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REGULARITY OF EFFECTS OF CLIMATIC CHANGES ON QUALITY
INDICATORS OF SURFACE WATER OF THE DNIESTER BASIN

Purpose. To substantiate the regularities of the influence of climate change on the quality indicators of surface
waters of the Dniester basin taking into account the influence of waste water of the oil and gas enterprise.

Methodology. The ecological assessment of the quality of surface waters affected by the discharge of waste water
from the oil and gas enterprise of the Carpathian region was carried out by determining the integrated index of water
objects quality potential. The statistical processing of the database of hydrochemical monitoring of surface water bod-
ies of the Svicha river basin for the period of 2006—2015, databases of the meteorological data from the Dolyna me-
teorological station was conducted and followed by mathematical modeling and regression analysis using MatLab,
TableCurve 2D programs.

Findings. The analysis of the state of hydroecosystems where the waste water was discharged was carried out.
A three-dimensional model of air temperature changes in the Dolyna district in Ivano-Frankivsk region during
2006—2015 was obtained. Correlation-regression dependence of qualitative indicators of surface water taking into ac-
count climatic changes was established. As a result of the conducted research the authors obtained the following re-
sults: the dependences found for the Precarpathian rivers of the upper Dniester basin prove the hypothesis: within the
range of average annual temperatures of reservoirs (§—11°C) and their increase by 1—2 °C during the last ten years
with maintaining the trend in the future: global increase in the average annual air temperature leads to the intensifica-
tion of the processes of self-cleaning of reservoirs. The indicator of biochemical oxygen consumption (BODs) was
increasing at this time. The conducted regression analysis proves that there is a certain correlation between the qual-
ity of water on the basis of BODs and the long-term changes in air temperature. The greater the pollution of the water
object is, the more intense dependence gets.

Originality. For the first time the functional regularities of the change of the complex index of the quality potential
of water objects according to the change in the average monthly temperature of air on the basis of statistical analysis
were obtained. For the first time a connection between a separate indicator of the water quality of a natural reservoir
(on the example of BODjs) within the influence on the surface hydroecosystem of discharges of waste water from the
oil and gas enterprise and the global increase of the temperature was found.

Practical value. The results of the study can be used for determining the priority problems of surface water, for
further prediction of the impact of climate change on the water quality of the rivers Turianka, Sadzhava, Lushchava,
which are within the influence zone of the oil and gas industry enterprises, and will promote the development of sci-
entifically proved measures to ensure the environmental safety of surface water and prevention of emergency ecologi-
cal situations in the Carpathian region. The tendency of intensification of self-purification processes in surface water
bodies with increasing temperature will be the subject of our further more detailed research.
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Introduction. Every year there is a rapid growth in
anthropogenic activity associated with the development
of industry and the significant use of water resources.
Climate change, which has occurred in recent decades,
affects the water regime of the year of Ukraine, which
determines the expediency of taking certain measures to
preserve and restore water resources for water consump-
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tion and water use of the population. Today, the quality
of natural watercourses in the Carpathian region is dete-
riorating as a result of excessive water use and discharg-
ing insufficiently treated return water. As a result, there
appears pollution, clogging, depletion of water resourc-
es, degradation of river ecosystems. However, the qual-
ity of water is affected not only by anthropogenic load,
but also by natural conditions. The signing of the UN
Framework Convention on Climate Change by repre-
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sentatives of 175 countries suggests that climate change
is a significant threat to the environment and economic
development.

There is a large number of scientific works dedicated
to the study of this problem, however, local tendencies
may differ from global ones [1, 2]. An analysis of previ-
ous research makes it possible to ascertain the insuffi-
cient knowledge of long-term climate change and its
consequences for the Carpathian region. Therefore, it is
very relevant to determine the dependence of quality in-
dicators of surface water on the influence of natural fac-
tors and their changes in time.

Analysis of the recent research. The analysis of litera-
ture has shown a significant number of works on the im-
pact of climate change on the qualitative and quantita-
tive characteristics of water resources [1, 3]. It is worth
noting the works of Ukrainian scholars such as
0O.M. Adamenko, Ya.O.Adamenko, L.M.Arkhypova,
V.M. Shmandiy, M. M. Prykhodko, M. V. Korchemlyuk
and others who conducted research on the ecological
state of the rivers of the Carpathian region.

For example, in the paper [4], the main parameters
of air temperature and rainfall according to the data of
all meteorological stations of the Ukrainian part of the
Prut river basin for the years 1990—2016 are studied by
the authors, and it is concluded that the average annual
air temperature in the Prut river basin increased for the
analyzed period by 0.5—1.1 °C compared with the norm.
The least positive deviation of the average annual tem-
perature of air from the norm (0.5 °C) belongs to the
mountainous areas — the meteorological station Pozhy-
zhevska, and the maximum deviation (1.1 °C) belongs to
the plain areas — a meteorological station Chernivtsi.
The average perennial rainfall for the analyzed period
increased from 21 to 95 mm in all meteorological sta-
tions compared to the norm, except for the meteoro-
logical station Chernivtsi, where the average annual
rainfall decreased by 5 mm.

The peculiarities of spatio-temporal distribution of
temperature and precipitation over the Ukrainian part
of the Prut river basin are established including steady
growth of the positive deviation of the average annual
temperature from the average-long-term norm; an in-
crease in the average perennial rainfall, closer to the
source of the river Prut; the prevailing trend of increas-
ing precipitation in mountainous and flat areas; an in-
creasing trend of temperature rise compared with the
average-long-term norm in the direction from the
north-west to the south-east and from the mountains to
the plain areas; an increasing trend in the number of
rainfalls compared to the average-long-term norm in
the direction of south-east to north-west and from the
plains to the mountains [4].

However, the identification of spatio-temporal regu-
larities of the distribution of quality indicators of surface
water in conditions of climate change for the researched
area of the Carpathian region was not carried out.

Objectives of the article. The goal is to reveal the laws
of the influence of climate change on the quality indica-
tors of surface water on the example of the watercourses
of the Dniester basin.
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The natural watercourses of the Carpathian region
are selected for the research objects, namely: the rivers
Turianka, Sadzhava, Lushchava, which are in the zone
of sewage pollutions of Dolyna oil and gas extracting en-
terprise.

To achieve this goal we need to solve the following
tasks:

- to define a complex index of the quality potential of
selected water objects;

- to research climate change in the Dolyna district of
Ivano-Frankivsk region within the years 2006—2015;

- to conduct correlation-regression analysis of the
complex index of the quality potential of water and its
individual components with changes in air temperature.

Presentation of the main research. The ecological as-
sessment of surface water quality is the basis for deter-
mining the trends of its change in time and space, deter-
mining the impact of anthropogenic load on the ecosys-
tem of water bodies, assessing changes in the state of
water resources.

Dolyna oil and gas extracting enterprise has an im-
pact on the ecological state of the rivers Turianka,
Sadzhava, Lushchava (right tributaries of the river Svi-
cha), as it drains its waste water after purification into
the water objects under research.

The method, used to assess the water quality in the
given natural watercourses, is based on the determina-
tion of the complex potential quality index of water ob-
jects [4]. The author’s method for assessing the quality
of surface water includes sampling water, conducting
analyzes, further generalization with obtaining a com-
plex quality potential index (CIPQ), finding its spatial
patterns of distribution for background natural objects,
norms of quality potential at any point of an object. The
obtained patterns are used for contaminated water ob-
ject-analogues, assessing the level of quality potential
on the developed scale. The proposed model can be
used for the estimation of quantitative self-purification
indexes of the year. This indicator is calculated by the
formula
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where QS; is water quality standard for the i indicator —
limit values (permissible) indicators of water status and
their properties, which meet the requirements of differ-
ent consumers; C; is the actual value of water quality for
the ith indicator; # is the number of indicators.

In the calculations of the CIPQ, the so-called coef-
ficients of the reserves of indicators (relative capacity of
reserve power) are summed up, calculated as the excess
of the permissible values over the actual ones (concen-
trations, units, points, and the number of deducted co-
efficients of the deficit of the indicators) (the relative
value of the lack of reserves), calculated as excess con-
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centrations (or other measurements) above the permis-
sible values (in the same units). The result is divided by
the number of used indicators.

Various indicators such as organoleptic, physical,
chemical, biological, toxicological, sanitary conditions
should be taken into account in the calculations of the
CIPQ. The number of indicators taken for the calcula-
tion of the CIPQ should be at least 10—15, regardless of
whether they exceed the acceptable values of quality
indicators or not, but it must include indexes of hydro-
chemical, trophic and probiotic and toxicological
groups: dissolved oxygen, COD (Chemical Oxygen
Demand), pH, mineralization and biochemical oxygen
consumption (BODs). In addition, all indicators of
these groups, whose values exceed optimal, back-
ground or normative, must be included. From the cal-
culations it is necessary to exclude indicators of pollu-
tions which are not in the water in its natural state, if
the concentration of pollution is far from the MPC
(maximum permissible concentration), taking into ac-
count the effects of sumation, given that the potential
of natural water quality can not characterize the
amount of lack of pollutants that are not characteristic
to natural water.

We also consider both the lower and the upper lim-
its as a safe interval of physiological value of water in
the calculations of the CIPQ for the indicators of min-
eralization, alkalinity, hydrogen index, magnesium ion
concentration. That is, in the end, the exceeding of the
upper limit above the actual value of the indicator will
be positive and the excess of the actual concentration
over the lowest allowable value will be negative. If the
actual value of the indicator does not fall into a safe
interval, (for example, such cases are probable for pol-
lution of surface water in the areas of construction of
oil and gas wells), then in the end, the excess of the
actual value of the indicator over the upper and lower
acceptable values will be negative. Exceptions are those
quality indicators for which the lower threshold is set,
i.e. exceeding the quality standard is desirable (for ex-
ample, dissolved oxygen content, transparency, and
others).

If the concentrations of a substance equal zero, the
formula should be substituted with the values of concen-
tration, which can still be detected by the most sensitive
method for measuring this substance, that is, the small-
est of the thresholds for its detection.

Given that the amount of biochemical oxygen con-
sumption (BODj) is an integral indicator of the pres-
ence of lightly oxidised organic substances, as well as the
fact that with the increase in the content of easily oxidiz-
able organic substances and the decrease in the content
of dissolved oxygen, the quality of water decreases dis-
proportionately sharply, the norms for these indicators
in the calculations of the CIPQ are offered somewhat
different (Table 1).

The CIPQ was evaluated on the following scale on
the basis of mathematical processing of the data on the
quality of the water of the rivers Turianka, Sadzhava,
Lushchava for the period of 2006—2015:

- buffer CIPQ > 5;
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Table 1

Quality standards for dissolved oxygen and BODs
depending on the actual values [5]

=i S E | B
S 8 82 | S.
The actual value of S5 o = 2 2 £E
BOD;, mg/dm’ relative | @ = % 2% 732
to O, 235~ 2T 5 z éﬂ
S o 2% 2 'S
=] = X =]
& E F 5 | &
upto 3 2.26 more than 6 6
3—15 2 6—5 12
more than 15 1 5—4 20
- - 4-3 30
- - 3-2 40
- - 2—1 50
- - 1-0 60
- optimal 3 < CIPQ < 5;

- tension of adaptive 1 < CIPQ < 3;

- zone of pessimum —1 < CIPQ < 1;

- critical -3 < CIPQ < -1;

- crisis =3 < CIPQ < -5;

- disastrous CIPQ < 5.

The complex index of potential water quality was
calculated for the river Turianka (after ilssue No.l and
after Issue No. 4), the river Sadzhava (after Issue
No. 2) and the river Lushchava (after Issue No. 3). The
research was carried out on the basis of the analysis of
water samples just after the release of return water
(500 m after the source of dumping) of the oil and gas
industry.

The proposed methodology for assessing the quali-
tative component of the natural and technogenic safety
of hydroecosystems gives an opportunity to assess the
state of the water body more fully, to determine the
probability of violations of the stability of the water eco-
system, decrease in the quality of water resources and
the conditions for their reproduction, and, accordingly,
to apply a set of measures more substantially to reduce
the risk of negative impacts of contaminated water eco-
logical systems.

Calculated CIPQ is a relative value, which depends
on the level of anthropogenic load. The results of calcu-
lating the complex index of water quality potential from
the data base of the monitoring data of the research are
presented in Table 2.

The analysis of the results allows us to conclude that
the river Sadzhava is polluted, and the quality of the wa-
ter of the river Turianka and the Lushchava in the long-
term section is satisfactory. If we analyze the changes in
the indicator over the past 10 years, a slight improve-
ment can be seen in the quality index in all water bodies.
Taking into account that the Dolyna oil and gas enter-
prise has been working steadily all the time, we hypoth-
esize that positive changes in quality are caused by natu-
ral factors, the main of which is the climate. To confirm
the hypothesis, an analysis of meteorological indicators
was carried out according to the data of the Dolyna me-
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Table 2
Complex index of water quality potential in the rivers Turianka, Lushchava, Sadzhava
Years Turianka | The state ofthe | Sadzhava | The state ofthe | Lushchava | The state ofthe | Turianka | The state of the
Issue 1 | hydro ecosystem | Issue2 | hydro ecosystem Issue 3 hydro ecosystem | Issue4 | hydro ecosystem
2006 2.268 | tension of 3.241 optimal 4.174 optimal 2.439 | tension of
adaptation adaptation
2007 2.657 | tension of 5.450 | buffer 4.696 optimal 3.147 | optimal
adaptation
2008 1.719 | tension of 0.353 zone of 2.970 tension of 2.287 | tension of
adaptation pessimum adaptation adaptation
2009 2.483 | tension of 0.236 zone of 5.507 buffer 2.797 | tension of
adaptation pessimum adaptation
2010 4.108 optimal 1.382 | tension of 10.370 | buffer 4.081 | optimal
adaptation
2011 2.209 | tension of 2.343 | tension of 2.024 tension of 2.858 | tension of
adaptation adaptation adaptation adaptation
2012 5.597 | buffer 1.671 tension of 2.617 tension of 2.723 | tension of
adaptation adaptation adaptation
2013 2.109 | tension of 2.963 | tension of 5.595 buffer 2.882 | tension of
adaptation adaptation adaptation
2014 3.412 | optimal 0.486 zone of 4.935 optimal 2.854 | tension of
pessimum adaptation
2015 3.671 | optimal 5.284 | buffer 6.614 buffer 2.931 | tension of
adaptation

teorological station of the Hydrometeorological Service
of Ukraine.

On the basis of the analysis of meteorological data, a
general tendency of increase in air temperature over the
last 10 years has been revealed (Fig. 1). The dynamics of
the change in the average monthly air temperature for
the period 2006—2015 is presented using the Matlab
program. The figure shows that significant warming was
observed in the period 2012—2015.

The increase in air temperature is especially notice-
able in the summer months. The minimum air tempera-
ture during the summer period was recorded in 2006

temperature, °C

(16 °C), the maximum — in 2015 (25.5 °C). The average
annual air temperature from the meteorological station
in the valley for different periods was:

-2006—2010 — 8.7 °C;

-2011-2015 —10.7 °C.

Consequently, the air temperature increased by 2 °C
for the entire study period of 2006—2015. It is known
that the air temperature determines the temperature re-
gime of water bodies and, as a consequence, affects the
qualitative characteristics of the hydro ecosystem.

Most of the physical properties of water, chemical
and biological processes in water depend on tempera-

VI

I
months

Fig. 1. Dynamics of changes in the average monthly air temperature for the period of 2006—2015
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ture. The flow temperature directly affects the entire
aquatic ecosystem. Extreme changes in water tempera-
ture can have an adverse effect on fertility, life cycle,
space-time distribution of biodiversity. The increase in
water temperature affects the kinetics of the chemical
reaction and, thus, the level of water quality parame-
ters [6].

Indeed, it is likely that global warming will lead to a
change in the temperature of freshwater systems and,
therefore, it is necessary to assess the potential impact of
global climate change on the state of surface water re-
sources.

The increase in temperature changes both the quan-
tity and quality of water, and is likely to be different be-
tween large and small basins [2, 3]. Potential changes in
temperature and precipitation cannot be evenly distrib-
uted to large drainage basins, and thus the regional and
local levels, as well as the degree of urbanization, should
be taken into account in the study of climate change im-
pacts for the protection of water resources [7].

Consequently, water temperature is an important
parameter of water flow quality, air temperature model-
ing is an important tool for current and future water
quality assessment [2].

In the conducted research, we tested the hypothesis
about the connection of the average monthly air tem-
peratures with the complex indicator of water quality
within the limits of the influence of OGPD “Dolynanaf-
togaz” on the use of regression analysis. Data of a ten-
year period was analyzed.

Regression analysis is the main statistical method for
constructing mathematical models of objects or phe-
nomena according to experimental data [8§].

The regression analysis method solves two main
problems: the analytical form of the relationship be-
tween the variation of the signs X and Y is determined
using the regression equations and the degree of link
density between the features is established. A regressive
dependence of the qualitative state of the river inflow
was constructed due to changes in the temperature of
the air for the period of 2006—2015 using the Table-
Curve 2D program (Figs. 2, 3).

The F-Fisher test was used to verify the relevance of
the connection. The critical value of the determination
coefficient (D = r?) depends on the percentage of secu-
rity o and the number of degrees of freedom of the dis-
persion k; =m — 1 and k, = n — m, where n is the number
of elements in the set; m is the number of groups into
which the set is divided.

We determine the tabular value of the F-criterion
(Ftabl) from the special statistical tables in accordance
with the values of the degrees of freedom (k; =1, k, =7)
and the level of significance 0.05. For example, the ac-
tual value of the F-criterion is 19.4 (issue 1), which is
calculated in the TableCurve 2D program. As a result,
F > Ftabel (19.4 > 5.5), hence, the connection between
the featuress is non-random (significant).

Accordingly, the verification of the relevance of the
CIPQ connection and the changes in the temperature of
the air on the basis of the Fisher’s F-criterion for the
rivers Sadzhava (Issue 2), Lushchava (Issue 3), Turianka
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Fig. 2. Functional dependence of the complex index of
potential quality of the river Lushchava after Issue 3
on the average monthly temperature of air
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Fig. 3. Functional dependence of the complex index of
potential quality of the river Turianka after Issue 4 on
the average monthly temperature of air

(Isue 4) was carried out.

So, for the first time, we established the connection
between a complex indicator of the quality of a natural
reservoir after the discharge of waste water from the oil
and gas industry and global changes in the temperature
of the environment. Taking into account the multifactor
of qualitative indicators of hydroecosystems, which de-
pend on external conditions, climatic indices, anthro-
pogenic loading, lack of measurements of indicators of
quality and temperature of sewage directly at the dis-
charging site of OGPD “Dolynanaftogaz”, we consider
the receipt of significant functional models of the de-
pendence of the complex index of the quality potential
on the average monthly temperatures of atmospheric air
as the first step to predict the impact of global climate
change on the self-cleaning of aquatic ecosystems.

As aresult of the carried out research studies, the fol-
lowing was established: for the Precarpathian upstream
rivers of the Dniester basin, the obtained dependences
prove the hypothesis that within the range of average
annual temperatures of reservoirs (8—11 °C) and their
predicted increase by 1—2 °C over the last ten years, with
the preservation of the trend in the future — global in-
crease in the average annual temperature of the air leads
to intensification of the processes of self-cleaning of res-
ervoirs.
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Further, the hypothesis is checked by constructing
functional dependencies of changes in the individual in-
dicators of water quality with changes in air temperature.

BOD; is an important ecological indicator of the
state of natural reservoirs. Organic substances in natural
watercourses are biodegradable (affected by mineraliza-
tion), which is accompanied by the consumption of dis-
solved oxygen and can lead to its complete disappear-
ance and the emergence of anaerobic conditions. This
process, which leads to mineralization of organic mat-
ter, is due to the activity of bacteria contained in sewage
water and in water of the reservoir [9].

Together with organic substances of domestic and
industrial sewage water, a large number of saprophytic
and pathogenic bacteria comes in the reservoir; there-
fore, the concentration of organic substances directly
indicates the bacterial contamination of the reservoirs
and this is what the sanitary value of the BOD index is
characterized by [10].

Aerobic bacteria quickly reproduce in water with
high levels of organic matter as oxygen is essential for
their vital functions. This may result in a decrease in the
content of dissolved oxygen, create hypoxic conditions
and the loss of certain types of hydrobionts.

Daily oscillation values of BOD;s depend on the ini-
tial concentration of dissolved oxygen, which can change
overnight by 2.5 mg/dm? depending on the ratio of pro-
cesses of its consumption and production.

This indicator characterizes the state of pollution of
water bodies, whose main indicators are the content of
organic substances and ammonium compounds, on
which the conditions for maintaining the necessary level
of oxygen content in rivers depend largely [11].

Regression analysis was carried out between changes
in air temperature and water quality on the basis of
BOD; for all 4 issues of the Dolyna oil and gas produc-
tion enterprise on the basis of hydrochemical data for
the period of 2006—2015.

The closest connection between the studied indica-
tors can be traced after Issue 2 (the river Sadzhava),
where the determination coefficient (D = %) is 0.87. The
reliability of the result confirms the actual value of the
Fisher’s criterion, which is 10.7 > 5.5 (F > Ftabel). It
should be noted that the index BODj of the Sadzhava
exceeds the norm by 5.6—28.6 times at a maximum al-
lowable concentration of 3 mg/dm?. It indicates a sig-
nificant pollution of this hydroecosystem under the in-
fluence of anthropogenic activities.

The conducted regression analysis proves that there
is a certain correlation between water quality on the ba-
sis of BODs and the long-term changes in air tempera-
ture (Table 2). The greater the pollution of subject to the
water object is, the tighter the dependence is. Function-
al dependencies of BOD5 on changes in air temperature
for the rivers Sadzhava and Lushchava are shown in
Figs. 4, 5.

Consequently, for the indicator BODjs according to
our research, the rule is true: the increase in the air tem-
perature leads to an increase in the values of the indica-
tor, while the connection becomes closer with the in-
crease in the pollution of the water object.
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A well-known pattern is: an increase in the tempera-
ture of a water object is a catalyst for hydrochemical pro-
cesses, which accelerated by 10 times or more. The tem-
perature of the water body in the climatic zone of
Ukraine varies according to the latitudinal zoning law
and for the most water bodies, it follows the air tempera-
ture. Water temperature changes occur more slowly and
more smoothly than changes in the temperature of air
due to the fact that the water mass has a significant ther-
mal inertia. In the daily temperature mode, the delay in
time is 2—3 hours, in the annual temperature mode it is
10—15 days. Proceeding from this natural pattern, it is
not possible to obtain functional dependencies between
instant measurements of water quality and air tempera-
ture. Therefore, an attempt was made to obtain func-
tional relationships between instant measurements of
water quality and average monthly air temperature,
which proved to be successful (Table 3).
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Fig. 4. Functional dependence of BODs of the Sadzhava
after Issue 2 on average monthly air temperature
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Fig. 5. Functional dependence of BODs of the Lushchava
after Issue 3 on the average monthly temperature of air

Table 3

Correlation between the water quality indicators of the
rivers of the Dniester basin and the average monthly
temperature in the ten-year dynamics

) The presence of connection 72
Water object
CIPQ(?) BODs ()
r. Turianka (Issue 1) 0.98 0.86
r. Sadzhava (Issue 2) 0.65 0.83
r. Lushchava (Issue 3) 0.87 0.70
r. Turianka (Issue 4) 0.80 0.64
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Defined dependencies of quality indicators of sur-
face water on the change of natural factors will allow
carrying out an objective assessment of the ecological
state of the natural watercourses of the Sadzhava, Lush-
chava, and Turianka, to determine the priority prob-
lems and trends of changes in the quality indicators in
the future, which will, as a result, contribute to the de-
velopment of long-term forecasts and environmental
measures.

Conclusions. The scientific novelty of the conducted
research is the receiving of meaningful functional mod-
els of the dependence of the quality of water objects on
average monthly atmospheric air temperatures. A com-
prehensive index of potential quality of selected rivers
of the Carpathian region was determined; the climate
changes in the Dolyna district of Ivano-Frankivsk re-
gion in 2006—2015 were analyzed; a correlation-regres-
sion analysis of the integrated index of water quality
potential was conducted, depending on changes in the
temperature of the air. It was found that the average
monthly and average annual air temperature increased
significantly at 2 °C in the period of 2012—2015 (espe-
cially in the summer).

The continued research is seen in predicting the im-
pact of global climate change on the self-cleaning of
aquatic ecosystems. Thus, for the Precarpathian rivers
of the upper Dniester basin, the obtained dependences
prove the following hypothesis: within the range of aver-
age annual temperature of reservoirs (8§—11 °C) and their
predicted increase by 1—2 °C over the last ten years, with
the preservation of the trend in the future — the global
increase in average annual air temperatures leads to the
intensification of the processes of self-purification of
reservoirs, taking into account the sampling of 500 m
below the flow after the discharge of sewage from the oil
and gas company “Dolynanaftogaz”. The enterprise
disposes the wastewater into three different rivers of the
Dniester basin: Turianka, Sadzhava, and Lushchava.
The latter is the dirtiest river of the Carpathian region.
The following tendency is revealed: the dirtier the river
is, the more intensive processes of self-purification are
going on, which will be the subject of our further re-
search. For the BODs indicator, according to our re-
search, the rule is: the increase in the air temperature
leads to an increase in the values of the indicator, and
the connection becomes closer with the increase in the
pollution of the water object.
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3aKOHOMIPHOCTI BIUIMBY KJIIMATHYHHUX 3MiH
Ha [KiCHi MOKa3HUKH MOBEPXHEBUX BOJ
Oaceiiny JInicTpa

B. I. Ipunrok, JI. M. Apxunosa
IBaHO-MpaHKiBCHKUIT HALlIOHABHWI TEXHIYHUN YHiBepCU-
TeT HadTH i Ta3y, M. IBaHo-DpaHKiBCHK, YKpaiHa, e-mail:
konsevich@ukr.net

Meta. OOGrpyHTYBaTH 3aKOHOMiIPHOCTI BIUTUBY KJTi-
MaTUYHUX 3MiH Ha $SIKiCHi MOKa3HUKHU ITOBEPXHEBUX
BoJ OaceliHy JIHicTpa 3 ypaxyBaHHSIM BIUIUBY CTIUHMX
BOJ Ha(hTOra30100yBHOTO TiAIIPUEMCTBA.

Mertomuka. ExojoriuHa o1iHKa SIKOCTi TTOBEepXHe-
BUX BOJ, 1110 ITepeOyBatoTh Mif BIULIMBOM CKUIY CTIYHUX
BOA MiANMpUEMCTBAa HadTOra3oBoi IMPOMUCIOBOCTI
Kapnarcbkoro perioHy, 3miiicHIOBajach CIOCOOOM,
1110 MOJISITA€ Y BUBHAYEHHI KOMITJIEKCHOTO iHAEKCY IO~
TeHLiany IKOCTi BomHuX 00’ekTiB. [IpoBeneHa cratuc-
TUYHaA 0O0poOKa 0a3u JaHUX TiAPOXiMiYHOTO MOHITO-
PUHTY TTOBEPXHEBUX BOIHUX 00’€KTiB 6aceiiHy p. Cai-
ya 3a nepiong 2006—2015 pp., 6a3u METEOPOJIOTIUHUX
naHux JlonMMHCHKOI MeTeOoCTaHIIil 3 TTOJa/IbIINM MaTe-
MaTUYHUM MOJEIIOBAHHSIM i perpeciiHUM aHali30M 3a
nmoromoroto riporpam MatLab, TableCurve 2D.

Pesynbratn. IIpoBeaeHo aHaji3 cTaHy TiIpOeKo-
CUCTEM, JIO SIKMX 3IiMiICHIOBAaBCSI BOIOBIIBIA CTIYHUX
Boa. OTpuMaHa TpUBUMipHA MOJEJb 3MiHU TeMIiepa-
Typu NoBiTpsT B JonmHcbKoMy paiioHi IBano-®paH-
KiBchKoOI obacti 3 2006 o 2015 pp. BecraHoBneHa Ko-
pelsiliiitHo-perpeciiiHa 3a/1eXHIiCTb IKICHUX MOKa3HU-
KiB IOBEPXHEBUX BOJ 3 YypaxXyBaHHSIM KIIMaTHUUHUX
3MiH. Y pe3yJbTarti MpOBeIeHUX JOCTIIKEHb BCTAHOB-
JIeHo HacTyirHe: 11s1 [IpuKapIaTchbKux pidoK BepXHbOT
Teuil OaceiinHy JlHicTpa oTpuMaHi 3aJeXKHOCTI TOBO-
ISTh TIMOTE3y: Y MexXax Oialla30Hy cepelHbOPIYHUX
temriepatyp Bogoiim (8—11 °C) i ix migBuUIeHHS Ha
1—2 °C mpoTSArOM OCTaHHIX JIECSATU POKIB 3i 30epeskeH-
HSIM TEHIEHLii B MalilOyTHbOMY — IJIOOAJIbHE ITiIBU-
IIEHHS CepeIHbOPIYHUX TEMIIepaTyp MOBITPsI TPU3BO-
IUTh 10 iHTeHcUuddikallil MpoueciB caMOOYUIIEHHS
BOIOWM. Y lieit yac MoKa3HUK Oi0XiMiUYHOro CHOXKMU-
BaHHs1 KucHIO (BCKj5) 3poctae. [IpoBenenuii perpe-
CilfHMI aHaJTi3 JOBOIUTH, IO iCHYE MEBHA 3aJIEXKHICTh
Mix sikicTio Boau 3a BCKj i 6bararopiuHuMuU 3MiHaMu
TeMIIepaTypH TOBITPS. 3aeXKHICTh BUSBIISIETHCSI TUM
TICHIIIIOIO, YMM OuIbIIOMY 3a0pyIHEHHIO IIi[JISITaE
BOJIHUI 00 €KT.

HaykoBa HoBM3HA. YTiepllle HA OCHOBI CTaTUCTUY-
HOTO aHaJlizy OoTpuMMaHi (pyHKI[iOHaJIbHi 3aKOHOMIip-
HOCTi 3MiHM KOMIUIEKCHOIO iHJIEKCY TMOTeHLiany
SIKOCTi BOOHUX OO’€KTIB y 3a/IeXKHOCTi Bil 3MiHU ce-
PEeIHbOMICSIYHOI TeMIIepaTypu MOBITPs. YHepie 0yJo
BCTAHOBJIEHO 3B’SI30K MiX OKpPEeMHM MOKa3HUKOM
SIKOCTi BOAM NMpupoaHoi Bonovimu (Ha npukiani bCKs)
Yy MeXax BIUIMBY Ha TOBEPXHEBY TiIpOEKOCUCTEMY
CKMJiB CTIYHMX BOJ MiANPUEMCTBA Ha(pTOra3oBoi ra-
JIy3i ¥ roGajibHUM MiABUILEHHSIM TeMIepaTypu 10-
BKiJUIS.

IIpakTyHa 3HauumicTh. Pe3yabTaTtv HOCTiIKEHHS
MOXYTb OyTM BUKOPUCTaHi 11 BU3HAYEHHS MPiOpU-
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TETHUX MTPOOJIEM TMTOBEPXHEBUX BOJ, MOAAIBIIOTO MPO-
THO3YBaHHSI BIIMBY 3MiH KJIiMaTy Ha SIKiCTb BOIM Pi-
yok Typ’stnka, Camxasa, Jlymasa, 1110 3HaXOISIThCS B
MeXXax BIUIMBY ITiANIPUEMCTBA HATOra30BOi IMTPOMHUC-
JIOBOCTIi, Ta CIIPUSITUMYTh PO3pOOII HAYKOBO OOIPYH-
TOBaHUX 3aXOMiB IIOAO 3a0e3IMeYeHHS EKOJOTiYHOI
0e3neKy MOBEPXHEBUX BOI 1 MONEPEIKEHHS BUHUK-
HEHHSI HaA3BUYAlHUX eKOoJoriuHux cutyaliin y Kap-
nmaTcbKoMy perioHi. BusiBieHa teHaeHuist iHTeHCUi-
Kallii TpolLIeCiB CAaMOOYUILIEHHSI B MTOBEPXHEBUX BO/I-
HUX 00’€KTax i3 MiABMIIEHHSIM TeMIepaTypu CTaHe
MPeIMETOM HAlIKMX MOAANBIIUX OUIbII JAeTaIbHUX 10-
CIIIDKEHD.

Kimouogi ciioBa: nosepxuesi 6odu, indexc nomenuyiany
aKocmi eodu, memnepamypa nogimps, cmiyHi 6oou, Ha-
@moeaszoea npomucaogicmo

3aKOHOMEPHOCTH BJIMSHUS KJIMMATHYECKHX
M3MEHEeHHii HA KaYeCTBEHHbIE MOKA3aTe H
NOBEPXHOCTHBIX BOJ Oacceitna /Inectpa

B. U. Ipunrok, JI. M. Apxunosa

NBano-®paHKOBCKUIT HAIIMOHAIBHBIN TEXHUYECKU YHU-
BepcuteT HedTH U raza, r. MBano-®paHKOBCK, YKpanHa,
e-mail: konsevich@ukr.net

Henb. OOOCHOBaTh 3aKOHOMEPHOCTH BIIUSTHUS
KJIMMaTUYeCKHX M3MEHEHU Ha KauyeCTBEHHbIC MTOKa-
3aTeju TTOBEPXHOCTHBIX BoJ OacceitHa JIHecTpa ¢ yue-
TOM BJIMSTHUSI CTOYHBIX BOI HedTera3oqo0bIBaloNIIEro
TIPENTIPUSITUS.

Mertoauka. Dkoyornyeckasl OlleHKa KavyecTBa Io-
BEPXHOCTHBIX BOJM, YTO HAXONSATCS TION BIUSTHUEM
cOpoca CTOYHBIX BOI TIPEONpUATAS HedTerazoBoit
npombiiieHHocTn Kapmarckoro pernona, ocymiect-
BJISIJIACh CITOCOOOM, KOTOPBIN 3aKIIIOYaeTCs B OTpejie-
JIEHUM KOMIUIEKCHOTO MHEKca MOTeHIIMala KayecTBa
BOAHBIX 00beKTOB. [IpoBeneHa crtaTucTrueckast oopa-
0oTKa 6a3bl TAHHBIX THIPOXUMUYECKOTO MOHUTOPUHTA
TOBEPXHOCTHBIX BOAHBIX 00bEKTOB OacceiiHa p. CBeua
3a nepuon 2006—2015 rr., 6a3bl METEOPOJOTUYECKUX
JMAaHHBIX JIOMMHCKOW METEOCTAHIIMU C TTOCIIETYIONIM
MaTeMaTUYeCKUM MOJEIUPOBAHNEM U PErpecCUOH-
HBIM aHAJIU30M C ToOMOUIIbl0 Tporpamm MatLab,
TableCurve 2D.

Pesyabratsl. [IpoBeseH aHamm3 THAPOIKOCUCTEM, K
KOTOPBIM OCYIIECTBIISUICSI BOMOOTBOJ, CTOYHBIX BO/I.
[Tonydyena TpexmepHasi MOIETb UBMEHEHUSI TeMIiepa-
Typbl Bo3ayxa B JlomnHckoM paitoHe MBano-®pan-
KoBcko#l obsnactu ¢ 2006 mo 2015 rr. YcraHoBiaeHa
KOPPEJISIIMOHHO-PETPECCUOHHAsT 3aBUCUMOCTh Kaye-
CTBEHHBIX ITOKa3aTeJIeii MOBEPXHOCTHBIX BOJI C YUETOM
KJIMMaTUYeCKMX U3MeHeHul. B pe3ynbraTe poBeneH-
HBIX UCCJIEIOBAHUI YCTAHOBJICHO CIIEyIOIIee: ISl peK
ITpukapnaTes BepxHero TeuyeHus OacceliHa JlHecTpa
TOJTy4YeHHBbIE 3aBUCUMOCTHU JIOKA3bIBAIOT TMIIOTE3Y: B
Tpenesiax Aruana3oHa CpeaHEr0OBhIX TeEMIIEpaTyp BO-
nmoeMoB (8—11 °C) u nx noseimeHus Ha 1—2 °C B Teue-
HUE TIOCJIEAHUX IECSITH JIET C COXPAHEHUEM TEHACHIIUYN
B OynyuieM — r00aibHOE MOBBIIIEHUE CPETHETON0-
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BBIX TEMIIEpATyp BO3AyXa MPUBOIUT K MHTeHCU(DUKA-
LAY IIPOLIECCOB CAMOOUMIIIEHUS BOTOeMOB. B 310 Bpe-
Msl TI0Ka3aTeslb OMOXMMUYECKOTO MOTpeOJeHUs KHUC-
nopona (BITK;) Bo3pacraer. [IpoBeneHHbIN perpeccu-
OHHBII aHAJIU3 TTOKA3bIBAET, UTO CYLIECTBYET OIpee-
JIeHHas1 3aBUCUMOCTb MEXAY KaueCTBOM BOJbI IO IO-
kazateno bBIIKs w1 MHOrojieTHMMM W3MEHEHUSIMU
TeMIepaTypbl BO3OyXa. 3aBUCMMOCTH IPOSIBIISIETCS
TEeM TecHee, 4eM OOJIbIIEeMY 3arpsI3HEHUIO ITOMJICKUT
BOIHBII OOBEKT.

Hayunas HoBu3Ha. BriepBhIe Ha OCHOBE CTaTUCTU-
YeCKOTO aHaJIN3a IMOJyYeHB! (PYHKIIMOHAJIBHBIE 3aKO0-
HOMEPHOCTH U3MEHEHNST KOMIUIEKCHOTO MHIEKCA 10~
TEeHIIMAJla Ka4eCTBa BOAHBIX OOBEKTOB B 3aBUCUMOCTU
OT U3MEHEHMUSI CpeaIHEMECIYHON TeMITepaTyphl BO3IY-
xa. BriepBbie OblJ1a yCTaHOBJIEHA CBSI3b MEXIY OTIIEIb-
HBIM MOKa3aTeJleM KayecTBa BOJ €CTECTBEHHOIO BOIO-
eMa (Ha npuMepe BITK;) B npenenax BAUsSHUS Ha MO-
BEPXHOCTHYIO THUIPOEKOCUCTEMY COpPOCOB CTOUYHBIX
BOJ, IPENNPUATUS HedTera3oBoi oTpaciau U riodaib-
HBIM TOBBIIICHHEM TeMIIepaTyphl  OKpYXKaroIlei
Cpenbl.
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IIpakTHyeckas 3HAYMMOCTb. Pe3ynbTraThl uccieno-
BaHUsI MOTYT OBITb MCIIOJIb30BaHbI JJISI OMpeAcaeHUs
MPUOPUTETHBIX MPOOJEM MOBEPXHOCTHBIX BOI, Jajlb-
HEWNIero MNpPOrHO3UPOBAHMUSI BIUSHUSI W3MEHEHU
KJIMMaTa Ha KadyecTBo Bon pek TypwsiHka, Camxapa,
JlyimaBa, KOTOpBIe HAaXOmSTCS B IIpemesiaX BIIMSTHUS
MpeanpusITUs HedTera3oBoil IIPOMBIILICHHOCTH, U
Croco0CTBOBaTh pa3pabOTKe HAaydYHO OOOCHOBAHHBIX
MEPOTIPUATUI 10 00ECTIEYeHNIO SKOJOTMYECKO 0e3-
OITACHOCTHU TMOBEPXHOCTHBIX BOA Y IPEIyIpPeKICHUIO
BO3HMKHOBEHHUSI UPE3BBIYAMHBIX 2KOJOTMUECKMX CH-
tyaumii B KaprnarckoM pernoHe. OOHapy>keHHast TeH-
JMeHIMS MHTeHCUDUKALIMKY MTPOLIECCOB CAMOOYHUIIEHUS
B MOBEPXHOCTHBIX BOIHBIX OOBEKTaX C MOBBIIIEHUEM
TeMIlepaTypbl CTAHET MPEeAMETOM HallUX JaTbHENIINX
OoJiee neTaabHBIX UCCIEIOBAHUIA.

KioueBble cioBa: nogepxHocmHubie 800bl, UHOEKC NO-
menyuara Kawecmea 600bl, memnepamypa 6030yxa,
CMoYHble 800bl, Hepme2a308as NPOMbLUAEHHOCHb

Pexomendosano do nybaikayii 0dokm. mexH. HayK
. M. Cemuykom. Jlama naoxodxucenns pykonucy 22.04.17.
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