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Abstract. Abstract. Osun drainage basin is one of the regions in Nigeria experiencing
increasing population growth and rapid urbanization; and about 70% of the inhabitants
rely on shallow groundwater resources of the region. Change in land use/land cover is one
of the significant factors controlling regional hydrology and groundwater resources, thus
the continuous change in land use and land cover of the drainage basin will significantly affect the basin’s groundwater resources.
There are 7 classified land use/land cover in the study area which are bare surfaces, built up area, crops/shrubs, forest, rock outcrops,
water bodies and wetland. Applying WetSpass-M hydrological model, we predicted the effect of land use/land cover change on the
groundwater recharge in Osun drainage basin, Nigeria between 1984-2015. The results revealed that the highest groundwater recharge
0f'48.56%, 33.64% and 37.29% occurred in forested area in 1984, 2000 and 2015, respectively. This result might be due to the influence
of vegetation in slowing down the speed of running water across the forest area, that allows more infiltration and deep percolation into
the water table to recharge the groundwater system. On the other hand, the least groundwater recharge of the total annual was on the
rock outcrops, which are about 4% in 1984, 3% in 2000 and 2% in 2015. The least recharge found on rock outcrops is expected and may
be attributed to the fact that infiltration can only occur around or on decomposed rock outcrop, which may result in minute recharge to
the groundwater system. The mean annual groundwater recharge of the basin for the land use/land cover of 1984, 2000 and 2015 are
476.54,411.07 and 430.06 mm/y, respectively. Overall, for the 32 years period of investigation, change in land use/land cover accounts
for only 10% reduction in mean groundwater recharge occurrence between 1984 and 2015. Also, there is a change in recharge pattern in
the study area during this period because most often, change in land use/land cover is a transition from one land use/land cover class to
another, and the recharge pattern is influenced based on the degree of transition that took place and the characteristics of the dominant
land use/land cover at a particular area of the basin. Although, the 10% reduction in mean annual recharge appears minute, this might
become pronounced if the current rate of deforestation in the drainage basin continues unabated. Therefore, proper land use allocation,
regulated land development and afforestation in terms of planting of native trees that were lost through anthropogenic activities in the
basin should be policy option for groundwater sustainability.

Keywords: Land use and land cover, Groundwater, recharge, WetSpass, Osun drainage basin

BnuiuB 3emiiekopucTyBaHHS (3MiHM 3eMHOI'0 IOKPUBY) HA IIONIOBHEHHSI 3aN1aCiB MiI3eMHUX BOJ
B Oaceiini piuxnu OcyH, Hirepis

E. JI. Amaony*, [Ix. ®. Onopyndewmi, L. I1. Idpaoii

Kagheopa zeocpaghii ynpaeninua naexonuwmin cepedosuwjem, axyivmem coyianvHux Hayk, Yuieepcumem Inopin,
Hizepis, *damash007@yahoo.com

Anoranis. Ilepmi 3BonocxoBume Ocyna € omauM 3 perioHiB Hirepii, ne cmoctepira€TbCst 3pOCTaHHS HACEJCHHS 1 IIBUJAKA
ypOamnizarmist; i 6mmu3bko 70% XKHUTeTiB MOKJIAJAI0THCSA HAa HEMIHOOK] pecypcH IPyHTOBHX BOJ PETioHy. 3MiHA YMOB 3€MJICKOPUCTYBaHHS
€ OJIHUM 3 BOKIMBHUX (DAKTOPIB, 1[0 KOHTPOJIIOIOTH PEriOHAIBHY TiJPOJIOTIIO Ta PeCypcH Mia3eMHuX Boj. TakuM 4HHOM, Ge3riepepBHa
3MiHa BUKOPHUCTAHHS 3e€MJIi Ta 3eMEIILHOTO ITOKPHUBY BO/1030ipHOTO OaceifHy CyTTEBO BILIMBA€E HA PECYpCH IPYHTOBHX BOA Oaceliny. YV
JOCIIIDKYBaHOMY paiioHi € 7 kiacu]ikoBaHUX 3eMENbHUX IUITHOK (3€MJICKOPUCTYBAHHS), SKHMH € BIJIKPHTI NOBEpXHi, 3a0ynoBaHi
TEPUTOPIi, CIIILCHKOTOCIIONAPCHKI YTiA/sl, YarapHUKH, JIiCH, BiICJIOHEHHSI IPCHKUX ITOPiJ, BOJOMMHUIIA Ta BOAHO-00IOTHI yrimas. 3a-
CTOCOBYIOUH TiposioriuHy Monenb WetSpass-M, My MPOrHO3yBajM BIUIUB 3MIHU 3€MJICKOPUCTYBAHHS Ha JKUBJICHHS ITiJI3EMHUX BOJ
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B Oaceitni Bonocxosumia Ocys (Hirepis) B mepioxn 3 1984 mo 2015 pik. Pe3ynprartu mokasanu, o HaifOiIbIa MOMTOBHEHHS MMTiI36MHUX
Box 48,56%, 33,64% Ta 37,29% BinOymnocs y micosiit 301 y 1984, 2000 ta 2015 pokax Bigmosigno. Lleit pesymsrar Moxe OyTH 3yMOB-
JICHUH BIUIMBOM POCIHHHOCTI Ha YHOBUIBHEHHS IIBHAKOCTI MPOCOYYBAHHS BOJH Yepe3 JICOBY MiJCTHIKY. 3 iHIIOTO OOKy, HaiiMeH-
1€ MTOMOBHEHHS MiA3eMHHX BOJ[ y 3arajJbHOMY 00Cs3i pidHOro BHIOOYTKY Bif0yBasocs Ha BUXOJAxX TiPCHKHUX MOPiJ, SKi CTAHOBWIN
omu3bko 4% y 1984 pori, 3% y 2000 pouti Ta 2% y 2015 porti. O4ikyeTbesi HAWMEHIIE MOTTOBHEHHSI, BUSBIICHE HA BIIKPUTUX CKEIAX,
i Moxe OyTH IOB’si3aHE 3 THM, IO iH(IIBTpaLis MOXXe BiOyBaTHCS TUIBKM HABKOJIO a0O HA 3BITPEHHX, [E3IHTErPOBAHUX ALISTHKAX
MOPiJL, 110 MOYXKE MPU3BECTH 10 KOPOTKOYACHOTO ITOMOBHEHHS CUCTEMH Mi3eMHHX BoA. CepeaHbopiuHe MOMOBHEHHS MiJ3eMHUX BOJ
y OaceliHi Ui 3eMJIEKOPUCTYBaHHS (3eMHOTO MOKpuBY) y 1984, 2000 ta 2015 pokis ctanoButs 476,54, 411,07 Ta 430,06 MM / rox
BiAmoBigHO. B mimomy, mpotsarom 32-pidHOro mepioxy AOCTIIKEHB, 3MiHA 3eMIICKOPHCTYBaHHS (3€MHOTO MOKpuBY) nae mumre 10%
CKOPOUCHHS CEPEIHBOTO PiBHS KUBICHHS MiI3eMHIX BOA y mepion 3 1984 mo 2015 pik. Haiivacrime, 3MiHa 3eMJIEKOPHCTYBaHHS - 1€
TIepexiJ] BiJl OJHOTO KJIacy 3eMJIEKOPHUCTYBAHHS IO IHIIOTO, i CXeMa ITONMOBHEHHS 3aJIeKaTh BiJ CTYIMEHS Mepexoiy, 0 MaB Micle, i
XapaKTepPUCTUK JOMIHYIOYOTO 3eMJIEKOPUCTYBaHHS Ha MEBHil Tepuropii Gaceitny. Xoua, 10% CKOpOYEHHS CepeIHBOrO IOPIYHOrO
JKHMBIICHHS 3 SIBIISIETHCS XBUIIMHH, 116 MOXKE CTaTH SICKPAaBO BHPAXKEHHM, SIKINO HHMHINIHS IIBUJKICTH BUPYOKH JIICIB y BOHO30ipHOMY
OaceiiHi MPOJOBKYEThCS. TaKUM YMHOM, HaJIe)KHE BEJICHHs 3eMJICKOPHUCTYBAHHS, PEry/IbOBAaHE OCBOEHHS 3eMeJb Ta JIICOPO3BEICHHS 3
MOCAIKOI0 PaliOHOBAHUX JEPEB, K1 Oy/IM BTpadeHi BHACHIIOK aHTPOIOTEHHOI JisTTBHOCTI B 6aceiHi, Mae OyTH MOTITUYHNAM PillICHHAM

mpobneMu 3a0e3MeueHHs CTIHKOCTI MiA3EMHUX BOJ.

Kniouosi cnosa: semnexopucmyeanta ma seMHull NOKpus, niozemui 6oou, scusnenns, WetSpass, OcyncovKuil OpeHaxicnuil dacetin

Introduction. Change in land use/land cover (LULC)
is an important factor influencing the groundwater
system. Since the beginning of industrialization, in-
tensive anthropogenic activities that include agri-
culture, urbanization mining, etc. have consequently
resulted to alteration of the physical landscape with
effect on the regional water balance of surface and
groundwater systems (Bronstert, 2004; Albhaisi, et al.,
2013). Land use type and the native land cover of any
particular area influence water as it moves through a
drainage, which can change downstream delivery via
ecosystem interactions such as rainfall interception,
evapotranspiration rate, macropore development, and
environmental filtration (Brauman et al., 2007). The
connection between land use and water resources is
of significant importance to groundwater governance
and management, mainly because change in land use
can have a life time effects on groundwater and some
land use change events can have an unredeemable
influence on aquifers and groundwater storage (Fos-
ter and Cherlet, 2014). As a matter of fact, the rate at
which the natural landscape is changing as a result of
population increase, urbanization, various anthropo-
genic activities and the large-scale conversion of land
from a particular use to another is alarming all over
the world.

Sala et al. (2000) and Vorosmarty et al., (2000)
had earlier reported that the impacts of land-use
change on the world water resources and ecosystem
biodiversity may surpassed that of climate change
in the 21* century. The implications of land use
change that include: changes in land use practices
and its associated changes in water demand, irrigation
projects and urbanization; changes in water supply
from modified hydrological processes of infiltration,
groundwater recharge and runoff, and changes in
water quality from agricultural runoff and suburban
development should be fully understood (DeFries
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and Eshleman, 2004) and of necessity integrated
into the emerging land use change science of the
future (Turner et al., 2003; DeFries and Eshleman,
2004). However, despite the evidences that abound
that every decision made on land use practice has an
impression on water resources, it is yet to be largely
incorporated into integrated management practices
by policy makers (IFAD, 2010 cited in Foster and
Cherlet, 2014). Therefore, in order to protect and
enhance water resources generally, and groundwater
in particular, managers need to know and understand
how land-use decisions and allocation will impact on
the flow of water (Brauman et al., 2012).

In recent years, some studies have tried to
evaluate the effect of LULC change on groundwater
resources around the world. For example, Zamlotetal.,
(2015) predicted the effect of LULC on groundwater
recharge in Flinders, Belgium and they discovered
that forest land-use type has a positive higher effect
on groundwater recharge. Albhaisi et al. (2013) also
examined the effect of LULC change on groundwater
recharge in upper Berg catchment, South Affica.
They discovered that groundwater recharge on bare
LULC class increases significantly from 23% in 1984
to 64.7% in 2008. The influence of LULC change
on groundwater recharge was investigated by Dams
et al. (2008) in Kleine Nete Catchment, Belgium.
They adopted four LULC change between 2000 and
2020. They observed that recharge reduced in urban
centres in all the land use change scenarios. Pan et
al. (2011) investigated the hydrological processes and
recharge ability of various land use types in Guishui
River Basin, China. They discovered that the annual-
lumped groundwater recharge rate decreases in the
order of cropland, grassland, urban land, and forest,
which has resulted in a decrease of 4 x 106 m3/year
of groundwater recharge between 1980 and 2005.
They attributed the decrease in groundwater recharge
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observed to an increase in urban area and rural
settlements; and decrease in cropland land use class.

Most ofthe studies on the effect of land-use change
on groundwater research has principally focused
on the change in water quality thereby neglecting
changes in quantity (Dam et al., 2008), and this is the
scenario in the Nigeria context. The scarcity of the
studies on effect of land use on groundwater quantity
in Nigeria are closely related to the views of De Fries
and Eshleman (2004), that evaluating the effect of land
use change on groundwater quantity is complicated
by the comparatively short lengths of hydrological
records; the comparatively high natural variability
of most hydrological systems; and the difficulties
in controlling land-use changes in real catchments
within which changes are taking place. In addition,
the complex nature of groundwater hydrology, the
complexities of its interaction with the ecosystem,
and the inadequate record on hydrological processes
made such study scarce in Nigeria. Meantime the
recent advancement in Satellite remote sensing data
collection and the improvement in modelling of
hydrological processes have made the study more
feasible. However, embracing the advancement in
these technologies to quantify the effect of changing
land use on groundwater quantity is still evolving
in Nigeria. Therefore, this present study attempts to
predict the effect of land use and land cover change
on groundwater recharge in Osun drainage basin
(Nigeria) using satellite remote sensing data and
WetSpass-M hydrological model.

Osun drainage basin is one of the two major
drainage basins in the southwestern Nigeria, and it
cut across about six states. About seventy-five percent
of the inhabitants of the basin depend on groundwater
as a source of water for their domestic consumption.
Osun drainage basin is an area naturally characterized
by rainforest vegetation. The natural vegetation, has
however, been replaced by secondary forest due
to many years of anthropogenic activities through
vegetation clearing and increasing urbanization
(Ifabiyi, 2005). The basin has witnessed one of
the fastest rates of forest conversion and change in
vegetation in Nigeria. This is as a consequence of
fuel wood production, road construction, clay/sand
quarrying, widespread rotational bush farming, as well
as high rate of emerging cities. In fact, the population
of the area has been increasing and the urban centres
located therein are growing rapidly. Studies on LULC
in different parts of the drainage basin have suggested
rapid changes in LULC all over the basin (Gasu, et al.
2016; Mengistu and Salami, 2007; Akinyemi, 2005;
Salami et al., 1999; Salami, 1995), which will impact
the water balance of the basin.

All these changes in land use/land cover will have
significant feedback on the water balance of the basin.
The groundwater resources of the drainage area will
be influenced by the prevailing incidences of LULC
change. This might stress the existing groundwater
supply, with increasing risk of reduced groundwater
recharge. Consequently, the ability of the groundwa-
ter system to meet the increasing water need now,
in the future and sustaining the ecosystem will be at
greater risk. This study will assist in understanding
the implications of LULC change on groundwater re-
sources in Osun drainage basin and it will inform land
use allocation and management within the basin that
will discourage unregulated and uncontrolled land
use development that may pose great risk to ground-
water system in particular and the environment in
general. Meanwhile, the manifestation of a declining
groundwater resource was observed in the upper part
of the Osun drainage basin more than three decades
ago (Omorinbola, 1982). The decline, attributed to
the level of urbanization, number of well per unit area
and the clearing of rainforest for commercial scale
agriculture, as of that time has witnessed tremendous
urbanization with emerging cities such as Osogbo,
Ede, Ilesha, Ikirun, Iwo, Ogbomosho, Oke Imesi, etc.
expanding in leaps and bounds. With population in-
crease, no doubt, more vegetation has been cleared
to give way for urbanization, hence, predicting the
effect of such change on LULC will enhance sustain-
able groundwater management in the drainage basin.
Study Area. The study area is located between lati-
tudes 6°25°58.79" and 8°21'3.6" N and longitudes
3°47°34.8" and 5°10°55.2" E in the southwestern Ni-
geria (Figure 1). River Osun which is the major river
in the drainage system accents in Oke-Mesi ridge,
about 5 km North of Effon Alaiye and flows North
across the Itawure gap to latitude 7°53” and then de-
viates westwards via Osogbo, Ede and southwards to
flow into Lagos lagoon (Oke, et. al., 2013; Ashaolu,
2016; Ogun-Oshun River Basin Development Au-
thority [OORBDA], 1982). The basin climate is in-
fluenced by the movement of the Inter-tropical Con-
vergence Zone (ITCZ), the quazi-stationary boundary
that distinguishes the sub-tropical continental air
mass over the Sahara and the equatorial maritime air
mas over the Atlantic Ocean (OORBDA, 1982). The
climate of the basin can be described as the tropical
continental climate of Koppen Aw type humid tropi-
cal rainforest climate (Ifabiyi, 2005). The basin ex-
periences two types of seasons, dry and rainy (wet)
season. The switch from the rainy season to the dry
season is abrupt, while the onset of the rain after the
dry season is gradual (OORBDA, 1982).
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Fig. 1 Location and Position of Osun Drainage Basin, Nigeria. Source: Modified from Ashaolu (2016)

The rainy season begins earlier in the south
around March and continues until the end of October
or early November. In the north around Ogbomosho,
the rain begins in late April or early May and end in
mid-October, giving six months of rainfall. The mean
wet season rainfall varies from 1,020mm to 1,520mm
in the south of the basin and less than 1,020mm in
the north. On the other hand, the mean dry season
rainfall varies from 127 to 178mm in the north, while
it varies from 178 to 254mm in the south (OORBDA,
1982). The months of February and March are the
hottest in the basin and temperatures are high over the
entire basin during this period. There is also variation
in temperature from the south to the north, where it
higher. The lowest mean minimum temperature in
the north is usually in December during Harmattans,
while it is usually recorded in July during the rainy
season in the southern part of the basin (OORBDA,
1982). The mean annual temperature is about 30°C,
which can varies depending on the location and time of
the year (Ifabiyi, 2005). In general, relative humidity
decreases northwards in the basin. The mean annual
humidity varies from 75% in the south to 55% in the
north (OORBDA, 1982).

The basin is underlain by two types of rocks
which are the Basement Complex rocks and the
sedimentary basins (Oke et al., 2013; OORBDA,
1982). About 93% of the basin is underlain by the
Basement Complex rocks, while the remaining 7%
is sedimentary rock found in the southern part of

the basin close to the Atlantic (Ashaolu, 2016). The
rock types are the intracrustal group (e.g. granite,
gneisses, migmatite etc) and supracrustal (volcanic
and sediments), while the lower part of the basin is
covered by recent deposits that subdivide into the
lithoral and lagoonal sediments of the coastal belts and
the alluvial sediments of the major rivers (OORBDA,
1982). The soils belong to the highly ferruginous
tropical red soils associated with Basement Complex
rocks. As a result of the dense humid forest cover in
the area, the soils are generally deep and of two types,
namely, deep clayey soils formed on low smooth hill
crests and upper slopes; and the more-sandy hill wash
soils on the lower slopes (Ifabiyi, 2005). The relief of
the basin is generally undulating and descends from
an altitude of about 700 meters in Oke Imesi area to
50 meters and below in areas around Epe and Ibeju
Lekki in the southern parts of the basin (Ashaolu,
2016).

The land use pattern within the drainage basin
includes land use for residential/settlements and built
up areas, bare rocks, bare surfaces, crops/shrubs,
vegetation/forest and water bodies. Originally, almost
all parts of the basin had a natural lowland tropical rain
forest vegetation; but this has however, been replaced
by secondary forest regrowth as a result of years of
human occupation (Ifabiyi, 2005). The population
distribution pattern of the basin is quite uneven. The
urban population in the basin is larger than the rural
population. Besides, available records from different
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Fig. 2: Flowchart for Monthly Spatially Distributed Water Balance model, WetSpass-M

Source: Abdollahi et al., (2017)

investigations and surveys confirmed the constant
movement of population from the rural areas to the
cities. Based on the 1963 population census of western
Nigeria, the estimated population of the basin made
by Ogun-Oshun River Basin Development Authority
in 1980 was 4,281,000 and this was estimated to be
12,046,145 in 2015 (Ashaolu, 2018).

Materials and Methods. WetSpaa-M hydrological
model was used to estimate mean monthly ground-
water recharge in the study area. Block scheme of the
flowchart of WetSpass-M water balance model is pre-
sented in the figure 2. This model requires two types
of input data. There are GIS grid maps and param-
eters tables (Batelaan and De Smedt, 2001). These
grid maps include Digital Elevation Model (DEM),
slope, land use/land cover, soil texture, depth to water

and monthly climatic maps of rainfall amount, num-
ber of rainy days, temperature, potential evapotrans-
piration and wind speed (Abdollahi, 2015). All the
input maps were provided in ESRI ascii grid format.
The details on the formulation and application of the
model can be found in Abdollahi et al. (2017). The
climatic variables used in this study spanned between
1976 to 2015 and it was collected from the Nigeria
Metrological Agency (NIMET). Also, Climate Fore-
cast System Reanalysis (CFSR) data by the National
Centers for Environmental Prediction (NCEP) were
downloaded from https://globalweather.tamu.edu/
website. In all, the climatic variables from 24 weather
stations across the study area were used in the study.
Mean monthly values of rainfall amount, tempera-
ture, potential evapotranspiration and wind speed
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were calculated from the available data in each sta-
tion. The digital maps of the monthly rainfall amount,
temperature, potential evapotranspiration and wind
speed were created by spatial interpolation of the val-
ues observed from the stations, using the universal
kriging interpolation module of ArcGIS. The details
of the climate preprocessing and data manipulations
for the WetSpass-M model was discussed elsewhere
(Ashaolu, 2018). The potential evapotranspiration for
the same period was estimated using the FAO Pen-
man-Monteith method (Allen et al., 1998).

The classified LULC maps of the study area
for the period 1984, 2000 and 2015 were adopted
for this study (Ashaolu, 2019). Seven land use/land
cover classes such as bare surfaces, built up area,
crops/shrubs, forest, rock outcrops, water bodies and
wetland were adopted. These seven classes fall under
four main category of land use/land cover (vegetated
cover, bares soil, open water and impervious surfaces)
recognized by WetSpass-M hydrological model. This
was done to avoid land use heterogeneity within the
pixel (Batelaan and De Smedt 2001; Ampe et al.,
2012) and based on the influence such land use/land
cover have on water balance of the area. Soil texture
map was extracted from the harmonized world soil
database version 1.2 (2012) prepared by the Food
and Agriculture Organization of the United Nations
(FAO) and others. Digital Elevation Model (DEM)
with 30m resolution of the study area was obtained
from the Shuttle Radar Topography Mission (STRM)
of the National Aeronautics and Space Administration
(NASA). The slope map was processed from the
DEM using ArcGIS. The mean depth to water in the
study area reported in the Federal Ministry of Water
Resources (FMWR) 2014 national water resource
master plan report was adopted. Hence, 10m depth
to water was adopted for the 93.28% of the basin
underlain by the Basement Complex rocks and 50m
for the remaining 6.67% underlain by the sedimentary
basin in the south. Discharge data record was obtained
from Ogun-Osun River Basin development Authority,
Nigeria.

Land-use, soil and runoff characteristics are
specified in four parameters tables required for the
WetSpass model (Tesfamichael et al., 2013; Batelaan
and De Smedt, 2001). These tables were connected
to the maps as attribute tables. The land-use attribute
table include parameters related to land-use type; such
as rooting depth, leaf area index, vegetation height
among many others. The soil parameter table contains
soil parameters for each textural soil class as field
capacity, wilting point, permeability and others. The
runoff attribute tables contain parameters for runoff
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for all combinations of land-uses, slope, and soil type
(Tesfamichael et al., 2013). The parameters in the soil
types table are based on the United States Department
of Agriculture (USDA) soil classification. Also, the
runoff attribute table contains values considered to
be universal, that is, a certain combination of slope,
land-use, and soil type will produce a certain fraction
of runoff independent of location (Tesfamichael et al.,
2013). After the input data has been prepared, they
were inputted into the model to begin the simulation
of the monthly water budget of the Osun drainage
basin using the LULC map of the year 2000. The
outputs include several spatio-temporal (monthly
and spatial distribution) hydrologic outputs such
as interception, actual evapotranspiration, runoff
and recharge. The model was calibrated manually
using the following parameters: soil moisture alfa
coefficient (a), LP a calibration parameter (—) which
reduces the potential evapotranspiration depending
on the soil moisture (default is 0.65), interception
parameter (a), and runoff delay factor (x) which were
optimized according to the goodness of fit between
the simulated runoff and the runoff from observed
discharge at Apoje station. The calibration started
with the soil moisture alfa coefficient (Abdollahi et

al., 2017). The coefficient of determination (R2 )
and the Nash-Sutcliffe model efficiency (NSE) were
used for validation using the simulated and observed
discharge data of 1999 at Apoje gauge station. The
Pearson moment correlation coefficient of 0.71 exists
between the observed and simulated surface runoff,
while the Nash-Sutcliffe coefficient is 0.89. However,
the groundwater recharge which is the focus of this
study was only reported.

After the calibration, to identify the effect of the
LULC on groundwater recharge, all the necessary
input parameters were inputted, then the simulation
with WetSpass-M model was performed by keeping
every other input parameter constant, while the land
use/land cover of the three epochs (1984, 2000 and
2015) were used one after the other to run the model.
This enabled the identification of the effects of land
use/land cover changes over time on the groundwater
recharge of the basin. This approach was adopted by
Pan et al. (2011) and Albhaisi et al. (2013) to evaluate
the effect of LULC change on groundwater recharge
in Guishi River basin in China and Berg catchment
in South Africa, respectively. The recharge on each
LULC classes for the three periods (1984, 2000 and
2015) were isolated and aggregated in ArcGIS 10.4.
The percentages of recharge occurring on each LULC
were computed from the overall basin recharge for
each period and the result compared.
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Results and Discussion. The sensitivity of LULC
change on groundwater recharge in the basin is pre-
sented in Table 1. The LULC with highest ground-
water recharge in 1984, 2000 and 2015 was on forest
land cover which are 48.56%, 33.64% and 37.29%,
respectively. This might be due to the influence of
vegetation in slowing down the speed of running wa-
ter across the forest area, that allows more infiltration

increase in total annual groundwater recharge
occurrence in built up area from 9.46% to 10.29%.
The significant increase in built-up areas from 4.64%
in 2000 to 10.72% in 2015 resulted to the built-up
area doubling its size. During this period, the relative
contribution of built up area to groundwater recharge
only increased meagerly from 10.29% to 10.81%. The
groundwater recharge occurrence on built-up area

Table 1. Effect of each LULC Classes Change on Groundwater Recharge

Land Use/Land 1984 1984 2000 | 2000 Ground- 2015 2015 Groundwater Re-
Cover Types LULC | Groundwater | LULC |water Recharge | LULC charge per LULC
Recharge per per LULC
% LULC
% % % % %
1 | Bare Surfaces | 20.56 20.69 27.30 24.76 31.10 25.98
2 | Built Up Areas 3.20 9.46 4.63 10.29 10.72 10.81
3 | Crops/Shrubs 16.58 7.55 41.94 19.28 31.38 19.48
4 | Forest 52.62 48.56 20.75 33.64 21.71 37.29
5| Rock Outcrops | 4.97 4.49 3.45 3.09 4.23 2.44
6 | Water Bodies 0.51 0.00 0.62 0.00 0.62 0.00
7 | Wetland 1.55 9.25 1.32 8.93 0.24 4.00

and deep percolation into the water table. The result
agrees with the study of Zamlot et al. (2015) that
discovered that forest land-use type have a positive
higher effect on groundwater recharge, in Flanders,
Belgium. High recharge in the forested area in the ba-
sin can be attributed to the preferential flow mecha-
nism through the unsaturated zone. Preferential flow
is often associated with tree roots that have created
preferential path ways/macro pores in the unsaturated
zone with a relatively high infiltration and percola-
tion capabilities (Obuobie, 2008; Lerner et al., 1999;
1990) that allows rainfall easy passage into the satu-
rated zone to recharge the groundwater system.

The least groundwater recharge in relation to
LULC for the three periods was on the rock outcrops,
while no recharge takes place on the water bodies.
About 4%, 3% and 2% of the total annual recharge
occurred on the rock outcrops in 1984, 2000 and
2015, respectively. This is because recharge can only
occur on this type of LULC classes in the interface
between the outcrops and the loose cracks found
around the flat area of the rock outcrops. The least
recharge found on rock outcrops is expected and may
be attributed to the fact that infiltration can only occur
around or on decomposed rock outcrop, which may
result in minute recharge to the groundwater system.

Built-up area increases slightly from 3.20%
in 1984 to 4.64% in 2000, which resulted in slight

did not increased in relation to its size as observed
between 1984 and 2000. This suggests that there are
more paved surfaces within the built-up expansion by
the year 2015. In other words, the spatial expansion
of built up area by 2015 in the basin have more
impervious surfaces that prevent water to infiltrate
and percolate to recharge the groundwater system
in and around the built-up areas like the preceding
years. The result differs from that of Dams et al.
(2008) that used four LULC change between 2000
and 2020, where they observed a reduced recharge
in urban centres. The mean monthly occurrence of
groundwater recharge in built up LULC class in 1984,
2000 and 2015 is presented in Fig. 3.

Groundwater recharge occurrence on crops/
shrubs LULC classes increased from 7.53% to 19.28%
between 1984 and 2000. The 11.25% increase in
groundwater recharge occurrence on this LULC type,
was a consequence of significant increase in crops/
shrubs between the same period. Despite about 10%
decrease in crops/shrubs between 2000 and 2015, less
than 1% increase in groundwater recharge occurrence
was still discovered. Groundwater recharge varies over
space in all the LULC classes, with some areas of crops/
shrubs LULC having little to zero recharge. Therefore,
about 10% area of crops/shrubs converted to another
use by 2015 might be those areas with little or no
recharge. A similar low increase on crops and shrubs
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Fig. 3: Mean Monthly Recharge on Built UP Area LULC Class

LULC was observed in upper Berg catchment, South
Africa (Albhaisi et al., 2013). The monthly occurrence
of groundwater recharge in 1984, 2000 and 2015 on
crops/shrubs LULC class is presented in Fig.4.

The occurrence of groundwater recharge in

100

b=

80

60

Monthly Groundwater Recharge (mm)

40
20
0 e B 4 "‘I
\
"\6'9 >

2000 is similar to the study of Albhaisi et al. (2013)
in South Africa between 1984 and 2009. Forest area
later increased slightly between 2000 and 2015, which
also increased groundwater recharge occurrence on
forest LULC from 33.64% to 37.29%. About 4%
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Fig. 4: Mean Monthly Recharge on Crop/Shrubs LULC Class

forest area decreased from 48.56% in 1984 to
33.64% in 2000. During this period, the forested area
declined significantly as a consequence of human
anthropogenic activities in the basin. As it was noted
earlier that highest recharge was found in forest area,
increased deforestation signals reduced recharge
in the basin. The result obtained between 1984 and
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increase in ground water recharge can be attributed to
the slight increase in forest area that lead to reduced
overland flow, more infiltration and percolation to
the groundwater table to recharge the aquifer. Fig. 5
shows the monthly contribution of forest LULC class
to groundwater recharge in 1984, 2000 and 2015 in
the basin.
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Groundwater recharge occurrence on bare
surface increased from 20.69% to 24.76% between
1984 and 2000, while it increased further to 25.98% in
2015. This was an increase of 4.07% in groundwater
recharge between 1984 and 2000, while it was 1.22%
increase between 2000 and 2015. The relatively small
increase rate of recharge occurrence on this LULC is
as a result of less than 6.74% and 4% increase in areal
coverage of bare surface between 1984 and 2000; and
from 2000 to 2015, respectively. The minute increase

B Groundwater Recharge 1984 mGroundwater Recharge 2000

Groundwater Recharge 2015

may be attributed to the fact that bare land use tripled
its areal extent of 1984 by the year 2008. The monthly
occurrence of groundwater recharge in bare LULC
class in 1984, 2000 and 2015 is presented in Fig. 6.
Wetland decreased from 1.55% in 1984 to 1.32%
in 2000, which accounted for slight reduction in
groundwater occurrence from 9.25% to 8.98%. Also,
wetland decreased from 1.32% in 2000 to 0.24% in
2015, which was about 1.08% reduction in wetland
between the period. The change in wetland leads to
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Fig. 6: Mean Monthly Recharge on Bare Surfaces LULC Class

in recharge occurrence on bare surface in Osun
drainage is at variant with the observation of Albhaisi
et al. (2013) in upper Berg catchment, South Africa,
where groundwater recharge on bare LULC class
increases significantly from 23% in 1984 to 64.7% in
2008. The significant increase observed in their study

reduction in groundwater recharge on wetland from
8.93% in 2000 to 4.00% in 2015. This was slightly
more than 50% reduction in groundwater recharge
occurrence on wetland as a result of about 1.08%
change in wetland LULC between 2000 and 2015.
Monthly contribution of wetland LULC class to
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groundwater recharge in 1984, 2000 and 2015 is
presented in Fig. 7.

The mean annual groundwater recharge of the
basin for the land use maps of 1984, 2000 and 2015

in the basin. As the main source of replenishment
of the groundwater resources, groundwater recharge
over time and space in a Basement complex aquifer
determines the groundwater reserve. Hence, it can

Tab. 2: Overall Effect of LULC Change on Groundwater Recharge in the Entire

Basin
Sn Mean Annual Change in Groundwater Recharge
Recharge
Years
Period mm %

1. 1984 476.54 1984-2000 -65.40 | -13.72

i 2000 411.07 2000-2015 +18.99 | +4.61
3. 2015 430.06 1984-2015 -46.48 | -9.75

- signifies decrease in groundwater recharge
+ signifies increase in groundwater recharge

are 476.54, 411.07 and 430.06 mm/y, respectively is
presented in Table 2. This shows that mean annual
groundwater recharge decreased by 13.72% between
1984 and 2000, while it increased by 4.61% between
2000 and 2015. There was a general decrease of
9.75% in mean annual groundwater recharge between
1984 and 2015. As stated earlier, the forest area
decreased from its areal extent of 5223.61 km? in
1984 to 2154.87 km? in 2015. The observed decrease
in groundwater recharge can be attributed to a larger
extent to the deforestation of the tropical rainforest
under which highest groundwater recharge occurred
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be deduced that the groundwater reserve of the basin
declined with about 10% between 1984 and 2015 as
a result of change in LULC. The result is at variant
with the observation of Albhaisi et al. (2013) in upper
Berg catchment, South Africa where an increase in
groundwater recharge of about 8% was observed
between 1984 and 2008. The reason for the variance
in results is that highest groundwater recharge
occurrence was found in the forest area in this present
study which has decreased to 21.71% by 2015, while,
highest groundwater recharge occurred in bare land
which has increased to 65% of the Berg catchment
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Fig. 8: Mean Annual Groundwater Recharge Occurrence on Different LULC Classes

by 2008.

The effect of LULC change on groundwater
recharge in Osun drainage basin indicates that there are
only little changes in recharge to groundwater system
that can be associated to change in LULC. However,
change in LULC have resulted to changes in recharge
pattern in the basin. The reasons for the observed
change in recharge pattern can be attributed to the
fact that most often, change in LULC is a transition
from one LULC class to another. The recharge pattern
is influenced based on the amount and degree of
transition taking place and the characteristics of the
dominant LULC at a particular area of the basin. This
correspond to Finch (2001) when he observed in a rural
catchment of southern England that the mean annual
groundwater recharge response to land cover change
led to changes in the recharge pattern. Fig. 8 shows the
percentages of the mean annual groundwater recharge
occurrence on different LULC classes of 1984, 2000
and 2015 in Osun drainage basin.

Nevertheless, it is important to note that the
percentage contribution of the seven LULC classes
to groundwater recharge was based on the mean of
groundwater recharge observed on each LULC class
in the basin. Looking at it from the spatial perspective,
a relatively higher change in recharge occurred on
some LULC classes between 1984, 2000 and 2015.
For example, the recharge amount occurrence on bare
surface LULC in September 2000 in the northeastern
and northcentral part of the basin in Oke Imesi, Efon
Alaaye, Osogbo, Ede and Ilesha ranged between
118.45mm to 174.59mmm. In 2015, bare surface in
the same part of the basin contributed groundwater
recharge that ranged between 121.54mmto 138.61mm
(Fig. 9). This revealed the change in spatial pattern of

groundwater recharge as a result of change in LULC
classes.

Conclusion. The effect of LULC change on ground-
water recharge of Osun drainage basin was examined
in this study. The contribution of each LULC class
to groundwater recharge were examined for the years
1984, 2000 and 2015. The change in LULC between
1984, 2000 and 2015 influence only the recharge pat-
tern but with little effect on the overall groundwater
recharge in the basin. The groundwater recharge be-
tween 1984 and 2015 revealed a decrease of about
10%. This decrease was associated with decrease in
forest area where larger percentage of groundwater
recharge takes place in the basin. The continued de-
forestation of the forested area under which higher
percentage of groundwater recharge occurred will
not only pose a significant threat to groundwater re-
serve, but also to streamflow maintenance during dry
months and the ecosystem of the basin in general.
The average annual rate of change (decrease) in for-
est area for the 32-year period was 1.84%, which re-
sulted to about 10% decrease in groundwater recharge
for the period investigated. The 10% overall decline
in groundwater recharge might become pronounced
if the current rate of deforestation continues in the
basin unabated. Therefore, a proper land use alloca-
tion and change strategy in sustainable management
of groundwater resources becomes paramount. The
afforestation in terms of planting of native trees that
were lost through anthropogenic activities in the basin
should be policy option for groundwater sustainabil-
ity, because highest groundwater recharge occurred in
forested area of the basin.
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Received: 15.02.2019 Abstract. The actuality has been revealed of the necessity to attract the gas hydrate depos-
Received in revised form: 03.03.2019 its of the Black Sea into industrial development as an alternative to traditional gas fields.
Accepted: 22.04.2019 This should be preceded by the identification and synthesis of geological and thermobaric

peculiarities of their existence. It was noted that the gas hydrates formation occurs under
certain thermobaric conditions, with the availability of a gas hydrate-forming agent, which is capable of hydrate formation, as well as a
sufficient amount of water necessary to start the crystallization process. The gas hydrate accumulation typically does not occur in free
space — in sea water, but in the massif of the sea bed rocks. The important role in the process of natural gas hydrates formation is as-
signed to thermobaric parameters, as well as to the properties and features of the geological environment, in which, actually, the process
of hydrate formation and further hydrate accumulation occurs. It was noted that the source of formation and accumulation of the Black
Sea gas hydrates is mainly catagenetic (deep) gas, but diagenetic gas also takes part in the process of gas hydrate deposits formation.
The main component of natural gas hydrate deposits is methane and its homologs — ethane, propane, isobutane. The analysis has been
made of geological and geophysical data and literature materials devoted to the study of the offshore area and the bottom of the Black
Sea, as well as to the identification of gas hydrate deposits. It was established that in the offshore area the gas hydrate deposits with
a heterogeneous structure dominate, that is, which comprises a certain proportion of aluminosilicate inclusions. It was noted that the
Black Sea bottom sediments, beginning with the depths of 500 — 600 m, are gassy with methane, and a large sea part is favourable for
hydrate formation at temperatures of +8...+9°C and pressures from 7 to 20 MPa at different depths. The characteristics of gas hydrate
deposits are provided, as well as requirements and aspects with regard to their industrialization and development. It is recommended to
use the method of thermal influence on gas hydrate deposits, since, from an ecological point of view, it is the safest method which does
not require additional water resources for its implementation, because water intake is carried out directly from the upper sea layers.
A new classification of gas hydrate deposits with a heterogeneous structure has been developed, which is based on the content of rocks
inclusions in gas hydrate, the classification feature of which is the amount of heat spent on the dissociation process.

Keywords: gas hydrate deposit, development, geological peculiarities, thermobaric conditions, dissociation, methane

Oco00,IMBOCTI re0JIOTiYHNX Ta TEPMOOAPUYHHMX YMOB iCHYBaHHS I'a3oriipaTHuxX nokJjaaais Yop-
HOI'0 MOPSI, EPCHEKTUBH iX PO3POOKH

B. bonnapenxo, K. Caii, M. IletnroBanuit

Hayionanvruti mexuiunuii ynigepcumem “J{ninpogcoka nonimexuixa”’, /[ninpo, Yxpaina
petlyovany@ukr.net

AHoranisi. Po3kpura axTyanabHICT HEOOXIAHOCTI 3aIy4eHHS y MPOMHCIOBE OCBOEHHS Ia30TigpaTHUX poaoBUIl YOpHOro Mops Sk
aJIBTEPHATHBY TPAJMIIHHUM Ta30BUM POAOBUIIAM, YOMY IIOBUHHO IEpeayBaTH BHUSBICHHS Ta y3arallbHeHHs I€OJOTIYHUX 1 TepMO-
GapnuHHUX 0coOIMBOCTEH iX icHYBaHHs. BinzHaueHo, mo ¢opMyBaHHS ra30BUX TiJipaTiB BiOyBa€eThCs 32 YMOB MPaBHIbHOT KOMOIHAITT
TEMIIepaTypy i TUCKY, a TAKOXX HAasBHOCTI rasy-TijpaToyTBOpIoBada, 34aTHOTO 10 TiJpaTOyTBOPEHHS, Ta JOCTATHBHOI KUTBKOCTI BOIH,
HEeOOXI1THOT TSI MOYAaTKy Mpoliecy Kprcratisaiii. HakonmndeHHs ra30BOro ripary, sk IpaBmiio, BifOyBaEThCSA HE Y BUIBHOMY MTPOCTOPI
— MOPCBKil BOZi, a B MacuBi JOHHUX NOpia. Baxmuea pons y mpoueci popMyBaHHA NPUPOJHHUX ra30TigpariB BigBedeHa TepMoOa-
PUYHHM IapaMeTpaM, a TAKOX BJIACTHBOCTAM i OCOOIMBOCTSM I'€OJIOTIYHOTO CEPeIOBHILA, y SKOMY, BIACHE, i BiOyBaeThes mpolec
TipaToyTBOPEHHS Ta MOAAJIBIIOIO TiJPaTOHAKOIMMYEHHS. Big3HaueHo, M0 /PKepeIoM YTBOPEHHS Ta HAKONUYCHHS YOPHOMOPCHKHX
ra3oriipaTiB € MepPeBa)KHO KaTareHeTHYHUH (NIMOMHHMI) ra3, ajie y npoueci (opMyBaHHs ra30riipaTHUX ITOKJIAJ(IB IPUHMAE y4acTh
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TaKOXK 1 AiareHeTHYHMH ra3. OCHOBHMM KOMIIOHEHTOM IIPUPOIHUX Ta30TiIpaTHNX MOKJIAiB € METaH Ta HOro FOMOJIOTH — €TaH, IPOIaH,
i300yTan. [IpoBeneHo anai3 reoaoro-reodiznUHIX JaHKX 1 JIITEpaTypHUX MaTepialliB, IPUCBIIEHUX BUBUCHHIO akBaTopii Ta 1Ha Yop-
HOT'O MODSi, @ TAKOXK BUSBJICHHIO [IOKJIA/(iB ra30BUX IipaTiB. BcTaHOBIICHO, 1110 B aKBaTOPii MO IIEPEBAXKAIOTh Ia30TiApaTHI HOKIIa 1
HEOAHOPIAHOI CTPYKTYpH, TOOTO TaKi, [0 MICTATH MEBHY YaCTKy AFOMOCHIIIKaTHUX BKIIIOYEHb. BiMideHO, 110 YOPHOMOPCHKi TOHHI
BiZKIIaeHHs1, mounHaoun 3 mubun 500 — 600 M, 3ara3oBaHi MeTaHOM, a 3HaYHA YACTHHA MOPS CIPUSATINBA JUIS TiIPaTOyTBOPSHHS
npu temieparypax +8...+9°C i tucky Big 7 no 20 MIla Ha pi3unx mubuHax. BucBiTieHi xapakTepuCTUKH ra30riipaTHUX MOKIIAIIB,
BHUMOTH Ta aCIeKTH W00 iX MPOMHCIOBOTO OCBOEHHS i po3poOKH. PekoMeHI0BaHO 3aCTOCYBaHHS METOAY TEIJIOBOTO BIUIMBY Ha
ra30TiipaTHUH ITOKJIA]], OCKIIBKHU 3 €KOJIOTIYHOI TOYKH 30y BiH € HaHOLIbII Oe31eYHIM, He TOTpedye 3alydeHHs JONAaTKOBUX BOIHUX
pecypciB s Horo peaizarii, OCKUTBKH 3a0ip BOIU 3MIHCHIOETHCS O€3M0CepeIHbO 3 BEPXHIX OMHOPITHHX IapiB Mops. PozpobieHo
HOBY KJIacH(DiKaIlifo Ta30TiAPaTHUX MOKIAIiB HEOAHOPIAHOI CTPYKTYPH, L0 0a3y€eThCsl HA BMICTI MOPOIHUX BKIIOYEHB Y ra30Tigpari,
kiacupikaiiHOI 03HAKOIO SIKOT € KiIbKICTb TEeIIa, 1[0 BUTPAYAETHCS AJIsl IPOTIKaHHS MPOLECY IcoLianii.

Kniouosi crnosa: eazoziopamuuii nokiao, po3apooka, 2eonociuni 0coonueocmi, mepmobapuyHi ymosu, oucoyiayis, Memamn

Introduction. Every year in Ukraine there is a
tendency to increase the fossil fuel consumption, the
reduction of the reserves of coal, gas and oil in the
traditional fields, fluctuation and constant increase in
prices for imported hydrocarbon crude. Therefore,
the search for and development of alternative energy
sources is becoming increasingly important. In mod-
ern conditions it is necessary to modernize the struc-
ture of the oil-gas and coal state sectors, the change-
over to new mining technologies (Falshtynskyi,
Lozynskyi, Saik, Dychkovskyi, & Tabachenko, 2016;
Falshtynskyi, Saik, Lozynskyi, Dychkovskyi, & Pet-
lovanyi, 2018), as well as to use the nanotechnology-
based solutions for the utilization of coalmine methane
and its application as an energy source (Bondarenko,
Kovalevs’ka, & Ganushevych, 2014; Hanushevych
& Srivastava, 2017). By improving the development
mechanisms of the energy segment of the country, it
is possible to obtain additional energy products, in
particular gas from coal deposits (Lozynskyi, Saik,
Petlovanyi, Sai, & Malanchuk, 2018) and coal itself,
which today is still an important energy source,
despite the difficulties in the process of its extraction
(Petlovanyi, Lozynskyi, Saik, & Sai, 2018). The
development and introduction of gas production
technologies by means of underground gasification of
coal in complex mining and geological conditions is
of special attention (Lozynskyi et al., 2018).

It is promising to obtain gas from gas hydrate
deposits along with methane from coal deposits, shale
gas and the gas from compressed sandstones. At the
moment, the advanced countries of the world — In-
dia, Canada, China, Germany, Norway, USA, Japan,
etc. — are engaged in the development of technolo-
gies for gas production from gas hydrates deposits.
For Ukraine, the gas hydrate deposits of the Black Sea
are of considerable interest, since gas reserves con-
centrated in the Ukrainian part (20 — 25 trillion m?)
exceed by several times the existing gas reserves of
traditional fields. This will provide Ukraine with the
energy source for several centuries, taking into ac-
count all the necessary needs of both the industrial

396

state sector and the population. Moreover, the role
of methane, possessed by our country, in the coming
years may become decisive in the gas market redis-
tribution.

Assignificant problem in the fuel and energy sector
of Ukraine today is the lack of hydrocarbon crude, in
particular natural gas, as well as the absence of a clearly
developed strategy for exporting this energy source
from abroad. Most Ukrainian deposits, both coal and
gas, are in the final stage of development (Piwniak,
Bondarenko, Salli, Pavlenko, & Dychkovskiy, 2007).
Thus, for today, 85% of prospected oil reserves and
77% of gas reserves have been extracted. Ukraine be-
longs to a number of countries suffering from power
shortages, that is, which satisfy the need for energy
resources at the expense of domestic production less
than by 50% (in gas by 23 —25%, in o0il by 12 — 15%)).
Our country is among the top five countries in terms
of the use of imported natural gas per capita (Annual
report..., 2016; Annual report..., 2017).

The conditions of natural gas production in
Ukraine are constantly becoming more complicated
due to the gradual depletion of the highest quality
reserves and the growing share of lower quality
reserves with a lower extraction potential and higher
cost. For today, the gas production in the country is
characterized by the following features: a high de-
gree of the primary reserves depletion of major large
fields; low rates of new reserves prospecting (the re-
placement rate of gas produced by new reserves over
the past 20 years is below 100%); low quality of new
reserves (reserves are divided between a large number
of small fields and a significant part of these reserves
are difficult to access); an increase in the depth of
drilling in both existing and new fields (the average
depth of drilling for gas production is about 3500 m,
the maximum depth already exceeds 6000 m).

Given the above, it is possible to predict the next
trend in the development of gas producing Ukrainian
companies in the near future:

— development of new onshore fields, including
small (1 — 5 billion m® of gas reserves) and sufficiently
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small (up to 1 billion m® of gas reserves);

— development of the coastal Black and Azov Sea
beds and river deltas;

— application of efficient drilling technologies at
depths of 6000 — 7000 m);

— introduction of new technologies for gas
production from alternative energy sources, which,
first of all, include the Black Sea gas hydrate deposits.

The problem of energy supply can be
fundamentally solved by involving the development
of natural gas hydrate deposits of the Black Sea that
are promising for use, since the gas reserves which are
concentrated in the Ukrainian part by several times
higher than the existing gas reserves of traditional
fields. However, for this it is necessary to identify and
summarize the geological and thermobaric peculiari-
ties of the gas hydrate deposits occurrence, as well
as to study the thermodynamic conditions of their
formation for the further development of production
directions and technologies.

Purpose of research — identification of geological
and thermobaric peculiarities of formation and
existence of the Black Sea gas hydrate deposits in
order to improve the development of the directions
and technologies of their production on the basis
of systematization and generalization of the data
of literary sources, information resources, own de-
velopments; development of gas hydrate deposits
classification according to the rock inclusions content
and the amount of thermal energy consumed on the
gas hydrates dissociation.

Methods of research. To achieve the purpose set,

an integrated approach was used in the work that
includes processing and summarizing the literature
and patent sources devoted to the study of pecu-
liarities and thermobaric properties of gas hydrates,
methods of the gas hydrate deposits development.
The geological, geophysical, and climatic data on the
conditions of hydrate accumulation and the formation
of gas hydrate deposits in the Black Sea offshore area,
as well as the distribution maps of the most promising
areas of gas hydrate content were studied in detail. To
generalize the gas hydrate deposits, their classifica-
tion has been made according to the rock inclusions
content and the energy spent for the dissociation of a
deposit.
Research results. The peculiarities of gas hydrates
formation and accumulation in natural conditions.
The gas hydrates are solid ice-like crystalline com-
pounds formed by water and natural gas molecules,
in which water molecules are bonded to each other by
hydrogen bonds and form scaffolds with large cavi-
ties inside (Gas hydrate, 2007). The ability of water
to form gas hydrates is conditioned by the presence
of hydrogen bonds in it. The chemical bonds are not
formed between the molecules of gas and water. The
guest-molecules (hydrate-forming agents) placed in
lattice cells, stabilize the system, because in itself
the crystalline host-lattice (water molecules) is ther-
modynamically metastable, when it is not filled with
a minimal amount of gas molecules (Kvenvolden,
1994; Carroll, 2014).

The gas hydrates are formed under condition of
low temperatures and high pressure (Fig. 1), provided
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Fig. 1. Phase diagram of the gas hydrates existence: -----
line of “gas hydrate — free gas and water” phases

the boundary line of “water — ice” phases; ----- the boundary

397



V. Bondarenko, K. Sai, M. Petlovanyi

Journ.Geol.Geograph. Geoecology,28(3),395-408.

that there is a sufficient amount of hydrate-forming
gas and water. The properties inherent in gas hydrates
are unique. One volume of water, when changing to
the hydrate state, binds up to 200 volumes of meth-
ane. Moreover, its specific volume increases by 26%
(when freezing, the specific volume of water increas-
es by 9%). 1 m® of methane hydrate at a pressure of
2.63 MPa and a temperature of 0°C contains 164 m’
of gas. Therewith, the fraction of gas accounts for
0.2 m?, for water — 0.8 m* (Makogon, 1997; Boswell,
2009).

During the periods of gas hydrates research, it
has been found that such components of natural gas as
CH,, CH, CH,, CH,, CO, N, HS etc., form both
individual and mixed hydrates (their composition
includes several gases). However, it was not estab-
lished the possibility of the gas hydrates formation of
such gases as H,, He and Ne (Bondarenko, Kovalevs-
ka, Astafiev, & Malova, 2018).

The gas hydrates formation occurs under the
following conditions:

— appropriate temperature and pressure: as a rule,
the formation of hydrates is caused by a rather low
temperature and rather high pressure;

— gas hydrate-forming agent must be available:
methane, ethane, propane, carbon dioxide or any
other gas capable of hydrate formation;

— sufficient amount of water is required to start
the hydrate formation process.

The gas hydrate accumulation, as a rule, does not
occur in free space — in sea water, but in the massif of
the sea bed rocks. The important role in the process
of natural gas hydrates formation is assigned to the
parameters of pressure and temperature, as well as to
the properties and features of the medium, in which,
actually, the process of hydrate formation and further
hydrate accumulation occurs.

The thickness of gas hydrate strata ranges from
hundreds of meters (when the deposits are located
at a shall depth (less than 500 m)) to 1 km or more
(when the deposits are located at great depths). A con-
stant companion and source of natural gas hydrates
formation can be free gas, located under the gas hy-
drate deposit. In some areas of bottom sediments, its
concentration is so high that it begins to penetrate
into the free spaces between the rock particles. As the
gas hydrates are accumulated in sedimentary rocks,
these rocks become impermeable. An enclosed space
is formed, capable of self-compacting, in which the
gas is accumulated which tends to rise upwards. The
more free gas penetrates into the hydrate formation
zone, the stronger the gas hydrate deposit becomes.
After complete saturation of the gas hydrate stratum,
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the free gas can be accumulated already under it.

The lower line of occurring the gas hydrate
deposits is determined by the geothermal gradient in
the bottom rocks. About 99% of gas hydrate reserves
are located in the offshore areas of the seas and
oceans. In the onshore conditions, there is also the
necessary thermobaric combination of pressure and
temperature sufficient for the formation of natural gas
hydrates and its homologs. It should be noted that in
the continental rocks there is less water and less free
space in which crystalline hydrates are formed (Mak-
ogon, 2010a).

It has been established that gas hydrate
accumulations in mine rocks exist in the form of the
following cryohydrate structures: massive (in sandy
soils); porphyry (in sandy-loam soils); lenticular-
schlieren (in clay soils).

The gas hydrates may be a cement or simply fill
in the voids without cementing the sediment grains.
Strengthening sedimentary rocks occurs due to the
presence of hydrates in them, performing the role of
cement. Also, the gas hydrates can exist in the pore
space, without having a noticeable influence on the
stiffness and strength of sedimentary rocks. The gas
hydrates formation in the seas in the conditions of
bottom rocks suggests the filling of the existing voids
not with water, but with a solid gas hydrate skeleton
(Pedchenko & Pedchenko, 2017).

To assess the gas hydrates energy potential, it is
important to determine the possible variants of their
location in the sedimentary mass and to determine the
properties of hydrate-bearing strata. Having analysed
the existing data on the findings of gas hydrates in
the Earth’s interior, a conclusion can be made that gas
hydrates exist in rocks in the form of small inclusions,
beams, veinlets, and massive strata.

The gas hydrates formation in sedimentary
deposits occurs according to two different variants of
hydrate accumulation:

— the first, when gas hydrates are formed and
accumulated at contacts of the rock particles, which
leads to cementation of the sedimentary deposits
skeleton;

— the second, when the gas hydrates formation
occurs directly in the cavities and pores. According to
this variant, it is obvious that hydrates have almost no
influence on the connection of rock particles, which
leads to the sedimentary mass compaction.

Geological and thermobaric conditions of
hydrate formation, availability of gas hydrates in
the Black Sea. The issues of deposits development,
related directly to the consideration of geological
structure, are constantly actual for all types of min-
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erals (Petlovanyi, 2016; Maksymova & Kostrytska,
2018; Petlovanyi, Lozynskyi, Zubko, Saik, & Sai,
2019). The existing technologies for identifying the
gas hydrate deposits are based on using the properties
of hydrates and hydrate-saturated rocks. The most
widely used method is standard and high-frequency
seismology, according to data of which, the position
of the lower boundary of hydrate-saturated rocks
is determined with an availability of free gas under
the hydrate-saturated strata — Bottom Simulation
Reflector (BSR) boundary (Thakur & Rajput, 2010).

The study of the conditions for gas hydrates
formation, their stable existence and properties in
natural environment makes possible to confidently
predict their occurrence in different onshore areas, in
the World Ocean, and in particular in the Black Sea.
The Black Sea offshore area is characterized by the
occurrence of gas hydrate deposits, the thickness of
which, according to geologists and seismic survey re-
sults, reaches at an average of 1000 m from the sea
bed surface. The Ukrainian part of the sea has meth-
ane gas resources, which can be extracted from the
gas hydrate deposits located directly opposite the
Crimean Peninsula, about 20 — 25 trillion m. The total
projected gas resources throughout the Black Sea are
at least 100 trillion m?, based on the results of drilling
and the studied cores analysis (1988 — 1989) (Korsa-
kov, Byakov, & Stupak, 1989; Gas hydrates..., 1990).

The Black Sea is one of the largest and deepest
seas. The average sea depth is 1300 m. The maximum
depth, according to different sources, based on
the echo-sounding survey data, is in the range of
2210 — 2258 m. The river streams inflowing into the
sea have a limited runoff through the narrow Bos-
phorus Strait, with 32 m in depth and about 750 m
in width. The mixing of water is determined only by
winds to shall depths and low-powered seepages lo-
cated at depths up to 700 m.

The bottom temperatures are around +9°C.
Plankton can exist only in the upper 200-meter layer
of water, which is mixed, and contains dissolved
oxygen. At great depths, the water is saturated with
hydrogen sulfide, where only anaerobic bacteria that
generate hydrogen sulfide can exist. The vertical
water circulation is practically absent. There is also
no migration of dissolved gases, generated in the up-
per “living” water layer, into the deep hydrogen sul-
fide layer.

The Black Sea uniqueness is as follows:

— it is the world’s largest meromictic reservoir,
in which almost stagnant water column has been
accumulated and that does not circulate;

— it is the relatively young “closed” sea (pool

isolation affected the water saturation with hydrogen
sulfide, as well as the generation and dynamics of
hydrocarbons);

— absence of life at depths greater than 200 m,
except sulphur bacteria;

— giant methane reservoir.

The modern Black Sea basin is a part of the large
Alpine orogenic belt. It is the north-eastern segment
of the Mediterranean mobile belt. In the north, these
two depressions border on the southern edge of the
East European Platform, in the east they border on
the zone of the Taman dome structures, which are
the western extension of the Caucasian orogen, in
the south — the Anatolian fold structures, in the west
— the structures of the Mysia Plate and the Dobruji
mountain structures. The north-western part of the
Black Sea offshore is a tectonic depression (trough)
of the Northern Black Sea region, which arose in the
late Maykop time between Dobruji in the west and
the Crimean Peninsula in the east. In the south, the
depression is opened toward the large Black Sea
depression, and in the north it is deeply embedded
within the East European Platform (Nikishin et al.,
2015; Vespremeanu & Golumbeanu, 2017).

In the offshore area of the Black Sea, there are
three main geomorphological elements at the bottom:
the shelf, the continental slope, and the deepwater
depression. The Black Sea shelf is the coastal part of
the sea bed to depths of 90 — 110 m. The geological
shelf structures are a continuation of the onshore
structures. The shelf, or continental shelf, occupies
25% of the sea offshore area. The continental slope
corresponds to a narrow zone of steep bend of the
sea bed from the outer shelf to depths of 1830 m
and occupies about 40% of the offshore area. The
deep-sea depression of the Black Sea (about 35%
of the offshore area) is a flat accumulative plain that
extends from the west to the east in the oval form and
is slightly inclined to the south. Its bottom is almost
flat, it is characterized by a relief with small protuber-
ances, the inclination angles vary in the range of 0 to
1°. There were not found the large forms of submarine
relief according to the echometry surveys data. The
depths everywhere are over 2000 m.

The analysis of thermobaric conditions within
the deepwater area of the Black Sea Depression gives
every reason to assert that the available temperature
and pressure parameters at the sea depths of
500 — 750 m are optimal for the gas hydrate deposits
formation under such conditions (97/01843 Ther-
modynamic conditions..., 1997; Demirbas, 2009;
Shnyukov, 2013). The lower boundary of these
deposits occurrence is 400 — 500 m below the sea bed
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Fig. 2. The zone of gas hydrates formation in the Black Sea (Makogon, 2010b)

and depends on the sea depth. In Fig. 2, there is a rock
stratum of the gas hydrate deposits occurrence, which
is located to the south of the Crimean Peninsula.
During the research process aimed at studying
the heat flux distribution in the Black Sea depres-
sion, A.D. Duchkov and S.A. Kazantsev discovered
a wide and lengthy zone of reduced (almost twice)
heat flux, which is stretched across the entire offshore
area from west to east, and the similar anomaly in the
northern Black Sea part, opposite the Kerch Strait
(Duchkov & Kazantsev, 1988). With account of these
data, the thickness of hydrate formation zone for these
areas can reach 1000 — 1200 m, which is confirmed
by the results of seismic operations by means of the
common depth point method in the Western Black Sea
depression. Therefore, it can be stated that the hydrate
formation zone covers the entire deepwater depres-
sion and a significant part of the continental slope.
For the first time, the possibility of the natural
gas hydrates availability in the bottom Black Sea
sediments was expressed by A.G. Efremova and
B.P. Zhizhchenko during the expeditions, when in
one of the soil columns lifted from a depth of about
2000 m (location was not indicated), white, frost-like
microcrystalline growths were found inside large
voids at 6.5 m from the surface, which disappeared
quickly when being lifted on the ship’s deck. Then
it was suggested a possible gas hydrate origin of the
detected crystals (Efremova & Zhizhchenko, 1974).
In 1988, the Computing Center of the Siberian
Branch of the Academy of Sciences of the USSR
and the All-Union Scientific Research Institute
of Oceanology, the USSR Ministry of Geology,
conducted a special expedition in the Black Sea aimed
at identifying gas hydrates (21 cruise of the research

400

vessel “Evpatoria”) in the deepwater part of the
Sorokin Trough. During the expedition, it was found
and partially studied the accumulation of gas hydrates
associated with diapir structure, located to the south
of the Crimean Peninsula at water depths down to
1400 — 2200 m. The most effective manifestation
was noted in clay breccia at a depth of about 2000 m
in a column interval of 70 ¢cm, where a monomin-
eral hydrate sample with 8 cm in length and 12 cm
in diameter was obtained, which corresponded to the
internal diameter of the pipe. In other samples, thin
(3 — 5 mm) but lengthy veinlets were noted. The total
hydrate content was about 10%, the rest was rocks.
In the gas hydrate composition methane prevailed
(97 — 98%), ethane content was 0.02 — 0.4%, carbon
dioxide — 0.5 — 0.9%, hydrogen sulfide — 0.25%
(Ginsburg, Kremlev, & Grigor’yev, 1989).

The first exploratory seismic surveys in the Black
Sea, performed by the SEVRMORGEO of the Rus-
sian Academy of Sciences in 1988 discovered 5 gas
hydrate areas. The most promising area is located
20 km to south of Yalta. This is a large area where
search and exploration of gas hydrate deposits should
be focused. Other promising areas are located in the
waters of Russia, Turkey and Georgia. In 1989, gas
hydrates were discovered within one of the zones of
diapir-like folds’ development and local disturbances
in the central part of the sea, 90 km south of Saryich
Cape.

During the cruise of the research vessel
“Gelendzhik”, under the ANAXIPROBE/TTR6
program in 1996, gas hydrates were also discovered
in the Sorokin Trough and the central part of the Black
Sea. In the course of work, three different types of gas
hydrate structures were described: layers of massive
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gas hydrates (as pure hydrated ice, so with a small
proportion of rocks inclusions); gas hydrates massive
pieces with irregular shape, randomly distributed in
the mud-volcano breccia near the rock fragments;
thin lenses and hydrate layers, oriented in parallel to
the bedding of sediments and to the sea bed. The data
obtained during the expedition allowed the authors
to conclude that gas hydrates are widely distributed
in the studied area and in large volumes (Ivanov, Li-
monov, & Woodside, 1998).

In 2001, the studies on gas hydrates were carried
out again in the Black Sea. In the course of work,
gas hydrates were found in sediments in the Sorokin
Trough and were the plates of 2 — 3 mm thick and
more than 5 cm in diameter. Also, the gas hydrates
have been found in sediments of the north-western
Black Sea part. By their structure, they were very
porous and brittle by sense of touch, up to several
centimeters in size. Based on visual observations, it
was possible to distinguish two types of sedimentary
hydrate-forming textures. The type of texture, when
gas hydrates are more or less uniformly distributed
in sediments, can be attributed to porphyry or mas-
sive type. In addition, some gas hydrate samples were
oriented along the sedimentary stratification of the en-
closing sediments.

An important issue that determines the approach
to the study of patterns of gas hydrates formation
in the subsoil, is the question of the sources of
hydrocarbon gases and how they enter into the zone
of hydrate formation. Some researchers consider that
the genetic factor is no less important in the formation
of gas hydrate deposits than the thermodynamic one.
The classification is based on the concept of the main
geological models of natural gas hydrate formation
— cryogenic, eustatic, sedimentary, filterogenic and
diagenetic. For the Black Sea Depression conditions,
the most probable are sedimentary, filterogenic and
diagenetic types of gas hydrate deposits.

One of the sources can be gaseous products of
biochemical conversion of organic matter (methane,
hydrogen sulfide, carbon dioxide, etc.). Therewith,
some scientists admit the presence of gases inflow
that saturate the pore water to levels sufficient for the
crystalline hydrates formation. When gas-saturated
deposits being submerged within the hydrate forma-
tion zone, primary gas hydrate deposits are formed,
which fill the sea bed along with bottom rocks.

A.O. Trofimuk believes that gas hydrates can be
accumulated in the stratal waters under the conditions
of their considerable undersaturation with gas and at
available appropriate thermobaric conditions. In this
case, it is an important fact that the presence of litho-

logical rocks is not necessary for the deposit forma-
tion, since the layer which contains the gas hydrates,
becomes almost impermeable for gaseous hydro-
carbons when filling 65 — 70% voids volume with
hydrates. This finding is very important for assess-
ing the potential of the Black Sea Depression, since
the possibility of formation in the bottom sediments
(300 — 500 m below the bottom) a layer impermeable
to gases, allows to consider a wide range of objects,
and increases significantly the potential of the entire
sedimentary cover (Trofimuk, Cherskiy, Makagon, &
Tsarev, 1973).

Another important source of hydrocarbon gases
is migration flows of catagenetic natural gases
entering the hydrate formation zone through tectonic
(fractures, crushing zones) and lithological channels
from the main oil-gas formation zone. An important
factor that initiates the migration processes, is the ne-
otectonic activity of the earth’s crust, which is charac-
teristic of the Black Sea region.

The thickness of the hydrate formation zone
essentially depends on the value of the temperature
gradient and heat flux. In zones with low heat flux
(25 — 30 mW/m?), the thickness of hydrate formation
stratum can be 350 — 400 m, with an increase in heat
flux up to 40 mW/m?, it decreases to 200 — 250 m,
and at heat flux values of 60 mW/m? and more — it is
reduced to tens of meters. In zones with abnormally
high heat fluxes (80 — 100 mW/m?), the gas hydrate
stratum is most likely absent (Starostenko, Shnyukov,
Kobolev, Rusakov, & Kutas, 2008).

The Black Sea bottom sediments, starting at
depths of 500 — 600 m, are gassy with methane. The
powerful gas emissions in the form of numerous seep-
ages, fountains, mud volcanoes were recorded almost
along the entire Black Sea perimeter. Currently, about
4000 gas flames have been discovered, localized on
the periphery in the Black Sea offshore, in particu-
lar, in the north-west of the Black Sea, the Bulgarian,
Kerch-Taman shelves, along the coast of the Cauca-
sus and on the continental slope and shelf of Turkey.

As mentioned above, the source for the Black
Sea gas hydrates formation and accumulation is
predominantly catagenetic (deep) gas, but diagenetic
methane is also involved in the formation of gas
hydrate deposits. The main component of natural gas
hydrate deposits is methane and its homologs — eth-
ane, propane, isobutane. Also the gas, which is re-
leased after the decomposition of gas hydrates, con-
tains steam-like gases — pentane and hexane. They are
not included into the gas hydrates structure, but are
probably adsorbed by the surface. The proportion of
methane is 93.3 — 98.9%, the proportion of its homo-
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logs is 1.1 — 6.7%.

Some gas hydrates contain 100% of methane.
The performed studies have shown the presence not
only of hydrocarbon gases in the gas hydrate depos-
its, but also of nitrogen, carbon dioxide and hydrogen
sulphide. However, their proportion is extremely low
(Makogon, 2010a).

The gas hydrates have also been found at depths
of 2000 m, which indicates the deep origin of the gas
contained in gas hydrate deposits. This made possible
to identify two main types of gas hydrate deposits in
the Black Sea deepwater areas for O.S. Gorshkov and
his colleagues (Gorshkov, Meysner, & Tugolesov,
1992):

— gas hydrates which are connected with
migration gases that go through tectonic disturbances
and mud volcanoes;

formation zones are localized in the Black Sea mainly
in the quaternary deposits, which reach a thickness of
1 — 3 km, in the Sorokin Trough occasionally even in
neogene. The criterion for the availability of gas hy-
drates in sediments on seismic profiles is a specific im-
aging, which displays the bottom configuration.

According to the regional seismic profiles by
a grid of 25x25 km, made by the SEVRMORGEO
association, a significant distribution of gas hydrates
deposits within the deepwater Black Sea part has
been set, and a map of prospects for gas content in the
hydrate formation zone has been constructed (Fig. 3)
(Korsakov, Byakov, & Stupak, 1989; Bondarenko,
Ganushevych, Sai, & Tyshchenko, 2011).

According to this map, the most promising are the
central, northeastern and northern parts of the Black
Sea, where a special attention should be focused on

Fig. 3. The map of prospects for gas content in the hydrate formation zones of the Black Sea Depression: 1 — highly
promising zones of hydrate formation; 2 — promising zones of hydrate formation; 3 — little promising zones of
hydrate formation; 4 — unpromising zones of hydrate formation

— gas hydrates of river fans.

The predicting assessment of the gas con-
tent potential in the Black Sea subsoil is most
clearly expressed in the work of O.D. Korsakov,
O.Yu. Byakov, S.M. Stupak (Korsakov, Byakov, &
Stupak, 1989). For hydrate formation, the situation is
favorable practically in the whole deepwater Black Sea
Depression. The regional geophysical studies of these
authors have provided a spatial pattern of the natural
gas hydrates distribution in the Black Sea. The hydrate
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the technologies development of gas extraction out of
the gas hydrate deposits (Bondarenko, Maksymova,
Ganushevych, & Sai, 2013; Bondarenko, Sai, Proko-
penko, & Zhuravlov, 2018).

Given the above, and based on the results of their
own research (Bondarenko, Svietkina, & Sai, 2018),
the authors have made a conclusion that in the Black
Sea offshore, the gas hydrate deposits predominate of
heterogeneous structure, that is comprising a certain
proportion of aluminosilicate inclusions. This proves
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the fact that the limous bottom compounds practically
are aluminosilicates of different composition with
an admixture of metal oxides — iron, magnesium,
titanium, calcium, etc. Although in the natural state,
clay minerals have low adsorption and catalytic ac-
tivity, they can be activated through ion exchange,
hence, this makes it possible to regulate their porous
structure. Such activation leads to a sudden growth
of the surface and mesopores volume, which is con-
ditioned by the formation of amorphous silica, which
has pores that are available not only for water mol-
ecules, but also for hydrocarbons.

The Black Sea waters, as a rule, are not prone to
freezing. The average water temperature in the sea
does not fall below +7...+8°C, in winter it rises from
—0.5 to 0°C in the coastal areas of the northwestern

convection, and in other areas is formed mainly by the
transfer of cold water by currents;

— constant halocline — a layer of maximum salt
content increase with a depth, which is located in
the contact zone of the upper (Black Sea) and deep
(Marmara Sea) water masses;

— deep layer — from 200 m to the bottom,
where there are no seasonal changes in hydrological
characteristics, and their spatial distribution is
sufficiently uniform.

Aspects of criteria choice for the gas hydrate
deposits development. The choice and substantia-
tion of the technological schemes and the appropri-
ate rational parameters of the gas hydrate deposits
development should include the implementation of
several stages and be carried out for the conditions

Table 1. The average values of the Black Sea water temperature by horizons, °C

o - ! — ! |
kE El 3| =< S 2 et 8278
0 +7.7 +7.2 +6.8 +9.2 | +14.1 | +19.8 | +22.8 | +23.8 | +20.8 | +18.7 | +11.7 | +9.5
10 +7.7 +7.1 +6.8 +9.0 | +12.8 | +18.5 | +21.8 | +23.6 | +20.7 | +18.6 | +11.8 | +9.6
20 +7.7 +7.0 +6.7 +8.4 | +10.2 | +11.9 | +12.2 | +13.6 | +19.2 | +17.9 | +11.6 | +9.6
30 +7.7 +7.0 +6.7 +7.7 +7.9 +7.8 +8.5 +9.0 +9.1 | +12.0 | +104 | +9.2
50 +7.6 +7.4 +7.3 +7.6 +7.4 +7.3 +7.4 +7.6 +7.2 +8.0 +7.6 +7.8
100 +8.3 +8.3 +8.3 +8.3 +8.3 +8.3 +8.3 +8.3 +8.3 +8.3 +8.3 +8.3
200 +8.5 +8.5 +8.5 +8.5 +8.5 +8.5 +8.5 +8.5 +8.5 +8.5 +8.5 +8.5
500 +8.9 +8.9 +8.9 +8.9 +8.9 +8.9 +8.9 +8.9 +8.9 +8.9 +8.9 +8.9
700 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0
1000 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0
1500 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0 +9.0
part, to +7...+8°C — in the central, and +9...+10°C —in  of each specific field (Bondarenko, Maksymova, &

the southeastern part of the sea. In summer, the water
surface layer is warmed up to +23...+26°C. The average
water temperature by horizons is shown in Table 1.

Beginning with the horizons of 150 — 200 m, the
salt content and temperature of water slowly increase
to the bottom caused by the influence of more salt and
warm waters flowing into the deep layers. In the verti-
cal hydrological structure of the Black Sea waters, the
following main components are distinguished:

— a homogeneous upper layer and seasonal
(summer) thermocline layer, mainly related to the
process of windy mixing and the summer cycle of
heat flux through the sea surface;

— a cold intermediate layer with a minimum
temperature at a depth, which in the northwest and
northeast of the sea occurs as a result of autumn-winter

Koval, 2013; Maksymova, 2018). The gas hydrate
deposits of high priority and that suitable for
development can be chosen according to the principle
proposed in the work (Petlovanyi & Medianyk,
2018). Taking into account the peculiarities of gas
production from gas hydrates and guided by the Rules
for the development of oil and gas fields, as well as by
the Law of Ukraine “On Oil and Gas”, it is obvious
that the gas hydrate field should be characterized as
follows (Zakon Ukrainy..., 2018):

1. According to the geological structure
complexity of the productive gas hydrate horizons:

— fields with a complex geological structure,
which have a variable nature of productive horizons
— lithological composition, reservoir characteristics,
etc.;
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— fields with a simple geological structure,
productive deposits of which are characterized by
relative continuity of lithological composition,
reservoir characteristics and productive horizons over
the entire deposit area.

2. By the number of developed deposits:

— single-layered, when there is only one de-
posit or all deposits are combined into one object of
development;

— multi-layered, when
allocated for development.

3. By thermobaric parameters.

4. According to the degree of deposit saturation
with gas hydrates, depending on the rocks porosity,
the hydrate density, the thermodynamic characteristics
and the range of development depths.

5. According to the designed maximum possible
operating specific productivity index of future
boreholes: decreased, low, medium and high specific
productivity indeces.

6. By the value of the initial strata pressure: low,
medium and high pressure.

For gas hydrate field, which is accepted for
development, the following steps should be performed:

— a preliminary detailed exploration of the place
of deposit occurrence, assessment of gas reserves,
which are in the form of gas hydrates;

— determining the distinct boundaries of the field,
density and porosity of host rocks;

— performance of full-scaled tests and studies
in several boreholes in order to obtain the main
distinguishing deposit characteristics;

— identification of structural and geometric pecu-
liarities of the deposit structure;

— establishment of the basic characteristics of
productive strata: thickness, porosity, permeability,
gas recovery factor, thermal conductivity coefficient
and thermal diffusivity of host rocks.

Designing the development of a selected gas
hydrate field provides for a preliminary core sampling

several objects are

from productive horizons in boreholes planned by the
exploration project. The purpose of continuous or se-
lective withdrawal of cores is to study the totality of
the physical and chemical properties of productive
deposits and the inclusions contained in them.

A complete performance of industrial
geophysical research in all exploration boreholes,
including the establishment of azimuth and curvature
of the wellbore, is an integral component before the
beginning of the gas hydrate fields development. In
specially prepared boreholes, it is necessary to deter-
mine the geothermic gradient value for each selected
exploration field area. Types and scope of geological
and industrial research in the drilling of boreholes are
established and approved by the Program of Explora-
tion and Commercial-Test Production of the field.

The methods for gas production and
classification of gas hydrate deposits according
to the content of rocks inclusion and energy con-
sumption during their dissociation. The technolo-
gies for the gas hydrate fields development and the
recovery of methane gas from them are connected
with the physical and chemical properties of these
clathrate compounds, and based on the dissocia-
tion, by which the gas hydrates are dissociated into
gas and water (Bondarenko, Ganushevych, & Sai,
2012). To release the gas contained in hydrates, the
equilibrium parameters of their stable existence can
be shifted. At present, there are three main methods
of gas production from gas hydrates (Processes for
methane..., 2010; Rogers, 2015):

— thermal treatment method based on deposit
heating;

— depressive method which is in reducing the
pressure in the gas hydrate;

— substitution method or adding chemicals that
are catalyst agents for the dissociation process of gas
hydrate deposit.

Table 2 shows the existing subtypes of the main
methods for gas extraction from gas hydrate deposits.

Table 2. Methods for the gas hydrate deposits development and the natural gas extraction from them

Dissociation method

Subtypes of the method

medium

Method of heating with the use of injection of heat-transfer

Thermal treatment method

Hot water circulation method

Method of gas hydrate deposit decomposition with the use of
steam, heated gas or liquid

borehole

Method of depressurization by reducing the pressure around the

Depressive influence method

The method of reducing the water or free gas pressure on gas
hydrate after their partial pumping out

404



V. Bondarenko, K. Sai, M. Petlovanyi

Journ. Geol. Geograph. Geoecology, 28(3),395-408.

The thermal treatment method for gas hydrate
deposits development is based on the supply of heat
inside the hydrate crystalline structure to increase
its temperature, which accelerates the dissociation
process of crystalline hydrates. This method is suit-
able for the productive deposits development that
have a high degree of hydrate saturation. But precise-
ly this deposits are widely spread in the Black Sea
offshore. The thermal treatment method is the safest
from an environmental point of view. It does not re-
quire additional water resources for its implementa-
tion, since water intake is carried out directly from the
homogeneous upper sea layers.

The temperature values of the Black Sea water by
horizons, starting from clay 100 m, does not fall be-
low +8°C (Table 1), and in summer the average tem-
perature of the seasonal thermocline fluctuates at the
level of +20°C, which is an additional advantage and
reduces the heat consumption for heating when ap-
plying the thermal treatment method of deposit devel-

a form of pure hydrate stratum, and, more often, with
rock aluminosilicate inclusions, which makes the
structure of the deposit heterogeneous. Thus, the ef-
ficiency of the decomposition process of gas hydrate
deposits with a variable proportion of aluminosilicate
inclusions depends on the amount of thermal energy
consumed to produce 1000 m* of gas (Bondarenko
& Sai, 2018). These calculations, performed by the
authors in the process of research, made it possible
to determine the volume of decomposition zones of
heterogeneous gas hydrate deposits and the output of
methane gas from the proportion of rocks inclusions.
With account of previous own developments and
peculiarities of hydrate accumulation in the Black Sea
sediments, the authors have developed a classification
of gas hydrate deposits, which is based on the content
ofrocks inclusions in these deposits. The classification
is based on energy consumption in the gas hydrate
deposits development to produce 1000 m?® of methane
gas. Thus, it is proposed to divide gas hydrate depos-

Table 3. Classification of gas hydrate deposits by energy consumption

. Proportion of rocks inclu- Amount of thermal e?ergy
Class Naming . to produce 1000 m’ of
sions (1), %
methane gas
I Almost homogeneous <15 <3007.25
II Heterogeneous <30 <3269.23
I Much heterogeneous <45 <3549.14
v Considerable heterogeneous <60 <4764.42

opment. Also, the thermal influence method, in con-
trast to the depressive one, excludes the possibility of
hydrates technogenic formation in the bottom-hole
zone, which, in turn, could require the introduction of
inhibitors to eliminate hydrate blocks in the wellbore.

To substantiate the parameters of the
development method of gas hydrate fields, it is
advisable to systematize and group the fields due to
the diversity of their geological, morphological and
thermodynamic properties in order to determine the
limiting boundaries of the rational use of the ther-
mal influence method or the choice of another, most
optimal method.

The generalized data on the conditions for gas
hydrates formation and existence, which are based
on the existing results of the analysis of drilled bore-
hole cores, give reason to the authors to conclude
that gas hydrates are contained in the Black Sea
bottom sediments at an approppriate temperature and
pressure parameters corresponding to the conditions
of stable existence of gas hydrate deposits, not only in

its into 4 classes depending on the proportion of rocks
inclusions in the gas hydrate massif (Table 3).

I heterogeneity class. It is assumed that this type
of gas hydrate deposits contains up to 15% of inclu-
sions, but they will not influence significantly on the
conditions of development. Such deposits are consid-
ered to be almost homogeneous, since the number of
inclusions does not exceed a certain limit, after which
they cannot be considered as structure-forming inclu-
sions of gas hydrate. In this case, the gas hydrate itself
becomes the main rock-forming element and exists as
a homogeneous gas hydrate structure.

IT heterogeneity class. This type of gas hydrate
deposits is most common in nature, and contains in
its composition from 16 to 30% of rocks inclusions.
It is characterized by intense gas recovery factor dur-
ing the gas hydrate dissociation. The deposits are gas
hydrate massifs with significant thickness (sometimes
up to 400 m).

IIT heterogeneity class. The gas recovery factor in
the development of this type of gas hydrate deposits
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is slightly less than in the development of the II class
deposits, since they contain from 31 to 45% of rock
minerals inclusions.

IV heterogeneity class. The content of inclusions
for this type of gas hydrate deposits varies from 46 to
60%. It is obvious that almost half of the gas hydrate
deposit contains rock particles. The gas recovery fac-
tor in the process of this class development of gas
hydrate deposits will be the lowest.

Based onthe above classification, the development

of gas hydrate deposits of I — III classes is the most
expedient, since the value of their gas recovery factor
is significantly higher than that of deposits classified
as IV class. Nevertheless, the production of gas from
these deposits is also possible with account of the ap-
propriate development parameters.
Conclusions. In view of the limited reserves of
hydrocarbon energy sources in the Ukraine’s interior,
the significant dependence on import of these
resources from other countries, fluctuations in market
prices for society, it is extremely important to develop
strategies for developing the production of alternative
fuel sources. Such a type is gas hydrate deposits, in
which the methane gas reserves significantly exceed
the existing gas reserves of traditional fields, and this
could provide Ukraine with a source of energy for
several centuries, taking into account all the neces-
sary needs of both the industrial state sector and the
population. Moreover, the role of methane, possessed
by our country, in the coming years may become de-
cisive in the gas market redistribution.

The analysis has been made of geological and
geophysical data and literature materials devoted to
the study of the offshore area and the bottom of the
Black Sea, as well as to the identification of gas hy-
drate deposits. It was set that the Black Sea bottom
sediments, beginning with the depths of 500 — 600 m,
are gassy with methane, and a large sea part is favour-
able for hydrate formation. As a result, a productive
zone of gas hydrate reserves has been formed, which
are assessed by researchers at 100 trillion m?, and in
the Ukrainian part — 20 — 25% of these reserves. It
was noted that the gas hydrates formation occurs at
the appropriate combination of temperature and pres-
sure, the availability of a gas hydrate-forming agent
and a sufficient amount of water necessary to start the
crystallization process. The water temperature, where
the hydrates formation is noted (below 500 m) is
+8°C, and the pressure at this depth is 6 — 8 MPa. The
source of formation and accumulation of the Black
Sea gas hydrates is mainly catagenetic (deep) gas, but
diagenetic gas also takes part in the process of gas
hydrate deposits formation. That is, there are all fa-
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vorable conditions in the Black Sea for the formation
of a stable structure of gas hydrates with a high degree
of hydrate saturation.

The accumulation of gas hydrate does not occur
in free space — in sea water, but in the massif of the sea
bed rocks, which indicates the heterogeneous struc-
ture of gas hydrate deposits and the neccesity to take
this feature into account when calculating the amount
of thermal energy for the dissociation of gas hydrate
deposit. There are two variants of hydrate accumula-
tion — at contacts of the rock particles, which leads to
cementation of the sedimentary deposits skeleton, and
the formation of gas hydrates in the cavities and pores.

It has been established that gas hydrate
accumulations in mine rocks exist in the form of the
following cryohydrate structures: massive (in sandy
soils); porphyry (in sandy-loam soils); lenticular-
schlieren (in clay soils). The gas hydrates may be a
cement or simply fill in the voids without cementing
the sediment grains. The sedimentary rocks strength-
ening occurs due to the presence of hydrates in them,
which perform the role of cement. Also, the gas
hydrates can exist in the pore space, without having
a noticeable influence on the stiffness and strength of
sedimentary rocks. The gas hydrates formation in the
seas in the conditions of bottom rocks suggests the
filling of the existing voids not with water, but with a
solid gas hydrate skeleton.

It was determined that under the conditions of the
Black Sea basin, the gas hydrate deposits dominate
of not pure, but of heterogeneous structure, that is,
comprising a certain proportion of aluminosilicate in-
clusions. A new classification of gas hydrate deposits
with a heterogeneous structure and with a different
proportion of rock inclusions in gas hydrate has been
developed, the classification feature of which is the
amount of heat spent on the dissociation process.

It is recommended to focus on the thermal
treatment method when developing the gas hydrate
deposits. Its application is characterized by minimal
impact on the Black Sea ecosystems. Due to the water
intake from the upper homogeneous sea layers for de-
composition of gas hydrate deposits (with a tempera-
ture not lower than +8°C, beginning with the depths
of 100 m, and in summer period the average tempera-
ture of the seasonal thermocline fluctuates at the level
of +20°C), the heat spent for heating is significantly
reduced, which is an additional advantage.
Acknowledgments. The presented results have
been obtained in the framework of implementation
of complex research work of GP-500 ‘“Synthesis,
optimization and parameterisation of innovation
technologies for the development of gas-coal fields
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phase transformations of gas hydrates and the stress-
strain state of the rock massif, as well as development
of the innovation geotechnologies”.
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Received: 04.01.2019 Abstract. In soils after fires trace metals sharply change their migration ability and can form
Received in revised form: 27.05.2019 poorly-soluble hydroxides which are hazardous chemical formations, the nature of which
Accepted: 22.06.2019 has not been fully explored until now. In addition, in interstitial water, there is a probability

of the formation by metals of hydroxocomplexes with different amounts of hydroxide ions.
We studied the range of dynamics of migration capacity of sedimentation of hydroxides and the region of predominance of soluble
hydroxocomplexes by developing logarithmic concentration diagrams (LCD). We developed logarithmic concentration diagrams, the
equation of formation of prevailing forms, using which it is possible to clearly determine the regions of maximum sedimentation
(accumulation) of hydroxides and hydroxocomplexes of heavy metals after the influence of the pyrogenic factor. The obtained
calculations of the results of the predictive modeling of the dynamics of migration capacity and postpyrogenic migration geochemical
processes in ecogeosystems have been organized and systematized. The determined patterns can be useful for the analysis of possible
geochemical migration (accumulation) of heavy metals in ecological systems in the study of technogenic and ecological situation after
fires. Based on the calculations made, mathematical models of heavy metals® behaviour are developed, which are useful for drawing up
a forecast estimation of the dynamics of their geochemical migration and accumulation in ecological systems as a result of the influence
of the technogenic loading of the pyrogenic factor. The conditions of concentration and migration of compounds of heavy metals were
determined, and the equation for calculating the concentration of mobile forms of trace metal compounds has been developed. The
developed map of the activity of geochemical migration of heavy metals under the influence of the technogenic loading of pyrogenic
factor will make it possible to elaborate the migratory capacity of trace metals and provide a forecast of their behaviour in ecological
systems after fires. This will allow preventive measures to be taken to ensure environmental safety and prevent adverse effects on human
health and the condition of the components of the environment. The creation of similar cartographic material may be extrapolated to
other regions of Ukraine, affected by technogenic loading of pyrogenic factor. The development of logarithmic concentration diagrams
allows us to predict the capacity of compounds of lead, nickel, chromium,and copper for migration or accumulation of heavy metals
due to changes in the acidity of soils under the influence of the pyrogenic factor. Having used the map of the soils of the Kharkiv
region, we analyzed and provided a forecast of the migration ability of lead compounds in cases of fire in different types and subtypes
of different environmental conditions.

Key words: natural fires, heavy metals, migratory properties of chemical element, map of soils.
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AHoTamisi. Y rpyHTax MiCJIsl II0XKEXK BAKKI METAJIN PI3KO 3MIHIOIOTh CBOIO MIrPaLliifHy 37aTHICTh 1 MOXKYTh YTBOPIOBATH BaXKKOPO3UMHHI
T1IPOKCHIH, SIKi € HeOe3IeUHNMH XIMIYHIUMHU YTBOPSHHSIMH, NIPUPOAA SKUX JO [OTO 4Yacy MOBHICTIO HE JociijkeHa. KpiM Toro,
y IPYHTOBOMY PO3YMHI € HMOBIPHICTh YTBOPCHHSI METalaMHU TiIPOKCOKOMIUICKCIB 3 PI3HOI KIUIBKICTIO TipoKcHI-ioHiB. [liama3zoH
JUHAMIKH MIrpamiifHol 34aTHOCTI OCa/DKEHHS TiAPOKCHIIB 1 00JacTi MepeBaykaHHs PO3YMHHHX TiAPOKCOKOMIUICKCIB BHBYEHI HAMHU
3a J0TOMOTror0 MoOyI0BH KOHIEHTpariitHo-norapudmidaux aiarpam (KJI). [To6ynoBano koHIEHTpaLiiHO-T0rapudMivHi aiarpamy,
BUBE/ICHO PIBHSHHS YTBOPSHHSI IIEPEBaXKAIOUMX (hOPM 32 JOIIOMOI0I0 YO0 MOXKHA YITKO BU3HAUUTH 00J1aCTi MAKCUMAJILHOTO 0Ca PKEH-
Hs1 (akyMyJsiii) TiZpOKCHAIB Ta T'iJPOKCOKOMIUICKCIB BaKKMX METAIIB IMICIIs BIUIMBY MipOTEHHOT0 YHMHHHUKA. OTpUMaHi pO3paxyHKH
Pe3yabTaTiB MPOrHOCTHYHOTO MOJICTIOBAHHS IMHAMIKH MirpaniifHoi 34aTHOCTI Ta ITOCTHIPOTeHHUX MirpanilfHuX TeoXiMidHIX IPOIeciB
B €KOr€OCHCTEeMax HaMH OyJIH YHOPSIKOBAHO Ta CHCTEMAaTH30BaHO. BUBE/ICHI 3aKOHOMIPHOCTI MOXKYTh OyTH KOPHCHUMH JUIS aHAJI3Y
MOXITUBOI T€0XiMi4HOI Mirpamii (aKkymyJsmii) BaXKKUX METaliB B €KOT€OCHCTeMaxX NMPH BUBYEHHI TEXHOI€HHO-EKOJOTIYHOI CHUTYyaii
micist mokesx. Ha mizicraBi mpoBeieHUX po3paxyHKiB po3po0IeH0 MaTeMaTH4HI MOJEl MOBEIIHKHM BOKKUX METAJIB, SIKI KOPHCHI IS
CKJIQJIaHHS IPOTHO3HOI OLIHKYM JAMHAMIKH 1X TeOXIMiYHOI Mirparii Ta akyMyJsilii B €KOreoCHCTeMax B Pe3yJibTari BIUTUBY TEXHOTCH-
HOTO HAaBaHTAXEHHS MiPOTEHHOTO MMOXO/UKEHHS. BCTaHOBICHO YMOBH KOHIIEHTPYBAHHS 1 Mirpamii CIIOJIyK Ba)KKHX METaliB, BUBEIE-
HO PIBHSHHS JUIS PO3PaxyHKy KOHIEHTpAIii pyXoMuX (opM CHONYK BaKKHX MeTaiiB. [loOynoBaHa kapra akTHBHOCTI IeOXiMidHOT
Mirpaiii BaJKKAX METaJiB ITiJ BIUINBOM TEXHOTCHHOTO HABAHTAKEHHS TIPOT€HHOTO MOXOIKEHHS JTO3BOJIUTH JETAi3yBaTH MirpamiiiHy
3[aTHICTh BOKKMX METAJIB TA HAJATH IPOrHO3 iX MOBEIIHKHM B €KOTeOCHCTEMAaX ITicis Hoxkex. Lle J03BONUTh BKUTH MPEBEHTHBHUX
3aX0[iB 110710 3a0€3MeUECHHS eKOJIOTT4HOT Oe3M1eKH Ta HEraTHBHOT'O BIUTMBY Ha 310POB’ st JIFOMHH Ta CTAH KOMIIOHEHTIB HABKOJIUIIIHBOTO
npupozaHoro cepenopuina. CTBopeHuil mopiOHMI kKaprorpadivHuii MaTepiaa MOXKIJIMBO EKCTPAIIOIIOBATH Ha iHINI perioHH YKpaiHH, 110
3a3HAIOTh TEXHOTEHHOTO HABaHTaKCHHS IIPOT€HHOTrO MoXokeHHs. [1o0ynoBa KOHIEHTpaliifHO-IorapuMIdHIX AiarpaM JO3BOJISIE
MIPOTHO3YBATH 3JIATHICTH CIIOIYK TUTIOMOYMY, HIKEITI0, XpOMY, KYIPyMy J0 Mirparii abo akyMyJisilii BaKKUX METaIB YHACIITOK 3MiHA
KHCJIOTHOCTI IPYHTIB [l Ji€10 MPOreHHOr0 YNHHHUKA. BUKOpHCTAaBIIN KapTy IPyHTIB XapKiBCHKOTO PETi0HY, HAMH IMPOAHAJI30BaHO Ta
Ha/IaHO MTPOTHO3 MIrpariifHoi 31aTHOCTI CHOMYK IUIIOMOYMY ITPH BUHUKHEHH] HOXKEXX1 Yy PI3HUX TUIAX Ta MiATHIIAX Pi3HUX €KOJIOTTYHUX

YMOB.

Kniouosi crnosa: npupooHui nodicesict, 6axcKki memanu, Micpayitiii 61acmueocmi XiMiuHUX eleMeHmis, Kapma IpyHmis.

Introduction. The dynamics of geochemical
peculiarities of migration of heavy metals under the
influence of the pyrogenic factor has been studied
in our previous works (Buts et al., 2018, Buts, Y.,
Kraynyuk, O. 2018), where we proved that after a fire,
acidity of soil increases. No doubt, first of all, this is
related to increase in the amount of ash and remains
of combustion products which have alkaline reaction
(Suchikova Y., et al., 2017). Also, an important role
in migration or accumulation of elements belongs to
the condition of flammable materials, particularly —
moisture of forest litter. Increase in alkalinity to 15%
was reported by the authors (Burlakova et al., 2002).
This study is a continuation of our study published
earlier (Buts, 2018, Asotskyi V., 2018).

The objective of this study was analysis of the
dynamic of migrational ability of heavy metals in
soils of Kharkiv Oblast under the impact of the
pyrogenic factor. For this purpose, we solved the
following tasks: suggesting a mathematical model of
behaviour of heavy metals for predictive assessment
of their geochemical migration and accumulation in
ecogeosystems as a result of impact of technogenic
load caused by the pyrogenic factor; determining
conditions of concentration and migration of
compounds of heavy metals and their dynamic,
finding a mathematical description of concentration
of mobile forms of compounds of heavy metals.
Materials and methods. Reduction of acidity of
the soil column contributes to increase in oxidizing-
restorative potential, which reflects in maintaining of

exchangeable Ca?" and Mg?*. Change in soil pH also
410

affects the migration property of heavy metals.

As we know, different plants differently
accumulate various microelements, including heavy
metals. That is, one should take into account also the
pattern of distribution of heavy metals in the above-
ground organs of plants. This pattern is related to
various parameters of dynamics of geochemical
migration of chemical elements during and after
fire .The most characteristic parameter is radial
distribution of most heavy metals (HM ) in soil section,
including the upper soil horizons with interlayers
of fragments of plant litter and forest litter. In this
case, HM concentration in radial differentiation in
the soil column significantly fluctuates, which is well
described in scientific publications (Neshovorova,
2014).

Obviously, heavy metals in soils can form poorly-
soluble hydroxides. Furthermore, in soil sections, there
is a possibility of metals to form hydroxocomplexes
with different amounts of hydroxide-ions. We studied
the range of sedimentation of hydroxides and the
area of predominance of soluble hydroxocomplexes
by developing logarithmic concentration diagrams
(LCD) (Buts, 2018).

The obtained calculations can be used for
predicting dynamics of geochemical migration of
heavy metals in soils after technogenic consequences
of disasters caused by pyrogenic factors.

Using such calculations, we have developed
a logarithmic concentration diagram, according to
which one can clearly designate areas of maximum
sedimentation of hydroxides of metals.



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

Journ.Geol. Geograph. Geoecology,28(3),409-416.

Predicted model of migration of compounds
of lead in ecogeosystems. We have conducted a
study attempting to determine the probability of
mathematical regularity and its dynamic in formation
of migration of poorly-soluble compounds of heavy
metals in soils after technogenic impact caused by the
pyrogenic factor. For lead, the following pattern is
observed: at pH<7, all lead in the soil will be present
in soluble form; at pH=8, concentrations [Pb*] will
equal higher than 0.01 mol/l, i.e. at shift of pH to
more alkaline area, solubility of plumbum compounds
steeply decreases. At pH=9, concentrations [Pb*']
will not exceed 10 mol/l. At pH=9-13, in the soil
environment, particles of [Pb(OH)], Pb(OH), and
Pb(OH), will be present, solubility of which is very
low, i.e. in low-alkaline and alkaline environment,
compounds of lead accumulate, and therefore their
migration is not possible (Fig. 1).

Developing dependency of concentration of
most probable ions [Pb(OH) *"] on pH environment
and line of trend (Fig. 1) allows one to make a
predictive assessment of migration or accumulation
of compounds of lead in the soil column. Dependency
of soluble compounds of lead on pH can be described
by the following pattern:

Ig[Pb(OH), 2]= 0.0109-pH* — 0.0888pH, —

1.891+pH + 13.064 (1)
Reliability of approximation R*=0.99.
Thus, among all particles [Pb(OH)_ *"], Pb**

are dominant in acidic and neutral environment.
Their concentration in interstitial water is described
by the equation (1) which is applicable for pH>6.5.

At pH<6.5 all lead in interstitial water will be
present in soluble form as Pb*". At pH=9-13, non-
soluble particles [Pb(OH) *"] form, mainly Pb(OH),,
migration of lead compounds does not take place, and
its accumulation is observed.

Predictive model of migration of compounds
of chrome in ecogeosystems. In acidic environments,
all chrome present in the soil section will be in soluble
form (Fig. 2): at pH=4, concentration [Cr**] can reach
1 mol/l, but at increase in pH to 5, concentration of
this chemical element [Cr*] will equal only 0.01
mol/l; at pH=7-10, non-soluble Cr(OH),, Cr(OH)**
predominate. In alkaline environments at pH>9,
soluble hydroxocomplexes Cr(OH),” begin to form,
concentration of which at pH=11 will equal 0.001
mol/l, and at pH=12 increases by 10 times to 0.01
mol/l.

Development of dependency of concentration of
most probable ions [Cr(OH) *"] on pH environment
and trend line (Fig. 2) allows one to make a predictive
assessment of migration or accumulation of chrome
compounds in interstitial water. Dependency of
soluble compounds of chrome on pH can be described
with the following pattern:

1g[Cr(OH) *7=0.002+pH* +0.0599+pH> —
0.4087+pH>—0.9691+pH + 6.6899 )

Reliability of approximation is R*=0.99. Thus,
among all particles [Cr(OH) °*], predominating
are Cr’* predominate in acidic environments. Their
concentration in interstitial water is described by
equation (2) applicable for pH>4. At pH<4, all
chrome present in soil will be in soluble form as
Cr*. At pH=7-10, non-soluble particles [Cr(OH)
2" form, mainly Cr(OH),, migration
of chrome compounds does not occur,
its accumulation is observed, and only
in highly alkaline environments will

chrome again change to soluble form as
negatively charged hydroxocomplexes

with a high number of hydroxide ions.

Predictive model of post-pyrogenic
geochemical migration of compounds
of copper in ecogeosystems. According

to the LCD that we developed, one can

predict dynamic of mobile forms of
compounds of copper depending on

Ig[Pb(OH],*

1 n "

D: 1 -

( 2 4 6 8 10 12

1 y=0. 09x%3- 0,0888x2- 1,891x+ 13,064
RZ=0.996 %

22 At

_3 o/

4 \,

-5

pH of environment (Fig. 3). Diagram
indicates formation of ions [Cu(OH)

. 2"]. In acid environments, Cu**ions
will be present, the quantity of which in

Fig. 1. Dependency of formation of particles [Pb(OH), *"] on pH of soil

environment
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lg[Cr(OH],*
1 —h

Thus, dependency of soluble

copper compounds on pH can be
pH described as follows:

0 +—+—++—++++++
0 2

1g[Cu(OH) >"]=0.0068+pH*—
0.0089+pH>+2.2185-pH+9.251

3)

This dependency correlates

well  with  the  developed
logarithmic concentration diagram,

6 & R2=0.9938

y =-0.002x* + 0.0599x%- 0.4087x2- 0.9691x + 6.6899

which  indicates reliability of

Fig. 2. Dependency of formation of particles [Cr(OH)_*"] on pH of soil environment

interstitial water will steeply decrease after increase
in pH. For example, at pH=4.5, concentration of ions
[Cu?'] can reach 1 mol/l; at pH=5, 1g[Cu*']= -1, i.e.
concentration of ions [Cu?'] will not exceed 0.1 mol/l;
and at pH=6, 1g[Cu**]=-3, and therefore concentration
of ions [Cu,,] will not exceed 0.001 mol/l; further
at pH higher than 7, the amount of [Cu?'] becomes
insignificant, and non-soluble Cu(OH), forms; and
only at pH close to 14, do ions of [Cu(OH),] form
in insignificant amount, solubility of which is slightly
higher than solubility of Cu(OH),, but is still low.

Foroptimizingpredictingmigration of compounds
of copper, we have developed a separate dependence
of concentration of most probable ions [Cu(OH)_*"]
on pH of environment and also developed the trend
line. Using the latter, let us demonstrate the tendency
in this model and make a probable prediction of the
dynamics of their behaviour (Fig. 3).

lg[Cu(OH],?™"

approximation R?>=0.99.

It should be noted that

among all particles [Cu(OH),
2], the dominant are Cu®". Their
concentration in interstitial water is described using
equation (3), which is applicable at pH=3. At pH<3,
all cuprum present in interstitial water is present in
insoluble form.
Predictive model of migration of compounds
of nickel in ecogeosystems. In acidic and neutral
environments, mobile forms of nickel compounds
predominate. At pH<S, all nickel will be present
in soluble form as Ni**; at pH=5, Ig[Ni*]=0, i.e.
concentration [Ni*] can reach 1 mol/l; at shift of pH
to 5.5, concentration [Ni**] will not be higher than 0.1
mol/l; and at pH=6, amount of [Ni*] will not exceed
0.01 mol/l (Fig. 4). At pH>8, compounds of nickel
will be present in non-soluble form.

For predictive assessment on dynamics of
migration or accumulation of nickel compounds in
interstitial water, we have specifically developed a
dependency of concentration of most probable ions

3

B

R?=0.9939

7+

-5

Fig. 3. Dependency of particles [Cu(OH), >"] on pH on soil environment
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[Ni(OH)_*"] on pH of environment and developed a
trend line (Fig. 4). Dependency of soluble compounds
of nickel on pH can be described as follows:

Ig[Ni(OH) 2"]=0.0147+pH* — 0.1968+pH> —
1.1505+pH + 8.5013 (4)

all nickel in interstitial water will be present in soluble
form as Ni?*. At pH=8-14, non-soluble particles
[Ni(OH)_ **] form, mainly Ni(OH),, migration of
compounds of nickel is almost impossible. Nickel
concentrates.

We have systematized calculations of the results
of predictive modeling of post-pyrogenic migrational
geochemical processes in ecogeosystems (Table 1),

therefore they can be useful for

lg[Ni(OH],> oH analysis of probable dynamic

1 m \ of geochemical migration

:::::::....::.ﬁ.:....:........:.:..: (accumulation) of heavy

-1 2 4 6 g 10 12 14 metals in ecogeosystems in

\ the study of technogenic-

-3 ecological situations after
V=\XR\147><3— 0.1968x2-1.1505x + 8.5013 fires.

-5 R?=0.9956 Results and their analysis.

¢ /0 Predicted activity of

7 & dynamics of geochemical

migration of heavy metals

9 he * in ecogeosystems under the

T influence of technogenic

11 =L load caused by pyrogenic

Fig. 4. Dependency of formation of particles [Ni(OH)_*"] on pH of soil environment

This dependency correlates well with the
developed logarithmic concentration diagram, which
is indicated by reliability of approximation R=0.99.

Thus, amid all particles [Ni(OH) *"], Ni*
predominate in acidic and neutral environments. Their
concentration in interstitial water is described by
equation (4) which is applicable for pH>5. At pH<S5,

factors (on the example
of Kharkiv region). Let us
consider, on the example of
Kharkiv region, map of soils,
obtained using interactive map of soils of Ukraine
(Interactive map of soils of Ukraine), comparing
which with an atlas of soils (Krupskij, 1979) allowed
us to thoroughly study properties of soil in the region,
including their acidity. Parameter of pH of soils in
Kharkiv region ranges from 4.5 to 9.6 (Table 2).

Table 1. Table of results of predictive modeling of post-pyrogenic migratory geochemical processes in ecogeosystems

Equation of dependency of concentration Conditions Note. Conditions of migeration or
of soluble forms of metals on pH of soil of using ) - igratt
Me . . accumulation of heavy metals
environment equation
At pH<3, all cuprum in soluble form
C lg[Cu(OH) >"]=0.007+pH? — 0.009+pH* + H>3 Cu*
U +2.22+pH + 9.25 p At pH=7-14, all copper accumulates
in soil in non-soluble form
] At pH<S5, nickel is in soluble form
Ig[Ni(OH)_*"]=0.015¢pH’ — 0.20*pH* — Niz*.
Ni | —1.15+pH +8.50 pH>5 At pH=8-14, nickel accumulates in
soil
At pH<6.5, Tead is in soluble form
Ig[Pb(OH) **]= 0.011*pH* —0.089+pH> — Pb2".
Pb | —1.89+pH + 13.06 pH>6,5 At pH=9-13, all lead accumulates
in soil
\ \ X At pH<4, all chrome is in soluble
Cr lg[Cr(OHZ)n ]=—-0.002+pH* +0.06°pH> — pH>4 form Cr3*.
—0.41+pH*-0.97+pH+ 6.69 At pH=7-10, it accumulates
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Table 1. Soil acidity of Kharkiv region

Soil pH Soil pH

Sod-podzolized soils 4.6-5.7 E)lg{r;lozems on common loess
Podzolized soils: Average humus 6.9-7.2

Grey 4.5-5.1 Low-humus 7.2-7.3

Dark-grey 6.8-7.0 De.posit—solonetzic chernozem 6.9-7.6

soils on loess rocks

Podzolized chernozems 7.0-7.1 Meadow-chernozem soils 9.5-9.6
Regradated soils 7.2 Meadow soils 9.5-9.6
Deep chernozems on loess rocks 6.7-6.8 Sod soils 5.7-6.7

For meadow-chernozem and meadow soils,
characterized by pH>9, migrational property of most
HM after effect of a pyrogenic factor will not change
in any way(Fig. 5). There is observed accumulation of
HM compounds in soil.

Most likely, in soils of podzolized dark-
grey, podzolized chernozems (with pH close to
neutral), there will be observed formation of soluble
compounds of HM, which will lead to activation of
migration in soil, or introduction or accumulation of
them in plants. As a result of fire, pH can increase up
to 7.5-7.8, which indicates decrease in solubility of
HM compounds and their accumulation in soil. These
soils are mostly located in Zhovtneve forestry.

A similar situation is characteristic of regradated
chernozems (Fig. 5) located in the north and north-east
of Kharkiv Oblast (Hutiansky, Kupiansky, Zhovtnevy
forestries).

Such prediction can be made also for common
chernozems on loess parent rocks which dominate
in the northern part of Kharkiv Oblast (Balakliisky,
Krasnohradsky, [ziumsky, Blyzniukivsky forestries).

Most likely, for soils of podzolized dark grry
chernozems (with pH close to neutral), formation
of soluble compounds of lead will be observed,
leading to its migration in soil and introduction and
accumulation in plants. After fire, pH can increase
up to 7.5-7.8, causing reduction in solubility of
compounds of lead and their accumulation in soil.
These soils are mostly located in Zhovtneve forestry.
Conclusions. According to the conducted
assessments, we have developed mathematical models
of dynamic of behaviour of heavy metals, useful for
making predictive assessments of their geochemical
migration and accumulation in ecogeosystems as
a result of impact of technogenic load caused by
the pyrogenic factor. We determined conditions of
concentration and migration of compounds of heavy
metals, and formulated an equation for calculation of
mobile forms of heavy metal compounds (Table 1).
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The mathematical models were developed on
the basis of logarithmic concentration diagrams
which take into account formations of equal-weight
concentrations of different compounds of heavy
metals in conditions of technogenic load caused by
the pyrogenic factor.

The developed interactive map of activity of
geochemical migration of heavy metals under the
impactoftechnogenic load caused by pyrogenic factors
will help provide more details for the assessment
of migrational properties of HM and prediction of
the dynamic of their behaviour in ecogeosystems
after fires. Similar cartographic material can be
extrapolated for other regions of Ukraine, which are
affected by technogenic pyrogenic load.

Development of logarithmic concentration
diagrams allows prediction of the property of
compounds of lead to migrate or accumulate as a result
of acidity of soils under the impact of the pyrogenic
factor. We analyzed the map of soils in Kharkiv region
and made a prediction of the migrational property of
heavy metals in the event of fire in different forestries.
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Received: 26.03.2019 Abstract. In the present investigation catena approaches to assess the landscape diversity
Received in revised form: 24.04.2019 of the “Dnipro-Orilsky” natural reserve was developed. Catena which lies in the reserve
Accepted: 21.06.2019 embraces flood and arena biogeocoenoses. The research was performed during the 2014—

2018. The two profiles were made at the “Dnipro-Orilsky” natural reserve within which

main geomorphological landscape elements are presented. There are 29 sampling polygons
within these p rofiles. The soil profile description, vegetation investigation, soil and soil animals quantitative assessment was carried
out in each of them. In this publication we presented the results of sampling polygons 1-4, 25 and 26. The profile 1 best reflects the
traditional view of catena: it goes from the highest places of the sand terrace (arena) to the lowest place (floodplain). But relief diversity
is increased by the availability of small river Protich. It floodplain provides an alternative transit and accumulation gradient. It should
be noted that the main part of the main slope profile does not fully meet the transit regime, as compiled by sandy soils, which are char-
acterized by high filtration capacity. Therefore, the slope profile position is largely corresponded to eluvial regimes. The accumulative
part of the profile which corresponds to the floodplain of Dnipro river is significantly influenced by impact of the flood factor than the
accumulative part of the profile which corresponds to the floodplain of Protich river. The soils within floodplain of Protich river have
more quantity of clay. Clay soils are characterized by capillary properties, as soil salinization is common in the floodplain of Protich
river. Alternative profile 2 includes Orlov valley. This element of the landscape is accumulative, but not affected by flood factor. In
the biogeocenotic context catena sampling points were considered as being composed of pedocatena, phytocatena and zoocatena. The
biogeocenotic approach is the chain that connects the landscape structure, the diversity of soil cover, and diversities of the plant and
animal communities. The functional, spatial and temporal properties of ecosystems in landscape context can be expressed by catena.
The biogeocoenosis concept is a basis for integration of the pedocatena, phytocatena and zoocatena. Catena approach is the framework
for a monitoring system landscape diversity both at the level of individual component biogeocoenosis (edaphotop, phytocenosis, and
zoocenosis) and biogeocoenosis level in terms of its horizontal and vertical structure and at the landscape level as a whole intercon-
nected system. The traditional idea of catena as a set of eluvial, transit and accumulative positions in a complex and diverse landscape
is not able to cover the most important environmental gradients modes. The complexity of the landscape is due to relief diversity and
the effects of anthropogenic transformation biogeocenotic cover. Catena therefore can be seen as a multilevel hierarchical system of the
biogeocenotic polygons needed to consider the diversity of physiographic conditions and anthropogenic gradients.

Key words: catena, landscape, soil, natural reserve, diversity
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Boaminocs rmpotsirom 2014-2018 pp. V Mexax npupogHOTo 3anoBiTHUKY «/{HimpoBchKo-OpiibChKUil» 3aKiiaieHi Ba npodii, y Mexax
SIKUX TIpEJICTaBJICHI OCHOBHI TeOMOP(OJIOTIYHI eIeMEHTH JaHAmaTy. Y3I0BK MpodiiiB po3mirieHi 29 eKCriepuMeHTaIbHHUX MTOJTITOHIB.
OmnucH rpyHTOBOTO POQ1II0, BUBYEHHS POCIMHHOCTI, IPYHTIB 1 KUIBKICHA OI[IHKA TPYHTOBUX TBAPUH OyJIU IIPOBE/ICHI B KOXXHOMY 3 ITUX
MOJITOHIB. Y il myOiKamii My MPeACTaBIIN pe3yabTaTd 1o noxironam 1—4, 25 1 26. [podins 1 Haiikparie BizoOpaxae TpaauIiitHe
YSIBJICHHS NP0 KaTeHy: BiH #e 3 HaBUIIMX MiCIb Ha OOPOBIii Tepaci (apeHa) 10 HalHIKIOro Micid (3amasa p. JHinpo). Ane pizHo-
MaHiTHICTb penbedy 30iMbIIyeThCs 32 PaXyHOK HasBHOCTI Majioi piuku IIporiu. If 3annapa 3a6e3nedye anbTepHATHBHMIA TPAH3UTHUIA
1 aKyMyJIATHBHUH rpagieHTH. OCHOBHA YaCTHMHA I'OJOBHOTO MPOQUII0 CXHMITy HE y IMOBHIil Mipi BiJIOBIZJA€ TPAH3UTHOTO PEKUMY, TaK
SIK BIH CKJIQJICHUH 3 IIIAHUX IPYHTIB, SIKI XapaKTePHU3YIOThCSl BUCOKOIO (DUIBTPYIOUOIO 3[aTHICTIO. TakuM YMHOM, MOJIOXKEHHS IIPO-
¢utro cXwty B 3HAUHIM Mipi BIAMOBIIAE ENIOBIabHUI peKUMaM. AKyMYISATHBHA YacTHHA MPOQUII0, sKa BiAIOBIIa€ 3aruiaBi pidyku
Juinpa, B 3HAYHIA Mipi 3aJIeKUTh BiJ BIUTUBY (aKTopa IMOBEHI, HI’K aKyMYJIITHBHA YaCcTHHA MPOo(iiro, SKa BIAMOBIIAE 3a11aBi PiuKd
Iporiu. [pynTn y Mexax 3aruiasu piuku [IpoTid MaroTh OiMbIIMH BMICT NIMHA. [JIMHUCTI TPYHTH XapaKTePU3YIOThCs KamiIspHUMU
BIIACTUBOCTSIMH, TOMY 1 3aCOJICHHS IPYHTY 3HA4HO OUIBII NOLIMpPEHe y 3aruiaBi piuku [Ipotiy. AnsrepHatuBHHUIT TPOdink 2 BKIIIOYAE B
cebe Oproy Oaiky. Lleit enemenT nanamadTy € HAKOMUUYBaJIbHUM, ajie HE 3a3aHE BIUTUBY (PaKTOPY MOBCHI. Y 0i0reOIeHOTHYHOMY
KOHTEKCTI KaTeHy pPO3IISJAalOTh K CYKYIHICTH TOYOK BiOOpY MpoO, sKi CKJIAQNAIOThCS 3 MEIOKAaTeHW, (ITOKATeHM 1 300KaTeHH.
BioreoneHOTHYHNI MIAX1 € JTAHITFOTOM, 110 3’ €THYE CTPYKTYPY JaHI ATy, piI3HOMaHITHICTh TPYHTOBOTO MOKPHBY 1 pI3HOMaHITHICTh
POCIMHHUX 1 TBAPUHHUX YIpyHoBaHb. DYHKIIIOHATBHI, IPOCTOPOBI 1 YAaCOBI BIACTHBOCTI €KOCHCTEM B JAHIMAPTHOMY KOHTEKCTI
MOXYTh OyTH BHpa)KeHi 3a JOIIOMOTOI0 KaTeHH. BioreoneHoTnyHa KOHIEI[isi € OCHOBOIO JUIsl iHTerpallii megokareHu, QiToKkaTeHH i
300KkareHu. KareHuii misixiJ € 0OCHOBOIO JJIsl CHCTEMU MOHITOPUHTY JIAaHAMIA(THOrO PI3HOMAHITTS SIK HA PiBHI OKPEMHUX KOMIIOHCHTIB
OioreonieHo3y (emadororn, BiTOIEHO3 Ta 300I[CHO3), Ha 0IOrCOIIEHOTHYHOMY PiBHI B aCHEKTi HOTO TOPH30HTAIBHOI Ta BEPTHKAIBHOT
CTPYKTYpH Ta 1 Ha JaHAMAQTHOMY PIiBHI y SIKOCTI IIJTICTHOI CHCTEMHU B3a€MOIOB’I3aHUX YaCTHH. TpajuIliiiHe ysIBICHHS PO KaTCHy
SIK HAOIp eMIOBiabHUX, TPAH3UTHHX Ta aKyMYIATUBHHX MO3HIIH HE MOYKE TIOBHOIO MipOIO BiTOOpa3UTH HAMOLIBII BayKIINBI TPaIi€HTH
EKOJIOTIYHUX pexuMiB. CKIagHicTh TaHAmadTy BHHUKAE BHACITIIOK PI3SHOMAHITTS peibedy Ta eeKTiB aHTPOIIOTeHHOT TpaHChopMartii
610reoeHOTUYHOTO MTOKPHBY. TOMY KaTeHa MOXKe PO3IVIAaTHCs sIK OararopiBHeBa iepapxidHa cucteMa 610reoneHOTHYHHUX MOJITOHIB,

sIKa HEeOOXiTHA JUIs XapaKTEPUCTHKH PI3HOMAHITTS (i3MKO-reorpadiyHuX YMOBH 1 aHTPOIIOTEHHHX TPAi€HTIB.

Kuouosi cnosa: kamena, nanowagm, ipynm, npupooHutl 3anosioHUK, PI3HOMAHIMM

Introduction. The diversity of the landscape plays an
important role in shaping the diversity and stability of
living organisms communities (Zhukov et al., 2015).
Catena is the elementary structure unit of the land-
scape (Bahnov et al., 1988). The term «catena» was
originally proposed for soil layer of the biogeocenotic
cover and in such a narrow scope is traditionally used
to date (Milne, 1935; Urusevskaya, 1990). Within the
landscape the series of horology units from the top
of the watercourse to the watershed is connected to
a number of soil types arrayed along a relief slope.
The differences between soil types within catena are
related to the difference of altitude and slope affecting
on drainage (Milne, 1935; Zaugolnova, 2010). These
kinds of catena are called «soil catena» or «pedocat-
ena» (Zaugolnova, 2010). The methodology of the
soil catena approach was developed by T. Bashnell
(1942), F. Hole (1953), D. Yaalon (1971), A. Gerrard
(1984). The catenas are distinguished by the follow-
ing features: a) according their zone-climatic proper-
ties; b) according the composition of the soil compo-
nents; ¢) depending on the relief genetic type; d) the
main differentiating factors in soil catena — features
of lithology, erosion role, hydrological regime, nature
of surface water redistribution (Fridland, 1972; Kara-
vaeva, 1982; Urusevskaya, 1990; Kozlovsky, 2003;
Gennadiev & Kasimov, 2004).

Catena allows you to fully express the natural
spatial and temporal properties of ecosystems that
characterize their diversity and dynamics (Diduh,
2008). Appropriate horological units in a vegeta-
tion cover are called “phytocatena” (Katenin, 1988;
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Kholod, 1991; Zaugolnova, 2001). In forest science
the similar approach is represented by consideration of
the forest community series in different types of soil
(Romanovsky, 2002). A. E. Katenin (1988) suggested
to use the concept catena only in respect of uniform
lithological structures. The idea of monolithic and
hetorolithic geocatenas allows to use catena concept
for relatively homogeneous and heterogeneous areas
(Gennadiev & Kasimov, 2004). Depending on this
catenas found may be more simple or more complex
in structure. The increasing complexity of the phy-
tocatena structure occurs as more and more streams
are taken in consideration as a result of increasing the
catchment area (Zaugolnova, 2010). The geographical
and geochemical systematic of catenas was designed,
which includes such taxonomic units as a group, sub-
group, category, type, subtype, family, class, genus
and species (Gennadiev & Kasimov, 2004).

The catena approach is most commonly used in
practice of the soil animals study (Mordkovich et al.,
1985; Zhukov et al., 2016). Catena is a geomorpho-
logical profile that runs from the highest place certain
territory to the lowest. This profile is graduated in the
context of individual factors (humidity, temperature,
soil salinity, etc.) or a set of landscape conditions.
Therefore, catena is a convenient model of the areca
through which you can evaluate the environmental
preferences of the selected species along the gradient
environment (Kaprus, 2011). The approaches were
developed for the application of catena method to the
study of the diversity of the soil animal communities
within arena landscape of the Dnipro valley (within
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the “Dnipro-Orylskiy” natural reserve) by means of
phytoindication assessment of the basic trends of
variability of environmental conditions (Zhukov et
al., 2016).

From a practical point of view, catena may be
considered any arbitrarily chosen of the landscape
slope or the whole slope, which is a set of habitats
with regular changes in environmental conditions,
which is due to the relief (Mordkovich et al., 1985).
There is no matter inflow (other than precipitation) at
the top of a catena and there is no matter outflow at the
bottom. The starting element of catena is an eluvial
topographic position, and the terminal is an accumu-
lative topographic position. Among them are transit
positions. Standard catena consists from five posi-
tions: eluvial, 1st, 2nd, and 3rd transit and accumula-
tive. The soil is responsive to changes in topography.
The increase down the slope total wetting of soils and
their quality determines the change in plant and ani-
mal communities (Mazey & Embulaeva, 2015).

Catena elements can be combined into complex-
es of a higher hierarchical level. The some links in the
chain (catena) which are presented by specific habi-
tats or plant communities, combined in mesocombi-
nations and the last — in macrocombinations. The me-
socombinations are also interpreted as ecomeres and
can be characterized using phytoindication approach
(Didukh et al., 2015).

Diversity is the basis of functional stability of
the biogeocenosis (Zhukov & Gubanova, 2015). Soils
represent an important aspect of biological diversity
and form the aim and conditions of its preservation.
Therefore, the study of soil diversity of the «Dnipro-
Orilsky» natural reserve is an important and urgent
problem. Of particular importance is the study of arena
and floodplain soils, characterized by a large diversity
of their soil forming process complexity. The varia-
tion of the physical properties of the soil has a sig-
nificant ecological value (Karpachevsky, 2005). The
existence of the soil ecomorphes was proved based
on the research of spatial-temporal dynamics of soil
mechanical impedance (Zhukov & Zadorozhnaya,
2016). Other soil physical properties such as electri-
cal conductivity, density, and wetness are also impor-
tant genetic and ecological properties (Karpachevskij,
2005; Zhukov et al., 2011; 2012; Zhukov et al., 2016).

The aim of the present investigation is to develop
catena approaches to assess the landscape diversity of
the «Dnipro-Orilsky» natural reserve.

Materials and methods. Relief of the «Dnipro-
Orilsky» nature reserve is presented by the forms of
the alluvial or aeolian origin of the Dnipro lowland.
There are three terraces within the area of the natu-
ral reserve. The well-developed floodplain terrace has

the lowest position which is rugged in different di-
rections by numerous channels, dotted with lakes and
marshes, stretching along the Dnipro by a belt 16 km.
In the widest part, Taromske ledge, floodplain ter-
race is 2 km and in the narrowest part in the Nicholas
ledge is 1 km. The floodplain soils are represented by
a layered modern alluvium. Its lower layers are flu-
vial facies, formed when water levels decline due to
settling of sediment deformation during routine bed.
The floodplain is covered with numerous lakes, some
of which turned into swamps, and rugged by a chain
of the winding or sickle oxbow lakes and channels
(Manyuk, 2005).

Catena which lies in the reserve embraces flood
and arena biogeocoenoses (Fig. 1). The research
was performed during the 2014-2018. 29 sampling
polygons were made. The soil profile description,
vegetation investigation, soil and soil animals
quantitative assessment was carried out in each of
them. In this publication we presented the results of
sampling polygons 1-4, 25 and 26.

The electrical conductivity of the soil was
measured in every 5 cm from the soil surface with 3
times frequency. Measuring the electrical conductivity
of the soil (apparent soil electrical conductivity
— EC,) ws made by using sensor HI 76305 (Hanna
Instruments, Woodsocket, RI) showed a significant
performance in conducting soil and environmental
studies (Pennisi, van lersel, 2002; Scoggins, van
lersel, 2006; Smagin, 2012; Zhukov et al., 2011;
2012; Zhukov et al., 2016).

The measurements of soil mechanical impedance
were made in the field using hand penetrometer
Eijkelkamp with an interval of 5 cm (Zhukov, 2015).
The average error of the results of the measurement
device is + 8%. Measurements were performed by
the cone with the size of cross section of 2 cm?. The
measurements of soil mechanical impedance were
made with 3 times frequency within each soil profile.
The bulk density of the soil was determined using the
method of Kaczynski, and humidity was determined
by weight method (Vadunina, Korchagina, 1986;
Zhukov et al., 2015). Morphological Soil profile
description was performed according to Rozanov
(2004). The expert method was used for the type
profiles formalized description of the derived
empirical data. Graphical display of the soil profiles
completed in the program of Strater © v. 4 (Golden
Software, LLC).

Results and discussion. The two profiles were made
at the «Dnipro-Orilsky» natural reserve within which
main geomorphological landscape elements are pre-
sented (Fig. 1). The profile 1 best reflects the tradi-
tional view of catena: it goes from the highest places
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Fig. 1. The placing of biogeocenotic plots within the “Dnipro-Orilsky” natural reserve: sandy terrace: 1 — meadow, floodplain of
Protich river; 2 — oak forest, Orlov valley; 3 — artificial pine plantations, the slope of northern exposure of the Orlov valley; 4 —
meadow, Orlov valley; 5 — artificial pine plantations, sand hill top; 6 — psamophytic steppe, dune gate (interdune bottom); 7 — psamo-
phytic steppe, the top of the hill; 8 — psamophytic steppe, the top of the hill; 9 — psamophytic steppe, dune gate; 10 — Tatarian maple
bush, hillside; 11 — Tatarian maple bush, dune gate; 12 — Tatarian maple bush, hillside; 13 — psamophytic steppe, the top of the hill;
14 — psamophytic steppe, dune gate; 15 — oak forest, floodplain of Protich river; 16 — wooded bog, floodplain of Protich river; 17 —
shrub bog, floodplain of Protich river; 18 — artificial pine plantations, slope arena which is adjacent to the floodplain of Protich river;
19 — oak forest, the slope of the arena, which is adjacent to the floodplain of Protich river; 20 — swamp, dune gate; 21 — meadow,
floodplain of Protich river; 22 — psamophytic steppe, the top of the hill; 23 — psamophytic steppe, dune gate; 24 — Tatarian maple
bush, the top of the hill; 25 — white poplar forest, the floodplain of Protich river. The floodplain of Dnipro river: 26 — oak forest, ter-
race near flood plain; 27 — oak forest, riverine floodplain; 28 — oak forest, riverine floodplain, Graduation to the central floodplain; 29
— oak forest, central floodplain (image taken from the satellite DG, source — maps.ovi.com)

of the sand terrace (arena) to the lowest place (flood-
plain). But relief diversity is increased by the avail-
ability of small rivers Protich (Table. 1). It floodplain
provides an alternative transit and accumulation gra-
dient. It should be noted that the main part of the main
slope profile does not fully meet the transit regime,
as compiled by sandy soils, which are characterized
by high filtration capacity. Therefore, the slope profile
position is largely corresponded to eluvial regimes.

The accumulative part of the profile which
corresponds to the floodplain of Dnipro river is
significantly influenced by impact of the flood factor
than the accumulative part of the profile which
corresponds to the floodplain of Protich river. The
soils within floodplain of Protich river have more
quantity of clay. Clay soils are characterized by
capillary properties, as soil salinization is common in
the floodplain of Protich river.

Alternative profile 2 includes Orlov valley. This
element of the landscape is accumulative, but not
affected by flood factor.

In the biogeocenotic context catena sampling
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points were considered as being composed of
pedocatena, phytocatena and zoocatena. The most
common characteristic biogeocenosis within catena
investigated are presented further.
Sampling polygon Ne 1. The vegetation of mead-
ow included a total of 29 species of vascular plants,
among which are dominated by Poa pratensis (L),
Calamagrostis epigeios (L) Roth. Inula britannica
(L) is a subdominant. The total projective cover of
herbaceous species is 100% (Gudym & Ganzha,
2016). For identification of plant communities, within
which research was undertaken, we give it a syntax-
onomy characteristic.

Syntaxonomy of the plant community:

Class Molinio-Arrhenatheretea Tx., 1937

Ordo Agrostietalia stoloniferae Oberd. in Oberd.
etal., 1967

Union Festucion pratensis Sipajlova et al., 1985

All. Poetum pratensis Steppeanovi¢, 1999

The herpetobiont invertebrates community in-
cluded a total of 80 species representing 28 families
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Fig. 2. Geomorphological profiles, along which catena plots are placed: A — geomorphological profile 1, B — geo-
morphological profile 2: I — floodplain of Protich river; II — sandy terrace; III — terrace near flood plain of Dnipro
river; IV — central floodplain of Dnipro river; V - riverine floodplain of Dnipro river; VI — Orlova valley

and 11 orders and 6 classes from two phylum (arthro-
pods and molluscs) at the sampling polygon (Zhukov
et al., 2017). Carabus excellens and Taphoxenus gi-
gas are included in the Red Book of Dnepropetrovsk
region (Sumarokov et al., 2018).

Soil profile description

The description was made in 3 October 2018. The
soil section was located in the beach of the Protich
river within the “Dnipro-Orylskiy” natural reserve
(Fig. 3, A). The vegetation is presented by meadow.
The soil surface is relatively smooth. There is a litter
cover with depth of 3-4 cm and with projective cover
90-100%. The parent material is alluvial sand. The
groundwater level is at a depth of 200 cm. There are
no the visible soil neoformation, carbonate debris, ac-
cumulation of salts. The soil consistency is dense. The
genetic type of the profile is humus-gley. An intense
carbonate effervescence after dilute hydrochloric acid
treatment was occurred from 31 to 90 cm.

H, (2-0 cm) — organogenic horizon, litter with
projected cover 70-90%.

H, (0-7 c¢cm) — the upper humus-accumulative
soddy horizon. The quantity of roots is common. Dark

grey. Moderately moist. Light loam. Loose. Structure-
less, rare aggregates are unstable, some aggregates
are bonded by clusters of grasses roots. Cracks are
missing. The distinctness with next horizon is abrupt,
may be detected on the basis of the clear roots content
decrease and changes of the consistency.

Hk (7-48 cm) — upper humus-accumulative car-
bonate. Dark grey. Dense. Moist. Light loam. Roots
are absent. Cracks are missing. The distinctness with
next horizon is gradual, may be detected on the basis
of the color.

HPk (48-75 cm) — transition carbonate. Light
grey, gradually brightens with depth. Dense. Moist.
Light loam. Roots are absent. The distinctness with
next horizon is gradual, may be detected on the basis
of the color.

Phlk (75-113 cm) — the first lower transition
carbonate horizon. Light gray. Moderately moist.
Consistence is compact. Light loam, there are no
cracks. Humus spots of irregular shape with a diam-
eter of 15-20 cm are presented. The distinctness with
next horizon is gradual, may be detected on the basis
of the color.
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Ph2 (113-136 cm) — the second lower transi-
tion. Gray with humus spots. Consistence is compact.
Light loam. Moderately moist. The distinctness with
next horizon is clear, may be detected on the basis of
the color.

Ph3gl (136152 cm) — the third lower transition
gleyey. Blue-gray. Clay sand. There are no cracks.
Very moist. Consistence is compact. The distinctness
with next horizon is clear, may be detected on the ba-
sis of the color.

P1G (152-171 cm) — gley parent material. Dark

Table 1. Elements of biogeocenotic catena

blue-gray clay sand with reddish spots. Consistence
is soft. The distinctness with next horizon is gradual,
may be detected on the basis of the texture changes.
P2G (171-200 cm) — gley parent material. Dark
blue-gray sand with reddish spots. Consistence is soft.
The working definition of soil: sod carbonate
gley soil (Calcic Gleysols (Humic)).
Sampling polygon Ne 2. The vegetation of oak for-
est included a total of 48 species of vascular plants.
The tree stand are dominated by Quercus robur L.,
Pyrus communis L.. The shrub layer are dominated

N  Biogeoceonosis E;teemnzm of the Flood regime Topographic position

Sandy terrace

1 Meadow Accumulative  Short term flooding Floodplain of Protich river

2 Oak forest Transitional Without flooding Orlov valley

3 Attificial pine plantations ~ Transitional Without flooding (glrlfoi}?/g ;2; northern exposure of the
4  Meadow Accumulative  Without flooding Orlov valley

5  Attificial pine plantations  Eluvial Without flooding Sand hill top

6  Psamophytic steppepe Accumulative  Without flooding Dune gate

7  Psamophytic steppepe Eluvial Without flooding Sand hill top

8  Psamophytic steppepe Eluvial Without flooding Sand hill top

9  Psamophytic steppepe Accumulative ~ Without flooding Dune gate

10 Tatarian maple bush Transitional Without flooding Hillside

11  Tatarian maple bush Accumulative ~ Without flooding Dune gate

12 Tatarian maple bush Transitional Without flooding Hillside

13 Psamophytic steppepe Eluvial Without flooding Sand hill top

14 Psamophytic steppepe Accumulative  Without flooding Dune gate

15 Oak forest Accumulative  Short term flooding Floodplain of Protich river

16 Wooded bog Accumulative  Short term flooding Floodplain of Protich river

17  Shrub bog Accumulative  Short term flooding Floodplain of Protich river

18 Artificial pine plantations  Transitional Without flooding gll;e;(l)zg;lzr;nsfvl‘f;;ct?cils33':: a;cent to
19 Oak forest Transitional Without flooding ;l}"ll;eﬂs(l:)g;la:;ngfv}v)l:;ct?cilsra;si a;cent to
20 Swamp Accumulative ~ Without flooding Dune gate

21 Meadow Accumulative  Short term flooding Floodplain of Protich river

22 Psamophytic steppepe Eluvial Without flooding Sand hill top

23 Psamophytic steppepe Accumulative  Without flooding Dune gate

24  Tatarian maple bush Eluvial Without flooding Sand hill top

25 White poplar forest Transitional Short term flooding Floodplain of Protich river

The floodplain of Dnipro river

26 Oak forest Accumulative ~ Moderate term flooding  Terrace near flood plain

27 Oak forest Accumulative ~ Moderate term flooding  Terrace near flood plain

28  Oak forest Accumulative  Moderate term flooding  Graduation to the central floodplain
29 Oak forest Accumulative ~ Moderate term flooding  Central floodplain
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Fig. 3. The profile of sod-gley carbonate soil (Calcic Gleysols (Humic)) (A) and sod-forest chornozem-like deep carbonate soil (Pha-

eozems Arenic) (B)

Legend: A — H — organogenic horizon, H, — the upper humus-accumulative soddy horizon, Hk — upper humus-accu-
mulative carbonate horizon, HPk — transition carbonate, Phlk — the first lower transition carbonate horizon, Ph2 — the
second lower transition horizon, Ph3gl — the third lower transition gleyey horizon, P1G — gley parent material, P2G

— gley parent material; B — H — organogenic, H,— upper humus-accumulative, soddy horizon, H, - the first humus-ac-
cumulative, H,— the second humus-accumulative, HP, — the fist transition horizon, HP, — the second transition horizon,
Ph, — the lower transition carbonate horizon, P, — parent material.

by Acer tataricum L., Crataegus fallacina Klokov,
Sambucus nigra L., the herbaceous layer are domi-
nated by Galium aparine L ., Glechoma hederacea
L., Urtica dioica L., Vincetoxicum rossicum (Kleop.)
Barbar. The total projective cover of herbaceous spe-
cies is 15-20% (Zhukov et al., 2018). For identifica-
tion of plant communities, within which research was
undertaken, we give it a syntaxonomy characteristic.

Class Querco-Fagetea Br.-Bl. et Vlieger in Vlieger
1937

Ordo Quercetalia pubescenti-petraeae Klika 1933
Union Aceri tatarici-Quercion Zolyomi 1957

All. Vincetoxico hirundinariae-Quercetum roboris
Sokolova, 2011
The herpetobiont invertebrates community

included a total of 66 species representing 24 families
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and 11 orders and 7 classes from tree phylum
(annelida, arthropods and molluscs) at the sampling
polygon (Zhukov et al., 2017). Carabus excellens is
included in the Red Book of Dnepropetrovsk region
(Sumarokov et al., 2018).

Soil profile description

The description was made in 11 September 2017.
The soil section was located in the Orlova vallay
within the “Dnipro-Orylskiy” natural reserve (Fig.
3, B). The soil surface is relatively smooth. There is
the litter consisted from leaves, not decayed, with a
depth of 2-3 cm, projective cover is 90—100%. The
fallen leaves are disintegrated well, the bottom layer
of the litter is dust. The projective cover of the grass
layer is 15-20%. The parent material is alluvial sand.
The groundwater level was not found. The depth of
the roots of trees and shrubs up to 200 cm. There are
no the visible soil neoformation, carbonate debris,
accumulation of salts. There are some traces of soil
invertebrates activity. Evidence of the gleying were
not found. Consistence is dense. The genetic profile
type is humus differentiated. An intense carbonate
effervescence after dilute hydrochloric acid treatment
was occurred from 127 cm.

H, (2-0 cm) — organogenic, forest litter with pro-
jected cover 90—100%.

H, (0-3 ¢cm) —upper humus-accumulative, soddy.
Very dark gray (5Y 3/1). Dry. Clay sand. Consistence
is friable. The soil is moderately or weakly bounded
by root systems of herbaceous plants. Soil structure is
very coarse, grain-dust. There are no ckraks. Animals
pedoturbation is occurred. The distinctness with next
horizon is abrupt, may be detected on the basis of the
color and consistence.

H, (3-26 cm) — the first humus-accumulative.
Dark gray (7.5YR 4/1). Moderately dry. Clay sand.
Dense. There are some roots of shrubs. Structureless.
The distinctness with next horizon is abrupt, may be
detected on the basis of the color and consistence.

H, (26-80 cm) — the second humus-accumula-
tive. Reddish gray (7.5R 5/1), becomes lighter with
depth and reddish shade decreases. Slightly moist.
Loamy sand. Consistence is compact. Structureless.
There are some roots of shrubs. There are fragmen-
tary inclusion of yellow sand grains. The distinctness
with next horizon is graduated, may be detected on
the basis of the color.

HP, (80-97 cm) — the fist transition horizon.
There are olive gray (5Y 5/2) or blue gray (5PB 5/1)
vertically oriented oval spots 1-2 cm wide and 12.7
cm high on the grey background (2.5Y 6/1). Slightly
moist. Consistence is compact. There are no roots.
Loamy sand. There are no cracks. Structureless. The
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distinctness with next horizon is clear, may be detect-
ed on the basis of the color.

HP, (97-127 cm) — the second transition horizon.
Grey-brown background (2.5Y 5/2) with vertical oval
dark-gray spots (N 4/0) of the humus material width
of 1 cm, height — 3—4 cm. Also, there are some round-
spots of irregular shape with a diameter of 7.8 cm,
probably — burrows of soil mammals filled by humus
material (krotovina). Consistence is compact. Loamy
sand. Slightly moist. The distinctness with next hori-
zon is graduated, may be detected on the basis of the
color and texture.

Ph, (127-160 cm) — the lower transition carbon-
ate horizon. Grey (2.5Y 6/1) with dark reddish gray
(2.5YR 4/1) spots of the humus material. There are
nodules of calcium carbonate on the depth 130-140
cm. Loamy fine sand. Slightly moist. Consistence is
compact. The distinctness with next horizon is abrupt,
may be detected on the basis of the color and texture.

P, (160-200 cm) — parent material. Grey-brown
(2.5Y 5/2) large-grained sand. Moderately moist, fri-
able. Vertical spots from humus material likely traces
of decomposed plant roots width of 1 cm, the height
is 15-20 cm, 2-3 spots on 10 c¢cm in the horizontal
direction.

The working definition of soil: sod-forest chor-
nozem-like deep carbonate soil (Phacozems Arenic).
Sampling polygon Ne 3. The vegetation of artificial
pine forest included a total of 31 species of vascu-
lar plants. The tree stand are presented by Pinus
sylvestris L.. The herbaceous layer are dominated by
Calamagrostis epigeios (L.) Roth., Elymus repens
(L.) Gould, Rubus caesius L.. The total projective
cover of herbaceous species is 5-10 % (Gudym and
Ganzha, 2016). For identification of plant communi-
ties, within which research was undertaken, we give it
a syntaxonomy characteristic.

Class Robinietea Jurko ex Hadac et Sofron 1980
Ordo Chelidonio-Robinietalia Jurko ex Hadac et
Sofron 1980

Union Balloto nigrae-Robinion Hadac et Sofron 1980

All. Calamagrostio epigeioris-Robinietum Smagaluk
2016

The herpetobiont invertebrates community in-
cluded a total of 49 species representing 25 families
and 12 orders and 7 classes from tree phylum (anneli-
da, arthropods and molluscs) at the sampling polygon
(Zhukov et al., 2017). Taphoxenus gigas is included in
the Red Book of Dnepropetrovsk region and Carabus
(Pachystus) hungaricus (Fabricius, 1792) is included
in the Red Book of Ukraine (Sumarokov et al., 2018).
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Fig. 4. The profile of sod-pine pseudofibres soil with shot profile (Ferric Arenosol Aridic) (A) and sod gley soil

(Gleysols (Humic)) (B)

Legend: A —H — organogenic, H,— upper soddy humus-accumulative, H, — upper humus-accumulative, Ph1

— the first transition, Ph2 — the second transition, Ph3 — the third transition, Pf — pseudofibr horizon, P — parent
material; B — H — organogenic horizon, H, — upper soddy humus-accumulative horizon, H — upper humus-ac-
cumulative horizon, HP — transition horizon, Ph1l — the first lower transition horizon, Ph2 — the second lower
transition horizon, Ph3 — the third lower transition horizon, P — parent material, Pgl — gley parent material

Soil profile description

The description was made in 24 June 2018. The
soil section was located in the artificial pine forest
within sand terrace of the Dnipro river (Fig. 4, A). The
soil surface is relatively smooth. There is the forest
litter consisted from pine needle, not decayed, with a
depth of 5—7 cm, projective cover is 100%. The litter

has a layered structure, may be easily separated from
the surface of the soil. The projective cover of the grass
layer is 5—10%. The parent material is alluvial sand.
The groundwater level was not found. The depth of
the roots of trees and shrubs up to 200 cm. There soil
cracks in humus layer but there are no in deeper layers.
There are no the visible soil neoformation, carbonate
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debris, accumulation of salts. There are some traces
of soil invertebrates activity. Evidence of the gleying
were not found. Consistence is from loose to dense.
The genetic profile type is humus differentiated.

H, (7-0 cm) — organogenic, forest litter with pro-
jected cover 100%, dry, compressed, well separated
from the soil, has a layered structure.

H, (0-14 cm) — upper soddy humus-accumula-
tive. Brown-gray. Dry. Sandy loam. Layered. Consis-
tence is f'loose. Soil is moderately or weakly bounded
by root systems of herbaceous plants. Dust-grain
structure. The cracks have a mainly horizontal direc-
tion. The distinctness with next horizon is abrupt,
may be detected on the basis of the color, consistence
and root content.

H, (14-22 cm) — upper humus-accumulative.
Gray. Dry. Sandy loam. It is more dense than the pre-
vious horizon, but easily crumbles with a slight click-
ing. There are roots of herbaceous plants and shrubs.
Structureless. The distinctness with next horizon is
abrupt, may be detected on the basis of the color and
consistence.

Ph1 (22-34 cm) — the first transition. Pale yel-
low with gray or dark gray spots. The traces of hu-
mous residuals of roots in a horizontal direction. Dry.
Clay loam. Consistence is dense, almost condensed.
There are no roots of living plants. Structureless. The
distinctness with next horizon is abrupt and undulate,
may be detected on the basis of the color.

Ph2 (34-87 cm) — the second transition. Pale
yellow with gray or dark gray spots. The traces of
humous large root residuals rounded with diameter
5-7 cm. Dry. Clay loam. Consistence is dense, almost
condensed. There are no roots of living plants. Struc-
tureless. The distinctness with next horizon is abrupt,
may be detected on the basis of the color and consis-
tence.

Ph3 (87-140 cm) — the third transition. Dark yel-
low with gray or dark gray spots. The traces of hu-
mous large root residuals rounded with diameter 5-7
cm. Moderately moist. Sand. Consistence is friable.
There are no roots of living plants. Structureless. The
distinctness with next horizon is abrupt, may be de-
tected on the basis of the higher margin of the pseu-
dofibres.

Pf(140-155 cm) — pseudofibr horizon. It consists
of thin (0.5-0.7 cm) brown compacted layers (pseu-
dofibres) which alternating with layers of yellow
sand. Very moist. The distinctness with next horizon
is abrupt, may be detected on the basis of the lower
margin of the pseudofibres.

P (155-200 cm) — parent material. Light gray
sand, very moist. Consistence is friable.

The working definition of soil:
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sod-pine

pseudofibres soil with shot profile (Ferric Arenosol
Aridic).

Sampling polygon Ne 4. The vegetation of meadow
included a total of 19 species of vascular plants, among
which are dominated by Calamagrostis epigeios (L.)
Roth., Cirsium arvense (L.) Scop., and Elymus repens
(L.) Gould. The total projective cover of herbaceous
species is 90-100 % (Gudym and Ganzha, 2016). For
identification of plant communities, within which
research was undertaken, we give it a syntaxonomy
characteristic.

Syntaxonomy of the plant community:

Class EPILOBIETEA ANGUSTIFOLII R.TX. ET
PRSG 1950

Ordo Epilobietalia angustifolii R.Tx. 1950

Union Epilobion angustifolii R.Tx. 1950

All. Calamagrostietum epigei Juraszek 1928

The herpetobiont invertebrates community in-
cluded a total of 88 species representing 27 families
and 10 orders and 6 classes from two phylum (arthro-
pods and molluscs) at the sampling polygon (Zhukov
etal., 2017). Carabus excellens is included in the Red
Book of Dnepropetrovsk region and Carabus (s.str.)
stscheglowi (Mannerheim, 1827) is included in the
Red Book of Ukraine (Sumarokov et al., 2018).

Soil profile description

The description was made in 19 September 2018.
The soil section was located in up the Orlova valley
within the “Dnipro-Orylskiy” natural reserve (Fig.
4, B). The vegetation is presented by meadow. The
soil surface is relatively smooth. There is a litter cov-
er with depth of 3-4 cm and with projective cover
90-100%. The parent material is alluvial sand. The
groundwater level is at a depth of 200 cm. There are
no the visible soil neoformation, carbonate debris, ac-
cumulation of salts. The soil consistency is dense or
condence. The genetic type of the profile is humus-
gley. There was no an intense carbonate effervescence
after dilute hydrochloric acid treatment.

H, (4-0 cm) — organogenic horizon, litter with
projected cover 70-90%.

H, (04 cm) — upper soddy humus-accumulative
horizon. The quantity of roots is common. Dark grey.
Dry. Light loam. Loose. The soil is fair aggregated,
crumbly. The some aggregate are separately bonded
by clusters of grass roots. The aggregate structure is
granular-silty. Cracks are missing. The distinctness
with next horizon is abrupt, may be detected on the
basis of the clear roots content decrease and changes
of the color and aggregate structure.

H (4-32 cm) — upper humus-accumulative hori-
zon. Dark grey. Dense. Moist. Light loam. Roots are
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absent. Cracks are missing. The distinctness with next
horizon is gradual, may be detected on the basis of the
color and cracks.

HP (32-71 cm) — transition horizon. Light grey,
condensed. Moderately moist. Light loam. The ver-
ticals cracks having a width of 0.2 cm create 15-20
cm width pedes. Roots are absent. Roots are absent.
Cracks are missing. The distinctness with next hori-
zon is gradual, may be detected on the basis of the
color and cracks.

Ph1 (71-92 cm) — the first lower transition ho-
rizon. Light gray. Moderately moist. Consistence is
compact. Light loam, there are no cracks. Light yel-
low spots of irregular shape with a diameter of 15-20
cm are presented. The distinctness with next horizon
is gradual, may be detected on the basis of the color.

Ph2 (92-110 cm) — the second lower transition
horizon. Light yellow with vertical humus spots.
Consistence is compact. Light loam. Moist. The dis-
tinctness with next horizon is gradual, may be detect-
ed on the basis of the color, unclear.

Ph3 (110-140 cm) — the third lower transition
horizon. Light yellow, lighter than the previous one,
the marble from the enclosures of the humus spots.
Light loam. Moist. The distinctness with next horizon
is clear, may be detected on the basis of the color and
texture.

P (140-180 cm) — parent material. Blue-gray
clay sand. Very moist. Consistence is soft.

Pgl (180-200 cm) — gley parent material. Dark
blue-gray sand with reddish spots. Consistence is soft.

The working definition of soil: sod gley soil

(Gleysols (Humic)).
Sampling polygon Ne 25. The vegetation of pop-
lar-willow forests (habitat type according EUNIS
G1.1112 Eastern European poplar-willow forests) in-
cluded a total of 38 species of vascular plants. The
tree stand are dominated by Populus alba L. ta Ulmus
laevis Pall.. The shrub layer are dominated by Acer
tataricum L., Crataegus rhipidophylla Gand., and
Sambucus nigra L., the herbaceous layer are domi-
nated by Anthriscus cerefolium (L.) Hoffm., Galium
aparine L. ta Stellaria media (L.) Vill. The total pro-
jective cover of herbaceous species is 25-30 %. For
identification of plant communities, within which
research was undertaken, we give it a syntaxonomy
characteristic.

Class Salicetea purpureae Moor 1958
Ordo Salicetalia purpureae Moor 1958
Union Salicion albae R.Tx. 1955

All. Populetum albae Br.-Bl.1931

The soil invertebrates community included a total
of 66 species representing 27 families and 10 orders
and 6 classes from tree phylum (annelida, arthropods
and molluscs) at the sampling polygon. Carabus ex-
cellens is included in the Red Book of Dnepropetrovsk
region and Carabus (s.str.) stscheglowi (Mannerheim,
1827) is included in the Red Book of Ukraine (Suma-
rokov et al., 2018).

Soil profile description

The description was made in 5 May 2018
(additionally — 2 June) (Fig. 5, A). The poplar-willow
forests in the floodplain of the inflow of Protich river
(margin of the sand terrace of Dnipro river valley).
The soil surface is relatively smooth. There is the litter
consisted from leaves, not decayed, with a depth of
5-6 cm, projective cover is 90-100%. The projective
cover of the grass layer is 25-30%. The parent material
is alluvial sand. The groundwater level was 90 cm 5
May, 2 June the groundwater level was 122 cm. There
are some traces of soil invertebrates activities, which
are mixing horizons not exercise significant influence.
There are no the visible soil neoformation, carbonate
debris, accumulation of salts. Consistence is from
friable to dense. The genetic profile type is humus
differentiated. An intense carbonate effervescence
after dilute hydrochloric acid treatment was occurred
from the surface.

H, (6-0 ¢cm) — organogenic, forest litter with pro-
jected cover 90—100%.

Hdk (0—7 cm) — upper soddy carbonate humus-
accumulative horizon. Yellow-red (10YR 4/2), in-
terspersed with sand particles, tightly intertwined
by roots of herbaceous plants. Dry. Clay sand. The
structure is grain-dust. Consistence is friable. There
are no cracks. The distinctness with next horizon is
clear, may be detected on the basis of the color and
consistence.

H, (7-35 cm) — humus-accumulative carbonate
horizon. Blue-gray (5B 5/1) interspersed with sand
particles. Consistence is friable, slightly moist. Clay
sand. There are some roots of shrubs. There are no
cracks. Structureless. The distinctness with next ho-
rizon is gradual, may be detected on the basis of the
wetness and texture.

Hp, (35-58 c¢cm) — the upper transition carbon-
ate horizon. Black (2.5Y 2.5/1). Consistence is fti-
able, moist. Viscous, tacky. There are roots of shrubs.
There are no cracks. Structureless. Consistence is
dense. The distinctness with next horizon is gradual,
may be detected on the basis of the color.

HP, (58-80 cm) — the transition carbonate ho-
rizon. Gray (10YR 6/1) interspersed with light-gray
(2.5Y 7/1) sand particles. Sandy loam. Moderate-
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Fig. 5. The profile of alluvial meadow and forest deep loamy soil (Mollic Gleyic Fluvisol (Calcaric)) (A) and
alluvial sod forest layered normal gley soil (Umbric Gleyic Fluvisol) (B)

Legend: A — H - organogenic, Hdk — upper soddy carbonate humus-accumulative horizon, H, — humus-accumula-
tive carbonate horizon, Hp, — the upper transition carbonate horizon, HP, — the transition carbonate horizon, Phglk
— the transition carbonate gleysolic horizon, PkGl — carbonate gleysolic parent material; B — H,— organogenic,
H,— upper soddy humus-accumulative horizon, H — humus-accumulative, HP — transition horizon, P 1 — alluvial
horizon, [H1] — the first buried humus-accumulative horizon, [HPgl] — the buried gleysolic humus-accumulative
horizon, P 1 the fist alluvial gleysolic horizon, P 2 — the second alluvial gleysolic horizon, P, 3 — the third
alluvial gleysolic horizon, P_, — alluvial gleysolic parent material

ly moist. Densed. There are no roots of shrubs and may be detected on the basis of the color and texture.
cracks. The distinctness with next horizon is abrupt, PKkGI (112-122 cm) — carbonate gleysolic parent
may be detected on the basis of the consistence. material. Yellow (5Y 6/2) sand. Wet. Densed, consists
Phglk (80-112 cm) — the transition carbonate of large lumps of sand that disintegrate when pressed.
gleysolic horizon. Blue-gray (10B 5/1), gradually Bordered by subsoil waters.
brightens with the depth, moist. A dense, almost The working definition of soil: alluvial meadow
merged, sticky and plastic. Sandy loam, there are no and forest deep loamy soil (Mollic Gleyic Fluvisol
cracks. The distinctness with next horizon is abrupt, (Calcaric).
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The alluvial sod soils are formed in riverine
floodplain within the natural reserve ‘“Dnipro-
Orilsky” on layered sandy alluvium. There are four
subtypes in type of alluvial soil: primitive sod, sod
underdeveloped, sod short profile and sod wvalid
(Nakonechny, Pozniak, 2011). The weak participation
of groundwater water in water regime of profile
through a limited lifting height of capillary water in
the sands is peculiarity of this soil type. The signs of
gleization are poorly expressed or absent. The short
profile soil are the most common types (Manyuk,
2005). Alluvial sod soils are formed at the highest
parts of the floodplain. Profile of soils consisting
of three genetic horizons — humus-accumulative
(H), transition (Ph) and parent material (P). Humus
horizon is gray, wet, compacted (Nakonechny, 2016).
Sampling polygon Ne 26. The vegetation of flooded
oak forest included a total of 60 species of vascular
plants (Zhukov et al., 2017). The tree stand are domi-
nated by Quercus robur ta Ulmus laevis. The shrub
layer are dominated by Rubus caesius Ta Amorpha
fruticosa. The total projective cover of herbaceous
species is 30—40 %. For identification of plant com-
munities, within which research was undertaken, we
give it a syntaxonomy characteristic.

Class Alno glutinosae-Populetea albae P. Fukarek
et Fabijani¢ 1968 (abo Carpino-Fagetea Passarge
in Passarge et G. Hofmann 1968)

Ordo Alno-Fraxinetalia excelsioris Passarge et G.
Hofmann 1968

Union Alnion incanae Pawlowski, Sokolowski et
Wallisch 1928

Subunion Ulmenion minoris
JyOOBO-B’SI30B1 3aIljIaBHI JIiCH

Oberdorfer 1953 —

The soil invertebrates community included a to-
tal of 34 species with a total abundance of 178.4 +
26.9 ind./m? (Zhukov et al., 2018). The earthworm is
a dominant group, which constitute 38.8% of the to-
tal community abundance. Earthworms are presented
by four ecological types: litter dwelling Dendrobaena
octaedra, two species of the endegeic Aporrectodea
trapezoides and Aporrectodea rosea and one species
of the anecic Octodrilus transpadanus.

Soil profile description

The description was made in 3 October 2017
(Fig. 5, B). The oak forest in the floodplain of the Dni-
pro river. The soil surface is relatively smooth. There
is the litter consisted from leaves, not decayed, with
a depth of 1.5-2 cm, projective cover is 30—40% dig-
ging extensively by boar. The parent material is allu-
vial sand. The groundwater level was 171 cm. There

are no the visible soil neoformation, carbonate debris,
accumulation of salts. Consistence is dense. The ge-
netic profile type is humus differentiated. There is no
a carbonate effervescence after dilute hydrochloric
acid treatment.

H,, (2-0 cm) — organogenic, forest litter with pro-
jected cover 30—40 %, digging extensively by boar.

H, (0-7 cm) — upper soddy humus-accumulative
horizon. Light-gray. Dry. Clay sand. Consistence is
friable, tightly intertwined by roots of herbaceous
plants. Structureless. The distinctness with next ho-
rizon is abrupt, may be detected on the basis of the
consistence.

H (7-24 cm) — humus-accumulative. Light-gray.
Slightly moist. Clay sand. Consistence is condensed,
tightly intertwined by roots of herbaceous plants.
Structureless. The distinctness with next horizon is
graduated, may be detected on the basis of the con-
sistence.

HP (2443 cm) — transition horizon. Yellow-
gray. Moderately moist. Clay sand. Structureless.
Consistence is condensed. There are some roots of
shrubs and trees. The distinctness with next horizon
is abrupt, may be detected on the basis of the color.

P 1 (43-54 cm) — alluvial horizon. Light-gray
with rusty spots, which increase with depth. Sand.
Slightly moist, structureless. There are occasionally
vertical humus smudges. The distinctness with next
horizon is diffuse, may be detected on the basis of the
color.

[H1] (54-69 cm) — the first buried humus-accu-
mulative horizon, structureless. Dark-gray. There are
some roots. There are no cracks. Sand. Condensed.
Slightly moist. There are occasionally vertical humus
smudges. The distinctness with next horizon is gradu-
ated, may be detected on the basis of the color.

[HPgl] (69—94 cm) — the buried gleysolic hu-
mus-accumulative horizon. Dark-gray. ark red spots
irregularly shaped 3-5 cm in diameter. There are
some roots. There are no cracks. Sand. Condensed.
Moderately moist. There are occasionally vertical hu-
mus smudges. The distinctness with next horizon is
abrupt, may be detected on the basis of the color.

Palgll (94-106 cm) — the fist alluvial gleysolic ho-
rizon. Yellow-gray. Loose sand. Vertical humusovani
smudges. The distinctness with next horizon is gradu-
ated, may be detected on the basis of the color.

P2 (106—111 cm) — the second alluvial gleyso-
lic horizon. Gray. Loose sand. Moderately moist. The
distinctness with next horizon is graduated, may be
detected on the basis of the color.

Palgl3 (111-133 cm) — the third alluvial gleysolic
horizon. Red-rusty. Loose sand. Moderately moist.
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The distinctness with next horizon is graduated, may
be detected on the basis of the color.

P ., (133-171 cm) —alluvial gleysolic parent ma-
terial. Sand. Moderately moist. Dark-blue-gray, loose.

The working definition of soil: alluvial sod
forest layered normal gley soil (Umbric Gleyic
Fluvisol).

Floodplains are among the most young and
dynamic landscape elements. They were formed
in the Holocene and continue to develop rapidly
(Parkhomenko, 2015). Floodplain ecosystems are
complex natural systems that characterized by a large
spatial variability (Reddy, Patrick, 1993; Stolt, 2001;
Rinklebe, Langer, 2006). The soils in the floodplain
habitats are affected by erosion and the effects of
sedimentation and transformation and translocation
of substances which generally has the permanent
effect, which forms veins and layers of sand or clay
deposits, and varying degrees of accumulation of
humus (Wilder et al., 2008). The floodplain soils are
significantly affected by the underlying processes of
rocks and parent materials, variability of standing
groundwater, past and current velocity of water
flow in the river, relief positions, approaching the
river or dam and anthropogenic impacts (Wilder
et al., 2008). Floodplain soils are seen as complex
and polygenetical and polychronos formation,
reflecting the long stages and litho-geomorphological
paedogenesis and geological structure of river valleys
(Mikhailyuk, 2001).

Floodplain of the Dnipro river is formed by
furcation type. The genetic zones of the modern
floodplain are formed due channel furcation,
superimposed on genetic areas associated with
the degree of remoteness from the mainstream, ie
attenuation of alluvial tension. The floodplain relief
is considered as segment systems within each of
which formed riverine, floodplain and central plant
conditions (Mirkin, 1974). The area of the floodplain
is periodically covered by floodwater, after which the
recession on soil surface is silt, which determines the
morphological characteristics, properties and fertility
of alluvial soils and lithology. The alluvial soils
form a complex mosaic structure of soil cover due to
unequal treatment of flood waters in different parts of
the floodplain (Manyuk, 2005).

Conclusions

1. The biogeocenotic approach is the chain that
connects the landscape structure, the diversity of
soil cover, and diversities of the plant and animal
communities. The functional, spatial and temporal
properties of ecosystems in landscape context can
be expressed by catena. Within the natural reserve
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«Dnipro-Orilsky» catena covers of the floodplain and
sand terraces biogeocoenoses.

2. The biogeocoenosis concept is a basis for
integration of the pedocatena, phytocatena and
zoocatena. Catena approach is the framework for a
monitoring system landscape diversity both at the level
of individual component biogeocoenosis (edaphotop,
phytocenosis, and zoocenosis) and biogeocoenosis
level in terms of its horizontal and vertical structure
and at the landscape level as a whole interconnected
system.

3. The traditional idea of catena as a set of eluvial,
transit and accumulative positions in a complex and
diverse landscapeisnotableto coverthemostimportant
environmental gradients modes. The complexity of
the landscape is due to relief diversity and the effects
of anthropogenic transformation biogeocenotic
cover. Catena therefore can be seen as a multilevel
hierarchical system of the biogeocenotic polygons
needed to consider the diversity of physiographic
conditions and anthropogenic gradients.
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Received: 30.01.2019 Abstract. The research is devoted to the disclosure of socio-economic aspects of cross-
Received in revised form: 25.02.2019 border cooperation in the field of tourism of Ukraine and Poland, which is important in
Accepted: 04.03.2019 today’s conditions of development of globalization processes and transformation of social

relations. Such relationships are formed between people in different geographic areas,
which determine their social mood and social behaviour. The signing of the visa-free travel agreement between Ukraine and the EU on
17 May 2017 and its entry into force on 11 June 2017 has become an important factor in the development of tourism in Ukraine and
Poland, in particular within the border areas and in the context of cross-border cooperation of the Carpathian Euroregion. Tourists from
Ukraine have better opportunities than before to travel to many European countries, and tourist migration contributes to the integration
of peoples, building good-neighbourly relations and tolerance, economic, cultural, scientific and other forms of cooperation. That
is why it is necessary to study the socio-economic aspects of the development of tourism in Ukraine and Poland at the level of the
Carpathian Euroregion. The attention of the authors of this article is devoted to the study of the historical and cultural heritage of the
four regions of Ukraine and the counties of Poland included in the Carpathian Euroregion as one of the important factors influencing
the development of tourism. The article analyzes a number of key indicators of the activity of the subjects of the tourist market and the
trends in their changes, as well as the geographical structure of tourist flows and the administrative and territorial division of the regions
of the Ukrainian-Polish transboundary. Positive trends in the growth of a number of key indicators of tourism activity in Lviv region
give reason to assert the high level of activity of tourism services market participants and that Lviv region has good preconditions for
the development of many types of tourism , which can increase the flow of revenue to local budgets. Statistical materials of the Main
Department of Statistics in Lviv Oblast have also made it possible to analyze the indicators for those areas that are part of the Carpathian
Euroregion and characterize the specifics of the development of the tourism sector. It is proposed to form an updated marketing strategy
for tourism management in Ukraine in the context of the changing conditions that have taken place in the tourist services market after
the entry into force of the visa-free travel agreement between Ukraine and the EU, which will positively influence the development of
tourism in Ukraine and Poland at the level of the Carpathian Euroregion.

Keywords: region; Carpathian Euroregion, tourism, regional cooperation, cross-border cooperation.

CycniJIbHO-eKOHOMIYHi acneKTH TPAaHCKOPAOHHOro cniBpodiTHHUTBa Ykpainu i IHoabuii y
cepi Typusmy

H. B. I'punbox', B. I. Amutpyx’, JI. A. {suenxo', A. O. Kuszeny?

' Biookpemnenuii nioposzoin «JIvsiscoka inis Kuiscbkoeo Hayionanvbho2o yHisepcumemy Kyibnypu [ MUCTIEYME),
Yipaina, lidiyabako@ukr.net
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Anoramnisi. J{oCTi/DKeHHST TIPUCBSIYCHE PO3KPUTTIO CYCIUIBHO-SKOHOMIUHHMX aCHEKTiB TPAHCKOPIOHHOTO CHiBPOOITHUITBA Yy cdepi
TypusMmy Ykpainu i [Tompimi, mo Mae BakIMBE 3HAUCHHS B CyJaCHHX yMOBaX PO3BHTKY IpoleciB miodaiizamii Ta Tpancopmarii
cycninpHUX BigHOCHH. Taki BiTHOCHHU ()OPMYIOTHCSI MiXK JIFOIBMH Ha Pi3HUX reorpadiyHuX TEPUTOPIAX, BU3HAYAIOTH IX CYCHUTBHHUN
HACTpiil Ta couianeHy moBeniHKy. [linmucanHs Ta BBeAEHHS B Jif0 yroau mpo Oe3BizoBuil peskum Yipainu y 2017 poui crano Bax-
JIMBAM YMHHHUKOM PO3BHUTKY Typu3My B Ykpaini Ta [lonblii, 30kpemMa y MekaxX HPUKOPIOHHUX TEPUTOPI Ta TPAHCKOPIAOHHOTO
cniBpobiTHuiTBa Kapnarcekoro €Bpoperiony. Typucty 3 YkpaiHu OTpHMaiy Kpallli MOXJIMBOCTI 3 OpraHizarii nmogopoxei go 6a-
ratbox kpain €Bponu. TypucTHdHa Mirparis crupuse iHTerpauii HapoxiB, MoOy1IoBi J0OPOCYCIACHKUX BITHOCHH Ta TOJICPAHTHOCTI,
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CKOHOMIYHOMY, KYJIBTYpHOMY, HAYKOBOMY Ta IHIIMM BHIaM CHiBpoOiTHHITBA. CamMe TOMY BHHHKIA HEOOXIJHICTH JIOCIIIKECHHS
CYCIITbHO-eKOHOMIYHHUX acHeKTiB PO3BHUTKY Typu3My Ykpainu i [Tombmii va piBHi Kapnarceroro €Bpoperiony. YBara aBTopiB cTarTi
MPHUCBSTYEHA JOCIIKCHHIO 1CTOPUKO-KYJIBTYPHOI CIIaIIMHN YOTUPhOX oOnacTeil YkpaiHu Ta OKpeMHX noBiTiB ITosbli, 10 BXOASATH
1o Kapmarcekoro €BpoperioHy, sk OHOTO 3 BaKIMBUX YMHHHKIB BIUIMBY Ha PO3BUTOK TypU3MYy. Y CTaTTi JOCHTIHDKEHO HHU3KY OC-
CTHYHUX ITOTOKIB 1 aIMiHICTPaTHBHO-TEPUTOPiaIbHUN IO/ PETiOHIB YKPaiHCHKO-TIOIBCHKOTO TPAHCKOPAOHHS. [103UTHBHI TeHIeHIIiT
JI0 3pOCTaHHS HU3KM OCHOBHHIX ITOKA3HHKIB HIsUTBHOCTI Cy0’€KTIB TYypHUCTHUHOI IisutbHOCTI y JIbBIBCBHKil oOmacTi JaroTh MmifCTaBU
CTBEPKYBaTH PO BUCOKHH PiBEHb aKTHBHOCTI YYACHHUKIB PUHKY TYPHUCTHYHHX IIOCIYT, PO Te, mo JIpBiBchbka 00IacTh Mae mepe-
JYMOBH JUISL PO3BUTKY 0araTboX BHIIB TypH3MY 1 301IbIICHHS HAIXOKEHb J0 MICIEBHX OO/DKETiB. Takok MpOBEIEeHMI aHATI3 3MiHU
JUHAMIKH TTOKa3HUKIB MO 001acTsX, sKi BXOAATH 10 Kapmarcekoro €BpoperioHy Ta XapakTepu3yloTh clielii(iky pO3BUTKY cepH Ty-
pu3My. 3anpornoHoBaHo c(hOpPMyBaTH OHOBJIEHY MApKETHHIOBY CTPATETiIO YIIPaBIIiHHS TypU3MOM B YKpaiHi, y KOHTEKCTi 3MiHH YMOB,
SIKi BiIOYJIMCSI HA PUHKY TypPUCTHYHUX ITOCIYT ITICJIsl BBEACHHS B JIif0 Yoy 1npo 0e3Bi3oBuii pexxum Ykpainu ta €C, 10 NO3UTHBHO

BIUTMHE HA PO3BUTOK Typu3My Ykpainu i [loxnbmui Ha piBai Kapnarcerkoro €Bpoperiony.

Kniouogi crosa: pezion; Kapnamcuokuii €spopecion; mypusm,; pecionanbhe cnigpooimuymeo,; mpanckopoouue cnigpooimmuuymeo.

Introduction. The processes of globalization and the
transformation of social relations in society led to the
following trends of its development: the emergence of
global problems of the present, the formation of'a global
system of interconnections and interdependencies,
the transformation of national cultures and people’s
consciousness, the formation of a transnational
economy and politics, the development of information
technologies, the creation of a global network of
mass- media, etc. Studies of socio-economic relations
in various branches of the economy, as a combination
of forms of organization of common life of people,
are of particular importance. Such relationships are
formed between people in different geographic areas,
in different organizations and institutions, shape their
social mood in a certain period of time and determine
their social behaviour. There are a number of risks
that affect the behaviour of people in society, which
can threaten their safety, health, social well-being,
interaction with the environment, etc. Such risks are
not limited to the geographical area or time period,
and can also create financial and other risks from
business activity. The socioeconomic risks, including
those related to the development of tourism in the
border areas, include image risks, whose determinants
are traditions, national-cultural mentality, cross-
culture and its interaction, politics, national ideas,
virtual space, etc. For this reason, the studies of
socio-economic aspects of tourism development in
the Carpathian Euroregion on the example of Lviv
Oblast of Ukraine and the Rzeszéw County of Poland
are relevant.

In today’s conditions of functioning and
development of tourism in different geographical
areas of Ukraine and Poland, there are changes that
were caused by various factors of influence: economic,
political, social, scientific and technical, etc. It is
worth noting that the migration factor is extremely
important, including migration of the population of the
border areas and their resettlement in other territories.

It should be noted that the signing and the entry
into force of the visa-free regime between Ukraine and
the EU in 2017 became a key factor in the development
of tourism in Ukraine, especially in the border areas.
Tourists from Ukraine have better opportunities than
previously to travel to many European countries, and
in the long run, a visa-free regime can be introduced
with a number of other countries of the world, such as
the countries of Latin America, Asia, etc. Advantages
of tourist migration, including in the cross-border
territories, are the creation of additional opportunities
for freedom of movement, international integration
of peoples, building good-neighbourly relations
and tolerance, economic, cultural, scientific and
other types of cooperation, improvement of cross-
cultural interaction, and opportunities for their better
socializing in a social environment, etc.

Activation of tourist migration has a number of
positive aspects for both tourists and tour operators.
There are also a number of tasks that need to be
resolved regarding the activities of tourism in the
border areas, including those that have appeared
after the signing of the visa-free regime between
Ukraine and the EU. The study of the functioning
and development of tourism in Ukraine, Poland and
separately in the Carpathian Euroregion has produced
a significant number of scientific works of domestic
and foreign scientists. The features that are typical for
the development of tourism in the border territories
and the tools of state reforms in this sphere are
highlighted, directions of prospective development
of cross-border cooperation in the field of tourism
and problems that need to be solved are determined.
But, despite considerable scientific progress, there is
a need for further research on socio-economic aspects
of development of tourism in Ukraine and Poland,
at the regional level, taking into account a number
of factors of influence, including factors of tourist
migration of the population, which has become a
“lifestyle” of the people, an element of their culture in
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a global dimension.

The aim of the study. The aim of the article is to
justify the socio-economic aspects of cross-border
cooperation in the field of tourism of Ukraine and
Poland, taking into account the factors of tourist
migration after the signing of the visa-free travel
agreement between Ukraine and the EU, as well as
the development of a number of recommendations
for implementation in practical activities that will
provide a new stage for the successful development
of the Carpathian Euroregion.

Materials and methods. Scientific research is
executed on the basis of a number of regulatory
documents regulating the activity and development
of tourism in Ukraine as a whole, and the Carpathian
Euroregion in particular, as well as statistical data of
the Main Directorate of Statistics in Lviv Oblast, Lviv
Oblast State Administration, Ministry of Economic
Development and Trade of Ukraine, embassies of
Ukraine in Poland and so on. It should be noted that
from the Polish side, inter-regional Ukrainian-Polish
cooperation is carried out with the assistance of the
Ministry of Internal Affairs, the Ministry of Foreign
Affairs, the Ministry of Regional Development. On the
Ukrainian side, such cooperation is carried out with the
assistance of the Ministry of Regional Development,
Construction and Housing and Communal Services
of Ukraine, the Ministry of Economic Development
and Trade of Ukraine, the Ministry of Foreign
Affairs of Ukraine, the Ministry of Infrastructure
of Ukraine, regional state administrations, etc.
The institutional mechanism of Ukrainian-Polish
interregional cooperation was created: the Ukrainian-
Polish Intergovernmental Coordination Council,
which defines the general directions of interregional
cooperation, participates in the development of joint
programmes for the development of interregional
cooperation, etc.

Results and discussion.

I. Geographical characteristics and objects
of the historical and cultural heritage of the
Carpathian Euroregion

For a more complete understanding of the main
socio-economic aspects of cross-border cooperation
between Ukraine and Poland, it is necessary to
characterize the geographical location of the
Carpathian region, its natural and climatic conditions,
some objects of cultural heritage, as well as other
preconditions that determine its functioning and
development.

The Carpathian Mountains, in terms of geology,
are young mountains. The Carpathian Mountains
are divided into three parts: the Western, Eastern
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and Southern Carpathians. In the scientific literature
(Petranivskyj & Rutynskyj, 2006; Rutynskyj &
Stecjuk, 2008; Shkola, 2007), the Eastern and Western
Carpathians are still classified as Slavic or Northern. It
is not possible to make a clearcut identification of the
nationalities living on the territory of the Carpathian
region, butin most cases: 1) Poles, Slovaks, Ukrainians,
Hungarians and Czechs live in the territory of the
Western Carpathians; 2) in the territory of the Southern
Carpathians - mostly Romanians; 3) in the territory of
the Eastern Carpathians - mostly Ukrainians, and the
territory itself is also called the Ukrainian Carpathians.
The physical geography of the Ukrainian Carpathians
is distinguished by the following characteristics:
length - almost 280 km, average width - 100 km,
area - 37 thousand km? the highest point is Mount
Goverla (2061 m); the largest lake - Synevyr; climate -
moderately continental. The western European part of
the Ukrainian Carpathians passes the main European
watershed, which divides the Baltic and the Black Sea
basins. The following rivers begin in the Carpathians:
Vistula, San and Western Bug, Dniester, Suceava, Styr,
Horyn, Prut, Tisa, Cheremosh, etc. The Ukrainian
Carpathians, according to the administrative division,
includes the following regions ( oblasts ) Zakarpattia,
Ivano-Frankivsk, Chernivtsi, and Lviv.

Within the scope of this article only a brief study
of the historical and cultural heritage of Zakarpattia,
Chernivtsi, Ivano-Frankivsk, Lviv oblasts of Ukraine,
as well as the Rzeszow, Krosno and Przemysl
counties of the Podkarpackie Voivodeship of Poland
are presented.

Research on historical and cultural monuments
and museums of Zakarpattia Oblast shows that they
belong to the XI-XIX centuries, namely: the ruins of the
castle in the city of Khust (XI-XII centuries), Palanok
Castle in the city of Mukachevo (XIV-XVI centuries),
the Gothic Church in Berehove (XV century), the
historical museum and St. Michael’s Church in the
city of Svaliava (XVI century.), Ascension Church in
the village Yasinia Rakhiv Raion (XIX century) and
others. There are a number of museums in Zakarpattia
Oblast: historical, ethnographic, artistic, which are
concentrated in the cities of Uzhhorod, Mukachevo,
Khust, Svaliava, Rakhiv. Zakarpattia Oblast is
represented by a number of resorts: Chynadiyovo,
Shaian, Kvitka Polonyny, Solotvyno, Borzhava,
Yaremche, Bukovel, Vorokhta, etc.

Ivano-Frankivsk Oblast is characterized by a rich
historical and cultural heritage (XII-XII centuries),
which includes the following objects: Church of St.
Panteleimon (XII century.) in Shevchenkovo, Dolyna
Raion, ruins of the castle in Halych (XIV century),
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Maniavsky Skete (monastery near the village of
Maniava) in Bohorodchanskyi Raion and the city
hall in Ivano-Frankivsk (XVII century), Church of
St. Nicholas (Rohatyn) (XVIII centuries). In Ivano-
Frankivsk, the following museums are located and
successfully functioning: geological, local history,
literary, artistic, as well as the Museum of Education.
The historical and cultural heritage of Ivano-
Frankivsk Oblast is also represented in the cities of
Sniatyn and Kolomyia and in the villages of Kosmach
and Kryvorivnya (Petranivskyj & Rutynskyj, 2006).

Historical and architectural monuments of
Chernivtsi Oblast are concentrated in Chernivtsi, as
well as in Vyzhnytskyi, Khotynskyi and Kitsmanskyi
Raion. The following objects are of interest to
tourists: in Chernivtsi - City Hall, Botanical Garden,
Armenian Church, Residence of Bukovinian and
Dalmatian Metropolitans, Arboretum (XIX-XX
centuries); as well as the fortress Khotyn (XIII-
XVIII centuries), the museum-estate of G. Garas in
Vashkivtsi, the museum-estate of I. Mykolaychuk
in village Chortoryia, lonian Church in the village
Vikno (XIX cent.), Ascension Church and bell tower
in village Luzhany (XV cent.), Cross Church and bell
tower in village Pidvalne (XVI century) and others.
Chernivtsi Oblast and the city of Chernivtsi offer the
visitor museums of architecture and everyday life,
local history, artistic, the literary-memorial museums
of O. Kobylianska and Yu. Fedkovych, and others.
(Rutynskyj & Stecjuk, 2008).

It should be noted that the significant contribution
in the Carpathian region is made by the historical and
cultural heritage of Lviv Oblast. Lviv, as a city of
museums, and at the same time, a city-museum that
attracts many tourists, both domestic and foreign.
Tourist attractions in Lviv and Lviv Oblast include
museums, art galleries, monuments of history and
monumental art, castles, Orthodox and Roman
Catholic churches, synagogues, monasteries, forts,
reserves, archaeological sites, resort resources,
monuments of the history of architecture of Lviv,
etc. There are about 20 museums functioning here:
national, historical, zoological, natural, literary,
ethnographic and artistic crafts, archaeological,
history of religion, folk architecture and everyday
life, the pharmacy-museum, art gallery, the museum
of defence architecture, etc. The heritage of prominent
figures of the past can be found in the memorial
and art museums of Ivan Franko, S. Lyudkevich,
M. Shashkevich, S. Krushelnytska, L. Levytsky, O.
Novakivsky, O. Kulchytska, I. Trush, and others. A
significant contribution to the historical and cultural
heritage is made by Pidhirtsi, Olesko, Zolochiv,

Svirzhsky, Zhovkva, and Pomoriany castles. State
reserves are located in Belz, Zhovkva, Nahuievychi,
Olesko, Urych, Skole (Skole Beskids) and in the city
of Lviv, as well as the natural reserve “Roztocze”,
which was introduced by UNESCO’s decision to the
World Network of Biosphere Reserves (Shkola, 2007).
Tourist Lviv is represented by a number of theatres:
Solomiya Krushelnytska Lviv State Academic Theatre
of Opera and Ballet, Maria Zankovetska Theatre, Les
Kurbas Theatre, Lesya Ukrainka Theatre, Academic
Theatre Voskresinnia and others. The well-known
health resorts of Lviv Oblast include the following:
Truskavets, Skhidnytsia, Morshyn, Shklo, Nemyriv,
Velykyi Liubin, Rozluch, Slavsk and others.

The current state of the sphere of protection of
cultural heritage in Lviv Oblast, its problems and
problems to be solved are presented in the programme
“Protection and preservation of the cultural heritage of
the Lviv region for the years 2018- 2020 . In addition,
the document defines the mechanisms and criteria for
implementing the programme, as well as practical
measures and financial support for its implementation.
Accordingly, within the framework of the protection
of the cultural heritage, the religious buildings which
are listed on the UNESCO World Heritage List are
also subject to restoration: St. George’s Cathedral in
Lviv, Descent of the Holy Spirit Church , St. George’s
Church in Drohobych and other objects in different
districts of Lviv Oblast.

The analysis of the historical and cultural heritage
of the Carpathian region of Poland should be carried
out in conjunction with the International Association
“Carpathian Euroregion” established in 1993. The
relevant agreement, which defined the boundaries
of this geographical entity, was signed in Debrecen,
Hungary. The Carpathian Euroregion includes
four regions of Ukraine (Lviv, Ivano-Frankivsk,
Zakarpattia, Chernivtsi), as well as the Subcarpathian
Voivodeship with its capital in Rzeszow, Poland.

Accordingly, the first Euroregions on the
Ukrainian border were created namely with the
participation of Poland: Carpathian Euroregion,
Euroregion Bug. Currently, there are 10 government
level structures that can be conventionally divided
by geographical and administrative features into the
following (Kalat & Demedjuk, 2017):

a) jointly formed with the EU member states
(Carpathian Euroregion, Euroregion Bug, Lower
Danube Euroregion, Superior Prut Euroregion);

b) jointly formed with non-member countries
(Euroregion Dniester, Dnepr Euroregion, Slobozhan-
shchyna Euroregion, Yaroslavna Euroregion, Donbas
Euroregion).
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The Carpathian Euroregion is the most active
region, its activities are aimed at the socio-economic
development of the border areas through the support
of cross-border cooperation in the economic, cultural,
environmental, scientific and educational spheres.

Within the Carpathian Euroregion, from the
Ukrainian side, the Association of Local Self-
Governance “Euroregion Carpathians-Ukraine” is
functioning effectively, which, through its project
activity, attracts about UAH 1 million annually for
the development of Ukrainian border regions from
the EU Structural Funds. The mission of the Network
for Local Development of the Carpathian Euroregion
is to create a platform for the dissemination of best
practices on local development and to develop
common approaches to support local community
initiatives, including the use of the instruments
of cross-border and interregional cooperation
(“Euroregion Carpathians - Ukraine”, 2019).

The study of the potential of the recreational
and natural resources of the Carpathian Euroregion
of Poland showed that objects of interest to tourists
are represented by churches and other religious
architecture, the Bieszczady and Magura National
Parks, anumber of landscape parks and naturereserves,
resorts, and so on. Famous resorts include Horyniec-
Zdr6j; Polanczyk; Iwonicz-Zdrdj; Rymanow-Zdro;j.
The highest mountain is Tarnytsia (1346 m), and the
territory has two large rivers: San and Wistok. The
historical and cultural heritage of the Carpathian
region of Poland is also represented by a large variety
of castles, palaces, churches, synagogues, museums,
reserves, art galleries, etc. In Rzeszow County of
Poland, tourists are able to visit the ethnographic
museum named after F. Kotula, the Lubomirski
Castle and the Lubomirski Palace (XVII-XVIII
centuries), the Bernardine Church (XVII cent.), The
Synagogue (XVII-XVIII centuries) and other objects
of interest. Krosno County of Poland offers tourists
the opportunity to explore the following historical and
architectural monuments: the Franciscan Church (XV-
XVII centuries), the Palace Ensemble of Mniszech
(XVII-XVIII centuries), the Castle of the Kmyty
(XVI century), the Town Hall (XVII-XIX centuries),
fragments of defensive walls (XIII-XVII centuries).
Extremely interesting are expositions in museums of
local history, history, the oil industry, the museum of
crafts and others. The historical heritage of Przemysl
County of Poland is represented by the following
objects: churches of the Carmelites (XVII century),
Jesuits (XVII cent.), Franciscans (XVII-XVIII
centuries); the Lubomirski Palace (IXX century), the
Cathedral (XVI-XVII c.), the buildings of the Market
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(XVI-XVII centuries), fortifications of the Przemysl
fortress (IXX-XX centuries), as well as local history,
diocesan, national museums, etc. (Smal, 2010).

II. The regulatory legal framework for
cross-border cooperation within the Carpathian
Euroregion

The main principles related to joint projects
and programmes of participants in cross-border
cooperation, the goals and principles of their activities,
organization and control of cross-border activities,
state support for the development of cross-border
cooperation, as well as financial support are provided
in the Law of Ukraine on Cross-border Cooperation,
2004. According to this Law, the main categories of
research are defined:

- Euroregion - an organizational form of cross-
border cooperation carried out in accordance with
bilateral or multilateral agreements on cross-border
cooperation;

- cross-border cooperation - joint actions aimed
at establishing and deepening economic, social,
scientific, technological, environmental, cultural and
other relations between the subjects and participants
of such relations in Ukraine and the relevant actors
and participants of such relations from neighbouring
states within competence as defined by their national
law.

In addition, the following normative and legal
documents that coordinate and regulate activities
in the field of cross-border cooperation include
the following: Decree of the Cabinet of Ministers
of Ukraine “On Approval of the State Programme
for the Development of Cross-Border Cooperation
for 2016-2020” (from August 23, 2016, No. 554)
and “State Strategy for Regional Development for
the Period till 2020” (from December 20, 2017 Ne
1089); Decree of the President of Ukraine “On the
Strategy of Sustainable Development” Ukraine-2020
“(from January 12, 2015, No. 5); “Strategic Plan of
the Ministry of Economic Development and Trade of
Ukraine for 2017-2020” (from April 28, 2017); the
strategies of development of “tourism and resorts for
the period up to 2026” (from March 16, 2017 Ne 169-
p) and “Lviv Oblast for the period until 2027

Between Ukraine and Poland, there are a
number of cross-border cooperation programmes
and projects implemented in Lviv Oblast with the
help of international technical assistance (Lviv State
Regional Administration, 2019):

1) Poland-Belarus-Ukraine Cross-border
Cooperation Programme 2014-2020 within the
framework of the European Neighborhood Instrument.
The overall objective of the programme is to support



Hrynokh N. V., Dmytruk V. 1., Diachenko L. A., Kniazevych A. O.

Journ. Geol. Geograph. Geoecology, 28(3), 432—444.

cross-border development processes in the border
regions of Poland, Belarus and Ukraine in accordance
with the objectives of the European Neighborhood
Instrument.

2) The Creative Europe Programme - an EU
programme aimed at supporting cultural, creative and
audiovisual sectors, travel (1.46 billion euros);

3) The project «The World Of Carpathian
Rosettes - Activities For Preserving The Cultural
Uniqueness Of The Carpathiansy.

4) The project «Cross-Border Pilgrimage Route
as an Instrument of Promotion of Common Cultural
and Historical Heritage on the Ukrainian-Polish
Border Areasy.

5) Project «B(L)ike Roztocze together in spite of
borders».

6) The project «Bug unites us - creation of two
cross-border tourist kayak trails”.

Within the framework of the Trans-border
Cooperation Programme “Poland-Belarus-Ukraine”,
grant agreements for the implementation of projects
were signed at the Carpathian Euroregion Forum,
which took place on October 3-4, 2018 in the Lviv
Regional Council. The forum was attended by
representatives of Transcarpathian, Lviv, Ivano-
Frankivsk and Chernivtsi regional councils, as well
as the State Secretary of the Ministry of Investment
and Development of the Republic of Poland. The
memorandum, which was signed at this event,
provides for the possibility of renewed development of
relations in the field of tourism between Ukraine and
Poland. The Ministry of Regional Development and
Trade of Ukraine presented the Carpathian Network
for Regional Development Project at the Carpathian
Euroregion Forum. This project was the winner of
the competitive selection of regional development
projects, which will be implemented at the expense of
the state budget, received from the European Union
within the framework of the programme of support
of the sectoral policy - support of the regional policy
of Ukraine. The budget of the project “Carpathian
Network of Regional Development” UAH 48 million
will jointly be implemented by the Ministry of
Regional Development and Trade of Ukraine, Lviv,
Zakarpattia, Ivano-Frankivsk and Chernivtsi regional
state administrations and the Association of Local
Self-government “Carpathian Euroregion - Ukraine”.
The purpose of the “Carpathian Network of Regional
Development” project is to increase the efficiency of
regional economic development in the Carpathians
through the use of instruments of interregional
cooperation (Lviv State Regional Administration,
2019).

Cooperation in the field of tourism, as well

as cultural and humanitarian cooperation between
Ukraine and Poland, is regulated by the existing
contractual and legal framework of relations and
creates favourable opportunities for its development.
Created at the Embassy of Ukraine in the Republic
of Poland, “the Centre for Culture and Information”
promotes the dissemination in Poland of information
about Ukraine, informs citizens about the possibilities
of joint interaction between countries in various
spheres, including the tourism sphere.

ITI. Analysis of the current state and trends
of cross-border cooperation between Ukraine and
Poland in the field of tourism

The study of the current state of functioning
and trends of tourism development in the Carpathian
Euroregion will be conducted on the basis of its
division and comparison: Lviv, Ivano-Frankivsk,
Zakarpattia, Chernivtsi region of Ukraine and
Podkarpackie Voivodeship of Poland.

I11.1. Lviv Oblast

Lviv Oblast has a well-developed infrastructure
and numerous prerequisites for the development of
many types of tourism and increased revenues to local
budgets. Positive tendencies to the growth of a number
of key indicators of the activity of subjects of tourism
activity in the Lviv Oblast (Table 1) give reason to
assert the high level of activity of participants of the
market of tourist services.

Income from providing tourist services
(excluding VAT, excise tax and similar obligatory
payments) for the period under study has a tendency
to increase. Thus, in 2016 compared to 2015, this
indicator increased by 45.1%; in 2017 compared with
2016 - by 50.88%. The number of tourist trips for
2015-2017 also grew. According to the base indicator
for 2015, in 2016 the growth was 105.06%; in 2017
compared with 2016 - by 12.28%.

According to the analysis of the geographical
structure of tourist flows, organized by the subjects
of tourist activity in the Lviv Oblast (Fig. 1) in 2017,
Turkey, Egypt, Bulgaria, Greece, and other countries
enjoyed the greatest popularity in the field of outbound
tourism. The four most popular countries of origin
for tourists visiting Ukraine in 2017 were Poland,
Azerbaijan, Belarus and Germany. Most tourists
who visited Lviv Oblast in 2017 were from Poland.
This gives grounds for further development of cross-
border cooperation in the Carpathian Euroregion as
the main form of cooperation in the field of tourism
between Ukraine and Poland.

It is worth paying attention to the extremely
important fact that the number of people receiving
services in health tourism in Lviv Oblast according to
the general indicator in Ukraine (in %) was: 8.4%, of
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Table 1. Analysis of the dynamics of the main indicators of the functioning of actors in tourism in Lviv Oblast, 2011-2017

Years Deviations 17/11
Indicators 2011 2012 2013 2014 2015 2016 2017 | Absolute %
value

The average number of
full-time employees, 681 760 846 715 667 775 802 121 17.77
persons
Those of them who have
higher or secondary 295 367 425 356 384 409 418 123 41.69
specialized education in
the field of tourism
Revenues from the
provision of tourist 114.1 176.7 228.7 174.8 188.7 273.8 413.1 299 262.05
services, million UAH
Number of tourist trips | ) 490 | §7504 | 114275 | 81,099 | 92594 | 189.875 | 213186 | 141,696 | 19820
sold, units
Cost of the realized
tourist trips, million 251.4 3534 476.1 595.4 682.3 877.4 1312.1 1060.7 421.92
UAH
Average cost per ticket,
UAH 3517 | 4,032 4,167 7,342 7,368 4,621 6,155 2,638 75.01
Number of tourists
for tourist trips sold, 743.1 955.9 1,248.4 1,230.8 948.1 1,771.5 1,774.6 1,031.5 138.81
thousands
Average travel time per

. 10 11 11 10 9 8 -2 -20.00
trip, days

Source: developed by the authors on the basis of statistical data of the Main Department of Statistics in Lviv Oblast

whom 31.2% were foreigners (2015), 7.4%, of whom

29.9% were foreigners (2016) and 7.6%, 32.6% of

whom were foreigners (2017). This tendency gives

grounds to believe that the activities of market

participants in ‘“therapeutic tourism” need to be

intensified and improved. Therapeutic and tourist
Outbound tourism

[pewin
25,0% TypedumnHa
= Erunet
= honrapia

= [HLi Kpaitn

18,9%

the Ukrainian part of the Carpathian Euroregion (Lviv,
Zakarpattia, Ivano-Frankivsk, Chernivtsi oblasts of
Ukraine) in the total number of tourists served by the
subjects of tourist activity in Ukraine for 2015-2017
(Table 2).

According to the data of Table. 2, only
Inbound tourism
m [lonbla
m Asepbaniman
Blnopyco
= HimeunHa
s |HLi KpaiHm

15,4%

Fig. 1. Geographical structure of tourist flows, organized by subjects of tourist activity of Lviv Oblast, 2017
Source: developed by the authors on the basis of statistical data of the Main Department of Statistics in Lviv Oblast

complexes of Truskavets, Morshyn, Skhidnytsia
and the private sector should jointly develop a
set of practical measures that will increase the
competitiveness of the tourist industry in the region.

III.2.1. Carpathian Euroregion, Ukrainian
part

In the course of the research, we analyzed the
dynamics of the share of the number of tourists from
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Zakarpattia and Chernivtsi oblasts show an unbroken
positive dynamic in the number of tourists. In Ivano-
Frankivsk and Lviv oblasts, this indicator was reduced
in 2017 compared to 2016, respectively, by 8%, 37%
and 3.64% respectively. This situation requires the
participants of the tourist services market of Ivano-
Frankivsk and Lviv oblasts to intensify their activities
to ensure its positive dynamic in the future. The total
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Table 2. Analysis of the dynamics of the number of tourists served by the subjects of tourism activity in the Ukrainian part of the

Carpathian Euroregion, 2015-2017.

Number of tourists served by Years Deviations, %
subjects of tourism activity (in 2015 2016 2017 2016/2015 20172016
thousands)
Zakarpattia Oblast 10.7 11.6 14.7 8.4 26.72
Ivano-Frankivsk Oblast 65.9 80.0 73.3 214 -8.37
Lviv Oblast 112.5 181.8 175.2 61.6 -3.64
Chernivtsi Oblast 15.7 19.4 20.3 23.57 4.64
Total: in the regions of the Ukrainian
part of the Carpathian Euroregion 204.8 292.8 283.5 42.97 -3.18
Total: in Ukraine 2019.6 2549.6 2806.4 26.24 10.07

Source: developed by the authors on the basis of statistical data of the Main Department of Statistics in Lviv Oblast

number of tourists served by the subjects of tourist
activity for 2015-2017 increased in the regions of the
Ukrainian part of the Carpathian Euroregion (by 78.7
thousand people or 38.96%) and Ukraine in general
(786.8 thousand people or 38.43%).

Zakarpattia Oblast, the total number is 26 thousand people

82.7 thousand people; in Chernivtsi Oblast - 13.7
thousand people, 16.2 thousand people and 19.1
thousand people. The aforementioned indicators of
the dynamics of the number of Ukrainian tourists
who travelled abroad during the investigated period

Ivano-Frankivsk Oblast, the total number is 29.8 thousand people

ml . nl
) 14,3 )
3 3
Lviv Oblast. The total number is 218.4 thousand people Chernivtsi Oblast. The total number is 49 thousand people
ml nl
[ i u2
3 3

Fig. 2. Dynamics and structure of the number of Ukrainian tourists who travelled abroad, 2015-2017.

Legend: 1 - 2015;2 -2016; 3 - 2017 year.

Source: developed by the authors on the basis of statistical data of the Main Department of Statistics in Lviv Oblast

The dynamics and structure of the number of
Ukrainian tourists who have travelled abroad in the
last few years are presented in Fig. 2.

The number of Ukrainian tourists who travelled
abroad in 2015, 2016 and 2017 in Zakarpattia Oblast
amounted respectively to 7.6 thousand people, 7.9
thousand people and 10.5 thousand people; in Ivano-
Frankivsk Oblast - 6.9 thousand people, 8.6 thousand
people and 14.3 thousand people; in Lviv Oblast
- 60.8 thousand people, 74.9 thousand people and

in the regions of Ukraine included in the Carpathian
Euroregion testify to their growth.
I11.2.2. Carpathian Euroregion, Polish part

The study of socio-economic aspects of cross-
border cooperation in the field of tourism in Ukraine
and Poland will begin with an analysis of geographical
location (Fig. 3) and the administrative-territorial
division of the regions of the Ukrainian-Polish
borderland (Fig. 4).

The length of the border of Lviv region with
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Fig. 3. Geographical map of the Ukrainian-Polish borderland
Source: L’vivs’ka oblast’u transkordonnomu prostori: statystychni indykatory [Lviv region in a cross-border area. Statistical
Indicators] (2016). Ed. S. Zimovina. The Main Department of Statistics in Lviv Oblast. (in Ukrainian)
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Fig. 4. Administrative-territorial division of the regions of the Ukrainian-Polish cross-border
Source: L’vivs’ka oblast’ u transkordonnomu prostori: statystychni indykatory [Lviv region in a cross-border area. Statistical
Indicators] (2016). Ed. S. Zimovina. The Main Department of Statistics in Lviv Oblast. (in Ukrainian)
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Poland is 258 km. The part of the Polish part of
the Carpathian Euroregion includes Podkarpackie
Voivodeship, which includes 21 counties, 4 city
counties, 51 towns and 1666 settlements.

Research on basic social and economic indicators
of certain regions of the Ukrainian-Polish borderlands
(Lviv Oblast, Podkarpackie and Lublin Voivodeships)
and states (Ukraine and Poland) are presented in
Table 3.

national economies of the respective states, in general,
and at wage levels, in particular. Thus, the average
monthly nominal salary in Lviv Oblast, Podkarpackie
and Lublin voivodeships in 2016 amounted respectively
to 161 euros; 838 euros; 875 euros. The number of
subjects of the national economy in the same way in
the Lviv Oblast, Podkarpackie and Lublin Voivodeships
amounted to 163.2 thousand; 167.7 thousand; 174.1
thousand. These figures show that it is worth analyzing

Table 3. Basic socio-economic indicators of individual regions of the Ukrainian-Polish borderland and states, 2016

Regions of the Ukrainian-Polish borderland Total
Indicators Lviv Podkarpackie Lublin o

Oblast Voivodeship Voivodeship Ukraine Poland
Area of territory, thousand km? 21.8 17.8 25.1 603.5 312.7
The available population at the end of the year, 2.534.0 21277 21333 425845 | 38.433.0
thousand people
Per 1000 population: - natural increase (reduction) - 2.0 0.5 -1.2 -4.4 -0.2
migration increase (reduction) 19 038 1.9 04 00
Students of higher educational institutions per 10 493 240 345 372 351
thousand people, persons
The number Qf tourists placed in collective 340 522 429 154 784
accommodation per 1 thousand people, persons
GDP index, 2015 in % to 2014 95.2 103.6 101.2 90.2 103.8
Gross regional product per person™, in euros 1,541 7,929 7,666 1,916 11,184
The average monthly nominal salary, in euros™” 161 838 875 183 984
Number of economic entities, thousands 163.2 167.7 174.1 2,789.2 4,237.7
Retail turnover for 1 person, euros™ 954 2,522 2,534 974 4,504
Capital investment per person, euros™™ 261 1,068 806 299 1,458

* - Indicators are given without taking into account the temporarily-occupied territories of the Autonomous Republic
of Crimea, the city of Sevastopol and the temporarily occupied territories of Donetsk and Luhansk Oblasts.
™ - Data for 2015.

™ - Translated into euros at the average annual rate of the National Bank of Ukraine in 2015. 1 euro = UAH 24.2287, in 2016 1 euro
=UAH 28.2919; in the Voivodeship of Poland, according to the average annual rate of the National Bank of Poland in 2015, EUR 1
=PLN 4.1889, in 2016 1 euro = PLN 4.3625.

Source: developed by the authors on the basis of L’vivs’ka oblast’u transkordonnomu prostori: statystychni indykatory [Lviv region in
a cross-border area. Statistical Indicators] (2016). Ed. S. Zimovina. The Main Department of Statistics in Lviv Oblast. (in Ukrainian)

The number of students in higher education
institutions, as a favourable factor for the Polish higher
education system, is influenced by the visa-free regime
of Ukraine and the EU. In addition, it creates enormous
additional opportunities for Ukraine in the field of
tourism development and cross-border cooperation
between Ukraine and Poland. According to the data
of Table. 3, the number of tourists accommodated in
collective accommodation facilities per 1000 people,
in Lviv Oblast, Podkarpackie and Lublin voivodships
respectively was 340 people; 522 people; 429 people.
To explain the tendency observed in these figures, it
can be argued that it is necessary to find out the reasons
for the figure in Lviv Oblast, namely which factors
restrict the ability of the population to travel. These
factors include the difference in the development of

the conditions in which the subjects of the national
economy of Ukraine and Poland operate, as well as
offering a number of practical measures to increase
the number of subjects of the national economies of
Ukraine and Poland, which will contribute to the growth
of the gross regional product, the retail turnover trade
and capital investments, etc.
IV. Formation of the basic principles of development
of the tourist industry of Ukraine

In accordance with the Strategic Plan of the
Ministry of Economic Development and Trade
of Ukraine for 2017-2020, a number of strategic
goals aimed at creating the conditions for economic
independence of the country were explored, including
the task of forming the basic principles of sustainable
development of tourism and resorts as a priority sector
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of the country’s economy. (Table 4).

According to Table 4, there is a positive dynamic
on all the predictive indicators of realization of the
task of forming the basic principles of the sustainable
development of tourism and resorts of Ukraine. In
particular, in 2019, the projected volume of foreign
tourists, compared with 2018, should increase by
21.88%; in 2020 compared to 2019 by 7.69%. The
planned increase in the number of subjects of tourism
activity in 2019 compared to 2018 is expected to be

aspects for the joint interaction of tour operators;

- tourism migration should be considered as an
important factor in the development of cross-border
cooperation, building good-neighbourly relations and
tolerance between Poland, Ukraine and other states
with common borders;

- an important factor contributing to the
development of cross-border cooperation in the field
of tourism of Ukraine and Poland is the geographical
location of the Carpathian region, its natural and

Table 4. Dynamics of the forecast indicators of the implementation of the task of forming the main principles of sustainable development
of tourism and resorts as a priority sector of the country’s economy, 2018-2020.

Objective name

Name of the indicator of the result to be

Planned period, years

of tourism and resorts

achieved 2018 2019 2020
number of forelgnl tourists entering Ukraine, 16 195 210
million people *
TASK 3.4. Formation of | number of subjects of tourist activity, thousand 9.5 102 115
the basic principles of : units . ' '
sustainable development receipt to the local budgets of funds from the 62.0 742 35.0

payment of tourist fees, UAH million

as a priority sector
of the country’s
economy(Deregulation

receipts to the consolidated budget (taxes and
fees) from activities of subjects of tourism 2.8 34 4.5
activity, UAH billions

and enterprise
development and

number of jobs in the field of tourism, thousand

competition *)

persons

% 115.0 132.0 150
persons
number of domestic tourists, thousand persons 600.0 714.0 1000
number of participants in excursions, thousand 165.0 1875 250.0

* The medium-term plan of the Government’s priority actions by 2020 (approved by the Cabinet of Ministers of Ukraine dated April

3,2017, No. 275).

Source: Developed by the authors on the basis of Strategichnyj plan Ministerstva ekonomichnogo rozvytku i torgivli Ukrai’ny na
2017-2020 roky [The Strategic Plan of the Ministry of Economic Development and Trade of Ukraine for 2017-2020] from April 28,
2017 (2017). Retrieved from: http://www.me.gov.ua/?lang=uk-UA; file:///C:/Users/HomE/Downloads/Crpareriunnii_nman MEPT

(28.04.2017)%20(2).pdf. (in Ukrainian)

7.37%, and in 2020, compared with 2019  12.75%.
In accordance with the task, a number of practical
measures have been developed that should ensure the
realization of the set goals. Practical measures include
those that involve the creation of Internet portals
“Visit Ukraine” and making them available in foreign
languages; creation of a national network of tourist
brands of Ukraine; making changes to the laws of
Ukraine “On Tourism” and “On Resorts”; raising the
level of Ukraine’s presence at international events;
creation of an interactive layer database etc.
Conclusions. According to the results of research
on the socio-economic aspects of cross-border
cooperation in the field of tourism in Ukraine and
Poland, the following should be noted:

- the signing and the entry into force of the visa-
free regime between Ukraine and the EU in 2017
resulted in a new stage in the development of tourism
in Ukraine; tourist migration intensified, which
resulted in the appearance of additional positive
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climatic conditions, the rich historical and cultural
heritage of the countries, cross-cultural interaction,
community mentality of citizens, etc;

- at the state level, four oblasts of Ukraine
(Lviv, Zakarpattia, Ivano-Frankivsk, Chernivtsi)
and Podkarpackie Voivodeship of Poland (Rzeszow,
Krosno, Przemysl County) effectively carry out cross-
border cooperation in accordance with the developed
regulatory legal documents, joint programmes and
projects, with the assistance of EU, including for the
funds of Ukraine, Poland and the EU;

- the study of some economic indicators, according
to the data of the Main Department of Statistics in
Lviv Oblast and the revealed trends of their changes,
as well as materials from official sites of a number
of institutions and organizations, suggests that the
potential for improving the socio-economic aspects
of cross-border cooperation in the field of tourism in
Ukraine and Poland does exist, this should be used
with active cooperation, with the benefit both for the
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countries as a whole, and for all participants of the
market of tourist services, in particular.

In the course of the study, a number of
recommendations were formulated to improve
the efficiency of cross-border cooperation in the
field of tourism of Ukraine and Poland for their
implementation into practical activities:

1. To form an updated marketing strategy for
managing internal , inbound and outbound tourism in
Ukraine in the context of changes in the conditions
of the tourist services market that took place after
the entry into force of the visa-free regime between
Ukraine and the EU. Determine the conditions for
preferences regarding tourism market activities for
market participants, who are leaders in Ukraine in
domestic and inbound tourism. Activate the activities
of market participants in tourism services for
domestic and inbound tourism, as well as for “green
tourism”. Develop a set of practical measures, with
the assistance of territorial communities, which will
increase the competitiveness of the tourism industry in
the development of the resorts Truskavets, Morshyn,
Skhidnytsya, as well as new tourist facilities.

2. To harmonize the legal framework concerning
the use of the nature reserve fund in Ukraine for
tourist purposes.

3. Develop a geographic map and make it
available online, which will promote a higher level
of tourist safety, which will reduce the number of
tourists who are involved , for various reasons , in
dangerous situations during their trip.

4. To implement the Law of Ukraine “On
Social Tourism”, with the purpose of expanding
resources for individual development of socially
vulnerable categories of the population, their better
adaptation in society; to attract in this context
the effective interaction of employers, etc.; to
develop and implement regulatory documents that
would encourage employers to invest in individual
development of personnel, including through the
existing system of purchasing tourist services at the
expense of enterprises or on the terms of participation
of employees.

5. Within the framework of the curricula of
higher education institutions of Ukraine which train
specialists for the sphere of tourism, to study topics
related to cross-border cooperation in the field of
tourism.

6. To develop a more effective mechanism for
the development of tourism infrastructure, as a result
of changes after the entry into force of the visa-free
regime between Ukraine and the EU.

7. Provide information on the «Programmes” and

“Projects” on the websites of the state authorities of
Ukraine (villages, settlements, cities, rayons, regional
councils, Lviv regional state administrations) and
Poland (gminas, counties, voivodeships) which
refer to cross-border cooperation, the possibilities of
participation of territorial communities, etc.

8. To implement practically planned projects of
Ukraine and Poland in the interests of participants
of these projects, which will provide a number of
advantages, namely: effective development of border
areas, including mountain and rural areas; accelerate
the economic growthof both countries ; increase
the quality of life of the population; promote better
mutual understanding among peoples.
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Received: 18.04.2019 Abstract. Balancing of the tourism services’ development and natural environment’
Received in revised form: 06.05.2019 opportunities is problem during anthropogenic effect is increasing. Migration of the
Accepted: 20.06.2019 population is increasing with the growing of the globalization process. As a result there is a

duality in the development of tourist infrastructure and increasing the influence of tourists
on ecology, changing of ecosystem. The article deals with the factors influencing the choice of tourists, tourist flows, analysis of the
countries, where there is the greatest attendance of places of the rest. The correlation coefficient between indicators of environmental
safety and tourists’ attendance is calculated. On the example of the Kyiv region, dynamic indicators and the relationship between
emissions of harmful substances and environmental costs, as well as the number of tourists, were calculated. Three recreation areas
on the Black Sea coast in the territory of three different countries are analyzed. Conclusions about different degrees of water’s and
coastal area’s pollution and the Odessa coast’s pollution as a whole are made. Pollution of the Black Sea whole loch affects on the
environment degradation of cross-border territories and tends to dampen the attractiveness for the recreation’s development of the sea
rest. The analysis of pollutant emissions and the accumulated waste in the Odessa region is made and the anthropogenic effect on the
coastal areas of the Black Sea region in Ukraine, Bulgaria and Romania is compared. The consequences of austerity on the environment
preservation are explored and described. It leads to losses that are arise from decrease of the employability of local inhabitants and their
diseases, of natural resources’ depletion, increasing of probability of natural disasters in the long term. In the article the conclusions
about the effect of the tourists’ traffic and its’ influence on the ecology of the recreation areas and the slow anthropogenic impact on
the new territories are made. The ways and solutions of modernization and reconstruction of the objects of the tourism infrastructure
are suggested. They should to aim at increasing of the tourism’s traffic and enhance new and modern buildings of the recreation
infrastructure.

Keywords: tourism, tourism ecology, environmental performance index, countries of the Black Sea Region, waste, anthropogenic load,
tourist potential, and tourist traffic.

AHaJIi3 BIVIMBY €KOJIOTIYHUX (PAKTOPIB HA PO3BUTOK TYpPHU3MY

B.B. Korains!, I.C. Mixuo?, JI.B. Autonosa®, JI.O.ITnexanos 4, B.A. Boumap’

! Ooecvruiimopeosenvro-exonomiunuil incmunym Kuigcoko2o HayionanbHo20 MopeosebHO-eKOHOMIYHO20 YHIBepCumenty,
Oodeca, Yxpaina, victor-koval@ukr.net

2 [ncmumym exonomixu ma npoznosyeanns, Kuie, Yrpaina
1 Yopromopcvkutl nayionanvnuil ynieepcumem imeni Ilempa Mozunu, Muxonais, Yikpaina
’O0ecvra nayionanrvrua akademis xapuosux mexnonoziu, Odeca, Yxpaina

AHoTamnisi. 30a1aHCyBaHHS PO3BUTKY TYPUCTHYHHX HOCIYT Ta MOXJIMBOCTEH MPHPOJHOIO CEPENOBHUINA 3aJHMIIAETHCS AKTyaIbHOIO
IIpoOJIEMOI0 Yepe3 3pOCTaHHS aHTPOIIOTEHHOTO BIUIMBY. 3 PO3BUTKOM Ipoliecy rrobaiizamii 301IbIIyeThCSl MIrparlisi HaceleHH,
B HACJIJIOK YOT0 BHHHUKAE JyalbHICTh Y PO3BHUTKY TYpPHUCTHYHOI iH()PACTPYKTYpH Ta IOCHIICHHS BIUIMBY TYPHCTIB Ha CKOJIOTIIO i3
3MIHOIO €KOCHCTEMH. Y CTaTTi MPOaHali30BaHO YNHHUKH, L0 BIUIMBAIOTH HA BUOIp TypHUCTiB, TYPUCTHYHI TOTOKHU, aHAIII3 KpaiH CBITY,
Jie € Haii0lnpIna BiABIAYBaHICTh MiCIlb BiAMOYMHKY. Po3paxoBaHo koedillieHT KOPEALil Mk MOKa3HUKaMH €KOJIOTTYHOI Oe3MeKu Ta
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BizBigyBaHocTi TypuctiB. Ha npukimani KuiBcekoi o6rmacTi po3paxoByBajIHCh JTHHAMIYHI TIOKA3HUKH Ta 3aJI€XKHICTh MK BUKHIaMHU
IIK{JTABUX PEYOBUH i EKOJNIOTIYHUMH BUTpATaMH, a TaKOXK KIUIBKICTIO TypucCTiB. [IpoaHasi3oBaHO TpH pEKpealifHUX MyHKTH Ha
y30epexcki YopHOTO MOpPSI Ha TEPHUTOPIl TPHOX Pi3HUX KpaiH. 3poOJICHO BHCHOBKH IIOJO PIi3HHX CTYICHIB 3a0pyIHEHHS BOAU Ta
npubepexHoi TepuTopii 1 y36epexoks Onecu. 3a0pyaHeHHs akBaTopii YOpHOro MOpsl BIUIMBAE HA MOTIPUICHHS €KOJIOT1YHOI CUTYyaLil
TPaHCTPAaHUYHHUX TEPUTOPIH 1 3HMKYE MPUBAOIUBICTD [IUX PETIOHIB Il PO3BUTKY MOPCHKOTO BiMOYMHKY. [IpoBeneHo aHai3 BUKU/IIB
3a0pyIHIOIUNX PCUYOBHH Ta KUIBKOCTI HAKOMMUYCHHMX BimxomiB B Opechkill 00acTi Ta MOPIBHIOETHCS aHTPOIOTCHHUH BILIMB Ha
npudeperxHi Teputopii [IpraopHOMOpcEKoTO periony B Ykpaini, bonrapii Ta Pymynii. Po3kpuTo Hacminkn ekoHOMIT Ha 30epekeHH1
HABKOJIMIIIHBOTO CEPEIOBHUINE, 110 B JOBFOCTPOKOBIH MEPCIICKTHBI yTBOPIOKO 30MTKH, CIIPHYMHEHHI 3MEHIICHHSIM MPale3aTHOCTI
HACEJICHHS, BUCHAXEHHIM IIPUPOIHUM PECYPCiB, 301IBIICHHSAM BipOT1THOCTI CTHXIMHUX SIBHII] Ta 3aXBOPIOBAHOCTI HaceIeHH:. 3po0OieHi
BHCHOBKHM TIPO BIUIMB TYPUCTUYHUX TOTOKIB Ha CTAH €KOJIOTii MiCIlb BIIMOYHMHKY i OCTYIIOBE PO3IIMPEHHS aHTPOIIOICHHOTO BILUIHBY
Ha He3alMaHi TepuTopiii. 3anponoHOBaHO HAPSIMU MOJEPHI3allii Ta PeKOHCTPYKIIi iCHYy04Ol MaTepiabHO-TeXHIUHOT 0a3u 00’ €KTiB
TYPHUCTUYHOI iHYPACTPYKTYpH depe3 CIpHsHHS OyIiBHUITBA HOBHX CYYacHUX 00’ €KTiB TypHCTHIHO-peKpeaniitHol iHppacTpyKTypH.

Kurouoei cnosa: mypusm, exonoeis mypusmy, iHOexkc ekonoziunoi epekmusnocmi, kpainu [puvopromop s, 6i0xX00u, anmponozente Ha-

BAHMAINCEHHA, mypucmutmm? nomenuiaﬂ, mypucmulmi NnOomokKu.

Introduction. The ecological problems are mostly
due to the human activity and are long-term. Any
interaction environment and human which changing
the ecosystem has ownresults and may have cumulative
effect. Before the twentieth century the environment
was believed to regenerate itself and in conditions
of the low strain could come into state of balance.
But in conditions of more strong negative strain of
human’s being and the growing of his livelihoods and
landscape modification the ecosystem hasn’t reserves
for balance and stabilization. And deterioration of
the environment could lead to the decrease of the
degree of the environmental safety. Needs for rest
in the conditions of the high stress of human under
urbanization have a fist position in modern society,
and looking for the ways of the harmonization between
recreation area and consumers’ wishes made tourism
one of the profitable business. It is filling the country’s
GDP but at the same time it is changing the ecosystem.
Often the recreation areas are clear territories and
have aesthetic advantages or cultural heritage and,
in the majority, have a positive effect on the health
of men who are coming to rest. The direction of the
tourists’ traffic depends on many factors, but however,
a constant mass of people has negative affects on
the natural environment, which is influencing by
constant anthropogenic effects and is worsening, so
it leads to the deteriorating competitiveness of these
territories. Depletion of natural resources, destruction
of historical and cultural values, changes of economic
strategy of regions are also become the results of the
mass tourism. Under the Globalization the migration
of population is increasing and because of it two main
trends are appearing — from the one hand, duality
in the tourist infrastructure’s development is being
and, from the other hand, the tourists’ influence on
the ecosystem and its changes is growing. Tourism
is one of the branches of economy of the Black Sea
Region, and it’s based on the temporary admission
for health, cultural, professional, business or other
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purposes without having business in the place of
staying (Kuzik, 2011).

The Black Sea coast is one of the leaders of the
international tourism in Eastern Europe and it affects
the natural environment of the countries that it is
washed around (Ukraine, Romania, and Bulgaria).
Allotments on tourism development, maintenance
of historical and archaeological finds and places of
recreation are not enough and, as a rule, become a
business. Most types of tourism have a positive
effect on the social and economic well-being of those
territories where they are developing, but often they
lead to the environmental and anthropogenic problems
(Kostetska, 2018).

The aim of the article is to analyze the modern stage
of'the touristic branch and main factors of influence on
the tourism traffic in the different countries, to identify
the anthropogenic effect on the recreation areas, to
comparative recreation areas with the same nature
conditions, but different economic state and stress,
and so to give the advance estimate of the recourse
opportunities of this type in the field of the research.
Analysis of publication. Methods of analysis,
synthesis, comparison, general environmental value,
mathematical modelling, statistical, methods of
valuation and monitoring are used in this article.

Despite the tourism and rest popularity,
anthropogenic effect on the tourism recreation
isn’t explored enough (Barros, 2015). Natural
environment hasn’t enough recourse for regeneration
and is constantly impoverished, but the increasing
anthropogenic impacts and globalisation may lead to
catastrophic results (Mowforth et al., 2015). In human
influence on the recreation areas needs to take into
account the degree of such influence, and mainly it
depends on the number of vacationers. Tourist traffics
depend on many factors. Petrova and others (Petrova
et al, 2018) believe that the price for the rest is a major
factor of affecting the choice of tourists and depends
on the cost of travel to the rest zone and the cost of
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living in a place of rest.

Bolan (2008) and others outline, that the main
factors that influence the consumer’s choice in the
field of tourism are the image of places of recreation,
advertising in products of the film industry and the
mass media.

Today the popularity of social networks that
have a set of advertising and influence the choice of
product or service is increasing all over the world.
Exploring the influence of social networks on the
choice of tourists and the importance of advertising
services in the choice, Park (2016) and others have
concluded that the level of the tourism’s development
is correlated with the development of innovation and
tourism infrastructure. It should also be noticed that
the development of innovation in any branches of
business has a very positive effect on the innovation
of the whole national economy (Pukala, 2016;
Odinokova, 2019).

Results. According to the State Statistics Service of
Ukraine in 2015 the transfers from the state budget
on innovation were decreased in 6.25 times in com-
paring with the previous year, the amount of own
funds on innovation, increased in 2.05 times, reach-
ing UAH 13,427 bln and share of 97% of the total
costs (Labunska et al, 2017). In the analysis of state
programmes and investment proposals (Petrova et al,
2018; Lukjanova, 2019), all strategies except of two
ones are focusing on the development of local infra-
structure and the promotion of travel for residents
within the country, regardless of the country’s special-
isation in a particular type of tourism and internation-
al trade practices in the field of services. In addition,

AF - ecological state /
AFE - eﬁiciency\

AA - exclusivity

Tourist service chaice
indices
V=AA+AB+AC+AD+AE+AF

= —

AD - reliability

the value chain of the tourism product is realized both
at the national and global level (Koval et al., 2019a).
In conditions of the growing of the population’s wel-
fare, the level of education and changing citizens’ in-
terests and values, their free time encourages, as well
as the opportunity to spend this time on active rest
appear. So the number of tourists around the world
is increasing and the impact on the natural environ-
ment increasing too. The tourism economy in many
countries is of a short-term (seasonal) and is mostly
based on the private business, when the purpose is to
maximise profits with minimise the costs.

Long-term forecast of tourist flows is very
important for investment planning in the tourism
business (Koval et al., 2018), which is directly
related to the attractiveness of the regions and the
ability to effectively implement migration policy
and solve environmental problems. Determining the
attractiveness of recreational zones, first of all it needs
to analyze the properties of tourist traffic in these
areas, which basis on the estimation of the number
of visitors, the degree of human-induced effects, the
volume of tourist consumption and other indicators.

Analysing the tourist flows, it needs to study
the consumers’ purpose and the attractiveness of
recreation areas. Let looking the factors of influence
on the development of the recreation area (Fig. 1).

The main factors which influence on choosing of
the place of the rest are:

Exclusivity that characters the degree of using
of exotic, not standardised, non-unified, original
outsourced services in a particular tourist product
(Borysova, Borysova, 2019).

B - purpose

AC - comfort and
technological
effectiveness

Fig. 1. Factors influencing the choice of a recreation area for the average consumer. Source: complied by the authors
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Exclusive services mean services, offered only
for this tourist product. The exclusivity indicators are
important for a particular segment of tourism services.
In case of an individual tourism programme, these
indicators will be one of the key in the customer’s
decision to buy the offered service. Exclusivity
is typical for the segment of high-value travel
programmes that don’t fit into the framework of the
standard offer. The exclusivity indicators show the
uniqueness and individuality of this tourist product
(Baev, 2012).

Direction, which characterises the customer’s
targets of travel and wishes in choosing a recreation
area (sea vacation, mountains, health improvement).

Aesthetic component that reflects the harmony,
integrity of the coverage of the tourist programme,
compliance with the social expectations, the level of
skill of the staff and is a complex picture that comes
from the person’s senses.

The indicator of comfort and technological
effectiveness, which includes both climatic conditions
and the recreation area level according the factors
of quality of services, infrastructure development,
equipment, additional services, etc. First of all, the
staff’s professionalism, the internal culture of the
organisation, the business philosophy, and other
factors of the technological factor.

The reliability indicator, based on the person’s
wishes to stay in a safe place, and guarantees the
fulfilment of all conditions of staying in the recreation
area.

The indicator of economic efficiency which taking
into account price parameters and its correspondence
of quality of received services.

The indicators of the ecological state of the
recreation area, which may include the atmospheric
air, water resources, the presence of places of
ecological anthropogenic load, the availability of
waste accumulation territories and the general level
of littering of the territory, etc. (Koval et al., 2019b).

To calculate the attractiveness of the recreational
area, such indicators as statistics of tourist traffic
and statistics of tourist income and expenses are
used. Compared to the arrival statistic, which gives
the general idea of the volume of tourist flows,
there is statistic of the stay duration, which includes
the characteristics of tourist trips. It help to take an
information about transit and final trips and to used it
in studying the demand of different groups of tourists
for accommodation services.

Since 2008 the Environmental Performance
Index (EPI) has been calculated. It is the quantification
and benchmarking of environmental policy indicators
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in 180 countries all over the world. The EPI ranked
countries according the effectiveness in several
categories, which are grouped into two groups:
ecosystem viability and environmental health
(Hsu, 2014). The following indicators are analysed:
environmental health; air pollution affecting human
health; air pollution affecting the condition of
ecosystems; water (which affects human health); water
resources (affecting the ecosystem); biodiversity;
forest; fishing; agriculture; climate change and energy
(Athanasoglou, 2014).

In the Fig.2 we see, in comparison with 2016, in
2018 the situation has deteriorated in all countries,
except Switzerland, what became the leader in the
environmental performance index in 2018. This fact
demonstrates the ecological and economic stability
of this country and the development of technologies
of economic attractiveness. But in general case
there is a deterioration of the situation all over the
world. In particular, low incomes countries are the
most affected by the inability to use environmental
standards, low health indicators and other factors of
the quality of population’s life. Often, such countries
are suppliers of raw materials and other resources, a
place of accumulation of environmentally dangerous
enterprises with a low level of remuneration.
Countries with the high environmental standards
such as Switzerland, where the financial institutions
are the main source of incomes, are more stable and
have high living standards, which create favorable
conditions for local residents. With further depletion
of natural resources and deterioration of the ecological
state, the situation will change in the negative side,
affecting public health and creating additional risks,
reducing work capacity and thereby worsening the
country’s potential. We will have a situation when
the consequences of austerity on the environment
preservation lead to losses that are arise from decrease
of the employability of local inhabitants and their
diseases (hospital vacations, increased mortality and
childhood diseases), of natural resources’ depletion,
increasing of probability of natural disasters (flood,
desert, fire and etc.) in the long term (Kvach et al.,
2018).

If we analyze the EPI index and GDP we can
make a conclusion about that there is a direct close
link between them. We see, when economic situation
of the state is better, the costs of improving the
environment are increasing. When analyzing EPI
indicators and the number of tourists arriving in Fig.
3 we found a weak dependence.

The correlation coefficient is 0.41, which
indicates that the quality of the environment affects
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Environmental Performance Index
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Fig. 2. Environmental Performance Index in different countries. Source: complied by the authors according to Wendling et al.

(2018)

the choice of tourist destinations and is one of the
factors of determination of the consumer’s choice
of the tourist services. However, a small indicator
of dependence shows that other factors of choosing
of a place of rest have impression too. Let see the
influence of the ecological factors on the tourism
development on the example of Kiyv Region in

detail. The correlation coefficient between the current
costs on the environmental security and the amount
of the contaminants’ emission is 0.54 (Fig.4) and
it shows the direct middle connection between the
exploring index. However, continuous accumulation
of contaminants is reducing the attractiveness of this
region as the recreation area. Allocation is not enough
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Fig. 3. Environmental performance indices and the number of arriving tourists in 2018
Source: complied by the authors according to Wendling et al. (2018)
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Fig. 4. Dynamics of pollutant emissions and current costs of the environmental protection in Kyiv Region
Source: complied by the authors according to State statistics service of Ukraine (2018)

to stabilize the environment, and private entrepreneurs
often don’t care about the environment and try to
maximize profits by minimizing costs.

In 2017, we have a deviation from the general
trend: current costs have increased with the emission
reduction of pollutions. However, this doesn’t
mean improvement of the environmental situation,
because of the corruption schemes and imperfection
of the control authorities for the using of monetary
resources, a significant part of the funding doesn’t
reach its purpose, and the effect of accumulation of
toxic substances and the continuous deterioration

of the ecological state are continuous. However, the
amount of pollutions has decreased because of the
decreasing of the production and economic instability
in the country. But in Kiyv Region the service
sector is rapidly expanding that has less impact
on the ecosystem and gives a hope to improve the
environmental situation and reduce the depletion of
natural resources.

In the Kyiv Region there is an increase of tourists
(Fig. 5). However, the tourist potential of Kyiv Region
is increasing due to the factors of influence such as
cultural, historical and business, which increases the

Number of tourists serviced by the tour operators and travel agents, persons
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1000000
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Fig. 5. Number of tourists arriving in Kyiv Region, served by the tour operators. Source: complied by the authors

according to State statistics service of Ukraine (2018)
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tourist flow in this area, however, the ecological factor
isn’t the first priority in choosing a tourist destination.
There is another situation on the coastal area of the
Black Sea Region. One of the indicators of the quality
of the recreational area near the reservoirs is the state
and purity of water resources. Therefore, we can
observe a significant reduction of the attractiveness
of recreational areas in the port area, where there is
a permanent impact of navigation on the quality of
water in the coastal area (Athanasoglou, 2014).

As we can see in Figure 6, the flow of tourists has

been significantly decreased in Ukraine since 2014,
which correlates with the beginning of the political
and economic instability of the country. While in the
territory of Bulgaria and Romania there is a steady
increase in the number of the arrived tourists, which
also has a positive effect on the GDP of the countries.
One of the most famous recreational areas in Ukraine
is Odessa, which is washed by the Black Sea.

Let’s analyse the situation in Odessa Region
of Ukraine (Fig. 7), characterised by the large
coastal zone, the sea and developed infrastructure

Tourist Flows in Odessa Region
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Fig. 7.Tourist Flows in Odessa Region in the time interval. Source: complied by the authors according to Knoema

(Knoema, 2018)
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Fig. 8. Dynamics of Pollutant Emissions and Number of the Accumulated Waste in Odessa Region
Source: complied by the authors according to State statistics service of Ukraine (2018)

for recreation and sanatorium rehabilitation. As
we can see from Figure 7, the data of tourist flows
correlate with the economic situation in Ukraine.
Therefore, it was a sharp decline in 2014, a year of
political changes and economic instability, but then
the situation was getting better and the number of
tourists was increasing to the level of 2011, which
was also because of the decrease of tourist traffic in
the Crimea. Another factor influencing tourist traffic
in Odessa Region is the price policy. Choosing the
place of the rest, tourists often prefer to spend time
in such countries as Turkey and Bulgaria, which are
the alternatives due to environmental and purpose
factors, in these countries tourism infrastructure is
better established. Also in Odessa Region there are
many industries which influence to the ecological
state and the problem of the utilization isn’t solved.

As we see from Fig. 8, in case of the pollutants
decreasing which are falling into the atmosphere, the
amount of the accumulated wastes which are falling
into the waste landfills is increased and together with
filtrate poison the soils, ground waters and the Black
Sea water area.

Therefore, according to the State Statistics
Service of Ukraine (2018), in 2018 there are 617
landfill in Odessa Region with the total area of 952.39
hectares. Another problem is the liquid household
waste that enters the sea by removing the pipeline to
a depth of more than 5 meters. In Ukraine there is
old filtering equipment and the waste is almost non-
filtered, thus worsening the Black Sea water area.
This creates additional risks for living organisms and
fzdsvzersely affects the health of tourists and population.

Thus, in Odessa Region there was an incidence of
intestinal infections, skin diseases and respiratory
tract. According to this decision we can conclude that
there is the negative impact of the industrial production
and accumulated waste and general anthropogenic
load on the recreational zones of Ukraine and the
reduction of their tourism potential (Koval, Mikhno,
2019). Pollution of the Black Sea water area leads
to deterioration of the ecological situation in other
countries bordering Ukraine. This reduces the
attractiveness of the regions for the development of
seaside rest. However, these countries have a flexible
price policy, thereby increasing tourist flows.

Let compare the number of tourists and
anthropogenic impact on the coastal areas of the
Black Sea region in Ukraine, Bulgaria and Romania.

The eastern part of Bulgaria runs along the Black
Sea coast and has a length of 394 km, while the length
of the Romanian coastline is 256 km and Ukraine is
1006 km (Fig. 8) (Suciu, 2016).

As we see from Fig. 9, Ukraine has the largest
percentage of buried waste (95%), while in Bulgaria
it is the smallest (64%). This shows both the higher
cultural and economic level of the country, and the
less littered territory and the best environmental
status. In 2017, the number of tourists in Ukraine was
14.2 million people, in the territory of Bulgaria - 8.9
million people, in Romania - 2.8 million people, so
we can notice that the coast of Romania (analysing the
number of vacationers on 1 sq. km) is most affected
by anthropogenic influence because of the availability
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Fig. 9. Coastal areas of the Black Sea region of Ukraine, Bulgaria and Romania according to Google earth and data on waste

management. Source: complied by the authors

of zones for rest and has limited capacity to restore
the environment because of the poorly developed
tourism infrastructure, the government’s reluctance to
invest in environmental protection and deterioration
of the water of the Danube, affecting the areas of the
Black Sea.

The tourism in Bulgaria is more attractive for
vacationers due to the developed infrastructure and
advertising campaigns. However, the activity of
large industrial enterprises negatively affects on the
environment and worsens the water resources.

Ukraine is a leader in the pollution of the
water area with sewage and pollution of the air.
A special feature is ignoring the legislation and
ecological norms by lots of entrepreneurs in order
to achieve maximum profits due to deterioration of
the environment. Analysing the indicators of the
environmental pollution, the development of tourism
infrastructure, we can underline that Bulgaria is more
attractive for tourism and has larger tourist flows in
looking for sea recreation, while Ukraine is the worst
alternative and has the most polluted water area with
sewage and general pollution because the operation of
large industrial enterprises.

Let see the tourist traffic in the big cities on the
examples of Odessa, Varna and Constanta, they are
the important transport hub, cities with the population
density, developed industries and place for recreation
with a lot of sanatoriums.

As we see from the Table 1, the largest
concentration of tourists is observed in Odessa,
which is the largest city among the exploring cities. A
main feature of this city is the construction of a large
number of recreation areas and hotels. However, if
we analyses the quality of service and environmental
characteristics, the leader among the tourists will be
the city of Varna, which has the lowest environmental
impact and has a less powerful port. In Constanta, a
powerful port was built, which is one of the largest
elements of water pollution, but it contributes to the
increasing of the tourist flow through the operation
of the marine transport hub. The analysis of the data
stated in Table 1 showed that Odessa has the greatest
environmental impact, as a result of a change in the
natural landscape because of the construction of a
recreational zone, and due to the general pollution
of the territories and the accumulation of waste that
merge into the reservoir or that are buried.

The largest tourists’ traffic in Odessa is due to
the decrease of recreational areas in Ukraine through
the Autonomous Republic of Crimea Annexium,
the development Odessa as the sea hub and cultural
centre, relatively inexpensive rest with the minimum
costs for transfer for Ukrainians and the propositions
from the service sellers.

Actuality of environmental research about
Odessa Region proved the needs of the need for
the implementation of a comprehensive system
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Table 1. Comparative characteristics of the cities of Black sea regions

Indices Odessa Varna Constanta
Permanently residing 1,093,120 335,177 297,503
population, persons
Number of vacation- 5,700 966 874.7
ers per year, thousand
persons
Port cargo turnover per 24,163 10 51.8
year, million tonnes

Source: complied by the authors according to (NISR, 2018; NSIRB, 2018; State Statistics Service of Ukraine,

2018)

conception, which includes rational tourism and
recreational nature using. If the tourist industry
became strengthened economically, guests will
be at least 5 million a year, however, within the
ecologically safe limit must be no more than 24
million tourists a year. And the businessman must
obey the Ukrainian legislation and the recreation
area should be given a special status, which is more
strictly conducted monitoring, environmental and
economic assessment, inventory of resources suitable
for tourism, their certification, registration, definition
of the legal regime of tourist resources for compliance
with regulatory requirements. It is necessary to make
a modernization and reconstruction of the material
and technical base of the tourist infrastructure objects
more often. And it would be made according to all
environmental standards, increasing the number of
parks, beaches, cultural institutions and improving
these territories.

The index of water pollution for all list of
components, including pH of hydrogen, biological
oxygen consumption and dissolved oxygen
was calculate. The C(i)/maximum permissible
concentration (i) will find the actual concentrations to
the MPC and the result list will be sorted. The IRS is
calculated strictly for the six indicators which have
the highest values of the reduced concentrations,
despite of whether they exceed the MPCs or don’t. In
exploring regions the biggest anomaly was in Odessa,
in selected samples of water exceeded the maximum
permissible concentrations of suspended matter,
hydrogen sulfide and iron, as well as reduced oxygen
concentrations example. It should be noted, that in all
exploring points there was an increase in the number
of sulfates and a decrease of the oxygen content
compared with the control point (deserted coast at a
distance of 5 km away from Varna).

A large number of tourists enhances the
problem of human waste and increases the speed
of the emergence of illegal landfills. Despite EU’s
requirements for sorting and recycling of garbage,
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only 1% of waste is recycled in the country. Because
of using the old methods of waste and making of
accumulated garbage masses and drainage in liquid
wastewater reservoirs for many years, the risk of
morbidity of the population in the territory of the
Odessa region, including tourists, is increasing.
Other recreational areas on the Black Sea coast are
also affected. If you use the multiplier of the standard
landfill area, then the landfill impact factor needs to
be increased by 84 times (Skripnik, 2014). That is,
when the liquid household waste is poured into the
reservoir, the area of influence must be increased by
84 times.

In many places of rest (sanatoriums, boarding
houses) untreated household wastewater accumulates
in cesspools in volumes exceeding 1 m* / day and is
taken to landfills of liquid household waste located in
the coastal protective strip or these areas are equipped
with pipelines that discharge waste directly in the
sea. Places of discharge of liquid waste according
to sanitary and epidemiological standards should be
located at a distance of at least 4 km from places of
accumulation of people or living quarters. However,
in the Odessa region there is a constant storm of
untreated waste in the water area at a depth of about
16 m and a distance of 150 m or less from the beach
(Word and Case: Analytical Portal, 2018). If to take
into account these data, the water area within a
radius of 336 km is poisonous. In its waters may be
increasing of salts, heavy metals, and other poisonous
elements. There is a proliferation of bacteria and other
dangerous microorganisms that can cause morbidity
and epidemics. Flora and fauna of the Black Sea
is changing and it can lead to the disappearance of
certain species of living organisms and increase the
number of others, and in the future - to the ecological
catastrophe.

Prevention of environmental pollution by
human waste is a serious problem, and the current
practice of sustainable development in Ukraine is
limited. There is a need for a radical change in the
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behavioral principles of all participants, and for this
it is necessary to focus on increasing environmental
responsibility (Popova et al., 2019). Therefore, it is
necessary to fully understand the long-term benefits
of avoiding of human waste for the environment and
economy (Sushchenko, 2018).

According to the results of the research it can be

argued that the coastal area of Ukraine and Romania is
clogged, and taking into account the constant garbage
and litters not only domestic but also industrial waste,
the being of large landfills that pollute rivers flowing
into the sea and landfills along the coast with filtrate
from which comes directly into the waters of the
Black Sea, the recreational areas are high-risk areas
and, instead of the health-improving effect, may be
the cause of diseases of tourists.
Conclusions. In nowadays the attractiveness of the
service sector is increasing in Ukraine and all over the
world. Tourism, as one of the key elements of society’s
life, has a major impact on such important sectors
of the economy as transport and communications,
building, agriculture, production of consumer goods,
and others and increases the country’s GDP. However,
the impact on the natural environment, landscapes,
and anthropogenic impact on the ecosystem are
increasing.

Choosing a place for rest and vacation there
are various factors of influence, one of which is the
ecological component of the recreational zone. Often
untapped and protected areas are becoming more
popular for recreation than well-known equipped
places and territories. Very often nature isn’t ready to
self-regeneration, and according the Pigou’s theory,
negatively externals are above profits. An analysis of
the country’s environmental performance indicator has
shown that tourism traffic is higher in countries with a
higher EPI than in countries where the environmental
state and compliance with environmental legislation
are lower.

In Ukraine, main problems are the depletion of
territories and low compliance with environmental
legislation. On the basis of a comprehensive analysis
of the sphere of processing and utilization of human
waste, it has been discovered that because of the
incompletion of the institutional transformations, in
Ukraine environmentally hazardous and economically
unjustified method of dealing with solid household
waste is operating since the years of planned economy.
That is why human waste was storing and drainage
into the reservoir, which affects the state areas near
disposal places. It is based on the false assumption
that the natural environment is capable of absorbing
both industrial and domestic waste.

Analyzing the recreation areas in the Black Sea
region, we have seen that nature can’t be restored
independently under anthropogenic stress. The
Odessa Region, as a place of recreation and tourist
accumulation, is a high-risk area, and the present state
of waste management affects the Black Sea water area
at a distance of 336 km from waste points, and with
a constant accumulation of these areas, this territory
becomes considerably higher. Analyzing the places
of recreation, it is concluded that Varna is the best
alternative for the recreation on the Black Sea coast
and has a lower anthropogenic impact than the city
of Odessa.
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Abstract.The purpose of the article is to highlight the problem of using the potential of local
territory in the processes of promoting local uniqueness as a consumer product. This study
aimed at analysis and appraisal of the recreational resources of Kaniv for the organization of
recreational activities in the planning strategies of the city as a recreational and tourist center.
The study of the entire set of recreational resources of the city resulted in a constructive analysis and evaluation of the recreational
benefits of the city’s resources. In the course of the survey, the directions of recreational environmental management in the city were
determined in accordance with the programme of development of small Ukrainian cities. The analysis and assessment of the territory’s
resources was conducted using integrated methodologies of studying recreational assets that take into account the evaluation methods
of medical geography, recreology etc. Our study found that geomorphological, climatic, water, biotic, and landscape recreational
natural resources are significant for the organization of recreational activity in the city and which, according to the estimation of
recreational favourability, are highly conducive and convenient for both winter and summer recreation. A number of indicators of
natural resources are of high value for the treatment and prevention of a wide range of diseases, including problems with respiratory,
cardiovascular, nervous systems. The development of recreation and tourism in the city is also influenced by the existing historical
and cultural resources, which include a whole set of archaeological, architectural and historical monuments, ethnographic features
and crafts, museums and exhibitions, places and areas of significant events, places of life and creativity for prominent personalities,
heroes and figures, etc. The socioeconomic resources and infrastructure of the city have a significant impact on the functioning of
the recreational affairs, such as the state of the existing and prospective territorial organization, transport accessibility and level of its
development, the public service and its condition (food establishments, residence, etc.). Nowadays, Kaniv is characterized by partly
lower indicators of socio-economic development, business activity and, at the same time, enjoys a powerful natural, recreational and
tourist, historical and cultural potential. Development of recreational and tourist activity in the city should be considered as a tool for
increasing economic indicators (employment, business activity and growth of its financial indicators) and improvement of demographic
indicators (reduction of labour migration, etc.), etc. The natural and cultural heritage of Kaniv is a source of socio-economic and
human development through the integration of cultural monuments into the national tourist network. This can be achieved through the
creation of new museum programmes, the development of a network of establishments based on authentic cuisine, traditional interiors,
etc. It can further be promoted through creation of a network of ecological trails and routes which give access to the area’s unique
natural ecosystems. Recreation and tourist activity can also be encouraged through popularization of environmental affairs, creation of
programmes for development of the resort business, programmes of family recreation, development of different types of water, hiking,
educational (culture, events, research, etc.) and eco-tourism, and the development of programmes and events in the field of sport fishing
and hunting.

Keywords: development of small-cities, recreational resources, recreational favourability, recreational activity

AHaJii3 pexkpeaniiinux pecypciB micta KaHeBa B KOHTEKCTi MPOrpaMu po3BUTKY MAaJHMX MICT
Ykpainu

T.I'. Kymau, T.I. Muxaitnenko
Kuiscokuti nayionanvruil ynisepcumem imeni Tapaca lllesuenxa, m. Kuis, Ykpaina, tan_kup@ukr.net

AHoTamnisi. B crarti po3misgaerscs mpobineMa peitaiizanii Manux MicT YKpaiH{ depe3 BUKOPHUCTAHHS MICIIEBOI YHIKaJIbHOCTI Ta
IZIGHTUYHOCTI MicTa ITPU CTBOPEHHI iMiJPKY B IIpoIiecax MpOCyBaHHsI JTOKaJIbHOT IHIUBIyaIbHOCTI K CIIOKHBYOTO MPOAYKTy. CydacHui
ITi/IX1]] B IUTAHYBAaHHI MiCIIEBOTO PO3BHUTKY Oy/Iy€ThCsl HA PO3yMIiHHI IPUPOAHUX, ICTOPUKO-KYJIBTYPHUX, €THOTpadiuHHUX, TYPUCTUIHHX
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pecypciB sIK CyMH €KOHOMIYHHMX aKTHBIB, [0 3/1aTHA 3pOOUTH MPSIMUI Ta ONOCEPEIKOBAHMI BHECOK B EKOHOMIUYHHI PO3BUTOK MaJIMX
MicT. MeTa cTarTi 00IpYHTOBYETHCS MiAXOAAMH CTAJIOr0 MPUPOTOKOPHCTYBAHHS B MiCTaX, SIK IHCTPYMEHTY ITiJIBUIICHHS IOKa3HUKIB
COIITBEHO-€KOHOMIYHOTO Ta JIFOICHKOTO PO3BUTKY, 1, SK PE3YNbTaT, MOKPAIICHHS SKOCTI Ta KOM(OPTHOCTI JKUTTS MICTSH. MeToro
JOCTIKEHHS € KOHCTPYKTHBHUI aHaIi3 Ta OLIHKA peKpeallifHuX pecypciB TepuTtopii Micta KaHeBa Ta 0ro OKOIHIb 17151 3a0e31eUeHHS
(hopMyBaHHS pOrpaM opraHizauii Ta po3BUTKY peKpeawniifHoi Ta TYpUCTCHKOI JisUTBHOCTI 1 CTPaTeriyHOro MIaHyBaHHS PO3BUTKY MicTa
KaneBa, sik pekpeauiifHOro Ta TypHUCTHYHOTO LEHTPY. B X0 JOCHIKeHHs BUSBICHO Ta MPOAHATI30BAHO MOTEHIINHHY CYKYyNHICTh
peKpeaniifHuX pecypciB MiCTa Ta OI[IHEHO iX peKpealliiiHy CIPUATINBICTh, 3’ICOBAHO HAMPSIMKH ICHYFOYOT peKpeaIiiftHol qisUTbHOCTI 1
BCTAHOBJICHO ITEPCIIEKTHBHU PeKpeaniifHoro MpupoJOKOPUCTYBaHHs. AHaII3 Ta OI[iHKA PeKpeanifHuX pecypciB MicTa 31iiicHIoBaacs i3
BUKOPUCTAHHSM CIIOCO0IB KOMIIJIEKCHUX METOJIMK BUBYCHHS PEKpealiiiHOl CIIPUSTIIMBOCTI, 1110 3aCTOCOBYIOTHCS B MEIMYHIN reorpadii
Ta pekpeaiorii. Pe3ynpraTn qOCTiKEHHS BKa3yIOTh HA HEBUCOKHUI COIIaIbHO-EKOHOMIUYHHMI PO3BUTOK, HE3HAYH]1 OKA3HUKH JILITOBOT
AKTUBHOCTI MOIPU NOTYXXHUH IPUPOJHNUHL, peKpealiiiHO-TypUCTUYHHHI, ICTOPUKO-KYIBTYypHHU# oTenuian micra Kanesa. [Ipupoana ta
KyJIbTypHa criaJuHa Micta Kanea € ()yHIaMEHTOM COIiaIbHO-EKOHOMIYHOTO 1 JTFOICBKOTO PO3BUTKY 4Yepe3 iHTerpariiro 00’ eKTiB Ta
raM’sITOK B HalliOHAJIbHY TYPUCTHYHY MEpEeXy, depe3 iHHOBAIlI0 My3eHHHX IPOrpaM, CTBOPEHHS MEpEeXi eKOJIOTIYHUX MapIIpyTiB,

CTBOPEHHSI POTPaM JUIsl PO3BUTKY KypOPTHOI CIIPaBH, IIPOTrpaM CiIMEIHOTO BiAIIOYMHKY Ta IHIIMX BUAIB JiSUTBHOCTI.

Knruoei cnosa: pozsumox manux micm, pekpeayiiii pecypcu, pekpeayiiuna cCnpusmiusicms, pekpeayitina OisibHicmb

Introduction. Analysis of the current world trends of
development of urban areas, small towns in particular,
involves features of their geographical, environmen-
tal, social functioning, planning organization and the
impact of urban settlements on the surrounding areas
and coverage of issues of implementation of world
practice in strategic management of tourism devel-
opment in the regions. The importance of small and
medium-sized cities in regions as centers of signifi-
cant human capital, balanced management, economic
potential, as business environment, cultural, recre-
ational and tourist centers has been highlighted in
the research publications of local and foreign authors
such as Nudelman V., Boyko-Boychuk O., Edans Ch.,
Ledri R., Dolishniy M., Mezentsev K. and Mezentse-
va N., Denysenko O., Dronova O., Nekos A., Mal’ska
M. and others.

The study of the recreational resources and
tourist potential of territories, complex assessments
of favourable recreational conditions of territories,
the issue of quality and significance of recreational
potential as a basis for the development of recreational
and touristic activities is the subject of the research
and publications of Preobrazhensky V., Mukhina
L., Danilova N., Fomenko N., Lyubitseva O., Smal’
1., Stafiychuk V., Baidyk O., Arion O., Kochetkova
I., Mykhailenko N., Kulinich M., Holubychna S.,
Danyl’chuk G., Tsarik L., Chernyuk G. and other
authors.

The modern approach to socio-economic planning
of local development, which is used nowadays in
the processes of revitalization of towns in Ukraine,
is based on the understanding of resources (natural,
historical, cultural, ethnographic, tourism) as the sum
of economic assets that can make a direct and indirect
contribution to the economic development of towns
(Boyko-Boychuk, 2010., Frenkel’, 2018). The main
goal of this approach is to create and implement a
“creative product” that is considered as the generation
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and transformation of creative ideas (using human,
cultural, tourism and other resources) into economic
potential and consumer product. This approach in
modern urbanization processes and socio-economic
rebirth of the urban environment uses the local identity
of the city, its urban culture, in the creation of a brand
in the processes of promoting the local identity as a
consumer product.

In Kaniv traditional approaches to forming the
directions of urban development (both territorial and
socio-economic) and the difficult economic conditions
of'the late 20th and early 21st centuries have led to the
loss of status of a multifunctional industrial city and,
despite its rich resource and human potential, the city
entered the stages of stagnation and cultural decline.

Natural and cultural heritage give potential for
the revival of territories and has strategic importance
in promoting sustainable and integrated development
of regions and cities. Such development would
benefit from the use of such approaches as branding
of the city and region, the creation of a special
image (cultural, tourism) of the territory, analysis
of consumer needs, the development of sustainable
and innovative forms of recreation and tourism. The
development of a unique and innovative tourism
product, creating jobs in the service sector, should
contribute to capitalization by investing in tourism
services, and attracting various types of resources
(human, material, natural, etc.) in new directions of
urban development. (Frenkel, 2018).

The aim of this article is justified by the
processes of reforming the territorial development
of the regions of Ukraine. The concept of sustainable
environmental management in cities and the
programme of the revival of towns of Ukraine is a
tool for increasing the indicators of socio-economic
and human development, business activity and,
as a result, improvement of the quality of life and
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comfort for the citizens. Therefore, a comprehensive
analysis with the definition and partial assessment of
the recreational resources of the area of research is
the purpose of this study , which aims to determine
new directions of organization of recreational and
tourism activities in planning the strategies of the
development of Kaniv, as both a recreational and a
tourist center. To achieve the goal set in the research,
the following basic tasks were set: to identify the
whole potential of recreational resources of the town.
To analyze and evaluate the recreational benefits of
the town’s resources, to ascertain the direction of
the existing recreational activities of the city and
its outskirts and to establish the perspectives of the
recreational environment of Kaniv in accordance with
the programme of development of Ukrainian towns.
Material and methods of research.The object of this
study is the entire set of recreational resources which
are present in the territory of Kaniv and its outskirts.
The study is based on the understanding of recreational
resources as phenomena and objects of the natural or
anthropogenic environment and management system,
which have a number of significant properties for
recreation, and which can be used in the organization
of various types of recreational activities and as a
method of recovery of the health and working capacity
ofthe population. These properties include natural and
cultural uniqueness, which is a component of aesthetic
attractiveness, recreational value and healing qualities
of the objects. The decisive feature is that the quality,
diversity and correlation of the recreational resources
of the town and the region allows recreational
activities of varying lengths and independently of
seasons to be developed daily, weekly and year-
round. In general, in recreation studies, there are three
groups of recreational resources: natural, historical
and cultural, socio-economic.

The most significant recreational natural
resources of Kaniv and its outskirts are geological
and geomorphological, climatic, water, biotic
(forest, faunistic), and landscape resources. Natural
recreational resources also include objects and
territories of the Nature Reserve Fund. In addition to
natural resources for the development of recreation and
tourism in the town, there are also significant historical
and cultural resources, such as archaeological,
architectural and historical monuments, museums and
exhibitions, ethnographic features and crafts, places
of residence and creations of prominent personalities,
heroes and figures, etc.

The socioeconomic resources and infrastructure
of the city make a significant impact on the
development and, most importantly, the functioning

of recreational affairs. Socio-economic tourism
resources include geographical location and modern
territorial organization, transport accessibility and
level of its development, the sphere of service of the
population and its state (nutrition, hospitality, etc.),
labour resources, demographic conditions and a
number of others.

An analysis of the favourable conditions of the

territory in this study is carried out in accordance with
the approaches of socio-economic planning of local
development and revitalization of Ukrainian towns,
based on the concept of sustainable use of nature.
Analysis and evaluation of recreational resources of
the territory is carried out using complex methods of
studying recreational favourability, which are used
in recreational, medical and geographical research.
Comprehensive assessment of the recreational
enrichment of the available resources of the territory
of the city was based on open data of existing open
source information. We used the resources of the
Hydrometeorological Service of Ukraine and the
Kaniv Meteorological Station, resources of State
Research-and-Production Enterprise “Geoinform of
Ukraine”, resources of the State Service of Statistics
of Ukraine, resources of the Ministry of Ecology and
Natural Resources of Ukraine, etc.
The results and their analysis.Kaniv has unique
resources for development and socio-economic
rebirth. Under the existing typological scheme, Kaniv
can be classified as a city with significant natural,
historical-cultural, recreational and health potential.
According to the specifics of the employment of
the population in various spheres of economic
activity, Kaniv counts as an economic center of local
importance, the center providing social-cultural,
communal and other services and, at the same time, is
a historical-cultural and tourist center.

Nowadays, Kaniv is characterized by slightly
lower indicators of socio-economic development,
business activity, though, at the same time, it has a
powerful natural, recreational and tourist, historical
and cultural potential. The development of recreational
and touristactivities inthe city should be consideredasa
tool for improving economic indicators (employment,
business activity, growth of financial indicators of
business activity), improvement of demographic
indicators (reduction of labour migration), etc. The
natural and cultural heritage of Kaniv is a source of
socio-economic and human development through the
integration of cultural monuments into the national
tourist network. This potential can be realized through
the creation of new image museum programmes, the
development of a network of hospitality facilities
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offering authentic cuisine, traditional interiors, etc.
and establishment of a network of ecological trails
and routes which introduce the visitor to the area’s
unique natural ecosystems. Important measures
in this respect could be popularization of nature
protection activities, creation of programmes for the
development of resort business, programmes of family
holidays, development of different types of water,
hiking, educational activities (culture, events, etc.),
eco-tourism, and the development of programmes and
events in the field of sport fishing and hunting.

Therefore, a clear resource orientation determines
the recreational and tourist activities of Kaniv. The
presence and high quality of recreational resources
are the basis and guarantee of recreational nature use
of the city and its outskirts, and should determine its
recreational specialization.

The terrain and geological structure of the city’s
territory is a leading factor in the formation of unique
natural conditions that have developed in the city
and its outskirts, determining the specifics of urban
planning of territories and the organization of nature
use within its boundaries. The study and analysis of
the geological and geomorphological structure is an
important point in clarifying the recreational value
of the territory, because the relief and geological
structure determine the landscape diversity of the
territory, affecting a number of significant recreational,
tourist and technological indicators. The analysis and
assessment of the recreational value of the territory
requires detailed study, description and fixation of the
characteristics of its geological and geomorphological
structure. Assessment of the suitability of terrain
resources for recreation and development of the
directions of its use should take into account the
likely negative effects of the terrain and the quality
of geological sediments on recreational or tourist
activities.

The results of the study indicate that a significant
part of the city’s territory is located within the
Kaniv dislocations, which are hilly lowlands with
absolute altitudes of 200-220m (max. 255m) with a
highly developed gully-arroyo network. The depth
of dismemberment of the dislocated area sometimes
exceeds 100 m, so it appears mountainous. Significant
amplitudes of absolute markings (up to 100-120
m), sediments and storm rainfall determine the
development of erosion processes, resulting in a
dense and extensive gully-arroyo network (0.4 km/
km?2). In the limits of the hilly areas of the city, in
addition to erosion, gravitational processes are also
observed, most often in the form of landslides. All
shifts within the limits of the Kaniv Mountains are
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divided according to the age of formation into the
ancient Anthropocene and modern Holocene (Moroz,
1971, Kudelja, 1971, Palienko, 1971). For example,
the economic zone of the Kaniv Nature Reserve,
which is situated within the bounds of the city, is
located on a landslide pseudo-terrace of the late
Anthropocene period, which is penetrated by the deep
gullies Bilyashivsky 1 and 2, Rotten Ravine (Hnyla
Balka) and others. The anthropogenic shifts are
confined to the steep right bank of the Dnieper, with a
stepped structure and are immovable (it is possible to
observe on Mariyina Mountain, the Great Settlement,
etc.). Modern shifts occur most often in the systems
of gullies, forming semi-circles with large angles of
inclination of the moving surface of the displacement
(annual movement from 0.5 to 1.0 m) (Grubrin, 1968,
Moroz, 1971, Kudelja, 1968, 1971, Palienko, 1968,
1971).

Significant heights, strong surface erosion,
evidence of natural geodynamic processes in
the city’s hilly area, despite the environmental
and engineering negativity of these physical and
geographical phenomena, in combination with
plant diversity, determine the significant degree of
diversity of the territory’s landscapes. The expressive
physiognomy explains the high degree of aesthetics
of the landscapes of the hilly part of Kaniv. The use of
geological attractions as objects of excursion display
in geotourism and objects of interest in scientific
tourism explains the increased attention paid to
geological resources.

The primary terrain of the Kaniv Mountains,
formed by tectonic movements in the Mesozoic, hasnot
survived through widely developed erosion processes.
In the modern terrain formed as a result of neotectonic
movements there is a phenomenon characteristic of
the Kaniv mountains — overlapping scales structures
, which is associated with structural nonconformities
in the places of discontinuous deformations
accompanied by the imposition of ancient sediments
of the Paleogene (scale type structures), Cretaceous,
Jurassic on modern Anthropocene (Moroz, 1971,
Kudelja, 1971, Palienko, 1971). At the same time,
, the richness of the lithological composition of
sedimentary rocks within the limits of the Kaniv
mountains is connected with the folded deformations,
which is the lithological basis for the formation of
the landscape diversity of the hilly part of the city.
Basically, these are Anthropocene sediments loess
and loams, fluvioglacial sands, moraine loams, and
sandstones with boulders of crystalline rocks , which
are huge (on average 10-15 m), but often interrupted,
especially on the watershed ridges and slopes of
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the ridge of the southern exposure, the eluvium
of the ancient rocks of gravel-sandy composition
(Paleogene, Cretaceous, Jurassic).

Lithologic layers and the outcropping to the
surface of ancient rocks clarify the geological history
of the development of landscapes through the existing
paleobotanical, paleozoological artifacts. Exposure of
the slopes with the general elevation of the mountainous
areas simultaneously has a significant impact on the
microclimatic differentiation within the limits of the
Kaniv Mountains (recreational value), simultaneously
determining the variety of plant species and the spatial
and structural wealth of the landscape complexes of
the mountainous part. Undoubtedly, geological and
geomorphological features influence the optimization
and prospects for housing construction, improvement
of conditions of rest, and for creation of a comfortable
environment, etc.

On the ranges of the Kaniv Mountains, there
are natural observation decks which give spectacular
views of the surrounding terrain. From the top of the
range, there is an overview on the hill’s sheltered
terrace (north) and mountainous forest-moraine plain
(south). From the observation decks of such mountains
as Plastunka, the Great Settlement, Chernecha, Lysa,
Pylypenkova, Moskovka and other mountains can be
seen numerous oxbow lakes, distributaries, straits,
the floodplain islands Shelestiv and Cruhlik and the
streambed of the Dnieper, which is characterized by
intensive steamed processes. A panorama is opened
on the picturesque left-bank landscapes of the terraces
and wide floodplain of the Dnieper.

The Dnieper River valley within Kaniv and its
surroundings is a relatively lower alluvial plain. Four
fluvial terraces, high and low floodplain terraces are
distinguishable in the structure of the Dnieper Valley.
The first floodplain or sandy terrace is manifested
as broad strands along the valley and islands in the
floodplain, composed of ancient alluvial sands that
are covered with pine forests. The sandy terrace is
elevated towards the flood plain at =8-16 m, absolute
marks in the reliefreach 120 m. The surface of the pine
terraces the Dnieper is a low, hilly plain with dunes
and sands. Individual dunes reach the height of 20 m.
Deserted areas of sands and dunes acquire mobility.
As a result, the nature and intensity of soil nutrition,
in contrast to the flood plain of the river valleys, is
significantly changing. The level of groundwater is
greatly reduced and in the conditions of general lift of
the surface background, automorphic soils are formed:
sod-podzolic and podzolic. The lifted mountainous
terrain and, especially, the lithology of the sediments
also condition microclimatic differentiation within

the limits of the pinewood terraces. The vegetation
of the pinewood terraces is predominantly composed
of psammophytic forest formations, formed by
plantations of pine and common admixture of broad-
leaved species: common oak, black locust (Robinia
pseudoacacia), silver birch, common pear, etc.
Drought-tolerant cereal grasses or , in conditions of
sufficient moisture, the flora of vegetative groupings
with moss cover exemplified by fork mosses, haircap
moss, etc represents the herbaceous cover on the
pinewood terraces. In addition, within the pinewood
terraces, the lithological composition of sediments is
clearly observed in the nature of the vegetation and,
accordingly, the characteristics of the soils. Sandy
sediments determine the thermal, water and other
physical and chemical properties of the soils of the
pinewood terraces, which will directly affect the
vegetation. Thus, in the watersheds of the dunes and
the slopes of the southern exposure, treeless open
areas form xerophytic conditions, which result in the
spread of Scots pine practically free of admixtures
of other tree species and sharp-leaf willow, and the
grass surface consists of dry grasses and spurges with
numerous lichens. On the slopes of the dunes of the
northern exposition and on the interdunal and lowered
areas, the conditions of growth vary in the direction
of mesophilicity. Thus, tree layer and undergrowth,
in addition to the Scots pine, is represented by broad-
leaved species, and in the grass surface there is a
greater variety of grasses and cereals, mosses and
ground pines (Kupach, 2017, Dem’janenko, 2017).
Within the floodplain of the Dnipro River, the
following mesostructures are distinguished: the
levees, the high floodplain areas, the oxbow lakes’
depressions, and the lower terraced area. Relatively
elevated areas composed of sandy sediments of large
fractions represent the levees’ part of the floodplain.
As a result, in the levees’ floodplain a xerophyllous
forb community with features of steppe species is
formed, rather rarefied and unproductive, which
causes the development of poor soils. A characteristic
species of the levees’ floodplain is desert false indigo,
which grows densely and forms shrubbery. A variety
of forms of microrelief — low ridges, hills, swales, and
so on characterizes the central floodplain. The central
part of the floodplain consists of, unlike the levee part,
sandy sediments of small and dusty fractions, which
characterizes the soils as fresh or wet. Bean family
plants and cereal flora form in conditions of sufficient
moisture; vegetation is rich and highly productive.
The terrace near the floodplain and the oxbow lakes’
depression, due to the drainage of atmospheric,
groundwater and stagnant water, is often marshy. The
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lithological composition of the sediments is mostly
dusty and muddy, which also causes the development
of water retention regime in soils - that is, the
formation of waterlogging. In the over-humidified
conditions, moisture-loving vegetation of large
cereals and carex in alternation with forests of aspen
and alder is characteristic.

The geological structure and terrain of the
territory is a leading natural factor in the formation
of the rich landscape diversity and contributes to
enhancing the attractiveness and aesthetic properties
of the landscapes of Kaniv. Landscapes of broadleaf
forest, mixed-forest, meadow-steppe, steppe, meadow
and swamp type represents the landscape structure of
the city and its outskirts (Kupach T., 2017, Kupach
D., 2017, Dem’janenko, 2017).

The whole set of characteristics of the terrain,
geological sediments, vegetation surface, which
include amplitudes of heights, the frequency of slopes,
the intensity of the dismemberment of the terrain,
changes in the exposure and steepness of the slopes,
the quality of plantings and landscape diversity affects
the formation of landscapes, physiognomy, diversity,
contrast, and determines the tourist and recreational
favourability of the territory. Table 1 shows the
evaluation criteria for the favourable geological and
geomorphological and landscape resources for tourist
and recreational activities adopted in assessments
of recreational favourability (Preobrajgenskij, 1975,
Muhina, 1975, Kazanskaja, 1975, Vedenin, 1975).
The most commonly used is the 5-point rating
scale: 1 - relatively favourable, 2 - less favourable,
3 - favourable, 4 - significantly favourable, 5 - most
favourable.

The climatic and hydrological resources of

of the Black Sea coast (Shherban’, 1962). The
maximum values of the duration of sunshine are from
May to August (= 700 hours), and the minimum are
in December (=30 hours), according to the Climatic
Cadaster of Ukraine (2006). In Kaniv district, there is
also a good number of sunny days is autumn.

Figure 1 shows data on the average actual sunlight
duration and the average number of days without sun
for each month of the year, which was determined for
a long period of observations (according to the Kaniv
Meteorological Station). Thus, it can be said that the
period suitable for such activities as recreation on the
water, treatment and prevention of diseases, active
tourism, in particular, hiking, cycling, water, etc., is
quite lengthy and includes 7 months: from April to
November.

For the autumn-winter season, the formation
of misty weather is characteristic of Kaniv and
Kremenchug reservoirs. In autumn , fogs lend a
picturesque quality (a significant parameter in the
ecological and aesthetic assessment of the suitability
of'the territory) to the flood landscapes along the valley
with lake basins, old oxbow lakes and landscaped
curtain walls of the mountainous-forested part of the
city.

Figure 2 shows the average duration of misty
weather for certain months, as well as for the cold and
warm periods.

Latitudinal position, duration of sunshine, and the
type of vegetation cover within Kaniv and its outskirts
strongly influences the formation of a temperature-
favourable regime for recreation. The amount of solar
radiation per square centimeter of surface annually
reaches about 100 kilocalories. However, the
distribution and assimilation on the earth’s surface of

Table 1. Summary of the results of the degree’s assessment of recreational favourability of geological-geomorphological and land-

scape resources for recreational activities in Kaniv

. I hypsometric horizontal dismem- | vertical dismember- o .
evaluation criterion . visibility variety
indices berment ment
score 3 3 4 4 4
th f - igni - igni igni -
le degree o recre favourable favorable significantly favour significantly significantly favour
ational favourability able favourable able

the territory have a significant influence on the
recreational attractiveness and suitability for different
types of recreation, especially in the warm period. The
significant amount of sunshine and temperate climate
is decisive for the development of recreational use of
nature within the city and its outskirts. On average,
in Kaniv district, the duration of sunshine annually
exceeds 1710 hours, which is closer to the indicators
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this heat within the city and its outskirts is extremely
uneven and is due to the specific nature of the
sediments, terrain and vegetation (Shherban’ 1962).
For example, in the hornbeam forest of the
mountainous part of the Kaniv Nature Reserve, only
10% of the total solar radiation reaches the surface,
and in the pine forests of the terraces of the Dnipro
River the total radiation dose varies (depending on the
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average number of days without sun
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Fig. 1. Diagrams of the average actual duration of sunshine and the number of days without sunshine in the meteorological sta-
tion “Kaniv» in the years of observations in the period from 1960 to 2010.

time of day) from 40 to 75%.

The nature of the surface also significantly
influences the re-distribution of heat in the studied
region. Therefore, the absorption of heat will vary
depending on the steepness and exposure of the slopes
of the Kaniv Mountains. Table 2 presents data on the
number of landscaped tracts with different exposures
(Kupach T., 2017, Kupach D., 2017).

It is known that the slopes of the southern

average number of days with fog

suitable for various types of summer recreation.

One of the meteorological phenomena that are
obligatory in the assessment of climatic recreational
resources, and which has a slightly restrictive effect
on recreational activities, is the wind, its speed and
direction. In the period of the predominance of low
temperatures, the wind enhances heat transfer, which
leads to overcooling. In the warm season, the wind
enhances evaporation of the human skin, improves

average number of days with fog

Il I IV W Vil VL VI K

Xl X

mCold period (X-11)

Warm period (V-Ix)

Fig. 2. Diagrams of the average number of days with fogs for different months, during warm and cold periods of the year at the
meteorological station “Kaniv” for different years of long-term observations in the period from 1960 to 2010.

exposure and with a steepness of more than 20° absorb
the same amount of heat as in the south of Ukraine.
Within the boundaries of the city and its outskirts, the
tract with slopes more than 20° constitute =32%. The
thermal regime of the territory is formed according to
the nature of the surface and will affect the parameters
of climate comfort, the prolongation of the period

the feeling of warmth and comfort. Light wind (3-6
m/sec) has a stimulating and tonic effect on a person’s
self-perception. A strong wind (greater than 15 m/sec)
has an irritating, tedious effect, complicates breathing
processes (Danilova, 1982). Figure 3 shows the
dominant wind direction for years of observation and
the distribution of the number of days by months of
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Table 2.Summary of the results of landscape analysis (GIS-based analysis) on the quantity and part of landscape tracts in the expo-
sure of slopes in Kaniv for the medical-biological assessment of the territory

rhumb degrees number, units fraction, %
N 315-45 391630 31.15635
E 45— 135 336287 26.7535
S 135 —225 304795 24.24814
W 225-315 224271 17.84201

the year with wind speeds below 10 m/sec (Danilova,
1982).

Comfortable indicators (power and speed of
wind, direction) of windy weather for carrying out
various types of recreational activities characterize
the results of the study for Kaniv district.

annual repetition of the wind direction (%)

Figure 4 shows the annual temperatures and the
monthly average atmospheric pressure at the station
level for a long-term observation period.

In recreational activities, the value of atmospheric
pressure plays an important role, since the variability
of the pressure indicators affects the physiological and

average number of days with weak winds
(=10 m/sec.)

Fig. 3. Graphs of annual repetition of the wind direction and the average number of days with light winds over
several years of long-term observations in the period from 1960 to 2010. (Meteorological station “Kaniv”)

On average, the city experiences a temperature
of >+25°C for about 60 days. The temperature
determines the physiologically comfortable or
uncomfortable conditions of the environment, which
causes a feeling of warmth with or without signs of
overheating/hypothermia .

The most reasonable indicator of climate comfort
is the average daily temperature. So, numerous
recreational researches establish that the zone of
thermal comfort for the summer period is +15 -
+20 (25)°C, for the winter 0 - -10 © C (Danilova,
1982, Mykhailenko N., 2015, Shherban’, 2015).The
average monthly temperature for most of the year is
positive and reaches a maximum of +21.9°C in July,
and the coolest month in the town is January with a
temperature of -3°C. The average daily temperature
(°C) for all months of the year in the period of
observation is given in Table 3.
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biological processes in the human body, in particular,
the well-being through the meteotropic reactions of
the organism.

Thus, in a series of studies it was established
that day-to-day pressure changes of <5 hPa do not
cause express reactions, at the same time, changes
within 6-10 hPa become noticeable, and >10 hPa
are pathological. A sharp drop or rise in atmospheric
pressure during the day is considered to be a change
of >8 hPa and a temperature of 4°C (Mykhailenko N.,
2014, 2015, Shherban®, 2015, Mykhailenko T., 2014).

The territory of the city is characterized by a
more or less equal degree of air humidity, which is
also shown in Figure 4. Relative humidity of air is the
highest in winter, and indicators of moisture deficit
reach maximum in summer. Humidity occupies a
special place, because it is an important meteorological
element in recreational assessments (Danilova, 1982).
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Table 3. Average daily temperature (°C) by months of the year in terms of observation period for individual years of
long-term observations in the period from 1960 to 2010 (meteorological station “Kaniv”)

time, hours I I I v v VI VII | VIII | IX X XI | XII

0 -6.1 | -47 | -02 | 72 | 132 | 158 | 173 | 168 | 122 | 65 | 1.7 | -2.6

3 -64 | -53 | -1.0 | 59 | 11.4 | 141 | 157 | 152 | 10.8 | 55 | 1.3 | -2.9

6 -6.6 | 58 | -1.7 | 49 | 104 | 134 | 148 | 140 | 98 | 48 | 1.0 | -3.0

9 -6.7 | -6.0 | -1.1 | 74 | 149 | 18.1 | 193 | 181 | 12.6 | 58 | 1.0 | -3.1

12 -53 | 40 | 1.8 | 11.0 | 183 | 21.2 | 22.6 | 22.1 | 17.0 | 9.7 | 29 | -2.0

15 -39 | 24 | 35 | 127 | 19.8 | 224 | 23.8 | 23.7 | 18.6 | 11.5 | 3.9 | -1.1

18 -48 | 28 | 32 | 125 | 194 | 22.0 | 235 | 233 | 178 | 102 | 29 | -1.9

21 5.6 | 40 | 12 95 | 162 | 189 | 203 | 193 | 140 | 7.7 | 2.1 | -24
average per day 5.7 | 44| 07 89 | 155 | 182 | 19.7 | 19.1 | 141 | 7.7 | 3.7 | 24

Humidity influences the formation of thermal
conditions of the environment, the exchange of
moisture in the processes of acclimatization and
adaptation, respiration processes, etc. Therefore,
humidity indicators play an important role in
establishing the physiological limits of climate
comfort for different types of activities. The most
favourable condition for people is dry and moderately
dry air.

With comfortable humidity characteristics, cold
and heat are much more easily tolerated by man .
The physiological norm for a person is the relative
humidity of air from 30 to 60%. For recreational
activities (according to various studies), favourable
humidity is 30-80% (Danilova, 1982).

average monthly relative humidity (%)
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The humidity regime in the city corresponds to
an annual precipitation up to 500 mm, a maximum
of 742.8 mm, a minimum of 285.5 mm. Prevalence
of summer precipitation (up to 40% of the annual
amount) characterizes the annual precipitation.The
graph of the average monthly precipitation can be
seen in Figure 4.

The precipitation patterns are often short-
term, intense and torrential. Thunderstorms (May-
August, beginning in March-April and ending in
September-October)often accompany downpours.
Figure 5 shows data on the average number of days
with thunderstorms according to the weather station
“Kaniv” over many years of observation.

The annual number of days with thunderstorms

average monthly temperature (degrees)
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Fig. 4. Annual progress of the main meteorological elements (atmospheric pressure, precipitation, relative humidity and tem-
perature) in the different years of long-term observations in the period from 1960 to 2010 on the meteorological station “Kaniv”
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average number of days with thunderstorms
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Fig. 5. Average number of days with thunderstorms according to the data of the Kaniv Meteorological Station in the

years of observations from 1960 to 2010

varies in different years and is about 19-20 days (close)
and 23-25 days (remote). The average annual duration
of thunderstorms exceeds 60 hours. Thunderstorms
belong to the limiting recreational activity factors
although a number of researches indicate that this
meteorological phenomenon adds advantages in terms
of recreational value because of the health qualities of
the air, ozonizing and purifying, making it useful for
treating diseases of the respiratory system.

In winter precipitation predominates in the
form of snow which forms a stable snow cover. On
average, snow cover begins to form at the end of
December, although snow falls in November. Snow
cover remains on average until the end of March, in
some years until mid-April, an average of 77 days (the
maximum number of days reached 117). The greatest
depth of snow cover within the city is observed on
the mountainous part of the Kaniv mountains covered
with forests and varies from 20 cm (winters with little
snow) to 45 cm (snowy winters). A specific thermal
regime of the territory forms due to the influence of
surface characteristics (relief, greenery, etc.) on the
redistribution of heat.Although the snow cover is
sufficient for the development of winter types of active
recreation, due to the interference of warm Atlantic
air masses in winter, the snow cover decreases with
frequent thaws, which significantly reduces the period
of recreational favourability.

In characterizing the thermal regime of
recreational areas, complex indicators of effective
temperature (ET), equivalent-effective temperature
(EET) and a number of others are often used in
assessment of the favourable climatic conditions and
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determining their comfort for recreational activities
for. So, the ET indicator takes into account the complex
effect of temperature and air humidity and indicates
a quantitative relationship between meteorological
conditions and human thermal sensation (Danilova,
1982, Mykhailenko N., 2014, 2015, Shherban’, 2015,
Mykhailenko T., 2014). Table 4 shows calculations
of the effective temperature and heat sensation of a
person.

Significant — amplitudes of heights and
dismemberment of the relief forms favourable
conditions for an increased flow of rainfall and melt
water. Increased flow of surface water leads to good
drainage of the upland areas of the city and forms
flooding (with bogging processes) along the bottoms
of gullies and ravines and leads to the formation of
temporary streams: the Melanchine, Komashiny spur,
Sukhoy streams, Slyzka ravine, Topylo gorge. Springs
of Cretaceous system groundwaters cause partial
flooding of gullies and flat confluence of the spurs of
ravines. The debit some of them is stable throughout
the year (0.2 1/ s). The water of the springs has a
stable temperature of 10 °C and is of high quality. The
indicated distribution of the flow of surface waters
determines the specificity of the natural humidity
regimes and, as a result, conditions are formed that
affect floristic and landscape diversity.

The main hydrological object and water
recreational resource of the city is the Dnipro River.
The Dnipro is a typical lowland river with a slow and
calm flow. It has a convoluted channel, forms arms, a
lot of rifts, islands, straits and shallows in not regulated
places. The water level in the river increased, the
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Table 4. Consolidated results of the evaluation of the main meteorological elements and indicators of the effective temperature

in the city of Kaniv and its surroundings

climate comfort

for recreational needs

* subcomfortable winter (SC)
* subcomfortable summer:
cool (SSc¢)
hot (SS h)
 comfortable (C)

» uncomfortable (U)

SC (winter recreation)

C (winter recreation)

U (summer recreation)

SS ¢ (summer recreation)

C (summer recreation)

SS ¢ (summer recreation)

U (summer recreation)

SC (winter recreation)

o thermal sensation and
% i g ® = thermal loading
g B3 4::-: = RS)
»n = = L =]
£ g E 2 T g
= L |2 |5 . |t
E |2 |2 EOE
s S g L
= 2 %
1 -5.5 82 -4.384 33 7.3 Very cool / discomfort / moder-
ate, possible hypothermia
I -43 81 -3.213 3.5 7.4 Very cool / moderate, possible
hypothermia
I 0.8 79 1.573 34 6.8 Moderately cool / discomfort
v 8.6 71 8.762 34 6.5 Cool / discomfort / discomfort
A% 15.1 66 14.406 2.9 5.5 Moderately warm / comfort
VI 18.2 70 17.216 2.6 5.5 Moderately warm / comfort
VI 19.5 72 18.436 2.5 52 Warm / comfortable
VIII 18.6 71 17.602 24 4.7 | Moderately warm / comfort
IX 13.9 74 13.494 2.6 5.1 | Moderately warm / comfort
X 8.0 78 8.176 2.9 6.0 Cool / discomfort / discomfort
XI 2.2 84 2.699 34 7.9 Moderately cool / discomfort
XII -1.9 84 -1.138 34 8.1 Very cool / moderate, possible
hypothermia

flow slowed down and the water exchange processes
drastically changed after regulation through the
construction of reservoirs.

The width of the Dnipro stream pool increased, the
arms of the old meandering channel filled with water,
forming the so-called Kryvi Ozera. The Dnipro in its
middle course flows between the Dnipro Highland and
the Dnipro Lowland, which determines the expressive
asymmetrical features of the river valley within the
city. The right bank of the Dnipro is steep, high, the
left is low and gently sloping. A narrow flat right-bank
lowland extends in places between the right bank and
the water surface of the Dnipro. The left bank is lower,
formed of sandy sediments and extends to the east in
wide terraces. Within the city, the Dnipro valley is
wide and reaches 15-18 km, and the channel width is
up to 1500 m with a depth of 3—7 m, the speed of the
current is 0.4—1.2 m /s. The middle part of the Dnipro
basin is located in the forest zone of excessive and

sufficient moisture. The Dnipro River is fed by rain,
snow and underground springs (Hil’chevs’kij, 2014,
Greben’, 2014.,Vyshnevs’kyj, 2000).

A well-defined spring flood, a low summer runoff
(with periodic rain floods), regular autumn floods
and a winter runoff determine the water regime of
the Dnipro. Freezing begins in December (freezing
~ 23.12) and lasts until March - April (opening of
the river = 22.03). The freeze-up of the reservoirs is
formed and disappears later than on non-regulated
sections of the channel. Freezing-over begins in
December (freezing =~ 23.12) and continues until
March - April (opening =~ 22.03).

The water regime of the river has changed
significantly after the construction of the Kaniv and
Kremenchug reservoirs. The reservoirs equalise the
water level in the Dnipro and the ice cover is thinner
below the dams (Hil’chevs’kij, 2014, Greben’,
2014,Vyshnevs’kyj, 2000).
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The construction of reservoirs disrupted the
ecological balance and radically changed the
conditions of water exchange. Water exchange
has slowed by 14-30 times compared with natural
conditions. The construction of both reservoirs
significantly affected the ecology of the Dnipro and
coastal lands, including the growth conditions of
aquatic and coastal vegetation of the Dnipro and its
floodplain.

A number of species did not withstand the new
living conditions, while others, on the contrary, are
developing better, as a result of which the species
composition of plants before and after construction
and flooding has changed in all parts of the Dnipro.
In the Dnipro and its reservoirs from 65 to 72 species
of higher aquatic plants (macrophytes) were found.
Among them, plants immersed in water (hydrophytes)
of about 33 species and plants with floating leaves
(hydatophytes) of about 19 species predominate.
Among the plants adapted to the conditions of growth
in the shoreline strips (air-water conditions) are about
20 species (Koreljakova, 1977).

In recent years, there is an intensive overgrowth
of the shoreline areas of Kaniv beaches and an active
bloom of blue-green water plants occurs here. A
number of environmental problems such as climate
change, reducing the period with temperatures below
zero degrees and reducing the period of freezing of the
reservoir, reducing fish population of the Dnipro, and
the increase in pollution with phosphates and nitrates
due to intensive chemicalization of agricultural
production, affect the recreation and tourism in the
city.

However, the level of pollution of hydrological
objects of the city does not exceed the allowable
values. Carrying out cleaning measures and technical
cutting, etc. solves problems of overgrowing by
shrubs of the beaches.

The city of Kaniv with its surroundings due to the
presence and harmony of climatic and hydrological
conditions is quite promising for organizing medical
and recreational, beach recreation and water tourism
of various types: rest, recreational aerotherapeutic,
hydrotherapeutic, beach-swimming recreational
activities and organization of chain institutions of the
resort and medical direction.

Technological assessment of the suitability of a
water object for recreational activities, in particular,
bathing and beach recreation, includes the analysis
and evaluation of the following indicators and
parameters (see Table 5) of the water object and
adjacent areas (the area from Dnipro Heroes Street
along T. Shevchenko Street to Tarasova Gora).
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The nature of the relief and sediments, vegetation
also determines the significant favourability of a
number of technological parameters for assessing the
hydrological object for beach and bathing recreation
(Kulinich, 2016, Danil’chuk, 2003, Alejnikova, 2003,
Bovsunovskaja, 2003, Golubnichaja, 2003). Apart
from the said parameters of the water object which are
used for swimming and beach recreation, technological
assessment also applies to the suitability of the water
area for active types of tourism and recreation:
boating, catamaraning, canoeing, kayaking, yachting
and using other watercraft.

Technological indicators (width, length, depth
of water area, current, direction and speed of wind,
number of days with calm, etc.) of the Dnipro river
in the area of the city satisfy the conditions for the
implementation and organization of such types of
recreational activities (Kulinich, 2016). Table 6
summarizes the technological parameters of the
Dnipro River within the city (area from the Dnipro
Heroes Street along T. Shevchenko Street to Tarasova
Gora).

The natural recreational conditions of the
territories is formed by biotic resources because
vegetation cover directly affects the flow of climate
processes ,the formation of landscape diversity,
hydrological processes and others .In relation to
other recreational resources ,natural resources create
highly attractive conditions in any territories.Biotic
resources, combining all the diversity of wildlife,
have medicinal properties, scientific and cognitive,
biomedical and aesthetic value and are involved in
the processes of human recovery and rest (Fomenko,
2007.,Tsarik, 2001,Chernjuk,2001). The available
biotic resources are favourable for treatment and
rehabilitation, as well as satisfaction of the spiritual
needs of humans and the organization of separate
types of tourism(for example, hunting tours,tourist
fishing,etc.)

Forests of recreational value and greenery of the
city represent the biotic recreational resources of Ka-
niv and lands of the Kanivsky Nnature Reserve and
fauna of hunting and fish farms too. Wildlife resourc-
es are favourable for the rehabilitation, treatment and
prevention of human diseases and technologically
necessary to meet the recreational needs and the or-
ganization of certain types of tourism (hunting tours,
fishing tours, scientific tours).The attraction of wild-
life resources for recreational activities varies in its
manifestations and nature: picking mushrooms and
berries, fishing, walking and health paths, excursions
and scientific tours, phytotherapeutic treatment and re-
habilitation, landscape routes and excursions,visiting
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Table 5. The evaluation criteria and the degree of suitability of the Dnipro River within the city of Kaniv for recreational activities

during the warm period (Kulinich, 2016)

evaluation criterion criterion value degree of recreational favour-
ability
shore dry, with steep slopes requires simple relatively favourable
structures for descent to the water
water approaches open favourable
beach sandy favourable
the extension of the 10-50 favourable
shallow, m
bottom sandy favourable
number of days with >70 favourable
water
+19-24°C
current flow, m /s 0,3-1 relatively favourable
maximum depth, m >1,8 favourable
degree of overgrowing,% <5 favourable
water turbidity slightly cloudy relatively favourable

places of unique species,birdwatching and nature
photography,etc.

Forest and urban greenery (roadside zones,
parks, squares, and areas near houses and gardens)
represents recreational plantings of Kaniv and its near
surroundings.

The right bank of the city and its suburbs cov-
ered by recovered broadleaf forests with hornbeam,
European oak, European ash, wych elm, small-leaved
lime, field maple, Norway maple, Tatar maple, black
locust,white poplar, quaking aspen, Populus pyrami-
dalis, silver birch, European spindle, regent spindle
Euonymus verrucosus, etc. The ornament of forest
lands is the open areas of steppe meadows. The steppe
meadows are a characteristic part of the upland plakor
part of Kaniv dislocations. Xerophytes, psammoph-
ytes, a wide variety of grasses (fescue, windgrass, or-
chard grass , bushgrass, Junegrass, immortelle, hare’s
foot clove, Potentillia argentea, strawberry, Euphor-
bia cyparissias, oregano, yarrow, etc.) represents
meadow steppe flora , which contain a large propor-
tion of rare species and valuable medicinal plants. In

recent years, processes of secondary succession have
taken place within the open spaces of the mountain-
ous part. This has been accompanied by the spread of
shrubby and tree species such as Scots pine, wild pear,
blackthorn , hawthorn, oleaster and dog-rose. The
shoreline water protection zone of the Dnipro River is
planted with white acacia, weeping willow and white
willow. On the left bank of the city and its vicinity
grow pine and mixed coniferous forest of pine-forest
terrace of the Dnipro River, which have the greatest
recreational value. Common pine with an addition of
European oak, rowan, white acacia, blackberry, red
elderberry, etc. form the terrace’s forests. Meadow
plant groups are represented on the floodplain terrace
of the Dnipro River. Such floristic diversity affects
the physiognomic, colouristic aspects of landscapes,
enhances the landscape and aesthetics of the territory,
increasing the attractiveness of landscapes of the city
and its surroundings.

Microclimatic features (temperature, moisture
and radiation balance), ionization and phytoncide ef-
fect of the air explains the recreational influence and

Table 6. Criteria for technological assessment and the level of suitability of the Dnipro River in the city of Kaniv for recreational

activities during the warm period (Kulinich, 2016)

recreational activ- water | length of water width depth recre-

ity area, hectare object, m of water area, m | of water object, ational level of
m availability
canoeing, kayak- >10 >2200 >90 >3 high
ing and rowing boats
motor boat rides >50 2000-15000 >200 >3 high
sailing >100 >2500 500- >2 high
2000
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value of the forest vegetation. The recreational attrac-
tiveness of the forest plantations is enhanced by the
variety in species and age composition of the plant
species, that is, the frequency of changes in landscape
pictures and their aesthetics. In terms of phytoncide
effect and air ionization, the most valuable trees for
recreation and health improvement in the city and its
surroundings are pine, pine-oak, hornbeam and oak-
hornbeam forest plantations. Introduction of Europe-
an ash, small-leaved lime, white poplar and Populus
pyramidalis only increase the health value of the for-
ests that cover the mountainous areas and territories
adjacent to the Kaniv city (Gensiruk, 1987, Nizhnik,
1987, Voznjak, 1987, Fomenko, 2007).

Animal species characteristic of the forest-steppe
natural zone are also components of the faunal rec-
reational resources of the city and its environs. The
number and recovery of wild animal species justifies
the maintenance of the conservation status of the terri-
tories and the activities of the scientific department of
the Kanivsky Nature Reserve and specialized farms.
The following species of wild animals inhabit the ter-
ritory of the Kaniv Nature Reserve (the forest lands
of which fall within the administrative boundaries of
the city): red deer, roe deer, wild boar, hare, red squir-
rel, stoat, marten, weasel, beaver, otter, white-tailed
eagle, woodpeckers, the grey heron, great white egret,
cormorants, ducks and other mammals and birds, rep-
tiles and amphibians. There is very diverse world of
insects, among which the most famous are the stag
beetle, rhinoceros beetle, peacock butterfly and oth-
ers. In the Dnipro River, there are almost 70 species
of fish, in the area of the Kaniv city up to 40. The most
common is carp. Due to the increases of pollution of
the Dnipro River the quality of the environs is wors-
ening and fish resources of the Dnipro are declining.
The number of European chub, asp, and tench have
decreased. Lake species, such as bream (about 40% of
the total catch), pike, sabrefish, zander, catfish, carp,
perch, grass carp and bighead carp take their place.
Also in the Dnieper, there are two types of crayfish:
long-toed and thick-toed (Degodjuk E., 2006, Degod-
juk S., 2006).

There is a special place for objects and territories
among natural recreational resources of the nature re-
serve fund, which include the Kaniv Nature Reserve,
and lands of water protection and soil-protective sig-
nificance. Nature protected areas play an important
recreational role. They perform a popularization and
educational function and play an important role in the
development of organized tourism and scientific and
educational excursions.

The concentration of cultural heritage sites (in
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addition to the natural resources) confers a high de-
gree of recreational and tourist attractiveness upon the
city and surrounding areas.

Thus, among the archaeological monuments there
are places of temporary settlements of semi-nomadic
tribes on the Knyaga Mountain, places of settlements
of agricultural tribes of the Middle Dnieper culture on
Moskovka Mountain and at the foot of the Big and
Small Horodyshe within the Kaniv Nature Reserve
(Liubitseva, 2017, Romanchuk, 2017, Kochetkova,
2017, Vynnychenko, 2017, Mykhailenko, 2017). The
settlements of the Zarubinetska culture have been ex-
cavated and explored on the territory of modern Kaniv
(Moskovka and Pilipenkova Mountains). Nearly twen-
ty settlements of the VII-IX centuries have been found
near the town of Kaniv , nine of which are in the terri-
tory of the city and the Kaniv Nature Reserve (Bondar,
1959). The settlements are located on the slopes of the
right bank of the Dnipro, sometimes at the mouths of
small rivers or ravines. Within the city, there are settle-
ments between the Seltso area and Moskovka Moun-
tain, in the Izkovshina ravine, on the Iskova (Lysaya)
mountain, on the Sorokopudova, Pilipenkova, Taraso-
va (Chernecha) mountains. There are four such settle-
ments within the Kanivsky Nature Reserve: at the foot
of the Big and Small Scythian Horodyshe and Mary-
ina Mountain. One of the spiritual centers of Ukraine
is located in the Kaniv city, the National Shevchenko
Reserve, where in May 1861, the outstanding Ukrai-
nian master and poet Taras Shevchenko was buried in
May 1861 on Chernecha Mountain.

Among the architectural and historical monu-
ments of the city, it is worth mentioning the sites from
the Cossack era, the Second World War and relating
to individual historical and cultural figures and per-
sonalities.

The main architectural attraction of Kaniv is the
Uspenskyj (the first name of St. George) Cathedral.
Prince Vsevolod built the cathedral during the time
of the Kievan Rus in 1144, The Uspenskyj Cathedral
of Kaniv is one of the few monuments of the Old
Russian architectural school that have survived to
this day along with the Church of St. Cyril in Kiev,
the Transfiguration Monastery, Borisoglibsky and
Uspenskyj Cathedrals, Ilyinsky, and Pyatnitsky
Churches in Chernihiv. The facades and portals of
the temple were decorated with frescoes. In 1587
Hetman, Ivan Pidkova, was buried here. Destroyed
by the Turks in the XVII century, the temple was
restored in 1805 with changes in architectural forms
in the style of classicism and the practical loss of all
wall paintings. During the restoration in the period of
the late 1960s frescoes— old Ukrainian elements of



T. Kupach, T. Mykhailenko

Journ. Geol. Geograph. Geoecology, 28(3), 457-474.

painting, were discovered. In 1993 all, the restoration
work was completed and the cathedral was transferred
to the UOC religious community of the city.

The House of the Basilian School (a two-storied
house of the former Basilian school founded by the
Uniates in 1781 and financed by the then owner of the
city — Count S. Ponyatovsky) is another architectural
monument of Kaniv. Now it is the Museum of National
Decorative Art. In the center of the city, several more
buildings of the XIX century are preserved.

The memorial complex, located on the Dniprova
(Zamkova) Hill inthe Park of Slava, in memory ofthose
killed in the battles for their homeland , is dedicated
to the Soviet soldiers who were killed during the
Second World War, were born in the city or died for it
in the fight against the German occupation forces. The
Monument to the Heroes of the Armoured Train # 56
, which is a full-size armoured train , was installed at
the entrance to Kaniv in 1980 on the 35th anniversary
of the Victory. It has been part of the exhibition of
the Museum of Military Equipment in the Open Air
since 2012. An armoured boat is installed on the
Dnieper embankment — Monument to the Sailors of
the Dnieper Military Flotilla. Built on Kyivska Street
in the south-western outskirts of the city, a monument
perpetuates the memory of 1250 residents of Kaniv
(Sorokopud, 2012) shot by the German military in
1943 in Berestovetsky Ravine. Near the Museum of
National Decorative Art is a bust of Oleg Koshevyj
,who headed the youth underground in the Donbas
during the Second World War and before that had
lived for a while in Kaniv (the house where he lived is
preserved). There is a grave monument of the Soviet
writer Arkady Gaidar, who, being a correspondent on
the front line, was killed near the village Liplava in
1941. In the center of the city there are monuments to
Kaniv’s soldiers who died in the Afghan War and to
the victims of the Chernobyl accident (Bondar, 1959 )

Near the Monastyrok tract is a monument to
three Cossack hetmans whose life and activities were
closely intertwined with the lands of Kanivshchina:
Ivan Pidkova, Samiylo Kyshka and Yacob Shah.
A monument to St. Macarius, the venerable martyr,
Archimandrite of the Uspenskyj Cathedral , who was
tortured and executed in 1678 during the attack of
Turkish troops on Kaniv , is erected at the Uspensky;j
Cathedral. The relics of the canonized saint are now
preserved in the Volodymyr Cathedral of Kyiv (Fialko,
2003). There is a tomb monument to the Russian actor
Olexander Lensky who died in 1908 and was buried
in the village Selyshe on the Trakhtemiriv peninsula.
However, when the grave was threatened by the
rise in the level of the waters of the Dnipro River

in 1955, it was transferred to Kaniv. The monument
to Vyacheslav Chornovil in Kanev was the first
installed to him in the country. New commemorative
signs mark the events of recent years. In early 2015
a memorial sign was opened in honor to the Heroes
of the Heavenly Hundred. In the center of the city,
near the chapel, a memorial sign “To the Defenders
of Ukraine” was installed, dedicated to the memory
of soldiers fighting in eastern Ukraine against foreign
aggression at the end of 2015.

The names of prominent figures of the Ukrainian
nation are associated with Kanev - M. Bilyashivsky,
V. Vynnychenko, M. Maksymovych, T. Shevchenko,
M. Gogol, M. Vovchok, N. Leskova, A. Malyshko, V.
Sosyura, P. Tychyna and others. M.F. Bilyashivsky
is rightfully considered the founder of the Kanivskyj
Nature Reserve.

The combination of material and physical
objects, whose activities are aimed at meeting the
needs of tourists, represents Kaniv’s socio-economic
resources and tourist infrastructure. An integral part
of tourist services is accommodation facilities, which
have a direct impact on the formation of the tourist
potential of the city. The total number of rooms,
their condition and capacity affects the flow of
tourism and prospects for the development of tourism
on the local level. There are six accommodation
establishments in Kaniv: the Knyazha Gora Hotel,
Karat Hotel and Tourist Complex, the Hotel Complex
Zamok Roda, the Old Kaniv Hotel, house-hotel of
individual type and hostel in the Kanivsky Nature
Reserve. The total number of rooms is 59 (Liubitseva,
2017, Romanchuk, 2017, Kochetkova, 2017,
Vynnychenko, 2017, Mykhailenko, 2017), the cost of
accommodation starts from 200 UAH per day. These
accommodation facilities are able to satisfy the needs
of various categories of tourists — from unpretentious
to demanding in the level of comfort. The location of
the accommodation has a good geographical position
relative to the city center, as well as transport stops.

There are 32 restaurants with 1391 places in
Kaniv. They are located in the center or along the main
streets of the city: O. Koshevogo, T. Shevchenka and
Heroes of Heavenly Hundred.In the last two years,
some establishments have closed for short periods in
summer for technical reasons. All establishments are
focused mainly on Ukrainian and European cuisines,
less often - Asian (Biznes-kataloh pidpryiemstv
Ukrainy, 2017).

For leisure activities, tourists are offered
entertainment facilities, which are located in the
city center and along the Dnipro. The activists of the
project “VeloKaniv”, staff of the museum institutions
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of Kaniv region developed five cycling and several
walking routes. Thanks to the first Contest of the
Public Budget projects held in 2016, several tourist
facilities were reconstructed and created in the city: a
series of murals in the central part of the city, a square
near the Magnit plant and steps to a historical and
cultural monument, the Korolev Well, were created.
Information and direction signs were set up on the T.
Shevchenko Street (Liubitseva, 2017, Romanchuk,
2017, Kochetkova, 2017, Vynnychenko, 2017,
Mykhailenko, 2017).

One of the forms of leisure and cultural
enrichment is visiting museums. In the city there
are several museums: Taras Shevchenko Museum,
Kaniv Historical Museum, Museum of National
Decorative Art, Kaniv Museum of Nature, Museum
of Literary Kaniv Region and Club-Museum of War
Veterans. An international film festival has been held
in August since 2016 in the local House of Culture.
It is planned to complete the construction of another
House of Culture with 700 places under the direction
of the Shevchenko Cultural Center. The date of
commissioning is unknown. There is rental of bicycles
and electric cars for children on the embankment of
the Dnipro River.

One of the important components of the tourist
infrastructure is transport. There are five bus and
taxi routes in the city. Highways of regional and
local significance pass through the Kaniv area. The
requirements for intercity traffic are satisfied by the bus
station “Avto-Rika”, which is equipped by necessary
services for inter-city transportation of passengers.
Three are three main directions: Kyiv, Cherkasy
and suburban. One route goes to Dnipro city. Buses
depart at intervals of from 5 to 50 minutes. (Biznes-
kataloh pidpryiemstv Ukrainy, 2017). Roads in the
city center are not always safe and well maintained:
some pedestrian zones and clear roads signs for
drivers are absent, so there is a possibility of traffic
accidents.Today there is no railway connection to the
city following the explosion of the railway bridge in
1943. The nearest railway station is in Myronivka
city. One of the priorities in the development of
transport infrastructure is river transport, which can
serve both domestic and foreign guests. The presence
of the Dnipro River, the third in length and basin area
in Europe, determines the modern development of the
industry not only in freight traffic, but also in tourist
traffic. The river transport industry of the city is
represented by enterprises and infrastructure: “Auto-
Rikar” Subsidiary and “Tarasova Gora” pier (Biznes-
kataloh pidpryiemstv Ukrainy, 2017). By the mid
1990s the Dnieper was cruised as regular intercity
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transport by the motor rocket ships “Polissya”,
Rocket” and “Meteor” from Kiev to Kaniv. Cruise
routes of international importance passed through
Kaniv. Only in 2016 after a long break, was the
Kiev-Kaniv passenger voyage relaunched. It became
an excursion route, which includes travel in both
directions, visits to museums, the Tarasov Mountain
and excursion services.

Conclusions. After analyzing and determining the
level of favourability of the recreational resources
of the city and its surroundings for the organization
and implementation different recreational activities,
we can make the following conclusions. According to
the high degree of favourability of separate groups of
recreational resources, the Kaniv city can specialize
in the following types of recreational activities:

- Organization of therapeutic-wellness recreation,
namely, climatotherapy (helio-, aero-, hydrotherapy),
landscape therapy (viewing of the landscapes, walks
by observation routes, audio and phytotherapy)

- Wellness and sports health recreation, namely
beach- swimming recreation, healthpath walking
and hiking, bicycle recreation and tourism, water
recreation and tourism (by rowing, sailing, pedal
boats, water skiing, hydro cycles, etc..), hiking and
S0 on;

- Cognitive recreation and tourism, namely
cultural, event, scientific tourism, excursions of
natural, historical and cultural direction, hunting and
fishing tourism, and so on;

- Eco-tourism, namely visiting the formations
of geotourism objects network, birdwatching,
botanical tours and nature photography. Development
and implementation of excursions by routes to the
“Trakhtemyriv” historical and cultural reserve,
scientific and educational excursions by the ecotrail
and an eco-route within the Kanivsky Nature Reserve,
the regional landscape park “Trakhtemyriv”, etc .;

- Business (congress) tourism using the socio-
economic infrastructure resources in addition to
natural, historical and cultural resources. Formation of
services package and services for holding congresses,
conferences, symposia, forums, festivals, etc.

However, the availability and condition of the
Kaniv’s socio-economic infrastructure and its environs
indicates an insufficiently high level of security
and comfort for the development of recreation and
tourism in the city. Therefore, despite the significant
potential for therapeutic recreation, the city is not
provided with resort health and treatment facilities,
as well as recreation centers, and insignificant mass
recreation facilities are accessible both to the city’s
population and to external tourists. The organization
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and development of the resort business in the city
requires large investments and reanimation measures.
The arrangement for recreational activities of the
shore zones and the banks of the reservoir also
requires significant funding and redesign according to
the current requirements of environmental legislation,
territorial planning of the city, and so on. Parks or
squares and other green areas of the city also have an
aesthetic function and affect the overall perception of
the city and, therefore, require additional equipment
and care. However, the economic and humanistic
effect of the introduction of this type of activity in
the region is justified by the resource potential, the
possibilities of both the environment and the interest
of the population.

The transport and information infrastructure
of the city and its surrounding areas also requires
objective investments in growth and development.
Due to the insufficient development of the city’s road
transport and information infrastructure, most of the
monuments and tourist sites remain poorly integrated
into the tourist routes.

Recently, the city has seen an increase in the
development of accommodation facilities, catering
and cultural leisure activities. There is a general trend
towards arranging territories and hospitality facilities
using authentic elements (local cuisine, stylized
interiors, using unique elements in architecture
and decoration, design, etc.), which increases the
attractiveness of the city for tourists. In recent
years, the city has seen a general trend towards the
development of various types of congress (business)
tourism (holding conferences, seminars, congresses,
creative competitions, etc.), event tourism (holding
festivals, exhibitions, fairs, etc.).

The recreational potential of the territory of the
city of Kaniv and its environs is significant and can
be easily transformed into an economically promising
and high-quality consumer product. The result of
a balanced use of natural and cultural heritage and
available socio-economic resources would be an
increase in economic indicators (such as employment,
business activity, growth of financial indicators of
business activity), improvement of demographic
indicators (for example, decrease in labour migration),
increased human development and quality of life for
residents.
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Economic and geographical aspects of research into the economic potential of the Carpathian
region
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Received: 08.02.2019 Abstract. The article clarifies that during the administrative and territorial reform in
Received in revised form: 18.02.2019 Ukraine an important role is played by the capacity of the territory and the efficiency of
Accepted: 14.03.2019 the economic -managerial operations, in the assessment of which the most significant

indicator is the availability of economic potential of the territory. Regarding the natural
and geographical aspects of the research of the territorial structure of the economic complex of the Carpathian region, this region has
a substantial natural capacity for the development of economic potential. Therefore, this region has all the preconditions to become
one of the most developed regions of Ukraine . There are different classifications of the resources which make up and form the natural
potential of the region. One of them is the allocation of resources according to the production spheres and industries where they can
be applied, such as agricultural; non-productive; industrial. When it comes to the economic aspects of the research on the territorial
structure of the economic complex of the Carpathian region, their dynamics are determined by the demographic situation of the
region. Their dynamics are characterized by decrease in the rural population, cutback of the growth rate of the rural population, its
ageing (individuals over 70 years old take up the largest share in the general age structure of the population), and emigration of young
people, which is observed alongside some positive tendencies in birth rate increase. Accordingly, the processes of labour force ageing
negatively affect the informational enhancement of all spheres of economy functioning throughout the region. This is connected with
the failure of the region to embrace the state-of-the-art technologies. Such a demographic situation has influenced the structure of the
labour market, the formation of which is accompanied by the release of a significant amount of labour resources and the deterioration
of the situation in occupation and employment. At the same time, the freeing up of border crossing has contributed to the mass
emigration of villagers to neighbouring countries seeking for employment. This has happened as a consequence of the economic
processes that have taken place in the region, which are: high unemployment, prevalence of part-time jobs, and low wages. When we
take into account the available and favourable natural, economic, scientific and technical factors in the development of the economic
complex in the region, its historical and geographical inheritance, it is clear that strategic goals should include reasonable use of natural,
material and technical, labour and intellectual capacities, and creation of an effective economic system. Such a system has to be able
to provide material needs of various industries of the territorial economy and increase the level of environmental safety in the region.
Herewith, based on the received data on the socio-economic and ecological status, we have identified are some main priorities for
developing the Carpathian region. These priorities are as follows: development of tourist and recreational, agricultural and industrial,
and forestry complexes; development of the non-productive sphere (especially in the area of mountainous territories); increase of the
economic development of the Carpathian region; protecting the environment and raising the responsibility for the irrational use of
natural resources and large amounts of pollutant emissions into the environment; taking measures to restore the historical and cultural
traditions of the Carpathian region.

Key words: territorial structure, economy, economic complex, economic potential, the Carpathian region.

Exonomiko-reorpadiuni acnekTn a0c/iIKeHHsI rocnogapcbkoro norenuiaay Kapnarcbkoro
periony
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AHortanisi. Y crarti 3’sCoBaHO, M0 B YKpaiHi MiJ 4ac MPOBEICHHS aJMIHICTPaTHBHO-TEPUTOPIANTBEHOI pedOpMHU BaXKIIUBY DPOJIb
Biflirpae mi€3maTHICTh TEpUTOPil Ta eEeKTHBHICTh (YHKIIOHYBaHHS TOCIIOAAPCTBA, IPH OLIHIOBAaHHI YOTO HAWBAXKIIMBILIAM II0-
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Ka3HUKOM € HasBHICTH TOCHOJIApchkoro noteHmiamy tepuropii. 1o crocyeTbest mpupomHo-TeorpadiuHUX ACMEKTiB JTOCIIHKCHHS
TEPUTOPIATBEHOI CTPYKTYPH FOCIIOAAPCHKOr0 KoMIUIeKkcy KapnaTchkoro periony, To BiH BOJIOZi€ 3HAYHUM IIPHPOHAM ITOTEHIIAIOM JUIs
PO3BHTKY TOCTIOIAPCHKOTO MOTEHIIIANY, & OT)KE Ma€ BCl MEPEAYMOBH, 00 YBIMTH 10 YKcia HAOLIBII PO3BUHEHNX PETiOHIB YKpaiHH
y IbOMY BiZHOLICHHI. ICHYIOTH pi3Hi Kinacudikamii pecypciB, U0 BXOAATH 1 YTBOPIOIOTH MPUPOTHHUK MOTeHIian perioHy. OqHuM 3
HUX € PO3IMOALT PEeCypcCiB BiAMOBIAHO 70 cdep 1 raiayseil BUpOOHUITBA, Ie BOHH MOXYTh OyTH 3aCTOCOBaHi: CilIbCHKOTOCIIOAAPCHKI;
HeBHpOOHMYI; TpoMucioBi. [Ilo cTocyeThesi eKOHOMIUHHMX aCIEKTIB JOCIHIIKEHHSI TEPUTOPIaIbHOI CTPYKTYPH T'OCHOAAPCHKOTO KOM-
wiekcy Kapnarchbkoro periony, To iX JAMHaMiKa 3yMOBJICHA JEMOTpagivyHOI0 CHUTYAIli€l0 PEerioHy, sKa XapaKTepU3yeThCsl 3MEHILICH-
HSIM CUTBCBKOTO HAcCeJICHHs, CKOPOUEHHS TEMITiB IPHPOCTY CLILCHKOTO HACENEeHHs, HOro crapiHHsAM (ocobu, BikoMm moHax 70 poki
CTaHOBIIATh HAWOIUIBIY YaCTKy Y 3arajibHiil CTPYKTYpi HACEJIEHHS), EMITPaIlieo MOJIOII, AeIKAMHI MO3UTHBHUMHI MOMEHTAMH OO
301IbIICHHS] HApOKyBaHOCTI. BinmoBinHo, mporecu CTapiHHSA TPYAOBUX PECYpCiB HETaTHBHO BIUIMBAIOTH HAa 1H(OPMATH3ALIIO
ycix cep QyHKIIOHYBaHHS €KOHOMIKH PErioHy y 3B’SI3Ky 3 HECHPOMOXHICTIO OCTAHHIX JI0 OCBOEHHS HOBITHIX TexHosoriil. Taka
nemorpadidHa CUTyallist BIUIMHYJA Ha CTPYKTYPY PHHKY TIpalti, GOpMyBaHHS SIKOTO CYIPOBOIKYEThCSI BUBIIBHEHHSIM 3HAYHOT KUIBKOCTI
TPYAOBHX PeCypciB Ta MOTIPIIEHHAM CHTYyalil y cdepi 3aifHATOCTI Ta MpaleBlauTyBaHHs. Y TOH XKe Jac, BUIbHUH IIEPEeTHH KOPJIOHY
CIPUSIB MACOBIl eMirparii ceistH A0 CyCiTHIX JepKaB 3 METOIO TpalleBlalmTyBaHHs. Lle cTano HaciiKkoM eKOHOMIYHUX IPOIIECiB,
SIK1 B1IOyBaJIMCsl y PETiOHI: BUCOKHUIA PiBeHb 0€3p00ITTS, HEMOBHA 3alHATICTh, HU3bKUI PIBCHD OIUIATH Mpali. 3BaKal0ud Ha HAasIBHI B
perioHi cpUATINBI NPUPOAHI, EKOHOMIUHI, HAYKOBI Ta TEXHIUHI ()aKTOpU PO3BUTKY I'OCIONAPCHKOTO KOMIUIEKCY, HOTo icTopryHa Ta
reorpadiuHa peTpoCIeKTUBa, CTPATEriuHi L)1l BKIIOYAIOTh ONTHMAaJIbHE BUKOPUCTAHHS IIPHUPOJHOT0, MaTepialibHO-TEXHIYHOTO, TPY/I0-
BOTO Ta IHTEJIEKTYaJIbHOTO IIOTEHIIiaJIiB, CTBOPEHHS e()eKTUBHOI EKOHOMIYHOI CHCTEMH, SIKA 3/1aTHa 3a0e3MeUNTH MaTepialibHi MoTpeOn
PI3HMX ragy3el TepuTOpiaIbHOT eKOHOMIKH Ta ITiIBUIIICHHS PiBHS €KOJIOTIYHOT Oe3meku periony. [Ipn ipoMy, cimparounch Ha OTpHMaHi
JIaHi 00 COLiaIbHO-CKOHOMIYHOTO Ta EKOJIOTIYHOTO CTaHy, CEPe/l OCHOBHUX MPIOPUTETIB PO3BUTKY Kapmarchkoro periony € po3poo-
Ka TypHCTHYHO-PEKPEaIiifHOr0, arponpOMHUCIOBOTO, JTiCOTPOMHCIOBOTO KOMILIEKCIB, PO3BUTOK HEBHPOOHNYOI cepu (0coOmmBoO Ha
TEPUTOPIT FiPCHKUX TEPUTOPIi), i BUILIECHHSI €eKOHOMIYHOTO PO3BUTKY KapraTchKoro perioHy, 0XOpoHa HaBKOJIHIIHBOTO CepeIOBHIIA
Ta TIiBUIIEHHS BiIIOBIAILHOCTI 32 HepalioHaIbHE BUKOPUCTAHHS IIPUPOJHUX PECYPCIB Ta BEIHKI 00CATH BUKUIB 3a0pyIHIOIOUNX
PEYOBHX y HABKOJIMIIHE CEPEIOBUIIE, 3IHCHEHHS 3aX0/iB 100 Bi/HOBICHHS ICTOPUKO-KYJIBTYPHUX Tpaauliid Kapmarcekoro kpato.

Kniouosi crosa: mepumopianena cmpykmypa, 20Cnooapcmeo, 20Cho0apcbKuti KOMIIEKC, 20cnodapcbkuti nomenyian, Kapnamcokuii

PecioH.

Introduction. In the modern world, the capacity
of certain territories is one of the most important
pledges of the successful prosperity of a country. So
in Ukraine during the process of administrative and
territorial reform, a crucial important role is played
by the capacity of the territory and the efficiency of
the economy, in the assessment of which the most
important indicator is the availability of the economic
potential of the territory.

For the recent period of time, socio-economic and
political transformations in Ukraine and the country’s
desire for full integration into the world’s economic
community have facilitated some positive changes.
First of all, they contribute to the formation of new
ways and mechanisms of national development, and
influence on the development of industrial relations
in various spheres of economic activity, and on the
assessment of the role of resource factors in production
and provision of social development and well-being.
Regarding this, a special approach is required for
such a sphere of vital importance to society as use of
natural resources.

The modern global concept of socio-economic
development, on which the future of mankind is
oriented, along with social and economic factors
of social development, distinguishes as primary,
the natural component and relates the sustainable
development of civilization to the use of a number
of necessary measures and restrictions in order to
avoid irreversible destructive changes in the natural

476

environment. This requires careful use of natural
resources. Considering this, the main purpose of the
article is to analyze the economic and geographic
aspects of the study of the economic potential of the
Carpathian region.

Material and methods. In the course of our research,
economic and geographic aspects of the study of
economic potential of the Carpathian region have
been investigated. The information base of the study
was provided by monographs, scientific and analytical
publications by domestic and foreign authors; official
data of the State Statistics Service of Ukraine and
regional statistical services of Lviv, Ivano-Frankivsk,
Chernivtsi and Transcarpathian regions, etc. The study
used both general scientific (systematic approach,
structural analysis and synthesis, literary, mathematical
and statistical, and historical methods), as well as
special methods (comparative and geographical,
classification and typology, regionalism, zoning, and
expeditionary method).

Results and their analysis. The analysis of the
productive forces of the Carpathian region and
their development through the prism of the current
economic and geographical situation allows one
to form a real assessment of the effectiveness and
prospects of development of the entire territorial
structure of the economic complex. Despite the
economic achievements of previous years, it should
be noted that irrational and sometimes foolish
economic policy and false management actions have
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led to the formation of a non-vital and deformed
economic system in the region that has lost its social
attractiveness and economic efficiency, and poses an
environmental threat to the region. This has led to
the accumulation of a range of social, economic and
environmental issues that require immediate solution.
The analysis of the socio-economic situation in the
region according to the criteria of present day and the
search for optimal ways of sustainable development
requires attention to be paid to negative phenomena
that have become relevant in the recent years. As
O. Olshanska, M. Fashchevskyi, and I. Bilokon
point out, the territorial structure of the economy
can be considered as a means of reflecting the
interconnection of various elements of the structure
of industry, in which an inseparable system of natural
resources, society, production spheres, service, and
infrastructure is treated as a complex of branches of
social life (Ol’chans’ka, Fachevs’kyj, Bilokon ‘, 2009)
(see Figure 1). This interpretation overlaps with the
notion of “branch structure”, which is determined by
the ratio by type of economic activity.

We agree with O. Dobrovolska that the territorial
structure of the economy of the region includes
territorial branch subsystems, such as industrial,

the ecology. These are the means of the territorial
structure of the economy and the outspread of society,
along with means of natural resource potential,
economic and geographical position and geopolitical
location, socio-economic regional indicator and
product competitiveness, which are indicators for
determining the geo-economic potential of the state
(Maniv, Luts’kyj, Maniv, 2007).

Thus, the territorial structure should be understood
as a set of territorial relations between individual
production facilities. It should also be noted that the
level of development of territorial structures has a
substantial impact on the functioning of the economic
complex of the country as a whole.

Comprehensive economic development of the
regionisbased onthe consolidation of marketindustries
of national importance, industries that provide for
the needs of the population and the development
of leading industries and sectoral infrastructure. A
complex approach to the development of a regional
economy involves the formation of stable economic
and inter-branch links, which will also facilitate the
development of the sphere of services of the territorial
complex.

All regions, economic regions, have specific

agricultural, transport, etc. According to O. natural and resourceful potential and their indigenous
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Fig. 1.Scheme of the influence of geographical position and economic potential on the territorial structure of the economy *

*- the author s own development

Dobrovolska, the territorial structure of the economy
of the region involves the dimensional organization
of various types of production on its territory, with
the establishment of close interconnections between
the economic centre (s) of the region and the areas
(Dobrovol’skaia, 2007).

Territorial structure arises, based on the
territorial division, integration processes of labour
and specialized mechanisms of the economy. This
concept combines different types of productive means
and the distribution of human resources, considering
social and territorial development and the state of

features of the economy and social factors, which
are prominent aspects in establishing their economic
profile. Regions should be understood in terms of
economic unity, territorial economic organization, the
main milestones of which are market specialization
(Hajdenko, 2018) is.

Withregard to the natural and geographical aspects
of the study of the territorial structure of the economic
complex of the Carpathian region, this region has a
significant natural potential, and therefore has all the
prerequisites to become one of the most developed
regions of Ukraine in this respect. There are different
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classifications of resources that are included in and
form the natural potential of the region. One of them
is the division of resources according to the spheres
and industries where they can be applied: agricultural,
which includes all the resources needed and involved
in agriculture, such as soil , land , natural and climatic
resources ; non-productive, which are resources not
involved in economic activity, but necessary for the
normal functioning of society; industrial, which are
a set of resources involved in economic activity and
industrial production.

In the context of the analysis of the economic
and geographic aspects of the study of the territorial
structure of the economic complex of the Carpathian
region, it is worth noting that it includes four
administrative regions: Lviv, Transcarpathia, Ivano-
Frankivsk and Chernivtsi (see Figure 2). Let’s consider
the features of the natural and geographical location
of each of the regions more rigorously (Dovhan °,
2005):

1. Lviv region. It is located in the western part
of the country. The territory is 21.8 thousand square

kilometres. The area of Verkhniobusk Lowland,
located in the north, is marshy in patches; the
Podillyan Upland and Roztochchya are located in
the centre, in the south there are the Prydnistrovskyi
depression, foothills and the Ukrainian Carpathians,
which include the Beskyds and the Vododilni ranges.
There are significant deposits of natural resources
in the region, including oil, natural gas (in the Pre-
Carpathian oil and gas region), coal reserves (Lviv
and Volyn coal basin), potassium and rock salt
(Stebnyk potassium salts deposit), sulphur, ozocerite,
and building materials. There are several wells
with mineral elements, which are the basis for the
establishment and operation of spa health resorts
(in particular Morshyn and Truskavets). The area is
marked by a moderately continental climate, warm
summer, and there are frequent thaws in winter. The
mountainous climate has a more severe character. In
January, on the Podillyan Uplands, the thermometer
reaches -4.7 ° C, in the Pre-Carpathian territories -6.1
° C, the Carpathians have a temperature of -6.6 ° C ;
in July the temperatures for these areas are +18.7 ° C,
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Fig. 2. Territorial structure of the Carpathian region*
*- by materials (Dovhan’ H. D., 2005)
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+18 ° C, +16 ° C, respectively. The precipitation on
the territory of the Podillyan Uplands is 641-742, in
Pre-Carpathians 685-773, in the mountainous area it
is up to 1000 mm per year. Most of all, this indicator
rises during summer .

2. Transcarpathian region. It is located in the
western part of the state. The territory is 12.8 thousand
square kilometres. Transcarpathian region has two
types of relief: mountainous (Ukrainian Carpathians)
and flat (Transcarpathian lowland). The mountainous
area occupies approximately 4/5 of the area. The
ranges of the Carpathian Mountains extend from
the northwest to the southeast. The altitude of the
Transcarpathian lowland reaches 105-120 m and this
tract tilts slightly from the mountain ranges to the Tysa
River. The area is rich in minerals; there are deposits
of rock salt, brown coal, mercury ore, alum stones,
gold, polymetallic ores, tuffs, dolomites, pearl stones,
bentonite clays, and the like. There are also large
concentrations of mineral water springs here. This
area has a moderately continental climate, with short
and mild winters in the lowland and warm summers.
In January, the temperature reaches from -2 to -3 ° C,
in July on average +19 ... + 21 ° C. In the upper part of
the area, the temperature in the summer is quite cool:
+9 ... +13 ° C in July, the winter lasts a long time and
is marked by a relatively low temperature: in January
-5 ...- 9 ° C. The amount of precipitation depends on
the height and ranges from 642 to 1411 mm.

3. Ivano-Frankivsk region. It is located in the
northern part of the state, it occupies the foothills and
mountainous parts of the Carpathian Mountains lo-
cated in Ukraine. The territory is 13.9 thousand km2.
The region has three types of relief: the north-eastern
part is flat (the surface of the Podillya Upland), the
middle part covers the foothills (the Pre-Carpathi-
ans), and the south-western part is mountainous (the
Ukrainian Carpathians). The Carpathian region has
a system of river valleys. About half of the region’s
territory is occupied by the Carpathian Mountains, in
particular the mountainous ranges of the Horhan, the
Pokuttya and Bukovyna Carpathians, the Hrynyavy
and Chyvchyny Mountains, and Chornohora, where
the highest point in Ukraine, Hoverla, is situated. Its
height is 2,061 m. The reserves of minerals are repre-
sented by oil and natural gas (in the Pre-Carpathian oil
and gas region), brown coal, ozocerite, large reserves
of sulphur and rock and potassium salt, gypsum, slate,
phosphorites, various building materials and mineral
water wells . It is an area with a moderately continen-
tal climate, mild winters, warm summers in the plains
and foothills. The average temperature in January is
-4..-45°C, andin July is from + 18 to + 19.5 °

C. In the mountainous area, the temperature is lower:
-6 ° C in January, +16 ° C in July. The precipitation
reaches from 600 to 800 mm in the Carpathian region,
to 1,400 mm in the mountains.

4. Chernivtsi region. It is located in the western
part of the country in the Pre-Carpathian and Eastern
Carpathian territory. It covers an area of 8.1 thousand
square kilometres. In its south-western part there are
the Carpathian Mountains, which are a series of rang-
es, placed in parallel, up to 1,400 m height.

To the north-east of the Carpathian Mountains,
the foothills of the piedmont plain reach out. In the
northern part of the territory, the Prut-Dnister ripar-
ian line lies along with the Khotyn Hill in its middle
part. Here is the highest peak of the Ukrainian plains
—Berda Mountain , reaching 515 m in height. There is
a system of canyon-like valleys of rivers, ravines and
gullies that dissect the local surface. In the western
part you can find karst. Natural resources are repre-
sented by phosphorites, gypsum, quartz, glauconitic
sands, clay, limestone, marble, graphite, and brown
coal. There are also supplies of mineral wells and
therapeutic mud. The territory is characterised by a
moderately continental climate: cool and wet in the
summer, moderately cold in winter. In January, in the
lowlands the temperature is from -4.8 to -5.0 ° C, in
the foothills -4.8 ... -5.5 ° C, in the mountains from -6
to-10°C,inJuly +18.8...+19.5°C,+16.2... +19.0
°C,+13 ... +16 ° C, respectively. The rate of precipi-
tation is as follows: 500-600 mm - in the plains, 800-
1200 mm - in mountainous areas, precipitation falls
mainly in the summer.

The Carpathian region of Ukraine covers an area
of 56,607 square kilometers , which corresponds
to 9.4% of the territory of the country. The above-
mentioned Transcarpathian, Ivano-Frankivsk, Lviv
and Chernivtsi regions belong to it. This is justly the
“natural pearl” of our country, because its territory in-
cludes 22% of the nation’s forests, 26% of its nature
reserves, 36% of its water resources of river flows,
42% of its exclusive and rare underground mineral
water. Despite this, it has its own negative conditions
related to the geography of the region: low amount of
arable land, poor road and transport capability, fre-
quent adverse hydrological phenomena and climatic
conditions that complicate farming. This has ensured
that the level of economic development favours the
plains at the expense of the mountainous areas. This,
in the conditions of an open market system, in turn
leads to depopulation tendencies, and poses a risk of
the disappearance of the distinctive ethno-cultural
system of the mountains (Kravtsiv V.S., 2013). The
Carpathian region of Ukraine is significantly exposed
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to adverse environmental phenomena, such as threat-
ening and catastrophic floods, soil erosion, surface
and underground water pollution , damage caused
by strong wind, damage to forests from diseases and
pests (Kravtsiv, 2013).

In the Carpathian region, there is a general ten-
dency to reduction of emissions of harmful substances
in 2017 compared to 2010. In our opinion, the reason
for this is that the scope of production is decreasing,
the sources of emissions are eliminated, individual
production units have stopped operating, and invest-
ments have fallen. All of that leads to the fact that the
emissions of the enterprises correspond to the norma-
tive ones or are lower than them. However, for the
last two years the situation has been worsening (see
Figure 3).

Considering this, one can track a small increase

ineffectiveness of obsolete gas-cleaning systems is
obvious at asphalt and concrete production enterprises,
in particular, at plants run by the Transcarpathian
regional road service and the heating networks of
Mukachevo, Berehovo, Vynohradiv, Khust.
Inappropriate equipment is also installed at
boiler-houses of the Ministry of Transport and
Communications of Ukraine. In recent years, it has
been possible to notice a significant increase in the
number of vehicles and the number of gas stations,
which also substantially pollute the atmosphere
(Rehional’na dopovid ‘pro stan navkolyshn’oho
pryrodnoho sererdovyscha Zakarpats’koi oblasti).
The level of pollution of the atmosphere
significantly influences the well-being of city residents,
leading to the development of chronic diseases of
the cardiovascular, nervous and respiratory systems,
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Fig. 3. Dynamics of indicators of emissions of harmful substances into the atmosphere of the Carpathian region during 2010-

2017

*- developed by the author on the basis of statistical data of the regions of the Carpathian region

in the number of substances that have been emitted
into the atmosphere by stationary sources that pollute
the air. The increase in the number of such cases
was possible due to the main factors of pollution;
in particular, we observe similar activity near
OJSC “Zakarpathaz” and gas pipelines of UMG
“PrykarpattransHaz”, which is the Transcarpathian
regional linear production organisation for the main
gas pipelines. Such incidents depended on the volume
of gas pumped by these producers. One of the main
causes of emissions into the air is obsolete technical
equipment, repairs and prophylactic measures
at the stations with compressor equipment.The
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worsening of the blood state, development of allergic
reactions, etc. Most of all, this is felt by people living
near highways which are characterized by heavy
traffic. Here the level of contamination is many times
higher than the level of harmful emissions in places
without such traffic, or in the park zones. Cars have
the ability not only to pollute the air, but also to have
a negative acoustic effect. According to researchers,
noise pollution contributes to the exacerbation of
diseases of the cardiovascular system, which causes
the bulk of deaths among city residents (Rehional’na
dopovid ‘pro stan navkolyshn’oho pryrodnoho
sererdovyscha u L’vivs’kij oblasti).
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Among the main sources of air pollution in
Ivano-Frankivsk region, it is crucial to point out
entrepreneurial activity directed at the production and
distribution of electricity, gas and water resources
(89.2% of total regional scopes). In this context, one
should note businesses in the towns of Burshtyn and
Kalush, and other settlements of Dolyna, Nadvirna
and Bohorodchany districts. To a large extent,
harmful effects on atmospheric air are caused by the
spread of pollutants from central European countries;
regrettably the absence of a network of control points
precludes the possibility of an accurate assessment of
the extent of transboundary pollution and the scale
of its impact on the atmospheric air of the region
(Rehional’na dopovid ‘pro stan navkolyshn’oho
pryrodnoho sererdovyscha v Ivano-Frankivsk region).

Inrecentyears, due to the decline of the production
industry and the replacement of solid fuel with
gaseous fuel, in Chernivtsi region, it has been possible
to observe a slight decrease in the level of pollution
of atmospheric air. It is worth mentioning that on the
territory of the Chernivtsi region, the choice of modern
highly-advanced and economical heating devices is
becoming more and more popular among enterprises.
Such facilities for heating buildings and providing
for other technological needs unconditionally reduce
the harmful effects of emissions and help maintain
the state of the atmospheric air (Rehional’na dopovid
‘pro stan navkolyshn’oho pryrodnoho sererdovyscha
v Chernivets’kij oblasti).

Researchers state the fact of the development
of compensatory mechanisms for the differences
between integrated farms of the regions by a regional
political system. These involve the creation of special
subsidies and preferential loans, which will stimulate
investment activity and its development in regions with
an under-developed economy. Thus, lagging regions
have a chance to step forward in their development,
while modern leading regions may lose this status. It
follows that such processes have the chance to gain
momentum and require constant state attention. If this
is not provided, regions with depressive symptoms
may stop their development completely (Hajdenko).

Therefore, realization of the state tasks and goals,
i.e. carrying out of economic, social, demographic,
scientific and technical and ecological policies
on the regional level, has a significant impact on
the development of the territorial structure of the
economic complex of the region (area, territory).
It should be outlined that the influence of regional
policy on the development of the economic complex
of the region is performed through regional planning,
forecasting and programming.

Regarding the economic aspects of the study of

the territorial structure of the economic complex of
the Carpathian region, their dynamics are determined
by the demographic situation of the region, which is
characterized by a decrease in the rural population,
a decrease in the growth rate of the rural population,
its ageing (individuals over 70 years old represent
the largest share in the general age structure of the
population), emigration of young people, though an
increasing birth rate provides a positive tendency
(see Table 1). The combination of these facts is
confirmed by the fact that there is a gradual extinction
of labour resources in this territory and, accordingly,
deterioration in the professional training of the
existing population. This is explained by the fact that
the processes of ageing of the labour force negatively
affect the informatisation of all spheres of functioning
of the region in connection with the failure of the
latter to master the state-of-the-art technologies.

In accordance with the above data, we can
conclude that in all regions of the Carpathian region,
apart from Lviv, the share of rural population
prevails. In particular, the rural population prevails
in the population structure of Transcarpathian
region and is growing at a higher pace. In general,
the population of the region has grown by 1.07%,
while the population of such regions as Lviv, Ivano-
Frankivsk has decreased by 0.78% and 0.23%
respectively, while Chernivtsi it has increased by only
0.25%. Due to this, the population of the Carpathian
region has declined by 0.13% since 2010 up to 2018.
Regarding the structure, city residents predominate
in Lviv region, in Ivano-Frankivsk region there are
fewer urban residents, and in Chernivtsi there are also
fewer city residents than rural inhabitants. The urban
population in Lviv region has decreased by 0.37%,
the number of inhabitants of villages - by 1.41%, and
in Ivano-Frankivsk and Chernivtsi regions - by 1.66%
and 1.69% respectively. This has provided a reduction
of the rural population of the Carpathian region by
0.83% from 2010 to 2018.

Such a demographic situation has affected the
structure of the labour market, the formation of
which is accompanied by the release of a significant
amount of labour resources and the deterioration of
the situation in occupation and employment. At the
same time, the liberalisation of border crossing has
contributed to the mass emigration of villagers to
neighbouring states with the purpose of employment.
This has become a consequence of the economic
processes that are taking place in the region, which
are high unemployment, predominance of part-time
jobs, and low wages.

The general indicator that determines the
efficiency of functioning of the region’s economy is
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Table 1. The dynamics of demographic indicators of the Carpathian region population during 2010-2018, thsd persons*

Year Deviation
Indicator
2010 2011 2012 2013 2014 2015 2016 2017 2018 | 9018-2010 +/-
Transcarpathian Region

Current Population: | 1244.8 | 1247.4 | 1250.7 | 1254.4 | 1256.9 | 1259.6 | 1259.2 | 1258.8 | 1258.1 13.3
Urban Population | 462.6 | 463.8 | 4652 | 466.4 | 466.9 | 467.3 467 465.5 | 465.5 29
Rural Population 7822 | 783.6 | 785.5 788 790 7923 | 7922 | 7933 | 792.6 10.4

Lviv Region

Current Population: | 2549.6 | 2544.7 | 2540.9 | 2540.7 | 2538.4 | 2537.7 | 2534.2 | 2534.0 | 2529.6 -20
Urban Population | 1547.9 | 1546.4 | 1544.8 | 1546,1 | 1545.8 | 1547.1 | 1544.9 | 1544.7 | 15421 -5.8
Rural Population | 1001.6 | 998.2 | 996.1 | 994.5 | 992.5 | 990.7 | 989.3 | 989.3 | 987.5 -14.1

Ivano-Frankivsk Region

Current Population: | 1380.7 | 1379.8 | 1380.1 | 1381.8 | 1382.1 | 1382.6 | 1382.4 | 1379.9 | 1377.5 -3,2
Urban Population 596.4 | 597.2 | 597.7 | 599.6 [ 600.8 | 602.6 [ 604.5 | 605.1 | 606.2 9.8
Rural Population 7843 | 782.6 | 782.4 | 7822 | 7813 780 7779 | 774.8 | 7713 -13

Chernivtsi Region

Current Population: | 904.4 | 904.3 | 905.3 | 907.2 | 908.5 910 909.9 | 908.1 | 906.7 23
Urban Population 3793 | 381.1 | 383.1 | 385.7 | 388.2 | 3903 | 391.8 | 391.1 | 390.5 11.2
Rural Population 525.1 | 5232 | 5222 | 521.5 | 5203 | 519.7 | 518.1 517 516.2 -8.9

Carpathian Region

Current Population: | 6079.5 | 6076.2 | 6077 | 6084.1 | 6085.9 | 6089.9 | 6085.7 | 6080.8 | 6071.9 -7.6
Urban Population | 2986.2 | 2988.5 | 2990.8 | 2997.8 | 3001.7 | 3007.3 [ 3008.2 | 3006.4 | 3004.3 18.1
Rural Population | 3093.2 | 3087.6 | 3086.2 | 3086.2 | 3084.1 | 3082.7 | 3077.5 | 3074.4 | 3067.6 -25.6

*- developed by the author on the basis of statistical data of the regions of the Carpathian region

the gross regional product, which is defined as the
sum of the gross value added of all types of economic
activity, including net taxes on products (see Table 2).

The gross regional product of the Carpathian
region has been increasing throughout the period
of the entire investigation, but this dynamic cannot
be called uniquely positive due to the devaluation
of the national currency and inflationary processes.
At the same time, GRP per capita is increasing, and
the growth rate is slowing down with each year. The
largest GRP has been produced in the Lviv region,
in the second place is Ivano-Frankivsk region,
further - Chernivtsi and Transcarpathian regions. This
determines the share of GRP per capita in terms of
areas. The growth rate of the Transcarpathian GRP
has a multi-vector dynamic, but with each year the
dynamic is positive. In the Lviv, Ivano-Frankivsk and
Chernivtsi regions, there is the same trend of the GRP.

Therefore, the most important measures for
the development of the economic complex of the
Carpathian region should include the harmonization
of the social sphere with the existing needs of the
population. The important aspect of development is
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providing of conditions for the regular reproduction
of the labour force through raising the living standards
of the population, especially in villages. An equally
important condition for achieving such a level of
development of the socio-economic potential of the
region is the harmonization of development both of
society and the natural environment.

Geopolitics of the territory and special ecological
conditions have influenced the creation of the territorial
structure of the economic complex of the Carpathian
region. The territorial structure of the economy of
the region combines the location, spatial systems,
the apparatus for the development of settlements,
the infrastructure of society and production, and the
interconnection of all types of economic activity,
which has arisen on the basis of natural and mineral
resources (Nahirna, 2009).

As we see, the basis of the economic complex
of the Carpathian region is the production and
distribution of electricity, gas and water - 25.6%.
In the context of the development of the processing
industry, the main industries are machine-building,
chemical and petrochemical industries, as well as
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Table 2. The dynamics of the gross regional product of the Carpathian region during 2010-2018*

. Year Deviation
Indicator
| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2018-2010 +/-
Transcarpathian Region
GRP total, in
actual prices, mln. [ 15299 | 18054 21404 21400 24120 28952 32390 - - -
UAH
GRP per capita ,
in actual prices, | 12278 | 14455 17088 17044 19170 22989 25727 - - -
UAH
Lviv Region
GRP total, in
actual prices, mln. | 41655 | 52103 61962 63329 72923 94690 114842 - - -
UAH
GRP per capita,
in actual prices, | 16353 | 20490 24387 24937 28731 37338 45319 - - -
UAH
Ivano-Frankivsk Region
GRP total, in
actual prices, min. | 20446 | 26752 32286 33196 37643 45854 51404 - - -
UAH
GRP per capita,
in actual prices, | 14814 | 19386 23379 24022 27232 33170 37220 - - -
UAH
Chernivtsi Region
GRP total, in
actual prices, mln. [ 9892 11969 13166 13757 15049 18506 21239 - - -
UAH
GRP per capita,
in actual prices, | 10939 | 13228 14529 15154 16552 20338 23365 - - -
UAH
Carpathian Region
GRP total, in
actual prices, mln. [ 87292 | 108878 | 128818 131682 149735 188002 | 219875 - - -
UAH

*- developed by the author on the basis of statistical data of the regions of the Carpathian region

the woodworking industry. What is more, important
areas of development are agriculture, recreation and
tourism.

The level of economic growth of all sectors of
the economy enables consumer demand to be met
and solves economic problems in the region. One
of the largest spheres in the public production of the
region is industry. The level of its development is
an indicator of the economic status of the region, its
territorial specialization and the scale of the region’s
participation in the territorial division of labour. In
the process of formation of economic conditions,
stipulated by the level of market development,
industrial producers are constantly looking for ways
to improve and increase the competitiveness of their
own production under existing conditions.

The value of industrial products sold in the

Carpathian region increased in the 2010-2018 by
164,168,021 thousand UAH, in particular due to the
growth of this indicator in all regions. However, the
increase in industrial production indexes may indicate
an increase in prices for industrial products with a
slight increase in the scope of production or supply.
In contrast to the overall trend, in the Transcarpathian
region, the index of industrial production has declined
by 29.1%.

Having analysed a number of economic and
geographical areas of the territorial structure of the
economic complex of the Carpathian region, in our
opinion, it is necessary to emphasize the importance
of the problem of the current ecological situation,
which is caused by numerous factors.

The main reasons for the deterioration of the
ecology of the Carpathian region are the following:
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Table 3. Sectoral structure of industry in terms of the regions of the Carpathian region, %*

Industry Sectors Transcarpathian | Ivano-Frankivsk | Lviv | Chernivtsi Ci?;gl;an

All industries 100 100 100 100 100

Mining industry: total 1.4 6.5 4.7 1.1 34

Including: mining of fuel and energy natural resources 0.1 6.2 4.4 - 2.7
Production and distribution of electricity, gas and water 15.9 359 19.0 31.6 25.6
Processing industries in total 82.7 57.6 76.3 67.3 71.0

including metallurgical production 0.6 1.2 4.4 5.8 3.0
Chemical and petrochemical 7.2 9.0 7.8 6.7 7.7
Machine-building 414 2.4 11.6 8.6 16.0

Woodworking 4.6 9.2 32 35 5.1

Cellulose and paper production 1.0 3.0 54 1.5 2.7
Manufacture of coke, refined petroleum products - 6.9 6.9 - 35
Consumer goods industry 5.1 2.0 33 6.6 43
Food industry 15.3 15.3 26.5 25.5 20.7

*- developed by the author on the basis of (Nahirna, 2009)

Table 4. Dynamics of the value of sold industrial products (goods, services) of the Carpathian region during 2010-2018, ths. UAH*

Year Deviation
Indicator 2018-
2010 2011 2012 2013 2014 2015 2016 2017 2018
2010 +/-
Transcarpathian Region
Value of sold in- 7,07 8,86 9,95 10,03 11,15 13,87 22,39 25,23 18,15
dustrial products 184,718,622
(goods, services) | 9,125,7 | 6,443,7 | 6,782,1 | 5,856,7 | 3,268,7 | 2,542,6 9,8482 | 3,378,1 4,252
Indices ofindus- | 05 o | 1018 | 1014 | 969 | 1061 | 79.7 105.,9 1003 | 1013 | -416
trial products

Lviv Region

Value of sold in- | 25,65 32,39 34,87 34,62 39,58 58,50 91,45 92,87 67,22
dustrial products 72,385,789,9
(goods, services) | 5,264,.9 | 2,240,1 | 3,983,9 | 0,468,3 | 4,498,4 | 1,981,4 7,271,8 | 9,613,2 4,348

Indices of indus-

. - - - 101,2 97,2 98,5 99,3 106,0 103,4 -
trial products

Ivano-Frankivsk Region

Value of sold in- 13,83 24,18 25,26 22,01 25,14 34,74 49,91 36,07

dustrial products 37,267,619,4 4488 é8130
(goods, services) | 7,621,1 | 7.656.4 | 8.815.4 | 4,433,7 | 2,777.5 | 1.880.,0 SOV 10257 | 3,604
Indices of indus- - - - 95,3 98,9 89,1 95,5 1120 | 107.6 -
trial products
Chernivtsi Region
Value of sold in- | 3,19 4,06 4,10 4,09 4,67 6,82 9,42 9,68 9,98 6,78
dustrial products
(goods, services) [ 2,600 | 7,200 | 8,800 | 9,700 | 6,000 | 4,300 5,542,3 5532,1 | 1,4253 | 8,825
Indices of indus- - - - 103,7 | 92,9 983 96,9 106,7 | 1055 -
trial products
Carpathian Region
Value of sold in- | 13,83 | 60,11 | 70,59 | 70,95 | 73,89 | 90,15 137,55 172,37 | 178,00 | 164,16
dustrial products
(goods, services) | 7,621 | 4,647 | 4,699 4,0 8,803 | 5,647 0,813 7533 | 5642 | 8,021
Indices of indus- - - - 99275 | 98,775 | 914 99,4 1062 | 1045 -

trial products
*- developed by the author on the basis of statistical data of the regions of the Carpathian region
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the lack of a proper balance between certain economic
and industrial sectors, ignorant and unsympathetic
attitude to nature and ecology in general. This has led
to intensive use of natural resources and deterioration
of the state of environment. The latter is closely linked
to the influence of pollution factors, which negatively
affects the health of the population in general and
children in particular. The deteriorating state of
ecology plays a significant role in increasing mortality
rates. Electricity related substances, concerning the
sphere of chemical, mining, as well as the transport
and food industries, cause the majority of harmful
emissions in the Carpathian region (Maniv, Luts’kyj,
Maniv, 2007).

The natural environment is characterized by the
states of exhaustion and degradation, which may be
caused by insufficient ecological justification of the
use of natural resources, the development of new
lands and mining, agricultural methods, etc. The same
applies to damage to integral landscape surfaces, the
ecologically unbalanced structure of agricultural land
use, which is aimed at obtaining agricultural products,
and frequently ignores the ecological capacity, erosion
resistance and excessive ruin of the earth’s surface.
Other negative factors are unreasonable exploitation
of forestry, neglect of the importance of forests for
modern ecology (Chakhraiuk- Onofrej, Lakusta,
2011).

The use of water reserves can also be considered
as extremely irrational and unprofitable. Moreover,
their pollution can be defined by industrial and
agricultural wastes. It is worth noting that the greatest
damage to surface and underground waters is brought
by settlements, farms for breeding animals and various
complexes, since they usually do not have sewerage
and cleaning systems (Maniv, Luts’kyj, Maniv, 2007).

The Carpathian region is the most dangerous in
terms of natural phenomena, in particular, floods. The
probability of the occurrence of this natural disaster
today has a tendency of growth. Every year flooding
damages all regions of the Carpathian region. On this
basis, it can be argued that the main method of securing
this region is to take measures for soil retention,
strengthening dams and other structures, which serve
protective functions (Chakhraiuk-Onofrej, Lakusta,
2011).

Consequently, for the Carpathianregion, as well as
for other regions of Ukraine, there are many problems
in the development of economic potential. That is
why it is necessary to conduct in-depth studies of the
development of all strategically important industries
of the region in order to eliminate the downsides and
improve the structure of the economic potential of the

Carpathian region. The problems of the development
of the territorial structure of the economic complex
of the Carpathian region include socio-economic,
institutional and natural and ecological. However,
they all have complex solutions, the implementation
of which can eliminate the problem or at least
periodically will halt their negative action. At the
same time, it is necessary to improve each industry
of the manufacturing and non-productive sphere,
introducing measures to improve their development,
which in general would improve the development of
the whole Carpathian region.

When we take into account the available and
favourable natural, economic, scientific and technical
factors in the development of the economic complex
in the region, its historical and geographical heritage,
strategic goals should include three aspects:

- reasonable use of natural, material and technical,
labour and intellectual potentials;

- creation of an effective economic system, which
is able to provide for the material needs of various
industries of the territorial economy;

- increase the level of environmental safety in the
region.

Herewith, based on the received data on the
socio-economic and ecological status, there are some
main priorities to develop the Carpathian region.
These priorities are as follows:

- development of tourist and recreational,
agricultural and industrial, and forestry complexes;
development of the non-productive sphere (especially
in the mountainous territories);

- increase the economic development of the
Carpathian region;

- protecting the environment;

- raising the responsibility for the irrational use
of natural resources and large amounts of pollutant
emissions into the environment ;

- taking measures to restore historical and cultural
traditions of the Carpathian region.

Conclusion. Summing up all of the above mentioned,
we can conclude that the development of the
economic complex in the Carpathian region depends
on its natural and economic potential. Awareness of
the significance of the development of the economic
complex at the present stage of the socio-economic
transformation of the economic mechanism which is
taking place in our country, is the best way to improve
the standard of living of the population. Emphasising
the importance of the economic complex, it should
be noted that it involves a variety of directions of
development of market relations in our country, the
study and implementation of which covers the widest
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range of problems, the solution of which is a priority
task on the way to restructuring the socio-economic
mechanism of functioning of the Ukrainian economy.

Increasing the level of development of the
economic complex will help in solving the problems
of employment, structural changes in the economy,
the formation of a competitive environment and
the middle class of owners, which would guarantee
stability and democracy in the society. Therefore, it
will be crucial to study the potential to ensure the wise
use of the investment climate, social processes, and,
as a consequence, raise the standard of living of the
population of Ukraine.

References

Hajdenko S. M. 2018. Vplyv rehional’noi polityky na ro-
zvytok hospodars’koho kompleksu[Influence
of regional policy on development of economic
complex]. Retrieved from: http://eprints.kname.
edu.ua/30552/1/73.pdf (in Ukrainian).

Dobrovol’skaia O. P., 2007. Rehyonal’naia ekonomyka
[Regional economy]. El’yn’o. Simferopol’,
Ukraine (in Russian).

Dovhan’ H. D., 2005. Heohrafiia Ukrainy. Dovidnyk dlia
peredekzamenatsijnoi pidhotovky [Geography
of Ukraine. Directory for the pre-chemical
preparation]. Vesta: Vyd-vo «Ranok», Kharkiv,
Ukraine (in Ukrainian).

Kravtsiv V.S.,2013. Karpats’kyj rehion: aktual ’ni problemy
ta perspektyvy rozvytku [Carpathian region:
actual problems and development prospects],
NAN Ukrain: Instytut rehional’nykh doslidzhen’,
Kyiv, Ukraine (in Ukrainian).

Maniv Z. O., Luts’kyj .M., Maniv S. Z., 2007. Rehional’na
ekonomika [Regional economy], Mahnoliia 2006,
L’viv, Ukraine (in Ukrainian).

Nahirna V. P., 2009.Terytorial’na struktura hospodarstva i
rozselennia naselennia: retrospektyva i suchasni
realii [Territorial structure of economy and
population distribution: retrospective and modern
realities]. Retrieved from: http:/firearticles.
com/geografiya/20-teritorialna-struktura-
gospodarstva-i-rozselennya-naselennya-
retrospektiva-i-suchasni-realiyi-nagirna-v-p.html
(in Ukrainian).

Ol’chans’ka O.V., Fachevs’kyj M.I., Bilokon’ 1.V., 2009,
Rehional’na ekonomika [Regional economy],
KNEU, Kyiv, Ukraine (in Ukrainian).

Rehional’na dopovid’ pro stan navkolyshn’oho pryrodnoho
sererdovyscha Zakarpats’koi oblasti [Regional re-

486

port on the condition of the natural serfdom of the
Transcarpathian region]. Retrieved from: http://
www.menr.gov.ua/docs/activity-dopovidi/region-
alni/rehionalni-dopovidi-u-2015-rotsi/zakarpats-
ka 2015. pdf (in Ukrainian).

Rehional’na dopovid’ pro stan navkolyshn’oho pryrodnoho
sererdovyscha u L’vivs’kij oblasti [Regional re-
port on the state of the natural serfs in the Lviv
region]. Retrieved from:http://www.menr.gov.
ua/docs/activity-dopovidi/regionalni/rehionalni-
dopovidi-u-2015-rotsi/Lvivska 2015.pdf (in
Ukrainian).

Rehional’na dopovid’ pro stan navkolyshn’oho pryrodnoho
sererdovyscha v Ivano-Frankivs’kij oblasti [Re-
gional report on the state of the natural serfs in the
Ivano-Frankivsk region]. Retrieved from:http:/
www.menr.gov.ua/docs/activity-dopovidi/
regionalni/rehionalni-dopovidi-u-2015-rotsi/
Ivano-fr  2015.pdf (in Ukrainian).

Rehional’na dopovid’ pro stan navkolyshn’oho pryrodnoho
sererdovyscha v Chernivets’kij oblasti [Regional
report on the condition of the natural serfs in
the Chernivtsi region]. Retrieved from:http://
www.menr.gov.ua/docs/activity-dopovidi/
regionalni/rehionalni-dopovidi-u-2015-rotsi/
Chernivei 2015.pdf (in Ukrainian).

Statystychni dani Holovnoho upravlinnia statystyky u
Zakarpats’kij oblasti [Statistical data of the Main
Department of Statistics in the Transcarpathian
region]. Retrieved from: http://www.uz.ukrstat.
gov.ua (in Ukrainian).

Statystychni dani Holovnoho upravlinnia statystyky u
Ivano-Frankivs’kij oblasti [Statistics of the Main
Department of Statistics in Ivano-Frankivsk
Oblast]. Retrieved from:http://www.ifstat.gov.ua
(in Ukrainian).

Statystychni dani Holovnoho upravlinnia statystyky u
L’vivs’kij oblasti [Statistical data of the Main De-
partment of Statistics in Lviv Oblast]. Retrieved
from:http://www.lv.ukrstat.gov.ua (in Ukrainian).

Statystychni dani Holovnoho upravlinnia statystyky u
Chernviets’kij  oblasti [Statistics of the Main
Department of Statistics in Chernivetska oblast].
Retrieved from:http://www.cv.ukrstat.gov.ua (in
Ukrainian).

Chakhraiuk-Onofrej S.1., Lakusta H.Iu., 2011, Problemy ta
perspektyvy kompleksnoho rozvytku ekonomiky
Karpats’koho rehionu [Problems and perspectives
of the complex development of the economy of
the Carpathian region]. Retrieved from: http://
www.rusnauka.com/13 NMN_2011/Econom-
ics/13_86485.doc.htm (in Ukrainian).



ISSN 2617-2909 (print)
Journal of Geoeoqy, ISSN 2617-2119 (online)

Geography and
Journ.Geol.Geograph.

Glzoecod ogy Geology,
28(3), 487-494.

Journal home page: geology-dnu-dp.ua doi: 10.15421/111944

Mishchenko O. Journ. Geol. Geograph. Geoecology, 28(3), 487-494.

Structural organization of sacred landscapes

O. Mishchenko

Lesya Ukrainka Eastern European National University, Lutsk, Ukraine, mischenko.olena@eenu.edu.ua

Received: 30.01.2019 Abstract. The article presents the results of scientific developments concerning the
Received in revised form: 11.02.2019 structural organization of sacred landscapes. The methodological basis of the study is the
Accepted: 30.06.2019 concept of constructive-geographic analysis, which is based on the approaches of the natural

and the humanitarian sciences. The system approach to the study of sacred landscapes as
a holistic organized territorial structure and a set of methods is used in this work, in particular: structural and logical generalization
and system analysis, comparative and geographical, historical and geographical. The author considers the significance of the notion
of sacral landscape as being broader than religion per se, and considers it a natural, natural-anthropogenic and anthropogenic system
associated with certain symbols of life, myths, significant events, and , indeed ,religious feelings that are of great importance to a person
or group of people and requires special respect and protection. The structural organization of all sacred landscapes is characterized
by their properties and spatial structure and is closely connected with their social and functional purpose. As a result, such territorial
systems can be divided into: confessional, taphal, active, abnormal. The sacred landscape is characterized by polystructurality, that is,
the presence of spatial, temporal and morphological structure. In the spatial structure of the sacral landscape, the following components
can be distinguished: the sacred object, anthropogenic and technogenic component, the landscape structure and a person with his/
her spiritual experience. In addition, such a structure has a hierarchical construction, where individual, local, regional, national and
global levels can be distinguished. This article presents the peculiarities of the temporal structure of sacral landscapes and outlines the
external, internal, and the functioning time. Particular attention is paid to the characteristic of internal time, where one can distinguish
the following phases of development: the formation of a natural, natural-anthropogenic or anthropogenic landscape; the creation of a
spiritual component; loss of sacred human perception of a natural, natural-anthropogenic or anthropogenic landscape; the disappearance
of the natural or natural- anthropogenic landscape. Taking into account the morphological structure of the sacred landscape, it is
substantiated that religious objects serving as markers of sacred landscapes cannot correspond to one or another morphological unit of
the landscape, that is, completely repeat its outlines and boundaries. However, there is a correlation between the type of landscape and
the features of the sacred objects that were formed there.

Keywords: sacred landscape, sacred object, structure, structural organization of the landscape.

CTpyKTypHa Oprasizauis cakpajbHuX Janamadgris
O. MiieHko

CxionoesponeticoKuil HayioHanvbrull yHisepcumem imeri Jleci Yxpainku, Jlyyvk, Yipaina, mischenko.olena@eenu.edu.ua

AHoTamnisi. B cTarTi po3nIsHYTO 3MICT HOHSATTS CTPYKTYpHA OpraHi3alis B KOHTEKCTi BUBUCHHS CaKpaJbHUX JAHAMIAQTIB, a TAKOXK
PO3MINPEHO MOHATIHHE nose AediHImil «cakpalbHuIH TaHAIIa(TY, 0 CIPHUSE y3aralbHEHHIO IOTVIS/IIB MIPEJICTaBHUKIB PI3HUX HAYKO-
BHX IIK1I, SIKi TOCIIKYBAIN KaTreropito “cakpainbHuil”’. CakpanbHUN JaHAMA(T PO3MILAAETHCS 3 TO3UIIIH MapKOBaHO1 reorpadivyHoi
cucTeMy, sika c(hOpMOBaHa JyXOBHUM JOCBIJOM JIFOAMHH, KU 32 CBOEIO CYTTIO € LIMPIIAM HDK peniriiauii nocsia. CTpykrypHa
oprasizalis ycix cakpajJbHUX JaHTA(TIiB Mae pi3He CyCHUIbHO-(YHKIIOHAIBHUM MPU3HAYCHHSIM, TOMY il BiJIpi3HSETHCS MPOCTO-
POBOIO CTPYKTYpOrO. BifMOBIIHO TaKi TEpUTOPIaNbHI CUCTEMH MOYKHA IMOIUIMTH Ha: KOH(ECIitHI, TaalibHi, MisUIbHICHI, aHOMAIbHI.
B Mexax cakpanbHOTO JaHAMIAQTY BHUABIEHO i 0XapaKTEPU30BAHO IPOCTOPOBY, YacOBY, MOP(OIOTIUHY CTPYKTYpH. 3’SICOBAaHO, II0
MIPOCTOPOBA CTPYKTYpPa JOCIHIIKYBAaHHX TEPUTOPIaTbHUX CHCTEM Ma€ iepapXiuyHy OyIOBY, 1€ MOKHA BUOKPEMHTH 1HIMBITyalbHHIA,
JIOKaJbHUH, pEeriOHANbHUM, HalllOHAJIbHUH, IMO0aIbHI PiBHI M MOUIAETHCS HA TaKi CKIAIOBi: CaKpalbHHUN 00’€KT, aHTPOIOTECHHO-
TEXHOTeHHA CKJIaJI0Ba, JaHAMAa(THA CTPYKTypa, JIIOAWHA 3 1 JyXOBHUM J0cBigoM. OOIpyHTOBaHO OCOOIMBOCTI YacOBOI CTPYKTYpH
CaKpaJIbHUX JaHAMA(TIB il BAOKPEMIICHO 30BHIIIHIN, BHYTPIIIHIH Ta yac GpyHKIIOHyBaHHS. ABTOPOM JIOBEJICHO, 1110 KyJIETOBI 00’ €KTH,
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SK1 CITYTYIOTh MapKepaMu CaKpajabHOTO JaHAAaTy He MOKYTh BiIIOBIAATH Till 4M iHIIIH MOp}OIOTiuHINi ofuHMLI JaHAmadTy, TOOTO
MOBHICTIO IIOBTOPIOBATH ii KOHTYpH Ta Mexi. [IpoTe, icHye B3aeMO3aJIeKHICTh MiXK THIIOM JaHAAGTHOT MICIIEBOCTI 1 0COOIMBOCTIMU

c(OpMOBaHOTO B i MeXax CakpalbHOTO 00’ €KTY.

Kniouosi crnosa: caxpanvnuil nanowagm, cakpaivHuil 00 €km, cmpykmypd, CmpyKmypHa 0peanizayis 1anouagmy.

Introduction. A sacred landscape has signs of
a complex system characterized by a territorial
organization, polystructurality, nonlinear interaction
of components and spatial heterogeneity.

The complexity of landscapes should be
distinguished  from landscape  heterogeneity:
complexity is a state of orderliness and chaos with well-
separated structures (Papadimitriou, 2010). Therefore,
in geographic science, the random distribution model
of spatial elements is used to assess the complexity
of the logical spatial organization of real landscapes
(Cushman et al., 2012; Turner, Gardner, 2015).

The founder of the scientific study of the
phenomenon of “organization” can be considered
A. Bogdanov (1925), who elaborated the complete
idea of organizational science, formulated its main
principles and laws, explained the mechanisms of
manifestation, presented the role of science in the
organization and its significance in the understanding
of the universe, and outlined ways of its development.

Problems and questions of the organization of
natural and socio-economic systems are covered in
the works of A. Topchiev (1988), L. Leskov (2005),
B. Mil’ner (2005). Among landscape experts it is
necessary to distinguish the work of V. Preobrazhenskij
(1986) “Organization, organization of the landscape”.

The structural organization of territorial systems
is an ordered distribution of their components
in general, a means of their interconnection, co-
subordination, the nature of the hierarchy (Petlin,
2016).

The structural organization of the landscape
serves as an indicator of landscape-forming processes.
It is the totality of the structures of the landscape, and
the corresponding links characterize the territorial
system, their functional purpose and organizational
capabilities.

The sacred landscape is considered by us as a
natural, natural-anthropogenic, anthropogenic system,
associated with certain life symbols, myths, important
events, religious feelings, is extremely valuable to a
person or group of people and needs special respect
and protection (Mishchenko, 2018).

Sacred landscape is an extremely interesting
and relevant research object, which includes in its
composition territorial systems of different genesis, a
person, his/her spiritual perception of these systems.
The need to identify the types of structures of the sacred
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landscape and their characteristics, which determines
the degree of its complexity and organization, led to
the choice of the topic of scientific work.

Materials and methods. The methodological basis
of the study is the concept of constructive-geographic
analysis, which is based on the approaches of the
natural sciences and the humanities. The paper uses a
systematic approach to the study of sacred landscapes
as a holistic organized territorial system and a set of
methods, in particular:

—structural and logical generalization and system
analysis, which are used for study and generalization
of theoretical approaches to the definition of concepts
of structure, structural organization of territorial
systems;

— comparative and geographical, which was used
for the purpose of determining the morphological
structures of sacred landscapes in the conditions of
the Volyn Polissya;

— historical and geographical, which was used to

study the historical and geographical features of the
formation of sacred landscapes.
Results and their analysis. A structure is a
description of the composition and a spatial
picture of the composition of an object, matter,
the interplacement of formations, parts, details,
elements, a certain functional interconnection of the
components of the object, and the internal structure
(Velykyi tlumachnyi slovnyk suchasnoi ukrainskoi
movy, 2005). The structure contains the composition
of subordinate systems, their mutual arrangement
(spatial, or morphological structure) and the various
interactions between them (functional structure), all
in dynamics, variability, and space and time (Mazing,
1973); structure is a generalized characteristic of
specific system properties that captures the elements,
relations, system connections, and their organization
in an abstract form (Sadovskij, 1974).

Any geographical construct is structured
according to a particular structural scheme. The
simplest such scheme is the conditional graphic
(mathematical, etc.) of the elements of the system
and the links between them (Nechiporenko, 1977).
The structure of a natural and territorial system is
considered as a changeable system order in the form of
an invariant entity of the organization, which consists
of mechanisms of its spatio-temporal functioning,
internal components and internally emergent
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components as a manifestation of integrity (Petlin,
2006). Spatially complex combinations of indigenous
and conventionally indigenous components with
derivatives created by man as components of the
environment as anthropogenized structure are
considered (Ivanov, 2007).

The scheme of classification of structures of the
geographical system distinguishes the following main
types:

— spatial, in particular vertical (topical), territorial
(choral);

— time, in particular, functional and ethological
(Samoilenko, 2003).

The configuration of a sacred landscape has
a spotted structure and the background of it is
landscape complexes with the usual sacred level
and “the nuclei” are the places with an increased
number of foci (especially sacred) (Hrodzynskyi,
2005). In the case of ethnocultural analysis of sacral
landscapes, the spotted structure will be multilayered,
where “nuclei” may overlap (sometimes completely)
or not at all. For each ethnic group inhabiting the
corresponding ethno-cultural landscape, sacral nuclei
will be different places or objects. Moreover, the
Ukrainian sacred landscape will be profane for the
Jewish or Polish ethnos (Volovyk, 2013; Denysyk,
2014). Volovyk (2013) has built a sacred landscape
model for a monoethnic and polyethnic landscape.
Such a model corresponds to the idea of “sacred
centroperiphery”, where in the landscape live the
community, subordinated to the one true God with
the corresponding unique sacral order (Kizima,
2003). However, the sacred landscape encompasses
not only religious systems (Mishchenko, 2018).
Since the process of sacralization is conditioned by
the provision of natural, natural and anthropogenic
objects with unusual properties (sacred content), the
sacred landscape is interpreted as a symbolically
marked geographical system, formed by the spiritual
experience of a person, which in its essence is wider
than religious experience alone.

The structural organization of any sacral
landscape is characterized by its properties and spatial
structure and is closely connected with their social
and functional purpose. Accordingly, such territorial
systems can be divided into: confessional, which are
related with the peculiarities of religious belief within
a certain religious doctrine;

— taphal, which are modern and ancient places of
burial;

—active, which are territorial systems, connected
with a certain event, which is important, sacred,
religious curative, meaningful;

— abnormal, which are territorial systems of
sacredness, the special significance of which are
manifested through deviations from the norm or
from the average value of physico-geographical,
biogeochemical or other indicators.

Undoubtedly, in practice, the same sacred
landscapes can have different functional purposes.
For example, a number of sacred springs which are
located within the Volyn region are sanctified by
representatives of Christian institutions. In addition,
such objects may be associated with a particular
event: the appearance of a “miracle” (church objects,
or saints), healing from an illness. The water in the
springs has somewhat abnormal characteristics: low
temperature values, high transparency, high content
of silver.

N. Lavrinova (2015) has constructed a systemic
model of a geographic landscape, in the structure
of which are allocated natural and geocultural
subsystems. The sacred landscape in this model serves
as an inalienable part of integrating the subsystems into
a single geospatial space. The history of the formation
of the selected elements in this model is divided into
periods that can be considered as structural parts of
the sacred landscape, in particular:

— formation of a natural basis;

— formation of ethnic basis;

— the creation of cultural complexes, which
are elements of the superstructure that define and
characterize the cultural content of the territorial
system. The ingredients of such complexes are
ideology, politics, religion, culture, actions, customs,
feelings.

The sacred landscape is a complex system
in which not only the natural and anthropogenic
components, but also the spiritual, interact . This entails
the transfer of the national heritage from generation to
generation of the, that is, objects of cultural heritage
that can have a natural, natural- anthropogenic or
anthropogenic origin. In this regard, one can speak of
the integrity and structure of the spatial organization
of the sacred landscape, since it contains natural and
cultural elements.

The investigated sacred landscapes are
characterized by variability and genetic differentiation.
Such territorial systems are not formed in isolated
space, but in the structure of already existing natural,
natural-man-made or anthropogenic landscapes, the
spatial organization of which is determined by their
properties and the nature of internal communications.
Accordingly, the structure of natural landscapes is
a combination of the most stable links between the
constituent parts of the system, which were formed in
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the process of evolution.

The structure of the natural-human-made
landscape is determined by a set of the most stable
anthropogenically modified connections between the
structural components of the system and individual
anthropogenic elements.

Landscapes of anthropogenic origin are
characterized by a structure determined by a set of
relatively stable and unstable anthropogenically
controlled and  anthropogenically = modified
connections between the structural components of
the anthropogenic system, which were formed in
the process of qualitative transformation of natural
and natural anthropogenic landscapes (Petlin,
2009). The functioning of sacred landscapes is
ensured by the continuous transformation of matter,
energy, information within the system, as well as
between different systems. Such processes point to
the existence of material-energy, information and
interconnection links.

The sacral landscape is characterized by
polystructure, that is, the presence of spatial, temporal,
morphological structure on figure 1.

The spatial structure of the investigated territorial
systems is characterized by spatial correlation and
consistency of internal parts. Such a structure has

anthropogenic origin. However, within a single
sacred landscape there may be several religious
(holy) objects. For example, within the limits of
temple and monastic complexes, several sacred
objects are typically recorded, in particular: the
church itself, a burial place, a sacred spring in the
courtyard of the church. The unifying characteristic
of such objects is their spiritual perception by man.
Such polyobjectivity is characterized by a hierarchy
and determines the integrity of the sacred landscape.
With the development of society, the sacred value of
the holy object is changing. This is due to the logical
changes in ideology, culture, and religious inquiry,
which results in changes not only in the landscape
itself, but also in its function, and therefore the
structural organization.

The landscape structure consists of an eminently
integral interaction of differentiated systemic entities
formed as a result of the regular development of
territorial unities. Within it, it is possible to distinguish
between abiotic natural components that cover the
hydrogeological, geomorphological, microclimatic
features of the sacred landscape, as well as the flora
and fauna that formed within it.

The anthropo-technogenic = component is
determined by a certain infrastructural maintenance

L
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The structure of sacred landscape

S

[ spatial ] (
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morphological J

J |

Fig. 1. Structures of the sacred landscape

signs of systemicity, orderliness, and interconnections.
Within the spatial structure of the sacred landscape,
one can distinguish the following components: a sacral
object, an anthropogenic and man-made component,
a landscape structure, a spiritual component, a person,
as shown in Figure 2.

Any sacralization is related to the search for the
centre, therefore the spatial structure of the sacred
landscape, more often has the form of a monocentric
system, which consists of a number of subsystems
that are closely interconnected.

The central component of the spatial structure of
a sacred landscape is the sacred object, which has a
great sacred, cultural, curative, aesthetic, ideological
significance for a certain group of people. Such an
object can have a natural, natural-anthropogenic,
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of sacred landscapes, in particular: asphalt covering,
church shops, etc.

Man perceives the sacred landscape not as an
object for satisfaction of economic needs, but as an
object that needs to be worshiped, honoured, and
guarded. Instruments of sacralization of such objects
are: religious feelings, legends, myths, symbols,
historical facts, individual sacred feelings.

The spatial structure of the sacred landscape
has a hierarchical structure, where individual, local,
regional, national, global levels can be distinguished
(Mishchenko, 2018). The existence of a hierarchy
of sacral places is due to their differing degrees of
attractive force. The larger the radius of attraction,
the higher the hierarchical level is the sacred
landscape (Hrodzynskyi, 2005). For example, for
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Fig. 2. Spatial structure of the sacred landscape NOTE antropogenic must be anthropogenic

all Christians, Jerusalem serves as the sanctuary of
global significance. The radius of its attractive force
encompasses the entire Christian world, because
pilgrimage is made to this place from around the
world. Undoubtedly, there are national sacred
territories, in particular, Babyn Yar, a tract that is
located in the northwestern suburbs of Kiev. This
territory became known due to the mass executions,
mainly of Jews, carried out during the German
occupation in 1941-1943. An object of regional-level
pilgrimage is a spring located in the catchment area of
the Western Bug River and its right tributaries of the
Luga River, near the village of Budyatychi, Ivanychi
district, Volyn oblast. This spring became known for
its curative properties in 1637. According to legend,
the water of this spring healed people with various
ailments. Now a well was built at this site, and a
chapel next to it. People from different regions of
Ukraine and from abroad come to the sacred spring.
By contrast , the congregation of a village church has
only to cover a small distance to reach their shared
sacral object of local level. However, every person
can have his own sacred landscape, which is formed
by religious, ideological, cultural, aesthetic and other
beliefs.

Time structure of the sacred landscape 1is
determined by a certain change in the states of
the system, which manifests itself in the form of
seasonal rhythm and long-term restructuring of their
relationships. The time structure of any landscape

system is characterized by time duality, the content
of which depends mainly on the specific features of a
certain landscape system and the structural features of
its background time (Petlin, 2009). The background
time covers not only the existence time of the object
(full time), but also the previous and future time. It
characterizes the period of the emergence of the
landscape’s integrity, its development and destruction
or transformation into a new integrity (Bokov,
2005). The definition of the background time of the
landscape covers the characteristics of the features of
its structure in certain periods of operation: the past,
present and future.

The time in the landscape exists in three forms,
in particular: external, internal and operating time
(Bagrov et al., 2005).

The external time is characterized by the rhythm
and cyclic nature of the physical and geographical
processes occurring in the landscape. In general, time
is determined by using different scales. At external
time, the scale fixes the rhythmic natural processes
that change the state of the landscape during the year
or days. These processes are dynamic, and do not lead
to the restructuring of the internal structure of the
territorial system.

The internal time of the landscape is determined
through a consistent, but not regular, arrhythmic
change in its states. For the internal time of the
territorial system, we can use the scale of the phases
of its development. Landscape studies use the scale
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of states according to the age of the landscape, or its
components, in particular: origin, youth, maturity, old
age, death. Consequently, each phase has a different
length of time. Considering this question, B. Polynov
(1953) found that in each landscape there are different
age eclements: relict, conservative and progressive.
Relict elements so old that tracts that are formed
within them characterize the previous history of the
landscape. To the category relict belong glacial relief
forms, dry riverbeds. Conservative elements are in
full compliance with modern natural conditions.
Progressive elements indicate the ongoing trends of
the landscape and reflect the possible changes. In
the context of this issue, I. Mamaj (1982) proposes
to distinguish three main phases of the development
of landscapes: origin and formation; sustainable
existence and slow development; atrophy. The
development of the territorial system is conditioned
by the gradual quantitative accumulation of elements
of the new structure and displacement of the elements
of the old structure, which in turn leads to qualitative
changes within the landscape.

The internal time of sacred landscapes can be
characterized by the following phases of development:

— formation of a natural, natural-anthropogenic,
or anthropogenic landscape;

— creation of a spiritual component that
determines the formation of the landscape’s sacred
value by people, that is, the sacred perception of the
territorial system;

—loss of a person’s sacred perception of a natural,
natural-man-made or anthropogenic landscape, due
to a change in ideology, political situation, culture,
traditions, religious feelings;

— the disappearance of a natural, natural-man-
made, anthropogenic landscape.

In landscape studies, it is extremely important
to study not only its genesis and age but also spatial
and functional relationships (Solncev, 1982). For a
landscape , time does not pass until it is in a quasi-
stable state. When transitioning to another state, the
system is characterized by active functioning until
it comes to a new quasi-stable state (Bagrov et al.,
2005).

The sacred landscape is within the boundaries
of the morphological structure of the landscape, that
is, it is an integral part of the facies, tracts, terrain.
Morphological structure of the landscape is such
a correlation of components and the nature of the
relationship between them which makes it possible
to form interconnected hierarchical structures of
the landscape (Petlin, 2018). The morphological
structure is characterized by hierarchy, that is,
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functionally-ordered arrangement of structural parts
of the geographical landscape from the lower to the
higher, from the facies to the landscape terrain. Any
morphological structure of the landscape due to the
connections and corresponding functional processes
of water exchange, mineral metabolism, gas exchange,
energy exchange, biogenic circulation can develop
and complicate. It should be taken into consideration
that pure interactions within a single morphological
pyramid do not exist, since each level interacts with
the surrounding natural systems that belong to other
neighbouring morphological levels of the hierarchy
(Petlin, 2016).

Cult objects that serve as components and markers
of sacred landscapes cannot fully correspond to one
or another morphological unit of the landscape. For
example, a chapel, a water source, separate burials can
notbe facies, or more than the morphological unit of the
landscape, that is, fully corresponding to its contours
and boundaries. Sacral objects are only components
of one or another morphological unit of the natural,
natural- anthropogenic, anthropogenic landscape.
However, the pattern of structural organization of the
morphological components of the territorial system,
which is due to the interdependence between the type
of landscape terrain and the peculiarities of the sacral
object formed within it, is traced.

Consider the system of morphological structures
of sacred landscapes on the example of the physical
and geographical area of the Volyn Polissya shown in
Figure 3.

According to the physical and geographical
conditions within the Volyn Polissya, it is possible to
distinguish the following types of landscaped terrain:
floodplain and valleys of drainage, floodplain terraced,
sloping, interfluve, plakor ( flat or gently sloping,
well drained area). Almost all types of locality can be
distinguished by the following types of sacred tracts:
water areas, dendrological sites, temple and monastic
complexes, funeral complexes.

Drainage of water areas has in its composition
water sources, which are formed within the limits of
the natural outlet of groundwater on the earth’s surface
where the aquifer crosses the earth’s surface, that is,
in the reliefs’ depression, on the slopes of ravines,
gulleys, etc. Water sources of the Volyn Polissya
are most often formed in the river valleys , gullies,
ravines, that is, fed by upper sources of flow due to
the physical and geographical features of this territory.
Often, such landscapes occur within floodplain areas,
and in the structure of sacred landscapes are used not
only to meet economic needs, but as objects that need
to be worshiped, honoured and protected.
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Types of landscapes
floodplain and floodplain terraced sloping mezhzhyrichchya plakor
valleys
Types of locality
water areas dendrological sites temple and funeral
monastic complexes
complexes

Fig. 3. System of morphological structures of sacred landscapes in conditions of Volyn Polissya. (Type of sacred

tracts is determined by the nature of the sacred place)

The taphal landscapes represented by burial
complexes can predominantly be formed within the
plain and interfluve landscape, as the territory of
such areas should not be subjected to landslides or
landslips. In addition, geomorphological, geological,
hydrogeological conditions and sanitary requirements
do not contribute to the construction and formation of
burial complexes in river floodplains.

The high hypsometric position of the temple and
monastic complexes indicates their spiritual purpose
and testifies to the supremacy of the sacred (Denysyk,
2014). Such complexes are mainly built on elevated
areas, in particular in plakor, above floodplain
terraces, interfluve types of landscape terrain.

Dendrological sites are represented by single
trees, as well as sacred groves, can be formed in all of
these types of landscaped terrain.

Consequently, there is a natural interdependence
between the types of sacred tracts and the terrain
in which they are formed. Such compatibility is
conditioned by physical and geographical and
aesthetic characteristics, environmental norms of the
formation of a cult object, its social and functional
purpose and confessional demands of society.
Conclusion. The studies of the structural organization
of sacred landscapes testify that such territorial
systems have in their structure a spiritual component
that is connected with life symbols, myths, significant
events, religious feelings. The tools of sacralization of
the landscape are formed by the spiritual experience
of a person, which in its essence is wider than the
purely religious.

The social and functional purpose of a sacral
landscape clearly forms its structure and organizational
capabilities. This article describes the structures of
sacred landscapes, in particular: spatial, temporal,
morphological.

Withinthe spatial structure ofthe sacred landscape,
the following components are distinguished: the
actual sacral object, the anthropogenic and man-made
component, the landscape structure, the person with
his/her spiritual experience.

This work describes the temporal forms of the
sacred landscape. Particular attention is paid to the
internal time, where the phases of development of the
investigated territorial systems are distinguished.

Cult objects that serve as an inalienable attribute
of sacred landscapes and ensure their integrity cannot
fully correspond to one or another morphological
unit of the landscape, that is, repeat their outlines and
boundaries. However, there is a correlation between
the type of landscape terrain and the features of sacred
objects.

Thisresearch deals with the structural organization
of sacred landscapes in general. However, depending
on the functional purpose, the phase of development,
other features of the organizational structure of the
landscape will change. The study of the structural
organization of taphal landscapes will be the goal of

our further research.
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Received: 03.04.2019 Abstract. The paper represents the research results as for the factors of such dangerous
Received in revised form: 15.06.2019 geological phenomenon as landslides in terms of geological medium of the city of Dnipro.
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conditions favouring the development of a medium for landslide formation. Irrespective of
long-term study of that phenomenon, spatiotemporal prognosis is a complex scientific problem requiring application of innovative ideas
and scientific statements concerning both separate components of a geological medium and rather complex natural and technogenic
system. The paper analyzes conditions of the development of deep landslides within the territory of the city of Dnipro connected with
a geological structure in a scope going beyond traditional scope of engineering and geological studies. Despite wide occurrence of
landslide developments within the territory of the region, landslide of the Dnipro region are not singled out as a separate regional type.
According to different estimations, general number of landslides is more than 144 within the city of Dnipro. The studies are based on
numerous calculations of slope stability indicating the importance of the occurrence of Pre-Quaternary deposits as the factor favour-
ing deep landslide formations. Basing upon the processing of the geological studies, cartographic modeling of the surfaces of certain
levels, their thickness, and analysis of landslides grouping within the areas of singled-out territories have been performed. Maps of
the surfaces of reddish-brown (N,-Q,) and grey-green (N -S,) clays as well as deposits of Obukhivska (P,ob) and Mezhyhirska (P, mz)
suites, representing together the rock thickness corresponding to Kharkiv Stage (P, ;hr), have been developed. It has been proved that
occurrence mode of clays at the base of loessial soils creates certain conditions for the development of landslides being different in
their mechanisms (i.e. cutting, slipping, and squeezing). An example of certain calculations of slope stability is given confirming the
important role of argillaceous rocks in the formation of the zone of changed soil condition and property. It has been proved that occur-
rence mode of the rocks occurring lower than the depth of water erosion development should be studied thoroughly while designing
landslide protection structures to obtain accurate model of the geological medium.

Keywords: landslide, clays, spatial model

IIpo Tunu, yMmoBH Ta (paKTOPH PO3BUTKY 3CYBHUX mpoueciB y M JIHinpo
T.I1. Mokpuiibka
uinposcokuil Hayionanvuuil yrieepcumem imeni Onecsa Tonuapa, [ninpo, Yxpaina, mokritska@i.ua

AHoTamisi. B crarTi HaBemeHi pe3ynbTaTH BCTAHOBJIECHHS PEriOHAIBHHUX (DAKTOPIB PO3BUTKY HEOE3NEYHHMX TIEOJIOTIUYHMX SIBHII
— 3CyBIB Ha MPHKJIAJi T€0JOriyHOro cepenosuma M. J(Hinmpo. o yMOB pO3BHTKY 3CYBIiB BiTHOCSTBH T'€OJOTIUHI, reoMOp(dOIOTiuHi,
TiAPOreosIoriyHi YMOBH, SIKi CTBOPIOIOTH CEPEIOBHUINE BUHUKHEHHS HEOe3MeuHoro sBuila. He3Baxkaioun Ha TpuBaje BUBYCHHS LIHOTO
SIBHILA, IPOCTOPOBO-YACOBUIT IPOTHO3 € CKJIAJHOI0 HAYKOBOIO MPOOIEMOI0, 110 MOTPpedye 3aCTOCYBAaHHS HOBHX YSIBJICHb Ta HAyKOBHX
MOJIOKEHD SIK IIPO  OKPEMi KOMIIOHEHTH I'eOJIOTIYHOTr0 CepelOBHINA, TaK i PO CKIAJHY NPUPOAHO-TEXHOTCHHY cUcTeMy. B naHomy
JOCIIKEH] pO3IITHYTH YMOBH PO3BUTKY IIIMOOKHX 3CYBIB Ha TepuTopil micta JIHINpO, SIKi TOB’s3aHi 3 TeOJOTIYHOI OYyIOBOIO y
00’€eMi, 0 TIepeOUIBIIy€e TPAAUIIIITHAN 00’ €M 1HKEHEPHO-TEONIOTTYHIX TOCIiKeHb. He3Bakaroun Ha IUPOKY MOMIHUPEHICTh 3CYBHHX
SIBUII Ha TEPUTOPIi periony, 3cyBu JHIMPOBCHKOTO PETiOHy HE BUALICHI SIK CAMOCTIHHUI perioHaJbHMN THUIL. 3araibHa YHCEIBHICTh
3CYBHHUX SIBUIII 32 PI3HUMH OIIIHKaMU ckiajaae nmoHazn 144 y mexax micra J{ninpo. IlixcTaBoro amst 1oCaiKeHHS € pe3ybTaTi Oarato
YHUCENIbHUX PO3PaXyHKIB CTIKOCTI CXWIIIB, SIKi BKa3ylOTh Ha BaXJIMBY POJIb 3aJIATaHHS JI0 YSTBEPTUHHHUX BiKIAIIB SK YMHHHKA,
mo crpusie GopMyBaHHIO TIHOOKMX 3cyBiB. Ha mifcraBi 0OpoOKM MaTepiasliB TeoNOriyHHMX JOCHiIKEeHb BUKOHAaHE KaprorpadidHe
MOJICITIOBAHHS ITOBEPXOHb OKPEMHX TOPHU3OHTIB, iX IMOTY)KHOCTI Ta aHaJIi3 TPyIyBaHHS 3CYBHHX SIBHII Y MEKaxX BUJIUICHUX IUISHOK.
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CrBopeHi kapTn moBepxoHb 4epBoHO-Oypux miuH (N -Q)) Ta cipo-3enennx mun (N -S)), Takok BifKianis o0yxiscekuit (P2ob) Ta
MERHUTipchkui (P, m7) CBIT, AKi B CYKYITHOCTI IPE/ICTABIISIOTE COOOKO TOBIIY TIOPI, AKa BilNOBiNa€ XapKiBCbKoMY “spycy” (P2-3hr).
JloBeIeHO, 1110 YMOBH 3aJISITAHHS IIMH y OCHOBHM JICCOBUX IPYHTIB CTBOPIOE YMOBH ILIOJI0 PO3BUTKY 3CYBIB Pi3HHMX 32 MEXaHi3MaMH, a
came: 3pi3y, KOB3aHHs Ta po3JaBioBaHHs. HaBeneHnii npukiaa NeBHUX PO3PaxXyHKIB CTIHKOCTI CXUITY, IO MiTBEP/IKYIOTh BAXKIIHBY
POJIb DIMHICTUX TOPia y GOpMyBaHHI 30HH 3MIHCHOTO CTaHY Ta BJIACTUBOCTEH I'pyHTIB. JlOBeIEHO, 110 YMOBH 3aJsITAaHHS TiPCHKUX
TIOPiJ, 10 3aJITaloTh HIDKYE DIMOMHU PO3BUTKY BOIHOI epo3ii, HEOOXiTHO BHBYATH MPU PO3pOOI NPOTH3CYBHHX CIIOPYH 3 METOIO

CTBOPEHHSI TOYHOT MOJIEJIi Te0IOTIHHOTO CEPEIOBHINA.
Kniouogi crosa: 3cys, enunu, npocmoposa mooeis.

Introduction. Research of landslide developments
is rather topical current scientific problem. Landslide
process along with its accompanying conditions and
factors has been already analyzed for a long time. That
catastrophic natural and technogenic phenomenon
results in considerable economic losses in the coun-
tries with rather high scientific achievements (Hirota,
Konagai, Sassa, et al., 2019; Wooten, Witt, Miniat,
Hales, Aldred, 2016). In terms of the countries with
lower level of economic development, dangerous nat-
ural and, especially, geological processes cause a prob-
lem, which is not considered in time. Current studies
of landslide developments are aimed at the solution of
certain complex problems. Necessity of searching for
innovative methods to analyze landslides and elabora-
tion of scientific methods to prognosticate those phe-
nomena were discussed at the international congress
(Alcantara-Ayala, Sassa, Mikos, et al., 2017). Land-
slides are studied at different levels from regional to
local ones (H. Hong, Chong Xu, Dieu Tien, 2015; A.
Ciampalini et al., 2016). Factors and conditions for
the development of landslides in different regions are
analyzed basing upon the innovative research meth-
ods (Choi, Raymond Cheung, 2018). Great attention
is paid to the search for new techniques for regional
prognosis of landslide developments (Iversona et al.,
2015; Reichenbacha et al., 2018) involving neural
network methodology as well (Le et al., 2018). New
methods of spatiotemporal prognosis of landslides
are being developed (Liao, et al., 2011; Reichenbacha
et al., 2018). A problem concerning development of
new devices to monitor dangerous processes is also
rather topical (Jinesh Mehta, et al., 2017.). Gariano,
Guzzetti (2016) have emphasized considerable effect
of global warming upon the intensity of landslides
all over the world. Thus, review of current studies of
landslides worldwide demonstrates the necessity of
the determining certain regularities in the formation
of landslides as a regional dangerous phenomenon
with the application of innovative ideas concerning
specific geological environment.

Materials and methods. Landslide phenomena are
well developed on the territory of Ukraine (Demch-
ishin, 1982; Rud’ko, 2006). Research of the landslides
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within the territory of Dnipro city began in the 1930s.
First notes on the available landslides are found in
the materials of engineering and geological studies of
the slopes of Zustrichna ravine due to the construc-
tion operations. In the 1960s, engineering survey
was performed along with the systematic descrip-
tions of landslide processes. Considerable advance of
landslides as well as the diversity of their forms and
types was highlighted. Surface and deep flow slides,
suffusion processes, and slips were identified. In the
1970s, a map of engineering and geological zoning
was elaborated; monitoring of erosion and landslide
developments within the ravines was completed. In
the 1980s-90s, geological processes within the city
area were monitored; cadastre of landslides was de-
veloped. Within the period of 2000-2014, experts of
PivdenUkrheolohiia PC and other specialists carried
out specific studies of landslide developments.

Despite  wide occurrence of landslide
developments within the territory of the region (Fig.1),
landslides of the Dnipro region were not singled out
as the specific regional type.

Features of geological structure, geomorphologi-
cal, and hydrogeological factors are traditional issues
favouring the development of landslides. Technogenic
factors also belong to the mentioned ones. According
to the geological studies (Nekriach, Maniuk,, 2004),
it is known that geological profile of the Dnipro re-
gion is represented by the formations of the Archean
and Cainozoic erathems. The structure unites rocks of
different age (from the Precambrian to Quarternary
ones). Deposits of the Quaternary system convers all
the territory like a blanket occurring on the sedimenta-
ry deposits of the Neogene, Paleogene, and crystalline
formations. The geological structure contains separate
levels of silty-clayed composition, which may be the
medium for the development of landslide processes.

We have analyzed the mode of loessial thickness
occurrence during the development of cartographic
models of the probability of subsidental deformations
(Mokrytska, et al., 2016). According to the features
of granulometric composition, conditions, and prop-
erties, those levels may be a medium for the develop-
ment of such natural and technogenic processes as:
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Fig. 1. Occurrence of landslide developments within the erosion systems of the Dnipropetrovsk region (1993).

Notes:

- Landslide developments; - Ravines.

a— River of Dnipro; b - River of Mokra Sura I; ¢ - River of Sukha Sura; d - River of Mokra Sura II; e - River of Samot-
kan; f - River of Domotkan; g - River of Bezymiannaia; h - River of Kamenka; i - River of Saksahan; k - River of Bazavluk;

1 - River of Solionaia; m - River of Kamyshevataia Sura.

subsidence, subsidence deterioration, erosion, suffu-
sion, and landslides.

According to the development mechanism, land-
slides in loessial soils are similar to flows, slides-
flows, or suffusion-subsidental landslides. Studies of
the features of landslide developments within the re-
gion have proved that that phenomenon is character-
ized by certain staging, manifesting deep landslides
at different stages of the slope process development
in terms of technogenesis (Mokritskaya, Shestopalov,
2014).

Formation of deep landslides may be connected
with the peculiarities of the occurrence of Pre-Qua-

posits of Obukhivska (P,0b) and Mezhyhirska (P, mz)
suites which represent together a thickness of rocks
corresponding to Kharkiv stage (P, , hr). Features of
the mode of those deposits occurrence to determine
conditions of the formation of deep landslides have
not been studied before. The study involves reports on
geological research dated back to 1962, 1964-1970,
1970-1974, and 2004. Candidate of Geological Sci-
ences, Maniuk, V.V. helped correlate occurrence of
the deposits being different in their origin and age.

Results and their discussions. After thorough study
of the archive materials, the obtained data were used

as the basis to create a database (Fig. 2) including

oY

Ncuad

Hosocanoann

Mapsarsia

Fig. 2. Location of geological wells within the territory under study

ternary deposits as well. Pre-Quaternary deposits are
represented by the abundant deposits of Neogene and
Paleogene, i.e. unseparated levels of reddish-brown
(N,-Q,) and grey-green (N,-S)) clays as well as de-

283 wells as well as the information on their location
(WGS coordinates), identification number of a well,
actual number of a well, stratigraphic indices, absolute
elevation, and geological description.
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Fig.3. Contour map of the top of reddish-brown (N-Q,) and grey-green (N -S,) clays within the territory
of the city of Dnipro and thickness maps (right-bank territory, scale is 1: 50 000).

Demo version of the Surfer software was applied
to generate a map of surfaces and thicknesses of the
indicated levels of the Neogene and Paleogene depos-
its at a scale of 1:50000 (Fig. 3). Cartographic meth-
ods were involved to determine a wash zone of the
deposits, to perform overlay mapping, and develop a
cartographic model of the mode of the Neogene de-
posits occurrence within the floor of the Quaternary
loessial deposits and the Paleogene deposits within
the floor of the Neogene deposits.

Zoning of the territory under study was performed
according to the mode of the Neogene deposits
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occurrence as the factor of landslide developments.
Areas corresponding to the wash zones and
availability of the Neogene deposits as well as to the
areas differing in the surface inclination are separated
(Fig.4). Uniting the tops of reddish-brown and green-
grey clays into the joint model has made it possible to
single out the wash zones of reddish-brown clays (area
A). Along with the wash zones, there were highlighted
the zones with normal, regular clay occurrence, with
almost unchanged thickness (area B), and zones with
irregular occurrence (area C), where clay thickness
experienced gradual changes, from the considerable
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Fig. 4. Zoning map of the city territory in terms of landslide formation within the areas of Neogene clays

being different in their occurrence mode.

Legend:

A — wash area of reddish-brown clays within the right-bank territory of the city of Dnipro;
B — zone of regular clay occurrence within the right-bank territory of the city of Dnipro;
C — zone of irregular clay occurrence with changing thickness.

— landslides within the right-bank territory of the city of Dnipro.

to medium-low ones with their following zero value.
It is also possible to point out that the angle of soils
occurrence is rather steep, more than 5%, which, in
case of clay deposits, may be a factor of landslide
development in terms of slip type. Following stage of
modeling included mapping of the areas of landslide
development; generally, 133 areas were identified.

Analysis of the location of landslide development
areas shows that there are no landslide developments
within the wash zones of the Neogene deposits.
Majority of the landslide formation areas is observed
within the areas with irregular thickness of the
Neogene clay deposits; minority number of those
areas is within the zones of the Neogene deposits with
regular mode of occurrence. The fact demonstrates
that those are the composition, mode of occurrence,
and condition of the Neogene deposits which are
the factors effecting the development of landslide
processes being different in their type. Within the type
B areas, formation of the landslide of squeezing type
is possible. Within the type C areas, slip landslide is
possible.

In terms of the territory under consideration,
the Paleogene deposits are available locally. How-
ever, since those formations may be considered as
silty-clayed ones (in terms of their granulometric
composition), and they may demonstrate rheological
properties, then regularities of spatial changes in the
occurrence mode of Obukhivska (P,0b) and Mezhy-
hirska (P, mZ) suites have been analyzed (Fig. 5, 6).

The obtained models show incongruence of the

regularities of spatial distribution of the deposits of
Obukhivska (P,0b) and Mezhyhirska (P, mZ) suites.

Formation of the total surface of the Paleogene
deposits roof and superimposing of the surface with
the areas of landslide developments demonstrate
possible effect of deeply occurring deposits upon
the landslide formation within the surface deposits.
That may be caused by the features of hydrogeologi-
cal structure and changes in lithological composition
or rock conditions within the zones of irregular oc-
currence, resulting in their changed permeability or
strength and favouring the formation of the areas of
plastic flow within the slope subsoil.

That indicates the necessity of the comprehensive
analysis of geological structure of the urban territories
to elaborate landslide protection strategy. Determining
the effect of the occurrence mode of surface deposits
upon the erodible level does not allow defining all the
factors influencing the mechanism and conditions of
landslide occurrence.

Those conclusions may be proved by the im-
mediate stability calculations for the slopes being the
medium for landslide development. Results of the sta-
bility calculation for possible landslide bodies within
a certain area are given as the example.

Loessial deposits occurring on the Neogene argil-
laceous deposits and weathering crust of the Archean-
Proterozoic rock deposits are involved into geological
structure of the slope.

Calculations are performed with the help of the
Geostab licensed software. Possibility to substantiate
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Fig. 6. Occurrence mode of Obukhivska and Mezhyhirska suites with the plotted landslide points.

the most probable landslide body location by solving
optimization problem is the advantage of that soft-
ware. While calculating, following variants of stabil-
ity loss were considered:

loss of slope stability in its natural (initial) condi-
tion;

effect of the additional load due to buildings;

effect of the additional loads due to buildings and
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hydrostatic action of ground water;

effect of the additional loads due to buildings, hy-
drostatic flow action and consideration of the forma-
tion of the zone with changed slope stability;

Table 1 represents the data on physical and me-
chanical parameters having been used. According to
the computational results, it has been determined that
loss of slope stability is possible in terms of all the
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variants taking into account additional loads. How-
ever, in terms of different variants, not only the coef-
ficient value but also the volume of possible landslide
body experiences certain changes.

Conclusions. According to the obtained modeling
results, analysis of cartographic material, and
calculations, following conclusions may be drawn:

loss of stability of the slope being stable in its
natural condition, is possible in terms of technogenic
effect as the results of mechanical and hydrodynamics
actions;

in terms of different variants of changes in slope
condition, not only surface loessial but also argilla-
ceous deposits may be the medium for landslide de-
velopments;

occurrence mode of argillaceous soils is the fac-
tor effecting possible landslide developments;

while elaborating landslide protection systems, it

nnnnn

118 236 354 a72 o0 708 826 044 1062 18

WMMMMMW - the most probable landslides

- coefficient of stability (slump).

is required to study mode of occurrence, composition,
and properties of argillaceous soils.
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Forecasting suffusion deformation in dispersive soils
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Received: 08.06.2019 Abstract. Suffusion is a dangerous geological process accompanied by the formation of
Received in revised form: 24.06.2019 sinkholes, deformations of buildings and structures. Forecast of suffusion processes is a
Accepted: 10.07.2019 complex scientific problem since it is required to predict a complex process of the formation

of new soil structure experiencing certain changes while interacting with the flow. During
the period of 12.02.2018 — 13.04.2018, a sample of Dnipro loessial soil was filtered with the salt solution in Darcy device. The experi-
ment was carried out at the SRI of Geology of Oles Honchar DNU; it is the continuation of the research dealing with experimental
study of the dispersive soils as complex natural systems. To study suffusion process in loessial soils, analysis of microaggregate and
granulometric composition of a sample of undisturbed structure of Dnipro loessial horizon taken in Tunelna ravine outcrop has been
performed. The sample was studied in different states: natural and changed (due to long-term filtration) ones. Results of the use of in-
novative method to determine values of the function of particle distribution in terms of their mass and calculations of fractal dimension
of the function basing upon the microaggregate analysis have made is possible to forecast values of porosity coefficient and volumetric
deformation corresponding to the new quality standards of a complex system — dispersive soil in the state of complete microaggregate
disturbance. Algorithm of the microaggregate composition analysis according to the methodology (Riashchenko, 2010) is in the fact
that the sample experiences different methods of preparation — thus, evaluations of soil dispersivity are different. Basing upon the
obtained results, values of microaggregate coefficient have been calculated, and data on the number of aggregates and initial particles
have been taken. It has been determined that the basic size of the aggregates is 0.01-0.005 mm; there is a fewer share of the aggregates
0f 0.05-0.01 mm; and the fewest share of the aggregates is represented by fine fraction. That indicates the changes in microaggregate
composition of soil due to the carrying out of fine fractions and the disturbance of larger aggregates. Calculations of the values of volu-
metric soil deformation due to long-term salt solution filtration emphasize the fact that within the zones of technogenic contamination,
possible aggregate decay due to chemical effect will result in the formation of structure with denser particle packing, i.e. compaction.
If loessial layers with the state changed due to salt solution filtration are subject to mechanical effect, drastic soil loosening and loss of
soil stability may be observed.

Key words: suffusion, Dnipro loessial soil, fractal

IIporuno3zyBanus nedopmaiii cy¢o3sii B 1ucriepcHUX rpyHTaX
T.I1. Mokpwumpka, JI.O. HocoBa

Jninposcoruii nayionanonutl ynisepcumem imeni Onecs Tonuapa, Jninpo, Yxpaina, mokritska@i.ua

Amnorauisi. Cyho3ist — HeOe3neuHHnid TeoIOTYHIH MPOIIEC, 0 CYMPOBOIKYETHCS (OPMYBAHHSAM MPOBATIB, AeopMaisiMu OyliBenb
i ciopyat. IIporuos cy@o3ifiHuX NpoLeciB MPEACTaBIse CKIAaIHY HAayKOBY MpOOIEMy, Tak siK IOTPIOHO CIIPOrHO3YBAaTH CKIIAIHHI
nporiec (OpMyBaHHs HOBOI CTPYKTYpH IPYHTY 10 3a3HA€ 3MiH ITPU B3aeMoii 3 motokoM. Ha mpotsi3i qBox micsuis 3 12.02.2018 p. o
13.04.2018 poxy 3pa3ok JHIIPOBCHKOTO JIECOBOTO IPYHTY OYB IiiBepHYTHH (ibTparii pozunHoM comn y npunaai [lapci. Excniepument
Bukonysascs B H/II reonorii IHY imeni O.I'onuapa Ta € MOZOBKEHHSIM HayKOBOTO HANPSIMY — €KCIICPHMEHTAILHOTO TOCIIIKESHHS
IICTICPCHUX TPYHTIB SIK CKIaJHUX MPUPOTHHUX cUcTeM. J{JIst JoCImipKeHHs poriecy cy¢o3ii B IecoBOMY IpYHTI OyB BUKOHAHHU aHAIi3
MIKPOarperaTHoro Ta TPaHyJIOMETPUYHOTO CKIAaTy 3pa3Ka HEMOPYIIEHOI CTPYKTYPH AHIIPOBCHKOTO JIECOBOTO TOPH30HTY, IO OyB
BifiOpanuit 3 BigciaoHeHHs y 6. TyHenbHOI. 3pa3ok OyB AOCIIPKEHUH y PI3HUX CTaHAaX: Y HIPHPOIHHOMY Ta Y 3MiHEHOMY B HACIiZOK
TpuBaioi QinbTpanii. 3a pe3ynpraraMy 3acTOCYBaHHs HOBOTO METO/ly BCTAHOBJICHHS 3HauUeHb (DYHKIIIT pO3IOAiTy 4acTOK 3a X Macoro,
PO3paxyHKIB (pakTaibHOI po3MipHOCTI (YHKIIT HA IiJCTaBl MIKPOArperaTHOro aHaji3y JOBEICHA MOMIIMBICTH IIPOTHO3Y 3HAYCHBb
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Koe(ilieHTy MOPUCTOCTI Ta 00’€MHOI AedopMaril SKi BIANOBIIAIOTE HOBOMY SIKICHOMY CTaHY CKJIaJHOI CHCTEMH — JIHCHEPCHOMY
IPYHTY Yy CTaHi MOBHOTO MOPYIIEHHS MiKpoarperariB. AITOPHTM JOCITIHKEHb MIKpOarperaTHoro ckiamy 3a metonukoro (Riashchenko,
2010) nomsArae B TOMY, L0 10 3pa3Ka 3aCTOCOBYIOTh Pi3HI 3aCO0H MiATOTOBKH, 3aBISKH YOMY OLIHKH JUCIEPCHOCTI IPYHTY € PI3HUMH.
Ha migcraBi oTpuMaHuX pe3ysbrariB, Oy/id po3paxoBaHi 3HaueHHsI KOe(ili€HTy MIKpOArperaTHoCTi, OTpUMaHi JaHHI PO KiIbKICTh
arperariB Ta MEepPBUHHHUX YacTOK. BCTaHOBIEHO, 1110 arperatu MaioTh po3mip B ocHoBHOMY 0,01-0,005 mm, arperarti pozmipom 0,05-
0,01 MM mpuCyTHI y MEHIIOT KUIBKOCTI Ta KiJIbKICTh arperariB TOHKHMX (pakuiil HaiiMenmia. Lle Bkasye Ha 3MiHM MiKpOarperaTHoro
CKJIaJy IPYHTY BHACJIIIOK BUHOCY IpiOHMX (paKIiiif Ta Ha MOPYyIIEHHS arperaTiB OUTBIIMX 3a po3MipoM. Po3paxyHku 3Ha4eHb 06’ €MHOT
nedopMmarii TpyHTY BHACTIIOK TpuBanoi (ijpTparii po3d4MHOM COJiei BKa3ylOTh Ha Te€, IO y 30HAX TEXHOTCHHOTO 3a0pyIHEHHS
MOXITUBHH PO3MaJ MIKpOarperariB BHACIIJOK XIMIYHOTO BIUIMBY IIPU3BEZE 10 (POPMYBAHHS CTPYKTYPH 3 OLIBII INTUTHOO YIIAKOBKOIO
YaCTOK, 10 CTUCKAHHS. SIKIIO J1€COBI TOPU30HTH 31 3MIHEHMM CTAaHOM BHACTIZOK (BibTparii coIb0BOro po3unHy OymyTh MiJBEPTHYTH
MEXaHIYHOMY BIUTHBY MOMJIMBHMM € PO3IYILCHHS I'PYHTIB, MOXKJIMBUM € Pi3Ke PO3IYILESHHs Ta BTpara CTiHKOCTI IPYHTY.

Kniouosi cnosa: cyghosia, oninposcokuii necosuil ipynm, paxkman

Introduction. Development of the experimental stud-
ies of the dispersive soil properties is the basis for
successful solution of investment problems in the pro-
cess of construction, especially within the zones char-
acterized by complex geological processes. Suffusion
is not often analyzed in engineering and geological
studies. Nevertheless, it is known that suffusion phe-
nomena within the areas of the available loessial soils
is widely occurred and connected with subsidental,
landslide, and erosive developments. Special atten-
tion is paid to the consideration of the processes in
soil medium with the signs of fractal. Thus, studies of
the processes of turbulence (Jafari et al., 2019), per-
colation (Ziani, 2019), peculiarities of soil behaviour
within the shear zone (Lu et al., 2018) are carried out
on the basis of the fractal theory elements. Wang et
al. (2015) applied calculations of fractal size to de-
fine regularities of spatial changes in the properties
of loessial soils to implement innovative recultiva-
tion methods. Liu et al., 2013, determined the con-
nection between fractal volumetric size of natural
soil particles and amount of organic substance and
argillaceous particles. Suffusion methods are devel-
oped on the basis of classic techniques (Khuzhaerov,
1994), (Nikiforov, 2000). Research by Gudehus, &
Touplikiotis, (2017) substantiates importance of the
analysis of soils as natural fractals as for solving the
problem of forecasting “building - soil” geotechnical
system. Thus, review of literature sources indicates
the necessity to study suffusion as a natural fractal.
The paper represents the results of experimental re-
search of the soils basing upon innovative methodol-
ogy that helps predict suffusion deformation by ap-
plying fractal theory for the results of determination
of microaggregate composition.

Materials and methods. Dispersive loessial soil
masses of technogenically built-up territories are in
constant dynamic transformation resulting in re-con-
struction of the microstructure and changed physical,
physical-mechanical, and hydrogeological properties
of those soils. Increased level of ground water, trans-

mission of constant and temporal static and dynamic
loads, changes in thermal regime result in changing
states of soil mass and soil properties both within the
zone of complete water saturation and within the aer-
ation zone.

Experimental studies of suffusion effect upon the
loessial soils are carried out in terms of loessial soil
sample of Dnipro horizon taken within the outcrop of
Tunelna ravine erosive system. Geological section of
the ravine slope under consideration down to 42.0 m
from the land surface involves Quaternary deposits
of loessial complex represented by layering of loamy
soils and loamy sands, reddish-brown loamy soils,
and underlying Neogene deposits — clays and sands.
Ancient and modern landslides are recorded within
the right slope of the ravine.

Soils samples under study were taken from the
wall of modern landslide disruption and erosive-
washed scarp slope. Physical and physical-mechan-
ical characteristics were determined for Black Sea-
Dofinivskyi eolian-deluvial loamy soils (vd PIII
pct+df), Bug eolian-deluvial loamy sands (vd P III
bg), and Dnipro eolian-deluvial loamy sands (vd P
II dn). The soil layers are irregular in their thickness
and strike. Within the upper share of the slope, loess-
1al thickness is from 38.8 down to 27.7 m; within the
medium share, the thickness is down to 10.6 m; and
within the lower share, the thickness is down to 0.0
m. In terms of hydrogeology, one Quaternary water-
bearing level located in the loessial deposits of the
right ravine slope (vd-e PIII-II pl + kd, vd PII dn, e PII
zv) is recorded within the right Tunelna ravine slope
down to the prospected depth.

Results and discussion. The research involves
modeling of the suffusion processes due to long-term
filtration involving 10% solution of NaCl salt (Fig. 1).

Data concerning changes in the filtration coeffi-
cient have been obtained, and calculations of salt con-
tent in the solution after the process stabilization have
been performed. During the period of 12.02.2018 -
13.04.2018, sample of Dnipro loessial soil was being
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Fig.1. Dynamics of changes in the filtration coefficient according to the experimental results in terms of stable
regime.

filtered in Darcy device. Layout and methodology
of the research corresponded to the previously com-
pleted studies. Liquid volume was measured along
with the determination of the filtrate composition in
final phase of the experiment when stable regime was
obtained (Fig.1). Calculations of the compositions of

Table 1. Results of chemical analysis of soil samples and filtrates.

different. Thus, sample one was subject to mechani-
cal shaking during 2 hours, sample two was prepared
with the addition of ammonia solution and boiled dur-
ing one hour, and sample three was boiled during one
hour with the addition of sodium pyrophosphate solu-
tion. After that, suspended matter was sampled from

SO,>
HCO, Mg* Ca* Crl Na*+ K*
5 | pH Tof |Dry
‘g mg-eq | mg/ mg-eq | mg/ mg-eq mg/ mg-eq mg/ mg-eq mg/ mg-eq mg/ i()l’lS, residue,
=] 100 g 100 g 100 g 100 g 100 g 100 g
“ mg/ 100 g | mg/100 g
1 740 | 0.40 | 0.024 |0.6 0.007 | 1.90 0.038 1.62 0.056 | 0.58 0.028 |0.100 | 0.002 | 0.143 0.147
2 742 |0.63 |0.038 |6.06 [0.074 |12.62 |0.252 | 16.27 |0.577 | 18.38 | 0.882 | 16.60 | 0.382 | 2.186 2.192
3 7.75 1 0.77 | 0.047 |597 [0.073 2898 |0.580 |29.42 |1.043 |20.24 [ 0.972 | 1548 |0.356 | 3.048 3.050
4 7.84 | 0.51 | 0.031 1.67 10.020 | 7.34 0.147 | 1558 |10.552 |3.29 0.158 1037 10.239 | 1.132 1.134
Table 2. Calculation of hypothetic salts.
Ca(HCO,), CaSo, MgSO, Na,SO, NaCl CaCl, MgCl,
Number mg-eq % mg-eq % mg-eq % mg-eq % mg-eq % mg-eq % mg-eq %
1 0.80 | 15.38 1.16 | 22.31 - - - - 0.2 3.85 1.84 35.38 1.2 23.08
2 1.26 1.79 | 23.98 | 33.98 | 12.12 | 17.18 | 0.66 | 0.94 | 32.54 | 46.11 - - - -
3 1.54 1.53 | 40.48 | 40.13 - - - - 30.96 | 30.70 | 15.94 15.80 | 11.94 | 11.84
4 1.02 2.63 6.58 | 16.98 - - - - 20.74 | 53.51 | 7.08 18.27 | 3.34 8.61

hypothetic salts are represented below (Tables 1, 2).
Objective of the study was to determine chang-
es in granulometric composition of the loessial soil
sample due to long-term salt solution filtration. That
process models the effect upon granulometric compo-
sition of chemical and mechanical suffusion. To study
suffusion process within the loessial soil, microaggre-
gate and granulometric composition of the regular-
structure sample of Dnipro loessial horizon sampled
within Tonelna ravine outcrop has been analyzed.
Algorithm of microaggregate study according to
the methodology (Riashchenko, 2010) is as follows:
the sample experiences different methods of prepara-
tion so that evaluations of soil dispersion would be
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the depths of 25, 10, and 7 cm (in an hour interval)
being determined by the standard and depending upon
the temperature. Mass value of the average sample is
used to define quantitative fraction content according
to formula:
X=A*1000*(100-K)/(g,*V ) (1)
where, A - is mass of soil fraction within the sample
of the known volume brought to the constant mass
value, g;
g, - is mass of absolute dry soil sample, initial value, g;
V_ - is pipette capacity, cm’;
K - is total content of soil fraction of the size more
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than 1 mm, %.

Results of the study of microaggregate compo-
sition of the sample being subject to long-term salt
solution filtration have made it possible to determine
certain changes in microaggregate soil composition.
Percentage content of the particles according to the

Table 3. Percentage content of fraction particles.

have been defined. The obtained results have made it
possible to develop cumulative curves of granulomet-
ric composition of the samples having been prepared
by three different methods. Those curves show the
difference between the content of the particles of 0.1-
0.05 and 0.05-0.01 mm depending upon the method

Method of sample Percentage content of particles of the indicated fraction, mm
preparation 0.1-0.05 0.05-0.01 0.01-0.005 0.005-0.002 0.002-0.001 less than
0.001
Aggregate 43.353 21.763 31.433 0.000 2.713 3.274
Semi-disperse 33.580 64.053 0.000 2.037 3.030 0.095
Disperse 77.944 15.169 0.000 4.393 9.431 2.047

study results is represented below (Table 3).

Basing upon the obtained results, coefficient
values of microaggregation have been calculated,;
data on the amount of aggregates and initial particles
have been obtained. It has been determined that the
aggregates size is mostly 0.01-0.005 mm; aggregates
of 0.05-0.01 mm are found less often; and fine-
fraction aggregates demonstrate the least amount.
That indicates certain changes in microaggregate soil
composition due to the carrying out of fine fractions
and the disturbances of larger aggregates. Content
of the initial particles and content of the particles in
microaggregates of the corresponding fractions have

Table 4. Percentage content of the initial particles

of sample preparation (Fig 2).

According to the methodology (Mokrytska,
Tushev et al., 2018), values of fractal size of the
functions of particle distribution in terms of their
mass have been calculated (Fig.3). Values of the
determination coefficient of linear trend equations
indicate considerable importance of the obtained
equations. Value of angle coefficient shows the effect
of the preparation method upon the value of fractal
size of the function of particles distribution in terms
of their mass.

Next stage involves calculation of the porosity
coefficient value of soil in terms of complete decay

Parameter M1 M1-a M2 M2-a M3 M3-a M4 M4-a M5 M5-a M6 M6-a
Percentage content of particles, % | 43,353 | 34,591 | 15,169 - - - - 4,393 | 2,713 | 6,717 | 2,047 -
. . 0,1- 0,05- 0,01- 0,005- 0,002- Less
Fraction size, mm
0,05 0,01 0,005 0,002 0,001 0,001
Note for Table 4:
M1 — content of the initial particles;
M1-a — content of the particles in aggregates.
Table 5. Results of the calculation of forecast values of the porosity coefficient
Method of sample Value of fractal size of the .

. p . . . Claculation Forecast value of the
preparation for the | function of particles distribu- ficient val orosity coefficient k’
analysis tion in terms of their mass D | co¢tcient vatue P y
Aggregate 0.189 0.738 0.961
Disperse 0.071 0.892 0.668
Semi-disperse 0212 0.711 1.019

been calculated (Table 4).

No availability of the initial particles of fine ar-
gillaceous composition and general decrease in the
amount of fine particles comparing to the natural state

of samples microaggregates having experienced
mechanical or chemical action of different degree
(Table 5). Those values are the forecast ones indicating
porosity value of the soil medium having experienced
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Fig. 2. Cumulative curves of granulometric composition of the sample of Dnipro loessial horizon having been subject to long-term

salt solution filtration

Notes for Fig. 2:

N, % - total number of particles;
In R — logarithm of particle size;

Row 1 — aggregate method of sample preparation (mechanical shaking during 2 hours);

Row 2 — semi-disperse method of sample preparation (with the addition of ammonia solution);

Row 3 — disperse method of sample preparation (with the addition of sodium pyrophosphate solution).

Table 6. Forecast values of the deformation of the sample of Dnipro loessial horizon.

Results of calculation of forecast deformation of the sample
of Dnipro loessial horizon vdP II dn
Value of fractal size of the
Method of sample furllcti(‘)n of particles fiistri- Porosity coefficient | Porosity coefficient | Volumetric
. bution in terms of their mass | of a natural-state | of a changed-state | sample defor-
preparation .
sample sample mation
Aggregate prepara- 2.669 0.706 0.74 -0.034
tion ' ' ' ’

Preparation with 2.706 0.718 0.741 -0.023

magnetic shaker
Preparation as long-
term water solution 2.605 0.711 0.737 -0.027

filtration

Table 7. Forecast deformation values due to salt solution filtration

Method of soil prepa- Porosity coefficient of a Porosity coefficient of a Volumetric sample
ration natural-state sample changed-state sample deformation
Aggregate preparation 0.96 -0.249
Semi-disperse prepara- 0.711 1.019 -0.308
tion
Disperse preparation 0.668 0.04

long-term salt solution filtration and mechanical or
chemical effect resulting in complete decay of all the
microaggregates.

Comparison of the obtained values with the
porosity coefficient values of natural-state soil
(Table 5) and changed soil (Table 7) demonstrates
the expected consequences of the effect of suffusion
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process upon the porosity of Dnipro loessial horizon
sample.

While analyzing the data, it should be noted
that disturbance of microaggregates results in the
formation of looser structure; in this context, filtration
is less important factor than the action of magnetic
field or mechanical shaking.
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Fig.3. Graphs of the dependence of logarithm of particle distribution function in terms of the mass upon the

logarithm of particle sizes.

Note for Fig. 3:

Ln 'V, % - total volume of particles;

Ln R — logarithm of particle size;

Row 1 — aggregate method of sample preparation;
Row 2 — disperse method of sample preparation;
Row 3 — semi-disperse method of sample preparation.

According to the results of previous studies due
to filtration with water solution, increased coefficient
of soil porosity should be expected. Calculations
of the values of soil volumetric deformation due to
long-term filtration with salt solution show the fact
that possible microaggregates decay within the zones
of technogenic contamination due to chemical effect
will result in the formation of structure with denser
particles packing, i.e. compaction.

If loessial horizons with the changed state due
to salt solution filtration are subject to mechanical
effect, there is possible soil loosening (even, drastic
loosening) and loss of soil stability.

Thus, comparison of the results shows
considerable changes in the soil state due to suffusion
within the zones of technogenic contamination.
Certain regularities of changes in soil porosity in the
state of complete degradation in terms of complete
decay of microaggregates due to mechanical suffusion
or processes of solution and carrying out of particles
during salt solution filtration have been defined. It
has been demonstrated that density deformation is
possible only in the context of disperse preparation in
terms of maximum decay of microaggregates.
Conclusions and their discussion. The paper rep-
resents the results of long-term experiment on deter-
mining regularities of changes in loessial soil state
within the zones of technogenic action.

Effect of chemical composition of the solution
upon the regularities of changes in granulometric and
microaggregate soil composition has been confirmed.

It has been proved that suffusion may result in
loss of soil strength and compaction.

For the first time, forecast values of the poros-
ity coefficient of loessial Dnipro horizon have been
obtained; the values will correspond to new soil state.

For the first time, the experimental results have
made it possible to prove the possibility to obtain
forecast values of the properties of the medium expe-
riencing certain changes due to suffusion.
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Assessment of environmental risks from atmospheric air pollution in industrially developed
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Received: 04.02.2019 Abstract. Currently, atmospheric pollution is one of the main causes of premature mortality
Received in revised form: 14.02.2019 in the world. The problem is especially relevant for economically underdeveloped countries,
Accepted: 20.02.2019 in particular Ukraine, the economy of which has been developing for a long time in an

extensive way. The complicated socio-ecological situation in the territory of the country
is due, first of all, to insufficient financing of the medical industry and environmental protection, outdated technologies in industries,
etc. The purpose of the study is to assess the environmental risks of atmospheric air pollution in industrialized regions of Ukraine.
Kharkiv and Dnipro regions, which are part of the Donetsk-Prydnistrovsky economic macro-district, a powerful center of metallurgy
and machine-building of the national level, were selected for the study. As part of the study, the ambient air condition was assessed from
the point of view of sanitary-hygienic norms in compliance with state environmental standards as well as the risks of carcinogenic and
non-carcinogenic effects from atmospheric pollution.Regional monitoring data on average annual concentrations of common pollutants
and heavy metals in the atmospheric air of the cities of Kharkiv and Dnipro regions were used in calculations, averaged over the period
from 2014 to 2016. The results of calculations have shown that the total non-carcinogenic risk from atmospheric air pollution in all
studied cities exceeds the permissible level: Dnipro — 19.8 HQ; Kamianske— 23.3 HQ; Kryviy Rig — 19.3 HQ; Kharkiv —11.9 HQ. The
pollutants: PM, ;, copper, formaldehyde, nitrogen dioxide, manganese and phenol mostly contribute to the greatest non-carcinogenic
risk. The dominance of these chemicals and elements in the structure of pollution in the studied cities leads to high probability
of development of harmful effects in the respiratory organs — 11.1 to 22.3 HQ; cardiovascular system — 2.9 to 12.3 HQ; immune
system — 1.7 to 4.7 HQ; eyes — 0.8 to 4 HQ; central nervous system — 1,4 to 4,6 HQ. The risk of carcinogenic effects is calculated
for substances with proven carcinogenic effects: formaldehyde, nickel, cadmium, lead and chromium. The obtained carcinogenic risk
from atmospheric air pollution within the studied cities falls into two categories: conventionally acceptable level of risk and acceptable
level of risk. The greatest carcinogenic danger is from pollution of atmospheric air by chromium. Contribution of chromium to total
carcinogenic risk ranges from 53.6 to 90.6%. Taking into account the obtained results, it is expedient to include the assessment of the
risks to the population’s health in the system of monitoring and control of the environment in Ukraine.

Keywords: environmental safety, population health, heavy metals, atmospheric air, carcinogenic risk, non-carcinogenic risk

Ouninka eKoJI0riYHMX PU3MKIB BiJ 3a0pylHeHHsI aTMOC(EPHOI0 MOBITPSI Y MIPOMUCJI0BO PO3BH-
HEHMX perioHax Ykpainu

A. H. Hexoc, 0. B. Mensenena, H. 1. Uepkammna
Xapxiscvruii Hayionanohutl ynisepcumem imeni B. H. Kapasina, Xapxis, Yxpaina, alnekos999@gmail.com

Awnoranisi. Choroini 3a0pyaHeHHs aTMOCHEpH HAISKHUTH 710 TOJIOBHUX ITPUYUH ITEPeT9aCHOT CMEPTHOCTI y CBiTi. OCOOIMBO aKTyaIbHOTO
npobiema € JUisi eKOHOMIYHO cJIab0OpO3BHHEHUX KpaiH, 30KkpeMa YKpalHH, EKOHOMIKa SKOT TPUBAJIMH Yac PO3BHBAIACh EKCTCHCHBHUM
nursxoM. CrilaiHa conialIbHO-€KOJIOTIYHA CUTYAIlisl Ha TepUTOpii Jiep>kaBu 00yMOBIIeHa, HacaMIIepe/l, HeAOCTaTHIM (iHAaHCYBaHHIM
MEIIUYHOI rayry3i 1 OXOPOHHU JOBKLLIS, HASBHICTIO 3aCTapiiMX TEXHOJIOTIH Ha BHPOOHUIITBaX TOmO. MeTa JOCHIIKEHHSI — OLliHKa
EKOJIOTIYHUX PH3HKIB BiJ 3a0pyIHEHHS aTMOC(EpHOTO MOBITPS Y MPOMHUCIOBO PO3BHHEHHX perioHax YkpaiHu. Jims mociimkeHHs
oOpano XapkiBceKy 1 [IHimpomeTpoBChbKy oOmacti YKpaiHH, sSKi BXOZATH 10 ckiany Jlonensko-IIpuaHipOBCHKOTO €KOHOMIYHOTO
MakpopaioHy — MOTYXXHOrO LEHTpa MeTanyprii i MamnHOOyAyBaHHs HAI[lOHAJIBLHOTO PIBHA. Y paMKax JOCHIIKEHHs IPOBEICHO
CaHITAPHO-TIri€HIYHY OI[IHKY CTaHy aTMOC(EPHOTr0 IOBITPs HAa BIAMOBIAHICT A€P)KABHIM E€KOJIOTTYHUM HOPMATUBAM, OL[IHKY PH3HKIB
PO3BUTKY KaHIEPOI'€HHHX i HEKAaHIIEPOTeHHHMX e(eKTiB Bix 3a0OpyaHEHHs arMocgepHOro moBiTps. IIpy BHKOHAHHI PO3paxyHKIB
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BHKOPHCTAaHI IaHi PEerioHaJIbHOTO MOHITOPHHTY IIOJI0 CePEAHBOPIYHIX KOHIIEHTPALIiH 3aralbHOIOMIMPEHIX 3a0pYIHIOIOUHX PEIOBUH
1 BOKKUX MeTaliB B arMocepHOMy moBiTpi MicT XapkiBchkoi i JlHimporneTpoBckKkoi obmacteif, ycepequeni 3a nepiox i3 2014 mo
2016 pik. Pe3ymprarn po3paxyHKiB IMOKa3ajH, 0 CyMapHUIl HeKaHIIEPOTCHHIN PU3HUK BiJl 3a0pyIHEHHS aTMOC(HEPHOTO MOBITPS B YCIiX
JOCTIDKYBaHNX MicTaX MEPEBUIIYE AOMyCTUMUM piBeHb: M. JHinpo — 19,8 HQ; m. Kam’saeske — 23,3 HQ; m. Kpusuii Pir — 19,3 HQ;
M. XapkiB — 11,9 HQ. Haii0inp1uuii BHECOK Y CyMapHUii HEKaHIIEPOTeHHUH PU3UK BHOCSTH TaKi MOTIOTAHTH: [THJI, Miflb, (POpMaJIbICTi],
JOKCH]T a30Ty, MapraHens i ¢peHos. JIoMiHyBaHHS 3a3HAUCHUX XIMIYHUX PEUOBHH Ta SJICMEHTIB y CTPYKTYPi 3a0pYyIHEHHS 00YMOBITIOE
JUISL HACEJICHHsI JOCJII/DKYBAHHX MIiCT BUCOKY IMOBIPHICTh PO3BUTKY IIKIJUIMBHX e()eKTiB B opraHax auxauus — Bix 11,1 no 22,3 HQ;
ceplueBo-CyanHHIN cucteMi — Bin 2,9 no 12,3 HQ; imyHHi# cuctemi — Bin 1,7 mo 4,7 HQ; ouyax — Big 0,8 no 4 HQ; LIHC — Bix 1,4 no
4,6 HQ. Pusuk po3BUTKY KaHIEPOTEHHUX €(EKTiB PO3PAaXOBaHO /ISl PEYOBHH i3 TOBEACHOIO KAaHIIEPOTECHHOO Ji€l0: (OpMabIeTis,
HiKeNb, KaJMil, CBHHEIb Ta XpoM. OTprUMaHi 3HaYCHHs KaHLIEPOTCHHOTO PH3HKY Bi 3a0pyIHEHHS aTMOC(EpPHOTro MOBITPS y Mexax
JOCIIPKYBaHHX MICT HaleXaTh JI0 ABOX KaTeropiil: yYMOBHO NPUHHATHUI piBeHb PU3UKY 1 NPUIHATHMII piBeHb pu3nKy. HailOibury
KaHLEPOreHHY HeOe3NeKy IPeACTaBisie 3a0pyaHEeHHs aTMOC(EpHOro IOBITPS XPOMOM. BHECOK XpoMy y 3HAUeHHS CyMapHOIO
KaHIIEPOT€HHOTO PU3HKY cKianae Bif 53,6 no 90,6 %. BpaxoByioun oTpumaHi pe3yasTaTH, JOUUTEHEM € BKIIOYEHHS OI[IHKH PU3UKIB
JUISL 37I0pOB’ ST HACEJICHHS /IO CHCTEMH MOHITOPHHTY i KOHTPOJIO 3a CTAHOM JOBKULISA B YKpaiHi.

Knouosi cnosa: exonoziuna 6esnexa, 300pos s HACELEHH S, BANCKI MeMal, ammocepne nogimpsi, Kanyepo2eHHull pusuK, HekaHyepo-

2eHHUI PUSUK

Introduction. Intensification of processes of
technogenesis in the 20th century has caused
contamination of the components of the environment,
which in some territories reached critical levels for
people’s life and health . In particular, in London
in 1952 atmospheric air pollution combined with
temperature inversion led to the formation of a
powerful smog, which, according to various estimates,
killed about 12,000 people (Bell, Davis, & Fletcher,
2004). A similar case with fewer victims occurred
earlier in Belgium in 1930. At that time, smog with an
increased content of sulfur dioxide caused premature
deaths of more than 60 people.

Awareness of the catastrophic consequences of
the disruption of the ecosystem balance prompted na-
tional governments to legislatively approve acceptable
levels of environmental pollution. However, the
establishment of environmental restrictions have far
from entirely succeeded in getting rid of the effects
of negative technogenesis on human life and health.
According to Landrigan et al., 2017, due to diseases
caused by environmental pollution 9 million people
died prematurely in the world in 2015. This includes
6.5 million people who died from the pollution of
atmospheric air, clearly the greatest source of danger.

Environmental problems for countries with
low and average income levels,where the death rate
due to environmental pollution is 92% of the global
indicator, are particularly relevant today (Landrigan
et al, 2017). The complicated environmental
situation is usually caused by the industrialized
economy, a high proportion of energy-intensive and
material-intensive industries, outdated technologies,
insufficient expenditures on environmental protection
needs and on medicine, and so on. Taking the above
into account, there is a need for research in the field of
environmental safety assessment of such regions with
regard to human life.
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Analysis of recent research and publications.
Analysis of present-day research in the field of
environmental safety indicates the priority of the
problem of air pollution in most regions of the world.
Inthe United States alone, changes in the concentration
of PM, ,in the surface layer of the atmosphere annually
lead to 200.000 premature deaths, in O*~to 10,000
premature deaths (Caiazzo, Ashoklan, Waitz, Yim, &
Barrett, 2013). In China, between 2004 and 2012, the
number of premature deaths from atmospheric PM,
increased from 0.8 to 1.2 million per year (Liu et al.,
2017). The economic loss from the negative impact
of atmospheric air pollution on health in Europe and
the United States is estimated at 300 and 145 billion
euros, respectively (Im at al., 2018).

Particular attention in modern studies is devoted
to the influence of meteorological conditions on the
quality of atmospheric air. The authors (Revich et
al., 2015) determined the dependence of mortality
increases of 0.47 and 0.41% on an increase in daily
average concentrations of PM  and O’ by 10 pg/m’,
respectively, during the period of abnormal heat in
Moscow. Research results (Wang, Chen, & Liu, 2015),
conducted in China indicated a positive correlation
between the reduction of the Arctic sea ice area and the
increase in the number of foggy days in the country.
Taking into account further reduction of the ice cover
due to global warming [Maksymenko, Medvedeva,
& Cherkashyna, 2019], a tendency to increase in the
number of days with favourable conditions for the
formation of smogs becomes a significant factor in
increasing the level of environmental hazard in the
region.

A significant number of Ukrainian scientists
are devoting their research to the problems of
regionalization and spatio-temporal structuring of
environmental hazards, and selection of criteria for
the establishment of danger levels, etc. In particular,
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in the work (Yatsenko & Ivaniuta, 2013) it is proposed
to add the indicator of density of the common
pollutants’ emissions per unit area or per capita to the
normative indicators of the air quality assessment. A
similar approach is used by the authors (Ivaniuta &
Kachynskyi, 2013) when ranking the administrative
regions of Ukraine on the basis of pollutant
emissions per capita. It is carried out in relation to
the administrative area with the highest value of the
indicator adopted for 1. The assessment methodology
of the condition and development of the regions by the
ITSEEDI index is developing, allowing one to con-
sider the connection between the subsystems of the
environment based on the integrated approach(Nekos
& Soloshych, 2014).

An overview of recent studies in the field of
environmental safety of the regions of Ukraine
shows that the problem of excesses over sanitary
and hygiene standards receives the bulk of atten-
tion. This approach does not allow to take into ac-
count the physiology of the cohort, the quantification
of the probability of diseases and mortality among
the population, or attempt to determine the critical
organs and systems of the human body, subject to
the exposure to certain pollutants. Considering the
above, it is expedient to assess environmental safety,
including safety of atmospheric air, as a criterion for
the health risks of the population.

The purpose of the work is to assess the
environmental risks of atmospheric air pollution in
industrialized regions of Ukraine.

Materials and methods of research. During the
study, the materials of “Regional reports on the state
of the environment” in Kharkiv and Dniproregions
of Ukraine for the period from 2014 to 2016 were
used, namely, the data of average annual content of
pollutants in the atmospheric air of the following
cities: Kharkiv, Dnipro, Kryvy Rih and Kamianske.
The materials used are official public open access
data. The monitoring of atmospheric air is carried
out on a regular basis by the regional subdivisions
of the Ministry of Ecology and Natural Resources of
Ukraine.

Assessment of the dangers of atmospheric air
pollution for the health ofthe population was carried out
according to the risk criterion for the development of
carcinogenic and non-carcinogenic effects according
to the methodology (Rukovodstvo po ocenke riska
dlja zdorov’ja naselenija pri vozdejstvii himicheskih
veshhestv, zagrjaznjajushhih okruzhajushhuju sredu,
2004). Carcinogenic risk is calculated according to
formulae 1.1 and 1.2. In assessing carcinogenic risk,
standard values of exposure were used: human weight
— 70 kg, period of exposure averaging and duration of

exposure — 70 years, the volume of atmospheric air
entering the human body — 20 m*/day.

CR=LADD - SF, (1.1)

where

CR —individual carcinogenic risk;

LADD — daily average intake during life, mg / (kg - day);
SF —tilt factor mg/(kg-days)’

C:CR-ED ‘E]

LADD= ———,
BW AT - 36

(1.2)
where

C — concentration of the substance in the contaminated
environment, mg/m?;

CR —rate of admission to an organism, m*/day;

ED — duration of exposure, years;

EF — frequency of exposure, days/year;

BW — body weight, kg;

AT — period of averaging of the exposure;

365 — number of days in a year.

The risk of development of non-carcinogenic
effects in the population from atmospheric air
pollution is calculated according to the formula
1.3 (Rukovodstvo po ocenke riz dlja zdorov’ja
naselenija pri vozdejstvii himicheskih veshhestv,
zagrjaznjayushhih okruzhajushhuju sredu, 2004).

HQ =AC /RfC, (1.3)

where

HQ —hazard quotient;
AC — average concentration, mg/m?;
RfC — reference concentration, mg/m?.

Research results. Kharkiv and Dnipropetrovs’k
regions of Ukraine, which are part of the Donetsk-
Prydniprovsk economic macro-district - the center of
fuel and energy, metallurgical and machine-building
industries of state level, have been selected for the
research on the assessment of the airborne hazard.
The industrial cluster of the region was formed in the
“Soviet times” under the conditions of an extensive
economy. This kind of economic activity due to
neglect of environmental principles and laws has led
to significant pollution of local ecosystems and other
types of environmental degradation. According to
data (Shmandii et al., 2013), Dnipropetrovsk region
belongs to the regions with an extremely high level
of environmental hazards, and Kharkiv region — to
regions with a high level of environmental hazards.

It should be noted that as of 2018, about 2.68
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and 3.21 million people live permanently within
the limits of Kharkiv and Dnipropetrovsk regions,
respectively. The complicated ecological situation in
a densely populated territory can lead to significant
socio-economic losses due to the increased risk of
morbidity and mortality. Thus, the state of the natural
environmental components of the region, including
the quality of the air, requires special control by the
authorized bodies of state power.

Today, the tasks of monitoring the quality
of atmospheric air within the settlements of the
studied territory are implemented by the Regional
Hydrometeorological Centers. Monitoring is carried
out daily at specially equipped stations in the largest
cities of Kharkiv and Dnipropetrovsk regions:
Kharkiv, Dnipro, Kryvy Rih and Kamianske. The
monitoring programme includes indicators of
common pollutants and substances that are monitored
at regional and local levels.

Sanitary hygienic assessment. Indicators of
pollutants’ content for the period from 2014 to 2016
were averaged for the preliminary assessment of
atmospheric air hazards within the settlements of
Kharkiv and Dnipropetrovsk regions. The obtained
averaging values were compared with the maximum

and ammonia annual average MPC is characteristic
only for Kamianske town— in 2.3 and 1.2 times,
respectively. The average annual content of carbon
monoxide in it is within the limit-acceptable value — 1
MPC. Unlike the situation in Dnipropetrovsk region,
excessive average annual MAC of pollutants in the
atmospheric air of the city of Kharkiv has not been
recorded.

Assessment of non-carcinogenic risk. A
significant excess of the MAC in chemicals and
elements indicates a dangerous level of air pollution
within the studied cities, which necessitates a detailed
assessment of the health risks of the population. Con-
sequently, therisk of development of non-carcinogenic
HQ effects is calculated on the condition of inhalation
supply of pollutants (Fig. 2).

The results of the study show that the level of
total non-carcinogenic risk at simultaneous exposure
of pollutants in all cities exceeds the limit acceptable
value — 1. In particular,this risk for the population
of the city of Dnipro is 19.8 HQ; Kamianske— 23.3
HQ; Kryviy Rih — 19.3 HQ; Kharkiv — 11.9 HQ. It
should be noted that the likelihood of development of
harmful effects increases in proportion to the increase
in the risk value. Thus, the most dangerous level of

Share of MPC
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Fig. 1. Assessment of atmospheric air hazard within the settlements of Kharkiv and Dnipropetrovsk regions by criterion of

MAC (2014-2016).

permissible concentration — MPC accepted in Ukraine
(Fig. 1).

The results of the sanitary-hygienic assessment
of atmospheric air show that the average annual
concentration of formaldehyde is exceeded — from
3.1 to 4 times; PM, — from 2.4 to 3.8 times; nitro-
gen dioxide — from 1.4 to 2.2 times in all the studied
towns of Dnipropetrovsk region. Excess of phenol
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atmospheric air pollution among the studied cities is
characteristic for the town of Kamianske, the least
dangerous — for the city of Kharkiv.

Characterizing the non-carcinogenic risk of
certain chemicals and elements, we note that the
greatest danger to the health of the population is
the pollution of atmospheric air with PM, — the
permissible level of risk in all cities was exceeded
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Fig.2. Assessment of non-carcinogenic risk from atmospheric air pollution within the settlements of Kharkiv and

Dnipropetrovsk oblasts (2014 - 2016)

from 1.8 to 11.3 times. In the towns of Dnipropetrovsk
region the predominant pollutants are formaldehyde
and nitrogen dioxide. The range of non-carcinogenic
risk values for formaldehyde is from 3.1 to 4 HQ; by
nitrogen dioxide — from 1.42 to 2.2 HQ.

Significant local differences can be traced
in pollution of atmospheric air with copper and
manganese. Thus, the highest value of non-
carcinogenic risk for copper is characteristic for
the population of Kharkiv city — 5.8 HQ. The non-
carcinogenic risk indicator for the population of
Kryviy Rih for copper and manganese, in contrast to
other towns in Dnipropetrovsk region, corresponds to
the permissible level.

Thus, in the atmospheric air of the studied
cities there is an observed excess of the reference
concentrations of the following pollutants: PM,
copper, formaldehyde, nitrogen dioxide, manganese
and phenol. These pollutants are capable of causing
various harmful effects in the humanbody. In particular,
the influence of PM, and other solid particles is
associated with cardiovascular and cerebrovascular
diseases (Anderson, Thundiyil, & Stolbach,
2012). Excess of copper causes liver disorders and
neurodegenerative changes in the body (Uriu-Adams
& Keen, 2005), endemic anemia, growth retardation,
loss of light sensitivity, etc. (Nekos & Kholin, 2015).
Formaldehyde has a proven carcinogenic effect, may
cause eye irritation and respiratory tract infections
(Rovira, Roig, Nadal, Schuhmacher, & Domingo,
2016). Also, formaldehyde affects the nervous
system, respiratory tract, liver and kidneys; can lead
to anomalies of fetal development due to teratogenic
properties (Malyutina, & Taranenko, 2014). Pollution
of atmospheric air with nitrogen dioxide is dangerous
because of the risk of respiratory infections in the

interaction of pollutants with the immune system
(Chen, Kuschner, Gokhale, & Shofer, 2007). The
toxic effects of manganese are connected with
neurodegenerative  disorders, manganese-induced
parkinsonism or manganism (Avila, Robson, &
Aschner, 2013). Chronic phenol poisoning can cause
damage to the central nervous system, kidneys, liver,
respiratory and cardiovascular systems (Shipicyna,
Vasilenko, Gadaborsheva, & Chichirov, 2017).
Given the significant differentiation of the effects of
chemicals and elements, it is advisable to identify the
critical organs and systems of the human body, subject
to the exposure of all studied pollutants (Fig. 3).

The results of the study show that the highest
risk of developing non-carcinogenic effects from
atmospheric air pollution is characteristic of the fol-
lowing organs and systems: respiratory organs — from
11.1 to 22.3 HQ; cardiovascular system — from 2.9 to
12.3 HQ; immune system - from 1.7 to 4.7 HQ); eyes
— from 0.8 to 4 HQ); central nervous system — from 1.4
to 4.6 HQ. The range of values for the risk of normal
body development disorder is from 2.7 to 12 HQ. For
blood, the greatest risk is related to the formation of
methemoglobin — from 0.83 to 3.08 HQ. It should be
noted that the formation of methemoglobin leads to
the loss of iron ability to bind and transport oxygen in
the body (Fatkulin, Gil’'manov, & Kostjukov, 2014).
When the content of methemoglobin is more than 1%
in the blood, a person develops methemoglobinemia
— a state that is accompanied by headache, weakness,
tachycardia and other negative effects.

Assessment of carcinogenic risk. Among the
studied pollutants are chemicals and elements that
have a carcinogenic effect, that is, the ability to cause
malignant neoplasms. Carcinogens, in particular,
include: formaldehyde, nickel, cadmium, lead and

515




A.N.Nekos, Yu. V.Medvedeva, N. I. Cherkashyna

Journ. Geol. Geograph. Geoecology, 28(3), 511-518.

HQ
25 = Dnipro
20 mm K amianske
15 A mmm Kryviy Rih
10 - 1 Kharlav
—Permissible
31 level of HQ
0 - = - - - - = = N - - — =T T 1 Or d
- - v = o o o - . gans an
5 o ES g 2 B . 2g 2
— tn n = LER wn Q E e tn
5 5 B3 o 2 =2 E 25 o
g8 % § 2 SEER B 72 2E 2
s 8 8 E E3:7 ¢ £ 58 %
a3 = gE© Z 5 E S
hs] S z g
5 m ] e

Fig. 3. Risk of development of non-carcinogenic effects from pollution of atmospheric air in organs and systems of the body

chromium. The assessment of carcinogenic risk, CR,
was carried out in accordance with the generally
accepted methodology (Rukovodstvo po ocenke riz
dlja zdorov’ja naselenija pri vozdejstvii himicheskih

However, given the limited list of chemicals and
elements whose content is subject to atmospheric
air monitoring within the studied area, the actual
carcinogenic risk is likely to be higher. In particular,

Table 1.Assessment of carcinogenic risk from polluted air (2014 — 2016)

Ne Carcinogen Dnipro Kamianske Kryviy Rih Kharkiv
1 Formaldehyde 1,58E-04 1,23E-04 1,27E-04 3,07E-05
2 | Cadmium 5,40E-06 1,02E-05 4,81E-06 -

3 | Nickel 4,49E-06 4,80E-06 3,19E-06 6,40E-06
4 | Lead 2,84E-07 3,20E-07 2,40E-07 4,40E-07
5 | Chromium 2,52E-04 1,60E-04 1,60E-04 3,60E-04

CR total 4,20E-04 2,98E-04 2,95E-04 3,98E-04
Assessment of CR level Conditionally acceptable Acceptable

veshhestv, zagrjaznjajushhih okruzhajushhuju sredu,
2004), described above (Table 1).

The obtained carcinogenic risk values from
atmospheric air pollution are classified into two
categories: conventionally acceptable level of risk
and acceptable risk level. The lowest carcinogenic
risk corresponding to an acceptable level is
characteristic of lead. The greatest contribution to
the total carcinogenic risk is made by the pollutants:
chromium-— from 53.6 to 90.6%; formaldehyde — from
7.7 to 43.1% (Fig. 4). Such a distribution is likely to
be due to the preponderance of stationary sources of
pollution over motor vehicles, which is one of the
main factors of lead pollution of the environment

Thus, the carcinogenic risk from atmospheric air
pollution in the cities of Kharkiv and Dnipropetrovsk
regions corresponds to the permissible level.
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there is no ongoing monitoring of the soot content in
Dnipropetrovsk oblast and in most other regions of
Ukraine — the equivalent of PM2.5 according to the
international classification, which is a carcinogenic
pollutant.

Conclusions

1. Assessment of atmospheric air pollution hazard
within the settlements of Kharkiv and Dnipropetrovsk
regions was carried out within the framework of
the research on the criterion of environmental
risks, namely, the risks of carcinogenic and non-
carcinogenic effects on the population.

2. The total non-carcinogenic risk from
atmospheric air pollution within the studied cities
exceeds the permissible level. The range of non-
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carcinogenic risk varies from 11.9 to 23.3 HQ.
The greatest danger is the pollution of air by PM,
copper, formaldehyde, nitrogen dioxide, manganese
and phenol.

3. Pollution of air within the studied cities, above
all, is associated with the risk of harmful effects to the
respiratory system, blood, eyes, cardiovascular and
immune systems, central nervous system, as well as
disorders of the human body in general.

4. The total carcinogenic risk from atmospheric
pollution in all cities is characterized as conditionally
acceptable,chromium and formaldehyde being the
most dangerous pollutants.

5. In view of the obtained results, it is expedient
to include assessment of the health risks in the system
of monitoring and control of the environment in
Ukraine; it is advisable to disseminate information
and analytical materials among the population on
the impact of major pollutants on the human body, in
particular heavy metals.

6. Prospects of further research are related to the
assessment of risks to the population from atmospheric
air pollution, increase in the number of settlements
and regions of research,development of approaches to
optimization of the air monitoring system.
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Results of petrographic research of new finds from the archaeological monument Tokivske-1

I. S. Nikitenko', O. V. Starik?, V. A. Marchenko?

'Dnipro University of Technology, Dnipro, Ukraine, ihornikitenko@gmail.com
’Dnipropetrovsk National Historical Museum named after D. I. Yavornytskyi, Dnipro, Ukraine, segun.(@i.ua
3Classical Gymnasium named after Cyril and Methodius Nel36, Dnipro, Ukraine

Received: 30.12.2019 Abstract. The purpose of the work was to determine the provenance of the raw materials
Received in revised form: 04.01.2019 of ancient stone products, found during the excavations of the Bronze-Early Iron Age
Accepted: 07.03.2019 monument Tokivske-1, with the aim to establish connections of the ancient population of

the area with residents of other regions. The archaeological monument Tokivske-1, located
in the northern outskirts of the village Tokivske, Apostolove Raion, Dnipropetrovsk Oblast, has been explored by the expedition of
Dnipropetrovsk National Historical Museum named after D.I. Yavornytskyi since 2012. The authors of this article already carried out
petrographic study of stone artefacts from this monument, which had been found during the first five years of excavations. However,
over the past two years, a number of stone and other items were found that could expand our knowledge of the links of Tokivske-1
with ancient industrial centers of other regions. To carry out the petrographic analysis, six artefacts were taken, mainly those made
from macroscopically different rocks. Most of them can be related to metalworking. The analyzed samples are represented by an
amphibolite hammer for forging jewels or peening sheet copper, a dolerite anvil-prop for a specified hammer, a fragment of an abrasive
stone made of ferruginous quartzite, a quartz tile, which is a fragment of an altar, and fragments of an anvil and a scepter-pestle made
of sandstone. Petrographic analysis of artefacts allowed determining the probable provenance of their raw materials. Amphibolites
are quite common in the territory of the Middle Dnipro area, but by the color of the hornblende, the predominance of epidotization
processes over sericitization and macrostructural features, the studied rock is more similar to the amphibolites from the middle stream
of the Bazavluk River. Dolerites, similar to the raw material of the anvil-prop, are also common in the area of excavations, and by
the presence of the micropegmatite in its composition, its origin can be localized in the middle stream of the river Bazavluk or in the
valley of the river Mokra Sura. Magnetite quartzite — the raw material of the abrasive stone — most likely comes from the territory of
the city of Kryvyi Rih. Quartz tile — a fragment of an altar — is a quartz vein, similar to those that intersect granites of the Tokivskyi
massif directly near the village Tokivske. Sandstones, from which the anvil and the scepter-pestle were produced, appeared to be very
similar in their petrographic features. They are represented by quartz sandstones with fragments of rocks and polymineral cement
with the predominance of quartz regenerative and porous sericite cement. Also, the relic chalcedony and, more rarely, clay cement are
present in the pores. In the territory of Ukraine, the most similar to them, according to petrographic characteristics, are the sandstones
of the Carboniferous system, which crop out in the Donbas. Thus, the obtained data testifies to the connection of the Tokivske-1
archaeological complex with other parts of the Middle Dnipro area, such as the middle stream of the Bazavluk River and the Kryvyi
Rih area, as well as with more distant regions such as the Donbas. It should be noted that scepter-pestles, similar to the one studied
by us, are associated with metalworking, and the Donetsk basin, where the raw material of the indicated tool originates from, was the
copper production center of the Late Bronze Age.

Keywords: petroarchaeology, stone tools, Bronze Age, Tokivske-1
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AHoTamnisi. 3a 101moMoro merporpadiqHOro aHaji3y BH3HAYAEThCS IOXOPKEHHS MaTepialy Kam sSHHX BHPOOIB ernoxm OpoH3HM 3
MarepiaiiB PO3KOMOK apXeonoridHoi mam siTKH TokiBchke-1, po3TamioBaHol Ha MiBHIUHIM oxomnwii c. TOKIBChbKEe AIOCTONIBCHKOTO
paiiony JlHimpormeTpoBcbkoi obmacTi. JlocmimpkeHo micTh BUPOOiB, 3HAWACHUX i 9aC OCTAHHIX apXEONOTIYHUX PO3KOIOK MaM’ SITKH
eKCTeaMLier0 JJHIMpOneTpOBCHKOTO HAIlIOHATBHOTO iIcTOpUYHOrO My3eto iM. J[.1. SIBopHuLbKoro y 2017 — 2018 pp. binbmricTs i3 HUX
3a QYHKIIOHAIILHUM IPU3HAYCHHSIM MOXKYTh OyTH OB’ s13aHi 3 MeTano00po0koro. JlociipkyBaHa KOJIEKIisl TIPeCTaBIeHa MOJIOTOYKOM
JUIsl KyBaHHS I0BEJIIPHUX BUPOOIB a00 MPOKOBYBAHHS JINCTOBOT Mijli, ITiICTABKOIO-KOBA IOM JUIS 3a3HAY4EHOT'0 MOJIOTOYKA, ()parMeHTOM
a0pa3WBHOTO KaMeHs, IUINTKOI0 — ()parMEeHTOM JKEpTOBHUKA, (PParMEHTOM KOBa/UIa Ta ()parMEHTOM TOBKada-cKirmerpa. HaiOimbm
LIKAaBUM 3 JOCHIPKCHUX 3HApAIb OyB MMiCKOBUKOBUI TOBKA4Y-CKIIlETp, MOMIOHI SIKOMY, Ha AYMKY OUTBIIOCTI JIOCIITHHUKIB, HAaJCKAIN
MaiictpaM-mMeTanypram. /s mpoBeaeHHs AOCTiKeHHs Oynu oOpaHi 3pa3ky, BUTOTOBIICHI 3 MaKPOCKOIIIYHO BIIMIHHUX IOpiA, SKi
MOIJIM MaTH Pi3HE MOXOKEHHS. BU3HaueHHS MOX0OPKEHHS BUPOOIB € Ba)KJIMBUM JUIsL BCTAHOBIICHHS 3B’ SI3KiB apXEOJIONi4HOT aM ITKU
3 IHIIMMHM perioHaMH, 30KpeMa BHUSIBIICHHS TOPrOBEIbHHX 3B’ SI3KiB 3 [IEHTPaMHU METaIOBUPOOHUIITBA. B pe3ysbTaTi BAKOHAHOTO I1eTpo-
rpadigHOTO TOCIIUKEHHSI BU3HAYEHO, 1[0 MaTepias apTredakTiB mpeacTaBIeHUH aM(piOoIiTOM, 10IEPUTOM, 3aTi3UCTUM KBapIUTOM,
JKHJIBHUM KBapIOM i IMICKOBHKOM. 3a JIONOMOTOIO IOPIBHSHHS METPOrpadivHuX 0CcOoOIMBOCTEH TOCIIKYBaHUX 3pa3KiB Ta 3pasKiB,
BimiOpaHMX 3 MPHUPOAHUX BiJICIOHEHb, a TAKOXK 32 OIMyONiKOBAaHUMHU 1 3BITHUMHU JaHUMH, OyJ0 BH3HAYEHO IMOBIpHE IMOXOIKCHHS
CUpPOBHHU BHPOOiB. Bei mocmimkyBaHi 3pa3ku, OKpiM MICKOBHKIB, MAIOTh aHAJIOTH cepes ripehkux mopia Cepenusoro [IpuaHinpos’s,
pu oMy amdibomiT Ta IoNepuT, HalliMOBIpHille, MOXOMITh 3 cepenHbol Teuil p. BasaBnyk, a 3ami3ucTuil KBapUHUT — 3 TEpUTOPIl
Kpusopixoks. MoxinBo, mieMiHHe 00’€THaHHs 100U OpOH3M, SKOMYy Hajexaia rmam’sitka TokiBcbke-1, 3aiiMano TEpUTOPI0 Mixk
piukamu bazaBnyk ta [Hrynens. 3pa3ku micKOBUKIB, HAHIMOBIPHIIIIE, TOXOSTH 3 TepUTOPil JIOHEIEKOTO KPSIKY, III0 MOXKE CBITYUTH Ha

KOPHCTH 3B’s13KiB TOKIBCbKOTO-1 3 JIOHENIFKUM TipHUYO-METaTypriifHUM HEHTPOM OO OpOH3H.

Kniouosi cnosa: apxeonoziuna nempozpaghis, kam simi supobu, enoxa oponsu, Toxiecvre-1

Introduction. Petrographic analysis is widely used
in modern archeology. It is applied to determine the
provenance of the artefacts’ raw materials that cannot
be done using conventional archaeological methods.
Determining the raw materials of stone products can
detect the connections between remote areas, establish
the facts of the exchange trade between regions, and
may help in finding places of ancient mining of stone
raw materials.

Most often, petrographic methods are used in the
research of polished stone tools, which were widely
used from the Neolithic to the Bronze Age. Recently,
the materials of research of many such stone artefacts
were published in the world literature, particularly
stone axes and other tools of the archeological
monument Wroclaw-Vidava-17 in Poland (Borowski,
2014), collections of Neolithic polished axes found in
the southern Italy near Paestum (Aurino, 2017), basalt
artefacts of the Bronze Age from Israel (Gluhak,
2018). One of the most comprehensive studies was
the petrographic research of more than 400 polished
stone tools and weapons dated to the Middle Bronze
Age from central Hungary (Farkas-Petd, 2014). The
subject of petrographic research were the altar stones
of megalithic monuments as well, in particular,
an additional study was recently conducted on the
composition and provenance of the altar stone material
of the world’s most known Stonehenge complex in
the United Kingdom (Ixter, 2019).

This article is devoted to the research of new
finds of polished tools and constructional elements
from the Tokivske-1 archaeological monument. It is
located at a distance of 0.23 km from the northern
outskirts of the village Tokivske, Apostolove Raion,
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Dnipropetrovsk Oblast, on the right bank of the
river Kamianka, which is the right tributary of the
Bazavluk River. Archaeological explorations and
excavations on this site have been carried out by the
expedition of the Dnipropetrovsk National Historical
Museum named after D.I. Yavornytskyi since 2012.
Studies in the territory of the monument showed three
main cultural horizons. The lower one dates back
to the transition period from the Middle to the Late
Bronze Age (the cultural circle Babine), with which
the creation of the monument is associated. The next
layer is the Late Bronze Age (Sabatynivska culture).
The upper horizon dates back to the Early Iron Age
(Scythian culture) (Starik, 2017).

The authors already carried out a petrographic
study of stone artefacts from Tokivske-1, found
during the first five years of excavation (Nikitenko,
2018). However, new discoveries in the territory of
the complex led to the need in revising the role of the
studied monument, particularly as a metal processing
center of the Bronze Age. Thus, in 2017, six stone
and clay casting molds and their fragments with
negatives for casting bronze pins with ball-shaped
heads, sickles, needles, chisels, daggers, and socketed
axe-celts were found. In 2018, two stone double-sided
molds for casting of daggers, a mold with a lid for
casting round-shaped ingots and a unique four-sided
casting mold were also found. Thus, the issues of
finding the other evidences of metalworking in the
territory of the monument and the establishment of
the raw materials sources of supply appeared.

Petrographic study of anumber of artefacts, which
may indicate the existence of interregional relations,
was necessary for solving the formulated problems. To
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carry out the research, the artefacts, which origin was
of the highest interest for archaeological study, were
selected (Tab. 1). Most ofthem could be related to metal
processing. Of special interest was the provenance of

Table 1. The list of studied stone artefacts

of the artefacts was determined by comparative
petrographic analysis with samples of similar rocks
from the Middle Dnipro area and other regions.
Similarly, the comparison was performed with the

No. Name Inventory | Measurements, cm Material
number
1. Working tool (hammer for forging jewels or peening sheet 86 7x55x5 Amphibolite
copper)
2. Anvil-prop for forging jewels or peening sheet copper 305 11.5x7x6.5 Dolerite
Abrasive stone (fragment) none 4x4x4.5 Ferruginous
quartzite
4. Tile (fragment of an altar) none 6x12x8 Vein quartz
Anvil (fragment) none 7x65x6 Sandstone
6. Scepter-pestle (fragment) 152 72x5x75 Sandstone

the raw material of the stone scepter-pestle (Fig. 1),
since such instruments are quite rare and are related
to the centers of metal processing in Eastern Europe
and Central Asia. According to Boroftfka and Sava it
belongs to the type Ia, widespread from the Volga to
the Danube River, mainly in the territory of Ukraine
and Moldova (Boroffka, 1998).

Fig. 1. Scepter-pestles of the Bronze Age.

thin sections produced from the materials of other
archaeological artefacts, which origin was established
during previous studies. In addition, the data from
the reports of primary geological survey and literary
works of the mid-twentieth century were used, which
provided a detailed petrographic description of rocks
from natural exposures, since ancient miners could

A — studied fragment of the pestle from Tokivske-1 (sample 6); B — intact sample from the museum collection.

The purpose of the work is to determine the
provenance of the materials of the Bronze Age stone
artefacts that were found during the excavations of
Tokivske-1 in order to establish connections between
the monument and other regions.

Materials and methods. Microscopic research of thin
sections was carried out using polarizing microscope
LOMO POLAM R-312. The origin of raw materials

only use rocks that occur close to the day surface.
Results and their analysis. As a result of
mineralogical and petrographic analysis of six
artefacts it was established that they were made from
amphibolite, dolerite, magnetite quartzite, vein quartz
and sandstone (Tab. 1).

Amphibolite (sample 1) is represented by a fine-
grained rock, in which the femic mineral — hornblende
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— contrastingly stands out against the background of a
lighter salic mineral — plagioclase. Mineral composi-
tion of amphibolite (vol. %): hornblende — 50 — 55;
plagioclase — 45 — 50; quartz, epidote, opaque miner-
al, sphene — less than one percent. Hornblende forms
tabular crystals of light green color with thombic am-
phibole cleavage. It demonstrates pleochroism from
green-yellow to turquoise-green with brown-green
spots. The size of crystals is 0.5 — 2.0 mm, mainly
1.0 — 1.5 mm (Fig. 2). Plagioclase is represented by
crystals of a tabular and irregular shape (conformal
boundaries) with polysynthetic twins. The size of the
plagioclase crystals is from 0.5 to 1.5 mm, the min-
eral is weakly sericitized. Quartz forms crystals of
isometric shape up to 0.2 mm in size. In contrast to

Fig. 2. Amphibolite (sample 1).
Hbl — hornblende; P1 — plagioclase; Ep — epidote; Spn — sphene. Transmitted light, nicols (=), x 47

plagioclase, it is transparent and has no impurities of
secondary minerals. The epidote is contained in the
form of crystals of irregular and tabular form in the
size up to 0.2 mm with anomalous interference colors.
Usually, the crystals of epidote form aggregates. The
mineral replaces the hornblende, less — plagioclase.
The opaque mineral is represented by angular crys-
tals. Several grains on the edges are translucent in red,
which makes it possible to relate the opaque mineral
to hematite. Sphene in the studied amphibolite forms
isometric crystals that differ in the thin section with a
high refractive index and interference color. Sphene is
surrounded by aureoles of secondary alteration prod-
ucts with lower refractive index (epidote?). The main
minerals of the amphibolite are gathered into aggre-
gates, therefore its texture can be defined as glomero-
granoblastic.
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Provenance. Amphibolites are common rocks
in the Middle Dnipro area; also, they are exposed in
the North Azov Sea area, the Bug River area, in the
Inhulno-Inhuletskyi and Rosynsko-Tikytskyi areas of
the Ukrainian Shield (Yesypchuk, 2004). The biggest
outcrops of amphibolites are located in the Kryvyi
Rih area and in the right-bank part of the Middle Dni-
pro area in the valleys of the rivers Bazavluk, Mokra
Sura, Chortomlyk and their tributaries. The analyzed
sample differs from the Kryvyi Rih amphibolites,
exposed in the valleys of Saksahan and Inhulets riv-
ers, by the shape of hornblende crystals and lack of
biotite; from Saksahan amphibolites it also differs
by the presence of twins in plagioclase. According
to Usenko, amphibolites of the right-bank part of the

Middle Dnipro area, which form natural outcrops, are
divided into two groups: amphibolites of the middle
stream of the river Bazavluk and the group of am-
phibolites of the lower stream of the Bazavluk River
(Sholokhove village), Chortomlyk River and the river
of Mokra Sura (Usenko, 1953). At all of these oc-
currences the varieties of amphibolites, which have
common features with the analyzed sample, crop out.
But, taking into account the predominance of epidoti-
zation (as opposed to the sericitization that is typical
for Sholokhove amphibolites), lighter, spotty color of
hornblende, high content of plagioclase, macrostruc-
tural features (dark crystals of hornblende stand out
against a background of light-gray plagioclase), the
studied sample is more similar to the amphibolites of
the middle stream of the river Bazavluk. The compar-
ative petrographic analysis of amphibolites from this
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area and the raw material of the analyzed tool showed
the greatest similarity to the sample we picked up at
the rocky outcrop in the village Udachne in the mid-
dle stream of the river Bazavluk.

Dolerite  Provenance. Dolerites (diabases) are
quite common in the territory of the Middle Dnipro
Megablock of the Ukrainian Shield. Fresh olivineless
species form natural outcrops along the river Bazav-
luk, in the middle stream of the river Bazavluchok, as
well as in the southern part of the Mokra Sura River
and the river Dnipro. We investigated a similar rock
in the valley of the river Mokra Sura. The peculiarity

interference colors, probably, talc, which could re-
place a mineral of the cummingtonite-grunerite series
(Fig.4). Goethite is represented by single large grains,
as well as a disperse admixture that tinctures the seric-
ite flakes and fills the gaps between quartz grains. As
a result of the polished section analysis, it was deter-
mined that the ore mineral crystals are represented by
one mineral species with the same reflectance, which
is shown by all aggregates. Considering the results of
macroscopic and microscopic study, the rock can be
defined as a magnetite quartzite.

Provenance. Ferruginous quartzites are wide-

Fig. 3. Dolerite (sample 2).

Cpx — clinopyroxene; Pl — plagioclase; Mag+Gth — magnetite and goethite. Transmitted light, nicols (+), x 90

of the raw material of the artefact is the presence of
micropegmatite, which is the intergrowth of feldspar
and quartz. Similar inclusions were noted by Usenko
in pyroxene diabases, which are exposed on the river
Mokra Sura and between the tributaries of the river
Bazavluk — the gullies Krynychevata and Bakulin
Brid (Usenko, 1952).

Ferruginous quartzite (sample 3) is represented
by a dark grey, fine-grained rock. The examined sam-
ple is magnetic, the ore layers have a black streak.
The rock consists of parallel substantially ferruginous
and substantially quartz layers up to 1 cm thick. A
study of the rock under a microscope showed that the
ferruginous layers contain less than half the volume
of quartz, and the quartz layers contain up to 10% of
linearly located grains of an ore mineral. The size of
quartz and ore mineral crystals is 0.05 — 0.3 mm. Be-
tween crystals of quartz there are aggregates of flakes
of a transparent mineral of the group of sheet sili-
cates with straight extinction and higher than quartz

spread in the territory of the Ukrainian Shield inside
numerous iron-siliceous formations, most of which
are covered with sedimentary rocks. The outcrops,
sufficient for surface development in ancient times,
are located along the Inhulets and Saksahan rivers
(modern Kryvyi Rih basin) and at the Korsak-Mohyla
deposit in the North Azov Sea area (Usenko, 1975).
Taking into consideration the proximity of the place
of the sample finding to Kryvyi Rih, most likely, the
raw material of the tool originates from there.

Vein quartz (sample 4) is represented by a tiled
sample obtained as a result of a thin quartz vein
separation from the adjoining granitic rock. The in-
vestigated sample is composed of coarse-crystalline
quartz. Between quartz crystals, the crystals of feld-
spar (microcline and plagioclase) are located, which
make up to 5 % of the volume of the rock. Plagioclase
is replaced by secondary sericite. The size of quartz
crystals — up to 10 mm, feldspar — up to 1 mm. The
texture of the rock is heterogranoblastic.
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Provenance. The veins of quartz intersect pink
granites of the Tokivskyi massif in the area of the ex-
cavations. Similar mineral bodies were observed by
the authors in rocky outcrops of granites in the valley
of the river Kamianka.

fers from the other by lower content of clastic grains
of chert, as well as the presence of single flakes of
muscovite in the thin section. Quartz is represented by
grains with conformal boundaries formed as a result
of dense compression. The size of the fragments is 0.2

Fig. 4. Ferruginous quartzite (sample 3).

Qz — quartz; Mag — magnetite; Tlc — talc. Transmitted light, nicols (+), x 90

Sandstone in the collection is represented by two
samples with similar mineral composition and litho-
logical features (samples 5 and 6). Both rocks can be
defined as quartz sandstones with polymineral cement.

The ratio of clastic material and cement in the
sandstone is nearly 95 to 5. Composition of clastic
grains (% of clastic material): quartz — 97; chert — up
to 2; feldspars and microquartzite — less than a per-
cent (Fig. 5). It should be noted that the sample 5 dif-

— 1.4 mm, mostly 0.3 — 0.5 mm. The regenerative ce-
ment encircles many of quartz grains. Chert is mainly
represented by semi-coarse isometric grains with the
size of 0.2 — 0.4 mm, formed by a micro-flaky aggre-
gate of chalcedony, and sometimes also contains ad-
mixture of hydromica flakes (siliceous slate). Crystals
of feldspar are close in size to quartz grains and differ
from the latter by intensive alteration with sericite.
Possibly, some individual aggregates of sericite were

Fig. 5. Sandstone (sample 6).

Qz — quartz; Fsp — sericitized feldspar; Chert — fragment of chert; Cement — sericite and chalcedony cement.

Transmitted light, nicols (+), x 47
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formed due to the replacement of feldspars.

Cement of the sandstones has a polymineral
composition with a predominance of sericite and
regenerative quartz cement. In general, the most of
clastic grains are connected without cement (dense ar-

sedimentary rocks and practically do not have relic
cement, which is composed of sedimentary minerals.
Based on this, we are inclined to regard the raw mate-
rials of the investigated tools as a Donbas Carbonifer-
ous sandstone.

Fig. 6. Sandstone (sample 6).

Qz — quartz; Ser — sericite cement; Chal — chalcedony cement. Transmitted light, nicols (+), x 400

rangement) or have thin rims of quartz regenerative
cement around. Relic cement is contained mainly in
pores, sometimes it forms thin interlayers between
clastic grains. Porous cement is represented by the
micaceous (sericite) and siliceous (chalcedony) types.
Sericite cement fills pores as well as it is contained in
small quantities between clastic grains. Chalcedony
cement is represented by a micro-flaky aggregate that
fills the pores (Fig. 6). In both samples, the two types
of cement may coexist in one pore. In the sample 5,
in some pores, the zones of kaolinite cement are also
contained. Also, there are aggregates and disperse ad-
mixture of goethite in the cement. The texture of both
samples of sandstone is psammitic.

Provenance. Similar varieties of sandstones are
not typical for the Middle Dnipro area. (Tkachuk,
1981; Vidergauz, 1964). Sandstones of the late stage
of catagenesis are characteristic for geosynclinal
structures. In the territory of Ukraine the nearest oc-
currences of the rocks that are similar in petrographic
features are located in the Central Donbas, where Car-
boniferous quartz sandstones, which contain debris of
rocks (mainly chert), muscovite, have regenerative
quartz, sericite-siliceous and kaolinite cement, crop
out (Tkachuk, 1981). Similar rocks are also common
in Podilia as a part of the Yampil layers of the up-
per Vend, but these sandstones are more catageneti-
cally altered, they contain significantly less debris of

Thus, based on the petrographic study, it was
established that the most of analyzed artefacts were
made from the rocks that are common in the Middle
Dnipro area — the region of excavations. The am-
phibolite of sample 1 has close analogues among the
rocks, which are exposed in the middle stream of the
river Bazavluk. From there the dolerite of the sample
2 may also originate. Ferruginous quartzites, similar
to the sample 3, are most common in the Kryvyi Rih
area, where they crop out in the valleys of the rivers
Inhulets and Saksahan. The quartz of the sample 4 is
found in the form of veins that intersect the granites of
the Tokivskyi massif in the village Tokivske. Only the
sandstones of specimens 5 and 6 have no analogues
among the rocks of the Middle Dnipro area, and the
most similar rocks to them are the Carboniferous
sandstones of the Donets Basin.

Based on the obtained data, we can make as-
sumptions about a certain ethnic homogeneity and
close trade and cultural connections of the population
of the Bronze Age, which lived in the territory of the
Bazavluk and Inhulets rivers’ basins in the Middle
Dnipro area, who created and used the archaeologi-
cal monument Tokivske-1. Probably, there lived a
tribal union in these territories, and the Tokivske-1
belonged to one of its centers. The production of the
scepter-pestle from the sandstone, which most likely
originates from the territory of the Donets Ridge, may
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indicate the connection of the monument with the
Donets Mining and Metallurgical Center of the Late
Bronze Age, where the development of copper ores
was carried out within the Bakhmut Basin (Broven-
der, 2007). It is also necessary to take into account
the assumption that similar scepter-pestles belonged
to masters-metallurgists who enjoyed a high status in
the contemporary society. In the petrographic study of
stone tools of ancient miners and metallurgists, found
during excavations at the Kartamysh deposit (Lu-
hansk Oblast), one of the authors established the ori-
gin of a considerable number of them from the Middle
Dnipro area, in particular casting molds (Nikitenko,
2010). Thus, the obtained data once again testifies in
favor of the existence of an ancient trade route, which
connected both regions.

Conclusions. As a result of the study, the list of rocks
that were used as raw materials for the production
of tools and for the construction of cult objects
in the territory of the archaeological monument
Tokivske-1 was expanded. In particular, taking into
account the data of previous studies, in the Bronze
Age, such rocks as granite, amphibolite, dolerite,
metadolerite,  quartzite, quartz-zoisite-actinolite
schist, pyroxene quartzite, magnetite quartzite, vein
quartz and sandstone were used. Most types of stone
raw materials have analogues among the rocks that
exposure directly in the village Tokivske or, most
often, near the neighboring village Sholokhove.
Among the investigated artefacts, not of local origin
are the samples made of amphibolite and dolerite
similar to those, which crop out in the middle stream
of the Bazavluk River, as well as those made from
magnetite and pyroxene quartzites, which most likely
originate from the Kryvyi Rih area. Two artefacts
made of sandstone, which is not typical for the Middle
Dnipro area, are most likely to come from the territory
of the Donets Ridge. This fact indicates the possible
trade relations of Tokivske-1 with that region.
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Received: 03.01.2019 Abstract. The paper describes a combination of lithological basis and foundation of cave
Received in revised form: 08.01.2019 monasteries of the Middle Podnistrovie. This combination resulted in specific integrated
Accepted: 21.03.2019 geohistorical monuments (geosites). In the steep rocks of the canyon-like valley of the

Dniester, in the process of Christianity, numerous individual or communal caves have been
made. Nowadays, only three have remained and continue to be used for their original religious purpose: Bakota, Neporotovo, and
Liadova cave monasteries. The place for foundation was not randomly chosen and was conditioned by several factors, the essential
ones being geomorphological and sacred aspects. The geologic-geomorphologic factor was determined by presence of high and almost
inaccessible rocks that allowed solitude and relative security for the inhabitants from raids of non-Christians. Not the last role belonged
to the rocks, in which using simple tools, caves could be cut and rooms organized. It was determined that Bakota rock monastery was
founded in opokas of Cenomanian stage, which were highly porous, and were malleable for processing. The tortuous route above the
caves of the Bakota monastery was made in solid Sarmatian limestones along the denudation fractures widened by karst processes
and by tools. Neporotovo cave monastery has mixed natural-anthropogenic origins and was initiated by karst-suffusion processes
in the oolite Sarmatian limestones. Liadova cave monastery as well as Bakota cave monastery were cut from Cenomanian deposits,
but in carbon facies, in which Cretaceous-like limestones dominate , which are malleable for making passageways Hydrogeological
conditions were important for the building of the monastery, particularly, presence of drinking water. The sacred component was
conditioned by religious canon laws and traditions. Each of the studied monasteries has a complex, and often tragic history recorded in
archeological materials and archive documents, but the greater part of their thousand years history remains unknown.

Key words: rock monastery, Middle Podnistrovia, geological structure, lithogenic basis, geohistorical monuments

I'eosioro-reomopgosioriuna Ta iCTOpUYHA CKJIAA0BI CKeJbHUX MoHacTupiB CepexHboro
IMonnicTpoB’s

O.B. Ps6oxkons', JI.B. CrpareBcbka’

! Komynanohuil suwyuil Haguanshuil 3akaad “Binnuybka akademis nenepepenol oceimu’”’, Binnuys, Yxpaina,
olya_riabokon1986@ukr.net

’Binnuyvkutl 0epocasnuil neoazoziunuil ynieepcumem imeni Muxaiinia Koyrobuncokozo, Binnuys, Yrpaina,
strashevska_Iv@ukr.net

AHoTauis. Y mpeacTaBieHii cTaTTi BUCIOBIIOETHCA MPUIYIIEHHS PO 3aKOHOMIpHE MOEIHAHHS JITOTCHHOI OCHOBH 1 3aKJIQJaHH
ckenbpHUX MoHacTupiB Cepenuboro [ToxHicTpos’st. Hacmiakom 1boro 38°s13Ky € icHYBaHHsI Crieln(iyHIX IHTErPOBAHUX I'€0ICTOPUIHUX
naMm’sToK (reocaifTiB). Y IpsIMOBUCHUX CKEIISIX KaHBHOHOMOAIOHOT HoauHu J[HicTpa 3 MOMIMPEHHIM XPUCTUSIHCTBA CTUXIHHO 3aKJiaia-
JIMCh YUCENbHI yCaMiTHEHI UM KOJIEKTHBHI 1edepHi ooureni. Huni 30epermcst i npoJoBKyIoTh (yHKIIOHYBaTH 3a IPU3HAYCHHSIM JIHIIE
tpu: bakorcekuit, HenoporiBebkuii Ta JIsnoBcbkuii ckeslbHI MOHACTHpI. Buip Miciis st 3akiiajaHHst MOHACTUPS OyB HE BUITAJKOBUM
1 3yMOBITIOBaBCS KiJIbkoMa (haKTOpaMH, cepe SKMX KIII0Y0Ba POJb HaJle)Kalla reoJIoro-reoMopoIoTiYHOMY Ta cakpaibHoMy. [eomoro-
reoMopoIOTiYHNH (aKTOp BU3HAYABCS HASBHICTIO BHCOKHMX 1 BaKKOIOCTYITHHX CKEJlb, SKi JaBajlll MOMJIMBICTD VIS yCaMiTHEHHS
Ta BiIHOCHOI Oe3reky oOuTeNi npHu 4acTux Habirax iHoBipuiB. He ocTaHHIO ponb BiJirpaBajid i TipchKi MOPOIH, B SIKMX HEXUTPHM
PYYHHM IHCTPYMEHTOM MOKHa OyJI0 Ipopy0OaT Keuii i oOyamTyBati BiAnoBiaHi npuminieHHs. BeranoieHo, mo bakotchkuii ckeinb-
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HUI MOHACTHp 3aKJIaJICHUH y OITOKaX CEHOMAHCHKOTO SIPYCY, SIKi, Oy/lydH BUCOKONOPUCTHUMH, JIETKO IiIaf0Thcs 00poOIii. 3BUBHCTHI
XiJl HaJ neyepaMi BakoTChbKOro MOHACTHPSI IIPOKJIAACHUH Y MILHUX BarHsAKax capMmary 10 JCHYIAL[iHHUM TpPilllHHAM, PO3IIHPEHHUX
KapCTOBMMHM MPOIIECAMH 1 JIIOJICHKOI0 PYKOH. HemopoTiBChbKHil CKeJIbHUI MOHACTUP Mae 3MilllaHe HaTypalbHO-aHTPOIOTeHHE MO-
XOIDKEHHS 1 31HINIHOBaHMN KapCTOBO-Cy(pO3ITHUMH MPOIIECaMH B OOJIITOBUX BamHSAKax capmary. JIAIOBCHKHMI CKeTbHUN MOHACTHP,
sk 1 bakoTchkuil, 3aKiaieHnil y CCHOMAHChKHX BifIKIagax, ajne y kapOoHaTHiil ¢auii, B sKill JOMiIHYIOTh KpeHIomoniOHi BamHsIKH,
1110 MOAATIINBI YIS IPOKJIAIAHHS IITYYHUX XO/iB. BakinBe 3HaYeHHs1 B MOHACTHPCHEKOMY Oy/IiBHHIITBI MaJIM TiPOTre0JIOriuHi YMOBH,
30KpeMa, HasBHICTH JoKepest nuTHOI Boau. CakpanbHa CKilajgoBa Oyia 3yMOBICHA PeNiriiHUMH KaHOHAMU i TpaguiisiMu. KoxHuii 3
JOCTIDKEHIX MOHACTHUPIB Ma€ CBOIO CKJIATHY H, HEPiJKO, TParidyHy iCTOPit0, 3aiKCOBaHy B apXCOJOTIYHUX Marepianax Ta apXiBHHX
JIOKyMEHTaX, OJHAK OiIbIIa YacTHHA IX THCSYONITHBOI iCTOPIi 3aJUIIAETHCS HEBIIOMOIO. Y TPEICTABICHIN CTATTI BUCIOBIIOETHCS
MPUIYLIEHHS PO 3aKOHOMIpHE MO€JAHAHHS JITOTEHHOI OCHOBM 1 3aKiaJaHHS CKeldbHuUX MoHacTupiB Cepemnboro IlomnicTpos’s.

Hacizikom 11b0T0 3B 513Ky € iCHYBaHHS cHelU(iYHUX IHTErPOBAHUX F€0iCTOPHYHMX TaM’ITOK (T€0CalTIB).

Kmniouosi crnosa: crkenvruii monacmup, Cepeone [1oonicmpos s, 2eonoziuna 6y006a, 1imo2eHHa 0CHO8A, 2e0ICMOPUYHI NAM SIMKU

Introduction. The Middle Podnistrovia is rich in
various natural geological monuments which owe
their existence to the peculiarities of the geological
structure of the region and favourable conditions for
the outcrops of rocks created by the erosion activity
of the Dnister river. Along with this, the Middle
Podnistrovia was inhabited from ancient times by
people who left a variety of items of material culture,
many of which can now be regarded as archaeological,
architectural, or other historical monuments. These
monuments include rock monasteries located on the
cliffs of both banks of the Dniester river.

The choice of location for future rock monasteries
was not accidental and depended on a number of
factors, not least among which was the geological
factor. Therefore, there was a certain natural
combination of natural and religious components.
Therefore, the objective of the present study was
a comprehensive natural and cultural-historical
assessment of cave monasteries of the Middle
Podnistrovia and the identification and analysis of
patterns of this combination.

Materials and methods of research. From the
geological point of view, the Middle Podnistrovia region
has been studied quite fully and comprehensively, as
evidenced by numerous publications (Geologicheska-
ya, 1982; Geologicheskaya, 1993; Denisik, 2014) on
the stratigraphy of the Vendian, Cambrian, Ordovician,
Silurian, Devonian, Cretaceous Neogene and Quaternary
deposits, the study of various fossils and traces of life,
paleogeography, the geomorphology of the river valley
and the history of its formation. But the question of the
combination of natural and historical components in
the construction of cave monasteries has up to this time
remained outside the field of view of scientists, which
is obviously due to the highly specialized focus of
these studies. A schematic and incomplete assessment
of geological monuments is given in the guidebook
“Geological Monuments of Ukraine” (Korotenko,
1985). More was expected from the official and
authoritative, bright, well-illustrated multi-volume

publication of the same name ,”Geological Monu-
ments of Ukraine” (Bezvynnyy, 2006; Bezvynnyy,
2007). However, it does not mention rock monas-
teries at all. When giving recommedations on the
protection of caves in Nahoriany village, mention
was made only of the monastery in Liadova village,
but without any description (Bezvynnyy, 2007, p. 25).
Scant information about the cave monasteries of the
region is scattered in separate special publications,
the most wide ranging of which is “Cave Monasteries,
Sketes and Cells in the World and Ukraine” (Dymy-
triy, 1995). The most complete, from the geological
perspective, rock monasteries are described in the
work “Rock Monasteries of the Middle Dniester as
Complex Geological and Cultural-historical Monu-
ments” (Korinnyy, 2008). A comprehensive approach
to the study of natural monuments, such as cave
monasteries and history, will allow us to more fully
assess their scientific, educational, cognitive, aesthetic
and recreational significance, as well as to find more
rational and effective ways of protecting them.

Our main task was conducting a comprehensive

study of rock monasteries, assessing the natural and
cultural-historical components that influence their
location, to develop recommendations for their further
preservation .
Results and their analysis. In the middle flow of the
Dniester river, the best preserved and the most famous
are the Bakota, Neporotovo and Liadova male rock
monasteries. Less well known and almost unexplored
are the Sokiletsky and Subochskyi monasteries. There
are also about a dozen caves or their remnants, the
cultic purpose of which is clearly proven (Dymytriy,
1995; Ridush, 2001). It is unknown how many
such structures were destroyed as a result of natural
landslides, intentional or accidental human actions.
Let us dwell on the natural and cultural-historical
appraisal of those rock monasteries that can still be
saved from further destruction.

Bakota St. Michael’s Male Cave Monastery
is 3 km west from the Goraivka village, Kamenets-
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Podilsky district of Khmelnytskyi Oblast in the
Monastyrysky tract. The monastery is located in the
middle of Bila Hora ( White Mountain ), a 120-meter-
high scarp which towers above the surface of the
Bakota Bay of the Dniester reservoir. Bakota village
itself, which in historical times was a thriving city —
the center of the Ponyzzia (Dniester Podillya) — and
which gave the name of the monastery, is now gone. It
disappeared under the waters of the reservoir.

From the geological perspective, Bila Hora
is interesting in itself, as an outcrop, in which
depositions of different age stratigraphic horizons are
represented. The mountain itself, being part of the
Dniester canyon, is a geomorphological monument.

From the shoreline, in ascending order, deposits
of the Kanylivska Suite, the Molodovosky Horizon of
the Ordovician, the Cenomanian and Sarmatian Stage
of Cretaceous and Neogene can be seen as outcrops.

Deposits of the Kanylivska Suite are from the
end of the Vendian stage of Podolia’s geological
development (Stratyhrafiya, 1971). However, on Bila
Hora only the tops of the Suite reach the surface; the
rest is flooded with water. The outcropped part of
the Kanylivska Suite is composed of a thin layer of
siltstones and schist argillites of greenish-grey, grey
and dark-grey colours.

A subject of considerable interest is Ordovician
deposits, which in Ukraine have outcrops only in
this area. The Ordovician is represented by thin
layers of the Molodovovsky Horizon: Horaivsky and
Subitsky (Stratyhrafiya, 2013). The Horaivski layers
are composed of grey quartzitic (over 90 % of quartz)
sandstones, which within Bila Hora have small and
uneven thickness, often arise and disappear from the
section. A similar bedding, as well as the presence of
sandstone pebble in the bed of the overlying Subitski
layers indicate an erosive break in the middle of
the Molodovsky period. The Subitski layers are
represented by grey limestones with a significant
(up to 40%) content of organogenic material, which
includes segments of the crinoids, fragments of
trilobites, bryozoans, ostracods and brachiopods.
From the evidence of these fossils, it was found that
the Molodovsky horizon belongs to the lower half of
the upper division of the Ordovician system, and a
stratigraphic break between the Ordovician and the
Silurian in Podillia corresponds to the entire Ashgilian
and almost entire Llandovery stages (Stratyhrafiya,
1972).

Deposits of the Cenomanian Stage are the most
significant in the structure of Bila Hora. With a great
stratigraphic mismatch, they are embedded on the
eroded deposits of the Ordovician and have a very
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variegated lithological composition. These deposits
begin with quartz-glauconite fine-grained sands, in
which there occur occasional single sandy yellow
primary phosphorites, phosphatized spicules of
sponges, teeth of fish and other organic matter. The
colour of the sands is green or yellow-green. Higher up,
there are various rocks, the common feature of which
is the high content of silica, which related to the fact
that a large number of sponges with flint skeleton lived
in the shallow Cenomanian Sea. Among such silicites,
there are distinguished (Stratyhrafiya, 1971) flinted
sandstones (gaizes), spongolites, opokas [Opoka
(Polish) — silicic microporous sedimentary rock —
Translator s note), chalcedonys, flint. Most significant
among the Cenomanian Stage silicites of Bila Hora
are the opokas which are clearly distinguished among
others by a continuous several meter thickness.
It was in such opokas that human hands almost a
thousand years ago carved the cave-cells of the
Orthodox rock monastery. The opokas of this place
are characterized by light weight, high porosity and
malleability in processing. They are light yellow or
grey-white and consist of siliceous substances mixed
with  chalcedony, glauconite and quartz. Silicites
are covered by glauconite-quartz sands with sandy
yellow phosphates, phosphatized mollusc nuclei and
traces of life of burrowing animals. The section of the
Cenomanian Stage terminates with the boulder-like
chalcedony stones with the foraminifera fauna.

Above the Cenomanian layer, a thick layer of
limestones of the Sarmatian Stage of the Neogene is
embedded. Limestones are represented by oolites and
oolith-detritus and have a whitish-grey or yellowish
colouration. The limestones are quite solid and form
a high sheer wall below the peak with a slightly wavy
surface and smoothed edges. Obviously, due to the
bright colour of this sheer part, the whole mountain
was named Bila (White). The limestone layers are
broken by transverse fractures, in one of which a
vertical spiral passage was made, which perhaps
forms the upper level of the Bakota monastery.

In the Cenomonian horizon, springs of
groundwater originate. Today there are three high
flow springs which have long been considered to be
healing. Laboratory analysis indicates that anions
of chlorides and sulfates predominate in the water
content. For example, in spring Ne 1, amount of
chlorides was 27.25 mg/l, sulfates — 46.50 mg/l1; the
water is characterized by a weak alkaline reaction (pH
equaled 7.30) and has a high level of hardness (8.6
mEg/l) (Korinny, 2008).

From the geomorphological perspective, the area
around the monastery is also interesting, particularly
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the widened area of the Dniester canyon, where
Bakota Bay formed when the Dniester was flooded.
The bay with an area of about 850 ha has a horseshoe-
like shape with a bend towards the north. From the
moment of its creation as a result of man-made
activity, it has become a food base for a number of
local birds and a place of rest for many migratory
species. On its banks, rare shoreline-aquatic plant
groups are distributed. Due to the uniqueness of the
valley landscape, and also well as its important role
in biodiversity conservation in 2004, Bakota Bay has
been included in the List of Wetlands of International
Importance, protected under the Ramsar Convention
(Pryrodno-zapovidnyy).

It is impossible to overestimate the historical-
cultural significance of this area. Before the flood,
the territory was studied in detail by archaeologists.
They discovered a number of ancient monuments
(Davydenko, 2006). Thus, at the foot of Bila Hora,
flint tools of the late Paleolithic were found. In the
Monastirsky tract, the remnants of a large Trypillian
settlement of the III-II centuries BC were studied.
Not far from the present monastery, archaeologists
investigated a large mound-like embankment with
a stone ring in the center. It was determined that
the structure was a sacrificial altar, erected in the
late Bronze Age by the local agricultural community
which worshiped the sun. In the vicinity of Bila Hora,
remnants of Chernyakhiv culture have been found,
which date back to the first half of the 1st century BC
and the remains of early Slavic settlements.

The historical continuation of the ancient
settlements was the ancient Rus town of Bakota,
which was located on the site of the present Bakota
Bay. In the territory of the ancient town, remains
(Davydenko, 2006) of iron workshops, pottery and
women’s glass jewelry were found. According to the
chronicle, during pre-Mongol times, Bakota was
the center of social and political life, a significant
strategic point of the Dniester Ponyzzia. In the radius
of 15 km from Bakota, 31 settlements and 75 villages
of the XI-XIII centuries were discovered. In Bakota,
among other medieval attributes of a town, there was
a feudal castle which was destroyed by the Mongol-
Tatars in 1258. At the top of Bila Hora archaeologists
have found the remains of ancient earth ramparts
and a large stone wall that surrounded the tract from
the side of the field. After the defeat of the Mongol-
Tatars, the Lithuanian Koriatovich princes conquered
the land. They rebuilt Bakota Castle, but as a result
of the Polish-Lithuanian war, the castle was destroyed
again, never to be rebuilt. Administrative functions
passed first to Smotrych, and then to Kamyanets-

Podilsky. Since the second half of the XIV, century
Bakota gradually lost the status of town, and since the
XVI century was mentioned in documents only as a
small village. In 1981, it was evacuated and flooded
with the waters of the Dniester Reservoir (Horbnyak,
2004).

The creation of Bakota St. Michael’s monastery
is associated with the functioning of Bakota town, as
one of the strongholds of the Galician Principality.
The inscription on the wall indicates the consecration
of the archangel Michael’s monastery and the name
of the founder and the first hegumen — Gregory. The
palaeography of the inscription indicates (Horbnyak,
2004) that it was made not earlier than the mid-XII
century. There is a version (Davydenko, 2006) that
the monastery was founded even before the official
recognition of Christianity as a state religion. In the
mid-XIII century the monastery, simultaneously with
the castle located on the mountain, was destroyed. It
was rebuilt only a century later, but in the XV century
it was ruined again and, due to the expansion of the
power of Catholic Poland, the monastery ceased to
exist. After the collapse of the rock, the central part of
the monastic complex collapsed and became buried
in debris.

In the 1980s and 90s, the monastery was
rediscovered by V. B. Antonovych, a well-known
scientist, Ukrainophile, and a professor of the St.
Vladimir University. The archeological expedition
under his leadership (Antonovich, 1893) discovered
the remnants of the monastery complex, which was
on two levels. On the upper level, on the plateau of
Bila Hora, in the Sarmatian limestones, a vertical
spiral passage was cut with two small cells on the
bottom. The connection between this room and the
lower level has not been completely determined. The
lower level was located approximately at the middle
of the mountain. There, V. B. Antonovich discovered
three cave buildings, described 17 niches in the walls
and 19 tombs in the rock floor (Antonovich, 1886).
Also unique frescoes, monastic items and weapons
were found.

In 1893 a two-tier wooden church was erected
over the remains of the old church with a high pent
roof, which was consecrated under the name of the
Savior. In 1960 it was destroyed (Davydenko, 2006).

Currently, the territory of the monastery is within
the boundaries of the Podilsky Tovtry National
Nature Park. By the efforts of the local religious
communities and the Park staff the former church
and the surrounding area has been brought into some
kind of order. From time to time, the monument is
visited by tourists, and occasionally religious services
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are conducted here. Despite the measures taken, this
outstanding cultural-historical monument is threatened
with extinction. Atmospheric factors are ruthlessly
destroying the soft opoka rock and the overhanging
rock may collapse at any moment. Taking into account
the constant deficiency of government funds, the
most appropriate solution, in our opinion, would be
to give the remnains of the monastery to the Orthodox
Eparchy. However, there is an idea, that building of
a storage pool would slow the natural destruction of
the monastery (Korinnyy, 2018). In such conditions,
proper reconstruction could be made and therefore the
Christian shrine preserved for generations to come.

St. Nicholas Neporotovo Male Monastery
is located near Halytsia village, 2 km east of the
Neporotovo village in Sokyriansky district of
Chernivtsi Oblast. The monastery is located in a
steep limestone cape formed by the right bank of the
Dniester and the pre-mouth part of the right slope of
the Halytsky gully at an altitude of 120 meters from
the shoreline of the Dniester reservoir.

The cells of the monastery are located in oolitic
limestones of the Sarmatian Stage of the Miocene.
On fresh fracture, these limestones are pale yellow or
greyish-white in colour and consist of small calcite
oolites with additions of fine crushed shell detritus.
Macro-palacontological material appropriate for
identification is found rare. Most often in the cores
of oolytes, Foraminifera from the Quinqueloculina
and Elphidium genera are found. Under the influence
of atmospheric agents, the limestones have become
darker and obtained grey tints.

But, obviously, the most interesting objects
from the geological perspective are the elements of
karst morphosculpture which can be clearly seen
in the bare rocks of the monastery. According to
morphology, two forms of morphosculpture can be
distinguished: cavities and niches. Cavities are mostly
oriented horizontally, which occurred due to their
development along the areas of deposits, on which,
due to the heterogeneity of the chemical composition
of limestone interlayers, selective leaching of calcium
carbonate has occurred. The cavities are characterized
by fairly flattened walls and internal projections,
which, obviously, can indicate the physical washing-
out of small underdeveloped particles. The sizes of
the cavities range from a few millimeters to a meter
or more.

Niches have karst-gravitational origin and have
developed, on the one hand, due to the connection of
cavities formed by leaching, and on the other hand -
by the collapse of the water-sharpened intersections
between the caverns. Some niches formed from
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fractures in the structure of the Sarmatian deposits.

In the ancient times, natural niches were enlarged
by people and were adapted for cells. Thus, the cave
monastery near Halytsi village has a mixed natural-
anthropogenic origin.

The original appearance of the karst
morphosculpture can be imagined seeing the rocks
in the Halytska Stinka (Galician Wall ) Landscape
Reserve, which is located near the monastery, only on
the opposite side of the Halytsky gully . There are the
same karst cavities and niches, which sometimes turn
into grottoes and small caves.

By contrast to the wooded Halytska Stinka, both
of the rocky terraces of the monastery offer beautiful
views of the surrounding countryside, the winding
Dniester river, its canyon, the lowland peninsula
formed by the meander of the Dniester, on which
Neporotove village was built, which gave its name to
the rock monastery.

The cultural and historical value of Neporotovo
rock monastery is not yet fully determined. Exploring
natural recesses in the rocks, archaeologists have
found (Isachenko, 2006) traces of prehistoric man:
animal bones, the remains of fires. In pre-Christian
times, the recesses were used as pagan sanctuaries. In
one of them, the remnants of a place of sacrifice were
found, dated as early Iron Age.

The exact time when the Christian rock monastery
emerged is not defined. It is supposed that it may have
appeared at the turn of the XI-XII centuries.

Along the Dniester, apart from the main grouping
of 20 caves near Halytsia, concentrated along a 1 km
stretch, other groups of caves are located, which were
also used as cult Christian structures. On a frieze of
one of those caves located on the slope of the Galician
ravine, unique and mysterious petroglyphs have been
discovered, which have not been reliably identified
(Isachenko, 2006). They look like some strange
crosses, Greek letters, magic monograms, lines. The
only thing that is not in doubt is their great antiquity.

There are very few written evidences of the
functioning of the Neporotovo rock monastery as a
religious structure. It is known only that before it was
devastated by the Turks in the late XVIII century, it
was known as the Galician Skete, where protesting
monks found shelter. The monastery was restored
only in 1904, and from the 1930s it was inhabited
by monks, however not for long - the monks were
expelled in 1948 when under the new (Soviet)
government, and the monastery was desecrated and
destroyed. The reconstruction began in 1999, and
now it is a unique, fully completed rock-cave natural-
architectural complex.
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Liadova Saint Useknovensky Male Rock
Monastery was located on the south-western edge
of Liadova village in the Mohyliv-Podilskyi district
of Vinnytsia Oblast. The monastery was located on
the left bank of the Dniester river, 0.5 km below the
mouth of the Liadova river. The rock, from which
the monastery was been cut, and which locals since
the old times have called the Tserkovna Hora (Church
Mountain), as well as the surrounding area, has great
geological and cultural-historical significance .

The geological structure of Tserkovna Hora is
best seen in the Church Ravine, which crosses the
path to the monastery. A small bridge across the gully
was constructed, allowing pilgrims to reach the holy
places without hindrance. In the Church Ravine, if one
walks to the top along the thalweg, great outcrops of
the Vendian Cretaceous and Neogene systems can be
seen.

The Vendian deposits are represented there by
the Nahorynska Suite formed by the Dzhurdzhivk
and Kaliusk layers (Stratyhrafiya, 1971). The Church
Ravine is part of the stratotypic section of the
Nagoriany Suite. Further on , this section passes the
mouth of the Liadova and stretches on to Nahoriany
village.

The Dzhurdzhivk layers of the Nagoriany gully
are composed of alternation of fine-grained thin
sandstones and argillites. Sandstones of these layers
often contain fine interlayers of aleurolites and
argillites and have mostly grey colours with barely
noticeable notable green tint in fresh fractures . The
argilites often contain interlayers of aleurolite and
fine-grained sandstones and are mostly of green-grey
colour.

The Kaluski layers are predominantly composed
of mostly motley-coloured, thin argillites which,
without much effort, are easily shattered to small
sharp-edged fragments. A notable feature of the
Kaluski layers is their content of phosphorites. Due
to this peculiarity, the Kaliuski layers are a marking
horizon. In the Church Ravine, there are single
phosphorite concretions that have a spherical or
rounded shape and a scabrous surface. In the middle,
such concretions have a radial structure and an
internal cavity that is often filled with calcite, galena,
chalcopyrite, etc.

The total thickness of the Nahorianska Suite
in the gully reaches about 40 m. The analysis of
the lithological composition of the Suite allows us
to determine the conditions in which the rock was
formed. Taking into account the signs of folds,
oblique lamination, the presence of glauconite in
sandstones of the Dzhurdzhivki Layers, it can be

stated that it developed in conditions of shallow water
marine basin.. By contrast, the Kaliuski Beds formed
in conditions of deeper waters. This is indicated by
the thin lamination of clay rocks and insignificant
content of sand and aleurite fractions in them. It is
quite possible that over the Kalusky period, the marine
basin in Podilly had obstructed water exchange
with the ocean and experienced hydrogen sulfide
contamination (Stratyhrafiya, 1971).

The Cretaceous system in the Church Ravine is
represented by sediments of the Cenomanian Stage.
They are embedded on the significantly eroded
surface of the Kaluski layers, forming stratigraphic
non-uniformity with a break of about 500 million
years . The base the Cenomanian Stage is composed
of a layer (almost 1 m) of dark green glauconitic sand
with pebbles of rounded phosphorites and Vendian
sanstones. Deposits of secondary phosphorites ,
which were washed out from the Kaliuski layers and
re-deposited on the bed of the Cenomanian sea , were
confined to this layer.

Unlike Bila Hora, the Cenomanian Stage in this
locality is represented not by flint facies, but by the
carbonate facies, in which are Cretaceous limestones
dominate. These rocks are characterized by white or
light grey colour and are 80-90% composed of calcite;
the rest is globular silica (5-8%), clayey substance
(up to 5%), aleurite grains, etc. (Stratyhrafiya,
1971). In the layers of Cretaceous limestones there
are numerous concretions of spotted, black and grey
flints, and opoka-type silicites. Less commonly,
there are flinted traces of digging animals, skeletal
remains of foraminiferans, small spicules of sponges
and other faunal remains. Limestones are easily
malleable, which allowed the caves of the Liadova
rock monastery to be carved here in medieval times.

The Cenomanian Stage terminates with a thick
(up to 10 m) layer of various flints covered with
white crust, consisting of a mixture of calcite and
chalcedony. The intervals between the flints are filled
with a limey substance. Chaotic accumulation of
flints in the layer allows one to conclude that a partial
pre-Sarmatian wash-out of limestones occurred, out
of which only flints have remained.

The Neogene deposits are composed of the
Lower Sarmatian rocks, which in the Church Ravine
has a rather mottled lithological composition. The
lower layers are mainly represented by alternation
of clayey quartzitic sands and sandy clays, in which
typical Sarmatian forms of molluscs, including
Ervilia podolica, occur. In the upper part of the Lower
Sarmatian substage, sandy ooliths and limestone with
shells dominate. The latter are much more solid and
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often form cornices. At the top of the gully, a washed-
out area of the The Sarmatian layer can be seen, into
which the delluvial Quaternary loams are washed
. They have a brownish colour and are slightly
reminiscent of loess. Perhaps the modern Podnistrovia
loess-free area is a consequence of the erosion of
loess layers. In the loams, there are large amounts of
well-rounded pebbles, in which grey-brownish and
red jaspers dominate. These rocks are alien to this
area and there is an opinion (Vyrzhikovskiy, 1926.)
that they are of Carpathian origin.

Hydrogeological features of Church Ravine
are also interesting. In the territory of the Liadova
Monastery there are two powerful springs which
originate in the Cenomanian water-bearing horizon.
The lower spring is called Anthonieve and is especially
revered by the people for its healing properties. It has
been determined that these properties are conditioned
by the significant saturation of water by silicon and
a specific cationic-anionic composition. According
to the classification it is a natural table water of
hydrocarbonate-sodium-calcium-magnesium
composition. Its pP is 7.11, hardness - 6.7 mg-ekv / 1,
total mineralization - 0.4-0.8 g / L.

The area around the monastery has a significant
geomorphological value and is very picturesque.
From the height of Tserkovna Hora, one can see a
magnificent view of the Dniester, its gigantic loop
that envelops the shallow shore of Moldova. Then
on the left and to the right up to the horizon, there
can be seen the heights of Bessarabsky and Podilsky
plateaus. From this place, one can clearly observe
that both plateaus are really one integrated plateau
which, as if accidentally, is cut by the valley of the
Dniester. On the other hand, this landscape clearly
demonstrates the results of the grandiose geological
activity of the great river.

The left, Ukrainian, bank of the Dniester is steep
and rocky. In its white limestones, black entrances
to the Nahorianski karst caves are seen. Closer to the
observer, the solid rocky shore is interrupted by the
winding valley of the Liadova. In this place, a wide
alluvial valley is located, deeply cut into the shore.
The valley was formed by alluvia of the Liadova river.
The steep slopes around the plain form a high rocky
amphitheater with numerous steep gullies which are
whitened by their limestone internal parts.

The scientific and scientific-educational value of
this territory can be indicated at least by the fact that
out of the 21 geological relics recorded in Vinnitsa
Oblast (Korotenko, 1985), three of them are within a
radius of 1-1.5 km from the monastery, in particular an
outcrop of the Cenomanian deposits near the Liadova
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village, stratotype of the Nagoryany Suite and caves
in Nahoriany village. It should be mentioned that old
(from the 1870s) mining works for the extraction
of concretionary phosphorites remain completely
unexplored ( Korinnyy, 2016). Adits are arranged
along both slopes of the Liadova, and some of them,
according to the locals, are 500 or more meters deep
in the rocks.

Compared to other cave monasteries, the cultural-
historical significance of the Liadova Monastery
seems to be better explored, especially after the
publication of a book V.V. Davydenko “Monastery”
(Davydenko 2006). In this, without exaggeration,
fundamental study, the author not only covered the
historical assessment of the Liadova monastery, but
also deeply analyzes the socio-political situation at a
particular time which determined the fate of both the
monastery itself and the fate of our people.

The relatively good state of knowledge about
the Liadova monastery is evidently conditioned by
its millennial history, which did not experienced long
interruptions.

The territory where Liadova monastery is located
has been used by man since Paleolithic times. This
is evidenced by the numerous findings of stone tools
near the mouth of the Liadova and the Nahoriansky
caves. Perhaps, the cavemen occupied part of the
Liadova caves (the other part has an artificial origin).

Other interesting and unique objects are
the megalithic constructions with mysterious
petroglyphs, located near the caves on the slopes of
Nagorianski rocks. They astonished researchers in the
XIX century, but since that time they have not been
seriously studied . Similarly to megaliths in other
countries, they probably belong to the Neolithic or
Bronze Age.Their cultic purpose is quite obvious.
According to the scattered findings of sculptures of
pagan deities, there was also a pagan sanctuary on the
top of the Tserkovna Hora (Davydenko, 2006) in pre-
Christian times.

In the XI century, the Christian era of the
development of the Liadova rocks began. According
to the legend (Dymytriy, 1995), in 1013 Anthony of
the Caves, the founder of the Orthodox monasticism
in Rus, on his way back along the Dniester from
Mount Athos, where he took his monastic vows, to
Kiev, carved a cell in the maleable limestone; there
he lived for some time and preaching Christianity
among the Tivertsi. Over time, like-minded people
joined him. This led to creation of the Liadova male
monastery. There is also another version (Davydenko,
2006) according to which the Christian monastic caves
in the Liadova rocks existed long before Anthony
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arrived there and even before the emergence of the
Kievan Rus itself. It is believed that the Dniester was
a kind of bridgehead, from where Christianity tore its
way to the east.

The first written mentions of the monastery date
back to 1159. Since that time, all the vicissitudes of
history have been reflected in the monastery’s fate:
feuds between princes, Mongol-Tatar rule, Lithuanian
rule, Polish oppression, Tatar raids, Russian and
Soviet times. More than once, the Liadova monastery
became a kind of regional center of Cossack resistance
and actively participated in peasant unrest . During
the long period of its existence, the monastery has
lived through periods of flourishing and decline. The
prosperity was related to the well-known Liadova
trade fairs held at the foot of the Tserkovna Hora, and
where various goods from all over Podolia, Bessarabia
and adjoining territories were brought. Certainly, the
participants of the fair gave generous donations to
the working churches. Since the late XVII century on
the northern wall of the monastery, eminent guests of
the monastery have left their autographs in different
languages.

Since its foundation, the monastery has been
repeatedly destroyed and devastated. Yes, obviously,
the greatest damage was caused by an explosion set
off by the Soviet authorities in 1938. However, after
10 years the ruins of the monastery became a state
monument of architecture of the XI-XIX centuries.
Now the remnains of the monastery are given to the
Orthodox community willing to reconstruct it.

Even this rather superficial assessment of the
geological and historical constituents of the described
monuments demonstrates a number of regularities.

A place for a cave monastery was chosen on a
mountain or in a high rock. This is due to several
reasons. The first of them is probably a pagan tradition,
according to which praying on high mountains
brought you closer to the sky. That is why the idols,
for example, to Perun or Sviativod, were placed on
high hills. The proof of the borrowing of this custom
is that in many cases Christian churches were placed
on the site of ancient pagan temples.

Important for the emergence of cave monasteries
was the early Christian tradition about the birth of
Jesus Christ in Bethlehem Cave, which became
the place of forgiveness of all Christians of the
world. Therefore, Christian cave monasteries are
found not only in Podillia, but also in the Crimea,
near Jerusalem, in Greece, Italy, Bulgaria, Turkey
(Cappadocia), Georgia, and elsewhere (Dymytriy,
1995). Another reason for the cave tradition was
the persecution of the first Christians by adherents

of different faiths, so they were forced to hide in
inaccessible and protected places. Perhaps this is
why the first Christian monasteries in Podillia and in
Rus were cave monasteries. With the establishment
of Christianity and with the development of the
monastries, they became terrestrial cultic structures.
For example, one can mention the Kyiv-Pechersk
Lavra, the Holy Trinity Monastery near Satanov, etc.

Another aspect of the choice of site is lithological.
Not just any high and inaccessible rock was chosen for
a monastery, but a rock with natural (karst) hollows in
it, which by additional processing could be made into
monastic cells. If such were absent, suitable sites for
foundation of a monastery were soft rocks, in which
an artificial cave could be cut using primitive tools.
That is, the rocks should have property of karsting
(as in the case of the Neporotovo and Liadova
monasteries), or be easily malleable (rocks of the
Bakota and Liadova monasteries).

Hydrogeological conditions were also important
for the construction of the monastery in particular,
the accessability of sources of drinking water, which
would not only assauge the thirst of the monks
themselves, but also had an important “economic”
role. After the monastery had been created, such
springs became holy and were credited with healing
properties. They contributed to the increase in the
number of pilgrims, thanks to whose donations the
monasteries existed.

However, no matter how important natural
factors may seem to us, historical factors were
determining. In the Middle Ages, the Dniester was an
important trade route. At that time, the Dniester itself
and its tributaries were deeper, providing unhindered
passage to the merchant ships with grain, honey, craft
goods, etc. Obviously, the first Christians appeared in
mass along this route, as well as the cave monasteries,
spreading the Christian faith.

Conclusions. The emergence of rock monasteries in
the Middle Podniestrovie is conditioned by historical
factors and favourable geological conditions for their
establishment . A combination of religious (historical)
and natural (geological) components are quite clearly
seen on the example of Neporotovo, Bakota and
Liadova rock monasteries. Such combination is
conditioned by religious tradition and engineering-
geological conditions of construction. The main
factors which provided a combination of both
components are: 1) high position of a monastery
above the surrounding lowland; 2) provision of a
minimum level of security for the monks; 3) presence
of natural recesses or softness of rock; 4) availability
of drinking water sources. Therefore, the locations of
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the cave monasteries are often related to geological
relics, forming integrated geohistorical attractions —
geosites.
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Received: 03.01.2019 Abstract. The purpose of this research is the development of a technology for the
Received in revised form: 13.02.2019 enrichment of slag from metallurgical processing of copper ore concentrate based on
Accepted: 14.03.2019 the results of spectral, chemical, sieve and petrographic analysis. The results of spectral

analysis indicate the copper content in all three samples of mineral raw materials at more
than 1 %. The results of chemical analysis indicated a high copper content in the samples from 13.4 to 17.1%, as well as a high iron
content from 9 to 18%. Analysis of the results of the sieve analysis showed that the largest amount of copper is contained in the size
classes 0.063—0.05 mm at from 18.6 to 24.1 % and 0.04 mm at from 15.6 to 38 %. In accordance with the petrographic studies, the size
of copper grains varies from 0.1-0.3 to 1-5 mm. The most common sizes of copper grains in the studied samples are 0.2-0.3 and 1-2
mm. Based on the results of spectral, chemical, sieve and petrographic analysis, a technology for the enrichment of copper-containing
slags has been developed. Gravity wet enrichment technology with a capacity of 5 t/h with Cu recovery in the range of 80-95 %
suggests the grinding of raw materials with a constant water supply up to 40 m*/h from the sludge collector. The heavy fractions are
fed to a magnetic separator and then to a classifier for the extraction of magnetic concentrate and slag, which after the separation of the
fraction of 0.08-0.4 mm with the MVG screen can later be used as a raw material for the building industry. The light fractions after the
concentration tables are fed to the classifier, on which the copper concentrate is released. The average density fractions are returned
to the closed cycle for further grinding in a ball mill. However, such a wet enrichment scheme requires a continuous water supply and
the sludge collector’s presence, which cannot always be ensured. Therefore, the technology of slag dry enrichment with a particle size
of 0—100 mm has also been developed. The central apparatus in the proposed enrichment technologies is the MVG vibrating screen,
which is designed to separate bulk materials by particle size from 20 microns to several millimeters. Polyfrequency oscillations in the
frequency range from several Hz to kHz are implemented on the screen, eliminating blockage of the sieve cells, destruction of the
formed aggregates of stuck particles, ensuring their intensive movement in the layer and efficient passage of particles reaching the sieve
surface through the cells. This type of vibration makes it possible to achieve much greater efficiency of separation and dehydration of
materials than in traditional screens and to ensure continuous self-cleaning of the mesh, which contributes to the process of separation
and dehydration. Due to the lack of tension, high durability of the working surface is ensured. Due to the transfer of minimum loads on
the base, the screen is installed without arranging special foundations, including on the floors of buildings and structures. A standard-
sized row of screens was developed with a screening surface area from 1 to 4 m? and a different number of tiers.

Key words: spectral, chemical, screening, petrographic analysis, enrichment technology, slag metallurgical redistribution of copper
ore concentrate.

TexHosorusi 060rameHus NIJIAKA METAJLUIYPru4ecKoro nepeaeia KOHIEHTPATa MeAHOM PyIbl
I'A. [lleBuenxo', B.I". IlleBuenxo', B.A. Bapanos', B.H. Criacckmii?

Unemumym eeomexnuueckou mexanuxu um. H.C. Honsxosa HAH Yxpaunsi, . [{nenp, vgshevchenko@ua.fin
2000 «Hnnosayuonnas kamnanus Katipoc He Ipynny, 2. Jluenp, spassky@ua.fim

AHoTtanisi. MeTa IOCTiKeHb - PO3poOKa TEXHOJIOTIT 30ara4eHHs MUIaKy METalypriifHOTO MepeniTy KOHIEHTpaTy MiTHOI pyau Ha
OCHOBI pe3yJIbTaTIB CIIEKTPAIILHOTO, XIMIYHOTO, CHTOBOTO 1 eTporpadivyHoro aHamizy. [IpoBeaeHo ciekTpaabHAHN, XIMIYHHN, CHTOBOT
i merporpadivuHuii aHai3 MiHepaIbHOT CUPOBHHH. Pe3ybTaTu CrieKTpaabHOIO aHali3y BKa3yloTh Ha BMICT MiJli y BCIX TPHOX 3pa3Kax
Ha piBHi Oinbiie 1%. Pe3ynbraTi XiMiYHOTO aHali3y BKa3ajiu Ha BHCOKHI BMICT Miji B 3pa3kax Bix 13,4 1o 17,1%, a Takox Ha BHCO-
KHH BMICT 3aii3a Bix 9 1o 18%. AHaii3 pe3ynbraTiB CHTOBOTO aHAI3y [0Ka3aB, [0 HAWOLIBIIA KiTBKICTh Miji MICTUTBCS B Kiacax
kpymHOcTi 0,063-0,05 mm Bixg 18,6 no 24,1% 10,04 Bix 15,6 no 38%. BiamoigHo 1o merporpadivHUX JOCIIIKEHB, PO3MIp 3epeH Miji
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konmBaeThsest Big 0,1-0,3 MM o 1-5 MM, Haif6imbmn po3noBcIomkeHi po3Mipu 3epeH Mifi 3a gociipkeHuMu npodam - 0,2-0,3 mm i 1-2
MM. Ha mifcraBi pe3ynbsrariB CrieKTpatbHOTO, XIMIYHOTO, CHTOBOTO 1 MEeTporpadiqHoro aHalizy po3poOieHa TeXHOIOTis 30arayeHHs
MIABMICTKHX ILTaKiB. TeXHOIOTis IpaBiTalliifHOr0 MOKpOro 30araueHHs MPOAYKTUBHICTIO 5 T/ToauHy 3 BuiydeHHsIM Cu B Mexax 80-
95%. mepenbadae MOAPIOHEHHs BHUXITHOI CHPOBHHH MPH MOCTiiHIN momadi Boau 1o 40 M°/romuHy 3 HUTAMOHAKOMM4yBada. Baxki
(dpakuii HaIXOAATH HA MAarHITHUI cenapaTop i Jajii Ha KiacuikaTtop Ui BUIUICHHS MarHITHOTO KOHIEHTPATY i LITAKy, SIKUH MicIs
Buaitenss ¢paxuii 0,08-0,4 MM rpoxorom MBI B mopanbiromy Moxxke OyTH BUKOPHCTaHUH B SIKOCTI CHPOBHHH JUTsl Oy/liBEIIBHOT raiys3i.
Jlerxi ppakiii micist KOHIEHTPaifHUX CTONIB HAJXOMATh Ha KIacH(ikaTtop, Ha SIKOMY BUALIAETHCS MiTHUN KoHIeHTpar. CepenHi mo
LITBHOCTI (paKIii HOBEPTAIOTHCS B 3aMKHYTHI IUKIT JIIS TIOAJIBIIOTO MOAPIOHEHHS B KyJIbOBOMY MiIHHI. OTHAaK, Taka cXeMa MOKPOTO
30arayeHHs BUMarae Oe3nepepBHOi moj1adi BOAM 1 HAsIBHOCTI IIUTAMOHAKOIIMYYBaYiB, 110 HE 3aBX 11 Moxe OyTu 3abesneueno. Tomy, Ta-
KOXK PO3p0o0JIeHa TEXHOJIOTIS CyX0Oro 30aradyeHHs utaky 3 po3mipom dactuaok 0-100 mm. [{eHTpanbHUM anapaToM B 3alpOIIOHOBAHHX
TEXHOJIOTisIX 30aradeHHs € BiOpauiinuii rpoxor MBI, sikuii npu3HaueHUH Ul MOALTY CHIyYUX MarepiajiB 110 KPYIMHOCTI YaCTHHOK
Bix 20 MIKpOH /10 JIeKiabKoX MimiMeTpiB. Ha cuTi rpoxoTy peari3yroThes MOJNIYACTOTHI KOJIMBAHHS B Jialla30Hi 4acTOT BiJ AEKUIBKOX
'y mo kI, IpH IBOMY BHKJTIOYAEThCS 3a0MBaHHS OCEPEJIKIB CHTA, 3a0e3Me4y€eThCsl pyHHYBaHHS arperaris, M0 YTBOPHINCS 3 3TUIIHX
YaCTHUHOK, Peai3yeThes iX IHTCHCHBHE MEPEMIIICHHS B IIapi i epeKTUBHE MPOXOHKEHHS YaCTUHOK, SKi JOCSTIIN MOBEPXHI perrera ye-
pe3 ocepenku. Takuii xapakTep BiOpallii J03BOJIS€ JoMaraTucst 3Ha4HO O1Ib1101 €(heKTUBHOCTI MOALTY 1 3HEBOJHEHHS MaTepialiB, HIK B
TPAAMLIMHUX TPOXOTAX i 3a0€3MeYNTH MMOCTIiifHE CAMOOYHMIIIEHHS CITKH, 1110 CHPHSIE IPOLECY MOy i 3HeBOHEeHHsI. Uepes BiICYTHICTh
HaTATY, 320€3MeUy€eThCsl BUCOKA JIOBIOBIUHICTH poOodoi moBepxHi. Yepes nmepenadi MiHIMAIPHUX HaBaHTa)KCHb HA IIJICTaBY TPOXOT
BCTAHOBIIIOEThCS O3 OONAaIITYBaHHS CIIEIiadbHUX (YHIAMEHTIB, B TOMY YHCII Ha MEpeKpHUTTsAX OyaiBens i criopyx. Po3pobieno
THIIOPO3MIPHHUIA PsiJ TPOXOTIB 3 IUIOIICIO TOBEPXHI, IO MPOCitoe Bif | 10 4 M? i pi3HUM YHCIIOM SIPYCIB.

Kniouosi cnosa: cnekmpanvnuil, XiMiyHuil, cumoeoi, nempoepagiynuil ananiz, mexHonNo2is 30a2avyents, WiaK Memanypeitnoi nepe-

nepepooKu KonyeHmpamy MioHoi pyou.

Introduction. Currently, the issues of improving the
enrichment technologies of metallurgical wastes to
increase the productivity and efficiency of extraction
of useful components for their subsequent use are
highly relevant (Cao, H. et al 2012, Chaabia, R. et al
2015, Lei, L. et al 2009, Mahmoudi, E. et al. 2018,
Malanchuk, ZR, Malanchuk, E.Z. 2014, Rozendaal, A.,
Horn, R. 2013). When developing such technologies,
it is important to take into account both the material
composition of the raw materials (the content of an
element and its compounds) and the features of the
inclusions of useful components: their grain, shape,
etc. For this, spectral, chemical, sieve and petrographic
analysis of mineral raw materials are necessary.

The purpose of the research is the development
of a technology for the enrichment of slag from
metallurgical processing of copper ore concentrate
based on the results of spectral, chemical, sieve and
petrographic analysis.

Materials and research methods. The feedstock
was slag from metallurgical processing of copper
ore concentrate. For the analysis, several samples
of slag from metallurgical processing of copper ore
concentrate were taken (samples 567, 568, 569, 570).

The results of the spectral analysis are given in

Table 1.

Table 1. Spectral analysis results

The analysis was performed using the “sprinkle
method” on a STE-1 device with the ASI-10 annex.
The results of the spectral analysis indicate the
copper content in all three samples at more than 1 %.
Among other elements with a relatively high content
percentage, Ni, Zn, Co, Pb and Cd should be allocated.
Os, Sb, Cd, U, Hf, Hg, Th, Ta, Au were not detected.

For a more accurate determination of the copper
content, chemical analysis of samples was performed.
The results of chemical analysis are given in Table2.
The results of chemical analysis indicated a high
copper content in the samples from 13.4 to 17.1 %, as
well as a high iron content from 9 to 18 %.

To determine the specific copper content by size
class, a sieve analysis of the samples was carried out.
The results of grain-size researches of samples of
materials containing Cu are given in Table 3.

Analysis of the results showed that the greatest
amount of copper is contained in the size classes of
0.063-0.05 mm from 18.6 to 24.1 % and of 0.04 mm
from 15.6 to 38 %. The results of sieve analysis must
be considered when drawing up the technological
scheme of enrichment and the choice of the classifying
means by size of copper-containing raw materials.

To determine the grain size, the shape of grains
and their distribution over the samples, a petrographic

The content of elements in % 107
Sample
Ne Ba[Be [P [Cr| Pb |Sn|Ga|Ni|Y|Yb| Zn | Zr |Co| Ti | Cu | V| Ge |Mo| Li |La| Sr |[Mn| Ti | W | Bi |[Nb[Sc|Ce |Ag-6|As
567 <50|<0.1| 70 [200] 500 [150] 0.2 [{200] - | - | 700 | 5 | 5 |30 [»1%]| 3 |<0.1| 3 |<L|2|<7|70] - |15 |un.|O.21| - | - | 150 | -
568 <50]<0.1] 70 [150| 700 | 100] 0.3 | 150| - | - [=1%]| 5 | 5 [ 20 |»1%]| 2 [0.15] 5 | <1 |2 [<7]70 | - |15 fun.|O.1] - | - | 150 | -
569 <50[<0.1| 50 [200]=1% | 70 | 03 [100] - | - | 700 | 5 | 3 |30 [»1%]| 7|01 ]05]|<1|2|<7]50] -1]3 |un|OI| - | - | 150 ] -
Method
sensi- 50101 50]01] 01 [0.1]01(f01f1]01| 15] 5 105 1 [0.1[03[005]005( 1 |2]7 1101105 un.[0.1]0.7] 3 2 3
tivity
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Table 2. Chemical analysis results

Item Results are given in % for the dried substance at 105 °C
No Sample Ne .
Cu Ni /n Co Pb Cd Fe
1 567 13.4 0.17 0.67 00043 0.40 0.0002 18
2 568 18.5 0.12 1.37 0.0049 0.67 0.0001 15
3 569 17.1 0.09 0.63 0.0032 0.89 0.0005 9
Table 3. Sieve analysis results
Item Ne | Size class, mm | Mass, g | Content, %
Material Ne 1
1 +0.2 39.2 8.5
2 0.2-0.16 21.3 4.6
3 0.16 - 0.1 40.3 8.7
4 0.1 -0.09 10.5 23
5 0.09 — 0.071 39.7 8.6
6 0.071 —0.063 17.3 3.7
7 0.063 — 0.05 111.6 24.1
8 0.05—0.04 7.0 1.5
9 -0.04 175.5 38.0
Total: 462.4 100
Material Ne 2
1 +0.2 109.6 224
2 0.2-0.16 48.2 9.8
3 0.16—0.1 80.6 164
4 0.1 -0.09 14.9 3.0
5 0.09 —0.071 50.3 10.3
6 0.071 — 0.063 15.1 3.1
7 0.063 —0.05 91.1 18.6
8 0.05—0.04 3.9 0.8
9 -0.04 76.4 15.6
Total: 490.1 100
Material Ne 3
1 +0.2 101.1 20.7
2 0.2-0.16 39.9 8.2
3 0.16—0.1 65.1 13.3
4 0.1 -0.09 11.6 2.4
5 0.09 —0.071 46.6 9.6
6 0.071 — 0.063 14.2 29
7 0.063 — 0.05 106.7 21.9
3 0.05 — 0.04 6.9 1.4
9 -0.04 95.9 19.6
Total: 488.0 100

analysis was performed. The analysis was performed
using a POLAM R-111 microscope. The results show
the following.

Sample Ne 567 (Fig. 1) - the bottom layer of
melting. Dense, chipped dark grey, chipped shell, a
massive texture, surface with greenish and brownish
scurfs of copper and iron oxides, the content of which
in this sample: Cu - 13.4 %; Fe - 18 %.

The sample consists of colourless long prismatic
narrow (0.05 mm) grains from 0.3 mm to 1.5-1.8
mm long and more, which are randomly intertwined,
and in some areas are parallel or cross. They have a
cleavage, low birefringence, direct extinction , some
up to 3° In the composition of the sample, these
grains prevail - 65-70 %. Between them there is a
dark opaque (isotropic) substance - 20-25 % and
single short column-like grains with cleavage and
direct extinction 0.09 mm long (pyroxene?). In this
mass, there are voids of an isometric form ranging in

size from 0.05-0.1 mm, some up to 0.2 mm, and also
xenomorphic, isotropic grains with “needles” similar
to goethite of dark brown (reddish) colour — 5 %. In
addition, there are peculiar inclusions of red colour
with a brownish tint of irregular square, trapezoidal
shape with a size of 0.25-0.3 mm, similar to native
copper. Some of them have jagged contours. Most of
the copper formations are surrounded by an opaque
dark earthy mass. The number of these inclusions is
~ 5-7% (in the polish field). Chemical analysis shows
the weight percentage of native copper in this sample
to be 13.4 %. Copper grains are distributed relatively
evenly throughout the sample volume, which can be
clearly seen on the sample Ne 567 cut.

An exemplar of this sample has distinctly
manifested magnetic properties that indicate the
possible presence of pyrrhotite, magnetite, cubanite
or other magnetic minerals.

Sample Ne 568 (Fig. 2) is relatively dense and
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heavy (up to 3-3.5 g/cm®) slag of the third layer, in the
upper right corner there are cuts of copper, ranging
in size from 0.2 to 1.0 mm. The slag surface has a
greenish scurf of copper oxides and a reddish scurf of
Fe oxides, which suggests that the slag had remained

(sheaves) of a dark colour (0.01-0.03 mm) appear. In
the upper right part of the sample cut, oval grains of
copper are visible, ranging in size from 0.2 to 1.0 mm.
The rest of the cut in reflected light shows smaller
grains of native copper (0.2—0.3 mm), distributed

Fig. 1. Sample 567

in the dumps for a long period (for decades?). In
general, the sample is of the same composition (with
sample Ne 567), but the processes of replacement by
an opaque dark mass of precisely colourless long
prismatic grains are more intense. Relics of the latter
are ~ 15-20 %. In transmitted light, dark matter has
a lumpy shape, close to the isometric one. The size

~
N

relatively evenly in the sample mass. Probably, large-
scale copper smelting is confined to the lower part of
the melting layers.

This sample also has magnetic properties, and the
surface is covered with greenish and brownish scurf
of copper and iron oxides. In this sample, according
to the chemical analysis, copper is 18.5 % (the

Fig. 2. Sample 568

of the “lumps-balls” is 0.05 mm on average. On the
periphery of these balls are scattered powder-like, dark
gray fine particles with a metallic lustre, visible only
in reflected light (chalcocite?, cuprite?). Optically
their sizes cannot be determined. Opaque earthy
substance is ~ 80-75 %. Single hair-like aggregates

540

largest amount). Iron is 15 %, but its mineralogical
composition cannot be determined after melting.
Sample Ne 569 (Fig. 3) consists of a granular
mass uneven in size, dark, brownish-black colour of
cemented lumps with a diameter from 0.1 to 1.2 mm,
in which there are: voids (from 0.1 to 0.55 mm), red
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Fig. 3. Sample 569

isotropic inclusions (from 0.07 to 0.5 mm) of native
copper, hair-like clusters and colourless clear grains
(carbonates?) that surround the copper formations.

A dark shell is visible around individual copper
formations, just as in a lumpy mass. Shell thickness

On the basis of the conducted petrographic
analysis, it can be concluded that the parent rocks
with a certain content of ore minerals may have been
ultrabasites and basic rocks. In the sample of slag Ne
567, areas of the primary structure are observed —

ﬁn&%ﬁxn.?\!g&\\ Wi \;

\\\\\.\\\\‘\\\\.\"u
TN

¥

Fig. 4. Sample 570

is 0.02 mm. The copper content of ~ 15-17 % does
not exclude the presence of copper formations in the
dispersed state in a dark lumpy mass. In accordance
with chemical analysis, in this sample native copper is
17.1 %, represented by relatively large grains. Grains
ranging in size from 0.1 to 3-5 mm are visible on the cut
of the sample. Large grains are more often represented
by filamentous, dendritic forms, curved petals, less
commonly isometric, spheroidal formations (probably
this is copper that has fallen into cavities). Copper
grains are evenly distributed in the sample mass.

There is no noticeable magnetism in this sample;
probably there are few magnetic minerals. Iron in the
sample is about 9 %.

Sample Ne 570 (Fig.4) is a spongy, porous,
relatively light (1.2-1.4 g/cm®) slag of the upper (first)
melting layer. This layer is characterized by a very
weak magnetism, relatively low contents of Fe and Cu.

non-metallic minerals fragmentarily create a structure
similar to the “diabase” one. The second (Ne 568) and
the third (Ne 569) samples demonstrate an increase in
the intensity of secondary transformations in the slag
composition.

The content of native copper in the slag according
to chemical analysis ranges from 13.4 to 18.5 %. Iron
content ranges from 9 to 18%. In accordance with
petrographic studies, the size of copper grains ranges
from 0.1-0.3 to 1-5 mm. Drip melts of copper up to
1-2 c¢m are identified on particular samples, but their
number is insignificant. The most common sizes of
copper grains for the studied samples are 0.2-0.3
and 1-2 mm. Large grains of 5 mm or more in size
are relatively few and they are more likely to have
dendritic or leafy forms. Ore minerals are likely:
sulfides and oxides of copper, iron and zinc.
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Fig. 5. Gravity enrichment scheme for copper-containing slags

Results and their analysis. Based on the results of
spectral, chemical, sieve and petrographic analysis, a
copper-containing slags enrichment technology has
been developed.

The gravity enrichment scheme with a capacity
of 5 t/h with Cu recovery in the range of 80-95 % is
shown in Fig. 5. The nomenclature of the technology
equipment is given in Table 4.

To ensure the operation of the wet enrichment
technology, electrical cabinets, electrical equipment
and lighting, grounding, slurry pipeline and drain
chutes, trunk pipeline, adjustable water pipes with
stop valves, electric pipes, cable and electrical wiring,
abrasion resistant hose, metal constructions, ladders,
crossings, platforms will also be required. The total
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electrical power of the equipment chain will be
104.1kW.

The technology of wet gravity enrichment
involves the grinding of raw materials sequentially
in a jaw crusher, a cone crusher and a ball mill.
Grinding in a ball mill occurs at a constant flow of
water up to 40 m*h from the sludge collector. After
grinding, the raw material is fed into a slug catcher
and further to the concentration tables, where the
separation by density occurs. The heavy fractions are
fed to a magnetic separator and then to a classifier
for separating magnetic concentrate and slag, which,
after separating a fraction of 0.08-0.4 mm at the MVG
screen, can be used as a raw material for the building
industry. The light fractions after the concentration
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Table 4. The nomenclature of the equipment technology of wet enrichment of copper-containing slag with a capacity of 5-6 t/h

ftem Type of equipment Quantity, Electric power, kW
No pcs
1 Feeder PK-10 1 3,0
2 Conveyor LK-12-650 6 13.2
3 Jaw crusher 1 11
4 Cone crusher 1 11
5 Ball mill MSC-1,6 1 22
6 Slug catcher D -05 1 -
7 Concentration table KS-4,6 2 4.4
8 Concentration table KS-2,8 1 1.5
9 Sand/submersible pump 63/23 1 11.0
10 Multi-frequency screen MVG1.0 2 2.4
11 Magnetic drum separator (60 m*/h) 1 5.5
12 Spiral qualifier 1IKSN-6,3 1 3.0
13 Spiral qualifier IKSN-2,6 1 1.1
14 Sump 1 -
15 Centrifugal pump 60 m*/h on a pontoon with a check valve and start system 1 15.0
Total 104.1

Slag metallurgical processing of copper ore concentrate
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|

Metal separator on the magnetic separator

' Y
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on the MV G vibrating screen
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Fig. 6. Technological scheme for the enrichment of slag from metallurgical processing of copper ore concentrate

with a particle size of 0-100 mm
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tables are fed to the classifier, on which the copper
concentrate is released. The average density fractions
are returned to the closed cycle for further grinding in
a ball mill.

However, such a wet enrichment scheme requires
a continuous supply of water and the presence of
sludge tanks, which cannot always be ensured.

The technological scheme of dry enrichment of
slag with a particle size of 0-100 mm is shown in
Fig. 6. Slag metallurgical concentrate of copper ore
is fed to the magnetic separator, which provides for
the separation of pieces of metal found in the raw
material. Next, the concentrate is fed to the MVG
vibrating multi-frequency screen for classification by
size 3 mm. The —3 mm fraction is fed to grinding in a
centrifugal mill. Fraction +3 mm - enters the jigging
machine. After jigging, the light fraction (rock)
enters the rock store, the heavy fraction (copper) to
the copper concentrate store, and the intermediate
product goes to crushing, and then is fed back to
the MVG screen for classification by 3 mm. After
grinding in a centrifugal mill, screening of 0.063
mm on the MVG multi-frequency screen takes place.
The fraction +0.063 mm in a closed cycle is fed
back to grinding, and the fraction -0.063 mm enters
the magnetic separator. The magnetic product enters
the store of the magnetic fraction for the subsequent
extraction of iron, the non-magnetic product enters
the electric separator, in which copper concentrate
is released, which then enters the store, and copper
oxide, supplied to the flotation, to separate the copper
oxide itself from the rock.

The central apparatus in the proposed enrichment
technologies is the MVG vibrating screen, developed
at the Institute of Geotechnical Mechanics named after
M.S. Polyakov NAS of Ukraine, which is designed
to separate bulk materials by particle size from 20

Table 5. Technical characteristics of the MVG2.0 screen

microns to several millimeters (Shevchenko, G.A. et
al 2016). Screening or separation of solid particles
from slurries or suspensions and their dehydration at
the MVG screen is carried out on woven meshes or
rubber sieves performing polyfrequency vibrational
oscillations.

Polyfrequency oscillations are implemented on
the screen sieve in the frequency range from several Hz
to kHz, thus blockage of the sieve cells is eliminated,
destruction of the formed aggregates of stuck particles
is ensured, their intensive movement in the layer and
effective passage of the particles reaching the sieve
surface through the cells is realized. This type of
vibration makes it possible to achieve significantly
greater efficiency of separation and dehydration of
materials than in traditional screens and to ensure
continuous self-cleaning of the mesh, which promotes
to the process of separation and dehydration. Due to
the lack of tension, high durability of the working
surface is ensured. Due to the transfer of minimum
loads on the base, the screen is installed without
arranging special foundations, including on the floors
of buildings and structures.

Multi-frequency screens can operate at high
temperatures, in corrosive environments, in the water
environment, in the mining, building, chemical, food,
pharmaceutical industries, as well as in powder,
ferrous and non-ferrous metallurgy to separate and
dehydrate any bulk materials, purify polluted water,
etc. A standard-sized row of screens was developed
with an area of screening from 1 to 4 m? and a different
number of tiers. The technical characteristics of the
MVG screen with a screening area of 2 m? are given
in Table 5.

Conclusions.

1. When developing technologies for enrichment

of metallurgical production wastes, it is important to

Name of parameters, units of measurement Value
Frequency of forced oscillations of the box, Hz 25
Number of motor vibrators, type [V-25-25 2
Motor vibrator engine power, kW 2.3
Separation size, mm 0.02-20
Conventional dimensions of the screening surface:
- width, mm 1000
- length, mm 2600
Effective separation area, m? 2.6
Angle of sieve surface, degree 0-10
Overall dimensions of the screen, mm
- length 3810
- width 1636
- height at angle of sieve surface 0° 1607
Screen weight (without frame), kg 2800

544



G.A.Shevchenko, V.G. Shevchenko, V.A. Baranov, V.N. Spassky

Journ. Geol. Geograph. Geoecology,28(3),537-545.

take into account both the material composition of
the raw material (the content of elements and their
compounds) and the features of the inclusions of
useful components: their grain size, shape, etc. This
requires spectral, chemical, sieve and petrographic
analysis of mineral raw materials.

2. The results of spectral analysis indicate the
copper content in all three samples at a level of more
than 1 %. The results of chemical analysis indicated
a high copper content in the samples from 13.4 to
17.1 %, as well as a high iron content from 9 to 18 %.
Analysis of the results of the sieve analysis showed
that the largest amount of copper is contained in the
size classes 0 0.063—0.05 mm from 18.6 to 24.1 % and
0f 0.04 mm from 15.6 to 38 %. The results of spectral,
chemical and sieve analysis must be considered when
drawing up the technological scheme of enrichment
and the choice of means of classifying copper-
containing raw materials by size.

3. According to petrographic studies, the size of
copper grains varies from 0.1-0.3 to 1-5 mm. Drip
melts of copper up to 1-2 cm are determined on
particular samples, but their number is insignificant.
The most common sizes of copper grains for the
studied samples are 0.2-0.3 and 1-2 mm. Large grains
of 5 mm or more in size are relatively few and they
are more likely to have dendritic or leafy forms.

4. Based on the results of spectral, chemical,
sieve and petrographic analysis, a technology for the
enrichment of copper-containing slags was developed:
gravity wet enrichment with a capacity of 5 t/h with
Cu extraction within 80-95 % and a dry enrichment
technology of slag with a particle size of 0—100 mm.

5. The central apparatus in the proposed
enrichment technologies is the MV G vibrating screen,
which is designed to separate bulk materials by
particle size from 20 microns to several millimeters.
Polyfrequency oscillations are implemented on the
sieve screen in the frequency range from several Hz
to kHz, thus blockage of the sieve cells is eliminated,
destruction of the formed aggregates of stuck particles
is ensured, their intensive movement in the layer and
effective passage of the particles reaching the sieve
surface through the cells is realized. Such a nature of
vibration allows a significantly greater efficiency of
separation and dehydration of materials to be achieved
than in traditional screens and constant self-cleaning
of'the mesh , which promotes the process of separation
and dehydration. Due to the lack of tension, high
durability of the working surface is ensured. Due to
the transfer of minimum loads on the base, the screen
is installed without arranging special foundations,
including on the floors of buildings and structures. A
standard-sized row of screens was developed with a

screening surface area from 1 to 4 m* and a different
number of tiers.
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Received: 20.02.2019 Abstract.The problems of development of scientific schools of human geography in
Received in revised form: 06.03.2019 Ukraine are determined. It is shown that contemporary human geography in Ukraine is a
Accepted: 17.04.2019 methodologically formed science with its own theoretical and methodological apparatus,

which under the current conditions should be aimed at solving the applied problems
regarding the improvement of the socio- territorial organization in Ukraine.The article analyses the different functional aspects of
development of human geography in Ukraine. Among the main problems that hinder the development of scientific schools, and there-
fore the science in general, are the following: individualized activity of scientific schools without specific purpose, partial realization
of their contribution to all-school social geography, and contribution to the world of science; the problem of definition , which is as-
sociated with the use of simultaneous usage of different terms for the science ;«economic and social geography», «socio-economic
geography», «social geography»; the problem of social differentiation, geography and lack of a pivotal system of logically completed
laws of science that could integrate different paradigms and research areas; lack of implementation of applied science functions
and etc. Considerable attention is paid to the prospects of comprehension of human geography related to improvement of the theo-
retical basis in accordance with the realities of the beginning of XXI century, emphasis is placed on applied aspects of science and
avoidance of pointless abstraction.The strategic goal of socio-geographical science is the determination of economic, demographic,
social, political and environmental capacities of the geographic shell, justification of rational parameters of regional and global nature
management, identification of the main trends of technological, sectoral and territorial development of the economy of Ukraine and
its regions.It is proved that the main tasks of the science are also studies of the quality of life of the population; improvement of the
structure of production and its transfer to an innovative level; definition and achievement of the optimal social, functional-branch and
territorial structure of the economy; optimizing the structure of economic, social, political and other ties. At the regional and local
levels, priorities include the problems of nature use and nature conservation, the development of depressed regions, the justification
and implementation of regional economic, social, demographic and environmental policies. The key to solving these problems from
the methodological point of view is the substantiation of the general theory of regional studies taking into account the diversity of the
territorial organization of society.

Keywords:human geography, Ukraine, territorial organization of society, problems of science development, scientific directions,
prospects of development of the science.

CycnisiibHa reorpadist B YkpaiHi: npo0jeMu po3BUTKY Ta NPiOPUTETHI HANPSIMHU A0CTIIKEHb
C. M. llleBuyxk

THonmascokuu Hayionanvruil nedazoziunuil ynieepcumem imeri B. I Koponenxa, Ilonmasa, Ykpaina,
S Sevchuk@online.ua

AHoTanisi. BusHaueno mpoOnemn po3BUTKY HayKOBHX IIKiNl CycmijbHOI reorpadii B Vipaini. [Toka3aHo, 1110 cydacHa cycriibHa
reorpadis B YkpaiHi — 1ie METOZ0JI0r 4HO ChopMOBaHa HayKa i3 BJIACHUM TEOPETHYHUM | METOJMYHUM arapaToM, sSIKMH y HaiTenepilHix
yMoBax Mae OyTH CIPsIMOBaHHMIT Ha pO3B’sI3aHHSI MPUKIIAIHIX 3aBJaHb 100 BIOCKOHAJICHHS TePUTOPialbHOT OpraHizamii cycHiibcTBa
B YkpaiHI. IpoaHaii30BaHo pi3Hi (yHKI[IOHAIEHI aCIIeKTH PO3BHUTKY CycHinbHOI reorpadii B Ykpaini. Cepes; OCHOBHHUX IIpoOIeM, 110
MIEPEIIKOKAOTh PO3BUTKY HAYKH €: 1HIHMBITyaTi30BaHa IisUIbHICTh HAYKOBUX IIKLT 0€3 IIJIbOBOTO MPH3HAUYCHHS YaCTKOBOI peaizamii
i BHECKY B CBITOBY CYCHiJIBHY reorpadito; mpobdieMa iIeHTHYHOCTI, OB’ s3aHa 3 OJHOYACHUM BHKOPUCTAHHIM Ha3BH «EKOHOMiuHA
i couianpHa reorpadis», «coLialbHO-eKOHOMIUHA reorpadis», «cycmiibHa reorpadisy»; npobnemn audepenuianii reorpadii ta
BIZICYTHOCTI CHCTEMH 3aBEpILICHHUX 3aKOHIB HayKH, SIKi MOIIM O IHTErpyBaTH pi3Hi MapaJurMy Ta HANPSIMKH JOCIHIIKEHb; BIACYTHICTD
peaizawii npuKiIa HIX QyHKIIH HayKH Tomo. BupizHeHi npo6iemMu po3BUTKY CycnibHOI reorpadii: irHOpyBaHHS CaMHM CYCITIIBCTBOM
Pe3yJIbTaTIB JOCIIKEHb CYCIiIbHO-reorpadiuyHol HayKH; PO3MOPOIICHHS CYCHIIbHO-TeorpadiqHuX CTyAid 3a HOBUMH HampsIMaMH
JIOCTIKEeHB; TpobieMa camoineHThdikamii Ta rudepeHmniarii Hayku; HepeaTi30BaHicTh i npukiaaHoi GyHKIil Tomo. CTpareriqHoo
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METOI CYCHUIbHO-TeorpadiuyHOl HayKH OKPECIICHO BU3HAUCHHSI €KOHOMIYHOT, IeMorpadiuHo1, CoIiallbHOT, MOMITHYHOI Ta SKOJIOTTUHOT
€MHOCTI TeorpaitHol 000IOHKY, OOTPYHTYBAHHS palliOHAIBHAX MTapaMeTPiB PeriOHaIbHOTO 1 TII0OATEHOTO MPUPOSOKOPHCTYBAHHS,
BUSIBIICHHSI OCHOBHUX TCHJCHLIH TEXHOJIOIIYHOTO, ray3eBOro il TepUTOPialbHOrO PO3BHTKY rocroiapcTBa YKpaiHu i ii perioHis.
JloBeIeHO, 1110 TOJIOBHUMH 3aBIAHHIMH HAayKH TaKOX € JIOCIIPKEHHS IPOOJIeM SKOCTI KUTTS HACEIICHHS; YIOCKOHAJCHHS CTPYKTYpH
BHUPOOHUIITBA Ta MIEPEBEICHHS Or0 HA IHHOBAL[IMHII PiBeHb; BU3HAYCHHSI Ta JOCSATHEHHS ONTHMAJIBHOI COLiaNbHOT, (yHKIIOHATBHO-
ragys3eBoi i TepuTopiaibHOI CTPYKTYPH TOCHOAAPCTBA; ONTHMI3allil CTPYKTYPH SKOHOMIYHHX, COLIANBHHUX, MOMITHYHUX Ta THIIUX
3B’s13KiB. Ha perioHanpHOMY 1 JIOKQJIBHOMY PIBHSIX — IIPOOIEMH IPUPOIOKOPHCTYBAHHS i OXOPOHU MPUPOIHU, PO3BUTKY JETIPECHBHIX
perioHiB, 0OTPYHTYBaHHS i peai3alis perioHaIbHOI eKOHOMIUHOI, COLiaNbHO1, AeMorpadiuyHol Ta eKOJIOTIYHOI MOTITHKH. 3al0PyKOI0

PpO3B’s3aHHS IUX MPOOJIEM 3 METONOJOTIYHOTO TONIAAY € OOTPYHTYBaHHS

PI3HOMAaHITTS TEPUTOPIaILHOI OpraHi3alii CycriIbCTBa.

3arajbHOI Teopii PerioHO3HABCTBA 3 ypaxXyBaHHSIM

Kniouosi cnosa: cycninona ceoepais, Yxpaina, mepumopianvha opeauizayisi Cycnilbcmed, npooiemu po3umKy HAyKu, HAyKoGl

HAnpsAmu, nepcnekmusu po3eumkKy HaAyKu.

Introduction.The priority directions of fundamental
scientific research on the most important problems of
the development of scientific and technical, socio-eco-
nomic, socio-political, human potential for ensuring
the competitiveness of Ukraine in the light of sustain-
able development are identified at the legislative level.
The problems of rational nature management today
are successfully solved by the scientists specializing
in the field of social geography. At the same time, it is
necessary to outline the problems of development of
human geography in Ukraine and to identify the prior-
ity directions of its further research in order to increase
the status of human geography in Ukrainian society,
primarily due to the effectiveness of research.

Modern human geography in Ukraine, according
to K. Mezentsev (K. Mezentsev, 2010), «is at a cross-
roads», and the choice of the further path of the sci-
ence’s development depends on the essential aware-
ness of its practitioners. One of the possible directions
will involve conservatism of theory and methodology,
self-satisfaction at achievements made, and the other
will promote innovation and scientific research, one
of them is oriented to the depth of the industrial soci-
ety, the other towards the information society, one of
them will lead to self-isolation, the other will ensure
integration into world social geography.

During recent years of the XX — in the beginning
of XXI century a number of works on methodology
and theory of geography were published, articles that
revealed problems and the development prospects of
human geography in Ukraine, analysis of the state and
strategy of the science’s development, awareness of the
mission and trends of human geography in the context
of the latest challenges and demands of society,. The
search for a place, role and the development prospects
of the science was a key theme of the Ukrainian Geo-
graphical Society’s congresses («Ukraine and Global
Processes: Geographic Dimension», Lutsk, 2000;
«Ukraine: Geographical Problems of Sustainable
Developmenty», Chernivtsi, 2004;«Geography in the
Information Society», Kyiv, 2008; «Ukraine: Geogra-
phy of Goals and Opportunities», Kyiv, 2013; «Ukrai-

nian Geography: Modern Challenges», Vinnytsia,
2016). Among these works, it is especially worthwhile
to highlight the research by M. Pistun «The Tasks of
Human Geography in the Context of the Problems of
Ukraine’s Regional Development» (2003), «On New
Development Directions of Socio-Geographical Re-
search in Ukrainey» (2005), K. Nemets «Human Geog-
raphy: Problems and New Horizons» (2006), M. Bah-
rov «The Paradox of Unclaimed Geography and Its
Development Trends» (2006), «The New Paradigm of
Geography in the Information World»(2008),Y. Oli-
inyk «Tasks of Economic and Social Geography in the
Information Society» (2008), L. Rudenko «The Prob-
lem of the Formation and Use of Spatial Data and the
Problem of Geography» (2008), O. Shablii «The Im-
perative of Ukrainocentrism in National Geographic
Science» (2008), K. Mezentsev «Problems and Pros-
pects of Ukrainian Human Geography of the XXI
Century» (2008),Y. Oliinyk and A. Stepanenko «The
Development Strategy of Economic and Social Geog-
raphy» (2009), E. Maruniak «Modern European Geog-
raphy: Directions of Development» (2010), M. Bah-
rov, L. Rudenko and I. Chervaniov «New» Geography
in Ukrainian Realities: Mission and Trends»(2012),
O. Topchiiev, V. Nudelman and L. Rudenko «New
Challenges and Inquiries of Geography (Ukrainian
Aspect)»( 2011), L. Nemets «Modern Social Geog-
raphy: Analysis of the Situation, Problems and Pros-
pects» (2012), M. Bahrov, L. Rudenko, I. Chervaniov
«Progress of New Geography» — Essence and Pur-
poses» (2012), P. Masliak «Public Geography: A Sci-
entific Paradigm Shift in the XXIst Century»(2013),
M. Dnistriansky «On the Need for a New Look at
the Subject Human Geography» (2016), O. Topchiiev
«Geography Subject Area and Its Modern Method-
ological Transformations» (2016) and others.

The basic generalizations for the future develop-
ment of human geography in Ukraine are presented
in the studies of L. Rudenko and M. Bahrov. They
determine its transition to a qualitatively new stage
of information geography, which studies the distribu-
tion of new knowledge and information, as well as the

547



S. M. Shevchuk

Journ. Geol. Geograph. Geoecology, 28(3), 546-553.

formation, storage, processing and interpretation of
specific geospatial-time coordinates using GIS tech-
nologies.The researchers identified key aspects of the
current state of science in Ukraine and outlined the
prospects of'its development (Bahrov, 2005; Rudenko,
2006): geography has its own field of research that is
not overlapped by any other science; geographic stud-
ies integrate new knowledge and information about
space due to the high significance of the concepts of
location, goal and development resources; Geography
in Ukraine develops scientific concepts and ways of
their implementation, striving to acquire the status of
economic «pole of growthy, in order to become, to-
gether with it, a «<new» geography in the forefront of
sciences that provide sustainable development.

O. Topchiev (Topchiev,2012), analyzing public
requests for geographic science and the challenges
that cause the formation of new approaches, concepts
and trends in its theory and methodology, states that
some of them have become recognized and spread,
have become the latest paradigms of modern geog-
raphy (geo-information, geo-planet paradigms). The
scientist emphasizes that geographers should more
actively develop a general-scientific intentional para-
digm, which provides a new methodological under-
standing of the key problem for geography — the prob-
lem of interaction between society and nature.

Covering the tendencies of development of eco-
nomic and social geography, the evolution of the sub-
ject of its study, the discipline’s objectives in the con-
text of the globalization of world-system connections,
Y. Oliinyk (Oliinyk, 2009) is exploring the strategic
directions of the development of fundamental research
in economic and social geography; this entails deter-
mining the strategic directions of the science’s forma-
tion of a unified planetary system, in which, according
to the scientists, a significant role should belong to
economic and social geography, intended to create the
basis for the development and functioning of human-
ity in qualitatively new conditions.

0. Shablii justifies the principles and directions of
the development of human geography in a rather inter-
esting way, namely through the imperative of Ukrain-
ocentrism as a means of intensifying the development
of the science, which involves focusing the study of
Ukraine as a natural-, demo-, social-, economic-, and
politico-geographical isolation in the context of dif-
ferent levels of geospatial organization of the earth’s
nature and human civilization. The imperative of
Ukrainocentrism also requires the removal of the se-
mantic units of Soviet ideology’s (Shablii, 2008).

According to K. Mezentsev, the challenges of
modern human geography are related to the change
in the methodology of socio-geographical research,
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which is determined by the analysis of spatial aspects
of various transformational processes, the evolution
of economic, socio-cultural, political activity of the
population; justification of the prospects of regional
development in view of the new factors; studying
the processes of social polarization of the popula-
tion, regional social security, spatial distribution of
social problems and threats; combining quantitative
and qualitative methods of research (traditional meth-
ods of spatial analysis, GIS analysis, geographic and
mathematical modeling, on the one hand, and methods
aimed at determining perceptual characteristics of re-
gions, identifying regional stereotypes, regional self-
identification of the population, on the other), using
new methods of research (nonlinear modeling, neural
networks, fractal geometry, fuzzy set theory, etc.).

In 2011, the Institute of Geography of the National
Academy of Sciences of Ukraine held a scientific sem-
inar «Geographical science in the new socio-economic
conditions of development of Ukraine» , which identi-
fied the conceptual problems of functioning socio-geo-
graphical science in Ukraine. It is no coincidence that
the XII Congress of the Ukrainian Geographical Soci-
ety (2016) took place under the slogan «Ukrainian Ge-
ography: Modern Challengesy, it paid great attention
to the contemporary tasks of the development of socio-
geographical science. A detailed analysis of the reports
on the problems of the science which were made at
the congress was carried out in the article by Y. Oli-
inyk (Oliinyk, 2016). The author acquainted readers
with the views of national scholars on the problems
and prospects of the development of social geography.

The most interesting, in our opinion, are the re-
searches by L. Rudenko, O. Topchiiev, P. Masliak,
V. Oleschenko, S. Bortnik, A. Gudzevych and
M. Dnistrianskyi. L. Rudenko stressed that geo-
graphic research should focus on practical activi-
ties in the regions (regional development strategies,
various types of territorial planning, etc.) regard-
ing the mechanisms of implementing the principles
of balanced development; intensify the work of the
scientific geographic schools for the formation of
innovation-oriented economy; take part in a strate-
gic environmental analysis. O. Topchiev proposed in
the geographical sciences along with two traditional
branches (natural and social) to form a new direction
— the development of theoretical and methodological
principles of functioning of the Earth’s landscape as a
holistic and complex socio-economic natural system
(Topchiiev, 2016).P. Masliak defined the priority task
of modern geography — modeling the territory in ac-
cordance with scientific geographical representations
about its harmonious and effective development; this
direction, in the opinion of the scientist, will ensure
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the unity of geographical science (Masliak, 2016).
V. Oleshchenko proposed to introduce a new specialty
«theory of geography» for those studying towards sci-
entific degrees (Oleshchenko, 2016). In our opinion,
the specialty «theory and history of geography» would
be more optimal, like a similar scientific specialty in
other fields of knowledge. S. Bortnik, together with
other scientists, determined the objective of geogra-
phy in Ukraine in the development of new scientific
and applied areas based on the use of world experi-
ence of spatial development, geo-planning, landscape
development of the territory and modeling in the
system of multi-level management. A. Gudzevych
analyzed the space-time paradigm of science and pro-
posed to develop national geography as a science of
a single planetary system, paying particular attention
to geo-space and geo-environment (Gudzevich, 2016).
M. Dnistrianskyi raised the issue of the need for a new
substantiation of the subject of human geography as
a humanitarian geographic science on geospatial de-
velopment, placement, vital activity and interaction of
human communities and the formation under their in-
fluence of cultural landscapes. According to the scien-
tist, the combination of human communities as special
territorial-organized social entities and cultural land-
scapes of the Earth’s surface provides the substantive
filling of the socio-geographical world and creates the
framework of geographical space in general. Accord-
ing to this approach, M. Dnistrianskyi proposed that
human geography be considered not as a set of social
spatial forms of social objects, but as a humanitarian
geography, in the epicentre of which the geographic
world of human societies is located (Dnistrianskyi,
2016).

Some of the reports were devoted to the method-
ological problems of applied socio-geographical re-
search and new directions of development of the sci-
ence, namely: geography of tourism (G. Balabanov,
O. Liubitseva, M. Malska, L. Zelenska, O. Kolo-
tukha), geography of the quality of life of the popu-
lation (I. Hukalova), military geography (Y. Ivakh),
methods of multidimensional analysis (K. Niemets,
L. Niemets, K. Sehida), geopolitical paradigm and
political geography (Y. Oliinyk, A. Stepanenko,
B. Yatsenko), territorial planning (H. Pidhrushnyi)
and others.

The purpose of the paper.The generalizing idea in
the works of most modern Ukrainian scholars is the
recognition and justification of human geography as
a methodologically formed science with its own theo-
retical and methodical apparatus, which in the present
conditions must first of all be directed at solving ap-
plied problems concerning the improvement of the ter-
ritorial organization of society in Ukraine. At the same

time, the theoretical foundations of the science, first
of all, through the introduction of new approaches,
concepts, etc, need a certain development as well. The
purpose of this paper is to determine the problems of
the development of human geography in Ukraine and
to formulate promising directions for its research.

Results and discussion. The factors determining the
problems of contemporary human geography are the
ignoring of the results of research of spatial science
by society itself («consumer society»), as well as the
extension of socio-geographical research into new ar-
eas, especially those that are formed on the frontier
with other sciences (regional economics, regional de-
mography, regional sociology, regional policy, etc.).
Using the subject of human geography and applied
aspects which are contiguous with social science dis-
ciplines, artificial creation of new scientific fields,
as well as sciences (regional economics, regional
cultural studies, etc.) can lead to the transformation
of fundamental science into the method of studying
these sciences.Public geography, which is part of the
system of geographical sciences, is, of course, a com-
ponent of the wider system of Earth Sciences, but its
successful development is impossible without close
links with social sciences. At the same time, in recent
years, the intensification of such connections has been
observed.Modern connections of human geography
with economics , sociology, political science, demo-
graphics, computer science and management lead to
strengthening of the applied direction in geography.
Within the framework of the implementation of the
applied science function, the participation in evalua-
tive, forecasting works and territorial planning, pro-
gramming and estimating becomes important. It is by
this very point that human geography as the only sci-
ence based on spatial methodology should be opposed
to the directions of regional studies of social sciences.

While highly appreciating the scientific achieve-
ments of human geography in Ukraine, it should be
noted that in today’s conditions there is a sharp de-
cline in interest in solving its theoretical problems,
developing new concepts, modernizing the formed
theories. In this case, from the side of social geogra-
phy, the practice of fragmentary incursions into the
field of the adjacent social disciplines is expanding.
Modern human geography in Ukraine has to win its
monopoly on spatial research, thus restoring its posi-
tion in the system of sciences.

The analysis of the problems of human geography
development in Ukraine gives grounds for determin-
ing the problems of its functioning. The further devel-
opment of human geography in Ukraine depends on
the operational actions of modern scientists. Among
the main problems which restrain the development of
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social geography, one should note the following.

1. Individualization of the activities of scientific
schools without formulating the concrete goal of real-
izing its contribution to the all-Ukrainian school of
social geography, and through the latter, to world sci-
ence. The lack of a tradition of coordination and con-
solidation of socio-geographical schools has resulted
in the dissociation of the socio-geographical com-
munity and the inconsistency of scientific research.
Despite having in its arsenal extremely important
scientific achievements, as well as practical results of
research on society’s territorial organization, public
geography in Ukraine remains almost non-integrated
into world science, and dialogue with other national
schools is practically absent. Scientific knowledge
is known to be universal, but national specificity in
socio-geographical research should be manifested
even when it comes to fundamental theoretical prob-
lems.In such a situation, within each of the directions
of human geography there are points of intersection
with various adjacent social sciences, and intersec-
tion areas with the scientific schools of these social
sciences. As a result, there is a further differentiation
of socio-geographical science. That is why the main
direction of the development of science should be the
synthesis of the achievements of a modern school of
human geography with its fundamental development
of an integrated approach to studying the territory, on
the one hand, and the modern theory of synergetics
of large systems in relation to spatial-dynamic struc-
tures, on the other. We see another way of overcom-
ing this problem in the coordination of the subjects of
research under the auspices of the Institute of Geogra-
phy of the National Academy of Sciences.

2. Over the past decades, the problem of self-
identification of human geography has increased.
Until 2015, it was defined only by the incongruity
between the name of the science in the scientific en-
vironment of Ukrainian geographers as «social geog-
raphy» and the official name of the vast majority of
university departments and the specialty of the gradu-
ates of scientific degrees as «economic and social ge-
ography». The introduction of a new list of academic
fields and specialties in 2015, according to which
higher education graduates are trained, means that
social (economic and social) geography is dissolved
in the science system under the name«Earth Scienc-
es».Officially, the name «social geography» has long
been used only in the name of one department of the
Institute of Geography of the National Academy of
Sciences (the Department of Social and Geographical
Research). Until recently, Ukraine’s only department
of «social geography» existed at the Lesya Ukrainka
Eastern European National University. Simultane-
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ously among scientists of Ukraine different names
are used («economic geography», «socio-economic
geography», «human geography»), and when writing
scientific works, in particular theses, the preference is
given to the name «human geography».

3. The process of internal differentiation of hu-
man geography in Ukraine is still far from its com-
pletion, since not all elements that form the territo-
rial organization of society have become objects of
research. The process of internal integration of human
geography influences its diversification as well. The
processes of differentiation and integration of human
geography directly relate to the development of its
theory, on the one hand, the formation of the social
sciences’ branch theory, and on the other — the devel-
opment of the general theory of science on the whole.
Modern human geography is characterized by the
absence of a logically complete system of scientific
laws, the predominance in the science of intra-aca-
demic principles and forms of theorization associated
with the gradual generalization of empirical mate-
rial in certain areas, which prevents it from reaching
a higher level of abstraction. We face the paradox in
which the branch directions (economic geography,
geography of population and resettlement, political
geography, etc.) today have a better proved, drawn up
and represented methodology than the science which
unifies them — social geography. Human geography
in the conditions of its scientific potential and experi-
ence needs to solve this problem and, consequently,
such a structured system of scientific laws has to ap-
peal to those worldview and civilizational circum-
stances of scientific development which exist outside
the boundaries of social geography. Taking into ac-
count the above conditions will facilitate the transi-
tion of human geography to a new scientific activity
paradigm as a science of geospatial self-organization
of society, its types, forms and relations.That very ac-
tivity paradigm of geospatial relations, in our opin-
ion, via their specific relations system (geo-economic,
geo-social, geopolitical, geo-spiritual) will provide
further assured development (without any trespassing
on adjacent social sciences) of the four fundamental
components of social geography — economic, social,
political geography and cultural geography. For their
part, today, they already have the established indisput-
able specific areas of cognition (subjects of research)
and can contribute to the transformation of their own
theoretical concepts as components of a wider scien-
tific social and geographical world picture.

4. Changes in specific objects and subjects of
modern human geography are generated by the infor-
matization processes; they differ from the objects of
industrial society research, production processes, etc.



S. M. Shevchuk

Journ. Geol. Geograph. Geoecology, 28(3), 546-553.

First of all, they deal with the information economy,
information and communication infrastructure, net-
work forms of economic activity organization, the
information society as a whole and the phenomena it
results in . In the process of Ukraine’s transition to
the information society, national human geography
will not remain a landmark science of industrial so-
ciety and will not go back to the past.The changes
and challenges of the information society concern the
foundations of social geography: the subject-object
area is expanding (comparatively new directions are
developing — quality of life geography, geography of
social problems, perceptual, gender, electoral, sacral
geography, etc., new methodological approaches are
used (behavioural, synergetic); the methodological
apparatus of social and geographical research is being
improved (Mezentsev, 2010).

Consequently, in the absence of a core system of
logically complete scientific laws, we face infringe-
ment of adjacent social sciences on the subject field of
social geography, via their regional directions, as well
as the tendencies of departure from actual social and
geographical research as social geographers become
embroiled in the aspects of adjacent social sciences
and, accordingly, spatial analysis of these aspects. All
this can lead to the decrease of positive trends in the
development of socio-geographical science.The way
out of the situation is seen in the consolidation of sci-
entific-educational research and school-groups on the
activation of theoretical and methodological develop-
ments. Promising in this regard are the geospatial-time
theory, the theory of geospatial organization of society
and the theory of territorial systems that will provide
the theoretical substantiation of geospatial self-organi-
zation of society as an appropriate complex (system)
that has regional (geospatial) differences and needs
management. In such conditions, the results of the sci-
ence will become popular in society, and therefore the
status of human geography will increase, it will be-
come more popular.

5. From the above follows another problem of
the development of scientific schools in human ge-
ography— the failure of its application function. Ac-
cording to K. Mezentsev, a significant part of socio-
geographical research in Ukraine is devoted to the
study of traditional objects by traditional methods.
Many socio-geographical works are based on out-
dated methodology and are characterized by scientific
formalism, while other studies reveal a «theory for
theory», where new terminological constructs, alter-
nate complexes and systems do not result in any use-
ful conclusions.Unsuccessful, according to the sci-
entist, are the attempts at artificial «dragging» of the
classical geography of production methodology (eco-

nomic geography) into modern service, information
and communication and network objects of research.
Therefore, such challenges are connected with the
non-recognition of the practical value of socio-geo-
graphical research. In view of the various reasons, the
implementation of the science constructive potential
is limited enough; there are no real government orders
for the scientific development of regional forecasts,
programmes, schemes, etc.

The theories we talked about above, taking into
account the developments of human geography in
Ukraine and the new ideas of the development of
world science, should become the methodological ba-
sis of social geography, and most importantly —give it
the opportunity to realize its constructive function in
improving the processes of human life. The processes
of complex and system formation are manifested in
the territorial self-organization of all spheres of hu-
man activity, the emergence and expansion of socio-
economic relationships and relations, the transforma-
tion of the natural environment, the consolidation of
territorial communities of people.Territorial centres
are formed, all spheres of human life there are inter-
connected and they are included in the processes of
social functioning, development and reproduction.
The territorial self-organization of society has the
properties of differentiation and discretization, which
manifest themselves in the form of the administrative-
territorial structure and the system of regions of differ-
ent taxonomic rank. Regional units of any level of the
hierarchy are self-organized territorial systems that
are specifically implemented in the socio-geographi-
cal space and historical time. It is precisely in order to
improve the spatial self-organization of society that a
system of bodies of state power and local self-govern-
ment is formed, it enables the optimal combination of
state administration and market regulation. Public ge-
ography in these conditions is intended to provide the
theoretical and applied bases of territorial administra-
tion — management of the regions’ development, to
develop the scientific basis for the implementation of
regional policy and the mechanism of its prediction.

Public geography, despite having a solid theo-
retical framework and concrete results of research in
terms of improvement of various aspects of the ter-
ritorial self-organization of society in Ukraine or its
regions, cannot reach a qualitatively new level of its
development, declare itself as a science, and, above
all, cannot yet effectively solve a number of strategic
issues of Ukraine’s development in the context of its
Eurointegration strategy. As O. Topchiiev observes,
this is due to the small «mass» of social geographers
in the state’s scientific potential. Such problem can be
solved only by the powerful scientific schools, which
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have to integrate their efforts to produce the special-
ists in the field of human geography of the highest
level of qualification. Scientific and education institu-
tions and schools should build a strategy of dragging
into the plane of their research a number of applied di-
rections that have formed on the boundaries of human
geography and other sciences and have the potential
to implement the constructive function of socio-geo-
graphical science. First of all, it deals with geo-eco-
nomics, geo-politics, geo-ecology, geo-informatics,
and so on. Scientists should transfer qualitative and
quantitative results of their research to the achieve-
ments of these studies on the plane of human geogra-
phy— a unified science, the methodology of which is
really based on the principles of territorial analysis of
the self-organization of all spheres of society’s life.
If we talk about the strategic directions of research
development within these components, we should say
that only geo-economics has already adapted to mar-
ket conditions the theory of economic zoning and the
theory of TPCs, the concept of PGC, which can offer
results in terms of increasing the competitiveness of re-
gions, industrial specialization and balanced develop-
ment of regions, justify market infrastructure creation,
territorial organization of industries and outline the
growth poles. The examples of such implementation of
research are doctoral theses by G. Pidhrushnyi «Indus-
try and Regional Development of Ukraine (theory and
practice of socio-geographical research)», Yu. Pale-
kha, «Theory and Practice of Determining the Value
of Territories and Estimating the Lands of Settlements
of Ukraine (economic and geographical research)y,
S. Zapototskyi «Scientific Principles of Regional Com-
petitiveness Formation: socio-geographical researchy,
I. Pylypenko «Center-peripheral Processes and Struc-
tures in the Territorial Organization of Society», etc.
Based on the experience of comprehensive and
systematic study of territorial human communities,
human geography has already successfully investi-
gated the quality of population’s life at the level of
doctoral researches (I. Hukalova, «Quality of Popula-
tion’s Life in Ukraine: Theoretical and Methodologi-
cal Foundations of Socio-Geographical Researchy)
and the problem of depression in the development of
territories (M. Baranovskyi «Rural Depressive Ter-
ritories of Ukraine: Theoretical and Methodologi-
cal Principles of Socio-Geographical Researchy),
geography of culture (I. Rovenchak «Geography of
Culture: Problems of Theory, Methodology and Re-
search Methodsy), geosophia (Yu. Kyseliov «Socio-
Geographical Foundations of Theoretical and Applied
Geosophical Researches in Ukraine»), geo-demogra-
phy (V. Yavorska «Regional Geodemographic Pro-
cesses in Ukraine: Theoretical and Methodological
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Aspects»), which has prospects for studying human
spatio-temporal behaviour.

The research, carried out by the staff of the IG
NAS of Ukraine under the leadership of L. Rudenko,
is devoted to the analysis of the problem of interac-
tion of nature and society in Ukraine in the twentieth
century, demonstrates a successful synthesis of natu-
ral, socio-geographical knowledge and ecology, at the
same time, it reveals the great possibilities of geogra-
phers in the development of geo-ecology problems,
theoretically substantiates the processes of interaction
of society and nature, the formation of the natural life
environment. The fundamental nature of this research
area , its justification and the determination of the pri-
orities for its further development can be found in the
following dissertations: S. Lisovskyi «Economic and
Geographical Principles of Sustainable Development
of Ukraine», L. Nemets «Socio-Geographical Bases
of the Transition Strategy of Ukraine to the Model of
Sustainable Development», S. Sonko «Theoretical
Foundations of the Spatial Sociogeospheric Systems
Formation in the Context of the Sustainable Develop-
ment Concept of Ukraine», K. Nemets «Socio-Geo-
graphical Foundations of Sociogeosystems’ Informa-
tion Developmenty, etc.

The geopolitical direction is based on the political
geography theory, territorial management and fore-
casting, regional policy and state studies, planning and
spatial regulation, and is vividly represented in doc-
toral studies by M. Dnistrianskyi «Ethnopolitical Ge-
ography of Ukraine: Problems of Theory, Methodol-
ogy, Practice» and P. Shukanov «Socio-Geographical
Features of the Global Civilization Space Formationy.
We have solid work in the field of public administra-
tion as well, in particular, it deals the justification of
principles of regional development management, re-
gional development forecasting (K. Mezentsev, «So-
cio-Geographical Forecasting of Regional Develop-
ment: Theory, Methodology, Practice»), geoplanning
(D. Malchykova, «Methodology and Geoplanning
Methodology of Rural Areas at the Regional Level»),
geospatial studies and space planning practices (E.
Maruniak, «Socio-Economic Space (Methodology of
Geospatial Research and Planning Practice)».

Consequently, the above-mentioned directions
are and will be developing in the plane of the human
geography object-subject sphere. They strengthen
its internal principles, supplement the science with
new theses aimed at the discovery of new laws and
regularities of territorial processes of the interaction
between society and nature, spatial life organization,
functioning and development of territorial systems, as
well as new paradigms, hypotheses, concepts, meth-
ods and forms of their organization.The development
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of the principles of human geography will improve
its methodology through the introduction of methods
of geographic information systems and technologies,
methods of spatial research, neural networks, mental
mapping, etc. (Shevchuk,2017). On the other hand,
such directions will promote the implementation of
the applied function of science, related to the develop-
ment of practical recommendations for improving the
territorial self-organization of society.

Conclusions. Further realization of these tendencies
in the national human geography requires clarification
of its theoretical base in accordance with the realities
of the beginning of the XXI century, at the same time
it will contribute increased attention to the applied
aspects of science and will protect it from pointless
abstraction. The demands of society will influence the
development of social geography, of course. In fact,
these are the problems that require the immediate
solution of scientific schools. The strategic goal is
the determination of the economic, demographic,
social, political and environmental capacities of the
geographic shell, justification of rational parameters
of regional and global nature management.The
identification of the main trends of technological,
sectoral and territorial development of the economy of
Ukraine and its regions matter greatly. Raising the level
and quality of life of Ukrainians; radical improvement
of the technological structure of production and
its transfer to an innovative level; definition and
achievement of the optimal (for the modern stage of
development of the country) social, functional-branch
and territorial structure of the economy; optimization
of the structure of economic, social, political and
other relations are also considered to be the main
tasks as well. The tasks of more active participation in
solving the problems of nature use and conservation,
the development of depressed regions, substantiation
and implementation of regional economic, social,
demographic and environmental policies are set
before human geography at the regional and local
levels. The key to solving these problems from the
methodological point of view is the substantiation
(using both domestic and world experience) of the
general theory of regional studies taking into account
the diversity of society’s territorial organization.
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of early metazoans also contain evidence of significant microbiological activity. In these
ediacaran sediments, many structures can be interpreted as microbially induced sedimentary structures (MISS). Their morphologies
have a great similarity with modern structures observed in relation with micro-organism activity. These specific structure and surfaces
and their mineral composition are the criteria used to study the bacterial structures from the ukrainian Neoproterozoic sedimentary
basin. Our results demonstrate microorganisms were organized in bacterial mats whose activity was recorded in the difference of
mineralogy between biological films and host rocks. On outcrop, the different type of MISS are often associated with lenticular
beddings, ripples and hummocky cross structures indicative of coastal-marine conditions close to the littoral zone of the basin at
this epoch. If MISS are important in the issue of paleogeographic reconstructions, they also give precious informations about early
diagenetic processes, syn- and post-sedimentation. By mineralogical approach we show that during the time of development of MISS
structures and the burial that followed the diagenetic processes have remained moderate. Finally, the close coexistence with ediacarian
fossils suggest that such bacterial mats could be at the origin of the fossilization process of soft-bodies of enigmatic Ediacaran biota of
Mohyliv-Podylska Group and their preservation until today.

Key words: Neoproterozoic, Ediacara, Vendian, MISS, bacterial activity, siliciclastic rocks

Heonpotepo3oiicbki MikpodakTupiajabHi ocanoBi ctpykrypu (MISS) 3 Iloginbebkoro daceiiny
Ykpainu: miHepaJibHi 0c00JUBOCTI TA MAJEOKJIIMATHYHE 32CTOCYBAHHS

€.B. Connarenxo', A.Enp Ans6ani’, K. ®onren?, B.A. Hecreposcrkwuii’, M.B. Py3ina!

! Hayionanvnuil mexuiunuil ynigepcumem “/[ninposcoka nonimexuixa”, J{ninpo, Yxpaina,
yevheniia.soldatenko@gmail.com

2 Vuisepcumem micma Ilyamoe, @panyis
! Kuiscokuil Hayionanvuuil yuigepcumem im. T1. Llesuenka HHI «Incmumym eeonoeiiy, Kuis, Ykpaina

Amnotanisi. Heonpotepo3soiicekuii 6aceiin [Tonins 1o6pe BioMuii y CBIiTi 3aBISKH BiIOMTKaM M’SIKOTINIOl (payHH eiakapchbKOro THILY,
sIKi paimie Oynu omnucaHi 6araTbMa yKpaiHCBKUMH Ta 3apyOiKHUME aBTopamy. KpeMHe3eMHuCTi BiJKIain HEOIPOTEPO30HCHKOT0 Yacy
BOTO 0CAJI0BOTO OaceifHy, OKpiM HAassBHOCTI MaKpo-010TH, MICTATh JJOKA3W 3HAYHOT MIKPOO10JIOTIYHOT aKTUBHOCTI. Y IUX OCAJI0BHX
BiJIKIIaIeHHAX 0araro CTPYKTYp MOKyTh OyTH iHTEpIIPETOBaHi AK GakTepianbHi ocanosi crpykTypu (MISS). Ix Mopdomoris nonibna
IO Cy4acHUX CTPYKTYP, IO CIIOCTEPIraroThes y Oe3mocepenHiii Onm3pkocTi 3 MikpoopranizMamu. Crenngigna O0ynoBa y momepeyHo-
My po3pi3i, XapakTep HallapyBaHHs Ta MiHEpaIbHHUN CKIIAJ - 1i KPUTEPil BUKOPUCTOBYBAIKCS Y [aHii poOOTi AJIs OMUCYy Ta aHai3y
GakTepialbHUX CTPYKTYP 3 HEOHPOTEPO30HCHKOro 0catoBoro Gaceitny B Ykpaini. Hami pe3ynsrati mokasyroTs, 10 MAaKpOOPraHi3MH
Oynu opraHi3oBaHi B OakTepialbHHX MaTax, akTHBHICTb SIKUX OyJia 3adikcoBaHa B Pi3HHII MiHEPAIBHOTO CKIIATy MiXK OaKTepialbHIMH
IUIIBKAMU Ta BMINIYIOYMMH IOopofaMu. Ha BiJICTOHEHHSIX HasBHICTB JITH30IOIOHHX TEKCTYp, IIOBEPXHEBHX TEKCTYp OpIIKi Ta KO-
CoIIapyBaTUX TEKCTYP, Y KOMIUIEKC] 3 pisHUMH (hopMaMu OakTepiaidbHOI akTHBHOCTI y BomuHo-IlominechkoMy OaceiiHi BiamoBigae
pUOEPEKHO-MOPCHKIM YMOBaM, ONU3BKUM 110 pUOEpekHOi 30HM OaceifHy B 1io emoxy. byaydn BaxmBuM (hakTOpoM y MUTaHHI
naneoreorpadiuHux peKoHCTpyKLiid, MISS cTpykTypH Takox naroTh HiHHY iH(GOpPMAILiIO PO JiareHeTHYHI IPOLECH Y TOBILI, CHH- Ta
MOCT-CeIMMEHTalit0. Y aHii poOOTi JeMOHCTPYETHCS METO BUBUCHHSI MiHEPAJIBHOTO CKIIay OaKTepialbHUX MaTiB ISl IPUITYILICHHS
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IHTEHCUBHOCTI Aiarenesy mij 4ac popmyBanHs MISS-cTpykTyp; HassBHICTb 3MillIaHOIIAPYBATHX INIMHUCTHX (a3 THITY 1JUTIT/CMEKTHT Ta
UDTIT/XJIOPHUT BKAa3ye, 110 AlareHeTHYHHH BIUIUB 1poTsiroMm Mormiis-Ilozinseekoro yacy OyB moMipHHEM.

V naniit crarTi onucaHi 6akTepiagbHI CTPYKTYpH B HEOMPOTEPO30HCEKOMY ocanoBoMy Oaceitni Bommuo-Ilomims mijg yac nanyBaHHS
Eniakapcpkoi Makpo-0i0TH, a TAaKOXK OXapaKTEePU30BaHI MiHEPAIOTi4HI TOMIOHOCTI Ta BIAMIHHOCTI MK MiKpOOialbHUMH MaTaMu Ta iX
BMIIIYIOYMMU TTOPOAAMH Y KPEMHE3eMHUCTUX Biakaaaax MorwuiniB-Iloninbcekoi cepii.

Kurouoei crnosa: Heonpomeposotii, Ediakapcvka ¢hayna, Beno, bakmepianvhi mamu, 0cadosi nopoou

Introduction. Microbially-induced sedimentary
structures (MISS) occur in siliciclastic, shallow-
marine settings throughout the geological record
(Noftke, 2009). They develop during growth,
metabolic activity, destruction and decay of microbial
mats in siliciclastic-dominated environments (Hill
et al., 2016). After Buick et al. (1981) and Noftke
(2009), six criteria for biogenicity of MISS allow the
exact distinction of MISS from similar but abiotic
structures: a) they occur in rocks that have not
undergone higher than low grade metamorphism; b)
in stratigraphic section, they are located at turning
points of regression-transgression; c¢) they appear in
relation to the depositional “microbial mat facies”; d)
their distribution reflects the average hydraulic pattern
in a depositional area; e) the fossilized MISS shapes
resemble in geometries and dimensions to modern
ones; f) the MISS include microtextures that present,
or were caused, or are related to ancient-biofilms and
microbial mats. After Grazhdankin (2004), a biotic
interaction of MISS could be decisive for distribution
of Ediacaran macrobiota.

Since the mid-twentieth century, many recognized
sedimentologists (Seilacher, 1946; Logan et al., 1964;
Bromley, 1990) began to note that the presence of
specific bacterial structures in sedimentary terrigenous
rocks indicates a significant effect of biological
processes during the sedimentation. Also, a detailed
study of MISS-structures in terrigenous sedimentary
paleo-basin could be used as an auxiliary factor for
the reconstruction of paleo-conditions of sedimentary
environments (Noffke, 2009; Hill et al., 2016).

Herewedescribe microbially induced sedimentary
structures from the Volyno-Podillya sedimentary
Basin. Identification of these structures is based on the
six criteria for MISS biogenicity as outlined in Noftke
(2009). In addition to the identification of structures,
we analyzed both the mineral composition of the
MISS structures and that of their host rocks in order
to compare their respective mineralogical signatures.
These new geological data provide important
additional information on sedimentary processes and
the paleo-environment during the Ediacaran period, a
prelude to the “Cambrian explosion”.

Geological setting. Located on the southwestern
outskirts of the Ukrainian crystalline shield (Fig.1),
the upper part of sedimentary basin of Podillya is

stratigraphically related to the Upper Vendian - by
the regional stratigraphic nomenclature, and to the
Ediacaran - according to the international stratigraphic
scale and confirmed by the recent results in determining
the absolute age using bentonite layers from this
basin (Soldatenko et al.,, 2019). The sedimentary
cover is represented by the Upper-Ediacaran deposits,
subdivided into Mohyliv-Podylska and Kanilivska
Groups. In this paper, the lower term represented
by the Mohyliv-Podilska Group will be considered
in more detail. It is represented by siliciclastic
sedimentary rocks affected by metamorphism of very
low grade and presenting as such an excellent state of
conservation. From bottom to top, this Group consists
of three sequences of terranes (Palij, 1976, Velikanov
et al., 1983) called: Mohylivska (FM), Yaryshivska
(FY) and Nagoryanska (FN) Formations.

The composition of sedimentary deposits is
characterized by interbedding of sandstone, siltstone
and clayey facies. While MISS structures have been
found in most of the Mohyliv-Podilska group, they
are mostly abundant in siliciclastic deposits of the
Mohylivska Formation (FM) where they overlap
cyanobacterial structures very often (Fig. 2). On
the other hand, it should be noted that the largest
number of representatives of the Ediacaran macro-
fauna in the whole Neoproterozoic basin of Volyno-
Podillya (Palij, 1976) was detected precisely in the
lower part of FM formation. In addition, in silty and
clayey deposits (Nesterovsky et al.,, 2018) of the
Nagoryanska Formation (FN) — also characterized by
the unique presence in this basin of phosphate nodules
(Velikanov et al., 1983; Nesterovsky and al., 2017) -
there are also a large number of bacterial structures.
Material and Methods. To identify the bacterial
MISS structures of the Volyno-Podillya Basin, we
studied fifteen samples of the characteristic facies of
the three main previous Formations: sandy-silts and
siltstones facies (FM), sandstones and sandy siltstones
(FY), claystones and clayey silts facies (FN).

The bulk and clay fraction of MISS-structures
and of host deposits were determined by X-ray
diffraction in laboratory of University of Poitiers.
The bulk analysis was carried out on the material
previously crushed and sieved at 50 um and mounted
in randomly ordered powder mode in order to
characterize the reflections (hkl) of the minerals.

555



Y. Soldatenko, A. El Albani, C. Fontaine, V.A. Nesterovsky, M. V. Ruzina

Journ. Geol. Geograph. Geoecology, 28(3), 554-561.

27°00'

27°30' 28°00

48°40" |

48°20"
Paleoproterozoic  Upper Neoproterozoic (Vendian)

I:l Kanilivska Serie (SK)

[
[

Granitic
basement

Granitic
intrusions

Nagoryanska Formation (FN)
Yarishivska Formation (FY)

Mogilivska Formation (FM)

A U

4840

Moldova

48°20°
Paleozoic

|:| Silurian+Ordovician * Localities

|:| Cambrian

27200

27°30' 28°00"

Fig. 1. Synthetic geological map showing the Paleozoic-Precambrian sedimentary cover and the Ukrainian Crystalline Shield.

The mineralogy of the fine fraction was previously
separated by sedimentation after dispersion and then
centrifugation at 20°C and 1000 s/min during 120
s using a centrifuge JOUAN GR 422. After drying,
15 mg of clay diluted in 1.5 mL of osmosed water
and then deposited on a glass slide to study the
position of the reflections (00/) during the treatments
(drying, glycolage) described by Brindley & Brown
(1980) et Moore & Reynolds (1989). The X-ray
diffractogramme were obtained using a Bruker DS
advance A25 diffractometer, equipped with a copper
source ((A.,, = 1.5418 A) and controlled by the
software Diffract Suite© v11.0.8 (2009). Its optical
system consists of an anti-divergence slot of 0.11 °26,
an anti-diffusion slit of 0.11 ° 20, two Soller slits and
a Kp filter of nickel. The analytical conditions are 40
kV and 40 mA; acquisition parameters are 1s for a
step of 0,025 °26 for angular ranges of 2-65 °26 and
2-30 °20, in powder and oriented respectively.
Results.

1. Basic characteristics of the bacterial structures
from the Neoproterozoic Volyno-Podilsky Basin.
Proofs of microbial activity in the Vendian sedimentary
rocks of the Volyno-Podillya Basin are found in all
terrigenous sediments, starting from the FM and FY
Formations in coarse and medium grained deposits
of sandstones and sandy siltstone. MISS structures
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are often associated with imprints of the Ediacaran
macrofauna, but very often they can completely form
they own surface structures (Fig. 3). In the upper
FN Formation, the imprints of typical Ediacaran
macrofossils practically disappear, while the presence
of microbial structures becomes dominant. By
instance, browned silty claystones of this Formation
are often covered with a thin microbial layer, which
partly determines the wave-like surface of deposits
(Fig. 3A, B). Sometimes microbial structures are
characterized by brown and greenish-brown shades in
layering, and black spots on this surface (Fig. 3C); in
other cases, these bacterial structures are characterized
by repeating ornaments on the surface of sediments
(Fig. 3D). In the vertical section, the microbial mats
correspond to thin clayey layers; these layers are
most often represented as separate fragments of clay
sedimentary material preserved in the sandy siltstone
(Fig. 3E, F).
2. Mineral composition of bacterial mats and
their host rocks. Five samples from FM, FY, FN
Formations were selected for detailed study of the
mineral composition of bacterial mats and host rocks
(Fig. 4).

The mineral composition of sedimentary deposits
containing MISS structures is characterized by the
presence of quartz, feldspars and mica minerals; as
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Fig. 2. Stratigraphic column (after Velikanov et al., 1983, Bratslavsky et al., 2008) showing the lithological succession in the
Moguiliv-Podilska Neoproterozoic Series of Southern Podolya basin, and detailed locations of sampling for this work (Sp A - Sp E).

for clay minerals, the main representatives are illite,
chlorite, illite/smectite mixed-layer and sometimes
kaolinite, which can be a secondary product of
weathering of feldspars. The mineral composition of
the MISS structures from those rocks is identical to
the qualitative index, however, the peaks of the clay
components become much more intense; in addition,
mixed-layers become dominant, as indicated by more
intense and broad peaks on diffractograms (Fig. 5).
MISS structures in sediments from the FM
Formation appear in the form of thin clayey films
covering the surface of siliciclastic rocks (Fig. 4A),
sometimes coinciding with “wrinkled” surfaces
(Fig. 4B, C). For this Formation, sandy siltstone and
medium-grained sandstones are gray, greenish with
blue shades. The main mineral phases of bacterial
structures in these sediments are chlorite (peaks 14.20
A and 7.08 A), biotite and illite with a high degree
of crystallization, which indicates an acute form of

peak at 10,0 A, as well as a mixed-layer illite/smectite
(10.50 A) (Fig. 5A, B, C). A characteristic feature
from FM Formation in two cases - host rocks and
their MISS structures - is the presence of a specific
mixed-layered phase of illite/chlorite (11.70-12.00 A
and 8.37 A); in this case, this rare mineral phase is
associated with sandy-siltstone, which includes the
largest number of imprints of the Ediacaran fossils in
the Volyno-Podillya Basin. Finally, other mixed-layer
of illite/chlorite-type is almost equal to the percentage
of each clay component.

In the FY and FN Formations MISS structures are
traced in the form of brown surface films on siltstone
deposits of greenish-brown color. By opposite, for the
FY Formation, the layering patterns are more typical
(Fig. 4D), whereas in the FN Formation bacterial
structures manifest themselves as scaly plating,
slightly bubbly on their surface (Fig. 4E). If the
mineral content of the host rock and MISS structures
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Fig. 3. Vendian deposits from sedimentary Formations of Volyno-Podillya basin showing MISS structures on their surfaces: A, B,
C - siltstones from FN Formation (48°53°, 27°48°); D - sandy silts from FM Formation (48°40°, 28°00°) ; E, F - vertical section of
silty sandstones from FM Formation (48°59°, 27°46°) whose contain clayey microbial micro-layer.

is compared, in the case of the Sp D, the peaks of as Ca,Na-rich (6.49 A and 6.38 A), are completely
chlorite (14.30 A), mica (10.00 A) and kaolinite (7.15 absent in the mineral composition of the bacterial
A) are present in both samples, while feldsapths, K mat (Fig. 5D). Concerning the illite/smectite mixed

4] : <]

|
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o] []
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Fig. 4. Samples from Ediacaran deposits selected for mineralogical analysis from sedimentary Podillya basin with MISS structures
on their surfaces: A, B, C - sandy silts from FM Formation (48°59°, 27°46’); D - siltstone from FY Formation (48°46°, 27°78’); E -
clayey silts from FN Formation (48°53°, 27°48”).
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Fig. 5. Diffractogram patterns of bulk sample (oriented preparation) in air dried (black) and ethylene glycol solvated treatment (red)
of: A) Sp A from FM Formation; B) Sp B from FM Formation; C) Sp C from FM Formation; D) Sp D from FY Formation; E) Sp E
from FN Formation. Identified minerals: (KF) K-feldspar; (I/C) illite/chlorite mixed-layer; (Chl) chlorite; (I/S) illite/smectite mixed-

layer; (K) kaolinite; (M) mica; (P) plagioclase.

layer, it is present in samples of the host rocks, and
in samples of bacterial mats from the FY and FN
Formations (Fig. 5D, E).

In the deposits of whole FM Formation, it should
be noted that the shift of the position of the major
peak for illite/smectite mixed-layer after ethylene
glycol solvation (Fig. 5A, B, C) indicates higher
smectite content in the interstratification. On the
contrary, the illite/smectite mixed layers of samples
from FY and FN Formations show a less significant
swelling effect (Fig. 5D, E) indicative of their more
illitic character. Finally, the other mixed-layer of
illite/chlorite-type, which was characteristic for FM
Formation, is no longer present either in the rocks or
in the levels of bacterial mats in the deposits of FY
and FN Formations (Fig. 5D, E).

MISS structures - mineralogical particularity
and paleoenvironmental application. The presence
of MISS structures in the siliciclastic sediments of the
Volyno-Podillya Basin serves as a reliable criterion
for the conditions of sedimentation during the Late
Neoproterozoic time. Together with the appearance of
numerous sedimentary structures in all Formations of
the Mohyliv-Podilsky Group (ripples, HCS), bacterial
MISS structures reflect moderately deep basin with
an active hydrodynamic regime that corresponds to
the coastal-marine conditions of the littoral zone. For
assumptions about the depth of this paleobasin, it
should be taken into account that bacterial structures
could dominate at depths that are within the reach
of the photic zone. More generally, the presence of
Ediacaran fauna in the basin, and their association
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with bacterial structures in particular (Nesterovsky et
al., 2018) are also additional indicators of moderate
depths and reach of the photic zone.

An important role of bacterial mats could be to
facilitate the preservation of external morphological
features of macrobiota (Aubineau et al., 2018). Most
likely, MISS structures have become a kind of elastic
interlayer, composed of clay material. Proceeding
from the fact that the sedimentary conditions during the
prosperity of the Ediacaran fauna were mostly active
and the nature of the sediments was from medium to
coarse-grained, the clayey characteristic of bacterial
mats became the most suitable for preserving the
soft-bodied fauna (Samanta et al., 2015). In the other
hand, thanks to the presence of the bacterial mats the
process of “biostabilisation” of the siliciclastic rock
also took place (Kovalchuk et al., 2017).

Also, bacterial mats can be used as an additional

criterion for moderate impact of diagenesis. The mixed
layer illite/chlorite was detected in the sediments
of that section, which corresponds to the maximum
amount of the Ediacaran biota in the Podillya basin.
According to Ahn et al. (1988), such a rather rare clay
phase as illite/chlorite mixed layer is very sensitive
to temperature changes and high pressure actions.
Lee and Peacor (1985) also found that the chemical
difference between these two phyllosilicates,
respectively di- and trioctahedral, would result in a
significant mis-fitting at the interface. Therefore, the
illite/chlorite mixed layer is structurally unstable, and
consequently, it can be saved exclusively in rocks that
have undergone the minimal transformations after
sedimentation.
Conclusion. MISS structures are of a great importance
to determine the state of the bottom environment from
the Neoproterozoic sedimentary Podillya basin. There,
such structures were distributed in different parts of
the littoral zone and at present they characterize the
facial conditions of sedimentation.

A good preservation of Ediacaran macrobiota in
Podillya basin is mainly due to the dispersed (clayey)
substrate composition formed during the development
of MISS structures, in combination with their sandy-
silty overlapping deposits.

Sediments, in which bacterial structures were
buried, did not undergo significant post-sedimentary
changes. It is characterized by the presence of illite-
smectite and illite-chlorite mixed-layer components
in the matrix of these structures.

The study of substrate from the accumulation
of microbial mats in conjunction with geological
features of coastal-marine lithogenesis (ripples, HCS)
provides new opportunities for paleogeographic
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reconstruction of the basin, in which the first soft-
bodied multicellular organisms appeared.
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Received: 07.02.2019 Abstract. In connection with the wide and ever increasing spread of erosion degradation
Received in revised form: 25.02.2019 of agricultural lands in Ukraine, the task of developing mathematical models and methods
Accepted: 29.03.2019 for calculating water erosion of soils corresponding to the current level of erosion study and

the demands of soil protection practices is becoming increasingly important. The article is
devoted to the development of a spatially distributed GIS-implemented mathematical model of rainstorm soil erosion, which accounts
for most of the annual soil losses (in the Steppe zone, for example, about 90 %). The development of the model is based on the most
theoretically and informationally grounded model for the Steppe and Forest-Steppe of Ukraine , “the logical-mathematical model of
rainstorm soil outwash” developed by H. I. Shvebs (1974, 1981), as well as the results of theoretical and field studies and mathematical
modeling of the slope runoff and water erosion of soil, carried out at the Department of Physical Geography and Environmental
Management of Odessa I. I. Mechnikov National University in the 1990s - 2010s, and also the possibilities of modern geoinformation
technologies. For the spatial implementation of the model, a raster model of spatial data and operators of the PCRaster GIS-package
(University of Utrecht, the Netherlands) were used, integrated with the Basic programming language into a single system that provides
an implementation of the computational algorithm. The developed physical-statistical model of soil erosion-sedimentation takes into
account the peculiarities of the formation of slope runoff and soil outwash in conditions of excessive nonstationarity of heavy rainfall,
as well as spatial heterogeneity of all major natural and economic factors of water erosion on a slope, including slope steepness,
exposure, longitudinal and transverse forms of slopes, soil erodibility, structure of sown areas and anti-erosion measures. Checking the
adequacy of the mathematical model was performed using observational data of four experimental catchments ; two runoff plots of the
Moldavan water-balance station with total area of 0.08 ha, the Ploska catchment with area of 8.5 ha (Boguslav field experimental base
of Ukrainian Hydrometeorological Institute) and the Sukha catchment with area of 63 ha (Veliko-Anadol water-balance station) with
observation periods of 17-31 years. Comparison of the calculated average over the catchment area of mean annual values of rainstorm
soil losses, with the corresponding values obtained from measurements on these catchments, made on the basis of Nash-Sutcliff
efficiency criterion (NS), allowed us to evaluate the quality of the model as good (NS = 0.72).

Keywords: water soil erosion, mathematical model, GIS-implementation, model verification

IIpocTopoBo-po3noainena I'IC-peanizoBana MmaTeMaTu4Ha MO/eJIb 3JIMBOBUX €PO3iiHUX BTpaT
IPYHTY
0. O. Ceitnuunuii, A. B. IT’siTroBa

Ooecwvruil nayionanvHull ynigepcumem imeni I. I. Meunuxosa, svetlitchnyi.aa.od@gmail.com,
avpyatkova2 01l @gmail.com

AHoTauisi. Y 3B’53Ky i3 IIUPOKUM 1 TOCTIHHO 3pOCTAIOYUM PO3MOBCIOKEHHAM €pO3iitHOT Jerpaaalii CiTbChKOTOCTIONaPCHKHUX 3eMeIb
B YkpaiHi, Bce OiIbII aKTyalbHOIO € 33/1a4a PO3POOKH MaTeMaTHYHUX MOJIeliel 1 MeTOIIB pO3paxyHKiB BOIHOT epo3il IPyHTIB, BiAIO-
BIJIHO JI0 CYy4acHOTO PiBHs PO3BHTKY €pO3i€3HABCTBA Ta 3alMTaM HPAKTUKH IPYHTO3aXHCHOTrO 3emiepodctBa. CTaTTs mpucBsYeHa
po3podii npocropoBo-posnoninenoi ['IC-peanizoBaHol MaTeMaTH4HOI MOJIENI 3IMBOBUX €pO3iifHUX BTpAT IPYHTY, HA YACTKy SKHX
npurnazae Ourbina yacTiHa (y cTenoBiit 30Hi — 611u3bKk0 90 %) piYHUX BTpAT IPYHTY. B OCHOBY PO3POOKH MOJIEIII ITOKJIaJeHa «JIOTIKO-Ma-
TeMaTHYHa MOJIEIb 3TMBOBOTO 3MUBY IPYHTY», po3pobieHa I 1. [1Ise6com (1974, 1981), a Takok pe3yabTaTi TEOPETHYHHX 1 MTOTBOBUX
JOCTIKEHb Ta MATEMaTHYHOTO MOZCTIOBAHHS CXMUIIOBOTO CTOKY 1 BOTHOI €po3ii IPYHTIB, BUKOHAHUX Ha Kadenpi Gpizuunoi reorpadii i
npupopokopuctyBanHs Onechbkoro HalioHaubHOTo yHiBepcutety iMeHi . I. MeunnkoBa y 1990-i — 2010-i poku, a TAKOK MOXKIIMBOCTI
Cy4YacHHUX TeoiH(POPMAIIMHUX TEXHOIOT1H. /7 mMpOCTOPOBOI peastizallii Mojesi BUKOPHCTaHa pAcTPOBa MOJEITb MPOCTOPOBHX JAHUX 1
oneparopu I'IC-mmakery PCRaster (YuiBepcurer M. Ypexra, Hinepnanam), interposani 3a JOIOMOTOI0 MOBH IIporpaMyBaHHs Basic y
€INHY CHCTEMY, 1[0 3a0e3Iedye peasi3amnilo po3paxyHKOBOTo alroputMy. Po3pobiena (hi3nko-cTaTucTHdHa MOJETb 3MUBY-aKyMYJIAIIT
IPYHTY BpaxoBy€ 0COOIMBOCTI (pOpMyBaHHS CHIIOBOTO CTOKY Ta 3MHUBY IPYHTY B YMOBaX IiZIBHIICHOI HE CTAI[IOHAPHOCTI BUITAIIHHS
37IMBOBHUX ONAJiB, @ TAKOX MPOCTOPOBY HEOAHOPIAHICTh BCIX OCHOBHUX MPUPOAHUX Ta FTOCHOAAPCHKUX (PaKTOPiB BOAHOI epo3ii Ha cxXu-
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T — YXWITy CXWITy, eKCIO3UIIT, TO3J0BKHBOI Ta monepeqHoi GopMHu CXUIiB, IPOTUEPO3IHOT CTIHKOCTI IPYHTIB, CTPYKTYPH HOCIBHUX
ILTONI 1 MpOTHepo3iiHuX 3axo/iB. [lepeBipka aJleKBaTHOCTI MaTEMaTHYHOI MOJIeNIi BUKOHAHA 3 BUKOPUCTAHHAM JJaHUX CIIOCTEPEIKECHb
y MeXaX YOTHPHOX EKCIIEPUMEHTAIBHUX BO0300piB i3 turomiamu 0,08 ra (1Bi cTOKOBI AiTHKE MoIIaBChKOT BOTHO-0aIaHCOBOT CTaH-
ii), Bomo30ip ynorosuHa Ilmocka i3 mnometo 8,5 ra (borycmaBcbka moibpoBa eKcliepuMeHTanbHa 0a3a ['igpoiIoriyHOTO iHCTHTYTY
VYkpainu) i Bogo36ip Cyxwuii i3 miometo 63 ra (Bennko-AHanonbcbka BOJHO-0alaHCOBA CTAHIIIA) 13 mepiogaMu criocTepexkenbl7-31
pik. 3icTaBiaeHHs PO3paxOBaHHX OCEPEJHEHMX 3a IUIOIICI0 CePelHbO OAraTopidHUX 3HAYEHb 3JMBOBUX SpPO3iHHMX BTpAT IPYHTY i3
Bi/IMIOBIIHUMH 3HAYCHHSMH, OTPUMAHUMH 32 JaHUMHU BUMIpPIOBaHb Ha X BO0300pax, BUKOHAHE HA OCHOBI KPUTEPit0 €(hEKTUBHOCTI
Hemra-Carxitidda (NS), 1o3Boimio omiHuTH SKicTh Mojieni sk 106py (NS=0,72).

Knruosi cnosa: 6oona eposis ipynmy, mamemamuyna mooens, I'IC-peanizayis, sepugixayis mooeni

Introduction. In accordance with (Natsionalna
dopovid...., 2010), the area of eroded land in Ukraine
is about 16 million hectares, which is 38.4% of the
area of agricultural land .The area of eroded arable
land is about 13 million hectares or 39.9% of its
square. In many administrative regions, especially
in the Steppe zone, these figures are significantly
higher. So, in the Dnipropetrovsk region 43.8% of
the agricultural land area is eroded, in Odessa region
—46.8%, in Kirovograd region — 54.0%, in Lugansk
region — 71.8%, in Donetsk region — 85.9%. Over the
past decades, the area of eroded land in the country
has been constantly increasing and this is largely
due to the growth of the areas of mostly medium
and strongly eroded soils. As noted by the authors
(Kanash & Osipchuk, 2003), a steady trend has arisen
towards increase in the area of medium eroded soils
by an average of 18.9 thousand hectares, strongly
eroded soils - by 5.2 thousand hectares a year. The
erosion degradation of soils is associated with the
deterioration of their water-physical and chemical
properties, biological activity and decrease in fertility.
Products of erosion destruction of the soil cover are
the process of siltation of river valleys, deterioration
of the quality of surface water, etc. The final result
of the development of soil erosion is desertification.
With the spread of soil water erosion in
almost all natural zones of Ukraine, the permanent
expansion of eroded land, the problem of protecting
agricultural landscapes from the damaging effects
of soil erosion is becoming increasingly important.
The designing of anti-erosion measures is based on
mathematical models of erosion losses of soil. The
practice of conservation agriculture in the United
States and many other countries is based on the
use of the modern version of the Universal Soil
Loss Equation (RUSLE) (Renard et al., 1991) and
its modifications — MUSLE, USLE-M, RUSLE-
3D. Other mathematical models are also used, in
particular, KINEROS and KINEROS2 (Smith et
al., 1995), LISEM (De Roo et al., 1996), WEPP
(Ascough et al., 1997), EUROSEM (Morgan et al.,
1998), EROSION 2D/3D (Schindewolf & Schmidt,
2012). However, for the natural-economic conditions

of Ukraine, these models are not parameterized, often
do not have the necessary information support, and
have not been verified.

In the 1970s — 90s in Ukraine a number of
mathematical models of soil erosion losses were
developed with varying degrees of theoretical
validity and information provision, which were used
or recommended for anti-erosion design purposes.
Among them, the most famous are: “logical-
mathematical model of erosion losses of soil”,
developed by H. I. Shvebs (Shvebs, 1974, 1981),
“mathematical-statistical model of soil erosion
losses during heavy rainfall”, developed in the
former Ukraine Research Institute for Soil Erosion
Protection (Lavrovskiy et al, 1987; Spravochnik...,
1990) and the formula of I. K. Sribnyi (Sribny, 1977;
Sribny & Vergunov, 1993). It should be noted that
all these models belong to the category of models
with lumped parameters, that is, they operate with
average values of input data for the territory under
consideration (length and slope, characteristics of
the soil cover, agricultural background and anti-
erosion measures), and the result of the calculation
is the average value of soil erosion rate for the area.
At present, it is generally recognized that the optimal
system of anti-erosion measures is a soil-protective
landscape-adaptive farming system, taking into
account the specific features of the structure and
functioning of the agrolandscape. The design of
such systems requires the use of spatially distributed
mathematical models of soil erosion, taking into
account the spatial differentiation of all the main
factors of the slope erosion-sedimentation process.

The development of such a model was performed
during the 1990s - 2010s at the Odessa I. I. Mechnikov
National University, Department of Physical
Geography and Environmental Management. The
development is based on the logical-mathematical
model by H. I. Shvebs (Shvebs, 1974, 1981), as
well as on the basis of results of researches and
modeling of storm soil erosion and surface runoff
formation under conditions of their pronounced
nonstationarity on slopes of complex longitudinal
and transverse shape using the capabilities of modern
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geo-information technologies (Svetlitchnyi, 1995,
1999; Svetlitchnyi et al., 2003; Pyatkova, 2008,
2013). The resulting spatial version of the model is
a physical-statistical mathematical model of erosion-
sedimentation, which makes it possible to calculate
for a given point of the slope not only the average
long-term amount of erosion losses of soil, but also
deposition of sediments.

The purpose of this article is to summarize the

results of research on the spatial GIS implementation
of the model on slopes of complex transverse shape
and model verification using long-term monitoring of
sediment runoff on catchments of various sizes. The
object of research is the slope water-erosion process,
which causes erosion degradation of agro-landscapes.
The subject of research is spatial implementation and
verification of the physical-statistical mathematical
model of soil erosion losses using geo-information
(GIS) technologies.
Material and Methods. The article is based on the
results of theoretical and field studies and mathematical
modeling of water soil erosion, performed at Odessa
I. I. Mechnikov National University (Shvebs, 1974,
1981; Svetlitchnyi, 1995, 1999, Chorny, 1996;
Svetlitchnyi et al., 2004; Pyatkova, 2008, 2013)

For the spatial GIS-implementation of the model,
a raster spatial data model, analytical capabilities of
the PCRaster Environmental Modeling Package (GIS-
package) (PCRaster..., 2018) and the programming
language Basic were used.

The verification of the model was carried out
using the materials of long-term observations on the
slope watersheds and runoff plots at runoff and water-
balance stations of the Hydrometeorological Service
of Ukraine and Republic of Moldova.

The methods used are comparative-geographical,

statistical, graph-analytical, geographic information
mapping and mathematical modeling,
Results and Discussion. GIS-implementation of
the model on the basis of raster model of spatial
data assumes that each cell of the digital raster map
with i, j coordinates is considered as the outlet of the
catchment of this cell. The catchments of individual
cells, which in the environment of the PCRaster
package identified as “cell upstream elements”, we
shall call “partial catchments” or “sub-catchments”.

Calculated expressions of the spatial version of
the physical-statistical mathematical model of soil
erosion-sedimentation in this case take the form:

forx <L
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where W (i, j) is a long-term average soil losses,
t/ha/yr, in the cell with coordinates (i, j); x is the dis-
tance from the watershed to the cell (7, j) along the lo-
cal drain lines, m; x’ is the modified distance from the
watershed to the cell (i, j) along the local drain lines,
m; K, (i, ) is an average value of the hydrometeoro-
logical factor of rainstorm erosion of soil within the
sub-catchment of the cell (i, j); j, (i, /) is an average
value of the characteristics of relative soil erodibility
within the sub-catchment of the cell (i, )); f, i, /) is an
average value of the agro technical factor within sub-
catchment of the cell (i, j); I(7, j) is an average slope
steepness within the slope micro catchment above the
cell (i, /), %o; L, is the length of the zone of increase
in the intensity of soil washout which is adjacent to
watershed of the slope, m; L is the length of the zone
of increase in the intensity of soil washout within
the sub-catchment of the cell (i, j) when x>L , m; m
is the exponent at a slope steepness, for non-eroded
and light eroded chernozems and forest soils equal to
1.30, for medium and strongly eroded equal to 1.35.

The modified distance from the watershed to the
cell (i, j) along the local drain line x” is calculated by
the equation:

¥ =0,5x[K (G, j)+1], 3)

where K is the coefficient of development of the
form of sub-catchments which takes into account the
degree of concentration of surface flows, dimension-
less.

The coefficient of development of a sub-
catchment’s form characterizes the degree of
deviation of the width of the sub-catchment from some
average value at a given length of the sub-catchment
(“standard”) for the given geomorphological and
soil-climatic conditions. It is determined by the ratio
of the sub-catchment’s width B of a given cell with
coordinates (i, j) to the width of a standard sub-
catchment the same length B .

The inclusion of the coefficient of development
of the sub-catchment’s form into expressions (1)
- (2) allows us to take into account the structure of
surface flows. First, the value of the coefficient
K/ characterizes a greater (Kf > 1) or lesser (K/, <1)
concentration of surface flows with respect to the
“standard” conditions, increasing or decreasing the
modified slope length x'. To an even greater degree,
the concentration of surface flows is taken into
account by calculating the first derivative of the
modified length of the slope along the streamline. If
the value of the derivative is positive, the transverse
concentration of surface flows increases, if the value

is negative, the concentration of flows decreases. This
is especially important for the so-called converging
slopes. However, experience has shown that in order
to take into account the concentration of surface
flows, in this case, a detailed hydrologically correct
DEM is necessary and that the raster cell size does
not exceed 10 m.

The value of the L , as the length of the zone of
growth of intensity of sediments formation from the
watershed down the slope is calculated by the formula
arising from the formula of the rate of surface flows
from the normative document (Pravila..., 1987)

3 1
L,=0854k, m2(r o b L), (4

where £ is the coefficient taking into account the
discrepancy between the velocity of flow and velocity
of runoff wave, equal to 1.5; Y rop0s s the maximum
average intensity of the 10% probability of rainfall for
a ten-minute time interval, mm/min, for Steppe and
Forest Steppe of Ukraine equal to 2.1 mm/min; m_ is
a surface roughness coefficient, dimensionless; ¢ is
the runoff coefficient, dimensionless; b_ is an average
width of sub-catchment, m; / is an average slope
steepness, %o.

The flowchart of the GIS-realized model is
presented in Fig. 1. The model consists of several
blocks within which the corresponding calculations
are performed.

Input data for calculations of average annual
rainstorm erosion soil losses within the study area is:

1) hydrologically correct digital elevation model;

2) map of slope’s watersheds;

3) map of genetic types and subtypes of soils;

4) eroded soils distribution map;

5) maps of land use with borders of crop rotation
fields, information on crops and technologies of their
cultivation and erosion control measures;

6) value of the norm of the hydrometeorological
factor of rainstorm soil losses, obtained on the basis of
observation data at the nearest meteorological station
or taken from the map (Svetlitcnhyi et al.,2004);

7) value of moisture of the half-meter soil layer
at the flat place according to observations of nearest
agrometeorological station.

The soil moisture map is calculated using a
sub model presented in (Svetlitchny et al., 2003).
The model is founded on the dependence of the soil
moisture on the form of the slope, its exposition
and remoteness from the divide. The model is fully
implemented in the environment of the PCRaster
package.

The transition from soil moisture to the index of
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antecedent moisturizing which is required to calculate
the hydrometeorological factor of soil losses (K,,),
is carried out with the help of dependence obtained
using data of observations for soil moisture at
agrometeorological stations of Ukraine (Svetlitchny
& Ivanova 2004). The dependence between the
moisture of the upper half-meter soil layer () and
index of antecedent moisturizing (I,) is described by

the following expression:

where W, . is the field capacity and W, , is the
maximum hygroscopicity of the upper half-meter
layer of soil, mm.

At each calculation step, the values of variables
Lj. K,,f, m, e b, are averaged within the sub-
catchment of the given cell. The problem of variable

W—Wyy |, 713 Wy

4,08

>

&)

I = 59,2(
MC WMH

averaging is solved under GIS-implementation of
the model by using the Basic programming language
integrated with operators of the PCRaster package.

In this way, the GIS-implemented spatially-
distributed physical-statistical model of rainstorm
erosion-sedimentation of soil allows us to take
into account the main features of the formation of
rainstorm surface runoff, the influence of steepness,
length, and longitudinal and transverse curvature of
slopes as well as the spatial variability of natural and
anthropogenic factors of soil erosion on slopes.

Verification, that is, in this case, the establishment
of its truth, adequacy, is a necessary and mandatory
step in the development of any mathematical
models. However, it should be noted that, as applied
to mathematical models designed to estimate the
norm (mean multiyear value) of soil erosion losses,
this rule is not always fulfilled. The problem is that
in Ukraine there is not a sufficient number of field
stations with long-term and reliable observations of
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Fig. 1. Flowchart of calculation of average long-term rate of rainstorm soil erosion-sedimentation
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the erosion process on slopes, such as, for example,
in the USA and in some other countries. Practically
the only source of such data is observations at Runoff
and Water-Balance Stations at runoff plots and
small catchments without pronounced thalweg or
with thalweg, the slope of which is not significantly
different from the slope of the catchment. On such
catchments, sediment yield is recorded only in their
outlets and, from the point of view of evaluating
models of erosion soil losses on slopes, it is important
that deposition of slope sediments does not occur in
thalwegs, which is inevitable if the slope of thalweg
is substantially less than the slope of adjacent slopes.

Table 1. Characteristics of the test catchments

territory of Republic of Moldova, showed that from
the experimental catchments with long periods of
observation of the storm-washout of the soil, only
the catchment Ploska of Boguslav FEHB, catchment
Sukha of Veliko-Anadol WBS and runoff plots No.1
and No.2 of Moldavan WBS satisfy the formulated
conditions (Tab. 1). There are no thalwegs on the
Ploska catchment and on the runoff plots, there is a
thalweg 0.74 km long on the Sukha catchment, but the
average thalweg slope of 21.6 %o differs slightly from
the average slope of the catchment equal to 23.4 %eo.
The Ploska catchment (Fig. 2) is the upper
channelless part of the slope of a small right tributary

Average Average
Period of | Number| Area, Length, | slope of slope of
Catchment observations | of years km? m catchment, | thalweg,
%0 %0
Ploska, Boguslav FEHB! 1970-1987 18 0.085 450 24.7 -
Sukha, Veliko-Anadol WBS? 1956-1987 31 0.63 740 234 21.6
s\;ggffplots No.1 and No. 2, Moldavan 1963-1982 17 0.0008 40 11 )

'Boguslavskaya Field Experimental Hydrological Base of Ukrainian Research Hydrometeorological Institute;

*Veliko-Anadol Water-Balance Station, Donetsk region;
’Moldavan Water-Balance Station, Republic of Moldova.

Analysis of materials of the Pridesnyanskaya
Runoff Station, the Veliko-Anadol Water-Balance
Station, the Boguslav Field Experimental Hydrological
Base of the Ukrainian Research Hydrometeorological
Institute, located within the territory of Ukraine,
and the Moldavian Water-Balance Station located
relatively close to the borders of Ukraine on the

of the Butenya River (tributary of the Rosava River,
the right tributary of the Dnieper River), within the
Boguslavskiy district of Kyiv region. Its area is 8.5
ha; the average slope is 24.7%o (Tab. 1). Maximum
slope is 54.4%o. Slope exposition is northern. Soils are
dark grey forest podzolized, coarse-dusty light loamy,
mostly non-eroded, lightly and medium eroded in the

]

200 m

—

Fig. 2. Main input, derivatives and resultant digital maps of the Ploska catchment: a — digital elevation model; b — slope steepness
map; ¢ — slope longitudinal curvature map; d — upstream elements map (shows a surface flow structure); e — the hydrometeorological

factor map; f — soil losses map
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lower part only. During the period under consideration,
the surface of the Ploska site was fully ploughed and
used for cultivation of agricultural crops as one crop
rotation field (winter wheat - 47 % years, corn — 28
% years, sugar beet — 14 % years, as well as peas and
perennial grasses — 5 % years each).

The size of the raster for all digital maps of the
catchment which are used for calculation of the soil
losses rate is 90 x 140. The size of the cell is 5 m.

catchment of the Veliko-Anadol Water-Balance
Station located in Donetsk region, is a left-bank
tributary of the Sukha Volnovaha river (the Kalmius
river basin). The catchment area is 0.63 km?, thalweg
length is 0.8 km, the average width of the catchment
is 0.57 km, the average slope of the thalweg is 21.6
%o, average catchment slope is 23.4 %o. The soil cover
of the catchment is homogeneous and is represented
by ordinary chernozem, which thickness is 50-75 cm.

Table 2. Comparison of calculated and actual average annual rainstorm soil loss by test catchment

Average annual soil loss, .
Catchment W t/ha/yr Calculat;) "
actual calculated Cron 7o
Ploska, Boguslav FEHB 0.33 0.60'/0.392 81.8/18.2
Sukha, Veliko-Anadolskaya WBS 0.16 0.12! -25.0
Runoft plot No.1, Moldavan WBS 6.24 8.19! 313
Runoft plot No.2, Moldavan WBS 7.6 10.6! 39.5

! calculated using the zonal norm of the hydrometeorological factor of rainstorm soil loss;
2calculated using the average for the period of observations on the catchment of the hydrometeorological fac-
tor, calculated according to the nearest weather station data.

The zonal value of the hydrometeorological factor
is 0.0033. The main input, derived and resulting
digital maps are presented in Fig. 2. The value of the
calculated average annual soil losses is 0.60 t/ha/year,
while the value of actual soil losses measured in the
outletduring a 17-year period is 0.33 t/ha/year (Tab. 2).
A characteristic feature is the distinct alternation of
soil outwash and soil sedimentation along the lines
of surface runoff concentration. In some cells of the
raster, the estimated soil outwash reaches 130 t/ha/yr
and sedimentation — 280 t/ha/yr.

The Sukha test catchment is an experimental

Brown loam lies below, turning into yellow clay at a
depth of 100-150 cm.

During the period under consideration, the
catchment area was almost completely used for
growing crops — winter wheat, barley, oats (44 % of
the area), corn (22 %), annual and perennial grasses
(22%), vegetable crops (9 %), on average 3 % of the
area was occupied by fallow.

In Fig. 3 a screenshot of the PCRaster working
window with the result of calculating the rate of
storm soil losses within the Sukha catchment in tons
per hectare on average per year with superimposed

Fig. 3. Map of the calculated norm of erosion-deposition (t/ha/yr) within the Sukha catchment, Veliko-Anadol Water-Balance Station
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contour lines of relief after 2 m is presented. The
averaged over area annual soil loss is 0.12 t/ha/year,
which is very close to the average annual soil loss
determined from observations on the catchment for
31 years (0.16 t/ha/year). Attention is drawn to the
significant accumulation of sediments in the thalweg,
despite the fact that its slope is quite comparable with
the average slope of the catchment.

Runoff plots No.l and No.2 of the Moldavan
Water-Balance Station, which is located in the central
part of the Republic of Moldova, 18 km south-east of
Chisinau, during the period under consideration, were
used for growing crops in crop rotation. In the summer
period, plot No.1 was occupied by corn during 47 %
of years, by melon crops — 13 % of years, by oats — 7
% of years, by beans — 6 % of years and by fallow-
27 % of years (f, = 0.68). Plot No.2 during the most
part of the period under consideration in the summer
was under fallow (during 67% of years), under corn
— 13 %, under oats — 7 %, under leguminous crops —
7 %, under melon crops — 6 % of years. (f =0.85).

Due to the small size of the plots (40x20 m), the
lack of data of detailed relief survey, the calculation
of the rate of soil losses for the plots was done
using average values of length, slope, soil cover and
agricultural background characteristics, and zonal
value of the hydrometeorological factor (Svetlitchnyi
et al., 2004). The calculated values of the soil loss for
the plots exceed the actual ones by 31.3 % and 39.5
% (Tab. 2). For the calculation of soil erosion losses,
such accuracy can be considered acceptable. The
obtained values of erosion soil losses with sufficient
accuracy from a practical point of view characterize
the intensity of erosion processes and can be used to
assess the erosion hazard of the territory, and to justify
the soil protection measures.

But it should be noted that, on the magnitude of
the calculation error in this case could have had an
impact , on the one hand, the use of averaged over the
area values of input variables, and, on the other, using
of zonal value of the norm of the hydrometeorological
factor of rainstorm soil erosion. Zonal value of the
KGM were obtained based on the use of meteorological
observation data at the reference meteorological
stations of the Steppe and Forest-Steppe zones of
Ukraine for 1949-1989, followed by a generalization
of the results of calculations for individual
meteorological stations within homogeneous regions
using the ergodicity hypothesis (Svetlitchnyi, 1995;
Svetlitchnyi et al., 2004). It is likely that the perennial
mean value of the hydrometeorological factor for the
period of observations at the test catchment differs
from the zonal norm.

So, the perennial mean value of the hydrometeo-

rological factor for the catchment, calculated for
the period 1970-1987 using data of the nearest
meteorological station Boguslav amounted to 0.0019,
while the zonal value is equal to 0.0033. Accordingly,
the calculated average value of soil loss using this
perennial mean value of the hydrometeorological
factor has been obtained equal to 0.39 t/ha/yr, which
is much closer to the actual (0.33 t/ha/yr) than using
the zonal K, value.

Comparison of calculated and actual values
of mean annual erosion losses of soil for all test
catchments is presented in Table 2. Given the large
amplitude of the soil loss rate, to assess the accuracy
of the model it is advisable to use not the mean square
error of calculations, but more informative criterions,
taking into account the increased variability of the
annual soil losses. For four test catchments, for
example, the minimum and maximum averaged over
the area values of the annual rainstorm soil losses
(0.16 and 7.60 t/ha/yr) differ by almost 50 times.

To assess the quality of the developed model we
use the Nash-Sutcliffe (NS) efficiency criterion (Nash
& Sutcliffe, 1970), which according to (Vinogradov
& Nikiforovskiy, 2015) is currently the most popular
criterion among specialists in mathematical modeling.
The use of this criterion, in particular, is recommend-
ed by the American Association of Civil Engineers
to assess the viability of runoff models. It is actively
used to estimate mathematical models of water soil
erosion (Van Rompaey et al., 2003; Wang et al., 2018
etc.). In the general case, the quality of the model is
considered satisfactory for NS> 0.5, for 0.65 <NS <
0.75 - as good and at 0.75 <NS < 1.00 - as very good.

The NS criterion is calculated according to the
formula

i (VVI act VV: calc)z

NS =1-

(7)

Il
—_

2
VViact - Wiach

S

where W, _and W, , are the actual (observed)
and the calculated values of the variable;

W : .t 1s average actual value of the variable;

n is a number of values of the variable.

The value of the Nash-Sutcliff criterion for
the developed model based on the results of the
calculation for the four test catchments is 0.72, which
makes it possible to evaluate the quality of the model
as good.

Conclusions. 1. The GIS-implemented physical-
statistical model of erosion-sedimentation takes
into account the main features of rainstorm surface
runoff and soil erosion on the slopes of the Steppe
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and Forest-Steppe zones of Ukraine, including slopes
with a complex shape of a longitudinal and transverse
profile. The conditions limiting the account of
influence of the transverse concentration of surface
runoff by the model are the presence of a detailed
hydrologically correct digital elevation model and the
raster cell size of not more than 10 m.

2. Practically the only source of data that allows
assessment of the adequacy of soil erosion models in
the natural-economic conditions of Ukraine remains
the observational materials at the Runoff and Water-
Balance stations of the Hydrometeorological Service,
which were collected in the 1960—1980s..

3 The performed verification calculations of soil
erosion losses for two runoff plots of the Moldavan
Water-Balance Station and two small catchments of
the Boguslav Field Experimental Hydrological Base
and Veliko-Anadol Water-Balance Station, with
observation periods of 17-31 years, made it possible
based on the Nash-Sutcliff criterion to assess the
quality of the developed model as good.
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Recez:ved: .21-12.-2019 Abstract. The article is devoted to investigating a number of issues within the forest
Received in revised form: 06.03.2019 landscape of the Fako-Meme, south west region of Cameroon. An assessment of the history
Accepted: 28.04.2019 of economic development and use of forest in the studied territory was carried out. It was

observed that the rate at which these forests are been hewn down for various purposes
under the pretext of development leaves much to be desired. The deforestation of the forest with the attendant problems of resource
degradation, environmental mutation is a cause for alarm. In order to understand the mutations taking place in the forest landscape,
the history of forest use in 4 different periods: 1) the pre-colonial era (before the arrival of European explorers), (2) German colonial
rule (1884-1916), (3) British colonial rule (1916-1961) and (4) Independence and post Independence Cameroon (1961-present day).
It was observed that during the pre-colonial era the forest landscapes were very stable. Forest degradation in the territory started with
the introduction of extensive mechanized agriculture introduced by the colonial masters through the opening of large agro-industrial
plantations of rubber, palms and bananas. This forest ecological region suffers from a number of challenges. These problems were
investigated in detail with proposals made for the sustainable management of forest resources in this forest ecosystem situated in
the heart of the humid tropical region of the South West of Cameroon. These forests provide for a wide range of human needs ;
medicine, timber , fuel wood, non- timber forest products (NTFPs), food crop production and cash crop cultivation. The pattern of
land-use change in the Fako-Meme region was studied in three distinctive periods (1978, 2000 and 2015). The results revealed that
anthropogenic activities have been systematically raping the forest landscapes so that the environments are only a skeleton or shadow
of their former selves. This is an ecological region in which forest gives way to farmlands and plantations. In this respect, we see that
what was a forest landscape in the past is now consisting of a succession of cocoa farms, palm, rubber as well as other economic cash
crop plantations, with cocoa being the most important cash crop in the region. Evidence from our analysis reveals that this region
has lost 42% of its forest cover within the period 1978-2015. This dynamic can be considered catastrophic. If this trend continues
uninterruptedly in the region, then in 60-70 years, the Fako-Meme and the slopes of Mount Cameroon will remain without forest. It is
easy to imagine the consequences of this. The study calls for urgent adaptive environmental strategies for the sustainable management
of forest and its resources in the region.

Key words: History, economic development, forest land use, deforestation, Fako-Meme region, Cameroon

IcTopisi rocnonapcbKoro po3BUTKY Ta JIiCOBUKOPMCTAHHSA Y JicoBomMy perioni daxko-Meme,
Kamepyn

Myxkere H. M. T.
Ooecvruti nayionanvrul ynigepcumem imeni 1. I. Meunuxosa, Ooeca, Ykpaina, muketem?2002@yahoo.com

Anoranis. CraTTs HpUCBAYCHA NOCHIKCHHIO psay mpodneM iicoBux daHamadrie dako-Meme, MiBICHHO-3aXiTHOTO PETiOHY
Kamepyny. [IpoBeneHo omiHKy icTopii rocrnogapchbkoro po3BUTKY Ta BUKOPHCTAHHSA JIiCiB B paiioHi gociimkeHHs. Ha ocHOBI aHami3y
0yJ10 BUSIBJICHO, IO IIBHUKICTb 3 KOO BUPYOYIOTh JIICH JUTsl PI3HUX LLJISH ITi/1 IPHBOJIOM PO3BUTKY, 3aJIMIIAE OaxkaTh Kpamjoro. Bupybka
Jicy TIPU3BOAMTD JI0 Jlerpajanii MpUpOAHUX PecypciB, MyTallii HABKOJIHMIIHBOTO ceperoBuina. [t Toro, mod Kpaie 3po3yMiTH, sKi
3MIHH BifOynucs y JIiCOBOMY JaHAMA(TI M BHOKPEMIUIH TIEPiOAN OCBOEHHS Ta BUKOpHcTaHH JticiB Pako-Meme: 1) BUKOpHCTaHHS
JIiCY Y IOKOJOHIaNbHY €NoXy (0 MpHOYTTs €BPONEHCHKUX JOCIIIHUKIB); 2) HiMEIbKe KoloHianbHe mpaBimiHas (1884-1916 pp.); 3)
OpuTaHChKe KosoHianbHe npaBmiHHA (1916-1961 pp.); 4) Hesanexuuit KamepyH 1 10 HUHI. BcTaHOBIEHO, 1110 B TOKOJIOHIAIBHY €TIOXY
nicoBi nanamadTu Oynu xyxe cradbiapHIMU. Jlerpaganis JiciB Ha TEPUTOPIT MoYaIacs 3 BIPOBAPKSHHSIM BEIUKOTO MEXaHi30BaHOTO
3eMJIepoOCTBa, BBEJCHOTO KOJOHIAJIBHUMH TOCIIOAAPSIMH 32 JOIIOMOTOI0 BIAKPHUTTS BEJIMKHX arpONpPOMHCIIOBUX IUIAHTALIN KaydyKy,
nasgbeM i 6aHaHiB. Pa3oM 3 UM JTiCOBHMIT IPUPOAHMI PErioH 3iIITOBXHYBCS 3 HU3KOIO mpodiem. Lli mpobnemu Oyinn AeTaabHO BUBYEHI
3 MPOMO3UIISMH, IIOJI0 CTAJIOTO YNPABIIHHS NPUPOTHUMHU PECypCaMH B JIICOBIH €KOCHCTEMI, sika PO3TAIIOBAaHA B LIEHTPI BOJIOTOrO
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TPOIMIYHOTO PErioHy Ha miBaeHHOMY 3axo/i Kamepyny. Lli nicu 3a6e3mneuytoTs moTpedu josiei, MOYNHAIOYH BiJl MEIUIMHH, ICPEBUHH,
MAJIMBHUX pecypciB, HeaepeBHUX JiicoBux ToBapis (H/JIT), BupoOHHIITBA TPOIOBOIBINX KyJIETYp | BUPOILLYBaHHS TOBAPHHUX KYJIBTYP.
Xapaxrep 3MiH 3eMJICKOPHUCTYBaHHS B perioHi daxo-MemMe BHBYABCS Ha MPUKIAAL TPHOX BiaMiHHHX mepioxiB (1978, 2000 i 2015
pokm). Pe3ympraTi mokazanu, o aHTPOIIOTEHHA isUTbHICTh CHCTEMaTHYHO 3HUMIYE JTicoBi manamadtu. ®ako-Meme — 1ie MpUpOIHUIA
PperioH, B SIKOMY JIiC MOCTYMAETHCS MICIIEM CLIIbCHKOTOCIOAAPCHKUM YTIASIM Ta IUIAHTALISM. Y [[bOMY BiTHOILICHHI MU CIIOCTEPIraeMo,
1110 B MUHYJIOMY JIICOBHH JIaHIAaT CKIIaaBes 3 paay GpepM: Kakao, najbM, KayuyKy, a TAKOXK IHIIHX eKOHOMIYHO BUTiZIHMX TOBAPHUX
KyJIBTYp, IPUYOMY Kakao OyJ0 HalBayKJIMBILIOI €KOHOMIYHO BUTIJHOIO KyJIBTYpOIO B perioni. /leTanpHuil aHami3 mokasas, o 1ei
perion BrparuB 42% CBOTO JIiCOBOTO MOKpHUBY 3a mepion 1978-2015 pp. Lo auHamixy MoKHa BBa)KaTH KaTacTpodidHoro. SIKimo Taka
TEHJICHIIis Oy/ie TpUBATH B perioHi i Hagani, To uepe3 60-70 poki Paxo-Meme Ta cxunu ropu Kamepyn 3anumarbces 30BciM 6e3 Ticy.
B takomy BUIagKy JErKOo YSBUTH HACHIIKW IUX Aild. BupimeHas nanoi nmpobieMu B perioHi, motpedye NpUIHATTS HEBIAKIAJTHUX
aJlalITUBHUX €KOJIOTTYHMX CTPATEriil VIS CTaJoro yIpapJiHHI JlicaMu Ta iX pecypcamu.

Knrouosi crnosa: icmopis, 2ocnodapcokuil po36umox, 1iCOKOpUcnysanHs, supyoxa uicis, paiion @axo-Meme, Kamepyn

Introduction. The tropics harbour a major proportion
of the planet’s forest resources. The Fako-Meme
region falls into this zone. The Fako-Meme region
of Cameroon geographically lies between latitudes
3° 86 —5° 4" N and longitudes 9° 28 — 9° 49" E (Fig.
1). It has a surface area of (5,200 km?) with a forest-
adjacent population of about 300,000 inhabitants.
The overexploitation of these forest landscapes have

yielded great benefits to the local populace living
within the forest limits but the beneficiaries have not
made commensurate investments for a rational use of
these forest resources.

A handful of authors have examined the state of
the forest landscapes in little patches and the results
of their findings have been recorded as follows.
(Hedberg, 1964) noted that Mount Cameroon, which
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is an intergral part of the Fako-Meme region, is in the
same volcanic chain as the Islands of Bioko (Equatorial
Guinea), the Oceanic islands of Sao Tome, Ascuncion
and Principe as well as Mount Kupe, Manenguba.
The Rumpi Hills in Cameroon has an endemism of
about 70% on the highland areas UNCLEAR. This
view was equally supported by the opinion that the
Mount Cameroon region of Cameroon, aside from
South Africa, with its Campo region, is the most
biologically rich region on the continent (Letouzey
1968, 1985). The region provides a biological mosaic
that contributes to extremely high diversity in the
Guineo-Congolian regional area of endemism, and
it is regarded as one of the main Pleistocene refugia
postulated for Africa (Gartlan, 1989).

The massifs and surrounding foothills of Mount
Cameroon contain about 4,000 higher plant species
and an estimated 50 of these are endemic to this
region. This is the last area in Africa where natural
vegetation remains unbroken from lowland forest at
sea level to the sub-alpine grassland at the summit.
However , it has been noted that this region has
recorded significant damage to its ecosystems in the
last several decades following the unsustainable use
and exploitation of natural resources on the pretext
of development (Kah, 2000; Balgah, 2001, 2005;
Kometa, 2001; Yerima & Ranst, 2005; Bokwe, 2008,
2013; Mbella, 2011).

This region is estimated to be at the 3™ stage
of development (Take-off stage) according to the
Rostow Model of Economic Development. This
view coincides with several case studies (Lambi &
Kah, 2012, Lambi & Muete, 2016; Lambi et al., 2016;
Njabe, 2013; Mukete, 2016 a,b; Mukete, 2017a, b;
Mukete et al.; 2016).

These authors have directly or indirectly x-rayed
the frustration and traumas happening in the forest
landscape of this environment. But despite these
laudable efforts, the Fako-Meme forest region has
not been given the attention it deserves from policy
makers. Since a hungry man is an angry man, the
forest-adjacent communities which solely depend
on the forest resources for their livelithood, have
aggravated the stress and negative implications
imposed upon the environment. It is therefore,
critical that a more detailed assessment of the history
of economic development on the one hand and the
use of forest on the other be examined. This article
is original and has brought a scientific contribution
in the study of forest degradation in the territory.
For the first time that the forest landscape has been
studied with the use of satellite images comparing
anthropogenic activities as presented by the author
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within three distinct periods (1978, 2000 and 2015).
The goal of the study was to analyze the history of
economic development and use of forest in the Fako-
Meme region of Cameroon within the time frame of
1978-2015. The study examined the anthropogenic
mutations which have reshaped and transformed the
natural forest landscapes into cultural landscapes.
Materials and Methods. Taking into consideration
the holistic nature of the forest landscapes in the Fako-
Meme region, the use of remote sensing materials was
indispensable. Landsat ETM image Files of 1978,
2000 and 2015 were downloaded from the Global
Land Cover Facility website and the various bands
for each year were modulated and corrected to reveal
settlement, roads, farmlands and other geographic
features using ENVI 4.3. Open street maps were also
downloaded using Global mapper 15 to help reveal
the road network, names of towns and villages in that
area. Visible features of interest were digitized and
their shape files exported to ArcGIS 10.2, where they
were assembled together with the raster and elevation
data to produce the various maps as JEPG files. The
polygons representing the various parameters were
measured using ArcGIS 10.2 and displayed in the
form of bar charts using M.S excels 2013. Hence, the
methodology was grouped under data collection and
data analysis with the use of descriptive, comparative,
analytic, cartographic, fieldwork and camera methods
of geographical research. Information from available
literature and field survey formed the main source of
data collection.
Results and Discussion. Understanding the history
of economic development and use of forest resources
in the Fako-Meme region, necessitated a review of
pre-colonial era, the colonial era, independence and
post independence Cameroon.
History of forest land-use. The Fako-Meme region
falls within the then Southern Cameroon territory.
Today it is situated in the southwest region of
Cameroon. This region has witnessed four stages of
economic and political development, which altered
the socio-economic conditions of natural resources
management. These periods of change correspond to
certain historical developments in the terrotory (Fig.
2): The pre-colonial period (before the arrival of the
German colonists); the German colonial period (1884-
1916); the British and French Protectorates (1916-
1961); the post independence development (since
1961). Such periodization is usually recommended
in landscape studies as it depicts a systematic
and chronological impact on the management of
natural resources. During these periods we saw
the introduction of agro-industrial plantations,
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Periods and Actors involve in the economic development
and forest exploitation in Cameroon

Period before European
colonization of Cameroon

German colonial rule in
Cameroon 1884 - 1916

Cameroon under British rule
1916 - 1961

Cameroon from 1961 —
Present day

Fig. 2. The periods and actors involved in economic development and forest exploitation in Cameroon

construction of camps for agro-industrial workers,
building of gigantic infrastructures, development of
roads and railways with other social facilities, which
cannot be over emphasized. The sum total of these
activities was the gradual opening up of the forest
landscapes. Today we witness a steady rape of the
forest landscapes which remain only a skeleton of
themselves. All this is happening under the pretext
of development and the need to feed the burgeoning
population using unsustainable agricultural practices.

Pre-colonial Period: The first forest dwellers
were hunter-gatherers highly skilled in taking
advantage of their forest habitat. They lived in small
communities and used tools made of wood and
stone and cooked their food over fires. These early
populations who still live in the region are ‘insultingly
referred to as ‘pygmies’ because of their uncommonly
short height. The economy in the Cameroon forest
zone at this time was based primarily on shifting
cultivation, hunting and gathering. The basis of this
subsistence economy was the banana — plantain.
These staple crops were introduced into Cameroon
through the Bantu migration sometime after the last
millennium, and were well established in the south
west centuries before European contact. Cassava
and cocoyam are native to Latin America and Asia
respectively, and were probably introduced to West
Affrica by Portuguese and British traders sometime

after the sixteenth century. During this period, African
societies valued the forest for secondary products
such as fruits, nuts, fuel wood and an assortment of
herbs and medicines. The main uses of timber were
ornamental (carvings etc) and for canoe construction
(the trunk of the cam wood tree was especially
desirable for this purpose). Even traditional dwellings
did not use wood. They were constructed with mud
and thatch. Hence, the forest within this period was
not tampered since trees could survive the traditional
processes of clearing and burning.

German colonial period 1884 — 1916: The
total control over land and labour allowed them to
convert coastal rainforest into plantation ; by 1913
they had converted 1000sq.km of tropical forest.
Agricultural products included palm products, ivory
and wild rubber. In 1898 the Germans introduced the
concession system for the extensive and systematic
extraction of timber. The Gesellschaft Nordwest
Kamerun (GNWK) maintained 5,000,000 sq ha in
the north that included the northernmost parts of the
Southwest. This concessions were focused mainly
on plantation agriculture; rubber (Hevea), cocoa
(Theobroma), oil palm (Elaies) and coffee (Coffea).

British colonial period 1916 — 1961: British
ruled Cameroon through the Southern Administration
area, which stretched from Lagos through Southern
Cameroon and managed most of Nigeria’s rainforest
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and hence was responsible for the majority of
the colony. Like Germans, the British equally
oriented their development towards the expansion
of plantation agriculture with the timber industry
playing a subsidiary role. We noticed the expansion of
traditional agriculture. In Southern Cameroon, Unwin
A. L. estimated that there were 14,000 square miles of
forest, of which 3,500 were accessible for commercial
timber exploitation within this period; deforestation
was attributed to shifting cultivation and not timber
extraction and plantation (Macpherson, 1917).
Independence 1961 — Present: The Fako-
Meme region as a dominant agrarian society which
engages about 70% of the population in agriculture
and agriculture-related industries is an example par
excellence of an agricultural cornucopia or the bread
basket for many of our (Central African Economic
and Monetary Community) CEMAC neighbouring
countries. Anthropogenic activities which stems from
population growth and urbanization have exhibited
far-reaching consequences on the forest landscape of
this region. This can be expressed through the loss of
forest lands, the destruction of watersheds, the loss of
wildlife habitats, the exploitation of less suitable land,
the conversion of wild lands for agriculture and urban

uses, which have all contributed directly or indirectly
to the further degradation of the forest environment.
Most alarmingly, under the current practices, forests
are experiencing the highest rates of depletion and
degradation. This region has recorded significant
damage to its ecosystems in the last several decades
following the unsustainable use and exploitation of
natural resources (Fig. 3). Therefore, since forest
disappearance depends greatly on man’s action, it
is evident that the land use is changing. Taking into
consideration the fact that the environment is our life
support system which includes everything we need
to support life, its state is often influenced by the
behaviour of those who use it. The Fako-Meme Forest
Region has a land use pattern which is relatively
distinct. The land use is varied and dynamic; it
changes over space and time with population increase
and expanding economic exploitation. These changes
are represented by the replacement of one land use
type by an alternative and gainful economic activity.
The main land use in this area includes forest
cover, which include the (Mount Cameroon
National Park, forest reserve, community forests and
mangroves), plantations and subsistence farmland,
settlement with diverse economic activities, which
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Fig. 3. Change of land-use pattern in the Fako-Meme Forest region (left 1978, middle 2000 and right 2015)
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have together reshaped the land use patterns. Taking
into cognisance the fact that Cameroon has witnessed
a continuous process of deforestation in the last
decades, the extent of forest was studied for three
periods (1978, 2000 and 2015). The purpose of this
assessment was to have a detailed understanding
of the mutations and changing land-use pattern in
the territory. The results reveals that the region’s
original vegetation has been altered from thick rain
forest to anthropogenic vegetations such as the palm,
rubber and banana plantation’s of the Cameroon
Development Cooperation (CDC) and the man made
vegetation such as the Limbe Botanical Garden. The
observed changes in the natural vegetation of this
area have been as a result of man’s activities such
as road construction and the building of settlements
and agriculture. Human activities in the Fako-Meme
region of Cameroon has significantly altered the forest
landscape patterns through facilitating the search
for more satisfactory living conditions, which has a
random but cumulative effect of altering the forest
landscapes land use pattern. Surface occupation is
presented in Table 1. These data illustrate the observed
change in surface occupation from 1978-2000-2015.

Table 1. Fako-Meme Forest Region 1978-2000-2015

period the forest was still at its primordial stage.
Human activities were limited only to plantation
agriculture introduced by the colonial masters. There
was no population pressure on resources.

In the year 2000, we noticed a decrease in forest
cover. The forest occupied 3,213 km of the territory.
This decrease was caused by an increase in settlement
to 101.3 km with an increase in plantation and farmland
to 401.01 km? Between 1978 and 2000, plantations
had more than doubled their surface area even when
we do not take into considerartion the spiral effect of
this, which includes surfaces transformed for farming
and building by the migrants’ work. Mangroves had
greatly decreased to 912.7 km and equally noticeable
is an increase in the area covered by low vegetation
(savanna and prairie), 302.02 km.

Despite the high rate of deforestation in this
area, forest still remains the major land use. Of the
5,200 km? surface area, forest occupied 3,008.2
km? in 2015. This forest comprises a mixture of the
dense forest, degraded forest and areas that have
been recently colonized by savanna. It should be
made clear that most of this forest is concentrated in
the protected areas and forest reserves. Settlement

Land use types Surface area 1978 Surface area 2000 Surface area 2015

in km? in km? in km?

Forest 3768.76 3213 3008.2

Settlement 34.8 101.3 201.16

Plantation & farmland 217.11 401.01 865.37

Mangrove 1122.04 912.7 414.23

Low vegetation (savanna & 57.80 302.02 712.04
prairie)

The use of modern tools such as remote sensing
and Geographical Information System (GIS) in the
evaluation of surface dynamics is highly advantageous
and the results obtained through these processes
are often considered to be the most acceptable
compared to any other technique (Kah et al., 2000)
. The structured nature of plantations make it easy to
differentiate them from non-plantation surfaces on
satellite images even at lower resolutions.

Figure 4 shows that in 1978, forest occupied
3,768.76km of the territory, settlements occupied only
34.8km , the CDC plantations and farmlands around
the Fako-Meme forest region of Cameroon occupied
217.11 km?, mangroves occupied 1,122.04km while
low vegetation (savanna and prairie) occupied 57.80
km of the territory. It is very obvious that within this

has equally been in continuous increase. In the
year 2015, we noticed a drastic increase to 201.16
km?. Plantations and farmland have equally been
experiencing an expansion. They have more than
doubled in 2015 to 865.37 km?. With a surface area
~ 5200 km? in 1978, 72% of the territory of Fako-
Meme was covered by forests in (3768.76km), and in
2015 — 42%, that is less than half of the entire area.
This dynamic can be considered catastrophic. If this
trend continues uninterruptedly in the region, then in
60-70 years, the Fako-Meme and the slopes of Mount
Cameroon will be without forest. It is easy to imagine
the consequences of this.

In view of the highly dynamic humid tropical
landscape arising from the intensified natural and
anthropogenic modifications, the natural forest
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Fig. 4. Surface occupation in the Fako-Meme Forest region (1978, 2000 and 2015)

landscapes by 2015 have been swallowed or
consumed by artificial landscapes, which constitute a
new and monotonous cultural landscape characterized
by typical agricultural landscapes. Most of these
landscapes consist of western-oriented plantations
in which the monoculture of selected tropical crops
has been practiced. As cultural landscapes continue to
swallow up the natural ones through the anthropogenic
alterations introduced by man in his quest for socio-
economic development for better human livelihoods,
it is only very clear that the balance between existing
natural and anthropogenic systems is overturned. The
growing population dynamics and increase in poverty
levels, due to which people cannot meet their own
subsistence requirements with the means of survival
at their disposal, have propelled the forest-adjacent
communities of the Fako-Meme region to consider
the forest as their only hope of survival . The methods
and techniques of agricultural practices they use are
very unfriendly to nature as shown in Figure 5.

sustainable alternative livelihood to support the needs
of these vulnerable people. Some of these activities
are very common in the state reserves because of the
state’s negligence of its duty to cater for the needs
of forest-adjacent communities. With such dramatic
deforestation trends, it is evident that if something is
not done, the fate of forest landscapes in the Fako-
Meme forest region is at stake. Urgent adaptive
environmentally sustainable measures need to be put
in practice. Policy makers can no longer afford to
turn a blind eye to such environmental damage. Some
measures have been proposed by the author, but they
await implementation.

Adaptive environmental strategies for the
sustainable management of forest resources
in the Fako-Meme forest region. The provision
of meaningful sustainable livelihoods such as
pisciculture and heliciculture to replace forest
exploitation activities will help to keep the forest
healthy. Bee farming has, in the long term, helped

II | ni‘?'

Fig. 5 shows an anarchical method of exploitation
in the Fako-Meme forest region. This ravaging of the
forest is provoked by an increase in the population
of the forest-adjacent communities and the lack of

578

Fig. 5. Slash and Burn Method of Cultivation in the Fako-Meme

to reduce pressure on the forest. Yet these livelihood
alternatives are declining in use and are in the process
of being abandoned in the study area because of
inadequate subsidization funding. If well managed,



Mukete Nayombe Moto Theophilus

Journ. Geol. Geograph. Geoecology, 28(3), 572-580.

they will become another means of livelihood thereby
reducing pressure on the forest.

The formation of organized legally recognised
groups (common initiative groups) will make it easier
for government to finance sustainable livelihood
projects. These groups will be used to sensitize entire
communities to conservation strategies. Introduction
of environmental education in primary schools,
secondary and universities will go a long way to
creating environmental awareness.

The provision of social facilities and improved
living standards of the forest-adjacent communities
will encourage them to collaborate with government
on forest management. The use of a participatory
forest management approach that integrates the forest-
adjacent communities in forest management will
promote sustainability. Revising the forestry policies
and promulgating laws that treat forest-adjacent
communities like friends and not as opponents will
enhance rational management of forest resources.

To avoid encroachment and conflicts in state

reserves, the boundary of the reserves should be
marked with pillars planted to demarcate the border
with the surrounding villages as per the German
Gazette that created the reserves. The introduction
of appropriate harvesting methods and techniques
of non-timber forest products and medicinal plants
will assure a healthy environment. The control of
illegal over-exploitation of forest products, such as
debarking Prunus africana, will allow the forest to
regenerate itself.
Conclusion. The challenges involved in the
management of natural resources in the Fako-
Meme region call for responses in the form of new
management models that take into account the socio-
cultural and political framework and peculiarities
of the forest-adjacent communities. Community
participation in the decision making process of state
institutions can ensure that indigenous cultural values
of the rural population are taken into consideration
in designing strategies for the rational management
of natural resources. Involving the forest-adjacent
communities in the process of decision-making offers
better prospects for the development of sustainable
natural resource management strategies now and in
the future.

The history of forest use in the Fako-Meme forest
region of Cameroon clearly reflects the influence of
the colonial masters of Europe. We have identified 4
periods of geographical research. During the first pre-
colonial period, the forest was still in its natural stage.
Indigenous people concentrated on the cultivation of
foodstuffs meant for immediate consumption. The

second period of landscape history in the area was
«German colonial rule», which brought the ideas of
A. Humboldt and K. Ritter DOUBTFUL .CLARIFY-
to local society. The European authorities strove for a
reliable and continuous flow of raw materials to Ger-
many and the creation of new economic infrastruc-
tures. This led to the creation of large agro-industrial
plantations. The third period was British colonial rule
of West Cameroon as a mandated territory. The Brit-
ish did not develop the educational system and did
not conduct geographic research, but concentrated on
export of raw materials to the United Kingdom. The
fourth is the period of independent Cameroon .The
independent government has carried out major prior-
ity efforts to preserve forests, and take care of natural
resources for a very long time, but inadequate finan-
cial resources and corrupt practices have significantly
slowed this development.

Anthropogenic activities, ranging from spontane-
ous population growth to uncontrolled urban growth,
unsustainable agriculture and the spread of agro-
industrial plantations and the increased use of fuel-
wood, have all led to a loss of biodiversity, a decrease
in water flows in streams and rivers, and a decline in
the quality of «green» tourism, and finally to a de-
crease in the provision of the population with vital
resources in the challenging conditions of a steady
increase in the population.

The Fako-Meme forest regions lost 42% of its
forest cover between 1978-2015, as revealed by our
research. This situation is catastrophic to a region with
high biodiversity status. As predicted by the author,
if this trend of forest loss is not halted in the com-
ing 60-70 years, this region will be entirely deprived
of its forest cover. The author therefore, calls for the
implementation of urgent environmental strategies
for the sustainable management of forest resources in
this region.
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Received: 21.12.2019 Abstract. The ferriferous-siliceous formation of the Kryvyi Rih Basin has been formed
Received in revised form: 06.03.2019 as a result of the effect of different geological processes: sedimentation, diagenesis,
Accepted: 28.04.2019 dynamothermal metamorphism, metasomatosis, orogenesis, hypergenesis. Hypergenic

changes are manifested to a different extent within iron ore deposits of the Kryvyi Rih
Basin. In the south part of the basin, thickness of the weathering rind in some places reaches 1,000-1,500 m, it is up to 2,500 in the
central, and in the northern part this parameter is much lower. Hypergenic processes are observed in the sections of all stratigraphic
horizons of the Saksahanska suite of the iron ore deposits of the Kryvyi Rih Basin. The thickness of their manifestations changes
depending on the horizon (schist, ferriferous). Therefore, over the study, we determined the impact of stratigraphic horizon on variance
of thickness of the weathering rind within the northern area of the Kryvyi Rih basin, on example of the Hannivsk deposit. The surveys
were performed in all hypsometric levels of the deposit. Schematic sections of the deposit's weathering rind were made. The products
of hypergenesis are hematite quartzites with qualitative parameters (total content of iron) no lower than in magnetic quartzites. In
some deposits, the reserves of the hematite quartzites are quite large, but they are not being extracted. For more detailed study of the
structure of the weathering rind, manifestation of its vertical zonation was investigated, a schematic section of the weathering ring
within the ferriferous-siliceous formation of the deposit was made designating all mineralogical zones. We studied the variance of
mineral composition of the ferriferous rocks depending on the manifestation of horizontal zonation of the weathering rind and impact
of hypergenic processes on authigenic-metamorphogenic zonation of the productivity of the deposit's layer. We developed a scheme of
mineralogical zonation of the weathering rind, therefore facilitating the enlargement of the mineral-ore base of the Hannivsk deposit
and the Kryvyi Rih Basin in general for further extraction and beneficiation of hematite quartzites.

Key words: ferriferous-siliceous formation, Kryvyi Rih Basin, zonation of the weathering rind, hematite quartzites

T'opu3onTanibHa 1 BepTHKaJIbHA 30HAJBHICTD KOPH BHBITPIOBAHHSI MIBHIYHOI 4YaCTHHH
Kpusopisbkoro 6aceiiny

C. B. TixmiBenp, O. M. TpyHin

Kpusopizvruu nayionanenuii ynieepcumem, Kpueuii Pie, Yxpaina, tikhlivets.svetlana@gmail.com, trunius@gmail.com

AmnoTanisi. 3anizucro-kpemuucta ¢popmaris KpruBopizbkoro 6aceitny copMyBanach B pe3ynbTarTiB il pi3HUX Ie0JIOTIYHUX MPOLIECiB:
celMIMeHTalii, JiareHesy, JMHAMOTEpMaIbHOrO MeTaMopdi3My, MeTacoMaro3y, TeKTOreHe3y, rinepreHesy. ['inepreHHi 3MiHN Pi3HOIO
MIpOI0 TIPOSIBJICHI B MEXax 3amizopynHux pomosuin Kpusopiszpkoro OaceiiHy. B miBmeHHIH uyacTuHiI OaceiHy TOTYKHICTH KOpH
BuBiTproBaHHs iHOAI Hocsrae 1000-1500 M, B ieHTpanbpHii — 10 2500 M, B MiBHIYHIN 9aCTHHI Il MOKa3HUK 3HAYHO MEHIIUH. [ inepreHHi
MPOIIECH CIIOCTEPIraloThes B po3pizax yCix cTparurpadiyHuX TOPU30HTIB CAKCATaHCHKOI CBITH 3a1130pyAHUX pooBHI KpuBopi3pKoro
Oaceiiny. [ToTyXHICTh 1X MPOSIBY 3MIHIOETHCS B 3QJISKHOCTI BiJl TOPU30HTY (ClaHLEeBHH, 3amizuctuii). Tomy B mporieci 10CiiKeHb
OyB BU3HAUCHUI BIUIMB CTpAaTHrpadiyHOro ropU30HTY Ha BapiaTHBHICTH IOTY)XKHOCTI KOpU BHBITpIOBaHHS B Mexax [liBHi4HOTrO
paitony Kpusopisbkoro 6aceliny, Ha mpukiaai ['aHHIBCEKOTO potoBUIIa. Jl0CIiKEHHS TPOBOAMINCE 10 BCIiX TIMCOMETPHYHUX PIBHSIX
ponoBuina. By moGynoBaHi cxeMaTHuHi pO3pi3H KOPH BUBITPIOBaHHS pofoBuiia. [IpoyKTamu rifnepreHesy € reMaTuToOBI KBapIUTH,
SIK1 32 SKICHUMH TTOKa3HUKAMH (3arajJbHUI BMICT 3alli3a, SKiCTh KOHIIEHTpATy, BTPaTH 3ali3a y Biaxogax 30aradyeHHs) HE YCTYMalOTh
MarHeTHTOBHMM KBapiuTaM. Ha eskux pogoBHIIax 3amacu reMaTHTOBUX KBAapIUTIB JOCTATHBO 3HAUHI, ajie BUI00YTOK IX HE BEIEThCS.
Jlnst Gibl 1eTanbHOro BUBUCHHS Oy/IOBM KOPU BUBITPIOBAHHS OYyJO JOCIIDKEHO MPOsIB 11 BEPTHKAIBHOI 30HAIBHOCTI, IT00YI0BaHO
CXeMaTHYHMI PO3pi3 KOPH BUBITPIOBAHHS B MEXaX 3aJli3UTO-KPEMHHUCTOI (opMmarlii poJoBHIIA 3 BUAIICHHSIM BCIX MiHEpaJOTidHUX
30H. BuBUeHO BapiaTUBHICTH MIHEPAIBHOTO CKJIAJy 3ai3MCTUX MOPIJ] B 3aJEKHOCTI BiJ MPOSBY TOPHU30HTAIBHOT 30HAIIBHOCTI KOPH
BUBITPIOBAaHHS Ta BIUIMBY TiIEPreHHHMX IPOLECIB HA ayTHICHHO-METaMOP()OTreHHY 30HAJBHICTh IPOAYKTHBHOI TOBIII POJIOBHINA.
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[ToGynoBana cxema MiHEpaJOTiYHOI 30HAJIBHOCTI KOPH BUBITPIOBAHHS 3aJ1i3UCTO-KpeMHHCTOI (opmarii pomosuima. Orpumani
pe3yabTaTH MOXKYTb OyTH OCHOBOIO JUISL IETAJIBHOTO BHBUCHHS MOXKJIMBOCTI PO3BHTKY MiHEpaJIbHO-CHPOBHHHOI 0a3u ["aHHIBCHKOTO
ponoBuia i KpuBopizpkoro 0aceifHy B LUIOMY [UIs TIOJANIBIIOTO BUIOOYTKY 1 30aradyeHHsi TeMaTHTOBUX KBapIUTIB.

Kniouogi cnosa: 3anizucmo-xkpemnucma gopmayis, Kpugopizvkuii 6acetin, 30HanbHicmb KOpU BUGIMPIOGAHHS, 2eMaAMUmMogi Keapyumu

Introduction. The processes of weathering are mani-
fested in the layer of ferriferous-siliceous formation
of the northern part of the Kryvyi Rih Basin and with-
in the Hannivsk deposit due to interruptions of accu-
mulation of sediments (Bespoyasko, 2005.; Ginzburg,
1987; Dmitriev, Kravchenko, 1965). The most an-
cient parts of the weathering rind are Middle-Archean
granites of the Prydniprovsky complex and Upper-
Archean metabasites of metaclastic Konkska series.
For the ferriferous rocks of the northern part of the
area, hypergenesis was the longest geological process
that affected their formation. The beginning of the hy-
pergenic process coincided with the beginning of the
continental stage of existence of the Ukrainian Shield.
Weathering of the ferriferous rocks is still going on,
thus affecting the mineralogical transformations of
metamorphogenic and metasomatically altered ferrif-
erous quartzites and schists of the Saksahanska suite.
Thus, in the faces of the quarries, weathering rind is
observed, which has been forming since the Paleopro-
terozoic Era up to this day with an insignificant inter-
val between the Meso-Paleogene and Meso-Neogene
(Bespoyasko, 2004.; Dmitriev, Kravchenko, 1965).
The weathering rind of the deposits is represent-
ed by hematite quartzites, the total content of iron in
which equals 34-35 mass percents, which, according
to this parameter, is close to the magnetic quartz-
ites. Currently, hematite quartzites are not used by
the Northern Ore Mining and Processing Enterprise,
though their deposits are quite large. The objective of
this study has been conditioned by the necessity of
increasing the coefficient of complex use of mineral
mass extracted from the deposit, by developing tech-
nologies of beneficiation of the hematite quartzites.
The latter cannot be done without detailed mineral-
ogical analysis of the weathering rind, which has not
been so far conducted within the productive and con-
taining layers of the Hannivsk deposit.
Materials and methods. Structural peculiarities of
the weathering rind of different geological objects
are continually studied by scientists (Marszatek,
2014; Sidorova, 2015). One of the main character-
istics is the depth of distribution of weathering rind
. For ferriferous rocks within the Kryvyi Rih Basin,
it reaches 3,000-3,500 m in some places. Its thick-
ness changes, the main reason for this is the differ-
ent tempi of epeirogenic upheavals of the blocks of
the Earth’s crust. Earlier, (Dodatko, Dorfman, 1973;
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Dmitriev,Kravchenko, 1965; Evtekhov, 2002) deter-
mined that depth of distribution of the weathering
rind depends on the mineralogical composition of the
ferriferous rocks, their structure, texture, intensity of
the manifestation of tectonic processes. Rocks of the
schist horizons differ from the rocks of the ferriferous
horizons by lower fragility, higher flexibility and low-
er total water-penetrability (Gershoyg, 1960;Ginz-
burg, 1955;Dodatko, Dorfman, 1973). Therefore
large thickness of the weathering rind is characteristic
for ferriferous horizons.

Thickness of the weathering rind of the Hannivsk
deposit in the northern area of the Kryvyi Rih Basin
was measured uniformly for all hypsometric levels
using geological sections. Schematic sections of the
weathering rind were developed using CorelDraw
2017 software.

For mineralogical analyses, we selected 102 sam-

ples of hematite quartzites with different geological
positions within the weathering rind of the Hannivsk
deposit. The studies were undertaken using standard
methods with serial microscopes. All analyses were
performed at the laboratories of the Geology and
Practical Mineralogy Department of Kryvyi Rih Na-
tional University.
Results and their analysis. For detailed characteris-
tic of hematite quartzites of Hannivsk deposit, authors
of the article studied the change in the thickness of
weathering rind. The measurements were performed
for all hypsometric levels in the deposit. For more ob-
jective assessment of the variance of the layer thick-
nesses, the deposit was divided into three parts: north-
ern, central, and southern (Fig. 1).

According to Fig. 1, thickness of the weathering
rind changes from the northern to southern parts of
the deposit with the following pattern: in the central
part, in the zone of intense fractioning of the ferrif-
erous rocks, due to manifestation of significant sub-
latitudinal rupture, its highest value is up to 138.3 m
along the line of the exploration profile 27-27. To-
wards the northern and southern parts, thickness of
the weathering rind significantly decreases, its mini-
mal parameters were observed in the southern part of
the deposit.

Also, one can also see that the thickness of
weathering rind of ferriferous horizons exceeds the
corresponding parameter of schist horizons, which
proves a well-known pattern in the structure of the
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Fig. 1. Schematic sections of the weathering rind of productive and containing layers of the Hannivsk deposit.

Areas of the deposit: a — northern, b — southern; ¢ — central.

Suites of the Kryvorizka series and stratigraphic horizons of the Saksahanska suite: Skeliuvatska suite; stratigraphic horizons of the
Saksahanska suite: 1s — first schist horizon; 1-2f — fused first-second ferriferous horizons; 3-5s — fused third-fifth ferriferous horizons;
5t — fifth ferriferous; 6s — sixth schist horizon; 6f — sixth ferriferous; 7s — seventh schist; 7f — seventh ferriferous; 8s — eighth schist;

gd — the Hdanivska suite;

1 — soil-vegetation layer and rocks of the Cenozoic sedimentary cover; 2 — rupture changes; 3 — lines of contacts of stratigraphic
horizons; 4 — lines of contacts of the suites; 5 — line of the surface of erosive section of the rocks of the Kryvorizka series.

weathering rind of the Saksahanska suite of other
iron-ore areas of the Kryvyi Rih basin. The results of
determining thickness of weathering of schist and fer-
riferous horizons of the Saksahanska suite within the
entire deposit are presented in Fig. 2.

The weathering rind of the Hannivsk deposit is
characterized by horizontal and vertical mineralogical
zonation . During the process of its formation, newly-
formed hypergenic zones overlayed the mineralogical
zones of iron-ore formation formed as a result of sedi-
mentation, dynamothermal metamorphism (Karpen-
ko, e. a., 2009), sodium metasomatosis (Tikhlivets,
Filenko, 2017) and other geological processes.

Mineral composition of the original ferriferous
quartzites (cummingtonite-, riebeckite-, biotite-con-
taining and others) affected the pattern of hypergenic
zonation, but in general for the deposit, general pat-
terns of mineralogical orientation of the processes
of hypergenesis and formation of the zonation of the
weathering rind are observed.

For magnetite, is gradual replacement with mar-
tite is characteristic. The process occurs according to
the pattern standard for magnetite quartzites: flexible

crystals of martite at original stages of the replace-
ment are formed along the cracks of the fractured
parts of the magnetite crystals, gradually covering
their entire volume (Evtekhov. e. a., 2002).

Micaceous iron oxide and quartz are resistant
to hypergenic changes, as a result of which, they are
present in the original rocks and products of weather-
ing in almost the same amounts.

Hypergenic changes of silicates occur first of all
due to removal of active cations (K*, Na*, Ca™, Mg™)
from their crystal lattice, which causes its destruction.
Out of relic chemical components of non-aluminous
silicates (cummingtonite, riebeckite, aegirine, tetra-
ferribiotite, and others) (Fe,O,, SiO,, H,0), crystal
lattices of hypergenic minerals form in quartz or chal-
cedony, and also dispersive hematite, and at more in-
tense weathering — goethite and dispersive goethite.
If silicates of alumina are present (biotite, almandine,
celadonite, stilpnomelane, etc), formation of iron hy-
droxides is accompanied by formation of clayey min-
erals, mainly kaolinite. Aluminium silicates (musco-
vite, cyanite, andalusite), which in notable amounts
are present in schists of the first and third-fifth schist
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Fig. 2. Variance of thickness of the weathering rind of productive and containing layers of the Hannivsk deposit.
Stratigraphic horizons of the Saksahanska suite: 1 — third-fifth schist horizon; 2 — fifth ferriferous; 3 — sixth schist; 4 — sixth

ferriferous; 5 — seventh schist.

7-42 — exploration profiles from north (profile 42) to south (profile 7).

horizons, in conditions of weathering become gradu-
ally replaced by aggregates of kaolinite, quartz, chal-
cedony, opal.

In insignificant amount (up to 3-3.5 vol% in
total) within ferriferous rocks, carbonates are present.
Their non-ferriferous types — calcite, dolomite — in the
zone of intense hypergenic changes undergo complete
dissolution. Iron-containing carbonates represented
by sideroplesite and pistomesite, are sometimes
replaced during weathering by disperse hematite,
disperse goethite, and more rarely with goethite.

Gradual pattern of hypergenic replacement of
metamorphogenic and metasomatic minerals causes
different quantitative proportion between them and
the newly formed hypergenic minerals at different
hypsometric levels of productive and containing lay-
ers of the Hannivsk deposit. As a result, vertical min-
eralogic zonation of the weathering rind is observed.

For the vertical section of the weathering rind of
the Hannivsk deposit, according to the content of the
main ore mineral — magnetite — one can distinguish
four mineralogical zones (downward by the section):
goethite-martite — martite — magnetite-martite —
martite-magnetite zones (Fig. 3). The latter zone has
a gradual transition of pre-hypergenically unchanged
magnetite quartzites. The zone of goethite-martite is
the zone of maximum hypergenic changes of ferrifer-
ous rocks. It was composed of goethitised rocks of
the martite zone. Contact of goethite-martite martite
zone is gradual, designated by total content of iron
hyperoxides (goethite, lepidocrocite and dispersive
goethite), which in the content of ferriferous goethite-
martite zone is higher than 5 vol%. Content of mag-
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netite in this rock in this zone is insignificant — no
higher than 2 vol%, and equals 0.47% on average.
Original silicates and carbonates are absent; martite,
micaceous iron oxide and quartz are partly replaced
by goethite. Apart from typomorphic goethite, lepi-
docrocite and dispersive goethite in the rocks of the
goethite-martite zone quartz, martite, micaceous iron
dioxide, dispersive hematite are present as rock-form-
ing minerals.

Ferriferous quartzites of this zone are intensely
fractured, cavernous, with high number of goethite
veinlets, but, despite deep hypergenic changes, origi-
nal lamination is maintained.

In the sections of schist horizons, and also fer-
riferous quartzites adjoining to them, kaolinite is
present. Broadly distributed are hematite-chalcedo-
ny, goethite-chalcedony, goethite-quartzitic jaspers,
which fill the cavities in the weathered rocks.

Thickness of the zone equals around 15 m on av-
erage.

The martite zone is a zone of intense hypergenic
changes. It is composed of micaceous iron dioxide-
martite, martite, disperse-hematite-martite and more
rarely , martite-disperse-martite quartzites. Contact of
this zone and magnetite-martite is gradual. It is des-
ignated by total content of hyperoxides of iron (goe-
thite, lepidocrocite and dispersive goethite), which in
the content of ferriferous rocks of the martite zone
did not exceed 5 vol%, and equals 2.37% on average.
Content of magnetite is not higher than 5 vol%, equal-
ing 1.78% on average.

The main rock-forming minerals of this zone are
martite and quartz. Flooded aggregates of goethite,
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Fig. 3. Schematic geological section of the weathering rind of productive and containing layers of the Hannivsk deposits.

The suites of the Kryvorizka series and stratigraphic horizons of the Saksahanska suite: sk — Skeliuvatska suite; stratigraphic
horizons of the Saksahanska suite: 1s — first schist horizon; 1-2f — fused first-second ferriferous; 3-5s — fused third-fifth ferrifer-
ous; 5f — fifth ferriferous; 6s — sixth schist; 6f — sixth ferriferous; 7s — seventh schist; 7f — seventh ferriferous; 8s — eight schist;

gd — Hdanivska suite;

1-4 — zones of hypergenic changes of magnetite quartzites: 1 — goethite-martite; 2 — martite; 3 — magnetite-martite; 4 — martite-
magnetite 5 — hypergenically altered ferriferous quartzites and schists; 6 — soil-vegetative layer and rocks of Cenozic sedimen-
tary cover; 7 — ruptures; 8 — lines of contacts of stratigraphic horizons; 9 — line of contacts of the suites; 10 — line of the surface

of erosive section of the rocks of the Saksahanska suite.

chalcedony, druses of quartz, calcite, dolomite and
other hypergenic minerals fill the caverns and frac-
tures, the number of which is higher within the martite
zone. Texture of the rocks maintains relic lamination.

Vertical thickness of the martite zone is the largest
among all the zones of the weathering rind — 40-45m.

The magnetite-martite zone is the zone of
moderate hypergenic changes of the original ferriferous
quartzites. Contact with the martite-magnetite zone
is gradual. Average content of the magnetite there
equals 12.49%, ranges from 5 to 15 vol%. In the
solution of productive tasks, this zone is called the
zone of “demi-oxidized” magnetite quartzites, which
become orientated towards the ore flow, because the
content of magnetite in their content corresponds to
the requirements to the iron ore material.

Out of newly-formed minerals, there are martite,
disperse hematite, in lower amount — goethite, disperse
goethite, and inrocks of pre-contact zones of ferriferous
and schist horizons — kaolinite. A significant amount
of half-replaced products of weathering crystals of
original silicates, and also newly formed products
of incomplete weathering silicates — hydromicas,
beidellite, and others have been observed.

Ferriferous quartzites of this zone are
characterized by heightened number of fractures, the
original lamination is maintained.

The thickness of the zone ranges from 1 to 20 m,
and equals 15 m on average.

The martite-magnetite zone is the zone of original
hypergenic changes of original micaceous iron oxide-
magnetite, magnetite, cummingtonite-magnetite,
magnetite-cummingtonite quartzites.

Contact of martite-magnetide zone and zone of
unchanged ferriferous quartzites is gradual, designated
according to the total content of martite, the average
content of which is 12.85 vol%. The average amount
of magnetite is 23.06 vol%, which is by 12.77 vol%
lower compared to unchanged ferriferous quartzites.
According to the requirements of production,
ferriferous quartzites of this zone are identified as
conditional iron ore — so called “poorly-oxidized”
magnetite quartzites. The dominating minerals are
those of the original ferriferous rocks, intermediate
products of weathering (hydromicas, beidellite) and
newly-formed hypergenic silicates (mainly kaolinite)
are characterized by insignificant content.

Ferriferous quartzites of this zone are
insignificantly fractured, the number of veinlets of
hypergenic minerals is low original lamination is
entirely maintained. Thickness of the zone ranges 1 to
15 m, and equals 7 m on average.

Results of the analysis of mineral composition
of rocks of the weathering rind of fifth ferriferous
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Fig. 4. Mineralogical zonation of the weathering rind of the Hannivsk deposit.

Zones: a —goethite-martite; b — martite; ¢ — magnetite-martite; d — martite-magnetite.

Microscopic examination in reflected light. 50* zoom.
a, b — light-grey — martite; dark-grey — goethite;

b, ¢ — white — martite; light-grey — martite; dark-grey — quartz.

horizon Fig. 4 represents the mineral types of these
zones of vertical zonation of the weathering rind of
the productive layer. indicates that the content of the
main rock-forming minerals in its section changes in
the zones in relation to the intensity of manifestation
of hypergenesis (Fig. 5).

Maximum content of hematite (43.30 vol% on
average) is characteristic for the martite zone. To-
wards the original non-weathered ferriferous rocks,
its content naturally decreases: to 32.70 vol% within
rocks of the magnetite-martite zone, to 21.15 vol% —
martite-magnetite and to 7.39 vol% within the origi-
nal non-weathered ferriferous rocks. In the latter,
hematite is represented by micaceous iron oxide of
original micaceous iron oxide-magnetite and magne-
tite quartzites. In upward direction, in the section of
the weathering rind — in the rocks of the goethite-mar-
tite zone — average content of hematite is lower (38.98
vol%) compared to the rocks of the martite zone due
to partial replacement of hematite by iron hydoxides.
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An opposite tendency was observed for
distribution of magnetite in the section of horizon. In
the goethite-martite zone, it is practically absent (0.47
vol%), within the martite zone its amount equals on
average 1.78 vol%; within the magnetite-martite zone
— 12.49 vol%; within the martite-magnetite zone it
functions as a rock-forming mineral (23.06 vol%);
maximum content of magnetite was observed in
the original non-weathered ferriferous rocks (35.83
vol%). This is explained by the decrease in activity of
hypergenic processes with depth.

The latter has conditioned the amount of quartz,
which naturally increases from goethite-martite
(49.72 vol%) to original non-weathered ferriferous
rocks (50.79 vol%).

Maximum value of content of iron hydroxides
represented by goethite, disperse goethite and
lepidocrocite (8.55 vol% on average) is characteristic
for the goethite-martite zone. Towards the zone of
original hypergenic changes, its content reduces
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Fig. 5. Variance of content of main rock-forming minerals within hypergenically changed rocks of the fifth ferriferous horizon (ac-
cording to the vertical zonation of the weathering rind).

Minerals: 1 — hematite (martite + micaceous iron oxide + disperse hematite); 2 — iron hydroxides (goethite + lepidocrocite + disperse
goethite); 3 — magnetite; 4 — quartz; 5 — relic silicates (hypergenically changed cummingtonite, biotite, chlorite, ferriferous talc (min-
nesotaite), garnet, celadonite, stilpnomelane, albite, magnesium-riebeckite, aegerine, and others).

Zone of the weathering rind: I — goethite-martite; IT — martite; III — magnetite-martite; IV — martite-magnetite; V — original non-
weathered ferriferous rocks.

to 2.37 vol% in the martite zone, 1.5 vol% in the the goethite-martite zone, they are practically absent
magnetite-martite zone, 0.67 vol% in the martite- (0.31vol%), within the martite zone its amount equals
magnetite zone. In the zone of original non-weathered 0.74 vol% on average; within the magnetite-martite
ferriferous rocks, micaceous iron oxides are almost zone— 1.94 vol%; within the martite-magnetite zone its
absent (0.1 vol%). amount slightly increases up to 3.86 vol%; maximum

The opposite tendency was observed for distribu- value of content of silicates was observed in the
tion of silicates in the section of weathering rind. In  original non-weathered ferriferous rocks (5.12 vol%).
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Fig. 6. Sketch of the upper part of the western face of the productive layer of the Hannivsk deposit.

1 — surface of the Earth; mineralogical types of ferriferous quartzites; 2 — micaceous iron oxide-magnetite; 3 — magnetite;
cummingtonite-magnetite; 4 — borders of mineralogical types; 6 — borders of hypergenic zones: I — goethite-martite; I — martite;
III — magnetite-martite; IV — martite-magnetite; V — hypergenically unchanged quartzites.
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Mineralogical zonation of the weathering rind
has overlain authigenic-metamorphogenic zonation
of the ferriferous horizons. As a result, a complex
(interferent) zonation of the productive layer of the
deposit has formed (Fig. 6).

Horizontal hypergenic mineralogic zonation of
the fifth, sixth ferriferous and sixth schist horizons of
the Hannivsk deposit, as well as the vertical hypergenic
zonation, formed under the impact of factors of
weathering over a long Proterozoan-Cenozoic stage
of the formation of ferriferous layer of the deposit.
In the structure of the weathering rind, there are
observed manifestations of horizontal zonation of the
three orders. Their presence in the weathering rind of
the ferriferous layer is a consequence of inheriting the
zonal structure of the original geological bodies by
the hypergenic formations.

Horizontal hypergenic zonation of the first
order inherited the original macrozonation of the
ferriferous Saksahanska suite of the deposit (Fig. 7).
The central position is occupied by the macrozone
of hypergenically changed rocks of the productive
layer (fused layer of the fifth, sixth ferriferous and
sixth schist horizons). It comprises most ferriferous
types of weathered iron ores — micaceous iron oxide-
martite, martite, disperse goethite-martite. In an
insignificant amount, there are also martite-disperse
hematite quartzites, a product of weathering of non-
conditional magnetite-silicate quartzites of the sixth
schist horizons and peripheral zones of the fifth and

ite-quartz-disperse hematite, martite-quartz-disperse
hematite schists and disperse hematite-martite, mar-
tite-disperse hematite quartzites. Weathering rind of
the overlying layer is represented by hypergenically
altered rocks of seventh, eighth, ninth ferriferous and
seventh, eighth, ninth, tenth schist horizons — kaolin-
ite-martite-disperse hematite, martite-kaolinite-dis-
perse hematite quartzites.

In the sections of the weathering rinds of all
stratigraphic horizons of the Saksahanska suite,
horizontal hypergenic mineralogic zonation of
higher (second) order is manifested, which was in-
herited during the weathering from their original
authigenic-metamorphogenic geochemical zonation
(Karpenko,EvtekhovV., EvtekhovaA., 2009). It was
observed most completely in the section of produc-
tive layers.

According to generalization of the results of the
mapping of the faces of the quarry, made by the au-
thor, and data of boring of the exploration wells, a
topomineralogical scheme of weathering rind of the
Hannivsk deposit's productive layer has been devel-
oped (Fig. 8).

Conclusions. The obtained data demonstrate
that the thickness of the weathering rind of the
Hannivsk deposit of the Kryvyi Rih basin changes
from the northern to southern part of the deposit
with the following pattern: in the central part it has
highest value; towards the northern and southern
part, thickness of the weathering rind significantly
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Fig. 7. Scheme of mineralogical zonation of the iron ore layer of the Hannivsk deposit.
Suites of the Kryvorizka series: gd — Hdanivska; sx — Saksahanska; sk — Skeliuvatska.
Schist horizons of the Saksahanska suite: 1s — first; 3-5s — fused third-fifth; 6s — sixth; 7s — seventh; 8s — eighth; 9s — ninth; 10s —

tenth

Ferriferous horizons of the Saksahanska suite: 1-2f — fused first-second; 5f — fifth; 6f — sixth; 7f — seventh; 8f - eight; 9f — ninth.

Macrozones of the Saksahanska suite I — central (productive); II —

sixth ferriferous horizons.

The weathering rind of the productive layer is
fringed by hypergenically changed rocks of under-
lying and overlying layers. The first are represented
by the products of weathering of original rocks of
the first, third-fifth schist and first-second ferriferous
horizons — kaolinite-quartz-disperse hematite, kaolin-
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underlying; III — overlaying.

decreases, reaching minimum parameters in the
southern part of the deposit.

Weathering rind is characterized by manifesta-
tion of vertical and horizontal mineralogical zona-
tion. For the former, from the surface downward,
the sections were observed to contain the following
mineralogical zones: goethite — martite-goethite —
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Fig. 8. Scheme of mineralogical zonation of the weathering rind of the productive layer of the Hannivsk deposit (at hypsometric

level of the martite zone).

Indexes of mineralogical types of ferriferous rocks in the section: 1 — garnet-kaolinnite-quartz-disperse hematite schists; 2 —
martite-disperse hematite quartzites with kaolinite; 3 — disperse hematite-martite quartzites; 4 — martite quartzites with disperse
hematite; 5 — martite quartzites with micaceous iron oxide; 6 — micaceous iron oxide-martite quartzites; 7 — kaolinite-disperse

hematite quartzites with martite.

Stratigraphic horizons of the Saksahanska suite: 7s — seventh schist horizon; 6f — sixth ferriferous; 6s — sixth schist; 5f — fifth fer-

riferous; 3-5s — third-fifth schist.

I — peripheral zones of the horizons; II — central zones of three horizons.

goethite-martite — martite — magnetite-martite —
martite-magnetite — hypergenically changed magne-
tite quartzites.

Horizontal zonation of the weathering rinds of
ferriferous horizons is inherited by their authigenic-
metamorphogenic zonation. The difference is the
replacement of magnetite by martite, and ferriferous
silicates and carbonates — by dispersive hematite;
micaceous iron oxide and quartz during weathering
are relatively stable. At complete manifestation of
authigenic-metamorphogenic mineralogic zonation,
horizontal zonation of the weathering rind of ferrifer-
ous horizons looks as follows (from central part of the
horizon towards its periphery): micaceous iron oxide
quartzites — martite-micaceous iron oxide quartzites
— micaceous iron oxide-martite quartzites — mar-
tite quartzites with micaceous iron oxide — martite
quartzites with disperse hematite — disperse hema-
tite-martite quartzites — martite-disperse hematite
quartzites with kaolinite.

Using the results of the study, we developed
schematic mineralogical sections of the weathering
rind of the deposit, which were used during operative
and promising planning of the mining works, devel-
opment of schemes of distribution of the mineral-raw
material base of the deposit, and in constant monitor-
ing of areas of mining of ores by their mineralogical
parameters.
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Received in revised form: 14.02.2019 used in the tourism industry. It is emphasized that the use of information technology in each
Accepted: 01.03.2019 separate segment of the tourism industry, such as hotels, ticket reservations, the creation of

specialized tourist products, is interlinked with all others. The purpose of the article is to
reveal the peculiarities of the using of modern information technologies in the tourism industry. It was established that the introduction
of information technology in the tourism industry took place in four stages, from the creation of data, through the direct development
of information technologies , the development of strategic information systems and the integration of individual IT components
in a network of different levels, from local to global. It is revealed that the majority of tourist enterprises use both standard and
special software in their activity. For tourism enterprises to carry out marketing activities successfully, the information market offers
technologies aimed at the process of automating the accumulation of survey results, planning and developing a marketing strategy.
One of the most important elements in the tourism industry is computer reservation systems, which eventually integrated into global
booking systems. These systems provide not only transport services, but also hotel accommodation, cruise trips, location information,
bus, rail and air connections, exchange rates, weather reports, etc., allowing one to reserve all major components of the tour. Tour
operators use several classic approaches to building a reservation system. The features of the market of tourist services, the specific
characteristics of the services themselves and the peculiarities of their perception by consumers determine the specifics of marketing in
this area. The use of information technologies, in particular the Internet, enables businesspeople and marketers to explore new market
opportunities for their travel services, to highlight and explore various market segments (geographic, demographic, professional,
organizational, behavioural, etc.). Tracking relevant information can be used to predict the future development of consumer demand
and identify new trends in the behaviour of existing and potential customers. The use of geoinformation systems opens up broad
prospects for engineering justification and design of new tourist routes and recreational areas, the publication of thematic tourist maps
and the creation of web atlases, etc. Thus, thanks to information technologies, a single tourist information space is created that allows
all players in the tourist market to quickly receive real information.
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OcobuBocTi 3acTocyBaHHs iHGopManiiiHUX TeXHOJIOTiii B cyyacHOMY Typu3Mi
B. A. Cud!, B. B. fIBopcekal, 1. B. Tesko?, O.1. IToramuyk?, K. B. Konomiens!
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AHoTalisl. Y CTaTTi PO3MISIHYTO CTPYKTYPY CYy4acHOI CHCTeMH iH(OpMaliiHUX TEXHOJIOTiH, 110 BUKOPHCTOBYETHCSI B TYPHCTHUHIN
inxycTpii. Haromormeno, 1o BUKOpUCTaHHS iHGOPMAIIHHUX TEXHOJIOTIH y KO)KHOMY OKPEMOMY CEIMEHTI TypHCTHYHOI iHIYCTpil, SK
TO ToTeNi, OPOHIOBAHHS KBUTKIB, CTBOPEHHSI CIIELiaJIi30BAaHOTO TyPHCTHYHOTO TIPOIYKTY, B3a€MOIIOB’si3aHe 3 ycima iHmmMu. MeToro
CTATTi € PO3KPUTTS 0COOIMBOCTEH 3aCTOCYBAHHS CydacHUX iH(GOpPMAIiHHUX TeXHOJIOTiH B iHAycTpil Typu3My. Beranosmieno, mo Bipo-
BaJDKEHHS 1HQOpMAaNiiHIX TEXHOJOTIH B TYPUCTHYHY 1HIYCTpilO BigOyBaIOCs B YOTHPH €TalH - BiJl CTBOPEHHS TaHHX, Yyepe3 Oe3ro-
CEPEAHBOT0 PO3POOKY TaKKX 1HPOPMANiIHHIX TEXHOIOTIH Ta iHTerpanito okpemux IT B MepeKy pi3HUX piBHIB, BiJ JOKAIBHUX 10 TJIO-
OanpHUX. BUsABICHO, 1110 OUTBIIICTh TYPUCTHYHUX MiAIPUEMCTB y CBOTH TisTIBHOCTI BUKOPHUCTOBYIOTH SIK CTAHApPTHE, TaK 1 CrielianbHe
nporpamHe 3a6e3nedeHHs. OQHUMY 3 HallBaXKJIMBIIINX B TYPUCTUYHIN IHIYCTPIl € KOMI'IOTEPHI CHCTEMHU pe3epBYBaHHS, SIKi 3 4aCOM
IHTETpyIOThCs B NI00AJIbHI CHCTeMH OpoHIOBaHH. Typoreparopy BUKOPHCTOBYIOTh KJIbKa KJIACHYHHX ITIAXOIIB JI0 TOOY/IOBU CHCTEMH
OpoHtoBaHHs. OCOOIMBOCTI PUHKY TYPUCTHYHHX TTOCIYT, OCOOIMBOCTI CaMHX IOCIYT Ta iX CIPUHHSATTS CIIOKHBA4YaMK BU3HAYAIOTH
cnenn(iky MapKeTUHTY B 1iid cdepi. Bukopucranus iHpopMaiitHUX TEXHOOT1H, 30KpeMa [HTepHeT, 103BOJIsE MiAMPUEMIIAM Ta Map-
KETOJIOTaM BHBYATH HOBI PUHKOBI MOKIIMBOCTI JUISl CBOIX TYpPIIOCIYT, BUCBITJIIOBATH Ta JOCIIKYBATU Pi3HI CETMEHTH PUHKY (Teorpa-
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¢iunnii, nemorpadivnuii, npodeciiuuii, opranizauiitHuil, TOBeAIHKOBHI ToOIIO0). BingcTexenHs BiqmoBigHoi iHGopMarii Moxke OyTH
BUKOPUCTAHO IS IPOTHO3YBaHHS MaiOyTHBOTO PO3BUTKY CIIOKHBYOTO MOMUTY i BUSIBIICHHS HOBHX TCHACHIIH y MOBEAIHII ICHYIOYHX 1
MOTCHIIHHUX KIi€HTIB. BUKOpHCTaHHS Te0iH(pOPMAIIHHIX CUCTEM BiKPUBAE ITUPOKI EPCTIEKTHBH [T IHKEHEPHOTO OOTPYHTYBaHHS
Ta MPOEKTYBaHHS HOBUX TyPUCTHYHHUX MapIUPYTIB i peKpeauiiiHuX 30H, BUJAHHSA TEMATUYHUX TYPHCTUYHUX KapT i CTBOPEHHS BeO-
amaciB Tolo. BcraHoBieHO, 1110 3aBIsKK 1HGOPMALIIHIM TEXHOJIOTISIM €IMHUIN TYPUCTHYHUH iHpOpPMAIiHHUN TIPOCTIp CTBOPEHHIA,
SIKMH JJO3BOJISIE BCIM TPABISIM TYPUCTUYHOIO PUHKY OIIEPaTHBHO OTPHMYBATH PealbHy iH(pOpMAILLiTo.

Knrouogi crosa: indycmpis mypusmy, inghopmayiiini mexnonozii, mapkemuneosi cmpamezii, mypucmudni KOMRAHii, mypucmuynii npo-

OyKm, 2eoiHhopmayitini cucmemu

Introduction. World tourism developed extremely
rapidly during the twentieth century and at the
beginning of the twenty-first century. In the second
half of the last century the number of inhabitants of
the planet that travelled increased from 25 to 700
million people. In 2020, the world is projected to have
1.5 billion international tourists (The Travel, 2017).
The UN, UNESCO and the WTO have identified the
21st century as a century of tourism.

Tourism, both international and domestic, is
a sphere of growing application of information
technologies (IT). The system of information
technology used in tourism consists of a computer
reservation system, teleconferencing systems, video
systems, computers, information management
systems, electronic information systems of airlines,
electronic money transfer, telephone networks, mobile
communications, etc. It should be noted that this
technology system is not created by travel agencies,
hotels or airlines, acting separately, but by all of them
together. Moreover, the use of each segment of the
tourism information technology system is important
for all other parts. For example, a hotel’s internal
management systems can be linked to computerized
global networks, which in turn provide the basis
for communication with hotel reservation systems,
which, in the opposite direction, may be available to
travel agencies through their computers. So, here we
are dealing with an integrated information technology
system that is distributed in tourism. It becomes clear
that the tourism industry is not served by computers,
telephones, and video terminals as separate units
— there is a system of interconnected computer
and communication technologies. In addition, the
individual components of the tourism industry are
closely interconnected — because many tourists
vertically or horizontally penetrate into each other’s
activities.

Considering the role of information technology
in the field of regional tourism, it should be
remembered that the proposed development and
tourism development plans should answer the
following questions: how should we assess the state
of the tourism industry and the main problems of its
development ?; which main areas of tourism are most
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in line with the interests of the region ?, where and in
what is it most effective to invest money ?; how can
we improve the image and increase the attractiveness
of a given region for tourists ?; how can we stimulate
the socio—economic development of the region
through the development of tourism ?

The purpose of the article is to reveal the

peculiarities of the use of modern IT in the tourism
industry. According to the stated goal, the following
tasks are foreseen: to outline the scope of application
of information technologies in the management of
subjects of tourism activity; systematize innovative
approaches to the marketing activities of tourism
enterprises with the use of various information
technologies; to substantiate the potentially
promising directions of IT implementation in the
activity of tourist enterprises; to determine the state
and preconditions of ensuring the quality of tourist
services in the context of application of information
technologies;
Material and methods of research. Analysis of
recent research and publications. Research on the
use of the latest information technologies in the
activities of tourism enterprises and tourism in
general was carried out by S.Arimov (Arimov, 2007),
B. Dmytryshin (Dmytryshyn and Tytarenko 2015),
V. Hudo (Hudo, 2000), T. Kupach (Kupach, 2015),
S. Melnichenko (Melnichenko, 2018), N. Pinchuk
(Pinchuk, Galuzyns’kyj, Orlenko, 2003), M. Skopen’
(Skopen and Sukach, 2010), Pease W. R. (Pease,
Rowe, Cooper, 2007), M. Meyerson, M. Scarborough
(Meyerson and Scarborough, 2008). However, the
research has only partly revealed the impact of
information technology on the development of the
tourism industry.

The development of the tourism industry
contributes to reducing unemployment in the regions
of Ukraine, to bringing a significant increase in
revenues to local budgets, and to the improvement
of territories. However, the development of tourism
in the regions of Ukraine is hampered by the poor
state of tourist infrastructure, lack of targeted policy
and socio—economic instability. Existing problems
of information provision of the tourism business on
the regional level could be solved through the use of
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planning and management of tourism information
systems (TIS) and geographic information systems
(GIS). An analysis of international experience in
the creation and operation of tourist and geographic
information systems shows that these systems can
be regarded as a sort of statistical package — an
indispensable tool in the regions’ tourism business
in planning, research and marketing. Thanks to
information technology, the tourism product becomes
more individual and flexible, and also more accessible
to each consumer.

Results and their analysis. Implementation of IT
in the tourism industry took place in several stages.
The first step was to «create data». Its main goal was
to increase the efficiency of operational activities of
travel companies through automation of processes
based on the use of information.

The second stage was the introduction of
“information management systems” and the
development of such information technologies that
would increase management efficiency by improving
the requirements for the organization of the transfer
of information.

The third stage was the use of systems of “strategic
information” that could increase the competitiveness
of the firm. Different types of integrated networks
were introduced to improve the direct activities of
travel agencies, as well as to establish links with
external organizations.

The fourth stage was the “stage of the networks”,
thanks to which networks were connected at all
levels: local, regional, city and global. The main
features of the phase — to increase the efficiency of
IT, reduce the size of equipment, reduce the cost of its
acquisition, increase reliability, the organization of the
interconnection of terminals located in different parts
of the planet. All this contributed to the fact that IT
began to play an important role in the activities of all
tourism organizations. As a result, all organizations,
regardless of their size, the proposed product and
geography, have undergone a serious process of
reorganizing their business.

Today, IT technology plays a major role in the
field of technical development of tourism, which is
determined by a number of specific IT properties
(efficiency and availability). One of the indicators for
assessing the competitiveness of the country in the
field of tourism is the “information communication
technology readiness” (ICT). It means rapid
development, involvement of a large number
of organizations, companies and countries, and
rethinking their concept of “provision of services”
to integrate constant communication into experience
(The Travel, 2017).

Today’s tourism is an industry in which the
collection, processing, use and transfer of information
is a vital component for everyday activities. In
tourism, services cannot be exhibited and considered
at a point of sale like any other manufactured or
consumer goods. Tourist services are usually bought
in advance and away from the place of consumption.
Consequently, tourism in the market is almost entirely
dependent on photographs, descriptions, means of
communication and information transmission.

Most tourism companies use standard software
(typically Microsoft software packages: Word, Excel,
PowerPoint, Outlook) as well as special software
(designed to automate the solution of specific, highly
specialized tourist business tasks) in their business.
Not all Ukrainian tourist agents use special software,
but they all use standard. The use of special software
can be achieved through: separate programs or
modules — “Tour Anketa”, “Tour Pilot”, etc.; typical
software systems — “TurWin MultiPro”, “Samo—
Tour”, “Self-travel agent”, “Master—tour”, etc. For
the successful functioning of the market, tourism
enterprises carry out marketing activities that have
recently become increasingly subject to automation.
In the information market there are various software
products for the computerization of marketing
activities, they are aimed at the process of automation
of the accumulation of survey results, planning and
development of a marketing strategy. The British
analyst company IDL conducted a survey of European
companies on the place and role of information
technology in today’s business. The most important,
according to 64% of respondents, is the expansion of
the use of IT to manage relationships with business
partners (Kostenko, 2004).

The most widespread software products among
domestic tourism actors, according to the results of
the Internet poll, are: TurWin MultiPro, Samo—Tour,
Self-Travel Agent, Master—Tour, Tour—client, Tour—
Manager LIGHT, Parus Travel Agency, Parus Hotel,
Parus Restaurant, BS Integrator, Epitome Enterprise
Solutions, OPERA Enterprise Solution, Hotel 3 and
more. The given automation systems allow users to
organize administrative processes and conditions of
operational activity at the enterprise by combining
the existing operations and individual application
packages into a single integrated process. In practice,
tourism enterprises can implement and gradually
automate certain functional groups of processes. The
specifics of the manufacturing processes of tourist
enterprises consists in designing routes and tours.

IT in modern tourism is a communication
centre that embraces various producers within the
tourism industry. It is the information, and not the
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goods, that provide a link between the producers
of tourist services. This information is about the
availability, cost and quality of these services. Real
payments are not transferred from travel companies
to suppliers, and commissions — from tour suppliers
to tour companies, only information on payments and
receipts is transmitted.

There is a system of interconnected
communication and computer technologies in the
tourism industry. All this makes it possible to consider
tourism as a highly integrated service (Titarenko,
Makarova, Dajntbegov, 2000).

Ability to work with information, collect, process
and make the only correct decision on it, developing
information standards today is the basis for successful
organization of tourism business. The importance of
IT in tourism is also determined by the fact that it
provides multiple productivity growth in the service
sector.

Today, the most important information systems
in the travel industry are computer reservation
systems. In the last decade, due to the increasing use
of computer reservation systems, they received a new
name — Global Distribution System, (GDS).

The basis of modern computer reservation
systems was laid in the 1950s. Due to the growing
popularity of air travel, there was a need for the
creation of global reservation centres by airlines, the
task of which was manual processing of airline ticket
reservations received by mail, telephone and telegraph
from tourist organizations and end- use customers.

Despite the large size and the large number of
staff, the reservation centers could not cope with the
growing volume of information. This served as an
impetus for the development of computer reservation
systems for major airlines.

The reservation systems provide not only
transport services, but also accommodation in hotels,
cruise trips, location information, bus, rail and air
connections, exchange rates, weather reports, etc.,
which allows users to reserve all major components
of the tour.

The reservation systems are a common IP that
provides the most important distribution networks
for the entire travel industry. Due to the existing
databases, travel agencies have access to information
on available services, cost, quality, arrival time and
departure for a number of tourist services from tour
providers. Today, the largest computer reservation
systems in the international tourism market are the
Sabre, Amadeus, Worldspan and Galileo systems.
Together, these systems account for approximately
500 thousand terminals installed in hotels around the
world, accounting for more than 90% of the market.
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Another 10% is occupied by regional reservation
systems, or those that are in the merger with one of the
above. Each element of the GDS though is global, but
has its distribution range. Thus, Amadeus and Galileo
are distributed in Europe, Saber and Worldspan — in
America (Dmytryshyn and Tytarenko, 2015).

Currently, there is a large variety of reservation
systems for tour operators and several typical
approaches to building a booking system for a tour
operator company (Pease, Rowe, Cooper, 2007,
Mel’nychenko, 2008, Gljebova, 2016). They can be
classified in this way.

1. Classic variant: step—by—step booking option.
Reservation of a tour or a separate service is carried
out step by step, for example, the first step is the
choice of a country, the second — the choice of the
resort (direction), the third — the choice of the intended
date of arrival, etc. Although the tourism industry was
changed two decades ago with the Internet, today
there is a second revolution in the tourism industry,
with the rapid growth of services provided through
mobile devices. In less than two years, the proportion
of online booking has grown rapidly from 9% to
almost 33% (The Travel, 2017).

2. Booking through the order basket: the travel
agent works with price lists. By creating a different
order basket (it may be travel packages and individual
services or service packages), these services can be
booked.

3. Reservation through a dynamic price list. with
the help of a set of filters, you can select the tourism
product that is needed, called the booking option this
is very popular for mass destinations.

4. Reservation of the tour through selection
(search) of the optimum price, or selection of a special
offer, or hotel selection, etc. With this booking option,
it is convenient to conduct a selection of tours based
on a set of search criteria, such as the name of the
resort, the hotel’s «star», hotel service, food, the
estimated range of prices, etc.

5. Reservations of cruises. In order to properly
select and book a cruise, a potential buyer should
receive a large amount of information — a description
of the cruise company, the cruise ship itself, its
scheduling, cabin prices, cabins, etc.

6. Booking of bus tours. Bus tours also have
specifics. As a rule, this involves tours with complex
routes in many cities and countries. In the booking
of bus tours it is necessary to show the exact route of
movement and real loading of the vehicle.

7. Reservation of sanatorium and spa treatment
facilities. In such systems, the main thing is to carry
out a qualified selection of a sanatorium based on
the medical indications and benefits of the patient.
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For proper selection of sanatorium and rehabilitation
facilities, it is necessary to indicate the list of
medical conditions and some specific data about the
patient (possible treatment time, place of residence,
recommended climate, etc.). To enable the client/
patient to make an informed selection, a large amount
of medical information about the sanatorium is
provided.

Today, tourism business management software
allows you to solve various tasks. Travel companies
that are seriously operating in the market of tourist
services will not be able to significantly increase their
productivity if they ignore the latest software in the
management of tourism activities. Conditionally, they
can be divided into six sections: customer service,
tours, directory support, payment management,
preparation of outgoing documents, service regimes.

The section “Tours” gives you the opportunity
to independently create tourist programs (transport,
accommodation, additional services) for travel
agencies or to enter the database of ready—made
tourist products. The client part of the program
provides an opportunity to organize a database of
tourists, to accept orders and calculate the tour price,
taking into account existing discounts. The accounting
section of the program allows you to automatically
generate all types of reports and payment documents
(expense and profit cash orders, invoices, etc.). The
software package also provides reliable work on the
local network, compatibility and organic use with the
programs of other developers. An integral part of any
computer agent program are reference databases.

These software packages provide functional
capabilities that allow one to quickly and efficiently
manage the travel agency, responding to the rapid
changes in demand and supply, and allow the best
results to be achieved in a short time.

Without the Internet it is impossible to imagine
the activities of travel agencies. The Internet is used
in virtually all major business processes within
the travel agency, from the search and attraction of
customers, as a communication and marketing tool,
to the formation of tourist products .It provides
a large amount of information needed by travel
agencies ,from the addresses of hotels and schedules
of flights to visa and customs rules , and offers from
domestic and foreign tour providers, and information
unlimited in scope — ranging from price lists to entire
catalogues. Information on the Internet is available to
users, agencies or clients 24 hours a day and 7 days
a week. The use of the Internet in the field of tourism
includes many other areas.

1. Obtaining access to the use of modern
communication systems, including e-mail, digital

telephony, etc., which significantly reduces the
cost to tourism enterprises for negotiation, business
correspondence, etc.

2. Possibility of creation and successful
application of internal—corporate systems for booking
their tours through the Internet. Travel agencies from
the tour database, located on the Internet, choose
one of the offers, enter their details and data on
tourists who are entered in the internal base of the
tour operator. The system automatically in real time
recalculates changes in prices for package tours, takes
into account non—standard placements, requirements
and other functions. In this case, the agency in real
time can trace the stages of passing the order, estimate
loading of hotels, flights, etc.

3. Obtaining different reference data, including
countries, tariffs, prices, weather forecasts in different
parts of the world and others in real time, which
contributes to the formation of a qualitative product
tour.

4. Getting access to global reservation systems.

5. Ability to create new marketing channels
for the promotion of tourism services, in particular,
the creation by firms of their own websites , which
will allow users to easily find information on
conditions at resorts, prices, services provided, more
detailed information about the organization of the
tour; feedback pages for tourists, forums (online
conferences), virtual tourist offices, e—commerce, etc.

6. Implementation of online multimedia
technologies, in particular directories and catalogues.
Multimedia is an interactive technology that provides
work with video, animation, text and soundtrack.
Tourist guides and catalogues are currently available
online. Electronic catalogues allow you to travel
virtually on the proposed routes, view these routes
in active mode, get information about the country,
objects of interest along the route, hotels, camp
sites, motels and other accommodation facilities, get
acquainted with the system of benefits and discounts.
In addition, these directories usually offer information
on the rules of registration of tourist documents,
tourist formalities, models of tourist behaviour
in extreme situations, etc. The client can plan the
programme of the tour itself, choose it according
to the given optimal parameters (price, system of
privileges, system of transport, season, etc.). When
using multimedia technologies, a potential customer
is promptly provided with information about any tour
of interest to him/her and this allows him to quickly
and accurately select the relevant tourist product.
Multimedia technologies are effectively used in the
field of advertising, PROMO and PR-technologies.

7. The rapid development of the Internet also
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affects the attitude of travel agencies to advertising.
For example, some travel agencies have begun to
reduce the volume of published newspaper ads,
preferring to place their own ads on the Internet. Big
advertisements in newspapers are now being squeezed
out by small ones, with the address of the information
page of the company on the Internet. The Internet
allows mass advertising campaigns at a minimal cost.
If you place commercial information in a popular
electronic edition, it will be available to people
around the world for a long time. For a small fee on
the Internet you can publish detailed information
about the company, its products and services, terms of
working with customers, etc.

The specifics of tourist services today is that they,
as a rule, do not acquire a real form. Accordingly, the
following conclusions should be made: the service
does not exist until it is provided, that is, the product
is created during the provision of the service. As a
result, it is impossible to compare two different
vendors offering identical services before receiving
them. Often the provision of tourist services requires
special knowledge and skills, which are difficult for
the buyer not only to evaluate, but sometimes to
understand . Therefore, tourists often seek to work
with one seller (Kotler, Boujen, Mejkenz, 2012).

The features of the market of tourist services,
the specific characteristics of the services themselves
and the peculiarities of their perception by consumers
determine the specifics of marketing in this area. The
main task of marketing is to help the client to evaluate
the company and its services. All tourist services, from
transport to intermediary, constitute a tourist product.
Thus, the tourist product represents any service that
satisfies those or other needs of tourists willing to pay
for it.

Along with the general indicators, the tourist
product has a number of distinctive features:

— it is a complex of services and goods (tangible
and intangible components) which is determined by
a complex system of relationships between different
elements;

— the demand for tourist services is extremely
elastic in relation to the level of incomes and prices,
but mainly depends on social conditions;

—theclient, as arule, cannot see the tourist product
prior to its consumption, and in itself consumption is
mainly carried out directly at the place of production
of tourist services;

— the client crosses the distance that separates
him/her from the product and place of consumption,
and not vice versa, and also depends on indicators
such as space and time;
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— the offer of tourist services differs in its
inflexible production, they can be consumed only
directly on the spot. The hotel, airport, recreation
centre cannot be moved at the end of the season to
another region. Travel services cannot adapt in time
to changing demand;

—atourist product is created by the efforts of many
firms, each of which has its own working methods,
specific needs and various commercial goals;

— the high quality of tourist services cannot
be achieved in the presence of even insignificant
shortcomings, since tourist service consists of these
very small details;

— the assessment of the quality of tourist services
is characterized by considerable subjectivity;

— significant influence on the consumer’s
assessment is made by people who are not directly
related to the package of services purchased (for
example, locals, members of the tourist group);

— the quality of travel services is influenced by
external factors which count as force majeure (natural
conditions, weather, tourism policy, international
events, etc.).

These specific features of the tourism product
have a significant impact on marketing in tourism and
its information component (Pinchuk, Galuzyns’kyj,
Orlenko, 2003). Tourist marketing is defined as the
identification of the most complete satisfaction of
people’s demand from the point of view of social and
psychological factors, as well as the identification
of the financially most rational way of dealing with
travel agencies, which allows one to take into account
the identified and hidden needs in tourist services
(Meyerson and Scarborough, 2008, Mazaraki,
Tkachenko, Mel’nychenko, 2013).

The use of IT, in particular the Internet, enables
businesspeople and marketers to explore new market
opportunities for their travel services, to highlight
and explore various market segments (geographic,
demographic, professional, organizational,
behavioural, etc.). Tracking relevant information can
be used to predict the future development of consumer
demand and identify new trends in the behaviour of
existing and potential customers.

The main feature of the e-commerce market is its
interactivity. The manufacturer can at any time find
out the user’s opinion about the consumable product
or service, process the received information and make
a decision. This allows the manufacturer to flexibly
change its own marketing policy, depending on the
circumstances (for example, fluctuations in demand)
(Ponomarenko, 2002).

The Internet opens up to travel agencies not
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only the ability to effectively organize feedback
and to quickly investigate current demand, but also
flexibly change marketing plans depending on the
circumstances. The Internet under present conditions
has become an independent tool for finding fresh
marketing information that far exceeds the usual
media. In addition, the use of the Internet greatly
reduces overheads on the promotion of goods and
services while reducing the risk of investment.

Internet marketing interacts with a set of
subsidiary industries that include not only banner
advertising and public relations, but also study the
demand of the consumer audience, the development
of algorithms for the formation of high—efficiency
advertising campaigns, the means of correct
positioning of the trademark in the market, the
technology of electronic commerce. This allows
Internet marketing to rapidly evolve and influence the
development of the tourist industry (Gljebova, 2016,
Meyerson and Scarborough, 2008).

If the company is sufficiently diversified, then it
will be able to penetrate into new business spheres
with the help of the Internet before others, instead of
trying to compete within their current business.

A growing role in effective promotion of tourist
products on the market of tourist services is played
by geographic information systems. Application of
geoinformation systems and technologies means
the transition to a new, more qualitative level of
management, planning, design and operation of
complex tourism industry systems. Therefore, the
introduction of GIS in the tourism sector is a topical
issue of the entire territory of Ukraine. The legal
basis for this is the Law of Ukraine “On the National
Program of Informatization” of 04.02.1998, by which
geoinformation systems are classified as the main
category in the implementation of the programs of
informatization of Ukraine (Zakon, 1998). GIS is
defined as an automated information system designed
to process spatio—temporal data, the basis of which
integrates geographic information (Vysochan, 2011).
Thus, GIS is defined as an organized set of certain
complexity of equipment, software, specially created
geographic data and personnel, forming a special
complex, intended for the effective input, storage,
updating, processing, analysis, and visualization
of all types of geographically oriented information.
The entire variety of GIS functions can be grouped
into categories, among which the most significant
are the following: data collection and input; their
correction and storage; restructuring, generalization,
transformation; request, analysis (calculation);
presentation of results.

Using GIS, the following functions are carried
out:

— creation of a universal basis (geographic
database) for the organization of various types of
information necessary for the study of the situation,
for research or for management in a particular region;

— a tool for displaying the dynamics or for
predicting the functioning of complex natural and
man-made phenomena and as a reference and
information system,;

— GIS is an important tool in modeling or for
the creation and use of knowledge bases and expert
systems.

Structurally, GIS is a complex, organized system
that includes the following components:

1) data management (in the project it is important
to determine the general organization of the system,
provide the necessary staffing, choose the nature of
administration);

2) data collection (determining moment — types
of data sources and their exchange formats);

3) entering and storing data (it is necessary to
find the most accessible ways of transferring all data
into a digital form);

4) search and analysis of data (enough to perform
standard model—analytical operations);

5) using (creation of the user interface);

6) information output (mathematical and
cartographic modeling and generation of maps in the
given form).

To work in the tourism business you need to have
information about:

— natural conditions for the organization of
specialized types of tourism and recreational activities;

— excursion potential of cities and administrative
districts;

— features of the hotel industry, transport and
other tourism infrastructure;

— provision of tourism personnel;

— opportunities, problems and conditions for
provision of basic and additional services in the field
of hospitality.

It should be noted that specific indicators are
determined by the peculiarities of the recreational
resources of the territory.

From the list it becomes clear that even the
minimum necessary set for creating the optimal
combination of goods for the implementation of
tourism or the process of providing optimal forms of
targeted services and services in the organization of
recreation will not be successfully completed without
GIS projects.

In the field of tourism, recreational activities and
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hospitality industry it is expedient to develop GIS
projects for solving the following tasks:

1) inventorising of natural and socio—economic
resources and assessment of their degree of use in
tourism and recreation;

2) monitoring of the state of the environment
(biotic components) and revealing the scale (reasons)
of its transformation as a result of recreational activity
and tourism;

3) development of strategic programmes and
specific plans for managing resources, objects,
territories in the short and long term;

4) information support for regional sustainable
development projects.

The advantage of GIS is determined by the visual
representation of hundreds and thousands of digits,
dozens of geographical names, easy access and basic
topographical and socio—economic information in
understandable images. With the help of GIS, it is
possible to introduce geographic analysis functions in
the process of development of prospective tours and
organization of recreational zones with the service
of a wide range of requests — from the calculation of
time and the offer of optimal segments of a tourist
trip to the preparation of a seasonal route sheet and
the schedule of an agreed order and the use of charter
flights from different companies and states (Mihjejev,
Noskova, Chudakolov, Ju., 2015).

The use of GIS allows us to rationally justify the
choice of the necessary information technologies and
their competent use in the work of any tour company,
which can significantly increase competitiveness,
reduce the complexity of routine work, accelerate
the processes of obtaining and providing information
necessary both when working with partners and
customers, as well as when making managerial
decisions.

Thus, the use of the Internet provides the
formation of a single tourist information space in
which all players in the tourist market (tour operators,
travel agencies, clients) have the opportunity to place
or select the necessary information in real time, with
the essential factors being «clarity» and «truth» This
information is for everyone, that is, all information
should be treated equally. Information should reflect
the real state of affairs.

Conclusions. Information technology creates a single
tourist information space, which enables clients to
create their own tours without the participation of
travel companies, significantly saving their financial
resources. On the basis of the above, we can conclude
that with the increase in the volumes, quality and
diversity of digital spatial information, the role of
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geoinformation systems and technologies as the
main tool for visualization, search and analysis of
information when making various management
decisions will increase. The high degree of
development and application of IT makes it possible
to effectively organize not only the work of tourist
organizations, but also to carry out its certification.

Automation of the information management
process helps to ensure a qualitatively new approach
to management decisions. Thus, in the current market
conditions, with the increase in the volume of tourism
receipts and increasing competition, the subjects of
tourism activity depend on effective management,
which is impossible without the use of modern
IT, providing a quick response to customer needs
and maximum satisfaction, in accordance with the
requirements of enterprise flexibility, orderliness and
consistency of operations.
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Accepted: 26.05.2019 kind of risk can be classed as a complex risk level of hazardous facilities or territories. This

study determines the boundaries of territorial risk distribution with defined levels of danger.
The practical implementation is reflected in the web-based geographic information system (web-GIS) for displaying environmental
information in Donetsk and Luhansk regions in real time. The research defines an opportunity for further practical application of this
development considering the military conflict in the Donbas. The Donbas Environmental Information System (DEIS) is an interactive
map of Donetsk and Luhansk Regions. It was developed within the framework of the Project “Environmental Assessment and Recovery
Priorities for Eastern Ukraine” by the OSCE Project Co-ordinator in Ukraine upon the request of the Ministry of Ecology and Natural
Resources of Ukraine. The supporting of the system is carried out by the State Ecological Academy of Postgraduate Education and
Management (DEA) of the Ministry of Ecology and Natural Resources of Ukraine, in particular the Center for Environmental and
Resource Restoration of the Donbas within the framework of the Project of the OSCE Project Co-ordinator in Ukraine “Assisting the
Ministry of Ecology and Natural Resources of Ukraine in improving environmental monitoring mechanisms”.The main task of this
study is to implement the software for collecting, processing and visualization of the information about the environment and factors that
may affect it. This will make it possible to increase the effectiveness of environmental management in order to meet the environmental
safety requirements in Donetsk and Luhansk regions.
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IoTeHuiiiHMA TePUTOPIAILHUIA PU3MK HA CXOII YKpaiHu

B.M. €pmaxos, O.B. Jlynsosa, [I.I. Asepin

Jlepoicasna exonoeiuna akaoemis nicisoiniomuoi oceimu ma ynpaeninus, Kuis, Oksanalunova@gmail.com

AnoTanisi. J{ociipKeHHS 30CepePKCHO Ha OLIHIII TOTSHIIIHHOTO TePUTOPIaNbHOTO PH3KKY Y CX1HIN yacTHHI Ykpainu, e BiiCbKOBHI
KOH(ITIKT TPUBAE BXKE 1T’ ITh POKiB. Takuii BHI pU3HKY MOXKE CITy’KUTH KOMITJIEKCOM PiBHS PU3HKY HEOE3MeuHIX 00’ €KTiB 200 TEPUTOPIii.
JlocmimpkeHHs BU3HAUYa€ MEXI1 TOMUPEHHS TEPUTOPIaIbHOTO PU3KKY 3 TIEBHUMHU PiBHSIMHU HeOesnekn. Po3pobieHo BeOG-opieHTOBaHY
reoindopmariitny cucremy (Be6-I'IC) must BimoOpaxkeHHs exonoridnoi iHpopmanii ctocoBHo onenpkoi Ta JlyraHcbkoi obnacrteil B
peaibHOMY Yaci 3 ypaxyBaHHSIM 30pOWHOr0 KOHQIIKTY. 3AifICHEHO eKCTIEPHUMEHTAbHI JOCIIKeHHS 11 poOoTH y chepi TecTyBaHHS
IIporpaMHOro 3ade3nedeHHs. Bia3HaueHO NMEepCreKTUBH MOAAIBIIOrO IPAKTHYHOIO 3aCTOCYBAHHS JAHOI pPO3POOKH 3 ypaxyBaHHSIM
BiliCbKOBOTO KOH(QIiKTY Ha [loHOACi, BEMUKHII BHECOK y 3a0pyIHEHHS TEXHOCKOCHCTEMH MOXKE BHOCHTH SK MiANMPUEMCTBA, TaK 1
MPOIYKTH 3rOpsHHS Tichs OoifoBux niil. Indopmaniitna cucrema poBkimis Joubacy (DEIS) —ie iHTepakTiBHA Kapra JloHEenpKoi Ta
Jlyrancekoi oGnacteil. Bona po3po6ieHa B pamkax nmpoekTy «OIiHKa MIKOH, 3aBAaHOI JOBKIUTIO Ha CXOA1 YKpaiHM» Ha 3aMOBJICHHS
MinictepcTBa ekosorii Ta mpupogHux pecypciB Yipainu Koopaunaropom mpoektie OBCE B Vkpaiui. [Toganbiie HanmoBHEHHs Ta
PO3BUTOK CHCTEMH 3[IHCHIOETHCS B pamkax npoekty Koopanuaropa npoekriB OBCE B Ykpaini «/lonmomora MinicTepcTBy ekoorii
Ta MPUPOAHHX pecypciB YKpaiHM B yOCKOHAJIEHHI MEXaHi3MIB MOHITOPHHTY JOBKULID JlepikaBHOIO €KOJIOTITHOIO aKaIeMi€ro Micis-
JUIDIOMHOT ocBiTH Ta ynpasiuinas (JJEA) Minnpupoau, 30kpema LieHTpoM exonoro-pecypcHoro BigHoBIeHHS [JoHOacy. OCHOBHHM
3aBIaHHSIM € BIIPOBAKECHHS B IPAKTUKY MPUPOLOOXOPOHHOI JisTTBHOCTI OpPraHiB Aep>KaBHOI BIAaIH MPOTPAMHOTO 3a0€3MeUeHHS 0RO
300py, HAKOIMYEeHHs, 00POOKH Ta NpecTaBIeHHs iHGOopMaLlil PO CTaH JOBKIUISL Ta YMHHUKH, SIKi MOXKYTh Ha HbOTO BIUTMHYTH JUTS
HiJBUIIEHHS e()EeKTUBHOCTI YIIPABIIHHS IPUPOJIOOXOPOHHOIO MisUIBHICTIO Ta JOJIEP)KaHHS BUMOT €KOJIOTiuHOT Oe3nekn y JloHelbKii
Ta Jlyrancekiit o0nacTsx.

Kniouogi cnoea: exonoziuna 6e3nexa, ceoingopmayivina cucmema, ingopmayitina cucmema 006Kkinna Jlonbacy, HaAGKOIUWHE
cepedosuuye, giticokosuti kougaixm, OBCE, monimopune 008xinisa, 8ionosnenus [Jondacy, mexnoexocucmema
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Problem statement. Currently the functioning of
the state environment monitoring system in Ukraine
is substantially ineffective. There are many scientific
publications focusing on a certain approach aimed at
modernizing the existing environmental monitoring
system,which can be applied for the coal enterprises
of Ukraine, and in particular for the Donbas . On the
other hand, they are too conceptual or merely related
to the engineering component of the problem, such as
the development of software and hardware measuring
equipment. The aformenetioned conditions require a
fundamentally new approach towards to improving
the information technology system and its structure
for further obtaining, processing and visualization of
the data about the quality of the environment.
Identification of the remaining challenges. Cur-
rently, is it especially relevant to implement the envi-
ronmental information systems and software products
using the geoinformation technologies and web-
technologies to take prompt decisions on monitoring
tasks. Web GIS is a geographic information system
which is based on web technologies and enables one
to combine the individual components of environmen-
tal features in on-line maps. Web-based GIS services
provide access to spatial data, processing, analysis,
search and visualization. In particular, the mapping
services allow maps to be displayed; geo-processing
services make it possible to simulate the spatial rela-
tionships between features and analyse them. Consid-
ering the functionality, it can be concluded that web
GIS is almost equal to the desktop GIS systems: the
ultimate users have the tools enabling them to add,
edit, analyze and search information, use various
maps, assign geographic coordinates of features, etc.
To use web-based GIS, it is not necessary to have any
specialized software or specific qualification - just a
web browser (Firefox, Google Chrome, Safari, etc)
and a stable Internet connection.

While exploring the pollution level of the Donbas
the main interest was focused not on the pollution of
a city or district but on the research on each single
pollution source, which are not obtainable from the
government agencies involved in the environmental
monitoring system. Currently, taking into account the
military conflict in the Donbass, a huge contribution
to the pollution of the techno-ecosystem can be
made both by industrial enterprises and combustion
products resulting from combat operations.

The Donbas Environmental Information System
(DEIS) is an interactive map of Donetsk and Luhansk
Regions. It was developed within the framework of
the Project “Environmental Assessment and Recovery
Priorities for Eastern Ukraine” (2017) by the OSCE
Project Co-ordinator in Ukraine upon the request of

the Ministry of Ecology and Natural Resources of
Ukraine. The supporting of the system is carried out
by the State Ecological Academy of Postgraduate
Education and Management (DEA) of the Ministry
of Ecology and Natural Resources of Ukraine, in
particular the Center for Environmental and Resource
Restoration of the Donbas within the framework of the
Project of the OSCE Project Co-ordinator in Ukraine
“Assisting the Ministry of Ecology and Natural
Resources of Ukraine in improving environmental
monitoring mechanisms” (2018-19).

Scientific objective of the paper: The paper is aimed
at researching and discovering the potential territorial
level of risk in the East part of Ukraine, in particu-
lar in Donetsk and Luhansk regions, where combat
activities are taking place. The objective is achieved
through the analysis, comparison, combination, and
prioritization of various factors which might have an
effect.

Practical objective of the paper: To develop and
implement software allowing collecting, processing
and visualization of the information about the
environment and the factors that may affect it. This
will help increase the effectiveness of environmental
management and as a result help to meet the
environmental safety requirements.

Methodology section of the paper. The complex
risk measure characterizing a dangerous facility or
territory (in our paper it is the East part of Ukraine)
is a potential territorial risk — the spatial probability
distribution (or frequency) of the negative impact of
a certain level.

In the works (Lysychenko G.V., 2008, Kachins-
kiy A.B., 2001; Rudko G., 2016, Bilyavsky G.2006,
Shmandiy V.M., 2013) territorial risk is defined as
“the probability of dying of a person who is located
in a given place of space from potential sources of
danger.”It is assumed that the conditional probability
of the object of impact in a given place of space is
equal to 1 (a person is at a certain point of space
throughout the period of time under consideration).

The potential territorial risk determines the
potential of the maximum possible risk for specific
objects of impact, located at a certain point of space.
The potential territorial risk can vary in a wide
range. We consider potential territorial risk as an
intermediate level of danger, which will be used to
assess the individual and/or social risk of technogenic
emergencies in the future.

In the simulation of hazardous man-made
processes for assessing the risk associated with the
release of hazardous substances, the potential territo-
rial risk at a given point (x, y) is determined by the
formula:
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R.(x,9) = 3. P(A)P,(x,y)P(L),

where R (x, y) — potential territorial risk; P (4) —
probability of an accident in scenarios i; Pyx,y) -
probability of realization of j-th mechanism of impact
at point (x, y) for the accident script i; P(L) - the
probability of case of dying (or disease) from realiza-
tion of the mechanism of impact j.

In practice, as arule we often know the distribution
of potential territorial risk for individual sources of
danger and for individual accident scripts.In this case,
the probability of an event initiating an accident is
often assumed to be equal to 1. Consequently, the
potential territorial risk is defined by the probability
(or frequency) of the negative result of implementing
the mechanism of impact at the point of the territory
where the emergency occurred (Fig. 1 - Donetsk and
Luhansk regions, located in the East of Ukraine).

Within the framework of cooperation, the
Ministry of Environment and Natural Resources of
Ukraine, the OSCE Project Coordinator in Ukraine,
and the State Ecological Academy of Postgraduate
Education and Management are focused on provid-
ing the accuracy and completeness of information.
However, they are not responsible for the reliabil-
ity of data, which were obtained from open sources.
Informational messages obtained from such unoffi-
cial sources can be used for analysis and for further
research (Shapar A.H., 2015; Bondar O.I., 2018;.
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Bondar O., 2017; Ulytsky O., 2018; Ulitskiy O.A.,

2018; Denisov N., 2017).

The information under control and observation is

shown on the right in Fig. 1.

e Elements of the Nature Reserve Fund (Fig.
1). The system contains 147 items of the NRF
of Donetsk region and 195 items of Luhansk
region with a brief description of infringements
recorded since the beginning of the fighting. The
information regarding the majority of described
items is obtained from official archives. On the
other hand, the information concerning the in-
fringement at any particular element of the NRF
has been recorded based on unofficial sources.

e FElements of industry and critical infrastructure
(Fig. 2). The locations of industrial elements and
critical infrastructure are determined using the
Earth remote sensing data.lt is known, that such
data are not very accurate, so their position on the
map is approximate. All the objects are divided
into 8 different categories.The list of objects is
not full and merely displays those of them where
any accidents caused by the fighting have taken
place.

e Disruption of working processes at infrastructure
objects (Fig. 3).Such information s collected from
open sources (reports of the National Security and
Defense Council of Ukraine, reports of the OSCE
Special Monitoring Mission to Ukraine, media
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Fig. 1. Map of Donetsk and Luhansk Regions presented in DEIS involving the elements of the Nature Reserve Fund (NRF)
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Fig. 3. Map of Donetsk and Luhansk Regions in DEIS involving the elements of critical infrastructure and disruption of working
processes

reports). In the process of information base for- the further involvement of additional sources
mation, the primary analysis and sampling were and data verification methods.The information in
undertaken. At the same time, the open source the section is divided into two categories - the
data need to be verified. The information can be official reports of the national departments and
used for analytical and research purposes, with the data from the open unofficial sources.
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Dnipro obl.

Environmental risks (Fig.4). Environmental
risks of critical infrastructure elements were
determined on the basis of peer review, taking
into account information about the type of
activity and location.

Monitoring of atmospheric air (Fig. 5). Data on
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the quality of atmospheric air comes from automated
measurement stations and are provided by the
Department of Ecology and Natural Resources of
Donetsk Region State Administration. The system
contains 7 monitoring stations for atmospheric air
(20 indicators). The data from automated stations are
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Fig. 5. Map of Donetsk and Luhansk Region in DEIS involving the areas of territorial risk
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updated on daily basis. the indicators of danger.

Surface water monitoring (Fig.5). Data on the Environmental monitoring involves monitoring
condition of water surface is provided by the Siversky- the environmental status, assessing the capacity
Donets Basin Water Resources Administration of of the environmental impact and predicting the
Ukraine. The system contains the monitoring data consequences of its results for human health and the
on the condition of water surface of the Siversky environment (Mossner,2001; Ulanowicz, 2004).
Donets river basin since 2000. The number of data Critical infrastructure elements can be considered
sets depends on the period selected and the operating aspermanent sources of environmental pollution. Their
conditions. This section also includes data from 2 emissions must be monitored by an automated system
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automated stations of the Department of Ecology providing the real-time environmental data. Currently
and Natural Resources of the Donetsk Regional State , considering the ongoing military operations , this
Administration. is difficult to achieve. Automated control systems

Table 1 shows the legend of the interactive map must necessarily become basic in cities and industrial
of Donetsk and Luhansk regions in DEIS involving centers (Malymon , 2009; Loreau, 2002; Balvanera,
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Table 1. Symbols on the map of Donetsk and Lugansk regions in DEIS involving the hazard indicators

Sampling points

@ Sampling points of the OSCE Project Co-ordinator in Ukraine

@ Sampling points of other organizations

Stations to monitor atmospheric air and surface water

® Stations of air quality monitoring of Donetsk Regional State Administration

® Stations of surface waters’ quality control of the Seversky-Donets Basin Water Resources Administration

@ Closed stations of surface waters’ quality control of the Seversky-Donets Basin Water Resources
Administration

Elements of nature reserve fund and elements of critical infrastructure

] Territories of elements of nature reserve fund

Elements of the metallurgical industry

Elements of the chemical and coke industry

Elements of the mining industry

Elements of the machine-building industry

Elements of the energy industry

Elements of water supply and drainage

H & “w HE DN

Other elements

Environmental risks

Maximum risks

Minimal risks
Infringement at the elements

> 20
11-20
6-10
2-5

Surface waters

Rivers

—_— Channels

Water elements

Transport infrastructure
Highways
Railways

Territories
Settlements

Industrial elements

Forest

Borders
= State border
Borders of the regions

Boundaries of districts

Line of delimitation

2006; Dzhygyrey, 2007; Lavryk, 2002; Talanchuk, graphic report for a coal mining enterprise (Fig. 6a)
1991; Maslov, 2005). and see the level of its flooding (Fig. 6b)
For example, using this system, you can obtain a You can also obtain a quarterly report on the of
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Fig. 7. Quarterly report on the state of the environment in the East of Ukraine

the air condition, water surface, about infringements
of the critical infrastructure elements, flooding of
mines in the eastern part of Ukraine (Fig. 7).

During the analysis of the risks affecting the
emergency situations, we identified: a) equipment/
plants where an accident is likely to occur and which
have the highest emission of hazardous substances;
b) the enterprises where accidents have the highest
probability of occurring and from which hazardous
emissions can affect the nearby territory as well; ¢)
the zones of the highest pollution, their type, and level
of possible negative impact; d) facilities which appear
in such zones and should be under permanent moni-
toring (high priority monitoring).

The safety assessment of each facility which is in-

cluded to the list of high priority monitoring involves
analysis of the technological environment, presence
of dangerous substances, their chemical, physical,
thermophysical and other properties, which reflect
the danger level. During the analysis we estimated
a) the probability that dangerous substances can be
released and enter the atmosphere; b) the probability
that dangerous process can occur within equipment,
pipelines, including uncontrolled reactions.

From a safety point of view, the main emphasis
is focussed on humans. As elements of the ecosystem,
where the impact of accidents is possible the fol-
lowing components, should be considered: flora and
fauna; air; water (rivers, reservoirs, groundwater, sea
water); land; other features of influence.
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Conclusions. The authors have studied and de-
termined the boundaries of the territorial risk zones
distribution, which are divided into several levels
depending on the potential danger.

The information regarding the potential risk dis-
tribution and population density in the researched
area gives a quantative estimation of social risk. In
order to obtain this, it is required to calculate the num-
ber of people affected in accordance to each possible
scenario of accident and hazardous source, and then
define the frequency of such events F, which would
affect N and more people. As a result, the criterion
of the possible risk will be defined not by the number
of the singular event, but the curve built based on the
various accident scenarios taking into account their
probabilities.

The main idea of DEIS system development and
support is to create a complex hierarchical structure
enabling users to collect, process, store and sort the
information. Such interaction will allow a permanent
estimation to be made of any emergency cases, and,
based on information support, a quick decision to be
made focusing on providing a environmentally safe
environment.

To ensure that the results of mathematical model-
ling can help in making decisions in a given situation,
they should be transmitted into GIS and website on-
line, and likewise, the data from GIS should be recog-
nized and used in the mathematical modelling calcu-
lations. Such interaction will allow the best possible
outcome to be obtained from monitored and modelled
data, and, further, allow the area of GIS application to
be extended.
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The prediction of ground water recharge of landslide areas in Dnipropetrovsk region
G.P. Yevgrashkina!, T.P. Mokrytskaya!, M.M. Kharytonov?
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Received: 03.05.2019 Abstract.The forecast of groundwater level together with the observation network of wells
Received in revised form: 08.05.2019 are important and mandatory components of hydrogeological monitoring. The reliability
Accepted: 13.07.2019 of predictive calculations is achieved by reasonable definition of boundary conditions

(inverse hydrogeological problem), correct calculation of hydrogeological parameters
(inverse problem), and reasoned choice of methods (inductive problem). The classical forecast of the level regime of groundwater is
a direct hydrogeological problem.The calculated dependences are proposed for four variants of hydrogeological conditions in relation
to landslide-prone areas. The first and second variants are watered ravine with boundary conditions of the first and second kind.
The third option is a special case of boundary conditions of second kind “impermeable boundary”. The fourth option considers the
periodic watercourse formation in the water intervals of the time climate series. A comparative analysis of four hydrodynamic schemes
“infiltration band” in unlimited and semi-bounded layers and half-plane is performed under the same conditions to estimate the error of
schematization. Significant differences in the calculation results confirm the need for a clear choice of the design scheme. A method of
accounting for evaporation from the groundwater surface lying above the critical depth was proposed. This scientific approach allows
accurate and detailed characterization of the average monthly groundwater regime in the course of a year. Multivariate calculations
allow us to assert that the main mode — forming factor at the depth of groundwater below the critical depth is infiltration replenishment.
Evaporation is a negative component of the water balance. Its value depends on the depth of groundwater, lithological composition of
the host rocks, vegetation cover and complex climatic factors. Accounting for the evaporation of ground water in the forward estimates
is required if they lie above the critical depth. The critical depth for the territory of Dnipropetrovsk region is assumed to be 2.0 m.
At this depth of groundwater level from the earth’s surface, the evaporation rate is zero. The maximum evaporation or evaporability
corresponds to the position of groundwater at the surface of the earth. The maximum evaporation is 800 — 820 mm for Dnipropetrovsk
region.The evaporation value increases inversely with the depth of its occurrence from the surface of the earth when the rise of the
groundwater level occurs above the critical depth. The process of changes in the groundwater level in the unsteady filtration regime
is described by two-dimensional differential equations of the second order in partial derivatives of parabolic type. This equation has
analytical partial solutions for all considered variants of boundary conditions with regard to the problems of meliorative hydrogeology.
It is possible to transform correctly to hydrogeological conditions of landslide slopes using numerical forecast.Infiltration nutrition
indices were calculated by comparing the monitoring data with the values of evaporation through the soil surface.

Keywords: groundwater, forecast, level, hydrodynamic schematization.

IIporuo3 piBHEBOI0 peKMMY IiI3eMHUX B0/l 3CyBOHeOe3edyHNX TepuTopiid B /[HinponeTpoBebKii
o0Jacri

€srpamkina ['I1.", Mokpuieka T.I1.!, Xaputono M.M.?

UTninposcokuil nayionanvnuil ynisepcumem im.Onecs Tonuapa, Juinpo, Yxpaina, mokritska@i.ua
2 JTHinposcokutl 0epacasHuil azpapHo - eKoHoMiunull yHieepcumem, [ninpo, Yipaina

Anoranisi. [IporHo3 piBHEBOTO peXMMy IiI3¢MHHX BOJ BiIIOBIIHO JaHHX CIIOCTEPEIKHOI MEPEKH CBEPIIOBHH € BaXKIHMBOIO 1
000B»S3KOBOIO CKJIQJIOBOIO T1IPOTCONOTIYHOTO MOHITOPUHTY. Y KOMIUIEKCI 3 1HIIMMHU IOCHTIIKCHHAMH TaKi CIIAaHOBaHI TpUBAaJi
CIIOCTEPEKECHHS € HAyKOBUM IIAIPYHTAM €(EKTUBHUX NTPUPOJOOXOPOHHHX 3aXOAiB TiIPOreoIoriyHoT CipsMoBaHoCTi. JJ0CTOBIpHICTH
IIPOTHO3HUX PO3PAXYHKIB JOCSITAETHCSI BU3HAYCHHSIM IPAHUYHHUX YMOB (3BOPOTHA TiIPOTe0IIorivHa 3a/1a4a), KOpeKTHUM PO3PaxyHKOM
TiIpOTreosIoTiYHIX MapaMeTpiB (iHBepciiiHa 3a/1a4a), OJJHO3HAYHO apryMEHTOBAaHUM BHOOPOM METOIB pilleHHs (IHIyKTHBHA 3aja4a).
KitacnuHuii mporHo3 piBHEBOTO PEKMMY MiA3EMHHX BOJ BHKOHYIOTH DIIICHHSM NpsAMOi rimporeonoriuHoi 3agadi. s 40THPHOX
BapiaHTIB TiJPOTEONIOTIYHUX YMOB 3alPOIIOHOBAHI PO3PaxXyHKOBI 3aJE€KHOCTI CTOCOBHO 3CyBOHeOe3meyHuX Tepuropiid. [leprmit
1 Ipyruil BapiaHTu - 0OBOJHEHA Oalika 3 TPAaHWYHUMH YMOBaMH MepIuoro i apyroro poay. Tpetiif BapianT mepen0Oauae okpeMuit
BUII4/I0K IPAHUYHOI YMOBH JIPYTOro pPOAY «HEHNPOHHKHUI KOHTYp». UeTBepTHil BapiaHT pO3IIIsaac MepiofnuHe yTBOPEHHS BOAOTOKY
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y BOJHI IHTEpBaJIM YacOBOrO KJIIMAaTHYHOIo psay. sl OiHKM NMOXMOKM cxeMaTu3allii BUKOHAHMIT MOPIBHSUIBHUI aHali3 4OTHPHOX
T1IPOANHAMIYHHX CXeM («cMyTa iH(IIBTpanii» B HeOOMeKeHOMY 1 HaBMIBOMEXXECHOMY IIIIACTAaX Ta HABITIBILIOIIMHI B ITUX XK€ YMOBAX).
CyTTeBi po30KHOCTI Pe3yNbTaTiB pPO3pPaxyHKIB MiATBEPIKYIOTh HEOOXIAHICTH OJHO3HAYHOTO BHOOPY PO3PAXyHKOBOI CXEMHU.
3anpomnoHoBaHa METOIMKA OOJIIKY BHIIAPOBYBAHHS 3 IIOBEPXHI IPYHTOBUX BOJ, IO 3aJSTA0Th BHUIIE KpUTHYHOT nOuHU. L MmeToanka
JI03BOJISIE OXAapaKTEPHU3YBATH CEPEIHbOPIYHMI PEXKUM MiJ[3eMHUX BOJ 1 MPOTATOM poKy. baratoBapiaHTHI po3paxyHKH J03BOJISIOTH
CTBEP/PKYBATH, 110 TOJOBHUI PEKUMOYTBOPIOIOUM (aKTOp MpU MOWHI 3asiraHHs! MiI3eMHUX BOJ HIKYE KPUTUYHOIT NIMOUHU Lie
iHQinsTpariliHe sKUBICHHS. BUIApoByBaHHS € HEraTHBHOK CKIAIOBOK BOAHOIO Ganacy. Moro BemMuMHA 3a1€KUTh Bif DIHOHHH
3aJIATaHHs MiJ[3MHUX BOJI, JTITOJIOTIYHOTO CKJIa [y BMIIIyIOUMX IOPiJI, POCINHHOTO TOKPHUBY 1 KOMILIEKCY KJIIMATHIHUX (akTopiB. Ko
IPYHTOBI BOJM 3aJITAI0Th BUILE KPUTHYHOT NIMOWHM, TO 00K X BUIIAPOBYBAHHS IIPH IIPOTHO3HHUX PO3paxyHKax € 000B’sI3K0BUM. J[iist
TepuTopii micta [ninpo i J(HimponeTpoBcrKoi 00macTi el BaKIMBUIA MapaMeTp B HAIIUX po3paxyHKax crtaHoBus 2,0 - 2,2 m. [lpu
TaKii IMOMHI 3ajsAraHHs PiBHS IPYHTOBUX BOJ Bijl IOBEPXHi 3eMJIi BUTpaTa IX Ha BUIIAPOBYBAHHS JOPIBHIOE HYIIO. MakcumasibHe
BHIIapOBYBaHHsI ab0 BHIIAPOBYBAHICThH BiJIOBiJga€ 1X 3HIKCHHIO OLIs MOBEPXHI 3eMili i Jus perioHy cepemnboro IIpuaHinpos’s
cranoButh 800 - 820MmMm 3a pik. Poie BHIIapoByBaHHS 3pocTac 0OEpPHEHO MPONMOPLIIfHO MIMOMHI IX 3ajsTaHHs BiJ MOBEpXHI 3eMili,
KOJU MiHOM piBHS IPYHTOBHX BOJ BiJOyBAa€THCS IPH IX 3aATaHHI BHINE KpUTHYHOI mHOMHU. [Ipomec 3MiHM piBHS IPYHTOBUX BOJ
B HECTAIlIOHAPHOMY PEKUMI (PUIBTpaLlil OMMUCYETHCS TBOBUMIPHUMH T (EpeHIiaTbHIMHI PIBHIHHAMH JPYTOTO TOPSIKY B YaCTKOBHX
MOX1THUX MapabonigyHoro Tuiy. JlaHe piBHSIHHSA Ma€ aHATITUYHI YaCTKOBI PIIICHHS AJIS BCIX PO3IIIHYTHUX BapiaHTIB IPAaHUYHHUX YMOB
CTOCOBHO JI0 3aBJjaHb MEJIIOpaTHBHOI rigporeosnorii. MOXI/INBUM € KOPEKTHE MEPETBOPEHHS y TiPOreooridHi yMOBH 3CyBHHX CXMIIIB
3 BUKOPHCTAHHSIM YHCEJILHOTO NPOrHO3y. [TopiBHAIBHUN aHANi3 PO3PaXyHKOBUX CXEM, XapaKTepPHHUX IS 3CYBHHX IIPOLECIB MicTa
JlHinpa, noka3ye iCTOTHI po30KHOCTI B pe3yiabraTrax po3paxyHKiB. ToMy IOCTOBIpHICTB pe3ysbTaTiB IPOTHO3HUX 3aBIaHb iCTOTHO
3aJICKHUTh BiJl OJHO3HAYHOTO OOTPYHTOBAHOTO BHOOPY MPOEKTHOI cxeMH. [HIeKcH iHQUIBTPaiiiHOrO KUBICHHS PO3PaXOBYBAIHCS
LIUIIXOM TTOPIiBHSHHS JAHUX MOHITOPUHTY 31 3HAYCHHSIMH BHIIAPOBYBAHHS YePEe3 MOBEPXHIO IPYHTY.

Knrouoei cnosa: rpynmosi 600u, npoeHos, pieeHs, 2IOpOOUHAMIUHA CXeMAMU3AYis

Introduction. Groundwater is basically a dynamic
resource that may be expressed as the quantity of
water measured by the difference between optimum
and minimum water table within the aquifer
(Jannat et al, 2014). Groundwater recharge includes
atmospheric, surface and underground components of
the water balance and depends on both climatic and
anthropogenic factors (Herrera-Pantoja and Hiscock,
2008; Holman et al., 2009; Jyrkama and Sykes, 2007).
Various studies have employed different methods
to estimate groundwater recharge including tracer
methods, water table fluctuation methods, lysimeter
methods and simple water balance techniques (Mohan
et al., 2018). The number of studies related to the
assessment of hydrogeological risks in the catchment
areas of rivers is increasing in many countries (Kalf,
and Woolley, 2005; Yihdego and Webb. 2015, Yihdego
and Webb, 2016).

Often predictions and operation assessment
using numerical models proceed without making
an adequate conceptual groundwater balance model
(Yihdego and Khalil, 2017). Landslides are one of the
most common and dangerous natural phenomena in
areas with rugged relief, including gullies and ravines.
It is very difficult to predict landslides because of the
complex mechanisms that affect their activation.

Therefore, research on landslide prevention
and mitigation mainly focuses on the distribution
forecasting of unstable slopes that are prone to
landslides in specific regions and under multiple
external forces (Zeng et al, 2017). The prediction
of the spatial distribution of unstable slopes, termed
landslide susceptibility zonation, is important in

assistance with government land-use planning and in
reducing unnecessary loss of life and property.

The relationships between rainfall, hydrology
and landslide movement are often difficult to establish
(Malet et al, 2005). In this context, ground-water
flow analyses and dynamic modelling can help to
clarify these complex relations, simulate the landslide
hydrological behaviour in real or hypothetical
situations, and help to forecast future scenarios based
on environmental change. Slow-moving landslides
show complex mechanical and fluid interactions (Van
Asch et al, 2009). Parameterization of hydrological
and geomechanical factors by field and laboratory tests
to describe the movement pattern of these landslides
is difficult. The complete assessment of landslide
susceptibility needs uniformly distributed detailed
information on the territory (Sdao et al., 2013). This
information is often fragmented, heterogeneous
and related to the temporal occurrence of landslide
phenomena and their causes.

The main goal of our research was to conduct a
comparative analysis of the design schemes typical
for landslide processes in Dnipro city.

Materials and methods. Four types of landslide
slopes in Dnipropetrovsk region were identified
taking into account the prevailing hydro-geological
conditions conditions (Yevgrashkina et al, 2017;
Yevgrashkina et al, 2018). First variant of hydro-
geological conditions of landslide slope: ravine, pond
and watercourse are the first kind boundaries (Fig.1).
The second type: ravine, pond and watercourse are
the second kind boundaries (Fig.2).
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Fig. 1. First variant of hydrogeological conditions of landslide slope
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Fig. 2. Second variant of hydrogeological conditions of landslide slope

There is no water flow in the ravine (Fig.3). Two
options are considered here.

The centre of the ravine with reasonable
assumptions can be considered as a boundary of the
II kind with a homogeneous structure of the aquifer
(Fig.3a). In this case, the underground flow does not
go up, but is combined with the flow from the opposite
slope. As a result, they together change the direction
under the bottom of the ravine to perpendicular r.

The second option (3b): the opposite slope is
composed of weakly permeable rocks. This is a classic
example of a particular case of boundary conditions of
type I “impermeable boundary”. The flow rate in this
direction is equal to zero.The watercourse in the ravine

"'a)."

occurs periodically in years with high rainfall. In this
case, the forecast problem is solved by time intervals
reflecting changes in hydro-geological conditions.
A detailed characterization of infiltration feed and
monthly evaporation is necessary as initial data to
calculate the negative component of groundwater
water balance — their evaporation rate, if they lie above
the critical depth.

Results. The process of change in the level of
groundwater in the unsteady filtration regime is
described by two-dimensional differential equations
of the second order in partial derivatives of parabolic
type (Bochever et al, 1969):

TITI 77777 7777777777

Fig.3.Third variant of hydrogeological conditions of landslide slope

(a) homogeneous structure of the aquifer; b) impenetrable opposite slope

612



G.P.Yevgrashkina, T.P. Mokrytskaya, M.M. Kharytonov

Journ. Geol. Geograph. Geoecology, 28(3),610-617.

0*h 0*h & 10h
—2+—2+—:__ (1)
ox° oy T aot

where
h
X,  distance from the aquiclude to the surface, m;
& — spatial coordinates of the calculated points, m;
T — infiltration feed, m/day
a — water supply, m%day;
¢t — level conductivity, m*day;
the temporal coordinate, the time of the
forecast, day.

This equation has analytical partial solutions
for all considered variants of boundary conditions
(Rudakov and Andreyeva, 1970; Yevgrashkina and
Andreyeva, 1973). It is possible to transform to
hydro-geological conditions of landslide slopes cor-
rectly using numerical prediction. Two computational
schemes are applicable for the first variant of bound-
ary conditions (Fig.1). The first scheme - the infiltra-

b,

. :-: Y:O '_.'..::_

computational scheme “infiltration band in a semi-
bounded layer” (Fig.4b) has the following form:

2 =28 Perfes’ —2ierfes +iterfen’ ), ()
7,

_x=b-2

_2\/E’§

X i X+b-2

_2«/a-t’77 - 2a-t ’

i

fﬁ

The following designations are accepted in
equation (2):
7 —
the value of groundwater level rise above its initial
M — position, m;
the coefficient of hydrocapacity, share units;
i’erfc — tabulated function.
Analytical equation solution (1) has the form for the
calculation scheme «half-plane infiltration in a semi-

b,

fa— b1—>

T IIITTTT7 7777777 77777777

a)

b) )

Fig.4. The block diagram, the band of infiltration in the semi- bounded layer

a —hydro - geological section; b - scheme of the section bl # 0; b2 # 0 ;c - the scheme of the section bl = 0; b2 #0

tion band in the semi - bounded layer will be legiti-
mate if the ravine is parallel to the next one. This does
not mean necessarily that the ravine is watered. The
width of the infiltration strip is equal to the distance
from the water edge in the watercourse to the highest
point of the watershed (Fig.4).

Application of the scheme “half-plane infiltration
in a semi-bounded formation” in the modification
b,=0 is appropriate if there is no parallel ravine, as in
the previous scheme (Fig.5).

Variety of schemeb, # Qin the study area is
absent. Analytical solution of equation (1) for the

bounded layer»:
z=22105-2%rfcE"), (3)
Y7,

Analytical solutions (2) and (3) correspond to the
hydrogeological conditions shown in Figure 1.

Two design schemes in Figure.6 can be applied
to the hydrogeological conditions shown in Figure 2
above.

The first design scheme-“band infiltration in an
unlimited reservoir” (Fig.6a)
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Fig.5. Computational hydrodynamic scheme “ half-plane infiltration in a semi-bounded layer»
a- bl # 0 ; b-section diagram bl =0;

Et(., .2 x—b
z=2—"I\i"erfcé —ierfen ) &, = ;
7, ( l 2Va-t

x+b
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The second design scheme is “half-plane in an
unbounded layer” (Fig.6b).

g't .2 X+b
z=2—-I\1-2ierfc = ;
H ( fflﬂ 2+Ja-t

)

Two calculation schemes with boundary of
I kind of “tight circuit” for the hydrogeological
conditions are presented in Fig. 3. The scheme of the
“strip infiltration in the bounded aquifer” (Fig.4 c) can
be represented by the equation:

z= 2ﬂ(ize#c§ﬁ —ierfcn’ l (6)
7

The calculated dependence (5) is valid for the
scheme “half-plane in an unbounded aquifer” (Fig.5c¢).
A comparative analysis of the calculation schemes
typical for landslide processes of Dnieper city shows
significant discrepancies in the results of calculations.
Therefore, the reliability of the results of predictive
problems significantly depends on the unambiguous
reasonable choice of the design scheme.

It is known that evaporation gradually increases
from the critical depth to the earth’s surface. In our
case, the evaporation from the groundwater level was
calculated by the formula (Aver’yanov, 1978):

E=E,(-—)",

Z

(7
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where E —evaporation from groundwater level, mm;

E, —evaporation, mm;
Z — depth of groundwater level from the ground sur-

face, m;

Z, — critical depth, m
n — an exponent that depends on the above factors.

n is taken to be 1-3 for the conditions of the
Dnipropetrovsk region. The practical calculation is
performed in three variants n =1, 2, 3 and the average
value n = 2 is preferred more often. We will take
groundwater evaporation into account when their
level reaches a critical depth. In this case, we subtract
the value from the infiltration feed in the calculated
dependences (2) - (5).The dependence (5) takes the
form:

2= 2T opege) )
7,

All the rest is likewise. The rise of the groundwater
level will stop at € =u,z =0 The point depth is
calculated from the surface of the earth. In this case,
the condition E = ¢ is fulfilled: in each case, we find
from the solution (7) with respect to Z .

Z:(l_ﬁ)zk :(1_\/30)21{(9)

The territory of Dnipro city is dissected by
several ravines. Hydrogeological conditions of the
“Evpatoriyska” ravine were considered as an example.
“ Evpatoriyska “ ravine is located in the southern part
of Dnipro city within the watershed slope of the Right
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Fig.6. Band infiltration and half-plane infiltration in an unbounded layer a) band
infiltration; b) half-plane

Bank of the Dnieper River. The average annual value
of infiltration replenishment according to the results
of treatment of regime observations is m/day or 6.2
mm / year.Substitute in the formula (9) the original
data as follows:

e =62mm/ year; E, = 800mm/ year; z, =2,0m; n=2,

z= 1—6’2 2=197m
800

Following the calculations, the rise of groundwa-
ter level in long-term incision in this area will cease
when the depth of its occurrence from the ground
surface is 1.97 m with account of evaporation. How-
ever, seasonal variations are possible. Large values of
groundwater level rise are possible during the period
when the maximum amount of precipitation falls with
minimal evaporation. The average annual value of in-
filtration replenishment in February reaches a maxi-
mum value of 8.37mm with evaporation of 10.3 mm
(Table.1).

Enter this data in the formula (9):

=l 1= L2z 0om,
10,3

According to the calculation it, follows that the

groundwater level in February may be at a depth of
0.2 m from the earth’s surface.
Discussion. Evaporation is a negative component
of the water balance. Its value depends on the depth
of groundwater, lithological composition of the host
rocks, vegetation cover and complex climatic factors.
Accounting for the evaporation of ground waters in
the forward estimates is required if they lie above the
critical depth. The critical depth for the territory of
Dnipropetrovsk region is assumed to be 2.0 m.

At this depth of groundwater level from the
earth’s surface, the evaporation rate is zero. The
maximum evaporation or evaporability corresponds to
the position of groundwater at the surface of the earth.
The maximum evaporation for the Dnipropetrovsk
region is 800 — 820mm (Yevgrashkina et al, 2018).

Evaporation gradually increases from the
critical depth to the earth’s surface. This parameter
is determined experimentally in lysimeters or by
calculated dependences. Currently, standard methods
for assessing infiltration nutrition at the regional level
most often include a long-term assessment of soil
moisture (Jannat et al., 2014).

This approach is used to estimate surface runoff,
evapotranspiration, and recharge in the unsaturated
zone. Another approach is used when water is
discharged from the atmosphere to the surface of the
earth.

Meanwhile, most of the precipitation passes
through the surface of the earth and enters the
unsaturated zone, while precipitation that does not
penetrate forms surface runoff and flows into the river
network (Yeh et al, 2007). Water in the unsaturated
zone vertically seeps into the deeper soil layers under
the influence of gravity.

Uncertainty in the calculation of infiltration
supply and discharge of groundwater seriously
hampers the development and implementation of
effective environmental policies for groundwater
management. Further studies on the hydrology of
landslides should therefore be carried out on the basis
of the various databases.

Conclusion. The substantiated definition of infiltra-
tion feed is the main factor in the reliability of the
predicted calculation at the depth of occurrence of
groundwater level below the critical depth. The role
of evaporation increases inversely with their depth, if
the rise of groundwaters exceeds their critical depth.
The stabilization of the level corresponds to the depth
of its occurrence of ground waters of 1.84 m without
taking into account additional sources of technogenic
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Table 1. Evaporation and infiltration replenishment of the territory of Dnipro city during one year

Balance Balance sheet items by month
elements mm mm
1 2 3 4 5 6 7 8 9 10 11 12 year
Evaporation | 8.86 |10.3 |22.5 |552 |93.8 | 1343 178.5 1509 |93.8 43.1 | 174 11.0 819.75
Infiltration 3.69 [ 837 |4.44 |1.14 |09 1.14 -216 -2.01 -0.69 0.45 |2.07 1.77 +23.97
m/cyT 10°
Evaporation | 0.27 [ 0.34 |0.75 | 1.84 |3.13 |4.48 5.95 5.13 3.13 1.44 10.58 0.37
Infiltration 123 |279 | 148 |38 |3.0 |38 -7.2 -6.7 -2.3 1.5 |69 5.9
influence, including emergency situations. A landslides with a spatially distributed hydrologi-

significant error in the results of the forecast is proved
by calculations due to insufficiently substantiated
schematization of boundary conditions. Separate
periods of the year are characterized by significant
rise in groundwater level (up to 0.2 m from the surface
of the earth).
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Received: 19.02.2019 Abstract. The article gives a detailed analysis of the processes of formation of the labour
Received in revised form: 06.03.2019 resource potential of Ternopil region as a labour excess region. The influence of the demo-
Accepted: 30.07.2019 graphic component on the formation of quantitative and qualitative characteristics of labour

potential is highlighted there. The study of patterns and factors in the formation of labour
potential is inextricably linked with research on the labour market, which is the most important element of the market economy. Avail-
ability of labour potential brings a certain social and economic sense to the development of labour market, its effective functioning and
improvement of the employment system of the population. Since the natural basis of labour potential is the population, a vital com-
ponent in guaranteeing the stable and safe development of the state, the problems of optimal demographic development are extremely
relevant. The article outlines current problems of unemployment of the population of Ternopil region, in particular young people; the
causes of its occurrence are investigated there. It was established that the labour resource potential of Ternopil region is characterized by
a high proportion of able-bodied persons, but a low level of employment. The main features of the labour resource potential are the de-
crease in its quantity due to the natural reduction of population and migration of able-bodied persons, deterioration of the age structure
of the population as a result of “ageing”, changes in the structure of employment in economic activity, narrowing professional structure
of workers and imbalance in the labour market. This is a sign of exhaustion of the labour resource potential, which may negatively
affect the development of certain sectors of the economy in the future. The research analyzes changes that took place in the structure
of employment in the economy, starting from the 1940s up to the present; the consequences of stagnation of a significant number of
enterprises in industry, construction and other industries (narrowing professional structure of workers in the economy, etc.) are shown
there. The main reasons for the discrepancy between the supply and demand of the labour force in the region (unwillingness to work
outside one’s specialty, low salary, low level of qualification of employees) are indicated. Particular attention is paid to the migration of
people of working age beyond the region, the main reasons that cause it, as well as the possible consequences for further development
of the economy of Ternopil region.

Key words: population, labour resource potential, labour market, labour resources, economically active population, unemployment,
employment of the population

CycninbHo-reorpagiuni ocodauBocti GopMyBaHHS Cy4acHOro puHKy npamni B TepHonminbebKii
obnacri

JI. B. Bacrasenpka', H. H. Koran?, P. I. Koran?, T. b. 3actaBenpkuii!, K. . dyaapayk!

"Teproninbcoruil HayionanbHuil nedazo2iynuil ynieepcumem imeni Bonooumupa I'namioxa, Tepronine, Yipaina,
zast.lesia@gmail.com
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AHoTauisi. Y cTarTi MoJaHo JOKJIAAHUI aHami3 mporeciB GopMyBaHHS MpalepecypcHOro mnoreHuiany TepHominbepKoi obmacTi K
nparie Ha/UTUIIKOBOTO PErioHy, BUCBITIEHO BIUTMB jAeMorpadiuHol ckiagoBoi Ha GopMyBaHHS KiIbKICHHX 1 SKICHHX XapaKTepHCTHK
TPYIOBOTO NOTeHIiany. BuBueHHs 3akoHOMIpHOCTEH Ta (akTopiB (OpMyBaHHS TPYHLOBOrO HOTEHIIAIy HEBIJI'€MHO OB SI3aHO i3 J10-
CIIJDKEHHSIMH Ha PUHKY TIpalli - HalBa)KJIMBIIIOTO €JIEMEHTY PUHKOBOT eKOHOMIKH. HasBHICTB TPYOBOTO ITOTEHITially BHOCUTH MIEBHUM
COLliJIbHUN 1 EKOHOMIUHHI CEHC B MUTAHHS PO30YyIOBH PHHKY Ipali, oro eeKTHBHOTO ()YHKI[IOHYBAHHS, TONIIIIICHHS CUCTEMH
3aifHsAToCTI HaceneHHs . OCKUIBKH MPUPOJHOI0 OCHOBOIO TPYZAOBOTO MOTEHLIANy € HACEICHHS, BKJIMBOIO CKIIaJ0BOIO BU3HAYAIBHUX
JUISL TapaHTYBaHHs cTalOLIBHOTO i O€3MeYHOro PO3BUTKY AEepKaBH, a MPOOIEMH ONTHMAJIBHOTO JeMOrpadiqyHOro pO3BUTKY € HaJ-
3BHYAIHO aKTyaJIbHUMH. Y CTaTTi OKPECIEHO aKTyasbHi mpodnemu 6e3podiTTsi HaceneHHs: TepHOmiIbehKol 001acTi, 30KpeMa MoJIo-
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i, TOCIIJKEHO TPUYMHH HOT0 BUHUKHEHHs. BcTaHoBeHo, mpanepecypcHuii motenmian TepHONiIbChKoi 001acTi XapakTepHu3y€eThest
BHCOKOIO YacTKOIO INparie3JaTHUX JIIOJeH, ajle HeBUCOKUM PiBHEM 3alHATOCTI HaceleHHs. [0JOBHUMH O3HaKaMH HpanepecypcHOro
MOTEHIlialy € 3MEHIICHHS HOTo KiJbKOCTI Yepe3 MPUPOJHE CKOPOUYCHHS HACENCHHS 1 MIrpallifo Mpaie3iaTHuX JFoeH, HOTipIIeHHs
BIKOBOT CTPYKTYPH HAcCEIICHHS BHACIIIOK «CTapiHHS», 3MiHA CTPYKTYPH 3alHATOCTI Y TOCHONAPCHKiM AISTIBHOCTI, 3BYKEHHS Mpode-
CI{HOT CTPYKTYpH MpaLiBHUKIB, He30aJIaHCOBAHICTh HAa PHHKY Mpami. Lle € 03HaKor BUCHAXKEHHS MPaLepecypCcHOro MOTEeHLialy, 10
MOJKEe HeraTHBHO BiJJOMTHCS B Maii0yTHHOMY Ha PO3BUTKY MEBHUX rajly3eil rocrnomapcta. Y JOCHIPKEHHI MpOaHali30BaHO 3MiHH, sKi
BiZIOY/IHCSl y CTPYKTYpi 3aiHATOCTI HaCEJICHHs y rajly3sxX rocrogapcrTsa, moynHarodu Bijg 40 pokiB XX CT. 0 HAIIOTO Yacy, MOKa3aHO
HACJIJIKY CTarHamnii 3HaYHOT KIJTbKOCTI MIMPHEMCTB TPOMUCIOBOCTI, OyAiBHHUIITBA Ta IHIINX Tairy3ell (3By>KeHHs IpopecitHol CTpyK-
TYpH MPAIiBHHAKIB TOCIIONAPCTBA Ta iH.). Bka3aHO OCHOBHI MPUYHMHHU HEBIAMOBITHOCTI MiXk ITPOTIO3HUIII€I0 Ta OMTUTOM poO0YOT CHIH B
obmacTi (HeGakaHHS MPAIIOBATH HE 3a CIEIIaIbHICTIO, HU3bKa 3apIliaTa, HU3bKUH piBeHb KBamidikarii npamiBHUKiB). OKpeMy yBary
3BEPHEHO Ha MIrpalito JIFoAeH y mpaie3iaTHOMY Billi 3a MeXi 00J1acTi, OCHOBHI MPUYMHH, sIKi 11 3yMOBIIOIOTh, @ TAKOX MOXJIMBI Ha-
CIIAKM JUTS TTOJAJIBLIOTO PO3BUTKY TocnofapcTBa TepHOMiIbChKOT 001acTi.

Kniouogi cnosa: nacenenns, npayepecypcruii Romenyiai, puHox npayi, mpyooei pecypcu, eKOHOMi4HO akmugHe Hacellenis, be3podimms,

3AUHAMICIb HACENCeHHS

Introduction. The change in economic relations in
Ukraine, transition of society to the market economy
has forced workers to adapt to a new system of labour
relations, and to the transformation of the labour
market. An important feature of the labour market
in Ternopil region, a territory which is marked by
agrarian — industrial development, is the increase in
the disproportion between the supply and demand
for labour (increase in the reserve of the able-bodied
population and reduction in the need for workers in
the economy). This is the consequence of crisis in the
economy, the lack of real reforms in most industries.
The stagnation of production, the decay of all its
branches has led to the emergence of unemployment
and changes in employment, changes in the quality
of labour and resource potential. The greatest
changes have occurred in the level and structure
of employment of workers. If under the planned
socialist economy the emphasis was placed on full
employment of the able-bodied population, currently
under conditions of crisis the employment level is
low, and there is real and hidden unemployment.
So, in 2018, the employment rate was 51.0% of the
population aged 15-70. Due to the closure and re-
profiling of enterprises, optimization of enterprises
in the sphere of services is constantly increasing the
number of unemployed persons.
Materials and methods of research. Study of
characteristics of the labour market today is one of the
key tasks of modern geographic and economic science.
Social geography today has significantly developed, is
based on theoretical aspects, conceptual terminology
apparatus and methodological developments, and
can conduct a territorial-time analysis of labour and
resource potential for assessing the real situation and
forecasting the development of the economy and the
social sphere.

Theoretical and methodological aspects of
studying labour resource potential and the labour
market are formed in the works of the following

social geographers and economists: M. Baranovskyi,
V.Brych, A. Holikov, M. Dnistrianskyi, K. Mezentsev,
Ya. Oliinyk, A. Stepanenko, O. Topchiiev, O. Shablii
and others.

The study of labour resource potential geography
of'the population at regional and state levels is reflected
in the scientific work of: S. Bandura, D. Bohynia, 1.
Hudzeliak, S. Zlupko, E. Libanova, A. Dotsenko, M.
Fashchevskyi, O. Khomra, and others.

In carrying out the research on demographic

characteristics of the labour market of the region,
the general scientific methods of research were
used: analysis and synthesis, comparison, deduction;
and specific-scientific: comparative-geographical,
classification and typology, etc.
Results and their analysis. Labour resource potential
includes a combination of social and economic
relations that create the basis for the formation of a
new productive, targeted force that arises from the
application of certain conditions by society (Shablii,
O.L.,, 2001). Labour resource potential is based on
labour resources, which are determined not only
by quantitative indicators but also by qualitative
ones (age, level of education, qualification, etc.).
Therefore, the same number of people of working
age can produce different quantities of products that
will differ in quality. This, in turn, affects the socio-
economic development of the region.

The territorial structure of the economy, the
development of the main and auxiliary sectors
directly depends on the quantity and quality of labour
resources, the peculiarities of the formation of the
labour resource potential (Baranovskyi, 2009). In
regions with a high population density, it is expedient
to develop labour-intensive sectors of the economy,
whose products can satisfy both intra-regional
demand and the national economy.

The basis of the formation of labour resources
potential is the total potential workforce in the
population, that is, the able-bodied population. Under
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current conditions, the total potential workforce of
the region is constantly declining.This is occurring
through natural population decline and due to the
negative migration surplus. The signs of depopulation
began to emerge in the mid-1970s, but were especially
pronounced at the end of the twentieth - early twenty-
first century. (Fig. 1). So, ifup to 1993 the population
of the region was still increasing (1,180.3 thousand
people in 1993), then by the end of the century it had
decreased to 1,152 thousand people, and as of January
1, 2018, it was 1,046. 2 thousand people. This is a
consequence of a decline in fertility rates and an
increase in mortality rates.

A significant proportion of the total potential
workforce is taken up by the unemployed. The un-
employed are considered to be able-bodied citizens

in the period 2000-2018 was observed in 2001 and
amounted to 78.7 thsd. persons (Fig. 2) of the number
of the able-bodied population in the region.

It should be noted that in Ternopil region there
is a significant quantitative imbalance between de-
mand for labour and its supply. In particular, the load
of registered unemployed per one vacancy in region
as a whole increased by 4 persons, and by the end of
December 2016 it was 9 persons, and in 2018 — 13
persons. The indicator varied from 2 persons in the
city of Ternopil to 232 persons in Shumsk district, 210
in Monastyrysk district, 104 in Husiatyn district (Der-
zhavna sluzhba statystyky Ukrainy, 2018).

As of December 31, 2018, 10,782 unemployed
persons were registered at the Employment Centres,
among them the share of women was 46.7%, young

1600
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Fig. 1. The population of the Ternopil region from 1939 to 2018, thsd. people

in our country who are in search of a job, do not have
sources of income as envisaged by the legislation of
the country and are registered with the state employ-
ment service. The number of unemployed in 2005 was
42.3 thsd. persons, in 2018 — 53.1 thsd. persons. Ac-
cordingly, the level of unemployment was the highest
at the end of the twentieth century, when the stagna-
tion of industrial production came, and then, taking
into account the “hidden” unemployment (part-time
employment), this level reached 30% of the working-
age population, in 2018 it was 11.9% (Table 1). This
level would be significantly higher if the rural popula-
tion was taken into account, people who have a yard/
kitchen garden , but do not have any steady income
from working there (except for providing for own
consumption), but this population does not fall into
the category of unemployed.

In the last three years, from 2016 to 2018, the
number of unemployed in the region has declined
somewhat. At the end of 2018, it was 1.3 thousand
fewer than in 2015. The highest unemployment rate
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people under 35 years old — 36.9%, workers — 41.9%,
people in government/local government service —
40.9%, persons who have additional guarantees for
obtaining employment — 39.6%. An interesting and at
the same time alarming fact is that among the unem-
ployed persons, the largest category of people is those
with higher education — 44% of their total, while in
Ternopil Employment Centre — 80.9%.

The ongoing problem of the modern labour mar-
ket is youth unemployment. Analysis of the labour
market conjuncture shows, unfortunately, the social
insecurity of young people, which is characterized by
significant volumes, levels and duration of unemploy-
ment. In Ukraine, at present, there are not suitable
conditions to attract young people to work and thus
become involved in the field of economic employ-
ment. This reduces the level of social protection and
generates a marginalization of a proportion of young
people, resulting in incomplete use of its labour and
creative potential (Libanova, 2007).

Under current conditions, the number of persons
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Fig. 2. Dynamics of the unemployed population of Ternopil region age from 15-70 years in 2000-2018, thsd. persons

(according to the ILO methodology)

employed in the region slightly increased (in 2000 —
305.6 thsd. persons, in 2018 — 396.0 thsd. persons),
which indicates the transformation processes in the
economy, development of new types of economic
activity, some modernization of production. Most-
ly these are people of working age. The non-active
workforce (more than 315.6 thsd. persons), which can
be added to economic activity in the future, is also a
certain reserve for labour resource potential.

the XX century — at the beginning of the XXI
century — they were employed in the service sector.
Thus, in 1990, 165.1 thsd. persons worked in the
manufacturing sector, and 148.4 thsd. persons in
the service sector (in 1995, respectively 131.2 thsd.
persons and 145.9 thsd. persons, and already in 2014
— 182.2 thsd. persons and 231.9 thsd. persons). With
the general reduction of workers in both spheres, by
2000, the rate of decline was significantly higher in

Table 1. Population by economic activity (at the age of 15-70 years, thsd. persons) *

2000 2005 2010 2014 2018
Economically active population 475.1 467.4 482.1 469.1 453.0
Employed 409.4 425.1 431.3 416.0 399.1
Unemployed 65.7 43.2 50.8 53.1 53.9
Economically inactive population 342.1 340.3 313.0 318.0 315.6

* According to the data of the Main Department of Statistics in Ternopil Region

The employment of the young population (aged
15-35) is low in the region, it amounts to 29.8% of
the number of full-time employees, many young
people cannot find a job after graduation (more
than 12%). However, in some sectors (information
and telecommunications, financial and insurance
activities, trade and repair of motor vehicles, etc.), the
proportion of young people is rather high (more than
30%).

There have been significant changes in the
structure of employment in the economy (Table 2).

Thus, if in the pre-crisis period most workers
were employed in production, then at the end of

the branches of production, which led to a significant
reduction in its share in the economy of the region (in
1980 — 52.5%, in 1995 — 48. 6%, in 2018 — 43.8%).
The largest reductions were observed in industry and
transport (Table 2), somewhat lower in the sphere of
services, and in some of its branches there was even
an increase in workers (trade and catering, financial
activity, public administration and agriculture and
forestry).

As a result of different rates of change in the
number of employees in the sectors of the economy,
their share in the structure also changed.

This was also facilitated by a certain increase in
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Table 2. Employment in Ternopil region by types of economic activity, thsd. persons *

Years

1940 | 1960 | 1970 | 1980 | 1992 | 1995 | 2000 | 2005 | 2010 | 2018
Total 78.7 | 138.5 | 132.6 | 313.5 | 327.5 | 284.5 | 305.6 | 425.1 | 422.1 | 396.0
Industry 73.1 | 29.6 | 65.6 | 92.4 | 87.8 | 73.0 | 59.9 | 50.8 | 46.1 | 38.8
Agriculture, hunting, 107 | 123 | 15.6 | 27.0 | 303 | 19.3 | 102.5 | 107.2 | 111.2 | 130.0
forestry, fish farming
Construction 30 | 139 | 229 | 264 [ 230 | 173 | 113 | 153 | 17.1 | 30.0
Transport 99 | 160 | 25.0 | 293 [ 319 | 196 | 174 | 189 | 19.1 | 19.0
Communication 21 | 22 | 48 | 59 | 61 | 60 | 24 | 15 | 36 | 36

Trade, catering, material
and technical supply and | 13.4 | 16.0 | 28.1 | 342 | 32.8 | 239 | 21.2 | 622 | 849 | 77.0
sales

Real estate operations 1.2 3.5 59 114 | 162 | 129 6.6 9.1 152 | 33
Health care and social 32 | 135 | 193 | 254 | 348 | 336 | 31.7 | 303 | 30.1 | 302
assistance

Education 10.6 | 21.0 | 30.6 | 404 | 508 | 53.7 | 39.8 | 47.1 | 46.5 | 463
Governance 95 | 57 | 82 [ 100 | 90 | 11.6 | 119 | 21.0 | 245 | 23.0
Financial activities 12 1217 26 |33 37 | 26| 36| 48 | 35
Science and scientific 01 | 1.0 | 04 | 19 | 19 | 15 | 54 | 58 | 62 | 60
SErvice

Other types of economic

.. 9.3 2.6 4.5 9.6 7.4 8.4 10.1 | 123 | 12.8 | 15.3
activity

* Calculated according to the data of the Main Administration of Statistics in Ternopil Region

the number of workers in the region’s economy, main-  sphere, a situation which may be changed as a result
ly due to transformations in agriculture, construction, of decentralization in the field of governance of the
education, trade and financial activities. The increase country (Brych, 2003).

is not entirely justified (in comparison with 1990, by Another feature of labour and resource poten-
2 times) in public administration, indicating the ab- tial is the narrowing of the professional structure of
sence of reforms in the administrative and managerial ~workers of the economy, which occurred as a result of

Table 3. Demand and supply of workforce in districts of Ternopil region, persons *

Number of registered Number of workers Load on one vacant
Districts unemployed required by employers workplace
2005 2010 2018 2005 2010 2018 2005 2010 2018

In region 43,832 | 15,260 | 15,742 | 1,835 1,053 1,251 24 14 14
Berezhany 1,536 768 850 64 17 33 24 45 28
Borshchiv 3,918 976 1,050 33 34 20 119 29 53
Buchach 3,628 1,055 728 45 14 24 78 75 32
Husiatyn 3,768 1,545 1,378 88 47 21 43 33 64
Zalishchyky 1,857 365 458 26 15 16 71 24 28
Zbarazh 3,519 1,106 1,029 83 40 50 42 28 48
Zboriv 2,962 764 813 75 27 25 39 28 20
Kozova 2,322 742 716 20 14 15 116 53 23
Kremenets 3,992 1,445 1,439 57 70 54 70 20 25
Lanivtsi 1,757 493 534 23 32 22 76 15 18
Monastyryska 1,318 339 323 54 25 22 24 14 28
Pidvolochysk 1,184 500 607 87 31 14 14 16 23
Pidhaitsi 892 338 299 57 45 33 16 8 16
Terebovlia 2,023 555 819 36 44 47 56 13 8

Ternopil 5,507 2,920 3,177 999 539 811 28 8 8

Chortkiv 1,729 510 799 57 20 24 30 26 36
Shumsk 2,020 839 723 31 36 20 65 23 28

* According to the data of the Main Administration of Statistics in Ternopil Region
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stagnation of many enterprises of industry, construc-
tion and other branches (Fedunchyk, 2016). The low
capacity of employers in the region, as well as the low
labour cost, make migrant workers more or less con-
centrated in other regions of the country or abroad.
Predominantly, these people do not work at their pro-
fessional level, gradually losing their skills. This con-
tributes to the exhaustion of labour resources, both in
terms of physical and qualitative characteristics.

Due to the crisis in the economy and lack of real
reforms, the region has a low degree of flexibility
in supply and demand in the labour market. With a
total load of 15 persons per 1 vacant workplace (in
Ukraine 11 persons) there is a discrepancy between
the demand for workers of different qualifications and
professional level and their availability in the region.
Among the sectors that show the greatest burden on
one job, are agriculture (28 people), as well as for-
estry and fisheries (27-28 people), although this indi-
cator has decreased by 6.6 times in the last 10 years
(Table 4). The highest load is in Husiatyn, Chortkiv,
Shumsk, Monastyrysk, Berezhany districts.

Disproportion in the labour market of the region
was the highest at the end of the twentieth century,
now it was partially offset by a number of reforms in
the services sector and the increasing number of work-
ers who migrate abroad for higher earnings . Official-

ly, the difference between the availability and demand
for workers for the filling of vacancies in the region
was in 2018 (1.4 thsd. persons), the largest one be-
ing observed in the city of Ternopil and in Terebovlia
district. The most demanded professions in the region
are labour professions (almost 500 persons), workers
in the services and trade, and the least demanded —
workers in agriculture, forestry and fishery. The dis-
crepancy between the availability of labour force and
its employment is determined by another factor — the
reluctance to work outside one’s specialty and for low
salary. There are interruptions in the reproduction of
the vocational qualification structure of workers nec-
essary for the restructuring of the economy.

Having studied the structure of demand and supply
of labour resources and employment of the region’s
population in various sectors of the economy, we note
that the total unemployment in recent decades in the
oblast has tended to decline (by 2.8 times in 2018,
compared with 2005). Analysis of the demand and
supply of workforce among professional groups over
the past thirteen years indicates a general tendency
to reduction in the number of unemployed in the
region (by 2.8 times in 2018, as compared to 2005),
the demand for workers in the labour professions is
especially increasing. During the period of 2005-
2018, the number of unemployed in this category has
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decreased by almost 3 times (in agriculture and fishery
— by 9 times), and demand for them has doubled.

Conclusion. Ternopil region was and still remains
a manpower-surplus region. Its labour and resource
potential is characterized by a high proportion of
able-bodied persons, but a low level of employment.
The main features of labour resource potential

may negatively affect the development of certain
sectors of the economy in the future. In the modern
period, there have been positive changes in the use of
labour and resource potential — increased employment
in certain sectors of production, the spread of new
professions, etc. This is evidence of certain positive
changes in the field of economic activity, which are

Table 4. The structure of demand and supply of labour in Ternopil region for employment, persons *

Demand of
Number of employers for Load on one
. workers to fill
registered . free workplace
unemployed job workplace (vacancy)
ploy (vacancies) y
2005 2010 2018 2005 2010 2018 2005 2010 2018

Total 43,832 | 15,260 | 15,742 1,835 1,053 1251 24 14 13
Legislators, senior
civil servants, 2,067 1,245 1,376 99 77 89 21 16 15
heads, managers
Professionals 2,141 1,417 1,860 355 228 199 6 6 9
Specialists 3,183 1,476 1,718 135 84 131 24 18 13
Technical staff 1,710 777 902 39 33 40 44 24 23
Workers in the
field of trade and 3,782 1,593 2,133 129 109 213 29 15 10
services
Skilled workers
in agriculture
and forestry, fish 1,809 189 193 10 6 7 181 32 28
breeding and
fishing
Skilled workers 4877 | 2,528 | 2,134 | 446 162 276 11 16 8
with tools
Workers on
maintenance,
operation and
control over
the work of

X 8,429 3,276 2,917 412 108 201 20 30 15

technological
equipment,
assembly of
equipment and
machinery
Unskilled 15834 | 2,759 | 2,509 | 210 246 95 75 11 26
occupations

* According to the data of the Main Administration of Statistics in Ternopil region

are the decrease in its quantity due to the natural
reduction of the population and the migration of able-
bodied persons, deterioration of the age structure
of population as a result of “ageing”, changes in
the structure of employment in economic activity,
narrowing of the professional structure of workers
and imbalance in the labour market. This is the sign
of exhaustion of labour and resource potential, which
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gradually (albeit very slowly) manifested in recent
years. Availability of reserves of workforce in the
labour market is the basis for further expansion of
production and development of new industries. These
reserves can also be used on the interregional labour
market subject to its regulation. There is a fear that
labour migration processes will be strengthened, that
the region’s labour and resource potential will be
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used abroad under the conditions of establishment of
a visa-free regime with EU countries. Only real social
and economic reforms are a key to optimizing the use
of labour resource potential in the region, regulation
of supply and demand in the labour market.
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