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Abstract

The purpose of thestudy, theresults of which are described in thisarticle, isto obtain numerical characteristics of the time trends of pollution of the
main objects of water resources of Sumy region by industrial enterprises, objects of housingand communal services, as well o bjects of agro-industrial
complex, for environmental monitoring as basics of indirect assessment of the industrial potential of the region. The object of the study isthe ecological
status of surface waters of Sumy region as an indicator of its industrial potential. The subject of the study is the time trends in the quantitative
characteristics of theresearch object. The study analyzes the scientific, technical and reference literatureon methods of environmental monitoring of
urbanized regions with significant industrial, agro-technical potential of developed countries ofthe world. Using GIS technologies, the distribution of
the main hydrosphere objects, their pollutants, potential sites of theirmonitoring in Sumy region was analyzed and maps were constructed. Based on the
chemical analysis of water samples, the average pollution levels of these water bodies were obtained. A statistical analysis of the time trends of these
indicators over the past 10 years was performed using the Holt-Winters method. Indicators of significance of theobtained numerical characteristics of
time trends indicate the accuracy of the forecasting results. According to theresults ofsuch analysis, an indirect estimation of the time trends of the
industrial potential of the indicated region was made. T hus, theapproachto forecasting long-termtrends in theecological status of surface waters as part
of the environmental monitoring of a regionwith a high degree of industrial and agricultural development based on GIS techno logies and the Holt-
Winters method has been further developed. Theobtained quantitative and qualitative characteristics of timetrends of ecological status of surface waters
are suitable for indirect estimation of trends of industrial development status of the administrative-territorial unit of the state. The analysis of the
obtained data showed that the industrial potential of Sumy region during the indicated period tends to decrease, however, there was a slight increase in
the pollution of some rivers by some types of pollutants, which may be explained by the re-profiling of the polluting enterprises.

Key words: surface waters, Holt-Winters method, environmental monitoring, significance, time trend, pollutants, industrial potential.

Relevance of the study and analysis of literature.

To obtain a comprehensive picture of the current
ecological status of sufficiently large administrative and
territorial units of industrialized countries of the world,
in particular Ukraine, even with the gradual decline of
industrial potential, environmental monitoring is used.
The main component of such monitoring is the process
of obtaining the necessary raw data (eg, the results of
the analysis of surface water samples). One of the main
monitoring functions is to predict the development of an
ecological state based on, for example, the use of
statistical and mathematical methods, in particular the
Holt-Winters method [1].

It is a well-known fact that the level of industrial
potential that determines the level of household
consumption in urban systems is closely linked to the
indicators of the level of environmental safety [2, 3]
major environmental components, including
hydrosphere objects. It is also well known that some
urban areas, apart from advanced industrial production
and high population density, have a strong agro-
technical potential. At the same time, all environmental
components - hydrosphere, atmosphere and lithosphere
- are adversely affected by all of the above sources.

Although significant atmospheric pollution causes a
very rapid response in the form of deterioration of the
state of health of the population and spreads with the
highest speed, and soil contamination - on the contrary,
a long enough effect, which also has the lowest speed of
diffusion of water, the effect of which is noticeable
already on a macro scale and spreads at a moderate
speed, is a priority for such regions of Ukraine as Sumy
region in the absence of technical emergencies, genetic
and natural disasters.

Therefore, it can be assumed that the assessment of
trends in the industrial potential of a region may be
based on the results of environmental monitoring of the
recipients of pollution from such industrial sites. [5, 6].

Thus, to the deep conviction of the authors of the
study, the above and substantiated theme of this study is
relevant, has the features of scientific novelty, and its
results are suitable for further practical use in the field
of environmental protection technologies.

The above arguments for substantiating the
relevance of the topic of this study are further supported
by the data presented in the papers [7, 8], the authors of
which propose approaches to the construction and
implementation of an environmental safety management
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system for pollution of the environment component by
energy installations. In the works [9, 10] researchers
have focused their attention on ensuring the
environmental safety of solid waste management. At the
same time, equally important issues in ensuring
environmental safety are the question of the reliability
of sewage treatment plants, in particular the fight
against corrosion [11]. Such studies are not possible
without a detailed study of the characteristics of the
chemical and component composition of surface waters
[12, 13], and their results may underlie the methodology
of environmental risk assessment [14], on the basis of
which eventually it becomes possible to develop
appropriate regulations, methodologies and regulatory
documents [15].

Purpose of the study. Obtaining numerical
characteristics of the time trends of the contamination of
the main objects of water resources of Sumy region by
industrial enterprises, objects of housing and communal
services, as well as objects of agro-industrial complex,
for environmental monitoring as a basis for indirect
assessment of the industrial potential of the region.

Object of the study. Ecological status of surface
waters of Sumy region as an indicator of its industrial
potential.

Subject of the study. Time trends in the quantitative
characteristics of the study object.

Methods of the study. Analysis of scientific and
technical and reference literature, chemical analysis of
water samples, construction of maps using GIS
technologies, statistical analysis of measurement data,
Holt-Winters method.

Tasks of the study.

1. Analysis of scientific and technical and reference
literature on the subject of research.

2. Determination of the distribution of major water
bodies, major man-made pollutants and water sampling
sites in the territory of the region.

3. Obtaining a set of raw data for the study by
sampling water and chemical analysis.

4. Obtaining averaged pollution of the studied water
bodies.

5. Obtaining numerical characteristics of the time
trends of pollution of the studied water bodies by the
method of Holt-Winters.

Scientific nowlty. The approach to forecasting
long-term trends in the ecological status of surface
waters as part of the ecological monitoring of a region
with a high degree of industrial and agricultural
development based on GIS technologies and the Holt-
Winters method has been further developed.

Practical value. The obtained quantitative and
qualitative characteristics of time trends of ecological
status of surface waters are suitable for indirect
estimation of trends of the state of industrial
development of the administrative-territorial unit of the
state.

1. Determination of the distribution of major
water bodies, major man-made pollutants and water
sampling sites in the territory of the region

Sumy region is located in the northeast of Ukraine.
The total area is 23.8 thousand kn?. In the area there are
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18 administrative districts, 15 cities (of them 7 -
regional subordination: Sumy, Konotop, Shostka,
Okhtyrka, Hlukhiv, Romny, Lebedin), 20urban
settlements, 1455 rural settlements. The population is
close 1.1 million.

The main source of water supply in the Sumy region
is groundwater of the Dnieper-Donetsk artesian basin
and surface waters of the Dnipro basin within the basins
of four tributaries: the rivers Desna, Sula, Psla, Vorskla.

The rivers of the region serve as a source of
technical water supply for industrial enterprises in
different cities of the region, as well as irrigation of
garden plots of horticultural societies and lands of
agricultural enterprises. 165 rivers with length over 10
km each pertaining to the Dnieper basin flow through
the region. The largest of them: the river Desna with the
tributary of the Seimas, Vorskla, Sula, Psel, Khorol.
Their valleys are quite wide (up to 20 km on the Psel
River, up to 14 km on the Sula River), with a steep
relatively high (30 — 50 m, often 70 — 80 m) right slope
and a gentle low (10 — 20 m) — left. There are more than
500 lakes in Sumy region. Almost all of them are in
river valleys — in floodplains of rivers on low alluvial
terraces. The vast majority of lakes in the area are small
in area of water surface — up to 10 ha. The total area of
the water mirror of the lakes of the region is about 2.04
thousand hectares, and the volume of water is about 25
million m3 [16].

In addition, one should not overlook the fact that all
the hydrosphere objects of the region are a source of
irrigation for agricultural lands, which mostly consist of
black earth, that is, a particularly valuable asset of the
national economy. Among the agricultural land in the
Sumy region there are: nature conservation land — 176.
6 thousand hectares, hayfields and pastures — 447. 2
thousand hectares, land of water fund — 30.9 thousand
hectares, land of health purpose 0.1 thousand hectares,
land of recreational purpose 0.3 thousand hectares,
lands of historical and cultural purpose — 3.4 thousand
hectares, forests — 460.9 hectares [17].

Pollution of water objects of the region is connected
with the sphere of agricultural activity ambiguous,
namely the quality of irrigation water directly affects the
quality of products, and the degree of use of chemical
agents (fertilizers, herbicides, pesticides, etc.) in its
cultivation affects the quality of groundwater, which
feed the surface water objects of the area.

The territory of the region has a large number of
industrial sites operating in various industries. In doing
so, they have a negative impact on all components of
the environment with a wide range of pollutants and
harmful factors. This study is devoted to the analysis of
such influence.

Given the relatively high population density, as well
as the saturation and density of distribution of the
territory of the region by habitats (cities, towns,
villages), it can also be assumed that the level of load on
environmental components of the products of life
(sewage, landfill, emissions of gaseous substances) is
also significant.

The distribution and nomenclature of water bodies
and urban areas of the Sumy region are shown in
Figure 1, constructed using ArcGIS software. The
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information in this figure confirms and illustrates the
above considerations regarding the characteristics of
hydrosphere objects, land and residential development
in the region.

2.Obtaining a set of raw data for the study by
sampling water and chemical analysis

The authors carried out a comprehensive
experimental and calculated study on the monitoring of
the ecological status of the main objects of the
hydrosphere of Sumy region, taking into account the
peculiarities of its industrial potential. The experimental
part of the study consisted of obtaining water samples
from the largest waterways of the region at locations
adjacent to the locations of enterprises and receiving
wastewater and return water discharges. The obtained
samples were subjected to chemical analysis to
determine the composition of the main contaminant
components in them. The calculation part of the study
was to use the mathematical apparatus of statistical
functions to forecast the temporal trends of
environmental performance of water bodies in the
period 2008 — 2017, namely the Holt-Winters method.

— Rivers [l PGT [ ] Village
- Cities D Area borders
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The distribution of the main pollutants of water
bodies in the territory of the region is shown in Figure 2,
which shows that such objects are large in number and
are located primarily in the regional and district centers
and for most water bodies, in particular rivers,
distributed approximately evenly along its channel.
Also, the figure shows that in places that have
watersheds (for example, near Krolevets, Glukhiv,
Putivl, and partially Romny), the level of saturation by
enterprises-pollutants  with corresponding spillway
structures is lower than in other territories of the region.

Information on pollutant parameters is given in
Table 1.

The necessary baseline data were obtained from the
results of laboratory testing of water samples from
major water bodies of Sumy region. The distribution of
these objects in the territory of the region is shown in
Figure 3.

Figure 3 shows that the nomenclature, the number
and the geography of sampling sites cover the territory
of the oblast broadly enough and agree well on the
distribution of the main pollutants by them, thus
ensuring the adequacy of the obtained picture to the
actual state of affairs.

C0017935 07 105 14
e " 10 mcter's

Figure 1 — Distribution and nomenclature of water bodies and urban areas of Sumy region
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Figure 2 — Distribution of the main pollutants of water bodies in the territory of the region
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Figure 3 — Distribution of water sampling sites across the Sumy region
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Polluted return water is
removed, thousand m?

Pollutant

Name of water users of the region / Name of the Previous Current - 3
Ne | water intake/ place of discharge from themouth of year year Concentration, mg/dm
the river, km Title Factual / maximum permissible
NO/NDO | NO/NDO discharge / exceeding maximum
permissible discharge (times)
1 2 3 4 5 6
Sula River Basin
. . phosphates 40/35/1.1
1 Romensk VK Ne56, Perehrestivka village, _/211 _/21.2
’ Romensky district / Bobrick River, 9 km ' ' suspended 18.0/15.0 / 1.2
substances ' ' '
ammonia nitrogen 2087207104
2 CJSC "SBK", village of Plavinyshche, Romny _/18.7 _ /192 suzpl)t(ar:]tged 11703737
district / Sula River, 263 km substances 15.7/15.0/1.0
phosphates 3.8/35/7/1.1
suspended
3 The Stock-Service SE, _jm6 | —r8789 substances 16.4/15.0/1.1
: Ellips PE, Romny / Sula River, 257 km ’ ’ biological 0Xygen 152/150/1.1
consumptions ) ) '
Desna River Basin
ferum 0.14/0.1/1.4
Buryn Dairy Company LLC, Buryn / Bowl River, dry residue 632.2/600.0/1.1
1. -/414 -1/62.8
11 km suspended 15.9/15.0 /1.1
substances ) ) )
biological oxygen
consumptions 60.2/15.0/4.0
, | Shostkinska VC Ne 66, Gamaliyivka village, o651 | _r200 Spence 163.8/15.0/10.9
’ Shostka district / Shostka River, 25 km ' ' R T
chemica’l Oxygen 150.5/80.0 /1.9
consumption : : :
nitrates 3.372.071.7
phosphates 621730721
synthetic
surfactants 0.26/0.2/1.3
3. | Aquarius-BSLLC, Yampil town /IvotkaRiver, 33 /511 _ /565 nitrite 2.03/0.6/3.4
’ km ’ ’ ammonia nitrogen 10.7174.1672.6
ferum 0.36/0.3/1.2
biological oxygen
consumptions 18.8/15.0/1.3
biological oxygen
consumptions 103.2/15.0/1.3
chemical oxygen
4. | KP Midi-Budska Town Community of Sredina- 492 /- 533/ consumption 279.5/68.074.1
’ Buda / Bobrick River, 11 km ' ' ammonianitrogen 15.0/7.072.1
phosphates 10.3/7.0/15
suspended
substances 93.8/15.0/6.3
chemical oxygen
consumption 182.77/67.03 /2.7
Suspended 32.7/15.0/2.18
5. | KP "Vodokanal", Bilopillya / Vir River, 24 km —1149.3 —-1159.9
biological oxygen 50.0/15.0/2.18
consumptions : : :
phosphates 50.0/15.0/3.3
ammonia nitrogen 18.976.0/3.2
biological oxygen
consumptions 21.8/15.0/1.5
suspended
6. (issu\évg\ﬁvgcﬁyl Ié:)vnec;tolpl Kkm -1187.4 —-1198.0 substances 23.4/150/18
' ammonia nitrogen 10.1/8.071.3
synthetic
surfactants 0.044/0.03/1.5
7. VUVKG, Shostka / Shostka River, 16 km —[4137.8 | —74598.3 phosphates 6.87/3.0/2.3
Vorskla River Basin
suspended
substances 1717150711
TrostianetsCommunservice, biological oxygen 18/15.0/1.2
L Trostyanets town / Boromlya River, 8 km —/2096 | -/2101 consumptions
y ' ammonianitrogen 9.0/58/15
chemical 0Xygen
consumption 85.7/61.0/1.4
. nitrates 125/0.6/20.8
2 O@&ﬁrskkcheese-[;rg(l:(ehssmg p::g_nt PJGS(IB( Ros _ /780 _/8.0
’ tyrka town tyrka River, 6 km ' ' .
y y chlorides 237.5/120.0/2.0
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End of Table 1
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1 | 2 [ 3 4 5 6
Psel River Basin
ammonia nitrogen 555737715
. . Suspended 17.62/15.0/1.2
1. | KP "Miskvodokanal", Sumy / Psel River, 452 km | —/12444.4 | — /124756 SUTates ST 08T 7507 TT
biological oxygen
consumptions 12.08/12.0/1.01
phosphates 34573.579.8
sulfates 74.17/60.0/1.2
ammonia nitrogen 27.773.079.2
o o . , chemical 0Xygen
2 Housingand l{(t;]létl%ngR;}é?n}Zlgélﬁ%vodolynske» / 7200 _ /216 consumption 231.5/80.0/2.9
' ferum 0.4770.371.6
biological oxygen
consumptions 69.4/15.0/4.6
dry residue 1004.67900.071.1
suspended
substances 18.5/15.0/1.2
Builder LLC, biological oxygen 246/15.0/1.6
3. | Khotyntown, Sumy borough / Oleshnaya River, 26 11.4/- 11.8/- consumptions ' ' '
km phosphates T37TZ27TT1I
Tferum 031703711
ammonianitrogen 25477175715
proTogical 0Xygen 1202/8.0/15
4 Teploenergo LLC, /418 - consumptions ' -
’ Krasnopillya town / Serum River, 45 km ’ ammonia nitrogen 6.67/6.2/1.1
phosphates 6.76/6.2/1.1
suspended
substances 25.9/15.0/1.7
biological oxygen
. consumptions 87.4/15.0/5.8
FOP Shkarupa OV, Sad village, Sumy borough / ammonia nirogen I 9764720
5. | Sukhonosivka River (IIma), 5 km (Sumka River -1/30.9 —138.2 eRemical oXygen . . .
tributary) consumption 210.0/80.0/2.6
phosphates 95735727
sulfates 77.7760.071.3
ferum 0.48/0.3/1.6
Table 1 shows that the largest pollutants in terms of The following statistical function was

wastewater discharge, the degree of danger of pollutants
in the discharge and the value of exceeding the
maximum permissible discharge CJSC "SBK", p.
Plavinische, Romensky district, Shostka VK Ne 66, p.
Gamaliyivka, Shostkinskiy district, KP Housing and
Utility Company "Lipovodolyns'ke". Information about
other companies is evident from the table 1.

Therefore, in this study, a calculated analysis of the
trends of pollution of major major rivers of Sumy region
in the period from 2008 to 2017 is carried out, the
results of which are summarized in Table 2, which is an
integral part of environmental monitoring of pollution
recipients, which are the source of such industrial
objects [4] by statistical methods in order to evaluate the
tendency of development of industrial potential of a
given region. The mathematical apparatus for such
estimation is given in a previous study by [1] the
authors and is given below.

The statistical function of the time trend, calculated
by the least squares method as a coefficient, was used to
estimate the trends of the pollution indicators a1 (in
mg/(m3-year)) in the regression equation (1) with an
independent variable.

C=aq,+3-t, o)
where C — indicator that is predicted, mg/mé; t — time,

year; ao — free member of the regression equation,
mg/mé.

calculated to determine the significance of the time
trend of the contamination index:
a
f=—"1, @

01
where oy — error of sample estimation of coefficient

value a1, mg/(m3-year), which is determined by the
following formula:

ox} =—", (©)

where o, — standard regression error, mg/m®; Sy —
standard deviation of the variable t, year.

3. Obtaining aweraged indicator pollution of the
studied water bodies

The main results of the studies according to
formulas (1) — (3), averaged for large rivers by major
pollutants, are summarized in Table 2.

The data in the table shows that for the majority of
large water bodies of Sumy region there is a tendency of
reducing the level of pollution of the main harmful
substances, which are the source of industrial objects,
agricultural lands and household waste.

This follows from the negative values of the trend
indicator, which determines the direction and intensity
of the trends detected, and the acceptable values of the
significance indicator, which determines the level of
reliability of the calculated results obtained.
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Table 2 — Results of environmental monitoring

ISSN 2522-1892

Water object Variant Pollutant Trend | Significance \é\g?;g Variant Pollutant Trend | Significance
Psel River A phosphates -0.07 0.03 K suspended substances | -0.58 0.01
B suspended Znobov L . -
Khorol River substances 053 0.04 River ammonium 0.046 0.05
C 0, -0.23 0.025 M nitrates -0.31 0.01
b sulfates 486 | 0.007 N biological oxygen | 15 0.04
The river - lvotka consumpuons
Vorskla |E: chlorides —3._74 0.02 River g chlorides -0.8 0,.02
nitrite 0.004 0.01 nitrates -0.26 0.005
Vorsklitsa River G sulfates -2.54 0.04 Sgci)\%l:a Q nitrates -0.46 0.001
H suspended j - R ]
the stream of substances 0.67 0.02 theR%gpas sulfates 4.1 0.05
Znamenka | 0, 0.28 0.02 S ammonium 0.039 0.01
J nitrates -0.03 0.02
Variant
A B C€C D E F G H I J K L M N O P Q R S
1 st
0 a

<
T
0,07 II
0.23 [
I
|
|
T
T
0,004
|
|
T
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T
0,046 |
|
I
031 ]
03[
I
026 [
0.46 [

-0.67

[
1
1

-2,54

Time

trend -4 -

R |

-5

4,86

Figure 4 — Results of the calculation study. The value of time trends for all options
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Figure 5 — Results of the calculated study.
The importance of temporal trends for all options
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Figure 4 shows that water quality deterioration was
observed only at selected monitoring points, first of all,
on the Khorol River (248 km from the mouth). There
was a significant decrease in dissolved oxygen content.
Moreover, in 2017 it was well below the maximum
permissible concentrations. In the upper course of the
river (a formation 280 km from the mouth), this trend
was not observed. That is, we can only make a logical
conclusion that the deterioration of water quality in this
water body is caused by pollution in the territory of
Sumy region. However, this tendency is not related to
the growth of industry, but to an increase in pollution of
municipal wastewater, as indicated by the component
composition of the pollutants. Most likely, such
reduction of oxygen content is caused by pollution of
sewage by the enterprise of KPP Housing and Utilities
"Lipovodolinskoe", which operates and maintains
municipal wastewater treatment facilities of the village
of Lipova Dolina. Thus, according to the ecological
passport of Sumy region for 2017, there was a
significant excess of permissible concentrations of
organic substances (maximum permissible
concentration and biological consumption of oxygens),
ammonium nitrogen and phosphates. The last two
pollutants can enter the wastewater not from the
municipal wastewater treatment plant, but from the
rainwater and groundwater of farms where fertilizers,
pesticides and herbicides are used in large quantities.

Conclusions

1.The scientific and technical and reference
literature on the methods of ecological monitoring of
urban regions with significant industrial, agrotechnical
potential of developed countries is analyzed. It is
established that an indispensable component of the
monitoring is the analysis of the geographical features
of the sources of negative impact on the selected
component of the environment, the component itself -
the hydrosphere, and potential sites for monitoring
(sampling). It is also established that Sumy region is
such a region of our country, characterized by a
combination of significant industrial, agro-technical
potential with a sufficiently high population density and
construction. All of these components have interrelated
effects on the hydrosphere objects of the area.

2.GIS technologies determine the distribution of
major water bodies, major man-made pollutants and
water sampling sites throughout the oblast, illustrated as

ISSN 2522-1892

maps that clearly show the results of the literature
analysis.

3. A set of baseline data for the study was obtained
by sampling water at the control points of the main
waterways of the Sumy region, located in close
proximity to the most powerful pollutants and
performing their chemical analysis. It is established that
the largest pollutants of surface water objects of the
Sumy region by volume of wastewater discharge, by the
degree of danger of pollutants in the discharge and by
the value of exceeding the maximum permissible
concentration are JSC "SBK", p. Plavinische, Romny
district, Shostka VK Ne 66, p. Gamaliyivka, Shostkinsky
district, KP Housing and communal services
"Lipovodolinskoe".

4.By processing the received information on
indicators of ecological status of reservoirs of Sumy
region, average indicators of their pollution were
obtained. This information was used as input for further
statistical analysis.

5. The numerical characteristics of the time trends of
the pollution indicators of the studied water bodies of
the specified region over the past 10 years, as well as
the indicators of the significance of the obtained trends,
by the method of Holt-Winters were obtained.
Indicators of significance of the obtained numerical
characteristics of time trends indicate the accuracy of
the forecasting results. As a result of such analysis, an
indirect assessment of the time trends of the industrial
potential of the region is made. The analysis of the
obtained data showed that the industrial potential of
Sumy region during the indicated period tends to
decrease, however, there was a slight increase in the
pollution of some rivers by some types of pollutants,
which may be explained by the re-profiling of the
polluting enterprises.
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BpykB. B., KoBanenko C.A.

BIOCKOHAJIEHHS HIAXOAY 10 EKOJIOTTYHOI'O MOHITOPUHI'Y OBEKTIB I'IIPOC®EPU ITPOMUCJIOBO
PO 3BUHEHOI'O PECIO HY IIJISIXOM AHAJII3Y YACOBUX TEHAEHIIII IO KA3HUKIB TEXHO T'EHHO{ 3ABPYIHEHHOCTI
O BEPXHEBUXBO/JHA ITPUKJIAII C YMCBhKOi O BJIACTI

MeTor0 10 CIiDKCHHS, PE3yJIbTATU IKOTO ONUCAHI y JaHIH CTAaTTi, € OTPMMaHHS YUCEIbHUX XapaKTePUCTUK YaCOBHUX TCHJICHIII MOKa3HUKIB
3a0pyIHEHOCTI OCHOBHUX 00’ €KTiB BogHOTO (oHIy CyMCBHKOi 007aCTi MPOMHUCIOBUMHE MiANPHUEMCTBAMH, 00’ €KTaMH KUTIOBO -KOMYHaJIEHOTO
rOCI0JAPCTBA, @ TAKOXK 00 €KTaMH arpolpoMHCIIOBOT0 KOMITIEKCY , JUI 3A1HCHEHHS €KOJIOT {YHOr O MOHITOPHHI'Y SIK OCHOBH HETIPSIMOTO OLIIHIOBAHHS
MIPOMHUCIIOBOTO TMOTEHIiany perioHy. OO0’€KTOM NOCH/DKEHHS € €KOJOTiuHWi craH moBepxHeBHX BoJ CyMchKkoi 00NacTi SK MOKasHHKa il
IPOMMCIIOBOTO noTeHuiany. [IpeaMeTomM NOCHi/UKEHHS € 4acoBi TEHACHIIT KIIBKICHUX XapaKTepUCTHK 00’ €KTy NOCII/DKCHHS. Y NO0CIiDKeHHI
3MIHCHEHO aHaJi3 Hay KOBO-TEX HITHOT Ta IO BiIHUKOBO JIITEPaTypH II010 METOIB 3/1IHCHEHHS €KOJIOTIYHOTO MOHITOPUHTY ypOaHi30BaHUX PErioHIB 3i
3HaUHHM IIPOMHUCJIOBHM, arpOTEXHIYHUM MOTEHIIAIOM PO3BUHYTHX KpaiH cBiTy. 3a nonomoroto ['IC-TexHooTiH npoaHani3oBaHO PO3IOLII
OCHOBHUX 00’ €KTiB Timpocdepu, X 3a0pyIHIOBaYiB, MOTEHIIHHUX Miclb iX MOHITOpUHT'Y CyMCBKOi 007acTi Ta moOyAoBaHO BianoBigHI Mamu. Ha
OCHOBI JAHUX XIMITHOTO aHATI3y P00 BOJM OTPUMAHO yCepeIHEeH] ITOKa3HUKH 3a0pyAHEHOCTI IUX BOJHHUX 00’ €KTiB. 3MIHCHEHO CTATHCTHYHUH
aHall3 4YacOBUX TEHJCHIIH IUX MOKa3HHUKIB 3a octaHHi 10 pokiB MeTosoMm Xonbra-Bunrepca. [TokasHHKHA 3HAYUMOCTI OTPUMAHUX YUCIIOBUX
XapaKTepUCTHK YaCOBHMX TEHICHIIIH CBiMATh PO J0CTOBIPHICTH pE3yNIbTaTiB MPOTHO3YBaHHSL. 32 pe3ybTaTaMH TAaKOT0 aHaJi3y 3MiHCHEHO HempsMe
OIIIHIOBAHHS YaCOBHMX TEHJCHLII MIPOMMCIOBOTO MOTEHIIANy BKa3aHOTO perioHy. TakuMm 4uMHOM, HaOyB MOJAIBIIOrO PO3BUTKY MiJXiA 10
IIPOT'HO3YBaHH IOBrOTPMBAJMX TCHICHIIIH €KOJOTTMHOTO CTaHy HOBEPXHEBHUX BOJ SIK YaCTHHA €KOJIOTIYHOTO MOHITOPUHTY PETrioHY 3 BUCOKHM
CTYIIEHEM MPOMHUCIOBO-arpapHOTro po3BUTKy Ha ocHOBI I'IC-TexHosoriii ta meromy Xousbra-Buurepca. OTpumaHi KinbKicHI Ta sKicHI
XapaKTEePUCTUKH YaCOBHX TCHACHIIIH €KOJION IYHOTO CTaHy MOBEPX HEBUX BOJI IPHUAA THI YIS HENIPSIMOrO O LlIHFOBaHHS TCHICHILIH CTaHy TP OMHUCIIOBOTO
PO3BUTKY IHIIMX a[MiHICTPATHBHO -TEPUTO PiajIbHOI O IMHHUIII AepIKaBH. AHai3 O TPHMaHUX JAHUX [TOKA3aB, 10 MPOMHCIOBHH moTeHmian CyMcbKol
00macTi 3a BKa3aHuUii epioi Ma€e TCHACHIIIO 10 3HWKCHHSL, IPOTe 3apikcOBaHO HE3HAYHE ITIIBUILICHHS 320y AHCHOCTI ACIKUX PIYOK 32 OKPEMUMHU
BU/IAMU 3a0pyIHIOBAUiB, 10 MOKe OYTH MOsSCHEHE Nepenpo GimoBaHHIM HiIPUEMCTB-3a0 Py IHIOBAYiB.

KuiouoBi cioBa: nosepxHesi Boau, MeTo XoJbTa-BuHTepca, eKoIorivHuil MOHITOPHHT, 3HAUUMICTh, YaCOBa TEHACHLS, 3a0py IHIO0Y1

PEYOBHHH, TPOMHCIIOBHH MOTEHILIA.

Bpyk B. B., KoBanenko C. A.

COBEPIIEHCTBOBAHUEITIOAXO/JJA K 9KO JIOTHYEC KOMY MOHHUTO PUHI'Y OB BEKTO B I'MIPOC®EPBI
PO MBILLTEHHO PA3BUTBIX PETMO HOB ITYTEM AHAJIM3A BPEMEHHBIX TEHIEHI[U 11 10 KA3ATEJIER
TEXHO FEHHO 1 3ATPSI3HEHHOCTY ITOBEPXHOCTHBIX BO/I HA ITIPUMEPE C YMC KO OBJIACTU

Llenbto ucciieioBaHus, pe3y/IbTaThl KOTOPOI'O OIMCAHBI B JAHHOM CTaThe, SBIAETCS I10JyUYEHHE YMCIECHHBIX XapAKTEPUCTHUK BPEMEHHBIX
TeHACHLUH NTOKa3aTelel 3ar pA3HEeHHOCTU OCHOBHBIX 00beKTOB BOAHOTr 0 (hoxa CyMCKO# 006/1aCTH IIPOMBIIUIE HHBIMH P EMIPUSITHAMHU, 00BbEKTaMU
JKHJTIITHO -KOMMY HAJIbHOTO X 035IHCTBA, @ TAKKE 00BEKTaMH ar poIp OMBIIUIEHHOTO KOMIUIEKCa, sl OCYIECTBIEHHS KOOI H4€CKOTO MOHUTOPHHT A
KaK OCHOBBI KOCBEHHOTO OIIEHWBAHUS MPOMBIIIEHHOTO TMOTEHIMaNa pernoHa. O0BEKTOM HCCIIEZI0BAHUS SBISIETCS 3K OJTOTHYECKOE COCTOSIHUE
HOBEPXHOCTHBIX BOJ CyMckoi 00JacTH Kak IOKasaTells ee MPOMBIIUIEHHOr0 NoTeHuuana. IIpeaMeroM uccieoBaHuUs SBISETCSl BpEMEHHbIE
TEHJIEHIIUM KOJIMYECTBEHHBIX XapaKTePUCTUK 00beKTa UcClieoBaHusA. B nccneoBaHuu MpoBe/IeH aHaIM3 HayYHO -TEXHHUECKOH M CTIIpaBOYHOMH
JIUTEPATyPhl 10 METOJIAM OCYLIECTBICHHS IKOJIOTMYECKOT0 MOHUTOPHUHIAa yPOAaHU3MPOBAHHBIX PETHOH OB CO 3HAYUTEIbHBIM MPOMBIIUIEHHBIM 1
arpoTeX HUYeCKUM OTEHIUATOM pa3BUThIX cTpaH Mupa. C nomouksto I'MC-TeXHonoruii npoaHam3upoBaHbl pacipeieleHe OCHOBHBIX 00BEKT OB
ruapocdepsl, UX 3arpsA3HUTENICH 1 MO TeHIMAILHBIX MECT X MOHUTOpHHTa CyMCKOH 00JIaCTH U TOCTPOCHBI COOTBETCTBYIoIMe KapThl. Ha ocHoBe
JIAHHBIX XMMHUYECKOT'0 aHalM3a NPoO BOJBI IOJIyueHbl YCPEJHEHHbIE I0KA3aTeIH 3arpsA3HEHHOCTH 3TUX BOJHBIX 00BEKTOB. OCyIlIECTBIIEH
CTAaTHUCTHYECKUIT aHaIM3 BpEMEHHBIX TEHACHINI 3THX MOKa3aTenei 3a mocueaaune 10 net meronom Xomsra-BunaTtepca. [lokasaremm sHaunMocTH
HOJIy4EeHHBIX YHCIOBBIX XapPAKTEPUCTUK BPEMEHHBIX TEHICHLMI CBHJIETENLCTBYIOT O JOCTOBEPHOCTH Pe3y/bTaTOB Nporuosuposanus. Ilo
pe3yJIbTaTaM TaKOTO aHaJIM3a OCy IECTBIEHO KOCBEHHOE OLIEHHBAHHE BPEMEHHBIX TEHIEHIIMI NP OMBILLIEHHOT 0 HOTEHIINANA yKA3aHHOTO PErHoHa.
Takum 06pasoM, NOJyuM] JalbHeiillee pa3BUTHE MOJXOJ K IPOIHO3UPOBAHMIO JOJIIOCPOUHBIX TEHACHLHUH JKOJOIHYECKOIO COCTOSHHUS
HOBEPXHOCTHBIX BOJ KAK YaCTh SKOJIOTHYECKOT O MOHUTOPHHIA PETHOHA C BLICOKOH CTENEHBIO TP OMBIIUIEHHO-ar pApHOr o pa3Butus Ha ocHose I'MC-
TexHoJIoruit 1 Metosa XoibTa-Bunrepca. [TomyyeHHbIe KOMYECTBEHHBIC M Ka4ECTBEHHBIE X aPAKTEPUCTUKY BP EMEHHBIX TEHICHIM T 9KOJIOr NI €CKOTO
COCTOSIHMSl MOBEPXHOCTHBIX BOJ HPUrOJHBI Uil KOCBEHHOI'O OLEHMBAHHUsA TEHACHLHUH COCTOSHHUA INPOMBIIUIEHHOTO DPa3BUTUS JPYIHX
aJMUHHCTPATHBHO-TEPPUTOP MAJTbHON €IMHUIIBI TOCYAapCTBA. AHANN3 MOTYyYEHHBIX JAHHBIX MMOKA3all, 4TO MPOMBIIUICHHBIH noTeHnman CyMckoit
001acTH 33 yKa3aHHbII IEPHO UMEET TeHICHLNIO K CHH)KEHUIO, 0 THAKO 3a(UKCHPOBAHO HE3HAYUTEIILHOE IO BBIILEHNE 3ar PA3HEHHO CTH HEKOTOPBIX
PEK 0 OT/ENbHBIM BHJAM 3arPsI3HUTENEH, 9TO MOKET OBITh 0OBSICHEHO MEepenpopUIMPOBaHNEM NP €ANPHUATHIA -3aTPA3HUTETICH.
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