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INTEGRATION OF LASER AND OPTO-
GALVANIC METHODS IN ENVIRONMENTAL
MONITORING SYSTEMS OF TECHNOGENIC

FACILITIES

The current stage of development of the electric power,
chemical, mechanical engineering, and printing industries is characterized
by the extensive use of a wide range of resource components, including
coal, oil, natural gas, paints and coatings, and polymers, which are marked
by increased environmental aggressiveness. Highly intensive production
operating modes, driven by market demands, lead to a significant growth
in resource consumption within energy-intensive technological processes.
This, in turn, results in increased concentrations of dust as well as harmful
gaseous and liguid emissions released into the atmospheric and aquatic
environments, causing an overall deterioration of environmental
conditions. At the same time, real-time assessment of the environmental
state is often complicated by the limited capabilities of data acquisition and
processing using conventional measurement methods.

A considerable number of information and measurement
systems, laboratory methods, and analytical instruments exist for
determining the concentration of harmful emissions in the atmosphere,
solls, and water bodlies of ecosystems; however, most of these approaches
are based on environmental sampling followed by laboratory analysis,
which requires a certain amount of time. In technological systems, contro/
and measurement devices and sensors are employed, nevertheless, they
do not ensure the measurement of critical production process parameters
during the stages in which pollutant flows are generated.

Typical examples include emissions of combustion products in
boilers of thermal power plant units and municipal systems, as well as in
construction, transport and aviation sectors, oil refining and gas industries,
and chemical plants of both public and private ownership.

In this context, the problem of environmental monitoring—
namely, the development of systems, structures, and sensors—is
technically urgent and socially significant.

Accordingly, the development of information technologies for
data acquisition in environmental monitoring of ecological media
(atmosphere, water, and soils), based on opto-galvanic pollution contro/
methods and laser remote sensing technigues for measuring the
concentration of harmful gas emissions, combustion products, and dust, is
highly relevant, as these technologies enable continuous monitoring of
pollutant concentrations.

Key words: ecosystem, atmosphere, dust, control, lasers,
environmental safety, sensors.

Introduction

Environmental monitoring of technogenic energy-active
structures as well as industrial and printing enterprises under
multifactor threat conditions is of critical importance. Threats
such as power supply failures, fires, emissions of hazardous
substances, explosions in technological units, accidents caused by
loss of control over automated systems, and military actions lead
to intensive contamination of the atmosphere, soils, and water
bodies. Active technogenic impacts generate dust flows and
emissions of harmful gases and liquids that significantly
deteriorate the environmental state, creating adverse conditions
for human life, public health, and society as a whole. These
processes become particularly dangerous under wartime
conditions, when the scale and intensity of environmental hazards
increase substantially.

During armed conflicts, the ecological situation across
the entire territory of the state becomes increasingly complex due
to pollution of residential and natural environments by industrial
waste, rocket fuel residues, and explosions of ammunition with

MDKHAPOJIHUI HAYKOBU JXYPHAJI 17

«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES», 2026, Ne 2


https://doi.org/10.31891/csit-2026-2-2
https://orcid.org/0000-0002-7446-1980
mailto:lssikora@gmail.com
https://orcid.org/0000-0001-5513-9614
mailto:lysa.nataly@gmail.com
https://orcid.org/0000-0002-8170-3001
mailto:olha.y.fedevych@lpnu.ua
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

unknown chemical composition. Both combustion products and dust aerosols dispersed in the environment pose
serious hazards, creating latent threats to public health.

Analysis of literature sources

The analysis of literary sources indicates a significant and steadily growing research interest in addressing
environmental monitoring problems, particularly in the development of advanced information technologies for data
acquisition, processing, and interpretation, as well as in the application of laser remote sensing methods and the
analysis of measurement results. Modern environmental monitoring systems increasingly rely on integrated
approaches that combine sensor technologies, information processing algorithms, and modeling tools to obtain reliable
data on the state of environmental media. The application of laser remote sensing technologies for measuring the
concentration levels of components in technological processes and environmental monitoring systems makes it
possible to perform continuous real-time control. This capability forms the basis for timely emergency response, early
detection of hazardous situations, and the implementation of preventive measures aimed at reducing environmental
risks.

In studies [1,3,14,15,19], the authors focus on the development of information and measurement systems
designed for monitoring technological processes and environmental conditions using both direct and indirect
measurement methods. These works emphasize the importance of combining modern sensing technologies with
effective data acquisition and processing procedures to improve the reliability and accuracy of measurements in
scientific and applied research.

Study [2] substantiates modern approaches to statistical analysis and data processing based on optical
research methods. Particular attention is given to the use of mathematical models and signal processing techniques for
the interpretation of experimental data obtained from optical and laser measurement systems.

In works [4-8,11,12,16-18], the authors justify the use of expert systems and information technologies for
planning and organizing measurement experiments. These approaches allow for the optimization of experimental
procedures, the structuring of measurement data, and the improvement of decision-making processes in complex
technical and environmental monitoring systems.

Monographs [9,10,13,20] consider methods for the integrated application of measurement systems and
instruments aimed at enhancing the efficiency, accuracy, and reliability of measurements. These studies also present
models and algorithms for data processing and interpretation that support situation assessment and decision-making
in technical systems operating under uncertain and dynamically changing environmental conditions.

Materials and methods

The primary objectives of environmental assessment include determining the level of risk and safety of
industrial activities, organizing comprehensive evaluation programs for production infrastructure facilities, verifying
compliance with environmental legislation requirements, assessing the quality of natural resources, and forming a
system of criteria for determining the environmental safety of facilities and the surrounding environment. In addition,
the assessment of negative impacts of industrial and municipal structures on ecosystem conditions is performed, along
with expert evaluation of programs for the implementation of new technologies from the standpoint of their
environmental feasibility.

Monitoring of atmospheric air and water is essential for identifying pollutants and assessing their impact on
structural corrosion, soil erosion processes, public health, vegetation development, ecosystem functioning, water
quality in reservoirs and rivers, as well as the overall state of the atmosphere, particularly in large cities and industrial
agglomerations.

The solution to the environmental monitoring problem is based on the development of laser sensing systems
and opto-galvanic sensors, as well as on the formulation of methods for integrating galvanic effects from
heterogeneous electrodes in liquid media. This problem is also addressed through the application of a system and
information model of environmental sensing processes for evaluating the concentration levels of harmful substances
in air, water, technological gases, and flue gases, as well as through the synthesis of measurement instrument
structures.

The assessment of concentration levels within the sensing region of a technological process is based on
information transformations of (Ck,6):

—Zc(ow Pt
Uer | -Gy 1)

C
K — Zs(om, Ps(Ck s ) t) > Uggr(om 1. 6 (Ck ) > o0 (C)

where Cy - component concentration level; Z-,Zs — modulating laser signal and the reflected signal; o —

modulation frequency.

For monitoring liquid media, specialized transducers are required in which the process of measuring state
parameters is based on the integration of methods and tools for data acquisition aimed at identifying informative
features. Under such data acquisition procedures, it is necessary to apply standard (SI) evaluation methods based on:
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* base SI units: L — length, M — mass, T — time, | — electric current, & — thermodynamic temperature, J —
luminous intensity, N —amount of substance (mole);

« derived quantities: (v, F) — frequency of electric current oscillations, Q — electric charge, (V,¢,E) —electric
potential, potential difference, electromotive force, P — electric power, (S,Q,P)— apparent, active, and reactive power,
W — active electrical energy;

« parameters of electrical system components: (C,L,M) — capacitance, inductance, mutual inductance of
elements, (R,g) — electrical resistance of conductive elements and physico-chemical components of the medium.

To verify measurement transducers, national and secondary standards stored at the National Scientific Center
“Institute of Metrology” (Kharkiv) are used. However, for the evaluation of physico-chemical elements in solutions
and the measurement of their concentrations, no established reference standards currently exist. This necessitates the
development of indirect measurement methods, including appropriate hardware (sensor) and metrological support, as
well as the selection of suitable base measures and calibration scales in accordance with the Sl standard.

At the same time, to enhance the informational efficiency of measurement data, it is possible to integrate
electrical, laser, and galvanic control methods of technological media. This integration enables high-quality data
acquisition in accordance with algorithms of information transformation of system parameters.

The impurity concentration value is determined according to:

Ck =Knl(Ck . Ein. E12.0)sc s Sc = {Sci‘inlo} 2

where C, — estimated concentration value; 6 — environmental (medium) parameter; S. — concentration

scale of a specific substance, formed by calibrating the level Cy; depending on the type of components in the solution
within the interval

1(Ck )= [C|/< =min,C2 = max|9r] )

Let us consider the structural scheme of the experimental stand designed for a comprehensive investigation
of impurity concentration measurement methods in solutions, based on the combined use of laser sensing techniques
and the generation of galvanic potential (zn/Cu) by electrodes, in accordance with the following information diagram:

Z.(P.1)
EZn (CK ,t) - (EZn (CK )_ ECu (CK) )_) éKl

/ZS(PS’t’a(CK ))_)UFP(HF(CK )1t)_)é|<2

SEL () (B (Co)- Eas(Co ) > G

Fig. 1. Information diagram showing combined use of laser sensing techniques and the generation of galvanic potential (Zn /Cu) by
electrodes

A\

The specified requirements are satisfied by laser-based models of remote sensing of technological
environments through optical windows installed in dust ducts.
Characteristics of concentration measurement sensors based on opto-galvanic effects
Let us present the schematic diagram of the measuring cell for impurity concentration assessment in solutions

(Fig. 2).

El E2 |

Pz Ps

Fig. 2. Schematic diagram of laser beam interaction with a galvanic measurement cell
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According to the experimental scheme, the variable parameters include:

» voltage, current, and radiation power of the semiconductor laser as a result of varying the stabilizer voltage,
where V,, (Us €[0-5]B) > Var (P €[0-Prax))

« variation of impurity concentration dissolved in the liquid within the cuvette, Cyg € [Ck min+Ck max )

Taking into account the formulated methodology for assessing impurity concentration levels, the following
functional characteristics can be obtained:

» concentration level Cx —U 47 (Ps(Ck )) under conditions P, e {P, —const, P, e[O—SOO]mBm}

. photodetector output voltage as a function of concentration:
U1 (Ci )= U (Ps /Cx )/ PL —const, Ci =V |

U 7(Ck )= Uz (Ps 1C )1 PL ~Var, Cii —const} 147 (C )= {er (Ps /Ck )/ P Var, C —const, Ry —const

The construction of calibration characteristics with respect to impurity concentration is based on the
corresponding functional dependence between measured electrical and optical parameters: U —(Cy )=w(P_,Ck )

lorr =¥ (Ru). Uar =w(Ry)

An impurity concentration meter in solution with a logarithmic low-sensitivity scale under combined
measurements (U ;, U, lon) is described by a system of equations that relate the impurity concentration level to

voltage, current, potential, and current of the active electrodes (Cu,zn)of the opto-galvanic sensor:

Ix =lgexp(-a(Cx i), alCy )ik =Inly=Inly a(CK):Ii[mU@n(Px)—'”U@n(Po)] Pr=Uon(ly) Ky p

me
Ck =y(@.Vk, Ik )-AU gy (INU ~In UO{_3:|' Uon = lonRi (4)
M

where Cx — impurity concentration; « - reduced scattering coefficient; Ug; — photodetector voltage;
(Vi 1k )— volume and optical path length of the cuvette; Rg(A/D) — analog-to-digital data recorder; lg; —
photodetector current; R; — load resistance.

Let us present the schematic diagram of the photodetector matrix cell for laser signal reception. The
constructed voltage—power dependence obtained under laser illumination of the silicon photodetector matrix is shown
in Fig. 3, where R denotes the internal resistance of the photodetector, Rn is the load resistance of the photodetector,
and PL represents the power of the photon flux generated by the laser.

Udn
[ ey ]

PL

Udn

Ron

T - !

Fig. 3. Schematic diagram of the photodetector matrix

The analysis of photodetector characteristics ¥(Roi,PI1,Rn) for the development of laser sensors shows that,

for each normalized laser power level, it is necessary to measure the signal parameter values at the photodetector
output—generated on the matrix under laser beam irradiation—at different values of the load resistance.

Research results and their discussion
Opto-galvanic methods for monitoring pollution of the aquatic environment, soils, rivers and
reservoirs with harmful substances from emissions of combustion products from thermal power plants and
other enterprises
The research work carried out over the past fifteen years within the framework of the scientific and technical
programs of the Center for Strategic Studies "Eco-bio-technical systems" performed both in the laboratory of laser
sensing and at strategic level enterprises (Burshtyn TPP, Dobrotvir TPP, glassworks of the construction sector Bucha,
Irpin, Kostopil, Rokytne) has shown the importance of creating integrated systems for environmental monitoring of
the level of man-made pollution, both the environment and the entire ecosystem. The use of laser methods for sensing
dust concentration and water pollution has shown their effectiveness and the creation of new types of sensors for
information and measurement systems has led to new ideas for the development of sensors with integrated laser,
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optoalvanic and ion-selective research methods. Accordingly, it was necessary to monitor the state of the environment
under the influence of emissions of harmful substances by man-made systems into the atmosphere, soil and water
reservoirs based on the combination of the latest methods and technologies.

To build opto-galvanic sensors, the method of combining galvanic effects from heterogeneous electrodes in
a laser-activated liquid medium is used. The following parameters of the state and electrochemical quantum interaction
of the liquid medium with the electrodes will be used as measuring parameters for estimating the concentration level:
Ul,2 /Ell'Elz )/ CK>

>
(H,01Cx)— Edﬁzn)(Hfo)_Edgcu) i[((Ell,Elz)/CK) ®)

ot ® 92
(P2 )— (’%)—N— (Psp / Ck) > U g7 (Cxc)
According to the diagram, the controlling information parameters are the interelectrode voltage (U, / Cx),
the current in the galvanic circuit 7(£,;, Ey, / Cx)), and the signal at the output of the photomatrix obtained by laser

sensing.
For the construction of optical-galvanic sensors, the methods of selecting galvanic pairs for each type of
reservoir pollution by coal combustion products in the boilers of the power unit of the TPP (Burshtyn) were analyzed.

Table. 1.
Potential Difference Analysis for Selecting an Optical-Galvanic Pair to Assess the Concentration of Harmful
Emissions (base metals)

Li* Rb* Cs* K* Ba* Ca* Na* Mg?* AP

-3.05 -2.93 -2.92 -2.92 -2.91 -2.87 -2.71 -2.37 -1.66
Li* -3.05 0 0.12 0.13 0.13 0.14 0.18 0.34 0.68 1.39
Rb* -2.93 0.12 0 0.01 0.01 0.02 0.06 0.22 0.56 1.27
Cs* -2.92 0.13 0.01 0 0 0.01 0.05 0.21 0.55 1.26
K* -2.92 0.13 0.01 0 0 0.01 0.05 0.21 0.55 1.26
Ba?* -2.91 0.14 0.02 0.01 0.01 0 0.04 0.2 0.54 1.25
Ca? -2.87 0.18 0.06 0.05 0.05 0.04 0 0.16 0.50 1.21
Na* -2.71 0.34 0.22 0.21 2.71 0.2 0.16 0 0.34 1.05
Mg** -2.37 0.68 0.56 0.55 0.55 0.54 0.50 0.34 0 0.71

Table. 2.

Potential Difference Analysis for Selecting an Optical-Galvanic Pair to Assess the Concentration of Harmful
Emissions (amphoteric metals

Li* Rb* Cs* K* Ba* Ca* Na* Mg? AP
-3.05 -2.93 -2.92 -2.92 -2.91 -2.87 -2.71 -2.37 -1.66

AlF* -1.66 1.39 1.27 1.26 1.26 1.25 1.21 1.05 0.71 0
Mn?* -1.18 1.87 1.75 1.74 1.74 1.73 1.69 153 1.19 0.48
Zn? -0.76 2.29 2.17 2.16 2.16 2.15 211 1.95 1.61 0.9
cr* -0.74 2.31 2.19 2.18 2.18 2.17 2.13 197 1.63 0.92
Fe?* -0.44 2.61 2.49 2.48 2.48 2.03 2.43 2.27 1.93 1.22
Cd* -0.4 2.65 2.53 2.52 2.52 2.51 2.47 231 1.97 1.26
Co%* -0.28 2.77 2.65 2.64 2.64 2.63 2.59 243 2.09 1.38
Ni -0.24 2.81 2.69 2.68 2.68 2.67 2.63 247 2.13 1.42
Sn?* -0.14 291 2.79 2.78 2.78 2.77 2.73 2.57 2.23 1.52
Pb?* -0.13 2.92 2.8 2.79 2.79 2.78 2.74 2.58 2.24 1.53
2H* 0 3.05 2.93 2.92 2.92 291 2.87 271 2.37 1.69

Table 3.

Potential Difference Analysis for Selecting an Optical-Galvanic Pair to Assess the Concentration of Harmful
Emissions (acidic metals)

Li* Rb* Cs* K* Ba* Ca* Na* Mg?* AP

-3.05 -2.93 -2.92 -2.92 -2.91 -2.87 271 -2.37 -1.66

Cu®* +0.34 3.39 3.27 3.26 3.26 3.25 3.21 3.05 2.71 2.00
OH +0.40 3.45 3.33 3.32 3.32 3.31 3.27 3.11 277 2.06
Hg?* +0.79 3.84 3.72 3.71 3.71 3.70 3.66 3.50 3.16 2.45
Ag +0.80 3.85 3.73 3.72 3.72 3.71 3.67 351 3.17 2.46
pt2* +1.20 4.25 413 4.12 4.12 411 4.07 3.91 3.57 2.86
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Table. 4.
Potential Difference Analysis for Selecting an Optical-Galvanic Pair to Assess the Concentration of Harmful
Emissions (basic and amphoteric metals)

Mn2+ Zn2+ cr3+ Fez+ Cd2+ C02+ Ni2+ Sn2+ Pb2+
-1.18 -0.76 -0.74 -0.44 0.40 -0.28 -0.24 -0.14 -0.13
Li* -3.05 1.87 2.29 231 2.61 2.65 2.77 2.81 291 2.92
Rb* -2.93 1.75 2.17 2.19 2.49 2.53 2.65 2.69 2.79 2.80
Cs* -2.92 1.74 2.16 2.18 2.48 2.52 2.64 2.68 2.78 2.79
K* -2.92 1.74 2.16 2.18 2.48 2.52 2.64 2.68 2.78 2.79
Ba* -2.91 1.73 2.15 2.17 247 2.51 2.63 2.67 2.77 2.78
Ca* -2.87 1.69 2.11 2.13 2.43 2.47 2.59 2.63 2.73 2.74
Na* -2.71 1.53 1.95 1.97 2.27 231 2.43 247 2.57 2.58
Mg -2.37 1.19 1.61 1.63 1.93 1.97 2.09 2.13 2.23 2.24
AP -1.66 0.48 0.090 0.92 1.22 1.26 1.38 1.42 1.52 1.53
Mn2+ Zn2+ Cr3+ Fez+ Cd2+ C02+ Ni2+ Snz+ Pb2+
-1.18 -0.76 -0.74 -0.44 -0.40 -0.28 -0.24 -0.14 -0.13
Mn?* -1.18 0 0.42 0.44 0.74 0.78 0.90 0.94 1.04 1.05
Zn* -0.76 0.42 0 0.02 0.32 0.36 0.48 0.52 0.62 0.63
Cr¥ -0.74 0.44 0.02 0 0.30 0.34 0.46 0.50 0.60 0.61
Fe? -0.44 0.74 0.32 0.30 0 0.01 0.16 0.20 0.30 0.31
Cd* -0.4 0.78 0.36 0.34 0.04 0 0.12 0.16 0.26 0.27
Co* -0.28 0.90 0.48 0.46 0.16 0.12 0 0.04 0.14 0.15
Ni%* -0.24 0.94 0.52 0.50 0.20 0.16 0.04 0 0.10 0.11
Sn%* -0.14 1.04 0.62 0.60 0.30 0.26 0.14 0.10 0 0.01
Pb? -0.13 1.05 0.63 0.61 0.31 0.27 0.15 0.11 0.01 0
2H* 0 1.18 0.76 0.74 0.44 0.40 0.28 0.24 0.14 0.13
Table 5.

Potential Difference Analysis for Selecting an Optical-Galvanic Pair to Assess the Concentration of Harmful
Emissions (acid and amphoteric metals)

Mn2+ Zn2+ Cr3+ Fez+ Cd2+ C02+ Ni2+ Sn2+ Pb2+

-1.18 -0.76 -0.74 -0.44 -0.40 -0.28 -0.24 -0.14 -0.13

Cu* +0.34 1.52 1.10 1.08 0.78 0.74 0.62 0.58 0.48 0.47

OH +0.40 1.58 1.16 1.14 0.84 0.80 0.68 0.64 0.54 0.53

Hg** +0.79 1.97 1.55 1.53 1.23 1.19 1.07 1.03 0.93 0.92

Ag* +0.80 1.98 1.56 1.54 1.24 1.20 1.08 1.04 0.94 0.93

Pt?* +1.20 2.38 1.96 1.94 1.64 1.60 1.48 1.44 1.34 1.33
2H" Cu* OH/O; Hg* Ag' Pt?
0 +0.34 +0.40 +0.79 +0.80 +1.20
Li* -3.05 3.05 3.39 3.45 3.84 3.85 4.25
Rb* -2.93 2.93 3.27 3.33 3.72 3.73 4.13
Cs* -2.92 2.92 3.26 3.32 3.71 3.72 4.12
K* -2.92 2.92 3.26 3.32 3.71 3.72 4.12
Ba* -2.91 291 3.25 3.31 3.70 3.71 411
Ca* -2.87 2.87 3.21 3.27 3.66 3.67 4.07
Na* -2.71 2.71 3.05 3.11 3.50 3.51 391
Mg* -2.37 2.37 2.71 2.77 3.16 3.17 3.57
AP -1.66 1.66 2.00 2.06 2.45 2.46 2.86

Table 6.

Potential Difference Analysis for Selecting an Optical-Galvanic Pair to Assess the Concentration of Harmful
Emissions (acid and amphoteric metals)

2H* Cu® OH/O, Hg** Ag* Pt?*

0 +0.34 +0.40 +0.79 +0.80 +1.20

Mn?* -1.18 1.18 1.52 1.58 1.97 1.98 2.38
Zn** -0.76 0.76 1.10 1,16 1,55 1,56 1,96
Cr¥* -0.74 0,74 1,08 1,18 1,53 1,54 1,94
Fe?* -0.44 0,44 0,78 0,84 1,23 1,24 1,64
Cd? -0.4 0,40 0,74 0,80 1,19 1,20 1,60
Co** -0.28 0,28 0,62 0,68 1,07 1,08 1,48
Ni?* -0.24 0,24 0,58 0,64 1,03 1,04 1,44
Sn?* -0.14 0,14 0,48 0,54 0,93 0,94 1,34
Pb?* -0.13 0,13 0,47 0,53 0,92 0,93 1,33
2H* 0 0 0,34 0,40 0,79 0,80 1,20

Lasers with a power of 50 mW and two types of electrode pairs were used to activate the galvanic couple.
The following type of laser was used for the measurement "RADIATION "DANGER"" Power 50mW.
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Table 7.
Loss of laser power in the cuvette when sounding the medium
Reak P laser mW P laser P laser with Rx kQ Ux uv Rx kQ Ux uv
without running (Zn/zn) (Zn/Cu) with laser with laser

N water water H,0 H,O
1 50 37 40 679-753 0.5 1015 0,6
2 50 40 40 679-830 0,4 1030 0,8
3 50 38 40 679-834 0,4 1005 0,9
4 50 37 43 679-824 0,5 995 0,6
5 50 39 40 650-768 0,6 932 0,7
6 50 40 44 670- 820 0,6 968 0,6
7 50 40 44 670-908 0,5 1060 0,5
8 50 40 42 739-868 0,5 1040 0,6

Integration of information and laser technologies for assessing the concentration of harmful gas and dust
emissions into the eco-social system by man-made infrastructure. The level of the total risk of environmental impact
is determined in accordance with the procedure for a comprehensive assessment of the probability of exceeding the
concentration, namely

a i N o d
Zarisk <® <Pr0b(arisk (anReg')>ari)> (6)
n=L,m
where: (Rgi) - is the level of permissible maximum risk for each component according to DSTU;

Zarisk - total risk of exceeding reagent concentrations;

4,(®1i =1,n) - operator for assessing the total multi-risk.

In order to assess the spatial distribution of environmental pollution (villages, cities, regions) and risk
assessment, it is necessary to perform a large amount of calculations on the results of data collection and sampling
using information technology as the basis for developing hybrid environmental monitoring systems.

Research results discussion

The obtained results confirm the effectiveness of the integrated use of information and laser technologies for
assessing the concentration levels of harmful emissions in technogenic ecosystems. The proposed approach, based on
the combination of laser remote sensing methods and opto-galvanic sensors, enables continuous real-time monitoring
of the state parameters of air, water, and liquid environments, in contrast to traditional laboratory methods, which are
time-consuming and inertial.

The analysis of electrode potential differences demonstrated the feasibility of a rational selection of galvanic
pairs for evaluating the concentration of harmful components of various chemical natures, including basic, amphoteric,
and acidic metals. The results presented in the tables indicate a high sensitivity of opto-galvanic sensors to changes in
impurity concentrations in solutions, confirming the appropriateness of their application for monitoring pollution in
reservoirs and industrial wastewater.

Experimental studies using a semiconductor laser with a power of 50 mW showed that laser radiation
significantly affects the intensity of galvanic processes in the measuring cell by activating electrochemical interactions
between the electrodes and the medium. The recorded laser power losses in the cuvette and the variations in voltage
at the photodetector output confirm the feasibility of constructing calibration characteristics for the quantitative
assessment of impurity concentrations.

The integration of measurement data within the framework of an environmental monitoring information
model enables a comprehensive assessment of cumulative environmental risk, taking into account the multifactorial
nature of pollution and the spatial distribution of harmful emissions. This is particularly important under conditions
of technogenic accidents and military actions, where rapid decision-making is required to minimize adverse impacts
on the environment and public health.

Conclusion

This paper proposes and substantiates a comprehensive environmental monitoring approach based on the
integration of information technologies, laser remote sensing, and opto-galvanic methods for controlling the
concentration of harmful emissions in air and liquid environments.

An information and structural model of the measurement system has been developed, providing continuous
real-time monitoring of pollutant concentrations and enhancing the efficiency of environmental risk assessment.

An analysis of electrode potential differences made it possible to identify optimal galvanic pairs for
evaluating the concentrations of basic, amphoteric, and acidic metals, which are characteristic components of
technogenic emissions.

The effectiveness of laser radiation for activating galvanic processes in the measurement cell and increasing
sensor sensitivity to changes in impurity concentrations has been experimentally confirmed.
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The proposed method for integrated assessment of cumulative environmental risk allows for consideration
of the multicomponent composition of pollution as well as the spatio-temporal dynamics of harmful emission

propagation in technogenic ecosystems.

The obtained results can be applied in the development of hybrid environmental monitoring systems for
printing, industrial, energy, and municipal facilities, as well as in decision support systems aimed at ensuring
environmental safety under conditions of increased technogenic and military threats.
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JIro6omup CIKOPA, Hatanis JIMCA, Onsra ®EJIEB1Y

HarmionansHoOrO0 yHiBepCHTETY «JIbBiBChKA IO TEXHIKa»

IHTEI'PALIA JIASEPHUX TA OIITUKO-I'AJIBBAHIYHUX METOAIB Y
CUCTEMAX EKOMOHITOPUHI'Y TEXHOI'EHHUX OB’EKTIB

CydacHmi pIBEHb PO3BUTKY €/IEKTPOEHEPIETUYHOI, XIMIYHOI, MALUMHOBYAIBHOI Ta MOMINPaghidHoI rasy3ei XapakTepuyeTscs
3a/yYEHHSIM 3HaYHOI Ki/IbKOCTI PECYPCHUX KOMITOHEHTIB, 30KPEMA BYIi/i/IS, HAQDTH, PUPOLHOIro rasy, /1akogapbosmux Marepiaiis i
110/1iMEPIB, SKI BIA3HAYAIOTLCS MMIABULYEHOIO EKOSIONYHOI arpPEeCUBHICTIO. BUCOKOIHTEHCUBHI PEXVMU DYHKLIIOHYBAHHS BUPOOHULTB,
3YMOB/IEHI BUMOramu pUHKY, CIIPUYUHSIIOTE CYTTEBE 3POCTaHHS CIOXUBAHHS PECYPCIB Y EHEPrOEMHUX TEXHOJIONYHUX ripoLecax. Lie,
Y CBOIO HEPry, MpU3BOANTL [0 MIABULYEHHS KOHLIEHTPALi Mn/y, a TaKoX LLUKIA/IMBUX ra30MogioHNX i DIAVHHNX BUKUAIB B aTMOCHEPHE
74 BOAHE CEPELAOBULLE, 1O OBYMOBJIIOE 3ara/IbHE MOrPLIEHHS CTaHy A0BKIVIA. [Ipy LbOMY OrepaTnBHa OLiHKa eKO/IONMYHOro cTamy y
PeasIbHOMy Haci YacTo yCK/IGAHEHa Yepe3 OOBMEXEH] MOX/TMBOCTI 360py Ta OfpaLitOBaHHs AGHNX 3 BUKOPUCTAHHSIM TPaanLiviHux
METOLIB BUMIPIOBaHHA.

IcHYE 3HaYHa KifIbKICTb [HQOPMALIIHO — BUMIDIOBA/IbHUX CUCTEM | Ia6OPaTOPHUX METOLIB | NpuaadiB A1 BUMIPIOBaHHS
BMICTY (KOHLIEHTPALY) LUKIA/IMBUX BUKVAIB B aTMOCREDY, rpyHTU [ BOAW EKOCUCTEMY, a/le BCIi BOHU MDYHTYIOTECS Ha BIAOOPI ekorpob
/ iX 06pobui B 1a60paToOpHIX yMOBAX, LYO BUMAraE MEBHOMO Yacy. B TEXHO/IOMYHUX CUCTEMAX BUKOPUCTOBYETBCS KOHTPO/IbHO —
BUMIPIOBA/IbHI MPUCTPOI | CeHcopu (AaBadi), a/1e BOHN HE 3a6e311eYy0Tb BUMIPDIOBaHHS KDUTUYHUX 1aPaMETPIB rPoLecy BUpOOHNLTEA
B XO4/ SIKOro yTBOPIOIOTECS TOTOKU 330Dy AHIOIOYUX PEHOBUH.

[IpuKnaaoM € BUKUAN MPOAYKTIB 3ropaHHs B KOT/Iax eHEProb/IOKIB TEr/IoBUX €/IEKTPOCTAHLIM Ta KOMYHA/IbHUX CUCTEM,
OyAIBHNLTBI, TPAHCIIOPTI Ta asiaLlii, MigNPUEMCTBaX Ha@ToONEPEPOOHOI i ra30Boi IMPOMUCIIOBOCTI, XiMIYHMX 33BOAIB, SIK AEPKABHOI TaK
[ pUBaTHOI B/IACHOCTI,

Y ybOMy KOHTEKCTI rpob/IeEMa EKOMOHITOPUHTY (CTBOPEHHS CUCTEM, CTPYKTYD, CEHCOPIB) € aKTYasIbHOK 3 TEXHIYHOIO BOKY
[ Ba&XK/IMBOIO B COLYI&/IbHOMY 3HAYEHH.

BianosigHo po3pobka [HGOpMAaLiiHux TEXHOOM BIA6OPY AaHuX L/ EKOMOHITODUHIY EKOJIONYHOIO CEPEJOBULYA
(armocgpepy, Boa, rpyHTIB) HA MiACTaBI ONTUKO — raIbBaHIYHNX METOLIB KOHTPOJIO 3a0pyAHEHHS HABKOJINLLIHBOIO CEPEAOBMLLYA Ta
METO4IB /Ia3EPHOI0 ANCTAHLIVIHOIO BUMIPIOBAHHS KOHLEHTDALI LUKIA/IMBUX BUKUAIB ra3iB, MPOAYKTIB 3roparHs, My € akTyabHOW,
TaK 5K BOHY 336E311e4y10Tb HENEPEPBHMI KOHTPO/Ib X KOHLIEHTDAaL.

KIIt0408i ¢/108a: eKoCuCTeMa, aTMOCPEpPa, /1, KOHTPOSIb, /1a3EPH, EKOJIONYHa 6e3reKa, AaT4mku.
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