addzd O AL 4sV § & RES dB. [ e¢. sti@PbOR M Od)

J MlsOls+ j ftcdotsHdIsmw O dzO dzd L 1WW'leq’9dztsfnlscf G dH
OBtcOLdodzr » StesH lsdsmdlsj d ds Mkh jMmlsekze h j2 Bl
cOL telzh j dzdv MlsOdz dzB BEO MfzBigy W OgGdzO® tePh j dzd & f tctsB d
HtotsB dzj o[W BjLOLWr aodzr &3 MMt O sihdtse | BsH
CdHtesfz2h Cd (BERItsBtS?), ©OLtKOBBISOdEects 9 R .

sdzs yjor j: fzsetOsd B kde Mdr j] kst fBOO, ©OL Gl

l ztcso L tor 9 dzgOW Isj r desdztse d W 2O ydMmisdzr = tCOE
Ctkf desS EMSsots?2 WwOSydd, SCtssteOw o0 o' §fEMms
f octsB dzj d3' LOC kY steC 52 or f zmM¢ dzr ~ 9" OB SIsts¢
dzj sBRtsHJ dBtsMils ! & dzd § o O terOoHQlE ' d3d § R B 8 O i3d , 0]
sBteOL A3 tcOLHjdzm 90! dr, ftedyy dd L Oyomlskzs dzO
[ MtsB j dedets o LIsdn Mz yow A 2O ftsdL otsHMIse j§
MlsOlsdMmisd ¢ j ftosdMmasHdIs dzOd B tsdz' h j j tols\j oy cdsss ¢ o
Istc@o d3OIsd L BO.

lIsstedyds j oLter ade" j tcOBTSIsT 2O or" flzMmCj Is t
ftetso jIstcd o Oded v, Yylsts MmMdzdy 0jls ¢C0L O] dzd ok
slsted yolsj dz' dets o dzdws Is dzgO 1 Stsdzsedyj MGk Bj LS C

1 O sis € tots BB Bls On yJ dz ftetsj CIsO Wy dzw jIsfyw
1 CMCOoOlststedz’ 7 f dztsh OHBSE tsls dzgj cOBOtcdIlstsa, d3jh C
MtejuMmlse d MOBIr { ¢MCOo Obtstetsa .

ViMlstcOdzj dadj Isw VY dztséts IstcOQo BOIdL BO dz@ o' ff M
ddzd VY BS tsmldcdson, BLZHEEQE ] Htseorh jdzdiy ftosdLoH]
BJLEBY OMmdaetsMmis d dz0 f SHL J d@3gdz" - HtsB ' Yydzr n tcOB tsls
Hd
ar

MisOdzyd sdzdzsc s HictsBdzj degdV dzj G OB OtcdIlstso o' BtoftsH
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