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Abstract

Environmental monitoring is one of the key elements to ensure the most effective security measures in various areas of life. The most famous
technology in this field is the gas detection system within the framework of atmospheric air monitoring. It serves not only for an early warning program,
but also for a constant check of the state of the atmosphere in certain areas. In the guidelines of the World Health Organization (WHO), updated in 2005,
solid particles (dust or suspended substances) are among the main indicators of atmospheric air quality. According to the requirements of Directive
2008/50/EC of the European Parliament and the Council of 05.21.2008 on atmospheric air quality and cleaner air for Europe Ukraine should establish
zones and agglomerations according to the degree of atmospheric air pollution throughout its territory, as well as the procedure for their review. In
general, the goal set by the Directive is extremely difficult for Ukraine - to create a European monitoring system with modern equipment, which is a
reliable tool for the development and implementation of environmental policy, on the remains of the air pollution control network that was created back
in Soviet times. Nowadays gas sensors can be divided into two categories: conductive metal oxides and electrochemical, with the latter gaining more
recognition over the last decade as the future standard component in any gas sensor. The paper presents the complete concept of an electrochemical gas
sensor, including the basic science and basic electronic engineering that go into the device. The main focus is on a specific type of amperometric sensors
as the most promising electrochemical sensor on the Ukrainian market. That is why the scientific novelty of the article lies in the fact that for the first
time, on the basis of analysis and theoretical generalizations, it is proposed to create a program for the production of devices specifically for continuous
automatic monitoring of atmospheric air quality. The practical value of the article lies in the systematization of scientific ideas regarding the monitoring
of PM, which should become the basis for initial measures aimed at reducing emissions, which will increase the efficiency of management decision-
making and improve the efficiency of the DSMD at all levels.
Key words: environmental monitoring, suspended substances, PM, dust meter, gas analyzer, dust measurement methods.

Problem statement

Clean and safe atmospheric air is a public value and
the last free natural resource that for the majority of the
population has no alternative to consumption. In
September 2021, the World Health Organization
(WHO) released new air quality guidelines that provide
clear evidence of the harm that air pollution causes to
human health, even at lower concentrations than
previously thought [1]. According to WHO experts,
every year air pollution causes up to 7 million
premature deaths and leads to the loss of millions of
healthy years of life. Therefore, improving
the effectiveness of environmental monitoring of
atmospheric air is an urgent issue [2].

Analysis of recent researches and publications

Currently, only the first steps are being taken in
Ukraine to systematically monitor the concentrations of
PM10 and PM25, as well as formaldehyde in
atmospheric air. Methods are emerging and the
organization of PM10 and PM2.5 monitoring has been
started in the country's major cities [3-10]. This
problem is also considered in works [11-18]. At the
same time, there are currently no approved methods for
calculating PM10 and PM2.5 emissions for the main
types of activities that are the cause of significant dust
generation, including for road traffic. WHO pays great
attention to the hygienic value of fine particles.

Statement of the problem and its solution

The main task of the article is the issue of improving
environmental monitoring of atmospheric air by
expanding fixed PM measurements using gas analyzers
of domestic production, which are designed for mobile
use, work in extreme measurement conditions, and are
stable and reliable.

In order to accurately assess the degree of pollution
impact on humans in densely populated, complex urban
areas and to reduce this risk to health, comprehensive
information  on  spatio-temporal  variations in
concentrations of pollutants in atmospheric air,
dominant sectors of emission sources, chemical
processes and the role of meteorological conditions in
accumulation and dispersion of pollution is necessary.
Qualitative measurements of the concentration of
pollutants in the air in real time can provide
the necessary information.

One of the most important pollutants in the
atmospheric air are suspended substances that are
constantly present in the atmospheric air in the form of
persistent  aerosols, significantly affecting the
homeostasis of the human body both as independent
factors and indirectly as carriers of pathogenic
microflora.

A single classification of particles suspended in
the air has not been created. Their size fractions in air
are most often used:
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— TSP (total suspended solids): includes all particles
in the air;

—PM10: used for particles with an aerodynamic
diameter of less than 10 pum;

—PM2.5: used for particles with an aerodynamic
diameter of less than 2.5 pm,;

— Coarse fraction (between 2.5 and 10 pm);

—the smallest particle: used for particles with
an aerodynamic diameter of less than 0.1 um.

In a calm air environment, large dust particles
(10...100 um) settle quickly. Particles up to 0.1 pum
practically do not settle and are in a state of constant
Brownian motion and are able to spontaneously connect
with each other.

The purpose of the article is to increase the level of
environmental safety of atmospheric air by intensifying
measurements of the concentration of fine organic
particles using the Air Expert Mini device.

To achieve the specified goal, the following tasks
must be solved:

—to analyze the ecological danger of emissions of
finely dispersed organic solid particles;

—to analyze the main equipment and methods of
measuring dust concentrations and particle sizes;

—to offer a new generation of mobile gas analyzers
of the AirExpert series for monitoring PM.

1 Impact of PM on health

PM and public health data consistently indicate
adverse health effects at the exposure levels experienced
by urban dwellers worldwide, both in developed and
developing countries. As a result of WHO's analysis of
the impact of PM on health in large cities around
the world [19], it was concluded that the impact of PM
is the cause of almost 800,000 premature deaths per
year. A similar analysis conducted  within
the framework of the European Commission program
“Clean Air for Europe” [20] showed that PM from
anthropogenic sources in all countries of the European
Union is the cause of almost 290 thousand premature
deaths per year. Exposure to these substances reduces
the average life expectancy by about one year. It causes
a wide range of consequences, including the respiratory
and cardiovascular systems, applies to children and
adults and a number of large sensitive population
groups. The risk of various diseases has been shown to
be proportional to exposure, and there is virtually
nothing to indicate the existence of any concentration
threshold below which no adverse health effects can be
assumed. Epidemiological data indicate negative effects
of particles after short-term (lasting a few days) and
long-term (lasting years) exposure.

In the majority of epidemiological studies [21-25],
which demonstrated the negative impact of PM on
health, PM10 concentration per unit mass was used as
an indicator of the level of exposure. Respiratory tract
morbidity is associated with the coarse PM10 fraction
(i.e., particles with a size of 2.5 to 10 um). However,
the closest relationship  between mortality from
cardiovascular diseases and long-term exposure to PM
was observed for the concentration of PM2.5, and not
for larger particles. Therefore, reducing the exposure to
PM10 and PM2.5 is recommended as a necessary
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measure to reduce the threat of many health
consequences. Particles larger than PM10 remain in
the upper respiratory tract and do not affect morbidity
and mortality. From the conclusions of the study, it
follows that the relation to health care, air quality
management should primarily be aimed at reducing
the population's exposure to PM2.5 and PM10. For this,
it is necessary to estimate PM25 and PM10
concentrations. Monitoring the concentration of total
suspended solids, or TSP (which includes particles
larger than PM10) is less suitable for effective
regulation of air quality for public health purposes.

Since the end of the 90s in Europe as a result of
the introduction of mandatory standards and regulations,
considerable experience has been accumulated in
monitoring and evaluating the content of PM10, but
there is much less experience and information on PM2.5
[26]. In WHO research related to health issues, it is
recommended to evaluate both PM10 and PM2.5 to
assess exposure to PM and the health threats it poses. In
the currently discussed project of amendments to
the Directive of the European Union on air quality, it is
planned to reduce the impact on the population of
PM2.5. In the USA, the air quality standard applies to
PM2.5, but the coarse PM fraction (2.5...10) is also
under control.

Different countries have different approaches to
establishing MPCs of harmful substances in
atmospheric air, to determining air quality targets and
other standards. But, despite the different approaches
for many substances, the numerical values of
the indicators are quite close (Table 1).

Table 1 — Atmospheric air quality standards: EU, WHO

Averaging Concentrations,
H 3
Pollutant E]Z:Lc;g 8; pg/m
standard EU WHO
Suspended 24 hours 50 50
matter, particles
<10 pm in size A year 40 20
(PM10)
Suspended 24 hours - 20
matter, particles
<2.5 pum in size A Year 25 10
(PM2.5)
Suspended solids 24 hours - -
(total .
concentration) 20 minutes - -

The general objective of the air quality management
strategy is to prevent and reduce negative consequences
for human health (and for the environment as a whole)
caused by the presence of pollutants in the air, in
particular suspended substances [27]. To protect human
health, it is necessary to reduce, prevent, and if possible
avoid exposure of the population to PM.

According to [28], the atmospheric air quality
management body is responsible for atmospheric air
quality in zones and agglomerations.

For a reliable assessment of atmospheric air
pollution by suspended substances, objective
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observational data are required by correctly determining
the characteristics of PM levels, the pattern of spatial
and temporal distribution and composition of PM. For
this, monitoring and/or modeling programs are used, as
well as forecasting of air quality in the future in case of
implementation of alternative strategies.

2 Equipment for measuring dust concentrations
and particle sizes [29, 30]

The assessment of PM content leads to the
accumulation and systematization of data on PM
concentrations in different ranges of time and space.
A meaningful comparison of such data, obtained from
different places and/or at different times, is possible
only if the monitoring data are of high quality, represent
the same variable and are presented uniformly. And this
is possible only when using commonly agreed methods
in all cases. The results of various existing PM10
monitoring methods have systematic differences, and
each of these methods has its advantages and
disadvantages, which should be taken into account when
designing a monitoring network.

In most devices, atmospheric air is taken in through
a specially designed inlet device (air intake), which lets
in only the PM10 fraction. By changing the air intake,
you can measure PM2.5 instead of PM10. To estimate
the mass concentration (ug/m?®), it is necessary to adjust
the air flow (volume per second) taking into account
the temperature and pressure of the atmospheric air.

2.1 Manual sampling and gravimetry

When sampling manually:

—atmospheric air is drawn through the filter at
aconstant flow rate. The particles are collected on
the filter. The mass of the particles is determined by
weighing;

—filters are weighed before and after sampling;
the difference in mass is the mass of the particles. In
both cases, the filters must be equilibrated in an air-
conditioned weighing room before each weighing;

—the sampling period is usually 24 hours. The
sampling period and flow rate allow the volume of each
sample to be calculated. The volume is calculated by
multiplying the flow rate by the sampling period,;

— manipulations with each filter before the beginning
and after the end of each test should be carried out
manually [31].

2.2 Methods of measuring dust in atmospheric
air

A dust meter is a device designed to measure
the mass concentration of dust in the flue gases of fuel-
burning plants, in working and living areas, in
atmospheric air. A certain type of device must be used
for each task.

Today, there are several methods of measuring dust:
optical  (photometric), gravimetric, piezobalance,
triboelectric, radioisotope. Let's consider each of them
[32]:

1) Optical method of  dust
(photometric and nephelometric method).

The optical principle of action is in measuring
the weakening of the intensity of light radiation when it

measurement
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passes through a dusty environment. The concentration
of dust particles is proportional to the value of
the optical density, which is determined automatically
and is the negative decimal logarithm of
the transmission coefficient.

Disadvantages of the photometric absorption
method:

—low sensitivity when  measuring  small
concentrations of aerosol particles (less than 30 mg/m?),
as well as the impossibility of controlling high
concentrations (over 12 g/m?) due to almost complete
absorption of light radiation;

— high impact of physical and chemical properties of
aerosols on the measurement result (size, composition
and color of the aerosol);

— the need for periodic cleaning of optical elements
(optics, reflectors, etc.)

When measuring small concentrations of aerosol
particles, the nephelometric method, based on
the registration of direct, side and backscattered light
radiation, turns out to be much more effective.

The disadvantage of the nephelometric method of
direct scattering when controlling the weight
concentration of dust aerosols with a wide dispersed
composition is a sharp loss of sensitivity when
measuring concentrations of particles with a diameter of
more than 8...10 microns, which significantly reduces
and even eliminates the possibility of their application
in many industries. Therefore, these devices are used
mainly where fine aerosol particles are emitted.

2) The gravimetric method of aerosol measurement
consists in the separation of particles from the dust and
gas flow, followed by their deposition on an analytical
filter and drying. The mass concentration of the aerosol
is determined by the amount of growth on the filter,
taking into account the volume of the sample. The dust
concentration in this case is calculated using the
formula.

The advantages of this method are the accuracy of
the measurement, since the aerosol is directly measured
and there is no influence of physicochemical properties
on the results.

Disadvantages of the gravimetric method:

— laboriousness of the method;

— duration of the process;

— use of additional equipment.

3) The time-consuming gravimetric method was
replaced by a new method of piezobalance weighing of
the deposited dust sample. This method was first
implemented in pile meters of the KANOMAX
company in models 3521 and 3522 [33]. The
piezobalance method of measuring the operation of the
device consists in periodic sampling of aerosol particles
through an impactor, which separates respiratory (up to
10 um) fractions from the total mass of particles, in their
further charging on the crown electrode and then
deposition on the surface of the sediment electrode. A
piezoelectric element (quartz) is used as such an
electrode. The sampling is carried out by the internal
pump of the device. A quartz piezo element is included
in the circuit of the electric oscillation generator. When
dust settles on its surface, the weight of the piezo
element changes and, as a result, the frequency of its
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oscillations does as well. The change in frequency
depends linearly on the mass of the dust falling on the
element and is the value of the measured weight
concentration of the aerosol.

Advantages of the piezobalance measurement
method:

— fast performance of measurements, there is no
need to use a large fleet of additional equipment;

—reliability of device readings, physical and
chemical properties do not affect measurements;

— small dimensions of the measuring instrument.

Disadvantages of the piezobalance measurement
method:

— measurement is carried out only in working and
living areas;

— expensive equipment;

— careful operation is required (the sensitive element
of the device is very fragile, falling down is not
allowed).

4) The triboelectric measurement method is based on
the measurement of the induced charge on an isolated
measuring electrode located in a metal gas duct along
which the dust flow moves. The induced charge occurs
when mobile aerosol particles interact with the electrode
surface, and its value is proportional to the mass
concentration of the aerosol in a wide range of
measurements.

These devices are called triboelectric. They can be
divided into devices that measure the constant
component of the triboelectric signal and devices that
measure the variable component of the triboelectric
signal (electrodynamic induced charge).

Advantages of the triboelectric measurement
method:

—vibration at the installation site does not affect the
readings;

—does not have nodes that can get dirty, which
allows you to use the devices for a long time in harsh
conditions;

—there are no nodes in the device that produce their
resource with the expiration of time. The devices are
durable, due to which they become simple and cheap to
maintain.

5) The radioisotope method of measuring dust
concentration is based on the property of radioactive
radiation (usually B-radiation) to be absorbed by dust
particles. The mass of captured dust is determined by
the degree of attenuation of radioactive radiation when
it passes through a layer of accumulated dust [34].

3 A new generation of mobile gas analyzers of the
AirExpert series

Currently, many European cities are implementing
large-scale programs to improve the quality of
atmospheric air [35], in particular, developed programs
to create a new generation of inexpensive mobile gas
analyzers (based on Alphasense Ltd sensors) in addition
to existing stationary monitoring stations. Similar
equipment is being developed and tested in Ukraine.
The devices of the AirExpert series, corresponding to
European levels, which have been tested and prepared
for release can be offered as one of the mobile
operational control options for use.
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As a result of the work carried out on the
development of a new generation of gas analyzers,
inexpensive devices for monitoring the concentration of
harmful chemicals in the ppb range in the atmospheric
air of populated areas, the development of the domestic
device Air Expert, which is not inferior in its
characteristics to the best world analogues, is being
completed.

Air Expert (factory code name “IKGM-14 gas
analyzer”) is designed for measuring the volume
fraction or mass concentration of pollutants in the air.

Air Expert can be used to control the concentration
of pollutants in the air of populated areas and in the air
of the working area. Air Expert can be integrated into
mobile, object and regional production and
environmental monitoring systems of potentially
dangerous objects and the environment.

When performing the main function of measuring
the concentration of pollutants in the air, the device can
perform the following functions:

—measuring the concentration of pollutants in
the air;

— setting alarm thresholds within the entire range of
measurements, including in the area of maximum
permissible concentrations (MPC);

— formation of signs of exceeding the threshold
values of concentrations of pollutants in the air;

—automatic change of measurement and data
transfer modes depending on the measured values of
the concentration of pollutants;

—autonomous storage of data in the built-in non-
volatile memory;

—data  transmission  via  various  wireless
communication channels at a distance of up to 100 km
(SkyLINK) and more (GSM / GPRS - globally), other
communication channels at shorter distances.

Additional features:

— determination  and
coordinates;

—quality control of measurement results and data
transmission;

—measurement and registration of meteorological
parameters:

— air temperature;

— relative air humidity;

— atmospheric pressure;

—the possibility of connecting an external weather
station for measuring additional meteorological
parameters;

— control of the voltage of the built-in power source,
estimation of the remaining time of continuous
autonomous operation;

— indication of measurement results on the built-in
display (implemented in subsequent modifications);

— indication of measurement results on the external
panel (implemented in subsequent modifications).

transmission of GPS

3.1 Principle of device operation

The concentration of each pollutant is measured
using a detector consisting of one or two (depending on
the modification of the gas analyzer) sensors. The
measured values are stored in the built-in memory,
compared with the MPC and transmitted via the cellular
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network (SkyLINK, GSM / GPRS, etc.) for further
processing and archiving in specialized software [36].
The appearance of the device is shown at Fig. 1 [37].

Figure 1 — Appearance of the Air Expert Mini device

The mobile dust meter of the AirExpert Mini PM
series is designed to measure the concentration of dust
fractions PM1, PM2.5, PM10 (additionally PM4.25) in
the atmospheric air of populated areas, as well as
indoors, measures particle sizes 0.35...12.4 microns, in
the concentration range of 0.01 pug/m® — 1,500 ug/m?,
0...95 % humidity, at temperatures —10...+50°C.

Pumping speed 0.24 I/min., distribution of particles
in 16 hoppers, has built-in temperature and humidity
sensors both inside the OPC-R1 dust sensor and at the
environmental measurement point. The measured data is
transmitted via the GSM channel, there is a built-in GPS
receiver, and the data is stored on a cloud (or physical)
server, where AirExpert Visio software is used to
collect, store, processing and presentation of data with
mapping of the terrain of the movement route and
construction of temporary schedules for all fractions of
dust. The size of the mobile gas analyzer is
194x95x17 mm, weight — about 380 g. The time of
continuous autonomous operation is up to 24 hours.
Measurement error: +£15 % according to TSI 3330.
Measurement method defined by the European standard
EN 481.

Mobile pile meters of the AirExpert Mini PM/PM
Pro series can be used:

—to solve the task of mapping the spatio-temporal
distribution of the concentration of harmful chemicals
and dust in populated areas (as required by the programs
for creating monitoring networks of zones and
agglomerations [38]) with the creation of relevant
databases and the use of these data to reduce the
incidence of population diseases caused by harmful
chemicals from transport and industry;

— for measuring the concentrations of dust fractions,
coordinates, time, when mapping the atmospheric air of
populated areas with the creation of pollution maps of
the area as additional information to the data measured
by stationary pollution posts of the state network of
atmospheric air monitoring;
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—mapping the distribution of ragweed plants for
early warning of the inevitable high level of pollen;

— for measuring concentrations of dust fractions in
residential buildings, public buildings and places of
mass gathering of people (kindergartens, schools,
educational institutions, individual housing);

—to conduct epidemiological  studies  of
cardiovascular and respiratory diseases of various
population groups and individual citizens, analyzing
atmospheric air pollution in cities and rural areas,
indoors and outdoors;

—the use of a new generation of mobile pilemeters
of the AirExpert Mini PM series is possible for the
assessment of personal doses of various air pollutants in
large-scale studies of public health.

The main competitive advantages of using the
AirExpert Mini PM/PM Pro series pile meter:

—the mobile gas analyzer of the AirExpert Mini
PM/PM Pro series was developed taking into account
the recommendations of the World Health Organization,
the World Meteorological Organization, and the UN
Environment Program;

— imprecise quantification of personal exposure to
air pollution introduces error and bias into population
health assessments, severely limiting causal inferences
in epidemiological studies worldwide. Rapid advances
in affordable, mobile, compact AirExpert Mini PM/PM
Pro series air pollution meters offer the potential to
overcome this limitation by accounting for the high
variability of personal exposure in everyday life in
large-scale studies with unprecedented spatial and
temporal distribution;

—compared to traditional methods of monitoring
solid particles (PM), the price advantage and minimal
maintenance of inexpensive mobile pilemeters of the
AirExpert Mini PM/PM Pro series make them a
promising addition to modern monitoring methods.
They can increase the spatio-temporal resolution of
pollution maps, increase the accuracy of personal
exposure assessment and the variation of PM transport
patterns. Accurate assessment of personal exposure to
PM can benefit epidemiological studies by identifying
adverse health effects of PM. Improving and
understanding PM transport patterns can effectively
control and even prevent pollution;

—the use of AirExpert Mini PM/PM Pro mobile
pilemeters is an important tool for understanding the
sources, processes and consequences of air pollution for
human health.

Conclusions

Thus, today we can say that Ukraine is ready to
move to mass production of domestic gas analyzers of
the new generation, but for this our state must overcome
a number of obstacles, among which the following are
important:

— there is no state customer in Ukraine;

—the ideology of monitoring the atmospheric air of
populated areas and dust with the help of a new
generation of gas analyzers is not realized as an addition
to the existing state surveillance network;

— the impossibility of one private enterprise to carry
out costly work on the creation and serial production of
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a new generation of mobile and stationary gas analyzers
without the participation of state organizations;

— capture of the Ukrainian market by foreign firms
that started in this direction 5 years ago and
concentrated scientific and financial resources, the use
of foreign equipment usually offers storage of
measurement data on foreign servers;

—there are no enterprises producing a new
generation of sensors for measuring the concentration of
harmful chemicals ppb.

The use of gas analyzers of the AirExpert type can
serve for comprehensive monitoring of PM and be the
basis for initial measures aimed at reducing emissions.
Therefore, even before the creation of observation
networks with stationary observation measuring posts,
which are much more expensive than AirExpert, it is
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recommended to start operating such devices as soon as
possible for continuous automatic observation of
concentrations of PM and their trends. Such gas
analyzers allow you to roughly determine the quality of
atmospheric air in the measurement area, and based on
this data, you can choose the location of the APS
(measuring or indicative) with maximum accuracy.
Thus, in accordance with the General Strategy for
Reducing the Negative Effects of Air Pollution on
Health in EECCA countries, it is necessary to create a
program for the production of devices for continuous
automatic monitoring of atmospheric air quality in
Ukraine, as well as all consumables and additional
equipment for installation, protection and operation in
as part of a set of devices for complex environmental
monitoring systems at the state and regional levels.
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Mpuxaiinos C. C., KBacos B. A., Pnxyenkxo O. C.

3ACTOCYBAHHS BITUM3HSHUX I'A30AHAJII3ATOPIB 1151 BAMIPIOBAHb KOHIIEHTPAIIIi PM B ATMOC®EPHOMY
MOBITPI

MOHITOPHHT JOBKULISA € OJHHUM i3 KIIOUOBUX €JIEMEHTIB JUlsl 3a0e3Me4eHHs HalOiabl e()eKTUBHUX 3aXOiB OE3MeKH B Pi3HUX cdepax KUTTA.
Haii0inpI BifoMOIO TEXHOJIOTIEIO B Il Tay3i € CHCTeMa BHSBJICHHS Ta3iB y paMKax MOHITOPUHTY aTMOc(epHOro HoBitps. BoHa ciryxuts He Jumie
JUIS TIPOTPaMy PaHHBOTO TOMEPEIKeHHS, a M I MOCTIHHOI NepeBipkH CTaHy aTMoc(epH B MEBHHUX 30HAX. Y KEpiBHUX NpHHIMIAX BcecBiTHBOI
opranizauii oxoponu 310poB’s (BOO3), onoBnenux y 2005 p., TBepai 4acTUHKH (MUJI a00 CYCIEHIOBaHI PEYOBHHH) BiTHOCATBHCS 0 OCHOBHHX
MOKa3HMUKIB SIKOCTI aTMOcdepHOro moBiTps. 3rixHo 3 Bumoramu Jupextusu 2008/50/€C €sponeiicskoro [Tapnamenty ta Pagu Bix 21.05.2008 p. mpo
SKiCTh aTMOC()EPHOTO MOBITPSI Ta YHCTIIIE TOBITPst 1t €Bpony YKpaiHa Mae BCTAHOBHTH I10 BCil CBOET TEpUTOPIT 30HM Ta aryioMepallii 3a CTyIeHeM
3a0pyAHEHHS] aTMOC(EPHOTO MOBITPS, a TAKOXK MOPSAOK iX meperyisay. 3aranoM MeTa, NOCTaBiieHa J[MpeKTHUBOW, € st YKpaiHW Haa3BHYAiHO
CKJIAZIHOI0 — Ha 3aJMIIKaX MepeXi KOHTPOIO 3a0pymHEHHs aTMoc(epHOro MOBIiTps, o Oyna CTBOpEHa IIe 3a PajsHChKUX YaciB, CTBOPUTH
€BPOIIEHCHKY CHUCTEMY MOHITOPUHTY i3 CydacHMM OOJIaHAHHAM, sKa € HamilfHUM iHCTPYMEHTOM pO3pOOKHM Ta peasi3amii NpHpoI00XOpOHHOI
nomiTuKy. ChOTO/IHI JaTUMKH ra3y po3AUIAIOTh Ha JB1 KATEropii: eNeKTPONpPOBiIHI OKCHIM METaNiB Ta eJIeKTPOXIMiYHi, IPUYOMY OCTaHHIN OTpUMaB
Oinbllle BU3HAHHSA NPOTATOM OCTaHHBOTO ACCATHIITTS SK MaHOYTHIH CTaHIAPTHHI KOMIIOHEHT y Oy/ib-iKOMy Ta30BOMY JaT4uKy. Y CTarTi
TPECTABIICHO MOBHY KOHICIIIIO CICKTPOXIMIYHOTrO JaT4MKa rasy, BKIIOYaloud (yHJZAMEHTalbHY HayKy Ta 0a30BYy €JICKTPOHHY iHXKEHEpilo, fKa
npamoe 3 mpucTpoeM. OCHOBHa yBara 30CEpEKCHA HA KOHKPETHOMY THINI [JAaT4MKiB aMICPOMETPHYHOTO THUITYy SIK HAHICPCIEKTHBHIIIOMY
EJIEKTPOXIMIYHOMY JaTYMKY Ha puHKY Ykpaiuu. CaMe TOMy HayKOBa HOBH3HA CTaTTi MOJIATAE Y TOMY, 11O BIIEPIIE HAa OCHOBI aHAJi3y Ta TCOPETHYHHUX
y3arajJbHEHb 3alpONOHOBAHOHO CTBOPUTH HPOrpaMy BHPOOHMIITBA NpPWIAAIB KOHKPETHOTO Oe3epepBHOrO aBTOMATHYHOTO KOHTPOIO SIKOCTI
aTMocdepHOoro noitpst. [IpakTryHa MiHHICTH CTATTI HOJATAE y CHCTEMATH3aMil HAYKOBHUX YSIBICHB I00 MOHITOPHUHTY PM, 1110 Ma€e cTaTti OCHOBOO
JUISL TIOYaTKOBUX 3aXOJIB, CHPSIMOBAHUX Ha 3HIDKCHHS BUKMIB, IO JO3BOJMTH IiJABHIIUTH OINEPATUBHICT NPUHHATTS YHPaBIiHCHKUX PIllleHb Ta
noMinmuTh epektuBHicTs podot JJICM/I Ha ycixX piBHAX.

Ki11040Bi c10Ba: MOHITOPUHT HOBKLIA, 3BaXkeHI pedoBHHH, PM, munoMip, ra3oaHai3zaTtop, METOIH BUMIPIOBAHHS Y.
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