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ASSESSMENT OF THE DYNAMICS OF ENVIRONMENTAL CHANGES
IN EASTERN UKRAINE USING THE DATA OF THE EARTH SPACE MONITORING

Abstract. The main pollution factors that influence the change in the ecological state of the eastern territories of Ukraine
bordering with occupied are analyzed. The dynamics of changes in the level of concentration of pollutants due to flooding of
mines, river pollution and rupture of shells has been revealed. The use of the Monte Carlo method at the stage of mathematical
modeling is justified to determine the trend of changes in the ecological state of the monitoring object, based on which
cartographic pollution models are constructed. Preconditions are examined that demonstrate the need to develop a new method
for increasing the efficiency of decision-making in order to reduce the negative impact of changes in the ecosystems of border
regions as a result of the impact of hostilities. The possibility of solving the problem was investigated by the methods of
mathematical analysis, mathematical statistics, methods of cartography and GIS analysis. Visualization of research results is
presented in the form of cartographic models in accordance with different levels of concentration of pollutants.
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Introduction

The military conflict in Eastern Ukraine has led to
an increase in the concentration of pollutants in the soil,
negative impact on the landscapes of surface and ground
waters, vegetation and wildlife. The risks of accidents
at industrial enterprises and infrastructure facilities that
impair the quality of life and health of people have
increased significantly. Conflicts that occur in
industrially developed territories with a large number of
environmentally hazardous enterprises, such as the
territories of Donetsk and Luhansk regions, are
especially dangerous for the environment.

As a priori information about the state of the
environment in Eastern Ukraine received from official
sources is limited, there arises need for additional
complex assessment of the caused damage based on
data provided by available information sources which
allowed to form a vision of potential environmental
impacts resulting from the conflict in the Donbas, and
data from space monitoring of the Earth.

Thus, it is important to build cartographic models
of pollution with visualization of results of the forecast
modeling of their further distribution in the analyzed
territory [1].

It should be noted that improving the efficiency of
decision-making in order to prevent negative changes in
the environmental condition of border areas due to
military operations is possible only through a joint
analysis of the factors that have the maximum impact on
the change in the state of monitoring objects and
determining the dynamics of changes in the level of
pollutants concentration as a result of mines flooding,
river pollution and shell explosions [2].

1. The research objective.
Justification for choosing a modeling method

There are many methods for analyzing monitoring
results to assess the risks of emergencies due to changes in
the environmental state of the observed territories. In the
conditions of uncertainty caused by insufficient a priori
information, there comes need to create a database of

indirect thematic features. To do this, in accordance with
each deciphering feature of the object must be supplied
with attribute information on the specifics of the terrain and
the results of hydro-geological studies, statistics, and other
results of contact measurements. The result is quantitative
assessment that determines the characteristics of each
parameter (radiation contamination, flooding, methane
emissions, soil contamination, water contamination,
chemical contamination, debris contamination and inverted
soil) in the form of graphs, diagrams and intermediate
cartographic models.

Well-known scientific methods for describing and
studying mass phenomena that allow (quantitative)
numerical expression are usually used to evaluate such
data sets. First of all, this applies to statistical modeling
methods based on random variables (RB). The main
difference between these methods is how to get data
arrays, i.e. initial generation conditions. The main focus
should be on analyzing the sensitivity of the initial data.

The initial data for modeling the degree of possible
contamination of the studied territory depending on the
change in the values of the initial data parameter vector
are the results of applying the historical analogy method
to obtain variable estimates of each of the indicators of
all statistically possible pollution. For the initial
processing of statistical material, as a rule, it is enough
to use mathematical models of pollution, which are
based on classical methods of probability theory and
mathematical statistics. For mathematical modeling,
different methods can be used that differ in the ways of
generating sequences of initial data and the degree of
their processing, as well as the subject area of
application. However, when choosing methods, one
needs to define clearly the specifics of the source data
and the level of processing. For example, when using
the  Wang-Landau algorithm, which is an
implementation of the entropic modeling method and is
intended for calculating the density of the state of
systems, it is necessary to take into consideration the
fact that the generated random variables are
interconnected by the law of entropy. Since we are
talking about open systems that are capable of self-
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healing, that is, subject to the laws of synergetics, the
concept of entropy takes on a slightly different meaning.
First of all, this applies to the initial estimation of the
values of the pollution parameter vector, when they are
not interrelated. In this case, using the Wang-Landau
algorithm for modeling environmental pollution at the
primary stage, when the range of possible changes in
each of the parameters is estimated, regardless of the
degree of combinatorial influence of other factors, is not
appropriate. It will be optimal to use it at another stage.
In particular, we are talking about identifying the
tendency of its further changes or determining the
forecast horizon. In this case, the results of primary
processing with the establishment of their relationship
when changing the degree of influence on each other
can be used as the initial data. It should be noted that
since all further operations involve working with
interval estimates obtained at the previous stage, it is
recommended to use fuzzy set methods [3].

Using another widely used algorithm, Sampling,
involves manipulating the initial sample of RV with a
known modeling goal. Given the lack of complete data on
the current state of environmental pollution, this method
can only be used if there is a complete set of a priori data
about the object of research. Having conducted similar
analysis of other classical approaches to determining the
level of pollution from environmental monitoring data, it
was concluded that the Monte Carlo method is most
appropriate. This method makes it possible to maximize
the value of the data used in the model at all stages of
processing, regardless of the degree of correlation
between them. At the same time, the construction of the
model begins with the definition of functional
dependencies in a real open system. The result of this
method is solutions determined on the basis of calculated
quantitative indicators using the methods of probability
theory and mathematical statistics in modeling.

Table 1- Deciphering features of belligerent landscapes

2. Assessment of the dynamics of changes
in the economic condition of territories
based on a comprehensive analysis
of contact, statistical and remote data

Assessment of changes in the environmental status
of the Eastern Ukrainian border areas over the past five
years requires a significant amount of initial contact
data, which is not available in the non-controlled
territory. Monitoring the contamination of territories
caused by the military conflict requires systematic
sampling of soil, air, and water from surface and
underground sources on both sides. Unfortunately,
systematic observations are only possible in the border
area in the controlled Ukrainian territory. The lack of a
priori information requires the use of Earth remote
sensing (ERS) data.

According to the ERS data, it is possible to
localize and identify potential sources of pollution and
assess the extent of their impact on the ecological state
of territories. Therefore, the combination of incomplete
contact data with aerospace survey will allow to identify
dangerous processes in ecosystems [4].

The presence of anthropogenic impact on
landscapes associated with military actions is a feature
of the analysis of aerospace imagery for these
territories. For independent Ukraine, the belligerent
(military) landscapes that have been formed in recent
years are new, and require a more in-depth study of the
extent of their impact on the environment. A belligerent
landscape should be understood as a technogenic
landscape formed as a result of military actions. These
include the crater from the shell explosions, trenches,
caponiers, etc.

Localization of belligerent landscapes in the East
of Ukraine was carried out by determining their
deciphering features (Table 1).

Belliterative land-

scape (example) Space image example

Direct decryption features

Indirect decryption
features

1

2

3

4

Funnels from
explosions of large-
caliber shells
(Saur-Mogila
district, Donetsk
region, 07/16/2014)

Crater funnels
(Saur-Mogila
district, Donetsk
region, 07/02/2014)

Rounded shape, clear contour, light
gray photon predominates, dark gray
in the center, total diameter 17-22 m,

no shadows are observed. (the dark
gray photon of the surrounding field

is associated with its burnout after
the explosion of shells)

As a rule, form significant
chaotic clusters; can be
located in any landscape.

Funnels from
explosions of small-
caliber shells
(Saur-Mogila
district, Donetsk
region 07/16/2014)

Rounded shape, clear contour,
concentric-zonal structure: dark gray
photon in the center, light gray at the

edges total diameter 10-13 m,

diameter of the central part 5-7 m.
There are no shadows

As a rule, form significant
chaotic clusters; can be
located in any landscape.
Similar to mounds, but differ
in photon (color), size and
texture.

Rounded shape, clear contour,
concentric-zonal structure: dark gray
photon in the center, light gray at the

edges
total diameter 6-11m, diameter of the
central part 4-6m. There are no
shadows

Often are more common than
funnels from larger calibers
(space image from
08/15/2014)
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1

3 4

Traces of the
movement of
military equipment
(Saur-Mogila
district, Donetsk
region 08/15/2014)

Linear, sinuous shapes with a clear
outline, photon light gray (usually
lighter than the surrounding
landscape), chaotic linear, chaotic

banded texture The width of the strip
There are no shadows depends on the type of
military equipment

Traces of the movement of
military equipment do not
coincide with the main
directions of the movement
of agricultural machinery.

System of trenches

and dugouts
(District of

Sanzharovka,
temporarily

uncontrolled territory

of Ukraine
05/06/2017)

The trench system has the shape of a
broken line with clear contours. The
parapet has a light gray photon, and
the trench bottom is dark gray.
Dugouts are located at the places
where trenches are interrupted, or at
their ends, may have small
embankments. Lined, mesh texture

A characteristic specific
pattern in the form of broken
lines with branches

3. Mathematical simulation by the
Monte Carlo method. Integration
of heterogeneous multi-hour monitoring data

When forming a sample of initial data obtained as
a result of the Earth space monitoring, an additional
analysis of space images obtained by various survey
systems was carried out. As a result, it was determined
that the data obtained from the Landsat-7.8 and
Sentinel-2 satellites provide sufficient decision-making
accuracy to solve the problem. It can be explained by
the fact that the satellite images obtained by this survey
equipment are sufficiently informative, shareware, and
contain the necessary amount of metadata [6].

In the Monte Carlo simulation of various levels of
possible contamination and, as a consequence, the
negative aftermaths caused by them, discrete random
values were obtained, calculated using the formula:

Xz(xl Xy oo Xy ), (1)
Pr P2 - Pn

where X — discrete value; x; —values of the i-th

1
variables; p; — probability.

In this case, the implementation of this random
variable is considered to be the degree of contamination
in the area that is being studied, which can happen with
an equal probability.

The mathematical expectation M[X], which is
known to be one of the main numerical characteristics
of each random variable, was determined by the
classical formula:

MX]=>" xip; - )

The variance D[X] was also found with the use of
the classical known formula for determining the
numerical spread of the obtained values:

Table 2 — Results of mathematical simulation

px]=m|x? |-(M[x])". 3)

In order to obtain an integrated assessment of the
degree of contamination in the observed areas and to
jointly analyze the space monitoring data and statistical
data, the level of contamination concentration due to
mine flooding was also calculated. For this purpose, the
main sources of pollution were selected to be main
indicators, which are radiation pollution, flooding,
methane emissions, and soil pollution. For each
pollution indicator for the Monte Carlo method, M and
D are calculated using the formulas (2) and (3)
respectively. The results are presented in Table 1. As it
can be seen from the Table 1, all pollution parameters
can be divided by the degree of pollution into three
main groups — high, low and medium. Radiation
pollution has the largest spread. Indicators of flooding,
methane emissions, and soil pollution belong to the
medium group of pollutants [7].

There were also calculations made for
contamination of the ground as a result of shell
explosions caused by military operations. As it took place
with pollution that contributes to the flooding of mines,
because the lack of a priori data, mathematical simulation
was performed using the Monte Carlo method and the
method of historical analysis. In this case, chemical
contamination, debris contamination, and inverted soil
were identified as main factors. For each pollution
indicator, M and D were calculated using the Monte
Carlo method by formulas (2) and (3), as in the previous
case. The results are presented in Table 1. According to
Table 1, the indicator of contamination of the turned-out
soil belongs to a high group of polluting factors, and
chemical pollution and debris pollution belong to
medium and low, respectively [8]. The results of
mathematical simulation are also presented in Table 2:

Radiation . Methane Soil conta- | Water conta- Chemical Debris Inverted
. . Flooding o .. RN .. .. .
contamination emissions mination mination contamination | contamination soil
M 0,47 0,49 0,48 0,44 0,62 0,36 0,43 0,58
D 0,1 0,04 0,09 0,05 0,07 0,06 0,02 0,1
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Analysis of the results presented in the table shows
that the most dangerous types of pollution are water
pollution due to mines flooding and inverted soil due to
shell explosions.

According to the quantitative estimates obtained
from the modeling, three main groups of pollution were
formed — low, medium and high, which are shown in
Fig. 1.
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Fig. 1. Comprehensive assessment of contamination levels based on simulation results

As Fig. 1 shows, the largest indicators are water
and soil contamination. From this we can conclude that
water contamination due to the flooding of mines and
turned-out soil due to the shells explosions are the most
dangerous contamination factors in the territory of
Eastern Ukraine. Based on the results of joint analysis

of simulation results, analysis of data obtained from
open sources of information and space monitoring data,
a forecast cartographic model for estimating the level of
pollution due to flooding of mines and a forecast
cartographic model of contamination caused by shell
explosion was constructed (Fig. 2, 3).
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Fig. 2. Forecast cartographic model
of contamination caused by mine flooding

As one can see in Fig. 2, water contamination has
the largest coverage area, which is caused by the larger
M(X) of this indicator, whereas radiation contamination
has the smallest distribution on the territory of Eastern
Ukraine. Fig. 3 shows the D (X) of pollution parameters
such as inverted soil, debris contamination, and
chemical contamination. According to the cartographic
model, one can conclude that chemical contamination,
resulted from debris contamination, has the highest
dispersion indicators for each point of shell explosions.

The analysis of the constructed models allows us
to come up with the conclusion that a large number of

Fig. 3. Forecast cartographic model
of contamination caused by shell explosions

polluting substances enter the rivers of the region due to
the conduct of combat operations, disruption of
enterprises working, and hydrological engineering
structures.

In this regard, there appears need for additional
environmental monitoring of the border areas of Eastern
Ukraine in order to clarify assessments of the current
state of the rivers in the frontline zone and determine
how pollutants tend to spread to neighboring territories
[9].

To analyze and build a cartographic model of
pollution trends in rivers in the frontline zone of Eastern
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Ukraine, tabular data on average annual concentrations
of pollutants are used [10].

In the article the sulphate contamination is
considered. To do this, we use data from the water
intake in the Volchya River, the channel of which
passes through Donetsk, where pollutants enter.

The value of the content of the relative maximum
permissible concentration (MPC) of sulphates at the
initial point of water intake is known. Its excess value is
0.32 in relation to the MPC. According to the map of
river flows, the volume of water for section V) is
12 m*/s. The Mokri Yali River flows into the Volchya
river, where V> = 6 m*/s, C, = 0,1. The calculation of the
water volume at the confluence with the river is
calculated by the formula:

Ve =V +V, =18m’/s (4)

Next, we calculate the volume of the mixed
substance in the resulting volume of water using the
formula:

C,=(N-C+Vy-Cy)[Vs =0,247. (5)

Calculations for the next river that flows into the
Kamenka River, where V;=5m’s, and C;=0,3 in
relation to the MPC.

The final water volume — 23 m?/s, the sulphate
content C,,= 0,19 in relation to the MPC.

To sum up, the pollution of the rivers of the
adjacent area to the border areas showed a decrease in
the number of pollutants depending on the territory of
hostilities.

Based on  the  calculated  quantitative
characteristics, a cartographic model of the trend of
river contamination development is constructed (Fig. 4).

Judging by Fig. 4 we can conclude that the degree
of contamination of the Volchya River has the highest
contamination index in the segment after the confluence
of the Mokri Yaly, which is caused by summing
contaminations of all rivers [11].

Conclusion

The analysis of the simulation results using the
proposed algorithm for assessing the current
environmental status of border areas showed that there
was a sharp increase in the concentration of pollutants
not only in soil, ground waters, but also in water surface
objects.

Cartographic model of river pollution trends
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Fig. 4. Cartographic model of river pollution trends

These changes are directly connected with the
beginning of the armed conflict in Eastern Ukraine.

The results of studies of the dynamics of changes
in environmental pollution indicators over the entire
time series allow wus to conclude that water
contamination caused by mines flooding has the greatest
impact on the ecological state, as well as soil that was
inverted by shell explosions.

A comparative analysis of indicators that
characterize the pollution of the area adjacent to the
occupied territories showed a decrease in the number of
pollutants depending on the distance from the territory
of the joint forces operation.

However, this process can be regarded as
temporary. The forecast cartographic model, which is
based on the Monte Carlo method, shows that there is a
tendency of worsening of the environmental condition
of adjacent territories and, as a result, all types of
pollution will spread to "conditionally clean" areas of
the territory, with all the negative consequences that
follow.

To improve the accuracy of estimates of the
current environmental state of monitoring objects and
the construction of forecast models, a more complete set
of data is necessary.

In conditions of uncertainty caused by insufficient
quantity of objective information, the method presented
in the article should be adapted to each object that is
observed separately by using interval estimates while
building logical-algebraic models.

REFERENCES

1. Yushchuk, A., Loik, I. and Yurtzaba Y. (2017), ”Assessment of potential environmental risks as a result of an anti-terrorist
operation”, Organization for Security and Cooperation in Europe, p p. 45-51.

2. Gurevich, 1B., Zhuravlev, Yu.l. and Smetanin, Yu.G. (1999), “Construction of image algebras based on a descriptive
approach”, Reports of the 9-th All-Russian Conference "Mathematical Methods of Pattern Recognition", Moscow, pp. 33-36.

3. Scientific portal "Pollution year map" (2019), available to: http:/texty.org.ua/water/

4. Bondar, O.I., Bairak, O.M. and Baranovskaya, V.E. (2016), National report on the state of the environment in Ukraine in

2014, Kyiv, pp. 52-85.

5. Maksimenko, E.A., Morozova, L.O., Alpatova, A.A., Gubanov, V.Y., Fastov, O.0. and Pogorelova, G.V. (2016), Regional
report on the state of the environment in Lugansk region in 2016, Severodonetsk, 184 p.

6. Zhebrivsky P.1. (2017), Ecological passport of Donetsk region for 2016, 202 p.

7. Akhmadiev, F.G., Gabbasov, F.G., Ermolaeva, L.B. and Malanichev 1.V. (2017), Numerical methods. Examples and tasks.
Tutorial for the courses "Informatics" and "Computational Mathematics", KSASU, Kazan, 40 p.

8. Butenko, O.S. (2008), “Analysis of the possibility of predicting the spread of anomalies from space monitoring data”,

Information Processing Systems, No. 5 (72), pp. 38-44.

134




ISSN 2522-9052 CyuacHi indopmaniiini cucremu. 2020. T. 4, Ne 1

9. Butenko, O.S. (2008), “A mechanism for constructing a short-term forecast based on a priori data”, Control, navigation and
communication systems, Central Research Institute of Navigation and Management, Issue 3 (7), Kyiv, pp. 37-40.

10. Al Khalili, A.M. (2002), “Classification of beligigerative landscapes of the north west r. r. Jordan”, Bulletin of the Voronezh
State University. Series: Geography. Geoecology, No. 1, pp. 59-64, available to: https://rucont.ru/efd/513820

11. Yakovlev, E.A., Yermakov, V.M.and Ulitsky O.A. (2012), “The environmental consequences of flooding of the Yunkom
mine nuclear explosion chamber (Central Donbass)”, Mineral resources of Ukraine, No. 1, pp. 38-44.

Hapniitmna (received) 12.12.2019
IpuitasaTa no npyky (accepted for publication) 29.01.2020

B1IOMOCTI ITPO ABTOPIB / ABOUT THE AUTHORS

Byrenko OJjbra CraniciaBiBHa — IOKTOp TEXHIYHHX Hayk, npodecop, npodecop kadenpu reoindpopMalifHuX TEXHOIOTIH Ta
KOCMIYHOT0 MOHITOpUHTY 3emiti, Hamionansauit aepokocmivnmii yHiBepentet iM. M. €. JKykoBebkoro «XAly», Xapkis, YkpaiHa;
Olga Butenko — doctor of Technical Sciences, professor, professor of the Department of Geoinformation technologies and
space monitoring of the Earth, National aerospace university named Zhukovsky “KHAI”, Kharkiv, Ukraine;
e-mail: OS-B@ukr.net; ORCID ID: http://orcid.org/0000-0001-9486-8633.

I'opeaik Cranicias IropoBuY — KaHIMAaT TEXHIYHUX HAyK, JOLEHT, 3aBilyBau Kadeapu reoiHpopMaliiHUX TEXHOJIOTIH Ta
KOCMIYHOT0 MOHITOpUHTY 3emiti, Hamionansauii aepokocmivnmii yHiBepentet iM. M. €. JKykoBcebkoro «XAly», Xapkis, YkpaiHa;
Stanislav Gorelik — Candidate of Technical Sciences, Associate Professor, Head of the Department of Geoinformation
technologies and space monitoring of the Earth, National aerospace university named Zhukovsky “KHAI”, Kharkiv, Ukraine;
e-mail: s.horelik@khai.edu; ORCID ID: http://orcid.org/0000-0002-3640-2787.

Tomumii AHHa — acnipanTka Kadenpu reoiHpOpMaliiHUX TEXHOJOrid Ta KOCMI4HOro MoHiTOopuHry 3emii, HaiioHambHumii
aepokocMiunmi yHiBepeuTeT iM. M. €. JXKykoBcepkoro «XAl», Xapkis, YkpaiHa;
Anna Topchiy — graduate student of the Department of Geoinformation technologies and space monitoring of the Earth,
National aerospace university named Zhukovsky “KHAI”, Kharkiv, Ukraine;
e-mail: annatop4y@gmail.com; ORCID ID: http://orcid.org/0000-0003-0448-4543.

Bpukagenko Tersina — Toprosuii npeacraBHuk uist Cxignoi €sporn, BCI Aerospace, Tyiysa, ®panmist;
Tetyana Bryzhachenko — Sales representative for Eastern Europe, advanced business events — BCI Aerospace, Toulouse,
France;
e-mail: tbryzhachenko@advbe.com; ORCID ID: http://orcid.org/0000-0002-0459-2061.

Ouninka JMHAMIKH 3MiH €KO0JIOTIYHOr0 CTAHY CXiIHAX TEPUTOPiii YKpainu
3 BHKOPHCTAaHHAM JaHAX KOCMi9YHOr0 MOHITOPHHTY 3eMJIi

O. C. Byrenko, C. L. I'openik, A. Tormuui, T. Bpmkxauenko

Anotanisi. IIpoaHanizoBaHO OCHOBHI (akTopu 3a0pyAHEHHs, L0 BIUIMBAIOTh HAa 3MiHY EKOJOTIYHOTO CTaHy
NPUKOPJOHHHUX 3 OKYIOBaHMMM CXIJIHUX TepUTOpi YkpaiHu. BusiBieHo nuHamika 3MiH piBHS KOHILEHTpaLii 3a0pyIHIOIUUX
PEYOBHH uepe3 MiATOIUICHHS IIAxT, 3a0pyAHEHHS PidoK i po3puBy cHapsaaiB. OOIPyHTOBaHO BHKOPUCTaHHS MeTony MoHTe-
Kapiio Ha erani MareMaTHYHOrO MOJIEIIIOBAHHS JUIS BU3HAUCHHS TEH/CHIIT 3MiH €KOJIOTIYHOrO CTaHy 00'€KTa MOHITOPHHTY, 3a
pe3yabTaTaMu SIKoro modynoBaHi kaprorpadiunai Mopeni 3a0pyaHeHb. PO3IIISTHYTO HepeayMoBH, IO MOKa3ylTh HEOOXiTHICTh
PO3pOOKH HOBOrO METONY IiJBHILCHHS ONEPATHBHOCTI NPUHHATTS pIllleHb JUIS 3HIKCHHS HEraTHBHOI'O BIUIMBY 3MiH B
€KOCHCTeMaX MPUKOPAOHHHUX 00IacTell B CIIJCTBI BIUIMBY MPOBEACHUX 00MOBUX Mii. J{OC/IiIPKEHO MOXIIMBICTD JUIsl BUPIIICHHS
IIOCTABJICHOI'0 3aBJIaHHA METOJAMM MaTeMAaTHYHOrO aHalli3y, MaTeMaTHYHOI CTAaTHCTHKH, MeTonamu kaprorpadii ta I'IC -
aHai3y. Bizyani3alist pe3yabTartiB JOCIiIKeHb IPeCTaBlIeHa Y BUIIIAAL KapTorpadidHiX Mozesei BiAMOBIJHO 10 Pi3HOTO PiBHSA
KOHLICHTpaLil 3a0pyIHIOI0UUX PEYOBUH.

KawuoBi ciroBa: mapamerpu; eKooris; 3a0pyIHEHHs; AMHAMIKa; JaHi; METOIH.

Onenka TMHAMAKHA M3MEHEHHI YK0JIOTHYeCKOr0 COCTOSITHUSI BOCTOYHBIX TEPPHTOPHIA Y KPAHHBI
¢ MCII0JIb30BAHHEM JAHHBIX KOCMHY€CKOr0 MOHUTOPHHTA 3eMJIn

O. C. byrenko, C. U. I'openuk, A. Tomuuii, T. Bpsixauenko

AHHOTAUMSA. HpOB.HaJ'[I/ISI/IpOBaHBI OCHOBHBLIC q)aKTOpLI 3arpsi3HCHUs, BJIMAIOIINE HAa HM3MCHCHUC SKOJIOIMYECKOro
COCTOsIHUA TIPUTPAHUYHBIX C OKKYIIMPOBAHHBIMH BOCTOYHBIMH TEPPUTOPUIMU YKpaI/IHBI. Brissiena JUHaAMHKa M3MEHCHUI
KOHLCHTpAalMKU 3arpsA3HAOIINX BCUICCTB H3-3a IIOATOIUVICHHUSA IHAXT, 3arpsA3HEHUS PEK W pa3pbiBa CHapsA0B. OO60CHOBAaHO
HUCIIOJIb30BAHUE METOJa MOHTe-KapJ'[O Ha 3Tane MareéMaTH4YCCKOIro MOACIMPOBAHUS I ONPEACICHUS TCHACHINN M3MEHCHHI
9KOJIOTHYECKOI'0 COCTOSIHUSL 00BEKTa MOHHUTOpHHI'A, II0 pe3yiabTaTaM KOTOPOr'o ITOCTPOCHBI KapTOFpa(i)I/IquKI/Ie MOACIIN
3anﬂ3HeHHﬁ. PaCCMOTpeHHBIe TNPEANOCHIIKN  ITOKAa3bIBAXOT HeO6XOZ[I/IMOCTI> pa3pa60Tl<H HOBOIo MCETOJZA ITOBBIIICHUA
OIIEPAaTUBHOCTU IPUHATUA peHleHPII’I JJIs1 CHHOKCHHS HEIaTHUBHOI'O BJIMSHHS W3MEHEHU B 9KOCHCTEMaX IpUrpaHUYHbIX oOJjacrei
BCJICACTBUE BIIMAHUSA ITPOBEIACHHBIX 00€eBBIX I[eﬁCTBPIﬁ. I/ICCJ'ICZ[OBaHa BO3MOXHOCTb JUIsl PCIICHUA ITOCTABJICHHOMN 3aa4uun
METOAaMH MaTEMaTHYCCKOI'O aHajiu3a, MaTreMaTH4eCcKon CTaTUCTHUKHU, METOdaMU KapTorpa(bI/m u I'YC - ananmza. BHSyaJ'[I/ISaLII/IH
Pe3yiIbTaTOB HCCHeﬂOBaHHﬁ InpeacraBjicHa B BHUIC KapTOFpa(l)I/I‘-IeCKI/IX MOI[eHeﬁ B COOTBETCTBMM C PAa3HbIM YPOBHEM
KOHICHTpalUU 3arpA3HAIONINX BCIICCTB.

KawueBble cioBa: IapaMEeTpbl; SKOJIOr'vs; 3arpA3HCHUE; JUHAMUKaA; TaHHbIC; METO/BI.
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