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Impact of economic activity on geoecological transformation of the basin of the Zhovtenka
River (Ukraine)
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Received: 07.05.2020 Abstract. The article presents the results of the study on the current geoecological condi-
Received in revised form: 19.05.2020 tion of the basin of the Zhovtenka River. The study object corresponded to the criteria of
Accepted: 09.12.2020 a small river, having the length of 42 km and the area of the drainage basin of 293 km?>.

According to the geographic peculiarities and the level of anthropogenic impact it is a typi-
cal small river of the Ukrainian Steppe zone. At the current stage of water management, the river and its tributaries are significantly
regulated by artificial aquatic objects — ponds and a water reservoir. The total number of hydrotechnical facilities that form the water
bodies is 34 levees. On the river itself, average density of water bodies equals 1 pond per every 2 km of the river length. Such regula-
tion contradicts the norms of the current water protection legislation of Ukraine. As a result of fragmentation, the river has turned into
a cascade of evaporation ponds. Special ecological threat to water use is the quality of water in the ponds. We determined that due to
absence of current and low water exchange, the saline content in water undergoes significant changes. During the field surveys, we
collected samples and determined the parameters of mineralization, content of chlorides and sulfates in 10 water bodies. Sampling was
carried out during the year in different seasons. We determined that the averaged parameters of mineralization level change within
the range of 9.000 mg/dm * in spring to 13.000 mg/dm 3 in summer and autumn. The content of chlorides varies within 2.600-3.600
mg/dm 3, sulfates — 4.000-4.800 mg/dm 3 according to the similar seasonal dependence. Due to changes in the climatic conditions
and current tendencies of warming and dry climate, decrease in the water resources heightens the risks of irreversible geoecological
degradation of the river. Significant regulation and evaporation-caused loss of water leads to rapid shoaling of the water bodies and
growth of aquatic-marsh vegetation. The authors suggest an approach to assessment of the level of geoecological transformation of
the river basin based on determining quantitative parameters of the constituents of the elements of natural ecosystems and elements of
negative anthropogenic impact. We proposed calculation of various coefficients (indicators) which alter the natural condition of water
ecosystems, particularly: coefficients of fragmentation, coefficients of urbanization, coefficients of alienation, etc. We present a pos-
sibility of using them in relation to the length of the river and hydrographic network, as well as the area of drainage. We determined
that percentage parameter of geoecological impact was seen in 94.3% of the area of the drainage basin or 87.4% of the river length.
We suggest approaches that would minimize the deleterious impact of economic activity and gradually restore the condition of aquatic
ecosystem of the river. The article provides recommendations of using coefficients of geoecological transformation of river ecosystems.

Key words: river basin, geoecological transformation, ecological safety, artificial water bodies

BniuB rocmogapcbkoi  AiSIBHOCTI Ha reoekosoriyHy TpaHcopmanilo 0OaceilHy piuku
7KoBTenbka (Ykpaina)

B.T. Auapees!, T. B. Tamiu?, B. B. KoBanenko?

! Incmumym npoonem npupodokopucmyeanis ma exonoeii HAHY, /[ninpo, Ykpaina, Andreev V_G@ukr.net
2 JIninposcokutl 0epoicasnuil azpapro-eKoHomiunuil yrnieepcumem, [uinpo, Vkpaina, gapichgennadii@gmail.com

AHoTamisi. Y CTarTi NpeACTaBIEHO pe3yJabTaTH IOCIHIUKEHHS CydacHOTO I'€0EKOJIOTiYHOro cTaHy OaceliHy piukn JKoBTEHBKa.
OG6’€exT MOCIIKEHD BIAMOBITAE KPUTEPisiM Majol piuku 3 JOBKHHOK 42 KM Ta IUIOMIEI0 BOA030ipHOrO Gaceitny 293 kM’ 3a reo-
rpagi9HIMH 0COONMBOCTSAMHE Ta piBHEM aHTPOIIOTEHHOTO BIUIMBY € THIIOBOIO MAJIOIO PIYKOIO CTENOBOI 30HU YKpainu. Ha cydacHomy
eTari BOIOTOCHOAAPCHKOI AiSUIBHOCTI, pidka Ta il MPUTOKM 3HAYHO 3apETYNIOBAHI MITYyYHHMH BOTHMMH O0’€KTaMH — CTaBKaMH i
BOJIOCXOBHIILIEM. 3arajibHa KibKICTh IPOTEXHIYHHUX CIIOPY/, 1110 GOPMYIOTh BoAoiMH, ckianae 34 rpebdmi. besnocepeanbo Ha piuli
cepelHs LIUIBHICTh PO3TallyBaHHS BOAOWM CKiajgae | cTaBOK Ha KOXHI 2 KM JOBKHHH piduku. Take 3aperyioBaHHs CyNepeduTh
HOpPMaM YHHHOTO BOJIOOXOPOHHOTO 3aKOHOAABCTBA YKpaiHW. BHacmimox ¢parmeHTamii piuka mepeTBOpHIach Ha KacKaj CTaBKiB-
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BUnapoByBa4iB. OcoOIHMBY €KOJIOTIYHY HeOe3IeKy BOJOKOPHCTYBAaHHS CTAHOBUTSH SIKICTh BOJM Y CTaBKax. Bu3HadeHo, 110 yepes Bif-
CYTHOCTI Tedii i HU3bKOTO BOJOOOMIHY 3HAYHO 3MIHIOETHCS COJLOBHUII CKJIaJ BOAM. B XOJIi MOMBOBUX JTOCIIIKEHB MTPOBEICHO BiAOIip
mpo0 Ta BU3HAYEHI NMOKA3HUKHM MiHEepaii3aiii, BMiCTy XJIOpHIIB i cyabdatiB y 10 Bomoitmax. BinOip mpo® BHKOHYBaBCS MPOTITOM
POKY 3a Pi3HHMHU CE30HAMHU. BCTaHOBIIEHO, 10 yCepeHEH] TIOKA3HUKK PiBHS MiHepatizallii 3MiHIOIOTECS B Mexax Big 9000 mr/mam?
HasecHi 10 13000 mr/am® BIiTKy Ta BoceHH. BmicT xsopuiB konuBaeThest B Mexax 2600-3600 mr/am?, cyabgaris 4000-4800 mr/mm?
32 QHAJIOTTYHOIO CE30HHOIO 3aJIeXKHICTIO. Y 3B’ 43Ky 31 3MIHOIO KJIIMATHYHUX YMOB Ta Cy4aCHHUX TEHACHIIIH NOTEIUIiHHS 1 TOCYIIUBOCTI
KJIIMary, 3HWKCHHsS BOJHOCTI IIJBUIYE PHU3UKH OE3MIOBOPOTHOI I'eOEKOJIOriuHOI Jerpajanii piukd. 3HaYyHE 3aperyJroBaHHS Ta
BTpPaTH BOAM HA BHIIAPOBYBAHHS IIPH3BOAATH O CTPIMKOTO OOMUIIHHS BOJOMM Ta 3apOCTaHHsS BOAHO-OOJIOTSIHOIO POCIMHHICTIO.
ABTOpamU 3arpOTIOHOBAHO ITiJIXiJ] IIOAO OLIHIOBAHHS PIBHS T'€0CKOIOTIYHOI TpaHchopMaIlil pidKoBOro OacelHy, SIKUH CITUPAETHCS
Ha BU3HAYEHHI KUTBKICHUX MOKA3HUKIB CKJIAJOBUX EJIEMEHTIB MPUPOIHOI EKOCHCTEMH Ta CJIEMEHTIB HETAaTUBHOTO aHTPOIIOTCHHOTO
BIUIMBY. 3alpONOHOBAHO OLIHIOBATH Pi3HI KOeQilieHTH (MOKa3HUKH), L0 3MIHIOIOTh MPUPOJHUN CTaH BOAHUX E€KOCHCTEM, a came:
koedinienTn pparmenTanii, koedinieHTn ypoaHizauii, koediieHTH BidyxeHb Towlo. [IpecrapieHa MOXKIUBICTD X 3aCTOCYBAHHS SIK
3a JIOBKHUHOIO PIYKH Ta riiporpadiuHoi MepexKi, Tak i 3a MIOIIe Boxo300py. BcTaHoBeHO, 1110 BiICOTKOBUI MOKa3HUK HETaTUBHOTO
Te0eKOJIOTIYHOTO BILIMBY criocTepiraersest Ha 94,3% miomi BomozoipHoro Oaceiiny ab6o 87,4% 3a JOBKHHOIO PIYKH. 3alipOIIOHOBAHO
ITIXO/IH, 110 JO3BOJISTH MiHIMi3yBaTH HEraTHBHHIA BIUTHB IOCIIOAaPChKOT IisIIbHOCTI Ta TOCTYOBO BiJHOBUTH CTaH BOJAHOT €KOCHCTEMH

piuxu. HaBemeHi pexkoMeHIalii MpUKIaJHOTO 3aCTOCYBaHHS KOe(ili€HTiB T€0EeKOIOTIHOT TpaHChOpMAIlii PIYKOBUX EKOCHCTEM.

Kniouosi crnosa: bacetin piuku, eeoexonoeiuna mparncgopmayis, ekonoeiuna bOesnexa, wniyyHi 6000UMu

Introduction.

Hydrotechnical construction has a history of
around 5 thousand years. In all the continents (except
Antarctica), millions of dams and flood-prevention le-
vees have been constructed in small and large rivers,
thus elevating hydroenergetics, water supply, trans-
port, fish farming, recreation, and sport to a new level
of development. Levees reduced the threat of floods
and allowed people to settle and cultivate productive
alluvial soils in the floodplains of rivers, and work on
aquatic meliorations. The hydrotechnical construc-
tion peaked in the last 100 years.

Having considered the high importance of ar-
tificial water bodies for increase in available-to-use
aquatic resources in farming (Hogeboom et all.,
2018), we should note that non-systemic, often not
correlated with the general plan, creation of water
reservoirs and ponds on small rivers, which moreover
is often performed at low engineer level, may have
unfavourable economic and ecological consequences
(Yatsyk et al., 1991).

At the same time it has to be noted that despite
the great role of small rivers in the formation of nat-
ural environment and runoff of large watercourses
(Lapsenkov, 1983), the study of their hydrological
and hydrochemical regime is of episodic, non-sys-
temic character. Often small rivers remain without
monitoring, care, control and protection.

The increasing demand for restoration of ecolog-
ical balance of complex technonatural ecosystems is
currently leading scientists to pay attention to histori-
cal aspects of development and functioning of water-
courses (Manyuk, 2017), and moreover the need for
studying contemporary tendencies of geoecological
transformation is becoming relevant. The performed
studies focus on the hydrological characteristics of
rivers of the steppe zone of Ukraine (Dovhanenko et
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all., 2017), hydrochemical parameters of quality of
aquatic resources (Rudakov L. et all., 2020) and ef-
fect of chemical composition of atmospheric precipi-
tations on their formation (Khilchevskyi et all., 2018,
2019). Largely, developing studies are those using
modern geoinformational systems and technologies
(Kulikova et all., 2018; Rebati et all., 2019; Shevchuk
et all., 2019). In all the studies the authors try to di-
rectly or indirectly assess the ecological condition of
aquatic ecosystems. Currently, there are scientific ap-
proaches to integral assessment of ecological stabil-
ity of geosystems (Dmitriev et all., 2012, 2016) and
their ecological balance (Reimers, 1990), which are
mostly based on taking into account biotic (natural)
components.

At the same time, much less attention is paid to
study of construction and exploitation of hydrotechni-
cal facilities as technical components of the elements
of influence on aquatic objects (Yu-jun et all., 2019;
Andrieiev V. et all., 2020). In particular, construction
of levees provokes a number of negative effects re-
lated to transformation of hydrological, hydrobiologi-
cal and sanitary regimes of rivers. After levees are ex-
ploited for a long period of time and also due to their
incorrespondence with the norms of reliability and
safety, there occur ecological risks of hydrodynamic
emergencies (Hapich, 2019). Currently, non-systemic
regulation of small and average rivers with numerous
violations of the norms of current legislation (Vodnyi
kodeks Ukrainy, 1995) has led to the creation of cas-
cades of artificial water bodies and transformation of
river ecosystems into aquatic-marshland areas.

Positive global experience and attitude to regu-
lation of river runoff of small watercourses demon-
strates the necessity of and tendency to dismantling
of levees, restoration of the current and ecosystem of
small rivers (Bednarek, 2001; Fuller et all., 2015; Ma-
gilligan et all., 2016)
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The objective of our study was creating and sub-
stantiating a theoretical model of the effect of econom-
ic activity on geoecological transformation of basins
of small rivers of the steppe zone of Ukraine on the
example of the Zhovtneva River. Theoretical analy-
sis of the literature sources (Reimers, 1990; Yatsyk et
all., 1991; Dmitriev et all., 2012, 2016) allowed us to
form the term “geoecological transformation of river
basin” as change driven by the influence of the natural
and anthropogenic factors of ecological condition of
aquatic objects on drainage of rivers, which leads to
subsequent changes in: biocenoses, hydrological re-
gime of watercourse, stream bed deformations, etc.

Materials and methods.

Methods of the study were based on primary
empirical researches, the so-called “protocol proposi-
tions” which consist of recording the results of sin-
gular observations. During 2019-2020 the authors se-
lected water samples from the ponds of the Zhovtenka
River. The samples were taken four times in four dif-
ferent seasons of the year. We performed laboratory
studies with assessment of the general level of min-
eralization, chlorides and sulfates in the water, visual
diagnostic observations, including taking photos of
current condition of the aquatic objects. In the re-
search we used mathematical and analytical methods
of analysis of the obtained results using modern geo-
informational systems and software complexes QGIS
and Microsoft Excel.

Results and discussion.

The Zhovtenka River (Fig. 1) is a typical small
river of the basin of the Dnipro. It runs through the
territory of Sofiivka and Apostolove Districs of Dni-
propetrovsk Oblast. The length of the river without
tributaries is 42 km. The area of the drainage accounts
for 293 km?. The average stream gradient is 1.5 %eo.

The river's runoff is formed chiefly by the at-
mospheric precipitations on average amounting to
400-430 mm annually. The greatest average monthly
discharges of water are observed in March-April, the
least (almost zero) — in late summer or early autumn.
River recharge by groundwater is low and not sustain-
able.

Active use of the lands around the basin of the
Zhovtenka River began in the late XVIII and early
XIX centuries. Already at that period, try pattern of
the climate and deficiency of aquatic resources de-
termined the necessity of creating ponds for guar-
anteed water supply throughout the year. The ponds
were small in size and were made directly near the
settlements. Until the mid-XIX century, there were
2 small ponds on the stream bed of the river and 2

more on the tributaries. In the mid-XX century the
number of ponds was 6. By the early XXI century, the
quantity of the ponds had increased up to 31, includ-
ing 16 facilities in the stream bed of the river and 15
on the tributaries. Furthermore, one water reservoir of
3.547-10° m® capacity has been built in the ravine of
the Vovcha. According to the data of technical inven-
tory checking, the total extent of the regulation of the
Zhovtenka River accounted for 6.393-10° m°.

Within the framework of the studies, we carried
out field studies of separate hydrological parameters
of the Zhovtenka River: characteristics of the run-
off (water discharges) of the river and saline content
in the water. To assess the hydrological parameters,
we determined 10 control stations in the upper and
middle flow of the river, both the stream bed and the
tributaries.

Monitoring results of visual examination indicate
that there was no water seepage in the lower canal
pounds of the levees in all the control stations
during the period from May 2019 to February 2020.
The content of chlorides and sulfates, and also
mineralization of water in the ponds do not depend on
the order of installment of the stations, but there was
seen a tendency towards increase in the concentration
during the period of observations.

Fig. 2 presents average data on concentration
of chlorides, sulfates and mineralization of water in
ponds in 10 control stations of the upper and middle
parts of the basin of the Zhovtenka River. Mean
mineralization of water in the ponds may be compared
to mineralization of water in the Azov Sea.

It has to be noted that one of the causes of high
mineralization may have been the water from the re-
tention pond of discharge water effluent from the water
treatment facilities of Kryvy Rih and which was used
for irrigation. At the same time, their overall mineral-
ization did not exceed 1500 mg/dm?, and the system
of irrigation and water pumping was destroyed in the
mid 90s. An additional factor was chemical analy-
ses of water in ponds located upstream, where there
is seen high content of dry residuals. Thus, we can
state that the situation with significant deterioration
of quality of water resources is much more complex
in character. The factors of impact include economic
development in the territories, which causes influx
of a large amount of polluting substances; the long
period of irrigated agriculture which affects the dis-
charge of highly-mineralized drainage water into the
river; construction of a large amount of artificial water
bodies which have completely obstructed the current
of the river and turned it into a cascade of evapora-
tors, resulting in violation of the conditions necessary
for sanitary water norms. During the warm period,
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Fig. 1. Geoinformational network of the Zhovtenka River with points of selection of water samples (performed

by the authors using geoinformational system QGIS)

the concentration of dry residuals in the water bodies
increases, while oxygen-saturation decreases. All the
mentioned factors create conditions for negative geo-
ecological transformation of the river basin and loss
of self-cleaning ability of the river. The assessment of
the impact of each separate element may be a relevant
task for further studies. Fig 3 presents parameters of
mineralization of water in the ponds which sequen-
tially located along the current in the stream of the
Zhovtenka River.

6

The obtained parameters of mineralization of wa-
ter suggest that the ponds are functioning as evapora-
tion ponds. These conclusions are supported by the
fact that the loss of runoff due to additional evapora-
tion from the water surface of the ponds and small
water reservoirs reduces the water resources in the
Steppe zone by 5-7% in averagely humid years and by
20-40% in low-moisture years (Yatsyk et all., 1991).
As an example, Fig. 4 presents the dynamics of degra-
dation of a water body in the basin of the Zhovtenka.
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Fig. 2. Mean parameters of saline content (a) and mineralization of water (b) in the ponds of the basin
of the Zhovtenka River (sampling took place in 2019-2020 in the authors" survey).

Obviously the water with high salt content does
not meet the requirements to water quality for drink-
ing and agricultural water supply. According to the
criteria of assessment of quality of irrigation water, as
regulated by the National Standard of Ukraine DSTU
[Ukr. 1CTVY]2730:2015 “Quality of natural water for
irrigation. Agronomic criteria”, water in the ponds is
not appropriate for irrigation. It is also inappropriate
for fish breeding. Thus, one can state absence of con-
ditions for observance of ecologically safe water use
in the basin of the Zhovtenka.

The field and laboratory surveys substantiate the
necessity of further analysis of the situation with use
of geoinformational systems and mathematical meth-
ods of analysis. To assess the level of geoecological

transformation of the basin of the Zhovtenka River,
the authors have for the first time proposed introduc-
ing the coefficient of the river fragmentation (K. and
other assessment parameters which may be used to
compare the impact parameters along the length or
across the area of a surveyed object. Coefficients of
geoecological impact are frequency of anthropogenic
changes in the ecosystem which no doubt has a close
relationship with the degree of the geoecological
transformation of the river basin:

1) Coefficient of fragmentation of the river is
suggested to be calculated using the ratio of the total
number of artificial aquatic objects to the length of
the river or the area of the territory (administrative re-
gion, district, drainage basin) where they are located:

Fig. 3. Dynamics of the changes in mineralization of water in the ponds of the upper part of the basin of the
Zhovtenka River (the samples were taken in the settlements in 2019-2020, the authors™ survey)
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(1)

2

where L — length of the river, km; S— the area of
the territory, km?; N — total amount of the levees on
the river.

2) The coefficient of urbanization of the river —
ratio of the length of the settlements along the bank
strip of the river or ratio of the area of the urbanized
territory to the drainage area of the river basin:

3)

(4)

where L , — the length of the territory along the
bank line of the river where construction has been
done, km; L, — the length of the river basin; § , —
the area of the urbanized territory, km* S, — drainage
area of the river basin, km?.

3) Coefficient of alienation of hydrographic net-
work as a result of the economic activity and exhaus-
tion of the outlets of the river network and the tribu-
taries of different order:

)

(6)

where L, — is the length of elements of hydro-
graphic network which were ploughed (are currently
in the land use) as a result of economic activity, km;
S, — the area of the alienation of the elements of the
hydrographic network of the territory, km?.

Implementation of the proposed approach al-
lowed us to determine the main elements of assess-
ment. We determined that 18 ponds are located on the
river, and the total amount of the objects in the river
basin is 34. We should note that field surveys and use
of GIS-technologies allowed us to determine more
hydrotechnical facilities than there are recorded in the
declared data of passportization in the management
institutions, which is 31 artificial water bodies. Within
the drainage basin, there are 16 settlements (Fig. 5).

Quantitative characteristics of the constituents
of the formulae (3-6) were determined through the

8

analysis of digital model of drainage (DMD) of the
Zhovtenka River in GIS QGIS and combined visu-
al analysis of high-quality cosmic images (Google
Earth). Particularly, the length and area of the
ploughed hydrographic network was estimated us-
ing geomorphological and hydrological analyses of
drainage in GIS, differentiative buffer analysis of
hydrographic network outside the range of the water
course and gully-ravine system (Fig. 6).

Table 1. Determined parameters of the main geoecological ele-
ments of the basin of the Zhovtenka River.
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Through the calculations we determined that the
total parameter of coefficient of the fragmentation
of the river by artificial water bodies is 0.212. The
calculation of this parameter only along the length of
the river itself (not taking into account the tributaries)
equaled 0.429, which is twice higher. That means a
pond per each 2 km. If we consider the natural eco-
logical condition of the river and its drainage basin as
a conditional 1, and further gradually substract all the
components of the negative impact, we shall receive
the following results:

Taking into account all coefficients of negative
impact for the length 1-0.212-0.180-0.482=0.126,
i.e. only 12.6% of the river is in conditionally natural
state;

Taking into account all coefficients of negative
impact for the area (without consideration of agricul-
tural lands) 1-0.116-0.072-0.010=0.802.

The area of the lands of the aquatic fund, particu-
larly shoreline-protective strips and protected aquatic
zone is the main parameter which characterizes the
geoecological transformation of the river basin. Such
a territory being in the natural condition of drainage
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with meadows, pastures and forests accounts for only
16.65 km? or 5.7%.

ploughing. Around 94% of the drainage area of the
Zhovtenka River basin has been drastically damaged

Table 2. Calculation of parameters of geoecological impact of economic activity in the basin of the Zhovtenka River.

Coefticient of river fragmentation

Coefficient of urbanization of the
river

Coetficient of alienation of
hydrographic network

Along the length Across the area Along the length Across the area Along the length Across the area
[ Ky 1 s / K
K K K
Jr fr Kurb urb pr dpr
0.212 0.116 0.180 0.072 0.482 0.010
Conclusions.

The results of the field surveys of the Zhovtenka
River indicate that agricultural activity in the river ba-
sin exerts a destructive impact on the condition of its
ecosystem.

As a result of intensive arable farming all the
outlets of the streams and watercourses of the hy-
drographic network of the river basin, accounting for
the total length of 150 km, have been damaged by

by economic activity. The negative impact along the
river's length was seen on over 87% of the length of
the hydrographic network.

The main factors of the destructive processes
include irrational construction of a large number of
ponds, which has had an extremely negative effect
on the discharge characteristics of the river and self-
cleaning ability. The river has been transformed into
a cascade of evaporation ponds, the quality of water

9
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Fig. 5. Results of the surveys of the impact of economic activity on geoecological transformation
of the river basin of the Zhovtenka using QGIS geoinformational system (authors' development).

in which does not meet the requirements for use for
€conomic purposes.

To restore the hydrological regime and
geoeconomic condition of small rivers, it is relevant
to carry out further surveys with the purpose of
determining the actual number of artificial water bodies
and perform ecological-economic substantiation of
expedience of their further use.

10

It is necessary to evaluate how the norms of
the current water protection legislation are fulfilled,
particularly the requirements of the Water Code of
Ukraine as determined in article 82 “Regulation of
the runoff of the rivers, creation of artificial water
bodies”.

Today, there are no generalized results of
evaluation of ecological condition of small rivers of



V. H. Andrieiev, H. V. Hapich, V. V. Kovalenko

Journ. Geol. Geograph. Geoecology, 30(1), 3—12.

a b

C

Fig. 6. To determine length and areas of ploughed hydrographic network: a — photo of the northern part of the drainage (Google
Earth); b — automated determination of hydrographic network by analysis of data of DMD in QGIS; ¢ — buffer analysis of ploughed

erosive areas according to the range of water stream (ravine).

Dnipropetrovsk Oblast and the majority of the water
courses of the Steppe zone of Ukraine. Therefore,
it is necessary to consider the possibilities to restart
the work on passportization of small rivers of
Dnipropetrovsk Oblast, which has not been conducted
since the early 1990s.

Thus, coefficients of the geoecological impact
of economic activity are recommended to be used as
criteria of assessment of: the extent of anthropogenic
impact; category of complexity and class of
consequences (responsibility) of the objects of
hydrotechnical infrastructure (construction); during
development of projects for assessment of impact on
the environment; results of monitoring surveys, etc.
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Received: 11.06.2020 Abstract. The article is devoted to the study of the life potential support of the population,
Received in revised form: 01.09.2020 which reflects living conditions of the population in specific geosystems (on the example of
Accepted: 09.12.2020 the Sumy region, Ukraine). The main purpose of the article is to assess the geo-ecological

potential of the regional landscape structures, namely the landscape districts of the Sumy

region. The article highlights the theoretical and methodological foundations of the geo-
ecological potential research, substantiates the theoretical aspects of the of “geo-ecological potential” concept, describes in detail
the methodology of assessing geo-ecological potential, which is evaluated on the basis of natural geosystem potential, geosystem
sustainability potential and technogenic geosystem load. The assessment of the natural potential of the Sumy region landscape districts
(based on the humidity coefficient, the sum of active temperatures above 10°C, hydrothermal potential of phytomass productivity,
annual precipitation, adverse natural processes such as landslides, flooding, rising groundwater levels, erosion, dry winds, hail, fogs)
is conducted and the levels (low, below average, average and high) of the natural potential are defined. Three districts of the environ-
mental sustainability of the regional landscape districts are established on the basis of component-by-component assessment of the
meteorological potential of the atmosphere, surface water and soil sustainability potential, as well as biotic potential: below average,
average and above average. The indicators of the population density of the region, coefficient of the territorial production concentra-
tion, economic development of lands (agricultural lands, built-up lands and open lands without vegetation), environmental pollution of
the region (radiation and chemical air pollution, pollution of natural waters and soils) and the integrated indicator of technogenic load,
which allows to establish the following levels of the technogenic load on the landscape districts of the region: below average, average
and above average, are analyzed. Particular attention is paid to the assessment of the geo-ecological potential, which allows to establish
5 levels, of which only 3 are presented in Sumy region, based on which areas of geo-ecological potential of the landscape districts are
identified: below average, average and above average and a map of the geo-ecological potential areas is created. It is established that the
indicator of the geo-ecological potential of the landscape districts of the Sumy region ranges from 0.05 Psel-Vorskla landscape district
(below average level) to 1.07 Esman’-Kleven’ landscape district (above average level). It is established that the higher the values of
the natural potential and sustainability of the natural environment and the lower the indicators of technogenic load, the higher are the
values of the geo-ecological potential.

Key words: geo-ecological potential, natural potential, sustainability of natural environment, technogenic load, landscape district,
Sumy region.

OuiHka reoexkoJIOriYHOrO NOTeHIia Ty JaHAAPTHUX palioHiB (Ha npukaaai Cymcbkoi o6JacTi,
Ykpaina)

Ounena C. lanunpuenko', Anaroniit O. Kopuyc', Onecs I. Kopuyc!, Onbra O. Bunapuyx?
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Anoranisi. CTarTs OpUCBSIYCHA JOCIHIKCHHIO IMMOTEHIIANY JXHTTE3a0e3CUCHH HACEJCHHS, SKe BiIoOpa)ka€ yYMOBH JKHTTS Ha-
CeJIeHHsSI B KOHKPETHUX reocHcTeMax (Ha MpuKiIaai perioHy Ykpainu — Cymcekoi oOmacti). [omoBHA MeTa CTATTi MOJSATAE B OIUH-
11l TEOKOJOTIYHOIO MOTEHIially PeriOHANPHUX JaHTAGTHUX CTPYKTYp perioHy, a came JaHmmadTHUX paioHiB CyMmcbkoi 00macTi.
VY crarTi BUCBITIICHI TEOPETUKO-METOIMYHI 3acagy JOCIIKEHHsI IT€0SKOJIOTIYHOr0 MOTEHIialy, OOIPyHTOBaHI TEOPETHYHI ACIIEKTH
TIOHSITTS «T€0EKOJIOTTYHOTO MOTEHIliaTy», JeTaIbHO ONMCaHa METOJHMKA OLIHKH I'eO0CKOJIOTTYHOTO MOTEHINaly, SIKUH OLIHIOEThCS Ha
OCHOBI NIPUPOIHOTO IOTEHIIaly T€OCHCTEMH, MOTEHIIaTy CTIHKOCTI T'€0CHCTEM Ta TEXHOTEHHOIO HABAHTAKCHHS HA TEOCHCTEMH.
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31iliCHEHO OLIHKY NPUPOAHOTrO NoTeHuiany nanamadTHux paiioniB CyMcbKoi 001acTi Ta BAOKPEMIICHO HU3BbKHI, HIKYE CEPEIHBOTO,
cepeHil Ta BUCOKHH PiBHI MPUPOIAHOTO OTeHIiaTy. BcTaHoBIeHO 3 apeanu cTiHKOCTI IPUPOJHOTO CepeJOBHIIA IAaHAMA()THUX palioHIB
peTioHy Ha OCHOBI MOKOMIIOHEHTHOI OLIIHKM METEOPOJIOTIYHOTO MOTEHIIATy atMocdep, MOTEHIlially CTIHKOCTI ITOBEpXHEBUX BOJ Ta
IPYHTIB, a TaKOXX OI0THYHOTO MOTEHLIATY: HIKYE CEPEIHbOT0, CEpEeHil Ta BHIIE cepeaHbOro. [IpoaHanizoBaHO MOKa3HUKU TYCTOTH
HACEJIEHHsI PErioHy, KoedilieHTy TepHTOpialibHOI KOHIEHTpalii BUPOOHHMIITBA, TOCIOAAPCHKOTO OCBOEHHS 3e€Mefb, 3a0pyAHEHHS
HaBKOJIMIIIHBOTO CEPEIOBHIIA TEPUTOPIT PErioHy Ta 00paxoBaHO IHTErPaJbHUI MTOKA3HUK TEXHOTCHHOIO HABAHTAXKEHHSI, 110 J03BOJISIE
BCTAHOBUTH HACTYIHI PiBHI TEXHOTCHHOTO HAaBaHTAXEHHS Ha JaHAIAQTHI pallOHH PETiOHY: HIDKYE CEpPeAHBbOro, CepelHill Ta BUIIe
cepenuboro. OcobnmBa yBara NpUIUISETHCS OIIHII T€O0EKOJIOTIYHOT0 NOTEHIIaTy, 0 JO3BOJISIE BCTAHOBHUTH 5 PIBHIB, 3 SIKHX JINIIE
3 mpencraseHi ans CyMcbKoi 001acTi, Ha OCHOBI SIKUX BUOKPEMIICHO apealii Te0CKOJIOTIYHOTO MOTeHIIATY TAaHIMIaGTHAX paiioHiB:
HIDKYE CEPEeIHBOTO, CePEHIil 1 BUIE CEPETHBOTO Ta CTBOPEHO KAPTOCXEMY apeaiB re0eKoJIOTiYHOTO OTeH Iiany. BecTanosneno, mo
MOKa3HHUK T€0eKOJIOTYHOro MoTeHuiany JanamadrHux paiioHis Cymcbkol obnacti konuBaetbes Bij 0.05 Tlcenbebko-BopeknuHebkuit
nanamadTHUH paiioH (piBeHb HIk4e cepenHboro) 1o 1.07 Ecmanp-KieBencbkuil nanamadTHH pailoH (piBeHb BHIIE CEPETHBOTO).
BcranoBneHo, 10 YMM BHINI 3HAYEHHS IPHPOIHOIO IMOTEHINATy Ta CTIHKOCTI NMPUPOIAHOTO CEpPEIOBHINA Ta HIDKYI MOKa3HUKU
TEXHOTCHHOTO HaBaHTA)KEHHSI, TUM BHIII 3HAYCHHS T€0EKOJIOTYHOTO ITOTEHIIaTy.

Kniouoei cnosa: ceoexonociunuii nomenyia, npupoOHULl NOMEHYial, CMIuKicms nPUpoOH020 cepedosuLyd, MeXHOLeHHe HABAHMAIICEH-

Ha, aanowagmuuil paiion, Cymcoka obnacmo

Introduction.

“Geo-ecological potential” is defined as the po-
tential for life support of the population, which re-
flects conditions and quality of life of the population
in specific geosystems (Olishevska, 2009). It synthe-
sizes the natural (natural resource) potential, the level
of anthropogenic impact on natural complexes and
their resistance to anthropogenic loads. As a result
of the interaction of nature and society in the process
of nature management, a geo-ecological situation is
formed, which is a kind of indicator of the quality
of the natural environment of society in a specific
space-time situation. The leading role in determin-
ing the living conditions of society belongs to the
geo-ecological potential (GP), because the higher the
natural resource potential, sustainability of the natu-
ral environment, the lower are the risks of negative
impact of the technogenic load. The value of GP to
some extent reflects geo-ecological living conditions
of the population, so studies of this kind are extremely
relevant. On the other hand, based on the natural com-
ponent, GP is determined by the properties of natural-
territorial complexes (landscapes). In this context, the
territory of the Sumy region is no exception, so it is
important to consider and assess the geo-ecological
potential of the regional landscape structures, in par-
ticular landscape districts.

The purpose of the study is to assess GP of
the landscape districts of the Sumy region, which
is implemented through a number of tasks: to
characterize the natural potential of the landscape
districts of the region; to establish sustainability of
their natural environment; to find out the technogenic
load on the regional landscape structures; to calculate
the geo-ecological potential of each landscape district,
to identify the levels of geo-ecological potential and
to carry out zoning of the territory of the Sumy region
by the GP size.
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Materials and methods of research.

In abroad sense, the term “potential” is interpreted
as opportunities, available forces, stocks that can be
used for anything. Scientists-geographers use the term
potential to refer to the properties of natural territorial
complexes that are important in terms of human
economic activity, such as natural potential, natural
resource potential, recreational potential, ecological
potential, environmental potential, sustainability
potential, and so on.

In a broad sense, GP is defined as the quality of
human habitat, the ability to provide the necessary
food, working and leisure conditions (recreational re-
sources) and treatment (climate therapy, balneologi-
cal resources) (Olishevska, 2009). It (potential) deter-
mines the geo-ecological living conditions of people
in certain geosystems and reflects the ability of the
landscape to be a favorable environment for people
and a source of resources used by society.

The theoretical basis of the GP study is set out
in the works of A. Isachenko (Isachenko, 1992), O.
Marynych (Marynych and Shyshchenko, 2005),
I. Nesterchuk (Nesterchuk, 2011), Yu. Olishevska
(Olishevska, 2005), P. Shyshchenko (Shyshchenko,
1993), and others. The methodological foundations
of its study are substantiated in the works of V. Ba-
ranovskyi (Baranovskyi, 2001), I. Nesterchuk (Nest-
erchuk, 2011), Yu. Olishevska (Olishevska, 2005).

The value of GP reflects the state of geosystems
and has two components: natural-ecological and
socio-economic. The natural-ecological component
reflects the natural-ecological potential, which is
determined on the basis of indicators of natural po-
tential and sustainability of the natural environment,
and socio-economic — the value of technogenic load
on geosystems, which includes the indicators of land
development and environmental pollution. The disad-
vantage of this approach is its certain subjectivity, but
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in many cases, it is the only one possible and therefore
it is the most used.

The integrated indicator of GP is determined by
the formula (1):

GP=NP+R-TL (1)

where GP — geo-ecological potential, NP —natural
potential, R — potential of geosystems resistance
to technogenic load, TL — technogenic load on the
geosystems (Olishevska, 2005).

In a broad sense, natural potential is a set of
available natural conditions and resources that affect
economic activity and are used or can be used in the
production of goods, as well as are able to meet the
needs of the country or humanity (Cheremkha, 2012).
By “natural potential” we mean the intrinsic natural
property of NTC, which it has in relation to any
function, regardless of whether it is performing it at
this time or not. The integrated indicator of the natural
potential is determined by the formula (2):

NP = P+T+C, +C, — (ANP) )

where NP — natural potential, P— annual
precipitation, T — sum of active temperatures above
10°C, C, —humidity coefficient, Chp — hydrothermal
potential of phytomass productivity, ANP — adverse
natural processes.

The study and assessment of the natural potential
of the regional landscape structures was carried out
on the basis of the methodology proposed by Yu. Oli-
shevska and I. Nesterchuk (Olishevska, 2005; Nest-
erchuk, 2011). This methodology involves several
stages: analysis of the main climate indicators, namely
heat and moisture of the territory, as these factors have
direct ecological significance and determine the ter-
ritorial differentiation of other indicators, including
biological (annual precipitation, humidity coefficient,
sum of active temperatures above 10°C, hydrothermal
potential of phytomass productivity) (values of indica-
tors are taken from the corresponding maps); detection
and analysis of adverse natural processes and assess-
ment of their joint manifestation (values of indicators
are taken from the corresponding maps). Since these
indicators have different size, they are normalized
with subsequent calculation of the values of NP ac-
cording to the formula (2). Based on the calculated
data, a scale of natural potential levels is developed.

M. Grodzynskyi, V. Baranovskyi, P. Shyshchen-
ko (Grodzynskyi, 1995; Baranovskyi, 2001; Shysh-
chenko, 1999) studied the sustainability of the natu-
ral environment. They repeatedly mentioned in their
works and actively emphasized the need to study the
sustainability of geosystems, as the completeness of
the geo-ecological research is impossible without

taking it into account. The essence of the concept of
“sustainability” is revealed in the monograph of M.
Grodzynskyi, where the author showed the full range
of interpretations of sustainability, identified its basic
forms and found out that sustainability of the geosys-
tem is the ability of the latter, in the case of external
factors, to be in one state district and return to it due to
inertia and reproducibility, as well as to move due to
plasticity from one district of states to others, without
going beyond invariant changes during a given time
interval (Grodzynskyi, 1995).

Methodological bases for determining the natu-
ral environment sustainability were developed by V.
Baranovskyi and P. Shyshchenko. When determin-
ing the sustainability index, the unidirectionality of
its components is taken into account, and the sustain-
ability potential is calculated on the basis of compo-
nent-by-component assessment of the meteorological
potential of the atmosphere, surface water and soil
sustainability potential, as well as biotic potential and
is calculated by the formula (3):

S=A+W+S+B 3)

where S — potential for environmental
sustainability, A — meteorological potential of the at-
mosphere, W — surface water sustainability potential,
S — soil sustainability potential, B — biotic potential.

The meteorological potential of the atmosphere
characterizes predominance in the atmosphere of the
processes of accumulation or dispersion of chemicals
and compounds. Assessment of the soil sustainability
is performed according to indicators that characterize
the sums of active temperatures, slope steepness,
structure, resistivity, mechanical composition,
humus content, type of water regime, pH reaction,
afforestation, ion capacity, plowing, economic
development within the natural agricultural areas of
the regions of Ukraine. When determining the surface
water sustainability, the days with water temperature
above +16°C, water color indices and average
long-term water consumption had been taken into
account. Biotic potential characterizes the property of
geosystems to preserve or restore biological diversity.
According to the methodology of Yu. Olishevska,
indicators of the resistance of the natural environment
to the technogenic impact are taken from the map of
V. Baranovskyi and P. Shyshchenko “Sustainability
of the natural environment” (Baranovskyi and
Shyshchenko, 2002). Based on the data analysis,
a scale of environmental sustainability levels is
developed.

The technogenic load is a degree of direct and
indirect impact of people and economy on nature
as a whole and its individual components. Analysis
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of the technogenic impact on the environment is
a complex process due to the variety of forms of
human impact on it. There are different approaches
to the establishment of the technogenic load on the
environment, but the most successful, in our opinion,
are the methods of V. Baranovskyi and 1. Nesterchuk
(Baranovskyi, 2001; Nesterchuk, 2011), as they are
best suited for assessing the technogenic load within
regional landscape structures. The indicator of the
technogenic load is calculated by the formula (4):

TL = SEDT+EP 4)

where TL — technogenic load, SEDT — socio-eco-
nomic development of the territory, EP — environmen-
tal pollution.

The value of the technogenic load is characterized
by the indicators of socio-economic development
of the territory, namely: population density,
territorial concentration of production and economic
development of land. This indicator was calculated by
the formula (5):

SEDT = PD+ C,_+EDL (5)

where SEDT — socio-economic development of
the territory, PD — population density, C =~ — coef-
ficient of the territorial concentration of production,
EDL — economic development of lands.

In order to calculate the indicators of socio-
economic development of the territory the data from
the Main Department of Statistics in the Sumy region
(Holovne upravlinnia statystyky..., 2019) and the
Main Directorate of the State Geocadastre in Sumy
region (Holovne upravlinnia Derzhheokadastru...,
2019) were used. The indicator of economic
development of lands was calculated as the sum of
shares of agricultural lands, built-up lands and open
lands without vegetation.

In addition to socio-economic development of
the territory, the environmental pollution, namely
radiation pollution, chemical pollution of air, natural
waters and soils is important for a comprehensive
analysis of the technogenic load, which was calculated
by the formula (6):

EP=P+P +P +P (6)

where EP — environmental pollution, P —
radiation pollution of plants and soils, P — chemical
pollution of the air, P_ — pollution of natural waters,
P_— chemical pollution of soils.

The analysis of the technogenic load on geosys-
tems of the regional level needs generalized indica-
tors. Due to the fact that for such areas it is quite dif-
ficult to collect information on specific indicators of
the technogenic impact, the data are taken in terms
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of administrative districts and approximately calcu-
lated for landscape districts, taking into account the
share of administrative districts within physical and
geographical areas.

The integrated indicator of the technogenic load
is calculated as the sum of normalized indicators:
population density, coefficient of the territorial con-
centration of production, economic development of
lands and environmental pollution of the landscape
districts. On the basis of the received values of an in-
dicator the levels of the technogenic load are devel-
oped.

An important stage of the study is to determine the
integrated indicator of GP of the regional landscape
structures, which included a number of procedures.
At the first stage the normalization of the indicators of
natural potential, the potential of natural environment
sustainability and technogenic load of the landscape
districts of the region is carried out. Next, the inte-
grated indicator of GP is calculated, and its levels are
set: low (-1...-0.60), below average (-0.59...-0.20),
average (0.21-0.80), above average (0.81-1.40) and
high (1.41-2.00).

These levels of GP were calculated for regional
landscape structures — landscape districts that reflect
the local characteristics of the hydro-functioning of
the soil-plant complex and, as a consequence, form an
individual landscape-morphological structure of the
territory (Neshataev et al., 2005). During the study,
the schemes of physical-geographical zoning devel-
oped by O. Marynych and others (Marynych et al.,
2003), B. Neshataev (Neshataev, 1987; Neshataev et
al., 2005) and V. Udovychenko (Udovychenko, 2003)
were used.

Results and discussion. Assessment of natural
potential.

The indicator of the sum of active temperatures
above 10°C increases in the direction from north to
south: northern, Znob-Novhorod landscape district
is characterized by minimal values (2380°C),
southern districts — (Transvorsklian, Lypova-Dolyna-
Nedryhailiv, Lebedyn-Zinkiv — by maximal values
(2650°C, 2600°C and 2640°C, respectively) (Veklych,
1995). The amount of precipitation increases in
the opposite direction — from south to north. Their
maximal number is received in the northern landscape
districts: Znob-Novhorod and Esman’-Kleven’ (600
mm per a year), and moving to the south, the amount
of precipitation decreases, and in Lebedyn-Zinkiv
district reaches the minimal annual amount (546
mm) (Veklych, 1995). Calculations of the humidity
coefficient have established that the northern
districts: Znob-Novhorod (1.2) and Shostka-Yampil’
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(1.16) have excessive humidity, and the southern
ones: Lypova-Dolyna-Nedryhailiv (1.0), Lebedyn-
Zinkiv (1.0) — sufficient humidity. The hydrothermal
potential of phytomass productivity determines the
ability of the landscape to produce biomass and
is estimated on the basis of the ratio of average
annual productive humidity, vegetation period to
average annual radiation balance (Baranovskyi,
2001). Landscape districts that have a relatively high
indicator of hydrothermal potential of phytomass
productivity include: Znob-Novhorod (6.0), Shostka-
Yampil® (6.0), Seim (5.9) and Esman’-Kleven’ (5.9),
lower indicators are typical for Lebedyn-Zinkiv (5.3)
and (Transvorsklian) (5.3).

Adverse natural processes can be found in the
Sumy region quite widely and in various forms. The
most common adverse natural processes include land-
slides, flooding, rising groundwater level, erosion,
dry winds, hail, fog, and so on. The most eroded land-
scape districts are: Psel-Vorskla (soil erosion reaches
up to 60%), Esman’-Kleven’, Lebedyn-Zinkiv and
Lypova-Dolyna-Nedryhailiv (up to 40%) (Veklych,
1995). At the same time, the lowest degree of soil ero-
sion is observed in the northern districts of the region,
while in the forest-steppe part of the region the in-
tensity of erosion processes is much higher, which is
manifested in greater depth of river valleys, density
of ravine-beam network, one of the reasons for which
is decreasing forest area. Landslides are characteristic
primarily of Psel-Vorskla (17 landslide-prone areas
have been identified), Seim (16) and Lebedyn-Zinkiv
(11) landscape districts (Danylchenko, 2019). Not the
last among the adverse processes is flooding, which
occurs during significant spring floods and rainy
years. The main reason for this phenomenon is the

rise in groundwater levels, associated with significant
over-regulation and siltation of rivers. The largest
areas affected by flooding are Seredyna-Buda (1100
ha), Krolevets (448 ha) and Yampil’ (350 ha) admin-
istrative districts, in terms of basins of the main rivers
of the region the first positions are occupied by the
basins of the Desna, Vorskla and Seim rivers, which
territorially correspond to Znob-Novhorod, Shostka-
Yampil’, Transvorsklian and Vyry landscape districts
(Danylchenko, 2019). Manifestations of such an ad-
verse phenomenon as hail can most often be found in
Vyry, Psel-Vorskla and Transvorsklian landscape dis-
tricts (3 days per year). Dry winds are most common
in the south of the region, namely in Transvorsklian
(10 days per year), Lebedyn-Zinkiv (9 days per year)
and Psel-Vorskla (8 days per year) landscape districts,
they are less common in the northern districts. The
distribution of fogs is uneven throughout the Sumy
region, but also has a certain pattern: it decreases from
north to south. The maximal number of days with fog
is in Znob-Novhorod, Shostka-Yampil’, Sula, Lypo-
va-Dolyna- Nedryhailiv and Esman’-Kleven’ land-
scape districts (60 days per year or more), which have
a sufficient and even excessive level of humidity. In
the south of the region, in the Transvorsklian and
Psel-Vorskla landscape districts, the number of days
with fog is 57 (Veklych, 2005).

The calculated indicators of the natural potential
are in the range from 0.54 to 2.68 and according to
the methodology (Nesterchuk, 2011) correspond to
the following levels (Table 1).

The low level of the natural potential (<0.95)
is represented in 3 landscape districts: Lypova-
Dolyna-Nedryhailiv ancient glacial hilly-beam area,
Lebedyn-Zinkiv gently undulating terraced and Psel-

Table 1. Levels of the natural potential of the landscape districts of the Sumy region

Ne Landscape district Calculations of normalized indicators* Level of natural potential
1. | Znob-Novhorod 3-(2.6/8)=2.68 High

2. | Shostka-Yampil’ 2.47-(2.64/8)=2.14 High

3. | Seim 1.4-(3.9/8)=0.97 Below average
4. | Sula 2.4-(2.7/8)=2.07 High

5. | Lypova-Dolyna-Nedryhailiv 1.06 — (2.7/8) = 0.73 Low

6. | Lebedyn-Zinkiv 0.9-(2.9/8)=0.54 Low

7. | Transvorsklian 1.8 -(3.95/8)=1.31 Below average
8. | Esman’-Kleven’ 2.2—-(2.85/8)=1.85 Average

9. | Vyry 1.9-(4.5/8)=1.34 Below average
10. | Psel-Vorskla 1.4—-(4.9/8)=0.79 Low

*Note: calculations of normalized indicators are carried out according to the formula:

where ¥V —normalized values of indicators-stimulators of the NP (annual precipitation, sum of active temperatures above 10°C, humidity coefficient, hydrothermal
potential of phytomass productivity), ¥, — normalized values of indicators-destimulants of the NP (joint manifestation of adverse natural processes: flooding, rising

groundwater levels, exogenous geological processes, landslides, erosion, recurrence of dry winds, hail, fog).
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Vorskla off-glacial elevated strongly dissected area.
These areas are characterized by low indicators of
hydrothermal potential of phytomass productivity,
worse climatic conditions (minimum precipitation
— 546 mm is in Lebedyn-Zinkiv landscape district).
Due to the fact that adverse natural processes (such as
landslides (maximum number — 17 per Psel-Vorskla
landscape district), soil erosion (maximum 60 % is
typical for Psel-Vorskla district, 40 % — for Lebedyn-
Zinkiv and Lypova-Dolyna-Nedryhailiv) and dry
winds (9 days per year dominate in the Lebedyn-
Zinkiv landscape district)) are widespread in the
territory (Danylchenko and Hupalo, 2017), the level
of natural potential will be low.

The level below average (0.96-1.50) is also
typical for 3 districts: Seim terraced weakly dissected,
Transvorsklian terraced gently undulating dissected,
Vyry glacial-periglacial dissected landscape districts.
The normalized indicators are higher than in the areas
ofthe previous level, especially if we take into account
the climatic indicators (the maximum amount of heat
receives Transvorsklian landscape district). The Seim
landscape district is characterized by a high indicator
of hydrothermal potential of phytomass productivity.

landscape districts suffer from it 3 days a year).

The average level of the natural potential (1.51-
2.00) is peculiar only to 1 landscape district — Esman’-
Kleven’ glacial dissected district, where the most
precipitation (600 mm per year) falls, the hydrothermal
potential of phytomass productivity is 5.9. Due to a
small number of adverse natural processes, among
which it is necessary to distinguish soil erosion (up
to 40 %) and frequent fogs (60 days per year), the NP
of Esman’-Kleven’ reaches an average level of 1.85.

The high level of the natural potential (>2.01) is is
peculiarto 3 districts: Znob-Novhorod moraine-zander
weakly drained, Shostka-Yampil® elevated weakly
dissected and Sula elevated-dissected landscape
districts. These districts have high values of annual
precipitation (600 mm — Znob-Novhorod district, 598
mm — Sula), the coefficient of humidification of the
territory is represented by the maximal indicators:
in Znob-Novhorod landscape district is 1.2 and
Shostka-Yampil” — 1.16. The hydrothermal potential
of phytomass productivity reaches a maximal value
equal to 6.0 in Znob-Novhorod and Shostka-Yampil’
landscape districts. Among the unfavorable natural
processes it is necessary to note only flooding

Table 2. Sustainability of the natural environment of the landscape districts of the Sumy region (Hupalo and Danylchenko, 2018)

Ne | Landscape district Meteorological | Potential of the surface scI))i?tselrllstiznoafbti}lliftz Biotic potential | Sustainability
- P potential “A” | water sustainability “W” g y “B” potential “S”
1. | Znob-Novhorod A W S B -1.21 (below
’ : ' 4 average)
2. | Shostka-Yampil’ A W S B -0.5 (below
’ ’ § 3 average)
3. | Seim A, W, S, B, +0.5(average)
+ -
4. | Sula A, w, S, B, 0.095 (aver
age)
Lypova-Dolyna-
+
> Nedryhailiv A, W, S, B, 0.55 (average)
6. | Lebedyn-Zinkiv A, W, S, B, +0.6 (average)
+
7. | Transvorsklian A w S B 1.12 (above
’ ’ } 3 average)
8. | Esman’-Kleven’ A, W, S, B, +0.26 (average)
+0.85 (above
9. | Vyry A, W, S, B, average)
10. | Psel-Vorskla A Y S B +0.99 (above
’ ’ } 3 average)

Note: meteorological potential: A, (0.96-1.25) — below average, A, (0.66-0.95) — low; surface water sustainability potential: W, (0.006-0.1) — low; soil sustainability poten-
tial: S (40 and less) — very weak, S, (41-50) — weak, S, (51-60) — medium; biotic potential: B, (5.6-6.5) — average, B, (4.6-5.5) — below average.

Adverse natural processes are represented by rising
groundwater levels (Vyry landscape district is
the leader in terms of indicators — 13 ha), flooding
(maximal value falls on Transvorsklian district), soil
erosion (35 % is typical for Vyry and Seim landscape
districts) and frequent hail (Vyry and Transvorsklian
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(maximal values are typical for Znob-Novhorod and
Shostka-Yampil® landscape districts) and frequent
fogs (60 days per year). Due to the high values of
climatic indicators and the minimal number of adverse
processes, these landscape districts received maximal
indicators of the NP, ranging from 2.07 to 2.68.
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Assessment of the environmental sustainability.

Based on the analysis of data (indicators of
meteorological potential of the atmosphere, the
potential of surface water and soil sustainability,
biotic potential) taken from the map (Baranovskyi and
Shyshchenko, 2002), according to the methodology,
3 districts of environmental sustainability of the
landscape districts of the Sumy region are outlined:
below average (indicator of sustainability potential
is less than -0.50); average (-0.49...+0.80) and above
average (+0.81...+2.10) (Table 2).

The area of the natural environment resistance
to the technogenic load below average includes 2
landscape districts: Znob-Novhorod (-1.21) and
to a greater extent Shostka-Yampil® (-0.5). These
districts were referred to this group due to the
low value of meteorological potential A, (below
average), low surface water sustainability potential
W, soil sustainability potential S and S,, which are
characterized as very weak and weak soils, as well as
average and below average biotic potential B, and B..

The second area of environmental sustainability
with an integrated average indicator includes 5
landscape districts: Seim (+0.5), Sula (+0.095),
Lypova-Dolyna-Nedryhailiv ~ (+0.55),  Lebedyn-
Zinkiv (+0.6) and Esman’-Kleven’ (+0.26). Indicators
of some components of the natural environment
sustainability of this area have higher values: the
potential of soil sustainability has passed into the
gradation (weakly stable) S, and for most landscape
districts is characterized by a higher indicator of
soil sustainability (medium stable) S.. The value of
meteorological potential varies from below average to
low A,. The value of the surface water sustainability
potential has not changed — W/, is low. Biotic potential
also changed its value and moved to a group below
average — B..

The third area of the above average environmental
sustainability includes 3 landscape districts:
Transvorsklian (+1.12), Psel-Vorskla (+0.99) and
Vyry (+0.85). The indicators of the meteorological
potential, surface water sustainability potential and
biotic potential have not changed compared to the
previous area and are A, W,, W,, respectively, but
the value of soil sustainability potential is only in
gradation S, and corresponds to “medium stable”.
The main role in determining habitats by the degree
of the natural environment sustainability is played by
the soil sustainability potential.

Assessment of the technogenic load.

The initial stage of the study of socio-economic
development of the region is the analysis of the

development of the territory. Examining the
population density as a component of socio-economic
development of the territory, we clearly trace the
highest value (112.1 people/km?) in the Psel-Vorskla
landscape district, as it borders the regional center, and
the lowest (13.0 people/km?) in the Znob-Novhorod
landscape district. The coefficient of the territorial
concentration of production, as well as population
density, fixed the maximum value for Psel-Vorskla
landscape district (0.940), while Znob-Novhorod
received the minimal value (0.009), because compared
to the previous district the number of enterprises and
production scale is much lower.

Economic land development (agricultural land,
built-up land, open land without vegetation) is most
represented in Vyry landscape district (87 %), where
the largest share of developed land, and the minimal —
in Znob-Novhorod landscape district (63.5 %).

A significant share in the technogenic load
has environmental pollution. The Lebedyn-Zinkiv
landscape district (normalized indicator 5.09) is
characterized by the maximal pollution indicator,
where there is an increased content of Pb and Cd in
soils, chemical pollution of water and air, as well
as the Psel-Vorskla landscape district (4.7), and the
minimal indicator is typical for the Znob-Novhorod
landscape district (2.23).

Calculations of the integrated indicator of the
technogenic load allow us to identify the following
levels of technogenic load (Table 3).

The level of the technogenic load below average
(<2.40) is typical for one landscape district — Znob-
Novhorod (indicator 2.23), in which there is the
minimal population density, territorial concentration
of production, economic development of land, and,
consequently, minor environmental pollution.

The average level of the technogenic load is
typical for 4 landscape districts — Seim (4.18), Sula
(4.09), Esman’-Kleven’ (2.86) and Vyry (3.78).
Compared to the previous level, they have higher rates
of economic development of land, population density,
while the indicator of environmental pollution is not
critical.

The level of the technogenic load above average
is typical for 5 landscape districts: Shostka-Yampil’®
(4.82), Lypova-Dolyna-Nedryhailiv (4.78), Lebedyn-
Zinkiv (5.62), Transvorsklian (4.71) and Psel-Vorskla
(7.06). These landscape districts are characterized
by high rates of the population density, territorial
concentration of production, economic development
of the territory, but most of them are united by
high rates of environmental pollution. Psel-Vorskla
landscape district stands out the most from the above-
mentioned areas. [t occupies a leading position in terms
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Table 3. Levels of the technogenic load on the landscape districts of the Sumy region (Hupalo and Danylchenko, 2018)

Socio-economic development of the territory g“ é" g
- g [} qa '8 gn
z 2 2 = 2 S5 = £
" se| 2 Eoleze| 2| 53 | 2t .
Landscape district | = & 3 3 ‘g flé X 3 E 2 =) ° S
g2 & |G, | & |£5¢| & 25 | & =
s3| B g | 8s=| g s 2 273 °
R g E | =2 = £ E 52 e
& 5] S 2 S) z & z
< Z Z Z 5 E 9
1. | Znob-Novhorod 13.0 0 0.009 0 63.5 0 2.23 2.23 Below average
2. | Shostka-Yampil’ 47.9 0.35 0.139 0.13 67.0 0.15 4.19 4.82 Above average
3. | Seim 72.4 0.6 0.142 0.13 86.0 0.95 2.5 4.18 Average
4. | Sula 21.5 0.08 0.092 0.09 85.4 0.93 2.99 4.09 Average
5. | Lypova-Dolyna- 158 | 003 | 0020 | 001 | 842 | 088 3.86 478 | Above average
Nedryhailiv
6. | Lebedyn-Zinkiv 35.0 0.22 0.058 0.05 69.7 0.26 5.09 5.62 Above average
7. | Transvorsklian 56.5 0.44 0.075 0.07 81.1 0.74 4.2 4.71 Above average
8. | Esman’-Kleven’ 323 0.19 0.068 0.06 72.2 0.36 2.25 2.86 Average
9. | Vyry 31.9 0.19 0.032 0.02 87.0 1 2.57 3.78 Average
10. | Psel-Vorskla 112.1 1 0.940 1 72.1 0.36 4.7 7.06 Above average

of the population density, territorial concentration of
production and environmental pollution.

Assessment of the geo-ecological potential.

Calculation of GP of the landscape districts of
the Sumy region and establishment of its levels, allow
to group landscape districts into certain groups by
homogeneity of size of the investigated indicator and
to create the map of GP areas of the region (fig. 1).

It is established that the GP indicator of the
landscape districts of the Sumy region varies from
0.05 Psel-Vorskla landscape district (below average
level) to 1.07 Esman’-Kleven’ landscape district
(above average level) (Table 4).

The area of the low level of the geo-ecological
potential on the territory of the Sumy region is not

represented, because the state of natural resources
of the region is assessed as satisfactory, and the
technogenic load is not reflected as critical.

The area of the below average level of the geo-
ecological potential unites 2 landscape districts:
Lebedyn-Zinkiv and Psel-Vorskla. These are the
central districts of the region, with the total area
of about 4969 km* (21 % of the region’s territory),
densely populated, economically developed,
industrially developed with a technogenic load, which
is 1.4 times higher than the regional average. In these
districts there are low and below average levels of
natural potential, due to low hydrothermal potential
of phytomass productivity, unfavorable climatic
indicators (Lebedyn-Zinkiv landscape district has
a minimal value of precipitation and humidity),

Table 4. Geo-ecological potential of the landscape districts of the Sumy region

Ne Normal- Normal- Normal- Levels of the
Landscape district NP ized S ized TL ized GP geo-ecological
value value value potential
1. | Znob-Novhorod 2.68 1 -1.21 0 2.23 0 1 Above average
2 | Shostka-Yampil’ 2.14 0.74 -0.5 0.3 4.82 0.53 0.51 Average
3. | Seim 0.97 0.2 +0.5 0.73 4.18 0.40 0.53 Average
4. | Sula 2.07 0.7 +0.095 0.45 4.09 0.38 0.77 Average
5. | Lypova-Dolyna-Nedryhailiv 0.73 0.08 +0.55 0.75 4.78 0.52 0.31 Average
6. | Lebedyn-Zinkiv 0.54 0 +0.6 0.77 5.62 0.7 0.07 Below average
7. | Transvorsklian 1.31 0.35 +1.12 1 4.71 0.5 0.85 Above average
8. | Esman’-Kleven’ 1.85 0.6 +0.26 0.6 2.86 0.13 1.07 Above average
9. | Vyry 1.34 0.4 +0.85 0.88 3.78 0.32 0.96 Above average
10. | Psel-Vorskla 0.79 0.11 +0.99 0.94 7.06 1 0.05 Below average

[\
S



O. S. Danylchenko, A.O. Kornus, O. H. Kornus, O. O. Vynarchuk

Journ. Geol. Geograph. Geoecology, 30(1), 13-24.

and the significant impact of adverse natural soil
erosion (40 % is typical for Lebedyn-Zinkiv and 60
% for Psel-Vorskla landscape districts), landslides
(17 in Psel-Vorskla) and dry winds (9 days per year
in Lebedyn-Zinkiv). The level of environmental
sustainability of the area is defined as “average”
for Lebedyn-Zinkiv and “above average” for Psel-
Vorskla landscape districts, due to the low potential
of the surface water sustainability (W,) and below
the average value of biotic potential (B,). Instead,
the level of the technogenic load for these landscape
districts is defined as ‘“above average”, as it is
aggravated by high population density, the coefficient
of territorial concentration of production, which, in
turn, is closely related to environmental pollution
and accompanied by deteriorating air, natural waters,
flora and land resources. This area is characterized by
minimal values of geo-ecological potential of 0.07 for
Lebedyn-Zinkiv and 0.05 for Psel-Vorskla landscape
districts, which is by 10 times lower than the regional
average.

The area of the average level of the geo-
ecological potential includes 4 landscape districts:
Seim, Shostka-Yampil’, Sula and Lypova-Dolyna-
Nedryhailiv, which, stretching from the northwest to
the central part of the region, cover an area of about
10485 km?, which is 44 % of the region. This area
is characterized by a moderate population density,
extensive economic development of lands, with an
indicator of the technogenic load, which is almost
the same as the regional average (4.4). The natural
potential of the above-mentioned landscape districts,
due to high climatic indicators, hydrothermal index of
phytomass productivity and the minimal number of
adverse natural processes is characterized by a high
level, except for Lypova-Dolyna-Nedryhailiv and
Seim landscape districts.

The level of environmental sustainability of
most landscape districts is “average”, due to the low
potential of surface water resistance (W,) and below
the average value of biotic potential (B,), only Shostka-
Yampil’ district belongs to the level of stability “below
average” due to low meteorological potential (A,). The
level of the technogenic load “above average” is typical
for Shostka-Yampil’ landscape district, where there
are high indicators of population density and territorial
concentration of production, affecting environmental
pollution, and for Lypova-Dolyna-Nedryhailiv
landscape district, where this indicator is quite high
due to the high value of the economic development
of lands and the integrated indicator of environmental
pollution and is accompanied by irrational human
economic activity. The level of the technogenic load

of Seim and Sula landscape districts is “average” due
to the significant indicators of the population density
and economic development of lands, although the
integrated indicator of the environmental pollution
is one of the most insignificant in the region. This
district is characterized by the average value of the
geo-ecological potential (0.53), including the Seim
landscape district — 0.53, Sula — 0.77; Shostka-Yampil’
— 0.51; Lypova-Dolyna-Nedryhailiv — 0.31, which is
closed to the regional average (0.6).

The area of the geo-ecological potential of the
above average level includes 4 landscape districts:
Esman’-Kleven’, Transvorsklian, Vyry and Znob-
Novhorod. This area is not widespread in the Sumy
region, but mainly formed in the east of the region.
The total area is about 8324 km?, which is 35 % of the
region with different indicators of natural potential,
with a predominance of the above average and average
levels of environmental sustainability, relatively low
population, extensive economic development of lands
and technogenic load, which is lower than the average
in the region. In these landscape districts there is: a
high level of natural potential in Znob-Novhorod due
to the high climatic indicators (maximal precipitation,
humidity coefficient) and relatively insignificant
manifestation of adverse natural processes; the
average level has been achieved in Esman’-Kleven’
district, due to high values of some climatic indicators
(precipitation 600 mm per a year) and insignificant
combined manifestation of adverse natural processes,
among which we should single out soil erosion
and fog; the below average level is typical for
Transvorsklian and Vyry landscape districts, due to
the minimal values of some climatic indicators and
the widespread manifestation of adverse natural
processes, including flooding, rising groundwater
levels and hail. The level of environmental
sustainability for Znob-Novhorod landscape district is
recorded as “below average”, due to the low potential
of soil sustainability (S,), for Esman’-Kleven’ — as
“average” due to low meteorological potential (A)),
soil sustainability potential (S,), for Transvorsklian
and Vyry landscape districts, it is defined as “above
average” due to low meteorological potential (A,)
and surface water sustainability potential (W,). The
level of the technogenic load for Znob-Novhorod
landscape district is “below average”, due to the
minimal indicators of population density, territorial
concentration of production, economic development
of lands, and, accordingly, environmental pollution.
For Vyry and Esman’-Kleven’, technogenic load is
characterized by “average” level, as these landscape
districts do not have a powerful industry, which, in
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Fig. 1. Geo-ecological potential of the landscape districts of the Sumy region

turn, reduces the demographic and, consequently,
technogenic impact on the natural environment of
the region. This area is characterized by the maximal
values of the GP (average — 0.97), namely: 1.07 for
Esman’-Kleven’, 1 for Znob-Novhorod, 0.96 for Vyry
and 0.85 for Transvorsklian landscape districts, which
1.6 times higher than the regional average. With all the
diversity of the natural potential levels, environmental
sustainability and technogenic load, it was possible to
establish a certain peculiarity: the main role in high
indicators of the geo-ecological potential is played by
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low indicators of the technogenic load.

The area of the geo-ecological potential of the
high level is characterized by comfortable living
conditions of the population with minimal impact of
the technogenic load. In the course of the study, this
area of GP was not identified.

Conclusions.

Geo-ecological potential is the potential of life
support of the population, which reflects the living
conditions of the population in specific geosystems.
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The value of the geo-ecological potential is estimated
on the basis of natural potential of geosystems,
potential of geosystems resistance to the technogenic
load and technogenic load on geosystems. The natural
potential of the landscape districts of the Sumy region
is determined, and the low, below average, average
and high levels of natural potential are distinguished.
The analysis of the natural environment sustainability
of the landscape districts of the Sumy region is
calculated on the basis of indicators of geosystems
resistance to the technogenic impact.

In the course of the study 3 areas of environmental
sustainability of the landscape districts of the Sumy
region were identified: below average, average
and above average. The integrated indicator of the
technogenic load allows to establish the following
levels of the technogenic load: below average,
average and above average. The assessment of the
geo-ecological potential allows to establish the levels
on the basis of which the areas of the geo-ecological
potential of landscape districts are determined. 5 levels
of the geo-ecological potential have been identified,
and only 3 of which are presented for Sumy region
and a map of the areas of the geo-ecological potential
has been created. It is found out that the higher the
values of the natural potential and sustainability of
the natural environment and the lower the indicators
of the technogenic load, the higher are the values of
the geo-ecological potential, with the decisive role of
the minimal anthropogenic impact. The results of the
study provide an opportunity to assess the internal
regional capabilities of the landscape districts, as well
as to identify areas for the most/least favorable living
conditions.
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Estimating environmental risk assessment for drinking and fisheries use (on the example of the
Danube river — the city Vilkovo)
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Received: 02.06.2020 Abstract. The Danube is a source of water for the household and industrial needs of
Received in revised form: 16.06.2020 Ukrainian population, industry and agriculture. The Danube waters are used for drinking
Accepted: 09.11.2020 centralized water supply in the cities of Kiliya and Vilkovo, as well as fisheries in the

region. Therefore, it was important to carry out the “Environmental Risk Assessment for
Drinking and Fisheries Use (on the example of the Danube River —the city Vilkovo)”. The purpose of the study was to evaluate the
effectiveness of the application of the environmental risk criterion R on the basis of hydrochemical observations to verify the safety of
drinking and fishery use. Analysis of environmental problems of the lower Danube River - Vilkovo; assessment of the environmental
situation; calculation of water quality risk indicators according to the methodology of the Institute of Market Problems and Economic
and Environmental Research of the NAS of Ukraine; establishing a link between water quality and risk is the finding of the research.
It is established that the environmental situation is “critical” due to suspended substances, phenols, manganese and HCC for drinking
water supply and “strained” through chromium, manganese, HCC, copper for fishery use. An assessment of the water quality by
the modified Water Pollution Index (IWM) showed that the water is “moderately polluted” and “contaminated”. For both types of
water use, normalized aggregated pollution indices were calculated taking into account the likelihood of a risk event occurring and
R risk indicators were determined by year. It is established that there is a close linear relationship between WSS and R. It is shown
that environmental risk estimates, based on the probability of exceeding concentrations of pollutants above the MPC, reflect well the
ecological status of the water.

Keywords: hydrochemical indicators, Danube, drinking and fishery use, ecological risk, maximum permissible concentration, hydro-
chemical pollution index, ecological situation, security

OuiHOBaHHS €KOJIOTiYHNX PU3UKIB I MUTHOIO Ta pUOOrocnoAapcLKOro BUKOPUCTaHHS (Ha
npukJaai p. lynait — m. Buikose)

M. €. ayc, FO.B. Jlayc
Ooecwvruil HayioHanvbHull Mmopcokuil yHisepcumem, Odeca, Ykpaina, dme2468@gmail.com

Awnoranisi. J[yHaii - 11e JpKepesio BOIU JUlsl TOCIIOAAPChKO-TI00yTOBHX MOTPeO HACEeNICHHs], IPOMHCIOBOCTI, CIIbCHKOTO TOCHOIapCTBA
Vkpaian. Bogu JlyHaro BHKOPHCTOBYIOTBCS IJIsI ITUTHOTO IIEHTpali30BaHOTO BojomocradaHHs Mict Kimis ta Buixose, Takox
3HAUHUI PO3BUTOK Yy perioHi Mae pubanbcTBo. ToMy akTyanbHO Oyno BHKOHATH «OIIHIOBaHHS E€KOJOTIYHUX PH3HKIB Ul MUTHOTO
Ta pudOrocrnoAapcbkoro BUKOPHCTaHHA (Ha mpukiani p. [yHaii - M. Bunkose)». Metoro mocmimkeHHs Oyna OmiHKa e(eKTUBHOCTI
3aCTOCYBaHHS KPUTEPII0 €KOJIOTTYHOTO pu3nuKy R Ha OCHOBI JaHUX TiAPOXIMIYHUX CIIOCTEPEKEHb JUIS MEepeBipKku Oe3neKH MUTHOTO
Ta puOOroCIoAapCHKOro BUKOPUCTAHH. 3aBIaHHs pOOOTH: aHasli3 eKoJIOrYHNX npobieM HIKHBOT Teuil piuku yHait — M. Buskose;
OIIiHKA €KOJIOTTYHOI 00CTAaHOBKH; PO3PAaXyHOK ITOKa3HUKIB PH3HKIB SKOCTI BOAM 32 METOJHMKOIO IHCTUTYTY IPOOIEM PHHKY Ta €KOHO-
MIKO-EKOJIOT1YHUX JIOCIIPKEHb; BCTAHOBJICHHS 3B’S13KiB MIXK IIOKa3HHKAMH SKOCTI BOIHU Ta PU3HKY. YCTAHOBIICHO, II[0 €KOJOTi4YHa 00-
CTaHOBKA € KKPUTHYHOIO» Yepe3 3aBUCII pedoBUHH, (heronu, manran Ta XCK i MUTHOTO BOAOMOCTAYaHHS Ta KHAIIPYKEHOI0» Yepe3
xpomM, Manrad, XCK, migs amst ppborocnonapchkoro kopuctyBanHsa. OmiHKa SKOCTI BOIU 32 MOTU(IKOBAHUM 1HIEKCOM 3a0pyIHEHHS
Bozu (I3Bm) mokasana, 1o Boja € «rmomipHo 3a0pynHeHa» Ta «3adpyaneHay. s 060X BUIIB BOZOKOPUCTYBAHHS Oyl po3paxoBaHi
HOPMOBAHI arperoBaHi iHJEKCH 3a0pyIHEHHs 3 ypaxyBaHHSM HMOBIPHOCTI HacTaHHS PH3MKOBOI MOJIl Ta BU3HAYCHI MOKa3HUKH
pusuky R mo pokax. YcTaHOBICHE iCHYBaHHS TICHOTO JiHIHOTO 3B’s13Ky Mik I3BMm Ta R. [lokazaHo, 1110 OIIIHKH €KOJIOTIYHUX
PH3HUKIB, PO3PAaXyHKHU SIKMX 0a3yIOThCsl Ha HMOBIPHOCTSIX IEPEBUILICHHS KOHIEHTpaliil 3a0pynHioBanbHEX pedoBuH Hax [IK, mo6pe
Bi10OpaKalOTh EKOJIOTIYHUI CTaH BOAM.

Knrouosi cnosa: eiopoximiuni noxkasuuxu, /[yHail, ekono2iuHuil pusux, iHOexkcu 3a0pyOHeHHs, eKoN02IUHA 00CMAaHO8KA, 3a0e3neueHicmb.
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Introduction.

The Danube is the largest river in Western Eu-
rope (length is 2960 km, basin area is 817 thousand
km?). There are 19 countries fully or partially located
within the river catchment (Our Waters, 2007), and its
value for 80 million people is difficult to overestimate
(WWEF, 2002).

A small section of the Danube River (170 km)
from Reni to its mouth runs through the territory of
Ukraine. Above the Romanian city, the Tulcea River
is divided into three branches (Kiliysky, Sulinsky, and
Georgievsky) and flows into the Black Sea. The most
waterlogged of them is the Kiliysky sleeve (129 km? /
year) passing through the border area of Romania and
Ukraine (Lozovitskyi, 2015).

The Danube Delta is included in the WWF (Glob-
al-200) list of the most valuable sites on Earth. In the
northeastern part of it there is the Danube Biosphere
Reserve, where 4300 species of fauna and flora are
inhabited (WWF, 2002), dozens of which are on the
verge of extinction. Delta ecosystems are a source of
valuable natural resources.

On the other hand, the Danube is a source of
water for domestic and industrial needs of Ukrainian
population, industry and agriculture. The total water
abstraction from the river within Ukraine exceeds 2
billion m?, and the number of water users is about 150
(WWF, 2002). Danube waters are used for drinking
centralized water supply in the cities of Kiliya and
Vilkovo (Rehionalnaprohrama; Safranov, & Chuhai,
2017), and fisheries have significant development in
the region.

Ukraine is lagging behind the developed coun-
tries in terms of average life expectancy, and high
mortality is largely related to the consumption of poor
drinking water. (Krainiukov, &Yakusheva,2016).
About 80% of drinking water supply in Ukraine is
from surface water bodies, in which water according
to hydrochemical pollution indicators has the III-IV
quality class - moderately polluted and polluted water
(Khvesyk,& Yarotska, 2004). Therefore, it was impor-
tant to carry out the “Environmental Risk Assessment
for Drinking and Fisheries Use (on the example of the
Danube River — the city Vilkovo)”. The purpose of
the study was to evaluate the effectiveness of the ap-
plication of the environmental risk criterion R, which
was calculated on the basis of hydrochemical obser-
vations. The objective of the work was to analyze
the environmental problems of the lower Danube -
Vilkovo; assessment of environmental conditions and
water quality; calculation of water quality risk indica-
tors according to the methodology of the Institute of
Market Problems and Economic and Environmental
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Research, Odessa; establishing a link between water
quality and risk.

Literature review.

In the mid-twentieth century, the banks and the
lakes of the river Danube were collapsed, most of
the floodplain lands and islands were converted into
agricultural lands, and the water regime of the lakes
became regulated. Such transformations have led to
a violation of the delta’s ability to filter very turbid
Danube water, to precipitate sediment, to trap pollut-
ants. All these processes affect the chemical composi-
tion of the Danube Delta water.

It is established (Khilchevskyi, 2019) that at ion-
ic runoff of the Danube into the Black Sea 70231x10
t/year, 61 % of salts are carried out by the Kyliya
branch, 20 % by Georgievsky, and 19% by Sulinsky.
And the 1on runoff of the entire Danube basin is 95,2
t/ km per year.

In Ukraine, scientists from the Institute of Hy-
drobiology of the Academy of Sciences have been
engaged in research of the lower Danube for many
years. In (Harchenko et al,1993) the basic regularities
of formation of hydrobiological, hydrochemical and
hydrological regimes of the river are shown, the ques-
tion of increasing anthropogenic influence on aquatic
ecosystems of the Danube is considered. The waters
of the river are moderately polluted with phenol con-
tent. The pollution of the Danube water by heavy met-
als (copper, zinc, chromium, manganese) is charac-
teristic with high and very high levels (Lozovitskyi,
2015). The removal of heavy metals into the river is
largely determined by the impact of point sources -
wastewater from municipal and industrial enterprises
(Klebanov, &0Osadcha, 2012).

Researchers at the Ukrainian Hydrometeorologi-
cal Research Institute have shown that the greatest
amount of nitrogen in the Danube ecosystem comes
from agriculture (Osadcha, &Klebanov, 2016)and the
discharge of untreated or partially treated wastewater
(OurWaters, 2007), which has a significant impact on
the Danube delta ecosystem. In the shelf zone, there is
a «flowering» of water in the warm season, a decrease
in biodiversity and fish stocks. In the early 1990s, due
to the crisis in Eastern Europe and in Ukraine, the
amount of nitrogen decreased, but the state of the eco-
system did not improve (Osadcha, &Klebanov, 2016).

Specialists of the Odessa State Ecological Uni-
versity conducted an analysis of the main sources of
anthropogenic load on natural waters of the Odessa
region and an assessment of the level of surface water
pollution and technogenic load on the water objects
of the Odessa region by the volume of discharges of
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wastewater and pollutants (Chuhai, &Dzhura, 2018).
The quality of the surface waters of the Odessa re-
gion, including the Danube River, is characterized as
«polluted». The volume of discharges of wastewater
and pollutants tends to gradually decrease the level of
technogenic load from 2012 to 2016.

The report (Osadchyi, 2017) states that the re-
sults of the processing of long-term hydrochemical
information obtained from the observation network of
the Hydrometeorological Service of Ukraine (1989-
2015), and on the basis of ecological assessment of
surface water quality, can be concluded about the
beginning of stabilization and some shifts towards
improvement ecological status of surface waters of
Ukraine in almost all river basins, including the Dan-
ube River.

The paper (Khilchevskyi, 2019) characterizes the
chemical composition of river water in the Ukrainian
part of the Danube basin from the standpoint of mod-
ern hydrographic zoning of Ukraine (2016) by areas
of river basins.

In order to preserve the Danube ecosystem and
ensure the sustainable use of its resources, an Interna-
tional Commission for the Protection of the Danube
River Basin was established in 1998 and a program
of the Transboundary National Monitoring Network
(TNMN) (Joint Danube Survey 2, 2008). In 2002,
Ukraine acceded to the Convention for the Protection
of the Danube River, which brings together efforts by
all Danube countries to reduce pollution. Phased en-
vironmental plans and their implementation, balanced
management of point and diffuse discharges, will re-
duce pollution of the Danube.

Object, subject and research methods.

The object of the study is the hydrochemical indi-
ces of water at the Danube River - Vilkovo compared
to the limit values for drinking and fishery use. The
calculations were made on the basis of data from the
Danube Basin Water Management on the chemical
composition of water in the Danube - Vilkovo Forma-
tion for 2009-2018.

The subject of the study is to evaluate the like-
lihood of significant risks of water pollution in the
Danube River near the drinking water intake. Envi-
ronmental risk is the likelihood of an event that is
caused by the impact of economic and other activities,
natural and man-made emergencies and has adverse
effects on the environment (Methodical Recommen-
dations, 2016).

Research Methods: Methods for Environmental
Assessment (Muzalevskiy, &Karlin, 2011); the meth-
od of calculations of the WFD modified (Snizhko,

2001); methodology of environmental risk assess-
ment developed at the Institute of Market Problems
and Economic and Environmental Research, Odessa
(Methodical Recommendations, 2016).

The results of the work and their discussion.

Environmental assessment allows us to deter-
mine the ecological status of water bodies and to de-
termine the cumulative effect of pollutants.

Standardizing the quality of the main compo-
nents of the natural environment is to set limits for
acceptable changes in their properties. Standards
should be set by the response of the most sensitive
organism-indicator, but practically most often set
sanitary-hygienic or economically feasible standards
(Mugzalevskiy, &Karlin, 2011). The environmental
quality of the pollution level is considered satisfacto-
ry if two basic conditions are met: the concentrations
of the pollutants C, should be less than their maxi-
mum permissible concentration (MPC,) (C< MPC))
and if there is a group of unidirectional substances
simultaneously present in the aquatic environment,
the sum of the ratio of their concentrations should be
less than one (< 1). This condition for water bodies
is determined on the basis of limiting indicators of
harmfulness. In comparison with the MPC values, the
ecological situation is characterized by the degree of
disadvantage according to the Table 1 (Muzalevskiy,
&Karlin, 2011).

Table 1. Classification of environmental conditions
(Muzalevskiy, &Karlin, 2011)

Environmental Situ-
ation

Criteria for assessing the environmental
situation

Relatively satisfac- | C, < MPC,, for all substances

tory
Tense C= 10 MPC,
Critical C, = (20-30) MPC,

Crisis (environmen-
tal emergency)

C> 50 MPC, Persistent negative chang-
es in the natural environment. The dis-
appearance of certain species of animals
and vegetation. Threat to human health.

Catastrophic (envi-
ronmental disaster)

Deep irreversible changes in the natural
environment. Imbalance, degradation of
flora and fauna, loss of gene pool. Poor

health.

In the first stage of the calculations the relation
was established. The number of exceedances of MPC
for each hydrochemical substances was determined
for the entire observation period and the empirical
probabilities of exceeding the MPC were calculated
(Table 2, Table 3). The empirical probability of ex-
ceeding the MPC was calculated as the ratio of the
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number of cases when Cu> MPC to the total number
of cases (Venttsel, 1999). The MPC values were used
for drinking water supply (DSTU 4808:2007) and
fishery water use (Osadchyi et al, 2008).

Table 2. Empirical probability of exceeding the MPC (%)
chemicals in the water in the collection area for drinking water
supply at Danube River Point - Vilkovo for 2009-2018

Substance Ci< Ci=1-10 Ci= 10 Ci>50
MPC MPC -50 MPC MPC

Suspended 33 16 51 -
matter
Nitrile Nitro- 100 - -
gen
Iron 99 1 - -
HSC 82 18 - -
BSC, 97 3 - -
Chromium 100 - - -
(VD
Zinc 93 7 - -
Copper 100 - - -
Manganese 93 7 - -
Phenols 66 36 - -
SPAR 100 - -

Table 3. Empirical probability of exceeding the MPC (%)
chemicals in the water for fishery use at Danube River Point —
Vilkovo for the years 2009-2018

Substance Ci< Ci> 1-10 Ci= 10 Ci>50
MPC MPC -50 MPC MPC

Suspended 30 70 - -
matter
Nitrile Nitro- 59 41 - -
gen
Iron 80 20 - -
HSC 42 58 - -
BSC, 76 24 - -
Chromium 20 80 - -
(VI)
Zinc 72 28 - -
Copper 52 47 1 -
Manganese 29 67 4 -
Phenols 61 39 - -
SPAR 98 2 - -

20 substances were investigated in total. Sub-
stances such as dissolved oxygen, ammoniacal nitro-
gen, nitric nitrogen, phosphates, sodium, magnesium,
calcium, chlorides, sulfates and petroleum products
were not observed for both uses in the study period
of excess MPC.

The largest chemical pollutants for drinking wa-
ter are suspended substances, phenols and chemical
oxygen demand (COD). It has been found that in the
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Danube river basin - Vilkovo for the period of 2009-
2018 exceeding of the maximum permissible concen-
trations by 1.1 - 10 times for drinking water supply
take place for phenols (36%), manganese (7%), HCC
(18%) and suspended solids. For suspended substanc-
es, conditions C up to 10 MPC and C in the range
of 10-50 MPC are fulfilled, exceedances of up to 10
times amounted to 16% and 10-50 times - 51%.

If not to take into account the suspended matter,
it can be said that the ecological situation in the Dan-
ube - Vilkovo for water collection as drinking water
supply in the studied period is in most cases «relative-
ly satisfactory». The empirical probability of exceed-
ing the MPC of chemicals in drinking water supply
within 10-50 times more than 50% is established only
for suspended substances and is 51% (Table 2). This
means that taking into account the suspended matter
according to the classification of the ecological situ-
ation according to the Tables 1 and 2 in the Danube
formation - Vilkovo, a «critical» ecological situation
was observed.

The major pollutants for fishery use are chro-
mium, suspended solids, manganese, chemical oxy-
gen demand, copper, nitrite nitrogen, phenols and
biological oxygen consumption for 5 days (BSC,). In
the Danube River Basin - Vilkovo, for the period of
2009-2018, the excess of MPC by 1.1 - 10 times for
fishery use was observed for chromium (80%), sus-
pended solids (70%), manganese (67%), HCC (58%),
copper (47%), nitrite nitrogen (41%), phenols (39%),
zinc (28%), BSC, (24%), iron (20%). This means that
the environmental situation is “tense”. It should also
be noted that for fisheries there were single cases of
exceedances of MPC 10-50 times in copper and man-
ganese, i.e. in some periods the environmental situa-
tion worsened to «critical».

In the second stage of the calculations, an as-
sessment of water quality was performed accord-
ing to a comprehensive indicator - the Water Pollu-
tion Index (SOI) (Osadchyi, Nabyvanets, Osadcha,
&Nabyvanets, 2008). The calculation of UZV is per-
formed on a limited number of ingredients. The modi-
fied SPI index was calculated using the following
indices: dissolved oxygen, BODS, which are manda-
tory, and the other four indices are the highest relative
to the MPC from the list of tested substances. The SIR
is calculated by the formula (Osadchyi et al, 2008,
Khilchevskyi et al, 2012):

)

where C, is the average concentration of one of
the six water quality indicators, and the MPC, is the
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maximum permissible concentration of each of the
six water quality indicators.

According to the magnitudes of the calculated
water sources, the water quality is evaluated. Wa-
ter quality classes (Osadchyi et al, 2008) are distin-
guished as follows: I - very pure (WFD <0,2); II - pure
(WFD 0,2-1,0); III - moderately contaminated (WFD
1,0-2,0); IV - contaminated (WFD 2.0-4.0); V - dirty
(WFD 4.0-6.0); VI - very dirty (WFD 6,0-10,0); VII -
extremely dirty (WFD > 10).

The following MPCs (mg / dm®) were used to cal-
culate the WFD modified for drinking water supply
(Table 4): suspended matter - 31.5; manganese - 0.05;
HSC - 15; phenols - 0.001 (DSTU 4808:2007). WFD
values (Table 4) show that according to the standards
for drinking water supply, water, mainly (78%), be-
longs to Class IV - «contaminated». In 2012, 2015 the
water quality according to the calculated index was
class III - «moderately polluted».

The following MPCs (mg / dm?®) were used to
calculate the WFD modified for fishery purposes wa-
ter objects (Table 4): manganese - 0.01; HSC - 15;
chromium - 0.001; copper - 0.001 (Osadchyi et al,
2008). WFD values (Table 4) show that according to
fishery standards water belongs to the Il class - «mod-
erately polluted» - 56% and to the IV class - «pol-
luted» - 44%.

exceeds the limit value. Beyond the maximum per-
missible risk is the risk of catastrophic contamination
(Yurasov et al, 2011).

Environmental risks are assessed by the likeli-
hood of adverse effects on the exploitation of natural
resources. In this case, the relationship between the
concentration of the substance C and its MPC can be
included in the quantitative estimates of risk events:
(C/Cypo)-

Identification of pollution risks is associated with
activities aimed at identifying the possibility of ad-
verse events, changes in the quality of the aquatic
environment, which impair the functionality of the
water body and other consequences that can lead to
any damages, losses (Methodical Recommendations,
2016, Kulachok, &Loboda, 2019).

A sufficient basis for determining the existence of
a risk is the presentation of two conditions: the likeli-
hood of occurrence of risk events and the susceptibil-
ity of the object to external influences (the possibility
of receiving significant damage).

When solving the risk assessment tasks, the R
values are calculated based on the determination of
the concentration ratio of the pollutant and its MPC
(Methodical Recommendations, 2016):

In the next stage of calculations, the value of en- R =C>Cpes )
vironmental risk is determined.
Table 4. Modified WFD index in Danube basin - Vilkovo for 2009-2018
Year [2000  [2000  ]2011 2012 2013 2014 2015 2017 2018
for drinking water supply
WFDm | 2.58 3.15 2.00 1.69 2.68 2.70 1.90 2.08 3.24
for fishery purposes
WFDm | 142 | 1.40 | 143 | 238 |2.26 2.10 | 158 | 1.81 | 236
Environmental risk is the likelihood of an event R=C/C >1 3)
occurring, which is caused by the negative impact of P
nomic and other activities, natural and man-ma
€cono c. d other ac es, natu d . de R=C,,./C>l, )
emergencies and has adverse effects on the environ- b
ment (Loboda, &Otchenash, 2017). where C is the concentration level of the i-" con-

A risk event is defined as an undesirable event
that can harm the environment, human health (Me-
thodical Recommendations, 2016). Any economic or
other decisions should be made in such a way that
they do not exceed the limits of the harmful effects
on the environment. Sometimes it is difficult to set
them because the thresholds for the influence of many
anthropogenic and natural factors are unknown.

The permissible environmental risk is the risk
of environmental damage when the concentrations
of pollutants do not exceed the MPC. The maximum
risk arises when the concentration of the pollutant

taminant; R is a quantitative indicator of risk; SGCI
is the maximum permissible concentration for the
i-" contaminant. SGDi is assigned depending on the
type of water user (DSTU 4808:2007, Osadchyietal.,
2008). In identifying the risks of environmental and
human health damage in the event of environmental
contamination with several independent chemicals, a
standardized aggregated pollution index can be used
in the form (Metodychnirekomendatsii, 2016) of:

; ®)
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where n - is the number of chemicals considered.

Given the likelihood of a risk event, the risk in-
dicator looks like (Metodychnirekomendatsii, 2016):

(6)

where C. is the concentration of the i-" contami-
nant; C . is the maximum permissible concentra-
tion; N . - the number of samples exceeding the MPC
this year; N, - the total number of samples taken per
a year.

As a result of the calculations, a risk indicator for
drinking water supply and fishery needs was obtained
for each year (Table 5).

Table 6. Statistical parameters of a number of risk indicators R

The arithmetic mean | Mean square devia- Gaussian
R, tion 6, criterion
for drinking water supply
13.29 | 3.57 [ 123
for fishery purposes
9.83 | 2.72 [ 116

R and Risk Modified Indicators, WFD modified com-
munication graphs were constructed and linear re-
gression equations were obtained for drinking water
supply (Fig. 1) and for fishery purposes (Fig. 2).

The analysis showed that there is a close linear
relationship between the risk characteristics and the

Table 5. Risk indicator for Danube river basin - Vilkovo for 2009-2018

Year [2000  [2010  [2011 [202  [203  [2014  J2015 2017 [2018
for drinking water supply
R 1430 1760  [1106  [757 1451 1471 [1007  |[1133  |1851
for fishery purposes
R | 8.0 |72 |62 | 12,9 | 116 | 116 |77 |95 | 13.77

When preparing management decisions related
to risky events, a qualitative and quantitative assess-
ment of possible risk situations is required. Qualita-
tive assessment allows to evaluate possible risk areas
by the following criteria: Acceptability - identifica-
tion of risk acceptance; admissibility - identification
of acceptable risk; criticality - identification of the
zone of critical risk; inadmissibility - identification of
catastrophic risk zone (Methodical Recommendations
2016).

In this technique, it is axiomatic to assume that
most business results, including those that cause en-
vironmental pollution (in particular, aquatic environ-
ment), are random variables and obey a law close to
normal (Gauss law). The normal law of distribution
of random variables is very often used in the study of
risk indicators. Checking the correspondence of the
investigated random variable R for subordination to
its normal distribution law is made on the basis of the
Gaussian criterion (Venttsel, 1999):

(7)

where g, is the root mean square deviation of the
risk index R, from its arithmetic mean, and pR is the
arithmetic mean deviation.

The results obtained are recorded in table 6.

Based on the results of the calculations, it is con-
cluded that the obtained series R for drinking water
supply and fishery purposes are subject to the normal
law of distribution. Using the obtained values of the

30

water quality characteristics, which is estimated by the
correlation coefficients r = 98 (Fig. 1) and r = 94 (Fig.
2). We see that the greater the WFD value, the greater
the value of R, i.e., with the increase of pollution,
the risk indicator increases. It also should be noted,
that for both types of water use similar equations are
obtained, the calculation of which is within the error
of the original data.

According to the table of water quality classes,
depending on the value of the WFD index and the
obtained WFD and R correlation graphs (Fig. 1,
Fig.2), the correspondence of the water quality classes
and the qualitative and quantitative characteristics of
the level of damage was established (Table 7).

According to the R data, an empirical distribution
curve of the security of this random variable was con-
structed (Fig. 3). Security is the probability of exceed-
ing a given value. It is calculated by the following
formula (Venttsel, 1999):

®)

where P - is the provision; m - is the value of R in
the decreasing ranked row; k - is the number of values
in a row.

At the empirical curve, risk zones are highlighted
(Fig. 3). Thus, in everyday practice, it is possible
to determine the risk areas depending on the value
assumed by the value of R, as determined by
hydrochemical observations.
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Fig. 1. Schedule of communication between R and SIC modified for drinking water supply in the Danube

basin - Vilkovo, 2009-2018.
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Fig. 2.Schedule for R fisheries and WFD modified for fishery purposes in the Danube Basin - Vilkovo, 2009-2018.

Table 7. Quantitative characteristics of the probability of damage

Quality Quantitative character-
ization of the probabil-
WFD R Quality class of water characteristic of ity of damage Risk zone
the level of damage
<0.2 <0.5 Very pure Extremely low 0.0-0.1 No risk
0.2-1.0 0.5-4.0 Pure Very low 0.1-0.25 Acceptable
1.0-2.0 4.0-10.5 Moderately contaminated Low 0.25-0.40 Affordable
2.0-4.0 10.5-23.0 Contaminated Middle 0.40-0.60 .
- - Critical
4.0-6.0 23.0-35.0 Dirty High 0.60-0.75
6.0-10.0 35.0-61.0 Very dirty Very high 0.75-0.90 Catastrophe
>10.0 >61.0 Extremely dirty Extremely high 0.90-1.0 Irreversibility
of the loss of an
object
Conclusions. main pollutants in the Danube River Basin - Vilkovo

- The main pollutants in water of the Danube
River Basin - Vilkovo for the years 2009-2018 are
suspended substances, phenols, manganese and
HCC that limit drinking water supply. For suspended
substances, the empirical probability of exceeding
the MPC of drinking water supply by 10-50 times
more than 50% is established, therefore the “crisis”
ecological situation is determined. For fishery use, the

for the 2009-2018 years are chromium, suspended
matter, manganese, HCC, copper, and nitrite nitrogen.
The environmental situation is “tense”.

- Assessment of water quality according to
the modified WFD showed that according to the
standards for drinking water supply, water was
mainly (78%), grade IV quality - «contaminatedy;
According to fishery standards, water was classified
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Fig. 3.Empirical curve of distribution of security of risk indicator R and selected risk zones

as class III - «moderately polluted» (56%) and class
IV - «polluted» (44%).

- Normalized aggregated pollution indices were
calculated for both types of water use, taking into
account the probability of occurrence of a risk event
and the risk indicators R for years were determined.
Using the Gaussian criterion, it was confirmed that
the calculated risk index R obeys the normal law of
distribution.

- It is established that there is a close linear
connection between WFD modified and R for drinking
and fishery use (r = 99, r = 97). It is shown that the
index R increases with the increase of the WFD.

- The correspondence of differentiation of the
scale of water quality and qualitative and quantitative
characteristics of the level of damage was established
when using the risk indicator R.

- Risk zones have been established based on the
construction of an empirical curve for the distribution
of risk indicators. The resulting curve can be used to
determine the risk zone depending on the value of the
environmental risk indicator R.

- For drinking water use, R varied from 7.57 to
18.51, for fishery needs from 6.2 to 13.77. Therefore,
one empirical curve for the distribution of the security
of the risk indicator R was constructed and the risk
zones were identified: the «tolerable risk zone» (WFD
varies within 1.0-2.0) and the «critical risk zone»
(WFD 2.0-4.0).

- It is shown that environmental risk assessments,
based on the probability of exceeding concentrations
of pollutants above the MPC, reflect well the
ecological status of water and can be used to test the
safety of drinking and fishery use.
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Received: 02.06.2020 Abstract. Some aspects of environmental hazard within uranium mining areas
Received in revised form: 16.06.2020 are considered. The uranium content in the environment components (rocks, soils,
Accepted: 09.11.2020 underground and surface waters) of the central part of the Ukrainian Shield within

and beyond the uranium mining area is analyzed on the example of the Mich-
urinske ore field. It is emphasized that man-made sources of natural origin should be considered more broadly than just
waste dumps from uranium mining and processing enterprises. These are sources of ionizing radiation of natural origin,
which have been subjected to concentration or their accessibility has been increased because of anthropogenic activity.
Additional irradiation to the natural radiation background is formed. Waste dumps of uranium mining are considered
as sources of potential dust pollution in the surface layers of atmosphere with fine dust containing uranium, its decay
products and associated elements. The area of waste dumps is calculated using space images. Uranium accumulates in
the dusty fraction, where its content is 0.01-0.06%. Taking into account the geological and geochemical characteristics of
uranium deposits, radioactive elements, heavy metals and other associated elements of uranium mineralization are car-
ried out of the dumps by winds and atmospheric waters with their subsequent migration into environment components.
A mathematical model of potential dust air pollution in the area of long-term operation of the oldest uranium mine is
presented for the summer 2019. In total, 15 factors influencing the potential threat of air dust pollution are considered and
analyzed. The mathematical model is developed on the basis of the method of discriminant functions. To assess the degree
of the model parameters informativeness, one-factor covariance analysis is used. It allows assessing the degree of a single
sign influence on the prediction result. The developed model takes into account the area of waste dumps, uranium content
in the dust fraction and wind direction southeast and/or east as the most hazardous for the study area. The model allows
determining correctly the level of potential threat of air dust pollution in 96.3% = 3.6% of all cases.

Key words: environmental hazard, uranium mining waste dumps, dust pollution, method of discriminant functions
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AHoTanisi. PO3VISIHYTO J1esiKi aCleKTH SKOJOTiuHOi HeOe3neKu B paiioHi BUAOOYTKY ypaHy Ta 3a ioro mexxamu. [IpoaHanizoBaHo
BMICT ypaHy B KOMIIOHEHTaX JOBKILIA (IIOpOJax, IPYHTAaX, MiI3EMHUX Ta MIOBEPXHEBHX BOJAX) LEHTPAIBHOI YaCTHHU YKPaiHCHKOTO
muTa Ha NpuKiIag Migypincekoro pyxHoro nois. HaromomieHo, o TeXHOTCHHO-TIACHIICH] JKeperta IPUPOIHOTO TOXOPKEHHS CIIi
PO3TIsLAaTH IUpIIe, HiXK MMPOCTO BiIXOAW YPAHOBHIOOYBHUX 1 MEPEPOOHHX MiANPHEMCTB. Lle mkeperna i0HI3y040ro BUIIPOMiHFOBAHHS
MIPUPOIHOTO OXOKEHHS, SIKi B PE3yJIbTaTi aHTPOIIOTCHHOI TIISITBHOCTI OyITH ITi1aH1 KOHLIIEHTPYBAHHIO 200 301IbIIMIIACS IXHS JOCTYIHICTb,
BHACJIIJIOK YOT0 YTBOPWJIOCS JJOJATKOBE 10 HMPUPOJHOIO pajianiiiHoro ¢oHy ompomintoBanHs. [TopoaHi BigBanu ypaHOBHA0O0yBaHHS
PO3IISLAAIOTECS SIK JKEpelia OTEHIIHOT 3aMHICHOCTI MPU3EMHUX IapiB arMoc(epr ApiOHOIUCIEPCHUM THIIOM, KU MICTUTB ypaH,
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MPOIYKTH HOTO pO3Majy Ta CyIyTHI eleMeHTH. [1onia mopomHuX BiIBasiB PO3PAaXOBYEThCS 3 BUKOPHUCTAHHIM KOCMIUHHX 3HIMKIB.
VpaHn HakonuuyeThes y MUITyBaTiil Gpakiii, ne ioro Bmict ckianae 0.01-0.06%. 3 ypaxyBaHHSIM Ie00ro-reoXiMiyHIX XapakTepUCTHK
YPAHOBUX POZOBHUII PaJi0OAKTUBHI €IEMEHTH, BaXKKi METallM Ta iHIII €JIeMEHTH-CYIyTHUKH YPaHOBOTO 3DYIACHIHHS BHHOCSTBCA 3
BiJIBAJIIB BiTpaMH Ta aTMOC(HEPHUMH BOJAMH 3 ITOAAJIBIIO0 X MIrparLicio y KOMIOHEHTH JOBKLLIL. Po3pobiieHo MaTeMaTHIHy MOJIEIIb
MIOTEHIIHHOTO MIJIOBOTO 3a0py/THEHHS MTOBITPS B paliOH1 JJOBrOTPHUBAJIOTO (pyHKITIOHYBaHHS HaliCTapiniol ypaHOBHJ0OYBHOI MIaXTH, 3a
niTHiK iepiox 2019 poxy. 3araioM po3IIsSHYTO Ta MPOaHali3oBaHo 15 (dakTopis, M0 BINTUBAIOTH HA MOTEHIIIMHY 3arpO3y 3alHICHOCTI
nmoBiTps. MaremMaTiHyHy MoOAENb po3poOieHo Ha 0a3i METoay AMCKPUMiHAHTHUX (yHKUid. s omiHKM cTyneHs iH(OPMAaTHBHOCTI
napameTpiB Mojesi OyB BUKOPHCTaHUK OHO(AKTOPHUM AUCHepCiifHUI aHai3, 1110 103BOJIS€ OLIHUTH CTYIIHb BIUTUBY OKPEMO B3STO1
O3HAKH Ha pe3yJIbTaT IPOrHo3yBanHs. Po3pobieHna Mozienp, 0 BpaxoBye IUIOLLY BiZBaliB, BMICT ypaHy B IIIyBaTiil ppakiii Ta HAIIPSIM
BITpY MiBAEHHO-CXiJHUIT Ta/ab0 CXigHMI K HAWOIIBII HeOE3NEUHUH Ul JOCIIKYBaHOT TepUTOPii, KOPEKTHO JIO3BOJISIE BU3HAUUTH
piBEeHB MOTEHIIHHOT 3arPO3H 3aIMIICHOCTI MOBITPs ¥ 96,3%+3,6% yciX BUIAaAKIB.

Kniouosi crnosa: exonebesnexa, 8i068anu ypanosuoo0yeanHs, nuiose 3a0pyOHeHHsl, Memoo OUCKPUMIHAHMHUX (YHKYIU

Introduction.

The development of mineral deposits that contain
radioactive elements can lead to radioactive contami-
nation of the territory and the formation of man-made
sources of natural origin, generating alpha, beta and
gamma radiation. Issues related to low-level radioac-
tive wastes management derived from exploration,
mining and processing complexes of uranium deposits
and deposits enriched in radioactive elements are wide-
ly discussed in the world, as evidenced, in particular,
by materials of international symposia (since 1997) on
Naturally Occurring Radioactive Materials (NORM),
the last of which was held in 2019 in Denver, USA.

The primary hazard to humans and the environ-
ment from natural radionuclides is associated with
Technologically Enhanced NORM (TENORM), as
specified in Norms of Radiation Safety of Ukraine
(NRBU, 1997; TENORM, 2007). Because of man-
caused activities, radioactive substances are concen-
trated in TENORM or their availability is increased,
due to which additional to the natural background ra-
diation occurred.

If to think of radiation hazard within the areas
where the sources of TENORM are developed, then
uranium mining and processing waste dumps and
dust pollution of the surface atmosphere have to be
considered as an urgent regional problem. Dust pol-
lution within mining sites and beyond is mainly due
to ventilation, which creates a scattering halo up to
200 m, atmospheric dust caused because of the host
rocks grinding, transportation, as well as due to the
long-term storage of low-level waste dumps, pollu-
tion from which also requires in-depth study.

The largest number of known uranium deposits,
numerous anomalies of uranium and thorium in crys-
talline rocks, anomalous concentrations of uranium
(up to 9 - 10%g/1) in underground waters are met in
the central part of the Ukrainian Crystalline Shield
(Belebtsev et al., 1995; Verkhovtsev et al., 2014,
2018; Bakarzhiev and Lysenko, 2018) and presented
in the National Atlas of Ukraine, 2007 (Rudenko Ed).
In terms of uranium resources and proven reserves,

Ukraine is among the top ten countries in the world
and is a leader in Europe. A major share of depos-
its has insignificant uranium reserves, ranging from 1
to 5 thousand tons. The deposits are characterized by
the complexity of tectonic structure and ore bodies’
morphology. There are a lot of «windows» of ore-free
rocks. Uranium concentrations are usually associated
with hydrothermal metasomatic processes, discontin-
uous tectonics, and various exogenous (syngenetic),
diagenetic, and epigenetic veins. Many deposits are
genetically unique, so the search for their analogues
in many cases did not lead to expected results. How-
ever, recent studies have significantly expanded the
database of the Ukrainian uranium (thorium) deposits
and manifestations (Mikhailichenko, 2018).

Sources of radiation exposure to the environment
due to uranium mining are diverse and covered in
many publications (Shumlyanskyi et al., 2003; Lyash-
enko et al., 2011, 2018; Dudar et al., 2015, 2018;
Stankevich et al., 2016, 2018) and generalized in the
IAEA publication on uranium exploration worldwide
(IAEA, 2018). They are aerosol, dust, liquid, solid
low-level wastes of mining and ore-processing com-
plexes of uranium deposits and deposits, which are
enriched in associated radioactive elements. Environ-
mental components within and beyond areas, where
the processes of extraction and processing of radioac-
tive raw materials take place, are subjected to radio-
active contamination of various level. Radioactivity
caused by uranium ore mining requires special mea-
sures to protect the population and the environment in
addition to generally accepted control that accompa-
nies the extraction of other metals.

Research methods.

The study uses a comprehensive approach that
includes data analysis and generalization on long-
term environmental impact due to uranium mining;
mineralogical and petrographic analysis of uranium
ores and host rocks; method of discriminant functions;
mathematical statistics for processing the results of
measurements and modeling.
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The purpose of the workis to overview and
analyze the environmental impact of natural radiation
sources within and beyond the uranium mining areas
in Ukraine and develop a mathematical model of
potential dust air pollution on the example of the
oldest uranium mine in highly populated region.

Fig.1 Uranium mining site

Study area. In Ukraine uranium is mined in the
vicinity of residential areas in the Kropyvnytskyi
district, central Ukrainian uranium province. The
territory of the Kropyvnytskyi city and its environs
is located in the area within the tectonic node of deep
faults that controls uranium mineralization. Natural
and man-made factors of radiation hazards have
become widespread here (Kalashnik, 2017; Dudar et
al., 2019, 2020). The oldest uranium mine Ingulska
site located in the south-east part of the city of the city
of Kropyvnytskyi is especially worth attention as a
unique existing mining area (Fig. 1).

The mine has been developing two remote de-
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posits (Michurinske and Tsentralne) connected un-
der residential neighborhood which is perceived as a
source of permanent potential environmental hazard.
For half a century since the mine started prospecting,
an underground labyrinth was created at depths of 160
to 650 m (Podulyakh, 2017). There are five vertical

shafts here and underground tunnel almost 6 km long,
passing also under the river Ingul, dug for the connec-
tion of both uranium deposits.

After extraction, grinding and radiometric sort-
ing the ore is loaded into the wagons and then trans-
ported for further processing to the town of Zhovti
Vody, where the hydrometallurgical plant is located.
A railway track and automobile roads are connected
to the territory of the mine which is also proved to
serve as a continuous source of the environmental
pollution. Poor off-balance ore and barren rock are
stored near the mine in waste rock dumps.
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Analysis of uranium content in the environ-
ment components. Uranium content in the environ-
ment components is a very specific feature of the study
area which stipulates its enhanced level of background
radiation and development of technogenically en-
hanced sources of natural origin. Uranium in rocks of
the earth’s crust: 1) is available in mineral form (ura-
nium minerals: uranium black, uraninite, nasturan,
cofinite); 2) isomorphically included in the crystal lat-
tices of highly radioactive non-uranium minerals (zir-
con, monazite, apatite, sphene); 3) is scattered in rocks
or dissolved in water. The average uranium content in
acid rocks (1-6)-10%), in alkaline — up to 30-10"%
(Shumlyanskyi et. al., 2003; Fomin et al., 2019). Com-
pared with uranium clark in acidic igneous rocks, the
average uranium content in the host rocks of the Mich-
urinske ore field is 1.5-2 times higher (table 1).

The uranium content in soils varies between (0.5-
2.1)10*%. The background is 1-1.5- 10*%. Uranium
scattering halo (uranium content is more than 1.5 -
10%) is observed at the Michurinske deposit site.
Capillary-diffusion rise of uranium-bearing waters,
activated in fault zones, is the cause of the formation
of uranium salt halos in the soils, as well as anomalies
of radioactivity (at the level of 1 m from the earth’s
surface).

m from the riverbed. The relief is lowered down from
the absolute mark of +140 m on the eastern border of
the mining site to +100 m (water inlet of the river In-
gul). It means that the uranium salt halo is directed to
the riverbed and covers a small area within the mining
zone. This fact makes it possible to form surface run-
off enriched in natural radionuclides of precipitation
and meltwater infiltrated through dumps, as well as
from highways and land terrain (Koshik et al., 2013;
Dudar et al., 2011, 2015; Sushchuk and Verkhovtsev,
2019).

Availability of fracture zones and their density in
host crystalline rocks (granites and gneisses), the pres-
ence or absence of uranium minerals, sulfides, iron
minerals as well as penetration of gaseous fluids from
the earth crust interiors influence on the conditions for
radionuclides migration (shumlyanskyi et al., 2007,
Fomin et al., 2019; Dudar et al., 2019, 2020). Vertical
hydrogeochemical zoning has also been proved due
to natural groundwater contamination with uranium,
radium and radon. In the upper parts of geological
cross-sections, where oxidative conditions prevail,
groundwater is maximally saturated with uranium
and minimally with radium.

Radon halos tend to fractured zones — faults, the
so-called «emanating collectors». The amount of ura-

Table 1. Average content of uranium in crystalline rocks of the Michurinske ore field

NoNe Roks Samples-number Uranium content, %
1 Gneiss fine-grained 46 0.0005
2 Gneiss coarse-grained 33 0.0007
3 Gneiss even-grained 15 0.0008
4 Trachytoid granite 42 0.0009
5 Pegmatite 23 0.0008

Availability of radioactive hydrochemical halos
in ground and surface waters around uranium de-
posits is another characteristic feature of the study
area. All aquifers of the area are fed by precipitation.
The main aquifer that feeds the rivers is the one in
fractured zone of the Precambrian crystalline rocks.
Previous research proved the stability of radioactive
hydrochemical halos: the content of radionuclides of
uranium, radium and radon is stable over time (Sush-
chuk and Verkhovtsev, 2019; Fomin, 2019). So, there
is a natural contamination of groundwater with radio-
active elements. Beyond the ore deposit sites, con-
tamination of uranium surface water is predominant.

The migration of natural radionuclides within the
study area and beyond depends on general geomor-
phological and geochemical conditions. The mining
site along with the wastes dumps is located on the
left bank of the river Ingul at a distance of 150-200

nium increases in fractured waters. Within zones of
weathering crust development, especially in rocks
with high uranium content, its concentration in frac-
tured waters increases on average to 70 ¢ 10, reach-
ing (150-300) 10 g/1. That means, it increases 6-25
times compared to the content in waters of Quater-
nary sediments (Shumlyanskyi et al., 2003, 2007).
The concentration of “*’Rn in the indoor air is a
very specific characteristic feature of the study region
residential areas. In particular, it depends on the con-
tent of ¥4V, ?°Ra and other radioactive components in
the natural environment components - rocks, weather-
ing crust of parent material, soils and groundwater, on
222Rn emanation coefficient from the soil, on the soil
properties and condition, on concentration of uranium
anomalous in the earth crust. Geospatial analysis of
radon-prone areas identification taking into account
uranium content in the environment as well as spa-
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tial density of faults and lineaments can be of great
help for potential radon hazard sites study (Dudar et
al., 2019, 2020). Radon-prone areas are considered in
the EU Basic Safety Standards (EC Council Directive
2013/59/Euratom, 2014) and of great attention in the
European Atlas of Natural Radiation (EU Joint Re-
search Center, 2019).

Research material and discussions.

The uranium ores within the Michurinske ore
field are mainly one-component and monomineral
in composition. The presence of thorium and other
radioactive elements is negligible (table 2.)

All the waste dumps of the Ingulska mine con-

position of rocks that after a series of underground
explosions were crushed and removed to the surface),
dust fraction (< 0.25 mm) and the content of uranium
in it, which is carried by the wind according to the
wind direction. It is also important to take into ac-
count the availability of residential areas and the dis-
tance to them from the SPZ of the mining site, and
to analyze the wind rose and wind speed of the study
area in general and on the example of a particular sea-
son (and / or year).

The presented study analyzed the potential threat
of air dust pollution within and beyond the area of
long-term operation of the Ingulska mine on the ex-
ample of the wind rose of summer 2019. A total of

Table 2. Geochemical characterization of the Michrinske uranium deposit [Fomin, 2020]

Chemical U Th \% Ni Pb Sr Be Zr
elements
Content, g/t 5-1670 0.5-4.3 12-54 4.0-12.0 5-810 36-161 1-46 22-291

tain a low level of uranium (more than 0.01%). The
content of uranium in the dust fraction exceeds the
content of uranium in the total samples. The most ra-
dioactive are the samples from the foot of almost all
waste dumps. The usual uranium content in the dust
fraction (<0.25 mm) is 0.01-0.06%. (Shumlyanskyi et
al., 2003; Lyashenko et al., 2011; Kovalenko, 2013).

Having analyzed the factors influencing the po-
tential threat of air dust pollution within and beyond
the sanitary protection zone (SPZ) of any mining site,
it is possible to identify potentially hazardous condi-
tions for any study area and predict measures to elimi-
nate it, especially for residential areas. The authors
have analyzed a number of man-made and climatic
factors that should be first considered to tackle the
task (tables 3, 4).

Of course, in any case, the characteristics of
the waste dumps themselves are important - their area,
mineral and chemical composition of the crushed rock
substrate (which in principle corresponds to the com-

16 factors for 27 predicted situations were consid-
ered and analyzed. All situations were divided into 2
groups: group 1 - with a low level of potential dusti-
ness threat; group 2 - with a high level of potential
dustiness threat. The waste dumps area was calculated
using the Sentunel-2 images data (as of 07.02.2019)
and accurate terrain SRTM (2000) data, presented on
the figure 2. It makes up 0.2650 km?.

To reduce the potential air dustiness threat, the
variants of reducing the waste dumps area by at least
2 times are being considered. The uranium content in
the dumps dusty fraction is given based on published
analyses results (Shumlyanskyi et al., 2003). Climat-
ic data were taken from the World Weather site data
(World Weather, 2019). The south-eastern and eastern
wind directions (SE+E) are considered to be the most
potentially threatening, as in this case the dustiness
threatens the south-eastern and eastern outskirts of the
city of Kropyvnytskyi located at a distance of 1.5 km
to 5 km from the mine waste dumps.

Table 3. Technogenic and man-made factors influencing the potential dustiness threat

Technogenic and man-made factors
within SPZ (mining site) residential sites
U in dusty fraction of Fraction > 0.25 Distance from | dose rate at height of
Th waste rock, SPZ,
reat Waste rock dump area, in samples from I'm,
level % dumps, % km
m? mkSv/g
A Al B B! C c! D D! E E!
1 130 000- 160 000 1 <0.005 1 <5 1 >5 1 0.08-0.09 1
1 161 000-190 000 2 0.005-0.01 2 5-9 2 3,1-5 2 0.10-0.11 2
2 191 000-265 000 3 0.02-0.03 3 10-14 3 2,1-3 3 0.12-0.13 3
2 >265 000 4 0.04-0.06 4 >15 4 1-2 4 >0.13 4
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Table 4. Climatic factors influencing the potential dustiness threat

Climatic factors
NW N NE NE+E S SwW w Wind speed, Precipita-
tion
m/s

F F! G G! H H! 1 I! J J L L! M M! N N! O! O! P P!
11-9 1| 119 1 119 1 <2 1 <2 1| 119 1 11-9 | 1 <2 1 13022 1 [ 149 1
8-5 2 8-5 2 8-5 2 4-2 2 4-2 2 | 85 2 8-5 2 4-3 2 [ 21-14] 2 8-5 2
4-2 3 4-2 3 4-2 3 8-5 3 8-5 3| 42 3 4-2 3 6-5 3 13-6 | 3 5-2 3
<2 4 <2 4 <2 4 11-9 4 11-9 | 4 <2 0 <2 0 >6 4 <5 4 <2 4

The method of discriminant functions was used to
objectify the determination of potential dustiness threat
level. This method has a number of advantages: takes
into account the variability of the model parameters;
considers the signs as a whole and identifies the most
significant of them; demonstrates the share of each
sign in the final conclusion. Before the discriminant
analysis, all signs were coded (tables 3 and 4) and put
in accordance with the 16-dimensional vector, which
takes into account the absence, presence, focus and
magnitude of each sign.

One-factor analysis of variance was used
to assess the informativeness level of the model
parameters, for which the null hypothesis of no
influence was put forward and evaluated. At the same
time, an alternative hypothesis was put forward that
the influence of the studied sign exists. In order to test
the hypothesis, Fisher’s criterion (F) was calculated.
Observed value of Fisher-test (F ) was compared with
Critical F-value (F ), which depended on the level of
significance p (<0.05). If F > F, then an alternative
hypothesis was accepted, which allowed to assert with
a probability of at least 0.95 about the influence of
the studied sign on the prediction outputs. As a result,
three statistically significant and non-correlated signs
were identified, which allowed determining the level
of potential dustiness threat (table 5).

These signs were further used as the main
ones in the construction of the «decision rule» of
the mathematical model for predicting the level of
potential dustiness threat in the form of equations:

F (X) = 13.989%X -10.018*X,+10.514%X -8.640,

F(X) = 43.502*X, —35.830*X  +33.664*X -
64.748,
where X - waste rock dumps area
X, - U in dusty fraction of waste rock
X, — wind direction — south-eastern and/or eastern

The obtained values of the variables F1 (X) and
F2 (X) are compared with each other and under the

condition of F, (X)> F, (X) we can talk about a low
level of potential dustiness threat.

The obtained coefficients and constants of
discriminant equations reflect a linear regression set
of relevant indicators that have the greatest impact on
predicting the potential dustiness threat.

Based on the obtained value of discriminant
functions, graphs of distribution of values F (X) and
F, (X) were made up (Fig.3), where a) graph for group
1, ) graph for group 2.

The assessment of optimal assignment likelihood
into groups, the usefulness of discriminant functions
and the number of functions that have real meaning
in determining the differences between groups were
evaluated using canonical correlation coefficients.
Having analyzed the obtained value of the canonical
correlation coefficient (0.965), one can draw the
following conclusion. There is a high positive
relationship between the real process and the predicted
values obtained through mathematical model, which
is also confirmed by the high percentage of absorbing
dispersion of this function (99.0%) .

The assessment of the discriminant functions
significance was verified by Wilkes A-statistics (table
6), according to the formula:

M

where k is the number of calculated functions; A, is
the eigenvalue.

Table 6. Significance of discriminant functions

Wilks’ Lambda | df
0.069 3

Test of Function (s)
1to2

Sign.
0.001

The A-Wilkes test showed that the level of
differences is quite significant (p = 0.001).

The accuracy of classification, according to the
obtained model, is estimated on the basis of compari-
son of coincidences of the predicted and actual groups
and presented in table 7.
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Fig. 2 Chain for waste dumps area determination

Table 5. Results from the estimation of the model parameters

informativeness
Predictors included in the Observed F- Signifi-
model value cance
Wind direction SE+E 141.667 0.001
Waste rock dumps area, m? 95.368 0.009
U in dusty fraction of waste 104.212 0.001
rock, %
Table 7. Classification accuracy
. Predicted Group Membership
Pollution hazard Total
Group 1 Group 2
Group 1 17 0 17
Group 2 1 9 10

Thus, the developed mathematical model allows
correctly determining the level of potential dustiness
threat in 96.3% =+ 3.6% of all cases.

Conclusions.

Studies of unique waste rock dumps of uranium
mining in the Kirovohrad uranium ore subprovince
allowed identifying them as sources of potential
dustiness threat in the surface layers of atmospheric
air with fine dust (less than 0.25 mm) containing
uranium, its decay products and associated elements.
Uranium mining dumps serve as a source of radioactive
pollution of the environment, including residential
areas. Uranium accumulates in the dusty fraction,
where its content is 0.01-0.06%. Taking into account

Fig. 3. Distribution of the discriminant function values): a) group 1; b) group 2
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the geological and geochemical characteristics
of uranium deposits, radioactive elements, heavy
metals and other associated elements of uranium
mineralization are carried out of dumps by winds and
atmospheric waters with their subsequent migration
into the environmental components.

The results of comprehensive research have
identified the main ways for prediction the potential
dustiness threat in the vicinity and beyond mining site
of the Ingulska mine. The developed mathematical
model based on the method of discriminant functions,
taking into account the area of waste rock dumps,
uranium content in the dust fraction and wind direction
southeast and /or east, allows correctly determining
the level of potential dustiness threat in 96.3% + 3.6%
of all cases for the south-eastern and eastern outskirts
of the city of Kropyvnytskyi.
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thickness, and apparent resistance). The geo- parameters of the aquifer: apparent resistance from 1000.590 to 1914.480, thickness from
42.850 — 66.490 m and 65.530 to 100.400 m of depth. The estimated hydraulic parameters of the aquifers are transverse resistance
54264.383 - 104568.898 Qm, longitudinal conductance 0.029 — 0.062 mho, hydraulic conductivity 0.664 —2.015 m/day and transmis-
sivity between 4.167 and 13.963 m?%day. All aquifers have poor protective capacity, 40 percent of the aquifers have low classification
with smaller withdrawal potential for local groundwater supply, while 60 percent of the delineated aquifer has intermediate classifica-
tion and withdrawal potential for local groundwater supply. Due to its groundwater supply potential and protective capacity, the eastern
part of the study area has stronger groundwater potential.
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BuxopucTranHsi reoeJJeKTpUYHUX METOAIB 3 METOI0 AHAJII3Y BPAa3JIMBOCTI Ta MOTEHIiaXy 3anaciB
niJ3eMHHUX BO/I MOTeHIiiHHO BoMoHOCHUX ropu3oHTiB y MicTi Hegi IliBnenno-Cxinnoi Hirepii

Keneuyksy A. IpeaniuykBy', Dmizader Okeit', OxeuykBy E. Ar6aci’ & *, OuBi 1. Moiceii!, OreuykBy ben-
Osgort'

"Vuisepcumem Hamaoi Azixise, Axsa, Hicepis.
?Vuhieepcumem cinbcvroeo cocnodapemea Mixean Oxnapa, Ymyoixe, Hicepin
3 leogpizuuna cnyocoa Ieoxana, Exem, Hizepis, agbasi.okechukwu@gmail.com

Awnotanisi. Y Hesi (iurati Anam6pa B Hirepii), Oymo npoBeeHo 1BaaisTh BEpTUKAIBHUX eIeKTPUIHHUX 30HAyBaHb (BE3), 115t TOTO 11106
JIOBECTHU BPA3JIMBICTh Ta MPOHUKHICTD 11eHTH()IKOBAHOTO BOJOHOCHOTO FTOPU30HTY Y JOCHIIKYBaHii obxacti. ['igpasiiuni mapamerpu
(TIoriepeyHuit omip, MO3TOBXKHS EIEKTPOIPOBITHICTD, TiAPaBIiYHA IIPOBIIHICTH 1 IPOHUKHICTH) OYIIM BiIMEKOBaHi Bijl Fe0OCTIEKTPUIHHX
napaMeTpiB (INIMOMHY, TOBIIMHH Ta BUAMUMOTO OMOpY). I'eonapamerpn BOIOHOCHOTO mmIapy: sBHHH muTtomuid omip Bix 1000.590 mo
1914.480, ToBmuHa Big 42. 850 - 66.490 M ta mmbuHa Bix 65.530 mo 100.400 M. Po3paxyHKoBi ripaBiivHi HapaMeTpyu BOTOHOCHHX
TOPU30HTIB - monepeynuii omip 54264.383 - 104568.898 Om, mo3nosxHs enekrponpoinHicTs 0,029 - 0,062 Cm rigponpoBigHicTh
0,664 - 2,015 M / 106y i mpoxiaHicTs Mix 4,167 10 13,963 M? / 100y. Yci BOMOHOCHI TOPU30HTH MalOTh HU3bKY 3aXHCHY 31aTHIiCTbh, 40
BI/ICOTKIB BOJJOHOCHMX TOPHU3OHTIB MAalOTh HU3bKY KiIacH(iKallilo i3 MEHIIMM HOTEHIIaJIOM BHJIyYSHHS MICIIEBUX JUKEpel IPYHTOBUX
BOZ, ToAi sIK 60 BiZICOTKIB Bi/]MEXOBaHOTO BOJOHOCHOTO TOPH30HTY Ma€ MPOMDKHY KJIacH(iKaIlifo Ta HOTEHIiaJl BIITyYSHHS MiCLEBHX
mi3eMHUX BOJ. Yepes CBii MOTEHINial Moadi MiJ3eMHHUX BOJ Ta 3aXWCHY 3JaTHICTh CXiJJHa YaCTHHA JOCIIIKYBAHOI TEPUTOPIi Mae
OUIBII BUCOKMN OTEHI{AJI MiA3€MHUX BOI.

Kniouosi crosa: 2ioponpogionicms, RpoHUKHICMb, NONEPEYHULL ONIP, NO3006XHCHS NPOGIOHICb
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Introduction.

Water is the most important necessity nature
provides for flora and fauna to survive and thrive,
and it also plays a monumental role in every mode of
human life (Nwankwoala and Nwagbogwu, 2012).
Hence, usable water quality is a significant metric
of man’s quality of living (Elueze, et al., 2004).
Nonetheless, water quality is influenced by the
features of the circulation and occurrence system.
Typically, these sources are exposed to anthropogenic
and industrial contaminants (Egbunike and Okpoko,
2018). Despite its importance, water is the planet’s
most undermanaged resource (Fakayode, 2005). The
current urbanization and industrialization trend can
contribute significantly to poor water quality through
extrajudicial discharge of solid waste, industrial waste,
or other hazardous waste. (Ugochukwu, year 2004).

Water is one of the important supporters of all
aspects of living organism life (Vanloon and Duffy,
2005). It is usually collected from two key natu-
ral sources; surface water such as lakes, rivers and
streams; and groundwater such as wells drilled by
borehole and by hand (McMurray and Fay, 2004; Ag-
basi and Etuk 2016). Because of its hydrogen bonds,
water has peculiar chemical composition which al-
lows it to dissolve, engulf or suspend into many dif-
ferent compounds (WHO, 2007). Water is not pure
in nature because it inherits toxins from its climate
and those from humans and livestock, as well as from
other ecological activities (Agbasi and Etuk 2016).

Groundwater, for more than half of the world’s
population, happens to be a far more sustainable
source of water (Alabi et al., 2010; Anomohanran,
2013), and is described as that part of precipitation that
enters the ground and percolates downward through
unconsolidated materials and openings in bedrock
until it reaches the water table. This unconsolidated
soil, which can produce water in accessible amounts,
is known as aquifer (Alabi et al., 2010). Aquifer prop-
erties which are known to influence the accessibility
of groundwater involve aquifer thickness and the size
and magnitude of pore space connectivity within the
aquifer. These properties affect the ability of an aqui-
fer to store and transmit groundwater (Ochuko, 2013).
These approaches involve electrical resistivity, gravi-
tational, gravity, magnetic and magnetulluric seismic
refraction (Karani et al., 2009; Majumdar and Das,
2011; Todd, 2004). Method selection primarily relies
on the depth of inquiry, and often the expense (Todd,
2004) of all such methods used in groundwater re-
search has become the most commonly used method
of electrical resistivity profiling. This is because its
ionic content is immune to the resistance of rocks

44

(Alile et al., 2011And the device’s operation is un-
fussy, and data processing is economical (Ezeh and
Ugwu, 2010; Anomohanram, 2011; Atakpo and Ofo-
mola, 2012). The method of electric resistivity is used
to estimate the depth of the bedrock surfaces and the
thickness of the soil or rock (Nwankwo, 2011). The
approach is also used for studying groundwater pol-
lutants and their patterns of movement (Ehirim and
Ofor, 2011).

Vertical electrical sounding (VES) has been
shown to be efficient in most areas of Nigeria in re-
solving groundwater problems (Onuoha and Mbazi,
1988; Mbonu et al., 1991; Mbipom et al., 1996; Ekine
and Osobonye, 1996; Eze and Ugwu, 2010; Namdie
and Idara 2017). In the present study, an attempt had
been made to establish the aquifer characteristics in
the study area, an estimated the hydro-geophysical
parameters of the aquifer to delineate their vulner-
ability for human usage.

Hydrogeology of the study area.

Anambra State occurs primarily within the
Niger Delta Region, with the exception of the
far southeastern portion apex of the state that is
underlain by a section of Anambra Region. The
geological origins of Anambra and Niger Delta
Basins was exquisitely related to the mega-tectonic
structural pattern correlated with the breakup of the
Gondwanaland during the Late Jurassic to Early
Cretaceous (Onuigbo et al., 2015). The Anambra
Basin is theorized to have formed contemporaneously
with the folding of the Benue Trough in the Santonian
due to the depression of the region around the southern
Benue Trough. Syngenetically, the Niger Delta Basin
developed as a continuous subsidence of the Southern
Benue Trough and Anambra Basin, as defined by the
rupture zones of Chain, Charcot and Romanche. The
Cenozoic Niger Delta is therefore superimposed on
the Benue Trough and Anambra Basin in the south
(Nwajide, 2013).

The Ameki Group’s components are the Ameki,
Nanka, and Nsugbe Formations that overlie the Imo
shale group in conformity. Ameki Group’s facie is
underpinned by more than 35 percent of Anambra
Province. Ameki and Nanka Formation lithofacies are
loose, flaser-bedded, fine-medium-grained sand with
very few mudrockbreaks (Nwajide, 1979).

Two formations underlie the study area; Eocene
Nanka Sands Formations (Ameki group) and
Quaternary Ogwashi-Asaba Formation (Nwajide,
2013). The Nanka Sands, Nnobi, Ojoto and some
pieces of Nnewi underlie that. It is a sequence of
lowly accumulated, poorly sorted, friable, medium
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Fig. 1: Map of the study area showing the VES points

to coarse Eocene age sands in the study region. The
formation includes thin clay stone, siltstone, and
shale bands. The units have strong permeability and
porosity. The aquiferous sandstone unit is (Nwajide,
1979). The Ogwashi-Asaba Formation overhangs
the Nanka Sands, this consists of the lignite and clay
intercalations.

Nanka Sands underlines the upper parts of the
study region which are Nnewichi, Nnewi, these
have unconsolidated color, loose and cool, white to
brownish sand. (Onu, 2017).

Inthe study region, the presence of several streams
and rivers indicates rapid percolation of rainwater
through the soil. This is also due to the extremely
porous and permeable soil character. Nanka Sand is
very aquiferous and this accounts for the many water
boreholes that have been drilled into the site.

The aquifer depth in the region ranges from 134 m
to 237 m below the ground. Water levels occur in the
plains and river courses at shallow depths, and in the

highlands at greater depths. Groundwater in the field
of research is recovered through rainfall absorption
and surface runoff. The cost of deep aquifer extraction
is high among the study area residents with the
associated risk of drilling abortive boreholes because
most of the time there were no professionals involved
in exploration (Obeta, 2015).

Methodology.

Geophysical electrical resistivity studies describe
a subsurface medium consisting of layers of materials
with different resistivities, assuming all the layers are
horizontal.

A material resistivity p is a function quantifying
how much the material retards electrical current flow.
The resistivity differs greatly from one substance to
the next, because of this great variety, calculating
the resistivity of an unknown substance, provided
no more detail, has the potential to be very useful in
identifying the substance. Throughout field studies a
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material resistivity can be combined with reasoning
along geological lines to classify the materials that
make up the different underground layers.

The amount of water recharging an unconfined
aquifer is calculated by:

- the amount of precipitation that is not lost
by evapotranspiration and runoff and is therefore
available for recharge;

- the vertical hydraulic conductivity of surface
deposits and other strata in the aquifer recharge
region, which determines the volume of recharged
water capable of moving down.

Should an aquifer transfer the full amount of wa-
ter, any possible regeneration in the recovery region
is more than likely rejected. In humid areas (as in the
study area) this is always the case. Unless the water
level below shows that the aquifer may not flow at
maximum capacity, the recharge region is possibly
either deficient in possible recharge or poor vertical
hydraulic conductivity, retarding downward motion
(Fetter Jr., 2014).

The relationship between hydraulic parameters
and geo-electric parameters is strongly influenced by
the aquifer substratum composition (Agbasi, et al.,
2019; Harry et al., 2018). In a standard unit column of
the aquifer, both current and the hydraulic flows are
prevalently horizontal for an extremely resistive sub-
stratum, and the correlation between hydraulic con-
ductivity (K) and apparent resistivity (p) is inverse.
If the substratum is strongly penetrable, the hydraulic
flow would still be vertical, while the present flow is
prevalently vertical in a characteristic unit column.
Therefore, there is a clear correlation between K and
p. If the aquifer material is sliced from top to bottom in
the shape of a vertical prism of the unit cross-section,
fluid flow and current flow in the aquifer substance
simultaneously follows Darcy’s law and Ohm’s law.
Thus, the transmissivity of the aquifer is described as:
for current and fluid flows in a directional manner:

(1)
where p is the bulk resistivity and
()

S is the longitudinal unit conductivity of the
aquifer material with thickness 4.

For a lateral hydraulic flow and current flowing
transversely, the transmissivity of the aquifer becomes

3)
where p is the bulk resistivity and
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(4)

where R is the transverse unit resistance of the
aquifer material
For hydraulic conductivity K, we have

()
(6)

If the aquifer is saturated with water with uniform
resistivity, then the product Kp or K/p would remain
constant. Thus, the transmissivity of an aquifer is
proportional to the longitudinal conductivity for a
highly resistive basement where electrical current
tends to flow horizontally, and proportional to the
transverse resistance for a highly conductive basement
where electrical current tends to flow vertically
(Umoren, et al.,, 2017). The above equations may
therefore be written as:

(7

The model resistivity values derived from the
inversion method were used from these relations to
evaluate the aquifer unit longitudinal unit conductance
and transverse unit resistance.

Considering that most minerals have high
electrical resistivity (outlier: saturated clay, metal
ores, and graphite), the electrical current flows
primarily via the pore water.

The major equipment used in the field is the
ABEM SAS 1000 Terrameter. Other accessories
used for the field work are measuring tape (for
taking distance measurement), Global Positioning
System (for determining the location and elevation
of sampling points), battery (12V used to power the
Terrameter), electrodes (a total of four electrodes
were used), and hammers (are used to drive the
electrodes into the ground to ensure good contact).

Results.

Twenty vertical electrical sounding, conducted
in Nnewi, Anambra state. Figure 2 show
the interpretation of the VES data. In the twenty VES
stations six (6) geoelectric layers have been identified.
The form of a curve within the study area is shown in
the Table 1.

The top soil resistivity is between 759.56 —
3308.18 Qm with a thickness varying from 1.94 —
9.12 m. The second geoelectric layer consists of a
lateral shale with a thickness of 1.68 — 30.75 m and
apparent values of resistivity varying from 539.15 to
2330.89 Qm. The third geoelectric layer is superficial



K. A. Ifeanyichukwu, E. Okeyeh, O. E. Agbasi, O. I. Moses, O. Ben-Owope

Journ. Geol. Geograph. Geoecology, 30(1), 43-52.

Fig. 2: A fragment of a computer iterated analysis based on a VES station

in nature with an apparent layer of resistivity of
750.74 to 2240.93 Qm with a thickness of 14.23 to
29.30 m. The fourth geoelectric layer is the sandstone
layer, between 835.60 and 1804.72 Qm the range of
apparent resistivity. The aquifer layer is identified
in the fifth geoelectric layer, they have an apparent
resistivity value between 1060.82 — 1914.48Qm with
thickness of 51.28 — 66.49m across the twenty (20)
VES stations in the study area.

The Figure 3 displays a 2D contour map and 3D
surface of apparent resistivity variance in the aquifer
across the study area. The central parts of the area

Table 1. Curve type of the various VES stations

VES | Curve Type
1 HH
2 AQ
3 QH
4 KQ
5 HQ
6 AH
7 KH
8 QH
9 HA
10 QK
11 QA
12 HA
13 KK
14 AH
15 HH
16 HK
17 KK
18 QH
19 KK
20 KK

have moderate apparent resistance values compared
to other parts, and the northwest part of the study area
also shows an increasing value of apparent resistance.

Figure 4 shows the 2D contour map and 3D
surface of the aquifer thickness in the study area. The
south-western part has the highest aquifer thickness,
with the majority of the VES station in the eastern
part of the study area having a moderate thickness.

Figure 5 shows the 2D contour map and 3d
surface of the longitudinal conductivity across the
aquifers in the study area. The majority of the study
area of moderate longitudinal conductivity is expected
to have high longitudinal conductivity values for the
northwest parts of the region.

The 2D contour map and 3D surface of hydraulic
conductivity (Fig. 6) shows a pattern of increasing
from the west to the eastern, with the lowest values
found around the northwest parts of the study area.

The Figure 7 with the 2D contour map and 3D
surface of the transmissivity shows higher values in
the eastern and northern portions of the study area
compared to the western southern and northern parts.

The Table 2, shows the aquifer geoelectric and
hydraulic parameters calculated in the study area,
a standard table (tables 3 and 4) were used to infer
the hydraulic parameters of the aquifers, which
is presented in the Table 5. All the aquifers in the
study area have poor protective aquifer. 40% of the
aquifers in the study area have low designation and
smaller withdrawal for the local water supply (private
consumption), while the other 60% have Intermediate
and Withdrawal of local water supply (Small
community, etc.) for designation and groundwater
supply potential respectively.

Longitudinal conductivity and the study area
transverse resistance were also measured using
geoelectric parameters of the aquifers. It has been
found that most parts of the study region have an
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Fig. 3. 2D contour map and 3D surface of apparent resistivity variance in the study area

Fig. 4. 2D contour map and 3D surface of the aquifer thickness in the study area

Fig. 5. 2D contour map and 3D surface of longitudinal conductance in the study area

Fig. 6. 2D contour map and 3d surface of hydraulic conductivity in the study area
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Fig. 7: 2D contour map and 3D surface of transmissivity in the study area

Table 2. Geoelectric and hydraulic properties of the aquifer in the study area

VES Apparent Thickness | Depth Transverse Longitudinal Hydraulic Conduc- | Transmissivity
Resistivity | (m) (m) Resistance Conductivity tivity (x 10°) (m/ (m?/day)
(Qm) (Qm?) (mhos) day)

1 1266.380 65.520 70.080 | 82973.218 0.052 1.542 9.337
2 1193.780 66.490 75.660 | 79374.432 0.056 1.695 11.079
3 1217.500 56.560 75.100 | 68861.800 0.046 1.643 10.663
4 1103.410 61.710 69.950 | 68091.431 0.056 1.906 11.519
5 1060.820 55.110 76.550 | 58461.790 0.052 2.015 13.324
6 1241.700 57.370 65.530 | 71236.329 0.046 1.592 9.016
7 1343.400 51.260 71.640 | 68862.684 0.038 1.395 8.636
8 1060.820 51.260 62.740 | 54377.633 0.048 2.015 10.920
9 1000.590 62.270 62.740 | 62306.739 0.062 2.179 11.810
10 1317.220 65.870 94.420 | 86765.281 0.050 1.443 11.776
11 1914.480 54.620 72.620 104568.898 0.029 0.664 4.167
12 1397.330 52.640 68.710 | 73555.451 0.038 1.300 7.722
13 1291.550 49.950 81.110 64512.923 0.039 1.492 10.459
14 1704.250 49.890 82.810 | 85025.033 0.029 0.873 6.244
15 1511.780 46.530 75.550 | 70343.123 0.031 1.121 7.317
16 1266.380 51.230 96.910 | 64876.647 0.040 1.542 12912
17 1397.330 48.930 96.890 | 68371.357 0.035 1.301 10.889
18 1266.380 42.850 100.400 | 54264.383 0.034 1.542 13.377
19 1103.410 59.890 84.790 | 66083.225 0.054 1.906 13.963
20 1425.100 54.370 83.060 | 77482.687 0.038 1.255 9.003

unprotected aquifer as shown by low longitudinal
conductivity values below 0.1. The low longitudinal
conductivity across the study area is representative
of the high permeability, hydraulic conductivity and
low clay volume characterizing the study area. The
high transverse resistance values indicate the yield
of aquifer units from local water supply between low
and intermediate determination of transmissivity and
withdrawal.

Conclusion.

Geophysical investigations involving the use
of wvertical electrical sounding (VES) using the

Schlumberger electrode configuration, carried out in
the study area, to ascertain hydraulic unit flow and
protective capacity of the aquifers. All identified
aquifers inthe study area have poor protective capacity;
therefore, it is necessary for further treatment of
groundwater after withdrawal. Also, the study area is
likely prone to groundwater contaminations, because
it is located in an industrial area with poor drainage
facilities. About 60 percent of the investigated aquifer
area has intermediate designation and withdrawal
potential of local groundwater supply, while 40
percent of aquifer area has low designation and
smaller withdrawal potential of local groundwater
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Table 3 Standard transmissivity vales for groundwater supply potential (Agbasi and Etuk, 2016)

Transmissivity (m/day) Designation Groundwater Supply Potential

1000 Very high Withdrawal of great regional importance

100 — 1000 High Withdrawal of lesser regional importance

10 -100 Intermediate Withdrawal of local water supply (Small community, plant etc.)
1-10 Low Smaller withdrawal for local water supply (Private consumption)
0.1-1 Very low Withdrawal for local water supply (Private consumption)

<0.1 Impermeable Sources for local water supply are difficult

Table 4 Standard longitudinal conductivity value for protective capacity (Agbasi and Etuk, 2016)

Longitudinal Conductivity (mhos) Protective capacity
>10 Excellent
5-10 Very good
0.7-0.49 Good
0.2-0.69 Moderate
0.1-0.19 Weak
<0.1 Poor
Table S. Interpretation of hydraulic parameters of the 20 VES station in the study area
VES Designation Groundwater Supply Potential
1 Low Smaller withdrawal for local water supply (Private consumption)
2 Intermediate Withdrawal of local water supply (Small community, plant etc.)
Intermediate Withdrawal of local water supply (Small community, plant etc.)
4 Intermediate Withdrawal of local water supply (Small community, plant etc.)
5 Intermediate Withdrawal of local water supply (Small community, plant etc.)
6 Low Smaller withdrawal for local water supply (Private consumption)
7 Low Smaller withdrawal for local water supply (Private consumption)
8 Intermediate Withdrawal of local water supply (Small community, plant etc.)
9 Intermediate Withdrawal of local water supply (Small community, plant etc.)
10 Intermediate Withdrawal of local water supply (Small community, plant etc.)
11 Low Smaller withdrawal for local water supply (Private consumption)
12 Low Smaller withdrawal for local water supply (Private consumption)
13 Intermediate Withdrawal of local water supply (Small community, plant etc.)
14 Low Smaller withdrawal for local water supply (Private consumption)
15 Low Smaller withdrawal for local water supply (Private consumption)
16 Intermediate Withdrawal of local water supply (Small community, plant etc.)
17 Intermediate Withdrawal of local water supply (Small community, plant etc.)
18 Intermediate Withdrawal of local water supply (Small community, plant etc.)
19 Intermediate Withdrawal of local water supply (Small community, plant etc.)
20 Low Smaller withdrawal for local water supply (Private consumption)
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supply. The evaluated hydraulic flow parameters
identified for the study area are highly suitable in
groundwater assessments both for industrial and
residential purposes.
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New perspective Reza gold deposit (Gedabek ore district, Lesser Caucasus, Azerbaijan)
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Recez:ved: 11.06.2020 Abstract: The article describes Reza gold deposit of Ugur exploration area located in Geda-
Received in revised form: 01.09.2020 bek Ore District of the Lesser Caucasus in NW of Azerbaijan. It is established that main
Accepted: 09.12.2020 mineralization in the Reza gold deposit consists of hematite-barite-quartz-kaoline veins-

veinlets and breccia, pyrite stock-stockverk and quartz-sulfide veins. On the main orebody
surface center secondary quartzites with vein-veinlets barite-hematite mineralization have occured over which remain accumulations
of hydrous ferric oxides cementing breccias of quartz and secondary quartzites. “Reddish mass” is also observed in erosion parts, being
an oxidation product of stock and stockverk limonite-hematite ores. Representing typical gossans, these accumulations by the data of
trenches for thickness about 5-10 m contain gold 0.3-3.5 ppm and silver 1.0-45.0 ppm. There are three zones of gold mineralization
within the Reza gold deposit: oxide mineralization; transition zone mineralization; sulfide mineralization. The oxide gold mineraliza-
tion consists of clay-gravel weathering crust of kaolinite type. The gold-bearing mineralization has been oxidized to a depth of ap-
proximately 50-100 meters. Typically, the gold mineralization is coarser and a minor increase in gold grade occurs within the oxides
compared to the original rocks. The nugget effect increase in the gold grade of the oxides does not exceed approximately 10%. Deposit
alteration signature has characteristics which suggest the current outcrop level may be near the top of a mineralized, gold-bearing high
sulfidation epithermal (HSE) system. The gold mineralization at the deposit is interpreted as forming in shallow high sulfidation epith-
ermal systems. The mineralization has been noted in well-confined hydrothermal breccia and associated with pyrite stock-stockwork.
The majority of the deposit material and current estimates are formed within the barite-hematite-quartz-kaoline mineralization in the
secondary quartzite rocks. The main brecciation and stockwork are hosted within secondary quartzite, sometime massive silicified
andesite porphyritic rocks.

Key words: Reza gold deposit, Gedabek Ore District, Lesser Caucasus, mineral association, gold mineralization, high sulfidation
epithermal systems

HoBe nepcnextuBHe ponoBuiie 3010Ta Pe3a (I'emabekckiii pynnmii paiton, Maanii KaBkas,
A3epoaiigxan)

H.A.Imamsepaies', B.M.ba6a-3azne!, C.C.Mypcamnos?, A.A.Bemies?, M.I.Mancypos!, I[11.d.A6aymtaesa!

!Baxincxit [epoicasnuil Yuisepcumem, Azepbaiioxcancvka Pecnyonika, baxy, inaziml7@yahoo.com
? Asep6aiioacancora Misicnapoona Pyona Komnanis, Azepbaiiodcancevra Pecnyonixa, baky

AHoTanisi. Y cTarTi OMUCYETHCS POJOBHIIE 3070Ta Pe3a Yrypckoi po3BiayBaibHOT AUISIHKH, pO3TamioBaHoi B [e1abekCcKkoM pynHOMY
paiioni Manoro KaBka3y Ha miBHIYHOMY 3axoji A3zepOaiipkany. BcraHosieHo, 1o OCHOBHa MiHepaltizallis pogoBHIna 3010Ta Pesa
[PE/CTABICHA TeMaTHT-0apHT-KBapL-KaOJIIHOBUMH YKUJIAMH-TIPOXKUIKAMHU 1 OPEKUNSIMH, MIPUTBMIIYIOYUMH IITOKBEPKAMH 1 KBapII-
cyabGbiTHUME KHTaMH. Y HEHTPi HOBEPXHI OCHOBHOTO PY/IHOTO TiJla 3aJIratl0Th BTOPUHHI KBAPLIUTH 3 MPOKHIKAMU OapUT-TeMaTHTOBOI
MiHepauizaii, HaJ SKAMH 3aJHIIAI0THCS CKYIMYEHHS BOMHHX OKCHIIB 3alli3a, IO IEMEHTYIOTh OpeKYnH KBapily i BTOPHHHHUX
KBAapLUUTIB. A B €pO3IMHUX IUIAHKAX CIOCTEPIraeThCs «YEPBOHA Maca», L0 € IMPOAYKTOM OKHMCIECHHS LITOKBEPKOBOI 1 JIMMOHMT-
reMaTuToBOI pymu. L{i CKymueHHs 3a TaHUMHU TpaHIIeil MoTyXHIcTIo 6mu3bKo 5-10 M micTath 3o0moto 0,3-3,5 npomise i cpibno 1,0-
45,0 npomine. B Mexax pogoOBMIN BHSBICHI TPH 30HH 30JI0TOTO 3pYACHIHHS: OKCHIHA MiHepalli3amis; MiHepamizalis repexigHol
30HU; Cynb(inHa MiHepamizanis. OKCHIHA MiHepami3alis MpeACTaBIeHa INIMHUCTO-TPABIIfHOI0 KOPOIO 3BITPIOBAHHS KAONIHITOBOTO
TUmy. 30J0TOBMiCHA MiHepai3amis Oynaa okuciieHa 10 muonHN npubimmnsao 50-100 metpis. 3a3Buyaii 3010Ta MiHepamizalis Oibiia,
1 B OKCHJaX BiOyBaeThCAd HE3HAYHE IMiJBHILICHHS BMICTY 30JI0Ta B MOPIBHSAHHI 3 BUXIAHUMH MOPOAAaMH. XapaKTEPUCTHKA 3MIHEHOT
30HHM POZIOBHIINA BKA3ye Ha Te, 10 MOTOYHUH PiBEHb BUXOAY MOXe repeOyBaTH MOOIM3y BEPIIMHU MiHEpaTi30BaHOI 30JI0TOHOCHOT
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eMiTepMaIIHON CHCTEMH 3 BHCOKHM piBHeM cynbgiamsanii (BPC). Minepamizamis 3010Ta Ha POJOBHUINI IHTEPIPETYETHCS SIK
(dopMyBaHHs B HEITMOOKHX BHCOKOCYITb(IIM30BaHUX eMiTePMaTbHUX CUCTeMaX. byio Bia3HaueHo, 110 MiHepai3allis yTBOPIOIOTHCS B
J00pe 00MeKEHHX TiIpoTepMaIbHUX OPEKUYHSIX 1 ACOLIIOETHCS B MIPUTOBHUX IITOK-IITOKBEpKax. Besrka yacTHHa MaTepiary pogoBUIna
i cydacHi OIiHKH c)OPMOBaHi B Mexax OapHUT-reMaTHT-KBapI-KaoJIiHOBOT MiHepaJi3awil y BTopuHHIX KBapuuTax. OcHOBHI Opexdii i
IITOKBEPKH 3HAXO/STHCS BCEPEANHI BTOPHHHOTO KBAPIUTY, IHO/I B MACHBHUX CHJIIIITI30BAaHNX aHAE3UTOBHX HOPQIpITOBHX OPOAAX.

Kniouosi croea: 3onomopyone pooosuwe Pesa, I'edabexckiii pyonuil pation, Manuu Kaexas, minepanvha acoyiayis, minepanizayis

30110Mma, 8UCOKOCYTbMIOHA enimepmanba cucmema

Intoduction.

Gedabek ore district is located in the territory of
Shamkir uplift of the Lok-Karabakh island arc volca-
nic structural-formation zone in the Lesser Caucasus
Mega-anticlinorium. The ore region has a complex
geological structure, and it has become compl ex with
the intrusive masses and breaking structures of differ-
ent ages and different composition. Lower Bajocian
is essentially composed of an uneven succession of
diabase and andesite covers, agglomerate tuffs, tuff-
gravelites and siltstones. Tuff facies of the Lower
Bajocian were exposed to strongly metamorphism
(skarn alteration and hornfelsing) as a result of the
impact of Upper Bajocian volcanism and intrusives
of Upper Jurassic age. Only subvolcanic facie of the
Upper Bajocian in the Gedabek mine has been stud-
ied (rhyolite and rhyodacite, quartz-porphyry). Rocks
related to the Bathonian stage have developed mainly
in the northern and southern edges of Shamkir uplift
(Abdullaev et al., 1988).

Gedabek ore district and Shamkir uplift in gen-
eral is complex in terms of its tectonic structure and
its magmatism is complex too. Magmatic processes in
this region have occurred intensely. There are 3 phases
of magmatism in the ore area: 1. Bajocian phases; 2.
Bathonian phases; 3. Upper Jurassic phases (Fig. 1).

The Bajocian phase is divided into two autono-
mous sub-stages:

Lower Bajocian age rocks — intermediate and
basic composition pyroclastic volcanic and volcanic
disturbed rocks — occupy the central part of Shamkir
uplift, and have become complex with intrusive and
subvolcanic complexes and breaking structures of dif-
ferent ages, morphology.

Acid composition products of the Upper Bajo-
cian magmatism are represented very broad by all fa-
cies within Gedabek ore district. It can be considered
that the magmatic centre of the Upper Bajocian pe-
riod is located in the Shamkir uplift.

Andesite, partially andesite-basalt composition
products of the Bathonian phase of magmatism, as
well as various composition pyroclastic materials and
lava flows Upper Jurassic phase are spread mainly in
the sidelines of Shamkir uplift. Along the breaking
structures and in the areas between them, rocks along
micro cracks have become strongly quartizated, ka-
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olinized, sericitized and in most cases changed to sec-
ondary quartzite. Breaking structures have not caused
Lower Bajocian rocks to become too complex. The
main complexities were generated by subvolcanic
masses of rhyolite, rhyodacite and quartz—porphyry
composition of Upper Bajocian age which occurred
along the Gedabek-Bittibulag depth fault and which
began to cool down in the area close to the surface.

Rhyolites and rhyodacites changed to various
types of secondary quartzite, and the surrounding
rocks changed into secondary quartzite, skarn rocks
and hornstones depending upon petrographic, miner-
alogical and lithological compositions. However, the
processes mentioned above did not occur all through
the subvolcanic masses and contact rocks. These
processes occurred in such areas where there was a
constant contact (open channel or open contact zone)
between the subvolcano and magmatic source. One of
such areas was the Misdag area in which the Gedabek
mineral deposit (mine) is located (Baba-zadeh et al,
2012, 2015, 2019).

The Reza gold deposit is located in the Gedabek
Ore District of the Lesser Caucasus in NW of Azer-
baijan, 358 kms East from the capital city Baku, 48
kms East from the city of Ganja and Ganja airport,
4.7 kms NW from the Gedabek gold copper open
mine. The deposit is a well within the Ugur explo-
ration area, NW Area polygon of the Gedabek Con-
tract Area (Fig.2). Deposit was discovered in 2016 by
GEG and was called Reza for honor of Reza Vaziri
who is the president of the Azerbaijan International
Mining Company, Anglo Asian Mining PLC (AIMC
Gedabek Exploration Group, 2014).

The exploration center of the project is the
partially backfilled outcrop, independently located
on the Google Earth at the Latitude 40°37°13.10”N
and the Longitude 45°46°15.34”E. The known
gold mineralization has an estimated north-south
strike with the length of 400 m and the total area of
approximately 20 hectares or 0.2 km?. The deposit is
enlarged by highly gold-silver as the result of surface
outcrop rock chip samples over an area of 2.5 kms
North-South by 2 kms East-West, with the Reza gold
deposit located in the central part (Fig. 3).

In a geological structure of section there were
participated secondary quartzites being formed under
the influence of the Atabek-Slavyanka plagiogranite
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Fig. 1. Lithological-structural map of the Gedabek Ore District (perspective areas for Cu, Au, Ag, Zn & As).

intrusion exposures observed to the north from the
gold mineralization area. The area in tectonic attitude
is confined to the Gyzyldjadag fault of Northeastern
sub-latitudinal strike 80° with a vertical dip. The
mineralization zone thickness is within the area
bounds up to 80-120m.

Rocks in the alteration zone area crumpled, ar-
gillic alterated, brecciated, strongly limonitized and
hematitized. Hematite is observed there out of metal-
lic minerals. Intensive barite and barite-hematite vein
and veinlets, also gossan zones are observed on the
surface. The main mineralization zones have been
sampled in three trenches at a distance of up to 270m
by trenches #1, #2 and #3 and received positive re-
sults for gold and silver. Also, there have taken ap-
proximately 550 samples from outcrop #1 and #2.

On the main orebody at surface center have oc-

curred secondary quartzites with vein-veinlets barite-
hematite mineralization over which remain accumu-
lations of hydrous ferric oxides cementing breccias
of quartz and quartzites. The “reddish mass” being
oxidation product of stock and stockwerk hematite
ores are also observed in erosion parts. Representing
typical gossans, these accumulations by the data of
trenches for thickness about 5-10 m contain gold 0.3-
2.0 g/t and silver 1.0-15.0 g/t.

Local geological-structural setting. The gold
mineralization in the Reza deposit developed mainly
during the Upper Bajocian tectonic-magmatic cycle.

Tectonic zone is the main host structure for
the West (central zone) and East zones of gold
mineralization. During Upper Bajocian times, the
central tectonic zone was a right-lateral strike-
slip fault represented by a number of sub-parallel-
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Fig. 2. Schematic map of the ore perspective area of Ugur Exploration Area.

Fig. 3. Lithological-structural map of the Reza gold deposit, Ugur exploration area, scale 1:2800, A3 format, Original scale 1:1
000 (by GEG, 2016).

Legend of lithological-structural map: 1) Andesite tuff agglomerates facie; 2) Gossan; 3) Pyrite stock and stockwerk; 6) Breccia
zone of silicified andesite porphyritic rocks; 5) Secondary quartzite; 6) Pyroclastic (from small clastic to lapilli) facie of rhyolite-
dacite porphyry; 7) Lava facie of rhyolite-dacite porphyry; 8) Silicified andesite porphyritic rocks; 9) Andesite porphyritic rocks;
10) Quartz porphyry zone (weak hematitized, limonitezation); 11) Faults; 12) Probable faults; 13) Topographic contour line;
14) Cross section lines; 15) Bore holes points; 16) Bore holes ; 17) Deep angle of faults and dykes; 18) Structural elements of
rocks; 19) Lithological contact; 20) Rivers.
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Fig. 3-1. Lithological-structural cross section along AA1 line, Reza gold deposit of the Ugur exploration area.

trending faults (55°-85°) with a combined length of
1-1.5 kilometers. The fault dips from 70° to 80° to
the north-west. The faults of the central zone control
the hydrothermal metasomatic alteration, gold
mineralization, Upper Bajocian Atabek-Slavyanka
plagiogranite massive intrusion, and in some cases
are the borders of the elevated tectonic blocks formed
by Lower Bajocian volcanic rocks.

The East tectonic zone is complicated by the
occurrence of numerous related faults such as
antithetic and synthetic faults, down throw and
thrust faults and intense folding due to faulting.
The combination of these structures determines the
general morphology of both the oxide and primary
sulfide mineralization. Where zones of either fracture
cleavage or quartz veinlets occur in drill core, these
intervals are described as fault zones. In many
cases the intervals of faulting are represented by
tectonic breccias in which relics of the host volcanic-
sedimentary rocks are cemented by dacitic rock. The
tectonic breccias probably formed after emplacement
of the sulfide mineralization, during the formation of
the sub-longitudinal faults. The intervals of tectonic
breccia exhibit lower gold grades in comparison
with zones of fracture cleavage and quartz veinlets
(Novruzov et al, 2019).

The Reza gold deposit was emplaced in the
intersection of NW, NE, N and E trending structural
systems regionally controlled by a first order NW
transcurrent structure.

Structure geometry and kinematics determined
from surface mapping and drilling information
suggest that the volcanic sequence hosted at central
part might have been accumulated in a “pull-apart”
basin controlled by NW structures. These structures

were affected by two compressive deformation
processes: the first as a result of the N to the NNE sub-
horizontal contraction and the second being formed
during a post mineral NW contraction.

Field geological exploration information, cross-
cutting relationships between structures, veins and
brecciation types and hydrothermal alterations styles
suggest that the mineralization was controlled by
NW brittle dextral shears, associated with E-W left
lateral and N-S pure extensional structures, with
all them related to the contraction event within a
transpressional regimen.

Mineralization and hydrothermal alteration.
Main mineralization in the Reza gold deposit con-
sists of hematite-barite-quartz-kaoline veins-veinlets
and breccia, pyrite stock-stockverk and quartz-sulfide
veins (Fig.4). On the main orebody surface center
have occurred secondary quartzites with vein-veinlets
barite-hematite mineralization over which remain ac-
cumulations of hydrous ferric oxides cementing brec-
cias of quartz and secondary quartzites. The “reddish
mass” being oxidation product of stock and stockwerk
limonite-hematite ores are also observed in erosion
parts. Representing typical gossans, these accumula-
tions by the data of trenches for thickness about 5-10
m contain gold 0.3-3.5 ppm and silver 1.0-45.0 ppm
(Hemon 2013, Hemon et al, 2012, 2013, Valiyev et
al., 2016, 2018).

There are three zones of gold mineralization
within the Reza gold deposit:

- Oxide mineralization;

- Transition zone mineralization;

- Sulfide mineralization.

The oxide gold mineralization consists of clay-
gravel weathering crust of kaolinite type. The most
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Fig. 4. Breccia, oxide mineralization style of Reza gold deposit: a) Barite-hematite mineralization
main orebody (rock sample taken from Djayirchay river by GEG, 2016), Au assay result is 4.96 ppm; b) Sec-
ondary quartzite breccies is rectangle form (outcrop, near trench 02), Au assay result is 0.7ppm; c¢) Secondary
quartzite breccies is round form (outcrop, near trench 01), Au assay result is 0.6 ppm.

common color of the oxide is greenish-yellow with
different shades of white, brown and red. Strongly
oxidized rhyodacite and dacite are represented by
light green and grey color rock, oxidized andesite
porphyritic rock has a brown and red color.

The gold-bearing mineralization has been
oxidized to a depth of approximately 50-100 meters.
Locally, in areas of shallow, vertical fracturing and
faulting, oxidation has progressed to greater depth
than the average profile.

Typically, the gold mineralization is coarser
and a minor increase in gold grade occurs within the
oxides compared to the original rocks. The nugget
effect increase in the gold grade of the oxides does
not exceed approximately 10%.

Underlying the oxidized unit, a semi-oxidized
horizon displays a partial level of oxidation with
some remaining sulfides (transition zone) and may be
treatable for its gold content but with lower recoveries.

Mineral associations. The high-grade gold is
observed in the following mineral association (based
on assay data):

1. Barite-hematite-quartz-kaoline;

2. Hematite-quartz-kaoline;

3. Barite-sulfide-quartz;
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The low-grade gold is observed in the following

mineral association:

4. Disseminated pyrite;

5. Stock-stockwork pyrite;

6. Disseminated and veinlets covellite-pyrite
(+/- turquoise) mineral associations.

7. The 2-3 stages associations are -clearly
connected with the mineralization process.
Each association can occur separately, spots
and impregnations. As well, these alteration
packages can occur in rocks. Disseminated
pyrite observed all of primary rock in the
deposit.

8. Barite-hematite-quartz-kaoline. The domi-
nant style of mineralization on the project
is from 1 cm to 1 m-wide veins filled with
variable amounts of red hematite, specular
hematite, and quartz. In outcrop the dominant
mineral is earthy red hematite, which is
ubiquitous in these stockwork, but remnant
patches and stockwork of barite can be found,
indicating that the red hematite is likely
a weathering product of hypogene barite.
Larger stockwork include higher amounts of
quartz. Many veinlets contain vugs and open-
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space-filling textures of euhedral quartz and
kaoline. The majority of hematite-barite-
quartz-kaoline mineralization is observed
to date occurs as sub-decimeter fractures,
either as individual veinlets, zones of parallel
sheeted veinlets, or networks of cross-cutting
veinlets in some places forming stockwork
zones (Fig.5).

barite-sulfide-quartz association occurs as a selvage.
Sometimes hematite-pyrite-quartz and barite-sulfide-
quartz cross-cut each other and/or occur separately.
Disseminated pyrite. The first stage of min-
eralization is mainly represented by disseminated
pyrite occurring together with quartz and adularia
alteration through the below contact of the deposit.
Gangue minerals are mainly represented quartz and

Fig. 5. Barite, barite-hematite, barite-hematite-limonite mineralization main type of orebody from core piece
(photos taken under Leica S8APO Binoculars): a) barite grains in vugs, secondary quartzite (12.2m, UGDDO1);
b) barite-hematite-limonite veinlets in secondary quartzite (14 m, UGDDO1); c¢) barite-hematite-limonite miner-
alization association, breccia form in secondary quartzite (39.4 m, UGDD02); d) barite-hematite-limonite miner-
alization association, like “fish scale” form in secondary quartzite (40.5m, UGDD02).

The hematite-quartz-kaoline association is
the earliest stage and can occur in both mineralized
zones and in silicified host rocks. Macroscopically
this association exhibits brown red coloration of
accompanying quartz. The thickness of the stockwork
veinlets ranges from 1 millimeter to 3-5 centimeters.
The borders of this style of alteration are usually
uneven, often exhibiting pinch and-swell forms and
relics of the original rocks.

Barite-sulfide-quartz is the main mineral
association that is of economic interest. This
association forms thin (a few millimeters to 1-2
centimeters) veins and small impregnations within
sericitized and silicified rocks. The spatial occurrence
of the hematite-pyrite-quartz and barite-sulfide-quartz
association forming single veins is common. In this
case, the earlier hematite-pyrite-quartz association
occurs in the center of rock fragments while the

adularia, and minor chalcopyrite. The size of dissemi-
nated pyrite is inferior to 1 mm, but the intensity of
pyrite dissemination is variable in different parts of
the andesite porphyry (Fig.6).

Stock and stockwerk pyrite mineralization
observed in the sulfide zone of the deposit.

The Pyrite-covellite-quartz association is less
common than the barite-quartz-sulfide association
and usually forms veinlets, spots and disseminated
aggregates in host (below contact rocks-rhyolite
and rhyodacite) rocks disseminated pyrite occurs.
Pyrite and covellite are the main minerals of the
association. Pyrite occurs as grains (3-5 millimeters)
in quartz and rarely as vein-like aggregates and
selvages on quartz spots up to 0.5-1 centimeters in
thickness. Covellite usually occurs as needle-like
crystals, from 2 to 8 millimeters long, and occurs
around pyrite and sometimes replaces pyrite on its
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Fig.6. Pyrite mineralization type of sulfide orebody, Reza gold deposit: a) Dodecahedron pyrite crystal (70.7 m, UGDDO03);
b) (319.2 m, UGDDO02); ¢) Banded pyrite-quartz vein (116.2 m, UGDD02); d) Pyrite veinlets in secondary quartzite (89.2m, UGDD02).

boundaries (up to complete replacement forming
covellite pseudomorphs). Wolframite (?) also occurs
irregularly in veinlets and disseminated of pyrite-
covellite mineral association (Fig. 7).

Ore minerals. The ore minerals are concentrated
essentially as breccia-stockwork and disseminated
type mineralization in central part of the deposit.
The stockwerk zone has been developed due to ore-
associated silica precipitation following the second
boiling of the hydrothermal system, which was
triggered by the Atabek-Slavyanka plagiogranite
intrusions.

Ore minerals are mainly disseminated as fine
grains in the stockwerk of the brecciated secondary
quartzite.

Based on this research, metallic and gangue
constituents of the mineralized zones include:

Metallic minerals. Pyrite, Chalcopyrite,
Covellite, Chalcantite, Wolframite, Argentite?,
Acanthine?, Enargite?, Tenantite?, Arsenopyrite

(rare), Cubanite?, Sphalerite (rare), Marcasite?,
Tetrahedrite? (?-means that these minerals defined
base on XRF data)

Gangue minerals. Barite, Calcite, Quartz,
K-Feldspar, Muscovite-Sericite, Plagioclase, Clay
(mainly, Kaolinite). Epidote, Chlorite, Hematite,
Tourmaline, Turquoise (Fig.8).

Pyrites are observed as broken euhedral to
anhedral crystals. The intergrowth of pyrite crystals
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and host rock inclusions in pyrites are common ore
textures. Pyrite is represented by large (0.1 millimeter
to 0.3 millimeter and rare 1.0-millimeter diameter)
separate crystals or crystalline aggregates. Pyrite
has a poor crystal shape. Spatially, pyrite occurs on
the vein selvages and in the central part of sulphide
mineral spots. Sphalerite forms relatively large (1 to 2
millimeter) grains in quartz veins. Usually, sphalerite
grows around pyrite, “curing” small cracks inside
pyrite grains. Pyrite and sphalerite occur as separate
grains in the impregnated type of mineralization.
Disseminated chalcopyrite grains occur in the center
of sphalerite grains.

Hematite crystals, which are weathering
products of early stage anhedral pyrite, are replaced by
siderite due to carbonate-rich weathering processes.
Hematite is the most common ore mineral after pyrite,
and it has been observed in different mineralogical
features. The hematite contains randomly oriented
crystals of barite and quartz in different sizes and
shape. Textural relations suggest that the quartz is a
replacement product of chalcopyrite.

Quartz is the main mineral of this association.
The grain size ranges from 0.01 to 0.1 millimeters
with the 0.01-0.03 millimeter grain size being the
most prevalent. Coarse-grained quartz (usually 0.07
to 0.09 millimeter in diameter) occupies the central
parts of small veins and spots. Quartz grains exhibit
round shapes and/or oblong forms. Hematite is
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Fig. 7. Sulfide mineralization style of Reza gold deposit: a) covellite minerals grains into secondary quartzite (from core piece);
b) covellite grains (little size); c) covellite-pyrite -/+ wolframite (high grade by XRF-?) minerals grains (coarse size); d) covellite
-/+ wolframite (high grade by XRF-?); ) & f) covellite-pyrite veinlets in rhyodacite (?).

unevenly distributed and usually colors fine-grained grains range in size from 0.05 to 0.2 millimeter and
quartz in some instance. Pyrite exhibits pyritohedron occur inside clear quartz grains.
shapes and rarely cubic crystal habits. The pyrite In addition to the minerals described above, thin-

Fig. 8. Turquoise (CuAl (PO4),(OH),-4H20) mineralization in the Reza gold deposit: turquoise minerals observed on
fractures, rhyodacite core piece (the upper); turquoise mineral fragment in rhyodacite rock, photos taken under Leica
S8APO Binoculars (the following).
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flakes of sericite can occur in the center of the quartz
veins and spots and can be replaced by chlorite or
chlorite-ankerite. Chlorite occurs only in contact with
carbonate with sericite forming the edges between
these minerals. Chalcopyrite rarely occurs together
with pyrite and forms thin veinlets and impregnations.

Hydrothermal alteration. At the deposit,
mineralization occurs with strong argillic alteration,
with stockwork, disseminated, and veinlets, within
secondary quartzite breccias and mineralized east-
northeast structures. Oxide facies dominate at the
surface but become sulfide mineralization at depths
of less than 50-100 m.

Two distinct alteration events are recognized by
GEG AIMC, 2016. During emplacement, the early
granodiorite intrusions altered the andesite porphyritic
rocks. Later, the main mineralization altered the
silicified andesite porphyritic and secondary quartzite
rocks generating a zoned alteration assemblage that
includes moderate to selective quartz, sericite, argillic
and silicification alteration among others. Alteration
to kaolinite and iron oxides occur locally, as does
an apparent epithermal overprint that produces
banded and chalcedonic textures and which may be
associated with observed barite-hematite and pyrite
mineralization.

Gold at Reza deposit is concentrated in the
gossan, argillic and limonitized-hematitized alteration
zones and low grade gold in phyllic zone (pyrite stock
and stockwerk). Transition zone at the oxide-phyllic
zones boundary is largely north-south trending fault-
controlled silica flooding, which becomes northeast
striking, east and west of the boundary. The deposit
alteration studies about 20-25pcs samples from
intrusive and host rock showed in order of dominance,
intermediate argillic, propylitic, advanced argillic,
phyllic, silicification and gossan alteration zones.

The dominant types of alteration on the project are
hematite alteration and secondary mineralization of
pyrite (Fig. 9). Minor silicification and clay alteration

of andesite porphyritic rocks are also present.
Hematite alteration consists of hematite staining
surrounding hematite-barite-quartz association. This
type alteration is accompanied in some places by
silicification and limonitezation.

Deposit type. The remote sensing anomalous (in
NW and SW) area is believed to remain open in all
directions under shallow, post-mineral cover. Deposit
alteration signature has characteristics which sug-
gest the current outcrop level may be near the top of
a mineralized, gold-bearing high sulfidation epither-
mal (HSE) system (Hedenquist, 1988, Sillitoe, 2003,
2010; Simmons, 2005).

The gold mineralization at the deposit is
interpreted as forming in shallow high sulfidation
epithermal systems. The mineralization has been
noted to occur in two different styles:

- well-confined hydrothermal breccias;

- associated with pyrite stock-stockwork.

The majority of the deposit material and current
estimates are formed within the barite-hematite-
quartz-kaoline mineralization in the secondary
quartzite rocks.

The main brecciation and stockwork are hosted
within secondary quartzite, sometime massive
silicified andesite porphyritic rocks.

Outcropping gold mineralization at the project
is oxidized with no sulfides recognized at surface.
Mineralization is hosted by brecciated, and intense
advanced argillically-altered andesitic volcanic and
possible domes, including large areas of «powdery»
probably alunite-opal alteration (Fig. 10). The
outcropping alteration at the deposit is typical of
the upper steam-heated levels of high-sulfidation
epithermal (HSE) deposits, which in most mineralized
systems of this type, may cap higher-grade gold
mineralization which is hosted by underlying vuggy
and oxide zones.

From our current mapping and sampling, the
gold mineralization at the deposit appears to form

Fig. 9. Hematite mineralization, oxide zone: Left side-hematite vein on andesite porphyritic fractures and Right side- barite

veinlets oxidation secondary quartzite.
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Fig. 10. International high sulfidation epithermal model for the Reza gold deposit.
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a crescent shape surrounding a «core» of barite-
hematite mineralization in advanced argillically and
silicification - altered porphyritic andesite host rock.
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Received: 03.06.2020 Abstract. The Carpathian Recreation/Tourism Region (hereafter — CRTR) in Ukraine is
Received in revised form: 02.12.2020 a unique territory featuring the sacral historic-cultural heritage of different-time periods
Accepted: 04.12.2020 beginning from Ancient Rus, Lithuanian, Ottoman, Austro-Hungarian and until Polish, Ro-

manian, Czech and Ukrainian times. This is why it seems urgently necessary to assess in as
much detail as possible the sacral historic-cultural heritage (hereafter — HCH) of the Carpathian Recreation/Tourism Region in Ukraine
and provide for the mechanisms of management of the same so that the aforementioned heritage will be as quickly and intensely as
possible involved into a common cultural and tourism space and trans-border cooperation with neighboring EU countries, that is, Ro-
mania, Slovakia, Poland, Hungary and Moldova. For this purpose different types of conservation status (e.g., UNESCO and national
heritage) were considered and spatial differences in the sacral historic-cultural monuments (hereafter - HCM) were analyzed through
the assessment of their number, modified indices of the sacral objects’ concentration, coefficients of localization and educational value,
etc, with application of the methods of partial and integral point-based ranking and cluster analysis with respect to the 58 administrative
districts of the region. Following the survey of the CRTR where the sacral HCM were found to be the range from average to very good
condition , and proceeding from ethnographic-historical context, the region was spatially differentiated into the Roztotsko-Boykivskyy
Meso-District on the northwest, the Hutsul Meso-District in the Prykarpattia, and the Bukovynian Ukrainian-speaking and Romanian-
speaking micro-districts in the Prypruttia. Among the 6 formed district-status CRTR clusters, 3 of them (27.6% of the administrative
districts of the region) were assessed as the most optimal for the purpose of efficient tourism/excursion activity (hereafter - TEA) and its
management, while average geometric indices of all aforesaid coefficients ranged from the above-average (4.10) to the highest (7.59)
throughout the whole region. It is suggested to achieve efficient tourism management within the studied territories by way of more
active introduction of a series of previously tested pilgrimages and educative-religious tours, as well as through different interstate
events of trans-border cooperation. All these would increase the competitiveness of the HCM-oriented tourism industry, be helpful in
ascertaining which specifically attractive territories should receive investment, and help integrate the Carpathian Region of Ukraine
into the common cultural and tourism space of the EU countries.

Key words: sacral heritage, tourism, rating, cluster, destination, Carpathians

CaxkpanbHa cnagmuia Kapnarcbkoro periony Ta ynpaspidiHHA ii PeCypCHOI0 CKJIAJIOBOIO B
TYPUCTHYHIH AislJILHOCTI

B.IT. Kpyms!, A.A. Baosiuen?, P. M. Tumyx?, 1. T1. Jlooumma!

"Yepuiseyvkuil Hayionanvuuil yHisepcumem im. FO. @edvkosuua, Yrpaiua, kroolv@ukr.net
2Yepuiseyvkuil mopaosenvo-exonomiunuil incmumym KHTEY, Ykpaina, groma2006@gmail.com

Awnotanisi. Kaprniarcekuii pexpeauiitno-trypuctuunuii perion (Hagani — KPTP) B Ykpaini — 1ie yHiKanbHa TepuTopis, e npeacTaBieHa
CaKpaJlbHa iCTOPUKO-KYJIBTYpHA CIIQIIMHA Pi3HUX YAaCOBHUX IIEPiOAIB: BiJ AaBHHOPYCHKOTO, JIMTOBCHKOTO, OCMAaHCBKOTO, aBCTpPO-
YTOPCBHKOTO JI0 TTOJIBCHKOT0, PYMYHCBHKOTO, YEXOCIOBAI[BKOTO Ta yKpaiHChKOT0. ToMy BKpail HaralsHOIO € BceOiuHa KOMIIEKCHA OIliHKA
3a0e3MeueHHsI Ta MEXaHI3MH YIIPaBIiHHS CaKPaJIbHOIO ICTOPUKO-KYIBTYPHORO criaamuHoro (Hagam — IKC) Kaprmarcekoro Typuctudso-
peKpeariifHoro periony B YKpaiHi Ui iHTEHCHBHIIIOTO IXHBOTO 3aly4eHHS 10 €IMHOTO KYJIBTYPHOTO, TYPHUCTHYHOTO MPOCTOPY Ta
TPAaHCKOPJOHHOTO CIHiBpOOITHULTBA pa3oM i3 cycignimu kpainamu €C: Pymyniero, CnoauunHoro, [losbiiero, YropiuHoo Ta
MoaoBoro. 11t 1is0ro Opaucs 10 yBaru pi3Hi oxoponHi cratycu (cnaamuia FOHECKO, narioHanbH#IT) Ta MPOCTOPOBI BiIMIHHOCTI
CaKpaJIbHAX ICTOPUKO-KYJIBTYpHUX ITaM’siTok (Hazaui — IKIT) gepes oninky iXHBOT KiIbKOCTI, MO ]iKOBaHI MOKa3HUKN KOHIEHTpaIil
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CakpaJbHAX 00’ €KTIB, KoeQillieHTH JloKami3amii Ta Mi3HABaIbHOI IIHHOCTI, 3aCTOCOBYIOYM B OLIIHIOBAHHI METOOM YaCTKOBOI Ta
IHTErpaIbHOI PEHTUHTOBOI OabHOT OI[IHKH Ta KJIACTEPHOTO aHaIi3y 3a 58 aaMiHICTpaTUBHHMH paifoHaMH perioHy. 3a MiJCyMKaMHu
HaykoBux BuiykyBaHb KPTP 3abesmeuenocti cakpanpuumu IKIT Bix mepeciunoi g0 ayxe m00poi, BUXOAs4d 3 eTHOrpadidHo-
ICTOPHYHOTO 3MICTy, Y MPOCTOPOBOMY BHMIpi perioH audepeHuiiioBanuii Ha Po3rorpko-BoiikiBchkuil Me30paiioH Ha MiBHIYHOMY
3axoni, ['yiynbcpkuii Me3opaiion Ha [lpukapnarti Ta BykoBHHCBKHH yKpalHOMOBHHH 1 pyMyHOMOBHHH Mikpopaiionu B [Ipunpytri.
3-nomix 6 copMOBaHUX KIacTepiB paionHoro crarycy B KPTP 3 (27,6% aamiHiCTpaTHBHUX paliOHIB PETriOHY) OMIHIOIOTHCS SIK Hal-
ONTUMAJBHIII CTOCOBHO OOCTaBMHHM JJIsl HAMPE3yAbTaTUBHIIIOI TYPUCTUYHO-EKCKypCiitHoi misutbHOCTI (Hamani TEJ]) Ta ii meHemxk-
MEHTY, a iXHi Iepeci4YHO0 TeOMETPUYHI MOKa3HUKHU yCiX paHille 3a3Ha4eHuX Koe(ili€HTIB KOIMBAIOTHCS BiJ BHIIMX 3a cepenHi (4,10)
no HaiBumux (7,59) 3HaueHb MO BCHOMY JOCIHIKYBaHOMY perioHy. [yt epeKTHBHOrO TYpPUCTUYHOTO MEHEKMEHTY BH3HAYCHHX
TEPUTOPIN MPOMOHYETHCS AKTUBHIIIE BIPOBA/PKCHHSI HU3KU alipoOOBAaHMX B PETiOHI MAaJOMHMIBKHX Ta Mi3HABAIBHO-PENIriHHUX Ty-
piB Ta pi3HUX MDKAEPKaBHHUX 3aXO[iB TPAHCKOPIOHHOTO CIIBPOOITHUIITBA, IO JACTh 3MOTY IiJABUIIUTH KOHKYPEHTOCIIPOMOXHICTh
TYPUCTHYHOI Tamy3i 3 BUKopucTanuaMm cakpanbHux IKII periony, Bu3Ha4nTH HOTO KOHKPETHI TEPUTOPIi IHBECTYBaHHS, TYPUCTUIHOT
puBabIMBOCTI Ta iHTerpyBaTn Kapmarcekuii perioH YKpaiHu A0 €IMHOTO KYJIBTYpHOTO Ta TypPUCTHYHOTO NOJIS pa3oM i3 kpaiHamu €C.

Kniouosi cnosa: cakpanvua cnaowuna, mypusm, peimune, kiacmep, oecmunayis, Kapnamu

Introduction.

The present-day stage of the development of so-
ciety clearly presents the problem of the rebirth and
preservation of its culture and spirituality, and the
sacral objects as key elements of cultural richness and
development of religious tourism represent the essen-

Assessment of sacral tourism potential (hereafter
— STP) of regional heritage lies in substantiation of its
efficient management and the use of its objects in spa-
tial and systemic-structural establishment of the place
of specific resource within this or that territory for the

tial part of the regional HCM. The oblasts that cover
the Carpathian Region bordering the EU countries
(Romania, Slovakia, Poland) and comprise the com-
mon Carpathian Recreation Zone of Ukraine are dis-
tinctive for the enormous concentration of sacral tour-
ism objects, which can be explained by the Carpathian
Region’s long-time experience as part of the Austro-
Hungarian Empire, Poland, Romania and Czechoslo-
vakia (Fig. 1).

purpose of definition of the ways of its subsequent
development. Domestic science is represented by al-
most no studies related to management of tourism of
religious objects and provides no parameterized as-
sessment of sacral monuments with application of
mathematical methods. The necessity of solution of
these questions preconditioned the rationality of our
choice as well as predefining its tasks and directions.

Fig. 1. The Map of Geographical Layout of the Study Area and its Main Sacral HCH of the UNESCO World Heritage List
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The aim of the study.

The aim of the article is to study and analyze
the sacral historic-cultural heritage potential of the
Carpathian region and its administrative districts in
Ukraine, and to substantiate the expediency of the de-
velopment and management of tourism activity here
based on its sacral clusters.

Review of previous research.

The spatial structure of STPs in Chernivtsi
Oblast’s in the Peredkarpattia (Pre-Carpathians) and
the Carpathians was the area of scientific interest of 1.
Kostashchuk and A. Hutsuliak (2014). I. Kostashchuk
is also known for his research into theoretical-method-
ological problems of the religious confessional space
of Ukraine and its influence upon social processes
(Kostashchuk, 2018, 2019 a). Religious tourism as a
subject matter of research is found in the works by I.
Dobynda (2014). In particular, she is known for elabo-
ration of sacral tourism routes in the Volyn (Dobynda,
2016). The resource component of Buddhist interna-
tional and local tourism in China was described in the
works by the American and Chinese scientists, Robert
Shepherd and Gu Huimin respectively. The authors
came to the conclusion that the pilgrimages in China
are rather a religious than a tourism phenomenon and
that the rush of tourists to the destination Wutai Shan,
China , endangers the uniqueness of the local cultural
landscape (Shepherd R. & Huimin Gu., 2012).

Problematic questions and promising regions for
international religious tourism in Ukraine on the basis
of HCM of different religions and ethnic groups that
may become the objects of interest of international
tourists were considered by Yu. Danilyeva (2012).
Similar problems within the territory of the South-
ern Urals were discussed by a group of authors from
Bashkotorstan (Khairetdinova et al., 2016), while
Belarusian researchers added the question of devel-
opment of ethnographic tourism (Blishch, 2014). D.
Pryimak (2015) focused on the philosophical view on
the factors of religious tourism pilgrimage consider-
ing it to be a social phenomenon. The resource base
possessed by Ukraine for the purpose of development
of pilgrimage and excursion forms of tourism was an-
alyzed by I. Lytvyn (2014), while its regional aspect
was considered on the example of Prykarpattia by V.
Shykerynets (2012). The pilgrimage resource base
from Nepal to Australia was characterized by du Cros
H. and Johnston C. (2002), while religious journeys
as a form of tourism and pilgrimage were character-
ised by Olsen D. and Timothy D. (2006).

The essence and the principles of the logistic ap-
proach to efficient organization of tourism space on

the example of religious tourism, and the analysis of
the structure and the components of the same were
discussed in the study by I. Smyrnov. The author’s
assessment of the logistics in this segment of tourism
services resulted in the development of measures to
help preserve sacral resources (objects) from exces-
sive use by tourism (Smirnov, 2015). The importance
of solution of the problem of preservation of hieratic
sacral resources possessed by indigenous people of
Southern Siberia through tourism and use of these re-
sources in different tourism routes was actualized in
the scientific community by E. Chaykina. The results
of her work were suggested to be used for stimulation
of tourism business in the Altai (Chaikina, 2017).

S. Panchenko’s research is perhaps the only
study devoted to management of religious monu-
ments tourism in Ukraine. The author emphasized
the huge potential of religious tourism in this coun-
try, which is yet not appropriately made use of. This
is why the arrangement of favourable conditions for
high-quality religious tourism involving domestic and
foreign tourists requires a more active state policy and
involvement of investments into the tourism industry
of Ukraine (Panchenko, 2019). Problems of man-
agement of sacral resources in the tourism industry
and the strategy of their development in the Podil-
lia (Ukraine) were highlighted by Hordyskyi Y. and
Manko A. (2012). Present-day resources of cultural
heritage, its different statuses, assessment and impor-
tance, as well as the system of its management were
the basis of the contribution by Taylor K. (2004). Pos-
itive experience of management of stable tourism in
religious and holy places of local communities in Cal-
ifornia and Thailand was disclosed in publication by
the American scholars Levi D. and Kocher S. (2009).

A thorough search into management of religious
tourism is found in the work presented in the collec-
tive monograph entitled Religious Tourism and Pil-
grimage Management. In particular, the authors focus
on concepts of religious tourism and its management,
motivations behind the phenomenon of pilgrims’ mi-
grations, examples of international religious tourism
case studies in South-East Asia, Israel, Ireland, North-
ern Portugal, Argentina, Lebanon, and Malta (Rai &
Griffin, 2015).

Present-day problems of managing 166 objects
of world religious heritage were analyzed by Myra
Shackley on the example of cultural tourism. She con-
sidered different religious traditions of predominantly
Christian culture (51%) in the Northern hemisphere,
as well as the questions of balanced preservation of
sacral objects for the purpose of improvement of tour-
ism service (Shackley, 2001).
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To summarize, the studies of sacral and religious
monuments in the Ukrainian regions generally em-
phasize the description of the resource component,
while questions of HCM management for balanced
improvement of tourism service are considered su-
perficially, with no regional specifications or insights
into adjoining countries and their parts. It is therefore
for the first time in Ukraine that such studies of spatial
content with application of mathematical multifactor
methods are conducted for the CRTR as an essential
part of the large Carpathian Tourism/Recreation Zone
that also covers territories in Poland, Slovakia and
Romania. The major task of this article lies in assess-
ment of tourism sacral potential in Ukrainian admin-
istrative oblasts covered by the CRTR for the purpose
of strengthening the efficiency of its financial man-
agement in conditions of decentralization of econom-
ics that started in 2014, and subsequent formation of
tourism attractiveness of the country’s new financial
centers, i.e., territorial communities. A cartographic
model of total ranking positions of each administra-
tive oblast with respect to four assessed components
shall be one of the results of this work. Finally, it will
allow us to outline the major territorial units possess-
ing the greatest, average and the least potentials of a
sacral HCH’s integral value. We cannot but accentu-
ate that the study results and the methods of counting
the ranking positions of the administrative-territorial
units with respect to total value of their HCH sacral
objects can be made use of by other local bodies of
self-government and respective institutions for the
purpose of efficient management of their tourism-ex-
cursion activity (hereafter — TEA). Besides, they can
also be helpful in similar studies of the Carpathian
Tourism/Recreation Zone pertaining to Poland, Slo-
vakia and Romania.

Methodology.

The research on HCH is based on several criteria
where the majority of researchers consider either their
material component or recreation (recreation/tourism)
resources. The point-based assessment of sacral
HCH as tourism destinations was suggested by O.
Beidyk (2001) and T. Bozhuk (2008). I. Kostashchuk,
having combined methodological developments of
the aforesaid authors, retains point-based assessment,
together with O. Lyubitseva (2009), in his own way.
The researcher suggests such assessment criteria
as the object’s geographical disposition (type of
settlement and the number of its inhabitants, transport
accessibility, etc.), its compositional value, presence
of sacred places, architectural appearance and value,
the infrastructure of the object itself , historical
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significance, church (confessional) significance,
attractiveness and accessibility for visiting, availability
of information resources, and the object’s present-day
state. On the whole, each criterion can be awarded a
maximum of 5 points , though this value may increase
to 10 if the above-suggested coefficients are applicable
(Kostashchuk, 2017, 2019 b). However, even with such
detailed methodological analysis, there remains a role
for subjective assessment through verbal explanation
in the absence of clear quantitative/qualitative
parameterization and with no possibility of application
of specific mathematical methods of research.

The study of the region’s sacral heritage ( the
Carpathian region, Ukraine) was carried out using
the method of K. Polyvach, which was declared by
her in her dissertation research and monographs, in
which she offers comprehensive geographic methods
for an integral assessment of the cultural heritage of
a region or regions (Polyvach, 2007). To ensure the
correctness of the comparison of regions, in addi-
tion to general statistical indicators of the number of
sacral tourist objects represented in the State Register
of Monuments of Ukraine, the authors also used re-
gional coefficients: the modified coefficient of con-
centration of tourist destinations and the localization
coefficient of objects, calculated using geographical
methods of research. Therefore, in order to determine
the status capacity of differently weighted religious
sites-destinations, account was taken not only of their
number, but also their conservation status as an in-
tegral object of tourist and excursion activity, pro-
ceeding from the coefficients proposed in formula 1
(Krool et al., 2018):

Coiop () = 2IXXT+ kxx2+ kxx3+kxx4 (1),
where: C,, ., (s) is the status capacity of historical

and cultural significant sites (including sacral) of dif-
ferent weights (values); k is the coefficient of the “sta-
tus weight” of the historical and cultural significant
sites, where 1.2 is obtained by the significant sites of
international (UNESCO heritage) value, 1.0 by the
sites of national importance, 0.9 by the sites of state
importance, 0.75 by the sites of local significance;
and x1, x2, x3, x4 the number of historically and cul-
turally significant sites, respectively, of international,
national, state and local status. The component part of
the C,,, (s) and the same formula for the sacral HCM
is the coefficient of conservation status (C_ ).

Two other criteria (modified indicator (coefficient)
of concentration of sacral monuments concentration and
the localization of sacral HCM) were counted according
to K. Polyvach’s formula (Polyvach, 2012).

The second factor component of the partial rating of
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the regional historical and cultural heritage in the study
is a modified indicator (coefficient) of concentration of
tourist destinations (MIs.m.c.). It takes into account both
the number of sacral historical and cultural destinations,
the total area on which they are located, and the tourists
who visited them for a certain period of time, usually a
year. The methodology of its calculation is presented in
K. Polyvach using the formula (Polyvach, 2007):

W=V/InB (),

where: W — modified index (coefficient) of con-
centration of tourist destinations; ) — absolute indica-
tor of the number of objects of the sacred heritage in
the region; S — area of the studied regions; P — popula-
tion of the region; B — \SP.

The third factor component of the partial rating
assessment of the regional heritage is the localization
of the sacral HCM. This factor takes into account the
specific weight of the territory by the number of sacral
destinations and the specific weight of the territory by
area. The order of its calculation is presented in the
formula “3” (Polyvach, 2012):

K, =Ch/Cs

lo

3),

where: Ch — specific weight of the region by the
number of objects of historical and cultural heritage;
Cs — the region’s share by area.

The component part of the K, and the same formu-
la for sacral HCM is the index of localization of sacral
objects (L ).

And, finally, the fourth criterion, i.e., the coefficient
of educational value of sacral tourism destinations (C, )
was counted as the proportion between the total points
gained in the result of assessment of the sacral HCR of
a specific settlement or locality and the maximum pos-
sible points provided in the assessment scale by (Kravt-
siv et al., 1999):

C . =4/4

e.

(4),

where: A is a sum of points of educational value
of historic-cultural tourism resources in a specific
settlement, territory (block); A~ — maximum possi-
ble points according to point-based assessment scale
(Kravtsiv et al., 1999).

Consequently, the total rank value of all four fac-
tor components and their partial assessments of the
region’s sacred and religious heritage gives, as a re-
sult, an overall score in points (according to the rat-
ing) that a region has received. It is important that
this evaluation has an inverse relationship (lower
scores correspond to better and enhanced potentials)
for effective and promising use in domestic and in-
ternational tourism and excursion activities, as well

as within the framework of EU associate membership
and wider cross-border cooperation between Ukraine,
Romania, Poland, Slovakia and other countries of the
entire Carpathian recreational and tourist zone.

Research results and discussion.

Historic-cultural resources (hereafter — HCR) is
the totality of monuments of material and spiritual
culture created in the process of historic development
of a specific territory that now have become objects
of tourists’ interest. The HCR include educational,
event-related, ethnographic and biographic-social re-
sources (Malska & Antoniuk, 2008). Hence, the HCH
represents the totality of objects of cultural heritage
inherited by mankind from previous generations.
Sacral resources of religious pilgrimage and educa-
tive/informative content with respect to the material
and spiritual culture heritage within a specific territory
comprise an essential part of the aforesaid resources.

The CRTR of Ukraine covers four administrative
oblasts consisting of 58 administrative districts, and fea-
tures 774 sacral national-status HCM and those included
in the UNESCO World Heritage List. The monuments’
assessment showed that 29 administrative districts un-
evenly located in all oblasts of the region, namely, Lviv,
Ivano-Frankivsk, Zakarpattia and Chernivtsi admin-
istrative oblasts, manifest the values of the coefficient
of conservation status (C_ ) which are higher than the
mean values of the same within the region (8.7) (see
Table 1). The greatest share (62%) out of their totality
is concentrated in Lviv Oblast — 479 HCM, 16% - in
Ivano-Frankivsk (125 HCM), 15% in Zakarpattia (114
HCM), and 7% in Chernivtsi oblasts (56 HCM). With
respect to number of HCM that exceeds the average val-
ues for the Carpathians, 2/3 of them are found on the
territory of Lviv Oblast (418 HCM), 18% - Zakarpattia
Oblast (112 HCM), 13% - Ivano-Frankivsk Oblast (83
HCM), and 3% - Chernivtsi Oblast (22 HCM).

According to the total score of the sacred heritage
objects by the administrative units of the entire Car-
pathian region and the methodology for calculating
the modified concentration indicators, the localization
coefficient of tourist and religious excursion destina-
tions and coefficient of their cognitive value, we cal-
culated the total ratings of the administrative-territo-
rial units for each of the four indicators (see Table 1).

The values exceeding those of the modified index
of sacral monuments concentration (MI_ ) in the Car-
pathian Region (10.48) were observed in its 29 territorial
units, where 17 or 58.6% account for administrative dis-
tricts of Lviv Oblast, 5 and 5 (17.2% and 17.2% each)
— Ivano-Frankivsk and Zakarpattia oblasts, and 2 (6.9%)
—of Chernivtsi Oblast. Absolute leadership in respect of
monuments’ concentration is taken by the City of Lviv,
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Table 1. The total rating of sacral HCM of national status and UNESCO World Heritage List in the administrative districts of the
Carpathian region, Ukraine

& 3 = & -
£ £ ZEc £ 22 £ 25~ £ 2
<z 2 EZ5 2 == 2 -1 2 &
Administrative districts g § b ° g = 5 E g B LET ) =
E S £ & EE £ = £ S 28 £ s
S S 5T E 5 = § S SE2 S =
£ 2 = S5 & S g & 2 F & s
g =3 g 3@ =g S
O S ¢
Berehovo 6.0 41.0 797 40 0.620 34 0.545 56.0 171.0
Bohorodchany 7.0 36.5 8.03 39 0.575 37 0.583 54.0 166.5
Brody 18.0 14.0 19.69 16 1.019 19 0.667 50.0 99.0
Busk 21.0 12.5 26.30 11 1.610 11 0.913 35.0 69.5
Chernivtsi city 72 33.5 8.97 35 3.089 4 0.600 52.5 125.0
Drohobych 17.2 15.0 17.56 19 0.925 23 0.956 30.0 87.0
Halych 6.0 41.0 8.07 38 0.545 40 0.857 39.0 158.0
Hertsa 12.0 21.0 23.51 12 2.493 7 1.000 17.0 57.0
Hlyboka 5.0 445 5.89 45 0.488 42 1.000 17.0 148.5
Horodenka 3.0 51.5 3.78 50 0.264 50 0.600 52.5 204.0
Horodok 23.0 10.5 27.08 10 2.077 9 1.000 17.0 46.5
Irshava 8.0 31.0 8.09 37 0.556 39 0.889 36.0 143.0
Ivano-Frankivsk city 4.0 47.5 6.17 43 3.136 3 0.800 45.0 138.5
Kamianka Buska 11.0 23.5 12.96 25 0.833 27 1.000 17.0 92.5
Khotyn 1.0 57.0 1.22 58 0.092 58 1.000 17.0 190.0
Khust 11.0 23.5 11.17 28 0.741 31 0.917 34.0 116.5
Kitsman 10.0 27.5 12.34 26 1.081 18 1.000 17.0 88.5
Kolomyia 72 33.5 7.19 42 0.473 43 1.200 1.0 119.5
Kosiv 40.0 4.0 41.36 4 2.663 6 0.870 38.0 52.0
Lviv city 85.6 1.0 153.1 1 308.7 1 0.251 58.0 61.0
Mizhhiria 27.0 8.5 30.96 6 1.520 13 1.000 17.0 44.5
Mostyska 8.0 31.0 9.53 31 0.621 33 1.000 17.0 112.0
Mukachevo 6.0 41.0 6.00 44 0.395 45 0.667 50.0 180.0
Mykolaiv 6.0 41.0 7.37 41 0.584 36 1.000 17.0 135.0
Nadvirna 12.0 21.0 11.04 29 0.609 35 0.923 33.0 118.0
Novoselytsia 2.0 53.5 2.28 54 0.178 53 1.000 17.0 177.5
Perechyn 2.0 53.5 3.07 52 0.208 52 1.000 17.0 174.5
Peremyshliany 13.0 19.0 16.76 20 0.930 22 0.813 44.0 105.0
Pustomyty 43.0 3.0 42.46 3 2.962 5 0.843 41.0 52.0
Putyla 7.0 57.0 10.25 30 0.520 41 1.000 17.0 145.0
Radekhiv 12.0 21.0 13.86 23 0.689 32 1.000 17.0 93.0
Rakhiv 10.2 25.5 9.09 34 0.354 46 1.020 2.0 107.5
Rohatyn 15.2 17.0 20.18 14 1.224 16 0.691 47.0 94.0
Sambir 14.0 18.0 15.56 21 0.984 20 0.933 32.0 91.0
Skole 35.0 5.0 38.00 5 1.563 12 1.000 17.0 39.0
Sniatyn 4.0 47.5 5.05 47 0.438 44 1.000 17.0 155.5
Sokal 21.0 12.5 19.47 17 0.878 24 0.750 46.0 99.5
Sokyriany 1.0 57.0 1.38 56 0.099 56 1.000 17.0 186.0
Staryi Sambir 27.0 8.5 27.26 9 1.424 15 0.844 40.0 72.5
Storozhynets 2.0 535 1.93 55 0.113 55 1.000 17.0 180.5
Stryi 7.0 36.5 8.26 36 0.569 38 1.000 17.0 127.5
Svaliava 1.0 57.0 1.28 57 0.098 57 1.000 17.0 188.0
Tiachiv 6.0 41.0 4.79 48 0.217 51 1.000 17.0 157.0
Turka 272 7.0 30.75 7 1.500 14 1.007 4.0 32.0
Tysmenytsia 3.0 50.5 3.37 51 0.269 49 1.000 17.0 167.5
Uzhgorod 4.0 47.5 4.46 49 0.302 48 0.667 50.0 194.5
Uzhgorod city 4.0 47.5 12.07 27 6.564 2 0.500 57.0 133.5
Velykyi Bereznyi 10.2 25.5 15.36 22 0.828 28 1.020 2.5 78.0
Verhovyna 16.0 16.0 20.25 13 0.834 26 0.941 31.0 86.0
Volovets 10.0 27.5 17.84 18 1.207 17 1.000 17.0 79.5
Vynogradiv 9.0 29.0 9.34 33 0.848 25 0.563 55.0 142.0
Vyznytsia 2.0 53.5 235 53 0.145 54 1.000 17.0 177.5
Yaremche 8.0 31.0 13.55 24 0.801 29 1.000 17.0 101.0
Yavoriv 23.0 10.5 20.07 15 0.975 21 1.000 17.0 63.5
Zastavna 7.0 36.5 9.46 32 0.742 30 0.875 37.0 135.5
Zhovkva 47.4 2.0 44.07 2 2.403 8 0.668 48.0 60.0
Zhydachiv 5.0 44.5 5.50 46 0.330 47 0.833 42.0 179.5
Zolochiv 28.0 6.0 29.77 8 1.671 10 0.824 43.0 67.0
Average value in region 8.7 - 10.48 - 0.775 - 0.856 - 108.0

Source: authors of paper
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where the said concentration of sacral tourism and excur-
sion objects exceeds by 3.5 times the values manifested
by the runner- up Zhovkva District (44.07). It should be
noted that the first ten places with respect to values of
the modified index are in its absolute majority repre-
sented by administrative districts of Lviv Oblast, with
the minor exceptions of Kosiv District (41.36, Ivano-
Frankivsk Oblast) and Mizhhirya District (30.96, Zakar-
pattia Oblast). Though not so markedly, administrative
districts of Lviv Oblast have taken the lead in the second
ten, with a few more inclusions of two administrative
districts of Ivano-Frankivsk Oblast (Verkhovyna and
Rohatyn), one district of Zakarpattia Oblast (Volovets),
and one — of Chernivtsi Oblast (Hertsa). It is only in the
third ten that Lviv Oblast’s leadership comes to naught
despite the fact that the third ranking ten is headed by
Sambir District of Lviv Oblast (15.56) and represented
by two more districts of the same oblast (Radekhiv and
Kamianka-Buzka). The third ten is distinctive for the
fact of being represented by administrative units of all
other oblasts of the Carpathian Region, that is, Zakar-
pattia Oblast (Velykyi Bereznyi District, Khust District
and Uzhgorod City), [vano-Frankivsk Oblast (Nadvirna
District and Yaremche City Council), and Chernivtsi
Oblast (Kitsman District and Putyla District).

For a more detailed explanation of the presence
and location of sacral sites in the Carpathian region,
it is worthwhile analyzing the distribution of the lo-
calization coefficients for sacral heritage sites. In this
case, the optimal value should approach 1, since here
the ratio of the shares of sacral objects of the specific
weight of the areas on which they are represented is
taken into account.

In this context, the four leading places are taken
by the oblast centers where localization of sacral HCM
(L, ) predefines the most favourable territorial compo-
nent which is complemented by transport accessibility.
Hence, the hierarchy between the oblast capital cities
has formed as follows: Lviv (308.7), Uzhgorod (6.564),
Ivano-Frankivsk (3.136), and Chernivtsi (3.089). On
the whole, the optimal structure (over 1.000) is pos-
sessed by 15 more administrative-territorial units, 9 of
which (Pustomyty, Zhovkva, Horodok, Zolochiv, Busk,
Skole, Turka, Staryi Sambir, Brody) refer to Lviv Oblast
(52.6%), and two districts each represent the remain-
ing oblasts (Kosiv and Rohatyn, Hertsa and Kitsman,
Mizhhiria and Volovets administrative districts of Iva-
no-Frankivsk, Chernivtsi and Zakarpattia administra-
tive oblasts respectively). It should also be noted that
10 more administrative-territorial units within the region
of this study that manifest not so favourable concentra-
tions of sacral HCM (coefficient of localization is less
than 1), nonetheless show the above-average values if
compared to all remaining administrative districts. The

majority of these districts once again are located on the
territory of Lviv Oblast (Brody, Sambir, Yavoriv, Pere-
myshliany, Drohobych, Sokal) with 2 districts each lo-
cated in Ivano-Frankivsk (Verkhovyna and the lands of
the Yaremche City Council) and Zakarpattia (Vynograd-
iv and Velykyi Bereznyi) oblasts with no representation
of Chernivtsi Oblast.

The districts in the Carpathians referred to as
unique with their specific sacral HCM and thematic
TEA specialization are only those where the coefficient
of educative value (C_ ) for such territories is >1. There
are now 29 such districts almost evenly distributed in
all oblasts save for Ivano-Frankivsk Oblast. 9 districts
each, or 31.0% represent Lviv and Chernivtsi oblasts,
and 24.1% - Zakarpattia Oblast. A weighty though not
dominant share of sacral HCM in the region predefines
the attractiveness of these resources in the territories
where C_ <1 but still exceeds the average value (0.856)
in the Carpathian Region (8 territorial units). Such situ-
ation is characteristic for 37.5% of the districts of Iva-
no-Frankivsk Oblast (Nadvirna, Kosiv and Halych dis-
tricts), while it is the least characteristic in Chernivtsi
Oblast (only Zastavna District).

Thus, the dominance or trailing position of the dis-
tricts in the four parameters assessed above predefined
their respective ranking position with respect to each of
the parameters, as well as allowing the establishment of
their total values and ranking positions to be expressed
in points. In these cases, a sufficient reserve in the dis-
tricts or their larger territorial formations follows from
the least ranking points, thus outlining them into a space
possessing the best sacral-resource component and
preconditions of their efficient management within the
frame of the TEA.

Now the totality of ranking points in the Carpathian
Region ranges from 33 (Turka District, Lviv Oblast) to
204 (Horodenka District, Ivano-Frankivsk Oblast), and
the average value for all 58 administrative-territorial units
is 107 points. These figures gave grounds to combine the
total ranking points of administrative districts and other
territories into 7 groups, three of which are referred to as
having an adequate (81-100 points), good (61-80 points)
and very good (up to 60 points), and three more as insuf-
ficient (121-140 points), poor (141-160 points) and the
poorest (161 and more points) reserve of sacral HCM
as compared to the group with average reserve (101-120
points) of the same in the Carpathian Region.

As follows from the assessed parameters and their
total ranking points, very good and good HCM reserves
and preconditions for the TEA-related efficient manage-
ment are found in 14 administrative districts and in the
City of Lviv. Their core area (66.7%) is located on the
territory of Lviv Oblast from Roztochchia to Peredkar-
pattia in Boykivshchyna, while the districts have on a

71



V. P. Krool, A. A. Vdovichen, R. M. Hyshchuk, I. P. Dobynda

Journ. Geol. Geograph. Geoecology, 30(1), 65-77.

50/50 basis a good and very good HCM reserve. A very
good sacral HCM reserve is also found in the Zakarpat-
tia’s Boykivshchyna (Mizhhirya District — 44.5 points),
Halychski Hutsulshchyna (Kosiv Distriuct, Ivano-
Frankivsk Oblast - 52 points), and in Chernivtsi Oblast
(Hertsa District - 57 points). A good HCM reserve is ob-
served in 71.4% of districts of Lviv Oblast , which sup-
plement the territorial massif of its Roztotsko-Boykivs-
ka part together with Velykyi Bereznyi (78 points) and
Volovets districts (79.5 points) from Boykivshchyna in
the Zakapattia.

9 more administrative districts of the region show a
sufficient sacral HCM reserve and practically the same
potentiality for their efficient management within the
TEA frame. As in the previous situation, Lviv Oblast
dominates with 2/3 of the sufficient reserve being rep-
resented by its districts from Roztochchia to Peredkar-
pattia in Boykivshchyna, together with the adjoining
Rohatyn District (94 points). One more unit manifest-
ing sufficient sacral HCM reserve, namely, Verkhovyna
District (86 points), adjoins the Hutsul Meso-Region to-
gether with the aforementioned Kosiv District. Kitsman
District (88.5 points) of Chernivtsi Oblast is outlined as
a separate territorial element.

Average reserve of sacral HCM is characteristic for
the territory of the Yaremche City Council and 6 admin-
istrative districts, almost 29 % of which are located in
Lviv Oblast (Mostyska and Peremyshliany districts).
Hutsul Meso-District covers the Rakhiv District (Zakar-
pattia Oblast), the town of Yaremche and the southern
portion of Nadvirna District (Ivano-Frankivsk Oblast)
(from 101 to 118 points). These are supplemented by
Kolomyia District (119.5 points) in Pokuttia. Khust
District (Zakarpattia Oblast, 115.5 points) represents
the buffer locality between the mountain territory of the
Carpathians and the Zakarpattia Lowland, and shows a
below average sacral HCM reserve.

The other massifs of insufficient, poor and very
poor HCM reserve in the Carpathian Macro-Region are
found in the far east of Northern Bessarabia comprising
Novoselytsia, Sokyriany and Khotyn districts (176.5-
189 points), the Bukovynian portion of Chernivtsi
Oblast (Vyzhnytsia and Storozhynets districts, 176.5 and
179.5 points respectively), in Pokuttia (Tysmenytsia and
Horodenka districts, 166.5 and 204 points respectively),
and in part of Boykivshchyna (Bohorodchany District,
166.5 points) of Ivano-Frankivsk Oblast. Besides, the far
south west of the Carpathian Region within the borders
of the Zakarpattia features the essential territorial massif
of very poor sacral HCM reserve, formed of Berehovo,
Perechyn, Mukachevo, Svaliava and Uzhgorod adminis-
trative districts , which show 170-193.5 points.

Thus, according to point-based division into very
good, good, sufficient and average sacral HCM reserve,
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the CRTR features the Roztotsko-Boykivskyy Meso-
District in the northwest, Hutsul Meso-District in the
Prykarpattia and the Bukovynian Ukrainian-speaking
and Romanian-speaking micro-districts in the Pryprut-
tia. The first-mentioned territory is the largest since it
covers 22 administrative districts and Lviv City. The
second is represented by 6 administrative units, while
the Ukrainian-speaking and Romanian-speaking Bu-
kovynian micro-districts are quantitatively the smallest
territory, since they are formed of only 1 district each.

The method of cluster analysis has become an ap-
propriate extension in our search into still more concen-
trated disclosure of spatial elements of different hierar-
chical levels for the purpose of the efficient TEA-related
sacral HCM management. Having applied the Statist-
cis_10, we analyzed four parameterized massifs of sta-
tistical data for each of 58 districts within the Carpath-
ian Region. The most optimal and vivid combinations
of regional sacral HCM can be observed in 6 clusters
when the complete linkage method, Manhattan Ma-
trix, Step 19 are applied (see Fig. 2). These combina-
tions should become the basis for common managerial
solutions for better TEA-related sacral HCM-based de-
velopment. The situation with the city Lviv is specific,
since its manifested parameters and closeness of links
are essentially different from those of the rest and cannot
therefore be combined with any of the remaining clus-
ters since it requires its own unique strategy of sacral
HCM management.

The first district cluster includes 12 administrative
districts and 2 oblast capital cities, or 24.6% of their
totality within the studied region located within the 4
administrative oblasts: Berehovo, Halych, Mykolaiv,
Bohorodchany, Stryi, Irshava, Kolomyia, Mostyska,
Putyla, Zastavna, Chernivtsi City, Rakhiv, Vynohradiv,
and Uzhgorod City (Administrative - Territorial Cluster
Composition, see Fig. 2). The cluster is characteristic for
the poorest preconditions for TEA-related sacral HCM-
based development since it manifests one of the lowest
values of the coefficients of conservation status, local-
ization of sacral objects and modified index of sacral
objects concentration (5" position with respect to each
coefficient) and educative value (6™ position) (Table 2).
We should also note that the range of difference in the
values was, in particular, 4-10.2 for C__ (the difference
between its maximal and minimal values reached 6.2);
0.354-6.564 for L (6.21), 0.5-1.2 for C_ (0.7), and
7.19-12.07 for MI___ (4.88). R

Quantitatively, the second district cluster is the
largest since it combines 16 administrative units: Hly-
boka, Zhydachiv, Mukachevo, Tiachiv, Horodenka, Tys-
menytsia, Sniatyn, Uzhgorod, Khotyn, Svaliava, Sokyr-
iany, Novoselytsia, Vyzhnytsia, Storozhynets, Perechyn
districts and the Ivano-Frankivsk City. Administrative-
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Fig. 2. The Administrative and Territorial Cluster Composition of Sacral HCM of National Status and UNESCO World Heritage
List in the Carpathian region, Ukraine (Source: authors of paper)

territorial units within this cluster manifest the poorest
average C,_,MI__ and L__ values (all of them take 6"
place), thus confirming the fact of the most unfavourable
TEA-related development preconditions. Such conclu-
sion is not even shattered by the value of C_ according
to which territorial components there won 3rd positions.
The coefficients within this cluster ranged as follows: 5
forC_,4.95forMI_ ,3.04forMI  and 0.4 for C,
Nearly the best precondltlons for TEA-related
sacral HCM-oriented development have formed in terri-
torial units of the third district cluster. In particular, with
respect to manifested average geometrical values of C_,
MI _and L_ they took 3 ranking positions. The val-
ue of the C, 1s the only exception (territorial units have
won only the last but one (5™) position). Still, it can be
safely asserted that rather acceptable TEA-related con-
ditions are observed in 6 administrative districts (10.5%
out of the totality), namely, Brody, Drohobych, Rohatyn,
Verkhovyna, Sokal and Yavoriv. Besides, the difference
between the maximal and minimal coefficient values is
greater than that in two previous clusters only for the
C,., =7 (16-23), while it is essentially smaller for three
remaining coefficients: Ml =2.69 (17.56-20.25), L |
=0.39 (0.834-1.224), andC . =0.33(0.67-1).
Satisfactory TEA-related figures are observed in 10
districts and 1 town of oblast subordination combined
into the fourth district cluster, namely, Hertsa, Kamian-
ka-Buzka, Khust, Kitsman, Nadvirna, Radekhiv, Pere-

myshliany, Sambir, Bereznyi, Volovets and the town of
Yaremche (19.3% out of the totality). This conclusion is
confirmed by the 4™ ranking positions of average coef-
ficients that characterize the spread of sacral HCM, i.e.,
C..,MIL _andL_ .Anditis only the value of the C_,
that puts the administrative-territorial formations of the
fourth cluster in the 1% position. However, in our opin-
ion, the aforesaid value cannot significantly affect TEA-
related preconditions within this territorial combination,
and, after all, this becomes clear from the essential dif-
ference between the maximal and minimal sacral HCM-
related values.

Thus, the said difference with respect to C__ was
the least if compared to other territorial clusters making
3 (10-13, 6™ position), and the largest with respect to
MI_  making 12.47 (11.04-23.51, 1* position).

Nearly the best preconditions for TEA-related
sacral HCM-oriented development have formed in
6 administrative districts which represent within
the CRTR the fifth combination of clusters, namely,
Busk, Horodok, Mizhhirya, Staryi Sambir, Turka and
Zolochiv. The presence and concentration of sacral
HCM there is confirmed by consistently high average
geometric values of C_, MI_ , L and C_ (each
district’s 2" position). At the same time, the range of
intervals for the first coefficient was 21-28 (difference
- 7), the second — 26.3-30.96 (4.66), the third — 1.5-
2.077 (0.577), and the fourth — 0.824-1 (0.176).
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Table 2. The Clusters’ Average Value of Sacral HCM of National Status and UNESCO World Heritage List in the Car-

pathian region, Ukraine

E’ 5273 $ = E . 9| & o 5= '§ ©
Clusters %ggé éE§§§§§ %'E§E? éé%ég’; :%ng
Se52| 5E8<25E8 |§8s23| 52888 :i7
1 Cluster 6.96 8.75 0.768 0.800 2.47
2 Cluster 2.71 3.19 0.249 0.898 1.18
3 Cluster 18.20 19.51 0.968 0.823 4.10
4 Cluster 11.08 14.56 0.941 0.962 3.48
5 Cluster 25.39 28.63 1.621 0.928 5.75
6 Cluster 41.10 41.41 2.333 0.837 7.59
Average value 12.58 14.53 0.933 0.873 -

Source: authors of paper

And, finally, the sixth district cluster is formed
of only 4 administrative districts, namely, Kosiv, Pus-
tomyty, Zhovkva and Skole, all of them manifesting
the highest average geometrical values in respect to
the first three parameters: C__ =41.1; M =41.41,
and L_ = 2.33. Though highly attractive in this clus-
ter (0.84), C_ takes a back seat to the fifth, fourth
and second clusters. Nonetheless, the aforesaid facts
pointedly confirm the formation on the territory of
these administrative-territorial units of the best pre-
conditions for the high-performance tourism and ex-
cursion activity. We cannot but accentuate that the
intervals of the extreme values for C_ and MI__ are
very high and exceed the same for all other clusters.
Thus, the C__manifests the values of 35-47.4 (1% po-
sition), MI_  —38-44.07 (2"), and it is only the L__
that shows 1.56-2.96 (4"), and the C_ — 0.67-1 (3"
-4ty — gee Fig.3.

Following the results of the cluster and point-
based analysis for the purpose of management of
sacral HCM resource component, all of the aforesaid
preconditions form here an essential potential for the
development and efficient management of tourism
and excursion activity in Carpathian region, which is
annually visited by over 1.5 million tourists. As of this
day, foreign and domestic tourists are already served
with a number of excursion and pilgrimage tours in
Chernivtsi and Ivano-Frankivsk Oblasts, developed
and offered by us to the local tourist business. The
tours, in the first place, coincide with the territories of
the third, fifth and sixth clusters as parts of the Hutsul
Meso-District in the southeast and the Bukovynian
Ukrainian-speaking and Romanian-speaking micro-
districts in the Prypruttia, and in the second, have
good perspectives to be incorporated in the religious
pilgrimage routes to monasteries and churches under
the aegis of the UNESCO (“Sucevita”, “Voronets”,
etc) in the Judetul Suceava in Romania.
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As follows from this study, intensification of
managerial solutions for pilgrimage and excursions
in the CRTR’s first two clusters is possible through
cooperation with staff of respective specialized
departments of higher education establishments. To
make sacral HCMs more popular it is necessary to
develop a transborder strategy of their management
in close cooperation with local self-governments,
religious communities and their eparchies in border
regions of the EU and Ukraine. The bodies and the
communities should cooperate to help preserve,
protect and restore historic sacral places and objects
financed by grants and other funds. The state should
develop and realize its program for the development
of cultural tourism, and intensely promote the whole
Carpathian Region (EU and Ukraine) as a brand and
cultural focus within Europe.

Such monuments of folk architecture as wooden
sacral structures, the most important of which are
included into the UNESCO World Heritage List
should become the important objects of unified
tourism management in the EU and Ukraine. For
example, in addition to the Wooden Architecture
Route (Szlak architektury drewnianej), a major tourist
route in Poland (507 objects inclusive of those from
the UNESCO World Heritage List), and the UNESCO
Wooden Churches of the Marmaros in Romania,
managers of international tour operators would
also have in mind such routes and tours as Sacral
Monuments of the Roztochchia, Boykivshchyna and
Hutsulshchyna in the Ukrainian Carpathians. All these
would increase the competitiveness of the HCM-
oriented tourism industry, be helpful in ascertainment
of specifically attractive territories to be invested into,
and help integrate the Carpathian Region of Ukraine
into the common cultural and tourism space of the EU
countries.
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Fig. 3. The Quality of Clusters of Sacral HCM of National Status and UNESCO World Heritage List in the Carpathian Region,

Ukraine

Conclusions.

As follows from the results of point-based as-
sessment of the levels of very good, good, sufficient
and average reserves of sacral HCM, the CRTR fea-
tures districts of different hierarchy. The Roztotsko-
Boykivskyy Meso-District in the northwest, being the
largest and showing sufficient, good and very good
sacral HCM reserves (less than 100 points), is rep-
resented by 22 administrative districts and the City
of Lviv. The Hutsul Meso-District in the southeast
(average, good and very good reserves, less than 120
points, with no districts possessing sufficient reserve)
covers 6 administrative units, 5 of which are locat-
ed in the Peredkarpattia. And the last, the Bukovyn-
ian Ukrainian-speaking (sufficient reserve, 81-100
points) and the Romanian-speaking (very good re-
serve, less than 60 points) micro-districts in Pryprut-
tia are quantitatively the smallest formations since
they are represented by 1 district each.

Almost the most unfavourable preconditions for
sacral HCMs -based and fully linked to Manhattan
Matrix (Step 19) TEA have been formed in the first
(12 administrative districts and 2 oblast centers), and
the most massive (16 administrative units) second

district clusters where 4 assessed coefficients (C_,
MI_, L and C_ ) predominantly showed 5" and
the last 6™ ranking positions respectively. The fourth
cluster with its satisfactory ( predominantly 4" po-
sition) reserve for TEA-related development in 10
districts and 1 city of oblast subordination is inter-
mediate between the aforesaid two clusters and those
that manifest the very good sacral HCM management
figures (third, fifth, sixth clusters). Among all values
shown by these three, it is the sixth cluster that takes
the lead. Though represented by only 4 administrative
districts, it shows the highest average geometrical val-
ues forthe C__=41.1; Ml =4l.4landL =233
(1 position).-The third and the fifth clusters, with 6
administrative districts each, predominantly rank 3%
and 2™ respectively which means that the precondi-
tions for the tourism and excursion activity, develop-
ment of pilgrimage and religious tourism, creation
of a competitive tourism product with tour presenta-
tion within the CRTR are rather acceptable. The city
of Lviv, manifesting absolutely different values and
linkage closeness as possessed by all other regional
units, requires its own unique strategy of management
of sacral HCMs in the quality of the seventh cluster.
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Received: 04.05.2020 Abstract. The objective of the paper was determining biogeochemical peculiarities of ac-
Received in revised form: 13.05.2020 cumulation of chemical elements (Mn, Ni, Co, V, Cr, Zr, Cu, Pb, Zn, Ba, P) by wild-grow-
Accepted: 30.05.2020 ing shrubs (stems and leaves) — bog bilberry (Vaccinium uliginosum), European blueberry

(Vaccinium myrtillus L.), alpine juniper (J. communis subsp. alpina); perennial herbaceous

plants (flowers and leaves) — common tormentil (Potentilla erecta (L.) Hampe), willow
gentian (Gentiana asclepiadea), true sedges (Carex); and trees (needles) of European silver fir (4bies alba) on nine plots in the Svy-
dovets Massif of the Ukrainian Carpathians. The results we obtained based on field surveys (selection of samples of soil and vegeta-
tion) and interpretation of their analysis allowed us to determine the total regional background of chemical elements in soils and ash of
plants using emission spectral analysis. We assessed the total concentration of chemical elements in soils of the plots (least to highest):
the Apshynets Ridge — the Herashaska Polonyna — Drahobratske Lake — the Svydovets stream — Apshynets Lake — Herashaske Lake
— the Zhuravlyne Bog — Vorozheske Lake (group of small lakes) — Vorozheske Lake (large) and determined the dependence on type of
soil and pH. We determined that for wild-growing herbaceous plants the biogeochemical activity of species increases in the following
sequence: true sedges - willow gentian - common tormentil; for wild-growing shrubs (bog bilberry, European blueberry, alpine juniper)
such a sequence is impossible to determine due to the great difference between the values on different plots. We determined the role of
each plant as medicinal for treating microelement deficiency in Cu, Zn, Co. We determined that in the plot of the Herashaska Polonyna,
the needles of alpine juniper contain a maximum amount of Zn and Co, the needles and leaves of bog bilberry — Cu, Zn, Co; the flowers
and leaves of common tormentil by Apshynets Lake and European silver fir near the area of the Svydovets stream — Cu. We calculated
the daily dose of each element according to species of plants to overcome microelementosis. The results of biogeochemical surveys
may be the basis for determining and recommending plants as medicinal, and also of geochemical and biogeochemical monitoring
studies.

Key words: biogeochemical peculiarities. The Svydovets Massif of the Ukrainian Carpathians, accumulation of chemical elements,
soils, vegetation, microelementosis

BioreoximiuHi 0c00JIMBOCTI HAKONMYEHHSI XiMiYHUX €JIEMEHTIB POCJNHHICTIO CBHI0BELKOT0
MacuBy YKpaiHcbkux Kapnar

H. O. Kprouenko!, E. 5. XKosuncwkuit!, I1. C. [Tanapura?

! Incmumym 2eoximii, minepano2ii ma pyooymeopenust imeni M.I1. Cemenenxa HAH Vkpainu, m.Kuis, Ykpaina, nataliya.
kryuchenko@gmail.com
? Kapnamcwruii 6iochepruii 3anosionux Minicmepcmea enepeemuxu ma 3axucmy 0oexkiiisn Yxpainu, m.Paxie, Yxpaina

AHoTanisi. MeToro poOOTH € BUSBICHHS 0i0re€OXiMIYHUX OCOOMMBOCTEH HAKOMMUYCHHs XiMmiuHMX enemeHtiB (Mn, Ni, Co, V, Cr, Zr,
Cu, Pb, Zn, Ba, P) nukopociiorw pociauHHICTIO: KyIi (cTebna Ta nuctsa) — yoxuna (Vaccinium uliginosum), wopuuus (Vaccinium
myrtillus L.), sinienb cubipcekuit (Juniperus communis subsp. alpina); 6aratopiuHi TpaB’sSSHUCTI POCIUHHM (KBITH Ta JIUCTS) — IepcTad
npsiMocTosiunii, kanrad (Potentilla erecta (L.) Hampe), Tupiuy BarounukoBuii (Gentiana asclepiadea), ocoxa (Carex); Ta nepes (XBosi)
sl Ounoi (Abies alba) na nep’sitn pinsgnkax CBHIOBeLbKOro MacuBy YkpaiHchkux Kapmar. Pesymsraté oTpumaHni aBropamu Ha
OCHOBI TOJILOBUX POOIT (BiIOOPY 3pa3skiB IPyHTY Ta POCIMHHOCTI), Ta IHTEPIPETALINHOT 1X 00pPOOKHU JT03BOIMIM BU3HAYUTH BaJIOBUI
perioHanbHUi QOH XIMIYHNX €JIEMEHTIB y IPYHTaX Ta 30J1i POCIMHHOCTI 32 JI0NIOMOT0I0 eMiCIHHOro CleKTpaibHOro anaiizy. OmiHeHo
CyMapHy KOHIIHTpALil0 XIMIYHUX €JIEMEHTIB y IpyHTaX AUISHOK (BiZ MEHIIOro 10 OiIbIIOro): Xxpeber ANIIMHENb — IOJOHHHA
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I'epamaceka — o3epo [lparoOparpke — notik CBuaoBens — 03epo AmmuHelb — 03epo I'epamackka — 6ooro JXKypasnuaa — 03epo
Boposkeckbke (rpymna Maaux o3ep) — 03epo Bopokecbke (Bennke) Ta 3’sCOBaHO 3aJIXKHICTh BiJ BUAY I'pyHTIB Ta pH. BeranosieHo, mo
JUTSL TUKOPOCIIMX TPaB’STHUCTUX POCIINH 0i0reoXiMiuHa aKTUBHICTE BHIY 3POCTAE B PSIy: OCOKA — TUPJINY — epCTad; ATt AUKOPOCIUX
KyIIiB (JIOXWHA, YOPHHUIIS, SUTIBEIb CUOIPCHKUIT) TAaKUH PsIT HEMOXKIIBO BH3HAYHTH, 3BJKAFOUN Ha BEJIMKHUH Ieperia)l 3Ha4eHb Ha Pi3HUX
nistHKaX. BusHaueHa postb KOKHOT POCIIMHH, SIK JTIKapChKOT B SIKOCTI ITOJ0JIaHHS MikpoeneMeHTo3Horo nedinury Cu, Zn, Co. Beranos-
JICHO, 10 Ha AUISHII NoJoHuHa ['epamachbka TTKY sUTiBIST CHOIPCHKOTO BMIIIYIOTh MAKCHMaIIbHY KibKicTh Zn Ta Co, TJIKY Ta JUCTS
noxuau — Cu, Zn, Co; KBITH Ta JIUCTS MepcTada 03. ANIIUHEIb 1 sutul Oina aistake motik Ceunosens — Cu. Po3paxoBaHa 1000Ba 103a
KO)KHOTO €JIEMEHTY 3a BHIAaMH POCIMHH JUIs TIOJJOJIAHHS MiKpoesieMeHTo3y. Pe3ynbraT 6ioreoxXiMidHuX poOiT MOXKYTh cTaTH 6a3010
IIPY BU3HAYCHHI Ta PEKOMEH/1allii POCIINH SIK JIIKAPCHKUX, @ TAKOXK MOHITOPHHIOBHX I'€OXIMIYHHX Ta 010Tr€0XiMIYHHUX TOCII/KEHb.

Kniouosi cnosa: 6ioceoximiuni ocodonrusocmi, macus Ceudoseysb Yrpaincokux Kapnam, HakonuyenHs XiMIYHUX eleMeHmis, IPYHmu,

POCIUHHICMb, MIKPOETeMEHMOo3

Introduction.

Biogeochemical studies of the highland belt of
the Svydovets Massif of the Ukrainian Carpathians
are especially valuable as the gold standard for
the region. The remoteness of the Massif from the
industrial centers gives us reasons to suggest the
ecologically pristine states of the flora.

Among well-known studies on determining the
geochemical constituent of environmental objects, we
have to note the following research (Kabata-Pendias,
Pendias, 1989), (Alekseenko, 2000), (Samofalova,
2009), (Lang, Kruger, Chmara, 2017), (Kryuchenko,
Zhovinsky, Paparyga, 2019) which is of high preci-
sion due to use of more advanced analytical methods.

For the territory of Ukraine, an important is-
sue is assessing natural or technogenic geochemical
anomalies, and in order to do so in the first place it is
necessary to determine the regional background con-
tent of chemical elements in soils and vegetation. The
studies (Klos, Birke, Zhovinsky, 2012), (Zhovinsky,
Kryuchenko, 2014), (Zhovinsky, Kuraeva, 2002) de-
voted to determining sources of anomalous content
of chemical elements in soils and vegetation gave a
new sense to the aspects concerning assessment of the
anomalies.

Currently, there are very few studies on the bio-
geochemical condition of the Ukrainian Carpathians.
The first studies on determining the chemical content
of soils and vegetation of the Ukrainian Carpathians
concerned the use of secondary aureoles and flows of
diffusion of metallogenic provinces (Sushik, 1978).
After these studies, materials on geochemical compo-
sition of the regions” environmental objects have not
been presented for quite a while. As a result of com-
plex study of geochemistry of the territory of the Car-
pathian Biosphere Reserve (CBR), the results were
published of research (Zhovinsky, Kryuchenko, 2014)
which included analyses of geochemical content of
environmental objects, and results were presented of
research on patterns of chemical elements and their
mobile forms in soils, ground water and surface wa-

ters, vegetation, mushrooms and atmospheric precipi-
tations (Zhovinsky, Kryuchenko, Paparyga, 2013).
Further studies (Kryuchenko, Zhovinsky, Paparyga,
2018) performed in these regions focused on ore and
technogenic geochemical anomalies (lithochemical,
hydrochemical, atmochemical, biogeochemical) in
the protected territories of the Ukrainian Carpathians.

Biochemical studies with ecological purpose are
broadly conducted in different regions of the world.
Recent studies (2017-2020), presented to the scien-
tific community, concern different species of plants
(Kudrevatykh, Kalinin, Alekseev, 2019) as bioindica-
tors for assessment and monitoring of environmen-
tal contamination with heavy metals (Kryuchenko,
Zhovinsky, Paparyga, 2019), their accumulation in
agricultural plants (Hazrat., Ezzat, Ikram, 2019), eco-
logical toxicology of microelements (Wang, Wu, Liu,
Liao, Hu, 2017), ecological resistance, toxicity and
bioaccumulation of heavy metals in the environmen-
tal objects (Buts, 2018), (Palutoglu, Akgul, Suyarko,
Yakovenko, Kryuchenko, Sasmaz, 2018).

The biogeochemical research conducted by us
hase practical importance. In spite of the fact that
most plants of the Svydovets Massif are medicinal
ones used not only as raw material for the pharma-
ceutical industry, but also by the locals as tinctures,
decoctions, it has become necessary to determine the
properties of these plants in solving the problems of
microelement deficiency, which we emphasized in
our work.

The objectives of the study were peculiarities
of accumulation of chemical elements (Mn, Ni, Co,
V, Cr, Zr, Cu, Pb, Zn, Ba, P) by wild-growing vegeta-
tion (shrubs — bog bilberry (Vaccinium uligindsum),
European blueberry (Vaccinium myrtillus L.), alpine
juniper (J. communis subsp. alpina); perennial her-
baceous plants — common tormentil (Potentilla erecta
(L.) Hampe), willow gentian (Gentiana asclepiadea),
true sedges (Carex) and trees (coniferous) European
silver fir (4bies alba)) in nine plots in the Svydovets
Massif of the Ukrainian Carpathians.
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Materials and methods.

Materials for the studies were the samples of
surface deposits (soils) and wild-growing plants (the
stems and leaves) and trees (the needles) in nine
plots of the Herashaska Polonyna (montane meadow)
(hereinafter — the Herashaska Pol.), the Apshynets
Range (hereinafter — the Apshynets R.), Apshynets
Lake (hereinafter — Apshynets L.), Herashaska Lake
(hereinafter — Herashaska L.), the Zhuravlyne Bog
(hereinafter — the Zhuravlyna B.), Drahobratske Lake
(hereinafter — Drahobratske L.), Vorozheske Lake —
large (hereinafter — Vorozheske L.), Vorozheske Lake
— a group of small lakes (hereinafter — Vorozheske L.
s.), the Svydovets stream (hereinafter — Svydovets s.).

The authors of the article collected the samples
of soils and vegetation during the period of August-
September of 2019. The criteria for selection of
phyto-objects for geochemical testing were their
ubiquitousness in the places of complex geochemical
sampling (samples of vegetation were taken in the
places of sampling the surface deposits). In total,
120 samples of soil and 150 samples of vegetation
(around 25 samples of each species) were collected.
The species of plants the samples were collected from
are presented in Fig. 1.

european blueberry
(Vaccinium myrtillus)

bog bilberry
(Vaccinium uliginosum)

common tormentil
(Potentilla erecta)

willow gentian
(Gentiana asclepiadea)

Quantitative general chemical analysis of soils
and ash was performed on a Saturn-3 spectrograph
with graphite furnace in the Chemical-Analytic Cen-
ter of the M.P. Semenenko Institute of Geochemistry,
Mineralogy and Ore Formation of the National Acad-
emy of Sciences of Ukraine (analysts — V. 1. Kolomi-
ets, O. A. Zhuk). Sensitivity of analyses for different
elements equaled 0.01 ug/dm? to 0.0001 pg/dm?.

Analytic studies. Due to the absence of anthropo-
genic contamination of the studied territory, which is
thanks to most of its area being under protected sta-
tus, we used the following parameters to assess the
soils (Alekseenko, 2000): coefficient of concentration
(Kc) — ratio of actual content of chemical element to
background content and total indicator of concentra-
tion (XKc) which equals the total of coefficients of
concentrations of separate elements.

During the study of vegetation, we used such a
parameter as coefficient of biological absorption (Ax)
which equals the ratio of the content of the element in
the ash of plants to its content in soil the plant lives in.
To quantitatively express the general ability of species
to concentrate microelements, we used the parameter
of biogeochemical activity of species (BCA) which is

alpine juniper (J. communis subsp. alpine)

true sedges (Carex sp.) european silver fir

(Abies alba)

Fig. 1. Species of plants of the Svydovets Massif, from which we took the samples
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the total amount of coefficients of biological absorp-
tion (Ax) of separate microelements (Kudrevatykh,
Kalinin, Alekseev, 2019). Statistical data analysis was
performed using Statistica 10 software.

Characteristics of the areas of studies.

All sites were located within the Svydovets
Mountain Massif — between the Teresva River (in the
west) and the Chorna Tysa (in the east). This structure
is one of the system-forming elements of the Ancient-
Glacial high polonynas (montane meadow ) of flysch
landscapes of the Ukrainian Carpathians (Gerenchuk,
1981). It is characterized by slightly wavy lines of the
mountains without sharp transitions between the sad-
dles and peaks. According to the altitude level, it is the
highland of the Ukrainian Carpathians located above
the natural upper border of the forest (1,300-2,061m
above sea level), covered by Alpine and Sub-Alpine
vegetation on mountain alkaline-brown and mountain
peat-brown soil (Vovk, Orlov, 2014).

According to the tectonic division, the surveyed
sites belong to the Chornohirsky and Dukliansky
nappes (Suschik, 1978) composed of Cretaceous and
Paleogenic flysch and are different from each other
in the structures of flysch deposits and some morpho-
logical peculiarities of the folded and rupture disloca-
tions. Sites 1-6 are located within the Chornohirsky
nappe, sites 7-9 — the Dukliansky nappe (Fig. 2).

The surveyed plots were identified as belonging
to the high-mountain (1,400—1,700 m) altitude belt
of the Ukrainian Carpathians. The high altitude zone
of the mountains, located above 1,400 m, with its
cold excessively humid climate and shrub-meadow

a

vegetation is distinct in its highly idiosyncratic soil
processes. The influence of rich herbaceous vegeta-
tion has resulted in the development of a peat type of
soil formation, but biological life of the soil in such
severe climatic conditions is less active than in the
plains. Specific mountain-meadow-brown soils have
been formed, the soil-forming rocks for which were
the deposits sedimented over the period from the
Lower Cretaceous to the Eocene. The soils are repre-
sented by rough-rhythmic flysch — with dominance of
sandstones and fine- or average-rhythmic flysch — dis-
tinctive alternation of sandstones and clayey schists
(Gerenchuk, 1981). In the process of weathering of
these rocks, mostly loamy deposits form. The genetic
profile of brown mountain-meadow soils is as fol-
lows: the layer of dead dry semi-humid 2-6 cm-deep
meadow litter, humus horizon measuring 8-12 cm, of
grey-brown colour, with well manifested grainy-fine
nut structure, which together with debris of the parent
rocks conditions the dryness and favourable aqua-air
regime of brown earths (Zhovinsky, Kryuchenko, Pa-
paryga, 2013). The rocks on which the brown moun-
tain-meadow soils form are extremely poor in calci-
um compounds. Thus, they are poorly saturated with
cations of two-valent metals and highly acid. Further-
more, the type of soil (sandy, sandy-loamy, loamy and
clayey) corresponds to migratory properties of chemi-
cal elements (Table 1).

Results and discussion.

To determine peculiarities of uptake of chemical
elements by plants, one needs to know their content
in the soil. We determined the content of Mn, Ni, Co,

b

Fig. 2. Scheme of locations of the plots in the study on the plan a): 1 — borders of the protected massifs of the Carpathian
Biosphere Zapovednik , 2 — study plots and their numbers: 1 — Apshynets L., 2 — Vorozheske L. 1., 3 — Vorozheske L. s., 4 —
Herashaska L., 5 — the Apshynets R., 6 — the Herashaska Pol., 7 — the Svydovets s.; 8 — Drahobratske L., 9 — the Zhuravlyna
B.; 6) the tectonic scheme (Matskiv, Pukach, Vorobkanych, Pastukhanova, Hnylko, 2009): 1 — the Chornohirsky nappe; 2 —
the Dukliansky nappe; 3— the Porkuletsky nappe 4 — the Krosnenska zone, 5 — Ivano-Frankivsk Oblast.
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Table 1. Characteristics of survey plots in the Svydovets Massif

Number
(accord- Height (m . .
ing to Name of the plot asl) Type of soil, pH Samples of vegetation
Fig.1)
common tormentil, willow
1 Apshynets L. 1495 Clayey, pH 5,5-6,5 gentian
2 Vorozheske Lake L. 1. 1450 Sandy-loamy and loamy, pH 4.5-6 alpine juniper
3 Vorozheske L. s. 1524 Sandy-loamy and loamy, pH 3.7-4.5 bog bilberry
4 Herashaska L. 1583 Sandy-loamy, pH 4.5-6 true sedges
5 Apshynets R. 1659 Sandy-loamy, pH 5.3-6.5 European blueberry
6 Herashaska Pol. 1633 Sandy-loamy, pH 4.9-6 bog bilberry, alpine juniper
7 Svydovets s. 1133 Loamy, pH 6.5-7 European silver fir
Drahobratske L. 1400 Loamy, pH 5.5-6 willow gentian, true sedges
Zhuravlyna B. 1470 Loamy, pH 3.7-4.5 alpine juniper

Ti, V, Cr, Mo, W, Zr, Hf, Rb, Ta, Cu, Pb, Ag, Sb, Bi,
Zn, Cd, Sn, Ge, Ga, Be, Sc, Ce, La, Y, Yb, Th, As, Ba,
Li, P, but only the group comprising Mn, Ni, Co, V,
Cr, Zr, Cu, Pb, Zn, Ba, P was analyzed, because the
content of other elements in ash of plants was lower
than analysis sensitivity. For each plot, we determined
the average content of the abovementioned elements,
and determined the average content for all the plots
(Table 2).

Comparing the average content of chemical ele-
ments with Clarke number of soils around the world,
we determined: Ba, Pb — concentration in soils of the
Massif exceeded average values 1.7-1.9; Co, Cr, Ni
was 10 times lower; Mn, V, Cu, Zr —twice as low; Zn,
P — almost the same. Such content of the elements
is related to the regional geochemical background of
Ca-poor soils.

To assess the soils of the Svydovets Massif, we
determined the background content of chemical ele-
ments, making further calculations according to this
parameter. We determined that concentrations of Mn,
Ba, P were twice as low as the background regional
content in all the plots, whereas in the plots of Vo-
rozheske L. l. and Vorozheske L. s. the concentra-
tions exceeded it by two times. This is related to the
fact that the soils in the plots of Vorozheske Lake are
sandy-loamy and loamy, significantly moistened, i.e.
as the level of hydromorphism heightens, the amount
of microelements in them increases as well. At the
same time, in the conditions of regular outwash re-
gime, metals are driven away from the profile of soils
(the Apshynets R.), leading to decrease in their total
content. Having calculated the concentration coeffi-
cient (Kc), we determined the distribution of chemical
elements in the surveyed soils concerning the back-
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ground content: the Apshynets R. (Pb, Zn, Ba, Cr)

the Herashaska Pol. (V, Cr, Zn, Ba, P)O’S; Drahobratske
L. Zn1,5>Cul, Apshynets L. (Pb, Zr, Co, V, Cr),, the
Svydovets s. (Pb, Zn, Ba, Cr)1’5>(Cu, P),, Herashas-
ka L. (Pb, Zr, Cr, V, Co),, the Zhuravlyna B. (P, Co,
Ni) >Cu,, Vorozheske L. 1. (Mn, Ba, Cr, Zr, Cu, Ni,
Co),>(Pb, Zn, P) , Vorozheske L. s. (Mn, Ba, Cr, Zr,
Cu, Ni, Co),>(Pb, Zn, P)LS. This allowed us to deter-
mine that maximum concentration of all chemical ele-
ments is characteristic of the plots of Vorozheske L.

The optimum indicator for comparing geochemi-
cal peculiarities of non-contaminated soils is the total
concentration coefficient (XKc). Calculation of this
parameter allows us to calculate the total concentra-
tion of chemical elements in soils of the plots (from
lower to highest): the Apshynets R. — the Herashaska
Pol. — Drahobratske L. — Svydovets s.— Apshynets L.
— Herashaska L. — the Zhuravlyna B. — Vorozheske
L. s.— Vorozheske Lake L. (Fig. 3).

We determined that with increase in pH from
4 to 7, the total concentration of chemical elements
decreased (23 to 4). When the plots were identical
according to the type of soil — brown mountain earth,
it was related to the type of soil — in case of loamy
types (the Vorozheske lakes 1. and s.), there occurred
concentration of chemical elements, while in sandy-
loamy ones (the Apshynets R. and the Herashanska
Pol.) — dispersion.

Biogeochemical  survey. Biogeochemical
surveys were made according to chemical composition
of parts of plants (Table 2), and their interpretation
by calculating coefficients of biological absorption
(Ax) and biogeochemical activity of species, allowed
us to determine the overall effect of accumulation
of microelements in the plants and determine the
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Table 2. Total content of microelements in soils and ash of vegetation of the Svydovets Massif, mg/kg

Numbers of the plots (according to Fig.1, Table. 1) Back- Clarke num-
. ground ber of soils
Chemical 1 2 3 4 5 6 7 8 9 in the around the
elements region world [1]
soils
Mn 100 500 600 200 80 100 100 150 60 210 850
Ni 10 40 60 10 5 8 10 5 40 21 40
Co 3 5 6 3 1 1 2 1 5 3 8
\' 30 80 80 40 20 10 30 10 20 36 100
Cr 30 80 100 40 20 10 30 10 10 37 200
Zr 200 400 400 300 80 100 100 100 60 193 300
Cu 10 80 80 10 10 10 40 20 30 32 20
Pb 20 25 18 18 15 18 12 8 12 16 10
Zn 20 50 50 20 20 20 20 50 20 30 50
Ba 100 300 200 100 90 90 100 100 100 131 500
P 200 500 500 200 200 200 400 200 500 322 800
vegetation
Mn 600 400 5000 5000 5000 4000 | 5000 500 5000 3389 7500
Ni 10 50 5 6 50 80 80 4 30 35 50
Co 2 6 2 1 6 10 8 1 4 4 15
\Y% 3 3 2 3 6 2 5 4 4 61
Cr 3 6 5 2 5 250
Zr 10 20 20 30 30 20 40 20 30 24 5
Cu 30 80 80 20 50 60 100 30 60 57 200
Pb 1 10 10 4 6 20 5 5 6 7 10
Zn 50 100 100 50 100 400 100 100 100 122 900
Ba 100 500 600 300 100 300 400 100 100 278 100
P 10000 | 10000 | 8000 3000 10000 8000 | 10000 | 8000 10000 | 8556 70000

Note. Species of plants (plots — numbers of the columns, according to Table 1.): 1— willow gentian, 2— alpine juniper, 3 — bog
bilberry, 4 — true sedges, 5 — European blueberry, 6 — alpine juniper, 7 — European silver fir, 8 — true sedges, 9— alpine juniper

main differences in intensity of involvement of
microelements in biological circulation by different
species of plants (Table 3).

We determined that wild-growing shrubs (bog
bilberry, European blueberry, alpine juniper) actively
absorb Mn, P and intensely absorb Co, Cu, Zn, Ba
from the soils (except the plots of Vorozheske L. 1. and
the Vorozheske L. s., which is explained by presence
of loamy soils, where it is hard for the roots of plants
to adjust the element into available form. Herbaceous
plants actively and intensely accumulated Mn P Cu. It
is noteworthy that only in the Herashaska Pol. did the
wild-growing shrubs - bog bilberry and alpine juniper
concentrate Mn P Zn Ni, Co, Cu. On that plot, there
are sandy-loamy moistened soils. In such conditions,
chemical elements turn into a form which is available
to plants.

We may draw a general conclusion that all the
plants (regardless of growing location) actively and

intensely absorb P and Mn, and furthermore the ele-
ment which common tormentil accumulated was Cu,
alpine juniper concentrated Zn, European silver fir —
Ni, and for bog bilberry, European blueberry, willow
gentian and true sedges the crucial role was played
particularly by the growing location (composition of
soils, pH).

It was important to determine the extent of up-
take of metals Ni, Co, Cu, Zn, Ba, Pb by one type
of vegetation at different plots, and therefore we
compared and developed graphs for visual evidences
(Fig.4).

The obtained data indicate that wild-growing
shrubs (bog bilberry, European blueberry, alpine juni-
per) are characteristic of intense biological uptake of
Ni, Co, Cu, Zn, Ba, Pb, though in the plot of the Hera-
shaska Pol., Zn was the element of active consump-
tion (Ax equaling 20-25) by bog bilberry and alpine
juniper. As for herbaceous plants, Ax value for all the
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Table 3. Coefficients of biological accumulation in (Ax) and biogeochemical activity (BCA) of different species of plants in the Svy-

dovets Massif

Elements of biological accumulation (Ax) ElemenF s of biological BCA
absorption (Ax)
Name of the plot active intense average P Mn, Cu, Zn, Ba, Ni,
10n i Ginbime 10-n 0,n Co, V, Cr, Zr, Pb, Bi
Wild-growing shrubs
bog bilberry
The Herashaska Pol. MI.I5°>P“°> Zn,5> Cr, Pb, Ba V, Zr 153,1
(Ni, Co, Cu),,
Vorozheske L. s. P, Mn, Cu, Zn, Ba Ni, Co, V, Cr, Zr, Pb 31,1
European blueberry
The Apshynets R. Mn, > P >Ni Co, Cu, Zn, Ba V, Cr, Zr, Pb 141,2
The Svydovets s. (Mn, P),, Zn, Ba gtl)l »Ni, Co, V, Cr, Zr, 47,7
alpine juniper
The Zhyravlyne B. Mn, > P, Cu, Zn, Ba Ni, Co, Pb, V, Cr, Zr 114,2
Vorozheske L. 1. P, Ni, Co, Cu Zn, Ba Mn, V, Cr, Pb 28,4
The Herashaska Pol. (M.n’ P> Zn,s> Cu, Pb, Ba V, Cr, Zr 132,5
(N1, Co)] 0
Herbaceous plants
common tormentil
Ni, Co, V, Cr, Zr, Pb,
Apshynets L. Mn >P, > Cu, Zn, Ba Bi 115,7
willow gentian
Drahobratske L. P, 1];/[;’ Ni, Co, Cu, Bi, Zn, V, Cr, Zr, Pb 71,1
Apshynets L. P, Mn, Ni, Cu, Zn, Ba Co, Pb 64,5
true sedges
Herashaske L. Mn, >P . Cu, Zn, Ba I];III’ Co, Pb, V, Cr, Zr, 48,8
Drahobratske L. P, Mn, Co, Cu, Bi, Zn,Ba | N1, V, Cr, Zr, Pb 51
Trees
European silver fir
Svydovets s. Mn >P, Cu, Zn, Ba 1;11, Co, V, Cr, Zr, Pb, 99,5

elements equaled 1-5, the exception being common
tormentil in the plot of Apshynets L., where consump-
tion of Cu equaled 10. The extent of uptake of chemi-
cal elements by European silver fir in the plot of the
Svydovets s. was 1-8: Ni>Zn>Ba>Co>Cu>Pb. We
should take into account that this chemical element
composition of plants which grow in the protected
territories may be an etalon for comparison with other
plants.

Regardless of the growing location, herbaceous
plants - true sedges (Herashaske L., pH 4.5, Draho-
bratske L., pH 6.3) and willow gentian ( Apshynets
L., 4.5 and Drahobratske L., pH 6.3) have close val-
ues of BCA: true sedges — 4749, willow gentian —
64—71, common tormentil — 115. For wild-growing
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shrubs (bog bilberry, European blueberry, alpine
juniper), BCA significantly varied. Therefore, BCA
of alpine juniper was 28.4 at the Vorozheske L. (1),
whereas in the Herashaska Pol. it was 132.5, i.e. 4
times greater. Bog bilberry of Vorozheske L. (s.) was
seen to have BCA of 31.1, whereas in the Herashaska
Pol. it equaled 153.1; for European blueberry it was
47.7 in the Svydovets s., and 141.2 in the Apshynets
R.; BCAs of alpine juniper were similar in the Zhy-
ravlyna B. and the Herashaska Pol. equaling 114.2
and 132.5 respectively, while accounting for 28.4 at
Vorozheske L.(1.). As for the trees, BCA of European
silver fir was 99.5. We can see that for herbaceous
plants, there is a BCA sequence of true sedges—
willow gentian— common tormentil. For wild-grow-
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Fig. 3. Diagram of values of the total concentrations coefficient (XKc) of chemical elements (Mn, Ni, Co, V,
Cr, Zr, Cu, Pb, Zn, Ba, P) and pH of soils in the study plots

ing shrubs, the sequence is impossible to determine
according to BCA due to large differences between
the values for various plots.

Microelements. Specificity of the element com-
position of plants determines the possibility of their
use as medicinal raw material. The plants we exam-
ined are used in folk medicine (Yakovlev, 2015). For

example, one of the most important properties of bog
bilberry (berries, leaves) is the ability to mitigate al-
lergy, it has anti-atherosclerotic and anti-ulcer effects;
European blueberry (berries and leaves) has antioxi-
dants which affect malignant tumours, cleanses the
intestines from salts and metals; common tormentil is
used for treatment of dysentery, abscess, hemorrhoids,

Fig. 4. Graphs of the extent of biological uptake (Ax) of Ni, Co,
Cu, Zn, Ba, Pb by the same species on the plots of the Svydovets
Massif
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Fig. 5. Diagrams of biogeochemical activity of plants (BCA) in the plots of the Svydovets Massif

has bactericidal, binding and blood-stopping proper-
ties, because it reduces penetrability of the capillaries
and narrows the vessels; willow gentian has antisep-
tic, anti-parasitic, diuretic properties; alpine juniper is
used to obtain essential oil from the fruits, branches
and needles, has toning, generally strengthening, anti-
inflammatory, expectorant effect; true sedges are used
as diuretic, anesthetic, anti-inflammatory preparation;
European silver fir — tincture of needles removes ac-
cumulated harmful substances from the organism,
is used to treat diseases of the respiratory tracts,
strengthening the immune system.

However, a special role in the normal functioning
of all physiological systems of the organism belongs
to microelements contained in at least 2,000 enzymes
which catalyze many chemical reactions in the or-
ganism. Deficiency, excess or dysbalance of micro-
elements is called microelementosis (Bardov, 2006).
Microelement correction in contemporary practical
medicine is becoming more and more popular among
people who are convinced of the vital necessity of re-
plenishing deficiency in microelements for successful
treatment of patients.

We analyzed the content of microelements — Zn,
Cu, Co in plants of surveyed plots for possibility of
recommendations concerning their balance in the or-
ganism.

Zinc. The daily need of a human for zinc is 12-16
mg for adults and 4-6 mg for children (3). The largest
amount of zinc among food products is seen in groats:
buckwheat — 14.9 mg/kg, wheat groats — 13.7 mg/kg;
in vegetables: garlic — 6.7 mg/kg, beet — 3.9 mg/kg
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(Ivanov,1994). Deficiency of zinc is accompanied by
growth retardation, over excitement of the nervous
system and rapid onset of fatigue.

We determined that the zinc concentrators are the
plants in the Herashaska Pol. - alpine juniper and bog
bilberry — 400-500 mg/kg (at background — 60 mg/
kg), whereas the amount of zinc in these plants in the
plots of the Vorozheske L. 1. and the Vorozheske L. s.
was equal— 70 mg/kg (Fig. 6 a).

We calculated the conditionally sufficient norm
for supply of the zinc balance (plants of the Svy-
dovets) for one adult per day: 30 g of bog bilberry
would be needed from the Herashaska Pol., and 160
g from Vorozheske L.; as for alpine juniper — 40 g of
the plant from the Herashaska Pol., while 160 g of the
ones from the Vorozheske L.

Copper. Daily copper requirement of the adult
organism is 1.5 mg (Bardov, 2006). In plant prod-
ucts the content of copper is 1-10 mg/kg: buckwheat
groats — 6.4 mg/kg, oat groats — 5 mg/kg, walnuts —
7.5 mg/kg, beans — 6.8 mg/kg (Ivanov,1994).

Copper content in plants of the Svydovets Massif
varied insignificantly: lowest was seen in true sedges
and European blueberry — 20-30 mg/kg, in willow
gentian and alpine juniper it accounted for 30-60 mg/
kg; maximum — in bog bilberry, common tormentil
and European silver fir, equaling 80-100 mg/kg (Fig.
6 b). Thus, the main role belongs to selectivity of
plants regarding copper, while growing location is
not significant. We estimated that for support of daily
balance of copper of one adult, 20 g of bog bilberry,
common tormentil and European silver fir, collected
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c

Fig. 6. Graphs of content of Zn, Cu, Co metals in plants of the plots of the Svydovets Massif
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from any plots on the Svydovets Massif are needed,
whereas other plants would be needed in amount of
70-100 g.

Cobalt. The content of cobalt in plants of the
Svydovets Massif slowly increased from true sedges
( Herashaske and Drahobratske lakes) — 2 mg/kg to
alpine juniper and bog bilberry of the Herashaska Pol.
— 10 mg/kg (Fig. 6¢). For the Heraska Pol., sandy-
loamy soil was typical, pH 4-6, and these conditions
were optimum for accumulation of cobalt by plants.

Cobalt is a constituent of vitamin B12, the content
of which in the human organism reaches 5 mg. The
daily requirement for cobalt is 0.1-0.8 mg (Bardov,
2006). Cobalt content in plant products, mg/kg: wal-
nut—0.15; beet — 0.12 mg/kg; strawberry — 0.9 mg/kg
(Ivanov, 1994). By calculating the norm of cobalt for
one adult, we determined that 30 g of alpine juniper
and bog bilberry from the plot of the Herashaska Pol.
would be needed, while other plants would be needed
in the amount of 100-300 g.

Finally, we would like to note that correction
of microelement deficiency using plant supplements
needs to be performed individually, considering
specifics of the organism.

Conclusions.

The research allowed us to find biogeochemical
properties of uptake of chemical elements (Mn, Ni,
Co, V, Cr, Zr, Cu, Pb, Zn, Ba, P) by wild-growing
vegetation (shrubs, herbaceous plants and trees —
European silver fir) on nine plots of the Svydovets
Massif of the Ukrainian Carpathians. We determined
the background content of chemical elements and es-
timated the total concentration of chemical elements
in soil plots (from lowest to highest): the Apshynets
R. — the Herashaska Pol. — Drahobratske L. — the
Svydovets s. — Apshynets L. — Herashaske L. — the
Zhuravlyna B. — Vorozheske L. 1. — Vorozheske L.s.
The soils in the plots of Vorozheske L were found to
be sandy-loamy and loamy, highly moistened, i.e.
their reserves of microelements increase following
increase in the level of hydromorphism. At the same
time, in the conditions of periodic wash-out regime,
the metals are driven away from the soil profile (the
Apshynets R.), and thus their overall content de-
creases. We determined that the extent of the influx
of the elements to plants depends on the overall con-
tent of the elements in the soil. Using the coefficient
of biological absorption, we determined that all the
plants (regardless of their growing location) actively
and intensely absorbed P and Mn from the soils, for
common tormentil the element of accumulation was
Cu, alpine juniper — Zn, European silver fir — Ni; for
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bog bilberry, European blueberry, willow gentian and
true sedges the important factor was growing location
(composition of soils, pH of environment). We deter-
mined that for wild-growing herbaceous plants the
biogenic activity of species increases in the sequence:
true sedges— willow gentian— common tormentil;
for wild-growing shrubs (bog bilberry, European
blueberry, alpine juniper) such a sequence is impossi-
ble to determine in spite of great differences between
different plots. We determined the medicinal role of
each plant to treat microelement deficiency in Cu, Zn,
Co. We determined that on the plot of the Herashaska
Pol. the branches of alpine juniper contain maximum
amount of Zn and Co, the branches and leaves of
bog bilberry — Cu, Zn, Co; the flowers and leaves of
common tormentil from Apshynets L. and European
silver fir near the Svydovets s. — Cu. We determined
the daily dose of each element according to species
of plants to overcome microelementosis. The results
of the studies on biogeochemical peculiarities of ac-
cumulation of chemical elements by vegetation of the
Svydovets Massif of the Ukrainian Carpathians may
be the basis for identification and recommendation of
plants as medicinal, and also monitoring geochemi-
cal surveys to predict the use of plants to overcome
microelementosis among the population.
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Received: 29.04.2020 Abstract. The article is focused on the problem of training future tourism specialists using
Received in revised form: 21.05.2020 informational and communication technologies. The educational process of preparation re-
Accepted: 08.06.2020 quires changing the educational and methodological support in order to give the students

the opportunities to master modern professional tools, technologies, methods of creating
high quality tourist products. To solve this problem, the authors propose a model for the development of high quality training of
tourism professionals through the use of computer 3D-tours. The development of this model took into account the theoretical and
methodological basis regarding the professional training of future specialists in the field of tourism, the results of the analysis of
educational programs, curricula for training students of the speciality “Tourism” and the data of the pilot experiment. It consists of
the following main blocks. The conceptual-oriented block includes concepts, approaches, principles of participation, information and
communication technologies. The content-technological block includes the content of the educational project of developing 3D-tours,
levels of professional knowledge and skills, as well as types of familiriazation with ICT tools. The educational content of the model
takes into account the practical mastery of the student’s professional skills in the development of various 3D-tours. During this process,
the ICT tools are introduced gradually in a certain order. The organization-activity block of the model includes forms of organizing
the study and technologies for studying. This model entails the involvement of classroom-based and remote, individual, and group
forms of organization of the educational process, organization of project development for a detailed analysis of educational topics. The
assessment-resultative block includes criteria, metrics and levels. During the development of the model, the results of the activity of the
subjects of the educational process were analyzed in accordance with two groups of criteria: the criterion of formation of professional
theoretical knowledge, practical skills of 3D-tour development and the criterion of the level of using modern software and technical
means in creative educational development. The developed model allows for increasing the quality of training of future tourism
specialists. During the practical application of the proposed model, virtual 3D-tours were developed. Their development has shown the
possibility of implementing the model of development of training of specialists in tourism by using computer 3D-tours with the use of
modern ICT tools in the study of special disciplines and the attaining professional skills.

Keywords: virtual tour, tourism, development model, concepts, approaches, future specialists.

Mopenb po3BUTKY SIKICHOTO HaBYaHHs @axiBUiB 3 Typu3My HLISAXOM BHKOPUCTAHHS
koM’ wrepHux 3D-TypiB

M.IL Jlenkuii!, JI.FO. Margiituyk!, T.B. Jluctox?, O.C. Tepemiyk?, B.M. ITomgossik!

LI lyybkuti Hayionanbruil mexnivnuil ynisepcumem, m. JIlyyok, Yipaina, lepkiym@gmail.com
2 Cxionoesponeiicoruil nayionanohuil ynieepcumem im. Jleci Ykpainku, m. JIyyvk, Vipaina

Anortanisi. CraTTs mpucBsdyeHa mpoOlieMi MiATOTOBKM MaiOyTHIX (axiBumiB cepl TypusMy 3 BHKOPUCTAHHIM iH(OpMAamiiHO-
KOMYHIKaIiHHUX TeXHOJOTii. HaBuanbHWil mporec MiAroToBKH MOTpedye 3MIHIOBATH HaBYAIBHO-METOJMYHE 3a0e3MeueHHs, 100
HaJaTh CTYISHTY MOXJIMBICTH 3aCBOIOBATH Cyd4acHi mpodeciiiHi 3aco0u, TeXHOIOrii, METOANKN CTBOPEHHS SKICHUX TYPUCTHYHHX
npoayKTiB. {i1st BUpilLIEHHS 3a3HaYeHOT TPOo0JIeMH, aBTOPAMH 3aIIPOIIOHOBAHO MOJIEITb PO3BUTKY SIKICHOTO HaBYaHHsI (haxiBLIiB 3 TypH3MY
IIJISIXOM BHKOPHCTaHHs KoMl rotepHuX 3D-TypiB. Po3poOka maHoi Mozeni mepenbadana BpaxyBaHHS TEOPETHKO-METOJOJIOTITHIX
TIOJIO’KEHB I0/10 TPO(eCciHHOT MiATOTOBKH MaiOyTHIX (axiBLiB cepH Typu3My, pe3ylbTaTiB aHali3y OCBITHIX MPOrpaM, HaBIAIEHUX
IUIAHIB MiZATOTOBKH CTYACHTIB CHELiabHOCTI «Typu3M» i JaHHX IIJIOTQKHOTO CKCIICPUMEHTY. BOHA CKIIaTaeThesl 3 TAKUX OCHOBHUX
6710kiB. KoHIIeNTyanpHO-LTbOBHI OJIOK BKITIOYA€ KOHIIEIIT, I AXO0/H, TPUHIUIN y4acTi, IPUHIMIHN iHPOpMaiHHO-KOMYHIKaILiTHIX
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TEXHOJIOT1H. 3MiCTOBHO-TEXHOJIOTIUYHMI OJIOK BKIIIOYAa€ 3MICT HaBUAIBHOI HPOEKTHOI po3pobku 3D-Typy, piBHI chopmoBaHOCTI
npodeciiiHIX 3HaHb Ta yMiHb, a TAKOXK TUIH 03HaiiomieHHs 3 3acobamu IKT. HapuanbHuii 3MicT Mo1el1i BpaxoBy€ IPaKTUIHE OBOJIOIIHHS
CTyIeHTOM TpodeciitHuX yMiHb pO3pOOKH pi3HOMaHITHHX 3D-TypiB. IIpu bOMyY 3aTyda€eThes IMOCTYMOBICTh Y BHKOPHUCTAHHS 3ac00iB
IKT, mo peanizyeTsbes 3a paxyHOK HOOYZOBH BiANOBIAHOI mociifoBHOCTI. OpraHizamiiHo-isIbHICHIN OJ0K MOJIeNi BKIo9ae (GopMu
oprasizarii HaBuaHHs Ta TexXHOOril HaBuaHHs. JlaHa Mozenb nependayvac 3aaydeHHs ayTUTOPHUX Ta AUCTAHLIIHUX, IHIUBITyalbHUX,
rpynoBux (Gop™m oprasizarii HaBYaJbHOTO IPOLECY, OpraHi3alil MPOeKTHOT PO3POOKHU I JETaIbHOIO PO3IISAY HAaBYAIBHUX TEM.
O1iHIOBaJILHO-PE3YIBTATUBHUN OJIOK BKIFOYAE KPHUTEPii, IIOKa3HUKH Ta PiBHI. B Xoai po3poOky Mozeri aHamizyBalUCs pe3yIbTaTé
TISUTBHOCTI Cy0’€KTiB HAaBYAIBHOTO IMPOIECY 3a JIBOMa T'pylaMH KPHUTEPiiB: KpUTEpii cHOPMOBAHOCTI MPOPECiiHUX TEOPETUIHUX
3HaHb Ta NPAKTHYHHUX YMiHb po3poOku 3D-Typy Ta KpuTepiil piBHS 3aCTOCYBaHHS Cy4aCHHX HMPOTPAMHUX Ta TEXHIYHHX 3ac00iB B
TBOpUiii HaBYANIBHIN po3po0ii. Po3pobiieHa Moeb 03BOIISIE MiABUIIUTH SIKICTh HAaBYaHHS MailOyTHIX (axiBiiB 3 Typusmy. [IpakTudne
3aCTOCYBAHHS 3aMPONOHOBAHOT MOJIEN JI03BOJIMIIO PO3POOHTH BipTyasbhi 3D-Typu. IXHs po3pobka mokasana MOXKIUBICTh peanizalii
MOJIeJi PO3BUTKY HaBYaHHs (haxiBIiB 3 TYpHU3MY IIUIIXOM BUKOPUCTaHHS KOMIT ToTepHHX 3D-TypiB i3 3acTOCYBaHHIM CydacHHX 3ac00iB

IKT B X011 BUBUCHHS CHEI[IalIbHUX JUCIHILIH Ta (OpPMyBaHHS NPO(ECIHHUX yMiHb.

Kniouosi crosa: sipmyanvruii myp, cgpepa mypuszmy,mooeib po3sumky, KoHyenyii, nioxoou, mauoymHi gaxieyi

Introduction.

The level of development of computer
technologies at the current stage allows for enlarging
the possibilities of presenting objects of tourism,
and posting them on the Internet, at the same time
providing opportunities for interactive effects. Thanks
to interactive effects, whole informational systems
can be created inside one panorama, supplementing it
with video material, animation, sound, informational
windows and menu, and also various special effects,
for example reflections of the sun depending on the
scene which is being observed. In turn, a virtual
3D-tour is a set of such panoramas, between which
one can move using special areas on the panorama. A
single click of the mouse on such point or area brings
the effect of going to another panorama or object. All
this provides unique possibilities of producing virtual
tours to well-known places, museums and galleries
with complete integration into virtual reality.

Currently the system of higher professional
education of future specialists in the sphere of tourism
is oriented toward development of the student as a
future professional with professional competence,
high spiritual culture, learning flexibility, the ability
to navigate through the novel achievements of
science and practice, high level of development of
moral-ethical qualities and professional ethics. In
such conditions, requirements to the formation of
individual qualities of specialists in the sphere of
tourism significantly increase (Cherezova, 2013).

The educational process of training future
specialists in the sphere of tourism requires changes
in the educational-methodological base in order to
provide the student with opportunity to master the
professional tools, technologies, methods of creating
high-quality tourist products. At the same time, the
traditional process ofeducation cannotentirely meetthe
current requirements to education of future specialists.
The educational process needs introduction of novel
approaches of innovative development of tourism,

new information-communication technologies and
formation of a pedagogic environment, aimed at
organizing favourable conditions for education in the
modern information environment.

While researching the education of specialists in
tourism by using computer technologies, we used con-
ceptual provisions of touristic education and profes-
sional preparation of specialists in tourism (I. Zorin,
V. Kvartaliov, L. Knodel, A. Konoh, V. Fedorchenko);
scientific works on the problems of helping future
specialists in attaining the required professional level
(I. Havrysh, K. Durai-Novakova, M. Diachenko, L.
Kandybovych, O. Kucheriavy, A. Lynenko); scientific
research on the problems of effective use of informa-
tion technologies in tourism (H. Haluzynsky, M. Ye-
fremova, M. Zhelieni, A. Levkova, S. Melnychenko,
H. Papyrian, M. Skopen, T. Tkachenko, F. Ullaha, M.
Hammera); studies on the problems of introduction
and determination of the main purposes, goals and
perspectives of virtual technologies in the tourism
business (Z. Hadetska, V. Shamlikashvili, O. Spo-
rysh, M. Bahrov, O. Shablii, L. Melnyk and others).
At the same time, we determined that the problem of
education of specialists in tourism by using computer
3D tours in scientific papers remains unanalyzed. The
relevance of solving these issues conditioned the se-
lection of the topic of our research and determined its
objective and goal.

Objective of the paper is scientific substantiation
of the theoretical-methodological base and practical
provisions of development of technological and
management solutions regarding improvement of
the pedagogic system of preparation of specialists
in the tourist sphere by developing a model of high-
quality education using computer 3D tours. Based on
this research, we determined an optimum model of
development of high-quality education of specialists
in tourism, which would help improve the process of
acquisition of knowledge of the material studied and
automatization of the process of control and analysis
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of student activity, performance of academic tasks,
and also provision of distant practical and module
tasks.

Materials and methods of studies.

For the purposes of the development of high-
quality education of future specialists in the sphere
of tourism, we constructed a model of high-quality
education of specialists in tourism by using computer
3D tours. In order to achieve the goal of the study, we
used the following methods:

- Analysis of philosophical, psychological-
pedagogic and scientific-methodological
literature (to determine the problem of
professional preparation of specialists in the
sphere of tourism);

- Generalization and systematization (to
determine the essence of the notion “virtual
tour”);

- Systemic-structural analysis (to classify
the contemporary professional means and
describe the pedagogic conditions of their
implementation);

- Complex analysis (to determine the tendency
of training specialists in the tourist sphere);

- Analytical and comparative methods (to
study contemporary trends in using computer
3D tours);

- Processing approach (to present the
mechanisms of the development of high-
quality education of specialists in tourism by
using computer 3D tours);

- Program-purpose approach (to determine
goals during drawing of the model of
development of high-quality education of
specialists in tourism);

- Systemic analysis and synthesis (to develop
conceptual basis of the development of high-
quality education of specialists in tourism);

- Methods of modeling and projecting (to
create the model of development of high-
quality education of specialists in tourism);

- Graphic and cartographic methods (to
visualize the image of start windows of
developed 3D tours).

Results and their analysis.

A virtual tour is a sequence of several connect-
ed panoramic photos, between which in the process
of viewing one may visually navigate through us-
ing special transitions, and interact with the objects
included in the image for additional information. In
other words, a virtual 3D tour is a means of projecting
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a realistic image of three-dimensional multi-element
space on the screen (Hadetska, 2014).

A 3D tour (virtual tour) unites several 3D-pan-
oramas interconnected by several references — points
of transition between each other, interactive map of
the area, means of navigation of panorama in one
style. Also, the panoramas may include Flash anima-
tion, sounds and noises. By moving from one three-
dimesional object to another, you can go straight into
the action, see objects and interiors, people who sur-
round you, while remaining at one’s workplace at the
computer.

A virtual tour is an effective tool of marketing
which allows the potential consumer to see the goods
or services in a special way. It creates “the effect of
presence” for the viewer — bright memorable visual
images, thus providing the fullest possible informa-
tion on goods or services. Virtual tours and panoramas
are some of the most efficient and persuasive ways of
providing information today (Hadetska, 2014).

Virtual tours have a number of advantages over
other commercial and information means. Virtual
tours are actively displacing such broadly applied
means of media advertizing as presentation and
videos. All this is possible due to the simplicity of the
development of such novel technologies, reduction
of time between the tour and the familiarization of
the buyer with it, simplicity and speed of posting new
tours, and updating and replacing old virtual tours,
which is a guarantee of relevance of the presented
information. The cost of virtual tours is lower, while
the efficiency is higher as compared to that of video.

The main advantages of virtual tours are as
follows:

Possibility of saving time, both for the party
which presents the tour (seller) and for the buyer
(potential buyer or client);

Increasing the interest in the tour itinerary, object
or tour company,

Increase in prestige of the tour objects, and
therefore attraction of new clients;

Increase in revenues of the companies.

Disadvantages of virtual tours are

Complexity of required knowledge and skills for
the development of such types of tour;

Difficulty of asking questions while viewing the
tour;

Lack of emotions, low level of memorizing;

Quality of tour depends on developers (profes-
sional skills of developers are the main factors of
quality of touristic products);

High cost of creating services for the client;

May be viewed only on electronic devices
(Kravchenko, Sushchenko, 2018).
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Professional preparation of future specialists in
the sphere of tourism is the process whereby students
gain special knowledge, practice and skills, work
experience, which help to raise highly professional
specialists in the sphere of tourism (Kobzova, 2013).

Students who study the Speciality 242 Tourism
study a large number of disciplines, including
“Informational ~ systems and  technologies”,
“Management of projects in tourism”, “Information
systems and technologies in tourism”, “Analysis
of activity of touristic enterprises”, “Innovation
technologies in tourism”. We analyzed typical
programs of special disciplines for training future
specialists in the sphere of tourism and distinguished
the following generalizing requirements to the
speciality-related competence:

- Awerness of contemporary tendencies and
regional priorities of development of tourism
in general and its separate forms and kinds;

- Abilities to develop, promote, implement
and organize the consumption of the tourist
product;

- Understanding principles, processes and
technologies of organization of work of
the subject of the tourist industry and its
subsystem;

- Ability to monitor, interpret, analyze and
systematize tourist information, ability to
present tour informational material;

- Ability to use information technologies and
office equipment in the work of tourism
enterprises;

- Ability to determine individual needs using
modern technologies which provide services
to tourists;

- Ability to co-work with business partners and
clients, ability to effectively communicate
with them;

- Ability to create specialized tourism products
and organize services to tourists.

Based on the research performed, we built a
model of development of high-quality education of
specialists in tourism by means of using computer 3D
tours (Fig. 1).

While developing such a model, we took into
account  theoretical-methodological  provisions
concerning preparation of future specialists in the
sphere of tourism, results of analyses of curricula,
educational plans of training students of the Tourism
speciality and data of the pilot experiment. Using
means of information-communication technologies in
the study of specialized disciplines would help:

Increase effectiveness of grasping the material;

- Automatize the process of control and
analysis of students’ activity, performance
of academic tasks, and also provide remote
execution of practical and module tasks;

- Develop the student's independence in
performing typical tasks, self-assessment
and self-analysis with remote checking of the
stages of execution and final academic result
by the teacher;

- Build professional skills in using ICT in
development of tourist products;

- Build information-communication
competence in students, modern professional
skills in using and operating means of
ICT, professional software and innovatory
technical means.

Educationwithuseofinformation-communication
technologies in higher education institutions may be
organized according to the level of coverage:

- At the level of the educational institution;

- At the level of a structural unit (subunits) of

the educational institution;

- At the level of speciality of training;

- At the level of cycle of educational disci-
plines;

- At the level of separate educational disci-
pline (Borysenko, 2018).

Depending on the level of organization of
education, we may distinguish the structure which
would include informational, program, and technical
resources, methodological provision, and also create
additional structural units for technical support.
At each level, there are individual peculiarities of
informational content, organization of communication
and achievement of result.

The model of development of high-quality
education of specialists in tourism by using computer
3D tours is based on the concepts of Smart City,
sustainable development of tourism, innovatory
development of tourism, educement, scientific
concept, 3D visualization, decomposition of 3D
models, problem-oriented, creative approaches,
correspondence of current requirements to the labour
market, social orientation of tourist preparation.

We consider the proposed model as a theoretical
construct of the corresponding process of preparation
during teaching special disciplines. It is an integrity
of interrelated structural blocks oriented toward
developing students’ attainments in using computer
3D tours: conceptual-oriented (the main concepts,
approaches and principles of organization of education
which influence the use of computer 3D tours are
determined), content-technological (the student
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Fig. 1. Model of development of high-quality education of specialists in tourism by using computer 3D tours [developed by the authors]

becomes aware of the content of academic project
development of the 3D tour, types of educational
purposes, taking into account the levels of professional
knowledge and skills, types of familiarization with the
means of ICT), organization-activity (involvement
of forms of organizing study and specifics of
implementating education technologies based on the
development of virtual reality of the tourist product),
assessment-resultative (includes students attaining the
corresponding level of readiness to use computer 3D
tours).
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The concept-oriented block includes concepts,
approaches, principles of involvement, information-
communication technologies. The method of devel-
opment of education of specialists in tourism by using
computer 3D tours was implemented with consider-
ation of the following concepts of tourism: “Smart
City” (efficient integration of physical, digital and
human systems in an artificial environment for the
purpose of providing a sustainable, successful and all-
round future for citizens), sustainable development
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of tourism (system of views in the sphere of tourism
which help orientatation in the use of virtual envi-
ronment and create new 3D products, consideration
of historical experience of using media means in the
sphere of tourism, directions and styles), innovatory
development of tourism (introduction to the market
of improved services of people’s intellectual work ,
which have new consumption qualities, which shall in
some time become an object for new improvements,
to the market. The goal of the innovation in the sphere
of tourism is increase in satisfaction of clients as a
factor of heightening their quality of life), educement
(content of education and organization of obtaining
knowledge through various forms of organization and
self-organization for meaningful recreation. A high
level of education which progresses in its develop-
ment with active involvement in tourism is a trait of
the new epoch of social development, therefore in-
troduction of such a type of education in preparation
of specialists in tourism, in our opinion, is possible
by the means of using 3D tours), approaches: scien-
tific (analysis of views of scientists and researchers on
the possibilities of using the advantages of a virtual
environment, priority directions of use in pedagogic
communication), 3D virtualizations (possibilities of
contemporary technological trends concerning their
use in the educational process for visualization of in-
formation), decomposition of 3D models (replacing
solution of a large task with solving series of smaller
tasks, although not interrelated, but simpler), prob-
lem-oriented (formulation of problem tasks and situ-
ation), creative (establishing education while taking
into account the creative development of students)
approaches.

The model takes into account the didactic princi-
ples of: participation (direct involvement of students
in creating virtual media in the process of search ac-
tivity), continuity (systemic and systematic repetition
of the studied material in logically complete parts
— modules), intense study (communicative goal of
study becomes reality, therefore purpose-oriented
and resultative technology of education develops),
relationship between theory and practice (emphasiz-
ing importance of practical study, consolidation of
acquired theoretical knowledges in the process of
practice), as the main fundamentals of training future
specialists in tourism.

Consideration of the specifics of using ICT first
of all concerns the parameters of adaptivity (adapt-
ing the computer to individual peculiarities of future
specialists in tourism), manageability (the tutor can
correct the process of making 3D product at any mo-
ment), interactivity and dialogue character of study

(information-communication technologies can ‘“re-
spond” to the actions of students and teachers, “be-
come involved” in dialogue with them), unlimited-
ness (content, its interpretation and additions are quite
large), availability (provision of open access to gain-
ing competence in using the resources of means of
ICT).

The content-technological block includes the
content of educational project development of the 3D
tour, levels of professional knowledge and skills, and
also types of familiarization with the means of ICT.
Educational content of the model includes profes-
sional practical skills of the student in development
of various 3D tours. At the same time, the means of
ICT are learned gradually according to the following
sequence: development of virtual trips; development
of virtual industry of entertainment (degustations,
master classes); development of virtual museums, ar-
chitectural relics, notable places; development of vir-
tual restaurant facilities; development of virtual hotel
facilities, development of hotspots; keys and control
panels; interactive list of panoramas and miniatures;
development of a map of the virtual tour and radar.
Educational content will be presented in the educa-
tional program and detailed for each academic task
in the methodological recommendations for perfor-
mance of practical tasks. During the study, one should
take into account three levels of professional knowl-
edge and skills: locally modeled, system-modelled,
and creative. They include the transition from the ap-
prehension of knowledge to testing the thinking. At
the same time, at the first, local-modeling, level, the
student is able to effectively solve didactic-method-
ological tasks in order to achieve the goal — develop
the 3D product, as much as possible taking into ac-
count the real educational situation, using the novel
achievements of modern science. At the second,
systemic-modeling, level, the student is supposed to
be able to model the individual trajectory of devel-
opment of the product using the means of problem-
search methods of study which correspond to the
needs, motives and interests of the future specialists
in tourism. At the third, creative, level, the student
should have thorough knowledge of the professional
sphere, generate new concepts, organizes activity in
non-typical situations.

During the training of future specialists in tour-
ism, the following types of familiarization with the
means of ICT are studied: generalized review and
practical review and practical application. At the same
time, the students become gradually familiarized with
the software and technical means. At the first stage,
the generalized review, the students go over the prop-
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erties of the software or apparatus capacities and then
gradually proceed to practical application of them for
particular tasks. During practical review, the students
integrate more into working with software or techni-
cal devices, becoming familiarized with the complete
list of functions and possibilities, its practical applica-
tion for solving professional tasks. Practical applica-
tion is characterized by dynamic involvement of the
program or technical device, its professional use with
already planned results using instruments of software
or parameters of the technical device.

The organization-activity block of the model in-
cludes forms of organization of education and tech-
nologies of education. The model of development
of high-quality education of specialists in tourism
by the means of computer 3D tours implies involve-
ment of classroom-based and distant, individual and
group forms of organization of the educational pro-
cess, organization of project development for detailed
analysis of the topics. The model is orientated to the
development of virtual reality of the tourist product
— implies virtual visits and viewing of especially in-
teresting natural-, historic-cultural objects using the
means of modern information-computer technologies
and communications and the Internet in any point of
the space in online regime. The elements of virtual
tourism are virtual excursions and virtual tours, which
in the contemporary tourist management are effective
tools of attracting the potential tourist or guide to re-
ally visit the objects of these excursions/tours (Bi-
letskyi, Kotyk 2019).

Such products are interesting to operators and
hotels which promote a certain touristic direction or
particular place of recreation. A 3D tour helps the
tourist more simply understand what to expect in the
journey. During the virtual tour, he would feel the real
dimensions and atmosphere of the place, walk along
the beach or swim in coral reefs, therefore knowing
exactly where to go afterwards.

The assessment-resultative block includes criteria,
parameters and levels. During the development of the
model, we analyzed the results of activity of subjects
of the educational process according to two groups
of criteria: the criteria of professional theoretical
knowledge and hands-on skills in developing 3D
tours and the criteria of the level of applicability of
the contemporary program and technical means in
creative educational development.

The first level and criterion of professional
theoretical knowledge and practical skills of
development of the 3D tour is the level of
understanding of the 3D tour and its further creation.
In the process of study, specialists in tourism begin
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to acquire the first understanding of the 3D tour,
and implement this understanding. The subsequent
level in achieving the goal is studying technologies
of making the product. While studying, specialists
in tourism construct special knowledge and skills
sufficient for the functions of the first level of
professional activity for creating the tour. The final,
the main level is mastering the special disciplines,
which is characterized by attainment of individual
professional abilities, development of creative and
individual abilities which are necessary to create a
virtual tour, and constant interest is manifested in this
program product.

The criteria of the level of application of
contemporary software and technical devices in
creative academic development allow the specialists
in tourism, during study of special disciplines, to
raise their level of skills in computer technologies and
technical devices; based on the algorithm of creating
3D tour, to formulate a creative approach to use of the
elements to solve a given task and individually create
a 3D tour.

According to the group of criteria, the
corresponding parameters were formed for each
level of knowledge, professional skills, expenditure
of educational time, search work, development of
3D tours, computer literacy, and also the influence
of the elements of the methodological system on
the formation of interest and activity, practical
resultativeness and use of contemporary software and
technical devices.

Parameters should be evaluated according
to corresponding levels of professional skills,
distinguishing low, average, sufficient and high. The
division should be made based on an accumulative
(range) system of assessment corresponding to the
results of performing academic tasks.

Organizing lessons in special disciplines
requires creating an information environment where
the following elements would be used complex
combination :

Communication devices:

- Email (the most common technology of
sharing information on the Internet, not only
for entertainment and social needs, but in
the professional sphere as well — analyses of
stages of development of the 3D tour, remote
development of technical documentation and
its analysis, etc);

- Blog (web-site with broad or limited access
which allows one to interact with its authors
in comments);

- Virtual board (interactive remote tool of
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communication of teacher with students,
which may be also used in the future
professional sphere to organize the process
of making 3D tours);

Social networks (active instrument of up
and running contact between participants
of discussion which implements not only
information sharing, but through which it is
possible to development social status, as well
as using them as a presentational tool) and
others;

Information means:

Traditional office set of programs and
apps (their use is not limited by the use of
already installed functionalities, but may
additionally demonstrate new elementary
ways of development of a 3D tour, design of
creative ideas, simple graphic interface of the
search, analysis of 3D tours and development
of prototype);

Software for analysis of image (various
software allows for processing of photos
and creating equiangular projections of
panorama, i.e. combines images into one);
Software for graphic design of tour (their
use allows addition of active zones into a
panorama, developing graphic design of
the tour, if needed, adding sound, pop-up
windows with text, etc).

Division into informational and communi-
cation means is specific, because the repre-
sentatives of communicative means allow
not only transfer, but creation of informa-
tion content in complex with additional soft-
ware (on-line and off-line apps) (Bilushchak,
Paslavska, Reut, Rudnyk, 2016). Also, these
means include additional technical devices
for analysis, presentation and making of 3D
tours (3D digital camera, tripod with 3-way
head, 3D video camera, smartphone, tablet,
PC, router modem, multiplexor, etc). Master-
ing them is the main goal of methods of edu-
cation of specialists in tourism.

The general structure of the pedagogic
environment of use of computer 3D tours in
education of future specialists in tourism can
be usefully presented in the following steps:
Lectures concerning mastering theoretical
generalized material from the special
discipline;

Lectures that familiarise students with the
means of ICT they may use;

Practical mastering of the means of ICT

during practical lessons;

- Obtaining thematic object for academic task;

- Performing academic tasks using technical

and software means of ICT;

- Achieving  educational  results

implementing them practically.

At first, one may use traditional classroom-based
presentation of the material, which may have a distant
format of exchange of information content between
the teacher and students through developed program
systems, universal models and shells, or ways spe-
cially designed by the teacher. The main goal of the
remote variant is creating conditions for providing
high-quality preparation by giving students an op-
portunity to attain fundamental or additional knowl-
edge of information-communication technologies.
This variant is important for the extramural form of
education, when there is increased education load on
teacher and other cases. For full time students, class-
room-based study is the dominant form. Moreover,
for raising the motivation component, the teacher en-
riches the traditional forms with innovatory specifics
of organization, contemporary technical means, de-
veloped electronic support in the form of multimedia
lecture-conspectuses, web apps, etc.

The next stage is familiarizing students with con-
temporary technical resources and other means of
ICT, which shall be used to perform academic tasks.
These means have broad universal application, as
well as specific professional orientation. Among the
technical means used are 3D digital camera, tripod,
tripod with 3D head, 3D videocamera, smartphone,
tablet, personal computer, modem router, multiplexor.
Availible software would include Adobe Photoshop,
Autopano Giga, Microsoft Image Composite Editor,
Hugin, PTGui, Panorama Tools, Autodesk Realviz
Stitcher, PTAssembler, PTStitcher NG, etc.

While familiarising future specialists in tourism
with the means of ICT, the teacher emphasizes the
available range of software and certain software
products for academic tasks due to specific
peculiarities, the simplicity of quick mastery,
professional use and other criteria.

During the analysis of typical programs for special
disciplines “Information systems and technologies”,
“Mangement of projects in tourism”, “Information
systems and technologies in tourism”, “Analysis
of activities of tourism enterprises”, “Innovatory
technologies in tourism”, we determined inter-subject
connections with other educational programs of
disciplines: “Geography of tourism”, “Recreational
complexes of the world”, “Organization of tourism”,
“Organization of tourist trips”, etc.

and
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Fig. 2. View of start windows of developed 3D tours — “Virtual Lutsk” and Recreational Complex “Restpark”

The process of development of virtual tours
included several stages:

- Selection of the number of points (panoramas)

in virtual tour;

- Development of individual

additional interactive functions;

- Taking photos of the object;

- Composing the 3D panorama and virtual

tour;

- Posting on the web-site and testing.

In order to form the required tourist products,
we conducted studies of the expedience of their
introduction to selected tourist objects. Accordingly,
during the lessons in the discipline “Innovatory
technologies in tourism”, we developed the following
virtual 3D tours (Fig. 2):

- “Virtual Lutsk”;

“Recreational Complex “Restpark”,
- Center of Traditional Culture “Medova
Hata”.

The virtual excursion “Virtual Lutsk” was de-
veloped using PTGui, Microsoft Image Composite
Editor, Tourweaver 5 Professional Edition programs.
To develop the virtual tours “Recreation Complex
RESTPARK” and “Center of Traditional Culture
“Medova Hata”, we used a complex of software
tools, namely Kolor Autopano Giga, PanotourPro
and Adobe Photoshop.Those program products have
a friendly, intuitively understandable interface, and
also allow the achievement of impressive results in
a relatively short time (although the latter is possible
only if ideal photographs are stitched into the panora-
ma). Ultimately, development of the program product
takes a minimum amount of time, whereas using other
technologies achieving the same result would take a
week of work by a team of developers. Virtual tours
are launched through swf file, supported by almost all
computers (Lepkyi, Podoliak, Kosheliuk, 2015).

menu and
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To navigate through virtual 3D tours, a Help key
was installed, which is located first on the right side.
At any moment, the Help window may be opened.

Assessment of the mentioned tourist products
was made by students during production and pre-
diploma practice. The results of assessment met with
a favourable response from consumers of tourist
products, increasing the quality of educational
program in the speciality “Tourism” by forming
corresponding competences in learning.

Summming up our research, based on the said
conceptual generalized provisions, we may note that
realization of the model of development of education
of specialists in tourism is possible by means of use of
computer 3D tours with application of contemporary
means of ICT during study of special disciplines and
formulation of professional skills.

Conclusions.

The training of future specialists in the sphere of
tourism in the use of computer 3D tours is a constituent
of the general system of preparing specialists in the
sphere and is considered as a process of acquisition
of preparedness to perform this particular activity.
To determine the structure of this process of
training, we developed a model, which according
to characteristics, is a total of interrelated structural
blocks — concept-oriented, content-technological,
organization-activity, assessment-resultative, oriented
towards making students ready to create 3D tours. The
presented model becomes a benchmark of developing
the corresponding process of training in practice.
Expedient directions of further studies include the
identification and adaptation of special methods
of high-quality education of students for efficient
realization of the given model of development of
high-quality education of specialists in tourism by
means of using computer 3D tours.
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Received: 29.10.2020 Abstract. Among the great variety of geological relics of Ukraine, one of the most attractive
Received in revised form: 21.11.2020 is the Rybalsky Quarry, located in the city of Dnipro, and well known outside Ukraine.
Accepted: 08.12.2020 First of all, it is famous for the Mandrykivski Layers exposed in one of the ridges of the

Quarry back in the 1970s, although there are many other important peculiarities of the

geological structure of the Quarry which attract scientists from Ukraine, Germany, France,
Netherlands, Russia and other countries. There are full data on the history of discovery and survey of the Mandrykivski Layers from
their discovery by Valerian Domger in 1882 to current studies that reveal various aspects of geological structure of the Quarry, the
results of study of different groups of fossil fauna, compare them with the fauna of the Paris Upper Eocene basin and other well-
known locations. Particularly in the Rybalsky Quarry, thanks to the author's efforts, the Layers received the status of “layers with
geographic name”, as confirmed by the decision of Cenozoic Commission of the National Stratigraphic Committee of Ukraine in 2001.
New fragments of the section of subaerial and subaqueous deposits of the Quaternary deposits were found and their composition,
structure and complete stratigraphic content were studied. The research allows us to consider it typical for the Middle Prydniprovia.
Fluvioglacial and lake-glacial deposits of the Dnipro glaciations in the Quarry exposed for the second time in 25 years, but this is the
first time when their genetic origin, position in the section and lithological-facies peculiarities were determined. Thick layer of sands
embedded on the roof of the Mandrykivski Layers were identified to the fifth or Hadzhybeiska terrace of the Dnipro, in the upper part
of which there were notable siliceous-clayey-ferruginous formations or lateral crust (ferruginous crusts). The studies of the layer of
brown-green and red-brown clays in the roof of the Mandrykivski layers allows us to presume their marine origin. In this case, they are
underwater weathering crust (terra rossa) developed in the process of halmyrolysis or are the product of dissolution of carbonate silt
enriched with detritus of mollusks, corals and other inhabitants of the warm Mandrykivske Sea.

Key words: Rybalsky Quarry, Mandrykivski Layers, climatolite, loess, fossil soil, geosite, crust

Hogi nani 10 reosiorii Puéajbcbkoro kap’epy — yHiKaJbHOr0 00’€KTY reoJIOrivHOl ClAIIMHU
CBIiTOBOr0 3HAYEHHS

B.B. Mantok
Ininposcorutl nayionanvruil ynisepcumem imeni Onecs Ionuapa, [ninpo, Yrpaina, vgeoman@gmail.com

Anoranisi. Cepe] BEIUKOI KUTBKOCTI T€OJOTTYHHX MaM’SITOK YKpaiHUu OJHUM 3 HAiOUTbII PUBAOIMBHX 3aHIIA€ThCS PrOanbchKuii
Kap’ep, posramoBaHuil y micti JHinpo Ta moOpe Bimommii manexo 3a Mexkamu Ykpainu. [lepmr 3a Bce 3aBISKH  MaHAPHKIBCHKHM
BEpPCTBAM, PO3KPUTHX OJHUM i3 YCTYIIiB Kap’epy 1ie y 70-X pokax MHHYJIOTO CTOJITTS, aJie, sIK 3’ sICyBaI0oCs Mi3HiLlIe I1[e i YUMaJIO IHIITHX
BOKIJIMBHX OCOOJIMBOCTEH IreosoriyHoi OyoBH Kap’epy MpUBAOIIOIOTH NOCTIIHUKIB 3 Ykpainu, Himeuunnn, @pannii, Hineprannis,
Pocii Ta inmmx kpain. HaBeneHo NOCHTH BHYEpPIHI JlaHI CTOCOBHO 1CTOPIT BIAKPUTTS 1 JOCII/PKEHHSI MaHIPHKIBCBKUX BEPCTB BiJ
MOMEHTY iX BigkpuTTs Banepianom Jlomrepom y 1882 pormi 1o cydacHuX poOiT, y SIKMX BHCBITJIIOIOTHCS Pi3HI ACIIEKTH I'e0JIOTi9HOT
Oy/IoBH Kap’€py, pe3y/IbTaTH BUBYCHHS Pi3HUX TPy BUKOMHOI (hayHH, criBCTaBiIeHH ii 3 (ayHOIO [lapu3pKoro BEpXHBOEOLIEHOBOTO
OaceiiHy Ta 3 IHIIMMH BiJOMUMH Miclie3HaxokeHHAME. Came B PubanbcpkoMy Kap’epi, 32 KJIONOTaHHSAM aBTOPA, BEPCTBH OTPUMAIIU
CTaTyC «BEpCTB i3 reorpadivHOI0 HAa3BOIOY», LIO MiATBEP/KEHO DIIIeHHSAM  KoMicii kaiiHo30t0 HarionansHoro crparurpadiqHoro
xomitery Ykpainn y 2001 pori. BusiBieHo Ta 1ociipkeHO HOBI (parMeHTH po3pi3y cybaepaibHHX 1 CyOakBalbHHMX BiJKIJIAJIIB
YEeTBEPTUHHUX BIAKIAMIB, iX CKiaj, OyZoBy i MOBHY cTpaTHrpadiuHy HAIIOBHEHICTb, IO JO3BOJMJIO BBaXKATH HOTO THIOBUM JUIS
Cepenuporo [Ipuaninpos’s. Y kap’epi, BApyre 3a ocTaHHI 25 POKiB PO3KPUTO (DIIOBIONIAIIANEHI 1 03€pHO-JIFOXOBUKOBI BiKIIaII
4aciB THIMPOBCHKOTO 3JIECHIHHS, aji¢ BIEPIIC BCTAHOBJICHO iX TCeHETHYHY NPUHAJICKHICTH, TMOJIOKEHHS Yy PO3pi3i Ta JITOJIOro-
¢amianpHi ocoOnuBoCTi. JloBEIEHO NMPUHATIEKHICTH MOTYKHOI TOBILI MICKiB, 3aJTAlOYUX Y MOKPiBII MaHAPHKIBCBKUX BEPCTB IO
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m’aToi abo xamknoeiicpKoi Tepacu p. J{Hinpa, y BepXHiil YacTHHI sIKOi BHPA3HO NMPOSBIIIUCS KPEMHIH-TIIMHICTO-3aJ1I3UCTI YTBOPSHHS
abo nmareputHa Kipaca ((eppikpern). Jlocmi/ukeH s TOBII Oypo-3€JICHNX 1 Y4epBOHO-OYpUX INIMH Y MOKPIBIIi MaHIPHKIBCBHX BEPCTB,
JI030JIsI€ TIPUIYCTUTH X MOPCHKE MOXO/PKECHHS. Y TaKoMy pasi BOHH SBIISIOTH COOON0 MiJBOJHY KOpY 3BITpIOBaHHS (Teppa poca),
YTBOpPEHY B MPOLEC] TajabMipoi3y, ad0 MPOIYKT PO3YMHEHHS KapOOHATHOTO MYy, 30aradeHoro AETPUTOM MOJIOCKIB, KOpaliB Ta

IHIIMX MELIKAHIIIB TEIJIOr0 MaHIPUKIBCHKOIO MOPSI.

Kniouosi cnosa: Pubanvcokuii kap 'ep, MaHOPUKIBCobKi 8epcmeau, KAiMamonim, iec, BUKONHULL IPYHM, 2eocatim, Kipaca

Introduction.

The geological history of the territory of Ukraine
is characterized by incredible diversity and contains
almost the entire range of the stratigraphic scale —
Precambrian to Holocene. Geodiversity creates re-
spectively a large list of mineral deposits which are
successfully extracted using various technical means.
One of such methods is quarry, when not only ore
rocks are extracted, but the landscape is damaged,
causing ecological problems. At the same time, quar-
ries are a great source of information about the geo-
logical structure of the fragments of the Earth's crust
inaccessible from the surface, their mineral and natu-
ral diversities, tectonics, etc. One of such quarries is
the Rybalsky Quarry, located within the city of Dnipro
and well-known outside Ukraine. The Quarry became
famous in Europe because of the discovery of unique
Upper-Eocene fossil faunas in the Mandrykivski lay-
ers. According to the diversity and stratigraphic value
of the Paleogene, scientists consider that the Man-
drykivska Fauna is inferior only to the Paris Basin.
This, however, is not the Rybalsky Quarry's only
special attraction or highlight. Over the long period
of extraction of granites in the Quarry, numerous evi-
dence of geodiversity there has been found, which is
analyzed in this paper.

Brief historical review.

The objective of this research was not the analysis
of all the literature sources in one way or another re-
lated to the discovery and study of the Mandrykivska
fossil fauna. Among a large circle of scientists related
to this event, we have to mention the first and the most
famous ones on one hand and the ones responsible
for discovery of the Mandrykivski Layers in the Ry-
balsky Quarry on the other hand. And by the way not
only the people related to the Mandrykivska Fauna
itself, first found in the Quarry in 1977, but also the
ones who discovered other peculiarities of geologi-
cal structure of this part of the territory of the eastern
slope of the Ukrainian Shield over the period of 40
years. The Layers with their unique fauna were first
discovered by Valerian Domger in 1882 in the River
Dnipro during drilling of borehole for the construc-
tion of the Katerynoslavsky Bridge (Sokolov,1894,
1905; Domger,1902). There were remains of fish,

numerous shells of mollusks, spicules of sponges,
fragments of corrals, Bryozoa, nummulites, etc. Pre-
liminary analysis of diverse fossil fauna from glau-
conite sands allowed V. A. Domger to come to the
conclusion that the layers which contain it, accord-
ing to the deposition, correspond to Middle-Eocene,
the so-called “coarse limestone” of the Paris Basin.
It has to be noted that despite the fact that Rybalsky
Quarry is near (4 km) the location, the lithological-fa-
cies conditions of formation of the deposits, in which
the fauna of Eocene basin lived, significantly differed
from those which are typical for the Quarry. This in-
deed explains the impoverishment of the forms deter-
mined by V. Domger in the area of the Monastyrsky
Island compared with the later found localities where
the fauna-containing rock was mostly detritus, poorly
cemented by a small amount of sandy-clayey carbo-
naceous material.

Somewhat later, in 1886, during the digging of a
well in the manor house of a German, A. A. Osvald,
in Mandrykivska Sloboda (currently city Dnipro), a
layer of sand oversaturated with very well preserved
shells was discovered. A professor of Kharkiv Univer-
sity A. V. Hurov, to whom A. A. Osvald gave the col-
lection in the same year, identified the Mandrykivski
sands to the Eocene and considered its synchronous
sands and sandstones those of Traktemyrivka and
Buchak villages. In 1894, M. O. Sokolov, as allowed
by A. A. Osvald, made a vertical trial pit in the yard
of his manor house, obtained a sufficient amount of
fossils and based on their identification he drew a
conclusion that the age of detritus sands of the Man-
drykivka is of the Low-Oligocene, corresponding to
the period of accumulation of the Latdorf Stage in
Germany. He thought that the closest to the Man-
drykivski glauconite sands are those around Latdorf,
Unseburg, Osterweddingen and other territories then
described by Adolf von Konen. Later the fauna of
the Mandrykivska Layer was surveyed by A. V. Faas
(1894), P. A. Tutkovsky (1895), L. L. Ivanov (1914),
V. S. Slodkevych (1933), who proved that the detri-
tus sands of Mandrykivka village, the Monastyrsky
island and the area near the railroad bridge of stations
Merefa-Kherson are an integral stratigraphic layer. In
1931 B. F. Meffert studied the foraminiferans fauna
from the Mandrykivski detritus rocks and stated that
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most species were found to be of the Eocene age. He
draws attention to a large amount of Nummulites and
Discocyclina and underlines their absence in the Oli-
gocene. In 1939 L.F. Lungershausen for the first time
proposed that the Mandrykivski Layers are shallow
water facies of the Upper part of the Kyiv stage. Later
this presumption was confirmed by numerous works
by O. K. Kaptarenko-Chornousova on Foraminifera
(Kaptarenko-Cheronousova, 1941, 1946, 1949).

In 1947 the Mandrykivski Layers in the area
formerly owned by A. Osvald was studied by M. N.
Kliushnikov. He came to a conclusion that the area
of distribution of detritus lime-clayey sands with fos-
sils on the outskirts of Dnipropetrovsk expands far
beyond Mandrykivka village and provided in-detail
data on new locations. A significant achievement in
studying the Mandrykivka fauna was the study by N.
N. Karlov, the results of which were reported in 1950.
He was the first person after V. O. Domger who col-
lected and analyzed the rich paleontological deposits
from the Dnipro River near Shevchenko Park, but this
time in the northern-western part of the Monastyrsky
Island during the construction of foot- and automobile
bridge. Interestingly enough, N. N. Karlov for the first
time mentioned the diverse fossil fauna discovered in
the core sample the borehole drilled during the ex-
ploration within the future Rybalsky Quarry (Karlov,
1950). The author compares the Layers with the light-
green sands embedded on the Kyiv marl.

In 1954 M. V. Yartseva provided persuasive data
on the Upper Eocene age of not only the known lo-
cations of the Mandrykivska fauna, but other places,
significantly distant from them. A notable event in the
history of studying the age of the layers was the iden-
tification of the Latdorf Sands in Germany to the Up-
per Eocene, based on studies by Krutzsch and Lotsch
(Krutzsch & Lotsch, 1957). Complex study of depos-
its of the Mandrykivska fauna within Dnipropetrovsk
was carried out by P. H. Nestereko, who provided
the results in the book “Paleogenic sediments of the
South European part of the USSR” in 1960 (Nesteren-
ko, 1960), based on the analysis of a large amount of
archive material (16 special borehole were drilled ac-
cording to the profile which cross-sectioned the Dni-
pro in the area of Monastyrsky Island and included
Mandrykivka village). M. V. Yartseva determined the
complexes of nummulites from the core samples tak-
en from the boreholes, the content of which allowed
her to identify the deposits which contained them to
the Upper Eocene (Jarceva, 1960). This is also con-
firmed by the content of mollusks extracted from the
core samples from the borehols and identified by D.
Y. Makarenko.
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A new stage in studying the Mandrykivski Lay-
ers began with their exposure in the large area of the
Rybalsky Quarry of extraction of granites for rubble
and crushed stone. The Rybalske deposit of Precam-
brian crystalline rocks was for the first time explored
in 1932. In the same year, the reserves of the natural
stone for construction were approved in the amount
0f 4,029 thou m?, followed by mining operation of the
deposits. Later, in 1956, a geosurvey of the Quarry
was performed by Filippeo and in 1962 by Baranov
A. V. for the purpose of increasing the reserves. The
year when the section of Paleogenic deposits was ex-
posed in the Quarry is unknown, but the first visits
to the Quarry in order to carry out scientific studies
took place in 1977. The fauna of the Mandrykivska
Layers in one of the ridges of the Quarry in its south-
east part was first described in 1978 by paleontolo-
gists of the Scientific-Research Institute of Geology
of the Dnipropetrovsk State University, including M.
F. Nosovsky, I. D. Konenkova. I. M. Barg and Y. M.
Bohdanovych (Nosovskyi, Konenkova, Barg, Bogda-
novich, 1978). A large complex of nanoplakton was
discovered, identical to the one E. Martini identified
in 1970 studying the samples of the Mandrykivski
Layers (Martini, 1970), and which corresponded to
zone NP19. The composition of mollusks was also
studied, revealing the presence of single and colonial
corals, Ostracoda, small nummulites, Bryozoa, shark
teeth. Apart from the Chaplynsky Quarry (mistaken
name of the Rybalsky Quarry), the paper presents pa-
leontological characteristic of some other deposits of
the Mandrykivska Fauna located within Dnipropetro-
vsk, or currently Dnipro. These are bore holes bored
in the territory of the Karl Liebknecht Plant and the
Peremoha housing complex, the material from core
samples of which, similarly to the collection of fos-
sil fauna, has not been preserved. Therefore, the only
outcrop of the Mandrykivska Layers has been and
still is the Rybalsky Quarry.

In the same year 1977 and during the following
years, the issue of stratigraphy and paleontology of
the Mandrykivski Layers in the Rybalsky Quarry was
researched by the scientists of the Dnipropetrovsk
Mining Institute (currently National Technical Uni-
versity Politechnika). The problem of identification
of the age of the Mandrykivska Fauna was studied by
Veselov A. O., Shyrokov A. Z., Dyssa F. M. based on
the research of material from the core samples from
a specially drilled bore holes in Mandrykiva village
and analysis of the literature sources and comparison
to the Upper-Eocene Fauna from well-known depos-
its on Ukraine (Shirokov, Dyssa, 1972; Veselov,1972;
Veselov, Golev, Lyulieva, Savenko, Sheremeta, 1974;
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Chekunov, Veselov, Gilkman,1976). The results of
the studies conducted by the authors in the Rybalsky
Quarry were published in the reports of the Acade-
my of Sciences of the USSR in 1986 and contributed
to growth of interest in further study of the unique
Mandrykivska Fauna (Shirokov, Veselov, Stefans’kij,
Petrusha, 1986).

Gastropods of the Mandrykivski Layers of the
Rybalsky Quarry have been thoroughly surveyed
since 1977. The prominent Russian paleontologist
O. V. Amitrov emphasized that the Mandrykivsky
Complex attracts special attention not only because
it exceeds all other well-known paleontological com-
plexes in the richness and integrity of the fauna, but
also because according to geographic position, the
species composition and age, it is close to typical
northern complexes (Latdorf, Tongrian, Chegan), and
according to the composition of the families belongs
to the intermediate type (Amitrov, 1986, 1987, 1996).
Amitrov O. V. also considers that the Mandrykivski
Layers are characteristic of faster spatial changes in
the complexity, indicating that repeat collections in
the old location and discoveries of new deposits with
the same integrity may extend the lists of the Fauna.
He found over 400 species of gastropods, belonging
to 39 families (Amitrov, 1986).

V. L. Stefansky (since 1986) has been working
on a monographic description of Bivalvia mollusks of
the Mandrykivski Layers, taking into account the new
rules of zoological nomenclature and systematics, for
35 years. His collection and analysis of one the best
collections of mollusk fauna of Mandrykivka gave
the author a reason to consider the Mollusca complex
of the Rybalsky Quarry an etalon for Upper-Eocene
deposits of the shallow water facies of the territory
of Ukraine (Stefanskyi, 1987, 1992, 2013a,b, 2014,
2015a,b).

Berezovsky A. A., starting in 1990, has been sys-
tematically performing surveys on Paleogene Bivalvia
within the Kryvy Rih iron ore basin and is one of the
prominent paleontologists who are highly familiar with
Bivalvia of the Mandrykivski Layers of the Rybalsky
Quarry (Berezovsky, 2010, 2015). In 1994, based on
his discovery of 14 species of Bivalvia mollusks in the
deposits of the Inhulets Quarry, which he identified as
Middle-Eocene ones, known in other regions of Eu-
rope only in the Upper Eocene deposits, he came to
a conclusion that most mollusks of the Mandrykivski
Layers of Ukraine and Latford Stage in Germany have
appeared in the Lutetian (Berezovsky, 1994). Nano-
plankton and dinoflagellates of the Mandrykivska
Layers in the Rybalsky Quarry were studied by N. A.
Savytska, who indicates the presence of a nanoplank-

ton complex of Discoaster saipantnsis subzone and an
impoverished complex of dinoflagellates of the zone
of Rhombodinium porosum. She has also determined
a complex of nanofossils of Isthmolithus recurves of
the zone of Discoaster barbadiensis and complex of
dinocysts of Charlesdowniea clathrate angulosa.

During our in-depth geological mapping of
the Dnipro — Tomakivka interfluves, in the layers
of the Paleogenic rocks, the presence of the Upper
Eocene deposits was for the first time paleontologi-
cally substantiated, which became another evidence
of the broadest distribution of Alma (Upper-Eocene)
transgression compared with the Middle Eocene
(Konenkova, Bogdanovich, Koralova, Manyuk,
1995; Manyuk, 1999). Earlier, the northern border
of its distribution was indicated much further south
of the water area of the Kahovka Water Reservoir.
An important result of the paleontological surveys
was designation of 4 complexes of microfauna, typi-
cal for the Alma and Obykhivka suites and the obvi-
ous similarity of one of them to the complex of the
Mandrykivska Layers of the Rybalsky Quarry. Apart
from foraminiferans, the complex contains mollusks,
Ostracoda, Bryozoa, corals, Algae, spines of Echinoi-
dea, and various nanoplankton. The conducted studies
revealed that the Upper Eocene deposits in the area
of conjunction of the Ukrainian Shield, Prychorno-
morska and Dnipro-Donetsk depressions have been
developing under the influence of the warm-water
Alma Basin, from where water with high content of
silica inflows from the side of the Dnipro-Donetsk de-
pression. This conclusion is confirmed by designation
of four complexes of microorganisms, including the
first and the second ones characterizing the Obukh-
ivska Suite of northern Ukraine, and the third and the
fourth — Alma Suite of northern Ukraine (Konenkova,
Bogdanovich, Koralova, Manyuk, 1995).

Since 1998, the first articles concerning not only
the Mandrykivski Layers of the Rybalsky Quarry,
but also the Quarry's geodiversity were published,
thus presenting the quarry as a promising geological
monument of nature (geosites) of European signifi-
cance (Manyuk, 1998, 1999a,6, 2001a). The Rybal-
sky Quarry is indicated as a complex geological relic
of nature (geosite) and deserves to be accredited with
the status of object of the Nature-Reserve Fund of
Ukraine (NRF). It has to be emphasized that it is the
only Europe's outcrop of the Mandrykivski Layers
with unique Upper-Eocene fossil fauna, represented
by various Bivalvia and Gastropoda mollusks, num-
mulites, foraminifera, ostracods, dinoflagellates, cor-
als, Bryozoa, teeth of sharks, spines of Echinoidea
(Manyuk, 2001a,b; 2002a,b,c,d; 2003a,b).
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Of great significance in paleontological study
of the Mandrykivski Layers in the Rybalsky Quar-
ry were the surveys by the scientists of the Leipzig
University who in 2001 together with Barg I. M. and
Manyuk V. V. visited the Quarry. The first article in
which the survey data on sharks from the Paleogene
deposits of Dnipropetrovsk were presented was pub-
lished in 1985 by the German paleoichtyologist O.
Iekel (Iekel, 1895). A. Muller and O. Rosenberg stud-
ied the oolites of Osteichthyes (over 40 forms) and
substantiated the actual value of this group of fossil
remains for solving the issues of Paleogene stratig-
raphy. According to the authors’ conclusions, most
oolites of the complex are known from the layers of
the Bartonian and Latdorf, and some were determined
for the first time at this stratigraphic level (4riidarum
germanicus, Parascombrops martini, Sparidarum
noetlingi) (Rozenberg, 2001; Miiller, & Rozenberg,
2002, 2003).

The main material.

During our study in the territory of the Dnipro-
petrovsk Sheet (M — 36 — XXXVI) GDP-200 (fur-
ther geological appraisal of the area in the scale of
1:200,000), there emerged a question of determining
the stratigraphic position of the Mandrykivski Lay-
ers and their volume, determining their facies specif-
ics and borders of the distribution, and most impor-
tantly, at last, 120 years after their discovery, giving
them taxonomic range of “the layers with geographic
name”. When considering the application of V. V.
Manyuk, the Cenozoic Commission of the National
Stratigraphic Committee of Ukraine took into account
that the Mandrykivski Layers are a shallow-water
equivalent of the Obukhiv Suite, the distribution of
which is limited by the Paleo-depressions of the north-
east slope of the Ukrainian Shield. The deposits of the
Mandrykivska fauna are distributed within the Vilno-
hirska, Borodaivska, Samotkanska, and Shatohynska,
Troiitska and Myroliubivska Paleo-depressions. They
are embedded with signs of erosions on coal-terrige-
nous formations of the Buchatska series or directly on
the Precambrian rocks. They are overlapped by depos-
its of the Mezhyhirska suite or younger formations.
The decision was made to approve “the Mandrykivski
Layers” as a separate stratigraphic unit “layers with
geographic name”. As stratotype of the Mandrykivski
Layers, the south-east slope of the Rybalsky Quarry
was proposed, within which the layers outcropped at
the distance of around 200 m, having the thickness of
to 3.2 m and the exploitation of the granites in this di-
rection at the time was not planned (Manyuk, 2003b).

The structure of the fifth or the Zavadivsko-
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Dniprovska above-floodplain terrace of the Dnipro,
for the first time exposed by one of the ridges of the
Quarry in 2002, is considered in detail. The structure
of the Quaternary deposits in the Rybalsky Quarry,
despite not being designated as having European
significance, is extremely valuable for Ukraine. For
the first time, the author drew attention to the spe-
cific section of the Quaternary Layer of the Quarry
during the INQUA Conference in Ukraine in 2001
(Manyuk, 2001). In order to describe section 5 of the
terrace, the history of the issue needs to be reviewed.
In the abovementioned article by Shyrokova O. Z.
et al (Schyrokov et al., 1986), the authors made an
unexpected conclusion about the origin of the Man-
drykivski layers, identifying them to fluvio-glacial
deposits. Secondly, re-deposition of the fauna was
indicated by Petrenko A. A. (Petrenko, 2003) based
on questionable evidences which were disproved by
the following researches (Barg, Manyuk, 2004). It
is worth quoting the conclusion of O. V. Amitrova,
who writes “The persuasive argument against the
views of Shyrokov and Dyssa is that in location the
fauna is well preserved, including fauna extremely
rare for the Middle and the Upper Eocene of Ukraine,
and therefore there is a possibility that while retreat-
ing the glacier collected the material from several (at
least two) unique locations of the fauna of different
age and drove them dozens of kilometers, mixing and
depositing them, not harming the integrity” (Amitrov,
1986). Bringing up this discussion is not an accident.
The southern border of the thickest Dniprovsky (Riss)
glaciations remained depicted on the maps unchanged
for over 130 years, since S. M. Nikitin recognized it
in the valley of the Dnipro at 48°42" N, i.e. current
Domotkan village. Therefore, during geological sur-
veys in the territory further south from this latitude,
the discovered deposits which looked like fluviogla-
cial were identified to river alluvium. Thus, the ex-
posure of section 5 of the terrace with clear signs of
fluvio-glacial currents in the lower part of the Dni-
provsky loess in the area became a notable sensation
(Manyuk, 2002a). At the same time, this was so unex-
pected that it remained unreported in the publications.
Nonetheless, we shall return to this later.

An important constituent of geodiversity of the
Quarry as a geologic monument is the ancient Precam-
brian basement, the peculiarities of which were for the
first time described in 2002 (Manyuk, 2002a). Accord-
ing to these data, the oldest formations in the Quarry
are crystalline rocks of the Dnipropetrovsk infra-crys-
talline ultra-metamorphic complex of Mesoarchean
(Azovian) with absolute age of 3.4-3.2 B years. It is
a complex conjunction of grey and light grey gneiss-
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oid granite and migmatites of mostly tonalite and to-
nalite and trondhjemite composition, dark grey (to
black) dense massive or gneiss-like amphibole-biotite
crystalline schists of average composition and dark
massive or low schistose amphibolites with numer-
ous veins of aplite and pegmatoid microcline granites,
with interveins of tremolites, actinolitite, biotites. In
the ledges of the Quarry and along them, one can see
a complex evolution of the composition due to numer-
ous folded deformations and multi-phase pattern of
development of various components of the complex.
There are broadly distributed palingenetic and injec-
tion-metasomatic migmatites with broad diversity of
texture types and numerous relic fragments of suprac-
rystal substrate. The large area of artificial outcrop and
absence of weathering of rocks in the lower ridges of
the Quarry allow monitoring the changes in the struc-
tures and textures of the rocks, pattern of boundary
zones of the layers, and the processes of biotitization,
chloritization, silicification and epidotization, deter-
mining the present systems of fractures and determin-
ing elements of their embedding (Manyuk, 2002a).

After A. Muller and O. Rosenberg, starting from
2004 the research on the Rybalsky Quarry's oolites
of Osteichthyes has been continued by M. I. Udovi-
chenko and A. V. Bratishko. A complex of oolites of
29 species of Osteichthyes was distinguished, eight
of which were unknown until then for this location.
M. 1. Udovichenko came to the conclusion that the
glauconite sands of the railway bridge, studied by V.
Domger, are older than the detritus clayey sands of
the Rybalsky Quarry, and most likely correspond to
the lower part of the Priabonian stage (Udovychenko,
2009, 2010; Bratishko, 2009) .

The studies of the German scientist Dirk Fehse in
2011 in the Mandrykivski Layers revealed a new spe-
cies from the Cypraeoidea family — Eotrivia procera
sp. Nov. In his work, Dirk Fehsa wrote: “In the fol-
lowing this species, new to science, is described as
Eotrivia procera sp. Nov.” (Fehse, 2011).

Peculiarities of the geological section of the Qua-
ternary deposits in the Rybalsky Quarry are most ac-
curately described in the article “Quaternary deposits
in the Rybalsky Quarry of Dnipropetrovsk™ published
in 2014 (Manyuk, 2014).

Results and analysis.

Long monitoring of the peculiarities of geologi-
cal structure of subaerial and subaqueous deposits of
the Anthropogene Epoch in the ledges of the Quarry
clearly demonstrates the great value, completeness,
and at the same time, certain exceptionality of sepa-
rate elements of the Quaternary section. The Middle-

Upper Pleistocene part of the section significantly ex-
ceeds the one exposed in the Sazhavtsi ravine, where
the stratotype of the Kaidak fossil soil the section
composed of Quaternary deposits is located (Manyuk,
2014). If in Stari Kodaky one can see only fragments
of the section exposed by the lateral deep gullies and
in the condition of overburden removal, one ledge of
the Rybalsky Quarry represents a complete section of
alternation of fossil soils and loess horizons — starting
from present day chornozem to the Vytachivsky fossil
soil, and another ridge located lower has a notable out-
crop of a large fragment of the section ranging from
Udaisky climatolite to the Zavadivsko-Dniprovska
terrace, and in the north-west part of the Quarry, there
is the remaining part of the section from the Tilihulsky
horizon of the lower Pleistocene to the Kryzhanivsky
Upper Eopleistocene inclusive. Without any exagger-
ation, we should state that the Rybalsky Quarry is the
only place in Ukraine, where one can see an excep-
tionally full section of 19 horizons of the Quaternary
system (the Kryzhanivsky climatolite to the present
day soil) without any need of overburden removal.
Even if the Quarry would have been worked-out,
and not operating, the section of sedimentary rocks is
destined to be ruined under the action of natural geo-
logical processes, unlike the crystalline Precambrian
rocks. This obliges us to give primary characteristic
of the accessible section, hoping to attract attention
to it, involve the interested community in its thorough
study using analytical researches as an important key
section of the Quaternary system.

1. eH — Current soil. Soil-vegetative layer is rep-
resented by low-humus micelle-carbonate chernozem
with poorly developed illuvial horizon (0.3 — 0.8 m).
In most sections the soil has no structure, loose, al-
most always with the signs of technogenic mixing.
Similarly to the area below, the embedded loams are
different by coarser dispersive composition (to loamy
sand) due to vicinity to the Dnipro.

2. vdPlIp¢ — the Prychornomorsky horizon. The
loam is brown-pale yellow, light, loess-like, micro-
porous, limey, loose, with small amount of carbonate
micelle, large aleurite structure (to loamy sand), with
singular molehills, indistinct vertical prismatic struc-
ture. The boundary surface with the lower embedded
soil is plain, distinct. The roof has signs of processing
by the Holocene soil development. Thickness is up to
0.9 m.

3. ePIIIdf — the Dofinivsky fossil soil. Loam is
light greyish brown, light, macroporous, loose (to al-
leurite), calcareous, in the lower, illuvial, part is ex-
posed to light, with thin coatings of carbonates and
micelle, rarely hydroxides of manganese, with signs
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Fig. 1. The upper part of the section of the Quaternary deposits (Holocene, Prychornomorsky and Dofinivsky climatolites).

of gleyization. The lower boundary is uneven, with
inflow pattern. Thickness equals 2.10 m.

4. vdPIlIbz — the Buzky horizon. The clayey
sand is light yellow-pale yellow loess, light, homog-
enous, significantly calcareous, macroporous, friable,
large-aleurite, of prismatic structure with carbon-
ate micelles. The lower boundary is distinct, even.
Thickness is 1.6 — 3.0 m. As we know, loess of the
Buzky horizon in Ukraine in many sections contains
interlayers and inclusions of volcanic ash, which is
being attributed to the eruption of the Italian super
volcano Phlegraean Fields 39 thousand years ago
(Kosmachev,V.G., Kosmacheva, 2018). From this
perspective, the Buzky loess, notably outcropped in
the Quarry, definitely requires further study (Fig. 2).

ticeable amount of fine-grained sand), homogenous,
with wedge-shaped structure, significantly calcareous
with carbonate pseudo micelles, with singular cryo-
turbate, with small carbonate concretions (up to 0.5
cm), with point-like inclusions of manganese oxides.
Thickness is 3.0 — 3.5 m.

7. ePlllpl, — the Prylutsky fossil soil is repre-
sented by the suite composed of two soils. The upper
soil is a grey to dark grey loam with brownish tone,
averagely or just slightly consolidated, calcareous,
fine-aleuritic, with prismatic structure, with indistinct
lower boundary. The upper boundary is indistinct and
uneven. The rock becomes lighter downward, obtain-
ing brownish tone, gradually transferring to the lower
layer. Thickness is 1.2 m.

Fig. 2. The Buzky horizon in the southern part of the Rybalsky Quarry with increased fragment

5. ePllIvt — the Vitachevsky fossil soil. The
loam is brown with reddish tone, light, limey, fine-
aleurite, prismatic structure, in the lower part with
indistinct lightened illuvial horizon with carbonate
efflorescences, small point-like carbonate inclusions
(0.2 m). In the upper part of the layer, the soil is dis-
tinct by greater density and signs of ferruginization.
The lower boundary is uneven, with inflow pattern.
Thickness equals 1.3 — 1.8 m (Fig.2).

6. vdPIITud — the Udaisky horizon. The loam is
pale yellow-yellow, light, loess-like, macroporous,
loose, composed of large-aleurite (to aleurite with no-
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8. ePlIlIpl, The Prylutsky fossil soil. The lower
subhorizon of the suite of soils. The loam is grey-
brownish-brown, calcareous, macroporous, of pris-
matic structure, homogenous, in some places in the
lower part (0.3 m) transitions into carbonate white il-
luvium. The upper and especially the lower boundar-
ies are uneven, indistinct. Thickness is 0.7 m.

9. vd P III ts The Tiasminsky horizon. The loam
is yellow and pale yellow to light pale yellow, light,
loess-like, fine alleuritic, light, macroporous, of pris-
matic structure, highly calcareous, with small amount
of carbonate pseudomicelle, and is homogenous in the
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Fig. 3 The Udaisky and Prylutsky horizons in the sections of the Rybalsky Quarry

upper part. Thickness of the massive loam is up to 1.5
m. Lower, the loam is different by presence of sev-
eral interlayers of grey interstadial soil of 10-15 cm.
Its texture has coarse layers, with alternation of pale
yellow-yellow loess-like loam of large aleurite struc-
ture (to fine-grained sand) of darker brownish-brown
colour, closer to light one according to the structure.
The loam is loose, friable. Thickness is 1 m. In the
northern-western part of the Quarry, in the lower part
of the Tiasmynsky loess, in the regions of the vertical
structure, there are well-developed dense carbonate
formations of elongated form of 1-3 cm diameter. The
rock in this section is looser, of shell-shaped structure.
The upper boundary is uneven, gradual, with notable
signs of influence of pedogenesis of the Prylutsky pe-
riod, the lower boundary is distinct, even.

10. ePIlkd, The Kaidatsky fossil soil. The upper
soil of the suite of the soil. It is loam of dark grey
colour, chernozem-like (close to podzolized cherno-
zem), swollen and insignificantly consolidated, large-
alleuritic, of prismatic structure, limey, homogenous,
without any carbonate inclusions, with singular mole-
hills filled with darker soil, with insignificant amount
of dendrites of manganese oxides, with distinct and
even upper boundary and gradual, tortuous lower one.
Thickness is 1.1 m (Fig. 4).

11. ePllkd, The lower soil of the suite of the
Kaidatski soils. The loam is dark grey brown, grey
with brownish-brown tone, calcareous, macroporous,
of prismatic structure, large-alleuritic, the lower part
of the layer has well noticeable illuvial horizon with
lightened area, more carbonate, with small point-like

Fig. 4. The Tiasmynsky climatolite in the section of Quaternary deposits in the north (1) and south (2™ fragment with interstade, 3 —

overall view) parts of the Quarry
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inclusions of carbonates and their pseudomicelles,
less homogenous, denser. The lower boundary is
distinct, uneven, with inflow pattern in some places.
Thickness varies 1 tol.6 m. (Fig. 4).

Somewhat different is the profile of the Kaidatsky
soil in north part of the Quarry, where it is lighter
(grey), homogenous, consolidated and overlapped
by contemporary soil (Fig. 5). The third type of the
profile is exposed in small gully in the central part of
the Quarry, and is dark grey chernozem-like loam,
calcareous, homogenous, large-alleuritic (Fig.4, 1).
This section of this gully has in particular for over
20 years served as an excellent etalon section of
the Middle-Upper Pleistocene subaerial deposits
for practical education of Geology students and for
scientific surveys. Unfortunately, it is now overgrown
with trees, while the slopes need digging and clearing

(Fig. 2).

12. vdPIldn, The Upper Dniprovsky stade. The
loam is light-pale yellow-yellow, light, loess-like,
highly calcareous, homogenous, in the upper part of
the layer is dense, calcareous down to the lower part,
fine-alleuritic, of wedge-shaped structure, with sin-
gular small swollen carbonate concretions (2-5 mm)
and thin coatings of manganese oxides. Thickness of
the layer is 3.5 m. It should be noted that the shucks-
shaped mentioned above (the Dniprovsky, Tiasmyn-
sky and others) are obviously typical loesses, and the
name “loess-like loam™ is retained exclusively based
on its traditional use during the performance of geo-
logical surveys.

13. LvdPIldn, The aeolian-deluvial and lake de-
posits of the Middle-Dniprovsky stade. The loam is
thin-layered, significantly calcareous, non-homoge-
nous. It is a thin layer of greyish-yellow (to pale aleu-
rite with light brownish tone, of coarse granulometric

Fig. 5. Section of the Middle Pleistocene deposits in the north part of the Quarry (the Kodatsky and Zavadivsky fossil

soils and the Dniprovsky loess)

Fig. 6. The upper and lower boundary of the Kodatsky soil with loess horizons
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Fig. 7 Linear erosive processes in loess of the Dniprovsky horizon

content (to fine-grained quartzintic sand). Thickness
of interlayers is irregular, varying several millimeters
to 1 cm, with uneven, often having wavy surfaces of
overlapping. Thickness is 1.8 m. Swollen, very soft,
silty soil, very porous, easily erodible by even least
water currents and on the surface of the Quarry's
ridge is composed of the lake Dniprovsky loam, there
are formed quite deep tortuous erosive washouts. It is

another attraction of the Rybalsky Quarry, important
for practical education of students (Fig. 7, 8).

14. fg,1 PIldn, Fluvioglacial deposits of the lower
stade of the Dniprovsky climatolite. Sand is quartz-
iferous, ochre-yellow, non-homogenous, bright green
and red, with signs of intense ferruginization in some
places, overlaps with light yellow, poorly sorted,
mostly fine-average grained, with interlayers of grey-

Fig. 8. Lake deposits of the Dniprovsky Age in the north-east part of the Quarry
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Fig. 9. Fragments of the section of the boundary zone of aeolian-deluvial and lake-glacial loams with fluvioglacial deposits.

yellow aleurite. In the upper part of the layer, the
interlayers of fragmented non-sorted material from
coarse sand and gravel to large-grained sand and even
boulders, the size of which varies 10 to 20 cm, rarely
to 0.4 -0.6 m. Fragments, both rounded and angular,
are different in shape and composition. These are
granites of different composition and different colour,
gneiss, migmatites, amphibolites, diabases, pegma-
tites, quartzites and vein quartz, often with epidote,
sandstones of different colour, sometimes quartz-like,
corrosive, with signs of alkalinization and ferrugini-
zation, gabbro, cataclise, diorites, etc. Thickness
of separate layers is 3-5 to 20 cm. Sands embedded
lower also contain a small amount of debris. The total
thickness of the layer is 0.7 to 1.2 m. For the first time
such a section was exposed in the Rybalsky Quarry
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back in 2000, but the presence of typical fluviogla-
cial deposits on the latitude of Dnipropetrovsk was
so unexpected that they were identified by the author
of this article to large river alluvium (Manyk, 2001a).
We mapped similar deposits much farther south, in
Kobeliaky district (the Dnipro-Donets Rift), in a typi-
cal area of distribution of the Dniprovsky (Riss) gla-
ciation. At the same time, previous articles contain no
mentions of signs of fluvioglacial deposits south of
the Borodaiivski eratic boulders. Now, there are more
than enough evidences of presence of an outwash
plain, and they are more than convincing (Fig. 9).

A question occurs whether the origin and
interlayer of red-brownish (to red) clay is located
lower in the section, under the layer of fluvioglacial
gravel-crushed stone deposits. Directly underneath



V. V. Manyuk

Journ. Geol. Geograph. Geoecology, 30(1), 100-121.

it, the section of the fifth (Zavadivsko-Dniprovska)
terrace begins, having emerged at the beginning of the
Zavadivsky period, which was before the Dniprovsky
(Riss) glaciations. At the final stage of development
of the alluvium of the terrace, the current in the river
valley significantly slowed, creating conditions for
accumulation of clayey material in the floodplain of
the Dnipro, especially in the depressions and their
periphery areas. As we know, the Zavadivsky fossil
fauna is the first beneath the surface, which has distinct
red colour, therefore it is no surprisethat it was driven
away from the drainage divide which at the time was
the arena of its accumulation. The deposits have no
obvious signs of re-deposition and development in the
complex dynamic conditions of the river valley.

The clay is bright red, dispersed coarse (to loam),
limey, with particles of carbonate concretions and in-
clusions of non-sorted and non-rounded debris mate-
rial (diorhytes, granites, quartz, sandstone) with den-
drites of manganese oxides (Fig. 10).

desquamation have created unusual, to some extent
exotic morphological forms of Precambrian rocks.
Therefore, the next attraction of the Quarry may be
considered the giant boulders, “dressed in a shirt” of
clayey weathering crust and surrounded by shells of
weathered granites of various forms (Fig. 11). It has
to be noted that on these exotic boulders, outside the
range of distribution of the Mandrykivski layers, there
are embedded brownish-green clays which overlap
these layers and the lake genesis of which could not
be considered undeniable. Nonetheless, we shall get
back to them later.

16. a> PII zv-dn the Zavadivsko-Dniprovska (the
fifth or the Hadzhybeiska) above-floodplain terrace.
Sand is quartziferous, of yellowish-grey colour, with
interlayers of grey, ochre-yellow and white, well sort-
ed, fine- to average-grained, calcareous, in the lower
part of the layer it is slightly clayey, more consolidat-
ed, of thin- and average lamination, with wavy-paral-
lel texture in some places. The layer of sands of 12 m

Fig. 10. Fragment of the layer of fluvioglacial deposits with interlayer of red-brownish clay and with low amount of non-rounded

and non-sorted debris.

15. fg, I Plldn, Fluvioglacial and lake deposits of
the Lower Dnipro stade. Sand is quartzitic, yellow-
grey, fine-grained, calcareous, poorly sorted, non-
homogenous, slightly clayey in some places, with
distinct horizontal, slightly wavy lamination, with
a high amount of small debris material of the same
composition and compound as clay (Fig. 10). The up-
per boundary is distinct and even, and in the foot the
sand layer gradually transforms into alluvium of the
terrace which was washed out during the Early Dni-
pro period.

At higher hypsometric level, this sand is
embedded directly on crystalline basement, the
rocks of which in this area of the Quarry underwent
intensive weathering. The totality of quite specific
physical-chemical processes of weathering, intensive

thickness is distinctively divided into two parts. In the
upper one, lighter more loose sands and friable sands
with notable layering dominate, while in the lower
one — darker (ochre-yellow) ones with only slightly
noticeable lamination. The layer of sands exposed by
the Quarry is bent in the central part of the section,
and the layers are embedded toward the center at an
angle of 7° in the north (from the side of the Dnipro
River) to15° in the south (Fig.12).

The presence of a thick alluvial layer formed at
the beginning of the Zavadivsky period and the relics
of red-brown Zavadivsky fossil soil in the roof of the
terrace well correlate with presumption of P. Gozhyk
(2013) that this part of the section corresponds to the
Lower Zavadivsky-Lyhvinsky interglacial period
(Holstein) (Gozhik, 2013).
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Fig. 11. Consequences of physical-chemical weathering of crystalline rocks of the Precambrian basement in the form of disinte-
gration, ferruginization, hydration reaction, dialysis, hydrolysis and desquamation

In the upper part of the terrace, in its roof, the
lateritic kirasa (ferricrete ) formed most likely in the
final stage of the development of the terrace alluvium,
when the surface ceased to be flooded with water, and
the siliceous-clayey-ferrugenous formations under-
went oxidation and densification in the climatic con-
ditions close to the tropical (Fig. 13).

Interestingly, we saw such formations in the up-
per part of the valley of the Psel River, in Shpyliv-

ka village during the study of geological relics of
Ukraine (Bezvynniy, Bobrov, Bryanskiy, Vashhenko,
Volnenko, Manyuk, ... Shevtsova, 2011). There,
siliceous-ferrugenous consolidated crusts are also
embedded on the boundary of fluvioglacial layer of
the Dniprovsky glacial and the layer of horizontally
layered sand deposits of the Psel river terrace, indicat-
ing similar conditions of lithogenesis and diagenesis
within these territories (Fig. 14).

Fig. 12 Boundary of the layer of sands of the Hadzhybeiska terrace (the fifth) of the marine deposits of the Upper Eocene (Man-

drykivski Layers)
112



V. V. Manyuk

Journ. Geol. Geograph. Geoecology, 30(1), 100-121.

Fig. 13. Siliceous-clayey-ferrugenous ferricretes (lateritic crust - kuirass) at the boundary of fluvioglacial deposits with the alluvium

of the fifth terrace.

In most of the literature sources it is considered
that such solid crusts or duricrust (ferricretes, sil-
cretes, calcretes) are characteristic exclusively for re-
gions with tropical climate and the condition for their
development is presence of a source (particularly iron
oxides), its transportation (in our case capillary el-
evation from the sands of the Hadzhybeiska terrace)
and deposition with subsequent diagenetic changes
(GanDixon, 2009). This is confirmed by the lenses of

quartzitic, white, fine-grained, well sorted sand below
the cuirass horizon (Fig. 13). Iron oxides have been
completely drifted out of the sand, unlike the ferru-
ginized laminated sands, among which it is embed-
ded.

The age and origin of the clays which are embed-
ded on the foot of the fifth terrace and on the surface
of the Mandrykivski Layers or the crystalline Precam-
brian rocks remains a subject of discussion and require

Fig. 14 Siliceous-ferrugenous rocks (ferricretes) in the upper part of the valley of the Psel river in Sumy Oblast
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Fig. 15 Red-brown, ochre-brown and dark-green clays in the foot of the fifth terrace 200 m away to the north-east, in a higher
ridge of the Quarry, and therefore on higher hypsometric level (+68 m, i.e. 10 m higher), there is an exposed fragment of geologi-
cal section ranging from the Tilihulsky loess horizon to the Kryvozhanivsky fossil soil (top-down).

additional surveys. Clays are non-homogenous. In the
places where they are overlapped by detritus-carbon-
ate rocks of the Mandrykivski Layers of the Upper
Eocene, there are reddish-brown, viscous, plastic
clays, quite dense in dry state, with glossy surfaces of
colloid coating, thin- average platy texture, with fine-
shell hydromicas on the surfaces of the jointing, with
wells and scattered fine-average grained sand, vary-
ing from thin- to large-banded, with small point-like
carbonate inclusions and dendrites of manganese ox-
ides. If we assume a marine origin of these clays, they
are underwater weathering crust (terra rossa) formed
in the processes of halmyrolysis or are the product
of dissolution of carbonate silt enriched with detritus
of mollusks, corals and other inhabitants of the warm
Mandrykivske Sea. Further south, clays are embed-
ded on rocks of the Precambrian basement and differ
by their greener colour, with characteristic alternation
of red-brown, blue and ochre clays, being more mica-
ceous, often containing a large amount of sand-gravel
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material, deformed, because often contour and thus
replicate the shape of large boulders of granites, the
space between which they fill (Fig. 11). Clays often
contain large boulders of granites, plagiogranites and
conglomerates, both significantly weathered an sol-
id, unaltered, up to 1.5 m in size. Thickness of clays
ranges 0.7 m above the Mandrykivski Layers to 6 m
on the rocks of the crystalline basement.

1. vdPItl Tilihulsky loess climatolite. Loam of
grey-pale yellow, average, loess-like, consolidated,
macroporous, of prismatic structure, loose, with car-
bonate micelles, with small amount point-like inclu-
sions of manganese oxides, with singular molehills.
Thickness is 1.8 m.

2. ePI Ib Lubensky fossil soil. Loam is brownish-
brown with reddish tone, slightly sandy, of prismatic
structure, with singular small carbonate concretions,
notably more abundant in the foot of the layer. Thick-
ness is 1.0 m.

3. vdP I sl Sulsky loess horizon (cryoturbate).
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Fig. 16 Section of subaerial deposits of the lower Pleistocene link in the north-east part of the Quarry

Loam is grey-pale yellow to pale yellow-yellow, av-
erage, loess-like, with no sand, with many carbonate
concretions of up to 15 cm. The upper boundary is un-
even, with inflow patter. Thickness is 2 m. (Fig. 16).

4. ePI mr Martonovsky fossil soil. Loam is
brown-red-brownish, heavy (heavy loam), dense, of
prismatic structure, loose, large-aleuritic structure,
with clearly seen illuvial horizon of varying thickness
(0.1 to 0.5 m). The lower boundary is distinct, highly
uneven with seepages. Thickness is 0.9 m.

5. vdPIpr Pryazov loess horizon. Loam is grey-
pale yellow, heavy, with no sand, dense, with abun-
dant particles of small carbonate concretions, with
high number of thin layers of dendrites of manganese
oxides on the surfaces, of prismatic structure, large-
aleuritic. Thickness is 1.1 m.

6. ePIsh Shyrokynsky fossil soil. Loam is dark
red-brown, darker in the middle part of the layer,
highly carbonate, with heavy loam (close to coarse-
dispersed clay), non-homogenous, in the lower part of
the layer there is a large amount of carbonate material
varying in size several millimeters to 15 cm. Clearly
noticeable illuvial horizon which with inflows is un-
evenly embedded on clays of the Illichivsky climato-
lite, Thickness 1s 1.3 m.

7. lLvd EII il Hlichivsky climatolite. Clay is
brown-grey, non-homogenous, with signs of hydro-
morphism and soil formation, pile-boulder structure,
with shimmering surfaces of colloid coating, with
large amount of dense carbonate concretions. The
upper boundary is indistinct, and very uneven, the
lower one is more notable and distinct. Thickness is
0.5 -0.7m.

8. ¢ EIl kr Clay is bright red-brown, largely-
dispersed, consolidated, slightly sandy, with large
amount of consolidated and loose carbonate concre-
tions which often form vertical column-like forms
with dendrites of manganese hydroxides. Thickness
is 4 m. Lower down, large granites are embedded.

West of the described outcrop, there is a fragment
of section, the structure of which is not similar to the
plots located nearby. Despite the fact that the section
looks natural, it is hard to explain it logically (Fig.
17). If it was a shift of the block with another struc-
ture, than how can one explain the signs of conjunc-
tion of different regions, which are not seen? In that
case we would have to solve the problem of unnotice-
able signs of conjunction of various regions. Perhaps,
the causes were neotectonics, or glaciodislocation of
frozen blocks in the Dniprovsky period. It has to be
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Fig. 17. Fragment of the structure of Quaternary deposits with signs of disorder of initial embedding

noted that the relief there is notably different. The
layers are inclined 18 °, while being embedded hori-
zontally in the first described fragment. The question
remains open to discussion.

Higher and north of the main section (in Fig. 4),
there is a fragment of ridge which gives us a great
opportunity to see the Upper Pleistocene part of sub-
aerial deposits of the Quaternary system (Fig. 18).

1. vdPIII p¢ Prychornomorsky climatolite, Loam
is yellow-pale yellow, light, loess-like, macroporous,
calcareous, fine-aleuritic, of shell-shaped structure,
humus in the roof, with uneven gradual boundary.
Thickness is 1.1 m.

2. ePlI df Dofinivsky fossil soil. Loam is light
brown, light, homogenous, highly calcareous, loose,
fine-aleuritic, of prismatic structure, with small car-

bonate concretions in the lower part of the layer. The
boundary are distinct, even Thickness is 1.2 m.

3. vdPIIl bg Buzky loess climatolite. Loam is
light-pale yellow, loess-like, loose, macroporous, ho-
mogenous, slightly consolidated, of prismatic struc-
ture, with a small number of thin coatings of manga-
nese oxides. Thickness is 2.5 m.

4. ePIIl vt Vytachivsky fossil soil. Loam is
brownish-brown with reddish tone, light, of prismatic
structure, in the lower part of the layer has a clearly
seen illuvial horizon, lightened, with small carbonate
concretions.

Lower down, there is the Udaisky loess, de-
scribed above, see Fig. 3.

However, the most exotic and non-exposed se-
crets of the Rybalsky Quarry are the outcrops of the

Fig. 18 Section of subaerial deposits of the Upper link of the Pleistocene
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Fig. 19. Section of the “Mandrykivski” Layers or whim of lithogenesis and sedimentogenesis in the outcrop near the spring

Mandrykivski Layers in the north-west part of the
Quarry near the well-known source, the lithological
— facies composition of which has always encouraged
researchers to provide it with status of re-deposited.
Only in the study by Berezovsky A. A. and Demiano-
va V. V. (Berezovsky, 2014), for the first time was this
“mixtite” — it is hard to call it otherwise - described,
being considered as a facies of the Mandrykivske Sea.
These outcrops definitely need to be studied and dis-
cussed further, which is beyond the scope of this pub-
lication. However, the importance of the question and
the necessity to solve it demands illustrative material
of this section, which I leave with no comments.

Conclusions.

Many articles have focused on the geology of the
Rybalsky Quarry, although it continues to surprise us
with new discoveries. The main attraction of the Quar-

ry is still the Mandrykivski Layers with unique fossil
fauna of the Upper Eocene. However, in 2019, for the
first time in over 50 years, a new fragment of the
layers was exposed, which expands the possibilities
of collection and study of the fossil remains of one of
Europe’s best localities of the Priabonian stage depos-
its. Moreover, for the first time the upper boundary of
the Mandrykivski Layers, which was earlier inacces-
sible, was exposed. Extremely informative is the sec-
tion of subaerial and subaqueous deposits of the Qua-
ternary system, represented in the Quarry by all links
and 18 climatolites ranging from contemporary soil to
the Kryzhanovsky horizon. In 2019, for the first time,
in all the thickness, the 5 above-floodplain terrace
(Hadzhybeiska) was exposed. Its roof was found to
have clear signs of activity of fluvioglacial currents in
the period of the Dniprovske glaciations. In the lower
ridges of the Quarry, there is seen the complex evolu-
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tion of composition of Precambrian crystalline base-
ment due to numerous folded deformations and multi-
phase nature of development of various components
of the complex. Palingenic and injected metasomatic
migmatites are widely distributed with a great diver-
sity of texture types and numerous relic fragments
of supracrystalline substrate. Distinct signs of influ-
ence of the Dniprovske glaciation on the upper part of
the Mandrykivski Layers were observed in the south
part of the Quarry, where the structure of the section
was deformed to such an extent that determining the
genesis of deposits, lithological-facies peculiarities,
paleogeography and the conditions of sedimentogen-
esis need additional special surveys. As earlier, the
relevant question is still the protection of the territory
of the Quarry with the outcrops of the Mandrykivski
Layers and best fragments of the Quaternary deposits
with the purpose of creation of geological relic (ge-
osites) of nature of national significance (Bezvynniy
et al, 2011).
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Received: 17.12.2020 Abstract. Branding of the protected area plays an important role in the process of forming
Received in revised form: 14.01.2021 its attractiveness for the currently growing target market, focused on the consumption of
Accepted: 21.01.2021 environmental friendliness as an unconditional value. The results of literature review show

that when the object of branding is a national nature park or any other nature protected object,
intangible elements of the brand (affirmative opinions, beliefs and associations) must be based on the principle of eco-friendliness,
and the tangible elements (logo, colours, design, semantic and visual effects) reflect this primary value. This is the so-called eco-brand
which provides the ecological prerogative of the positioning object. The aim of this paper is to analyze the tangible and intangible
components of Ukrainian national nature parks brands, their current market positioning, as well as the development of proposals for
eco-brand formation of the national parks. The study tested text and visual content of Internet sites of Ukrainian national natural parks
and analyzed their logos. As a result, most logos can be considered environmentally friendly due to their symbology and colours, but
Internet sites are not customer and business oriented, and don’t reflect the national parks positioning. Based on a sample of 87 onl
site visitor survey responses, two factors, the brand awareness and national parks attendance, were estimated. The brand awareness
of Ukrainian national parks is critically small and directly depends on the brand awareness. The hiding place survey suggested that
consumers do not identify national parks by logos and do not differentiate them well. The results of the survey of potential visitors
were supported by the results of interviews with 8 ecotourism experts. Experts identified the current positioning for each national park,
proposed changes in positioning based on the characteristics of the landscapes and hydrology, flora and fauna. Based on the findings
of this study, the authors proposed a set of measures for the brand positioning of national parks within the framework of the eco-brand
concept. The authors insist that the development of a national nature park in the concept of an eco-brand also means the introduction of
environmental standards of landscape design, appropriate behaviour patterns and management approaches.

Keywords: brand, positioning, national nature park, tourism destination, ecotourism

IIpupon0oXopoHHa TEPUTOPist IK TYPUCTHUYHUI eKOOpeH T
C. B. Menpanuenko!, I I. Muxaitnigenko!, FO. B. 3abanaina!, C. C. Kpasmos!, C.C. CkakoBchKka?

'Kuigcbkuil HAYIoHATbHULL MOP206ebHO-eKOHOMIYHULL YHisepcumem, Kuis, Yipaina, melnichenko@knute.edu.ua
’Hayionansnuil ynisepcumem 600H020 20Cno0apcmed ma npupoookopucmysanns, Piene, Ykpaina

AHoTanisi. BpeHIUHT TPUPOTOOXOPOHHOT TEPUTOPIT SIK TyPUCTHYHOI IECTHHALIT BiJIirpae BaXXIIMBY poIib y Tporieci popMyBaHHS HOTO
aTPaKTHBHOCTI JUISl 3pOCTAI0YOr0 HHHI IIJIbOBOTO PUHKY, OPIEHTOBAaHOTO Ha CHOKMBAHHS €KOJOTIYHOCTI SIK O€3yMOBHOI LIHHOCTI.
Bcranosneno, o y BUMaaKy, Ko 06’ €KToM OpSHIUHTY € HalllOHaJIbHUH MPUPOAHIN apk abo Oyib-sKUi 1HIINHA MPUPOTOOXOPOHHNUIT
00’eKT, HeMaTrepianbHi eJeMeHTH OpeHay (CTBepUKyBajbHI JyMKH, IMIEPEKOHAHHS Ta acomialii) 000B’S3KOBO MArOTh T'ypPTyBaTHCh
Ha npuHImmi eco-friendliness, a MarepianbHi (JIOTOTHII, KOIBOPH, TU3aiH, CEMAHTUYHI Ta Bi3yanbHi e(ekTH) — BiAOMBaTH IO mEp-
BUHHY LIHHICTb. BHU3Ha4eHO, 1110 B HAYKOBIil JiTepaTypi TaKHil MiAXil HA3UBAETHCS eKO-OpPEHIMHIOM. 3aBIAHHIMH L€l CTATTi CTaB
aHai3 MarepiaJbHUX 1 HeMaTepiaJbHUX CKJIAaJOBHX OpPEHIB HAI[IOHAJIBHHUX MPUPOAHUX MapKiB YKpaiHH, iX MOTOYHE PHHKOBE I10-
3WI[IOHYBaHHS, a TAKOX PO3POOJICHHS NPONO3MLIH Mmoo (GopMyBaHHS €KO-OpeH[IB OKpEeMHUX HAIIOHAIBHHX HMPUPOIHHUX IapKiB.
[Ipoanani3oBaHO KOHTEHT IHTEPHET CalTIB HAIIOHAIPHUX MPUPOTHHX IMAapKiB YKpaiHW, IX JIOTOTHITH Ta ITOTOYHE MO3UIIiIOHYBAaHHS.
BcranosneHo, 110 NO3UIIIOHYBaHHS OLTBIIOCTI 3 HUX € Hee()eKTHUBHUM BHACIIIOK cl1abKoi caMoineHTH]IKAIil Ta BIICYTHOCTI KIIIEHTO-
Ta Oi3Hec- OpieHTallil OCHOBHUX JIpaiiBepiB OpeHiB. BusBIEHO, 1110 €KOIOTIUHICTh OpeH/y SIK Taka MOXKE 1 He IPU3BECTH 10 0a)KaHOTO
e(eKkTy — 3pOCTaHHsI aTPaKTHBHOCTI 00’€KTa, SIKIIO caM OpeHi He BiJOMBAa€ HOro aBTEHTHYHICTh, HE BHUKJIMKAE Y MOTCHIIIHHOTO
BiJIBilyBaua cTasi acorianii, 0a)kaHHs OTPUMATH YHIKaJIbHUI TOCBiI, HE jornoMarae ineHTudikyBat Ta qudepeniiroBatu. OuiHeHO
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NoiH(GOPMOBaHICTh LITBOBUX ayANTOPIH Mmoo AisutbHOCTI Ta cnenudikn HIIIT Ykpainu ta piBens BiizHaHHS OpeH/iB. BuaineHo rpymnu
HIIII 3a xpuTepisiMu «BiJBiyBaHICTE-1H(POPMOBAHICTEY, OXapaKTEPU30BAHO 3aKOHOMIPHHUIT 3B’ 130K MK IIMMU KpHUTepiaMu. MeTorom
EKCIIEPTHOI OIIIHKM BHU3HAYCHO PEKOMEHIAIN{ IION0 EKOJIOTIYHOTO ITO3UIIOHYBaHHS OpEHMIB HAIlOHAJBHUX MPUPOTHHUX IapKiB
VYkpainu. 3armponoHoBaHO 3aX0IH OO0 BaJOPH3aIlil Ta MPOCYBaHHS €KO-OpEHiB MPHPOAOOXOPOHHUX TepUTOpiil. BceranosneHo, mo
PO3BUTOK HAI[IOHATIBEHOIO IPUPOAHOTO MAPKY B KOHLETLIT eK0-OpeH/ly Y TOMY YHCIIi 03HaYa€e 3alpOBa/HKEHHS eKOJIOTIYHIX CTaHIapTiB
naHaadTHO-ITPOCTOPOBOTO ANU3alHY, BIMOBIIHUX MOJIENICH MOBEAIHKY Ta MIXO/IB YIIPaBIiHHS.
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Introduction.

The question of the development of tourist flow
concentration zones has been reflected in numerous
publications by representatives of British, Austra-
lian, New Zealand, European and American scien-
tific schools, in particular, N. Leiper, P. Pierce, W. D.
Dwyer, and H. Kim, D. Bukhalis. They introduced
into the scientific literature and developed the con-
cept «tourism destination» as a business unit. They
see this term as territorial objects of different levels,
scale, and specialization which have become or may
become centers of concentration of tourist flows due
to certain factors and the presence of specialized in-
frastructure. The first studies in which national parks
and other nature conservation sites were considered
as tourist destinations appeared back in the mid 1970s
(E. Moyo, 1975). In the mid-1990s, due to the actu-
alization of ecotourism research, national parks were
perceived in the scientific literature as a special kind
of the tourism destination (D.L. Andersen, 1994).

The view of the destination as a business unit that
exists under the laws of business (Ritchie, JR Brent,
Crouch, GI, 2003) forms the basis for sustainable de-
velopment of the territory, as it allows one to ensure
a certain balance of economic and environmental in-
terests of all participants in the tourism process with-
in the destination: enterprises in the field of tourism
and related industries; state or local authorities; local
communities; public organizations; tourists. Besides,
it allows one to apply to destinations traditional busi-
ness tools, including marketing ones.

Tourism destination marketing traditionally fo-
cuses on forming and maintaining the appropriate im-
age of the latter to ensure the growth of tourist visits
(Marija Jankovic, Andela Jaksi¢ Stojanovi¢, 2019).
When the object of marketing is a protected area —
an ecotourism destination — the marketing balances
between the tasks of attracting visitors and encour-
aging them to a certain pattern of behaviour that is
optimal for the preservation of ecosystems (Lisa M.
King, Stephen F. McCool, Peter Fredman, Elizabeth
A. Halpenny, 2012). Marketing management of pro-
tected areas, based on the principles of sustainability,
can significantly improve the preservation, protec-
tion, promotion, and valorization of both natural and
cultural heritage and it is a necessary prerequisite for

their successful positioning in the global tourism mar-
ket (Kvach, Koval, Hrymaliuk, 2018.).

Branding is the best tool for this task. Back in
the early 1990s , specialists began to discuss the ad-
missibility of the spread of branding technology in
areas (Kotler, P., Gertner D., 2002). Further research
has shown the scientific and practical feasibility of
analyzing a tourist destination within the paradigm
«destination — brand» if the brand is understood as
a unique and competitive image of the territory for
domestic and international positioning as an attrac-
tive place to visit (Davidenko, N. 2009). In fact, the
territory of any configuration gets the opportunity to
become a brand only when a potential visitor begins
to identify it as some unique integrity, a theoretically
possible place to travel. Thus, in the late twenticth
century, it became clear that a destination with its
resources, infrastructure, activities can be branded,
although not as a regular product, but rather as a cor-
poration (Ritchie, JR Brent, Crouch, GI, 2003) and,
accordingly, can have its own brand capital with all
its attributes.

Using branding strategies aimed at recognizing
a specific protected area, its identification, and differ-
entiation, it can attract the emotions of visitors and
encourage positive behaviour, as well as improve
the management of protected areas and ensure their
sustainable development (Marija Jankovic, Andela
Jaksi¢ Stojanovi¢, 2019; Popova et al., 2020). Rep-
resentation of a destination in the minds of visitors
in modern research is seen as the main reason for
choosing one particular object of visit over another,
and therefore it can be used in competition at the re-
gional level (L Dwyer, 2018). Highlighting the need
to form several related associations to form a brand
identity, Kotler & Keller (2008) emphasize the com-
plex structure of the brand, which is formed not only
of tangible but also intangible and visual elements.
The intangible effects used for the presentation (Kot-
ler & Keller, 2008) include the experience of visitors,
their affirmative thoughts, beliefs, and associations
(Echtner & Ritchie, 2003; Trung & Khalifa, 2019).
This creates an emotional connection with a certain
place, the desire to visit it, tell about it, and so on.
Branding plays a key role not only in the promotion
but also in the preservation and valorization of a cer-
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tain area (Marija Jankovic, Andela Jaksi¢ Stojanovié,
2019) because the presence of strong beliefs about
the need to protect the territory, careful treatment of
ecosystem components also have a positive effect on
visitors’ behaviour during their stay within the pro-
tected area. Lisa M. King, Stephen F. McCool, Peter
Fredman, Elizabeth A. Halpenny identify three main
strategies for branding protected areas: brand aware-
ness, visitor education, and brand building (2012).
Building brand equity means creating stable emotion-
al experiences, and educating visitors — encouraging
positive behaviour models before, during, and after
visiting the destination.

In the late 20th century, Aaker (1996) and Kotler
(2000) introduced the definition of «green brand» as
a set of attributes and benefits associated with the re-
duced impact of the brand on the environment and its
perception as environmentally friendly and in 2009
R.J. Orsato scientifically substantiated the concept of
eco-brand, which was based on the differentiation of
brands based on ecological prerogatives (R.J. Orsa-
to, 2009). This became possible due to changes in the
cultural paradigm of society, and thus in consumer be-
haviour patterns in which environmental motivation
is increasingly prevalent. Tourism has certainly been
affected by this trend. Research shows that social and
psychological desire to escape from habitual life and
the search for natural sites — natural monuments, in-
teresting landscapes, the ability to observe or simply
immerse oneself in wildlife, etc., become increasingly
a criteria of travel choices. (Phan, T.K.L, 2010).

In practical terms, the concept of eco-branding
was implemented at the regional level in Denmark
and Sweden (eco-positioning of Copenhagen and
Malmo), Spain (Barranca del Rio Santiago), eco-re-
sort «Ecopod» in the Scottish Highlands. The ques-
tion of what makes a territorial or destination brand
into an eco-brand, is now the subject of a lively debate
among urban practitioners, but the scientific commu-
nity hardly raises this issue. The situation is exacer-
bated by the idea of the apriority of environmental
friendliness of the national park brand as a nature re-
serve.

Therefore, the identification of possibilities of
application of the concept of eco—brand regarding
the branding of national parks not only as ecologi-
cal territories but also as special tourist destinations
of Ukraine is extremely relevant.

In this context, the objectives of this article are:

- to define the essence of the concept of the

“eco-brand” in relation to nature reserves;

- to analyze the material and intangible

components of the brands of the national
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parks of Ukraine, their current market
positioning;

- to develop proposals for the formation of
eco-brands of separate NPs.

Materials and methods of investigations.

The methodology of the study included a visual
comparative analysis of the logos of 44 national parks
in Ukraine; content analysis of digital information
platforms on which the national parks of Ukraine
are represented, including tourist topics; a survey of
87 representatives of the target market of ecological
tourism in Ukraine concerning their perception of
the tourist product of Ukrainian National Tourism
and identification of logos by the hiding place tests;
interviewing 8 experts of the market of ecological
tourism, including by the association method, to
determine the current and future positioning of the
Ukrainian NPs.

Results.

Currently, 1,111,600 hectares, or 1.84 % of the
area of Ukraine, are classified as national parks — en-
vironmental, recreational, cultural and scientific and
research institutions of national importance — estab-
lished for the purpose of preserving, reproducing, and
effective use of natural complexes and objects with
special environmental, health, historical, cultural,
scientific, educational, and aesthetic value (Law of
Ukraine «On the Natural Reserve Fund of Ukraine»).
«The creation of conditions for organized tourism,
recreation, and other types of recreational activities in
natural conditions while respecting the regime of pro-
tection of protected natural complexes and objectsy is
one of the tasks of the National Natural Park accord-
ing to Ukrainian Law.

The State Strategy for Regional Development
of Ukraine for 2021-2027, approved by the Cabinet
of Ministers of Ukraine on August 5, 2020, Ne 695,
defines tasks in the direction of «Formation of a net-
work of protected areas, conservation, and reproduc-
tion of ecosystems, improving the environmenty (4)
stimulating the economic environment and the de-
velopment of employment around protected areas,
including the definition of an economic mechanism
to stimulate the creation and preservation of protected
areas; (9) expansion of the network of tourist routes
and trails within the territories and objects of the na-
ture reserve fund of Ukraine with the use of interac-
tive methods; (10) promoting public awareness of
ecosystem services, including recreational and educa-
tional services, which are available in protected areas,
with aim of developing related business, and as the
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part of the task in the field of «Development of do-
mestic tourism» — (14) promoting the formation of re-
gional tourism brands and their promotion within the
country and in the international arena, including using
modern digital and network technologies (Strategy).

For the 52 national natural parks (NNP) of
Ukraine this means the necessity of tourist product
improvement, activation of marketing activities, in-
cluding the development of branding strategies. Cur-
rently, 47 out of the 52 NNPs in Ukraine are charac-
terized by the presence of certain signs of the brand’s
material component — logos, symbols, colours, ele-
ments of presentation design, but none of them has a
holistic identity.

At the first stage of the study, the content analysis
of websites of national nature parks (NNPs) of Ukraine
was done, as they are the main sources of the brand’s
material component, in order to determine their self-
positioning. The analysis showed that the structure
of the websites and textual content of 35 NNPs out
of 38 that have a website («Azov-Sivas», «Holy
Mountainsy», «Meotiday», «Nobel», «Dvorichansky»,
«Sinogora», «Beloozersky» , «Kreminski Lisi»,
«Boykivshchynay, «Zalissia» do not have a website,
while «Kamyanska Sich», «Khotynsky» use pages on
social networks for this purpose), are quite standard,
formal and do not reflect the specifics of the institu-
tions. This means that the most important marketing
tool of most NNPs does not fulfill its direct task (the
park positioning) and does not apply to the target mar-
ket. The language of the sites can be described as of-
ficial, the content is poorly optimized in the searching
system. Often the reason for creation of the park , its
main tasks are reflected only in the constituent docu-
ments and are not obvious for visitors. In fact, the
parks features that could become the basis of brands
are hidden in the structural components of «Floray,
«Faunay, «Landscapes», etc., the texts of which are
written in a scientific style. The tourist component of
the NNP activity is usually reflected in the sections
of websites dedicated to tourist routes, eco-trails and
recreational areas. Only there can a potential visitor
find information about the park's features, and there-
fore the reason for the visit. Exceptions are NNP «Po-
dilski Tovtry» and Carpathian NNP, whose websites
are the most customer and business oriented and least
formal, obviously aimed at attracting visitors. A sign
of an effective marketing policy of national parks is
also the availability of information about the activi-
ties of visitor centers, which obviously perform the
functions of the Destination Marketing Organization.

In order to formalize the results, the NNP web-
sites were evaluated on a 5-point system from four
positions: (1) the target audience orientation; (2) the

orientation of the text content of the website to visi-
tors; (3) attractive visual content; (4) attractive design
that reflects the environmental friendliness of the ob-
ject (Table 1).

The visual comparative analysis of the logos of
national parks of Ukraine conducted at the second
stage of the research revealed that the graphic and
colour components of their logos quite accurately re-
flect the specifics of institutions and their assets, such
as typical landscapes, hydrological objects, flora, and
fauna, etc. Almost all of the studied logos are made in
natural colours (table 2) and can be assessed as eco-
logical. At the same time, almost all logos do not cor-
respond to the modern trends of graphic design. They
are overloaded with images and meanings and often
are extremely similar to each other, which clearly
complicates identification. The logos of Verkhovyn-
sky National Park and Skole Beskydy; «Synevyr»
and «Holy Mountains»; «Kremenets Mountainsy,
Carpathian and Shatsk NNP substantially repeat each
other, and some symbolic images are duplicated.

The method of penetration tests used in the survey
of representatives of the target market of ecological
tourism (the sample included 87 people aged from
20 to 55 years who travel at least twice a year and
determine the motive for their trips as gaining an idea
of natural and cultural and ethnographic features of
the area), showed that the target audience does not
identify logos with specific environmental objects.
However, based on their own tourism experience,
the respondents made reasonable assumptions about
the logo of some NNPs. For example, most such
speculations were made about logos depicting a
bear («somewhere in the Carpathians»), a dolphin
(“connected to the sea”) and river valleys (mostly
respondents fluctuated between the Dniester and the
Southern Bug).

Among the 44 proposed names of NNPs, respon-
dents named only 10 («Carpathian», «Shatsky», «Po-
dilsky Tovtry», «Bug Guard», «Synevyr», «Olesh-
kivsky Sands», «Holy Mountains», «Holosiivsky»,
«Dniester Canyon» , «Kremenets Mountains») as
well known. 81% of respondents visited NPP «Kar-
patsky», «Synevyr» — 79%, «Shatsky» — 78%,
«Goloseevsky» — 75%, «Bug Guard» — 49%, «Holy
Mountains» — 32%, «Kremenets Mountains» — 21%,
«Podilski Tovtry» and «Oleshkivski Pisky» — 17%
each, «Dniester Canyon» — 7% of respondents. A sig-
nificant percentage of respondents visited some NNPs
without associating them with a specific type of pro-
tected area.

This applies to the above—mentioned ten NNPs,
as well as to the parks «Dzharilgatsky», «Azov-Siv-
asky», «Beloberezhya Svyatoslava», «Hetmansky»,
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Table 1. Rating of customer orientation parameters of websites of national natural parks of Ukraine

ERE s |3 |2
The name of national nature park ';gn § § g, The name of national nature park .§° § E -

Z = - 28 a = > a
Getmanski 2 1 4 4 «Goloseevsky» 3 4 5 4
Ichnianski 1 1 2 1 «Hutsulshchyna» 3 4 5 5
Carpathian 5 4 5 4 «Tsumanska Pushcha» 4 3 3 4
Dermansko-Ostrozky 4 3 4 3 «Desnyansko—Starogutsky» 4 3 3 3
Mezynsky 4 3 4 4 «Dzharilgatsky» 3 3 2 3
«Bug Guard» 5 4 5 5 « Dniester Canyon» 2 2 2 3
«Great Meadow» 1 1 1 1 «Carmelite Podillya» 3 3 4 4
«Verkhovyna» 3 3 3 3 Kremenets Mountains 3 5 5 5
«Vyzhnytskyi» 1 1 1 1 «Galician» 4 4 3 4
«Cheremosky» 1 2 2 2 «Slobozhansky» 3 3 4 4
«Shatsky» 1 2 5 5 «Tuzla estuaries» 3 3 4 4
«Nizhnosulsky» 1 3 3 4 «Lower Dnieper» 3 4 4 3
«Oleshkiv sandsy» 2 2 4 3 «Gomilshansky forests» 4 5 2 2
«Pyriatynsky» 4 3 5 5 «Lower Dniester» 1 1 2 2
«Northern Podillya» 1 2 1 4 Uzhansky 5 3 3 4
«Podilsky Tovtry» 4 4 5 5 Yavorivsky 3 3 3 3
«Pripyat-Stokhid» 4 3 5 3 «Skole Beskids» 4 4 3 3
«Synevir» 3 2 3 3 «The Enchanted Land» 1 2 2 2
«Small Polissya» 1 3 4 4 «White Coast of Svyatoslav» 3 3 3 3

«Verkhovynsky», «Vyzhnytsky», «Hutsulshchynay,
«Pyryatynsky», «Khotynsky», «Tuzla Estuariesy»,
«Magic Harbor», «Cheremosky», «Uzhansky», «Pri-
azovsky», «Yavorivsky», «Skolivsky Beskids», «En-
chanted Land», «Small Polissya», «Slobozhansky»,
which clearly testifies to the weakness of the brands of
the mentioned NPP institutions, the lack in the minds
of visitors of the connection between the destination
and its ecotourism specialization.

The names of many NNPs are associated ex-
clusively with geographical names («Ichnyansky»,
«Dermano-Ostrohy, «Desnyansko-Starogutsky»,
«Lower Dnieper», «Lower Suldrovsky», «Pyriatyn-
sky», «Northern Podillya», «Pripyat-Stokhid»); fa-
mous names («Carmelite Podillyay), tourist sites
(«Kamyanska Sichy», «Mezynsky»). Respondents rec-
ognize only certain markers indicated in the names
of the parks, but do not show interest in visiting.
The level of awareness of respondents about the six
NNPs (Tsumanska Pushcha, Velykyi Luh, Dvorichan-
sky, Meotida, Nobelsky, Gomilshansky Forests), and
therefore the desire to visit them, was zero.

The results of the survey allowed us to position
the NNP of Ukraine according to the criteria of
«reputation among target markets» and «attendance»
(Table 3).
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As shown in the table, the intentions of poten-
tial consumers to visit directly depend on the level of
awareness of tourists, and therefore on the marketing
policy of the parks.

Elements of the traditional method of associa-
tions for branding research were used in the survey.
According to it, respondents named associations that
are associated with the attractiveness of these NRF
objects. These associations could include natural sites
(landscapes, hydrological sites, representatives of
flora and fauna), place names, cultural and historical
sites, including events that take place on the territory
of the NNP, as well as celebrities whose names are
associated with the territory.

The study showed that currently the strongest po-
sitioning is that of the Shatsk NNP, which is clearly
associated with the lake Svityaz, eel fish, Ukrainian
Polissya as such. At the same time, if the positions of
Shatsk NNP have been determined historically, then
the strong positioning of NNP «Podilski Tovtry» is
the result of special marketing efforts.

Specially created messages (such as «there are
similar geological structures of relief only in the
USA and Great Britain; Podilsky Tovtry Park is the
largest in Europe; the highest bridge in Ukraine for
bungee jumping is in Kamyanets-Podilsky; Atlantis
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Table 2. Logos of national natural parks of Ukraine

NNP «Podilsky NNP «White Coast
NNP «Getmanski» | NNP «Desnyansko- NNP «Mezynsky»
Starogutsky» Tovtry» NNP «Hutsulshchyna» of Svyatoslav»
NNP «Ichnianski» NNP NNP «Pripyat- NNP «Holy
«Dzharilgatsky» Stokhid» Mountains» NNP «Khotyny NNP «Bug Guard»
NNP «Carpathian» [ NNP «Tuzla Estuar- [ NNP «Synevir»  [NNP «Carmelyukove
ies» Podillya» NNP «Vyzhnytskyi» NNP «Great
Meadow»
NNP «Tsumanska | NNP «Kamyanska
: NNP NNP «Kremenets ; NNP «Verkhovynay
Pushcha» Sich» «Slobozhansky» Mountainsy NNP «Dniester Canyon» y
»
NNP «Magic Har- NNP «Oleshkiv . Lower Dniester
bor» Sands» «Dvorichansky» Yavorivsky NNP | \Np «Lower Dnieper» NNP
NNP «Cheremosky)) NNP «Pyriatynsky» NNP «Dermansko- NNP «Skole NNP «Nizhnosulsky» NNP «Golosiivsky»
Ostrozky» Beskids»
»
. NNP «Northern i NNP «Gomilshansk:
NNP «Galician» Y
NNP «Meotida» Podillya» Shatsky NNP Forests» NNP «The
Enchanted Land»

Cave is the only one in Khmelnytsky region, which
has 3 tiers») can become a model of positioning for
other parks. The position of the «Holy Mountainsy»
National Nature Park is clearly defined, but only due
to the presence of the Holy Dormition Svyatogorsk
Lavra on its territory and the chalk landscape, which
is much praised in the media.

The group of NNPs located in the Ukrainian
Carpathians is also in one way or another associated
with this physical-geographical area. The Carpathian

NNP, the Verkhovyna NNP, the Hutsulshchyna NNP,
the Synevir NNP, and to a much lesser extent the
Uzhansky, Vyzhnytskyi, Cheremosky NNPs, and the
Skolivsky Beskydy NNP are currently connected not
only with the Carpathians themselves but also with
hydrological objects (Lake Synevyr, the Vyzhnytsia
River, and the Cheremosh River); the brown bear,
whose image has also recently been associated with
the region; trout ; edelweiss flowers and red rue;
the culture of the Hutsuls and other ethnic groups.
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Table. 3. Positioning of NNP of Ukraine according to the criteria «the level of awareness» and «the probability of attendance»

Importantly, the identification of Carpathian national
parks within the group is often quite vague — if Synevir
Park is associated with the lake of the same name, the
positions of the other parks are not differentiated.
The positions of the next group of national nature
parks have been identified in the minds of target audi-
ences quite recently and are now quite strong — NPP
«Dzharilgatsky» (spit of the same name, dolphins),
«Oleshkiv Sands» (semi—desert landscape), «Dnies-
ter Canyony (canyon), «Bug Guard» (Migiy Rapids).
The positioning of the rest of the NNPs of
Ukraine is associated exclusively with the words
in the name, and not with the features of the parks.
Thus, Azov—Sivasky, Priazovsky, Nizhnedneprovsky,
Nizhnednistrovsky, Nizhnosulsky, Holosiyivsky,
Dermansko—Ostrozky, Desnyansko—Starogutsky,
Yavorivsky, Ichnyansky, Pyryatynsky NNP, as well
as NNP «Northern Podillya», «Small Polissya»,
«Slobozhansky», «Khotynsky», «Pripyat—Stokhidy,
«Kremenets Mountains» are associated exclusively
with toponyms that sound in the name; NPP «Meo-
tida» — with Ancient Greece, NPP «Karmelyukove
Podillya» and « White Coast of Svyatoslav» — with the
corresponding characters. Other nature parks do not
evoke any lasting associations in potential visitors.
Thus, itis possible to state with confidence that the
specifics of most national parks in Ukraine nowadays
are incomprehensible to tourists, and their perception
is largely unrelated to the ecological dominant. The
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main activities of parks, protected landscapes, natu-
ral monuments, flora, and fauna remain available for
understanding only by a narrow circle of specialists.

Interviews with 8 experts of ecological tourism
were aimed at determining the existing and potential
positions of NNP brands in Ukraine, as well as the
strengths and weaknesses of their marketing strate-
gies. Tourism specialists, familiar with the specifics
of all NNPs of Ukraine were selected for the in-depth
interviews. During the interviews, the experts named
the main expectations for visiting the parks for the
target market, as well as the features of the NNPs that
could become the basis of tourist brands in the future.
It is worth noting the high level of coincidence be-
tween the associations obtained during the survey of
visitors and the typical expectations cited by experts
as reasons for travel.

The proposals of experts on the long-term posi-
tioning of the NNPs of Ukraine are given in Table 4
(while preserving the vocabulary of experts).

The interview also showed those aspects of the
activities of national nature parks of Ukraine, which
could, in the long run, become the basis of their brand-
ing as objects of the nature protection fund, to fix the
territories in the minds of consumers in the context
of clear symbols. It is worth noting that positioning
the national nature parks within the concept of eco-
branding, experts emphasized such objective features
as landscape features, unique natural objects, rare
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species of flora and fauna, etc. There were also those
activities in the parks that could be perceived by the
target market as benefits from visiting: escape from
everyday life; photography; a place for a weekend;
fishing; some sports activity; observation of birds, an-
imals or natural phenomena. 5 of the 8 experts noted
that reminding visitors about the “ecological purity”
of the landscape or some individual components, the
healing properties of air, water, etc., the mythologizing
of the area arouse additional interest from visitor's
side.

But, even the presence of strong material compo-
nents of the brand, expressed in effective positioning,
does not make the brand of the national nature park an
eco-brand. The analysis of the concept of eco-brand-
ing of individual territories of Europe allowed one
to adapt their basic principles to the specifics of the
national nature park. Thus, the generalization of con-
cepts shows that at the territorial level the traditional
components of the brand should be supplemented by
three components: ecological landscape-spatial de-
sign, the formation of ecological models of human
behaviour within the territory, and the application of
the ecological approach in facility management (Ste-
fan Anderberg, Eric Clark, 2013 ). Each of these com-
ponents can be applied to the national nature park,

which will enhance the environmental friendliness of
the brand. Thus, the National Parks Service of USA
(NPS) has developed national park design standards,
which include Architectural, Automated Controls,
CAD & Drafting, Civil (Site) & Environmental En-
gineering, Cost Engineering & Estimating, Electrical
Engineering, Fire Protection Engineering, Landscape
Architecture standards. Lighting, Mechanical Engi-
neering, Occupational Health & Safety, Engineering,
Structural Engineering, Sustainability (https:/www.
nps.gov). In addition, the organization is guided by
a special policy document the NPS Management
Policies (The Guide to Managing the National Park
System, 2006), which includes sections on the man-
agement of cultural resources, management of natu-
ral resources, use of parks and park structures, and
many others, many of which directly affect the design
and construction of facilities. Regarding the forma-
tion of ecological models of behaviour, some interest-
ing concepts of eco-tourism management, including
the concept of Limits of Acceptable Changes (LAC),
Recreation Opportunity Spectrum (ROS), Visitor
Experience and Resource Protection (VERP), Recre-
ational Impact Management (VIM), Tourism Optimi-
zation Model (TOMM), Tourism Futures Simulator
(TFS), etc., are developed and implemented in differ-

Table 4. Proposals for long-term positioning of national natural parks of Ukraine

Name of NPP

Natural objects

Anthropogenic objects

1 2

3

Azov-Sivasky NPP

Oz. Sivash, the islands of Churyuk and Kuyuk-Tuk -

tract «Mayatskaya dacha»

Hetman NNP Vorskla River Valley, bird common crane Hetman’s capital
Ichnia NNP Valley of the Uday River and Ichenka Ichnia ceramics
Carpathian NNP Waterfalls, lakes Maricheyka and Nesamovyte, rocks and caves | Hutsul culture
Dovbush
Hoverla mountains, Pip Ivan, Hamster, Rudyak swamp,
Kedruvate tract, rhododendron plant (red root)
NPP «Tsumanskaya Bison animal, tract «Devil’s swampy, peat mud and mineral Heritage of the Radziwills
Pushchay waters, oak forests
Mezynsky National Nature | Desna River Valley, Khotyn Lakes and Horseshoe Happiness, Spruce Alley Mezynsky
Park Tsar-Oak Archaeological Site, Palace
Cretaceous landscapes, plant tulip, animal ermine, bird eagle Holy Dormition Svyatogorsk
owl, Lavra
NPP «Holy Mountains»

«Svyatoslav Beloberezhya»
National Park

Kinburn Spit and Solonets-Tuzla Lakes, orchid fields, sand
dunes; alder, birch and oak nuts - sagas.

Sviatoslav the Brave,

the cult of Achilles
NPP «Buzky Gard « Gard and Protych tracts, Mygiivsky Canyon, the mouth of Herodotus, Exampey - a sacred
the River Velyka Korabelna, Arbuzynsky, Aktovsky and way, the Cossacks
Petropavlovsky granite massifs
NPP «Great Meadow» Plavni Dnieper, archipelago «Big and Small Kuchugury» and Cossack winterers,

floodplain «Seven Lighthousesy, riparian forests

the capital of the Golden Horde
the city of Gulistan
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Continuation of Table 4. Proposals for long-term positioning of national natural parks of Ukraine

1

2

3

NPP «Skolivsky Beskydy»

Animals bison and beaver, waterfall on the river Kamyanka,
lake. Zhuravlyne, «Iron Water»

Boykivska culture, fortress
«Tustan»

NPP «Enchanted Land» Rare forms of rock relief, virgin beech forests, volcanic ridge, -
rivers Latorytsia and Borzhava, sphagnum swamp «Black
Swamp»
NPP «Gomilshansky For- Valley Seversky Donets, lake. White, Cossack Mountain Korobovi Khutory
ests»
NPP «Shatsky» Lake Svityaz and other lakes, fish, eel -
NPP «Male Polissya» Gorin River Valley, Holy and Blue Lakes, peat bogs Ruins of the palace and castle,
Izyaslav
NPP «Verkhovynsky» White and Black Cheremosh, mineral waters , village. Burkut, Hutsul culture, «Shadows of
group of rocks «Stone Baba» forgotten ancestorsy, molfars
«Vyzhnytskyi» NNP Nimchych Pass, Lekechensky Rocks, Dzherela Luzhky and Jewish Synagogue, Yu.
Byk, cascade of waterfalls of Mala Vyzhenka River, Stizhok Fedkovych, N. Yaremchuk I.
tract, Dovbush Cave Mykolaychuk
NPP «Halytsky» Halychyna caves, underground rivers and streams, limestone )
rocks, Halych Hora
NPP «Goloseevsky» Centennial oaks Museum of Architecture and
Life , Observatory
NPP «Hutsulshchyna» Oz. Lebedyn Hutsul culture

NPP «Dvorichansky»

Cretaceous landscapes, animal marmot , peony valley, riparian
forests

NPP «Dermansko-Ostrozky»

Biird black stork , plants orchid

Ostrog, castle ruins

Desnyansko-Starogutsky
National Nature Park

Desna River Valley, Starogutsky Forest

Partisan Movement

NPP «Dzharilgatsky»

0. Dzharilgach, 200 lakes, dolphins and marine fauna

Achilles cult, old lighthouses

NPP «Dniester Canyon»

Dniester Canyon, Dzhurinsky waterfall, caves «Optimistic»,
«Blue Lakes», «Crystaly», «Mills», «Verteba»

Palace and castle complexes

NPP «Kamyanska Sich» Steppe landscapes, the valley of the Dnieper Kamyanska Sich

NPP «Karmelyukove R. Savranka, orchids, Mediterranean forests Ustym Karmalyuk

Podillya»

NPP «Kremenets Little Carpathians Kremenets-Pochaiv State

Mountains» Historical and Architectural
Reserve

NPP «Meotiday» Bilosarai Spit and «Polovtsian Steppe», Crooked Spit Culture of the Golden Horde and
the Crimean Khanate

NPP «Lower Dnieper» Delta of the Dnieper, floodplains -

NNP «Nizhnosulsky» Valley of the River Sula -

NPP «Nobelsky» Lakes Nobel , Mill Narrow gauge railway

NPP «Oleshkiv Sands»

Desert and semi-desert landscapes, dunes, mounds, dunes, the
largest semi-desert in Europe

NPP «Pyriatynskyi»

Udai River Valley, Berezova Rudka

Park Burty Tract

NPP «Northern Podillya»

Sources of the rivers Styr, Western Bug, Seret, rocks «Trinigy,
«Dead head», stone «Executioner»

Castles, black-smoked Gavaret
ceramics

NPP «Podilski Tovtry»

Atlantis Cave, Kitaygorodskoe Outcrop, Smotrytsky Canyon,
meanders of the Smotrych and Ternava rivers, mineral springs,
Bakot Bay,

Tovtrov Range - Remains (strands and atolls) of the Coral Reef
of the Sarmatian Sea

National Historical and
Architectural Reserve
«Kamyanets», Ustym
Karmalyuk

NPP «Pripyat-Stokhid»

Valleys of the river Pripyat and Stokhid

«Ukrainian Amazon»

Authentic Ukrainian village
Svalovychi

NPP «Synevir»

Lake Synevir, Gregoty

Brown Bear Rehabilitation Center

Museum of log rafting on the
Ozeryanka River
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Continuation of Table 4. Proposals for long-term positioning of national natural parks of Ukraine

1 2

3

NPP «Slobozhansky» Sphagnum bogs, relict lakes

Sharivsky Palace

NPP «Tuzlovsky Estuaries»

pelicans, animal dolphin

Estuaries and lakes Shagany, Alibey, Burnas, Magalevskoe,
Martaza, Buduri, Karachaus, Hadzhider, Kurudiol, Solony,
Dzhansheysky and Maly Sasyk, a nesting place of birds,

Tuzliv Amazonia

NPP «Khotyn» Dniester Walls, Tovtrov Range - Remains of the Coral Reef of | Khotyn Fortress
the Sarmatian Sea, Caves and Waterfalls of Karst Origin
NPP «Cheremosky» Mount Tomnatyk, Sokil rocks Pamir Military Base
The confluence of the Perkalab and Saratatya rivers Gates of the Sarata River
Lower Dniester NNP Area between the Dniester and Turunchuk rivers, floating land, | Dniester
animals,deer and mouflon, bat colony, plantation of yellow
pitchers
Priazovsky NNP Estuaries Molochny, Utlyuksky,
braids (Fedotova, Stepanovskaya, Berdyanskaya), plants )
Schrenck’s tulip, iris, hyacinth
Uzhansky NPP Mineral springs, «Dido Duby, 6 old wooden churches of the

virgin beech forests, Knyagininsky meteorite

XVII-XVIII centuries.

Yavoriv National Nature

Park tarpan

Roztochchya, watershed of the Black and Baltic Seas, animal

Yavoriv toy, Krekhiv Monastery

ent counties and could also be used in domestic NNP.
Such activities could help to form their eco-brands.

Conclusion.

Eco-branding of the national park as a tourist
destination plays an important role in the process of
forming its attractiveness for growing target segments
focused on the consumption of environmental
friendliness as an unconditional value. In the case
where the object of branding is a national nature park
or any other nature conservation object, the intangible
elements of the brand must be based on eco-
friendliness, and the material ones must reflect this
primary value. It is obvious that the environmental
friendliness of the brand as such may not lead to
the desired effect - of increasing the attractiveness
of the object if the brand itself does not reflect its
authenticity, does not cause a potential visitor constant
association, the desire to gain unique experience, does
not help identify and differentiate, is not replicated by
different communication platforms. The development
of a national nature park in the concept of an eco-
brand also means the introduction of environmental
standards of landscape design, appropriate models
of behaviour, and management approaches. National
natural parks of Ukraine are currently in the first stage
of forming their own eco-brands. Despite the presence
of certain elements of brand identity, there is a lack
of targeted marketing activities, lack of positioning,
and, consequently, a low level of awareness of target

audiences about the activities of most of them.
Therefore, the development of their brands in a
holistic environmental concept can be considered the
immediate task for each of them.
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Dynamics of snow cover in Kirovohrad region at the end of the XX and the beginning of the
XXI centuries
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Received: 25.08.2020 Abstract. Snow cover significantly affects the formation of climate in winter. The snow
Received in revised form: 25.09.2020 cover has low thermal conductivity, which protects the soil from freezing. In the spring, the
Accepted: 16.10.2020 snow cover significantly moistens the soil and plays an important role in the surface water

regime and in the economic activity of the country. It should be noted that the lack or insuf-
ficient height of snow cover can be the cause of freezing of winter crops and their death, which leads to a decrease and even loss of
yield. Accordingly, the increase in crop yields depends on the proper use of snow cover. The purpose of the research is to determine the
characteristics of the snow cover and analyze their changes in Kirovohrad region in the late twentieth and early twenty-first centuries.
Data of daily observations of snow cover at meteorological stations of Kirovohrad region for the period from 1996 to 2018 were used
as primary information in the work. It is established that the appearance of snow cover at the stations of Kirovohrad region coincides in
two periods (1961-1990 and 1996-2018) and was observed in the third decade of October at almost all stations, except for the area of
data distribution of Dolynska weather station, where the first appearance of snow cover during 1961-1990 occurred in the first decade
of October. The disappearance of snow in this period was observed in the third decade of April, in contrast to data from the climate
cadaster, where 75% of stations observed snowmelt in the second decade of April, while at Dolynska station in the south of the region
snowmelt occurred in the third decade of March. At Kropyvnytskyi station, located in the central part of Kirovohrad region, the ap-
pearance and disappearance of snow cover was observed in both periods on the same dates. In the period 1996-2018, the values of the
highest decadal peaks for the winter were lower than in the climatic norm. The frequency of winters with the highest decadal height of
snow cover in different gradations varies greatly in the study periods. For 1996-2018, the maximum was observed in the gradation of
1-5 cm; in the climatic norm the greatest recurrence is recorded in the gradation of 11-20 cm, significant indicators are observed in the
gradation of 21-30 cm. The maximum recurrences of the decadal height of the snow cover are 100% and are determined in the gradation
of 0-5 cm in both periods of snow cover.

Keywords: snow cover, decadal altitude, spatial variability, time distribution, repeatability

JAunnamika cHiroBoro mokpuBy Ha Tepurtopii KipoBorpaacbkoi odsiacrti Hanpukingi XX Ta Ha
noyarky XXI crositTh

JL.B. Henoctpenosa
Ooecwrutl deporcasrutl exonoiunuil ynisepcumem, m. Odeca, Yrpaina, nedostrelova@ukr.net

Anoranisi. CHIroBUil MOKPHB ICTOTHO BIUIMBAaE B 3WMOBHII miepio Ha QopmyBaHHA KiiMmary. CHITOBHH TOKpUB Ma€ Maiy
TETIONPOBIIHICTD, UMM 30epirae IpyHT Bia mpomep3anHsa. HaBecHi CHITOBHIT IOKPUB CYTTEBO 3BOJIOXKYE IPYHT 1 Ipa€ BaXIUBY POJIb
B PSKHMI OBEPXHEBHUX BOJ 1 B FOCIOAAPCHKIH AisTbHOCTI KpaiHu. HeoOXifHO 3a3HAYMTH, IO BiJCYTHICTh UM HEJOCTATHS BHCOTA
CHITOBOTO NOKPHUBY MOXYTh OyTH NMpPUYMHAMU BHMEP3aHHS O3MMHX IOCIBIB Ta 1X 3arubeni, 110 3yMOBIIOE 3HM)KEHHS, i, HaBiTh,
BTpary Bpoxkaio. BinnosinHo, 301IbIIEHHST BPOXKaWHOCTI CLIBCHKOTOCIIONAPCHKUX KYJIBTYP 3QJICKUTh BiJl HAJIC)KHOTO BUKOPHCTAHHS
CHITOBOTO TIOKPUBY. MeTOr0 HayKOBOT'O JOCII/UKCHHS € BU3HAYCHHS XapaKTEPUCTHK CHITOBOTO IOKPUBY i aHAIII3 X 3MiH HA TepPUTOPil
KipoBorpazacekoi obnacti HanpukiHm XX Ta Ha moyatky XXI cromite. B skocti BuxigHoi iH(opMarii B poOOTI BHKOPHCTOBYBAIHCS
JIaHi MIOJCHHUX CIOCTEPEKEHb 3a CHITOBHM MOKPHBOM Ha METeOpoyoriuHmx craHmisx Kiposorpaacekoi obmacti 3a nepiox 3 1996
no 2018 poku. BeranoBneHo, 1110 1MosiBa CHIrOBOTO MOKPUBY Ha craHiisx KipoBorpaacekoi obnacti criBnazgae 3a asa nepioau (1961-
1990 i 1996-2018 pp.) it ciocTepiraeThCst B TPETiil AeKai )KOBTHS Maiike Ha BCIX CTAHIIISNX, BUHSATKOM € PaiiOH MOIIUPEHHS JTaHUX
MerteocTanii JloIMHCHKa, 1€ TT0sIBa CHIrOBOTO MOKPHBY Y iepion 1961-1990 pp. BinOyBaeThes B nepiiit qekai »koBTHs. CXiJ] CHITOBOTO
MIOKPUBY B LIeHl Iepiof Bif3HAYA€ThCS B TPETill JeKaii KBITHS Ha BiAMIHY BiJ JaHUX KJIIMAaTHMYHOTO KazacTpy, Ae y 75 % cranmiit
CXOIKEHHSI CHITY BiIMIYa€TbCsl y NPYTi MeKani KBITHA, a Ha cTaHLii JlomMHChKa, M0 3HAXOAWTHCSA HA MiBIHI 00NIACTi, CXiA CHITY
BinOyBcs B3arani B TpeTiit aekani O6epesns. Ha cranmii KponuBHUIBKH, 1110 3HAXOMUTHCS B LEHTpaibHii yacTuHi KipoBorpaacekoi
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00J1acTi, MosiBa 1 CXiJi CHIrOBOTO TIOKPHBY BiJI3HAYAETHCS B 00K BA TIEPiou B Ti xk jatu. Y nepion 1996-2018 pp. 3HaUeHHs HAHOLIBIINX
3a 3UMy JIeKaJHUX BHCOT MEHIII, HDK y KIiMaTH4Hili HOpMi. [IOBTOPIOBAHICTE 3UM 3 HAMOUIBIIOIO JIEKATHOIO BUCOTOIO CHITOBOTO
MTOKPUBY y PI3HUX TPpaJalisx JayKe Pi3HUThCS B AOCHIIpKyBaHHI iepioaun. s 1996-2018 pokiB MaKcHMyM CHOCTEPITA€ThCS B Tpajaii
1-5 cm; y kImiMaTHYHIA HOpMi HalO1IbIITY TOBTOPIOBaHICTh 3adikcoBaHo y rpagaunii 11-20 cM, 3Ha4HI MOKA3HUKH BiIMIYarOThCS 1 B
rpaganii 21-30 cM. MakcumabHi TOBTOPIOBAHOCTI JIEKaHOI BUCOTH CHIrOBOTO MOKpUBY JopiBHIOIOTE 100 % i BU3HAuYeHI B Tpagarii
0-5 cM B 000X nepioziax Ha MOYATKy i HAIIPUKIHII Mepiojy 31 CHITOBUM IIOKPHBOM.

Kntouosi cnosa: crieosuii nokpus, 0ekaona eucoma, RpOCmMopo6a MiHIUGICMb, YACO8Ull PO3N00LN, NOGMOPIOBANICb

Introduction.

The cold period of the year is characterized by
snowfall in the whole territory of Ukraine. In some
regions of the country, such as the Carpathians and
eastern Polissya, stable cover is maintained for a long
time and can reach great heights. In the northeast of
the Forest-Steppe, the snow cover is also stable, but
its characteristics change rapidly towards the south.
In the steppe zone of Ukraine and in its extreme
south, a stable snow cover is established in some
years and persists for a short period of time. The first
snow at the beginning of winter in the country doesn’t
hold due to the peculiarities of the thermal regime
during this period. And subsequent precipitation
in the form of snow forms a snow cover which has
stable characteristics. An important parameter of
snow cover is the nature of its occurrence. A large
number of factors depend on the occurrence of snow:
air and soil temperature, depth of soil freezing, soil
moisture and more. The nature of snow, periods of
its formation and dissipation for different regions of
Ukraine differ significantly and depend on the terrain,
vegetation, circulation, temperature, precipitation,
wind, blizzards and more (Handbook of Climate of
the USSR, 1969; Lebedenko, 2019).

Kirovohrad region is located in the forest-steppe
and steppe physical-geographical zones in central
Ukraine, on the interfluve of the Dnieper and the
Southern Bug. Agrometeorological, climatic and soil
features of the territory are quite favourable for the
development of agriculture. The study region lies in
the south of the Dnieper Upland. It is a plateau or
elevated plain with a dense network of river valleys,
ravines and gullies. Kirovograd region is characterized
by a temperate continental climate and from southwest
to the northeast there is a band of high atmospheric
pressure. To the north of it moist air masses spreading
from the Atlantic dominate , to the south - continental
air masses. Winter is mild and characterized by
frequent thaws. The northern and north-western parts
of the region lie in a warm but not sufficiently humid
agro-climatic zone,; the eastern and southern parts are
in a very warm and arid zone. Snow cover is usually
formed in the third decade of November, and disap-
pears in the second decade of March (Encyclopedia of
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Modern Ukraine, http://esu.com.ua/search_articles.
php?id=7021; https://uk.wikipedia.org) .

Snow cover significantly affects the formation
of climate in winter. The radiation balance of the
underlying surface decreases with the appearance
of cover, as snow has significant radiation and
reflective properties, which leads to cooling of the
surface and air (Aoki, Hachikubo, Hori, 2003). Such
characteristics of the snow cover lead to an increase in
relative humidity due to a decrease in its temperature
and increased humidity during snow evaporation.
The snow cover has low thermal conductivity, which
protects the soil from freezing. In the spring, the
snow cover significantly moistens the soil and plays
an important role in the surface water regime and
in the economic activity of the country. It should be
noted that the lack or insufficient thickness of snow
cover can be the cause of freezing of winter crops
and their death. Accordingly, the increase in crop
yields depends on the proper use of snow cover
(USSR Climate Handbook, 1969; Nedostrelova,
Lebedenko, 2018; Lebedenko, Nedostrelova, 2019;
Goroshko, 2017). Thus, it is difficult to overestimate
the importance of snow cover for agriculture, the
economy and ecology of the country. The purpose of
the research is to identify the characteristics of snow
cover and analyze their changes in Kirovohrad region
in the late twentieth and early twenty-first centuries.

Material and research methods.

Data of daily observations of snow cover at
meteorological stations of Kirovohrad region for the
period from 1996 to 2018 were used as the initial
information in the work.

Snow cover is monitored daily, as well as
periodically on snow surveys in order to record the
amount of snow and water reserves. The term “snow
cover” means not only a layer of snow on the surface
of the soil, but also layers of ice on the surface of the
soil and snow, melted water that appeared under the
snow (Instructions, 2011). Observations are carried
out at Coordinated International Time at 06 o’clock.
Snow monitoring takes place during the season in the
presence of snow cover on certain routes. As a result
of daily observations, the height of the snow cover on
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the meteorological site or in the selected area near the
station, the nature of the snow cover, the degree of
snow cover around the station are recorded in points.
The height of snow cover is determined by stationary
snow stakes as the distance from the soil surface to the
boundary of snow cover-atmosphere, the degree of
cover, the nature of the snow and the structure of snow
are determined visually in all weather conditions. The
degree of cover is determined on a 10-point scale.
Assessment of the nature of snow cover is based on
the presence of snow drifts, as well as the condition
of the soil under the snow cover. (Nastanova, 2011).

Snow cover is characterized by decadal heights,
calculated at the beginning and end of winter, when
snow cover is observed in 50% of winters and more.
Decade height is determined by dividing the total
height for all years of the period by the number of
years. If snow is detected in less than 50% of winters,
the decadal height is not calculated, and in the table
of the handbook a mark (e)is put The multiyear
height of snow cover is calculated in the same way
as by a snow stake. The height of snow cover, as a
rule, varies significantly from year to year, which is
why the frequency and occurrence of winters with
different maximum decadal heights of snow cover
is distinguished. Such calculations are performed
only for long-range base stations (Vrublevskaya,
Katerusha, Myrotvorskaya, 2004; Kornus, Lysenko,
2017; Nedostrelova, Lebedenko, 2019). An important
parameter of snow cover is the long-term maximum
height for winter, which is calculated by averaging the
maximum decadal altitudes, which are selected from
each year, regardless of in which decade or month
this maximum is recorded. Maximum and minimum
decadal heights by months are determined according
to data from a fixed snow stake, and in winter such
heights are calculated according to the stakes and snow
monitoring (Vrublevskaya, Katerusha, Mirotvorskaya,
2004; Nedostrelova, Lebedenko, 2019).

Snow cover is characterized by certain criteria
developed according to the GGO method. According
to this method, a day with snow cover is considered
a day in which at least half of the visible area of the
station is covered with snow. Steady snow cover is
cover that is observed for at least a month with breaks
of no more than three separate days or days in a row,
and a break of one day in early winter corresponds
to presence of snow cover for at least 5 days, and
a longer break is preceded by snow for at least 10
days. Observations of snow cover show that several
periods with steady snow cover may form during the
winter. If there are no more than 5 days between such
periods, the period from the first day with fixed cover
to the last day of winter is fixed as a single period.
An important characteristic of the established snow
cover is the average long-term dates of formation
and dissipation. Such dates are calculated when the
number of days with snow cover is more than 50%
of all winters and only one period with stable snow
cover was observed during the winter. If at the end of
winter no more than 3 days after the snowmelt, snow
cover is formed again which lasts at least 10 days, the
period of occurrence is recorded as continuous. All
defined dates for each year are entered in the table and
determine the average dates, the earliest and the latest
(Vrublevskaya, Katerusha, Mirotvorskaya, 2004;
Nedostrelova, Lebedenko, 2019).

Results and their analysis.

According to daily observations, the decadal
height of snow cover at meteorological stations in
Kirovohrad region for the period from 1996 to 2018
was calculated (Table 1, Table 3). To identify changes
in the height of snow cover in the study area, two
climatic periods were used: the first is 1996-2018, the
second is the climatic norm (Climatological Standard
Norms, 2002) of 1961-1990 (Table 2, Table 4).

Table 1. Decade height (cm) of snow cover on a permanent snow stake for the period 1996-2018.

Station X XI X1 I I 111 v The greatest for the
winter
3112 (31101213112 3 1 2 1 2 |311]2]|3] aver max min

Svitlovodsk el o |]2]|3|3]|4|6] 6 6 4 5 4 e ] U1 33 0
Novomyrhorod el 243467911 1411 [1011] 9 |4]]=]|°]| 19 43 0
Znamyanka e || o [4]34]|5]|16]|8| 11| 12|10 8 |11 |11 |5]]<|<| 19 55 0
Kropyvnytskyi el 1 []2]|3|4]|6]|7]| 9 9 7 5 7 T3] ] 15 37 0
Gaivoron el o |3]135]517]19] 10 10| 6 5 311 15 34 0
Pomichna el |3[2]13[4]5(8]10] 10 6 7 6 |2 |°| 14 31 0
Dolynska el o] |3]|3|5]6] 8 8 5 6 S]] 14 37 0
Bobrynets el el l2]|3|6]|7]11] 9 7 7110 ¢« []°|- 15 39 0
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Table 2. Decade height (cm) of snow cover on a permanent snow stake for the period 1961-1990.

Station X XI X1 I I 111 v The greatest for
the winter
121311231 ]12311]2]3 11213 1 |2(3]1]2] 3 |aver| max | min

Svitlovodsk el 1|1 [3]|3)4]6]|] 6|6 716 |3]|-]|- 16 | 59 6
Novomyrhorod e el el2|35(6]719|10]10(12) 12|11 |7 |4 ~]°" 24 52 4
Znamyanka el [2)35S5|6f910f 11 1112117 ]4]°]-" 24 | 63 10
Kropyvnytskyi el |3]5]6|6|ofto)rjr2]2f12|8|3 || |[28]61 ]9
Gaivoron el e[l )2|3[4)6[8]1 9819107 |[5]|°]-" 23 | 42 6
Pomichna el 1133|467 6|6 7|6 [4]2]°]° 19 | 32 6
Dolynska . el ]2]1313]3]5]8|8]9]|10]8]5]2 18 | 61 5
Bobrynets el 1233145166897 |3 |°]|- 20 | 55 4

The appearance of snow cover at the stations
of Kirovohrad region in the period 1996-2018 was
detected from the third decade of October at almost
all stations, except for stations Gaivoron, Dolynska,
Bobrynets, where the appearance of snow cover
occurs in the first decade of November. The disap-
pearance of snow was determined in the third decade
of April, with the exception of the stations Gaivoron,
Dolynska, Bobrynets (Table 1). The maximum values
of the decadal height of snow cover were observed
in the first decade of February. They were 14 and
12 cm at Novomyrhorod and Znamyanka stations,
respectively. The lowest values of altitude were
recorded at the beginning and end of the period with
snow cover. For each station, the averages were
calculated, the minimum and maximum values of this
indicator were identified. The maximum average value
for winter - 19 cm was observed at Novomyrhorod
and Znamyanka stations, and the minimum - 11 cm
at Svitlovodsk station. The minimum value for all
stations was 0 cm. The maximum value - 55 cm was
recorded at Znamyanka station.

The appearance of snow cover at the stations of
Kirovohrad region according to the climatic norm
was observed from the third decade of October at all
stations, except the station Dolynska, where snow
appeared in the first decade of October (Table 2).
The disappearance of snow in almost all stations can
be traced in the second decade of April, except for
Kropyvnytskyi station in the third decade of April
and Dolynska station in the third decade of March.
The maximum values of the average decadal height
of snow cover were observed in the second and
third decades of February and in the first decade of
March and were 12 cm at the stations Novomyrhorod,
Znamyanka and Kropyvnytskyi. The lowest values of
altitude were recorded at the beginning and end of the
period with snow cover. The maximum average value
for winter - 28 cm was observed at Kropyvnytskyi
station, and the minimum - 16 cm at Svitlovodsk
station. The minimum value of 4 cm was observed
at Novomyrhorod and Bobrynets stations. The
maximum value - 63 cm was recorded at Znamyanka
station.

Table 3. Recurrence (%) of winters with the greatest decadal height of snow
cover in different grades for the period 1996-2018.

Station Height of snow cover (cm)
0 | I-5| 6-10 | I1- | 21- | 31- | 41- | 51-
20 | 30 | 40 | 50 | 60

Svitlovodsk 27 | 48 17 7 1 0
Novomyrhorod 20 | 39 12 18 8 2 1
Znamyanka 24 | 37 16 151 4 2 2 0
Kropyvnytskyi 28 | 38 16 14 | 3 1
Gaivoron 18 | 42 22 13 3 2
Pomichna 24 | 41 16 14 | 4 1
Dolynska 24 | 44 14 13 3 2
Bobrynets 30 | 36 12 13 7 2
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The next characteristic of snow cover, the
trends of which were studied for different periods,
is the recurrence of winters with the highest decadal
height of snow cover in different gradations (Table 3,
Table 4). The maximum recurrence was found in the
gradation of 1-5 cm at all stations, the highest value
of 48% was recorded at the station Svitlovodsk, and
the minimum was 36% and determined for the station
Bobrynets. Also, a significant number of cases were
observed for the height of 0 cm: a maximum of 30%
was detected at the station Bobrynets, a minimum
of 18% is characterized by the station Gaivoron. At
all stations, in almost 100% of the winters height of
snow cover ranged from 0 to 40 cm. And only for
Novomyrhorod and Znamyanka stations was the re-
currence value 1-2% for heights of 41-60 cm.

observed at the stations Znamyanka, Kropyvnytskyi
and Dolynska, in contrast to the period 1996-2018,
when such heights were not detected at all.

The characteristic of snow cover can be also the
indicator of recurrence of decadal height for decades
, which is shown in tables 5-20 for different periods.
Analysis of this parameter for Svitlovodsk station
(Table 5) shows that the highest recurrence values
were observed in the gradation of 0-5 cm in the third
decade of October, in the first and second decades
of November and in the first and third decades of
April. They are 100%. In the gradation of 6-10 cm,
the maximum recurrence was recorded in the third
decade of November - 33%. The maximum recurrence
in the gradation of 11-20 cm - 20% of cases , was ob-
served in the third decade of January and in the first

Table 4. Recurrence (%) of winters with the highest decadal height of snow cover in different

grades for the period 1961-1990.

Station Height of snow cover (cm)
0 1-5 | 6-10 | 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70

Svitlovodsk 35 49 10 3 3
Novomyrhorod 3 3 42 25 14 10 3
Znamyanka 10 28 53 3 3 3
Kropyvnytskyi 14 14 39 17 10 3 3
Gaivoron 14 34 28 21 3
Pomichna 14 45 31 10
Dolynska 4 17 50 17 8 4
Bobrynets 3 3 63 10 18 3

In the period 1961-1990, the maximum recurrence
was found in the gradation of 11-20 c¢cm in 75% of
stations in the study region, the highest value of 63%
was recorded at Bobrynets station, and the minimum
was 14% determined for Kropyvnytskyi station. Also,
a significant number of cases were observed for heights
of 21-30 cm: a maximum of 53% was detected at
Znamyanka station, a minimum of 10% at Svitlovodsk
and Bobrynets stations. The maximum gradation of
61-70 cm, which records a recurrence of 3-4%, was

decade of March . The highest recurrence - 9% in the
gradation of 21-30 cm was observed in the first decade
of February. It should be noted that the value of height
in the gradation of 31-50 cm was recorded only in
the second decade of February, when the recurrence
was 5%. The appearance of snow cover was observed
in the third decade of October, and the disappearance
was detected in the third decade of April.

According to the climatic cadastre, the appearance
of snow cover at the Svitlovodsk station (Table 6)

Table 5. Recurrence of the decadal height of snow cover by decades at the Svitlovodsk station for the period 1996-2018 (%)

Gradation | X XI XII 1 IT 111 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 [ 100 | 67 | 85 [ 81 | 75 | 67 | 60 | 66 | 59 | 76 | 72 | 67 | 72 | 91 | 100 100
6-10 3311511925122 251427 9 (11|13 14| 9
11-20 11110120 5 5 17 120 | 14
21-30 5 9 5
31-50 5
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Table 6. Recurrence of the decadal height of snow cover by decades at the Svitlovodsk station for the period 1961-1990 (%)

Gradation | X XI XII I 11 11 v
3 1t 23 o233t ]2]3t|2]3]1]23]1]2

0-5 100 | 100 [ 100 [ 100 [ 100 | 82 | 75 [ 84 | 70 | 62 [ 68 [ 58 | 56 | 57 [ 79 | 75 | 100 | 100

6-10 1|4 2126211916175 |17

11-20 7l a3 a7 15]2f[17]s5]:

21-30 4 13| 4 4l s |9

31-50 43 [a]4a]a

was detected in the third decade of October, as in the
period 1996-2018. The disappearance was observed
in the second decade of April, which occurred a
decade earlier than in the first period. The analysis
shows that the maximum recurrence was observed in
the gradation of 0-5 cm in the third decade of October,
in the first, second and third decades of November, the
first decade of December and in the first and second
decades of April. It is 100%. The maximum height
was in the gradation of 31-50 cm and was fixed from
the first decade of January to the second decade of
February and in almost all these decades was equal
to 4%.

A comparative analysis of the two periods shows
that the appearance of snow cover at the Svitlovodsk
station coincides and is observed in the third decade of
October. The disappearance of snow cover is different
- according to climatic norms it was recorded in the
second decade of April, and for the period 1996-2018
it was observed in the third decade of April. Maximum
recurrences of 100% were observed in the gradation
of 0-5 c¢cm in both periods, but can be observed in
different decades. The maximum height is defined in
the gradation of 31-50 cm, but is fixed in different
decades for certain periods.

in the first decade of January - 28%. The maximum
recurrence in the gradation 11-20 cm - 27% of cases
was in the first decade of February. The highest
recurrence - 26% in the gradation of 21-30 cm was
observed in the third decade of January. It is possible
to note that in a gradation of 31-50 cm the maximum
of recurrence was 12% in the first and second decades
of March.

The appearance of snow cover occurred in both
periods in the third decade of October (Table 7, Table
8), and the decline was observed according to climatic
norms a decade earlier than in the period 1996-
2018, in the second decade of April. The maximum
recurrence in the period 1961-1990 was also observed
in the gradation of 0-5 cm, but in the third decade
of October, in the first decade of November, in the
first and second decades of April and was 100%. The
greatest height was observed in the gradation of 31-
50 cm, recorded from the third decade of December
to the second decade of March and ranged from 3 to
18% in contrast to the first period, when such heights
were detected in the first two decades of February and
March with recurrence values from 8 up to 12%.

At Znamyanka station, the highest recurrence
values were observed in the gradation of 0-5 c¢cm in

Table 7. Recurrence of the decadal height of snow cover by decades at the station Novomyrhorod for the period 1996-2018 (%)

Gradation | X XI XII I II 11 I\

3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 | 84 | 77 | 78 | 77 | 66 | 39 | 55 | 39 | 27 | 53 | 45 [ 52 | 56 | 82 [ 100 | 100 | 100
6-10 8 8 |11 | 6 |10 28|15 9 |22 9 |20 6 |13 ] 6
11-20 8 |15 |11 | 17 124 122 120 |26 |27 |13 |15 |24 19| 6
21-30 11 110 )26 |14 |17 120 | 6 6
31-50 10 | 8 12 | 12

For Novomyrhorod station, the highest values
of recurrence were observed in the gradation of 0-5
cm in the third decade of October, in the first decade
of November and from the first to the third decades
of April. They are 100% (Table 7). In the gradation
of 6-10 cm, the maximum recurrence was recorded
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the third decade of October, in the first decade of
November and from the first to the third decade of
April and are 100% (Table 9). In the gradation of 6-10
cm, the maximum recurrence was recorded in the first
decade of January - 42%. The maximum recurrence
for the gradation of 11-20 cm - 38% of cases was in
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Table 8. Recurrence of the decadal height of snow cover by decades at the station Novomyrhorod for the period 1961-1990 (%)

Gradation | X XI XII I 1 11 v
3 1 23|t 23t |23t ]2]3[1]2]3 1 2
0-5 100 | 100 [ 74 | 83 | 71 [ 50 [ 53 | 48 | 52 [ 33|53 |36 |27 27|55 79| 100 | 100
6-10 B317 1946322828 20| 7 25|23 |27)15]°5
11-20 13 10 7 163 192521 30]28]15]5
21-30 44l afafis|un]7]s 5111
31-50 4143 aflalun]2]18fi10

the first decade of February . The highest recurrence
- 12% in the gradation of 21-30 cm was observed in
the first decade of March. The maximum recurrence
of the gradation of 31-50 cm ,12% , was also in the
first decade of March. It should be noted that at this
station, in contrast to the previous two, the maximum
height of snow cover was in the gradation of 51-75
cm in the second decade of March, the frequency of
which was 7 %.

the gradation of 0-5 cm was observed only in the third
decade of October and in the second decade of April
and was 100% (Table 10).

Analysis of the frequency of decadal height at
Kropyvnytskyi station shows that the highest values
of recurrence were observed in the gradation of 0-5
cm in the third decade of October and in the first
decade of November and from the first to the third
decades of April. They are 100% (Table 11). In the

Table 9. Recurrence of the decadal height of snow cover by decades at Znamyanka station for the period 1996-2018 (%)

Gradation | X XI XII 1I 1 v
3 1 2 3 1 2 3 1 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 | 80 [ 66 | 75 | 75 | 72 | 48 | 55 | 42 | 28 | 54 | 61 | 59 | 46 | 79 | 100 | 100 | 100
6-10 20117119113 |13 14211511919 14 |16 6 |27 14
11-20 17 6 [ 12| 10| 10 | 25 (24 | 38 [ 23 [ 12 | 11 | I3
21-30 5 10 | 5 6 | 12
31-50 5110 9 51121 7 7
51-75 7

In the period 1961-1990, similar maximum
heights were also recorded, but from the second
decade of February to the second decade of March.
The recurrence ranged from 4-9% (Table 10). The
appearance of snow cover was recorded in the third
decade of October in both periods. The disappearance
was observed in the second decade of April in the
period 1961-1990, which is one decade earlier than
in the period 1996-2018. The maximum recurrence in

gradation of 6-10 cm, the maximum recurrence was
recorded in the first decade of January - 38%. The
maximum recurrence in the gradation 11-20 cm , 34%
of cases , was in the third decade of January . The
highest recurrence in the gradation of 21-30 cm , 10%
,was observed in the second decade of February. In
the gradation 31-50 cm, the maximum was fixed in
the second decade of February, where the recurrence
was 8%. The appearance of snow cover was recorded

Table 10. Recurrence of the decadal height of snow cover by decades at the Znamyanka station for the period 1961-1990 (%)

Gradation X XI XII II 1 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 86 80 | 8 | 76 [ 43 [ 60 | 44 | 43 | 32 | 36 | 39 | 31 | 39 | 69 | 63 66 | 100

6-10 14 12010 | 14 |38 |29 |36 25252525123 119 | 9 16 17

11-20 5 101 19| 7 16 | 21 |32 12521 (23 (30| 9 16 17

21-30 4 4 7 7 7 7 19| 4 4

31-50 4 14| 7| 4 4 5

51-75 4 4 4 9
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in the third decade of October, the disappearance was
observed in the third decade of April at the station for
both periods (Table 11, Table 12).

40%. The maximum recurrence in the gradation 11-
20 cm - 33% of cases, was in the second decade of
January . The highest recurrence in the gradation of

Table 11. Recurrence of the decadal height of snow cover by decades at Kropyvnytskyi station for the period 1996-2018 (%)

Gradation | X XI XII I 1I 111 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 | 92 | 64 | 83 | 77 | 72 | 52 | 50 | 49 | 45 | 65 | 71 | 59 | 69 | 82 | 100 | 100 | 100
6-10 O |11 |17 18138 22| 9 |31 (13|10 (12|13 ] 6
11-20 8 1271 6 6 |10 )10 | 18 |34 |10 [ 10 | 14 [ 23 | 6 [ 12
21-30 10 | 8 9 4 5 6
31-50 5 8 6 6

Maximum recurrences were observed in the
gradation of 0-5 cm in the third decade of October,
in the first decade of November, from the first to
the third decade of April and were 100% for these
periods. It should be noted that the maximum height
was recorded in the gradation of 51-75 cm, and was
fixed only in the third decade of February and was
equal to 4% only according to climatic norms.

21-30cm - 12% , was observed in the second decade of
February. The gradation of 31-35 cm had a maximum
recurrence of 9% in the third decade of January. The
appearance of snow cover was recorded in the first
decade of February, which is one decade later than
in the period 1961-1990 (Table 13, Table 14).The
disappearance was observed in the second decade of
April in both periods. The maximum recurrence was

Table 12. Recurrence of the decade height of snow cover by decades at Kropyvnytskyi station for the period 1961-1990 (%)

Gradation | X XI XII II 111 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 [ 100 [ 89 | 94 | 66 | 61 [ 59 | 52 | 54 | 39 | 40 | 35 [ 33 | 35 | 57 | 76 | 100 | 100 | 100
6-10 11 17 127119 (20|21 |25 1429|2917 | 5 6
11-20 6 11 8 15120112528 (14| 8 17 | 14 | 12
21-30 6 4 7 8 7 4 ) 1139 10 | 6
31-50 7 7 7 11| 13122 14
51-75 4

At Gaivoron station, the analysis of the time
distribution of the recurrence of the decadal height
of snow cover shows that the largest values of this
indicator were observed in the gradation of 0-5 cm in
the first decade of November and from the first to the
second decade of April. They were 100% (Table 13).
In the gradation of 6-10 cm, the maximum recurrence
was recorded in the second decade of December -

observed in the gradation of 0-5 cm and was 100%,
but can be observed in different decades. It can be
noted that the maximum height was recorded in the
gradation of 31-50 cm for both periods, was fixed in
different decades and ranged from 4 to 9%.

Analysis of the frequency of decadal height for
the period 1996-2018 at Pomichna station shows that
the highest values were observed in the gradation of

Table 13. Recurrence of the decadal height of snow cover by decades at Gaivoron station for the period 1996-2018 (%)

Gradation XI XII II I v
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 86 75 84 | 53 | 65 | 47 | 22 | 48 | 50 41 45 79 | 75 | 93 | 100 100
6-10 17 8 40 | 23 | 37 | 39 | 17 | 27 12 |33 25 7
11-20 14 8 8 12 11 | 33 | 22 14 30 22 14
21-30 7 5 6 4 9 12 7
31-50 9 5
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Table 14. Recurrence of the decadal height of snow cover by decades at Gaivoron station for the period 1961-1990 (%)

Gradation X XI XII I 11 I11 1\Y
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 [ 100 | 87 [ 93 | 81 [ 80 | 69 | 52 | 52 | 48 | 50 [ 61 | 44 | 37 | 66 | 69 | 75 80
6-10 7 6 12 | 15 ] 20 | 12 | 11 8 7 20 | 35 | 14 | 23 25 20
11-20 13 13 8 12 16 | 12 | 30 | 27 | 11 4 5 10 8
21-30 4 12 [ 20 | 11 [ 15 ) 14 [ 28 | 18 | 10
31-50 4 7 4 5

0-5 cm in the third decade of October, in the first and
second decades of November and from the first to the
third decade of April. They were 100% (Table 15). In
the gradation of 6-10 cm, the maximum recurrence
was recorded in the first decade of January —30%. The
maximum recurrence in the gradation of 11-20 cm —
33% of cases, came in the third decade of January.
The highest recurrence — 12%, in the gradation of
21-30 cm was observed in the first decade of March.

of January to the second decade of March in the period
1961-1990. This characteristic for the later period was
in the gradation of 31-50 cm.

For Dolynska station, the highest values of
recurrence were observed in the gradation of 0-5 cm
in the first and second decades of November and in
the first decade of April. They were 100% (Table 17).
In the gradation of 6-10 cm, the maximum recurrence
was recorded in the first decade of January - 30%. The

Table 15. Recurrence of the decadal height of snow cover by decades at the Pomichna station for the period 1996-2018 (%)

Gradation | X XI XII I II I v

3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
0-5 100 | 100 | 100 | 84 [ 92 | 82 | 69 [ 60 | 58 [ 43 | 41 | 59 | 60 | 59 | 58 | 79 | 100 | 100 | 100
6-10 8 8 |12 126130 (2214|2314 |15 1217 ] 14
11-20 8 6 S 110110 )33 (22182017 |25| 7
21-30 51101 9 9 5|12
31-50 5 5

The gradation of 31-50 cm was recorded only in the
second decade of January and in the first decade of
February with a recurrence of 5%. The appearance
of snow cover was recorded in the third decade of
October in both periods (Table 15, Table 16). The
disappearance was observed in the third decade of
April in the period 1996-2018, which is one decade
later than according to the climate cadastre. The
maximum recurrence was observed in the gradation
of 0-5 cm and was 100%, but it can be observed in
different decades. The maximum height was recorded
in the gradation of 21-30 cm from the second decade

maximum recurrence of the gradation of 11-20 cm -
23% of cases, was in the third decade of January . The
highest recurrence - 9% , in the gradation of 21-30 cm
was observed in the third decade of January and in
the first decade of February. The gradation of 31-50
cm was fixed only in the first and second decades of
February.

The appearance of snow cover was recorded in
the first decade of November, which occurred a month
later than according to climatic norms (Table 18). The
disappearance was observed in the first decade of
April, two decades earlier than in the period 1961-

Table 16. Recurrence of the decadal height of snow cover by decades at the Pomichna station for the period 1961-1990 (%)

Gradation X XI XII I 1I I v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 | 100 [ 86 [ 100 | 95 [ 81 | 78 | 71 | 57 | 55 | 57 | 57 | 48 | 48 | 69 | 82 | 100 | 100
6-10 14 5 19 [ 15 122 | 18 | 19 [ 21 | 18 | 20 | 34 5 18
11-20 7 7 |21 (22| 18 | 18 | 28 9 |21
21-30 4 4 4 7 4 9 5
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Table 17. Recurrence of the decadal height of snow cover by decades at Dolynska station for the period 1996-2018 (%)

Gradation XI XII I I I v
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1
0-5 100 [ 100 | 80 [ 82 | 93 [ 94 | 60 [ 60 | 45 [ 48 | 69 [ 72 | 75 [ 65 | 80 [ 100
6-10 20 | 18 30 1 20 | 23 |17 ] 5 |6 14 | 20
11-20 7 6 10 [ 20 ) 23 [ 22 )16 [ 22 | 19 | 21
21-30 9 9 5 6
31-50 4 5

1990. The maximum recurrence is observed in the
gradation of 0-5 cm and is 100%, but was observed in
different decades. The maximum height was recorded

in the first and second decades of November and in
the first decade of April. They were 100% (Table 19).
In the gradation of 6-10 cm, the maximum recurrence

Table 18. Recurrence of the decadal height of snow cover by decades at Dolynska station for the period 1961-1990 (%)

Gra- X XI X1l I i 111 v
dation [ T5 [ 3 1 |2 3231231231 ]2]3]1 2 3
0-5 | 100 100 | 100 [100 |83 |80 |81 |76 |70 | 57 [ 50 | 48 | 48 [ 32 | 48 | 63 | 84 [ 100 | 100 | 100
6-10 17{20]1419| 20|30 2730|2626 19| 6 | 8

11-20 5151109 149 [13]32]28]25] 8

21-30 4 lofl13lofs

31-50 4 516

51-75 5

Table 19. Recurrence of the decadal height of snow cover by decades at Bobrynets station for the period 1996-2018 (%)

Gradation XI XII I 111 v
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1
0-5 100 | 100 | 75 [ 91 | 93 | 83 | 69 | 66 | 41 [ 48 | 68 [ 69 | 50 | 60 | 88 | 100
6-10 25 9 7 17 | 13 6 11 19 ] 6 |6 8 10 | 12
11-20 12 (22127119 |10] 6 17 | 30
21-30 6 6 | 21 5 5 19 | 25
31-50 9 11

in the gradation of 51-75 cm, recorded in the third
decade of February with a recurrence of 5% only
according to climatic norms.

At the station Bobrynets the largest values of
recurrence were observed in the gradation of 0-5 cm

was recorded in the third decade of November - 25%.
The maximum recurrence in the gradation of 11-20
cm - 30% of cases, was in the second decade of March.
The highest recurrence - 25%, in the gradation of 21-
30 cm was observed in the first decade of March.

Table 20. Recurrence of the decadal height of snow cover by decades at Bobrynets station for the period 1961-1990 (%)

Gradation X XI XII I 11 111 v
3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
0-5 100 100 83 87 | 83 | 79 | 84 | 61 | 47 | 55 | 47 | 49 | 45 | 47 | 64 | 92 | 100 | 50
6-10 17 13 | 17 | 21 8 351 45| 26 | 35 8 17 | 14 | 18 8 50
11-20 8 4 4 15|14 | 31|17 ] 29| 12
21-30 8 | 13 5] 6
31-50 4 4 4 4 8 5
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The gradation of 31-50 cm was fixed in the first and
second decades of February. The appearance of snow
cover was recorded in the first decade of November,
in contrast to the climatic norm, where the appearance
of snow was observed in the third decade of October
(Table 20). The disappearance was observed in the
first decade of April, which occurred one decade
earlier than in the period 1961-1990. The maximum
frequency was observed in the gradation of 0-5 cm
and is 100%, can be observed in different decades.
The maximum height was recorded in the gradation of
31-50 cm, was fixed in different decades and ranged
from 4 to 11% in different periods.

Conclusions.

Analysis of snow cover in Kirovohrad region
makes it possible to say that at the beginning of the
XXI century there were changes in the formation of
snow cover. In the last few decades in the west and
south of the region, snow cover has formed a decade
later than according to climatic norms. Disappear-
ance of snow was determined in the third decade of
April in the north of the region, in contrast to the
period of the second half of the twentieth century,
when disappearance of snow was observed almost
throughout the region in the second decade of April.
At Kropyvnytskyi station, located in the central part
of the Kirovohrad region, the appearance and disap-
pearance of snow cover are determined within the
same limits for the two periods. The height of snow
at the beginning of the XXI century decreased both
in terms of averages and extremes. The frequency of
winters with the highest decadal height of snow cover
in different gradations varies greatly in the study
periods. For 1996-2018, the maximum was observed
in the gradation of 1-5 cm, significant recurrence was
found for a height of 0 cm; in the climatic norm the
greatest recurrence was recorded in the gradation of
11-20 cm, significant indicators were observed in the
gradation of 21-30 cm of snow cover. The maximum
recurrences of the decadal height of the snow cover
are 100%. They are defined in the gradation of 0-5 cm
in both periods at the beginning and end of the period
with snow cover.
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IlopiBHsIIbHA XapaKTePUCTHKA PE4OBHHHO-NETPOrpadgiyHoro ckiaaay i fKOCTi
Byrijig ceir C? ta C? lpuaninposcbKoi 0puiim

Caguyk B.C., [Ipuxomuenko B.®., [Ipuxomuenko /[.B., Tuxonenko B.B.

Hayionanvruii mexniunuil ynigepcumem «/ninposcoxa nonimexwixay, m. [{ninpo, Ykpaina, nmugeology@gmail.com

AHorauisi. BpaxoByroun icTopiro reosoriyHoro po3BUTKy 3axigHoro Jlonbacy y oMy, y3aralbHeHHS MaTepiaiB 31 CKIaIy Ta SKOCTI
Byrins cpiTh C > BUKOHAHO 3 ypaXyBaHHSAM T€OTEKTOHIYHOTO PO3BUTKY Oaceiiny. Jljisi BUKOHAHHS MOCTABJIEHHX 3a/a4 BUKOPUCTAHO
KOMIUIEKC METOJIiB JIOCIIiKEHb, 1110 BKJIIOYA€ eTporpadiqHuid, po3paxyHKOBHUI{, CTATUCTHYHHUIL, XPOHOJIOTYHHHN, TOPIBHSUILHUIL, TOLIO.
[Tpu BU3HAUEHHI TUIIOBOTO TIeTporpaiyHoro ckiajy Ta skocti Byrims csitn C ? na miomi [puaHinposcbkoi 6puity i BcTaHOBIEHH]
JaTepajbHUX 3aKOHOMIPHOCTEH iX 3MiHH, Ta 3MiHHU y CTpaTHrpadiqaHOMY po3pi3i HIKHBOTO KapOOHY Oyir JOIAaTKOBO y3arajibHEHi JaHi
nerporpadiuHuX Ta XiMiKo-TEXHONOTiYHHX TIOKA3HHUKIB BYTiNBbHOTO IUIACTA C,, T y3araabHeHi naHHi Js ycix miactis ceitn C . Le
JI03BOJTHIIO BU3HAYNTH TEHETHYHI 0COOIMBOCTI Byrins ceith C > Ta BCTAHOBUTH CTpaTUTpadiyHi i JaTepasbHi 3aKOHOMIPHOCTI 3MiHH
CKJIaly Byriyuist. BusiBiaeHa pisHuis, sk y nerporpadiyHoMy CKJai, TaK y XiMiKO-TEXHOJOTIYHHMX IOKa3HMKaX BYTUIbHHX IUIACTiB
ceit C*> u C’ BKasye Ha pi3Hi yMOBHU (opmyBanHs iX Topdopul. Beranopieno, mo Byrimis csitn C? y NOpiBHAHI 3 ByTiLisAM CBiTH
C,’ Bmintye Ginblie BOJOTH Ta MEHIIE MiHEpanbHUX JOMIlOK. JIIa HUX XapaKkTepHi Oibll BUCOKI 3HAYEHHs CipYHUCTOCTI, BUXOMY
JICTKUX, TEIIOTH 3TOpsAHHA. EneMenTHHMii ckiaj ByrinmbHHX miacTiB cBiTH C > XapakTepH3yeThCs MEHIIMMH 3HAYCHHAMH BMICTY
BYIJICLIO T4 KUCHIO Ta OUIBIIOI0 KUTBKICTIO BMICTY BOAHIO. OLIHEHO CHUIBHICT Ta BIAMIHHICTB Y METporpadiqHOMY CKJIAJl Ta XiMiKO-
TEXHOIOTIYHUX BIACTMBOCTAX BYrimbHMX miacTiB cBit C* Ta C,* i 3aKOHOMIpHOCTSIX iX 3MiHM MO IUIONIi TIOIIMPEHHs MIACTIB Ta y
cTparurpadigHoMy po3pisi.

Knrouoei cnosa: gyeinoHuil naacm, impunim, 1inmunim, iHepmurim, nempoepaghiuHuil ckiao
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Introduction.

Expansion of coal seams over the whole multi-
kilometer mass of the field, starting from the top of
the Visean layers up to the Upper Carboniferous,
is the feature of coal formation of the Donetsk Ba-
sin (Radziwill, 2012). Coal of C’-C) series of the
Middle Carboniferous has been studied in the most
thorough manner. In terms of the Lower Carbonifer-
ous, the basic commercial seams are observed in C13
series. Due to their poor carbon bearing degree, the
“subcoal” series of the Visean age (C,?) belong to the
least understood Donbas series. Petrographic as well
as chemical and technological characteristics of coal
seams of the Mezhova series were studied according
to the certain wells while researching the basic car-
bon Samara series (C°). The lithological and facial
characteristics of C,* series have been analyzed more
thoroughly. It has been proved (Radziwill, 2012) that
it is an independent rock complex differing greatly
from carbon rocks of the underlying series (C '), and
from the overlying carbon mass (C,’). Further, three
smaller subformations have been separated within the
Low Carboniferous formation. The subformations
are characterized by structural features as well as
sediment and peat accumulation. Poorly carbonized
bottom swampy-marine transgressive subformation
underlies the carbon formation (Radziwill, 2012).

Early information concerning petrology and coal
grade of C? series was obtained for single wells in
Pavlohrad District. During detailed exploration in
the late 1950s within Kosminni and Mezhivski sites,
b, and b, coal seams were prospected and analyzed.
During the following years, geological prospecting
activities helped to identify seams of C * series in Pet-
rykivka District, and Novomoskovsk District as well
as in the territory of the Southern Donbas.

In large, the exploration degree of the petro-
graphic composition and coal grade of C * series may
be evaluated according to the generalized scientific
sources (Ivanova, 2018, 2018a, 2014; Savchuk, 2006,
2013, 2014a, b, 2017; Shulha, 2010). Specifically, The
Atlas of the Lower Carboniferous of the Donets Basin
contains no information concerning the problem. In
more detail, the chemical and technological as well
as petrographic characteristics of the series coal were
considered by S.V. Savchuk, who published his paper
in 1963 under the supervision of O.Z. Shyrokov. Coal
seams of C* series were characterized only for the
Pavlohrad-Petropavlivka coal area. Information con-
cerning composition of series C * coal seams and their
grade, obtained in the process of geological prospect-
ing activities in Novomoskovsk District, Petrykivka
District, and the territory of the Southern Donbas, was
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generalized together with series C,* seams (Ivanova,
2018, 2014; Shulha, 2010). Therefore, it turned out
that comparison of features of petrographic and tech-
nological characteristics of series C,* coal seams and
coal seams of C* series is not sufficient. Up to now,
information on the petrographic as well as chemical
and technological characteristics of series C? coal
seams, obtained within the considerable area from
Petrykivka deposit in the west to the Southern Donbas
in the east has been covered by a negligible quantity
of papers (Radziwill, 2012; Savchuk, 2017). At the
same time, the first coal seams, formed at the very
beginning of the pulsing development of the Donets
Depression and which originated the initial commer-
cial coal reserves in Ukraine, are associated with the
C,? series. That is why the information is of practical
and theoretical value.

The objective of the article was to identify the
features of the petrographic composition and quality
of coal seams of series C > and to establish rules of
their change in the area of distribution of coal seams.
Taking into consideration the whole history of geo-
logical development of the Western Donbas, data on
composition and grade of C * series coal involved in-
formation about the geotectonic development of the
Basin. The territory can be considered as a system
of large tectonic blocks, among which the Samara
Block, occupying a central share of the Western Don-
bas, is their hugest part. The Kalmius Block is east of
the Samara Block; the Prydniprovia Block is west of
it (Radziwill, 2012).

Materials and methods of investigation.

To satisfy the objectives, a system of research
methods, covering petrographic, computational, sta-
tistical, chronological, comparative and other meth-
ods, has been applied. In the process of identification
of the petrographic composition and grade of series
C,*coal in the territory of the Prydniprovia Block, and
determination of lateral regularities of their change
as well as change in the stratigraphic section of the
Lower Carboniferous, data of petrographic as well as
chemical and technological indices of a coal seam c,
were generalized along with data of all seams of C
series. The activities helped define genetic features
of series C,* coal as well as stratigraphic and lateral
regularities of changes in the coal composition.

Results.

The Prydniprovia Block is a site of the southern
boundary of the Dnieper-Donets Depression. It has
been proved that Precambrian rocks of the Prydnipro-
via Block rise slightly over the Samara Block. The
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Vorskla fault borders the Block northwestwards; the
Mykhailivka fault and Karabynivka fault border it
to the north east. In the context of the Prydniprovia
Block, measures of C? series occur within the area
of the Petrykivka deposit and Novomoskovsk deposit.
They occur transgressively right on the rocks of crys-
talline basement. Average thickness of the series is
minor being 127 m and 167 m respectively. In terms
of the whole 2.3-4.3 m thickness of the coal seams
and layers, the total carbonous coefficient is 1.9-2.5.

The series deposits are represented by limestones
alternating with argillites, aleurites, sandstones, and
coal. Marine deposits are the characteristic feature of
facial composition of the series.

Generally, seams of the series are characterized
by a noncommercial thickness being 0.05 to 0.50 m.
Within the bottom share of the series (B,-B,) the num-
ber of coal layers is 11. They are not common within
the area characterized by the unstable thickness not
exceeding 0.45 m. For the most part, the top share
of the series (B,-C)) is represented by aleurites. Such
seamsasb.’,b,, b, b, b, and b, are characterized by a
noncommercial thickness exclusive of b and b, seams.

Within the Petrykivka deposit, b, seam with more
than 0.45 m thickness prevails southwest of sites
Nel-2 and Ne3-4,

Exteriorly, coal of b, seam is greyish-black with
a brownish shade in places; it is of mean density be-
ing sometimes viscous. Its jointing is either tabular or
thinly laminated; fracture is uneven angular one.

Mineral impurities are in the form of fine grains
as well as in the form of individual inclusions. They
are represented by pyrite, calcite, and kaolinite. Pyrite
is the commonest, being available in the form of con-
cretions, layers, and small inclusions. Calcite is pre-
sented in the form of gouges in endogenic fractures.
Kaolinite, filling usually vitrite fractures, occurs rela-
tively often.

Macerals of the vitrinite group are widespread in
the petrographic composition of B, seam. In the con-
text of certain wells, their share varies from 49.0 to
75.0% being 65.1% on average. Macerals of liptinite
follow them in abundance (Table 1). Compared with
the liptinite group, macerals of inertinite group oc-
cur to a lesser degree, being 16.5% on the average. It
should be noted that in terms of certain layer intersec-
tions, the composition of all the maceral groups var-
ies over a wide and approximately equal value range
being 26, 20, and 22% respectively. In some wells,
layers of sapropelic-humus coal, represented mainly
by boghead-cannel, occur in addition to humus coal.

Coal of the layer intersections belongs to the
two petrographic types — durain-clarain and clarain-
durain. In terms of typical petrographic composition,

coal of the seam belongs usually to a spore durain-
clarain subtype (Table 1).

Petrographic composition of B, and B, coal seams
within Petrykivka deposit is almost identical to the
composition of b, seam (Table 1). An almost similar
amount of vitrinite, liptinite, and inertinite is indicat-
ed. In terms of certain layer intersections, changes in
the content of the vitrinite maceral group take place
within the same b, seam intervals. Petrographic sub-
type of such coal seams as b, and b, is a durain-clarain
spore one.

In total, coal of C*seam of Petrykivka deposit
belongs to a durain-clarain type. Spore coal subtype
is the most widespread one (Table 1). Nonavailability
of the seams consisting of durain coal type should be
noted.

Macerals of the vitrinite group are the common-
est ones within the organic group of ¢, seam coal (C*
series). In the context of certain layer intersections,
their number varies from 43.0 to 71.0%. On average,
it is 60.0% in terms of the seam being less compared
with C * series seams (Table 1).

Macerals of the liptinite group follow them; their
mean is 22.0%. Compared with the liptinite group, the
number of inertinite group macerals is lower , being
18.0% on the average. In comparison with C* series
seams, petrographic composition of ¢, seam is more
variable being characterized by the lower amount of
the vitrinite group, and larger amount of macerals of
inertinite and liptinite groups (Table 1).

As for the layer intersections, coal of ¢, seam
belongs predominantly to the clarain-durain group
(81.7%). Occurrence of the layer intersections, the
coal of which belongs to a durain type (12.2%), should
be mentioned. Durain-clarain varieties are 6.1% only
(Table 1).

As for the spread area of ¢, seam, clarain-durain
with 65-50% vitrinite content prevails. Mixed clarain-
durain types occur along the southern extension of the
sites; spore types are present along the northern one.
Clarain-durain with 50% down to 40% of vitrinite
content, and durain-clarain with 80% down to 65% of
vitrinite content forms small areas. On the whole, coal
of ¢, seam of Petrykivka deposit belongs to a clarain-
durain spore type.

Table 1 demonstrates the typical petrographic
composition of each commercial seam of C* series
within the Petrykivka deposit (exclusive of ¢, seam).

In the context of certain seams, content of macer-
als of the vitrinite group varies from 49 to 65%; its
average value is 54.2%. Inertinite content is 19 to
26%; and liptinite is 16 to 26%. In terms of the aver-
age seam values, the quantity of maceral groups var-
ies within the fewer ranges (Table 1).
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From the viewpoint of its material composition,
the Lower Carboniferous coal of C* series of the
Petrykivka deposit belongs to a clarain-durain type.
Sometimes, it belongs to a durain or to a durain-clara-
in type.

The data helps conclude that according to its
petrographic composition, C,* series coal of the Pet-
rykivka deposit differs from C*series coal. In their
total petrographic composition, they contain more
macerals of the vitrinite group, and fewer macerals
of the inertinite and liptinite groups. On the whole,
C,? series coal belongs to a spore durain-clarain type
and C* series coal belongs to a spore clarain-durain
type. Stratigraphic section from bottom seams to the
top ones explains that typical petrographic composi-
tion has a tendency to decreased vitrinite quantity. In
turn, the maceral content of the inertinite and liptinite
groups increases. As for the petrographic composi-
tion, seam c, coal is found in between C * series seams
and other seams of C * series (Table 1).

Among the coal seams of C* series, B, seam is
the most widespread, occurring mainly in the field
of Novomoskovska #4 mine within the area of Novo-
moskovsk deposit. The seam is of variable thickness
(0.1 m to 1.40 m). 0.75-0.90 m thickness prevails; its
mean thickness is 0.73 m. The central share of the site
demonstrates more than 0.8 m thickness of the seam.
It is represented by small separated areas within the
remaining territory.

Hence, according to the mining conditions, re-
serves of B, seam have been referred to the noncom-
mercial ones.

The seam is of complex structure. Layers of car-
bonic argillites are 0.05-0.20 m, and 0.30-040 m more
rarely. Argillite occurs within the seam roof; aleurite
occurs less frequently. Its depth varies from 250 to
750 m being 415 m on average.

Predominantly, the coal is of a humic type. Some-
times, sapropelic-humic layers occur. Microscopi-
cally, the coal is semi-dull and semi-lustrous striated
densely with rare vitrain bands.

The coal is a complex mixture of vitrain-inerti-
nite-liptinite maceral groups.

The vitrain group is the basis of the petrographic
composition. The amount of the mineral varies from
46.0% up to 81.0%, being 68.0% on average. The
liptinite group, the mean of which is 17.0%, follows
vitrain in maceral content within the total organic coal
mass. In terms of the certain wells, its amount varies
from 5.0 to 26.0%. The inertinite group is the least oc-
curred one. Its average content is 15.0 %, somewhat
less than the liptinite group content (Table 1). In terms
of the certain wells, its amount varies from 9.0% to
36.0%.
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From the viewpoint of its material composition,
the coal belongs to the durain-clarain (60%) and clara-
in - durain (40%) types. Nonavailability of a durain
coal type should be mentioned. The spore coal sub-
group is the most widespread among the petrographic
subtypes (Table 1). As for the area, spore durain-clara-
in type is the typical petrographic composition.

In the context of the petrographic composition of
¢, seam, occurring within the area of the mine Novo-
moskovska #4, the average amount of the maceral vit-
rain group is 63.0% (55-74%). The quantity of macer-
als of inertinite and liptinite groups is almost identical,
being 18.0% and 19.0% respectively (Table 1).

In terms of the typical material composition of c,
seam, durain-clarain type prevails (76%). The number
of durain-clarain type samples is 22%. The number of
layer intersections consisting of a durain coal type is
low, being 2% on average (Table 1). The shares of the
spore coal subtypes and the mixed one are represent-
ed almost identically. In the context of the deposit, the
petrographic subtype of the coal seam is of clarain-
durain spore type.

In terms of petrographic composition of C* se-
ries (¢ -c,), the other coal seams of the mine Novo-
moskovska #4 also differ from petrographic composi-
tion of b, seam (C *series)

Hence, stratigraphic section of the Novomos-
kovsk deposit shows that a gradual decrease in the
vitrain maceral group takes place from b, seam to ¢,
seam as well as the increase in inertinite and liptinite
macerals (Table 1). Coal of C* series belongs to a
durain-clarain type and coal of C * series belongs to a
clarain-durain type.

The data concerning the difference in petro-
graphic compositions of seams of C* and C’ series
are indicative of dissimilar conditions of the forma-
tion of peat depositions. The information is also sup-
ported by the data on the composition and grade of
the series coal.

Table 2 explains chemical and technological
characteristics of the coal seams of C * and C ’series.

C,*series coal is characterized by high humidity.
In the context of the Prydniprovia Block, it is 9.9 %
on average. Predominantly, the coal is of mid-ash type
(Table 2). On the territory of the Prydniprovia Block,
ash content of coal patches of C* series varies from
7.0 to 21.0%. It is 12.8% for the Petrykivka deposit
and 11.8% for the Novomoskovsk deposit. Its high
content has been identified within the areas of seam
thinning. In terms of ash, concentratibility is medium
and heavy. The ash is of a ferrous type. It has high
content of Fe,0, (24.4-29.9 %) and CaO (8.3 — 8.7
%), and low content of SiO, and AlL,O,. High content
of Na and K oxides (8.5-10.3%) as well as Mg (3.0-
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3.44 %) is a specific feature of chemical ash composi-
tion of the area. The coal is of sulfide and multisulfide
type. Sulfur amount of certain samples varies broadly
from 1.99 to 10.77%; 3.49% is its average value for
the Petrykivka deposit, and 4.97% for the Novomos-
kovsk deposit. Average sulfur content in the coal of
C,? series of the Prydniprovia Block is 4.23% (Table
2). Phosphorous amount in the coal is increased.
Within the area of Petrykivka District, volatile-matter
content (V4 %) varies from 41.0% to 48.% , being
45.0% on average. As for the area of Novomoskovsk
District, its values are greater, being 44.0% to 49.0%
(47.0% on the average). In terms of C *series on the
territory of the Prydniprovia Block, average value of
the index is 45.9% (Table 2). Combustion heat per the
fuel mass is almost 28.7 MJ/kg for Petrykivka deposit
coal, and 29.4 MJ/kg for the coal of the Novomos-
kovsk deposit. High coal humidity decreases com-
bustion heat in terms of a dry ashless fuel (O,"). Its
values are 20.3-20.5 MJ/kg only, which is typical for
lignite. Carbon content (C%, %) is from 68.0% to 74.0
% (70.9% on the average) for Petrykivka District, and
72.4% for Novomoskovsk District. Hydrogen amount
is almost similar (5.46% and 5.44 % respectively).

C,’ series coal does not experience coking. Only
for certain samples from Novomoskovsk deposit, does
plastic layer thickness achieve 5 mm. Plastometric
shrinkage varies from 32 up to 55 mm, being 45 mm
on the average. Semicoke output per dry mass varies
from 62.3% up to 80.1% if ash content is up to 17
%. Output of semicoking resin is high, being 9.6% up
to 21.9% (13.9% on the average). The resin contains
numerous paraffins and phenols, which may be used
for distillation. The coal is black characterized by a
uniform grade composition; it belongs to D grade.

Compared with C* series coal, the coal of C?
series differs in greater average values of humidity,
sulfur content, volatile-matter content, combustion
heat, and a smaller number of mineral impurities. The
coal differs in its ultimate composition as well. It is
characterized by high hydrogen content and smaller
values of carbon content (Table 2).

The data have helped draw conclusions on com-
mon features and differences in the petrographic
composition as well as chemical and technological
features of coal seams of C > and C’ series, and regu-
larities of their changes over the area of the seam oc-
currence and relying upon stratigraphic section.

Conclusions.

According to their petrographic composition,
coal seams of C? series belong to the spore durain-
clarain type:

1. It has been identified that in terms of the total
petrographic composition, C,* series coal differs
from C* series coal. Lower series coal is char-
acterized by a greater content of vitrain group
and smaller amount of the inertinite and liptinite
groups.

2. A similar pattern has been identified for the
changes in the petrographic composition of series
C,?>and C *occurrence. The amount of the vitrain
maceral group increases in north-westerly direc-
tion, in a south-eastwardly direction; in turn, the
amount of inertinite and liptinite maceral groups
decreases.

3. It has been determined that compared with C*
series coal, the coal of C12 series contains more
humidity and fewer mineral impurities. It is
characterized by higher values of sulfur content,
volatile-matter content, and combustion heat.
Ultimate composition of coal seams of C*series
is characterized by smaller values of carbon and
oxygen contents as well as greater hydrogen con-
tent.

4. A similar pattern has been identified for the
changes in the chemical and technological char-
acteristics of series C,*> and C* occurrence. In-
crease in combustion heat and in carbon content
as well as decrease in the amount of mineral im-
purities take place in a north-westerly and south-
easterly direction.

The differences in the petrographic composition
as well as in the chemical and technological charac-
teristics of series C > and C * are indicative of dissimi-
lar conditions of formation of their peat depositions.
In the future, it is required to perform certain activi-
ties aimed at the determination of features of maceral
composition of coal seams of C * series, analysis of
their petrographic structure, and consideration of the
formation conditions of their peat depositions.
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Received: 29.04.2020 Abstract. The relevance of the research is due to the need to develop technologies for
Received in revised form: 15.08.2020 phytoremediation of the devastated lands in the mining and metallurgical regions of Ukraine
Accepted: 23.09.2020 and the world. In this regard, the creation of tree plantations adapted to the ecological

conditions of such territories is considered by many experts as the most promising option
for innovative technologies. However, the development of artificial woodlands requires knowledge of the pedogeochemical character-
istics of devastated lands. The aim of the work was to carry out a comparative analysis of the macronutrients and heavy metals gross
forms content in the soils of the devastated lands of the Kryvyi Rih mining and metallurgical region. The field studies focused on five
contrasting monitoring sites of the Petrovsky dump (Central Kryvorizhzhya), which has a typical age and composition of rocks for the
region. Soil sampling, drying, sieving, and sample preparation (sintering in a muffle furnace) were done in accordance with classical
techniques. The concentrations of macronutrients (potassium, sodium, calcium, magnesium, sulfur, and phosphorus) and heavy metals
(iron, manganese, zinc, copper, lead, and cadmium) were determined using an Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) X-Series 2 (Thermo Fisher Scientific, USA). The analytical part of our research was carried out on the basis of the laboratory of the
Institute of Biosciences, Freiberg University of Technology and Mining Academy (Freiberg, Germany). At monitoring sites, significant
differences were found in the content of macronutrients gross forms, and their variation relative to the control values as well. Potassium
and sodium concentrations generally differed slightly or were close to control levels. The results of determining the content of calcium,
magnesium and phosphorus indicate a significant deficiency or excess of these macronutrients in the soils of the devastated lands. An
increased sulfur content was found in the soils of all monitoring sites, in some cases 4 times higher than the control level. The measured
content of gross forms of iron, manganese, copper, cadmium and, partially, zinc in the soils of different monitoring sites exceeded the
control values by 5.5 — 5.9 times. Thus, the analysis of the research results made it possible to establish that the soils of the devastated
lands of the Petrovsky dump are characterized by unfavorable properties for the growth of most species of woody plants.

Key words: soil, devastated lands, waste rock dumps, macronutrients, heavy metals, gross forms, phytotoxicants, phyto-optimization
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AHoTamisi. AKTyaJbHICTh HAIIMX JOCITI/PKEHb 3yMOBJCHA HEOOXIJHICTIO PO3poOKHM TeXHOJIOTiH (iTopeMesialii aeBacTOBaHUX
3eMeJlb Y TipHHY0-METATYPriifHUX perioHax YKpaiHM Ta CBITY. Y 3B’SI3Ky 3 IIMM CTBOPEHHS JEPEBHUX HACAPKCHB, aJallTOBAHHX JIO

153



V.M. Savosko, Y.V. Bielyk, Y.V. Lykholat, H. Heilmeier, I.P. Grygoryuk, N.O. Khromykh, T.Y. Lykholat Journ. Geol. Geograph. Geoecology, 30(1), 153-164.

€KOJIOTIYHUX YMOB TaKHX TEPUTOPI, 0arato eKCrepTiB po3NIsSIAIOTh SIK HAHO1IBIII TePCIIEKTUBHMI BapiaHT iHHOBALIHUX TEXHOJIOTIH.
OnHak pO3BUTOK IITYYHMX JICOBHX MAacHBIB BHMara€ 3HAHHS NEIOTCOXIMIYHUX XapaKTEPUCTHK JEBACTOBAHHX 3eMeNb. MeToio
poGoTH OyIl0 MPOBECTH MOPIBHUILHIN aHANI3 BMICTY BaJIOBHX (JOPM MAKPOHYTPI€HTIB Ta BAXKHX METAJIB y IPYHTAX JAEBACTOBAHUX
3eMenb KpuBopi3pKoro ripHHYO-MeTanypriiiHoro periony. IlomboBi gocmimkeHHs Oymu 30cepeKeH] Ha I’ SITH KOHTPACTHUX MICIIAX
mozenbHoro IlerpoBebkoro Binsany (Llentpanbae KpuBopixoks), siKuii Mae THHOBHI AJsl PErioHy BiK i CKJIaJA TiPCHKUX IOPIJ.
BinGip npo6 rpyHTy, BUCYIIyBaHHsI, IPOCIIOBAHHS Ta MiJrOTOBKA 3pa3KiB (CIHiKaHHs B My(elbHil Medi) MPOBOAMIN 33 KIACHUYHUMHU
Mmetoxukamu. KoHIleHTpamii MakpoHyTpieHTIB (Kaiilo, HAaTpilo, KaJblilo, MarHifo, Cipku Ta Gocdopy) Ta BaXKKHX MeTaliB (3aii3a,
MapTaHIlio, IIIHKY, Mifli, CBUHIIO Ta KaMil0) BU3HAYAJIN 3a JOTIOMOT'0I0 Mac-CIIEKTPOMETPY 3 IHIYKTHBHO-3B s13aH0I0 T1a3moro (ICP-
MS) X-Cepist 2 (Thermo Fisher Scientific, CIIIA). AraniTHYHa YacTHHA HAIIOTO JOCIi/KeHHs Oyila BHKOHaHa Ha 0asi madoparopii
[HcTutyTy Gilonmoriunux Hayk, TexHOIOTIUHOTO yHIBepcUTeTy i TipHu4oi akaaemii ®dpaiidepra (Ppaiidepr, Himeuunna). Ha moniTo-
PMHIOBUX JUISTHKaX OyJIM BUSBJICHI CYTTEBI BIIMIHHOCTI y BMICTI BallOBUX (DOPM MakpOHYTPIi€HTIB Ta 1X Bapialii 111010 KOHTPOIbHHUX
3HaucHb. KOHIIEHTpaIlis Kalilo Ta HATPIio, SIK MPAaBUJIO0, HE3HAYHO BiJpi3HsIIacs abo Oyiu OMM3bKI 10 PiBHSA KOHTPOIO. Pesynbratu
BH3HAYEHHS BMICTY KaJIbIlil0, MarHito Ta Gpocdopy cBiadaTh npo 3Ha4HUN AedinuT a0 HAUIMIIOK IUX MaKpOHYTPIEHTIB y IPYHTaxX
JIEBACTOBAaHMX 3E€MeIlb MOJIEIIFHOTO BiJBaly. B rpyHTaX ycix MOHITOPHHIOBUX AUISHOK OyJIO BUSIBICHO ITiBUINCHUN BMICT CipKH, B
JeSIKUX BHIAAKaX y 4 pa3u BHIIE BiJl KOHTPOI0. BMicT BamoBux (opm 3aiiza, Mapraio, Mijli, KaAMil0 Ta YaCTKOBO IIMHKY B IPYHTaxX
PI3HHX MOHITOPMHIOBUX IUISHOK NEPEBHUILYBaB KOHTPOJBbHI 3HaUeHHA y 5,5-5,9 pasiB. AHami3 pe3ynbTaTiB AOCHIIKEHb JO3BOJIUB
BCTAQHOBHTH, IO I'PYHTH CIIyCTOLICHHX 3eMejb [IeTpOBCHKOrO BifBaly XapaKTepHU3YIOThCS HECHPHATIMBUMH BIACTHBOCTSIMH IS
POCTy OLIBIIOCTI BUIIB AEPEBHAX POCIIHH.

Kniouosi cnoea: rpymm, Oesacmosani 3emii, GI08ANU 2IPCOKUX NOPIO, MAKPOHYMPICHMU, 6AMNCKI Memanu, 6anoei @opmu,

@imomokcuxanmu, pimoonmumizayis

Introduction.

Devastated lands are the surface new
formations, where the soil and vegetation cover
have been completely destroyed, and anthropogenic
morphosculptures (medium or small forms of relief
that have arisen under the influence of exogenous
factors of technogenic genesis) have been formed.
Now these lands are an integral component of
the mining and metallurgical areas at Ukraine, at
Europe and at Worldwide (Savosko, 2011; Adams,
2017; Bielyk, et al., 2019). Numerous studies have
convincingly proved that such lands pose a serious
threat to human safety and well-being, since they are a
source of intense secondary pollution of atmospheric
air, soil, surface and ground waters of adjacent
territories. In addition, devastated lands generate the
spread of weed, allergenic and invasive plant species
in the regions of their deployment (Macdonald, et
al, 2015; Pietrzykowski, 2019; Masiuk et al., 2020).
These problems are exacerbated by a significant area
of devastated land: more than 2 000 000 hectares in
the world, about 200 000 hectares in Ukraine and
about 100 000 hectares in Germany (Wong, 2003;
Savosko, 2011; Kivinen, 2017; Shvaiko & Manyuk,
2017). Therefore, the development of effective, but
inexpensive technologies for optimizing devastated
lands is urgent.

Recently, numerous studies have been aimed
at finding the innovative ways to optimize the
territories of devastated lands (Skousen & Zipper,
2014; Shvaiko & Manyuk, 2017; Zipper, et al., 2011;
Savosko, et al., 2019a). Since the classical technology
of their reuse (reclamation / revitalization) does not
stand up to criticism in the framework of modern
research (Savosko, 2011; Skousen & Zipper, 2014;
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Adams, 2017; Kivinen, 2017). According to experts,
the creation of the artificial tree plantations is the
most promising way to restore the devastated lands
(Adams, 2017; Macdonald, et al, 2015; Ranjan, et
al, 2016; Savosko & Tovstolyak, 2017). However,
the ecological conditions of these territories are very
unfavorable for most species of ornamental woody
(Savosko, 2011; Bielyk, et al., 2019; Pietrzykowski,
2019), fruit (Shcherbyna, et al., 2017; Khromykh,
et al., 2018) and agricultural plants (Nazarenko &
Lykholat, 2018; Nazarenko, et al., 2018; Palchykov,
etal., 2019).

In most cases, the formation of a fragmented soil
cover on the devastated lands was established, which
is characterized by a thin profile, an insignificant
content of humus and macronutrients, an unfavorable
reaction of the soil solution, and the presence of an
excessive content of phytotoxicants (Savosko, et al.,
2018; Bielyk, et al., 2019; Savosko, et al., 2019b). It
has been shown that such properties of the soil cover
adversely affect the state of the organism of animals
(Lykholat, et al., 2019; Pokhylenko, et al., 2019) and
humans (Pertseva, et al., 2012; Lykholat, et al., 2019).

Forwoodyplantspecies, one ofthemostsignificant
environmental condition is the insufficient amount
of leading macronutrients (nitrogen, phosphorus,
potassium, etc.) in the soils of devastated lands, which
predetermine the growth and development of these
species (Adriano, 2001; Dobrovolskij, 2003; Bradl,
2005; Kabata-Pendias, 2011; Maathuis, 2019).

It should be noted that the heavy metals are
among the priority phytotoxicants (Komarova,
2015b; Yakun, 2016; Antoniadisa, et al., 2017;
Podolyak & Karpenko, 2019). Heavy metals in small
concentrations are the actual trace elements for all
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living organisms (Adriano, 2001; Dobrovolskij, 2003;
Sparks, 2003; Sposito, 2008), but a significant excess
of their content in the soil has a negative effect on
the growth and development of woody plant species
(Ding, et al., 2015; Khalid, et all., 2017; Pogrzeba, et
al., 2019).

Therefore, the urgent task is to study the chemical
composition of the soil of devastated lands, and first of
all, to identify the actual concentrations of the leading
macronutrients (as potential nutrients for plants) and
heavy metals (as potential phytotoxicants).

Purpose of the work: 7o conduct a comparative
analysis of the gross forms content of macronutrients
and heavy metals in the soils of devastated lands of
the Kryvyi Rih mining and metallurgical region.

Materials and research methods.

The materials for the article were the results of
research that were carried out at the Petrovsky waste
rock dump, Central part of the Kryvyi Rih Iron Min-

ing & Metallurgical District, Dnipropetrovs’k oblast,
Ukraine (Fig. 1).

The Petrovsky waste rock dump was formed as a
place for storing the unpromising iron ores, quartzite
and loose rocks. In this dump the ecological condi-
tions for the growth and development of plants are
typical for the Kryvyi Rih region, which is due to the
composition of rocks, their age and area (Savosko, et
al., 2018; Bielyk, et al., 2019).

On the territory of the Petrovsky waste rock
dump, five monitoring sites were selected, which dif-
fer in the age of the rock dump and are characterized
by contrasting edaphic conditions. The control plot
is located at a distance of 30 km from the industrial
enterprises of the region in the Gurovsky forest
(Dolinsky district, Kirovograd oblast).

At each plot, soil samples were taken from the
top layer at a depth of 0 — 10 cm in accordance with
classical sampling techniques. The procedures for soil
samples drying, grinding and sifting through a metal

Fig. 1. Location of study area and structure of the Petrovsky waste rock dumps:

L, IL, 111, IV, V — numbering of the monitoring plots
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sieve (mesh size 1 mm) were carried out according
to standard methods (Stehman, et al., 1999; Pansu
& Jacques, 2006; Tykhonenko, et al., 2009). Briefly,
20 mg of a mixture of Na,CO, and K,CO, (ratio 1:1)
was added to 100 mg of the soil sample and mixed
thoroughly. The resulting mixture was placed in a
muffle furnace and kept at a temperature of 700 °C
for 5 hours. The cooled samples were dissolved in a
mixture of acids (HF and HCI), and an aliquot was
taken (Stehman, et al., 1999; Pansu & Jacques, 2006).

Determination of the macronutrients content
(potassium, sodium, calcium, magnesium, sulfur and
phosphorus) and the heavy metals (iron, manganese,
zinc, copper, lead and cadmium) was performed using
the Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) X-Series 2 (Thermo Fisher Scientific, USA).
Laboratory studies were carried out at the Institute of
Biosciences, Freiberg University of Technology and
Mining Academy (Freiberg, Germany).

The content of macronutrients (MN) and heavy
metals (HM) in the soil samples was expressed in
ppm dry weight. The results obtained were processed
using the methods of variation statistics; differences
between the comparison groups were considered
significant at the level of statistical significance P <
0.05 (McDonald, 2014).

Results.

Content of MN and HM in the soils of the
control plot. We found that in the soils of the control
plot, the potassium content ranges from 1.10% to
1.33%, with an average value of 1.22 + 0.04 % (Table
1). According to scientific literature (Perelman,
1989; Alekseenko, 2000; Chertko & Chertko, 2008),
the average potassium content in soils ranges from
1.36 % to 4.20 %. Orlov (1992) showed that in the
chernozem soils, the content of this element is 1.32 %
(typical chernozems), 0.97 % (ordinary chernozems),
and 1.75 % in southern chernozems.

In accordance with the results of our studies, the
sodium concentration in the soils of the control plot
varied in the range 0.65 — 0.83 %, with an average

value of 0.70 = 0.03 %. Scientific publications (Perel-
man, 1989; Alekseenko, 2000; Chertko & Chertko,
2008;) indicate that the optimal sodium content in soil
ranges from 0.63 % to 2.84 %. According to Orlov
(1992) data, the amount of sodium in chernozem soils
reaches the following values: 0.57 % in typical cher-
nozems, 0.44 % in ordinary chernozems, and 1.19 %
in southern chernozems.

The calcium content in the soils of the control
plot fluctuated from 3.11 to 3.74 %, the average val-
ue was 3.41 = 0.11 %. Literature sources (Perelman,
1989; Alekseenko, 2000; Chertko & Chertko, 2008;)
indicate that the average concentration of calcium in
soils is 0.51 — 2.53 %. In the chernozem soils (Orlov,
1992), the content of this element reaches 2.47 % in
typical chernozems, 4.20 % in ordinary chernozems
and 2.10 % in southern chernozems.

According to our research, the magnesium con-
centration in the soils of the control plot ranged from
1.86 % to 2.57 %, with an average value of 2.06 +
0.14 %. Previous studies (Perelman, 1989; Alekseen-
ko, 2000; Chertko & Chertko, 2008) have found that
the average magnesium content in soils is in the range
of 0.16 — 1.37 %. In typical chernozems, the concen-
tration of this element comprises 1.01%, in ordinary
chernozems 1.19 %, and in southern chernozems only
0.95 % (Orlov, 1992).

The sulfur concentration in the soils of the control
plot varied in a narrow range from 0.75 % to 1.309 %,
with an average parameter value of 0.89 £+ 0.06 %.
Scientific publications (Perelman, 1989; Alekseenko,
2000; Chertko & Chertko, 2008) indicate that soils
usually contain from 0.03 % to 0.085 % sulfur.
According to Orlov (1992), the amount of sulfur is
1.69 % in typical chernozems, 0.22 % in ordinary
chernozems, and 0.17 % in southern chernozems.

We found that the phosphorus content in the
soils of the control plot ranges from 0.09 % to 0.13
%, with an average value of 0.11 + 0.01 %. It is
known that the average phosphorus content in soils is
insignificant and amounts to 0.06 — 0.08% (Perelman,
1989; Alekseenko, 2000). The concentration of this

Table 1. Total content of the macronutrients in the soils of the control plot, %

Macronutrients
Statistical parameters
Potassium Sodium Calcium Magnesium Sulfur Phosphorus

Minimum value, Min 1.10 0.65 3.11 1.86 0.75 0.09
Maximum value, Max 1.33 0.83 3.74 2.57 1.09 0.13
Average value, M 1.22 0.70 3.41 2.06 0.89 0.11
The absolute error of the 0.04 0.03 0.11 0.14 0.06 0.01
arithmetic mean, m

Variation coefficient, V% 15.76 21.19 14.12 29.43 31.43 28.75
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element in chernozem soils reaches 0.10 % in typical
chernozems, 0.07 % in ordinary chernozems, and
0.06 % in southern chernozems (Orlov, 1992).

In our studies, it was found that in control plot
soils the iron content varied from 3.92 to 4.75 %, with
an average value of 4.25 + 0.18 % (Table 2). The iron
content in conventionally clean (uncultivated) soils
comprises 0.47 — 4.30 %, and in the cultivated soils
1.40 % —2.80 % (Bradl, 2005; Kabata-Pendias, 2011).
The following concentrations of this metal were
revealed in chernozem soils: in typical chernozems
3.69 %, in ordinary chernozems 3.04 %, and in
southern chernozems 3.50 % (Orlov, 1992).

According to the scientific literature review (Bra-
dl, 2005; Kabata-Pendias, 2011), the concentration of
manganese in the untreated soils is detected in a very

Table 2. Total content of heavy metals in the soils of the control plot

value is 18.73 £+ 0.78 ppm) does not go beyond the
indicated ranges.

The average lead content in cultivated and
uncultivated soils is 2.60 — 26.0 ppm (Bradl, 2005;
Kabata-Pendias, 2011). The analysis of the obtained
results showed (Table 2) that the concentration of this
metal in the soils of the control plot (from 26.84 ppm
to 30.15 ppm, with an average value of 28.10 + 0.60
ppm) was slightly higher than these values.

Similar patterns were revealed for cadmium, the
content of which in the background soils is 0.10 —
0.13 ppm (Bradl, 2005; Kabata-Pendias, 2011). The
concentration of this metal revealed in the soils of the
control plot exceeded the indicated level, varying in
the range from 0.1 ppm to 0.19 ppm with an average
value of 0.16 £ 0.01 ppm (Table 2).

Heavy metals
Statistical parameters Iron Manganese Zinc Lead Copper Cadmium
% ppm

Minimum value, Min 3.92 705.84 84.62 17.80 26.84 0.11
Maximum value, Max 4.75 810.79 98.25 21.85 30.15 0.19
Average value, M 4.25 761.70 90.51 18.73 28.10 0.16
The absolute error of the 0.18 18.02 2.73 0.78 0.60 0.01
arithmetic mean, m

Variation coefficient, V% 18.7 10.58 13.48 18.75 9.53 36.94

wide range of 60 — 1100 ppm, and in cultivated soils
it varies from 990 to 7400 ppm. In the chernozem
soils, the concentrations of this metal are as follows:
500 ppm in typical chernozems, 200 ppm in ordinary
chernozems, and 500 ppm in southern chernozems
(Orlov, 1992). We found (Table 2) that the content of
manganese in the soils of the control plot is slightly
higher than in chernozem soils (705 — 810 ppm, with
an average value of 761.7 = 18.02 ppm), but does not
exceed the data established for the cultivated soil.

The concentration of zinc in uncultivated soils
reaches 25 — 65 ppm, and in cultivated soils, 37 — 680
ppm (Bradl, 2005; Kabata-Pendias, 2011). According
to the results of our research (Table 2), the zinc content
in the soils of the control plot (85 — 98 ppm, with an
average value of 90.51 £+ 2.73 ppm) coincides with the
published data for the cultivated soils.

The copper content in the uncultivated soils varies
in the interval 8.70 — 33 ppm, while in cultivated
soils, the concentration of this metal rises to 9.90 —
39 ppm (Bradl, 2005; Kabata-Pendias, 2011). We
found (Table 2) that in the soils of the control plot,
the copper content (26.84 — 30.15 ppm, the average

Content of MN and HM in the soils of
devastated lands. The analysis of the obtained results
showed that in the soils of the devastated lands of
the Petrovsky dump, the potassium content varied
in the range from 1.13 % (plot 1V) to 1.39 % (plot
I), with an average value of 1.26 %. The revealed
concentrations of this macronutrient were less than its
content in the lithosphere and the Earth’s crust, but
higher than in ultrabasic and basic rocks (Perelman,
1989; Alekseenko, 2000; Chertko & Chertko, 2008).

It should be noted that a statistically significant
excess of the control potassium content (13 % higher
than the control, P <0.05) was found only on the mon-
itoring plot I (Fig. 2). At the same time, in sites II, 111
and IV, the concentrations of this macronutrient were
at the level of control values, and on plot V concentra-
tion was slightly lower (by 8 %, P <0.05).

We found that the concentration of sodium in the
soils of devastated lands ranged from 0.64 % (plot V)
to 0.77 % (plot 1), with an average value of 0.74 %.
These values are below the amount of this element
in the Earth’s crust and lithosphere, but close to the
sodium levels found in shales and clays.
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Fig. 2. Comparative content of the macronutrient’s total forms
in the soils of the devastated lands at Kryvyi Rih District
The content of the elements in the control is taken to be 100%.
Research areas: C — control; I, II, I, IV, V — monitoring sites of the devastated lands
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The sodium content in the soils of the devastated
lands was 6 — 10% (P <0.05) higher than the control
level (Fig. 2). The exception is the soils of plot V,
where the concentrations of this element were 7 — 8%
(P <0.05) below the control value.

Calcium concentrations in the soils of the
Petrovsky dump were determined in a very wide range
of values: from 0.61 % (plot I) to 8.56 % (plot IV),
with an average value of 4.08 %. Such content of this
macronutrient corresponds to its Clarke in the Earth’s
crust, lithosphere, and in most rocks (Perelman,
1989; Alekseenko, 2000; Chertko & Chertko, 2008).
Compared with the control, calcium concentrations
on the plots I and II were lower by 4.5 — 5.6 times
(P <0.05), while on the plots III, IV and V they were
higher by 1.3 — 2.5 times (P <0.05).

The range of magnesium content in the soils of
devastated lands was also very wide: from 0.57 % (plot
1) to 5.08 % (plot IV), with an average value of 2.83
%. These values of magnesium content correspond to
its Clarke values in the Earth’s crust, lithosphere and
basic rocks. It was found (Fig. 2) that on the plots I
and II, magnesium concentrations were 3.6 and 2.2
times lower than the control values, respectively (P
<0.05), while in the rest of the sites they exceeded the
control by 1.6 — 2.5 times (P <0.05).

The results of our research (Fig. 2) indicate
that phosphorus concentrations in the soils of the
devastated lands of Kryvorizhzha vary from 0.06 %
(plot ) to 0.17 % (plot V), with an average value of
0.10 %. Such levels of this element correspond to its
Clarkes in the Earth’s crust, lithosphere, and basic
rocks (Perelman, 1989; Alekseenko, 2000; Chertko &
Chertko, 2008). The amount of this macronutrient on
the plots Il and V was 7 — 49% higher than the control
(P <0.05), while on the plots I, III and IV it was 24 —
44% lower (P <0.05).

The sulfur content in the soils of the Petrovsky
dump varied from 1.02 % (plot IV) to 3.65 %
(plot I), with an average amount of 1.73 %. Such
concentrations of this element significantly exceed
its Clarke in the Earth’s crust, lithosphere and leading
rocks (Perelman, 1989; Alekseenko, 2000; Chertko &
Chertko, 2008). Therefore, it is quite natural that the
amount of sulfur in the soils of devastated lands was
higher in comparison with the control values: 1.1 —
1.6 times (P <0.05) on the plots II, III, IV and V, and
4.1 times higher on the plot I (P <0.05).

The revealed values of calcium and magnesium
in the soils of the plots I and II indicate a serious
deficiency of these macronutrients (2 — 5 times lower
than the control values). In the remaining plots, there
is probably an excess amount of calcium and mag-
nesium in the soils (1.3 — 2.5 times higher than the

control). In the soils of all monitoring sites, increased
sulfur content in comparison with the control values
was revealed. On the plot I, high concentrations of this
macronutrient (4.1 times higher than the control) may
have a phytotoxic effect on woody plant species. The
phosphorus concentration was at the control level only
on plot I1, while on the plots I, IIT and IV it was signifi-
cantly higher than the control (by 24 — 42%), and on
plot Vit was 1.5 times lower than the control values.

The analysis of the obtained results showed that
the iron content in the soils of the devastated lands of
the Petrovsky dump varies from 5.70 % (plot IV) to
11.12 % (plot V), with an average value of 9.54 %.
Such concentrations of this metal exceed its Clarkes
in the lithosphere, Earth’s crust and in the main rocks
(Perelman, 1989; Alekseenko, 2000; Chertko &
Chertko, 2008). In comparison with the control values
(Fig. 3), the iron content in the soils of all monitoring
sites was significantly (P <0.05) higher by 1.4 — 2.6
times.

The concentration of manganese in the soils of
the devastated lands ranged from 884 ppm (plot II)
to 1030 ppm (plot V), with an average value of 962
ppm. Such concentrations of this metal are somewhat
higher than its Clarks in the Earth’s crust and
lithosphere (Alekseenko, 2000; Chertko & Chertko,
2008; Perelman, 1989). In comparison with the
control level, the concentration of manganese in the
soils of all plots was significantly (P <0.05) higher by
16 — 35 % (Fig. 3).

The results of our research indicate that the
concentration of zinc in the soils of the devastated
lands of the Petrovsky dump varied from 77.1 ppm
(plot I) to 127 ppm (plot V), with an average value
of 92.4 ppm. These levels of element correspond to
its Clarkes in the Earth’s crust, lithosphere and basic
rocks (Alekseenko, 2000; Chertko & Chertko, 2008;
Perelman, 1989). The amount of zinc in the soils of
devastated lands of the Petrovsky dump differs from
its control values (Fig. 3). On the plots II, III and V,
the amount of this metal was 8 — 14 % lower than the
control (P <0.05), while on plot IV it was 1.41 times
higher than the control level (P <0.05).

The copper content in the soils of the devastated
lands of the Petrovsky dump varied in the range of
25.07 ppm (plot IV) — 32.96 ppm (plot V), with an
average value of 28.82 ppm. Such concentrations
do not exceed the Clarke values of this metal in the
Earth’s crust, lithosphere, and leading rocks, with
the exception of ultrabasic rocks, sandstones, and
carbonates (Alekseenko, 2000; Chertko & Chertko,
2008; Perelman, 1989). In comparison with the
control values, the amount of copper in the soils
of the Petrovsky dump at all monitoring sites was
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Fig. 3. Comparative content of the heavy metal’s total forms
in the soils of the devastated lands at Kryvyi Rih District
The content of the elements in the control is taken to be 100%.
Research areas: C — control; L, II, I, IV, V — monitoring sites of the devastated lands
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significantly (P <0.05) higher by 1.3 — 1.8 times
(Fig. 3).

Concentrations of lead in the soils of devastated
lands were detected in a relatively small range from
10.9 ppm (plot II) to 18.60 ppm (plot IV), with an
average value of 13.88 ppm. These metal levels
are consistent with its Clarks in the Earth’s crust,
lithosphere, and leading rocks (Perelman, 1989;
Alekseenko, 2000; Chertko & Chertko, 2008).
The lead content in the soils of all studied plots
significantly (P <0.05) was below the control level by
34 — 64% (Fig. 3).

The cadmium content in the soils of the Petrovsky
dump varied from 0.18 ppm (plot V) to 0.95 ppm
(plot 1V), with an average value of 0.57 ppm. Such
values of the element content are not anomalous,
since they correspond to its Clarks in the Earth’s
crust, lithosphere, and basic rocks (Perelman, 1989;
Alekseenko, 2000). In comparison with the control
values, the amount of cadmium in the soils of all
monitoring sites was significantly (P <0.05) higher by
1.1 —5.9 times.

Discussion.

According to the results obtained, the soils of
the control plot we chose were characterized by the
typical regional content of the studied macronutrients
(potassium, sodium, calcium, magnesium, sulfur and
phosphorus). However, in comparison with chernozem
soils in other regions, increased concentrations of
calcium and magnesium were found. In our opinion,
this may be due to the biogeochemical characteristics
of the soils of the control plot. The revealed levels of
macronutrient content in the soils of the control plot
indicate their sufficient quantity for the growth and
development of most species of woody plants.

Inthesoilsofthecontrolplot,onlytheconcentration
of copper was within the average values established
for conditionally background, uncultivated soils.
At the same time, the concentrations of other heavy
metals (iron, manganese, zinc, lead and cadmium)
were statistically significantly higher than the average
values. We assumed that this phenomenon can be
explained by the action of a regional geochemical and
biogeochemical anomaly, which is characterized by
an increased content of these metals.

The revealed patterns in the content of heavy
metals in the soils of our control plot are consistent
with the results of other studies carried out on the
conditionally background areas of the Kryvyi Rih
region (Savosko, 2009; Komarova, 2015a; Savosko,
2016) and the Dnipropetrovsk province as a whole
(Gryshko et al., 2012; Tsvetkova et al., 2016). In

our opinion, the increased content of biologically
important metals (iron, manganese, and zinc) in
the soils of the control plot may not be critical, but
optimal for the growth of woody plant species.

The content of gross forms of macronutrients in
the soils of the devastated lands of the Petrovsky dump
was characterized by multidirectional differences from
the control levels. The concentrations of potassium
and sodium in the soils of the monitoring sites were
at the level of control values or slightly exceeded
them (by 10 — 13%). The exception is the soils of plot
V, where the amount of potassium and sodium was
slightly lower than the control (by 7 — 8%).

In the soils of the devastated lands of the
Petrovsky dump, an increased content of gross forms
of iron, manganese, copper, cadmium, and also zinc
in some plots was revealed. The concentrations of
these metals were by 1.2 — 5.9 times higher than the
control values. It should be noted that, a lead content
lower levels were revealed compared to the control
(by 1.5 — 2.7 times). The zinc content in the soils of
devastated lands characterized by multidirectional
deviations from the control value. So, on the plots
II, III, and V, the concentrations of this metal were
slightly (by 7 — 14%) lower than the control; on plot
IV they exceeded the control by 1.4 times, and on plot
I they coincided with the control level.

Conclusion.

The soils of the devastated lands of the Petrovsky
dump at all monitoring sites are characterized by
very unfavorable conditions for the growth and
development of most species of woody plants.

The concentrations of potassium and sodium
in the soils of the devastated lands are mainly at the
level of the control values. The content of calcium,
magnesium and phosphorus in the soils of devastated
lands indicates either a significant deficiency of these
macronutrients (25 — 40 % lower than the control
level), or their excessive amount (1.3 — 5.1 times
higher than the control). In the soils of all monitoring
sites, an excess of the control sulfur content was
revealed (up to 4 — 5 times higher than the control).

The high content of gross forms of iron,
manganese, copper, cadmium and, in some areas, zinc
should also be attributed to unfavorable conditions at
the monitoring sites of the Petrovsky dump. The con-
centrations of these metals in the soils of devastated
lands exceed the control values by 5.5 — 5.9 times.

The established patterns of variation in the content
of gross forms of macronutrients and heavy metals in
the soils of the devastated lands of Kryvorizhzhya can
be used in the development of innovative technologies
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for phyto-optimization of the territories of mining
and metallurgical regions. In further studies, it is
advisable to analyze the content of mobile forms
of macronutrients and heavy metals in the soils of
devastated lands, as well as their translocation into
woody plants.
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Received: 20.10.2020 Abstract. Analysis of landscape geochemical conditions of the territory of Kivertsi National
Received in revised form: 25.10.2020 Nature Park “Tsumanska Pushcha” was carried out also the levels of pollution of landscapes
Accepted: 02.12.2020 within the park and adjacent territories were established. Features of the accumulation and

distribution of pollutants in the landscapes of the territory under conditions of natural and
Technogenic geochemical anomalies are considered. The landscapes of the studied migration classes (calcium, calcium carbonate,
carbonate clayey, acidic calcium) are characterized by a relatively high coefficient of migration intensity due to relatively weak
buffering capacity, low water retention capacity and contrasting moisture regime. However, strong gleyed horizons are able to fix
contaminants during their surface movement. Using the methods of landscape geochemical research, analytical methods, data on
the gross and mobile content of heavy metals were obtained and analyzed. The highest concentrations of manganese and chromium
are found in soils differentiated on loess sediments, nickel and copper on glacial sediments. Most of the studied heavy metals
exceed the regional geochemical background. In terms of the gross content in soils, trace elements form the following geochemical
series: Zn>Cu>Pb>Ni>Mn>Cr. The accumulation of lead up to 2-3 MPC in forest litters is clearly traced. Dependences of the
stability of landscapes to Technogenic pollution on the level of conservation of natural geochemical parameters of soils, the degree
of their anthropogenic transformation and the level of heavy metals incomings have been established. All studied plants maximally
accumulated Mn, Cu, Cr and minimally Zn and Ti which is consistent with the patterns of migration of these elements in the soil. The
high accumulation of heavy metals in the aboveground part of the studied plants indicates a significant removal of elements from the
soil, which, in turn, makes it possible to consider certain plant species as potential phytoremediators. According to the average values
of the concentration of macro elements in plants, the following geochemical series is established: CaO>K,0>MgO>P,0.>S8i0,>S0,>
AL O > Fe,0,>Na,0>TiO,. On the basis of the data obtained, 4 types of biogeochemical bonds between chemical elements in the soil
— plant system for the territory of the NPP were identified: V, Ti - soil> plant; Ni - soil <plant; Cr - soil> plant; Mn, Cu - soil <plant.

Key words: heavy metals, forms of occurrence, intensity series, accumulations, landscape geochemical conditions
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SHasuanbho-Haykosuil incmumym ekonociunoi besnexku ma ynpasninia JepoicasHnoi ekonoeiunoi akademii nicisouniomHoi
oceéimu ma ynpaeninus, m. Kuis, Yxpaina

AHoTamisi. 3aiificHeHO aHami3 JaHAMAQTHO-TEOXIMIYHUX yMOB TepuTopii KiBepIiBCbKOro HaIlliOHAIBHOTO NPUPOIAHOTO MApKy
«{ymanceka Ilyma» Ta BCTAaHOBIEHO aKTyalbHHH pPiBEHb 3a0pyIHEHHS JaHMIA(TIB B MEXax HapKy Ta CyMDKHHX TEPUTOPIM.
Po3msiHyTO 0COONMMBOCTI aKyMyJIsiii Ta PO3MOALTY 3a0pyIHIOIUMX PEYOBHH B JIaHAmMAadTaX TEpUTOpPii B yMOBaxX MPHPOAHUX i
TEXHOTEHHHX TeOXIMIYHHMX aHOMamii. JlanamadTu nocmiukyBaHUX KiaciB Mirpamii (Kajbli€eBi, KalbIlieBO-KapOOHaTHI, KapOOTaTHO-
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[JICHOBI, KUCI KaJIbIIi€B]) XapaKTePU3YIOThCS BITHOCHO BUCOKUM KOE(II[iEHTOM iHTEHCHBHOCTI Mirpailii 3a paxyHOK BiIHOCHO clIa0KOi
Oy(epHOCTI, HU3BKOI BOJOYTPHMYIOUOI 3[JaTHOCTI Ta KOHTPACTHUM BOXHHM pexuMoM. OfHAaK 3a HasBHOCTI MOTYXXHUX OTJICEHHX
TOPU30HTIB CIIPOMOKHI (iKCyBaTH 3a0pyIHIOBAaYi MPHU X IMOBEPXHEBOMY IEPEMIIICHHI. 3 BHKOPHUCTAHHAM METOMIB JaHIMA(THO-
TeOXIMIUYHUX JOCHTIKEHb, AHATITHYHUX METOIIB, OTPUMAHO Ta MPOAHAJI30BaHO JaHI MPO BAJOBUI Ta PYyXOMHH BMICT BaXKKHX
merainiB. Haif6ibir BUCOKI KOHI[EHTpAlii MapraHilio Ta XpOMY MalOTh IPYHTH, 110 PO3BHHYTI Ha JICCOBHX BiJKJIa/iaX, HIKEIIO Ta Mifi
Ha BOJHOJILOJIOBHKOBHX BiJKJIaJax. BUTBIICTh JOCTIHKYBAHUX BaXKKHUX METAJiB MEPEBUIIYE PEriOHANbHUI reoxiMidyauii GoH. 3a
BAJIOBUM BMICTOM B IPyHTax MiKpoeIeMeHTH (OopMYIOTh HaCTyIHMI reoximiuamii psaa: Zn>Cu>Pb>Ni>Mn>Cr. HiTko pocTeKyeThCs
HAKOMYCHHS B JICOBHX MiACTWIKAaX CBUHIIO — 10 2-3 [JIK. BcTaHOBIEHO 3ale:KHOCTI CTIMKOCTI JTaHAMA(TIB 10 TEXHOTCHHHX
3a0py/IHEHB Bif piBHS 30epeKeHHs MPUPOTHUX T€OXIMIYHHUX MapaMeTpiB IPYHTIB, CTYIEHS IX aHTPOIIOTeHHOI TpaHc(opMarii Ta piBHS
HaJIXO/PKEHHS BAKKUX MeTaliB. Bei qocmimkeHi pocanHu MakCUMaIbHO HakonnayBand Mn, Cu, Cr i MiHiMansHO Zn Ta Ti, mo y3ro-
JDKYETBCS 3 3aKOHOMIPHOCTSAMHM MIrparii IuX eJIEMEeHTIB B IPYyHTI. BHcOKa aKyMyJIsiis Ba)KKMX METaJliB y HaJ[3eMHill 4aCTUHI TOCITi-
JUKYBAaHHUX POCIIHMH CBIJTUMTH IIPO 3HAYHHUI BHHIC €IEMEHTIB 3 TPYHTY, SKHUii, B CBOIO YEpPry, 1a€ MOMKIIMBICT PO3IIISLIATH OKPEMi BUJIU
POCIIHH SIK TTOTEHIIHHI (iTopemMeniaTopy. 3a BEIHIMHOIO CePeIHIX 3HaUeHb KOHIIEHTpPAIlil MAaKpPOEIEMEHTIB y POCIHHAX BCTAHOBICHO
HacTynHu# reoximivnui pax: CaO>K,0>MgO>P,0,>Si0,>S0,>Al,0,>Fe,0,>Na O>TiO,. Ha 0cHOBi OTpUMaHHX JaHUX BHILICHO 4
TUIH 010T€OXIMIYHUX 3B’S3KIB MK XIMIYHUMU €IEMEHTaMH B CUCTeMI IpyHT-pociuHa st reputopii HIIIT: V, Ti — rpyHT > pocnuHa;

Ni — rpyHT < pocnuna; Cr — rpyHT > pocnuHa; Mn, Cu — IpyHT < poc/IrHa.

Kniouosi cnosa: sasicki memanu, ¢popmu 3HaX00HCeHHs, PO THMEHCUBHOCTI, HAKONUYEHHS, TAHOUADIMHO-2e0XIMIYHI YMOBU

Introduction.

Most of the newly formed Ukraine’s nature
conservation objects are concentrated mainly
territories, in the past they were actively used in
economic activities and therefore are characterized
by a significant anthropogenic transformation
of landscapes. Analysis landscape geochemical
environment is an integral part of the integrated area
of research, especially in predicting the migration
of contaminants. Geochemical studies of correlation
dependences and types of connections of the leading
components of landscapes of protected areas, their
dynamics makes it possible to predict changes in
the functioning of natural complexes determine
their resistance to external influences and predict the
behavior of pollutants in the natural environment. A
reliable indicator of the ecological and geochemical
state of the territory is the assessment of the
distribution and migration of heavy metals (HM) in
soils and in the soil-plant system.

Carrying out such comprehensive natural
research is a necessary component of assessing the
ecological state of protected areas. In particular, for
national nature parks (NNP), where the functions of
nature protection are combined with the recreational
and economic use of territories. Therefore, for them,
the task of landscape-geochemical analysis and the
study of inter-component redistribution of heavy
metals are especially urgent.

The main objective of the study to identify the
features of migration and accumulation of pollutants
in the landscapes of Kivertsi National Nature Park
“Tsumanska Pushcha” in the conditions of natural and
man-made geochemical anomalies.

The main objectives of the study:

I. To determine the landscape-geochemical
conditions of the research territory and regularities
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of inter-element redistribution in the landscapes
of Kivertsi NNP “Tsumanska Pushcha”;

2. To determine the impact of man-made pollution
on changes in the species composition of woody
and herbaceous plants in the studied area.

3. Reveal the relationship between the content
of heavy metals in the soil-plant system and
establish the nature of the accumulation of heavy
metals in the organs of woody plants.

Materials and methods of research.

The work used the factual material of field
landscape geochemical studies carried out in the
summer-autumn period of 2018-2019. During field
studies, more than 1200 soil samples were taken. The
total number of biogeochemical samples of the main
NNP plants is more than 640 samples. Sampling was
carried out throughout the NNP from the upper part of
the humus horizon (0-10 cm) by the envelope method
according to DSTU 4287: 2004. Soil samples, which
are intended to determine the content of metals, are
taken with instruments that do not contain metals.
Sampling was carried out in good weather, in the
morning before the onset of heat, or at the end of the
day (at the same time) conditions for sampling from
one polygon were the same. To study the distribution
of trace elements along the soil profile, pits with a
depth of up to 2 m were laid at individual test sites.
Samples were taken every 10 cm of the soil profile.
After sampling, the soils were dried; some were
passed through a sieve with a 1 mm opening. Samples
were quartered and selected for further analysis,
which included: complete chemical analysis, analysis
of gross content and mobile forms of trace elements,
analysis of physicochemical parameters.

The analytical material presented in the article
is obtained with the help of classical and modern
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analytical methods of analysis. Physics and chemical
methods: atomic absorption method (spectrographs
S-115, “Saturn-3”) - used to determine the gross and
mobile forms of trace elements in soils; emission
spectral analysis (spectrograph “EST-17) - used
to determine the content of heavy metals in soils
and plants; chemical methods: method of mass
spectrometry with inductively coupled plasma (ISR-
MS analysis) on devices Elan-6100 and ICP-MS
analyzer ELEMENT-2, made in Germany - was used
for the determination of trace elements in soils and
plants (Institute of Geochemistry, Mineralogy and
Ore Formation named after M.P. Semenenko NASU
and Institute of Geology of the Poland Academy of
Sciences). The results of all the methods used were
processed by the method of mathematical statistics
and the mean value and interval values were calculated
with a confidence level of 95-96%.

Plants were selected together with the root part,
digging from the ground at different points of the
monitoring sites (spot samples) (GOST 27262-87).
Sod grasses were removed from the soil along with
the soil monolith to avoid losing most of the root
system. A combined sample was formed from plants
belonging to one species. The combined sample of
plants weighing 1.5 kg consisted of 8-10 spot samples.
After selection, the plants were air-dried and crushed.
The root part before grinding was pre-cleaned of soil
particles to avoid getting them into the sample.

A total of 170 plant samples were analyzed. To
detect the degree of absorption of heavy metals in
the “soil - plant” system in the studied samples, a
chemical analysis of the content of HM I (Pb, Zn),
I (Ni, Cu, Cr) and III (V, Mn) hazard classes was
performed.

The content of heavy metals in the phytomass
of plants was determined in their ash solutions (dry
ashing) by atomic absorption spectrometry using the
CTE-1 instrument and by mass spectrometry with
inductively coupled plasma (ICP-MS), ELEMENT-2
analyzer (Germany) at the Institute of Geochemistry,
Mineralogy and Ore Formation NAS of Ukraine.
Laboratories have certificates of certification and
are provided with the necessary state standards
and samples. During ICP-MS method it’s used
concentrated acids HF, HCI, HNO,, H,SO,, H.PO,,
which were further purified using the Sub boiling
system. Samples were dissolved one by one in a
mixture of hydrofluoric acid recommended for plant
decomposition.

Quantitative assessment of toxic trace elements
from the soil to plants was performed by calculating
the coefficient of biological accumulation (CB),

which is determined by the ratio of metal content
per unit mass of the acceptor (plants in terms of its
absolute dry weight and donor). To classify CBA,
the studied elements were divided into five grades
(Avessalomova, 1987):

1) elements of energy accumulation: CB - 10n
and more;

2) elements of strong accumulation: CB - 10n;

3) elements of weak accumulation and average
capture: CB - 0, n;

4) elements of weak capture: CB - 0,0n;

5) elements of very weak capture: CB - 0,00n and
less.

Results and Analysis.

Landscape-geochemical structure of the
park territory and its role in accumulation and
redistribution of pollutants (heavy metals). Kivertsi
National Nature Park “Tsumanska Pushcha” (Volyn
region) formed from large forests near the village of
Tsuman and a significant number (over 100) of small
forest and meadow areas within the Kivertsi district
(total area of 34.5 thousand hectares). In the modern
landscape structure of the investigated area dominated
landscapes with varying degrees of anthropogenic
changes.

When combining landscapes into geochemical
classes, the general physicochemical characteristics
of soils were taken into account, which determine
the patterns of migration of elements in the land-
scape as a whole. Since the humus horizon of soils
is characterized by the highest intensity of all geo-
chemical processes occurring in the landscape, it is
its characteristics that are taken as a basis for analyz-
ing landscape-geochemical conditions. The follow-
ing physicochemical parameters of soils were deter-
mined: the content of individual ions, pH of the water
extract, pH of the salt extract, determination of the
hydrolytic acidity, etc. (Avessalomova L.A., 1978;
Alloway, 1995; Vinohradov, 1957; Vorobiova et al.,
1980; Zhovynskyi et al., 2012).

The data obtained by the authors (humus content,
actual soil acidity, hydrolytic acidity, amount of ab-
sorbed bases) were used as the basis for combining
the landscapes of the studied area according to the
classes of water migration. Almost all geochemical
landscapes of the NNP territory are characterized by
the oxygen conditions of the soil solution, which is
due to the presence of free oxygen. The exception is
landscapes in which silty boggy soils are common,
where gley restorative conditions are noted. The min-
eralization of soil solutions is usually low, less than
0.08%. Alkaline-acid conditions vary from slightly
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acidic to neutral (the pH value ranges from 4.2-5.1).
Due to the following relatively homogeneous char-
acteristics, considerable attention was paid to ty-
pomorphic ions dominating in the soils of different
landscapes of the region: cations — Ca?*, Na*i K*, and
Mg*'; anions — [HCO, ], CI..

Within the studied area, geochemical landscapes
with such classes of water migration were identified:

Landscapes of acidic calcium (H-Ca, H-Ca|[H-
Fe], H-Ca|H-Fe) classes.

Landscapes of acidic geochemical classes with a
leading role of hydrogen ion H*:

Acidic (H), acidic, acidic gley (H, H-Fe), and
acidic gley (H-Fe),

Landscapes of calcium (Ca) and calcium carbon-
ate (1 CaCOJ) classes;

Landscapes of acidic calcium (H-Ca, H-Ca | [H-
Fe], H-Ca | H-Fe) classes.

Landscapes of acid geochemical class. Relief-
forming rocks are water-glacial and alluvial sedi-
ments, mainly sandy mechanical composition. Low
concentrations of micro- and macronutrients in soil-
forming rocks cause soil depletion, which leads to a
deterioration of the mineral nutrition of plants.

The results obtained indicate that the soils are de-
pleted in both chalcophilic and siderophilic elements,
for most of which there is a level of extreme deficien-
cy (concentration ratio Kk <0.3). Particularly low con-
centrations are characteristic of chromium and nickel.

Soddy-podzolic and slightly podzolic clayey san-
dy and soddy-podzolic clayey-sandy loamy soils are
most widespread within the studied area. Often, due
to the weakening of the soil runoff, in the soils there
are signs of deep gleying in the form of a grayish-gray
color of the lower part of the profile, during the tran-
sition from the illuvial horizons to the soil-forming
rocks. The pH value in the upper part of the profile
of such soils is acidic (pH = 3.7-4.1), gradually ap-
proaching slightly acidic with depth (pH = 4.9-5.2).
The accumulation of humic substances is observed in
the lower illuvial horizons. The maxim humus content
of 2.1% was observed in the illuvial horizon, while in
the eluvial horizon the content of humic substances
varies from 0.3 to 1.0%.

The predominance of sandy rocks within the stud
area also determines the main hydrochemical patterns.
Low-mineralized surface waters were investigated,
and in terms of total hardness they are characterized
as “very soft” and “soft”. Surface waters have a reac-
tion of the environment, varying over a wide range
from acidic (4.6 pH) to neutral (7.1 pH). An acid
reaction is typical for small rivers, which are fed in
summer from swampy catchments. Surface waters are
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characterized by high iron content, which consistent-
ly exceed environmental standards, and in absolute
terms is 0.5-2.7 mg/dm. Ground waters are character-
ized by a similar composition. The ionic composition
of groundwater is dominated by bicarbonate ion, the
content of which significantly exceeds the content of
chloride and sulfate ions. Concentrations of hydrocar-
bonates and chlorides increase towards the backwater,
the content of sulfates is maximal at the watershed.
The concentrations of Na +, Mg + and K + Cations
regularly increase from the watershed to the flood-
plain. Against the background of low concentrations
of water-soluble salts, a high concentration of iron
stands out sharply, which varies from 0.4 to 4 mg/dm.
The lowest indicators of the content of other metals
are characteristic of the transit landscapes of the river
valley slope. According to the peculiarities of water
migration, the elements are arranged in the follow-
ing row: the elements of medium migration (0.2-1)
include iron and nickel, the elements of strong migra-
tion in surface and groundwater (in descending order)
- zinc, manganese, copper, lead. The obtained values
for most trace elements are higher than the average
values of water migration coefficients according to
V.V. Dobrovolskyi, especially for lead, cadmium and
manganese, which indicates their high mobility (1-
10) in the conditions of acid reaction of soils and con-
trast redox conditions, weak expression of radial and
lateral geochemical barriers (Dobrovolskyi, 1983).

Thus, the leading factors in the formation of
soil composition in landscapes of acidic geochemi-
cal class are the dominance of sandy rocks of water-
glacial origin, depleted by most elements and contrast
redox conditions. Differences in the composition of
soils are associated with the peculiarities of vertical
and lateral migration of elements, accumulation on
landscape-geochemical barriers.

The light particle size distribution of the de-
scribed soils, low content of metabolic bases and hu-
mus do not contribute to the fixation of pollutants in
the soil. That is why the landscape-geochemical char-
acteristics of H-class landscapes are favorable for the
accumulation of pollutants.

When groundwater lies close to the surface, soils
with acidic glaciation (H, H-Fe - class) and low pH
(less than 5.3) are formed. Landscapes of this class
occupy insignificant spaces on denudation interfluve
plains, composed of low-strength water-glacial sands
and sandstones, with shallow marls and chalks, with
sod-podzolic and sod-gley soils.

In the dominant soil types, the humus content
is 1.5-1.7%, the acidity is high (pH 4.6-5.5), which
strongly inhibits the development of biotic processes.
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Soils have a higher absorption capacity in comparison
with sand analogues: 6-8 mg-eq/100g of soil, but they
are also characterized by higher hydrolytic acidity
(2.0-3.7 mg-eq/100g of soil).

Sod-podzolic sandy soils are depleted microele-
ments. The concentration of titanium averages (n X
10-3%) 53.7, manganese 18.76, copper 0.15, nickel
0.27, vanadium 0.89, chromium 0.51, lead 0.36, zir-
conium 27, 45. In the studied soils occur (n X 10-3%):
molybdenum 0.1-0.2, niobium 0.8-1.0, scandium 0.5-
0.8 and yttrium 0.8-2.0. The content of cobalt, bis-
muth, thallium, cadmium, tin, vanadium, below the
sensitivity of the method.

The content of copper, chromium, nickel, ex-
ceeds the average level by 2-3 times. Metals, which
are often considered as indicators of man-made emis-
sions - lead and cadmium - in sod-slightly podzolic
gley sandy-sandy soils are contained in small con-
centrations that do not exceed the average values for
these soil differences. It is recorded that elevated con-
centrations are characteristic of siderophilic elements,
chalcophilic accumulate weakly.

Soddy slightly-medium-podzolic soils, wide-
spread on thick sandy water-glacial deposits, are char-
acterized by a fairly uniform granulometric composi-
tion along the entire profile. Dominated by particles
of Medium-grained sand with a size 0 0.27-0.06 mm,
which account for 87-94%. Their distribution by ge-
netic horizons is usually homogeneous, with some
decrease in the content of this fraction in the humus-
eluvium and an increase in the illuminating horizons.

The amount of dust and physical clay varies be-
tween 2-5%.

Process of podsolization in these soils takes place
in a fairly acidic environment. The lowest soil reaction
is characteristic of the humus-eluvium horizon, pH
2.9-4.2, which is explained by the interaction with
humus, which consists mainly of acidic products of
organic sediment of coniferous species. Lower along
the soil profile, the pH of the medium is in the range
of 4.4-5.1. The low content of organic matter and the
light granulometric composition of the soils determine
the poverty of their absorbing complex. According to
our data, in the humus-eluvium horizon of soils, the
sum of absorbing bases on average reaches 8-10 mg-
eq. per 100 g of soil.

When distributed over the genetic horizons, the
number of bases and the capacity of the absorbing
complex decrease which is due to a sharp decrease in
the humus content with depth.

An insignificant increase in capacity of the
absorbing complex in iluvial horizon occurs
obviously due to the interaction of iron and aluminum

compounds, which in the form of amorphous
hydroxides; lingering in this horizon, partly enter the
absorbing complex.

Iron, aluminum and silicon oxides play an
important role in podzolic process. These compounds
reflect the degree of mobility and forms of migration
of elements and determine the concentration and
migration of many trace elements. In the studied
soils, the content of amorphous forms of iron varies
between 0.03-0.20% (average 0.095%), aluminum
- 0.04-0.55% (0.25%) and silicon - 0.06-0.90 %
(0.23%). There is a decrease in the concentrations
of amorphous compounds of iron and aluminum
and an increase in the content of mobile forms of
silicon in some soils from the highest relief elements
to low. This situation is obviously due to changes in
physicochemical processes in soils due to terrain, pH,
humus and other factors.

H-Fe - class landscapes have high concentrations
of iron and manganese, especially in deep soil
horizons.

For manganese and copper there is an increase
in concentrations in the illuvial horizon of the soil
profile, which correlates with an increased number
of amorphous compounds of iron and aluminum.
Manganese is traced with organic matter, and nickel
- with a heterogeneous source of its in. There are
concentrations of lead in the humus-eluted horizon,
which are associated with man-made input, because in
the transition horizons it is not fixed. When considering
the geochemical relationship of microelements with
each other, a high positive relationship between Mn and
Cu can be noted (when any fluctuation of the variable in
the geochemical analysis of manganese is transferred
to copper and amplifies, due to which continuous
fluctuations arise in the interaction, indicates their
high (positive) coefficient of interrelation), reliable
relationship between Cu and Ni (multiple increase in
one variable, which leads to an increase in the other
and forms a positive relationship coefficient). Weakly
interact with each other: Mn and Pb, Cu and Cr, Ni and
Cr. For other pairs of trace elements, this relationship
is insignificant.

Comparison of the average concentrations of
trace elements in sandy soils in general showed that
the soils of the park have an increased content of trace
elements, especially zinc, copper and lead.

Landscapes of low above-floodplain terraced
plains with meadow air-medium loamy gley soils
have a humus content of 2.96% and a high content of
exchangeable cations - 24.5 mg-eq./100g.

For low-level floodplains composed of sandy
and loamy alluvium, with peat-swamp soils and peat
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lands, the content of microelements is highly variable.
This indicates sharp differences in the conditions of
the entry of microelements into peat deposits, their
accumulation by plants and fixation on the peat
biogeochemical barrier.

Concentrations of lead and nickel are close to the
average values calculated for the studied area. The
lead content in peat lands is not correlated with any of
the other elements. A high reliable positive correlation
was noted between the content of copper, nickel, iron
and manganese in peat lands.

Landscapes of H, H-Fe-class are characterized by
changing conditions of lateral migration of pollutants,
which contribute to high mobilization of chemical
elements. Due to the presence of thick gleyed horizons
in the soil profile, landscapes with soils characterized
by a heavy granulometric composition are capable
of fixing pollutants (during their surface movement)
on gley landscape-geochemical barriers (LGB). On
sorption LGB fixation of pollutants occurs due to the
high capacity of cation exchange and high humus
content, and the variation of pH determines the fixing
capacity of pollutants on LGB acid-base type.

Landscapes of calcium and calcium carbonate
(Ca, CaCO,) classes. Geochemical characteristics
of this class of landscapes are associated with
participation in the migration of carbonate rocks.
Mobile calcium compounds determine the neutral and
slightly alkaline reaction of the soil and the saturation
of the absorbing complex of Ca and Mg. Such
conditions contribute to the accumulation of humus.

Due to the increased biological accumulation, Cu,
Mn, Pb, Zn accumulate in soils. Copper, manganese
and lead have a positive correlation with the humus
content, that is, they are contained in the soil in the
form of complexes.

The wide distribution of landscapes of the
calcium-carbonate class of water migration is
explained by the superior carbonate rocks. In
coniferous-broad-leaved and broad-leaved forest
landscapes, while maintaining the zonal type of
vegetation with a predominance of deciduous species,
such geochemical conditions are also provided by the
capacity and intensity of the biological cycle, as a
result of which a large amount of calcium and organic
matter gets into the soil every year with precipitation.
Within the framework of the NNP and in the territories
adjacent to the park, the landscapes of the calcium and
calcium-carbonate class are, first of all, denudation
plains, composed directly of dense carbonate rocks
(marl and chalk), with soddy-carbonate and soddy-
podzolic secondary carbonated sandy loamy soils
formed on the weathering crust of chalk. The slopes
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of the denudation interfluve plains are inclined (3-
50), composed of loess-like loams, underlain by chalk
deposits, with soddy carbonate and podzolized black
earth, light loamy, weakly fertile soils, characterized
by high fertility (humus content 1.95-2.2%), are
predominant among the exchangeable cations of Ca
(20.82 mg-eq/100g), slightly alkaline reaction (7.3-
7.5%) and strong fixation of substances and nutrients.

The floodplains of a higher level (2.7-3 m above
the water line) are characterized by soddy calcareous
sandy loamy soils, alluvial soddy sandy loamy and
light loamy soils. They are also characterized by a
high content of humus (up to 2.4%), the pH of the
soils of these landscapes shifts towards neutral - 6.4-
7.4. The content of exchangeable cations reaches 20-
21 mg-eq/100g.

The conducted analysis of microelement
composition shows that for alluvial sod layered soils
there is a uniform distribution in the profile of copper,
Nickel, chromium, and insignificant differentiation of
manganese and lead content in eluvial-illuvial with
accumulation in the turf horizon. In the distribution
of zinc, there is a clearly pronounced minimum in the
middle part of the profile, and accumulations in the
lower, gleying part of the profiling.

Thus, the vertical distribution of trace elements
in the landscape depends on a number of factors.
Biogenic accumulation, which is characteristic of
zinc, cadmium, and to a lesser extent manganese and
lead, causes an increase in the concentrations of these
elements in the soil cover.

In the landscapes of these classes, pollutants,
namely heavy metals, have a low migration capacity
and are almost never removed from the soil.

Landscapes of acidic calcium (H-Ca, H-Ca | [H-
Fel, H-Ca | H-Fe) classes formed on low inter-river
plains (185-195 m), composed of thin water-glacial
sands and sandy loams, with shallow occurrence
of marls and chalk, in conditions of sufficient and
increased moisture. Such landscapes are characterized
by a rather high amount of absorbed cations (18.75-
24.4 mg-eq/100g) and humus (2.52-2.95%), acidity
varies from neutral to weakly alkaline - 6.4-7.4. Soils
of this class contain a significant number of silty
particles (from 17% to 28%). Physical and chemical
properties of soils cause biogenic accumulation of Zn,
Cu, Mn and reduction of Co, Ni removal.

Landscapes of these classes are characterized
by a relatively high coefficient of migration intensity
due to relatively weak buffering, low water holding
capacity and contrast water regime. However, in the
presence of strong gleyed horizons are able to fix
pollutants during their surface movement.
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Content of toxic elements in the landscapes of
National Natural Park “Tsumanska Pushcha”.

It has been established that the indicators of the
accumulation of heavy metals in soils of the NNP are
significantly higher than average data for Kivertsevs-
ki district of the Volyn region.

Anthropogenic impact, in addition to agricultural
activities, associated here with large enterprises, in
particular PJSC “Tsuman”, LLC “Tanforan”, LLC
“Kaminskiy Timber and Venuses”, “Ukrlesservice”,
spontaneous dump of Tsumansky production depart-
ment of housing and communal services p.g.t. Tsuman
and Kadysche village), PAF “Vistula”, “Lutskvodo-
kanal”, etc.

Wastes of enterprises are substances of 1 - IV
classes of danger. In particular, waste containing alu-
minum, vanadium, chromium and their compounds,
lead (including Batteries for storage purposes or bro-
ken ones), iron carbonyls, etc.

Most of the studied HM exceeds the regional
geochemical background. Migration and spreading of
each metal along the profile of Soddy weakly - me-
dium podzolic soils has its own specifics. The greatest
accumulation of copper and zinc occurs in forest lit-
ters, and in mineral part of the profile it has a weakly
expressed eluvial-iluvian character. Content of nickel,
cobalt and manganese become increases with depth

of its accumulation in soil, which are characteristic of
the chemical composition of glacial sediments (Lub-
ben et al., 1991, Sauerbeck et al., 1991).

It is noted that the amount of chromium, manga-
nese and cobalt is higher in soil-forming rocks than
in forest litters. Spreading along the profile of chro-
mium, no regularities were found. The average HM
content in the main soil types of the NNP territory is
presented in Tables 1 and 2.

By gross content of micronutrients in soil we can
arrange in the following series of geochemical: Zn>
Cu> Pb> Ni> Mn> Cr. Accumulation of lead in forest
litters up to 2-3 LOC is clearly traced.

Obtained data about accumulation of heavy
metals in soils of the NNP territory are of significant
importance, since they are the basis for identifying
spatial patterns of soil pollution and establishing the
local geochemical background.

Most of heavy metals are spread unevenly in the
soil cover. High values of the coefficient of variation
(V) - more than 34% typical for heterogeneous set of
data on concentration of all studied HMs (Table 5). The
highest rate of variation was found for lead concent-
ration - 170%, and the lowest values were obtained for
content of chromium - 34% and zinc - 36%.

To characterize the average content of heavy
metals in the soils of the NNP, the arithmetic and

Table 1. Average HMs indicators in genetic bedding rocks of soil, most typical for the territory of NNP

Bedding rock, depth | Mn | Pb | Cr | Ni | Zu | Cu
Sod-slightly podzolic sandy on water-glacial sands and sand lined with Neogene-Paleogene sediments (sands and loams)

Ho, 0-2 cm 430.0 38.0 232 26.2 274.7 23.5
HE, 2-4 cm 176.2 6.2 26.8 13.1 222.5 9.2

E, 4-20 cm 278.4 6.4 28.2 17.4 251.4 19.1
1, 20-60 cm 292.6 52 29.1 11.3 232.6 17.4
PI, 60-130 cm 271.5 6.0 19.2 11.7 221.8 18.6

Sod-medium podzolic sandy loam, on water-glacial sediments, with deep bedding of chalk rocks
Ho, 0-2 cm 367.3 29.1 29.4 31.0 310.7 329
HE, 2-5 cm 259.0 7.9 342 23.6 227.4 11.2
E, 5-28 cm 383.6 7.0 34.1 26.3 254.9 11.7
I, 28-43 cm 510.3 5.1 38.6 25.4 267.1 14.2
IP, 43-124 cm 554.7 4.6 40.1 25.7 253.9 20.2
Peat-boggy on ancient alluvial sandy and loamy sediments
THxop, 0-14 cm 362.9 19.6 28.3 27.6 3413 29.3
HPxk, 14-26 cm 341.5 10.2 37.5 243 320.5 15.7
Phkgl, 26-31 cm 346.2 13.4 443 26.3 343.1 17.4
P(h)xGl, 31-46 cm 362.5 9.0 432 25.4 346.8 19.2
Soddy carbonate sandy loam on eluvium of carbonate rocks

Ho, 0-2 cm 320.4 38.3 26.3 26.0 494.3 222
Hxk, 2-26 cm 280.6 27.5 34.4 243 363.9 16.4
Hpk, 26-43 cm 210.2 34.7 36.7 32.6 381.8 18.6
Pk, 43 >cm 168.6 242 343 31.8 382.0 21.2
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geometric mean values were calculated. This is due
to the fact that the indicators of the concentration of
elements in soils vary greatly and do not obey the law
of equable spreading. As a result, arithmetic mean
strongly depends on the presence of small number of
samples with higher levels of elements. In such cases,
it would be more correct to use geometric mean to
estimate the HM content in the soil *.

* Geometric mean N of numbers is equal to
the root of the N degree from the product of these
numbers, in this case - product of all obtained values
of the content of a particular chemical element. Such
an indicator is always less than arithmetic mean, in
terms of its value, large deviations and fluctuations
between individual values in the studied set of
indicators are much less affected.

High value of the standard deviation (o) is an
indication of the average values of sporadic. Minim

Table 2. Total content of micronutrients in the soils of NNP

of the soil cover of the territory. In connection with
increases of heavy metals content in soil, their
accumulation by plants increasing too. However, with
distance from pollution sources, the content HM in
plants decreases by 10-20 mg/kg. The excess content
of Pb, Zn, Cu and Mn is detected in plants on constant
test areas of NPP (points 17-19, 41-19), closest to
the emission sources along the line of the prevailing
wind direction. Differences in the content of metals in
plants that grow under conditions of minim and maxim
anthropogenic load, are for Mn and Zn - 6-7 times, Cu
- 4-5 times, Ni and Pb - 4 times, Cr - 2 times. Similar
trends in the accumulation and distribution of heavy
metals in soils and plants during the two seasons of
research in 2018-2019.

As a result of the study, the interdependence
between the mineral composition of soils and the level
of ash content of plants was established. The needles

Element Average values | Limits of oscillation Background Average values | Limits of oscillation
mg/kg values [9] mg/kg
Content of gross _forms Ka Content of mobile forms
Mn 420 8.1-830 1.06 395 0.89 0.27-1.9
Cr 30.4 5.2-60.8 0.7 39 0.48 0.33-0.9
Ni 25.5 6.3-50.7 2.1 12 0.8 0.6-1.6
Zn 350 60.3-700 42 1.1 0.5-2.1
Cu 25.4 6.5-50.4 3.1 8 1.7 09-3.4
Pb 30.5 6.4-60.5 2.7 11 0.6 0.38-1.2

standard deviation was obtained for chromium con-
centrations - 30.5, and maxim for manganese 341.0.

Table 3 also presents characteristics of the aver-
age values of the HM content in soils of the NNP. The
average content of all studied HMs exceeds their re-
gional background values.

Table 3. Statistical indicators of HMs content in NNP soils, mg/kg

of Scots pine (Pinus sylvestris), which grows on sod-
slightly podzolic sandy soils developed on glacial
sands, has an average ash content of 3.25%, and
alluvial sands - 1.52%, pine branches - respectively
2.81 and 1.68%, hanging birch leaves (Betula
pendula) - 4.76 and 3.52%, branches 4.19 and 1.15%.

Element (background) Arithmetic Geometric Maxim value Minimal c V, %
mean mean value
Mn (395) 420 81.9 830 8.1 341.0 81
Pb (11) 30.5 19.6 60.5 6.4 52.1 170
Cr (39) 30.4 8.1 60.8 5.2 10.5 34
Ni (12) 25.5 17.8 50.7 6.3 11.6 45
Zn (42) 350 205.9 700 60.3 76.7 36
Cu (8) 29.4 19.8 60.4 6.5 21.4 72

General patterns of HM distribution in typical
plants of the stud area.

The dependence of the HM content in NNP plants
on the level of technogenic load and the properties
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There is a certain pattern - the richer the mineral
composition of the soil, the higher the percentage of
plant ash (Dobrovolskyi, 1983). In addition, despite
the variability of ash content of plants growing in
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different landscape conditions, a direct relationship
between soil chemical composition and ash content
could not be detected. The average chemical
composition of plants typical for the territory of the
NNP species is presented in table 4.

in sands lined with chalk deposits, with sod gleyed
and meadow-swampy lowland soils level, composed
of sandy and loamy alluvium, with peat-swamp soils.
The latter are dominated by silicon oxide (up to 43%).
The concentration of other elements in such landscape

Table 4. Chemical composition of plants typical the NNP species,% on ash, (ICP-AES)

Plants Sio, Fe,O, ALO, Tio, MnO CaO MgO SO, K,0 Na,0 | PO,
Silver birch (Betula pendula):
leaf 3.62 0.72 0.13 0.07 - 26.90 14.80 3.71 - - -
tree branches 1.67 0.74 1.51 0.06 0.41 39.87 5.71 1.84 7.11 0.85 5.93
Alder alder (Alnus incana):
leaf 2.49 0.98 1.49 0.09 0.07 40.05 6.65 2.76 14.11 1.09 6.42
tree branches 3.61 0.69 1.83 0.09 0.39 43.86 3.12 2.14 6.65 1.75 2.89
Scots pine: (Pinus sylvestris)
pine needles 3.21 0.41 4.07 - - 13.02 17.22 4.21 - - -
tree branches 6.12 0.82 3.84 - - 36.17 7.41 1.54 - - -
Hornbeam: (Carpinus betulus)
leaf 2.43 0.61 0.92 - - 35.01 5.26 2.34 - - -
tree branches 1.81 0.32 1.12 - - 39.23 - 3.23 - - -
Raspberry (Rubus idaeus) 3.58 0.65 0.16 0.06 - 21.09 6.84 3.69 - - -
Shaggy sedge (Carex brizoides) | 32.41 1.12 3.43 0.02 0.34 13.94 6.54 5.98 - - 6.78
Wood pea (Lathyrus sylvestris) 31.76 1.78 0.73 0.17 - 7.60 7.09 - - - 5.02

It was found that in plants that are characteristic
of the landscapes of floodplain terraces composed
of ancient alluvial sands, with sod-hidden and
slightly podzolic gley sandy and clay-sandy soils,
for denudation interfluve plains and sandy loams,
composed of low-thickness, with sod-podzolic and
humus-carbonate clay-sandy and sandy soils, as well
as for inter-annual plains composed of water-ice-sand
sands and sandy loams, with deep deposits of marls
and chalk, with sod-low-podzolic sandy loams and
sandy loams the content of which ranges from 11.82
to 43.17%. The concentration of other elements is
slightly lower. The following geochemical series can
be established by the value of the average values of
the concentration of macronutrients in plants: CaO>K,
0>MgO>P,0>Si0,>S0,>Al,0 >Fe,0,>Na,0>TiO,.

The composition of mineral components differs
slightly from the background landscapes of the
landscapes of the erosion and river network, namely -
beams with sloping slopes in water-glacial sands, and

conditions forms the following geochemical series: Si
0,>Ca0>Mg0>S0>P,0>Al 0>Fe,0,>TiO,. The
content of CaO and SiO2 fluctuates in the highest
percentages in plants (table 4).

The study of the most common species of plants
growing on soils of different mechanical composition,
found that the largest number of trace elements
contain plants growing on sod-podzolic sandy-sandy
soils, and the least on peat-swamp soils and peatlands
(table 5).

In our opinion, this is due to the different in-
tensity of plant uptake of elements. Plants that grow
on soils poor in trace elements are characterized by
greater intensity in terms of their absorption from the
soil. Confirmation of the different intensity of plant
uptake of elements from soils of different mechanical
composition is the coefficients of biological absorp-
tion of the elements presented in table 6.

The largest amounts of plants absorb manganese,
nickel and copper. Chromium and titanium are less

Table 5. The content of chemical elements in plants in their confinement to soils typical of the NNP area (average values for plants of

different species, mg / kg), (ICP-MS)

Soil Pb Cu Ni Cr Mn Ti
Sod-slightly podzolic sandy on water glacial sands 9.6 18.9 5.8 2.7 360 28
Sod-weak (medium) podzolic sandy on water glacial sands 11.3 17.2 4.1 2.1 165 22
Sod carbonate light loam on forest-like loams 5.7 9.7 1.8 1.7 164 24
Alluvial layered sand on alluvial sands 8.3 13.5 3.5 1.3 67 11.3
Peatland low-power degradation 14.1 14.7 1.0 1.1 74 10.7
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Table 6. The coefficient of biological absorption of plants growing on soils, typical (characteristic) for the territory of the NNP

Soil Pb Cu Ni Cr Mn Ti
Sod-slightly podzolic sandy on water glacial sands 2.37 34.8 8.32 1.34 33.16 0.39
Sod-weak (medium) podzolic sandy on water glacial sands 1.42 243 2.75 0.91 6.86 0.18
Sod carbonate light loam on forest-like loams 1.12 5.74 1.26 0.35 5.44 0.16
Alluvial layered sand on alluvial sands 0.78 21.76 3.57 0.41 6.25 0.08
Peat land low-power degradate 0.56 6.94 0.63 0.29 4.37 0.17

biologically active elements (Adriano, 2001; Ander-
sen et al., 2004; Pinsky et al., 1989). They are charac-
terized by rate of biological uptake of less than one.
Smaller amounts of lead are absorbed, the amount of
which in plants averages 12.4%. Manganese, titani-
um, nickel, copper and lead are present everywhere
in plants.

It is established that plants that grow on sod-
podzolic sandy soils are characterized by a high content
of manganese, as well as copper and nickel. They are
characterized by low titanium content. Plants growing
on sod-podzolic sandy soils are characterized by low
levels of chromium and titanium. However, they have
an increased accumulation of copper, manganese and
nickel.

For loamy soils, there are similar trends the
accumulation of HM as in sandy soils, except
for nickel. Based on the obtained data, 4 types of
biogeochemical relationships between chemical
elements in the soil-plant system for the territory of
the NNP were identified: V, Ti — soil > plant; Ni — soil
< plant; Cr — soil > plant; Mn, Cu — soil < plant.

HM content in woody shrub plants of the NNP
territory.

The results of analytical studies of the geo-
chemical composition of woody shrub plants NNP
“Tsumanska Pushcha” (Table 7) show that in the larg-
est quantities they accumulate manganese. The max-

im concentration of the element was noted for Silver
birch (Betula pendula) - 1020 mg / kg. For other plant
species, the content of trace elements is much lower
than the average: in samples of Scots pine (Pinus syl-
vestris), alder gray (Alnus incana) 2-3 times, sharp-
leaved willow (Salix acutifolia) in 4 times.

Titanium maxim accumulates raspberry (Rubus
idaeus) 80.0 mg/kg, aspen (Populus tremula) 60.3
mg/kg and hazel (Corylus avellana) 59.63. Interspe-
cific differences in the content of the element reach
10-20 mg / kg.

The investigated NNP plants accumulate titanium
in small quantities in comparison with the average
values of the element content obtained for similar
species of plants in the natural region as a whole. The
average value of titanium in Ukrainian Polissia for
pine is 21.2 mg/kg, in the park 3.80; for willow is
18.4 and 4.87, hornbeam - 25.2 and 4.87 mg/kg. From
the bush vegetation, the increased content of titanium
was found in samples of brittle buckthorn - 12.11 mg
/ kg (with average values of 3.4 mg/kg).

Differences in the average copper content
between plants of different species are 10-14 mg/kg.
High concentrations of this microelement are noted
for common hazel (Corylus avellana) — 23.90 mg/
kg, buckthorn brittle (Frangula alnus) — 21.37 mg/
kg and raspberries (Rubus idaecus) — 20.3 mg/kg.
Among woody plants, an increased copper content

Table 7. The average content of trace elements in woody and shrub plants NNP “Tsumanska Pushcha”, mg / kg, (ICP-AES)

Ne Type of vegetation Ash con- Mn Cu \4 Pb Ti Cr Zn Ni
tent, %
1 | Scots pine (Pinus sylvestris) 3.25 290.7 6.41 0.89 0.93 3.80 1.32 - 2.78
2 | Sharp-leaved willow (Salix acutifolia) 5.17 167.2 6.94 - 0.62 4.87 2.54 - 1.34
3 | Silver birch (Betula pendula) 4.39 611.2 10.11 5.86 6.84 5.92 5.23 5.21 6.41
4 | Alder alder (Alnus incana) 5.78 501.2 8.63 1.17 0.92 12.32 43 6.5 2.30
5 | Hornbeam (Carpinus betulus) 4.11 532.6 5.69 5.87 2.61 4.87 5.96 - -
6 | Large-leaved cherries (Prunus avium) 4.87 563.1 - 4.87 - 5.23 4.34 - 3.26
7 | Aspen (Populus tremula) 5.61 562.3 10.8 4.9 3.5 60.3 4.5 - 11.2
8 | Hazel (Corylus avellana) 8.76 382.6 23.90 - 2.92 59.62 - - 2.96
9 | Buckthorn brittle (Frangula alnus) 9.11 889 21.37 4 1.36 12.11 4 9.3 3.61
10 | Raspberries are common (Rubus idaeus) 7.64 860 20.3 34 - 80.0 3.5 50 -
Background (Heavy metals in soils of Ukraine 277 13.5 34 5 - 3.6 - 2.6
P, 2006)
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was recorded for aspen (Populus tremula) - 10.8 mg/
kg. It was determined that deciduous trees of the stud
area contain slightly higher copper concentrations
than conifers. The maxim concentration of copper in
conifers is typical for Scots pine (Pinus sylvestris) -
8.7 mg/kg. In general, NNP plants accumulate copper
by 5-8 mg/kg less than in the territory adjacent to the
NNP.

The nickel content in plants is insignificant
- mostly lower than background concentrations.
Its maxim amount is observed in aspen (Populus
tremula) 18.5 mg/kg, the average content is 11.2 mg/
kg, the minimum in holly willow (Salix acutifolia)
— 0.9 mg/kg at an average content of 1.34 mg/kg,
which corresponds to the background content of the
element. Among deciduous tree species in terms of
nickel content, hanging birch (Betula pendula) differs
and buckthorn brittle (Frangula alnus) (6.41 i 3.61
mg/kg accordingly).

The average content of vanadium in the ash
of Scots pine (Pinus sylvestris) is 0.89 mg/kg, of
deciduous trees - in the silver birch (Betula pendula)
- 5.86 mg/kg, hornbeam common (Carpinus betulus)
— 5.87 mg/kg and aspen (Populus tremula) — 4.9 mg/
kg. The average content of vanadium in the analyzed
samples is 2-3 times lower than the background values
for plants of similar species.

The zinc content in most of the studied plants
of the territory was below the sensitivity limit of
the analysis. However, high levels of its content are
recorded for raspberries (Rubus idaeus) — 50 mg/kg
on sod podzolic gley sandy soils and brittle buckthorn
(Frangula alnus) — 9.3 mg/kg on sod-slightly podzolic
sandy soils near the village Yaromel.

The accumulators of lead are silver birch (Betula
pendula), aspen (Populus tremula) and common
hazel (Corylus avellana). The minim amount of trace
elements is typical for specimens of willow (Salix
acutifolia) - 0.5 mg/kg.

Coefficients of biological accumulation (CBA)
of heavy metals by plants (table 8) calculated on the
basis of the results of mass spectrometry analysis with
inductively coupled plasma (ICP-MS), obtained for
plant and soil samples of key areas of NNP.

For sod-slightly podzolic sandy soils of test
areas 17-19, 23-19, 26-19 is characterized by a higher
accumulation of HM plants compared to test areas 29-
19, 41-19 due to the low buffering capacity of sandy
soil. The value of KBP sandy soils is 1.5-5 times
higher than in loamy soils.

The values of CBA on the sample areas located
near the sources of pollution, in some cases were
lower than in remote. Obviously, this is due to both the

predominant uptake by plants of metals from the soil
and the manifestation of the protective mechanisms
of plants with increasing mobility of HM in the soil.

According to the value of the absolute HM content
in the studied plants, the following geochemical series
can be formed:

Sedge shaking (Carex brizoides):
Mn>Cu>Ni>Cr=Pb>V>Ti>Zn,;

Common bracken (Pteridium aquilinum):
Ti>Mn>Cu=Pb=V>Cr>Ni>Zn,;

Forest rank (Lathyrus sylvestris):
Mn>Ni=Cu>Pb>Cr=V>Zn>Ti;

Lily of the valley (Convallaria majalis):
Mn>Cu>Ni>Pb>V=Cr=Zn>Ti;

Raspberry (Rubus idaeus):
Mn>Pb=Zn=Cu=Ni>V=Cr>Ti;

Buckthorn brittle (Rhamnus frangula):
Mn>Cr>Cu>Pb>Ni>Zn>Ti>V,

Hazel common (Corylus avellana):
Cu>Mn>Ni>Cr>Pb=V>Zn>Ti;

Willow Sharp-leaved (Salix acutifolia):
Mn>Cr>Ni>V>Cu=Pb>Zn>Ti;

Aspen (Populus tremula):
Mn>Cr>Cu=V>Ni>Zn=Pb>Ti;

Male bugbug (Dryopteris filix-mas):
Cu>Mn>Ni>Pb>V=Cr>Zn>Ti;

Birch hung (Betula pendula):
Mn>Ni>V=Pb>Cu>Cr>Zn>Ti;

Yarrow (Achillea millefolium):
Mn=Ni>Pb=Cu>V=Cr>Zn>Ti;

Hornbeam (Carpinus betulus):
Mn>Cu=V>Ni=Pb>Cr>Zn>Ti.

It should be noted that there is not always a clear
pattern between the values of the gross forms of HM
and indicators of CBA. Probably, metal compounds
adsorbed from the atmospheric air play an important
role in the accumulation of HM by the aboveground
part of plants. The plants that grow close to potential
sources of contamination, We found a higher content
of the test TM. The main part of the excess of the
background values by elements was found on the test
plots of the northwest direction. All studied plants ac-
cumulated as much as possible Mn, Cu, Cr and mini-
mally Zn and Ti which is consistent with the patterns
of migration of these elements in the soil (Vinohradov
A.P., 1957).

Considering the distribution of elements in plants
characteristic of the stud area, it can be stated that nick-
el is mostly accumulated in aspen (Populus tremula)
(site 31-19) — 50 mg/kg, in the smallest amount accu-
mulat by willow (Salix acutifolia) — 4 mg/kg on low-
power peat lands in the floodplain of the Rudka River
(site 30-19). The maxim content of manganese (800
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mg / kg) and copper (50 mg / kg) was recorded in the
Male bugbug (Dryopteris filix-mas), which growing
on sod gley (peat) sandy-loamy soils near the village
Zhuravychi (site 33-19), concentration of manganese
exceeds its background value by 3 times (277 mg/kg).
Common bracken (Pteridium aquilinum) (site 17-19)
accumulates a significant amount of titanium (3000
mg/kg), lead (30 mg/kg), zinc (100 mg/kg).

Interspecific differences between plants in terms of
the content ofthe above elements are significant. Forest
rank (Lathyrus sylvestris) sod-slightly podzolic sandy
soils (site 23-19) accumulates titanium, manganese
and zinc. A number of plants are characterized by the
simultaneous accumulation of several HM, causing
high values of reliable pollution. Common hornbeam
(Carpinus betulus) sod-podzolized sandy loam soils
(site 48-19) is characterized by a simultaneous high
content of manganese (500 mg/kg), titanium (40 mg/
kg) and lead (18 mg/kg).

Yarrow (Achillea millefolium) sod carbonate light
loam soils concentrates nickel (15 mg/kg) and copper
(21 mg/kg). Willow sharp-leaved (Salix acutifolia) in
peat bogs it is characterized by the minim content of
all studied HM, with the exception of manganese.

In a pine tree near the village Yaromel maxim
amount of nickel is recorded in samples of lily of the
valley (Convallaria majalis). This plant, compared to
others, has a higher content of manganese (680 mg/
kg) and titanium (89 mg/kg). Sedge shaking (Carex
brizoides) alluvial layered sandy soils is released in
the presence of copper (20 mg/kg). Very few trace
elements are accumulated Scots pine (Pinus sylvestris)
(from 0.7 to 4.31 mg/kg).

Titanium accumulat in significant quantities by
Hazel common (Corylus avellana) and birch hung
(Betula pendula) (48-50 mg/kg) turf gley sandy soils.
Its maximal number (except for common) is recorded
in samples of raspberries (Rubus idaeus), growing on
sod podzolic gley sandy soils, and is 80 mg/kg.

The concentration of copper varies from 2.12 in
the male bugbug (Dryopteris filix-mas) to 21.34 mg/
kg in yarrow (Achillea millefolium). A lot of copper
was found in sedge shaking (Carex brizoides) and
raspberry (Rubus idaeus) (up to 20 mg/kg). In general,
it can be noted that the copper content in plants of
the NNP territory increases with an increase in their
biological productivity.

The high accumulation of HM in the aboveground
part of the studied plants indicates a significant
removal of elements from the soil, which, in turn,
makes it possible to consider certain plant species as
potential phytoremediators. Another indicator that
testifies to the high accumulating capacity of the forest

rank (Lathyrus sylvestris), male bugbug (Dryopteris
filix-mas), and yarrow (Achillea millefolium) is the
prevalence of HM in the aerial part over the root.
It should be noted that a high concentration of HM
does not have a toxic effect on these plant species,
which may indicate their tolerance to anthropogenic
pollution.

Conclusions.

Spatially, the landscape-geochemical structure
of the NNP and adjacent territories is represented
by calcium, calcium-carbonate, carbonate-gley, acid
calcium geochemical classes of landscapes.

Analysis of the content of heavy metals in
the soils of the territory showed its non-uniform
distribution and dependence on the available sources
of anthropogenic impact. The highest concentrations
of manganese and chromium are found in soils
developed on loess deposits, and nickel and copper
on glacial deposits.

The first results of studying the microelement
composition of the vegetation of the investigated
NNP make it possible to conclude that woody and
shrub plants of the park territory are characterized
by an increased content of manganese, titanium,
copper and lead in comparison with similar species of
plants that are common in other parts of the Polissia
region. Within each phytocenosis there are plants-
concentrators of a certain element. In particular, plants
with high ability to accumulate HM belong: common
bracken (Pteridium aquilinum), raspberries (Rubus
idaeus) and forest rank (Lathyrus sylvestris). The
supply of elements in phytocenoses depends on the
chemical composition of plants, their total biomass,
which is determined by the mineral composition and
soil moisture conditions.

The main direction of further research should
be further study of the distribution of macroelements
and microelements in different genetic types of soils;
establishment of the reference content of elements
in geochemical landscapes to establish the intensity
of migration and the nature of the distribution of
elements; determination of pathological and specific
plant diseases due to the geochemical features of the
landscape.
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The impact of aeration on ecological state of lake Telbyn in Kyiv
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Received: 25.06.2020 Abstract. Lake Telbyn is considered to be one of the largest lakes located in the eastern
Received in revised form: 16.08.2020 part of Kyiv. The artificial aeration of this lake was started at the end of 2016 by using of 8
Accepted: 04.12.2020 aerators, which has been continuing so far. The main perpose of this measure is improving

the ecological state of the lake mostly for recreational use. There were carried out a field
study of the lake and the analysis of remote sensing data. Physical and chemical characteristics of water, phytoplankton biomass, chlo-
rophyll a concentration and some other parameters at the different depths were studied. It was found out that artificial aeration has a
positive effect on the ecological state of the lake. The water aeration causes the blur of thermocline whereas the impact on its depth is
not essential. Under impact of aeration the concentration of dissolved oxygen become larger, mostly in the bottom layer. The highest
concentration of ammonium nitrogen in a warm period is observed in the bottom layer of the lake. The deep location of aerators causes
the increasing of concentration in bottom layer. At the same time there is not visible impact on concentration near the surface. The
similar result was obtained for the concentration of inorganic phosphorus. The impact of aeration on algal bloom is not such essential
as on hydrochemical characteristics. The artificial aeration causes negative impact on the phytoplankton abundance and less effect on
their biomass. It means the larger effect on the algae with small cells. In other words the aeration has larger impact on green algae than
on blue-green ones. The use of remote sensing data showed that ecological state of Lake Telbyn during the aeration period improved
comparably with other lakes of Kyiv. As a result of aeration, the view of water surface of the lake became more similar to water surface
of the Dnipro River, which flows through the city.

Keywords: aeration, lake, thermocline, nutrients, phytoplankton, remote sensing data
Bnuius aepauii Ha exoJioriunuii craH o3epa Teab0un y Kuesi
B.I. Buniaescokuii', B.A. XKexepst?, .M. He36punpka?, O.I1. Binoyc?

'Hayionanenuii agiayivinuil ynieepcumem, Kuis, Yxpaina, vishnev.v@gmail.com
2Inemumym ziopobionozii HAAH, Kuis, Ykpaina

Amnoranisi. Ozepo Tenb01H BBXKAETHCS OHUM 13 HAHOLTBIINX 03ep, po3TaIloBaHuX y cxinHii yactini Kuesa. Hanpukinui 2016 p. 6ymo
PO3I0YaTo MTYYHY aepallilo IOro o3epa 3a JOIIOMOroI0 8 aeparopis, 110 TpuBae i 1oci. OCHOBHA MeTa IbOT0 3aXO0y — ITOJINIICHHS
eKOJIOTIYHOTO CTaHy oO3epa — IMepeayciM Ul peKpeamiifHOro BHKOPHCTAaHHS. BHUKOHAHO TIOJBOBI JOCHIKCHHS O3epa Ta aHawi3
JAHUX JTUCTAHIIITHOTO 30HAYBaHHA 3eMii. BuBdeHo (i3MKO-XiMiYHI XapaKTEPUCTHKH BOIH, OioMacy (iTOIMIIAHKTOHY, KOHIICHTPALIIIO
xJopoGiny Ta IesKi HII mapaMeTpH Ha pi3HUX IMHOMHAX. 3’ SICOBaHO, 110 IITYYHA aepallis MO3UTUBHO BIUTUBAE HA €KOJOT1YHUNA CTaH
o3epa. Aepallisi BOAM 3yMOBIIIOE PO3MHUBAHHSI TEPMOKIIIHY, BOAHOYAC ii BIJIMB Ha #oro mmbuHy HeictoTHuWit. Ilin BrutmBoM aeparii
KOHIIGHTPAL[isl PO3YMHEHOT0 KUCHIO CTa€ OLIBIIOI0, HACAMIIEPE Y IPUIOHHOMY Iapi. Y TeIUIuid nepios poKy HailBUIA KOHIIEHTPAList
a30Ty aMOHIMHOTO CIIOCTEpITaeThCs y MPUIOHHOMY mIapi o3epa. [nmOoke po3ramryBaHHS aepaTopiB 3yMOBIIOE  IiBHIIEHHS
KOHIICHTpALii B HIKHbOMY 11api. [Ipu 1iboMy He CIocTepiracThCsi BUIMMOTO BIUTUBY Ha KOHIICHTPAIIIO OLIs MOBEpXHi. AHAIOTIYHUI
Ppe3ysbTaT OTpUMaHO L1010 KOHIIEHTpalil HeopraHidHoro Gochopy. Brums aeparii Ha “IBITIHHA BOIOPOCTEH HE HACTUIBKU 3HAYHUM,
SIK Ha rigpoximiuHi xapakrepucTuku. llITy4na aepartist CipuunHs€ HETATUBHUI BIUTHB Ha KUJIbKICTh (ITOMIAHKTOHY Ta MEHIIIMI BILTHB
Ha ix 6iomacy. lle 03Havae GimbIIMI BIJIMB HAa BOAOPOCTI 3 APIOHMMH KIITHHAMH. [HIIMMU ClIOBaMH, aepailis Mae OUIbIINN BIUIMB Ha
3eJIeH] BOIOPOCTi, H’K Ha CHHBO-3€JIeHI. BUKOpHCTaHHS TaHWX TUCTAHI[IHHOTO 30H/yBaHHS I0Ka3ajo, 0 €KOJIOTIYHUH CTaH o3epa
Tens6un 3a nepioy aepanii MOKpaImUBCs, HOPIBHIHO 3 IHITNMHU o3epamu Kuesa. Bracminok aepamnii BUIIIsLT BOJHOI TIOBEPXHI 03epa
HAOMM3UBCS 10 BUIIISLY BOTHOI MMOBepXHi JIHimpa, 1110 Teye gepes3 MicTo.

Kniouosi crnosa: aepayis, ozepo, mepmoxain, 6iocenu, imoniankmon, 0ani OUCmManyitino2o 30H0y8anHs 3emui
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Introduction.

Artificial aeration of water bodies is a well-
known and widespread method aimed at improving
their ecological state. Accordingly, there is a sig-
nificant amount of scientific works (Ashley 1983,
Beutel, Horne 1999, Gasi et al 2009, Heo, Bomchul
2004, Imteaz, Asaeda 2000, Osuch, Podsiadtowski
2012, Riabov, Sirenko 1982) devoted to this activity.
In Ukraine, such measures are also carried out, but
mainly in small water bodies and in order to improve
the living conditions of fish. Until recently, the aera-
tion of rather large lakes to improve their ecological
state for recreational purposes was not performed. It
was first started on Lake Telbyn (sometimes Telbin),
which is located in Kyiv.

The Lake Telbyn is located in the eastern
part of the city. Its geographical coordinanes are:
50°25'33" N, 30°36'10" E. The lake originates from
the old channel of the Dnipro River and by the mid of
the 19" century it had been much larger than it is now.
In 1868—1869 it was divided by the railway on two
parts. The northern part known nowadays as the Lake
Telbyn was gradually built up around. The southern
part during the next decades was transformed to the
Lake Koroliok. The hydraulic connection of these
lakes with other water bodies is almost absent.

The current area of the Lake Telbyn is 13.6 hect-
ares, perimeter is 2.1 km and the maximum depth is
13 m. There are two beach areas that are rather popu-
lar with the local people for recreation.

Besides the Lake Telbyn there are many other
water bodies in the eastern part of Kyiv. Some data as
to these objects, obtained from satellites images, were
used for the study as well (fig. 1).

an hour, but at the beginning of aeration it was much
less —about 100 m® per hour. Actually the operation of
the aerators was irregular. At first the depth of aerator
installation was rather small — 1.5-2.5 m from the
water surface. Gradually some aerators were moved
from small deptht deeper — up to 5 m (fig. 2).

The study of the ecological state of the Lake
Telbyn was started in early 2000s (Morozova, 2008;
Morozova, 2009). It was defined the anaerobic condi-
tions in the bottom layer of the lake, mainly during the
warmest period. It was found out great differences in
the concentration of inorganic phosphorus and total
iron in the surface and bottom layers —up to 20 times.

According to the results of hydrochemical study
carried out in 2007-2008, the Lake Telbyn was ex-
posed to eutrophication. The pH values varied within
6.75-9.40, the concentration of dissolved oxygen
amounted to 0.0—-16.5 mg/dm?, ammonium nitrogen —
0.32-13.9 mg/dm’, total iron — 0-2.65 mg/dm*. When
having the direct temperature stratification it was
recorded the essential increase in ammonia nitrogen
and iron concentrations in the bottom layer and the
deficit of dissolved oxygen at the same time. The high
concentration of suspended solids in the surface layer,
which reached 80 mg/dm?, indicated an intense algal
bloom (Morozova, 2008; Morozova, 2009).

The study, carried out by authors of this article
in the warm period of 2009, revealed the existence of
thermocline at the depth of about 3 m.

It is possible to evaluate the ecological state of
this waterbody using phytoplankton data, which was
successfully proven in previous works (Bilous et al.,
2014; Bilous et al., 2016). In turn, there were some
studies on the ecological state of the water bodies lo-

Fig. 1. Water bodies of Kyiv under study: 1— Lake Telbyn, 2 — Lake Almazne, 3 — Lake Koro-
liok, 4 — Lake Soniachne, 5 — Berkivshchyna bay, 6 — Lake Lebedyne, 7 — Lake Tiagle

The air for the aeration purpose is supplied by
a compressor to 8§ aerators, which were installed
uniformly on the Lake Telbyn at the end of 2016. The
total productivity of the aerators makes 360 m® per
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cated within the urban area of Kyiv, based on remote
sensing data (Vyshnevskyi and Shevchuk, 2018). It
was obtained a rather close correlation in warm pe-
riod between the water transparency, measured with
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Fig. 2. Satellite image of the Lake Telbyn with the location of installed aerators

Secchi Disk, and the values of the spectral band B3
of the Landsat 8 satellite, which correspond to green
colour. The stronger correlation between the water
transparency and the satellite data was obtained for
the expression SD = (B4-B2)/B3.

Materials and methods.

The current investigation of the ecological state
of the Lake Telbyn, regarding the impact of artificial
aeration, included field study and analysis of remote
sensing data.

The field study was carried out during warm pe-
riod of 2017-2018 with the focus on hydrochemical
measurements and characteristics of phytoplankton.
The most complete study, including samplings of phy-
toplankton, was carried out 06.07.2017, 02.08.2017,
08.08.2017, 13.09.2017, 10.07.2018, 09.08.2018,
16.08.2018 and 30.08.2018. Some additional mea-
surements on hydrochemical characteristics were car-
ried out on 24.07.2018, 21.11.2018 and 11.03.2020 as
well. The study was carried out in the different parts
of the lake with various conditions: very close and far
away from the working aerators and also near aerators
installed at different depths.

The following hydrochemical characteristics
were studied: water temperature, concentration of dis-
solved oxygen, mineralization, nitrogen compounds,
inorganic phosphorus and pH. The concentration of
dissolved oxygen, mineralization, pH were deter-
mined using the multifunctional device AZ-86031.
The concentration of dissolved oxygen was deter-

mined by Winkler’s method as well. Water clarity was
measured by use of the Secchi Disk with diameter of
30 cm. The water clarity was measured in the Dnipro
River in the point closed to the Lake Telbyn as well.
Seignette salt with Nessler’s reagent was used to de-
terminate ammonium nitrogen (N-NH,"), the Grisse
reagent — to determine nitrite ions (N-NO,’), sodium
salicylate for nitrate ions (N-NO,’), and ammonium
molybdate with ascorbic acid for dissolved inorganic
phosphorus (P-PO,*) or soluble reactive phosphorus
(SRP) (Nabivanets et al., 2007).

The algological samples in alive state were in-
vestigated using Zeiss and PZO microscopes under
magnification x 400—1000. The quantitative analys of
plankton was carried out using a Nageotte Chamber
(0.2 cm®). No less than 800 cells from each sample
were calculated. The biomass of phytoplankton was
determinated by studied cells in particular volume of
water. Dominant species were considered those, the
share of which exceeded 10 % of the total biomass.

For the identification of the taxonomic algae spe-
cies the following sources were used: Siisswasser-
flora ... (1998, 2005, 2013), Asaul (1975), Tsarenko
(1990), Lange-Bertalot et al. (2017). The taxonomic
system of algae, accepted in the monograph series
Algae... (2006, 2009, 2011, 2014) and nomenclature
changes to Algae Base (Gury and Gury, 2020) were
determined on the base of common system derived
from T. Cavalier-Smith (2004).

The concentration of chlorophyll @ in phyto-
plankton was determined using the standard spectro-
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photometry method and calculated using Jeffrey and
Humphrey equation (Jeffrey and Humphrey, 1975).

The search of high-quality satellite images was
the first stage in the study of the Lake Telbyn using
the remote sensing data. It is focused on the data of
the Landsat 8 satellite. Data processing of satellite im-
ages was carried out using the ArcMap 10 program.
The obtained data were analyzed along with making
images in pseudo-natural colours and using some in-
dices, which were the ratio of satellite images spectral
bands. The study was carried out for the Lake Telbyn
and some other water bodies located nearby. The val-
ues of the bands B2, B3 and B4 in some points of their
water area were measured. The average values were
used for further comparison. In total, 14 images of the
Landsat 8 satellite, obtained in a warm period during
2014-2020, were used in the research process: 6 — in
2014-2016 and 8 — in 2017-2020. The last processed
image was obtained on 16.08.2020.

Results and Discussion.

Hydrometeoriological conditions

During the some last years, the air temperature
in Kyiv, likewise over the world, was warmer than
ussual. According to the observations of a local
meteorological station in Kyiv the unnual air
temperature in 20162020 was two or even more
degrees higher compared to the period of 1961-1990
(table 1).

Water clarity

The water clarity in the Lake Telbyn was
measured in 2018 using the Secchi Disk with the
intervals of about 10 days. The lowest water clarity
was observed in the beginning of August (table 2).

The water clarity in the Dnipro River at this time
was much larger. During 2018 it was as follows: 10.07
— 151 cm, 22.07 — 153 cm, 09.08 — 131 cm, 16.08 —
156 ¢cm, 28.08 — 143 cm.

Water temperature

The water temperature was permanently recorded
during the field studyes. On all dates of measurements,
except 21.11.2018 and 11.03.2020, a thermocline
phenomen occurred. In the summer period of 2017 it
was observed at the depth of 5-5.5 m, in summer of
2018 it was about 6 m.

The carried out study proves the positive impact
of aeration on the distribution of water temperature.
Distribution of water temperature near the working
aerators by depth was more even comparably with the
cases without aeration (fig. 3).

It is important to note that the change of the depth
of aerator does not influence on the depth of thermo-
cline, but aerator, which is installed deeper, causes
more visible blurring of the thermocline.

Concentration of dissolved oxygen

The concentration of dissolved oxygen signifi-
cantly depends on the season. In summer period under
the effect of algal bloom the highest concentration of

Table 1. Mean monthly air temperature (°C) at the meteorological station in Kyiv

Year I 11 111 v \Y VI VII | VII IX X XI XII Mean
2016 5.7 1 2.0 3.9 124 | 155 | 20.6 | 224 | 21.1 | 16.1 6.5 1.2 | -1.5 9.5
2017 -49 | 28 | 6.2 104 | 153 | 20.0 | 209 | 224 | 164 8.4 3.3 1.6 9.8
2018 24 | -38 | -1.9 | 13.1 | 188 | 206 | 214 | 225 | 17.3 | 10.7 | 0.3 -2.2 9.5
2019 -4.5 0.6 5.1 106 | 17.0 | 23.6 | 19.8 | 20.7 | 159 | 11.1 4.6 2.7 10.6
2020 0.8 2.5 6.5 9.9 124 | 21.7 | 219 | 214 | 184 | 125 | 2.1 3.8 10.9
Norm 5.6 | 42 | 07 8.7 152 | 182 | 193 | 18.6 | 139 8.1 2.1 -2.3 7.7

Under these circumstances, the ecological state
of the Lake Telbyn, even having artificial aeration,
can be worse than in the years with lower water
temperature. Hydrometeorological conditions before
and during the field studies play the important role
as well.

Due to the evaporation of water from the surface
ofthe lake (especially in the warm period) its level was
decreasing. Thus, from 04.05.2018 until 21.11.2018 it
decreased by 35 cm.

Table 2. Water clarity (cm) of the Lake Telbyn during 2018

dissolved oxygen is observed in the surface layer. In
some cases the oxygen saturation exceedes 100 % and
reaches 150—155 %. First of all, it should be noted that
the changes in the concentration of dissolved oxygen
in depth in the area with aeration are more uniform
than in the area without aeration. It is very important
the positive impact of aeration on the concentration in
the bottom layer. Thus, on July 10, 2018, in the zone
with aeration it was 2.9, and in the zone without aera-
tion — only 1.1 mg/dm? (fig. 4).

04.05 | 17.05 29.05 | 09.06 | 20.06

10.07

22.07 | 09.08 | 16.08 | 28.08 21.11

74 70 75 75 74

54 54 49 61 62
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Fig. 3. Distribution of water temperature by depth in the Lake Telbyn on 10.07.2018:

1 — close to the aerator No 3 installed at the depth of 1.5 m, 2 — without aeration near unoperated aerator No 7

The increasing of the depth of aeratots causes the
increasing of dissolved oxygen concentration in the
bottom layer.

In the last summer days and in September the
concentration of dissolved oxygen in the surface layer
becomes less. This time the maximum values of dis-
solved oxygen are observed at the depth of several
meters. In the spring, in particular on 11.03.2020, the
concentration of dissolved oxygen in the surface and
bottom layers was almost the same — 9.5-10.3 mg/
dm?, the saturation level was 78.5-87.2 %.

Water mineralization

In general, the Lake Telbyn is characterized by
rather small mineralization. To some extent, it de-
pends on the season: the smallest values are observed
in the spring period while in autumn mineralization
becames higher. The highest values (353-355 mg/
dm?®) were observed on 21.11.2018.

Water pH

The water pH in a whole corresponds to the con-
centration of dissolved oxygen distribution by depth
and to some extent to the distribution of phytoplank-
ton. The highest value (up to 8.5-9.0) in warm period
was observed near water surface. In March 2020 the
pH of the water was 8.2—8.3. The noticeable effect of
aeration on the water pH was not recorded.

Concentration of nutrients

The concentration of ammonium nitrogen, nitrate
ions and inorganic phosphorus were the key points of
field study.

The concentration of ammonium nitrogen in the
warm period greatly changes by depth: in the surface
layer it is significantly less than near the bottom. The
largest changes in the ammonium nitrogen concentra-
tion correspond to the depth of thermocline. In the
summer of 2017 the largest changes in ammonium
nitrogen were observed at a depth of 5-5.5 m. On
13.09.2017, the zone of the largest changes moved a
little deeper at the depth of about 6 m. In 2018, the
largest changes of ammonium nitrogen concentration
were observed at the same depth of about 6 m.

The aerators, installed at a rather small depth, do
not have any essential effect on NH," ions distribu-
tion. The increasing the depth of aerators causes the
rise of NH," concentration in the bottom layer (fig. 5).

The concentration of nitrite nitrogen by depth
and water area is approximately the same. In different
periods it was 0.004-0.035 mg N/dm?. The effect of
aeration on this chemical compound is not essential.

The concentration of nitrate nitrogen by depth
is generally the opposite of the concentration of am-
monium nitrogen. The highest concentration (0.8—1.0

Fig. 4. The concentration of dissolved oxygen by depth in the Lake Telbyn on 10.07.2018:

1 — close to the aerator Ne 3 installed at a depth of 1.5 m, 2 —

without aeration close to the unoperated aerator No 7
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Fig. 5. Concentration of ammonium nitrogen by depth in Lake Telbyn on 16.08.2018:
1 — close to the aerator Ne 4 installed at the depth of 1.5 m, 2 — close to the aerator Ne 5 installed at the depth of 5 m

mgN/dm?) in warm period is observed in the surface
water layer. In March 2020 the distribution of all
forms of nitrogen by depth was approximately equal.

The concentration of inorganic phosphorus by
depth is distributed similarly to NH," concentration.
The largest concentrations are recorded in the bottom
layer. The increasing of the depth of installed aera-
tors causes a rather small rise of inorganic phosphorus
concentration in the bottom layer. The effect of aera-
tion on the surface layer is absent (fig. 6).

In our opinion, the aeration of the lake should be
performed carefully, because the rise of water from
the bottom layer, which is rich in nutrients, can cause
an increase their concentration near the surface and
the corresponding growth of phytoplankton under
favorable conditions. About negative effects of
aeration are mentioned in (Gafsi et al 2009).

Phytoplankton

There were five stages of the investigation on
phytoplankton in the Lake Telbyn during 2017-2018:
threefold in 2017 (06.07, 02.08 and 13.09) and twice
in 2018 (10.07 and 16.08).

On 06.07.2017, the abundance of cells in the sur-
face layer was 10—13 x 10° per dm’, in water layer
it was 11-19 x 10° per dm’ and at the bottom 5-8 x
106 per dm®. Correspondingly, the biomass of phyto-
plankton was the folloving: in the surface layer — 2—5

mg/dm3, in water layer — 5-8 mg/dm?, at the bottom
—1.5-2.9 mg/dm?.

On 02.08.2017, the quantitative characteristics of
phytoplankton were almost the same as in previous
measurements. In surface layer, the abundance was
14-16 x 10°¢ cells/dm?, in water layer it was 1011
x 10° cells/dm’ and at the bottom — 9—15 x 10° cells/
dm3. The biomass in the surface layer was 4-5 mg/
dm?, in water layer it was about 4 mg/dm? and at the
bottom — 3—5 mg/dm?.

On 13.09.2017, the number of cells in the surface
layer was 1013 x 10° cells/dm?, in water layer 7-8
x 10° cells/dm® and at the bottom about 6 x 10° cells/
dm?. The biomass of phytoplankton in the surface and
water layer was about 1 mg/dm? and at the bottom —
0.7-0.8 mg/dm’.

In 2018, phytoplankton samples were taken in
the zones with essentially different conditions as to
water aeration. On 10.07.2018, one area close to the
working aerators and another area without aeration
were investigated. In the second case (16.08.2018)
one sampling point was located near working aerator,
installed at the small depth, and another one was lo-
cated close to the aerator, installed at the depth of 5 m.

On 10.07.2018, the abundance of phytoplankton
in the zone without aeration reached 35 x 10° cells/
dm?, simultaneously in the aeration zone it was less
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Fig. 6. Concentration of inorganic phosphorus by depth in the Lake Telbyn on 30.08.2018:
1 — close to the aerator No 4 at the depth of 1.5 m, 2 — close to the aerator No 7 installed at the depth of 4 m
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Fig. 7. The distribution of abundance by depth in the Lake Telbyn on 10.07.2018:
1 — close to the aerator No 3 installed at the depth of 1.5 m, 2 — in zone without aeration near unoperated aerator No 7

almost twice. In both cases the largest abundance was
recorded at the depth of about 2 m (fig. 7).

As it can be seen on the fig. 7, the abundance of
phytoplankton in the zone with aeration is significant-
ly less than in the zone without it. At the same time
the difference in biomass of phytoplankton along the
water column is not so essential. It can be explained
by the effect of aeration mostly on small-sized spe-
cies. The similar results were obtained in (Ashley,
Nordin 1999, Beutel, Horne 2009) and othe researhes.

The largest abundance of phytoplankton was
recorded on 16.08.2018. In the 2 m layer from the
surface it reached 75-80 x 10° per dm?>. At the same
time the zone of maximum biomass was observed at
the depth of 2-4 m. The largest biomass (about 34
mg/dm?) was recorded in this depth in the zone close
to the aerator, installed near surface.

The share of blue-green algae (Cyanoprokaryota)
on 06.07.2017 was 71 % and for green algae 24 %. In
three weeks (on 02.08.2017) the value changed some-
what, the share of blue-green increased to 77 % and
green algae decreased to 17 %. On 13.09.2017, the
share of blue-green algae reached 79 % and green one
decreased to 15 %. As can be seen, during June—Sep-
tember 2017, the share of blue-green algae increased
and green algae decreased.

In 2018, the study was carried out in the zones
with different conditions of aeration. On 10.07.2018,
in the zone with aeration the share of blue-green algae
in total by depth equalled 91 %, whereas without aera-
tion 94 %. A more noticeable difference was obtained
for the abundance of green algae. In the first case, its
share was 7.7 %, in another 5.5 %. It can be added
that in surface layer the difference in abundance of
green algae was larger: in the zone with aeration it
was 10.5 % whereas without aeration 6.0 %.

On 16.08.2018, the share of blue-green algae
abundance in the zone with aerator on small depth
was 97 % and in the zone with the aerator on the
depth 5 m 94 %. Accordingly, the share of green algae
equalled 2 % and 4 %.

In the first year of aeration, on 06.07.2017 the
dominant complex of blue-green algae (Cyanopro-
karyota) representatives was the following: Doli-
chospermum flosaquae (Lyngb.) Wacklin, Hoffmann
et Komarek, Aphanizomenon flosaquae (L.) Ralfs
ex Bornet et Flahault, Anagnostidinema amphibi-
um (C. Agardh ex Gomont) Strunecky, Bohunicka,
J.R. Johansen et al., Oscillatoria tenuis J. Agardh ex
Gomont, as for green algae it should be mentioned
Acutodesmus pectinatus (Meyen) P. Tsarenko. On
02.08.2017, the dominant species from this group’s
representatives were the following: Anagnostidinema
amphibium, Dolichospermum flosaquae and Spirulina
subtilissima Kiitz. ex Gomont observed in all depths.
On 13.09.2017, the dominant complex was formed
by blue-green algae Aphanizomenon flosaquae, Spi-
rulina subtilissima, Merismopedia tranquilla (Ehren-
berg) Trevisan (=Merismopedia punctata Meyen) and
Anagnostidinema amphibium. The abundance of phy-
toplankton was in the range of 1-8 x 10° cells per dm?
and the biomass varied from less than 1 to 4 mg/dm’.

In the year 2018 the dominant complex of species
changed somewhat. On 10.07.2018, the dominant
species from Cyanoprokaryota representatives were
the following: Aphanizomenon flosaquae and Anag-
nostidinema amphibium. Its abundance varied from
3 to 11 x 10° cells per dm?. The dominant species
regarding biomas was presented by Ceratium hirun-
dinella (O.F. Miiller) Dujardin, with the values from
1.8 to 4.23 mg/dm?. On 16.08.2018, abundance was
presented mostly by Anagnostidinema amphibium
and Merismopedia warmingiana (Lagerheim). Their
abundance had the range of 9.5 to 75 x 10° cells per
dm?. The biomas at this period was presented mostly
by Ceratium hirundinella and Parvodinium umbo-
natum (F. Stein) Carty with values varied from 1.4 to
23.8 mg/dm?.

Concentration of chlorophyll a

There were 5 measurements of chlorophyll a
concentration on the Lake Telbyn during 2017-2018:
threefold in 2017 (06.07, 02.08 and 13.09) and twice
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in 2018 (10.07 and 16.08). The concentration of chlo-
rophyll @ on 06.07.2017 varied from 60 ug/dm’ at the
depth 0.5-4 m to 25-30 ug/dm® at depth 6-9 m. On
02.08.2017, the concentration of chlorophyll a some-
what increased: 80—85 ug/dm? in surface layer, 100—
105 at the depth of 2 m, 60-67 at the depth of 4 m
and 45-46 ug at the bottom. The highest values were
observed on 13.09.2017: 188-218 ug/dm’ in surface
layer, 103—107 ug/dm’ at the depth of 4 m and 45-50
ug/dm’ near the bottom. Such larger values than in
previous cases may be explained by the known fact,
that concentration of chlorophyll ¢ depends on not
only on the abundance of algae but also on the con-
sentration of nutrients and water temperature as well
(Kureyshevich et al., 2016). The high temperature has
negative impact on biosynthesis of algae. As the re-
sult, inspite less abundance of algae, the concentra-
tion of chlorophyll @ on 13.09.2017 was larger than
in summer.

The concentration of chlorophyll ¢ in 2018 was
similar to the previous year. The aeration makes the
concentration of chlorophyll a by depth more uni-
form. The highest concentration becomes less (Fig. 8).

data before aeration, i.e. in 2014-2016 and with acra-
tion in 2017-2020 (Fig. 9).

It is evident from the image obtained on
29.07.2016, that the colour of water in the Lake Tel-
byn essentially differs from the colour of water in the
Dnipro River and it is close to the water colour in the
neighbouring lakes. In the second case, namely, on
04.08.2018, the water colour of the Lake Telbyn be-
came almost the same as in the Dnipro River. A similar
result was obtained for other images of 2019-2020.

These differences become more evident in case
of use images in larger scale and created on the base
of NDTI index, which is the ratio: NDTI = (B4 — B3)
/ (B4 + B3). By this ratio the band B3 corresponds to
the green colour of the spectrum, B4 — to the red one
(fig. 10).

The comparison of optical images has an ele-
ment of subjectivity. Therefore, the ecological state
of water bodies was analyzed on the base of digital
values of the B3 band of the Landsat 8 satellite. The
meaning of B3 depends on phytoplankton abundance:
larger quantity corresponds to the larger B3 and vice
versa. In particular, it concerns the blue-green and

Fig. 8. Vertical distribution of chlorophyll a concentration in the Lake Telbyn on 16.08.2018:
1 — close to the aerator No 4 installed at the depth of 1.5 m, 2 — close to the aerator No 5 installed at the depth of 5 m

In general, the effect of aeration on the
concentration of chlorophyll « is relatively small. A
similar result was obtained in (Ashley, Nordin 1999).

Remote sensing data

The carried out field studies showed the large dif-
ferences in water quality from one measurement to
another. It can be explained by the impact of seasonal
features and hydrometeoriological factors. Under
these circumstances, it is hard to identify the impact
of artificial aeration among other influencing factors.
For this purpose, the remote sensing data were used.
The main idea was to compare the ecological state of
Lake Telbyn with other water bodies before and un-
der the impact of aeration. Accordingly, it was treated
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green algae which dominate in warm period. There is
an opposite correlation between water clarity and B3
as well (Vyshnevskyi, Shevchuk 2018).

During the year, the greatest value of the B3 of
the Landsat 8 satellite is observed in the period with
the largest algal abundance — usually in August when
the water clarity is the lowest. Thus, according to the
data of the B3 band it is possible to estimate not only
water transparency of lakes but their ecological state
as well. The same it is concerned for lakes located
nearby: Almazne, Koroliok, Lebedyne, Soniachne,
Tiagle and Berkivshchyna bay (see the fig. 1).

For this aim it were analyzed 14 satellite images,
from which 6 ones were obtained for 2014-2016 and
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a

b

Fig. 9. The satellite images of the south-eastern part of Kyiv in pseudo-natural colours: a — on 29.07.2016, b — on 04.08.2018

8 ones for 2017-2020. Before the start of aeration the
Lake Telbyn had the average position with value of B3
among other water bodies. Under impact of aeration,
the position of the lake in 2017-2020 by the B3 value
was essentially improved. It took the second position
after Berkivshchyna bay which belongs to the Dnipro
River (the fig. 11).

The same result was obtained for the ratio (B3—
B2) / (B3+B2). As in previous case this ratio for the
Lake Telbyn in 2017-2020 became the lowest except
for the Berkivshchyna bay (fig. 12).

The essential growth of the ratio (b2—-B4) / B3 in
the Lake Telbyn during aeration period was observed
as well. Thus, it means the larger decreasing of the B3
value comparably with the other spectral bands.

Conclusion.

The Lake Telbyn is the first rather large lake in
Ukraine, for which the artificial aeration of water
was started to improve its ecological state mostly for
recreational use. For this aim 8 aerators with air supply

from the compressor were installed at the end of 2016.

The water aeration causes the blur of thermocline
whereas the impact on its depth is not essential.

The concentration of dissolved oxygen by
depth mostly depends on algal bloom and the water
temperature. The highest value is observed in surface
layer when the algal bloom is the highest.

The operation of aerators causes a slight decrease
in the concentration of dissolved oxygen in the surface
layer and an increase in concentrations in the bottom
layer. In the end of summer period the depth of zone
with the highest concentration of dissolved oxygen
goes down. This time the impact of aeration is rather
small.

The impact of aeration on pH parameter is not
essential. There is direct correlation of this parameter
with the distribution by depth of dissolved oxygen.

The highest concentration of ammonium nitrogen
in warm period is observed in the bottom layer. The
deep location of aerators causes the increasing of
concentration in bottom layer. At the same time there

Fig. 10. The images of the Lake Telbyn and adjacent water bodies created on the base of the NDTI index:
a—0n29.07.2016, b — on 04.08.2018

187



V. I. Vyshnevskyi, V. A. Zhezherya, I. M. Nezbrytska, O. P. Bilous

Journ. Geol. Geograph. Geoecology, 30(1), 179—-189.

Fig. 11. The B3 valueof the Landsat 8 satellite for some water bodies of Kyiv during warm period:

1— the Lake Telbyn, 2 — the Lake Almazne, 3 — the Lake Koroliok, 4 — the Lake Lebedyne, 5 — the Lake Soniachne, 6 — the
Lake Tiagle, 7 — the Berkivshchyna bay (left columns correspond to 2014-2016, right columns — to 2017-2020)

Fig. 12. The value of (B3-B2) / (B3+B2) the Landsat § satellite for some water bodies of Kyiv during warm period:

1- the Lake Telbyn, 2 — the Lake Almazne, 3 — the Lake Koroliok, 4 — the Lake Lebedyne, 5 — the Lake Soniachne, 6 — the
Lake Tiagle, 7 — the Berkivshchyna bay (left columns — 20142016, right columns — 2017-2020)

is not visible impact on concentration near the surface.
The similar result was obtained for the concentration
of inorganic phosphorus.

The impact of aeration on phytoplankton biomass
as well as on its composition is not such essential
as on hydrochemical characteristics. The artificial
aeration causes negative impact on the phytoplankton
abundance and less effect on their biomass. It means
the larger effect on the algae with small cells. In other
words the aeration has larger impact on green algae
than on blue-green algae. The water aeration has some
impact on the vertical distribution of chlorophyll
a concentration. In the zone with aeration its
concentration is somewhat less than without aeration.

Comparison of the ecological state of the Lake
Telbyn with other lakes, carried out on the base of
satellite data, showed a positive effect of aeration.
Nowadays, the color of water surface of the lake has
become closer to the Dnipro River than it was before
aeration.

In general, there is positive effect of aeration on
the ecological state of the Lake Telbyn.
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Received: 21.09.2020 Abstract. The purpose of this publication is to research the state and mechanisms of
Received in revised form: 13.10.2020 formation of social and affordable housing in Ukraine and to determine the basic scientific
Accepted: 07.12.2020 and practical principles of improving housing. The study examines the theory and practice of
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providing housing for citizens in Ukraine. The concepts of “free”, “social” and “affordable”
housing are studied and the practice of mechanisms of their formation in European countries is given. The legislative base of formation
of social and affordable housing in Ukraine is briefly described. The general level of demand for housing in our state is outlined. To
study the level of housing affordability for the population of our country, the authors used the adapted UN HABITAT methodology,
taking into account the Ukrainian realities. We have taken as a basis a young family with two working people with average incomes
for the region minus expenses at the subsistence level. At the same time such a young family have mostly one or two children and
the priority of their purchase will be a small one-two-room apartment (or a two-bedroom apartment with a modern approach to
construction) with an area of 43 sq.m. The results of the assessment of housing affordability obtained in this way show a general
tendency to increase in the housing affordability index in Ukraine. At the same time, the real indicators of affordability are still quite
low and characterize a fairly long period of cash savings of the population to obtain housing. The average value of affordability is 9.2
years in 2019, which is almost 6 times higher than the indicators of 2007. The value of affordability in the state varies considerably. It is
found that the cities of Kyiv, Zaporizhia, Dnipropetrovsk, Kyiv and Sumy regions have the highest affordability indicators. The lowest
values are typical for the Western region of the state, in particular Zakarpattia, Chernivtsi, Ternopil, Lviv, Rivne and Volyn regions.
They are in the range of 11.5-16 years, which is almost 4 times different from the best indicators. The connection between housing
affordability and the volume of construction and its commissioning and GDP growth rates is estimated. The state of mortgage lending
in the state is analyzed. It has been found that there are currently more than 20 programs to support citizens in purchasing housing
in Ukraine, but the effectiveness of most such programs is questionable and requires state support. Ways to implement an effective
housing policy and its main components are proposed.

Key words: social housing, affordable housing, demand for housing, housing construction, mortgage lending, housing programs,
housing policy

ConianbHe i 1OCTyNHE )KUT/I0 B YKPAIHi: MeXaHi3M Ta NPaKTHKA 3a0e3Me4eHHsA
C.I1. 3anoronpkuid, B.A. 3amoronpka, O.M. Tpyciii, B.®. Ilacsko
Teoepagpiunuii paxynemem Kuiscvkoeo Hayionanvrozo yuigepcumemy imeri Tapaca Lllesuenka, Kuis, zapototsk@ukr.net

AHoTtanisi. Meroro naHoi myOmikanii € JOCTiHKEHHS CTaHy 1 MeXaHi3MiB ()OPMYyBaHHS COLIaJbHOTO W JOCTYITHOIO JKUTAA B YKpaiHi
Ta BU3HAYEHHSI OCHOBHUX HAYKOBUX Ta MPAKTUYHUX 3aCaZl BAOCKOHAJIEHHS JKUTIOBOI'O 33663“6‘16HH5{. B )IOCJTi}l)KeHHi PO3IIIAHYTO
TEOPIIO i MPAKTHKY JKUTIOBOTO 3a0e3NeueH s IpoMaisH B Ykpaiui. JlociikeHO NOHATTS «Oe3KOIITOBHOTOY», «COLIAIBEHOTO» 1 «JI0-
CTYITHOTO» KUTJIA Ta IPHUBE/ICHA IPAKTHKA MEXaHi3MiB iX (popMyBaHHS B kpaiHax €Bporr. KopoTko oxapakTepr30BaHO 3aKOHOAABUY
6a3y cTaHOBICHHS B YKpaiHi COLIaIbHOIO Ta JOCTYMHOTO0 XHUTiIa. OKpPEeCcIeHO 3arallbHUi PiBeHb MOMUTY HA KUTJIO B HAIIIN JIepiKaBi.
Jlis mocnimpKeHHs PiBHS JAOCTYIHOCTI JKUTIA U HACEJICHHS HAIIOl JepKaBU aBTOpaMHU 3aCTOCOBaHa ajantoBaHa Metonuka OOH
XABITAT 3 ypaxyBaHHAM yKpaiHCbKHX peaiii. 3a OCHOBY B3sTa MOJIOZa CiM’s, B SIKiil € IBO€ MPALIOIOYMX JIIOACH 3 CEpEeAHIMU AT
perioHy J0XofaMH MiHyC BUTpaTaMM Ha PiBHI MPOXUTKOBOrO MiHiMyMy. [Ipy 1ipoMy Taka mMosoza ciM’st MaTUMe 37e01IbIIOr0 OHY
YM JIBI JUTUHH 1 B IPIOpUTETI iX KymiBii Oyne HeBelIHMKa OJHO-ABOKIMHATHA KBapTHHA (a00 K JBOCHANbHA KBapTUpA 33 CyYacHHM
TixooM 1o OyniBHHITBA) MUIomero 43 M.kB. OTpUMaHi B TaKUif CrIoci0 pe3yIbTaTH OIIHKY JOCTYITHOCTI )KUTIIA TOKA3yIOTh 3arajlbHy
TEH/ICHIIIO 10 3pOCTaHHs 1HACKCY IOCTYIHOCTI XKUTIa B YkpaiHi. B Toil ke dac peanbHi MOKa3HUKU JTOCTYITHOCTI € I JOCTaTHBO
HHU3bKHMH Ta XapaKTEePU3yIOTh JOCUTh AOBIHil IEPio/] TPOIIOBUX HAKOITMYEHb HACCIICHHSM JUISl OTPUMaHHS KkuTiIa. CepesHe 3HaYCHHS
noctynHocTi ckinanae 9,2 poxu B 2019 poui, mo Maibxe B 6 pasis Buiie nmokasHukis 2007 poxy. 3Ha4eHHsI JOCTYITHOCTI B JepiKaBi
JIOCUTB CYTTEBO BapilOETHCS. 3’ICOBAHO, 110 HAMBHUINI MOKa3HUKH JTOCTYIHOCTI MatoTh Micto Kuis, 3amopi3bka, J[HinponeTpoBchKa,

190



S. P. Zapotoskyi, V. A. Zapototska, O. M. Trusij, V. F. Pasko

Journ. Geol. Geograph. Geoecology, 30(1), 190-200.

KuiBcpka Ta Cymcpka o6macti. HaitHnk4i 3Ha4eHHS BIACTHBI 111 3aXiAHOTO PErioHy AeprKaBH, 30KpeMa 3aKapnaTchbkoi, YepHiBenbKoi,
TepHoninbebkoi, JIbBiBChKoi, PiBHEHCHKOT Ta BonnHcerbkoi obmnacreil. Bonn 3naxostees B Mexax 11,5-16 pokis, 110 B Maibke 4 pa3u ix
BiJIPi3HsI€ BiJl KpaluX MOKa3HUKIB. OI[IHEHO 3B’ SI30K TOCTYITHOCTI XKHUTIIA 3 00csiraMu OyIiBHUIITBA i MPUIHATTS Or0 B EKCILTyaTaIlito
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HCUMILOBI npoepamu, cumiosa noaimuka

Introduction.

The issue of housing is a complex and interesting
aspect of the research. This problem is extremely
relevant for social geography, because the impact of
the territory on housing is undeniable, and the housing
cost and the attractiveness of its construction is
determined by socio-geographical factors, including
location and affordability, comfort and neighborhood,
functionality and quality. The last two components are
the basis of construction cost price, while the others
are just price components and significant surcharges
to it. Big cities of the state are the centers of attraction
for residents of the periphery and that is why the cities’
housing potential makes it possible for such centers to
be realized and attract inhabitants.

The issues of housing affordability for the
population, providing housing for vulnerable groups
of the population and low-income residents who
need social support and assistance are a particularly
important aspect of this theme. Housing affordability
is an object of study for social geography and is formed
under the influence of the housing cost and the possible
income of citizens to obtain it. The first and the second
components have a territorial manifestation and they
are implemented in different ways within the state in
general and the regions in particular. The possibilities
of applying an effective state policy at the national and
regional levels are gaining considerable importance
in order to resolve effectively this problem and the
capabilities of a developed society in this matter.
Today housing is a basic necessity. Housing performed
only a protective function in the period of primitive
society; now housing determines the living standards
of the population and fulfils not only a protective
function, but also the function of strength and energy
renewal, the conditions of social reproduction. Thus,
the study of the formation mechanisms of affordable
and social housing based on the social and economic
conditions of society requires a scientific approach
and understanding of domestic and foreign practices.

Material and research methods. Significant
experience and practices of housing market
formation, housing provision, housing affordability
and mechanisms of its functioning are fully disclosed
in developed European countries, the USA, Canada

and some Asian countries. Peter Boelhouwer in his
book «Housing Systems in Western Europe: theory
and practice» describes in detail the housing market
experience in Western Europe (Peter Boelhouwer,
2010).

A thorough study of social housing in Europe has
been conducted by researchers (Kathleen Scanlon,
Christine Whitehead, Melissa Fernandez Arrigoitia,
2014). The authors reveal the current policy and
practice of social housing on the example of European
countries. The scholars pay special attention to the
analysis of the social housing system on the example
of Austria, Denmark, Great Britain, France, Germany,
Hungary, Ireland, the Netherlands and Sweden and
the countries of Central and Eastern Europe. The
researchers identify European trends in the social
housing sector and opportunities for innovation and
improvement in their study. The main topics of the
authors are the role of social housing in the process
of urban regeneration, privatization of social housing,
financing models and the impact of the European
Union state aid rules on the definition and financing
of social housing.

In 2015, Kathleen Scanlon, Christine Whitehead,
Melissa Fernandez Arrigoitia in the article «Social
housing in Europe. European Policy Analysis»
thoroughly study the issues of the formation of social
housing and European housing policy. The authors
note in their work the importance of social housing in
terms of investment in construction and regeneration,
and in providing sufficient affordable housing for
a wide range of European citizens. The researchers
explain who lives in such housing and under what
conditions, show the reasons for these trends and
the consequences for the future provision of social
housing. In particular, the authors evaluate how
social housing contributes to the normal access of the
residents to adequate standard housing at a price they
can afford in different regions of the European Union
(Kathleen Scanlon, Christine Whitehead, Melissa
Fernandez Arrigoitia, 2015).

The book «Estates on the Edge: The Social
Consequences of Mass Housing in Northern Europe»
(Anne Power, 1997) describes the decline and
restoration of government-funded housing for low-
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income citizens in Northern Europe. The publication
reveals the models of ownership, management and
social housing permits, the interaction between
landowners, investors, developers and other agents.

Jozsef Hegediis, Martin Lux and Nora Teller re-
search the mechanisms of social housing in transition
countries, they disclose the social housing policy in
Central and Eastern Europe. The researchers describe
the paths taken by the countries, considering changes
in policies, working conditions of institutions and
decisions taken to meet the housing needs of vul-
nerable groups of the population. They highlight the
differences between the countries due to delay in
reforms, assess the consequences of the peculiarities
of the socialist economies and their effects on the
formation of housing policy in Soviet times. The
research examines changes in the housing policies
of the countries that have recently become members
of the European Union and the trends corresponding
to such changes (Jozsef Hegediis, Martin Lux, Nora
Teller, 2012).

Limitations, opportunities and financing
mechanisms for social housing in the United States are
described in detail in this article (James E. Wallace,
2010). The author gives examples of the forms of
federal financial support for affordable housing
and the role of developers and local public housing
agencies in providing affordable housing.

Kathryn P. Nelson compared the amount of rent-
ed housing and the number of renters, taking into ac-
count their income. She claimed that during the 1980s,
there were growing surpluses of apartments afford-
able to the renters with incomes between 50 to 80 per-
cent of average income. By contrast, she concluded
that housing shortages were high for the households
with incomes below 30 percent of the average income
(Kathryn P. Nelson, 2010).

Significant research into social and affordable
housing is conducted by Russian scientists, where
the issue of housing the population is a matter of the
utmost urgency. Nikolaev S. in the article «Social
housing at a new stage of improvement» argues that
the problems of housing insecurity and material pos-
sibilities of the population cause increased demand
for economy class housing not only in the sector
of public financing of construction programs, but
also in the private investment sector. The author
considers possibilities of evolution of economy class
housing within the term of physical wear and tear.
(Nikolaev S., 2013).

Selyutina L., Evseeva E., Martinova A., Nektov
V. and Nikolyuk E. consider the main directions of
housing policy in the field of expanding social acces-
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sibility and improving the living conditions of low-
income citizens. They think it is necessary to develop
non-commercial forms of rental housing and attract
investors in different ways to its construction. The au-
thors argue the need to create conditions for bringing
investors in this area (Selyutina L., Evseeva E., Mar-
tinova A., Nektov V., Nikolyuk E., 2015).

Shingalin A. (Shingalin A., 2014) in the article
«New trends in the development of housing in a
socially oriented market economy» proves that the
implementation of mass modernization of the existing
factory base of housing can provide the construction
of the necessary social housing in the state. The
transition of the existing and technical re-equipment
of the housing base to the construction of social
housing is an important condition for this.

Selyutina L., Bulgakova K., Bessonov M. and
Paigusov A. confirm that the strategically important
task of the state is not only to provide affordable
housing for citizens, but also to create a comfortable
and high-quality living environment. The authors of
the research provide further ways to solve problems
and prospects for the development of the social
housing sector with the interaction of local authorities,
business and communities. The authors pay special
attention to the social and economic significance of
this specific area, which includes production and
services for the population. Solutions of the state
program of providing housing for the population have
been analyzed by the authors. It is necessary to create
attractive conditions for housing developers, ensure
affordable lending for the construction industry, so
that housing construction remains the driving force
of the construction industry and the economy as a
whole (Selyutina L., Bulgakova K., Bessonov M.,
Paigusov A., 2016).

However, the housing market of our country and
the housing policy of Ukraine differ significantly
from the housing market and the policy of European
countries. The main reasons of this situation are the
excessive share of real estate in private ownership,
outdated housing stock and the absolute unregulated
rental market. In addition, there are no directed hous-
ing policy and housing market mechanisms. At the
same time, the problem of providing housing for the
population is quite acute, social and affordable hous-
ing formation has remained a problem in Ukraine in
recent decades. This determines the relevance and
timeliness of the subject of this study.

The aim of the research is to study the state and
formationmechanisms of social and affordable housing
in Ukraine, evaluate them and give recommendations
for improvement. The research methodology of social
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and affordable housing involves the analysis of world
practices of providing housing for the population,
assessment of the domestic regulatory framework on
this topic and analysis of housing supply and demand.
Evaluation of housing affordability for the
population can have many variations, depending
on the availability of statistical information and the
specifics of the housing market. Each of them has
both advantages and disadvantages. Traditionally, the
initial or basic index of housing affordability is the
index that is calculated according to the UN method
— HABITAT (Official site of the UN HABITAT) in
foreign and national scientific literature. This index
is determined by the number of years required for the
average family, on condition that income is directed

to housing (1).
Al =/, (1),

where Al — is the affordability index; I — is the
average household income earned by one person,
UAH per year; C —is the average housing cost, UAH.

The National Association of REALTORS of the
USA determines the affordability index according
to the formula that takes into account the income
required to obtain and service a long-term mortgage

AL(IL - 100%) /1, )

where I1 — is the average family income,
monetary units; I — is the income which is necessary
for obtaining and service of a long-term mortgage
loan required to purchase a medium-value housing,
monetary units.

The adapted HABITAT method is used in the
Russian Federation, it assumes that the household
consists of 3 persons, and the area of the apartment
is 54 sq.m.

Al=(Cm x 54) / (Ix 3 x 12), 3)

where Cm — is the cost of 1 sq. m .; [ — is the
average household income, rubles; 54 — is the area
of a conditional apartment, sq. m .; 3 — is the number
of household members, persons; 12 — is the number
of months per year (Selyutina L., Bulgakova K.,
Bessonov M., Paigusov A., 2016).

This method is more adapted, but it does not take
into account the consumer spending of households at
least at the subsistence level. The housing affordability
ratio, which includes current household expenditures,
is called modified.

There are a number of other methods of
determining housing affordability through the
calculation of available savings, the opportunity to
invest the part of income in assets, if there is available
housing that can be sold. According to the standard

UN methods, the assessment of housing affordability
is carried out using the affordability coefficient Al
and is used for inter-state comparisons of the popula-
tion living standards. It is calculated as the ratio of the
average (median) price of a typical apartment to the
total annual income of the average (median) household
and shows the number of years during which a family
can accumulate from current income the amount
needed to buy an apartment. A typical apartment is an
apartment the total area of which is equal to the value
of the average housing of the population for a given
country (it is 30 sq. m. per person in Eastern European
countries, 40 sq. m. per person in Western European
countries, 70 sq. m. per person in the US), multiplied
by the average household size. Thus, according to the
standard method, the affordability coefficient of the
residents Al is calculated on four variables, expressed
by the average (median) values for the given country:
the prices of 1 sq. m of housing, size (total area) of an
apartment according to the current level of providing
housing for the population, annual per capita income,
size (number of members) of the household.

We try to adapt the above method in our research,
taking into account the following characteristics. As a
basis we take a young family in which there are two
working persons with average income for the region
minus expenses at the subsistence level. In this case,
the young family has mostly one or two children and
they are planning to purchase a small one or two-
room apartment (or a two-bedroom apartment with
a modern construction approach) with the area of 43
sq. m. Developers carefully study housing demand,
and they consider that such an area corresponds to the
area of most requested housing today. In particular,
analysts say that 62% of one-bedroom apartments in
new buildings have an area from 35 to 50 sq. m., i.e.
the average size of such apartments is 43 sq. m. The
average 1-bedroom apartment is about 40 sq. m, in
the economy-class and comfort-class apartments, and
47 sq. m. in the business-class. As it can be seen from
the above data, the most popular may be a comfort-
class apartment in a residential complex with the area
of 43 sq. m. Considering the above facts the housing
affordability formula is

Al=(Cmx43)/(Ix2-(2x12xSL)), (4)

where Cm — is the cost of 1 sq. m .; I — is the
disposable income per person, UAH; 43 — is the
area of an apartment unit, sq. m.; 2 — is the number
of working household members, persons; 12 — is the
number of months a year, SL — is the subsistence level
of the citizens income.

The main methods of this study are literary, ana-
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lytical and statistical, comparative, balance sheet and
regulatory. The QGIS geographic information system
has been used to visualize the data.

Results and their analysis.

The concepts of «social» and «affordabley
housing are not fully regulated and these concepts
are often used as synonyms in Ukraine. At the same
time, «social» housing is regulated by the Law of
Ukraine «On Social Housing» from 2006. «Social»
is housing of all forms of ownership from the social
housing stock (except social dormitories), which is
provided free of charge on the basis of a fixed-term
lease agreement to the citizens who need social
protection. Social housing is not subject to rent,
reservation, privatization, sale, gift, buy-out and mort-
gage. The social housing fund is formed by the local
authorities through the construction of new housing,
reconstruction of existing and re-equipment of non-
residential buildings, donated housing or housing
confiscated on the basis of court decisions or declared
ownerless, making over a share of living space in new
buildings by the developers to local authorities, the
use of private housing stock on the contractual ar-
rangements, etc.

The relevant «Realization procedure of the rights
of vulnerable citizens to receive housing» provides
an opportunity to receive social housing for the
citizens whose average monthly income (per family
member) does not exceed the statutory subsistence
level. Accordingly, the Kyiv City Council adopted a
decision «On the establishment of a social housing
fund» in early March 2010. However, such a decision
provided district administrations with the power to or-
ganise a queue, and stipulated the impossibility of so-
cial housing privatization, i.e. a significant corruption
component was initially established. Moreover, the
experience of most European countries shows that
residents can buy social housing later under the
conditions of living in it for a certain period of time.

The idea of social housing is generally
understandable. First of all, it helps to resolve the
housing issue for the citizens who, due to health
problems, lack of work or limited income, are unable
to purchase housing at market prices. In general, the
principles of providing social housing are similar in
different countries around the world. However, there
are some differences both in price criteria and in
the level of citizens’ income. Single mothers, large
families, retirees with a small pension are the priority
categories that primarily receive state assistance in
resolving housing issues in all European countries.

In addition, there is a distinction between notions
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«free» housing and «social» housing. Mostly these
concepts are not identical in European countries. The
main criterion for providing social housing is income
per family member. It is believed that a family or a
single adult should not spend more than 25-35% of
the total income on rent or mortgage payments. This
concept is called «social» or «commercial» housing
affordability. If the item «payment for housing»
exceeds 30-35% in the income structure of an ordinary
family, this is a sufficient argument for obtaining
«social» housing. The state must help these citizens to
bear the housing cost in the form of housing subsidies
or by providing housing with a fixed low rent.

«Social» housing programs have been actively
created at the state level since the 1950s and 60s in
Europe. Today, social housing has a significant share
of the housing stock of developed European countries.
For example, in France 20% of apartments in new
buildings are given to low-income citizens under the
law. In Germany, 25% of the housing stock is used for
social needs, 23% in Austria, 21% in the UK, 36%
in the Netherlands, 27% in Denmark, 30% in Spain,
27% in Sweden.

As a rule, social housing is managed by the
municipalities, cooperatives or housing associations.
At the same time, modern social housing in European
countries does not consist only of small apartments.
Today,social housing can be apartments, as well as
houses, which in their consumer characteristics are
not inferior to apartments that are offered at market
prices. The main thing is that the municipality can
rent housing below the market price, but not provide
the equivalent of free state lifelong ownership.

The main condition for the organization of
providing social housing for the population is to build
a lot of housing cheaply. Then there is the question
of construction financing. The experience of Great
Britain is very interesting in this direction. Social
housing is rented out, and the profit from the rent
payments is immediately used to build new homes.
In Germany, money from the privatization of social
housing is immediately used for its new construction.
In general, the experience of European countries
shows that creating favourable conditions for public
and private partnership is the key to social housing
construction to a significant extent. And the permission
to privatize social housing for certain terms of its
use and other conditions allows to social housing
to become affordable, successfully solving housing
problems of the citizens and creating comfortable
living conditions for the residents.

The concept of social housing appeared in
Belarus in 2013. It is provided on the conditions
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of an indefinite loan. Disabled people, orphans,
large families, people who are homeless as a result
of emergencies or natural disasters can apply for it.
Social housing can neither be privatized, nor rented
out, nor sold, it is owned by the state.

In fact social housing is not built in Ukraine.
The norm of receiving 15-20% of apartments for
free transfer from developers to the citizens was
fulfilled earlier. However, such distribution was often
corrupted and did not allow for the effective formation
of a social housing stock. Since 2011, according
to the Law of Ukraine «On Regulation of Urban
Development» «it is prohibited to require from the
construction client to provide any services, tangible
or intangible assets, including the construction of
facilities». In addition, the obligatory payment of a
share contribution to the development of the local-
ity infrastructure by the construction client will be
abolished from 2021. There is no general information
in Ukraine on social housing volume and demand for
it in the country or in the regions. The appropriate
policy of providing social housing for the population
is unclear and fragmentary.

The formation of affordable housing in Ukraine
has a long history. Thus, in 2007 the Presidential
Decree «On measures to build affordable housing
in Ukraine and improve housing» was adopted. The
Law of Ukraine «On Prevention of the Influence of
the Global Financial Crisis on the Development of
Construction and Housing», «Procedure of Provid-
ing State Support to Provide Citizens with Affordable
Housing» and the Law of Ukraine «On Amendments
to Certain Legislative Acts of Ukraine on Housing»
were adopted later. According to the corresponding
documents, «affordable housing» includes residential
apartments and houses and they are built with state
support. In general, these legislative acts provide
allocation of 0.5% of the GDP annually for the
construction of affordable housing , provision of
one-time state aid to citizens, rental housing for a
period up to 30 years with the subsequent possibility
of its buy-out, free land plots for the construction
of such housing. State aid determines the payment
of 30 percent of the construction (purchase) cost of
affordable housing and/or the provision of preferential
housing loans by authorized banks.

Demand for housing in our country is considerable.
According to analysts of the Confederation of Builders
of Ukraine (CBU), 6 million Ukrainians need their
own housing now, i.e. almost one in seven Ukrainians
need housing. Also, «70% of the housing stock in
Ukraine is old and dilapidated. At the same time,
7.5% of the housing stock, which is 75 million m?

according to official data, is completely uninhabitable.
Only 11% of the population lives in relatively new
housing (built after the 1990s)». According to the data
of the State Statistics Service «Socio-demographic
characteristics of households in Ukraine in 2018,
53.7% of Ukrainians live in overcrowded apartments
and houses, and the share of satisfied residents (53.8%)
and very satisfied (1.8%) with their living conditions
is 55.6%. 95.3% of housing is privately owned, and
state and employment related housing make up 0.5
and 0.3% of all housing. There is no official figure for
the population’s housing needs today. This statistic has
not been updated after 2015 when the figure was 650
thousand families and singles. However, it is difficult
for most residents of our country to improve their
living conditions because of the low income and the
lack of effective housing policy, including affordable
housing loans. To assess housing affordability, we can
use the UN HABITAT method, adapted to the realities
of our state.

It is calculated according to the official data of the
group of companies UVECON (the cost of residential
real estate) and the data of the State Statistics Service
of Ukraine.

* The index of housing affordability (years) is
calculated according to the housing cost in the regional
center. The calculation was made as the average value
of the housing cost in Kyiv region, Boryspil, Brovary,
Bila Tserkva.

Therefore, according to the obtained results
(Fig. 1), we can observe a general trend towards
increasing housing affordability in Ukraine. At the
same time, real affordability indicators are still quite
low and characterize a fairly long period of savings by
the population to buy housing. It should be noted that
in 2007 there was a so-called «price bubble» in the
country, which was characterized by excessive housing
prices. At the same time, the income of the population
was too low to be able to solve their housing problems
in a short period of time. Housing affordability for
the population was growing significantly in the end
of 2019. The average affordability value is 9.2 years,
which is almost six times higher than in 2007. The
affordability index in the state varies considerably.
The highest indicators are in Kyiv, Zaporizhzhia,
Dnipropetrovsk, Kyiv and Sumy regions. The lowest
values are typical for the western region of the country,
in Zakarpattia, Chernivtsi, Ternopil, Lviv, Rivne
and Volyn regions. They are in the range of 11.5 —
16 years, which distinguishes them four times from
the best indicators. Housing is considered affordable
within a period of three years according to the world
practice.
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Fig. 1. Housing affordability in the regions of Ukraine, years

Such affordability is directly related to the
volume of housing construction and commissioning.
Speculatively high prices in the early 2000s led to
positive growth trends in housing construction and
commissioning.

Therefore, we can see a sufficiently dynamic
growth rate of construction volume considering the

crisis in the state’s economy in 2008-2009 and in
2013-2015. At the same time, high rates of housing
construction and its commissioning were observed
during the crisis of 2013-2015.

The relative indicator of the construction
volume and housing commissioning is significant,
which shows the level of housing demand and the

Fig. 2. Dynamics of GDP growth (decrease) and volume of construction work

Compiled according to the State Statistics Service of Ukraine.
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Fig. 3. Housing commissioning. Compiled according to the State Statistics Service of Ukraine.

attractiveness of the territory for living. P.O. Masliak
in his article «Quantitative assessment of the socio-
geographical location of the territory» argues
(Masliak, 2019) that the assessment of per capita
housing construction in the regions of Ukraine has
made it possible to identify << radical changes in
the assessment of the socio-geographical situation of
different regions of Ukraine for the last five yearsy.
According to the author, such changes are in the
reorientation of all social processes in the western
region of the state. The scientist considers that
«the western part of our country is consciously and
subconsciously considered as a safe territory, which
not only now but also in the future will not be affected
by war». In addition to security, the income inhab-
itants of the western region, including the currency
they earn abroad, also remain an important factor.
Thus with average Ukrainian values of the indicator
for putting accommodation into use perl,000 people
in 263.5 sq. m, the leaders are Kyiv (1052.2), Ivano-
Frankivsk (550.4), Chernivtsi (544.7), Lviv (517.2),
Odessa (459.2), Volyn (424.3), Zakarpattia (404.7)
regions and the city of Kyiv (381.2) . Luhansk (9.8),
Donetsk (15.3), Zaporizhzhia (53.2), Kirovohrad
(76.5) and Mykolaiv (99.6) regions are among the
outsiders. The construction growth in general has a
positive effect on housing affordability.

Mortgages were at the rates of 18-20% per
annum in our state in the end of 2019, which was
high enough for their mass introduction for the pur-
chase of accommodation. Lower mortgage rates
(14-15%) are possible only if the borrowers meet
a number of requirements and are available only
to certain categories of the citizens due to certain
requirements of banks for mortgages. Real mortgage
rates in 2020 ranged from 18% (as financing by
state banks for partial construction projects) to

25% (micro-mortgages, when the borrower needs a
small amount for a purchase at a rate of 10-15% of
the property value). However, the housing market
expects rates of about 10% per annum, but the experts
consider that the main reasons for the complexity of
their implementation are the moratorium on recovery
of property on foreign currency loans, insecurity of
creditors’ rights and non-transparency of the primary
housing market. The share of mortgage transactions
was only about 3% of total transactions in the market
last year.

Supporting  citizens  through  government
programs is an important condition for ensuring
housing «affordability». There are currently more
than 20 programs to support citizens in purchasing
housing in Ukraine now. However, they do not meet
the overall housing demand at a sufficient level, and
their financing is often on a residual principle. The
first program is soft loans for young people. 64.3
million UAH has been allocated for this program to
compensate only existing loans in 2020. The program
has financed only existing loans from the state budget
since 2015. At present, the financing of subsidized
loans to young people is implemented only by local
budgets at the level of local housing programs. The
crediting program for IDP and ATO (JFO) has been
suspended and does not work due to lack of funds.
The Cheaper Mortgage Program has not been funded
since 2015. The program of partial compensation of
the interest rate of commercial bank loans to young
families and single young citizens for construction
(reconstruction) and purchase of housing has been
financed since 2009 only under previously concluded
agreements. Financing of new loan agreements is not
provided by the State Budget on the ACAB Credit
Program in 2020. This indicates that nonpriority state
support of the housing sector lacks regulation .
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Fig. 4. Housing commissioning. Compiled according to the State Statistics Service of Ukraine.

Conclusions.

Therefore, the housing market needs clear
legislative regulation and the creation of effective
housing policy in the state. The lack of such a policy
gives rise to a number of different housing programs,
which are not funded and cannot be effective in
solving the housing problem of the majority of our
citizens. As a result, the unregulated rental market
is flourishing due to the impossibility people find in
obtaining money to purchase their own homes. The
provision of social housing for the population today
is poorly implemented and has no statistical support.
Although housing affordability has been improved
in recent years due to increase in the population’s
income and supply growth of new housing, it cannot
dramatically be improved without effective mortgages.
Despite the inefficiency and fragmentation of housing
support programs, affordable mortgages would be a
good alternative in solving the housing problem. The
combination of affordable mortgages with an increase
in the real estate tax would encourage owners of
«additional» housing to rent it out and increase the
supply on the market.

The main task of an effective housing policy
should be creation of the most favourable conditions

198

for housing. These are opportunities for the affluent
segments of the population to buy housing on their
own or lease it by means of creating clear and
favourable conditions for mortgage opportunities,
creation of effective housing programs at the national
and local levels. This increases housing affordability
especially for the middle class. The formation
of social housing through state support is for the
vulnerable part of the population. It should be based
on a radical change of approaches to the mechanisms
of its formation. The state should become an investor
and customer of the social housing construction, and
reduce its cost by redirecting funds from housing
subsidies to the construction of new social housing.
There must also be a clear distinction between social
and market housing affordability. Social affordability
should take into account the time during which the
relevant sectors of the population should realise
their right to housing with differentiated living
expenses within the «acceptable» share of a family
budget. Housing standards and conditions of living
space rationing, utilities rationing and other housing
maintenance costs should be reviewed. It is necessary
to introduce the creation of housing cooperatives or
associations for the construction and management of
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social housing in the lands allocated for this purpose
by local authorities and use the experience of foreign
countries. Such organizations should have a number
of tax benefits and preferences.

In addition, the qualitative aspect of providing
housing for the population is very important, taking
into account the housing comfort, its design, the
convenience of housing and courtyards, installation
of sports facilities and social infrastructure.

References

Alpopi C., Manole C. Integrated Urban Regeneration —
Solution for Cities Revitalize, Procedia Economics
and Finance, Volume 6, 2013 178-185 pp., https://
doi.org/10.1016/S2212-5671(13)00130-5

Analityky opysaly ideal'nu kvartyru na rynku zhytlovoyi
nerukhomosti stolytsi [Analysts have described
the ideal apartment in the residential real estate
market of the capital]. UNN official website.
Retrieved from  https://www.unn.com.ua/uk/
news/1760098-analitiki-opisali-idealnu-kvartiru-
na-rinku-zhitlovoyi-nerukhomosti-stolitsi (In
Ukrainian).

Boelhouwer, P., 2010. Housing systems in Western Europe:
Theory and practice. Retrieved from https://www.
hse.ru/data/ 2010/04/16/1216776170/2010.ppt

Chen M, Zhang W, Lu D. (2015) Examining spatial pattern
and location choice of affordable housing in
Beijing, China: Developing a workable assessment
framework. Urban Studies.;52(10):1846-1863.
https://doi.org/10.1177/0042098014542133

Hegedis, J., Lux, M., Teller, N., 2012. Social Housing in
Transition Countries. Routledge, 358 p.

Kath Hulse & Judith Yates, 2017. A private rental
sector paradox: unpacking the effects of urban
restructuring on housing market dynamics,
Housing Studies, 32:3, 253-270, https://doi.org/1
0.1080/02673037.2016.1194378

Kathryn P., Nelson., 2010. Whose shortage of affordable
housing?, 401-442. DOI: https://doi.org/10.1080
/10511482.1994.9521172

Komu polozheno sotsial’noye zhil’ye, i kakiye prava
imeyut yego nanimateli [Who is entitled to social
housing and what are the rights of its tenants]
[electronic resource]. Retrieved from: http://
mozyrisp.gov.by/ru/raion/view/komu-polozheno-
sotsialnoe-zhilje-i-kakie-prava-imejut-ego-
nanimatelinn-3199/ (In Russian).

Zapusk ipotechnoho kredytuvannya — spil'ne zavdannya
derzhavy ta biznesu. Ofitsiynyy sayt KBU
[Launching mortgage lending is a joint task
of the state and business. Official site of the
KBU]. Retrieved from: http://kbu.org.ua/index.
php?id=1473 (In Ukrainian).

Maslyak, P.O., 2019. Kil'kisna otsinka suspilno-
heohrafichnoho polozhennya terytoriyi
[Quantitative  assessment of the socio-

geographical position of the territory]. Bulletin of
Taras Shevchenko National University of Kyiv.
Geography series, 1 (74), 5-9. (In Ukrainian).

Milligan, V., Pawson, H., Williams, P. & Yates, J., (2015)
Next Moves? Expanding affordable rental housing
in Australia through institutional investment
https://doi.org/10.13140/2.1.4577.6161

Nikolaev, S.V., 2013. Sotsialnoye zhilye na novom etape
sovershenstvovaniya. [Social housing at a new
stage of improvement]. Housing construction,
3. Retrieved from: https:/elibrary.ru/item.
asp?id=18873244 (in Russian).

Official site of the National Bank of Ukraine. [electronic
resource]. Retrieved from https://bank.gov.
ua/ua/statistic/sector-financial/data-sector-
financial#1ms (In Ukrainian).

Official site of the state fund for youth housing assistance.
Retrieved from https://www.molod-kredit.gov.ua/
zhytlovi-prohramy/kredyt-dlia-vpo-ta-ato-oos (In
Ukrainian).

Official site of the UN HABITAT. [electronic resource].
Retrieved from https://unhabitat.org/about-us/
history-mandate-role-in-the-un-system.

Parkinson, S., Batterham, D., Reynolds, M. and Wood, G.
(2019) The changing geography of homelessness:
a spatial analysis from 2001 to 2016, AHURI Final
Report No. 313, Australian Housing and Urban
Research Institute Limited, Melbourne, https://
www.ahuri.edu.au/research/final-reports/313,
https://doi.org/10.18408/ahuri-5119601

Poryadok nadannya derzhavnoyi pidtrymky dlya
zabezpechennya hromadyan dostupnym zhytlom
vid 11 lyutoho 2009 r. Ne 140. [The procedure
for providing state support for providing the
population with affordable housing , issued
February 11, 2009, 140]. Retrieved from https://
www.kmu.gov.ua/npas/196155781 (In Ukrainian).

Power, A., 1999. Estates on the Edge: The Social
Consequences of Mass Housing in Northern
Europe. St. Martin’s Press, 432.

Reeves, P., 2014. Affordable and Social Housing.
New York: Routledge, 272. https://doi.
0rg/10.4324/9781315882758

Rowley, S., James, A., Gilbert, C., Gurran, N., Ong, R,
Phibbs, P., Rosen, D. and Whitehead, C., 2016.
Subsidised affordable rental housing: lessons
from Australia and overseas, AHURI Final Report
No. 267, Australian Housing and Urban Research
Institute Limited, Melbourne, https://www.ahuri.
edu.au/research/final-reports/267, https://doi.
org/10.18408/ahuri-8104301

Savchuk, I.G., Zapototskyi, S.P., 2020. Cottage settlements
in capital region of Ukraine. Journal of Geology,
Geography and Geoecology. 29(2). 415-421.
https://doi.org/10.15421/112037

199



S. P. Zapotoskyi, V. A. Zapototska, O. M. Trusij, V. F. Pasko

Journ. Geol. Geograph. Geoecology, 30(1), 190-200.

Scanlon, K., Fernadndez Arrigoitia, M., Melissa and
Whitehead, Christine, M. E., 2015. Social housing
in Europe. European Policy Analysis, (17), 1-12.

Scanlon, K., Whitehead, C., Fernandez Arrigoitia, M.,
2014 . Social Housing in Europe. John Wiley &
Sons, 496.

Selyutina, L., Bulgakova, K., Bessonov, M., Paigusov,
A., 2016. Sotsialnoye zhilye strategicheskoye
napravleniye razvitiya stroitelstva v regionakh
Rossii [Social housing is a strategic direction for
the development of construction in the regions
of Russia]. International Journal of Applied and
Basic Research, 6-1, 142-144. Retrieved from
https://elibrary.ru/item.asp?id=25949025 (In
Russian).

Selyutina, L., Evseeva, E., Martinova, A., Nektov, V.,
Nikolyuk, E., 2015. Social housing construction
in Russia: realities and development prospects.
[Cotsialnoye  zhilishchnoye  stroitelstvo v
Rossii: realii 1 perspektivy razvitiya] Scientific
Review. Publisher: Publishing House Science
of Education. Moscow, 21, 218-220. Retrieved
from  https://elibrary.ru/item.asp?id=25602571
(In Russian).

Shingalin, A., 2014. Novyye tendentsii razvitiya
zhilishchnogo stroitel’stva v usloviyakh sotsial’no
oriyentirovannoy rynochnoy ekonomiki [New
trends in the development of housing in a socially
oriented market economy]. Modern Research and
Innovation, 8-2 (40), 27-31. (In Russian).

Sotsial'no demohrafichni kharakterystyky domohospo-
darstv Ukrayiny (za danymy vybirkovoho obste-
zhennya umov zhyttya domohospodarstv) za
2018 rik. [Socio-demographic characteristics of
households in Ukraine (according to a sample
survey of living conditions of households) for
2018]. Official site of the State Statistics Service
of Ukraine. Retrieved from: http://www.ukrstat.
gov.ua/operativ/menu/menu_u/virdg.htm (In
Ukrainian).

Sotsial’noye zhil’ye v Belarusi kartonnyye panel’ki, v
Yevrope apartamenty v istoricheskikh tsentrakh
[Social housing: in Belarus cardboard panels, in
Europe apartments in historical centers]. Retrieved
from  https://udf.by/news/main_news/139245-
socialnoe-zhile-v-belarusi-kartonnye-panelki-v-
evrope-apartamenty-v-istoricheskih-centrah.html
(in Russian).

Ukaz Prezydenta Ukrayiny Nel077/2007 Pro zakhody
shchodo budivnytstva dostupnoho zhytla v
Ukrayini ta polipshennya zabezpechennya
hromadyan zhytlom [Decree of the President

200

of Ukraine Ne1077 / 2007 On measures to build
affordable housing in Ukraine and improve
housing]. Retrieved from https://zakon.rada.gov.
ua/laws/show/1077/2007 (In Ukrainian).

Wallace, James E., 2010. Financing affordable housing
in the United States. Housing Policy Debate,
6 (4), 785-814. Retrieved from https://www.
innovations.harvard.edu/sites/default/files/
hpd 0604 wallace.pdf

Wetzstein S. The global urban housing affordability crisis.
Urban Studies. 2017;54(14):3159-3177. https://
doi.org/10.1177/0042098017711649

Zakon Ukrayiny «Pro vnesennya zmin do deyakykh
zakonodavchykh aktiv Ukrayiny z pytan’
zabezpechennya zhytlom hromadyan [Law of
Ukraine On Amendments to Certain Legislative
Acts of Ukraine on Housing Citizens], 2009.
Bulletin of the Verkhovna Rada of Ukraine, 46,
701. Retrieved from https://zakon.rada.gov.ua/
laws/show/1510-17 (In Ukrainian).

Zakon Ukrayiny Pro rehulyuvannya mistobudivnoyi
diyal'nosti [Law of Ukraine On Regulation of
Urban Development], 2011. Information of the
Verkhovna Rada of Ukraine, 34, 343. Retrieved
from https://zakon.rada.gov.ua/laws/show/3038-
17/print (In Ukrainian).

Zakon Ukrayiny Pro zapobihannya vplyvu svitovoyi

finansovoyi kryzy na rozvytok budivel'noyi haluzi

ta zhytlovoho budivnytstva. [Law of Ukraine On
prevention of the impact of the global financial
crisis on the development of the construction
industry and housing construction]. Information

of the Verkhovna Rada of Ukraine, 19, 257.

Retrieved from https://zakon.rada.gov.ua/laws/

show/800-17 (In Ukrainian).

Ukrayiny Pro zhytlovyy fond sotsial'noho

pryznachennya [Law of Ukraine On social

housing] Bulletin of the Verkhovna Rada of

Ukraine, 19-20, 159. Retrieved from https://zakon.

rada.gov.ua/laws/show/3334-15 (In Ukrainian).

Zapototska, V.A.,2018. Osnovninapryamky rekonstruktsiyi
zhytlovoho fondu v Ukrayini [The main
directions of housing reconstruction in Ukraine].
Bulletin of Taras Shevchenko National University
of Kyiv. Geography series, 3 (72), 37-41, DOI:
http://doi.org/10.17721/1728-2721.2018.72.7 (In
Ukrainian).

Zapusk ipotechnoho kredytuvannya spil'ne zavdannya
derzhavy ta biznesu [Launching mortgage lending
is a joint task of the state and business]. Official
site of the KBU. Retrieved from: http://kbu.org.
ua/index.php?id=1473 (In Ukrainian).

Zakon



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

Geography and
Journ.Geol.Geograph.

Gaoecod ogy Geology,
30(1), 201-208.

Journal home page: geology-dnu-dp.ua doi: 10.15421/112118

L. B. Zastavetska, T. B. Zastavetskyi, K. D. Dudarchuk, I. D. Illiash Journ. Geol. Geograph. Geoecology, 30(1), 201-208.

The use of SMART technologies in censuses: world experience and prospects for Ukraine
Lesia B. Zastavetska', Taras B. Zastavetskyi', Kateryna D. Dudarchuk', Iryna D. Illiash?

'Ternopil National Pedagogical University named after Volodymyr Hnatyuk, Ternopil, Ukraine,
zast.lesia@gmail.com
2 Ternopil National Economic University, Ternopil, Ukraine, irailliash@gmail.com

Received: 30.05.2020 Abstract. Current records of the population in Ukraine are carried out systematically by the
Received in revised form: 19.06.2020 relevant bodies and departments of statistics of various levels. It provides an opportunity to
Accepted: 25.12.2020 quickly obtain the main statistical characteristics of the population in a short time. However,

other important parameters of the country’s population, such as ethnic structure, literacy,
education, property status and other important indicators, do not take this into account. They can only be installed by census. The article
analyzes the results of censuses of some countries of the world, which decided to introduce innovative technologies - SMART-phones,
Internet resources - into this process. The study revealed the advantages and disadvantages of such a census format. In the course of the
scientific research, statistical indicators of censuses using innovative technologies, which were conducted in the respective years in the
USA, Canada, Lithuania, Estonia, Brazil, Australia were analyzed. The basic normative provisions concerning the census procedure in
Ukraine, covered in the main legislative documents, as well as the materials of the Institute of Demography and Social Research named
after M. V. Ptukha of the National Academy of Sciences of Ukraine, which develops the program and questionnaire of censuses in our
country. SWOT analysis of the use of SMART technologies in the census was conducted to identify the advantages and disadvantages,
as well as to outline the prospects and threats of the census using innovative technologies. Benefits include the ability to quickly collect
and organize information, low census costs, compared to the traditional option. The main disadvantages of the latest census should be
mantioned the need to develop expensive software with a high degree of personal data protection, as well as the complexity of fully
transitioning the census to the online platform. Studying the experience of countries that have already conducted population censuses
using innovative technologies indicates the importance of legally binding participation in the census questionnaire (either electronically
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3acrocyBannss SMART-TexHous0riii mig 4ac nepenucis HaceJIeHHsI: CBITOBMIA 10CBiA I mepcnek-
THBH JJIs1 YKPaiHu

JI. B. 3actasenpka’, T. b. 3acraBenpkwuii!, K. JI. dymnapayxk!, I.J1. Lumsi?

ITepnoninvcoxuil nayionanvrnuil nedazociunuil ynisepcumem imeni Borooumupa F'namioka, Tepronine, Yxpaina,
zast.lesia@gmail.com
2Tepnoninbcokuil Hayionanbull ekonomiynull ynieepcumem, Teproninw, Yipaina, irailliash@gmail.com

Anoranis. [lorounnii oOmik HaceneHHsS B YKpaiHi 3IIHCHIOETBCS CHCTEMATHYHO BIAMOBITHAMHU OpraHAMH Ta YIPaBIiHHIMH
CTaTUCTUKHU PI3HOTO piBHA. BiH Jae MOXKIHMBICTH ONMEPAaTHBHO OTPUMATH TOJIOBHI CTATUCTHYHI XapaKTEPUCTHKH HACENCHHS KpaiHh
y ctucnuii Tepmin. OHAK 1HII BaXJIUBI MapaMeTpH HACEJCHHS KpaiHW, 30KpeMa, eTHIUHY CTPYKTYpY, PiBeHb IPaMOTHOCTI, piBeHb
OCBiTH, MalfHOBMIA CTaH Ta iHII BAXJIMBI TOKA3HUKM Takuii OONIK He BPaXoBye. IX MOKHA BCTAHOBHTH JIHIIE IIIAXOM MEPENHCY
HacelleHHs. B crarTi npoaHanizoBaHO pe3ysbTaTH IEPEenciB HaCeIeHHs: OKPEMHX KpaiH CBITY, SIKi HaBa)KWINCh Ha BIIPOBAKCHHS B
el porec iHHoBaliifHNX TexHomuoriit — SMART-Tenedonis, inTepHeT-pecypciB. JloCIiDKeHHS 110 MOXKIIUBICTh BUSIBUTH IIepeBaru
1 HEZOJIIKK Takoro (hopmaTy Iepenucy HaceneHHs. [1i yac HayKoBOTO OCIIKEHHs OyJo MPOaHANi30BaHO CTATHCTUYHI MOKA3HUKU
MIEPENHCiB HACEICHHS 3 BHKOPUCTAHHAM IHHOBALIHWX TEXHOJOTIH, siKi Oyam mpoBedeHi y BimmoBimaux pokax y CIIA, Kanani,
Jlutsi, Ecronii, bpasunii, ABctpanii. BUB4eHO OCHOBHI HOPMATHBHI MOJOXEHHS, SKi CTOCYIOTHCS MIPOLEAYPHU MEPENHCiB HACEICHHS
B YKpaiHi, 10 BHCBITJICHI B OCHOBHHX 3aKOHOJABUMX JOKYMCHTAaX, a TaKOXK ONMpallbOBaHO Marepianu [HctutyTy memorpadii ta
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couianbHUX gociiukenb iM. M. B. TItyxu HarionansHoi Axanemii Hayk Ykpainu, sikuii po3po0iisie mporpamy Ta aHKeTy IEpernciB
HaceJIeHHs B Hamliil kpaiHi. /Iy BUSBICHHS IIepeBar Ta HEAOJIKIB, a TAKOXK OKPECJICHHS ITEPCIIEKTHB Ta 3arpo3 Meperrcy HacelIeHHs
3 BUKOPHCTAHHIM IHHOBAaNilfHMX TexXHOJIOTiH, Oymo 3ailicneno SWOT-anani3 3actocyBanas SMART-TexHomorii mig gac nepenucy
HaceneHHs. Cepen mepeBar: MOXKIIMBICTh MIBUAKO 310paTi 1 cucTeMarnsyBaTH iH(OPMAIlifo, HU3bKI 3aTpaTH HA MPOBEACHHS Iepe-
MIUCY, TIOPIBHSHO 13 TpaAULiiiHUM BapianToM. OCHOBHUMHM HEIOJIKaMU HOBITHBOTO MEPEMHCY BapTO BKAa3aTH HEOOXiAHICTH PO3POOKH
JIOPOTrOro MPOrpaMHOro 3a0e3MeUeHHs i3 BUCOKUM CTYIIEHEM 3aXUCTY HEePCOHAIBHUX AaHHX, & TAKOK CKIIA[HICTh MOBHOTO MIEPEXOLY
TIepernucy HacelIeHHs Ha OH-JIalH-Tu1aTopMy. BUBYeHHS HOCBiny KpaiH, sIKi B)Ke IIPOBOIMIIH HIEPETINCH HACEIECHHS 13 3aCTOCYBAaHHIM
IHHOBAaIIHHUX TEXHOJIOTIH, BKa3ye HA BaXKIMBICTH 3aKPIIUIEHHS HA 3aKOHOAABUOMY PiBHI 00OB’SI3KOBOI y4acTi y HpOLEAypl OIHTY-
BaHHS M1 Yac nepenucy (y eneKTpoHHOMY a00 TpaauliitHoMy BUDIIsi). Bka3saHo Ha MOXIIMBOCTI MMPOBEICHHS IBOX €TAIliB IIEPEIIUCY
HacenieHHs B Ykpaini y 2020 pori: y oH-TaliH pexxumi Ta TpaauiiiiHoMy ¢opmari. Takuid miaxin 10 nporeaypu nepenucy I03BOIUTh

OXOITUTH PECIIOH/ICHTIB B YCiX perioHax i HaceleHuX MyHKTax YKpaiHu.

Kniouosi crnosa: nepenuc Hacenenus, inHo8ayilini mexHoI02ii, CMamucmuka, eeoepagisa Hacenenus, demozeoepagis

Introduction.

One form of population accounting and survey
is census, which, according to recommendations of
the United Nations since 1961, is conducted every 10
years in each country of the world. The censuses make
it possible to visualize the basic parameters of the
population (number, sex and age structure, national
composition, level of education, literacy, property
status, income level, etc.) and to identify trends of
further development of a society of a country, to
distinguish the main problems and disparities.

The first population censuses in the world began
to take place as early as 4.5-5 thousand years BC in the
territory of Ancient India, China, Sumer. And the first
modern-day census was conducted relatively recently
— in 1846 in Belgium. Its program has become the
basis for all modern population censuses in the world.

Modern technologies, such as Internet resources,
make it possible to streamline and accelerate the
process of collecting and processing statistics during
censuses. In addition, as shown by the practice
of countries that have already tested SMART
technologies in conducting the census, this process
can significantly save the money allocated for the
census procedure, to conduct it quickly and efficiently.
In 2020, it was planned to be held in Ukraine, during
which partial use of SMART technologies is planned.
Therefore, it is important to analyze all the advantages
and disadvantages of the newest technologies that will
be applied, comparing with the foreign experience.

Materials and methods of research.

The research used statistical indexes of censuses
which wused innovative technologies that were
conducted in the United States, Canada, Lithuania,
Estonia, Brazil, Australia in the relevant years. The
SWOT analysis was used to analyze the advantages
and disadvantages, as well as the prospects and threats
of conducting a census using SMART technologies.
The basic normative provisions concerning the census
procedure in Ukraine, covered in the main legislative
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documents, were studied: the Law of Ukraine “On All-
Ukrainian Population Census” (Adoption on October
19, 2000, No. 2058-111, Verkhovna Rada of Ukraine),
2000, No. 51-52, Art. 446) 4.; the Regulation “On
the State Statistics Service of Ukraine”, approved by
the Decree of the Cabinet of Ministers of Ukraine on
23.09.2014, No. 481, as amended, approved by the
Decree of the Cabinet of Ministers of Ukraine Decree
on 10.12.2019, No. 1072; the Standard Law “On
Official Statistics” (developed within the framework
of the project of ninth tranche “Accounts of the de-
velopment of the United Nations (UNDS) for Eastern
Europe, Caucasus and Central Asia” (approved by the
Conference of European Statisticians, 27—29 April,
2016) .

Along with the collection, processing and
publication of census results, as well as the current
census, there is a need to preserve a large array of
statistical information in digital form, to counteract the
“leakage” of personal data of citizens. And this creates
a number of new challenges for scientists in countries
that plan to record the population using innovative
technologies. These pressing issues are reflected in
the research of modern scientists who consider the use
of new technologies for creation of large databases
that include huge amounts of statistical information
(Chatfield, Ojo, Puron-Cid, Reddick, 2018), explore
the application of SMART-technologies for statistical
surveys of the cities (Bagdo, Henriques, Antunes,
2018) and for the current population accounting
for the conditions where the census is impossible
(Wardrop, Jochem, Bird, Chamberlain, Clarke, Kerr,
Bengtsson, Juran, Seaman, Tatem, 2018).

To study the indicators of the First All-Ukrainian
Population Census of 2001, as well as to identify the
main shortcomings of its conducting, the data from
the official website of the State Statistics Service
of Ukraine (Official page of the First All-Ukrainian
Population Census of 2001 - https://www.ukrcensus.
gov.ua/eng/) notice / news.php) has been studied.
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To get acquainted with the historical aspects
of censuses on the territory of Ukraine and in the
world, as well as current trends and possibilities
of demographic population survey, the scientific
achievements of foreign and Ukrainian scientists
geographers, demographers and economists
were studied, such as: O. Grishnova, 1. Kalachova,
I. Kurilo, E. Libanova, L. Lisogor, V. Steshenko,
L. Tkachenko and others; the materials of the Institute
of Demography and Social Research named after
M. V. Ptukha of the National Academy of Sciences of
Ukraine were processed.

Results and their analysis.

Censuses in the countries of the world have
always been carried out by means of questionnaire
survey. The development of modern information
technologies makes it possible to digitize such
questionnaires and to conduct surveys online or using
e-mail. For the first time, innovative technologies for
population census applications have been applied in
the United States and have shown good performance.

With the development of the Internet and its
accessibility in most regions of the world, every

resident can now, without any problem, at any
onvenient time to send his data directly to the service
or statistics department in their country.

One of the typical features of the introduction
of SMART-technologies in the process of population
census is the leveling of differences in socio-
economic development of different countries of the
world. This is confirmed by the fact that the first
population censuses via the Internet were conducted in
economically highly developed countries — the USA,
Canada and Australia. Subsequently, these forms of
population accounting began to spread rapidly in other
countries, and became especially popular in the group
of countries with medium economic development —
Brazil, Lithuania, Bulgaria and others.

Canada was the innovator in censuses and the
first country to use SMART technologies. The first
census using the electronic form was conducted here
in 2006. Failure to participate in the census imposed a
fine or threatened imprisonment. And already in 2011,
participation in the census was voluntary for every
inhabitant of the country and provided:

- passing a traditional survey using a paper census
questionnaire (filling out a paper form). In this

Table 1. Use of SMART technologies duting census in some countries of the world

Year of the
census

Population
at the time of
the census,
million people

Country

Share of
population
surveyed
using SMART
technologies,%

Census tools and means of
identifying the persons who
participated in the census

Census cost
per capita, in
usSD

USA 2010 308.75

Submission of data into
electronic census forms by
instructors

- 47

Brazil 2010 190. 75

100

4.8 LG 750GM Smart Phones,

Special Software

Canada 2011 33.48

54

17.4 Website www.census2011.
gc.ca, e-questionnaire,
personal access number
provided by e-mail, call to
the call center by the “green

number”

Australia 2011 22.34

10.2

19.0 Website www.abs.gov.au,

e-questionnaire, e-number

Bulgaria 2011 7.37

41

43 Email, Information System

Module “Census”

Lithuania 2011 3.05

34

3.8 Website www.esurasymas.
It, e-questionnaire, personal
citizen number, internet

banking or ID-card

Estonia 2012 1.34

63

19.0 Website www.rel2011.ee,
e-questionnaire, ID-card,
Mobil-ID, internet banking
passwords Swedbank, SEB

(U Net), Sampo
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case, each resident of the countries received from

the statistics department an envelope with forms,

which had to be filled and sent within the specified
time. Each package had an extra envelope that
filled in the forms and was sent to the Statistical

Office address (the envelope already contained

a sticker indicating the return address). Each

resident was given his or her unique ID of the

survey participant;
- filling in an electronic form on the relevant
website of the statistics service.

Conducting the survey appropriately made it
possible to optimize the costs of conducting the
census procedure — only 15.2. USD per capita.

In 2010, the United States first used SMART
technologies when conducting a census. In addition,
more than 65.000 instructors have been recruited
to perform the census in the traditional way. By the
way, in the US, the census procedure is mandatory for
every resident, and evasion of it implies a fine of 100
USD. False information filing — 500 USD.

The census in the United States involved several
stages — the formation of a single population base for
the country, for which a properly trained instructor
had to go around every home, every home and
record all the people who live there. In the future,
this information was used for rescue, social security,
Google map optimization and more.

Despite the clear and deliberate organization
of the census and the use of the latest technologies
to conduct it, only 70% of the country’s population
participated in the 2010 U.S. Census. The introduction
of information technology to collect data during
censuses has revealed not only the positives, but also
anumber of disadvantages, including the unreliability
of the system and the storage of individual data.
Therefore, in addition to the online census, the United
States retains the traditional census form.

Of the European countries, Lithuania (2011)
was the first to decide to use SMART technologies
for the census procedure. At that time, 34% of the
country’s population (1.039 million people) were
polled. The small number of respondents who took
part in the electronic survey was caused by a number
of important problems with the Lithuanian population
census (Marcu, 2011) :

- low proportion of people using Internet resources

(less than 60%);

- the electronic questionnaire was created only in

Lithuanian;

- the obligation to pass the population census has
not been approved at the legislative level.

Thus, the majority of the Lithuanian population
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still underwent the census procedure according to the

classical scheme — answering the questions of the

volunteer-interviewers.

Among the main advantages of online census in
Lithuania:

- significant cost savings (out of the 10 million lats
allocated for the census procedure, only 6 million
was spent due to the reduction of the amount of
human resources involved in the work);

- theability of one person to fill in the questionnaires
of all his or her family members living with him
/ her;

- reducing the number of classic Eurostat
questionnaires by more than twice.

An online population census conducted in
2011 in Bulgaria has shown significant benefits.
The advanced form and timeliness of the procedure
enabled it to become one of the most successful first
censuses in the world using innovative technologies.
It allowed to cover 42% of the country’s population.
An e-mail was sent to each resident for the census,
allowing them to access their office at the census
site. In addition, 46.000 instructors were recruited to
perform the census in the usual manner.

Modern information and communication
technologies have been successfully used in Estonia
in the 2012 census. The disadvantages of the censuses
of Lithuania and Bulgaria were taken into account,
which made it possible to interview more than 63% of
the population of the country and to collect accurate
statistical information.

The main advantages of online census in Estonia:
- respondents were interviewed using

questionnaires developed in English, Russian

and Estonian;

- the necessity of passing the census was fixed at
the legislative level and a fine of 2 thousand EUR
was provided for a failure to comply with this
resolution;

- a powerful arsenal of digital tools (ID-cards,
Internet banking, Mobil-ID, etc.) was used to
identify the persons who were undergoing the
census and to keep their private information;

- in addition to the Internet census, there was a
traditional survey of people using laptops.

- this census organization reduced the cost of the
procedure to 19 USD per capita.

Brazil is the first country to conduct an electronic
census of the population, completely abandoning
traditional paper. Brazil’s experience with the use of
the latest census tools and methods is most successful.
In the short term it was possible to:

- accurately determine the residence of each
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Brazilian family (through the use of GPS
technologies);

- conduct population surveys in all regions of
Brazil. This is a great achievement, especially
given the fact that individual sections are difficult
to access due to the complexity of the terrain;

- get accurate information on all the questions
provided in the survey form;

- reduce the time for statistics to be processed from
several years to several months;

- minimize the cost of the census procedure — 4.7
USD was spent for each census resident.

To organize and conduct the census in Brazil,

150.000 smartphones were purchased and a special

census program was installed on them. All data

from each smartphone was transmitted to one of the
7.000 static data centers hosted nationwide by GPS
navigation.

Analyzing the peculiarities of the use of SMART-
technologies in conducting modern censuses, we can
note that in different countries the latest survey tools
and methods were used:

- survey via the Internet;
- email survey;
- smartphone survey.

SWOT analysis is one of the most effective tools
of socio-geographical research that allows to study
the phenomenon from different perspectives — to
outline the advantages, highlight the disadvantages,
formulate prospects and threats in its development.

Table 2. SWOT-analysis of the use of SMART-technologies during the census

Advantages

Disadvantages

- the ability to gather quickly relevant statistical
information and transfer it to statistical centers;

- reduction of time for processing statistical information;

- safety of the interviewing procedure (instructors will not
have to directly contact people who belong to the marginal
sections of society);

- total coverage of all residents in the survey during the
census, regardless of the territory of residence, employment
and other reasons that hinder the census procedure;

- an opportunity to receive complete information that will
reflect the real indicators of the population in general,
the share of pensioners, the real level of income of the
population in particular, which will allow for the effective
implementation of national and regional social policy;

- 2 times less staff will be involved in conducting the
census procedure;

- the respondent can take the survey at his or her convenient
time by registering on the census site;

- one household representative can fill in the details of all
his / her members;

- anonymity of the survey during the census;

- significant savings of the state budget funds.

- requires the development of special software;
- a lengthy procedure of preparing for this type of census,
- the need to check constantly the system software;

- training of specialists who will receive and process
statistical information is required;

- lack of accessibility of the Internet for all residents of
the country;

- there is a problem of ensuring the confidentiality of
the data of the census participants (they can be easily
intercepted on the way from the participant’s computer to
the statistical service server);

- the need to develop complex cryptographic programs;
- inability to identify the data subject;

- the need to conduct a traditional census with the
involvement of volunteer instructors alongside the Internet
census, since many people (elderly, children or disabled)
will not always be able to cope with the latest technologies
or simply do not have access to the Internet because of
their low income;

- the inability to conduct an online census in mountainous
areas where there is no connection.

Threats

Prospects

- there is a risk of providing inaccurate information that is
difficult to verify, especially when one household member
fills in a form for each person who is a household member;

- “leakage” of personal data due to defects and malfunctions
of the system or network is possible;

- the problem of inclusion in the census of children
studying abroad.

- a significant reduction in the cost of the census compared
to the traditional option;

- census of the Ukrainian population with the use of
SMART-technologies requires certain innovations at the
legislative level.
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By conducting a SWOT analysis of the use of
SMART technologies during the census in Ukraine,
we can conclude that such a census will have far more
advantages than disadvantages. Its main positive
points will be, then, as follows:

- saving of public funds allocated for the census
procedure (and this is especially relevant for
Ukraine, whose economy is in crisis);

- anonymity of the survey — for the first time in the
census history of our country a special procedure
of encryption of the data of the respondents will
be applied with their corresponding registration
number;

- the ability to conduct a population census
procedure quickly and to survey all regions of
Ukraine, as well as to process statistical data in
a short time, etc.

The main disadvantages of the latest census
should be the need to develop expensive software
with a high degree of personal data protection, as well
as the complexity of fully transitioning the census to
the online platform. However, despite the high level
of technological ability of Ukrainian society, access
to the Internet is not available throughout Ukraine.
Particular difficulties with the Internet census can
occur in rural areas of Chernihiv, Zhytomyr, Sumy
regions, where there are large number of villages with
apopulation of up to 50 people, mostly elderly people.
The young people left these territories to study and
work in the cities, so there is no need to talk about the
latest technologies.

The task for the Cabinet of Ministers in the near
future should be to develop a legislative framework
for responsible population participation in the census.

Discussion.

Conducting the First All-Ukrainian Population
Census has revealed the positive sides, as well as
some shortcomings that should be taken into account
in the following procedures of similar population
registration in Ukraine. At that time, about 108
million UAH was spent on population registration,
and a large number of instructors of different levels
were involved and were trained. But even with such
huge efforts, there were still some inconsistencies and
inaccuracies during the procedure (not all the questions
from the questionnaire were fully understood by the
respondents, and some of them simply refused to
answer, etc.) (Zastavetska, Zastavetsky, 2019).

The population census, which was scheduled for
2020, is supposed to take place for the first time in our
country’s history with the use of SMART technologies
- smartphones, tablets, Internet surveys on websites,

206

etc. The experience of foreign countries, which have
already conducted similar censuses, shows that it is
still not necessary to give up traditional census paper
forms. Therefore, a large number of trainers will be
involved in the population registration procedure, who
will record statistics in paper forms or on electronic
media (tablets, smartphones).

In order to study all errors during the census
procedure according to the new standards, a trial
census will be conducted on the territories of two
districts - Obolonskyy (Kyiv) and Borodnyanskyy
(Kyiv region).

In 2001, more than 250.000 temporary instructor
workers were hired to carry out the census, and in 2020
their number should be reduced to 100.000, mainly
due to the introduction of the latest interviewing
technologies. Any person who is of legal age and is a
citizen of Ukraine can become such a temporary em-
ployee.

One of the interesting innovations in new census
is that the survey procedure will now be completely
anonymous. If the interviewee had to provide
complete information including surname, first name
and patronymic ealier, then this information will be
replaced by the appropriate registration number now.

The current population registration, which is
carried out continuously in our country — registration
of births, deaths, changes of place of residence, number
of emigrants and immigrants, gives an opportunity
to see generalized data showing the population in
Ukraine in general and in each of region or settlement
in particular, as well as general features of gender-age
structure and features of its dynamics. The abolition
of compulsory residence permits, which took place
in 2001, further complicates the ability to control
population displacement, migration processes and to
monitor demographic dynamics. However, the census
will allow us to investigate all demographic phenomena
at a much higher level, to identify those problems and
contradictions that the current population registration
is not able to identify — ethnic self-identification,
language skills, property status of the population, the
real number of people of retirement age, etc.

The population census questionnaire contains
five main sections (modules), which are broken down
into paragraphs (Fig. 1).

The planned for 2020 census would include two
steps: an online census and a traditional census. The
first stage (on-line) will last ten days, during which
the respondents have the opportunity to answer the
questions of the census form in the personal office of
the census site, which is accessed in the presence of
the relevant key (Perepys, 2019) .
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Demographic

Employment

Migration

Living conditions

+ gender, age, place of birth, citizenship, ethnic origin or nationality,
language, marital status, education, livelihoods

¢ place of work, a number of questions for the unemployed in terms of
job search and employment

» interviewing the population about their current place of residence, past,
plans for the future in terms of departure abroad; in addition, they will
be asked whether the person has lived in other countries since 1991; a
large block of questions is provided for internally displaced persons,
where they will find out the reasons for moving and arranging their
current residence

+ questions about the area of housing, type of ownership, landscaping,
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Agricultural activity of houscholds

considered

year of construction

+ an additional questionnaire for agricultural activities is being

Fig. 1. The main modules of the All-Ukrainian Population Census questionnaire in 2020.

During the second phase, it is planned to visit
households by instructors who will provide statistical
information on electronic media - tablets and
smartphones that will be filled with vector digital
maps and GPS navigation, which will allow to read
the coordinates of the houses and provide GPS linkage
to the map within a certain radius.

The preliminary census in 2001 indicated a
number of issues that must be taken into account
when conducting the next census:

- the respondents did not understand the
individual questions (for example, when it comes
to ethnicity, many respondents said that they are
nationals of Hutsuls, Lemkies, Ruthenians, etc., not
understanding that these categories are parts of one
Ukrainian ethnic group — in fact, they are Ukrainians
of different ethnographic groups);

- reluctance to answer specific questions,
especially those concerning the wealth or income of a
person or household;

- providing unreliable data, especially questions
about education, property status, language proficiency;

- the inability to identify for themselves and
indicate which language is the mother tongue of the
respondent in mixed ethnic families. Often, the child

has a good command of the language of both the
father and mother, so it is difficult to indicate which
of them is the mother tongue;

- difficulties in interviewing people belonging
to particular religious groups, ethnic groups with a
specific culture, who forbid the census, or allow only
the male population to census.

Conclusion.

Summarizing the positive and negative trends
in conducting online surveys and using SMART
technologies during the census in different countries of
the world, we can formulate specific recommendations
for Ukraine:

1. There is the need to secure at the legislative
level the mandatory participation in the census
questionnaire (in electronic or traditional form).

2. Having analyzed the Canadian experience,
we consider that it would be most appropriate to
simplify the procedure for identifying a person when
registering for a census. It may be enough to just enter
the passport series and number.

3. The positive experience of Brazil demonstrates
the benefits of purchasing special equipment — smart
phones (or terminals) for the population census
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procedure. At relatively low cost, it will be possible
to obtain quickly the information, pass it to statistical
centers and reduce significantly the time for processing
statistical information.

4. The most expedient and effective survey of the
inhabitants of the country will be through registration
on the web-site of the relevant statistical services.
This can be done using a taxpayer ID or a query from
the statistics service sent to the respondent’s email,
which he or she must confirm by clicking the link.

5. The convenience of the Internet census in
this case is also that a separate office on the site can
be opened for one household. And the data on each
member can only be entered by one person at a
convenient time.

6. The use of SMART-technologies makes it
possible to reach practically the whole population,
despite the transport accessibility of the respondent’s
place of residence, employment and other factors.
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