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Post-pyrogenic changes in the properties of grey forest podzolic soils of ecogeosystems of pine
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Abstract. This article presents the analysis of results of experimental data of post-
pyrogenic change of soils of ecological systems of pine forests.Ground fires transform
the surface organogenic horizons of soils. The negative influence of low-intensity fires
of different intensity on the change of humus stock, qualitative fractional composition of
organogenic soil horizons and their chemical composition is shown.Post-pyrogenic
transformations of physical and chemical soil characteristics are found, which are not
simply their corresponding reaction to the pyrogenic effect, but a clear signal reflecting the state of the soil immediately after the fire,
taking into account its strength and intensity, and after a certain period of time. There is a certain dependence of the degree of pyro-
genicity on the duration of the effect of fire on the soil. The recent influence of a medium intensity fire on the soil is marked by a
clear reaction of the complex of its properties.Physical and chemical properties of soils after fires deteriorate: humus burns, the con-
tent of nitrate nitrogen decreases.Forest fires sharply change the morphological state of the upper part of the soil profile. The nature
of the surface horizons of soils changes, a new pyrogenic horizon is formed, which differs from natural analogues in terms of physi-
cal and chemical properties and the content of ash elements. Under the influence of fire there are changes in such properties as: pH,
content of exchange cations, gross and moving forms of nitrogen, etc.The heavy metal concentration in surface horizons increases
several times and exceeds the background values due to the mineralization of forest litter and herbaceous vegetation from the com-
bustion and subsequent migration of chemical elements , which presents an environmental hazard.The change in the chemical com-
position of soils can create conditions for the impossibility of the existence of a root ecosystem, its death, and development, after a
certain time, of another modified ecogeosystem.
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MocTniporeHHi 3MiHM BNacTMBOCTEN CipUX STiICOBUX OMif430/1EHNX I'PYHTIB EKOreoCcMCcTeM COC-
HOBWX J1iCiB B YMOBaX TEXHOr€HHOr0 HaBaHTaXKEHHSA

B. B. Acoupkuit', 1O. B. Byw?, O. B. KpaiiHiok®, P. B. MoHomapeHko*

'HauionanbHuit yriBepcuTeT UMBIALHOIO 3aX1CTY YKpaiHu, Xapkis, YKpaina, e-mail: asotskiy@nuczu.edu.ua
XapKiBCbKMii HaLiOHabHII eKOHOMIYHNIA yHiBepcUTeT iMeHi CemeHa KysHeus, Xapkis, Ykpaina, e-mail:
butsyura@ukr.net

®XapKiBCbKuii HaLioHanbHII a8 TOMOGINLHO-AO0PO>KHIi YHIBEpCUTET, Xapkis, YkpaiHa, e-mail: alenauvarova@ukr.net
*HajionanbHui yHiBepCUTET LMBINBHOTO 3aXUCTy YKpaiHu, Xapkis, Ykpaina, e-mail: prv@nuczu.edu.ua

AHoTauis. HaBefieHo aHani3 pe3y/bTaTiB eKCrepuMeHTaIbHUX AaHUX NOCTMiPOreHHOT 3MiHW I'PYHTIB eKOreocucTeM COCHOBUX NiCiB.
Hu30Bi NoXexi TpaHCHOPMYHOTb MOBEPXHEBI OPraHOreHHI FOPW3OHTY IPYHTIB. [0Ka3aHO HeraTMBHUIA BMJIMB HU30BKX MOXKEX Pi3HOI
iHTEHCMBHOCTI Ha 3MiHy 3amacy rymycy, SKicHoro (pakuiiiHoro cknagy opraHoreHHUX rOpU30OHTIB FPYHTIB i IX XiMiYHOrO ckniagy.
BusiBneHO MOCTMiporeHHi TpaHcgopMauii (i3vko-XiMiYHUX NOKAa3HMKIB IPYHTIB, WO € He NPOCTO iX BiAMOBIAHOK peakuield Ha
NiporeHHWiA BNAMB, a YiTKUM CUTHa/IOM, L0 BifOOpaXKae CTaH IPYHTIB, SIK Bigpa3sy nicns BAAMBY MOXEXI, 3 ypaxyBaHHAM iX Cuau i
iHTEHCMBHOCTI, Tak i Yepe3 MeBHWi nepiog Yacy. CnocTepiraeTbCsa NeBHa 3a/IeXKHICTb CTYNeHs MiporeHHoCTi Bif AaBHOCTI BNAMBY
NOXexi Ha I'pyHT. HefaBHii BNAMB NOXeXi cepefHbOl IHTEHCMBHOCTI Ha IPYHT BiA3HAYEHMI YiTKOK peakLieto Lifforo KoMnnekey ii
BNacTUBOCTEN. Di3nKO-XiMiUHi BACTUBOCTI MPYHTIB MIC/A MOXEX MOTipLWYyHOThCA: BUrOpae rymyc, 3MeHLIYeTbCS BMICT HITPaTHOro
a3oTy. JTicOBi HM30BI MOXEXi Pi3KO 3MiHIOKTb MOPONOTiYHNI CTaH BEPXHLOT YaCTUHU 'PYHTOBOIO MPOinto. 3MiHIOETLCS Xapak-
Tep MOBEPXHEBUX FOPU3OHTIB IPYHTIB, HEPIAKO (POPMYETLCS MiPOreHHWIA TOPU3OHT, AKMWIA 33 (PI3MKO-XIMIYHUMU BNAaCTUBOCTAMU i
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BMICTOM 30/1bHUX EMIEMEHTIB BiJpIi3HAETLCS Bif NPUPOAHUX aHa1oriB. IMif BNAMBOM BOTHIO BUHUKAKOTh 3MiHW TaKMX BNacTUBOCTEN,
AK: pH, BMICT 0OMiHHMX KaTiOHiB, Ba/OBUX i pyXOMMX (hopM a30Ty Ta iH. KoHueHTpauis BM y NoBepXHEBUX FOPM30HTaxX MigBuULLY-
€TbCA B fieKifbKa pasiB i nepeBumLLye (hOHOBI 3HAYEHHST BHACNIAOK MiHepanisawii NicoBOT NiACTWUAKM Ta TpaB’SHUCTOT POCMHHOCTI Bij
3ropaHHs i NofanbLoi Mirpauii XiMiYHUX efleMEeHTIB, L0 ABASE eKOOrivyHy Hebe3neky. 3MiHa XiMIYHOrO CKMagy IPyHTIB MOXe
CTBOPHOBATU YMOBU A1 HEMOX/IMBOCTI iCHYBaHHS KOPIHHOI eKoreocncTeMu, i 3armbeni i po3BMTKY Yepe3 NeBHWIA Yac iHLIOT MOAW-

(hikOBaHOT eKOreocncTemu.

Knto4osi cnosa: cOCHOBI flick, HU30BI NO>XKEXKi, 6i0reHHI NiPOreHHi ropU3oHTY 'PYHTIB, (DI3MKO-XiMIYHI BNACTUBOCTI IPYHTIB, BaXK-

Ki MmeTanu.

Introduction. Forest fires cannot be considered one
of the main soil-forming factors, but at the same
time they have both direct and indirect effects on
the formation of soils. The literature contains some
studies which prove the significance of pyrogenic
load on soils and prove the role of pyrogenic impact
on the evolution and functioning of soil in forest
ecosystems (Aleksandrovskiy, 2007, Chevyichelov,
A.P. 2002, Bento-Goncalves, 2012, Doerr SH &
Cerda A. 2005, Krasnoschekov, 2014). Transforma-
tion of morphological and chemical properties of
soils in pine forests after fires was studied by
Shahmatova Y. U. (Shahmatova 2008).

More and more works appear, in which au-
thors consider fire as an important factor in soil
formation, which has various effects on the forma-
tion of the soil cover in forest ecosystems. At the
same time, the pattern and the extent of pyrogenic
impact on soil can be different depending on the
physical-geographic conditions, type of forest, ini-
tial soil properties, and also the type and intensity
of the fire.

Some work has also been done on describing
the peculiarities of the changes in morphological,
physical-chemical and chemical properties of soils
of pine forests in the first months after a fire. This
research has revealed the changes in morphological
structure of forest litter, its density and changes in
chemical properties. The formation of soils in a
post-fire period is related to the pyrogenic trans-
formation of the organogenic horizons, therefore
their changes are indicators of the fire‘s impact on
soil. A new diagnostic dynamic organogenic pyro-
genic horizon (O,) forms, which by its physical-
chemical properties significantly differs from the
natural unchanged analogues. During combustion
of the organic substances, large amounts of ash
compounds are released from the upper horizons,
which automatically changes the reaction of the
environment, the amount of humus, content of ni-
trogen, number of exchangeable cations (Dyimov et
al., 2014).

The analysis of the presence of polycyclic
aromatic hydrocarbons (PAHSs) indicated that the
concentrations of chrysene, fluorene, naphthalene,
pyrene, and anthracene in the horizon Ogyjincreased
significantly compared to the pine forest in the ter-
ritory unaffected by the technogenic impact. The
total content of polycyclic aromatic hydrocarbons
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(PAHS) in the horizon Oy increased mostly due to
the increase in the share of two- and three-nuclei
PAHSs (naphthalene, fluorene). Mineral horizons of
soils in burned areas are enriched with the most
mobile amphiphilic fractions of the organic com-
pound, which is manifested in the increase both in
total and relative content of hydrophilic fractions
which are possibly represented by the products of
combustion of plant remains (Dyimov et al., 2014).

Forest fires also cause changes in geochemi-
cal peculiarities of ecogeosystems due to the migra-
tion via smoke and the further wash-out of the nu-
trients from the soil, and changes in hydrothermal
regime. Change in abiotic conditions leads to trans-
formation of the range and qualities of the ecologic
niches in the burned area, loss of structural relation-
ships between the environment and the spatial
structure of the soil cover. In such conditions, the
previous soil fauna is unable to perform its ecologi-
cal functions, and the areas damaged by fire can be
places where other species migrate to within the
ecogeosystem (Gongalskiy, 2015).

The impact of fire on the components of eco-
geosystems significantly varies and was studied by
a number of researchers, but remains uncertain.
Once again, we should mention that the geoecolog-
ical assessments of the impact of the fires on natu-
ral complexes in general are currently absent in the
literature. At the same time, there are detailed stu-
dies on the effects of the fires on particular compo-
nents of the ecosystem, or generalized characteris-
tics of post-fire formation of vegetation, which
reveal indirect results of this impact. Currently,
most results of post-pyrogenic studies focus partic-
ularly on vegetation as the most important and dy-
namic component and indicator of natural com-
plexes. At the same time, various indirect effects of
the fires on the environment through post-
pyrogenic changes in the content and the structure
of phytocenoses can be much significant than the
direct effects.

The objective of this study was to analyze
the post-pyrogenic changes in the properties of soils
in the ecogeosystems of pine forests in Kharkiv
Oblast in the conditions of technogenic load and
assessment of “pyrogenicity” (extent and duration
of its manifestation) in the soil.

To achieve the goal, the following tasks had to be
solved:



V. Asotskyi, Y. Buts, O. Kraynyuk, R. Ponomarenko

Journ.Geol.Geograph.Geoecology,27(2), 175-183

Study the impact of the pyrogenic factor on
the main physical-chemical properties of grey for-
est podzolic soils in pine forests of Scots pine. De-
termine the peculiarities of transformation of the
chem-ical properties of soils affected by the pyro-
genic
facor.

Conduct a comparative analysis of the pecu-

liarities of distribution of mobile compounds of
heavy metals (HM) in undisturbed soils and in py-
rogenic soils.
Material and methods. The formation of soils in
the post-fire period is related to the pyrogenic trans-
formation of organogenic horizons, therefore their
changes are an indicator of the fire‘s mpact on the
soil.

Generally, fires affect all components of
ecogeosystems, including their regime of function-
ing and evolution. A significant role must be played
by soil as a lithogenous base for any natural com-
plex.

The plantations which are most severely
damaged by the fires are forest areas near large
urbanized centers in the conditions of technogenic
load. In Kharkiv Oblast, one of such objects of
forest area is "Zhovtnevy lishosp™ state enterprise
of the Kharkiv Oblast administration of forestry and
hunting (KOAFH), which is located near Kharkiv.
Over the recent years, the area of the fires in the
territory of this forest land continues to increase up
to 30 ha each year. Therefore, as the object of
study, we chose a part of a pine terrace near the
Uda river within the territory of “Zhovtnevy li-
shosp”’state enterprise.

For the study, we selected sample (experi-
mental) plots (SP).

SP Nel was a flattened area of insignificantly
declined slope of the facies of pine terrace with
grey forest podzolic soil under the pine forest dom-
inated by Scots pine (Pinus sylvestris L.) and grass-
forb association with domination of greater celan-
dine (Chelidonium majus L.) in the grass stand,
leafy spurge(Euphorbiavirgata Waldst.), yellow
bedstraw(Galium verum L.) and blue lettuce
(Lactuca tatarica L.). On the plot, there were rec-
orded and clearly seen the signs of fire which oc-
curred 4-5 years ago: pines were affected by the fire
up to the height of 1-2.5 m, the forest litter was
damaged and in some places, the signs of the
sources of fire and the areas with no vegetation
were seen. The total area of the fire was around 0.8
ha. The fire which occurred within SP Nel was
evaluated as a fire of the first degree for the tree
stand was damaged insignificantly. Much more
significant damage was caused to the undergrowth
and shrub-herbaceous cover.

Sample plot Ne2 was selected because that
area was affected by a forest fire of the third degree
ten years ago, and now, the only signs of that fire
are some pine trunks burned up to the height of 2-3
m. It is a plot of declined facies with grey forest
podzolic soil under the pine forest of Scots pine
(Pinus sylvestris L.) and domination of grasses
(Gramineae). There was sparse growth of Canadian
hawkweed(Hieracium umbellatum L.), leafy
spurge(Euphorbia virgata Waldst.) and greater
celandine (Chelidonium majus L.).

Sample plot Ne3 is located in 200-300 meters
to the south-east of sample plot Nel. It has a phyto-
cenotic plant community similar to the sample plot
Ne2. Unlike the previous facies, there are no signs
of the fire. Its distinctive characteristic is the pres-
ence of intact forest litter of up to 10-12 cm thick-
ness, which consists of dry pine branches, dry
needles, strobili ( pine cones )and dead remains of
grass vegetation.

The grey podzolic soils we studied were the
soils of a Scots pine forest with domination of
grasses. On SP Nel, the forest fire took place in
2013, SP Ne2 was affected by fire in 2008. After the
fires, no pyrogenic impacts were observed in the
territory. The last samples were collected in 2018 -
5 and 10 years after the forest fires (Table 1).

On each plot, we collected several samples of

soil from the depth of up to 15 cm, and analyzed
mean values. For all samples, we determined pH of
the water extracted from soil using potentiometric
method, content of humus and total nitrogen using
Turin‘s method, granulometric composition using
Kaczynski‘s method, mobile forms of phosphorus
and potassium using Machigin‘s method [Spirina &
Soloveva 2014]. The concentrations of mobile
forms of heavy metals (HM) were determined using
nuclear-absorptional method on a S-115M (Russian
- C-115M) spectrometer.
Study on the acidity of soils. During the study of
acidity of the soils, we determined the following
pattern: acidic values of pH were determined for
the litter in the old burned area, and pH was closer
to the norm in the newly burned area. In general,
after the fires, changes of acidity towards alka-
linity were observed in the burned areas in organo-
genic horizons. In soil of newly burned areas, in-
crease in the content of potassium cations in orga-
nogenic horizons occurs (Table 1).

The results of the study of acidic-alkaline
conditions in the researched soils revealed increase
in pH in soils affected by the fires. Therefore, in the
control sample of the upper layer of grey forest
podzolic soils (SP Nel), pH equaled 4.1. In the sim-
ilar soil of the experimental plot (SP Ne2), the reac-
tion changed towards alkalinity after the fire (pH =
4.8).
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Table 1.Analysis of pH of the soil environment

year SPNe2” SPNe1™ Control

2008 4.8 4.1
pH 2013 4.6 51 4.2

2018 4.3 4,7 4.2

“The fire occurred on the plot in 2008
““The fire occurred on the plot in 2013

In 2013, there was observed a steep increase
in pH of the environment on SP Nel. Acidity on the
plot slightly increased, but three years after the fire,
it was still higher than the values of the control.

In 2018, change in pH towards acidity was
observed on both plots. On SP Ne2, 10 years after
the fire, the reaction of the environment practically
reached the values of the control.

As a result of the combustion of the litter, pH
in the upper layer of 0-10 cm changed towards neu-
tral conditions to 4.8 and 5.1 compared to 4.1-4.2
in the control. The values of this parameter in other
horizons were close to neutral.

The tendency towards increase in pH of soils

after fires could be explained by the fact that the
ash water-soluble compounds, after penetrating the
soil, saturate the absorption complex with alkaline
earth elements and cause change in the reaction of
the environment to the neutral range. An important
role in determining the pH values belongs to the
time elapsed since an area had burned . In soils of
old burned areas, pH values are close to the control,
which was also mentioned by other researchers
(Gyininova & Syimpilova 1999, Tsibart &
Gennadiev 2008).
Physical-chemical analysis of the soils. Favoura-
ble conditions for forest growth in the conditions of
saturation of soil with main elements up to 50-80%,
the content of easily soluble compounds of potas-
sium and phosphorus is higher than 5 mg per 100 g
of soil. Pine grows well at absorption capacity of 7-
12 mg-equ .At the same time, growth of most tree
species becomes inhibited in highly acidic or alka-
line soil.

Four-five years after the low-intensity forest
fire (SP Nel, 2013), the composition and the struc-
ture of the surface organogenic horizons changed.
During that period, a 3-4 cm layer of litter formed
on the surface which was completely burned during
the fire. However, on the plots not affected by the
fire, this layer composed completely of recently
fallen needles, including large needles, bark, reach-
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es 10-12 cm. In the fraction composition, large
fragments dominate (brushwood, bark, strobili) -
77.1%. The needles and grass equal 17.5 and 5.3%
respectively. The organogenic pyrogenic horizon is
3.6 cm thick.

The analysis of the area after the fire which
took place 10 years ago (SP Ne2, 2018) revealed
that the layer of forest litter increased to 5.2 cm.
Fraction composition had the following structure:
fraction (knots, bark, strobili) — 70%. Needle-
sandgrassequal 28.1 and 1.9% respectively (Fig. 1).

The soils are characterized by low content of
humus in the upper accumulatng horizon. As the
depth increases, its content steeply decreases,
which is typical for this type of soil, the largest
amount of total nitrogen is typical for organogenic
horizons (Table 2, Fig. 2). Therefore, the impact of
a ground fire causes the humus horizons of grey
podzolic soils to respond with loss of nitrogen as a
result of its partial combustion in the organic com-
pounds.

A number of researchers indicate that in soils
affected by fire, the humus content sometimes in-
creases. This phenomenon can be explained by the
intensification of the sod processes after the com-
bustion of tree vegetation, and also decomposition
of unburned remains of roots, needles, branches in
the first hour after the fire.

In the studied samples, the humus content in
the burned areas was lower compared to the control
during quite a long period of time.

One of the main sources of organic com-
pound and ash elements for soil is the forest litter.
Ground fires lead to partial or complete combustion
of forest litter, which further affects the organogen-
ic characteristics of soils, first of all their upper
horizons.

The older the burned areas, the lower the
values of pH, content of exchangeable cations and
humus. This is related to the fact that the reaction of
the soil to pyrogenic impact diminishes (Fig. 2).
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Fig. 2. Decrease in the humus content in the soils after forest fire (SP Nel) compared to the control, %

Granulometric composition of grey forest
podzolic soils in general is represented by sandy
fractions. The content of sand in the horizons
ranges from 71 to 97.2%.

The temperature of the ground layer of air in
the felled areas of pine forests reaches around 50°C,
which often causes death of young plants. A biolog-
ical feedback occurs between the humidity and
temperature of soil. Similarly to humidity, the tem-
perature depends on the exposition of the slopes. As
the steepness of the slope increases, the soil hu-
midity in the same types of forests diminishes.

Therefore, the meteorological ecological fac-
tors after the fires provide a possibility of natural
recovery of the coniferous trees, except for days
with high temperature on the soil surface, mostly in
summer.

Studying possible changes in the main proper-
ties of soils in particular areas of ground affected by
fires, the change in chemical properties of soils in pine
forests after the fires was proved and named "pyroge-
nicity of soils" by Y. U. Shahmatova (Shahmatova
2015), indicating the response reaction manifested in
change (transformation) of a whole complex of soil
properties.
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Table. 2 Physical-chemical properties of soil

Parameter | SPNo2" | SPNe1™ |  Control

2008

Exchangeable cations, Ca’ 7.2 - 12.6
Milliequivalents /meq./100 24

e s T Mg 41 - 7.1
Humus 0.9 - 1.9
Nitrogen 0.4 - 0.1

2013
Exchangeable cations, Ca” 9.2 10.1 12.5
meq./100g of soil Mg”* 4.4 5.6 7.0
Humus 1.1 1.8 1.9
Nitrogen 0.2 0.4 0.1

2018
Exchangeable cations, Ca” 10.2 10.8 12.1
meq./100gofsoil Mg”* 5.6 6.5 7.1
Humus 1.8 0.6 2.0
Nitrogen 0.2 0.1 0.1

*SP Ne2 was affected by fire in 2008

**SP Nel was affected by fire in 2013 , there are no data for 2008

The literature contains data which prove that
after fires, chemical elements accumulatein the soil
(Nesgovorova et al., 2014) which in further migrate
to the lower horizons of soil and become washed
out in neighbouring elementary landscapes or ac-
cumulate in the podzolic horizon. This phenomenon
can be explained by accumulation of ash elements
formed during the combustion of the tree stand. As
the alkalinity decreases, the complex compounds of
iron, magnesium, silicon, potassium become mo-
bile. In soil, they do not settle, but exist in a form
available for the plants and can be consumed by
their roots (Nesgovorova et al., 2014).chemical
elements
Analysis of the content of heavy metals. Accord-
ing to the obtained data, in soils of SP Nel, which
was affected by the fire relatively recently, the con-
centrations of mobile forms of all analysed HM
have increased values compared to the soil unaf-
fected by the fire and the soil affected by the fire
over 10 years ago. Therefore, Pb content in the
upper soil horizon of 0-15 cm increased after the
fire by almost 8 times, Ni - by over 6 times, Zn - by
3 times. The concentrations Cu, Cr and Fe in-
creased less significantly (1.7 to 1.1).

We studied the probability of formation of
non-soluble or mobile compounds of heavy metals
by developing logarithmic concentration diagrams
(LCD) (Buts et al., 2018). The heavy metals intro-
duced to the environment can form poorly soluble
hydroxides. Also, in the content of soil water, there
is a possibility that the metals would form hydrox-
ocomplexes with different amounts of hydroxide
ions. The range of sedimentation of hydroxides and
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the area of prevalence of soluble hydroxocomplex-
es were studied by developing LCD.

Because the study included a comparative
analysis of HM content in the soils of the ecosys-
tems undamaged by the anthropogenic load and
their anthropogenic modifications, we used the
coefficient of concentration (K¢):

K, )
where k; — content of chemical element in the stu-
died object; K; — content of chemical element in the
object of ethalon system.

The indicators of the post-pyrogenic gechem-
ical changes in the studies soils were the results of
nuclear-absorption analysis (Fig. 3).

This indicator reflects the extent of the con-
centration of a chemical element in the studied ob-
ject or its content in the components of ecosystems
in the control.

By the coefficient of concentration, the con-
tent of mobile forms of HM in the studied soils of
SP Nel andSP Ne2 are higher than the values of SP
Ne3 in all studied samples. The highest values of
Kcwere determined for Cr, Ni and Pb. Excess in
HM concentration in the soils of the studied eco-
geosystems, in our opinion, could be caused by
technogenic emissions of the industries of Kharkiv
and of motor vehicles. There were excessive con-
centrations of HM in soils of SP Nel, which were
affected by the pyrogenic factor. This fact should
be related to the mineralization of forest litter and
herbaceous vegetation, caused by the combustion
and further migration of chemical elements in the
layers of soil.
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In general, taking to account the toxicity of
these HM and closeness of the experimental plots
to the human settlements, we can state the ecologi-
cal hazard for the studied ecogeosystems, including
hazard for humans.

The results can be used for predicting the
geochemical migration of heavy metals in soils as
technogenic consequences of disasters caused by
pyrogenic factors.

Developing LCD for most microelements
(Buts et al., 2018), both necessary for normal via-
bility and growth of plants and heavy metals which
can have a toxic effect allows one to predict their
migrational ability or ability to accumulate. The
range of maximum settlement of poorly-soluble
hydroxides is summarised in Fig. 4 Also, we indi-
cated the conditions, in which the heavy metals
would have the least solubility in the soil environ-
ment, i.e. the conditions, in which their accumula-
tion is the most possible.

In acidic environments (Fig. 4, 5), the solu-
tion has ions of Me**or particles of the type [Me
(OH)(..1)'], in alkaline environments — [Me(OH),”

_ territory unaffected by the
O tarhnaconic imnact

Fig. 3. Content of mobile forms of heavy metals and their values in the control in the soils of the studied ecosystems

". In acidic soil (4.5 <pH <5.8), all metals, except
Fe(ll), are present in soluble form and easily mi-
grate and accumulate in plants.

Increase in pH contributes to the fixation of
Cd, Co, Mg, Fe(ll), Fe(lll), Mn, Ni. (Buts et al.,
2018).

Conclusions. We found post-pyrogenic
changes in physical-chemical parameters of grey
forest podzolic soils, which could be considered not
only their response to the pyrogenic impact, but a
clear signal which reflects the condition of soils
both straight after the fire, including extent and
intensity, and after a certain period of time. There-
fore, there was seen a particular dependence of the
extent of pyrogenicity on the age of impact of the
fire on the soil. The impact of a fire of average in-
tensity which took place not long ago on grey forest
podzolic soils was seen in a clearly manifested
reaction of the entire complex of its properties. The
soil in the area burned 5 years ago had lower reac-
tion of the studied parameters. If no fire recurs, in
10 years, no signs of pyrogenic impact will be
found in the soils.

pH

0 1 2 3 4 5 6 7

8 9 10 11 12 13 14

| Fe(I1I)

I { Mn
| | Fe(IT)
i Cd
——-—-yAMg

Fig. 4. Range of maximum settlement of hydroxides or hydroxocomplexes of chemical elements
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Fig. 5. Migration of the compounds of chemical elements to the environment during changes of pH of soil as a result of fire

Physical-chemical parameters of grey forest
podzolic soils after fire decrease because the
amount of nutrients in soil decreases: humus burns
out, the content of nitrate nitrogen diminishes. The
fires, on the one hand, facilitate the penetration of
seeds into the soil, but worsen the conditions for
growth and development of pines. The content of
humus in the upper layer (0-15 cm) of grey forest
podzolic soils after a ground fire reduces due to
combustion of organic compounds in the upper soil
horizon.

Ground forest fires rapidly change the mor-
phological type of the upper part of the soil column.
As a result, the pattern of the upper soil horizons
changes, in particular, often a new pyrogenic hori-
zon forms, which in its physical-chemical proper-
ties and the content of ash elements differs from the
natural analogues. The fire causes changes in such
properties as: pH, content of exchangeable cations,
total and mobile forms of nitrogen, etc. However, it
should be taken into account that the behaviour and
content of HM in studied soils can be conditioned,
apart from the impact of fire, also by geochemical
conditions in the region - speed of water migration
and biological consumption, relief of the area.

Concentration of HM in the upper soil hori-
zons of pine forest terraces increases several times
and exceeds the control parameters due to the mine-
ralization of forest litter and herbaceous vegetation
caused by combustion and further migration of
chemical elements, causing an ecological hazard.

Further study on the changes in the proper-
ties of soils caused by the pyrogenic factor has a
significant theoretic and practical significance for
developing scientific approaches to recovering eco-
geosystems after the fires.
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Labile technogenic geological system of the flooded Shevchenko salt mine (Ukraine)
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Abstract. This paper presents the analog ecological-mining-geological model of the

Received 15.05.2018; _ labile technogenic geological system created at the Shevchenko flooded salt mine area
Received in revised form 29.05.2018; within Artyomovsk rock salt deposit, which is the largest rock salt deposit in Europe.
Accepted 16.06.2018 Description of all the system elements taking into account their interconnection and

interaction are presented on the basis of the analytical processing and compilation of
basic mining and geological data as well as the results of the long-term complex ecological-mining-geological monitoring.The paper
describes both the geology of the mine area and the condition assessment of the mine including its shape, parameters, and layout. In
addition, scientific interpretation of the mechanism of multi-act intrasystem destructive processes, which have been taking place in
the last few decades are provided. Natural and technogenic factors determining the development of the created technogenic geologi-
cal system (such as man-made karst and critical geomechanical deformations) are summarized and analysed. Predictive evaluation of
the time-dependent deformation processes development has been carried out using theexisting methodology for assessing the geome-
chanical condition of the mined-out area of the salt massive. Correctness of the method for evaluation of stability of the unsupported
workings system currently in use for the Artyomovsk rock salt deposit development has been confirmed. This work concerns the
scientific problems of maintenance of the geo-ecological safety in the densely populated areas disturbed by underground salt mining.
Hereinabove research results add information and analytical base to improve the deformation control system for ductile salt layers in
various dynamic conditions of man-caused and natural loads. It is shown that such control is required for the aim of reduction of
environmental risks and ensuring the safe operation of salt deposits, salt resources protection as well as infrastructure objects at the
Earth’s surface nearby sites of modern salt mining activity.

Key words: rock salt, salt mine, destructive processes, deformations, Earth’s surfacesubsidence,monitoring

JlabinbHa TeXHOreHHO-reosIoriyHa cucTemMa TepUTOPIl 3aTOMMEHHOr0 COMSAHOrO pPyAHUKA
LLleBueHKoO (YKpaiHa)

N.N. bocesckaa', AHnp6aH Yayaxypu’

! YKpauHCKmit HayyHO-MCCNea0BaTeNbCKMUIA MHCTUTYT CONSHON NPOMBILLAEHHOCTY, BaxMmyT, YKpauHa
e-mail: bosslara@gmail.com

2 YhusepcuTeT Cuaxo-Kanro-Bupiua, Mypynns, 3anagHas berramvs, naus

e-mail: anirbangeo@hotmail.com

AHOTauif. Y faHili poboTi npeAcTaB/ieHa aHasoroBa €KOMOro-TipHUYO-reonioriyHa Mogenb nabinbHOl TeXHOreHHO-reo0rivHol
CUCTeMU, CTBOPEHOT Ha TepUTOPIT 3aTOMNeHOI CONMAHOT WaxTh iMeHi LLleBueHKa B Mexax ApTeMiBCbKOro pofoBuLLa KaM'siHOT coni,
HalibiNbLIOro pogoBMLa coni B €8poni. Ha niacTasi aHaniTMYHOT 06p00KM | KOMNIAALIT NEPBUHHMX FiPHWYO-TE0NONIYHUX JaHMX, &
TaKOX pe3y/bTaTiB TPMBAIOr0 KOMMIEKCHOrO €KO0r0-ripHNY0-re0/10riYHOr0 MOHITOPUHIY MPEeACTaB/EHO OMMUC BCiX €/1EMEHTIB
CUCTEMMU B X B3aEMO3B'A3KY i B3aEMOJIT i AaHO HayKOBe T/lyMayeHHs MeXaHi3My 6araToakTHMUX BHYTPILLUHbOCUCTEMHUX AEeCTPYKTUB-
HMX NPOLECIB, L0 MPOTIKaKTb MPOTArOM AEKiSIbKOX AeCATUNITh. Y3arasbHeHi Ta MpoaHani3oBaHi NPUPOAHI Ta TEXHOTEHHI akTopw,
LL|0 BM3HAYal0Tb PO3BUTOK CTBOPEHOT TEXHOTEHHO-TEO/OTIYHOT cMCTeMU (TEXHOTEHHUIA KapCT i KPUTUYHI reoMexaHivHi fedopmauii
CONMSIHOrO MacuBy). BrkoHaHa NPOrHO3Ha OLiHKa PO3BUTKY AethopMaLliiHMX NPOLECIB 3 BUKOPUCTAHHSAM iCHYHOUOT METOAMKM OLiHKM
reoMexaHi4Horo cTaHy BiAnpalb0BaHOT AiNSHKW COMSIHOrO mMacwBy. MMiATBEPAYKEHO KOPEKTHICTb 3aCTOCOBYBaHOT METOAMKM OLiHKM
CTIKOCTi cuCTeMM He3aKpinaeHnx BUPO6OK Npu po3pobLi ApTeMiBCbKOrO pofoBuMLLa KaM'sHOT conli. PoboTa 3adinae HayKoBi npo-
6nemy 3abe3neyeHHs] recekonoriyHoT 6e3neKkn B ryCTOHACENEHMX paiioHax, MOPYLUEHMX MiA3eMHMM BMAOGYTKOM Kam'sHOI cofii.
BuknageHi pe3ynbTaTv  JOCHIAXKEHb MOMOBHIOKTL 6a3y  iHOPMAaLiiHO-aHaNiTUYHOrO 3abe3MeyYeHHsi CMCTEMM  YMpaBiHHSA
feopmaiiMi NAaCTUYHOIO PO3YMHHOIO CePeAoBHULLA COMSIHMX TOBLLY B Pi3HMX AMHAMIYHMX PEXUMAX TEXHOrEHHMX i NPUPOAHUX
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HaBaHTaXXeHb A1 3HWXKEHHS €KOMOTiYHMX PU3MKIB i 3abe3rneyeHHs Ge3neyHol ekcnnyaTalil POAOBULL CONeld, OXOPOHU CONSIHUX
pecypciB, a TakOXX 06'€KTIB IHPACTPYKTYPW Ha 3eMHili MOBEPXHI M06N3Y AiNSHOK Cy4YacHOT pO3po6KM KaM'siHOT COi.

KntouoBi cnoBa: Kam'siHa Ciflb, CoNsHa KonanbHs, 4eCTPYKTUBHI npouecy, fedopmauii, ocifaHHs NOBepXHi, MOHITOPUHT

Introduction. Problem setting. Deep scientific
investigation of the geological-environmental strain
due to man-made intervention into salt strata is a
matter of concern for present day salt mining prac-
tice. It is caused by the growing multilateral interest
in salt strata both as a raw material base for rock
salt extraction and as an environment for various
engineering objects creation such as hydrocarbon
and waste storage facilities (including radioactive
ones), speleosanatoriums, touristic objects, etc.

A generalized task of many contemporary
studies concerning salt deposits is the enhancement
of the theory of environmentally acceptable man-
made intervention into salt strata. Some important
tasks of the environmental safety and commercial
goals are in conflict, in particular as it relates to the
technical requirements for a reasonable permissible
recovery ratio of minerals (rock salt). Particularly
an acute issue is finding one of the correct metho-
dology for controlling the rate of strain in salt rocks
at all stages of technogenic interference for ensur-
ing their safe level. This research direction is consi-
dered to be of high significance for the salt mining
activity within densely populated territories since
uncontrolled deformations can entail any serious
ecological and economic damage endangering the
important objects of social and economic infra-
structures and people’s lives.

All aspects of technogenic deformations of
the rock massif and their adverse ecological impact
are the separate theoretical and practical issues
aimed at developing a system of integrated control
and  forecasting of  these  deformation
processes.Different scientist around the world has
devoted their works to these issues. Salt massifs’
geomechanics and physical-mechanical properties
of rock salt determining geomechanical processes
are considered in the works of Michael L. Jeremic
and Saeed Nazary Moghadam (Canada), A.A. Ba-
ryakh and V.A. Asanov (Russia), Alla R. Seraya
(Ukraine) and many others. Issues of the natural
and technogenic karst are detailed in the works of
G.V. Korotkevich (Ukraine), Anthony H.Cooper
and F. Gutiérrez (Great Britaine) and others. Inte-
raction of different aspects of strain manifestation
and consequences as well as monitoring results for
deformable areas influenced by the technogenic
object created inside salt strata are presented in the
works of T.G. Brooks, N. J. o'Riordan and Jamie K.
Pringle (Great Britain), Dmytro P. Khrushchov
(Ukraine), Mihaela Toderas (Romania), Gloria
Desir (Spain), Astrid Gessert and Thomas Schicht
(Germany), M. Cata and A. Tajdu$ (Poland), M.

Karimi-Jafari and Pierre Berest (France), Bill Shef-
chik (USA) and others.

It is important to analyze a significant num-
ber of examples of deformation processes devel-
opment associated with the construction and exploi-
tation of various objects in salt strata in order to
create the correct system of salt massif deformation
control. Though the manifestation of the destructive
processes and land degradation are different in
every case, because of the various geological and
hydrogeological conditions and various technology
applied, it reveals similarities in similar technogen-
ic geological systems (further in the text — TGS).

There is insufficient complex research results
dealing with salt environment deformations and the
Earth’s subsidence monitoring on the territories of
man-made objects within salt massifs. Based on
long-term monitoring, this work provides a detail
description of the active deformation processes and
concomitant ecological changes ongoing within the
area of old flooded Shevchenko salt mine that ex-
ploited the thickest bed of the Artyomovsk rock salt
deposit.

The objective of the paper is to present ana-
log model of the technogenic geological system
(TGS) of the Shevchenko flooded salt mine area
and to interpret mechanisms and factors of its de-
velopment.

As already mentioned in general, the signi-
ficance of the work is related to the need for further
development of the risk control methodology re-
lated to technogenic interference in salt massifs
associated with new technologies, to achieve a bal-
ance between scientifically based technical re-
quirements and commercial benefits (Brooks et al,
2006).

But the performed research urgency is further
strengthened due to the fact that this flooded mine
is located in the central part of the modern opera-
tion field and its location is adjacent to such an
important infrastructure facility as the railway (110
m). A safety pillar with reasonable thickness de-
taching the flooded mine workings from today op-
erational areas of mine # 4 has been left around this
old mine.

It should be noted, there is one more reason
of this paper urgency at popular science level. The
fact is that some media (including Internet-sources)
have presented salt lakes above the flooded salt
mine as a certain anomalous zone and have in-
cluded it in numerous lists of mystical zones of
Ukraine. This point also requires the scientific cla-
rifications.
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Geological and hydrogeological settings. The ge-
ology and hydrogeology of the Artyomovsk rock salt
deposit is known quite well. In geological and struc-
tural terms, it is located within Bakhmut basin of the
Dnieper-Donetsk depression. The geology of the
deposit is simple: it is composed of a few subhori-
zontal rock salt beds belonging to Slavyanska suite
of the Lower Permian salt-bearing formation (P1sl)
and it is confined to the salt-bearing suite lying clos-
est to the Earth’s surface (from 69 m to 600 m).

Slavyanska suite (P;sl) includes a complex of-
characteristic evaporitic sediments (26 rock salt
seams, anhydrite and gypsum layers) rhythmically
intercalated by carbonate rocks (limestone, dolo-
mite, marl) as well as terrigenous rocks (argillite,
siltstone). The salt-bearing suite is monoclinal, dip-
ping north or north-west at 2 — 5°. The thickest indus-
trial beds are named (from the bottom to the top):
Under-Bryantsevsky Bed (UBB) with thickness of
about 31 m, Bryantsevsky Bed (BB) with thickness
up to 41.2 m and Above-Bryantsevsky Bed (ABB)
with average thickness of 31.9 m. Now only two
beds with the highest industrial quality (BB and UBB)
are being extracted.

The geological section of the salt-bearing la-
vyanska suite, in its upper part is inconsistent stra-
tigraphically. Slavyanska suite sediments are covered
by Kramatorska suite of the Lower Permian (P,krm,
chemogenous deposits: gypsum, anhydrite), Dronovs-
ka suite of the Lower Triassic (T,dr, predominantly
terrigenous sediments: siltstone, mudstone, largely
fractured sandstone) and Quaternary sediments (loess-
like loam, red-colored clay, alluvial deposits of river-
valleys with common thickness from 5 to 40 m).

Due to weakly-inclined bedding and uncon-
formity all salt beds contact the water horizons in
overlying rocks at the outcrops below the overbur-
den. At the sites of this contact leaching zones of
ribbon-like shape are formed (Fig. 1). They are
represented by ancient and modern leaching brec-
cia, which is loose and cavernous and, subsequently
essentially water permeable. The hydraulic connec-
tion between underground mining workings and the
leaching zones is extremely dangerous since it irre-
vocably lead to the development of a deep man-
made karst and finally flooding of the mine (Bo-
sevska and Mishchenko, 2009).
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Fig. 1. Geological map of the Artyomovsk rock salt deposit mapping the flooded Shevchenko salt mine and modern mine working fields
1 — Serebryanska suite (undivided Lower and Middle Triassic): sandstone, argillite-like clay; 2 — Dronovska suite (the Lower Trias-
sic): sandstone, siltstone, mudstone; 3 — Slavyanska suite (theLower Permian): rock salt, anhydrite and gypsum with a subordinate

amount of carbonate rocks (limestone, dolomite, marl), argillite, siltstones; 4 — exploration wells; 5 —

inhabited areas; 6 — operating

modern mines; 7 — modern mining area stated by the special permits for subsoil use of State Enterprise “ARTYOMSOL”; 8 —

flooded mine workings of the Shevchenko mine; 9 —
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leaching zones of salt beds defined by exploratory works in 1988 — 1991
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The hydrogeology of the deposit is also sim-
ple for interpretation: the thick salt massive is a
regional impervious bed. All over-salt rock mass is
an unified areally, but not uniform aquifer complex
that contains the hydraulically connected water
horizons from the upper part of the Slavyanska
suite to the Quaternary aquifers. Reservoir rocks for
the aquifers are the salt leaching breccia (Fig. 2),
karstgypsum,
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fractured sandstones as well asQuaternary sands
and loams. According to hydrodynamic characteris-
tics, all aquifers are confinedandunconfined. Some
aquifers have the heads of 50 meters and more.
Prior works have establishedcontinuous hydraulic
connection between all aquifers within local sites.
The main direction of pressure flow of water is
from the bottom upwardsup to Quaternary aquifers.

approximate position of Shevchenko mine SE
in the geological section

P |3

Bl E=32

Fig.2. Schematic cross-section of Artyomovsk rock salt deposit (PSA “Donbassgeology”, 1988)

(the vertical scale is five times less than horizontal one)

1 — industrial salt beds: Bryantsevsky bed (BB), Under-Bryantsevsky bed (UBB), Above-Bryantsevsky bed (ABB); 2 — water-
flooded terrigenous and terrigenous-chemogenic strata (clay, sandstone, argillite, gypsum, anhydrite) (T.dr, P;krm); 3 — leaching

zones of the salt beds; 4 — Quaternary sediments.

Due to the presence of soluble rocks in geo-
logical profile, the chemical composition of ground-
water varies widely. The most mineralized waters
come from the leaching zones of salt beds (up to 250
g/l and more) and gypsum layers groundwater. The
chemical composition of the water of interconnected
aquifer complex is sulphate-chloride calcium-sodium
or chloride calcium-magnesium-sodium.

Geological conditions predetermine the non-
point natural leaching process of upper salt bed
(ABB) in some parts of the deposit and natural gyp-
sum Karst processes in over-salt rock mass.
Historical background on functioning of the
Shevchenko mine. The Shevchenko mine is one of
the oldest underground mines that have been estab-
lished in the Artyomovsk rock salt deposit since
1882. It is located at the right bank slope of the
Bakhmut River valley near Soledar town; it is 1.2
miles from Kudryavka railway station.

The location of this mine was chosen spon-
taneously without geological foundationsdue to the
lack of the necessary geological and hydrogeologi-
cal data during the period of pre mining operation.
As a result, the mine operating conditions were
dependent on a random factor. Two mining shafts
of 170 m depth turned out to be located near the
modern leaching zone of the overlying ABB. Dur-
ing the construc-tion, the mine shafts crossed two
water-abundant aquifers: 1 — aquifer of Dronovska

suite gypsum (depth of 28.3 m, yield of 64.3
m*/hour); 2 — aquifer of Slavyanska suite gypsum
and of the leaching zones of ABB (depth of 89.5 m,
yield of 3.8 m*hour).

Waterproofing works in the shafts were not
performed properly, so the rock salt extraction was
carried out under the condition of constant water
drainage. Therefore, the mining was accompanied
by increasing inflows of water to the shafts; and the
total amount of incoming water reached 1560
m*/day. Incoming waters did not reach salt bed,
because the water was captured in different ways,
by using a specially constructed drainage system in
the shafts. Fresh water was discharged to surface
waterswhile brines were directed into the special
settling basins on the surface.

The mine exploited the Bryantsevsky bed ly-
ing at a depth interval of 120 — 180 m.Salt extrac-
tion reached 450,000 t/year. Mining works were car-
ried out using classic room-and-pillar system with
remnant support pillars. The following mining sys-
tem parameters were applied: chamber sizes 15 —
17 m (width) x 23.5 - 33 m (height) x 300 — 600 m
(length) and very long interchamber pillars (rib
pillars), which has the width of 9 — 12 m.

The overall minefield was 1100 m long and
about 350 m wide. The total volume of mining
workings reached 5.2 min m? and the floor of work-
ings was 200.000 m?,
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The mine had been functioning for almost 60
years. In autumn 1941, due to military operations of
the Second World War, the mine stopped working
and drainage was forcibly terminated. From that
time, the uncontrollable flooding of the mine with
fresh and salty waters began, that resulted in a rapid
uneven development of the deep salt karst. In
places of fresh water inflow,pillars bases were “un-
dercut” by leaching and the pillars quickly lost
bearing capacity.

A vyear later, the first concentric cracks ap-
peared on the Earth’s surface near the shafts and
later multiple small concentric craters, which testi-
fied to the beginning of the process of the rock
mass total destruction over the mine workings.

Over the next 8 years, the destruction of the
rock massif over the flooded mine workings and the

7
7 ~ v

Fig. 3. The modern air photo of the flooded Shevchenko mine area

After completion of flooding, during the pe-
riod from 1950 to 1970, the cracking processes on
the surface were initiated with gradual decrease in
speed with increasing time intervals. The deforma-
tions were gradually stabilizing in the next 25
years. They showed themselves in uneven subsi-
dence of the certain surface sites. It led to a change
in the outlines of the existing collapse pits.

In 1995 (54 years after the beginning of the
mine flooding), against the conviction of the rela-
tive stabilization of the geomechanical strain, sud-
den (momentary) collapse of Earth’s surface over
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Earth's surface degradation developed very dynami-
cally. By 1946 the Earth’s surface over the mine
transformed into numerous predominantly concen-
tric terraces framing multiple smalldips, sinkholes
and collapse pits of different morphology, unevenly
distributed over the area. Collapses constantly
changed shapes and sizes, small dips merged form-
ing depressions of huge areas. The maximum sur-
face destructions occurred in the north-western part
of the minefield where the shafts were located. The
largest joint ellipse-shaped sinkhole with dimen-
sions of more than 250 m (this is the collapse crater
# 1 on the contemporary maps) has been created in
this site (Fig. 3). The formed large cavity swal-
lowed up the heapstead buildings, facilities, and
equipment including the electrical substation.

the north-eastern part of the mine field occurred
result-ing in the huge cylindrical sinkhole with
depth about 30 m and with vertical walls (collapse
pit # 6, see Fig. 3). The latest collapse pit (# 7) was
formed in 2012. Salty or saltish lakes arose in all
sinkhole craters in different time. The exception is
only collapse pit # 6 located at the elevated terrace.
Currently, the entire area above the minefield is in
the state of uneven intense deformation condition.

Material and Methods. Synergetic principles
(Khomenko, 2007) in reference to modern metho-
dological approaches to ecologically secure man-
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made intervention into salt massifs have been used
for evaluation of today’s conditions of the Shev-
chenko salt mine TGS (technogenic geological
system). The main methodological principles of the
correct exploitation of salt massifs and evaluation
of the consequences of the incorrect one have been
vividly discussed in the current scientific literature
(Jeremic, 1994; Karimi-Jafari et al, 2008; Bosevs-
ka, 2010; Khrushchov et al, 2010; Moghadam, et
al., 2012; Mechanical, 2012; Khrushchov and Bo-
sevska, 2014; Toderas, 2013; Kortas, 2014 and
others). The views of scientists from different coun-
tries do not have significant contradictions, but only
complement each other and have several aspects
focusing on the specific problems of this area. The
international experience of assessing the conse-
guences of salt mines flooding shows general regu-
larity of disturbances in the geological environment
and trends in the deformation process development
on the Earth’s surface. At the same time, different
geological features of the territories and mining
technical conditions for the construction of various
engineering facilities determine the formation of
various TGS (Tenison, 2016).

Shevchenko salt mine TGS is presented as
the analog ecological-mining-geological model,
which adequately reflects all the elements of this
system, including the identified processes and phe-
nomena occurring within the system, their interrela-
tion and development, as well as the interaction of
the system with external factors.

In order to develop the model, classicalme-
thodsof background analysis were applied:

» compilation of data from all types of eco-
logical-geological works carried out on the territo-
ry, and data on methods and technology of the de-
posit exploitation (Bosevska and Mischenko, 2009;
Bosevska, 2010; Khomenko, 2007; Yeschenko et
al, 2011);

» qualitative evaluation of the functional
properties of rock salt, first of all, its protectability
from technogenic karst (Cooper, 2002; Gutiérrez et
al, 2008; Khrushchov et al, 2009, 2010);

» assessment of the long-term geomechani-
cal stability of mine workings system within salt
bed, based on proven calculation methods (Sav-
chenko and Seraya, 1970; Baryakh et al, 1996;
Asanov, 2010; Metodicheskie, 1997; Moghadam,
2012);

» analysis of the results of prolonged local
complex ecological-mining-geological monitoring
(Lee and Sakalas, 2001; Brooks et al, 2006; Koro-
lyov, 2007; Shefchik et al, 2011; Pringle et al,
2012; Gessert, 2013; Cata et al, 2017; Desir, 2018);

» ecological audit: identification of geologi-
cal environment disturbances caused by salt massif
deformation; ecological risks evaluation and fore-

casting (Cooper, 2002; Khrushchov et al, 2010).The
data for model development are as follows:

1 — the results of the series of the geological
exploration, hydrogeological, karstological and
geophysical studies (PSA “Donbassgeology”, the
Ukrainian Salt Research Institute (USRI)) per-
formed in the 1980s and 1990s due to the urgent
need to assess threats to infrastructure, namely: of
the nearby railway section;

2 — the results of the integrated monitoring
conducted by the USRI from the early 1980s in-
cluding geomorphologic, hydrogeological (termi-
nated after the stabilization of the hydrogeological
situation), hydrological and geomechanical obser-
vations.

Hydrogeological works had been performed
in a net of deep paired observation wells with a full
cycle of experimental work (17 wells in total).

Geomechanical monitoring is a traditional
instrumental tracking of the Earth’s surface subsi-
dence using the system of ground levelling marks
oriented along the observed levelled lines. This
type of work is being carried out annually since
1965 (since 1994 frequency is two times a year).
The installation of instrument tracking lines, the
volume and composition of annual observations are
periodically adjusted and regulated by a number of
normative documents and recommendations.

The basic postulate for assessing the situation
and interpreting all initial data is the following
proved tenet: geological environment straining
always accompanies the creation of engineer facili-
ties in salt massifs. The main factors for assessment
of the strain are geomechanical and hydrogeologi-
cal implying the development of man-made karst
(Bosevska, 2010).

Deformations associated with salt karst can
develop only in the unprotected, from the aggres-
sive waters penetration, parts of the salt massif
(Khrushchov et al, 2009). The rate and trends of
these deformations are important in understanding
the salt karst theory (Korotkevich, 1970).

The multi stage geomechanical deformations
always take place during the transition of salt mas-
sifs into a strained-deformed state due to high plas-
tic properties and specific rheological characteris-
tics of rock salt. The mechanical behavior of rock
salt in a strained state is very complex because of
its tendency to flow or creep when subjected to a
shear stress. Rock salt creep property research has
been the subject of a large number of studies
(Pfeifle and Senseny, 1982; Jeremic, 1994; Me-
chanical, 2012; Cata, 2017 and others). As is well
known, rock salt responds on loading with different
creep rates (transient or steady) in a manner nearly
equivalent mechanically dependent upon the de-
formation stage and the pillar loads. The creep rate
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may be large enough. The consequence of creeping
is gradual compression of the bearing pillars in situ
(reduction of their height and dilatancy), the inhe-
rited shifting of the entire over-salt rock mass and
the subsidence of the Earth's surface. At the last
stage of plastic deformations, creep is characterized
by accelerating creep rates and, finally, rock salt
pillar failure by rupture. In plastic deformation, the
continuity of the deformed pillars is maintained; in
ruptural deformation, bearing pillars is broken; a
pillar failure occurs and the TGS loses its continui-
ty and stability. It may result in significant distur-
bances of the geological environment, degradation
of the Earth's surface with the corresponding threats
to the condition of terrestrial objects and the eco-
logical balance of the territory overall (Brooks et
al., 2006; Khrushchov,2014).

Taking into account the unique properties of
the salt environment and its ability to change during
the change of external factors without fracture, the
stable condition of the TGS is the state of slow safe
plastic deformations of the salt mass without dis-
turbing its continuity, resulting in a slow safe sub-
sidence of the Earth's surface (several mm per
year). The areas of the geological environment,
which have lost integrity because of the develop-
ment of destructive processes, are unsuitable for
further use. Destructed parts of salt massif and ad-
jacent geological environment are excluded from
being further used.

Results and Discussion. The ecological-mining-
geological model of Shevchenko salt mine’s TGS.
This TGS is composed of four large interconnected
elements: 1 — part of the salt bed (BB) containing
the mining workings; 2 — the geological environ-
ment above the mine workings and within the zone
of the influence of mine workings; 3 — Earth’s sur-
face over the mine field; 4 — surface waters
represented by lakes in sinkholes (collapse craters).

The part of the salt bed (BB) containing the
mining workings. It includes 3 elements: 1 — void
space (mine workings filled with brines); 2 — load
bearing pillars of rock salt; 3 — intact salt mass sur-
rounding the mine workings.

1. Mine workings are located at a depth of
more than 120 m (up to the roof) and are mostly
destroyed. To date, some mine workings are filled
with over-salt rocks caved in the worked-out
rooms. The rest of the underground space of the
mine workings is filled with saturated chloride so-
dium brines of mineralization up to 320 g/l being in
congestive regime. Obviously, in the stable rooms,
the cushions of trapped air are created at the roof.
Since the roof of the flooded rooms is approximate-
ly 50 m below the active water exchange zone,
under the hydrogeological circumstances, mine
brines cannot be involved in the active groundwater
movement; and expansion of mine workings con-
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tour in terms of Kkarst is impossible even hypotheti-
cally. This is confirmed by the results of performed
geophysical studies.The hydraulical connection of
the saturated mine brines and upper aquifers is one-
way: the brines can penetrate the collapse cracks
and enter into the upper aquifers due to extrusion
during rock collapse.

The flooding of the mine took a long time.
The ratio of the volumes of mine workings and
known indicators of water inflows make it possible
to estimate that the mine flooding lasted about 10
years at least. Flooding occurred by fresh and salty
waters through the mine shafts with a stable hydro-
geological regime of incoming water, as the supply-
ing aquifers had relatively stable hydrodynamic and
hydrochemical parameters.

A feature of the flooding was the differentia-
tion of the incoming water: fresh water was mainly
flowing along the main shaft # 1, while the salty
waters of the leaching zone came mainly along the
shaft # 2. It led to the development of rapid techno-
genic karst and leaching of the pillars bases (under-
cutting them) near the shaft # 1 and the loss of their
bearing capacity. Therefore, the first sinkhole
around the main shafts was formed a year after the
beginning of flooding.

At once, the mineralization increasing of in-
coming fresh waters occurred directly near the mine
shafts; and salty waters flowed the other parts of
mine field. Thus, in general, for the most part of the
minefield, the flooding regime is defined as a gra-
dual, uniformly time-based rise in the level of sal-
tish water at a rate corresponding to the linear dis-
solution rate of rock salt (Cherevko, 2006).

USRI investigated the influence of such
flooding regime on the state of mine workings and
on the bearing capacity of the pillars after the com-
pletion of flooding by the means of mathematical
modeling by the finite element method and model-
ing based on natural materials (rock salt of the
Bryantsevsky bed).

The results of complex modelling showed the
following: in the flooding process, uniform leach-
ing of the lateral surface of the pillars took place;
the depth of leaching penetration into the pillar
massif did not exceed 10% of its width. As a result,
an insignificant change in strain tensor in the ele-
ments of the bearing structure occurred: vertical
stresses increased by 6%, horizontal stresses in-
creased by 1.5 — 2.0%, maximum tangential ones
increased by 3%. In contexts of a slight decrease in
the pillars width and a slight increase in strains, the
calculated strength of the massif decreased by ap-
proximately 15%, which could lead to a decrease in
the bearing capacity of the structure. However, the
study of the influence of saturated brine on the pil-
lars bearing capacity after completion of flooding
showed a significant increase in horizontal stresses
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while maintaining the distribution pattern of the
vertical and maximum tangential stresses. It means
that brine pressure on the pillar lateral surface con-
tributed to the strengthening of the edge zone of the
whole pillars, since horizontal stresses in the pillars
became compressive ones under the effect of brine.
The concentration coefficients of vertical stresses
were reduced by about 5% (Cherevko, 2006).

Thus, for the conditions of the Shevchenko
mine, the uniform decrease in the pillars width is
compensated by the pressure of the saturated brine
on their walls in a certain approximation.

It makes it possible to evaluate the bearing
capacity of the flooded mine structure without tak-
ing into account the changes in the parameters dur-
ing theflooding process and the pressure of the
brine.

2. The bearing pillars of rock salt react the
load being deformed. All of them have undergone
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different stress changes during mine history. It is
known, many factors determines the ultimate load
on the rock salt pillars (and the ultimate deforma-
tion of pillars). One of the most important factor in
determining the pillar stress for the same geological
conditions is mine geometry, primarily, pillar sizes
and mining parameter ratio (a width-to-height ratio
for pillars and chambers). The Figure 4 shows the
Shevchenko mine has various geometric parameters
for different areas of the entire minefield. That is
why the condition of the pillars at different areas
significantly differs: by now,a part of the inter-
chamber pillars and safety shelves is completely
destroyed, but another part of the pillars are at dif-
ferent stages of the deformation processes. Some of
the pillars have a fairly stable geomechanical state
characterized by slow plastic deformations, while
the other part is at the initial stage of ruptural de-
formations.

| 0
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Fig. 4. Shevchenko salt mine layout and geometry integrated with the contours of the Earth’s surface collapses

1 — flooded mine workings; 2 — barrier pillar around the mine field for the Bryantsevsky and lower-lying industrial layers approved
in 17/07/1985; 3 — modern profile lines of instrumental monitoring of ground subsidence; 4 — the collapse pits on the Earth’s surface
(and their numbers showing the formation sequence); 5 — lake water surface created in the collapse craters; 6 — mine areas (panels)
with different geomechanical characteristics (mining parameter ratio) and their numbers

Therefore, to understand the present defor-
mation processes inside the created TGS and im-
prove deformation forecasts, additional investiga-
tion has been performed for the condition assess-
ment of the stability and lifetimes of the load bear-
ing pil-lars all over the minefield. Modern methods

of rock salt behavior assessing being applied for the
Artyomovsk rock salt deposit (Metodicheskie,
1997) has been used.

It is understood that the lifetimes of the bear-
ing pillars are the period of their plastic deforma-
tions without mechanical destruction (without pillar
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failure). The effect of the time factor has been esti-
mated by using the factor of safety of the bearing
capacity of the pillars (or the safety factor). The
safety factor is determined by many criteria. The
most important of which are the geometry of the
mine workings (parameters of the rooms and pil-
lars) and their depth since these criteria deter-mine
the strain tensors and the initial point of destruction
of the massif in time.

Forecasted lifetimes of constructive elements
of development system for Artyomovsk rock salt
deposit (t,) are calculated on the basis of the equa-
tion of the rock salt state, using the theory of conti-
nuity Voltaire — Rabotnov (Metodicheskie, 1997):

1

- (n-1)(1- a)]1-a
ty = 03171077 - [A=2E=I=e (g

o

where a and - rheological parameters of rock salt
determined empirically for rock salt of the BB in
the lab of the USRI; n — safety factor calculated for
real mining and geological conditions with an al-
lowance for room parameters,the full overburden
weight, strength and rheological characteristics of
the BB rock salt.

Since the minefield consists of several panels
with different characteristics, it was divided into
sections of similar conditions for performing calcula-
tions (see Fig. 4). Within each section, the pillars are
of the same height, the rooms are of the same width,
and the roof depth differs by no more than 5%.

The pillar safety factors have been calculated
for every sites using specially created computer
program:

¥jSj Ocj
n=H @
where S — the area of the horizontal intersection of
rock mass supported by supporting pillars, m*; S -
the bearing area of the horizontal section of the
pillars (without correction for the decrease due to
leaching), m* H — room depth = the thickness of

the rocks from the Earth's surface to the roof of
workings, m; = bulk density of rocks, which are
supported by the pillars, N/m’; o, — the strength of
rock salt pillar taking into account the ratio of its
geometrical dimensions, Pa:

Ocj = 0c" Ki " Ka, 3)
where o, — average limit compressive strength of
rock salt of the BB, Pa (the value obtained for dry
salt is used, since the softening factor of the rock
salt is equal to 1 — research data for rock salt of the
BB, VNIIG, Yu.P. Shokin, 1964; Asanov, 2010);
Ky,-Kz — the coefficient of a pillar shape with a sup-
porting area S;: K;— load coefficient (K; = 0.8 pro-
vided that the selected area is surrounded by an
untouched massif from? at least two sides and its
smaller linear size is less than the mine workings
depth; K, =1 in the remaining cases); K, — coeffi-
cient expressing the dependence of rock salt com-
pressive strength from? the ratio of the geometric
parameters of pillars; for riband pillars of the Ar-
tyomovsk deposit (length-to-width ratio >10) this
coefficient is a constant equal to 1.2.

The predicted pillars lifetimes corresponding
to the beginning of the ruptural deformations and
mechanical destruction of the pillars of each se-
lected site were determined by formula (1), taking
into account the calculated safety factors by formu-
las 2 and 3 (Table 1). As shown above, the first
destructions of the pillars and the Earth's surface
above them immediately after the beginning of
flooding were associated with the development of
man-made karst that “undercut” the pillars and
sharply reduced their bearing capacity. These de-
structions lasted for not less than 20 years with
fading speed. The pillars undisturbed by karst con-
tinued to deform at different rates, due to the min-
ing and technical conditions of each site.

Table 1. Calculated normal safety factors and support pillars lifetimes within the Shevchenko minefield
(the sites where the lifetime of rock salt pillars was completed are picked out with grey background)

Mine’s panel Dep'th of Calculated Calculated Period of .S'te develppment The time when Date of destruction
number (see mine safety pillars’ (accordlqg to available the pillars’ lifetimes is| of the earth’s surface
. workings, e archival data), -

Fig. 4) m factors lifetimes, years years completely used, years above the site
1 1325 2.45 90 unknown, = before 1910 |= 2000 ~ 1950s*

2a 131.0 2.45 90 1910 - 1917 2000 — 2007 ~ 1960s*and 2012**
2b 131.0 2.45 90 unknown, = before 1910 = 2000 ~ 1950s — 1970s*
3 120.0 2.90 260 unknown, = 1892 — 1904 = 2152 -2164 1942*

4 125.0 2.60 130 about 1892 — 1909 = 2022 — 2039 -

5a 145.0 2.36 70 unknown, = 1917 — 1926 = 1987 — 1996 1995**

5b 145.0 2.33 65 about 1926 — 1928 = 1991 - 1993 1946*

6a 140.0 2.50 100 unknown, = before 1908 = 2008 1950*

6b 140.0 2.44 85 about 1892 — 1909 =1977 -1994 1946*

7 140.0 2.43 85 about 1929 - 1930 = 2014 - 2015 2014**

8 130.0 2.66 145 about 1931 -1933 = 2076 — 2078 -

9 167.0 2.94 260 about 1938 — 1940 = 2198 — 2200 -

10 160.0 2.63 130 about 1936 — 1941 = 2066 — 2071 -

* sinkholes created due to the technogenic karst undercutting pillars by leaching)
** collapse pits, which have been creating due to the pillars’ lifetimes is completely used
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As it can be seen in Table 1, by the begin-
ning of 2000s the pillars’ lifetimes within the most
part of the minefield were already completely used
or near completion. In this regard, a new series of
destruction of the pillars and the formation of sur-
face collapses began according to the geomechani-
cal criterion. The destruction mechanism of the
pillars and the all over-salt strata is described in
detail in a number of works (Khrushchov et al,
2010; Asanov, 2010; Khrushchov and Bosevska,
2014). The main factor of destruction is the excess
of rock pressure over the bearing capacity of the
rock massif. Destroyed rocks (rock salt and non-salt
rocks overlying the BB) filled the conforming mine
rooms. In the next few years, the destruction of the
pillars within the site # 7 will be completed, in a
few more years the destruction of the central part of
the minefield (site # 4), where the formation of a
very large collapse is predicted, will begin. Sharp
increase of Earth’ surface subsidence rate over this
mined-out area has already been determined by the
results of instrumental monitoring of ground shifts
(see below).

It should be underline that the calculated
time for finishing of the pillar’s lifetime (basic cal-
culations were performed in 1990s) with great ac-
curacy coincides with the time of large surface de-
formations (including the collapse formation). It is
a clear confirmation of the correctness of the ac-
cepted methodological approach to ensure envi-
ronmental safety during the Artyomovsk rock salt
deposit development. From the standpoint of mod-
ern methodological approaches only support pillars
with safety factor 3.0 and more meet the criterion
of ensuring long-term stability (300 years and
more) (Metodicheskie, 1997). From the standpoint
of modern methodological approaches only load
bearing pillars with safety factor 3.0 and more meet
the criterion of ensuring long-term stability (300
years and more) (Metodicheskie, 1997). Modern
mining areas are designed with safety factor 4.0 and
more, despite the fact that in consequence it leads
to decrease in the extraction ratio of rock salt.

The safety factors of the load-bearing capaci-
ty of the Shevchenko mine’s pillars are predomi-
nantly less than 3.0 with the exception of two sites
(# 3 n #9). However the site # 3 was destroyed in
early mine flooding (in 1942) due to leaching of the
pillars bases near the mine shaft and the loss of
their bearing capacity because of karst. Thereby, if
the mine work-ings were not flooded and mine
operation continued, this mine would be in an
emergency condition due to the loss of pillar sta-
bility by the end of 1980s yet. In this case, the issue
of measures developing to im-prove the pillars sta-
bility (e.g. by the method of backfilled of mined-

out areas) or even mine abandonment (e.g. by me-
thod of man-made flooding)
would be up for debate.

3. The salt massif of the BB surrounding the
minefield is not disturbed, stable and practically
does not suffer changes. It has been confirmed by
geophysical studies. Within the sections of the salt
bed bordering the mined-out areas, the strain ten-
sors are slightly modified, but it does not affect the
stable time-dependent condition of the surrounding
massif as a whole. The karst processes are also
excluded because the leaching zone of the BB is
removed to the east of the mine workings outline
for a distance of 1.8 — 2.5 km. In connection with
this, an increase in the minefield area is impossible.

The geological environment above the mine
workings. In the undisturbed state, it was composed
of easily deformable or brittle rocks, which are
alternation of karst cavernous gypsum, cracked
anhydrite, siltstone, argillite and clay. These rocks
are not able to form stable “bridges” over voids,
and therefore are prone to rapid destruction inhe-
rited from the destructed parts of the salt bed.

In this regard, the geological environment
site in the impacted zone of the flooded mine is
subject to complex technogenic disturbances, which
are 1. Mechanical, 2. Hydrogeological, and 3. Geo-
chemical (Khrushchov, et al, 2010).

1. 1. The mechanical disturbances include the
following processes: large vertical shifts of rock
slabs, crack growth, and crushing and grinding of
the rock. Disruptive disturbances are activated cy-
clically and usually accompany the rock salt pillars
collapse with a possible slight backlog in time
(from several days to several months). The main
acting factor for mechanical disturbances is the
action of overburden pressure.

The long deformational processes occurring
inside the rock mass are very uneven in area extent
and over time. It is due to the difference in the bear-
ing capacity of rock salt pillars. After failure of the
bearing support, the accumulation of stress in the
rock mass over the formed cavities occurs before
the threshold limit of the geomechanical stability is
reached, after which ruptural deformation of a cor-
responding block of the overlying rock mass be-
gins.

To date, the entire massif of rocks over the
minefield has been degraded,; it has lost continuity
and is divided into separate blocks with different
varying geodynamic characteristics. Seismic explo-
ration has showed that the largest disturbances in
the massif are the system of deep subvertical cracks
sep-arating large rock blocks. The mechanisms of
deformation in each block differ somewhat depend-
ing on its position in the geological cross-section
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and deformation dynamics. With instant vertical
movements such as natural vertical fault, some
blocks still retain the primary layered structure.
However, predomi-nantly every block are com-
posed of shattered and redeployed rocks.

Deformations of the overlying rocks are
greatly enhanced in connection with the ongoing
general process of rock shifting (subsidence) as a
result of plastic compression deformation of the
remaining (“working") rock salt pillars. These de-
formations are also unevenly redistributed over the
area due to different safety factors at different parts
of the minefield ranging from 2.45 to 2.9 (see Table
1). Various deformation mechanisms of the overly-
ing strata at the boundary of these blocks are supe-
rimposed with a cumulative effect.

Described condition of the overlying strata
within the Shevchenko TGS is confirmed by all
kinds of geophysical studies: gravitational and elec-
tric fields show instability, noticeable changes with-
in the zones of increased cracking and indicate the
continuing loss of continuity of rocks with different
dynamic.

It should be mentioned in natural undisturbed
conditions, there was gypsum karst in this area. We
cannot deny the gypsum Kkarst development now;
however, it is obviously that changed local geologi-
cal conditions do not promote gypsum karst
processes, but slow down them. Therefore, the for-
mation of large cavities associated with gypsum
karst is practically excluded (Cooper, 1996; Coop-
er, 2002).

2. Hydrogeological disturbances in the over-
lying strata are secondary. They arose because of
the disruption of the massif continuity as a result of
which the entire strata of rocks inside the TGS were
practically devoid of waterproof properties. The
destroyed rock mass comprises a unified aquifer
system. The active water exchange zone is above
the mine workings by 40 — 50 m; it does not affect
the flooded mine workings. The main stream of the
groundwater is subhorizontal and directed to north-
west toward the flood plain of the Bakhmut River
(see Fig. 1). Its recharge is predominantly water of
natural aquifers preserved outside the TGS. Hy-
draulic connection between the active water ex-
change zone and saturated salt water in the mine is
one-way: the periodic upward flow of brines from
the mine workings occurs because of extrusion by
the subsiding rock strata and collapsed rocks. Re-
verse movement of aggressive water from the aqui-
fer system toward the mine workings is impossible
because of the lack of drainage conditions (Ko-
rotkevich, 1970). In case of huge collapses, satu-
rated brines can rise up to the surface and drain into
the lake basins (this process is described below).
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3. Geochemical disturbances of the geologi-
cal environment are associated with the periodic
extrusion of saturated brines from the flooded mine
workings. Ecological damage is minimal, since
under-ground waters in the natural state are also
mineralized because of salt and gypsum karst. In
addition, as noted above, an aquifer support with
highly mineralized brines of the leaching zone of
the Above-Bryantsevsky bed takes place. The mi-
neralization of the waters ranges from 156.3 to
310.0 g / 1, so drainage of brines from TGS into
adjacent aquifers westerly has practically no effect
on the resulting chemical characteristics of natural
aquifers. Nevertheless, by the results of calculation
using the Dupuy formula the total removal of readi-
ly soluble salts from the TGS is about 220 tons /
year.

Earth’s surface over the minefield. Before
the flooding of the mine began, the relief of the
Earth’s surface was flat, slightly hilly. The ongoing
deformations of the rock mass are provoking a con-
stant change in the geomorphological appearance of
the over-mine area. Currently all surface deforma-
tions are associated with the uneven rock salt pil-
lars’ deformations and the inherited collapse of the
overlying strata. The surface shapes clearly reflect
large deep deformations due to the geological fea-
tures of the rocks (predominantly loose deposits).
Only little localized deep collapses could occur
without clear evidence at the surface. Therefore,
monitoring of the surface condition permits control-
ling of the deep processes with a high degree of
accuracy.

The surface condition monitoring includes a
geomorphological monitoring and an instrumental
subsidence monitoring, which were being per-
formed for more than 50 years. The results of such
a monitoring adequately characterize the develop-
ment of surface deformations in terms of area, their
spatial-temporal patterns, dynamics and the defor-
mation style (Desir, 2018).

Geomorphological monitoring allows us to
track the ongoing progressive degradation of the
surface within the area, which is the projection of
the mine workings on the surface. At the present
time, the Earth’s surface is intensely dissected; by
2018, there are seven major collapse pits and sev-
eral pronounced depressions. The approximate di-
mensions of the largest collapse in the area of the
shafts (# 1, see Fig. 3) are 115 m x 175 m. The
main geomorphological forms of relief clearly re-
flecting deeper deformations are as follows: saucer-
shaped depressions of the surface, subsidence nar-
row gullies, large fracture cracks, finally, collapse
pits with abrupt sides (Fig. 5). The lithological
composition of Quaternary sediments (mainly red
clays and loams) also predetermined the formation
of second-order geo-morphological elements. Their
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formation is associ-ated with natural processes of
levelling the primarily abrupt sides of collapses.
These processes continue until reaching the repose
angle and are manifested in the formation of tempo-

rary small geomorphological elements (landslides
and breakaway cracks) and proesses (rock shed-
ding, gravity displacement of the remnants) on
steep slopes of the collapse craters.

ftte i ik
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Fig. 5. Modern geomorphological display of the Shevchenko min

In the first stage of disruptive disturbances of
the surface, as a result of karst processes (the first
20 years after the beginning of flooding), numerous
little sinkholes were formed, which subsequently
mer-ged into larger collapse pits.

In subsequent years, the geomechanical fac-
tor of new surface disturbance was dominant. In
this case, collapse pits are formed usually as a re-
sult of a sudden (one-stage) collapse of entire over-
lying strata. The primary depth of the collapses is
proportional with the height of the mine workings —
up to 30 m, the primary diameter of the collapses
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are 50 m and more, the shape is usually round or
elliptical. If new large collapses are formed next to
the existing, their depths can be less (12 — 15 m),
and duration of their formation can be bigger, up to
a few years. It is due to the fact that the mine
workings in these sites were already partially filled
with previously collapsed rocks during the forma-
tion of adjacent collapses. Figure 6 shows the se-
guence of formation of a great collapse next to the
old sinkholes.
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— October 2016, f — November 2017

The instrumental monitoring of the Earth’s surface
subsidence extends beyond the boundaries of the
TGS to define the boundaries of the mine influence
zone and covers important objects of the infrastruc-
ture (e.g. the railway). Modern survey lines of sub-
sidence control are shown in Figure 4. The results
of instrumental control show the following:

» the general subsidence trough that cov-
ers the entire minefield develops continuously, but
unevenly;

» local second and third order troughs are
developing within the boundaries of the general
subsidence trough;

» deformations of the Earth’s surface are
localized within the area that is the projection of
mine workings on the surface;

» quantitatively, the surface subsidence
rate is estimated from 2 to 6 mm/year to 400
mm/year.

Minimum stable subsidence usually takes
place over mining sites that are in the steady creep
stage and have a very large pillars’ lifetime reserve
(calculated sites # 9 and # 10, leveling line IV —
IV). Maximum subsidence is usually fixed in pe-
riod of the initial stage of the pillars destruction;
they are a harbinger of the formation of conditions
for the surface collapse (see Table 1 & Fig. 4).

At present, dynamic deformation processes
develop over the calculated sites # 7, # 2a and # 4
where the pillars’ lifetimes was completely used.
The approximate pillars’ lifetime of the site # 7
(southeastern part of the minefield) had expired in
2015. Since 2014, geomorphological monitoring
has recorded the formation of large surface discon-
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Fig. 6. The developing of the newest collapse 7# as at: a — December 2012, b — May 2013, ¢ — October 2013, d — September 2014, e

tinuities in the form of a network of parallel cracks
of varying degrees of expansion. Cracks are
oriented along the long axis of the mine rooms. The
development of cracks are still progressive. The
largest cracks-ruptures reach a length of 200 m and
are outlined by ravines.

The deformations of the surface within sites
# 2a and # 4 are monitored by instrumental subsi-
dence monitoring along the leveling line Il — 11. The
calculated pillars’ lifetime at the site # 2a was com-
pleted in 2007. Sharp increase in the dynamics of
surface subsidence over this site with the formation
of a local trough was recorded in the mid-1990s,
when the subsidence increased to 35 — 55 mm/year.
Further formation of the shift trough was accompa-
nied by an increase in the subsidence rate in its
central part (leveling marks # 197 — # 201) to 400
— 500 mm/year (2011 - 2012). In 2012, a collapse
crater with a diameter of 15 m and a depth of 13 m
occurred (collapse # 7, see Fig. 3), after which the
subsidence of the adjacent area began to decrease
gradually that corresponds to the stage of compact-
tion of the collapsed rocks.

Five years after the formation of the collapse,
there was a decrease in the subsidence rate in the
adjacent area within the calculated site # 2a by
more than 40% of the maximum. Now the collapse
isin
the stage of intensive development — secondary
geo-morphological processes are superimposed on
primary ones. Its dimensions reached a diameter of
80 m and a salt lake formed in the collapse crater

(Fig. 7).
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Fig. 7.The graph of Earth’s subsidence within the Shevchenko mine TGS taken along line 1l — 11 (see Fig. 4)

Deep deformation processes in the central
part of the minefield (calculated site # 4) are re-
flected in the surface subsidence up to 250 mm/year
that shows the very large strains plastic deforma-
tions of the bearing pillars take place (tertiary creep
— Phase Il1). The pillars’ lifetime will be completely
used in a few years.

Thereby, monitoring of surface deformations
makes it possible to control deep deformation pro-
cesses with high accuracy and confirms the correct-
ness of modern methods of deformation control
dur-ing deposit development.

Surface salt lakes were created in 6 basins of large
collapse craters (see Fig.3 and Fig. 5). The bed of
lake basins is composed mainly of heavy loams and
red-colored clays (Q) with very low filtration prop-
erties. These rocks arepractically impervious.

The water-salt balance of the lakes is quite
simple:a water-budget input is the brine pressed
from the mine workings and the underlying brine
aquifer complex, and the atmospheric precipitation
falling on the lake area and on the limited catch-
ment areas;a water-budget output is the water eva-
poration and negligible drainage during certain
periods when conditions are created for it. The pie-
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zometric levels of the TGS aquiferous complex are
generally below the bottom of the lakes, so their
unloading into the lake basins is possible only when
abrupt rise levels during the large shifts of rock
blocks with the formation of new collapses or the
rapid development of subsidence on the threshold
of new collapses. The depth of the lakes is from
seven to 14 m (from the water surface to the bot-
tom). The lake basins are involved in the general
process of lowering the Earth's surface.

In the water-salt regime in all lakes there is a
cyclicity corresponding to the cyclic development
of deformation processes in the rock mass and the
stages of stabilization of the regime and its activa-
tion alternate. The stable regime stage of the lakes
are characterized with the differentiation of water
by mineralization in the absence of ascending flows
and accumulation of fine clay particles clogging at
the bottom of the lake. The lake basins become
quasi-inland, and the lower parts of the lakes turn
into a quasi-closed system with a stagnant water-
salt regime.

In addition, biota colonies intensively devel-
ops in lakes during a periods of long-term stabiliza-
tion of their regime. These are predominantly mod-
erately halophilic bacteria (such as Paracoccus,
Vibrion, othes), which, in order to ensure their vital
activity, release a large amount of heat, raising the
water temperature in the habitat of their colony.
This significantly affects the distribution of the
temperature gradient in depth and ensures the for-
mation of a special bio-physical-chemical environ-
ment of the stagnant salt lakes (Andrashko and
Sharkany, 2002). In this environment, in the ab-
sence of oxygen and the presence of hydrogen sul-
phide the transformation of a finely dispersed clay
fraction into a typical black ooze or salt lakes (FeS)
occurs, as well as the formation of colloidal solu-
tions, which are complex disperse systems also
takes place. The main components of colloids are
the true sodium chloride brine, a highly dispersed
clay substance, bacteria and microorganisms, as
well as residues of their vital functions. All these
processes enhance the bottom clogging which en-

sures a full waterproofing of the lower part of the
lake basin.

Active stages are associated with activation
of the rock subsidence processes and subsequent
large movements of the slabs, up to the formation
of new collapses. During this period, the aquiferous
complex is not able to assimilate large portions of
mine brines, which come at burst extrusion. As a
consequence, squeezing brines into the lake basins
through the formed waterways occurs. The salt
composition of the incoming brines is dominated by
NaCl, which increases the amount of calcium and
sulfate ions. The active cycle of the lake regime
sharply disturbs the formed bio-physical-chemical
environment of the lake. It is characterized by a
sharp increase in the mineralization of water (up to
100 — 150 g/l in the bottom layer) and the emer-
gence of brineflows and airflows (squeezed out of
air cushions in mine workings) leads to mixing of
water layers and temporary equalization of minera-
lization and water temperature in depth.

Thus, the lake water-salt regime stages clear-
ly reflect the dynamics of development of deforma-
tion processes inside TGS already at the initial
stages of their activation. Therefore, hydrological
monitoring provides significant additional informa-
tion on the dynamics of development of deep
processes. Hydrological monitoring has been car-
ried out continuously, since the 1980s, and includes
observations of changes in the hydrochemical and
hydrodynamic characteristics of waters in the col-
lapse lakes throughout the depth.

Since the development cycles of all lakes do
not coincide in time and the hydraulic connection
between the lakes is difficult or absent, the hydro-
dynamic and hydrochemical regime of all lakes is
different. Namely, the level positions in nearby
lakes differ by the same moment by 50 cm or more,
the ranges of the mineralization variation with
depth are different. The lake bio-physical-chemical
environment depending on the amount of biota in
different lakes and the local conditions for the de-
velopment of colonies also differs (Table 2).

Table 2. The main indicators of the chemistry and temperature regime of waters in saline lakes formed over a flooded mine in 2017

April October

Lake - total total
number Sampling depth temvglearﬁzre, CasSO,, | NaCl, soluble temvglearﬁﬂre, CasSQ,, | NaCl, soluble
°C o/l g/l salts, g/l °C o/l o/l salts, g/l

14 Surface layer 115 2,22 10,49 14,04 15,5 2,82 12,84 | 17,49

Near-bottom water layer; 8,0 m 10,5 2,61 14,77 18,97 17,5 3,68 |8137| 89,56

o Surface layer 115 1,97 9,80 13,28 15,5 3,14 |1225| 17,40

Near-bottom water layer; 12,0 m 12,0 3,78 35,14 43,41 18,5 3,82 | 42,72 | 51,12

3_54 Surface layer 12,0 2,37 20,09 23,90 15,0 421 |32,48| 38,73

Near-bottom water layer; 6,0 m 15,5 2,90 37,76 43,59 16,0 3,85 |34,27| 40,51

44 Surface layer 12,0 1,51 12,25 15,26 15,0 2,39 [17,65| 22,30

Near-bottom water layer; 9,0 m 11,0 2,29 18,40 23,21 15,5 2,38 |18,38| 23,32

- Surface layer 12,0 1,33 7,35 11,97 15,5 1,96 |10,56| 14,24

Near-bottom water layer; 12,0 m 12,0 5,43 82,51 90,67 17,5 4,07 |5424| 60,71
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Nevertheless, for regimes of all lakes, the
general patterns are noted: the same seasonal fluc-
tuations in water levels, the increase in mineraliza-
tion with depth and in the seasonal cycle from
spring to autumn, the direction of the temperature
gradient is increasing towards the top direction
during warm season and increasing towards bottom
during clod season.

At different stages of lakes development, the
mineralization of waters on the lakesurfaces vary
between 0.4 and 120 g/l, and at a depth of 7.0 — 144
g/l. During the entire monitoring period, the highest
mineralization was recorded in the bottom layers of
lake # 3 (160 g/l). At the same time, the highest
water temperature at the bottom was + 29°C, while
the surface water temperature was 17°C (long-term
stabilization period). In each time, the highest mi-
neralization is characteristic of lakes located within
an actively deformable area. For example, as of
2017, the highest salinity of the bottom layer was
recorded in lake # 7, which formed at the end
(2012), the rock mass site under the lake basin re-
mains in the stage of slow progressive deformations
(see Table 2, fig. 6).

It occurs owing to the rise in level during the
high water period and the possible emergence of
conditions for drainage through non-clogging sides
of the collapse (contain thin sand interlayers), the
increasing dilution with fresh atmospheric water
during expansion of the collapse pit due and the
discharge of low-yield aquifers in some areas (e.g.
the eastern side of the collapse # 3, where a fresh
water source is periodically formed). The average
seasonal fluctuations in the water level in the salt
lakes are 0.35 m with a range of variations from
0.20 t0 0.55 m.

Accordingly, despite the spatial proximity of
all lakes there is a difference in the bio-physical-
chemical environment in each of the salt lake. Any
changes in this environment are also a “litmus test”
for predicting deformational processes at depth.
Conclusion. Within the territory of the abandoned
flooded Shevchenko salt mine, the labile quasi-
closed technogenic geological system (TGS) has
been formed in which long-term, multi-active de-
structive processes are occurring. The TGS is lim-
ited in area by a nominal enclosed vertical surface,
the projection of which coincides with the shear
zone boundary. At the bottom the TGS is limited by
the base of the spent Bryantsevsky bed.

The driving force of TGS development is the
processes of salt massif degradation up to mechani-
cal destruction of the rock salt pillars within the
minefield, provoked by hydrogeological and geo-
mechanical factors in series.

All internal elements of the system have a
stable one-way connection directed from the bot-
tom up to the earth’s surface. The deformation
processes are localized within the created system.
They do not practically influence the geo-
ecological situation beyond its borders. The binding
of TGS and the surrounding rock mass is only car-
ried out through the aquifers in the middle part of
the geological section. Some removal of salts from
the system is assimilated by the natural brine aqui-
fer of the leaching zone of the overlying Above-
Bryantsevsky salt bed, which adjoins it from the
west closely.

The result of the formation and development
of the system is a long destabilization of the relief
of the Earth’s surface and the formation of unique
lakes in the water-salt regime. The active processes
of discontinuous deformations and surface col-
lapses will continue unevenly for several tens of
years.The deformation processes is expected to
complete within a time period of 200 years or more.
During this period of 200 years the first 50 — 60
years of them are an active period of collapse de-
velopment in the main isometric part of the mine-
field. In this period, the geological environment and
the Earth’s surface within the TGS completely loos-
es their utility for any purposes however the like-
lihood of creating a threat to the nearby railway
section is negligible.

On the one hand, the described deformation
processes are typical for the flooded salt mines
areas where the supporting rock salt pillars lost
their stability. On the other hand, a combination of
mining and geological factors has led to the crea-
tion of rather unique conditions, when all the nega-
tive effects have been localized within the system;
while on the surface the salt lakes with a unique
bio-physical-chemical environment have been
formed. The unusual regime of the lakes with un-
expected temperature changes and variable minera-
lization with the presence of colloids are of great
media interest.

The performed assessment of the dynamics
of the system development in time confirms the
cor-rectness of the taken methodical approach to
control mechanical behavior of salt during the Ar-
tyomovsk rock salt deposit development. In addi-
tion, the results of the investigations can be used to
improve the methodology of salt mining in terms of
decreasing of environmental risks in the densely
populated areas overall as well as to develop of
alternate improved safe room-and-pillar mining
geometries that provide higher salt extraction while
maintaining an appropriate safety factor for this and
other rock salt deposits.

199



L. P. Bosevska, Anirban Chowdhury

Journ.Geol.Geograph.Geoecology, 27(2), 184-201

Acknowledgements.The authors express their deep
respect and gratitude to the author of the method of
scientific control of rock mass deformations during
the Artyomovsk rock salt deposit development, the
former USRI employee Seraya Alla Romanovna as
well as to all authors of works dealing with the
deformations of salt strata under the techno-genic
impact on them and their monitoring, which was
used in this work. In addition, we appreciate to the
State Enterprise ARTYOMSOL, which continu-
ously finances scientific and monitoring works
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Ecotoxicological status and prognosis of the state of an urbanized hydroecosystem
(on the example of the reservoir " Ternopil pond™’)

V. V. Grubinko', H.B. Humeniuk®, V.O. Khomenchuk®, N.M. Garmatiy?, V. B. Voytiuk', M.M. Barna
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Received 16.05.2018 Abstract. As a result of a complex hydroecological research on the reservoir “Ternopil
Received in revised férm 26.06.2018: Pond”and comparison of these data with environmental and quality water standards we
Accepted 20.08.2018 assessed the environmental threat posed by the content of certain substances, and the

ecotoxicological state of the pond in general. A high concentration of HCO5- was found,

but the critical factor of water pollution is the significant concentration of ammonia, as
well as the excess over the permissible levels of sodium ions. Moreover, we found polymetallic contamination of the bottom sedi-
ments with a high ratio of biologically dangerous mobile forms, with the exception of iron, and the excess over permissible levels
(MPS), which in some places was ten times higher than the norm. The high level of the content of mobile metals forms was found at
sampling areaswith a considerable sedimentation.The content of the mobile form of copper exceeded the norm by 24-86 times, nickel
- from 2 to 17 times, cobalt — 4-8 times. The content of the mobile form of cadmium exceeded the permissible norm by 5-80 times,
and lead — by 4.5-12 times. It was established that the content of the metals of the essential group in the water of the reservoir washe-
low the permissible values, and in the places where active flushing waters are flowing high concentrations of copper wasfound.
Among the nonessential metals, cadmium and lead were found with fairlyhigh cadmium content , which is biologically dangerous
because of the toxicity of this metal. In case of changes in the hydrochemical balance, the mobility of metals may increase, which
will substantially worsen the almost disastrous pollution of the reservoir with highly toxic and biologically hazardous met-
als.Economic-mathematical modeling and statistical methods based on correlation-regression analysis using Matlab software were
used to investigate the influence of ammonium content on the water pH index. The correlation index is ststistically significant and
amounts to 0.86. This research will allow us to predict pH index of the water depending on the content of ammonium. The calculated
elasticity coefficient shows that with an increase in ammonia by 10%, the pH index of the water will vary by 8%. In order to study
the environmental situation in the near future, namely the content of metals in the bottom sediments, a forecast of the content of such
metals as magnesium and cobaltfor the next two seasonal periods according to the theory of Markov chains has been made. This
theory allows us to make predictions of the factor, taking into account the possibility of random effects on the environment, and
investigates the greatest probability of presence of a factor in a certain numerical parameter.

Key words: water, bottom sediments, elasticity coefficient, correlation-regression analysis.

EKOTOKCMKOMOriYHWIA cTaTyC i NPOrHo3yBaHHA CTaHy ypbaHi3oBaHOI rigpoekocuctTeMn (Ha
npukniagi Bogocxosuwa " TepHoniibCbKNin cTas™")

B.B. Ipy6inko®, I'.6. Mymentok’, B.O. XomeHuyk®, H.M. Mapmartiii, B.6. Boiitiok!, M.M. BapHa

TepHoninbCbkNi HaLioHaNbHNIA NegaroriuHnii yHisepcuTeT iM. B. MHaTioka, TepHoninb, Ykpaixa,
E-mail: gumenjuk@chem-bio.com.ua

*TepHONiNbCLKMIA HaLioHaNbHII TexHiuHNiA yHiBepcuTeT im. . Mynos, TepHonine, Ykpaiua,
E-mail: garmatiy.nat@meta.ua

AHOTaUif. Y pe3ynbTaTi KOMMIEKCHOTO TiPOEKOOriYHOro AOCIMKEHHS BOAOCXOBULLA «TEPHOMINbCbKMIA CTaB» LLASXOM MOpiB-
HSHHS OTPMMaHNX MOKa3HUKIB 3 EKO/IOTiYHMMU HOpMaTMBaMu Ta CTaHAapTaMy SIKOCTi HaBKO/IMLLHLOTO CepPefoBULLA OLIHEHO K00~
riyHy He6e3neky BMICTY OKPEMUX PEYOBMH Ta EKOTOKCWMKOMOFIYHY CUTYaLito B Linomy. BuseneHo BMCOKi KOHUeHTpauii HCO;3 i,
KPUTUYHUM (haKTOPOM Y BOAOWMI € HAKOMWYEHHS aMiaKy Y 3HaYHMX KOHLUEHTpauisiX, a TakoX 3HauyHe MepeBULLEHHS AOMYCTUMMUX
PiBHIB AN MOHIB HaTpito, BCTAHOBMEHO MOMIMETaNiYHE 3aOPYAHEHHS Mysly 3 BUCOKOK i 6ionoriyHO Hebe3neyHow, Kpim 3anisa,
YaCTKOK pyxomux hopm MeTasliB Ta nepeBaXkaHHAM JONYCTUMMX PIBHIB Y OKPEMMX MiCLAX Y AeCATKM pa3iB NPOTU HOPMU, BigMive-
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HO BMCOKMIA piBEHb BMICTY pyXoMuX OpM MeTaiB, SiKi BCTAHOB/EHO Y TOUKaxX 3 3HAYHUM 3aMyNeHHAM. [HCTpyMeHTapiemM eKOHOMi-
KO-MaTeMaT14YHOro MOZE/OBaHHSA Ta CTaTUCTUYHUX METOZIB Ha OCHOBI KOpPensLiiHo-perpeciinHoro aHanisy 3 BUKOPUCTaHHAM Cy-
YyacHMX iHhopmauiriHMx cuctem Tuny Matlab gocnigyeHo mipy BNaMBY BMICTY aMOHitO Ha KUCMOTHICTb BOAW — NOKa3HMK Kopenauit
€ AOCWTb BaromMmii Ta cTaHoBMTbL 0,86. MpoBegeHe AOCNIMKEHHS LO3BOMMTb MPOrHO3yBaTW KUCOTHICTb BOAWU Yepe3 BMICT aMOHito.
Po3paxoBaHuil KoeillieHT e1acTUYHOCTI CBIAYMTD, L0 NPy 36ibLUeHHI aMOHit0 Ha 10% 3HauyeHHs pH Boan 6yfe 3MiHOBATMCb Ha
8%. [ns DOCNiAKEHHS eKOMOTiYHOT CUTYaLlii Ha HakbAMXKYY NepCneKkTUBy, a came BMIiCTY MeTaniB y JOHHMX BifKnagax, 34ifCHEHO
MPOrHO3 CUTYyaUil Mo BMICTY MeTa/liB Ha HabGNVDKYi ABa CE30HHI Mepioan 3rigHo Teopii naHutorie Mapkosa. [aHa Teopisi JO3BONSE
30i/iCHIOBATM NPOrHO3U YMHHMKA, BPaX0BYHOUM MOX/MBICTb BUMAAKOBKX BM/MBIB Ha CepefjoBuLLe, Ta AOCAIMKYETbCS HalbinbLia
AMOBIpHICTb NepebyBaHHA YMHHMKA B MEBHOMY YMCMIOBOMY NapameTpi.

Kntouosi cnosa: BoAa, AOHHI Bifknagn, KoeilyieHT enacTUYHOCT i, KOpPenaLiiHo-perpeciiiHnin aHanis.

Introduction. The attention paid both to the study
and solving of environmental problems of fresh
water ecosystems of inland water bodies is increas-
ing due to the constantly increasing pollution
(Romanenko etal., 2008; Shannon etal., 2011). Wa-
ter quality is a limiting factor for water use in the
face of a sharp increase in demand for fresh water
(MyslyvaandKot, 2011). In recent decades, particu-
larly dangerous for deterioration of the quality of
natural waters are heavy metals (HM), which are
considered to be the most dangerous for biota due
to their toxicity and the ability to accumulate in
hydrobionts (Nasrabadi, 2015; Perales etal. 2006).
They belong to a class of conservative pollutants
which do not decompose in the migration of trophic
chains, they have mutagenic and toxic effects,
greatly reduce the rate of flow of biochemical
processes in aquatic organisms (Maliket al., 2014;
Abubakar et al., 2015; Rashed 2001). Some of them
are toxic even at very low concentrations (Mysly-
vaand Kot I., 2011), and such important elements as
Fe, Cu and Zn, at elevated concentrations can also
be biologically dangerous (Manoj etal., 2012).

First of all, the research related to the study
of hydrochemical levels of pollution is relevant
and, consequently, it is important to analyse their
impact on the reactivity and self-sustainability of
hydrobionts groups that provide the productivity
and ductility of hydro ecosystems, their resistance
to pollution and self-purifying capacity. Such stu-
dies, on the one hand , allow one to predict the
possible consequences of pollution, and on the oth-
er hand, to model and plan measures to restore the
natural status of an ecosystem, which supports the
quality of water and the recreational and resource
potential of reservoirs (Romanenko et al,
2015,Nesaratnam and Suresh, 2014, Correl, D.L.
1998). In order to predict and elaborate proposals
for restoration measures in regulated freshwater
ecosystems, we examined hydrochemical, toxico-
logical and hydrobiological parameters that reflect
the level of contamination, quantitative and qualita-
tive characteristics of the development of aquatic
organisms, as well as the effect of toxic factors on
the water ecosystem of the reservoir Ternopil Pond
(Romanenko, 2015; Grubinko et al.,2013).

The use of modeling tools and statistical

analysis when studying the ecotoxicological
situation of hydrosystems is relevant in modern
conditions. The abovementioned problems are stu-
died by modern scholars (Akin et al,2011; Budka
et al, 2013). It is necessary to study the question of
sources and ways of contamination of hydroecosys-
tems of ribbon type reservoirs in the conditions of
loading of various environmental pollutants (heavy
metals, etc.), violation of the hydrochemical and
hydrobiological regime in ecosystems, the devel-
opment of the process of “eutrophication” (flower-
ing) in reservoirs, the quality of the water environ-
ment and water, ways of preserving and increasing
biodiversity, ensuring the sustainability of the suc-
cession series (development) of reservoir ecosys-
tems in order to increase their environmental sus-
tainability, expanding capacities for recreational
and economic use of water and biological resources
in accordance with the requirements of the envi-
ronmental norms of Ukraine and the EU Water
Framework Directive 2000/60 (Directive ..., 2000),
maintaining on this basis a stable social and envi-
ronmental situation of cities, restoration, protection
and rational use of natural resources.The model of
the ecotoxicological assessment and forecast of the
ecosystem “Ternopil pond” can be considered as
the basis for developing measures for preservation
and optimization of recreational and water use of
internal reservoirs of the lagoon water system of
urbanized territories of Ukraine (Grubinko etal.,
2013).In a view of the above, the purpose of our
research is to determine the control variables (the
content of heavy metals and some physical and
chemical indicators of water) based on the analysis
of the current state of the object, the implementa-
tion of which allows for the desired behaviour or
state of the object of nature use.
Materials and methods. 1. Sites of research and
their ecological characteristics. The natural water
reservoir "Ternopil Pond" served as the object of
study. Taking into account the pecularities of the
hydroecological characteristics of this water body
and factors of their formation, we selected monitor-
ing sites described in Fig. 1.
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Fig. 1. The scheme of monitoring sites of the reservoir "TernopilPond" (1: 15000).

cmEr = -1

Sampling sites:

1 —areaof the backwater and the discharge of
flushing waters from Ruska Street: the nearest
distance from the shore (dam) - ~ 25 m, depth of
sampling - 2.6 m; characterized by the low intensity
of water exchange, stagnant phenomena, inflow of
coastal effluents, clogging up; bottom condensed,
sandy-pebble with a significant number of shells of
dead individuals and individual living molluscs (up
to 10-12 cm depth); medium vegetation was
detected:;

2 — area of backwaternear the pier: the
nearest distance from the riverbank is ~ 50 m,
sampling depth - 6.8 m; characterized by the low
intensity of water exchange, stagnant phenomena,
inflow of coastal drainsfrom the hotel "Ternopil",
clogging; the bottom with fallen leaves, sand-
mullish (to a depth of 60 cm, there are no shells of
dead individuals, live molluscs and vegetation);

3 — the area behind the island: the nearest
distance from the bank is ~ 40 m, sampling depth is
4.7 m; a natural barrier to the migration of
pollutants from oil trap and discharge of flushing
water through the canal (Rudka river) from
Krushelnytska Street and the beach "Tsyhanka™;
bottom of loose, sandy-mullish (to a depth of more
than 90 cm there are no shells of dead individuals,
live molluscs and vegetation);

4 — area opposite the Khutir restaurant: the
nearest distance from the bank is ~ 30 m, sampling
depth is 2.0 m; is characterized by the flow of man-
made emissions from the drainage and atmospheric
precipitation from the territories of the "Dalnii
Beach”, the boats mooring and the Khutir
restaurant, the bottom of medium-density, sandy-
pebble (to a depth of about 50 cm, there are single
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shells of dead individuals and live molluscs and
vegetation);

5 — area of the backwater and discharging
flushingwater from the hotelHalychyna: the nearest
distance from the bank is ~ 50 m, sampling depth is
5.0 m; characterized by the low intensity of water
exchange, stagnant phenomena, inflow of coastal
effluents, clogging up; bottom of loose, sandy-
mullish (to a depth of more than 60 cm there are no
shells of dead individuals and live molluscs, there is
sparse/poor vegetation);

6 — admissible area: the nearest distance from
the shore (dam) - ~ 30 m, depth of sampling - 2.4
m; near the main channel and the gateways, is
characterized by high intensity of water exchange;
bottom condensed, sandy-pebble with a significant
number of shells of dead individuals and individual
live molluscs (to a depth of 10-12 cm); medium
vegetation was detected:;

7 — area from the village of Bila: the nearest
distance from the shore is ~ 30 m, sampling depth
is 3.7 m; flushing from the village of Bila; bottom
of loose, sandy-mullish (to a depth of about 60 cm
there are no shells of dead individuals and live
molluscs, sparse/poor vegetation);

8 — distant beach area: the nearest distance
from the river bank is ~ 25 m, depth of sampling -
1.8 m; is characterized by the flow of flushed
waters with runoff and atmospheric precipitation
from the territories of the private sector of the vil-
lage of Kutkivtsi and "Dalnii" beach, the bottom is
medium-dense, sandy-mullish (to a depth of about
40 cm there are single shells of dead molluscs).

The selected areas take into account the main
sources of pollution with flushing water and water
collectors (sites 1, 3, 4, 7, 8) and the hydrological
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regularities of migration and accumulation of toxic
substances and correlate with the places of
eutrophicationin the reservoir that were observed in
previous years. (Grubinko, etal. 2013., Gumenyuk,
2003).

Methods of hydrochemical research. All
measuring instruments used in the research are
standardized and endorsed with the expertise of the
State  Enterprise  "Ternopil  Scientific and
Production Center of Standardization, Metrology
and Certification" by the issue of certificates of
verification of the regulated regulatory instrument
of measuring equipment from 14.09.2016: atomic
absorption spectrophotometer C 115 M (Certificate
No. 743 -F); ionizer EV 74 (Certificate No. 745-F);
spectrophotometer SF 46 (Certificate No. 742-F);
Fluorocarbonometer KFK-2 (Certificate No. 744-
F); Oxygenizer AHA-101,1 V1 (Certificate No.
741-F); liquid chromatograph "Crystal 200"
(certificate number 266-F).

The number of samples at each site was re-
peated three times. The measurements are given as
an arithmetic mean of three measurements at each
sampling site.

The content of heavy metals in water and
sediment was determined by atomic absorption
spectrophotometry (Ermachenko, 1997).

Ammonium cations in water and sediment
were determined colorimetrically (Romanenko,
2006). The method is based on the ability of
ammonia and ammonium ions to form a yellowish
brown colour of the compound with a Nessler
reagent.

The determination of the concentration of
nitrates was carried out by colorimetric method

compounds.

Determination of nitrites was carried out
colorimetrically (Romanenko, 2006). The methods
are based on the formation of azure colour of red
colour when passing the reaction of nitrite ions with
the Grissa reagent.

The ecological danger of the content of cer-
tain substances and the ecotoxicological situation as
a whole were assessed by comparing the indicators
with environmental norms and environmental stan-
dards: toxicity on the basis of comparison of indica-
tors with the values of MPC (Maximum permissible
concentrations of harmful substances in water of
water reservoirs of household and drinking and
cultural and household purposes) (Rules..., 1999),
and ecotoxicological danger in accordance with the
"List of pollutants for determining the chemical
status of the arrays of surface and ground water and
ecological potential of anartificialor substantially
modified surface water massif” (List ..., 2017).

In order to study the effect of ammonium on
water pH index, the statistical analysis methods,
namely correlation-regression analysis (Akin B.S.,
2011), are used, the correlation index is quite
significant and is 0.86, the study will allow adjust-
ment of the water pH index through the content of
ammonium. The calculated elasticity coefficient
shows that with an increase in ammonia by 10%,
the water pH index will change by 8%. Also, the
prediction of the content of heavy metals in the
bottom sediments by the method of Markov chain
theory is carried out. This theory allows us to make
predictions of the factor, taking into account the
possibility of random effects on the environment,
and investigates the greatest probability of presence

with phenol disulfonic acid (Romanenko, 2006). of a factor in a certain numerical parameter
The method is based on the reaction between (Rogatunskiy R. and Garmatiy N.2015).
nitrates and phenol disulfonic acid to form nitro-
derivative phenols, which form yellow compounds Results
with alkali pH Index of water (Table 1).
Table 1. pH index of water (M+m)
Indexes range Selection Sites
1 2 3 4 5 6 7 8
pH 1-14 | 8.02+0.05 | 7.31+0.03 | 7.40+0.04 | 7.52+0.03 | 7.39+0.02 | 7.52+0.03 | 7.24+0.05 | 7.46+0.02

At all the sites investigated, the water has a
pH> 7, which contributes to the presence of carbon
dioxide in the form of a hydrocarbonate ion, pro-
viding an environmentally acceptable gas regime of
water and the absence of obsolescent phenomena.
The increase of pH of watermay be the decay of
organic sucstances in the bottom layer and the
sludge with the formation of ammonia and the sa-
linity of the reservoir with alkaline equivalents of

flushing origin. High alkalinity of water also con-
tributes to the transition of a significant amount of
ammonia to highly toxic ammonia, which degrades
the ecotoxicological situation of the reservoir, since
ammonia is 200 times more toxic than ammonium
(MAC NH4+=2.0mg/I; HDCNH;3 =0.01 mg / I).

2. The content of nitrogen compounds
(Table 2,3).
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Table 2. The content of ammonia, nitrites and nitrates in water (M+m)

Forms of MPC, Sampling sites

nitrogen mg/| 1 | 2 | 3 [ 4 ] 5 6 | 7 | 8
NH,4*, 2.0 20.0+1.8 67.0£3.4 68.0+4.6 62.0+£2.9 60.0+4.3 31.0+£2.3 69.0+2.7 57.0£3.4
mg/I
NO,, 3.0 0.005+ 0.007+ 0.15+ 0.06+ 0.09+ 0.01+ 0.17+ 0.12+
mg/I 0.0004 0.0003 0.001 0.004 0.008 0.002 0.03 0.007
NOs3, 45.0 0.005+ 0.1+ 0.05+ 0.09+ 0.14+ 0.06+ 0.08+ 0.16+
mg/I 0.0003 0.006 0.004 0.003 0.04 0.003 0.004 0.008
NH,": - 100: 100: 100: 100: 100: 100: 100: 100:
NO,: 0.025: 0.01: 0.22: 0.10: 0.15: 0.03: 0.25: 0.21:

NOs’, % 0.025 0.15 0.07 0.15 0.23 0.19 0.12 0.28

From the data obtained it is evident that in
the water and in the sediments (sludge) there was
an active ammonification resulting from the de-
composition of organic matter that settled during
the winter and was oxidized. The most polluted
ammonia water is in the streams of flow from the
village of Bila, stagnant water near the "Nadstavna
Church", behind the island from the side of "Tsy-
hanka" beach, near the restaurant "Khutir" and near
the boat station (exceeding the MPC by almost 30
times). Less contaminated due to leakage are areas

near the dam (water drain - western and eastern -
sites 6 and 1) (exceeding the MPC by 10-15 times).

The most polluted ammonia sludge is on
sites near the "Nadstavna Church", from the side of
the runoff from the village of Bila and behind the
island from the side of "Tsyganka" beach (exceed-
ing the MPC by almost 100-150 times).

Data on the content of ammonium, nitrite and
nitrate in the bottom sediments are presented in
Table 3.

Table 3. The content of ammonium nitrites and nitrates in the bottom sediments (M+m)

Forms of nitrogen Sampling sites
1 2 3 4 5 6 7 8
NH,*, mg/100g. | 955+53 | 219.0+4.7 | 325.1+8.9 | 85.4%7.3 | 120.546.7 | 116.8+4.3 | 265.2+9.1 | 162.445.2
over dry ground
NO,, 5.5+0.3 1.740.2 1.620.1 1.520.2 1.50.3 2.120.2 2.310.4 1.740.2
mgr/100 g
over dry ground
NO;, 0.1+0.009 | 3.0+0.09 | 0.7¢+0.03 | 1.2+0.07 | 1.1+0.01 | 0.840.03 | 1.2+0.05 | 0.9+0.02
mg/100 g over dry
ground
NH,": 100: 100: 100: 100: 100: 100: 100: 100:
NO,: 5.3: 0.8: 0.5: 1.8: 1.3: 1.8: 0.9: 1.0:
NO;, % 0.1 1.4 0.2 1.4 0.9 0.7 0.5 0.6
Exceeding norms of nitrites and nitrates was 7.5200
not revealed - the levels in the water were much 7.2400
lower than the maximum permissible standards. 7.4600
Hence, one of the critical factors for aquatic >> X1=[20; 67; 68; 62; 60; 31; 69; 57]
organisms, especially the bottom layer and sludge, X1l=
is the ammonation and accumulation of ammonia in 20
significant concentrations and its presence in the 67
form of highly toxic NH; due to the alkalinity of 68
water. 62
Based on the correlation-regression 60
dependence, we will investigate the effect of the 31
ammonium content (Table 3) on the pH index of 69
water (Table 2). The calculations are made in the 57
software Matlab. >> corrcoef (X1,Y)
Y=[8.02; 7.31; 7.40; 7.52; 7.39; 7.52; 7.24; 7.46] ans =
Y = 1.0000 -0.8622

8.0200
7.3100
7.4000
7.5200
7.3900
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Correlation is strong and is 0,86
>> gImfit(X1,Y)
ans =

8.0855
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-0.0111

Regression equation y=8.0855-0.0111x

Coefficient of elasticity
0.0111*57)/(8.0855+(-0.0111*57))

E =-0.0849

Also, the method of correlation-regression
analysis investigated the effect of ammonium on
the pH index of water, the effect is quite significant
and is 86%. The coefficient of elasticity was
calculated on the basis of this value. The coefficient
of elasticity suggests that with an increase in
ammonia
by 10%, the pH index of water will decrease by
8%.

E:(_

Table 4. The content of metals in water *(M+m)

3. The content of metals (Table 4, 5).

Traditionally, according to the degree of bio-
logical danger, metals are divided into three groups:
biogenic (necessary for organisms in high concen-
trations), essential (necessary for life in microcon-
centrations, exceeding of which adds up to toxici-
ty), and nonessential (toxic in any concentrations).
On the other hand, biological activity is manifested
only by the so-called mobile forms (soluble, ionic).
Therefore, the gross metal content in living envi-
ronments reflects their total pollution and the de-
gree of accumulation, and the biological hazard
reflects the level of mobile forms.

Content of MPS*mg/ Selection sites
metals, | 1 2 3 4 5 6 7 8
mg/I
Biogenic
Sodium 200.0 239.0+ 212.0+ 223.5+ 217.2+ 214.3+ 228.5+ 231.7+ 212.4+
7.2 11.7 6.4 5.9 7.5 6.0 7.0 9.3
Potassium n.l 4.30+ 4.55+ 5.13+ 4.85% 4.70+ 5.40+ 4.73+ 4.45+
0.41 0.37 0.49 0.32 0.44 0.35 0.41 0.22
Calcium n.l. 7.19+ 6.35+ 3.08% 0.40% 1.30+ 0.57+ 3.8+ 1.2+
0.67 0.56 0.36 0.06 0.04 0.05 0.12 0.07
Magnesium 40.0 6.28+ 25.88+ 10.23+ 8.29+ 10.13+ 6.65+ 9.64+ 7.68+
0.47 1.64 0.17 0.75 1.13 0.55 0.19 0.33
Essential (toxic in high concentrations)
Iron 0.3 0.015+ 0.005+ 0.004+ 0.001+ 0.002+ 0.005+ 0.004+ 0.002+
0.001 0.0007 0.0001 0.0005 0.0001 0.0002 0.0002 0.00009
Cobalt 0.1 0.002+ 0.002+ 0.002+ 0.002+ 0.002+ 0.002+ 0.002+ 0.002+
0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Manganese 0.1 0.0002+ 0.0002+ 0.0002+ 0.0002+ 0.0002+ 0.0002+ 0.0002+ 0.0002+
0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
Copper 1.0 0.065+ 0.008+ 0.042+ 0.023+ 0.15+ 0.20+ 0.036+ 0.009+
0.003 0.004 0.006 0.001 0.001 0.007 0.003 0.001
Nickel 0.1 0.0008+ 0.0008+ 0.0008+ 0.0008+ 0.0008+ 0.0008+ 0.0008+ 0.0008+
0.00001 0.00006 0.00005 0.00003 0.00002 0.00001 0.00002 0.00003
Zinc 1.0 0.0005+ 0.0005+ 0.0005+ 0.0005+ 0.0005+ 0.0005+ 0.0005+ 0.0005+
0.00002 0.00001 0.00003 0.00002 0.00001 0.00003 0.00001 0.00002
Non-essential (toxic)
Cadmium 0.001 0.0005+ 0.0005+ 0.0005+ 0.0005+ 0.0005+ 0.0005+ 0.0005+ 0.0005+
0.00001 0.00001 0.00002 0.00002 0.00001 0.00003 0.00001 0.00002
Lead 0.03 0.01+ 0.01+ 0.01+ 0.01+ 0.01+ 0.01+ 0.01+ 0.01+
0.001 0.0007 0.0007 0.0005 0.0006 0.0005 0.0005 0.0005

Note: * - a mobileform; nl - not limited

In the water, excess over the maximum per-
missible levels was found only for sodium ions
(Table 4), which, along with the sum of ions of
other metals, indicates a significant salinity of the
water of the pond, especially at the sites of active
washings and drains from the coast: 1 and 6 - from
the dam, 3 from side of Krushelnytska Street, 4 -
from the restaurant "Khutir", 7 from the "Novyi
Svit" neighborhood and the village of Bila. Taking
into account the nature of communal activities, it is
possible that the main source of salinity is the use
on the roads and side- walks of bulk salts and slags
in the winter.

The content of metals of the essential group
in the water is much lower than the maximum per-
mitted values, which may be the result of their de-
position in silicate phosphates, which form the so-
luble salts with these met-als. However, copper is
found in high concentrations inthe areas of active
flow of flushing water.Among nones-sential metals,
only cadmium and lead have been found. Moreover
cadmium content, although not reaching the maxi-
mum permissible levels, is quite high and biologi-
cally dangerous because of the extremely high tox-
icity of this metal, which is still mutagenic.In the
silt (see Table 5), extremely high indexes of metals
content of all investigated groups were detected.
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For the biogenic group of metals, low mobility (an
exchange fund with water) is found to be 1-5%, and
the vast majority of them, most likely, are recorded
in colloids, humic complexes of silt and other or-
ganic substances.Among the metals of the essential
group, the excess of the norm of gross content for
copper was found to be 18-67 times, nickel - 1.5-10
times, cobalt - 1.5-3 times, a high level of mobile
zinc was established. The high level of accumula-
tion of metals is set at sites with significant sedi-
mentation, phosphate content and high pH values -
sites 2-5, the least precipitated metal compounds in

the admixture - sites 1 and 6.At the same time,
guided by the principle of high toxicity of the mo-
bile metals, it is worth mentioning that the iron in
the silt is is mainly connected, and therefore biolog-
ically safe. As for other metals, the degree of their
mobility, and, consequently, the biological threat,
we can make a row: copper> nickel> manganese>
cobalt> zinc. Among the metals of the essential
group, the excess of the norm of the content of the
mobile mold for copper was detected - 24-86 times,
nickel - from 2 to 17 times, cobalt - 4-8 times, high
level of iron and zinc.

Table 5. The content of metals in the bottom sediments

Metal content | MPS Sampling sites
mg / kg dry *mg/
the sediment m® 1 5 3 4 5 6 7 8
Biogenic
18760.1 | 20465.3 24830.1 22680.5 33180.2 29040.5 28300.2 20860.3
Sodium nl 215.6 230.5 315.3 306.9 389.1 430.9 339.6 271.8
(1.2%) (1.1%) (1.2%) (1.3%) (1.1%) (1.5%) (1.2%) (1.3%)
3909.1 5076.2 5863.2 5847.3 3546.5 3847.1 5984.2 4487.4
Potassium nl 187.5 250.9 292.8 292.7 271.8 2719 359.0 224.3
(5%) (5%) (5%) (5%) (8%) (7%) (7%) (5%)
186600 188169 164720 89305 192800 199211 176204 99530
Calcium nl 5430 5215 5265 3375 5648 7790 7048 3982
(3%) (3%) (3%) (4%) (3%) (4%) (4%) (4%)
25601.1 94442.3 105200.1 107404.3 126902.4 81010.2 117364.3 115020.2
Magnesium nl 212.3 807.5 1020.1 1262.3 1200.1 634.9 1408.4 1380.2
(0.8%) (0.8%) (0.9%) (1.2%) (0.9%) (0.7%) (1.2%) (1.2%)
Essential
(toxic in high concentrations)
6110.1 22368.6 35436.7 45721.9 35955.0 21128.4 43537.6 32495.0
Iron n.l. 121.3 438.6 725.4 933.1 720.6 408.9 877.7 649.9
(2%) (2%) (2%) (2%) (2%) (2%) (2%) (2%)
194 32.2 33.4 30.5 30.4 199 29.4 21.0
Cobalt 50 8.7 15.3 15.0 12.1 12.9 9.5 13.2 9.0
(45%) (48%) (45%) (40%) (43%) (47%) (45%) (43%)
424.8 784.2 699.4 737.1 811.8 371.2 645.4 6125
Manganese n.l 227.5 392.8 550.4 511.3 489.1 300.2 503.4 367.5
(54%) (509%) (78%) (69%) (60%) (81%) (78%) (60%)
721 260.3 236.8 129.3 154.4 89.3 206.1 138.9
Copper 3,0 54.2 200.9 1745 115.1 93.3 75.1 152.4 83.4
(75%) (77%) (74%) (89%) (60%) (84%) (74%) (60%)
194 52.7 69.4 58.4 46.5 9.9 57.6 43.2
Nickel 4,0 12.7 31.2 41.4 42.4 335 6.1 34.6 31.1
(65%) (59%) (60%) (73%) (72%) (61%) (60%) (72%)
2282.4 3536.4 3353.2 2515.2 2976.1 2192.3 3235.6 2467.1
Zinc n.l. 850.1 1268.1 11984 1064.2 1235.1 1023.2 1164.8 1036.2
(37%) (36%) (36%) (42%) (42%) (47%) (36%) (42%)
Nonessential
(toxic)
0.074 1.92 0.25 1.33 0.087 0.075 0.35 0.078
Cadmium 0,01 0.05 1.28 0.15 0.83 0.05 0.04 0.21 0.05
(68%) (67%) (60%) (62%) (57%) (53%) (60%) (57%)
311 729 78.1 37.3 65.4 52.2 723 315
Lead 6,0 27.0 65.1 71.9 20.2 57.2 45.0 66.5 27.7
(87%) (89%) (92%) (54%) (88%) (86%) (92%) (88%)

Note: gross shape mobile form (% of the mobile from gross);

* - MPS applies only to the mobile form; nl - not limited
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The high content of mobile forms of metal is
revealed at sites with significant sedimentation,
lower oxygen content and higher pH values - sites
3-5, the smallest in the close to dam area - sites 1, 6
and in the plant opposite the hotel "Terno-
pil".Concerning nonessential metals, one can state
that there is the pollution of silt of the pond with
mobile cadmium (almost 60%) and lead (almost
90%). In this case, the content of mobile cadmium
exceeds the permissible norm 5-80 times (at site 2
near the boat quay this norm was exceeded by 128
times), and lead - by 4.5-12.

According to the data presented in Table 5 on
the content of metals in the bottom sediments, we
make a forecast of the situation for the next two
seasonal periods according to Markov chain
theory. This theory allows one to make predictions
of a factor, including the possibility of random
effects on the environment, and investigates the
greatest probability of presence of a factor in the
most favourable state.Realization is carried out in
software Matlab. Predicting the content of cobalt,
copper, nickel and manganese in bottom sediments
for the next 4 seasons, for possible monitoring of
the situation.

Projected calculations of the content of
cobalt in bottom sediments for two seasons for the
near future.
>> A=[19.4, 32.2, 33.4, 30.5, 30.4, 19.9, 29.4, 21.0]
A=

19.4000 32.2000 33.4000 30.5000 30.4000
19.9000 29.4000 21.0000
>> 5=19.4+32.2+33.4+30.5+30.4+19.9+29.4+21.0
S=

216.2000
>> (C=[216.2000, 216.2000, 216.2000, 216.2000,
216.2000, 216.2000, 216.2000, 216.2000]
C=

216.2000  216.2000  216.2000  216.2000
216.2000 216.2000 216.2000 216.2000

>> rdivide(A,C)

ans =

0.0897 0.1489 0.1545 0.1411 0.1406

0.0920 0.1360 0.0971

>> B=[0.0897, 0.1489, 0.1545, 0.1411, 0.1406,
0.0920, 0.1360, 0.0971; 0.1489, 0.1545, 0.1411,
0.1406, 0.0920, 0.1360, 0.0971, 0.0897; 0.1545,
0.1411, 0.1406, 0.0920, 0.1360, 0.0971, 0.0897,
0.1489; 0.1411, 0.1406, 0.0920, 0.1360, 0.0971,
0.0897, 0.1489, 0.1545; 0.1406, 0.0920, 0.1360,
0.0971, 0.0897, 0.1489, 0.1545, 0.1411; 0.0920,
0.1360, 0.0971, 0.0897, 0.1489, 0.1545, 0.1411,
0.1406; 0.1360, 0.0971, 0.0897, 0.1489, 0.1545,
0.1411, 0.1406, 0.0920; 0.0971, 0.0897, 0.1489,
0.1545, 0.1411, 0.1406, 0.0920, 0.1360]

B=

0.0897 0.1489 0.1545 0.1411 0.1406
0.0920 0.1360 0.0971

0.1489 0.1545 0.1411 0.1406 0.0920
0.1360 0.0971 0.0897

0.1545 0.1411 0.1406 0.0920 0.1360
0.0971 0.0897 0.1489

0.1411 0.1406 0.0920 0.1360 0.0971
0.0897 0.1489 0.1545

0.1406 0.0920 0.1360 0.0971 0.0897
0.1489 0.1545 0.1411

0.0920 0.1360 0.0971 0.0897 0.1489
0.1545 0.1411 0.1406

0.1360 0.0971 0.0897 0.1489 0.1545
0.1411 0.1406 0.0920

0.0971 0.0897 0.1489 0.1545 0.1411
0.1406 0.0920 0.1360

>> p=[0,0,1,0,0,0,0,0]

0 01 0 0 0 O O

>> p1=[p*B]

pl=

0.1545 0.1411 0.1406 0.0920 0.1360

0.0971 0.0897 0.1489
>> p2=[p1*B]

That is, the next season, the content of cobalt
in the bottom sediment with the highest probability
of 0.1545 will be 19.4
p2 =

0.1243  0.1254  0.1302
0.1242 0.1220 0.1242
>> p3=[p2*B]

In 2020, the cobalt content in the bottom
waters of the reservoir with the highest probability
of 0.1302 will be 33.4 units.
We will carry out a forecast of manganese content
in the bottom sediment of the reservoir for the next

0.1254  0.1243

two years.

>> A=[424.8, 784.2, 699.4, 737.1, 811.8, 371.2,
645.4, 612.5]

A=

424.8000 784.2000 699.4000 737.1000

811.8000 371.2000 645.4000 612.5000
>>
S=[424.8+784.2+699.4+737.1+811.8+371.2+645.4
+612.5]
S=

5.0864e+03
>> (C=[5.0864e+03, 5.0864e+03, 5.0864e+03,
5.0864e+03, 5.0864e+03, 5.0864e+03, 5.0864e+03,
5.0864e+03]
C=

1.0e+03 *

5.0864 5.0864 5.0864
5.0864 5.0864 5.0864
>> rdivide(A,C)
ans =

5.0864 5.0864
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0.0835 0.1542 0.1375
0.0730 0.1269 0.1204
>> B1=[0.0835, 0.1542, 0.1375, 0.1449, 0.1596,
0.0730, 0.1269, 0.1204;0.1542, 0.1375, 0.1449,
0.1596, 0.0730, 0.1269, 0.1204, 0.0835; 0.1375,
0.1449, 0.1596, 0.0730, 0.1269, 0.1204, 0.0835,
0.1542;0.1449, 0.1596, 0.0730, 0.1269, 0.1204,
0.0835, 0.1542, 0.1375; 0.1596, 0.0730, 0.1269,
0.1204, 0.0835, 0.1542, 0.1375, 0.1449; 0.0730,
0.1269, 0.1204, 0.0835, 0.1542, 0.1375, 0.1449,
0.1596; 0.1269, 0.1204,0.0835, 0.1542, 0.1375,
0.1449, 0.1596, 0.0730 ;0.1204, 0.0835, 0.1542,
0.1375, 0.1449, 0.1596, 0.0730, 0.1269]
Bl=

0.1449  0.1596

0.0835 0.1542 0.1375 0.1449 0.1596
0.0730 0.1269 0.1204

0.1542 0.1375 0.1449 0.1596 0.0730
0.1269 0.1204 0.0835

0.1375 0.1449 0.1596 0.0730 0.1269
0.1204 0.0835 0.1542

0.1449 0.1596 0.0730 0.1269 0.1204
0.0835 0.1542 0.1375

0.1596 0.0730 0.1269 0.1204 0.0835
0.1542 0.1375 0.1449

0.0730 0.1269 0.1204 0.0835 0.1542
0.1375 0.1449 0.1596

0.1269 0.1204 0.0835 0.1542 0.1375
0.1449 0.1596 0.0730

0.1204 0.0835 0.1542 0.1375 0.1449
0.1596 0.0730 0.1269
>>p=[0,0,0,0,1,0,0, 0]

0 0 o 01 0 0 O
>>pl=[p*B1]

pl=

0.1596 0.0730 0.1269 0.1204 0.0835

0.1542 0.1375 0.1449

In 2019, with a maximum probability of
0.1596, the content of manganese in the bottom
waters of the reservoir will be 424.8 units.
>> p2=[p1*B1]
p2 =

0.1190 0.1266 0.1246

0.1234 0.1246 0.1266

In 2020, with a maximum probability of
0.1321, the manganese content in the bottom waters
of the reservoir will be 811.8 units.
Discussion. As a result of the complex
hydroecological study of the reservoir Ternopil
Pond, the ecological hazard of the content of certain
substances and the ecotoxicological situation as a
whole have been assessed by comparing the
indicators  with  environmental norms and
environmental quality standards (Gandzjura and
Grubinko, 2008).

0.1234 0.1321
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The water is mainly alkaline, which
contributes to the presence of carbonic acid in the
form of a hydrocarbonate ion, providing an
environmentally acceptable gas regime of water
and the absence of obsolescent phenomena. The
reason for the alkalinity of the water is the decay of
organic substances in the bottom layer and the silt,
as well as the salinity of the reservoir with alkaline
equivalents of flushing origin (Grubinko etal.,
2013).0ne of the critical factors in the reservoir is
the accumulation of ammonia in significant
concentrations (Constableetal., 2013). The water
most polluted ammonia is in the areas of its
stagnation near the "Nadstavnha Church", behind the
island from the side of "Tsyganka", near the restau-
rant "Khutir" and near the boat station (excess MPC
almost 30 times). Less contaminated due to leakage
are areas near the dam (water drain - western and
eastern - sites 6 and 1) (exceeding the MPC by 10-
15 times).The most polluted ammonia sludge is on
the sites near the "Nadstavna Church”, behind the
island from the side of "Tsyganka" (exceeding the
MPC by almost 100-150 times). High alkalinity of
water contributes to the transition of a significant
amount of ammonia to highly toxic ammonia,
which degrades the ecotoxicological situation of the
reservoir due to the significantly higher toxicity of
ammonia compared with the ammonium
ion(Romanenko 2015, Grubinko et al.,2013).

In the water, excess levels of sodium ions
were found, which, along with the sum of ions of
other metals, indicates the significant salinity of the
pond, especially at sites of intense flushing from the
shore: near the dam, from the side of the village of
Bila and Krushelnytska St., from the restaurant
"Khutir". The main source of salinity is the use on
the roads and sidewalks of bulk salts and slags in
the winter.

Polymetal contamination of sludge with high
and biologically dangerous, except for iron, levels
of their mobile forms and the excess over permissi-
ble levels in the most contaminated places is dozens
of times above the norm. The excess of the norm of
the content of the mobile mold for copper was
found to be 24-86 times, nickel - from 2 to 17
times, cobalt - 4-8 times, and a high level of iron
and zinc was established. The pollution of the
sludge with mobile cadmium (almost 60%) and
lead (almost 90%) was detected. In this case, the
content of mobile cadmium exceeds the permissible
norm by 5-80 times (at the site 2 near the boat
mooring this norm was exceeded by 128 times),
and lead - by 4.5-12. A high level of content of
mobile metal forms was established at sites with a
significant blackening, lower oxygen content and
higher values of pH - boat mooring, from the side
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of the village Bila, the beach "Tsyganka", the smal-
lest was near the dam territory and the factory op-
posite the hotel "Ternopil” (Gumeniuk, 2003).
Using economic-mathematical modeling
based on the theory of Markov chains, we have
calculated the predicted values of the content of
cobalt and manganese in the bottom sediment of the
studied reservoir for the next two years, which will
allow monitoring of the situation regarding the
content of metals in the bottom sediment of the
reservoir. Also, the method of correlation-
regression analysis investigated the effect of am-
monium on the pH index of water, the effect is
quite significant and is 86%. The coefficient of
elasticity was calculated on the basis of this val-
ue. The coefficient of elasticity suggests that with
an increase in ammonia by 10%, the pH index of
water will decrease by 8%(Akin et al,2011; Budka,
2013).
Conclusion. Thus, regarding essential, and espe-
cially, nonessential metals, it is possible to state
that pollution of the silts of the pond is polymetallic
with a high and biologically dangerous, except for
iron, share of their mobile forms and excess over
the maximum permissible levels in the most conta-
minated places, ten times above the norm. In case
of change in the hydrochemical balance (primarily
pH index, carbon dioxide), the mobility of metals
may increase, which will substantially exacerbate
the virtually catastrophic contamination of the pond
with extremely toxic and biologically hazardous
metals. The areas most polluted with metals with a
high degree of biological risk are the silty backwa-
ters — site and the places of active surface runoff
site. With the river runoff in the reservoir about half
of the mobile metal form is brought, the rest is ac-
cumulating due to emissions. Knowing the
predicted values of the content of such metals as
manganese and cobalt, using the theory of
prediction based on the theory of Markov chains,
we can monitor the situation in the near future. If
the hydrochemical balance is changed (first of all,
pH index, carbon dioxide), the mobility of metals
may increase, which will substantially aggravate
the almost catastrophic contamination of the pond
with highly toxic and biologically hazardous
metals.
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Mapping the spatial and temporal distribution of changes
in the administrative-territorial division

O. V. Havriushyn

Oles Honchar Dnipro National University, Dnipro, Ukraine, e-mail: audi@email.ua

Abstract.The article is devoted to the development of the content of generalized maps
on the history of administrative-territorial division. The purpose of such maps is to reflect
the features of the space-time distribution of administrative changes.We have found that
it is better to link indicators of dynamics to such spatial objects as the territories of mod-
ern administrative-territorial units (or the territory of historical administrative-territorial
ones as of a certain date), to polygons of a single history of administrative membership, to administrative-territorial units as dynamic
objects.Under the polygons of a single history of administrative ownership, we mean the territories identified during the analysis, all
points within which belonged to the same administrative-territorial unit at any time during the analyzed period. Unlike polygons of
the smallest common geometry (used in the method of space-time composites), such objects can be allocated for different periods of
time and for different administrative levels.For such spatial objects, we propose to calculate and display on the map the number of
changes in administrative ownership or the total duration of belonging to some administrative-territorial unit (usually, a high level).
For larger static areas than the polygons of a single history of administrative affiliation, we suggest calculating and displaying on the
map the indicator of administrative variability and the average duration of ownership. In our opinion, the indicator of administrative
variability should consider the size of the analyzed territory, the number and volume of spatial changes. We have developed a formu-
la for calculating such an indicator.The indicators that we calculate for historical administrative-territorial units on the map are dis-
played within the static contour. However, these indicators are calculated for a dynamic object. These indicators are: the number of
changes, the total number of changes in parameters, the total number of dates of change, the spatial configuration variability index,
the area-weighted average area and its relation to the modern one. We propose to calculate the index of the variability of the configu-
ration of the administrative-territorial unit as the sum of the relations of the areas of the reassigned territories to the areas of the ad-
ministrative-territorial unit at the time before the change. Since different administrative-territorial units have different duration of
existence, in our opinion, it is important to analyze not only the quantity but also the intensity of the changes. To reflect on the map
the course of changes in the administrative-territorial unit in time, we developed a timeline-based chart.
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KapTorpadyBaHHSA NPOCTOPOBO-4acoBOro po3nogisy 3miH
aAMiHICTpaTUBHO-TepPUTOPIa/IbHOr 0 Moginy

O.B. lNasptoLumH

JHINPOBCLKWIA HaLiOHaNbHWIA yHiBEpCUTET iMeHi Onecsi ToHYapa, [Hinpo, YkpaiHa, e-mail: audi@email.ua

AHoTauifl. BUSBNeHo, L0 NOKa3HUKN AMHaMiKV AOLINbHO NPUB'A3aTY A0 TaKMX NMPOCTOPOBKX OG’EKTIB SK TEPUTOPIT CyvacHUX aj-
MiHICTPaTVBHO-TEPUTOPIA/IBHUX OAWMHMLL (a60 TEpUTOPIN ICTOPUYHMX aAMiHICTPATVBHO-TEPUTOPIAIBHUX OAWMHULL CTaHOM Ha
neBHy AaTy), NONIroHW €AMHOI icTOpIi aaMiHICTPATUBHOI NPUHANEXHOCTI, aAMIHICTPATUBHO-TEPUTOPIANIBHUX OAUHULL SK AUHAMIY-
HUX 06'eKTiB. [4ns NOMIroHiB €4UHOT iCTOPIT aAMIHICTPATMBHOI HA/MIEXXHOCTI MPOMOHYEMO PO3PaxoBYBaTW Ta BifobpaxkaTh Ha KapTi
KifIbKiCTb 3MiH agMiHICTPaTMBHOT HaIeXXHOCTI ab0 CyMapHOT TPMBAIOCTI HANEXXHOCTI A0 NEBHOT agMiHICTPaTVBHO-TEPUTOPIaIbHOI
oAnHMUI. A5 6iNbLUMX CTATUYHUX TEPUTOPIN, HIXK MONIFOHW €AMHOT ICTOPIT aAMIHICTPATUBHOI NPUHANEXHOCTI, NPOMOHYEMO pPo3pa-
XOBYBATM Ta BifobpaKaTh Ha KapTi NOKa3HWK agMiHICTPaTUBHOT MiHAMBOCTI Ta CepeaHbOT TPUBATOCTI HANIEXXHOCTI. MOKa3HMK aaMi-
HiCTpaTMBHOI MiHNMBOCTI NOBMHEH BPaxOBYBaTW PO3MIpW aHai30BaHOI TepuTopii, KibKiCTb Ta 06CArM NPOCTOPOBUX 3MiH. PO3p06-
NeHo (hopMyfly po3paxyHKy TakKoro mnokasHuka. [lokKasHWKW, sKi MU pO3paxoByeMO ANS iCTOPUYHMX afMIHICTPATUBHO-
TepuUTOpiabHUX OAUHUL, Ha KapTi Bif0OPaXKatOTLCS B MeXax CTaTUYHMX KOHTYpiB. OfHaK Ui NOKa3HWMKU B AIACHOCTI po3paxoBaHi
AN AMHaMivyHOro o6’ekta. TakMmm NOKasHWKamu €: KilbKiCTb 3MiH KOHKPETHOro BUAY, 3arasibHa KiflbKiCTb 3MiH napameTpis, 3ara-
NbHa KifIbKIiCTb AaT 3MiH, MOKa3HMK MiHAMBOCTI NPOCTOPY, CepeAHbO3BaXKEHA B Yaci nNaoLa i ii BiAHOLWEHHS A0 Cy4acHoi. MponoHy-
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€MO pO3paxoByBaTU MOKAa3HUK MiHAMBOCTI KOHQirypauii agmiHiCTpaTUBHO-TEPUTOPI/IbHOT OAMHULI SIK CyMY BifHOLUEHb MNJIOLL
nepenignopsaKkoBaHnx Teputopiii go naow, ATO Ha MOMEHT A0 3MiHU. O6rpYHTOBAHO AOLINbHICTb aHanidy KpiM KilbKOCTi 3MiH X
iHTEHCMBHOCTI. [/151 Big06paXXeHHs Ha KapTi 3MiH agMiHICTPaTUBHO-TEPMTOPiaIbHOT OAMHNMLI B Yaci po3po6/ieHo Aiarpamy Ha OCHOBI

Taimnaiiny.

KnrouoBi cnoea: agmiHiCTpaTWBHO-TepUTOpPianbHWA NoAin, KapTorpadyBaHHs, TallMnaiiHW, y3araibHeHHs Pi3HOYaCOBKX AaHUX,

MPOCTOPOBO-YaCOBUIA PO3NOAiN 3MiH

Introduction. In independent Ukraine, the interest
to the topic of administrative-territorial division
(ATD) in general and history of its development in
particular increases. A scientific discussion of re-
forming the current administrative division goes on
in the country. However, in retrospective studies on
the administrative division of Ukraine, the carto-
graphic method of study and modern geoinforma-
tion techonogies were not used broadly. The maps
of the history of the administrative division are
available in many history atlases, and also in par-
ticular scientific works (Trotsenko, 2008). Nonethe-
less, in content, they are mostly combinations of the
borders in different periods on a single map or the
maps which demonstrate the course of administra-
tive changes over a short period of time. At the
same time, there are no generalized maps which
would reflect the pe-culiarities of spatio-temporal
division of changes over a long period demonstrat-
ing the differences in the administrative history of
different objects (territories).

In foreign countries, the aspects of cartogra-
phy of the spatio-temporal division of the adminis-
trative changes are also insufficiently developed .
Some cartographic works demonstrate the changes
in the situation using special graphic models, for
example the timelines in the GeaCron Atlas (this is
not on the map, but presented as additional infor-
mation), theoretical aspects of developing such
graphic models for political territorial objects were
studied by A. Renolen. More developed are the
issues of the history of administrative division (or
political map) in the GIS data bases and their visua-
lizations, and also general issues of the data analy-
sis related to the ad-ministrative-territorial units
variable over time. Especially notable are the stu-
dies by I.Gregory. M. Berman, M. DeMoor, T.
Wiedemann, M. Nussli, C. Nussli, E. VanHaute
and also the studies conducted earlier and general
theoretic studies on the presentation and analysis of
historical data in GIS, particularly Langran
(1992).Some developments in the sphere of pre-
senting data can be used and for visualizing the
spatio-temporal  distribution of changes. E.
VanHaute considers one of the advantages of de-
scribing changes in ATD using the method of "least
common geometry” (LCG), also known as "space-
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time composite"or"spatiotemporalcomposite”(STC)
to be the opportunity of using LCG polygons for
studying the changes in the attributive data over
time (VanHaute, 2005). That is, the LCG polygons
are considered not only as the units of data mainta-
nence for the next aggregation and depiction of the
administrative units of higher levels, but as the
spatial basis for the attributive data and their visua-
lizations.

The goal of the study was to develop a content
(objects of mapping, parameters) and graphic tools
for creating maps which demonstrate the peculiari-
ties of spatial and spatio-temporal division of ad-
ministrative changes and duration of the adminis-
trative belonging.

Materials and methods. The study is methodolog-
ical and was made on cartographic and text mate-
rials on the history of administrative-territorial divi-
sion of Dnipropetrovsk Oblast. During the devel-
opment of the approaches for mapping the spatio-
temporal division of administrative changes, we
followed the idea of division of the administrative-
territorial units into smaller polygons, which lays in
the basis of the method of spatio-temporal compo-
sites and the method of visualizing the course of
events in time, known as timeline.

Results and their analysis. The parameters which
characterize the level of ATD dynamic can have
different spatial localization and be calculated for
static polygon objects, for dynamic polygonal ob-
jects, linear objects, points of regular network, etc.
(Havriushyn, 2018).

As static polygonal objects, we can consider
the territories located within administrative borders.
They can correspond to the administrative-
territorial unit (ATU) either at a certain date or be a
result of generalized borders of ATU over different
periods of time.

Among static polygonal objects created as a
result of generalizing the borders of an ATU over
different time periods, special significance belongs
to the polygons of the common history of adminis-
trative belonging (CHAB) - a territory, all points of
which belong to the same historical ATU in every
moment of the period of study.

Dynamic polygonal objects are historic ATU
in time dimension (Table 1)



O. V. Havriushyn

Journ.Geol.Geograph.Geoecology, 27(2), 213-221

Table 1. The objects of cartography and the parameters on the maps of spatio-temporal division of changes in ATU

Objects of mapping

ATU in variable borders

Territory of current ATU
(as at)

Polygons of CHAB

Map purpose

Visualizing of the indi-
vidual peculiarities of
history of different his-
toric ATU

Demonstrating changea-
bility of the administra-
tive belonging of the terri-
tory within the borders of
current ATU or historic
belonging recorded for a
particular date

Demonstrating distribution of
the number of changes and
duration of administrative be-
longing in the area

Parameters (cha-

racteristics)

Duration and chronolog-
ic frames of existence,

Parameter of administra-
tive belonging

Total number of associations,
total number of ATUs they

of the object area, type, name, admin-

istrative centre

belonged to, duration of be-
longing to ATUs

Polygons of CHAB (Fig. 1) are the most
suitable for mapping the division of the number of
changes in  administrative  belonging  (re-
associations) or duration of belonging to a certain
object (ATU). Maps of number of re-associations
(or num-ber of ATUs the territory belonged to) by
polygons of CHAB enable depiction of spatial divi-
sion of administrative changes and determination of

territories more or less stable in administrative con-
text. Maps of long belonging of territory to ATU by
polygons of CHAB demonstrate peculiarities of
formation of borders of ATU, particularly allow
distinguishing the "historical kernel" - a territory
which always remained within a studied object and
borders of territory ever included in the ATU.

Date 1 ) Date2 =
/Y//-"_ o /_//.ﬂ"' e,
[\ Obiet \'. f.f LY Object 2 |
|
I|I T-—— ———__~—|‘_ lll'lll \__ e —— ]
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Dates N
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Fig. 1. Distinguishing polygons of common history of administrative belonging and visualization of the number of administrative

changes
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To automatise the process of creating poly-
gons of CHAB in GIS for ATD history, we created
a program module using Mapbasic language. The
algorithm of creating CHAB polygons is as fol-
lows. The program selects polygons which
represent the contours of the ATU described by the
user (or of the entire region or all ATUs - depend-
ing on the purpose), converts them to polylines and
unites into a single object. Then, using a "polygons-
close™ function, CHAB polygons should be created
between the lines of administrative borders.

Such algorithm was also used in other GIS
on the condition that their bases contain ATU poly-
gons created already. If a base contains LCG-
polygons, using which ATU polygons for different
dates can be created, these polygons can be used.
However, if the period of study on the changes is
shorter than the one covered in GIS, mapping of
changes by LCG-polygons will lead to excessive
fragmentation of space. Therefore, the territories
which really did not differ in their history of admin-
istrative belonging over an analyzed period will be
divided by borders. This is explained by the fact
that differences occurred in other periods, and this
is reflected in LCG polygons which are distin-
guished during the entire period, in contrast to
CHAB polygons which are distinguished in a par-
ticular context. Therefore, it is best to enlarge the
net from LCG to CHAB polygons.

In some cases, the alternative of CHAB po-
lygons for mapping the division of the number of
administrative re-associations can be the points of
regular network or creating isolines on their bases,
although CHAB polygons, due to the fact that they
are formed by fragments of historical administra-
tive borders which really existed, reflect the borders
of areas with different number of changes most
accurately, unlike regular network of isolines or
raster palettes created using the points.

The algorithm of calculation of the number
of re-associations, number of objects, CHAB poly-
gon belonged to, or duration of long belonging
depends on the spatio-temporal database, on the
basis of which the mapping is conducted. In GIS
database, ATD of Dnipropetrovsk Oblast contained
ATU polygons created for different dates. Polygons
which reflect the same ATU have a common code.
Therefore, the algorithm of calculation of number
of re-associations is as follows. Out of the ATU
layer, ATUs are selected for each CHAB polygon,
which contain this polygon (using SQL-requests
with ContainsorWithin operators). Countoperator
calculates the number of records and subtracts 1
from the obtained value. If at the same time, one
unites the ATU records by code and uses Count
operator for the obtained selection, instead of the
number of re-associations, one will obtain the num-
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ber of ATUs the CHAB polygon belonged to. For
calculating duration of a CHAB polygon belonging
to a selected ATU, one should select all polygons
which contain this CHAB polygon, and sum the
difference of "Date_final" and "Date_initial" lines
for each of the records.

Sizes of CHAB polygons are usually small
compared to an ATU and significantly vary, their
number on the map can reach several dozens (de-
pending on size of the studied territory and period
of study). Significant differences are possible also
in the value of the parameters which are being
mapped. Therefore, for visualization at automised
creation of maps using GIS, it is best to use a spe-
cial sample "ranges" between diagrams with abso-
lute scale.

Division of temporal administrative belong-
ing and duration of belonging of a territory to cer-
tain objects can be determined also by static objects
larger by CHAB polygons. In our opinion, the rele-
vant issue is developing maps which would show
peculiarities of ATD history within current ATUs.
However, the total number of re-associations for
these spatial objects, in contrast to CHAB polygons
is not representative insofar as at a particular date,
it is not an entire object that is being re-associated,
but only a part of its territory.

Therefore, there was developed a special pa-
rameter of temporality of administrative belonging
of a territory, which takes into account the number
of territorial changes within an ATU, the area of
these changes and the area of the ATU territory.
Because any ATU territory with an area of S can be
divided into n CHAB polygons with s;..s, areas,
each of which is characterized by a certain number
of p;..p, re-associations, the parameter of adminis-
trative temporality can be calculated as a ratio of
the sum of the products of multiplying the CHAB
polygon areas (s;) (within the ATU) by the number
of re-associations (p;) they underwent to the total
area of ATU (S).

nm = E_ ?:1‘15';5'"5;'
S 1)

The numerator in the fraction of the formula
(1) is the total area of all re-associated territories
which were located within ATU territory during
different time periods. This parameter has an indi-
vidual value, although, taking into account different
areas of ATU, to compare the temporality of admin-
istrative belonging, it is better to use parameter m.

Taking into account that each CHAB poly-
gon is characterized by individual duration of be-
longing to an ATU (t), the averaged parameter
(mean value) of the duration of belonging can be
determined for a particular date (current condition)
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within its contour. This can be an absolute indicator
- number of years over which on average its territo-
ry belonged to the object (2), and relative indicator
- ratio of the years over which on average its terri-
tory belonged to the object to the duration of the
object‘s existence.

T = E::tzi bi#sg
S 2

Research on the dynamics of ATD by fixed
polygonal contours does not cover many aspects
related to the peculiarities of historical changes of
ATUs as dynamic objects. Therefore, the parameter
of administrative temporality within an administra-
tive district characterizes this territory, but not the
dynamic of the ATU itself, the borders of which
changed and did not match the current ones, and the
time of existence can be much shorter than the pe-
riod for which the value is calculated. Also, an
ATU have non-positional (attributive) characteris-
tics, the changes of which also should be studied.

Therefore, it is practical to develop a series
of maps which would reflect the peculiarities of the
history of the ATUs (as dynamic objects) in differ-
ent periods. These periods are distinguished indivi-
dually for the history of the ATU of a certain pe-
riod. On such maps, it is possible to show adminis-
trative borders at a particular date, or borders of the
ATU for different dates (for example, borders of
each ATU in minimal sizes - to cover more histori-
cal objects) and visualize particular indicators of
historical ATUs within the depicted borders.

Because the parameters of historical ATUs
on the maps are calculated for dynamic objects, and
are depicted within fixed contours, such maps can-
not be considered as those which should be made
using the tools of cartography and diagrammatic
maps, at least in the classic sense.

The dynamic of an ATU, in our opinion, can
be expressed using the following parameters: num-
ber of changes of particular type, total number of
changes in parameters, total number of dates of
changes, parameters of temporality of the spatial
configuration, average area in time and its ratio to
the current area.

Let us analyze in more detail the parameter
of temporality of spatial ATU configurations. Simi-
larly to the parameter of temporality of administra-
tive belonging of a territory with fixed borders m,
this indicator should cover the number of territorial
changes the object underwent, the extent of these
changes and area of the object. However, in this
case, the area of an object is variable. Therefore, we
suggest calculating the parameter of temporality of

ATU configuration as a sum of ratios of the re-
associated territory to the area of ATU at the mo-
ment of change.

For ATUs as objects which have different
duration of existence, it is relevant also to calculate
not only the parameters of the number of changes,
but also their intensity. Such parameters can be
deter-mined by dividing the parameter of number of
changes by the duration of the ATU’s existence.

The approaches described above allow dem-
onstration of the peculiarities of spatial division of
changes or duration of the belonging, but not the
course of these changes over time (if not taking into
account the possibility of developing a series of
maps - for different periods).

To show the peculiarities of temporal division, one
can use special diagrams on the basis of timeline.
Such diagrams can indicate:

time over which (when) the first long period of
changes took place (change);

qualitative characteristic of the object;

guantitative characteristic of the object.

Comparison of the maps indicating the
course of changes in an ATU over time and total
number of changes is demonstrated in Table 2.

Duration of a certain process can be demon-
strated by a section (sections) of horizontal line
parallel to the time scale with corresponding length
and position in relation to scale. Dates of changes
(events) can be demonstrated with special indica-
tors on the time scale or in "tracks" parallel to it.

Except the horizontal scale, quantitative
changes can be demonstrated using the vertical
scale. As an alternative, one can develop a graduat-
ed scale and demonstrate the value by thickness of
the line (for long process) or size of the intersec-
tions (for instant change).

Because the change in area of an ATU in-
volves either loss or gain of territory, the graph of
change in the territory does not always demonstrate
the extent of spatial changes adequately. In some
cases, if lost or affiliated territories are insignifi-
cantly different in area, the ultimate area of the
object undergoes the least changes while having
significant changes of its spatial configuration.
Therefore, to demonstrate the extent of spatial
changes, it is best to show not the general area, but
the area re-associated at different dates, or both
parameters.

Qualitative characteristics can be divided in-
to individual and those which are used for all ob-
jects from a short list. Individual parameters are the
ATU*s name, its administrative centre. The other
parameters include type of ATU. It can be demon-
strated using colours for its "lines of existence".
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Table 2. Parameters of historical ATUs which are being mapped

Characteristics of ATU
changes over time

Parameters which depict course of

Parameters indicated in maps, which
demonstrate only spatial division of
number of changes

Characteristics of time Time of existence

Total duration of existence

Spatial characteristics

ferent dates

Area of territories re-associated at
different dates, area of ATU at dif-

Parameter of temporality of spatial
configuration of ATU, average area in
time

Name (individual attribute)

Date of change of name

Number of dates when the name was
changed

Type (special attribute for
many ATUs)

Time period, over which the ATU
had the corresponding area

Number of dates when the type was
changed

Individual qualitative characteristics are hard
to demonstrate on a timeline without overloading
the map, therefore it is best to show only the facts
of their changes. These qualitative characteristics
which are typical simaltaneously for different ob-
jects on the map and values which are not large can
be depicted using colour or other graphical changes
in timeline. Variants of the timelines, which we
developed for demonstrating the course of changes
inan ATD are presented in Fig 2 and Fig 3.

Therefore, for the territory within an ATU
for a date of reference (current condition), one can
reflect the percentage of the entire territory occu-
pied by a corresponding ATU in different periods
of time. For example, Novomoskovsk District in
some years covered only a half of its modern day
territory. Also an interesting fact is that a part of
dynamic ATU in different time instances was lo-

A

._J_

cated within its current contour. For CHAB poly-
gons, a diagram can be developed, demonstrating
division of number of re-associations over time or
in timelines of belonging to a certain ATU (ATUs).
However, taking into account peculiarities of sizes
of such polygons, using such diagrams is not al-
ways possible for maps with large territorial cover-
age. By contrast, it is often possible and useful for
studying small territories, for exam-ple, within sev-
eral administrative districts. The timeline of belong-
ing of territories in such case allows demonstration
of the temporal peculiarities of formation of the
territories of these areas and re-association of the
territories between them. At the same time, the
territory of "historical kernel" can be avoided, so
the map focuses on the territories which changed
their administrative belonging.

1920 1960
®- - renaming of administrative center
)= -change of adminkstrative center
| - -remnaming of adminkstrative territorial unit

=m- - type of ATU district
mm- - type of ATU natlonal district

Fig. 2. Variant of timeline history of administrative-territorial units (only the re-associated area is demonstrated).
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dared,

thsd
yh - tlme

Ef_ ﬁ

B - area of associated territories
[ ] - remaining area

O - renamilng of agministrative center
@ -change of adminiztrative center

g - renaming of adminiatrative territorial unit
= - type of ATU aiatrict
m - type of ATU national district

Fig. 3. Variant of timeline of history of administrative-territorial unit (demonstrates the area of associated territories and the area

remaining after the change)

In some cases, diagrams of changes in time can be used for static objects which were analyzed above.

The diagrams described above cannot be de-
veloped using standard methods of available soft-
ware, therefore we developed a program of our
own, for Mapinfo platform for developing maps
with such diagrams. They form on separate layers
out of spatial objects. Base objects are key points -
indicators of change, latitude of which corresponds
to the latitude of the ATU centroid, and coordinates
of longitude are determined as X0+AX, where X0 —
longitude of the initial (last on the left) point on the
timeline, AX — shift to the right, calculated as dif-

ference between temporal value of the initial point
and temporal value of the current point, converted
to distance by longitude (Table 3). It should be
mentioned that for large territories and particular
projections, one might need to take into account
peculiarities of projection in calculating the longi-
tude of point objects on the timeline.

The size of the time scale for objects on the
map is determined by minimum initial date and
maximum final date among objects depicted on the
map

Table 3. Calculation of longitude of point object-mark about event on the timeline of object

Date Longitude of Longitude of the | Shift of date, | Shift of cor- Longitude of
(d) ATU centroid beginning of years responding point on timeline
timeline scale point (AX)
(Xo)
(From the Is determined CentroidX(obj)- d-min (d-min)*M Xo+AX
obtained | using the function dXx
table) CentroidX(obj)

min - minimum initial date among all objects depicted on the map, rounded off to a lower value which
would be divisible by 10

M - coefficient of converting the difference in time into the difference in longitude on graph (scale of
timeline)

max - maximum final date among all objects depicted on the map, rounded off to a lower value which
would be divisible by 10

dX= 0.5((max- min)*M) — shift of longitude of beginning of timeline scale from the longitude of centroid
of the object to the west for correspondence of longitude of the scale middle with longitude of centroid

Key point objects which demonstrate crea-

tion and removal of objects should be connected
with lines. If needed, sign points which demonstrate

change of a certain parameter are indicated on par-
ticular positions on the timeline of the object on a
separate layer. These point objects have one
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attribute - value of the studied characteristic for
period which follows the date of change. That is,
the basic variant of diagram is a shortened variant
which does not include depiction of the characteris-
tics, and contains only signs indicating their
changes. The exception is the type of ATU which is
demonstrated using colours of sections on the time-
line. If needed, on the basis of signs indicating
changes, which are point objects with correspond-
ing attribute, the value of the attribute is demon-
strated using standard tools of Maplnfo. For exam-
ple, above sign points of change in area, bar charts
could be developed, and the toponyms would be
demonstrated near the sign points indicating change
of the name.

It should be mentioned that timelines - dia-
grams of division of time of existence and changes
of objects over time are not very convenient for
comparing the objects between one another by total
parameters, for example total time of existence or
total number of changes, though such parameters
can be calculated using the map. To compare the
dynamic of an ATU, it is better to use maps which
demonstrate the total number of changes over the
time period using bar diagrams.

We have automated the development of such
maps by writing programs in Mapbasic language.
Data for such diagrams are prepared using SQL-
requests to the initial data base. Total duration of a
ATU’s existence is calculated as a sum of differ-
ences between final and initial date of all tuples
which describe changes in ATU in the main table.
Mean area over time is calculated using standard
function SQL "wAuvr", arguments of the function
are differences between initial and final dates, and
area of object on these dates, determined using
"Area" function. Total number of dates of changes
is calculated using SQL-request as (Count-1) with
grouping by code of object. Diagrams are devel-
oped on the basis of sample available in Maplnfo.
Conclusions. As a result of generalisation of data
on ATU history over different periods, it is possible
to see spatial and spatio-temp,oral division of ad-
ministrative changes. The objects of mapping can
be specially selected polygons, all points of which
have the same history of administrative belonging,
territory of current ATUs or territory of historical
ATU at chosen date, and also ATUs as dynamic
objects. In the latter case, the indicators of the dy-
namic are calculated for object variable in time, and
depicted in recorded borders. To depict division of
spatial administrative changes, it is best to use po-
lygons of common history of administrative be-
longing. For such polygons, a general number of
changes can be developed, indicating changes of
administrative belonging or duration of administra-
tive belonging to a particular ATU. For territories
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larger than these polygons, it is recommended to
use other parameter of temporality of administra-
tive belonging, which is calculated as a ratio be-
tween sum of products of multiplying areas of such
polygons within the borders by number of re-
associations (p;) they underwent to the general area
of the territory. There was also developed a similar
parameter for an ATU as a temporal object, it in-
cludes changes in the area of the analyzed object
over time. For ATUs as dynamic objects, apart
from the number of changes, it is practical to dem-
onstrate their division over time using special dia-
grams and timelines.
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Geo-information modelling of the insolation level within lvano-Frankivsk region
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Abstract.Useof alternative energy sources is one of the promising directions in economic
and environmental development of any territory. The purpose of this article is to conduct
geo-information analysis of the insolation level within lvano-Frankivsk region located in
the western part of Ukraine. When considering any research territory, it is worth conduct-
ing a factorial analysis, which gives the possibility to characterize any advantages and
disadvantages of the use of alternative energy. Justification of approaches to the study of territories where alternative energy sources
are located or generated is needed to create a unified system for assessment of the potential of the renewable energy sources. Ac-
cording to data of the European Space Agency, the insolation level on the research territory varies from 1175 to 1425 kW/hour* sq.
m/per day. The method of our research involves the statistical analysis of the insolation level and the factor approach to determining
the existing level of insolation Insolation values, meteorological and geomorphological factor characteristics are used to substantiate
the new methodology for calculating the existing insolation level. According to the statistical analysis and geo-information analysis,
this reasonably permits us to structure months by the level of insolation as well as to calculate the insolation level at a specific point
for a certain time of year. Taking into account the angle of inclination above the horizon — the Sun’s declination, the slope exposure —
the Sun’s azimuth gives us the possibility to reduce the value of the relief point with its selected factor characteristics and the insola-
tion value to the single coefficients, which permits us to clarify the information as to the insolation level of the selected region. Fi-
nally, this is resulted in creation of a map with the isolation levels for Ivano-Frankivsk region taking into account the factor charac-
teristics. The map represents the changing of the insolation level for seven grouped months. It should be noted that insolation level is
uneven and it is characterized by the widest gradation within the territories with complex relief. In that event, the optimal angle of
solar photovoltaic module inclination equals 49° within Ivano-Frankivsk region. Such structuring clearly reflects the dynamics of
changes in the insolation level for an individually selected zone. The scientific novelty of the obtained results is assessment of distri-
bution of the solar energy potential required for further selection of areas to design and locate the solar power stations. The practical
significance lies in obtaining the digital cartographic materials which allow assessment of the insolation value at a specific point in
the studied region. Structuring of the insolation maps gives the possibility for further development of a unified insolation assessment
scheme that is convenient for any user.
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"eciHopMauiiHe MogentoBaHHSA PiBHSA iHCONALIT TepuTopil IBaHO-PpaHKiBCbKOT 06/1aCTi
[.B. KacisHuyk, E.[l. Ky3sbMeHKO, M.M. Tumkis, A.B. BiTiok

IBaHO-DpaHKIBCbKMWiA HaLiOHaNbHUIA TEXHIYHMIA YHIBEpCUTeT HadTW i rasy, M. IBaHO-PpaHKiBCbK, YKpaiHa,
e-mail: dima_kasiyanchuk@ukr.net

AHOTaLisl.BUKOPUCTaHHA anbTePHATUBHUX AXKEPEN eHeprii € 04HMM i3 HaiNepCNEKTUBHILLMM HaMPSMKOM €KOHOMIKO-eKO/IOriYHOTO
PO3BUTKY TepuTopiii. MeTok ny6nikauii € reociHopmMaiiHuin aHani3 piBHA iHconAwiT TepuTopii IBaHO-PpaHKiBCbKOI 06/1acTi, fka
po3TalloBaHa Yy 3axigHiii YacTuHi YkpaiHu.MMpu po3rnsgi 6yab-aKoi Teputopii 4OCNigKeHb, BapTO BUKOHATK (haKTOPHWIA aHanis, Wwo
[l03BO/IUTH OXapaKTepu3yBaTh yci nepesarn Ha HefjoliK1 BUKOPUCTaHHA anbTepHATUBHOT eHepreTuku. OBrpyHTYBaHHS Nigxo4is 4o
BMBYEHHSA TEPUTOPIli PO3MILLEHHS Ta BUAOOYTKY abTepHATMBHUX [XKEPEN eHeprii BUK/NKAHO HeoOXIAHICTIO CTBOPEHHS eauHOT
CUCTEMU NPOBEAEHHS OLIHKM NOTEHLiaNy BifHOBMIOBAIbHUX MKepen eHeprii. PiBeHb iHCONAUIT Ha TepuTOpii AOCAIAKEHHS 3MiHIO-
€TbCA Bigl1l75 go 1425 KBT/rog*kB.M B A€Hb 3rigHO 3 JaHMMK EBPONeicbKoro KOCMiYHOro areHcTBa. MeToguka poboTu nonsrae y
CTaTUCTUYHOMY aHani3i pPiBHA iHCOMALIT Ta y (PaKTOPHOMY MiAXOAI 40 BU3HAYEHHA NPUBEAEHONO PIBHSA IHCOMALIT. 3HAYEHHSs iHCONS-
LjiT, MeTeopoNOorivHi Ta reoMopgooriyuHi (hakTOpPHI XapaKTepMUCTUKM BUKOPUCTaHi Ans 06IpyHTYBaHHS HOBOI METOAMKMN PO3PaXyHKY
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NpVBEAEHOr0 PiBHA iHconALiT. Lie f03BOMMMO Ha OCHOBI CTATUCTUYHOIO Ta reciHopMaLiliHoro aHanisy 06rpyHToBaHO MiginTn fo
CTPYKTYPYBaHHs MiCALIB 3a PiBHEM iHCONALiT Ta po3paxyHKy piBHS iHCOMALIT B KOHKPETHI TouLi 41 NEBHOro nepiogy poky. Ypa-
XYBaHHSA KyTa Haxuny cxuiy — cxuneHHs CoHLS, eKcnosuuii cxuny — asumyta COHLA J03BOIMMO0 NPUBECTYN 3HAUEHHS TOUKW Pelbe-
dy 3 /ioro BMGpaHMMM haKTOPHUMI XapaKTEPUCTMKAMM Ta iHCOMALIAHAM 3HAYEHHSIM 0 EANHMX KOediLieHTiB, Ki 4O3BOAWAN YTO-
YHUTK iHOpPMALLitO LWOAO PiBHA iHCONALiT obpaHoro perioHy. KiHueBMM pe3ynbTaToOM € NobyfoBaHa KapTa PiBHIB iHconAiT Ans
TepuTopii 1BaHO-PpaHKIBCbKOT 06/1acTi 3 ypaxyBaHHAM (PaKTOPHUX XapakKTepucTuk. Kapta penpeseHTye 3MiHy piBHA iHCONALiT Ans
cemMy 3rpynoBaHMx MicsuiB. HeobxifgHo BigMiTUTW, WO piBeHb iHCONALIT € HEPIBHOMIPHUM, i HalBiNbLIOK rpajalieto BiH XapakTe-
PU3YETHCA Ha TEPUTOPIAX 3i CKNagHUM penbedoM. Mpu LbOMY ONTUMaIbHUIA KYT Haxuay COHAYHOrO (hoTOMOAYNs A4N1a TepuTopii
IBaHO-PpaHKiBCbKOT 06n1acTi € 49°. Take CTPYKTYpYBaHHs HA0YHO Bifo6paXae AMHAMIKY 3MiHW PiBHA iHCONALIT 418 OKpemo BUbGpa-
HOi 30HW. HayKOBOK HOBM3HOK OfEPXKAaHWX Pe3yNbTaTiB € OLiHKa pPo3noginy noTeHuiany BUKOPUCTaHHA COHAYHOT eHeprii, Heob-
XigHOT Ana nofanbLioro BU6OPY AiNSHOK MNPOEKTYBaHHSA Ta PO3MILLEHHS COHAYHUX eNeKTPOCTaHLii. MpakTnyHa 3Ha4YMMICTb Nons-
rac B OTPMMaHHI LMPPOoBUX KapTorpadivyHnx matepianax, fKi 4O3BONATb OLiHWTY 3HAYEHHS iHCONALIT B MEBHIl TOuUL AOCILKY-
BAHOIO perioHy. CTPYKTypyBaHHS KapT iHCOMALLIT Aae 3MOry B NMofgasibLoMy po3pobuT yHidiikoBaHy CXeMy OLiHKM iHCONALil, 3pyy-

Hy ans 6yAb-sIKOro KOpUCTyBaya.

KnrouoBi cnoBa: coHavHa iHconsLis, reoiHhopMaLliiiHuii aHanis, noTeHuian, BiHOBMOBaLHI A>Kepena eHeprii

Problem definition. The growth of multi-year
world temperatures, which is mainly conditioned by
increase in the carbon monoxide content, promotes
interest in planning and sustainable development of
economic activity in the country. The use of solar-
cell panels is one of the effective methods of
electric power and heat production. Unlike the
traditional methods (such as burning of
hydrocarbons, using atomic energy, etc.), they are
not so widely used but arouse interest because of
their environmental friendliness and renewability.
The introduction and ecological justification of the
solar-cell panels require the knowledge of the
reduced insolation level (l,,) in regions as well as
the factors that may influence the functioning of
such energy systems. The use of geo-information
systems (GIS) will offer the possibility to unify the
process of selecting territories and assessing
potential of the renewable energy sources (RES).
Analysis of recent researches and publications.
Working out the energy-efficient programs, which
are co-financed by state and international funds,
allows measures to be planned for the development
of alternative energy sources. These programs in
their regulatory and technical aspect are governed
by the State Agency on Energy Efficiency and
Energy Saving of Ukraine, in accordance with the
‘National Strategy 2035’ (Sukhodolya, 2014).

The need to develop alternative sources as a
resource base has encouraged further development
in the scientific work by (Ellabbanab, Abu-Rubb,
Blaabjergc, 2014). The authors have analyzed the
technological basis of extraction and prospects of
using alternative energy resources in future.

The problem connected with the influence of
direct sunlight, as a factor of the insolation
duration, and the form of buildings and structures
was considered in the scientific work by Kazakov
G.V. (Kazakov, 2013), in which the author has
specified the morphological role of the
environment.

The scientific work by (Dotsenko, 2016)
shows the connection between the insolation and
consumption of energy in accordance with the
geographic location of the solar-cell panels,
weather conditions, and seasons.

British scientists have made a significant
contribution to developing the issue. They are
considering in detail the solar insolation level on
cloudless and cloudy days.

Their examination results show that the
insolation level varies with respect to the latitude,
day length, location of absorption plane, as well as
extent of cloud cover (Twidell, Weir, 2015).

The amount of solar energy amount which
falls on the Ukrainian territory has been analyzed
according to geographical location, namely
according to latitudes, in the scientific work by
(Gelichy, 2015). The author has obtained empirical
functional relations to calculate the solar energy
reaching the Earth’s surface.

There is a need for rational use of the land
resources, especially of those areas which are not
suitable for active economic activity but which
may be used for generating alternative energy. This
is especially important when there is a problem of
significant negative influence over the environment
(Tiapkin, Pihulevskyi, Dovbnich 2017).
Highlighting of previously unsolved parts of the
general problem. Analysis of the renewable
energy sources within Ivano-Frankivsk region by
means of the geo-information system (Tymkiv,
Kasiyanchuk, 2017) is one of the promising
directions in research due to the availability of
significant energy renewable potential, which is not
yet exploited.

An organized system for solar potential
assessment is created by means of developing a
structure for selecting and analyzing factors that
determine the insolation level.

Determination of a solar power plants’ (SPP)
potential does not depend on the solar insolation
only but it is also related to a number of values of
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the Earth’s daily rotation around the Sun.
Therefore, we need to consider the factors which
permit us to substantiate the new approaches to the
geo-information analyses of the insolation level.
Calculation of the insolation level which is
conducted without regard to even one of the groups
of factors does not make it possible to assess its
value with a high degree of reliability, because the
basic factor, the morphological characteristic of the
territory, is not taken into consideration.
Construction of the large energetic complexes of
renewable energy is impossible without taking into
consideration the tectonic and landscape factors,
which in their dynamics, may significantly restrict
the functioning of such solar-cell panels.
Formulating of the aim of the article (task
assignment). In order to achieve the aim, we have
to analyze the progress in the field of REW and the
experience of using GIS for its assessment.
Determination of the optimal angle of solar-cell
panels permits us to develop a high-quality project
for stationary energetic objects. At the same time,
there is a need to draw up the morphological maps
of the region, a map of the solar insolation, as well
as to calculate the reduced insolation level in the
chosen territory at the initial stage during
development of a system for assessing the potential
and expediency of using the renewable energy
sources in lvano-Frankivsk region.
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Fig. 1. Map of solar insolation of lvano-Frankivsk region
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Description of the methodology (the structure
and sequence) for the research. The choice of
territory for rational use of the natural (renewable)
resources depends to the large extent on the
selected type of RES. Each RES has its own spatial
characteristic with the highest potential (availability
of quickly renewable biological resources and areas
where they are cultivated; proximity to geothermal
horizons; territories that are not used for economic
activity for construction of SPP, etc.).

Database creation and selection of factors
(Kasiyanchuk, Chepurna, Chepurnyi, Hurtska,
2015; Kasiyanchuk, Kuzmenko, Chepurna,
Chepurnyi, 2016; Suri, Cebecauer, Huld, Dunlop,
2008), structuring and analysing the data which
determine one or another RES provide the
possibility to conduct analyses on the example of
any territory.

The insolation level depends to the large
extent on geographic reference. The results of ERS
permit the assessment of the full (maximum) value
of the insolation according to the latitude and
longitude of the selected region. Fig.1 presents the
digital map of the insolation level within the
territory selected for our analyses, pursuant to data
by the European Space Agency (NASA, 2018).
An uneven distribution of the solar energy with
conditional division into seven insolation zones is
shown on the map.
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There is a need to create a unified system for
assessment of RES potential (Fig.2). It is advisable
to analyze the stages of assessment of RES poten-
tial, based on the proposed scheme.

At the first stage, there is a choice of certain
renewable energy sources, for which we should
calculate a potential within one or another territory.

The second stage involves a well-grounded
analysis of the territory where the renewal energy
sources are planned to be put into production.

The third stage envisages the following: crea-
tion of the database, which includes digital topog-
raphic maps, vegetation maps, maps of tectonic
disturbances, maps of meteorological conditions,
etc.; insolation maps with division into zones; cal-
culation of the factor characteristics (measures of
factor determination); statistical analysis of changes
in insolation level depending on selected factors.

Stage

Renewable Energy Sources 1

Y

Sclection ol a territory for substantiation of RES 2

Y

Database creation and selecting of factors 3

Y

Settlements of the reduced level for 4
renewable energy sources

v

Assessment of potential and feasibility
of the renewable energy sources

Fig. 2. Scheme of RES potential assessment

At the fourth stage, the settlements of
reduced level of the renewable energy sources give
us the possibility to perform calculation by using
the methods of geo-information analysis and to
assess the territory that may be potentially used for
the energy generation.

On the basis of the above-mentioned items,
the fifth stage justifies the possibilities and risks to
construction of the energy facilities in terms of their
special location and time dynamics.

One of the most important elements in RES
analysis shall be a choice of factors influencing
potential calculation.

It is necessary to take into consideration
meteorological, geomorphological, tectonic,
hydrogeological and landscape factors (Table 1)
when constructing SPP.

At the same time, analysing Ivano-Frankivsk
region according to the insolation zones (Fig. 1)
includes the change of azimuth and an angle of the
Sun’s inclination during the day at any point of the

zone, daily movement of the Sun, and geo-
morphological characteristics of the selected point.
This is required for calculation of the insolation
level.

Let us determine the insolation in real cloud
conditions for the latitude of lvano-Frankivsk
region. According to NASA [14], the average
annual insolation at the latitude of ®=48° equals to
1076.7 kWh/m%. We may determine the cloud
coefficient (Table 2), which considers the
morphological and meteorological factors by the
ratio of insolation in real cloud conditions to
insolation on a cloudless sky.

The selected point within the insolation zone
shall be determined by absolute height, angle of
inclination, exposure and the average insolation
level within a day (where the effectiveness of solar-
cell panels is above zero) and the coefficient that
substantiates grouping in months according to the
solar insolation (7 groups in total) (Table 3).
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Table 1. Factors that influence construction of SPP

medium
(lithofacial rocks)

Group]: of driving Factors Factor characteristics
orces
Availability of areas with | Distance to areas with breach
. breach of the geological of the geological medium
Geological

(faults, karst, mudflows,
open-cut mining)

Hydrogeological

Availability of water sup-
ply and drainage zones

Skin-factor

Meteorological

Precipitations

Intensity and frequency

Temperature

Season temperature change

Atmosphere pressure

Cloud coefficient, changing
of atmosphere pressure (air

humidity)
Tectonic Tectonic disturbances Distance to tectonic fault
Landscape Vegetation Forested area
Height Absolute estimate over the

sea level

Geomorphological

Slope inclination

Angle of inclination of day-
light surface

Direction of slope

Slope exposition

Table 2. Insolation in cloud and cloudless conditions, kW/m?, and cloud coefficient

Month Insolatsilc(); Fc)i(t;rrir?]g(;)rt]:tlrc])udIess Insolatiorg]grurrri]rcl)?]tchloudy sky Cloud coefficient
January 59.21 36.89 0.62
February 86.24 54.04 0.62

March 146.32 88.04 0.60

April 188.4 110.4 0.58

May 225.06 140.74 0.62

June 231 142.5 0.61

July 221.96 147.56 0.66
August 196.23 136.4 0.69
September 154.8 91.8 0.59
October 104.16 62 0.59
November 64.2 37.2 0.57
December 48.98 29.14 0.59
Amount per year 1726.56 1070.71 -

The value of insolation is uneven throughout
the year. Regression analysis, Spearmen’s rank-
correlation, makes it possible to see that some
months are connected with each other and they are
may be divided into three following groups:
1) January, February, March; 2) April, May, June;
3) July, August. There are also months that are not
correlated with other months, such as September,
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October, November, and December.

The proximity of values is explained by the
fact that the insolation level of the territory falls
within a narrow range. Obviously, Spearmen’s
rank-correlation coefficients will show the change
of insolation as a homogenous monotonic relation
between recorded factors. That may be grouped by
months. Significant values equal to 1 or -1.
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Table 3. Spearmen’s rank-correlation analyses

2 c 8 S < 2 3 = 2 =1 5 ¢ 8

§ = w 3 © 2 a

| Il 1] v \ \l Vi Vil IX X Xl Xl

| 1 1 1 0,949 0,949 0,949 0,949 0,949 0,953 0,965 0,948 0,911

1l 1 1 1 0,949 0,949 0,949 0,949 0,949 0,953 0,965 0,948 0,911

1l 1 1 1 0,949 0,949 0,949 0,949 0,949 0,953 0,965 0,948 0,911

v 0,949 0,949 0,949 1 1 1 0,983 0,983 0,995 0,983 0,966 0,957

\ 0,949 0,949 0,949 1 1 1 0,983 0,983 0,995 0,983 0,966 0,957

Vi 0,949 0,949 0,949 1 1 1 0,983 0,983 0,995 0,983 0,966 0,957

Vil 0,949 0,949 0,949 0,983 0,983 0,983 1 1 0,970 0,983 0,966 0,957

Vil 0,949 0,949 0,949 0,983 0,983 0,983 1 1 0,970 0,983 0,966 0,957

IX 0,953 0,953 0,953 0,995 0,995 0,995 0,970 0,970 1 0,987 0,970 0,961

X 0,965 0,965 0,965 0,983 0,983 0,983 0,983 0,983 0,987 1 0,982 0,973

Xl 0,948 0,948 0,948 0,966 0,966 0,966 0,966 0,966 0,970 0,982 1 0,956

Xl 0,911 0,911 0,911 0,957 0,957 0,957 0,957 0,957 0,961 0,973 0,956 1

territory for SPP. Selectionof a territorymeans

Spearman’s correlation matrix includes choosing a place with high insolation of surface.

meteorological and  morphological  factors. First, it depends on the geographic place of the

Substantiation of conditional division of the year
according to the insolation level for Ivano-
Frankivsk region is conducted according to the fact
that the insolation provision of the territory cannot
be the same because the factors of precipitation,
atmosphere pressure, height, etc. in their totality
have a significant influence on the level of the
potentially obtained solar energy.

In order to calculate the reduced insolation
level (Iy,), it is important to take into account the
main condition for effective work of SPP, which is
the number of cloudy and cloudless days, in the
form of the relevant cloud coefficient for the
studied territory. In turn, such grouping in months
permits us to assert that the annual distribution of
the solar energy is uneven with respect to the
results of statistical analyses.

Presentation of the main material and obtained
scientific results. Description of how to select a

. The Sun

The Earth A

. E,.Iouds

WSy

area’s location, the area’s relief, the angle of
inclination, and the direction of slope.

In order to use solar energy, we should know
the visible path of the Sun during the day, although
in most cases there is no necessity to determine the
exact position of the Sun at a certain time. (Fig. 3).
This, in turn, reduces the number of calculations
required to determine the Sun’s path, and therefore
we can neglect the location’s longitude.
(Héberlin, 2012).

Fig. 3(a) shows the Earth rotating around its
axis that passes through the points of the North
Celestial Pole (N) and the South Celestial Pole (S).
This axis is perpendicular to the equatorial plane of
the Earth passing through the points W and E,
which respectively indicate western and eastern
directions. The centre of the Earth is marked with
point C.

Fig. 3. Solar radiance (a), which is falling on the inclined surface (b)

b)
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Point P on the Earth’s surface indicates the
location of the reflect-prevention panel and it is
characterized by the geographical latitude L, which
equals 48° in Ivano-Frankivsk region. The angle
between the direction to the Sun and the equatorial
plane is called the inclination 6, which is a measure
of seasonal changes.

The position of the Sun in the sky is not
constant during the year because of inclination of
the Earth’s rotation axis with respect to the normal
line to the plane of its motion around the Sun. We
mark the Earth’s inclination in relation to the Sun
as 0. Thus, in the northern hemisphere, at the
latitude @=48°, at the highest point of the solstice,
the Sun position can be described by value a:

©=90°-3 )

In order to determine the optimal value of the
angle of solar module (Fig. 3b) for an area with
latitude @=48°, at which the solar module must be
inclined to the horizon, initially we have to
determine the average number of angles (the
inclination of the Sun) for all months of the years.

d=3n/n @)

where, n — the average value of the angles in
months, n — number of months.
In this case

0=(21,01+30,38+41,32+53,04+61,24+64,1

1+60,82+52,52+41,31+30,02+20,94+17,51)/12
=41°,

Now, according to formula 1, we can

calculate the optimal angle of solar modules’
inclination.

0=90°-41°=49°.

Geo-information analyses of insolation level.
Thegeo-morphological characteristic of Ivano-
Frankivsk region is represented by the topographic
maps, slope exposures, and the angles of
inclination. They are built in Vertical Mapper ' C
Maplnfo software environment.

Zonal insolation map (Fig. 1) is presented
with morphological peculiarities of the studied
region and it needs to be specified in detail.

It is obvious, that the value of the solar
insolation cannot be the same throughout the region
as it undergoes the influence of other natural and
technological factors. Such peculiarities are
described in detail and analysed above.

Understanding the features peculiar to the
movement of the Sun in the sky permits us to assert
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that the insolation value is uneven during the day
and at a certain point, which is determined by the
coordinate, in particular.

The Sun’s parameters, which are determina-
tive at calculation of the solar insolation, should be
reduced to the morphometric characteristics of the
territory.

The angle of inclination above the horizon -
the Sun’s inclination, the slope exposure — the azi-
muth of the Sun shall be reduced to the single coef-
ficients, which permit us to specify information as
to the insolation level of the chosen region.

Thus, on the basis of the presented mor-
phometric maps (Fig.4), we have created a number
of special inquiries to determine the solar insolation
level within the insolation zones (Fig. 1).

While creating inquiries, which include re-
calculation of the insolation level (I) according to
the reduced level (I,,), we have determined the
effective time for obtaining solar energy per each
month: January 9:00 - 16:00; February 8:00 -
17:00; March 7:00 - 18:00; April 6:00 - 19:00; May
5:00 - 19:00; June 5:00 - 20:00; July 5:00 - 20:00;
August 6:00 - 19:00; September 7:00 - 18:00; Oc-
tober 7:00 - 17:00; November 8:00 - 16:00; De-
cember 9:00 - 16:00.

In accordance with the content of formula 1,
that the value of angle of inclination above the ho-
rizon (o) and the inclination of the Sun (8) cannot
exceed 90° and the slope exposure (g) as well as the
azimuth of the Sun equal to 360°, the following
formulae are offered:

a=90°-(a+9) ,

Then, I, =(a/B)*I.

The inquiries have been created under the
principle of selecting the point, which contains
information about the insolation level, the angle of
inclination and the slope exposure relating to Sun’s
movement during the day (the year). The carto-
graphic material was relatively tied to previously
formed information, pursuant to the statistical
analysis data (Spearmen’s rank-correlation). Re-
calculation of the insolation value was based on the
counting of the reduced insolation coefficient using
special data of the point in accordance with the
built relief model. More than 600 thousand points
were analysed for lvano-Frankivsk region in total.

Generating of insolation maps. The zonal
map is presented on Fig. 5. The map is built by
method of triangulation (central part of lvano-
Frankivsk region) and it represents the character of
insolation in accordance with the grouped months.

B= 360°—(¢+A).
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Fig. 4. Morphometric maps: a) heights, b) exposures, c) angles

As it seen from the figure, the level of insola-
tion fluctuates considerably during the year. It is
only natural that the values of insolation level
should visually offer morphological characteristic
of the territory. In this case, the maximum and
minimum insolation values, which are fluctuating
within the range of the daily zonal maximum (0-
1425 kWh/m?, Fig.1), present a change in the pos-
sibly generated solar energy.

Practical importance is also within the same
limits but they always exceed zero and are less than

Z-units:Meters
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1425 kWh/m? This is presented on the maps
(Fig. 5).

This indicates that the values of slope expo-
sure mainly and the angle of inclination above the
horizon to a lesser degree are important factor char-
acteristics for determination of the level of insola-
tion for any territory. The daily (visible) movement
of the Sun characterizes just a degree of the absorb-
ing capacity of the solar-cell panels, but the optimal
an-gle of their location is not taken into considera-
tion at that time.
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Fig. 5. Zonal maps of insolation

Conclusions and perspectives of further devel-
opment of research in this direction. The cloud
coefficient for each month has been calculated ac-
cording to the data of reduced insolation and insola-
tion on cloudless days. The built thematic maps of
the reduced insolation for Ivano-Frankivsk region
were reduced to maps of relief, exposure, and the
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angle of inclination in order to distribute them for
the certain groups of months.

As a result, the maps with the level of insola-
tion for the grouped months with the reduced val-
ues were built. The maps show in which way the
insolation changes over the year for different condi-
tional regions. Such maps give prerequisites for
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further factor analysis as to the feasibility of using
and building of solar power stations in any selected
territory.

Perspectives for further development of re-
search are improvement of the quality of calcula-
tion of the reduced insolation level by means of
increasing the number of re-counted points within
the insolation zone and taking into account the new
factors.
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Abstract. The analysis of the hydrographic network of the Western Bug basin on the
territory of Ukraine. This basin is estimated according to the requirements of the EU
Water Framework Directive and has 2,044 rivers. Classification of the rivers of the
Western Bug by area of drainage basins has shown the following results: in this basin
within Ukraine there is one very big river, in fact this is the Western Bug itself. There are
also three large rivers — Poltva, Rata and Luha. There are also 30 medium and 2,010 small rivers (among which 1,966 rivers have a
length of less than 10 km). Theleading role of natural factors in the formation of the hydrocarbonate-calcium ion composition of the
river waters of the Western Bug basin is determined. The content of the main ions and the salinity of the river waters are distin-
guished by a sufficiently clear seasonal character: a decrease in the spring flood and an increase in the low water level (mineraliza-
tion of the water of the Western Bug — 497-573 mg/l). Mineralization of the Poltva River (the left tributary of the Western Bug),
located in the same natural conditions, is significantly different: in the area of the city of Lviv (the upper reaches of the Poltva River),
it reaches 784-871 mg/l, and at the estuary of the river (Busk city, at the confluence of the Western Bug) is slightly reduced - 613-670
mg/l, while in the chemical type of water, sulfates and chlorides appear. This situation is explained by the discharge of sewage from
the city of Lviv into the Poltva River. In the regime of nutrients, microelements, and also specific pollutants in the water of the West
Bug, no general regularities in their seasonal variations were found, which is associated with the significant idiosyncratic character of
the influence of anthropogenic factors on the formation of their concentrations. We estimated the balance of substances, both natural
and anthropogenic, which are carried out with the waters of the Western Bug from the territory of Ukraine (93%), as well as from the
territory of Poland (7%) to the border with Belarus. The comparative methodological approach allowed us to make a quantitative
assessment of the significant influence of the Poltva River on the formation of the chemical composition of the water of the Western
Bug, especially in its upper part. The share of Poltva’'s water flow when it flows into the Western Bug is 58% of its water flow. At the
same time, the share of the total ion flow is higher — 66%. The share of the discharge of individual principal ions reaches: 76% (CI"),
87% (Mg?*) and 98% (SO,%). For nitrogen, this figure is 68%, for phosphates — up to 80%.
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Migporpadis i rigpoximis TpaHCKOPAOHHOT piuky 3axigHuii byr Ha TepuTopii YKpaiHu
Xinbuescbkuii B.K., 3a6okpuuka M.P.2, LLlepcTiok H.M.2

'KuiiBcbKuin HaLioHanbHNii yHiBEpCUTET iMeHi Tapaca LLieBuerka, Kuis, Ykpaina, e-mail: hilchevskiy@ukr.net
“CxigHOEBPONeiCbKNIT HaLliOHaNbHWIA yHiBepeTeT iMeni Jleci YKpaiHku, JTyLpk, Ykpaina, e-mail: mirazabor@ukr.net
®IHinpoBCbKMIT HaLioHanbHWIA yHiBepcUTeT iMeHi Onecs MoHuapa, [Hinpo, Ykpaixa, e-mail: sherstuknp@gmail.com

AHoTauif.HaBeeHO XapaKTepucTUKy FigporpagiuyHux 0cobamMBoCTel TPaHCKOPAOHHOTO GaceitHy 3axigHoro Byry Ha TepuTopii
YKpaiHu, rigporpadivyHa Mepexa SKoro, oLiHeHa 3a BuMoramu BP] €C, Haniuye 2044 piuku. Ans rigpoxiMivyHux focnifxeHs 6yno
06paHo 14 cTBopiB. MiHepanisauis Bogy p. 3axigHuii byr ctaHoBWTb 497-573 Mr/n. MiHepanisauis Bogu p. MonTea, NiBoT NPUTOKK
3axigHoro byry, L0 3HaXOAMTLCS B TUX XKe MPUPOLHNX YMOBAX, ICTOTHO BiApi3HAETbCA. Tak, B painoHi M. JIbBoBa (BepXiB'sl piuku
MonTea) BOHa csArae 784-871 mr/n, a B r’MpAi piukn AeLo 3HWKYETbeS — 613-670 mr/n. Lia cuTyauis MOSCHIOETLCA CKMAAHHAM CTiud-
HMX Bog M. JIbBOBa B piuky MonTea. [JocnimpKeHHA rigpoxiMiuyHOro pexxumy p. 3axigHuii bByr Ta ii NpUTOK 3a FO/I0BHUMM iOHaMK
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BUSBW/IN YiTKY 3a/1eXHICTb Bif FifponoriyHoro pexxvmy. Lle nosicHIOETbCA BMMBOM 3MiHW POAi Pi3HUX BUAIB XXUBNEHHS PiuKy Mpo-
TArOM poky. CepeiHbOPiUHMIA iOHHWIA CTiK 3axigHoro Byry 3 TepuTopii YkpaiHu cTaHoBUTb 793,5 TUC. T abo 78,3 T/kM?; 3 TepuTopii
YKpainu Ta Monblyi — 857,0 TMC. T. TaKMM YMHOM, Ha Wil ginsHui pivukn 93 % iOHHOrO CTOKY BUHOCUTLCS 3 TepUTOPIT YKpaiHn i 7 %
— 3 TepuTopil MonbLui. YacTka BOAHOro cToKy p. Montea npu 1i BNagiHHi B 3axigHuii byr ctaHoBMTb 58 % IMOro BOAHOIrO CTOKy. B
TOIA XKe Yac, YaCTKa iOHHOro CToKy p. MonTtea gocarae 66 %. [1s 3araibHOro asoTy Leit MOKa3HUK 36ibLUyeTbea Ao 68 %, ans doc-

thatis — 10 80 %.

KnrouoBi cnoBa: TpaHCKOpAOHHA piuka, rigporpadisi, XiMiuHWiA cknag BoAM, TiAPOXiMIYHWA PEXKMM, IOHHWIA CTIK, CTIiK XiMIYHUX

PeYoBUNH

Introduction.According to the hydrographic zon-
ing of Ukraine, 9 river basin districts have been
identified on its territory, one of which is the area
of the Vistula basin, from which the river flow is
directed to the Baltic Sea (about 2% of the territory
of Ukraine). The area of the Vistula basin in the
Ukrainian territory consists of two sub-basins: The
Western Bug and the River San (Vodnyiko-
deks Ukrainy, 1995; Khilchevskyi, Hrebin, 2017).
The basin of the Western Bug is located on the
territory of three countries - Ukraine, Poland and
Belarus. For 47% of its length (363 km), the river is
transboundary - the state border of Poland and
Ukraine, as well as Poland and Belarus, cross the
river (Zabokrytska et al., 2006).

The Western Bug River lies in the sphere of
interests of many researchers, primarily as a trans-
boundary basin, where it is necessary to unite the
efforts of the representatives of Ukraine, Belarus
and Poland with the participation of the European
Union structures in addressing water management
issues (Karpuk, 2015; Khilchevskyi et al., 2016;
Tranckner J. et al., 2012; Hagemann N., et al.,
2014). Considerable attention is paid to the issues
of anthropogenic impact on water quality and the
ecological situation in the Western Bug basin (Cha-
rakterystykawod, 1999; Bug River Valley, 2002;
Tokarchuk, 2011; Ertel et al., 2012; Tatukh et al.,
2012; Starodub et al., 2013; Dzham, Danilyuk,
2017).

General hydrographic characteristic. The
Western Bug River (in Polish — Bug) is the left
tributary of the river Narew, which flows into the
river Vistula (the Baltic Sea basin). The total area
of the West Bug basin is 39,420 km?, the length of
the river is 772 km. According to the West Bug
Basin Management of Water Resources of the State
Agency of Water Resources of Ukraine, the area of
the Western Bug basin in Ukraine is 11,205 km?
(over 28% of the total area of the basin), the length
of the river is 404 km (over 52% of the total
length), of which 220 km - the section of the river
along which the border of Ukraine and Poland
passes (Zakhidno-Buzke, 2017; Khilchevskyi et al.,
2016).

In Ukraine, there are the source and the up-
per course of the Western Bug (Fig. 1). The source

of the river is located within the Main European
Watershed, on the northern outskirts of the Voly-
nian-Podolian Upland in the Koltovskaya Basin
near the village. Verkhobuzh, Zolochiv district,
Lviv region. Between the source and the town of
Ustyluh in the Volyn Oblast, the river is submon-
tane, flows at an elevation - accross a hilly, rugged
terrain. Below the city of Ustyluh, the Western Bug
flows along the western outskirts of the Polesia
lowland in a wide valley and has a pattern of a typi-
cal plain river.

The Ukrainian part of the basin of the West-
ern Bug lies within the two administrative regions
of Ukraine — Lviv and Volyn. Geographically, on
the south-west, it borders with a basin of the San
river (Vistula basin), in the south - with the river
basin of the Dniester, and with a river basin of the
Pripyat in the east. In the west, the Ukrainian part
of the Western Bug basin reaches the state border
of Ukraine and Poland, in the north - to the state
border of Ukraine and Belarus.

The hydrographic network of the Ukrainian
part of the Western Bug basin has 2,044 rivers. In
the Water Code of Ukraine, these rivers are divided
according to catchment area into: large - over
50,000 km?* average — 2,000-50,000 km?; small -
less than 2,000 km? (Vodnyikodeks Ukrainy, 1995).
According to this classification, the Western Bug
River is an average river, and all its tributaries are
small rivers.

At the same time, the classification of rivers
by catchment area according to the Water Frame-
work Directive (WFD) of the European Union,
which is also used in Ukraine as a standard for as-
sessing the ecological state of surface water masses,
differs significantly: very large rivers — over 10,000
km?; large — 1,0-10,000 km?* average — 100-1,000
km?; small — 10-100 km? (Directive, 2000/60/EC).

The application of the EU WFD type classi-
fication in the Ukrainian part of the Western Bug
Basin shows the following: there is one very large
river within the basin in Ukraine, the Western Bug,
and three large rivers — Poltva (1,440 km?, 60.0
km), the Rata (1,820 km? 76.0 km) and the Luha
(1,351 km?, 89.1 km).
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Fig. 1. Map of the basin of the Western Bug river on the territory of Ukraine, Poland and Belarus (Zakhidno-Buzke, 2017)

If the Poltva and Luha basins are completely
located within Ukraine, the Rata originates in the
PodkarpackieVoivodeship of Poland, a few kilome-
ters from the Ukrainian-Polish border, respectively,
and the upper part of the river basin with an area of
about 50 km? is located in the neighboring state.

Within the Ukrainian part of the Western
Bug basin, according to the EU WFD classification,
there are also 30 medium rivers (with a catchment
area of 100-1,000 km?) and 2,010 small rivers (up
to 100 km?. Among the small rivers, 44 water-
courses have a length of more than 10 km, and
1,966 small rivers have a length of less than 10 km.

Factors of the formation of chemical com-
position of the river waters. A distinctive feature
of the geological structure of the catchment area of
the Western Bug in Ukraine is the occurrence of
erosion of the Upper Cretaceous carbonate rocks
above the local bases, which are represented by
significantly fissured and karstic limestones and
marls, the influence of which determines the forma-
tion of the salt composition of the river (Khilchevs-
kyi, Kurylo, Sherstyuk, 2018).

The basin relief is characterized by incised,
erosional forms of the Volynian-Podolian Upland
relief, as well as flat and flat-hollow forms on the
Polesia lowland. In addition, the karst forms of the
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relief are widespread on the areas where the carbo-
nate rocks are bedded closely to the surface of.

The climate of the basin is moderate conti-
nental. The distribution of the annual amount of
atmospheric precipitation within the catchment area
of the Western Bug with a significant total wetting
of the territory is uneven and exceeds the evapora-
tion. Areas with the highest precipitation values are
in the upper reaches of the river (annual precipita-
tion is =800 mm). With a decrease in the al-titude
of the catchment area, the amount of precipitation
decreases to 650 mm.

Soils in the basin are mainly podzolizedcher-
nozems, in the floodplain of the river — soddy,
marshy, characterized by a light mechanical com-
position (light loamy, sandy loamy). In such soils,
in the conditions of humid climate, a washing re-
gime is formed, which does not contribute to the
increase in the mineralization of water.

The hydrogeological conditions of the terri-
tory of the Western Bug basin are determined by its
belonging to the Polish-Lithuanian artesian basin,
the northern and central parts of which are charac-
terized by significant groundwater reserves. The
conditions for the formation of groundwater in the
basin are generally favorable. Due to the structural
features of the water, Quaternary and pre-
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Quaternary sediments have a direction of move-
ment from south to north.

Water consumption and water disposal.The
formation of hydrochemical characteristics is sig-
nificantly influenced by economic activity (plough-
ing, land improvement, water consumption, waste-
water discharges, etc). The most significant factors
which affect this basin are water consumption and
water disposal.

In the 2000s, there was observed a decrease
in the water consumption in the basin of the West-
ern Bug, as in Ukraine in general. The basic struc-
ture of water consumption during that period in the
basin of the Western Bug by different spheres re-
mained practically unchanged. According to the
State Agency for Water Resources of Ukraine, in
2015, it was as follows: 54% — housing and munic-
ipal services; 15% — the industry; 30% — agricul-
ture; 1% — other needs.

The largest water consumption in the basin
was recorded in 1992 — 135 million m®; in 2001 —
115 million m® (Zabokrytska, Khilchevskyi, Man-
chenko, 2006). In 2015, according to the State
Agency for Water Resources of Ukraine in the ba-
sin of the Western Bug, 90 million m® of water
were collected, of which 20% were the surface
waters, 80% were groundwater. Accordingly, the
maximum discharge of wastewater was also rec-
orded in 1992 — 245 million m?; 2001 — 195 million
m®: 2015 —180 million m®. It should be mentioned
that the indicator of wastewater discharge in the
Ukrainian part of the Western Bug basin is twice as
high as the same parameter of the water intakes.
This is because Lviv consumes water both from the
basin of the Western Bug and from the Dniester
Basin, and all wastewater is discharged into the
river system of the Western Bug.

The largest source of wastewater discharges
in the West Bug basin is the city of Lviv with a
popu-lation of 728 thousand people as of January 1,
2017. The annual volumes of sewage of this city,
which enter the Western Bug through the river
Poltva which flows into it near the town of Busk,
make over 80% of the total volume of sewage that
is discharged in the Ukrainian part of the basin.

Other anthropogenic factors. A number of
mines of the Lviv-Volynhian Coal Basin function
in this territory — Chervonohrad (population of 67.
2 thousand people), Novovolynsk (52.6 thousand
people); 40% of the surface of the basin was pre-
viously drained, 80-90% of the drainage water re-
ceipts were straightened; The plowed area is almost
42%.

Hydrological conditions. In the upper reach,
the valley of the Western Bug has terraces (width —
1 - 3 km), the floodplain of the river is swampy,
and there are oxbow lakes. The streambed is si-

nuous (width up to 8-15 m), and channeled in some
areas. The drainage density in the territory of the
Lviv Oblast is 0.35 km/km? In the middle of the
river, the width of the valley reaches 3-4 km, the
floodplain is manifested insignificantly. The width
of the channel reaches 40 m. Towards the lower
part of the stream, the Western Bug narrows to 1.0-
1.5 km, usually, the streambed width is 50-75 m,
and in some areas reaches 100 m. The stream gra-
dient equals 0.3 m/km. The speed of the current in
LvivOblast is 0.3-0.6 m/s, and decreases to 0.1-0.2
m/s in the Polesia part, which is related to a slight
decline of the surface. In the basin of the Western
Bug (within the Volyn Oblast) there are over 80
lakes with a total area 0f92 km?, and the drainage
density is 0.22-0.35 km/km?.

For the hydrological regime of the Western
Bug, a distinctive feature is significant spring flood
and low summer-autumn and winter drought flows
which are characterized by low water content and
considerable duration. Different degrees of karst
development and swampiness in some areas of the
basin determine the natural regulation of water
runoff, especially during the spring flood. There-
fore, in the territories with karst and marshes in the
same region, the average multi-year spring runoff
differs in 1.5-2.0 times. Within the Lower Polesia,
the influence of karst on the formation of spring
runoff characteristics is the least. Therefore, the
largest layer of spring flood runoff is typical for the
rivers of this region (the Rata, the Zheldets and the
Solokiya) — 129 -158 mm and exceeds their value
for the rivers of the Podolian Upland (the Poltva,
the Holoivka, the Kamenka) — 93 -115 mm.

The drought flow runoff from the rivers of
the Western Bug basin occurs due to ground waters
of marl and chalk (karst) and limestone strata. With
its water reserves, this water-bearing horizon pro-
vides a long-term and sustainable supply to the
basin’s rivers during periods of absence of surface
runoff. Dur-ing summer-autumn drought flow, the
values of the runoff layer are higher (104-122 mm)
compared to winter drought flow.

The following average annual water dis-
charges in the Western Bug by the drains: Sasivvil-
lage (the upper reach of the river) — 1.12 m%s;
Sokal — 29.5 m*/s; "Border-3" — 52.3 m*/s (condi-
tional drain at the border of Ukraine, Poland and
Belarus, the closing drain in the Ukrainian part of
the basin) (Zabokrytska, Khilchevskyi, Manchenko,
2006).

For the Western Bug, there is a significant
intra-annual variability in sediment runoff. During
the spring flood tide, the river carries 50% of the
annual amount of suspended matter, and in the
summer-autumn and winter drought flow, 30 and
20%, respectively.
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Hydrochemical regime. To characterize and
evaluate the hydrochemical regime of the rivers of
the Western Bug Basin, 14 drains were selected: 7
on the Western Bug (above and below or within the
boundaries of the cities of Busk, Kamianka-Buzka,
Sokal) and 7 on the tributaries (the Poltva River —
Lviv and Busk, the Rata River —Mezhirichia vil-
lage; the Solokiya River — Chervonograd; the Luha
river — the city of Vladymyr-Volynskyi). We ana-
lyzed a series of examinationss of the chemical
composition of water for the period of 1971-2015,
obtained by the Hydrometeorological Service of
Ukraine (which since 2012 is in the system of the
State Service of Ukraine for Emergencies). The
initial long-term information for each monitored
drains was grouped by the main seasons: spring
high water, summer-autumn and winter drought
flow. This allowed us to determine genetically ho-
mogeneous pieces of information that characterize
the periods with the predominance of certain
processes of formation of the chemical composition
of the river waters under the influence of seasonal
changes.

The article describes the chemical composi-
tion of the water of the Western Bug River as an
average value for 7 drains. On the river Luha, the
averaged values were calculated for 3 drains. The
Poltva River was characterized by two drains: in
Lviv (the upper reach of the river) and Busk (the

mouth of the river) for there are significant differ-
ences between them in the chemical composition of
the water.

Study of the hydrochemical regime of the
Western Bug and its tributaries by the main ions
revealed a clear seasonality, which is explained by
the influence of the change of the role of different
types of support throughout the year.

The lowest values of the total mineralization
of the Western Bug water were observed during the
spring flood (497 mg/l); In the periods of low-
water, the amount of mineralization ranged 518
mg/l (summer-autumn low-level) to 573 mg/I (win-
ter low-water level). A similar pattern was also
observed for the seasonal course of the concentra-
tions of individual major ions in the water of the
Western Bug (Table 1).

The values of the concentrations of the main
ions and the mineralization in the water of tributa-
ries in different seasons are close to these characte-
ristics in the water of the Western Bug. An excep-
tion is the relatively high mineralization of the river
Poltva, which in the drain in Lviv reaches 784-871
mg/l, reducing in the mouth of the river (in the city
of Busk) to 613-670 mg/I.

The ionic composition of theriver waters of
the basin is genetically associated with poorly so-
luble carbonate rocks that lie on its drainage basin.

Table 1. Average Seasonal Concentrations of Main lons and Water Salinity Value.The Western Bug and its tributaries, mg/I

;I'h_eMain_river HCOs | SO cr ca® | Mg Na* K* 'I_'ota_l minera-
tributaries lization
Spring Flood
The Western Bug | 575 50 50 88 13 20 3.0 497
River
Poltva — Lviv 330 120 131 140 18 40 5.0 784
Poltva — Buskcity 302 102 74.8 107 24.1 25.7 3.7 640
Rata 231 37.9 33.6 82.2 9.5 17.7 2.5 414
Solokiya 248 31.1 34.6 85.7 10.5 9.9 14 421
Luha 298 30.1 20.1 83.2 10.9 37.6 5.5 487
Summer-autumn low-water period
The Western Bug 288 54 50 92 15 30 4 518
River
Poltva — Lviv 358 104 110 124 15 80 11 801
Poltva — Buskcity 304 75.8 64.6 110 18.9 32.4 4.6 613
Rata 248 37.8 32 84.1 10.1 18.1 2.5 433
Solokiya 256 43.2 40.0 88.1 10.0 15.2 2.1 455
Luha 306 29.3 18.1 81.9 11.4 32.5 4.8 484
Winter low-water period
The Western Bug | 543 64 57 104 17 35 5 573
River
Poltva — Lviv 347 187 137 134 23 38 5.0 871
Poltva — Buskcity 331 100 92 107 23.2 14,3 2.1 670
Rata 277 32 33.3 88.8 9.3 30.7 4.3 476
Solokiya 265 33.3 37.2 94.6 8.8 21.1 3.0 463
Luha 322 29.8 17.1 84.2 14.1 34.1 4.7 508
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Accordingly, in all seasons of the vyear,
HCO; and Ca* ions predominate in the water. The
waters of the Western Bug basin belong to the hy-
drocarbonate class of the Il type calcium group -
C,“®. The contribution of individual ions is as fol-
lows: for anions: HCO;3™ (63-64% -eq.) > CI” (21-
22% -eq.) > SO,” (15-16% -eq); for cations: Ca**
(63-66% -eq) > Na“ + K* (16-21% -eq) > Mg **
(15-18% -eq).

The performed correlation analysis of the se-
ries of mean annual concentrations of the main ions
and the mineralization values with water flow the
Western Bug (Kamianka-Buzka) for the period
1971-2015 revealed the presence of biological
feedback between the content of all the main ions
and the mineralization of the water, on the one
hand, and discharge of water on the other. The
close relationship was characterized by the correla-
tion coefficient r = 0.73. This indicates the effect of
the hydrolicity(ratio of the average discharge over
the entire reference period) on the content of the
main ions in the water of the river in a multi-year
aspect.

For the studied period (1971-2015), periods
with average water content and also low-water and
high-water periods were noticeable. A comparative
analysis of the values of the water indicators of the
Western Bug in 7 drains located directly on the
river revealed that the maximum concentrations
occurred in low-water periods, and the minimum
values in high-water periods. However, the local
influence of the settlements on the chemical com-
position of the water of the Western Bug was also
significant, manifesting through increases in the

concentrations of certain main ions (SO,*, CI') and
the mineralization of water in insignificant sections
of the river located below the cities. Consequently,
the results of studies of the hydrochemical regime
of the Western Bug and its tributaries, both in the
intra-annual and long-term aspects, attested to the
determining role of natural factors in the formation
of the contents of the main ions. The exception was
the Poltva, for which, as it was mentioned above,
the significant anthropogenic influence of Lviv is
characteristic.

Among the studied biogenic substances, a
clear seasonal distribution of concentrations was
found only for nitrogen of nitrate and silicon (Ta-
ble 2).

The lowest concentrations of N-NO;™ (0.39
mg/l) were observed inthe summer during the vege-
tation period, when the nitrogen dissolved in water
was intensively consumed by hydrobionts. During
winter low-water, N-NO; values increased
(0.49 mg/l), which is related to the destruction of
organic substances and the transition of nitrogen
from organic forms to mineral forms following
minimal bioaccumulation of nitrates. During the
spring flood, the nitrogen concentrations of nitrate
nitrogen were reduced due to dilution.

But for the concentrations of biogenic matter
(see Table 2), microelements and specific pollutants
(Tables 3 and 4), no clear common pattern in their
seasonal fluctuations were found, which is related
to the significant discreteness of the influence of
anthropogenic factors on the formation of their
concentrations.

Table 2. Average Seasonal Concentrations of biogenic matter in the Western Bug and its tributaries, mg/I

e aan MVN|NHS | NO; | NOy | New | Pun | Pua | S
SpringFlood
TheWesternBugRiver 3.26 0.10 0.46 3.83 0.16 0.32 3.7
Poltva — Lviv 14.8 0.15 0.45 15.4 1.17 1.80 7.2
Poltva — Buskcity 6.7 0.12 0.43 7.25 0.44 0.83 4.8
Rata 1.1 0.05 0.53 1.68 0.04 0.08 3.7
Solokiya 1.8 0.11 0.36 2.29 0.06 0.12 4.1
Luha 1.3 0.04 0.35 1.70 0.04 0.11 3.4
Summer-autumn low-water period
The Western Bug River 3.0 0.1 0.39 3.49 0.20 0.43 4.3
Poltva — Lviv 9.8 0.15 0.47 10.4 0.90 1.69 5.9
Poltva — Buskcity 6.7 0.11 0.42 7.2 0.49 0.81 5.1
Rata 0.9 0.04 0.28 1.22 0.05 0.14 4.4
Solokiya 2.0 0.05 0.32 2.37 0.07 0.20 4.1
Luha 1.1 0.06 0.25 1.4 0.05 0.11 3.6
Winterlow-waterperiod
TheWesternBugRiver 3.63 0.14 0.49 4.28 0.17 0.35 4.4
Poltva — Lviv 10.6 0.17 1.97 11.6 1.54 0.87 6.0
Poltva — Buskcity 7.8 0.18 0.52 8.5 0.32 0.54 8.0
Rata 1.18 0.07 0.54 1.79 0.05 0.12 4.2
Solokiya 2.16 0.09 0.34 2.6 0.09 0.17 4.6
Luha 1.3 0.16 0.50 2.1 0.09 0.31 4.3
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Table 3.Average seasonal concentrations of microelements in the water of the Western Bug and its tributaries

The Main river
Jtributaries Fe, mg/I Cu, mcg/l Zn, mcg/l Mn, mcg/I
SpringFlood
TheWesternBugRiver 0.29 19.3 57.5 92.7
Poltva — Lviv 0.48 60.3 160 161
Poltva — Buskcity 0.13 84.6 129 150
Rata 0.23 6.0 28.7 78
Solokiya 0.19 7.4 6.1 77
Luha 0.49 24.5 38.5 94
Summer-autumn low-water period
The Western BugRiver 0.25 13.8 45.1 58.5
Poltva — Lviv 1.33 24 435 166
Poltva — Buskcity 0.61 16 64.8 158
Rata 0.29 3.4 11.6 76
Solokiya 0.29 8.0 11.3 78
Luha 0.51 9.8 58.1 89.2
Winter low-water period
TheWesternBugRiver 0.14 11.8 43.2 35.6
Poltva — Lviv 0.47 6.3 2.4 158
Poltva — Buskcity 0.62 62 93 144
Rata 0.24 4.1 14.1 75
Solokiya 0.22 8.4 16.5 73
Luha 0.43 18 36.1 71.1
Table 4.Average seasonal concentrations of specific pollutants in the water of the Western Bug and its tributaries, mg/I
The Main river /tributaries SPAR Phenols Petroleumproducts
SpringFlood
TheWesternBugRiver 0.07 0.005 0.15
Poltva — Lviv 0.68 0.032 0.63
Poltva — Buskcity 0.35 0.011 0.44
Rata 0.05 0.002 0.75
Solokiya 0.04 0.002 0.04
Luha 0.05 0.004 0.24
Summer-autumn low-water period
The Western Bug River 0.05 0.004 0.10
Poltva — Lviv 0.01 0.033 0.27
Poltva — Buskcity 0.10 0.003 0.13
Rata 0.04 0.010 0.11
Solokiya 0.03 0.001 0.06
Luha 0.03 0.004 0.09
Winter low-water period
The Western Bug River 0.07 0.003 0.09
Poltva — Lviv 0.15 0.011 0.34
Poltva — Buskcity 0.11 0.004 0.18
Rata 0.08 0.001 0.06
Solokiya 0.02 0.001 0.05
Luha 0.04 0.001 0.09
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During all the seasons, significant occasional
exceedances of TLV (threshold limit value) for
biogenic matter, microelements and specific pollu-
tants in water bodies for fishery use were deter-
mined in the water of the Poltva and in some cases
in the Western Bug along the section from the city
of Busk to the town of Kamianka-Buzka. This oc-
curred due to the influence of water of the Poltva,
which is polluted with these components. For some
of these, these excesses remain at the averaged
values (Fe, Zn, Mn).

Runoff of chemical elements.The study on
the removal of dissolved chemicals with the waters
of the Western Bug from the territory of Ukraine is
particularly important and relevant in the light of
the stricter requirements of the European Union
(EU) regarding the transfer of pollutants from the
territory of neighboring countries. As the previous
studies indicated, the characteristics of the removal
of chemicals with river waters can be an indicator
of anthropogenic impact on the chemical composi-
tion of river waters (Zakrevskii et al., 1988;
Khil'chevskii, Chebot’ko, 1994).

The ion runoff (R;) in a certain drain is calcu-
lated by the formula (Khilchevskyi, Osadchyi, Ku-
rylo, 2012):

Ri = W - C, thousands of tons (for a season,
for a year), Q)

where W — volume of runoff flow, thousand m®; C
—concentration of the ion (or the sum of the ions),
mg/l.

The volume of water runoff W is calculated
as follows:

W=Q-t )

where Q — water discharge, m%s; t — time (season,
year).

No problems occur with average concentra-
tions of chemical components in the water of the
Western Bug. But how is it possible to determine
water discharges by the closing drain in the Ukrai-
nian part of the catchment area of the Western Bug,
which in reality does not exist in the hydrological
monitoring system?

For the calculations, a conditional hydrologi-
cal drain "Border-3." was chosen on the Western
Bug. Borders of three states cross here - Ukraine,
Poland and Belarus, which is the closing drain in
the Ukrainian part of the basin. For this conditional
hydrological drain, we provided the characteristics
of water discharge and water runoff volumes ob-
tained through the runoff modules (Table 5). These
data were used to calculate the runoff of chemicals.

Table 5. Average volume of water drain (W) of the Western Bug in the conventional drain "Border-3" (crossing of the borders of
Ukraine, Poland and Belarus), the last in the Ukrainian part of the basin, million m*/year

. . Summer-autumnlow- Winterlow-
Characteristic Spring Flood waterperiod waterperiod In a year
W - from the territory of *
Ukraine 918 382 229 1529
W - from the territory of o
Ukraine and Poland 990 413 248 1651

Note: * - the average annual water discharge (Q) in the conventional drain "Border-3", which is formed from the catchment area of
the Western Bug in Ukraine, is 48.5 m%s; ** - in the territory of Ukraine and Poland - 52.3 m*/s.

The average annual ion runoff of the Western
Bug from the territory of Ukraine is 793.5 thousand
tons (78.3 tons/km?); from the territory of Ukraine
and Poland — 857,0 thousand tons (Table 6). As we
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can see, in this part of the river, 93% of ion runoff
is taken from the territory of Ukraine and 7% from
the territory of Poland (Fig. 2).

7%

2

Fig. 2. Mean annual ion flow of the Western Bug from the territory of Ukraine (1) and from the territory of Poland (2) in the conven-

tional drain "Border-3", the last in the Ukrainian part of the basin,%
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Table 6. Average annual and average seasonal ion runoff of the Western Bug river from the territory of Ukraine (above the line —

thousand tons, below the line — t/km?

Season/Year | HCOs; | SO,* CI Ca* Mg?* Na* K+ | Thesum
of ions
Soring Elood 250.6 45.8 47.4 82.3 11.6 17.8 2.5 458
pring 232) | 42) | @4 (7.6) (1.0) (1.6) 02) | (42.4)
summer 1081 | 197 | 204 | 353 | 59 113 | 16 | 2025
waterperiod (10) 1. (1.9) (3.3) (0.5) (1.0) 0.1) | (188)
Winterlow- 68.7 13.7 135 24.0 3.9 8.0 11 133
waterperiod (6.4) (1.3) (1.2) (2.2) 0.4) (0.7) (0.2) (12.3)
In a vear 4274 79.2 81.3 141.6 21.4 37.1 5.2 793.5
y (396) | (73) | 75 | (131 | (19) (3.3) 05 | (735)

In Table. 7shows the data for the runoff of

with the waters of the Western Bug from the territo-

biogenic matter, Table. 8 — runoff of microelements

ry of Ukraine.

Table 7. Average annual and average seasonal runoff of biogenic matter with waters of the Western Bug from the territory of

Ukraine (above the line — thousand tons, under the line — t/km?)

Season / Year NH," NO, NO; Niotal Pmin Piotal Si
Spring Flood 3.0 0.092 04 3.5 0.1 - 3.4
pring 0.27 0.008 0.037 0.32 0.009 0.31
Summer-autumn 11 0.037 0.1 13 0.074 ) 16
low-water period 0.1 0.003 0.009 0.12 0.007 0.15
Winter low-water 0.8 0.031 0.1 0.9 0.038 ) 1.0
period 0.074 0.003 0.009 0.08 0.003 0.09
Over the year 4.9 0.16 0.6 =N 0212 - 6.0

y 0.45 0.014 0.055 0.52 0.019 0.55

Table 8. Average annual and average seasonal runoff of microelements with waters of the Western Bug from the territory of Ukraine
(by Fe: above the line — thousand tons, under the line — t/km?, by Cu, Zn, Mn: above the line — thousand kg, under the line — kg/km?)

Season / Year Fe Cu Zn Mn
. 0.3 177 22.0 85.0
Spring Flood 0.28 16 2.0 7.9
Summer-autumn 0.095 5.3 17.2 22.3
low-water period 0.009 0.5 1.6 2.0
Winter low-water 0.032 2.7 9.9 8.1
period 0.003 0.3 0.9 0.7
Over the year 042 2.7 49.1 1154
Y 0.039 2.4 45 10.6

The runoff of different groups of chemical
components that are carried out with the waters of
the Western Bug is distributed by seasons as fol-
lows. The main ions: spring high water — 48-59%;
summer-autumn low-water period — 25-31%; win-
ter low-water — 16-22%. Biogenic matter: spring
high water — 47-67%; summer-autumn low-water
period — 17-35%; winter low-water — 16-19%.
Heavy metals: spring high water — 45-74%; sum-
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mer-autumn low — 19-35%; winter low-water — 6-
20%.

Considering the specific nature of the chemi-
cal composition of the Poltva, we studied the con-
tribution of this river to the formation of the main
ion and biogenic matter runoff in the upper part of
the Western Bug (right after the confluence of the
PoltvaatKamianka-Buzka) and in the lower part of
the Western Bug for Ukraine — on the border of
Ukraine, Poland and Belarus (Table 9 and 10). The
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following methodical approach was used. The data
calculated for the runoff of the mentioned chemical
components, obtained for the mouth of the Poltva
(Busk), were compared with the data for two drains
on the Western Bug: 1) the Western Bug — Ka-

mianka-Buzka, below the confluence of Poltva
(upper); 2) the Western Bug is the conventional
drain "Border-3", the closing drain in the Ukrainian
part of the basin (the lower one).

Table 9. Contribution of the Poltva to the water (W) and ionic runoff of the Western Bug, calculated for two drains: 1) the Western
Bug — Kamianka-Buzka, below the confluence of Poltva (upper); 2) the Western Bug is the conventional drain "Border-3", the clos-

ing drain the Ukrainian part of the basin (lower),%

The
River, Drain W | HCO; | SO/ cr ca® | Mg* | Na'+K* | sum of
ions
Western Bug -
Kamianka-Buzka (upper 58 59 98 76 66 87 60 66
drain)
The Western Bug — the
conventional drain "Bor- 23 25 38 33 27 37 25 28
der-3" (lower drain)

Table 10.Contribution of the Poltva to the biogenic runoff of the river Western Bug, calculated for two drains: 1) the Western Bug —
Kamianka-Buzka, below the confluence of the Poltva (upper); 2) the Western Bug is the conventional drain "Border-3", the closing

drain in the Ukrainian part of the basin (lower),%

Drain in the Western
Bug

NH," NO;

Nos_ Ntotal F)min. Si

Western Bug -
Kamianka-Buzka (Upper 70 66
drain)

51 68 80 67

The Western Bug is the
conventional border 47 28
"Border-3" (Lower drain)

23 44 71 30

As can be seen from Table. 9 ("Upper
drain™), the share of the water runoff of the Polt-
va River at the place where it flows into in the
Western Bug is 58% of the water runoff of the main
river. At the same time, the share of the total ion
runoff of the Poltva River is higher — up to 66%

66 %
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(Fig. 3). The share of the runoff of some main ions
reaches: 76% (CI), 87% (Mg **) and 98% (SO,%).
For total nitrogen, this figure equals 68%, for phos-
phates — up to 80% (see Table 10).

2

Fig. 3.Contribution of the Poltva in the ionic runoff of the Western Bug, calculated for two drains:1) the Western Bug — Ka-
mianka-Buzka, below the confluence of Poltva (upper); 2) the Western Bug — the conventional drain "Border-3", the closing drain

the Ukrainian part of the basin (lower),%

In the balance of runoff in the closing drain
in the Ukrainian part of the Western Bug Basin
("lower drain" in Tables 9 and 10), the Poltva’s

influence is less evident. There, the share of the
Poltva’s water fun off decreases to 23%. Although
the share of the total ion runoff of the Poltava is
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still somewhat higher — 28%, and the share of ru-
noff of some main ions, anthropogenic impact indi-
cators, reaches: 33% (CI), 37% (Mg **) and 38%
(SO,%). For total nitrogen, this indicator was 44%,
for phosphates — up to 71% (see Table 10).

Thus, the comparative methodological ap-
proach allowed determining a significant influence
of the Poltva on the formation of the chemical
composition of the Western Bug, especially in its
upper part.

Conclusions

1. The hydrographic network of the Western Bug
basin on the territory of Ukraine has 2,044 rivers.

2. The classification of the rivers of the Western
Bug basin by catchment area, performed in accor-
dance with the requirements of the EU WFD,
showed the following results: in this basin within
Ukraine there is one very large river, (actually this
is the West Bug itself), and also three large rivers —
the Poltva, Rata and Luha. There are also 30 me-
dium and 2,010 small rivers (among which 1,966
rivers are less than 10 km).

3. The data obtained and the revealed regularities
allowed us to determine the leading role of natural
fac-tors in the formation of the hydrocarbonate-
calcium ion composition of the river waters of the
Western Bug basin. The content of the main ions
and the salinity of the river waters are distinguished
by a sufficiently clear seasonal character: a de-
crease in the spring flood and an increase in the low
water level (mineralization of the water of the
Western Bug — 497-573 mg/l).

4. Mineralization of the Poltva River (the left tribu-
tary of the Western Bug), located in the same natu-
ral conditions, is significantly different. So, in the
area of the city of Lviv (the upper area of the Poltva
River), it reaches 784-871 mg/l, and at the mouth of
the river (in the city of Busk, at the confluence of
the Western Bug) 613-670 mg/l. In this case, the
chemical type of water begins to affect sulfates and
chlorides. This situation is explained by the dis-
charge of sewage from the city of Lviv into the
Poltva River.

5. At the same time, studies of the regime of nu-
trients, microelements, and specific pollutants in
the water of the Western Bug did not find common
regularities in their seasonal variations, which is
related to the significant discreteness of the influ-
ence of anthropogenic factors on the formation of
their concentrations.

6. The methodological approach used to calculate
the flow of dissolved chemicals allowed us to esti-
mate the balance of substances, both natural and
anthropogenic, that are taken out with the waters of
the Western Bug from the territory of Ukraine

242

(93%), as well as from the territory of Poland (7%)
to the border with Belarus.

7. The comparative methodological approach al-
lowed us to quantify the significant influence of the
Poltva River on the formation of the chemical com-
position of the water of the Western Bug, especially
in its upper part. The share of Poltva’s water flow
within the Western Bug is 58% of its water flow. At
the same time, the share of the total ion flow is
higher — 66%. The share of the discharge of indi-
vidual principal ions reaches: 76% (CI’), 87% (Mg
2y and 98% (SO,%). For nitrogen, this figure is
68%, for phosphates — up to 80%.
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On the development of geotouristic routes on the objects of the Precambrian Rock Association
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Abstract. The article describes the priorities of the development of a new sphere in
tourism — the geological sphere (geotourism). We have developed a complex of neces-
sary measures for increasing the touristic attractiveness of objects of the geological
heritage including justification of the touristic value of the objects selected for creating
the touristic routes, posting information about the objects on available web-sites, includ-
ing not only geotouristic routes and objects in the surrounding area, but also any other tourist attractions: geobotanical, landscape,
archeological, historical-cultural, sacral, ethnic, etc. The paper justifies the necessity of involving the outcrop of Precambrian rocks
of crystalline basement as geotouristic objects of Western Pryazovia. It was determined that almost all the most attractive geotouristic
objects are geological relics of nature or geosites, some of which have official status and are included in the Nature-Reserve Lands of
Ukraine. The paper describes the most important pages of the ancient history of Pryazovia in general and the Berda river in particu-
lar. Three variants of routes have been proposed, each based on the observations of the authors and their colleagues during geological
surveys and field geological practice with university students specializing in geology. It was found that the most promising objects
for touristic routes are the outcrops of crystalline Precambrian rocks located along the Berda river and surrounding territories. There,
one can see a practically full section of outcrops of rock associations of the Osypenkivska Archean seria, which compose the Olz-
hinska metabasite and Krutobalkivska metasedimental suites; intrusive and ultrametamorphic formations which form the Osypen-
kivskyi gabbro-diorite, the Shevchenkivskyi plagiogranite-tonalite and the Saltychanskyi granite complexes. Among the geological
objects which are exposed to observation in this relatively small territory, there are deposits of gold (Surozhske), rare metals (Kruta
Balka), ceramical pegmatite (Mohyla Zelena and Velykyi Tabir Ravinne), iron (Korsak Mohyla). These objects give us a full impres-
sion of the structure of the crystalline massif of the Western Pryazovia megastructure of the Ukrainian shield. We have formulated
the main recommendations for the preparation and conducting of geotourism routes in Ukraine,which can be the basis for develop-
ment of both internal and external geotourism.
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[0 nuTaHHS Po3po6bKM reoTYPUCTUUYHUX MapLUPYTIB N0 06’eKTax JOKEMOPIACbKOro yHaaMeHTy 3a-
xigHoro Mpra3zoB’s

FO.T. XomeHko?, /1.B. Icakos®, B.B. MaHtok?

! lep>KaBHuii BULLMIA HaBYaNbHIIA 3aKnag, «HauioHanbHWiA ripHUumii yHiBepeuTeT», [IHINpo, YKpaiHa,
e-mail:isakov_l@ukr.net

2[IHINPOBCLKWI HaLiOHaNLHII YHIBEPCUTET iMeHi Onecst MoHuapa, [IHinpo, Ykpaiua,
e-mail:vgeoman@gmail.com

AHoTaLifl. PO3risHyTO NPiOpUTETHICTb PO3BUTKY HOBOrO HampsMKy B Typu3Mi - reooriyHoro (reotypusmy). Po3po6sieHo KOM-
NNEKC HeoOXiAHMX 3ax0AiB Ana NiABULLEHHS TYPUCTUYHOT NPMBabANBOCTI 06’€KTIB reo/orivyHoi cnagWwuHn, cepes SKMxX po3pobka
06rPYHTYBaHHSI TYPUCTUYHOT LiIHHOCTI BMOPaHOro AN NPOBEAEHHSI reo/oriYHNX MapLUPYTiB 06'eKTY, PO3MILLEHHS B iHTEpPHET-
pecypcax iHhopmaLii Npo 06'eKT Ha ErKOAOCTYNHOMY CaiiTi, BK/KOUYEHHS A0 MapLUPYTY HE TiflbK1 AOBKONLLIHIX Fe0TYPUCTUUYHUX
MapLUpyTiB i OO'eKTiB, ane i OyAb-AKMX TYPUCTUYHMX aTpakLiii: reoboTaHiYHMX, NaHAWadTHUX, apXeonorivyHuX, iCTOPUKO-
KY/NbTYPHUX, CaKpa/lbHUX, eTHIYHUX Ta iHWwe. O6rpyHTOBaHO HeoOXiAHICTb Ans 3axigHoro Mprasos’a 3alyyaty y AKOCTi reoTypuc-
TUYHUX 06’€EKTIB Came BMXif Nopif JOKeMOPINCLKOro KpucTanivyHoro yHaaMeHTy. BusHaueHo, Lo NpakTUYHO BCi HalibinbL npu-
Ba6NMBI 06’€KTN re0TypU3My IBASAKOTb COOOKD reonorivyHi Nam’aTku NPUPoAU abo reocainTi, YacTMHa 3 AKMX Mae ol iiiHni npupo-
[IOOXOPOHHWIA cTaTyc i BX0AMTb A0 MpupoaHO-3anoBigHOro oHAy YKpaiHu. HaBeaeHO BaxIMBi CTOPIHKM faBHbOI icTopil Mpua-
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308’4 B Ljinomy Ta p. bepan 30kpema. MponoHyeTLCA TPY BapiaHTU MapLUPYTiB, KOXKEH 3 AKUX CMMPAETLCA Ha JOCNIAKEHHS aBTOpIB
Ta iX KONer Npv NpPoBeAEHHI reonoro-3HivMasbHMX poo6iT Ta NOMLOBMX HABYASIbHUX FE0MONIYHNX NPaKTYK i3 CTyAeHTaMu YHiBepcuTe-
TiB, LL{0 HaBYAKOTLCS 3a HAMPSIMOM re0/0risl. YCTaHOB/EHO, L0 HalBiNbLL NEPCNEKTUBHUMM AN151 MPOBEAEHHS TYPUCTUUHUX MapLLpPY-
TiB € BiICNOHEHHSA KpUCTaNiYHMX NOPiA AOKeMOpito B3A0BX Piukv Bepaa i Ha npunernnx go Hei Teputopisx. TyT NPaKTUYHO Y NOB-
HOMY pO3pi3i BiACNOHIOKOTLCA MOPOAHI acouiallii 0CMNEHKIBCLKOT Cepil apXxeto, L0 CKMafatoTh ObXXMHCbKY MeTabasnToBy i KpyTo-
6anKiBCbKY MeTaocafjoBy CBiTW; iHTPY3MBHI i yibTpaMmeTaMopiyHi YTBOPEHHS, WO CKafalTb OCUMNEHKIBCbKMNIA rabpo-AiopuTOBUIA,
LLIEYEHKIBCbKMIA NNariorpaHiT-TOHa/IITOBUIA | CaTTUYAHCBKMWIA TpaHiTHUIA KOMM/IeKCcK. Ha 03HaueHili He3HauHii 3a NoLLeo TepuTopit
PO3MILLYOTLCA | LOCTYMHI Ans 6e3nocepeHbLOr0 CNocTepeXKeHHs pogosuLLa 3010Ta (Cypoxcebke), pigkicHux Metanis (Kpyta ban-
Ka), KepamiyHmx nermatutis (Moruna 3eneHa i banka Benukoro Tabopy), 3anisa (Kopcak Moruna). Lli 06’ekTv HagagyTb noBHe
YSIBNIEHHA NPO 6YyA0BY KPUCTaNiuHOro MacuBy 3axifHOMPUa30BCLKOI MEracTPYKTYpU YKpaiHCbKOro wyta. ChopMy/ibOBaHi OCHOBHI
pekoMeHAaLii No MiAroToBUi i NPOBEAEHHIO FEOTYPUCTUYHNX MapPLUPYTIB B YKpaiHi. 3anponoHoBaHi i onucaHi Hainbinblw BamBi
reosorivyHi 06'ektn 3axigHoro Mpurasos's, BUKOPUCTaHHA SKMX MOXE CTaTh OCHOBOK A/1s1 PO3BUTKY SIK BHYTPILLUHBOIO TaK i 30BHiLL-
HbOTO Fe0TypU3MY.

KntouoBi cnoBa: reoTypusm, JOKeM6piid, reonoriyHa nam’saTKa, reocaidi T, iIHTPY3VBHI KOMNNEKCH, ynbTpaMeTamopdiyiHi KoMnnek-

cu, 3axigHe Mpraszos’s, YKpaiHCbKUA WnT.

Introduction. Geological tourism being a develop-
ing global trend takes an important place among
tours, and to some extent can meet the needs of the
most demanding tourists. This type of tourism is
new for Ukraine, but not for the world. Internet
offers a plenty of links to various geological, pa-
leontological and mineralogical tours and excur-
sions around different geological places of interest
and gems and mineral deposits. Ukraine can also
add to the list of links, as it is rich in surface geo-
logical objects in a number of natural and artificial
outcrops aged from the Old Archean (dating back
more than 3.4 bn years) to quaternary deposits with
a complete geological section rich in various rock
types, minerals, and skeletal remnants of fauna. It is
necessary only to develop the most interesting
routes and create adequate conditions for observa-
tion of these geological objects along these routes.

It is clear that for a geological object to be-
come a touristic one, it has to be adequately pre-
pared. According to available Internet resources, it
IS necessary:

1. To develop the substantiation of touristic
attractiveness of the chosen geological routes. To
give characteristics of the surrounding landscape.

2. To give short geological insight into geo-
logical structure of Ukraine in general and by re-
gion of the touristic object, in particular. To give
short characteristics of surrounding geotouristic
routes and objects.

3. To give detailed geological description of
the object or the route, to train guides.

4. To prepare the object for excursions (to
clear the rock outcrops, to plot a route with route
identifiers, the main and intermediate information
stands in two languages about the geological object
in general and each main outcrop in particular, to
prepare appropriate tools, samples for demonstra-
tion and probably, for sale for tourists).

5. To design brochures with the description
of the route or geological object, maps and schemes
to provide or sell to tourists. The brochure must
contain general information (how to get to the ob-

ject, accommaodations available). That is, informa-
tion must be sufficient for the tourists to orient
themselves around the object.

6. To upload information to the Internet
about the object in some easily available web-site.

Western Pryazovia is unigue for geotourism.
It encompasses crystalline massif of the same name
megastructure of the Ukrainian Shield (USh), main-
ly containing thin quaternary deposits, which re-
sulted in the formation of significant visible crystal-
line rocks outcrops even in shallow river trenches.
The outcrops are sometimes continuous or with
insignificant turfness: for hundreds of meters, or
even first kilometers one can observe various crys-
talline rock complexes formed withinl.4bn years
from 3.4 to 2.0bn years.

Gneiss-migmatite-plagiogranite  complexes
of Early Archean, gneiss-shale metamorphites and
intrusive formations of ultramafic, intermediate and
acid composition of Middle and Late Archean are
available for observation. Granite complexes dating
back to Early Proterozoic period are especially
diverse. At this, we have an opportunity to observe
metamorphic complexes of different level of facial
changes — from granulite to greenschist facies. It
should also be noted, that there is a possibility of
immediate observation of granite pegmatites in
natural and artificial outcrops. These unique geo-
logical formations are both geological natural ob-
jects and minerals, depending on the composition
of pegmatite, on ceramic raw materials and rare
(lithium, rubidium, cesium, tantalum, niobium, tin,
beryllium) and rare earths elements of yttrium
group. There is also a rare opportunity to observe
rocks of Surozski gold deposit in natural outcrops,
ravines and adits.

Below is given a short characteristic of the
most attractive geological objects that, from the
authors’ our point of view deserve to become geo-
touristic objects.

Substantiation of touristic attractiveness of
geological route along the Berda river. The pictu-
resque steppe river Berda has its sources in the
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Pryazovia hill ridges, flows through Bilmaksk and
Berdiansk districts of Zaporizhia oblast, crosses a
small area of Donetsk oblast and flows into the
Azov Sea. The old names of the river are Hipakiris,
Agara, Adgarlibert, Kayala, Kayalibert (Berda
(river), 2018). The Turkic name "Berda" means
"Given by God". According to our data, berdo
means "cliff" (Yanko, 1973). It is presumed that
initially the name meant "the river that flows
through cliff banks" (Dolgachev, 1989). At any
rate, the river bordered by rocky cliffs of crystalline
rocks lives up to this presumption. Presumably, in
the ancient times, nomads came across a steppe
river rich in prey, juicy grass and fish. It is possible
that some of them gave this name to the area, and
then to the river flowing there. It is likely that Per-
sian king Darius in the summer of 515-512 BC led
his innumerous army to “Stone graves of Scythian
kings” located on the right bank of the Karatush
river, to the Berda river (Azovskoe kazache vojsko,
2018). Before 1770 the banks of the Berda river
(Kaiala-Bert, Stony Berda, Great Berda) were the
border lines between the countries of Western No-
gai (Crimean Steppe — Ogula desert) of the Cri-
mean khanate and the lands of Kalmiusk area of
Zaporizhzhia state. For the first time, the Berda
river is mentioned in Zaporizhzhian Cossacks’
chronicles in 1575-1576, when Bohdan Mykhailo-
vych Ruzhunsky (? — 1576). Volyn prince, Zapo-
rizhzhia Cossack hetman who was the first hetman
acknowledged by Polish authorities, led a military
campaign across the Berda river. Starting from this
time, the banks of this Pryazovian river from its
riverhead to its mouth belonged to Zhaporizhzhia
area. In the autumn of 1616 Petro Konashevych-
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Sahaidachny, "The Hetman of both banks of the
Dnipro and the Zaporozhian Cossacks", sailed via
the Dnipro to the Black Sea on Chaikas (big boats)
with a group of two thousand cossacks, approached
the eastern shore of Taurica ( the Crimea ), where
he burned down a trading city Kafa (where current-
ly is Feodosia), and then, after crossing the Black
Sea to the south, approached the coasts of Anatolia,
where he stormed the Turkish Black Sea ports Tre-
bizond, Sinope, subjected the environs of Stambul
to fire and sword, and returned to the Sich via the
Kerch Strait, the Azov Sea, the Berda and the Kon-
ka (Konka waters) (Azovskoe kazache vojsko,
2018). In the area of the Kalaitanivka village of
Berdiansk district of Zaporizhia oblast, the remains
of the Zaharivska Fortress can still be seen today.
Since that time, the shores of the Pryazovia River
Berda from its source to the mouth became proper-
ty of the Zaporizhians. Along the Berda and Konka
in the 1770s , the Dnipro defence line was built,
which consisted of seven fortresses located 30
versts one from another: Oleksandrivska, Myky-
tynska (Velyky Luh floodplain), Hryhorivska, Ky-
rylivska, Oleksiivska, Zaharivska and Saint Peter
(Petrovska, Berdianska) fortresses. The mouth of
the river is located in the vicinity of Druga Vershi-
na village (Kuibyshevski region of Zaporizhzhia
oblast) on the slopes of Pryazovia hills at the height
of 300m above the sea level next to Mohyla Kor-
donska burial mound. It flows along the territory of
Kuibyshev and Berdiansk regions of Zaporizhzhia
oblast. The river flows along steppe area. Its banks
are characterized by steppe and meadow flora with
occasional artificial forest plantations. Sometimes
crystalline rocks outcrops can be seen along the
river banks (Fig.1).
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In the interstream area between rivers Berdda and
Kalchyk (tributary of the river Kalmius), and along
the right bank of the small river Karatysh (left tri-
butary of the Berda river) there is located a natural
re-serve “Kamiani Mohyly”, a subsidiary of Ukrai-
nian steppe natural reserve. In the mid-stream of the
river, bordering with Donetsk oblast, is located
regional landscape park “Polovetska step”. On the
Berda river, near Osypenko village, in 1954 was
build Berdianske water basin. The water from the
basin is used to irrigate and supply water to seven
adjacent settlements, including the town of Ber-
diansk. The range of fish in the river is wide: red-
fin, crucian carp, pike. 25 km from the mouth, riv-
er-valley significantly increases. The floodplain is
one-sided up to 100m wide. In the lower areas it is
swamped. River fall is 2.1 m/km. The stream is
fast. The channel is twisting, 6-10m wide with
sparse inundation up to 15-25m. The channel is
grassed by a quarter. The floor is sandy, and stony
on cripples. It freezes in December, and unfreezes
in early March. The ices is unstable. The river is
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nourished from the show and ground waters. Spring
floods are characteristics. It intakes melt-water even
in winter during thaw, which results in the increase
of the water-level. It doesn’t run dry. It flows into
the Azov Sea near Novopetrivka vil. (Berdiansk
regiona, Zaporizhzhia oblast). Berdianska sand bar
exists thanks to the Berda river. The river length is
125 km.

Description of the main geological objects. The
objects that outcrop along the Berda river and its
confluents are offered for geological tours, and
belong to Western Pryazovia megastructure of the
Pryazovian megablock of the Ukrainian Shield.
Western Pryazovia megastructure is structurally
and historically the oldest plume-structure of the
Ukrainian Shield (Early-Mid-Archean). It consists
of Vovchansk and Saltychansk granite-gneiss
domes and Orihovo-Pavlogradski and Maloyeni-
solski  synclinores located around (Bobrov,
Sivoronov, Malyuk and Lisenko, 2002; Isakov,
Bobrov, Paranko, Shpilchak & Shurko, 2011;
Isakov & Paranko, 2013) (Fig. 2).
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Fig. 2. Geological-structural scheme of Western Pryazovia megablock.

Twofeldspar granites of: 1 — Dobropilsky, 2 — Yanvarsky, 3 — Saltychansky complexes; 4 — plagiogranites, tonalites of Shevchen-
kivsky complex; 5 - metamorphic Western Pryazovia series and ultrametamorphic Novopavlivsky complex of dome structures; 6 —
megamorphic rock masses (Vovchanska and Dragunska) and ultrametamorphic Remivsky complex of suture area; 7 — megamor-
phized volcanogenic-terrigenic complexes of trough structures of greenstone type (Osypenkivska series and Novogurivska, Ternu-
vatska, Kosivtsevska rock masses); 8 — terrigenic complexes of fault-line superimposed structure (Guliaipilska suite); 9 — regional
abyssal fractures; 10 — other disjunctive dislocations; 11 — geological boundaries; 12 — conventional boundaries of greenstone belts;
13 — greenstone belts: | — Shevchenkivsko-Berestivsky, 11 — Sorokynsko-Gaichursky

The domes are composed of ul-trametamorphised
gneisses and crystalline schist of Western Pryazo-
via series of the Early Archean, while its central
parts are filled with granitoid formations of Mid-

Late Archean and Early Proterozoic era. Syncli-
nores are presented by highly-metamorphized me-
tamorphites jammed into narrow linear isocline
folds of Vovchanska and Dragunska rock mass of

247



Yu.T. Khomenko, L.V. Isakov, V.V. Manyuk

Journ.Geol.Geograph.Geoecology, 27(2), 244-260

the Early Archean. In the outline of the domes there
are developed specific long narrow trough struc-
tures (up to 40km long, mainly 1-2km wide), com-
posed of metavolcanogenic and metaterrigenic for-
mations of different age of green-stone complexes
of Mid- and Late Archean.Trough structures form
two discrete arch-like belts. South-Western Soro-
kinsko-Gaichurski belt stretches to more than 300
km and enframes Saltychansky granite-gneiss dome
practically along the perimeter in the form of dis-
crete trough structures. North-Eastern Shevchen-
kivsko-Berestivski belt enframes marginal Eastern
and Northern parts of the megablock.

Intrusive magmatic formations of Western
Pryazovia megastructure are presented by massifs
of Shevchenkivsky plagiogranites of granite mag-
matic domes such as Yelyseivsky and Guliaipilsky,
as well as multiple phase intrusives of Yanvarsky,
Dogropilsky and Saltychansky complexes devel-
oped along greenstone trough structures (lsakov,
Bobrov, Paranko, Shpilchak & Shurko, 2011;
Isakov & Paranko, 2013). The establishing of gra-
nite domes and massifs resulted in the formation of
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Fig.3 Schematic geological map of Sorokynska greenstone structure:

the basement structures of the level and led to the
formation of greenstone troughs(State geological
map of Ukraine. Scale 1: 200,000. Series: Central-
Ukrainian. Sheets L-37-VIII (Mariupol), L-37-1X
(Taganrog).

Object under observation 1. Section of green-
stone complex of Sorokinsky structure on the
right bank of the Berda river. The route goes
across Surozhska area of Sorokinska greenstone
structure (GS) (Geology, Radiological Age,
Metallogeny of Greenstone Complexes in the
Ukrainian Shield, 2008) (Fig. 3). The length of the
route is 1.36km. Here in natural outcrops, one can
observe in details a practically uninterrupted sec-
tion of Olzhynska and Krutobalkivska suites of
Osypenkivska series dating to Mid- and Late Arc-
hean, presented by rock complexes of metacoma-
tiit-tholeiite, metarhyodacite and metaconglome-
rate-sandstone-clay-schist formations composing
Sorokinska structure, metamorphised into greensch-
ist, epidote-amphibolite and amphibolite levels of
metamorphism.

1 — megavolcanites of Olzhynska suite; 2 — mica-ceous schists of Krutobalkivska suite; 3 — terrigenic-homogenic formations of Sa-
dova suite; 4 — granites: a — muscovite and muscovite-biotite granites of Yanvarsky complex; b — orthite-bearing granites of Salty-
chanski complex; 5 — plagiogranites of Shevchankivsky complex; 6 — ultrabasite bodies; 7 — amphibole-pyroxene gneisses and sch-
ists of Western Pryazovia series; 8 — biotite gneisses of Dragunska rock mass; 9 — plagiomigmatites; 10 — Kruta Balka rare metals
deposit; 11 — associated with pegmatites: a — ore occurrence, b — anomalies of rare metals; 12 — development outline of Sorokynske
pegmatite field; 13 — intersection of rare-metal pegmatites; 14 - disjunctive dislocations; 15 — geological boundaries.

Within Surozka area, there is a sudden
change of North-West direction of strike of the
main syncline of Sorokinska GS to East-West di-
rection. Its span reaches 2100m. Southern wing
tends northward; angle of dip of the rocks is steep
up to near-vertical in Southern direction.
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At the beginning of the route one can observe
outcrops of metabasites of Olzhynska suite. Meta-
basites are presented by amphibolites along meta-
basalts and metabasalt tuffs (tuff-lava) as well as
metagabbro-dolerites that are comagmatic to them

(Fig. 4).
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Fig. 4 Amphibolites along metabasalts and metabasalt

Further along the route, there is an outcrop of
acid volcanites. The rock mass is presented by me-
tarhyodacites, metarhyolite with porphyritic struc-
ture conditioned by the presence of rather large
separations of quartz and plagioclase (oligoclase) at
the background of fine-cryptograin kalifeldspath-
plagioclase-quartz formation of rock mass (0.06-
0.15 mm).

Isochronic age, obtained by isotropic U-Pb
ratio of zircon (Artemenko, Tatarinova & Popov,
2001)is 3160+140 min years.

Further along the route, there are observed

ts (tu-Iava) ” '

metabasites followed by outcrops of significant
ultra-basite part of section of Olzhynska suite, they
are presented by metacomatiit-dunite-harzburgite
volcanic-plutonic association. At the interface with
terrigenous rock mass, there are observed iron gold-
bearing quarzites (Artemenko, Tatarinova & Popov,
2001).

Further on, there are outcrops of metaterri-
genous formations of Krutobalkivska suite (Fig. 5)
that form nonconformable boundaries with forma-
tions of Olzhynska suite and occur in the core part
of Sorokinska GS.

-

Fig. 5. Outcrops of metaterrigenous formations of Krutobalkynska suite

This assize is presented by paragenesis of
coarse-terrigenous deposits (metaconglomerates,
metagravelites, sandstone) that are associated with
guartz-sillimanite-garnet schists and metasand-
stone-clay formations of high alumina ratio up to
high-aluminous  types (andalusite-staurolite-
cordierit schist). In the section, there are also vari-
ous schists: garnet-biotite-feldspar-quartz, biotite-
feldspar-quartz, bi-nary mica, turmalin-muskovit-
biotite-feldspar-quartz, sometimes with graphite,

tourmaling; staurolite-garnet-biotite-feldspar-
quartz,  sillimanite-garnet-biotite-feldspar-quartz
and other types of schist with relict blastopsammitic
structures. According to Artemenko G.V. at al.
(Artemenko, Tatarinova & Popov, 2001) cluster-
forming zircon is dated 3330+40 min. Years U-Pb.
Zircon characterizes the radiogenic age of the
source of decomposition that provided the fragmen-
tary material to the basin of the sedimentary forma-
tions of the time of Kruta Balka.

249



Yu.T. Khomenko, L.V. Isakov, V.V. Manyuk

Journ.Geol.Geograph.Geoecology, 27(2), 244-260

Object under observation 2. Outcrops of meta-
volcanogenic section (Olzhynska suite) of green-
stone complex of Sorokynska structure on the
left bak of the Berda river. This route is a logical
continuation of the previous one. Here one can
observe in detail petrographic kinds of basite-
ultrabasite rock mass of Olzhynska suite (Geology,
Radiological Age, Metallogeny of Greenstone
Complexes in the Ukrainian Shield, 2008). The
length of the route is 1.1km. In ledge rocks up to
20m high and about 150m long, there are observed
essentially ultrabasite and basite part of the section
of Olzhynska suite. The lower part is presented by
ball-pillow-like lavas of metabasalts, the upper part
— by tremolitite and actinolitite developed on meta-
comatiites. In the latter, there are observed relicts of
spinifex-structures conditioned by the development
of specific needle-like separations of olivine. The
section contains plutonic formations — amphibolites
that in their turn form subconformable and trans-
verse dyke and vein bodies. In metabasalts, there
are diognozed weakly deformed ellipse-like pillows
with dimensions 15-50 by 5-23 cm. Peripheral parts
of the balls being guarding areas, are characterized
by a darker colour and coarse-grain structure (at the
expense of post-genesis recrystallization). Balls and

Fig. 6.Gold-bearing iron quartzite (Surozke deposit)

The deposit is 0.7km by 2.5km, coordinated
to contact of metabasite rocks of Olzhynska suite
with metaterrigenous formations of Krutobalkivska
suite. Moreover, the deposit is characterized by
localization of intersection node of three complex
structured and variously oriented fractures: sub-
lateral — Skifsky, North-West — Stepovy, and
North-East — Sichny, which conditions the manife-
station of the Ravine in modern relief. The ore bo-
dies are immediately spacially connected with iron
guartzite seams that are intensely limonitized to
“iron hats”. Magnetite quartzites contain iron min-
erals in the form of magnetite, tiger’s eye can be
found in this area(fine-fibrous pseudomorphosis of

250

pillows of the basalt lavas have distinctive “tail-
ings” in the lower part, which allows determining
the direction of lava flow. The above mentioned
rocks are cleaved by a series of pegmatite veins
with rare-metal specialization.

Further along the route, there are observed

active contacts of Shevchenkivsky plagiogranites
with metavolcanites of Olzhynska suite.
Object under observation 3. Surozke gold-ore
deposit (within Object under observation 1). The
excursionists will have a chance to see a cross-
section of one of iron quarzites in an adit and in an
outcrop (iron quarzites represent a bedrock outcrop
(with the thickness about 5m) of a gold-ore body of
the Surozke deposit).

Ledge rock crops out on the slope of a hill to
the left edge of mouth part of the Sobacha river.
The abandoned adit is located nearby. In the men-
tioned outcrop and adit, gold-bearing magnetite
quarzites crop out (Fig. 6), located adjacent to me-
tabasite rocks of Olzhynska suite with metaterri-
genous formations of Krutobalkivska suite. The
main ore body is sampled from the surface in bull-
dozer trenches (available for observation, need
clearing) and in many intersections of different
level bore holes.

quartz in a mixture with goethite on asbestos-like
ribecyte).

By ore composition, the deposits belong to
gold-sulphide-quartz type. Free gold occurs in un-
dulosed quartz on the contact with sulphides (50-
80%), gold content (5-15%) is found in crystal-
jams with sulphides (pyrite, pyrrhotite, chalcopy-
rite) and magnetite. The rest (10-30%) is located in
low-sulphide quartz, in fissures and mineral inters-
tices. The gold is of high rate (926-933). Gold con-
tent in ores is between 3-5 g/t and in separate sam-
ples reaches 8-15 g/t.

Object under observation 4. Outcrop of Shev-
chenkivskyi plagiogranites along the Berda riv-
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er. Osypenkivskyi plagiogranite massif. The
route lies along the right and left banks of water
stor-age basins, starting from no-name ravine, and
stretching for 1.75km.

Osypenkivsky plagiogranitoid massif is lo-
cated in the North part of Sorokinsky structure (see
Fig. 3), intruding its South-West edges forming
along them a continuous line of outcrops of crystal-
line base from the upper Kruta river to the far South
of Sadova area of Sorokinska structure, stretching
for about 8-9km. The width differs from 0.5 to
4km. The massif consists of plagiogranitoides of
tonalite-plagiogranite formation. It also contains a
wide range of ores presented mainly by abyssal and
hypabyssal plagiogranitodes: hornblende diorite,
quartz diorite; biotite, hornblende-biotite tonalites
and plagiogranites, hornblende tonalites.

In tonalite outcrops along the Berda river,
elements of texture irregularity are practically eve-
rywhere (freckles, stripes) conditioned by alterna-
tion of areas with different granularity.

-:. : .
Fig. 7.Ledge rock of rare-meta

Pegmatites of rare-metal deposit of Balka
Kruta occur in a small massif of basites of Soro-
kynsky complex and its junction zone with the bio-
tite schist rock mass. In the deposit, there is a de-
veloped system of North-West and sub-lateral frac-
tures, which makes the geological structure of the
deposit more complex.

The establishing of pegmatites is connected
with magmatic activisation and establishing of
massifs of Saltychansky granites. As a result of
massif formation, at the finishing stage, there were
abruptions of solution-melt, and a system of fis-
sures in granites and schist rock mass and metaul-
trabasites was formed. Pegmatite bodies are falling
and tabular (sometimes mushroom-like) with
length-thickness ration of 6:1 and more. Vertical-
wise, pegmatites make up a stratified “pie”, within
which about a dozen of pegmatite bodies are lo-
cated.

| eg té f éllza Kruta eposi.

Contacts of plagiogranitoides with country
rock are well-marked with frequent overlapping,
un-even outlines of contact interface. Thus, in out-
crops of the left edge of the water storage basin of
the Berda river, there are observed contacts of mid-
dle-coarse-grain massive tonalites and weakly
gneiss-like tonalites with fine-grain thin-striped
metabasalts. The area of contact changes is up to
7m thick and is presented by complete biotitization
of metabasalts that are injected with a large number
of quartz (quartz-pyrite) veins in the contact area.
Object under observation 5. Outcrop of rare-
metal pegmatites (deposit of rare-metal pegma-
tites of Balka Kruta). Along the route, in separate
small ledge rocks, are found outcrops of Shevchen-
kivsky granites, metabasites of Sorokynsky com-
plex, schists and gneisses of Krutobalkivska suite.
Among them, there are observed quartz-albite peg-
matites of Balka Kruta deposit (Isakov, 2007;
Gurskij, Esipchuk, Kalinin, Kulish, Nechaev, Tre-
tyakov&Shumlyanskyi, 2005.) (Fig. 7).

Y- 3 W = %‘_‘

General direction of vein dip is South-East
140°withangles of 5-25°. Some massive veins dip is
directed Eastward under 20-35° angles.

Pegmatites make up: a quartz core (block
quartz zone); block microcline zone (mainly pale-
pink and grey microcline). There are also a patch of
crystals of pale-green spodumene up to 0.8m in
dimension; quartz - muscovite zone, consisting of
large packets of muscovite crystals of diamond
shape; albite zone composed of sugary grained
albite containing quartz, muscovite and very rarely
— apatite with black tourmaline (schorl) (Fig. 8);
quartz-albite-spodumene zone characterized by
mainly consistent composition with quartz, albite
and spodumene prevailing, with rarely occurring
areas of quartz-spodumene composition; quartz-
albite zone making up marginal parts of the majori-
ty of veins.Pegmatite of Kruta Balka are a small
deposit of lithium and tantalum.

251



Yu.T. Khomenko, L.V. Isakov, V.V. Manyuk

Journ.Geol.Geograph.Geoecology, 27(2), 244-260

Fig. 8.Pegmatite (albitezone) ofBalkaKrutadeposit. Pegmatites of Kruta Balka are a small deposit of lithium and tantalum.

Object under observation 6. Quartz metasoma-
tites (barren quartzites) across Saltychansky
granites in outcrops on the right bank of the
Berda river. Quartzite metasomatites form bodies
with thickness up to 100m and length of up to
1.5km, usually associated with contacts of Salty-
chansky granites massifs. The most characteristic
are “Donkey’s ears” rocks (Fig. 9) that make up a
geomorphological and geological geosites. In their
vicinity, these rocks partially crop out in a small

abandoned quarry, where a zone of fracture can be
observed with intensive manifestation of linear
weathered layer. Quartzite rocks are composed of
ledge rocks along the right bank of the river stret-
ching for 170-200m. Quartzites making up narrow
elevated crests are of light-grey to white colour,
crevassed, plastic, with fine-scale mica. Quartzite
bodies occur among pink and pink-grey biotite and
biotite-amphibole middle- and coarse-grain granites
of Saltychansky complex.

Fig. 9.Quartziterocks (“Donke’sears”. ight bank of th Ber river.

Along with the offered geological tours along
the Berda river and its tributary Berestova river,
there can be observed practically uninterrupted
ledge rocks of Pre-Cambrian formations encom-
passing rock formations of Western Pryazovian and
Central Pryazivian series of Archean, as well as
Shevchenkivsky Archean and Saltychanskyi Prote-
rozoic complexes. Placed here geological monu-
ments of nature can be a wonderful extension of the
route or be subject to a separate independent route.
1. Rock chain along the left shore of the Beresto-
va river. The rocky outcrop of Precambrian crys-
talline
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rocks on the left shore of the Berestova river in
Karl Marx village are represented by relatively
small ledges and separate blocks and boulders
formed as a result of ruination of the rocky outcrop
by the pro-cesses acting on the slope and weather-
ing. They all belong to the Berestova tectonic zone
and are composed of pink-grey biotite and amphi-
bole-biotite average-grained granites and migma-
tites with xeno-lites of amphibolites. The rocks are
characterized by heightened content of sillimanite,
graphite found in the biotite gneiss, veins of quartz
and quartzites, and veins of aplite-pegmatoid gra-
nites, which often occur there (Fig. 10).
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Fig.10. The ridge of the rocks along the left bank of the Berestova River .

2. Migmatite rocks in Troitske (Karl Marx) vil-
lage. In the northern part of Karl Marx village,
along the right shore of the Berestova river, near
the place where a large tributary and a stream fall
into the river, and 100 m away from the dam across
the Berestova, there is a small group of rock out-
crops slightly above the surrounding relief. They
descend stepwise to the stream bed of the Berestova
and down, along the current. The rocks consist of
rocks

By 1
g X

Fig.11. Migmatite rocks in the villge rotske

3. Proterozoicnon-orequartzites. On the right
from the road which lies along the water divide on
the right slope of the valley of the Berestova river
to Karl Marx village, there is an abandoned quarry,
where non-ore quartzites were extracted. Quartzites
are deposited as rather thick vein-like bodies (in
this case, the observed thickness of the body, ex-
posed from the surface by the quarry, is around 200
m) of non-ore quartzites among the granitoids of
the Anadolsky complex. In the quarry on the Beres-
tova river, quartzites are mined for road building.
They are a fragment of surveyed Troitske deposit,
the reserves of which equal 100 thousand tonsand

of the Anadolsky Lower Archean complex which
was first distinguished by N. I. Bezborodko in
1935. Macroscopically, these granites and migma-
tites are pink and grey-pink, leucocratic, biotite and
amphibole-biotite, mixed-grained (average- and
large grained) massive and unclearly striped, injec-
tional-striped and spotted, at some places enriched
with monazite, sillimanite, apatite and garnet, and
contain  xenolites of gneiss and amphibolites
(Fig. 11).

are available for use in the glass industry and mak-
ing acidic refractories. The quartzite are light grey
to white, yellow-greyish, half-transparent, slightly
cellular due to leaching, and lie among granitoids of
the Anadolsky complex. Thickness of separate qua-
rtzitic veins reaches 21 m.

4. High rock above the Berestova. On the right
shore of the Berestova river in the central part of
Troitske village, on the river bend, a vertical wall of
Upper Archean granitoids of the Shevchenkivsky
complex closely approaches the river. The rocks are
elevated up to 10-20 m and are observed as a nar-
row chain up the slope of the valley with distinctive
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ver-tical faults which divide them into separate
narrow blocks and column-like formations. Accord-
ing to the composition, they are mostly pink and
pink-grey biotite and amphibole-biotite plagiogra-
nites and migmatites with veins of grey-light-pink
aplite-pegma-toid granites with xenolites of amphi-

Fig. 12. High rock above the Berestova river.

5. NovosoldatskirocksontheBerda. The Novosol-
datski rocks are a stripe of separated high rocky
outcrops (up to 10 m) on the right shore of the Ber-
da, below the place where it flows into the Beresto-
va. The rocks are erosional buttes of a Precambrian
basement, which has an elevated is location, ex-
posed by the river erosion and changes caused by
weathering. The rocks are composed of biotite
greyish-pink and pink massifs, average-large

Fig. 13. Novosoldatski rocks on the erda River

6. Mykolaivski granite rocks. On the left shore of
the Berda, opposite Mykolaivka village, there is a
continuous chain of a picturesque group of rocks.
The rocks rise above the level of the valley up to
20-25 m, cut by small gullies on the sides with for-
mations of small rapids, with large diversity of
forms of weathering and erosional activity of
streams. The rocks are composed by different ul-
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bolites, with veins of yellowish-grey quartz. Rock
outcrops in the area of Troitske village belong to
the Berestovska tectonic zone with manifestations
of cordierite-sillimanite mineralization, intense
silification of the rocks, cataclasis zones (Fig. 12).

grained granites, pink aplite and pegmatoid granites
and migmatites, often with smoky quartz, with qua-
rtzitic veins. Granites belong to the Anadolsky
complex (so-called Anatoliiski granites according
to M. |. Bezborodko, 1935) of the Lower Protero-
zoic eon. The formation of this complex is consi-
dered to belong to orogenic stage of development
of the Pryazovia region. The granites contain xeno-
lites of gneiss and main crystalline schists (Fig. 13).

trametamorphic, intrusive and metasomatic rocks of
Archean and Proterozoic epochs. They include
quite common graphite gneiss, overlapped by am-
phibolites, garnet, sillimate and amphibolite gneiss
of the West Pryazovia seria. Also common are gra-
nites and migmatites of pink-grey and pink un-
iformly-grained type, veins of pink aplite-
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pegmatoid granites, dikes of serpentinous ultrabasic
rocks and diabases.

In a more distant route, the following various

geological objects can be offered for observation:
1. Great Stone Rock, Gusarka vil. (Bobrov, Sivoro-
nov, Malyuk, Lisenko, 2002), located in the upper
Sukha Konka river, between villages Gusarka and
Konski Rozdory. Here, mainly on the left slope of
the valley, a group of picturesque rocks crop out.
Some of them are elevated above the river level
(near the mouth of the Chabanka river) up to 25-
30m. The rocks are composed by biotite and am-
phibole-biotite gneiss of the Western Pryazovia
series with alternations of amphibolites, mainly
intensively migmatized and interrupted by various
granites and numerous veins of aplite-pegmatiod
and pink porphyroblastic granites, with diabase
dykes.

In the vicinity, next to Zrazkove vil., in a
small quarry, there are outcrops of Pre-Cambrian
monzonite intruding corund-silimanite-dichroite
gneisses.

2. Kamiani Mohyly (Stone Graves) Granite
Massif. The first reports about the geological struc-
ture of the region of location of the granite massif
are traditionally attributed to Johann Anton
Guldenstadt, who in August-September of 1774
traveled through Sloboda and left a detailed de-
scription of his surveys and observations. The near-
est settlements he reached were Sloviansk and
Bahmut, therefore it is no wonder that he failed to
mention not only "Kamyana Mohyla" but any out-
crops of crystalline rocks (Journey of Academician
Gildenstedt in the Slobodsk-Ukrainian province,
1892). In 1787 with a geographical excursion orga-
nized by the Russian Academy of Sciences for
studying the borderlands of Russia, Pryazovia was
visited by Peter Simon Pallas, one of the most fam-
ous encyclopaedist scientists. He found outcrops of
grey and red granites and gneiss covered by allu-
vium. It is unclear which outcrops he described, but
the Besh-Tash rock massif, as Kamyana Mohyla
was known at the time, was not mentioned by Pal-
las (Manyuk, Vol., Manyuk, Vad.V., 2017).

A bit later, in 1837, A. N. Demidov, a fam-
ous Ural oligarch sent a French engineer Frédéric
Le Playto the Donbas. On the basis of his investiga-
tions, he developed geological maps of 1:265 000
and 1:420 000 scale of the territory, in the north-

western part of which, the Kamyana Mohyla re-
serve is located. Besides, as A.B. lvanitsky had
done earlier, he described the rocks which would
later be called mariupolites.

In 1880, O. V. Gurov for the first time con-
ducted a stratigraphic division of the Priazovia
crystalline complex. He classified the rocks which
compose the red granite structures (intrusive rocks
of "Kamiani Mohyla,, Katerynski granites) as rocks
formed after the granite-gneiss rocks which contain
them. V. O. Domger, a famous researcher of the
southern Ukraine, discoverer of the Nikopol man-
ganese ore deposit, in 1881 published a work de-
voted to crystalline rocks of south-west Russia.

In 1940, a geological survey on 1:50 000
scale was conducted, guided by experienced geolo-
gists N. T. Vadimova and V. N. Gladky, as a result
of which, the "Kamyana mohyla" granite massif
was for the first time studied in detail and its rela-
tively young age was determined. Due to absence
of radiometric dating, the age was determined as
Paleosoic-Mesosoic, i.e. significantly younger than
the actual age(Manyuk, Vol.V., Manyuk, Vad.V.,
2017).

Among the studies conducted in the area lat-
er and which involved the massif, we should men-
tion the Mariupol map sheet of 1:200 0000 scale,
which was conducted by the geological party of the
Priazovia expedition led by G. D. Kravchenko dur-
ing the geological survey in 1957-1960. The study
significantly elaborated the petrologic and minera-
logical composition of the rocks of the intrusive
massif, for the first time determined the presence of
quartz-fluorite veins and veinlets, found such min-
erals as baryte, cassiterite, zinnwaldite and topaz
determined the tectonic relationship between the
intrusive rocks and the zone of the Rozivsky fault.
The rocks of the Kamyana Mohyla area were de-
termined to have an excessive content of rare soils,
tantalum, niobium, molybdenum and tin. The abso-
lute age was for the first time determined using
radiometric dating, but due to disadvantages of the
argon dating method provided a large range - 700 to
1600 M vyears. According to modern stratigraphic
scale, this corresponds to the Middle and Late Pro-
terozoic eon, but the authors consider the age of the
pink granites as Paleozoic-Mesozoic, though this
time interval is 542 — 251 M years (Fig.14).
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Fig.14. Kamenomogilskyi intrusive stock on the geological section
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The first mention of peculiar granites of the
Kamyana Mohyla and Katerynivks in Pryazovia in
literature was made in the publications of I. G. Sa-
gaidak (1937). As an integrated granite complex
Kamyana Mohyla was determined by M. N. lvan-
tishny in 1960 and the name has remained in use
after its initial appearance in the first variant of the
unified stratigraphic schemes of the Precambrian
Shield of Ukraine . Later, the peculiarities of the
geological structure, mineralogy and petrography of
the rocks of the complex were studied V. I. Kuz-
menko (1946), V. N. Gladky (1958), U. U. Urk
(1956, 1964), G. G. Konkov and R. M. Polunovsky
(1964), L. F. Lavrynenko (1968), V. F. Razdorozh-
ny (1985, 2004), V. V. Vasilchenko and others.

The granitoids of the complex were de-
scribed in different levels of detail in a number of
monographic publications, particularly "Metasomo-
tites of the Eastern Pryazovia" (Liashkevych Z. M.,
1971), "Mineralogy of Pryazovia" (Lazarenko E. K.
et al., 1981), "Petrology, geochemistry and ore re-
serves of the intrusive granitoids of the Ukrainian
shield" (Yesypchuk K. E. et al., 1990), "Petrology
of the Ukrainian shield" (Scsherbakov I. B., 2005)

Fig. 15. Granite massif of Stone Graves

The rock formation Kamyana Mohyla be-
longs to one of the 25 promising objects of geologi-
cal heritage of Ukraine, suggested for the European
list. It is characterized by high level of geodiversity
and, according to the criterion, meets most re-
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and others (Esipchuk, Sheremet & Zinchenko,
1990).

Granite rocks of the Kamiani Mohyly form
two lines with strike azimuth of 310° on the right
slope of the Karatysh river. Separate hills are of
significant dimensions and tower over the Karatysh
river for 100-110m. Kamianomohylsky massif is
composed of pink middle- and coarse-grain disse-
minated biotite granites of Kamianohomylsky com-
plex dating back to Paleo-Proterosoic era (Fig.15).
Mineral composition of the granites is: microcline,
plagioclase, quartz, biotite, muscovite, fluorite and
auxiliary minerals — topaz, xenotime, cassiterite,
zircon, sphene, apatite, and often zinwaldite.
Among subporphyritic granites, there are a signifi-
cant number of veins and lenses of pegmatite up to
0.5m thick with cavities occasionally containing
automorphic crystals of smoky and milky-white
quartz, rock crystal and morion. The majority of
granite outcrops, elements of the relief and natural
landmark have their own names — Gostra (Sharp),
Vitiaz (Knight), Beshtash, Liagushka (Frog), Doly-
na Masok (Masks Valley).

quirements for the contenders for the European
network of geoparks.(GeologicalLandmarks (geo-
sites) ofUkraine, 2011; Manyuk, 2005, 2006,
2007).The massif makes the basis for Kamianomo-
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hylskyi steppe natural reserve (Bobrov, Sivoronov,
Malyuk, Lisenko, 2002).

Here, next to Rozivka urban type settlement,
in the Northern part of the “Kamiany Mohyly” nat-
ural reserve, one can observe a geological signifi-
cant sight “Contact of Kamiany Mohyly granite
massif with gneiss-migmatite complex rocks”
represented by the contact of pink porphyroblastic
granites of Kamianomohylsky complex with the
rocks of Western Pryazovia seris of Paleo-Archean
era.

3. Outcrop of ceramic pegmatites of Zelena Mohyla
(Green Grave) deposit in an abandoned quarry on
the right bank of the Malyi Chokrak river in the
vicinity of Yeliseevka vil.The abandoned quarry is
the most picturesque part of the relief and looks
nothing like any other areas not only in Priazovia,
but in Ukraine as a whole, and is conditioned by
peculiarities of the worked out pegmatite veins.
The ceramic pegmatite deposit was developed to
extract ceramic raw materials in the 50-60s of the
20" c., the majority of the veins are worked out.
The remaining pegmatites are well cropped out in
three quarries (Fig. 16). It is located within the Ob-
ytochnenska syncline in the basin of the Chokrak
river and is composed of the Zelena Mohyla, Be-

s

Fig. 16. Yelyseyevski qurry o extracti pgm

depts of Zelena Moyla Green Tomb)

lyky Tabir Ravine and other deposits. Their loca-
tion is related to the ancient Chokrak fault orien-
tated towards the north-west. The deposit consists
of four large pegmatite veins with apophyses and a
range of smaller ones.

Enclosing rocks are mainly migmatites of
diorite composition, and in a smaller extent migma-
tites of granite composition. Migmatites stretch in
the North-West direction with the azimuth of 345-
360°. The dip is steep 78-86° directed westward,
and in the western part of the deposit it is directed
eastward. Migmatites are contorted into fine iso-
synclinal wrinkles that complicate a thick anticline
fold. The largest pegmatite bodies are associated
with the central part of the anticline. The pegma-
tites of the deposit stretch from North to South for
0.8-1.0km. They have both matched and transverse
contacts, as well as a range of apophyses separating
from the main veins in different directions. A small
number of lesser veins have sub-lateral strike and
gentle northward dip (15-20°). The length of the
largest vein ranges between 60-190m being from 5-
10m to 80-96m wide. The majority of veins are
practically not zonary, the change of one structural
feature by another is fixed as frequently irregular
by dip and thickness.
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At some places there is accessory rare-soil-

rare metal mineralization represented by columbite,
tantalite, zircon, beryl, monazite and wolframite.
The rock structure is mainly pegmatiod and granite,
the texture is lens-shaped and striped. By mineral
composition, pegmatites are microline-oligoclase,
and much rarer — oligoclase-microcline, some bo-
dies are albite-oligoclase-microcline. Mica is pre-
sented by biotite and muscovite.
4. Ceramic pegmatites of the jointing of Balka Ve-
lykogo Taboru deposit (of the same-name quarry).
The deposit is located 2.5km to the West of Yeli-
seivka vil. in the interstream area between this ra-
vine and the Chokrak river. It contains up to 80% of
the proven resources of pegmatites in Ukraine.
Within this jointing, three veins - #1, 11 and 12 -
were explored in the same-name deposit between
1956 and 1958.

By mineral composition, pegmatites of the
jointing are presented by plagioclase and plagioc-
lase-microcline types. Among mafic minerals are
biotite, muscovite, garnet, occasionally magnetite.
Mass content of K,O in the rock ranges within
1.53-3.74 % (average — 2.08 %), Na,O — 5.20-7.45
% (average — 6.05 %).K,O/Na,O ratio is from
0.01:1 to 2:1. Feldspar along with quartz makes up
up to 90% of the rock.

Pegmatite veins of “Balka Velykogo Tabo-
ru” deposit are mainly composed of pegmatites of
indistinctly graphic (51.1%) and graphic (33%)
structure. Pegmatites of pegmatiod, grain and block
structure (1.1%) are less significant. Pegmatites of
graphic structure, are usually pind and bright-pink
rock mainly composed of microcline, and regularly
grows in long quartz crystals (“ichthyoglypts”).
Plagioclase is less frequent. The most typical com-
position of graphic pegmatite is: microcline — 50-
75%;biotite+muscovite — from 0 to 3%; plagioclase
— 3-15%; ore — up to 1%; quartz — 20-35%; miner-

als — up to 1%. Averagecompositionofpegmatiteo-
findistinctlygraphicstructureis: microcline - 20-
50%; plagioclase - 10-40%; quartz - 20-40%; bio-
tite+muscovite — 3%. Pegmatite of indistinctly
graphic structure is mainly the product of re-
crystallization and albitization of graphic pegma-
tites.

5. Qutcrops of Obitochnenskyi diorites in an aban-
doned quarry on the right bank of the Obitochna
river. In ledge rocks on the pit walls, diorites of
Obitochnenskyi complex crop out. Diorites are
dark-green to dark-grey colour, middle- to coarse-
grain, mainly massive. Mineral composition of
diorites is: plagioclase - 40-60 %, hornblende-30-50
%, biotite - 1-7 %, quartzup to 3-5 %,
clinopyroxene up to 5 %. Hornblende in the diorites
has bluish-green colour. In the outcrops along the
Obitochna river, the same diorites crop out, further
along the route down the river, the diorites are
changed by migmatites of Remivsky complex.
Among the diorites, occasionally veins of pegma-
tites and aplites can be observed.

6. Saltychanski granites on Kamiana Mohyla
mount. The outcrop is located at the extreme point
of the mountain in a small quarry of oval shape
about 100m in the length and width (Fig. 17). The
height of the edge is up to 60m. On the microscopic
scale they are light-grey, fine- and medium-grain
granites. Mineral composition is the following: the
main body is plagioclase (70-80%), quartz (10%),
biotite (8%) and orthite (2%). The granites of the
quarry are characterized by homogeneity and con-
sistency of the texture and mineral composition.
Sometimes, there occur xenolithes of basic rocks,
occasionally adding the rock migmatite appearance.
There occur thin aplite veins. The minerals sur-
rounding orthite grain have apparently changed
colouring because of orthite influence.

Fig. 17.Abandoned quarry on Mount Tomb Korsak.

7. Ferruginous quartzite of Korsak-Mohyla (Geo-
logicalLandmarks (geosites) ofUkraine, 2011; Ma-
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Fig. 18 Korsak Mohyla geological monument (geosite)

nyuk, 2005, 2006, 2007). The relief of Korsak-
Mohyla is presented by two parallel belts of island-
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mountains stretching in North-West direction and
separated by a ravine. The western belt consists of
5 hills, the highest being 138.4m, while the eastern
one has one hill 124.3m high, the surface around
the hills is elevated at 90.0m. An abandoned quarry
is located on top of the hill (Fig. 18), where rich
iron ores were extracted at the beginning of the last
century.

The belts are composed by rocks of Demia-
nivska suite of Central Pryazovian series. The low-
er part of the suite is composed by barren indis-
tinctly laminated quartzites with the thickness up to
40m with assises of biotite-pyroxene schists. The
middle part is composed of the interchanging py-
roxene-magnetite and magnetite quartz with fine-
grain quartzites and characteristic bands of biotite-
plagioclase and graphit-garnet-biotite-microcline
gneisses. The upper part of the suite is composed of

Fig.19. Tokmak-Tomb or Syni Gora (Iue Moutain)

Conclusion. Western Pryazovia belongs to one of
the most attractive regions for development of geo-
tourism with high concentration of unique objects
of geological heritage. it was determined that the
most promising place for developing tourist routes
is the outcrop of crystalline Precambrian rocks
along the Berda river and in the surrounding territo-
ries. The outcrops represent a practically full sec-
tion of rock associations of the Osypenivska Arc-
hean seria, which form Olhinska metabasite and
steep-bank metasedimental suites; intrusive and
ultrametamorphic formations which compose the
Osypenivsky gabbro-diorite, the Shevchenkivsky
plagiogranite-tonalite and the Saltychansky granite
complexes. This small area includes places exposed
to direct observation - deposits of gold (Surozke),
rare metals (Kruta Balka), ceramic pegmatites
(Mohyla Zelena and Velyky Tabir Ravine), iron
(Korsak-Mohyla). These objects provide a full im-
age of the structure of the crystalline structure of
the West Pryazovia megastructure of the Ukrainian
shield. The outcrops of the crystalline Precambrian

light-grey and greenish-grey, scaly, gneisses of
different composition. For the whole section, mul-
tiple veins of microcline and plagioclase granites as
well as general mineralization are characteristic.

8. Nyziansky and tokmatski granites of Tokmak-
Mohyla in the vicinity of Novopoltavks vil. Tok-
mak-Mohyla or Synia Gora (Blue Mount) (Fig. 19,
20) is an island-mountain composed of granites of
Nyzianska association of Late Archean with the
ground level of 307.0m. The country rocks are
gneisses and migmatites of Western Pryazovia se-
ries, charnokites and enderbites of Tokmatski com-
plex. Nyzianski granites are leucocratic microcline
granites. They are pink, leucocratic, inequigranular
massif or slightly banded rock. Nyzianski granites
together with Tokmakski enderbites at the foot of
the hill are stripped in the Novopoltavski quarry
located nearby.

Fig. 20. Novopoltavsky quarry on the Blue Mount

rocks in Western Pryazovia, suggested as geotouris-
tic objects have been identified and described. A
small proportion of these objects are geological
relics which have an official protection status and
are included in the List of the Nature-Reserve Fund
of Ukraine, other are promising geosites, whose
inclusion in the list is an important task in the de-
velopment of this fund and for the preservation of
unique geological heritage for the future genera-
tions. We have formulated the main recommenda-
tions for preparation and activation of geotouristic
routes in Ukraine. We have suggested and de-
scribed the objects of geotourism in Western Prya-
zovia which can certainly be developed and acti-
vated in the near future.
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Media tourism in the Chernobyl Exclusion Zone as a new tourist phenomenon
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Abstract. Every year, the number of tourists in the Chernobyl Exclusion Zone is
increasing. The most numerous visitors are journalists who come to perform their
official duties. At the same time, researchers have not yet shown interest in such an
interesting and important tourist phenomenon. The purpose of this article is to de-
scribe a new phenomenon of media tourism in the Chernobyl Exclusion Zone and its
features. The study was conducted with a help of a qualitative case study analysis method. The websites of the state and private
enterprises and mass media publications based on the results of trips to the territory for 2013-2017 were analyzed. As a result, the
specific features of journalists who visit the Chernobyl Exclusion Zone were identified. Such journalists mainly have confidence in
the absence of a threat to health (55%), developed empathy (45%) and imagination of thinking (45%). Consequently, the tragedy of
history and the gloomy appearance of the territory, the suffering of local residents make it attractive to journalists. In addition, due to
personal interest, the voluntary travel motive (61,5%) prevails over conditional forced travel (38,5%). At the same time, the attention
of journalists to the territory is attracted due to the activities of tourists. The authors describe the so-called «compensation effect»,
when the reduction of tourists' attention to the territory is balanced by an increase in the attention of the mass media. The presence of
risk explains the predominance of men among journalists in the Chernobyl Exclusion Zone (54%). For example, women can better
assess the risk due to greater vulnerability. The peculiarity of journalists’ work in the Chernobyl Exclusion Zone is the risk of radia-
tion exposure and ethical controversy. The study shows that journalists’ inherent positive world perception and profound sense of
professional duty can successfully overcome these obstacles. The results of the study can be used by the following researchers to
identify ways and strategies for promoting media tourism in the Chernobyl Exclusion Zone. The benefit of this study is to draw
attention to a new unexplored tourist phenomenon. Mass media have a great influence on the formation of a positive attitude towards
the territory and attracting the attention of tourists. Taking into account the specific features of media tourism will help to attract
more tourists and improve the quality of rendering service to journalists.
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MeginHwnii Typn3m y HopHOOMAbCbKIM 30HI BiUYy)KeHHS SSIK HOBUI TYPUCTUYHWNI (heHOMEH

O.MN. Kpyncbkuia, K.O. Temuyp
JHINpoBCbKNMiA HaLioHaNbHUI yHiBEpCUTET iMeHi Onecs ToHuapa, AHinpo, Ykpaina, e- mail:krupskyy71@gmail.com

AHoTauis. LLlopiuHe 36iMblEHHS TYPUCTUYHOT aKTUBHOCTI Y YOPHOBULCLKINA 30HI BigUy>KeHHsS NPUBEPTAE yBary XypHanicTiB 40
L€l TepuTopii. Mpu LUbOMY AOCAIAHMKM AOCI HE BUSBUAW iHTEPECY A0 LbOro eHomeHy. MeTa cTaTTi — onucaTy HOBUiA (peHOMEH
MefiiHoro Typusmy y YopHOGWLCbKINA 30Hi BiUYy>KeHHs Ta MOro 0cob6imnBoCTi. HeBMBYUEHICTb LIbOr0 ABULLA 3MyCW/Ia 3BEPHYTUCA
[0 AKICHOTO eKCNI0pPaTMBHOIO MeTOY, AKWIA LO3BONSE ONMCATU HOBWIA (heHOMEH Ta HagaTh MaTepian AN HaCTYHWUX JOCAiMKeHb. Y
CTaTTi ONMcaHo AiNbHICTb JepXKaBHOrO Ta NPUBATHOIO MiANPUEMCTB 3 HafaHHA OpraHi3auiiiHo-iH(popMaLiiHUX NOCAyT XypHanic-
TaMm. 3’ACOBaHO OCOOWCTICHI SIKOCTI XXYPHAICTIB, AKi 3MYLLYIOTb iX 34i/iCHIOBATM TaKy Moi3gKy. Hanpuknag, nepekoHaHicTb y Bigcy-
THOCTI 3arpo3u ans 3a0pos’a (55%), 3aaTHICTb cniBnepexmsatu (45%) Ta 06pa3HiCTb MUCIeHHS (45%) NpyBepTaroTb YBary XypHa-
nicTiB Ao i€l TepuTopii. Binblue TOro, ocobmcTa 3alikaBneHiCTb NOSICHIOE NepeBaXkaHHA A0OPOBINLHOrO MOTUBY NOT3AKM (61,5%)
Haj YMOBHO BUMYLLEHMM KOMaHAupyBaHHsAM (38,5%). BcTaHOBMEHO, L0 cepef XypHanicTie y U3B nepeBaxatoTb H0M0BikK (54%)
yepes iXHK0 MeHLLY 3[aTHICTb 0 OLiHKM pU3KKy. 3’1COBaHO 0COB/MBOCTI POGOTH XXYypPHaICTiB y YOPHOBUNBLCBLKIA 30HI BigUYXXEHHS,
AKi BiAPi3HAKOTH 11 Bif po60TK Ha iHLWMX TepuTopisx. OxapakeTpr3oBaHO 3aKOHOMIPHOCTI 3B’3KY KiNlbKOCTi My6nikalliil Mac-mefia 3
ONMCOM TYPUCTUYHOIO AOCBiAY Ta KiNbKOCTI TYpWCTiB. ABTOPaMU OMWCAHO TaK 3BaHWIi «edeKT KOMMeHCaLUii», KON 3MeHLLEHHS
yBarvi TYypucTiB A0 TepUTOPIT KOMMNEHCYETLCS 30iMbLLEHHAM YBaru Mac-mMegia.

Knto4oBi cnoBa: >KypHanicTu, Mac-mMegia, TypusmM, HopHOOMIbCbKA 30Ha BiAUYXKEHHS.
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Introduction. The Chernobyl accident has caused
the phenomenon of Chornobyl’s journalism to come
to life. The first visitors to Chernobyl after the ex-
plosion were precisely the journalists who per-
formed the professional responsibility for docu-
menting the scale and consequences of the accident
(Kuzmych-Pohodenko, 2015).

By its number, representatives of the Ukrai-
nian and foreign mass media are the second group
of visitors after foreign scientists conducting re-
search in the Chernobyl Exclusion Zone (CEZ)
together with Ukrainian counterparts (Golovata,
2010).

Dark tourism, which includes tourism in the
CEZ, is today a promising area. The term was first
used by researchers J. Lennon and M. Foley to
mark the tourist interest in places of recent deaths,
catastrophes and crimes (Foley, Lennon, 1996). The
CEZ is one of the most famous destinations of this
type (Yankovska, Hannam, 2014). The fact that the
authoritative economic edition Forbes recognized
the Chernobyl Nuclear Power Plant (ChNPP) as
one of the most exotic places for tourism in the
world also contributes to the popularity of the terri-
tory among tourists (Forbes, 2009).

It should be noted that there is no unanimity
among the researchers regarding the classification
of journalists’ travel in the CEZ as tourists. Some
researchers suggest classifying Chernobyl journal-
ism as business tourism and emphasize the profes-
sional preconditions for such visits (Pestushko,
Chubuk, 2010; Derkach, 2014). In this article we
will follow this very approach, because often the
purpose of journalists’ travel to the CEZ is to cover
the tourist attractions of the infected area and its
state within the limits of their professional activity.
At the same time, mass media follow certain tourist
routes, developed according to their professional
interests. It is clear that journalists can come to
excursions to the CEZ as ordinary tourists. That is,
such a trip will be carried out for recreational and
cognitive purposes, and not within the framework
of professional activity. Such visits can not be con-
sidered as media tourism and are not regarded in
our article.

The scientific literature on the topic empha-
sizes the decisive role of the media in promoting
dark tourism, in particular in the CEZ (Butler,
1990; Kim, Richardson, 2003; Iwashita, 2006;
Young; Young; 2008; Yankovska, Hannam, 2014).
Other authors emphasize that the study of the phe-
nomenon of Chernobyl's journalism, despite the
significance of such activity, has not yet become
relevant in scientific circles (Kuzmych-Pohodenko,
2015).

The urgency of the study is conditioned by
the lack of research on media tourism in the CEZ,
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as well as the growing popularity of tourism in the
CEZ.

The purpose of the study is to describe a new
phenomenon of media tourism in the CEZ and its
features.

Accordingly, the following tasks are set:

- to analyze the activities of tourist enterpris-
es and state institutions for organizing travel of
journalists to the CEZ;

- to analyze the materials of the media, pre-
pared according to the results of visiting the CEZ;

- to analyze the legal acts regulating the legal

aspects of the activity in the CEZ.
Methods and materials. This study was conducted
with a help of a qualitative case study analysis me-
thod. R. Yin explains the usage of this method by
the necessity to understand complex social pheno-
mena and generalize them to make theoretical as-
sumptions (Yin, 2009). Appeal to this method is
justified by the insufficient attention of researchers
to the phenomenon of media tourism in the CEZ.
This situation has led to the necessity to describe it
and to provide the next researchers with material
for quantitative research and testing of hypotheses.

For analysis, sites of two companies - the
State Agency of Ukraine on Exclusion Zone Man-
agement (SAUEZM) (Derzhavne agentstvo
Ukrai'ny z upravlinnja zonoju vidchuzhennja, 2018)
and Chernobyl-tour (Chernobyl-tur, 2018) were
selected. This choice was dictated by their exclu-
sive role in the organization of tourism activities in
the CEZ. SAUEZM manages access to the CEZ,
makes the issuance of permits for all official visits
and approves their programs. The State Enterprise
«Technical and Information Support Management
Center of the exclusion zone» (TISMCEZ), which
is in the field of SAUEZM management, regulates
tourism activity in the CEZ. The function of the
company is the organization of visits to CEZ for
journalists of Ukrainian and foreign mass media
and their information support.

The Kyiv Travel Agency «Chernobyl-tour»
is a leading private travel agency that provides tar-
geted organizational and information services to
mass media representatives in the CEZ. The infor-
mation agency of the company cooperates with
leading world mass media such as The Times,
Forbes, Associated Press, BBC, Discovery, Lonely
Planet and many others.

The search on the site SAUEZM for the
keywords «tourism», «journalists» provided only
23 publications for the period 2016-2017 years. On
the site of the travel agency «Chernobyl-tour»we
were interested in the tabs «Information agency»
and «Media and Chernobyl-tour». The content of
these materials is directly connected with coopera-
tion with journalists and reflects their tourism activ-
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ities in the CEZ. In particular, in the «Media and
Chernobyl-tour» tab, there are 9 mass media publi-
cations following the 2010-2016 trips.

The research of mass media publications
took place during the year, starting from July 2017.
We made a request to the Google search engine for
the keywords «Chernobyl», «journalists». So the
search was limited by territorial and professional
background. The criterion for selecting publications
for research is their publication based on the results
of the trip to the CEZ. Only 20% of the publications
met this criterion, while others were ignored. All
investigated materials were exceptionally based on
information resources. These materials can be di-
vided into three thematic groups: coverage of the
newsbreak, research of the current state of the terri-
tory and a description of the tourist trip. In total,
1300 pages of text, 75 hours of video, 29 forums
were analyzed. All videos were transcribed, com-
ments on the forums were collected manually and
recorded.

For information on the dynamics of the jour-
nalists’ visit to the CEZ over the past 5-10 years, we
have sent a formal request to the SAUEZM. The
answer is that there is no separate record of journal-
ists’ visits, that is why the requested information
can not be provided. The corresponding request
was also sent to the office of the tourist agency
«Chernobyl-tour», but no replies were received.

We sought to find out whether an increase in
tourist flows provokes the interest of the media or
the publication attracts tourists to the territory. Suc-
cessively we restricted the chronological range of
search from January 1 to December 31, 2013, 2014,
2015, 2016, 2017. The first 1,000 of the total vo-
lume of relevant results were investigated in each
case. We guessed that only publications about tour-
ist routes connected with tourist interest. Then we
formed a theoretical sample of 10 materials in
which the phenomenon studied is expressed in the
purest and most transparent form (Eisenhardt,
1989). According to Eisenhardt, «the purpose of the
theoretical sample is the selection of cases that can
expand the emerging theory». This made it possible
to verify that namely publications describing tourist
experience are related with the dynamics of tourism
flows. We have established a strong positive corre-
lation between the number of visitors to the CEZ
and the number of available materials about this
territory (the correlation coefficient is 0.8021 at p
<= (less or equal to 0.05). We cited quotes from
these materials further for visibility of some of our
conclusions.

We assumed that visiting the CEZ requires a
journalist to have certain characterological features.
Our task was to make a portrait of such a journalist.
We also wondered if there was a connection be-

tween sex and interest in such visits. We encoded
the following categories: (1) purpose - the reason
for the trip; (2) motive - an impulse to travel (coer-
cion or good will); (3) sexual affiliation (male, fe-
male); (4) character - the specific personality traits
of journalists who visited the territory. The last
category included those fragments of journalistic
materials that clearly traced the manifestation of
some aspect of the personality of the journalist. All
encodings were manually processed in the Excel
file. First, each of us analyzed the materials for
these categories, after which we discussed the re-
sults and ideas that arose. Each of us got identical
results, with the exception of the last category. We
got both identical and different results.

At the second stage, we analyzed each publi-
cation by category (1) «positive world perception»,
(2) «confidence in the absence of a threat to
health», (3) «profound sense of professional duty»,
(4) «curiosity», (5) «impressionability», (6), «incli-
nation to sensationalism» (7), «developed empa-
thy», (8) «household unpretentiousness», and (9)
«imagination of thinking». Finally, we recorded the
part of publications containing each of the catego-
ries. Our results were identical.

To verify the correctness of our study, we
provided preliminary conclusions at each stage to
experts in the field of economics and tourism man-
agement (Lincoln, Guba, 1985). The remarks made
in each case were taken into account when neces-
sary having gathered additional information on the
topic (Alvesson, Karreman, 2007). To confirm our
assertions, we compared the obtained results with
the typology developed by Myers-Briggs, which is
used to determine the occupational inclination of
individuals. Specific features of journalists in the
CEZ correspond to their professional features. We
also contacted the jobseekers websites Career Cast
and Superjob, which empirically confirmed the
inherent nature of the gender and personality traits
of journalists in the CEZ.

Results.Organizational aspect of media tourism in
the CEZ. Organizational activity of state enterpris-
es. 2016 was declared a year in memory of the par-
ticipants in the liquidation of the Chernobyl acci-
dent and the victims of the Chernobyl disaster,
which dates back to the 30th anniversary of the
tragedy. In connection with this, the SAUEZM
together with the enterprises of the sphere of its
management organized events for visitors. During
these events, state institutions reported on the
course of liquidation of the consequences of the
accident, the work on reducing the radiation hazard,
the results of the implementation of international
projects, the current state of CEZ, etc. (Derzhavne
agentstvo Ukrai'ny z zapravlinnja zonoju vidchuz-
hennja, 2016). The necessity to attract the attention
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of the world community to the problems of CEZ
and liquidators has led to special measures for me-
dia workers. This led to a significant increase in
journalists’ tourism activity in the CEZ.

On April 22, 2016, the SAUEZM together
with the TISMCEZ organized a press tour (an event
for journalists - excursion) for the representatives of
the Ukrainian and foreign mass media. The purpose
of the tour was to familiarize journalists with the
work of enterprises, the status of implementation of
international projects and the prospect of reforming
the CEZ. The journalists attended the briefing of
the head of the agency, visited the observation deck
of the Shelter Object to familiarize themselves with
the progress of the construction of a new safe con-
finement, learned about the progress of work on the
storage of spent nuclear fuel (ISF-2), talked with
ChNPP chief engineer on its further functioning,
and at the end of the tour, they visited Pripyat,
where they could see how the city changed over 30
years after the resettlement of residents (Derzhavne
agentstvo Ukrai'ny z upravlinnja zonoju vidchuz-
hennja, 2016).

The commemoration of the 30th anniversary
of the Chernobyl accident has attracted the attention
of not only Ukrainian but also world media. At the
end of February 2016, the CEZ was visited by a
crew of the BBC Scottish office for the filming of
the special program «Europe» for this date. The
journalists set out to show the consequences of the
accident and the changes that occurred after it. Ac-
companied by the specialists of the TISMCEZ, they
interviewed the liquidators of the accident, got ac-
guainted with the work of the measuring center
«EcoCenter», visited the observation deck of the
Shelter Object, the city of Pripyat. As a result of the
trip, a 30-minute film was prepared (Derzhavne
agentstvo Ukrai'ny z upravlinnja zonoju vidchuz-
hennja, 2016).

Organizational activity of private enterpris-
es. The task of the staff of the tourist agency
«Chernobyl-tour» is to make the journalists’ visit to
the CEZ as comfortable and productive as possible.
Their duties include organizing a working visit,
conducting excursions for journalists, providing
interviews, information on the Chernobyl accident
and its consequences, the current state and pros-
pects for the development of the CEZ, providing
advice on correct and scientifically accurate cover-
age of this information in the media. They also
search for speakers for interviews, organize meet-
ings with eyewitnesses and liquidators of the acci-
dent, «self-settlers», specialists (CEZ staff and re-
search institutes), develop individual programs for
visiting the objects of the CEZ.

Employees of the company are experienced
specialists in the Chernobyl accident, ecology, tour-
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ism, eyewitnesses and liquidators of the accident,
who have accumulated a great deal of knowledge
about the CEZ and related issues. They conduct
lectures and trainings on radiation treatment, sur-
vival in the event of man-made disasters, organize
aviation tours over the CEZ (Chernobyl’-tur, 2018).
It precents grate interest to the jounalist communi-
ty, as it is a potentially interesting to the mass me-
dia audience, an unusual and vivid news opportuni-
ty. They also provide accurate, up-to-date, literally
interpreted information on the Chernobyl accident
and other man-made disasters and their conse-
guences through their own research unit, presenting
it as interesting and accessible (Chernobyl-tur,
2018). It attracts to CEZ journalists who are trying
to satisfy the interest of their audience to the actual
and popular tourist destination.

The task of the Chernobyl-tour agency is also
the organization of special events with the partici-
pation of mass media. So, on May 20, 2016, a field
seminar "Representation of cultural, historical and
natural values of the CEZ for Ukraine and the
world: searching for effective paths and forms™ was
organized together with the SAUEZM. Journalists
from leading tourist mass media were invited to
participate as mediators in this process. The event
was held in the form of a one-day visit to the CEZ
on the basis of the standard program of «Cher-
nobyl-tour». To participate in the seminar, each
participant was required to pay a registration fee of
300 UAH. The program includes the gathering and
departure from Kiev, the visit to the most famous
locations of the CEZ (city of Pripyat, the former
secret city of Chernobyl-2, the city of Chernobyl,
with a visit to the exhibition exposition of the na-
tional culture of the Chernobyl Polissya, opened to
the 30th anniversary of the accident, etc.), tradi-
tional feeding of the Chernobyl catfishes, lunch in
the CEZ, professional discussion and coming back
to Kiev (Chernobyl-tur, 2018).

«Chernobyl-tour» announces the purpose of
its activities as the elimination of information «pol-
lution» in a society that arose after the Chernobyl
accident (Chernobyl-tur, 2018). The agency plays
an extraordinary role in increasing mass media
literacy, and, through the mass media, eliminating
the world’s ignorance of the disaster-related issues.
The unique feature of «Chernobyl-tour» is that the
provision of such comprehensive information re-
quires extensive knowledge and experience from
various fields, which puts it over the competition in
the sphere of organizational and informational ser-
vice of journalists in the CEZ.

The economic aspect of media tourism in the
CEZ. Understanding and peculiarities of media
tourism in the CEZ. The materials of the media and
the official websites of SAUEZM and «Chernobyl-



O.P. Krupskyi, K.O. Temchur

Journ.Geol.Geograph.Geoecology, 27(2), 261-273

tour» use the terms «press tour», «excursion,
«field seminar» to define journalists’ visits to the
CEZ.This, as well as the presence of tourist servic-
es for journalists and their integration into the gene-
raltour-ist system of the CEZ, gives grounds for
classifying it as a type of business tourism - media,
that is, connected with the performance of official
duties by mass media. At the same time, specific
features of the territory determine a certain type of
journalist’s character. As can be seen from the Ta-
ble, the voluntary motive of a journalist's visit pre-

vails over forced ones. In addition, most voluntary
visits are due to the desire to gain their own tourist
experience. Journalists arriving at the CEZ have
specific personality traits. For example, they have
strong confidence in the absence of a threat to
health (55%), developed empathy (45%) and im-
agination of thinking (45%). These results make it
possible to understand how the professional pecu-
liarities of journalists are related to the choice of the
trip and the motivation for it.

Table. The personal and professional features of journalists in the CEZ
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- pre-instructuons and following radiation

safety rules are obligatory;

The CEZ media tourism has the following

features:

- a pre-authorized permission must be ob-

tained:;

- deviation from the approved route is prohi-

- absence of medical contraindications.

bited;

In the written request for travel, in addition
to personal and contact information, the term and
purpose (video, photographing, preparation of re-

- the trip is carried out under the supervision

of the escort;

port) of staying, the route of visit, the journalist
must indicate the nature and extent of the informa-

- shouting of some objects of the visit is pro-

hibited;
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tion that he plans to receive; the people with whom
he plans to meet. The request is sent by e-mail to
the head of SAUEZM at least 10 working days
prior to the visit. According to the results of the
consideration of the application, permission or mo-
tivated refusal are given (Derzhavne agentstvo
Ukrai'ny z upravlinnja zonoju vidchuzhennja,
2018).

Influence of general increase of tourist activ-
ity. Every year, tourist flows to the CEZ are in-
creasing (Fig.1). At the same time, about 2/3 of
tourists are foreigners. Only a year after the com-

60000

50000

memoration in 2016, the 30th anniversary of the
tragedy, the number of tourists increased by 35%
(by 12977 people). There is a high interest of the
world community to the present state of the territo-
ry, but not technical innovations in the CEZ.In par-
ticular, tourists are interested in the changes that
took place in the city of Pripyat in the 30 years after
the largest man-made disaster in the world and the
resettlement of residents (Derzhavne agentstvo
Ukrai'ny z upravlinnja zonoju vidchuzhennja,
2016).
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Fig. 1. Dynamics of tourists’ visits in the Chernobyl exclusion zone in 2008-2017, persons (built according to the data of Derzhavne

agentstvo Ukrai'ny z upravlinnja zonoju vidchuzhennja, 2017)

Companies that organize visits to the CEZ al-
low the citizens of Ukraine and other countries to
receive information on the state of the territory and
works on it, in particular, through mass media.
Therefore, according to an increase of the total
number of tourists, the number of journalists’ visits
to the CEZ increases.A particular increase in jour-
nalist activity in this territory is observed during the
commemoration of the anniversary of the Cher-
nobyl disaster.

Taking into account the growth of tourist
demand, SAUEZM takes measures to form positive
public opinion on the radioactive and ecological
state of the territory, the work on the elimination of
the consequences of the accident and the manage-
ment of radioactive waste. To improve the quality
of tourist service, a secure infrastructure is created,
new routes are being developed. Tour operators are
invited for a dialogue, competitive working condi-
tions are promised (Derzhavne agentstvo Ukrai'ny z
upravlinnja zonoju vidchuzhennja, 2016). Journal-

ists are actively involved to form a positive image
of the territory.

The journalists themselves in their materials
note that their attention to the territory was attracted
by a steady increase of tourist interest to it. Here are
some examples of journalist materials.

«In recent years, Ukrainians have increa-
singly become involved in proposals for domestic
tourism. In addition to the «classic» trips to Kiev,
Lviv, Odessa and the Carpathians, there are also
non-standard offers - a mixture of exotic and ex-
treme tours to the Chernobyl exclusion zone. One-,
two- and even three-day tours are offered. | chose
for myself a study tour for one day» (Kyryll Voron-
kov, Odesskaja zhyzn', 2017).

«Every year the zone of exclusion around
Chernobyl is becoming an increasingly popular
tourist destination. Not only Ukrainians, but also
foreigners go there. «Vesti» visited one of these
trips and found out what things interested foreign
guests in Chernobyl and what they were told by our
guides. The most favorite points of the tour pro-
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gram are animals, self-settlers and that disastrous
reactor number four. The highlight of the trip is
lunch in the canteen in Chernobyl» (Jaroslav Mar-
kyn, Vesty, 2017).

«The dummy dressed in protective clothing
meets all legal stalkers at the checkpoint «Di-
tyatki». According to the smiling guide, there is a
caste of people who visit Chernobyl exactly in this
guise, in order to play the role of characters from
the famous computer game. This time, shortly be-
fore the 32nd anniversary of the catastrophe, the
Dnipro journalists decided to check whether it is
dangerous for tourists in the 30-kilometer zone, and
how Chernobyl catches the souls of visitors» (Kate-
ryna Gacenko, Ruslan Beljavskyj, Nashe mysto,
2018).

Thus, tourists attract journalists’ attention to
tourist routes in the CEZ and force them to describe
their tourist experience, and not vice versa. As it
may be seen from fig. 2, an increase in the number
of tourists in the CEZ leads to a decrease in the
number of mass media publications, and vice versa,
which we called the «compensation effect». In pe-
riods when society is interested in the territory,
there is no necessity to attract attention to it in mass

media. Reducing the attention of tourists to the
territory is compensated by the increased attention
of the mass media. The exception is only 2016,
when the commemoration of the 30th anniversary
of the Chernobyl disaster caused a high interest
among both tourists and journalists.

We see a strong positive correlation between
the number of visitors to the CEZ and the total
number of available materials about this territory.
The correlation coefficient is 0.8021 at p <= (less or
equal to) 0.05 (Fig. 2). The coefficient is calculated
on the assumption that the number of articles for
the reporting period can not be considered without
previous publications. The previous articles form an
information layer that stimulates interest to the
territory and the demand of new journalistic mate-
rials. The decline in the number of visits in 2014-
2015 is primarily due to a decrease in the level of
socio-political stability in Ukraine and a military
conflict in the territory of Eastern Ukraine. While
the growth of tourist interest in 2015-2016 is asso-
ciated with a decrease in society’s fear of hostilities.
This, in turn, attracts the attention of journalists to
the territory.

49758

2017
2016
2015
2014
17157
2013 |4 250
e & -

0 5000 10000 15000

m Total number of tourists

20000 25000 30000 35000 40000 45000 50000

Number of mass media publications*

Fig. 2. Interconnection of the number of mass media publications and the number of tourists, units/persons
* materials describing the tourist experience of a journalist for the first 1,000 search queries in Google as of 27.07.2018

Authors’ development

Discussion. According to our study, a trip to the
CEZ requires from journalists such professional
qualities as positive world perception;confidence in
the absence of a threat to health; profound sense of
professional duty; curiosity; impressionability;
inclination to sensationalism; developed empathy;
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household unpretentiousness; imagination of think-
ing (Table).

The obtained results correlate with the results
of research of professional psychological features
of representatives of intellectual trades (Tolochek,
2005). According to them, high indicators of im-
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agination of thinking (45%) and impressionability
(36%) are explained by the personal qualities of
journalists, such as inclination to abstract thinking,
emotional sensitivity, sentimentality. At the same
time, the focus of journalists on dark tourism can be
explained by the breadth of views and radicalism.

The inclination to certain professional activi-
ties is explained by the psychotype of the employee
(Pittenger, 1993). Journalists belong to the ENFR
type - an individual of this type takes an active part
in the lives of others, tries new types of activities, is
not afraid of difficulties, is inclined to make deci-
sions under the influence of emotions, can not live
without dramas and shocks (Krupskyj, 2015).
These peculiarities of journalists are explain their
developed empathy (compassion and sensitive per-
ception of events), the ease of making a decision to
travel to the CEZ. At the same time, the tragedy of
the history and the gloomy appearance of the terri-
tory, the problems of its former and current resi-
dents make it attractive to journalists.

An interesting situation arises when a jour-
nalist seeks to get into the territory, and then he
feels confused by the emotions. Personal interest
explains the predominance of the voluntary motive
of the trip (61.5%) over the forced (38.5%). In this
case, the professional and personal components of
the trip are balanced (by 38%): in addition to the
curiosity and impressionability of ordinary tourists,
journalists have a profound sense of professional
duty and a inclination to sensationalism.

The professional interest of journalists in vis-
its to the CEZ may be due to their inclination to
risk. According to studies conducted by CareerCast,
newspaper reporters take the 6th place in the top 10
most stressed professions by 2018 (after a military
officer, firefighter, pilot, police officer, coordinator
of events) (CareerCast, 2018). Among the causes of
stress in this profession, in addition to the hardened
deadlines and the fixed attention of society, re-
searchers call the necessity to respond to unex-
pected risks. In addition, people at risk are more
likely to smoke than those who are not at risk (Clif-
ton et al., 2018). Meanwhile, 30% of male journal-
ists are smokers, female journalists - 27% (Super-
job, 2011).In addition, women are better able to
assess the presence of risk in a particular situation,
that is explained by their increased vulnerability in
comparison with men (Bord, O'Connor, 1997). The
impact of this factor on the decision to travel to the
contaminated area can explain the results of our
study: a slightly smaller number of women journal-
ists in the CEZ (46% of women versus 54% of
men) and a rather high level of confidence in the
absence of a threat to health (55%).

Regulation of media tourism in the CEZ.
Provision of tourist services is not provided in the

territory of the CEZ. Therefore, from the legal point
of view, it is expedient to use the term «visit» and
not «tourism» (Derzhavne agentstvo Ukrai'ny z
upravlinnja zonoju vidchuzhennja, 2016). This is
due to the fact that coming and staying at the terri-
tory is limited, and staying without an official per-
mit is prohibited. Hence, fears of public disregard
for the provision of commercial services in a terri-
tory that was recently the center of a disaster con-
firms the concept that fear is an obstacle on the way
to innovation (Rogers 1995; Hargadon, Douglas,
2001).

In spite of this, in the scientific opinion an
approach to visits to the CEZ was formed just like
for tourism (Pestushko, Chubuk, 2010; Yankovska
G., Hannam K., 2014). During the 1990s, visitors to
the territory were exclusively scientists and special-
ists of the consequences of the accident (Pestushko,
Chubuk, 2010). That is why such visits can not be
considered as tourism. The beginning of the the
real tourism activity in the CEZ refers to 2000s,
when in 2004 the first official tourist routes were
developed.

It means that, despite the apparent develop-
ment of tourism in the CEZ, the emotional bias that
existing in the society does not allow recognize it
officially. M. Voronov and R. Vince emphasize the
inclinatioms of individuals to manifest emotions in
response to certain aspects of institutions (\Voronov,
Vince, 2012), for example, legislative decisions. In
this case, such negative aspect is the moral inad-
missibility of speculation on the human sorrow.

In favor of asserting that journalists’ visits to
the CEZ are the media tourism, speaks the defini-
tion of business tourism to which it belongs. It em-
phasizes the connection of such trips with business
activity: «Business tourism refers to journeys un-
dertaken for work-related purposes» (Davidson,
1994). As our research has shown, despite certain
natural limitations, connected with the peculiarity
of the territory, the travels of journalists is condi-
tioned by the fulfillment of the professional duties
and are carried out within the framework of pre-
drawn up routes. The precence of targeted travel
services for journalists and the extensive experience
of tourist companies as to their work with mass
media in this area make it possible to classify in
theory journalists’ visits to CEZ as media tourism.

It is impossible to talk about official recogni-
tion and legislative consolidation of tourism in the
CEZ at this stage. The adoption of such a decision
requires the study of emotional obstacles to tourism
activities in the CEZ and the realization of the ways
on their elimination in practice.

The role of media presentation of the territo-
ry in promoting dark tourism. According to the
founder of the «Chernobyl-tour», Ukraine receives
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about $ 10 million annually from the inbound tour-
ism in the CEZ (Lesiv, 2017). Under such condi-
tions, the development of tourism in this area is of
great comer-cial importance for Ukraine. From this
point of view, the transformation of the CEZ from
the tragedy zone into the development zone is the
correct strategy for

economic growth in the country.

The research confirmed the great importance
of the media presentation of the territory in the
process of promoting dark tourism and creating its
image. The growing influence of media and video
games on the development of tourism experience is
pointed out (Yankovska, Hannam, 2014). The im-
age of the tourist area, designed by media such as
films, television and literature, plays a significant
role when choosing a place of rest (lvashita, 2006).
Media presentation affects the perception of tourists
of a particular territory and country as a whole.
Thus, through the media, it is possible consolidate,
enhance and promote very effectively separate im-
ages, representations of tourist attractions and their
attitudes towards them.

Moreover, media influence the formation of inter-
national tourist images (Butler, 1990).Motivational

studies have confirmed that a source (media re-
source) with information about a tourist object can
affect the desire of tourists to visit it. To form new
objects their images are created and used in popular
media. In addition, there is a link between the form
of the media, the type of tourist and the characteris-
tics of the object. That is, for the CEZ, own means
of media promotion in accordance with specific
features should be developed.

Connection of the development of media and dark
tourism in the CEZ. The state should consider the
role of the mass media in shaping tourist prefe-
rences, creating new tourist objects and their im-
ages in the minds of tourists in the development of
tourism in the CEZ. Such cooperation is of great
importance for promoting the region by enhancing
its recognition, awareness and involvement of con-
sumers. Insufficient information about tourist op-
portunities in the region leads to the impossibility
of creating attractive image of the territory for po-
tential tourists (Chulov, 2015). It means that the
development of tourism in the CEZ is significantly
dependent on the development of media tourism

(Fig. 3).

Fig. 3. Connection between dark and media tourism

1 — journalist activity; 2 - dark tourism; 3 - media tourism; 4 - tourism in the CEZ; 5 - editorial business trip; 6 - self-initiated trip

Author’s development

Particular attention should be paid to coope-
rating with foreign mass media (BBC, Discovery,
Lonely Planet), since the share of foreign tourists in
the CEZ annually is about 70%, and their servicing
is more profitable than servicing Ukrainians. Ac-
cording to official data, for the preparation of the
program for the tourist group, the TISMCEZ rece-
ives 2000 UAH from foreign citizens, 495 UAH
from the Ukrainian ones. The cost of one-day escort
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by the responsible person of the TISMCEZ of one
foreign citizen is 500 UAH, Ukrainian - 140 UAH
(Derzhavne agentstvo Ukrai'ny z upravlinnja zono-
ju vidchuzhennja, 2016). SAUEZM intends to send
all tourism-related activities to the development of
the tourist infrastructure of the CEZ: improvement
of the territory (installation of toilets, tree trimming,
garbage gathering, creation of cafes and other
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events) (Derzhavne agentstvo Ukrai'ny z upravlinn-
ja zonoju vidchuzhennja, 2016).

It is necessary to continue developing a state
strategy for coverage of the CEZ in the world mass
media, which would contribute to the formation of
a positive image of the territory and tourist prefe-
rences in this direction. One of the steps of this
strategy is to formulate the essence of the brand:
holding special bright cultural events, attracting
attention to unusual historical values, monuments,
facts, events, etc. (Smirnova, Privarnikova, 2015).
It is expedient to develop special tourism programs,
to conduct regular excursions and seminars for
journalists, to cooperate with mass media on con-
tent production to attract tourists from their au-
dience - documentaries and feature films, television
special projects, and other media support tools. In
addition, information about the region should be
submitted in detail, emotionally, personally and
regularly (Chulov, 2015).

Cultural aspect of media tourism in the CEZ.
The local government should engage in public di-
alogue to explain the benefits of developing dark
tourism and help it in the decision-making process
(Kim, Butler, 2015). This work is of particular im-
portance in the conditions of polarization of public
opinion on the ethics of the development of such
tourism, which took place in Snowtown (Southern
Australia) (Kim, Butler, 2015). The overwhelming
majority of local "long-livers” was against the ex-
ploitation of recent criminal events in the city to
attract tourists. While other residents, especially
those who arrived in the city after the arrest of the
murderous Killers in Snowtown (after 1999), sup-
ported this idea.In the Ukrainian society, there is
also a problem of the ethics of such tourism in rela-
tion to the Chernobyl veterans and victims of the
disaster. Also, despite the explanatory work, there
are biases regarding the environmental and radia-
tion hazards of the territory. The elimination of
these obstacles can be achieved by dialogue with
the public through the Ukrainian and world mass
media.

It should take into account the attitude of
journalists themselves to the development of dark
tourism, which they cover and to which their publi-
cations contribute. The professional duty of journal-
ists makes them cover all relevant social phenome-
na such as tourism in the CEZ even if it is harmful
for their health. This allows them to work in the
most unfavorable conditions - in any area where
there is a risk or danger to health and life. This can
also explain such a feature of journalists in the
CEZ, as profound sense of professional duty (Ta-
ble).

The feature of the CEZ is not only the per-
sonal attitude of the journalist to the work, but also

his fear of his health after the trip. If the work at hot
spots has a risk of injury or death, then work at the
CEZ - the risk of radiation exposure in case of dev-
iation from the route and violation of safety rules
(Derzhavne agentstvo Ukrai'ny z upravlinnja zono-
ju vidchuzhennja, 2014). As our study showed,
journalists have a confidence in the radioactive
safety of the territory of the CEZ (Table). Profes-
sional characterological features allow them to ig-
nore those aspects of information that can be per-
ceived by others as negative. On the contrary, they
have positive view of the phenomena they have to
deal with in their professional activities. Such an
attitude is one of the mechanisms of psychological
protection in condi-tions of increased stress in the
profession. Thus, the psychological peculiarities of
world perception allow journalists to overcome
successfully the specific barriers that distinguish
the work of the CEZ from work in other territories.

Recommendations for future researchers.
The research showed that the motivation for jour-
nalists’ visits to the CEZ is business trip for cover-
ing newsbreak and looking for information as for
publications on the state of the territory (including
tourist routes). However, in the course of the study,
the authors had a hypothesis about monetary reward
as one of the main motivations of a journalist's visit
to the CEZ. It needs to be checked in further re-
search. To do this, it is necessary to create a data-
base of journalists who visited the CEZ, indicating
their contact details, and conduct questionnaires
and interviews. Among other issues, it is necessary
to develop the presence/absence of material incen-
tives and rewards for such journalists for work in a
radioactive contaminated area.

In order to solve the problem of the ethical
aspect of media tourism, it is necessary during the
interview to find out the personal attitude of jour-
nalists to performing such a kind of work. It should
be taken into account, which part of those who vi-
sited the CEZ, felt internal discomfort before, dur-
ing and after the trip. It is also necessary to deter-
mine how many journalists refused the proposed
trip and for what reasons (fear for the state of
health, ethical beliefs, etc.).

Conclusions. In our study, we were able to de-
scribe a new phenomenon of media tourism in the
Chernobyl Exclusion Zone and to establish its pe-
culiarities. Journalists traveling to the Chernobyl
Exclusion Zone have specific personality traits. The
most striking of them is confidence in the absence
of risk, ability to empathize and imaginative think-
ing. Thus, the tragedy of history and the gloomy
appearance of the territory, the suffering of its resi-
dents make it attractive for journalists. Personal
interest explains the predominance of the voluntary
motive of traveling over forced ones. Positive

271



O.P. Krupskyi, K.O. Temchur

Journ.Geol.Geograph.Geoecology, 27(2), 261-273

world perception and sense of professional duty
allows journalists to ignore such features of the
territory as the risk of radiation exposure and the
problem of ethics. At the same time, the prevalence
among them of male journalists is due to their low-
er ability to assess risk. The attention of journalists
to the territory is attracted by the activity of tourists
on it.There is a phenomenon of the so-called «com-
pensation effect», when the reduction of tourists’
attention to the territory is com-pensated by an in-
crease in the attention of the mass media.

The organization of visits of journalists con-
tributes to the formation of a positive image of the
territory and the elimination of «information»
pollu-tion. It is important to make cooperation with
mass media a key element of the strategy of devel-
oping the tourist potential of this territory. At the
same time, this work should be considered not only
as an instrument of promotion, but also in terms of
the prospects of media tourism. Further research
will be devoted to the search for strategic directions
for the promotion of media tourism in the Cher-
nobyl Exclusion Zone.
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Abstract. The objective of this paper is to identify the level of changes in the ecological

Received 22.06.2018; status of surface reservoirs of Dnipropetrovsk region under the impact of anthropogenic
Received in revised form 08.08.2018; factors and to find a rationale for the limit loads on aquatic ecosystems, based on a
Accepted 03.09.2018 quantitative assessment of their assimilative capacity values using G1S-technologies.To

characterize and evaluate economic activity in the river basins of Dnipropetrovsk re-
gion, the data of state statistical reporting by the form of 2-TP "Water resources management" of the State Agency for Water Re-
sources of Ukraine were used. Parameters characterizing the assimilative capacity of water bodies were determined by taking into
consideration the perennial average values of river runoff resources of the priority watercourses of Dnipropetrovsk region in the years
with varying degrees of supply: with an average (50%), a low (75%) and a very low (95%) river water content. The main indicators
characterizing the assimilative capacity of the water bodies of Dnipropetrovsk region are actual and necessary multiplicity of waste-
water dilution, the limit to assimilative capacity of surface reservoirs, index of assimilative capacity utilization of river runoff re-
sources of varying degrees of supply. A classification that characterizes the level of assimilative capacity utilization for water bodies
is proposed. The level of assimilative capacity utilization of the Dnipro River in the reservoir areas, regardless of the degree of river
runoff supply, is estimated as “allowable” . At 95% degree of river runoff supply, the level of assimilative capacity utilization of the
Oril and Vovcha Rivers is characterized as “moderate”, the Samara River (after the confluence with the Vovcha River) as “high” and
the Ingulets River with tributary the Saksagan River, and the Samara River (before confluence with the Vovcha River) as “very
high”. It should be noted that irrespective of the level of river runoff supply, the index of assimilative capacity utilization of the
Samara River (before its confluence with the VVovcha River) exceeds the limit value by 19-115 times. For the spatial analysis of
hydrological parameters and visualizion of the data in the form of thematic maps, the geoinformation system “Rivers of Dniprope-
trovsk region” was developed on the basis of the ESRI ArcGIS Desktop10 software package. Using the geoprocessing tools, on the
basis of hydrological indices of 7 priority watercourses for each of the 22 administrative-territorial districts of Dnipropetrovsk region,
the main indicators characterizing the assimilative capacity of water resources were calculated and ranked. The use of indicators
characterizing the assimilative capacity of river runoff resources allows us to identify the threshold levels of anthropogenic transfor-
mation of aquatic ecosystems, develop and implement environmental measures to improve the ecological status and ensure environ-
mental safety of surface reservoirs.

Key words: assimilative capacity,multiplicity of wastewater dilution, index of assimilative capacity utilization, river runoff, self-
purification of water reservoirs

OueHKa acCUMUMALMOHHOM eMKOCTU peK [JHernponeTpPoBCKOM 06/1aCTX C UCMONb30BaAHUEM
reoHHOPMALMOHHBIX TEXHOMOT U

[.B. Kynikosa, O.C. Kospos, HO.B. Byuasuii, B.B. ®egoTos

[lep>KaBHuii BULLMIA HaBYabHWIA 3aKnag «HauioHanbHWii ripHMunin yHiBepcnTeT», [HINpo, YkpaiHa
e-mail: kovralexl@gmail.com

AHoTauis. MpoBeaeHo aHani3 3a6opy piukoBOT BOAW 11 CKMAY CTiYHMX BOA Y MOBEPXHEBI BOAONMM [HINPONETPOBLMHN. B13HaueHo
BE/IMYMHN (DAKTUUHOI Ta HEOOXiAHOT A1 CaMOOUMLLEHHS! KPAaTHOCTI PO3BEAEHHS CTiYHMX BOJ, Pi3HOT KaTeropii SKOCTi piuKOBUMM
BOlamMUn. BCTaHOBNEHO 3HAUEHHS rpaHWYHOT acMMINALIAHOT EMHOCTI pecypcis piukoBOro CToKy [HinponeTpoBCbKOT 06/1acTi pisHOro
CTyneHs 3abe3neyeHocTi. Po3paxoBaHO 3HaYeHHS iHAEKCY BUKOPWCTaHHS acCUMINIALIAHOT EMHOCTI pecypciB piuKoBOro CTOKY pi3HOro
CTyneHs 3a6e3neyeHOCTi. 3anponoHOBaHO KnacugiKallito, WO XapakTepu3ye piBeHb BUKOPUCTaHHS acUMIiNSLiAHOT EMHOCTI BOAHMX
06'eKTiB. BCTaHOBNEHO, WO PiBEHb BUKOPWUCTaHHA acUMINALiiHOT EMHOCTI piuky [HINpo Ha AinsHUi BOAOWMWLL, HE3aNeXHO Bif
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piBHS 3a6€3MeYeHOCTi PiYKOBMM CTOKOM, OLHIOETLCA AK "NpunycTummii”. Mpu 95%-BoMy CTYMeHi 3a6e3neveHOCTi PiuKOBUM CTO-
KOM piBeHb BUKOPUCTaHHSA acuMinsaLiiiHoT eMHOCTI pidok Opifb i BoBYa XapakTepusyeTbea SK “nomipHumii”, p. Camapu (nicns Bna-
[iHHS B Hei p. BoBua) — "BUCOKMIA" Ta pivoK IHryneus 3 npunaneom CakcaraHb i Camapa (80 BnagiHHA B Hel p. BoBua) — "Hag3su-
YainHO BMCOKWIA". 3a pe3y/bTaTamn po3paxyHKiB Ha OCHOBI MporpamHoro komnaekcy ESRI ArcGi Desktopl0 po3po6ieHo reoiHho-
pMauiiiHy cuctemy "Piuku JHINpONeTpoBCLKOT 06nacTi”. BM3HaYeHO NMUTOMI MOKA3HMKK, LLO XapaKTepusyloTb aCUMINALIAHY eM-
HiCTb BOAHWX PECYPCIB Y AY>KE MASIOBOAHI POKYM 3a aAMIHICTPaTUBHO-TEPUTOPIA/IbBHUMM palioHaMKn 061acTi.

KntouoBi cnoBa: acuminsuiiiHa eEMHICTb, KPaTHICTb PO3BEAEHHA CTIYHNUX BOJ, iHAEKC BUKOPUCTAaHHA acuMifayiHoT EMHOCTI, 3a-

Ge3neyeHiCTb PiYKOBUM CTOKOM, CAMOOUULLIEHHS BOJOIM

Introduction. Intensive economic activity in the
river basins of Dnipropetrovsk region significantly
affects the quantitative and qualitative indicators of
water resources and their ecological status. The
overwhelming majority of Dnipropetrovsk region’s
rivers are degraded, as a result of an excessive anth-
ropogenic load, prevailing over the capacity of wa-
ter bodies for self-purification and self-repair. This,
in turn, is exacerbated by the low level of water
supply of the region. The resources of local river
runoff are very small and amount to 450 m® per 1
inhabitant (Regional report on the state of the envi-
ronment in Dnipropetrovsk region in 2016, 2017).

Small and medium-sized rivers experience
anthropogenic impact more acutely than large ones,
due to their small water content , and as a rule, the
worst purification of wastewater dischargedinto
them . The river beds accept the main technogenic
load from water-users. Today, human economic
activity has led to a crisis situation in the small and
medium-sized rivers of Dnipropetrovsk region,
which to a large extent determine the overall state
of the DniproRiver. The largest tributaries of the
Dnipro are the rivers Oril, Samara with the tributary
of Vovcha and the Ingulets with the tributary of
Saksagan. These rivers are the main sources of
water supply in Dnipropetrovsk region, so far as
they have a constant water flow. To ensure of the
ecological safety of surface reservoirs, it is neces-
sary that the paces of water resources use caused by
natural processes and anthropogenic impact corres-
pond to the paces of resumption (restoration) of
aquatic ecosystems within the framework of ba-
lanced water use.

The result of technogenic impact on rivers is
the loss of capacity of aquatic ecosystems for natu-
ral self-purification and self-restoration, that is, to
cause a decrease in their assimilative capacity
(Cairns Jr., 1999; Fallah-Mehdipour, 2015). Assim-
ilative capacity (potential) of an ecosystem is an
indicator of the maximum dynamic capacity of the
amount of pollutants which can be accumulated,
destroyed, transformed and transferred beyond the
volume of the ecosystem without disturbing its
normal activity (lzrael, Tsyban, 1989).

One method used to normalize the ecological
state of aquatic ecosystems is assessment their
ability to purify themselves by calculating the as-

similative capacity for each water body or part of
its water area (Glasoe, Steiner, Budd, Young, 1990;
Hoang Ngos, Tran Quang, 2012; Hernandez, Ud-
dameri, 2013). Thus, the use of indicators characte-
rizing the assimilative capacity of river runoff re-
sources allows us to identify the threshold levels of
anthropogenic transformation of aquatic ecosys-
tems, develop and implement environmental meas-
ures to improve the ecological status and ensure
environmental safety of surface reservoirs.

The objective of the paper is to identify the level
of change in the ecological status of surface reser-
voirs of Dnipropetrovsk region under the impact of
anthropogenic factors and to find a rationale for the
limit loads on aquatic ecosystems, based on the
quantitative assessment of their assimilative capaci-
ty values using GIS-technologies.

Materials and methods of research. To character-
ize and evaluate economic activity in Dniprope-
trovsk region’s river basins, the data of state statis-
tical reporting by the form of 2-TP "Water re-
sources management" of the State Agency for Wa-
ter Resources of Ukraine were used. To determine
the limit assimilative capacity of water bodies, we
used perennial average values of river runoff re-
sources of the priority watercourses of Dniprope-
trovsk region in the years with varying degrees of
supply: with an average (50%), a low (75%) and a
very low (95%) river water content.

As the main water bodies, for which the indi-
cators characterizing their assimilative capacity
were calculated, the largest watercourses of Dni-
propetrovsk region were selected:

1 — the InguletsRiver, including its tributary
the SaksaganRiver;

2 — the Dnipro River, site | (the area of the
Dniprodzerzhinsk-Dnipro reservoirs);

3 —the OrilRiver;

4 — the Samara River, site | (before the con-
fluence with the Vovcha River);

5 — the Samara River, site Il (after the con-
fluence with the Vovcha River);

6 — the VVovchaRiver;

7 — the Dnipro River, site Il (the area of the
Dnipro-Kakhovka reservoirs).

Assimilative capacity of water bodies was
assessed using the following groups of indicators:

1. Basic:
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— total wastewater discharge into surface wa-
ter bodies, min. m?;

— amount of wastewater discharged into wa-
ter bodies as normatively clean (without purifica-
tion), min. m;

— amount of wastewater discharged into wa-
ter bodies as normatively purified, min. m:

— amount of wastewater discharged into wa-
ter bodies as contaminated or insufficiently puri-
fied, min. m*;

— volume of river runoff the varying degrees
of supply (in the years with an average, a low, a
very low river water content), min. m?.

2. Estimated:

— value of necessary multiplicity of wastewa-
ter dilution discharged into surface reservoirs, conv.
units;

— value of limit assimilative capacity of the
water body that accepts discharged wastewater,
min. m*;

— index of assimilative capacity utilization of
the water body, conv. units.

The main criterion of assimilative potential
of the water body is the multiplicity of wastewater
dilution.

The indicator of necessary multiplicity dilu-
tion of wastewater volume in the water body vo-
lume is a universal characteristic (Farhadian, Bo-
zorg Haddad, Seifollahi-Aghmiuni, Loaiciga, 2014;
Monfared, Darmian, Snyder, Azizyan, Pirzadeh,
Moghaddam, 2017). It shows by how many times
the water volume that takes part in river runoff
dilution increases relative to the primary discharged
wastewater volume.

Depending on the ratio of the discharged
wastewater volume and the water body volume,
taking into account the intensity of dilution and
self-cleaning processes occurring in it, various
amounts of wastewater can be discharged into each
water body for a certain time. At the same time, the
limit volume of wastewater that can be discharged
into a water body without violating sanitary re-
quirements is conditioned by a certain dependence
relative to water quality standards.

The natural self-cleaning ability of water bo-
dies and watercourses is very low. A self-cleaning
process occurs only if the wastewater is discharged
into the surface reservoirs completely purified, and
in a water body they have been diluted with river
water in a ratio of 1:12-15. If, in water bodies and
watercourses, wastewater is discharged in a large
volume, and all the more so contaminated (or insuf-
ficiently purified), the stable natural balance of
aquatic ecosystems is gradually lost, their normal
functioning is disturbed, which makes these rivers
unsuitable for use.
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According to the recommendation of (Ko-
ronkevich, 1990), the multiplicity of dilution of
conditionally pure water should be 1:3, purified
household wastewaste — 1:5, unpurified — 1:20,
purified industrial wastewaters — 1:15, unpurified —
1:50, for drains from urban territories — 1:3, from
agricultural fields — 1:1. These values of the multip-
licity of wastewater dilution were accepted as the
basis for calculations.

For a more detailed study of the assimilative

capacity of surface water bodies, various approach-
es and methods are used (Lee, Wen, 1996; Watson,
Wyss, Booth, Sousa, 2012; Chiegjine, lgboanugo,
Ezemonye, 2016). Geoinformation technologies are
the most important modern tool for analyzing data
related to natural objects, which allow not only
visualization of actual and forecasted situations on
maps, but also generate new data and patterns. For
example, the solution of tasks on the rational use
and restoration of water resources can be carried
out using automated GIS-zoning of study area (Ra-
tional Use and Recovery of Water Resources,
2016). For the assessment of levels of assimilative
capacity utilization the rivers of Dnipropetrovsk
region and visualization of data in the form of the-
matic maps, the geoinformation system “Rivers of
Dnipropetrovsk region” was developed on the basis
of the ESRI ArcGIS Desktopl0 software package.
To calculate and rank the indicators characterizing
the assimilative capacity of water bodies, on the
basis of hydrological indices of the seven priority
rivers, geoprocessing tools such as overlay / identi-
ty were used for the administrative-territorial dis-
tricts of Dnipropetrovsk region.
Results and their analysis. The main river of
hydrographic networkofDnepropetrovsk region is
the DniproRiver, which is represented by a cascade
of reservoirs across the region territory: Dniprod-
zerzhinskoye, Dniprovskoye and Kakhovskoye.
The total length of the DniproRiver within the re-
gion is 261 km, including 66 km within the Dni-
prodzerzhinskoye, 94 km within Dniprovskoye and
101 km within Kakhovskoye reservoirs.

In general, the hydrographic network of the
Dnipro River basin within the region (Fig.1) is
represented by 291 rivers, over 10 km long (of
which 9 rivers are medium-sized), 101 reservoirs,
3,292 ponds and 1,129 lakes.

Currently, the water resources of Dnipropetrovsk
region are intensively used for various needs. There
are practically no rivers with a natural hydrological

regime that has not been affected by economic ac-
tivity. Most rivers are affected by the discharge of
contaminated and/or insufficiently treated wastewa-

ter discharged by industrial, agricultural and com-
munal enterprises directly into water bodies.
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Fig. 1 Hydrographic network of DnipropetrO\)é-k region

The most important factors that affect the
quantitative and qualitative indicators of water re-
sources are the water intake from surface reservoirs
and wastewater discharge of various quality catego-
ries.
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Data about water intake from the considered
surface reservoirs and the wastewater discharge of
various quality categories in 2016 are provided in
Table. 1.

Table 1 The values of water intake from surface reservoirs and wastewater discharge of various quality categories into water bodies

of Dnipropetrovsk region

Categories of wastewater discharged into surface reservoirs
Total - - - -
Total Normatively clean - - Contaminated (including
Sequence num- water - - AR Normatively purified . L e
. discharge without purification insufficiently purified)
ber of water intake - - -
Viis, MIn. | Discharge | Share of total | Discharge |Share of total | Discharge
body Vintakes 3 ) . Share of total
m Vaewe discharge Ve, min. | discharge Ve, min. -
min. m 5 3 3 discharge K¢
mln. m KNCWC m I(NP m
1. InguletsRiver 31.47 24.89 8.04 0.32 6.00 0.24 10.85 0.44
2DnPrORIVEE 1 99900 | 73050 | 52473 0.723 16.11 0.02 189.66 0.26
3.0rilRiver 7.06 5.00 0.44 0.09 - - 4.56 0.91
‘L‘i?:TaraR'Ver’ 6.90 18.65 - - 1.57 0.08 17.08 0.92
>oamaaRiver, | 1118 | 2725 1.63 0.06 23.45 0.86 2.16 0.08
6.VovchaRiver 33.99 2.59 - - 1.05 0.41 1.54 0.59
Z'Eitg"i’lr ORIVEr, | 556159 | 87888 | 715.50 0.81 99.20 0.11 64.18 0.07
Total: 3352.09 1687.76 1250.34 0.74 147.38 0.09 290.03 0.17

Most wastewater enters into surface reser-
voirs of Dnipropetrovsk region as contaminated or
insufficiently purified. In the Oril and Samara riv-
ers (before the confluence with the VovchaRiver),
wastewater is completely discharged without puri-
fication. They account for 91% and 92% of the total
wastewater discharge, respectively. Almost half the
unpurified wastewater (44%) is discharged into the
Ingulets River. The VovchaRiver collects 60% of
the total discharge of contaminated wastewater. The
remaining 40% of wastewater is discharged into the
water body after purification. A significant amount
of normatively purified wastewater (86% of the

total discharge) enters the SamaraRiver after the
confluence with the VVovchaRiver.

Normally, in the structure of wastewater dis-
posal in water bodies of Dnipropetrovsk region,
normatively clean waters (without purification)
predominate, which make up 74% of the total dis-
charge. A significant part of normatively clean wa-
ters (72% and 81%) is discharged to the Dnipro-
River in the areas of reservoirs.

The share of normatively purified wastewater
discharged into the surface reservoirs of the region
makes up 9% of the total discharge, and contami-
nated including insufficiently purified — 17%. The
percentage of wastewater discharged into water
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bodies of Dnipropetrovsk region after purification
is rather low, which indicates a lack of interest of
enterprises-water users in the implementation of
environmental measures, including the installation
of treatment facilities.

The level of river runoff use and the quality
of water (or the intensity of contaminated wastewa-
ter entry into water ecosystems) over a certain pe-
riod of time can be considered as integral indicators
that determine the degree of anthropogenic load.
The quality of water will depend on the volume of
the water body. In this case, the anthropogenic load
on water bodies is characterized by the coefficient
of river runoff use Krry(Jacyk, Kanash, Stashuket

al., 2007), which is estimated as the ratio of water
intake from surface reservoirs (water intake
coefficient) and the volume of discharged wastewa-
ter of various quality category to the value of river
runoff at varying degrees of supply, that is,

K o \/intake = Vdis
RRU

VRR VRR

: M)

where Vgg is the volume of river runoff at varying
degrees of supply for the main watercourses of
Dniproopetrovsk region, which is given in Table 2.

Table 2. The volume of river runoff at varying degrees of supply for the main watercourses in Dnipropetrovsk region (Strelets, 1987)

Supply the river runoff resources, min. m®, in the years with:
Sequence number of _
water body average ”\gg(‘)’/\é {;lter content low river water content (75%) | very low river water content (95%)
1. InguletsRiver 206 112 41
2.Dnipro River, site | 51100 42260 31670
3.0rilRiver 315 170 54
4.Samara River, site | 47 25 7,6
5.Samara River, site Il 423 237 82
6.VovchaRiver 139 75 27
7.Dnipro River, site Il 51100 42260 31670

The intensity characterization of anthropo-
genic load on water resources, depending on the

cal-culated coefficient value of Kggy, is given in
Table 3.

Table 3. Estimated scale of anthropogenic load on water resources (Shiklomanov, 2008)

CoefficientvalueKgry <10%

10-20%

20-40% 40-60% >60

Intensity of anthropogenic load on water
resources

low moderate high

very high critically high

According to the "rule of one percent"
(Reimers, 1990), aquatic ecosystems begin to lose
their balance when fresh water is taken from water
bodies and (or) contaminated wastewater is
discharged, in the amount which exceeds 1% of
river runoff value the varying degrees of supply.

It has been established (Jacyk, 2004) that
when water resources are taken from surface reser-
voirs (wastewater discharge of various quality
categories) in the volume of more than 10% of river
runoff (K;»<10%), the water body loses its capacity
for self-purification.

The coefficient values of river runoff use the
varying degrees of supply as a result of water intake
from surface reservoirs in Dnipropetrovsk region
and wastewater discharge of various quality catego-
ries are given in Table 4.

The water intake coefficient from the small
and medium rivers of Dnipropetrovsk region in
modern conditions reaches significant values. Thus,
in the years with an average water content for the
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rivers Ingulets, Samara (before the confluence with
the Vovcha River) and Vovcha River, it fluctuates
within 15-25% of river runoff supply, which ex-
ceeds the limit permissible value by 1.5-2.5 times.
In the years with very low water content, the values
of water intake coefficient are even greater and
makes up 77-126% of river runoff supply.

The most significant irrecoverable water
costs are associated with excessive water intake for
irrigation of agricultural lands, for watering vegeta-
ble gardens, garden areas, etc.

When calculating the coefficient of wastewa-
ter discharge into surface reservoirs of Dniprope-
trovsk region, it is established that its values for the
Ingulets and Samara Rivers not only exceed by 6
and 24.5 times, respectively, the limit permissible
level of river runoff use in the years with a very low
water content, but also for the Samara River (before
the confluence with the Vovcha River) by 4 times
more than the critical value of the coefficient
(KCV:GO%).
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Table 4. Results of calculating the coefficient values of river runoff use the varying degrees of supply for Dnipropetrovsk region

The coefficient values of river runoff use (Kgrgy), %

Sequence number water intake coefficient in the years with: coefficient of wastewater discharge in the years with:

of water body average river low river water | V€Y low river average river low river water | VE"Y low river

water content content (75%) water content water content content (75%) water content
(50%) (95%) (50%) (95%)

1. InguletsRiver 15.3 28.1 76.8 121 22.2 60.7
2.DniproRiver, 2.0 24 3.2 14 17 23
site |
3.0rilRiver 2.2 42 13.1 16 2.9 9.3
tif:TaraR'Ver’ 14.7 276 90.8 39.7 746 245.4
E’S'i?:’naraR“’er’ 26 47 13.6 6.4 115 332
6.VovchaRiver 245 453 125.9 1.9 35 9.6
7.DniproRiver, 4.4 5.4 7.1 17 2.1 2.8
site 11

It is established that before the confluence of
the VovchaRiver with the SamaraRiver, the volume
of discharged contaminated and insufficiently puri-
fied wastewater, mainly mine waters, by 2.5 times
exceeds the value of river runoff in the years with
very low water content. This indicates that in the
years with 95% level of river runoff supply, the Sa-
mara River in this area exists due to the discharged
untreated wastewater. The river is practically un-
suitable for any economic use and does not meet
sanitary requirements (Kulikova, Pavlychenko,
2016).

Thus, excessive water intake from surface re-
servoirs and wastewater discharge leads to degrada-
tion of water bodies, loss of their ability to restore,
deterioration of water supply conditions for the
population living on the nearby area. Proceeding
from this, to preserve the natural state of river eco-
systems, it is expedient to control the specific load
on water bodies.

Accounting the dilution capacity of the water
body, which is based on hydrological data and its
capacity for self-purification, allows us to deter-
mine the regime of wastewater discharge into the
water basin and estimate the permissable amount of
wastewater, that is, the critical ecological load. In
this case, it takes into account the natural runoff of
both the water body and wastewater.

The actual multiplicity of wastewater dilu-
tion of various quality categories (Ka) discharged
into water bodies of Dniproopetrovsk region is
determined by the formula:

Vv
K :ﬂ. 2
g Vdis ( )

The calculated coefficient values of K, at va-
rying degrees of river runoff supply are presented
in Table 5.

Table 5. Results of calculating the multiplicity values of wastewater dilution discharged into surface reservoirs of Dnipropetrovsk

region at varying degrees of river runoff supply

Multiplicity of wastewater dilution of various quality categories:
Sequence number of actual (Ka) in the years with:
water body average river water content | low river water con- very low river water necessary (Ky)
(50%) tent (75%) content (95%)

1. InguletsRiver 8.3 4.5 17 1:26.381- Vi
2.Dnipro River, site | 70.0 57.9 434 1:15.466-V ;s
3.0rilRiver 63.0 34.0 10.8 1:45.855-V4is
4.Samara River, site | 25 1.3 0.4 1:47.057-V ;s
5.Samara River, site Il 15.5 8.7 3.0 1:17.061-V ;s
6.VovchaRiver 53.6 28.9 10.4 1:35.794-V is
7.Dnipro River, site Il 58.1 48.1 36.0 1:7.786-Vis

Calculating the actual multiplicity values of
wastewater dilution showed that, with the available
wastewater volume discharge of various quality
cat-egories, the Ingulets River, including its tributa-
ry the Saksagan River, and the Samara River do not

have sufficient resources for dilution and self-
purification processes. The worst situation is in
years with very low river water content. At 95%
level of river runoff supply of the SamaraRiver
(before the confluence with the VolchyaRiver), the
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multiplicity value of wastewater dilution is 1:0.41,
that is, the dilution process is not carried out.

Thus, due to excessive anthropogenic load,
the resources of these rivers have completely lost
their capacity for self-purification, since water bo-
dies begin to experience the state of stress if the
multiplicity of wastewater dilution with clean river
water becomes lower than 1:10 (Reimers, 1990).

The actual multiplicity of wastewater dilu-
tion discharged into the remaining water bodies of
Dnipropetrovsk region currently at least corres-
ponds to the minimum that was previously taken to
maintain the natural equilibrium of aquatic ecosys-
tems (1:10).

Earlier, when the anthropogenic load on wa-
ter bodies was insignificant, it was believed that to
maintain the normal self-cleaning capacity of water
basin, the multiplicity of wastewater dilution should
be 1:10. However, today some wastewater requires
more dilution with clean river water.

The most advanced treatment facilities pro-
vide for the purification of wastewater from organic
pollutants by only 85-90%, and only in some cases
— by 95%. Therefore, even after purification, it is
necessary to dilute the treated wastewater with
clean river water in a ratio by 1:6-12 and more for
to ensure vital functions of aquatic ecosystems.

When calculating the necessary multiplicity
of wastewater dilution (Ky) of various quality cate-
gories discharged into water bodies of Dniprope-
trovsk region, the following ratios were adopted:
for normatively clean waters (without purification)
— 1:3, for normatively purified waters — 1:15, for
contaminated (including insufficiently purified) —
1:50.

The necessary multiplicity value of wastewa-
ter dilution discharged into water bodies was de-
termined by the formula:

K, = 3Wewe T15Vp +501V, . 3)
Vdis

The results of calculating the necessary mul-
tiplicity of wastewater dilution discharged into wa-

ter bodies of Dnipropetrovsk region are shown in
Table 5.

The calculated necessary multiplicity values
of wastewater dilution allow us to determine how
much the actual and theoretical values of this indi-
cator really correspond to each other. At the present
time, the actual multiplicity of wastewater dilution
discharged into the Dnipro River on the reservoir
areas, even in the years with a very low water con-
tent, exceeds the necessary values to ensure the
normal functioning of reservoirs (by 2.8 times on
the Dniprodzerzhinskoye — Dniprovskoye reser-
voirs and by 4.6 times — Dniprovskoye — Kakhovs-
koye reservoirs).

At wastewater discharge into the Oril,
Vovcha and Samara Rivers (after the confluence
with the Vovcha River), the actual multiplicity of
wastewater dilution in the years with an average
water content (50% level of river runoff supply)
corresponds to the theoretically necessary value. At
the same time, in the years with a very low water
content, the coefficient values of Kg for all water
bodies, except of the Dnipro River, is significantly
lower than the necessary multiplicity of wastewater
dilution.

Having determined the necessary multiplicity
values of wastewater dilution Ky, we can find the
value of limit assimilative capacity of the water
body, which is expressed as the maximum amount
of wastewater that can be discharged into the sur-
face reservoir without violating its environmental
sustainability.

The values of limit assimilative capacity of
water bodies are defined as the ratio of the river
runoff of varying degrees of supply to the previous-
ly calculated necessary multiplicity of wastewater
dilution:

AC

Lim

=Vﬂ, min. m®. (4)
KN

The results of this calculation are presented
in the Table 6.

Table 6. Calculation results of indicators characterizing the assimilative capacity of river runoff resources in Dnipropetrovsk region

in the years with varying degrees of supply

Limit assimilative capacity of water | Reserve of river runoff resourcespo- | The index of assimilative capacity

Sequence number bodies (AC_im), min. m*, at the tentially possible for use (Vpprr), of river runoff resources, conv.
of water body level of river runoff supply: min. m°, at the level of supply: units, at the level of supply:
50% 75% 95% 50% 75% 95% 50% 75% 95%

1. InguletsRiver 7.81 4.25 1.55 -17.08 -20.64 -23.34 3.19 5.86 16.02
2DNPIORIVE | 330302 | 273236 | 204766 | 257343 | 200187 | 1317.06 | 0.22 0.27 0.36
3.0rilRiver 6.87 3.71 1.18 1.87 -1.29 -3.82 0.73 1.35 4.24

tif:rlnaraR'Ver' 1.00 0.53 0.16 -17.65 1812 | -1849 | 1867 | 3512 | 11512
> SamaraRiver, 2479 | 13.89 481 2,45 1335 | -2244 | 110 1.96 5.67
6.VovchaRiver 3.88 2.10 0.75 1.29 -0.50 -1.84 0.67 1.24 3.44
zi'?G”I'FmR'Ver’ 6563.23 | 5427.83 | 4067.66 | 568435 | 4548.95 | 3188.78 | 0.13 0.16 0.22
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As a result of calculation, limit values of as-
similative capacity of the main watercourses of
Dnipropetrovsk region are established, correspond-
ing to the theoretical volume of wastewater that can
be discharged into surface reservoirs without harm
to water ecosystems. The basis of potential is the
annual assimilative capacity of the Dnipro River,
which is 2,000-6,500 min. m? of wastewater.

Having determined the values of limit as-
similative capacity of water bodies of Dniprope-
trovsk region and the amount of water resources,
which are being already in use and expressed by the
actual volumes of wastewater discharge of various
quality categories, it is possible to calculate the
reserve values of river runoff resources potentially
possible for use,

Voprr = AG im ~Viis, min. m*. ()

The results of calculating the reserves of riv-
er runoff resources potentially possible for use in
the years with varying degrees of supply in Dni-
proopetrovsk region are presented in Table 6.

It is established that the reserve of potentially
useable river runoff resources is fully exhausted.
This means that the wastewater amount of various
quality categories entering into the water bodies in

Dnipropetrovsk region is greater than the maximum
possible amount of wastewater that can be dis-
charged into the surface reservoir without violating
its environmental sustainability. The exception is
the Dnipro River in the reservoir areas, which has
significant reserves of river runoff resources poten-
tially possible for use .

In the years with an average water content,
the tributaries of the Dnipro River, namely the Oril
and Vovcha Rivers, have an insignificant reserve of
river runoff resources potentially possible for use.

The index of assimilative capacity utilization
of river runoff resources at varying degrees of
supply was determined from the ratio:

I — Vdis
ACU —

, CONv. units. (6)
Lim

The results of calculating the index of as-
similative capacity utilization of river runoff re-
sources at varying degrees of supply in Dniprope-
trovsk region are given in Table 6.

The level of assimilative capacity utilization
of river runoff resources from the values of lacy
obtained was estimated in accordance with the pro-
posed classification and presented in Table 7.

Table 7. Estimated scale level of assimilative capacity utilization of river runoff resources

Ranges of index values lacy <1 1-5 5-10 >10
L_evel ch_aracterlzatlon of assimilative capacity utiliza- allowable moderate high extremely high
tion of river runoff resources

According to the results of calculations, it is
established that the level of assimilative capacity
utilization of the Dnipro River on the reservoir
areas, regardless of the degree of river runoff
supply, is estimated as “allowable”. In the years
with an average water content (50%), the level of
assimilative capacity utilization of the Oril and
Vovcha Rivers is estimated as “moderate”, the Sa-
mara River (after the confluence with the Vovcha
River) and the Ingulets River with the Saksagan
tributary — “moderate”.

At 95% level of river runoff supply, the lacu
index for the considered water bodies, except for
the Dnipro River, exceeds the limit value (1acu=1).
At the same time, the level of assimilative capacity
utilization of the Oril and Vovcha Rivers is charac-
ter-ized as “moderate”, the Samara River (after the
con-fluence with the Vovcha River) as “high” and

the In-gulets River with tributary the Saksagan
River, and the Samara River (before confluence
with the Vovcha River) as “very high”. It should be
noted that irrespective of the level of river runoff
supply, the index of assimilative capacity utilization
of Iacufor the Samara River (before the confluence
with the Vovcha River) exceeds the limit value by
19-115 times.

Based on the results of calculations, thematic
maps published in the form of the GIS “Rivers of
Dnipropetrovsk region” in the ArcGIS-Online ser-
vice were obtained (Fig. 2—4). Since in years with a
very low water content in surface reservoirs, the de-
mand for water has been increasing, and the sanita-
ry and hygienic conditions of aquatic ecosystems
have been deteriorating, the maps are developed for
the period when the level of river runoff supply is
95%.
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Fig. 2. Publication of the GIS “Rivers of Dnipropetrovsk region” in the ArcGIS-Online service
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Fig. 3. Distribution of total wastewater discharge (a) and river runoff supply in the years with a very low water content (b) over the
area of Dnipropetrovsk region
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Fig. 4. Distribution of limit assimilative capacity (a) and index of assimilative capacity utilization of river runoff resources (b) in the
years with a very low water content over the area of Dnipropetrovsk region
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Using the geoprocessing tools, on the basis
of the hydrological indices of 7 priority water-
courses for each of the 22 administrative-territorial
districts of Dnipropetrovsk region, the main indica-
tors char-acterizing the assimilative capacity of
water re-sources in the years with a very low river

water content (95% level of river runoff supply)
were calcu-lated and ranked per 1 inhabitant and
unit area of a specific district. The results are pre-
sented in Table 8.

Table 8 The main indicators characterizing the assimilative capacity of water resources in the years with a very low river water

content over the area of Dnipropetrovsk region

Administrative- Total wastewater | River runoff supply, Multiplicity of | | iyt ccimilative capac- ||, _ S -
territorial district of discharge, m® m® WS?:S;?’:;” ity of river runoff, m® 5 ‘5>,‘ 5 % tg
Dnipropetrovsk > 8=y 3
region F N ) N e P A R N
Apostolivskyi 0.0302 726.8 1.086 26168.38 36.0 7.8 0.1395 3360.98 0.22
Dniprovskyi 0.1218 2551.5 5.180 108480.73 425 15.6 0.3331 6975.21 0.37
Krynychanskyi 0.0237 1144.0 0.990 47737.80 41.8 15.9 0.0623 3005.78 0.38
Kryvorizhsky 00206 | 11534 | 0967 | 3767262 | 327 |183| 00529 | 206144 | 0.56
Mahdalynivskyi 00009 | 452 | 0010 | 49445 | 108 |459 | 0.0002 12.06 42
Mezhivskyi 00002 | 86 | 0002 | 90.8 104 | 358 | 00001 4.29 3.41
Nikopolskyi 02519 | 13190.1 | 9075 | 47528101 | 360 | 7.8 | 11655 | 6103899 | 0.22
Novomoskovskyi | 00099 | 2734 | 0.032 | 889.05 32 | 179 0.0018 50.07 55
Paviohradskyi 0.0080 | 4508 | 0013 | 737.97 16 | 382 | 00003 18.18 23.33
Petropavlivskyi 0.0082 396.5 0.003 161.69 0.4 47.1 0.0001 3.85 115.51
Petrykivskyi 0.1570 6572.4 6.776 283734.87 43.2 15.6 0.4332 18138.96 0.36
Piatykhatskyi 0.0018 67.2 0.003 109.77 1.6 26.4 0.0001 4.48 16.16
Pokrovskyi 0.0008 29.2 0.009 303.69 104 35.8 0.0002 8.76 3.44
Shyrokivskyi 0.0039 178.8 0.006 294.26 1.6 26.4 0.0002 11.17 16.04
Sofiyivskyi 0.0023 143.8 0.004 236.49 1.6 26.4 0.0001 9.27 16.05
Solonianskyi 00752 | 33964 | 3261 | 14727562 | 434 |155| 02108 | 952232 | 0.36
Synelnykovskyi 00011 | 50.2 | 0049 | 212395 | 434 |155| 00031 | 137.37 0.37
Tomakivskyi 02552 | 12627.8 | 9197 | 45508301 | 360 | 7.8 | 11812 | 5844443 | 022
Tsarychanskyi 00014 | 486 | 0016 | 52671 | 108 |459 | 00003 11.21 4.23
Vasylkivskyi 00005 | 218 | 0006 | 24304 | 104 |358| 00002 6.23 3.21
Verkhnodniprovskyi | 01401 | 34987 | 6048 | 15103728 | 432 |155| 03898 | 973565 | 0.36
Yurivskyi 0.0002 154 0.003 176.80 10.8 459 0.0001 7.69 3.99

The greatest amount of wastewater is dis-
charged into surface reservoirs of Nikopolskyi,
Tomakivskyi, Dniprovskyi, Verkhnodniprovskyi,
Petrykivskyi and Solonianskyi districts. In accord-
ance with (Ulzetueva, Gomboev, Zhamyanov, Mo-
lotov, 2015), the intensity of anthropogenic load on
the water bodies of these areas in terms of total
wastewater discharge is estimated as “extremely
high” (more than 100 miIn. m® per year). In six dis-
tricts of Dnipropetrovsk region (Kryvorizhsky,
Krynychanskyi, Apostolivskyi, Novomoskovskyi,
Pavlohradskyi and Petropavlivskyi), the intensity of
anthropogenic load on water bodies is estimated as

“high” (the volume of discharged wastewater is
within 10<V;<100 min. m® per year), in three dis-
tricts (Vasylkivskyi, Yurivskyi and Mezhivskyi) it
is estimated as “low”. In other districts, the intensi-
ty is characterized as “average”.

The most river runoff supply in years with
very low water content was in 9 districts of Dnipro-
petrovsk region (41% of the territory). In the most
cases, the Dnipro River flows through these dis-
tricts.

In ten districts of Dnipropetrovsk region
(45.5% of the territory), the actual multiplicity of
wastewater dilution discharged into surface reser-

283



D.V. Kulikova, O.S. Kovrov,
Yu.V. Buchavy, V.V. Fedotov

Journ.Geol.Geograph.Geoecology, 27(2), 274-285

voirs exceeded the necessary value by 1.8-4.6
times. This indicates that water bodies located in a
given territory have a certain reserve of river runoff
resources potentially possible for use.

Water bodies located on the territory of other
areas (54.5% of the area of the region) do not have
sufficient resources for wastewater dilution and
self-purification processes. The actual multiplicity
values of wastewater dilution do not correspond
(much lower) than calculated values of necessary
multiplicity of wastewater dilution. At the same
time, in six districts of the region, the actual multip-
licity values of wastewater dilution corresponds to
the minimum ratio (1:10) necessary to maintain the
natural capaity of water bodies for restoration.

In ten administrative-territorial districts of
Dnipropetrovsk region (45.5% of the territory), the
level of assimilative capacity utilization of river
runoff in the years with a very low water content is
estimated as “allowable”, in six (27.3%) as “mod-
erate”, in one region (4.6%) as “high” and five dis-
tricts (22.7%) as “extremely high”. The worst situa-
tion with assimilative capacity utilization of river
runoff resources is in Piatykhatskyi, Shyrokivskyi,
Sofiyivskyi, Pavlohradskyi and Petropavlivskyi
districts. The index of assimilative capacity utiliza-
tion of water bodies located in these territories ex-
ceeds the limit value (Iacy=1) by 16-116 times.
Conclusions. 1. Rational use of water resources of
small and medium-sized rivers is one of the com-
plex and urgent problems in the water economy and
management.Intake of river runoff resources, dis-
charge of return waters into the watercourses, and
various types of human activity in the river basin
territories cause a decrease in the water capacity of
the basins.

2. Loss of the capacity for self-purification,
due to prolonged and excessive discharge of con-
taminated or insufficiently purified wastewater, will
inevitably lead to contamination of aquatic ecosys-
tems. The use of such water by the population for
household, drinking or cultural and other purposes
can lead to negative consequences for human
health.

3. The limit assimilative capacity of the con-
sidered water bodies is in most cases exceeded.
Therefore, one of the main tasks of sustainable
water-use is to regularize the tempo of contami-
nated wastewater discharge toward the calculated
value of assimilative capacity of aquatic ecosys-
tems, the value of which will increase as the in-
crease stable boundaries of anthropogenic load
exceed.

4. The problem of rational use and protection
of rivers should be solved in a comprehensive, sys-
temic manner, taking into account the mutual influ-
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ence of all factors, processes and components of the
geographic network, as well as the impact of eco-
nomic and other anthropogenic activities. In indu-
strialized areas and in zones of intensive agricultur-
al production (irrigation, animal husbandry), the
purity of water resources, prevention of the dis-
charge of contaminated or insufficiently purified
wastewater into small water bodies are crucial in
the problem of pollution of small and medium riv-
ers. One of the main directions of work towards
water resources protection is the complete purifica-
tion of the wastewater formed, the implementation
of new (low-water, non-water and non-waste) tech-
nological processes in industrial production, the
transition to closed (in-line) water supply cycles,
when the purified wastewater is not discharged but
is utilized multifold in technological processes.
Recycling and re-sequential water supply systems
will make it possible to completely eliminate
wastewater discharge into surface reservoirs, and
use of fresh water to replenish irreversible losses.
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Abstract. The article is devoted to the problem of the social sphere functioning of the

Received 17.07.2018; areas in the Carpathian-Podillia region, in particular the emphasis is placed on the differ-
Received in revised form04.09.2018; entiation of the levels of its individual components, the dynamics of their changes and the
Accepted 19.09.2018 complex analysis of functionality. The state of this sphere directly influences the economy

and culture of the country and the region, and therefore the sectors of education, health
care, culture, housing and communal services, etc. play a significant role in the economic development of the territory. Territorial
boundaries of the research are defined within Transcarpathian, Lviv, Ivano-Frankivsk, Chernivtsi, Vinnytsia, Khmelnytskyi and
Ternopil regions, among which there are established economic, labor-resource and informational-communicative connections, which
also should be considered as the strong side of such cooperation. Several basic components of the social sphere (education, culture,
medicine, housing and communal services, trade and mass catering, communication) were selected for studying the differentiation of
the social sphere elements of the areas of the Carpathian-Podillia region, for each several criteria were chosen (in general over 20).
All suggested criteria represent a qualitative component of functioning: in education. They are the amount of preschool institutions
for children, the number of pupils / listeners / students per number of inhabitants. Medical sphere includes the providing the popula-
tion with doctors, middle medical personnel, hospital beds, planned capacity of outpatient clinics. The sphere of culture deals with
the provision of population with cultural institutions and their attendance. The housing and communal services sector embraces the
level of equipped apartments and indicator of residential space. Retail and catering services cover the indicators of trade turnover for
main groups of goods and providing a decent number of trade areas, the field of communication includes access to communication
facilities for different variants of their activity. This allowed analysing the level of formation and functionality of the social sphere
individual components of the region in general and in its individual areas. On this basis, the ranking of the areas of the Carpathian-
Podillia region was carried out in terms of the social infrastructure elements formation. In addition, a comparative analysis of the
social sphere development level to the indicators of the Western Ukrainian region and Ukrainian is provided. Official statistics from
the State Statistics Service of Ukraine, as well as regional statistical offices, were used for the survey.

Key words: Carpathian-Podillia region, geospatial organization, social sphere, education, culture, medicine, housing and communal
services, trade and mass catering, communication, matrix of functioning level

AHani3 TepuTopiasibHNX BiAMIHHOCTEN e/leMeHTIB coliaibHOI cdepu obnacTein KapnaTcbKo-
Mofi/IbCbKOro perioHy

KysnwimnH A.B., MNonnascbka |.B.

TepHONINbCbKMIA HaLlioHabHUIA NeaarorivyHnin yHiBepcnTeT iMeHi Bonogumupa MHaTioka, TepHoninb, YkpaiHa, kuzy-
shyn_a@ukr.net, innapoplavska@ukr.net

AHoTauif. CtaTTa npucBsivyeHa nNpobnemMi (iyHKLiOHYBaHHA collianbHOT cepn o6nacTeil Kapnatcbko-IMoginbCbKoro perioHy, 3ok-
pema 3aKLeHTOBaHO yBary Ha audepeHuiauii piBHIB OKpeMUX Ti KOMMOHEHTIB, AMHAMILi X 3MiHWU Ta KOMMNIEKCHOMY aHanisy QyHK-
LioHanbHocTi. CTaH gaHoi ctepy 6e3nocepeAHbO BM/IMBAE HA EKOHOMIKY 1 KynbTypy KpaiHu Ta perioHy, a TOMy CEKTOpW OCBITH,
OXOPOHW 3[0POB’SA, KyNbTypW, XWUT/I0BO-KOMYHa/IbHOrO rocrnofapctsa TOWO Bifirpae 3HauHy posb B rOCMOAaPCLKOMY PO3BUTKY
TepuTopii. TepuTopiaNnbHi MeXi AOCNIMKEHHS BU3HAYeHI B MeXkax 3akapnaTcbkoi, JIbBiBCbKOI, IBaHO-PpaHKiBCbKOT, YepHiBeLbKoT,
BiHHULBKOT, XMenbHUUBKOT Ta TepHOMiNbCbKOT 061acTeil, MiXX SKAMW CKNaMCA YCTaneHi rocnogapcbki, MmpauepecypcHi Ta
iH(hopMaLliliHO-KOMYHIKaTVBHI 3B’S3KM, fKi TakOX BapTO BBaXaTW CWUMbHOK CTOPOHOK Takoi cnisnpaui. [ AOCNimMKeHHs
AndhepeHuialii eneMeHTIB couianbHOT chepu ob6nacTeil KapnaTcbko-IMoginbcbkoro perioHy 6yno 06paHo Kifbka 6a30BrX CKNagoBux
couianbHOI ctepn (OCBITa, KynbTypa, MEAWLMHA, XUTNO0BO-KOMYHa/lbHe rOCMOAApCTBO, TOPFiBAA | MacoBe XapyyBaHHS, 3B’A30K),
[N KOXHOT 3 IKMX Byno obpaHo Kislbka KpuTepiiB (3arasom ix noHag 20). Lle fo3BoNMM0 nNpoaHanisyBaTu piBeHb CPOPMOBAHOCTI
Ta (PYHKLiIOHa/IbHOCTi OKPEMUX CKNaf0BMX COLia/IbHOI Chepn perioHy 3arasioM Ta B OKpeMux ioro o6actsax. Ha uiii ocHoBi 6yno
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NpoBefieHO paHXyBaHHS 06nacTeli  KapnaTcbko-IMoginbCbKoro perioHy 3a piBHEM CHOPMOBAHOCTI €NeMEHTIB  CoLjianbHOI
iHhpacTpyKTypu. TakoX MOAAHO MOPIBHSAMbHWUIA aHani3 PiBHS PO3BWUTKY COLiasibHOI cepn 40 MOKasHMKIB 3axigHOYKpaiHCbKOro
perioHy Ta nepeciyHOyKpaiHCbKUX. [1s NPOBeAEHHS AOCAIAKEHHS BYN0 BUKOPUCTaHI OQIiLiHI CTaTUCTUYHI faHi [ep>XaBHOT CyX-

61 CTaTUCTUKM YKPaiHW, a TaKoX 06/1aCHINX YNpaBiHb CTaTUCTUKMN.

KnrouoBi cnoea: KapnaTcbko-oginbchkuid perioH, reonpoTopoBa opraHisalisi, colianbHa cdepa, ocBiTa, KynbTypa, MeauumHa,
>KNT/I0BO-KOMyHa/IbHE rOCNOAapCTBO, TOPFiBAS | MACOBe XapuyBaHHsl, 38’ 30K, MaTPULA PiBHA (YHKLIOHYBaHHSI.

Introduction. The modern stage of Ukrainian soci-
ety development is oriented on social values that in
the current environment reflects growing social
weight of the creation of socially necessary prod-
uct. The state of this sphere directly affects the
economy and culture of the country; on this basis,
one could claim that people engaged in education,
health care, culture, housing and communal ser-
vices etc. play a significant role in the economy.
The example of the leading countries of the world
shows that in addition to much attention to material
production, a lot of effort are applied to priority
social development, the prerequisites for social
orientation of the economy are formed, to carry out
state policy in the name of human as the main gen-
erator of civilization progress.

The problem of the development and func-
tioning of the constituent elements of the social
sphere is the research area of a large number of
national and foreign scientists. V.l. Kutsenko and
Y.V. Ostafiichuk consider the social sphere as a
sphere of human activity, the result of which are
services that meet the needs of society as well as
individual members and are associated with the
creation of added value (Kutsenko, Ostafiichuk,
2005). N.G. Pigul points out that the organizational
mechanism for building a social sphere should be
based on clearly defined functions, principles and
tasks that will allow more effective implementation
of the state social policy in order to improve the
quality of life of the population (Pigul, 2013).
Y. Oliinyk and A. Stepanenko consider the study of
the social space of territorial communities and their
social locality as an important direction in the study
of social geography (Oliinyk, Stepanenko, 2012).
L.M. Niemec considers the social sphere from the
point of view of the spatial-temporal organization
of society in terms of globalization influences; in-
novation-investment image of territories, model
development and social-geographic zoning for op-
timization of the society territorial organization and
ensuring optimal living conditions of the popula-
tion, participation in the regions development of
strategies (Niemec, 2003). We have also partially
considered this problem when evaluating the em-
ployment of the Carpathian-Podillia region in the
social sphere (Kuzyshyn, 2015a; Kuzyshyn,
2015b;Kuzyshyn, 2018).

With the increasing significance of the social
sphere functioning, there is a need for a detailed
analysis of the level of its components formation

and the achievement of the complexity in providing
the relevant services. The relevant issues seem to
have the need to determine the current state of for-
mation and demand of individual elements of the
social sphere, as well as the level of their provision
in a specific region, which allows determining its
rating position in the region. To do this, we need to
analyse a system of indicators that will allow us to
form a comprehensive view of the social sphere of
the Carpathian-Podillia region.

Purpose, task and methods of research. In prepa-
ration of this study, it was planned to determine,
based on the analysing statistical information, the
level of formation and functionality of the social
sphere of the research region. For this purpose,
statistical information was used over the period
from the 90’s of the twentieth century to 2016. This
allowed to determine the trends of the functioning
of the social sphere and its components.

To conduct research, we have selected a sys-
tem of indicators, which served the criteria for
evaluating certain elements of the social sphere —
educational sphere (the coverage of children by
preschool institutions; the number of students of
comprehensive educational institutions per 10 thou-
sand people; the number of students of vocational
schools per 10 thousand people; the number of stu-
dents of higher educational institutions with I-1V
levels of accreditation per 10 thousand people),
cultural sphere (availability of library funds per
100 people; availability of club membership per
100 people; attendance of museum institutions per
100 people; 8 — attendance of theatres per 100 peo-
ple; 9 — attendance of concert events per 100 peo-
ple), sphere of health care (availability of doctors
per 10 thousand people; availability of average
medical personnel per 10 thousand peo-
ple;availability of hospital beds per 10 thousand
people; planned capacity of outpatient clinics per
10 thousand people), housing and communal ser-
vices (availability of housing space; an indicator of
the level of private houses), trade and mass cater-
ing (availability of trade areas, retail turnover of
enterprises per person (thousand UAH), retail sale
of alcoholic beverages per person (l)), connection
(number of subscribers of mobile communication;
number of cable connection subscribers; the share
of households having access to the Internet. It
should be emphasized that they allow to evaluate
the functionality of certain elements not from the
point of view of quantity, but quality - provision,
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availability, demand of a certain social sphere ele-
ment, which, in our opinion, reflect the real state of
formation of the social sphere and makes it possible
to differentiate its components according to the
level of functionality formation.

In the process of research, the method of
clusterisation was used. On the basis of the qualita-
tive indicators analysis characterizing the social
sphere of the areas of the Carpathian-Podillia re-
gion, a hierarchical cluster analysis was carried out
with the subsequent construction of the dendrogram
(using the Euclidean distance at clusterization).
Presentation of the main material. Territorial
boundaries of the research are defined within Tran-
scarpathian, Lviv, Ivano-Frankivsk, Chernivtsi,
Vinnytsia, Khmelnytskyi and Ternopil regions (the
area covers 19.1% of the territory of Ukraine and is
home to 23.5% of the country's population). These
areas have a compact location, which positively
affects their cooperation and high interdependence.
Sufficiently well-established business, labour, in-
formation and communication should also be con-
sidered as the strong side of such cooperation.
However, historically, these territories were formed
not as one, because in different historical periods
they were part of various state institutions. To a
certain extent, such territorial attachment also af-
fected the ethnic composition of the population in
the mentioned areas, which can be defined as di-
verse.

Consideration of social sphere elements
should be carried out in the sectorial version of the
assessment, but taking into consideration a certain
territorial level.

The level of social sphere development is de-
termined by the demand for services, and those, in
their turn, vary according to the real possibilities of
society at one or another stage of development. In
today's conditions of an unstable economic situa-
tion in the country, the demand for many types of
services has decreased due to low profits of the
population, although there is an increase in interest
in certain types of services (information, advertis-
ing, including tourism, health care, etc.).

The social sphere has certain territorial dif-
ferences in the level of development and structure.
Significantly higher level of its development and a
wider sectorial structure is in cities compared to
rural areas, in more economically developed indus-
trial regions than in less developed agricultural
areas.

The educational sphere is an important ele-
ment in the formation of the social environment, the
formation of an enlightened society and is a prereg-
uisite for the preservation of intellectual society.
Important indicators that characterize this area of
the social sphere are qualitative characteristics of
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the educational space of the study area, for exam-
ple, the coverage of children by preschool institu-
tions, the number of students in general education
institutions per 10 thousand people, the number of
students of vocational schools , the number of
higher education institutions students of I-IV ac-
creditation levels per 10 thousand people. Such
indicators allow us to assess the state of the educa-
tional environment in the research area. During
1995-20186, in the areas of the Carpathian-Podillia
region, the rate of coverage of children in pre-
school institutions increased (from 31 preschoolers
/ 100 children of the corresponding age in 1995 to
62 preschoolers / 100 children of the corresponding
age in 2016), which even exceeded the average
Ukrainian index starting from 2010 (Statistical
Collection «Regions of Ukraine», 2017. Part
1).Higher level of security is characteristic of the
Podilsk regions. From 1995/1996 academic year up
to 2013/2014 the number of students of comprehen-
sive educational institutions in the amount of 10
thousand people decreased (from 1464 to 1039
students per 10 thousand population) and only dur-
ing 2016/2017 academic year there was a tendency
for an increase in the number of students in accor-
dance to the number of residents (1067 students per
10 thousand population). It should be noted that this
indicator has more positive numbers than the aver-
age in Ukraine. Over the period of 2000-2016 there
was a decrease in the number of students of voca-
tional education institutions per 10 thousand people
from 104 to 81 students (but it is worth mentioning
that these indicators are more positive than in
Ukraine in general). The highest indicator is char-
acteristic of the Lviv region (in 2016 - 107 students
of vocational schools per 10 thousand people). As
to the indicator of the number of higher educational
institutions students in the Carpathian-Podillia re-
gion there was an increase in the number of stu-
dents per 10 thousand people from 2000/2001 aca-
demic year to 2005/2006 academic year, but in
subsequent academic years their number decreased
faster than in Ukraine in general (Statistical
Collection «Regions of Ukraine», 2017. Part 1).
When evaluating the educational sphere ac-
cording to the criteria chosen by us, the matrix table
confirms that the most developed this sphere is in
the Lviv region, and the indicators of the educa-
tional environment functioning in the Vinnytsia,
Ternopil and Chernivtsi regions are also high, while
in other areas of the region there are problems with
the separate components of the estimation of avail-
ability development of the educational sphere, or
generally low efficiency of their functioning (Table
1). Compared with the average Ukrainian indicators
and indicators characteristic to all areas of the
Western Ukrainian region. In this territory there
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were always higher indicators of coverage of chil-
dren by preschool institutions, the highest number
of pupils and students in general education and
vocational schools. Only a reduction in the number
of students in higher educa-tion institutions in the
region is higher than in Ukraine in general (this can
be justified by the outflow of students to European,
first and foremost, Polish educational institutions).

Culture covers institutions and establish-
ments that produce cultural goods, offer spiritual
values to the population etc. (libraries, theatres,
clubs, museums, film studios, television, radio,
newspaper and magazine publishing houses). Their
placement is also associated with the peculiarities
of people’s resettlement: there is the higher concen-
tration of cultural objects in large populations set-
tlements. In the areas of the Carpathian-Podillia
region there are over 5,7 thousand libraries, 6,4
thousand club facilities and cultural buildings
(Statistical Collection «Regions of Ukraine», 2017.
Part 1).They are placed according to the adminis-
trative division (in settlements — centres of adminis-
trative-territorial units, in urban microdistricts) and
on a production principle — on the basis of enter-
prises, educational institutions, etc. For our analy-
sis, we selected two areas — the availability of these
institutions, which were evaluated through the in-
dex of availability of certain institutions for popula-
tion and the population attendance of cultural and
art establishments.

The indicator of the availability of cultural
institutions, in particular library funds and club
facilities in the Carpathian-Podillia region, is higher
than the average in Ukraine and in the Western
Ukrainian region in general. Although since 2000
these figures are decreasing in Ukraine, the decline
rate in the region under study is not so significant.
Thus, the average indicator of the availability of
library funds in the region comprises 688 copies per
100 people, and in most regions (Vinnytsia, Lviv,
Ternopil, Khmelnytskyi) it exceeds 700. If on aver-
age in Ukraine the provision of places in clubs is 10
places per 100 people, in this region it exceeds 15
(in Ternopil and Khmelnytskyi regions — 18).

Among the museum establishments of the
Carpathian-Podillia region (161 establishments,
almost 28 % of the total Ukrainian indicator) domi-
nate regional history, historical, memorial muse-
ums. Most of them are situated in regional centres
(the leader is Lviv), and among the regions as a
whole the leader is Ternopil region — 30. The rate
of attendance of museums in the regions of the area
is higher (in 2016 — 46 visits per 100 people) than
in Ukraine in general (37 visits per 100 people) and
continues to grow. Higher indicators from the aver-
age regional rate were recorded in Transcarpathian
and Lviv regions (48 and 75 visits per 100 inhabi-

tants), the lowest — in Chernivtsi (31 visits per 100
inhabitants) (Statistical Yearbook of Ukraine for
2016, 2017. Kyiv, 2017). The reason for such a
significant ampli-tude can be both quantitative in-
dicators of museums as well as the practical interest
of tourists and recre-ationists to this form of rest.

The largest number of professional theatres is
in the Lviv region (9 out of 112, which operate in
Ukraine). There are 27 professional theatres in the
region in general. Regarding attendance, despite the
established stereotype that the population of west-
ern Ukraine are theatre fans, the indicators are
lower than in Ukraine — 11 visits per 100 inhabi-
tants (with the exception of the Lviv region — 18
visits per 100 inhabitants) (Statistical Yearbook of
Ukraine for 2016, 2017. Kyiv, 2017). It should be
noted that this indicator includes a significant tour-
ist component, because many Ukrainian and foreign
tourists consider it mandatory to visit theatres dur-
ing their travel programs.

Assessing the level of functioning of the cul-
tural sphere components, it should be noted that
their highest level is characteristic of the Lviv and
Khmelnytskyi regions, high and relatively balanced
- in Vinnytsia and Ternopil regions. If we analyse
the dynamics of individual indicators, then from
2000 to 2016 in the areas of the Carpathian-Podillia
region there is a deterioration and lagging behind
the average Ukrainian indicator and indicator of the
Western Ukrainian region in general regarding the
availability of library funds, but there is an increase
in the availability of places in clubs, there is an
interest in visiting museums and the attendance of
theatrical at concert events decreases.

The health-improving complex includes a
system of medical and recreational institutions that
provide health care (disease prevention, treatment),
health improvement and recreation. There are
50000 doctors of all specialties in the healthcare
institutions within the region (almost 27 % of the
total Ukrainian indicator) and more than 100 thou-
sand of medical staff (more than 27 % of the total
Ukrainian indicator). The availability of doctors in
the region under study is one of the highest in the
country, but the percentage of sick people is con-
stantly increasing due to unfavourable living condi-
tions, inappropriate nutrition, and so on. Thus, from
2000 to 2016, the availability of doctors per 10
people in the Carpathian-Podillia region ranges
from 45 to 50 specialists (in Ukraine this figure is
significantly lower). The indicator of the availabil-
ity of average medical personnel is also at the high
level (more than 100 per 1 thousand population) as
well as the amount of hospital beds (more than 77
per 10 thousand population). The highest rates are
characteristic for lvano-Frankivsk, Lviv and Terno-
pil regions.
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The situation with the planned capacity of
outpatient clinics is quite tense (all medical institu-
tions conducting an outpatient appointment — out-
patient clinics, out-patient departments, clinics, out-
patient departments of hospitals, medical health
centres, etc.). The situation improves since 2010,
but lags behind the all-Ukrainian indicators. Only
in two regions of the area (Vinnytsia and Transcar-
pathian) the planned capacity of outpatient clinics is
higher than the average in Ukraine.

The medical field, according to selected cri-
teria, has the highest index of availability of doc-
tors, average medical personnel in the Ivano-
Frankivsk, Lviv and Ternopil regions. Quite quali-
tative medicine can function in the Khmelnytskyi
region. In other regions, the rating positions of the
medical sector are rather low and, accordingly,
indicate the problem of its development.

Housing and communal services satisfy the
needs of people in housing, provide functioning of
dwelling houses, hotels, small enterprises and insti-
tutions. This direction of the social sphere provides
maintenance and repair of the housing stock and
communal infrastructure. The entire housing fund
in the Carpathian-Podillia region comprises 256
million square meters, which is more than 26 % of
the state’s housing stock. The city housing stock has
a higher level of gas, hot and cold water supply,
and sewerage than in the rural areas. Within the
studied region, the main residential areas are con-
centrated in rural areas (more than 55 % of the total
regional index). Today, in order to improve the
living conditions of the population, considerable
attention is paid to the development of investment
(at the expense of private costs of individuals and
legal entities) and individual housing construction.
The average availability of housing stock in the
region is higher (25.8 m* / person) than in Ukraine
in general (22.9 m? / person). Among the areas of
the region, the highest level of housing availability
is characteristic of Vinnytsia (almost 30 m® / per-
son) and Khmelnytskyi region (27 m? / person), the
lowest is in the Lviv region (23 m? / person).

Communal infrastructure is an integral part
of residential and household needs of the popula-
tion and enterprises. It covers electricity, heat sup-
ply, gas supply, water supply, sewage, improve-
ment and sanitary cleaning of the territory. Among
indicators that characterize the arrangement of
apartments in the Carpathian-Podillia region, the
indicators of natural gas supply, sewage and cen-
tralized water supply are the highest. According to
the index of natural gas supply, the highest indica-
tor is characteristic of Ternopil, Chernivtsi and
Khmelnytskyi regions (in all, over 93 % of the total
regional indicator). The best water supply is typical
for Lviv and Ternopil regions, sewage services and
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hot water supply — for the same areas. Centralized
heating is best arranged in Ternopil and Khmelnyt-
skyi regions.

With a consolidated assessment of the indica-
tors that ensure the quality of the housing and com-
munal complex functioning of these territories, the
ranking of the highest positions are typical for the
Ternopil and Khmelnytskyi regions, while Lviv,
Ivano-Frankivsk and Vinnytsia regions are close to
the average.

Trade and catering include retailers and mass
caterers.

The most comfortable conditions for trade
according to the trade space are noticeable in Lviv
and Ivano-Frankivsk regions, high enough in Ter-
nopil, Khmelnytskyi and Transcarpathian regions.

In the total volume of commodity circulation,
groceries make up 65 %, non-food products — 35 %.
The highest indicators of retail turnover per person
is in Lviv region (13,5 thousand UAH / person, the
indicator exceeds the average Ukrainian), and the
lowest - in Ternopil region (7,6 thousand UAH /
person). In addition to the traditional enterprises of
the industry, a network of specialized stores, fast
food catering establishments develope. An interest-
ing indicator is the consumption of alcoholic bever-
ages (in the calculation of pure alcohol | liter per
person, this criterion is an applicator of the social
structure level in the regions), according t which the
minimum indices are characteristic for predomi-
nantly Podilsk regions (Vinnytsia and Ternopil —
within 1.3 1/ person) , and the maximum - for the
Lviv region — 2,7 | / person.

According to the indicators characterizing
the trade sector and mass catering, it can be noted
that there is a very small amplitude between the
regions, which allows us to assert the practically
same level of functioning of the trading sphere.

Communication as a branch of economy con-
sists of enterprises, lines and nodes, which provide
the process of transmitting information over a dis-
tance (ie, telecommunication). This includes com-
munication departments, telephone and telegraph
stations, post office, radio broadcasting, television,
etc.

From the beginning of the XXI century along
with the media (radio and television), an individual
connection is developing extremely fast. At the
same time, its traditional form — phone connection
— is improving, interlacing with other types (satel-
lite, radio). Another group of the latest telecommu-
nication facilities widely uses video equipment and
computers. This is telefax, e-mail, Skype, etc.

Due to accessibility to new forms and types
of communication, there is a significant difference
in the background of the regions. For example,
Lviv region is the leader. Transcarpathian and Vin-
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nytsia regions have rather high index characteristics
as well. If one is to estimate the region’s share of
the indicator of the mobile subscribers number or
the number of cable television subscribers, it is
slightly more than 10 %, which corresponds to the
correlation index of the population share in the
Ukrainian index.

On the basis of the conducted component
analysis, it is possible to rank the regions of the
Carpathian-Podillia region in terms of the function-
ing of the elements of the social sphere. The
method of clusterisation analysis was used to con-
duct the research, which allowed to analyse the
state of functioning and differentiation of the level
of social sphere elements in the context of the men-
tioned administrative units.

For the characteristics of each social sphere
element of the region there is a corresponding rank
(from 1 to 7), according to the indicator occupied
by the region (the rank is higher, provided that it
has the higher corresponding absolute index).
Fewer points provide a better ranking.

Several blocks of criteria were used during
the formation of matrix. They were grouped into:
educational sphere: 1 — the coverage of children by
preschool institutions; 2 — number of students of

comprehensive educational institutions per 10 thou-
sand people; 3 — the number of students of voca-
tional schools per 10 thousand people; 4 — the num-
ber of students of higher educational institutions
with I-1V levels of accreditation per 10 thousand
people; cultural sphere: 5 — availability of library
funds per 100 people; 6 — availability of club mem-
bership per 100 people; 7— attendance of museum
institutions per 100 people; 8 — attendance of thea-
tres per 100 people; 9 — attendance of concert
events per 100 people; sphere of health care: 10 —
availability of doctors per 10 thousand people; 11 —
availability of average medical personnel per 10
thousand people; 12 — availability of hospital beds
per 10 thousand people; 13 — planned capacity of
outpatient clinics per 10 thousand people; housing
and communal services: 14 — availability of hous-
ing space; 15 — an indicator of the level of private
houses; trade and mass catering: 16 — availability
of trade areas, 17 — retail turnover of enterprises per
person (thousand UAH); 18 — retail of alcoholic
beverages per person (I); connection: 19 — number
of subscribers of mobile communication; 20 -
number of cable connection subscribers; 21 — the
share of households having access to the Internet.

Table 1.RankingofpartsofCarpathian-Podilliaregionaccording to the level of social sphere elements formation, indexes of 2016”

Criteria for evaluation / rank
Educa-tional | Cultural sphere Medical sphere Housing Trade and Communi- Combined
Regions sphere and com- | mass catering cation ranking of
munal the region
services

112 3 |4|5|6|7|8]9|10|11 )12 |13 |14 | 15 |16 |17 |18 |19 | 20 | 21 | total | rank
Vinnytsia 117 2 |4]1|2]|3|6|5]| 6 6 | 6 2 1 5 716 1 2 1 6 80 4
Transcarpathian | 4| 1| 6 [ 7]|7|6|2[4]|2]| 7 7 7 1 6 4 5 2 3 3 3 1 88 6
Ivano-Frankivsk | 6| 2| 5 |5|5[4|5|4|7] 1 1| 4 6 3 3 2 |5 2 2 6 | 4 82 5
Lviv 5|41 1 [1]4]5[1]1]1] 3 3 1 5 7 2 1 1 6 1 2 | 3 58 1
Ternopil 3!/513[2|3|3[3[3|6] 4 2 1214 | 4 1 317 2 6 | 4 5 75 2
Khmelnytskyi 16| 4 |6]2[1[4|3]|3|5|4]3]3 2 3 4 | 41415 5 7 79 3
Chernivtsi 213 5 |3|6|4]6]5|4] 2 515 7 5 6 6 | 3 51 4 7 2 95 7

" Calculated forStatistical Collection «Regions of Ukraine», 2017. Part 1; Statistical Collection «Regions of Ukraine», 2017.

Part 2; Statistical Yearbook of Ukraine for 2016, 2017.

As a result of the analysis, the method of
clusterization was used through multivariate statis-
tical analysis. On the basis of indicators generaliza-
tion of blocks-criteria, an algorithm for assessing
the functioning of the social sphere of the areas of
the Carpathian-Podillia region was formed:

1) the initial mass of information was ana-
lysed according to the indicators, which can be
considered as two sub-masses - indicators-
stimulators and indicators-destimulators;

2) for each of the six groups of indicators, the
actual ranking is performed on the basis of absolute
indicators, which are given in Statistical Collection
«Regions of Ukraine», 2017. Part 1; Statistical
Collection «Regions of Ukraine», 2017. Part 2;
Statistical Yearbook of Ukraine for 2016, 2017,

3) for each region, a certain amount of rating
indicators is determined, which demonstrate its own
guantitative assessment of the social functionality
in the regions according to the factors of stimula-
tion;

4) in the format of a graph-tree, one can
demonstrate the distribution of regional areas ac-
cording to the level of social sphere formation and
functionality;

5) the suggested meaning assessment of the
final regions grouping according to the indicators of
the functioning of the social sphere.

This methodological approach to qualitative
rating indicators allows us to form a cohe-rent pic-
ture of the problem and to evaluate the social
sphere functioning of the areas of the re-gion under
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study. It shows satisfactory results provided that
there is a significant amount of evidence in the
output masses of information (in our case more
than 20 indicators) and their statistical homogeneity
and equilibrium.

On the basis of the analysis, one can see (Fig.
1) that the most balanced social sphere functions in
Lviv region. This is due to the balanced organiza-
tion of the educational sphere at the level of pre-
school, general and higher education, the cultural
sphere, which is monitored due to the demand of
cultural institutions and their updating, the sphere
of trade and mass catering that ensure the availabil-
ity of food products and services for the local popu-
lation and tourists, as well as communication (using
of new and existing forms of communication by
population) - these indicators provided the leading
position of the region.

The general picture of the assessment shows
that the majority of regions (Vinnytsia, Transcarpa-
thian, lvano-Frankivsk, Ternopil, Khmelnytskyi)
have similar indicators of social development, but
each of them often has its own advantages in the
development of the social sphere elements. This
does not allow to assert a balanced functioning

level of the social sphere within these territories.
Thus, for Vinnytsia region, there is the domination
of education, culture, housing and communal ser-
vices and communications in the social sphere, but
the low level of functioning of the medical staff
sector and trade. Transcarpathian region is charac-
terized by formation and demand of the sphere of
communication and trade, and other areas of social
sphere are rather problematic. Ivano-Frankivsk
region has a sufficient level of functioning of medi-
cal services, housing and communal services and
trade. Ternopil region shows balanced functioning
of the components of the educational sphere, cul-
ture, medicine, housing and communal services.
Khmelnytskyi region is marked by formation and
functioning of the sphere of culture, medicine,
housing and communal services. As for the
Chernivtsi region, in comparison with other regions
of the Carpathian-Podillia region, this region has
only high level in the sphere of education, while in
the other groups of indicators there are unbalanced
and low indicators. The suggested clustering of the
regions of the research area (Figure 1) shows their
place according to the balance indicators of the
social sphere functioning.
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Fig. 1. Clusterization of the areas of the Carpathian-Podillia region according to balance indicators of the social sphere components

Conclusions. The social sphere of Ukraine in
general and its major regions are experiencing the
period of diversification of its components. With
significant potential, the regions of Ukraine do not
always use their potential properly.

In the process of consideration of each social
sphere component of the Carpathian-Podillia re-
gion, we analysed the main groups of criteria. This
al-lowed determining the differentiation of levels of
social sphere formation of the region in general. On
the background of the regional indicator of the so-
cial sphere functioning and formation Lviv region

292

is marked by a high level of education, culture,
trade and mass catering, as well as communications
— these indicators provided the leading positions of
the region. For most areas of the region (Vinnytsia,
Transcarpathian, lvano-Frankivsk, Ternopil,
Khmelnytskyi) there is a very narrow amplitude of
total indicators, which can be a confirmation that in
the consolidated form the social sphere does not
have a significant difference in these areas. The
weakness of the social sphere of Chernivtsi region
according to the criteria we have chosen is based on
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the low positions of the cultural sphere, housing
and communal services as well as medical sphere.
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Abstract.Gas hydrates occurring in the World Ocean are considered as the additional and

Received 09.05.2018; perspective non-traditional resource of hydrocarbon materials. The proposed classifica-
Received in revised form 16.052018; tion of deposits as for mining and geological conditions of their occurrence as well as
Accepted 20.06.2018 methodological approach to their development and calculation of technological parame-

ters of methane extraction from the World Ocean floor with minimum impact upon the
Earth’s hydrosphere is of considerable importance in the context of current studies of new and most prospective source of energy in
terms of the available experience gap as for the development of gas hydrate deposits. The approach to search for and explore gas
hydrate deposits occurring on and under the World Ocean floor has been suggested; the approach is based upon the regularities of gas
hydrate distribution in lithological varieties and geological structures. The necessity to take into consideration the pore space enclos-
ing gas hydrate thicknesses to calculate their reserves has been substantiated. The overview of scientific literature sources summariz-
ing the results of marine expeditions as well as the analysis of publications of world scientific community dealing with the studies of
gas hydrates has made it possible to determine that gas hydrate deposits are associated to the zones of jointing of continental plates
and oceanic troughs. In their turn, those zones, due to different genesis, are made up of the corresponding various products of sedi-
mentary rock accumulations. Detailed analysis of the Black Sea floor structure has been performed. Three geomorphological zones
have been singled out; basic types of gas-bearing capacity manifestation and methane liberation from the interior have been
represented. Quantitative evaluation of methane content in gas hydrate deposits has been given taking into account the detected ones.
Data concerning gas-bearing capacity of the Black Sea floor proved by the map of mud volcanoes location within the areas of gas
hydrate sampling have been considered. That was the basis to analyze peculiarities of the formation of bottom-sediment gas hydrates
basing upon genetic origin of lithological composition of their enclosing rocks and their structures in terms of the Black Sea floor.
Relation between the features of the World Ocean floor structure and the distribution of gas hydrate deposits has been determined.
Theoretical approach to search for and explore gas hydrate deposits both in the Black Sea and in the World Ocean has been devel-
oped and proposed. Interaction between different zones of the World Ocean floor and types of gas hydrate deposits based upon the
compositions of their enclosing rock has been shown. Lithological composition of the rocks enclosing gas hydrates has been ana-
lyzed in detail. That will make it possible to determine the type of any specific deposit and elaborate technological scheme to open
and develop methane-containing gas hydrate deposits.

Key words: the Black Sea, the World Ocean, gas hydrate, methane, bottom sediments.
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AHoTauis. PogoBuila ra3oBux rigpatiB € NepcrneKTUBHNM [A0AATKOBUM [KEPesioM BYT/1eBOAHEBOT CPOBMHM. Ha cyyacHoMy eTani
[OCNigpKeHb LbOro HOBOTO i HaibinbLL MepcneKkTUBHOMO AKepesia eHEPreTUYHIX PecypCiB, Mae BE/IMKE 3HAYEHHS PO3pobKa TeXHO-
NIOTIYHMX NapameTpiB MPOLECY BUYYEHHS] MeTaHy 3 AHa CBIiTOBOrO OKeaHy 3 MiHiMa/ibHUM BMAMBOM Ha rigpocdepy 3emni. Ans
[OCATHEHHS L€l MeTU, € BENIbMW aKTyalbHUM BCTAHOBJIEHHS FE010r0-CTPYKTYPHUX 0COBMMBOCTEN 3aNsraHHs LibOro pecypey, BusB-
JIEHHS 3aKOHOMIPHOCTE M0ro MOLWMPEHHS B AOHHUX BiAKNaAEHHSX Ta OLiHKa BNAMBY NiTOMOMYHOrO CKnagy nopig, Lo BMilLYHTb
rasorigpar Ha (hopMyBaHHS MOro CTPYKTyp. 3anpornoHoBaHa Knacudikauis poAoBMLY, Fa30BMX FiApaTiB, WO 3a14raloTb Ha gHi i nig
[HOM CBITOBOr0 OKeaHy, 3aCHOBaHa Ha 3aKOHOMIPHOCTSIX TX MOLUMPEHHS B PI3HMX AITOMOMIYHUX PiI3HOBUAAX | TEOMOTIYHMX CTPYK-
Typax, Haflae MOXMBOCTI A/15 TX NOLYKY i po3Bigku. OBrpyHTOBaHO HeObXiAHICTb BpaxyBaHHA OLIHKW MOPOBOro MpocTopy, Lo
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BMilL|a€ rasorigpaTHi TOBLi AN NigpaxyHKy X 3anaciB. BUKOHaHO AeTalbHUWiA aHani3 6yaoBu fHa YopHOro mops, BUgineHi Tpu
reomMopao/oriyHMX 30HN | HaBefeHi OCHOBHI BMAWM MPOSIBA FAa30HOCHOCTI i BUAINEHHA MeTaHy 3 Haap. Ha uiii OCHOBI BMKOHaHO
aHani3 0co611BoCTel POPMyBaHHA ra3origpaTiB AOHHUX BigKNafeHb, Ha OCHOBI FEHETMYHOIO MOXOMKEHHA NITONOTIYHOrO CKnagy
nopig, Wo BMILLYHOTb i X CTPYKTYP, Ha NpuKnagi gHa YopHoro mMopsi. 3 ypaxyBaHHSM BUSIBNEHMX POLOBULL, Fa30BUX FigpaTis, HaBe-
[leHa KinbKiCHa OLjiHKa BMICTY MeTaHy B ra3origpaTHuX BigKNafeHHsIX.

Knrouogi cnosa: YopHe Mope, CBiTOBWIA OKeaH, ra3oBwii rigpaT, MeTaH, OHHI BiAKNaLeHHs.

Introduction. International scientific com-
munity considers huge deposits of gas hydrates in
the World Ocean as the extra nontraditional source
of carbohydrates. Studies of gas hydrates have be-
come more active in recent 50 years. Many of
scientists from different countries discuss the issues
concerning the availability of gas hydrates and con-
ditions of gas hydrate formations. Over that period,
various  scientists (Okuda, 1988;Kvenvolden,
Robertson, Simons, 1988;Shnyukov, Gozhik, Kra-
yushkin, Klochko, 2007; Makogon, 2010; Chen,
Zhou, Su, Liu, Lu, Wang, 2011; Kobolev, 2017 and
others) have determined the availability of gas hy-
drates within the mainland and considerable occur-
rences of gas hydrate deposits within the shelf and
floor of the World Ocean. Such authors as Sloan,
1990;Yamamoto, Terao, Fujii, lkawa, Seki, Matsu-
zawa, Kanno, 2014; Zhao, Song, Lim, Lam, 2017)
state that gas hydrate reserves (2 - 1016 m®) are
comparable to the amount of oxygen in the Earth’s
atmosphere (8 - 1017 m®). Taking into considera-
tion high specific gas concentration in natural hy-
drates (up to 160 m / m®), their relatively shallow
occurrence (under seafloor starting from the water
depth of 300-500 m) (Byakov, Krugliakova2001),
deep-sea hydrates are considered as a real alterna-
tive to the traditionally extracted gas. Nowadays,
Great Britain, Germany, Canada, China, the USA,
Norway, and Japan are involved in the development
of gas hydrate extraction technologies.

Japanese and Canadian researchers have
made successful attempts of gas hydrate deposit
development. In 2012, Japan initiated one of the
top-priority national budget-financing programmers
in the world aimed at the development of marine
gas hydrate deposits of Nankai Trough at the depth
of 950 m (Yamamoto, Terao, Fujii, Ikawa, Seki,
Matsuzawa, Kanno, 2014). For the first time in the
world practice, Japanese gas enterprise has ma-
naged to extract gas from the seafloor gas hydrates.
The extraction may be called as a well production
testing. For instance, Canadian experts have ex-
tracted gas from the gas hydrates deposits located
within the permafrost zone. Irrespective the facts
that gas emission was stable only during six days
and the experiments cost CDN 48 min, scientific
community took the news as a real breakthrough in
the sphere of “blue fuel” extraction as Arctic area
of Canada is characterized by gas hydrate deposits
being sufficient to satisfy the needs of Canadian
domestic market for some hundred years to come.

Topicality of the research is proved by the no avail-
ability of both direct and indirect methods to search
and explore gas hydrate deposits within the World
Ocean floor apart from geophysical one. Geophysi-
cal methods are widely applied by modern science
to detect such deposits, taking into consideration
specific features of their occurrence and expansion.
However, to plan any geophysical expeditions, it is
important to have previous outline of the zone for
searching and exploring; further evaluation of the
deposits requires innovative approach considering
pore space, facility, and enclosing rock structure.
The paper proposes to predict these parameters
according to the bottom structure before the begin-
ning of deep drilling operations.

The author deals with the problem not only
in terms of the obtaining additional power resource,
but also because of the concerns that there may be
serious environmental and climatic problems as a
result of possible accidental methane release into
the atmosphere not only during incorrect develop-
ment of gas hydrate deposits but also in the context
of relatively minor changes in thermodynamic
(climatic) conditions being close to the limit of gas
hydrate phase stability (Bondarenko, Maksymova,
Koval 2013; Maksymova, 2015, 2016, 2018). In
other words, as a result of global warming and in-
crease in the World Ocean temperature, deep-sea
gas hydrates may begin their uncontrollable de-
composition even without human involvement as
the shift in phase balance in terms of environmental
temperature rise will result in chain reaction of gas
liberation. That is true about the Black Sea as well.
Currently, there is no scientifically substantiated
technology to develop gas hydrate deposits. Ration-
al development of that additional natural energy
resource requires the elaboration of a technological
scheme taking into consideration the specific geo-
logical and morphological structure of each deposit
as well as the utmost environmentally friendly
technology of gas extraction from gas hydrate de-
posits. Thus, the main task for today is to formulate
a complex approach for that natural resource devel-
opment. With respect to the available wide-scale
worldwide studies in the area, it is obvious that we
need detailed analysis of the relations of all the
processes within the considered systems from the
viewpoint of geological conditions and regulari-
ties.

Thus, the objective of the paper is to demon-
strate the relations between the World Ocean floor
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peculiarities and the occurrence of gas hydrate de-
posits, depending upon the enclosing rock composi-
tion, for their further possible development.
Analysis of publications. According to the results
of scientific papers by E.F. Shnyukov, V.P. Kobo-
lev, A.A. Pasinkov and others (Shnyukov, Kobolev,
Pasyinkov 2013; ShnyukovE, Ziborov 2004;Lee,
Ryu, Yun, Cho, 2011), generalized complex state-
of-the-art study has been carried out to identify and
explore gas hydrate deposits by the expeditions
from different countries.

Analysis and comparison of numerous maps
and aerial survey data of the identified deposits of
gas hydrates and zones of global tectonic faults
prove the association of the majority of the deposits
to the zones of joints of continental plates and abys-
sal depths [Maksymova, 2013, 2015]. In their turn,
due to different genesis, those zones are made up
from the corresponding products of sediment ac-
cumulation.

The Black Sea floor has been the subject of
study since antiquity. According to the conclusions
of the international oceanographic expedition by
“Aquanaut” research vessel in 1993, one of the
hypotheses of the Black Sea origin tells that 7500
years ago there was the planet deepest aquatic lake
which level was lower than the modern one by
more than 100 m. When the Glacial Era was over,
the World Ocean level rose and the Bosporus strait
was breached. 100 thousand m? of fertile lands be-
ing already cultivated were flooded. According to
the hypothesis, the Black Sea origin was possibly
accompanied by mass mortality of all the lake
fresh-water life which decomposition products were
represented by methane and hydrogen sulphide. In
1996, theory of the Black Sea flood was also pro-
posed by the geologists William Rayan and Walter
Pitman (University of Columbia, the USA); accord-
ing to their theory there was a massive and cata-
strophic rise of the Black Sea level (about 5600
B.C.).

Insummer 1890, an expedition headed by
I.B. Shpindler equipped 37 deep-water stations; 889
different-depth temperature measurements, 446
specific gravity tests, and 12 draggings were per-
formed. Thus, following facts were proved:

- floorofthecentralBlackSeapartis  abasin-
beingexclusivelyflat, stretchedapproximatelyfrom-
westtoeast, withthedepthdownto 2 244 m;

- watertemperaturebeginningfromthedepthof
200 m and down to the floor is uniform being
about 9 °;

- salinityatthosedepthsincreasesdowntothef-
loorveryslowly (upto 22 g/l), atthesametimeitdif-
ferssharplyfromthesalinityofthelayerslocatedhigher
(about 17 g/);

- in the summer time, in some places, water
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temperature down to 50 m is heated up to 25 de-
grees, then, down to the depth of 100 m, one can
observe water layers with the temperature of about
7 degrees;

- at the depth lower than 200 m the water is
saturated with hydrogen sulphide, there are no liv-
ing organisms, and scallops occur in deep deposits
that is characteristic only for fresh-water limans.

The deepest water is 2250 m along the axis
opposite the Crimean Peninsula. The fact of coinci-
dence in the directions of main axes of basins and
axes of mountain folds in the Crimea is of special
interest. Orientation of folds in the Crimean Moun-
tains has two systems: the first one is from the
north-east to the south-west; the second one is from
the south-east to the north-west. The first system
being also characteristic for the Balkan folds, is the
basic one, it coincides with the direction of the axis
of the deepest trough in the Black Sea. The second
fold system, corresponding to the folds of the Cau-
casus Mountains, coincides with the greatest axis of
the eastern sea basin.

Thus, the first Black Sea oceanographic sur-
vey was crowned with the greatest oceanographic
discoveries. Later, there were organized numerous
expeditions which confirmed those five key find-
ings.

Retrospectively, gas ingresses were widely

highlighted in scientific papers by such geologists
as Byakov, R.P. Krugliakova and many other re-
searchers (Byakov, Krugliakova2001; Shnyukov,
Ziborov 2004). Great contribution into the study and
systematization of the data concerning structure, gas-
bearing capacity, and gas hydrates of the Black Sea
was made by P.F. Gozhik, V.I. Starostenko, E.F.
Shnyukov, V.P. Kobelev, AEE. Lukin (Shnyukov,
Gozhik, Krayushkin, Klochko , 2007; Shnyukov,
Kobolev, Pasyinkov 2013; Lukin. 2014).
Material and research methods. The paper uses
methodically a system analysis of the available gas
hydrate deposits, proves the possibility of their
extraction, and, considering certain difficulties in
carrying out the detailed exploration, develops
theoretical approach based upon previous evalua-
tion and mining and geological conditions of the
distribution of such deposits. The proposed classifi-
cation approach to search and explore economically
expedient, in terms of methane extraction, zones of
the World Ocean floor is of high value at the
present stage of studying new additional and the
most prospective source of energy resources. For
the first time, the interrelation of different zones of
the World Ocean floor and the types of gas hydrate
deposits has been demonstrated on the basis of their
genetic origin and enclosing rock structure.

The basis of theoretical considerations as for
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the regularities of the formation of gas hydrate de-
posits is represented by the key concept: relying
upon a genetic origin and mining and geological
belonging to one or another ocean floor structure,
there will be different thermobaric conditions for
the be-ginning of gas hydrate formation and depo-
sits accumulation taking into consideration corres-
ponding composition of lithological variations of
the enclosing rocks. Floor thickness is represented
by the substances ranging from finely dispersed
aluminum silicate deposits to quartz fine-grained
sands and coarse size breccia of various mineralog-
ical composition of rock-forming thicknesses; it
also has indices of heat conductivity, specific heat
capacity, porosity, and permeability, being unique
for each deposit, that should be also taken into ac-
count while selecting the technique for a specific
deposit development.

Results and their analysis.There are three basic
geomorphological elements within the Black Sea
water area: shelf, continental slope, and deep-sea
trough. The Black Sea shelf is a flat underwater
slope spreading down to 90-150 m. 10-12 thousand
years ago it was a plain where rivers flew. When

last glaciers melt and retreated to the north, those
plains turned to be flooded. Now the shelf covers
24% of the Black Sea floor area. Its width varies. In
the north-west, shallow marine shelf stands out to
the sea by 200-250 km; at Caucasian and Asia Mi-
nor coasts is stands out to the sea only by 6-10 km;
somewhere it even ends abruptly at 500 m from the
coast. Continental slope is represented by a narrow
zone of a steep turn of a seafloor from the outer
shelf down to the depth of 1830 m with the steep-
ness of 20-30 degrees. Deep-sea trough of the
Black Sea (36% of its water area) is elongated from
the west to the east in the form of oval; it bends
slightly to the north, its floor is relatively flat, and
depths are deeper than 2000 m (Fig.1).

According to the results of the expeditions of
the Ministry of Geology of AS of the USSR and the
Ministry of Higher Education Institutions of the
USSR (1988-1989), deposits of gas hydrate me-
thane and natural gas were found in the Black Sea
at the depths of 200-800 m with the thickness of
250-1200 m located lower than the seafloor level

with layer thicknesses accounting for dozens of
meters.

Depth niore than

2000 m

i -4
A *

Fig.1.The Black Seabasin. A lens demnstrate the ethbeing more than 2000 m. hoto NASA.

Methane resources in gas hydrate deposits
opposite the Crimea are estimated to be 20-25 trn
m3; the research carried out by the expeditions of
the Ministry of Geology of AS of the USSR and the
Ministry of Higher Education Institutions of the
USSR (1988-1989) shows that according to the
seabed drilling and gas hydrate sampling in terms
of more than 400 test cores, the amount of methane
within the whole Black Sea shelf is not less than
100 trn ma.

First methane bursts took place as a result of
the Crimean earthquake, 11 September 1927. A
burst of flame being about 500 m high and 1.5-
mile-wide was recorded to the east from Sevasto-
pol. Similar bursts were observed from the ligh-
thouse in Yevpatoria; at that, bursts in the form of
hot clouds were moving from the north to the south.
According to the earthquake description by A.L.
Nikonov, within the period from 14 September
1927 to 5 October 1927, columns of white vapor
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over the sea surface as well as burning clouds,
flames, and even fire columns immersing into the
sea with hissing and bursting into flame again were
observed near Alushta, Alupka, and Sudak as well
as towards Pryvitne settlement

and Feodosia.

From the geographical viewpoint, it is obvi-
ous that such gas-bearing capacity is characteristic
for different geological structures of the Black Sea
floor. If near Yevpatoria it is associated to the con-
tinental shelf, then opposite Alushta, Alupka, Sudak
it is associated to a much deeper continental slope
or even to Sorokin Trough. The latter conclusion is
proved by the results of the expedition by the Aca-
demic Research Fleet of Ukraine (Shnyukov, Kobo-
lev, Pasyinkov 2013). Abundant gas occurrences
are recorded near the coastline of Bulgaria.

Numerous researchers consider the Black
Sea as a unique basin in terms of its gas-bearing
capacity as it is characterized by rather high seabed
gas recovery comparing to other basins of the
World Ocean with the discovered hydrocarbon
reserves. According to the results of American re-

¢ Crimea

iV
Romania

search expedition by “Knorr” vessel, methane re-
serves in the Black Sea are 88 bin m°.

According to the results of expedition by
“Professor Vodianytsky” research vessel (2002-
2006), it is determined that if methane seeps from
the Earth’s interior very deep underwater, then gas
is formed into a gas hydrate deposit. However,
sometimes-unconfined major gas releases break gas
hydrate formations. The expedition proved the fact
that all the large flames preserved their location and
intensity that increased the chances for perspective
oil and gas extraction. About 50 mud volcanoes
were discovered; however, scientists state that their
number is much greater. According to Yevhen
Shnyukov, marine geologist, academician of the
Academy of Sciences of Ukraine, discharges of
some mud volcanoes are similar to some famous
Caspian ones where eventually extensive oil fields
were established. One more peculiarity of the Black
Sea floor is the availability of methane gas hydrate
caps; about 20 of them are already found (Fig. 2).
Sorokin Trough located 40 km to the south-east
from Yalta is one of the most prospective areas of
the seabed; the through depth is 2 km.

Ukraine

Location of gas hydrate detection

Fig. 2.AreasofgashydratesintheBlackSeadetected during the expedition by “Professor Vodianytsky” research vessel [Shnyukov,

Kobolev, Pasyinkov 2013]

Gas hydrate discoveries are located within
the large geological structures both in Eastern
Black Sea and Western Black Sea troughs. Some
scientists (Lozynskyi, Saik, Petlovanyi, Sai,
Malanchyk, 2018) consider that only from 1 to 10
% of gases entering the hydrate formation zone are
stabilized in gas hydrates.
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Perspective areas to search for gas hydrates
also include: continental slope (from the depths of
700-800 m to its foot), paleodel deposits of the
river fans (Kobolev, Verpakhovskaya, 2014), zones
of mud streams and zones of displacements, and
zones with the developing diaper structure, first of
all, the ones formed by mud volcanoes. Gas-bearing
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area is also the one represented by the whole terri-
tory of central Black Sea fault being the basis for
the development of the continental slope as well as
the areas of deep and regional faults located deep in
the sea, zones of diaper development complicated
by mud volcanism, and, possibly, zones of deep-sea
subma-rine discharge. Sorokin Trough is also con-
sidered to be a perspective area.

Special attention should be paid to paleodel
deposits. Considerable occurrences of gas-saturated
sludge and gas hydrates can be observed here. Bed
deposits contain methane which concentration is by
3-4 times more than the background values. The
sampled gases include hydrogen sulphide, methane,
and heavy hydrocarbons.

According to the results of the Black Seas
seismic and geoacoustic surveying, numerous ano-
malies demonstrating the availability of gas hy-
drates were singled out. Such areas are known with-
in the western part of the trough, barrier anticlinal
zone, Palas Rise, Sorokin Trough, Anapa Rise, and
at the foot of the Caucasian continental slope. More
than a dozen of gas hydrate discoveries in the sur-
face layer of bed deposits were recorded in the
Black Sea; bed deposit interval was 0.6-2.85 m
(within the Crimean continental slope, Palas Rise
etc.). Gas hydrate methane deposits with the thick-
ness of 400-800 m under the seabed were found
within some areas of the Black Sea at the depth of
300-1000 m.

Geological and geophysical data and litera-
ture sources by the scientists of the NAS IGS of
Ukraine who studied north-west and Kerch-
Feodosia areas of the Black Sea basin shelves were
used to develop a map of the perspective structures
of gas hydrates and hydrocarbon deposits.

Thestartofhydrocarbonexplorationinthatre-
giondatesbacktothe 1950s. In 1976, the research
carried out by seismic survey robots of the Black
Sea geophysical expedition by “Krymmorheolo-
giia” association (Gruzer, F.L. and others) proved
the availability of Kerch-Taman periclinal trans-
verse trough; in addition, Southern-Kerch and Sub-
otin structures were determined in association with
“Yuzhmorheo” CGE RMA. In 1978-1982, compre-
hensive maps of different levels of Meso-Cenozoic
Subotin, Sokolov, Hlyboka etc. structures were
developed basing upon the detailed seismic survey-
ing carried out by “Soiuzmorheo”.

According to the detailed seismic surveying
with the application of modern techniques, Subotin
structure is among the largest ones in terms of local
structures determined within Kerch shelf. In 2005, a
parametric well No. 403-Subotin was drilled within
the vault part of Subotin structure; the purpose was
to specify lithological and stratigraphic differentia-
tion of the opened section as well as its facies and

formation characteristics, to study conditions of the
occurrence of perspective Cretaceous-Neogene
complexes, to obtain geological and geophysical
parameters for lithological and stratigraphic associ-
ation, to understand the levels, data on physical
properties of rocks as well as physical and chemical
characteristics of the formation fluids required to
inter-pret seismic exploration commercial and geo-
physical studies, to define perspectives of oil-and-
gas bearing capacity of the opened section, and to
refine the evaluation of the unexplored hydrocarbon
resources. Target well depth is 4300 m; true well
depth is 4300; target level is Paleocene-Upper Cre-
taceous; true achieved level is Lower Eocene.

Geological surveying vessel “Iskatel” has de-
termined 35 bln m® of gas within the northern-
eastern Black Sea shelf in Odesa region.

Government program — 2020 stipulates com-
plete provision of Ukraine with its own energy car-
riers. The fact that Ukraine has renewed oil-and-gas
explorations within the Black Sea shelf demon-
strates the considerable progress in Ukrainian geo-
logical prospecting. According to the estimations
by geological explorations, gas reserves within the
shelf are not less than 40 bln m* within the area of 7
thousand m? of the northern-western Black Sea
shelf. Ukraine has sufficient amount of resources to
satisfy own gas needs; moreover, Ukraine has the
possibilities to extract gas on its own. The papers
by A.Ye. Lukinov establish genetic relations be-
tween the tectonic and geodynamic peculiarities
and conditions of generation, migration, and accu-
mulation of the Black Sea region hydrocarbons and
Caspian mega basin, which is considered to be
unique in terms of, oil-and-gas bearing capacity.
The scientist points out that we have all reasons to
state that in terms of the corresponding measures of
the Black Sea basin exploration, similar to the Cas-
pian one, the number of oil-and-gas deposits in the
Black Sea will be not less than the ones of the Cas-
pian area (Lukin, 2014).

Thus, taking into consideration rather abun-
dant methane content of the Black Sea trough,
depths, and their temperature mode, it is obvious
that there are all the required prerequisites of me-
thane generation. Basic mass of gas hydrates con-
firmed by sampling is accounted for Ukraine and
Romania; less gas hydrate amounts are accounted
for Turkey, Bulgaria, and Russia.

Structure of the Black Sea floor and bed de-
posits enclosing gas hydrate formations

The author has carried out a detailed analysis
of the floor structure from the viewpoint of the
sedimentary cover enclosing gas hydrates of rocks;
the analysis is of high importance to have good
understanding of the conditions for the formation of
gas hydrate deposits as well as peculiarities of
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thermal and physical properties of their enclosing
rocks to develop further schemes of extracting that
valuable

energy resource.

Beginning from the depth of 25-50 m, bed
deposits of the Black Sea are represented by gravel
and sand. The Black Sea shelf starts from the coast
and goes down to the depth of 100-140 m. General-
ly, at the levels higher than 2000 m depths, within
the lim-its of firths, sedimentations of a steep conti-
nental slope are stipulated by river discharge; they
are rep-resented by sand, pebbles, and mud bank
with shells. Remains of mussels and horse mussels
can be found within the shelf. They form so-called
phaseoline ooze. Central part of the Black Sea
floor, deeper than 200 m, is represented by abyssal
plain represented by bluish-grey terrigenous mud,;
occasionally it is covered with white encrustation of
amorphous carbonate limestone. Sedimentation
mass occurs on a basalt bed covering the Earth’s
mantle.

Huge quantities of benthos, plankton, zoop-
lankton, and other biomass defined and evaluated
by the scientists of the Institute of the Biology of
Southern Seas of the NAS of Ukraine may be addi-
tional sources of organics along with endogenous
methane. Not only benthos but also some species of
plankton was found by the scientists within the
hydro sulfuric zone of the Black Sea as well as at
the depths being more than 1500 m near the seaf-
loor. That is an interesting fact confirming genetic
connection of the Black Sea with fresh-water com-
plexes. Bathyal zone of the Black Sea bottom, cov-
ering both shelf and continental slope depths, i.e.
from 200 m down to 3000 m, is colonized: total
amount of zooplankton at the depths of 0-50 m is
within the range of 347-7185 sp. / m®; biomass —
29.19-330.98 mg / m®; average values of total num-
ber of planktonic organism biomass in bottom se-
diments in terms of two depth ranges being 1250-
1850 m and 2060-2110 vary from 1 867 to 18844
sp. / 0.1 m?and from 98.91 to 1195.97 mg / 0.1 m?
respectively. Not less than 100 min tons of organics
per year merged into the lower sea layer being tak-
en by sulfate-reducing bacteria generating hydrogen
sulphide. Sediment accumulation rate in the Black
Sea in not less than 1 m / th years, 100 m per 100 th
years, and 1 km per one min years.

Thickness of bottom sediments accumulated
in the Black Sea basin (within the abyssal plain) is
4-8 times more than the depth of the Black Sea
water column; thus, the thickness is from 8 to 16
km. That is the thickest layer of the World Ocean
bottom deposit. Analysis of core samples from the
depths of several thousand meters under the seabed
from various regions of the Pacific and Atlantic
Oceans as well as the Black Sea demonstrates that
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archaea prevail having adapted to live in such a
complex environment (Chen, Zhou, Su, Liu, Lu,
Wang, 2011).

Archaea live on ooze, mud, and remains, pe-
trified and processed by other organisms. As a re-
sult of their activity, archaea generate methane.
According to the literature data and the studies by
the Institute of Geological Sciences of the NAS of
Ukraine, S.I. Subotin Institute of Geophysics of the
NAS of Ukraine, Marine Hydrophysical Institute,
and the Department of Marine Geology and Sedi-
mental Ore-Formation of the National Museum of
Natural History of the NAS of Ukraine, the general-
ized crosscut of deep water bottom sediments of the
Black Sea is as follows:

1. Modern sediment layer is the surface layer
with the thickness up to 1 m (maximum thickness is
1.09 m) consisting of the alternating thinnest inter-
layers (0.5-3 mm) of oozy substance with coccolith
inclusions.

2. Ancient Black Sea deposits are characte-
rized by the increased amount of organic substance.
The complex consists of three layers:

Upper intermediate layer enriched with or-
ganic substance represented by high-plastic grey
and reddish-brown (within the areas of decay ooze)
micro-layered oozes. That layer thickness is about
0.20 m (maximum thickness is 0.6. m). Upper
boundary of the complex is clear due to almost
constant availability of turbidities-argillaceous in-
terlayers within its roof.

Middle layer is represented by sapropel being
homogeneous, dense, and olive green to black in its
color. Its average density is 0.40-0.50 m at maxi-
mum value of 0.80 m.

Lower level is represented by pelitic dark-
greyish ooze with the characteristic increased con-
tent of organic substance. In addition, they are se-
parated by the interlayers of turbidities.

3. Novoeuxinian deposits are not opened to
their full capacity (down to 3 m from their roof).
The opened cut of Novoeuxinian deposits is
represented by three benches (Bondarenko, Vytiaz,
Zotsenko, 2015):

Upper bench is made up by light grey oozes
with the thickness up to 0.40 m. At the top, within
the boundary with sapropel level, turbidities inter-
layer is often observed. There is the same layer (up
to 0.1-0.11 m) within the lower boundary of the
oozes. Lower, there are the benches of terrigenous
pelitic muds being plastic, bluish-grey with hydro-
troilite interlayers within their lower share. Occa-
sionally, there can be observed a turbidities level
(up to 0.12 m) within the thickness of the bench;
the basis of that level is represented by the interlay-
ers of fine-grained sand, changing upwards into
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muddy sediments, and by inclusions of dense yel-
lowish-brown clay.

The lowest bench, among the opened No-
voeuxinian ones, is represented by black hydrotroi-
lite oozes, with occasional minor interlayers of
terrigenous blue-grey ooze.

Threegenetictypesofsedimentsaresingledou-
tinadeep  waterpartoftheBlackSea:  terrigenous,
biogenous, andterrigenous-biogenous. In their tex-
ture, sediments are layered, sometimes crypto-
layered, with flowing or soft consistency. Biogen-
ous oozes are represented by coccolith, sapro-pel,
sapropel-like, and sapropel-coccolith varieties. In
terms of physical and mechanical properties, oozes
are represented by the types ranging from liquid to
high-plastic ones.

Such a detailed analysis of lithological com-
position carried out by the scientists of the NAS of
Ukraine is of high importance; thus, the author of
the paper takes it as the basis for the developed
methodology to calculate the dissociation rate of
various-genesis gas hydrate thicknesses. Those
lithological varieties have individual indices of
thermal capacity, thermal conductivity, porosity

etc. being essential while developing such deposits
in future.

Having studied and analyzed numerous na-
tional and foreign literature sources dealing with
nat-ural gas hydrates, the author of the paper inter-
links conditions of their formation in the World
Ocean in general and in the Black Sea in particular
and bottom sediments being their enclosing rocks.
Apart from high pressure and low temperature,
such parameters as gas saturation, porosity, and
thermal conductivity of a certain lithological differ-
ence are of considerable importance.

The author is stick to the hypothesis of hy-
drate formation from the Earth’s crust interior
(Maksymova, 2013). Its essence is in the fact that
methane outgoes from the Earth’s interior through
faults in the oceanic crust from deep depths, about
several dozens of kilometers. Gas flows go through
geological sedimentary layers of sea and ocean
floors. Certain conditions (increased pressure -from
11 MPa to 15 MPa and low temperatures - from 5 °
C to 14 ° C), in terms of the available water, effect
natural gases; finally, gas hydrates are formed (Fig.

—
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Thus, within the boundaries of continental
slope and deep water bed of the Black Sea trough,
there are all the necessary conditions to accumulate

natural hydrocarbons in solid (gas hydrate) and
liberated (gaseous) state: rather low water tempera-
tures, the required pressure, alternation of porous
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and argillaceous sediments in the cut, wide-scale
gas-bearing capacity of the water basin. Geological
zones of gas hydrate development are often con-
nected with the development of argillaceous diapers
complicated by mud volcanoes. Fragments and
separate inclusions of gas hydrates are often found
in the outbursts of mud volcanoes. Thickness of gas
hydrate deposits may reach up to 400 — 500 m; in
some cases, the thickness may be even 1000 m. As
a rule, under-hydrate gas is accumulated under the
gas hy-drate deposits. The Black Sea gas hydrates
are most often represented by irregular fine inclu-
sions within the semi-liquid oozes, snow-like
flakes, or cakes located both on and in the cavities
of oozes of various lithological composition. Gas
hydrates may develop both in quaternary and Neo-
gene deposits. Deposits containing gas hydrates
forms impermeable cover for gases; under-hydrate
gas deposits are accumulated under that cover.

It is quite possible that the whole system is in
dynamic balance; however, the system, experienc-
ing certain unloading through the funnels of volca-
noes and by means of gushers, is refilled at the
expense of gas deposits from the deeper levels in
the interior.

Scientists of different periods of time devel-
oped various classifications of gas hydrate deposits
according to the conditions of accumulation and
availability: in terms of cryohydrate features, de-
pending upon the phase state of rock fluids
(Istomin, Yakushev, 1992), in terms of geological
and physical peculiarities (Moridis, 2003), and as
for thermobaric condition of the occurrence
(Makogon, 1997).

In the author’s opinion, a classification is re-
quired to achieve final practical objective. The ob-
jective is the development of that unusual new
energy resource with maximally possible expedien-
cy and minimum impact upon the World Ocean
environment. That is why classification features are
taken in a complex way, i.e. in terms of the origin
of the deposits, conditions of their future develop-
ment, peculiarities of porous medium, and structur-
al features. Basing upon the detailed analysis of the
origin of gas hydrate deposits as well as upon struc-
ture and lithological composition of gas hydrate
enclosing rocks, their corresponding classification
in terms of genetic type has been developed. The
author has developed classification according to the
substance composition of the enclosing rocks and

their  geological and  structural  features
(Maksymova,
2013):

Type one. Gas hydrate deposits representing
continuous deposits on the sea and ocean floors,
within shelves and troughs as well as within large
tectonic disturbances: along faults, rises, displace-
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ments, and inside grabens. Those amorphous depo-
sits of gas hydrates are in the form of pure ice oc-
curring as independent layer of considerable thick-
ness (from 2-3 m up to 150-200 m). While selecting
the development technique for those deposits, it is
required to take into consideration their high and
intense specific gas recovery factor reaching 80-90
%.

Type two. Gas hydrate deposits in the form of
continuous thicknesses with practically homogene-
ous, fine-grained structures of gas hydrate masses
occurring in shelves and troughs of seas and
oceans, mostly in sands, abraded coarse-grained
crushed cataclasites, within the boundary and under
the seabed; they may also occur in the continents in
the permafrost zones within the boundaries of bu-
ried faults. Those are uncemented or weakly ce-
mented terrigenous deposits with super capillary
porous channels of 0.5-2.0 mm in diameter. While
estimating the reserves and selecting the develop-
ment technique for the deposits of type two, it
should be taken into account that specific gas re-
covery factor will be up to 60 %, and porosity value
should be taken within the range of 60-80 %.

Type three. Gas hydrate deposits associated
to sabulous, argillaceous, and mud deposits which
capillary pores are 0.0002-0.5 mm being saturated
with gas hydrate. Porosity values are within the
range of 40-60 %. They may form layered and
blanket deposits occurring at different slope angles
of anticlinal or synclinal folds, under the sea and
ocean floors. In terms of such deposits, specific gas
recovery factor is not more than 50 %, the process
of development will be accompanied by considera-
ble losses at the expense of the available turbulent
conditions.

Type four. Gas hydrate deposits within the
fragments of rock breccia of various types. Such a
deposit type is formed under different geodynamic
conditions; it is characterized by rather diverse
structure of the enclosing thickness and formed at
the points of rock mass displacements under the
floors of seas and oceans as well as within the per-
mafrost areas. Values of porosity and permeability
will fluctuate within a wide range depending upon
the lithological differences of the enclosing thick-
ness and tectonic fragmentation.

Type five. Gas hydrate deposits in the form of
vein deposits formed within large masses of mag-
matic rocks, along faults; correspondingly, gas hy-
drates occur in the form of large veins. They are of
mixed structure — from visible coarse-grained brec-
cia to amorphous ones occurring under the sea and
ocean floors; they may be also available within the
permafrost zones. In other words, in terms of large
veins, cavities, or caves, gas hydrate will not occur
in the form of type one, in the form of pure ice with
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the highest values of permeability and specific gas
recovery factor. In terms of non-vein areas, so-
called border zones of tectonic faults, gas hydrate
deposits will be characterized by filtration indices
of either type three or type four of the classifica-
tion.

The classification means further supplement-
ing and correcting taking into consideration the
results of geological explorations of gas hydrate
deposits according to the current expeditions car-
ried out in different countries.

Conclusions.

1. Association of the deposits of oil, gas, gas-
condensate, and gas hydrates of the sedimentary
cover to the tectonic structure of the Earth’s crust as
the additional sign to discover gas hydrate deposits
has been proved.

2. Classification of natural deposits of gas
hydrates according to the types depending upon
their belonging to various tectonic structures, oc-
currence conditions, and material composition of
their enclosing rock has been developed. Distribu-
tion of gas hydrate deposits according to their ge-
netic origin makes it possible to be more specified
in the selection of rational technological schemes of
their development.

3. Methodological approach to evaluate gas
hydrate deposits has been elaborated to select the
appropriate technological schemes of the processes
to extract methane from the World Ocean floor
with minimum impact upon the Earth’s hydros-
phere.

4. It is proposed to develop methods and
technologies for gas extraction from natural gas
hydrate deposits on the basis of the corresponding
deposit types.

The study has been carried out in the Nation-
al Mining University according to the Law of
Ukraine “On the priorities in the development of
science and technology” of 12.10.2010,No. 2519-
17, within the framework of Complex Program
“Development of methods and technologies of gas
extraction from natural gas hydrates and production
of artificial gas hydrates to optimize operating
processes”, (state research subject Al - 467, 473)
under the scientific guidance of Professor Bonda-
renko, V.I. whom the author expresses her deep
gratitude for permanent assistance and extensive
support.
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Abstract. The Rouina mine is one of the oldest operated mines of iron ore in Algeria,

Received 27.05.2018; its product is used like an adjuvant in the cement industry because the extracted raw
Received in revised form 23.07.2018; material is considered as a low-grade ore. The present paper investigates on the one
Accepted 03.09.2018 hand its mineralogical composition with the aim of understanding the morphology,

texture, phase identification and iron properties; and on the other hand studying the
influence of washing on its quality. For characterization, X-Ray Diffractions (XRD) of collected samples, analysis of thin sections
with scanning electron microscope (SEM), and a sieve analysis followed by washing of each size fraction using a sieve mesh 0.074
pm were adopted. The obtained results revealed that the raw material of the Rouina mine is clayey low-grade iron ore and it is possi-
ble to obtain a pre-concentrate through the washing method. This article suggests in addition conducting deep studies of Rouina iron
ore with physico-chemical characterization in order to confirm the prior results (mineralogical characterization) and then to permit a
suitable enrichment method to be applied with the aim of obtaining a high-grade iron ore acceptable for the metallurgical industry.

Keywords: the Rouinamine, iron ore, cement, mineralogical, washing, enrichment.

MiHepasioriyHa xapakKTepucTrKa NiMOHITOBOI 3a/1i3HOT pyau
3 waxTu PyiHa, AiH-Oedna (Amkup).

Ani Mecca, Abaenasis Iape, Aiica beHcenbxy6

!Na6opaTopis caHiTapii Ta HaBKOMMLLHBOrO CepeoBMLLAa MiHepaibHIX Pecypcis, YHisepcuTeT Bagsi MoxTap, AH-
Haba, Anxkup,E-mail: benselhoub@yahoo.fr

*/labopaTopis opieHTaLjii FipHNUNX Pecypcis Ta HaBKOMMLLHLOTO CepeoBuLLa, YHiBepcuTeT Baasi MoxTap, ArHa-
6a, Amxup

AHoTauis.LLlaxTa PoyiHa - ogHa 3 HalicTapilumx eKCnayaToBaHWX LUAxXT 3a/1i3Hoi pyan B Amkupi, Ti NpoayKLUis BUKOPUCTOBYEThCA
K [OMOMIXKHWIA KOMMOHEHT B LIEMEHTHIA MPOMUCIOBOCTI, OCKiNIbKM BUMY4YEHa CUPOBUHA BBAXKAETHCSA HU3LKOCOPTHO pyaoto. [aHa
po6oTa gocnigKye 3 06HOro 60Ky MiHEPanorivyHWiA CKNag CMPOBMHM 3 METOK PO3YMiHHSI MOPGIONOriT, TeKCTypK, (ha3oBoi igeHTndi-
Kawii Ta BMacT1BOCTEN 3aNi3a; a 3 iHLWOro 60Ky - BUBYEHHS BNAMBY NPOMUBaHHS PyaM Ha i AKiCTb. [ XapaKTepUCTUKN PEHTTEHIB-
CbKMX gndpakuin (XRD) 3i6paHnx 3paskiB, aHa/li3yBaMcs TOHKI3Pi3W i3 CKaHyBaHHSAM e/leKTPOHHUM Mikpockonom (SEM) Ta npo-
BOAMBCA CUTOBUIA aHani3 3 MOAaSbLUOK MPOMMBAHHAM KOXHOT PO3MIpHOT (hpakuii 3 BukopucTaHHsmcuta 0,074 mkm. OTpumaHi
pesynbTaTh MOKasaw, WO CUPOBMHA LWaxTy PoyiHa - rMHMCTa HU3bKOCOPTHA 3ai3Ha pyfAa, | BOHa npuaaTHa Ans OTPUMaHHS Mo-
nepeaHbOro KOHLEHTPaTy MeTO4OM NpomuBaHHSA. Lle gocnigpkeHHs nepep6advae, KpiM TOro, NPOBEAEHHS TMBOKMX A0CAIAKEHb
3a1i3HOT pyan PyiHW 3 (i3VKO-XiMIYHOIO XapaKTepUCTUKOI ANA NiATBEPKEHHS NOMNepefHiX pe3ynbTaTtiB (MiHepanoriyHa xapakTte-
pUCTVKA) | fO3BO/ISIE Y NMOAA/ILLLOMY 3aCTOCYBaTW BifNOBiAHWNI MeTog 36arayeHHst 3 METOK OTPUMAaHHS MOBHOLLIHHOT 3ani3HOT pyau,
NpUAATHOT ANs MeTanypriiHOT MPOMMCI0BOCTI.

KntoyoBi cnoBa: waxTa PyiHa, 3ani3Ha pyaa, UeMEHT, MiHepanorivyHuii, NPOMUBaHHS, 36arayeHHs.

Introduction. Problem setting. Iron is the main mand for iron as a raw material coupled with the
component of the steel industry, that why it plays a deterioration and exhaustion of high-grade iron ore
significant role in the evolution of the global econ- deposits is a serious problem for the steel industry
omy (R.J. Holmes, L. Lu 2015). The growing de- on a global scale (Matis, K. A et al 1993). The en-
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rich-ment of low-grade iron ores, that are used like
an adjuvant in the cement and ceramic industries,
repre-sents an alternative solution for the future
which would ensure the continued availability of
raw materials (Li Ch et al 2010, Da Silva F.L et al
2014, Liu, S et al 2014, Osinubi, K.J et al 2015,
Singh, S et al 2015).

Kesearch on valorisation is commonly re-
lated to the physicochemical and mineralogical
composition of minerals and their liberation size
(Rath, S. S et al 2016) where low-grade iron ores
are capable of being enriched by primary mechani-
cal preparation (crushing and grinding), magnetic,
gravimetric separation and the flotation method, (A.
Jankovic 2015, D. Xiong, L et al 2015)

Several deposits are located in the North-
West of Algeria at Rouina, Zaccar and Beni Saf
(Popov 1976). These deposits were identified as
metasomatic carbonate replacement deposits that
were formed through the process of epigenetic re-
placement of limestone by siderite followed by
supergene enrichment by hematite. (Chaa, H., &
Boutaleb, A. 2016)

The Rouina mine is one of the oldest oper-
ated mines in Algeria and its production is designed

for the cement industry because it is considered as
low-grade iron ore that contains a high percentage
of clay materials .However, most previous studies
are not detailed enough to assess the possibility of
its enrichment for obtaining a high tenor concen-
trate for use in other field industries such as the
steel industry and, the pigments manufacture.

Because of the lack of real mineralogical ore
characterisation , this paper presents the X-Ray
Diffraction (XRD) and Scanning Electron Micro-
scope (SEM) results. The (XRD) and (SEM) were
used on collected samples and thin sections; the
quality and the quantity of minerals contained in
Rouina deposit were investigated .Then, a washing
test of different particle sizes was carried out,
which permitted us to estimate the liberation where
clay materials were removed from useful minerals.
Study area description. Geographic situa-
tion.TheRouina iron ore deposit is situated in the
town of Rouina, the state of Ain Defla in the north
west of Algeria. The national road N° 04 linking
Algiers with Oran passes 3 kilometres from the
deposit; the geographic situation is illustrated in
Figure 1.

[ -

Map of geographic situation of ROUINA mine
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Local geology. The Rouina iron deposit is a
part of the Rouina massif. This massif originated
after the Alpine orogeny at the borders of the mega
geosyncline, in the form of a directional anticlinal

30°- 40° NE emerging in the middle of the alluvial
deposits of the Chlef Valley. Figure 2 illustrates the
re-gional geology and the location of the Rouina
deposit.
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Fig.2. Simplified geological map of the Chelif basin (Personal treatment by author Ali MESSAI) (Perrodon, A. 1957)

The flanks of this anticline are composed of
secondary carbonate soils with dips growing from
the heart to the exterior including Paleozoic forma-
tions.

For the Rouina massif, it consists mainly of:

- The schist sandstone and conglomerates se-
ries of the Paleozoic;

- The carbonate benches (limestone and
shale) of the Jurassic, which presents the majority
of outcrops in Rouina;

- The marls outcrop of Lower Cretaceous;

- The basic conglomerate that marks the con-
tact between the base and the cover.

We also note the absence of the Triassic and
Tertiary and the Quaternary soils. Thus, the iron
mineralization of Rouina appeared in the Triassic
and Jurassic periods (Middle Lias) and it was
formed before at least 245 million years ago.
(RAACH Khadidja. 2010)

There are two major litho-stratigraphic
formations; Jurassic and Cretaceous.

Jurassic. The Jurassic represents the majority
of outcrops in Rouina. As everywhere in the west-
ern of Algeria, the Jurassic constitute of massive
carbonate banks.

a- Lias : It is discordant on the Paleo-
zoic basement in favour of a thin layer (few me-

ters), including pale grey and purplish shale ele-
ments, it testifies the passage of Paleozoic schist to
Jurassic limestone; its age is not precise. The basic
conglomerate is followed by a rather thick layer of
greyish limestone attributed to the Lower Lias.

Reddish limestone in the higher levels shows
microscopically fine calcite ranges including dige-
netic quartz grains, coarser limestone, sometimes
pigmented iron, crossed by fractures filled with
oxides and hydroxides of iron. This formation is of
Middle Lias age.

b- Dogger: A compact formation of
bluish-grey massive limestone rich in flint nodules
surmounts the Middle Lias; its strength is about 50
m. The microscopic study done by (Kireche, O.
1993) reveals the presence of jaw debris and micro-
filaments, found in the Dogger faces of the Tellian
regions, which allowed it to be assigned a Dogger
age.

c- Marl: A limestone and marl-
limestone series in small banks, located above the
Dogger series

d- Cretaceous. On the west of the
Rouina valley, a narrow outcrop of green gray marl
above the Jurassic limestone is recognized as Upper
Cretaceous.
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Fig.3. Stratigraphic column of Rouina (personal treatment by author Ali MESSAI) (Kireche, O. 1977)

Methods and Materials. The first task mineral for definition of physico-chemical and mineralogi-

characterisation cal characteristics.

Sampling. The sample weighing 120 kg with the Figure 4 presents a geological map of the

maximum diameter of lumps about 120 mm was Rouina massif treated using the Geographical In-

selected from the open pit mining. The protocol of formation System (ArcGIS 10) 2017 software to

sampling was realized to prepare samples intended illustrate the geology of the "BUTTE" deposit
where the samples were collected.

< ;nIlg.c—ul nlnp of R(ll TINA mine

T N
g H
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¥ H
H - §
b i
i 4 :
|
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A Mime limits
;\il'lu‘ iwm
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Fig.4: Geological map of Rouina massif (personal treatment by author A MESSAI) (Klrreche O 1977)
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Mineralogical characterization.This task crushed to 5 mm, a shaking machine, type

permits us to identify and quantify minerals con- RETSCH and sieves series assembly of: 2, 1, 0.5,
tained in the material studied. 0.25, 0.125 and 0.063 mm were used. each sample
In this step, two different techniques are ap- is sieved for 30 minutes with magnitude of 60

plied. X-Ray Diffractions (XRD) using PAN ana- mm/g. The refusal mass of each sieve is weighed
Iytical Diffractometer : XPERT-PRO, equipped using a scale with an accuracy of 0.01g.

with Copper Anticathode Ceramic X-ray Tube, The Washing. The refusing masses prepared with
current and voltage were 40 mA, 45 Kv respec- size analysis washed using a sieve with an aperture
tively and on the other hand by observation of thin of 0.074 mm (Figure 5), all of washed fractions
section using Scanning Electron Microscope (SEM) were viewed under a petrographic microscope and
type SEM7001F. the liberation sizes chosen are analysed by XRD

Size analysis. This was conducted on quan- (X-Ray Diffraction).
tity of 600 grams of dried raw material primarily

Water ﬂ

here e

Sieve 0,074 mm

IRt
(L Rejects
Fig.5. Washing of different fractions
Results and Discussion of iron oxides (hematite Fe,O; and goethite
FeO(OH)) and quartz (SiO,) as major mineral
X-Ray diffraction phases. It also proves the presence of illite (clay

Figure 6 represents the diffractogram ob- mineral) K (Al;Si>Oq (OH)3) besides calcite CaCO3
tained by the XRD, and demonstrates the presence

6000 4
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G: Goethite
H: Hem atite
I: lllite

Ca: Calcite
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1000<‘ _ ‘.\
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— - — <
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|
W

Fig.6. Diffractogram of raw material

Scanning Electron Microscope (SEM). ides, that has a white colour (Figure 7.a). , we also
Observation of thin sections. Three series of noted the presence of quartz bathed in a mass of

observations were performed on the thin sections goethite pre-sents in hilly forms (Figure b) to

and the results are illustrated in Figures 7 (a, b and erased structure of finely fibrous aggregates (Figure

c). We noticed the presence of quartz (greyish C).

black) like a dominant element related to iron ox-
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Fig.7a. Thin section 1 under SEM; Quartz associated with hematite (Hem: hematite, Qz: quartz) Whitney, D. L., & Evans, B. W.
(2010).
W

Fig.7b. Thin section 2 under SEM; quartz bathed in a hematite cluster and goethite, (Hem: hematite, Gth: Goethite and Qz: quartz)
Whitney, D. L., & Evans, B. W. (2010).

SE MAG: 1500 x HV: 15.0.kV WD: 11.8 mm Px: 0.20 ym
Fig.7c. Thin section 3 under SEM; Mass of iron oxides and hydroxides interacting with quartz
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Particles Observation of particles. In order to con- Az, Bs, Ay, By, As, Bs), where hematite and goethite
firm the results obtained previously of raw material (white colour), quartz (black greyish colour), traces
samples and the thin sections, some particles were of clays and besides calcite (black colour) are ob-
chosen in order to observe them with the SEM. The served, which is in good agreement with DRX re-

results are illustrated in Figure 8 (A;, By, A, By, sults and results of analysis of this section.
A) B1)
cps/eV
si Isi ——ECHANTILLON 34
o
57
a7
3]
1; o Al Fe
1C |Fe
0- T T T =TT T T T T T
1 2 3 4 5 6 7 8 9 10
keVv

Fig.A,. 1% particle under SEM; scanned point shows quartz as a dominant mineral

A) B2)
cpsfeV
i i —— ECHANTILLOHN 35
77
6]
o
] e
a
3
27
1 o Al
1ec ||.-.
n ! O i i i
1 ? 3 a 5 [ 7 H y m
ket

Fig.A,. 1% particle under SEM; scanned point shows trace of hematite contained on quartz
A3) B3)

cpsSeV
1 —— ECHANTILLON 3G

SE MAG: 8% 5.0 kKV WD 1.3 mm Px: 49 nm

Figure.A;. 2™ particle under SEM; scanned point shows fibrous goethite mass with quartz and clay material traces
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- ] —— ECHANTILLON 39

Fig.A,. 3 particle under SEM; scanned point shows quartz bathed in a hematite and goethite fibrous mass with presence of clay
material traces

As) Bs)
cpsfeV
4 FCHANTTIION 42
/| Ca
h
5]
1]
3]
2
1 g Al
‘!:l le
182 01e o
n—NAN-dL. ? et
- 1 ¥ 3 1 5 [ ; ] 9 n
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SE MAG: 89 xHV: 15.0 kV WD: 10.8 mm Px: 3.31 ym

Fig.As. 4" particle under SEM; scanned point shows a calcite mass associated with hematite, quartz and clay material traces.

Size analysis.The results of the sieve analysis grams), which confirms the iron ore hardness. The
shown in Table 1 and Figure 9 show that the major- rest of the products appear in the finer fractions
ity of the mass appears in the larger fractions [+2, [+0.125, +0.063 and -0.063 mm].

+1, +0.5 and +0.25 mm] by 72.54% (486.47

Table.1. Results of particle size analysis of Rouina iron ore crushed to 5 mm

Yields (%)
Size classes (mm) Weight (9) . Passing cumulative | Refusing cumulative

Partial Yy S y7 Sy

-4 +2 281.77 46.96 100 0
-2 +1 89.42 14.91 53.04 46.96
-1 +0.5 64.03 10.67 38.13 61.87
-0.5 +0.25 51.25 8.54 27.46 72.54
-0.25 +0.125 50.72 8.45 18.92 81.08
-0.125 +0.063 41.44 6.91 10.47 89.53
-0.063 +0 21.37 3.56 3.56 96.44

TOTAL 600 100 / /
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Fig.9. Graphical representation of particles size analysis results

Washed size classes.

XRD Analysis. The results shown in Figures 10 (a,
b and c) prove that the washed size classes consti-

tute essentially of iron oxides and calcite as a major
component. However, few traces of quartz and illite

10000+
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< G: Goethite
8000 9 H: Hematite
1: llite
Ca: Calcite
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> c
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0} ©
- S o
2000 o o .
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Fig.10.a: Diffractogram of size class [-1 +0.5 mm]
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H: Hematite
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=
Z 4000 -
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£ -
2000 - CT =
IS mmm
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Fig.10.b. Diffractogram of size class [-0.5 +0.25 mm]

Position [°2 Theta]

are noted, confirming the effectiveness of washing
in the reduction of the proportion of clay.
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XF Analysis.The chemical analysis results of
different size classes before and after washing are
shown in Table 2. It is noted that the proportion of
clay decreased after washing for the fraction -1 +
0.5 mm, it is also noted that the iron content was

Table.2. FX analysis of the products before and after washing

51.03% against 44.18%, in the unwashed raw ore .
Similarly, the alumina content decreased from
7.87% to 1.45%. The findings presented in Table 2
confirm the effectiveness of the washing process.

Fraction (mm) Process Fe,03 Si0, Al,O4 CaO MgO
before washing 44.18 23.13 7.87 6.53 1.13
-1+40.5

After washing 51.03 24.20 1.45 7.57 0.40
before washing 43.78 22.26 6.96 6.22 1.06

-0.5+0.25
After washing 46.62 24.19 1.78 8.22 0.47
before washing 46.44 18.09 8.48 3.73 191

-0.25 +0.125

After washing 41.99 30.81 1.96 7.69 0.59
before washing 45.44 22.06 7.53 5.08 1.45

-1+0.125
After washing 46.12 26.25 1.64 7.62 0.50

Sludge XF Analysis.It isnoted that rejects
from the washing operation contain a high content
of clays against a low content of iron oxide,

Table.3. FX analysis of the rejects from the washing test

whichmakes it possible to be used in other fields
such as the cement and ceramic industry.

Fe,0O4 SIOZ

ALO; | CaO | Mgo

28.97 15.37

22.02 0.33 3.45

Proposed enrichment diagram. The suggested
preparation and pre-treatment diagram of Rouina
iron ore are presented in Figure 11; this proposed
scheme allows one to obtain a pre-concentrate,

Faw material

l

Grinding

which will be subsequently enriched. It permits also
the recovery of water for reuse in the washing step.
The rejects obtained (+1 mm and dried sludge) will
be used in cement production.

+1 mm

Pre-concentrate

Fig.11. The proposed scheme of iron ore pre-treatment

Conclusions. The experimental results in the pre-
sent study lead to the following conclusions:
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Recovered water

Cement Production

1) The Rouina iron ore is classified as
a low-grade clayey iron ore, which contains hema-
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tite and goethite as useful minerals with quartz,
calcite and clays as gangue minerals.

2) Application of washing as a pre-
liminary enrichment method is effective for de-
creasing clay content and other associated gangue
minerals (calcite and quartz) from the raw material,
where the results obtained from the chemical analy-
sis show a significant decrease in clay percentages
after washing. It is also noted that the iron content
is 51.03% against 44.18% in the raw material be-
fore washing. Similarly, the content of Al,O; de-
creases from 7.87% to 1.45%, which confirms the
significant results obtained by this preliminary en-
richment (wet sieving).

3) On the one hand, the sludge residue
from the washing process will be used as an adju-
vant in the cement industry and on the other hand,
the pre-concentrate will be enriched with the aim of
recovering the maximum of useful minerals and
obtaining a high-grade concentrate.
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conditions and to reconstruct the local depositional environment during the Middle and
Late Pleistocene. The mineralogical cortege of the sediments, for all the analyzed samples, records the characteristics of a mixture of
silica and calcite dominance with a small fraction of gypsum and aragonite. The mineralogical analyses of all mollusk species reflect
a cortege dominated by aragonite, associated with low amounts of calcite, silica, hematite and goethite. We consider that the domin-
ance of aragonite indicates that the tests have not yet or little undergone mineralogical transformations linked to the phenomena of
fossilization, as evidenced by the absence or low calcite content. On the other hand, the low percentages of silica, goethite and hema-
tite are probably related to the existence of impurities and sediments trapped in lodges, or adhered to the shell surface. The minera-
logical data confirm a composition dominated by calcium carbonates, expressed by high contents of CaO and CO,, reflecting a chem-
ical test of organisms’ development in continental environment.This kind of environment is characterized by the absence of MgO,
which is usually present in the organisms’ tests developed in marine environment. However, the contents of SiO,, Fe,05, Al,O5 are
related, as it was reported during the mineralogical study, to the lithological impurities trapped mainly in the lodges of helicides.
Mineralogical and geochemical data tracing, carried out on sediments and tests, converge to deduce the establishment of paleoenvi-
ronment attributable to fluvial deposition of sufficiently high energy where the ultrafine fractions of clay minerals are remarkably
lacking. The absence of indicators of marine chemistry such as magnesium in sediments and in the tests of organisms confirms al-
most total contribution of the continental meteoric water without marine influence. Such environment, however, is affected by inter-
mittent episodes of aridity as attested by the presence of evaporate minerals such as gypsumand aragonite.
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Maneo-eKonoriyHa PeKoHCTPYKLisi NAeACTOLEHOBOro MicuesHaxomkeHHst Oya Cappart (niBs-
HiYHO-3axiAHNIA TYHIC) 3 BUKOPUCTAHHAM MiHEPasIOriYHUX Ta reoXiMiYHMUX JaHnx

Hapbec Kapyi-Aaky6®, MoHced Caig MTiveT!, Cemex Begky’ , BeHseHigo MapTiHes-Hasappo®*

! lenapTameHT Hayk B Jla-Teppe, hakynbTeT Hayk bisepa, KapthareHcbkuii yHiBepcuTeT, Ap3yHa, 7021 BisepTa,
TyHic, narjess1999@yahoo.fr

’|CREA, bapcenoHa, Icnanis

® KaTanoHCbKWil IHCTUTYT naneoekonorii MoguHn Ta couianbHoi esonouii. CampusSesceladesURV (Edificiw3),
43007 - TapparoHa, Icnani

* [loicTopnyHa 06nacTb, YHisepcuTeT Posipa i Beprini (YPB). Avda KaTanois, 35. 43002 - TapparoHa, Icnais

AHOTaUis. Y MiHepanoriyHoMy Ta reoxiMiYHOMY aHanisax MaeicToLEeHOBUX OCafiB Ta YepenalloK MOJHOCKIB (YepeBOHOIUX Ta
[IBOCTY/IKOBKX) 3 apxeonaneoHTosoriyHoro o6’ekta Oypa-Cappart (TeliuepyiH, MiBHiYHMIA TyHic) £O3BOAMAN BU3HAUYMNTM NaseoeKo-
NOTiYHI YMOBM HaBKOMULLIHLOIO CepefoBMLLA Ta PEKOHCTPYIOBATW IOKa/lbHe 0CaJ0Be CepefoBuLLEe MPOTATOM CEPeAHbOro Ta Mi3Hbo-
ro nneicToueHy. MiHepanoriyHa NocnigoBHICTb BiAKNaAiB 415 BCiX aHani3oBaHMX 3paskiB PiKCYe XapaKTepuUCTUKM CyMilli KpemMHe-
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3eMy Ta [JOMiHYHUOr0 KafbLMTY i3 HE3HAYHOO Ki/IbKIiCTIO TiMcy Ta aparoHity. MiHepanoriyHmiz aHani3 ycix BuiiB MO/HOCKIB Bifl0-
Opakae NOCMiJOBHICTb, B AiKili JOMiHYHOTb aparoHiT, NOB'A3aHWIA 3 HU3bKOK KifIbKICTHO KanbLWTY, KPEMHE3EMY, FeMaTUTy Ta reTuty.
Mwu BBaXXaeMO, L0 AOMiHYBaHHA aparOHiTy BKasye Ha Te, L0 AOCIMAKEHI 3pa3Ki Lie He 3a3Ha/Iv abo 3a3Hann He3HAYHUX MiHepano-
riYHUX MEepeTBOpeHb, MOB'A3aHMX 3 SBMLLAMM AiTUQIKALiT, NPo WO cBigyaTb BiACYTHICTb ab0 HM3bKWIA BMICT KanbLMTy.3 iHLLIOFO
60Ky, HU3bKUIA BMICT KPeMHe3eMy, FeTUTy i remaTuTy, MMOBIPHO MOB'I3aHMIA 3 iCHYBaHHSM 3MilLyBaHHS i 3aXOMEHHsA ocagiB y
6a3afibHOMY LUapi, a60 NPUKPINAEHHS 40 NOBEPXHI 06010HKM Yepenaluki. MiHepanoriyHi gaHi nigTBepanan cknag, B SKOMy nepe-
Ba)KalOTb KapboHaTW Kasbliito, WO BigbueaeTbca BucokMM BMicToM CaO i CO, Ta Bigobpakae XiMiYHWIA cknaf opraHiamis, siKi
PO3BMBA/INCA Y KOHTUHEHTaNbHMX yMOBax. Lleii Bug cepefoBuLLa XapaKTepu3yeTbes BiACYTHICTIO MgO, AKWiA 3a3BUYaii MPUCYTHINA Y
[oCnioKyBaHUX OpraHiamax, Lo po3BMBAINCA Y MOPCLKOMY cepegosuLLi. OfHak BMIcT SiO,, Fe,03, Al,O3 € NoB’A3aHWM, K BCTa-
HOBJIEHO MiHEpPanoriYHUMmM [LOCAIAKEHHAMU, NITONOTIYHO HEOAHOPIAHUMM CyMillaMn B HOPKax reniumgis. JocnigpkeHi MiHepano-
[iYHi i reoximiuHi gaHi, SiKi OTpUMaHi No ocagax i 3pa3kax, cBigyaTb MPO BCTAHOBEHHS 0CO6GIMBOCTEN NaneocepefoBuULLa Y 3B A3KY
i3 hntoBiaIbHYMM NOTOKAMMAOCTATHLO BUCOKOT EHEPTii, B IKMX CYTTEBO GpaKye HAATOHKMX (hpaKLiil FINHACTUX MiHepaniB. BiacyT-
HIiCTb y 0Cafax i 3pa3kax OpraHiamiB iHAMKATOPIB YTBOPEHHS TX Y MOPCbKOMY CEPefioBULL, TaKMX SIK MarHiid, MiATBEPLKYOTb Maiixe
MOBHE MPWBHECEHHS KOHTWHEHTabHOT aTMOC(epHOi BoaM 6e3 BNAMBY MOPCHLKOI. BTiM, Taky YMOBM €KO/OFiYHOr0 CepeaoBuLla
3yYMOB/IEHI BM/IMBOM MePioANYHUX eni3oAiB apuamnsalii KnimMaTy, npo Lo CBiAYUTb NPUCYTHICTb TaKOro eBanopuTOBOro MiHepany ik

rinc.

1. Introduction. The archaeopaleontological site of
Oued Sarrat (Tejerouine, NW Tunisia) was discov-
ered in 2014 and a large amount of vertebrate data
was added for North Africa, with a special discov-
ery of the aurochs Bos primigenius (Martinez-
Navarro et al., 2014) and Canis othmanii (Amri et
al., 2017). The Quaternary continental molluscs
from this site were studied for the first time by Ka-
roui-Yaakoub et al. (2016). Here we present mine-
ralogical and geochemical data obtained from the
Pleistocene sediments and molluscs tests (gastro-

pods and bivalves) of Oued Sarrat with the aim of
reconstructiing the Middle and Late Pleistocene
paleoenvironments of the Oued Sarrat basin.

2. Geographical and geological setting. Oued
Sarrat is located in the northwestern part of Tunisia,
10 km southwestwards from the Tajerouine (Fig.1).
This region belongs to an intermediate zone be-
tween the Central and the Northern Atlas of Tuni-
sia, with diapirs and rifts. It is dominated by folded
structures interspersed with rift basins correspond-
ing to the kalaa el Khasba and Rouhia Depression.
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Fig. 1. Geographic location of the study area

The Pleistocene series of Oued Sarrat are
composed of three units (Fig. 2). At the base, there
are four meters of gray-black marl (OS1 and OS2).
This layer is rich on vertebrate fauna, in particular
Bos primigenius and Canis othmanii.This level is
dated as beginning of the Middle Pleistocene (~0.7
Ma) by magnetostratigraphy and the presence of

fossil remains of rodents (Martinez-Navarro et al.,
2014; Mtimet et al., 2014). It should be noted that
these marls are rich in invertebrate fossils, specifi-
cally gastropods and bivalves.

Above, a second clay level (2m) overcomes
the first black level unconformably. It is less com-
pact and dated to the Late Pleistocene (OS3). This
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level is rich in invertebrate fossils — bivalves (Unio decollata) (see Amri, 2014; Bejaoui, 2014; Marti-
ravoisieri) and gastropods (Xerosecta cespitum, nez-Na-varro et al., 2014; Mtimet et al., 2014; Ka-
Cernuella virgata, Eobania vermiculata, Helix roui-Yaakoub et al., 2016; Amri et al., 2017).
melanostoma, Sphincterochila baetica, Rumina

Age [Th.m Lithological description

Recent 9

Fine yellow sand containing gastropods

Holocene
-]

=054

«——083

Less compact gray clay containing bivalves,
gastropods and bones of vertebrates

«—— 052

More compact black clay containing bivalves,
gastropods and the skull of Bos primigenius

= Bos primigenius
= Banes of vericbrates
= Bivalvas

\-v-’ A Gastropods
A Unconfomity

0
Fig. 2. Stratigraphic synthesis of the Oued sarrat series (in Karoui-Yaakoub et al., 20116)

Middle Pleistocene 5La1e Pleistaceneg
(]

At the top of the section (Fig. 3), a second m in thickness (OS4). It yielded gastropods of Ho-
disconformity is registered by the deposition of the locene age (Martinez-Navarro et al., 2014; Karoui-
third level, yellow to slightly brownish marl about 4 Yaakoub et al., 2016).
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Fig. 3. The unconformity between the Middle and Late Pleistocene and between the Late Pleistocene and Holocene (Martinez-

Navarro et al., 2014)

3. Materials and methods. Shells of gastropods
and bivalves were sampled following the described
Middle and Late Pleistocene stratigraphic series,
which is outcropped on both sides of the Oued Sar-
rat.

The mineralogical and geochemical studies
were performed on clay sediments from three levels
yielding malacofauna. Two samples (OS1 and 0S2)
come from the Middle Pleistocene level, one sam-

Table 1. Mineralogical composition of mollusk shells of Oued sarrat

ple (OS3) — from the Late Pleistocene level, and

another one (0OS4) — from Holocene marls.

4. Results of the study

4.1. Mineralogical cortege

4.1.1. Mineralogy on bivalves and gastropods
The results of mineralogical analyses of all

registered mollusc species reflect a cortege domi-

nated by mineral aragonite associated with low

amounts of calcite, silica, hematite and goethite

(Tab. 1, Fig. 4).

FeO3% CaCO3;% CaCO3;% FeO(oh)% Si0,%

Hematite | Aragonite Calcite Goethite Quartz

Xerosecta cespitum 0.132% 92.90% 0 0 5.99%

Cernuella virgata 4.19% 89.57% 0 0 5.44%

Eobania vermiculata 4.70% 84.26% 0 0 9.97%

Helix melanostoma 234% | 7448% | 1054% 0 6.21%
Sphincterochila baetica 0 90.89% 0 7.89% 0
Rumina decollata 020% | 8248% | 9.50% 0 0

Unio ravoisieri 0.18% | 89.33% 0 0 4.13%

100 -
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0 - : . . . . :
o o © & © o & B Fe03 % Hematite
ef-’é\,& .\@0 \(’\)\0 Qg}@ \00?»‘\ e’c,é\\o ‘&é\"\ m CaCO3 % Aragonite
é}o‘* o »° _\oqe& 2 ‘0&\\0 &\{\ob \)6*0‘0 CaCo3 % Calcite
+¢:~°" ¢ Q’do“‘c 1\95‘* , &C&?’ ® B FeO(oh) % Goethite
N Si02% Silice

Fig. 4. Histogram of mineralogical composition of mollusk shells of Oued sarrat

We consider that the abundance of aragonite
indicates that the shells have not yet undergone

mineralogical transformations related to fossiliza-
tion phenomena as evidenced by the absence or low
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content of calcite. We interpret the presence of
traces of silica, goethite and hematite as due to the
existence of sediment trapped in the dressing or
binding to the surface of the shell.
4.1.2. Sediment mineralogy

The mineralogical cortege of the sediments,
for all the analyzed samples, records a mixture of
silica and calcite dominance containing a small

Table 4. Chemical composition of clays in Oued sarrat

fraction of gypsum and an aragonite fraction of
11.65% in the sample 0S4 (Tab.2, Fig.5). The cal-
cite-silica reflects initially the characteristics of a
detrital sediment in which calcite is likely related to
lithoclastic fragments with low contribution of ara-
gonitic debris, as evidenced by the low content of
aragonite in the sample OS4.

CaCO3% CaCO3% Al203% FeO(oh)% CaS04% Si02%
Aragonite Calcite
0s1 0 40.27 112 7.65 3.57 36.53
082 0 43.31 2.94 5.54 3.66 29.05
0S3 0 51.89 2.78 7.95 0 27.20
0S4 11.65 34.12 0 6.65 0 18.98
60 -
m CaC03% Aragonite
50 - B CaCO3% Calcite
Al203%
40 1 m FeO(ah)%
W CaS04%
30
Si02%
20 -
10 A
U = T T T
051 052 053 054

Fig. 5. Histogram of mineralogical composition of marl of Oued sarrat

4.1.3. Interpretation

The absence of clear clayey minerals signals
in the analyzed spectra, as well as the abundance of
calcified siliceous fraction, reflects a fairly high-
energy fluvial environment undergoing at times of
arid conditions favorable to the formation of evapo-
ritic minerals.
4.2. Geochemical tracing
4.2.1. Analysis on shells of gastropods and bi-
valves

The results presented in Table 3 confirm the
mineralogical data with a composition dominated
by calcium carbonates, expressed by high contents
of CaO and CO,. This reflects a chemical test on
development of organisms in a continental envi-
ronment clearly confirmed by the absence of MgO,
which is usually present in the organisms’ tests
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developed in a marine environment, with an Mg
content varying from 12 to 18%. However, it
should be noted that in Pleistocene tests for the
species Unio ravoisieri, the Mg content is equal to
zero, although the analysis of the extant species
shows that this values is equal to 2.31% (Tab.3,
Fig.6). This low Mg content is far from reaching
the characteristic values of completely marine spe-
cies. This Mg rate could be linked to a certain abili-
ty of the species to obtain this element from the
fluviatile waters. This ability indicates a possible
change in the behaviour of above mentioned spe-
cies. On the other hand, the contents of SiO,, FeOs,
Al,O,, are also comparable, as it was reported dur-
ing the mineralogical study, to the lithological im-
purities trapped mainly in the lodges of helicides.
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Table 3. Chemical composition of Pleistocene mollusk shells of Oued sarrat

CaO% |AIl203% |CO2% | Fe203 % | SiO2% | MgO%
Pleisto Pleisto Pleisto | Pleisto Pleisto | Pleisto

Xerosecta cespitum 53.53 3.74 37.17 0.12 5.45
Cernuella virgata 51.60 331 36.21 3.86 5.01 0
Eobania vermiculata 49.21 3.87 33.61 4.27 9.05 0
Helix melanostoma 48.84 1.07 36.95 4.79 5.73 0
Sphincterochila baetica 52.29 3.33 36.72 6.88 0.00 0
Rumina decollata 56.16 131 42.38 0.16 0.00 0
Unio ravoisieri 52.50 5.05 34.65 3.66 0.00 0
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Fig. 6. Histogram of chemical composition of Pleistocene mollusk shells of Oued sarrat

4.2.2. Sedimentological analysis

The results presented in Table 4 reflect the
original sand-calcitic and detrital sediments exceed-
ing 90% for this fraction. Coupled with very low
proportions of Al,Os, about 3%, all data allow us to
assume a fluvial environment where the water win-

Table 4. Chemical composition of clays in Oued sarrat

nowing seems to be unfavorable to the sedimenta-
tion of the ultrafine fraction of the clayey minerals.
The continental chemistry is demonstrated by the
absence of magnesium in all analyzed sediments
(MgO =0; Tab. 4, Fig. 7).

CaO% |AI203% |CO2% |Fe203% |SO3% |Si02% |MgO%
0Os1 35.85 0.85 26.96 5.17 2.14 27.49 0
0s2 35.38 2.94 26.87 4.84 1.63 27.05 0
0s3 35.64 3.51 26.78 8.10 25.25 0
0s4 41.66 32.68 5.98 18.98 0
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Fig.7. Histogram of chemical composition of clays in Oued sarrat

4.3. Interpretation of mineralogical and geo-
chemical data

Mineralogical and geochemical data tracing,
carried out on sediments and tests, allow us to con-
clude the establishment of a paleoenvironment at-
tributable to fluvial deposition of sufficiently high
energy where the ultrafine fraction of clayey miner-
als is remarkably lacking. The absence of indicators
of marine chemistry, such as magnesium, in sedi-
ments and in the molluscs’ tests confirms the al-
most total contribution of the continental meteoric
waters without marine influence. Such environ-
ment, however, is affected by intermittent episodes
of aridity as evidenced by the presence of evapo-
rates such as gypsum.

5. Conclusion

Mineralogical and geochemical analyses
confirm previously obtained paleoecological results
(Martinez-Navarro et al., 2014; Karoui-Yaakoub et
al., 2016; Amri et al., 2017). The depositional envi-
ronment was definitely neither marine nor lagoonal,
but rather fluvial due to continental meteoric waters
in a hot climate.

The Oued Sarrat site is dated in time frame
from the Middle to the Late Pleistocene, a land-
scape covered with swamp and forest, or even shal-
low freshwater lake. The latter was powered by
channels and, certainly, around the lake there inha-
bited abundant different large mammalian species
together with other small vertebrates and inverte-
brates that were probably consumed for human
survival.
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Recreational skiing in the formation of local settlement systems of Prykarpattya region
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Received 08.07.2018: Abstract. The formation of local settlement systems is considered on the example of
Received in revised form 27.07.2018: mountainous areas of lvano-Frankivsk region (Ukraine), so-called Prykarpattya region,
Accepted 01.08.2018 and is based on a complex set of factors. Recreational skiing plays an important role in

the functioning and development of such systems and is simultaneously an integral part
of them. The settlement systems in the mountainous areas of lvano-Frankivsk region, which are based on recreational skiing are
highlighted and investigated, in particular they are: the Kosiv system, the Yaremche-Vorokhta system (consisting of two subsystems
of the Yaremche and Vorokhta -Yablunytsya), the Verkhovyna system and autonomous centers of recreational skiing in the villages
Vyshkiv and Guta . Their detailed profile in demographic terms, including migration processes; natural resource possibilities; socio-
economic potential and interaction with recreational skiing is outlined. The methodological principles of the spatial structure
formation of local settlement systems are based on the following states of the system approach: - the main territorial-planning
elements of the systems are defined: skiing complexes (one large enterprise or a group of enterprises) with a ski area and a
development zone; center of the system, which is a tourist center with services, production and transport; settlements with rural
territories and enterprises of the agro-industrial complex; valuable landscape (national parks, nature reserves); focal points of tourist
destinations;- functional and spatial associations of ski recreation facilities with settlements, recreational, natural and nature-protected
areas, and engineering-transport infrastructure are established;- the approximate boundaries of systems are determined on the basis of
spatial, functional and labour relations, types of their territorial-spatial structure, distances between settlements accepted within the
radius of one hour transport accessibility.Planning types, directions and trends of development and spatial transformation of local
settlement systems with recreational skiing are identified. The role and significance of local settlement systems with recreational
skiing as an urban planning object is demonstrated within the general system of recreational zoning.

Key words: local settlement systems, recreational skiing, spatial structure of resettlement
ripCbKOﬂVI)KHa pereau,iﬂ Yy (*)OpMyBaHHi NOKaNIbHUX CUCTeM po3cenieHHsA MNpukapnatTA

I.B. PycaHoBa, A.0. OHypis, A.O. IrHaTiOK

Kachegpa micTobygyBaHHs, IHCTUTYT apxiTekTypu, HauioHanbHuii yHiBepcUTeT «J1bBiBCbKA NONMITEXHIKa»;
Byn. C. bangepu, 12, k.323, 79013, /1bBiB, YkpaiHa;e-mail: yarynaonufriv@gmail.com

AHoTau . ®opMyBaHHA NOKa/IlbHUX CUCTEM PO3CENEHHS, PO3rNSHYTUX Ha MPUKMadi ripcbkux paioHiB Mpukapnatta (IBaHo-
dpaHKiBCbka 06M1acTb, YKpaiHa) Bii0YBaETLCA Ha OCHOBI CKMaAHOrO KOMMEKCY YMHHMKIB, Ccepef SKMX TipCbKOMMKHA pekpealis
Biflirpae NpoBiAHY Ponb Y PYHKLIOHYBaHHI i PO3BUTKY TaKMX CUCTEM Ta OAHOYACHO € iX CKNafoBo. BuaineHo i gocnimpkeHo cuc-
TEMMW PO3CENIeHHS B TiPCbKili YacTuHI IBaHO-PpaHKiBCbKOI 06/1aCTi, SKi PO3BMBAOTLCA Ha 6asi ripCbKOMMMKHOT pekpeauii, a came:
KociBcbKy, ApemMmyaHCbKO-BOPOXTAHCLKY (40 CKnagy SIKOi BXOAATb ABi NigcucTeMy FpeMuaHcbka i BOpOXTAHCbKO-A6NYHMLbBKA),
BepX0BMHCLKY Ta aBTOHOMHI 0CepefKu ripCbKOMMKHOT pekpeauil B €. BuwkiB i B ¢. NyTa. MNogaHa ix geTtanbHa XapakTepucTika 3a
JemorpaiyHolo cuTyauieto, B TOMY 4YMCAi MirpauiiiHuMu npouecamu; MpUPOAHO-PECYPCHUMI  MOMXJTMBOCTAMU; COLiaIbHO-
€KOHOMIYHMM NOTEHLiaNIOM Ta B3aEMOJI€EI0 3 TiPCbKOIMKHOK pekpeallieto. Po3pobnieHi MeToaMuYHI 3acafn (hopMyBaHHS TepuTopia-
NbHO-NPOCTOPOBOI CTPYKTYPU IOKA/IbHUX CUCTEM PO3CENEHHSI HA OCHOBI MOOXKEHb CUCTEMHOMO NiAXoAy. BusHayeHo TMNK nnaHy-
Ba/IbHUX CTPYKTYP, HaNpsMKW i TEHAEHLIT pO3BUTKY I NPOCTOPOBOT TpaHcthopMalii cucTeM poscefieHHs . MoKas3aHo posib i 3HaUeHHS
CUCTEM PO3CE/IEHHS 3 TIPCLKOMIMIKHOIO pPeKpealieto K 06°eKTa MiCTOOYiBHOTO MPOEKTYBaHHSA Y 3arasibHili CMCTeMi pekpeawiiHoro
paioHyBaHHS.

Knto4oBi cnoBa: nokanbHa CMCTEMa PO3CeNeHHs, FipCbKONVMKHA pekpeauis, TepuTopianbHa CTPYKTYpPa PO3CENeHHs
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Introduction. Nowadays recreational skiing is one
of the most popular types of winter recreation. Its
popularity is attested by the construction of new ski
resorts and other objects connected to this form of
recreation in mountains, and their spread through-
out the world.

Ski resorts or sets of recreational skiing ob-
jects function in settlement systems of different
hierarchical ranks — regional, district and local. The
closest connections between recreational skiing
objects exist within a limited local area because of
the common use of recreational potential of the
territory, infrastructure, workforce and socio-
economic base of the settlements, which are subor-
dinated to self-government bodies and territorial
communities.

The formation of local settlement systems is
considered on the example of Ivano-Frankivsk re-
gion (Ukraine), which consists of six mountainous
areas. These areas differ in the amount of recrea-
tional skiing objects of different capacity, natural
resource potential, socio-economic development of
the settlements and infrastructure.

Recreational skiing as a leading branch of
economic activity of closely located and intercon-
nected settlements (local settlement systems)
creates the base for the production activity of the
population, increases the chances of introducing
other additional sectors of tourist servicing, thereby
exercising the mutual influence of mountain
recreation and settlement systems.

Investigation of recreational territories is
highlighted in numerous works of researchers cov-
ering a wide range of problems in the spheres of
geography, economics, social ecology, urban plan-
ning, etc. In Ukraine, a thorough basis of settlement
systems research was laid out by the urbanist re-
searchers: Y. Bilokon, I. Fomin, M. Kushnirenko,
M. Dyomin, M. Habrel, I. Rusanova and others.
The formation of territorial recreational systems
was investigated by the urbanists T. Panchenko, V.
Shulyk, V. Vladimirov, and also by geographers O.
Preobragenskyi, V. Dgaman, A, Dotsenko, P. Mas-
lyak, M. Palamarchuk, F. Mazur, O. Beidyk and
others. Regional problems of the Ukrainian Carpa-
thians, in particular landscape and urban problems,
resource base, historical and cultural potential, were
explored by T. Panchenko, M. Habrel, Y. Taras, H.
Petryshyn, G. Shulga and others. The influence of
various types of recreation, and in particular recre-
ational skiing, on the activation of the development
of settlements of the Carpathian region is discussed
by scientists: M. Greta, T. Kostrzewa-Zielinska, J.
Mirek, A. llies, D. llies, O. Dehoorne.

In recent years on the initiative of the Euro-
pean Union and with the participation of Ukraine,
mountainous areas development programmes and
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strategies have been developed and implemented.
One of them, “EU Macro-regional strategy for the
Carpathian region” (Szuba, 2017) determines the
modern directions of development of this region,
which mainly concerns higher-ranking systems.
This work has not paid attention to the formation of
settlement systems at the local level with the speci-
ficity of solving problems and taking into account
the features of the territorial planning on the basis
of recreational skiing.

The aim of this study is to develop criteria

and mechanisms for the formation of local settle-
ment systems on the basis of recreational skiing in
the mountainous areas of the Carpathians (on the
example of lvano-Frankivsk region) and to deter-
mine the principles for improving their territorial
organisation and development.
Material and methods. The research is based on
the analysis of the research publications and project
materials in relation to this topic, as well as on field
surveys of 13 ski resorts in the mountain districts of
Ivano-Frankivsk region.During field surveys the
capacity of ski resorts, the quantity and quality of
their services, their role and significance beyond
and within the boundaries of the state, region and
district were determined (Onufriv, 2017).

During the study of individual settlements,
statistical data, empirical methods and content
analysis of the theory and practice of recreation
formation in resettlement systems were used. In the
survey of ski recreation objects and settlements
within the studied territory, cartographic materials
were used.

The basic method of research is system anal-

ysis and principles of system formation, where at
the lowest level - the local system, interconnected
settlements are considered as a single organism
with territorial-production, cultural and economic,
transport, tourist and recreational links.
Results and discussion. On the Ukrainian territory
of the Carpathians, the Prykarpattya region is dis-
tinguished as a separate region with the predomi-
nant function of mountain recreation. Part of Ivano-
Frankivsk region is fully part of Prykarpattya, and
this is almost 50% of the area of the region with
mountain ranges: the Eastern Beskydy, Gorgany,
Pokutski mountains, and separately - the ranges of
Chornogora with the highest peak of Hoverla. Es-
tablishment of settlements in these areas is traced to
the 16th-17th centuries, and the population consists
mainly of Ukrainian-highlanders - Hutsuls with
their rich culture, customs, architecture, which is
reflected in the specifics of these mountainous re-
gions.

Since ancient times, natural conditions have
made this region a tourist pilgrimage area, which
later became the place of recreational skiing on a
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large scale- the main direction of economic activity
and socio-economic development of local settle-
ments.

The recreational attractiveness of this area
lies not only in the natural-landscape conditions and
picturesque landscapes, but also in its geographical
po-sition on the border with Romania, through
which the tourist routes to Bulgaria, Serbia, Monte-
negro, and Greece are laid.

A group of recreational facilities (or one ob-
ject) create their own zone of influence associated
with the zoning of the recreational area. In this
case, the concept of "recreational territory” is
treated as a component of the land fund with a sys-
tem of interconnected natural, natural-social and
social components (Beidyk, 2001). The methodolo-
gy of taxonomic zoning of recreational territories is
considered by T. Panchenko (2009) at the level of
the region, district, tourist area, taking into account
the area of the recreational territories. Specialists
use different criteria for zoning of territories, re-
flecting the spatial dispersion of recreational re-
sources . According to V. Shulyk (2007), a recrea-
tional area is a type of functional-branch zoning,
which is based on recreational orientation. G. Shul-
ga (2015) emphasizes the role of landscapes in the
zoning of a territory. The proposed methodology of
"landscape-spatial pools”, which are territories li-
mited by watersheds of different order, is attached
to urban systems at the level of the region, zone,
district, area.

The existing method of regionalisation of re-
creational territories does not give a clear definition
of the size and subordination of taxonomic units of
these territories, their connection with the settle-
ment systems. A more objective definition exists
for territorial-recreational systems in the territory of
a certain taxonomic rank of the complex of recrea-
tional establishments based on the use of resources
of this territory, spatially and territorially intercon-
nected ones (Maslyak, 2008). Thus, the system
concept of recreation, which includes the territorial
integrity of the system with interconnected subsys-
tems (natural resources, objects of historical and
urban planning and cultural heritage, engineering
infrastructure, service and management), is in-
cluded in this definition; hierarchy (region, zone,
district, territorial recreation complex). The terri-
torial recreational complex can be regarded as a
low link in such a hierarchy, represented by an ob-
ject or a group of recreational facilities operating on
a particular territory with natural and socio-
economic characteristics. Objects of territorial recr-
eational complexes provide a significant set of va-
riants of territorial and economic system formation
at different hierarchical levels. At the lower hierar-
chical level, recreational facilities (ski resorts) are

located on a limited local area, establish close links
with neighbouring settlements, providing not only
recreational services, but also performing territorial
functions through the sharing

of natural, labour and other resources.

Ski complexes, as a rule, are combined with
other types of recreation (from extreme to passive
recreation), and aimed at their year-round operation
regardless of the season. Mountain recreation
spreads its influence on the surrounding settlements
with their cultural-historical and ethnic characteris-
tics, which provide a material base and service, and
promote the attractiveness and multiplicity of
mountain resorts. Due to such interconnections
local settlements are formed, in which mountain
recreation becomes the organizer of socio-
economic development of settlements themselves
and in the system.

Methodological aspects of the research on
settlement systems that operate on a separate terri-
tory include the following factors: natural re-
sources, socio-economic potential, demographic
situation, migration processes in the formation of
settlement potential (Dgaman, 2003). The general
factors of formation affecting local systems of re-
settlement with recreational skiing are manifested
in the identification of natural and recreational re-
sources that contribute to the directions of the re-
lated types of recreation within such systems, the
socio-economic and demographic situation of set-
tlements for recreation services and infrastructure
development. These same factors generally deter-
mine the spatial structure of systems.

The methodological principles of the forma-
tion of the spatial structure of local systems are
based on the following states of the system ap-
proach:

- the main territorial-planning elements of the
systems are defined: skiing complexes (one large
enterprise or a group of enterprises) with a ski area
and a development zone; center of the system,
which is a tourist center with services, production
and transport; settlements with rural territories and
enterprises of the agro-industrial complex; valuable
landscape (national parks, nature reserves); focal
points of tourist destinations.

- functional and spatial associations of recre-
ational skiing facilities with settlements, recreation-
al, natural and nature-protected areas, and engineer-
ing-transport infrastructure are established.

- the approximate boundaries of systems are
determined on the basis of spatial, functional and
labour relations, types of their territorial-spatial
structure, distances between settlements accepted
within the radius of one hour transport accessibility.

Local settlement systems are not internally
closed, but exist in the system of external connec-
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tions, which are found not only in the flows of rec-
reation, but also in the influence of the foreign eco-
nomic situation of the state, region, and district.

The internal factors of the formation of sys-
tems determine the type of the system, the bounda-
ries of its localisation, which depend on the nature
and parameters of the system-forming elements
(recreational institutions, their concentration and
territorial combination), socio-economic and demo-
graphic conditions of settlements, and communica-
tion infrastructure.

Systems with recreational skiing are consi-
dered as those where the set of services is different
from other recreational territories. In some of them,
recreational skiing dominates other industries,
while in others it is an important but not the major
function.

Unlike areas in the plains, the processes of
living in mountain settlements are greatly compli-
cated due to the smaller amount of agricultural
land, the small sphere of application of labour, poor
accessibility of public services, etc. Prykarpattya is
a densely populated and weakly urbanised region
with a specific weight of urban population of
42.9%. The density of the village settlement net-
work in the mountainous area is much smaller than
in the lowlands, and at the same time the average
population of a mountain village (1300 people /
km2) is greater than that of the villages in the plains
(946 people / km2) (Dotsenko, 2007).

The peculiarity of living conditions in moun-
tainous areas is acknowledged in the State Law of
Ukraine "On the Status of Mountainous Settle-
ments"” (Verkhovna Rada of Ukraine, 2005), which
provides some privileges to mountain settlements,
which are clearly insufficient for their stable devel-
opment. The functioning of mountain settlements
and, in particular, sparsely populated settlements,
can be achieved by linking them to more developed
district centers, small towns or urban-type settle-
ments, which ensure their development as ski re-
sorts. This goal also corresponds to the unification
of territorial communities, which is taking place in
Ukraine today, creating local resettlement systems.
On the basis of territorial proximityof settlements,
their close interrelationships, common use of natu-
ral and material resources, common touristic infra-
structure in the mountainous areas of Ivano-
Frankivsk region, the following local settlement
systems based on recreational skiing are singled
out: the Kosiv system, the Yaremche-Vorokhta
system (consisting of two subsystems of the Ya-
remche and Vorokhta -Yablunytsya), the Verkho-
vyna system and autonomous centers of ski
recreation in the Vyshkiv area and in Guta village.
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Placement of settlements relative to the main high-
ways and secondary roads, their status, size, as well
as the role in the system (center, sub-centers, spe-
cialised centers, settlements) determine the type of
their planning structure (Fig. 1).

The analysis of local settlement systems in
the mountainous areas of Ivano-Frankivsk region,
based on the indicators of the demographic situa-
tion, the number and size of settlements with the
presence in their composition of the ski resort facil-
ities, shown in Table 1, revealed differences in their
characteristics. Thus, the number of interconnected
settlements (and hence rural communities) is com-
bined into set-tlement systems of different sizes that
do not correlate with the general density and per-
centage of urban and rural population (0.67%) than
the average indicator (0.57%) in the region. This
characteristic is supplemented by other factors:
natural resources, urban conditions, labour poten-
tial, transport accessibility and a role of mountain
recreation in a group of settlements. All these fac-
tors determine the specifics of each of the systems.

The Kosiv system (Fig. 2 A) is located in the
foothills and lowlands of the Pokutsko-Bukovynian
Carpathians, and has a linear-polycentric structure
with a center in Kosiv, which lies on the highway
of regional significance, which unites Verkhovyna,
Vorokhta, Yaremche. This settlement system is
distinguished by a rather high percentage of urban
population and large populations of settlements. In
the Kosiv area, there are three ski complexes that
are weakly interconnected. In the town Kosiv and
urban village Kuty most service facilities are cen-
tered. The largest settlement Pistyn, with a popula-
tion of more than 4 thousand inhabitants, is located
at the intersection of highways with a branch in
Sheshory, has medical facilities and archeological
remains. This system includes the national park
"Hutsulshchyna", sanctuaries and protected tracts,
and the settlements themselves form strands of
resettlement along the roads. The multifunctionality
of the system recreation, which is operated year-
round, gives all grounds to consider it promising
with high development potential.

The Yaremche-Vorokhta settlement system
(Fig. 2 D) is divided into 2 subsystems. One of
them consists of the city of the regional signific-
ance Yaremche and the historical settlements My-
kulychyn and Tatariv, which form a linear structure
on the highway of international significance. The
center of this system in Yaremche is the oldest tour-
ist center of the Carpathian region. The multi-
occupancy of this resort is complemented by a ski
resort with medium difficulty trails.
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Fig. 1: Types of planning structures of local settlement systems with ski recreation: 1) - international highways; 2) - regional
highways; 3) - roads of local importance; 4) - settlements with ski recreation; 5) - settlements (source: Iryna Rusanova, laryna

Onufriv).

Tab. 1. Characteristics of local settlement systems of Prykarpattya (by the demographic situation and the presence of ski recreation
facilities). Source: Main Department of Statistics in lvano-Frankivsk Region, Ukraine (2017)

Yaremche- Yaremche-
Vorochta (1 - Vorochta (2 -
Local settlement systems Kosiv subsystem with subsystem with Verchovyna Vyshkiv Solotvyn
the center in the center in
Yaremche Vorochta
towns 1 1 - - - -
Number of urban 1 - 1 1 - 1
villages
villages 12 3 3 11 3 6
The system center Kosiv Yaremche Vorokhta Verkhovyna Vyshkiv | Solotvyno
total 37651 17147 7182 20675 2001 14522
Number of center 8280 8168 4263 5872 651 3891
population
urban, % 44 48 a7 28 - 28
rural, % 56 52 53 72 100 72
Population total 200.63 332.60 258.20 35.40 12 130
density
(people/km?) center 727.00 658.00 441.40 104.00 12.61 206.00
. . . Kosiv, Vorochta, Yablu-
Sk recreatli)ircl)ﬁbjects loca- Sheshory, Yaremche nytsya, Polyanyt- Verclr;g\{yna, Vyshkiv Guta
Tyudiv sya (Bukovel)
Capacity of ski resort up to 450 450-1200 150-20000 450-1200 150-450 150
(people/day)
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Located near Mykulychyn village with a
population of about 5 thousand people, it has de-
veloped as a climatic resort. Tatariv village within
the Carpathian National Nature Park on the banks
of the Prut River can be considered as the most
promising mountain resort due to the rich natural
resources and geographical location on the highway
leading to the largest ski resort Bukovel, village
Yablunitsa and the urban village Vorokhta, forming
a second subsystem with the center in Vorokhta
near Yablunitsky Pass. The economic basis of the
formation of this system, in addition to the
multifunctional ski resort with tourist facilities,
sports schools, health and recreational facilities, is

livestock and plant cultivation, and industrial
production on the basis of woodworking. This
settlement system is an example of how
recreational skiing with large scale skiing
complexes contributed to the multiplicity of these
settlement systems. Spa complexes, summer
recreation by the water, quad bike rides and cycling
complement the attractiveness of these complexes
in the summer. The development in these areas of
year-round recreational skiing complexes has led to
the development of once remote peripheral
settlements with the involvement of local residents
in service recreation facilities, thereby providing
them with work.

LEGEND

KYTH

! ‘ settlements

main roads

ski resorts

Fig.2: Local settlement systemswith ski recreation: A — Kosiv system; B — Verkhovyna system; C — Solotvyn system ; D —
Yaremche-Vorokhta system; E — VVyshkiv system(source: Iryna Rusanova, laryna Onufriv).

The Verkhovyna settlement system (Fig. 2
B) is characterised by a low population density,
located in a mountainous area with the highest
peaks of the Eastern Carpathians. This resulted in a
linearly dispersed planning structure stretching
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along the highway of regional significance with the
center in the urban village Verkhovyna (until 1962
- it was called Zhabye) with the branching of a
group of settlements along the Black Cheremosh
River and in the south-easterly direction. Small ski
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resorts are concentrated in Verkhovyna and lltsi,
and such villages as Kryvorivnya (ethnographic and
cognitive  tourism),  Kryvopillya, = Bystrets,
Zamagora are specialised centers of hiking tourism,
Dzembronja - the center of rural and extreme
tourism (Kryvoruchko, Korol, Ignatyuk, 2007). The
multifunctionality of recreation contributed to the
development of light and food industries in the
settlements. Land resources, unfavourable for
arable land, led to the development of livestock and
logging.

The Vyshkiv settlement system (Fig. 2 E)
includes the autonomous group of settlements in the
mountainous area of the Dolynsky district - the
village of Vyshkiv and Myslivka on the highway
Lviv-Khust and the village Senechiv near the
village Vishkiv. This is a sparsely populated area
with the lowest population density in the region.
However, the rich natural conditions, the location
along the tourist routes along the road to Lake
Synevir, Vyshkivsky and the Torunsky Pass have
created a tourist center here with hotels, camps, ski
infrastructure in Vishkiv and Myslivka. The
recreational potential of this area is far from
exhausted, which makes it possible to create new
multidisciplinary ski resorts here.

Recreational skiing in Guta village, which is
a part of the Solotvyn settlement system (Fig. 2 C),
is not dominant. The settlements are mainly
concentrated in the valley of the Bistrica river,
where the population is mostly occupied in
agriculture and forestry, which is the economic
basis for the development of this system. Guta
village is considered to be the residence of elite
recreation, here a small ski complex "Sinegora"
works, as well as the beginning of tourist hiking
trails in the mountain range of Gorgany .

The results of the analysis of existing
settlement systems showed their irregularity in size,
number and density of population, natural and
urban conditions, infrastructure, the degree of
recreational potential development, socio-economic
base. According to these indicators, the most
developed systems are the Yaremche-Vorokhta,
Kosiv and Verkhovina systems.

Determination of trends in the further
development of settlement systems should be based
on factors that reflect the specifics of mountain
areas:

- natural conditions (mountain ranges,
reservoirs, forests, national parks and nature
reserves);

- recreational and tourist resources

(availability and diversity of recreation, its capacity
and attractiveness, conditions for all types of
tourism);

- ecological (climate, lack of sources of air
pollution, etc.);

- urban planning (number and size of
settlements, transport infrastructure, the presence of
links);

- demographic (population density, age and
gender structure, migration processes, etc.);

- economic (recreational sphere, local
production base, folk crafts).

As an obstacle to the development of the
settlement network, the external factors inherent to
the mountainous areas are: difficult living
conditions at a distance to the centers with public
services;, deficit of agricultural land; low
employment rate. The specificity of mountain
territories is reflected in the "Development Strategy
of the Ivano-Frankivsk Region 2020" (Ivano-
Frankivsk Regional Administration, 2014), which
focuses on the social needs of the population and
the economic benefits of the territories. With regard
to local settlement systems, this means
subordination to local interests and those internal
factors that promote the development of territorial
communities. The local settlement systems
themselves are becoming areas of a community-
based administrative-territorial entities network
formation.

Currently, within the framework of local
settlement systems, the consolidation of territorial
communities aimed at coherence of socio-economic
and environmental measures, which will promote
the sustainable development of systems, is being
implemented. The association of villages with each
other, as well as with urban settlements to solve
common problems can be considered as an essential
mechanism for the promotion of local systems to a
qualitatively new level. The effect of such a
mechanism can be seen on the example of
Yaremche district in the developed strategy of the
Yaremche-Vorokhta system development with the
most important center of ski recreation.

On the example of the considered settlement
systems it is possible to determine their future spa-
tial development, having different forms of manife-
station, defined as follows:

- Functional specialisation of each settlement
system while preserving the leading role of the
center of the system (Yaremche-Verkhovyna sys-
tem: Mykulychyn, Tatariv, Polyanitsa).

- Territorial association of a group of settle-
ments with the purpose of creating a specialised
center-node (Verkhovyna, Kosiv system).

- Creation of a chain of settlements by inte-
grating small settlements with a concentration of
service functions in the center (Vyshkiv system).

Factors and principles of settlement systems
formation, considered on the example of mountain-
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ous areas of Ukrainian Carpathians, can be applied
to other regions of the Carpathian Mountains.
These settlement systems are based on new criteria
in the conditions of dynamic economic entities. The
peculiarity of the considered systems is the active
inclusion in the process of their development of
recreational skiing, which is associated with the
creation of a single natural-economic complex and
at present is a critical condition for their function-
ing in the long term perspective.

Conclusions. Based on the above-mentioned ma-
terial, it can be argued that local settlement systems
are the main form of resettlement in the moun-
tainous regions of the Carpathians. The principles
of the formation of such systems on the basis of
recreational skiing are considered only as a frag-
ment of scientific knowledge on this problem,
which allows a connection to be established be-
tween recreational skiing and settlement systems.

The placement of objects of recreational
skiing in settlement systems is depicted in the de-
sign of schemes of local level. Within the spatial
planning, the boundaries of settlement systems, the
main and secondary axes of settlement systems
development, as well as territories of different func-
tional purposes are determined.

Thus, local settlement systems become a
separate object of territorial planning at a lower
level, where urgent problems are identified, priority
to their solutions is given, and objects for invest-
ments are set.

In planning local settlement systems the op-
portunity is provided to make more informed deci-
sions unlike the master plans that are currently be-
ing developed for settlements without considering
them as elements of settlement systems and without
taking into account systemic links, in particular,
with objects of recreation.

Thus, local settlement systems as a multidis-
ciplinary object of urban and spatial planning allow
for a more in-depth study of the socio-economic,
urban and natural basis of the settlement network at
a lower level associated with the recreational skiing
of the Carpathians in the framework of the overall
strategy for the development of this macro-region.
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ver, high static pressure within gas generator prevents from rock roof caving and reaction channel filling up with molten rock. It has
been substantiated that almost all disturbing factors have negative effect on gas calorifity whereas parameters of blast rate increase
and static pressure growth in a gas generator have the most positive effect among the controlling factors. Aspects concerning the
increase in loss of the produced gas that may reduce economic efficiency and environmental safety of underground coal gasification
have been considered as well.
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JocnigpkeHHA napamMeTpiB, L0 BNANBAKOTb Ha e)eKTUBHICTb Mpouecy
nif3eMHOT rasngikauii Byrinng
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[Jep>kasHnii BH3 "HauioHanbHuii ripHnunii yHiBepecnTeT", YKpaiHa, e-mail: inkin@ua.fm

AHoTauis. B gaHiil poboTi Ha 6a3i HayKOBO-NPaKTUYHOIo JOCBIAY POOOTY CTaHUi «[lig3emras» focnigXeHo OCHOBHI (hakTopw, Lo
BM/MBAOTb Ha eIEKTUBHICTb MPOLIECY Nifg3eMHOI rasudikauii Byrifng, a TakoX OLHIETLCS iX po/b Yy (hOpMYyBaHHI BUTOKIB rasy 3
nig3eMHOro rasoreHepartopa. BcTaHoB/EHI (hakKTopyU CTPYKTYPOBaHi MO TEXHOMOTiYHWM 03HaKam Ha BUXIi[Hi Ta KepoBaHi Ta CTyneHi
X BNAMBY Ha npoLec rasudikauii. HasegeHi faHi NiATBEPLKYIOTh 3a/IEXHICTb MK MiABULLEHHAM TUCKY i 36i/bLUEHHAM TENI0TBO-
peHHsa rady. Kpim Toro, CTBOpPEHHSI BMCOKOFO CTaTMYHOrO TWUCKY B rasoreHepartopi NepeluKkofkae 00BafieHHK MOro MopoaHol
MOKPIBi | 3aMOBHEHHSA PeakLiiHOro KaHaly po3nsaBieHor nopofoto.O6rpyHTOBaHO, LU0 NPaKTUYHO BCi 06YpIOtoYi (hakTopy Hera-
TUBHO BM/IMBAalOTb Ha TEMIOTBOPHY 3AaTHICTb Fasy, a Haibinbl MO3UTMBHWIA BNAMB 3 Kepyroumx (hakTopiB HagalTb mapameTpu
36iMbLUEHHA BATPATW AYTTA Ta MiABULLEHHA CTAaTUYHOrO TWUCKY B ra30BOMY reHepaTopi. TakoX po3rfisiHyTi acnekTh 36iNbLUeHHs
BifIX0fiB BUPOGSIEHOrO rasy, L0 MOXe 3HU3UTN PEHTabeNbHICTb Ta eKOOriYHYy 6e3neKy Nig3emMHOi rasudikawii Byrinns.

Kntoyosi cnosa: hinbTpaLis Ta npowecu B NOKPiBNi, EMHICHI napamMeTpu, rigpopo3pus, penpecii, penakcauis, rasudikallis Byrinis.

Introduction. The necessity to make a technique of
coal extraction, conversion, and use more ecologi-
cally feasible on the crucially new basis, while mi-
nimizing the environmental impact and reducing
waste volume, is one of the topical problems to be
solved by energy sector of Ukraine. Underground
coal gasification (UCG) is the innovative solution
to the problem. The process relies upon the transi-
tion of a mineral into a movable gas-condensate
state within its occurrence by means of thermo-
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chemical and mass-exchange reactions. Gasifica-
tion is fol-lowed by the loss of gas, being formed,
into enclosing rocks which value is influenced by a
number of factors. In this context, gas loss may
achieve 30% affecting ecological compatibility and
efficiency of UCG significantly. Thus, object of the
paper is to study the parameters affecting the
process of underground coal gasification as well as
gas loss into roof rocks of underground gas genera-
tor.
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Statement of basic material of the research. Re-
lying upon domestic and the world practices, as
well as scientific research (Korolev, 1962, Yefre-
mochkin, 1960, Yudin, 1958, Saik, 2018), follow-
ing basic factors, affecting the efficiency of under-
ground coal gasification, can be singled out: 1)
mining and geological environment of the deposit
occurrence; 2) amount of water, involved into the
gasification process; 3) mineral composition of
coal; 4) characteristics of blast delivered to the gas
generator; and 5) arrangement of wells. The factors
may be divided into controllable (those which can
be varied during UCG process), i.e. blast characte-
ristics, and arrangement of wells; and initial factors
(which cannot be varied), i.e. mineral composition,
and coal seam thickness.

Coal seam thickness, its depth as well as tec-
tonic disturbance of enclosing rocks are among the
mining and geological conditions affecting UCG
process. Increased seam thickness results in the
decreased heat loss in the environment, decreased
specific water inflow, and ultimately, in the in-
creased gas heat as well as gasification process
efficiency. However, specific gas output lowers
due to the decreased seam mining as for its thick-
ness. Thus, according to operation data of gas gene-
rators ##5, 5a-b, and 6 of Yuzhno-Abinskaia station
of Podzemgaz (Nusinov, 1963), gas heat output,
obtained within VnutrennilV seam with 9 m thick-
ness, is 1-1.5 MJ/m® higher to compare with Vnu-
trenni VIII seam with 2.2 m thickness. In this con-
text, specific gas output is less by 1 m%Kkg and gasi-
fication efficiency of thicker seam is 10-15% high-
er.
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Coal seam shallowness results in gas loss
through overlying rocks; in turn, significant coal
seam depth results in sharp efficiency decrease.
Availability of faults, tectonic disturbances, and
complicated seam hypsometry troubles the devel-
opment of a reaction channel as well as control over
a combustion source. Less than 100 m depth of a
coal seam occurring within undisturbed rocks is
optimum for its mining by means of UCG tech-
nique making gasification process more stable (Ye-
fremochkin, 1960).

In the process of UCG, water balance is
formed of natural coal humidity, inflows of water to
a gas generator, water, containing in the blast, and
water, being formed in the process of carbon, hy-
drogen, and methane combustion as well as CO
conversion. Low water within the coal as well as
nonavailability of water inflows may results in
moisture lack which will decelerate gasification
process; among other things that gives rise to the
decreased CO formation during reduction reactions.
Much water decelerates coal seam degassing, and
reduces heat content of gas, being generated, due to
its increased water ratio (Fig. 1). Hence, the amount
of water, involved in UCG process, should be con-
trolled strictly depending upon specific conditions.

The main procedures to control amount of
water, participating in UCG process, are: prelimi-
nary dewatering of a deposit by means of drain
wells; increased pressure of the blast to displace
moisture from the gas generator; increased oxygen
content within the blast; and increased air to be
supplied.
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Fig. 1 Dependence of gas heat output (Q) upon:a — specific water inflow to the seam (W); and b — gas water content (w)

Changes in characteristics of blast, delivered
to the gas generator as well as chemical content of
the blast, delivery rate, and delivery pressure are
the important factors effecting gasification proce-
dure (Arinenkov, 1960, Inkin, 2018). Analysis of
the results of coal seams gasification shows that

blast oxygenation increases temperature within
combustion area; delocalizes it; and intensifies heat
output of the gas, being generated. If oxygen con-
tent of the blast to be delivered is two times higher
than atmospheric one, then the content of CO and
H, experiences 1.5 to 2 times increase. Water va-
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pour with 0.15-0.2 kg/m® content added to air blast
(within the drained deposits) intensifies reduction
reactions increasing CO, H, and CH, output. Com-
bined use of oxygen and water vapour (i.e. vapour-
oxygen blast) is more efficient. A Table demon-
strates the influence of blast content on the heat
output of the generated gases in the context of dif-
ferent UCG stations.

Experiments, concerning the effect of blast
intensity on the gasification process were carried

out within gas generator #1 of Yuzhno-Abinskaia
station of Podzemgaz during its different operation
periods. To begin with, blast consumption was in-
creased from 1000 to 6500 m*® per hour; then, it was
decreased gradually from 6500 down to 1000 m *
per hour. Fig. 2 explains changes in the content and
gas heat output in terms of various consumption of
blast delivered for gasification.

Table. Influence of the blast chemical composition on the gas heat output

Blast type Station Gas heat output, MJ/m®
Lisichanskaia 3.1
Air blast Podmoskovnaia 3.6

Yuzhno-Abinskaia 4.6

Lisichanskaia

5.3

Oxygen blast

Podmoskovnaia

7.3

Vapour-air blast

Yuzhno-Abinskaia 6.3
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Fig. 2. Changes in gas heat output Q (1) and its composition CO(2), H,(3), CO, (4), CH, (5) in terms of various blast types

The graph demonstrates that gas heat output
increases depending upon the increase in the blast
consumption. Moreover, the increase in heat value
depends on carbon monoxide mainly. Carbon dio-
xide content within the gas reduces moderately
while blast intensity increasing; at the same time,
content of other components remains constant be-
ing more or less independent of the blast consump-
tion.

Experiments have determined (Kulish, 1958)
that in addition to the blast intensity, interrupted
blast to a reaction channel is one of the factors in-
tensifying heating value of gas as well as the effi-
ciency of UCG station. Fig. 3 represents a graph of
changes in gas composition in the context of Gor-
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lovka Podzemgaz station. When gasification chan-
nel operated with the use of air blast (section A), H,
+ CH, content within the gas was 15-18% in the
context of 4.8 MJ/m? average heating value. After
blast was interrupted to the gasification channel,
intensive increase in H, + CH,4 content started; the
increase continued during the whole blastless pe-
riod (section B). Then, when blast was restarted,
composition of the gas, being generated, varied
sharply. After 80 minutes it came up to the level
when the channel operated with the use of air blast,
i.e. H,+ CH4=15-18 % (section C). During blast-
less period, the peak H,+ CH, content was 58%,
and heat output was up to 11 MJ/m®.
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Fig. 3. Changes in the concentration of gas components (1 — H,; 2 — CO,; 3 - CO; 4 — CH,4) during blast and blastless periods of

underground gas generator operation

Ash washing off coal surface, decreased
aerodynamic drag factor, and increased coal loosen-
ing are the advantages of pulsating blast delivery.
Use of the technique intensifies a process of gas
release, and reduces the influence of negative fac-
tors arising with uniform blast.

Effect of static pressure within gas generator
on gas heat output and loss value was analyzed at
Podmoskovnaia station of Podzemgaz during 1954-

1956 (Garkusha, 1964). During the period, static
pressure varied significantly; averaged data can
help estimate its change influence (Fig. 4). As it is
seen in the graphs, increased pressure results in the
increased heat output as well as in the increased gas
loss. Average 10* Pa pressure increase results in
0.25 MJ/m?® gas heat output increase and in 5% gas
loss increase.
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Fig. 4. Changes in static pressure (P), heat output (Q), and gas loss (V) in Podmoskovnaia station of Podzemgaz

Fig. 5 shows changes in gas humidity de-
pending upon static pressure. Increase of static
pressure results in certain forcing out of formation
water owing to which moisture content of the gas
reduces. The data confirm the dependence of the

increased pressure upon the increased heat output.
Moreover, high static pressure within gas generator
prevents from rock roof caving and reaction chan-
nel filling up with molten rock.
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Fig. 5 Dependence of gas humidity (w) upon static pressure (P)

Conclusions. Thestudies concerningthe factors,
working upon the efficiency of underground coal
gasification, have shown that perturbing factors are
not equal to controlling ones in terms of their de-
gree of influence. All the perturbing factors with
the exception of a coal seam thickness have an ad-
verse effect on gas heating power; in turn, blast
characteristics are the most favourable ones among
controlling factors. Hence, increased blast con-
sumption and increased static pressure within a gas
generator are the most active controllable factors
working on the efficiency of UCG process. Con-
versely, that results in the increased gas loss which
may decrease both profitability and environmental
safety of UCG.
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Abstract. The data of the conducted research testify to the high potential of Ukraine,

Received17.07.2018; taking into account factors such as favourable climate, location near two seas and rich
Received in revised form 29.07.2018;  natural resources for healthcare and wellness tourism. Significant weaknesses have been
Accepted 03.08.2018 identified, which consist of an outdated infrastructure of healthcare and wellness enter-

prises and the narrow range of services provided by them. Only 67% of the total number
of establishments of the sanatorium and resort complex have service departments inside, but even if they are available, most of the
health-improvement facilities according to the requirements of the National Standard for Accommodation do not even correspond to
category 1. In the course of the conducted research, methods of statistical analysis were applied to study the dynamics of the number
of sanatoria and health facilities in Ukraine and the number of tourists. Methods for diagnosing the state of development and model-
ing (including SWOT analysis, cluster approach) were used to study the functioning of tourist territories of different taxonomic
ranks. It was found on the basis of study that although Ukraine has all the resources for the development of healthcare tourism, it is
still a depressed industry owing to numerous problems. The materials of this research can become a practical basis for the develop-
ment of this kind of tourism. The main problems of development of tourist infrastructure of healthcare tourism are described. The
directions of its development are proposed: construction of new hotels, recreation centers, shelters, hotels, camping sites, etc. and
reconstruction of available accommodation facilities. It was found that a similar situation is observed in the places of public catering
(their significant insufficiency negatively affects the development of this sphere of tourism ). It is proposed to create an innovative
cluster of health-improving type on mono-territories, which will allow the best possible social and economic development projects to
be designed and implemented, as well as helping to effectively build and implement a strategy for long-term development of the
territory, which has favourable conditions for sanatorium and resort treatment.

Key words: healthcare and wellness tourism, sanatorium and resort business, spa business, sanatoria-resort cluster.
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AHoTauif. JaHi NpoBeaeHOro AoCNiMKEHHS CBigYaTb NPO BUCOKMI MOTeHLian YKpaiHu, 3 ornagy Ha Taki YMHHUKKN K CIPUSTINBIIA
KNimaT, po3TallyBaHHs N06/113y ABOX MOpIB, 6araTi MPUPOAHI pecypcu, AKi fOLUiNbHO MaKCUMaibHO BUKOPUCTOBYBATM B NiKyBa/lb-
HO-030POBYOMY HanpsMKY Typu3my. BusBneHo 3HauHi cnabki CTOPOHM, AKi MONArakTh B 3aCTapinii iH(pacTPyKTypi NiKyBasbHO-
03[10POBYMX MIAMPUEMCTB | BY3bKUIA aCOPTUMEHT HafaBaHNX HUMMK NOCAYT. 13 3aranbHOT KifIbKOCTi 3aKnagiB CaHaTOPHO-KYPOPTHOrO
KOMMJ/EKCY Migpo3ginv ctepu cepsicy MatoTb Tislbkn 67 % YyCTaHOB, NPOTe HaBiTb 3a HAsBHOCTI Takux, OifbLUICTb 03[40POBYMX
3aKnafiB 3rigHo BUMOr HauioHanbHOro ctaHaapTy [0 3aco6iB po3MmilllyBaHHS He BifNOBifaloTh HaBiTh KaTeropii 1. B xogi nposese-
HOr0 JOCNIMDKEHHS [/1 BUBYEHHS [AMHAMIKM KiflbKOCTI CaHaTOPHO-0340POBYMX 3aKnafiB B YKpaiHi, KifbKOCTi pekpeaHTiB 6ynu
3aCTOCOBaHi MeTOAW CTATUCTUYHOIO aHanidy. [1s BUBYEHHSA CTaHy (PYHKLiOHYBaHHA TYPUCTUHHUX TEPUTOPINA Pi3HNX TaKCOHOMIY-
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HUX PaHriB BUKOPUCTOBYHOTLCA METOAM AiarHOCTYBaHHS CTaHy X PO3BUTKY Ta MOZe/toBaHHA (y Tomy uncni SWOT-aHanis, knacTe-
pHWIA Nigxia). BrusiBneHo Ha niacTaBi JOCMIMKEHHS, WO X04 YKpaiHa Mae BCi pecypcu Ans POo3BMTKY 03LOPOBYOr0 Typu3My, Lie
[lenpecuBHa ranysb Yepe3 HafBHICTb YMCNEHHWUX Npobnem. Martepianu AOCNIMKEHHA MOXYTb CTaTV MPaKTUYHOKO OCHOBOK ANA
PO3BUTKY Takoro Bupy Typusmy. OxapakTepu3oBaHO OCHOBHI Mpo6ieMu pO3BUTKY TYPUCTWUYHOT iH(PaCTPYKTypyu 0340pOBYOrO
Typu3Mmy. 3anponoHOBaHO HanpsmMu ii po3BWUTKY: GYAIBHULTBO HOBMX rOTeniB, 6a3 BigMOUMHKY, MPUTYAKIB, roTenis, CTBOPEHHS
KEMMIHTIB i T.4. | PEKOHCTPYKLiA HassBHUX OG'eKTIB PO3MILLEHHS. BusBMEHO, WO aHanoriyHa CUTyalisi CMOCTEpPIraeTbes i B MaaHi
MiCLb FPOMaACbKOro XapyyBaHHs (CyTTeBa 1X HEOCTATHICTb HEraTMBHO BNAMBAE HA PO3BUTOK AaHOI CPEPU TYPUCTUYHOT fisbHOC-
Ti). 3anNponoOHOBaHO CTBOPEHHS IHHOBALIHOrO KnacTepa NiKyBabHO-03[40P0OBYOI0 TUMY Ha MOHOTEPUTOPIAX, L0 A03BOUTL Hali-
KpaLMM YMHOM CMPOEKTYBaTV MOX/MBOCTI COLlia/lbHO-eKOHOMIYHOIO PO3BUTKY, a TakoX eeKTMBHO BUOYAyBaTW i peanizyBatu

CTpaTerito 0BrOCTPOKOBOIO PO3BUTKY TEPUTOPIT, IKa Mae CNPUSIT/IMBI YMOBU [/11 CAHATOPHO-KYPOPTHOTO /liKYBaHHS.

Knto4oBi cnosa: 0340p0oBUMiA TYPU3M, CaHaTOPHO-KYPOPTHWIA BisHec, CIMTA-6i3Hec, kKnacTep NiKyBalbHO-0340POBYOI0 TUny.

Introduction. Healthcare and wellness tourism
tourism is one of the types of tourist and
recreational activities, which involves traveling to
the regions with the most favourable natural
conditions , including climate for health, , for the
prevention, treatment or rehabilitation of disease. It
is one of the most stable types of tourist markets
and priority areas in Ukraine. However, itis greatly
in need of support and coordinated development.
Available and potential reserves of treatment
resources, taking into account of their qualitative
and quantitative characteristics, should now
become the stimulus for public practice in human
health restoration, extending the active period of
life and introducing of a healthy lifestyle, all of
which determines the relevance and subject matter
of this article.

Ukraine has a fortunate combination of
diverse and rich natural resources, thatcan be used
to preserve and improve the health of the
population, extending life expectancy: a favourable
climate and range of ecological zones , forest,
forest-steppe and steppe, mountainous and coastal
areas, a unique microclimate of salt mines, a wide
range of natural mineral waters, therapeutic mud,
ozokerite, etc.

Material and methods of research: The methods
of statistical analysis were used in order to study
the dynamics of the number of sanatoria and health
institutions in Ukraine and the number of tourists.
To study the functioning of tourist territories of

Strenglhs
(Advantages of the territory)

\

different taxonomic ranks, methods of diagnosing
the state of their development and modeling are
used. Methods of diagnosing the state of the tourist
and recreational system are systematic procedures
for describing the system and its components with
the use of qualitative and gquantitative parameters.

A clear reflection of the status of tourist sys-
tems are models (including clusters), which condi-
tionally represent the image of the object which is
in a certain accordance with the system.

In recent years, for the study of many phe-
nomena of social life, the SWOT analysis (in the
translation of the word — strength, weakness, oppor-
tunities, threats) has been applied more widely,
which involves studying the "strategy of beha-
viour" of the objects under the influence of four
groups of factors (the advantages of the territory,
favourable factors of the environment, deficiencies
of the territory, counteraction to the external envi-
ronment). The practical result of the SWOT-
analysis should be the corresponding table showing
the strategic directions of the development of tour-
ist objects or regions (Fig. 1).

The continuation of this method is the so-
called TOWS-analysis, which involves forecasting
of changes in these objects due to changes in the
environment (Table 1). Thus the focus is on the
construction of four groups of different strategies ,
each of which uses one of the pair combinations
(Kolodii, Sprynskyi, 2005).

territory)

/

[ Weaknesses (disadvaulapes o the }

Development Strategy ]

/\

Opportunides (external) ]

Fig. 1. Components of the SWOT analysis of the territory
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Such methods can be supplemented by other
expert ones, but the main role in forecasting the
development of tourist areas is played by factorial
methods. They include methods of analysis of dy-

Table 1.The matrix of TOWS-form

namics, spatial interaction, taxonomic grouping
(classification), optimization of development
(Lebedieva, 2011).

O (Opportunities)

T (Threats)

SO (success strategy)

ST (conservation strategy)

S «Maxi-Maxi» strategies «Maxi-Mini» strategies .

(Strengths) strategies of using strengths to use the opportunities provided f;rrz;taetgles of using strengths to minimize
WO (competition strategy) WT (defense strategy)

W (Weaknesses) «Mini —Maxi»strategies «Mini- Mini»strategies

ties provided

strategies to minimize weaknesses through the use of opportuni-

strategies for minimizing weaknesses and
threats

Results and their analysi. In our time, health tour-
ism is one of the main components of the tourism
industry, especially for inhabitants of economically
developed countries, where influential factors are
the consequences of transport development, its
active promotion, pollution of the environment due
to industrial development, etc. A healthy lifestyle
means that many people are looking for health and
relaxation in other, environmentally friendly re-
gions. Health tourism is based on the use of natural
resources: mineral water, therapeutic mud and cli-
matic conditions, which in combination with each
other positively affect the treatment of various dis-
eases.

The development of healthcare and wellness
tourism is closely linked to the state of the sanato-
rium and spa industry, and Ukraine’s current condi-
tions it faces certain difficulties. The number of spa
complexes and resorts is reduced, there is lack of
funding, physical deterioration of medical equip-
ment, etc. But despite this, Ukraine has rich recrea-
tional tourism potential and important prerequisites
for the creation of highly developed tourist facili-
ties.

The political instability in the country and
deep financial and economic crisis have led to an

Table 2. The morbidity dynamics of the population of Ukraine

increase in the cost of services with poor quality of
service, which is the reason for the decline in de-
mand and the reduction in the occupancy of sanato-
riums, which is today at about 40% capacity.

Another problem that the research suggests is
that there is now a real threat to the national securi-
ty of Ukraine due to low birth rates, high morbidity
and mortality.

The most important criteria that characterize
the health of the population are:
1) the frequency of newly established cases of dis-
ease per year;
2) prevalence of the disease (ie, all cases of the
disease detected during the year, including the first
detected and chronic cases that had existed before).

According to the State Statistics Committee,
the general level of incidence per 100 thousand of
the population in the period 1995-2017 in Ukraine
has increased by 58.4%, and in 2017 there were
67,998 episodes of morbidity compared to 42,947
cases in 1995. The number of registered cases for
the first time remains practically the same (Table
2). By comparison - the level of morbidity in Euro-
pean countries is approximately 40,000 cases per
100 thousand of population (The Law of Ukraine
"On Resorts™, 2000).

Years Number of cases of dl.sease per 100 thousand of The number of first-time cases of disease, persons
population, persons
1995 42,937 32,547
2000 59,439 33,471
2005 81,916 32,912
2010 78,148 33,080
2015 68,558 26,881
2017 67,998 26,789
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Given the above-mentioned problems, the
organization of effective rest, health and recreation,
prevention and reduction of morbidity and disabili-
ty, as well as the health promotion of the population
of all age groups are of particular importance dur-
ing a period of challenging socio-economic and
environ-mental conditions (Lebedieva, 2011).

The climatic resorts of the Southern coast of
Crimea, the balneological resorts of the Pre-
Carpathian and Transcarpathian regions, Podillya,
Poltava, the mud-resorts of Crimea and Odessa
region are well-known since ancient times. The first
institutions that used mineral water for treatment
began func-tioning in Shklo (1576), Saky (1799),
Truskavets (1827), Odessa (1829), Berezovske
(1862), Morshyn (1877); the healing properties of
the mud — on the shores of the Liman Kuyalnyk
(1833), and near Gola Prystan’ (1895).

Table 3. Sanatorium and health resorts

In recent decades, there has been a tendency
towards a decrease in the number of sanatorium and
wellness establishments (see Table 3), which is due
to a number of problems that exist in the country
(socio-economic, military operations in the east,
occupation of the territory of the Autonomous Re-
public of Crimea, etc.)

By 2017, the number of health-improvement
institutions of all types had decreased by almost 2
times compared with 2010. This is especially true
for children's recreation camps (decreased from
17.3 thousand institutions to 9.6 thousand ), sanato-
ria and boarding houses with treatment (decreased
from 510 institutions in 2010 to 290 in 2017), as
well as sanatoria-preventive clinics (234 establish-
ments in 2010 compared to 63 in 2017). This is due
to the fact that a huge number of them was concen-
trated in the Crimea. Ukraine has lost these health
facilities because the occupation of this territory.

Sa?r?tor:!)auzgsvt\)lﬁird- Sanatoria-preventive | Holiday homes and Bases and other Children’s health
g clinics pensions recreation facilities camps
Years treatment
Number of Number Number Number Number
Total Total of beds, Total of beds, Total of beds, Total of beds,
beds, ths
ths ths ths ths
2010 510 141 234 19 290 60 1920 217 17342 196
2011 508 141 224 19 280 59 1947 216 17703 194
2012 484 133 185 18 286 60 1925 208 17744 188
2013 477 132 165 15 271 57 1916 202 18549 191
2014 320 79 118 17 90 17 1400 157 13977 126
2015 309 78 79 12 76 15 1399 165 9743 113
2016 291 70 63 10 73 14 1295 146 9669 112
2017 290 70 63 10 72 14 1295 146 2968 111

As Figure 2 shows, over the past 5 years, the
number of health resort users has also significantly
decreased. This fact can be explained by an in-
crease in prices for services rendered in health fa-
cilities.

During the years of independence, the sana-
to-rium and resort sector in Ukraine has practically
re-mained without state subsidies. The lack of
budget financing was a consequence of a reduction
in a number of state programmes (sanatorium and
resort treatment of patients with tuberculosis, trau-
matic diseases of the spinal cord, cardiac patients,
etc.).
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A significant number of health resorts are
converted medical facilities and have gained the
status of recreational facilities with a low level of
service (The concept of the development of the
sanatorium and resort industry, 2003). The general
problems of healthcare and wellness tourism of
Ukraine are due to:
uncoordinated regulatory policy;

- non-systematic use of natural therapeutic
resources;

- imperfect infrastructure;

- high prices for fuel and energy resources;

- low quality of water supply.
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Fig. 2. Number of persons who have been to establishments within the sanatorium and resort complex, thousands of people

The sanatorium-resort sector is regulated by
the Law of Ukraine “About Resorts”, the current
regulatory framework which regulates its function-
ing, the economical and rational use of natural the-
rapeutic resources and their protection, declare that
of sanatorium and health treatment should be ac-
cessible for citizens of all age groups, first of all,
for the disabled , veterans of war and labour, com-
batants, citizens affected by the Chernobyl acci-
dent, TB patients, children and women of reproduc-
tive age (Zapototskyi, 2013). However, the imper-
fection of the system of legislative regulation is a
significant obstacle to the year-round operation of
the sanatorium and resort complex: in budgets of all
levels, donations in the health system are neither
foreseen nor equated to industrial enterprises after
tax payment. Such conditions lead to a rise in the
cost of sanatorium and resort services, reduce the
possibility of loading health establishments, and,
therefore, cause a number of socio-economic losses
(Zapototskyi, 2013).

The development of healthcare and wellness
tourism is directly related to the rational use of
natural therapeutic resources in the territories dedi-
cated to health-improvment. However, a significant
number of health-improving institutions consume
deposits of natural therapeutic resources with un-
confirmed and invaluable reserves. Most of the
exploited mineral water wells are technically and
technologically obsolete and are usually used for
industrial bottling in plastic containers. In this case,
packaged mineral water is not used in accordance
with medical zoning in other health facilities and in
hospitals. The State inventories of natural medicinal
resources and natural territories of resorts was

created in Ukraine in order to compare the effec-
tiveness of the recreational and non-recreational use
of the resorts, the medical-biological assessment of
the quality of natural therapeutic resources, the
ecological and economic assessment of the natural
areas of the resorts and the formation of the market
for natural therapeutic resources and the introduc-
tion of a system of paid nature use.

The state inventory of natural areas of resorts
is an effective instrument for monitoring, rational
current and future use of natural areas of resorts in
accordance with approved urban planning docu-
mentation for sanatorium treatment, medical reha-
bilitation, tourism and recreation development;
ensuring effective collection, processing, preserva-
tion and analysis of information on the state of the
environment and natural therapeutic and recreation-
al resources in the territories of the resorts and fore-
casting their changes under the influence of eco-
nomic activity; effective environmental protection
measures and the development of scientifically
substantiated recommendations on the use of natu-
ral ar-
eas of resorts.

Establishment of priority directions of the
use of natural medical resources, improvement of
the cultural-historical heritage, and protection and
enrichment of the natural environment require the
balance between interdisciplinary interests regard-
ing the placement of resort, residential and social
considerations, engineering, transport, communal
and other objects. Thus, the development of the
infrastructure of the territories of resorts and health-
improvement areas requires the solution of complex
territorial problems . At the same time, industrial
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zones pose a real threat to the deposits of mineral
waters, mud and other natural medical resources.
Intensification of economic activity, proximity of
trunk roads with the low level of service, high pric-
es, and imperfect infrastructure undermine the repu-
tation of health facilities.

The development of healthcare and wellness
tourism depends to a large extent on prices for fuel
and energy resources, since they directly affect the
cost of permits. Thus, the intensification of the in-
troduction of energy-saving technologies, reproduc-
ible and non-traditional energy sources, which is an
effective instrument for maintaining a sustainable
ecological situation and the subject of state policy,
promotes the minimization of the energy depen-
dence of health establishments.

Sustainable development of healthcare and
wellness tourism is impossible without moderniza-
tion of water management, water treatment and
sewage facilities; exploration and mobilization of
underground water for drinking water supply and
rational use of available sources. At present, the
state priority is the construction of closed water
supply systems for health facilities, regardless of
their ownership and subordination, as part of the
strategy of promoting non-waste technologies
(Zapototskyi, 2013). It is worth emphasizing the
diverse subordination of health-improving institu-
tions. Sanatoria, boarding houses, houses and
recreation facilities operate in different depart-
ments: professional trades union systems, the Min-
istry of Health, the Ministry of Internal Affairs, the
Ministry of Transport, the State Department of Af-
fairs, the Ministry of Industrial Policy, Fuel and
Energy, etc. There are also institutions that are on
the balance of large enterprises and associations.
However, studies have shown that the crisis of the
sanatorium and resort complex, is largely due to the
lack of funds for the maintenance of health resorts
in departments, on whose balance sheets they are
fixed (Zaporoshchenko, 2017).

In addition to these problems, the develop-
ment of healthcare and wellness tourism has the
characteristic features of a crisis situation: the lack
of effective economic mechanisms of functioning
with a low level of service; the practical absence of
internal and external investments at a high level of
depreciation of fixed assets; unsystematic develop-
ment of health facilities with ineffective managerial
and marketing strategies, practices, methods and
methods at macro, meso and micro levels.

Researchers emphasize that the strategies of
development of resorts of state and local impor-
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tance should take into account the introduction of
an efficient system of financing the sanatorium and
resort industry and the creation of a system for en-
couraging of investments in modernization and
construction of sanatorium and resort industries,
creating affordable health products, adherence to
state standard treatment methods and medical reha-
bilitation at resorts, and coordination of activities of
sanatorium and health resorts, regardless of the
form of ownership and subordination.

Application. Analysis of the development of the
strengths and weaknesses of the state of healthcare
and wellness tourism in Ukraine is presented in
Table 4.

The data presented in Table 4 shows the high
potential of Ukraine, taking into account factors
such as favourable climate, location near two seas,
rich natural resources that are expedient to use as
much as possible in the health and wellness tourism
sector. There are significant weaknesses that lie in
the outdated infrastructure of the healthcare facili-
ties and the narrow range of services provided by
them. Only 67% of the total number of facilities in
the sanatorium and resort complex have service
sector units, but even if they are available, most
health-improving facilities do not even correspond
to category 1 in accordance with the requirements
of the National Standard.

At the same time, a holiday home, a pension,
a health facility of 1-2 days of stay does not have
any service area. It is necessary to emphasize sepa-
rately the continuous non-compliance with the gen-
eral requirements for taking into account the needs
of the disabled and other low mobile groups of the
population.

Opportunities are represented by a tendency
towards investing public funds in the development
of health-improving tourism and its infrastructure,
in connection with the creation of clusters in the
country, which will lead to the formation of a spe-
cific mono specialization in order to expand the
interconnections within the recreational and tourist
system, which imposes a significant imprint on
trade, free movement of capital, human and infor-
mation resources.

Despite the rapid development of informa-
tion technology over the last decade, giving great
possibilities for operative information exchange
between companies, the territorial feature of the
cluster does not lose its relevance today, as the spe-
cial significance in the cluster association has regu-
lar informal connections, which are possible only in
conditions of territorial proximity.
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Table 4. SWOT-analysis of the state of healthcare and wellness tourism in Ukraine

Strengths

Weaknesses

- favourable climatic conditions of most of Ukraine, which can
be widely used for climatology treatment of recreation;

- geographic location, the country’s exit to two seas - the Black
and Azov, contributes to the development of resort and beach
recreation in the recreational programs;

- the presence of several natural deposits of medicinal mud,
many deposits of mineral waters of different chemical composi-
tion;

- the presence of such unique objects as the Carpathian Bios-
phere Reserve, the nature reserves "Synevir", "Medobory",
"Dniester Canyon", etc., attracting visitors to tourists who are
staying in health institutions;

- border location of many health and recreation centers, which
contributes to the development of inbound health and wellness
tourism (Zakarpattia region, Odessa region);

- availability of developed logistics transport corridors and
rather well-developed port infrastructure;

- existence of infrastructure for supporting small and medium
enterprises

-healthcare and wellness tourism activity has a pronounced
seasonality;

- outdated material and technical base of many medical and
recreational enterprises of the country;

- inconsistency of the price and quality of providing health-
improving tourist services;

- insufficient use in the recreation of available natural thera-
peutic resources in the country;

- a narrow range of proposed healthcare and treatment services
by enterprises;

- a narrow range of additional leisure services at healthcare and
wellness enterprises;

- insufficient promotion and branding of the regions of
Ukraine as favourable for medical and health tourism;

- absence of a unified policy of hospitality in the field of pro-
viding wellness and healthcare services;

- high cost of transport services;

- the absence of developed complexes of road infrastructure.

Opportunities

Threats

- attraction of state investments in the development of health-
care and wellness tourism in the country;

- the possibility of forming interregional health tourism
projects;

- the possibility of forming time tourist and recreational centers
at the expense of industrial clusters

- low level of development of specialized infrastructure and
service of healthcare and wellness sphere of tourism, including
hotels, public catering establishments, passenger transport;

- unsatisfactory condition of tourist facilities, which are used in
leisure activities as part of recreational rest of tourists;

- the natural and climatic characteristics of individual regions
(the Carpathian region, the Black Sea and the Sea of Azov)
dictate the seasonal component and the unevenness of the
provision of certain types of therapeutic and health services

A characteristic feature of a recreation-tourist
cluster with healthcare and wellness mono speciali-
zation is not only the complementarity of the enter-
prises that belong to it but also the impossibility of
their functioning outside the recreational and tourist
sphere. Since territorial recreational systems in-
clude regional systems and functional networks
(separate sectors of the recreational economy for
their particular placement), the establishment of a
stable network of horizontal links among its ele-
ments is the basis for the formation of specialized
objects of space - cluster formations on the mono
territories of tourist and recreational type.

Clusters can be located at the territory of one
or several regions, and represent a special
monospace — a special type of territory.

We note that in most cases special-type terri-
tories become associated into mono-specialized
clusters, a cluster being considered by the authors
as a certain group of interrelated companies, specia-
lized suppliers of services, firms in the correspond-
ing branches, infrastructure, research institutions,
universities and other organizations (which are
complementary and enhance the competitive advan-
tages of each other and the cluster in general),
which is concentrated in a territory characterized by

a pronounced monospecialization. At the same
time, in subsequent years, clusters become not only
spontaneously organized groups of enterprises and
organizations, but also a purposeful and quite effec-
tive instrument of state economic policy.

In particular, this form of organization in a
number of countries has been used as the main in-
strument of the new economic policy (UK, PRC,
Finland, USA, etc.), and in some cases also in the
form of an anti-crisis strategy (Canada).

Formation of cluster recreational and tourist
formations should be based on the objective com-
petitive advantages of a mono-tier, taking into ac-
count their possible changes in the future, which
undoubtedly requires not only the availability of
natural prerequisites for the development of
recreation and tourism, but also significant efforts
in the formation of a favourable infrastructure (see
Fig. 3).

The influx of tourists requires the presence of
tourist infrastructure: the construction of new ho-
tels, recreation centers, shelters, hotels, camping,
etc. and reconstruction of available accommodation
facilities. A similar situation is observed in terms of
places of catering.
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Unigueness and innovation
— unique natural resource potential;
— prospects for the development of modern types
of health-improving tourism;
— the border with the four countries of the
European Union.

Infrastructure

— availability of developed resort
infrastructure (accommeodation
facilities, transport utilities,
household services), etc.

SANATORIAL-RESORT
CLUSTER

Connections
— creation of a system of working relationships
within the cluster;
— coordination of efforts among cluster
participants;
— an analysis of the interaction of organizations
that are part of the cluster's boundaries.

External support

— study of consumer behaviour
and consumer preference
formation;

— development of measures on
M positioning of services and
improvement of their quality.

Competitiveness
— presence of competitive enterprises within the cluster;
— an opportunity to evaluate, analyze and use unique
advantages.

Geographic concentration

— geographical proximity provides an opportunity for
the active interaction of cluster participants;

— Indicators of geographical concentration are
indicators that characterize the high level of resort
specialization in the region.

Fig. 3. The main features and characteristics of the business environment of the sanatorial-resort cluster

Creation of an innovative cluster of health-
improving type on mono-territories will provide the
best way to design opportunities for socio-
economic development, as well as to effectively
build and implement a strategy for long-term de-
velopment of this territory.

The center of the healthcare and wellness
cluster may be several powerful institutions of the
sanatorium and resort area, engaged in the produc-
tion and promotion of tourist products of the region,
which help each other, that is, position the cluster.
The territorial situation may range from one to two
major tourist monospecialized points (or centers)
within villages, cities / hubs, districts, zones within
the region / country and even several neighboring
countries (cross-border clusters), which often leads
to a synergistic effect.

Clusters by their existence prove the effec-
tiveness of public-private partnership in achieving
the goal of sustainable tourism development within
a region, providing quality tourism services, stimu-
lating demand and maintaining its proper level,
providing local people with jobs.

Conclusions. The current market situation reveals
the weak and strong sides of the Ukrainian resorts,
formed in the above-mentioned historical condi-
tions. For example, the strengths or competitive
advantages are: the availability of treatment for a
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wide range of people; medical specialization and
purpose of sanatorium-resort establishments, po-
werful scientific potential; weaknesses are: the
weakened factor of “historical uniqueness” in the
brands of some domestic resorts compared with
foreign ones; in fact, the absence of well-known
domestic brands in the sanatorium and resort indus-
try, with the exception of several resort associa-
tions; low level of service and diversification of
services; low profitability due to “hereditary” low
prices.

In order to eliminate the mentioned negative
factors of development of the sanatorium and resort
complex it is expedient to:

1) implement social policy in order to further
increase the level and quality of life of the popula-
tion;

2) improve the efficiency of the general state
and regional regulation of the sanatorium and resort
sphere;

3) develop and implement a complex of
measures aimed at attracting investments for the
development of the infrastructure of the sanatorium
and resort complex;

4) improve the system of publicising the pos-
sibilities of the healthcare and wellness industry of
the country as a whole, to position Ukraine on the
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world market of healthcare and wellness services as
a major region of treatment and rehabilitation;

5) develop the information and advertising
and marketing activities of sanatorium and resort
establishments; balance the price policy and quality
of the basic and additional healthcare and wellness
services, introduce a system of discounts;

6) improve the organization of the activities
of sanatorium and spa establishments, aimed at
reducing the cost of their maintenance and reducing
the cost of travel vouchers;

7) pay more attention to the development and
implementation of innovative measures for the of-
fer of individualization at the resort and the forma-
tion of new domestic brands in the market of sana-
torium and resort services of Ukraine by the enter-
prises of the healthcare and wellness industry;

8) staffing of the healthcare and wellness es-
tablishments with qualified specialists.
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Abstract. Currently a large number of, geographers and representatives of related

Received 15.06.2018; sciences claim to have created integrated environmental concepts . This applies, in
Received in revised form 05.07.2018,; particular, to the concepts of "environmental science”, "sociogeosystems",
Accepted 23.07.2018 "anthropogenic landscape”, "eco-geosophia”, etc. All of them confirm the importance of

solving the global environmental problem, and the need to unite scholars in all
specialties. There is a significant revival of interest in the integral essence of geography, especially among anthropogeographers. This
testifies to the fundamental unity of geographical science without its distinct division into natural and social geography, which di-
vides the discipline up into a plethora of specific objects and subjects. Anthropogeographers have come to understand that the earth’s
space was initially organized by Nature itself. Mankind from the Neolithic Age has transformed his use of nature into the noosphere.
If before the Neolithic revolution there still existed natural landscapes on the surface of the planet , then the Neolithic populations of
Homo sapiens started to actively change the environments they inhabited. Approximately then, the search for ways to justify such,
often destructive, intervention began. Such a change in the landscape was brought about by man, which encouraged scientists unwit-
tingly to develop an "intentional paradigm", according to which the methodology of each science tries to take into account the role of
man not only as a component of nature, but as its researcher. Even Strabo having realized the many-sidedness of human existence on
our planet, already in ancient times, considered himself "not a geographer, not a historian, but a philosopher." Hettner, with his idea
of "embedding" into the earth’s space of all things, considered the object of studying geography this very earthly space with objects
and phenomena that filled it and interacted with each other. According to Hettner, the connections between them have a landscape
causal nature. To such systems of geobjects, Hettner also related human society. The idea of "through™ was found in the works of our
contemporary physicist and geographer Aleksey Reteyum, who discovered integral (socio-natural) spatial entities on the surface of
the planet (“"choriones” and "sphragids"), once again proving the "right to exist" of the noosphere suggested by Volodymyr
Vernadsky. At present, it is geographers who must create an adequate concept of the environment, which is not yet developed in
completed form. Its final design will require the rejection of the mechanistic perception of the world, divided into objects and
subjects of research. It is geographers who should identify in time and space such integrated environmental systems (socio-natural
systems, whose subsystems can be natural landscape systems and sociogeosystems), which are shaped as a result of the joint
development of nature and society. Prospects for the productive development of environmental science are related to the concept of
noosphere ecosystems.

Keywords: environment, noosphere, anthropogenic landscape, intentional paradigm, socio-natural systems.
Mpo cyyacHy KoHLeNLito 4OBKINNA
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AHOTaLisl. YMCNeHHI CyyacHi KOHUEeNUii AOBKINNA YacTO NpeTeHAYHTb Ha iHTerpaibHICTb. Lle CTOCYeTbCA, 30Kpema, KOHLenui
«CEepei0BULLE3HABCTBAY», «COLLiOre0CCTEM», «@HTPOMOreHHOr0 NaHAWAgTY», «eKOreocoqii» TowWwo. 3HaKOBMM € BiAPOKEHHS iHTe-
pecy Ao iHTerpasibHOT CYTHOCTI reorpadii came cepef, aHTponoreorpadis, WO CBIiAYMTL NPO MPUHLMMNOBY €AHICTb reorpaiyHoi
HayKun. AHTpornoreorpagy nocTynoBo JOX0AATb PO3YMiHHSA TOrO, L0 3eMHWIA NPOCTip Bij noyaTKy 6yB opraHizoBaHuii camoto Mpu-
pogoto. JTIOACTBO Le 3 HEONITY 3AIACHIOE Ha 3eMAi HOOCtepHe NPUPOAOKOPUCTYBaHHSA. FKLLO A0 HEONITUYHOT PEBOMOLLIT HA EHHIN
MOBEPXHI NJIaHETW e iCHYBaNn MPUMPOAHI NaHAWwaghTH, TO 3 HeoniTy nonynsauis Homo sapiens noumHae X akTUBHO 3MiHIOBATW.
MpnbAN3HO TOAi XX NoYaIMCb MOLYKM CNOCO6IB BUMPaBAaHHS Takoro, 4acTo PY/HIBHOrO, BTPyYaHHs. Taka 3MiHeHa [0 Heni3HaBa-
HOCTI IIOAMHOI0 NaHALwadTHa 006010HKA CMOHYKana HayKOBLB PO3POOAATN «iHTEHUiOHaNbHY Mapagurmy», 3a KO MeTOA0/oris
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KOXHOI HayKy HamaraeTbCs BpaxyBaTyu pofib /IIOAMHU He inLle SIK CKNafoBoT Npupoau, ane ak i gocnigHuka. CborogHi came reor-
pagam HaneXuTb CTBOPUTU afeKBaTHY AiNCHOCTI KOHLENLiA [AOBKINNA, AKA B 3aBEPLUEHOMY BUM/IAAI MOKM L0 He po3pobneHa. Ti
0CTaTo4YHEe O(hOPMIEHHS BMaraTMme BifMOBW Bif MEXaHICTUYHOIO CMPUAHATTSA HaBKOAWLLUHBLOIO CBIiTY, MOAINEHOr0 Ha 06’EKTH i
npeaveTn gocnimkeHHs. Came reorpatam HaleXuTb MO3HAYMTU B Yaci 11 y NPOCTOPi Taki iHTerpaTuBHI CMCTEMM HABKOIMLLHLOTO
cepenoBuLa (COLIONPUPOAHI CUCTEMM, NigcucTeMamy SKMX MOXYTb OyTv NPMPOAHI NMaHAWAhTHI CUCTEMU Y Pi3HOMY CTYMEHi 3Mi-
HeHi NOAMHOLD), AKi YTBOPEHi B pe3ynbTaTi CMijIbHOro po3BUTKY NPUpOAM i cycninbcTa. MepcnekTyBM NPOLYKTUBHOIO PO3BUTKY
HayKy Npo LOBKiNAA (4OBKiNNE3HABCTBA) NOB’A3aHI 3 KOHLEMNLIEHD HOOCHEPHUX EKOCUCTEM.

KnrouoBi cnosa: fOBKiNAs, Hoocepa, aH TPONOreHHWIA naHALWad T, iHTeHLioHabHa NapagurMa, CoLionpupoaHi cucTemu.

Introduction.The article is the continuation of the
discussion about the concept of the environment,
which once again (after V. Nikolayev (Nikolayev,
2006), V. Nekos (Nekos, Nekos, Safranov, 2011),
M. Holubets (Holubets, 2015), O. Kovalyov (Kova-
lyov, 2014), H. Denysyk (Denysyk, 2001) and oth-
ers) was carried on in the article by O. Topchiev,
D. Malchykova, I. Pylypenko and V. Yavorska
(Topchiev, Malchykova, Pylypenko, Yavorska,
2017).

The very fact that the article was published in
*Ukrainian Geographic Journal’ in the section “Call
for Discussion’, testifies to the extraordinary ur-
gency of this problem. It is noteworthy that this
section in UGJ reminds one of an old trap, which
the editorial board regularly walks into, however, it
always appears on its way. Indeed, there have been
more than 10-15 articles dealing with the problem
in this section since the mid-1990s (V. Pashchenko,
I. Chervaniov, O. Kovalyov, O. Topchiev,
M. Holubets, L. Rudenko, M. Bagrov, S. Sonko,
etc.). In spite of the fact that the national geo-
graphic establishment openly neglects methodo-
logical problems of geography, it (the methodol-
ogy) nevertheless makes its way up above the
ground, like shoots that lean towards the sun. This
is confirmed by all attempts to develop a single
concept of the environment. Such attempts testify
to the fact that this problem can gradually move
most other problems in the subject area of many
sciences to the background. The processes associ-
ated with this were noticed by V. Vernadsky" and
emphasized by one of the authors in the early 2000s
(Sonko, 2003).

The fact that the authors of the above-
mentioned article are anthropogeographers (repre-
sentatives of economic, or, broadly speaking, social
geography) is really significant. Perhaps the revival
of in-terest in the integral essence of geography
among anthropogeographers marks the transition of

‘Nowadays, the framework of individual sciences,
which scientific knowledge is streamed into cannot accu-
rately determine the area of the scientific idea of a re-
searcher and exactly describe his scientific effort. The
problems that are of interest to him often do not fit into
the framework of an individual, well-formed science.
We specialize not in sciences but in problems’ (Ver-
nadsky, 1991).

this science to a qualitatively new (old??) level of
interpretation of reality. This is obvious to a great
extent, since the monographic study of both the
centre and periphery relations (Pylypenko, 2015)
and the basics of geo-planning (Topchiev, 2014)
once would certainly have led the authors to under-
standing the integral properties of the Earth’s space
— without dividing it into ‘the objects the study’ of
natural geographers and anthropogeographers —
geospheres (Topchiev, Malchykova, Pylypenko,
Yavorska, 2017), and without its vague attribution
to “the subject area’ of either social or natural geog-
raphy (Topchiev, 2004). The present-day fragmen-
tation of geography, which used to be integral, is
sometimes absurd. One may visit the site of ‘Bibli-
ometrics of Ukrainian Science’. In the section
‘Earth Sciences’ only the scientific preferences of
physiographers (mainly geography and cartogra-
phy, or the environment) (T. Bobra, M. Hrodzyn-
skyi, H. Denysyk, I. Kovalchuk, etc.) are more or
less adequately given an account of. As for eco-
nomic geographers, perhaps only O. Topchiev ap-
peared in the section ‘Geography and Cartography’
in the branch called ‘Social Sciences”. The rest of
the representatives of this modern geography
branch are at best marked as ‘Geography and Car-
tography’. Most scientists are referred to the purely
natural ‘Earth Sciences’, ‘Environmental Sciences’
and ‘Ecology’. As a result, it gives an impression of
the inappropriateness of ‘discrimination’ of both
social and public geography.

We are convinced that it is anthropogeogra-
phers who have to be most concerned about the
problem of the integral nature of the Earth’s space.

2 Did not the classic of economic geography N. Baransky
in the 30s of the twentieth century urge that a territory
(of a country or a region, etc.) be considered as a com-
plex ‘from geology to ideology’? Was not it our compa-
triot Serhiy Podolynskyi in the 19th century who empha-
sized the energetic essence of all economic processes,
thus trying to implement truly objective (physical and
economic) pricing mechanisms for goods and services in
the world economic system? Taking into account the fact
that it is economics and economic sciences that are the
leaders in a complex system of developing natural re-
sources of the planet (including its landscape envelope),
it may be more appropriate to call oneself an economic
geographer, rather than a social geographer or public
geographer.
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Eventually, these scientists will realize that the
Earth’'s space from the very beginning was appro-
priately or-ganized by Nature itself. Various terms
have been suggested for the interpretation of the
Earth’s space itself and its individual fragments, as
well as for the science that would conduct its inte-
grated study. In particular, various aspects of exis-
tence of the Earth’s space today are explored in the
context of the concepts of sociogeosystems
(Nemets, Nemets, 2014), environmental studies
(Holubets, 2015), neoecology (Nekos, Nekos, Sa-
franov, 2011), anthropogenic landscape (Denysyk,
2001), intentional paradigm (Topchiev, Nudelman,
Rudenko, 2012), ecogeosophy (Kyselov, 2015), etc.

In fact, the recent intensive growth of the de-

bate on environmental studies also has another root
— the civilizational one. There is an inevitable ques-
tion that geographers of the anthropogenic and
landscape branch (Yablokov, Levchenko, 2015)
face today, in the era of radical man-made changes
in the biosphere, — is it still safe to further “scien-
tifically justify’ the change of natural landscapes by
man? Is this safe as long as such ‘scientific justifi-
cation’ gives a powerful tool to ‘constructors’ of
the ‘mining’, ‘uranium’ and other landscapes for
further human attacks on nature (Sonko, Mak-
symenko, 2016).
Material and methods of research. The research
is based on the elucidation of the main provisions
of the existing concepts of environmental studies
that have features of integrity with respect to the
natural sciences, the theoretical foundations of
which lie in their basis.

In the course of the research, mostly philoso-
phical and general scientific methods were used,
including the logical ones (analysis, synthesis,
comparison, deduction, induction), as well as dia-
lectics.

The analysis was implemented at each stage
of the research. When considering different con-
cepts, their objects were determined and the content
characterized, geographical and ecological compo-
nents were compared. Synthesis, which is the dia-
lectical opposite of analysis and is logically ap-
plied after the latter, consists in highlighting the
common features of different environmental con-
cepts that can form the basis of the integrated envi-
ronmental study concept. Comparison of the ana-
lysed scientific constructions is an indispensable
tool for extracting their common or similar ele-
ments.

The study used the deductive and inductive
methods. In particular, the deduction manifests
itself in taking the idea of creating an integrated
environmental study concept as a starting point, and
each item of individual natural science concepts
was characterized in terms of its conformity with
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the general purpose of our research. The induction
reveals itself in the selection of such provisions of
each scientific construction, which can become
‘building material’ for the creation of an integrated
concept of the environment.

Dialectics as a philosophical method is pre-
sent in the research due to the application of the
laws of unity and struggle of opposites (through a
combi-nation of analysis and synthesis, deduction
and induction), and the transition of quantitative
changes to qualitative ones (due to the gradual ac-
cumulation of individual concepts in natural sci-
ence, which, taken together, give the necessary
facts and scientific provisions for the construction
of an integrated concept of the geographic and en-
vironmental study).

The research made use of the historical

method, in particular, when analysing the develop-
ment of environmental ideas in time (from the noo-
sphere by V. Vernadsky up to environmental stud-
ies by M. Holubets).
Results and their analysis. Taking into account
the unsuccessful attempts of non-geographers to
solve a purely geographical problem (the concept of
‘environmental studies’ by M. Holubets), one of the
authors, considering himself to be an economic
geographer (not even a social or a public geogra-
pher), solved this problem for himself 15 years ago
(Sonko, 2003).

In fact, humanity has for a long time (ap-
proximately from the Neolithic period) exercised
nature management of the noosphere on our planet.
But if, before the Neolithic revolution, there had
been natural landscapes on its daylight surface,
after it Homo sapiens started to actively modify
them, ‘building himself” into the landscape enve-
lope and forming anthropogenic landscape strips
such as a ‘forest field” (Denysyk, 2001) with
ecotones — without explicit boundaries of natural
zones. Approximately at that time, the search for
the ways to justify such intervention, which was
often destructive, began. Thus, in recent years, the
landscape envelope, unrecognizably changed by
man, has prompted scientists to develop an ‘inten-
tional paradigm’, according to which the methodol-
ogy of each science tries to take into account the
role of man not only as a component of nature, but
as a researcher who creates different branches of
knowledge and sets respective subjective target
guides for them (Topchiev, Nudelman, Rudenko,
2012). In our opinion, this is an obvious step back,
as this emphasizes the return to the object-object
relations between man and nature, which most
modern landscape scientists (M. D. Hrodzynsky)
rejected long ago in favour of the post-classical
subject-subject ones (Maksymenko, 2018).
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Therefore, the idea of the noosphere (almost
two thousand years before the term appeared) ‘em-
bedded’ in the Earth’s atmosphere, has embarrassed
geographers from the times this science appeared.
Thus Strabo, the author of the world-famous *Ge-
ography’, understanding the many-sidedness of
human existence on our planet, even in ancient
times, considered himself to be ‘not a geographer,
not a histo-rian, but a philosopher’ (Arsky, 2015).
A. Hettner, with his idea of ‘embedding’ all things
in existence into the Earth’s space, considered this
very earthly space with all the objects and phenom-
ena present in it and interacting with each other to
be the object of geographical studies. The links
among them, according to A. Hettner, have a land-
scape, causal nature. A. Hettner also referred hu-
man society to similar systems of geo-objects.
Some unique combinations of certain objects and
phenomena in a particular territory lead to the
emergence of geographic countries (choros, space)
(Hettner, 1927).

However, the idea of ‘transversality’ was
fully elucidated in the book by our contemporary O.
Reteyum ‘The Earth's Worlds’. He ‘discovered’
integrative (socio-natural) spatial entities (‘chori-
ons’ and ‘sphragis’) on the daylight surface of the
planet (the term by O. Kovalyov) and once again
proved the right of the noosphere as defined by V.
Vernadsky to exist. At the same time, being a
physical geographer, O. Reteyum was constantly
reinforcing this idea by examples of consortium
relations in ‘pure’ (without humans) nature (Rete-
yum, 1988).

Dozens (or even hundreds) of scientists (not
only geographers) can be listed as those who have
come up with an idea of the integrity of the plane-
tary structure (J. Lovelock, L. Margulis,
V. Gorshkov, etc.). This idea turned out to be so
obvious that even well-known movie makers
(James Cameron, ‘Avatar’) succeeded in promoting
it. Nevertheless, its real implementation into life,
which gave rise to the ‘strategy of sustainable de-
velopment’, in its twenties (Johannesburg, 2002)
became deficient, which has been written about
many times (Sonko, 2018).

The comprehension of the reclaimed Earth’s
space substantially transformed by the versatile
activity of humans (at different levels — from the
planetary up to the local level) is also carried out by
ecogeosophy. The sources of ecogeosophy, which
was founded at the end of the twentieth century, are
‘classical” geosophy and modern ecology.

We used the epithet ‘classical’ in inverted
comas with respect to geosophy, because even the
age of this discipline — not only ecogeosophy — is
less than a century. Geosophy is a philosophy of
human space that explores spiritual aspects of the

natural landscape’s influence (conditionally, un-
changed by man) on human communities, in par-
ticular ethnos. L. Gumilev considered ethnos to be
a geographical, landscape phenomenon, and the
landscape itself — its storage and nutritional me-
dium (Gumilev, 2006). Consequently, geosophy is
a science of landscape and ethnic interaction.

The synthesis of geosophy with modern
ecology, which long ago evolved out of the former
position of a branch of biology, becoming an inde-
pendent science and, moreover, an extensive sys-
tem of many bio-, geo-, socio- and technical eco-
logical disciplines, is ecogeoseophy. If the scheme
of geosophical regionalization of the Earth's space
(Earthworld), based on the nature of landscape-
ethnic interaction (Kyselov, 2011) became the logi-
cal result of our geosophical research, then the pe-
culiarities of human space caused by more or less
significant changes in landscapes as a result of eco-
nomic and other types of human activities should
be taken into account when conducting ecogeoso-
phic research. In particular, in terms of ecogeoso-
phy, the Donbas appears to be not only and not so
much in the Donets Territory, a fragment of the
steppe landscape and an extrazonal island of the
forest steppe in the steppe for the territory of
Ukraine, and, above all, a region with a predomi-
nance of ‘anthropogenic’ (according to the termi-
nology of one of the authors (Kyselov, 2017) land-
scapes proper. Thus, this region seems to be taken
out of human space, becoming a virtually unfit
environment for the life of the landscape predeter-
mined human communities - ethnoses. The example
of the Donbas illustrates the discrepancy of eco-
geophysical realia, which we will later depict in the
form of sketch maps as already mapped geosophi-
cal earth-spatial formations.

The post-classical approach to the formation
of the ecological network can be the confirmation
of the anthropogenic component of landscape de-
velopment (especially for the regions of old indus-
trial development). According to this approach, not
only natural objects but also the man-made ones
must be bequeathed today, (Sonko, Kazakova,
2016).

We present the analysis of the above-
mentioned modern environmental concepts, which
more or less claim to be integral, in Table 1.

In our opinion, the main feature of all the en-
vironmental concepts analysed is their interdiscipli-
nary nature. Mostly the tendencies for integration
between geography and ecology (in particular,
geosociosystemology, environmental studies, an-
thropogenic landscape studies, neoecology), as well
as between ecology and noosphereology (in the
concept of noosphere ecosystems), among geogra-
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phy, ecology and philosophy (with respect to eco-

geosophy) can be traced.

Table 1. A Comparative Characteristicof Modern Environmental Concepts

Authors of the Concepts Names of the Concepts The Main Content
M. Holubets The concept of geosoci- | The need for the integration of natural sciences around
osystems,  environmental | the topical environmental problems, the consideration of
studies man outside the biosphere (which is an environment for
humans), the cross-cutting nature of the sciences
studying the interaction of man and the biosphere at the
theoretical level (geosociosystemology) and the applied
one (environmental studies)
G. Denysyk Anthropogenic  landscape | The virtual absence of natural landscapes within the
studies developed land of the Earth today, the acquisition of
qualitatively new content by the landscapes in connec-
tion due to their anthropogenic transformation, the need
for their study as anthropogenic geospatial systems
V. Nekos, Neoecology Non-traditional approach to ecology from the point of
A. Nekos view of the leading influence of human transformational
activity on ecosystems
K. Nemets, The concept of | Anthropocentric idea of sociogeosystems as geospatial
L. Nemets sociogeosystems social formations of different ranks
O. Topchiev The concept of spatial | Consideration of man as a component of nature and at
organization of nature, | the same time a researcher who through his cognitive
population and economy, | activity sets subjective target guides for it
intentional paradigm
S. Sonko The concept of noosphere | Consideration of ‘Homo sapiens’ as an equal to others in
ecosystem carrying out his material-energy exchange in the bio-
sphere
Yu. Kyselov Ecogeosophy Consideration of geospatial structures of the Earth's
world with the account of not only the landscape-ethnic
interaction in the natural environment, but also the type
of nature management and the human-induced
transformation of landscapes caused by it; geosophy of
the explored space

Consequently, the focus of contemporary en-
vironmental studies and the greatest point of growth
of the integrated concept of the environment lies at
the intersection of geography and ecology. It should
be emphasized that we mean unified geography
without its traditional division into physical and
socio-economic geography, since virtually all
branches of modern geography have ecological
content: physical (natural) geography studies the
natural landscapes that served as the initial material
for man in his diverse economic activity; construc-
tive geography develops probable ways of forma-
tion of natural and anthropogenic geosystems in
ecological equilibrium on the basis of anthropo-
genically transformed landscapes; socio-economic
(public) geography is related to ecology through the
doctrine of natural resources and territorial organi-
zation of economy. After all, most branches of eco-
nomic activity have a greater or lesser negative
impact on the environment: enterprises and heavy
industry, especially mining, as well as motor trans-
port, pollute the air and water environment; agricul-
tural production neglecting environmental require-
ments and criteria, causes anthropogenic accelera-
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tion of erosion processes (both sheet wash and lin-
ear erosion) and soil contamination due to exces-
sive application of mineral fertilizers and pesti-
cides.

It is worth noting that some of the abovecon-
cepts have general geographic content (in particu-
lar, anthropogenic landscape studies, neoecology,
the concept of noospheric ecosystems, ecogeoso-
phy), which gives grounds for considering complex
objects that are investigated with their application
as integral systems of various geospatial ranks. At
the same time, the concept of sociogeosystems has
purely sociogeographical content, which also
makes objects that are studied within the frame-
work of this concept (sociogeosystems of various
spatial ranks) subsystems of integral systems (such
as noosphere ecosystems).

After the analysis of the undoubtedly impor-
tant concepts of environmental studies, the main
question of nature management — ‘Why does the
global environmental problem continue to get
worse?’ — still remains unanswered. Even recent
fundamental treatises on this problem (Yablokov,
Levchenko, 2015, 2016, 2017) do not give any
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hope for a constructive solution to it. Thus, the
authors give an answer to the question ‘What is
going on?’ in the first article of the series
(‘Yablokov, Levchenko, 2015). The second article
gives an unambiguous answer to the question ‘Who
is to be blamed?” There is no doubt, it is man
(‘Yablokov, Levchenko, 2016). However, the third
article of the cycle gives no answer to the guestion
‘What is to be done?” The authors state that ‘the
contemporary discourse of social evolution, in spite
of attempts to unite the enormous amount of facts
and ideas in the field of development of human
society, is still at the stage of substantiating hy-
potheses and distinguishing tendencies. All these
efforts have not led to the creation of any compre-
hensive concept yet, not to mention a complete
theory’ (Yablokov, Levchenko, 2017).

We dare assert that such a concept (the con-
cept of noosphere ecosystems) was developed by
one of the authors 15 years ago (Sonko, 2003).

The essence of the concept of noosphere eco-
systems is as follows (Sonko, 2010):

1. The main reason for the emergence and
aggravation of the global environmental problem is
the different development rates of nature and soci-
ety. The search for and finding the specific Man
ecotope and the study of its spatial evolution is a
result of spatially and temporally different, or
‘separated’ in time and in space, states of nature
and society. In order to constructively solve ‘the
global environmental problem’, one must radically
revise, first of all, the spatial existence of a man as
a species , Homo sapiens. With this aim, one must
find such areas of the Earth's space, in which the
gap in the speeds of nature and society is ‘cap-
tured’, and in future bring them into the necessary
correlation.

2. The aspiration for the state of the noo-
sphere (at the present stage — ‘sustainable devel-
opment’) with the course of the process of noo-
spherogenesis should be carried out by Man within
the spatial boundaries of the social-natural systems,
which substantially represent ecosystems and have
a double character of the boundaries. That is, these
are such synergistic interconnections of natural and
social components that are already evolving accord-
ing to their own laws. Approximation of the territo-
rial organization of society to the noosphere is pro-
posed to be implemented in the form of possible
scenarios at different spatial levels (Table 2). The
existing strategy for creating an ecosystem should
cover the meso- and macro levels. At the micro
level, it is also necessary to implement a strategy of
combining the boundaries of natural and agroeco-
systems, coordinated with the noosphere dynamics.
Thus, we comply with one of the main conditions
of the noosphere development — such a change in

the structure and functions of natural ecosystems
performed by man keeps them capable of self-
reproduction.

3. One of the main noosphere provisions of
theecology of Homo sapiens is that this species is
an equal participant in the natural matter-energy
cycle. But he has expanded the boundaries of his
ecological niche due to the advanced timing of
natural processes (‘time traps’, for example, pro-
longed storage of biomass in refrigerators, canning,
etc., instead of their decomposing by reductions
immediately after dying), spatial transformation of
its ecotope (“space traps’, for example, in the form
of ‘properly’ organized crop rotation, contouring-
reclamation systems of agriculture, etc.). Moreover,
such a spatial-temporal transformation has consid-
erably increased the level of the planetary entropy
(“information traps’ (Sonko, 2003a; 2003b; 2003c;
2003d).

4. Homo sapiens, in the process of his life in
the biosphere of theEarth, forms spatial/edaphic
systems which are ecologically identical with other
types, and similarly participates in the food chains,
occupying his trophic level in the ecosystems that
are radically rebuilt in terms of space, but are, nev-
ertheless, natural. ‘Ecotope’ of man goes beyond
the limits of the organism level of organization of a
species and occupies the population and even the
ecosystem level. Therefore, it is more logical to talk
about an agroecosystem as a modified ecological
niche of Homo sapiens with unclearly defined
(moving) spatial boundaries. Therefore, there is no
reason to consider the agroecosystem (as well as
other noosphere ecosystems) of Homo sapiens as
unnatural (variants: ‘semi-natural’, ‘combined’,
‘artificial’, ‘anthropogenic’, ‘technogenic’), based
on the presence of ‘the second nature’, Man. All
ecosystems, including anthropoecosystems (or the
noospheric ones), are ‘primordial’.

5. The uncertainty of the main guidelines of
the concept of sustainable development, which in
its present manifestation implies the unfair division
of the global territory by ‘civilized’ countries ac-
cording to ecological functions (Pozdnyakov, Ti-
kunov, Fedotov, 2003; Protopopov, 2003), induces
one to seek one’s own concept of the noosphere
development, based on the necessity of the meth-
odological separation of the idea of reaching the
noosphere state by socio-natural systems (sustain-
able development) and the idea of nature conserva-
tion (with the preservation of an anthropocentric
attitude towards it). With the aim of approaching
sustainable development, the priority development
of agroecosystems, as ana-logues of the noosphere
ecological niche of Homo Sapiens is viewed. There
is a subsequent need to ‘insert’ the administrative-
territorial division into the agroecosystem’s bor-
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ders, because in this case the chorological content
of the interaction of nature and society will ap-
proach the optimal ones (Sonko, 2010). In order to
implement the concept practically, a model of
socio-natural interaction was developed. It is based
on the principle of spatial rotation of the functions
of urban and agroecosystems with the tendency
towards not a barrier, but a contact (ecotonic) type
of boundaries between natural and anthropic ele-
ments. At the same time, the pattern of the interac-
tion between nature and society radically changes
from the anthropocentric to the adapted one. Given
the main content of the above concept, we must
agree with the opinion of K. Losev and V.
Gorshkov (Gorshkov, 1995; Losev, 2003) that the
main guarantee of ‘the noosphere’ character of
nature management should not be quotas for carbon
dioxide emissions (Kyoto Protocol), but the suc-
cessful support of self-reproduction mechanisms of
natural ecosystems in certain countries.

Concerning agroecosystems, according to
current estimates, the emission of carbon (as the
main contributor to the greenhouse effect) from the
world’s agriculture exceeds its emissions from the
combustion of fossil fuels by 10% (Losev, 2003).
Therefore, modern agriculture is the main contribu-
tor to the greenhouse effect, and this impact will
continue to grow in the context of the economic and
demographic crisis. The practical solution to these
contradictions is the rebirth of such communities of
people in the countryside, which by the type of
their spatial existence would be close to natural
ecosystems. Radical changes in the spatial exis-
tence of humankind towards the natural economy
will help stabilize the population growth, and will
make nature management adapted to natural eco-
systems (Sonko, 2017).

Noosphericism — is the doctrine of human
society based on the noospheric principles, which
consist in the comprehensive adaptation of nature
management to natural mechanisms (Table 2).
There are objective prerequisites for this. Thus, in
rural areas of most countries, people are forced to
the brink of survival, which urges them to return to
the natural economy and the need to harmonize

Table 2. Scenarios of Transition to Sustainable Development

with the natural landscapes in which the family
lives. There are new public initiatives of ‘returning
to nature’ such as the ecological movement ‘Ring-
ing Cedars of Russia’, manufacture of organic
products, ecological settlements, etc. The consump-
tion of natural substances and energy and the gen-
eration of biowaste are based on ecosystem princi-
ples. The consumption of the ecological resource of
the planet ‘is stretched’ in time in order to ensure
the proper conditions for future generations’ life.

The spatial, ecological and social life of Man
becomes a form of combination of local age-long
traditions of nature management and the latest
technology in which there are no entropy limita-
tions. The result is a gradual return of the energy
consumption of the human population to a level of
1%, which is in accordance with the laws of the
ecosystem organization of living organism popula-
tions. The main ideas of the noosphere, adapted to
the balanced nature management, correlate with the
above concept of noosphere ecosystems.

Conclusions

« Activation of the problem of the environ-
mental concept by anthropogeographers testifies to
the fundamental integrity of the entire geographic
science without its distinct division into natural and
social (or physical and economic) geography previ-
ously dogmatically proclaimed by the Soviet meth-
odology and ideology.

* A contemporary, adequate concept of the
environment has not been developed yet. Its devel-
opment and final design will require, above all, the
rejection of the mechanistic perception of the sur-
rounding world divided into objects and subjects of
research.

» Within the framework of the main problem
(the global environmental problem) of the article, it
is geographers who must indicate in time and space
such integrated environmental systems (socio-
natural systems, the subsystems of which can be
presented by natural landscape systems to varying
degrees changed byman) that are formed as a result
of the joint development of nature and society.

Scenarios and Concepts of Nature Management

Scenario Elements -
Conservative

Centristic

Scientific Noospheric

The range of the
planet’s population
(billion people)

0.5—1.5 8—12

30—50 8—10

The level of urbaniza-

tion decreases, econet-

works develop instead

of metropolises and big
cities

The nature of ur-
banization

Gradual stabilization of | The level of urbanization
the number and size of
cities, as well as the
population of the Earth

increases,
big cities ecologize,
including metropolises

The level of urbanization

decreases, cities are pre-

served, but stop playing

the role of ‘a social crea-

ture’, the net of ecosettle-
ment expands

The change inthe | Decrease by 6—10

Increase by 2—3 times

Decrease by 10 and

Gets stabilized at the ex-
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volume of the
world’s power con-
sumption

times

more times

isting level, but the struc-

ture of power consumption

changes radically towards
energy-saving

The structure of
energetics

RE-based energy (Re-
newable Energy)

Polyenergetics: atomic,
based on RE, thermal

The predominance of
nuclear power

Basic — hybrid and alter-
native;
supporting — atomic.

The nature of agri-

culture: Economical Moderately economical Over-intensive Economical and natural
- the shé:;?] gf arable Low (35-40%) Moderate (up to 50%) High (over 60%) Low (35-40%)

- the system of
agriculture

Organic. Mineral fertil-

izers and pesticides are
not used.

Compromise. Mineral
fertilizers and herbicides
are used in moderate

doses.

Intensive. Closed soil,
high doses of mineral
fertilizers, irrigation,

monoculture are widely

used.

Highly adaptive to local

conditions, with a mini-

mum number of energy
subsidies.

- the variety of farm
animals and the
type of feeding

High variability, exten-
sive feeding relying on
natural forage grounds,

growth stimulants are
not used.

Moderate diversity, inte-
grated feed rations with
the use of forage from

arable land, growth

stimulants are not used.

Low diversity, intensive
breeding of cattle, pigs,
poultry with arable food,

wide use of growth
stimulants and other
‘biochemistry’

Diversity according to
local traditions, integrated
feeding, adapted to local
conditions (provided that
the share of ‘fodder arable

land’ is not more than

15%).

- transgenic varie-
ties and breeds

Not used

Used in moderation

Widely used

Transgenic and introduced
plants are either excluded
completely or do not sig-
nificantly affect the struc-
ture of cultural phyto- and
Z00CEeNosis.

- the peculiarities of
agricultural prod-
ucts’ consumption

Mostly no animal pro-
tein consumption in

favour of the vegetable

one

The diet is close to the

current one

The diet is ‘distorted’
towards the further in-

crease in the consump-

tion of animal protein

The diet is balanced and
meets local traditions

The main structural
materials (and min-
eral resources)

Secondary

Primary and secondary
with the development of
resource-saving tech-

nologies

Replacement of finite

resources with their new

equivalents

Replacement of finite
/exhaustable resources
with their new equivalents
that will be capable of
biodegradation upon com-
pletion of use

Environmental pollu
tion

Minimal due to the
closure of all environ-
mentally unfriendly
industries and the im-
plementation of non-
waste technologies

At the current level

Moderate due to low-

waste technologies, im-
proved treatment facili-
ties and disposal of espe-

cially hazardous waste

Minimal due to de-
urbanization, transition to
new construction materi-
als, reduction of the gen-
eral level of consumption
and introduction of a sig-
nificant share (up to 40%

of GDP) of the natural
economy.

Biodiversity protec-

Complete preservation

Preservation of a larger

Preservation of 50-70%

Gradual withdrawal from
agroecosystems in their
present form in favour of

tion part adapted forms of nature
management
The share of pro- The need for the introduc-
tected natural terri- 70% 33% Less than 10% tion of protected areas is

tories on the planet

gradually disappearing

The prospects for the productive development of
environmental science are related to the concept of
noosphere ecosystems, which has been developed
by one of the authors over the past 25 years (Sonko,

1992-2018) and can become anintegral part of the
content of ecogeosophy, the theoretical and meth-
odological principles of which have been improved
in treatises of another author (Kyselov, 2015).
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The recent but intensive economic development of the region has led to the formation of

Received 14.07.2018; _ a modern land use structure, caused both by natural and historical factors. The
Received in revised form 07.08.2018; destructive anthropogenic impact on the geomorphosphere has led to the degradation of
Accepted 04.10.2018 soils and the degradation of the land fund. A retrospective analysis of the problem can

reveal the causes and consequences of the land use system established in the region and
suggest some adjustments to land management and land use policies. The influence of human economic activity (in particular,
agriculture and the coal industry) on the nature of land use in the Lugansk region is considered (separately for the right bank and the
left bank part thereof). The significance of the extent of ravines in the territory and the surface washout in the process of degradation
of soils and lands is emphasized, which is especially expressed on the Donetsk ridge (right bank of the River Seversky Donets). The
role of the semi-mountainous terrain of the Donetsk ridge as a natural factor in the spread of erosion processes is noted. A brief
historical review of attempts to combat the development of ravines in Lugansk region, which have been conducted since the second
half of the nineteenth century, is presented, but the vast majority of these efforts were not effective. One of the negative factors that
influenced the structure of land use is the removal of an increasingly large area from use as grazing land, which increases the
intensity of erosion processes. The destructive influence of mine production on the structure of land use in the studied region is
highlighted. We note the ecological consequences of physical alienation of lands as a result of their occupation by waste heaps and
other anthropogenic forms of relief, formed by the mining industry. It is emphasized that not only the mines themselves, but also
concentration of factories, communication structures, etc. play a role in reducing the area occupied by agricultural land, and therefore
cause a negative change in the structure of land use in the right-bank part of the territory of Lugansk region. It is noted that extensive
and excessive intensive land use in agriculture and the coal mining industry in Lugansk region have led to the degradation of large
areas of land and impoverishment of the land fund. It is stressed that the current structure of land use requires radical changes which
should be based on new conceptual principles and a systematic approach to the problems of nature management.

Key words: land resources, land fund, land plot structure, land use structure, land management, land degradation, landfill, extensive
use of land, nature use.

MpUPOAHO-ICTOPUYHMIA Ta EKONOTIYHNI aHasi3 3eMefIbHUX PeCYpCiB Ta 3eM/IEKOPUCTYBaHHSA
B JlyraHcbKi 061acTi
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HepnasHe, ale iHTEHCMBHE rocnofapcbke OCBOEHHS Kpalo Mpu3Beno A0 (hopMyBaHHS Cy4vacHOT CTPYKTYPW 3eMIEKOPUCTYBaHHS,
3YMOB/EHOT AK MPUPOAHUMMU, TaK i iICTOPUYHUMU (hakTopaMn. [eCTPYKTUBHWIA aHTPOMOreHHNI BNIMB Ha reomopdocgepy npusBis
[0 ferpagauii rpyHTiB i 3y60XiHHS 3eMenbHOro (hoHAY. PeTpocneKTUBHMIA aHani3 nopyLueHoT y poboTi npo6nemu [03BONISIE BUSBUTY
MPUYMHW Ta Hacnifgky ycTaneHoi B PerioHi CUCTEMM 3eMNIEKOPUCTYBaHHS Ta BHOCWTW NEBHi KOPEKTVBM B MOMITUKY
3eMNeBMNOPSAKYBaHHA Ta 3eM/1eKOPUCTYBaHHA.PO3INAHYTO BM/AMB FOCMOAAPCLKOT [Ais/IbHOCTI /MIIOAMHM  (30KpeMa, CifbCbKOro
rocrnojapcTBa Ta BYTifbHOI MPOMUC/IOBOCTI) Ha XapaKTep 3eM/IEKOPUCTYBaHHS B JIyraHcbKiil o6nacTi (OKpeMo ans npaBo6epexxHol
i 3eMefb, L0 0c06/MBO BMpaKEHO Ha [loHeubkoMy Kpski (MpaBobepexoki Cisepcbkoro AiHus). BigzHaueHo posib HamiBripcbKoro
penbedy [JOHELBKOro Kpska K MPMPOAHOrO YMHHMKA MOLUMPEHHS epo3iliHMX npoueciB. HaBegeHO KOPOTKWUIA ICTOPUYHWIA OTNsiA
Cnpo6 60poTL6M 3 PO3BMTKOM APIB Ha JTyraHLWMHI, SKi NPOBOAWMANCA, MOUMHAKOUN Le 3 APYToi NooBUHU XX CT., ane B NepeBaxHii
6inbLIOCTi He 6y ePEKTUBHUMU. K OAMH i3 HEFraTUBHUX YNHHWKIB, L0 BM/IMHY/N Ha CTPYKTYPY 3eM/IEKOPUCTYBaHHS, OKPECIEHO
BifBeAeHHA Aefani GinbLIOT NAOWi Nif NacoBuLLa, WO NiABULLYE iHTEHCMBHICTL €PO3iiHMX NPOLECiB. BUCBITNEHO 3ry6HUIA BNINB
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LLIAXTHOrO BUPOBHMLTBA HA CTPYKTYPY 3eMEKOPUCTYBAHHA B AOCNIMKYBAHOMY perioHi. 3ayBaXeHO LLO0AO0 eKOMorivyHUX HacnifikiB
(i3MYHOro BiAUY>KEHHS 3eMe/lb BHACNIAOK 1X 3aAHATTS MOPOAHUMM BigBasiaMmy, TEPMKOHAMU Ta iHLLIMMMW aHTPONOreHHMMK hopmamn
penbedy, YTBOPEHUMU FiPHUYONPOMUCIOBOO AisNbHICTIO. [igKPECNeHO, WO He NMLe BAacHe LLaxTu, a il 36aravyBanbHi habpuku,
KOMYHiKaLi/iHi cnopyay TOw,0 BigirpatoTb NEBHY PO/b Y 3MEHLLEHHI N/OLL, 3alAHATUX Ciflb,CbKOroCnoAapCLKUMM YTigaamu, a omke —
BUK/NKaOTb HEraTMBHI 3MiHW CTPYKTYpPWU 3eMNEKOPUCTYBaHHA Yy MpaBOOEpPeXHili 4acTuHi Teputopii JlyraHcbKoi 06acTi.
Bia3HayeHo, L0 eKCTEHCKBHE, a TaKOX HaAMipy iHTEHCMBHE 3eMJIEKOPUCTYBaHHS B Ci/lbCbKOMY FOCMOAAPCTBI Ta BYrneBna00YyBHil
npomucnoBocTi B JlyraHcbkiii 06nacTi npussenn [0 Aerpafauii BeMKUX Mo, 3eMenb Ta 3YyO60XKiHHA 3eMenbHOro (oHAy.
HaronoLueHo, 1o cthopMoBaHa CTPYKTYpa 3eM/IEKOPUCTYBaHHS NOTPebye pagvKanbHUX 3MiH, fiki 6 Manu 6a3yBaTucs Ha HOBMX
KOHLENTYabHUX NPUHLMNAX | CUCTEMHOMY MiAXoAi A0 Npo6sieM NPUPOLOKOPUCTYBAHHS.

Knouosi cnoBa: 3eMenbHi  pecypcu, 3eMenbHMn  (POHA, CTPYKTYpa 3eMeNbHWMX Yrigb, CTPYKTypa 3eMAEKOPUCTYBaHHS,
3eM/IEBNOPSLKYBAHHS, ferpajaLisi 3eMeNb, NNOLWMHHWIA 3MWUB, EKCTEHCUBHE BUKOPUCTaHHS 3eMeflb, MPUPOLOKOPUCTYBAHHS.

Introduction. Problem setting. Land resources are
the most important part of the natural environment,
which predetermine the existence and use of all
other natural resources. At the core of all types of
nature management is the land use system, which is
formed under the influence of natural, historical,
ethno-cultural, socio-economic factors, which lead
to a combination of different areas of land use and
the formation of a particular ecological situation.

Extensive methods of using natural
resources, including land, have led to the
development of a number of destructive processes,
the deterioration of environmental quality of the
environment and unidirectional land use.

In Lugansk region an almost practically
catastrophic situation has developed in the area of
land use associated with intense violent use of land
in agriculture and the mining industry.

Economic development of the eastern
territories of Ukraine began later than the rest of its
territories and took place quite intensively. The
heterogeneity of the natural conditions of various
parts of the modern Lugansk region caused
differences in the nature of management, and,
consequently, different pressures on the natural
environment, in particular, on land resources. The
nature of the relief and climatic features of the left
bankof the River Seversky Donets led to the
development of agriculture, intensive ploughing of
land with all the negative consequences. On the
right bank of the River Seversky Donets, in
addition, due to the unique geological structure of
the area, the mining industry has concentrated -
again, with significant negative environmental
consequences. The main pressure fell on the
geomorphosphere, or more precisely, on the
pedosphere - due to reduced agricultural use, soil
degradation, fertility decline, physical reduction in
the area of fertile soils, deterioration of the physical
and chemical properties of the soils, and
consequently - loss of crop, pollution of all
components of the natural environment,
deterioration of the sanitary and hygienic living
conditions of the population, etc. That is, a number
of environmental problems arose, which for
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Lugansk region, in the current conditions, have
become a matter of special urgency.

The land use structure requires radical
changes not only because of the impoverishment of
land due to inefficient use of the land fund, but also
due to the destructive events in the region
associated with the recent war and the temporary
Russian occupation of part of the territory of
Lugansk region, which together have led to tragic
consequences both in society and in the natural
environment.

A retrospective and up-to-date view of these
problems can reveal the causes and consequences
of the existing land management and land use
system and make constructive conclusions.

The above mentioned postulates lead to the
relevance of the chosen topic of study.

The purpose of the work is the natural-historical
and ecological analysis of land resources and land
use in Lugansk region, identifying the causes and
consequences of the impoverishment of the land
fund - the basis of the socio-economic development
of the region.

Tasks that were delivered:

- to identify and analyze the influence of
natural-historical conditions of the region on the
formation of land use structure;

- to make a description of the structure of
land use and its changes in time;

- to create a base of basic indicators that
reflect the state of land use and trends in its
changes;

- to determine the nature of the negative
impact of existing approaches to land use in the
region;

- to substantiate practical recommendations
aimed at optimizing the land use structure in the
region.

The object of scientific research is the land
resources of the Lugansk region.

The subject of scientific research is the structure
of land use, its changes over time, in particular the
state of land used in agriculture and industry.

The methodological basis of scientific research is
the laws and principles of dialectics; the basic
methodological basis is the systematic approach as
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a means of studying the interconnections and
interdependencies in the system of nature - society.
In conducting this research, we use such methods as
logical (analysis, synthesis, comparison, deduction,
induction), historical-geographical, mathematical-
statistical, descriptive, cartographic, cardometric.
The novelty of the scientific research lies in the
geographic approach to the study of land use in
Lugansk region - a region that has been
overexploited by economic development, excessive
agricultural pressure on landscapes and destruction
of the natural environment for the development of
the coal mining industry.

The practical value of scientific work is to
critically evaluate the current structure of land use
in agriculture and industry; identifying the causes
and trends of its changes; identification of ways to
optimize the land use structure for the conservation

and rational use of the natural resources of the
region.

The main material of scientific research.
Lugansk region, which is the territory of our
scientific research, is located in the far east of
Ukraine. Even the visual analysis of a physical map
(Fig. 1) proves the spatial heterogeneity of its
surface. The territory of the region is clearly
divided by its main water artery — the River
Seversky Donets - into the left bank and the right
bank. In the morphostructural plan, the left bank is
represented by the Starobelskaya plain (the
southern spurs of the Central Russian Highland),
which was formed on the ancient foundation of the
Voronezh anteclase. The Starobelskaya plain is
dissected by river valleys of submeridional
stretching and ravines. Here on the Cretaceous-marl
rocks a soil cover formed, represented by ordinary
black soils.

Fig. 1. Physical map of Lugansk region

The right bank of the south of the studied
region is represented by the Donetsk hills, which
within the Lugansk region is the northern
macroslope of the Donetsk ridge, the main Donetsk
watershed, and, in part, the southern macroslope of
the Cretaceous. This morphostructure due to the
specific tectonic processes that took place in
geological antiquity is characterized by the
complex and original relief of the structural-
denudation plain - a distinct alternation of the

basins in the watersheds, where typical black soil
types were formed on forest non-carbonate rocks.
Significant vertical and horizontal fractioning of the
surface associated with the tectonic activity of
individual areas of the territory and active
geomorphological (first and foremost, erosive)
processes led to the formation of slopes of different
steepness, in which later, due to human economic
activity, negative geomorphological processes
became accelerated.
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In the abovementioned morphostructures,
depending on the characteristics of the relief and
regional climatic differences, various types of land
have been formed - water divisions, watershed
slopes, ravine slopes, floodplains, etc.

The nature of lands depends on many natural
factors, among which geological (determining role
of the parent rock), climatic (temperature regime
and humidity), as well as morphometric
characteristics of the relief occupy a significant
place.

The investigated region is located in a
temperate climatic zone, and its geographic location

results in a large amount of heat flow: on the left
bank of Lugansk region, the average annual total
solar radiation is 95-110 kcal / cm?, on the right
bank of Lugansk region — 105-114 kcal / cm? (Atlas
prirodnih  usloviy i estestvennyih  resursov
Ukrainskoy SSR, 1978).

The climatic conditions of the left bank of
Lugansk region are characterized by features of
latitudinal zonation, on the right bank of Lugansk
region the increased and strongly dissected relief
creates certain azonal features of the climate (Table
1).

Table 1. Main climatic characteristics of the study area (Atlas prirodnih usloviy i estestvennyih resursov Ukrainskoy SSR, 1978)

Th . Average annual Average January Average July Average annual
e region :
temperatures temperatures temperatures rainfall
Left bank of the +7°C -7,-8°C +21,+22°C 450 — 500 mm
Lugansk region
Right bank of the +6,+7°C —6,-7°C +21,+22°C 500 — 550 mm
Lugansk region

The amount of rainfall in the Lugansk region,
fluctuating within  considerable limits, both
seasonally and geographically, depends to a large
extent on the degree of fractioning of the area and
the exposure of the slopes. The most humid part of
the region is the Donetsk ridge, especially the main
Donetsk watershed and the southwest macro slope,
where more than 500-550 mm falls per year. Thus,
the orographic factor creates significant azonal
deviations in the hydrothermal regime of the
territory. The relatively large amounts of rainfall on
the Donetsk ridge creates favourable conditions for
the spread of water erosion, especially since in the
warm period rainfall is twice as high as in winter,
and the intensity of summer precipitation far
exceeds that of winter.

The territory of Lugansk region can be called
the region of both the old and the newest economic
development. On the one hand, almost three
thousand years ago, various nomadic tribes
inhabited from what is now Lugansk region, and in
the beginning of our era our people settled on the
path of transition from nomadic pastoralism to
sedentary agriculture. However, this ancient
economic development had a minimal impact on
the state of the natural environment, since the land
was used mainly for pasture and hay and - to a
much lesser extent — for cultivation of crops, and
was interrupted by the invasion of aggressive
nomads.

For thousands of years now, Lugansk region
had almost no permanent population, actually
becoming a «Wild Field», which contributed to
preserving the primitive steppe and forest (flood
and ravine forests) landscapes, which existed even
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when the lands of the Dnieper Ukraine were
agrolandscapes.

A new stage in the development of the
territory (mainly agricultural, but also associated
with the extraction of iron and copper ores) began
in the late 16th and early 17th centuries, when
Lugansk region from the west was gradually settled
by Ukrainian peasants and cossacks, from the east —
by the Don cossacks, and from the north —«people
who had served in the army». But the predominant
nature of land use until the end of the 18th century
was agricultural production.

Economic development of the lands of the
modern Lugansk region began with agriculture,
which was associated with favourable natural
conditions and rich natural resources - temperate
climate, fertile lands, large areas of forests adjacent
to the valleys of navigable rivers and large ravines.

The bulk of the inhabitants of the
Slobozhanshchyna and the Donetsk steppes were
engaged in working the land. There were two
systems of farming: the three-field system and the
cross-flow system. In the presence of large reserves
of land, the peasants used a cross-flow system,
which was gradually replaced by the three-field
system, in which the land was divided into three
parts: two of them were cultivated and sown, and
the third was left fallow. Subsequently, alternation
of tilled sites took place. After two years of
cultivation, the land for the third year remained
free, «resting» (Podov, 2004). Such a system was
due to the fact that there was plenty of land, and
there was no sense in tackling the problem of
preserving its fertility.

In the first half of the eighteenth century,
only a small part of the land was cultivated. As the
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settlement and development of the territory
increased from the middle of this century, the crop
area began to expand. The peasants were thrown
onto waste land, moving to new, virgin lands.
Gradually, the area of tilled land moved on the
slopes of river valleys and large gullies, and broke
the ground floor. Steppe fires and unregulated cattle
grazing led to a disturbance of the turf cover,
physical extinction of land under building, roads
and so on. Extensive forms of land tenure led to a
low yield of grain crops.

The systematic impact of man on the
environment was amplified, which served as a
forerunner of the imbalance in the landscapes of the
region. This was especially noticeable on the land,
as the most vulnerable component of the natural
environment.

Since the beginning of the economic
development of the present-day territory of
Lugansk region, the land began to collapse.
According to the general survey conducted in 1789-
1804 , and presumably up to 1861, the extent of
cultivation in the territory did not exceed 1 — 2 %
(Fondovi materialy Derzhavnogo reg'ional’nogo
geologorozviduval'nogo  pidpryjemstva  «Shid-
DRGP», 2014). After the reform of 1861, the mass
settlement of our region began, resulting in a sharp
increase in the area of arable land, which by the end
of the nineteenth century had already reached 3.1 —
4.5 % (Lyashenko, 1952). And at that time there
were first signs of the destruction of land. Thus, at
the beginning of the formation of the agrarian
economy in the territory of our region (within the
limits of the modern administrative area),
specialists counted about a thousand gullies.

After the reform of 1861, the rapid
development of industry began in the province.
This was facilitated by the presence of enormous
natural resources, which at that time were not only
explored, but already developed. In 1722, deposits
of coal were discovered in the present Lysychansk
area. A little later ore was discovered and the first
blast furnaces built , which were soon abandoned.

However, the qualitative structure of nature
on the territory of Lugansk began to change,
because of the spread of coal mining. At this stage,
human activity in the natural environment was
leading to significant changes.

With the discovery of coal deposits, this
region began to be formed as an industrial one,
which had a certain imprint on the structure of land.
After all, the area of land unsuitable for agricultural
use increased due to both underground workings
and ploughing of the land.

In 1871, outstanding researcher 1. F.
Levakivsky noted that in the Lisichansk region of
the Bahmut district «there are plenty of ravines,

they occupy an area of up to 40 dessiatins out of the
total the area of the estate of 648 dessiatins, not
counting balkis ...» (Levakovskij, 1871). Since
there is no reason not to suppose that this area was
atypical for the entire Lisichansk region, both
naturally and in terms of development, we assume
that the area occupied by ravines was at that time
already more than 6 % of the entire region. And the
plundering of new territories, mainly of sloping
lands, the formation of numerous boundary
structures, field roads led to further acceleration of
erosion processes.

The agricultural development of the lands in
Lugansk region has its historical reasons. This was
an increase in the demand for and export of bread
and the further growth of the population of the
region, which inevitably led to an increase in the
area of arable land, and hence - to the destruction of
natural vegetation, reduction of the areas of virgin
steppes, which in turn led to the emergence and
strengthening of erosion processes: natural erosion,
which was caused only by natural factors and not of
a catastrophic nature, received a powerful impetus
and changed to a more intense accelerated or
anthropogenic process.

Due to the development of coal mining, the
southern part of the Lugansk region was populated
more intensively, and on the Donetsk ridge, where
virgin steppes were confined to the watersheds with
developed ridges and hollow relief, the hollows and
slopes were exploited, which contributed to the
further development of erosion processes. |I.
F.Levakivsky noted that the most depleted slopes
with washed- out soils and gulleys were distributed
near settlements, which clearly testifies to their
anthropogenic origin (Levakovskij, 1871).

The tilling of new and new territories,
including the slopes, the creation of numerous
boundaries led to the further development of
accelerated erosion. 1. F. Levakivsky gives the
following example: «In 1890, in the autumn, a
boundary ditch was dug in the direction of the
slope; by the autumn of 1891, a moat of about 40
sazhan in length two-quarters of its depth and the
same width had formed from this trench»
(Levakovskij, 1871). It was near the Nagolno-
Tarasivske village, located in the central part of the
Donetsk ridge.

In the northern part of Lugansk region (that
is, on the left bank), which, from the middle of the
XVII century, was populated mainly by people
from the Zadnieper Ukraine, the settlements
concentrated along rivers and large ravines (
balkis). Since there were no mineral deposits there
yet, the peasants raised grain, vegetables and bred
cattle. The long-term erosive fractioning of the land
here began to increase due to human economic
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activity, and the steppes retreated to the watersheds,
natural rich pastures suffered intensive and
unregulated grazing of cattle, on the slopes erosion
took place and gullies formed.

The formation of gullies became more and
more intensified due to the fact that the lands were
affected by erosion, the peasants took over new
areas, the so-called «wastelands», but also the
erosion processes did not stop on the abandoned
lands because there was already a shift of soil
through the destruction of the turf cover, mainly on
sloping surfaces.

An  unimaginable and  unreasonable
ploughing with all the consequences «has a historic
prescription and its historical reasons: first, the
possibility of selling grain crops and their
continuously growing exports, and further -
population growth — led to the continuous increase
in the area under the plough» (Lyashenko, 1952).
The increase in the area of arable land led to the
destruction of natural vegetation, reduction of
virgin steppes, which further intensified erosion
processes (natural erosion changed to more
intensive accelerated or anthropogenic erosion).

In the Donbass, where virgin steppes were
confined to watersheds with ridges and ridges and
hollow relief, the hollows, and slopes were
exploited, which again contributed to the
development of erosion processes. V. I. Taliyev
(Taliev, 1896) noted that most of the depleted
slopes with washed-out soils are found near
settlements, which is further evidence of the
anthropogenic origin of erosion. The same idea was
stated by E. M. Lavrenko, who linked the existence
of large areas of stony empty lands with
environmentally  unfriendly human activities
(Lavrenko, 1926).

The abandoned eroded lands, which were
previously under cultivation, were destroyed
Unregulated cattle grazing had a fatal influence on
the state of the turf cover. Even in hilly forests that
play a reclamation role and contain rich feed
resources, cattle grazing led to a disturbance in the
turf cover, washing away of forest soils, exposure
of the root system of trees and shrubs, young
growth was eaten by cattle, the forests were
disturbed, gradually losing their water conservation
and forest-melioration value. The names of some
ravines - Gorihova, Lipova and others - indicate the
destruction of forests in order to increase the area of
arable, garden and meadow lands. On the slopes of
these ravines so-called «unfit» land formed. There
is no indication of nut and lime wood vegetation.

The solid runoff that has increased as a result
of erosion has aggravated the hydrogeological
conditions of the once navigable Donbas rivers.
Erosional runoff, which in large quantities is
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carried out from ravines and gullies, caused silting
of rivers, waterlogging them in some areas. And the
surface runoff from the ploughed slopes reduced
the humus horizon and worsened the quality of
soils.

In particular, the archival materials of the
report of the forestry director V. Reykha, the
director of the Lugansk Sand and Gulley district of
the Donetsk Land Department in 1918, testify to the
problems of the Donbass in general: «It is too well
known to everyone that the growth of gullies causes
inconvenience to the plowman , the. In particular,
in our area, they are simply a problem for any
peasant, because it is absolutely impossible to find
any roads in the area which are not slashed by this
or that ravine. According to the survey, | can say
that in our district there are about 3 thousand gullies
which steal land the peasants, almost a tenth of the
total land in the district, that is about 34 thousand
dessiatin» (Derzhavnij arhiv Luganskoyi oblasti).

Another «Report on the accelerated
formation of gullies in the past, present and future»
by 1918 (Pirko, 2003) also noted that, according to
the survey, Slavyanoserbsk region had more than 3
000 gullies areas occupying over 3 000 dessiatin.

The fractioning of the growing area and the
growth of areas unsuitable for agricultural use
caused a decrease in ploughing. The misfortune
caused by the ravines became so significant that
they were one of the causes of the poor crop yield.
In particular, the reason for the crop failure in 1891,
which covered twenty of the best grain-producing
provinces of the Russian Empire, «many believed
... drainage and destructive action of the ravines»
(Shikula, 1961), which gradually formed from the
previous economy. Destruction of any woody
vegetation in the steppe areas and the ploughing of
steep slopes of valleys and ravines led to a decrease
in moisture in the soil.

It should be noted that the intensification of
erosion processes in the province began in the
second half of the nineteenth century, that is, much
later than in the whole of European Russia.
Intensive  tillage, inappropriate  agricultural
equipment, fragmentation in combination with
peculiar natural conditions (significant fractioning
by spread of the long established erosion area, large
areas of steep slopes, weak resistance to soil
erosion, the nature of precipitation, etc.) caused
such a rate of development of erosion that by 1917
the situation had become catastrophic. In order to
maximize the benefits of land at minimum cost,
eroded plots were abandoned and new ones taken
up, which was not something new in the then land-
use system. «Unsuitable» land used for grazing
livestock, turned into stony wasteland and was
finally removed from household use. Thus, the
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increase in the area of agricultural land eventually
led to its reduction.

The semi-mountainous nature of the relief of
the right bank of Lugansk region, especially its
highest part - the Donetsk ridge, was not favourable
for agricultural development, and therefore, for a
long time, there were no numerous permanent rural
populations here. Yet, the right bank of Lugansk
region with some delay, still experienced the same
changes in the landscape of the environment as the
left bank, which was also associated with
agricultural development of the territory. Naturally,
despite the development of the mining industry
prevailing on the right bank of Lugansk region and
agricultural production, it also played a role in the
degradation of the land fund. Fertile black soils,
confined to the main Donetsk watershed, were
intensively exploited, which, together with the
negative natural processes, could not fail to
provoke their rather rapid decrease in soil fertility.
The lands have undergone a massive violent
agricultural load. As a result of the combined
effects of various anthropogenic factors, there is a
greater transformation of the natural environment,
and hence the environmental stress on land
resources is greater.

It cannot be argued that no attempts were
made to improve the situation, but they were local
in nature. All attempts to counter the effect of
erosion by means of planting forests without

combining them with agrotechnical measures
proved ineffective (Fondovi materialy
Derzhavnogo reg'ional’nogo

geologorozviduval'nogo  pidpryjemstva  «Shid-
DRGP», 2014). The main task - a comprehensive
regulation of runoff and protection of soils
throughout the entire catchment area - remained
unresolved.

M. A. Rozov noted that on the Donetsk ridge
a whole complex of extremely favourable
conditions and reasons for erosion was formed. In
his opinion, Lugansk region was the area with the
most ravines: «... the uplands that diversify the
relief, intensive plowing, the lack of forests, also
the pronounced continental climate - all this
contributed to the formation of many gullies»
(Rozov, 1927).

This assessment of the territory of the
Donbas in the erosive aspect is confirmed by E. E.
Kern, who distinguished Ekaterinoslav province,
and especially the Bahmut region, as an area with a
lot of ravines. In many areas, he wrote, «the land
under ravines was from 5 to 30 % of the total area»
(Kern, 1928).

After the Second World War, anti-erosion
measures were carried out on a limited scale and

limited to reclamation. Their effect was
insignificant because of the ploughing up of
«virgin» lands. Further measures were not
effective; there was no systematic fight against
erosion in the Donbas.

Environmental conditions in our region un-
favourable to agriculture and the high level of eco-
nomic development have led to an aggravation of
the problems of rational, ecologically sustainable
use of natural resources, protection and reclamation
of land in one of the old industrial regions of
Ukraine - Donbass, which includes almost half of
the territory of Lugansk region.

It is known that in the case of extensive eco-
nomic management, the structure of land use,
which has been formed for a long time, is often
violated; in particular, the ratio of stabilizing and
destabilizing components of the land fund changes.

According to statistical materials (Fondovi-
materialyGolovnogoupravlinnjaDerzhgeokada-
struvLugans'kijoblasti, 2016), the lands of Lugansk
region are divided into agricultural land, forests and
forest cover, built- up land, open wetlands and dry
lands with special vegetation. The area of agricul-
tural land is 73.3% of the total territory of the ad-
ministrative region. Cultivated land accounts for
97,6% of the agricultural land. In turn, in the struc-
ture of agricultural land, tilled land occupies 66.6%.

Purely natural and sustainable are forests;
under certain conditions relatively stable stands are
planted forests, hayfields and pastures. Lands
which should be considered unstable are those that,
having undergone to some extent the influence of
human economic activity, have experienced a
significant transformation, changed their properties
(arable land, forest park areas, etc.).

The structure of the land consists primarily
of agricultural land, the area occupied by forest,
pastures, meadows, marshes (Table 2). The
correlation between them in different physical-
geographical and historical conditions may be
different, and this is determined by their stability.

In the scientific agrarian literature, in
addition to such an indicator as the stability of the
land, environmentally stabilizing and destabilizing
lands are also distinguished.

Among the aforementioned types of lands,
the lands which stabilize the environment include
hayfields, those which we consider destabilizing
include pastures and arable land, which are most
affected by mechanical (pasture) and agro-technical
(arable) pressure. Our calculations found that the
ratio between them is 1: 3.

Thus, we arrive at the conclusion that in the
ratio of agricultural lands in Lugansk region desta-
bilizing components prevail, mainly arable land.
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Table 2. The structure of the land fund of Lugansk region at the beginning of 2016 (Fondovi materialy Golovnogo upravlinnja
Derzhgeokadastru v Lugans'kij oblasti, 2016)

Ne Type of the land Avrea (thousand hectares)
1 Agricultural land 1955.75

2 Forests and other forest areas 356.28

3 Land of nature conservation designation 128.46

4 Open wetlands 16.56

5 Lands under recreational designation 188.15

6 Built-up land 22.06

7 Dry open lands of various types 1.10

8 Total area 2668.37

Thus, the analysis of the structure of the land
resources of Lugansk region shows the high agri-
cultural development of the territory, insignificant
forest cover and the obvious imbalance between the
lands that are in intensive agricultural use and the
environment of stabilizing natural lands.

In absolute terms, the level of agricultural
land cultivation in Lugansk region significantly
exceeds the calculated norm. According to V. Med-
vedev and S. Buligin, the maximum permissible

level of cultivation, expressed in an entropy meas-
ure, is 38.2 % (Medvedyev, 1992). In Lugansk re-
gion, it exceeds the calculated almost twice, and the
continued trend is to increase the area of arable
land.

But it is especially dangerous to increase the
area of agricultural land, in particular arable land,
on erosion-prone slopes with a steepness of more
than 2 ° (Table 3).

Table 3. Distribution of agricultural lands on slopes of different steepness (Fondovi materialy Golovnhogo upravlinnja Derzhgeokada-
stru v Lugans'kij oblasti, 2016)

Slope steep- | Slope steep- | Slope steep- | Slope steep- | Slope steep-

Year Kind of land ness ness ness ness ness

0-2° 2-5° 5-10° 10-15° >15°

1972 Agricultural land 17.88% 34.73% 1.78% 1.37% 0.04%
tilled land 20.95% 33.17% 0.74% 0.02% —

1982 Agricultural land 49.59% 45.23% 4.96% 1.01% 0.05%
tilled land 54.8% 43.74% 1.36% 0.01% —

1998 Agricultural land 53.75% 37.37 % 7.05 % 0.86 % 0.15 %
tilled land 26.89 % 57.25 % 14.69 % 0.18 % —

From the table it follows that the area of
agricultural land on the slopes from 5 ° to 10 ° over
26 years increased by 5.27 %, and on the slopes
over 15 ° - by 0.11 %. The area of tilled land in-
creased by 6 % at predetermined areas, on erosion-
hazardous (slope over 2 °) - by 24 %, and on cata-
strophically erosion-hazardous (steepness of 10 - 15

°) - by 0.16 %. The result is that in the 35 years
(1965 - 2001), the area of eroded arable land in the
Lugansk region increased from 54.7 % to 66.5 %,
which is more than twice the national average. At
the same time, the erosion of the steep slopes
reached critical, even catastrophic, magnitudes
(Table 4).

Table 4. Erosion of arable land on slopes of different steepness in Lugansk region by % (Fondovi materialy Golovnogo upravlinnja

Derzhgeokadastru v Lugans'kij oblasti, 2016)

Total eroded tilled land on slopes with different steepness, %

0-1° 1-2° 2-3°

3-5° 5-7° >7°

33.83 57.80 95.14

98.40 98.40 98.27

The structure of the land is also changing due
to the development of linear erosion, the formation
of gullies, which is greatly facilitated by geological
and geomorphological conditions in conjunction
with climatic conditions.

For a long time, the structure of agricultural
land has changed due to the removal of part of it for
industrial and social needs. Changes to some extent
have also concerned arable land, the qualitative
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state of which has deteriorated due to the cultiva-
tion of steep slopes with a washed out layer of soil.

The qualitative state of agricultural lands
directly depends on the structure of the land fund
itself (Table 5).

It is known that the area of surface washout
leads to a decrease in soil fertility due to the
deterioration of the physical and chemical
properties of the soils themselves and air and water
regime. Data on the intensity of surface washout on
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the territory of modern Lugansk region for the past
century are absent, but modern studies indicate the
gradual and steady nature of this process. Currently,
about 64 % of agricultural land in Lugansk region
suffers from surface erosion. The extent of washout
of soils ranges from 30 to 70 %. Accordingly, the
area with averagely washed out soils is equal to

15.3 %, and with significantly washed out soils —
8.6 % of the total area of the region (Kiselova,
2006). Yields on insignificantly washed out soils
decrease by 30 %, on averagely washed out soils by
30 % to 50 %, and on significantly washed out soils
by 50 % to 70 % (Medvedyev, 1992).

Table 5. Qualitative state of agricultural lands (Fondovi materialy Golovnogo upravlinnja Derzhgeokadastru v Lugans'kij oblasti, 2016)

No Name of indicator Agricultural land, Tilled land,
thousand hectares thousand hectares

1 Total agricultural land 1955.75 1276.5

2 Saline 87.9 39.7

3 Swamps 15.1 13

4 Stony 417 20.2

5 Prone to subsidence 1623.0 1265.0

6 Eroded 1195.3 902.7

Erosion processes and, in general, soil
degradation are reflected in the content of humus in
soils. Annual loss of humus is 0.45 %. Analysis of
data from the State Environmental Protection
Agency in Lugansk region over the past 20 years
reveals a clear tendency to reduction in the content
of humus. One can assume that if in one year this
reduction is equal to 0.024 %, then in 50 years it
will come to 3 %. The potential threat of erosion is
5.5t/ ha / year (Fondovi materialy Derzhavnogo
reg'ional’nogo geologorozviduval’nogo
pidpryjemstva «Shid-DRGP», 2014).

Despite the different conditions of nature use
in the various natural and economic areas of the
region (Donetsk ridge - right bank part of the
region, Zadonets steppe - the left bank part of the
region), the structure of the land in them differs
little (Table 6), which given the significant mining
pressure on the territory of the right bank, testifies
to the greater environmental stress on the
pedosphere in this region.

The problems of land use in the southern part
of Lugansk region where industrial coal mining
been conducted for more than two centuries are
catastrophic .

Table 6. The structure of land under natural and economic areas in % (Fondovimaterialy Golovnogo upravlinnja Derzhgeokadastruv

Lugans'kij oblasti, 2016)
Ne Natural-economic Agricultural _ _ Including the:
: areas land tlllled perennial forage lands forests other
and plantations
Donetsk ridge 735 57.2 0.9 15.2 4.9 21.8
Zadonets steppe 85.4 65.2 1.0 19.2 4.6 10.0

The direct impact of mining production
consists in the burial of soil cover under heaps and
dumps, destruction or reduction of agricultural and
forest lands, changes in the nature of the surface (in
particular, the formation of depression forms of
relief, and in areas close to the occurrence of
groundwater — waterlogging of the territory), the
construction of various man-made structures, laying
of communications, etc. Dumps alone in the oblast
occupy 4.18 % of the territory.

Indirect effects appear in changes in the
regime and the state of surface and groundwater in
connection with the flooding of closed mines, the
intensification of the infiltration of toxic substances
into the soil through the dumps of the «empty»
rock, tailings, increasing the volume of water
intakes in the river valleys, etc. Due to the drainage
of rain through the dumps and heaps, in particular

drainage water, and as a result of the temperature
rise during combustion of the rock, chemical
reactions in the aquatic environment are catalyzed,
resulting in the slag heaps affecting locally the
deterioration of surface and groundwater, and
through them - the physical and chemical properties
of soils (Zhulanov, 1981). It should be noted that
such indirect influence of the mountain masses
raised on the surface, affect the environment at least
to an area that is 0.7 % of the area of Lugansk
region.

Negative influence of rock dumps
especially when active and smouldering, on soils
occurs also through the atmosphere. So, under the
influence of flue gases, dust changes the properties
of soils, the saturation of particles that settle down
from the smoke cloud occurs, and as a result of dust
and gases spreading in the soils, the content of trace
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elements increases, the soil and micro flora
reactions change, soil compaction changes, and
therefore aeration deteriorates. As a result, the
structure and chemical composition of soils change.

To date, in Lugansk region, the number of
mines, including closed mines and mines under
private ownership, is more than 300. To this one
must add about 30 concentrating factories since the
latter play the same role in reducing the land stock.

Mining operations within Lugansk region
cover an area of over 1,300 km? mainly on the
right bank of the Seversky Donets. The area of
mines exceeds 8,000 km?, which accounts for 31 %
of the area of coal in the region (Taliev, 1896).

The urgent problem of the coal district in
Lugansk region has long been the physical loss of
land, that is, the reduction of land resources due to
their occupation by dumps of rocks and industrial
land structures and communications, which make
up more than 4 % of the area of the coal region.
Annually in the dumps of mines and concentrating
factories 12 million tons of «empty» rocks are
accumulated. The total volume of excavated rocks
on the surface within Lugansk region is more than
10 billion cubic meters (Taliev, 1896).

For several centuries, large areas under
agricultural and forest lands have been destroyed or
substantially reduced, and large areas have been
involved in various man-made communications
facilities. In  Lugansk region, the mining industry
alone has reduced the land fund of the region by 4,1
% (Bucik, 1993).

The change in the structure of land indirectly
affects the general state of the environment. Thus,
during the extraction and enrichment of coal, solid,
liquid and gaseous wastes are formed, which
constantly replenish the waste heaps, tailing ponds,
pollute the atmospheric air, ground water, and the
soil itself.

According to the state regional exploration
enterprise «East-DRGP», the volume of dumps and
heaps increases annually by 1.5 million m*. The
total area occupied by the rock mass, concentrated
on the surface, is 25.834 km?. The area of influence
of dumps and heaps is more than 175 km, or 0.7 %
of the area of the region and 2 % of the area of the
coal region and 7 times the areas occupied by these
artificial formations. The total area affected by
mining operations exceeds 30 % of the area of the
coal district of Lugansk region (Taliev, 1896).
Conclusions. Literary and archival material
provide evidence that the problems of the
catastrophic state of the land fund of the Lugansk
oblast, in particular agricultural land, have not only
failed to diminish, but have deepened over time.

Both intensive and extensive agricultural
activity in Lugansk has for centuries led to
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degradation of land in agriculture due to accelerated
anthropogenic erosion, and in mining - due to
physical extraction of land due to intensive mine
construction and toxicification of soils with mine
waters and wastewater from mining rock.

Land use patterns have become damaging
features; the use of land in the region has become
inefficient and ineffective, and requires the
development of new conceptual principles and a
systematic approach to the formation of an optimal
structure of nature use in general and land use in
particular.

In our opinion, the structure of land use
should be shaped according to the peculiarities of
the natural conditions, in particular, those men-
tioned above. And this, first of all, must take into
account the presence and predominance of slopes,
which are erosionally dangerous, and therefore this
factor should logically regulate the size of the areas
of different types of land.

We are convinced that the current structure
of land use in Lugansk region is determined both by
natural factors and by the peculiarities and stage of
economic development of the region. The
inappropriate attitude to natural resources, in
particular land, has led to irreversible degradation
processes, which makes Lugansk region one of the
most ecologically problematic regions of Ukraine.

In developing the strategy of optimal nature
management for the Ilird millennium, one must
take into account the whole complex of factors -
from natural to economic, social and environmental
at the state level. Only then will it be possible to
move the whole of Ukraine, each of its regions , to
sustainable development. For Lugansk region, as
well as for Donetsk, synonymous with the tragic
events associated with the antiterrorist operation,
and now world famous under the name «Donbass»,
the problem of optimization of land use, restoration
of its structure on new conceptual basis is a matter
of the greatest urgency.

One of the ways out of the current situation,
in addition to monitoring the land currently in use,
is in our opinion an immediate revision, diagnosis,
soil evaluation, and reclamation of the entire land
fund of the region, which requires the use of new
techniques, environmentally modern technologies,
developed specifically for the specific natural and
socio-economic conditions of Lugansk region.
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Abstract. Modern environmental risks and threats relate with the negative impact of
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of life in certain areas. Coal enterprises are one of the objects of high ecological danger
and critical infrastructure. Today, environmental safety in the east of Ukraine should be considered in close connection with the
ecological and man-made threats associated with combat operations in these territories. The authors carried out an analysis of scien-
tific researches of past years and provided an assessment of environmental risks in the territories of coal mining enterprises in the
present conditions considering the structural-geological, geofiltration and mining-geological parameters typically for the Donetsk and
Luhansk regions of Ukraine. The article considers the location of mines in Donetsk and Lugansk regions as zones of high ecological
danger. The existing ecological threats and risks are determined, recommendations for minimization threats and risks in case of
anthropogenic and environmental disasters are provided. The equation of calculating the coefficient of filtration in rocks is made,
mineral-technical parameters of coal mines are analyzed. It is shown that one of the most probable factors of the transition of the
territory into a zone of an emergency situation of a regional scale is the emergence of real threats to the life of a large number of
people in the conditions of mass flooding of mines due to the termination of power supply of drainage and ventilation systems. Also
in the article scientifically substantiated the provision of an acceptable level of environmental safety of the constituent parts of the
environment (water environment) for the population living within the mining and agglomeration, taking into account the environ-
mental factors of the negative factor-forming factors, as well as forecasting the hydrodynamic situation.

Key words:ecological safety, threats and risks, mine waters, hydrodynamic situation, groundwater, coefficient of filtration, flooding
of the territory.
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CiNlbCbKOrOCNoAapCbKNX 3eMeslb, aTMOCHEPHOrO MOBITPS, BM/IMB re0ONiYHOTO CepefoBvLa Ta Haap Ha 6e3neKy XXMTTERIANbHOCTI Ha
BV3HAYEHMX TEPUTOPIAX. ByrifbHi NignpueMcTsa € 0gHUM i3 06’€KTIB MiABMLLEHOT EKO/OTiYHOI He6e3MeKM Ta KPUTUYHOI IHPPacTpyKTypu.
Cb0orogHi ekosoriyHy 6e3neky Ha Cxogi YkpaiHu Tpeba po3rfisgati B TICHOMY 3B’SI3KY 3 eKO/I0r0-TEXHOTEHHUMU 3arpo3amu, Lo NoB’s3aHi
3 0OMOBUMM AIAMM HA LMX TepuTopisx. ABTOPW 34IACHWAM aHaMi3 HayKOBUX [OCAIAXKEHb MiHYIMX POKIB Ta Hajann OLiHKY
€KOMIOTIYHNX  PU3MKIB Ha TEPUTOPISX BYrneBnao6yBHUX MiAMPUEMCTB B Cy4aCHMX YMOBaxX BpaxyBaBLUW CTPYKTYPHO-Fe0OriyHi,
reoinbTpaLiliiHi Ta FipHUYO-reoNioriyHi NapameTpy, WO € XapakTepHUMK ans [oHeubkoi Ta JlyraHcbkoi obnacteli YkpaiHn. B
CTaTTi PO3rNAHYTI TepuUTOPIT Po3MilLeHHs waxT [oHeubKol Ta JlyraHcbKoi 06n1acTeid ik 30H MiABWLLEHOT eKOMOTiYHOT Hebe3neKu.
Bu3HaueHO HasiBHI €KOJOTiYHi 3arpo3v Ta puU3vKK, HafaHOo pekoMeHAaLii Woao X MiHiMi3auil y pasi BUHUKHEHHSI TEXHOreHHO-
€KOMOriyHNX KatacTpod. CKageHo PiBHAHHA po3paxyHKy KoediuieHTa (ifbTpauii y ripcbKux Mopofgax, npoaHanizoBaHO FipHUYO-
TEXHIYHI NapameTpy BYFifbHMX LWaxT. MoKa3aHo, W0 OAHMM i3 Haibinbll MAMOBIPHMX (haKTOPIB Mmepexody TepuTopii B 30HY
HaA3BMYaNHOI CUTYaUii perioHalbHOro MacliTaby € BMHWMKHEHHS! peaslbHOT 3arpo3un XXWUTTH BENMKOI KifbKOCTI Ntofeii B ymMoBax
MaCOBOI0 3aTOM/IEHHS LLAXT Yepe3 NPUMMHEHHS! eHepronocTaYaHHs BOAOBIAMBHMUX Ta BEHTUIALIAHMX KOMMNIEKCIB. TakoX B CTaTTI
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HayKoBO O06IpYHTOBAHO 3a6€3MeYeHHs MPUIAHATHOTO PIBHA €eKOMoriyHoi 6e3neKkn CKNafoBMX HABKOMMLLHLOTO MNPUPOAHOrO
cepenoBuLLa (BOAHOMO CEPeAOBULLA) ANS HACENIEHHS, SIKI MELLKAlOTb B MeXax ripHMY0-MiCbKM1X arnomepaLiii 3 ypaxyBaHHAM BNAUBY
Ha [A0BKIiNAS HeraTMBHMX (PaKTOPOOPMYHOUMX YNHHUKIB, a TAKOX MPOrHO3yBaHHSA TigpoavHaMivyHOT cuTyauii.

KntoyoBi cnoBa: ekonoriyHa 6e3neka, 3arposu Ta pusnky, WaxTHi BOAW, TiApOAMHAMIYHA CUTYauis, rPyHTOBI BOAW, KOE(iLieHT

inbTpaLii, nigTonNeHHA TepuTOopi.

Introduction. Coal enterprises are one of the
critical infrastructure objects (CIO) and high
ecological danger objects and located both in the
controlled and temporarily occupied territory.

It should be noted that on a controlled territo-
ry local authorities have the opportunity to monitor
the state of the environment and control the devel-
opment of events associated with the operation of
these objects, which in turn enables the taking of
measures to prevent emergencies, and in case of
occurrence of such situations, to quickly locate and
eliminate them. At the same time, central executive
authorities and local self-government bodies do not
known the state of the CIO located in the tempora-
rily occupied territories of Donetsk and Luhansk
regions. Due to this, the situation regarding their
further safe functioning is not predictable.

Because of the hostilities, the threat of

damage to such objects is quite large. Therefore, in
case of an accident, the localization and elimination
of the consequences of such a situation may be
complicated due to the inability to access the places
of damage. As an example, the mines of the Central
region of Donbas.
Materials and methods.The analysis of the
filtration model of mines flooding is considered
with the scheme of the critical level of flooding of
the produced space and the calculation of the filling
factor (Ky). Due to the active development in the
zone of influence of coal-mining works of
technogenic fracture, the aquifers, which water the
mines, are dispersed, form three-dimensional
geofiltration fields with a complex structure. As a
result, each separate mine during flooding creates
its own geofiltration field and the local water
balance of the auto-rehabilitation rise of the
groundwater level to natural (retro-historical)
markings.

Autoreboiling mode of raising the levels in
the process of flooding the mine from its maximum
depth to the zone of regional permeability is
ensured due to a significant excess of the area of
depression over the generalized size (“large well”)
of mining production in the plan. In this regard, the
structure of the graphoanalytic dependencies of the
time tracking of the rise of levels during flooding of
the mines (for example, the Gorlivka-Yenakiyevo
mining and city agglomeration of the Donbas, the
Central District of Donbas) mainly reflects the
influence of the hydrodynamic potential of the
depression reservoir outside the generalized

drainage path of mining operations (Shestopalov
V., 1991).

The authors carried out an analysis of
scientific researches of the last years and tried to
assess the ecological and geological risks in the
territories of coal mining enterprises in the present
conditions taking into account structural geological,
geofiltration and mining-geological parameters that
are characteristic of the Gorlivka-Yenakiyevo
mining and city agglomeration (Sadovenko 1.,
1999).

It should be noted that the problems of the
environmental consequences of military operations,
attention was paid only relatively recently.
Internationally, the environmental impact of
conflicts in the former Yugoslavia, Afghanistan and
the Middle East, conducted by the United Nations
Environment Program (UNEP), is well known
internationally. In 2006, the OSCE and UNEP
assessed the spread of grass fires in Nagorno-
Karabakh, and in 2008, the environmental
consequences of the military conflict in Georgia.
Today, various intergovernmental and non-
governmental organizations are taking part in
assessing the environmental impact of hostilities in
Syria and Irag.

All organizations that prior to the conflict
gathered information on the state of the
environment in the Donetsk and Luhansk regions,
suffered violations in their work, most of them lost
their ~ equipment, technical, material and
transportation support, archives and documentation.
The volume of reporting to the state statistics
bodies has been reduced. At the same time, from
the beginning of 2015, the Ministry of Ecology and
Natural Resources of Ukraine, on the basis of
available information, is preparing monthly
informational and analytical certificates on the state
of the environment in eastern Ukraine. Information
on the humanitarian situation in settlements, as well
as cases of violations of water, gas and electricity is
contained in the daily summary data of the
Information and Analytical Center of the National
Security and Defense Council of Ukraine. An
analysis of the situation in the conflict zone in the
east of Ukraine is carried out for a limited set of
sources (Rudko G., 2016).

Today, on parts of the territory
environmental monitoring is not carried out, there
is no reliable information about the nature of
enterprise damage, the secrecy regime is in place,
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and the work of the State Environmental
Inspectorates in the Donetsk and Luhansk regions is
complicated. But in 2017, at the request of the
Ministry of Ecology and Natural Resources of
Ukraine, the OSCE Project Co-ordinator in Ukraine
conducted a project “Determination of damage to
the environment in eastern Ukraine”, whose tasks
were to conduct an analysis of the environmental
impact of the conflict and to prepare
recommendations for the prospective recovery of
the region. The project was supported by the
Government of Canada and Austria (Denisov N.,
2017).

The main body. The flooding of mines, and
the subsequent occurrence of areas flooded areas, is
the main thing that will occur as a result of non-
power and damage to the equipment of enterprises
of the coal mining industry, as well as one of the
main causes of potential pollution of underground
and surface water when they contact with mine
waters. A particular threat is flooding of mines used

3 : i gl gl
Fig. 1. Mine “Oleksandr-Zakhid”

As a result, buildings and structures of CIO,
such as water supply networks, underground gas
pipelines, sewage systems and water supply sys-
tems, may be damaged. In addition, flooding of the

as waste storage facilities.Such a danger, first of all,
exists for the mines “Oleksandr-Zakhid”,
“Vuglegirska” and Kalinina in Gorlivka, Donetsk
region. Radiation pollution of groundwater can
cause flooding of the mine “Yunyy Comunar”,
where an underground nuclear explosion (object
“Klivazh”) was carried out in 1979 as part of the
experiment to reduce the tension in the rock massif
to improve the safety of the development of the
coal seams of the Smolyanov’s world (C%).It should
be emphasized that in stable conditions and at the
fulfillment of technological requirements for
conservation, the risk of radioactive contamination
beyond the boundaries of the Mining System
“Yunyy Comunar — Klivaz” is practically absent,
but with destabilization of the system and the
absence of additional measures, it is possible to
destroy this facility with the release of radioactive
contaminated mine water in underground aquifers
(up to 300 m*/hour) (Rudko G., 2016).

Mine “Oleksandr-Zakhid” located in
Gorlivka, Donetsk region on temporarily
occupied territory. Since 2001, it is in the process
of liquidation. The depth of development is 450
m, the water intake is 220 m®hour.The discharge
of mine water is carried out in the basin of the
rivers Poklonska - Sadky - Krynka - Azov Sea.

Ecological threats: after the accident in
1989, the mine was transferred to a conservation
mode, and since 2001 it has been transferred to
the drainage regime under the project of
liquidation. In 2017, the pumping of water on the
250 m horizon was stopped. Subsequent large-
scale flooding of the mine may lead to flooding of
surrounding areas, affect the level of
groundwater, cause soil subsidence (Bondar O.,
2017, Lysychenko G., 2014)
mine will lead to pollution of underground and
surface water by iron, chlorides, sulfates, other
mineral salts and heavy metals.

Mine “Yunkom™ located in Yenakievo,
Donetsk region on temporarily occupied territory.
Since 2001, it is in the process of liquidation. The
depth of development is 936 m, the water intake
is 420 m*/hour.The discharge of mine water is
carried out in the basin of the rivers Millionna -
Bulavinka.

Ecological threats: After the
discontinuation of coal mining in 2001, it was
transferred to the drainage regime under the
project of liquidation (flooded to the level -
absolute mark -735 m). Flooding of mining
productions can lead to the accumulation of
radionuclides in groundwater with the possible
hydraulic displacement of them on the surface or
in the flow of groundwater. (Bondar O., 2017).
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Environmental threats of location of the mine
also include flooding of the surface, contamination
of aquifers by mine water with high mineralization,
methane gas output to the surface and its entry into
the building and facilities, forming within the
boundaries of the Gorlivka-Yenakiyevo industrial
zone a dangerous man-made hydrogeofiltration
system, it unites hydraulically connected mines of
the region.

The leading methodological position is to
determine the rate of lifting of groundwater levels
to dangerous depths and the time of flooding of the
mine as the main integral parameters for the
probable forecasting of environmental impacts and
the justification of effective engineering protection
measures (Hydrogeology, 1971).

On the basis of the calculated difference of
headings, in accordance with the position of the
mirror of underground water carbon and
hypsometry of the earth’s surface, the possible yield
of mine water to the surface of the earth at the site
is assessed in the case of full flooding of mine
productions. The equation of the calculation of the
filtration coefficient in the rocks is made, the
mining and technical parameters of the coal mines
of the northern and southern wings of the central
region of the Donbas (main anticline) are analyzed,
flood levels of mine productions of the mines of the
region are recorded, which testify to the formation
of a complex man-caused geofiltration system in
the zone of impact of mine dewatering, within
which the following processes prevail:

- flooding of mining productions and water-
ing of the adjoining massif of rocks with the rise of
groundwater levels and reduction of their depres-
sion;

- additional shifts and sinking of rocks;

- change of the ways of migration of explo-
sive and toxic gases (methane, radon, etc.), includ-
ing towards existing mines, tectonic zones, under-
ground spaces and reliefs;

- the dispersal of the migration of mineral
waters of the deep horizons within the mine fields
with their subsequent inflow into the local under-
ground and surface runoff.

In order to take into account the influence of
the basic balance parameters of mining operations
(Babushkin V., 1972) (the cross-section of mine
workings Fy; and active porosity or lack of water
saturation), the following modification of the de-
pendence of the Dyupui radial flow, which takes
into account the time changes of the influx, Qu; ,.
on the speed of lifting levels , ds, / dt is used:

2wkmS;

Qm,t ~ Fu_[,t X Hds/dt ~ R ’
In /rm

where, Q,,; — water flow to the mine at time t when
the groundwater level decreases S; m3/day; Fut —
free section of mine productions and the zone of
artificial fracturing of broken rocks on the horizon-
tal markings corresponding to S, m? R — the radius
of depression of groundwater, m; ry - conditional
radius of the planned contour of mining productions
and zone of breakage (artificial fracturing),m; - km
- permeability of coal-rocks in natural or slightly
degraded state, m*/day;

- - the average value of active porosity
(lack of water saturation) of coal-bearing rocks in
the recovery zone of groundwater levels (in units).

The natural hydrodynamic situation of the
Central district of Donbas is disturbed as a result of
coal mining. The bottom depth of the mining works
is within the limits of 740-1160 m and only on
separate mines (“Oleksandr-Zakhid”, “Pivdenna”™) -
360-450 m.

Two thirds of the mining area has already
been tampered with mining operations. The amount
of water inflows in the mines of the region about
150-300 m*/hour, and only at the mine “Chervonyy
Zhovten”, the mining of which crosses the river
Bulavin, reaches 820-890 m*hour (Sadovenko I.,
1999). Modules of mine water jets on 1 km? of the
mine shafts range from 2.9-25.3 I/s*km®.

The most powerful bundles of dranaige rocks
are fixed between the coal seams hy, hs, higi hig, Ky,
kr'®, ks'-k:"%, 1y ls-ls, ms'-m,*, also in the zone of
seams hg-hs, k;-ks, m,-ms, mg2.

According to some estimates, during the
conflict, the total annual drainage in the Donbas
decreased from 800 to 400-450 million cubic
meters (Ermakov V., 2017). With the preservation
of this trend in a few years, part of the mine water
will begin to fall into the underground aquifers,
mixing with groundwater.

In the thickness of the carbon there are about
100 layers of sandstones, which form dispersed,
almost independent pressure aquifers, sustained in
length and constant power. The zones of the supply
of underground waters of the regional cracked zone
of carbon in the natural and weakly disturbed
conditions are confined to the watersheds, are
discharged into the valleys of the nearest rivers and
beams. In the greater part of the territory, due to the
hydrogeological openness of carbon and the active
technogenic cracking of rocks, precipitation
infiltration takes on the nature of infiltration. In the
areas of river crevices mining by means of
underground and surface waters a close hydraulic
connection is established.

The result of the complex influence of man-
made factors (increased infiltration of mineralized
mine waters, geochemical contamination of
landscapes, violation of regional watercourses, etc.)
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became almost complete replacement of fresh (up
to 1.0-1.5 g/dm®) and weakly mineralized (1.5-3, 0
g/dm?®) water for water with mineralization 3.0-5.0
g/dm?® at 70% of the investigated areas. In modern
conditions, due to the sharp difference in the
permeability and volume of infiltration feed of
cover and coal deposits in the limits of the
Gorlivka-Yenakiyevo mining and city
agglomeration of the Donbas, the Central District
of Donbas, two tiered structure of the
hydrogeofiltration flow was formed. It should be
construed that flooding of mines with subsequent
raising of groundwater level and decreasing
depression will increase the depth of groundwater
supply, flood and flood processes, as well as water
saturation and decrease of the strength of lower
horizons of rocks with the manifestation of high-

am |

gradient sediments and breeds of continuity of
rocks will increase. According to the results of
modeling, on the 50% of the area of the Gorlivka-
Yenakiyevo mining and city agglomeration of the
Donbas, the forecast depth of groundwater levels of
the coal-bearing horizon is 20.0 m or less, as a
result of which this area is capable of local flooding
of hot spots, development available and formation
of new centers of pollution of groundwater
(Temporary methodical recommendations, 2001).

Almost all of the mines in the Gorlivka-
Yenakiyevo mining and city agglomeration of the
Donbas, located on the Southern and Northern
wings of the Main Anticline, are hydraulically
interconnected in the range of depths of 230-1080
m (Fig. 3 and 4).
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Fig. 3.Schematic section of the northern wing of the central region of Donbas (main anticline) on 01.06.2018
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Fig. 4.Schematic section of the southern wing of the central region of Donbas (main anticline) on 01.06.2018

The analysis of the structural and geological
structure and hydrogeological conditions of the
mines of the Central District of Donbas has shown
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geological system “mine-geological environment”
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with a high level of technogenic vulnerability of
groundwater.

According to the available data (Yermakov
V., 2017), the total number of direct hydraulic
faults in these mines is about 14, and the
approximate mining (for the standard reduction of
intermontane shafts) - up to 10 zones with a total
length of ~ 1.5-2.0 km. The distribution of
abnormal mines in practically all depths (0.2-0.9
km), in our opinion, can lead to activation of
hydrogeomechanical deformations of the rock mass
as a result of decreasing the rock strength through
full or partial flooding of workings, as well as the
formation of additional ways of accelerating
migration of pollutants, explosive and toxic gases.

In the case of partial or full flooding of mines
in the Gorlivka-Yenakiyevo mining and city
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Fig. 6 Mine “Pervomayska”

agglomeration of the Donbas, without the prior
application of engineering and protective and
environmental  measures, damage to the
waterproofing of waste storage facilities,
catastrophic contamination in mining operations,
groundwater horizons and surface water streams
may occur. Violation of the current equilibrium
state of the technological geological system an
industrial source of pollution -the geological
environment can lead to the creation of an
emergency ecological situation in this region.
Volynetske and Olkhovatska reservoirs are in the
territory of the Donetsk region under the threat of
pollution; and the flooding of the Torez-Snizhne
group mines can lead to the pollution of the Grabiv
reservoir. All of these reservoirs are reserve sources
for economic use.

Mine “Zolote” is located in Zolote,
Popasna district of the Lugansk region. Put into
operation in 1943. The design capacity is 650
thousand tons of coal per year, actual - 300
thousand tons. The mine field is uncovered by
three vertical trunks, 2 - up to the horizon of 600
m, 1 - up to the horizon 865 m and the sloped
shaft. For the June 1, 2018, the water flow in
mining productions is 260 m*/hour. The discharge
of mine water is carried out in the basins of the
rivers Kamyshuvakha and Siversky Donets.

Ecological threats: in case of flooding of
mining productions of the mine “Zolote” (to the
absolute mark of the supposed overflow of water
-163 m), mine water will fall on the working
mines “Carbonit” and “Girska”, which may lead
to the discharging of highly mineralized
contaminated mine water in the reservoir and
small rivers, with possible water pollution in the
wells of individual water use and in large water
intakes, which provide drinking water all the
Pervomaysk-Stakhanovsk region. (Shmandiy V.,

Mine “Pervomayska” is located in
Pervomaysk, Lugansk region, on the temporarily
occupied territory. Since 2005 is in the process of
liquidation. The depth of development was 720 m,
the water flow was 325 m*/hour. Mining produc-
tions are flooded.

Ecological threats: due to the accident
December 2, 2015, the mine “Pervomayska”
began flooding (flooded level - absolute mark -
156 m). The volume of water flow is 360 m*/hour.
The speed of raising the water level in the vertical
shaft of the mine “Pervomayska” is 0.2 m/day.
The expected flow of mine water towards the
operating mine “Zolote” (due to the mining pro-
ductions of the mine “Rodina”) will occur at an
absolute value of -162.6 m.
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In case of reaching the overflow horizon
(absolute marking -162 m) and the flow of water to
the mine “Zolote”, the total additional volume of
water from the two mines “Pervomayska” and
“Golubivska” will be about 1060 m¥hour. In

general, the volume of water flow at the mine
“Zolote” will be about 1500 m¥hour. It is also
possible to flood the Stakhanov-Bryanka region,
closed mines of the Kirov group.
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Fig. 7Schematic section of Pervomayska group of mines of Lugansk region

The operating mine “Zolote” and the mines
“Pervomayska” and “Golubivska” are hydrogeolog-
ically interconnected. At the same time, mine wa-
ters flow from the mines “Golubivs’ka”, “Pervo-
mayska”, in which, as a result of combat opera-
tions, the pumping of mine water was stopped, due
to the productions of the mine “Rodina” on “Zo-
lote”, and then on the mine “Carbonit” and “Girs-
ka”.

The flooding of the mining productions of
the “Zolote” mine can lead to the following nega-
tive environmental consequences:

» discharges of highly mineralized contami-
nated mine water into the reservoir and small rivers,
while the wells of individual water use and large
water intakes can fail;

» changes in the physical and mechanical
properties of the rocky rocks and the resulting addi-
tional shifts, and, consequently, the formation of
cavities on the surface of the caverns in the under-
ground space;

» collapse of the mouths of trunks, mining
workings, having access to the surface and the ad-
joining earth’s surface with possible flooding;

» occurrence of uncontrolled release of mine
gases, in particular methane, on the surface;
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« violation of the conditions for the normal
functioning of mining towns and settlements, which
at the time of closure of mines were already repeat-
edly forged by mining;

* activation of the deformation of the rock,
due to their rinsing when flooding the mines, which
can cause additional damage to buildings and struc-
tures.

Conclusions and recommendations for
minimizing risks.

For the group of mines
“Pervomayska”, “Golubivska”.

In order to minimize risks, it is essential to
strengthen the drainage complex of the “Zolote”
mine. The optimal solution is to build a group
drainage at the mine “Zolote” with a capacity of
1366-1500 m*/year.

It is also necessary to carry out:

- measures for the prevention of pollution
and depletion of underground and surface waters;

- mechanical clearing and degassing of mine
sewage;

- clearing underground drains;

- production control of the composition and
properties of sewage, their influence on the state of
surface waters;

“Zolote”,
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- radiological examination of the territory;

- prevention of spontaneous combustion of
rock mass in dumps;

- measures to prevent the development of
dangerous geological processes (karst, landslides,
subsidence, flood, etc.);

- if possible, to resume pumping of mine
water in the mines “Golubivska” and
“Pervomayska”.

For the mine “Oleksandr-Zakhid”

- it is necessary to monitor the migration
processes of explosive and highly toxic gases and
compounds;

- it is necessary to develop measures for the
prevention of pollution and depletion of
underground and surface waters, the development
of dangerous geological processes (Karst,
landslides, subsidence, flooding, etc.);

- if possible, resume pumping of mine water
into the mine.

For the mine “Yunkom”

- conduct a comprehensive radioecological
survey of the mine “Yunkom” and its zone of
influence in order to identify areas of accumulation,
ways of distribution and migration of groundwater
(with dangerous solutions present in them) that rise
to the surface during uncontrolled flooding of the
mine;

- to create a monitoring system on the level
of raising and distribution of water supplies to
adjacent mining and industrial objects, non-
industrial objects and the environment;

- on the basis of the evaluations carried out
and according to the obtained data, to carry out the
classification of the object “Klivazh” in accordance
with the requirements of the regulatory framework
in the field of radioactive waste management and
radiation safety;

- taking into account the above and in order
to prevent the contaminated water from entering the
general water supply system, take urgent measures
to ensure an adequate level of safety at the mine
“Yunkom” and in the area of migration of polluted
waters in the area of the mine location.

- development of measures to prevent
pollution and depletion of underground and surface
waters, development of dangerous geological
processes (karst, landslides, subsidence of the
surface, flooding, etc.).

Thus, one of the most probable factors of the
transition of the territory of Donetsk and Lugansk
regions to the state of emergency on a
transboundary scale is the risk of massive
uncontrolled flooding of the mines due to the
cessation of the supply of drainage and ventilation
systems. The consequences of rising groundwater
to the surface may be the flooding of large areas of

adjacent cities and towns, subsidence of the earth’s
surface in built-up areas, pollution of surface and
underground water intakes. In addition, there is a
risk of methane migration to basements, ravines,
gullies and basins, which will increase the risk of
explosions and fires.

Given the impossibility of verifying and
carrying out a comprehensive analysis of the
hydrogeological state of the mines in the Donetsk
and Luhansk regions of Ukraine due to their
location on the uncontrolled territory by the
Ukrainian authorities, we consider it expedient to
work out the issue raised during the meeting of the
Tripartite Contact Group in Minsk on the settlement
of the situation in the Donbas for discussion with
representatives of certain districts of the Donetsk
region, where the mines are located, to take
appropriate response and protection measures.
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Abstract. The article deals with the issues of nature use in protected areas, the

Received 23.07.2018; exploitation of objects of the nature reserve fund for recreational and tourist purposes.
Received in revised form 28.07.2018; It is emphasized that ecotourism, which includes, first of all, orientation of tourists to
Accepted 19.09.2018 the consumption of ecological resources — recreational aspect, preservation of the

environment — nature protection, is an important direction of recreation within the
territories of the nature reserve fund, support of the traditional way of life of the local population — social aspect. The purpose of the
work is to find out the features of the present state, to determine the problems and perspectives of the organization of recreation
within the natural reserve areas of the state level in the Odessa region. Recreational and tourist attraction of the region for visitors are
not only a wonderful climate and water resources but also available on territory of the region objects of the nature reserve fund,
among which there are 16 objects of national importance. According to the recommendation of the International Union of
Conservation of Nature and Ukrainian legislation, most of the categories of objects of the nature reserve fund provide for tourist and
recreational activities within their territories in specially designated areas. Thus, the Danube Biosphere Reserve and two national
natural parks, «Nizhnednistrovsky» and «Tuzlovsky Limany», joined the tourists for both short—term and long—term recreation. With
the purpose of ecological education, the abovementioned objects of the nature reserve fund of national importance are used to create
ecological trails and organize tourist routes. Thus, the most popular water tours in the Danube Delta to the mouth of the river with a
visit to the symbolic «0 km» of the Danube, as well as tours for the observation of birds. On the river Dniester are popular sport
fishing trips, as well as landscape tours. On the relatively untouched coast of the Black Sea, including the territory of the national
park «Tuzlovsky Limany» lies one of the most interesting and cognitive routes of the Odessa region, which includes elements of
ecological, rural, ethnic and extreme tourism. It is established that at the present time, organizational and recreational activities within
the protected areas of Ukraine, as well as the Odessa region are at the stage of formation, the result of which is that its economic
efficiency is extremely low.

Key words:recreation, ecotourism, nature reserve fund, national natural park, biosphere reserve, biotic diversity.

OpraHizauisi  TYpUCTUUYHO—-PEKpealiiHOl  AiSNAbHOCTI B MeXaX O00’eKTiB  MpUpPOAHO-—
3anosigHoro oHay B OaecbKin 06nacTi

B. B. flBopcbka’, I. B. MeBko?, B. A. Cuy?, K. B. KonomieLp

'OpecbKuii HawjioHanbHIi yHiBepcUTeT iMeHi I. |. Meurukosa, e-mail: yavorskaya@onu.edu.ua
*TepHoNiNbCHKMIA HaLioHaNbHII Nefaroriynni yHisepcuTeT iMeHi Bonogumupa MHaTioka

AHoTauis. B cTaTTi po3rnsHyTO MMTaHHA NPUPOAOKOPUCTYBaHHA Ha MPUPOAOOXOPOHHUX TEPUTOPISX, a CaMe BUMKOPUCTaHHS
006’€KTiB MPMPOAHO—3aM0BigHOMO (hOHAY B PEKpeauiiHNX Ta TYPUCTUYHMX LifsX. HaronoweHo, Wo BaX/IMBMM HanpsiMKOM pekpea-
LiT B MeXax TepuTopiil NpMpoaHO—3anoBigHOro MOHAY € EKOTYPU3M, SIKUIA 06’€AHYE BCi Ti BUAW TYpU3MY, LLLO OPiEHTOBaHI Ha JOBro-
TpuBane 36epeXKeHHs MPUPOLHOro AOBKINNA (30Kpema, 3amoBigHMX naHAWwadTiB), GopMyBaHHS iHTENEKTYalbHO—TYMaHICTUYHOrO
CBITOrNAAY, HanaroMKeHHs ryMaHHMX CTOCYHKIB 3 MiCLLEBMM HaceNeHHsM Ta OpraHamy CaMoBpPsAYyBaHHS, MONIMLWEHHS (iHaHCOBO—
€KOHOMIYHOro 6/1aronosyyys BifdaneHnx perioHiB. Po3rnaHyTo 0cob6anBOCTI opraHisauii TypucTUYHO—peKpeaLinHoi AiSnbHOCTI B
mexax [yHaincbkoro 6ioc)epHoro 3anoBigHmKa, HMKHBOAHICTPOBCLKOr0 HaLiOHa/IbHOTO NMapKy Ta HalioHa/IbHOro napky « Ty3noB-
CbKi MMaHn». BCTaHOBNEHO, OpraHisaliiiHo—peKpeauiiHa Ais/IbHICTb B MeXaX NPUPOAHO—3anoBifHNX TEPUTOPINA, AK YKpaiHu, TaK i
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OfecbKkoi 06MacTi 3HaXOAMTbCA Ha CTagii CTaHOBNEHHS, pe3y/bTaTOM 4YOro € Te, WO i eKOHOMiYHA e(EeKTUBHICTb HAA3BUYANHO

HU3bKa.

KntouoBi cnosa: pekpeauis, eKOTypu3M, NpupPOLHO—3anoBifHWIA (hOHA, HaLioOHaNbHUIA NPUPOAHWIA Napk, 6iochepHWiA 3anoBiAHMK,

6i0TUYHE PiI3HOMAHITTH.

Introduction. In the Odessa region, unique natural
complexes and ecosystems, highly valued wetlands
of international importance are concentrated in the
territory of which a large number of rare and
endangered species of plants, mammals and birds
are registered, which determines the development
of ecological tourism in the region. Ecotourism is a
trip to places of relatively untouched nature that do
not lead to a violation of the integrity of ecosystems
in order to get an idea of the natural and cultural
and ethnographic features of this territory, which
creates such economic conditions, when nature
protection becomes beneficial to the local
population,  which  subsequently  becomes
conscious, that nature is the main value of the
territory and the source of their own profits.
Recreational and tourist attraction of the region for
visitors, in addition to the natural conditions (water
objects, climate, scenic landscapes, diversity of
flora and fauna, etc.), also make available on its
territory objects of the nature reserve fund. The
purpose of the work is to find out the features of
the present state, to determine the problems and
perspectives of the organization of recreation
within the natural reserve areas of the state level in
the Odessa region. Analysis of previous researches
shows that various aspects of recreational and
tourist activity in protected natural territories are
covered in the works such authors as Boreyko V.,
Kotenko T., Mironova L., Stilmark F., Kekushev
V., Sergeyeva T., Stepanitsky V., Lyubitseva O.,
Dmytruk O. and others. However, some issues
remain controversial and require further study.

Data and methods. The materials of the study
served as literary sources, as well as individual
developments of modern domestic and foreign
scientists on the study of recreation and tourism
activities within the protected areas of the world.
The cartographic method was used to assess the
territorial peculiarities of the recreational activity
organization in the Odessa region within the
boundaries of nature—protected territories of
national importance; The method of field research
was used to gather material on the organization of
recreational activities on the territory of the Danube
Biosphere Reserve, Nizhnednistrovsky National
Nature Park and the Tuzlovsky Limani National
Nature Park.

Results of the study and their discussion. By
definition of The International Union for the
Conservation of Nature (IUCN) the nature
protection (nature reserve) area is «a land and / or
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sea area specifically designated for the conservation
of biodiversity, natural and related cultural
resources, an environmental protection regime,
within which it is provided by legislative and other
effective means». Since 1992, IUCN has identified
six categories of protected areas (Lausche, 2011).
These categories are determined depending on the
direction of the management objectives (Table 1).

As can be seen from Table 2, recreational
activities are foreseen for practically all
international categories of the organization of
protected areas (except category 1). Priority
recreational activity is defined for categories Il, 111,
V.

In Ukraine, all protected areas are united into
the Nature Reserve Fund (NRF), which is divided
into 11 categories, three of which are national
natural parks (NNPs), natural and biosphere
reserves — have a national status (Pro prirodno,
1992). The category «Biosphere Park» is included
in the list of categories of the nature reserve fund of
Ukraine — as an analogue of the international
category «Biosphere Reserve» and combines the
functions of biodiversity conservation and
sustainable socio—economic development. Tourist
and recreational activity in the territory of
biosphere parks of Ukraine may be conducted
within the zone of anthropogenic landscapes and an
area of regulated reserve regime.

National nature parks of Ukraine perform the
same functions and pursue the same management
objectives as National Parks under category Il of
IUCN. At the same time, large areas of economic
zones of Ukraine’s NPPs show that they have
elements of category V «Protected landscape /
marine water», and the fact that each of the
Ukrainian NPPs includes a protected zone allows us
to speak about the presence of an element of the
first category of IUCN here. Although, unlike
natural reserves, according to Art. 21 of the Law of
Ukraine «About the Nature Reserve Fund of
Ukraine» (Zakon, 1992) in the national nature
parks, in order to preserve nature, the
implementation of health improvement, scientific
and educational work, environmental education, in
addition to protected areas and economic zones, it
should be distinguished zones of regulated
recreation and zone of stationary recreation. Within
the regulated recreation zone, short-term rest and
improvement of people are carried out also an
overview of especially picturesque and memorable
places.
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Table 1. Categories of IUCN Natural Reserves (Dudley, 2008)

Index of Name The features of management and
categories protection
in english in ukrainian
category | Strict Protection TepuTopis CyBOPOT 0XOPOHM -
la Strict Nature MpupofHWiA pesepsar CyBo- | management is directed mainly to

Reserve POI OXOPOHU

scientific research

16 Wilderness Area

TepuTopisa Ans 36epexeHHs
[LVKOT npupoan

Wildlife protection is carried out without
interference with natural processes

category Il National Park HauioHasibHUIA napk management for the conservation of
ecosystems and for recreational purposes
category Il | Natural Monument | Mam’aTka np1Mpoam management to protect specific natural
features
category IV | Habitat/Species TepuTopisa ana 36epexkeHHs | the protection of certain types of natural
Management Area MPUPOAHNX CepPeoBuLL i environments and / or certain species of
BUAIB flora and fauna or their groups is carried
out
category V Protected TepuTOpis OXOPOHU NaHA- combined with the preservation of
Landscape/Seascape | wagTy / MopcbKa aksaTopisi | landscapes and / or water areas and
recreation
category VI | Managed Resource | TepuTtopis OXOpPOHW pecyp- | preservation of natural values is ensured

Protected Area ciB

through the sustainable use of natural
resources

As we can be seen from the objectives of the
management of the nature reserves of different
categories of IUCN, these objectives coin-cide for

Table 2. Objectives of the management of natural protected areas

many categories. However, they have a different
degree of importance to them (priority). Table 2
gives an idea of these relationships.

Purpose of management

IUCN Category
Il il v

o)
o

Scientific research

N <

2 2

Wildlife protection

Preservation of species and genetic diversity

| W

Maintenance of ecological services

NI, |IN| -
RINFP W

Protection of specific natural / cultural features

Tourism and recreation

|
N |

Education

N[

Sustainable use of natural ecosystem resources

WINEFRPIN PPN
NINW W RFF,W

- 3

Support for cultural / traditional values

NHO\JO\JI\)I—‘HNOO<

RININ| R[]I NN ]

Symbols: 1 — the main purpose, 2 — secondary purpose, 3 — potential purpose, — the goal is not put.

This area is equipped with ecological trails
and tours are organized. In the zone of stationary
recreation, there is a long rest, organized tourism,
sanatorium and spa treatment.

The natural reserve fund of the Odessa
region as of 01.01.2018 consists of 123 territories
and objects with a total area of 159970,847
hectares. Of these, 16 objects of national
importance with a total area of 112718.67 hectares
and 107 local objects with an area of 47252.17
hectares (Perelik, 2018). Thus, the area of the
natural reserve fund is 4.57% of the area of the
Odessa region. At the same time, normative state
documents provide for an increase in the share of

reserves in Ukraine to 15% in 2020, and in the
Odessa region — up to 10,4% — on January 1, 2021
year (Zakon, 2004, Zakon, 2010).

The author’s team analyzed the territories
suitable for the further formation of the ecological
network within the administrative districts of the
Odessa region (Javors'ka, Sych, Kolomijec', 2015).
As a result of the study, the authors devised a
mapping diagram showing areas with insufficient
(0-25%), optimal (26—-35%) and high (36—70%) of
the areas that may be included in the regional eco—
network (Figure 1), and therefore interested in
ecotourists.
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Proportion of potential territories that may
be included in the ecological network [%2):

0-25 (low)

26-35 {oplimal)
36-70 (high)

= The actual proportion of territorics of
Nature Conservation Fund (%a)

Fig. 1. Regional potential of the ecological network in the Odessa region and the actual area of the nature reserve fund (as of 2015)

An important issue is the reservation of
territories for further granting them the status of the
reserve. Yes, according to (Programa, 2005) in
Odessa oblast the area of natural territories is worth
to obtain reserve status are almost 80 thousand
hectares. These include large massifs such as the
Yalpug Lake, Kitay, and Kugurlui, as well as
insignificant plot areas — slopes of river valleys,
gullies, ravines where steppe vegetation is
preserved. Again, without the regu-lated use of
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these territories today, then it will soon be possible
to lose them altogether.

At present, the largest percentage of the
reserve (the ratio of the area of the nature reserve
fund to the total area of a certain territory) has
areas, except Savransky belonging to the Seashore
Zone, that is, they have access to the Black Sea — in
Kilia 37.89% of the total area of the district,
Tatarbunary 16.18% and Savran 13.62%. These
areas are considered the most promising for the
development of ecological tourism. There are no
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objects of the nature reserve fund in the
Krasnoknyansky, Lyubashevsky, Reniysky and
Saratsky districts.

Of the 123 objects of the Nature Reserve
Fund, only 16 belong to state status objects, of
which only 1 is represented by a biosphere re-serve

Table 3. Basic types of ecotourism

(Danube Biosphere Reserve), and two are national
parks (Nizhnednistrovsky and Tuzlovsky Limany
National Nature Park). For recreational zones of the
objects of the natural reserve fund of the Odessa
Oblast, the possible types of ecological tours are
presented in Table 3.

Types of tourist and
recreational activities

Main goals

Scientific and educational tours
and student practices

Geographic, ornithological, botanical, ichthyological, hydrological, ethnographic,
birdwatching, photo and video tours

Passive recreation

Camping, picnics, walks, rural tourism, wellness tourism, boat trips, picking

berries

Active recreation

Water tourism (kayaking, paddle—boarding), hiking, horseback riding, cycling

tourism, diving

Business tourism

Trips to environmental conferences, symposiums, participation in environmental

education work

Features of recreational activities within the
Danube Biosphere Reserve. On the territory of
Ukraine, the lower lands of the Danube are marked
by their biological diversity. It is worth noting that
the Kilia Delta, on which the Danube Biosphere
Reserve is located, is the youngest creation of the
river. Among all the large Mediterranean and Black
Sea deltas, it has suffered the least from human
activity. Today, the sea delta sleeves from the city
of Vylkove to the confluence of the Black Sea are
the most valuable part of the Reserve. Here
dominate vast wetlands, represented by reed
plumes, covered with a network of ducts, canals,
with numerous lakes. In addition, there are diverse
terrestrial ecosystems in the region. On a relatively
small territory there are areas of floodplain forests,
meadows, salt marshes, sands, remnants of the
steppes. In densely populated and highly developed
Europe, the Delta of the Danube is a real oasis of
wildlife among the plowed and broken steppes of
southern Ukraine, attracting numerous tourists. To
ensure the protection of natural complexes in the
Danube region, in accordance with the Decree of
the President of Ukraine of August 10, 1998, No.
861/98, the Danube Bio-sphere Reserve was
created on the basis of the Danube Plavni Nature
Reserve.

The zones of the biosphere reserve included:
— marine delta of the Kilia arm of the Danube
(below the city of Vylkove) — the reserve, buffer
zone and zone of anthropogenic landscapes;
— Zhebryansky ridge — zone of anthropogenic
landscapes;
— Stenzovo-Zhetrayanovsky floodplain — zone of
regulated reserve regime;
— Ermakov Island — one of the largest islands in the
Ukrainian Danube Delta — is 9.6 km long and 3.6

km wide; the area is about 2300 ha — the buffer
zone and the zone of anthropogenic landscapes;

— the territory of the nearby non—operating fishery
plant — is a zone of anthropogenic landscapes.

The structure of the institution corresponds to
the decision of the main tasks, namely: the
scientific department, the Department of protection
and rational use of the nature reserve and the sector
of environmental education and tourism operating.
The legal field of the functioning of the Biosphere
Reserve allows us to combine nature conservation
with the rational use of natural resources. The
practical implementation of the mechanism of
rational and ecologically balanced use of the natural
resource potential of the biosphere reserve is the
provision of recreational services.

The development of ecological tourism and
excursion activities for Biosphere Reserves is a
very promising form of environmental propaganda,
an effective means of forming a sense of pride and
a desire to preserve the natural heritage in the
population.

In its potential, the Danube Biosphere
Reserve not only does not vyield to other
international reserves, but also has many
advantages over them. An increasing interest in the
reserve is observed not only by the international
scientific community. He gains considerable
popularity among domestic and foreign tourists,
which requires paying special attention to such a
type of tourism as ecological.

In order to attract tourists to take part in the
nature protection of the region in various ways
(scientific monitoring, projects for the restoration of
degraded areas, financial assistance, etc.) and
providing them with the necessary information, as
well as their education, the Information and Tourist
Center in the city of Vilkove was created. It is here
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that visitors are informed about the status of the
protected area, measures that ensure the diversity of
the animal and plant world, how to reduce the
impact on vulnerable natural complexes and
provide a lot of other useful information about the
history of the land and nature use.

Ecological education of ecotourists is an
opportunity to influence their behavior by
increasing understanding of natural and cultural
values, gaining unforgettable impressions by
tourists. This is also a guarantee that the natural and
cultural values that are very important for the locals
will survive not only for the present generation, but
for the descendants. Every year more than 3000
tourists visit the information and tourist center
(more than 5,000 in 2015 and 2017 yy) — those who
have chosen a place of rest and gaining new
knowledge and pleasant impressions of the pearl of
the Danube Region — the Danube Biosphere
Reserve.

Tourist enterprises of the region have
developed a number of various tourism programs
for the promotion of ecological tourism, which
were created on the basis of tourist and recreational
potential of the regions of the Ukrainian Danube.
Among the offered programs are day-to—day and
multi—day excursions, photo tours, bird—watching
tours, since in the Danube Biosphere Reserve 255
species of birds (62% in Ukraine) were identified,
including 124 species, 196 flying nests. The Red
Data Book of Ukraine includes 41 species:
cormorant, white-tailed eagle, Pelican curly,
Pelican pink, Black stork, Gaga ordinary, etc. The
European Red List includes 7 species. Water
conservation is also offered, 90 species of fish are
registered in the reserve area, of which 15 are
included in the Red Book of Ukraine (Sterlet,
Danube Salmon, Black Sea Salmon, Atlantic
Sturgeon, Umbra, Ruffle Striped, Beluga, etc.), and
7 in the European Red List. Also in the areas of
regulated recreation for tourists is the possibility of
swimming beach recreation. Due to the
combination of sand dunes, pine forests, swamps
and steppe vegetation on a relatively small area in
the lower lands of the Danube, tourists can observe
landscapes biodiversity.

The wuniqueness of the Nizhnednistrovsky
National Nature Park and its biotic diversity.
The National Park is also widely used in the
recreational activities of the region. Favorable
climatic conditions of the lower land of the
Dniester River, the presence of unique natural
landscapes and biodiversity have created a
recreational attraction and have become the basis
for the creation of a national natural park on its
territory. The appropriate conditions for creating a
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world-view, recreation and well-being of the
population are created here.

An abundance of large and varied biotopes of
the wetland complex, a developed network of
natural, artificial, permanent and temporary delta
rivers and reservoirs that feed the Dniester water
territory of the Nizhnednistrovsky National Nature
Park, pro-vide shelter and living space for more
than 1500 species of representatives of the animal
and plant world. In addition to natural and man-
made biotopes of wetlands, one more type of
natural habitats for the Lower Dniester basin should
be noted — these are the small remains of steppe
biocenoses on the floodplain terraces of the river
and the Dniester estuary. Their total area is
extremely small and does not exceed several
hundred hectares. However, these lands are
important as the habi-tats of a number of steppe
species of small mammals and birds.

Determination of directions of recreational
activities within the Nizhnednistrovsky National
Nature Park was carried out in accordance with the
requirements of the Order of the Ministry for
Environmental Protection of Ukraine dated June 22,
2009 No. 330 «On Ap-proval of the Regulation on
Recreational Activities within the Territories and
Objects of the Nature Reserve Fund of Ukraine».
Recreational activities are carried out in accordance
with the zoning of the territory.

As of January 1, 2018, 4 ecological routes,
length from 7 to 58 km and 1 ecological path were
developed and approved in the Nizhnednistrovsky
National Nature Park.

The «Gontarenko Island» ecological trail,
length 3.5 km, runs through the island of
Gontarenko, which is located on the right bank of
the Dniester River, between the Oleksandrivsky and
the Festival, near the village of Mayaki. The island,
which passes the ecological trail, was named after
the hydrologist and ecologist - Vadim
Mikolayevich Gontarenko, who spent many years
devoting his life to preserving the nature of the
Dniester. During the tour, visitors will get
acquainted with the natural complexes of the lower
Dniester, typical representatives of flora and fauna,
rich history of the region. Visit one of the last
floodplain meadows, reedbeds and see the
floodplain forest. Guests of the tracks learn about
the difference between the reeds and deergrass, the
great importance of these plants for the river
ecosystem, how people have used them in their
lives from time to time. See many medicinal plants
and learn about their purpose and ways of using it.
From the island there is an open landscape on the
opposite bank of the river, where the village of
Mayaki is located. The boat will deliver tourists to
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the last stop of the route, where they will be able
from the observation tower on the shore of the Old
Turunchchuk to see the entire Dniester estuary and
the immense reed beds. The back road runs along
the Aleksandrovsky Channel and along the Dniester
to the village of Mayaki.

«Dnister Amazonia» — a river tourist route
runs in the zone of regulated recreation along the
Dniester River, the channel of Turunchchuk, the
pic-turesque strait «Amazonka», introduces the
mysterious and unique floodplain forest and a huge
array of reed bed. On the route there is White Lake,
which can be reached on the craft from the city of
Bilyaivka and from the village of Mayaki. The
length of the route from Bilyaivka — up to 8 km,
from village Mayaky — 20 km. Duration of the
route is from 3 to 6 hours. This ecological trail
introduces tourists with the surrounding landscape
and diversity of wet-lands, beautiful vegetable
creatures — white lilies, yellow jugs and walnut.
The tourists on the route constantly accompany the
Aboriginal birds of the Dniester and Turunchuk
rivers — swans, herons, gulls, etc.

«Kingdom of birds»— a water tourist route in
the zone of regulated recreation, which starts from
the village Mayaki, runs along the Dniester, then
along the channel of the Deep Turunchuk with
access to the Dniester estuary. Back — along the
«Kiliary» Strait with the entrance to the Deep
Turunchuk, and then along the Dniester to the
village of Mayaky. The length of the route is about
20 km. Duration of the route is from 3 to 5 hours.
On the route there are giant pelicans, graceful
swans, numerous small and large cormorants,
graceful herons, wailing marsh tusks, thickets of the
most rare plants — fringed water lily (Nymphoides
peltata), as well as the largest in Europe, the
plantation of yellow water—lily (Nuphar lutea). The
shallow areas of the estuary are attractive for
summer swimming, both adults and children.

«Brilliant Ibis» car (bicycle, pedestrian)
route, which passes through the economic zone and
the zone of regulated recreation along the Mayaky
— Palanka motorway. Its length is 10 km. Duration
of the route is 3 to 4 hours. Among the many
inhabitants of the delta can be called dozens of
species that can give people the opportunity to
assess the environmental situation in their presence
or absence. However, the most interesting object is
a brilliant bird or birdhouse. This graceful and
sophisticated bird is the closest relative, probably
known to many tourists, the sacred ibis, worshiped
by ancient Egyptians. Korovayka is included in the
Red Data Book of Ukraine. If the Dniester dam
does not hold the water during the spring flood, it
does not nest, or it has very little nesting. It breaks

in reindeer thickets away from human eyes. You
can watch these mysterious birds on flood plains
during the flood period — in April — May.

«Yevsey's Trail» is an excellent pedestrian
tourist route in the zone of regulated recreation on
the slopes of the Dniester estuary. The length of the
route is 5 km and the duration is from 3 to 5 hours.
The trail passes through the steppe landscape and
picturesque forest, formed by a tireless enthusiast —
forestry Yevsey Pavlovich Kostetsky. This route
will introduce the rare birds of the steppe zone and
forest—steppe. In the shallow waters of the Dniester
estuary there are numerous clumps (over a thousand
specimens) of large cormorants, resting pelicans,
and in the air the white—tailed eagle is steaming.
The uniqueness of the National Nature Park
«Tuzlovsky Limany» and the organization of
recreational activities within its borders. The
Black Sea landscapes have suffered the most
because of its great recreational attractiveness. As a
result, in fact, in their natural form, there were only
individual fragments, one of which is the area of
the so—called Tuzla estuaries. In January 2010 was
created Tuzlovsky Limany National Nature Park.
Its territory includes: the water area of the lakes
Burnas, Alibey, Hadjider, Shahany Lagoon,
Karachaus, Malyi Sasyk and Dzhantshey, the Black
Sea sandspit, the mouths of the wetlands of the
Alkaliy rivers, the Hadjider and the small rivers
flowing to the lakes Shahany and Karachaus, as
well as the forest tract «Lebedivka»— artificially
planted forest area.

As one of the most interesting and
informative routes of the Odessa region, which
includes elements of ecological, rural, ethnic and
extreme tourism, are offered a pedestrian ecotourist
route «Reserve coastline of Odessa region», which
runs from the resort of Serhijivka to the village
Primorsk (Kiliysky district), which is located 18 km
from the city of Vilkovo. The total length of the
route is 85-90 km, part of the trail passes through
the territory of the national nature park «Tuzlovsky
limany».

The area is a plain-wavy steppe (South
Bessarabsky steppe), dissected by ravines and
beams, and is also characterized by diverse flood
landscapes, specific flora and fauna. The heights of
the surface are reduced here from north to south, to
the sea. The flat surface is disturbed by valleys of
rivers, gullies, ravines. Hydrography is represented
mainly by the river Danube and the Black Sea
coast. In the marine part of the Danube plain there
are lake—estuaries between the rivers of the
Danube-Dniester, according to the accepted typing,
to periodically closed estuaries. These reservoirs
have a number of shallow branches, which are
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highly saline and swampy floodplains of small
steppe streams. With the exception of the lake
Sasyk (Kunduk), the axis of other reservoirs is
parallel to the seaside, sandspit. From the sea,
periodically closed estuaries are separated by a sand
dune (bar). The total length of the bar from the
estuary of Sasyk to the Dniester estuary is 55 km,
and the width varies from 50 to 400 m. Among the
estuaries of the Danube—Dniester rivers, the estates
of the Tuzlov group — Shagans, Alibey, Burnas —
occupy a special place. They have an international
sta-tus (included in the so—called Ramsar List of
wet-lands), as they play an important role in the
natural functioning and interaction of coastal
ecosystems around the Black Sea. Tuzla estuaries
are important for maintaining the biodiversity of the
region; provide wintering of many species of birds.
Here about 1 thousand pairs of waterbird nest and
up to 120 thousand individuals form seasonal
clusters, which are especially appreciated by bird
watchers. Generally, 243 species of birds are found
in the park, of which 28 are included in the Red
Data Book of Ukraine.

Since the park has been functioning quite
recently so recreational activity is almost not
developed. Its borders are not yet identified on the
ground, there are no barriers, no sign indicating the
value of this territory, the park remains unprotected
on weekends when there is a mass arrival of hunters
and fishermen. There are no good tracks connecting
large settlements or Ukraine with neighboring
countries, which is why it significantly influences
the number of tourists who could visit the park.
There are, of course, roads that connect district
centers, but it is worth turning aside and the roads
disappearing altogether. Therefore, despite the
unique places suitable for recreation, the number of
tourists by an order of magnitude less than it could
be, because of the unsuitability of roads, only fans
of fishing, despite the impassability come here to
fish. And if the leadership of the national park is
actively starting to introduce various measures — to
create tourist routes, excursion and walking
ecological and educational paths, to equip places
for overnight stays for recreation and to work full
time, the park area will attract more tourists, which
in turn will attract funds to the local budget.
Conclusions. The development of natural tourism
in protected areas can carry a whole range of
different consequences — both positive and
negative. On the one hand, the development of
tourism in many parts of the world was a powerful
incentive for the protection of rare species and
unique ecosystems, since natural tour-ism is one of
the few forms of economic activity that is
«inexhaustible», which does not involve the
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removal of wildlife objects (with the exception of
hunting and fishing tourism). But without proper
control and management successes in the
development of natural tourism can quickly turn
into a «reverse side». An unprecedented increase in
the number of supporters of natural tourism has
created a complex of problems that fifty years ago
nobody could imagine. Excessive and uncontrolled
flow of tourists is often the cause of degradation of
the natural environment, reducing biological and
cultural diversity. Negative effects from tourism
can extend beyond the boundaries of protected
areas, affecting the interests of local settlements. It
is noted: those places where the inflow of visitors
has increased significantly, may subsequently
suffer a rapid decline in tourism business — because
the participants of natural tours attracts the very
opportunity to feel «far from all». Strong flows of
tourists, causing the destruction of natural areas and
reducing their attractiveness for future visitors,
«switch» to other regions, leaving behind polluted
beaches, frustrated local residents and ruined local
economies. In this case, we can say that along with
the destruction of the environment on which it
depends, tourism Kkills itself. Therefore, when
planning regional development, including tourism,
priority should be given to preserving its natural
«base», including the identification of recreational
opportunities of nature resources and the
determination of the value of recreational loads on
the landscape complexes of nature reserves.
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Abstract. The purpose of this study is to provide a comprehensive assessment and

Received 17.08.2018; comparative analysis of the ecological balance of territories of the three key small
Received in revised form 21.08.2018; towns in Kyiv region: Boyarka, Vyshneve and Irpin, as well as tracking the dynamics
Accepted 12.09.2018 of ecological stability of the towns* territories in the system of general planning. The

following indicators of anthropogenic transformation and natural protection of urban
areas were calculatedaccording to known methodsbased on data available from the towns‘ new Master Plans: coefficients of anthro-
pogenic impact, anthropogenic transformation, nature protection, and ecological stability, absolute and relative tension of the ecolog-
ical and economic state. The rationality of general planning in terms of ecological balance of urban areas is estimated. The study
established that the territory of the town Irpin is characterized by moderate anthropogenic impact, while Boyarka and Vyshneve
demonstrated a high level of anthropogenic impact. The total area of the environmental fund on the territory of cities ranges from
13.9% (Vyshneve) to 47.5% (Irpin) of the total area of their territories, which is insufficient in all cases. Currently, the territory of
Irpin is the most balanced in comparison with other towns. Implementation of the new Master Plans of the cities will improve the
ecological balance of the Boyarka and Irpin areas; improvement in Boyarka will be notably extensive due to the expansion of the city
boundaries by a threefold increase in the town*s area. The projected general development of Vyshneve will worsen the ecological
balance of its territory, despite the foreseen expansion of its boundaries. The pressure from the ecological and economic status of the
territories is not balanced by the degree of anthropogenic impact and the potential of the sustainability of nature. For the territory of
towns, the potential for sustainability of nature is significantly exceeded and requires the expansion of the environment of a stabiliz-
ing group of lands. The areas of towns within the existing boundaries are environmentally unstable, the tensions in the ecological and
economic conditions of the territories are not balanced, which testify to their ineffective organization. A significant correlation has
been found between the calculated coefficients and the area percentage of the environmental fund of urban areas. The obtained data
testifies to the expediency of using the indicated eco-geographical indicators within the system of general planning in order to optim-
ize prospective solutions.

Keywords:urban landscape, anthropogenic impact, anthropogenic transformation of landscape, eco-geographical indices

[JvHamiKa eKonorivyHoi cTabinbHOCTI MasinX MiCT KUIBLUMHK
B. KO. KOxHoBcbKuia, O. B. 3i6LeBa

HauioHanbHuin yHiBepcMTeT 6iopecypcis i NpUpPOAOKOpUCTYBaHHS YKpainu, Knis, YkpaiHa,
e-mail: yukhnov@nubip.edu.ua; yukhnov@ukr.net

AHoTaLisl. MeToto JOCNiKEHHAEKOMMNEKCHA OLiHKA | MOPIBHANBHWIA aHasTi3 eKONOriYHOT 36a/1aHCOBAHOCTI TEPUTOPIV TPbOX Mannx
MicT KuniBcbkoi 06nacti — bosipku, BuwiHeBoro Ta IpneHs 3 aHanisoM AvHaMiKuM eKOIOTiYHOT CTabiflbHOCTI TX TEPUTOPI Y cucTeMmi
reHepasibHOro NnaHyBaHHA. 3a faHuMK eHepanbHUX NaHiB MICT PO3paxoBaHO NMOKa3HWKN aHTPOMOreHHOro NepeTBOPEHHS i Npu-
POAHOI 3aXMLLEHOCTI MICbKMX TEPUTOpIii. BcTaHOBNEHO, WO TepuTopis M. IpniHb XapaKTepu3yeTbcsA MOMIpHMM, a MicT Bosipka Ta
BuLLHEBE — BUCOKUM aHTPOMOreHHMM HaBaHTaXXEHHSIM. 3arajibHa MnoLla eKonoriYHoro oHAy Ha TepUTOPIT MICT KONMBAETLCS Bif
13,9 (BuwwHeBe) o 47,5% (IpniHb), L0 B YCiX BUNaAKax € HegocTaTHIM. TepuTopil MiCT B UUHHUX MeXax eKoSIorivyHO HecTabifbHi,
Hamnpy>XeHiCTb €KO0M0ro-rocrnofapCbKoro CTaHy TepuTopiii He 36anaHcoBaHa. Peanisauisi MeHepasbHUX MAaHiB MIiCT MOKpaLuTh
€KOMOriyHy 36a/1aHCOBaHICTb TePUTOPI Bospkn Ta IpneHs, npryomy Bospku — KapanHanbHO 3a paxyHOK TPMKPATHOrO PO3LLUMPEHHS
MeXi MicTa. MporHo30BaHUIA reHepasbHUM MaHyBaHHAM PO3BUTOK M. BULLHEBe NOripwNTbL €K036aaHCOBaHICTb MO0 TEPUTOPIT He
3BaXaruM Ha nepegbayeHe ii PO3LUMPEHHS. BrsBNEHO BMCOKWI KOPENALiAHWIA 3B’S130K MiXK po3paxoBaHMMK KoeilieHTaMn Ta
BiICOTKOBOK) MN/IOLLEH0 EKOMIOTIYHOTO POHAY MiCbKUX TepuTOopiin. OTpMaHi AaHi CBig4aTb NPO AOLiNbHICTL BUKOPUCTAHHS 3a3Have-
HUX eKoreorpaiyHnX NOKasHMKIB Y CUCTEMI reHepasbHOro NaaHyBaHHA 3 MeTOK ONTUMI3aLil NepcneKTUBHUX PillleHb.
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MOKa3HUKKN

Introduction. One of the objectives of sustainable
development strategy is to ensure ecologically safe
land use, while in general the state of land re-
sources of Ukraine is assessed as being close to
critical (Khryshchuk and Bezpalko, 2013; Pryk-
hodko, 2010). At present, the anthropogenic and
technogenic impact on the natural environment in
Ukraine is several times higher than the corres-
ponding indicators of developed countries of the
world (Khryshchuk and Bezpalko, 2013). A signifi-
cant number of problems in the field of rational
land use remain unresolved, the laws of ecological-
ly safe nature management are violated, and anth-
ropogenic impact is adversely affecting the sustain-
able development of land use.

In general, there are no virgin ecosystems left
in the world. Our planet is a mosaic of ecosystems,
from relatively intact, to completely rebuilt (Adler
and Tanner, 2013). In the era of rapid urbanization,
urban ecology has become the main environmental
area, and the most important direction of its re-
search is the sustainability of towns (Wu, 2014;
Wilson, 2014). The tendency to create sustainable
and stable towns is increasing; there is a unigque
opportunity to apply the results of scientific re-
search in practice, to create environmentally clean
towns of the future (McDonnell and Hahs, 2013).
The stability of the towns depends to a large extent
on the stability of the Earth, although the concept of
sustainability remains neglected in modern urban
planning (Ahern, 2011). It was precisely because of
the concern for the sustainability of the towns that a
new paradigm emerged — the ecology for the town,
which increased the scale of research of urban eco-
systems, and its important direction is the use of the
theory of spatial urban heterogeneity as a key ele-
ment of the town’s functional activity (Pickett et al.,
2016; Pickett et al. 2016a). In urban systems, the
concept of environmental degradation has not yet
been applied, except for the false but generally
accepted assumption that urbanization itself is an
obstacle, and therefore towns are permanently dis-
turbed systems (Grimm et al., 2017).

Urbanization continues to be a global trans-
formational process that affects the integrity of
ecosystems, health and well-being of people. De-
spite the fact that towns as centers of production
and consumption of goods and services worsen the
natural environment, there is also evidence that
urban ecosystems can play a positive role in ensur-
ing sustainable development (McHale et al., 2015).
Towns all over the world face an increasing diversi-
ty of problems , the solution of which should make
them more sustainable (Childers et al., 2015).

The current land use system should include
its study in certain areas, in particular environmen-
tal, which involves the creation of efficient land use
in the following sequence: environmentally safe
land use - economically feasible - socially signifi-
cant (Khryshchuk and Bezpalko, 2013). No matter
how the approaches to the implementation of the
idea of sustainable development on a global scale
are developed, the main node of problems and con-
tradictions, the search for solutions to them lies in
specific territories.

According to V. Kalmanova (2016), an eco-
logical approach can only be used on the basis of
strict environmental restrictions, which will allow
the requirements for the preservation of the natural
environment to be taken into account. At the same
time, the system element can degrade or completely
destroyed in order to take into account the interests
of the global optimum. Currently, in the territorial
planning system, predominantly, the urban devel-
opment, rather than the environmental protection
dominant, is preserved.

The environment changes under the influ-
ence of anthropogenic impact, which is characte-
rized by changes in land use. The area of suburban
zones is growing; urban infrastructure is expanding
in rural areas. Modifications to land use lead to
significant changes within the natural environment
(Noszczyk et al., 2017). Regional differences in
land use are the result of changes in anthropogenic
impact on nature, as well as the impact of natural
and social conditions of regions or settlements
(Prus et al., 2017). Changes in socioeconomic, en-
vironmental, cultural and other conditions lead to
global changes in the environment (Louca et al.,
2015, Basski and Mazur, 2016). Agglomeration is
characterized by an unprecedented rate of residen-
tial development and the transformation of trans-
port communications, which makes research into
green plantations in the context of a rapidly chang-
ing urban environment relevant (Pogorelov and
Lipilin, 2017).

Conceptual approaches to landscape-
ecological optimization of the territory, based on
statements by 1. Pozniak and N. Tsaryk (2013),
include the implementation of a number of step-by-
step measures, in particular the definition of land-
scape-ecological criteria and priorities for the de-
velopment of regional economic systems, the
achievement of optimal relationships between eco-
nomic and natural lands, optimization of a biocen-
tric-network structure of landscape systems — the
natural channel of prospective ecological networks.

An urbanized area is a dynamic complex that
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is constantly expanding and needs to be ecological-
ly balanced. The solution to this problem is imposs-
ible without the use of environmental assessment
methods, analysis and forecasting of changes in the
envi-ronmental situation (Kichata, 2013). Quantita-
tive determination of spatial heterogeneity of land
cover in urban systems plays a crucial role in the
development of the ecological component of towns
(Zhou et al., 2014). The method of quantitative
estimation of integrated heterogeneity of urban
areas has been proposed, involving rethinking ap-
proaches to the classification of urban land use and
guantitative assessment of the urban landscape
structure, which contains both built-up and unbuilt
components (Cadenasso et al., 2007). The interrela-
tion between the system of intensive land use and
ecological safety of landscapes from the standpoint
of urban sustainable development has been ex-
plored (Zhou et al., 2014). It has been noted that
built-up areas are a major factor in the impact on
environmental safety (Cen et al., 2015). By assess-
ing landscape dynamic processes and analyzing
long-term land-use trends, it is possible to obtain
important spatial information for landscape plan-
ning and ecosystem management (Frelichova and
Fanta, 2015).

A promising direction of geo-environmental
research is the comparative analysis of the structure
of land plots of administrative territorial units (Vo-
ronovich, 2016; Kochurov, 2003). Comparative
studies of urban areas allow us to verify the suita-
bility of conclusions and generalizations for towns
with different social, historical and environmental
conditions (Hahs et al., 2009). A model of urban
sustainability is developed, based on long-distance
comparisons, whose key goal is to take into account
the processes by which towns become more sus-
tainable (Childers et al., 2014). The conceptual
framework for comparative research in different
towns must also be developed (McPhearson et al.,
2016). An assessment of the environmental sustai-
nability of any territory is needed as a basis for
developing proposals for its systemic economic and
environmentally sustainable harmonious develop-
ment (Glukhovskaia and Evstifeeva, 2016), sustain-
able land use planning (Getmanskii, 2013). The
degree of environmental equilibrium depends not
only on the area of green spaces, but also on the
natural and economic characteristics of a particular
town and its suburban zone, and the results of re-
search on one town cannot be interpreted to charac-
terize another (Narbut and Mirzekhanova, 2016).
The statistical information can serve as the informa-
tion base for research of the town structure (Ny-
chaia and Tarasiuk, 2016). The predominance of
anthropogenic-man-made, irreversibly altered land-
scapes in the town’s structure indicates their unsta-
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ble state (Barmin and Nikulina, 2011). Instead, the
underdeveloped spaces are a treasure and determine
the overall ecological well-being of the territory not
only of the town, but of the region and the country
as a whole. Ecological lands should form the main
link in the system of optimal organization of the
territory (Narbut and Mirzekhanova, 2016).

In the conditions of intensification of nature
use geosystems undergo increased anthropogenic
impacts, which leads to destabilization of the eco-
logical state of the territories and worsens the quali-
ty of life (Orlova et al., 2006). The development of
sound methods of regional management of natural
resources should be based on knowledge of the
current state of the territory (Panchenko and Dyu-
karev, 2015). Aggravation of the problem of ration-
al land use leads to an assessment of the ecological
state of land use and the search for new scientific
approaches to improve the criteria for optimizing
them (Khryshchuk and Bezpalko, 2013). The inten-
sity of land use can be characterized by such bioin-
dicators as the coefficient of anthropogenic impact
on the landscape and the ecological sustainability
factor based on the categories of land use (Prus et
al., 2017). The limitation is that the statistics are not
spatially specific and do not provide qualitative
information about the ecosystem (Frelichova and
Fanta, 2015).

Ecological assessment of the territory is the
basis of the development of environmental policies
aimed at creating a sustainable nature management
system (Kochurov, 1999). For the first time, the
formula for assessing the ecological stability of the
landscape was derived by Slovak scholars E. Cle-
mentov and V. Heinig (Glukhovskaia and Evstifee-
va, 2016), and then actively used and improved by
B. Kochurov and others. Currently, there are differ-
ent approaches to the criteria and methods of envi-
ronmental assessment of the territory (Khryshchuk
and Bezpalko, 2013; lvan and Chebenova, 2016),
which is based on the ranking of land by nature and
the level of human impact. More often geoecologi-
cal estimation of the territory uses the coefficients
of anthropogenic impact, ecological stability and
natural protection of the territory (Bodrova, 2013),
which allow one to determine the degree of balance
of the land structure of the administrative-territorial
unit and reflect the stability of natural systems.
Unlike the index of tree cover and plowing area, the
coefficient of natural protection is integral and can
be used for a comprehensive assessment of the ter-
ritory (Kochurov, 2003). The calculation of a com-
plex integral indicator allows one to determine the
potential of the environment, that is, the natural
resource. The coefficient of ecological stability of
urban territory is one of the indicators that enable
one to evaluate the effectiveness of the existing
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system of greening of a town and to create a com-
fortable environment (Ivleva, 2015).

A common model of resource-preserving use
of nature was developed by B. Kochurov's concept
of ecological and economic balance of the territory,
focused on balanced and environmentally safe terri-
torial development taking into account specific
landscape-environmental conditions (Kochurov,
2003; Minnikov and Kurolap, 2013). It is believed
that the optimum ecological and economic status of
the territory is characterized by the ratio of relative
anthropogenic stress (Minnikov and Kurolap,
2013). An important element of the analysis of the
current use of land resources in a particular territory
is the definition of its anthropogenic transformation
based on the correlation of land of different func-
tional use in the general structure of the land fund
of the region (Khryshchuk and Bezpalko, 2013),
which is one of the most important components in
the development of measures for systematic ecolog-
ical management of the region, environmental poli-
cy and optimization of land use.

Comparative studies have different scales.
Most geoecological studies are devoted to the as-
sessment of the ecological balance of the regional
territories (Getmanskii, 2013; Glukhovskaia and
Evstifeeva, 2016, Khryshchuk and Bezpalko, 2013;
Orlova, 2006; Prus et al., 2017), the territory of
oblasts (Bodrova, 2013; Minnikov and Kurolap,
2013; Glukhovskaya, 2017), separate districts (Vo-
ronovich, 2016; Khryshchuk and Bezpalko, 2013),
to a lesser extent — the study of urban areas (lvleva,
2015; Kichata, 2013; Narbut and Mirzekhanova,
2016; Petrishchev and Dubrovskaia, 2013; Zibtse-
va, 2018).

Thus, there is a wide range of methods for
determining the stability of territorial complexes of
different rank, although, in our opinion, in essence,
they do not have a fundamental difference: all are
based on the definition of the quantitative (percen-
tage or absolute) ratio between the different degrees
of anthropogenic impacts on territories (ecological-
ly stabilizing and ecologically destabilizing ) or on
the determination of the share of economically sta-
bilizing territories in the total area of the object.
Unlike the post-Soviet space, we have not found
such a wide differentiation by the names of coeffi-
cients in the works of European researchers, where
they usually have the common name "coefficient of
ecological stability” (lvan and Chebenova, 2016).
We consider it expedient to try different approaches
to the possibility of their use for the assessment of
urban areas, which taken as a complex should im-
prove the quality of the analysis of the results.

The research is carried out within the frame-
work of development of conceptual foundations of
the system of green plantations in small towns of
Kyiv region in the context of ecologically balanced

development. The problems of sustainable devel-
opment of small towns are among the most impor-
tant issues discussed in the last decades by the
world and European community (Bilokon, 2008).
The majority of the population of the Kyiv region
(68.1%) lives in towns, twenty of them are small
towns (77%). This category is the most widespread
and least studied. Intensive urbanization (especially
in the metropolitan region) and the strategic course
on sustainable eco-balanced development make
research on the current state of small towns ex-
tremely relevant.

The purpose of the study is a comprehensive
assessment of the ecobalance of the territories of
three small towns of Kyiv region - Boyarka, Vysh-
neve and Irpin, with an analysis of the dynamics of
ecological stability of the territories in the system
of general planning.

Material and methods of research. For the analy-
sis of the ecological balance of the territories of
small towns, indicators of anthropogenic transfor-
mation and natural protection of the territory were
determined, namely: coefficients of anthropogenic
impact, anthropogenic transformation, nature con-
servation, environmental sustainability, ecological
stability, absolute and relative tension of the eco-
logical and economic condition of the territory of
towns. To calculate the indicators, statistical data
on the territory of towns (Form 6-Land) and public-
ly available data of the explanatory notes of the
recently developed Master Plans of towns were
used (Retrieved from http://boyarka-
inform.com/r_29 05 2014

plan.html; http://vyshneve-rada.gov.ua/files/rada/18
Ipz-gp-vyshneve.pdf; https://imr.gov.ua/for-
citizens/generalnij-plan).

The towns investigated - Boyarka, Vysh-
neve and Irpin belong to the category of small
towns, as their population is 34.6; 38.5 and 41.5
thousand people, respectively, i.e. not more than 50
thousand people. The towns are located in the cen-
tral part of the region, in the southwest direction
from Kyiv: Vyshneve — 1.5-2 km from the ring
road, Irpin — 15 km, Boyarka — 23 km (Fig. 1) and
are part of suburban metropolitan area. The towns
are characterized by the same geological conditions
(deluvial-eolian and eluvial deposits), in terms of
tectonic zoning they are located on the Ukrainian
shield, on the Kiev Plateau. According to agrocli-
matic zoning, the towns of Boyarka and Vyshneve
belong to the Kiev highland region (the Forest-
Steppe zone), and the town of Irpin — to the area of
Kyiv Polissya — territories of sufficient heat supply
and moderate humidification. Living condi-
tions for the towns of Vyshneve and Boyarka are
estimated as satisfactory, and for the town of Irpin
— as moderately favourable. Vyshneve can be de-
scribed as an industrial town, and Boyarka and
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Irpin — as multifunctional resort towns. According
to the General Plans, the territorial resources of the
towns within the existing limits are very limited:
vacant ter-ritories for construction are almost ab-
sent; the existing construction is very dense. The
proposals on prospective boundaries of towns fixed

in the Master plans provide for the inclusion of
additional territories at the expense of territories
administered by councils of the neighboring villag-
es. At the same time, the general plans declare the
creation of a clearer zoning of the territories of
towns and the rational use of land.
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Fig. 1. Scheme of the location of the researchedtowns in relation to Kiev and the configuration of their territories

In order to assess the degree of balance of the
territorial structure of towns, the integral indicators
described by S. Volkov (2001) are used: the coeffi-
cients of ecological stability of the territory, the
coefficient of anthropogenic impact. The assess-
ment of the environmental fund and the coefficient
of nature protection of the territory were carried out
according to the method of B. Kochurov (2003).
Types and categories of land in the general plans of
the towns did not always coincide with the methods
described, so the method of expert assessments of
land use received points in accordance with the
degree of anthropogenic transformation from low
(1 - water surface and the territory of the nature
reserve fund) to the highest (5, 6 or 10 points - in-
dustrial land). The coefficient of anthropogenic
impact was defined as the weighted average score
on the existing areas of land of a certain type of
land use and their relative scores; the coefficient of

Table 1. Scale of assessment of ecological stability of the territory

anthropogenic transformation of the territory - as
the ratio of the area of land to agricultural lands,
buildings and roads to the total area of the territory
(Kurhanevych & Shipka, 2012); the coefficient of
environmental sustainability of landscapes - as the
ratio of the area of stable elements of the landscape
to the unstable.

The ecological stability coefficient was calcu-
lated as the ratio of areas under different types of
land use, taking into account the relevant indices
(ecological significance of the categories of land
characterizing the impact of biotechnical elements
on the environment) for (Butrym, 2013; Glukhovs-
kaia and Evstifeeva, 2016) to the total area of the
land with an amendment for coefficient of morpho-
logical stability of the relief (0.7). The obtained
results were evaluated using the appropriate scale
(Table 1).

Coefficient of environ- . Coefficient of anthropogenic Level of anthropogenic
L Ecological state : :
mental sustainability impact impact
<0.33 Environmentally unstable 4.1-5.0 High
0.34-0.50 Weakly stable 3.1-4.0 Increased
0.51-0.66 Medium stable 2.1-3.0 Average
=0.67 Environmentally stable 1.0-2.0 Low
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In order to assess the ecological and econom-
ic balance, the level of anthropogenic impact (Al)
was initially determined, for which, based on expert
assessments, each type of land use, taking into ac-
count its ecological status, provided an appropriate
point. Then, based on the calculation of the anthro-
pogenic impact (Al,), the level of Al for each terri-
tory was determined (Kochurov, 2003; Panchenko
and Dyukarev, 2015) by the formula 1:

Al =ri3,, (1)

where r— the point of anthropogenic impact; S—
share of this category of land in the total urban
area,%.

The coefficients of absolute (K,) and relative
(K;) stresses of the territory were calculated as the
ratio of the area of land with high anthropogenic
impact to the area with lower impact by the formula
2:

_Ab (2)
Al

The value of the coefficient of absolute stress
on the territory Ksallows us to assess the situation
by "marginal” criteria. For a more detailed analysis
of the territorial balance according to the structure
of land use and the natural-ecological potential, the
ratio of the relative stresses of the territory K,was
calculated on the ratio of 3:

+
« A tAL +AL | -
f Ay +AL +AL

If K,is equal or closer to 1, then the ecologi-
cal and economic situation is estimated as balanced
by the degree of anthropogenic impact and the po-
tential of sustainability of nature. Territories which
experience a high degree of anthropogenic impact
have the lowest natural protection. If the area of the
lands included in the ecological fund with a mini-
mum Al are taken as P;, then the area of land with a
conditional assessment of the degree of Al in 2, 3
and 4 points will be respectively 0,8R,, 0,6R3, 0,4R,4
(areas of high point of Al are not included in the
calculation) (Kochurov, 2003). Thus, the total area
of land with environment and resource-stabilizing
functions (Ref) was estimated by the formula 4:

a

Ry =7 08R 061 047, @

where 0,8; 0.6 and 0.4 — corrective factors; P4, P,
P; and P4 — lands included into the ecological fund
with a conditional assessment of the degree of Al in
1, 2, 3 and 4 points.

For the integrated assessment of the territory,
the integral coefficient of natural protection (Kqp)
was used, which was determined by the formula 5
(Kochurov, 2003):

I:)ef

Knp :? ; (®)
where P — total area of the researched territory
(town).

The value of the coefficient of natural protec-
tion of less than 0.5 indicates a critical level of pro-
tection of the territory.For estimation of the
antrhropogenic transformation, the integral index
(the index of regional human transformation of
natural systems) of K. Hoffmann, specified in by
P. Shishchenko (1999) and Khryshchuk and
Bezpalko (2013) was calculated by formula 6. The
peculiarity of the calculation is to rank the land by
10 categories. In our studies in the towns there were
8 because no areas that belong according to the
method to rank 3 (swamps and wetlands) and rank
9 (reservoirs, canals). The areas of the ranks were
used in percentage indices and we calculated the
depth of landscape transformation.

n
~ . o, 8, =
(i (6)
100

In the formula: K~ coefficient of anthropo-
genic transformation; r— rank of anthropogenic trans-
formation of the territory by a certain type of nature
use; p - area of rank, %; a— index of depth of trans-
formation of landscapes; n— number of types within
the boundary of the region. In this technique, divid-
ing by 100 is used for ease of use of the values of the
coefficients. Each type of land use is assigned the
rank of anthropogenic transformation and the index
of the depth of transformation (Table 2), where the
residential housing development was interpreted as
rural, and multi-apartments — as a town.

Table 2. Ranks and indices of the depth of transformation of natural systems by different types of land use

Types of land use Rank of anthropogenic transformation Index of depth of transformation
Nature Reserve Territories 1 1.00
Woods 2 1.05
Swamps and wetlands 3 1.10
Hay fields 4 1.15
Gardens, vineyards 5 1.20
Arable land 6 1.25
Rural building 7 1.30
Urban development 8 1.35
Water reservoirs, canals 9 1.40
Industrial use land 10 1.50
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Taking into account the considerable range of
oscillations of the Ky, a five-tier scale of its inter-
pretation is used (Table 3), the content of which

Table 3. Scale of anthropogenic transformation of a landscape

was the assessment of the ecological state of the
landscape, as well as the classification of the eco-
logical and economic status of the territory.

The value of the coefficient of anthropogenic-technogenic

Category of anthropogenic-technogenic transformation of the

transformation Ky landscape
2.00-3.80 Low transformed territory
3.81-5.30 Transformed
5.31-6.50 Moderately transformed
6.51-7.40 Highly transformed
7.41-8.00 Excessively transformed

Correlation relations between the calculated
coefficients, as well as coefficients and share of the
environmental fund in the total area of urban areas
are established.

Results and their analysis. According to (Butrym,
2013), the built-up lands occupy 5.6% of the terri-
tory of the region (in 2010, together with the town
of Kyiv) in the structure of the modern land use

of the Kyiv region, and they are one of the most
complex and most intensively growing types of
anthropogenic landscapes.

Ranking of land use of the territory of the re-
searched towns by the degree of anthropogenic
impact is given in Table. 4, and the percentage of
the modern and planned structure of urban lands by
the degree of anthropogenic impact is illustrated by
Fig.2.

Table 4. Classification of land by the degree of anthropogenic impact

Fig. 2 indicates that the territory of the town
of Irpin is the most balanced: in addition to the
lands ranked at 1 point, which make up 3.3% of the
total territory of the town, the remaining ranks
make up almost equal proportions- from 22.7 to
26.2% of the urban territory. According to the
planning, the area of land of grade 3 (due to towns
and other lands) will be significantly reduced
(down to 0.8%), the area of land of rank 4 will in-
crease (from 24.5 to 32.3%) and the percentage of
land of rank 1 will increase to 12.6 % due to the
expansion of the lands of the nature reserve fund.
As a negative phenomenon from the point of view
of the ecological balance of the territory, one can
consider the prospective growth of the area of terri-
tory under heavy anthropogenic pressure ( ranks 4
and 5) from 50.7 to 57.0%.

Types and categories of . Boyarka Irpin Vyshneve
Point K*
land now plan now plan now plan

Residential apartment 5 437 1255 51.2 148.2 96.8 213 0.05
buildings
Houses with gardens 4 426.0 567.5 724.3 909.8 67 97 0.5
Enterprises, institutions, 5 111.1 170.0 260.4 372.4 438 124 0.05
establishments
Landscaped territories of 4 1856 84.6 30.0 106.6 48 62 0.43
general areas of use GU**
Streets, roads, squares 5 186.0 221.0 145.7 246.0 102.1 237 0.03
Industrial area 6 64.7 167.5 101.3 109.0 105 125 0.03
Municipal and warehouse 5 190 200 0.03
Recreation bases 4 106.2 146.0 0.05
Garden societies 4 161.0 44.6 46.6 35.6 0.43
Cemeteries 3 4.8 4.8 19.8 30.0 0.7
Waters, nature reserve fund 1 10.9 10.9 122.4 466.0 0.5 2 0.79
Beaches, gardens, swamps, 3 12.3 12.3 820.7 34.1 0.1
other
Other green plantations 2 61.7 262.1 1098.5 60 91 1
Woods 2 21.2 1718.2 962.0 0.38
tF;Lor;rs with start of construc- 5 3145 370 0.03
Total 1122 3389 3705.1 3705.1 704.1 1151

Note: K * is the coefficient of ecological significance of the territory (Volkov, 2001; Glukhovskaia & Evstifeeva, 2016); GU ** - landscaped territories of gener-
al use. In the town of Boyarka, in the category of "garden societies", taking into account the real specifics of the territories, the territory of the forest research station, the
state institution "Ukrcentrcadrilliss”, and the college garden are also classified. In the town of Irpin, the category of "recreation centers" includes the resort and recreational

areas, and the category of "garden societies" includes agricultural areas.
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Fig. 2. Contemporary (a) and planned (b) structure of urban lands by the degree of anthropogenic impact (1 - 5 points), %

On the territory of Boyarka, 90.1% of the
lands are currently under heavy anthropogenic im-
pact (ranks of land with 4 or 5 points), with rank 4
being the most widespread category of land (54%
of the territory), due primarily to the significant
area of built- up land . The lands of rank 1 occupy
only 1% of the town’s territory. In the long term,
according to the decisions of the general planning
(according to which the town’s area is three times
larger, and the area of the attached forest is 1.5
times greater than the town’s area at the time of the
last master planning), the territory of the land of
rank 2 will increase to 58.4% mainly due to the
increase in the area of forests and the category
"other green plantations". The percentage of land of
rank 4 and rank 5 is redu-ced ( to 20.2% and 20.6%
respectively), but at the same time the percentage of
land ranked at 3 points will decrease (to 0.5) and
the percentage of land ranked at 1 point will de-
crease by almost three times (from 1 to 0.3%) . In
general, for the overall urban area, such shifts ap-
pear to be positive.

The worst situation with the distribution of
land is on the territory of the town Vyshneve . Both
now and in the future, the most common category

of land is the land rank with 5 points, the area of
which is set to increase in the future (from 76.5 to
78.1%), primarily due to the expansion of land for
businesses, streets and squares, apartment build-
ings. The increase in the area of land rank with 4
points (from 10.2 to 13.8%) will occur due to the
creation of green spaces for general use. The area
of land-ranking 1 point will increase to 0.2% and
the area of land rank with 2 points in the structure
of urban areas falls from 8.5 to 7.9%, although in
absolute terms this category of land area increases.
Thus, despite the planned expansion by 1.6 times in
the territory of Vyshneve town, according to the
general plan this transformation will be accompa-
nied by a further increase in anthropogenically im-
pacted territories with ranks of 4 or 5 points and
bringing their area in the structure of urban land
from 86.7 to 91.9 %, and the share of land in the
rank of 5 points will increase from 76.5 to 78.1%.
Thus, the cardinal expansion of the town’s territory
will be accompanied by a deterioration and lead to
an environmentally unbalanced town territory. The
calculation of the area of the environmental fund of
urban areas is shown in Table 5.

Table 5. Calculation of the total area of the ecological fund for the territories of research small towns

The area of the ecological fund of small towns, ha
Coefficient Points Boyarka Irpin Vyshneve
now plan now plan now plan
0.4 4 605.6 696.7 907.1 1198 71.8 159.0
0.6 3 17.1 17.1 840.5 30.0 34.1 0
0.8 2 82.9 1980.3 962.0 1098.5 60.0 91.0
1 1 10.9 10.9 122.4 466.0 0.5 2.0
Total area, ha 1122.0 3389.0 3705.1 3705.1 704.1 1151.0

We have calculated the coefficients of natu-
ral protection of the territories of towns at the time
of development of their master plans and decisions
of prospective general planning, which have the
following values:

Boyarka: Kn,= (10.9+66.32+10.26+242.24)/
/1122.0=329.72/1122.0=0.294;

Boyarka (plan): Kn,= (10.9+1584.24+10.26+

+278.68)/3389.0=1884.08/3389.0=0.556;

Irpin: Kn,= (122.4+769.6+504.3+362.84)/
/3705.1=1759.14/3705.1=0.475;

Irpin (plan): Kq,= (466.0+878.8+18+479.2)/
/3705.1=2112.0/3705.1=0.570;

Vyshneve: K, = (0.5+48+20.46+28.72)/
/704.1=97.68/704.1=0.139;

Veshneve (plan): Ky,= (2.0+72.8+0+63.6)/
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/1151.0=138.4/1151.0=0.120.

The course of calculating the coefficients of
anthropogenic transformation of urban areas is
shown in Table. 6

Table 6. Calculation of the coefficients of anthropogenic transformation for the territory of the researched towns

Area, %
Index of drigttri]ocr)]f transfor- Rank Boyarka Irpin Vyshneve

now plan now plan now plan
1.50 10 22.34 11.46 6.67 9.58 56.40 48.82
1.35 8 13.80 8.72 19.76 18.99 19.97 29.28
1.30 7 37.96 16.75 19.55 24.55 9.52 8.43
1.25 6 1.10 0.36 22.15 0 4.84 0
1.20 5 16.01 3.81 2.07 3.84 0.68 5.39
1.15 4 0.43 0.14 0.53 0.81 0 0
1.05 2 7.39 58.44 25.97 29.65 8.52 7.91
1.00 1 0.97 0.32 3.30 12.58 0.07 0.17

Table 7 contains the values of the calculated
eco-geographical indices for the territories of there-

searched small towns and their approximate estima-
tion relative to the norms.

Table 7. Eco-geographical coefficients of territories of the researched small towns

Coefficient Boyarka Irpin Vyshneve Norm
now plan now plan now plan

Anthropogenic impact 4.24 3.07 3.46 3.42 4.69 4.73 <3
Anthropogenic transformation 0.91 0.41 0.71 0.58 0.91 0.92 <0.65
Environmental sustainability of the 0.09 1.42 0.41 0.73 0.09 0.09 >1.01
landscape
Ecological stability of the landscape 0.24 0.27 0.19 0.39 0.12 0.12 >0.67
Natural protection of the territory 0.29 0.56 0.47 0.57 0.14 0.12 20.5
Absolute tension of the EEST* 5.94 15.37 0.82 0.23 210 62.5 1
Relative tension of the EEST* 18.94 1.58 1.72 2.94 13.80 28.26 1
Anthropogenic transformation 9.52 5.68 7.30 6.74 12.07 11.74 2.00-3.80
Avrea of the ecological fund,% 294 55.6 47.5 57.0 13.9 12.0 57-70

Note: EEST * - the coefficient of ecological and economic status of the territory.

According to O. Shevchenko (2005), the
land-resource potential of the Kiev region is de-
creasing, which negatively affects the quality and
quantity of other natural resources. At the same
time, during the period from 2008 to 2014, the area
of built-up land increased by 12.6 th.ha , by 0.5%
and amounted to 4.8% of the total area of the re-
gion. It is noted that the Kyiv region has low indi-
cators on the level of providing land for recreation-
al purposes and natural and recreational resources
(the share of land for recreational purposes does not
exceed 0.1%) and re-quires the introduction of en-
vironmental principles of recreational nature man-
agement (Poltavets, 2013).

Among the priority directions of the devel-
opment of the territory of the suburban zone of
Kyiv, which includes the territory of the researched
towns, the general planning presupposes the preser-
vation of a common landscape and recreational
system of green spaces, at the same time it is
planned to relocate a number of industrial enter-
prises outside Kyiv, in particular resource-intensive
and ecologically harmful, to use the territory of the
suburban area for the placement of residential low-
rise and multi-storey buildings, communal, indus-
trial, transport and warehouse facilities, which can
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lead to admiral urbanization of territories. In partic-
ular further urbanization of Vyshneve and Boyarka
, is foreseen as centers of neighboring district set-
tlement and recreation systems
(http://kievgenplan.grad.gov.ua/ua/tekstovi
-materiali/15-generalny-plan/76.html).

According to Y. Bilokon, the general plans
of small towns should be directed, first of all, to
search for territorial resources to increase their sus-
tainability and attractiveness for business and tour-
ism, strictly limiting the sources of environmental
and technological danger (Bilokon,2008); in this
case, small towns in the future can become the ba-
sis for harmonization of social life, social stability
and cultural revival of our society.

Our calculations have shown that the coeffi-
cient of anthropogenic impact of the researched
small towns currently corresponds to the mean val-
ue in the region of 3.4 only for the territory of Irpin
and is moderate, and for the other two towns, espe-
cially for Vyshneve, significantly exceeds the mean
value in the region and corresponds to a high anth-
ropogenic impact. For comparison, the magnitude
of the anthropogenic impact coefficients for other
small towns of Kyiv region — Ukrainka and Obuk-
hov - is respectively 2.78 and 3.66, and for the pre-
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viously investigated historical town of Vyshhorod —
3.71, which corresponds to the elevated level. Rea-
lization of the planned measures for the researched
towns will allow reduction of the anthropogenic
impact on the territory of Boyarka (to a moderate
level) and also to some extent in the territory of
Irpin, but will to some extent raise the already high
anthropogenic impact on the territory of Vyshneve.

High values of the coefficient of anthropo-
genic transformation and low coefficient of envi-
ronmental sustainability of the landscape (pro-
nounced instability) are characteristic of the current
state of Boyarka and Vyshneve. Improvement of
the prospects for Boyarka will take place through
the expansion of the town’s territory by three times
(encompassing mostly adjacent forest lands), result-
ing in the Boyarka territory being characterized as
conditionally stable. The territory of Irpin will re-
main unstable, but the situation with this indicator
will improve almost twice. For Vyshneve, improv-
ing the situation in the calculation period (until
2030) is not expected, and anthropogenic transfor-
mation will increase.

The ecological stability of the landscape in
the existing boundaries of the towns varies from
0.12 (Vyshneve) to 0.24 (Boyarka), that is, the ter-
ritories of all towns are environmentally unstable.
In the long run, only the territory of Irpin will be-
come unstable. For the territory of Vyshneve this
indicator will not improve its position.

The total area of the environmental funds of
the towns is currently 13.9% of the urban area of
Vyshneve, 29.4% of Boyarka and 47.5% of the
territory of Irpin, which according to the data (Pol-
tavets, 2013) accounts for 15.39% of the regional
land for recreational purposes. According to the
general plans of the towns, the area of the environ-
mental fund of Boyarka and Irpin will approach the
optimal value and will accordingly be 55.6 and
57.0%. In Boyarka, such an optimization will take
place due to the expansion of the urban area (almost
1.7 th.ha of forests will be added), and in Irpin -
due to an increase of more than 0.3 th.ha of the
nature reserve fund area and the appearance of 1.1
th.ha other green plantations, which, however, will
be accompanied by the disappearance of 962 hec-
tares of forest lands. The area of the ecological fund
of Vyshneve, in spite of the 1.6 times expansion of
the town’s territory, and contrary to the declared
objective of ecologically balanced land use, will
decrease by 1.9% to 12.0%. The coefficient of natu-
ral protection of the territory is currently the most
critical for the territory of Vyshneve, although for
all three towns this is less than 0.5, which indicates
the critical level of protection of the territories of
the researched small towns within their existing
urban boundaries. In the case of general planning,

the coefficient of natural protection of the Boyarka
and Irpin areas will increase to 0.56 and 0.57,
which will correspond to high natural-ecological
potential and resistance to anthropogenic impacts.
Instead, the level of protection of the territory of
Vyshneve will remain critical, and the coefficient
of natural protection of the territory will deteriorate
from 0.14 to 0.12.

Thus, the current territories of the researched
small towns have a low degree of favourableness
(Voronovich, 2016) of the territory (in all cases , a
moderate or high anthropogenic impact is com-
bined with a critical value of the coefficient of natu-
ral protection).

Significant changes are observed in the abso-
lute and relative tensions of the ecological and eco-
nomic status of the territories of the researched
towns. At present, according to these indicators, the
situation is closer to the optimal one only in Irpin,
but in the long run even here it will sometimes de-
teriorate. The coefficient of absolute tension of the
ecological and economic status of the Vyshneve is
210 times the optimal value, but according to the
plan it is to be doubled, whereas the relative inten-
sity of the ecological and economic condition of the
territory will be halved in terms of the plan. The
relative intensity of the ecological and economic
condition of the territory is currently the highest for
Boyarka, but according to the plan it is most impor-
tant to approach the optimum value. The coeffi-
cients of relative anthropogenic stress indicate an
unbalanced ecological and economic condition of
the urban areas both at the present stage and in the
future. High values of the absolute ecological stress
factors indicate an unfavourable geoecological situ-
ation in the studied territories and justify the need
to create a stabilizing environment in the region
under research.

According to general planning, the coeffi-
cient of anthropogenic transformation of the territo-
ry will change from the excess to the average for
Boyarka, will remain high for Irpin and excessive
for Vyshneve, but with minor positive shifts in both
cases.

Between the area of the ecological fund with
calculated geoecological indicators (coefficients) a
rather high and mostly reliable correlation relation-
ship was determined: the coefficients of correlation
vary from 0.86 + 0.258; P = 0.95 (coefficient of
ecological stability of the landscape) and -0.67 +
0.370 (absolute tension of the ecological and eco-
nomic condition of the territory, the relationship is
unreliable) to -0.98 + 0.097; P = 0.99 (coefficient of
anthropogenic pressure), -0.99 + 0.082; P = 0.99
(anthropogenic transformation) and 1.00 (coeffi-
cient of natural protection of the territory). The
closest negative correlation is observed, naturally,
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between the coefficient of natural protection of the
territory and the coefficients of anthropogenic im-
pact and anthropogenic transformation (r = -0.99 in
both cases), and positive - between the coefficient
of anthropogenic impact and anthropogenic trans-
formation (r = 0.99).

Conclusions. The analysis of the territorial struc-
ture of the three small towns of Kyiv region indi-
cates the diversity of trends in the ecological bal-
ance of their territories and the feasibility of using
ecogeographic indicators in the system of general
planning in order to optimize prospective design
decisions. The town Irpin is characterized by an
average degree of environmental favourableness
and its territory is now ecologically more balanced.
The territories of Boyarka and Vyshneve have a
low degree of favourableness (high level of anthro-
pogenic impact and critical value of the coefficient
of natural protection). The analysis of the master
plan has shown that the ecological situation will be
dramatically improved in the territory of the town
of Boyarka due to the threefold expansion of the
town boundaries. Instead, the extension by 1.6
times of the boundaries of Vyshneve does not pro-
vide for improvement of the ecological balance of
the town. In order to ensure the sustainable devel-
opment of urban areas in general planning we con-
sider it expedient to take into account not only ur-
ban, economic and social, but also environmental
factors, to link them to a single principle of envi-
ronmentalization of territories. Proposed measures
in the general plans should ensure the strengthen-
ing of the natural basis of towns and increase envi-
ronmental sustainability, which is justified by cal-
culations of integral indicators: the factors of eco-
logical stability of the territory, anthropogenic im-
pact, natural protection of the territory.
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Received 01.05.2018: Abstract. In the present article the assumption that the design of the soil-like artificial
Received in revised f(’)rm 16.06.2018: body in zero-moment of existence determines the dynamics and trajectory of soil-
Accepted17.06.2018 forming process was tasted. It was shown that an important aspect of the experiment is

the search criteria that you can perform evaluation of the functional properties of the
generated structures depending on their organization. The study of the water infiltration dynamics from the soil surface is highly
informative non-destructive testing for evaluating the properties of the soil body. Studies showed that technosols as artificial creation
have fundamental differences between the natural soils for which the classic Philip equitation was proposed. Technosoils are porous,
but heterogeneous formations. The process of filtering in technosols is not laminar, periods of smooth water infiltration is outbreak
by disastrous water absorption. To simulate this process it was showed that the better results may be obtained due to originally mod-
ified Philip equitation. Specific constant C describes the dynamics of the infiltration process the early stages of the experiment and is
a specific indicator for technosols. In natural soils this constant is zero. The sorptivity of the pedozems was reveled to be depended
from the underlying layer. Organic components contribute to the formation of aggregate most of which is water resistant. Such for-
mations smooth density variation of clay soil resulting from swelling and shrinkage processes that can maintain stable structure of the
pore space. As a result, the soil after phytomeliorative rotation gets such features as reduced infiltration rate, but increased level of
filtration. The artificial mixture of clay has significant waterproof properties, which ultimately can lead to complete discontinuance
of water absorption by technosols. Waterproof properties of soil may increase the risk of water erosion of technosols. For technosoils
structural change of the pore space state are inherent in contact with water because hydrolabile units of their structure. Accordingly,
during the infiltration process there are significant changes in the course of the rate of filtration of water.

KnrouoBi cnoBa: KOH(NIKT, EKONOTiYHMIA CTaH, pU3nK, NOCTKOH(NIKTHMIA Nepioa, Typu3M.

3anexHicTb (PYHKLiOHa/IbHUX BIAaCTUBOCTEN MOAE/EN TEXHO3eMIB BifJ NMEePBUMHHOI CTPaTUr-
paii HacMnok

0. B. XXykos', K. . Macnikosa®

! IninpoBCbKMit HawioHanbHNiE yHiBepeuTeT iMeHi Onecst MoHuapa, np. Marapina, 72, 49000, [Hinpo, Ykpaixa, e-mail:
zhukov_dnipro@ukr.net

2[IHiNPOBCbKMI1 Aep>KaBHMii arpapHO-eKOHOMIYHMIA yHiBepCUTeT

Byn. C. EdpemoBa 25, M. [IHinpo 49600, YkpaiHa, e-mail: mkaterina@ukr.net

AHOTauis. Y faHiii cTaTTi 6yno nepesipeHe NPUMYLLEHHS MPO Te, WO KOHCTPYKLiS PYHTONOAiI6HOrO LUTYYHOrO TiNa y Hy/boBUiA
MOMEHT ICHYBaHHS BU3HAYaE AMHAMIKY i TPaeKTOpIto 'PYHTOTBIPHOMO MPOoLLecy B NpoLeci pekynbTuBaLii. Byno nokasaHo, Lo 0gHUM
3 HaliBX/IMBILLMX ACMEeKTIB eKCNEPUMEHTY € NMOLUYK KPUTEPITB, AKi Aat0Tb 3MOrY BUKOHATY OLHKY (DYHKLIOHa/IbHUX BAACTMBOCTEN
CTBOPEHMX CTPYKTYP Y 3a/IeXKHOCTI Bif TX opraHisauii. BUBY4EHHS MHaMiKM BOMPaHHS BOAW 3 MOBEPXHI FPYHTY € A0CUTb iHopMa-
TUBHUM IHCTPYMEHTOM A5 OLLiHKM BNACTUBOCTEN Tina rpyHTy 6e3 MOPYLUEHHS M0ro CTPYKTypu. [oCnimKeHHs NoKasanu, o TeXHOo-
3eMM SIK LUTYYHI YTBOPEHHS MaKOTb NPUHLMMOBI BiAMIHHOCTI Bif NPUPOAHUX I'PYHTIB, AN ONuCaHHS iHDiNAbTpayii aKnx 6yno 3anpo-
MOHOBaHe Knacu4He PiBHAHHA Pinina. TeXHO3eMMU € NOPUCTUMM, a/le FreTEPOreHHUMM YTBOPEeHHAMM. TMpoLec iHginbTpaLii TexHo3e-
MiB He € namiHapHWM, a nepioam rnagkoi iHpiNbTpaLii BOAM NepeprBatoThCA crasaxaMmm 3 KaTacTpogiuHUM NornMHaHHAM Bogun. Ans
imMiTauii Lboro npouecy 6yn0 NoKa3aHo, L0 HaiKpalli pe3ynbTaTyi MOXYTb BYTV OTpUMaHi y pe3y/nbTaTi OpuriHaibHO MoAMgiKoBa-
HOro piBHsHHA ®inina. CneyudiyHa ans moamdikauii KoHcTaHTa C onucye AMHaMiKy npouecy iHinbTpawil Ha paHHIX cTagisx
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EKCMEePUMEHTY i € 0CO6/IMBOI0 XapaKTEPUCTUKOK TEXHO3EMIB. Y MPUPOAHUX I'PYHTaX LS KOHCTaHTa 4OPiBHIOE HYMH0. byno nokasa-
He, L0 COPNTMBHICTb Mef03eMIB 3a1eXWTb Bif xapakTepy MigcTunalyoro wapy. OpraHivyHi KOMMOHEHTU CMPUAIOTb YTBOPEHHHO
arperaris GifibLUICTb 3 IKUX € BOAOTPUBKMMMW. TaKi YTBOPEHHS 3rNaipKyrTb 3MiHW LWiSIbHOCTI FAMHUCTUX IPYHTIB, AKIi BUHWMKaIOTb Y
pe3ynbTati HabyxaHHA Ta ycagku. Lli npouec MOXyTb NigTpUMYBaTK CTabifbHY CTPYKTYPY NOPOBOr0O NpocTopy. B pesynbTaTi, nicns
TOro, AK 'PYHT 3a3HaB Br/MBY (DiTOMeNiociBO3MiHY BiH HabyBa€e TaKMX XapaKTEPUCTUK, SIK 3HMKEHHS LLIBUAKOCTI iHDiNbTpauii, ane
NiABULLEHWIA piBeHb (inbTpauii. LLUTy4YHi cymilli 3 FMHM MatoTb 3Ha4HI BOAOTPMBKI BIACTMBOCTI, SIKi Y KiHLIEBOMY paxyHKY MOXYTb
NpW3BECTM O MOBHOFO MPUMMWHEHHSA MOT/IMHAHHA BOAWM TEXHO3eMaMWu. BOAOHENPOHWKHI BNACTUBOCTI IPYHTY MOXYTb 306i/bLUNTH
PV3MK BOAHOT epo3il TexHo3emMamu. [ns TEXHO3eMiB MpuTamMaHHi CTPYKTYPHi 3MiHW MOPOBOr0 MPOCTOPY MpY KOHTaKTi 3 BOAOHO,
TOMY L0 TX CTPYKTYpa npeacTaBnieHa NepeBaXHO HEBOAOTPMBKMMU arperatamu. BignosigHo, B npoueci iHginbTpauii BigdyBatoThCs

3HAYHi 3MiHM B NpoLeci WBMAKOCTI inbTpauii Boam.

Kntouosicnosa: TexHo3emu, iHiNnbTpauis, pekynbTusauis, cCTpaTurpadis KOHCTPYKLIN, piBHAHHS Pinina

Introduction. Soil is a transitional link from the
world of living nature in the world of the inanimate
nature, from the biosphere to the geosphere (Karpa-
chevsky, 1983). Soil linkages mechanisms with
other biogeoceonosis components and its main fea-
ture — fertility are determined by the migration and
transformation of matter and energy that occur in
the soil depth under the influence of the introduc-
tion and removal of biogenic and abiogenic sub-
stances (Kharytonov et al., 2018). Material-energy
metabolism of terrestrial biogeoceonosis in no
small degree depends on the physical condition of
the abiotic part of the soil (Karpachevsky, 2005).
The soil is a most conservative component of the
biogeoceonosis (Anderson et al., 1998). Its buffer
properties contribute to the preservation of specific
biogeoceonosis type, regulation of thermal and
water regimes in biogeoceonosis, toxic substances
neutralizing that are formed in biogeoceonosis dur-
ing his life (Heuvelink, Webster, 2001; Rode,
1984).

In biogeoceonology soil is considered as a
part of the internal environment converted by biota
(Kunah, 2016). Study of space-time variability of
the soils properties allowed to justify the concept of
soil ecomorphes as a part of biogeocenotic cover
(Zhukov, Zadorozhnaya, 2016). Soil ecomorphes
and other biogeocenotic ecomorphes demonstrate
regularly dynamics in the gradient humidity and
trophicity of soils (Zhukov, Shatalin, 2016). Hete-
rogeneous soil conditions are formed as a result of
small biological cycle and determined by key spe-
cies, creating the diversity of habitats (Zverkovskyi
et al., 2017). Features of soil as habitat create eco-
logical space for soil animals (Zhukov et al., 2016).
Soil fertility is closely linked to its morphological
characteristics, such as the color of the soil itself,
the depth of the humus layer, the density of soil
structure (Yakovenko, 2008). The soil is a hierar-
chical multi-level system, each level of which has
its own elemental structure (Fridland, 1972).

The gradual formation of morphological
structures is occurred in the technosols following
the soil formation process after the beginning of
their construction, which in the future will be con-
verted into genetic horizons, which are homologous
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genetic horizons of natural soils (Zadorozhna et al.,
2012). The formation of morphological organiza-
tion of the soil-like bodies leads to gain them func-
tional properties that approach them to natural soils
(Zabaluev, 2010). This trend is particularly impor-
tant in the context of agriculture reclamation which
has the goal of restoring the use of the land in agri-
cultural production (Bekarevich, 1971). You can
expect that under the influence of general soil-
forming factors over time the artificially created
soil-like bodies will obtain properties and structure,
similar to natural soils. But there remains an un-
known trajectory of this process and its duration in
time. Variable properties of technosols in space and
time can be estimated by a number of informative
and valuable indicators (Zhukov et al., 2016).

As a hypothesis can be considered the as-

sumption that the design of the soil-like artificial
body in zero-moment of existence determines the
dynamics and trajectory of soil-forming process.
An important aspect of the experiment is the search
criteria that you can perform evaluation of the func-
tional properties of the generated structures depend-
ing on their organization.
Materials and methods. At the research station of
the State Agrarian and Economic University a field
experiment with lysimeters, each of which contains
a special combination of rocks or chernozem-like
mass was started to test this hypothesis in the 1990s
(Fig. 1) (Zabaluev, 2010).

The design of technosolsmodels allow to
explore different options of soils combinations
(Figure 2). First of all, these monomodels which are
made up of only humus material, loess-like loam,
reddish-brown clay and loam. Application of hu-
mus material is quite natural, since it is by defini-
tion is the most fertile and suitable for agricultural
use. To some extent, such an option can be consi-
dered as control. But the formation of a powerful
layer of humus mass does not solve all the prob-
lems of reclamation. During technological actions
the humus mass properties change significantly so
this mass cannot be considered as identical to ge-
netic horizons of natural soil or agrozems.
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Fig. 1. Experimental lysimeters to determine the optimal technosols stratigraphy on bioecoloical research station of the Dnipro State
Agricultural and Economic University (Pokrov city, Dnipropetrovsk region, Ukraine)

The most important trend of such mass trans-
formation due to reclamation technological actions
is a dehumification. In addition, artificially created
layers do not possess constructive strength. This
aspect effects considerably on the progress of phys-
ical, chemical and biological processes in the tech-
nosol. Hence the dynamics of the monomodels with
humus material are needed to be investigated. It
should be added that the volume of humus material
is limited. In this connection there is a need to con-
struct technosols from rocks that are not phytotoxic
and have the property fertility (Bekarevich, 1971).
In this regard monomodels from rocks should also
be regarded as basic. The technological mix of rock
in which there is no a horizontal stratification can
be seen as monomodel. Indeed, categories such as
"blue-green clay", "loess-like loam™ or "red-brown
clay" is also a technological mixture with predo-
minance of visual components on which such a
mixture is named.

More complex models emphasize the idea
that influence on the technosol properties may be
down by using a combination of different compo-
nents. These are pedozem variants (humus material
from genetic horizons of the chernozems disturbed
by mining development is applied for their forma-
tion) based on various rocks such as loess-like
loam, clay gray-green, red-brown clay and loam. In
such models an important aspect of varying is a
thickness of the humus layer. Naturally, humus
material is always placed on the technosol surface.

More complex models (three- or more com-
ponent) attract interest, or with a vertical repetition
layers in two-component models and their combi-
nation (regular repetition of two-component model,
which is located on the third type of rock). Tree-
component models are usually such that have the
goal to create water-proof or waterborne layer (the

so-called water-accumulative models) (Zabaluev,
2010). The origin of the rocks for reclamation may
also be variable. Rocks can be taken directly from
the of career side or after exposure to phytomeliora-
tive rotation. The study of the water infiltration
dynamics from the soil surface is highly informa-
tive non-destructive testing for evaluating the prop-
erties of the soil body.

Optimal infiltration intensity must be accom-
panied by favorable performance stability over
time, which affects the coefficient of permeability.
This coefficient, which exceeds 1.5, does not guar-
antee against the floating of the soil surface and the
subsequent formation of crusts even after a short
intense downpour (Medvedev et al., 2011). The
resulting dynamic curves along with a high resolu-
tion differential ability are ecologically relevant,
that reflect the properties of the soil as the habitat
of living organisms. Important aspects water infil-
tration parameters are absolute levels of infiltration
and filtration and extinction coefficient of the soil
permeability.

Studies shown that technosols as artificial
creation have fundamental differences between the
natural soils for which the classic Philip equitation
was proposed. Technosoils are porous, but hetero-
geneous formations. The process of filtering in
technosols is not laminar, periods of smooth water
infiltration is outbreak by disastrous water absorp-
tion. To simulate this process it was showed that
the better results may be obtained due to the more
complicated model:

Q=S, t/2+A, t+B,
where B is additional constant. Modeling done in
Statistica 7.0 program in module User-Specified
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Fig. 2. Stratigraphy of the technosol models (1-57)

Legend: CH — chernozem-like humus mass; GGCc — gray-green clay from the career side; GGCp, — gray-green clay after phytome-
liorative rotation; LLL+RBC - technical mixture of loess-like loam (50%) and red-brown clay (50%); LLLc — loess-like sandy loam
from the career side; LLLp, — loess-like sandy loam after phytomeliorative rotation; Ps — sand; RBC¢ — red-brown clay from the
career side; RBCpy, — red-brown clay after phytomeliorative rotation; RBLpy, — red-brown sandy loam after phytomeliorative rotation.

Regression, method of least squares with Gauss-
Newton estimation method.

Results and discussion. The Philip’s equa-
tion constant is equal to zero. For some technosol
models this constant is not statistically significantly
different from zero (Table. 1). But constant often

takes a negative value. Negative constants indicate
the presence of some moisture absorption inhibition
in the early stages, or a slower process than is typi-
cal for the whole study period. Arguably, air locks
can cause slow moisture absorption at the begin-
ning of the infiltration process.

Table 1. Codifying of the technosol models and Philip’s equation parameters

(bold showing coefficients significant with p< 0.05)

Models code Philip’s equation parameters
Upper layer underlying layer Origin S A B
CH CH C 207.44+77.06 52.86+33.81 43.60+40.28
CH CH C 539.61+149.62 75.66+61.33 -120.20+83.76
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No Models code Philip’s equation parameters
Upper layer underlying layer Origin S A B

3 CH CH c 465.09+92.87 106.32+31.50 -147.11+63.71
4 CH LLL C 746.42+96.46 6.53+33.41 -160.95+64.36
5 CH RBC c 287.05+45.21 69.68+15.66 —60.93+30.18
6 CH GGC C 366.62+133.48 233.30+46.13 -50.76+89.36
7 GGC GGC c 1044.83+54.20 -152.89+16.46 -164.21+41.61
8 GGC GGC c 1096.32+38.06 -130.29+13.93 -191.13+23.95
9 GGC GGC C 1070.58+46.13 -141.59+15.19 -177.67+32.78
10 RBC RBC c 753.81+119.60 178.96+43.60 -139.48+75.55
11 RBC RBC C 30.27+4.66 0.66+0.07 -364.85+73.31
12 RBC RBC C 1272.36+98.86 9.68+35.84 —327.95+62.94
13 LLL RBC C 422.04+29.61 0.78+11.28 -169.76+17.71
14 LLL LLL C 487.11+45.14 68.82+15.02 -102.3631.09
15 LLL LLL c 657.95+68.83 34.81+25.61 -190.68+42.24
16 LLL LLL C 939.41+99.74 —39.03+37.12 —231.03+61.20
17 CH PS Ph 198.02+70.08 285.36+27.28 —72.27+41.98
18 CH PS Ph 236.82+78.44 258.07+31.44 —23.13+45.41
19 CH PS Ph 105.27+66.89 265.26+26.50 —70.72439.17
20 CH PS Ph 52.07+81.90 373.80+33.71 42.85+45.96
21 CH PS Ph 138.06+96.09 164.88+39.17 32.87+53.91
22 RBC RBC Ph 430.40+102.96 116.77+46.12 —126.72+52.88
23 RBC RBC Ph 548.57+171.28 141.63+76.64 -129.87+88.07
24 RBC RBC Ph 564.21+191.12 62.87+85.54 —269.93+98.27
25 GGC GGC Ph 1681.36+151.94 —20.59+55.55 108.00+93.82
26 GGC GGC Ph 1427.78+70.55 —144.43+25.73 —89.26+43.77
27 GGC GGC Ph 1781.61456.96 -131.14+20.77 -129.39+35.34
28 KBL KBL Ph 1254.28+94.84 165.69+35.70 455.28+57.54
29 KBL KBL Ph 184.21+65.54 82.82+31.77 218.99+31.01
30 LLL LLL Ph 81.69+73.48 170.01+33.45 44.18+37.71
31 LLL LLL Ph 218.03+107.61 144.25+48.97 15.85+55.23
32 LLL LLL Ph 144.66+71.86 113.02+32.91 56.34+36.64
33 CH PS Ph 351.73+56.92 13.69+30.15 743.10+24.40
34 CH PS Ph 637.60+80.35 88.46+42.29 830.13+34.79
35 CH PS Ph 856.23+44.24 3.60+16.95 82.16+26.43
36 GGC PS F 1716.95+87.25 —255.00+34.04 152.95+50.46
37 LLL PS F 793.88+90.60 —33.72439.75 —246.83+48.03
38 LLL PS F 691.96+134.18 —82.65+58.87 —274.54+71.14
39 GGC PS F 1122.74+87.66 -179.01+38.46 —423.49+46.47
40 CH PS F 981.00+119.59 —71.00452.47 —386.19+63.41
41 CH PS F 955.40+237.58 42.22+102.31 —375.05+128.66
42 CH PS F 969.24+238.80 45.09+102.84 —386.05+129.32
43 CH LLC+PS+GGC c 498.32+54.12 209.02+17.24 —238.78+39.46
44 CH LLC+PS+GGC c 832.41+55.60 —21.25+17.71 —341.71+40.54
45 CH LLC+PS+GGC C 513.57+30.57 47.02+9.74 -146.80+22.29
46 CH LLC+PS+GGC c 802.84+41.84 12.27+13.33 —295.01+30.51
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No Models code Philip’s equation parameters
Upper layer underlying layer Origin S A B

47 CH LLC+PS+GGC c 606.49+28.60 50.1849.11 -150.16+20.85
48 CH LLC+PS+GGC C 267.68+15.97 73.7745.09 —95.58+11.65
49 CH LLC+PS+GGC c 945.82+63.05 —42.66+20.09 —394.48+45.97
50 CH LLC+PS+GGC C 534.39+23.65 25.48+7.53 -106.98+17.24
51 CH LLC+PS+GGC c 221.55+19.15 130.30+6.10 4,37+13.96
52 CH LLC+PS+GGC c 334.46+30.83 34.43+12.86 -15.98+17.21
53 CH LLC+PS+GGC C 333.08+22.58 11.59+9.42 14.24%12.60
o4 CH LLC+PS+GGC c 356.31+36.34 54.98+15.16 —36.59+20.29
55 CH LLC+PS+GGC C 112.43+32.20 155.44+13.63 —39.93+17.62
56 CH LLC+PS+GGC c 337.78+54.87 138.58+23.23 -59.10+30.02
57 CH LLC+PS+GGC C 256.95+12.07 58.89+5.11 —93.81+6.60

Legend: CH — chernozem-like humus mass; GGC — gray-green clay; RBC — red-brown clay; LLL — loess-like sandy loam;
KBL - red-brown loam; PS — sand; LLC+PS+GGC —successive layers of relevant soil; F — from agricultural fields; Ph — after

phytomeliorative rotation; C — from the career side

The sorptivity of the pedozems (technosol
with bulk humus chernozem-like material) depends
from the underlying layer (F = 2.06, p = 0.07). If
the analysis to remove information about the loess-
like loam, the influence of the underlying rocks on
the sorptivity loses the statistical significance (F =
0.57, p = 0.68). Thus, the use loess-like loam as
underlying layer increases the sorptivity to the level
of 746.4 + 25.8 cm/vhours. The sorptivity is 459.6
+ 18.1 cm/Vhours in case of application as underly-
ing layer of all other tested types of substrates. The
influence of the underlying rocks on the filtration
intensity is statistically significant in a steady state
under conditions of use in the upper layer of the
chernozem-like mass (F = 13.47, p< 0.01). Most
contribute to the increase of the A coefficient such
bulk material as the sand (139.3 + 12.0 cm/vhours)
and gray-green clay (145.1 + 8.5 cm/vhours). Ap-
plication of complex substrate with successive hete-
rogeneous layers LLC+PS+GGC, which is similar
in the properties to the waterproof horizon, reduces
the filtration intensity to a level 58.7 + 3.7 cm/V
hours. Except for specified substrates, the other
substrates are not different in its influence on the
filtration intensity (F = 0.37, p = 0.69). The appli-
cation of homogeneous monomodels of chernozem-
like mass, or loess-like loam or red-brown clay
forms technosols for which filtration rate is 77.4 £
4.7 cm/Vhours.

Constant C describes the dynamics of the in-
filtration process the early stages of the experiment
and is a specific indicator for technosols. In natural
soils this constant is zero. In technosols constant C
is statistically significantly depends on the charac-
teristics of the underlying substrate in pedozems (F
= 7.48, p<0.01). Constant C for sand is not statisti-
cally significantly different from zero. Other sub-
strates lead to negative values of constant C. The
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lowest value of constant C is typical for loess-like
loam (-256.9+32.5 cm/vhours). Other substrates do
not differ in their impact on this parameter (F =
0.98, p = 0.40). They coefficient C of the modified
Philip equation is =105.6 + 6.5 cm/vhours. Parame-
ters of the modified Philip equation for the water
infiltration dynamics of technosols models with
gray-green clay in the upper layer are depend from
the underlying rock. Sorptivity is statistically sig-
nificantly higher if the underlying rock is sand
compared with homogeneous model (F = 12.94,
p<0.001).

Sorptivity of the technosols with sand is
1497.5 + 58.4 cm/Vhours and for homogeneous
technosols this constant is 12551 + 33.7
cm/vhours. The considerable sorptivity of the sur-
face substrate composed of gray-green clay allows
to quickly get the water during infiltration into dee-
per layers. The infiltration speed of grey-green clay
rapidly decays as a result of water nonresistant
structure of this substrate. In technosols, where
there is a subsoil layer of sand, the rate of infiltra-
tion is maintained at a high level, more time than in
monomodels. As a consequence will likely sorptivi-
ty of the technosols with sand as the subsoil layer is
higher than in the case of monomodels with com-
pletely gray-green clay as the subsoil layer.

Sorptivity of the technosols with loess-like
clay is statistically significantly depends on the type
of subsoil layer (F = 14.85, p<0.001). The differ-
ence is statistically significant, depending on the
texture of the underlying rock. If the sand as the
underlying rock, the sorptivity is significantly high-
er (771.5+£56.6 cm/vhours) than for rock texture
which content more clay fraction. The difference of
sorptivity between the loess-like loam and technol-
ogical mixture of the loess-like loam and red-brown
clay is statistically not significant (F = 0.01, p =
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0.99). Sorptivity for them is 421.1+88.1 cm/vhours.
Substrate origin for monomodels affects considera-
bly on the technosols infiltration rate (F = 37.00,
p<0.001). Loess-like loam from career side is cha-
racterized by much higher sorptivity (585.3£38.1
cm/V hours) than the substrate after phytomeliora-
tive rotation (256.9+38.1 cm/vhours). Thus, phy-
tomeliorative rotation significantly affects on the
water properties of rock. This effect most likely is
due to enrich the soil as organic matter in the form
of humus and half-decayed organic residues.

Organic components contribute to the forma-
tion of aggregate most of which is water resistant.
Such formations smooth density variation of clay
soil resulting from swelling and shrinkage
processes that can maintain stable structure of the
pore space. As a result, the soil after phytomeliora-
tive rotation gets such features as reduced infiltra-
tion rate, but in-creased level of filtration. The level
of filtering, which affects quantitative parameter A
in the Philip equation is significantly higher com-
pared to loess-like loam for technosol with sand as
the underlying rocks and technological mixture (F
= 37.6, p<0.001). Coefficient A for monomodels of
loess-like loam is 74.9£12.6 cm/vhours. Coefficient
A is statistically significantly not different from
zero (-25.8+21.8 cm/vhours) in variant with sand
as subsoil layer. This indicates that Philip classic
version of the equitation can be applied for simula-
tion of infiltration process this model of technosol.
Coefficient A takes a negative value (-73.0+12.6
cm/vhours) for technological mixtures of rocks as
underlying layer, indicating that the decay of the
filtering process takes place during the entire period
of the experiment. In this regard the option of a
complete cessation of water filtration can not be
excluded.

Thus, the artificial mixture of clay has signif-
icant waterproof properties, which ultimately can
lead to complete discontinuance of water absorp-
tion by technosols. It should be noted that in the
state of water saturation of soils are in autumn and
winter and early spring, just when there is the
greatest rainfall and soil moisture absorption func-
tion is essential for storing water to be used during
the growing season. Also waterproof properties of
soil may increase the risk of water erosion of tech-
nosols. The filtration properties of loess-like loam
are improved significantly (F = 28.3, p<0.001) after
being under phytomeliorative crop rotation. Loess-
like loam from career side is characterized by filter-
ing coefficient A 45.4+7.9 cm/vhours and after
phytomeliorative rotation this coefficient is set to
104.5+7.9 cm/vhours.

The infiltration dynamic of loess-like loam
on the initial stage is substantially depended from
the underlying rocks (F = 31.2, p<0.001). The

highest value of constant C is reveled for monomo-
del with loess-like loam (-68.8+16.3 cm/vhours),
and the lowest is for model with sand as the under-
lying rocks (—330.3+28.8 cm/vhours). Origin of the
loess-like loam also effects on the value of the coef-
ficient C (F = 252.8, p<0.001). It describes the dy-
namics of moisture absorption in the first period of
the experiment. For soils from career side coeffi-
cient C is negative (-176.4+9.6 cm/vhours). This
indicates a certain level of "plateau” in infiltration
rate that compensates for the extremely high level
of infiltration in the early stages. Philip equitation
provides infiltration dynamic modeling with mono-
tonous decrease in the rate of water infiltration
through the soil surface. This dynamic occurs under
conditions of a certain level of stability of soil pore
space. For technosoils structural change of the pore
space state are inherent in contact with water be-
cause hydrolabile units of their structure. Accor-
dingly, during the in-filtration process there are
significant changes in the course of the rate of fil-
tration of water. Coefficient C allows Philip equa-
tion to be a more flexible. Negative coefficient C
indicates that in the infiltration early stages the
decay of the water penetration rate into the soil
occurs. The positive coefficient C indicates that the
first portion of the water is absorbed with extremely
high speed, then the process is relevant to the pre-
conditions under which can be described by the
Philip equation. Thus, the dynamics of water ab-
sorption in the early stages of the process are consi-
derably different for loess-like loam depending on
their origin.

Red-brown clay and loam are statistically
significantly different in characteristics of sorptivity
(F =19.9, p<0.001). The highest sorptivity is found
for red-brown clay from career side (630.2+35.6
cm/Vhours). This coefficient is somewhat lower for
red-brown clay after phytomeliorative rotation
(514.4+35.6 cm/vhours) and is the smallest for red-
brown loam (294.3 + 61.7 cm/vhours). Thus, the
clay is more sorptive compared with loam. Being
under phytomeliorative crop rotation reduces this
parameter.

Parameter A indicating the filtering intensity
of technosols. By this measure technosols are statis-
tically significantly different (F = 26.4, p<0.001).
The highest filtration rate is characteristic for clay
after phytomelioration (128.5+10.4 cm/vhours). A
similar value is inherent for parameter of technosols
with loam (108.1 + 17.4 cm/vhours). The lowest
coefficient A is fixed for clay from career side
(29.8+£10.0 cm/vhours). Thus, loam filtration prop-
erties are better than clay and phytomelioration can
significantly improve the filtration properties of
clays and bring them to the level of loam.

405



0. V. Zhukov, K. P. Maslikova

Journ.Geol.Geograph.Geoecology, 27(2), 399-407

The dynamics of infiltration at the start of
process is characterized by a parameter C. As it
technosems are statistically significantly different
(F = 205.5, p<0.001). Reddish-brown loam is cha-
racterized by a positive value C (44.2+32.3
cm/vhours). For clay is typical negative value of
this parameter. For clay from career side coefficient
C is the lowest (—289.1+20.1 cm/vhours), and is
little more for clay after phytomelioration (-
169.1420.1 cm/vhours). Negative coefficient C
corresponds to an intense process of infiltration,
accompanied by sporadic infiltration failure. A
positive coefficient is characteristic of the failed
infiltration in the first time of experiment.
Conclusion. The study of the water infiltration
dynamics from the soil surface is highly informa-
tive non-destructive testing for evaluating the prop-
erties of the soil body. Studies showed that techno-
sols as artificial creation have fundamental differ-
ences between the natural soils for which the clas-
sic Philip equitation was proposed. Technosoils are
porous, but heterogeneous formations. The process
of filtering in technosols is not laminar, periods of
smooth water infiltration is outbreak by disastrous
water absorption. To simulate this process it was
showed that the better results may be obtained due
to originally modified Philip equitation. Specific
constant C describes the dynamics of the infiltration
process the early stages of the experiment and is a
specific indicator for technosols. In natural soils
this constant is zero. The sorptivity of the pedozems
was reveled to be depended from the underlying
layer. Organic components contribute to the forma-
tion of aggregate most of which is water resistant.
Such formations smooth density variation of clay
soil resulting from swelling and shrinkage
processes that can maintain stable structure of the
pore space. As a result, the soil after phytomeliora-
tive rotation gets such features as reduced infiltra-
tion rate, but increased level of filtration. The artifi-
cial mixture of clay has significant waterproof
properties, which ultimately can lead to complete
discontinuance of water absorption by technosols.
Waterproof properties of soil may increase the risk
of water erosion of technosols. For technosoils
structural change of the pore space state are inhe-
rent in contact with water because hydrolabile units
of their structure. Accordingly, during the infiltra-
tion process there are significant changes in the
course of the rate of filtration of water.

References
Anderson, A. N., McBratney, A. B., Crawford, J. W.

(1998). Applications of fractals to soil studies.
Advances in Agronomy, 63, 1-76.

406

Bekarevich, N. E. (1971). Porody nadrudnoj tolshi i ih
agrobiologicheskaya ocenka [The rocks of the su-
praore column and their agricultural valuation].
In: Bekarevich, N. E. (Ed.), About reclamation in
the steppes of Ukraine. Dnepropetrovsk, Promin,
(in Russian).

Fridland, V. M. (1972). Structure of the soil cover. Mos-
cow: Misl (in Russian).

Heuvelink, G. B. M., Webster, R. (2001). Modelling soil
variation: past, present, and future. Geoderma,
100, 269-301.

Karpachevsky, L. O. (1983). Zerkalo landshafta [Land-
scape mirror]. Moscow, Mysl (in Russian).
Karpachevsky, L. O. (2005). Ekologicheskie pochvo-
voedenie [Ecological soil science]. Moscow,

Geos (in Russian).

Kharytonov, M., Babenko, M., Velychko, O., Pardini, G.
(2018). Prospects of medicinal herbs management
in reclaimed minelands of Ukraine. Ukrainian
Journal of Ecology, 8(1), 527-532. doi:
10.15421/2018_245

Kunah, O.N. (2016). Functional and spatial structure of
the urbotechnozem mesopedobiont community.
Visnyk of Dnipropetrovsk University. Biology,
ecology, 24(2), 473-483. DOl
https://doi.org/10.15421/011664

Maslikova, K.P., Ladska, 1.V., Zhukov, O.V. (2016).
Permeability of soils in artificially created models
with different stratigraphy. Biological Bulletin of
Bogdan Chmelnitskiy Melitopol State Pedagogi-
cal University. 6 (3), 234-247. DOI:
http://dx.doi.org/10.15421/201693

Medvedev, V. V., Laktionova, E. V., Donsova, L. V.
(2011). Vodnye svojstva pochv Ukrainy i vlagoo-
bespechennost selskohozyajstvennyh kultur [Soil
water properties of Ukraine and agricultural crops
water supply]. Kharkiv: Apostrof (in Russian).

Philip, J. R. (1957). The Theory of Infiltration: Sorp-
tivity and Algebraic Infiltration Equation, Soil
Science, 84, 257-264.

Rode, A.A. (1984). Genezis pochv i sovremennye pro-
cessy pochvoobrazovaniya [Genesis of soils and
modern soil formation processes]. Moscow, Nau-
ka (in Russian).

Yakovenko, V. M. (2008). Mikromorfolohichna diah-
nostyka chornozemiv Prysamar’ia Dniprovskoho
[Micromorphological  diagnosis  Prisamare-
Dniprovske chaernozems]. Soil science, 9, 3-4,
119-127 (in Ukranian).

Zabaluev, V.A. (2010). Formirovanie agroekosistem
rekultivirovannyh zemel v Stepi Ukrainy: edafi-
cheskoe obosnovanie [Formation of agro-
ecosystems reclaimed land in the steppe of
Ukraine: edaphic study]. Kyiv (in Russian).

Zadorozhna, G. O., Kunah, O. N., Zhukov, O. V. (2012).
Prostranstvennaya organizaciya dernovo—
litogennyh pochv na krasno-buryh glinah [The
spatial organization of soddy-lithogenic soils on
the redbrown clays]. Problems of the ecology and
nature protection of the technogenic region,
1(12), 226-237 (in Russian).

Zhukov, A. V., Shatalin, D.B. (2016). Gigrotop i
trofotop biogeocenozov stepnogo Pridneprovya


http://dx.doi.org/10.15421/

0. V. Zhukov, K. P. Maslikova

Journ.Geol.Geograph.Geoecology, 27(2), 399-407

kak determinanty b-raznoobraziya soobshestv
dozhdevyh chervej (Lumbricidae) [Hygrotope
and trophotope of the steppe pridniprovie
biogeoceonosis as  determinants of  the
earthworms  (Lumbricidae) communities p-
diversity]. Biological Bulletin of Bogdan
Chmelnitskiy ~ Melitopol  State  Pedagogical
University. 6 (2), 129-157(in Russian). DOI:
10.15421/201651

Zhukov, A.V., Zadorozhnaya, G.A. 2016. Prostranstven-

no-vremennaya dinamika tverdosti rekultiviro-
vannyh pochv, sformirovannyh v rezultate doby-
chi poleznyh iskopaemyh otkrytym sposobom
[Spatio-temporal dynamics of the penetration re-
sistance of recultivated soils formed after open
cast mining[. Visnyk of Dnipropetrovsk Universi-
ty. Biology, ecology. 24(2), 324-331 (in Rus-
sian). DOI: 10.15421/011642

Zhukov, 0.V (2015). GIS—podhod dlya ocenki vliyaniya

obychnyh i sdvoennyh koles na tverdost pochvy
[Influence of usual and dual wheels on soil
penetration  resistance: the  GIS-approachl.
Biological Bulletin Of Bogdan Chmelnitskiy
Melitopol State Pedagogical University. 3, 73—
100(in Russian). DOI: 10.7905/bbmspu.v5i3.988

Zhukov, O.V., Kunah, O.M., Taran, V.O., Lebedinska,

M. M. (2016). Prostorova variabelnist
elektroprovidnosti gruntiv areny dolyny r. Dnipro
(u mezhakh pryrodnoho zapovidnyku
«Dniprovsko—Orilskyi») [Spatial variability of
soils electrical conductivity within arena of the
river dnepr valley (territory of the natural reserve
“Dniprovsko—Orilsky™)[. Biological Bulletin of
Bogdan Chmelnitskiy Melitopol State
Pedagogical University, 6 (2), 129-157 (in
Ukranian). DOI:
http://dx.doi.org/10.15421/201646

Zhukov, O.V., Kunah, O.N., Novikova, V.A. (2016).

Funkcionalnaya struktura soobshestva
mezopedobiontov dernovo-borovoj pochvy areny
r. Dnepr [The functional organisation of the
mesopedobionts community of sod pinewood
soils on arena of the river Dnepr[. Visnyk of
Dnipropetrovsk University. Biology, ecology.
24(1), 26-39(in Russian). doi:10.15421/011604

Zverkovskyi, V.M., Sytnyk, S.A., Lovynska, V.M., Kha-

rytonov, M.M., Mykolenko, S.Yu. (2017). Re-
mediation potential of forest-forming species in
the reclamation planting. Ukrainian Journal of
Ecology, 7(3), 64-72. doi: 10.15421/2017_50

407


http://dx.doi.org/10.15421/

Journal of Geology,
Geography and Geoecology

Journal home page: geology-dnu-dp.ua

CONTENTS
Asotskyi V., Buts Y., Kraynyuk O., Ponomarenko R. Post-pyrogenic changes in the properties
of grey forest podzolic soils of ecogeosystems of pine forests under conditions of anthropogen-
ic loading
Bosevska L.P., Chowdhury A. Labile technogenic geological system of the flooded
Shevchenko salt mine (Ukraine)
Grubinko V.V., Humeniuk H.B., Khomenchuk V.O., Garmatiy N.M., Voytiuk V.B., Bar-
na M.M. Ecotoxicological status and prognosis of the state of an urbanized hydroecosystem
(on the example of the reservoir "Ternopil pond™.)
Havriushyn O.V. Mapping the spatial and temporal distribution of changes in the
administrative-territorial division
Kasiyanchuk D.V., Kuzmenko E D., Tymkiv M.M., Vitiuk A.V. Geo-information modelling
of the insolation level within Ivano-Frankivsk region
Khilchevskyi V.K., Zabokrytska M.R., Sherstyuk N.P. Hydrography and hydrochemistry of
the transboundary river Western Bug on the territory of Ukraine
KhomenkoYu.T., Isakov L.V., Manyuk V.V. On the development of geotouristic routes on the
objects of the Precambrian Rock Association of the Western Priazovia
Krupskyi O. P., Temchur K. O. Media tourism in the Chernobyl Exclusion Zone as a new
tourist phenomenon
Kulikova D.V., Kovrov O.S., BuchavyYu.V., Fedotov V.V. GIS-based Assessment of the
Assimilative Capacity of Rivers in Dnipropetrovsk Region
Kuzyshyn A.V., Poplavska 1.V.Analysis of Territorial Differences of the Social Sphere
elements in the Areas of the Carpathian-Podillia Region
Maksymova E., Kostrytska S.Geological and structural prerequisites of gas-bearing capacity
and gas hydrate formation in the World Ocean (in terms of the Black Sea)
Messai A., Idres A., Benselhoub A.Mineralogical characterization of limonitic iron ore from
the Rouina mine, Ain Defla (Algeria).
Narjess Karoui-Yaakoub, Moncef Said Mtimet, Semeh Bejaoui, Bienvenido Martinez-
Navarro Paleoenvironmental reconstruction of the Pleistocene site of Oued Sarrat
(Northwestern Tunisia) using mineralogical and geochemical data
Rusanova I., Onufriv Y., Ignatyuk A.Recreational skiing in the formation of local settlement
systems of Prykarpattya region
Sadovenko 1.0., Inkin O.V., Dereviahina N.I., Hriplivec Yu.V. Analyzing the parameters
influencing the efficiency of undereground coal gasification
Shablii O.l., Zastavetska L.B., Dudarchuk K.D., llliash I.D., Smochko N.M. The main
problems of healthcare and wellness tourism in Ukraine
Sonko S., Kyselov Yu., Polovka S. On the modern conception of environment
Sopov D., Sopova N., Dankeyeva O., Chuhaiev S. Natural-historical and ecological analysis
of land resources and land use in Lugansk region
Ulytsky O., Yermakov V., Lunova O., Buglak O. Environmental risks and assessment of the
hydrodynamic situation in the mines of Donetsk and Lugansk regions of Ukraine
Yavorska V.V., Hevko LV., Sych V.A., Kolomiyets K.V. Organization of tourist and

408

ISSN 2617-2909 (print)
ISSN 2617-2119 (online)

Journ.Geol.Geograph.
Geoecology,27(2)

doi:10.15421/11184201

175

184

202

213

222

232

244

261

274

285

294

305

316

323

332

337
346

357

368



recreational activity within the objects of the natural protected fund in the Odessa region 377
Yukhnovskyi V.Yu., Zibtseva O.V. Dynamics of ecological stability of small towns in Kyiv

region 386
Zhukov 0.V., Maslikova K.P. The dependence of the technosols models functional properties
from the primary stratigraphy designs 399

409



JOURNAL OF GEOLOGY, GEOGRAPHY AND GEOECOLOGY

The Journal was founded in 1993 under the title
«Dnipropetrovsk University Bulletin. Series: Geology»
The journal, beginning in June 2018, is published under the title
«Journal of Geology, Geography and Geoecology».

Issue 22
Volume 27 (2)

English

Certificate of state registration of a series of KV Ne 23167-13007 dated February 26, 2018 in
accordance with the order of the Ministry of Education and Science of Ukraine dated 24.05.2018
Ne527 (Annex 5), a printed (electronic) publication “Journal of Geology, Geography and Geoecolo-
gy” is included in the List of Scientific Specialized Publications of Ukraine in the Field of
Geological Sciences (included in professional editions since 2003).

The international level of the Journal obtained recognition in 2017 when it was included in the
Web of Science and over 20 well-known scientific citation databases

Literary editors: P.W. Bradbeer, M.O. Tikhomyrov.
Text Layout: N.I. Derevyagina, Volodymyr V. Manyuk.
Cover design:Vadym V. Manyuk.

MignucaHo o Apyky 29.10.2018. dopmar 60x84 Y/,¢. Manip apykapcbKuit. pyK NAOCKWi.
YM. Apyk. apK. 27,67 Tupax 100 np. 3am. Ne 308.

PBB AHY, npocn. MarapiHa, 72, m. [Hinpo, 49010.
M «Mipa JITA», Byn. Haykoga, 5, M. Hinpo, 49107.
CBiOLTBO NPO BHECEHHA [0 [lepXXaBHOr0 pPeecTpy cepist

JIK Ne 6042 Bin 26.02.2018



