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ABSTRACT

Purpose. Development of scientific approaches to creation of high-precision and high-speed optoelectronic meas-
urement systems within the complex of air gas safety of coal mines by means of the developed and implemented
methods and means of measurement systems efficiency improvement taking into account compensation of the effect
of destabilizing factors.

Methods. Experimental studies have been carried out in mine production conditions and laboratories on the physical
models of information measurement systems using metrologically certified measuring instruments.

Findings. It has been proposed to determine the efficiency of the developed information and measurement systems
on the basis of the arithmetic mean of n groups and the geometric mean of the information data rate of m meters
measuring mine atmosphere parameters in coal mines for each group separately. It has been found that the use of the
developed information system measuring methane and dust concentration within the UTSSC increases data rate of
mine air gas protection system by 16.5 bits/s.

Originality. For the first time, logical design of information and measurement system of methane and dust concen-
tration has been proposed and implemented, which, in contrast to the existing ones, is based on increasing accuracy
and speed of measuring channels response to methane and dust concentration, which allowed to increase probability
of detecting explosive situations from 0.90 to 0.98 and provide enhancement of mine air gas protection.

Practical implications. The developed methods and techniques allowed to implement a number of projects for the
mining industry: high-speed measurement system evaluating methane concentration in a mine complex of monitoring
telephone communication and notification “SAT” (private company “Deyta Express”, Ukraine); measurement system
of polydisperse dust concentration for unified telecommunication systems of supervisory control and automated
management of mining machines and technological complexes “UTSSC” (State Enterprise “Petrovsky Plant of Min-
ing Machinery”, Ukraine).

Keywords: measurement system, concentration, methane, dust, coal mine, accuracy, speed of response

1. INTRODUCTION Widespread use of different IMS led to the research
into developing generalized performance indicators that
can be used in practice for comparing different options
(Scott, 1995). However, determining the generalized
performance indicator is quite a challenge because it has

During the development and operation of information
measurement systems (IMS) for methane and dust con-
centration in coal mines, it is necessary to assess the
feasibility of using different system options and selecting

the most efficient one (Palmius, 2007; Martinsons,  Strictimposed requirements: o

Davison, & Tse, 1999). The efficiency of such systems is — functional connection with the characteristics of IMS;
determined by the ratio between information and the — providing characteristics of IMS while performing
minimum amount of time spent on its processing (Pitt, tasks; ' ' '

Watson, & Kavan, 1995), therefore one of the efficiency — mathematical reasoning and physical nature.

indicators is speed of the response.
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Analysis of the requirements set for the generalized
performance indicator showed that they can be quite
controversial. Therefore, the more the generic perfor-
mance indicator reflects properties of the system, the
harder it is to be chosen. Known methods of developing
the generalized indicator are based on the following
postulates (Pitt, Watson, & Kavan, 1995):

— efficiency of the system is determined by comparing
it with any other system (an equivalent or a prototype);

— generalized indicator is taken as a sum of partial in-
dicators and certain weighted coefficients;

— while choosing the generalized indicator it is neces-
sary to find interrelationship between a set of technical
characteristics of the system and its cost.

Analysis of existing information and measurement
systems of methane and dust concentration resulted in

:
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finding discrepancies between their specifications, pa-
rameters and current requirements for speed, accuracy
and measurement reliability. Dust concentration meas-
uring devices used today are not able to work in real-
time operation conditions simultaneously with methane
concentration measuring devices. This leads to a signif-
icant delay in identification and evaluation of the limits
of explosive powder-gas mixture and substantially re-
duces efficiency of the air gas protection system (AGP)
of coal mines.

Figure 1 shows the interface of the program for visu-
alizing topology of the subsystem of mine atmosphere
measurement parameters in coal mines, which is used in
the unified telecommunication system for supervisory
control (UTSSC).
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Figure 1. Interface of the program for visualizing topology of the subsystem of mine atmosphere measurement parameters in

coal mines UTSSC

Having studied characteristics of the subsystem for
measuring parameters of mine atmosphere in the UTSSC,
we discovered that it comprises a methane concentration
meter of TX3261.01 type (ITRAS, 2016) which performs
measurements of methane concentration in the range of 0
to 4°'%. This meter has the allowed response time related
to the speed of methane concentration increase at less than
2s (0.5""%/s), as prescribed by NPAOP 10.0-1.01-10,
2010. Catalytic thermal time constant of the meters used in
the UTSSC is not less than 3 —4 s. To ensure registration
of the required speed increase in volume concentration of
methane (no more than 2 s), software methods of digital
processing of output signals are used in high-speed sen-
sors. According to the requirements for stationary me-
thane meters (DSTU 24032:2009, 2009), generally ac-
cepted as fast-responding, these sensors must also ensure
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that the response time for methane volume concentration
is no more than 0.8 s. For sensors which are based on
thermocatalytic method, the value is practically not
achievable due to physical and technical features of the
sensors. Therefore it is necessary to develop new ap-
proaches to designing subsystems of measuring methane
concentration of mine atmosphere in coal mine condi-
tions in terms of speed increase, accuracy and reliability
of metrological measurements.

A notable drawback of the UTSSC is that concentra-
tion of air-borne coal dust is not measured in the system.
The presence of a sufficiently large amount of dust in
mine atmosphere increases the probability of explosive
situations in coal mines. This drawback is related to the
fact that using existing aspiration sampling apparatuses,
it is impossible to perform a continuous control meas-
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urement of dust concentration and dispersion. There is no
coherent algorithm for determining the probability char-
acteristics of powder-gas mixture explosiveness depend-
ing on speed and humidity of mine atmosphere, as well
as on air-borne dust dispersion. Now industrial plants in
Ukraine do not produce automatic dust concentration
measuring devices, while overseas products are not de-
signed for conditions of mine atmosphere.

Having analyzed characteristics of the air gas protec-
tion system UTSSC of mines, we can conclude that it is
necessary to extend its functionality. Development and
implementation of new methane and dust concentration
meters for the system of coal mines air gas protection in
the UTSSC will make it possible to identify and predict
emergency situations with burst releases of methane and
dust in coal mine atmosphere.

The conducted research enabled us to identify a sci-
entific and applied problem of creating and technological
implementation of new evidence-based approaches to
information and measurement technology that will help
to develop high-speed and high-precision optoelectronic
measurement systems in the complex of air gas safety
provisions of coal mines and industrial plants. The prob-
lem cannot be solved with the help of measuring methods
and parameters of mine atmosphere control used today.
To solve it, we need to develop new methods, models and
solutions, which constitute the very core of this paper.

Our preliminary considerations after analysis of the
problems concerned with coal mine air gas safety were
the following:

1. Methods of optical control of dust and gas compo-
nent concentration allow to ensure the necessary pro-
cessing speed with the regulated measurement control
precision. This breaks new ground for assessing the
probability of sudden methane and dust explosions in
coal mine atmosphere.

2. Prospects of further use of these methods are lim-
ited by decrease in accuracy and reliability of metrologi-
cal meters due to complicated conditions of coal mines.

3. It was established that at present stage of theoreti-
cal and practical research, the most promising trend of
solving the problem associated with air gas safety of coal
mines is developing new approaches, methods and tech-
nical means of obtaining measurement information con-
cerning changes in characteristics and parameters of coal
mine atmosphere, contemporary ideas and techniques for
digital processing of measurement data by means of
information and measurement systems.

The aim of our research is to develop scientific ap-
proaches to creating high-speed optoelectronic measure-
ment systems in the complex of providing air gas mine
safety through the use of the proposed and implemented
methods and means of improving the efficiency of meas-
urement systems based on accounting and compensating
destabilizing factors.

2. MAIN PART

While designing information measurement system of
methane and dust concentration in coal mine atmosphere,
it is necessary to assess the feasibility of using a certain
system configuration. The amount of the obtained infor-
mation is equal to the value of entropy set in the meas-
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urement process. Ideally, during the measurement, when
there is no uncertainty about the number of methane
molecules or dust particles, the maximum value of the
obtained information is numerically equal to the initial
entropy of the powder-gas mixture under analysis.

As a quantitative measure to compare the capacity of
different measurement systems to obtain information
about the content of the measured component in the ana-
lyzed gas mixture, a binary logarithm of the number of
specified concentrations can be used. According to the
Nyquist and Harley criterion (Sedalishhev, 2008), the
number of signal levels cannot increase indefinitely, as it
is limited to the reduced error of measurement. That
occurs due to the impossibility to accurately measure the
change of dust and gas component concentration in the
analyzed gas mixture which is twice less than the abso-
lute error (24c) of the meter.

The entire measurement range can be replaced by a
sequence of values of the determined concentrations of
dust and gas components in the mixture. Thus, neigh-
bouring values differ by twice the value of the absolute
measurement error. If the concentration of dust and gas
components varies from 0 to C,,, you can obtain
Chrax (ZAC)’l of discrete levels of concentration. If the
values of concentration within the measurement range
have the same occurrence probability, the amount of
information J, which is obtained during one measure-
ment with absolute error A, is determined according to
the following formula (Sedalishhev, 2008):

J= logz[—cma"j :
240

According to the formula (1), the data rate of infor-
mation measurement system of methane and dust con-
centration in mine atmosphere is defined as the speed of
obtaining measurement data, i.e. the maximum possible
amount of information obtained per unit of time. If a time
interval spent on conducting one measurement is A¢, then
for C,,>>A4c and data rate G considering formula (1),
we obtain (Sedalishhev, 2008):
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The results of calculating the data rate of the infor-
mation and measurement system of methane concentra-
tion based on formula (2) by changing the absolute error

Acyy, from 0.01 to 0.20"'% (Cer=4"""%) and pro-
cessing speed of the meter Az from 0.1 to 10 s, are shown
in Figure 2.

Response time of methane concentration meters,
which are designed as a means to control gas and power
outages as required by DSTU 24032:2009, is less than
0.8 s with absolute error of measurement not more than
Acy, =%0.20 volo5 within the range from 0 to 4%'%

(DSTU 24032:2009, 2009). The value of the data rate of
methane concentration meters has to be 4.15 bit/s,
according to (2) (Fig. 2).
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G, bit/s

Figure 2. Data rate of the methane concentration meter at
ACH4 from 0.01 10 0.20 "% and At from 0.1t0 105

The existing methane concentration meters, which are
used today in the UTSSC system of AGP, have speed of
response not less than 15s (ITRAS, 2016). The value of
information data rate of industrial sample meters of methane
concentration is 0.22 bit/s. Departing from the analysis of
the data, we can conclude that currently used meters have
19 times less value than regulated requirements to the in-
formation data rate (DSTU 24032:2009, 2009).

Having analyzed the data rate of methane concentra-
tion meters, we made a conclusion that the most signifi-
cant impact on the information data rate (2) has speed of
response of the meter (4f). Therefore, while measuring
methane concentration using optical absorption method
of control, it is necessary to eliminate the system of gas
mixture sample preparation and provide natural circula-
tion of mine atmosphere through the measuring sensor.
Thus the expected value of the meter response speed
according to preliminary theoretical and experimental
studies will amount to no more than 0.15 s at the value of
absolute error not exceeding +0.10"°"%. The value of the
data rate of the developed measuring channel of methane
concentration in mine atmosphere will constitute not less
than 28.81 bit/s.

The obtained value of the information data rate of the
developed meter for measuring methane concentration is
130 times higher than the value in existing meters and
7 times higher than the standard requirements
(DSTU 24032:2009, 2009) for stationary fast-speed me-
ters. Therefore, for the design of the measuring channel
of methane concentration in mine atmosphere it is neces-
sary to use optical absorption method of control with
open optical channel.

A similar analysis was done for the designed measur-
ing meter of dust concentration. Thus, the value of the
data rate of the aspiration meter of PKA-01 type is
0.016 bit/s at Ac=+200 mg/m® C,. = 3000 mg/m’ and
At=180s. The results of our preliminary studies have
shown that the expected value of the response speed of the
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meter measuring dust concentration will amount to less
than 0.8s at A-=2%50 mg/m3 and C,,, = 3000 mg/m3.
Accordingly, the value of data rate of the developed
measuring meter of dust concentration is at least
6.134 bit/s, which is 380 times more than that of the
certified aspiration meter of PKA-01 type. The obtained
results fully justify the development of information
measurement system for dust concentration in the condi-
tions of mine atmosphere.

Incorporating the results of the previous research
(Palmius, 2007; Martinsons, Davison, & Tse, 1999), we
proposed to use the arithmetic mean of the data rate of
different meters groups for assessing the efficiency of
information measurement systems. Thus, while imple-
menting the system using groups of meters distributed in
regulated (NPAOP 10.0-1.01-10, 2010) points of mine
openings, its efficiency is assessed according to the fol-
lowing formula:

€)

G_a — the arithmetic mean assessment of data rate of

the system with spatial distribution of meter groups;
GS; — data rate of the i-th group of meters;

n —number of groups.

While implementing the system using groups of meters
of mine atmosphere parameters to assess the efficiency of
each j-th group within IMS, we proposed to use the geo-
metric mean value to estimate the data rate of the meters
within the same group with the following formula:

—_— m

Gg =m [1 GDj , 4)
=

where:

G, —geometric mean assessment of information data

rate of a group of meters at one point of mine atmosphere;

GD; — data rate of each meter in the analyzed group;

m —number of meters of coal mine atmosphere pa-
rameters in the j-th group.

The physical nature of the geometric assessment of
system data rate (4) is the growth of this indicator by
changing alarm capacities of each measurement channel
of the systems separately. And (4) helps evaluate the
increase of this indicator during the introduction of a new
measurement channel to the structure of IMS that is not
available or was controlled at a qualitative level in the
basic version of the system. Evaluation of the efficiency
increase of the measurement system is based on the in-
formation data rate of n distributed groups in different
parts of mining openings in coal mines. Each n group can
contain in its structure from 1 to m measurement chan-
nels of mine atmosphere parameters. Therefore, with (3)
and (4) the efficiency of the developed system is pro-
posed to be determined on the basis of the arithmetic
mean of n groups of geometric mean values of infor-
mation data rate sec of m meters of mine atmosphere
parameters for each group separately (Ashrafi, Jaafar,
Bakar, & Lee, 2011):
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)

For comparison of the developed measurement sys-
tem with the existing one in formula (5), we highlighted
the value of data rate of the existing system of the
UTSSC for air gas protection (Ggs) without using meters
of methane and dust concentration in mine atmosphere:

JR— 1 n
Gag =Gps +— _Z]\/GDCHA; ¢ "GDcg, - (6)
1=

where:

Gps— UTSSC; data rate of the existing system
UTSSC;

GDcyy and GD — data rate of meters of methane and
dust concentration.

The value of data rate of the UTSSC system, the val-
ue of which is determined by the formula (6), when it is
used in the system of 32 methane concentration meters
and 16 dust concentration meters, is (Fig. 1):

— for the existing system of mine air gas protection
UTSSC:

= 1 ——
Gag exist = GES +3—2(16 GDCH4 GDC +16GDCH4 )=

= Gpg +%(16\/0.221 10.016 +16-0.221)= G 5 +0.14 bit/s;

— for the UTSSC system with regulated requirements
(DSTU 24032:2009, 2009):

- 1 P
Gag requir = GES +§(16 GDCH4 GDC +16GDCH4):

= G +$(16\/4.152~6.13 +16-4.152)= Gz +4.60 bits;

— for the developed measurement system of methane
and dust concentration in coal mine atmosphere, which is
a part of the UTSSC:

—— I
Gt gretop = O +§(16 [GD¢yy, -GD +16GDcy, )=

= Gpg +$(16\/28.81~6.13 +16<28.81)=GES +21.05 bit/s.

The results of the assessments of information data rate
of the existing measurement systems and those developed
allowed us to conclude that the developed system
(21.05 bit/s) has 4.6 times the value of information data
rate compared to the requirements (DSTU 24032: 2009,
2009) 4.6 bit/s and 149 times more compared to the exist-
ing system of mine air gas protection UTSSC (0.14 bit/s).

Provided that the emergence of an explosive situation
in mine atmosphere varies according to the normal dis-
tribution of probabilities, and meeting the requirements
(DSTU 24032:2009, 2009) at UTSSC, the probability of
detection of explosive situations is 0.90 (Lovkin, 2003).
With this probability and data rate of the UTSSC and
compliance with the regulated requirements, the value of
mean square deviation distribution of a random variable
on condition that the normal distribution of probabilities
of detecting explosive situations will constitute
o+ 33.8 bit/s, with its distribution in the range *1.640
with zero mean.

Comparison of the distribution of a random variable
of detecting explosive situations and information data
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rate of the developed measurement system which a part
of the UTSSC enabled us to determine the width () of
this distribution interval:

= Gpg +4.60 = +1.640;

ag ;
_reqmr %)
Gug develop Ggs +21.05=*00.

While solving the system of equations (7), we de-
fined the distribution interval of the random variable «
while detecting and identifying explosive situations in
coal mines using the developed information measure-
ment system of methane and dust concentration within
21.05-4.60

33.8
was found that the occurrence of these events is random-
ly distributed in the interval +2.13 0, which corresponds
to 0.98 probability of detecting explosive situations in
mine atmosphere of coal mine openings.

Based on the analysis, we can conclude that the data
rate of the UTSSC system can be increased by 16.5 bit/s
while developing new types of optoelectronic meters of
methane and dust concentration in mine atmosphere. This
will increase the probability of detecting explosive situa-
tions from 0.90 to 0.98 and provide improvement of AGP.

Scientists of Electronic Technology Department of
DonNTU designed, created and experimentally tested the
prototype and experimental samples of meters measur-
ing dust and gas concentration in coal mine atmosphere
(Vovna & Zori, 2016), namely:

1. Test sample meters of methane concentration from
0 to 4% with basic absolute error of less than
+0.1""%. In this case, the obtained value is 2 times
lower than regulated by the Industrial Safety Standards
(NPAOP 10.0-1.01-10, 2010) and State Standard
(DSTU 24032:2009, 2009).

The speed of the developed meter response is less than
84 ms, which is 1.8 times less than the required amount
(150 ms). This value is obtained during the research
(Vovna, 2016) and is proposed to be included as an
amendment to the Industrial Safety Standards and State
Standard (DSTU 24032:2009, 2009) to decrease its value
to 0.15 s compared to the existing value of 0.8 s.

The value of additional measurement errors of me-
thane concentration depends on changes of the following
destabilizing factors:

— temperature change in the range from +5 to +35°C
is AcyT) =40.09""%, which is 2.2 times less than the
regulated value (£0.2"°"%);

—dust concentration from 0 to 5 g/m’, which is five
times the margin, compared with the requirements of state
standard (DSTU 24032:2009, 2009) during the operation
of meters (1 g/m’), Acy(Cc) = +0.10""%, which is 2 times
less than the value of the regulated error (up £0.2%'%).

The most probable (P =0.95) value of the additional
error of methane concentration measurement with tem-
perature changes and dusting of mine atmosphere was no
more £0.15"°"%, which is 2.5 times less than twice the
value of the main acceptable error (max +0.4"%).

2. Model sample meters of coal dust concentration in
the measurement range from 0 to 3000 mg/m’ with the

the UTSSC: o = 1(1.64—1- j: +2.13, thus it
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basic absolute error of less than *14 mg/m’, which is
3.5 times less than the required value (max +50 mg/m’)
and 14 times less than that of the prototype. The proto-
type is the certified aspiration meter [IKA-01, which has
a measurement error 2200 mg/m’.

The speed of the meter response does not exceed
0.15 s the value of which is three orders of magnitude
less than that of the certified aspiration meter PKA-01
(180 s), which allows to measure dust concentration in
real-time and synchronized with the methane concentra-
tion meter.

The absolute value of additional error of measure-
ment of dust concentration with changes of a destabiliz-
ing factors — temperature ranging from +15 to +40°C is
less than +4 mg/m’, which is 3.5 times less than the value
of the basic error of measurement (+14 mg/m’) and fully
meets the requirements for this meter.

The developed meters of methane and coal air-borne
dust concentration were tested in the research laboratory
of Electronic Technology Department of Donetsk Na-
tional Technical University and in industrial conditions:

— laboratories of air gas protection of the Mine named
after M.I. Kalinin under the agreement No 752/10-294
from 30.04.2010 to implement the scientific research and
experimental design work “Development of measure-
ment meter using infrared optical absorption method of
methane concentration monitoring in coal mine atmos-
phere” together with a private company “Deyta Express”
and JSC “Colliery Group Pokrovske” and a production
company “Mine 1/3 Novohrodivska”;

— laboratories of the State Enterprise “Petrovsky Plant
of Mining Machinery” under the agreement No 230/2907
from 29.08.2008 on cooperation between Donetsk
National Technical University and the State Enterprise
“Petrovsky Plant of Mining Machinery”.

3. CONCLUSIONS

Solutions to the scientific and applied problem of
technologycreation and implementation of new evidence-
based approaches to information measurement equipment
presented in the paper, allowed developing high-speed
and high-precision optoelectronic measurement system in
the complex of providing mine air gas safety.

Analysis of ways for improving information and
measurement systems of methane and dust concentration
in coal mine atmosphere helped to solve the following
problems:

—to develop test sample meters of dust concentration
for the system of air gas protection of coal mines the
UTSSC during the implementation of the scientific re-
search and experimental design work by Donetsk Na-
tional Technical University in cooperation with the State
Enterprise “Petrovsky Plant of Mining Machinery” on
the topic “Development of optical meter of dust concen-
tration in coal mine atmosphere”;

— to conduct complex testing of sample meters of me-
thane and coal dust concentration in the laboratory of the
Research Institute of Mine-Rescue and Fire Safety “Res-
pirator” (Donetsk);

— to coordinate scheme and design solutions on the de-
veloped sample meters of methane and coal dust concen-
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tration with Makiivka State Scientific Research Institute of
safety in the mining industry “MakSRI” (Makiivka);

—to develop the design documentation for the meters
of methane and coal dust concentration for mine atmos-
phere conditions;

—to carry out certification in “MakSRI” of a pilot
batch of meters of dust and gas concentration on intrinsic
safety parameter for obtaining permission to install them
at coal mines within the UTSSC and SAT of AGP;

—to install three sample meters of methane and dust
concentration in the mine and conduct preliminary indus-
trial trials;

— to analyze the results of industrial trials and develop
the design documentation for manufacturing meters of
methane and dust concentration for the UTSSC and SAT
of air-gas safety in coal mines.

One of prospective trends of further research is de-
veloping a hardware-methodological complex for deter-
mination of methane yield from wells of man-made res-
ervoirs of coal-rock mass under the agreement
No 340/4108 from 28.08.2012 on cooperation between
Donetsk National Technical University and Institute of
Geophysics named after S.I. Subbotin of the National
Academy of Sciences of Ukraine. The implementation of
this complex will develop the scientific basis of new
technologies to intensify extracting energy resources.

Another quite important trend of future research is
developing scientific foundations of control measuring
dust and gas concentration for systems of environmental
monitoring. The proposed scientific and practical results
of the work will allow to create complexes and systems
that will carry out real-time monitoring of measuring gas
concentration in the atmosphere of industrial plants and
control technological process based on the measurement
results. During the computerized processing of measure-
ment data, measurement results are accumulated with the
design of adaptive extrapolation models to track devia-
tions from the technological process according to the
results of gas analytical measurements.

The results of our work can be used in the develop-
ment of compact infrared analytical gas measuring me-
ters for control of concentration of the most common
pollutants (oxides and carbon dioxide, methane, nitrogen
oxides, etc.) which occur in exhaust gases of vehicles,
atmosphere of industrial plants and systems for environ-
mental monitoring.
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ABSTRACT (IN UKRAINIAN)

Meta. Po3poOka HayKOBHX MiAXOJIB 10 CTBOPEHHSI BUCOKOTOYHHX IIBHIKOIIIOYMX ONTOEIEKTPOHHUX BHUMIpIOBa-
JIBHUX CHCTEM Y CKJIaJli KOMILUIEKCY 3a0e3MeUeHHs aepora3oBoi Oe3MeKH MaxT 32 paXyHOK BUKOPHCTaHHS 3aIlpOIOHO-
BaHMX 1 peali3oBaHUX METOIB Ta 3aco0iB MiJBHMIIEHHS €()EKTUBHOCTI BUMIPIOBAILHMX CHUCTEM Ha OCHOBI OOJIIKY M
KOMIICHCAIII] BIUTMBY JeCTa011i3y0unX (haKTopiB.

MeTtoauka. EkcriepuMeHTaIbHI TOCTIDKEHHS! BAKOHAHO y BUPOOHNYMX yMOBaX LIAXT i B JJabopaTopisx Ha (i3HIHUX
MozemsIX iH(OopMalifHO-BUMIPIOBAJIBHUX CUCTEM 3 BUKOPUCTaHHIM METPOJIOTIYHO-aTECTOBAHNX 3aC001B BUMIPIOBaHb.

Pe3yabTaTu. 3anponoHOBaHO BU3HAYATH €(EKTUBHICTD IOCHTIKYBaHOI iH(popMaliiiHO-BUMIpIOBAJILHOT CUCTEMH Ha
OCHOBi CEepeHbOT0 apU(METHIHOTO # TPYI BiJl CEPEAHBOTO TEOMETPHUYHHX 3HAYEHb iH(OPMAIIHUX MPOITYCKHHX
CIPOMOYKHOCTEH 7 BUMIpPIOBAYiB MapaMeTpiB PYAHUYHOI aTMOC(hepH BYTUIBPHUX INAXT 32 KOXXHOIO TPYIOI0 OKPEMO.
BcranoBneHO, 110 BUKOPUCTAHHS pO3po0IIeHO1 iH(OpMAaIiHHO-BUMIPIOBAIIFHOI CHCTEMH KOHIICHTpALlii METaHy Ta ITHITY
y cxiiani YTAC migBuiiye MpomnyckHy CIPOMOXHICTh CHCTEMH aepOra3oBoOro 3aXuCTy maxt Ha 16.5 6it/c.

HayxoBa HoBU3HA. Briepiiie 3aripornoHoBaHo 1 peali3oBaHo JIOTTuHY Mo0yA0BY iH(MOpMAIiifHO-BUMIPIOBAIbHOT CH-
CTEMH KOHIICHTpallii MEeTaHy Ta MUy, sIKa, Ha BIAMIHY Bijl iCHYIOYHX, 3aCHOBaHA Ha IiJIBUIIEHHI TOYHOCTI Ta IIBH/KO-
Ji1 BUMIpIOBAIbHUX KaHAIIB KOHLIEHTPALii METaHy 1 MuITy, 110 T03BOJIMIO 30UIBLIMTH BipOTiJHICTh BUSBJICHHS BHOYXO-
HeOe3meunux cutyarlii 3 0.90 1o 0.98 Ta 3a0e3meyn Ty 3pOCTaHHs PIBHSA aepOra3oBOro 3aXUCTY MIAXT.

IMpakTnynaa 3HAYHMICTB. Po3p00seHi MeToIH 1 3ac00U JTO3BOIMIIN Peali3yBaTH HU3KY MPOEKTIB ISl i APUEMCTB
TipHUYOI MPOMHUCIOBOCTI: IIBUAKO/AII0YAa BHMIPIOBAIIFHA CHUCTEMa KOHIIEHTpamii MeTaHy Uil KOMIUIEKCY LIaxXxTHOTO
Jucnerdepcbkoro TenedonHoro 3B’sa3ky Ta onoimeHHs “CAT” (IIpuBatHa xommanis “leiita Excnpec”, Ykpaina);
BHMIpIOBaJIbHA CHCTEMAa KOHIICHTPAIIi ITOJiANCIIEPCHOTO MY IS YHi(IKOBAHOI TENIEKOMYHIKAIIITHOT CHCTEMH THUCTIC-
TYEPCHKOTO KOHTPOJIIO Ta aBTOMAaTH30BAHOTO YNPABJIIHHS TIPHHYMMH MAallMHAMH 1 TEXHOJIOTIYHUMH KOMIUIEKCAMHU
“VYTAC” (depxapue mianpueMcTBo “TleTpoBChKHUil 3aBOJ] BYyTUTFHOTO MAITMHOOYAyBaHHS ", YKpaiHa).

Knrwowuosi cnosa: sumipiosanvia cucmema, KOHYeHMpayis, Meman, nujl, V2ilbHa WAxma, MoYHiCMb, WEUOKOOis

ABSTRACT (IN RUSSIAN)

Heas. PazpaboTka Hay4HBIX MOJXOJIOB K CO3JIaHHUIO BBICOKOTOUHBIX OBICTPOMAEHCTBYIOMIMX ONTONIEKTPOHHBIX H3-
MEPUTETIbHBIX CUCTEM B COCTAaBE KOMIUIEKCA O0ECIIEUeHUs! ad3pora3zoBoi 0€30MacHOCTH LIAaXT 3a CUET UCIOIb30BAaHUS
MPCAJIOKECHHBIX U PE€ATTM30BAHHBIX METOAOB U CPCIACTB MOBBIMICHUA S(I)q)eKTI/IBHOCTI/I N3MEPUTECIIBHBIX CUCTEM HAa OCHO-
BE y4eTa M KOMIICHCAIMH BIIMSHUSA JeCTAOMIN3UPYIOUINX (PaKTOPOB.

MeToauka. JKCIIepUMEHTAILHBIE UCCIICIOBAHMS BBHIIIOJIHEHBI B IIPOM3BO/ICTBEHHBIX YCJIOBHAX IIAXT U B jjaboparo-
pusiXx Ha (U3MUECKHX MOJAENAX HH(POPMAIMOHHO-M3MEPHUTENbHBIX CHCTEM C HCIOJIb30BaHUEM METPOJIOTHIECKH-
aTTECTOBAHHBIX CPEJICTB U3MEPEHUI.

PesyabTatsl. [Ipemnoxxeno onpenenste 3pQEeKTUBHOCTD HCCIelyeMoi HH(POpManOHHO-U3MEPUTEIBHONW CHCTEMBI
Ha OCHOBE CPEIHET0 apu(METHIECKOTO /1 TPYIII CPEAHETO0 TeOMETPUIECKIX 3HAUYCHNH MH(OPMAIIMOHHBIX MTPOITYCKHBIX
CIIOCOOHOCTEH m W3MEpUTENeH MapaMeTpOB PYAHUYHON aTMOC(EpHl YTOJBHBIX IIAXT MO KaXIOW TPYIIE OTACIHHO.
Y CTaHOBNIEHO, YTO MCIOJIb30BAHUE Pa3pabOoTaHHON MH(GOPMAIIMOHHO-U3MEPHUTENBHOM CHCTEMBI KOHIIEHTPALUY METaHa
u nbutH B coctaBe Y TAC NOBBIIIAET NPOIMYCKHYIO CIIOCOOHOCTH CHCTEMBI @3POra30BOro 3alluThl MaxT Ha 16.5 Our/c.
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Hayuynasi HoBM3HA. BriepBble TNpeIOK€HO M peaqn30BaHO JIOTHYECKOE IIOCTPOCHHE HH(POPMAIMOHHO-
WU3MEPUTENBHON CHCTEMBI KOHIEHTPAIIMM METaHa U NbLIM, KOTOpas, B OTIMYHE OT CYIIECTBYIOIIMX, OCHOBAaHA Ha II0-
BBIIIIEHUN TOYHOCTH M OBICTPOACHCTBUSI M3MEPUTEIBHBIX KAHAJIOB KOHIEHTPALUM METaHa M MbUIM, YTO IO3BOJIMIIO
YBEJIMYUTH BEPOATHOCTH OOHApy)keHUs B3phiBoonacHbIX curyanuii ¢ 0.90 no 0.98 u obecneunTs POCT ypOBHA a3pora-
30BOM 3aLIUTHI IAXT.

IMpakTnyeckast 3HaYMMOCTb. PazpaboTaHHbIE METO/BI U CPEJICTBA IO3BOJIMIIM PEAIM30BaTh PsiJl IPOEKTOB IS
NPEeANpPUSTHHA TOPHOI MPOMBIIUIEHHOCTH: OBICTPOAEHCTBYOIIAs U3MEPHUTENIbHAS CUCTEMa KOHLEHTPAMA MeTaHa IJIst
KOMILIEKCA MIaXTHOH aucrerdepckoi TeneoHHOM cBsa3n u omoseuieHuss “CAT” (Yactnas xommnanus ““Jleiira
Okcnpecc”, YKpanHa); M3MEpUTEIbHAS CHCTEMa KOHIEHTPALUH TTOJIMINCIIEPCHON MBUIM ISl YHU(HULIMPOBAHHOM Teie-
KOMMYHHUKAIIMOHHOW CHUCTEMBI JMCIETYEPCKOT0 KOHTPOJISI M aBTOMAaTH3UPOBAHHOTO YIPaBJICHUS! TOPHBIMH MallMHAMHU
u TexHonoruueckumu komruiekcamu “YTAC” (IocynapcrBenHoe npennpustue “IleTpoBckuii 3aBOJ YTONBHOTO MaIllH-
HOCTpOeHHsI’, YKpanHa).

Knioueswie cnosa: usmepumenvHas cucmemd, KOHYEHMpPAyus, MemaH, Nblib, V2ONbHAA WAXMA, MOYHOCHDb,
Ovicmpoodeticmaue
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