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ENVIRONMENTAL GEO-INFORMATIONAL MONITORING SYSTEM
FOR THE CIVIL AND FIRE SAFETY SERVICES OF UKRAINE

(MpedcmaeneHo 4YneHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npogh. C.A. Buxeoro)

Background. The purpose of the work is the development of a new ecological and geo-informational system for monitoring
emergency situations, which allows quick predicting the consequences of various natural and man-made hazards at the stage of
preventing their occurrence. This applies to possible cases of destruction on territories where there is a threat of flooding and, ac-
cordingly, the protection of coasts, structures, roads on mountain slopes, bridges, tunnels and dams built on soils with certain geo-
logical and geophysical characteristics, as well as the occurrence and spread of fires and pollution of air, water and soil with harmful
substances associated with them.

Methods. To implement the methods, available and purchased licensed software is used, creating convenient algorithms for
solving practical tasks of civil protection. Information processing based on the used software packages that allow quickly processing
large amounts of information, reducing the level of poor processing and data distortion.

Results. An ecological and geo-informational monitoring system has been developed, designed to ensure the coordination of
actions of civil and fire protection services in order to increase the efficiency of responding to emergency situations of natural and man-
made origin.

By conducting experiments, model results were obtained, which make possible to theoretically calculate and determine the critical
permissible stress-deformed states of the soil massif in the area of engineering structures, bridge structures, to warn about the possible
destruction of the massif due to excess stress and deformation under the action of loads.

Proposed localization of fire-hazardous zones based on satellite data. As part of the developed system for space monitoring of forest
fires, satellite information is used, in particular, the AVHRR radiometer of the Terra satellite. On its basis, a temperature map of the regions
of Ukraine was formed.

Conclusions. The geo-informational monitoring system was created to prevent the risks of emergency situations (including
the destruction of slopes, fires, etc.) using software products, creating databases for mapping potentially dangerous objects. Its applica-
tion will make it possible to assess the consequences of possible emergency situations of a natural and man-made nature and minimize
their negative impact on the environment.

The developed geo-information system can be used to coordinate the actions of civil and fire protection services, as well as increase
the efficiency of emergency and rescue measures.

Keywords: geo-information system, natural and man-made hazards, stress-deformed state of soils, fire protection technologies.

Background

An updating and improving environmental geo-
information monitoring system to prevent emergencies of a
natural and man-made nature has always been one of the
priority and promising global trends. Taking into account the
current military realities of our country, where the number of
emergency situations of various natures is steadily
increasing, the use of environmental and geo-information
monitoring systems by the civil protection services of
Ukraine today is strategically expedient.

The practical value of the planned results of the project
for the economy and society will consist in increasing the

level of safety of citizens in the field of civil defence and fire
safety by using the geo-information monitoring system to
solve existing environmental problems.

For the development of the technological base in the civil
defence units of Ukraine, it is necessary to improve software
products and monitoring systems that ensure the
preservation and exchange of cartographic,
hydrogeological, geophysical and other data necessary for
making management decisions during forecasting and
responding to emergency situations. Such monitoring
should include an assessment of the effectiveness of
emergency and rescue measures, and should be involved in
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setting problems for the development and improvement of
software products and technologies for their operation
(Vyzhva, Vynnychenko, & Kendzera, 2008; Doltsinis, 2018;
Starodub, & Havrys, 2018; Starodub et al., 2020).

To ensure reliable data exchange and the use of
software methods and tools, in particular, the development
and improvement of the geo-informational monitoring
system, applied mathematical modelling forecast of natural
and man-made dangerous threats is necessary, which
together makes possible to increase the promptness of
response and the effectiveness of eliminating dangerous
situations. Taking this into account, there is a need to
develop software methods and algorithms that, based on the
use of field observations, will ensure the prediction of the
consequences of emergency situations, including fires in the
early stages of their discovery.

An important component of a state policy in the field of
national security of any country is the protection of the
population, industrial facilities, and national wealth from fires
and their consequences. According to the monitoring report
of the International Association of Fire and Rescue Services,
in recent years in many countries of the world, including
Ukraine, there has been a tendency towards the increase in
the number of fires. This is due to a significant increase in
temperatures, in particular in Ukraine, where the fire hazard
situation is increasing due to global warming, which is
especially noticeable in the summer months. This
phenomenon can be seen on satellite images received at
the Centre for Receiving and Processing Special
Information and Control of the Navigation Field. Hence the
need for satellite surveillance and monitoring of dangerous
regions, especially in places where it is important to provide
fire protection is necessary. The authors have previously
carried out modelling and visualization of fires in space and
time based on the method of spatial location of fire-
hazardous zones (Havrys et al., 2023).

According to statistical data, more than 60,000 fires occur
annually in Ukraine, as a result of which up to 5,000 people
die and are injured, and direct and indirect material losses
amount to tens of billions of dollars. Another reason for such
dynamics is the rapid growth of industrial production and the
use of polymer materials in various spheres of life. However,
the safe use of epoxy polymers is possible only if the serious
disadvantages inherent in these materials are eliminated,
among which the main one is their significant fire hazard.

The creation of modern fire-resistant materials based on
modified epoxy-amine composites allows solving the
problem of fire protection of objects and structures to some
extent. Therefore, the issue of creating a scientific basis for
the development of a rational technology for obtaining metal-
coordinated epoxy-amine composites with reduced fire
hazard and predicting the behaviour of polymer materials
based on them in fire conditions is extremely relevant
(Lavrenyuk, Hamerton, & Mykhalichko, 2018; Lavrenyuk,
Mykhalichko, & Parhomenko, 2019b; Lavrenyuk et al., 2020;
Kochubei, Mykhalichko, & Lavrenyuk, 2022).

Another no less important task of the civil protection
services is the ability to quickly assess the emergency
condition of the object. Namely, in cases related to stresses
and deformations of bridges, viaducts, sliding slopes of river
banks, dams, etc., which may cause accidents. For this, it is
important to determine the geological and geophysical
parameters of the objects, in particular the available
geometric and geophysical characteristics (Starodub,
Havrys, & Kozionova, 2023a).

From the description of the current state of the problem,
the goal and tasks of the project described in the article,
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consist in the creation of an ecological and geo-informational
monitoring complex (system) necessary to ensure reliable
data exchange using software methods and tools, in
particular, applied mathematical modelling for predicting the
danger of natural and man-made hazardous objects, which
will collectively increase the assessment of the results of
operational rescue work.

Methods

Analysis and forecasting of emergency situations are
carried out for prompt decision-making methods.

The development of a methodology to prevent the risks of
environmental emergencies by the problems of civil protection
in objects and on a national scale was carried out with
hierarchical and relational access to information obtained.

The method includes the development of a new geo-
information system that quickly predicts the consequences
of natural and man-made emergencies at the stage of
preventing their occurrence. It relates to possible cases of
destruction in areas where a flooding threat is and requires
protection of shores, constructions, roads on mountain
slopes, built bridges, tunnels, and dams on soils with their
geological and geophysical characteristics, as well as
pollution of air, water, and soils by hazardous substances,
and fires occurrence, etc.

In the process of the method implementation, existing
and purchased licensed software (the main things are
ArcGIS, ENVI, COMSOL programs) are used, and the
necessary scripts are developed to use in software
packages) to create convenient algorithms and solve
practical problems of civil protection services.

In the case of developing layers of a geo-information
system, the unique links between the data are expressed in
separate layers, and in the case of supplementing such links by
calling separate procedures, such layers represent the user
interface. During the interactive procedure the interface
moderator fills in the layers of connections between databases.

The geo-information system is created to prevent risks
of emergencies (including origination of fires) using software
products, in particular, the creation of databases for
mapping high-risk objects, potentially dangerous objects,
and water reservoirs serving as an aid in rapid response.
This will contribute to the creation of orientation atlases
using GPS receivers, route planning, control, track analysis,
measurement, and calculations, as well as representation
by users of the operational environment.

Results

Geoinformation system for monitoring initiated.
Previously, the authors proposed to create map layers by
different users using the ARCGIS map editor specially
designed scripts and the use of existing maps (Starodub et
al., 2023c). The developments are based on the algorithm
of data processing of remote sensing of the Earth using a
set of software packages ARCGIS, ENVI, own development
of scripts using the algorithmic language Python and
programs for the packages used to process monitoring data
and predict the consequences of natural and man-made
emergencies.

The digital terrain model SRTM (Shuttle Radar
Topography Mission) is used. The digital model of the relief
is obtained by radar topographic survey of the earth's
surface. The model of the territory of Ukraine is selected
based on data from the official CGIAR-CSI website. Terrain
database digital data — the conversion of radar data into a
digital terrain model are used based on CGIAR data.

On the website of the EarthExplorer, the organization
USGS "U.S. Geological Survey" available for download are
hypsometric data in ArcGIS format. In the process of
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searching for data high-altitude data is allocated to the
contours of the Ukrainian border, resulting in the SRTM
model, which is presented in the database: the USGS site
selects the area where it is possible to download data, to
expand the list "Digital Elevation" and the SRTM terrain
selected. The parts to be downloaded are selected and the
necessary data is downloaded. The boundaries of regions,
districts, endangered areas and other objects are obtained by
creating a digital map in accordance with the technological
scheme of creating digital maps based on raster maps.

To perform the described technology, the following
sequence was followed: running routines (ArcMap, Catalog
window), creating a folder to place the future map, copying
data from a previously created DataBase folder to a folder
with a future map. DataBase, which contains all the
necessary and available information, makes the necessary
signatures on the map (objects, symbols, indicate the scale,
directions of the world of the study area) and saves (prints)
information file with a map of the model of ecological and
geophysical state of the territory.

Digital models of engineering structures are used.
The trend in the world is to solve problems related to
emergencies at engineering facilities in the field of civil
protection. At the same time, the task of civil protection
services is to quickly assess the emergency condition of the
facility. An important cause of accidents is the stress-strain
state of the object. In such cases, which relate to stresses
and strains concerning bridges, viaducts, landslide slopes of
mountains and river banks, and dams, determination of the
geological and geophysical parameters of objects, in
particular, the existing geometric geophysical characteristics
are important. Personal computers for calculating possible
deformations and stresses in them are important (Starodub
et al., 2018). The calculations are based on the theory and
methodology of complex interpretation of geophysical
monitoring data of dangerous geological and geophysical
processes and modeling of objects by the finite element
method. The approach comprises the model discretization
of objects into separate rather small elements-particles in
which deformations and stresses are modeled in element
interaction. Digital models assess the endangered condition
of objects (Lu et al., 2020; Moravej et al., 2019).

Thus, for a physical body consisting of particles with a
given density, Young's modulus, Poisson's ratio; values of
specific adhesion in the soil, the angle of internal friction,
modeling in the environment depending on the influence of
externally applied force on the object for the used Drucker-
Prager model (Doltsinis, 2018) the state of the object is
described as an equation finite element method:

KU =R,
where K is the stiffness matrix of the object, U is the vector
of generalized displacement, R is the vector loads on the
simulated object.

By conducting numerical experiments, model results are
obtained, which makes it possible to theoretically calculate
and determine the critical allowable stress-strain states of
the soil mass in the vicinity of engineering structures, bridge
structures, to prevent the destruction of the massif due to
excess stresses and deformations under the action of loads.

An emergency situation for a soil massif with certain
predetermined physical-mechanical characteristics is
investigated, analyzed, localized and prevented (see fig. 1).

Information processing based on the above mentioned
software packages makes it possible to quickly process
large amounts of information, and reduce the level of poor
processing and distortion of data.
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The project analyzes methodological support of
geological information systems, uses empirical research
methods: predicting the possible consequences of floods
and forecasting the spread of fires in the open and during
man-made accidents, and as a consequence pollution due
to emissions of hazardous substances and more.

As a result, the application of the proposed approach
reduces the possible consequences of emergencies in the
practical tasks of civil defense units.

Geoinformation technologies for fire risk
assessment. Data are analysed and correlated for seismic
(including fires associated with the destruction of buildings
and gas pipelines) and explosive hazard areas where
construction sites associated with natural and man-made
hazards, including forest plantations, are located, which can
cause fires to start and spread. Relevant research is carried
out to eliminate the risk of fires in seismically hazardous
areas with a special geological structure. The maps take into
account the fact that seismic activity in Ukraine is mainly
observed in the Carpathian and Crimean-Black Sea regions.
Seismic microzoning maps are used at the design stage of
important engineering structures, especially those that
cause great damage to the environment in abnormal
situations. In this case, the maps show an increase in the
seismicity of certain areas relative to the normative values
for this territory. The increase can be positive or negative,
and the sign and magnitude of the increase depend on local
conditions: the composition and strength of sedimentary
rocks, topography, and the presence of tectonic faults.
Geological-seismic microzoning is the final stage of complex
studies of the territory. Data from engineering geological
studies, instrumental observations of seismic fields of
earthquakes, data from macroseismic surveys of the
consequences of earthquakes, explosions, natural and
man-made microseisms are used to construct complete
maps. The results of the works are mapped on a scale of
1:10000 — 1:25000. In the presence of engineering and
geological conditions that are hostile in terms of increasing
the seismicity of the territory, the intensity values may
exceed the background values.

Any fires detected, immediately fire prevention
measures need to be taken. In this case, the parameters of
the fire must be determined very accurately, as separate
centres of ignition are not considered fires. In the process of
monitoring, the specifics of eliminating fires in small areas
are determined by the promptness of detecting fire centres
and taking priority measures to extinguish them.

The fires are monitored by means of satellites,
unmanned aerial vehicles (UAVs) and instrumental ground-
based methods. In particular, the seismicity of the territory
of Ukraine and methods for detecting and assessing forest
fires using data from artificial Earth satellites are described
in (Starodub et al., 2023b; Svyrydenko, Babich, &
Shvidenko, 1999). Due to the use of satellite monitoring to
study the fire situation in the regions, the smallest fire area
that can be detected by satellite means ranges from 20 to
30 hectares with a delay from 4 to 20 hours. In practice, for
effective forest firefighting, the detected fire area should be
less than 1 hectare, and the fire area at the time of
extinguishing should be no more than 5 hectares, which is
achieved by processing reports from observation posts and
available instrument observations. At the same time,
satellite information is used for space-based monitoring of
forest fires, in particular, the AVHRR radiometer of the Terra
satellite. Further, the results are obtained using UAVs and
ground-based instruments.
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Fig. 1. An example of simulation of the stress-strain state at the pressure effect of 5:10* N-m= on the ground:
left column — deformation, right column — stress with the same scale in horizontal and vertical directions

Fire risk areas localization using satellite data
proposed. The Terra satellite's 5"-channel AVHRR
radiometer is used to perform space-based monitoring of
forest fires. The methodology for determining fires is based
on the use of radiation estimation for the 39, 4t 5% channels
of the AVHRR radiometer, while fires are determined by the
maximum value of energy registered by the 3™ channel of
the radiometer. Smoke from fires is determined by the
1st and 2" channels of the radiometer. For more accurate
identification of fires, threshold algorithms are used, which
make it possible to determine the radiation temperature
based on the data of the 3rd and 4th channels. As a result,
a temperature map of Ukraine was obtained (fig. 2)
(Starodub et al., 2013).

An analysis of temperature zones in Ukraine shows that
the risks of fires in seismically active areas are increasing,
resulting in a much higher incidence of forest fires. Due to
the high anthropogenic load, prevention of fire spread,
organization of fire extinguishing and elimination of their
consequences within the forest fund is carried out in
accordance with the procedure established by the State
Committee of Forestry of Ukraine. Detection of forest fires
within the forest fund is carried out through a set of
measures. These include the presence of ground-based
observation points (towers, posts, structures suitable for
monitoring), patrolling of territories by forestry and fire
protection units, and organization of interaction between
ground and aviation services.

In order to reduce material losses and preserve non-
renewable forest resources, as well as to prevent the
destruction of infrastructure facilities and structures due to
the spread of fires, monitoring of the possibility of fires in
such areas should be carried out on an ongoing basis.
Therefore, in the process of localizing fires, an important
factor is to take into account the rate of flame spread, which
was obtained as a result of experimental and model studies
and presented in the form of a nomogram to determine the
number of forces and means required to overcome the
consequences of fires.

Thus, the developed geographic information system for
monitoring emergencies allows civil and fire services to
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promptly inform about fires in natural ecosystems and at
civilian facilities and buildings.

Preparation technology of composite materials with
reduced combustibility. In order to minimize the negative
consequences of emergencies, civilian and fire departments
must use all the possibilities of protecting civilian objects
from fire in the performance of real tasks. In this regard, the
development of fire-retardant polymer composites should be
considered as an engineered protection means that will
reliably guarantee fire safety of civilian facilities and
structures from the aggressive effects of flame.

To prevent the occurrence and spread of fires, metal-
coordinated epoxy-amine composites with reduced fire risk
have been developed. In addition, based on the obtained
flame-retardant composite, a unique technology of fire
protection of wood has been created, and wood sawdust
(WS) composite material with reduced combustibility has
been made.

The samples of flame retardant composites with reduced
combustibility have been obtained (the direct interaction of
appropriate anhydrous inorganic salt of CuSiFe with the
curing agent of epoxy resins — polyethylenepolyamine
(PEPA) and a binding agent — bisphenol A diglycidyl ether
(DGEBA) (Lavrenyuk Parhomenko, & Mykhalichko, 2019a)).
To obtain a functional composite material from wood
sawdust (WS) with reduced combustibility
(WS/DGEBA/PEPA-CuUSIFs), pre-dried pine sawdust is
added to a previously prepared mixture of DGEBA, PEPA
and CuSiFs. For comparison, the original composites
without a flame retardant (DGEBA/PEPA and
WS/DGEBA/PEPA) were prepared by mixing the
appropriate ingredients (see Table 1).

In addition, the developed flame-retardant composite
(DGEBA/PEPA-CuSIFs) was applied to the surface of wood,
and the fire-protective properties of this coating were tested.

The fire hazard of the obtained epoxy-polymer and
wood-sawdust composite materials was assessed by
flammability, that is, by the ability of the materials to burn
and spread flames. The results of experimental
measurements of fire hazard indicators confirm that
samples containing 66 parts by mass of CuSiF6 are more
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resistant to burning — they can burn only when exposed to
an open flame and stop burning immediately after the flame
is removed (fig. 3).
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After the tests, it can be stated that the samples of
DGEBA/PEPA-CuSIiF6(66), as well as the developed wood-
sawdust composite material WS/DGEBA/PEPA-CuUSIF6,
belong to the highest fire resistance category — VP-0.
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Fig. 2. Temperature map of Ukraine modelled according to satellite data from NOAA-16 on 2012, August 7
Table 1
Stoichiometry of flame-retardant composite materials
Composite Ingredients (mass p.)
DGEBA PEPA CusSiFs ws
DGEBA/PEPA 100 12 - -
BAIPEPA-CuSiFg 100 12 66 -
WS/DGEBA/PEPA 100 12 - 20
WS/DGEBA/PEPA-CuSIFg 100 12 66 20

Fig. 3'. The sample of the DGEBA/PEPA-CuSIF; after combustibility testing

Discussion and conclusions

The used environmental and geo-informational monitor-
ing system allows to quickly identify and develop measures
to eliminate natural and man-made emergencies even at the
stage of their prevention. Existing and purchased licensed
software was used to develop the monitoring system, which
made it possible to create convenient algorithms for effec-
tively solving practical tasks of the civil and fire-rescue ser-
vices of Ukraine.

The ecological and geo-informational monitoring system
should include the accounting of natural hazards and man-
made loads, which will facilitate the statistical processing of
data on emergency situations and fires, modeling of emer-
gency situations in dangerous areas, as well as the study of
processes of flooding, emissions and discharges of pollu-
tants, etc. This will increase informativeness, efficiency, re-
liability and, as a result, the effectiveness of decision-making
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for the elimination and prevention of threats of a natural and
man-made nature.

To prevent the occurrence and spread of fires, special
products based on metal-coordinated epoxy-amine compo-
sites and a unique wood fire protection technology have been
developed, which can be used to protect infrastructure objects
and structures from the aggressive influence of flames.

The developed geo-information system was tested in the
Kyiv, Lviv, lvano-Frankivsk, Transcarpathian regions for the
coordination of the actions of civil and fire protection ser-
vices and showed an increase in the effectiveness of emer-
gency and rescue measures when using this technique.

In the future, it is planned to produce maps for the State
Emergency Situations with the help of ARCGIS, ENVI,
COMSOL, PYTHON software. The developed and tested
geo-informational monitoring system will be transferred to the
regions of Ukraine for use by the State Emergency Service.
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JbBiBCLKMI AepXaBHUI YHIBepCUTET 6e3neKn XUTTERiANbHOCTI, JIbBIB, YKkpaiHa
2KuiBCcbKuit HauioHanbLHWI yHiBepcuTeT imeHi Tapaca LUesueHka, Kuie, YkpaiHa

SHaykoBo-gocnigHUM iIHCTUTYT NuBapHOro BUpo6HUUTBA, Kpakis, Monbiwa

“lHcTUTYT reodpiamnkm im. C. . Cy660TiHa, Kuis, Ykpaina

EKOHOFO-FEOIHCIJOPMALIIIZHA CUCTEMWU MOHITOPUHI'Y
Ana cnyxs UMBIIbHOI TA NOXEXHOI BE3MNEKU YKPAIHU

BcTtyn. Memot pobomu € po3pobka Hogoi ekosio20-2eoiHghopmayiliHoi cucmemu MOHImMopuHay Had3euyaliHux cumyauil, sika 0ae 3mMo2y
ornepamugHo Npo2HO3yeamu HacliOKu Pi3HUX MPUPOOHUX i MexHo2eHHUX Hebe3nek Ha emani 3anobizaHHs1 iX 8UHUKHEHHIO. Lje cmocyembcsi MOX-
nueux eunadkie pyliHyeaHHs1 Ha mepumopisix, de icHye 3az2po3a nidmonneHHs i, eidnoeidHo, 3axucmy 6epezie, ciopyd, dopie Ha 2ipcbKuXx cxunax,
mocmie, myHenie i 0amb, no6ydosaHux Ha I'pyHmMax 3 NeeHUMU 2€0/1020-2e0hi3UYHUMU XapaKkmepucmuKamu, @ MaKo)X 8UHUKHEHHST i MOWUPEHHs
rnoxex i nos'si3aHo20 3 HUMU 3a6pyAHeHHs1 noeimpsi, 00U i PyHMy WKiONUUMU pe4yosUHaMu.
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Me Toawn. Ans peanizayii Memody eukopucmosyemncsi HasieHe ma npudbaHe sniyeH3iliHe npozpamHe 3abe3rneYyeHHsl, CIMBOPEHHS 3PYyYHUX
anzopummie Ons eupiweHHs1 NpakMuYHUX 3aefaHb YueinbHo20 3axucmy. O6pobka iHghopmayii Ha OCHoei euKOpuCMaHuUX NPo2pamMHuUX nakemie dae
3Moey weudko onpaybo8yeamu eesiuki o6csi2u iHghopmayii, 3MeHwumMu pieeHb HesiKicHOi 06pPO6KU ma criomeopeHHs1 0aHux.

Pe3synbTaTtu. Po3pobneHo ekonozo-2eoiHghopMayiliHy cucmemy MOHIMOPUH2Y, NPU3Ha4YeHy Onsi 3abe3ne4yeHHs1 KOOPOUHauii Oili cryx6
yueinbHO20 Mma NMoXeXHo20 3axucmy 3 Memoto nideuweHHs1 egpeKmueHocmi peacyeaHHs1 Ha Had3eu4aliHi cumyauii npPupodHo20 ma mexHo2eHHO20
MOXOO)KEeHHS.

Llinsixom npoeedeHHs1 eKcriepuMeHmie ompumaHo ModenbHi pe3ynbmamu, wo 0aromb 3MO2y Meopemu4HO po3paxyeamu ma eusHaqyumu Kpu-
muyHo donycmumi HanpyxeHo-deghopmMosaHi cmaHu macuegy rpyHmy e pailioHi iHXeHepHuUx cropyd, MOcmosux cropyd, nornepedumu rpo MoxJsuee
pyliHyeaHHs1 Macugy 8Hac1i00K nepeeuweHHs1 Hanpyau i deghopmauii nid dieto HaeaHMaKeHb.

3anponoHoegaHo s1oKanizayiro noxexoHebe3ne4yHuUx 30H 3a CynymHUKosuMu daHUMU. Y pamkax po3pob6reHoi cucmemu 0711 KOCMiYHO20 MOHi-
mopuHzay Jlicoeux Moxex eUKOpucmMosyembcsl cynymHukoea iHgpopmauyisi, 3okpema padiomemp AVHRR cynymHuka Terra. Ha it ocHoei cghopmoeaHo
memnepamypHy Kapmy pezioHie YkpaiHu.

B u cHoBku. leoiHghopmauyilina cucmema MOHIMOpUH2y cmeopeHa 3 Memoto 3arnobicaHHs1 pu3ukaM 8UHUKHEHHS1 Had3eu4aliHux cumyauili
(y momy 4qucni pyliHyeaHHsI cxurie, BUHUKHEHHS MOXeX Mouj0) 3 UKOPUCMaHHSIM NMpoapaMHux npodykKmie, cmeopeHHs1 6a3 daHux Ons kapmozpa-
¢byeaHHs nomeHuiliHo He6e3ne4yHux 06'ekmis. Ii 3acmocyeaHHs doszgonums oyiHumu Hacnidku Moxnueux HadzeuqaliHux cumyauill MPuUPodHo20
ma mexHo2eHHO20 xapakmepy ma MiHiMi3yeamu ix HeeamueHuli ennue Ha AoeKinnsi.

Po3po6neHa 2eoiHghopmauyiliHa cucmema Moxe 6ymu eukopucmaHa Onsi koopAuHayii 0ili cnyx6 yueinbHOI ma NMo)XeXXHOI OXOPOHU, a MaKoX
nidsuweHHs1 egpekmueHocmi asapiliHo-psimyeanbHuUX 3axodie.

Kniwo4yoBi cnoBa: 2eoiHgpopmayiliHa cucmema MOHIimopuHay, nNpupodHi i mexHo2eHHi Hebe3neKu, HanpyxeHo-deghopmosaHuli cmaH
rpyHmie, mexHorsoezii eoeHe3axucmy.

ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Bpanu yyacTi B po3pobneHHi OCHiMKeHHs; y 360pi, aHanisi un
iHTepnpeTaLii AaHVX; y HaNUCaHHi pyKonucy; B pilleHHi Npo nybrnikaLito pe3ynbTaris.
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