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FUZZY MODELS FOR AIR QUAITY MONITORING TECHNOLOGY IN
AERODROME

Abstract. This article aims to develop a methodology, which can improve the reliability
of monitoring air pollution results in the aerodrome environment in the case of Almaty airport. In
order to achieve this goal, the Digital Transformation technology was analytically justified and
considered. To solve this multidimensional problem effectively in the conditions of the
aerodrome environment, a number of problems were investigated theoretically and practical
recommendations were proposed. Furthermore, a vector of atmospheric ingredients which
pollutes the aerodrome environment was formed which takes into account the natural-climatic
and geographical features of the Almaty airport. An expert analysis was carried out to find out an
impact of contaminants to the aerodrome atmospheric environment of Almaty airport. In
addition, a model of integrated assessment has been developed to analyse the quality of the
aerodrome habitat per person. Also, a technological solution based on an UAV has been
developed for a control and measurement process which monitors the air quality. This is carried
out with the help of monitoring system control operator who specifies a height and radius of an
aerodrome virtual atmospheric “cylinder”. Also, formal models have been developed with the
function of statistical characteristics of the parameters of a multi-agent control in order to assess
and predict the risks of air quality control near an aerodrome environment. Finally, a computer
experiment was carried out and 3D models of the simulation results were built.

Keywords. Aviation, digital transformation, method, technology, model, fuzzy,
probability, imitation, air environment.

Introduction.

In complex organizational and technical ecological systems, there is an active use of
modern IT technologies, which are implemented on a new ideology in the format of digital
transformation [3,4]. The digital transformation that replaces digitalization is called the digital
revolution in all areas of human activity, which will lead to the creation of a huge amount of
geospatial data. As a result of the analytical activities of specialists in this field, a list of new
digital technologies was created that integrated digital transformation. This includes:
“Neurotechnologies and artificial intelligence”; "Distributed registry technologies"; "Quantum
technologies™; "New production technologies”; "Smart Manufacturing Technologies (Smart
Manufacturing; "Components of Robotics and Sensors"; "Wireless Communication
Technologies”; "Technologies of Virtual and Augmented Reality"”; "Digital Twin"; "Technical
SMART Diagnostics™ [5]. Currently, it is already widely practiced such digital geosystem
approaches and technologies as GIS, BIM, etc. BIM is a 3D model of an object associated with
Big Data, where each element of the 3D model has an individual specification [6,7,8].The
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feature of this agent is by changing the parameters of any agent modifies the information
architecture of the entire object automatically.

Nowadays, an intelligent technology under the general name "Digital Twin™ is gaining
great practical importance, which, according to Accenture and Dassault Systémes, will provide
an economic effect of $ 1.3 trillion and a reduction in CO2 emissions by 7.5 Gt in the next 10
years. [9,10,11,12,13]. Specialists have a great interest in the development of "digital twins" in
environmental applications, where two approaches are proposed: technological and conceptual.
A digital twin in geoecological applications is a digital three-dimensional information image of
pollution of a certain volume of the real environment.

These problems, especially for digital transformation technologies, can be smoothed out
by intellectualizing the system based on formal approaches using stochastic, simulation, agent-
based and fuzzy modeling. It is expected that the BIM method will link the life cycles of industry
objects with individual digital models and modeling projects and the use of shared data. Such a
change in the entire digital paradigm will provide huge opportunities for professionals in terms
of creating and managing industry diversity. The integrating factor in digital transformation is a
seamless 3D blueprint for managing facilities using internal and external data with the same
interface. This is an important feature of the business model. With the help of connecting
fundamental and applied research based on the above technologies, in the sphere of ecology and
nature management was solved one of the key tasks of air quality management. And this is the
task of environmental monitoring [14,15,16].

Materials and methods.

The system research methodology is a basic method, which is a main integrating
mechanism of digital control agents. Therefore, the following agents are selected as controllers:
control, monitoring, mathematical support, information support on the Big Data platform,
standards. To formalizing the methods of the system approach is used applied tools. In the course
of computer experiments, software was developed that was used in previous studies. The
simulation results are presented in 3D format. Statistical data for modeling are used from the
reporting documents of civil aviation enterprises. F-test Fisher’s and t-test Stoudent’s was used
for the homogeneity study of statistical material. In order to process results from statistical data,
it was used software Statistica 10.

Results and discussion.

The purpose of the proposed work is to develop a methodology for improving the
reliability of the results of monitoring air pollution in the aerodrome environment. One of the
main problems in digital monitoring the quality of the atmosphere in the aerodrome space is the
collection of primary information in real time. Monitoring process information in the form of a
virtual digital point cloud should be periodically updated with a given time lag. The primary
sources of information in this system are transducers of physical and chemical processes and
phenomena. Each point is an information carrier of measurement results, expert substantiated
parameters of contamination of the aerodrome medium.

The system for controlling and monitoring the quality of the atmosphere in the aerodrome
environment is a dynamic multifactorial process. The control process contains procedures:
measurements, comparison of the measured value with the standard and decision-making. An
extremely important problem in any control system is the methods of generating standards that
have a high level of uncertainty due to the statistical nature of the data under study and the
parametric fuzziness of the control system as a whole. Currently, there are more than a thousand
approved and current standards for pollutants. The concentration of harmful substances in the
atmosphere is assessed in two forms - differentiated by each ingredient and integrated by a set of
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key pollution components. The integral pollution indicator - the atmospheric pollution index is
divided into three levels: permissible, moderately dangerous, dangerous, extremely dangerous .
The use of existing standard universal standards in specific urban environmental conditions is
ineffective and not always applicable. Therefore, an on-line expert study of the pollution of
aerodrome territories was carried out using examples of large airports in different countries,
including Almaty, using an electronic questionnaire. The experts were offered a questionnaire
with a table presented in the following form: K1 - SD; K2 - SO2; K3 - NO; K4 - RXCHO; K5 -
CXHY; K6 - NO2; K7-SO2; K8-NCN. The final results of the examination are presented in
Table 1.

Table 1- Results of environmental hazard expert review pollution ingredients of
aerodromic territories

Air pollution ingredients

£

5

S Ki KI | K2 |K3 [K4 |K5 K6 | K7 |K8
El 128 10,10 {0,13/0,11|0,1 | 0,12 0,11, 0,09 | 0,08
E2 18,4 | 0,10 | 0,13 | 0,07 | 0,08 | 0,12 0,11 /0,06 | 0,14
E3 158 (091,11 |0,20|0,12]0,08 |0,09|0,13 | 0,11
E4 15,4 10,07 | 0,10 | 0,09 | 0,09 | 0,12 0,13 0,08 | 0,03
E5 15,2 /0,12 | 0,09 |0,07|0,05|0,08 |0,13|0,10 | 0,08
Weight 0,01 |0,08|0,05|0,07]0,06 |0,01|0,04 |0,07
Ranks 6 2 Il 5 3 1 8 4

For the further development of the integrated air quality criterion in the aerodrome
environment, expert ranks and weight numerical estimates of pollution ingredients are supposed
to be used in the relevant formal models as weight coefficients.

In the technical support section of the environmental monitoring system, in this work, it
is proposed to use unmanned aerial vehicles (UAVS), which are equipped with sensors for
measuring pollution ingredients, to collect data on the atmosphere of the airport. The vector of
contamination data coming from sensors located on the UAV is the result of scanning the surface
of a virtual three-dimensional volume in the form of a conditional atmospheric cylinder with
height h and radius R covering the airport territory. The operator of the Center enters parameters,
cylinder height h and cylinder radius R for Environmental Control, geographically located near
the airport of Almaty.

The controlled space is treated as an information array with dimension: 2zR/Ah on the
h/Ah. Tt is recommended to use the unmanned complex Geoskan 401 as a control and measuring
complex based on the aircraft. With the use of this complex, the possibility of volumetric study
of the aerodrome environment of air pollution is presented due to "step-by-step” 3D scanning
and study of the studied object along the perimeter and height. At the beginning of the study of
the object of the air medium, in the form of a cylinder with the specified parameters of radius
(R), height (h), the initial ("world™) coordinate of the three-dimensional study (X0, YO, Z0) is
set. The operator specifies height and radius of the tested cylinder. The operating, most popular
mode of cylinder inspection is carried out on the external surface of the object. The accuracy of
pollution control is determined by the metrological characteristics of the instrumentation for
measuring the chemical components of air pollution and the detail of the analysis of the cylinder
surface with discreteness (AX, AY, AZ), which is set by the operator. The complex makes it
possible to carry out a volumetric study of a given 3-dimensional object and apply new methods
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of analysis and interpretation of data, which will ensure the construction of volumetric models of
air basin pollution at a reliable level. With the advent and use of UAVs, there is a real
opportunity to study objects in 2D and 3D formats with high speed and the necessary accuracy.
The proposed mission control system provides the ability to fly at different heights, at different
speeds with accurate terrain. The software tools attached to the complex provide export of results
in the format: * .gdb, * .accdb, * .mdb. A software-controlled UAV with a number of sensors (m
= 8) measures the concentration of contamination in each volume coordinate of the "cylinder"
(Xi, Yi, Zi), and accumulates this information in on-board computer memory during the research
session. Upon completion of the session, information is transmitted to the common server of the
local Environmental Control Center and replenishes the common database, forming Big Data.
The Control Center performs deep processing of measurement results received from UAV
Sensors.

Due to the fact that a wide variety of household and professional means of monitoring the
gas environment are offered on the commercial market, when finally choosing a gadget, special
attention should be paid to the possibility of controlling nitrogen dioxide (NO2). Because this is a
highly toxic component in the exhaust gases of aircraft engines. Analysis of market offers in this
area shows that not all gadgets have the ability to control this component. The widely advertised
Air Sensor, in addition to conventional CO, and PM2.5 air quality indicators, can measure
carbon monoxide (CO), nitrogen dioxide (NO2) and ozone (Os3) concentrations. This
multifunctionality has led to an increased cost of the device. But, along with positive reviews of
the technical capabilities of this device, there is also negative information. In this article, the
authors propose a more acceptable option - a micro-portable portable gas analyzer
GasAlertMicro 5.

Due to the fact that modeling of atmospheric environment quality monitoring processes is
carried out in the conditions of parametric fuzziness of environmental management agents and
statistical uncertainty of monitoring data, the theory of fuzzy sets was chosen as a mathematical
apparatus for developing an integral indicator of the quality of the aerodrome environment .
Fuzzy models and algorithms operate with so-called linguistic variables and terms. The linguistic
variable on the quantitative field is represented by model fuzzy parameters called “thermae.”
Each term on a linguistic field has some "weight" in the environment of a particular linguistic
variable, which is also determined by the method of expert evaluation. Each linguistic variable
(contamination ingredient), as shown above, has already been peer-assessed with the assignment
of "weight."

Graphic models of fuzzy differentiated assessment of the degree of atmospheric pollution
by individual hazardous ingredients are shown in Figures 1-8. Then, the graphic format of fuzzy
modeling will take the following form.

1. K1 - Linguistic variable "K1 - CO";
4

1
Low risk moderately
hazardous highly dangerous
10 20 0 70 80 90

100 %

v

30 40 50 6

Figure 1 - CO contamination level.
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K2 - Linguistic variable ""K2 - SO>
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Figure 2 - CO2 contamination level.

3. K3 - Linguistic variable K3 - NO.
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Figure 3 - Contamination level NO
4. K4 - Linguistic variable K4 - RXCHO
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Figure 4 - Contamination level RxCHO

5. K5 - Linguistic variable K5 — CxHy
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Figure 5 - Contamination level CxHy

v
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6. K6 - Linguistic variable K6- NO;

Extremely dangerous
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Figure 6 - Contamination level NO>
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7. K7 - Linguistic variable K7-SO>
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Figure 7 - Contamination level SO

8. K8 - Linguistic variable K8-NCN

Ha
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hazardous i
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Figure 8 - Contamination level NCN;

In the figures, each ingredient, in accordance with the methodology and theory of fuzzy
sets, is represented by the linguistic variable p. The level of danger to human health is divided as
a percentage into four zones, where each zone corresponds to a certain term with a weighting
factor: -mal-hazardous; -moderally dangerous; -high-hazardous; w4 are extremely dangerous. As
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the functions of belonging to the terms of linguistic variables of modeling, trapezoids are taken
as the most universal form, which has the following analytical expression.

MF(x) =1
1—

x—c
ad—c
(), B OCTANEHEIX CIVY AT,

cE=x=d,

where a, b, c, d are trapezoid parameters.
For further calculations, the weight of the above quantitative and qualitative
characteristics - linguistic variables and terms - is revealed; their values are presented in Table 2.

Table 2 - Weights of terms

Name Weights of terms
ingredient Weight ling.
pollution variable (wi)
(linguistic variable Yi) A1l A2 A3 A4
1. Contamination level CO 0,136 0,094 0,166 0,178 0,270
2. Contamination level CO; 0,119
0,265 0,305 0,135 0,186

3 Contamination level NO 0.23 0,202 | 0,252 0,235 0,309
4. Contamination level RxCHO

0,117 0,221 0,272 0,245 0,2609
5. Contamination level CxHy 0115

’ 0,243 0,241 0,286 0,228
6. Contamination level NO 0.972 0,119

’ 0,305 0.239 0,265
7. Contamination level SO, 0.24 0,096 0,231 0,332 0,339
8. Contamination level NCN

0,109 0,103 0,242 0,328 0,324

The physical value of the pollution ingredient is recorded by sensors and simultaneously
transformed into a percentage value in relation to the MPC of the ingredient. The percentage
goes to pre-processing, where fuzzification is carried out, and the fuzzy value of the linguistic
variable is determined by the formula:

Vi = ml[xli[:ai.l X }"ii+ Qpeq X }Lii+1):|l

D)

where y; is the current quantitative fuzzy normalized estimate of the i-th pollution

ingredient (linguistic variable);

Xij - current j-th value of the i-th linguistic variable as a percentage in relation to MPC;
ajj - alpha-cut of term fuzzy membership.
wi - the “weight” of the pollution ingredient.
For calculations according to formula (1), the quantitative and qualitative characteristics
of linguistic variables and terms are presented in Table 2. Computational procedures for the
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preliminary stage of processing control data are carried out by the Arduino Rasberi Pi using a
software application that implements the neural functionality (Fig. 9). This neural model in the
current digital control system is implemented as a software module. The resulting integral
activation function implements expression (1).

Weights
Oyput T N et
(' ">\ H%L Activation function E
X .—.-QL">-___ : .H‘ﬂ-- i
N — ___:"-—:H:“:‘@i-f'f (}O H
] - - =
; S - } Exit
Ny e W H - i
. (‘—j -___E'--‘).-.-f Adder E
e e e -

e
xi- fuzzy meaning of a linguistic variable;
oi- weight of i-th linguistic variable

Figure 9 - Neural model of weighted summation of the results of differentiated fuzzy estimation

A comprehensive assessment of the quality of the controlled air environment Q is
assessed using big data for different time intervals at the Control Center on the territory of the
Almaty airport. The aggregate assessment of the quality of the controlled air environment for the
entire spectrum of pollution ingredients is carried out according to the following formula:

Q = X, wiyi, )

where yi is the current quantitative fuzzy normalized estimate of the i-th pollution
ingredient (linguistic variable);

oi - the weight of the i-th linguistic variable determined by the expert method.

Quantitative fuzzy assessment of Q does not give a qualitative representation to the
decision maker in the established normative verbal form. This task is the last step in the formal
processing of monitoring data on the ecological state of the controlled area, in this case, the near-
aerodrome habitat. This problem is solved by using the so-called Harrington Desirability Scale.

Data processing from pollution sensors is technologically carried out in two stages. The
first step is to record the primary measurement data in absolute form into the onboard UAV
database, and the second step is to preprocess the data and record the processing results also to
the onboard database. At the second stage of processing the control and measurement results, the
statistical homogeneity of the sample elements is assessed according to the Fisher and Student
criteria. If the homogeneity hypothesis is rejected at a significance level of 0=0.05, it is possible
to re-scan the surface of the ecological 3D cylinder digitally.

The onboard math is handled by the Arduino UNO and Raspberry Pi, which are used
functionally in such a way that the Arduino UNO acts as a microcontroller and the Raspberry Pi
acts as a processor. This connection is dictated by the fact that the Raspberry Pi does not work in
real time with the OS. Therefore, the Arduino UNO is loaded with this function. This solution
uses 14 inputs/outputs that are used to connect to the sensors. Connection and transmission of
information is carried out using a standard two-wire serial bus 12C interface. With Raspberry Pi
and 12C Communicator can connect with multiple Arduino boards. Information after processing
by the onboard computer bundle enters the onboard database. After the completion of the UAV
flight, information from the onboard database is transferred to the central database (BigDate) of
the "Digital Twin" system.
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In the Center for Control and Management of the Environmental Environment of the
Airport, the final phase of processing operational data transmitted from the UAV is being carried
out. And the key task of this phase is the assessment and forecasting of environmental risks.
Risks appear in management systems at the stage of control and decision-making. As noted in
these papers, risks are a necessary consequence of the fact that the measurement process
technologically and at the formal level operates with uncertainties, both at the parametric level
and in the data environment. Qualitatively and metrologically, risks are control errors, which are
commonly interpreted as false and undetected defects. Quantitatively, these errors are estimated
by the calculated probabilities. In this subject case, Py is the probability of a false defect and Py
is the probability of an undetected defects. These probabilities are also given a pragmatic
economic meaning as "work producer” risk and "work consumer” risk. Thus, in the model of
digital transformation of the air quality monitoring process in the aerodrome environment, a new
important task is solved - the development of a formal quantitative assessment and prediction of
risks as a function of the statistical characteristics of the parameters of a multi-agent control and
measurement system.

In well-known previous studies, probabilistic models were developed for the example of
the lower limit of the controlled parameter and for the example of the tolerance limit. For the
new problem of the upper limit limit, a mathematical model for assessing and predicting risks
was developed, which has the following form:

Si.I3 Si.l3+'_ 1 c.23 }"=
SIn e e X e )

(4)

In this model approach, an undetected defect is considered to be the case when the
controlled parameter is outside the acceptable limits, and the control system registers the fact that
the parameter is within the acceptable limits. And vice versa, when the controlled parameter is
within acceptable limits, and the control system registers the fact that the parameter is outside the
acceptable limits. In the proposed version, the hypothesis of the distribution of the controlled
parameter according to the Weibull law is investigated, and the measurement errors according to
the Gauss law. A specially developed program was used to conduct a computer experiment.
Figure 10 shows the result of computer simulation in 3D format.

i)
oD
ooooaRRE:
%uﬁ@hﬂmﬂmm*

Figure 10 - Reliability model D% as a function of the ratio of the measurement uncertainty V%
to the uncertainty of the controlled parameter and the values of the KRSR standard
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In the case of demonstrating the results of computer modeling in 2D format, it would be
necessary to produce, using the example of this task, about ten information sections. Qualitative
analysis of such a set of illustrations in 2D format is limited by human capabilities to draw
adequate conclusions. In the 3D format, visually the spatial system connection of the statistical
control parameters and the integral quality indicator of the reliability control is manifested.

Conclusion.

The purpose of the article is to develop a methodology to improve the reliability of
monitoring level of air pollution in the near-aerodrome environment in the context of the digital
transformation of business processes in the aviation industry in the case of the Almaty airport.

In order to achieve this goal, the methodology of Digital Transformation was analytically
substantiated and chosen. To solve this complex problem effectively in the conditions of the
Almaty airport, the following topical problems were theoretically studied and solved: taking into
account the natural, climatic and geographical features of the Almaty airport, a vector of
atmospheric ingredients polluting the airfield environment was formed. Also, there was carried
out an expert analysis of significance for ingredients of air pollution in the atmospheric
environment of Almaty. In addition there was developed a formal model for the integrated
assessment to the air quality to near-aerodrome environment. Also, a technological solution
based on an UAV has been developed for a control and measurement process which monitors the
air quality. This is carried out with the help of monitoring system control operator who specifies
a height and radius of an acrodrome virtual atmospheric “cylinder”. In addition, formal models
have been developed with the function of statistical characteristics of the parameters of a multi-
agent control in order to assess and predict the risks of air quality control near an aerodrome
environment. Finally, a computer experiment was carried out, 3D models of the simulation
results were built.
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ASPOJAPOMJAPABIH AYA CAITACBIH BAKBIUIAY TEXHOJIOTI'UACBIHA
APHAJITAH AHBIKTAJIMAT'AH YJII'IVIEP

Anparna. byn makana AnMarbel oyeKaWbIHbIH MBICAJIBIHIA a3pOJPOM OPTACHIH/IAFbI
ayaHbIH JIaCTaHYbIH Oakpliay HOTIDKENEPIHIH CEeHIMIUIINH apTThipa ajaThlH OMICTEMEHI
a3ipaeyre OarbiTTanFaH. Ocbl MakcaTKa KeTy YIIIH HUQPIbIK TpaHchopMalus TEXHOJIOTUACH
AQHATUTUKAIBIK HETri3IeNal JKoHe KapacThlpbuiabl. OChl Kem KbIPJIBI MOCEJIEHI a’poApoM
KarmalbplHIAa THIMAI IIemry YIIiH OipkaTap Mocesenep TEOPHSUIBIK TYPFBIIAH 3epTTedimn,
IIPAKTUKAJIBIK YCBIHBICTAp YChIHBUIABL. COHBIMEH Karap, AJMarbl oyeXalblHbIH TaOUFuU-
KJIMMATTBIK KOHE TreorpausuIblK epeKIIeTIKTepiH eCKepe OTHIPHII, adpOAPOMHBIH KOpIIaFraH
OpTacChIH JACTAlTHIH aTMOC(epalIblK KOMIOHEHTTEP/IIH BEKTOPHI KAJIBIITACTBIPBUIABL. AJIMAThI
Oye)KalbIHBIH a’pOJIPOMBIHBIH  aTMOC(EpalIbIK OpTachlHA JIacTaylIbl 3aTTaplblH OcepiHe
capanTaMalbIK Tajujay *Kypriziiai. bynan 6acka, 6ip agamra IIakKaHJaFbl dyeaiaaK OpTachIHbIH
camacelH Tanjay yiIiH Oipikripuiren Oaranay yurici o3ipienni. CoHpaii-ak aya camachlH
OakpulalThIH Oakpliay-enmey yzaepici ymiH Y YA Heri3iHaeri TEXHOJOTHSUIBIK HIENiM
o3ipaeHlli. bynm a’poapoMHBIH BHPTyalJbl aTMoc(epaiblK «IMIUHAPIHIH» OHIKTINT MeH
panuychlH OenrunedTiH Oakpulay >KyHeciHiH Oackapy OIepaTOpbIHBIH KOMETIMEH JKy3ere
achIpbuIabl. OyeailIaKk MaHbIH/IAFbI aya canachlH 0aKpUIay ToyeKenaepiH Oaranay xoHe Ooikay
YILIIH KOIl areHTTIK 0aKpliay mapaMeTpiepiHiH CTaTUCTHKAIIBIK CUIaTTamManapbl GyHKIHUACH Oap
dopmanbpl Mozenbaep Ae o3ipiaeHreH. COHbIHAA KOMITBIOTEPIIIK AKCIEPUMEHT >KYpri3iim,
UMUTALUSIIBIK HOTHKeNnepiH 3D yirinepi KypacThIpbUIIBL.
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HEYETKHWE MOJIEJIN JISA TEXHOJIOTUW MOHUTOPUHI'A KAYECTBA
BO31YXA HA ASPOJAPOME

AnHoTanus. J/[aHHAs CTaThs HAIpaBJIeHA HAa Pa3pabOTKy METOJIOJIOTHH, KOTOPask MOXKET
MOBBICUTH JTOCTOBEPHOCTh PE3YIbTATOB MOHUTOPHHIA 3arpsi3HEHUsT aTMOC(EpHOro BO3AyXa B
a’pOJIPOMHOM cpelie Ha mpumepe asponopta Anmatel. JlJisi JOCTH)KEHHUS MOCTABJICHHOM LN
OblJIa aHATUTHYECKH 000CHOBaHA M paccMoTpeHa TexHojorus [{udposoii Tpanchopmanun. s
3¢ (HEKTUBHOTO PEIICHUs] ATOW MHOTOACTICKTHOM 3a/laddl B YCIOBUSX adpPOJAPOMHOM Cpenmbl ObLI
TEOPETUYECKH HCCIEeNOBaH psAJ 3aJady U TMPEeAJoKEHbl MpakTHueckue pekoMeHpanuu. Kpome
TOT0, c(hOPMHUPOBAH BEKTOP aTMOC(EPHBIX KOMIIOHEHTOB, 3arps3HAIONINX a3pOAPOMHYIO Cpely,
C Y4EeTOM MPUPOIHO-KIUMATHUECKUX U reorpaduieckux OCOOCHHOCTEH a’pomopTa AJMAThI.
[IpoBenen OSKcIEepTHBIA aHAIM3 BIUSHUS 3arps3HSIONIMX BELIECTB HA  adpOJPOMHYIO
atMocdepHylo cpeny aspomnopTta Anmarsl. Kpome Toro, paspaboTraHa Mojieib KOMILIEKCHOM
OLICHKH JJISl aHallh3a KauecTBa Cpelbl OOMTAaHUS a’poJpoMa B pacyeTe Ha OJHOTO 4YeJIOBEKa.
Taxke pa3paboTaHo TexHOJoTHYeckoe pemieHne Ha ©6aze BIIJIA  mi1s  KOHTpOJIBHO-
M3MEpUTENBHOTO MpoIlecca, OCYHIECTBISIONIET0O MOHHTOPHHI KadecTBa BO3Ayxa. OITO
OCYILIECTBIISICTCS C MTOMOIIBIO ONEpPaTopa YIpaBlIeHUsI CHCTEMOH MOHUTOPHHTA, KOTOPBIN 3a/1aeT
BBICOTY W paguyc a’poAPOMHOTO BHUPTYAIbHOIO aTMOC(EpPHOTo «IMIMHApa». Takxke
paspaboTanbl GopManbHbIE MOJAETH C (PYHKIMEH CTaTUCTUYECKUX XapaKTEPUCTHK MapaMeTpOB
MHOTOAreHTHOTO YIpPAaBIIEHUs JUIS OLEHKU U TMPOTHO3UPOBAHUS PHCKOB KOHTPOJSI KauecTBa
BO3JlyXa BOJIM3H adpOoIpoMHOI cpebl. HakoHell, ObUT poBeieH KOMIIBIOTEPHBIN SKCIIEPUMEHT U
nocTtpoens! 3D Moaenu pe3ynbTaToB MOJIEIUPOBAHHUS.

KaroueBble ciioBa. ABuanusi, ungposas Tpancopmarusi, MEeTo, TEXHOJIOTHsI, MOJIENb,
HEYETKOCTb, BEPOSATHOCTh, UMUTALIMS, BO3IyLIIHAs CpeJa.
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