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Annotation. The article describes a method and equipment for the safe development of preparatory working on a
gas-bearing, outburst hazardous coal seam by a heading machine. The described method significantly prevents the gas
emission during mining operations. Determination of the amount of degassing and relief wells is performed according to
the given in article mathematical formulas. This ensures a significant increase in the level of safety processing the
preparatory roadway on a gas-bearing, prone to outbursts coal seam by a heading machine. Due to this, the speed of
conducting excavation increases and the cost of mining is reduced. Technological scheme of equipment placement for
the implementation of the preparatory development method of preparatory work on a gas-bearing outburst hazardous
coal seam by a heading machine is given. The proportionality coefficients of the mathematical models were determined.
Mathematical models are used to calculate the number of relief and degassing wells, which are drilled during the impulse
hydraulic loosing of the nearby part of the coal seam. Also the duration of liquid injection into a coal seam is also
determined. Mathematical models for calculating the number of injection, unloading and degassing boreholes can be
used in development of the passports for conducting preparatory workings on a gas-bearing, prone to outburst coal
seam by a heading machine with a preliminary impulse hydraulic loosing of the nearby part of a coal seam. These will
provide a significant increase in the level of safety when implementing the method of carrying out preparatory roadway in
a prone to outburst gas-bearing seam by a heading machine, since all three conditions are simultaneously fulfilled
according to the theory of preventing gas-dynamic phenomena: reducing the stress state of a gas-saturated coal
formation by deforming the relief holes, reducing the gas pressure in the seam by pumping fluid into the injection
boreholes and, as a result, gas displacement from the seam through the degassing bore-holes into the sealed part of the
development, as well as the decrease of mechanical properties of the seam as a result of its wetting.measures and
provide an opportunity to solve the problem of safe preparation of the emission of dangerous gas-bearing coal seams for
the extraction of coal from them.

Keywords: heading machine, unloading and degassing boreholes, a preliminary impulse hydraulic loosing, gas-
bearing outburst hazardous coal seam.

Introduction. When performing mining operations involving the extraction of
coal from coal-bearing coal seams, the phenomena such as sudden outbursts of coal
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and gas into the mined-in space occur. Conditions for the development of coal
deposits are extremely diverse. For all this variety of conditions, a universal way of
dealing with gas-dynamic events can’t be recommended. In addition, with the
increase in depth of coal formations in the mines of Ukraine and consequently
complication of mining and geological conditions of exploitation, it is difficult to
apply measures to prevent emissions of coal and gas. The specialists from such
research institutes as the Institute of Geological Sciences of the National Academy of
Sciences of Ukraine, Institute of Geotechnical Mechanics named by N. Poljakov of
National Academy of Sciences of Ukraine, Makiivka State Research Institute for the
Safety of Works in the Mining Industry, etc have worked on this problem. The
methods and equipment for carrying out the preparatory development of the coal
seam by a heading machine are also known [1, 2]. The disadvantage of these methods
Is that they do not provide any measures against gas-dynamic phenomena (GDN)
during preparatory working at a gas-bearing prone to outburst formation. These ways
are dangerous.

The theory of sudden emissions of coal and gas into the worked-out space
(working) claims that in order to prevent the gas flow phenomena, it is enough to
perform one of the following conditions: reduce the stress state of the gas-bearing
coal formation; reduce the gas pressure in the seam (reduce the gas content of the
formation); change the properties of the seam [3].

To prevent the outburst of a coal seam when conducting a preparatory roadway,
some methods have been developed that apply predrilling of advance relief wells
from the working face along the roadway. For example, there is a known method for
preventing the outburst in a coal seam when conducting in it a preparatory working
with predrilling of advance relief wells from the working face along the roadway with
control of their efficiency and further destruction of rock by heading machine at the
coal-face. This method is characterized in that the first advance well is drilled in the
center of the seam along the axis of working to a depth greater than the depth of the
zone with high rock pressure in the nearby part of the working coal-face. The
deformation vector of the walls is determined in this well. Then in the plane
perpendicular to the deformation vector of the borehole wall, parallel to the first well,
in a row from it, first to one wall of the working, and then to the second, the other
wells are drilled to a depth equal to the depth of the first well. The diameter of the
wells should be no more than 50 mm, and the size of the gaps between the wells is
determined depending on the diameter of the wells, the depth of the seam and the
physicochemical properties of the strength of the coal in it and the rocks containing it
[4].

There is another method of preventing the outburst in a coal seam when
conducting a preparatory roadway by a heading machine with predrilling of advance
relief wells (here and after ARW) on the working face of the seam. There is another
method of preventing the outburst in a coal seam when conducting a preparatory
roadway by a heading machine with predrilling of advance relief wells on the
working face of the seam. This method is distinguished by the fact that the ARWSs are
drilled horizontally and parallel to each other from one wall to another wall of the
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working in the lower part of the coal seam. Then the coal seam, which is located
above the ARW plane, is subjected to vibration. At the same time, simultaneously
with this process, ARW deformations are measured according to their diameter,
which are equal to at least 20 % of their original size [5].

The disadvantage of the methods [4, 5] is that they provide only one of the
measures against gas-dynamic phenomena. It is the unloading of the nearby part of
the working face of the gas-bearing coal seam. They do not provide degassing
measures. Moreover, unloading and degassing are carried out simultaneously.
Therefore, these methods are not completely safe.

To reduce methane emission from unloaded gas-bearing coal seams during
preparatory working, the method [6] has been developed that includes: drilling
several wells in the working face of the coal seam, sealing one of them with the
possibility of passing water through its sealant and injecting fluid into the coal seam.
This method differs in that the remaining wells are sealed with the possibility of free
gas vent from the coal seam through sealants, which are tightly connected to a
vacuum pump and gas storage, and the fluid is injected into the coal seam in a hydro-
pulse mode.

The disadvantage of this method [6] is that it does not provide unloading of
nearby part of the working, which is one of the important measures against gas-
dynamic phenomena and does not perform simultaneous degassing with unloading.
This method is also dangerous when conducting preparatory working for gas bearing
coal seam by a header machine.

Despite the many developed methods of dealing with gas-dynamic phenomena,
none of them guarantees the complete elimination of sudden outbursts of coal and
gas. Therefore, the search for new methods and the development of ways for
preventing the outburst in a gas-bearing coal seam is an important problem of our
time. In this regard, the authors have developed the method of safely conducting
preparatory roadway in a prone to outburst gas-bearing seam by a header machine,
which significantly increases the level of safety of mining operations during
preparatory working.

Methods. This project is based on the task of creating a method that significantly
increases the safety of the preparatory working in a prone to outburst gas-bearing
seam by a heading machine with applying predrilling of degassing and injection
boreholes in the plane of the coal-face, injecting liquid into the injection boreholes,
collecting gas released during injection from degassing bore-holes into the gas
collector and the subsequent carrying out of development by mechanical destruction
of rock at the working face by a heading machine. This method should be
characterized that the number of additionally predrilled degassing and relief wells is
determined by mathematical formulas. Such an approach should provide that after
completion of the process of pumping fluid into injection holes at a distance of at
least 30 m from the coal-face, the following indicators should be simultaneously
achieved: the residual gas content in the atmosphere of the sealed part of the working
does not exceed 1% and the strain value of the relief wells at least 20 % of their
original diameter. This will provide a significant increase in the level of safety when
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implementing the method of carrying out preparatory roadway in a prone to outburst
gas-bearing seam by a heading machine, since all three conditions are simultaneously
fulfilled according to the theory of preventing gas-dynamic phenomena: reducing the
stress state of a gas-saturated coal formation by deforming the relief holes, reducing
the gas pressure in the seam by pumping fluid into the injection boreholes and, as a
result, gas displacement from the seam through the degassing bore-holes into the
sealed part of the development, as well as the decrease of mechanical properties of
the seam as a result of its wetting.

The task is solved due to the fact that in the method of carrying out the
preparatory working on a gas-bearing prone to outburst seam by a heading machine
the following measures are taken: preliminary drilling of degassing, unloading and
injection boreholes in the plane of the coal-face; injection of fluid into injection
holes; the collecting of gas released during the injection process from the seam and
the working surface into the gas collector; subsequent mechanical destruction of
rocks at the coal-face by the combine. Wherein the degassing wells are drilled in the
amount determined by the formula

N, kg = (1)
¢d I:)deg 'tinj Q
where: G — gas content of a coal seam, m*/kg; S — area of working coal-face, m?; Daeg
— diameter of degassing wells, m; ti,; — duration of fluid injection into the injection
hole, s; Q — flow rate of injected fluid into the coal seam, m*; Kgeg — Proportionality
coefficient, kg-s/m.

The relief wells are drilled in the quantity, which is determined by the formula

f
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where: f — the strength coefficient of rock using the scale of M. Protodyakonov; y —
specific weight of rocks, kg/m® H — distance from the surface on which the
preparatory working is carried out, m; D, — diameter of relief wells, m; ti;; — duration
of fluid injection into the injection hole, s; k¢ — proportionality coefficient, kg-s/m.
The degassing wells are drilled along the contour of a coal-face, relief wells -
horizontally in the bottom part of a coal-face, injection holes - in the center. The
degassing wells are drilled along the contour of a coal-face, relief wells - horizontally
in the bottom part of a coal-face, injection holes - in the center. Before fluid injecting
into the injection holes, a leak-free shutoff is installed perpendicular to working axis
at a distance of at least 30.0 m from the coal-face. A vacuum pump is installed in it,
which is connected to the gas utilization unit. This pump will pull out the gas that will
release from the surface of the face, the degassing and relief wells, the floor of
working, the roof and the sides of the mine, then it will be accumulated in the gas
collector. And the variable parameters Dgey, Drei Used in formulas (1, 2) are taken so
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that safe and stable indicators are simultaneously achieved when determining the
required duration of fluid injection into the injection holes. The residual gas content
in the working atmosphere should be no more than 1 % and the magnitude of relief
holes deformation should be at least 20 % of their original diameter.

The gas collector is the space between the surface of the working face and a leak-
free shutoff, which is built perpendicular to the working axis at a distance of at least
30 m from the bottom of the face. The residual gas content in the atmosphere of
production between the built wall and the face of not more than 1 % is determined.
The magnitude of the relief holes deformation relative to their initial diameter, which
should be determined not less than 20 %.

The technical result is to increase the level of safety during implementation of the
method of carrying out the preparatory working in a gas-bearing prone to outburst
seam by a heading machine by making a set of pre-drilled degassing, relief and
injection wells with certain quantities and the pattern of their placement on the
surface of the working face. This set of wells should be made before impulse hydro-
loosening of the nearby part of a coal-face, as well as construction of a leak-free
shutoff in the working at a distance not closer than 30 m from the face, simultaneous
pumping gas from a sealed wall to a safe level and the making the magnitude of the
relief well deformation at least 20 % of their original diameter.

The essence of the invention is explained by the drawing (Fig. 1), which depicts
the arrangement of equipment for implementing a method for conducting preparatory
work on a gas-bearing hazardous coal seam through a tunnel combine.

The scheme (Fig. 1) consists of a heading machine 1, a drilling mounted rig 2,
which is placed on the telescoping jib 3 of the heading machine 1, a hydro-impulse
device 4, a high-pressure pumping unit 5 located on the header 1, a flexible high-
pressure hose 6, a control panel for the mode of water injecting into the coal seam 7,
leak-free shutoff 8, vacuum pump 9, gas utilization unit 10, which releases from the
surface of the working face, degassing 11 relief 12 and injecting 13 wells, floor 14,
roof 15 and sides 16 of the working, gas analyzer 17, strainmeter 18, remote indicator
19 and the remote indicator 20. The working is equipped with the vent conduit 21
and the fire pipe 22 which are connected to a leak-free shutoff 8.

View A shows the coal-face of the preparatory workings, which shows the
degassing wells 11 and the relief wells 12, the injecting well 13, the floor 14, the roof
15, and the sides 16 of the working.

The proposed method is as follows.

Drilling machine 2, for example EBGP-1M, designed by Konotop machine-
building plant, which is commercially available for the mining industry, drills a set of
degassing 11 and relief wells 12 in quantities determined by formulas 1 and 2, and
one injection hole 13, as shown in Figure 1 b.

Heading machine 1 is driven from the coal face of the working and the injecting
well 13 on coal seam is equipped with a hydro-impulse device 4. Then a leak-free
shutoff 8 is built and a vacuum pump 9 is mounted in it, the pump is connected to a
gas utilization unit 10. A flexible hose 6 connects a high-pressure pump installation 5
to a hydro-impulse device 4 on the coal seam. The control panel 7 for mode of water
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not less than 30 meters

a) b)
Figure 1 - The layout of equipment for the implementation of the method of preparatory working for
a gas-bearing prone to outburst seam with a heading machine: a - in the plane of the preparatory
working, b - view A (placement of degassing, relief and injecting wells in the plane of the coal-face)

injection into the coal seam is placed a sealed wall 8. The high-pressure installation 5
Is connected to the fire pipe 22, in which there is always water under the pressure of
at least 0,3 MPa. One of the relief wells 12 is equipped with a strainemeter 18 which
Is described, for example, and the remote indicator 20 of the strainemeter 18 is placed
behind a sealed wall 8.

After that, from the control panel 23, a high-pressure installation 5 is turned on
and a fluid (water) is injected into the injection hole 13 according to [7, 8]. In the
process of injecting fluid into the coal seam, the gas release rate between the coal-
face and the leak-free shutoff 8 is monitored by the remote indicator 19 of the gas
analyzer 17. As soon as the gas concentration exceeds 1 %, the vacuum pump 9 is
turned on and the gas released from the degas 11 and relief 12 well, the floor 14, the
roof 15 and sides 16 is pumped out from the sealed part of working. The control
panel 7 of injection mode of water into the coal seam regulates the mode of the
hydro-impulse injection process.

During the injection process the meterage of the remote indicator 20 of the
strainemeter 18 is monitored.

The duration of the fluid injection into the injection hole is determined by
following indicators, which jointly should be safe and stable. The gas content in the
atmosphere of sealed part of the working should be not more than 1 % and the value
of deformation of relief wells should be not less than 20 % of their original diameter.

The technical result is ensured by the implementation of all three theoretically
possible conditions for preventing gas-dynamic phenomena: reducing the stress state
by deforming the relief wells at least 20 % of their original diameter, reducing the gas
pressure in the formation, by injecting fluid into the coal seam and, as a result,
displacing gas from the seam through the degassing wells 11 and the surface of the
coal-face working. The residual gas concentration in the sealed part of working will
be not more than 1 %, as well as a decrease in the strength indicators of the coal in
the seam will be due to its moistening.
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Results and discussion. Concerning the number of drilled degassing 11 and relief
12 wells, the authors suggest mathematical formulas (1 and 2), in which the kg, and
Krer @are unknown. To determine them the authors provided experimental studies in
mine "Krasnolymanska™ of the State Enterprise "Coal Company" Krasnolymanska"
using the proposed method. The technical conditions were as follows: the depth of
the gas-bearing prone to outburst formation H = 611 m; coal type — G; gas content —
0.059 m*/kg the specific weight of coal is 2500 kg/m?; the strength coefficient coal by
M. Protodiakonov f — 3; seam thickness — 1.7 m; coal-face surface area S — 16 m?;
diameter of degassing wells Dgeq — 0.045 m; diameter of relief wells D, — 0.05 m; the
diameter of the injection well is 0.042 m; the number of relief wells n., — 10 pcs.; the
number of degassing wells nj,; - 10 pcs. Injection parameters are: volume of water
pumped by the pump installation 5 UH-35 during the course of mining and
experimental research Q=2.1 m®; the hydro-impulse device — PGD-0.1, designed by
the Institute of Geotechnical Mechanics named by N. Poljakov of National Academy
of Sciences of Ukraine (IGTM). The hydro-impulse device construction uses a
cavitation generator of the hydro-impulse pressure of a fluid that is injected into the
coal seam; the injecting pressure of the fluid — 25.0 MPa. One central relief well was
equipped with a strainmeter of the IGTM design, adjusted to 20 % deformation of the
well walls, and the automatic control equipment was placed at the coal-face of
working to produce a visible and sound signal when the 1 % gas content in the
atmosphere was exceeded at the nearby part of coal-face. The remote indicator of the
automatic control equipment was placed at near the high-pressure unit.

In addition, the KSP-32M heading machine was located in the mine face. The
working was equipped with predictive equipment AK-1 located on the mine surface
at the premises of the outburst prediction service. This equipment was connected to
the communication line of the underground block of sound-absorbing equipment
(SAE), which is placed on the side of the mine at a distance of 2.0 m from the coal-
face.

Before experimental work in mine, the heading machine passed 1.0 m of seam
without using measures against gas-dynamic phenomena. The predicted
dimensionless indicator of outburst K, was 3.2. When K,>3, a coal seam is prone to
outburst [9].

At the end of the injection of water into the coal seam, the heading machine KSP-
32M was moved to the mine coal-face for further mechanical destruction of rocks. At
the very beginning of destruction, an outburst prediction of the coal seam was made
according to the amplitude - frequency characteristics of the acoustic signal of the
sound-absorbing equipment. The predictable dimensionless indicator of outburst K,
was 0.8. This confirms that the coal seam has become an outburst safe. The research
results are: the remote indicator of methane auto control showed that the initial gas
content in the atmosphere of the nearby part of the coal-face was 0.05 %; after 30
minutes of water injection into the injection wells the gas content was 8.5 %; after 60
minutes it was 1 %; the indicator of the strainemeter showed a 20 % deformation of
the walls of the relief wells of its original diameter.

From the formula (1)
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n -D ot
kdeg _ _deg ge-gs ing Q’ kg-s/m 3)

Substitution in the formula (3) Nge=10, Dgeg=0.045 m, ti,,=3600s, Q=2.1 m?,
G=59-10"° m*/kg, S=16 m?, will give kyu,=3604 kg-s/m.
From the formula (2)
nre| .y. H . Drel t

Kpe = f 19 kg s/m, (4)

Substitution in the formula (4) n,=10, y= 2.5 t/m°, H=611m, D,y= 0.05 m, ting =
3600 s, f=3, will give kyy=917-10° kg-s/m.

Thus, thanks to the experimental studies conducted in the mine, K4,=3604 kg-s/m
and ky=917-10° kg-s/m has been identified.

According to the authors of the patent, these coefficients are universal and can be
used for other mining conditions.

At present, preparatory workings in a gas-bearing prone to outburst seam by a
heading machine are carried out mainly by a shaking method. This method is carried
out as follows: using an electric hand drill SER — 19M the explosive bore-holes on
the surface of the working face are drilled out, then they are charged with explosives,
workers are taken to a safe distance from the working face and an explosion in the
coal seam is carried out. The drilling depth of blast holes is up to 3.0 m.

After the explosive works, the ventilation is made, a header machine is driven into
the coal-face part, and only then the mechanical destruction of rock is carried out by
the header. All these processes take at least 20 hours. Taking into account the time for
heading machine repair and support installation, the maximum daily production
output is 3.0 m.

For the implementation of the suggested in this article method, it is possible to use
a mechanized drilling of a well set according to a depth of 15.0 m [1]. This allows to
increase the length of daily preparatory working in a gas-bearing prone to outburst
seam up to 2 times, that means, the maximum daily output can be 6.0-7.0 m.

Conclusions. As a result of this work, a new method has been developed,
researched and suggested to use for preventing outburst of coal and gas into the
mined-out space from gas-bearing prone to outburst coal seams when conducting
preparatory workings. The heading complex is also prepared for preparatory
workings in prone to outburst coal seams. All this makes it possible to completely
solve the problem of the safe caring out of preparation working in gas-bearing prone
to outburst coal seams for the extraction of coal from them. Mathematical models for
calculating the number of injection, relief and degassing wells are also defined, which
can be used during writing of passports for preparatory workings in gas-bearing
prone to outburst seams with a heading machine using preliminary hydro-impulse
softening of the coal-face.
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AHoTauif. Y ctatTi onucaHo cnoci6 i 06nagHaHHs 6e3neyYHoro NPOBEAEHHS NigroTOBYOI BUPODKM MO ra3oHOCHOMY
BUKMOOHE6e3neyHoMy BYrinbHOMY MAacTy NPOXiOHWLBKAM KOMOaHOM, Sk 3Ha4yHO 3anobirae BUKMOOHeOEe3neyHicTb
nnacTa B NPOLECi BUKOHAHHS ripHn4mux pobiT. [poBeaeHo aHani3 icHytoumx cnocobiB 3anobiraHHst BUKMOOHEDE3MNeyHOCTi
BYTNBHOMO NMacTa Npu NPoBEAEHH B HBOMY MIArOTOBYOT BUPOBKM | BUSIBNIEHO iX Hegoniku. PospobreHo cnocib, B akomy
nepeq rigpopo3nyLUyBaHHSM B MPWBMGIMHOT YaCTUHI NnacTa [oOaTKOBUM MOMepeaHiM OypiHHAM pO3BaHTaXyBaIbHUX i
JerasayiiHux LWnypiB Ta BU3HAYEHHAM KINbKOCTI AerasauiiHux Ta po3BaHTaXyBarlbHWUX LIMYpiB 3@ MateMaTUiHUMK
topmyrnamu, 3abe3nevyeTbCs 3HaYHE MigBWLLEHHS piBHA ©e3neku npu NpOBEdEHHI MiArotToBYoi BMPOOKM MO
rasoHOCHOMY BUKMAOHEDE3MNeYHOMY BYriNbHOMY NAAcTy NPOXiAHULBKAM KOMOAHOM Ta 3a paxyHOK Liboro 36inbLuyeThes
LWBMAKICTb NPOBEAEHHS BUPOBKM Ta 3MEHLLYETHCA BaPTICTb ripHMYmMX pobit. HagaHa TeXHONoriYHa cxema posMilLieHHs
obnagHaHHs Ons 3OicHeHHs cnocoby NpoBedEHHS MiAroToB4Yoi BUPOOKM MO ra3oHOCHOMY BMKMOOHEOE3NeyHOMY
BYrifbHOMY NNacty NpOXigHWUbKUM kombanHoM. [lo pesynbTataMm  ripHUYO—EKCNEPUMEHTANbHOTO NPOBEAEHHS
nigrotoB4oi BMPOBKM MO ra30HOCHOMY BWKMOOHE6E3NeYHOMy BYrifIbHOMY NNacTy NPOXiOHWLBKUM KOMOGaHOM 3
BUKOHAHHSIM YCiX O3HaK po3pobrneHoro cnocoby, Bu3HaueHi koediLlieHT NPOMOPLIAHOCTI 40 MaTeMaTUyHUX MOAenen
AN po3paxyHKy KinbKOCTi HarHiTanbHUX, poO3BaHTaXyBanbHUX Ta gerasauiiHux Wwnypis, ski Bypate npu nonepeaHLoMy
iMMyNIbCHOMY TiAPOPO3NYyLLYBaHHI NMPUBMGIAHOT YaCTVHM BYTINBHOMO NMacTa, Ta BU3HAYeHa TPMBAniCTb HArHiTaHHS piavHu
y BYrifbHUA nnact, ska 3anobirae BUKMOOHeOe3neyHicTb ocTaHHboro. MatemartuyHi Mogeni po3paxyHKy KirbKOCTi
HarHiTanbHWX, PO3BaHTaXyBanbHUX Ta [erasauiiHux LWnypiB MoxyTb OyTW BuKOpUCTaHi npu po3pobui nacnoptis
NpoBedeHHs NIAroTOBYMX MNacToBMX BUPOBOK MO  ra30HOCHOMY BMKMZOHEOE3NeyYHOMy  BYrinbHOMY —MnacTy
NPOXIBHMLIbKMM KOMBaHOM 3 nonepeaHiM iMnybCHUM Tiapopo3nyLLyBaHHAM NPUBUBINHOT YaCTUHW BYFiNIbHOTO NracTa.
Lli 3axoam 3abe3nevytoTb 3HaYHE NiABULLEHHS PiBHSA Be3neku npyu 3aiCHEHH cnocoby NpoBEAEHHS NigroToBYOI BUPOOKM
no rasoHOCHOMY BWKMAOHEDE3NeYyHOMY BYFifbHOMY NAacTy MpOXiAHULUBKAM KOMBalHOM, TaKk $K OAHOYacHO
3MIMCHIOOTBCS BCI TPU YMOBW 3rigHO Teopii 3anobiraHHs [[A: 3MeHLWeHHs HanpyXeHOro CTaHy ra3oHacUYeHoro
BYMNbHOTO MacuBy LNAXOM dedhopMalii po3BaHTaXyBarbHWUX LUMYPIB, 3HWXKEHHS TWUCKY rasy B NacTy LISXOM
HarHiTaHHS PiAUHKM Y HarHiTanbHi WNypy i, SK HacnifoK, BUTUCHEHHSA ra3y i3 nrnacta vepe3 AerasauiiHi wnypu y
repMEeTUYHY YaCTUHY BMPODKM, @ TaKOX 3MEHLUEHHS MOKA3HMKIB MEXaHiYHUX BMaCTMBOCTEN MnacTa BHACMigoK 1Oro
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3BONIOXEHHS, WO AA€ MOXMMBICTL BUPILMTA npobrnemy ©Ge3neyHOi NiAroToBKM BMKMOOHEOE3NEYHUX Ta30HOCHMX
BYFiNbHWX NacTiB A0 BUOOBYTKY 3 HUX BYrinns.

KnioyoBi cnoBa: npoxigHuubkuin kombGaiiH, po3BaHTaXyBamnbHi Ta [erasauifiHi Lnypy, NonepeaHe iMnynbCcHe
ri4pOpPO3NyLUYBaHHSI, rA30HOCHWI BUKZOHEDE3NeYHWiA ByrinbHUIA NNacT.

AHHoTauuA. B cTatbe onncaH cnocob u obopynoBaHne 6e3onacHoro NpoBeLeHNs NOATOTOBUTENbHIA BbIpaboTkM
no ra3oHOCHOMY BbIGPOCOOMACHOMY YrombHOMY MNAcTy MpOXOAYeckMM KOMOAWHOM, KOTOPbIA  3HAYMTENBHO
npenoTepallaeT  BbIOPOCOONACHOCTb Nnacta B MPOLECCe BbIMOMHEHUst TOpHbIX pabot. [lpoeedeH aHanu3
CyLLEeCTBYIOLMX CrnocoboB NpeaoTBpalleHust BbIGPOCOONACHOCTY YroNbHOTO Mnnacta npyv NpOBEAEHUM B HEM
NOArOTOBUTENbHOM BbIPAbOTKM W BbISIBNIEHBI MX HepocTaTku. PaspabotaH cnoco®, KOTOpbIi MO3BONSET nepen
rMOPOPbIXIEHneM B Mpu3aboitHON YacTy nnacta AONOSHUTENbHLIM NMpeaBapuTenbHbIM OypeHneM pasrpy30uHbIX U
A€rasaloHHbIX LUMNYPOB ONPeAenuTb WX KONMYEeCTBO NO MaTtematnyeckum opmynam, 4vem obecneymBaetcs
3HAuYMTENbHOE MOBbILIEHWE YPOBHS ©E30MacHOCTM MpW NPOBELEHWM MOArOTOBUTENbHIA BbIpabOTKM MO ra3oHOCHOMY
BbIOPOCOONACHOMY YronbHOMY NAacTy MPOXOAYEecKMM KOMOAWHOM W 3a CYET 3TOTO YBENMWYWUTbL CKOPOCTb MPOXOAKM
BbIPabOTKM 1 YMEHbLUMTL CTOMMOCTb TOPHbIX paboT. MpuBegeHa TeXHoNoryeckas cxema pasmeLleHus 0bopyaoBaHns
QNS OCYLleCTBNeHuss crnocoba NpOBEAEHWS MOArOTOBUTENbHOM BbIpabOTKM MO ra3oHOCHOMY BblIGpOCOONAcHOMY
YrONbHOMY MAacTy MpoXoadYeckum kombamHoMm. [lo pesynbTataM  rOPHO-3KCMEPUMEHTANBHOMO  MPOBEAEHNS
NOAroTOBUTENbHON BbIPAOOTKM MO ra30HOCHOMY BbIBGPOCOONACHOMY YrONbHOMY NNacTy MPOXOAYECKMM KOMOatHOM C
BbINOMHEHNEM BCeX NpK3HaKkoB pa3paboTaHHOro cnocoba onpeaeneHbl KO3(dUUMEHTbI NPONOPLMOHANBHOCTU K
MaTeMaT4eCKUM MOLENAM pacyeTa Konm4ecTBa HarHeTaTenbHbIX, Pa3rpy304HbIX M AerasdaLyoHHbIX LLNYpOB, KOTOPbIE
OypsiT Npy NpeaBapUTENbHOM MMMYMBLCHOM TMAPOPbIXNIEHUM NPU3abOHOA YacTu YronbHOro nnacta U onpefeneHa
NPOAOIKATENBHOCTb HAarHeTaHNs XWAKOCTM B YroNbHbIA NAacT, YTO NpegoTBpaLlaeT BbIOpOCOONacHOCTb NOCHEAHErO.
MaTemaTuyeckne Moenu pacyeTa Konm4ecTBa HarHeTaTeNbHbIX, Pa3rpy30UHbIX W [era3aLmoHHbIX LWNYPOB MOryT BbiTh
MCMoNb30BaHbl Npu pa3paboTke NacnopToB NPOBEAEHUS MOATOTOBMTENbHBIX MIACTOBbLIX BbIPAbOTOK MO ra3oHOCHOMY
BbIOPOCOONACHOMY YrofbHOMY NNacTy NPOXO4YECKUM KOMOAItHOM C NpeaBapUTENbHBIM UMMYNbCHBIM TMAPOPLIXTIEHNEM
npu3aboifHOM YacTW YrombHOTO Mnacta. OTM MeponpusaTUs 0DecrneunBalT 3HaYMTENbHOE MOBbILEHWE YPOBHS
BesonacHoOCTM NpK  OCYLLECTBNEHNN Ccnocoba NpOBEAEHUS MOATOTOBUTENbHOA BbIpabOTKM MO ra3oHOCHOMY
BbIOPOCOONACHOMY YrofbHOrMY MAacTy NPOXOAYECKUM KOMOAHOM, TaK Kak OJHOBPEMEHHO OCYLLECTBNSIETCS BCE TpU
YCNOBMS B COOTBHTCTBUM C TEOpWeNn npeaoTBpaLleHuns [[A: yMeHbLUeHe HanpsiKeHHOro COCTOSIHWS ra3oHaChILLEHHOrO
YronbHOro Maccvea nytem AecopmaLmn pasrpy304HbIX LWNYPOB, CHUKEHWE JaBNEHUS ra3a B NnacTy NyTeM HarHeTaHus
XUOKOCTU B HarHeTanbHble LINYpbl 1, KaK CNeacTBMe, BbITECHEHME rasa M3 nnacTa Yepes AerasauyoHHble LWnypbl B
repMeTUYecKylo YacTb BbIpaboTky, a Takke YMeHbLUeHWEe nokalaTenen MeXaH4eckux CBOCTB nnacta BCreACTBME €ro
YBNaXHeHUs, YTO [JaeT BO3MOXHOCTb pewuTb npobnemy 6e3onacHOM MOAroTOBKM BbIGPOCOOMACHBIX FAa30HOCHBIX
YronbHbIX NACTOB 4715 4ODbLIYN U3 HUX YIS,

KnioueBble cnoBa: npoxoayeckuii kombaiH, pasrpy30uyHble W [AerasalyoHHble LMypbl, NpeaBapUTENbHOE
MMNYNbCHOE MMAPOPbIXNEHNE, ra30HOCHBI BbIOPOCOONACHBINA YronbHbIA NNacT.
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