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Abstract. The feasibility of assessing the speed of shock wave propagation in mine workings by recording acoustic
events in the massif using multichannel seismoacoustic methods was explored. The results in relative units are
presented following the principle of normalization and considering functional dependencies. A physical model of the
impact of gas-dynamic phenomena on the network of mine workings is substantiated. The model is based on the laws of
gas dynamics and takes into account a release of methane and dust with variable concentrations during the formation of
the aerodynamic environment in the mine atmosphere under the effect of outburst in the condition of real topology of the
network of mine workings, ventilation equipment, and structures using as an example the workings and accidents
occurred at the O.F. Zasiadko mine. The regularities of formation of aerodynamic environment in the mine atmosphere of
dead-end workings during a gas-dynamic phenomenon were established. It was determined that outside the region of
solid-phase outburst (coal, rock), a gas flow is formed, and its state and properties can be controlled by changing
aerodynamic resistance and atmospheric pressure in the workings. Seismoacoustic and gas-dynamic parameters were
formulated, along with the conditions for sequential development of the processes at methane-dust-air mixtures
outbursts in the mine workings. The propagation of air shock waves was studied. The analysis and methodological
approaches to describing the process in the form of correlation dependencies were performed. This allows justifying the
use of source energy pressure equation and identifying areas of gas-laden zone to establish the nature of pressure
increase in emergency workings. The parameters of air shock wave propagation in dead-end workings under different
initial and excess gas pressure depending on the aerodynamic resistance and geometric parameters of the workings
were determined with accounting availability of obstacles causing changes in front resistance and relative speed of air
shock wave fronts. This made it possible to reveal the peculiarities of the dynamics of air shock waves in the network of
mine workings taking into account losses at the junctions of various types of obstacles, the formation of an explosive
environment under the coal and gas outbursts in the dead-end workings, which leads to disrupts of normal ventilation
regime causing ventilation flow reversals and contamination of fresh air streams with gas.
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1. Introduction

Low effectiveness of the combined use of ventilation and complex degassing
systems in modern high-performance coal mines hinders the timely elimination of a
danger of local methane accumulations at the junction of mine workings, as well as in
certain sections of the mine ventilation system. Emergency situations arise from
sudden methane outbursts, the formation of localized fire centers and their
subsequent development [1-5]. An analysis of the causes of these events indicates an
insufficient effectiveness of operational mine ventilation control and a critically low
level of using methods for monitoring the state of gas-bearing coal-rock massif [6—9].
Solving this problem is of significant scientific and practical importance for ensuring
labor safety and prevention of accidents in coal mines.

The aim of this study is to investigate the regularities of gas-dynamic
phenomenon (GDP) propagation along the network of mine workings.

To achieve this goal, the following task must be addressed: to substantiate the
research methodology and investigate the regularities of the GDP propagation along
the network of mine workings; and on the basis of the obtained results, to specify
parameters of the outburst process behavior within the network of mine workings,
including the parameters, which take into account a potential occurrence of methane-
dust-air mixture explosions and fire development, which is an urgent scientific task.
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2. Methods

The methodology of the research was comprehensive and consisted of analysis of
aerodynamic environment formation in mine workings during an outburst event. Dy-
namics of methane concentration changes were studied on the basis of data from the
automatic methane control (AMC) that monitored methane content in the atmosphere
of the workings. Gas factor was studied by analyzing dynamics of the methane back-
ground concentrations during the operation of mining combine and coal extraction,
and by data from automatic methane control of the state of the mine workings. The
volume of methane released during the GDP was proposed to be determined based on
measurements of methane concentration and of air flow in the outgoing ventilation
streams in the dead-end workings where the GDP had occurred. Methane concentra-
tion was determined from the chart string of the AMC equipment, while air flow in
the location of the methane sensors installed was measured from the graphs of self-
recording devices of remote control. Shift-based and daily printouts were used. Indi-
cators of the methane background concentration were determined by their minimum
values under the outburst (in m?), taking into account the cross-section of the mine
workings in the light. Models of the air shock wave formation and propagation along
the mine workings were developed based on classical gas flow equations with shock
wave formation [10—15]. Experimental studies included modeling of physical pro-
cesses during the air shock wave occurrence and propagation close to the conditions
in mine workings and their interaction with various obstacles and means for explo-
sion protection. For data entry, boundary conditions were set for each working.

When the shock wave moves along the workings, fragments of rock and objects
generate acoustic effects, which are assessed by the energy of acoustic emission. The
relationship between the speed of the shock wave in the air of the working ¥V, and the
speed in the rock massif V, is shown in Figure 1.
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Figure 1 — Relationship between the shock wave during GDP in the workings atmosphere and
elastic oscillations in the rock mass

The speed of the GDP shock wave propagation was estimated from the data of
multichannel seismoacoustics based on hodographs of traveling waves by measuring
the time intervals. As a result of the works in mine, the speeds of elastic waves in
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disturbed zones, solid rocks, and coal seams were obtained. The hodographs were
necessary to determine the limits of time intervals during the movement of shock
wave front with rock and coal fragments in the air of the workings under the GDP
with taking into account their topology. Wave field was researched by the seismic
survey station PASSAT-M. Seismoacoustic (SA) events were registered with the
control equipment and device ARES-5/E. For this purpose, geophones were installed
in the mine workings with fixating of their coordinates; hence, a polygon was created.
Knowing the distance between the points of acoustic signal reception, the speed and
the time of elastic waves in the rock mass, spatial locations of the event centers are
determined.

Acoustic events were recorded as energy of destruction of the coal-bearing rock
mass with the fixation of the spatial position in time. The catalog "Berta" contains
more than 17,000 observations. The state in the face area was assessed by the
ARAMIS M/E station and the 3V A-98 instrument using the standard methodology
[3, 4, 7]. Acoustic events were recorded with spatial-time reference for each working.
Figure 2 shows a copy of the mining operation plan, the polygon layout, and the
location of acoustic events during the advance of preparatory workings of the
western panels 17 and 18 along the layer ms at the O.F. Zasiadko mine [7].
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Figure 2 — Distribution of acoustic events during mining operations in the western panels 17 and 18
along the layer m3 at the O.F. Zasiadko mine



44  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 170

The amplitude-frequency characteristic of the air shock wave was determined by
overlaying the geophones and the micro-outbursts recorded by the sound-receiving
equipment SRE-98. The methodological approach to assessing the relationship
between SA parameters and the mechanical effects of the shock wave propagation to
the walls of the mine workings is based on adhering to the normalization principle
when identifying signals recorded by different sources. As an objective parameter for
the assessment, a function normalized to the SA unit is taken, which is defined from
experimentally measured single pulse or pulse series to the functions of their changes

—  (x)
Flx)= ul, (x)C(a.b,c)’

where ui(x) — experimental seismoacoustic curves of events; u'i(x) — theoretical
seismoacoustic curves of events; C(a, b, c¢) — capacity of the considered array of
events; F(x) is a reduced function with norm F(x)c(, b, ¢)-

Figure 3 shows a screenshot of an acoustic event during the propagation of a
shock wave in the working of the western panel 18 at the O.F. Zasiadko mine.
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Figure 3 — Screenshot of an acoustic event in the preparatory working
of the western panel 18, layer m3, O.F. Zasiadko mine

According to the processing programs, SA information is scaled, stretched in
time, and the amplitude-frequency and amplitude-time spectra of events and their
energetic characteristics are determined. Determination of gas releases is carried out
experimentally with the help of wells that are drilled from the face. All wells are
drilled to the rise with elevation angles from 15° to 60° with different lengths and
directions. The wells are equipped with self-recording manometers (MTC 712-K1
MGGA) for measuring gas pressure.

The main material for establishing the regularities of gas and solid phase
distribution along the network of mine workings during the gas-dynamic phenomena
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were acoustic observations, which were supported by the results of gas monitoring
during accidents at the O.F. Zasiadko mine and other mines in 2001-2017, as well as
by analysis of publications. Based on the analysis of the research results [1, 4], the
model of the gas-dynamic phenomenon impact on the network of mine workings was
substantiated. The base of the model was the study of the causes and the conclusions
of the commissions for the analysis of -catastrophic consequences at the
O.F. Zasiadko mine.

3. Theoretical part
Figure 4 shows a schematic model of GDP propagation.
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I, I, I — gas release from the seam and layered accumulation of methane in the roof and face, m*/s;
X, Y — coordinates of the workings along the length and height, m; j,.. — intensity of gas release
sources, m*/(m?*-s); b — aerodynamic resistance relative to the considered section of the workings,
Pa-s/m?; V, — shock wave; V) — reflected shock wave; L — length of the working, m,; L2 — length of
the working blocked by rock, m; L1 — slope, m.

Figure 4 — Model of GDP propagation along the network of mine workings

The model is used for operational forecasting of aerodynamic condition in the
network of mine workings under the GDP. The model includes comprehensive
information about the aerodynamics and the composition of the mine atmosphere,
which is essential for timely and effective technological decision-making. Due to the
multi-factorial nature of the process, heat exchange is not considered for
substainiation of the model and description of the gas mixture flow in the workings.

The model appropriateness is substantiated by the analysis of its properties and
parameters, which fully describe the process and peculiarities of gas movement, as
well as the interaction of rock fragments with the walls of the workings [10-12]. The
ventilation processes are determined by the spatial topology of the workings and by
layout and modes of ventilation equipment operation (main ventilation fan, local
ventilation fans, ventilation structures of the mine).

For each working, the following parameters are specified: length L, cross-
sectional area S, aerodynamic resistance coefficient . To establish how the workings
are interconnected, initial and end numbers of nodes are fixed for each working. In
the constructed model of the air shock wave propagation in the network of mine
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workings, it is assumed that the workings can be interconnected at a certain angle.
Therefore, for each working, the angles at which they connect to each other are set.

The parameters and the spread of the shock wave at rock, coal, and gas outburst
are interrelated to each other by the following formulas [1, 4]:
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where V;— speed of the shock wave front, km/s; ayp— speed of sound in undisturbed
environment, km/s; Py — pressure in undisturbed environment, MPa; P, — pressure at
the front of the shock wave, MPa; p;, po — gas density at the front of the shock wave
and in undisturbed environment, kg/m?; ¥ — flow rate behind the shock wave front,
km/s.

The aerodynamic resistance of the system, at which the process of rock mass
ejection into the workings occurs, consists of the resistance of the mine ventilation
network (MVN), the resistance of the transport channel and the resistance to the
transportation of the solid phase through the channel. In most cases, the values of
aerodynamic resistance in the MVN remain constant.

The resistance of the transport channel increases during the outburst because the
channel length increases. An increase of aerodynamic resistance is accompanied by a
decrease of kinetic energy of the gas flow, which leads to a loss of the gas ability to
transport the solid phase. The solid phase settles in the transport channel of the
outburst.

The cross-sectional area of the transport channel decreases. This leads to an
increase of kinetic energy due to the narrowing of the channel and restoration of the
transport ability of the gas. These processes are repeated until the total aerodynamic
resistance of the system reaches its critical value. At the same time, the transport
channel is blocked, and the ejection of the solid phase into the working stops.
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An increase of the total pressure in the outburst cavity causes an increase of the
slope length. At the same time, an increase of adjustable aerodynamic resistance
leads to a significant decrease of the slope length.

Table 1 presents the results of the impact of resistance on the formation of
aerodynamic environment in the mine workings under the GDP [4, 13-16].

Table 1 — Impact of acrodynamic resistance on the environment Formation under the GDP

Initial Total Total Length of Length of the Anele of
barometr pressure | Aerodyna the outburst slope g
i pressure . slope of
ic . at the mic blocked L-Li-10> m :
in GDP . . > solid phase
pressure GDP resistance | working :
core Py min max outburst
P, mm > | outlet P2, | b, Pars/m® | L - L>-10%, ’
WG Pa Pa m deg
160 120 17.2 1.6 5.5 8.0 21.1
0.3 360 280 16.8 3.1 12.6 15.0 11.8
760 600 11.8 7.9 19.6 25.3 7.3
400 82 8.9 2.6 59 8.5 23.1
53 800 94 7.0 7.7 14.8 25.1 12.8
1000 158 5.7 10.5 14.7 25.2 9.8
600 23.5 4.7 2.2 0.6 - 0.387 22.1
15.7 800 47.5 4.0 7.3 11.6 18.4 16.1
1200 192.5 34 13.5 16.5 26.5 10.1

The analysis of the obtained dependences indicates that an increase of total inlet
pressure causes an increase of the length of the blocked transport channel, while an
increase of aerodynamic resistance reduces its length.

With an increase of initial barometric pressure P from 0.2 mm WG to 0.6 mm
WG, the time #, of the process decay decreases from 4.5-107 s to 20107 s, with other
things being equal.

Previous studies showed that the amount of free gas energy released during the
expansion of compressed gas depends on the initial and final value of P,;.

The control impact in the form of a solid obstacle effectively affects the outburst
flow and reduces duration and energy of the outburst, and, as a result, the mass of the
outburst.

The GDP in the dead-end working leads to filling a part of the working with coal
and rock in the interval of 20—40 m and filling with gas with a high concentration of
methane under high pressure.

Developing methods to prevent or localize this phenomenon focuses on
controlling the gas flow of outburst outside the zone of solid phase outburst. In this
way, it is impossible to prevent the GDP occurrence, but it is possible to prevent its
development and limit the negative impact on the network of workings, and, thereby,
to increase the safety of mining the prone-to-outburst coal seams.

Thus, the main parameters of the GDP are the speed of the shock wave, the
pressure of the shock wave front and the concentration of methane in the working
atmosphere.
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The speed of the shock wave front and its intensity, which arises under the action
of the formed pulse during the GDP, are determined in the process of propagation
solely by the properties of the environment.

4. Results and discussion

Fig. 5 demonstrates the dependence of the ratio of shock wave speeds V, in the
rock mass and V’, in the atmosphere of working, in conventional units, along the gas-
laden zone of the dead-end working on the power of the GDP.

Vil Vy

12 &

10 — N

0 500 1000 1500 2000 L.m

amount of outburst coal: 1 — 32 tones, 2 — 13 tones, 3 — 4 tones

Figure 5 — Dependence of the ratio of shock wave speeds V- in the rock mass and V,, in the working
atmosphere along the gas-laden zone of the dead-end working on the power of the GDP

Coal and gas outbursts create conditions for the shock wave core to move
depending on the topology of the mine workings. Having an initial speed of tens of
meters per second, the broken rock receives a great kinetic energy (0.5-10° kJ/ton),
which ensures its movement along the working with a significant dynamic effect on
technological equipment and various types of obstacles. When a coal mass of 55 tons
is outburst, the maximum speed is observed at a distance of 256—1300 m from the
outburst center. This fact explains the complexity of implementing control impacts on
the solid phase in the zone of outburst.

Fig. 6 shows the dependence of ratio of the shock wave speeds V. in the rock mass
and V,, in the working atmosphere on the installed equipment (conveyor 1, fan 2,
attached equipment 3) at an outburst power of 10 ton.

Coal and gas outbursts generate air fluctuations in the mine atmosphere. The
amplitude-frequency characteristic of the direct and reflected wave propagation along
the gas-laden zone in a dead-end working depends on the outburst power,
aerodynamic resistance, and geometric parameters of the working [13—15].
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Figure 6 — Dependence of the ratio of the shock wave speeds V- in the rock mass and V3, in the
working atmosphere on the installed equipment along the gas-laden zone in the dead-end working at
an outburst power of 10 tones

Since a working is an ideal waveguide, wave and gas-dynamic processes and their
accompanying combinations are formed under the GDP. The amplitude of the shock
wave is formed by the dimensions of the working. Taking into account the topology,
slope, support, and attached equipment, it is equal to 0.76 of the diameter of the
working. The frequency characteristic lies within 16-75 Hz, when summarizing
measurements of SCE-98 (sound-capturing equipment).

According to the Weibull distribution, the frequency range at outbursts is 19-
23 Hz. Amplitude-time characteristics of the GDP are determined by a sharp rise of
amplitude following with a gradual decrease up to background values with an infra-
low frequency. When designing means for reducing the damaging factors of coal and
gas outbursts, the speed of the dust-gas-air mixture spreading, which varies from 0.3
km/s to 1.8 km/s, is taken into account.

The GDPs create direct and reflected shock waves along the gas-laden zone of the
dead-end working (Fig. 7).

Direct shock wave has higher speed, but over time the wave decays due to the
performance of work (ejection of rock fragments, transfer of dust, movement of
equipment). The reflected wave, due to a smaller amount of work, is equal to the
direct shock wave and even grows due to the superposition of oscillations at a
distance of 1200 m.

Table 2 shows the parameters of the interaction between the front of the shock
and reflected wave and the walls of the workings at the intersection of expanded area,
curvatures and turns of the workings.
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Figure 7 — Dependence of the ratio of shock wave speeds V- in the rock mass and V,, in the working

atmosphere during the propagation of direct and reflected shock wave along the gas-laden zone of
the workings

Table 2 — Parameters of propagation of the shock and reflected wave front in the atmosphere at the
intersection of expanded area, curvatures and turns of the workings

Head-on Aerodynamic Speed of the shock and
Type of damage resistance k, resistance b, reflected wave front,
Pa-s/m’ Pa-s/m’ Vi/ Vi
Expansion of working 120 54 0.53/0.49
Narrowing of working 105 75 0.71/0.58
Curvature of working 280 15 0.63/0.52
Turns in working 333 230 0.62/0.31

The intensity of shock waves can be reduced through the construction of obstacles
that absorb part of the energy of the shock wave pulse formed under the GDP. The
reduction depends on the location of methane-air mixture outburst, volume of the
mixture and location of the obstacles in the network of mine workings.

Fig. 8 shows the dependence of the ratio of shock wave speeds V. in the rock mass
and V,, in the working atmosphere on the presence of constructed obstacles and
aerodynamic resistance.

In the absence of the rock plug and data on the length of the gas-laden zone,
pressure is gradually increased by 0.2 MPa at a distance of 150 m from the dead-end
working, and dynamics of air shock waves changes sharply. The speed of the waves
decreases, the pressure increases when approaching the location of obstacles.
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Figure 8 — Dependences of ratio of shock wave speeds V- in the rock mass and V,, in the working
atmosphere along the gas-laden zone of the dead-end working on the presence of obstacles

Table 3 shows the results of determining the aecrodynamic resistance with various
obstacles.

Table 3 — Change of aerodynamic resistance in the working atmosphere

depending on the type of obstacles
Area of workings, Area of obstacle, Aerp dynamic
Type of obstacles ) ) resistance b,
m m 3
Pa-s/m
Collapses 11.2 5.5 110.5
Overlays 9.0 2.7 98.8
Barriers 10.8 1.5 41.5

Table 4 demonstrates the established dependencies and regularities of the GDP
propagation along the network of workings.

The following designations are used in the table: C and Cj) — anomalous and initial
concentration of methane in the workings, %; G and P — methane flow rate and
pressure; D and D, — pressure at the shock wave front, MPa; X - width of the
working, m.

The analysis of the regularities of the gas-dynamic phenomenon propagation
along the mine network indicates that the existing means of prevention do not meet
the requirements of the time. Various means are employed to protect underground
structures, communication systems, and equipment against the action of air shock
waves, but they do not provide an effective reduction of damaging factors such as:
shock wave front, gas contamination of workings, danger of explosion of the
methane-air mixture. The use of means to reduce damaging factors in the form of
labyrinths and barriers creates great dynamic loads on their elements and, as a result,
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leads to their destruction. Moreover, the parameters of stoppings are not sufficiently
scientifically substantiated. Existing methods of calculating stoppings for damping air
shock waves are complex and do not take into account the variety of designs.
Therefore, these innovative, including reusable means of protection designed on the
basis of performed researches, can be used for developing new technical solutions.

Table 4 — Regularities of the of GDP distribution along the network of workings depending on
different factors

Correlation | Confidenc

Factors Established regularities coefficient | e interval
Gas C/Cyp= 242731706616 0.8803 2501800
G =0.2049P - 1.5165 0.8102 40 + 60

Parameters of pressure of
shock wave front

Relative shock wave speed at
presence of obstacles such as:

D/Dy=2-10°L? - 0.0062L + 8.1215 0.6133 500+2000

......collapses V,/Viw=-0.3744X° + 18.563X + 436.7 0.9514 6.0+0.5
...... overlays Vi/Vyw=-0.3744X° + 18.563X + 336.7 0.9514 5.0+1.0
...... barriers Vi/Vi = -0.321.X>+10.801.X+ 513.48 0.9181 6.5+2.0
Wave front propagation:
...... of shock wave V/Viw=2-10°X7 - 0.0049X + 3.084 0.9826 3.0+1.2
........ of reflected wave V/Viw =3-105X7 - 0.0059X + 3.2255 0.9387 31+1.2

5. Conclusions

On the basis of the performed researches, results processing, generalization and
analysis of the data of observations on the topology of mine working and changes of
shock wave speed, as well as control of gas-dynamic phenomena in the coal-bearing
massif, the following conclusions were made:

1. The feasibility of assessing the speed of shock wave propagation in mine work-
ings by recording acoustic events in the rock mass using multi-channel seismoacous-
tic methods and representing results in relative units adhering to normalization prin-
ciples in the presences of functional dependencies was studied.

2. The physical model of the gas dynamic phenomenon impact on the network of
mine workings was substantiated. The model is based on the laws of gas dynamics
and takes into account the release of methane and dust with variable concentration
during the formation of an aerodynamic environment in the mine atmosphere in the
process of outburst, as well as in the conditions of real topology of the network of
mine workings, ventilation equipment and structures on the example of workings and
accidents occurred at the O.F. Zasiadko mine.

3. The regularities of the aerodynamic environment formation in the mine atmos-
phere of the dead-end workings in the course of gas-dynamic phenomenon were con-
sidered and it was established that a gas flow is formed outside the solid phase (coal,
rock) outburst, the state and properties of which can be controlled by changing the
aerodynamic resistance and atmospheric pressure in the workings.
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4. The seismoacoustic and gas-dynamic parameters and conditions for the sequen-
tial development of processes during the outbursts of methane-dust-air mixtures in
the mine workings were formulated.

5. The formation of air shock waves was studied. The analytical and methodical
approaches to the description of the process in terms of correlation dependencies
were developed. This allows substantiating the use of source energy pressure equa-
tion and identifying areas of gas-laden zone to determine the nature of pressure in-
crease in emergency workings.

6. The parameters of propagation of air shock waves in dead-end workings (speed
and pressure) with varying initial and excess gas pressure differences were
established. They depend on aerodynamic resistance and geometric parameters of the
workings, as well as the presence of obstacles causing differences in frontal
resistance and relative speed of the air wave front. These findings made it possible to
reveal the peculiarities of the dynamics of air shock waves in the network of mine
workings taking into account losses at the junctions of various types of obstacles, the
formation of an explosive environment during the coal and gas outbursts in the dead-
end workings, which leads to disrupts of normal ventilation regime causing
ventilation flow reversals and contamination of fresh air streams with gas.
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3AKOHOMIPHOCTI NMOLUMPEHHA YOAPHOI XBUNI B MIPHUYKUX BUPOBKAX MPU
rA30OAUHAMIYHOMY ABULLI
lNununetxko FO., KypHocoe C., Makees C., Hosikoe /1.

AHoTauis. [locnimkeHo MOXNMBICTb OLHIOBATM LWBWAKICTL NOCYBaHHS YOAAPHOI XBUITI B FipHUYMX BUPODOKaX LUMSXOM
ikCyBaHHS aKyCTUYHWX MOAi B MacuBi MeTogamu GaraTokaHanbHOI CecMoakyCcTUku i BigobpaxeHHs pesynbTaris 3
LOTPUMaHHAM NPUHLMNY HOPMYBAHHS Y BIJHOCHWX OQMHWLSAX NPW HAsBHOCTI (hyHKLiOHanbHMX 3B8'a3kiB. O6rpyHTOBaHO
(isnyHy MoAenb BNMWBY ra3ogMHaMiyHOrO SBULLA HA MEpPEXyY TipHUYMX BUPOOOK, sika 6a3yeTbCsa Ha 3akOHaxX rasoBoi
OWHaMIKK | BpaxoBye BUAINEHHS NepPeMiHHOT KOHLLEHTpaLii MeTaHy, nuny npu (opMyBaHHi aepoanHaMiyHOro cepeaoBu-
LA y WaxTHIN atMocepi Nig Yac NpoTikaHHS BUKWAY, @ TAKOX B YMOBAX pearibHOi TOnonorii Mepexi ripHninx BUpoBboK,
BEHTUNALiNHOrO 06nagHaHHs i cnopya Ha npuknagi Bupobok i aBapin, ki Bigbynuck Ha waxTi im. 0.9, 3acagbka. Bera-
HOBIMEHO 3aKOHOMIPHOCTI (hOPMYBaHHA aepOAMHAMIYHOTO CepeaoBHLLa B LWAXTHIN aTMocdepi TynMKoBMX BUPOOOK nig
yac npoTikaHHs ra3oAnMHaMIYHOro ABMLLA | BCTAHOBIEHO, LU0 3@ Mexamu Bigkuay TBepaoi hasu (Byrinns, nopoga) yTeo-
PHOETLCS ra30BMM MOTIK CTAHOM | BMACTUBOCTAMU SKOr0 MOXIIMBO KepyBaTu LUMSXOM 3MiHU aepofuHaMiyHoro onopy i
aTMOCChepHOro TUcky B Bupobkax. CqopmMyrnboBaHO CENCMOaKyCTUYHI Ta ra3oanHaMiyHi napameTpu i yMOBW NOCMifoB-
HOrO PO3BUTKY MPOLIECIB MPU BUKMAAX METAHOMWMONOBITPSHAX CyMillen B ripCbki BUPOOKM. [OCMigXeHO NOWMpeHHs
MOBITPSHWUX YAAPHWUX XBUMb. BUKOHAHO aHania i MeToAMYHI Nigxo4u 40 ONucy MPoLecy y BUTNSAAI KOpensauinHnX 3anex-
HocTen. Lle 4o3Bonuno obrpyHTyBaTh BUKOPUCTAHHS B PIBHSIHHI TUCKY €Hepriil [kepena i BUAINeHH: 4iNsHOK 3ara3oBaHol
30HW NS BCTAHOBMEHHS XapaKTepy NiABWLLEHHS TUCKY B aBapiiHin BMpoOLi. BCTaHOBMEHO napameTpu MOWMPeHHS
NOBITPSHUX YAAPHUX XBUMb B TYNUKOBMX BUPOGKaX npu pisHOMY NOYATKOBOMY Ta HaaMIpHOMY nepenagax ra3oBoro TUC-
Ky, Bil aepoOMHaMI4YHOro OMopy i reOMETPUYHMX MapamMeTpiB BUPODOOK, a TakoX HAsBHOCTI MEPELLKOA, L0 BUKMMKAKTb
nepenagn noboBoro onopy i BiGHOCHOI LBMAKOCTI (HPOHTY MOBITPSHWUX XBWAb. Lle fo3sonuno BusBuTA 0COBGNMBOCTI
OMHaMIKN MOBITPSHWUX YAAPHUX XBUIb B MEpexi ripHUuMX BUPOBOK 3 ypaxyBaHHSM BTPAT B MICLSX CMOMYyYeHb Pi3HOMO
BMAY nepeLukod, GopMyBaHHS BUOYxoHe6e3neyHoro cepefoBuLLa Npu BUKWAAX BYrinns i rasy B TYNMKOBUX BUpODKaXx,
4O NPU3BOAMTL [0 MOPYLUEHb HOPMANbHOMO PEXMMY NPOBITPIOBAHHS, BHACTILOK YOro BiabyBaeTHCA NepekaaHHs BeH-
TUAALIRHOTO NOTOKY i 3ara3oBaHiCTb CBIKOrO CTPYMEHS MOBITPS.

KntouoBi cnoBa: ripHuya BupobKa, KOHTPOMb, CECMOaKyCTWKa, BNACTUBOCTI, yAapHa XBuns.
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