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Abstract. An analysis of the efficiency of the surface water treatment systems of the Dnipro reservoirs
when their quality is changed to ensure the normative indicators of the quality of drinking water were
carried out. The study of the effectiveness of traditional water treatment technologies was carried out by
analyzing the results of laboratory studies of source and drinking water at the Dnipro water treatment plant
with water intake from the Kremenchuk Reservoir (data from the Svitlovodsk Water and Sewage Services
(SWS) of the Regional Municipal Production Enterprise (RMPE) of the Dnipro-Kirovograd), establishing
correlations of quality indicators and assessing the state of water resources by the requirements of water
legislation. The treatment plants of the Dnipro water supply station are not designed to treat water with a
high content of biogenic substances during active phytoplankton vegetation, and under such conditions,
increased doses of preliminary chlorination are used. As a result, water is polluted with residual chlorine
and organochlorine. An increase in the dose of aluminum-containing coagulants in the corresponding
period leads to an increase in the aluminum content in drinking water to the limit of the normative value
(0,5 mg/dm?). According to the results of research in drinking water, turbidity was found to be 1,4 higher
and permanganate oxidizability 1,3 higher than the standard content, excesses of color, iron, and residual
chlorine content were found only sporadically and were on average within the upper limits of normative
values. Correlation analysis (Pearson and Spearman correlations methods) of the influence of temperature
on the following hydrometric, chemical, and physical factors was carried out: changes in turbidity, color,
and changes in the concentration of total iron and ammonia. The analysis confirmed the visual connection
of oxygen with temperature and water level and the influence of factors on oxygen concentration. The
practical aspects of phytoplankton extraction during water intake from Dnipro reservoirs and water
treatment at stations have gained further scientific justification.
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Relevance of research. The surface waters surface waters in terms of sanitary-chemical and

of the Dnipro reservoirs are characterized by
long-term and seasonal fluctuations in the
concentrations of the components of the chemical
composition, indicators of physical properties,
etc., which occur under the influence of climatic
changes, economic activity, and the conditions of
military operations on the territory of Ukraine.
According to the results of monitoring studies,
it was determined that more than 38 % of
water samples from Dnipro reservoirs taken
at centralized water supply facilities do not
meet regulatory requirements. The tendency
to deterioration of the ecological condition of

sanitary-microbiological indicators necessitates
the search for ways to improve the efficiency of
their preparation for use in drinking water supply
systems. [1].

Hardness, alkalinity, and total mineralization
have low concentrations, their values are far
from the maximum permissible values, which
are standardized in DSTU 4808:2007 [2]. The
main problem of the Dnipro reservoirs is the
“blooming” of water in the summer. In this
regard, based on the results of laboratory tests
of the source water parameters, the specialists of
the treatment plants constantly adjust the optimal
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technological modes of water treatment to
ensure the proper quality of drinking water. This
adjustment is carried out within the framework
of existing technologies and the constructions of
treatment plants, but their emergency state is not
able to meet the requirements for the quality of
drinking water according to certain normative
safety indicators [1].

Analysis of recent research and
publications. The analysis of the efficiency of
surface water treatment systems in the Dnipro
reservoirs with changes in their quality has made
it possible to establish that the main technological
methods of existing water treatment technologies
are coagulation, sedimentation, and filtration.
This technology is designed for source water
of the 1st and 2nd quality categories [2]. Over
the past decades, significant climatic changes
have occurred, and the temperature, water,
and hydrological regimes of the Dnipro River
have changed accordingly. The water quality
characteristics began to correspond to 3 and
in some cases 4 quality categories [2—4]. The
vast majority of water treatment plants have
completed their design service life. Today, the
technologies installed during the construction
of treatment plants cannot effectively clean the
water of the Dnipro River.

The processes of natural water purification
and the issue of resource conservation in the
water supply industry are studied by foreign
and domestic scientists [5-8]. The study of
modern effective methods of water preparation is
disclosed in publications [9—14]. The attention to
the analysis of the characteristics of surface water
contaminants and their removal during water
treatment and intensification of water purification
processes from dissolved organic substances is
paid in recent publications of experts [14-23].
In particular, the complex relationship between
changes in temperature, dissolved oxygen,
hydrological regime, and chemical composition,
which together form the qualitative composition
of water in surface sources of drinking water
supply, has been scientifically confirmed. The
lack of a clear direct thermal stratification
causes a change in the species and number of
phytoplankton to vertical levels and water areas.
The season and rhythm of nature cause the
cyclical development of the hydroclimate, the
formation of different intensities of biological
processes, and the development of biomass in
reservoirs. As a result, the available estimates
of the effectiveness of combating phytoplankton
directly at treatment plants are relative and can
only be considered as examples in specific cases
[24, 25].

2024 « Ne 1 MEJIIOPAILA I BOOHE 'OCIIOJAPCTBO

(5]

At the same time, it remains an important
task not only to increase the efficiency of water
purification to the standard indicators but also to
reduce the load on the water purification station
due to the retention of a significant part of the
pollutants directly in the water source, which
is implemented by modernizing intake and
treatment plants.

The purpose of the research is to analyze
the effectiveness of the traditional technology
of cleaning the surface waters of the Dnipro
reservoirs (in the example of the Kremenchuk
reservoir) to ensure the normative indicators of
drinking water quality.

Research materials and methods. Research
methods: empirical — when determining the
specifics of the purification technology and water
quality research; mathematical modeling using
the regression analysis method — for the study
of quality indicators of water resources and
substantiation of the reliability of obtained results.
The study of the effectiveness of traditional water
purification technologies at water supply stations
will be carried out by analyzing the results of
laboratory studies of source and drinking water
from a clear water reservoir (CWR) at the Dnipro
water treatment plant with water intake from the
Kremenchuk reservoir (data from the Svitlovodsk
Water and Sewage Services of the Regional
Municipal Production Enterprise of the Dnipro-
Kirovograd, further — SWSS of the RMPE of the
Dnipro-Kirovograd), the establishing correlations
of water quality indicators and assessing the state
of water resources by the requirements of water
legislation.

To study water quality indicators, the data of
the systematic production control of water safety
and quality of the water supply laboratory of the
SWSS of the RMPE of the Dnipro-Kirovograd
were analyzed in the water intake and before
entering the water supply network (from CWR).
Per the procedure for monitoring water quality
indicators, we analyzed the average monthly
data of full chemical analysis of the quality of
surface water for 2018-2023, daily (9:00 and
21:00) indicators of surface water quality for
the summer months of 2018-2023, average
daily (9:00) indicators of the content of hydro
organics in the surface water of the reservoir for
2019-2023, average monthly indicators of
full analysis (including 13 characteristic
physicochemical indicators) of drinking water
quality from CWR for 2018-2023.

Research results and their discussion.
In recent years, the operation of water intake
facilities, as well as the operation of water
treatment plants with water intake from the Dnipro
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reservoirs, has been significantly complicated
by peak, in fact, catastrophic outbreaks of
phytoplankton reproduction (Table 1, Fig. 1),
mainly cyanobacteria, which are associated with
climate change — global warming, which leads
to a decrease in the amount of oxygen in water
[1]. The phytoplankton content varies by more
than 150 times within a month (for example,
in January 2019 from 245 cells/dm* to 201000
cells/dm?, and in July 2023 from 40,000 cells/dm?
to 368,000 cells/dm?).

Existing treatment facilities are not
designed to treat water with a high content
of nutrients, and in such conditions,
treatment plant specialists use increased
doses of pre-chlorination. As a result, water
is contaminated with residual chlorine and
organochlorine. It has been established that
the degradation of extracellular microcystin by
chlorine depends on pH, chlorine exposure, and
the presence of cyanobacterial cells [1, 26].

Indicators of the efficiency of surface water
treatment systems of the Dnipro reservoirs
to provide the population with drinking
water. The water treatment process at the
SWSS of the RMPE of the Dnipro-Kirovograd
water supply station with water intake from the
Kremenchuk reservoir consists of the following
stages: oxidation with liquid chlorine (primary
chlorination), coagulation before mixers,
clarification in horizontal settling tanks, filtration
with rapid filters and disinfection with liquid
chlorine (secondary chlorination) before CWR
(Table 2).

The drinking water purification technology
at the researched units of the water treatment
station of the SWSS of the RMPE of the Dnipro-
Kirovograd, which uses the water of the Dnipro
River as the source, includes the following water
facilities: mixers, reaction chambers, horizontal
settling tanks, fast filters with quartz sand filling,
tanks of clean water.

1. The content of phytoplankton in the water of the Kremenchuk Reservoir in 2019-2023

3
The date : PhytoplanktOfl .content, cells/dm
maximum minimum average monthly
January 2019 201 000 1270 54 472
July 2019 14 862 000 190 050 4713 828
January 2020 1 714 000 4070 129 022
July 2020 358 500 1230 38 553
January 2021 2 605 365 835
July 2021 3104 000 245 292 722
January 2022 1220 230 648
July 2022 218 000 900 43 643
January 2023 8 150 290 2112
July 2023 368 000 40 000 127 786
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Fig. 1. Phytoplankton content in the water of the Kremenchuk Reservoir in the summer period
0f2019-2023
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The evaluation of the efficiency and adequacy
of the water purification technology is carried out
based on the results of summarizing the average
monthly data of laboratory studies of the full
chemical analysis of the quality of the surface and
drinking water of CWR into the average annual
content for the years 2018-2023 (Tables 3, 4).

(7]

Based on the analysis of the quantitative
characteristics of some of the most priority
indicators of water quality, which demonstrate
the state of the sources of drinking water supply,
the average and worst values of the group water
quality indices characterizing the surface water
at the water intake point of the Kremenchuk

2. Reagents used at the water supply station at the SWSS of the RMPE of the Dnipro-Kirovograd

Reagent Purpose The SWS.S of ﬂTe RMPE
of the Dnipro-Kirovograd
Sodium hypochlorite primary chlorination +
Hydroxychloride of aluminum coagulation +
Flocculant Extraflock N 160, or equivalent flocculation —
i?cii??cﬁif)r?szlome secondary chlorination ;
3. Sanitary and chemical parameters of the surface water of the Kremenchuk Reservoir
Average annual content in the The class of water
Parameter Measure surface water quality according to
2018 | 2019 | 2020 | 2021 | 2022 | 2023 | DSTU4808:2007 [2]
Turbidity NTU 4.59 | 3.65|3.4413.72 298 | 3.71 1
Color degr. [44.46(32.13|29.17|38.83| 45.5 [66.92 2
Hydrogen indicator units of pH| 8.18 | 8.23 | 843 | 7.65 | 7.77 | 7.79 23
Ammonium ions mg/dm?® |0.244] 0.21 [0.182(0.354|0.217{0.312 2-3
Nitrate ions mg/dm*® |1.973]0.287]0.288|0.313]0.269]0.533 24
Nitrite ions mg/dm® |0.029| 0.01 [0.007]0.008]0.015]0.012 2-3
Total iron mg/dm*® |0.347[0.295] 0.29 |0.339| 0.38 |0.505 3
Manganese mg/dm® |0.022] 0.01 | 0.01 | 0.05 [ 0.05 | 0.05 2
Aluminum mg/dm® | 0.02 | 0.02 | — — — — 1
Permanganate mg/dm® | 8.99 | 8.47 | 7.78 | 8.6 | 8.84 | 9.64 2
oxidizability
Petroleum products mg/dm* | 0.3 | 0.3 | 0.3 | 03 | 0.3 | 0.3 4
Chloride ions mg/dm® |18.16]23.39(24.28|21.13]18.94|17.49 1
Dissolved oxygen mgO,/dm’ [10.56] 9.7 [10.01]10.65]| 9.71 | 9.36 1

4. Sanitary and chemical parameters of the drinking water quality produced by the SWSS
of the RMPE of the Dnipro-Kirovograd from the water of the Kremenchuk Reservoir

Average annual content in drinking | Normative content
Parameter Measure water from the CWR by DSanPiN

2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2.2.4-171-10 [27]
Turbidity NTU 1.7 | 1.3 133 ] 1.1 | 1.1 | 1.09 <10
Color degr. 19.25| 12.2 |11.88]14.13|17.33|18.04 <20
Hydrogen indicator units of pH| 7.53 | 7.5 | 7.73 | 6.8 | 7.09 | 6.83 6.5-8.5
Ammonium ions mg/dm?® | 0.12 {0.068]0.078(0.138|0.138|0.139 <0.50
Nitrate ions mg/dm?® |1.331]0.809|1.083| 1.15 [0.884|1.206 <50
Nitrite ions mg/dm*® |0.003]0.004|0.003|0.004[0.003|0.005 <0.1
Total iron mg/dm® |0.176] 0.12 |0.108|0.123| 0.14 |0.174 <0.20
Manganese mg/dm*® |0.009| 0.01 | 0.01 | 0.01 | 0.01 | 0.01 <0.05
Aluminum mg/dm’® | 0.12 [0.085]0.099[0.097[0.113]0.159 <0.5
Permanganate oxidizability | mg/dm’ — 64 | 5.6 | 6.04| 7.0 | 7.31 <5.0
Free chlorine residual mg/dm® | 0.44 | 0.52 [0.482]0.487| 0.48 [0.491 <0.5
Chloride ions mg/dm® | 25.4 [32.05] 34.0 |32.33]30.03|31.94 <250
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Reservoir of the SWSS of the RMPE of the
Dnipro-Kirovograd as “good” were determined,
clean water of acceptable quality (Table 3) [2].

Among the indicated indicators, turbidity
and permanganate oxidizability in the drinking
water of the SWSS of the RMPE of the Dnipro-
Kirovograd were found in concentrations that
exceeded the normative values according to
DSanPiN 2.2.4-171-10 [27]; excesses of color, total
iron, chlorine residual content were found only
sporadically and on average were in the upper limits
of the normative values (in individual samples and
in different years) (Table 4). This may be due to the
difference in the composition of organic substances
in the source water during the year.

A significant role in the constant seasonal
deterioration of water quality and overspending of
washing water and reagents is played by seasonal
peaks of overloading of treatment facilities with
phytoplankton, for which they are unsuitable for
retention (Fig. 1). Accordingly, the picture of
the use of reagents has changed in comparison
with the technological map that was laid down
during the design of typical treatment facilities.
Aluminum-containing coagulants to purify water
from pollutants that are in a colloidal state and are
used on the SWSS of the RMPE of the Dnipro-
Kirovograd with surface water intake from the
Kremenchuk Reservoir. Working coagulant
doses in the autumn-winter period, when water
color is 30 degr., turbidity up to 3 mg/dm’, are
10-30 mg/dm®. Doses of a coagulant during the

flood period and the “blooming” period of the
Kremenchuk Reservoir reach 100-150 mg/dm?
with the color of the source water 70-90 degr.,
turbidity 8-9 mg/dm®. An increase in the dose
of aluminum-containing coagulants during the
specified period leads to a rise in the aluminum
content in drinking water to the limit of the
normative value (0,5 mg/dm?).

Based on the observation data for the summer
period of 2018-2023, an analysis of the influence
of temperature on the following hydrometric,
chemical, and physical factors was carried out at
the water intake from the Kremenchuk Reservoir:
changes in turbidity, color, and concentration of
total iron and ammonium ions (Fig. 2-5).

To clarify the visually obtained connections
of the analyzed factors (Fig. 2-5), the nature of
their mutual influence, a correlation analysis of
archival data of observations on the water intake of
the Kremenchuk city for the period from May 30,
2014, to April 6, 2016, was carried out, regarding
the impact on the concentration of dissolved
oxygen of the following hydrometric, chemical,
and physical factors: changes in the water level;
changes in water influx and discharge; changes in
Mn?* and NH, concentration; temperature t (°C).
Given that the data distribution does not correspond
to normal law, both the parametric Pearson method
and the non-parametric Spearman method were
used to determine correlations. The results of
statistical data processing are presented in the form
of correlation tables (Tables 4, 5) [1].
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Fig. 2. Changes in the temperature and turbidity of surface waters at the water intake
from the Kremenchuk Reservoir in the summer period of 2018-2023
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Fig. 5. Changes in the temperature and ammonia concentration of surface water at the water intake
from the Kremenchuk Reservoir in the summer period of 2018-2023

4. Correlation of changes in water indicators at the Kremenchuk city water intake according

to Pearson

0, Mn NH, t, °C Level Influx Discharge
0, 1.000 —0.329 —0.420 —0.743 —0.660 0.152 —0.011
Mn —0.329 1.000 0.524 0.275 —0.042 —0.146 0.106
NH, —0.420 0.524 1.000 0.069 0.219 0.271 0.248
t, °C —0.743 0.275 0.069 1.000 0.593 —0.303 0.015
Level —0.660 —0.042 0.219 0.593 1.000 0.303 0.165
Influx 0.152 —0.146 0.271 —0.303 0.303 1.000 0.499
Discharge| —0.011 0.106 0.248 0.015 0.165 0.499 1.000
5. Correlation of changes in water indicators at the Kremenchuk city water intake according to
Spearman

0, Mn NH, t, °C Level Influx | Discharge
0, 1.000 —0.363 —0.440 —0.691 —0.644 0.256 —0.168
Mn —0.363 1.000 0.466 0.564 0.150 —0.150 0.227
NH, —0.440 0.466 1.000 0.158 0.199 0.206 0.244
t, °C —0.691 0.564 0.158 1.000 0.803 —0.336 —0.019
Level —0.644 0.150 0.199 0.803 1.000 0.062 0.050
Influx 0.256 —0.150 0.206 —0.336 0.062 1.000 0.275
Discharge —0.168 0.227 0.244 —0.019 0.050 0.275 1.000
The determining method of correlation Correlation analysis confirms the visual

analysis is the non-parametric method of
Spearman, the additional one is the parametric
method of Pearson. A comparison of the
coefficients obtained by the two methods confirms
their non-contradiction.

connection of oxygen with temperature and
water level (Tables 4, 5). This is evidenced by
the correlation coefficients: —0,691 and —0,644,
respectively, this is a pronounced influence of
these factors on the oxygen concentration. That
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is, there is a significant negative relationship
between temperature and the level of oxygen
content in water. The higher the temperature and
level, the lower the oxygen concentration. The
effect of the correlation coefficient of ammonium
nitrogen is also quite significant: -0,44, although
it is not a vivid illustration of the inverse
dependence (Table 5).

Regression analysis is used to determine the
contribution of individual independent variables
and the forecast of values.

The dependent variable — is oxygen
concentration, independent variables: are
temperature, soluble manganese, ammonium
nitrogen, water level, influx, and discharge.

By constructing a multiple linear regression
equation, we determine the contributions of
individual independent variables. Using the
method of least squares, the equation is obtained:

O,M1 = 165,660995 — 0,203042912 x Mn —
4.67263708 x NH4 - 0,189655268 x t —
—1,96944342 x Level + 0,16194699 x Influx +
0.0234157502 x Discharge

where: O,MI — concentration of soluble
0,, mg/dm®, Mn — concentration of Mn?,
mg/dm?; NH4 — concentration of NH,, mg/dm?;
t — temperature, °C; Level — water level, m;
Influx — water influx, hundreds of m¥s;
Discharge — water discharge, hundreds of m?/s.

(a1

The model is characterized using the
coefficient of multiple correlation, coefficient
(index) of multiple determination, and adjusted
coefficient of determination.

The coefficient (index) of multiple corre-
lation R is used to assess the closeness of the joint
influence of factors on the dependent variable. To
assess the adequacy of the regression model, the
coefficient of determination R? serves as ameasure
of the quality of the regression equation. The
resulting model has the following characteristics:
multiple correlation coefficients R =0,875;
coefficient of determination R? = 0,766; adjusted
coefficient of determination R? ;s = 0,755.

In Fig. 6 shows the real values of the oxygen
concentration in the water of the Kremenchuk
Reservoir and the resulting model.

Fig. 6. demonstrates the high correlation
between the results of experimental studies and
the obtained O,M1 model, which confirms its
adequacy.

The contribution of individual independent
variables to the variation of the dependent variable
is obtained from the equation and visualized on
the Pareto chart (Fig. 7).

The way to improve the ecological condition
of the Dnipro and its reservoirs is not to draw
down them in stages, the ecological and
economic effect of which is negligible compared
to the projected total damage that may be caused
to the nature and economy of Ukraine, but in
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Fig. 6. Comparison of real values of oxygen concentration in the surface waters
of the Kremenchuk Reservoir and the obtained O,M1 model
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Pareto diagram t-significance for coefficients; df=128

Sigma-constrained parametrization

Variable: O, mg/dm®

NH4, mag/l |

- 6’32-‘

Level, m

j 4,894337

Influx, hundr. of m%/s |

3,5768

Discharge, hundr. of m¥/s }

Mn, ma/l :l 3657551

p=,05
t-value (Coefficient; Absolute value)

Fig. 7. The contribution of individual independent variables to the variation of the dependent
variable according to the O,M1 model for the surface waters of the Kremenchuk Reservoir

the implement environmentally and resource-
saving technologies (innovations), scientifically
based reconstruction and optimization of water
using of the Dnipro reservoirs. The development
of optimization of water supply and sewerage
systems for cities whose water supply is provided
by the Dnipro River should be consistent with
river basin management plans and the post-war
reconstruction of Ukraine [28-30].

Conclusions. An analysis of the effectiveness
of traditional water treatment technologies at the
Dnipro water treatment station with water intake
from the Kremenchuk Reservoir showed that
these treatment facilities are not designed to treat
water with a high content of biogenic substances
during the period of active phytoplankton
vegetation (summer period of elevated
temperatures) and under such conditions, used
increased doses of the previous chlorination. As
a result, water is polluted with residual chlorine
and organochlorine, and the aluminum content in
drinking water rises to the limit of the regulatory
value (0,5 mg/dm?®). Turbidity 1.4 times higher

and permanganate oxidizability 1,3 times higher
than the standard content were found in the
drinking water of the CWR. Correlation analysis
of the effect of temperature on changes in
turbidity, color, and changes in the concentration
of total iron and ammonia confirmed the visual
connection of oxygen with temperature and water
level: the higher the temperature and level, the
lower the oxygen concentration.

The practical aspects of phytoplankton extrac-
tion during intake of surface water from Dnipro
reservoirs and water treatment at water treatment
stations with the development of recommendations
for the operation of water intake facilities have
gained further scientific justification. Areas of
work should include several normative-legal,
engineering-technical, material-energy, economic,
and other measures to improve the quality of
drinking water; increasing the reliability of the water
supply system; increasing the efficiency of the use
of material and energy resources of the water supply
system; scientific, technical and design support for
the implementation of measures.
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Anomauia. IIposedeno ananiz eghexmugrnocmi pobomu cucmem OUUCMKU NOBEPXHEBUX 0O OHINPOBCLKUX
8000CX08ULY NPU 3MIHI iX AKocmi 01a 3a0e3neueHHs: HOPMAMUBHUX NOKASHUKIE AKOCMI NUMHOI 800U.
Hocniosxcennsn egpexkmusrnocmi mpaouyitihux mexHono2iu 6000ni020MosKu 30iUCHIO8ANU WIIAXOM AHANIZY
pesyromamie 1abopamopHux O0CTIONCeHb GUXIOHOI ma numuoi 600u Ha J[HINPOSCHKIll 80000UUCHIL
cmanyii i3 3a60pom 600u Kpemenuyyvroeo éodocxosuwa (dani CBKIT OKBII «/[ninpo-Kiposocpaoy),
BCMAHOBNICHHS KOPETAYIIHUX 36 A3KI8 AKICHUX NOKA3HUKIE MA OYIHKU CMAHY B0OHUX Pecypcie 8i0N06i0HO
00 8UMO2 B0OH020 3aKOHOOA8cmea. OuucHi cnopyou JJHINpO8CLKOI 80000UUCHOT CIMAHYIT He pO3PaX08aHi
HA OYUULEHHS 800U 3 BEUKUM 8MICMOM OI02eHHUX Peu08UH y Nepiod akxmusHoi eecemayii ¢imoniamk-
MOHY i 3a MAKUX YMO8 3aCMOCO8YIOMb NIOSUUEHI 003U NONEPEOHbO20 XLOPYEAHHA. K HACTIOOK, 8i00Y-
8aemuvcsi 3a6pYOHenH sl 600U 3ANUUKOBUM XJIOPOM | XJIOPOP2AHIKOI0. 3POCMAHHsL 003U GHECEHHS. ANIIOMO-
BMICHUX KOASYISAHMIB Y 8IONOGIOHUI Nepiod npu3800ums 00 3POCMAHHS 6MICIY ATIOMIHIIO Y NUMHIL 6001
00 medxnci nopmamuerno2o 3navenns (0,5 me/om’). 3a pesynomamamu docniodicens 6 nummnill 600i GUsGICHI
nepesuwjenta xanamymuocmi 8 1,4 ma nepmanzanamnoi oxucniosanocmi @ 1,3 pasza 6io Hopmamuenozo
emicmy; nepesuujenis 3a6apeieHoCcmi, 3anizd, Micmy 3aIUWKOB020 XJI0PY GUABTANUCA Auule eni300UUHO
ma 6 cepeOHbOMY 3HAXOOUMUCA ) BEPXHIX MexHcax HOPMAMUSHUX 3HaueHv. [IposedeHo KopenAyitiHull
ananiz (memooamu Cnipmana ma Ilipcona) eniugy memnepamypu Ha HACMYNHI 2I0poMempPUdHi, XIMIYHI
ma QizuyHi YUHHUKY: 3MIHU KALAMYMHOCMI, 3a0apeieHocmi, 3MiHU KOHYeHmpayii 3a1i3a 3a2aibHo2o
ma amiaky. Ananiz niomeepous Gi3yanbHUll 36 30K KUCHIO 3 MEeMNepanmypoio i pignem 800u ma GNius
gaxmopie na konyenmpayiio Kucho. Habyiu nooansuio2o nayko8o2o 00IpyHmy8anHa NpakmuyHi acnekmu
BUTYYEHHS (DIMONIAHKIMORY NPU 3a60Pi NOBEPXHEBOT 800U OHINPOBCHKUX 8000CX08ULY i 00pOOYI 600U HA
CMAaHYIAX 6000NI020MOBKIL.

Knrouosi cnosa: 600nui pecypcu, numna 600a, mexHono2isi OMUCMKU, (IMONIAHKMOH, SKICMb 600U
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