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INTEGRATED WATER RESOURCES MONITORING SYSTEM
WITHIN THE STRUCTURE OF ENVIRONMENTAL SAFETY
IN SOUTHERN UKRAINE

Purpose. To substantiate the components of monitoring of resource-saving regulation of the water regime of river basins in the
system of environmental safety of the southern regions of Ukraine on the basis of managed restoration of water resources and ele-
ments of the disturbed aquatic environment.

Methodology. A complex of standardized methods of field, desk and laboratory research, as well as methods of statistical pro-
cessing of experimental data using the method of central composite orthogonal planning was used.

Findings. The paper analyzes the trends in the water cycle in technological complexes and agricultural complexes with the
subsequent use of local measures to condition the resource in order to recharge the water supply source. The modes of operation
of technological equipment using process and recycled water in traditional and energy-saving modes were modeled. Schemes of
recycled water purification for use in the technology park were developed to reduce the cost of the production product. A study of
drought processes in the agricultural sector in the southern region was carried out to reduce the risks of water management with
renewable resources. Experiments on the absorption of various types of anthropogenic mixtures through porous artificial and soil
structures were performed in the field, followed by the determination of background concentrations of pollutants.

Originality. During field and laboratory studies, applied tools for regulating the nutrition of water basins were developed. For
the first time, a system for identifying agronomic drought phenomena and selecting priority measures to minimize the impact of
moisture deficit in the context of global warming on the regional economy was designed. Greening of recreational areas of technol-
ogy parks for the separation of sediment during gray water restoration was carried out. Recommendations were developed to regu-
late the operation of water management areas of enterprises in conditions of fluctuation in the flow of recycled water and other
auxiliary economic needs to increase the water use coefficient of cities. Methods of wastewater treatment for the formation of
components of water basin recharge were systematized. To improve the aquatic environment, a number of water protection con-
cepts and programs have been developed, such as supply management, demand management, and integrated water resources
management and environmental safety measures.

Practical value. A system of combined nutrition of the water regime of the reservoir basin has been developed. Methodologies
for the recovery of recycled water from municipal and industrial enterprises for reservoir nutrition were calculated and tested. Op-
erating modes of the cavitation unit for surface water recovery were established. The directions of development of the water basin

in the context of global warming and the anthropogenic load of cities have been developed.
Keywords: ecological safety, water resources, water basin recharge, resource-saving regulation, monitoring system

Introduction. Sources of fresh water include both re-
newable and depletable resources that are artificially creat-
ed through desalination [1, 2]. Water is fluid, which creates
additional difficulties in determining ownership rights and
responsibility for preserving the quality of the resource [3].
Water is not fully utilized in the consumption process,
which generates externalities associated with reverse flows.
This type of resource is characterized by high variability,
both in terms of supply and quality. Investment projects in
the mode of water supply, on the one side, require large in-
vestments and demonstrate capacity savings, while on the
other side, they often have the characteristics of a public
good [4, 5].

Literature review. The study of the water basin and the
state of the ecological situation of industrial regions encour-
ages the developers of new technologies for cleaning the water
space and protection of the basin to pay more attention to
green technologies. The authors M. Prykhodko, A.Fedorov,
O. Tuts, A. Oliynyk, P. Smyk, O. Savchuk did not consider the
issue of current monitoring of water basin pollution, which
postpones the direction of local pollution monitoring for a
long period of time. The current identification of pollution
risks is extremely relevant for the prompt resolution of issues of
self-recovery of the reservoir buffer volume.
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The human health condition is considered as an integrated
indicator of well-being, as it depends on a combination of fac-
tors. One of the reasons for the unsatisfactory state of health of
the population, on a par with economic factors, can be the
pollution of the environment and the water basin. As a result of
the incomplete use of the industrial component, the ecology
of the regions deteriorates significantly, the biocenosis of water
bodies deteriorates [5, 6], the natural processes of self-clean-
ing of water bodies become complicated, and the latter pass
into the category of depleting resources.

Reserves of fresh groundwater suitable for drinking water sup-
ply amount to 109.3 million m>/year (299.5 thousand m3/day) in
12 explored deposits [7].

The balance of the Dnipro River (near Zaporizhzhia City)
is, in million m?

X+ +wW+y=0+w+ ), Au,

where x is precipitation, for the considered time on the surface of
the allocated volume; z; — the amount of moisture condensed in
the soil and on its surface; w; — the amount of moisture of the
underground inflow; y, — surface watercourses inflow (channel
and slope runoff); z, — evaporation from the surface of water,
snow, soil, land vegetation, and transpiration; w, — outflow of
water by means of an underground runoff; y, — water outflow
through surface watercourses (channel and slope runoff); Au —
change of water reserves in the basin during the time interval.
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23+ 1.1+ 109 +1,211 =145 + 134 + 855 - 210.

The water security of Zaporizhzhia region is quite high
and amounts to 29.6 thousand m? per year per person, mainly
due to the flow of the Dnipro River, water security of under-
ground water is only 0.061 thousand m? per year, water secu-
rity of local surface runoff is 0.30 thousand m?> per year [7].
However, the rapid development of society leads to a constant
increase in water intake. Thus, in 2021, the total volume of wa-
ter intake amounted to 1,211,900,000 m?, which is
239,500,000 m? or 24.5 % more compared to 2020, and the use
of water increased accordingly by 241,800,000 m? and amount-
ed to 1,186.0 million m? [8, 9].

The dynamics of the total amount of water intake (Fig. 1),
use and discharge of wastewater in the region primarily de-
pends on the users of water resources of Zaporizhzhia TPP,
PJSC DTEK Dniproenerho, which operate on direct water
supply. The increase in the intake and use of fresh water of the
Zaporizhzhia TPP in 2021 by 1,844,000,000 m? is mainly re-
lated to the technological conditions of water intake in the
winter period.

In 2021, PJSC “Zaporizhstal” increased the intake and use
of fresh water by 7,350,000 m?, which was associated to a
change in the assortment of rolled metal production. These
processes required more intensive cooling, with the imple-
mentation of a unit for inblowing pulverized fuel into blast fur-
naces, with an increase in the duration of the purging of re-
versible cycles fresh water in the summer season and with
other production needs.

Unsolved aspects of the problem. When performing a stra-
tegic analysis, they usually calculate the current needs of en-
terprises (Fig. 2), utility sectors and leave a reserve for maneu-
vering (24 % of the buffer volume). Under the influence of
global warming factors, experts may not include the increased
level of evaporation from the surface of reservoirs, which is ex-
tremely important today [10].

The developed water quality software block (WQ-module)
is connected to the AD-module and describes the processes of
chemical reactions in multicomponent systems, including de-
composition of organic substances, photosynthesis and respi-
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ration of aquatic plants, nitrification and oxygen exchange
with the atmosphere.

The enterprise’s water balance and water quality parame-
ters are calculated for all indicator points by the method of
rational extrapolation in an integrated two-step procedure
with the AD module.

The existing water quality monitoring system in the basin
is imperfect and requires the development and implementa-
tion of an integrated regulation system of recharge with renew-
able resources |95, 8].

Today, 11 control points are located on the Dnipro River
within the city of Zaporizhzhia: 0.5 km above the control out-
let of the Panska creek; 0.5 km below the control outlet of
Panska creek; 0.5 km above the control outlet of Markusova
creek; 0.5 km below the control outlet of Markusova creek;
0.5 km above the control outlet of TSO 2; 0.5 km below the
control outlet of TSO 2; 0.5 km above the confluence of the
Mokra Moskovka river, above the discharge of the Kapustiana
creek; 0.5 km above the confluence of the Mokra Moskovka
river, below the concentrated outlet of the Kapustiana creek;
0.5 km below the confluence of the Mokra Moskovka River,
above the discharge of the city’s treatment facilities; 0.5 km
above the outlet of TSO 1; 0.5 km below the outlet of TSO 1.

Appropriate control devices for conducting research and
recording indicator values are presented in Table 1.

The aim of the study is justification of the monitoring compo-
nent of the resource-saving regulation of the water regime of river
basins in the system of ecological security of the southern regions
of Ukraine based on the managed restoration both the water re-
sources and elements of the disturbed aquatic environment.

Method. A complex of methods of standardized field study,
desk study, laboratory and statistical study was applied in the
research [11, 12]. To improve the aquatic environment, a num-
ber of concepts have been developed in the field of water re-
sources protection and programs, such as water supply man-
agement, water demand management, and integrated water
resources management and measures to ensure environmental
safety [13, 14].

The problem of the impact of reclaimed water with quality
indicators (total hardness — 1—5 mg-eq/dm?; turbidity —
1-9 mg/L) on the evaporation coefficient of water in the recy-
cling water supply system was investigated during experiments
on the operating equipment of the turnover cycle of the agglom-
eration facility of the industrial enterprise. The results indicate
the possibility of using recycled water for technological needs.

Analysis of data from installed bathymetric sensors of wa-
ter supply channels has become a strategically relevant issue.
The data collection process lasted from 2014 to 2019 [15]. Spe-
cialists of the research group processed climatic data on the
amount of precipitation and soil moisture in the districts of
Zaporizhzhia region.

The soil productivity index was calculated on the basis of
annual data on the productivity of agricultural crops. The period
of drought events was recorded on days with elevated tempera-
ture in the field. The depth of soil moisture was controlled with
a pin rail with markings of 10, 25, 50, 100 cm. The time of check-
ing was 3 times a day (8:00 a.m. — 4:00 p.m. — 10:00 p.m.).

20%

Water quality, mg-eq/L Table 1
o ——— Indicator sensors of water quality

No. | Name of sensor Range of values Accuracy

1 | pH sensor DPS =600, 0—14 pH 0.01 pH
20% N 5 2 | Turbidity sensor RS 485, 0—60 degrees 0.3 degrees
"0\0\.__‘ 3 Salinity sensor DSS -600, 0—50 degrees 0.1 degrees
4 | Chlorine sensor DLS -600, 0—20 mg/L 0.01 mg/L
0% 1 j 2 j 3 j 4 " 5 " 6 ! 7 ! 8 ) 9 ) 10 ! 5 Oxygen sensor DOS -600, 0-20 mg/L 0.01 mg/L

Fig. 2. The current need for water resources of indicator quality 7 | ORP sensor DLS —600, -1,999-1,999 mV I mv
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In order to assess the profitability of measures to restore
the balance of reservoirs, indices of the integral restoration of
the water basin of the region have been developed. Depending
on the severity of water pollution and soil moisture deficit, it is
recommended to use “gray” wastewater after cavitation waste
treatment.

Obtaining the results of the water imbalance of the reser-
voir became the starting point for the formation of scenarios of
current diffuse neoplasms and the assessment of the conse-
quences of the discharge of industrial waters. Diffuse water
discharge software is under development.

When planning annual technical plans for enterprises, a
useful step is to simulate the quality of wastewater of technol-
ogy parks (Fig. 3).

Suitability of wastewater quality provides additional op-
portunities for reserving industrial resources for further treat-
ment. The research was conducted on the turnover cycles of
the industrial plant. The overall dimensions of industrial ag-
gregates were measured with a tape measure, and the tempera-
ture regimes of the inlet and outlet of wastewater were mea-
sured with a pyrometer. The speed of the water flow was mea-
sured with Zhestovsky’s turntable in open channels.

The initial data was the quality of the input resource (hard-
ness, alkalinity, recharge, oxygen concentration, heat capacity
of sediments on the equipment tube) and the number of self-
cleaning speeds, the required amount of water, depending on
the technology, were mathematically calculated. An additional
tab of the program calculates the water-chemical balance of
each area and device (water losses for purging, drip loss, evap-
oration, required percentage of power).

The mathematical apparatus automatically calculates the
appropriate evaporation coefficient and the thickness of pos-
sible deposits in the system. During the experiments,
1,223 items of equipment in 23 shops of metallurgical plants
were calculated. The error of the experiment does not exceed
4 %, which confirms the relevance of the research.

Research conducted on metallurgical equipment (stages
1—4) indicates the possibility of saving water resources when
re-using up to 12 % per hour at standard water quality (water
hardness 4.8 mg-eq/L; alkalinity 3.3 mg-eq/L, salinity
680 mg/L (Table 2)).

Implementing the automation of the power supply system
will provide an opportunity to replenish the reservoir in remote
operational mode.

Research results. A mathematical model of cavitation wa-
ter purification performance was developed

y=46.062-7.172x2 ~16.745x] —25.898x2 +
+2.738x3 +14.137x, - x,,

where x, is hardness of water, mg-eq/L; x, — productivity of
the process, %; y — the number of cycles — 15—74 cycles.
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Fig. 3. The influence of water mode quality indicators on the
evaporation coefficient and sediment thickness in the water
supply system:

Ky — evaporation coefficient; S — thickness of sediments, mm; P; —
alkalinity, mg-eq/L; P — carbonate accumulation, mm
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Table 2

Technical possibilities of conditioning the first aqueous
solution according to recovery scenarios

o = e =
The first aqueous | 2 5 5 '% 29 ébé NENEEE)

CEc| EEQ|S55C|RET
Turbidity 120 60 48 28 5
pH=38.4 7.4 7.2 6.1 5.3
Hardness 12.8 7.8 71 438 0.5
Alkalinity 7.31 6.1 5.4 3.3 0.01
Co, =28 44 3 12 18
Ceo, =15 23 17 24 21
Salinity 1,200 680 420 235 181
ORP =-1,408 -284 108 54 273

Studies of wastewater treatment with alternative adsorbents
to reduce pollutant concentration were conducted. For the ex-
periments, a filter column and a mixer were used to grind ad-
sorbent fractions. Samples with a volume of 5 liters of techno-
genic mixtures were used in the experiments (Fig. 4). The du-
ration of the process varied from 10 to 2,880 minutes (Fig. 5).

The results of the process were reflected by express tests of
hardness, alkalinity, ORR reaction, TDS meter.

Mathematical model of performance of water system re-
charge

¥ =446.4863+48.65x, +145.9x, —6.59x% —
—6.54x3 +16.225x, - x,,

where x, is air temperature, %; x, — carbonate hardness of re-
charge water, mg-eq/L; y — the amount of required recharge
of water system, m>/h.

Assessment of water pollution is extremely relevant, espe-
cially in the vicinity of technology parks, for possible model-
ling of reducing the risks of intoxication of water bodies and
the state of aquatic biodiversity [16, 17].
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Fig. 4. The influence of the hardness of the recharge water on the
permissible evaporation coefficient of water supply systems
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The natural excess of infiltration rates and the rate of dilu-
tion of wastewater pollutant concentrations in many water
body cross-sections are different. The need to estimate infil-
tration parameters over large areas of a catchment increases
the need for distributed catchment modelling. The accuracy of
the water pollution risk results may vary depending on the type
of soils that make up the water body, hydrological maps and
the control of the operation of the company’s infiltration sites.
The soil infiltration parameters represented in the distributed
model and its configuration affect the accuracy of the results
for the river body’s nutrition. Productive infiltration of artifi-
cial soil plots is useful for increasing the specific productivity
of the reference area of recreational areas.

The research and results obtained formed the basis for the
development of the reservoir recharge system. The aquatic en-
vironment recharge system comprehensively analyses the en-
vironmental conditions online and the withdrawn volumes of
process water from industrial reservoirs, cavitation recovery
sites, infiltration control sites, membrane treatment plants and
determines the time of their entry into the water supply source
(in case of reservoir imbalance).

The remote quality control sensors are located in the pilot
sections of the reservoir and at the outlet of the water recovery
sites and provide quantitative information to the main server of
the enterprise.

The system includes both quantitative and qualitative
analysis sensors:

- recreational reservoirs (in each district of the city, up to
25,000 m® of water);

- cavitation unit (conditionally dirty water cycles, capacity
up to 150 m*/h);

- membrane plant (conditionally clean water cycles, ca-
pacity up to 100 m3/h);

- infiltration site (area up to 120 m?, with a specific capac-
ity of 15 m*/hour;

- communications;

- pumping stations;

- an integral center for processing information on flows.

The use of the reservoir recharge system within one city
allows: with mechanical wastewater treatment, to obtain up to
1,200,000 m?/year of additional resource, or 37 % of water
consumption (Fig. 6); with chemical water treatment, to ob-
tain up to 1,578,034 m3/year, or 18 % of water consumption.
The size of the reserve depends on the type of natural resource
use and the industry profile of the region [17, 18]; when using
bioengineering methods, up to 1,276,845 m?/year, or 11 % of
water consumption, is released (Fig. 7).

The volume should be planned based on local drinking
water consumption; infiltration water recovery with artificial
soils releases up to 37,145 m? /year.

Fig. 8 shows four scenarios of smart city development. Ac-
cording to the political scenario developed (by experts from
the municipality and industrial technoparks), the city of Za-
porizhzhia is expected to increase its CO, emissions to 220 Gt,
which will lead to an increase in the average temperature by
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Fig. 8. Graph of the decrease in the intensity of self-cleaning of
a reservoir with the loss of biodiversity due to increase in air
temperature (deterioration of the environment)

6 degrees Celsius each month annually, which will become a
driving force for biodiversity degradation, destruction of water
bodies and destruction of socio-economic relations in the city
(Dnipro city — 187 Gt, Kherson city — 42 Gt).

In the current scenario, hourly data is required to flexibly
regulate the amount of reclaimed water fed into the reservoir. At
the same time, the municipality develops a production program
for the required amount of recycled water to ensure the function-
ing of the city’s recreational areas. Under the industrial scenario
(Fig. 8), industrial emissions increase from 150 to 227 Gt, caus-
ing an 8-degree Celsius temperature increase, energy demand.

Development of an early warning system for the condition of
the aquatic environment. The system should be designed to
perform the following functions:

1. Maintenance of basic data sources. Includes basic data and
all types of warning standards for sudden water pollution acci-
dents, water quality standards in functional areas, threshold stan-
dards for early warning indices and early warning level standards.

2. Calculation and analysis of complex assessment indices,
necessary assessment of the impact of the pollutant.

The calculation of the indices is divided into two parts.

Qualitative analysis: the indicators include the type of ac-
cidents, the scale of the affected water body areas, the catego-
ries of affected water body areas, and the degree of environ-
mental damage, which can be selected optionally in the inter-
face early warning system according to the actual water pollu-
tion situation to assess the consequences of accidents.

Quantification: including selection of pollutant indicators,
downstream monitoring catchment areas and calculation of
the area of impact, time impact and scale of impact.

The system operates in an industrial metallurgical city,
where municipal wastewater, industrial sludge water, and in-
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dustrial conditionally clean water are present. The municipal
wastewater segment includes wastewater from municipalities,
the private sector, and local agricultural enterprises.

In the event of an incompliance of the wastewater quality, the
controller rejects the defective volume of contaminated water and
sends it for re-treatment at the regional conditioning stations.
Uncontrolled discharges are not allowed as the water supply sys-
tem is controlled by the Regional Water Inspectorate, environ-
mental inspections, and representatives of the municipality. The
entire water supply and wastewater disposal system is equipped
with remote sensors for monitoring hardness, alkalinity, pH, salt
content, oxygen, carbon dioxide, phosphates, and nitrates.

During the trial operation of the water system, a program
for assessing the state of regional water development was test-
ed. It consists of five modules:

1. General situation management module. Presentation of
the urban basin risk, including the overall regional situation,
river water balance and water buffer zone, which helps experts
learn more about the geographical location, hydrology and
meteorology, status and location of water functional zones, etc.

2. Aquatic environment assessment module. Changes in wa-
ter quality in each basin cross-section over time, study of water
distribution, generation of a distribution diagram of the main
water flows, according to the main pollution indicators in se-
lected river cross-sections, calculates indicator coefficients
and excessive arrays.

3. Waste management module. Accounting for the volume
of wastewater, buffer volume of urban rivers and enterprises,
calculating the excess capacity of the aquatic environment and
the amount of pollutants. The module calculates the concen-
tration of pollutants at the water intake site downstream after
their degradation, diffusion and the length of the marginal im-
pact of pollutants on the biocenosis.

4. Step-by-step progression of the aquatic environment risk
prevention module. Based on the analysis of precipitation and
water demand, the module combines data on water quantity
and water quality; it determines the risk status of local water
resources by runoff.

5. Early warning module for aquatic environments. Evaluates
the situation by calculating the impact scale and the time of im-
pact of volleyed discharges on the aquatic environment. Based
on the defined benchmark quality indicators, it predicts scenario
trends and provides early warnings to the appropriate experts.

The algorithm of the power supply system.

In the current mode, each element of the system operates
in an autonomous remote mode and has its own technological
cycle (duration from 3 to 720 minutes). The final product is
recycled water with quality indicators (water hardness
3.2 mg-eq/L; water alkalinity 1.8 mg-eq/L; pH = 7.5; salt con-
tent = 250 mg/L). When this level is reached, the sensor sends a
signal to the main server, including the site number, the amount
of water recovered, and the shift number.

The effect of using this system is to control the quantity
and quality of the allocated resources, the duration of water
quality degradation, control of the treatment technology, and
restoration of surface water quality by four measures. Preserva-
tion of the reservoir’s biocenosis, development of surface
stream intersections and agricultural plots constitute a future
natural resource and enhance the city’s image. The economic
impact of the implementation is estimated at over UAH 30
million per industrial technopark.

The planned research focuses on modelling the aesthetics
of the floodplain lake landscape, for the public, in the context
of ecological river restoration. The choice of visual factors is
related to several operational factors:

- modelling the pool in various aspects;

- regression analysis: the dependent variable is the average
aesthetic factor provided by the people surveyed; the indepen-
dent variables are the visual characteristics of the water basin.

Finally, the modelling is based on six visual and physical
variables: 1) green dominance; 2) brown dominance; 3) pres-

ence of warm currents; 4) presence of poorly structured aquat-
ic vegetation; 5) presence of sediments; 6) muddy water.

In addition to aerial photography, ground photographs of
structural elements of landscapes can also be used for opera-
tional purposes [19]. Assessing perceptions is a truly challeng-
ing problem for hydrologists. By providing quantitative infor-
mation on various aspects of social perception, questionnaires
combine social and environmental data to provide manage-
ment scenarios and identify patterns of most valuable environ-
mental and hydraulic achievements.

For the management of river objectives and especially river
restoration, the landscape is a secondary consideration. There
is a strong discrepancy between the perception of nature by
different experts [20].

The landscape is a secondary consideration for the manage-
ment of river objectives and especially river restoration. There is
a strong inconsistency of the nature perception by different ex-
perts [20]. Integral and sustainable management of river flows
for hydrological restoration, flood protection or human recre-
ation — the importance of priorities varies depending on the
river stretches. The multifunctionality of a water basin does not
mean that all water uses should be maintained everywhere [21].

To maintain the image, the municipality can involve the
public in setting key priorities when assessing the prospects for
the river environment and the benefits for the specific features
of the river basin.

Including public participation in river management and
planning can reduce the number of protesters in decision-
making. However, if improving public acceptance and support
is the goal, it should be noted that the public is not a homoge-
neous group, but encompasses people with different interests.
Public participation is also aimed at identifying imperfect per-
ceptions and expanding knowledge about the full functioning
of the ecosystem |[5, 22].

Conclusions. To improve the aquatic environment, a num-
ber of water protection concepts and programs have been de-
veloped, such as supply management, demand management,
and integrated water resources management and environmen-
tal safety measures.

1. The levels and volumes of environmental and water cri-
ses, which are aggravated by climate change, on the scale of
the technology park, leading to an increase in the cost of en-
ergy resources in the region, a decrease in freshwater resources
by 44 %, and the need to address regional problems of resource
efficiency of the water basin, are determined.

2. Scientific and methodological approaches to improv-
ing the productivity of wastewater treatment (infiltration, wa-
ter regime regulation, sedimentation in thin-layer blocks,
mechanical treatment) to increase the water content of the
basin are substantiated based on the developed systematic
methodology.

3. Based on the improved principles of automation of the wa-
ter treatment system and the water-chemical regime of the reser-
voir, their joint operation in different modes, the parameters of
the reservoir power supply system modes are substantiated.

4. The implementation of the developed river power supply
system reduces water and electricity consumption by up to
47 % and reduces the discounted payback period of invest-
ments to 4 years per region.
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Meta. OOrpyHTYBaHHSI CKJIaOBUX MOHITOPUHTY pecyp-
COOIIATHOTO PETYJIOBaHHS BOAHOTO PEXUMY OaCeiiHiB piuok
Y CUCTEMi eKOJIOTiYHO1 6€3MeKH MiBAEHHUX PErioHiB YKpaiH1
Ha OCHOBi KEPOBAHOTO BiTHOBJIEHHST BOTHUX PECYpCiB I efe-
MEHTIiB MOPYLIEHOTO BOIHOTO CEPEIOBUIIA.

Metoauka. BukoprictaHO KOMITJIEKC CTAaHAAPTU30BAHUX
METO/iB MOJIbOBUX, KaMepaJbHUX i JaOOpaTOPHUX MOCHi-
IKEHb, a TAKOX METOIIB CTATUCTUYHOI OOPOOKMU eKCIepu-
MEHTJIbHUX JTaHUX i3 BUKOPUCTAHHSIM METOMY LIEHTPAIbHO-
TO KOMTIO3UIIITHOTO OPTOTOHAIBHOTO TUIAHYBAHHSI.

PesyabTaTi. ¥ po0OOTi NMpoaHai3oBaHi TeHIEHIIil 3miii-
CHEHHSI Kpyroo0iry BoAu B TEXHOJOTIYHUX KOMILJIEKCaX i ar-
POKOMILIEKCaX i3 MOJAIbLIMM BUKOPUCTAHHSIM JIOKAJTbHUX
3aXO[IiB i3 KOHOUILIIOBAaHHS PECYPCy 3 METOIO KUBJICHHS JIKe-
pesia BomorocTtayaHHs. BUKOHaHe MOJAETIOBaHHS PEXUMiB
pOOOTU TEXHOJIOTIYHOTO O0JIaAHAHHS HA TEXHIUHil i TOBTOP-
Hiii BoJli B TpaIMIIiiHOMY Ta eHeprooiiagHoMy pexxrumax. Pos-
poOJIeHi cXeMU TOOUMILEHHST TTIOBTOPHOI BOAM ISl BUKOPHC-
TaHHS B TEXHOMAPKY 3 METOIO 3HIKEHHS 1LIEXOBO1 cobiBapTOC-
Ti TOBApHOTO MPOAYKTY BUpOOHULITBA. BUKOHaHI HOCTiIKEeH-
H$ TIPOLIECiB 3aCyXU B arpapHOMY KOMILIEKCi B MiBAEHHOMY
pEeTioHi 3 METOI0 3HMXKEHHST PU3UKIB BOMHOTO TOCTIOAApPCTBA
BiTHOBJICHUMU pecypcaMi. Y MOJIbOBUX yMOBaxX BUKOHAHI 10-
CJIiIM BCMOKTYBAHHSI Pi3HUX TUITiB TEXHOTEHHUX CyMillIei ye-
pe3 MOPUCTY LITYYHY Ta IPYHTOBY CTPYKTYPY 3 MOJAIbLIUM
BU3HAUEHHSIM (DOHOBUX KOHLIEHTpALlill 3a0pyIHIOBAYiB.

HaykoBa HoBM3HA. Y XO/li MOJIBOBUX i 1a00PATOPHUX TOCTi-
JIKEHb pO3p00JIeHO MPUKIIAAHUM IHCTPYMEHTApPIiA 7151 pEryJIto-
BaHHSI JKUBJICHHSI BOTHUX OaceiHiB. Ymepiie 3aiiicHeHe TTpo-
€KTYBaHHS CUCTeMHU ineHTudikallii arpoHOMIiYHUX TIOCYIILTH-
BUX SIBUILL i BUOIp MPiOPUTETHUX 3aXO/iB i3 MiHiMi3allii BIUTUBY
JeilMTy BOJIOTY B yMOBaX I7100aJIbHOTO TIOTETUTIHHSI IS peTi-
OHAaJIbLHOI €eKOHOMiKHM. BUKOHaHa ekosorizailisi poooTH pekpe-
allifHUX OUTTHOK TeXHOMAPKIiB I BUAUIEHHST Ocaly MpU Bill-
HOBJIEHHI cipux Boa. Po3po0JieHi pekoMeHallii 111010 peryJio-
BaHHSI PEXUMIB POOOTH BOAOTOCIIOAAPCHKUX TUISTHOK MiaNpr-
€MCTB B YMOBax KOJMBAHHSI CTOKY MOBTOPHMX BOJ Ta iHILUX
JIOTIOMIiXKHUX TOCTIONAPCHKUX TTOTPEO [UIST MiABUILICHHST Koedi-
LIIEHTY BOJOBUKOPUCTaHHS MicT. CHUcTeMaTh30BaHi MeTOIu
00pOOKM CTIYHUX BOM JIsT (DOPMYBAHHS CKJIAIOBUX SKUBJICHHS
BomHOro OaceifHy. L1 MOJIMIIEHHsS BOAHOIO CepeloBMINA
po3pobiieHa HM3Ka KOHILIETIIIH y Tay3i OXOPOHU BOIHUX pe-
CYpCiB i ITporpam, Takux SIK YIpaBJliHHS MTOCTaBKaMU, yIpaB-
JIIHHSI TIONTUTOM Ta iHTETPOBaHE YIPABIiHHS BOMHUMU PECyp-
caMH i 3aXoaM 110710 3a0e3MeYeHHS €KOJIOTiYHOT Oe3MeKu.

IIpakTiyna 3HauMMmicTb. Po3pobiieHa cucreMa KoMOiHOBA-
HOTO KUBJIEHHST BOJHOTO pexKUMy OaceliHy BomoiiMuiia. Po3-
paxoBaHa Ta arpoboBaHa METOMOJIOTISI BiTHOBJIEHHST TTOBTOP-
HMX BOJ KOMyHJIbHUX i MPOMUCIIOBUX MiAMTPUEMCTB JUISI XKUB-
JieHHs BonoriMmuina. HanaromkeHi pexxuMu ekcrutyaTallii KaBi-
TaliliHOI YCTAaHOBKM ISl BiTHOBJIEHHSI TOBEpXHEBUX BoA. Po3-
po0JieHi HAaMPsSIMKU PO3BUTKY BOTHOTO OaceifHy B yMOBax TJIO-
OaJIbHOTO MOTETUTiHHS 1 TEXHOT€HHOTO HAaBAHTAKEHHSI MICT.

Kumouosi ciioBa: exonoeiuna 6esneka, 600Hi pecypcu, dcue-
NeHH 800HUX Oacelinie, pecypcooujaone peyao8ants, cucme-
Ma MOHIMOpUH2Y
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