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ABSTRACT

Problems Statement and Purpose. This article is a continuation of the authors' previous publications on improving the method-

ical approach to assessing the vulnerability (protection) of drinking groundwater within the Dnipro-Donetsk artesian basin (DDAB)
and is a practical component of these studies. In order to find and develop optimal forms of ecological safety management of drinking
water supply for the region population, the authors' improved approach to assessing the vulnerability (protection) of drinking ground-

water in the strategically important waters of buchak-kaniv aquifer (BKA) was tested.
The purpose of article is the ecological and hydrogeological zoning of research area according to the danger of quality trans-
formation of BKA groundwaters and the determination of zones of increased ecological danger of these waters quality reduction due

to elements of surface and deep genesis.

Data & Methods. The research is based on the analysis of results of drilling more than 950 wells in this region, as well as about
500 measurements of piezometric levels of BKA and the first interlayer aquifer during 1960-2020.

Results. Complex systems of ecological and hydrogeological zoning of the territory of DDAB central part have been developed
according to the degree of ecological danger of lowering the quality of BKA drinking groundwater.

Zoning of the territory was carried out according to the danger of deterioration of these waters quality by man-made pollutants
that enter the waters in the process of downward vertical filtration and migration from the earth surface. Ecologically dangerous areas
with a potential decrease in the quality of BKA drinking groundwater due to elements of surface genesis (water intakes of Poltava,
Lubny, Myrhorod, Velyka Bagachka, Krasnograd cities and some others) have been identified.

Zoning of the territory was carried out according to the danger of deterioration of the BKA groundwater quality due to the upward
migration of natural deep substandard waters. Ecologically dangerous areas with a potential decrease in groundwater quality due to
elements of deep genesis (water intakes of Poltava, Romodan, Myrhorod, Shyshaky, Opishnia, Gadyach, Krasnograd, Karlivka cities

and some others) have been identified.

It is recommended to develop measures to increase the ecological safety of the population's drinking water supply: hydrogeo-
chemical monitoring of characteristic indicators of water quality composition and optimization of the powerful water intakes operating
modes (within ecologically dangerous territories); creation of new water intakes (within ecologically safe territories).
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Introduction. Creating conditions for reliable
safety of people's lives and activities in terms of
providing the population with high-quality drinking
water is one of the priority environmental problems
for Ukraine. It is especially acute in the eastern re-
gions of country, where under the complex influence
of significant man-made pressure on the geological
environment (GE) and natural factors, significant
quality and resource changes of surface and drinking
groundwater are observed.

The peculiarity of Dnipro-Donetsk depression is
its complex tectonic structure together with the mod-
ern geodynamic activity of the earth's crust. Along
with this, the urbanized areas of region are character-
ized by significant technogenic pressure on ground-

water due to the intensification of water withdrawal
and the expansion of water intakes network. Within
Eastern Ukraine, one of the main sources of drinking
water supply for the population is groundwaters of
buchak-kaniv aquifer (BKA), which are vulnerable to
both man-made and natural pollution. This is mani-
fested recently in the deterioration of these waters
quality at many city water intakes against the back-
ground of modern technogenesis and natural pro-
cesses.

In the conditions of finding and developing op-
timal forms of managing the ecological safety of
drinking water supply for the population, it is urgent
to determine the zones of increased ecological danger
of lowering the BKA groundwater quality by ele-
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ments of surface and deep genesis due to the appro-
priate ecological and hydrogeological zoning of re-
search area.

Analysis of previous studies and publications.
Important publications in which the ways of pollu-
tants migration of natural and technogenic genesis
into groundwater were investigated are the papers of
Ukrainian and foreign researchers A.S. Boguslavskyi
(2007), V. N. Bublias (2007), V. M. Goldberg (1983,
1987), S.M. Yelokhina (1983), T.V. Yemchuk
(2011), L.S. Zektser (2004), A. V. Kononenko (2017),
O. E. Koshliakov (2014), V. A. Myronenko (1990),
M. S. Ognianyk (2001, 2013), N. P. Osokina (2016),
O. A. Ostroukh (2013), L. M. Rogachevska (2002),
N. V. Rogovska (1976) ), D. F. Chomko (2000), V. M.
Shestopalov (2007), M. Civita (2004), M. De Maio
(2004), S.S.D. Foster (1987), J. Margat (1968,
1970), M. Olmer (1974), V. Rezac (1974), M. Vrana
(1968), J. Vrba (1994), A. Zaporozec (1994) and others.

Thanks to these studies, a modern methodologi-
cal base for assessing the vulnerability (protection) of
drinking groundwater was developed, a classification
of hydrogeological "windows" was created for vari-
ous technogenic and geological conditions, vertical
and lateral migration paths of pollutants to drinking
groundwater were determined, etc.

The modern methodological base for assessing
the vulnerability (protection) of drinking groundwa-
ter is sufficiently wide and diverse. Table 1 shows the
analysis of publications with the most used of exist-
ing methods, taking into account ecological and hy-
drogeological factors of vulnerability (protection) of
these waters.

Highlighting previously unresolved parts of
the overall problem. The authors of article in previ-
ous publications [4, 6] improved the methodical ap-
proach to assessing the vulnerability (protection) of
Dnipro-Donetsk artesian basin (DDAB) groundwa-
ter. These papers involved the rational integration of
existing methodological base, highlighting its
strengths and weaknesses, and improving the latter.

This article is a continuation of these studies and
is a practical component of them. The buchak-kaniv
aquifer groundwaters are one of strategic reserves of
drinking water within Eastern Ukraine. However,
BKA is locally vulnerable to both man-made and nat-
ural pollution. Against the background of modern
technogenesis and natural processes, the chemical
composition of these waters has recently undergone
significant changes. Currently, these waters are par-
tially or completely unsuitable for drinking purposes
at about 20 powerful urban water intakes in the re-
gion. In order to develop appropriate measures to im-
prove the ecological safety of drinking water supply
for the population of this territory, it was necessary to
identify areas with groundwater that are vulnerable to
technogenic and natural factors of pollution. The

authors tried to solve this problem by conducting an
approbation of developed approach to vulnerability
assessment in the BKA waters.

The purpose of article is the ecological and hy-
drogeological zoning of research area according to
the danger of quality transformation of BKA ground-
waters and the determination of zones of increased
ecological danger of these waters quality reduction
due to elements of surface and deep genesis.

Scientific novelty of conducted research:

- for the first time, complex systems of ecologi-
cal and hydrogeological zoning of research area ac-
cording to the danger of groundwater qualitative
composition transformation were developed on the
basis of protection point assessment of these waters
from pollutants;

- received further development of the use of
multifactorial analysis in ecological and hydrogeo-
logical mapping for the selection of zones of in-
creased ecological danger of drinking groundwater
quality reduction by elements of surface and deep
genesis.

Practical significance is the ecological and hy-
drogeological zoning of studied territory, which al-
lows for the development of effective measures to
improve the ecological safety of population's drink-
ing water supply within each of the zones (hydroge-
ochemical monitoring, optimization of water intake
operation modes, creation of new water intakes).

Data and research methods. These studies are
based on the analysis of results of drilling more than
450 wells, which were drilled for BKA, and more
than 500 for the overlying aquifers, as well as about
500 measurements of piezometric levels of nearby
target and first interlayer aquifers during 1960-2020
(according to the reported materials of "Pivdenukrge-
ology" and fund materials of "Geoinform of
Ukraine").

In previous publications [4, 6], to develop an ap-
proach to assessing the vulnerability (protection) of
groundwater in the studied area, the authors used in-
dex-rating assessment methods as the basis. These
methods were improved on the basis of a rational in-
tegration of various indicators characterizing the
modern natural and technogenic conditions of the ter-
ritory (lithological, hydrogeological and neotectonic
conditions), and the selection of the most representa-
tive of them. The paper presents the results of appro-
bation of this approach on BKA drinking groundwater.

Research results and their analysis. As was es-
tablished by the authors in previous papers [5, 14], in
modern ecological and hydrogeological conditions,
there is a transformation of BKA groundwater chem-
ical composition towards the quality deterioration
within researched area. The general ecological condi-
tions of BKA groundwater at large water intakes of
Eastern Ukraine during the period of active GE techno-
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Table 1

Analysis of the most used methods for assessing the vulnerability (protection) of drinking groundwater

Method

Who developed and/or used methods

Advantages of methods

Disadvantages of methods

Hydrogeological
zoning

Foreign: M. Albine in France, M. Vrana
and M. Olmer in the Czech Republic, O.
Sililo and others in South Africa [20], D.
Ball et al. in Scotland [18].

Ukrainian: V. M. Shestopalov and oth-
ers [15].

- Versatility, which is manifested in possibility of choosing eco-
logical and hydrogeological parameters that are necessary for the
given hydrogeological conditions of studied territory;

- possibility of taking into account both the lithologic and filtra-
tion factors of vulnerability (protection), and changes in intensity
of man-made pressure on the GE;

- clarity and ease of use in presence of powerful GIS systems.

- It is necessary to have a very significant volume of actual geo-
logical and hydrogeological data for the research region, which is
very difficult to find in the conditions of modern limited monitor-
ing;

- in case of lack of above data, the method may have a significant
error.

Index-rating

Foreign: Aller et al. in the USA, Canada
and South Africa [17], I. S. Zektser and
others in Italy, M. Civita and others in
Italy [19], S. Foster for Great Britain
conditions, A. Zaporozec within the
state of Wisconsin, USA.

Ukrainian: T. V. Yemchuk within Cher-
nivtsi region, Ukraine [2].

- Promptness in assessing the groundwater pollution danger;

- versatility of methods, which is manifested in the possibility of
choosing ecological and hydrogeological parameters that are nec-
essary precisely for the given hydrogeological conditions of re-
search region;

- the methods make it possible to take into account the lithologic-
filtration factor of vulnerability (protection), as well as changes
in the intensity of technogenic pressure on the geological envi-
ronment of studied territory;

- clarity and ease of use in presence of powerful GIS systems.

- The presence of a significant subjective factor in determining
rating scales of assessment;

- as a consequence of the previous one — the methods may have a
significant error.

Parametric

Ukrainian: V. M. Goldberg [1], V. S.
Pashkovskyi [9], O. E. Koshliakov [3],
O. A. Ostroukh [8], L. M. Rogachevska
[11], O. V Shcherbak [16], V. A. My-
ronenko, K. E. Pitieva and others.
Foreign: AVI method [21].

- Versatility and adaptability to different geological and hydroge-
ological conditions of territory.

- The methods do not sufficiently take into account the intensity
of technogenesis of territory and its changes;

- sufficiently weak consideration of lithological and filtration fac-
tor of assessment, namely, filtration differences across the terri-
tory;

- as aresult of previous disadvantages, there may be a significant
error in the methods.

Methods using modeling

Foreign: R. Zhang [22], K. Loag and
others.

Ukrainian: V. M. Shestopalov and oth-
ers [15], O. A. Potapov.

- Minimal error, which is ensured by the use of significant volume
of ecological and hydrogeological information and powerful GIS
systems;

- taking into account the lithology-filtration factor of vulnerabil-
ity assessment;

- the flexibility of assessment, which is associated with the lack
of binding to a specific territory, as well as greater reliability of
the forecast when taking into account the intensity of man-made
pressure and its changes.

- When assessing within significant territories, methods become
overloaded with large volume of ecological and hydrogeological
information and become quite time-consuming and costly;

- currently, the problem for all of Ukraine is lack of sufficient
amount of up-to-date ecological and hydrogeological information
and its operative processing. Therefore, another disadvantage is
difficulty, and in some cases, impossibility of finding the neces-
sary volume of data for research;

- as aresult of previous disadvantages — such important factors as
the efficiency of assessment and the speed of making manage-
ment decisions based on them are lost.
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genesis (1960-2020) were investigated. In the pro-
cess of work, the main pollutant elements of ground-
water, which have systematically increased (accor-

ding to DSanPiN 2.2.4-171-10) values at the investi-
gated water intakes, were traced (Table 2). They are
organized into 2 groups:

Table 2

Components of the BKA groundwater chemical composition of researched area,
for which systematic exceedances of the current standards have been established

Indicator, units | Value within City water intakes, on which system-
of measure- the territory Curr.e nt standard atic exceedances of current standards
(DSanPiN 2.2.4-171-10) .
ment of research are established
Surface genesis
NH,", mg/dm? 0,0-2,1 <0,5 Poltava, Khorol, Krasnograd
NO,, mg/dm? 0,0-2,0 <0,1 Poltava, Khorol, Krasnograd
Deep genesis
Karlivka, Poltava, Kotelva, Shyshaky,
Mineralization, Lokhvytsa, Myrhorod, Khorol, Lubny,
mg/dm? 260,0-5400,0 = 1000 Velyka Bagachka, Reshetylivka,
Chutove, Krasnograd, Bogoduhiv
Poltava, Karlivka, Kotelva, Lokhvytsa,
Myrhorod, Khorol, Lubny, Velyka
CT, mg/dm’ 31,2-1110,0 =250 Ba}éachka, Reshetylivka, }éhutgve,
Krasnograd
Karlivka, Poltava, Dykanka, Opishnya,
Reshetylivka, Zinkiv, Gadyach, Lohvyt-
Fewa, mg/dm’ 0,0-54 =0,2 sia, Kthol, Lubny, Pyryatzfn, Chornui/ly,
Chutove, Krasnograd, Bogoduhiv
Na+K* Karlivka, Poltava, Myrhorod, Khorol,
5 25,6-652,3 <200 Lubny, Reshetylivka, Chutove, Gadyach,
mg/dm
Krasnograd
Karlivka, Poltava, Dykanka, Kotelva,
Reshetylivka, Khorol, Shyshaky,
F, mg/dm? 0,2-7,4 <1,5 Myrhorod, Lubny, Pyryatyn, Chornuhy,
Velyka Bagachka, Chutove, Krasnograd,
Bogoduhiv
Br+B¥ 4T Karlivka, Poltava, Dykanka, Kotelva,
(total), mg/dm’ 0,0-3,0 <0,55 Reshetylivka, Gadyach, Myrhorod,
’ Khorol, Lubny, Pyryatyn, Krasnograd
Mixed genesis
pH, units 6,6-9,2 6,5-8.5 Poltava, Krasnograd
Si, mg/dm’® 2,0-18,7 <10 Poltava, Krasnograd

- elements-pollutants of surface genesis (NH4",
NOy"), which are not characterized by a wide distri-
bution (detected only at 3 large water intakes, such as
Poltava, Khorol, Krasnograd);

- pollutant elements of deep genesis (Cl,
Na*+K", F, Fe.ar, Br, B*, I, as a result — increased
mineralization of waters). It was established that
these pollutants are the predominant factor in the de-
terioration of the target groundwater quality, as they
were detected at most of large water intakes in the
study region (Poltava, Karlivka, Kotelva, Dykanka,
Opishnya, Zinkiv, Gadyach, Pyriatyn, Chornukhy,
Shyshaky, Lohvytsia, Myrhorod, Khorol, Lubny,
Velyka Bagachka, Reshetylivka, Chutove, Krasno-
grad, Bogoduhiv and some other less powerful).

According to the papers of various researchers
[7, 10, 12, 13], the increased content of Cl°, F~, Fesar,
Br, B¥, J- in drinking water has a colossal effect on
the human body. This can be expressed in a number
of serious diseases of the population that systemati-
cally consumes this water, namely: endemic fluoro-
sis, hypoplasia of tooth enamel, caries, diseases of the
circulatory system, problems with the secretory ac-
tivity of digestive system, chronic digestive prob-
lems, a negative effect on the permeability of cell
membranes and many others.

The above-mentioned groundwater pollution oc-
curs as a result of influence of a whole complex of
factors. One of the key factors is the local insufficient
natural protection of target aquifer waters from man-
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made and natural pollution factors. Therefore, the au-
thors faced the task of creating an effective and ra-
tional approach to predicting changes in the ecologi-
cal state of groundwater at the water intakes operat-
ing BKA of this territory, in modern natural and man-
made conditions. For this, it was necessary to identify
areas where groundwater is vulnerable to techno-
genic and natural factors of pollution.

At the first stage, the territory was zoned accord-
ing to the risk of quality deterioration of target
groundwater by man-made pollutants that enter these
waters in the process of downward vertical filtration
and migration from the surface of the earth. The fol-
lowing ecological and hydrogeological indicators
were studied:

1) the intensity of technogenic pressure on the
geological environment and its changes within the
territory;

2) the nature of complex barrier function of the
upper part of GE, which is determined by the litho-

logic-filtering protective capacity of sediments that
lie between the earth’s surface and target water-bear-
ing aquifer, into which filtering of contaminated sur-
face water is possible;

3) the filtration parameter through a regional
separate layer of poorly permeable sediments of kyiv
age, which lies in the top of target aquifer.

The general distribution of indicators for as-
sessing the protection (vulnerability) of groundwater
from surface pollution and the weight of each of them
are shown in Table 3. After determining all the as-
sessment components, the obtained points were cal-
culated for each block of territory using GIS tools.
The prevalence of vulnerability categories for hydro-
dynamic conditions in 2020 was calculated (Table 4).
The resulting map-scheme of groundwater vulnera-
bility categories for hydrodynamic conditions in
2020 was also constructed (Fig. 1), which clearly
shows the distribution of these categories.

About 25% of the research area is occupied by

Table 4

Prevalence of categories of BKA groundwater vulnerability to surface pollution
in the central part of DDAB for hydrodynamic conditions in 2020

Groundwater vulnerability category | Prevalence, % of the total area
low 75
middle 16
high 9

areas within which there is a danger of quality dete-
rioration of BKA groundwater due to polluting ele-
ments of surface genesis. These are the southern and,
partly, the western parts of territory, which include
the water intakes of Poltava, Lubny, Myrhorod,
Velyka Bagachka, Krasnograd, Lokhvytsia cities and
some others. Along with the low geological protec-
tion of these territories, the reason for this is also the
dynamic component of the protection assessment —
the intensity of filtration through a separate layer of
poorly permeable sediments of kyiv age, which lies
in the top of target aquifer. The obtained gradations
of change in the current (as of 2020) rate of vertical
filtration within the studied area are quite wide and
vary (not including areas of upflow) from 0 to 1460
mm/year. This is due to the presence of operating wa-
ter intakes in the area of Poltava city, as well as the
largest cities of region (Myrhorod, Lubny, Krasno-
grad, Lokhvytsia and some others), which actively
exploit the target buchak-kaniv and lower-lying
cenomanian-Lower Cretaceous aquifers and form de-
pression funnels with significant components of
downward migration into the target aquifer [6].

At the second stage, the territory was zoned ac-
cording to the danger of quality deterioration of BKA
groundwater due to the upward migration of natural
deep substandard waters. The authors established that

the maximum changes in the BKA waters composi-
tion are characteristic for the areas of "overlap" of
zones of intensive man-made pressure on ground-wa-
ter (zones of powerful water intakes influence) on the
territory, in the subsoil section of which salt diapirs
and related tectonic faults lie. It is here that the aqui-
fers of active water exchange zone are fed by hydraulic
connection with deep, highly mineralized waters [14].

The following ecological and hydrogeological
indicators were studied:

1) influence of natural neotectonic factors on the
target aquifer groundwater quality. The size of terri-
tory, within which the maximum deterioration of
BKA groundwater quality, was observed. These are
areas within a radius of 5 km around tectonic faults.
Having analyzed all similar cases within the research
region, the territory was conditionally divided into
blocks of equal size — 5x5 km;

2) modern geodynamic activity of the earth's
crust within the region. The authors believe that this
parameter has an influence on the hydrogeomigratory
processes through tectonic faults. The indicator was
calculated by using study of total amplitudes of the
earth's crust Neogene-Quaternary movements within
the researched territory.

Fig. 2 shows a map-scheme of intensity of the
earth's crust modern movements as a factor affecting
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General distribution of indicators for groundwater protection assessing from surface pollution

Table 3

. Parameter to be defined Indicator of protec- | Weight
No. Indicator name . Interval of values . .
and unit of measurement tion category, points | factor
. Determination of characteristic lithological composition Areas of the 1st type 1
Lithology of the upper (near- . . . .
1 . of sediments of the section upper part according to typi- Areas of the 2nd type 2 1,5
surface) part of section
cal areas Areas of the 3rd type 5
>6,7x107 1
5 s
Inherent geological protection Specific permeability of poorly permeable rocks in the 6,7 1? 5x10_5 2
2 of the first interlayer aquifer top and directly in the first interlayer aquifer, day™! >x107 - 3,3x10 3 >

3,3x107 — 2,5x10°7 4
<2,5x107 5
>0,3 1
o . : o . . 0,3-0,15 2

3 Permeability of sediments of Specific permeability of permeable rocks in the first in- 0.15-0.1 3 15

the first interl if terl ifer, day! o ’

e first interlayer aquifer erlayer aquifer, day 0.10.075 1
<0,075 5
>5x10° 1
o . Specific permeability of the regional separate layer of 5x10° — 4x10° 2

4 Perrneablhtyl;)fgle separating poorly permeable rocks, which lies in the top of target 4x10° - 3,3x10° 3 10
Yy aquifer, day! 3,3x10° —2,9x10°¢ 4
<2,9x10° 5
>10* 1
10 — 5x10° 2
Velocity of vertical flow through a regional i 107107 )
Velocity of vertical flow elocity ot vertical tlow t ough a regiona separatlon. 105—-107 4

5 throuch the separation laver layer of poorly permeable rocks in the top of target aqui- P 10
& p Y fer, m/day 107 -0 5

Conditionally pro-
<0 tected from surface

contamination
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the vulnerability (protection) of BKA groundwater to
natural neotectonic factors of its quality reduction in
the central part of DDAB due to the permeability of
tectonic faults.

With the help of a rational integration of all the
above factors, the zones of increased ecological dan-
ger of quality reduction of BKA drinking groundwa-
ter due to elements of deep genesis have been deter-
mined. These are the northern, central and eastern
parts of the territory, which include the water intakes
of Poltava, Lubny, Myrhorod, Shyshaky, Opishnia,
Gadyach, Krasnograd, Karlivka cities and some others.

Conclusions. The article is a continuation of the
authors' previous papers on improving the methodi-
cal approach to assessing the vulnerability (protec-
tion) of drinking groundwater within the Dnipro-Do-
netsk artesian basin and is a practical component of
these studies.

Complex zoning systems of the territory of
DDAB central part have been developed according to
the degree of ecological danger of lowering the drink-
ing groundwater quality of buchak-kaniv aquifer,
which is one of the strategic reserves of drinking wa-
ter within the Eastern Ukraine. It has been established
that this is an effective tool for forecasting changes in

the ecological state of groundwater at water intakes
in the researched area under modern natural and tech-
nogenic conditions.

Zones of increased ecological danger of the
quality reduction for BKA drinking groundwater due
to elements of the surface (southern and, partly, the
western parts of territory — water intakes of Poltava,
Lubny, Myrhorod, Velyka Bagachka, Krasnograd cit-
ies and some others) and deep (northern, central, east-
ern parts — water intakes of Poltava, Romodan,
Myrhorod, Shyshaky, Opishnia, Gadyach, Krasno-
grad, Karlivka cities and some others) genesis were
established.

It is recommended to develop measures within
these territories to increase the ecological safety of
the population's drinking water supply. This is, first
of all, hydrogeochemical monitoring of characteristic
indicators of the water qualitative composition and
optimization of operating modes for powerful water
intakes. Within the territories with a potentially lower
risk of groundwater quality deterioration, it is recom-
mended to create new water intakes to gradually re-
place the current population's water supply of urban
agglomerations with high-quality groundwater.
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Ouinka Bpa3JjuBOCTI MUTHUX MiI3eMHHUX BO/
0y4alubKO-KaHIBCbKOI0 BOOHOCHOT0 KOMILIEKCY
B YMOBAaX J0BrOCTPOKOBOI TPaHC(pOpMALii iX AKICHOIO CKJIaxy

Cepziii Jlegoniox’,

CT. HayK. CIIiBPOOITHHK, | YKpaiHCHKUI HayKOBO-IOCIiJHHI iHCTUTYT IPHPOIHUX Tas3iB,
lNimnuaziitna #Hab., 20, Xapkis, 61010, Ykpaina,

Tz0p Yoanoé’,

JIOKTOp Teoll. HayK, mpod.,

ZXapkiBchKuii HalionanbHUE yHiBepcuteT iMeni B.H. Kapasina,

maiinan CBoooau, 4, Xapkis, 61022, Ykpaina

Jana po0oTa € MPOAOBKEHHIM HOMEPEIHIX MyOTiKaIliif aBTOPIB 3 YI0CKOHAJICHHS METOAMYHOTO MiXOMYy 0 OIlIHKH
Bpa3IMBOCTI (3aXMIIEHOCTi) MUTHUX MiA3eMHHX BOA y Mexax JIHIMpOBCHKO-J|OHEIBKOTO apTe3iaHCchKOro OaceiHy
(JIAB) Ta € mpaKTUYHOIO CKIAJOBOIO IIUX OCIIKSHB. 31 TIOMIYKY Ta pO3pOOKHA ONTHMAIBHUAX (OPM YIPaBIiHHS
EKOJIOTIYHOIO OEe3MEKOI0 MUTHOTO BOJAOIIOCTaYaHHs HACEJICHHS PETi0HY, alpoOOBaHO YIO0CKOHAJICHHUH aBTOPAMH MiAX11 10
OIIIHKH BPa3JIUBOCTI (3aXHUIIEHOCT]) MUTHHUX IMiA36MHHUX BOJ Ha CTPATETiYHO BAXKJIMBHX BOJIaX OydallbKO-KaHiBCHKOTO BO-
nmorocHoro kominiekcy (BKBK). Po3pobneHo KOMITIIEKCHI CHCTEMH eKOJIOTO-TipOTe0I0Ti9HOT0 palOHyBaHHS TEPUTOPIi
ueHTpanbHoi yactuHU JIJIAD 3a cTyneHeM ekooridyHoi HeOe3NeKn 3HWKEHHs SKOCTI MUTHUX mmig3eMHux Boxg BKBK.
[IpoBeneHo paiioHyBaHHS TEPUTOPIi 3TiTHO HEOE3MMEKH MOTIPIICHHS SIKOCTI IUX BOJ TEXHOTEHHUMHU 3a0pyIHIOBAYaAMH,
AKi HAJIXOAATh y BOAW Yy MPOIECi HU3X1AHOT BEpTHKAIBHOI (pimpTpamii Ta Mirpamii i3 moBepxHi 3emiii. BctaHoBIeHO exo-
soriuHo HeOe3MmeuHi TepuTopii 13 MOTEHIIIHHNM 3HIKSHHAM SIKOCTI MUTHUX mia3zeMHuX Boj BKBK 3a paxyHok enemeHTiB
MTOBEPXHEBOTO TeHe3ucy (Bomo3abopu wmict [lonrasa, Jlyoan, Mupropon, Benmka Barauka, Kpacrorpan Ta nmeski iH.).
[IpoBeneHo pailoHyBaHHs TEPUTOPIi 3TiTHO HeOEe3MEeKH MOTipIIeHHs AKOoCTi mia3eMHux Box bKBK 3a paxyHok BHCXiTHOT
Mirparii IpUPOTHIX DIMOMHHUX HEKOHAWUIINHUX BOJ. BCTaHOBICHO eKOMIOTIYHO HeOe3IeuHi TepUTOPIT i3 MOTCHIIIHHUM
3HWDKEHHSIM SIKOCTI ITiI3EMHUX BOJI 332 PaXyHOK €JIeMEHTIB INIMOWHHOTO reHesucy (Bogo3abopu Mict [lonrasa, Pomoxan,
Mupropon, [lumaku, Onimas, [ansa, KpacHorpan, Kapniska ta gesiki iH.). [IpakTHaHO AOBEIEHO, IO YI0CKOHATICHUH
aBTOPaMHU ITiIXi]] IO OIIHKH BPA3JIMBOCTI (3aXUINEHOCTI) MUTHHUX IMiJ3¢MHHUX BOJ € e()eKTUBHUM THCTPYMEHTOM JIJIS TIPO-
THO3YBaHHS 3MiH €KOJIOTIYHOTO CTaHy MiA3€MHHUX BOJ Ha BO103a00pax TepUTOpii podiT y CydyacCHUX MPUPOAHUX 1 TEXHO-
TCHHUX YMOBaX.

Knrouoei cnoea: niozemni 600u, 8paziugicmo, 3axumyeHicms, Memooudnull nioxio, nocipuients AKocmi, ekoi02iuna
be3nexa.

BHecoK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUI BHECOK Y L0 po6OoTY Haaiiiwna 4 nuctonaga 2022 p.
MpuitHaTa 24 nnctonaga 2022 p.
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