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Received: 27.03.2020 Abstract. The development of the tourism industry must take into account the peculiarities
Recetved inrevised form:10.06.2020 of the modern economic space, which is constantly changing and has many negative fac-
Accepted: 07.08.2020 tors. Such an unstable environment is characterized by an uneven relationship and interde-

pendent factors that affect the creation and consumption of the tourism product and create
the multidimensionality of the tourist services market. On the basis of studying the mobility and variability of environmental factors
as the modern information cooperation between producers and consumers in the tourist services market, we address the problem of
implementing marketing mechanisms and their influence on the formation of consumer demand for tourist services. The use of market-
ing approaches and the mechanism of their implementation, the creation of a modern marketing environment will add stability in the
market of tourist services and enhance its competitiveness. It is a question of changing the conceptual model of setting the problem of
development of the tourist services market, which should be based on the totality of beliefs, values that are consumer oriented, the sys-
tem of communication with specific people; finding effective ways to transform the perception of the customer’s expectations into the
criteria for the desired quality of the tourism product, etc. An effective marketing strategy in the market of tourist services is possible
provided that the mechanisms of influence of marketing instruments on the work of the tourism enterprise are explored in the condi-
tions of an unstable environment, taking into account communicative and social methods of increasing the effectiveness of marketing
activity in the market of tourist services. It is marketing that allows you to study and analyze the market as an object that is constantly
evolving and changing under the influence of human activity. The marketing mechanisms identified by the authors in the context of en-
vironmental stabilization (research on consumer motivation and psychology, creation of new types of tourism product, involvement of
employees in the formation of marketing policy of the enterprise, public-private partnership, development of creative industries, etc.)
imply the recognition of culture as an instrument for the development of regional cultural industries, which implies the formation of a
market for tourist services, taking into account the opportunities of the region and its cultural characteristics. The choice of the region is
explained by the fact that the characteristic feature of Kryvyi Rih is the excessive technological load, its pollution under the influence of
the activities of mining, metallurgical and other industrial enterprises and therefore the search for ways to overcome the environmental
crisis.We analyze the possibilities of the Kryvyi Rih region from the point of view of forming the promotional environment through
the cultural policy of the region, promotion of the brand of the city, formation of its image. Potential development opportunities in the
industrial tourism industry have been identified. The theoretical and methodological basis of the research is provided by the position of
modern economic theory, management theory, psychology of communications, works of domestic and foreign specialists in the field of
tourism marketing. The research work uses methods that provide its logical essence — the dialectical method of scientific knowledge,
the method of system-structural analysis, the method of modeling complex systems.

Keywords: tourism industry, tourist services market, marketing mechanisms, cultural industry, unstable environment,unconventional
tourist product, industrial tourism

MapkeTHHI0Bi MeXaHIi3MH PO3BUTKY iHAYCTPil TYpU3MYy B YMOBAX HeCTA0IIbHOIO cepei0BHINA
B. B. bapa6anoga, I'.A. boratuprosa, I'.O. I'opina

Loneyvxuii nayionanvHutl yHieepcumem ekoHomixu i mopeieni imeni Muxatina Tyzan-bapanogcvrkozo, Kpusuil
Pie, YVrpaina, barabanova@donnuet.edu.ua

AHorauisi. Po3BUTOK 1HAYCTpii Typu3My MOBHHEH MepeadadaTH BpaxyBaHHS OCOOIMBOCTEH Cy4aCHOTO €KOHOMIYHOTO MPOCTOpY,
SIKMI TIOCTIHHO 3MIHIOETBCA 1 Ma€ 06araTo HeraTUBHUX YMHHHKIB. Take HecTaOiIbHE CepeIOBUINE XapaKTePU3YEThCS HEPiBHOMIPHICTIO
B32€MO3B’A3KiB Ta B3a€MOOOYMOBIICHUX (AKTOPIB, SIKI BIUTUBAIOTH HA MPOIEC YTBOPEHHS Ta CHOKUBAHHS TYPUCTUYHOTO TMPOAYKTY
1 yTBOPIOIOTH 0araTOBUMIpPHICTh PHHKY TYPHCTHYHHX MOCTYT. Ha OCHOBI BUBYECHHS PYXJIMBOCTI i 3MIHHOCT1 YHHHHKIB CEPEOBHUILA
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SIK CydacHOro iH(OpMariiHOro CriBpOOITHUITBA MK BHPOOHMKAMH Ta CIIOKMBadaMU HA PHHKY TYPUCTHYHHX IIOCIYr HaOyBae
aKTYyaJbHOCTI mpobiiemMa peaizalii MapKETHHIOBHX MEXaHI3MIB Ta iX BIUIMBY Ha (pOpMyBaHHS MOMUTY CIIOXKHBAUiB TYPHUCTHIHUX
nociyr. BukopucranHs MapKeTHHIOBHX MIJIXOJIB Ta MEXaHi3My iX peajii3aiii, CTBOPEHHSI CydaCHOr0 MapKeTHHIOBOTO CEpPEJOBHIIA
JI0/lacTh CTAaOUTPHOCTI HAa PUHKY TYPHCTHYHMX IIOCAYT Ta MiACHINTH HOro KOHKYPEHTOCIIPOMOXHICTBE. MoBa e mpo 3MiHy
KOHIIETITYaJIbHOI MOJIETIi TOCTAHOBKU NMPOOJIEMH PO3BUTKY PHHKY TYPUCTHYHUX ITIOCHYT, sSIKa MOBHHHA IPYHTYBATHUCS HA BpaxXyBaHHI
CYKYIHOCTI IIepEeKOHaHb, IIHHOCTEH, SIKi MOBUHHI OYTH 30pi€HTOBaHI HA CHIOKMUBAYa, CUCTEMY KOMYHIKaii 3 KOHKPETHUMH JIFOIbMH;
TIOITYK €(peKTUBHUX METOJIIB IIEPETBOPEHHS CIIPUIHATTS Cy0’ €KTOM TYPHCTUYHOI JiSUTBHOCTI OUiKYBaHb KIIIEHTIB B KpUTEpii OaxxaHol
SIKOCTI TYPHUCTHYHOTO IPOAYKTY Tomo. EdexkTnBHa MapKkeTHHroBa CTpaTeris Ha PUHKY TYPUCTHYHHX ITOCIYI MOMKJIMBA 32 YMOBHU
JIOCITI/DKCHHST MEXaHi3MIB BIUIMBY 1HCTPYMEHTapil0 MapKETHHTY Ha poOOTY TypUCTHYHOTO MiANPHEMCTBA B YMOBaX HecTaOlILHOIO
CepeIOBHIIA, BpaxXyBaHHI KOMYHIKaTUBHUX 1 COIiaTbHUX MPUHOMIB MiABUIIEHHS epEeKTUBHOCTI MAPKETHHI OBOI JisUTBHOCTI HAa PHHKY
TypUCTHYHUX Nocayr. CaMe MapKeTHHT JI03BOJISIE BUBUATH i aHAJII3YBATH PUHOK SIK 00’ €KT, SIKUH ITOCTIHHO (hOPMYETHCS Ta 3MIHIOETHCS
ITi]] BIUIMBOM JTiSUTBHOCTI JIFOJJHHU. MapKeTHHTOB1 MEXaHi3MH BH3HAUEHI aBTOPAMH Y KOHTEKCT1 cTadlini3arii cepeaoBra (J0CIiHKeH-
HSI MOTHBAIIIi 1 IICHXOJIOTI{ CIIOKNBaYiB, CTBOPEHHSI HOBHX BHJIIB TYPIIPOIYKTY, 3aJIydeHHs MPALiBHUKIB 10 OpMyBaHHS MapKETHHTO-
BOI IMOJITHKHA i IIIPHEMCTBA, IPUBATHO-TPOMAJICEKE MAPTHEPCTBO, PO3BUTOK KPEAaTUBHUX 1HAYCTPIiH Ta iH.) mepeadadaroTh BU3HAHHS
KYJIBTYPH SIK IHCTPYMEHTY PO3BUTKY peTiOHaIBHUX KYJIBTYPHUX IHAYCTpiH, 10 Iependadae popMyBaHHS PUHKY TYPUCTHIHUX HOCIYT 3
ypaxyBaHHSIM MOXKJIMBOCTEH PETioHy Ta KYJIbTYPHUX HOr0 XapakTeprcTHK. BHOip periony NosiCHIOETHCSI THM, III0 XapaKTEPHOIO PHCOI0
KpuBopizxokst € HaaMipHe TEXHOIOTIYHEe HAaBaHTAKEHHS, HOro 3a0pyJHEHHS ITi]] BIUIMBOM JisTBHOCTI MiIITPUEMCTB TipHUYOI00YBHO,
MeTaNypriffHOi Ta iH. TPOMHCIOBOCTI, a OTXE€ IOIIYK NUIIXIB IOJOJIAHHS eKoJoriuHoi Kpw3u. [IpoaHasi3oBaHi MOXKIHMBOCTI
KpuBopi3pKoro periony 3 TOYKH 30py (OpMyBaHHS CEpEIOBHINA 3a0XOUYEHHS HIISIXOM KYJIBTYpHOI MOJIITHKH PETiOHY, IPOCYBaHHS
Openmy Micra, (opMyBaHHS Poro iMmimKy. Bu3HaueHi MOTEHMINHI MOXXIMBOCTI PO3BUTKY B PETiOHI TypH3MYy I1HIYCTpiaJbHOTO
CIIpsAMYBaHHs. TeopeTHKO-MeTO0IOTYHOK OCHOBOIO JOCIIKEHHS € MOJIOKEHHSI Cy4aCHOI €KOHOMIYHOI Teopii, Teopil yrpaBiiHHs,
TICUXOJIorii KOMyHiKallild, HayKoBI Mpali BITYM3HAHUX Ta 3apyODKHMX YYEHMX B Traly3l MapKeTHHTY TYPHUCTHYHOI HisuibHOCTI. Y
JIOCITIJDKEHHI BUKOPHMCTAaHI METOJIH, II0 3a0e3evyloTh HOro JIOTiYHY CYTHICTh — JialeKTHYHUI METOJ HAayKOBOT'O IMi3HAHHS, METOJ
CHCTEMHO-CTPYKTYPHOT'O aHaJIi3y, METO/] MOCITIOBAHHS CKJIQJIHIX CHCTEM.

Kuiouosi cnosa: mypucmuuna indycmpis, puHoK mypucmuynux nociye, Mexarizmu MapKemuHey, Hecmaobinvie cepedosuye, KyibmypHa

iHOyCmpIsl, HeMPAOUYILIHULL MYPUCMUYHULL RPOOYKN, NPOMUCTOBULL MYPUSM

Introduction. An important part of the strategy of
modernization of the Ukrainian economy at the pres-
ent stage is the transition from the industrial and raw
material model of development to a post-industrial or
creative model, based on the use of human potential
and knowledge, which is a certain basis for the devel-
opment and implementation of ideas for the cultural
and economic development of the modern metropolis.
It is the modern industrial city that presents the main
indicators of the state of unstable environment and
acts as a complex socio-economic system.

The economic space of the modern city is an in-
frastructure whose main features are the uneven and
non-linear process of creation and consumption of the
tourist product; the multidimensionality of the tour-
ist services market. The main signs of instability of
the economic space of a modern industrial city are
the formation of its structure in a directive economy
with no internal incentives for self-development;
performance of production tasks at any cost; the pre-
dominance of the influence of social factors; reorien-
tation to the «consumption model» as opposed to the
«development model», etc. In the given context, the
search for effective marketing instruments for the de-
velopment of the tourism industry becomes relevant.

Marketing activities are aimed at a deeper study
of the motivation and psychology of consumers and
other market participants in order to identify opportu-
nities to influence them, involving the creation of new
types of tourism product, technology, improvement
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of forms of product promotion, distribution channels
and methods of entry into new markets. An analysis
of the works of specialists in the field has shown that
in order to obtain the most positive result in the mar-
ket of tourist services, marketing activity should be
carried out systematically and constantly. At the same
time, it is important to choose a development strategy
according to which marketing of services is consid-
ered as a special type of activity that shapes the social
environment and conditions of life of society.
Materials and methods of research. People do not
buy goods or services in the tourist market, but their
functional capacity meets a specific human need. That
is why one of the tasks of the marketing approach as
the basis of the creative industry is to provide and
disseminate information not about the properties of
the tourist product, but about the real benefit and ad-
vantages for the client. It is important to study and
shape the needs of customers and meet these needs
with more effective methods than competitors, while
improving the well-being of all members of society
(Golubkov, 1999).

Today it is possible to state insufficient market-
ing awareness and lack of knowledge of both the
managers of tourism enterprises and staff, as well as
insufficient practical experience in this field. In gen-
eral, 95.7% of tourist enterprises in Ukraine do not
have a marketing department in their organizational
structure. However, the way it works is not proof of
the priority of the marketing concept. Research has
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confirmed that authoritarian methods and the reluc-
tance to change outdated management now prevail in
the management of tourism enterprises in Ukraine.
In other words, most directors of tourism enterprises
(100% of the largest and largest, 96% of the medium
and 95% of the small) are not ready to open access
to all information at the enterprise and involve em-
ployees in making decisions and shaping the enter-
prise marketing policy (State Statistics Committee of
Ukraine: Tourist flows in 2016).

In an unstable environment, its factors are be-
yond the control of the travel company. However,
they do have a significant impact on customer behav-
iour. Therefore, they should be constantly taken into
account not only when making marketing decisions
but also in daily professional activities. We are talking
about the peculiarities of the functioning of the mod-
ern metropolis: poor adaptation to global challenges;
specifics of the urban environment of social interac-
tion; lack of motivation of workers to raise their level
of education; excessive technological load, etc.

In our opinion, the factors of instability of the
environment characterized by a high level of inter-
dependence should be studied and taken into account
in professional activity in the tourism industry on a
continuous basis (Fig. 1).

One of the directions of solving problems of de-
velopment of the tourism industry as a component of
socio-economic environment should be the formation
of the market of tourist services, taking into account
the possibilities of the region and its cultural charac-

' (

1. Globalization processes in
the world economy

6. Features of
marketing of foreign

Ukraine, on October 20, 2017, as part of «the Creative
Ukraine» International Forum (Regional development
strategies, 2019).

«The Culture Bridges» is a program for the de-
velopment of the Ukrainian cultural sector aimed at
establishing effective links between artists, cultural
operators and institutions in Ukraine and the EU. The
main objectives of the program are to promote cul-
tural cooperation and intercultural dialogue between
Ukraine and the EU through projects that enhance
international mobility and cultural cooperation; pro-
moting the capacity of the Ukrainian cultural andcre-
ative sector and the development of local culturaland
creative industries; expanding Ukraine’s participation
in the EU’s «Creative Europe» program projects; pro-
moting mutual understanding and cultural diversity in
Ukraine through internal cultural mobility and project
initiatives.

Participation in the aforementioned programs
will promote awareness of the importance of culture
for economic development and social cohesion; de-
veloping knowledge and capacity of actors working
in the cultural and creative sectors; encouraging wider
public participation in cultural events, etc.

One of the directions of implementation of cre-
ative industries in an unstable environment should be
the revival of old urban areas with already laid in-
frastructure, which saves on the development of new
territories. Investors would rather invest in the devel-
opment of a historic district or public open space in
the historic center than anywhere else. The introduc-

7. Introduction of visa-free
regime in Ukraine with EU
countries

r r

2. Geopolitical cataclysms

|

3. Inability to evaluate future
developments

operators

5. Low solvency of
the population

4. Economic growth
of incomes of the
population

8. Ability to change quickly
over time

T

9. The instability of tourist
fashion in demand for tourist
services

L

Fig. 1. Factors of unstable environment of the tourism industry. Source: compiled by the authors

teristics. In particular, the development of regional
cultural industries will be facilitated by cooperation
with EU countries. In particular, this concerns «the
Culture Bridges program», which was presented by
Simon Williams, Director of the British Council in

tion of a real estate tax in Ukraine, the uniqueness and
value of historic real estate will help to fill the local
budgets (Bartoshuk, 2011).

Historic sites seem to have their own personality.
And not for nothing, because buildings here are just as
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important as people. The compactness of the building,
the human scale of the buildings, the proportionality
of the street space contributes to the intensity ofcom-
munication. That is why historic districts are the most
profitable places to start your own business, and why
the most organized and active communities exist right
here. A powerful and well-coordinated community is
able to take care of its area, support individual mem-
bers, organize joint and open events for everyone, and
ultimately be responsible for the condition of the his-
toric quarter or building without the involvement of
outside money (Development of the tourism industry
as a tool for economic development and investment
attractiveness of Ukraine, 2019).

Important for the realization of the creative in-
dustries in the volatile environment of the modern
city should be a private-public partnership based on
the involvement of the community as a full partici-
pant in the successful preservation of cultural heritage
as the basis of a creative economy. It can be charac-
terized as: post-industrial economy, the main feature
of which is the dominance of the service sector over
manufacturing ; information economy based on the
use of information - knowledge economy; an innova-
tive economy, the main feature of which is the contin-
uous production of ideas or innovations that are driv-
en by dynamic changes in the market for consumption
of services; a global network economy based on the
interaction between the «carriers» of the idea on a
global scale through the Internet. The priority direc-
tion of the creative economy should be the cultural
policy of a particular region, the promotion of a city>s
brand, the formation of its image and individuality
(Gorina, 2015).

We have come to the conclusion that the creative
industries, as a marketing technology at the pres-
ent stage of development, are actively using cultural
heritage and art as a resource to create new tourism

products and services. Unfortunately, Ukraine has
not developed a sustainable model for the preserva-
tion of historical and architectural heritage. Existing
rules have the character of coercion, strict control and
punishment for non-compliance, which does not con-
tribute to the promotion and stimulation of non-state
initiatives. Therefore, the question arises of creating
the conditions and opportunities for interest and in-
volvement of different participants in the preservation
of cultural heritage, and the creation of an environ-
ment for encouraging mutually beneficial cooperation
of all stakeholders. Often, public protests are theonly
possible way to stop the destruction of historic sites.
However, such an approach can only guarantee the
safety of a memory for a short time. An interesting
example is the success of the cultural heritage preser-
vation system in the Anglo-Saxon world, in particular
the United States, based on productive interaction be-
tween the private and public sectors. In particular, the
history of private initiative to preserve the national
treasures of the United States is older than the National
Park Service (an agency of the US Department of the
Interior Affairs, an analogue of the central executive
body that implements state policy in the field of cul-
tural heritage in Ukraine). Currently, there are more
than 160 partner organizations that assist the NPS in
the conservation of national parks. A large number of
national parks operate solely through private-public
partnerships (World Tourism Organization. UNWTO,
2019).

The study and analysis of the United States’ ex-
perience in the sustainable preservation of cultural
heritage, modified to reflect the Ukrainian context,
can serve as a model for an effective program to initi-
ate and support the involvement of the private sector
in preserving the cultural heritage of Ukraine and im-
plementing creative approaches to the socio-econom-
ic development of the city (Eurostat, 2019), (Fig. 2).

2011
2012
2013
2014

40,0 B Number of
Ukrainian

30,0 citizens who

20,0 - were leaving
abroad

10,0 ® Number of
foreigners who

0,0

2015

visited Ukraine,
min

2016
2017
2018

Fig. 2. Chart of dynamics of tourist flows in Ukraine for 2010-2018
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It should be noted that the modern creative indus-
try of the socio-economic environment of the city in-
volves the marketing of territories, which is a funda-
mentally new creative approach to social change and
social processes in a democratic society. It implies a
change in marketing strategy in order to build a new
image of different types of tourism, because tourism
is a powerful social force that is potentially able to
achieve the greatest social goals. For this reason, ter-
ritorial marketing is interpreted as the realization of
a marketing creative paradigm in the socio-cultural
sphere. According to our research the last ten years
in Ukraine show an increase in outbound tourism in
2018 compared to the previous period and is 30%.

Given the statistic that 77% of Ukrainians have
never left the country, the potential of the tourist ser-
vices market in Ukraine, including industrial destina-
tions, is far from being exhausted and has great po-
tential.

An important aspect of the development of the
tourism industry in an unstable environment is the
consideration of factors affecting consumer psychol-
ogy, among which the Internet is a priority. Accord-
ing to some experts, tourism companies over time
are re-qualified as guides on computer networks,
that is, the main task of tourism enterprises will be to
help find the necessary information on the Internet.
We thought it appropriate to analyze the use of net-
working as a marketing mechanism in the activities
of travel companies Join UP, Anex Tour, TPG, TEZ
Tour, Coral Travel, Pegas Touristik, TUI Ukraine,
Accord Tour, GTO Travel Company. Of particular in-
terest is the technique of British Internet technology
specialist Anthony Jordanson, which determines the
level of use of Internet resources (Daudzhest Uaneta,
2017). It proposes to assign a factor of -5 to +5 to
each of the possible uses of the Internet involved in
the enterprise, depending on the intensity and quality
of use. According to this method, you can calculate
the total coefficient of efficiency of Internet usage by
any institution. To assess the level of use of Internet
resources by tourism companies in Ukraine according
to this method, we conducted a survey of experts in
the tourism market.

A panel of 10 Internet experts was selected to
conduct this research. In the previous phase, the ob-
jects of the study were identified with the experts. A
representative group of nine Ukrainian travel com-
panies (Join UP, Annex Tour, TPG, TEZ Tour, Coral
Travel, Pegas Touristik, TUI Ukraine, Accord Tour,
GTO Travel Company) was selected for the analysis.
The average expert evaluation of the use of Internet
resources by tourism business enterprises of the 9 top
companies in the tourist services market in Ukraine is

presented in Table 1. Certainly, TUI Ukraine is one of
the largest tour operators in Ukraine, which opened
the first interactive sales office; «Leader of the Year
2018» in tourism; it constantly expands the range of
destinations and updates the line of hotels with special
concepts of rest; TEZ Tour - an innovative company
in the domestic tourism market; has its own depart-
ments, a wide selection of routes with an individual
approach and orders via the Internet; Accord tour -
with a wide range of discounts and special offers, etc.

As a result of the expert evaluation of the nine
largest travel agencies of Ukraine, the total coefficients
of efficient use of Internet resources were determined.
As we can see, the following companies are included
in the top three leaders -TUI Ukraine, TEZ Tour.

As we can see from Table 1, some of the compa-
nies are introducing new services to the tourist ser-
vices market, such as: Travel Sim (virtual roaming
service), virtual 3D tour of TUI Ukraine offices (total
factor 51), virtual reality in offices, offering tours on-
line, credit at 0%.

Some companies found innovations interesting.
In particular, TUI Ukraine has launched the Regular
flight program - online booking of regular flights;
Coral Travel - has implemented Coral + Instant
Booking, which is compatible with various mobile
devices 24 hours a day. This company was recognized
as the best in 2017 by participating in state tourism
development programs aimed at social assistance for
orphanages and veterans through cooperation with
charitable foundations. TPG publishes the Travel
magazine, which thoroughly covers the latest travel
news, thematic tours to different countries. TEZ Tour
Company (total factor of43.5) implementedasystem of
excursions under the TEZ BONUS program in Turkey
and Egypt; has a website that covers the material in
three languages (English, Ukrainian and Russian),
exhibits related materials for tourists (memorials,
phone numbers of tourist support services, etc.).
The company also invites tourists to take part in the
Voluntary Registration of Citizens of Ukraine project,
which aims to prevent and assist citizens of Ukraine
in the event of unforeseen events while traveling. The
company offers a social orientation project “Tour-
Exchange”, which takes into account all requests of
the average consumer of tourist services of different
age and social categories for the organization of
excursion services during the tours (it is about taking
into account the opportunities to purchase the tour at
an affordable price, at the most convenient time, with
advance booking of tickets, etc.).

As we can see, there is a clear tendency to
increase this indicator depending on the status (rating)
of the tourism company; by constantly expanding the
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Table 1. Estimation of the level of use of Internet resources by tour operators by the method of Jordanson.

Source: compiled by authors [Daudzhest,2017]

Name of the means of use of Internet resources
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Travel company website +2 +3 +4 +5 +4 +3 +4 +3
Emailing o +3 +3 +3 +45 | +3 +3 +4,5 | +3
c
Banner and contextual advertising _;E +1 +4,5 | +5 +4 +3 +1 +5 +2
Participation in joint projects and advertising on 4 +2 +3 +4 +4 +4 +2 +5 +2
famous travel portals a
c
Exchange links with other businesses and resources | & +4 +4 +46 | +4 +49 | +2 +4 +2,5
S
Integration into online booking systems, on-line 8 +2 +3 +4 +5 +4,6 | +2 +4,5 | +45
booking module ]
©
Virtual Tours: 3D tours of the company’s offices F 0 0 0 0 0 0 +5 0
Contextual mentions 2 +3 +3 +3 +3 +2 +3 +1
Online counseling, online surveys 0 +4 +4 +4 +3 +1 +5 +2
Advertising in social media +2 +3 +3 +2 +2 +3 +4 +3
Mobile site +1 +1 +1 +2 +5 +1 +3 +2
The total coefficient 20 31,5 | 36,6 | 435 | 36,5 | 20 51 25
range of use of new Internet resources, companies, mation campaigns (Dnepropetrovsk region tourism

thus creating sustainable competitive advantages of
enterprises and enhancing their own competitiveness.
The promotion of its services through the Internet
space gives tourist companies a number of advantages
over their competitors. The conducted research
suggests that there is a direct relationship between
the use of IT in the activities of tourism enterprises
to ensure the effective implementation of marketing
functions, to determine the prerequisites for ensuring
the quality of tourism services in the context of the use
of information technology. Marketing mechanisms
include the development of programs for the benefit
of a particular region, which include advertising,
promotion, and the reputation for catering to the
interests of large groups of people, whose totality is
society.

The main purpose of marketing is to harmonize
the interests of the organization, consumers and
society as a whole, and therefore priority should be
given to the formation of mechanisms to regulate the
processes of development of the regional market of
tourist services.

An interesting example is the Tourism Develop-
ment Program in Dnepropetrovsk region for 2014-
2022, which aims are to form an exclusive and di-
verse tourism product, promote it in the domestic and
international markets through advertising and infor-
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development program for 2014-2022).

Among the priority tasks of tourism develop-
ment in Dnipropetrovsk region are: inclusion of in-
dustrial sites of Dnipropetrovsk region in the Euro-
pean Industrial Heritage Route (EIHR); development
of industrial tourism; creation of hostels on the basis
of dormitories of vocational schools and universi-
ties; promotion of rural green tourism and more. The
Program emphasizes the significant recreational po-
tential of the region, namely: there are 114 nature re-
serves and sites, 51 nature monuments, 8 landscape
art parks, 3 protected tracts. In Dnipropetrovsk region
there are 84 hotels, 130 recreation centers, 240 tourist
organizations, about 200 of which work in the field of
international tourism.

Large industrial cities saturated with enterprises
of industrial complex infrastructure whose production
processes pollute the environment are an example of
ignoring the laws of development and reproduction
of the natural resource base. That explains the tradi-
tionally biased public attitude towards depressed ter-
ritories. Only if effective marketing technologies are
implemented can the cultural potential of the region
be realized.

Solving the problem requires considerable work
to restore the harmonization of relationships between
the individual, in particular the harmonization of their
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needs and the natural environment, the study and
implementation of industrial attractions, the effective
use of anthropogenic and man-made landscapes, tech-
nological artifacts. The use of local resources as tour-
ist and recreational potential is promising as a way of
overcoming the negative image of the region. It is the
development of industrial tourism as a creative indus-
try that can preserve regional identity, stimulate the
local service sector and the employment of the popu-
lation.

Figure 3 presents a structural and functional
model of the characteristics and characteristics of the
tourist image of the region, components of its image
policy. We have identified the structural elements of
the tourist image of the region to which we have re-
ferred: the status of the tourist region, its appearance,
regional symbolism, emotional connections with the
region, tourist image policy and marketing of the re-
gion. In our opinion, the main factors for changing
the tourist image are the economic situation in the re-
gion, urban planning, political situation and technical
innovations, etc. In this context, marketing creative
technologies are an example of a well-formed tourist
image of the region.

World experience shows that industrial tourism
for the enterprise itself is more a struggle for image,
and indirectly for the prestige of the region in which
it is located. For the enterprises of the region, the pro-
cess of forming the image of socially-oriented produc-
tion by transforming them into objects of industrial
tourism should become an integral part of the strategy
of innovative development. Industrial tourism is bet-
ter than any kind of advertising, because having seen
the quality process of production with his own eyes,
the tourist becomes more loyal to the producer of a
certain group of goods and services. Effective adver-
tising of an industrial enterprise that does not require
financial expenses is an effective means of additional
profit and all this combines industrial tourism. A large
number of domestic and foreign tourists are willing
to pay money to see the production process with their
own eyes. Not only the production of goods, but also
the production of services can be turned into a show
for tourists without sacrificing the productionprocess
(Meshko & Karplyuk,2015).

Today, Krywyi Rih is taking confident steps to
develop industrial tourism, in particular mining tour-
ism. For example, PJSC “Kryvyi Rih Iron and Steel
Works” officially introduced visits to the mines of the
enterprise. Excursions are held on Fridays, and every-
one who wishes to go to the tour operators in advance
can get acquainted with the underground objects in
person.

Given the current trends of economic develop-
ment, the powerful industrial potential of our city and
the need to diversify the economy, industrial tourism
IS emerging as a new promising phenomenon thatcan
turn Kryvyi Rih into a tourist center (Strategic plan
for the development of the city of Kryvyi Rih for the
period until 2025, 2016).

The presence of such a non-standard tourist
product as industrial tourism allows you to create
creative excursion programs with unique objects: un-
derground, transport, museums of industrial history,
socio-cultural attractions related to the industrial past
of the region. For example, in the city there are the
following industrial excursions ; «Northern Lights
of Kryvyi Rih», «Mining Kryvyi Rih», «Descent into
the Operating Mine», etc.; sightseeing excursions «
Night Kryvyi Rih from the Height of the Petrivskiy
Dump», «Kryvyi Rih - the City of Ore and Metal»;
the event excursions «Festival of Industrial Culture
Night», «Along the Historic Streets of the Old Town»,
«The Old Gdantsevsky Mine», «To the Old Red Lay-
er Mine», and others. As practice shows, tourist activ-
ity in large industrial centers suffers from a great deal
of formalization, and therefore is oriented towards
the production of relevant services as a commodity
of mass culture. As tourists increase their needs for
quality services, it is necessary to take into account
environmental components and introduce the instru-
mental values of industrial tourism as a socio-cultural
practice.

Industrial tourism can greatly enhance the image
of the modern industrial region and city. The positive
image of the industrial region will be formed more
successfully under the conditions of: availability of
excursions and other tourist services; meeting cogni-
tive needs; cultural and educational actions; getting
acquainted with the extraordinary, amazing results of
the impact of industrial production technology on the
geospatial landscape composition. It is industrial tour-
ism that is able to meet the demand for excursions for
certain social groups of the population, to influence
the rational-careful attitude and use of natural resourc-
es. In particular, the experience of Kryvorizhzhya of
planting trees and plants on waste heaps by residents
of the city with the involvement of student youth is
interesting (Ya.V. Shramko & V.L. Kazakov, 2013).

The main task should be to develop a new model
of perception of industrial objects, which requires the
development and implementation of a system of ef-
fective positioning. Note that a systematic approach
to the development of the market of tourist services
should be based on the principles of integrity, multi-
functionality, development, multiplicity of system el-
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Fig. 3. Signs and characteristics of the tourist image of the region. Source: Compiled by the authors

ements, functional and structural structure, and so on.
We have developed a structural and functional model
of this system, which is a combination of sev- eral
subsystems: systematization of types of industrial
objects, positioning strategies (product differentiation,
finding their niche, low cost strategy) and instruments
for their implementation. An important component
of the system is the instruments we have identified
for the subjective positioning of an unconventional
tourist product, which is an industrial heritage with
its unique man-made entities. We considered the main
elements of the system’s implementation: prepara-
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tion and dissemination of positive tourist information,
knowledge of discriminatory barriers of target audi-
ence, etc. The elements of subjective positioning were
defined: studying the peculiarities of the perception of
industrial objects, motivation of their visits, the study
of demand for industrial tourism, etc. These elements
are aimed at the purposeful use of the life experience
of consumers of tourist services which allow them to
achieve psycho-physical relaxation, which will ulti-
mately lead to the creation of a positive tourist image
of the industrial region. It is the industrial enterprises
or production processes that make it possible to form
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Source: by the author

a unique offer for the consumers of tourist services,
because they are able to give new impressions, knowl-
edge and more, (Fig. 4).

The acquisition by tourists of insights into cer-
tain stages of the production process, the ability to
access industrial sites will demonstrate the openness
of enterprises to dialogue and communication with

consumers of tourist services and will strengthen the
positive opinion about the tourist object. It should be
noted that the costs of organizing excursions to indus-
trial sites are minimal, but they have a large informa-
tional impact (brand advertising, product lines, etc.),
which affects the competitiveness of the territory. The
researcher V L Kazakov believes that «within the an-
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Fig. 5. Dynamics of the number of sightseers in Kryvyi Rih for 2014-2019 ( 14).

thropogenically altered territories, skills of harmoni-
ous relations between man and nature are acquired,
and a resource-saving stereotype of behaviour at the
level of personality is formed» (Kazakov, 2006).

Kryvyi Rih has an extensive multifaceted struc-
ture of industrial objects, various specialized indus-
trial enterprises. The industrial heritage of Kryvyi
Rih is: a system of unique mining and industrial land-
scapes of European importance, unique engineering
and technogenic formations. The attraction of tourists
to the region requires creative offers to the consumer
of tour services with unigue objects of industrial des-
tinations, organization of tours of industrial objects,
creation of unique industrial museums on the basis
of quality advertising and information materials. At
the same time, the achievement of the optimal tourist
and recreational load for the preservation of tourist
resources, and therefore the system of effective posi-
tioning of non-traditional tourist product, should be-
come an important task. From our point of view, it is
necessary to distinguish the concept of «system of ef-
fective positioning of non-traditional tourism product,
which includes the typological structure of industrial
facilities, positioning strategies and tools for subjec-
tive positioning, as well as the concept of» system of
industrial facilities «(perceptions and motivation visi-
tors) (Bogatyreva, Barabanova, 2019). Any system
will be effective in terms of interaction of its compo-
nents and subsystems, which bear the characteristics
of the whole system.

The report on the implementation of the Program
for the Development of Industrial Tourism in Kryvyi
Rih in 2017 (approved by the City Council Decision
on 31.01.2018) showed that the total amount of funds
foreseen for the implementation of the Program activ-
ities in 2017 amounted to UAH 574 379,00, of which:
424 379,00 UAH. came from the city budget, while
150 000 UAH came from funds from other sources
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not prohibited by the current legislation of Ukraine.
According to the results of the work, the funds spent
from the city budget amounted to 354 582,00 UAH.
In addition, other funds amounting to UAH 495,000
were raised for the implementation of the Program
during the reporting period respectively in 2018 -
UAH 588,144,

To achieve the efficiency and quality of the im-
plementation of the Program, the department of in-
dustrial tourism is based on the municipal enterprise
«Institute of Development of the City of Krywvyi
Rih» of the Kryvyi Rih City Council; there is a city
working group on tourism development in the city
of Kryvyi Rih, which ensures coordination of urgent
issues identified by the Program. We considered it
expedient to follow the dynamics of the number of
sightseers who used the services of local tour agen-
cies in Kryvyi Rih during 2014-2019pp. (Strategic
plan for the development of the city of Kryvyi Rih for
the period until, 2025), (Fig.5).

One of the key factors for the successful develop-
ment of industrial tourism is the creation of a diverse
system of tourist excursion routes. The city has devel-
oped, tested and improved 71 tourist routes of varying
complexity, 14 of which during 2017. An important
element in the development of the tourism industry
is the activity of economic entities that sell the tour-
ism product (tour operators, travel agencies, etc.). Ac-
cording to the results of monitoring, 6 travel agencies
of Kryvyi Rih organize and conduct city excursions
(Pacyuk, 2008).

Industrial tourism is an important component
forming the tourist image of the region, because con-
ducting industrial excursions satisfies the need for
people for rest and knowledge; very often this is as-
sociated with business visits. Specialists define the
meaning of the term «industrial (manufacturing) tour-
ism» from different points of view: as a designation of
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travel to places related to industry (V. O. Sorochan);
as a way of studying industrial architecture, exploring
landscapes of industrial importance (V. S. Patsyuk).
Industrial tourism, as part of the tourist services mar-
ket, promotes mine tourism, food industry visits, quar-
ries and tourism to sites of man-made disasters (such
as the Chornobyl NPS) (Meshko & Karplyuk, 2015).

We fully agree with the view that conducting in-
dustrial trips to businesses not only attracts new staff
but also creates a positive image of the region as a
whole (Regional development strategies, 2019). The
openness of the enterprises to visit allows Ukrainian
and foreign tourists to get acquainted with their pro-
duction processes, working conditions, and increase
their overall level of development. Such excursions
are a strong marketing move because the company has
the opportunity to demonstrate its power, advantages
over its competitors, attract new buyers or investors,
and thereby increase its revenues (Matuzko, 2009).
Conclusion. Having studied the marketing mecha-
nisms of tourism industry development in an unsta-
ble environment, we came to some conclusions. The
modern economic space demonstrates the many di-
mensions of the tourist services market, built on the
mobility and variability of factors of an unstable en-
vironment (this concerns unpreparedness for global
competition and turbulence).

The indices of unstable environment determined
by the authors prove that the modern industrial city
presents the influence of factors of the given envi-
ronment on the tourism industry. This concerns the
need to implement innovative marketing mechanisms
that will affect the development of the region. These
mechanisms include: cooperation between produc-
ers and consumers of tourism services (primarily in-
formation) based on the establishment of a feedback
mechanism and flexible response to changes in re-
quests of consumers of tourist services; implementa-
tion of measures to preserve the cultural heritage of
the region based on the implementation of regional
cultural industries; variability of communication tools
(public consultations, open method of coordination,
structural dialogue, etc.) and constructive interaction
of public organizations with the government; realiza-
tion of instrumental values of industrial tourism as a
socio-cultural practice by means of marketing tech-
nologies through formation of a new model of per-
ception of industrial objects; improvement of forms
of promotion of products, distribution channels and
methods of entering new markets in conditions of un-
stable environment. This will contribute to the socio-
economic development of the modern city area and
the development of the tourism industry in the region.
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Received: 06.03.2020 Abstract. The distribution of mineral deposits and the distribution of chemical elements
Received inrevisedform:02.06.2020 on the globe are characterized by heterogeneity. A wide range of publications of domestic
Accepted: 21.08.2020 and foreign specialists - geologists, geographers, geochemists, economists - were dedicated

to mineral resources of the world, mineral deposits. During processing the material the
comparative-geographical, cartographic (analysis of minerals maps, mineral resources in the context of continents and regions of the
world, cartographic interpretation of Mendeleev periodical table), monographic (analysis of fundamental works of leading domestic
and foreign geologists and resource scientists, geologists and geologists, and geologists and geologists) directories, multi-volume
editions devoted to geology and mineral resources of individual countries and regions of the world) methods, systematic approach,
and GIS technologies - all these were used for received data processing and systematization. Explored mineral deposits (current and
potential) form on the planet both individual local deposits and geochemical zones — areas where economically valuable chemical
elements and their compounds are concentrated, which are diverse in genesis, stocks, and possibilities of exploitation. The largest of
the latter is the Appalachians in the US - the Western Hemisphere, the Highveld in South Africa, Khibiny and the Ural Mountains in
Russia - the Eastern Hemisphere. The leading countries in which most geochemical resources are extracted from the subsoil are the
United States (65% of the total elements of Mendeleev periodical table), Russia (48%), China (38%), Canada (38%), South Africa
(30%), Australia, (27%), Kazakhstan (19%), India (14%), Mexico (13%). The ideas about the level of provision of mineral resources
and minerals in individual countries and territories of the world were systematized. The Mendeleev periodical table and its mineral
and raw content were presented as an objective factor in the international geographical distribution of labor. The illuminated issues are
confirmed high density of interdisciplinary links (geology, geography, chemistry, geochemistry, ecology, economics, regional studies,
zoning).

Keywords: mineral and raw resources, minerals, countries and territories, system of chemical elements, Mendeleyev periodical table,
deposits, mapping and structural-logical models

CBiTOBI pOI0BHIIA KOPHMCHUX KONAJUH B NePioan4Hiii cucTeMi XiMiYHUX eJIEeMEHTIB
0. O. beitnuk, C. FO. Cuposeus, H. C. Kopoma, M. A. Monouko
Kuiscokuii Hayionanenuil ynieepcumem imeni Tapaca Lllesuenka, Kuis, Ykpaina

AHortanis. [lommpeHHs: POAOBHUIN KOPUCHHX KOMAIMH Ta PO3MOALT XIMIYHHX EJIEMEHTIB Ha 3eMHIH Kyl XapaKTepHu3yeThCs
HEeOomHOpiAHICTI0. MiHepalbHO-CHPOBUHHUAM pecypcaM CBITY, POJIOBHINAM KOPHCHHUX KOMAIUH HPUCBSYCHUN 3HAYHUN MAacHB
myOTiKaiil BITYM3HSIHUX Ta 3apyOiKHUX (axiBI[iB — reosoris, reorpadis, reoximikis, ekoHOMicTiB. [Ipu onaHyBaHHI Marepiany BU-
KOPHCTOBYBAIIKCH OPiBHsUIbHO-TeorpadiuHuii, kaprorpadidnuii (aHasi3 KapT KOPUCHUX KOMAINH, MiHEPaIbHO-CUPOBHHHHX PECYPCiB
B pO3pi3i MaTEepHKiB i pPerioHiB cBity, kaprorpadiuna intepnperaiis tabmuii .1 Menneneesa), monorpadiunuii (anamiz gpynaa-
MEHTAIBHUX IpAllb MPOBiJHUX BITYMU3HIHUX Ta 3apyODKHUX I'COJIOTIB Ta PECYPCO3HABIIIB, F€OJOTIYHUX Ta MiHEPATbHO-CUPOBUHHUX
JIOBiIHHUKIB, 0AaraTOTOMHUX BHJIaHb, MPHUCBSYEHUX TEOJIOTii Ta MiHEpaIbHO-CHPOBHHHUM pecypcaM OKpeMHX KpaiH Ta perioHiB
CBITY) METO/IM, CHCTEMHUII mi/Xif, mpu 0OpoOIl Ta cucremaru3alii qaHux 3acrocoByBainuch [ IC-rexHomorii. Po3Binani pogosuiia
MiHepaibHOI CHPOBHHU (aKTyasibHi if OTEHIIIHHI) YTBOPIOIOTh Ha IUIAHETI SIK OKPEMi JIOKAIbHI MOKJIAJH, TaK 1 TeOXiMiuHi MOsICH —
JUIISTHKH, Jie CKOHIIEHTPOBaHI €KOHOMIYHO I[IHHI XiMiYHI €JIEMEHTH Ta 1X CIONYKH, PI3HOMAHITHI 3a TeHE3UCOM, 3aracaMu, MOXKJIHBO-
cTsiMu ekcrutyaraiiii. Haii6inbmmmu 3 ocrannix €: Annanagi B CILIA — 3axiana miBkyisi, Bucokuit Benn B [TAP, Xi6inu Ta Ypan B Pocii
— cxigHa miBKyns. Kpafnamu-nigepamu, Ha TepuTopii SKUX 3 Haap BUAOOYBa€eThCs HaltOLnbIne reoximiunoi cupoBuny, € CLHA (65%
3arajbHOI KUTBKOCTI eneMeHTiB Tabmuii Menneneesa), Pocis (48%), Kurait (38%), Kanana (38%), ITAP (30%), ABcrpamis (27%),
Kazaxcran (19%), Ingist (14%), Mekcuka (13%). Cucremarn3oBani ysSBICHHS PO PiBHI 3a0e3MeUYeHHs MiHEpalIbHO-CHPOBUHHUMU
pecypcaMu Ta KOPHCHIMH KOMAIMHAMH OKpeMUX KpaiH Ta Teputopii cBity. Tabmumro Jl. 1. Menneneea ta ii MiHepabHO-CHPOBHHHE
HAMOBHEHHSI TPECTABICHO y BUIJISAAI 00’ €KTHBHOrO YMHHHMKA MDKHAPOJHOrO reorpadivyHoro po3moiiay mpari. BucsitieHna mpo-
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OnemaruKa IMiaTBepIuiia BUCOKY IIITBHICTh MIXKIIPEIMETHUX 3B’ SI3KiB (Teooris, reorpadis, XiMis, T€OXiMis, EKOJIOTisl, CKOHOMIKa,

perioHamicTKa, pallOHyBaHHS).

Knrouosi cnoga: MiHepanbHO-CUPOSUHHI pecypCu, KOPUCHI KONATUHY, KPAiHU Ma mepumopii, cucmema XiMiyHux enemenmie, maonuys
1. Menoenecesa, pooosuwa, kapmoezpagiuui ma cmpyKmypHO-102i4Hi MOOei

Introduction. The idea and materials of this article
were discussed by one of its authors with the
acad. V.V. Skopenko back in 1994, whose constructive
remarks were gratefully taken into account in this
publication. The territorial distribution of mineral
deposits and the distribution of chemical elements
on the globe are characterized by heterogeneity. This
heterogeneity is reflected by the following range of
mineral resources in the territory: very low — low
— medium — high — very high. The extreme links
of this range are, for example, Denmark (very low
range of mineral resources) and South Africa (very
high range of mineral resources). With regard to the
three central links, mineral resources, for example, of
Japan (low), Spain (medium), Kazakhstan (high), can
correspond to them. For example, Ukraine occupies the
third (middle) link in this range (Gursky, Yeysipchuk,
Kalinin, 2006.). This publication serves as the objective
basis for such assessments and aims to demonstrate a
certain raw, energetic independence of the countries
of the world as to supplying of the most important
minerals (it demonstrates the “mineral-raw” filling of
D. Mendeleev’s periodic table).

Literature review. A huge array of publications by
domestic and foreign specialists such as geologists,
geographers, geochemists, economists - monographs
(Beydik, Padoon, 1996; Gursky, Yeysipchuk,
Kalinin, 2006; Lunev, Pavlun, 2013; Voyloshnikov,
Voyloshnikova, 1991; Yatsenko, Kiptenko, 2009),
encyclopedias and encyclopedic reference books
(Biletsky, Boyko, Dovgy, 2004, 2007, 2013), laws, by-
laws acts, certificates of copyright registration (State
Service of Geology and Subsoil of Ukraine, 2016,
February 29; Beydik, 2016, November 27), articles
in scientific journals (Beydik, 2018, 2019) — were
devoted to mineral-raw resources of the world and
mineral deposits. On the other hand, D. Mendeleev’s
unique creation, his invention - periodic system of
chemical elements is used for more than a century
in numerous branches of the world economy. Filling
the table’s cells with qualitative characteristics, with
examples of specific minerals globally, was one of the
main tasks of this publication. The proposed material
is positioned as an attempt of resource and geological,
political and economic-geographical strengthening
of D. Mendeleev’s periodic table (Fig. 1), also
demonstration of cross-curricular links in the study
of geology, mineralogy, tectonics and geography. The
map used a long, and the text - a short form of the
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table, although three forms of the Periodic Table of
Chemical Elements are known: short (short-term),
long (long-term) and ultra-long.

The purpose of the article is to provide a mapping
and regional study interpretation of D. Mendeleev’s
periodic system of chemical elements and adapt it to
systematize ideas about the distribution of minerals
on the planet Earth (with a particular emphasis on
the territory of Ukraine), using current ideas about
the political map of the world and global geopolitical
landscape, demonstration of the raw independence (or
dependence) of the countries in the world.

Methods and methodology. In this section of the
paper, we used comparative-geographical (analysis
of the maps of minerals and mineral resources in
the context of continents and regions of the world),
cartographic (analysis of the world-wide deposits of
major minerals, their cartographic interpretation of
D. Mendeleev’s table) (Fig. 2), modelling (structural-
logical models building), monograph (analysis of
fundamental works of leading domestic and foreign
geologists and resource scientists, a geological and
mineral resources reference books and dictionaries,
multi-volume editions devoted to geology and mineral
resources of individual countries and regions of the
world) methods, systematic approach and modern
computer technologies (Arc GIS Online, Adobe
Illustrator CC). Making cartographic models we
used both GIS technology and classical methods of
cartographic imagine (badges, cartograms and charts).
Results and discussion. It should be noted that today
2200 minerals have been found on the globe, however,
10 of them are the most widespread in nature, and
118 elements are presented in the Mendeleev’s table.
The information in the table’s cells was completed by
data on the location of minerals or the consolidation
of certain chemical elements in the continents and
parts of the world by country. Invaluable minerals
for human life, development of industry, science,
technology, agriculture, have unevenly spread on the
globe. Explored mineral deposits (actual and potential)
form on the planet both individual local deposits
and geochemical zones — areas where concentrated
economically valuable chemical elements and their
compounds (minerals and rocks), diverse in genesis
(origin), reserves, exploitation opportunities. The
largest of the latter is the Appalachians in the US —the
Western Hemisphere, the Highveld in South Africa,
Khibiny and the Ural Mountains in Russia — the
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SLi ‘Be 5 6C N 80 9F 10Ne
Chile, USA, Brazil, USA, Turkey, USA, Chile, India, China,
China, Bolivia, Argentina, Argentina, USA, Russia, Mexico, South
1] Australia, India, China, Chili, Peru Australia, Africa, Russia,
Argentina, Russia South Africa, Mongolia,
Canada Angola, Germany, France,
Sri Lanka Morocco
11Na 12 13A| Msi 15P 165 17C| 18Ar
USA, Chili, Kazakhstan, Australia, China, Brazil, Morocco, Ukraine, Germany,
India Austria, Greece, | Brazil, Guinea, | USA, Norway, Kazakhstan, Russia, USA, | Spain, Russia,
Czech Republic, | Russia, ) France, Russia South Africa, Italy, Japan, India, Poland,
North Korea, Transcaucasia, USA, Jordan, Poland Ukraine
m China, Canada, g%f,aekrnztan’ China, Russia,
Russia, USA Suriname, Egypt, Nauru
Hungary,
France,
Jamaica
19 ZOCa ZISC 22Ti 23V 24Cr 25 n 26Fe 27 ZBNi
Canada, Russia, USA, Germany, | Russia, China, | Australia, South Russia, South Africa, South Africa, China, DR of the Canada,
Germany, Austria, ltaly Kazakhstan, Africa, Norway, South Africa, Kazakhstan, Ukraine, Australia, Congo, Russia,
Belarusian, USA Ukraine, Canada, India, Venezuela, USA, | Zimbabwe, Kazakhstan, Brazil, India, | Cuba, New Australia,
Australia, Brazil, China, Kazakhstan, USA, India, Georgia, South Africa, | Caledonia, Cuba, New
Canada, Brazil | Ukraine China Greenland, Brazil, Gabon, | Russia, Zambia, Caledonia
Finland, Australia, Ukraine, Indonesia
Albania Bulgaria USA
IV 29Cu 3OZn 31Ga 32Ge 33 34Se 3SBr 36Kr
Chili, USA, Russia, USA, Great USA, Canada, USA, Sweden, Kyrgyzstan, Turkmenistan,
Peru, China, Australia, Britain, Italy Bolivia Mexico, Japan, Russia, Congo, | Israel, Russia,
Kazakhstan, Kazakhstan, Bolivia Bolivia, Ukraine,
Indonesia, Canada, USA, Germany, Bulgaria
Congo, Zambia, | China, India, Argentina,
South Africa, South Africa Romania
Australia
37Rb BSSr 39Y AOZr 41Nb 42MO 43TC 44 45 46Pd
Canada, USA, Mexico, Sweden, USA, | Norway, Brazil, Brazil, Canada, | Russia, USA, South Africa, | South Africa, | South
Sweden Canada, Spain, Italy USA, Sri Lanka, India, Malaysia, | Chili, China, USA, Russia, | USA, Russia, | Africa, USA,
\V Great Britain, Madagascar Russia Peru, Armenia, China, Zimbabwe, Russia,
Italy, Argentina, Kazakhstan Zimbabwve, China, Zimbabwve,
USA Canada Canada China,
Canada
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47Ag 48Cd 9ln 505N 51Sb 52T@ 53 54X e
Poland, USA, USA, Canada, Canada, USA, Brazil, China, China, Russia, USA, Japan, Chili, USA,
Canada, Peru, Australia Bolivia Indonesia, Tajikistan, Mexico Mexico
v Mexico, Chili, Malaysia, Bolivia,
Australia, Thailand, Russia, | Thailand
Kazakhstan, Bolivia, DR of
Tajikistan, the Congo
Bolivia, Russia
55 56Ba SLa* 72Hf Ta M\ 5Re 76 r 8Pt
Italy, Canada, Great Britain, USA, South Nigeria, Norway, | Saudi Arabia, China, USA, Mexico, | South Africa, | South Africa, | South
USA USA, ltaly, Africa, India USA, Canada Greenland, Kazakhstan, Chili, Canada USA, Russia, | USA, Russia, | Africa,
Russia, North Korea, Russia, USA, Zimbabwe, Zimbabwe, USA,
Romania France, Canada China, Canada | China, Russia,
Mozambique, Canada Zimbabwe,
Australia China,
VI Canada
AU 8Hg 81T 82Pp 83Bj 84Po 85 At 8RN
China, Australia, | Spain, Italy, USA, Spain, Russia, India, Awustralia, USA, Mexico,
USA, South China, Norway Kazakhstan Mexico, Japan, Canada,
Africa, Peru, Kyrgyzstan, Canada, Russia
Russia Canada, Australia, South
Australia, South Africa, China
Africa, China
Vil 8TEr ®Ra SSAC** 104Rf 10sDp 1063 1wBh 108Hg oMt 110Dg
Lanthanides
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Australia, Canada,
Kazakhstan, Russia,
South Africa,
Namibia, USA, Brazil

Fig 1. World mineral deposits in terms of countries and territories in the periodic system of chemical elements (D. Mendeleev’s Periodic Table) (Beydik, 2018, with refinements)
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Fig. 2. The world leading countries for mineral resources in D. Mendeleev’s periodic table (designed based on Beydik, 2018)

Eastern Hemisphere. D. Mendeleev’s table, where the
countries and territories of the location and production
of the chemical elements are indicated that correspond
to specific minerals and mineral resources (Fig. 1), and
the provision of individual countries and regions gives
a systematic conception of the global distribution of
chemical elements that are a part (geochemical) of
compounds (rocks, minerals, minerals).

This paper contains the data for the last 20-
25 years about the extraction of the most important
raw materials on the Earth (including the countries
of the former USSR) was summed up, systematized
and generalized. The place of a country in the table’s
cells may not coincide with the production of natural
resources or the producing of clean products.

The number of countries and regions within a
specific order number (from three, for example, No 11
— «sodium» to eleven in No 13 — «aluminumy), and
their place in group (I-V1) are not constant, canonical
quantities, and those that have to be taken dialectically,
in development - with possible additions, remarks or
objections. The table should help form a systematic
approach to the study of natural resources, mineral
deposits, remind of their connection with the political
map of the world, the importance of understanding
certain provisions of geology, chemistry, government,
the degree of economic development, natural
resources using, about cross-curricular connections.

The countries which lead in the most geochemical
resources are extracted from the subsoil are the United

States (65% of the total elements of D. Mendeleev’s
periodic table), Russia (48%), China (38%), Canada
(38%), South Africa (30%), Australia, (27%),
Kazakhstan (19%), India (14%), Mexico (13%)
are confirmed by fig. 1 and 2. The name of at least
one country (for example, Albania in cell No 24 —
chromium) can be the basis for its inclusion in one or
another part of the international geographical division
of labor, information regarding its specialization in the
world market of mining and chemical raw materials,
etc.
Thus, acquaintance with the map (Fig. 2) gives
grounds to identify four conditional areas of relative
concentration of minerals: North American (USA,
Canada, Mexico - more than 60% of the total number
of table elements), North Asian (Russia —about 50%),
Central Asian (China, Kazakhstan — about 40%)
South Asian (India — about 15%), whichindicates not
only significant current deposits, but also on the high
mineral potential of these territories (latent deposits).
At the same time, a significant part of the globe still
remains a mineral terra incognita, the bowels of which
are waiting to be used. This factor is fundamental that
will give humanity optimism about its future, isn’t it?
It is natural that Ukraine is not in this top-
9, because it cannot compete with such “mineral
heavyweights”. At the same time, in terms of minerals
it has enough high chance to get into the leading
countries and find its own cells in Mendeleev’s table
(Table 1).
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Table 1. Mineral raw material independency of Ukraine, 2013-2018

Mineral Production position in Europe Production position in the world
Uranium (U) 1 (2015) 12 (2015)

Iron (Fe) 1 (2015) 6 (2015)

Manganese (Mn) 1 (2015) 8 (2015)

Natural gas 3(2013) 31 (2013)

Titanium (Ti) 3 (2015) 12 (2015)

Lithium (Li) 1(2018) 13 (2018)

Today, coal mining (1.7% of the world’s total
production), commodity iron (4.5%) and manganese
(9%) ores, uranium, titanium, zirconium, graphite
(4%), kaolin (18%), bromine ochre, non-metallic
metallurgical raw materials (quartzite, flux limestones
and dolomites), chemical raw materials (native sulfur,
rock and potassium salts) are produced in considerable
volumes in Ukraine. Hydrocarbon raw materials,
brown coal, peat, cement raw materials, heat-resistant
and refractory clays, raw for the production of
building materials, iodine, bromine, various mineral
waters, precious and precious stones, piezo quartzare
also produced in Ukraine (Beydik, 2018).

Chemical elements in the free state occur very
rarely, more often they are part of various compounds,

so we consider them as constituents of minerals
(Table 2), for example: copper (Cu) is a component
of copper(i) sulfide (Cu,S), tetrahedrite (Cu,,Sb,S,,),
copper iron sulfide (CuFeS,); lead (Pb) is a part of
lead(ll) sulfide (PbS), boulangerite (5PbS * 2Sh,S,),
lead carbonate (PbCO,); silicon (Si) is composed of
quartz (SiO,), opal (SiO, * nH20), silicon dioxide
(Si0,), staurolite (Fe [OH] ,* 2ALSIO;), and twenty
others. And so is every element. Various combustible
hydrocarbons (CH, and CH,) in the mixture are
included in the oil. Inert elements are a constituent of
combustible gas.

Water resources, climate, land resources, flora
and fauna should be considered as natural resource
potential inadditiontothe considered minerals. Survey

Table 2. World mineral recourses (designed based on Beydik, 2019)

Element?ncmg?gﬁ-formmg Rock-forming minerals The main deposits
Aluminum bauxite, alunite, staurolite, Bauxites: Australia, Brazil, Guinea, Kazakhstan
pyrophyllite, augite, epidote, (Torgay), Russia (North & South Urals, Siberia, Kola
spesartine, almandine, Peninsula), Slovenia, Suriname, Hungary, France,
pyralspit Jamaica, Nifeline Sienites: Transcaucasia and Trans-
Baikal, Alunzites: Transcaucasians
Barium barytes Accumulations of large crystals - Cumberland, Cornwall,
Westmoreland and others. (England), Felshoban
(Romania), in the form of nodules in marls - Paterno
(Italy), massive deposits in the states of Arkansas,
Georgia, California, Missouri, Oklahoma, Tennessee
(USA), Russia (Kuzbass, Khakassia)
Beryllium beryl, freakin, chrysoberyl, Brazil, USA, Argentina
etc.
Carbon diamonds, graphite, calcite, China, India, USA, Russia, Australia, Germany, Angola,
magnesite, dolomite, siderite, South Africa
smithsonite, aragonite,
cerusin, malachite
Iron pyrrhotite, chalcopyrite, China, Australia, Brazil, India, Russia, Ukraine, South
pyrite, marcasite, Africa, USA, Canada
arsenopyrite, hematite,
magnetite, chromite, ilmenite,
goethite, limonite, siderite,
vivonite, staurolite, olivine,
augite, egerin, muscovite,
biotite, vermiculite, epidote,
chlorite
Gold - China, Australia, USA, South Africa, Peru, Russia.
Potassium alunite, muscovite, biotite, Canada, Russia, Germany, Belarus, USA, Ukraine
lepidolite, sylvin, nepheline,
feldspars
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Calcium calcite, dolomite, aragonite, USA, Germany, Austria, Italy
anhydrite, epidote, diopside,
augite, fluorite, chabazite,
titanite
Silicon quartz, opal, chalcedony, China, Brazil, USA, Norway, France, Russia
staurolite, olivine, pyralspit,
almandine, spesartine,
epidote, diopside, augite,
aegirine, talc, pyrophyllite,
chlorite, muscovite, biotite,
lepidolite, verminulite, topaz,
titanite, zircon
Lithium lepidolite Chile, USA, China, Bolivia, Australia, Argentina,
Canada
Magnesium magnesite, dolomite, Kazakhstan, Austria, Greece, Czech Republic, North
olivine, pyralspit, diopside, Korea, China, Canada, Russia (Urals, Baikal region,
augite, talc, chlorite, biotite, Krasnoyarsk region), USA
bischofite, vermiculite
Manganese pyrolusite, manganite South Africa (Kalahari), Ukraine (Manganese),
Kazakhstan (Jessazgan), Georgia (Chiatura), Brazil
(Urukum), Gabon, Australia (Grte Island), Bulgaria
(Obrochishte)
Arsenic realgar, auripigment The United States (Butte, Gold Hill), Sweden (Buliden),
Mexico (Mateuala, Chihuahua), Japan (Kassioka,
Sasatatani), Bolivia (Potosi)
Copper malachite, azurite Chile, USA, Peru (San Rafael), China, Kazakhstan,
Indonesia, Congo, Zambia, South Africa, Australia
Molybdenum in the composition of Russia (Sorske, Tirniauz), USA (Climax, Henderson),
molybdenite Chile, China, Peru, Armenia, Kazakhstan
Sodium nitrate, mirabilite, aegirine, Deposits: Chile, USA, India
nepheline, halite, feldspars
Nickel nickel, millerite, pentlandite Canada, Russia, Australia, Cuba, New Caledonia
Niobium pyrochlor, columbite Deposits: Brazil (Goias, Minas Gerais), Canada, India,
Malaysia, Russia (Lovozero)
Tin cassiteritis Brazil, China, Indonesia (Bank and Belitung Islands),
Malaysia, Thailand, Russia (Saha), DR Congo, Bolivia
(Morocco)
Platinum platinum group metals South Africa (Bushveld), Russia, Zimbabwe, Canada,
(palladium, iridium, rhodium, | USA
osmium, ruthenium)
Mercury cinnabar Spain (Almaden), Italy, China (Wanshan), Kyrgyzstan,
Algeria (Mra-S’Ma), Ukraine (Nikitovske)
Lead galena, bulanerite, cerusite Russia (Gorevskoye), India, Kazakhstan (Zhairem),
Canada (Brunswick, Sullivan), Australia (Broken Hill,
MacArthur River), China, South Africa
Selenium Kyrgyzstan (Akjilga), Russia (Upper-Seymchansk),
- Bolivia (Pakahaka), Germany (San Andreasberg),
Argentina (Sierra de Umango), Congo (Shinkolobwe),
Romania (Nagyag, Fatze-Baia)

of the table, the map and the relevant publications
indicate that mineral-heavy heavyweights are also
the world’s largest environmental pollutants. Thus,
according to the Blacksmith Institute (USA) in recent
years, the dirtiest places in the world are a number of
Chinese and Indian industrial cities (Linfen, Tianjin
— in China, Sukinda — in India, where chrome ore is
mined). The illustrative component of the article (the
table of chemical elements and the map) is considered
as a separate demonstration of the geopolitical power
of individual states — planetary and regional mineral

resources leaders, a factor of global interstate strategic
relations. There is a regular pattern: the larger the
country’s territory, the more diverse and numerous
its mineral resources (for example, all top 9 countries
have an area from 1 million to 17 million km? and
are the largest in the world). The “white spots” onthe
map are intended to induce the search for latent areas
of mineral resources, and their antipodes — places of
concentration of minerals — to motivate the scientific
and practical «key factors» to intensify and higher
efficiency of the use of natural resources. Antarctica
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Fig. 3. Etymological-geographical and structural-logical model of the periodic system of chemical elements
(based on Beydik, 2019)
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has been set aside in Fig. 2, taking into consideration
that it’s international, specific status and mode of
development. But Antarctica is considered to be a
«mineral resource Klondike» with its potentially
colossal deposits of coal, oil, rare earth and precious
metals. And water. If the 20" century was called the
century of oil, the 21% century is the century of water.
Only 90% of the world’s freshwater reserves are
concentrated in Antarctica.

It should be reminded, that D. Mendeleev’s table
presents 118 elements. Their names are related to
their discovery history: one group honors the memory
of distinguished scientists, the second one, as the
discoverers wished, the names of the gods, and the third
— geographical objects associated with the discovery
history, the homeland of the discovery scientists, the
cities (4 names) and territories (5 names) where these
discoveries took place. Nowadays, there are 18 such
elements: polonium — Polonia (Poland), californium
— California (USA), germanium — Germany (lat.
name of Germany — Germania), ruthenium - Russia,
moscowium — Moscow (Russia), scandinavian
- Scandinavia (Scandinavian countries), berkliy -
Berkeley (USA), francium — France, dubniy — the
city of Dubna (Russia), uranium — Uranus (planet of
the solar system), neptunium — Neptune (planet of
the solar system), americium — America, europium —
Europe, gallium — Gaul (lat. name of France — Gaul),
tennessin - Tennesy (USA state), lutetius — Lutetia
(lat. Lutetia), hassiy — Hessen (lat. Hassia — Hessen,
Germany), darmstadtium — Darmstadt (Germany).
Figure 3 presents a visual-imaginary (structural-
logical) model of the above, which elements of
political and geographical zoning were determined
by Yatsenko, Kiptenko, 2009. The figure 3 is also
considered as an attempt to combine a geographical
and etymological factors in interpreting a periodic
table of chemical elements. A brief survey of the
figure shows the dominance of the names of two
parts of the world — Europe (12 names) and America
(4 names), crowning both the territories, where the
discovery of chemical elements took place and the
national affiliations of pioneering scientists.

The visual and textual information contained in
the article is open to interpretation and further steps to
deepen and expand the understanding of qualitative
and quantitative analytics of major world and regional
mineral deposits.

Conclusions:

visual interpretation of the world’s most important
mineral deposits is submitted, which is reflected in
D. Mendeleev’s periodic table of chemical elements
and cartographic model;

D. Mendeleev’s table and its mineral raw material
content are presented as an objective factor of the
international geographical distribution of labor;

a cartographic interpretation of the periodic table
of chemical elements in the context of hemispheres,
continents, leading mineral resources was submitted
for the first time;

ideas about the level of supply of mineral
resources and minerals of individual countries and
territories of the world were systematized;

top-9 countries of the most affluent by minerals
were determined by the number of mentions of pairs
“country — chemical element»;

an etymological-geographical structural-logical
model of the periodic system of chemical elements
has been proposed;

highlighted issues confirmed the high density

of cross-curricular links (geology, geography,

geochemistry, ecology, economics, regional studies);

the statements and the conclusions of the article

can be implemented in the latest programs of reformed
education in Ukraine.
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Received: 03.10.2020 Abstract. The state of development of the tourism industry in Ukraine for the period 2007-
Received inrevised form:20.10.2020 2017 is analyzed. It is established that it does not correspond to the existing potential of
Accepted: 10.11.2020 tourist resources, and the economic efficiency of the tourism industry is low. One of the

main reasons for this situation is the lack of theoretical understanding of the socio-econom-

ic nature of tourism as a social phenomenon and its economic significance as a profitable
industry. The tourism industry is one of the fastest growing sectors of the world economy. This increases the competitiveness of coun-
tries and regions, creating new jobs and improving living standards. It is proved that self-regulation of the tourist market is a necessary
condition for its functioning. The dynamics of export-import of tourist services of Ukraine is analyzed. There is a tendency to a slight
increase in the cost of services in the last years of the study period. In the interaction “government regulation - market” the primary link
is the market, and government regulation is a tool that provides the general conditions of its existence, equalizes the conditions of the
start of its subjects and eliminates, if possible, the negative manifestations of the market element. The activities of the tourism industry
in Ukraine are analyzed. There is a tendency to reduce the number of enterprises in the tourism industry in recent years of the study
period. The rating of tour operators by the number of served tourists and by the reviews of tourists is analyzed. The place and role of
the Ukrainian tourism business in the world market of tourist services has been identified. The situation on the world market of tourist
services of Ukraine is considered and it is concluded that one of the favorable conditions for tourism development in Ukraine was the
adoption of visa-free regime with EU countries, the tourist market gradually recovered after the crisis of 2014, and Ukrainians begin to
conquer Europe. 2017 can be called the year of tourism development in Ukraine: the flow increased rapidly, and the number of permits
for sale, according to the State Statistics Committee of Ukraine, increased by 36%. Citizens of Ukraine who went abroad formed the
group that used the services of tourism entities the most. It was found that the largest number of tourism entities is concentrated in the
city of Kyiv and in Dnipropetrovsk, Kharkiv and Odessa regions.

Keywords: tourism, tourist, foreign tourists, international tourism, world market, tourist service, integration, Ukraine

AHaJi3 pUHKY MI’KHAPOJIHUX TYPUCTUYHHX MOCJAYT YKpainu (3a nepiox 2007-2017 pokiB)
3.B. Boiiko!, H.A. T'opoxankinal, B.B. I'pymka?, M.B. Kopuees?, H.O. He6a6a’

YVuisepcumem mumnoi cnpasu ma ¢inancis, Aninpo, Ykpaina
zdor_zv@ukr.net, nataliagorozhankina@gmail.com, km_13 15@ukr.net, nebabanatali@meta.ua
2[Tninposcorutl Hayionansnutl ynisepcumem imeni Onecs Ionuapa, /ninpo, Yrpaina, grush_w@ua.fm

Awnoramisi. [TpoananizoBaHo cTaH PO3BUTKY TYPHCTHYHOI raiy3i B Ykpaini 3a mepiox 2007-2017 pokiB. BeranoBieHo, 1o BiH He
BI/IMIOBi/]a€ ICHYIOUOMY MOTEHIialy TYPUCTHYHHUX PECYpCiB, @ SKOHOMIYHA e(QEeKTHUBHICTh TYPHUCTHYHOI rany3i € Hu3bkow. OnHie
3 TOJIOBHUX MPHYUH TAKOi CUTYAIlil € BiCYTHICTh TEOPETHYHOrO PO3YMIiHHS COI[aIbHO-EKOHOMIUHOI MPHPOAN TYPU3MY SIK COIli-
aJIbHOTO SIBUINA T4 HOr0 €KOHOMIYHOTO 3HAYEHHS SIK MPHOYTKOBOI ranmy3i. [HaycTpist Typusmy - ofjHa 3 HAUIPHUOYTKOBIIINX ragy3ei
CBITOBOI €KOHOMIKH, sIKa HaHOUTBII MIBUKO pO3BUBAETHCs. Lle miBHIIye KOHKYPEHTOCIPOMOKHICTH KpalH Ta PErioHiB, CTBOPIOIOYH
HOBI pO0OYi MiCIlsSI Ta MOKPAIIYIOUH PiBEHb KHUTTS. J0OBEAEHO, 1110 CAMOPET YIIIOBAHHS TYPHUCTHYHOIO PUHKY € HEOOXiTHOI YMOBOIO
fioro ¢yHkuionyBanHs. [IpoaHanizoBaHO JMHAMIKY €KCIIOPTY-IMIOPTY TYPUCTHYHHX MOCTYT YKpaiHu. BcTaHOBIEHO TEHICHINIO /10
HE3HAYHOT0 3POCTAHHS BapTOCTI MOCTYT B OCTaHHI POKH JOCIIKYBaHOTO Tepiofy. Y B3aeMoii «IepskaBHE PeryliOBaHHSI — PHHOK»
TIEPBUHHOIO JIAHKOIO € PUHOK, a Jep KaBHE PETYIIOBaHHS BHCTYIAE IHCTPYMEHTOM, IIO 3a0e3meuye 3arajibHi yMOBU HOTO iCHYBaHHS,
BHPIBHIOE YMOBH CTapTy MO0 Cy0’€KTiB Ta yCyBa€, 32 MOXKIIUBICTIO, HETaTUBHI NIPOSIBY €IeMeHTa pHHKY. [[poananizoBaHa MisUTbHICTH
Ccy0’€KTIB TYpUCTUYHOI Tamy3i B YKpaiHi. BctaHoBieHa TEeHISHIIS A0 3MEHIICHHS KUTBKOCTI MiANPUEMCTB TYPUCTHYHOI 1HIYCTpil
B OCTaHHI POKHM JOCIiKyBaHOro mepiofy. [IpoaHami3oBaHO pEHTHHT TypONEpaTopiB 3a KiNBKICTIO OOCIYroBaHHX TYPHCTIB Ta 32
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BiJIryKaMH1 TypUCTiB. [nenTudikoBaHo Micuie Ta poib YKpaiHCHKOTO TYPHCTHIHOTO Oi3HECY Ha CBITOBOMY PHUHKY TYPHCTHYHHX TTOCIYT.
Po3risiHyTO CHTYyallilo Ha CBITOBOMY PHHKY TYPHUCTHYHHX IOCIYr YKpaiHM Ta MiJICyMOBAHO, IO OJHIEIO 31 CIPHUATINBHX YMOB JUIS
PO3BUTKY TypU3My B YKpaiHi Oy0 IpHHHATTS 6e3Bi30BOro pexxuMy 3 kpaiHamu €C, TypHCTHYHUI PHHOK ITOCTYIIOBO BiTHOBITIOBABCS
micyst kpu3u 2014 poxy, 1 ykpaiHii nmodnHaoTh makoproBati €spory. 2017 pik MOXKHaA CMIJIMBO Ha3BAaTH POKOM PO3BHUTKY TYpU3MY
B YKpaiHi: TOTiK MIBUIKO 301IBIIYBaBCs, a KUIBKICTH JO3BOJIIB Ha MPOJaX, 3a JaHUMHU JlepkkomMcrary, 3pocia Ha 36%. I'pomansau
VYkpainu, sKi BUiXand 3a KOpJIOH, CKJIQJANIN TPYITY, sIka HalOIIbIIe KOpUCTyBajacs IOCIyraMi Cy0’ €KTiB TYPHCTHIHOI MisUTBHOCTI.
Byro BcranOBIIEHO, IO HAMOLIBIIA KUTBKICT CY0’ €KTIB TYpHCTHYHOI JISUTBHOCTI 30cepepkeHa y Micti KuiB Ta y JIHinponeTpoBCehKii,

XapkiBcbkili Ta Omecbkilt o0acTsx.

Kniouogi cnosa: mypusm, mypucm, iHO3eMHI mypucmu, MidCHApOOHUL MYPU3M, CEIMOBULL PUHOK, MYPUCTIUYHA NOCTYed, ihmespayis,

Vkpaina

Introduction. The modern tourism industry occupies
a leading position in the world economic system. It
accounts for about 10% of world gross output, about
30% of world trade in services, 7% of total world
investment, 11% of world consumer spending. The
World Tourism Organization provides statistics show-
ing that revenues from international tourism have
grown by an average of 9% per year over the past 16
years. For more than 40 countries, the tourism indus-
try is the main source of revenue for the state budget,
and for 70 countries it is one of its three main articles
(Malska, 2008). Travel and leisure in today’s world
are becoming an integral part of the lives of people on
all continents. The result is that in the cost structure
of the average family, the cost of travel services is
the fourth item after the cost of food, clothing and car
maintenance.

Ukraine objectively has all the prerequisites for
the intensive development of domestic and foreign
tourism, namely — the peculiarities of geographical
location and relief, favorable climate, rich natural,
historical, cultural and tourist-recreational potential.
This sector of the economy can bring the country to
the state treasury up to 4 billion US dollars a month.
However, in Ukraine its development is insufficient.
This is primarily due to the difficult socio-economic
situation in the country, the lack of effective regulation
of incentives for the tourism industry, the lack of an ef-
fective strategy for the development of this industry at
both national and regional levels (Parfinenko, 2015).

The variety of research on tourism confirms its
complexity, relevance and ambiguity of this topic.
However, it should be noted that a number of aspects
of state regulation of tourism development in Ukraine
do not yet have adequate and comprehensive cover-
age in the scientific literature. These include, in par-
ticular, the role, functions and powers of the state in
this area, mechanisms of socialization of tourism and
the role of territorial communities in the industry and
so on. Today, the issues of scientific substantiation of
the place and role of the tourism sector in the system
of socio-economic priorities are extremely relevant.
In other words, it is necessary to develop tactical and
strategic directions for attracting foreign tourists to
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Ukraine in terms of integration into the world market
of tourist services. The above determines the choice
of topic and relevance of the study.

Research methods. The study uses literary, analyti-
cal, comparative, mathematical and statistical meth-
ods and the method of scientific systematization.

The purpose of the work is to analyze tourist ser-
vices in Ukraine and identify ways to attract foreign
tourists to the country in terms of integration into the
world market of tourist services.

Results and their analysis. The tourism industry,
given its significant impact on the economic and
social development of the country, the branching of
economic ties, needs regulation, support and careful
control by the state. The issue of creating an effective
structure for the management of the tourism industry
at all levels, decentralization and deconcentration of
power with a clear definition of the powers of each
level is becoming especially important at the present
stage of development of Ukraine. The transformation
of Ukraine into a tourist state of world importance re-
quires coordination of activities of various sectors of
the economy, which depend on the quality of tourist
services, including transport, trade, souvenir produc-
tion, publishing and advertising, etc.

According to the Ministry of Economic Develop-
ment, in 2016 Ukraine was among the 30 most attrac-
tive countries for foreign tourists, taking 27th place.
According to the World Bank, Ukraine in 2017 suc-
cessfully rose to 25th position. In 2018, this position
was maintained. We will analyze the number of for-
eign tourists to Ukraine by country.

According to the World Bank, as of 2017, 14.2
million foreign tourists visited Ukraine. This fig-
ure is higher than the number of foreign tourists in
Singapore, Denmark, Iceland and the Czech Repub-
lic, Switzerland, Norway, Australia, Sweden, New
Zealand and other countries known for their ancient
history, unique attractions and beautiful nature. Of
course, France, with its capital Paris and the Eiffel
Tower, continues to be the most popular country in
the world, with 86.8 million travelers. The second and
third places in the ranking were taken by Spain and the
United States, which received 81 million and 77 mil-
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lion tourists, respectively (UNWTO World Tourism
Barometer, 2019). The World Bank figures coincide
with the data of the State Statistics Service of Ukraine
as of 2017, which recorded that compared to 2016, the
number of foreign tourists increased by almost one
million — from 13.3 million people to 14.2 million
people. The Ministry of Economic Development of
Ukraine gives almost the same figures and notes that
the rate of inbound tourism in 2018 remained at the
level of 2017 — a little more than 14 million people.

Traditionally, the leading suppliers of tourists to
Ukraine are border countries — Moldova (4.4 million
tourists in 2018), Belarus (2.6 million), Russia (1.5
million), Poland (1 million), Hungary (915 thousand)
and Romania (740 thousand). The head of the Center
for Tourism Development of Ukraine noted that these
data are based on the number of border crossings,
when this happens, when the same person is regis-
tered at the border several times. This issue is particu-
larly important in the case of Moldova, which had a
population of 3.5 million as of 2017. That is, a large
number of tourists from border countries is not nec-
essarily an indicator of tourist attractiveness, but, as
often happens, a marker of close family, business and
trade ties with the need to visit a neighboring country
(Kravtsova, 2016).

We can trace the wavy trajectory of the dynamics
of the tourist flow of Ukraine in Fig. 1. Thus, it should
be noted that since 2011 the dynamics has gained
positive values, but in 2014 there was a decrease in
the total number of tourists due to the inability to visit
the temporarily occupied territory of the Autonomous
Republic of Crimea, Sevastopol and parts of Donetsk

and Luhansk regions (Pavlenko, 2013). The share
of foreign tourists in the structure of the tourist flow
of Ukraine until 2013 was over 50.0%, and in 2008
reached 62.2% (25.4 million people), but since 2014
their share did not exceed 36.2%-35.0%.

The study analyzed statistics on the types of tour-
ist trips by number of people as of 2017. We have
identified five main categories that are characteristic
of the Ukrainian market of tourist services. Among
citizens who left Ukraine in 2017, 63% went on vaca-
tion, 34% went on business trips, and only about 1.0%
went on specialized, sports tourism and medical treat-
ment. The smallest number of people in 2017 traveled
for sports tourism (1079 people) (Fig. 2).

In 2017, the country was visited by 9,782 foreign
tourists, or 58% of the incoming tourist flow; 14%
and 13% of foreign tourists came for treatment and
business trips, respectively (Fig. 3).

In the structure of foreign trade in tourist servic-
es, exports decreased almost 2 times, from 51.9% in
2008-2010 (Zay'tseva, 2012) to 25-27% in 2014-2017.
There is a clear advantage of imports and an increase
in the negative balance of 17 billion US dollars from
foreign tourists in 2012 to 525.1 billion US dollars in
2017 (Fig. 4).

During 2014-2016, negative trends in tourism
development were observed, such as a decrease in
incoming tourist flows due to territorial, political
changes and a sharp rise in the exchange rate.

Representatives of the Asian continent rank first
in exports and imports of international tourist services
to Ukraine with a share of 32% and 52%, respectively.
In terms of exports, the second place is occupied by
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Fig. 2. The structure of the outflow of citizens of Ukraine for travel in 2017, persons (Official site of the State Statistics
Service of Ukraine, 2018, UNWTO Tourism Highlights, 2018, World Travel and Tourism Council, 2018)

representatives of Europe and the CIS countries with
a share of 21%, the third place - by representatives of
the African continent with a share of 18%.

The geographical structure of imports to Euro-
pean countries is 35%, and to the African region - 7%,
ranking second and third, respectively. Representa-
tives of the CIS countries account for only 2.5% of
total imports of tourist services to Ukraine (World
Travel and Tourism Council, 2018).

An additional balance of bilateral trade in tour-
ist services of Ukraine was with the CIS countries,
America, as well as Australia and Oceania.

Important tasks of economic theory and practice
are to identify and regulate the most important macro-
economic indicators of socio-economic development
of the country, to identify trends and factors that affect
their scale (Pavlenko, 2013).
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3a ocTaHHI TpU POKA TEMIIM 3pPOCTaHHS OyIIH
no3utuBHuMH (puc. 5). Therefore, the functioning of
the country’s economy as a whole is assessed on the
basis of clearly defined indicators that allow us to as-
sess its dynamics. Over the past three years, growth
rates have been positive (Fig. 5).

2017 can be called the year of tourism develop-
ment in Ukraine: the flow of tourists is growing rap-
idly, and the number of permits for sale, according to
the State Statistics Committee of Ukraine, increased
by 36%.

Also, one of the favorable conditions for the
development of tourism in Ukraine was the adoption
of a visa-free regime with EU countries. The tourism
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1%

Fig. 3. The structure of the inflow of citizens of Ukraine for the purpose of travel in 2017, persons (Official site of the State

Statistics Service of Ukraine, 2018)
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market is gradually recovering after the 2014 crisis,
and Ukrainians are starting to visit EU countries.

When analyzing the tourist market of Ukraine,
it is advisable to assess both the number of tourism
entities (Fig. 6) and their performance.

Thus, in 2017, the number of Ukrainian tourism
entities - legal entities and individuals-entrepreneurs
- was 3469 units, which is 40 units less than in 2016.
In the structure of all tourist entities, the largest
number falls on travel agencies, the share of which
exceeds 80% of the total number of legal entities.
The maximum development of the tourism industry
can be observed in 2012 and 2013, which can be
explained by the holding of the European Football
Championship in 2012, after which there was a sharp
decline in both the number of businesses and reduced
incomes. And in 2017, the number of legal entities
decreased by 6%. At the same time, the number of

legal entities engaged in tourism in 2017 comparedto
2016 increased by 58 units.

The number of tourists - citizens of Ukraine, who
were served by tour operators in 2017, was more than
2.7 million people (which is 8% more than in 2016),
foreign tourists - almost 40 thousand people (in 2016,
respectively, 35 thousand persons). For the vast
majority of tourists (85%) the main purpose of the
trip was to organize leisure and recreation. Revenue
from the provision of tourist services to businesses is
presented in Fig. 7.

From Fig. 7 we see that, despite a certain
decrease in the number of tourism entities, in 2017
there was a significant increase in income of legal
entities engaged in the provision of travel services
(including tour operators, travel agents and businesses
engaged in excursion activities in this category ) by
60% compared to 2016. Positive changes were also
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characterized by the income of individuals (travel
agents and organizations engaged in excursion
activities), which increased by more than 25%
compared to 2016.

At the same time, the increase in revenues from
the provision of tourist services during the study
period is associated with an increase in both the cost
of tourist services and an increase in the number of
vouchers sold (State Statistics Service of Ukraine).

Since the development and income of tour
operators that they receive directly depend on the
number of tourists served, it is advisable to analyze
the number of tourists served by tour operators in
Ukraine during 2011-2017 (Fig. 8).

Citizens of Ukraine who went abroad used
the services of tourism entities the most. Like the
above-mentioned tourist flows in Ukraine, the

652

number of tourists served by tour operators has the
same dynamics as peak (2013), decline (2014) and
development (since 2015).

The study identified the leaders of tour operators
in the number of tourists served, based on the ratings
of various marketing companies and reviews of
tourists (Table 1 and Table 2).

It is also advisable to consider the rating of tour
operators in the most popular destinations - Turkey
and Egypt among Ukrainian tourists in 2017 (Fig. 9).
Ukraine ranked 7th among the leading countries in
the number of tourists who visited Turkey in 2017.
During this period, this destination was chosen by
1,212,644 tourists, which is 23% more than in the
same period of 2016.

Slightly different positions are occupied by tour
operators in the Egyptian direction (Fig. 10).
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Table 1. Rating of tour operators by the number of served tourists (Official site of the State Statistics Service of Ukraine, 2018)

Place Tour operator Number of tourists who used the services of a
tour operator, thousand people
1 «Join UP!» 500
2 «Anex Tour» 374
3 «TPG» 300
4 «Coral Travel» 170
5 «Pegas Touristik» 130
6 «TEZ TOUR» 120
7 «TUI Ukraine» 100
8 «Akkord tur» 77
9 «Mouzenidis Travel» 54
10 «Feieriia» 50

Table 2. Rating of tour operators according to tourist reviews (Official site of the State Statistics Service of Ukraine, 2018)

Place Tour operator Number of positive reviews
1 «Akkord tur» 5124
2 «TPG» 5059
3 «Feieriia» 5008
4 «Alf» 3494
5 «TEZ TOUR» 2550
6 «Hamaliia» 2055
7 «Mouzenidis Travel» 2030
8 «Pegas Touristik» 2010
9 «Join UP!» 1734
10 «TUI Ukraine» 1679

Conclusions. Analyzing the situation on the world
market of tourist services in Ukraine, we can con-
clude that one of the favorable conditions for tourism
development in Ukraine was the adoption of visa-free
regime with EU countries, the tourist market gradu-
ally recovered after the crisis of 2014, and Ukrainians
began to travel to Europe. But we can also single out
the factors that hindered the development of tourism
in this period, such as a decrease in incoming tourist
flows due to territorial, political changes and a sharp
rise in exchange rates. Representatives of the Asian
continent rank first in exports and imports of interna-
tional tourist services in Ukraine with a share of 32%
and 52%, respectively. In terms of exports, the second
place is occupied by representatives of Europe and
the CIS countries with a share of 21%, the third place
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- by representatives of the African continent with a
share of 18%. It can now be argued that, as a result
of the global pandemic, the market for travel services
has come to a near halt.

2017 can be called the year of tourism
development in Ukraine: the flow increased rapidly,
and the number of permits for sale, according to the
State Statistics Committee of Ukraine, increased
by 36%. Citizens of Ukraine who went abroad
used the services of tourism entities the most. It is
established that the largest number of tourism entities
is concentrated in the cities of Kyiv, Dnipropetrovsk,
Kharkiv and Odessa regions. The most popular
destinations for tourists from Ukraine are Egypt and
Turkey. Join UP!, Anex Tour, Coral Travel, TEZ Tour
and others are the tour operators that are the leaders
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in selling tours to these countries. Of course, tourism
is one of the priority parts of the economy of any
country, including Ukraine, so state support for the
tourism industry is extremely important, and research
on the tourism market is always relevant, regardless
of the economy of a country or region.
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The llyinets meteorite crater - geological structure unique in Europe and a promising destination
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Received: 07.08.2020 Abstract. The llyinets meteorite crater is located in Lypovets and Ilyinets districts of Vin-
Received inrevised form:27.10.2020 nytsia region. It is accessible for examination in quarries near Luhova and Ivanky villages in
Accepted: 16.11.2020 the Sobok River valley. This site currently has the status of a geological natural landmark of

local significance. The crater appeared as a result the impact of a meteorite on Precambrian
surface of the Ukrainian Shield 445 million years ago. The impact of the explosion caused the formation of a typical ring structure about
8.5 km diameter and 600-800 m deep. The denudation level in the crater area is estimated at about 300-400 m. Thus, the preserved
part of the crater has a diameter of about 3.2 km and is 400 m deep. Target rocks are represented mainly by granitoids of the Haisyn
(Sobite) complex. The meteorite crater consists of impactites: shock-melt rocks, impact bombs, allogenic and authigenic breccia
(suevite, tagamiteetc). Genesis of impactites is confirmed by the findings of stishovite, koesite, impact-type diamond, the presence of
metallic and silicate spherules, planar structures in quartz, feldspars and other characteristic features. Overlap rocks are represented by
sporadically distributed Devonian and widespread Quaternary sediments. Their thickness reaches 13 m, and it decreases to 3 m in the
Sobok River valley. The Ilyinets meteorite crater is the most representative in Europe because it is easily accessible for examination and
study, and available for sampling. Undoubtedly, it is a promising unique geological object that can attract attention of tourists around
the world, as well as geoscientists interested in studying unique natural sites and phenomena in Europe and on the Earth in general.

Keywords: llyinets meteorite crater, impactites, suevite, tagamite, impact bomb, tourism

InainenbKuii METEOPUTHUH KpPaTep — BUHATKOBA re0JIOriYHa cropyaa €Bponu Ta nepcnekTuB-
HUH 00’ €KT MIXKHAPOAHOTO TYPU3MY

Hepescbka K.1.13, Cykau B.B.2, Pyaenxo K.B.3, Crurs P.O.*

'Hayionanenuii ynisepcumem «Kueso-Moeunsancoka akademisy, Zimkakatya@gmail.com
2[ucmumym 2eoximii, minepanocii ma pyooymeopenns im. M.I1. Cemenenxa HAH Vipainu
SHayionansnuil naykoso-npupoonuquti mysei HAH Vipainu, rudenkokseniiav@gmail.com
Huemumym 2eocpaii HAH Yipainu

AHoTauisi. [utiHenpKuii METEOPUTHHUN KpaTep pO3TAlllOBaHWIl B HEHTpPabHIA 4acTWHI YKpaiHu, Ha Teputopii JIMmoBenbkoro ta
Inninenpkoro paiioHiB Binuuipkoi 06acti. BiH moctynHuit uist orisiny B Kap’epax moomnusy cin JIyroea ta [BaHbKH B TOTHHI piUuKu
Co06oK. 3apa3s 1151 JiJsIHKa MA€ CTaTyC reoIOriYHOI MaM’ ITKK MiCIIEBOro 3HaueHHs1. Kparep yTBOpHBCs BHACIIIOK Ma/liHHS METEOPHUTY Ha
JOKeMOpiiichkuit pyHIaMeHT YKpaiHChKOro muTa 445 MinbHOHIB POKiB TOMY. IMIakTHHI BUOYX CIIPHYMHHB YTBOPEHHS XapaKTepHOT
KiJIBLIEBOI CTPYKTYpH niametpoMm Omm3bko 8,5 kM Ta raubuuoro 600-800 m. PiBens nenymaiiii B paioHi KpaTepa OLIHIOETHCS
mpubn3Ho B 300-400 M. Takum unHOM, 30epekeHa YacTUHA KpaTepa Mae gaiameTp 0m3bko 3,2 kM i rmbduny 400 M. Tlopoau mimeni
MPe/ICTaBJIeH] MepeBaKHO TPAHITOIAaMH TaliCHHCHKOro (COOITOBOr0) KOMILIEKCY. MeTEeOpUTHUIA KpaTep CKIAJa€Thesl 3 IMIAKTHUTIB:
YAAPHO-PO3IUIABHUX TOpiJ, O0MO, alJIOTEHHUX Ta ayTireHHUX OpeKdill (3IOBiTH, TaramiTH). [ eHe3HC IMIaKTHUTIB IMiATBEPIKYETHCSI
3HAXIJKAMH CTHILIOBITY, KOSCUTY, IMITAKTHUX aIMa3iB, HASBHICTIO METAICBHUX 1 CHIIKaTHUX cepys, IaHApHUX CTPYKTYp y KBapiii,
TMOJILOBUX IIIATaX Ta IHIIUMH MiHepaoro-rnerporpadiuHuMu o3Hakamu. I1opo/iy IepeKpUTTs MPE/CTaBICHI JIOKAIBHO PO3BHHEHUMH
JICBOHCHKUMHM Ta TOBCIOHO TMOIIMPEHUMHU YE€TBEPTUHHHMH BiJKIaJaMH. 3arajJoM MOTYKHICTh MOPiA MEpeKpHuTTs csirae 13 M, a B
nonuHi pivkn CoOOK BOHA 3MEHIIYETHCS 10 3 M. MereopuTHuil kpaTtep DnmiHIl € HaWOIBII penpe3eHTaTUBHAM y €BPOII 3aBISKH
HAOTr0 TOCTYMHOCTI JUTA OTJISiy Ta BUBYCHHS, MOKIMBOCTI BiIOOPY MpoO, 3HAYHOI KITBKOCTI apXiBHHUX Ta OIMyOIiKOBaHHUX T'€OJIOr0-
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reoi3nIHUX MarepiaiiB. be3nepedHo, e yHiKaIbHUH Te0IOriYHNI 00’ €KT, SKUH MOJKe TPUBEPHYTH yBary TYPHCTIB 110 BCbOMY CBITY,
a TaKOXX TEOJIOTiB, 3aIliKaBICHUX Y BUBUEHHI YHIKAIFHHUX ITaM’ SITOK IIPUPOJIH Ta SBHI y €BpOI 30KpeMa Ta Ha 3eMJIi 3arajioM.

Knrouosi cnosa: [nnineyvkull Memeopumuuil Kpamep, IMRAKMUMU, 3108imu, ma2amimu, iMnakmui 6omou, mypusm

Introduction. The Earth’s surface preserves the
“imprints” left by large meteorites - craters. We can
assume that the famous meteorite craters are the
consequences of only part of the impact events that
occurred during the history of the planet. After all,
under certain conditions, during the collision with the
Earth, the cosmic body can form furrowed craters of
insignificant depth, which quickly disappear due to
the erosion and lithogenesis processes. Most known
craters do not contain residues of meteorite matter.
The rocks formed as a result of meteorite impact
are often similar to volcanic or metamorphic, which
makes it difficult to diagnose their origin.

According to modern data, about 20 thousand
tons of meteorite matter enters the Earth’s atmosphere
annually. More than 50 tons of space material, includ-
ing meteoritic dust, falls every day. The share made up
by large debris (from several kilograms to a ton) is ap-
proximately 100 tons per year. In historical times, only
a comparatively small amount of cosmic debris up to
1.0-1.5 tons was recorded falling to Earth. Small (sev-
eral tens of meters) craters were formed as aresult.

Collisions of the Earth with celestial bodies, the
size of which exceeds a few kilometers in diameter,
occur on average once every million years. In this
case, impact craters are formed. One of the authors
of the new global plate tectonics Robert S. Dietz in
1960 proposed the special term “astrobleme” to indi-
cate. Today this, the term is hardly used by scientists
in the world. On celestial bodies, where there is no
atmosphere (Mercury, Moon, Phobos, Deimos, etc.),
meteorite craters, regardless of the time of formation,
are stored intact. The reason for their destruction can
be only the fall of later meteorites.

There are two types of meteorite craters: impact -
less than 100 m in diameter and explosive - more than
100 m in diameter. The first one is the result of small
meteorite falls. The second type occurs when the
Earth collides with large-sized cosmic bodies. During
a collision with the Earth’s surface, the meteorite’s
movement sharply slows down. The rocks in the place
of fall (target rocks) begin to move rapidly under the
influence of a shock wave. The shock wave covers the
hemispherical region below the planet’s surface and
also moves in the opposite direction along the body of
the meteorite. The meteorite is destroyed completely
as a result of abrupt change in stretching and com-
pression. The shock wave causes a sharp rise in tem-
perature (over 3000 °C) and pressure (over 5 million
atmospheres). The rocks heat up (partially melt) and in

the center of the collision partly evaporate. The rocks
formed after cooling and solidification at the bottom
of the crater can be enriched with meteorite-specific
chemical elements - iridium, osmium, platinum, pal-
ladium, nickel and chromium.

The plasma formation, which occurs in the pro-
cess of instant evaporation of part of the matter, is
accompanied by an explosion. As a result, the target
rocks fly away in different directions and the bottom
of the crater descends. At the bottom of the newly
formed crater, there is a depression with steep edges
that collapse due to gravity. The bottom of the crater
is covered with rock debris thrown as a result of the
collision. Breccia, a layer of debris cemented with the
same material, ground to sand and dust, is formed.
The impact melt buried beneath the breccia layer be-
gins to solidify rapidly, completing the crater forma-
tion process. The processes of the meteorite craters’
formation on the Earth’s surface are described in de-
tail in the works of E.P. Gurov (Kelley and Gurov,
2002; Gurov, 2002).

The meteorite crater consists of impact rocks
called impactites: shock-melt rocks, impact bombs,
allogenic and authigenic breccias (Valter et al., 2000;
Kats et al., 1989).

One of the most famous, well-researched and
best-preserved meteorite craters on the Earth’s surface
is Arizona Crater (also called the Berringer Crater). It
is located in the desert of Arizona (USA), near Win-
slow. The crater formed about 50 thousand years ago
as a result of a collision with the Earth of iron-nickel
meteorite with a diameter of 50-70 m (Artemieva and
Pierazzo, 2009; Roddy and Shoemaker, 1995). The
energy released during the collision ranged from 1 to
60 megatons (Kring, 2017). The meteoritic origin of
the crater is evidenced by the inclusion in the rocks
of the bottom of iron-nickel alloys: kamacite and tae-
nite, which are typical of iron meteorites. Coesite and
stishovite, which are formed under extremely high
pressures and temperatures that occur only during
high explosions, have also been identified (Shoemak-
er, 1987).

The llyinets crater is one of the most famous in
Ukraine, a generally recognized structure and is on
the list of confirmed impact structures found on the
Earth’s surface. The Ilyinets structure has been stud-
ied by scientists since the mid-19th century. In the
1970s, geological, mineral-petrographic and geo-
chemical evidence of its meteoritic origin was found.
In 2017, the llyinets Impact structure was granted
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conservation status as a natural geosite of local im-
portance — «the llyinets Crater» (the nature reserve of
the llyinets district of Vinnytsia region). The first geo-
logical excursion to this structure took place in 1984
within the framework of the International Geological
Congress.The purpose of the article is to attract the
attention of geoscientists and tourists from around the
world to the Ilyinets meteorite crater as a unique natu-
ral landmark and phenomena in Europe and on the
Earth as a whole.

Structure of meteorite craters. Earth’s meteorite
cratersare similar to those of the Moon, Mars, Mercury
and other planets. They have a rounded shape, but their
diameter is much smaller (for example, the Walgall
structure on the surface of Callisto reaches 3000 km in
diameter; Gurov and Gurova, 1987). Meteorite craters
are diagnosed by the characteristic shaft, which acts
as a rise around the depth, the presence of a central
lift - a slide, a distinct radial-annular arrangement of
cracks, the presence of fragmented rocks and other
features.

An annular bar is a structure that surrounds the
crater. The bar profile is usually asymmetrical: its in-
ner slope is steeper than the outside. The volume of a
circular bar rock for meteorite craters is usually 20-
40% of the displaced rock volume.

The bottoms of the craters in the section have dif-
ferent shapes (flat-bottomed, cup-shaped, etc.). Their
morphology is complicated by the increase in diam-
eter. For example, the bottoms of large craters are
complicated by central mound. The central mound, or
central peak, is an obligatory structure that is formed
in craters with a diameter of 5 to 50 km. It arises ac-
cording to the laws of mechanics due to the elasticre-
coil of the target rocks’ surface. The central mound
isn’t formed in craters with a diameter of more than 50
km, but such craters have central annularelevations.

Unlike the lunar craters that form and develop
in a non-atmospheric environment, terrestrial impact
structures immediately after their formation are de-
stroyed by exogenous processes. Meteorite craters in
Ukraine are practically not reflected in modern relief
as they have formed tens and hundreds of millions of
years ago. The llyinets meteorite crater has been af-
fected by denudation processes for 445 million years.
Therefore, as a result of erosion-denudation process-
es, the present size of this structure is much smaller
than its original parameters. It is assumed that the size
of the surface denudational section of the Ukrainian
Shield in the lIlyinets structure area is approximately
300-400 m (Gurov et al., 1998).

According to the geomorphological views, the
modern relief of the layer accumulative plain of the
Ilyinets district began to form in the Paleogene-Neo-
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gene period. Ultimately, the modern relief was formed
in the late Pleistocene, when the modern valley and
complex of alluvial terraces of the Sobok River were
formed.

Object of research is llyinets Meteorite Crater. 8
meteorite craters are known in Ukraine (Fig. 1) (http://
www.passc.net; Valter, 2000; Kelley and Gurov, 2002;
Gurov and Gozhik, 2006; Gurov and Nikolaenko
2017; Gurov and Nikolaenko 2017; Kats et al., 1989).
The Ilyinets meteorite crater is explosive and a result
of the fall of a cosmic body into the Ukrainian Shield
territory 445 million years ago. As a result of the col-
lision, a circular structure with a diameter of about
8.5 km and a depth of 600-800 m was formed. The
primary relief of the meteorite crater was changed by
denudation exogenous processes. At the current level
of the denudation section, the outer diameter of the
area of impactites’ distribution is about 3.2 km. Un-
like other impact structures in Ukraine, Ilyinets is not
covered by a sedimentary cover and is characterized
by the presence of shifted impact structures which
were created as a result of the impact and explosion
of the meteorite during its contact with target rocks,
mainly Paleoproterozoic granitoids.

History of geological research. Until the middle of
the last century, geological studies of the watershed
of the Sob and Southern Bug rivers were fragmentary.
The first information about the geology of the area
appeared in the 1930s in works of Eichwald E.I. and
Jakovitsky ILA. In 1851 Feofilaktov K.M. carried
out geological surveys in the Sob river valley and
identified volcanic rocks of the llyinets structure,
which, in his opinion, were exposed to high
temperature and pressure. According to petrographic
studies (Tarasenko V.E, 1898), these rocks were
interpreted as tuffs. From 1892 to 1915 the basins of
the Ros and the Southern Bug River were explored
by Sokolov M.O., Tarasenko V.E., Laskarev V.D.,
Luchitsky V.I., Tutkovsky P.A. They focused on
stratigraphy, geomorphology and tectonic processes.

Systematic studies of this territory began in the
second half of the twentieth century. During the large-
scale geological mapping in 1956 Zholdak A.l., Vino-
gradov G.G and Ryabenko V.A. suggested the early
Paleozoic age of the llyinets structure rocks. For the
first time, they outlined the area of the development
of this rock. It was also determined that it was lo-
cated at the junction of Dzhuryn—-Nemyriv—-Ipyshets,
Verkhniy Bug and Bratslav—Ladizhen regional faults.
(Radzivill et al., 1986; Vinogradov et al, 1973).

In the early 70s, Masaitis V.L. (Masaitis, 1973;
Masaitis, 1974) and Valter A.A. (Valter and Riabenko,
1976; Valter and Ryabenko, 1977) reported about the
presence in the rocks of the Illinet structure of signs
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Fig. 1. Meteorite craters within the Ukrainian Shield (based on materials from Kryvodubskyi et al., 2004; Gurov et al., 2017).

of shock metamorphism. This new data led to a revi-
sion of ideas about the genesis of the structure and
its attribution to the impact. A new concept of struc-
ture formation was supported by York Yu., G.K. Ere-
menko G.K., Polkanov Yu.O. and Nikolskyi A.P. In
the 1980s, the ideas of the impact genesis of similar
structures within the Ukrainian Shield were covered
in the monographs and publications of Valter A.A.,
Ryabenko V.A.(1980, 1981, Valter et al A.A., 1982),
Masaitis V.L.(1979, Masaitis et al. 1980), Gurov E.P.
(1980, 1983) etc.

Alogical consequence of the purposeful research
of Ukrainian scientists and geologists was the discov-
ery of impact type diamonds in the rocks of the Ily-
inets structure. According to the results of geophysi-
cal researches, the llyinets gravimagnetic anomaly
was revealed, the configuration of which was further
detailed (Entin, 2012).

In the 1990s, the geological study of the llyinets
structure continued at the Institute of Geological Sci-
ences of the NAS of Ukraine under the direction of
Gurov E.P. (Gurov et al., 1998). Valter A.A. pub-
lished works devoted to the study of impact diamonds
of Ukrainian impact structures (Valter, 1997, 1998,
2005).

Additional well drilling in 2010 (mapping works
in the frame of GDP-200, M-35-XXX (Gaisyn)) gave
new geological and geophysical data, as well as core
materials the further petrographic and mineralogi-
cal study. In 2012, the PDRGP Pivnichgeologia to-
gether with the Institute of Geophysics of the NAS of
Ukraine investigated the geophysical features of the
structure and genesis of the Ilyinets structure (Entin et

al, 2013). In 2015, State Enterprise “Ukrainian Geo-
logical Company” issued a set of maps on a scale of
1:200 000 territories of sheet M-35-XXX (Gaisyn).
During these works, the geological and geophysical
material were summarized, the contours and geo-
logical structure of the Ilyinets impact structure were
specified (Prykhodko et al. 2013).

In total, within the Ilyinets structure, there are 6

outcrops of impact rocks (including 3 quarries), 58
wells, 7 of which are over 200 m deep.
Geological structure of the area. The territory of
study is located on the border of Lypovets (lvanky
village) and llyinets (Lugova village) districts of
Vinnytsia region. Following the current physical
and geographical zoning, it belongs to the Podilly-
Prydniprovia region of the forest-steppe zone of
Ukraine. From the geomorphological point of view,
the area of the Ilyinets structure is located within the
layer accumulated sloping hilly-undulating alluvial-
delta plain formed on Paleogene-Neogene sediments.
The territory is divided by river valleys. Altitude
elevations (relative to sea level) vary from 280-290 m
in watersheds to 210-220 m in river valleys.

The llyinets meteorite crater is located 10 km
west of Ilyinets in the Vinnytsia region in the Sobok
valley. Visible fragments of the crater represented by
typical impact rocks of various structural and textural
types. These rocks are disclosed in the outcrops and
quarries on the right bank of the Sobok River, on a 2
km long section between the villages of Ivanyki and
Lugova.

Geological characteristics of target rocks. The Ily-
inets meteorite crater is located on the boundary of
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Fig. 2. Geological map of the Ilyinets meteorite crater (according to the materials of the State Enterprise “Ukrainian Geological
Company”). Light pink indicates the granitoids of the Gaisyn (Sobite) complex; purple - enderbites of the Lityn complex, red -
granitoids of Berdychiv complex and pink - granitoids of Uman complexes. The metamorphic rocks: light green colour - the Tyvriv

sequence, green - undivided Dniester-Bug series.

two adjacent megablocks of the Ukrainian Shield- the
Dnister-Bug and the Ros-Tikych (Koreliatsiina...,
2004). In its geological structure the main role is
played by: Mesoarchaean enderbites of the Lityn
complex and Paleoproterozoic granitoids of the Gai-
syn, Uman and Berdychiv complexes (Fig. 2). The
enderbites contain the remains of the crystalline schist
and calciphyre of the Tyvriv sequence of the Dniester-
Bug series, whereas among the granitoids - numerous,
different-sized xenoliths (and remains) of undivided
metamorphic formations of the Dniester-Bug and
Rosyn-Tikich series are noted. The target rocks are
the most common in the area of the Gaisyn (Sobit)
complex granitoids.

This view was supported by Bezborodko M.I.,
Polovinkina Yu.l., Tkachuk L.G., Usenko 1.S., Good-
will M.M. At the same time, Slenzak O.I. said for the
first time that the sobite has an intermediate position
between the charnokite and the migmatites of the Kiro-
vograd complex. Lisak A.M. and Pashchenko G.M.
believe that the sobite forms not one, but two sepa-
rate formations, namely sobite (diorite, granodiorite,
plagiogranite) and Uman (biotite porphyry granite).
Shcherbakov 1.B. proposed to define the Gaisyn com-
plex, which consists of the association of genetically
united rocks from charnokite to normal two-feldspar
granites: diorites - quartz diorites - granodiorites (to-
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nalites) - amphibole-biotite granites - biotite granites
- pink aplite-pegmatoid granites (Shcherbakov, 1975;
Shcherbakov, 2005). Usually, all kinds of rocks are
usually present within one outcrop. So it is very dif-
ficult to determine any patterns in their spatial distri-
bution. These granitoids are spread over an area of
over 4000 km? and extend along the valleys of the
rivers Sob, Southern Bug, in the upper reaches of Ros
and Roska. Structurally, they are located in the area
of the junction of the Rosyn-Tikych and Dnister-Bug
megablocks.

The rocks of the complex are massive, from me-
dium to coarse-grained, even-grained and porphyric.
In the outcrops the rocks looks like typical magmatic
formations. This impression is intensified by the pres-
ence of diverse, often rounded, xenoliths. They are
represented by the rocks of the Dniester-Bug series:
pyroxene-containing amphibolites, two-pyroxene-
plagioclase crystalline schist, calciphyre, ferruginous
quartzites, and rarely garnet-biotite plagiogneisses. In
granites porphyroblasts are represented by potassium
feldspar, and in the more basic rocks - plagioclase
with a characteristic steel-grey, almost black colour.
Aplite-pegmoid granites contain typically granulite
blue-grey quartz.

To determine the time of the Gaisyn complex
formation, the monazite from the granite quarry
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Fig. 3. Rocks from a quarry in Nyzhcha Kropyvna village:
shale in granites (Stepanyuk et al., 2017)

in the Nyzhcha Kropyvna village on the left bank of
the Southern Bug River was dated by the uranium-lead
isotope method (Stepaniuk et al., 2017). The quarry is
located 25 km southwest of Ilyinets Crater. The dated
amphibole-biotite inequigranular grained (to porphy-
ropic) granites (Fig. 3) have gradual transitions with
different grades of K-feldspathization diorite-like
rocks and granodiorites. The studied rocks contain
numerous crystalline xenoliths, rarely amphibolites.
The sizes of the crystalline schist bodies range froma
few centimeters to several meters, and their shape is
usually angular. The whole rock association looks like
eruptive breccia, the cement of which is pink porphy-
ry-like granite similar to the Uman one.

The Gaisyn complex granites were formed about
2.05 hillion years ago (Stepaniuk et al., 2017). Due
to the fact that the monazite crystals are spatially
confined mainly to the microcline, the obtained age
value characterizes the granite formation process
sufficiently. The obtained isotope date is in good
agreement with the time of formation of two-feldspar
granites of the Uman complex of the Rosyn-Tikiych
megablock.

Geology of the llyinets meteorite crater. The
Ilyinets meteorite crater is the oldest and most eroded
crater among the known impact structures of the
Ukrainian Shield (Fig. 1). In its section, four major
rock complexes are distinguished (Prykhodko et al.,
2013): basement, coptogenic, filling and overlaps
(Fig. 4). In the lower and lateral parts of the crater are
rocks of the basement complex. They are represented
by an autogenous breccia - brecciated rocks that have

1) porphyry-shaped granite; 2) xenoliths of crystalline

: : S X

undergone shock metamorphism. With depth, they
gradually turn into cataclased rocks and gradually into
undisturbed rocks. The basement complex is overlain
by a coptogenic one. The coptogenic complex, which
was created by the explosion, consists of allogeneic
breccia and impactites (from the bottom up).
Allogeneic breccia is a displaced rock that is bedded
on an authigenic breccia. It consists mainly of altered
metamorphism of the target rocks fragments.

The target rocks were the above-described
granitoids of Gaisyn type. It is likely that the
crystalline rocks had a clayey weathered crust since
allogeneic breccia contains solid inclusions of baked
clay.

Impactites complete the coptogenic complex
and, depending on the glass content, are divided
into suevite (glass up to 75%) and shock-melt rocks
(glass up to 100%). Allogenic breccia, which almost
doesn’t contain glass, accounts for more than 60% of
the volume of coptogenic rocks. The suevite lies on
it with allogenic lenses and fragments of autogenous
breccias. There are single shock melt lenses among
the suevite, with a thickness from a few centimeters
to 46 meters. These rocks are sometimes related to
tagamites by analogy with the rocks found near Ta-
gami Mountain in the Popigai River Basin.

The coptogenic complex rocks are overlain by
the lenses of the Devonian mudstone and eluvium,
formed of a cemented mass of suevite, fragments of
mudstone and brecciated rocks of the foundation. One
of the lenses of mudstone reaches 3.7 km in length
and is oriented in the latitudinal direction (Fig. 4).
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Fig. 4. Schematic geological map (without Cenozoic sediments) and the section of the Ilyinets impact structure (Masaitis et al.,

1980).

Symbols: 1 - boundaries of the area of distribution of Devonian clays, mudstones, and siltstones; 2, 3 - distribution of shock-melt
rocks (2 - under suevites and Cenozoic sediments. 3 - under Cenozoic sediments); 4 - crystal-vitroclastic suevites; 5 - vitro-crystal-
loclastic suevites; 6 - allogeneic breccia; 7 - aplite-pegmatoide granites; 8 - biotite granites; 9 - diorites, quartz diorites, granodioites
(tonalites), plagiogranites; 10 - gneisses and crystalline schist; 11 - faulting of uncertain morphology; 12 - predicted drifts (a - on
the map, b - on the section); 13 - shock fracture (a - on the map, b - on the section).

The Neogene (Miocene) rocks lie on the filling
complex. They are represented by secondary kaolins,
clays, sands, on which the Quaternary deposits
formed. The rocks’ average volume of the overlapping
complex at the watershed (in the central part of the
structure) is 13 m, in the valley of the Sobok River, it
decreases to 3 m.

Mineral-petrographic features of impactites.
Rocks and minerals undergo impact metamorphism
and shock melting in the process of impact cratering.
The impact nature of rocks and structures formed by
them is considered to be confirmed by the presence
of signs of shock-metamorphic origin (Gurov, 2002).
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The most important features of shock metamorphism
are the short duration of its influence and the creation
of ultrahigh pressures and temperatures that are not
reached in endogenous processes.

AA. Valter (Valter et al., 1982) found that the
rock and mineral composition of an authigenic (un-
moved) breccia fully corresponds to the foundation
rocks’ composition, which lies below, and in the
central part of the structure, small brittle material ac-
counts for approximately 50% of the composition of
the authigenic breccia.

An allogenic breccia is a relocated impactite. It
consists of target rock fragments, cemented with a
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fine-grained mass of minerals grains with signs of
impact metamorphism of varying degrees. The allo-
genic breccia in the llyinets Crater lies, with a gradual
transition, on authigenic breccia and fills an annular
trough with a diameter of approximately 3.2 km. Un-
like authigenic, allogeneic breccia is a heterogeneous
accumulation of clumps and fragments of various
compositions, which indicates the removed nature of
these formations.

In the cross-section of the Ilyinets structure from
the bottom up, the size of the fragments in allogenic
breccias gradually decreases, separate particles and
pancake-like fragments of glass appear with the in-
clusion of fragments of rocks and minerals with clear
signs of shock metamorphism. The rocks change into
suevites (Fig. 5), which in unaltered form have agrey

glass alkalinisation. The yellow-white molten glass
fragments of the various forms (up to 8 cm) can be
observed against the background of pale-yellow fine-
grained mass. The suevites contain a significant
amount of brecciated granite rubble, rarely gneiss siz-
es from 1-3 mm to 10-20 cm. The fragments of miner-
als are represented by feldspars, quartz, amphiboles,
and pyroxenes, sometimes garnet. These fine-grained
minerals also form the cementitious mass of the rock.
In addition to a glass of irregular shape, the suevites
contain the inclusion of «aerodynamic» shape, the so-
called «bombs» (Gurov, 2009). Their sizes vary from
1-2 to 10-13 cm in diameter; form - droplet-shaped,
spherical, sometimes spindly. There are peculiar
longitudinal furrows and ribs on the sur- face. Usually
«bombs» have a zonal structure: the in-

(Prykhodko et al., 2013).

colour with a greenish or bluish tone. The colour of
the suevites changes from pale yellow to brown as
a result of weathering. These rocks are strong, brec-
cia texture, sporadically porous and cavernous due to

ner core is composed of relicts of clay or crystalline
rocks; the outer shell has a crystalline structure with
inclusions of fine-grained fragments; contacts with
the core are clear, irregular, wavy or toothed (Fig. 6).

Fig. 6. The elongated “bomb” from the thickness of the Ilyinets crater. Longitudinal cutting, 6x13 cm bomb. Sample

from the Gurova E.P. collection.
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Shock-melt rocks are solid glassy and massive,
mostly black. The colour changes to brown as a result
of weathering. Due to high glass content (up t090%),
they have an aphanitic texture. Previously, they were
described as andesidacites and felsite porphyry. These
rocks are developed in three locations of the llyinets
structure.The central one is on the slopes of the cen-
tral elevation, close to the contact with the brecciated
target granites. The eastern locations are among the
suevites of the eastern depression filled with mud-
stone. The third is the southern one. The cross-sec-
tions of the central locations show that the shock-melt
rocks lenses have a steep fall. In the southern one,
they form a subhorizontally-oriented oval-shaped for-
mation body, up to 1.5x1.1x0.035 km. The contacts of
shock-melt rocks with surrounding rocks are gradual
and dim. The shock metamorphism leads to changes
in the mineral composition of rocks and their textural
and structural features. This process also causes the
appearance of planar (thin parallel) fissures similar to
cleavage in the minerals (Gurov, 2002). The planar
fissures have been found in quartz, feldspars, biotites,
amphiboles of allogenic breccias (Valter et al., 1982;
Gurov et al, 1998). Destruction cones, diaplectic and
molten glass, spotty anisotropization of minerals,
bands of biotite, geochemical anomaly of iridium, etc.
are also observed (Valter , 2008).

In the granitoid and gneiss fragments of the au-
thigenic breccia upper horizon, the porphyroclastic
structures appear, which are caused by the spread of
intensively deformed large grains of quartz and feld-
spar in fringes composed of small mica aggregate or
newly formed quartz. .

Valter A.A. (Valter et al., 1982) estimated theim-
pulse pressure of feldspar-sanidine transformations
at 40-50 GPa (400-500 kbar) and the temperature at
1500 ° C. The predominant orientation of the angles
between the planar element poles and the optical
quartz axis (omega factor) indicates a shock at a peak
pressure of 16-20 GPa (Masaitis et al.,, 1980).

The comparison of the average composition of
impact and basement rocks shows that the content
of impact and molten rocks is characterized by a de-
crease in the content of silica, ferrous iron, magne-
sium, calcium and sodium, and increase of oxide iron
and potassium (Prykhodko et al., 2013). The most sig-
nificant is the difference in the content of alkalis and
iron. The degree of iron oxidation increases from the
basement to shock-melt rocks, in other words from
the bottom up. In the shock-melt rocks, the content
of disthene, corundum, and graphite, characteristic of
high-dimensional and restorative conditions of min-
eral formation, increases in comparison with granites
and suevites.
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The ore hydrothermal minerals (chalcopyrite,
pyrite, galena, sphalerite, molybdenite), as well as
non-metallic ones (barite and fluorite), aredistributed
regularly in all varieties of both coptogenic and
sedimentary complexes. The next hydrothermal
processes are likely to occur after the completion
of formation of both complexes and are associated
with the Cimmerian tectonic-magmatic activation
of the southwestern margin of the Eastern European
Platform.

Metal and silicate spherules were found in the
rocks of the Ilyinets structure. These particles, even
in shape and size, have a different composition,
type of inclusions and impurity elements. Among
the spherules were found: those which are strongly
magnetic, hollowinside. They can consist of magnetite,
magnetite-iocyte, iocyte and magnesioferrite-iocyte;
magnetic with a spherical core of native iron and a
shell composed of iocyte or glass saturated with
skeletal crystals of manganese ulvospinel; silicate
glass containing inclusions of skeletal crystals
of magnetite, alumochromite, spinel, iocyte. The
cogenite micron-size inclusions are present in native
iron.

The isotopic age of the llyinets structure molten

rocks, which underlies allogeneic breccias, is 445
million years (corresponding to the Ordovician)
according to the 40Ar /39Ar method (Pesonen et
al., 2004) and the results of paleomagnetic studies
performed by scientists at the University of Helsinki.
This age is considered to be the most reliable. Earlier
definitions (1972) of the K-Ar method in the IGFM
(now IGMR NAS of Ukraine) indicate the age of the
Ilyinets meteorite crater rocks to be about 400 million
years (Radzivill et al., 1986).
Geological and touristic route to the llyinets
meteorite crater. Here we present the developed
route of the geological excursion within Vinnytsia
region, the top object of which is the geological
natural monument “Ilyinets Crater”.

The geological excursion is designed for one day
and consists of 4 observation points. The last stop can
be used as an extra.

1 — Kalnyk village. Flooded granite quarry

The quarry is located on the left bank of the Riv-
er Sob on the eastern outskirts of Kalnyk village and
about 20 km to the east of Ilyinets Crater (Fig. 7).
The Paleoproterozoic granitoids of the Gaisyn com-
plex, typical representatives of the target species, are
revealed there.

In the 1960s granite was mined in the quarry.
Now the quarry is no longer worked and is flooded
(Fig. 8 A). Two ledges of shallow excavation in its
southeastern part remain available for study (Fig. 8B),
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Fig. 7. Kalnyk granite quarry in Google satellite image.

where probably after the completion of the industrial
production granites were mined in a small amount for
local needs.

A
Fig. 8. General view of a granite quarry near Kalnyk village. A - view from item 1-2 on the flooded main part, B - excavation.

In the excavation walls, a typical granite-like
association outcrops: biotite-amphibole diorites
and granodiorites, amphibole-biotite tonalites and
plagiogranites, biotite two-feldspar and aplite-
pegmatite and aplite-pegmatite granites.

At the entrance to the excavation in a small
ledge (point 1-1, N49°02°15°80 «E29°24°39°50»),
grey biotite-amphibole, biotite diorites, tonalites,
plagiogranites are massive, medium-grained,
replaced by two-feldspar granites. These granites are
pinkish-grey and often with spotted structure due to
the microcline inclusions. The change occurs in two
ways. The first (the most common) is a relatively
uniform shadow replacement. The second one is
the unequal enrichment of microcline and quartz
with the formation of migmatitic rocks, in which the
melanosome is represented by poorly modified plagio-
and leukosoma - two-feldspar granitoids. Mineral
composition of granitoids: plagioclase-oligoclase,
quartz, biotite, amphibole, microcline of replacement.

The arrows indicate the observation points and their number.

Accessory minerals are apatite, zircon; secondary.
Secondary minerals are actinolite, chlorite, carbonate,
graphite.

There are several stages of retrograde
metamorphism granite transformation under P-T
conditions from amphibolite to green-shale facies.
In the early stages, there was the rock crushing,
which was accompanied by recrystallization of
the mineral grains’ contact zones during interclass
sliding under conditions of compression and filling
of biotite with apatite mineralization of cracks under
stretching conditions. Quartz was deformed, plastic
in compression areas and granularized in shear areas,
decomposing into sub-basins most often with a
serrated (suture) contact surface. The wavy extinction
attests to the dynamic nature of the restoration of
quartz subgranular.

In the next stages of tectonic transformation, the
rock-forming minerals - plagioclase, quartz, biotite,
amphibole, are deformed intensively (Fig. 9). A net-
work of cracks, kink bands, grain breaks, and recrys-
tallization of grain contacts are formed. Carbon diox-
ide solutions actively penetrated the cracks, which led
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to the crystallization of calcite and graphite, as well
as the replacement of green amphibole by chlorite and
actinolite.

Some grains of clinopyroxene are noted in some
places. More intense sign of graphitization and car-
bonation also occurs sometimes. The graphitization
reveals in cracks in virtually all grains of rock-forming
minerals and is accompanied by carbonation. Graph-
ite, calcite, and chlorite form crusts around the acces-
sory minerals, or pseudomorphically replace them.

Two-feldspar biotite granites (Fig. 9) with
coarse-grained and porphyric-like structure contain
tectonized inclusions of quartz-feldspar composition,

deformation bands and subsequent decay of the grains
into sub-grains under dynamic restoration. Further
transformation of granites occurs with the appearance
of crack formation, quartz recrystallization, deforma-
tion and rupture of biotite plates, local redistribution
of microcline, carbonate cracking and a smallamount
of graphite.

On the opposite side of the excavation wall (point
1-2, N49 © 02°18,10 «E29 ° 24°44,00») massive, por-
phyritic, sometimes unclear striped, grey-pink and
pink biotite, amphibole-biotite medium-grained gran-
ite and granodiorites outcrop (Fig. 10 A). Porphyropic
inclusions of individual grains microcline or its ag-

Fig. 9. The character of micro-deformations in biotite plagiogranites (point 1-1).

fringed by linear-elongated biotite aggregates, there-
by making their structures look lepidogranoblastic.
Feldspars are cataclastic, internally cracked, charac-
terized by deformation of the polysynthetic twin of
plagioclase and the formation of a spotty microcline
lattice and its deformation. Biotite occurs on cracks
and deformation bands in the feldspars. On the con-
tact of microcline with plagioclase myrmekite occurs.
Quartz is deformed plastically with the formation of

gregates reach 4-5 cm. Among the granites, there are
single inclusions of dark grey diorite and crystalline
schist, which look like melted ovals up to 25x15 cm
in size (Fig. 10 B). These rocks form the main back-
ground of this part of the quarry.

Here and further in the photo the size of the long
side of the shot is 1.43 mm; never crisscrossed.

Amphibole-biotite granites and granodiorites
consist of plagioclase, microcline, quartz, biotite,

Fig. 10. Granites and granodiorite (biotite and amphibole-biotite, point 1-2).

666



Kateryna |. Derevska, Vitalii V. Sukach, Kseniia V. Rudenko, Roman O. Spytsia

Journ. Geol. Geograph. Geoecology, 29(4), 656-672.

secondary chlorite, graphite, calcite, accessory apa-
tite, and zircon. Hypidiomorphic-granular texture
with maximal plagioclase idiomorphism relative to
potassium feldspar and quartz is featured. There are
elements of rock-forming minerals deformation, in-
tergranular recrystallization in the form of micromyr-
mekite aggregates at the boundaries of plagioclase
and K-feldspar grains. The rock-forming mineral
grains are deformed, characterized by wavy attenua-
tion and the presence of bands of deformation, bend-
ing of twin growths of feldspars and biotite plates,
granulation of quartz grains. There is a system of par-
allel healed cracks traced by microinclusions similar
to planar fractures (Fig. 11).

In the east wall of the excavation (point 1-3,
N49 © 02°16,10 «E29 © 24°43,10»), pink-brown two-
feldspar granitoids are revealed. In this rock there

geologists of the Pravoberezhna GRE, relics (up to
2-3 m) of carbonate-silicate rocks (from calciferous
to scapolite-diopside rock) were also observed in the
of the flooded part of the quarry.

Biotite granites have a porphyritic texture, the
bulk being medium-grained, hypidiomorphic-granu-
lar with plagioclase idiomorphism to quartz and the
development of a myrmekite at the microcline and
plagioclase grains contacts of microcline and pla-
gioclase (Fig. 13). The quartz, as well as feldspars,
is characterized by wavy attenuation and decays into
sub-grains with a specific contact surface. The min-
eral composition of the rock (%): plagioclase —35,
microcline — 35, quartz —28, biotite, chlorite, graphite
— 2, calcite, apatite, zircon.

The biotite crystalline schist and plagiogneiss
are modified to varying degrees. The rock’s texture is

Fig. 11. Signs of planar fracture in feldspars and quartz (point 1-2).

are different morphologies of grey relic bodies up
to 1.5 meters in size, which are composed of altered
and tectonized amphibole-biotite crystalline gneisses
(Fig. 12). The crystalline schist is grey, dark grey with
a greenish tinge, fine-grained. On the edge of the rel-
ic, a biotite rim is often observed. According to the

Fig. 12. Pink-brown two-feldspar granitoids with relict of
amphibole-biotite gneisses and crystalline schist (point 1-3).

lepidoblastic, with porphyroblastic elements. Mineral
composition (%) is: porphyroclast mesoperthitic - 24;
main mass: plagioclase - 34, quartz - 15, biotite - 25,
chlorite, calcite, graphite - 1, apatite, zircon.

As was shown, the rocks at the micro level show
intense multistage tectonic transformations, some of
" > A ) DTN |

Wy S e
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Fig. 13. Biotite granites in thin-section (point 1-3).
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which may be related to the impact events that led
to the formation of the Ilyinets Crater. Particularly
important in this regard are the above-mentioned
elements of planar structures, which in the Kalnyk
quarry require further study.

2 — Luhova village, Geological monument of
nature «llyinets Crater»

We can get acquainted with the peculiarities of
the geological structure of the southern part of the Ily-
inets meteorite crater in quarries and natural outcrops,
study a variety of the impactites’ structural and tex-
tural types.

Near Luhova village on the left bank of the
Sobok River in quarries shock-metamorphosed rocks
are exposed (Fig. 14, 15). Geographic coordinates of
main quarry N49 °© 06°00,04 «E29 °06°24,66».

It should be noted the impactites were mined as
rubble stone for local needs up to the 1960s. Now the
outcrops of the Ilyinets structure rocks are a geologi-
cal monument of nature and protected by law.

It is believed that a massive meteorite under the
pressure of 5000 - 8000 atmospheres and at tempera-
tures above 3000°C crashed into the Earth’s crust toa
depth of 800 m and exploded. In this case, the target
rocks partially melted, split apart, sintered and formed
a new complex of rocks - impactites.

The different types of impact rocks are formed
at various stages of the impact process and in diverse
parts of the impact structure. The peculiarities of the
composition and structure of such rocks depend on
their original location and distance from the center
of impact, the composition and structure of the tar-

e

N
ey -.wa

T 34

Fig. 15. Spherical impactites’ body in the quarry near Luhova village
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get, the type of material movement in the cratering
process, and the final position of rocks in the impact
structure (Gurov, 2002).

Allogenic breccias and tufts (Fig. 16A), includ-
ing “bombs”, appear on the surface of the workings
and quarries. The rocks underwent hypergenic trans-
formations, which are confirmed by the presence of
manganese, ferruginous and clay minerals, zones of
silicification and mylonitization (Fig. 16B).

The meteorite crater circular bar was destroyed
by further exogenous and endogenous processes and
is not expressed in modern relief.

3—Luhovavillage, place of millstone production

A site with traces of Chernyakhiv culture and signs
of stone millstone production (Fig. 17) was found in
the Ilyinets meteorite crater (Khavliuk, 1980;
Klimovskii and Gurov, 2011). The researchers found
marks of picks in ancient workings, numerous finds
of millstones and defect millstones. Also, an almost
six-meter layer of production waste from this activ-
ity was left. So there is no doubt about the functional
purpose of the open object. The large-scale mining

here was begun in the 111 BC by tribes of Chernyakhiv
culture. Probably, with a slight interruption, it lasted
until the pre-Rus time. The locals mined impactites
and granitoids for making millstones - paired stone
circles used in mills for grinding grain into flour (Fig.
18). The opening of the Ilyinets quarry was important
for studying the history of production and economy of
the ancient settlements of the region.

4 — lvanky village, Geological monument of
nature «llyinets Crater»

Here we can find out about the geological struc-
ture features of the boundary part of the crater (N49°
06°04,72” E29° 04°41,78”) in the quarry near the vil-
lage Ivanky on the banks of the River Sobok (Fig. 19).
Also, we can study impactites, their mineralogical,
structural and textural features and hypergene chang-
€s.

The quarry revealed shock-metamorphosed
rocks, which belong to the lower complex of the
Ilyinets structure impactites. They are represent-
ed by allogenic breccia and suevites (Fig. 20).

Over millions of years, the crater was destroyed

Fig. 17. Stone mining site of the 3rd century AD (the Chernyakhiv culture).
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Fig. 19. General view of the quarry near Ivanky village

by tectonic and denudation processes. These processes
continue at the present stage. Therefore, fragments
of a meteorite crater can only be distinguished in
quarries and, occasionally, in outcrops. Everywhere,
the suevites have undergone significant secondary
alterations and have acquired various shades of
yellow, brownish, and brown.

Conclusions. It should be noted that in contrast to
other impact structures of Ukraine, which are covered

with a thick layer of rocks, the llyinets meteorite
structure is opened by quarries of the Chernyakhiv
culture stone mining. Such works revealed the
crater’s southern edge, so we can observe the internal
compounds of cosmogenic origin structure. This
allows us to see not only the geological history of this
point on the Ukrainian Shield but also to touch the
history of the region.
The geological route was developed to present

Fig. 20. Impactite outcrops in the quarry walls near Ivanky village. The rocks are varying in degrees of hypergene alteration
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geological objects in chronological order. The
geological excursion will allow visitors to learn about
meteorite craters in general; to feel the threats posed
to our planet by cosmic bodies; to touch the secrets
of the Ilyinets Crater, which will allow us to learn
the geological history of our planet and the universe.
At the end of the route we will look at the millennial
prints of the Chernyakhiv culture, traces of which
were found on the edge of the Ilyinets structure.
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Shallowing of the Svityaz Lake in the context of regional climate change
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Recei?ed: ;7.04:2020 Abstract. The paper analyzes the dynamics of the main climatic indicators in order to reveal
Received inrevised form:18.05.2020 the role of regional and local factors in the current changes in the water content of the
Accepted: 18.06.2020 Svitiaz Lake (NW Ukraine). The current state of study of the water balance of the lake

and the factors that form it are estimated. The main trends for changes in the levels and
regime of surface water, groundwater and artesian water in the territory of the Shatsk National Nature Park are identified. Quantitative
data characterizing long-term and modern changes in water levels in the lake are presented. Shallowing of 2019 is characterized (the
lowest water level over the last 50 years, reduction of the water mirror area by 8%). Based on statistical mathematical and cartographic
analysis of climatic data provided by 17 meteorological stations in the region the dynamics of average annual, monthly and seasonal
precipitation, evaporation and their spatial distribution were estimated. A significant increase in evaporation during the warm period of
the year over the last decades (2000-2018) has been revealed. Changes in the amount and mode of precipitation over 2 long-term periods
are estimated. The peculiarities of the dynamics of the main meteorological indicators in 2019 (average monthly and average annual
air temperatures, relative humidity, precipitation amounts) were separately analyzed. Values of humidity coefficients and hydrothermal
coefficients were calculated. The parts of the region with the lowest values of these indicators, including the catchment area of Lake
Svityaz, are outlined and visualized on the map. The significant role of evaporation growth was confirmed given the consistent increase
in air temperatures over the last 20 years. Given the Svityaz station data it is also calculated the correlation coefficients of water levels
in the lake with the same indicators for the period since 1970. During the period of 2000-2018, a significant increase in the dependence
of water levels on the hydrothermal coefficient of Selyaninov was established, which may indicate a decrease in the ecological stability
of the lake and its increasing vulnerability to climate change.

Key words: Svitiaz Lake, shallowing, water level, precipitation, evaporation, hydrothermal coefficient.

OO0MmisinHsA o3epa CBiTA3b NIl BIVIMBOM PerioHAJbHUX KJIIMATHYHUX 3MiH
B.B. ®enontok?, M.B. Xpucrenpka?, M.A. ®enontok!, .M. Mepnenko!, C.I1. bonmgapuyk!

Ylyyeruil nayionansnuti mexuiunuil ynieepcumem, ecolutsk@gmail.com
2[Haybkuil HayioHAILHUL RPUPOOHULL NAPK

AHoTauis. Y poOorTi npoBeieHo aHa i3 AMHAMIKH OCHOBHHMX KJIIMaTUYHHX MOKA3HUKIB [UIsl BUSIBICHHS POJIi PEriOHaJbHUX Ta JIOKaJb-
HUX YMHHHUKIB y Cy9aCHUX 3MiHaxX BOJAHOCTI 03epa CBiTs3b. OLIHEHO CydacHHUiT CTaH BUBYCHOCTI BOIHOr0 OaaHCy 03epa Ta YNHHHKIB,
110 ioro Gpopmytoth. [IpoaHani3oBaHO OCHOBHI BU3HAUEHI HA CHOTO/IHI TEHICHIIIT 3MiHH PIBHIB Ta PEIKHUMY MTOBEPXHEBHUX, ITiI3EMHUX
i IpyHTOBHUX BOA Ha Tepuropii Larbkoro mpupoaHOro HallioHaIEHOTO napky. HaBeaeHo KifbKicHI JaHi, 10 XapaKTepu3yroTh 0arato-
piuHi Ta cydacHi 3MiHH PiBHIB Boau B 03epi. Oxapakrepu3oBaHo aHoManibHe ooMiminHs 2019 p., mposiBamu sIkoro OyIk MiHiMalbHUN
piBeHb BOM 3a ocTaHHI 50 POKiB Ta CKOPOYEHHS IO BOIHOrO J3epkana Ha 8%. Ha OCHOBI MaTeMaTHKO-CTaTUCTHYHOIO Ta KapTo-
rpadigHOro aHami3y KIiMaTHYHUX AaHUX MO0 17 METeopOoIoriuHIX CTaHIisX periony 3axiguoro [lomices MpoBeeHO OMIHKY TUHAMIKH
cepeHbOi PiuHOI, MICSYHOI Ta Ce30HHOI (TETUTHIA 1 XOMOAHUI TIepioi POKY) KITBKOCTI OIa/liB, BUIIAPOBYBAHOCTI Ta 1X MPOCTOPOBO -
ro posnoxiny. BusiBieHo 3HauHe 3pOCTaHHSI BUIAPOBYBAHOCTI y TEIUIMH MEpiof POKY MPOTSroM ocTaHHIX mecsatuiith (2000-2018
pp-). OtiHeHO 3MiHU KiTBKOCTI Ta pe)XMMy BHIIQiHHS OMa/iB 3a 2 Gararopivni nepioau. [IpoBeeHo aHai3 0cOOIMBOCTEH TUHAMIKA
OCHOBHHX METEOPOJIOTiYHUX TOKa3HUKIB y 2019 p. (cepemni MicsuHi Ta cepe/iHi piuHi TeMIepaTrypa MOBITpsi, BiJHOCHA BOJOTICTh
MOBITPsI, KUTBKICTh OnajiB). Po3paxoBaHo 3Ha4YeHHs KOe(illi€HTIB 3BOJIOKEHHS, IO BiZ0OpaXkae CIiBBIAHOIICHHS MiX CEpeIHbOIO
PIYHOIO KiJBKICTIO OMAJiB Ta CEPETHBOI0 PIYHOI0 BUIIAPOBYBAHICTIO, 4 TAKOXK T'iipoTepMivHOro koedimnienta CenssnuHoBa. BusHaueHo
Ta Bi3yasli30BaHO HA KapTaxX YaCTHHU PET10HY 13 HAIMEHITUMH 3HAYCHHSIMH IMX ITOKAa3HUKIB, SIKI OXOILTIOIOTH B TOMY YHCII 1 BOZ030ip
o3epa CaiTs3b. [linTBepKeHO 3HAUHY POJIb 3POCTAHHS BUMAPOBYBAHOCTI Ha (DOHI MOCTYMOBOTO 301IBIIIEHHS TEMIEPATYP MOBITPS PO-
TsiroM octaHHiX 20 pokiB. ITo craHuii CBITA3b TakoK 00UKCIICHO KOedillieHTH KOpeIsilii piBHIB BOJM B 03€pi i3 LIMMHU ITOKa3HUKAMH,
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nounHaioun i3 1970 p. 3a npoanaizoBaHui Nepion y Apyrii momoBuHi XXCT. BUSABICHO BiACYTHICTD CHIIBHUX KOPEJIAIIHHNAX 3a5IeXK-
HOCTEH piBHIB BOAM BiJ] cepeTHbOPIUHOI KITBKOCTI OITa/liB, BUMIAPOBYBAHOCTI Ta KoedillieHTa 3BOJIOKEHHS, ajle 3 IeBHUM 3pPOCTAHHIM
koeirieHTiB Kopessii y 6araropianoMy xoxi. 3a mepiox 2000-2018pp BCTaHOBIEHO CYTTEBE 3pOCTAHHS 3aJISKHOCTI PIBHIB BOJH Bif
rigporepmigaoro xoedimienra CelssHUHOBA, 0 MOXKE CBIAYMTH IPO 3MEHIICHHS €KOJIOTiYHOI CTIHKOCTI 03epa Ta Bce OUIbIIy Horo

BPA3IHBICTh /10 KIIMATUYHHX 3MiH.

Kniouoei cnosa: ozepo Ceimsazv, 0OMINiHHS, PiGeHb 800U, KiTbKIiCmMb onadie, 6UNApo8y8anicm, 2iopomepmiukuLl KoegiyicHm

Introduction. The Lake Svityaz, the deepest and one
of the largest lakes in Ukraine, is the most famous
object of the Shatsk National Natural Park (SNNP),
and its lake area is one of the largest recreational
systems of the region. The uniqueness and particular
value of the park ecosystems has been also proved
by its inclusion in the transboundary international
biological reserve “Zachidne Polissya”.

In recent years, we observed a decrease in aver-
age water levels in the lakes, and in 2019 the lowest
water level of the Lake Svityaz since the beginning
of observation in the park (Chronicle of Nature of
Shatsk NNP, 2020) was recorded. Due to the peculiar-
ities of the morphology of the lake basin (wide shal-
low part), these changes, being well seen by the naked
eye, caused significant concerns of the public. Since
July 2019 the issue of lake shallowing has been raised
at different levels of authorities, is widely covered in
the media. The attention to the issue is certified by 4
petitions registered on the website of the President of
Ukraine, a few extraordinary meetings of the Com-
mittee on Environmental Policy and Nature Manage-
ment of the Parliament of Ukraine (November 12,
2019, February 13, 2020), establishing of working
groups on the issues of Shatsk lake shallowing in the
regional and all-Ukrainian level.

Scientific discussions of the problems took place,
in particular, at the meeting of the Coordinating
Committee of Shatsk Interdepartmental Scientific Re-
search Ecological Laboratory (Shatsk Experimental
Base of the Institute of Physics and Mechanics (IPM)
named after Karpenko G.V. of the National Acad-
emy of Sciences of Ukraine, October 11, 2019), at
the Interdepartmental Scientific and Practical work-
shop “Hydroecological situation of lakes in Volyn
region: a problem or a catastrophe” (Lutsk NTU,
18.10.2019), at the meetings of working groups deal-
ing with the problems of shallowing of the Shatsk
Lakes (17.12.2019, 13.01.2020, 13.03.2020), meet-
ings of the Regional Office of Water Resources inthe
Volyn region, the Pripyat Basin Councils, the West-
ern Bug and San Councils, etc. The authors of this
research were involved and attended almost all of the
above-mentioned meetings, which allow them to as-
sess problem coverage and to make stand out a num-
ber of insufficiently highlighted issues.

Review of previous research. Detailed water balance
studies in the region began in the 1960s in connection
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with the planning and conducting of the large-scale
drainage reclamation. Significant researches were
conducted by the Institute of Hydraulic Engineering
and Land Reclamation (nowadays, the Institute
of Water Problems and Land Reclamation) of the
National Academy of Agrarian Sciences of Ukraine.
In particular, the main income and expenditure
components of the water balance, water exchange
intensity, indicators of ecological sustainability of
lakes, etc. have been evaluated (Romashchenko,
Bakhmachuk, 2004; Yatsyuk et al., 2019]. Since the
early 1990s and until now, high attention is paid to
assessment of possible impact on water regime of
Svityaz of the Khotyslav quarry in Belarus (Diatel,
2019; VYatsyuk et al. 2019; Zuzuk, Melnychuk,
Zaleski, 2012).

The role of pressure waters, features of their oc-
currence, dynamics of levels have been studied in the
works of Rivne geological expedition, Kovel hydro-
geological and reclamation party. Generalized data
are provided in the works of I.l. Zaleski (Zaleski,
2014a, 2014b).

Since 1985, the park staff has been conducting
constant observations of surface water levels, the data
of which, along with meteorological indicators, are
being analyzed in the annual chronicles of nature. A
continuous series of observations has been formed
with regards to the Lake Svityaz. As for the other
lakes, as well as groundwater and underground wa-
ter levels in the region, monitoring data are available
only for certain periods.

Since 2010, the system of Integrated Environ-
mental Monitoring (IEM), organized by the IPM
named after Karpenko G.V. of the National Acad-
emy of Sciences of Ukraine (Panasyuk, Yurchuk,
Koshovyy, Muravskyy et al., 2012). The system inte-
grates networks of test sites, soil sections, wells, etc.,
the data of which are combined with the analysis of
remote sensing data. The results are entered in put into
the Geo-Information Atlas of the Shatsky Biosphere
Reserve (Information-analytical system..., 2020).

Climatic studies of this area have been presented
in many researches, starting with the monographs
“Nature of Volyn region” (1975), “Climate of Shatsk
National Park” (1995) and continuing with mod-
ern both special (Alokhina, Ivantyshyn, Korus, Ko-
shovyy, Popov, Rusyn, 2018; Diatel, Tsvietova, Sai-
dak, 2018; Tarasyuk F., Tarasyuk N., 2017; Tarasyuk
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N., Hanushchak, 2017) and general (Fesyuk, Puhach,
Slashchuk et al., 2016; Ozero Svitiaz..., 2008) works
that reflect various aspects of the region’s climate and
its changes.

In general, based on the analysis of publications
dedicated to changes in the water content of the lakes
of the SNNP over the last decade, the following can
be distinguished:

- the territory undergoes significant changes in
climatic indicators, in particular, there is an increase
in average air temperatures, increased evaporation
and changes in precipitation;

- the average levels of groundwater and under-
ground water that supply the reservoirs of the park are
decreasing, and their seasonal decline begins earlier
(in recent years more often it takes place in April-
May, in previous years — in June-July);

- significant increase in the amplitude of fluctua-
tions in groundwater levels. In some periods, the de-
cline of groundwater levels has peculiar features that
do not correlate with changes in natural factors;

- increasing of waste when flow down (ground-
water supply during their operation);

- there is a tendency to a certain synchronization
of decreasing water levels of most lakes in the park,
although previously they differed significantly.

Most of these trends began to appear in 2014-
2015, but some had appeared even earlier (Yatsyuk et
al., 2019). It is logical to assume that the significant
shallowing of the Lake Svityaz in 2019 was not a sud-
den one-time phenomenon, while it is a consequence
of the longer processes.

Among the main factors of shallowing are re-
gional reflections of global climate changes, hydro-
geological changes, progressive uncontrolled growth
of municipal water consumption in recreational areas
of SNNP, neglected reclamation and water control
systems and structures, probable impact on ground-
water of Khotyslav quarry, as well as newly created
plantations of irrigated agricultural crops (blueber-
ries) (Bondarchuk S., Bondarchuk L., 2016; Diatel,
2019; Yatsyuk et al., 2019).

The last factors are popular in the media, al-
though as of today there are no objective evidence of
such an impact. The results of the modelling show the
probability of reducing the level of the lake Svityaz
by 20 cm due to drainage during the operation of the
Khotyslav quarry, subject to its depths of 45 m (Dia-
tel, (2019). Nowadays, its depth is 12 m, no negative
impact has been identified (Volyn Regional..., 2019).
Regarding water consummation for blueberry cultiva-
tion, the maximum possible indicators are estimated
at up to 0.6-1.1 million m? per season (according to
Dr. Shevchuk and calculations made by the Institute

of Water Problems and Land Reclamation (Yatsyuk
et al., 2019). This is, for comparison, no more than
5-7% of the average annual evaporation indicator for
the Lake Svityaz, however, these issues require fur-
ther detailed study and monitoring.

To date, the most complete analysis of the main
shallowing factors of the Shatsk Lakes is given in the
Concept of the Shatsk Lake Conservation Program,
presented in December 2019 by the scientists from
the Institute of Water Problems and Land Reclama-
tion (Yatsyuk et al., 2019).

Despite considerable attention paid to this prob-

lem, most of these works present the results of only
local research within the SNNP. Therefore, the pur-
pose of this research is to analyze and compare the
dynamics of both local and regional climatic indica-
tors to identify their impact on the change in water
content of the Shatsk Lakes.
Materials and methods. The source materials for the
study were archives of meteorological information
posted on the resources of the World Data Centers
and the web service of European Climate Assessment
& Dataset (ECA & D). Analysis and calculations
of climatic indicators were performed for 17
meteorological stations located in Volyn region and in
adjacent regions — stations of Svityaz, Lutsk, Kovel,
Lyubeshiv, Manevychi, Volodymyr-Volynsky (Volyn
region), Rivne, Dubno, Sarny (Rivne region), Brody,
Rava-Ruska, Kamianka-Buzka (Lviv region), Pinsk,
Pruzhany (Republic of Belarus), Terespil, Wlodawa,
Zamo$¢ (Republic of Poland) for the period of 1970-
2019. For some periods with no actual observation
data E-OBS modeling materials were used, the
acceptability (reliability) of which, in particular,
for the Volyn region, was confirmed by research
(Shedemenko, Krakovska, Gnatiuk, 2012).

Dynamics of lake water levels of the Svityaz was
analyzed for the period of 1970-2019 according to the
observations carried out at the Svityaz meteorological
station and at the Shatsk NNP.

Using statistical methods, the average values of
precipitation, air temperature, relative humidity for
each weather station for the months, warm and cold
periods of the year, for the year and for the entire
study period have been calculated.

On the basis of empirical calculation methods
evaporation, humidification coefficient and hydro-
thermal coefficient have been determined.

The calculation of evaporation was carried out
according to the well-known method of N.M. lva-
nov (which is often called V. Romanenko’s formula
in Western literature) (Xu, Singh, 2001), which takes
into account the average monthly indicators of tem-
perature and relative air humidity. The coefficient of
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humidification of the territory was defined as the ra-
tio of precipitation to evaporation for the respective
monthly or annual periods. As it is known, evapora-
tion means the maximum possible evaporation under
these temperature conditions, not limited to moisture
reserves (mm).

Among the alternative methods for calculating
evaporation from the surface of the water mirror, the
methods of L. Turc (1954) and Thornthwaite C. W
(Xu, Singh, 2001) have been also used to verify the
obtained results.

The hydrothermal coefficient of Selyanynov,
which is defined as the ratio of precipitation for the
period with average daily air temperatures above
10 ° C (period of active vegetation) to the sum of air
temperatures for the same period divided by 10, has
also been calculated.

The spatial distribution of the calculated
indicators is represented by GS Surfer cartographic
means using methods of interpolation of local
polynomials and radial basis function. To estimate
the change in the surface of the lake, the methods of
automatic classification of Sentinel-2 satellite images
according to the NDWI indicator in EOS LandViewer
were used.

Results and discussion. The analysis of archival data
on the water levels of Lake Svityaz for the period
of 1970-2019 showed that they have a pronounced
seasonal dynamic with low winter, maximum spring
and minimum summer-autumn indicators. Fig. 1
presents typical intra-annual fluctuations of lake water

ciated with the previously conducted drainage rec-
lamation), the highest - 163.79 m in 1981. During
the existence of the park, the difference between the
maximal and minimal levels was even smaller (up to
40 cm was average annual, up to 60 cm was average
monthly indicator). However, in 2019 this amplitude
has significantly increased. Starting from July, wa-
ter levels fell below the previous minimums of 1994
and 2015, and in autumn (level 162.92 m) — less than
the long-term minimum of 1972. The examination in
October 2019 revealed a deviation of the water body
from the shoreline from 3-5 m to 40-90 m in different
areas (Chronicle of Nature of Shatsk NNP, 2020).

To estimate the total area of water surface reduc-
tion, a number of space images were analyzed using
automatic classification in several combinations of
multispectral image channels (in LandViewer service
by EOS Data Analytics). The Normalized difference
water index (NDWI) is most often used to estimate
changes in the area of water bodies, which identifies
the water surface well by estimating the ratio of
reflected radiation in the near and short-wave infrared
ranges (Xu, 2006). Having automatically classified
images from the Sentinel-2 satellite, data on the ratio
of areas with different values of the NDWI index for
individual dates from autumn 2018 to autumn 2019
were obtained (Fig. 2).

Therefore, for example, it was found that in
April 2019 (level 163.29 m) the area under water
was 74 hectares larger than in November 2018 (lev-
el of 163.17 m), but in the summer months it began
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Fig. 1. Intra-annual fluctuations of lake water levels in high-water (2010, 2013) and low-water (2015, 2019) years.

levels in high-water and low-water years.

At the same time, the amplitude of the levels is
small, for a long period it was less than 0.9 m. The
lowest level was recorded in 1972-162.97 m (asso-
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to decline rapidly, and at a minimal level (162.92 m
in autumn 2019) it was already 155 ha smaller than
the spring indicators. The amplitude of the analyzed
values for the studied period was about 251 ha.
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sification according to NDW!I using EOS LandViewer.

Further we will consider the main climatic in-
dicators that can significantly affect the reduction of
water content of the lake, in the temporal and regional
context.

Precipitation. Analysis of precipitation dynam-
ics in the XXI century according to 17 meteorologi-
cal stations in the region showed that, despite some
low-water years, the average annual precipitation in-
creased by 20-45 mm (Fig. 3), which is 3-10% of the
climatic norm.

However, the average monthly precipitation in-
dicators are characterized by a very high variability.
An increase in precipitation is evidenced in January,
March, April and May. In other months of the year
there is mainly a decrease in the average monthly pre-
cipitation (the largest decrease was observed in Feb-
ruary, June, August).

At the same time, the annual number of days with
precipitation decreased by 25-30%. For example, for
Svityaz meteorological station at the climatic norm
of 164 days with precipitation per year, the average

. 3 S\ 3 - - .{M“; 3
Fig. 2. Results of comparison of pictures Sentinel-2 dated 02.04.2019 (left) and dated 01.11.2019 (right) b

A )

y means of automatic clas-

value for the period 2000-2018 is 121 days. The dy-
namics of precipitation during the year also changed:
the distribution of rainy days became more uniform
over the seasons. Thus, on Svityaz weather station the
ratio of days with precipitations of the cold andwarm
period makes 54/67, and average value in the region
is 60/82.

Against a slight increase in the average annual
precipitation, compared to the climatic norm, some
years become arid (for example, 2015, 2019). In 2019,
only 4 of the 17 weather stations had a positive devia-
tion in precipitation compared to the climatic norm. At
other stations, a decrease in the annual precipitation
was recorded, the most significant was for Lyubeshiv,
Terespol, Zamos¢, Svityaz and Lutsk (Fig. 4).

According to several regional climate models
indicators, such situation should not  become
typical, most forecasts do not predict (Krakovska,
Palamarchuk, Gnatiuk, Shpytal, Shedemenko,
2017) a significant reduction in precipitation in the
region. However, even if the annual precipitation
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Fig. 3. Comparative diagram of the average annual precipitation at 17 weather stations in the region
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Fig. 4. Deviation of precipitation in 2019 at meteorological stations in the region compared to previous periods

is maintained at the level of the previous period or
slightly increased, evaporation becomes a significant
factor in reducing water content.

To compare the dynamics of evaporation from the
surface of the water mirror of the Lake Svityaz during
the period of global climate change, two periods
were analyzed: 1970-1988 and 2000-2018. The
archival data of the Svityaz meteorological station,
which is located almost on the lake shore, were used.
The analysis of meteorological indicators of 2019
is carried out separately. The choice of such time
segments is caused both by existence of continuous
series of data for this time, and by representativeness
of the corresponding periods.

The table 1 presents a summary of the
calculation of average monthly and annual values
of air temperature, relative humidity, precipitation,
evaporation and humidity for the two studied time
periods.

According to the statistical analysis, over the last
19 years a significant increase in evaporation has been
observed at the Svityaz meteorological station: both
calculation methods have shown the actual average
annual value of evaporation in the range of 635-650.6
mm / year. At the same time, the average annual pre-
cipitation for the same period was 574.6 mm. The
growth of the average annual precipitation occurred
within 6.5%, while the growth of the average annual
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evaporation rate ranged from 15% (calculated accord-
ing to the method of L. Turc) to 25% (calculated ac-
cording to the method of N. lvanov). It seems to us
the calculation according to the method of N. Ivanov
is more accurate, since it takes into account a wider
range of climatic parameters and has repeatedly tested
in temperate-continental climate (Xu, Singh, 2001).
The Fig.5 clearly shows the current trends in recent
decades, the growth of evaporation rate and decrease
in humidity coefficient, especially in summer, com-
pared to the period of 1970-1988.

Analysis of the dynamics of evaporation
by months of the year shows that a particularly
progressive growth of this indicator is observed in
the warm period. This obviously correlates with the
fact that evaporation is directly proportional to the
temperature of air and water. If in November-March
the evaporation for the period of 1970-1988 and of
2000-2018 is almost the same, then in April-October
the average monthly increase in evaporation is from
20 to 50% in the period of 2000-2018 (compared to
the period 1970-1988).

Comparison of average monthly values at the Sv-
ityaz meteorological station indicates that theaverage
monthly evaporation for the period 2000-2018 con-
sistently exceeds the average monthly precipitation
by 20-30% from April to September, and in August
the indicator can reach 50%.
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Table 1. Average monthly values of climatic indicators in the Svityaz meteorological station (comparison of 2 periods, 1970-1988

and 2000-2018)

Month of the year Air tempera- Relevant Precipitation Evaporation, Evaporation,W, | Humidification

ture, T, °C Humidity of air, | amount, R, mm | W, mm (acc. to | mm (acc. to coefficient

F, % L. Turc) N.M. Ivanov)

& = & = & = & 3 =S 3 =S 3

(o] o (o} o (o} o (e} o (o] o (o} o

— [N} — [N} - N - N — N — N

< =) <) =) < = < = < =) <) =)

~ o ~ o ~ =) ~ =) ~ o ~ o

(o] o (o} o (o} o [e} o D o (o} o

— N — N — N - N — N — N
January -3.7 -2.7 82 83 325 34.2 151 19.3 14.7 15.2 221 2.25
February -3.6 -2.1 81 80 245 |347 |153 [206 |[157 |189 |156 |1.84
March 1.8 2.4 79 76 32.2 35.5 26.7 30.1 27.1 32.4 1.19 1.09
April 6.2 9.5 74 69 30.2 |388 (360 (452 |[456 |664 |0.66 |0.58
May 145 148 |79 70 513 |641 |[659 (693 |[589 |[855 |0.87 |0.75
June 16.8 17.7 77 71 74.9 75.6 77 85.0 72.3 95.2 1.04 0.79
July 179 1203 |79 72 839 |[826 (842 (1021 [69.6 |[1034 |12 0.80
August 174 1193 |78 72 540 |479 (801 (952 |[712 |989 |0.76 |0.48
September 133 |139 |81 78 517 |457 |605 (651 |[50.2 |59.9 |[1.03 |0.76
October 7.6 8.4 84 81 355 403 |[417 |450 |306 [382 |116 |1.05
November 3.1 4.2 85 86 31.3 35.6 24.6 34.1 21.3 215 1.47 1.66
December -1.8 -0.5 85 86 36.4 |396 |182 |239 |[145 |151 |251 |262
Average per year | 7.4 8.8 80.3 |77.0 |5384 |5746 |546.0 |6350 |491.7 |650.6 |1.09 |[0.88
(or total)

We will separately analyze the meteorological in-
dicators of 2019 at the Svityaz meteorological station,
because that year the area of the lake’s water mirror
has rapidly decreased. 2019 appeared quite arid, for
12 months the precipitation was 12% (-70 mm) less
than the average value for the period 2000-2018, in
warm period the deviation of the precipitation amount
from the average is 15% (-65 mm). At the same time,
there was further increase in average monthly air
temperatures. As a result, for the first time during
the period of instrumental observations, the average

annual air temperature exceeded the mark of 10 ° C
(+10,4 ° C). Accordingly, evaporation processes in-
tensified: the deviation is positive for 9 months out
of 12, for almost the entire warm period of the year
(except May). The total increase in evaporation for 12
months of 2019 was 74.5 mm (+ 11.5%) compared to
the average value for 2000-2018, while the increase in
evaporation in the warm period of 2019 was 71.5 mm
(+12 %), i.e. evaporation exceeded the average val-
ues for the last 20 years by 10-12%. Such an increase
in the expenditure part of the water balance together
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Fig. 5. Average monthly values of evaporation at the Svityaz meteorologicsl station for long-term periods
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with a decrease in the amount of precipitation could
give a total decrease in the water level of up to 21-30
cm. Abnormally high values were also recorded for
groundwater evaporation — in some wells along with
lateral runoff these values reached 740 mm (and 980
mm in the previous, 2018 year) (Yatsyuk et al., 2019),
which also had a very negative impact on the water
content of the lake.

We would like to emphasize, that according
to the analysis of the temperature indicators for 17
meteorological stations in 2019, a similar increase in
average temperatures was recorded throughout the
region, but there are some differences in the integrated
humidity indicators. According to the humidity
coefficient, 8 from 17 stations in 2019 had values
slightly higher than 1.0, and 9 stations — less than
1.0, which indicates a lack of humidity (in particular,
Terespil 0.74, Lyubeshiv 0.85, Pruzhany and Wlodava
0.91, Lutsk, Volodymyr-Volynskyi, Svityaz — from
0.94 to 0.97). Similar distribution is attributed to the
values of the hydrothermal coefficient HTC (Fig. 6).

As it can be seen, the lowest values of HTC (0.9-
0.95) are typical for the Upper Pripyat lowland and
the Shatsk lakes. HTC less than 1 are typical for the
slightly arid climate.

Correlation analysis of water levels in Svityaz
with separate series of long-term climatic data. The
paper (Alokhina et al., 2018) indicated that the most
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significant correlation (-0.5) was found with the TSI
(total solar radiation), which, apparently, indirectly
affects most other meteorological indicators.

The pairwise correlation coefficients between
the water level in the lake and such meteorological
indicatorsasevaporation, precipitation, humidification
coefficient, hydrothermal coefficient (HTC) were
determined in our study. For the entire period from
1970 to 2018, the average values of correlation co-
efficients are small: between lake water levels and
evaporation 0.21, between lake water levels and an-
nual precipitation 0.18; between the water levels of
the lake and the humidity coefficients 0.21-0.25. Nev-
ertheless, if the calculation is carried out with an off-
set of 1 year (i.e. the water level of the current year is
compared with the climatic indicator of the previous
year), the correlation with precipitation and hydro-
thermal coefficient increases to 0.46-0.49.

However, significant changes in the correlation
between the mentioned parameters have been revealed
in the last 2 decades. Since 2000, the correlation
between lake water levels and evaporation is -0.49,
and the correlation with the hydrothermal coefficient
is 0.66. Instead, during this period, in fact, the rela-
tionship with the humidity coefficient (according to
N. lvanov), remains unchanged and the correlation
with the annual amount of precipitation decreases
sharply (to less than 0.1 indicator, while in 1970-1988

v‘\

oV

73

Fig. 6. Distribution of HTC (hydrothermal coefficient) in the region in 2019.
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it was up to 0.5). Thus, among the considered param-
eters the HTC coefficient turned out to be the most
significant.

It follows that water inflow to the lake is less and
less determined only by the annual amount of precipi-
tation, their relationship with evaporation in the warm
season is more important. In The Fig. 7 shows graphs
of changes in lake water levels and hydrothermal co-
efficient of Selyaninov for the corresponding period.

tion or in the region as a whole. At the same time,
the number of days with precipitation decreased, es-
pecially in the warm period. In some years, the annual
precipitation amount is significantly lower than the
climatic norm. In 2019 most meteorological stations
in the region recorded a negative deviation of the an-
nual amount of precipitation;

- the average annual evaporation rate for Svityaz
meteorological station increased by 16-32% (accord-
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Fig. 7. Long-term dynamics of the water level of the Lake Svityaz and the hydrothermal coefficient.

As we can see from the graphs, these curves have
not been consistent for a long time, but since 2005
their course has been synchronized. The correlation
coefficient between these indicators for 2005-2018 is
0.74. That means, the water level in the lake becomes
increasingly dependent on the dynamics of climatic
condition, which, in particular, means a decrease in
the sustainability of the hydro ecosystem. Most likely,
this stability was previously provided by significant
groundwater and underground water supply. Now
with groundwater and underground water levels fall-
ing down, their stabilizing role for the Lake Svityaz is
also declining.

Conclusions.

1 The water level of Lake Svityaz in 2019
reached the minimal values for almost 50 years of
observations. The field surveys conducted in October
2019 showed that the shoreline receded in some areas
of the lake at a distance of up to 90 m. The analysis
of multispectral space images according to the NDWI
index show a reduction in the area of the water mirror
by 8-10%.

2. Comparison of climatic indicators for the pe-
riod of 1970-1988 and of 2000-2018 showed that:

- the average annual precipitation indicator did
not decrease either at the Svityaz meteorological sta-

ing to calculations by various methods), the largest
increase is recorded in the period from April to Oc-
tober. Indicators for other weather stations reflect the
same trend.

- integrated indicators of the ratio of precipitation
and evaporation in the region have mainly also de-
creased, but they have significant spatial differences.
For Svityaz, the average annual moisture content de-
creased by almost 20%, the hydrothermal coefficient
(according to Selyaninov) — by 9%. The lowest in-
dicators in the region in 2019 were recorded in the
northern districts of Volyn region (including the terri-
tory of SNNP) and adjacent districts of Belarus.

3. The dynamics of the water level in the lake
for the period of 1970-1988 did not show strong de-
pendencies on the annual meteorological indicators.
Since 2000, and especially clearly since 2005, the cor-
relation of water levels with the hydrothermal coeffi-
cient has been significantly increasing. This is caused,
firstly, by growing effect of increasing average annual
and monthly air temperatures and increasing evapora-
tion rates in the warm season; secondly, by reducing
of the integrated ecological sustainability of natural
wetlands and forest landscapes in the region, signifi-
cantly changed over the past 50 years under the in-
fluence of anthropogenic activity; and thirdly, by the
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decline in groundwater and underground water levels,
which has occurred gradually in recent years, both un-
der the influence of the global warming and a number
of man-made factors.

The “butterfly effect” is well known: even minor
events in the past can have a significant impact on the
future. Large-scale drainage and reclamation works in
the second half of the twentieth century in the area of
Ukrainian Polissya, deforestation and other forms of
economic development are likely to have reduced the
sustainability of natural ecosystems, and they have
been found to be very vulnerable to recent global cli-
mate change.
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of tourists served by tour operators and travel agents; cost of travel packages sold). The
clustering was performed in the software STATISTICA 10, the Ward method was chosen as the clustering algorithm, and the Euclidean
distance was chosen as a measure of distance. The calculations made it possible to distinguish 6 clusters of regional tourism service
markets of Ukraine, which are formed at a threshold distance of 0.5, namely: cluster 1 is Kyiv city, cluster 2 is Zaporizhia, Kyiv, Pol-
tava, Ivano-Frankivsk regions, cluster 3 is Dnipropetrovsk , Lviv regions, cluster 4 is Odessa, Kharkiv regions, cluster 5 is formed from
Zhytomyr, Ternopil, Chernihiv, Kirovograd and Luhansk regions, cluster 6 unites Vinnytsia, Chernivtsi, Donetsk, Cherkasy, Transcar-
pathian, Rivne, Khmelnytsky, Volyn, Sumy, Kherson and Mykolaiv regions. The clusters on the vertical dendogram of hierarchical
clustering are visualized, the spatial distribution of clusters of regional markets of tourist services is shown on the map of Ukraine. It
is established that the high degree of regional differentiation of tourist service markets in Ukraine is caused by differences in the distri-
bution of natural resources, climatic features of the regions, cultural and historical conditionality, and uneven placement of transport,
communication, resort and entertainment infrastructures, asymmetrical distribution of recreational resources. It is suggested to take into
account the restrictions of development of regional tourism service markets of Ukraine (clusters of regional tourism service markets) in
terms of spatial polarization, to distribute them into internal (historically-formed basic and innovative determinants) and external ones.

Keywords: tourism, tourism service market, service sector, cluster analysis, subjects of tourism activity, tourism activity, spatial po-
larization

Knacrepusanisi perioHaJbHIUX PUHKIB TYPUCTUYHHUX MOCJIYT 32 NOKA3HUKAMU QYHKIIOHYBAHHA
cy0’€KTIB TYPHUCTHYHOI XiAJIBHOCTI

I'.O. I'opina, B.B. Bapabanoga, . A. boraruprosa, O.A. Hikonaituyk, O.M. Pomanyxa

Jloneybkutl HayionanbHUll YHieepcumem eKoHomiky ma mopeieni imeni Muxaiina Tyean-Bapanoscvkozo, m. Kpusuii Pie,
Vipaina, gorina@donnuet.edu.ua

AHoTamisi. 3aificHEeHO KiIacTepH3allii0 PerioHaJbHUX PUHKIB TYPHCTHYHUX MOCHYr YKpalHH 3a MOKa3HUKaMHU ()YHKIIOHYBaHHS
Cy0’€KTIB TYPHUCTHYHOI JisUTbHOCTI (KUTBKICTh CYy0)EKTIB TYPUCTUYHOI AisUTBHOCTI; KiTBKICTh IITATHUX TPAI[iBHUKIB CY0’ €KTIB TypuC-
TUYHOI AisUTHHOCTI; JIOXi/J BiJ HAJQHHS TYPUCTHUHHX TOCIYT; KUTbKICTh TYpHUCTIB, OOCIYrOBaHHX TYPHCTHYHHMH OIEPAaTOpaMU Ta
TYPUCTUYHUMH areHTaMU; BapTiCTh peali3oBaHUX TYPUCTUYHUX MyTiBOK). Kiactepusaitiro 0yino 3aificHeHO y mporpaMHOMY MPOIYKTi
STATISTICA 10, y sixocTi anroput™my Kinacrepusaiii 0yrmo odpaHo Meros Yopua, Miporo Bijcrani odpano EBkiinoBy Bincrans. I[Ipo-
BeZICHI PO3paxyHKH JI03BOIMIA BHOKPEMUTH 6 KI1acTepiB perioHaabHUX PUHKIB TYPHCTHYHUX TTOCIYT YKpaiHH, sIKi yTBOPIOIOTHCS MIPU
noporogiit Bizcrani y 0,5, a came: kinacrep 1 — m. KuiB, kinactep 2 — 3anopisbka, KuiBebka, [TonTascbka, [Bano-DpankiBebka 0671acTi,
knactep 3 — JlninporerpoBcbka, JIbBiBChbka obacTi, kiaactep 4 — Onecbka, XapkiBebka 001acTi, Kiaacrep 5 yrBopeHo 3 JKUTOMUPCHKOT,
Teprominbcbkoi, YepHiriBeskoi, KipoBorpaacekoi Ta JIyrancekoi obnacri, kinacrep 6 06’ ennye Binnuibky, UepHiBenbky, JJoHeIbKY,
UepkacbKy, 3akaprnarcbKy, PiBHeHCEKY, XMenbHUIIBKY, BomuHcbky, CyMcbKy, XepcoHChKY Ta MukomaiBchky obmacTi. BisyamizoBano
BHOKPEMIICHI KJIACTEpU Ha BEPTUKAIBHIA JCHIOTpaMi iepapXidHoi KiIacTepu3allii, MpOCTOPOBHI PO3MOALT KIACTEPiB periOHAIBHUX
PHUHKIB TYPUCTHYHHX IOCTYr BiJoOpaskeHO Ha KapTi YKpainu. BcTaHOBIEHO, 110 BHCOKHI CTYIIHb perioHaibHOI audepeHmiarii
PHMHKIB TYPUCTHYHHX MOCIYT YKpaiHi 00yMOBJICHHUH BiIMIHHOCTSIMH B PO3TIOILTI MPUPOIHUX PECYPCiB, KIIIMATHYHIMHU OCOOJIMBOCTSIMH
PETiOHIB, KYJIBTYPHO-ICTOPHYHOI OOYMOBIICHICTIO, HEPIBHOMIPHICTIO PO3MIIICHHS! TPAHCIIOPTHOI, KOMYHIKAIiiHOI, KypOpTHO-
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po3BakabHOI 1HYPACTPYKTYPH, aCUMETPI€I0 PO3MOALTLY PEeKpealitHnX pecypciB TOIIO. 3arporOHOBAHO 00K OOMEKEHb PO3BHTKY
peTiOHATBHUX PUHKIB TYPUCTHYHHX TOCIYTr YKpaiHH (KJIacTepiB perioHaJIbHAX PUHKIB TYPHCTHYHUX MOCIYT) B YMOBaX IPOCTOPOBOI
nonsipu3amnii 31iHCHIOBATH PO3MOUIMBINY IX Ha BHYTpIIIHI (icTopuaHO-c(hopMOoBaHi 6a30Bi Ta IHHOBAIiHHI IeTepMiHAHTH) i 30BHIIIIHI.

Kniouosi cnosa: mypuzm, punox mypucmuynux nociye, cgpepa nociye, Kiacmepruil anaiiz, cyo’ ekxmu mypucmuunoi 0isnbHocmi, mypu-

CMUYHA OISIbHICMb, NPOCMOPOBA NONAPUZAYIS

Introduction. The high degree of regional
differentiation of the tourist service markets in
Ukraine makes the usage of unified approaches to
the tourism development management and regulation
ineffective. The achieved strategic goals of the
state policy in the field of tourism, coherences and
satisfaction of interests of the tourism activity subjects
and the state is possible through the development
and implementation of optimal specific models of
regional support to the development of business
processes in the tourism industry. In this regard, the
question of identifying clusters of regional tourist
services markets of Ukraine similar in tendencies and
indicators of tourism activity is urgent. The use of
cluster analysis and profiling of each selected segment
can serve as an informational and analytical basis for
working out effective strategies and models for the
development of regional tourism service markets.
The use of cluster analysis and clustering meth-
ods has become widespread in the tourism industry,
both in the works of domestic scientists and foreign
researchers. L. Golovkova, Yu. Yuhnovska (Go-
lovkova, Yuhnovska, 2019) propose an algorithm for
the formation and development of the tourism indus-
try of the region on the basis of a cluster approach,
insist that the structure of the tourism cluster of the
region should be based on enterprises (organizations,
firms) that are geographically located, tourist infra-
structure, local labor markets and tourist product,
which is a geographical and historical component
of an appropriate region. The influence of tourism
clustering on the formation of regional image, the
spread of clustering processes through the promotion
of the image of the territory is raised in the work of
S. Kolyadenko (Kolyadenko, 2018). N. Andrusiak
(Andrusiak, 2014) explores the general trends in the
development of national and cross-border recreation-
al and tourism clusters as effective instruments for
interregional and international cooperation. A cluster
analysis of tourist flows by cross-section of regions of
Ukraine was carried out in the work of D. Ocheretin
(Ocheretin, 2015), the task of which is to find similar
groups of objects in the sample and to identify the lo-
cation of each region in the tourist flow. O.Chernega,
G. Gorina, O. Romanukha, G. Bohatyryova, K. Niko-
lenko (Chernega, Gorina, Romanukha, Bohatyryova,
Nikolenko, 2019) zoned the territory of Ukraine for
the development of cultural and educational tourism,

which is based on the calculation of average data on
the number of museums by region, analysis of their
visits and volume of tourist flows. N. lvanova (Ivano-
va, 2017) investigates the socio-economic indicators
of the development of the regions of Ukraine in order
to identify the homogeneity of objects (regions) of the
crisis management system with the help of using clus-
ter analysis methods. A. Okhrimenko (Okhrimenko,
2013) substantiates the urgency and necessity of the
development of tourist clusters at the regional level,
emphasizes their advantages and importance.

A number of national scientists who use clus-
ter analysis and clustering methods in their studies
place emphasis in their works on certain regions of
Ukraine. Thus, A. Parfinenko, K. Bosenko (Parfinen-
ko, Bosenko, 2018) explore the potential of tourism
clustering of Podilskyi region of Ukraine, V. Hotra
(Hotra, 2013) outlines the stages and levels of cluster-
ing of the Transcarpathian tourism business in rural
development, P. Romaniv ( Romaniv, 2017) stud-
ies the cluster model of managing tourist activity
of Lviv region, and also analyzes the role of cluster
entities in the economic development of the regions.
O. Mykhailiuk, I. Davidenko (Mykhailiuk, Daviden-
ko, 2018) carry out the analysis of existing and per-
spective clusters in the tourism sphere of Odessa re-
gion, offer directions of tourist activity improvement
in the region by taking into account the clustering
process.

Cluster analysis and clustering methods are wide-
ly used by foreign scientists in studying tourism at
all economic levels of its implementation. J. Chavez,
A.l. Zamora Torres, M. C. Torres (Chavez, Zamora
Torres, Torres, 2016) mainly focuse on the analysis
of 14 competitiveness tourism factors for 20 country
members of the Asia-Pacific Economic Cooperation
(APEC) forum. The authors analyze secondary data
from the Travel and Tourism Competitiveness Index
to create clusters, and then multidimensional scaling
techniques were employed for detecting the more
or less effective determinants of destination com-
petitiveness. T. Yal¢inkaya, T. Giizel (Yalginkaya,
Guzel, 2019) focuses on general overview of tour-
ism clusters. Authors propose the explanation what a
tourism cluster is, how it is processed, how its net-
work system functions and how tourism clusters are
classified. G. Kol'vekova, E. Liptakova, L. Strba,
B. Krsak, C. Sidor, M. Cehlar, S. Khouri, M. Behtn
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(Kol'vekova, Liptakova, Strba, Krsak, Sidor, Cehlar,
Khouri, Behtn, 2019) discusse the fusion of 54 re-
gions of Central and Eastern Europe (Czech Repub-
lic, Slovakia, Hungary, Poland, Estonia, Lithuania,
Latvia, Slovenia, Romania, and Bulgaria) into clus-
ters according to the selected accommodation tourism
indicators used by the European Statistical Agency
(Eurostat) to evaluate tourism. The cluster analysis
resulted in the definition of six clusters consisting
of regions with similar indicators’ statistics char-
acteristics. D. Lascu, L. Manrai, A. Manrai, A. Gan
(Lascu, Manrai, Manrai, Gan, 2018) identifie traits of
the most attractive tourism destinations in Spain us-
ing a two-step cluster analysis to ascertain the rela-
tive importance of natural, cultural, and dual attrac-
tions to target consumers. A. Ramiresa, F. Brandaob,
A.C. Sousa (Ramiresa, Brandaob, Sousa, 2018) seg-
ments international tourists visiting the World Heri-
tage City of Porto based on their travel motivations
relating to specific destination attributes, as well as
gauging their satisfaction with the tourist experience.
N. Iswandhani, M. Muhaji (Iswandhani, Muhaji,
2018) used K-means cluster analysis of tourist des-
tination in special region of Yogyakarta using spatial
approach and social network analysis.

The result of this research is the determination of
the top-10 most popular destinations in Yogyakarta,
map of html-based tourist destination distribution
consisting of 121 tourist destination points and forms
3 clusters. J. Dew (Dew, 2018) examined different
segments of visitors to Tanzania with respect to their
values around sustainability through a combination
of non-hierarchical and hierarchical cluster analyses.
A follow-up analysis using ANOVA and Chi-square
indicates that three clusters are significantly differ-
ent in their sustainable values, their travel motives,
and their demographics. J. Rodriguez, I. Semanjski,
S. Gautama, N. Van de Weghe, D. Ochoa (Rodriguez,

Semanjski, Gautama, Van de Weghe, Ochoa, 2018)
developed and implemented a hierarchical clustering
approach for smartphone geo-localized data to detect
meaningful tourism related market segments. The ap-
plication of the proposed approach in the Province of
Zeeland in the Netherlands allowed to distinguish two
major clusters and four sub-clusters which we were
able to interpret based on their spatial-temporal pat-
terns and the recurrence of their visiting to the region.

Content analysis of modern domesticand foreign
researches devoted to diagnostics of tourist activity al-
lowed to confirm the hypothesis about widespread use
of methods of multidimensional statistical analysis, in
particular cluster. Researchers subjected to clustering
as individual tourist enterprises or organizations and
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regional tourist markets of whether the same state and
tourist regions.

At the same time, it is established that in Ukraine
the process of implementation of the cluster model of
organization of tourist activity is in the stage of forma-
tion. Clusters combine mainly tourism entities, while
the regional aspect both of the diagnostics of tourism
markets and establishment of the joint strategies and
the models of regional travel market development
with similar historically formed basic and innovation
determinants is ignored.

The aim is to carry out cluster analysis of the

regional tourism market indicators for the function-
ing of tourism, which should improve diagnostic ap-
proaches to market and create a basis for study strate-
gies and development models.
Material and research methods. The theoretical
basis of the study were the provisions of the theory
of tourism and tourismology (spatial model of the
tourism travels (displacement), structural models of
tourism, spatial models of tourism development),
economic geography, regional economy, economic
theory, macro and micro economics, works of leading
domestic and foreign scientists on the tourism devel-
opment issues.

To achieve this purpose, the following research
methods were used in the work: generalization, sys-
tematization (for content analysis of the works of do-
mestic and foreign scientists, devoted to the use of
cluster analysis and clustering methods in tourism
industry studies); analysis and synthesis (to deter-
mine the features that clustered the sample objects
(regional tourist services markets)); method of cluster
analysis based on the integration of objects (regional
tourist services markets) into clusters, using a mea-
sure of similarity or the distance between them using
the STATISTICA 10 software (StatSoft, USA, 2014)
(for grouping regional markets of tourist services of
Ukraine by indicators of functioning of subjects of
tourist activity); graphical and tabular methods (for
visualization and ability to see statistical material);
cartographic method (to illustrate clusters of regional
tourist services markets of Ukraine).

The reliability of the obtained results is ensured
by the use of official data of the State Statistics Ser-
vice of Ukraine. However, it should be noted that the
composition and number of clusters depends on the
selected partition criteria. In our case, the character-
istics by which the grouping (the breakdown criteria)
are the indicators selected by the authors from the
data of the statistical collection of the State Statistics
Service of Ukraine “Tourism in Ukraine in 2018 and
which, according to the authors, most reflect the func-
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tioning of the subjects of tourism activity. However,
the absence/presence of certain features of clusters in
a given set can change their structure. Also, the com-
position and number of clusters will change signifi-
cantly, taking into account the data of the temporar-
ily occupied territory of the Autonomous Republic of
Crimea, Sevastopol and part of the temporarily occu-
pied territories in Donetsk and Luhansk regions.
Results and their analysis. Taking into account
the regional specificity of the tourism development
should not be based only on the administrative-ter-
ritorial division of the country. Regional markets for
tourism services in Ukraine with similar trends in
tourism development may not be related by territo-
rial or administrative feature. It is proposed to carry
out the identification of groups of regions with similar
tendencies of development of tourist entities and fur-
ther development of the most relevant and popular de-
velopment strategies and models by cluster analysis.

24 regions of Ukraine and the city of Kyiv serve
as the sampling objects, which features were used
for clustering made in 2018 are: the number subjects
of tourist activity, the number of staff members of
tourist activities, income from tourism, the number of
tourists served by tour operators and travel agents, the
cost of travel packages sold in different regions.

Initial statistics for cluster analysis of the regional
tourism market is presented in the Table 1.

Previous valuation of output data to eliminate
differences in performance units made by the formula:

(x—u) (1)
a
where z — the value of the standard normalized
distribution,
x — the value of the output distribution,
1 — the average value of the original distribution,
o —standard deviation of the original distribution.

Dendogram hierarchical clustering regional trav-
el market was built on the software STATISTICA 10
(StatSoft, USA, 2014) by consecutive Clustering of
the nearest first, and then of more and more distant
from each other objects. The Euclidian distance was
selected as the clustering algorithm. Euclidean dis-
tance matrix for the analyzed object (regional tourism
market) given in the table 2.

To determine the number of clusters enlarged
it is advisable to choose a threshold distance of 1 or
higher, while for more detailed fundamental analysis
of the tourism services market it is needed to develop
the local development strategies advisable to choose a
threshold distance of 0.5 and lower, will determine the
optimal composition of cluster indicators of activity
of the regional tourism market. The built dendogram
is shown in the Fig. 1.

Table 1. Initial statistics for cluster analysis of the regional tourism market of Ukraine, 2018 (compiled by the author using (Statistical

yearbook “Tourist activity in Ukraine”, 2018))

Number of sub-| Number of staff Income from | Number of tourists served | The cost of travel
Region jects of tourist | members of tourist tourism by tour operators and packages sold
activity (units) | activities (persons) (ths. UAN) travel agents (persons) (ths. UAN)

Vinnytska 87 202 44367.8 42178 50789.1
Volynska 74 100 23620.1 21807 41564.8
Dnipropetrovska 416 748 99660.1 116981 550359.9
Donetska 93 164 45414.5 28425 139199.5
Zhytomyrska 63 67 10550.6 17957 94454.6
Zakarpatska 91 125 29122.4 25348 101795.9
Zaporizka 188 309 45976.2 56374 396231.8
Ivano-Frankivska 128 554 453399.9 55781 61754
Kyivska 217 339 58981.2 66385 289505.1
Kirovohradska 54 58 16571.6 11556 39793
Luhanska 29 39 7461 6261 5286.5
Lvivska 342 811 511590.4 182255 386274.4
Mykolaivska 87 72 16583.5 19002 93039.6
Odeska 270 741 202190.7 81381 532000.4
Poltavska 155 217 25604.5 32007 70424.8
Rivnenska 93 135 19992.3 22027 77158
Sumska 79 74 15788.2 16178 46447.6
Ternopilska 63 104 12345.8 13103 37343.4
Kharkivska 266 443 86603.2 62232 344204
Khersonska 80 136 53914 26130 34531.1
Khmelnytska 89 120 12610.6 25738 38228
Cherkaska 101 167 22722.1 26383 42603.4
Chernivetska 77 194 28990.1 29562 128982.4
Chernihivska 58 97 12074.5 22306 66293.7
Kyiv 1093 5861 19769786 3550090 13398039.7
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Fig. 1. Dendogram of hierarchical clustering of regional tourism service markets of Ukraine (compiled by the author)

At a threshold of 0.5, 6 clusters are formed inthe
tourist services market of Ukraine. Cluster 1 is Kyiv,
which according to all indicators of the functioning
of the subjects of tourist activity (number of subjects

of tourist activity; number of stuff members of tourist
activity; income from tourism; number of tourists
served by tour operators and travel agents; the cost
of travel package sold) is in the first place. Cluster

Table 2. Euclidean distance matrix for regional tourist services markets of Ukraine (compiled by the author)

§ g ]
e AR AN AR AR A AR RN AR AR RE-AE AR AR AR AR AR AN AR AR AR A
SR AN NN N Ele |7 e |z|2|g|° |55
a 2
Vinnytska 0.00 (0.11 [1.62 | 0.06 [ 0.17 [ 0.08 | 0.50 | 0.38 | 0.62 | 0.20 | 0.31 | 1.33 | 0.12 | 0.99 | 0.32 | 0.07 [0.12 (0.15 [0.87 |0.07 |0.08 |0.08 | 0.06 |0.17 [11.02
Volynska 0.11 (0.00 [1.70 [ 0.11 [ 0.06 | 0.09 | 0.58 | 0.48 | 0.71 | 0.10 | 0.22 | 1.42 | 0.07 | 1.09 | 0.39 | 0.09 [ 0.03 | 0.05 [0.95 |0.04 | 0.07 |0.14 | 0.09 | 0.08 [11.11
Dnipropetrovska | 1.62 | 1.70 | 0.00 | 1.60 | 1.76 | 1.62 | 1.13 | 1.37 [ 1.00 [ 1.80 [1.92 [ 0.38 | 1.65 | 0.68 | 1.32 | 1.61 | 1.69 | 1.75 | 0.75 | 1.67 | 1.63 |1.57 |166 |1.77 |10.10
Donetska 0.06 (0.11 [1.60 | 0.00 [ 0.16 | 0.04 | 0.47 | 0.39 | 0.60 | 0.21 | 0.32 | 1.31 | 0.09 | 0.98 | 0.29 | 0.04 [0.11 [0.16 [0.84 [ 0.08 |0.06 |0.05 | 0.08 |0.18 [11.02
Zhytomyrska 0.17 |1 0.06 | 1.76 | 0.16 | 0.00 | 0.14 [ 0.63 [ 0.54 | 0.76 [ 0.05 | 0.16 | 1.48 | 0.11 | 1.14 | 0.45 | 0.15 | 0.08 | 0.04 | 1.01 | 0.10 |0.13 | 0.20 | 0.13 [0.04 |11.14
Zakarpatska 0.08 | 0.09 | 1.62 | 0.04 | 0.14 | 0.00 | 0.49 | 0.43 | 0.62 [ 0.18 | 0.30 | 1.34 | 0.05 | 1.01 | 0.31 | 0.02 | 0.08 | 0.13 | 0.87 [ 0.06 [0.03 [0.06 |0.09 | 0.16 |11.05
Zaporizka 0.50 | 0.58 | 1.13 | 0.47 | 0.63 | 0.49 [ 0.00 [ 0.39 [ 0.14 [ 0.68 | 0.79 | 0.87 | 0.53 | 0.54 | 0.22 | 0.48 | 0.57 | 0.63 | 0.38 | 0.54 | 0.51 |0.45 |0.54 |0.65 |10.72
Ivano-Frankivska | 0.38 | 0.48 | 1.37 [ 0.39 | 0.54 | 0.43 [ 0.39 | 0.00 | 0.47 | 0.57 | 0.66 | 1.04 | 0.48 | 0.71 | 0.34 | 042 | 049 | 0.51 [ 0.66 [0.44 [ 044 |0.38 | 041 |0.53 |10.75
Kyivska 0.62 | 0.71 | 1.00 | 0.60 | 0.76 | 0.62 | 0.14 [ 0.47 [ 0.00 [ 0.81 | 0.92 | 0.74 | 0.66 | 0.44 | 0.32 | 0.61 | 0.69 | 0.75 | 0.25 | 0.67 | 0.63 | 0.57 | 0.67 |0.78 |10.67
Kirovohradska 0.20 |1 0.10 | 1.80 | 0.21 | 0.05 | 0.18 [ 0.68 [ 0.57 | 0.81 [ 0.00 | 0.12 | 1.52 | 0.16 | 1.19 | 0.49 | 0.19 | 0.12 | 0.06 | 1.05 | 0.14 | 0.17 | 0.24 | 0.17 | 0.04 |11.17
Luhanska 031022192032 016 030 |0.79 | 0.66 | 0.92 | 0.12 | 0.00 | 1.63 | 0.27 | 1.30 | 0.61 | 0.31 | 0.24 | 0.17 | 1.17 [ 0.25 [ 0.29 | 0.35 | 0.27 | 0.15 |11.24
Lvivska 133 142|038 | 131|148 |134|087|1.04|0.74|152 163|000 138|038 105133141147 052|138 |135|128|137|149 (1012
Mykolaivska 0.12 | 0.07 | 1.65 | 0.09 | 0.11 | 0.05 | 0.53 | 0.48 | 0.66 | 0.16 | 0.27 | 1.38 [ 0.00 | 1.05 | 0.34 | 0.06 | 0.04 | 0.12 | 0.90 | 0.07 | 0.05 | 0.11 | 0.12 | 0.14 [11.09
Odeska 099 | 1.09 | 068 | 0.98 | 1.14 | 1.01 | 0.54 | 0.71 | 0.44 | 1.19 [ 1.30 [ 0.38 | 1.05 [ 0.00 | 0.73 | 1.00 | 1.08 | 1.13 | 0.27 | 1.05 | 1.02 | 0.95 | 1.03 | 1.15 |10.35
Poltavska 032 (039|132 |0.29|045|031|022|034|032|049 061 105|034 [0.73 [0.00 [0.30 [0.38 | 0.44 | 0.56 | 0.36 | 0.32 |0.25 | 0.36 | 0.46 [10.89
Rivnenska 0.07 [0.09 161 |0.04 [0.15 |0.02 | 0.48 |0.42 |0.61 |0.19 |0.31 | 1.33 | 0.06 |1.00 (0.30 [0.00 [0.09 |0.14 | 0.86 | 0.06 |0.03 |0.05 | 0.09 |0.17 (11.05
Sumska 0.12 (003 (169 [0.11 [0.08 | 0.08 | 0.57 | 0.49 | 0.69 | 0.12 | 0.24 | 1.41 | 0.04 | 1.08 | 0.38 | 0.09 | 0.00 [ 0.08 [0.94 [0.06 |0.06 [0.13 |0.11 |0.10 [11.11
Ternopilska 0.15 [0.05 [ 1.75 | 0.16 [ 0.04 | 0.13 | 0.63 | 0.51 | 0.75 | 0.06 | 0.17 | 1.47 | 0.12 | 1.13 | 0.44 | 0.14 | 0.08 | 0.00 [ 1.00 [0.09 |0.12 |0.19 | 0.11 | 0.03 [11.13
Kharkivska 0.87 (095 [0.75 [ 0.84 [ 1.01 [ 0.87 | 0.38 | 0.66 | 0.25 | 1.05 | 1.17 | 0.52 | 0.90 | 0.27 | 0.56 | 0.86 | 0.94 [1.00 [0.00 {091 [0.88 [0.81 | 0.91 | 1.02 [10.53
Khersonska 0.07 | 0.04 | 1.67 | 0.08 | 0.10 | 0.06 | 0.54 | 0.44 | 0.67 [ 0.14 | 0.25 | 1.38 | 0.07 | 1.05 | 0.36 | 0.06 | 0.06 | 0.09 | 0.91 | 0.00 |0.05 |0.10 [0.06 |0.11 |11.08
Khmelnytska 0.08 | 0.07 | 1.63 | 0.06 | 0.13 | 0.03 [ 0.51 [0.44 | 0.63 [ 0.17 | 0.29 | 1.35 | 0.05 | 1.02 | 0.32 | 0.03 | 0.06 | 0.12 | 0.88 | 0.05 | 0.00 | 0.07 | 0.09 |0.15 |11.07
Cherkaska 0.08 | 0.14 | 1.57 | 0.05 | 0.20 | 0.06 [ 0.45 [ 0.38 [ 0.57 [ 0.24 | 0.35 | 1.28 | 0.11 | 0.95 | 0.25 | 0.05 | 0.13 | 0.19 | 0.81 | 0.10 | 0.07 | 0.00 | 0.12 [0.21 |11.02
Chernivetska 0.06 | 0.09 | 1.66 | 0.08 | 0.13 [ 0.09 [ 0.54 | 0.41 | 0.67 | 0.17 | 0.27 | 1.37 | 0.12 | 1.03 | 0.36 | 0.09 | 0.11 | 0.11 | 0.91 [0.06 [ 0.09 [ 0.12 | 0.00 | 0.13 |11.04
Chernihivska 0.17 | 0.08 | 1.77 | 0.18 | 0.04 | 0.16 | 0.65 | 0.53 | 0.78 [ 0.04 | 0.15 | 1.49 | 0.14 | 1.15 | 0.46 | 0.17 | 0.10 | 0.03 | 1.02 | 0.11 [ 0.15 [ 0.21 | 0.13 | 0.00 |11.14
Kyiv 11.0211.11|10.10|11.02|11.14|11.05 | 10.72 | 10.75 [ 10.67 {11.17 { 11.24 {10.12 [ 11.09 | 10.35 | 10.89 | 11.05 |11.11 | 11.13 | 10.53 | 11.08 |11.07 |11.02 {11.04 {11.14 | 0.00
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2 is formed by Zaporizhzhya, Kyiv, Poltava, Ivano-
Frankivsk regions. Cluster 3 and Cluster 4 consist
of two sample objects - Dnipropetrovsk, Lviv and
Odesa, Kharkiv regions respectively. Cluster 5 unites
the Zhytomyr, Ternopil, Chernihiv, Kirovograd and
Luhansk regions. Cluster 6 is the most numerous,
grouping eleven regions of Ukraine, namely Vinnytsia,
Chernivtsi, Donetsk, Cherkasy, Transcarpathian,
Rivne, Khmelnytsky, Volyn, Sumy, Kherson and
Mykolaiv regions (table 3).

Accounting constraints of the development of the
regional tourist market of Ukraine (regional cluster of
tourist market) in terms of spatial polarization is ad-
visable by dividing them into internal and external.
Internal constraints delineate the boundary of indi-
vidual travel market in the region (regions, clusters)
caused by the imperfection or absence of endogenous
determinant of the market, which in turn is advisable
to distinguish between the historically-formed base
and innovative determinants (Horina, 2016).

Table 3. Clustering regional tourism market of Ukraine (compiled by the author)

Threshold — 0.5 Threshold - 1
Cluster Cluster integra- Cluster Cluster integra- Cluster Cluster integration level
tion level tion level
1 2 3 4 5 6
Cluster 1 - Kyiv Cluster 1 - Kyiv
Cluster 2 0.4865010 | Zaporizka. Kyivska. Poltavska. Cluster 2 0.4865010 | Zaporizka, Kyivska, Poltavska
Ivano-Frankivska lvano-Erankivska
Cluster 3 0.3802633 Dnipropetrovska. Lvivska Cluster 3 0.7004833 Vinnytska, Chernivetska,
Cluster 4 0.2732135 Odeska. Kharkivska Donetska, Cherkaska,
Zakarpatska, Rivnenska,
Khmelnytska, Volynska,
Sumska, Khersonska,
Mykolaivska, Zhytomyrska,
Ternopilska, Chernihivska,
Kirovohradska, Luhanska,
Cluster 5 0.2139298 Zhytomyrska. Ternopilska. Cluster 4 0.8406595 Dnipropetrovska, Lvivska,
Chernihivska. Kirovohradska Odeska, Kharkivska
Luhanska
Cluster 6 0.2129407 Vinnytska, Chernivetska,
Donetska, Cherkaska,
Zakarpatska, Rivnenska,
Khmelnytska, Volynska,
Sumska, Khersonska,
Mykolaivska

It should be also noted that geography hasn’t
been used and isn’t taken into account when combin-
ing regional travel market in clusters on indicators of
functioning of tourist activity. Only economic indica-
tors of activity were applied.

Regional differentiation of the development of
tourist services markets of Ukraine is caused by “...
differences in the distribution of natural resources,
climatic features of the regions, cultural and histori-
cal conditionality, disproportional placement of trans-
port, communication, resort and entertainment infra-
structure, asymmetry of distribution of recreational
resources” (Gorina, 2016) and other factors that shape
spatial polarization. In this regard, the polarizing
aspects of the spatial development of tourism, the
causes and consequences of increasing imbalances
and asymmetries in the structure of the tourism mar-
ket, must be taken into account when forming strate-
gies and models of market development.

Historically-formed determinants are revealed
through the ... assessment of the imperfection lo-
calization or lack of necessary natural resource and
socio-demographic factors for the development of the
tourist service market, namely favorable geographical
location and natural and climatic conditions, access to
natural resources, optimal proximity to external bor-
ders / center, the availability of a sufficient number of
skilled labor resources, the level of labor productiv-
ity caused by socio-cultural characteristics and eth-
nic composition of the population” (Gorina, 2016).
Among the historically-formed determinants that
influenced the formation of tourist services regional
market clusters of Ukraine, natural resource determi-
nants prevail, namely: provision and access to natural
resources, favorable natural and climatic conditions,
proximity to external borders.

Innovative determinants are revealed due to set
of restraining restrictions that arise as a result of im-
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perfection of institutional and infrastructural support
for the formation of the tourist market (transport and
sectorial infrastructure, organizational and institution-
al structures), heterogeneity and structural uneven-
ness of the industrial and economic complexes, which
ensures the low level of tourism, imperfect sectorial
and regional development strategies. Among the in-
novative determinants that traditionally influence the
formation of inequality in the development of tour-
ist regions of the tourism service national market are
the most influential: institutional and infrastructural
determinants (transport and sectoral infrastructure),
determinants of innovation (innovational and invest-
ment activity in the tourism industry), political and
economic determinants (regional policy in the field
of tourism; the presence of a tourism and recreational

Cluster 1
Cluster 2

Cluster 3
Cluster 4

Cluster 5

Cluster 6

External constraints are hindering integration,
globalization and the development of the tourism
market and are manifested in the absence of exog-
enous determinants of development. These restric-
tions mainly concern the national tourism market as
a whole.

Analyzing the spatial distribution of clusters of
regional tourist service markets of Ukraine, shown in
the Figure 2, we can conclude about the prevailing
lack of geographical proximity of the formed clus-
ters. Only the cluster 6 is the exception as it combines
more than 40% of the sample sites (eleven regions
of Ukraine, namely Vinnytsia, Zaporizhia, Donetsk,
Cherkassy, Transcarpathian, Rivne, Khmelnytsky,
Lutsk, Sumy, Kherson and Mykolaiv regions), with
common geographical boundaries in a limited space.

Fig. 2. Spatial distribution of regional clusters of tourism market of Ukraine (distance threshold - 0.5)

component in the development strategy of the re-
gion), integration determinants (degree of the region
involvement in foreign economic activity; participa-
tion in relevant integration associations, cross-border
cooperation in the field of tourism), globalization
determinants (presence and position of large corpo-
rate structures in the region, namely the presence of
international hotel nets, international tour operators,
etc.; involvement in the international specialization
and cooperation in the tourism industry; involvement
in international trade, international investment pro-
cesses, interregional competition).
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Cluster 1, which was established in Kyiv, is
a center for tourism development, on the basis of
which the main volume of tourist demand is formed,
tourist infrastructure is concentrated, tourist flows are
concentrated, major innovations in the Tourism sector
are generated, and as a result of the spatial diffusion
process, they are spread to other clusters / regional
tourist service markets.

Further calculation of the cluster market shares
in the tourist service market of Ukraine will allow
to determine what place the cluster occupies in the
relevant segment in relation to its competitors (other
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Table 4. Market shares of clusters of regional tourism service markets of Ukraine, 2017

Market share of the
Market share O.f the Market share of Market share of the | number of tourists | Market share of the
number of subjects | the number of staff | .
Cluster - . - income from tour- served by tour cost of travel pack-
of tourist activ- members of tourist -
. N ism, % operators and travel ages sold, %
ity, % activities, %
agents, %
Cluster 1 25.46 49.35 91.42 77.90 78.51
Cluster 2 16.03 11.95 2.70 4.62 4.79
Cluster 3 17.66 13.13 2.83 6.57 5.49
Cluster 4 12.49 9.97 1.34 3.15 5.13
Cluster 5 6.22 3.07 0.27 1.56 1.42
Cluster 6 22.15 12.54 145 6.20 4.65

clusters), to predict the further prospects of their
development, to evaluate the effectiveness of cluster
activities, etc.

The calculated market shares of 6 clusters, which
were determined at a threshold distance of 0.5 (table
3) are given in the table 4. The objects of the cluster
sample correspond to the column 3 of the table 3.

In terms of indicators by which the clusters were
grouped and evaluated, we have the following results:

by market share of the cluster by the number of

subjects of tourist activity, the largest market share

belongs to the cluster 1 (25.46%), the smallest— to the
cluster 5 (6.22%);

by market share of the cluster by the number of
staff members of tourist activities, the largest market
share belongs to the cluster 1 (49.35%), the smallest—
to the cluster 5 (3.07%);

by market share of the cluster by income from
tourism, the largest market share belongs to the cluster
1 (91.42%), the smallest — to the cluster 5 (0.27%);

by market share of the cluster by the number of
tourists served by tour operators and travel agents, the
largest market share belongs to the cluster 1 (77.90%),
the smallest — to the cluster 5 (1.56%);

by market share of the cluster by the cost of travel
packages sold, the largest market share belongsto the

cluster 1 (78.51%), the smallest — cluster 5 (1.42%).

These data allow us to state that the largest market
shares by all indicators belong to the cluster 1 (Kyiv),
the smallest — to the cluster 5 (Zhytomyr, Ternopil,
Chernihiv, Kirovograd, Luhansk regions).
Conclusions. It is determined that the disproportion
of the distribution a redistribution of natural a
recreational a socio-economic resource and the
influence of historically formed and innovative
determinants leads to uneven development of the
tourist space. In this regard, it is concluded that the
regional differentiation of the development of tourist
services markets in Ukraine is caused by factors of
formation of spatial polarization, which affect the

spatial structure of the tourism system, cause and
enhance its asymmetry and lead to the need to take into
account the identified processes in the development of
concepts and strategies of development markets.

The cluster analysis of regional tourist service
markets according to the indicators of functioning
of tourist entities (the number of subjects of tourist
activity; the number of stuff members of tourist
activities; income from tourism; the number of
tourists served by tour operator an travel agents; the
cost of travel packages sold) allowed to distinguish
6 clusters at a threshold distance of 0.5, namely:
cluster 1 — Kyiv, cluster 2 — Zaporizhia, Kyiv, Poltava,
Ivano-Frankivsk region, cluster 3 — Dnipropetrovsk,
Lviv regions, cluster 4 — Odessa, Kharkiv regions,
cluster 5 is formed from Zhytomyr, Ternopil,
Chernihiv, Kirovograd and Luhansk regions, cluster
6 unites Vinnytsia, Chernivtsi, Donetsk, Cherkasy,
Transcarpathian, Rivne, Khmelnitsky, Volyn, Sumy,
Kherson and Mykolaiv regions. The clustering carried
out can serve as the basis for the further evolution of
strategies and models for the development of certain
clusters.

Study of tendencies for the development of each
cluster, determination of market share of clusters in
the market of tourist services of Ukraine, in-depth
and detailed analysis taking into account factors of
formation of spatial polarization using the methods
of multidimensional statistical analysis and other
analytical methods may be the topic of further
researches.
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Man-made pollution of the environment with coal dust as a result of operation and closure of
coal mines
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Received: 08.09.2020 Abstract. The technological processes of coal mining, enrichment and use, in particular
Recetved inrevised form:16.09.2020 coal combusting is accompanied by formation and release of significant amounts of dust
Accepted: 24.09.2020 and gases. Atmospheric air protection is one of the most urgent problems of the nowadays

technological society, as scientific and technological progress and expansion of production
is associated with an increase in negative anthropogenic impacts on the atmosphere. The paper presents a new solution to the current
scientific problem of reducing carbon-containing dust content based on the disclosure of the laws of the aerodynamic interaction of
dust and water flows in gravitational and electrostatic fields. The authors show in this study the causes of atmosphere pollution with
coal-containing dust; main issues of atmospheric air protection at enterprises located in the controlled territory of Ukraine. The data
of the first quarter of the 2020 year are presented in the research. The biggest part of the facilities that pollute the atmospheric air are
focused in Donetsk and Lugansk regions. It is estimated that the air environment of the underground mine surface complex is filled
with exhaust ventilation air of approximately 200.000 m*per minute with a dust concentration of approximately (5-7) mg / m?, which
is equal to 1.5 tons of dust per a day. It is here that the possibility of transporting pollutants over long distances is most often realized.
Coarse dust discharged through the ventilation systems of mines is intensively deposited in the sanitary protection zones of mines. Fine
dust is carried by the wind outside them, polluting the environment on the distance of up to 3500 m from the coal mine. Emissions of
carbon dust into the atmosphere are almost always a major part of transboundary environmental pollution. Mine waste also poses an
environmental threat. Technologies of reduction air pollution at the source of carbon-containing dust formation should be used in all
new industries of economy. The results obtained reveal the mechanism of interaction of the sprayed liquid with coal dust and can be
used in the development of new effective means of controlling the carbon-containing dust. The principles and practices of sustainable
development, coupled with local research, will help to contain or eliminate health and environmental risks resulting from air pollution
by carbon-containing dust.

Keywords: air pollution, carbon-containing dust, environment, cardiovascular diseases, respiratory tract diseases, human health, dust
prevention and control, dust reduction

TexHorenne 3a0pyAHeHH J0BKIiLJISA ByTUIbHUM MWJIOM BHACJHII0K (YHKIIOHYBAHHS i 3aKpHT-
TS BYTUILHUX HIAXT

M.C. I'opobGeii, B.M. €pmakos, O.B. JlyaroBa
Hepaicasna exonoeiuna akademis nicisouniomnoi océimu ma ynpasninns, Kuis, Ykpaina, lunovaov@ukr.net

AHorauisi. TexHOIOT14HI IIpoLecH BYIIeBU100yTKY, 30araueHHs Ta BAKOPUCTAHHS, 30KpEMa, CIIAIIOBAHHS BYT'1JUIS, CYPOBOIKYIOTHCS
YTBOPEHHSIM 1 BUIUJICHHSM 3HAYHOI KiJIbKOCTI MUY 1 Ta3iB. 3aXucT aTMochepHOro MOBITPs € OJHIEI0 3 HAHAKTyaNbHINIMX MpodIeM
CY4aCHOrO TEXHOJIOTIYHOTO CYCHIJIbCTBA, OCKUIBKM HAayKOBO-TEXHIUYHHMH MPOrpec Ta PO3MIMPEHHS BUPOOHHIITBA MOB’s3aHi 3i
301/IbLIICHHSIM HEraTHBHOTO aHTPOIIOI€HHOTO BIUIMBY Ha atMocdepy. Y CTaTTi NpEeACTaBiIeHO HOBE PIIICHHS aKTyaJdbHOI HayKOBOI
MpoOJIeMHU 3MEHIIICHHS BMICTY THITY, 1[0 MiCTHTh BYIJIellb, HA OCHOBI PO3KPHUTTS 3aKOHIB aepOJMHAMIYHOI B3a€EMOIii MOTOKIB MUY Ta
BOJM B IPaBITAlliHHOMY Ta €IEKTPOCTATUYHOMY TOJsIX. B poOOTi HaBeAeHO OCHOBHI MpUYHMHY 3a0pyAHEHHsI aTMOC(epr ByTiTbHUM
MTUJIOM, OCHOBHI MPOOJIeMH OXOPOHH aTMOC(HEPHOro MOBITPS HA MiJMPHEMCTBAX, SKi PO3TAIIOBaHI Ha MiAKOHTPOIBHIH Teputopil
Vkpainu. B poboti npescrasneni gaui 3a 1 kapran 2020 poky. JIeBoBa yacTka miAprueMcTB-3a0pyaHIOBaYiB 30cepe/keHa y JIoHelbKii
Ta JIyrancekiit odnactsix. 3a miipaxyHKaMH BCTAHOBJICHO, IIIO HOBITPSIHE CePEIOBHIIE ITi A3 MHOT O IIAXTHOT O TOBEPXHEBOI'0 KOMITIIEKCY
3aII0BHIOETHCS BUTSOKHUM BEHTHIALIHUM TIOBITpsiM, Gm3bko 200000 M°3a XBUITHHY 3 KOHIIEHTpAIliero many (5-7) mMr/mM3, 1o 1opis-
Hioe 1,5 T mumy Ha 100y. Came TyT HaifuacTiine peasni3yeTbes MOXKIIMBICTD TPAHCIIOPTYBAHHS 3a0PYIHIOBAILHUX PEUOBHH HA BENUKI
BijacraHi. ['pyOmit mui, Mo CKUAA€ThCA Yepe3 BEHTHIIAMINHI CHCTEMU IIAaXT, IHTEHCUBHO OCIJIa€ B CAHITAPHO-3aXMCHUX 30HAX IIAXT.
JpiOHuMit MU PO3HOCUTHCS BITPOM 11032 HUMH, 3a0pyIHIOIOYH TOBKULI Ha BifncTaHi 0 3500 M Bif BYriibHOI MIaxTu. Bukuam Byrie-
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LIEBOT0 NIy B aTMoc(epy Maike 3aBXKIH € OCHOBHOIO YACTHHOIO TPAHCKOPJOHHOTO 3a0pyIHEHHS HAaBKOJUIIHBOIO CEPEIOBHINA.
Texnoorii 3MeHIeHHS 3a0pyTHEHHS aTMOC(EPHOT0 MOBITPs Y [KEpeIli ByrJIEBMiCHOI'O ITMIIOYTBOPEHHS TOBUHHI BUKOPHCTOBYBATUCS
Y BCIX HOBHX Taly3sX MPOMHUCIOBOCTI. OTpHMaHi pe3ynbTaTH PO3KPHBAIOTH MEXaHI3M B3a€MO/Iii HANMIIOBAHOI PIJUHH 3 BYT1TbHIM
IIIJIOM 1 MOXKYTh OYTH BHUKOPHCTaHI IPH PO3poOIi HOBHX e(pEeKTUBHHX 3ac00iB OOpOTHOM 3 ByrieBMiCHUM mmwioM. [IpuHmumm Ta
MIPAKTHKHU CTAJIOr0 PO3BUTKY B IOETHAHHI 3 MiCLIIEBIMH JOCIIKEHHAMH JOIIOMOXYTH CTPUMATH a00 YCYHYTH PU3UKH JUIS 37I0pPOB’ S Ta
HaBKOJIMIITHBOTO CEPEIOBHIIA BHACIIZOK 3a0pyJHEHHSI aTMOC(EPHOT0 MOBITPSI ITHJIOM, IO MiCTHUTH BYIJICIIb.

Knrouosi cnosa: 3a6pyonenns nosimps, nui, wjo MICMUms y2ieyb, HABKOIUWHE Cepedosuye, cepyeso-CyOUHHI 3aX8OPIOGAHHS,
X80POOU OUXANLHUX ULTAXIE, 300P08 5l IOUHU, 3aN00I2aHHs MA KOHMPOLb NUTLY, 3MEHUEHHS NUTY

Statement of the Problem. The coal industry is a fun-
damental branch of Ukrainian economy. It is marked
by quite complicated technological process, which es-
sentially affect the environment.

The coal mining and coal processing entities are
located in various regions of Ukraine. Because of the
coal deposits they are located uneven, sometimes there
is an excessive concentration of the coal facilities in
particular regions.

The production activity in coal mining industry is
accompanied by involving new deposits with some-
times-complicated hydrogeological conditions. All
the aforementioned features with high concentration
of coal mining and coal processing facilities define
a continued man-made impact on state change and
properties in particular of geological component and
the environment in general. Such influence does not
concern some production areas, but only overall in the
production regions (Lysychenko, 2008).

The technological processes of coal mining, en-
richment and use, in particular coal combusting is
accompanied by formation and release of significant
amounts of dust and gases. This leads the local at-
mosphere pollution and global negative influence,
such as greenhouse effect, ozone depletion, oxidation
of sediments, etc. The coal entities emission lots of
dust, greenhouse gases (carbon monoxide CO, carbon
dioxide CO,, methane CH, and partially nitrogen di-
oxide NO,) and acid gases (sulfur dioxide SO, and ni-
trogen oxides NO,). The main sources of atmosphere
pollution in coal industry are mines, enrichment fac-
tories, boiler rooms, fuel- combustion power plants,
combustion waste dumps, etc. (Rudko, 2016).

The state of the atmosphere in Ukraine is defined
as insufficient, in some regions e.g. Donetsk, Kharkiv,
Dnipropetrivsk is extremely dangerous. According to
statistic the main pollution sources for atmosphere
are enterprises of the fuel and energy sector —36%
of the total emissions, production companies — 35%
and mining companies —25%. The main pollutants are
oxides of carbon, nitrogen, sulfur dioxide, ammonia,
phenols, formaldehyde, benzopyrene (Kuzin, 2010).

The polluted atmosphere has no boundaries, that
is why this problem concerns not only the local inhab-
itants, but also city, region and even country.
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Causes of air pollution:

emissions of toxic substances by industrial
enterprises (cities Mariupol and Horlivka, Donetsk
region — are so called “leaders” of Ukraine by the
content of harmful substances in the air: formaldehyde,
nitrogen dioxide, phenol, benz(a)pyrene, hydrogen
fluoride, carbon monoxide, suspended solids);

greenhouse gas emissions and particulate
emissions (soot) from chimneys;

evaporation of volatile toxic substances from
settling tanks;

dust pollution (blowing of toxic substances from
ash, slag and sludge dumps, heaps);

air pollution by emissions from stationary and
mobile sources (ash from fuel-combustion power
plants, formaldehyde, nitrogen dioxide, etc.) taking
into account the falling of industrial production;

catastrophic situation with gassiness of cities,
where technological equipment has not been updated
for a long period (the number of equipment with a
service life of 40 years or more exceeds 70%);

air pollution due to the activities of oil and gas
companies and during the gas combustion in flares;

transboundary transportation of air pollutants
into border areas (almost uncontrolled process due to
the lack of sufficient number of mobile and stationary
observation points).

The main part of sulfur dioxide (70%), nitrogen
oxides (56%) and dust (52%) were released into
the atmosphere by enterprises producing electricity,
gas and water; hydrocarbons and volatile organic
compounds (74%) — mining industry; carbon
monoxide (70%) — manufacturing enterprises
production companies (Lunova, 2018, 2019, 2020,
Yermakov, 2000, 2019, Ulytskyi, 2019).

Although the pollutant emissions volumes have
decreased recently, primarily due to the shutdown
of many enterprises, in some industrial regions
(especially in Donetsk-Prydniprovskyi region) they
still significantly exceed the maximum allowable
norms.

The particular concern is about more than
a thousand harmful chemical companies, most
of which are located in Donetsk and Luhansk

regions. Over the last 10 years, the number of
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children born here with disabilities has doubled. The
poor state of the atmosphere is in the entire Donetsk-
Dnieper region, also in Cherkasy, Kyiv and Odessa.
Due to the environmental pollution by the
exhaust gases of internal combustion engines with
harmful substances, entire regions, especially large
cities, become a zone of ecological disaster for the
population. The problem of harmful emissions from
mobile emission sources is becoming more acute due

intensitication of the state supervision to comply
with the environmental protection legislation during
the operation, construction of new and reconstruction
of existing industrial enterprises and other facilities;

improvement of ventilation system, purification
of indoor air conditioning systems;

improvement of air quality and air quality control
in residential and public premises;

improvement of economic methods of air quality
management.

~ 58
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Fig.1. Distribution of organized and unorganized sources of dust pollutants emissions by coal mining enter-

prises for the first half of 2020 (units)

- Number of unorganized emission sources

. Number of organized emission sources

to the continuous increase of the operated vehicles
fleet, the consolidation of traffic network.

The main problems of air protection:

actual emissions of harmful substances into the
atmosphere by technological cycles, entities of the
mine complex and enterprises in general, performing
their quantitative and qualitative assessment;

identification of priority areas for comprehensive
work to reduce the harmful emissions;

introduction of new technologies to use the mine
gas, degassing and ventilation systems.

intensification of works on reformation,

extinguishing and reclamation of waste dumps;

creation of a monitoring system.

The main priorities in the field of air protection

implementation of EU standards and their
adaptation to the regulatory system of Ukraine in the
field of air quality;

reduction of the harmful effects of air pollution
sources;

At all enterprises located in the controlled terri-
tory of Ukraine, for the 1% quarter of 2020 there are
633 sources of pollutant emissions, 314 of which are
organized and 358 - unorganized sources of emissions
(Fig. 1). The biggest share of the polluting enterpris-
es is concentrated in Donetsk and Luhansk regions
(Bondar, 2020, Yermakov, 2020, Lunova, 2020).

As it can be seen from the Fig. 1, the largest
number of emission sources are in the independent
mines and SE “Pervomaiskcoal” — 146 and 114
units, respectively. During the first half of 2020,
the coal industry enterprises released 93023.92 tons
of pollutants into the atmosphere, 85118.05 tons of
which are from organized and 7906.08 tons — from
unorganized sources of emissions. The largest amount
of pollutants — 46340.38 tons were produced by
Lvivcoal in the first half of 2020. A significant amount
of pollutants was produced by independent mines
and SE “Mirnogradcoal”, 22747.56 and 13364.80
tons, respectively. The lowest amount of pollutants in
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Fig. 2. Dust pollutants of coal mining enterprises
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2020 was emitted by SE “Volyncoal” — 12.20 tons.
Emissions of coal mining enterprises are shown in
the Fig. 2. PJSC “Lysychanskcoal” emits the most
solid pollutants — 1137.87 tons, and the least - SE
“Volyncoal” — 7.34 tons.

Methodology & Theoretical Orientation. Theo-
retical and laboratory studies, experimental measure-
ments, calculation for determining the probability of
dust formation, mathematical planning (a second-
degree D-optimal plan was used for construction the
mathematical model), graph-analytical and math-
ematical planning methods.

Discussion. Coal mining enterprises are powerful
sources of pollutant emissions into the atmosphere. As
a result of the operation of coal mining and processing
plants, significant amounts of carbon-containing dust
enter the atmosphere. Researchers estimate that the
air environment of the underground mine’s surface
complex is filled every minute with approximately
200,000 m?3 of exhaust ventilation air having a dust
concentration of approximately (5-7) mg/m?, which
equals to 1.5 tons of dust per a day. This is where a
long-range transportation of pollutants is most often
possible. Coarse dust discharged through the ventila-
tion systems of mines intensively settles within the
sanitary protection zones of mines. Fine dust is car-
ried on long distances by the wind beyond their limits,
polluting the environment at a distance of up to 3500
m from the coal mine. Carbon dust emissions into the
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atmosphere are almost always a major part of trans-
boundary environmental pollution. The mine wastes
are also an environmental threat.

Coal dust consists of fine coal powder, which is
formed during drilling, blasting, crushing, screening,
crumbling, taking into account its fragile nature,
mechanical and flowing transportation of coal and
coal products. Air quality has the potential to be
impacted by the coal dust emissions from coal mining
activities, the transportation of coal from mines to
designated ports and the loading operations at the
port’s export terminals.

Carbon-containing dust degrades air quality
and ruthlessly distresses the natural bio-network and
ecosystems and also has a serious impact on human
health. Carbon-containing dust is a factor in increasing
mortality from heart and respiratory diseases, decrease
in pulmonary function of children and adults with the
development of obstructive respiratory disease, and
the increase in the frequency of symptoms. Health
effects are associated with both short-term and long-
term impact of dust particles.

The environmental risk of carbon-containing
dust emissions necessitates measures to dust off mine
ventilation streams and reduce dust emissions into
the atmosphere. To reduce the environmental hazard
of coal mine dusts (carbon-containing dust), it is
recommended that they are localized using dispersed
water.
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Fig. 3. Scheme of motion and mechanical interaction of the sprayed liquid (circles)
with carbon-containing dust (asterisks) in an incline working area

Therefore, the disclosure of the peculiarities of
the influence of factors on the effectiveness of the
processes of interaction of dispersed water jets with
carbon-containing dust in environmental pollution
prevention technologies is an urgent problem, the
solution of which is a prerequisite for scientific and
technological progress in the field of environmental
safety.

Theoretical and laboratory studies, experimental
measurements, calculation for determining the
probability of dust  formation,  mathematical
planning (a second-degree D-optimal plan was used
for construction the mathematical model), graph-
analytical and mathematical planning methods.

When studying the dynamics of dust and
dispersed water flows, we will consider dust particles
and droplets of liquid as separate objects moving in
the ventilation stream.

Let’s choose the coordinate axes (Figure 3): X —is
the longitudinal coordinate along the movement of the
ventilation stream, starting from the place of creation
of the dust stream (location of the combine) or from
the location of the water flare, y — the transverse
coordinate from the bottom to the top starting from
the beginning, near the production soil (Gorobei,
2015, 2018, 2020).

The equation of the motion of a solid or liquid
body in the field of gravity has the form:

au . =
m—=mg—-W 1)
dt
where m, —mass i —i—dust or liquid droplets, kg;

—

— vector of relative velocity of a particle or
droplet, m/s;

t — the time from the start of the flight of a
particle or drop, p;

q — acceleration of gravity, m/ s?

W— force of resistance of movement of particles
or drops, N.

The equation of motion of the particles of dust
and liquid droplets in the projections on the axis of
coordinates is as follows:

du : 6
—-=—gsina, ——— W
dt 7.
()
dv 6
—=-—gcosa, ———W,
dt pad; -

where u, v — the projections of the velocity vec-
tor on the coordinate axis, m/s;

g — acceleration of gravity (assumed equal to
9.81m/s?);

a, — working angle to the horizon, degrees;

p — the density of the particle or droplet (usu-
ally assumed equal to 1300 kg/m? — for coal dust par-
ticles and equal 1000 kr/m®— for wate);

d,— diameter i — particles or drops, m;

W, , W, - projections of the vector of the force
of motion resistance, N.

It is believed that the resistance forces of the body
movement in the air are proportional to the kinetic en-
ergy of the relative motion and the area of the midsec-
tion of the body. In vector form, this dependency can
be represented as follows:

ool 2l
4 2

where ¢, —a drag coefficient that depends on the
velocity and diameter of the particles or droplets;

p,— air density, kg/m?.

For relative motion in the air flow, the formula
(3) in the projections on the coordinate axis, taking

into, account the sign of the motion direction (on or
against the flow) will take the form:

3)

md? Polu=u,|(u=u,)

W _=c ?
X X 4 2 > (4)
2 p, vy
Wy = CY Juj_l p0|2 l
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where c,, ¢, —projection of the drag coefficient on
the coordinate axis;
u,— ventilation flow velocity, m/s.
By substituting expression (4) into the system of
equations (2), we obtain

dut y 3p.C,
—=—gsmao - —(utu,|(uxu,),
di g od | o|( 0)
; 5
— =-—gcosa L v ©)
dt 4pd,
The initial conditions are added to the

equations of system (5) on the assumption that
particles or droplets at the site of their formation
acquire at an angle of inclination to the ground
for production a velocity that does not coincide
with the velocity of air:

Du(0) =u, cosa,; 2)v(0)=u,sina,

(6)

where u, — initial velocity of dust particles or
liquid droplets, m/s;

a,— the angle of inclination of the initial velocity
of movement of particles or droplets to the production
soil, degrees.

Numerous experimental studies show that the
coefficient of resistance of a spherical shape obeys
the two-term law and can be assumed to be sufficient

24y
=05+ ——

The Fig. 4 shows the calculated curve (7) and
the experimental data depending on the coefficient of
resistance of motion of bodies of spherical shape from
the local Reynolds number during the transition from
laminar to turbulent mode.

The local Reynolds number is meant to the ratio
of the dynamic forces of a particle of dust or a drop of
liquid to the forces of air viscosity

di
: Re =

o Tl gl ®
1% . Vv

The maximal error of the calculated data, as
shown by the comparison with the experimental data,
does not exceed 10 — 20%. An analysis of the possible
values of the local Reynolds number implies that it
can vary widely. Therefore, taking the minimal diam-
eter d;,iy = 1 um and the minimal velocity U ;,, = 0.1
m /s, we obtain Re = 0.007. And taking the maximal
diameter d_. = 1000 pm and the maximal velocity
u... =100 m/s, we obtain Re = 6667.

Thus, the movement of dust particles and liquid
droplets will shift from turbulent to laminar mode,
capturing the transition mode. Therefore, considering
only laminar mode using the Stokes law can lead to
gross errors.
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Solving second order algebraic equations (6, 7),
we find the limit value of velocity projections

o 2gsina
u, =Fu, — f’ ] :
a, + \/a,’ +4a,gsma,
—-2gcosq, 9)
B, =

2
a, + \/a] +4a,gcos o,

From the formula (9) it follows that ata, = 0 is the
mode of motion is laminar and at a, = 0 — turbulent.

Figure 5 presents the dependence of the maxi-
mal vertical velocity on the diameter of the particles
or droplets set by the second formula (9). The Fig. 5
turns out that using Stokes’ law when assessing verti-
cal velocity is possible only with a diameter of par-
ticles or droplets less than 200 microns.

It is actually hard to believe that a 0.5 mm diam-
eter drop was moving at a speed of 7 m/s. Given the
turbulence of the flow, its velocity will be according
to the Fig. 5 only 2.5 m/s.

Moreover, it is impossible to use the Stokes law
for longitudinal velocity in the active zone of the
nozzle plume, where the local Reynolds numbers, as
already noted, can be several thousand.

Findings. The mechanism of sedimentation of sus-
pended carbon-containing dust on the working soil
due to the action of gravitational and electrostatic
forces has been clarified. It lies in the fact that as a
result of the natural or forced charge of the dust cloud,
its particles are attracted to the droplets of liquid, cre-
ating new nuclei, which, falling into the sphere of in-
fluence of electrostatic forces are deposited more ef-
fectively due to the fact that their mass is equal to the
total mass of liquid droplets and particles of dust. As
a result of theoretical and experimental studies using
existing formulas it was developed a mathematical
model of the dynamics of the interaction of dust and
dispersed water flows interaction in gravitational and
electrostatic fields.

Conclusion & Significance. Air pollutions have ma-
jor impacts on human health, triggering, and inducing
many diseases leading to high morbidities and mor-
talities. Atmospheric air protection is one of the most
urgent problems in modern technological society, as
scientific and technological progress and expansion
of production is associated with an increase in nega-
tive anthropogenic impacts on the atmosphere. The
paper presents a new solution to the current scientific
problem of reducing carbon-containing dust content
based on the disclosure of the laws of the aerodynam-
ic interaction of dust and water flows in gravitational
and electrostatic fields.

Based on the known theoretical and experimental
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Fig. 5. Dependence of the maximal vertical velocity of a particle or droplet on its diameter during laminar

(curve 1) and mixed (curve 2) modes.

data on the interaction of dispersed liquid with air-
suspended dust, the mechanism for capturing sus-
pended coal dust by fluid droplets in the ventilation
stream has been clarified: dust particles do not have
to be wetted and immersed in liquid droplets. This
may not be in the case of natural and forced charge
of dust and dispersed water flows. Having fallen into
the sphere of influence of electrostatic forces, parti-
cles rush to drops until they fall on the soil of a mine
working area, before they have time to coagulate.
After particles of carbon-containing dust get onto the
wet soil, the de-dusting effect of the ventilation flow
will be achieved.

It has been proved that the movement of dust
particles and droplets of fluid will pass from turbu-
lent to laminar mode, capturing also the transition
mode. Therefore, considering only laminar mode us-
ing Stokes law, as in the works of predecessors, can
lead to gross errors. Studies have shown that using
the Stokes law when estimating the vertical velocity
of motion is only possible with particle or droplet di-
ameters of less than 200 microns. Moreover, its not
allowed to use the Stokes law for the longitudinal ve-

locity in the active zone of the nozzle plume, where
local Reynolds humbers can reach several thousand.

Technologies to reduce air pollution at the source
of carbon-containing dust formation should be used
in all new industries of economy. The results obtained
reveal the mechanism of interaction of the sprayed
liquid with coal dust and can be used in the develop-
ment of new effective means of controlling the car-
bon-containing dust. The principles and practices of
sustainable development, coupled with local research,
will help to reduce or eliminate health and environ-
mental risks resulting from air pollution by carbon-
containing dust.
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Received: 08.09.2020 Abstract. The article is devoted to a qualitative thematic study of the Chernobyl phenomenon
Received inrevised form:22.09.2020 as a holistic phenomenon that combines a number of manifestations: from objects of direct
Accepted: 16.10.2020 visual perception to legends and myths about events, processes and Chernobyl in general.

The integrity of the image of the Chornobyl zone makes the Exclusion Zone an attractive
tourist destination, especially for those who is interested in gaining such experience. At the same time, using the method of thematic
research and based on statistics, the Chernobyl phenomenon is considered in its real context and as a kind of indirect means to determine
the level of interest of citizens of different countries in Ukraine (as a carrier of unique culture, history and world events). The results
of the article are a contextual analysis of the phenomenon of Chernobyl as a tourist destination. Resource opportunities of nuclear
tourism in the Chornobyl zone are analyzed. Methodological qualitative case study of the Chernobyl phenomenon includes accounting
and description of tourist resources of Nature and resources of cultural identity of the cities of Pripyat, Chernobyl (with adjoining
territories), which are cultural artifacts and are elements of the nuclear heritage of Ukraine, and can be included and presented in tourist
routes. The contextual analysis of this study concerned the consideration and processing of data on the Chornobyl zone as a holistic
phenomenon, from cartographic, textual documents, comparative analysis data of visitor loyalty, partial mathematical and statistical
analysis of tourist attendance data. This case study is an approach to a comprehensive study of the phenomenon in the context of its
actual existence using a variety of data sources. It is this comprehensiveness in the study of the phenomenon that ensures that the object
is viewed from different angles, which allows you to reveal and understand all aspects of the phenomenon. The article reveals the main
components of the Chernobyl phenomenon, mentions key tourist attractions that have their own history and shrouded in prophecies,
legends and myths, as well as analyzes the tourist attendance of this destination by different categories of tourists, indicating significant
interest in this territory.

Keywords: Chornobyl phenomenon, tourist attraction, destination, Chornobyl “image”, exclusion zone

YopHoOuabCchoKMii (peHOMEH: KaTacTpo(a, 30Ha eKCIIePUMEHTY VS 00’ €KT MiIBUIIEHOI HiKABOCTI
AJIs1 IONUTJINBUX

Kanyra B.®. !, Vairauens C.1. 2, Imutpyk O.1O. 2, Menpuuk JI.B. 2, Kymay T.I". 2

'Hayionanenuii ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu, m. Kuie, Yrpaina
2Kuiscokutl Hayionanbnuil ynieepcumem imeni Tapaca Illesuenka, m. Kuis, Ykpaina, uliganez@ukr.net

Auoranisi. CTaTTs OpUCBsUeHa M0CHTiKeHHIO YOpHOOMIBCHKOro (PeHOMEHY sIK IUIICHOrO SIBHINA: Bifi 00 €KTy Oe3mocepeHbo-
rO CEHCOPHOTO CIPHUHHATTS A0 JereHa Ta Midis mpo nomii, mpomecu Ta YopHoOuns 3aramom. LlimicHicts 00pazy YopHOOMIBECHKOT
30HU POOUTH TEPUTOPIIO BiTUY)KEHHS PUBAOIUBOIO TYPUCTHYHOIO IECTUHAIIIEI0, OCOOIUBO ISl THX, XTO 3alliKaBIEHUI Y OTPUMaHHI
JIOCBily aTOMHOr0 Typu3My. BoaHoYac, BUKOPHCTOBYIOYH METOJ TEMATHYHOTO JOCHIKEHHS Ta IPYHTYIOUMCh Ha CTATHUCTHIL, SBHUIIE
YopHOOWIIb PO3IILIIAETHCS B HOTO pealbHOMY KOHTEKCTI Ta SIK CBOEPIAHHI 3aciO /s BU3HAUCHHS PiBHS 3alliKABICHOCTI TPOMAISTH
pi3HEX KpaiH B YKpaiHi (SK HOCIsT YHIKAIBHOT KYJABTYPH, iICTOpIl, CBi/lka CBITOBHX MOiN). Pe3ynpraTi cTaTTi — 116 KOHTEKCTHHI aHaIi3
(benomeny YopHOOMIIS SIK TYPUCTHYHOTO HanpsiMKy. [IpoaHasTi3oBaHO pecypCHi MOXIHBOCTI sA€pPHOroO Typusmy B HOpHOOMIBCHKIN
30Hi. MeTO/I0JIONYHO KOHTEKCTYalbHe BUBYEHHS sBUIA YOPHOOMIIS BKIIIOYA€E OOJIK Ta OMUC TYPUCTHYHUX HPHUPOIHHUX PECYpCIB Ta
pecypciB iCTOPHKO-KyAbTYpHOI criaquau Mict [purn’sits, YopHOOHB (3 MPHIETIIMMHE TEPUTOPISIMH), SKi € ICTOPUKO-KYIbTYPHIUMHU
apredakTaMu Ta eJIeMEHTaMU SACPHOI CHaIIIMHA YKpaiHu 1 MOXKYTh OyTH BKJIFOUEHI Ta MPEACTABICHI B TYPUCTHYHHUX MapIIpyTax.
Le TemMaTu4He TOCTIKEHHS € TTIXOAOM JI0 BCEOIYHOTO BUBYEHHS SBUINA B KOHTEKCTI HOro ()aKTUYHOTO iICHYBAaHHS 3 BUKOPHCTaHHSAM
Pi3HOMaHITHUX JpKepen naHuX. KoHTeKCTyanpHHi aHalli3 B TOC1PKEHHI CTOCYBABCS PO3TIIALY Ta 00pOOKH AaHUX PO YOpHOOMIIBECEKY
30HY SIK [IUTICHE SBUIIE 3 KAPTOrpadivHUX, TEKCTOBUX JIOKYMEHTIB, IJAHUX TTOPiBHSUIBHOTO aHAI3Y JIOSITBHOCTI BiJIBiyBadiB, YaCTKOBO-
TOMaT€MaTHYHOrO Ta CTATUCTUYHOTO aHAJI3y TaHMX BiJBIyBaHOCTI TypHUcTiB. CaMe 11 BCeOIUHICTD y IOCHIIKEHH] SIBUIIA 3a0e31edye
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po3risn 06’ €KkTa 3 Pi3HUX CTOPIH, IO 103BOJISIE PO3KPHUTH TA 3pO3YMITH BCI ACTIEKTH SIBHIIA. Y CTATTi PO3KPUBAIOTHCS OCHOBHI CKIIa0B1
s;BrIA YOpHOOMIISL, 3rayl0ThCs KITIOYOB] TYPUCTUYHI BH3HAUHI ITaM’SITKH, SKi MAlOTh BIIACHY ICTOPIIO Ta OMOBUTI MPOPOLITBAMH, Jie -
TeHIaMH Ta Mi)aMH, a TAKOXK aHAII3yeThCS BiJIBIAyBaHICTh IILOTO MICIS PI3HUMH KaTEropisIMU TYPHCTIB, IO CBIAYUTH PO 3HAYHUH

iHTEpeC 10 Ii€l TepuTopii.

Knrouosi cnosa: Yoprobunvcokuil ghenomen, mypucmuyna npusabiugicmns, oecmunayis, «oopazy Yoprobuns, 30Ha 8104yiceHHs

Introduction. Life experience shows that something
big is noticed from a distance. The Chernobyl
phenomenon, which was manifested by a striking
and actually well-known Chernobyl disaster in April
1986, is a landmark event of the late 20th century
on a global scale. At the same time, the scale of the
catastrophe received quite a good losses estimation
within the first few years after the disaster happened.
But the Chornobyl phenomenon remains currently
little studied and, moreover, judged by its influence
on the mankind existence, including the noosphere,
and the global ecosystem as a whole. Obviously, the
scale of the phenomenon mentioned is so large that it
can only be more or less properly grasped the decades
later. In addition to the catastrophe itself, accompanied
by the pure statistics only, the Chornobyl phenomenon
combines the information content filled with various
myths, legends, testimonies and considerations;
system of established and at the same time little-
researched causes of the catastrophe; a system of
consequences that make themselves known over time.
Therefore, it is the Chornobyl phenomenon, rather
than the catastrophe itself, that is of much greater
interest for not only the narrow-specialized
professionals and civil servants). The tourists, at least
the vast majority of them, are more likely attracted
to the “Chornobyl image” formed on the basis of
the above-mentioned components of the Chornobyl
phenomenon than the catastrophe itself. One can
only discover that the decorative image of Chernobyl,
widespread in Ukraine and even in the world, is at
least clearly simplified, and most likely sufficiently
distorted. As a result, a number of grounds are being
formed to distort the general idea of the Chornobyl
phenomenon and thus the Chornobyl disaster and
its actual, rather contradictory consequences. In the
context of this article that may cause the local and
foreign tourists’ disappointment, generated by “the
expected” and “the experienced” mismatch after
visiting the Chernobyl zone. Therefore, in order
to prevent the undesirable effects generated by
distortions of the Chornobyl phenomenon, there is
a need to comprehend the mentioned phenomenon
systematically relying on the analysis of various
statistics, available information base, etc.
Nuclear artefacts around the world are becoming
increasingly popular tourist attractions. Tourists
make new sense of recreation traveling to such
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places. Such journeys are an immersion in existing
realities through a review of a period of world history
that has fundamentally changed the world. Such
vacations are one way of understanding the history
of the nuclear era. Visiting nuclear weapons test
sites, holding innovative nuclear energy research,
exhibitions in museums focused on the history of
nuclear development and demonstrating the arms race
legacy and the Cold War, nuclear accident sites are
the interests of a particular nuclear tourism. Nuclear
tourism has been separated from dark tourism due to
the conceptual approach to the motives of visiting
such places (Ropeik, 2012; Gauldie, 2019; Lennon,
Foley, 2000; Brand, Platter, 2011). The dark tourism
culture, above all, shows such destinations as nuclear
wastelands as a demonstration of the atomic bombs
mighty power. In the practice of dark tourism, the
destructive force of the nuclear explosion is called
the Eiffel Tower of the dark tourism. For example,
in Japan, this tendency is of concern. Since for the
most part tourists visiting the damaged artefacts
of Nagasaki and Hiroshima are not looking for a
humanitarian sense in the impact of nuclear weapons
or energy at all, and are only looking for bright
selfies in the ruins of the former cities of Hiroshima
and Nagasaki (Italie, 2011; Schéfer, 2016; Gauldie,
2019). However, there is still an urgent need to shift
the accents to the space of humanizing phenomena
with a tragic atomic history. In accordance with
the humanistic approaches used by atomic tourism,
the attractions of nuclear travel are demonstrated
with some enlightenment to the public about not
only the positive impact of nuclear energy. But also
highlights the negative effects of using nuclear energy
(Lennon, Foley, 2000; Brand, Platter, 2011; Gerster,
2013; Stone, Hartmann, Seaton, Sharpley, White,
2017). Many sites of atomic tragedies are confronted
with ethical issues of combining compassionate
understanding with the destructive history of atom.
However, visiting of nuclear power plants have the
potential to improve people’s energy literacy, improve
understanding of how we consume energy, raise
awareness of nuclear waste storage, or the potential
impact of nuclear activity on the local economy. With
regard to nuclear power plants, a certain content of
knowledge and experience may be exposed here:
history and construction of power plants; principles
and technologies for the production of nuclear energy
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and related issues such as nuclear safety andsecurity;
topics related to the disposal of radioactive waste;
environmental and landscape impacts (Goatcher and
Brunsden, 2011; Pasqualetti, 2012; Yankovska Ta
Hannam, 2014; Stone, Hartmann, Seaton, Sharpley,
White, 2017; Beer, Rybar, Kalavsky, 2017; Frantal,
Urbankova, 2017, Boyle, 2017).

Recently, quite a number of researchers are
addressing the issues of nuclear tourism in the world.
However, not only tourism scientists or naturalists,
but also journalists and bloggers, should be mentioned
among interested researchers. Independent journalist
investigations and research of the problematic ethic
issues of visiting sites with nuclear history are quite
interesting experimental data. In a number of studies,
considerable attention is given to the role of artefacts
of military nuclear tourism in the public awareness
of important historical events and periods, and at
the same time, nuclear discourse has an important
influence on the formation of national identity. An
example of the coverage of events in the history of
interstate relations and the formation of humanistic
consciousness in nuclear policy are the work of authors
who analyse the role of the Manhattan Project and see
it as an American nation-building project that began
after World War 11, lasted during the Cold War and was
developed in the aftermath of the Cold War (Berger,
2006; Coolidge, Simons; Rugoff, 2006; Gerster, 2013;
Gauldie, 2019; Osofsky LuLing, MacFarlane, 2019).

The Department of Energy (DOE) is responsible
for preserving the historical heritage of nuclear
artefacts and, in particular, the Manhattan Project
and promoting nuclear tourism in the United States.
DOE support the Nuclear Age monuments and the
popularisation of nuclear tourism, the activities of the
Atomic Heritage Foundation (AHF). The activities of
AHF and DOE in the US emphasize the relationship
between the popularisation of nuclear power, the
benefits of nuclear energy and the complexity and
controversy of the atomic power studies legacy in
America (websites: Atomic Heritage Foundation and
US Department of Energy). However, nowadays,
discussions are balanced between assessing the
constructive power of nuclear energy and recognizing
its destructive past and potential.

There are a lot of publications dedicated to the
question development of the educational impact of
nuclear tourism as part of environmental science
and STEM-education, the creation of such forms of
tourism that would combine environmental education,
the presentation of new technologies and interactive
research experiments and various outdoor activities
focused on families or thrill seekers, for instance,

works of Gerster, 2013; Frantal and Urbankova, 2017;
Beer, Rybar, and Kalavsky, 2017; Mazeikiene and
Gerulaitiene, 2018. For instance, publications on the
websites of AHF, DOE and UNESCO, etc.

The questions are not of the ethics of nuclear
tourism only, but also the topics of developing
opportunities for territorial communities based on the
maintenance of museums of nuclear artefacts, tourist
atomic attractions and the support of educational
routes were raised and revealed in the works of
Frantal and Urbankova, 2017; Beer, Rybar, and
Kalavsky, 2017; Mazeikiene and Gerulaitiene, 2018.
Thus, the highlighted work on the EDUATOM project
by the authors, Mazeikiene and Gerulaitiene, 2018, is
a scientifically grounded educational route for nuclear
tourism near the Ignalina NPP area. The publication
shows the parameters and elements of the atomic
heritage of the territory, which act as cultural artefacts
and may be included and presented in tourist routes
as an extension of the economic opportunities of the
local community.

The ethics of organizing nuclear tours and
visiting nuclear sites, museum expositions about
nuclear tragedies, exploring individual destinations
and attractions of nuclear tourism are discussed not
only by scientists: notably by Coolidge, Simons,
and Rugoff, 2006; Osofsky and MacFarlane, 2019;
Yankovska and Hannam, 2014; Goatcher and
Brunsden, 2011; Beer, Rybar, and Kalavsky, 2017;
Schéfer, 2016, etc. But also by independent journalists
such as: Morris, 2014; Gauldie, 2014; Ropeik, 2012;
Bliss, 2014, Boyle, 2017; Italie, 2018, etc.

From the point of view of the study of tourist
behaviour and the formation of established images
of nuclear accident sites, the works of Morris, 2014;
Gauldie 2014; Bliss, 2014; Boyle, 2017; Italie,
2018 are very interesting. For example, Morris H.
(2014) presents the results of studying of systematic
teenager’s expeditions to the Chornobyl zone to obtain
purely extreme sensations, and this is, in fact, a deep
anthropological study of the behaviour of extremal
tourists and, in general, the attitude of a certain part of
the population to Nuclear Age artefacts. The research
of the heritage of nuclear tours that took place in the
1950s in the United States (New Mexico, Las Vegas)
and the so-called “atomic boom” caused by atomic
weapons tests also allow us to understand and classify
the motives behind tourists and average citizen
recreation or entertainment shows presented by Bliss,
2014; Boyle, 2017. Experience of visiting nuclear sites
in Japan, including not only Hiroshima and Nagasaki
but also Fukushima. Description of Japan’s experience
in overcoming a humanitarian crisis froma power plant
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bombing and environmental disaster described by
Frantal and Urbankova, 2017; Schéfer, 2016; Gauldie,
2014; Italie, 2018; Beer, Rybar and Kalavsky, 2017.
Also presented at the websites of organizations: such
as UNESCO, the US Atomic Heritage Foundation,
and the US Department of Energy.

Meanwhile, everything related to the Chernobyl
disaster has certainly been investigated in detail in
several tangential planes. Firstly, it is about national
security. Every powerful country, which has at least
nuclear power, has, through the forces of the respective
institutions and institutions, conducted systematic
research on a range of issues related to the protection
of their societies, both from similar disasters and from
the probable identified and acceptable consequences
of such disasters. As for the probable causes of the
Chernobyl accident, as well as the actions and orders
of the state bodies related to the accident liquidation
and its consequences, it is worth mentioning the most
recent edition in the world. This is the edition “KGB
Chornobyl file. Public sentiment. Chernobyl in the
post-catastrophe period”. It was worked out by a large
group of experts to make available the large part of
the documents and testimonies contents of 1986-1991
to the public. The documents reveal the features of
post-Chernobyl life. Among other things, the book
also reflects the world community representatives’
reaction to the Chornobyl tragedy.

Secondly, it is about public opinion. The civil
society of the least developed states, first and foremost
by the forces of the so-called fourth power (thatis the
mass media) has explored the impact of the catastrophe
and its consequences on the very public opinion and

the informational and emotional atmosphere in the
society. Undoubtedly, the classical science has been
involved in the study of the objective factors related
to the catastrophe. The results of the Chernobyl
disaster comprehensive studies have been delivered
in numerous scientific articles and monographs. At
the same time, as the academician mentioned in his
report, “In recent years, the scientific support for
works in the Exclusion Zone has been carried out
mainly by employees of the institutions subordinated
to the Exclusion Zone Management State Agency
of Ukraine (EZSA) and organizations involved in
the administration of the Chornobyl NPP. As for the
academic institutions, only the Institute of Nuclear
Power Plant Safety Problems of NAS of Ukraine
constantly worked in the area” (Lisichenko, 2016: 8).

As for the tourist attractiveness of the Chernobyl

zone and everything related to it, scientific and
scientific-journalistic  investigations are  also
represented quite widely by both local and foreign
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researchers. Among the journalists conducting
systematic  investigations of the Chornobyl
phenomenon from the tourist attractiveness point
of view, Oles Dashchynsky, Sergey Mirny, Yevhen
Solonin, Stanislav Yurchenko have a prominent place
in particular. The systematic tourist routes reviews,
the advantages of various sites of tourist interest in the
territory of the Chernobyl Exclusion Zone have been
reflected in their numerous publications. In turn, the
scientific analysis of the Chernobyl tourist destination
features is reflected in the articles of a number
of experts in the field of geography and tourism,
i.e. Pestushka V. Yu. Chubuka Yu. P., Solonina
E.A., Yurchenko S.I. and others. As for the foreign
scientists, Beresford N.A., Scott E.M., Copplestone
D. have devoted considerable attention to the research
of the Chernoby! problem. They focused the attention
on the analysis of the radiation effects on the plant
and animal world in the exclusion zone. ShkarubaA.,
Skryhan N. consider the state policy of Belarus against
the Chornobyl zone, including its tourist attraction.
Materials and methods of research. Meanwhile,
having a considerable amount of information about
Chornobyl in the context of a wide range of problems,
the Chornobyl phenomenonremains poorlyunderstood
at the moment. At least, the integrated vision of
Chornobyl as sources of the complex knowledge
acquired through experience is almost not formed.
The Chernobyl accident and everything related to
it, staying at the Chernobyl zone, the feedback, the
impressions and the reflections on Chornobyl of those
who have visited or otherwise explored the Chornobyl
phenomenon are not taken into account properly.
Therefore, there is a need for further investigation of
the Chornobyl phenomenon as a unique phenomenon
in the life of modern mankind, as an example of
probable directions of further evolution in thecontext
of the total technologization of the human existence.

The results of the article are a contextual
analysis of the phenomenon of Chernobyl as a tourist
destination. Resource opportunities of nuclear tourism
in the Chornobyl zone are analyzed.

Contextual analysis is an important research
approach to qualitative case study methodology
to finding out the uniqueness of the Chornobyl
phenomenon as a tourist destination (Baxter, Jack,
2008). Methodological qualitative case study of the
Chernobyl phenomenon includes accounting and
description of tourist resources of Nature and resources
of cultural identity of the cities of Pripyat, Chernobyl
(with adjoining territories), which are cultural artifacts
and are elements of the nuclear heritage of Ukraine,
and can be included and presented in tourist routes.
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The contextual analysis of this study concerned

the consideration and processing of data on the
Chornobyl zone as a holistic phenomenon, from
cartographic, textual documents, comparative
analysis data of visitor loyalty, partial mathematical
and statistical analysis of tourist attendance data.
This case study is an approach to a comprehensive
study of the phenomenon in the context of its actual
existence using a variety of data sources. It is this
comprehensiveness in the study of the phenomenon
that ensures that the object is viewed from different
angles, which allows you to reveal and understand all
aspects of the phenomenon.
Results and analysis. Prior to the events of April
1986, Chernobyl, as a place of the NPP location, was
no different in any of the sections of human activity,
including tourist destination. After the catastrophe,
which has led to numerous uncovered and unidentified
consequences, at least so far, Chornobyl takes rather
different image both in the minds of individuals and at
the level of public opinion. It is becoming a subject of
scrutiny, as well as a kind of business card of Ukraine
in the world community. Since the catastrophe,
the Chornobyl phenomenon appears in the life of
mankind — a unique phenomenon, which, by the way,
is rich in mythology, prehistory, unfolding events
and a spectrum of accompanying and explanatory
information. Thus, among other things, Chernobyl
acquires first in potency and then in reality, the status
of a unique tourist destination. At least, the image of
Chernobyl is clearly identified by anyone interested in
catastrophes, their consequences or anything related.
At the same time, the Chornobyl phenomenon proves
to be a unique, moreover, if not the only one source
of specific experiences generated by a combination of
heard, seen, perceived and understood.

So, if we approach the Chornobyl phenomenon
structurally, mainly as a tourist destination, its
components include:

- 30 km exclusion zone with some exceptions;

- summarizing all kinds of official and/
or background information about the territory,
settlements, Chernobyl and other  objects,
environment, flora and fauna and, accordingly, their
initial (before the accident) and current status;

- the results of scientific research on the
effects of radioactive radiation on flora and fauna
representatives, as well as on humans;

- declassified materials, in particular those that
recently came to light in the Chernobyl disaster
collection “KGB Chornobyl File. Public sentiment.
Chernobyl in the post-catastrophe period”;

- a set of alternative information in the form of

retellings, legends, including prophecies, including
those related to the Apocalypse of John, myths, private
considerations and assumptions about facts and
events, one way or another related to the Chornobyl
phenomenon;

- statistics in terms of attendance of the Chernobyl
tourist destination.

- Obviously, the objects of high interest among
tourists, which are in the 30 km zone and have their
own history, including myths and legends that give
the object a peculiar halo of secrecy, should include:

- deactivated- the so-called Red Forest — a former
pine forest, which was exposed to the most powerful
radioactive exposure due to the explosion at the 4th
unit;

- Chernobyl NPP, including sarcophagus -
protective shelter over 4 power units, model room in
the APC-1 of the ChNPP, block reactor control panel
(BSU), “Golden Corridor”, machine room (turbine),
reactor shop, room with DHW (main circulation
pumps) ), ChNPP cooler pond, unfinished ChNPP
third stage cooling tower; the construction site of
the new confinement “Ark”, which is the next step
in the international SIP project implementation
aimed at transforming the object “Shelter” into an
environmentally sound system, a memorial near the
administrative building;

- abandoned experimental animal radiobiology
base;

- the city of Pripyat, including the kindergarten,
the school, the city executive committee (where
the first headquarters of the accident consequences
elimination was organized), the Polissya Hotel (on
the basis of which the observation point for helicopter
operations over the ruin of the 4th reactor was
organized), the hospital (where the first victims of
the accident and its elimination were taken into), the
police reference point and the detention center, as well
as the city pool of the Pripyat River with the marina
and the flooded pier, the attraction “Ferris Wheel”;

- the city of Chornobyl, including the city’s
interior, an exhibition of robots and equipment
involved inthe Chernobyl disaster elimination, as well
as the Chornobyl castle of the 17th — 18th centuries,
the ancient cemetery, a Dominican monastery of the
17th century and the archaeological excavations;

- other settlements in the 30 km exclusion
zone, including the villages of Zamoshnya and
Bychki, on the territory of which there are remains
of Old Believers churches and cemeteries; Rudnya-
Veresnya — the place of ancient production of iron
from marsh ore; Paryshiv, where self-settlers live —
people who have returned illegally in the 30 km zone
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for further permanent residence, and others. Often
the well-preserved comfortable buildings of the mid-
nineteenth and early twentieth centuries add further
interest to the villages;

- Yaniv Station, a park of abandoned trains and
locomotives, a ritual cross-figure at a crossroads, a
historic pine tree in the form of a trident, transferred
from the so-called Red Forest;

- the functioning Chornoby St. Nicholas Convent;

- “Chornobyl 2” military object is an arc radar
station “Doug 3” (index: 5H32). Built and launched in
1976, a Soviet radar station for the early detection of
launches of intercontinental ballistic missiles. It was
named “Woodpecker “for its specific sound effect. In
NATO reporting documents it was referred to under
the name “Still Yard,;

- natural landscapes, including the location ofthe
confluence of the Braginka River in Pripyat; the former
ferry crossing the Pripyat River, the Dnieper River and
historic Chernobyl views its with traditional buildings
and houses, the Paryshivska and Yanivsky bridges;

of routes and find the information about them on the
official website State Agency of Ukraine on Exclusion
Zone Management (Official website of State Agency
of Ukraine on Exclusion Zone Management) exclusion
as that is attached below.

Therefore, the Chornobyl Zone is interesting not
only for the Ukrainian citizens, but also for the tourists
from other countries. In addition, it should be noted
that on 01.01.2019, the citizens from 119 countries
(out of 195 world states) have visited the Chernobyl
zone within the last 9 years. That has been proved by
a number of statistics. In particular, referring to the
data in Table 1, it can be noticed that during these
years there was a constant increase in both the number
of tourists and the geography of visitors.

Naturally, the largest group of tourists in
the Chernobyl Exclusion Zone are Ukrainians.
In particular, 21,949 citizens of Ukraine showed
an interest in direct acquaintance with the tourist
destination mentioned above, which is 0.49 x 10-3%
as a percentage of the total population in 2018. Among

Table 1. The number of visitors to the Exclusion Zone from 2011 to 2018

Number of Number of Visitors .
Year . - Countries
Delegations Total Foreigners
2011 740 9127 6423 76
2012 1467 14132 10115 88
2013 1516 17757 13740 76
2014 1063 8404 5055 69
2015 1642 16386 10485 84
2016 2857 36781 24492 93
2017 3520 49758 34838 114
2018 71862 49811 119
- Chornobyl Radiation-Ecological Biosphere other things, the latter may indicate the relatively low

Reserve. “According to the scientists, there may be
more than 400 species of animals, birds and fishes,
including those ones in the Red Books. So far, 300
species have already been identified, 19 of which are
listed in the Red Book of Ukraine. Also, 1,228 species
of higher plants have been identified, 61 species of
which are rare and are subject to conservation”
(Official Site of the Reserve).

At the same time, there are a number of one-
and two-day motor transport or walking tours. More
recently, air (helicopter) and water (motor boat) tours
are being offered. Leisure activities in the exclusion
zone are organized by licensed tour operators,
including “The Chornobyl Tour” (Official website
of «The Chornobyl Tour»). Information support is
available in several languages, depending on the
wishes of tourists.

Accordingly, those interested in travelling to
the Chornobyl Exclusion Zone can choose a variety
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cognitive, and even more obviously, recreational
appeal of the exclusion zone to the local population.
Accordingly, there is a need to study the level and
quality of the Ukrainian population awareness about
the Chernobyl destination along with the motivational
sphere of those who have expressed a desire to visit
Chernobyl.

Last year, the largest number of the foreign
tourists’ flows to the Chernobyl zone were the British
— 6164 and the Poles — 5314 people respectively.
However, considering the number of tourists to the
population of the country, Lithuanians — 433 x 10-6%,
Czechs — 289,7 x 10-6% and Finns — 232 x 10-6%
respectively showed the most interest in Chernobyl.
While the lowest interest among the countries where
the tourism industry is relatively well developed
showed the Chinese — 0.45 x 10-6% and the Russians
—0.66 x 10-6%. The corresponding results are shown
in Table 2.
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Referring to the indicators in Table 2, and bearing
in mind that the Chornobyl phenomenon is actually
both a world unique phenomenon and a unique tourist
destination, it is possible to draw some conclusions
about the level of Ukraine position in the world, i.e.
the loyalty or curiosity of citizens of foreign countries
to Ukraine. In particular, Lithuanians, Czechs and
Poles show the greatest loyalty to Ukrainians in the

means of counteracting the results of the war, since
it allows “the victims” of information battles to open
their eyes to the true state of affairs in many ways. So,
we can make a rather pretentious assumption based
on this conclusion: the more a person is inclined to
make meaningful journeys aimed not only at rest,
but at the outlook extension the less he is subjected
to manipulative influences on his outlook and his

Table 2. A sample of countries represented by a significant number of citizens who visited Chornobyl in 2018 according to the

number of tourists to the population of the country ratio

Countries Number of Tourists: Number of Number of tourists to number of
people population: min. population ratio
people.
Australia 1194 24,6 48,5 x 10%%
Great Britain 6164 66,04 90 x 10%%
Ecuador 124 16,62 7,5%x10°%
Canada 1057 37,06 28 x 10%%
China 641 1386 0,45 x 10°%
Lithuania 1233 2,848 433 x 10°%
Netherlands 2413 17,08 141 x10%%
Germany 4558 82,79 55 x 10°%
Poland 5314 38,43 138 x 10° %
Russia 96 1445 0,66 x 10°%
Slovakia 1429 5,435 26,3 x 10°%
USA 3804 327,2 11,6 x 10°%
Finland 1277 5,503 232 x 10% %
France 1504 66,99 22,6 x 10°%
Czech Republik 3065 10,58 289,7 x 10%%
Sweden 1913 9,995 191,4 x 10°%
Japan 555 126,8 4,4%x10°%
Ukraine 21949 44,83 489.6 x 10%%

mentioned context, which, by the way, more or less
corresponds to the results of direct measurements
of the political liking of both the population and the
political leaders of the countries mentioned above.
At the same time, both the Chinese citizens and the
political leaders are the least interested in Chernobyl
and indirectly in Ukraine. Naturally, a noticeable
distance compared to, for example, the Lithuanians,
Poles or Czechs, who are actually our neighbors,
could justify the Chinese indifference to Ukraine.
But comparing to interest of the Ecuadorian and
the Japanese who have more or less the same the
Fukushima phenomenon at hand, the inertia of the
Chinese towards Ukraine becomes evident.

On the other hand, despite the high involvement
of the Russians in the socio-political life of Ukraine
which is purposefully stimulated by the central
authorities through various instruments including the
media, the Russians shows a very low interest in the
real sources of information about Ukraine and to the
Chornoby! tourist destination. The latter allows to
make a number of conclusions. In particular, ina period
of the information war, tourism is a very effective

attitude to certain problems and issues. Therefore,
every totalitarian system naturally must gravitate
towards total control of the tourist sphere and the
tourist demands of its citizens. A striking example is
the former Soviet Union, a modern North Korea, as
well as the many countries of Africa and Asia where
citizens are under the strong control of a state and/or
tradition, such as Islamic ones. Conversely, countries
that are actively developing a democratic system and
atmosphere of social comfort for their citizens are
characterized by high levels of tourist demand of, so
to say, a developing nature.

Conclusions. Each country has its own so-called
business cards. It happened that Ukraine is known
in the world not least due to the Chernobyl tragedy.
Therefore, among other things, the Chernobyl
Exclusion Zone has become a tourist destination,
and on the other hand, the image of Ukraine contains
the Chornobyl phenomenon. This is, in fact, a
unique phenomenon on a global scale which clearly
demonstrates an alternative variant of existence being
exposed to radiation due to an accident at an atomic
object. In addition, the Chornobyl phenomenon is
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the source of the full range of information from the
visual to the audio and the experiences generated
by the symbiosis of what has been seen, heard, and
made sense. Thus, with a wise approach of state
institutions and people responsible for the Chernobyl
phenomenon, the latter can be used to increase
the level of Ukraine recognition and its tourist
attractiveness in the world. At the same time, in case
of the state and business circles efficient interaction,
the Chornobyl phenomenon can also become one of
the most interesting objects in the context of event
tourism, since on the one hand it has all the necessary
resources and on the other «... in the world there is
a certain process of refocusing the overwhelming
majority of wealthy countries’ citizens from
business-related values to the values associated with
pleasure from various educational and moderately
extreme entertainments. Thus, event tourism and
entertainments, special events respectively gain
tangible importance and significance on the one hand
as a desirable and as an integral element of the life of
a civilized world secured representative. On the other
hand, it is a business activity” (Kaluha, 2018: 89).
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Received: 21.05.2020 Abstract. Cardiovascular diseases (CVDs) are the main group of diseases from which the
Received inrevised form:27.07.2020 population of Sumy region suffers. They have not only high rates of primary morbidity and
Accepted: 30.08.2020 prevalence, but also play the leading role among the causes of mortality in the region. The

aim of the article is clarification of the geographical features of mortality of the population
of Sumy region from diseases of the circulatory system. In 2018 compared to 2012 the mortality of the general population in Sumy
region from this class of nosology decreased by 1.17%, although among the able-bodied population it grew by 1.94%. The geographical
differences of mortality (including separately the group of able-bodied population) from various CVDs: coronary heart disease, acute
myocardial infarction, cerebrovascular disease, cerebral strokes and strokes with hypertension, were established. For determining the
regional features of mortality of the population from cardiovascular diseases we used the integrated indicator «disease mortality risk
assessment». This indicator takes into account the relationship between the primary morbidity, prevalence of diseases and the causes
of mortality and makes it possible to assess the state of health of the population in terms of CVDs. It was found that the inhabitants of
Sumy, Romny, Nedryhailiv, Putyvl’ and Lypova Dolyna districts, where the highest integrated indicator value was observed , have a
high risk of dying from diseases of the cardiovascular system,. At the same time for the city of Sumy, Bilopillia and Krasnopillia dis-
tricts, a low level of the mortality risk from CVDs is characteristic. Among the able-bodied population of Sumy region, the inhabitants
of Seredyna-Buda and Yampil® districts are at the highest risk of mortality from CVDs. A forecast of the mortality of the population of
Sumy region before 2023 was made. The baseline scenario showed a decrease of mortality from CVDs by 2.1 %. From the optimistic
forecast (lower 95% confidence bound) the mortality rate from CVDs for 2023 will fall by 19.4%, while the pessimistic forecast (upper
95% confidence bound) shows an increase in the mortality rate by 13.3 %. As a result of ranking the values of the integrated indicator of
mortality from cardiovascular diseases, it was found that in the first place is the risk of dying from a stroke, in the second place — from
cerebrovascular diseases, and in third place — from strokes with hypertension. Next are the risks of dying from coronary heart disease
and myocardial infarction. The results of the study can be used by local authorities to prevent the growth of morbidity and mortality
from diseases of this nosological class, as well as for development of preventive measures and stabilization of the health status of the
population of Sumy region.

Key words: cardiovascular diseases, mortality, primary morbidity, prevalence of diseases, morbidity factors, Sumy region

I'eorpadiuni ocodmBoCTI pr3nKy cMepTHOCTI HacesaeHHss CyMcbKoOi 00J1acTi Bil cepueBo-cy-
AUHHHX 32XBOPIOBaHb

O.T. Kopuyc?, A. O. Kopuyct, B. JI. Illumyk?, O. M. Koposns?

Y Cymewkuii oepoicasnuil nedazoeiunuil ynisepcumem imeni A. C. Maxapenxa, Cymu, Yrpaina, a_kornus@ukr.net
2 Cymewvkutl 0epacasnuii ynieepcumem, Cymu, Yrpaina, vdshyschuk@gmail.com

Awnoraisi. CTaTTs IPUCBsIUSHA PO3IIISAY reorpadivHmux ocodarBocTel cMepTHOCTI HaceeHHs: CyMChKOI 0071aCTi, 3yMOBICHOI CEPIIEBO-
cynuaaumu 3axBoproBanHsamu (CC3). OtpumaHi pe3ynbTaTd IPYHTYIOThCS Ha JAHUX HIOPIYHMX CTATHCTUYHHUX 3BITIB MEIMYHHX
ycranoB CyMcbKol 00J1acTi, sIKi I AMOPSIIKOBYIOThCs: MiHicTepCcTBY 0XOpOHH 310poB’ st Ykpaitu. CrocTepe)keHHsIM OXOIIIEHO Mepio]]
2012-2018 pp. Bcranosneno reorpadivni BiAMIHHOCTI CMEPTHOCTI HaceseHHs (y T.4. OKPEMO Cepell HacCeJeHHs Mpalle3JaTHOro
Biky) Bix pizaux CC3: imemidHOi XBOPOOH cepIis, TOCTPOro iHpapKTy Miokapaa, 1epeOpoBacKyISIPHIX XBOPOO, MO3KOBHX 1HCYIIBTIB
Ta 1HCYJIBTIB 3 TIMEPTOHIYHOI XBOpoOOr0. {1 BU3HAUeHHS TeorpadiqyHuX OCOOMUBOCTEH CMEPTHOCTI HACENEHHS BiJl TAHOI I'pyrmu
MATOJIOTiH OyJI0 BUKOPHCTAHO KOMIUICKCHUN 1HAMKATOP «OI[iHKa CMEPTHOCT1 Y pe3yabTaTi 3aXBOproBaHHs». Lleil moka3HUK BpaxoBye
CIiBBiTHOIIEHHS IEPBUHHOI 3aXBOPIOBaHOCTI, mommpeHocTi CC3 Ta cripnuuHEHO] HUIMU CMEPTHOCTI 1 Ja€ MOXKIIUBICTD OLIHUTH CTaH
CEPLIEBO-CYTMHHOTO 37I0POB’ sl HACENICHHS1. BCTAaHOBIIECHO, 110 HAWBHUIIIUI PU3HK IIOMEPTH BiJl XBOPOO CHCTEMH KPOBOOOITY MAFOTh JKUTE
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Cymcekoro, Pomencekoro, HenpuraiiniBeskoro, [TyruBibpcskoro Ta JIMMOBOJOMMHCHKOTO PalOHIB, /I CIOCTEPIraroThCS HAWBHINI
3HAUEHHS Ha3BaHOT'O BUIIE KOMIIEKCHOTO TIOKa3HHUKa. Y TOH *ke yac 11t MemkaHmiB M. Cymu, binoninscekoro Ta KpacHoninbscpkoro
paifoHiB IMOBIPHICTH IOMEPTH BiJ Ii€l TPy HO30/0TiH HipkYa. Cepes BIKOBOI Py Mpane3jaTHOro HaceJIeHHs 00J1acTi HaWBHIII
pmsuku cmeprtHOcTi Bix CC3 marots xwuteni CepeanHo-byncekoro ta SImminecekoro paifonis. Jis nependadeHHs piBHS CMEPTHOCTI
HacesreHHs1 Cymcpkoi ob6macti Big CC3, Oyno po3pobieno mporuo3 o 2023 p., sikuif Moka3aB 3HIWKEHHS PiBHS CMEPTHOCTI JKUTE-
JIiB BiJI XBOPOO crcTeMu KpoBoodiry Ha 2,1 % 3a 6a3oBuM crieHapieM. Pazom 3 Tum, Mexi 95% moBip9oro iHTepBaIy MPOrHO3HOTO
MIOKa3HUKA CMEPTHOCTI HACENICHHS Bl XBOPOO cucteMu KpoBooodiry 1o 2023 p. noImycKaroTh sIk CKOPOUSHHS piBHS cMepTHOCTI Ha 19,4
%, TaK 1 i 3poctanHs Ha 13,3 %). Y pe3ynbrati paH)KyBaHHS OTPUMAaHHX 3HAYCHb KOMIUICKCHOTO 1HAMKATOPa CMEPTHOCT HACCIICHHS
Bij CC3 BCTaHOBIIEHO, IO HA MEPIIOMY MICIIi 32 PU3UKOM CIIPHIMHHTH CMEPTh 3HAXOIUTHCS MO3KOBI 1HCYIBTH, HA JIPyroMy Micili —
epeOpoBacKyIISIpHI XBOPOOH, 1 HA TPETHOMY MICIIi — IHCYJIBTH 3 TIEPTOHIYHOK XBOPOOOr. Jlari po3rantyBaiucs pu3ukid CMEPTHOCT1
BiJ| imemiuHOI XBOpoOM cepus Ta iHpapkTy Miokapna. Pesymsraté omiHKK reorpadidHuX OCOOIMBOCTEH CMEPTHOCTI HACENICHHS
obmacri Big CC3 MOXyTh OyTH BUKOPHCTaHI MiCIIEBUMH OpTaHAMH YIPaBIiHHS JUIS 3aM100iraHHIO 3pDOCTaHHS PIBHS 3aXBOPIOBAHOCTI
Ta CMEPTHOCTI HAaCEeJICHHS BiJl XBOPOO JJAHOTO HO3OJOTIYHOrO KIacy, [UIS pO3POOKH MPOQIIaKTUIHHUX 3aXO/iB i cTadimizamii crany
3110poB’ st HacesreHHs1 CyMCBKOT 00macTi.

Kniouogi cnosa: cepyeso-cyOuHHi 3ax60pH06aKHs, CMEPMHICMb, NEPEUHHA 3AX60PIOBAHICTID, NOWUPEHICIb 3AX60PI0SAHD, (hakmopu

saxeoprosarocmi, Cymcbka oonacmo

Introduction. The mortality rate is one of thecriteria
for assessing the health status of populations. Cardio-
vascular diseases (CVDs) are among the main causes
of mortality . This nosology class is the leader by most
indicators of population health — primary morbidity,
prevalence of diseases, mortality as well as tempo-
rary disablement and disability. Many CVDs are diag-
nosed in an advanced state, therefore they are difficult
to cure, which quite often leads to mortality. WHO es-
timates (Global, 2017) that the most significant cause
of deaths globally was CVDs. So, in 2016 from this
category of disease 17.9 million people died (31% of
all deaths in the world). Most (85 %) of these deaths
were the result of heart attack and stroke. WHO pro-
jected (Cardiovascular, 2017) that in 2030 23.6 mil-
lion will die from CVDs, primarily from heart diseases
heart and stroke. These diseases are leading causes of
death globally (Cardiovascular, 2017). Compared to
other European countries, the mortality of the popula-
tion in Ukraine from CVDs is higher. E.g., compared
to Poland it is twice as high, three times more than in
Greece, four times higher than in Germany, and six
times higher than France (Kovalenko, 2013). Also, it
is worth saying that in most countries of Europe mor-
tality from CVDs is tending to decrease, for example
(Almendra, 2020) during 1991-2017 the level of mor-
tality from CVDs in Portugal decreased by 33.3 %
(from 468.1 cases of mortality per 100 000 people to
312.4 cases per 100 000 ).

During 1991-2013 in Ukraine the morbidity of
the population from CVDs grew twofold and the
prevalence of diseases — three times. The level of
mortality of the population of Ukraine from CVDs
doubled (6 out of 10 deaths are caused by CVDs).
Therefore, CVDs are the unchallenged leaders in the
structure of causes of death of the population (Smert-
nist, 2016). Annually from these pathologies about
160 thousand people die, which is more than all other
causes of death together (cancer, tuberculosis, AIDS,

etc.) (Kornus, 2015; Rosul, 2015; Sertsevo-sudynni,
2018). Back in the 1960s CVDs were recognized as
an epidemic, named «silent killer», this was especial-
ly true for coronary heart disease and hypertension
(Kulchytska, 2001). As noted in the monograph by

E. Libanova (Libanova, 2007), deaths from CVDs in
Ukraine occur much earlier than in highly developed
countries. This is a consequence of the lack of tradi-
tion of preventive health examinations, irresponsible
attitude to the life of majority of the population, poor
health system, among others. Moreover, as a result of
CVDs in Ukraine annually more than 14-15 people
per 100 000 inhabitants become invalid.

Mortality is not only a demographic indicator,
but also an informative indicator of the population’s
health, as well as an indicator of socio-economic de-
velopment. Therefore, study of the level of the mor-
tality of the population, in our case from CVDs, pro-
vides an opportunity to evaluate the functioning of the
health care system of both the country and individual
regions. The relevance of the study is emphasized by
the high rates of the mortality from CVDs. The nega-
tive upward trend of incidence of CVDs in the popu-
lation and the high rate of death from them requires
comprehensive research not only by medical profes-
sionals, but also by geographers, economists, sociolo-
gists, ecologists, etc.

Review of previous research indicates that significant
attention has been paid by scientists of different
profile (medicine, geography, economics, ecology,
etc.) to this subject. Regional differences of the
Ukrainian’s population morbidity by various diseases,
including CVDs, were considered in the works of
various geographers. However, there are few works
aimed at a socio-geographical study of mortality of
the population from CVDs on the regional level and
they are mainly aimed at analyzing the morbidity
rate of the population. Thus, the work by I. Horbas
(Horbas, 2010) shows the results of a 30-year study of
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the epidemiological situation with CVDs in Ukraine.

In 1. Horbas’s research the high prevalence of
the cardiovascular risk factors was established and
a forecast of growth of mortality of the population
in Ukraine from CVDs was made. In article by
V.Handziuk (Handziuk etal, 2017) the main indicators
of primary morbidity, prevalence of diseases and
mortality of the population caused by circulatory
system diseases are analyzed in regional aspect. The
findings indicated the differentiation between regions
of the primary morbidity rate, prevalence of diseases
and index of accumulation of CVDs. In the article by
V. Kovalenko (Kovalenko et al, 2013) the regional
structure of the mortality of the population from CVDs
is analyzed and a methodological approach proposed
for the analysis of its structure. CVDs as medico-
social and socio-political problems were considered
in the works by V. Kovalenko and V. Kornatskiy
(Kovalenko & Kornatskiy, 2013; 2014).

Medical-geographical investigations of mortality
from CVDs of the population of Ternopil region
were made by I. Demianchuk (Demianchuk, 2014),
N Fedishyn (Fedishyn, 2013). The prevalence of
CVDs in Poltava region was studied by T. Pluznikova
(Pluznikova, 2015). The analysis of population
morbidity and mortality from CVDs in Transcarpathian
region were examined in the article by Ya. Slivka &
M. Virag (Slyvka, 2011). The mortality from CVDs
of inhabitants of Kharkov region is considered in
the article by A. Kotvitska & 1. Lobova (Kotvitska,
2012); the scientific research on the main components
of the population morbidity and mortality in Vinnitsa
region was conducted by O. Hovorko (Hovorko,
2015). The territorial features of population morbidity
and mortality from CVDs in the city of Kryvyi Rih
are presented in work by D. Shyyan (Shyyan, 2012).
In the Sumy region, the role of CVDs in the structure
of mortality of the population has not been clarified.
This is what determined the aim of our article.

The aim of the article is clarification of the
geographical features of the mortality of the population
of Sumy region from cardiovascular diseases.
Material and research methods. The observation
covers the period from 2012 to 2018. This study
analyzed the data of annual statistical reports of
medical institutions of the Sumy region, which
are subordinate to the Ministry of Public Health of
Ukraine. This made it possible to establish regional
differences in the mortality of the population
(including separately the able-bodied population)
from various types of CVDs: coronary heart disease,
acute myocardial infarction, cerebrovascular disease,
cerebral strokes and strokes with hypertension.
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For determining the regional features of
population mortality from cardiovascular diseases,
we used the integrated indicator, proposed and
named by N. Rogozinskaya as «disease mortality risk
assessment» (Rogozinskaya, 2013):

5 DRdis
EDdis = —— - DISnew,
DIS

where: EDdis — integrated indicator «disease
mortality risk assessment», characterizing the risk
of dying from CVDs at this incidence rate (cases per
100 000 people); DRdis — mortality due to the disease
(cases per 100 000 people); DIS — prevalence of the
disease (cases per 100 thousand people); DISnew —
primary morbidity by the disease (cases per 100 000
people).

Using the above-mentioned indicator makes it
possible to increase the information content of the
statistical analysis and make the best determination of
the health dynamics of the population of the adminis-
trative-territorial districts.

Forecast of mortality rate from CVDs was
grounded on the linear regression a+bx,

_ g 20 (y-y)
where a=y— I, b = T
wherey — years of observation, x — observed mor-

tality.

In the article a systems approach, cartographic,
comparative geographic, forecasting analytical, sta-
tistics and other methods of scientific research were
applied.

All calculations, figures and the graphic images

were obtained using SPSS Statistic 17.0 computer
software by SPSS Inc., Microsoft Excel 2010 and
Statistica 10 by StatSoft Inc.
Results and discussion. In Ukraine in 2017 the
mortality rate from CVDs was 907 cases per 100 000
people, that is, these diseases are the main cause of
death (Shchorichna, 2018). Sumy region takes 11t
place in the national rating of primary morbidity by
pathologies of cardiovascular system (Kornus, 2017).
As of January 1, 2019 in Sumy region CVDs take 1st
place (57,459.63 cases per 100 000 people) in total
prevalence of diseases among the population. In
structure of this nosology class, arterial hypertension
(26,199.26 cases per 100 000 people), coronary heart
(18,900.88) and cerebrovascular (8,960.23) diseases
are in the leading places.

We have studied the primary morbidity and prev-
alence of CVVDs among the population of Sumy region
and their territorial differences among administrative
districts (Kornus, 2020). The highest primary mor-
bidity rate is registered in Lypova Dolyna, Romny,
Nedryhailiv, Krolevets and Okhtyrka districts. The
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Fig. 1. Increase/decrease (%) of mortality rate from circulatory system diseases of the population of Sumy region
in 2018 compared to 2012 (Source: Dovidnyk, 2013, 2019)

highest prevalence of CVDs is registered among the
residents of Romny, Nedryhailiv, Lypova Dolyna and
Lebedyn districts. In these districts cerebral strokes,
strokes with hypertension, coronary heart disease,
and myocardial infarction were observed most often.
According to medical statistics (Tablytsi, 2019)
as of January 1, 2019 the mortality rate of the popu-
lation (recalculation of actual total mortality rates in
conditional indicators, calculated by fixed structure of
the population (European standard)) from CVDs in
Ukraine was 673.5 cases per 100 000 people. By this
indicator Sumy region occupied 18" place among 23
administrative-territorial regions of Ukraine (exclud-
ing the temporarily occupied territory of the Autono-
mous Republic of Crimea, the city of Sevastopol and
the temporarily occupied territories in the Donetsk
and Luhansk regions). However, detailed study indi-
cates significant differences in population mortality
for specific reasons. For example, Sumy region oc-
cupied 20" place in Ukraine for mortality rate from
coronary heart disease but 1% place (282.1 cases per
100 thousand people) for mortality rate from cerebro-
vascular diseases.

Among all administrative-territorial districts of
the region, Romny (63,358.02), Velyka Pysarivka
(62, 401.63), Lypova Dolyna (61,714.87), Bilopil-
lia (61,350.86), Buryn’ (60,426.99) and Nedryhailiv
(60,325.27 cases per 100 thousand people) districts
are the leading ones by prevalence of CVVDs among
the inhabitants.

In Sumy region during 2018 the mortality from
CVDs was 1,045 per 100,000 people, including 131.5
per 100,000 of the able-bodied population. From 2012
t0 2018 there was a decrease in mortality of population
from these causes by 1.17 %. Among administrative-
territorial districts, the greatest reduction of deaths
from CVDs was in Hlukhiv (by 9.47 %), Velyka
Pysarivka (by 8.05 %) and Sumy (by 7.18 %) districts,
while in Trostianets (by 7.16 %), Yampil’ (by 9.78 %)
and Krasnopillia (by 15.28 %) districts deaths from
the diseases of this nosology class increased.

In 2018 compared to 2012, there was an increase
of mortality from CVDs among the able-bodied popu-
lation by 1.94 %. However, in 8 administrative-ter-
ritorial districts a decrease was observed, especially
among the inhabitants of Okhtyrka (by 16.82 %), Leb-
edyn (by 21.67 %) and Lypova Dolyna (by 23.81 %)
districts, while among inhabitants of 11 other districts
an increase was recorded, especially among the resi-
dents of Seredyna-Buda (by 51.56 %), Romny (by
34.36 %) and Buryn’ (by 23.3 %) districts (Fig. 1).

In spatial aspect, during 2018 the highest mortali-
ty from CVDs among the population was registered in
Nedryhailiv (1,384.9), Yampil® (1,385.7) and Buryn’
(1,478.8 cases per 100 000 people) districts. Among
the able-bodied population the highest mortality level
was in Putyvl’ (202.9), Buryn’ (204.8) and Romny
(210.4 cases per 100 000 people) districts.

Arterial hypertension occupies the first place in
the structure of CVDs of the population of Sumy re-
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gion. This is a multifactorial disease, characterized
by high blood pressure and is often the main cause
of myocardial infarction, strokes, hypertensive cri-
ses, heart failure, chronic cerebrovascular diseases,
etc. Factors influencing development of arterial hy-
pertension include heredity, traumatic brain injuries,
age-related changes of functioning of the nervousand
endocrine systems, obesity, kidney disease, psycho-
emotional overload and stress, constant mental strain,
physical inactivity, excessive consumption of salt,
coffee, sugar (Kornus, 2018).

According to medical statistics (Dovidnyk, 2019)
as of January 1, 2019 in Sumy region arterial hyper-
tension was most common among the residents of
Romny (29,227.81 cases per 100 000 people), Ko-
notop (28,800.45) and Shostka (28,160.85) districts.
The highest rates of primary morbidity by this pathol-
ogy were in Romny (2,259.75), Krolevets (2,167.14)
and Seredyna-Buda (2,139.33 cases per 100 thousand
people) districts.

One of most common pathologies of the cardio-
vascular system is coronary heart disease. This dis-
ease includes angina pectoris, myocardial infarction
and atherosclerotic cardiosclerosis. In the structure of
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2018). In Sumy region the highest prevalence rates of
coronary heart disease are fixed among the inhabit-
ants of Velyka Pysarivka (22,849.19), Lebedyn (21,
449.29) and Lypova Dolyna (21,071.66 cases per 100
000 people) districts. In 2018 by the number of newly
registered cases of this pathology, the leaders were Ly-
pova Dolyna (1,645.8), Putyvl’ (1,387.86) and Okhtyr-
ka (1,385.39 cases per 100 000 people) districts.

Mortality from coronary heart disease in the re-
gion during 2018 was 516.7 cases per 100 000 people.
During the study period, the population mortality rate
from this pathology fell by 2.51 %, including able-
bodied population — by 6.68 %. It should be noted that
in 10 administrative-territorial districts of the region
reduction of mortality from coronary heart disease
was recorded. However for such districts as Bilopil-
lia (by 12.63 %), Seredyna-Buda (by 15.75 %) and
Krasnopillia (by 25.39 %) high growth of the mortal-
ity rates in 2018 compared to 2012 was characteristic.
Among the able-bodied population, deaths from coro-
nary heart disease increased in Hlukhiv (by 32.71%),
Bilopillia (by 41.19 %) and Buryn’ (twice) districts
(Fig. 2).

In 2018 the highest rates of registered cases of
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Fig. 2. Increase/decrease (%) of mortality rate from coronary heart disease among the population of Sumy region in 2018

compared to 2012 (Source: Dovidnyk, 2013, 2019).

CVDs it takes 1st place. The main factors causing de-
velopment of this disease are an unhealthy lifestyle,
including smoking, stress, high-calorie nutrition, ar-
terial hypertension, diabetes mellitus, hereditary fac-
tors, hyperlipidemia, overweight, hypodynamia, age-
related changes, various inflammations, as well as lack
of preventive investigations, late diagnosis (Kornus,
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death from coronary heart disease were observed in
Buryn’ (756.1), Lypova Dolyna (816.7) and Bilopillia
(947.2 cases per 100 000 people) districts, the high-
est death rates among able-bodied population were in
Yampil® (75.6), Romny (78.6) and Buryn’ (90.1 cases
per 100 000 people) districts.

Acute myocardial infarction is another common



OlesiaH. Kornus, Anatolii O. Kornus, Volodymyr D. Shyshchuk, Olena M. Korol

Journ. Geol. Geograph. Geoecology, 29(4), 710-721.

reason of population mortality of the Sumy region. In
2018 in the region the mortality rate from myocardial
infarction was 20.5 cases per 100 000 people. In 2018
compared to 2012, mortality from myocardial infarc-
tion in the region grew by 13.89 %. The highest mor-
tality rate from myocardial infarction in 2018 was ob-
served in such districts as Trostyanets (26.3), Shostka
(29.3), Krolevets (29.5), Lebedyn (33.5) and Nedri-
hailiv (33.8 cases per 100 000 people). In 2018 only in
Yampil’ district were no cases of mortality from myo-
cardial infarction registered, whereas at the same time
in Nedryhailiv, Romny and Okhtyrka districts a 2-3
times growth in this indicator was registered (Fig. 3).
The negative point is the significant increase of
mortality from myocardial infarction among the able-
bodied population. During the study period the mor-
tality by infarction in this age group grew by 71.05 %.
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Fig. 3. Increase/decrease (%) of mortality rate from myocardial infarction among the population of Sumy region in
2018 compared to 2012 (Source: Dovidnyk, 2013, 2019).

Especially negative dynamics were observed among
the inhabitants of Hlukhiv (by 3.3 times), Trostianets
(by 3.2 times), Shostka (by 2.9 times) and Konotop
(by 2.6 times) districts. The population mortality
rate from myocardial infarction is most polarized: if
in 7 districts of the region (Bilopillia, Buryn’, Leb-
edyn, Lypova Dolyna, Romny, Seredyna-Buda and
Yampil’) in 2018 no cases of mortality from this pa-
thology were registered among the able-bodied popu-
lation, then in Shostka, Nedryhailiv, Trostianets and
Hlukhiv districts myocardial infarction was cause of
14-18 deaths per 100 000 able-bodied inhabitants.
The 3 place by level of morbidity of the Sumy
region population is occupied cerebrovascular dis-

eases. They include such pathologies as hemorrhage,
cerebral infarction, cerebral strokes, blockage and
stenosis of the cerebral and cerebral arteries, etc. The
WHO experts noted that in 2000 CVDs became the
cause of 9.2 % of world mortality (in high-income
countries — 13.7 %, in low-income — 8 %). It should
be noted that the number of strokes in the world is
growing — about 16 million new cases are recorded
annually, of which 5.7 million result in death (Global,
2017; Kornus, 2018). The main factors affecting the
population morbidity by cerebrovascular diseases are
high blood pressure, overweight, constant stress, un-
healthy lifestyle, etc.

In 2018 the prevalence of cerebrovascular dis-
eases in the region was 8,960.23 cases per 100 000
people). The highest prevalence of this pathology was
observed among the population of Shostka (11,378.02
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cases per 100 000 people), Buryn’ (10,872.98) and
Romny (10,364.51) districts. The highest primary in-
cidence rates were characteristic for the inhabitants
of Romny (1,130.57), Lypova Dolyna (1,106.19) and
Shostka (908.58 cases per 100 000 people) districts.
In 2018 475.8 deaths from cerebrovascular dis-
eases were registered per 100 000 inhabitants of Sumy
region. Among administrative-territorial districts the
highest population mortality rate from cerebrovas-
cular diseases was in Buryn’ (685.1), Putyvl’ (722.2)
and Velyka Pysarivka (728.0) districts. In 2018 com-
pared to 2012 the mortality from cerebrovascular
disease grew by 0.57 %. There are 12 administrative-
territorial districts with negative mortality dynamics,
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especially high mortality rates were in Buryn’ (higher
by 12.27 %), Yampil’ (by 12.82 %) and Putyvl’ (by
18.39 %) districts.

Among the able-bodied population the mortality
rate from this pathology was 30.5 cases per 100 000
people. The highest mortality of working age people
from cerebrovascular diseases was recorded in Ve-
lyka Pysarivka (58.8), Krasnopillia (62.4) and Buryn’
(65.5 cases per 100 000 people) districts. Although
for the research period the mortality level in the re-
gion decreased by 7.85 %, in 8 administrative-territo-
rial districts it increased. This increase was especially
characteristic of Krasnopillia (increase by 76.77 %),
Velyka Pysarivka (mortality doubled) and Trostianets
districts (increase by 2.5 times). Mortality rates did
not change only in Konotop district — 37.3 cases per
100 000 people (Fig. 4).
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Romny

In 2018 compared to 2012 the mortality from
strokes increased in 14 districts of the region. Espe-
cially negative dynamics were characteristic of resi-
dents of Hlukhiv (increase by 62.42 %), Krasnopillia
(by 62.45 %), Lebedyn (by 87.81 %) and Seredyna-
Buda (by 2.5 times) districts (Fig. 5).

Geographical analysis of the population mortality
from strokes in 2018 showed significant chorological
differences. So, in Krolevets (101.8), Lebedyn (129.4)
or Krasnopillia (176.1 cases per 100 000 inhabitants)
districts the highest values of this indicator were regis-
tered, at the same time in Trostianets district only 29.2
cases of mortality per 100 000 people were recorded.

Mortality from strokes among the able-bodied
population grew by 1.56 %. Only in 6 districts was
the dynamic of mortality positive. In all other ad-
ministrative-territorial districts increasing mortality
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Fig. 4. Increase/decrease (%) of mortality rate from cerebrovascular diseases among the population of Sumy region in

2018 compared to 2012 (Source: Dovidnyk, 2013, 2019).

Strokes take 4th place among CVDs causing
death of the population in Sumy region, especially
among the working-age population. As of January 1,
2019 in the region 74.8 cases per 100 000 people were
registered, which is more by 9.67 % than in 2012. It
should be noted, among the residents of Ukraine there
are 150 000 strokes per year (1/3 of them among the
able-bodied population), 30-40 % of stroke patients
die within a month after the event and up to 50 % —
during 1 year from the onset of the disease, 20-40 %
of recovered patients become dependent on assistance
(12.5 % of all primary disability), and only 20 % re-
turn to a full life. This disease most often leads to
temporary or permanent disability and significantly
affects the quality of life of people (Insult, 2019).
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from this category of nosology was registered. Espe-
cially high negative dynamics were characteristic for
inhabitants of Krasnopillia (increase by 2.1 times),
Trostianets (by 2.2 times) and Velyka Pysarivka (by
6.4 times) districts. Altogether, during 2018 the high-
est mortality among the able-bodied population was
in Buryn’ (49.1 cases per 100 000 people), Velyka
Pysarivka (58.8) and Krasnopillia (62.4) districts. As
can be seen, the two last districts are leaders by the
number of deaths, as well as by the tempi of mortality
dynamics during the entire period of research.

Also, in the structure of population mortality
from CVDs one can distinguish strokes with hyper-
tension. Most often, a stroke develops against the
background of high blood pressure and is a complica-
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Fig. 5. Increase/decrease (%) of mortality rate from strokes among the population of Sumy region in 2018 com-

pared to 2012 (Source: Dovidnyk, 2013, 2019).

tion of hypertension. As of January 1, 2019 in Sumy
region 31.5 persons per 100 000 people died from
this pathology. During the entire period of research
the number of deaths from strokes with hypertension
decreased by 6.25 % and among able-bodied popula-
tion by 37.8 %. However, among the 19 administra-
tive-territorial districts of the region an increase in the
mortality rate was observed in 11. Increase was espe-
cially characteristic in Romny (by 2 times), Lebedyn
(by 2.1 times), Bilopillia (by 3.1 times), Buryn’ (by
3.7 times), Nedryhailiv (by 4.3 times) and Seredyna-
Buda (by 6.5 times) districts. Only in Krolevets dis-
trict during 2018 were no cases of mortality registered
from this category of nosology But the greatest num-
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ber of deaths from this pathology occurred among the
residents of Shostka (57.5), Sumy (59.2) and Lebedyn
(95.9 cases per 100 000 people) districts (Fig. 6).

During 2018 cases of mortality from strokes with
hypertension were not registered in 7 districts of the
region mortality cases (Velyka Pysarivka, Hlukhiv,
Krasnopillia, Krolevets, Lypova Dolyna, Nedryhailiv
and Yampil® districts). At the same time from 2012
to 2018 the mortality from this pathology grew in 8
districts. An especially unfavourable situation was
observed among the able-bodied population of Sumy,
Putyvl’, Trostianets, Romny and Bilopillia districts,
where twofold growth of deaths from strokes with hy-
pertension was fixed.
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Fig. 6. Increase/decrease (%) of mortality rate from strokes with hypertension among the population of Sumy region in 2018

compared to 2012 (Source: Dovidnyk, 2013, 2019).
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To establish the level of risk of death fromCVDs
for the population of Sumy region we used the above-
mentioned integrated indicator «disease mortality risk
assessment». This indicator takes into account the re-
lationship between the primary morbidity, prevalence
of diseases and the causes of mortality and makes it
possible to assess the state of the population’s heath
in terms of CVDs.

So, with high morbidity and low mortality, prev-
alence of diseases will be fairly high and integrated
indicator value low. The integrated indicator value at
the low level of prevalence of diseases and mortal-
ity will depend on the morbidity rate. If there is low
morbidity and high mortality, the prevalence of dis-
eases will be low, however the integrated indicator
«disease mortality risk assessment» will be high. If
there are high morbidity and mortality rates and low
prevalence of CVDs, then the value of the integrated
indicator will be high. An integrated approach allows
one to make a comparative analysis of different ad-
ministrative-territorial districts and different diseases
that reduces estimation errors. Use of this indicator
will increase the information content of the analysis
of population mortality among administrative-territo-
rial districts and also allow assessment of the mor-
tality risk from CVDs taking into account the total
cases of diseases as well as the primary morbidity and
prevalence of diseases (Rogozinskaya, 2013).

Analysing the «disease mortality risk assess-
ment» characterizing the risk of dying from CVDs at
this morbidity rate, we obtained the followingresults.
The highest mortality risks from CVDs are for the in-
habitants of Sumy, Romny, Nedryhailiv, Putyvl’ and
Lypova Dolyna districts, where the highest integrated
indicator value was observed. At the same time for the
city of Sumy, Bilopillia and Krasnopillia districts low
level of the mortality risk from CVDs is characteristic
(Table).

Among the individual nosologies, a high level of
mortality risk from coronary heart disease was char-
acteristic for the inhabitants of Buryn’, Sumy and
Lypova Dolyna districts. In Lebedyn and Nedryhailiv
districts high rates of mortality risk from myocardial
infarction were fixed. Among the residents of Putyvl’,
Romny, Velyka Pysarivka and Yampil® districts high
mortality risk from cerebrovascular diseases was ob-
served .High risk of death from cerebral strokes was
characteristic for Krolevets, Lebedyn and Krasnopil-
lia districts. Analyzing the mortality risks from strokes
with hypertension we found 4 districts in which the
levels of the integrated indicator are high —Bilopillia,
Shostka, Sumy and Lebedyn.

Studying of the risk of mortality from CVDs
among the able-bodied population of Sumy region,
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we found two districts where the values of the inte-
grated indicator of risk are high — Seredyna-Buda and
Yampil’. Among this age group, the population of
Yampil’, Buryn” and Hlukhiv districts was at the high-
est mortality risk from coronary heart disease. The
mortality risk from myocardial infarction was highest
in Shostka, Nedryhailiv, Trostianets and Hlukhiv dis-
tricts. The risk of dying from coronary heart disease
was highest among the residents of Buryn’, Seredy-
na-Buda, Velyka Pysarivka and Yampil districts. The
highest rates of the risk of mortality from cerebral
stroke were characteristic for Buryn’, Velyka Pysariv-
ka and Krasnopillia districts, and from strokes with
hypertension — among the inhabitants of Shostka, Pu-
tyvl” and Bilopillia districts.

To forecast the population mortality of Sumy re-

gion, a forecast up to 2023 was made. The baseline
scenario showed a decrease in mortality from CVDs
by 2.1 % or to level 1021.88 per 100 000 people. Ac-
cording to the optimistic forecast (lower 95% confi-
dence bound) the mortality rate from CVDs for 2023
will fall by 19.4% or to level 840.03 cases per 100
000 people. The pessimistic forecast (upper 95% con-
fidence bound) shows an increase in the mortality
rate by 13.3 % or 1,203.74 cases per 100 000 people
(Fig. 7).
Conclusions. The study assessed the mortality of the
population of Sumy region from CVDs. In 2018 the
mortality level of the overall population of Sumy re-
gion compared to 2012 decreased by 1.17 %, but mor-
tality of the able-bodied population on the contrary
grew by 1.94 %.

Based on the use of the integrated indicator

«disease mortality assessment» we identified the

districts with the worst situation with CVDs. Taking
into account the primary morbidity and prevalence of
these diseases among the residents of the region, the
population mortality risk from CVDs was established.
The geographical features of mortality were clarified
and we identified 9 administrative-territorial districts
where during the study period the total mortality of
the population from this class of pathology increased.
As for the able-bodied population, the mortality
rate in this age group increased in 11 districts. This
indicates a negative trend of CVDs morbidity and
requires increased attention from the local authorities.

In general, having ranked the indicators of the
mortality risk from CVDs, we found that the greatest
risk is of death from a stroke, in the second place —
from cerebrovascular diseases, and in third place —
from strokes with hypertension. Next are the risks of

dying from coronary heart disease and myocardial
infarction. Among the causes of mortality ofthe able-
bodied population, cerebral strokes take the first place,
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Fig. 7. The forecast of the mortality rate from CVDs of the population of Sumy region before 2023 (deaths per 100 000 people).

Table. The risk of population mortality of the Sumy region from CVDs, cases per 100 000 people as of January 1, 2019

All population Able-bodied population
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g [F | B (B |B|E|E P |2 |E |2
Sumy region 72.07 | 29.40 | 20.50 | 38.83 | 74.80 | 31.50 | 12.96 | 4.06 | 6.50 | 5.87 | 25.90 | 9.20
City of Sumy 4246 | 14.39 { 2250 | 28.42 | 63.40 { 1200 820 { 231 { 570 : 4.66 { 21.50 i 3.80
Bilopillia 5191 | 29.73 | 12,10 ; 12.37 | 66.80 | 54.60 { 9.34 | 2.14 { 0.00 { 570 { 40.00 { 36.40
Buryn’ 98.53 | 47.08 | 12,50 ;| 41.37 | 87.70 | 41.80 { 22.56 | 10.56 ;| 0.00 i 11.56 { 49.10 | 8.20
Velyka Pysarivka 92.25 | 2524 { 1090 ;| 67.19 { 98,50 i 550 { 18.63 | 6.39 | 9.80 i 16.04 { 58.80 | 0.00
Hlukhiv 80.59 | 35.17 | 18.00 ; 40.22 i 73.90 | 7.20 { 19.67 : 15.86 | 1850 i 5.21 { 27.80 ; 0.00
Konotop 7158 {2892 1770 3535 { 75.00 { 3790 1268 | 182 : 7.20 i 589 { 30.10 | 8.60
Krasnopillia 61.57 | 21.89 { 10.80 ;| 38.25 { 176.10 | 28.80 { 10.95 | 3.58 | 6.20 i 7.38 { 62.40 { 0.00
Krolevets 89.31 | 36.43 | 29.50 | 46.59 | 101.80 i 0.00 { 1536 { 7.19 | 480 i 7.14 { 33.30 { 0.00
Lebedyn 81.96 | 3549 : 3350 ;| 36.93 | 129.40 : 95.90 { 1240 : 294 | 0.00 { 5.25 { 23.90 { 16.00
Lypova Dolyna 116.37 { 63.79 | 21.90 | 5558 | 82.20 {4390 1151 3.88 | 0.00 i 1.67 { 0.00 { 0.00
Nedryhailiv 108.08 | 43.62 { 33.80 | 48.15 | 71.80 { 16.90 i 18.62 { 6.40 | 1490 : 4.72 | 2240 0.00
Okhtyrka 73.62 | 34.43 1 20.20 i 34.69 | 56.60 | 28.30 { 14.02 ;| 5.15 { 7.00 i 4.27 { 14.00 { 7.00
Putyvl’ 110.77 { 32.77 : 3.70 ;| 63.04 | 48.40 | 18.60 { 20.16 | 6.73 | 6.30 i 5.49 | 38.00 { 25.40
Romny 107.76 { 41.72 { 23.60 | 65.74 | 92.80 | 34.60{ 14.40 { 3.63 | 0.00 { 6.68 i 25.40 { 15.20
Seredyna-Buda 9252 | 4466 i 6.30 { 41.78 { 43.90 { 3760 28.90 ;| 584 i 0.00 { 13.60 : 21.50 | 10.70
Sumy 102.18 { 49.72 { 14.40 | 50.85 | 73.60 { 59.20{ 9.29 { 459 | 280 { 2.83 { 19.30 { 11.00
Trostianets 64.29 | 31.04 i 26.30 i 17.77 { 29.20 { 26.30 | 10.93 | 2.33 { 1550 { 6.28 | 10.40 | 10.40
Shostka 71.36 | 21.67 { 29.30 i 44.36 { 68.00 { 57.50 | 17.44 | 6.40 | 1440 { 4.77 | 25.10 | 19.70
Yampil’ 93.07 { 39.29 i 0.00 { 70.08 { 73.60 { 13.00 : 30.66 ;| 10.48 { 0.00 i 20.16 { 22.70 i 0.00
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strokes with hypertension — the second place, and the
risks of mortality from myocardial infarction are in
the third place. There is a lower risk of dying in this
age group from cerebrovascular diseases and coronary
heart disease. It should be noted that the residents
of Sumy, Romny, Nedryhailiv, Putyvl’ and Lypova
Dolyna districts have the highest mortality risk from
CVDs, but among the able-bodied population the risk
is highest for the inhabitants of Seredyna-Buda and
Yampil® districts.

The results of the study can be used by local
authorities to prevent the growth of morbidity and
mortality from diseases of this nosological class, as
well as for development of preventive measures and
stabilization of the health status of the population of
Sumy region.
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Received: 16.03.2020 Abstract. A modern and scientifically based indicators forecast of toxic and potentially
Received inrevised form:13.06.2020 toxic element concentrations allows us to develop and plan organizational and technical -
Accepted: 18.10.2020 technological measures aimed at reducing the negative impact of the coal industry and

heating enterprises on the ecological state of the environment. For this purpose it is necessary
to have data about concentration, character and features of the distribution of toxic and potentially toxic elements, including nickel,
lead and chromium in coal and the rocks that contain it. Toxic elements are one of the main sources of environmental pollution that
negatively affects human health. Research in this direction is conducted to reduce the degree of negative effects and additional pollution
of the environment. Increasing requirements for environmental protection in the coal-mining industry sector of Ukraine stipulates
the need for new scientifically grounded methods for forecasting the content of toxic and potentially toxic elements in the rock mass
which is extracted by mines, the waste of coal extraction and coal enrichment and also the influence of the coal-heating enterprises
on the environment. In the article, the results of investigations of toxic elements in coal seams of the Donetsk-Makiivka geological
and industrial area of the Donbas are considered. The research covered the whole territory of one of the most studied geological and
industrial districts of the Donbas — Donetsk-Makiivka. As a result of the study, correlation coefficients were calculated that allow us
to predict the concentration of nickel, lead and chromium in the products and wastes of coal enrichment and correct the technological
schemes of coal enrichment taking into account their content. We also calculated the regression equation between these elements
and the ash content of the coal, which will allow us to predict their concentration in the main working coal seams of the Donetsk-
Makiivka geological and industrial districts relative to the values of coal ash content. The character of the distribution is established
and the weighted average concentrations and basic descriptive statistics for nickel, lead, and chromium in the coal seams and suites are
calculated. The composition and character of their typomorphic geochemical associations, as well as the features and regularities of
their accumulation in the coal seams of the Donetsk-Makiivka geological and industrial districts are revealed.

Keywords: toxic elements, potentially toxic elements, geological and industrial area, geochemical association, correlation coefficient,
regression equation, statistical relationship

Hogi 1ani npo po3noain Hike/110, CBHHIIO TA XPOMY Y BYTiJIbHUX ILIacTax J[oHenbKo-
MakiiBCbKOro reoJioro-mpoMuciI0Boro paiony Jlondacy

M.A. Kosap?!, B.B. Imkos?, €.C. Kosiit?, I1.C. ITamenko®

Ynemumym eeoximii, minepanozii ma pyooymeopennst im. MLI1. Cemenenka HAH Yrpainu, m. Kuis, Yrpaina,
geolog46@ukr.net

?HayionansHuil mexuiuHuil ynisepcumem «/{ninpoecwra noximexmixay», m. J{ninpo, Yipaina, ishwishw37@gmail.com,
koziy.es@gmail.com

3 Iuemumym ceomexniunoi mexanixu im. M.C. Ionsaxoea HAH Yrpainu, m. Jninpo, Ykpaina, pavelspl23@gmail.com

Awnoranisi. CydacHuii Ta HAyKOBO OOTPYHTOBAHM MPOrHO3 MOKA3HKUKIB KOHI[SHTPAIli i TOKCHYHHX 1 OTEHIII HHO TOKCHYHUX €JIEMEHTIB
JIO3BOJISIE PO3POOJIATH Ta IJIAHYBATH OPTaHi3amilHI 1 TEXHIKO-TEXHOIOTIYHI 3aXO/H, IO CHPSMOBaHI Ha 3MEHIICHHS HETATHBHOTO
BIUTHBY BYIJIEBHI00YBHOT IPOMHUCIIOBOCTI Ta ITiIIPUEMCTB TEIUIOCHEPTETUKH Ha €KOJIOTIYHHMIT CTaH HABKOJIMIIIHBOTO cepeoBuia. [l
[ILOT'0 HEOOX1HO MaTH JIaHi MPO KOHICHTPAILIII0, XapaKTep i 0COOIMBOCTI PO3MOALTY TOKCHYHUX 1 MOTEHIIIITHO TOKCHYHUX €JIEMEHTIB,
Yy TOMY YHCIIi HIKEJF0, CBUHIIIO i XpOMY Yy BYIJUTI Ta MOpOJax, sSKi HOro BMIIIylOTh. TOKCHYHI €IEMEHTH € TOJOBHHM JDKEPEIOM
3a0py/AHCHHSI HABKOJIUIIHBOTO CEPE/IOBHINA, 1110 HEraTUBHO BILIMBAE HA 370POB’ s JTIOAWHU. JIOCIIHKEHHS B IbOMY HAIpsIMi POBO-
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JUITBCS JJIs1 3SMEHILICHHSI CTYIICHSI HETaTHBHOT'O BIUTUBY 1 JI0IATKOBOTO 3a0pyAHEHHS] HABKOJIUIITHHOTO CEpeIOBUIA. 3pOCTaHHS BUMOT
JI0 OXOPOHU HAaBKOJHIIIHBOTO CEPEIOBHIIA Y BYIJIeBUAOOYBHIN ramy3i YKpaiHH 3yMOBITIOE OTpeOy B HOBHX HAYKOBO OOTPYHTOBAHHMX
METOJ[ax IMPOrHO3Y BMICTy TOKCHYHMX 1 TOTEHLIHHO TOKCHYHMX EJICMEHTIB B TipHUUIM Maci, 10 BHIOOYBA€ThCSA MIAXTAMH Ta Y
BiJIXOZaX BYIJIEBHIOOYTKY 1 Byrie30araueHHs, a TaKOX BIUIMBY MiNPUEMCTB BYTUIFHOI TETIIOCHEPreTUKY HA HABKOJMIIHE CEPEeIo-
BuIe. B craTTi po3risiHYTO pe3yiabTaTH JOCHIIKEHb TOKCHYHMX €IeMEHTIB Y BYriuIbHHX Iutactax JloHembko-MakiiBchKoro reomo-
ro-npoMHcIIoBoro parony Jlonbacy. JlociiKeHHST OXOMWIN BCKO TEPUTOPIIO OHOIO 3 HAWOUIBII BUBUCHHUX I'€OJIOTO-TIPOMHUCIOBUAX
pationis Jlon6acy — Jlorenpko-MakiiBcbkoro. B pesymbrati JOCTipKeHHS po3paxoBaHi Koe(ilieHTH KOpessiii, SIKi J03BOJIATh Mpo-
THO3YBAaTH KOHIICHTPAIIII0 HIKEI0, CBHHINIO Ta XPOMY y IIPOIYKTaX Ta BiX0Jax Byrie30araueHHs i KOperyBaTH TEXHOJIOTTYHI CXeMHU
30aradeHHs ByTUIISL 3 ypaxyBaHHIM 1X BMICTY. A TaKO)K PiBHSHHS perpecii MiXk MMM eJIeMEHTaMH i 30JIbHICTIO BYT'LJIIA, IO JO3BOJIUTH
MIPOrHO3YBATH IX KOHLIEHTPALI0 y OCHOBHUX POOOUYMX BYTiJBHUX IUIacTax JloHenbko-MakiiBChKOro reooro-rpoMHCIOBOrO paioHy
B1JIHOCHO 3HA4€Hb 30JIbHOCTI BYriJuIsl. BCTaHOBIICHO XapakTep po3MojIily Ta po3paxoBaHi cepelHbO3BAKEHI KOHIIEHTPAIIli Ta OCHOBHI
OITMICOBI CTATHCTHKY ISl HIKEJII0, CBUHIIIO Ta XPOMY Y BYI'UITI OCHOBHUX IUTACTIB 1 CBIT. BusiBIeHO ckiaz i Xapakrep iX THITOMOP(HHHUX
TeOXIMIYHHX acoMialliif, a TAKoXX 0COOIMBOCTI I 3aKOHOMIPHOCTI TX HAKOIMMYEHHS y BYT1JIbHUX IUTacTax JoHerpko-MakiiBchKoro reo-
JIOTO-TIPOMHCIIOBOTO paiioHYy.

Knwouosi cnosa: mokcuumi enemenmu, NOMEHYIIHO MOKCUYHI eleMeHmU, 2e0]1020-NPOMUCTIO8ULL PALlOH, 2e0XIMIuHA acoyiayis,
Koegiyienm Kopensayii, pisHsaHHsL pecpecii, CmamucmuyHul 36 130K

Introduction. The Donetsk-Makiivka geological and
industrial districts is located within Donetsk region,
it occupies the central part of the industrial Donbas
and has an area of 3170 km?2, The area is represented
by a wide range of grade composition of coal from
early to late catagenesis (Baranov, 2014) (from coal
of rank D and G in the west to T and semi-anthracite
in the east).

In previous works V.V. Ishkov together with A.l.
Chornobuk, D.Ya. Mykhalchonok, V.V. Dvoretskyi,
A.B. Moskalenko (Ishkov, 2000-2001) studied the
peculiarities of the distribution of these elements
in the products and enrichment wastes of a range
of processing plants of Donbas. The forecast and
assessment of concentrations of toxic and potentially
toxic elements in coal within the Chystiakovo-
Snizhnianskyi geological and industrial districts, in
particular inthe system of coal - rock mass - enrichment
products were carried out by I.1. Kurmelov, V.V. Ishkov,
M.A. Dobrohorskyi, V.P. Shevchenko, I.L. Safronov
(Dobrohorskyi, 1999; Ishkov, 1999). V.V. Ishkov
together with Ye.S. Kozii considered the peculiarities
of distribution of toxic and potentially toxic elements
in the coal seams of Pavlohrad-Petropavlivka (Ishkov,
2017; Koziy, 2017; Koziy, 2018; Nesterovskyi, 2020)
and Chervonoarmiisk (Ishkov, 2019) geological
and industrial areas. Ecological aspects of the
geochemistry of toxic elements in the coal seams of
many deposits in the world are considered in the works
of D. Swaine (Godbeer, et al., 1984; Swaine, 1990).
Numerous studies of their distribution in the coal of
different deposits have shown that the composition
and content of these elements and their distribution
are different for each deposit, and within individual
deposits also depends on the stage of carbonization
(Martinez-Tarazona et al., 1992; Mercer et al., 1993;
Pires and Teixeira, 1992; Solari et al., 1989; Spears
and Martinez-Tarazona, 1993; Vassilev, 1994).

Research methodology. Samples were taken in the
mines strata samples taken by the furrow method)
(GOST, 1975) and from duplicates of the core
personally by the authors with the participation of
employees of geological services of coal mining
enterprises and production exploration organizations
in the period from 1981 to 2013. The volume of the
control sampling was 5% of the total sample volume.
All analytical works were performed in the central
certified laboratories of industrial geology-prospecting
organizations. The content of the elements was
determined by quantitative emission spectral analysis
(GOST, 1991). 7% of duplicate samples were sent for
internal laboratory control. 10% of duplicate samples
(correctness and reproducibility) were evaluated as
the significance of the average systematic error, which
is checked by Student’s test, and the significance
of the average random error, which is checked by
Fisher’s test. As the above-mentioned discrepancies
in the level of significance 0.95 are not significant, the
quality of the analyses is considered satisfactory.

Using Excel 2016 and Statistica 11.0 at the initial
stage of processing primary geochemical informa-
tion, the values of basic descriptive statistical indica-
tors were calculated, frequency histograms of content
were constructed and the law of distribution of nickel,
lead and chromium was established. When assessing
the relationship of these elements with the organic or
mineral part of the coal we used the coefficients of
affinity with organic matter Fo, which shows the ratio
of the content of elements in coal with low (<1.6) and
high density (> 1.7), the coefficients of the concentra-
tion Fnk showing the ratio of the content of elements
in the fraction i(Ci) to the content in the original coal,
the correlation coefficients of the content of the inves-
tigated elements and the ash content of coal and the
coefficients of the reduced extraction of the element
in the fraction of different densities.
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In the construction of graphs and calculation
of correlation coefficients, all values of elements
concentrations and technological parameters of coal
were normalized according to the formula:

Xoom = Xi- X, )/ (X, - X,;,)» where: X, is the
result of a single value of the element concentration;
X,ax - the result of the maximum value of the element
concentration; X, . is the result of the minimum
value of the element concentration. Normalizing was
performed for transformation of the data selection to
the same scale, regardless of the units and scale of the
samples.
Research results. During the study, the main
tasks of studying the geochemistry of potentially
toxic elements in the main working coal seams of
the district were the revision of previous studies
of nickel, lead and chromium, the formation of
representative samples of their content in individual
coal seams and the districts as a whole; analysis of
the distribution of their content in the whole area;
establishing the average content of these elements
in the coal seams, the suites and the districts as a
whole; identification of connections and calculation
of regression equations between the content of these
elements, the petrographic composition of coal and its
main technological parameters. The source material
characterizes the concentration of nickel, lead and

chromium in 64 coal seams belonglng to the suites
Cz(seamsgB),C3(seamsh h h h,h,h,h,h}

h:h h, h h ? l) C4(seam5| |I> C fseams
k1 k2k2k kkai(lszk K2 KoK Kk,
K K, KL K, k)C (seamsIHI IBI1I5I

Iq,l7,l I61?,I§ fl)C (seamsm,m? mzmi

3 2
m, m m ,m, m ,m, m)andCll(seamann

) of the mlddle and upper parts of the coal perlod
For the purpose of obtaining the most objective and
comparable data, the results of semi-quantitative,
guantitative analyses of coal core samples of mine

fields, as well as reserve and exploration areas and
sites within the district performed after 1983 in the

central certified laboratories of geological exploration
organizations were used. In some cases, they were

supplemented by analyses of stratum-differentiated
samples taken personally by the authors or together

with employees of geological services of industrial

exploration and I_:’produc:tlonal organizations. The most
representative (Beus, 1981, Havryshyn, 1980) results

were obtained |n 52 seams: g* h,h* h,h,h, h,

hih h *h h Bh1|5|1kkk32kﬂls<“?
k3 K1 R P2 R R stﬂk kK kelk CIn
IIBIlflllllllmmmmmm

an n and A f'ymg within‘the fzelds of ihe mines
«O.F. Zasyadka»,»Pokhlla», «Hlyboka”,“Kalynivska
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Skhidna», «Chaikino», «Panfilovska», «Nel0-
bis», «named after. E. Kalinin», «Ne 2», «Ne 12-
18», «named after V.I. Lenin», «named after O.O.
Skochynskoho», «Zhovtnevyi Rudnyk», «Butivska»,
«Butivka-Donetska», «Yasynivska Hlyboka»,
«Mushketivskay, «Zaperevalna», «Ne6 Chervona
Zirka», «Lidiyivka», «<named after Chelyuskintsev»,
«named after Batova»,»Proletarskaya-Kruta», «
named after Ordzhonikidze», «named after E.T.
Abakumov»,» named after S.M. Kirov», «named after
K.I. Pochenkovay, «Trudovskaya», «Soviet», «named
after V.M. Bazhanov», «Ne9 Capitalnay, «Nell-
bis», «Nel3-bis», «Ne21», «named after Gorkyi»,
«Gruzska-pokhila», «Kuibyshevska», «Zhovtnevay,
«60 years of Soviet Ukraine», «Mospinska», as
well as the exploration and reserve areas and
fields»Novomospinska Zahidna», «Makiivo-
Smolyanynivska»,  «Butivska  Hlyboka  Ne2y,
«Abakumivska-HIlyboka», «Ordzhonikidzevska-
Hlyboka Ne2-4», « Ordzhonikidzevska-Hlyboka Ne3-
5», «Georgiivska-Hlyboka», «Kirovska-Hlyboka,
«Rutchenkivska», «Avdiivskii», «Trudovska-
Hlyboka». To obtain representative estimates of the
concentrations of nickel, lead and chromium in coal,
both individual seams, suites and the district as a
whole, individual determinations were combined for
individual seams in 52 sampled objects, and further

calculation of average content values was performed
as weighted averages on the volume of the object. The

volume calculations took into account the average
thickness of the formation within the object, and the
areas of reliably established erosion and protrusion of
the seams were not taken into account. The sample
average content in coal seams by suites is:

for Ni

C 2—23.5 gramm/ton, C - 21.0 gramm/
ton C*_383 gramm/ton, C °— 20.9 gramm/ton,

— 186 gramm/ton, C27 1.9 gramm/ton, C ;—

17.2 gramm/ton, as a whole within the district — 18.3
gramm/ton;

for Pb
C 2-10.3 gramm/ton, C - 10.6 gramm/ton,

ce- 83 gramm/ton, C 5 — 171 gramm/ton, C % —
89 gramm/ton, C '—45 gramm/ton C 1-85 gramm/

ton, as a whole Wlthln the district — 9.0 gramm/ton;

for Cr
C 2—36.3 gramm/ton, C 3— 24 8 gramm/ton,

C4 W gramm/ton, C5 ~%353 gramm/ton, C °
6.4 gramm/ton, C g7 gramm/ton, C ! — 22.6
gramm/ton, as a wholé within the district — 3.0
gramm/ton.

It was found that for lead in five, and for nick-

el and chromium in two cases, the differences be-
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tween the sample average concentrations in the coal
of the closest stratigraphically investigated seams

are statlstlcally|n5|ﬁn|f|cant AccordlngI?/ these
are pairs of seams: Smi—

mn—nhhmmlh hlmlzm5 .,

the dlﬁerence between the sample average content
of these elements in the coal seams of neighboring
suites is significant in all cases, the gradient between
the sample average concentrations of these elements
in the coal seams reaches the highest value in smtes
C, 4 and C, 6, and the lowest in suites C, ®and C . The
5|gn|f|cance of the differences between the sample av-
erage content of the mentioned elements in the coal
of the nearest stratigraphic section seams and the
suites was established using the program Statistica
11.0 (Borovykov, 2001) by calculating the t-test
and Mann-Whitney U-test (as the most powerful
nonparametric alternative to t-test) with a significance
level of p<0.05.

The analysis revealed the direct correlation of
the nickel content with chromium r = 0.74, with the
ash content of coal r = 0.59, the average relationship
with lead r = 0.49, and also the weak direct correlation
of this element with the total sulfur content r = 0.16.
Linear regression equations (Fig. 1-4):

1,0

0.8

06 o sae
'7-'- ’__—‘ _)/_/ .
Pl Q" ‘
- —0 ]
0.4 P AR
o e _,/ et
Q=T T g
Dusmr ™ e om0
b o o 9. ae-’/%_ T 6 o
02k Qasammnr™ g R R O
“C - —C 20.5" °

0,0

0.0 02 04 0.6 0.8 1.0

Fig 1. Regression line between the weighted average normalized
value of nickel content and ash content of coal

1,0

08

0.6

Fig. 3. Regression line between the weighted average normalized
values of nickel and lead content

Ni = 0.09676 + 0.43074 x A,
Ni =0.21231 + 0.11468 x S,

Ni = 0.09865 + 0.41619 x Pb;
Ni = 0.04461 + 0.68900 x Cr.

The analysis revealed the direct correlation of
the lead content with chromium r = 0.68, with the ash
content of coal r = 0.66, the average bond with nickel
r = 0.49, and also a weak direct relationship of this
element with the total sulfur content r = 0.23. Linear
regression equat|107nls4(}: 0 5888 65 .

. X A%
Pb =0.30743 + 0.19181 x Std;
Pb =0.23384 + 0.58704 x Ni;
Pb = 0.15054 + 0.75583 x Cr.

The analysis revealed the direct correlation
of the chromium content with nickel r = 0.74,
with lead r = 0.68, with the ash content of coal r
= 0.69, and also a weak direct correlation of this
element with the sulfur content of total r = 0, 18.
Linear regression equations (Fig. 9-12):

Cr=10900 + 0.53691 x A%

Cr =0.25561 + 0.13663 x St“;
Cr =0.10497 + 0.79690 x Ni;
Cr =0.07236 + 0.61976 x Ph.

08 -
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002
00 0.2 04 0e 0,8 1.0
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Fig 2. The regression line between the weighted average
normalized values of nickel and total sulfur
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Fig. 4. The regression line between the weighted average
normalized values of nickel and chromium
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Fig. 5. The regression line between the weighted average

normalized value of lead content and ash content of coal

1.0

0.2 0.4 0.6 08
Ni
Fig. 7. Regression line between weighted average normalized

values of lead and nickel content.

08

06 08 10

Fig. 9. Regression line between the weighted average normalized
value of chromium content and ash content of coal

Conclusions. Based on the obtained results, we
can assume that the main factors controlling the
accumulation of nickel, lead and chromium in the
coal of the region, in the process of formation of
neighboring seams and subsequent transformation of
the coal seam changed significantly, and the integrated
influence of these factors on the concentration of these
elements in coal seams was greatest for seams of
suites C,'and C 2. For the purpose of establishing the

main factors controlling the accumulation of nickel,
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Fig. 6. The regression line between the weighted average
normalized values of lead and total sulfur
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Fig. 8. The regression line between the weighted average
normalized values of lead and chromium
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Fig. 10. The regression line between the weighted average
normalized values of chromium and total sulfur

lead and chromium in the coal seams of the area,
correlation and regression analyses of their content
with the main technological parameters, as well as
the petrographic composition of coal were performed.
For the Donetsk-Makiivka geological and industrial
district it is established that:

- There is a statistically significant increase in the
content of nickel, lead and chromium in local areas of
coal seams with immediate siltstone-argillite bedrock
and argillite overlying bed (for example, sections of
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Fig. 11. Regression line between weighted average normalized
values of chromium and nickel content.

seams |, and |'of the field of the mine «Proletarska
Glyboka», seam h, of the field of the mine named
after Gorkii, seam k. of field of the mine named after
Rumyantsev , seam h,, of the fields of the mines
«60 years of Soviet Ukraine» and named after «M.1I.
Kalinin», etc.);

- There is no statistically significant relationship
between nickel and chromium concentrations and total
sulfur in contrast to lead, while in some coal seams
and their areas with abnormally high concentrations
such a relationship is established (example of seams
i,band k).

- In some areas of the studied seams (using
the method of V.A. Chervyakov [17] a significant
positive correlation was found between the content
of nickel and chromium with the content of gelled
microcomponents).

- There is quite a sharp increase in the
concentration of nickel, lead and chromium in the coal
seams in areas where there is a layer of sapropelite in
their upper part (for example seam m, of the field of
the «Yasynivska Hlyboka» mine, etc.).

- All studied coal seams are characterized by a
slight increase in lead content with increasing degree
of coal carbonization, complication of the structure
of the seams and a decrease in their thickness,
increase in the number of intralayer mineralized
layers, fracturing and the degree of recoverable coal.
When splitting the seams, the enrichment of coal
with lead occurs in a pack with less thickness. Thus,
seam n, of the «Butivska» mine field splits into two
independent seams n."and n /. In the north-eastern
part of the mine’s field, more lead enriched the upper
low-thickness assise, and in the south-eastern partthe
lead is concentrated in the lower assise, which has
less thickness.

- There is a statistically significant decrease in the
concentration of lead in the areas of coal seams that
are directly adjacent to the intraformational erosions.

1.0

08

“0.0 0.2 0.4 06 0.8 10
Pb

Fig. 12. The regression line between the weighted average

normalized values of chromium and lead

- In general, in the study area, the decrease inthe
thickness of coal seams is accompanied by an increase
in the affinity of lead to the organic component of coal.

- Lead forms a geochemical association with
chromium (correlation coefficient 0.39), linear
regression equation: Pb =0.03747 + 0.22927Cr. At the
same time, in some areas of the studied seams (using
the method (Cherviakov, 1978)) a significant positive
correlation of lead concentration with the content of
fusenized microcomponents was established, which
indicates the presence of sorption form of lead in
coal. In areas of low-reduction coal, a sharp increase
in lead significantly correlates with an increase in the
content of germanium, which proves the presence of
its elemental compounds in coal.

- There is a statistically significant relationship
of lead content in the coal seams of the area with ash
content (correlation coefficient 0.48), linear regression
equation; Pb = 0.2189 + 0.803A¢

- There is a statistically significant relationship
of lead content in the coal seams of the area with
the total sulfur content (correlation coefficient 0.59),
linear regression equation: Pb = 0.138 + 0.5963S,

- In the stratigraphic section of the seams, the
lead content in the coal usually increases in the upper
part of the coal seam.

- The relationship between lead concentrations
and the lithological composition of coal-bearing
rocks is marked by a statistically significant increase
in its content in local areas of coal seams with direct
siltstone-argillite bedrock and argillite overlyi_nﬁ bed.

- The geochemical association of lead wit
chromium is typomorphic for the coal seams. Their
joint accumulation is due to the bituminous nature of
the sorbent. The neutral and alkaline environment of
the paleobasins of peat accumulation promotes the
absorption of lead by phenolic derivatives of lignin,
and the acidic environment is unfavourable for this
process.
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- There is a geochemical association of chromium
with cobalt (correlation coefficient - 0.49), lead
(correlation coefficient - 0.52), nickel (correlation
coefficient - 0.56). Linear regression equations:

Cr=0.10+ 0.96 x Co,

Cr=0.14 + 0.41 x Pb,

Cr=0.05+0.81 x Ni.

- There is a geochemical association of nickel
with chromium (correlation coefficient - 0.56), cobalt
(correlation coefficient - 0.44), lead (correlation
coefficient - 0.56). Linear regression equations:

Ni =0.15 + 0.36 x Cr,

Ni = 0.15 + 0.57 x Co,

Ni=0.16 + 0.30 x Ph.

- There is a statistically significant relationship
of nickel content (correlation coefficient -0.61) and
chromium (correlation coefficient - 0.71) with the ash
content of coal, linear regression equations:

Ni = 0.097 + 0.43 x A9,

Cr=0.109 + 0.537 x A"

- The average lead content in coal of only one
k' seam among all the main working seams of the
area exceeds the values of maximum permissible
concentration in coal.

- The sample size is characterized by an average
value of 9+1 g/t of lead. Thus, its average concentration
inthe coal seams of the area corresponds to the average
lead content in the coal deposits of the former USSR
- 10 g/t (Kler, 1979). The background concentration
is 5.8 g/t. The distribution of the concentration of
lead selection in the coal seams of the geological and
industrial district by 97% is a combination of two
superimposed lognormal distributions. The results of
factor analysis and the bimodal character of the sample
indicate the polychronic and polygenic character of
lead accumulation in the coal seams of the Donetsk-
Makiivka geological and industrial district.

Based on the results obtained, the following
conclusions can be drawn:

- It was found that the main factors influencing
the concentration of nickel, lead and chromium in
the stratigraphically closest section of coal seams
in the process of coal accumulation and subsequent
epigenetic transformations of the coal-bearing strata
underwent significant variations.

- It is established that in general in the geological
and industrial district there is a slight increase in the
concentration of nickel, lead and chromium with
increasing degree of coal carbonization, complication
of formation and decrease in their thickness, increase
in the number of intralayer mineralized layers and
coal fractures. The presence of a significant direct
statistical dependence of their content with ash
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content predicts a decrease of their concentration in
the process of coal enrichment. Also, a significant
direct linear dependence of the concentration of lead
with total sulfur content was established in the district,
which indicates the presence of a sulfide form of this
element in coal.

The mainscientificsignificance ofthe obtained results
is the establishment of the character of distribution and
calculation of weighted average concentrations, basic
descriptive statistics of nickel, lead and chromium
in coal of the main seams and the suites, to identify
the composition and character of their typomorphic
geochemical associations, as well as to establish the
features and regularities of their accumulation in the
coal seams of the Donetsk-Makiivka geological and
industrial district. The accumulation of these elements
in the main coal seams is polygenic and polychronic.
Variations in their concentrations in cross-section and
area are mainly due to tectonic and facial features
of coal-bearing strata, controlling the petrographic
composition of coal, hydrodynamic regime of the peat
accumulation basin, lithological-facial composition
of the immediate and main roof of coal seams and
fracturing of coal and rocks that contain them.

The main practical significance of the obtained
results is the calculation of the regression equations
between the elements that form geochemical
associations and establishment of the relationship
between their concentration and coal ash content.
The calculated regression equations for nickel, lead
and chromium will allow their concentration to be
predicted in the main working coal seams of the
Donetsk-Makiivka geological and industrial district
regarding the values of ash content of the coal. And
the calculated correlation coefficients will allow usto
predict their content in products and wastes of coal
beneficiation and to adjust technological schemes of
coal enrichment taking into account the content of
these elements.
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The aesthetic value of landscapes of the upland right bank area of the Dnieper River of the
Kaniv Nature Reserve, Ukraine

Tetiana G. Kupach, Svitlana O. Demianenko, Oksana V. Arion

Kyiv National Taras Shevchenko University, Kyiv, Ukraine, tan_kup@ukr.net

Recei?ed: 23,03:2020 Abstract. The purpose of this publication is to assess the qualities of landscapes that are
Received inrevised form:27.05.2020 significant to their aesthetic value. The object of this study is the landscapes of the disloca-
Accepted: 05.08.2020 tion loess plateau Ukraine, Cherkasy region, Kaniv district, with a total area of 11.43 km2.

The landscapes of this region have the potential to form expressive and diverse landscapes.
Operational units of the study were homogeneous landscapes level areas and tracts with typical appearance, typical for this territory
only. The choice of such a research object is explained by the natural and cultural reference of the landscapes of the Kaniv glacial dis-
location site. The complexity of landscape-forming processes and the intensity of anthropogenic development of these landscapes led
to the emergence of a unique highly attractive image of this territory. The methodological basis of the study, the results of which are
presented in this publication, are the starting points of the concept of aesthetic landscape science about the objective factors of aesthetic
attractiveness of landscapes that are revealed through a number of physiognomic and compositional parameters of landscapes. We
evaluated the aesthetic qualities of the Kaniv landscapes based on a component analysis of «beauty factors». Such significant factors
include land features, floral, hydrological, landscape diversity, artificial objects and more. In their sum, «beauty factors» will determine
the holistic nature of the visual images of landscapes - landscapes in the perception of landscapes a human. The criteria for assessing the
aesthetic qualities of landscapes, in our study, selected their metric parameters, namely: morphological indicators of relief vertical and
horizontal dismemberment, aspect and slope of the surface, indicator of landscape diversity - Shannon entropy, forestry. In addition,
the floristic diversity of landscapes is analyzed. The physiognomy of the vegetation improves the aspect of the landscapes. Conducting
a consistent component analysis of the territory allowed us to determine objective criteria and to calculate the metric indicators of the
aesthetic value of the Kaniv dislocation landscapes. The application of the unified aesthetic score scale of aesthetic value indices made
it possible to calculate the integral coefficient of aesthetic value of landscapes, which is the sum of the values of the coefficients of
significance of the individual metric indicators. According to the results of calculations of the integral coefficient of aesthetic value, the
landscapes of the Kaniv right-bank section of the loess plateau are classified as aesthetically valuable.

Keywords: landscape, aesthetic value of the landscape, landscape features, criteria of aesthetic value, «factors of beauty»

Ecrernuna minHicTs JanamadriB npaBodepe:kHoi HaripHoi AisHku KaHiBCbKOTro NpupoaHo-
ro 3anoBiIHUKA, YKpaiHa

Kymnau T. I', lem’staenxo C.O., Apion O. B.
Kuiscokuii nayionanonuil ynisepcumem imeni Tapaca Ilesuenxa, m. Kuis, Yrpaina, tan_kup@ukr.net

AHotamnisi. Meroro mybmikamii € omiHka sKocTed MaHAmadTiB, sSKi € 3HAYYIMMHU AT IX €CTeTHYHOI ILiHHOCTI 3a BHOpPaHUMHU
kpurepisimu. O6’exkroM aaHoro jpociimkenus € nanmmadru KaniBcbkux aucriokariii B Mexax Kanicbkoro paiiony Yepkacbkol
obnacti Ykpain, 3 iX MOTeHIIHHO0 31aTHICTIO GopMyBaTH BUpa3Hi i pi3HOMAaHITHI nei3axi. OneparifHIMU OTHHULIIME JTOCTi [PKSHHS
CTaJIi OMHOPiAHI JaHmadTHI AUISTHKA MICHEBOCTEH Ta YpOUHMIIL 3 XapaKTePHUM 30BHIIIHIM BUTJISIIOM, IPUTAMAHHUM JaHmadTam
nue i€l Teputopii. CriaaHicTs TaHAmadTOPOPMyIOUHX MPOIECiB Ta IHTEHCHBHICTH TOCHOIAPCHKOr0 OCBOEHHS IIUX JAaHAIIA(TIB
3YMOBJIFO€ BUHHKHEHHSI YHIKaIbHOTO BHCOKOATPAKTHBHOIO 00pasy 1ii€i Tepuropii. MeTomonoridHiuM 0a3ucoM JOCIiKEHHS € BUXiIHI
MOJIOYKEeHHsT KOHIIETIIii €CTEeTHYHOro JaHAIapTO3HABCTBA MPO 00’ €KTHBHI (HaKTOPH €CTETHYHOI MpUBaOIMBOCTI JaHAMIADTIB, 1[0
PO3KPUBAIOTHCS Yepe3 psif (Pi3i0HOMIYHMX Ta KOMMO3HMIIHHMX MapamerpiB danamadris. OIiHKa eCTeTUYHHX SIKOCTeH KaHiBChKUX
naHAmadTIB 3M1HCHIOBAIACH HA OCHOBI KOMITOHEHTHOT'O aHaMi3y «(paKTopiB Kpacm», a came: 0coOMMBOCTEH penbedy, (HIOpUCTUIHOTO,
T1APOIOTiYHOrO, JTAaHAMA(THOTO PI3HOMAHITTS, PYKOTBOPHHUX 00’ €KTiB Tom0. KpuTepisiMu OMiHKK €CTETHYHOI IIHHOCTI JTaHAad TiB
oOpaHi: MOPQOMETPUYHI TIOKa3HUKH penbe]y (BEepTHKAIbHE Ta TOPH30HTAIBHE PO3WICHYBAHHS, SKCIIO3MIIIA Ta HAXWI MOBEPXHI),
nokasHuK naHamadrHoro pizHomanitTst (eHtporis [llenHoHa), moka3HUK 3amicHeHOocTi. KpiM 11p0ro mpoananizoBaHo (GiopuCTUvHe
PI3HOMAHITTS, 10 € 3HAYYIIMM JUIS ACHEKTHOCTI JaHAmadTiB. 3acTocyBaHHs yHi()iKOBaHOI OLIHOYHOI GajbHOI IIKaIH ITOKa3HHUKIB
©CTEeTHYHOI IIIHHOCTI JO3BOJIMIIO 00PaxyBaTH IHTErPaTbHIN KOe(II€HT eCTETUYHOI IIHHOCTI JIAaHAMIATIB, SIKUIl € CyMOIO 3HAYCHb
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KOe(IIIEHTIB 3HATYIIOCTI OKPEMUX METPHYHMX TTOKAa3HUKIB. 3a pe3ylibTaTaMH PO3PaXxyHKIiB IHTETPaIbHOI0 KOe(illieHTy eCTeTHIHOT
LIHHOCTI JTaHAmadTH KaHIBCHKOI MPaBOOEPEKHOI HATiPHOI TUITHKU BiTHECEHO JI0 €CTETUYHO [IHHUX.

Knrouosi cnosa: nanowaghm, ecmemuuna yiHHICIb 1aHOWADNMY, NEU3AACHT 61ACMUBOCTE, KPUMEPIT eCIemuyHoi YyiHHOCMI, «pakmo-

pu Kkpacuy

Introduction. Preserved standard and natural land-
scapes, biodiversity, balance and environment man-
agement in the territories determine the beauty and
aesthetic appeal of landscapes, thus increasing their
value. Public awareness of the threats of depletion and
irrenewability of resources, as well as reducing the
possibility of natural self-restoration of geoecosys-
tems, and thus the loss of cultural or natural identity
and uniqueness, that forces to reconsider the existing
principles of human interaction with nature and find
updated approaches of natural resource management.
The ecologization of human thinking and behavior is
increased by the formation of involvement in the con-
servation of such special areas (Bauer, 2009; Howley,
2011). The existing concept of ecosystem services
considers landscapes as a type of natural capital that
ensures harmonious and balanced development and
life quality of man and society as a whole (KPMG,
2012). Ecosystem goods and services are understood
as the whole spectrum of “goods” and “services” pro-
vided by nature. The group of goods (KPMG, 2012)
includes non-renewable goods — rocks, minerals,
fossil fuels and those that are renewable — animals,
plants, water, air, soil, recreation, aesthetics. Accord-
ing to the current classification (Millennium Eco-
system Assessment, 2005, Schirpke, 2016), services
provided by ecosystems belong to one of four broad
categories that define the functions of natural capital.
Among ecosystem services, those that directly affect
people are significant, for example, provisioning, reg-
ulating and cultural services. Thus, cultural ecosystem
services include intangible, provided by ecosystems,
which are important in the processes of human cogni-
tion of the environment to meet its aesthetic needs, for
physical and spiritual growth. These are theresources
of the natural and cultural heritage of the regions, the
landscapes that form aesthetic scenery, the unique
cultural landscapes that are used by human for the
purpose of recreation, treatment, rehabilitation. Areas
that have landscape-aesthetic resources are not only
useful for people, they also significantly contribute
to the attractiveness of the region and are correlated
with the financial benefits for the development of the
region.

The perception of beauty, the picturesqueness
of natural or anthropogenic landscapes, has always
been a natural process for human, according to the
fact that contemplation of the aesthetic is one of the
needs necessary for his or her quality of life and
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productive work. The need for beauty is one of the
strongest manifestations of the inner world of human.
The beauty, the aesthetics of the environment is a
powerful factor that affects psychophysical states and
well-being and has a significant impact on a human
behavior.

In recent decades, the role of assessments of the
aesthetic potential of territories in the optimization
of spatial planning decisions, improvement of
settlements, for its recreational use has increased. The
study and assessment of landscapes is important in the
planning and organization of recreation, rehabilitation
and treatment. The aesthetics of the environment is
associated with the concepts of quality and comfort
of human life and work, with the preservation of the
quality of the natural environment.

The purpose of this publication is to assess such
qualities of the landscapes of the right-bank upland
area of the Kaniv Nature Reserve, which are important
for determining their aesthetic value.

The object of this study are the landscapes of
the dislocated forest plateau in the Kaniv district of
Cherkasy region of Ukraine with the total land area
of 11.43 km?, with their potential ability to form
aesthetically expressive and diverse landscapes. As
operational units, we studied homogeneous landscape
features (areas and tracts) with the typical appearance
of the landscapes of this area only. The choice of this
object is explained by the standard landscapes of
the Kaniv land of the dislocated loess plateau. The
complexity of landscape-forming processes and the
intensity of economic development of the landscapes
of this area has led to the emergence of unique
highly attractive images. One of such images, called
“Tarasovi Obrii” (“Taras’ Horizons”), is formed by
landscapes from Chernecha Hora (Kaniv) and is
considered as a visiting card of Kaniv Region, along
with the landscape of Tarasova Hora and the Dnieper
River.

The works of Ukrainian researchers, in particular,
O Golubtsov, S. Konyakin, P. Shyshchenko, Y.
Shchur, M. Chornyi, L. Chorna, V. Chekhniy are
dedicated to research of landscapes of Kaniv land,
study of issues of their standarts, preservation of
landscape and biological diversity, substantiation of
schemes of ecological network of the region.

The interest to the problems of nature and genesis
of landscapes of the Kaniv dislocated loess plateau
has been developed in the research of many Ukrainian
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scientists, physicists, geologists, geomorphologists,
biologists, geobotanists, including V. Riznichenko,
M. Shcherban, Y. Grubrin, E. Palienko. V. Shevchyk,
L Bakalina, etc. In particular, the works of P.
Shishchenko, Y. Shchur, S. Konyakin present the
landscape-typological scheme and the results of
landscape-morphological analysis of the territory
of Kaniv Nature Reserve. Later, in the works of O.
Golubtsov and M. Chorny, the results of the study of
the landscape structure of the Cherkasy region were
presented and landscape optimization schemes of
the territory of the Kaniv Biosphere Reserve were
developed.

Studies of the beauty of the landscape, its aesthetic
qualities and factors that determine the attractiveness,
were revealed in the publications of a wide range of
researchers. In particular, in the works of D. Linton,
G. Buchko, I. Bar¢dkova, V. Nikolaev, D. Dirin, I.
Brook, M. Grodzinsky, O. Grodzinska, theoretical
and methodological issues of landscape aesthetics are
laid down.

Problematic issues of aesthetic assessment in the
perception of landscapes have been studied both in the
works of these authors and in the studies of K. Eringis,
A. Budryunas, Y. Vedenin, L. Filipovich, E. Real, C.
Arce, J.M. Sabucedo, B. Kochurova, NV Buchatska,
S. Frank et al., U. Schirpke et al., J. Lieskovsky et al.

Problematic issues of aesthetic perception of
landscapes, the formation of preferences of subjects of
perception and their judgments about the beauty of the
landscape are considered in the works of R. Kaplan,
S. Kaplan, D. Gold, S. Bourassa, N. Bauer et al., D.
Gruehn, W. Nohl.

The issue of landscape heritage conservation and
ecosystem services in protected areas was studied by
V. Stetsiuk, P. Howley, S. Swaffield, W. McWilliam, T.
Plieninger et al. Issues of attractiveness and aesthetics
of the landscape in spatial and landscape planning
were touched upon in the works of V. Stauskas, D.
Stefunkova, E. Real et al., A. Jorgensen, L. Szlicset et
al, O.G. Golubtsov et al.

Materials and methods of research. The method-
ological basis of this study is the starting points of the
concept of aesthetic landscape science on the objec-
tive factors of aesthetic attractiveness of landscapes
(Linton, 1968; Bar¢akova, 2001; Dirin, 2005; Frank
et al., 2013; Erignis, Budrunas, 1971, 1975), which
are revealed through a number of physiognomic and
compositional parameters of landscapes. Such impor-
tant factors include features of terrain, floristic, hydro-
logical, landscape diversity, man-made objects, etc. In
sum, “beauty factors” will determine the holistic vi-
sual prints of landscapes — sceneries in the perception
of landscapes by a human (Kaplan 1989; Grodzinsky,

2005; V. Nikolaev 2003, 2013) and others.

It should be noted that the analysis of only objec-
tive factors forming the beauty of landscapes without
taking into account the judgments of the subjects of
the environment aesthetic perception limits the under-
standing of the true beauty of landscapes, determining
people’s preferences and making decisions about the
aesthetics of landscapes. However, identifying and
evaluating the objective factors of landscape beauty,
based on their nature and cultural context of forma-
tion, gives reason to understand that a man himself
invests in understanding of the landscape aesthetic,
and what physical features and traits are decisive in
forming its beauty.

The integrity of the visual imprints of landscapes
(sceneries) is expressed in sensory perception through
their aesthetic qualities: harmony, beauty, contrast,
depth, mystery, majesty, intelligibility, diversity, ex-
pressiveness, and others. Aesthetic qualities of land-
scapes are estimated at sensory perception mostly
by visual parameters of landscapes (Kaplan, 1989;
Nikolaev 2003, 2013; Grodzinsky, 2005). Thus, the
aesthetic value of the landscape is manifested through
the scenery, which cause the subjects of percep-
tion of admiration and positive emotions. In works
on aesthetic landscape science it is emphasized that
landscapes of a certain territory are a physical basis
of a view and in scene all internal communications
and properties of a landscape are transferred (Dirin,
2005; Kochurov, Buchatskaya, 2007; Nikolaev, 2003,
2013; Grodzinsky, 2005). The view, as a reflection of
the landscape, is also morphologically structured (di-
verse/monotonous) and has a spatial (compositional)
structure. When perceived, scenes are able to form
(diverse/monotonous) landscapes, which will deter-
mine their aesthetic visual properties: expressiveness,
diversity, etc. Landscape properties, as aesthetically
valuable, are transmitted by a set of sensory impres-
sions from perceived landscape images (Kochurov,
Buchatskaya, 2007). So far component studies of the
aesthetics of landscapes have revealed that the active
«beauty factors» that affect the beauty and scenery of
landscapes include surface terrain, vegetation, hydro-
logical features, diversity, and man-made objects.

Metric indicators of landscape properties, as aes-
thetically valuable, in such studies are selected those
that determine its physiognomic and compositional
properties: horizontal and vertical fragmentations of
terrain, surface slope, depth of perspective, the degree
of mosaic and diversity of landscapes and the degree
of forestation. (Eringis, Budryunas, 1971, 1975; Ve-
denin, Filipovich, 1975; Barc¢akova et al., 2001; Ja-
man, Pavlenko, 2010; Frank et al., 2013; Schirpke et
al. 2016; Lieskovsky et al. 2017). In this study, the
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assessment of the aesthetic qualities of the landscapes
of the right-bank upland section of the Kaniv Reserve
was carried out on the basis of a component analy-
sis of «beauty factors». Morphometric indicators of
surface relief, in particular, vertical and horizontal
fragmentation, exposure and steepness of the slope,
were chosen as criteria for assessing the aesthetic
qualities of landscapes. Significant criteria are indica-
tors of landscape diversity (Shannon’s entropy) and
afforestation. The determined morphological indica-
tors were calculated by mathematical and cartograph-
ic methods using the analytical capabilities of GIS.
Noting that the assessment of the aesthetic value of
landscapes is integral, metrics of landscape properties
as aesthetically valuable should be analyzed in paral-
lel with the assessment of such qualitative parameters
of landscapes that characterize the sensoryperception
of scenery: the presence of compositional dominance,
multiplicity, aspect presence, etc. Such qualitative
parameters of aesthetic evaluation are quite subjec-
tive and therefore should be evaluated according to a
separate method.

At this stage of the study of the aesthetic value
of landscapes, only the objective parameters of the
beauty of landscapes are evaluated, which are sig-
nificant for the qualitative parameters of aesthetic
value. Some qualitative parameters were described,
in particular aspect, contrast, naturalness, but it was
not their influence on the overall assessment that was
determined, but their dependence on the surface mor-
phology, the nature of the vegetation, the steepness of
the slopes, the number of anthropogenic objects, etc.

The integrated indicator of the aesthetic value of
the landscapes of the right-bank upland area of the
Kaniv Nature Reserve was calculated in this study by

M. Yu. Frolova (Frolova, 1994), Zh.I. Buchko (Bu-
chko, 1997), D.O. Dirin (Dirin, 2005), B.I. Kochurov,
N. V. Buchatskaya (Kochurov, Buchatskaya, 2007),
M.O. Dgaman, T.N. Pavlenko (Dgaman, Pavlenko,
2010). To evaluate the aesthetic value of the land-
scapes of the right-bank upland area of the KanivNa-
ture Reserve, the authors determined a score scale for
assessing individual criteria of their aesthetic value,
which is presented in the Table 1.

Results and analysis. Using practical experience
with visual images of the landscapes of the Kaniv
Nature Reserve, the authors selected active “beauty
factors” and their objective criteria for assessing the
aesthetic qualities of the landscapes of this area. On
the basis of computer processing of geographical data
obtained for many years of experience in the Kaniv
Nature Reserve, the restored landscape structure
was analyzed, the morphometric indicators of the
terrain, forest cover indicators and the diversity of
landscapes of the study area were calculated. GEO-
data processing was performed using standard tools
of ArcGIS modules, in particular, Spatial Analyst, 3D
Analyst, Analysis Tools. The initial data for the work on
the restored landscape structure and the organization
of GEO-data in the form of a Database were opened
topographic survey materials (scales 1: 50 000, 1:
100 000, 1: 200 000), remote sensing data for the
study area (SRTM 1 Arc-Second) 30m) (NASA), soil
maps (scales 1: 200 000, 1:10 000), geological maps,
schemes and diagrams of geomorphological structure
of different scales, forest management schemes, etc.
Computer processing of GEO-data took place in order
to inventory the existing natural information on the
geodatabase is based on a relational model of GEO-
data, which is a two-dimensional table containing

Table 1. Score scale for assessing metric indicators of aesthetic value of landscapes

Criteria Grade 1 2 3
indicator of horizontal fragmentation of the surface, km/km? <0,5...3 0,5-1...2-3 1-2
indicator of vertical fragmentation of the surface, m <100 100-200 > 200
forestation, % >60 <30 absent 30-60
measure of Shannon’s entropy landscape diversity <-560 -560 - -490 > -490

the magnitude of the predominant slopes of the surface, ° <3° 3°-12° 12°-20°...>20°

Source: made by the authors based on the analytical capabilities of GIS in spatial analysis of geographical data

metric indicators of landscapes and consisted of the
sum of estimates of individual criteria of aesthetics.
During unification of metric indicators of aesthetic
value of landscapes when drawing up of an estima-
tion scale, the methodical experience is used, which
is covered in previous researches of K.I. Eringis, A.R.
Budryunas (Eringis, Budryunas, 1975), Yu.A. Ve-
denin, L.S. Filipovich (Vedenin, Filipovich, 1975),
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information about landscapes (rank of the tract):
sediments, soils, vegetation type, nature management
and a number of morphometric indicators, map of
the restored landscape structure of the studied area
which became the basis for determining the integrated
indicator of aesthetic value of landscapes according
to their objective factors of aesthetic attractiveness of
landscapes.
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The structure and texture of the terrain in a
number of inherent parameters (height difference,
exposure and steepness of the slopes, the presence of
gullies and arroyos, morphosculptures) is considered
to be one of the “beauty factors” of the landscape.
The surface relief influences such characteristics
of landscape aesthetics as: frequency of scenery
changes, mosaicism, nature of landscape drawing,
panorama, availability of scenery openings, depth
of perspective, breadth of scenery perception angles,
presence of visual dominants, etc. Such parameter
as the exposure of slopes affects the illumination of

a hilly lowland with absolute heights of 200-250 m
with a developed erosion network (Palienko, Moroz,
Kudelya, 1971; Riznychenko, 1924; Grubrin, 1976)
and is called Kaniv Mountains. A fragment of the
physical surface of the study area, built on the basis
of the digital terrain model (Digital Elevation Model
- SRTM 1 Arc-Second (30m)) (NASA), is shown in
the Figure 1.

Thestudy area is characterized by a predominance
of inclined surfaces and the Figure 2 shows the
differentiation of the surface of the study area by the
angle of inclination of the surface (fragment).
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Fig. 1 Physical surface of the right-bank section of the Kaniv Nature Reserve (fragment).
Source: done by the authors based on the analytical capabilities of GIS in spatial analysis of geographical data

landscapes, the type of vegetation and, accordingly,
determines a number of visual qualities of the
landscape. The presence of slopes, their shape and
steepness, affects such characteristics of landscapes
as the frequency of landscape changes and versatility.
Amplitudes of heights, vertical fragmentation of a
terrain form presence of points of landscape opening
in the environment, existence of panoramas, visual
dominants, depth of perspective, contrast, etc.
Morphometric indicators of surface relief can both
increase and decrease the quality of landscapes.
For example, a slight dissection of the terrain,
the predominance of leveled surfaces can lead to
monotony of landscapes, lack of variety of plans and
panoramas, which, in turn, affects the judgments of
the subjects of perception of the aesthetic appeal of a
landscape. The research of natural conditions of the
study area showed that the right-bank upland area of
the Kaniv Nature Reserve belongs to the dislocated
loess plateau. The depth of fragmentation of dislocated
areas in some places exceeds 100-150 m. Inthe studies
of physiographists and geomorphologists, this area is

The results of morphometric analysis of the digi-
tal terrain model of the study area (presented in the
Table 2) show the predominance of sloping surfaces
of different steepness, which are formed as a result of
the long history of Kaniv dislocations. Sloping and
slightly sloping hillsides are dominated by 40.9%,
which are confined to the watersheds of ridges and in-
ter-ridge lowering of the dislocated plateau, forming
a wavy surface relief. 35.7% of steep and precipitous
slopes add the expressiveness to the landscape, which
are typical for erosion-landslide areas of ancient an-
thropogenic landslides confined to circuses and mod-
ern gullies, creating a variety of attractive transitions
from one landform to another. Slightly sloping areas
make up a smaller share of the study area of 23.4%
and are visually contrasting in relation to the sur-
rounding areas.

GIS analysis of DEM on the exposure of the sur-
face of the right-bank upland area of the Kaniv Nature
Reserve (orientation of the slopes on the sides of the
horizon) indicates the predominance of the surfaces
of the northern and eastern exposures. Generaliza-
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Fig. 2 Steepness of the slopes of the right-bank section of the Kaniv Nature Reserve (fragment). Source: done by the
authors based on the analytical capabilities of GIS in spatial analysis of geographical data

tion of the results of landscape analysis (G1S-based
analysis) by the number and share of landscape tracts
by surface exposure for this area are presented in the
Table 3, and the Figure 3 shows the differentiation of
the study area (fragment) by surface exposure in main
directions — north, west, south, and east.

In our case, the predominance of the surfaces of
the northern and eastern exposures determines the
disclosure of multifaceted landscape views of the
left-bank landscapes of the Dnieper Valley from ob-
servation points along the edges of the slopes of the
plateau of the northern and north-eastern exposures.

Table 2. Quantitative distribution of surfaces according to the slope steepness for the Kaniv right-bank upland area

Surface character: angle of inclination, ° Square, m? % of the total area
leveled and slightly inclined surfaces <3° 2671542 234
gentle slopes 3°-6° 1 690 600 14.8
slightly sloping hillsides 6°-12° 2987 251 26.1
precipitous slopes 12 ° - 20 ° 2600534 22.7
steep slopes >20° 1484715 13.0
> 11 434 642 100

Source: done by the authors based capability on the analytical capabilities of GIS in spatial analysis of geographical data

Legend

g™ “ % tracks routes
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Fig. 3 Exposition of the slopes of the right-bank section of the Kaniv Nature Reserve (fragment). Source: done by the authors
based on the analytical capabilities of GIS in spatial analysis of geographical data
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Table 3. Distribution of landscape tracts by exposure of slopes for the right-bank upland area of the Natural Reserve

Rhumb Degrees Quantity Share, %
north 315-45 391630 31.15635
east 45-135 336 287 26.7535
south 135-225 304 795 24.24814
west 225-315 224 271 17.84201

Source: done by the authors based on the analytical capabilities of GIS in spatial analysis of geographical data

In addition, the northern and eastern exposures are
important (the amount of solar radiation received by
the surface — insolation) in the formation of the type
of vegetation — fresh oak-hornbeams, which also form
a distinct multifaceted landscape, especially in spring
and autumn.

During the study, in order to determine the
aesthetic value of the landscapes of the study area,
other morphometricindicators of relief were calculated
(their values are summarized in the Table 4), which
have an impact not only on the formation of landscape
diversity, but also on other landscape qualities of
landscapes.

the dislocated plateau, meadow-steppe vegetation on
the watersheds provides high indicators of saturation
of the opening points of the landscapes of the Kaniv
upland area. On the deforested ridges, the edges of
the forested watershed slopes of the Kaniv disloca-
tions natural observation decks are located, which of-
fer highly attractive landscapes with rich plans, far-
sighted with a deep perspective. For example, from
the tops of the Mar’yina, Knyazha, Pylypenkova, and
Lysa mountains, panoramic views of the hills of the
dislocated loess terrace (north-northeast) and the hilly
loess-moraine plain (south-southwest) open up. To
the north of the Chernecha, Pylypenkova, and Lysa

Table 4. Morphometric indicators of the terrain and its values for the territory of Kaniv right-bank upland area

Morphometric indicators of the terrain Value
max elevation mark, m 254
min elevation mark, m 79
vertical fragmentation of the terrain, m 175
length of thalwegs (valley lines), km 33.601
horizontal fragmentation of the terrain km/km? 2.94

Source: done by the authors based on the analytical capabilities of GIS in spatial analysis of geographical data

The results of a number of applied studies on
aesthetic assessments of territories prove the direct
dependence of visual aesthetic perception of the sur-
rounding landscape on the nature of surface morphol-
ogy, namely the location of the point from which the
landscape views (Nikolaev 2003, 2013; Dirin, 2005;
Kochurov, Buchatskaya, 2007). Visual perception re-
quires a distance between the subjects of perception
and landscapes. And such distance is provided by the
location of the point of view, which in turn determines
a greater or lesser perspective, foresight, versatility
of the landscape. Scenery points and landscapes are
connected. Even minor changes in the position of the
viewpoint lead to a change in the landscape. Obser-
vation points also provide a view, the depth of the
landscape perspective, the number of plans, etc. Thus,
the location of the point itself plays a significant role.
Thus, its location on elevated areas provides a broad
overview, landscape perspective. The breadth of the
view is also influenced by the nature of the ratio of
the relief to the silhouette of the forest canopy (Niko-
laev, 2003, 2013; Vedenin, Filipovich, 1975). Verti-
cal fragmentation of the surface, linear stretching of

mountains, wide multifaceted landscapes open up to
the city of Kaniv, the Trakhtemyriv Peninsula, and the
Kaniv Reservoir, so on. To the north of Mar yina Hora
are the steep slopes of the Great and Small Scythian
Horodyshche, which are the monuments of archaeo-
logical heritage. From the natural observation deck on
Velyke Horodyshche there is a far-sighted panorama
of the left-bank landscapes of the first floodplain ter-
race (covered with pine forests) and wide floodplain
of the Dnieper, crossed by numerous old rivers strait,
floodplain lakes and the floodplain islands of Krivy
ozera, Shelestiv and Kruhlyk.

The assessment of the landscape properties of
Kaniv scenery will also depend entirely on the met-
ric characteristics of the landscape diversity of the
territory, which requires an analysis of its landscape
structure. Indicators of landscape and floral diversity
determine the visual changes in landscapes, changes
in physiognomic parameters, the alternation of differ-
ent landscapes, the presence of several plans, and oth-
ers. (Nikolaev, 2003, 2013; Dirin, 2005; Eringis, Bu-
dryunas, 1971, 1975; Vedenin, Filipovich, 1975, etc.).
As the part of this study, we calculated the Shannon
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Landscape Diversity Index to determine the extent of
landscape diversity. In our case, some information in-
dicator of the degree of inventory diversity or an in-
dicator of the complexity of the territorial structure is
calculated according to the Shannon’s formula. Thus,
the indicator of the complexity of the territorial struc-
ture (the total number of different landscape units

Legend

postwar years stimulated the processes of secondary
restoration of native landscapes, which allowed us
to warn today about the gradual change in the land-
scape structure of the studied area. The landscape di-
versity of the studied area reflects the peculiarities of
the historical development of Kaniv and reveals the
combined effect of the main landscape-forming fac-
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Fig. 4 Fragment of the map of the restored landscapes of the right-bank section of the Kaniv Nature Reserve (for an

explanation of the indices, see the Table 5 below)

Source: done by the authors based of the analytical capability of morphological analysis of landscapes

within the study area) is calculated (-322.48), which
determines the considerable landscape diversity.

The landscape diversity of the Kaniv Mountains
is formed by the simultaneous action of a set of fac-
tors, among which the terrain and geological substrate
are the most active ones. The geological and geo-
morphological structure of the studied area directly
determines: the differentiation of microclimatic and
hydrological indicators of the territory, differences in
the spatial structure of the soil cover, which, in turn,
affects the diversity and structure of ecotypes. Also,
an active factor influencing the landscape diversity in
the studied area is anthropogenic. The long history of
intensive anthropogenic development of the Dnieper
region of Kaniv has led to the practical destruction of
the original forest-steppe landscapes. The deforesta-
tion of primitive oak forests, which lasted until the be-
ginning of the XX century, led to the intensive devel-
opment of erosion and geodynamic processes, which
stimulated the formation of an extensive ravine-beam
network and caused a change in much of the forest
landscape on meadow-steppe. The extensive ravine-
beam network of the territory of Dnieper region of
Kaniv has led to a radical change in the image of lo-
cal landscapes. Withdrawal of territories from agri-
cultural use and formation of secondary stands in the
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tors. Figure 4 shows the fragment of the map of the
restored landscapes of the study area.

Landscape representativeness of Kaniv district
of Cherkasy region, according to previous landscape-
typological studies, consists of complexes: deciduous-
forest, forest-steppe, meadow-steppe, mixed-forest
coniferous, meadow and swamp types (Golubtsov
and Chorny, 2014; Dmitruk, Romanchuk, 2002).
Intrazonal ravine-beam and valley-river landscape
complexes arealsocommon here. During the landscape
morphological analysis and landscape mapping of the
studied area, the authors identified 71 homogeneous
landscape areas (tract level), which are combined
into 21 landscape areas. The Table 5 presents an
abbreviated description of the landscape areas of the
right-bank section of the Kaniv Nature Reserve.

Characterizing landscape qualities as signs of
aesthetic value of Kaniv Mountains landscapes should
not be limited to the analysis of landscape structure
or the nature of the terrain surface (Linton, 1968;
Eringis, Budrunas 1971, 1975; Vedenin, Filipovich,
1975; Barcakova, 2001; Barcakova, 2001; 2013;
Dirin, 2005; Frank et.al., 2013; Howley, 2013, etc.).
Relevant information on the biological indicators
of the aesthetic value of landscapes can be obtained
based on the results of the field geobotanical research.
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Table 5. Description of landscape areas for the map of restored landscapes of Kaniv right-bank upland area

Index

Description of the areas

P1

ridge-hilly undulating well-drained watersheds of loess height with sod podzolic soils at the outcrops of Cretaceous
sandstones overlain by sands on the tops in complexes with slightly inclined inter-ridge lowerings with gray podzolic
loess soils and soils

P2

ridge-hilly undulating well-drained watersheds of loess height with sod podzolic soils at the outcrops of Cretaceous
sandstones overlain by sands on the tops in complexes with slightly inclined inter-ridge lowerings with gray podzolic
soils under the loess sediments in the oak-hornbeam forests

P3

undulating hills of well-drained watersheds of the ancient alluvial-terraced plain with sod podzolic sandy-gravelly soils
on the outcrops of sandy deposits of the lower anthropogen lined with Cenomanian sandstones under dry pine forest
and acacias in alternation with oak-hornbeam forests

Etl

pseudoterasses of early anthropogenic erosion-landslide circuses with gray podzolic soils on loess under oaks and
hornbeams and cultivated garden vegetation

Et2

pseudoterasses of early anthropogenic erosion-landslide circuses with sod podzolic sandy-gravelly soils on wedges of
sandy deposits of the lower anthropogen lined with Cenomanian sandstones under dry pine trees

Esl

erosion-landslide slopes of early anthropogenic pseudoterasses under oaks and hornbeams (sometimes with cultivated
vegetation)

SIEtl

slopes of pseudo-terraces of early anthropogenic erosion-landslide circuses with gray podzolic soils on loess under
oaks and hornbeams (sometimes with cultural garden vegetation)

SIEt2

slopes of pseudoterasses of ancient anthropogenic erosion-landslide circuses with sod podzolic sandy-gravelly soils on
wedges of sandy deposits of the lower anthropogen lined with Cenomanian sandstones under dry pine forests

SIP1

sloping and slightly sloping hillsides of ridge-hilly undulating and hilly well-drained watersheds with sod podzolized
soils at the outcrops of Cretaceous sandstones overlain with Cenomanian sands on the tops and weakly sloping well -
drained inter-ridge lowerings with gray podzolic soils in forests under meadow-steppe plant formations

SIP2

precipitous and steep slopes of ridge-hilly undulating and hilly well-drained watersheds with sod podzolized soils at the
outlets of Cretaceous sandstones overlain by Cenomanian sands on the tops and slightly sloping well-drained clear-
ridged lowerings with gray and light gray podzolic soils on loess under meadow-steppe plant formations

SIP3

steep and slightly sloping slopes of ridge-hilly undulating well-drained watersheds with sod podzolic soils at the outlets
of Cretaceous sandstones overlain by Cenomanian sands on the tops and weakly sloping well-drained inter-ridge lower-
ings on gravel ridges

SIP4

steep and precipitous slopes of ridge-hilly wavy well-drained watersheds with sod podzolized gravelly soils at the out-
lets of Cretaceous sandstones overlain by Cenomanian sands on the tops and weakly sloping well-drained inter-ridge
lowerings of ridges of forest-like

SIP5

precipitous and slightly sloping hillsides of undulating hills of well-drained watersheds of the ancient alluvial-terraced
plain with sod-slightly podzolic, sod podzolic sandy-gravelly soils on the outcrops of sandy deposits of the lower
anthropogenic subsoil

SIP6

steep and precipitous slopes of undulating hills of well-drained watersheds of the ancient alluvial-terrace plain with
sod podzolic sandy-gravelly soils on the outcrops of sandy deposits of the lower anthropogen lined with Cenomanian
sandstones under alternate gravels and dry pine forest and acacias in alternation with oak-hornbeam forests

BI1

sandy-silty bottom of the Dnieper and silty-sandy bottoms of the Dnieper riverbeds with plant formations of aqual river
complexes

BI2

sand channel floodplains with initial soil formation with willow and grass-sedge weeds and slightly undulating sloping
reduced periodically flooded plains with sod underdeveloped sandy soils under coarse-grass weeds, willow or poplar-

black alder plantations and sedge moisture-loving weeds in the coastal strip. The slopes of the areas are gently sloping
and sloping with coastal sedge-black alder plantations and sedge weeds

Ta

leveled artificial coastal pseudoterrace on a proluvial plume with washed-out transformed sandy slightly sodden soils
under lawns, ornamental plantations, sedges and acacias occupied by road infrastructure and sparse buildings with
sloping and slightly sloping hillsides transport infrastructure and road complexes)

R1

narrow, deep ravines in loess soil of sandy-loamy composition with sloping slightly turfed and steep not turfed slopes
often with outcrops of rocks with sod gleyed soils on the bottoms on deluvial loams of medium and heavy-loamy com-
position under gravel vegetation

R2

complexes of narrow, deep branched ravines in loess rocks with flat extensions with sloping slightly turfed and rocky
outcrops of slopes with sod gleyed and gleyed soils along the bottoms on medium-heavy composition of deluvial loams
under hornbeam vegetation

R3

wide, deep ravines and gullies in loess soil of loamy composition with sloping slightly turfed and steep non-turfed
slopes often with rock outcrops with sod gleyed and gleyed soils on the bottoms on medium-heavy composition of de-
luvial loams under vegetation of hornbeam groves with sod gleyed hard loam soils on deluvial-proluvial deposits under
moisture-loving weeds and black alders

R4

wide, shallow ravines and beams in sandy rocks with flat extensions with sloping and slightly sloping hillsides with
sod sandy-loamy soils on the outcrops of sandy late anthropogenic sediments lined with Cenomanian sandstones with
sandstones rocks slightly sloping with sod sandy loam soils under forests and shrubs, moisture-loving vegetation

Source: done by the authors based of the analytical capability of morphological analysis of landscapes
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Thus, botanical and phenological descriptions of
vegetation, inparticular, changesintheir physiognomy/
aspect presence, allow us to record the change in the
visual characteristics of individual landscapes during
the seasons (Shevchyk, 2012). In the future, this
allows us to study the aspect of landscapes, as the
aesthetic quality of landscapes. An abbreviated list of
aspecting grassy species of the right-bank upland area
of the Kaniv Nature Reserve, which especially affect
the physiognomy of its landscapes, can be seen in the
Table 6.

The variety of colors of aspecting plant species
(trees, shrubs, grasses) of the Kaniv right-bank upland
area, especially those that affect the physiognomy of
its landscapes in different seasons, is summarized in
the Table 7.

The Figure 5 shows the chart of color distribution
of aspecting plant species by months of the year.
The distribution indicates that the flora of Kaniv
dislocations in summer, autumn and spring is
characterized by the most expressive physiognomy.
Such a rich aspect is aesthetically valuable for such
natural landscapes as the landscapes of the Kaniv
right-bank upland area.

Local meadow-steppe plant formations of the
right-bank upland area of the Kaniv Nature Reserve
are characterized by a pronounced feature of pheno-

the flowering of ephemerals and ephemeroids: snow-
drops Scilia bifolia L., snowdrop Galanthus nivalis
L., anemone Anemone nemorosa L., Marshall Per-
sian Corydalis marsh. and hollow growth of Coryda-
lis cava L. Schweigg. et. Short. On the edges there are
spreading bushes of flowering thorns Prunus spinosa
L., wild apple Malus sylvestris Mill. and pears Pyrus
communis L., which creates attractive visual accents.

There are stands for the aesthetic attractiveness
and variability of the physiognomy (according to the
seasons) of the forests growing in the study area. The
stands, with admixtures of various herbaceous and
shrubby species, with a distinct seasonal aspect, create
separate curtains, thus diversifying the landscape. For
example, the heart-shaped linden Tilia cordata Mill.,
which is sometimes found in the second / third tier
of hornbeam forests and everywhere on the Reserve
estate, contributes to the diversification of aesthetic
impressions. Linden blooms later than other trees, in
early summer, and further saturating the air with the
aroma of its flowers, complementing the holistic im-
age of the landscape. The multifaceted forests of the
right-bank upland area of the reserve are in autumn,
before the beginning of November. It is in theautumn
season that maples Acer platanoides L., Acer negundo
L., hornbeam Carpinus betulus L., rowan Sorbus au-
cuparia L., birch Betula pendula Roth., Maidengrape

Distribution of aspecting herbs by months by the year
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Fig. 5. Aspecting plant species of the Kaniv right-bank upland area of the nature reserve by months by the year.
Source: done by the authors based of the analytical capability of applied geobotanical studies

logical changes in the aspects of vegetation in connec-
tion with the successive flowering of bulbs, cereals
and grasses. Peculiar accents or landscape dominants
that diversify the landscapes of these areas are shrub
species represented by steppe cherry Prunus fruticosa
Pall., Thorn Prunus spinosa L., dog rose Rosa canina
L., hawthorn Crataegus pseudokyrtostyla Kud. Dif-
ferent types of deciduous forests of the Kaniv Moun-
tains also change their appearance during the growing
season: in winter, spring, summer they look different.
In spring, the physiognomy of fresh hornbeam for-
ests of the Kaniv Reserve is determined primarily by
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Parthenocissus quinquefolia are added to the land-
scapes. These wood species are aspected by a wide
range of colors from light yellow to reddish-brown.
Aesthetically attractive is the change in thecharacter-
istics of the aspect from a uniform green to a colorful
yellow, red.

In addition, the nature of the distribution of veg-
etation is manifested in the forest afforestation of the
territory. Afforestation can both positively and nega-
tively affect the landscape qualities of landscapes.
Thus, the optimal values of forest cover are values in
the range of 30-60%, according to some studies — 25-
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Table 6. Abridged list of aspecting grassy species of the territory of Kaniv right-bank upland area

Latin name of the species

The growing season

Color of aspect

Tragopogon ucrainicum blossoming: June-September bright yellow
Dianthas pseadosquarrosus blossoming: June-October pale pink
Verbascum phoeniceum blossoming: May-July bright violet
Centaurea borysthenica blossoming: June-August pink
Genista tinctoria blossoming: June-July yellow

Euphorbia seguieriana Neck.

blossoming: May-June, September-October

yellow, greenish-yellow

Campanula persicifolia blossoming: June-September violet-blue
Thymus marschallianus blossoming: June-August pale pink
Dianthus membranaceus blossoming: June-October bright pink, violet
Helichrysum arenarium blossoming: July-September yellow
Galium verum blossoming: June-September pale yellow, yellow
Verbascum nigrum blossoming: June-October bright yellow
Hypericum perforatum blossoming: June-September yellow
Salvia pratensis blossoming: May-September blue-violet

Achillea millefolium

blossoming: June-October

greenish-white

Euphorbia cyparissias

blossoming: May-June, September-October

yellowish, yellow-green

Potentilla argentea blossoming: June-September yellow
Veronica spicata blossoming: May-August bright cyan/blue, pink, violet/white
Medicago falcata blossoming: June-August yellow
Trifolium pratense blossoming: May-September pink, violet-pink
Vicia cracca blossoming: May-October light purple
Lathyrus latifolius L blossoming: June-August bright pink to red
Lotus ucrainicus blossoming: June-August bright yellow
Trifolium arvense blossoming: May-September pale pink

Trifolium repens

blossoming: May-September

white, pale pink or pale yellow

Melilotus officinalis

blossoming: June-September

yellow, whitish-green

Campanula patula blossoming: May-July lilac
Tanacetum vulgare blossoming: June-September bright yellow
Origanum vulgare blossoming: June-August pink or dark-pink
Scabiosa ochroleuca L. blossoming: May-September pale yellow
Falcaria vulgaris Bernh. blossoming: May-July white
Scilla bifolia blossoming: march-April blue violet

Melampyrum nemorosum

blossoming: June-August

violet-orange

Corydalis marschalliana

blossoming: march-April

light-yellow or cream

Corydalis cava

blossoming: march-April

from white, cream to purple, purple-violet

Galanthus nivalis

blossoming: march-April

white and green

Anemone nemorosa

blossoming: April-May

white, pale pink

Dentaria bulbifera

blossoming: April-May

white, pale pink

Aegopodium podagraria blossoming: June-July white
Galium odoratum blossoming: May white
Stellaria holostea blossoming: April-May white

Lathyrus vernus blossoming: April-May purple, blue
Geum urbanum blossoming: May-June yellow
Campanula trachelium blossoming: May-July blue and violet

Convallaria majalis blossoming: May white

Pulmonaria obscura

blossoming: April-May

pink, violet or blue

Viola mirabilis

blossoming: April-June

violet, pale blue

Allium ursinum

blossoming: April-May

white

Platanthera bifolia

blossoming: June-July

white

Source: done by the authors based of the analytical capability of applied geobotanical studies
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50% (Jaman, Pavlenko, 2010). With smaller or larger
values of forest cover, the attractiveness of landscapes
decreases, as the contrast of landscape changes de-
creases; with excessive forest cover values, the rate of
landscape opening points in landscapes also decreas-
es, even with positive morphometry.

vidual metrics for the landscapes of the studied area:
where, k = 1.5-2.5 — low-value landscapes, k =

2.6-3.5 — valuable landscapes, and k = 3.6-5.0 —high-

value landscapes.

Conclusions. The study identified objective criteria

for the aesthetic value of the landscapes of the right-

Table 7. Background and complementary aspect colors of plant species of the Kaniv Mountains

Season Background color Additional colors

winter white, black, green brown

spring green, brown white, pink, blue, violet, purple, lilac, cyan, cream, yellow, mauve

summer green, light yellow, straw white, pink, blue, violet, purple, lilac, cyan, cream, bright yellow, mauve, red, pale
green

autumn green, brown yellow, orange, red, blue, purple, brown

Source: done by the authors based of the analytical capability of applied geobotanical studies

According to the calculations during the
component analysis, the forest cover of thestudy area
was 75.9%. This value of forest cover is excessive
and, in some cases, could reduce the aesthetics of the
landscapes of the Kaniv Mountains. However, taking
into account the standard of hornbeam-oak forests of
the Kaniv Nature Reserve, the natural landscapes of
the territory, as well as the nature of the comparison
of the relief with the silhouette of the forest canopy,
this indicator is positive (Vedenin, Filipovich, 1975).

In determining the aesthetic value of landscapes
according to the above objective criteria, it was argued
that each of the criteria included in the assessment has
an equivalent effect on the formation of landscape

aesthetics (Eringis, Budryunas, 1975; Vedenin,
Filipovich, 1975; Frolova, 1994; Buchko, 1997);
Dirin, 2005; Kochurov, Buchatskaya, 2007; Jaman,
Pavlenko, 2010). Thus, the sensitivity coefficients of
the scores of each individual indicator were derived
by bringing the values of the score to 1, the results of
the calculations are presented in the Table 8.

The calculation of the integrated coefficient of
aesthetic value k of the landscapes of the right-bank
upland section of the Kaniv Nature Reserve is the sum
of the values of the coefficients of sensitivity of indi-

bank upland section of the Kaniv Nature Reserve. As
a result of the performed landscape-morphological
analysis, morphometric analysis of the terrain,
analysis of afforestation and analysis of aspecting
plant species and seasonal changes of physiognomy
of the territory, indicators of aesthetic value of
Kaniv Mountains landscapes were calculated. The
determined indicators formed the basis for further
elucidation of the integral coefficient of aesthetic
value of the landscapes of the studied area. The
calculated integrated coefficient of aesthetic value
showed that the studied landscapes belong to the
category of aesthetically valuable (k = 3.4).

The method used to assess the aesthetic appeal
of landscapes according to objective criteria is
considered as the part of a comprehensive aesthetic
assessment of the landscapes of the Kaniv Mountains.
Comprehensive aesthetic evaluation should take
into account a wider range of active factors that
affect the subjective criteria for evaluating aesthetic
qualities: expressiveness, beauty, contrast, depth,
diversity and others. In particular, hydrological
features, anthropogenic (cultural) transformations
of landscapes. Identifying and evaluating objective
factors of landscape beauty, based on the natural

Table 8. Integral coefficient of aesthetic value of the studied landscapes of Kaniv Nature Reserve

Indicator Indicator value Score The coefficient of
significance of the
score
indicator of horizontal fragmentation of the surface, km/km? 2.94 2 0,7
indicator of vertical fragmentation of the surface, m 175 2 0,7
forest cover, % 75.9 1 0,3
the magnitude of the predominant slopes of the surface, ° 3°-12° 2 0,7
measure of Shannon’s entropy of landscape diversity -322.5 3 1

Integral coefficient of the aesthetic value of the landscapes, k 3.4

Source: done by the authors based of own studies of aesthetic value
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and cultural context of their development, gives
reason to understand what a person invests exactly in
understanding the aesthetic of the landscape, what its
physical features and traits are decisive in shaping its

beauty.
The study requires further work on a
comprehensive methodology for assessing the

aesthetic value of landscapes, as the assessment is
extremely important to take into account such criteria
of landscape beauty, which will depend on subjective
factors of attractiveness: cultural value, accessibility,
environmental friendliness and others.

References

Barc¢akova, 1. 2001. Approaches to evaluation of the aes-
thetic (visual) quality of landscape. Geographia
Cassoviensis, 53. Retrieved from https://geogra-
fia.science.upjs.sk/index.php/en/13-geographia-
cassoviensis-en

Bauer, N, Wallner A, Hunziker M. 2009. The change of Eu-
ropean landscapes: Human-nature relationships,
public attitudes towards rewilding, and the im-
plications for landscape management in Switzer-
land. J. Environ. Manag. Retrieved from https://
doi.org/10.1016/j.jenvman.2008.01.021

Brook, 1. 2013. Aesthetic appreciation of landscape. In:
Howard, P., Thompson, I., Waterton, E. Eds.,
The Routledge Companion to Landscape Studies.
Routledge, London. Retrieved from https://doi.
0rg/10.4324/9781315195063

Buchko, zh. I. 1997. Do analizu estetychnyh vlastyvostej
landshaftu. [To analyze the aesthetic properties
of the landscape]. Scientific Herald of Chernivtsi
University: collection of scientific papers.: Cher-
nivtsi National University. — Is. 19: Geography.
— Chernivci: ChDU (in Ukrainian)

Chornyj, M.G., Chorna, L.O. 2013. Kanivs‘kyj pryrodny;j
zapovidnyk: peredumovy stvorennja, retrospe-
ktyvnyj analiz dijal‘nosti, suchasnyj stan ta per-
spektyvy rozvytku: monografija [Kaniv Nature
Reserve: background of creation, retrospective
analysis of activities, current state and prospects
of development] — K.: Publishing and Polygraphic
Centre «The University of Kyiv» (in Ukrainian)

Dyryn, D. A. 2005. Pejzazhno-estetycheskye resursi gornih
terrytoryj: ocenka, racyonal‘noe yspol‘zovanye y
ohrana na prymere Ust‘-Koksynskogo rajona Re-
spublyky Altaj [Landscape-aesthetic resources of
mountain territories: assessment, rational use and
protection (on the example of the Ust-Koksinsky
district of the Altai Republic)] Barnaul: Azbuka
(in Russian)

Dzhaman, M.O., Pavlenko ,T.M. 2010. Estetychni jakosti
terytorii‘ Poltavs‘koi® oblasti jak odyn z faktoriv

rozvytku turystychno-rekreacijnoi‘ dijal‘nosti
[Aesthetical Beauty of Landscapes in Poltavska
Oblast as one of the Factors Affecting Tour-
ism and Recreation] Scientific Notes: Mykhailo
Kotsiubynskyi State Pedagogical University. Se-
ries: Geography. — Is. 21. Retrieved from http://
www.geograf.com.ua/nzvdpu/vypusk-21-2010/
estetychni-yakosti-terytorii-poltavskoi-oblasti-
yak-odyn-iz-faktoriv-rozvytku-turystychno-rek-
reacijnoi-diyalnosti (in Ukrainian)

Eryngys, K.Y. 1975. Ekologyja y estetyka landshafta
[Ecology and aesthetics of the landscape]. Vil-
nius: Mintis. p. 251. (in Russian)

Frank, S., Furst, Ch., Koschke, L., Witt, A., Makeschin,

F. 2013. Assessment of landscape aesthetics-
Validation of a landscape metrics-based assess-
ment by visual estimation of the scenic beauty.
Ecol. Indic. Retrieved from DOI: 10.1016/j.
ecolind.2013.03.026

Frolova, M. Ju. 1994. Ocenka estetycheskyh dostoynstv
pryrodnyh landshaftov [Assessment of the aes-
thetic value of natural landscapes] Vestnik MGU.
Series 5. Geography. 2. (in Russian)

Golubcov, O. G., Chornyj, M. G. 2014. Zastosuvannja
landshaftnogo planuvannja dlja stvorennja pro-
ektu Kanivs‘’kogo biosfernogo rezervatu [Ap-
plication of landscape planning for creation
project Kanivsky biosphere reserve] Ukrainian
Geographical Journal, Ne 2 Retrieved from https://
doi.org/10.15407/ugz2014.02.010 (in Ukrainian)

Grodzyns‘ka, O. 2014. Chynnyky estetychnoi‘ pryvably-
vosti landshaftiv [Factors of aesthetic attrac-
tiveness of landscapes] Visnyk of the Lviv Uni-
versity. Series Geography. Issue 48. Retrieved
from  https://geography.Inu.edu.ua/wp-content/
uploads/2018/02/227 _234Grodz.pdf (in Ukrai-
nian)

Grodzyns‘kyj, M.D., Savyc‘ka, O.V. 2005. Estetyka land-
shaftu: Navchal‘nyj posibnyk [Landscape aes-
thetics: Amanual] K.: Publishing and Polygraphic
Centre «The University of Kyiv» (in Ukrainian)

Grubryn, Ju. L., Palyenko, E.T. 1976. Sovremennie geo-
morfologycheskye processi na terrytoryy sred-
nego Prydneprov‘ja [Modern geomorphological
processes in the middle Dnieper Region] K.: Nau-
kova dumka. (in Russian)

Gruehn, D. 2011. Measurement and modelling of aes-
thetic landscape values. The problems of Land-
scape Ecology. Vol. XXX. Retrieved from https://
pdfs.semanticscholar.org/6ch8/caa9c90e
326b13fd733f630bf4c8aeeledd4.pdf?_
ga=2.142898549.1112355522.1584889802-
2036753869.1568526212

Howley, P.2011. Landscape aesthetics: Assessing the gen-
eral public’s preferences towards rural landscapes
Ecological Economics Volume 72. Retrieved from
https://doi.org/10.1016/j.ecolecon.2011.09.026

Kochurov, B.Y., Buchackaja, N.V. 2007. Ocenka Es-
tetycheskogo Potencyala Landshaftov [Estimated

743


http://www.geograf.com.ua/nzvdpu/vypusk-21-2010/

Tetiana G Kupach., Svitlana O. Demianenko, Oksana V. Arion

Journ. Geol. Geograph. Geoecology, 29(4), 731-744.

Landscape Aesthetic Potential] South of Rus-
sia: ecology, development. Ne 4. Retrieved from
https://doi.org/10.18470/1992-1098-2007-4-25-
34. https://ecodag.elpub.ru/ugrofarticle/view/330
(in Russian)

KPMG. Expect the Unexpected: Building business value
in a changing world, 2012. Retrieved from https://
home.kpmg/content/dam/kpmg/pdf/2012/08/
building-business-value-part-1.pdf

Linton, D. L. 1968. The Assessments of Scenery as a Natu-
ral Resource. D. L. Linton. Scotish Geographical
Magazine. 84. P.219-238. Retrieved fromhttps://
doi.org/10.1080/00369226808736099

Millennium Ecosystem Assessment. Ecosystems and Hu-
man Well-being [Synthesis Peport], 2005. Is-
land Press, Washington DC. 2005. pp. 160. Re-
trieved from https://mww.millenniumassessment.
org/documents/document.356.aspx.pdf

Nykolaev, V. A. 2003. Landshaftovedenye: Estetyka y
dyzajn: Ucheb. posobye [Landscape science: aes-
thetics and design: tutorial]. M.: Aspekt Press (in
Russian)

Palijenko, E.T., Moroz, S.A., Kudelja, Ju. A. 1971
Rel’jef ta geologichna budova Kanivs’kogo
PryDnieperv’ja [Kaniv Pridneprovya’s relief and
geological structure] — K.: Naukova dumka. (in
Ukrainian)

Riznychenko, V.V. 1924. Pryroda Kanivs’kyh dyslokacij
[The nature of Kaniv dislocations] Visnyk Ukrai-
nian Geological Committee, Geological Service
of Ukraine. 4. (in Ukrainian)

744

Schirpke, U. , Timmermann, F., Tappeiner, U., Tassera, E.
2016. Cultural ecosystem services of mountain
regions: Modelling the aesthetic value. Retrieved
from https://doi: 10.1016/j.ecolind.2016.04.001

Shevchyk, V.L. 2012. PZ Kanivs’kyj // Fitoriznomanit-
tja zapovidnykiv i nac. pryrod. parkiv Ukrai’ny.
Ch.1. Biosferni zapovidnyky. Pryrodni zapovid-
nyky. Za red. V.A. Onyshhenka i T.L. Andrijenko
[Kaniv Nature Reserve. Phyto-diversity of nature
reserves and national nature parks of Ukraine].
K.: Fitosociocentr (in Ukrainian)

Shhur, Ju. V., Dmytruk, O. Ju., Romanchuk, S. P. 2002.
Suchasna  landshaftno-morfologichna  struk-
tura ta fizyko-geografichni procesy na terytorii®
Kanivs‘kogo zapovidnyka [Modern landscape-
morphological structure and physical-geographi-
cal processes on the territory of the Kaniv reserve]
Nature Rezeves in Ukraine. 8 (1). (in Ukrainian)

Vedenyn, Ju. A., Filippovich, L.S. 1975. Opit vijavlenyja
y kartyrovanyja pejzazhnogo raznoobrazyja pry-
rodnih kompleksov [Experience of finding and
mapping the scenery variety of natyral system//
Geographical problems of tourism and recreation]
Vol. 2, M.: Information Advertising Agency
«Tourist» (in Russian)

Eryngys, K.Y., Budrjunas, A.R. 1971. Rastytel’nost’
y estetyka landshafta. Voprosy ohrani botan-
ycheskyh ob’ektov [Flora and aesthetics land-
scape. Questions of botanical object protection]
L.: Science. (in Russian)



ISSN 2617-2909 (print)
JOURNAL of Geology, ISSN 2617-2119 (online)

GEOGRAPHY And
Journ.Geol.Geograph.

Geoecology Geology.
29(4), 745-754.

Journal home page: geology-dnu-dp.ua doi: 10.15421/112067

Evheniia V. Levcheniuk, Fedir P.VVlasenko, Dmitry A. Tovmash, Oxsana D. Rykhlitska  Journ. Geol. Geograph. Geoecology, 29 (4),745-754.

Ecologism as a Modern Strategy of Human Survival (Regional and Global Dimensions)
Evheniia V. Levcheniuk, Fedir P. Vlasenko, Dmitry A. Tovmash, Oxsana D. Rykhlitska

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, levchenyuk@knu.ua

Recei?ed: '14.03.'2020 Abstract. The aim of this article is to reveal the ecological education’s perspectives at the
Received inrevised form:19.05.2020 present stage of the globalization processes’ deployment and their influence on the forma-
Accepted: 28.08.2020 tion of the environmental consciousness of both an individual and the society as a whole. A

wide variety of methods were used in the research, in particular, general scientific, special
scientific and philosophical methods and approaches, including structural and functional analysis, synthesis, comparative, systemic, as
well as synergetic approach, which allowed considering education as a complex and opening system. The authors have proved that the
organization of the ecological education is important at all levels of an individual’s socialization, especially in the process of encultura-
tion. The individual simultaneously forms responsibility for his or her actions at the local level (within the city, region, or state) as well
as on the planetary scale, as the modern humankind faces global ecological problems, which cannot be solved by a separate society.
Thus, humankind has already developed appropriate protocols and activity programs, but that is not enough for today. Therefore, the
authors of this research claim that only carefully considered approaches to education and upbringing are the ways that enable real
solving of the global problems instead of declarative attitude to them. The authors attempted to substantiate the need to organize the
environmental education and upbringing at all levels of an individual’s socialization in the context of modern globalization processes.
The research results can serve as guide marks for improving ecological education, both at the state programs level and at the suprana-
tional level.

Keywords: ecology, ecologism, ecological education, upbringing, globalism, global problems of our time

ExoJi0rizm sik cydyacHa crparerisi BUKMBAHHS JIIOACTBA (PerioHaJbLHU i ri100a1bHUI BUMIP)
€.B.JIepuentok, ®.I1.Bimacenxko, J[.A.Tosmam, O./].Puxiinbka
Kuiscoxuii nayionansnuil ynisepcumem imeni Tapaca Ilesuenxa, Kuis, Yxpaina, levchenyuk@knu.ua

AHoTamisi. BUCBiTIIEHHI MEpPCIIEKTHBH €KOJIOri3My Ha CyJacCHOMY eTalli pO3ropTaHHs IiodaiizalliiHUX HPOIECiB Ta 1X BIUIUB Ha
(hopMyBaHHSI €KOJIOTIYHOI CBIZIOMOCTI SIK OKPEMO B3SITOTO 1HJMBI/A, TaK 1 JIIOACTBA 3arajioM. Y MpOLEci JAOCIiIKeHHS 3aCTOCOBAHO
PI3HOMAHITHI METOMIH Ta MiAXOMH, a CaMe CTPYKTYPHO-()YHKIIOHAIIbHHIHN, aHAJIi3, CHHTE3, OPIBHIbHUN METOJI, CUCTEMHUIL, & TAKOXK
CHHEPIreTHYHUM ITi/IXi[. ABTOPH JJOBEJIH, 1110 OpPraHi3allist eKOJIOri4HOT OCBITH, a CaMe BHU3HAHHSI B Ti CTPYKTYPi €K0JI0ri3my (JIOKaJIbHOTO
i 17100abHOrO BUMIpIB HOro iCHYBaHHs 1 PO3BHTKY) € BR)XIMBOIO Ha BCIX PIBHSX CoLiaizallii JIOAWHH, OCOOIMBO B MpoIlecax
iHKynbTYpanii. [HauBig onHOYacHO GopMye BiAMOBIAANBHICTD 3a CBOI /1ii Ha MiCIIEBOMY PiBHI (B MeKax MicTa, periony, 4u JepKaBu),
a TaKOXK Ha IJTAHETAPHOMY PiBHI, OCKIJIbKH Cy4acHe JIFOJICTBO CTUKAETHCS 3 III00aIbHUMU €KOJIOTIYHUMU POOIeMaMHu, sIKi He MOXKYTb
OyTH BUPILLIEHUMH OKPEMO B3STHM CyCIiIbCTBOM. JIFOACTBO BXKe pO3pOOMIIO LiTy HU3KY BiIIOBIJHUX POTOKOIIB, IPOTrPaM [IisLUTbHOCTI,
aJjie 1bOro, Ha ChOTOMIHI, HEJIOCTATHRO. TOMY aBTOPH JaHOTO JOCHIPKEHHSI CTBEP/PKYIOTD, 1110 JIUIIE PETEIbHO MPOIYMaHi ITiIX0IH 10
HaBYaHHS Ta BUXOBAHHS — 1€ Ti JIi€BI CIOCOOU, sIKi TO3BOJISATH PeaibHO BUPIIIYBATH T00AIBHI MPOOIeMH, 3aMiCTh IEKIapaTUBHOIO
cTaBieHHs 10 HuX. OOrpyHTOBaHO HEOOXIAHICTH OpraHi3allii eKOJOTiYHOI OCBITH Ta BUXOBAaHHS Ha BCIX PIBHSX colliaiizalil iHauBia
B KOHTEKCTi Cy4aCHHX TJIOOANbHHUX MEePEeTBOPEHb. Pe3ynbTaTd JOCHTIHKEHHS MOXYTh CIYr'YBAaTH BiIIOBIJHAMH OpPIEHTHPAMH IS
MOKPAIIIEHHS eKOJIOTIYHOI OCBITH SIK Ha Iep)KaBHOMY, TaK 1 Ha/JHAIIOHATIHHOMY PiBHSIX.

Knrouosi cnosa: exonoeis, ekonozizm, ekono2iuna oceima, 8UX08aAHHSA, 2100ANI3M, 2I00AIbHI NPOdIeMU CYYACHOCI

Introduction. The world has become a whole one marked the fact that humanity by its activities has in-
since the time of great geographical discoveries. fluenced the environment more and more and it has
However, today it is characterized by the intensive far-reaching devastating consequences. This is what
deployment of globalization processes. This period poses a direct threat to the human survival today.
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Analysis of recent research. Modern scientific and
non-fiction literature has a rather powerful basis for
research of the state of global problems. These are
different programs of local, state or regional level
regulations which provide the rational use of natural
resources, opportunities for their restoration, or on the
contrary, finding alternatives. That also involves de-
veloping different long-term andshort-term programs
to conserve and restore the natural environment and
resources as well as their rational production and use.
For example, they are the annual analytical reports of
the UNO and other organizations within its member-
ship (FAO, ECE), reports and proposals from non-
governmental organizations and associations, such as
the Club of Rome, which serves as an advisory body.
Conservation and development of the bio- sphere,
namely the issue of regulation and de- velopment of
world forest resource potential are considered in
many scientific works of native and foreign authors.
Among them, it is necessary to pay attention to
the works of such scientists as
D. Alderman, D. Bauer, E. Pepke, T. Pakhkasalo, M.
Foneska and many others.

A number of studies are focused on examining
the Earth’s population growth rate and the effects
of the demographic “outbreaks” in some globe re-
gions. In this aspect, the researches of L. Anderson,
J. Blake, K. Davis, S. Enke, J. Caldwell, A. Landry, L.
Levi (2017) and others should be mentioned.

The current approach to the study of climate
change connected with the ice sheets melting in
Antarctica is represented by the work of a group of
scientists who use the latest technological computer
facilities to predict the effects of global warming. In
particular, they are such scientists as B. Bronseler, M.
Winton, S. Griffis, V. Yurlin, B. Rogers, O. Serhienko,
J. Ronald (2018) and others.

Lara Buchak (the University of California, 2019)
uses the method of risk analysis and environmental
policy-making while studying the issue of climate
change. Oxford University researcher Hilary Greaves
(2019) makes a comparative analysis of climate
changes, which are directly proportional to the Earth’s
population growth rates.

The current state of ecological education requires
rethinking of the “human-nature” attitude on the prin-
ciples of eco-biocentrism. These questions are clari-
fied in the works of V. Boreiko (2000), D. Grodzyn-
skyi (2002), T. Gardashuk (2015), V. Krysachenko
(2002), M. Kiselov (2018), and others.

The aim of the article is to reveal the essence and
prospects of environmental education at the current
stage of development of the world community, which
is associated with awareness of the paradigm shift
from local vision and solving environmental prob-
lems to global, large-scale existence of them, possible
and necessary ways to overcome them.

The methodology of this research involves a com-
plex analysis of the relationship “human — nature” at
the beginning of the XXI century. It is an attempt to
actualize this relationship through the processes of
upbringing and teaching global eco-consciousness in-
stead of seeing its abstract version.

Presenting main material. It was at the end of the
XX century when the unprecedented load was put
on the nature. This is primarily due to the increase
in the population of the Earth by more than 4 times.
The world population grew from 2.5 billion in 1950
to 6.1 billion in 2000. It is estimated that by 2050 the
Earth’s population will increase to 9.7 billion (Ru-
sanova, 2007). Currently, the world’s population is
7.7 billion people.

The demographic situation in the world has two
main peaks. The first is growth, and the second is ag-

Population Growth Rate, billion people
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ing. According to statistics, by the XXth century the
population of the Earth was growing slowly. Its rapid
growth in the XXth century is due to the fact that dur-
ing this period mankind experienced two world wars.
According to forecasts of one of the UNO pro-
grams, namely UNDP, the following changes are
expected by the middle of the XXI century. First, by
2022, India will become the world leader in terms of
population, ahead of China. Second, the popula- tion
of Nigeria will increase by about 400 million, which
will exceed the population of countries such as
Pakistan and Brazil. Third, the United States will
become the third most populous country in the world.
Fourth, Russia’s population will shrink by 10%, and
that result will remove the country from the list of the
world’s ten largest countries by population. Fifth, in
18 countries, mainly in Eastern Europe, the popula-
tion will also decline; while in North Africa, it will
double. For example, the population of Africa will in-
crease by about 2.4% and Europe - by 0.04%. (World
Population Prospects: The 2017, 2020).

China ;)63p8u‘|b;:il:')cr>]n, or 20% of the Earth’s

India 1.28bi||_ion, or 17% of the Earth’s
population

The USA 326 million

Indonesia 260 million

Brazil 207 million

Pakistan 205 million

Nigeria 191 million

Bangladesh 157 million

Russia 142 million

Japan 126 million

Such demographic changes cause a number of
challenges. In particular, increasing the burden onthe
world’s ecosystems and as the consequence, there is
rapid development of human natural resources (en-
ergy, water, food, etc.).

The other aspect of the demographic problem is
the global aging, particularly in the Western and East-
ern Europe. According to the statistics, in the middle
of the XXth century 8% of the Earth’s population were
60+ people. Today there are 12 % of such ones, or 900
million people. According to forecasts, by 2025 there
will be about 1.2 billion aged people, or 22%. (World
Population Prospects: The 2017 Revision).

Thus, the circumstances listed above have
the corresponding consequences. In particular -
the “shortage” of labor, slowdown in economic
development, pension problem, health care system
problem and others.

Another equally important issue today is the

problem of global migration. On the one hand, it can
be considered as overcoming the aging population
problem; however, on the other hand, it changes
the ethnic, national, religious, cultural picture of the
world, creating all sorts of conflicts. For example, the
growing number of Latin America migrants to the
United States and refugees from Syria to the countries
of Western Europe, like France, Germany.

Therefore, a conscious attitude to these demo-
graphic data indicates that in the nearest future hu-
manity will face new, extremely important environ-
mental, economic and social problems.

That is why it is necessary to provide the pur-
poseful population policy, when states are the main
subjects, which have a significant impact on the popu-
lation reproduction in the right direction for a particu-
lar society. However, it should be taken into consider-
ation that most demographic issues, such as marriage,
fertility, divorce, migration, etc., are an individual’s
personal matter, so demographic processes cannot be
managed through different compulsion or prohibition,
although such attempts were made and are still being
made in humankind’s history.

In our opinion, regulation of the demographic
processes is possible only through organization of the
proper education, in particular, through distribution
and implementation of a family planning program,
which includes two main levels. The first one is the
macro level, which involves the activities of both gov-
ernmental and non-governmental organizations and
includes creating the programs of responsible parent-
ing that provide for upbringing a desirable number of
children in the family. The second level is the micro
one that involves making individual decisions about
the number of children in the family. This right is
granted by a number of international agreements and
is regarded as one of the fundamental human rights.

The burden on nature is also connected with the
world production increase. In the modern world, ev-
ery second employee’s work is related to the environ-
ment (work in the field of forestry, fishery, etc.) Ac-
cording to the USA researcher Mattew Hansen and
his colleagues, who used remote methods to study the
Earth’s surface, namely installing a MODIS spectro-
radiometer onboard US satellites, in 2000 the total
area of forests on all the continents was 32.688.000
square kilometers (3.268 million hectares). However,
by 2005 it had significantly reduced by 1.011.000
square km (1.011 million hectares). Thus, the aver-
age annual forest loss was 0.6% (Hansen Matthew P.,
2010). However, it should be noted that forests are
unevenly distributed on continents. Therefore, in 64
countries with 2 billion inhabitants there is 0.1 hect-
are of forests per capita. The five most forest-rich
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countries (Russia, Brazil, Canada, USA and China)
account for 53% of the total forest area; Russia has
20% of the world’s total forest area, while ten coun-
tries have no forests at all, and in other 54 countries
forests cover less than 10% of their total area.

Besides, the constant growth of the Earth’s pop-
ulation leads to excessive consumption of forest re-
sources and decrease in the forest area. The annual
volume of timber harvests in the world exceeds the
annual growth by 20 - 24%. The wood of high quality
is produced only from 20% of the deforestation area,
while 80% of the territory is used for producing low-
quality wood. (Genyk Ya. V., 2011). Rapid deforesta-
tion is taking place, in particular, in South America
and Africa, where the area of forests decreased by 4
million and 3.4 million hectares respectively, during
2000-2010.

The most important issue that arises in the pro-
cess of environmental impact is the sustainability and
survival of the biosphere, because it depends on the
survival of other living things on the Earth.

Global warming is also one of the main threats
nowadays. According to the statistics, the twentieth
century was the warmest in the history of the Earth.
As a result, there is climate change, average tempera-
ture increase, etc.

The American researcher Hilary Greaves points
out that the amount of emissions into the atmosphere
is directly related to the amount of the Earth’s popu-
lation. That is, interrelation between these problems
requires their complex solution. The researcher notes
that “climate change is primarily related to the emis-
sions of various greenhouse gases, which are con-
stantly increasing. For example, in 1970, the global
amount of anthropogenic emissions was 27 billion
tons of CO, a year; by 2010, this figure came to 49
billion tons a year and it is expected to rise. The result
of these emissions is global warming from 1.5 to 4°
C” (Greaves H., 2019).

Examining the probability of climate change
risks, American researcher Lara Buchak argues that
modern humanity must pursue a prudent climate pol-
icy and pay sufficient attention to any consequences
from the most threatening to the most optimistic, and
therefore direct their activities, always remembering
the responsibility to future generations, in what con-
ditions they will live and develop. “We must organize
our activities with restraint, appropriately assess all
possible risks, from climate catastrophe to relatively
small risks so that it does not cost the next generation
too much.” (Buchak L. 2019).

The researcher focuses on two main aspects in
assessing climate change. The first is the organization
of planetary climate policy. The second is the individ-
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ual policy of the country. These two aspects are inter-
related and they accordingly form the responsibility
of each individual for the future fate and development
not only of their region, state, but also the world as a
whole. Indeed, today we go beyond the local devel-
opment and the local responsibility, because we form
two types of identity - local and global, which do not
contradict each other and are not opposite, this reveals
their unity. Therefore, L. Buchak quite rightly notes
“the interests of future generations should be just sig-
nificant and valuable for modern people” (Buchak L.
2019). The formation of this type of responsibility
should include all possible ways from philosophy, eth-
ics to environmental education programs, starting with
preschool, school education and educational activities
of public organizations, associations to involve more
people in solving environmental problems of present.
Moreover, the development of information and com-
munication technologies provides such opportunities
for humanity to conduct various flash mobs, actions,
etc. The organization of environmental policy, as not-
ed by L. Buchak, “should be as fine-grained as pos-
sible, and should include both restrictions and ways to
adapt to possible changes” (Buchak L. 2019). Thus,
this indicates that such an environmental policy has
two directions. The first is a policy that aims to in-
crease or decrease the probability of drastic climate
change. The so-called “precautionary policy”, which
is able to anticipate an appropriate climate change
and offer to reduce carbon emissions. Moreover, the
second is the policy of allowing any level of carbon
emissions. That is, the most industrialized countries
in the world, in particular the United States, Japan do
not reduce carbon emissions, but have the opportu-
nity to buy interest from other countries. One of the
steps to address these issues was the adoption of the
Kyoto Protocol in 1997 under the aegis of the United
Nations, which came into force in 2005. The protocol
obliges all industrialized countries to review their en-
vironmental policies and reduce emissions. It should
be noted that in 1997 the United States did not sign
this agreement, however, did it only after powerful
hurricanes, including Katrina, had passed over the
United States.

The Kyoto Protocol was replaced in 2015 by the
Paris Climate Agreement, which was supported by
195 countries and ratified by 175 countries under the
UNO Convention. The new agreement contains two
strategic goals - the first one is regulation of carbon
dioxide emissions and; the second is prevention of in-
crease in the global average temperature by more than
2 degrees.

Unlike the Kyoto Protocol, the Paris Climate
Agreement stipulates that all the states undertake ob-
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ligations to reduce harmful emissions into the atmo-
sphere, regardless of their level of economic develop-
ment. Every 5 years, the participating countries will
report on the contributions made to the implementa-
tion of strategic goals and form new goals. The first
report of the country should be published in 2023.
Scientists have been actively monitoring the
rate of harmful emissions into the atmosphere. These
emissions affect the state of the ozone hole over Ant-
arctica. (The Antarctic Ozone Hole Will Recover)

Antarctic Ozone Hole

& Octobes 2001

100 200 300 400 500

Totad Ozo0e (Dobson units)

cal elements that deplete the ozone layer. The effect
of this agreement shows that by 2075 the size of the
hole will return to the level of 1980. NASA research
and observation at https://ozonewatch.gsfc.nasa.gov/
monthly/SH.html gives the opportunity to see dynam-
ics of the Antarctic ozone concentration from 1979
to 2018 (National Aeronautics and Space Administra-
tion. Goddard Space Flight Center).

As the result of these processes, glaciers melt
intensively, this can lead to flooding of ocean areas.

The state of the ozone layer over Antarctic

Fig. 2. The state of the ozone layer over Antarctica

The study of the state of the ozone layer around
the Earth was intensively begun in the 70 — 80’s of the
XX century. At the same time, the Montreal Protocol
was signed. It was about protecting the ozone layer
by banning chlorofluorocarbons and similar chemi-

The sea level is projected to rise by 17 centimeters,
which will change every ecosystem on the Earth.
However, a team of scientists has modified one of
the most modern computer models of the climate,
including the ice melting rate. In addition, it turned
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Totai Ozone (Dobson units)

The state of the ozone layer (March 2020)

Fig. 3. A snapshot of NASA's ozone layer. The data is obtained from AMPS on Suomi NPP (March 2020).
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out that the fresh water released in this way from
the ice sheet slows down the release of heat, as if
“preserving” the water around Antarctica. “This is
the first and new identified relationship between
climate and warming in 20 years. Melting glaciers are
delaying global warming — it is still happening, but it
will be less intense and will give us a head start in 15
years”. (Ben Bronselaer, 2018).

Thus, these studies show that humanity has time
to weigh weigh all possible consequences and make
constructive decisions.

It is worth mentioning that there are non-
governmental organizations, such as the Club of
Rome, which is a research association of famous
scientists, public figures and politicians, many of
whom are Nobel laureates. The research programs of
the Club of Rome cover such a range of problems as
analysis of strategies for the development of the world
civilization; possible options for alternative human
development; substantiation of the futility of the arms
race; uniting the efforts of all mankind to preserve the
environment and achieve social justice on a global
scale. Among the representatives of the Club of Rome
it is worth mentioning the names of such researchers as
A. Peccei, D. Meadows, M. Mesarovich, E. Pestel, E.
Laszlo, S. Botkin and many others.

At the present stage of development, humanity
has appropriate programs aimed at solving these
problems. This should be the program of all
humankind, because the solution of these problems
depends on the survival of the entire world
community. These programs must be implemented in
educational processes at all levels and in all countries
of the world. For example, the World Wildlife Fund,
Greenpeace, the World Commission on Environment
and Development; World Health Organization; The
World Bank; Friends of the Earth; UN Commission
on Sustainable Development; International Maritime
Organization; International Atomic Energy Agency;
UN Development Program; European Environment
Fund; TACIS program, etc., influencing the formation
of the global and national policy.

These problems are the consequences of human
consumption in the natural environment, mainly in
the twentieth century. Intensive development of in-
dustry, the final “taming” of the nature, the struggle
for possession of natural resources and disregard for
the possibility of restoring the biosphere have exac-
erbated the conflict between humanity and nature.
The consequences of this conflict are catastrophic.
Not only the survival of humankind, but also life on
the planet Earth in general depends on the solution of
this conflict. The natural environment has been a field
of people’s struggle for possession of territory and
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resources. Thus, the solution to this conflict lies not
only in limiting and regulating the impact of technol-
ogy, but, above all, in the formation of environmental
responsibility and a new ethical paradigm of world-
view, the realization of the necessary moral values of
everyone on the Earth. The current state of the envi-
ronment requires a new understanding and control of
the behavior of both the individual and humanity as a
whole. Revision of traditional theories, and the intro-
duction of a new scale of responsibility in the system
“nature-human-society”, not only by the state in the
form of laws and provisions, but, above all, through
education, training, active involvement of children in
various programs that allow establishing a dialogue
“human - nature”. According to the first president of
the Club of Rome A. Peccei, global problems are in-
side people’s nature, not outside of it. Thus, overcom-
ing these problems including environmental ones is,
firstly, the requirement of change in a person himself
(Peccei. 1985). Therefore, human activity should be
aimed at ensuring the survival of all living things on
the Earth in their diversity. Globalization processes,
in this case, can bring constructive consequences in
resolving this conflict, because humanity is on the
path to self-awareness as a global community.

The current stage of development of the world
community has created new conditions for the
socialization of the individual, a new organization
of upbringing and education. The development of
the individual, his/her involvement in various social
processes at both regional and global levels are
now due to high dynamism, and methodological
approaches and attitudes to education and training do
not have time to establish within these processes. The
reason for this is access to and use of various gadgets,
which greatly expands the field of communication of
an individual.

Indeed, we are both witnesses and participants in
various processes of organizing people’s lives, which
organizes us into an effective civil society that isable
to change everything around us. Thus, the emergence
of well-known environmental movements is due to
their passage from spontaneity, informal gatherings
to worldwide recognition, popularity, the available
million-dollar support, as well as the real impact on
political decisions around the world. Ukraine takes an
active part in environmental activities, one of the types
of which is environmental movements, the purpose of
which is to optimize the development of ecosystems,
taking into account both local characteristics and
global interests. Ahuge number of public organizations
and movements operate in Ukraine, including the
All-Ukrainian Ecological League, Green World,
EcoRight, the Ukrainian Nature Conservation
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Society, Voice of Nature, All-Ukrainian Committee
for Support the United Nations Environment Program
(UkrUNEPCom) and many others. They carry out
significant work on the implementation of ideas and
principles of environmental ethics in modern society
and the formation of a new form of environmental
consciousness through conferences, congresses,
seminars, festivals, environmental actions, etc.
The most powerful public organization is the All-
Ukrainian Ecological League, which includes 22
organizations, which makes a significant contribution
to improvement of the environmental situation in the
country.

A large number of public initiatives have been
already operating in a number of cities in Ukraine,
which are independently engaged in the arrangement
of parks, park areas, etc. For example, there is the
Group 109 in Lviv. In Odessa, there is a wide range
of initiatives, including associations of architects
and representatives of various professions who are
engaged in the maintaining and optimization of the
cultural landscape of the city, creating a system of bike
paths, parks and squares. Another group is trying to
implement a rather ambitious project, called the Park
of the Future, which provides a large green area for
every resident and guest of the city. The community
of Kyiv is also not far behind and presents a large-
scale project called Podolianochka, which provides
for the arrangement of the capital Podil; Samosad
Ecological Park, modeled after the Princess Gardens
in Berlin and New York. In addition, the Square of the
Heavenly Hundred is created.

In addition to these organizations and initiatives
in Ukraine, there are many non-governmental
organizations such as Lybid Exists, Carrot Club,
Ukraine Without Rubbish, Green Incubator, Kyiv
Cyclists’ Association, World of Education, Rivne
Ecoclub, zelenka, Ekoltava, Toloka Association, The
Animal City, Eco-Centre, etc.

Ecological awareness of Ukrainians is increasing
which is confirmed by the fact that since 2015, in
particular, such cities as Kyiv, Odessa, Kharkiv and
Kherson joined the Global Climate March, taking place
annually on November, 29. It means that the society
has reached a new level of ecological development.
Nowadays, local problems though they are rather
important, especially in the industrial regions of our
country, are not the only issues that worry Ukrainians.
Ukrainian people are also concerned about global
problems and get engaged in their solving.

Therefore, the relevant issue for today is self-
organization of people who are not indifferent to
further development of the “human-nature-society”
system. Anyone’s activity should be organized in

such a unity, because a human is simultaneously in
these two systems and his or her actions influence
their further development._

Both governmental and non-governmental insti-
tutions are important for eco-awareness forming as
well as for the education and upbringing processes.
The example is the scout organization Plast that has
its representatives in many world countries, including
the USA, the UK, Germany, Ukraine and others. This
organization has a clear direction, namely the com-
prehensive personality development. To implement
this idea, they involve such training components as
love and respect for nature, self-education, responsi-
bility forming etc. The upbringing program includes
the following key elements: competitions (intellectu-
al, creative, sportive) and forming ecological aware-
ness (herewith the scouts get both theoretical knowl-
edge and practical skills as learning process includes
arranging camping and excursions. The organization
arranges at least one hundred camps a year. Therefore,
the current stage of societies’ development has many
opportunities to upgrade the educational process. Due
to that, a person’s responsibility for themselves and
their actions is formed at the earlier age as well as a
person is sooner involved in environmental preserva-
tion, its restoration etc.

Therefore, an integral part of the educational pro-
cess is ecological education, which must be directed
to acquiring ecological knowledge and skills, environ-
mental thinking and ecological behavior. “The main
goal of eco-education is the formation of ecological
awareness as a special form of social responsibility
that reflects the interaction of these two systems. By
its goals and orientations, eco-awareness is aimed at
forming a global strategy for preventing environmen-
tal catastrophe at both the local and global levels”
(Kampov, Kasynets, Maslygan, Medvid, 2018). This
approach to ecological education is consideredwithin
the development of ecotourism. In our opinion, it is
rather relevant to Ukraine with its ecosystems’ diver-
sity, one of which is the Carpathians. The organiza-
tion of tourism can have several aspects, including
education, upbringing, learning traditions of ethnic
groups and working with different age groups from
preschoolers to the elderly.

The modern world’s political, economic and eco-
logical interdependence should be presented in the
ecological education as a significant element, that is,
the aim of this educational process branch should be
the way from regionalism to globalism, as the locally
made decisions can have large-scale consequences,
such as the Chornobyl disaster. The current stage of
the ecological education should develop a sense of
global responsibility and solidarity between different
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regions and countries to form a constructive dialogue
and interaction at international cooperation level
which would guarantee preserving and optimizing the
level of the environment development.

To organize this model of the ecological educa-
tion, governmental institutions, such as the Ministry
of Education and Science, the Ministry of Youth,
Tourism and Sports, the Ministry of Ecology and Nat-
ural Resources and national nature parks should inter-
act with non-governmental entities in the form of eco-
logical movements, public organizations and tourist
associations, which should be open and ready for all
sorts of excursions, introductory lectures and semi-
nars to familiarize their listeners with the peculiarities
of their region’s ecosystems. They also should create
advertising products, posters, network commercials,
film and cartoon industry, photo-reproductions, mu-
seums as well as arrange mountain paths and develop
ecotourism etc. These steps create the wide range of
informational activity on ecosystems of different re-
gions not only in a particular country but also in the
world as a whole, presenting different objects and
their peculiarities etc. For example, Ukraine has had
such initiatives for a long time. They are the Hutsul
Alps, the Ukrainian Venice, Chernivtsi Prague, Trans-
carpathian Japan, the Ukrainian Maldives and many
others. There have been created TV projects like The
World Inside Out, 7 wonders of Ukraine. Various tour-
ist organizations have their pages on social networks
like Couloir, Globe, etc. There are a lot of national
parks, for example, the National Nature Park Synevyr
besides its nature protection function informs people
about the natural and cultural values of the protected
territories, organizes educational activities, etc.

Modern youth consciously and actively engages
in forming their future, demonstrating that humankind
has already moved to the new paradigm of develop-
ment of ecological awareness from the local, regional
one to the global one. Young people do not need to
develop and implement methodological recommen-
dations on development of ecological consciousness
into the educational process. It is “something from
the past” for them. They are actively involved in all
processes thanks to dissemination and consumption
of information around the world and about the world.
For example, there is National Ecological and Natu-
ralistic Centre of School Students in Ukraine, which
holds conferences and international competitions, is-
sues newspapers and magazines and implement dif-
ferent projects (https://nenc.gov.ua).

Thus, in March 2019, climate protection actions
took place in almost 100 countries of the world. About
1300 demonstrations were held. In particular, there
are constant actions of the “Fridays for Future” move-
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ment in London and Hamburg. The young generation
does not wait for reaching the appropriate age to in-
fluence environmental policy-making. They actively
work and support such slogans as “Planet B does not
exist”, “March now — Flood then”, “You can over-
come the school skips but not the climate change”,
etc. For example, world-known Swedish student
Greta Thunberg aged 16 is an activist against climate
change. For several months, she has been picketing on
climate protection instead of school on Fridays. That
is why one of the American editions has included the
student in the list of the most influential teens of 2018.
The participants of the ecological movement
publicize their actions on social networks, such
as Facebook, Instagram and Twitter, as well as on
various Internet platforms. The movement has its own
channel on Youtube.

Thus, modern information and communication

technologies provide many opportunities for self-
organization of various environmental and climatic
movements. First, holding many flash maobs, chal-
lenges, actions — from the coordination of the venue,
to fundraising and more. That is, the current stage of
formation of ecological consciousness, education is
characterized by the fact that starting from individ-
ual actions it grows into global ecological, climatic
movements. For example, there are about 155 groups
only in Germany. Mass culture is also used with its
powerful propaganda functions, namely film-industry
(for example, such films as Tsunami, Human Child,
The Day after Tomorrow, The Postman and others)
and musical industry (the national group Antibod-
ies filmed some video-clips for the songs Catch the
Moment and Hello which reflect “human-nature” re-
lationship that has global dimension of existence in-
stead of local one).
Conclusions. The development of modern humanity
takes place in the continuum of two extremes’
existence. On the one hand, large-scale global threats,
namely climate change, demographic problems,
harmful emissions into the atmosphere (including
carbon), which are associated with increasing
production rates. On the other hand, there are new
ways and means to solve these problems, primarily
due to humankind’s awareness of being a single
entity, global community that is equally responsible
for everything happening in their common home
named the Earth. The new ways include involving
more and more conscious people through different
organizations, actions and movements. Only together
humankind can solve the problems it faces.
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Received: 29.10.2020 Abstract. Due to the spread of the coronavirus pandemic, the losses of the tourism industry
Received inrevised form:16.11.2020 in Ukraine in 2020 are estimated at more than 1.5 billion dollars. USA. The current situation
Accepted: 28.11.2020 requires an adequate response from the government and business, which leads to an increased

need for the use of scientific tools to justify the options for optimal economic development
and relevant management decisions. Under such conditions, the key to sustainable development of the tourism industry should be
the maximum use of management tools: management accounting, analysis and audit, implemented in the concept of their effective
interaction. The aim of the article is to improve the theoretical and praxeological principles of management accounting, anal ysis and
audit in the tourism management system, by developing the concept of their synergy and substantiation of prospects for implementation
as a key imperative for sustainable development of the tourism industry. The economic and social significance of tourism in modern
conditions is determined by the fact that the tourism business contributes to economic development, developing related industries,
promotes employment, growth of gross domestic product, is a significant source of foreign exchange earnings. Experts from the World
Tourism Organization emphasize the historical sustainability of tourism and its ability to create jobs after crises, and emphasize the
importance of international cooperation and ensuring that the sector becomes a central part of the recovery effort after the coronavirus
pandemic. To increase the efficiency of the tourism industry, as an imperative for sustainable development of the national economy,
it is advisable to use such management system tools as management accounting, analysis and audit, implemented in the concept of
effective interaction. The article identifies the place of a separate concept in the formation of the paradigm of management accounting,
analysis and audit. One of the concepts that contributes to the modern audit paradigm is the concept of synergy between internal and
external audit proposed in this study. A qualitative feature of the proposed concept is the two-vector direction of its action, as it is aimed
at meeting the needs of internal and external users of information, which fundamentally distinguishes it from other concepts of audit.
The proposed scheme of management of the tourist enterprise on the basis of interaction of administrative accounting, business analysis
and audit will promote their practical realization in activity of the subject of tourist business. One of the concepts that contributes
to the modern audit paradigm was the concept of synergy of internal and external audit proposed in this study. A qualitative feature
of the proposed concept is the two-vector direction of its action, as it is aimed at meeting the needs of internal and external users of
information, which fundamentally distinguishes it from other concepts of audit. The practical implementation of the interaction of
management accounting tools, business analysis and audit at the micro level will also be facilitated by the developed scheme of tourism
enterprise management based on the interaction of management accounting, business analysis and audit.

Key words: tourism, tourism management, coronavirus pandemic, accounting, analysis, audit, audit synergy
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MiABUIEHY TOTpedy Y 3aCTOCYBaHHI HAYKOBOrO 1HCTPYMEHTApil0 OOTPYHTYBaHHS BapiaHTIB ONTHMAIbHOTO PO3BUTKY €KOHOMIKH
Ta MPUHAHATTS PENICBAHTHHUX YNPABIIHCHKUX PINICHBb. 3a TAKUX YMOB, 3aMIOPYKOIO CTAJOTO PO3BUTKY TYpPHUCTHUYHOI raimy3i Mae OyTu

ehekTUBHOI B3aeMoIii. METOI0 CTaTTi € BIOCKOHAJICHHS TEOPETUYHHX Ta MPAKCEOIOTIYHHUX 3acajl YIPABIIHCHKOTO 00Ky, aHAITI3Y Ta
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ayJUTy B CUCTEMi TYPUCTHYHOIO MEHE/DKMEHTY, IUISIXOM PO3pPOOKH KOHIETIIT IX CHHeprii Ta o0rpyHTyBaHHS EPCHEKTUB peaizariii
SIK KJIFOYOBOTO IMIIEpaTHBY 3a0€3MeUYEHHS CTAIOr0 PO3BUTKY TYPHCTHUHOI ramysi. EkoHOMiUHA Ta coriaigbpHa 3HAUYIIICTh TypuU3My B
CyJacCHMX yYMOBaX BHU3HAYAETHCS THUM, 1[0 TYPUCTHUYHUII Oi3HEC CIIpUS€ PO3BUTKY €KOHOMIKH, PO3BHBAIOYHM CYMDKHI ramysi, CIpusie
3alHATOCTI HACEJICHHS, 3POCTAHHIO BAJIOBOTO BHYTPIIIHBOTO NPOAYKTY KpaiHM, € BarOMHM [DKEPENIOM BAJIOTHHX HAJXOJDKCHb.
Excrieptn BeecBiTHBOT TYypHCTHYHOT OpraHi3alii MmiIKpecIolTh iICTOPHIHY CTilKiCTh TypH3MY Ta HOro 3aTHICTh CTBOPIOBATH poOoUi
MICIISI ITICIISt KPU30BUX CUTYAILIiH, @ TAKO)K HArOJIONIYIOTH Ha BAKJIMBOCTI MIXKHapOIHOT'O CIiBPOOITHUNTBA Ta 3a0€3IIeYeHHs TOT0, 11100
LIeH CeKTOp CTaB IIEHTPAITBEHOIO YaCTHHOIO 3YCHIIb 3 BiTHOBJICHHS ITiCIIs ITaH 1eMil KopoHaBipycy. i1t miiBHIIEeHHS epeKTUBHOCTI (PyHK-
LIOHYBaHHS TYPUCTHYHOI ray3i, K IMIEPaTHBY CTAJIOr0 PO3BUTKY HalliOHAILHOI €KOHOMIKH JIOIIJIFHO BHKOPHCTOBYBATH TaKi iHCTPY-
MEHTH CHCTEMH MEHEJKMEHTY, SIK YIIPaBIIiHCHKHUI 00K, aHAITI3 Ta ay/IUT, pealli3oBaHUX B KOHIIEMIIIT eeKTHBHOI B3aemomii. B crarti
BH3HAYECHO MICIIe OKpEeMOi KOHIETIi] y popMyBaHHI ITapaIurMy yIpaBIiHCHKOro 00Ky, aHami3y Ta aymury. OIHI€r0 3 KOHIIETIIH, sSKa
3JIIICHIOE CBilf BHECOK y CydacHY IapaaurMy ayauTy, MO>KHA BU3HAUUTH KOHIIETIIII0 CHHEPTii BHYTPIIIHBOT'O Ta 30BHIIIHBOIO ay/IHTYy,
0 TIPOTIOHYETHCSI B MEKaX LBOTO JIOCIIUKEHHS. SIKICHOIO OCOOJIMBICTIO 3aIPOIIOHOBAHOI KOHIEMIIi € JBOBEKTOPHICTH HAINpsIMy
i1 71ii, OCKIIBKM BOHA CHpsIMOBaHa Ha 3aJI0BOJICHHS MOTPeO BHYTPINIHIX 1 30BHINIHIX KOPHUCTYBadiB iH(pOpMarii, 0 MPHHINIIOBO
BiJIpi3Hsie 11 BiJ IHIIMX KOHIETIH ayauTy. 3alporioHoBaHa CXeMa YIPaBIiHHS TYPUCTHYHUM IiAIIPHEMCTBOM Ha OCHOBI B3aeMOJii
YIIPaBIiHCHKOrO 00MTiKyY, Oi3Hec-aHai3y Ta ayIuTy CIpUSTHME TX IPaKTHYHIH peaitizamii y JisuTbHOCTI Cy0’ €KTa TYpUCTHIHOTO Oi3HECY.
OpHi€r0 3 KOHIIEIIIH, sIKa 3IFICHIOE CBilf BHECOK y CyJacHY MapaJnurMy ayIuTy, 0yiIo BU3HaYeHO KOHIIETIIII 0 CHHEPT'il BHYTPIITHHOIO Ta
30BHIIIHBOTO AY/IUTY, IO TPOIIOHYETHCS Y TAHOMY JTOCIIKEeHHI. SIKICHOIO 0COOJIMBICTIO 3aIIPOITOHOBAHOT KOHIIETIIIT € IBOBEKTOPHICTH
HanpsiMy ii 7ii, OCKINBKM BOHa CIpsSMOBaHa Ha 3a/I0BOJICHHS ITOTPeO BHYTPIIIHIX 1 30BHIMIHIX KOpPHCTYBauiB iH(popmarii, mo
TIPUHIIMITOBO BiJpi3HsE 11 BiJ IHIIMX KOHUeNIid aymury. [IpakTiuHiii peamizamii B3aeMoii iHCTPYMEHTIB YIPaBIIiHCEKOTO OOIKY,
Oi3Hec-aHAIII3y Ta ayUTy Ha MIKPOPIBHI TAKOXK CHPUATHME PO3pOOIIEHA CXeMa YIPaBIiHHS TYPUCTHIHNM ITiIITPUEMCTBOM Ha OCHOBI
B3a€MOJIIT YIPaBIIiHCHKOTO 00Ky, Oi3HEeC-aHaIII3y Ta ayIuTy.

Kniouosi cnosa: mypusm, mypucmuynuii MeHeO#CMeHm, nanoemis KOpOHOBIPYCy, YNpaeiiHCoKull 0OniK, aHanis, ayoum,ayoumopcbka

cuHepeais

Introduction. Dynamic economic conditions,
turbulence of the economic environment, complexity
of mobilization and distribution of resources,
deepened by the pandemic of the coronavirus, have
caused new challenges and a serious threat to both
the world and domestic economy. According to
the most optimistic forecast of the International
Monetary Fund, the spread of the coronavirus will
cause the world economy to fall by at least 0.01%.
Forced preventive measures, which are designed
to prevent the spread of the epidemic in Ukraine
through the introduction of quarantine, will at the
same time cause a significant blow to businesses,
especially small ones. The expected consequence of
the suspension of business activity will be a reduction
in GDP, a decrease in tax revenues to the budget, a
reduction in foreign exchange reserves, a devaluation
of the national currency and an increase in the risk of
default. The sphere of services, in particular, tourism
are under threat.

The tourism industry has suffered the most from
the spread of the coronavirus pandemic. According
to the analytical note of the National Institute for
Strategic Studies “On the development of tourism in
Ukraine in conditions of increased epidemic risks”,
the losses of the tourism industry in Ukraine in 2020
are estimated at more than 1.5 billion dollars USA
(Zhalilo, Kovalivska, Filipenko, Khiminets, Golovka
2020).

The current situation requires an adequate
response from the government and business, which
necessitates the increased need to use scientific tools
in order to justify options for optimal economic
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development and to make relevant management
decisions. In such circumstances, the key to
sustainable development of the national economy
and rational management should be the maximum
use of management accounting, analysis and audit
tools implemented in the concept of their effective
interaction.
The aim of the study is to improve the theoretical
and praxeological foundations of management
accounting, analysis and audit in modern economic
conditions by developing the concept of their synergy
and substantiating the prospects for implementation
as a key imperative to ensure the sustainable
development of the national economy.
Literature review. The theory, methodology, practice
of management accounting, analysis and audit is the
subject of scientific interest of scientists as Bondar,
lershova (2019), Grosu, Anisie, Hrubliak, Ratsa
(2019), Komirna, Miniailo, Nezhyva (2019).
Scientists such as Grosu, Anisie, Grublyak,
Rats (2019) in their researches reveal the issues of
management accounting as an important component
of the enterprise accounting system. Achieving the
goals of minimizing production costs, rationalizing
the use of available resources and maintaining
product quality, according to the authors of the article,
is possible through the use of management accounting
tools «Kaizen», «5Whys», «Six Sigma» and more.
The result of the authors’ scientific work are concepts
and methods of evaluation and reporting aimed at
supporting management decisions. The problematic
issues of management accounting theory and practice
in the context of risk management are revealed in
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their works by Bondar and Ershova (2019). It resulted
into scientists forming their classification for strategic
management accounting purposes. Suggestions for
structuring the strategic risk management process
should also be included in the scientific work of these
authors.

Theoretical and praxeological foundations of
business analysis and audit in the process of providing
management support systems at micro and macro
levels have also gained wide coverage in the scientific
literature, in particular, in the scientific works of
Andryeyeva, Hotsuliak, Gorbachenko (2018),
Komirna, Miniailo, Nezhyva (2019), as well as other
scientists of the Department of Financial Analysis
and Audit of Kyiv National University of Trade and
Economics (2020). Significant developments in the
improvement of audit working papers are presented
in the research by Bondar (2018). The result of the
work of such researchers as Andreeva, Gotsulyak,
Gorbachenko (2018) are the disclosure of the
features of the use of analysis tools in assessing the
current state, institutional risks and prospects for
the development of the Ukrainian marine industry.
The field of tourism has been studied by scientists
in various aspects. Sagalakova (2016) in monograph
researched theoretical and practical aspects of price
formation for a tourist product, formed a network
of business processes of a tourist enterprise. New
promising areas of tourism development and features
of innovative types of tourism are considered by
Popova et al. (2020) and Scheyvens, Biddulph (2018).
McKercher, Mak (2019) in his research conducts a
comprehensive analysis and assessment of current
trends in international tourism, identifying promising
areas for its activation and further development.

Recognizing the importance of the research above,
it should be noted that the study of the features of the
use of management accounting, analysis and audit
to inform decision support at any level of economic
management is not losing its relevance (Yankovyi et
al., 2020). The rapid development of globalization,
digitalization of the vast majority of humanactivities,
the coronavirus pandemic in 2020 and other
macroeconomic factors have significantly affected the
state and directions of tourism, which requires research
by scientists and practitioners, finding new ways to
improve tourism management. The implementation
of the functions of macroeconomic planning, strategic
forecasting, transparency and reliability of financial
information of economic entities, ensuring the
effectiveness of management decisions at the level of
the national economy should be based on scientifically
grounded results of management accounting, analysis

and audit. Maximizing the beneficial effect of using
accounting, analysis and audit tools to ensure the
sustainable growth of the national economy is possible
by developing and implementing the concept of their
synergy.

Materials and methods of research. In the context
of numerous crises and economic, environmental
and social problems, society has needed to find a
new way of development that would allow economic
systems to function effectively and in a balanced
way in combination with environmental and social
factors. One of the theories that has become an
alternative to the concept of economic growth, which
is dominated by economic interests, is the concept of
sustainable development. The strategy of sustainable
development is one of the key and priority in all
sectors of the national economy. Its principles and
main provisions are aimed at achieving harmony
between the growth of economic indicators, stability
in the social sphere and environmental protection.
Preservation of natural resources, maintaining their
sustainability and transition to resource-saving,
energy-efficient technologies is almost one of the
key tasks on the agenda. The system of a holistic
paradigm of sustainable development of society is
the concept of sustainable development of tourism,
which is based on at the present stage, laid at least
an understanding of the balanced unity of economic,
social and environmental characteristics. Given the
urgency of this issue, the United Nations General
Assembly has approved the adoption of 2017 as the
International year for sustainable tourism.

Sustainable tourism development is a long-term
development of tourism, which achieves a balance
in the implementation of economic, environmental,
socio-cultural development goals based on the
rational use of tourism resources and comprehensive
partnership, taking into account the interests of all
stakeholders.

For a meaningful understanding of sustainable
development are crucial three elements that shape
it as another type of development: in the formation
of tourism policy invariably take into account the
sustainability of development processes; sustainable
development inevitably implies adherence to the
idea of social justice and means not only guantitative
growth, but also qualitative improvement of meeting
needs; one of the basic principles is the harmony
of human development, as well as innovative
development. In addition, sustainable development
must ensure the interaction of the economy, society
(society) and the natural environment. Thus, the main
components of the concept of sustainable tourism
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development in the region are: environmental,
economic and socio-cultural stability (Bantash,
Koval, Bashynska, Kozlovtseva, 2020).

The economic and social significance of tourism
in modern conditions is determined by the fact that the
tourism business contributes to economic development
by developing such industries as agriculture, trade,
construction, communications,  production  of
consumer goods; contributes to employment, growth
of potential and real gross domestic product of the
country, is a significant source of foreign exchange
earnings and a means of ensuring a positive balance
of payments of the country.

The tourism industry has developed quite
dynamically in recent decades in Ukraine (Table 1).

The data in Table 1 show a significant increase in

trend is the opposite — the number of tourists traveling
abroad is more than 10 times higher than the number
of domestic tourists.

The COVID-19 pandemic in 2020 made
significant changes in the performance of the tourism
industry. The late start of the holiday and recreation
season due to the introduction of restrictive measures
also created a cumulative effect, which negatively
affected the leisure and travel industry, as well as
related industries — hotel and restaurant business,
transport (passenger traffic), retail, entertainment
and institutions culture. Restrictions on movement
imposed by states to prevent the spread of COVID-19,
falling incomes due to the economic crisis and
recession potentially increase the demand for leisure
within Ukraine. Domestic tourism is the main

Table 1. Number of tourists served by tour operators and travel agents in Ukraine (persons)

Number of tourists served Including
Y by t t d i i i . . .
ear )t/rac\)/l;: 23:;?50;2;? mcomt'gl?rgtos reign) outbound tourists domestic tourists

2000 2013998 377871 285353 1350774
2001 2175090 416186 271281 1487623
2002 2265317 417729 302632 1544956
2003 2856983 590641 344332 1922010
2004 1890370 436311 441798 1012261
2005 1825649 326389 566942 932318
2006 2206498 299125 868228 1039145
2007 2863820 372455 336049 2155316
2008 3041655 372752 1282023 1386880
2009 2290097 282287 913640 1094170
2010 2280757 335835 1295623 649299
2011 2199977 234271 1250068 715638
2012 3000696 270064 1956662 773970
2013 3454316 232311 2519390 702615
2014* 2425089 17070 2085273 322746
2015* 2019576 15159 1647390 357027
2016* 2549606 35071 2060974 453561
2017 2806426 39605 2289854 476967
2018t 4557447 75945 4024703 456799
2019* 6132097 86840 5524866 520391

t Excluding the temporarily occupied territory of the Autonomous Republic of Crimea, the city of Sevastopol and the temporarily occupied territories

in Donetsk and Luhansk oblasts.

2000-2010 — according to the Ministry of Infrastructure of Ukraine, starting from 2011 — according to the State Statistics Service.

Sourse: State Statistics Service of Ukraine (2019)

the number of tourists served by the tourismindustry,
especially in 2018-2019 (in 2019, the growth rate
exceeded 200% compared to 2017). Over the last
20 years, the ratio of tourists traveling abroad and
domestic tourists has changed significantly. In 2000,
the number of domestic tourists was almost 5 times
higher than the number of outbound, in 2019 the
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driver of preservation and revival of the industry. It
is worth noting that the leading tourist countries of
the Black Sea region (Romania, Bulgaria, Turkey)
also focus in 2020 on the development of domestic
tourism, and not only encourage citizens to relax in
domestic resorts, but also introduce incentives. The
possibility of attracting tourists from neighboring
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countries, in particular the Republic of Moldova and
Belarus, should also be taken into account, for whom
visiting Ukraine has certain advantages: logistical
accessibility (especially for Moldovan citizens), no
language barrier, developed routes, etc. However, the
practical implementation of this demand will depend
on the ability to establish the activities of the resort
infrastructure in the face of anti-epidemic restrictions
(State Statistics Service of Ukraine, 2019).

For many countries of the world, the priority area
of the economy is defined as international tourism, as
it provides the lion’s share of the total national income
of states and becomes a direction of international
specialization. Revenues from tourism accounted for
about a tenth of global economic growth. In recent
years, the industry has even been called its global driver,
because it has developed much faster than the world
economy as awhole (Kvach, Koval, Hrymaliuk, 2018).
Ukraine with its favorable geographical position,
available tourist and recreational potential, historical
and cultural heritage has also been actively integrated
into the global tourism industry, positioning itself
as an important tourist destination (Brandao, Costa,
Buhalis, 2018). Tourist activity at the present stage
has been interrupted due to the spread of coronavirus
around the world, the emergence of a new strain of
which 2019-nCoV was confirmed in December 2019
in Wuhan (China). Given the uncertainty caused by
the COVID-19 pandemic, the issue of prospects for
further development of international tourism becomes
particularly relevant.

Experts from the World Tourism Organization
emphasize the historical resilience of tourism and
its ability to create jobs after crises (Kostetska et al,
2020), and emphasize the importance of international
cooperation and ensuring that the sector becomes a
central part of the coronavirus recovery pandemic.

Ukrainians finally have the opportunity to reorient
to the domestic tourism market: 2020 was declared
the year of rural tourism by the National Tourism
Organization of Ukraine. Certain prerequisites forthe
successful development of rural tourism in Ukraine
are a relatively low level of urbanization, favorable
natural conditions, low employment of the rural
population, as well as preserved traditional rural
culture and ethnic identity.

The current situation requires an adequate
response from the government and business, which
leads to an increased need for the use of scientific
tools to justify the options for optimal economic
development and relevant management decisions.

According to official data of the State Statistics
Service of Ukraine (2020), the nominal GDP of

Ukraine for 2015-2019 increased from 1979458 to
974564 million UAH (by 100.8%). For comparison,
real GDP in the same analyzed period increased from
UAH 1430290 to UAH 3675728 million (by 157%).
This data indicates a rather good dynamic, which is
unlikely to persist in the current 2020 year due to the
suspension of business entities. The current situation
in the Ukrainian economy, despite the persistence of
a number of significant problems and risks, indicates
the gradual formation of a qualitative basis for further
stable economic development in the new economic
realities. Growth will be supported by domestic
demand, namely consumer and investment (Ministry
of Economic Development and Trade of Ukraine,
2018).

However, another problem remains. According

to preliminary estimates by the Ministry of Economic
Development, the level of shadow economy in
2018 amounted to 30% of official GDP and is the
lowest since 2009. Given that the shadowing of the
economy is considered by experts to be one of the
benchmarks for the effectiveness of the reforms being
implemented and their acceptance by society, this
result is noteworthy. One of the major threats posed
by the shadow economy to the economic system is
the distortion of the mechanisms of action of laws and
instruments of the market, which leads to ineffective
mechanisms of stimulating the economy, holding
back the economic development of the country.
Therefore, the government’s efforts should focus,
first and foremost, on the implementation of measures
aimed at minimizing the impact of systemic factors of
shadow economy that remain relevant, namely: low
efficiency of the state in providing the institutional
foundations for the development of a competitive
economy; high level of corruption; poor efficiency of
the judicial system; insufficient protection of movable
and immovable property rights, including rights to
financial assets (Ministry of Economic Development,
Trade and Agriculture of Ukraine, 2019).
Results and their analysis. Toassess the effectiveness
of the tourism industry as an imperative for sustainable
development of the national economy should use
such tools of the management system as management
accounting, analysis and audit, implemented in the
concept of effective interaction (Gaddis, 2018).

The concept in science is considered as a general
idea of research, which must be provided with a cer-
tain justification for the feasibility, necessity, opportu-
nities of realization, disclosure of the way to achieve
it. The term «conceptio» means «understanding,
system» and can be defined as (Azrilijan, 2004; Pav-
lyshenko, Topishko, Ivan, 2002):
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« a way of understanding, interpreting
a particular subject, phenomenon,
process, main point of view, a guiding
idea for their illumination. The notion of
concept is also used to denote the basic,
sole design, constructive principle in
scientific, artistic, technical, political and
other spheres of activity;

+ systemofviews, thisorthat understanding
of phenomena, processes;

« asingle, defining concept;

« set of views, way of understanding,
interpretation of a particular subject of
research, phenomena and processes, a
leading idea of their systematic theoretical
and methodological characteristics;

« aleading idea that defines the strategy of
action in the implementation of reforms,
programs and plans.

If the scientific paradigm in general and the
paradigm of audit, in particular, involves the
introduction of certain scientific achievements by
all scientists in a particular field of knowledge, then
the concept of audit, like many other scientific fields,
provides a defining concept, main idea, a hypothesis
of a specific direction, etc. The quantity and quality
of concepts in management accounting, analysis
and audit enrich it and contribute to the paradigm
of management accounting, analysis and auditing
(Audit Chamber of Ukraine, 2007). The well-known
concepts are (Gaddis, 2018; Katrych, Komirna, 2018;
Nazarova et al., 2019):

« audit development;

« materiality;

« independent audit;

« internal audit;

« social-economic concept of audit;

+ assurance tasks;

« R. Adams (using a system-oriented meth-
od of auditor opinion formation; concept
of division of audit activity into audit and
related services);

« L. Dixie;

* R. Montgomery;

« structuring the national audit system in

Ukraine;

« development of procedural assurance of
the audit;

« system-oriented audit (corporate sys-
tems);
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» quality of professional independent audit;

+ ok assessing the status of internal

audit in the external process;

» models of audit regulation in Ukraine and

SO on.

Within the framework of the study, the concept
is fundamentally different from the theory not only
by its incompleteness, the possibility of subjective
authorial decision, but also by the fact that it is often
characterized by insufficient verification. This feature
can be considered as a boundary, a boundary between
theory and concept in science (Fig. 1). In other words,
the concept can be conditionally defined as a certain
«surrogate» form of theory.

The main purpose of the concept is to integrate
a certain array of knowledge, the desire to use it to
explain, the search for patterns. The concept, being
tested by facts, is refined both in content and in terms
of its cognitive boundaries. It is fundamentally im-
portant that the concept, after all, may not stand the
test of practice and be neglected. For the most part,
this occurs at the stages of the development of sci-
ence, when the need for explanation of objects causes
the emergence of many conceptual approaches that
integrate knowledge and provide more or less correct
explanations (Mazaraki, Drozdova, Bay, 2020).

Thus, the concept of the research implies a cer-
tain system of initial theoretical propositions, which
are the basis of the research search. In the course of a
scientific search, the adopted baselines are reviewed,
developed, adjusted, if necessary, rejected, modified
or upgraded.

Depicted in Fig.1 scheme presents the place of a
separate concept in the formation of the paradigm of
management accounting, analysis and audit (Gaddis,
2018). One of the concepts «N», that contributes to
the modern audit paradigm is to identify the synergy
concept of internal and external audit that is offered
within this study. A qualitative feature of the proposed
concept is the two-vector direction of its action, since
it is aimed at meeting the needs of internal and exter-
nal users of information, which fundamentally distin-
guishes it from other audit concepts (Fig. 2).

The modern economy as a whole and the
economic efficiency of the entity, in particular,
require an improvement in the quality of the audit,
since quality audit is a factor in economic growth.
Considerable aspirations of domestic business
entities to participate in international capital markets,
labor, financial markets, as well as in other forms of
macroeconomic activity, increase of business activity
of domestic business entities in these markets,
announcement of their strategic plans for preparation



K.O.Nazarova, V.Yu.Hordopolov, S.V.Sakhno, M. O. Nezhyva, T. Yu. Furman

Journ. Geol. Geograph. Geoecology, 29(4), 755-764.

The scientific paradigm of management accounting, analysis and andit l

Theoretical and methodological model, complete set of general theoretical bases of management accounting, analysis and audit,
generally recognized scientific achievements

A
[T P R =
theory of scientific i obiective, : set of conclusions about objectively existing relationships and
research : verified | connections between the phenomena of objective reality
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Concept of synergy of management accounting, analysis and internal and external andit

Fig. 1. The place of concept of synergy of management accounting, analysis and internal and external audit in the scientific audit

paradigm
Source: developed by the authors

and implementation of IPO, formed requests for
targeted investment, encourage owners and CEOQOs
to look for a reliable source of the most accurate
and verified information that can be provided by an
audit, but because of improperness of its quality does
not provide. External audit, both compulsory and
proactive, is ordered in Ukraine by a small proportion
of economic entities — legal entities.

One of the key problems of the tourism
sector in Ukraine is that the vast majority of travel
intermediaries are registered in the form of individual
entrepreneurs. According to the Law of Ukraine “On
Audit of Financial Statements and Auditing”, they are
not subject to mandatory audit. The vast majority of
such businesses do not commission an initiative audit.
The consequence is that periodically, in the context of
conflicts that arise between the parties, users of tourist
services turn to state regulatory authorities.

The active practice of addressing entities to audit
firms raises a number of unsolved issues that signifi-
cantly undermine the confidence of audit clients inits
results, among which the quality of the audit, poor
user confidence in the audit results, are separately
identified. Despite the progress of internal audit and
the achievement of external audit, their capabilities

are limited, which requires finding innovative ap-
proaches to enable them to interact effectively. The
concept of audit synergy is aimed at solving some of
these problems and, most importantly, improving the
quality of the audit.

The efficiency of tourism enterprise manage-
ment, as well as its economic efficiency and invest-
ment attractiveness increase if they are based on the
results (or use the results) of synergy of internal and
external audit (Jezovita, Tusek, Zager, 2018; Naz-
arova, Zaremba, Kopotiienko, Mysiuk, 2018). It has
become a kind of logical answer, an innovative ap-
proach to solving certain problems and shortcomings
of internal and external audit.

The development of theoretical and method-
ological foundations for the synergy of internal and
external audit has become possible in the conditions
of formation of a new stage of development of the
audit — social responsibility in accordance with the
socially relevant model of the functioning of the au-
dit, the main determinant of which is the dialectical
unity of the requests of the public and the auditor
presented. This is achieved by implementing a set of
systematic, functional, deterministic, pragmatic, se-
mantic, sensory approaches to the relationship of all
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[ society ] [ state regulatory authorities ] [ investors ] [ business partners ]
A A A A A
| main users of information |
| direction of action - external |
Concept of synergy between internal and external audit l
direction of action — internal
| main users of information ‘
\ 2 Y Y Y
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Fig. 2. Two-vector orientation of internal and external audit synergy

Source: developed by the authors

parties involved in the audit activity, public requests
for audit results, opportunities and aspirations of eco-
nomic entities (first of all, public interest entities,
further PIE) to provide the information on quantity
and quality. The implementation of these theoretical
and methodological principles of audit synergy will
increase the level of validity of information support
of management decisions and obtain additional, syn-
ergetic effect, which, in turn, will lead to an increase
in the investment attractiveness of economic entities,
the individual industry and the national economy due
to a possibility to provide state guarantees in part of
the validation of the system of national accounts with
objective and reliable information.

The concept of internal and external audit syner-
gy is based on the effective interaction between inter-
nal and external audit. It aims at obtaining additional
confidence in the validity of the auditor’s opinion and
the management decision taken with it, and is based
on the matrix of justification of the need for audit syn-
ergy with regard to the importance of the entity for
the society, and manifests itself in achieving a balance
of interests of the owners and audit entities, and is
the result of minimizing audit risks and enhancing the
benefits of each type of audit separately.

Maximizing the beneficial effect of the interac-
tion of management accounting, business analysis and
audit tools at the micro level is possible by present-
ing them as elements of the management subsystem
of the entity, which permanently affects the managed
subsystem — economic activity (Fig. 3).

Thus, the result of implementation of the
concept is an increase in confidence: the auditor —
in his opinion; individual users of information (both
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professional and non-professional) — in the accuracy
of the information received (investors — in the validity
of the choice of investment object); society — that the
auditor gave an objective assessment of the financial
and economic activities of the entity and its financial
statements.

The proposed entity management scheme based
on the interaction of management accounting, business
analysis and audit will facilitate their practical
implementation inthe activities of the tourism business
entity (Koval et al., 2019; Dwyer, L., Forsyth, P., &
Dwyer, W., 2020). Management accounting, analysis
and audit tools allow us to evaluate the effectiveness
of business as an imperative for the sustainable
development of the national economy.

Conclusions. The current downturn in Ukraine
requires a timely and adequate response through the
development of a science-based system. An important
requisition for assessing economic performance
as an imperative for the sustainable development
of the national economy is the use of management
accounting, analysis and audit tools. In view of the
foregoing, the results of this study presented the place
of a separate concept in the formation of the paradigm
of management accounting, analysis and audit. One
of the concepts contributing to the modern audit
paradigm was the concept of internal and external
audit synergies offered in this study. A qualitative
feature of the proposed concept is the two-vector
direction of its action, since it is aimed at meeting the
needs of internal and external users of information,
which fundamentally differentiates it from other
audit concepts. The practical implementation of the
interaction of management accounting, business
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Fig. 3. Management scheme of the entity based on the interaction of management accounting, business analysis and audit

Source: developed by the authors

analysis and audit tools at the micro level will also be
facilitated by a developed entity management scheme
based on the interaction of management accounting,
business analysis and audit, which are presented as
elements of the management subsystem of the entity
that affects the managed subsystem — economic
activity. Investors, potential business partners, users
of travel services will have much more confidence in
travel companies that have passed an external audit
and have a positive audit report. Internal audit, which
allows to identify problematic aspects of activity,
assess the effectiveness of key business processes
and identify areas for improvement, is conducted in
less than 5% of tourism enterprises. To increase the
efficiency of tourism management of the business
entity in the field of tourism, it is necessary to combine
the results of internal and external audit.
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Received: 28.03.2020 Abstract. The problem of mining low-thickness coal seams in the Western Donbas is de-
Recetved inrevised form:03.04.2020 scribed in the article. Technological, economic and environmental reasons reducing the ef-
Accepted: 14.04.2020 fectiveness of traditional technologies for their development are analyzed in detail and the

new progressive approach is proposed to solve it. Attention is paid to the importance of

hard coal for Ukraine energy independence and thin coal seams, which is the lowest indicator among coal deposits exploited in the
developed countries worldwide. The key role of the Western Donbas mines in the Ukraine coal mining industry development is shown,
where coal seams with a geological thickness in a range of 0.55 — 0.80 m take more than 50% of coal reserves. It leads to coal clogging
and rising of the further enrichment costs. The interrelation of mining, geological seam thickness, and wall rock undercut is established,
as well as decade-long tendency out of seam size increase is evaluated. It appropriately correlates with the general tendency of a geo-
logical thickness decrease and it leads to an increase of total ash content. The sources are defined and the volumes of waste rock run
from coal mine to the surface are quantified, where 80 — 90% are underground mine working development and wall rock undercut while
longwall mining operations. The negative influence of the applied mining technologies for low-thickness seams is shown. Whereby
existing waste rock dumps are additionally replenished annually by 3.0 — 3.5 million of large-sized coal enrichment wastes and trans-
ported back onto waste rock dumps for very high expenses. It is determined that three waste dumps are located near urban settlements,
which increases the environmental fee for their placement in three times. The new approach for selective mining of low-thickness
seams with rock undercut placement in the gob area is proposed and it is characterized by the addition to the mechanized support of
horizontally-closed scraper backfilling conveyor with a tamping device for rock compaction, which reduces the mine rock output by
25 — 30%. The preliminary calculations of parameters and prospective economic efficiency of the proposed mining technology for
low-thickness coal seams are carried out in case of one typical longwall face taking into account the mined rock transportation cost to
coal-preparation plant and its enrichment, reducing the cost of mine working supports. Its technology is by 17% more cost effective,
than traditional mining technology while rough coal ash content does not exceed 21%.

Key words: longwall operations, mining and geological thickness, wall rock undercut, coal ash, selective mining, waste rock placement,
waste rock flow

HoBuii migxia 10 cTBOpeHHs MPOrPeCUBHOI TA MAJIOBIIX0IHOI TEXHOJIOTII BiANPAIOBAHHSA Ma-
JIONOTYKHMX BYTUIbHMX IJIACTIB

M.B. IlertnroBanuii, J[.C. Mamamkesuy, K.C. Cait
Hayionanenuii mexuiunuii ynieepcumem “/{ninposcoxa nonimexuixa”’, Juinpo, Yxpaina, petlyovany@ukr.net

AHoTamisi. Y JaHiif CTaTTi AETanbHO TOCTaBieHa mpoblieMa po3pOOKH MalONMOTY)KHHX BYTUIbHHX IUTacTiB 3axigHoro Jlonbacy,
aHaJIi3yI0ThCSl TEXHOJIOT YHI, EKOHOMIYHI Ta €KOJOTi4HI IPHUYHHHY, 0 3HWKYIOTh e()EeKTUBHICTh TPAAUIIHHUX TEXHOJIOTiH 3 TOBHIM
00BaJICHHsIM TIOPiJ MOKPIiBIi Yy BUPOOIEHOMY MPOCTOPi 1X PO3POOKH, i MPOMOHYETHCS HOBHM MPOrPECHUBHUM MiaXim ii pillieHHS.
AKIIEHTOBaHO yBary Ha Ba)KIMBOCTI KaM’SIHOTO BYTLILISI [UTsl eHEPTrOHE3aIeKHOCTI YKpaiHU Ta MaJoi MOTY)XKHOCTI BYT'JIbHUX IUIACTIB,
SIKUH € HAaWMEHIIMM MOKa3HUKOM CEepell BYTiJIbHUX POIOBHILL, 110 eKCILTYaTYIOThCS B PO3BMHEHMX KpaiHax cBiTy. [Toka3aHa KIr04oBa
ponb miaxT 3axigHoro JloHO6acy B po3BUTKY ByriienoOyBHOI ramysi Ykpainu, ae Oinbire 50% npumagae Ha IJIacTH 3 T€OJOTIYHOIO
noTyxHicTio Bif 0.55—0.80 M, 1110 PU3BOAUTS /10 3aCMiYSHHSI BYT1JLIs | IOIANTBIIINX BUTPAT Ha 30aradueHHs. BCTaHOBICHO B3a€MO3B’ 130K
TeOJIOr YHOI TIOTY)XKHOCTI IUIACTIB, 1110 BUMMAIOTHCS, 1 TIPUCIYKH OIYHHX MOPIJ, @ TAKOK BUSIBIICHA ECATHPIYHA TCHICHIIIS 301TbIICHHS
PO3MipiB MPICIYOK BMIIIYIOUHX TOPiJI, 0 32aKOHOMIPHO KOPETIOETHCS 13 3arabHOI0 TEHICHIIIEI0 3HM)KEHHSI T€0JIOTT9HOI IOTY>KHOCT1
IUTACTIB 1 MPU3BOIUTH 10 30UTBIICHHS CEpeTHBOI 30JBHOCTI BUAOOYTOI TipHHYOI Macu. BusBIeHO mKepena Ta BU3HAYEHO OOCITH
PyXy HOpOIHHUX TOTOKIB 3 BYriJIbHOI MAaXTH A0 moBepxHi, 80 — 90% SKUX CTaHOBHUTH NMPOBEACHHS MiJ3€MHHX TIPHUYNX BUPOOOK
1 MpHCiYKa BMINIyIOYHX TIOPiA MpH OYMCHUX podorax. [loka3aHo HETaTHMBHUI BIUIMB 3aCTOCOBYBAaHUX TEXHOJOTIH BiANpaIfOBaHHS
TOHKHX IUIACTIB, B PE3yJIbTATI YOr0 /if04i MOPO/IHI BiBAIIH J0IATKOBO MOMOBHIOIOTHCS MIOPOKY Ha 3.0 — 3.5 MJIH T KpYMHOKYCKOBUMH
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BYITICBIAXOaMH 30aradeHHs i BHCOKOBUTPATHO TPAHCTIOPTYIOTHCS Ha3aj HA MOpOAHI BiaBanu. BusnadeHo, mo 3 mopoaHux Bigsana
po3MmileHi 01 HACeNeHUX IyHKTIB, IO 37I0POKYE €KOJOTiYHy IUIATy 3a iX PO3MIIIEHHS B 3 pa3u. 3ampoNOHOBAHO HOBHH MiAXin
CEJIeKTUBHOTO BiIIPAIIOBAHHS TOHKHX IIIACTIB 13 3QJIMIIEHHSM IOPiJ IPHUCIYKN y BUPOOICHOMY IIPOCTOpI JIaB, SKUH BiIpi3HAETHCS
JIOTIOBHEHHSIM JI0 CEeKIlii MEXaHi30BaHOTO KPIIJICHHS TOPH30HTAIIBHO-3aMKHYTOT0 CKpeOKOBOT0 3aKJIaJHOr0 KOHBEEpPA 3 TPaMOYIOUnM
TIPUCTPOEM JUTS YIIITIBHECHHS MOPif, IO CKOPOYY€E 3arajbHOMIAXTHAH BUXi nopix Ha 25 — 30%. IIpoBeneHo monepeHi po3paxyHKH
rapaMeTpiB Ta OYiKyBaHOI €KOHOMIUHOI e)eKTHBHOCTI 3aIpOIIOHOBAHOI TEXHOJOTII BiJIIPAIFOBAaHHS TOHKUX BYTUIBHHX IUIACTIB JUIS
OJTHOTO CEPEIHBOCTATHCTUYHOTO OYHCHOI'0 BHOOIO 3 ypaxyBaHHSIM BHTPAT HA TPAHCHOPTYBAHHS TipHUYOi MacH Ha 30aradyBajbHy
(abpuky Taii 30aradeHHs1, 3SHIKSHHS BUTPAT Ha TOBTOPHE BUKOPUCTaHHS BHIMKOBHX BUPOOOK, s1ka Ha 17% eKoHOMIUHIIIIe B TOPiBHSHHI
3 TPAAMIIHOIO TEXHOJIOTIEI0 BiANPANIOBAHHS IUIACTIB 3 TOBHUM OOBAJIEHHSM IIOPiJT IOKPIBIIi y BUPOOIEHOMY IIPOCTOPI, IIPU LIBOMY
30JIBHICTH BUI00YTOI TipHIYOI Macy He nepeBHInTS 21%.

Kniouogi crosa: ouuchi pobomu, 2e0102i4HaA ROMYICHICHb, NPUCIKAHHS NOPIO, 30/IbHICIb 8Y2ils, PO30LIbHE GUUMAHHS, 3ATUULEHHS

nopio, NopooHi NOMOKU

Introduction. Coal is a strategic type of mineral
for Ukraine, capable of providing a significant part
of energy independence at the current level of its
development since thermal power plants (TTP)
produce 37% of all electricity (Amosha, 2013; Snihur,
Malashkevych, & Vvedenska, 2016; Mykhailov
& Hrinchenko, 2018). The particular value for the
energy sector is G black coal (gas-coal) because
most of the TTP’s energy production boilers are
equipped specifically for this type of coal. The issue
of developing new sources of energy resources is
open and relevant (Bondarenko, Ganushevych, Sai, &
Tyshchenko, 2011; Butyrskyi et al., 2019). However,
the transformation of Ukrainian energy sector, which
would meet the modern trends of developed countries,
is proceeding rather slowly due to the predominance
of the agro-industrial model of the economy.

world reserves) or 27.1 billion tons in seams with
a thickness less than 1.0 m (Fig. 1). It is the lowest
indicator among coal deposits exploited in developed
countries (Ukraine coal, 2013; International Energy
Agency, 2017). The presence of low-thickness coal
seams in the composition of industrial reserves makes
the further functioning of coal mines significant for
the energy sector irrational due to the sharp increase
in the mining process cost.

The problem of coal mining from low-thickness
seams stay is particularly acute at the Western Donbas
mines included into the part of the PJSC “DTEK Pav-
lohradvuhillia” which currently occupies a key role
in the development of Ukrainian coal mining indus-
try and state economy (Pavlenko, Salli, Bondarenko,
Dychkovskiy, & Piwniak, 2007; Petlovanyi, Lozyn-
skyi, Saik, & Sai, 2018). The geological data analy-

0<07m W0.7-08m @081-0.9m B@09%1-10m B>10m

Fig. 1. Distribution of recoverable coal reserves by thickness (billion tons)

In all of the most important world coal deposits,
there is a noticeable tendency of reduction the
developed coal seam thickness and increasing in the
intensification of mining operations in low-thickness
seams that is also typically for Ukraine. Worldwide
coal reserves account 861 billion tons whereof
194.5 billion tons or 22.6% are concentrated in coal
seams with thickness less than 1.2 m. Ukrainian
bowels concentrate 33.9 billion tons of coal (4% of
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sis shows that more than 50% of 775 million tons of
industrial reserves are present in seams with the geo-
logical thickness of 0.55 —0.80 m and only 3% or 23
million tons of coal is bedded in seams with a thick-
ness of more than 1.0 m that significantly limits the
operational life of many mines in the region.

Thus, due to the mining completion of coal re-
serves in seams with a thickness of more than 0.80 m,
it is planned to close 3 amongst 10 operating mines
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in this region during the following 2 — 3 years. Using
the traditional technology of mechanized mining of
low-thickness seams (bulk mining with full roof cav-
ing behind the longwall face), there is an increase in
extracted coal ash content and the volume of waste
rocks accumulation. Costs and loads on equipment in
the integrated technological scheme of mining opera-
tions increase significantly: the load on underground
and surface transport, mine hoisting, rough coal pro-
cessing with a return of large-sized rock fragmenta-
tions to waste dumps.

Recently, the relevance of developing technolo-
gies allowing to create highly efficient, low-waste
and environmentally friendly production while min-
ing of mineral deposits has been growing in the
world (Lozynskyi et al., 2018; Zhang & Xu, 2018).
For the coal mining industry, the development of
such technologies is one of the most important, as
its production activities adversely affect the natural
environment. One of the most important reasons for
its deterioration is the accumulation of rock dumps
in the mining allotment of coal mines, which occupy
valuable land areas (Gorova, Pavlychenko, Kulyna,
& Shkremetko, 2012; Petlovanyi et al., 2019; Pact-
wa, Wozniak, & Dudek, 2020). In foreign developed
countries, which have thick and extra-thick coal
seams bedding in their bowels, mining operations are
carried out with gob backfilling. Accumulated waste
rock from dumps is used as filling material to pre-
vent dangerous deformations of the Earth’s surface
(Jiang, Cao, Huang, Fang, & Li, 2015; Wang & Tu,
2015; Zhang et al., 2019). The application of mining
technologies with backfilling is also widespread dur-
ing the development of ore deposits (Emad, Vennes,
Mitri, & Kelly, 2014; Kuzmenko & Petlovanyi,
2015).

The technological and environmental difficulties
of low-thickness seams treatment raise an urgent issue
of a radical revision of traditional technologies and
existing approaches to the extraction of coal from thin
coal seams and the creation of new ones with a higher
level of economic and environmental efficiency.

This article analyzes in detail the reasons that re-
duce the efficiency of mining low-thickness coal seams
in the Western Donbas that lead to the additional waste
formation on the surface. The technological features
and advantages of the new approach to coal mining in
difficult geological conditions are considered, which
significantly reduces the level of waste rock formation
by accumulating them in the mined out underground
space.

Features of mining low-thickness seams in the
Western Donbas. The Western Donbas occupies a

special place in the energy supply of the Ukrainian
industry. The territory has 7.2 billion tons of coal or
21.3% of the country’s total reserves. Annually mines
produce 60% of Ukrainian coal (Barabash & Chered-
nichenko, 2015). More than 80% of coal reserves are
concentrated in seams with a thickness of less than
1.0 m, while more productive reserves with relatively
favorable conditions have already been worked out or
practically depleted in the minefields of coal mines.

Currently, mechanized complexes of the follow-
ing types KD-80, KD-90, KD-99, DM with shearers
KA-90, KA-200, UKD 200-500 are equipped in long-
wall stoppings. Equipment is designed to operate in
the range of mining thickness of 1.05 — 1.25 m (Hri-
nov & Khorolskyi, 2018; Petlovanyi, Lozynskyi, Saik,
& Sai, 2018). Therefore, with an average geological
thickness of 0.82 m, the size of wall rock undercut (the
difference between the mining and geological thick-
ness) is 0.23 m. It leads to an increase in the mined
coal ash content and the formation of additional waste
volumes after processing. Clogging of mined miner-
als with waste rocks negatively affects the technical
and economic indicators of mines (Khoyutanov &
Gavrilov, 2018; Petlovanyi, Lozynskyi, Zubko, Saik,
& Sai, 2019; Petlovanyi & Ruskykh, 2019).

The aforementioned longwall mining equipment,
inthe conditions of Western Donbas, is not able to mine
coal seams with thickness less than 1.05 m without
wall rock undercut. It is due to the dimensioning
specifications of mechanized complexes and the
necessary height of free passage along the longwall
face for maintenance personnel. Therefore, the
wall rock undercut in longwall faces is a necessary
measure during mining very thin coal seams. The
generally accepted minimal mining thickness of coal
seams is 1.05 m. However, in many cases mining
thickness is increased up to 1.1 — 1.15 m for the safe
operation of the mechanized complex in difficult
conditions with high rock pressure and preventing the
support sections from sinking on a “rigid” base. The
relationship between the mining, geological thickness
und sizes of wall rock undercut is illustrated on the
Fig. 2, where technological schemes of coal mining at
“Zakhidno-Donbaska” and “Heroiv Kosmosu’ mines
are presented.

Analysis of the Fig. 2 shows that with equal
general accepted mining thickness of coal seams 1.05
m, the size of wall rock undercut of coal seam C ! is
0.06 m, and C,, is 0.20 m. This aspect contributes to a
mixing of loosened coal with the rock, the deterioration
of its quality characteristics and the emergence
of additional costs for transport and enrichment.
Thus, the average rough coal ash content among the
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C,, coal seam mining at “Heroiv Kosmosu” mine (b)

Western Donbas mines was 43.5% in 2018 (+ 6.7%
compared to 2008). The most clogging of mined
coal was observed at mines: “Heroiv Kosmosu” —
50.0%, “Samarska” — 47.0%, “Blahodatna” — 45.1%,
“Zakhidno-Donbaska” — 40.5%. At the same time,
there is a tendency to increase the mined coal ash
content and respectively processing waste formation
on the surface.

Processing and systematization of statistical
production data of mining and geological thickness,
the amount of wall rock undercut and coal ash content
of the Western Donbas mines over a period of 2007
— 2018 allowed to identify important trends in these
indicators (Fig. 3).

The Fig. 3 shows the tendency of steadily
increasing the size of wall rock undercut. Thus, the

L) Hp——y - . - . 7
Y XKLV KXY KK KK L

Fig. 2. Typical sections of longwall face with wallrock undercut: during C  'coal seam mining at “Zakhidno-Donbaska” mine (a) and

e

average sizes of the wall rock undercut increased
from 0.17 to 0.24 m for the considered period. In the
range of geological thickness of mined coal seams
of the West Donbas, the sizes of wall rock undercut
changed from 0.06 m on the coal seams of more than
1.0 m to 0.44 m less than 0.70 m. At the same time,
the mining thickness fits with the geological one only
in 12% of longwall faces.

Studies of mining and geological statistics in the
longwall faces of the PJSC “DTEK Pavlohradvubhillia”
show that the average annual geological thickness of
mining coal seams has decreased from 0.95 to 0.82
m (-0.13 m) over the past 10 years. It is accordingly
entailed an increase in the produced coal ash content.
The diagram pattern of produced coal ash content
shows that rock hoisting has increased by 14% over
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Fig. 3. Dynamic pattern of changing of geological thickness, sizes of wall rock undercut and produced coal ash content of the

Western Donbas mines

768



Mykhailo V. Petlovanyi, Dmytro S. Malashkevych, Kateryna S. Sai

Journ. Geol. Geograph. Geoecology, 29(4), 765-775.

the past 10 years. In 2018 mined coal ash content for
some enterprises varied from 38.3 to 48.5% or 43.3%
on average. At the same time, there is a tendency to
increase the mined coal ash content and increase the
coal waste accumulation on the surface.

Therefore, the issue of reducing the volume

of hoisting rock from mines is particularly acute.
The urgent need for its solution is dictated by both
technical and economic requirements, and emerging
environmental risks (Horban, Hornyk, & Kravchenko,
2019; Khorolskyi, Hrinov, Mamaikin, & Demchenko,
2019).
Analysis of the sources of formation and
accumulation of coal waste during mining low-
thickness seams in the Western Donbas. Waste
rock is a reject of coal mining process stored in dumps
usually near mines. Waste mine rocks belong to the IV
waste hazard category and indicate their insignificant
impact on the environment. The main environmental
and economic aspects of the storage of rocks are the
alienation of valuable land suitable for agricultural
use, and the payment the fee by mining enterprises
for the placement of 1 ton of waste, and when dumps
are located near cities, the fee increases by 3 times.

A detailed analysis of coal mining technology
shows that, depending on the processes of underground
mining, a certain movement of the waste rock flow from
the underground space to the surface is formed. The
waste rocks of the Western Donbas mines are mainly
contained siltstones — 50%, mudstones — 40% and
sandstones — 10%.

In quantitative equivalents identified sources of
mine rock input for the conditions of the Western
Donbas mines based on the analysis of statistical
information on the volumes of coal production,
indicators of the total mine ash, analysis of the
structure of the mining thickness (sizes of false
roof and wall rock undercut), the volumes of mine
workings and footwalling (Fig.4).

while longwall operations caused by the low geologi-
cal thickness of coal seam (80 — 90% of total volumes
of waste rock hoisting). It is practically impossible to
prevent or reduce volumes of waste rock output from
underground mine drivage under existing technologi-
cal schemes. In the alternative, there is the experi-
ence of reducing volumes of wall rock undercut from
longwall operations and gob backfilling (Koshka,
Yavors’kyy, & Malashkevych, 2014). However, itdid
not find a wide application in the coal mining industry
for a number of technological reasons.

Annually waste dumps of the coal mines in the
Western Donbas are replenished by approximately
equal volumes of rocks from mine working drivage
(3.0 — 3.5 million tons). At the same time, there is
the tendency of constantly increasing accumulation
of waste rocks from wall undercut in longwall fac-
es. Thus, mines produced a record amount of coal in
the region — 20.0 million tons and wastes from coal
processing plants — 4.6 million tons in 2018. At the
same time, the volume of stockpiled rock in the waste
dumps over the past 10 years has increased by 51%
(Fig. 5), which naturally correlates with the general
tendency of geological thickness decrease. These as-
pects show the current topicality of rock accumulation
in underground spaces and creating new approaches
for low-thickness coal seam mining.

Waste disposal sites (WDS) registry analysis of
the Dnipropetrovsk region using the program Google
Earth Pro 7.3.2 allowed to establish accumulation vol-
umes, occupied areas and locations of coal wastes in
Western Donbas (Fig. 6). In the Western Donbas there
are 11 waste dumps formed during the period of indus-
trial development of coal reserves. More than 100 mil-
lion tons of waste rocks were accumulated with a total
area of more than 200 ha. For example, in the terri-
tories of closed mine “Pershotravneva” and operating
mines “M.I. Stashkova”, “Dniprovska”, “Samarska”,
“Ternivska”, “Zakhidno-Donbaska” one waste dump

| Sources of waste rock formation ‘

¥ v v
Development operations ' Longwall mining operations l Roadway repairs
A 4 v v
Mine working drivage Wall rock undercut False roof caving Rock slabbing
40-50% 30-40% 10-15% 5-10%

Fig. 4. The structure of waste rock flow while mining very thin coal seams in the Western Donbas

Analysis of the Fig. 4 shows that the largest vol-
umes of movement waste rock flow are accounted for
underground mine workings and wall rock undercut

is located. The rest of Western Donbas mines have
two exploited waste dumps in the limits of mine al-
lotments. All dumps have a flat plan shape (Petlovanyi
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Fig. 5. Dynamics of coal production and additional formation of waste rocks in the Western Donbas conditions

& Medianyk, 2018). Moreover, there are three waste
dumps located at a distance of less than three km from
settlements. It is three times more expensive ecologi-
cal payment for the placement of rocks.

It should be noted that 5 — 7 times larger area of
lands suitable for agricultural use should be allocated
for flat dumps compared to conical dumps. Therefore,
from the environmental protection point of view, the

Dnipro

waste rock accumulation requires reduction. The vol-
umes of accumulated rock use are insignificant. It is
mainly used for road constructions and tamponage of
mine workings. It has been proven that waste dumps
are sources of valuable mineral raw materials, and
waste rocks are a significant resource for construc-
tion industry (Bini, Maleci, & Wahsha, 2017; Lebre,
Corder, & Golev, 2017).

Q>115mint
S > 370 ha

Rock and tailing wastes accumulated

Rock and tailing wastes occupied

tailings dump

I:I rock waste dumps

Fig. 6. Accumulation of mine waste dumps and their location in Western Donbas
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Fig. 7. The technological scheme of selective mining of very thin coal seam with rock placement: (a) coal extraction;
(b) rock extraction and placement; 1 — coal seam; 2 — wall rock undercut; 6 — reverse cantilever of mechanized support,
7 and 8 — corresponding face and backfilling lines of horizontally-closed scraper conveyor

The central processing plant “Pavlohradska”
operates in the region with an annual capacity of 6
million tons. The ash content of extracted coal reduced
to the established quality standards of TTPs to the
level of 23 — 24%. Wet fine coal wastes are stored in
the tailings pond of 170 ha, and large-sized separated
rock is returned to waste dumps nearby coal mines by
heavy trucks. This fact testifies to the high costs of
circulation of rock streams in the system “coal mine —
processing plant”.

Features of creating the technological scheme for
selective mining of very thin coal seams. In the
late 1990s, an attempt was made to create innovative
technology for the selective mining of low-thickness
coal seams with gob backfilling, but this technology
did not receive further application (Byzylo, Koshka,

Poymanov, & Malashkevych, 2015). The technology
involved selective mining of coal seams with further
mined out space backfill by pneumatic complex
“Titan” located behind the longwall face in the
mine drift. Brocken rock after shearer passing along
the rock wall rock bench was transported to the
backfilling pneumatic complex “Titan” where it was
crushed and passed through the pipeline into the gob.
The low productivity of longwall operations, the high
dustiness along with the clogging of mine drift and
the difficulty in performing tail operations were the
main reasons for technology refusal.

Under current conditions and tendencies of coal
mining industry development, the problem of low-
thickness coal seam mining can be solved due to the
introduction of selective mining of very thincoal seams
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andwall rock undercut withtheir subsequent placement
ingob using new technological units in the mechanized
complex that eliminate the disadvantages of the above
technology (Bondarenko & Malashkevych, 2019). The
technology involves coal seam mining with a thickness
of 0.55—0.80 m, the subsequent extraction of wall rock
undercut with a height of 0.40 —0.65 mand placement
it in the gob. Fig. 7 shows the technological scheme
of selective mining of very thin coal seam with rock
placement in the gob.

The mechanized complex includes the shearer
MB-280E, the modernized mechanized support
1MKD-90 with an elongated face cantilever on 375
mm and the reverse shield with a length of 1500 mm.
Transportation of coal and rock is carried out by the
horizontally-closed scraper conveyor (Fig. 8).

The process of coal extraction is carried out in
the following way. The support and the conveyor
stand close to the face in the initial position. The
section of the mechanized support is unfastened. The
conveyor drive heads are shift. The shearer is cutinto

rock bench is extracted in the direction from conveyor
to ventilation drift. The rock is transported from the
face to the conveyor drift, and then it goes around
the drift and, in the opposite direction, enters on the
backfilling conveyor line of the horizontally closed
scraper conveyor.

The backfilling line of the conveyor is installed at
an angle to the seam floor plane. As the crushed rock
moves along the inclined pans, it is self-unloading
into the worked-out space with its subsequent pack-
ing by a tamping device. The laying of the backfilled
massif is carried out continuously along the length of
the worked-out space. The technology provides plac-
ing in mined-out space wall rock undercut and reduc-
ing waste hoisting by 25 — 30%.

Rock placement in mined-out space has a positive
effect on the reduction of the stress state of coal-bear-
ing massif as well as surrounding rock massif excava-
tion mine workings allowing them to be reused (Ko-
nonenko, Petlovanyi, & Zubko, 2015; Malashkevych,
Sotskov, Medyanyk, & Prykhodchenko, 2018).

Fig. 8. Overall view of mechanized roof support and horizontally-closed scraper conveyor

the coal seam at the ventilation drift. The forward
drum is installed in the upper position and maintained
by a seam roof, the back drum is maintained on the
extraction of leaving rock bench. When the shearer
moves from ventilation to conveyor drift the coal
is removed without wall rock undercut. When the
shearer moves in the opposite direction the section of
the support is alternately moved, at the same time the
face and backfilled conveyor lines are not moved.
The process of rock extraction and placement
it in the worked-out space is performed as follows.
After the extraction of coal and its transportation to
the conveyor drift, the shearer is reversed. Further, the
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The expected main technological parameters of
the selective mining technology are pre-determined
on the example of the mine “Ternivske” PJSC “DTEK
Pavlohradvuhillia” conditions. Thus, the expected
production output is 966 t/day at coal seam thickness
of 0.55 m and 1314 t/day of clean coal at 0.80 m re-
spectively. At the same time, the ash content of the
produced coal in the range of the geological thickness
of the seam 0.55 — 0.80 m varies insignificantly from
19.6% to 21.1% (with maternal A, = 12.3%). The
charts of the dependency graph per of the face output
and the ash content of the extracted coal on the wall
rock undercut values are shown in Fig. 9.
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Fig. 9. The chart of the dependence of the face output and ash content of the extracted coal on the wall rock undercut values

Toassesstheeconomicefficiency oftheapplication
of selective coal mining technology, calculations were
carried out with 2600 m longwall panel length and 250
m width, 1.05 m mining coal seam thickness and 0.70
m geological seam thickness. The end-use consumer
is the TTP. The expected annual coal production will
be 330 thousand tons; daily output will be 1120 tons;
the amount of abandoned rocks in the mined-out space
will be 310 thousand tons /year; ash content of mined
coal will be 21%. The main economic indicators are
presented in the Table 1.

Table 1. The main expected economic indicators of technology

and improves the ecology of mining. The proposed
technical solutions are at the pre-project stage of the
development.

Conclusions. The progressive and low-waste
technology of low-thickness coal seam mining
is proposed in this article. The detailed study of
current trends in the development of Ukraine coal
mining industry, geological features of coal reserves
occurrence, applied mining technologies is carried
out. The relations of mining, geological thickness, and
wall rock undercut height leading to the accumulation

Indicators million USD Indicators million USD
Revenue 17.01 IC 715
OPEX -5.27 NPV 58.6
EBITDA 11.73 PLC 10.0
Net profit 7.78 DPP 4.3
CAPEX with VAT 57.48 IRR 15.6
Working capital 6.18 ROI 15%

Based on the data achieved performance of the
technology. The net profit from coal sale will be
7.78 million USD annually, which is 17% more than
using the existing traditional technology, providing a
gross excavation of coal with the cutting of surround-
ing rocks and the enrichment of contaminated rock
mass on the surface. The obtained results are achieved
due to almost two times reduction of the cost of trans-
porting the rock mass to the processing plant and its
enrichment, reducing the costs of re-using the excava-
tion mine workings. Therefore, the preliminary eco-
nomic calculations show that technology is progres-
sive, as it provides growth in production indicators

of large-scale waste of processing plants are identified.

In the course of the performed researches, several
features and results were revealed:

— the Western Donbas mines play a key role in
the development of Ukrainian coal mining industry
(60%), where the PJSC “DTEK Pavlohradvuhillia”
operates. Despite the achieved positive results, there
is a problem of coal production from low-thickness
coal reserves. More than 50% of 775 million tons of
industrial reserves are coal seams with a thickness of
0.55 —0.80 m. It is the main cause of coal clogging;

— the tendency of a steady increase in the sizes of
surrounding rock undercut is determined. Wallrock
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undercut in the longwall faces of the Western Donbas
mines has increased from 0.17 to 0.24 m for ten years.
It has led to an increase in the average ash content of
the extracted coal from 36.8 to 43.5%;

— the sources and volumes of waste rock are
identified. The key places in waste rock formation
are occupied by mine working drivage and undercuts
while longwall operations caused by the low
geological thickness. It makes up 80 — 90% of all rock
flow from coal mines;

— during the development of coal reserves in the
Western Donbas 11 waste dumps and 1 tailing were
formed. Their volumes are more than 115 million
tons located on 370 ha of valuable lands, whereof
3 waste dumps located at a distance of less than 3
km from settlements that in 3 times more expensive
environmental fee for the placement of rocks;

— the technology of selective (separate) extraction
of very thin coal seams and wall rock undercut with
their subsequent placement in the mined-out space
with the use of new technological units is presented.
It is proposed to use horizontally-closed scraper
backfilling conveyor with a tamping device as the part
of the mechanized complex that leads to the reduction
of waste rock hoisting by 25 — 30%;

— preliminary calculations of technological
parameters and expected economic efficiency have
shown that proposed technology is more cost effective
than the existing traditional one by 17% due to almost
2 times reduction of the cost of transportation of the
rock mass to the processing plant and its enrichment,
as well as reducing costs re-use of excavation works.
Acknowledgements. The results of the work were
obtained within the implementation of research
work HP-502 “Development of advanced technolo-
gies of full extraction of energy coal with accumu-
lation of empty rocks in the underground space”
(Ne 0120U101099).
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Problems of technical exploitation and ecological safety of hydrotechnical facilities of irrigation
systems
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Received: 09.04.2020 Abstract. In this work, we analyzed and studied the Ukrainian typical hydrotechnical struc-
Received inrevised form:27.04.2020 tures of the ameliorative complex on soil materials. On the examples of such objects in
Accepted: 23.09.2020 Dnipropetrovsk oblast, we carried out research and determined the technical condition of

the transporting (main irrigation canals) and regulating (retention ponds) hydrotechnical
structures (HTS). The main factors and the reasons for the negative engineering-geological processes occurring in those structures and
affecting the ecological balance of adjacent territories were determined. The study revealed that the long period of exploitation and
absence of corresponding technical care have led to significant losses of irrigation water from the canals and retention ponds. Due to
the systemic absence and low use of monitoring researchers, we have proposed the use of prompt and low-cost methods and means of
technical diagnostics. The article presents the possibility of using a complex of geophysical methods of natural impulse magnetic field
of the Earth and vertical electrical sounding for the purposes of technical diagnostics. The possibility of recording plots and parameters
of zones of seepage deformations in the body and at the base of the structures was visually determined and instrumentally proven. This
allows identifying the amounts of technical and material resources, stages and order of implementation of repair-restoration works. It
was determined that share of the damaged zones accounts for 20 to 35% of the total length of the hydrotechnical structures de pending
on their type and parameters of the constructions. In such conditions, the estimated losses of water equal 17-22% of the total amount of
the delivery. The surveys showed that further operation of HC poses an ecological threat because of significant worsening of quality of
water resources. The article presents disturbing dynamics of change in the irrigated areas involving the danger of secondary saliniza-
tion, sodification, alkalinization, and toxification as a result of watering. We indicated threatening changes in the structures of the areas
irrigated with low-quality water, which, according to various indicators of danger, increased by 1.4 times regarding threat of secondary
salinization and by 2 times regarding threat of sodification. We proposed and substantiated approaches to improving the general technical
and technological level of functioning of ameliorative structures in the context of maintaining ecological balance and economic practicabil-
ity of their further use, based on the principles of systemic optimization of complex technical-natural ecosystems.

Key words: hydrotechnical facility, irrigation canal, retention pond, technical condition, seeping losses, geophysical methods of survey

IIpo6seMn TexXHIYHOI eKCcILIyaTalii Ta eKOJOriYHOI 0e3NeKH TiIPOTeXHIYHUX CIOPYA 3polly-
BAJILHUX CHCTEM

JI. M. Pynakos!, I'. B. 'aniiu?, O. B. Opumincekal, 1. C.Ilikapens?, B. B. KoBanenko!, I. B.Uymkinal, B. 1O. 3a-
MOPOKIECHKO!

UTninpoecokuil depacasnuii azpapno-exonomiunuil ynisepcumem, /uinpo, Yrpaina, elner@ukr.net
2[Tninposcorutl deparcasHutl mexuiunuil ynieepcumem, Kam smcore, Yikpaina, nippel@rambler.ru

AHoTauisi. B poOoTi po3ristHyTi Ta JOCHTIHKEHI TUIOBI ISl BCHOTO METiOPaTUBHOrO KOMIUIEKCY YKpaiHM TiJpOTeXHIYHI CHOpYAN
3 IpyHTOBUX MatepianiB. Ha mpukmaai takux o0’ekTiB y JIHImponeTpoBChKiit 007acTi, MpoBeAeHI MOCITIHKEHHSI Ta BCTAHOBIICHO
TEXHIYHHUH CTaH TPAHCIIOPTYIOUHX (MaricTpasibHi 3pOIyBaibHI KaHATH) 1 PErymounX (peryiowdi 0aceiiH!) ripOTeXHIYHNUX CIIOPY/T
(I'TC). Bu3naueHo ocHOBHI ()aKTOpH Ta MPUIMHY HETaTHBHUX 1H)KEHEPHO-T'€OJION YHNX MPOIECIB, SIKi BiA0YBAIOTHCS B IUX CIIOPYAAX
1 YMHATH BIUIMB HA €KOJIOT1YHY PIBHOBAry MPHJIETINX TEPUTOPii. BUsBIeHO, M0 TpUBammii mepio eKCIuTyaTamii Ta BiICyTHICTh Ha-
JIKHUX TEXHIYHUX JOTIISIAIB MPU3BOAATH 0 3HAYHUX BTPAT MOITUBHOI BOIH 3 KAHATIB 1 PETyMIOI0UNX OaceiHiB. Y 3B’ 53Ky 3 CUCTEM-
HOIO BiJICYTHICTIO Ta HM3bKMM 3aCTOCYBAHHSM MOHITOPMHIOBHX JIOCII/KCHb, 3aIIPOIIOHOBAHO BUKOPHCTAHHS OIECPAaTUBHUX, JOCTO-
BIpHHX Ta HEAOPOTMX METOMIIB 1 3aC00IB TEXHIUHOI AiarHOCTUKH. [IpeicTaBiena MOKIIMBICTh 3aCTOCYBAHHS KOMIUICKCY re0(i3HIHAX

776


mailto:elner@ukr.net
mailto:nippel@rambler.ru
mailto:elner@ukr.net
mailto:nippel@rambler.ru

L.Rudakov, H.Hapich, O. Orlinska, D. Pikarenia, V.Kovalenko, 1. Chushkina, V.Zaporozhchenko Journ. Geol. Geograph. Geoecology, 29(4), 776-788.

METOJIiB TIPUPOJHOTO IMITYIIECHOIO €JIeKTPOMArHITHOTO IO 3eMiIi Ta BEPTUKAIBHOTO €JIEKTPUYHOTO 30HIYBAaHHS JUIS IIJIeH TeX-
HIYHOI JiarHOCTHKH. Bi3yallbHO BCTAHOBJIEHO Ta IHCTPYMEHTAIBHO IiATBEP/KEHO MOMJIMBICTE (pikcamii JUISTHOK Ta MapaMeTpiB 30H
¢urpTpaniitnux gedopmaniii B Tl # ocHOBI criopyx. Lle o3Bossie BU3HAUUTH 00 €MHY TEXHIYHUX Ta MaTepiajbHUX PECYpCiB, €TAITHICTD
Ta 4eproBiCTh peati3alii PeMOHTHO-BIHOBIIOBAILHUX poOiT. BeTaHOBIEHO, IO YacTka MOpyHIeHUX 30H ckianae Big 20 mo 35%
3arajbHOI MPOTSDKHOCTI T1IPOTEXHIYHUX CITOPY/T 3aJIE)KHO BiJjL IX THITy 1 TapaMeTpiB KOHCTPYKIIII. 3a TAKHX YMOB PO3PaxyHKOBI BTpaTH
BOJM csraroTh 17-22% Bin cymapHoro 06’ emy nogadi. [1okazano, mo nopaseiia exciuryaranis I TC e exomoriaao HeOe3neTHOr BHACTITOK
3HAYHOT'O IOTIPIIEHHS SKOCTI BOIHUX pecypciB. HaBeneHo 3arpo3nuBy AMHAMIKY 3MiHH 3pOIIYBAaHUX ILIOI 32 HEOE3IEKOI BTOPUHHOIO
3aCOJICHHSI, OCOJIOHITIOBAHHS, IMi/UTY’KEHHSI Ta IHTOKCHKAIII] BHACIITOK MOMBY. Bin3HaueHo 3arpo3iyBi 3MIHU B CTPYKTYPI TUTOLT TIOITUTHX
BOJIOIO HU3BKOI SIKOCTI, SIKi 32 Pi3HIMH O3HaKaM1 HeOe31eku 3011buticeh Bif 1,4 pa3u 3a HeOe3MeKor0 BTOPHHHOIO 3aCOICHHSI 10 2-X pa3iB
3a HeOE3IEKOK OCOIOHIIIOBAHHS. 3aITPOIIOHOBAHO Ta OOIPYHTOBAHO ITiIXO/M 3 ITiJIBHIICHHS 3arallbHOr0 TEXHIYHOTO 1 TEXHOJIOT1YHOTO
PiBHS QyHKITIOHYIOUHX MEIIIOpaTHBHUX CIIOPY/ 32 YMOBH 30€pe)KEHHSI €KOJIOT1THOI PIBHOBArd i eKOHOMIYHOI IOIIIBHOCTI 1X ITOaIbIIO]
eKCIDTyaTaii, ki 0a3yroThCs Ha MPUHIMIIAX CHCTEMHOI ONTUMI3aLli CKJIQJHUX TEXHO-TIPHPOJHNAX E€KOCHCTEM.

Kniouosi cnosa: eiopomexuiuna cnopyoa, 3pouty8anvHuti Kanai, peeymolouuil oacelin, mexuiunuii cmau, Qitempayiini empamu,

2eo@izuuni Memoou 00CHiONCeHb

Introduction. Implementation of a strategic direction
of the development of the agricultural sphere regarding
the use of water, energy and material resources
is oriented towards increase in the agricultural
production volumes. An integral constituent of the
provision is the technical condition and ecological
reliability of hydrotechnical structures (HTS) of the
ameliorative complex.

One of the most developed regions of the coun-
try is Dnipropetrovsk Oblast located in the north-east
part of Ukraine, in the basin of the middle and lower
reaches of the Dnipro. The total area of the territory
of the oblast is 3,129 thou ha, including 2,569 thou ha
(82%) of agricultural fields.

According to the amount of atmospheric precipi-
tations, Dnipropetrovsk Oblast belongs to the zone of
unstable moisture. The average annual amount of pre-
cipitations is 465-553 mm. Variation of the distribu-
tion ranges from 227 mm in low moisture years to 900
mm in high moisture years.

In summer precipitations usually come as cloud-
bursts, thus, their beneficial use for vegetation of
plants is low, and insufficient moistening of the upper
(arable) layer of the soil creates unfavourable condi-
tions for the agricultural production. Therefore, high
and stable yields of agricultural crops require addi-
tional moistening, i.e. organizational and technologi-
cal provision of irrigation of land.

In view of food security of the state, we should
consider that relevant research which would help to
obtain stable and high yields of agricultural crops
should include that oriented towards further improve-
ment and ensuring of the norms of the current level
of exploitation of any complex technological-natural
ecosystems, including land-ameliorative structures.
For this purpose one must consider their ecological
reliability and safety.

Analysis of literature data and description of the
problem. Inthe historical aspect, the hydromeliorative
measures, particularly irrigation, in Katerynoslav

Governorate (now Dnipropetrovsk Oblast), began to
be implemented in the early XX century, only after
catastrophic crop failure in the southern part of what
was then Russia.

Since 1880 the tsar’s government organized a
number of expeditions with the purpose of creating
a corresponding scientific base for fighting droughts
and crop failures. The results of these expeditions
gave a specific impulse to the development of irri-
gated arable farming in Dnipropetrovsk Oblast (Shev-
elev et al., 2005). Already in 1917 the area of irrigated
fields in the Oblast accounted for 110 ha.

In 1930-1933 the Seliansky irrigated site 1,200
ha in area, Kamensky irrigated site 1,300 ha in area,
and the 600 ha irrigated plot on Khortytsia island
were projected and constructed. In 1939, in Kamianka
Kolkhoz in Sofiivka district, an irrigated site of 500
ha was constructed, where for the first time in Ukraine
fixed position sprinkler machines were employed, -
these machines inspired development of sprinkler
machines Volzhanka and Dnipro (Regional office of
water resources in Dnipropetrovsk region).

In 1941 the area of irrigated fields in Dniprop-
etrovsk Oblast equaled 10,222 ha. Tempi of construc-
tions of irrigated areas increased, accounting for 19
thou ha in 1960, 64.2 thou ha in 1965, and 124 thou
ha in 1970.

In the late 1980s and early 1990s, in the irrigated
fields, far-reaching sprinkler machines were being used
and the area of irrigated land in Dnipropetrovsk Oblast
in 1990 reached 219.6 thou ha. In the future, the gov-
erning bodies of the state expected to increase the area
of irrigated lands in the Oblast to 540 thou ha by the
year 2000 as a result of construction of large irriga-
tion systems withdrawing water from the Dnipro, Dni-
pro-Donbass, the Dnipro-Kryvy Rih, Dnipro-Inhulets
canals and by using drainage water from settlements
(Shevelev et all., 2005; Regional office of water re-
sources in Dnipropetrovsk region).

Over the recent years, due to the difficult econom-
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ic condition, construction of new irrigation systems
has been stopped. Old objects are gradually going out
of order. Only in separate farms is complete water-
ing of agricultural crops carried out. In some cases,
in absence of sprinkler equipment surface irrigation
(mainly vegetable crops) is applied. At the same time
the area under irrigation changes all the time (Fig. 1).

tion of technical conditions and non-correspondence
to the modern requirements of exploitation (Weyer et
all., 2008; Huang et all., 2010; Shchedrin et all., 2011;
Bedjaoui et all., 2011).

Projects of construction at some facilities include
setting up designed control-measuring equipment,
piezometers and monitoring drainage wells for the
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Fig. 1. Dynamics of changes in the irrigated areas in Dnipropetrovsk Oblast

The planned parameters of 540 thou ha under ir-
rigation by the year 2000 were not achieved, instead
more and more small systems of drip irrigation were
built using water intake constructions and equipment
of existing capacities. Gardens and vegetable crops are
watered. At the same time, apart from irrigation, novel
technologies of cultivation are used and such fertil-
izers and varieties are used which may significantly
increase the efficiency of agricultural production and
decrease the period until return on investments.

In terms of districts of the Oblas, the irrigated
lands are arranged unevenly, primarily due to the
presence of irrigation sources (Rudakov et all., 2019).
Figure 2 depicts a schematic map of the oblast with
the information on built and potential irrigation sys-
tems and their areas.

Currently, actually, the problematic issues of
agricultural hydrotechnical land ameliorations in
Ukraine have two main onward scientific vectors -
the theoretical and the practical . The first is related
to renovation of irrigation land-development, mainte-
nance, recreation and rational use of fields and aquatic
resources in the territory of our country (Ushkarenko
et al., 2005; Vozhegova et al., 2013; Romashchenko et
al., 2015, 2017). The second orientation is associated
with the technical and technological component of
the work of hydrotechnical facilities and land-devel-
opment complexes. It is related to the assessment of
technical condition, level of reliability and safety of
exploitation of the objects. Global and domestic expe-
riences indicate significant periods of work, deteriora-
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control of losses of water and level of groundwater
in the zone of influence of HTF. In most cases these
components of technical equipment are non-func-
tioning or ruined. It should be noted that currently
the instrumental methods of investigating such fa-
cilities in Ukraine are practically unused. Sometimes,
episodically, surveys using electrometric methods of
geophysics are performed (Litvinenko et all, 2009).
The investigations are conducted on a small number
of objects due to the high cost and labour-intensity
entailed. At the same time, except for visually notice-
able damaged areas, a significant amount of zones of
deformation, suffosion, water saturation, formation of
fractures are impossible to determine visually at the
initial stages of their development. Hence, this situ-
ation indicates the practicability of performing diag-
nostics of technical condition applying contemporary
methods and means of distant control.
Objectives and purposes of the study. The
conducted surveys were oriented towards identifying
the level of current technical exploitation of
hydrotechnical facilities of irrigation systems and
their influence on ecological-ameliorative condition
of their location within Dnipropetrovsk Oblast.
The main water-transporting and water-regulating
facilities in the irrigation systems are open canals and
regulatory basins which provide uninterrupted supply
and accumulation of irrigation water for watering
agricultural crops.

To achieve our goals we solved the following
tasks:
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Fig. 2. Schematic location of irrigated areas in Dnipropetrovsk Oblast (developed by the authors using the materials

(Duplyak et all, 1985)).

analyze the historical experience of creation and
functioning of hydrotechnical facilities of ameliorative
complexes in the territory of Dnipropetrovsk Oblast
in different conditions of their operation;

determine the contemporary technical condition
of hydrotechnical facilities by visual diagnostic
monitoring using instrumental geophysical methods
of surveys;

assess the geoecological influence on the adjacent
territory, ecological reliability and safety of future
exploitation of irrigation systems;

propose ways and approaches to ecologically-and-
economically based improvement of technological
level of functioning of the objects.
Materials and methods of surveys. The studies were
conducted using the following methods: 1) visual di-
agnostic monitoring of bodies and the bases of the fa-
cilities; 2) field studies using complex of geophysical
methods of Earth’s natural pulse electromagnetic field
(or ENPEMF) and vertical electric sounding (VES);
3) processing, analysis and generalization of the ob-
tained results using mathematical methods and mod-
ern program complexes Microsoft Excel, AutoCad,
Golden Software Surfer, IP2Win, Google Earth Pro.

The Earth’s natural pulse electromagnetic fieldis
one of the geoelectric fields. Methods and methodol-
ogy of studying it began to be developed in the mid

1970s in the Tomsk Polytechnic State University un-
der the leadership of O. A. Vorobiev. Since then the
method has been introduced into geophysics under
the name ENPEMF method. With time it has been im-
proved, new methods and apparatus base have been
developed, and the range of tasks it is capable of solv-
ing has been broadening. Contemporary devices allow
us to perform various engineer-geological and hydro-
geological surveys, determine zones of fractures and
rupture damage, study and predict the development of
shifts, etc (Pikarenya et al., 2009).

ENPEMF is characterized by non-stationary con-
dition in any moment of time. Due to its wave na-
ture, ENPEMF spreads in the Earth's crust, but in the
areas where fractures have formed, cavities appeared
and became filled with fluid (water), the intensity of
electromagnetic radiation (EMR) sharply decreases.
Energy of EMR dissipates in gas or is absorbed by
fluid. Because hydrotechnical facilities are made of
soil materials, they are “transparent” for ENPEMF,
but when fractures occur or soils become humid in-
side, the intensity of the field decreases. This reflects
in decrease of density of the current of impulses of
ENPEMF magnetic component, i.e. in the amount
of impulses recorded during measurements (usually
0.5— 1.0 sec). At the same time impulse is considered
any excess of frequency-wave amplitude or energy of
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ENPEMF over a certain determined level of discrimi-
nation (background value). Particularly the value of
density of the flow of impulses is the basis for inter-
pretation of studies adopting ENPEMF. Therefore,
use of this method allows one to determine areas of
seeping deformations and damaged zones on the bod-
ies and bases of facilities.

Apparatus and equipment. Monitoring using EN-
PEMF was performed using a MIEMP-14/4 device
(SIMEIIZ series) with simultaneous use of three
antennae oriented length-wise, across and vertically
downwards at the distance of 15-20 cm from the sur-
face of the facility. Survey was performed using the
following parameters of the device, similar for all an-
tennae: frequency of discretization — 50 kHz, dura-
tion of measurement — 0.2 sec, coefficient of increase
of signal — 10 V/mV, level of discrimination — 2 mV,
measurement regime — simultaneous.

Substantiation of possibility and expedience
of applying the ENPEMF method for the survey's
goals is described in-detail in the following studies
(Orlinskaya et al., 2012; Hao et al., 2012; Wang et
al., 2017; Kuzmenko et al., 2018; Chushkina et al.,
2019). This method of geophysical studies is included
in a number of state standards of Ukraine (Zbirnyk
koshtorysnykh norm na heolohorozviduvalni roboty
(ZUKN), 1999; Inzhenerni vyshukuvannia dlia budi-
vnytstva, 2014).

The method of vertical electric sounding (VES)
is one of the oldest methods of electric sounding, and
therefore quite well=known and broadly used in geo-
physical practice. Its main advantage is simplicity of
application and ostensible results, substantiating its
active employment around the world. To carry out
the studies using the VES method, we used standard
electric-survey mine apparatus SERS 5 M (Ukrainian
-IIIEPC 5 M). It has current A and B and measuring
(reception) M and N electrodes (Fig. 3). As electrodes
we used metal pins inserted into the ground. For in-
stallation of current and reception lines, we used steel-
copper wires and cables. Electrodes were aligned in
one line in relation to the center of the device.

The results of the studies using the VES method
were analyzed using a special program IPI2Win de-
veloped by Bobechov O. A., which was created for
automated and semi-automated interpretation of the
data. This allowed us to obtain the depth of embed-
ding of ground water and position of the water-re-
sistant layer in the territories adjacent to the canals
and basins. Further these data were used to determine
quantitative parameters of losses of water from their-
rigation systems and determine the level of waterlog-
ging in the adjacent territory.
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To calculate the seepage loss of water from the
canals and regulating basins, we used classic gener-
ally-accepted methods (Vedernikov, 1939). Specific
loss of water per 1 m of length of the seepage zone is
determined using the formula:

q=lks (B+A-hp) 1+, )

where k. — coefficient of seeping of soil of slope,
m/24 h; B — length from the start of the slope to the
point with stable level of groundwater, m; A — coef-
ficient which takes into account side spilling of the
seeping flow; h,— depth of water in the structure, m;
h,— height of capillary elevation, m); Y — depth to the
water-resistant layer, m.

Ecological risks of waterlogging of the territory
near the irrigation hydrotechnical facilities were pre-
dicted based on the standard methods (Ministry of
Housing and Communal Services of Ukraine, 2010).
Risk coefficient of waterlogging in this territory R
was determined using the formula:

R=J, @)

where A — coefficient of threat of waterlogging;

v — coefficient of vulnerability to waterlogging.
Objects, conditions and methods of studies. Objects
of the study were water-conveying (main canals) and
water-regulating (retention ponds) hydrotechnical
facilities made from soil materials which are the
constituents of land-ameliorative complex. All
surveys were performed within a day in favourable
weather and climatic conditions. Field surveys were
conducted on 3 main canals of Vyshchetarasivska,
Soloniano-Tomakivska and Kilchenska irrigation
systems (Tomakivsky, Soloniansky, Dniprovsky,
Petrykivsky, Mahdalynivsky and Tsarychansky
districts) and 10 retention ponds of the Petrovska
(2), Soloniansko-Tomakivska (2), Vasylivska,
Tsarychanska (3), Troiitska and Kalynivska irrigation
systems. The first 5 basins are located inSoloniansky

ca (A)
Y
V)
Al
electrodes < area of the
=, e survey
current lines /—

Legend: V - voltmeter; 4 - ammetr;
AB - reception electrodes; MN - current electrodes.

Fig. 3. Scheme of survey using VES
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Fig. 4. Constructive scheme of retention pond and methods of performing surveys using geophysical methods of ENPEMF and VES.

district, 3 basins in Tsarychansky and 1 in each
Mezhivsky and Synelnykivsky districts.

Retention ponds (Fig. 4) are quadratic facilities
with the length of sides measuring 50 to 100 m and
average depth of 4 to 6 m. They are located in a half-

furrow-half-mound, at the same time the projects
include anti-seeping cover of polyethylene film and
reinforced-concrete slabs. Their main purpose is to
act as reservoirs with pump stations of support located
near the irrigation complexes for accumulation and
retention of projected volumes of water for irrigation.
The peculiarity of the method of conducting field
surveys using the ENPEMF method in retention
ponds is survey in profile-area variant. The profiles
are located on the dams’ ridges, covering the bed and

territory adjacent to the pond. In spite of insignificant
sizes of the objects, compared with the canals, the to-
tal area we examined accounted for almost 15-10° m2.
Distance between profiles and points of observation
on profiles equaled 3 to 5 m. The research was per-
formed in two stages: when filled with water and
empty. This allowed us to substantiate, reliably study
and determine the regions of increased seeping, zones
of formation of fractures and suffusion processes at
early stages of development.

Open canals in most cases have trapezium-like
shape and run through the furrows or half-furrow-
half-mound (Fig. 5).

Technical service includes arrangement of techno-
logical berms. Canals, similarly to the ponds, should

781



L.Rudakov, H.Hapich, O. Orlinska, D. Pikarenia, V.Kovalenko, 1. Chushkina, V.Zaporozhchenko Journ. Geol. Geograph. Geoecology, 29(4), 776-788.

Cross-section of a canal constructed in a cut

ground B. ) B.

n water edge

Bow

ground
| surface

reinforced concrete slab;
polyethylene film:
rubble, sand.

Cross-section of a canal constructed in a half-cut - half-fill

canal y B. . B.

NG il
reinforced concrete slab; ‘
polyethylene film; -
rubble, sand. Bbw

bottom

Legend:

Bc - canal width;

Bb- berm width;

Bbw - bottom canal width;

Ha - canal depth;

m - slopes laying factor

@ points of study using VES method

@ points of study using ENPEMF method

Ingj

water edge

VES point é o

canal edge

canal

B. | edge

berm PN
: ” ground
surfacc

Location scheme of the ENPEMF and
VES research points on the canal

ENPEMEF observation points on
the edge (berms) of the canal

by " VES point
L L
° ° *

S
=
fa=]

ground water

level territory adjacent

to hydraulic
structures

canal bottom
depression curve

Fig. 5. Constructive scheme of irrigation canal and methods of surveys using geophysical methods of ENPEMF and VES.

have anti-seepage facing in the form of polyethylene
film and reinforced-concrete slabs, The main purpose
of the canals is transportation and provision of water to
remote locations.

Peculiarities of methods of field surveys onmain
canals depend on the constructive characteristics of
the objects. Because the canals are long and have in-
significant width, the works were carried out in the
profile variant, one profile in each of left and right
dams at the distance of 2-3 m from the internal bank.
The distance between the monitoring points in the
profiles equaled 3 to 5 m. In both cases of surveys, the
topographic division of the network was not needed,
GPS navigator references were enough.

According to the data of study using ENPEMF
method, the objects had damaged areas and zones of
increased seepage of water. We should note that this
method can not only prove visually recorded zones,
but also determine externally unnoticeable areas of
seeping deformations on the constructions and early
stages of concentration of water seeping from the
structures. To determine the level of groundwater and
calculate quantitative parameters of water discharge,
in the detected zones we made measurements using
VES. Generalized results of visual monitoring and
surveys using geophysical methods allowed us to
sufficiently accurately and quickly obtain data on the
technical condition of the facilities and discharges of
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water from them on large areas of irrigation networks.
Using this method the authors performed a con-
siderable amount of monitoring in different districts
of Dnipropetrovsk Oblast (Orlinskaya et al., 2012;
Pikarenya et al., 2013)
Results and discussion. The long period of
exploitation and absence of required technical
monitoring and repair works have led to worsening
of the conditions of safe and reliable operation of the
facilities. According to the results of visual diagnostic
monitoring of the main canals and retention ponds of
the irrigation systems, we determined the following
types of damage in the constructions (Fig. 6) which
are typical for all objects of the ameliorative complex
of the country: reinforced-concrete cover slabs were
partly ruined, and completely absent at some of the
sites; polyethylene anti-seeping film was damaged
and required substitution; on the slopes active
development of shrub vegetation was seen, which
ruins the integrity of the body of the hydrotechnical
structure. Such situation was observed in most HTFs.
Unsatisfactory technical conditions of the facilities
causes significant losses of water from the irrigation
systems, decreasing their efficiency coefficients.
Thus, water-transporting and water-regulating
elements of the irrigation systems have become
potentially ecologically dangerous objects which
negativelyaffectthe ecological-ameliorative condition
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a

Fig. 6. Ruined areas of anti-seeping coverage at the current stage of technical exploitation of the structures:

a — retention pond; b — main canal

of the neighbouring territories. Just according to the
results of visual monitoring alone, the condition of
the vast majority of the facilities requires significant
impovement in the level of technical and ecological
reliability and further safe operation.

The volume and substantiality of the results of
our studies are proved by a large number of conducted
experimental and practical surveys (Table 1).

cess of actual discharges as over 2.6 times compared
with the projected ones (Reclamation systems and
structures, 2000).

Therefore, the surveys revealed the total length
of damaged areas which according to the total length
of the facilities vary from 20% in the retention ponds
up to 34% in the canals, indicating the unsatisfactory
technical condition of the objects. We determined that

Table 1. Quantitative parameters of executed experimental and practical works

= % £ G o .
— ' o L S € a8 LL c L Qo D
< L * = - 2] [ = E< E £ S«
£y | 28| e 55 | g | as3 | 53 85g | Secw
5.2 ki) s = oa = « 85 IR s oS B YDy
= 5o = 5 & > 8 °cgd | v52Y $5 | 2583
< 23 T s 5 g = 5 3 N = S5 5 59 =-.2
o & E > s 22 =3 €82 &< 2 7 S5 88
2 28 I E s 2 Eca = T D5 285
g 33| Ef| 3%%| 5% =8 | 5%
P
10 3,450 353 61,578 12,908 65 685 19.9
MC 3 56,500 10 74,165 26,474 41 19,316 34.2
Total 13 59,950 363 135,743 39,382 106 20,001 -

Note: RP — retention ponds; MC — main canals

Based on the performed research using the
methods of Earth’s natural pulse electromagnetic field
(ENPEMF) and vertical electric sounding (VES), there
are presented the generalized calculations of seepage
discharges depending on the length of structures and
determined evaporation losses depending on the area
of the water table.

Seepage discharges of water from elements of
irrigation systems were calculated in the conditions
of homogenous soil in the context of seeping flow
without pressure. General parameters for 3 main ca-
nals and 10 retention ponds of Dnipropetrovsk Oblast
were calculated at minimum and maximum levels of
water in the structures (Table 2). We should note that
on the example of retention ponds, we determined ex-

non-productive losses of water for irrigation may vary
from 3.95 M m® at minimum levels of water in the
structures to over 5 M m?® at maximum levels. Cur-
rently, for the needs of irrigation, around 23 M m? of
water is withdrawn from various sources. Thus, the
volume of irreversible losses from the elements of ir-
rigation systems can reach 17 to 22% of the total. In
the current conditions of operation, at average cost of
irrigation water equaling about 4 hryvnias per 1 m?,
oriented loss in the money equivalent can account for
~16 -20 M hrn per season.

The large amounts of seepage losses also affect
the level of groundwater in the adjacent territories,
leading to waterlogging of the lands, change in the
qualitative and quantitative parameters of ecological-
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Table 2. Calculation of water losses from the elements of ameliorative systems (generalized indicators)

Hydrotechnical facilities* | Calculated seeping water losses (taking into account parameters of detected areas of breakdowns and
damages in the structures)
Per 24 h, Per month, Per watering season
g, m¥24 h g, m¥month (5 months), g, m*/season
mp min 1,723 51,675 258,375
max 1,915 57,460 287,300
MC min 24,616 738,468 3,692,340
max 31,598 947,936 4,739,680
min 26,338 790,143 3,950,715
Total
max 33,513 1,005,396 5,026,980

Note: RP — retention pond; MC — main canal; min — calculations at minimum water level; max — calculations at maximum water level in the structure.

ameliorative condition of irrigation sites and chemi-
cal composition of groundwater. An additional factor
of ecological threat is low quality of irrigation water
(Rudakov et all., 2019). We should note the threat of
deterioration of the quality of water resources for the
needs of irrigation (Fig. 7).

vear 2004

salinization, sodification, alkalinization, toxification
of lands, etc.

Fig. 8 presents the dynamics of change in the
irrigation areas of Dnipropetrovsk Oblast according
to the threat of impact on soils as a result of watering
with low-quality water.

| 1-class water

@2-class water

OWater which needs
preliminary
improvement

6092; 23%

vear 2014

Fig. 7. Deterioration of quality of water for irrigation in relation to irrigated areas (ha; %) in Dnipropetrovsk Oblast in 2004-2014.

The territory of the sites irrigated with water
which needs preliminary improvement increased
from 2,219 ha in 2004 to 6,092 ha in 2014, i.e. by
2.75 times over 10 years.

The quality of irrigation water directly affects the
evolution of soils. Watering with low-quality water
leads to dangerous processes, particularly secondary

Analysis of the data given in Fig. 8 suggests
significant changes in the irrigated areas according to
several types of threat, rapidly deteriorating ecological
situation in the irrigated sites and neighbouring
territories. Therefore, the dynamics of irrigated areas
over ten years (from 2004 to 2014) indicates a 1.4-fold
increase in danger of secondary salinization, 2-fold
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o < e .
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Fig. 8. Dynamics of change in the area of irrigated lands of Dnipropetrovsk Oblast in 2004-2014 according to the threat
of impact of soils as a result of low quality of aquatic resources.
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increase in the threat of sodification, 1.9-fold increase
in danger of alkalinization, and 1.5-fold increase in
threat of toxic effect on plants.

An indicatory element of deterioration of the
ecological component of managing irrigational
land development is the structure of changes in the
irrigated areas (Fig. 9). Among the abovementioned
elements of hazardous impact, we can clearly see a
rapid decrease in the area of fields irrigated with water
of normative quality. Such territories decreased by
2.65 times.

vear 2004

Discussion of the results. The presented quantitative
parameters of experimentally determined damaged
areas of the hydrotechnical facilities indicate
significant deterioration in the technical condition
of the vast majority of hydrotechnical facilities in
Dnipropetrovsk Oblast, which is typical for the
ameliorative complex of the country. Long absence of
repairs and required technical monitoring, violation
of requirements concerning expected loads and
effects over the substantiated period of operation of
the facilities have led to a collection of a number

Othreat of secondary salinization
Othreat of sodification

Bthreat of toxic impact on plants
Othreat of alkalinization

Bquality of water corresponds to the norms

year 2014

Fig. 9. Structure of change in the area of irrigated lands (ha; %) in Dnipropetrovsk Oblast according to threat of impact on
soils as a result of low quality of aquatic resources for the period of 2004-2014.

Water lost from the hydrotechnical facilities
is not lost unnoticeably — it elevates the level of
groundwater and leads to formation of excessively
moistened areas along the canals with plots of marsh-
reed vegetation, significantly affecting the ecological
balance in the agrolandscapes.

The obtained results of the surveys indicate eco-
logical threat of further exploitation of the retention
ponds and main canals not only due to unsatisfactory
technical condition, but also due to significant deterio-
ration in the quality of water resources. This underlines
the necessity of improving the technical condition of
hydrotechnical facilities and setting greater require-
ments regarding the quality of irrigation water.

In view of the facts mentioned above, a relevant
issue is the assessment of risks of waterlogging inthe
territories adjacent to the canals and ponds. Risk co-
efficient R determined based on the extent of threat
and level of vulnerability to waterlogging is evalu-
ated according to the principle of crossing of these
events. On the example of the studied objects it was
determined in correspondence to the normative docu-
ment (Ministry of Housing and Communal Services
of Ukraine, 2010) ranging 0.05 to 0.2.

Generalization of the obtained parameters allows
us to state the extent of risk, classifying it as low and
moderate. At the same time, we should emphasize that
decrease in the level of ecological threat as a result of
large losses and low quality of water resources has a
remote-in-time accumulating effect.

of technical problems, thus categorizing the objects
as ecologically dangerous. In order to solve this
problem of restoration and further development of
ameliorative systems, it is relevant to determine the
amounts of work and resources needed to perform
repair-restoration works, and also the order of
their implementation. First of all it is necessary to
determine the most potentially threatening areas using
monitoring surveys.

The main directions of implementation of and
methodological approaches to improvement of tech-
nical and ecological condition of the facilities must
be based on the methods of systemic optimization of
complex technical-natural systems (Turchenyuk et
al., 2017).

The presented list of measures is expedient from
the practical perspective, therefore allows providing
efficient functioning of HTFs in irrigation systems
due to the ecologically-economically based optimiza-
tion of constructive, technical and technological pa-
rameters and indicators of operation of the facilities.
An approach to complex mechanism of regulation of
the mentioned elements of functioning of HTF of the
ameliorative complex is proposed (Fig. 10).
Conclusions

1. The performed historical analysis of existing
sources presents the main stages of development
of the ameliorative complex in the territory of
Dnipropetrovsk Oblast. We determined the significant
periods of work of most objects, and also their non-
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Fig.10. Elements of technical and ecological and economic support of efficiency of functioning of hydraulic engineering

constructions on irrigation systems

correspondence to the contemporary requirements of
technical and ecological reliability of exploitation.

2. We performed field surveys to determine
the current level of technical exploitation of the
hydrotechnical facilities. We conducted visual
diagnostic monitoring, and also instrumental surveys
using a complex of geophysical methods of Earth’s
natural pulse electromagnetic field (or ENPEMF)
and vertical electric sounding (VES). The reliability
of the obtained results is proved particularly by the
significant amount of survey-methodological work
carried out and their practical implementation.

3. We determined that the share of the damaged
areas where zones of water seepage and suffusion
were found is 20 to 35% depending on the type of
construction of the facilities. The main disadvantages
of technical condition are ruination of anti-seeping
cover of reinforced-concrete slabs and polyethylene
film, development of shrub vegetation on slopes and
berms of the facilities, formation of areas of seepage
deformations.

4. We determined the amounts of seepage losses
from the transporting and regulating hydrotechnical
facilities. Depending on the level of water they ac-
counted for 3.9 to 5 M m?3, which in the contemporary
economic conditions of water provision are equiva-
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lent to money losses equaling 16-20 M hryvnias per
season.

5. Thearticle shows that further exploitation of the
facilities threatens the ecology because of significant
worsening of quality of surface water resources.
We showed the threat of changes in irrigated areas
according to the danger of secondary salinization,
sodification, alkalinization and toxicification.
The areas of land where irrigation water requires
preliminary improvement of qualitative parameters
account for around 20 thou ha, which is 76% of the
total area of watered land.

6. We calculated the coefficient of ecological risk
of waterlogging of territory in the zone of influence
of the hydrotechnical facilities, which is mostly
classified as low or moderate.

7. We proposed and substantiated the approaches
to improvement of the general level of technical
exploitation of hydrotechnical facilities. The practical
task is implementation of the constituents of technical
and ecological-economic provision of efficiency of
functioning of the objects, based on the methods of
systematic optimization of components of technical-
natural complexes.

8. We substantiated the expedience of using
contemporary, relevant and low-cost methods and
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means of technical diagnostics of the facilities, which
would allow not only identification of externally
unnoticeable areas of deteriorated condition, but
also for them to be identified at the stage of initial
development and then repaired. Timely diagnostics
and technical evaluation would contribute to the
prediction of composition, amounts and order of
performance of repair-restoration works at different
stages of operation.
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Received: 20.03.2020 Abstract. The descent of avalanches is quite a usual phenomenon for the Ukrainian
Received inrevised form:28.08.2020 Carpathians, as well as for the conditions of mountain terrain in general. The Gorgany
Accepted: 23.09.2020 range of the Carpathian mountains is a typical avalanche-prone territory. Avalanches cause

significant damage to forestry and may lead to casualties. Therefore, descent of avalanches
has for a long time been a subject of fundamental research in geomorphology, meteorology, topography, photogrammetry and GIS
technologies. Using photogrammetric mapping, we analyzed the causes of the descent of one of the largest avalanches in the Ukrainian
Carpathians for the past 15 years. The avalanche fell from Poliensky mountain in the Gorgany mountain range in 2006, causing
destruction of a great amount of forest. The main causes of avalanches were divided into two groups, the first including more or less
stable factors caused by impact of terrain and somewhat less by solar radiation and the second group comprising meteorological factors,
such as prolonged snowstorms and snowfall, that is, different fluctuations in weather. The main attention was paid to the first group
of factors. For this purpose, a digital terrain model (DTM) of the study area was developed, visualizing the terrain, demonstrating the
studied slope of the mountain along which the avalanche slid. According to the digital model, we developed maps of the steepness and
exposition of the slope. Also we calculated the coefficient for solar radiation incident on the slope and which depends on the height of
the Sun above the horizon and the coordinates of the slope. Using these data, the illuminance map of the Poliensky mountain area was
developed. Studies conducted using GIS technologies led to the conclusion that the determining factors that triggered the powerful
avalanche from Poliensky mountain were the great steepness and length of the slope, as well as the absence of forest at the top of the
mountain, i.e. at the beginning of the avalanche track.

Keywords: avalanche; mountainous terrain; relief; illumination; slope; forest; geoinformation technologies; visualization

AHaJI3 ripcbKoro pejbedy 1mo/10 NPpUYMH BUHUKHEHHS CHITOBOI JIABUHHU
P. M. Pynuiit, 1O. O. Kucenpos!, I'. T. lomamrerko?, O. 1. Kpasens?, K. II. I'ycap?

YVmancoruil nayionanvnuil ynieepcumem cadisnuymea, M. Ymamno, Ykpaina
2[gano-PpanKiecoKuil HAYIOHATLHUL MeXHIYHULL YHIgepcumem nagmu i 2azy, m. leano-Ppankiscok, Yikpaina

AHoTanisi. BukoHaHo aHai3 IpyUYrH CXOMKEHHs OHIET 3 HAUOLIBIINX CHIrOBUX JIaBUH B YKpaiHchkux Kapmarax 3a ocranHi 15 pokis,
— Ti€i, wo 3ikima 3 ropu ITonexcekuii ripeskoro macuby Topranu 24 G6epesus 2006 poKy i pU3BENa 10 3HUILEHHS BEJIUKOI KiIbKOCTI
sicy. OCHOBHI MPUYUHU CXO/PKSHHS CHITOBUX JIABUH PO3/IiJICHO Ha JBi rpynu. Jo nepioi BiiHeceHO OiIbII-MEHII CTablibHI YMHHUKH,
BUKJIMKaHI MOp(HoMeTprIHUMH (HaKTOPaMH, a CaMe BIUTMBOM pejibedy Ta, ASII0 MEHIIIO MipOot0, COHSYHOI paianii. J{o apyroi rpymu
BiJTHECEHO YMHHUKH, SIKI MOXKYTh 3HAYHOIO MipOIO 3MiHIOBaTHCs 3 4acoM. Lle Mereopomnoriuni GpakTopu, a came — TPUBAJ 3aMeTifi
Ta CHIromaay, TOOTO pi3Hi KOJIMBAHHS MOrogHUX yMoB. OCHOBHY yBary MpuAijIeHO MEpIHiil rpyni YMHHHUKIB. J[Jis bOro CTBOPEHO
1 poBy Mozenb penbedy TOCIiHKYBaHOI TEPUTOPIT, 110 TO3BOIMIIO Bi3yalizyBaTH penbed), HAOUHO MPEICTABUTH TOCHIHKYBAHUIT
CXUII TOPH, MO SKOMY 3iHIIIa aBuHA. 3a JaHUMK HU(POBOI MojeNi MOoOYIOBaHO KapTH KPYTHU3HU Ta EKCIO3UINi cxuimiB. Takok
po3paxoBaHO KOe(illieHT COHSYHOI pajialii, sKa MOTPAIUIsie Ha CXWIT 1 3aJIeKHUTh Bl Bucot COHIIS HaJl TOPU30HTOM Ta KOOPAWHAT
cXuTy. 3a IMMH JJaHKUMH CTBOPEHO KapTy OCBITIIEHOCTI paiiony ropu Ilonencokuii. [IpoBeneni pocnmimkenns 3 Bukopucrauusm ['IC-
TEXHOJIOTi# JI03BOJIIIN 3pOOMTH BUCHOBOK, 1110 BU3HAYAJIbHUMH YHHHUKAMH, 1110 TPU3BENH 10 CXODKECHHS MTOTY/KHOI CHIFOBOT JIABHHU
3 ropu [loneHchKuii, Oyiu BenKka KpyTH3HA Ta TOBKHHA CXUITY,  TAKOXK BIJACYTHICTD JIiCY Ha BEPILHHI FOPH, TOOTO HA MOYATKY HUISXY
JIABUHU.

Kniouosi cnosa: cHieosa naguna, 2ipcoka mepumopis, peiveg, 0Ceimienicmy, cxXui, Jic, 2e0iHpopmayitini mexHonoeil, 6i3yanizayis
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Introduction. Analysis of causes of avalanches
— such as for example prolonged blizzards and
snowfalls, rapid fluctuations of weather conditions
and temperature due to radioactive melting of snow,
terrain and vegetation of an area, etc — indicates that
they could be divided into two groups. The first group
comprises factors which are unstable and may change
over time, while the second one includes factors which
to some extent or other in a particular area could be
considered stable. Locations of slides of avalanches
or avalanche-prone areas are characterized by stable
factors such as relief of the Earth’s surface and to a
certain extent the amount of solar radiation incident on
the area. These aspects will be analyzed in this article.
Poliensky mountain is located in the Ukrainian
Carpathians, within the Gorgany Nature Reserve,
and particularly Nadvirniansky district of lvano-
Frankivsk Oblast, south of Chernik village and east of
Bystrytsia village. The name of the mountain derives
from the word “poliana” (locally “poliena” [Ukr.
nossHa, noynena — glade — Translator's note]), there-
fore, perhaps, the mountain would be better called Po-
lienska, and not Poliensky [referring to feminine gen-
der of the word — T.n.]. The mountain is located in the
north-west part of the Dovbushanka range. Its altitude
equals 1,693 m, the northern and eastern slopes are
steep and inaccessible. The top and pre-topslopes are
not forested, with rocky screes, in some places with
krummholz of bog pine (Pinus mugo); lower there are
located forests composed of softwood tree species,
particularly spruces, bog pines, cedar. North-east of
the peak Kozlii Gorgan mountain (1,617 m) is located
, While south-east of the peake are Vedmezhyk (1,737
m) and Dovbushanka mountains (1,754 m).

High avalanche danger is seen in high mountain
areas of the district — Bratkivska and Dovbushanka.
In total, within this district, 248 avalanche-prone ar-
eas were found, where avalanches occur mostly in the
winter-spring period. Avalanches occur every year,
most often in snowy years; mainly dry-snow ava-
lanches of fresh snow, or after blizzard, more rarely
- wet-snow avalanches (during thaws and melting of
snow).

Objective and relevance. The objective of this
article was performing analysis of causes of one of the
biggest avalanches which occurred in the Ukrainian
Carpathians over the last 10-15 years, namely the one
which fell from Poliensky mountain on 24" March
of 2006, causing destruction of a large part of the
forest in the Gorgany Natural Reserve. Along its way
the avalanche destroys not only a great amount of
productive forest but young trees as well, it sweeps all
this material down to the foot of the mountain, altering
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the terrain. From the philosophical point of view, the
surface is both cause and effect of the avalanche.

Fig. 1 and 2 show a satellite image of Poliensky
mountain, indicating the avalanche track, and a
photograph of the northern slope, showing the
aftermath of the avalanche.

Figures 1 and 2 show that the avalanche plum-
meted from the northern slope of the mountain, caus-
ing significant losses of forest which still has not
recovered, though 14 years have passed. The total
length of the avalanche track is 1,380 m, width — 50 to
110 m. The length of non-forested part of the pathway
equaled 437 m. Thus, the area of lost forest accounts
for around 6.3 ha. Assuming that the average height
of trees is 30 m, and the thickness of the trunk — 25 m,
distance between the trees — 3 m, we obtain losses of
8,440 trees or 12,410 m? of wood.

Therefore, study of snow-sliding processes and
analysis of their causes are quite relevant, because
apart from financial losses, large avalanches can lead
to human casualties.

Analysis of the literature sources. Because ava-
lanches have been studied over several centuries,
this topic is described in a large amount of scientif-
ic literature sources (Bellaire et al., 2016; Canadian
Avalanche Association, 2002; Hendrikx, Murphy &
Onslow, 2014; Tykhanovych & Bilaniuk, 2015; Rudyi
& Husar, 2011; Rudyi et al., 2012; Rudyi, 2018). The
most recent in-depth studies include analysis of physi-
cal properties of snow and the soil beneath it. Particu-
larly, one article indicates priority influence of the ter-
rain and presence of forest, especially hardwood tree
species on the mountain slopes (Tykhanovych & Bi-
laniuk, 2015). The surveys of Japanese scientists were
focused on the problems of modeling using satellite
technologies of spatial distribution of snow cover in
mountainous countries (Asaoka & Kominami, 2012).
As for the Ukrainian Carpathians, the creation of a
digital model of the terrain of avalanche-prone territo-
ries as a tool of mapping using GIS-technologies has
been substantiated (Hrytskiv, Laikun, & Babii, 2016).
The latest publications of Canadian researchers
include a large amount of references to the literature
sources (Bellaire et al., 2016; Canadian Avalanche
Association, 2002; Hendrikx, Murphy & Onslow,
2014; Margreth, 2007; McClung & Schaerer, 1993;
Pistocchi, 2002). Particularly, they note that in study-
ing the causes of avalanches one should take into ac-
count determining territorial conditions. One might
add that this should be also taken into consideration
while choosing tourist itineraries (Kolotukha, 2008).

The object of the research presented in this

article is the extremely destructive avalanche which
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. Avalanche track

Fig. 1. Poliensky Mountain (from open internet source)

descended from Poliensky mountain in the Ukrainian
Carpathians on 24" of March 2006, and the subject is
the terrain of the territory of its occurrence.
Materials and methods of study and results. To
analyze the causes of avalanches from Poliensky
mountain, we used the methods of geoinformational
modeling. Experimental researches were performed
using the materials (digital terrain models, DTR) at
the Scientific-Research Institute of Geodesy and Car-
tography using SURFAR software pack on the basis
of photo-material collected by the authors (Rudyi &
Husar, 2012). The size of the territory the DTR was
created for accounts for 15.2 X 14.1 km or 21.5 thou
ha. Distance between the nodes of the grid of the
digital model was 15 m. Fig. 3 shows a map of the
research area. Fig. 4 provides a more detailed image
of Poliensky mountain and the slope where the ava-
lanche occurred. The size of the digital model of Po-
liensky mountain equals 3.2 X 4.3 km or 1.4 thou ha.
Distance between the nodes of the grid of the digital
model equals 4 m.

Fig. 3 shows that the terrain of the studied area
of the Gorgan territory is complex, deeply divided,

Fig. 2. Northern slope of Poliensky Mountain (Rudyi & Husar,
2012)

making it especially avalanche-prone. In many
places, avalanches reach the bottom of the gorges,
thus blocking the mountain rivers and forest roads.

Methods of digital modeling visualized the terrain
of the area, demonstrating the surveyed slope of the
mountain along the track of the avalanche , allowing
us to analyze its morphometric factors, particularly
steepness, length and exposition of the slope. For this
purpose, according to the data of the digital model
of the terrain, we developed maps of exposition and
steepness of the slopes, given in Fig. 5and 7.

This map indicates the image of orientation of the
slopes of Poliensky mountain in relation to the cardi-
nal directions, blue indicates the northern slopes, red
— southern, green — western, yellow — eastern.

Regarding exposition, southern slopes are con-
sidered to be more prone to avalanche-formationthan
the northern one, western and eastern being average
in this respect. It is explained by the fact that the
southern slopes are better heated, and the snow melts
there more intensely (Rudyi et al., 2011). In our case
this factor is not the determining one, because the
avalanche descended along the northern slope. Illu-
minance of the slopes is another factor leading to ava-
lanche. The current of solar radiation onto the slope
S. depends on the height h and azimuth of the sun A,
inclination angle v and azimuth of slope a:

Ec=Eo-[cos h sin v-cos (A a )+sinh-cosv ]=E ;K

where E_ — current of direct solar radiation onto

the surface which is perpendicular to the sunrays of
the area of 1 m2per 1 sec:

E=1.36-10°W/m?-sec.

The coefficient Ks, which is the cosine of the
angle between the direction of the Sun and the normal
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Fig. 3. Digital model of the studied area
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Fig. 4. Digital model of the slope where the avalanche struck

to the earth’s surface, was calculated and a map of the
illumination of the Polensky mountain areaaccording
to these data was created.

We calculated K coefficient which is the cosine

between the direction towards the sun and the normal
to the earth surface = normal surface of the Earth's

792

surface, and according to these data, we developed
the map of illuminance of Poliensky mountain given
in Fig. 6.

According to the content of Fig. 6 which shows
the division of the territory of Poliensky mountain
according to the angles between the direction towards
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Fig. 5. Map of the exposition of the slope
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Fig. 6. Map of the illuminance of Poliensky mountain (Levchenko & Shynkarenko, 2003)
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301000
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Fig. 7. Map of the steepness of the slope

the sun and the normal towards the earth surface (the
lesser this angle, the larger amount of heat is incident
on the slope), the avalanche fell along moderately
illuminated slope. Thus, the illuminance factor was
also not the determining one in this case.

Therefore, the determining factor in this case,
apart from meteorological conditions of course, is the
terrain of the area. According to the developed map of
steepness, the slope on which the avalanche descend-
ed is characterized by great angle of steepness. If one
does not take into account the height of the mountain
with insignificant slope angle of up to 10°, then the
first half of the avalanche track runs along the slope
with steepness angle of over 25°. The length of the
avalanche’s pathway is 1,380 m.

Great length and inclination angles of slopes
contribute to occurrences of avalanches in forest
cuttings and even in forests. Particularly those
factors were determining during the formation of
the avalanche on the northern slope of Poliensky
mountain. Such conditions of terrain underlie the
occurrence of an avalanche of great kinetic energy
and development of a wind shock wave which can
cause destruction, and even destroy areas of forest on
opposite slopes.
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Conclusions and perspectives for further studies.
The studies performed using GIS-technologies
allowed us to state that the determining causes of
the avalanche from Poliensky mountain were great
steepness and length of the slope and also absence of
forest on the mountain peak; i.e. at the starting point of
the track of the avalanche (437 m). At the same time,
occurrence of the avalanche on the northern slope
with low illuminance makes it non-typical, because
as we know intense heating particularly of southern
slopes leads to development of avalanche processes.
Obviously, apart from morphometric factors, the
formation of the studied avalanche and its fall in the
indicated place was to a large extent affected by the
meteorological factor, particularly great amount of
snow, and perhaps formation of a “visor” or “cornice”
on the peak and its further dislodging in particular
weather conditions, leading to an avalanche, while
absence of forest composed of hardwood trees meant
there was no obstruction to the sliding. Detailed study
of the role of meteorological factors in development
of avalanches in the Ukrainian Carpathians in general
and the one that descended from Poliensky mountain
in 2006 in particular can be one of directions of further
studies of causes of development of avalanches.



Roman M. Rudyi, Yuriy O. Kyselov, HalynaT. Domashenko, Olena Y. Kravets, Kateryna D. Husar

Journ. Geol. Geograph. Geoecology, 29(4), 789-795.

References

Asaoka, Y., Kominami, Y.,2012. Spatial snowfall distribu-
tion in mountainous areas estimated with a snow
model and satellite remote sensing. Hydrological
Research Letters 6, 1-6. DOI: 10.3178/HRL.6.1

Bellaire, S., Jamieson, B., Thumlert, S., Goodrich, J., &
Statham, G., 2016. Analysis of long-term weather,
snow and avalanche data at Glacier National
Park, B.C., Canada. Cold Regions Science and
Technology 121, 7.

Canadian Avalanche Association, 2002. Guidelines for
Snow Avalanche Risk Determination and Mapping
in Canada. D. M. McClung, C. J. Stethem, P. A.
Schaerer, & J. B. Jamieson (Eds.). Revelstoke,
BC, Canada: Canadian Avalanche Association.

Hendrikx, J., Murphy, M., & Onslow, T., 2014. Classifcation
trees as a tools for operational avalanche
forecasting on the Seward Highway, Alaska. Cold
Regions Science and Technology, 97, 8.

Hrytskiv, N. Z., Laikun, L. Yu., & Babii, L. V., 2016. Kar-
tohrafuvannia lavynonebezpechnykh terytorii z
vykorystanniam HIS tekhnolohii [Mapping of av-
alanche dangerous territories using GIS technolo-
gies]. Heodeziia, kartohrafiia i aerofotoznimannia:
Mizhvidomchyi nauk.-tekhn. zbirnyk. 84, 44-55
(in Ukrainian).

Kolotukha, O. V., 2008. Lavynna nebezpeka dlia turystiv
v horakh Ukrainy [Avalanche danger for tourists
in Ukrainian mountains]. Kyiv: Federatsiia
sportyvnoho turyzmu Ukrainy (in Ukrainian).

Levchenko, O. M., & Shynkarenko, H. A., 2003. Mod-
eliuvannia protsesiv.  pohlynannia  soniach-
noii enerhii diliankamy realnoii mistsevosti
[Modeling Solar Energy Absorption Processes by
Avreas of Real Territories]. Heodeziia, kartohrafiia
i aerofotoznimannia: Mizhvidomchyi nauk.-
tekhn. zbirnyk. 63, 241-245 (in Ukrainian).

Margreth, S., 2007. Defense structures in avalanche
starting zones — Technical guideline as an aid
to enforcement. Environment in Practice no.
0704. Federal Offce for the Environment, Bern,
Switzerland; WSL Swiss Federal Institute for
Snow and Awvalanche Research SLF, Davos,
Switzerland. 134.

McClung, D. M., & Schaerer, P. A., 1993. The Avalanche
Handbook. The Mountaineers, Seattle, Wash.

Pistocchi A., 2002. Use of the USPED model for mapping
soil erosion and managing best land conservation
practices. Integrated assessment and decision
support, proceedings of the first biennial meeting
of the international environmental modelling and
software society, 163-169.

Rudyi, R.M., 2018. Vplyv reliefu Ukrainskykh Karpat
na vynyknennia snihovykh lavyn [Influence of
the relief of the Ukrainian Carpathians on the
occurrence of snow avalanches]. Tezy dop.:
Ekolohiia ta ratsionalne pryrodokorystuvannia.
Mizhnarodna naukova konferentsia «Olviiskyi
forum — 2018: Stratehii krain Prychornomorskoho
rehionu v heopolitychnomu  prostori»  (m.
Mykolaiv, s.m.t. Kobleve, 7-10 chervnia 2018 r.),
36-38 (in Ukrainian).

Rudyi, R. M., & Husar K. D., 2011. Morfolohichni
kharakterystyky shliakhu snihovoi  lavyny
[Morphological characteristics of the snow
avalanche path]. Heodeziia, Kkartohrafiia i
aerofotoznimannia: Mizhvidomchyi nauk.-tekhn.
zbirnyk. 75, 88-92 (in Ukrainian).

Rudyi, R. M., & Husar K. D., 2012. Analiz shliakhu
ta shvydkosti skhodzhennia snihovoi lavyny
[Analysis of the path and speed of the snow
avalanche ]. Suchasni dosiahnennia heodezychnoi
nauky ta wvyrobnytstva. 11(24), 170-172 (in
Ukrainian).

Rudyi, R. M., Kerker, V. B., & Tkachuk, H. I., 2011. Vyz-
nachennia ekspozytsii zemelnykh dilianok dlia
vrakhuvannia yikhnikh ekolohichnykh khara-
kterystyk ta vartosti [Determining Land Expo-
sures for Considering their Environmental Char-
acteristics and Value]. Heodeziia, kartohrafiia i
aerofotoznimannia: Mizhvidomchyi nauk.-tekhn.
zbirnyk. 75, 150-154 (in Ukrainian).

Rudyi, R., Kravets, O., Kravets, Ya., Pryimak, D., & So-
lovei, H., 2012. Klasyfikatsiia zemelnykh uhid
za elementamy reliefu [Classification of Land
by Relief Features]. Suchasni dosiahnennia
heodezychnoi nauky ta vyrobnytstva. 11(24), 151-
154 (in Ukrainian).

Tykhanovych, Ye. Ye., & Bilaniuk V. 1., 2015. Lavynni
protsesy v Ukraiinskykh Karpatakh [Avalanche
processes in the Ukrainian Carpathians]. Journal
of Education, Health and Sport. 5 (7), 96-104 (in
Ukrainian).

795



ISSN 2617-2909 (print)
JOURNAL of Geology, ISSN 2617-2119 (online)

GEOGRAPHY And
Journ.Geol.Geograph.

Geoecology Geology.
29(4), 796-804.

Journal home page: geology-dnu-dp.ua doi: 10.15421/112072

Serhii M. Shevchuk Journ. Geol. Geograph. Geoecology, 29 (4),796-804.

Areal communities’ centres of Poltava Region as social-economic growth poles
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Recez’yed: 51.03:2020 Abstract. The article embraces the thorough analysis of the social-economic space of Pol-
Received inrevised form: 06.07.2020 tava Region via administrative-areal reform as well as united areal communities’ forma-
Accepted: 08.09.2020 tion. Given research has its base in the methodology of spatial analysis of areal systems

with different levels of their organization. As a result, the very essence of social-economic
growth poles’ forming process was revealed in succession. The fact this growth poles’ formation on depressive territories tends to be
the ultimate way to improve their social and economic status has been logically ascertained. The typification of Poltava Region united
areal communities’ centres as social-economic growth poles was held according to such criteria as their formation and impact exten-
sion over the surrounding territory. Actually, the forming peculiarities and the further development of growth poles on the regional
level have an urgent necessity under active administrative-areal reform. Therefore, the prerequisites and the forming factors of Poltava
Region growth poles were clearly defined. As a result, all the groups’ types of regional social-economic centres, which are already
formed social-economic development poles (Poltava, Kremenchuh), development poles under formation (Horishni Plavni, Myrhorod,
Lubny, and Hadiach), centres with some prerequisites to transform into growth poles (Karlivka, Pyriatyn, Lokhvytsa, Zinkiv, Hlobyne,
and Kobeliaky), and centres with insufficient capacity to transform into growth poles (Velyka Bahachka, Kozelshchyna, Mashivka,
Novi Sanzhary, Opishnia, Reshetylivka, Semenivka, Chornukhy, and Shyshaky), have been classified correctly. Those centres that have
low formation level, being unable to transform into growth pole (Bilotserkivka, Butenky, Velyki Sorochyntsi, Drabynivka, Zavorsklo,
Zasullia, Klepachi, Kolomatske, Krasna Luka, Lanna, Mala Pereshchepyna, Machukhy, Mykhailivka, Nedoharky, Nekhvoroshcha,
Novoavramivka, Novoznamianka, Obolon, Omelnyk, Petrivka-Romenska, Pishchane, Pokrovska Bahachka, Pryshyb, Rokyta, Ruden-
kivka, Sencha, Serhiivka, Skorokhodove, Tereshky, Shcherbani), consolidate into the specific pattern. The results of the research aim
to provide the primary, administrative, and social-economic UAC centers’ functions. As a matter of fact, the fundamental prerequisite
of the Poltava Region’ area sustainable social-economic development can be efficiently contributed by already formed poles. They are,
in fact, able to maintain the conservation of regional ecosystems, the areas’ innovative development achievements, the overcome of
poverty, the preservation of national values and traditions, etc. Only the transformation of the described centers or acquiring them the
nuclei traits of social-economic development poles should ensure the balanced areal development of the region.

Key words: Poltava Region, administrative-areal order, UAC (united areal community), centre, social-economic development

enTpu Tepuropiaabuux rpoman [loaraBcbkoi 001acTi AK MOJIIOCH COLIATBLHO-€KOHOMIYHOTO
3pOCTaHHS

C. M. llleBuyk

Tonmascokuil HayionanvHull nedazociynuil yHisepcumem imeni B. I'. Koponenxa, I[lonmasa, Yxpaina,
S_Sevchuk@online.ua

Auoranisi. CTaTTs BKIIOYAa€ KOMIUIEKCHHH aHali3 COIiajJbHO-eKOHOMIYHOro mpoctopy IlonraBchkoi oOnacTi Kpi3b MPU3MY
aIMiHICTpaTUBHO-TePUTOpiasibHOT peopMu Ta HOpMyBaHHs 00’ €THAHUX TEPUTOPiaTbHUX rpomasi. Pobora Ga3yeThest Ha METOIONOTTT
MIPOCTOPOBOTO aHAJi3y TEPUTOPIaJbHUX CHCTEM pPI3HOTO piBHs oOpraHizamii. MeToauka MOCTIDKEHHS mependadana IOCiI0BHE
BUKOHAHHS HACTYIHUX OIepalliii: Bu3HaueHHs poii i micipl nentpie OTI B ekoHOMIII, TepUTOpiaibHiil CTPYKTYpi rOCIOAapCTBa i
PO3CeTeHHI HACEIeHHS; OCI/PKeHHsI YMHHUKIB, sIKi BU3HAYAIOTh MpoiiecH po3BUTKy nentpiB OTI'; aHani3 B3a€MOBIUIUBIB PO3BUTKY
TOCIIOAApCTBa, Horo cnemiamizamii 1 nentpiB OTI; Bu3HaueHHS cydacHOro cTaHy i TeHAeHHii po3BUTKy meHTpiB OTI cimbchbkux
paiioHiB; ycranoBiieHHs poii neHtpiB OTI' y hopMyBaHHI TOCIIOAAPCHKUX CUCTEM; OOTPYHTYBaHHs Mozeni kiacudikauii nenrpis OTT
SIK TIOJTFOCIB 3POCTAHHS; MMPOEKTYBAHHS HANpPSMIB PO3BUTKY IOJIOCIB 3pocTaHHs Ha 6a3i nentpis OTI. Po3kputo cyTHICTH mporecy
(hOpMyBaHHSI MOJIOCIB COLIATBHO-CKOHOMIYHOTO 3POCTAHHS. Y CTAHOBIICHO, 110 ()OPMYBAHHS MOJIOCIB 3POCTAHHS HA JETPECUBHUX
TEPUTOPISIX € €IUHUM IUIAXOM IOKPAIICHHS iX COIiaJbHO-€KOHOMIYHOIO CTaHy. 3iMCHEHO THIMI3alil0o NEHTPIB 00’ €IHAHUX
TepuropiaibHUX TpoMmaa [lontaBcbkoi 00macTi SIK MOJTIOCIB COIATbHO-CKOHOMIYHOTO 3pDOCTaHHS 32 KPUTEPisAMU c(HOPMOBAHOCTI Ta
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MacmrabaMu BIUIMBY Ha HABKOJIUIIHIO TepUTOopito. [liATBepmKeHo, 110 Ha TJIi MPOBEASHHS aAMiHICTPaTUBHO-TEPUTOPiaIbHOI pehopMu
0co0IMBOCTI (POPMYBAaHHS 1 MONAJIBIIOTO PO3BUTKY IOJTIOCIB 3POCTAHHS HA PETiOHATBHOMY piHI MAIOTh BHUKJIIOUHY AKTYaJIbHICTb.
Buznaueno nepeaymoBu i ymoBu opMyBaHHS MOMOCiB 3poctanHHs y [TonTaBepkiit obmacti. PesynpraTom qociikeHHS € BUAIICHHS
TUMIB TPy PETiOHAJIBHUX COMiaTbHO-EKOHOMIUYHHMX NEHTpIB: C(hopMOBaHI MOIIOCH COMiaNbHO-€KOHOMIYHOTO PO3BUTKY; ITOIIOCH
PO3BUTKY, IO (pOPMYIOTBCS; IIEHTPH, IO MAIOTh MEPeIyMOBH Ul TpaHC(OpMAIi y MONIOCH 3pOCTaHHS; IEHTPH, 3 HEJOCTAaTHIMH
MOKIIMBOCTSIMHU IS TpaHCc(hopMarii y IOTIOCH 3poCTaHHs. B okpeMy rpymy BHIUICHO EHTPH 3 HAWHIKYINM piBHEM C(OPMOBAHOCTI,
110 (PaKTHIHO HE MAIOTh MOKIIMBOCTI JUIs TpaHC(OpMaIil y HOMIOCH 3pocTaHHsL. Pe3ynmbraTH 10oCiIi[UKeHHS CIIPSIMOBaHI Ha 3a0€311eueHHS
HE JIMIIe KIIOYOBOI aJMIiHICTPaTHBHOI, a ¥ COIiaJbHO-€KOHOMIYHOI (YHKII HEHTpIB TepHTOpialbHUX TpoMman. JloBemeHo, IO
0a30BOI0 MEPEIYMOBOIO CTAJIOrO COIiaThbHO-CKOHOMIYHOTO PO3BUTKY TepuTOpii [lonTaBchkoi obnacti € chopMOBaHi MOIOCH, IO
37aTHI 3a0e31eYnTH 30epeKeHHsT periOHaIbHIX €KOCHCTEM, TOCATHEHHS 1HHOBALIHOTO PO3BHUTKY TEPUTOpiH, MOJO0IAHHS O1THOCTI,
30eperkeHHs HalllOHAJIBHUX LIHHOCTEH 1 Tpaauiiiii Tomo. TpancdopmyBaHHS BUAIIEHUX IEHTPIB UM HAOYTTS HUMU TOJOBHUX O3HAK
TIOJTIOCIB COIIaTbHO-€KOHOMIYHOTO PO3BHUTKY 3MOXKYTh 3a0€31eUnTH 30a1aHCOBAaHHUH TEpUTOPiaTbHIN PO3BUTOK 00JIACTI.

Kniouoei cnosa: Ilonmascvka obnacms, aOMIHICMPAmMueHO-mepumopianoHuil ycmpitl, 00 €OHana mepumopianbha 2pomaod, YeHmpu,

CcoYianbHO-eKOHOMIUHULL PO3BUMOK

Introduction. Up-to-date tendencies of Poltava
Region social and economic space uplift as well as the
decline of branches, has been dominant in economic
activity specialization, the territorial disproportion
on the development of towns and rural areas, the
depopulation likewise the decrease of population’s
life conditions and quality are those crucial traits,
which nowadays form the background of national
regional policy. The administrative-areal order
reform bares the status of the key one at the areal
development. It has been set up in conjunction with
so-called decentralization reform, resulting in united
areal communities’ (UAC — hereafter) formation.
Nowadays the mentioned above process has itsactive
prolongation in Poltava Region; it provides the further
association of local councils for rational usage of local
budget and successive increase of the population’s life
quality likewise the sustainable growth of the area.

In up-to-date terms, the necessity of a new coun-
try’s regionalisation stems from Ukraine’s strategic
priority for EU integration, preceding by the admin-
istrative-areal order formation, as per NUTS (No-
menclature of Territorial Units for Statistics) require-
ments. The conceptual framework of the given article
addresses Ukraine’s official papers, including the
Presidential Decree “On the Concept of a Regional
Public Policy” (2001), the Laws of Ukraine “On the
Principles of a Regional Public Policy” (2015) and
“On a Voluntary Unification of Areal Communities”
(version of 2019). It also takes into account the Cabi-
net of Ministers Resolutions “On the Amendment of
Methods of Competent Areal Communities’ Forma-
tion” (2020) and the Methodical Recommendations
on the criteria of sub-regional (district) administra-
tive-areal units’ formation (2019). The elaboration of
principal theses of areal development, based on the
theory of growth poles, was founded on acquisitions
of Frangois Perroux, Jose Ramon Lasuen, Immanuel
Wallerstein, George Friedman, and Stig Torsten Erik
Hégerstrand.

The core of this theory defines the role of domi-
nant branches of economy in a certain locality, refer-
ring to their potential to cause economic growth in
the whole influence area. Diverse aspects of the areal
development occurred in the research focus of many
Ukrainian economic geographers, such as'. Pitiuren-
ko, I. Horlenko, S. Ishchuk, O. Shablii, A. Dotsenko,
A. Stepanenko, O. Topchiyev, Y. Oliinyk, M. Ba-
ranovskyy, V. Yavorska, etc. Significant scientific
studies have been held in the field of public adminis-
tration, particularly in substantiation of the principles
of areal development management, areal develop-
ment forecasting (K. Mezentsev, 2005), geoplanning
(Malchykova, 2014), geospatial research and spatial
planning practice (L. Rudenko, S. Lisovskyi,
Y. Maruniak, 2016). The areal development theories’
key principles, having been successfully adapted to
market conditions, represent the results on increas-
ing competitiveness, production specialization and
balanced areal development as well as ascertain
market infrastructure creation, areal industries orga-
nization and reveal the growth poles in the context
of spatial inequality and polarization. The amount of
these issues was logically displayed in disquisitions
by S. Zapotoczkij (2012), K. Mezentsev, N. Mezent-
seva, H. Pidhrushnyy (2014), I. Pilipenko (2015),
0. Topchiyev, D. Malchykova, V. Yavorska (2015),
etc. The problem also got its deep consideration dur-
ing the seminar, held at the Institute of Geography of
The National Academy of Sciences of Ukraine (2013).
It is true fact, that the theory of economic space gets
a wide prevalence in Ukrainian social geography; pe-
culiar attention is being paid to the problem of eco-
nomic space, focused upon the district-forming nuclei
or specific areas. Tosolve the crucial problems of the
Poltava Region areal development, to decrease dis-
proportions in social and economic growth of its area
or certain localities, to optimize the industry branch
structure likewise the population resettlement the
thorough scientific search has to be directed into the
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exposure, incitement and support of the new social
and economic growth poles. The majority of Poltava
Region rural areas became depressive territories dur-
ing the Independence period; they represent ineffec-
tive branch structure of the economy with the lead-
ing role and share of raw-oriented industries, lack
of agricultural competitiveness, cattle-breeding in
particular, unemployment, increase of migration, and
depopulation of inhabitants. General geodemographic
situation in Poltava Region reveals the ultimate risks
for the future development of this area, mainly due
to the gradual decrease of natural population growth,
unbalanced sexual and aged structure of the popula-
tion, which is a deterrent in the reproduction mode of
the latter, causing the fast decline of inhabitants into-
tal. The administrative-areal order of Poltava Region
(districts, various by area, configuration, and popula-
tion, long distances to administrative centres, etc.) de-
termines different efficiency of these centres in their
functions’ execution. The mentioned above problems
are among essential obstacles in the further effective
development of the local area; they actually minimize
state reforms’ implementation efficiency in stimulat-
ing areas development and do not contribute the ef-
fective fulfilment of Poltava Region social-economic
potential.

The effective system of growth poles should
play an exclusive role in the problems’ solution.
As development indicators, these centres have to
become drivers of long-awaited changes of Poltava
Region’s social-economic space according to the
district-forming effect and to spread the development
impulses over surrounding areas. Growth poles’
forming process also should lead to the improvement
of the region’s areal structure, stimulating dominant
branches of economy. Thus, the necessity to make
a perspective social-economic development poles’
model got its particular relevance in terms of
Poltava Region development strategic planning.
Potentially it will embrace scientifically sound
analysis of polarization and depressiveness of the
social-economic space of the region likewise will
provide typification of the UAC centres as social-
economic development poles. It also will ascertain
and predict their role in the process of Poltava Region
areal society structure improvement. The utmost
achievement of the given above aspects depends on
thorough analysis and modelling of areal processes
of Poltava Region economic complex development,
and all the branches of its specialization, especially
considering those connected via production ties with
agriculture. Similarly, it depends on the scrupulous
analysis and modelling of processes of transport
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infrastructure and social sphere development,
population employment ensuring, and areal optimizing
of inhabitants’ life quality indicators set. Actually,
fundamental implementation of this approach intothe
areal prognostication practice and social-economic
development planning can provide UAC centres with
the status of growth poles not only by towns but also
by localities in some rural areas as basic components
of Poltava Region social-economic development. The
persistent improvement of infrastructure, stimulation
of the manufacturing industry, agriculture and
social sphere branches’ development are the very
incitements to transform these centres into important
cells of social-economic development of surrounding
territories and the region in total.

The aim of the given research is to provide the
comprehensive analysis of the formation level of
Poltava Region UAC centres as social-economic
growth poles and to justify suggestions of its further
development. During the acquisition the fact the
growth poles’ forming, on the one hand, reveals to be
the objective process of social-economic development
and simultaneously the means of achieving territorial
disproportions in the population life level and quality
was put into consideration. On the other hand,
the growth poles’ forming could also be a result of
purposeful implementation of state regional policy or
investment projects. The essence of the research lies
in finding out the processes of forming (re-forming)
and functioning of areal structures at the grassroots
level in the line of regional policy implementation to
improve the level and quality of population’s life.
The research methodology of UAC centres as social-
economic growth poles has its basis on fundamental
methodological principles of the social geography.
Given study is grounded on doctrine of complex-
and system-formation, manifested in areal self-
organisation of all the spheres of human activity, in
emergence and expansion of social-economic ties and
relations, in the natural environment transformation,
and areal communities’ consolidation. Areal self-
organisation of the society has traits of differentiation
and discreteness, which become apparent in a form
of administrative-areal order and system of regions
of various taxonomic rank. Regional units of any
hierarchical level are areal systems, actually realized
in social-geographic space and historical timeline.
During the process of society spatial self-organisation
improvement the grassroots level areas’ centres’ are
formed, making the possibility to combine governance
and market self-regulation.

The detection of functions and role of UAC cen-
tres was held on the base of theoretical theses of the
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“centre — periphery” modelled by George Friedman.
Reducing functioning efficiency of the economic
complex, the decline of its competitiveness as well as
imperfect regional development policy and demogeo-
graphic situation exacerbation cause the loss of tradi-
tional development resource base of the majority of
Poltava Region areas. In fact, methodological basis of
UAC centres research has its roots in scientific works
by Johann Heinrich von Thiinen, who conducted the
model of spatial development of economic systems
around centres of production consumption.

Persuasive usage of these approaches simultane-
ously to analysis of UAC centres comprehensive state
of Poltava Region, located in rural areas, logically
ascertained the evidence of sustainable interconnec-
tion trends between UAC centres, being mainly small
towns or urban settlements, and social-economic state
of surrounding territory. At the same time, in terms
of market transformations, connected primarily to the
impact of information technologies and scientific-
technological progress on branch structure of econo-
my, this process significantly complicated and gained
the new meaning. Therefore, the pre-dominant pre-
requisites of growth poles’ effective formation are the
objective analysis of branches of UAC economy spe-
cialization, identification of their raw materials sourc-
es, forecasting and modelling conditions, favourable
for mutual UAC centres and surrounding territory
development. Those poles’ economic activation can
be powerfully provided by innovative development
of the economy, competitiveness increase of produc-
tion, and involvement of specialized industries into
regional, interregional, and globe networks.

The research methodology of identifying social-
economic growth poles’ level of forming on the base
of UAC centres covers such essential aspects as:

1) place and role of UAC centres in a regional
system of population resettlement, branch and areal
structure of economy;

2) impact of social-geographical processes (natu-
ral, ecological, historical-geographical, demographi-
cal, ethnical, religious, political, economic, etc.) on
the development of UAC centres;

3) mutual influence of the development of econo-
my, its specialization and UAC centres;

4) comprehensive state and development trends
of UAC centres (geodemographic characteristics,
population employment structure, migration pro-
cesses, economy specialization, development state of
social sphere);

5) UAC centres competitive advantages in the
process of regional and interregional economic sys-
tems’ networks forming;

6) classification of UAC centres as social-eco-
nomic growth poles with a mandatory analysis of
their inertial impact on UAC area;

7) forecasting, modelling, and programming of
development of UAC centres as growth poles in terms
of depressive territories overcoming.

Concurrent to justifying the possibilities of UAC
centres social-economic development likewise form-
ing the growth poles on their base the previous in-
depth analysis revealed the specificity of areas devel-
opment alongside with centres’ functions in regional
resettlement systems forming and development, and
changes’ trends in geodemographic sphere. The core
issue of the represented research lies in the defining
the role and place of the UAC and its centre in the
areal structure of production and population resettle-
ment, determining their natural-resource, geodemo-
graphic, transport-geographical, and economic-geo-
graphical position. The final stage of the research
embraces the entire analysis of the inner factors of the
further development of UAC centres as well as their
potential and possibilities to establish economic and
social connections with neighbouring areas, to widen
the branch structure and to diversify the economy, to
elaborate tour-recreational activity.

Thus, the base of the Poltava Region UAC cen-
tres, mainly its depressive rural areas, research meth-
odology comprises its intensive study as growth
poles. Among the most significant mandatory precon-
ditions, one can name the objective classification of
UAC centres after their abilities and substantiation of
the most appropriate development scenario variants
via UAC area social-economic increase. To do soone
should enlist various criteria of centres’ classification,
especially rates of formation of innovative enterprises
of multiple economy specialization branches, terms
of their efficiency and production quality increase, in-
tegration of higher level of organization into econom-
ic systems, achievement of social effect, job positions
creation, etc. As a result, the research efficiency and
effectiveness of Poltava Region UAC centres as so-
cial-economic growth poles is exclusively determined
by trends and rates of their impact on the complex
development of the community area in general.
Results and discussion. Social-economic growth
poles are represented by areal complexes, affiliated
by diverse industrial and infrastructural interrelations.
Due to their specific state and predicted rates of
development, possibilities of usage of areal labour
division advantages as well as development rates of
specialized branches of economy, growth poles can
be divided on real-existing and potentially-predictable
ones. These poles as spatial increase nuclei objectively
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exemplify higher development rates compared to the
area of attraction. Inertial impacts of the formed poles,
however, regularly lead to social and economic lifting
of the UAC in general. These poles have to represent
certain kinds of economic activity, material (historical-
cultural, sacred objects) and non-material (area brand,
active-participating population) assets, able to produce
the increase effects. Their stimulating impact on the
social-economic growth of surrounding territories
marks the crucial trait of these poles’ development.

Modern Poltava Region is an administrative-areal
unit of Ukraine the centre of which is Poltava city; it
incorporates 25 districts, 15 cities (6 of them are of
regional importance, they are Poltava, Kremenchuh,
Horishni Plavni, Lubny, Myrhorod, and Hadiach),
21 towns, and 1805 villages. City, town and village
councils unite certain number of localities around, they
possess common infrastructure and support economic
and social interrelations. Each district embodies an
average amount of 69 — 70 villages, consolidated
into 18 —19 village councils. The average districts’
area of Poltava Region makes 1150 km?. Regional
decentralization reform manifested the reformation
of 174 local councils by creating (up to January 01,
2019) 45 UACs (6 city UACs, 10 town UACs, and
29 village UACs, in particular). They joint about
34.6 % of local councils of the region, it corresponds
to 30.2 % of the region area, and unites 22.5 % of
the region population. Up from the beginning of
2019 Poltava Region experienced creation of 8
more communities (Horishni Plavni, Novoselivka,
Novoorzhytske, Hoholeve, Romodan, Petrivka,
Zinkiv, and Velyki Budyshcha). As of October,
01, 2019 Poltava Region reveals 53 UACs, having
consolidated 193 local councils (which makes 38.4 %
of their total amount), general UACs area makes
9.700 m? (it is 33.9 % of the region area), the UACs
population counts 0.411 million people (29.3 % of the
region inhabitants). It is worthy to mention, that one
of the vivid drawbacks in the UACs forming process
is the creation of 35 communities, incorporating less
than 5000 people.

During 2018, Sencha UAC of Lokhvytsa dis-
trict ascertained the maximum level (23733.7 UAH
per capita) of tax revenues, while Zavorsklo UAC
of Poltava district has shown the minimum level
(2315.9 UAH per capita) of the earnings. As for
September, 01, 2019, the general volume of all the
45 UACs’ budgets formed the sum of 2100.8 million
UAH, that is 21.0 % (or 364.5 million UAH) more
compared to the corresponding period of 2018. Own
receipts (without transfers) of UACs has risen by
26.6 % (or 298.6 million UAH); it was 1419.6 million
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UAH as for September, 01, 2019, and 1121.0 million
UAH as for September, 01, 2018. The full monitoring
of UACs’ income dynamics in 2016 — 2018 unequivo-
cally certifies their increase. In 2016 at 12 UACs such
income (including transfers) has grown by 4 times
compared to 2015; in 2017 at 18 UACs the income has
increased by 1.6 times compared to 2016, and in 2018
at 39 UACs the income grew by 1.6 times compared
to 2017. Actually, the income of certain communities
rose by from 2 to 8 times. In fact, in 2018 Semenivka
UAC had the income (including transfers) increased
by 74.7 % compared to 2017, Pyriatyn UAC had the
sum grown by 49.5 %; Machukhy UAC, Drabyniv-
ka UAC, Rokyta UAC, Velyka Bahachka UAC, and
Nekhvoroshcha UAC disposed the amount risen by
from 4 to 5 times. The rest of the newly conglomer-
ated communities revealed the revenues increase by
from 2 to 3 times during the very first year of national
budget decentralization.

Thus, in terms of financial capacity Poltava Re-
gion UACs occupy the leading position in all-Ukrai-
nian terrain for the first half of the year 2019. Taking
into account UACs with total amount of inhabitants
forged from 10 000 to 15 000 people one should range
them as follows: Hlobyne UAC — the 5™ position, Shy-
shaky UAC — the 7t" position, Shcherbani UAC — the
8" position, Lokhvytsa UAC — the 11" position, Hre-
binka UAC — the 14" position. The group of UACs
cooperating from 5000 to 10000 people represent
their rank as those: Opishnia UAC — the 14" position,
Mykhailivka UAC — the 16" position, and Mashivka
UAC —the 20" position. Having consolidated less than
5000 of persons, UACs of Poltava Region make their
rank as follows: Drabynivka UAC — the 3" position,
Sencha UAC - the 5" position, Krasna Luka UAC —
the 8" position, Kolomatske UAC — the 13" position,
Lanna UAC — the 15" position. Hadiach UAC held the
18" position among the cities of regional importance
(Shevchuk, 2019).

Nowadays in terms of the state management crisis
as well as decentralization process the Region urgent-
ly needs qualitative and quantitative administrative-
areal order reformation, realized in UACs creation.
Comprehensive Poltava Region AAO order reforming
tends to be an important direction in state governing
system improvement at the grassroots level, in up-
grading the population living standards, rational usage
of natural resources, and sustainable development of
the region. Therefore, the AAO order reformation is
rather complicated and long-termed process, the suc-
cessful result of which depends on the thorough study
and evaluation of diverse factors and indicators, nec-
essary to UACs or new districts and regions bound-
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Table 1. Parameters of Poltava Region UACs as of January, 01, 2019.

Population amount Community area, km?
e District LIAC (according to State Statistics Service | (according to State Geoca-
of Ukraine as for January 01, 2019) dastre)
1 Velyka Bahachka Bilotserkivka 3601 200.693
2 Velyka Bahachka 10175 332.633
3 Rokyta 1901 111.839
4 Hadiach Hadiach 24622 72.484
5 Krasna Luka 3739 215.244
6 Petrivka-Romenska 4368 210.065
7 Serhiivka 2827 167.618
8 Hlobyne Hlobyne 14503 405.196
9 Hrebinka Hrebinka 12388 78.348
10 Zinkiv Opishnia 6238 131.438
11 Karlivka Lanna 3786 96.765
12 Kobeliaky Butenky 3649 143.855
13 Kozelshchyna Kozelshchyna 10404 491.541
14 Nova Haleshchyna 3508 59.225
15 Kremenchuh Nedoharky 3520 84.774
16 Novoznamianka 4464 82.690
17 Omelnyk 5019 224.821
18 Pishchane 6453 78.028
19 Pryshyb 1957 91.910
20 Lokhvytsa Lokhvytsa 12410 81.672
21 Sencha 2954 125.068
22 Lubny Zasullia 16377 604.300
23 Mashivka Mashivka 7490 136.457
24 Mykhailivka 6009 444333
25 Myrhorod Velyki Sorochyntsi 3603 130.756
26 Novi Sanzhary Drabynivka 4265 245.778
27 Nekhvoroshcha 5164 287.462
28 Novi Sanzhary 8896 32.165
29 Mala Pereshchepyna 4048 238.088
30 Rudenkivka 3843 103.552
31 Pyriatyn Pyriatyn 16802 97.620
32 Poltava Zavorsklo 3316 114.130
33 Kolomatske 2279 90.201
34 Machukhy 7959 247.083
35 Tereshky 8742 86.873
36 Shcherbani 13113 98.773
37 Reshetylivka Reshetylivka 11061 174.260
38 Semenivka Obolon 2528 137.366
39 Semenivka 10777 271.998
40 Khorol Klepachi 2665 126.282
41 Novoavramivka 2632 137.201
42 Pokrovska Bahachka 2501 121.249
43 Chornukhy Chornukhy 9142 512.396
44 Chutove Skorokhodove 5245 135.636
45 Shyshaky Shyshaky 14583 611.534
TOTAL - 315526 8671.400
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aries’ prosperous creation. Above all, Poltava Region
growth poles’ ways of developing are favourable
transport-geographical location, availability of highly
skilled labour resources, the sufficient level of market
infrastructure objects’ level, business climate agree-
able for small business development, and investment
attractiveness. The main goal of the reformation pro-
cess is to consolidate capable UACs with much higher
social-economic potential is to intensify their budget-
ary capacity and functional independence.

The perspective plan of Poltava Region communi-
ties’ formation envisaged the unification of more than
70 areal entities, providing qualitatively new service
level in such spheres as housing and utility services,
education, health care, social protection, and culture.

All the UACs’ modelling criteria, in fact, have
its deep base on the fundamental theses of social-
geographic zoning, justifying the new model on the
area historical-geographical forming peculiarities;
area natural-geographical integrity and continuity;
attraction to the forming nucleus as centre of all the
services. They also include complex-proportional
development of UAC as a separate areal system based
on the previously formed infrastructural interrelations,
on the principles of rational nature use, balanced areas
development, and perspectives of their growth.

The regionally-concretized vectors or landmarks
of development of territories of Poltava Region
include: an intense growth of specific branches of
economy specialization; restoration of agricultural and
transport engineering; production of equipment for
food and light industry; expansion of grain, sugar beet
and livestock specialized complexes. The landmarks
of areal development of the region likewise include
widening the region positions on the national and
globe food markets, extension of scientific-technical
level of metallurgical complex and chemical industry,
enlargement of tourism and recreation potential.

In fact, the dynamic growth poles’ formation
of Poltava Region needs the implementation of
diverse by scope and spheres approaches and types
of innovations. Rather fast growth of growth poles’,
mainly in depressive districts of Poltava Region,
is possible, first and foremost, due to localities,
specializing in traditional branches of manufacturing
industry. Such industries have, as a rule, rather
formed ways of the development and rather saved
integral production infrastructure. Another indicative
condition of the further extension of these localities is
scientific and innovative modernization of agricultural
branches, focused on producing raw materials for
the food and light industries. On the one hand, they
provide rapid growth in agricultural production
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volumes and rates as well as solving a number of rural
depressive areas’ social problems. On the other hand,
these branches can settle the problem of supplying the
manufacture industry traditional branches with raw
materials. As a result of the restoration of traditional
economy branches and the competitiveness of their
production in regional and national markets, the
implementation of modern innovative technologies
in production and social infrastructure, the areas
are to overcome depressiveness and get regional
development stimulated.

The population amount dynamics of the region
is marked as another noteworthy indicator, which
determines the dynamics of the population life
conditions and quality, therefore, the growth of
population amount and life quality shows the positive
development dynamics of UAC’s centre. Only then,
there are reasons to believe that such UAC centre
transforms into the growth pole. Thorough analysis of
UAC centres’ population amount dynamics testified
the fact the Poltava Region UACs network has gone
unbalanced and got in a state of a crisis. An average
60 % of the region population lives at depressive
localities.

In Poltava Region, population amount dynamics’
indicators largely correlate with indicators of its
migration activity. The last ones have been rather labile
indicators, clearly capture the dynamics specificity of
the area social-economic development, representing
job positions’ possibilities and population’s self-
realization in the localities. The availability and
expansion of such opportunities in various localities
reveal the acquisition of growth poles by them
(Pidhrushnyy, 2013). Almost all of the region towns
(except of Poltava, Kremenchuh, and Horishni
Plavni) exemplify a negative migration balance, being
unfavourable for living and unable to bare the status
of area-forming nucleus in modern way of life.

The level of their economic activity is also quite
significant indicator of growth poles, which is the
correlation between a number of business entities
of the centre and corresponding average national
indicator. Therefore, Poltava, Kremenchuh, also some
small areas around them indicate the highest level of
economic activity. The rest of districts of the region
outside the regional centres’ boundaries hold the status
of area with decreased economic activity. One of the
specific indicators, highlighting the social-economic
growth positive tendencies in certain districts of
the region, is the level of FDI volumes, scilicet the
amount of foreign investors’ equity, invested in
business objects, affects the development of social-
economic activity centres (Pidhrushnyy, 2017). The
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largest FDI volumes are concentrated in Poltava,
Horishni Plavni, and Kremenchuh. Areal division of
these FDI volumes tends to be extremely uneven in
Poltava Region.

Taking into in-depth consideration the criteria
and indicators of Poltava Region UACs’ centres
development, it is fair to note that their groups can
be distinguished by the social-economicdevelopment
poles according to the level of formation in as follows:

1) centres-poles, being under formation;

2) centres, which have some prerequisites to
transform into growth poles;

3) centres with insufficient capacity to transform
into growth poles.

Up-to-date situation forms a distinct marker the
only formed social-economic development poles
in Poltava Region are Poltava and Kremenchuh.
Such towns as Horishni Plavni, Myrhorod, Lubny,
and Hadiach belong to the group of centres, being
under formation. Karlivka, Pyriatyn, Lokhvytsa,
Zinkiv, Hlobyne, and Kobeliaky have outlined vivid
prerequisites to further transformation into growth
poles. The remainder, constituted by Velyka Bahachka,
Kozelshchyna, Mashivka, Novi Sanzhary, Opishnia,
Chornukhy, and Shyshaky, renders a low profile and
stands for a group of UACs with insufficient capacity
to transform into social-economic growth poles in
Poltava Region.

Previously made all-embracing  analysis
disclosed the fact the majority of Poltava Region
regional centres comprises the 2" and the 3 groups,
been in a state of formation, or has some prerequisites
to further transformation into growth poles. Those
UACSs, constituted by such localities as Bilotserkivka,
Butenky, Velyki Sorochyntsi, Drabynivka, Zavorsklo,
Zasullia, Klepachi, Kolomatske, Krasna Luka, Lanna,
Mala Pereshchepyna, Machukhy, Mykhailivka,
Nedoharky, Nekhvoroshcha, Novoavramivka,
Novoznamianka, Obolon, Omelnyk, Petrivka-
Romenska, Pishchane, Pokrovska Bahachka,
Pryshyb, Rokyta, Rudenkivka, Sencha, Serhiivka,
Skorokhodove, Tereshky, and Shcherbani, possess
low potential ability and low level of formation as
growth poles. Actually, they have no appropriate
prerequisites and possibilities, even by the previous
predication, to transform into growth poles, except of
Bilotserkivka and Velyki Sorochyntsi. The spectrum
of the mentioned above aspects makes serious
challenge and threat to administrative-areal reform
implementation on the regional level and acquire
system of measures to transform UAC centres into a
balanced system of growth poles.

An efficient solution of the regional development

issues is closely connected to the growth poles’
system formation. It also deeply touches upon the
issue of Poltava Region specialization areas of the
economic complex. They are these branches that
unfold stimulating and at the same time stabilizing
effect, broadening development impulses over
surrounding territory simultaneously to providing the
narrowing of depressive territories. Thus, the base
of Poltava Region growth poles’ forming lies in the
transformation of social-economic activity centres.
Conclusions. The results of the given research open
the further possibility to formulate a set of measures,
concerning the Poltava Region social-economic
activity centres’ transformation into the growth
poles. They are space clustering on the base of
comprehensive application of real terms and resources
under mandatory ecosystem balance insurance,
environmental quality preservation and restoration,
achievement of high life quality and well-being of the
population, economy re-industrialization insurance
on the new technical and technological basis,
innovative economic development implementation,
grounded on the smart-specialization, rural areas’
monospecialization overcoming. One also can speak
about food, light industriesandagriculturalengineering
local economic clusters’ creation; high-levelled areas’
infrastructure potential achieving; priority support of
creative industry, recreation, tourism, logistics, and
exhibition activity development; usage of material
(natural, historical and cultural monuments, sacred
objects) and non-material (area brand, labour-
resource and innovative-scientific potential) assets,
able to make the social-economic increase effects.

Crucial indicators in achieving these goals
should provide the population employment growth
in non-agricultural activity, the development and
implementation of programmes of localities’
improvement, and the increase of the comfort of living
as well as the level of social-cultural and household
services to the inhabitants. Likewise, they are the
elaboration and implementation of business plans
of areal development, and the creation of innovative
clusters and industrial parks for efforts incorporation
and competitiveness enhancing.
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Received: 29.03.2020 Abstract. The materials of long-term research of the features of the content and distribution
Recetved inrevised form:10.08.2020 of fluorine in southern chernozems are highlighted. The purpose of this work is to investigate
Accepted: 28.08.2020 the effects of irrigation and chemical meliorants on the fluorine accumulation in soils and

crops. Toachieve this goal, the following tasks were set: to determine the content of fluorine
in soils and plants in conditions of irrigation and application of phosphorus fertilizers (phosphogypsum); to carry out ecological
assessment of southern chernozems in terms of accumulation and migration of fluorine in soil, plant resistance to fluorine accumulation
and translocation. The research was conducted within the irrigation areas of Odessa region. Bulk and movable forms of fluorine
were determined by the potentiometric method in the southern chernozems of different reclamation state (non-irrigated, irrigated and
irrigated reclaimed). The content of movable fluorine in agricultural plants was determined by the author’s method. It was established
that the contest of bulk fluorine is the highest in the non-irrigated chernozems, but does not exceed the MPC. In irrigation, the number
of bulk forms of fluorine decreases due to their dissolution and migration from the top layer to the depth of the soil profile. The content
of soluble forms of fluorine increases significantly in all components of agrolandscape under the influence of irrigation and especially
the introduction of phosphogypsum. It was determined that the combined application of phosphorous fertilizers and manure leads to
a decrease of the fluorine content in soils, lysimetric waters and agricultural plants. The degree of mobility of fluorine compounds in
the studied chernozems during irrigation and especially the introduction of phosphogypsum increases. The level of fluorine content in
lysimetric waters and the coefficient of water migration correlate with its content in soils. A positive correlation was found between
the fluorine content in the roots of maize, oats, wheat ear and soil while its absence between the content of fluorine in the stems and
leaves. The introduction of mineral and organic fertilizers together enhances the ability of plants to absorb fluorine from chernozem
soils. The active contamination rate for all tested plants is higher than one, which can cause their inhibition. When resuming irrigation
of chernozem soils, there will be a need for increased doses of mineral, including phosphorus fertilizers. Despite the low solubility
of fluorine compounds, conducted research has shown that irrigation and application of phosphogypsum significantly increases the
soluble forms of fluorine, which can adversely affect the pollution of agrolandscapes and public health.

Key words: fluorine, southern chernozem, agricultural plants, ecological assessment

Arpoexkos10riuHa ouiHka ¢gTopy y IPyHTAX Ta CUIbCHKOr0CIHOAAPCHKUX POCAHMHAX CTENMOBUX
ganpmadgTie OnemuHun

B. I. Tpury6', B. B. SIBopcekal, 1. B. I'eBko?, A.A.Kupuipuyk®

Y00ecoruil nayionanonuil ynisepcumem imeni I. 1. Meunukosa
2TepHoninbckuil Hayionanrbhuil nedazoiunuil ynisepcumem imeni Bonooumupa I namioka
3/Ibsiecorutl Hayionanvhuil ynieepcumem imeni leana Opanka

AwHoTaisi. Bucsitiieno marepianu 6araTopigHOro A0CIipKeHHs BMicTy Gropy B arponanamadrax MacuBiB 3porerns Onenmau. Po3-
TJISTHYTO BILUTMB 3POIICHHS 1 XIMIYHUX MEJTIOPAHTIB HA HAKOIMYEHHS (TOPY B IPYHTI, TI3UMETPUYHHX BOJIAX, POCIHHAX.. BCTaHOBIIEHO,
110 BMiCT BaioBOro (h)TOPY B HE3POIIYBAHUX YOPHO3EMaX MiBJCHHNUX BHIIMH, HIK HA 3POIICHHI, OCKITBKHU [IPHU 3POIICHHI BiI0YBa€THCS
MOCTYTIOBHII Mepexil BaIOBUX (pOpM y pO3UHMHHI Ta iX Mirparis 3 BEpXHbOT0 MIapy B MIMOUHY IPYHTOBOTr0 Ipodisto. Bmict Bomopo3-
YUHHOTO ()TOPY MPH 3POIICHHI, i 0CO0IUBO MpH BHECeHHi (ocOriney miABUILYETHCS, B OKPEMHUX BUITAJKAX CATAl04H BUCOKOIO PiBHS.
3’51cOBaHO, 1110 CTYIiHb PYXJIHMBOCTI CHOIYK (GTOPY B JOCHIIKYBAaHUX YOPHO3EMaxX MPH 3POIICHHI i 0cOOIMBO BHECEHHI (ocdorincy
3HAYHO ITiIBUIIYEThCs. BUsBICHa BIAMIOBITHA 3aKOHOMIPHICTh IOI0 BMICTY PO3YMHHHX (hopM (TOpY B TI3UMETPUIHUX BOAAX Ta COL
JIOCITPKYBAaHUX CIITbCHKOTOCIIOAAPCHKUX POCITUH. BCTaHOBICHA MO3UTUBHA KOPEISAIis MK BMICTOM (PTOPY B KOPIHHSX POCIUH KY-
KYpYII3H, BiBca, KOJIOCCI MIICHHUII 1 TPYHTaX NpH ii BiICYTHOCTI MK KUTBKICTIO (hTOPY B cTeONax Ta JUCTi. BHECeHHS MiHEpaTbHUX i
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OpraHivyHMX JOOPUB CMITBHO ITi IBUIILYE 3/IaTHICTH POCIUH IOTJIMHATH (hTOP 3 YOPHO3EMHUX IPYHTIB. [I0Ka3HUK aKTHBHOTO 3a0py/IHEH-
HSI SIK TIPH 3POIIEHHI, TaK 1 3pOIICHH] Ta BHECEHH] (PTOPBMICHHX JOOPHB JUISl BCIX POCIIUH € BUIIMM 32 OJJMHHIIIO, 1110 MOYKE CIIPUINHSTH
X TPUTHIYEHHS TA HETaTUBHO BIUTMBATH HA Xap4oBHil JaHIIOr. He3Bakaroun Ha HU3BbKY PO3YMHHICTH CIOIYK (TOpPY, IPOBEACHH-
MU JIOCITIJDKEHHSIMH 3’SICOBAHO, IO 3POLICHHS Ta BHECCHHS (POCROrincy 3HAYHO Mipor0 30LTBIIYe BMICT PO3UMHHHX (opM GTOpY
B IPYHTaxX Ta CUILCHKOTOCHOAPCHKHUX POCIMHAX. B ymMoBax 3MiHH KJIIMaTy Ta HEOOXITHOCTI BiJHOBICHHS 3pOLICHHS YOPHO3EMHUX
IPYHTIB cTenoBoi 30HM O/ICIIMHN MOKHA PEKOMEHYBATH MPOBOANTH CHCTEMAaTHIHHI KOHTPOJIb 32 BMICTOM PO3UMHHHX (opM (hTopy

Y 3pOLIYBaHMX IPYHTAX Ta POCIMHHHIBKIH MPOTYKIIi.

Kniouoei cnosa: ¢pmop, woprosem nigdentutl, CiibCbKO20CNO0APCHKI POCIUHU, eKONO2IUHA OYIHKA

Introduction. In modern conditions of declining
environmental quality, the environmental approach
of geographical research becomes a priority when
studying both individual components of the nature and
the environment in general (Topchiyev et al., 2019).
Soil is the most stable component of the environment,
in which not only the nutrients of the plant, but also the
toxic chemicals accumulate. One of these phytotoxic
trace elements is fluorine. Fluoride accumulation in
plants depends on the presence of its movable forms
in the environment (and especially soil) and the
individual characteristics of plant organisms. Fluorine
and its compounds are characterized by high chemical
activity and are highly toxic (1 hazard class) to soil
biota and plants. Excessive content of fluorine in soils
is manifested in the change of its physicochemical
properties, decrease in fertility, damage to plants,
decrease in yield, diseases of animals and humans.

The systematic introduction of mineral fertilizers
and chemical meliorants which are used to increase
the soil fertility is inevitably related to the introduction
of contaminants into the soil. Despite the sharp
decrease in the volumes and rates of application of
mineral and organic fertilizers in recent decades, the
degree of contamination of the irrigated chernozems
in southern Ukraine remains high, which is caused by
the consequences of the previous long-term chemical
melioration of agriculture, the features of lands use
and the properties of the chernozem soils.

Fluorine and its compounds have a narrow range
of physiologically optimal content. Both insufficient
and excess fluorine content can adversely affect
living organisms. It is very difficult to determine safe
levels of fluorine in soils and crops (Trigub, 2014).
The contradiction of numerous studies and opinions
of scientists at a level of safe fluorine content in the
components of the environment due to the presence of
various factors which define toxicity of fluorine and
the lack of comprehensive analysis of environmental
and hygienic aspects of pollution of the biosphere
generally (Trigub and Lyashkova, 2018).

The relevance of the author’s study of fluorine
compounds in the steppe landscapes of the region is
due to the properties of trace elements accumulate in
plants and through the trophic chains adversely affect
human health.
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The purpose of the study is to investigate the effects
of irrigation and chemical meliorants on the fluorine
accumulation in soils and crops.

Toachieve the goal, the following tasks wereset:
to determine the content of fluorine in soils and plants
in conditions of irrigation and melioration of them by
phosphogypsum; to carry out ecological assessment of
southern chernozem with indicators of accumulation
and migration of fluorine in soil, resistance of plants
and their organs to fluorine accumulation.

The issues of fluorine translocation from soil
to plants are quite fully covered in the literature
(Pickering, 1985; Elrashidi and Lindsay, 1986; Trigub
and Poznyak, 2008; Jha et al., 2009; Mourad et al.,
2009; Tayibi et al., 2009; Perez — Lopez et al., 2010;
Smidt et al., 2011; Tandelov, 2012; Lakshmi et al.,
2016). However, the analysis of previous studies
shows that a single opinion on the accumulation of
fluorine in plants depending on its content in the soil,
especially in the reclamation of phosphogypsum, has
not been developed and is now controversial. The
accumulation of fluorine in soils and plants during the
application of mineral fertilizers was considered in
the works of Kudzin and Pashova (1970), Piotrowska
and Miacek (1975), Thompson et al. (1979), Pashova
(1980), Baranovsky and Pankrutskaya (1992),
Kabata-Pendias and Pendias (1989), Loganathan
et al. (2001), Weinstein and Davidson (2004),
Tandelov (2012), Trigub, Poznyak (2014), and others.
Systematic application of phosphorus fertilizers and
phosphogypsum in large doses causes an increase
in fluorine content in chernozem soils (Trigub and
Poznyak, 2014). The question is whether plants are
enriched with fluorine from soils which contain it in
large quantities? Kabata-Pendias and Pendias (1989)
tend to conclude that the fluorine content in plants
does not depend on its content in soils. However,
this conclusion is not sufficiently substantiated, as it
concerns the results of determinations of sparingly
soluble (gross) forms of fluorine. According to
Holevas (1960), some tropical soils may contain
organic fluorine compounds, which are easily available
for plants and highly toxic for animals. According
to Piotrowska and Miacek (1975), Thompson et al.
(1979), Pashova (1980), Trigub and Poznyak (2008),
Mourad et al. (2009), Tandelov (2012) enrichment
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of soils with fluorine-containing mineral fertilizers
leads to an increase in its content in crop yields.
The relationship between the quantitative content of
fluorine in soils and plants is defined in the works of
Haidouti et al. (1993), Davis (1995), Tandelov (2012),
Trigub and Poznyak (2014). In climate changing
conditions and the urgent need for irrigation of soils
of the steppe zone of Ukraine, the problem of fluorine
pollution of chernozem soils and agricultural plants is
relevant and needs further study.

Materials and methods of research. The following
methods are applied in the work: field, laboratory,
measuring, calculation and comparative, data

graphical display. The studies were conducted using
techniques and methodological approaches certified
and standardized in Ukraine (Metodicheskiye
ukazaniya...., 1975; Yakist gruntu..., 2004; Baliuk et
al., 2013).

Studies on the influence of irrigation and
phosphogypsum application on the fluorine content
in chernozem soils and agricultural plants were
carried out within the irrigation arrays of Odessa
region (Fig. 1). In 1993-1995, soil scientists of Odessa
University under the leadership of I.M. Gogolev
established an experimental network of long-term
soil and ecological monitoring sites on irrigation
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areas (IA) of Odessa region. The plots differ in
landscape and reclamation conditions and geneticand
reclamation and production properties of the original
(before irrigation) chernozem soils, the duration of
the period of more or less intensive and systematic
irrigation and the subsequent period of its cessation
and extensification of agriculture in the last 25 years. In
modern conditions, regular (or even periodic) watering
is carried out on an area of not more than 10-20 times,
up to 30% of irrigation developed lands in previous
years. However, even today, monitoring sites annually
conduct research on the evolution of soils and lands
under conditions of irrigation, as well as the cessation
and post-irrigation evolution. Monitoring studies
also include studies of fluorine in agrolandscapes of
irrigation areas (Chornozemy' masy'viv ....., 2016).

Soil contamination can be controlled by the
content of both bulk and movable elements. The vast
majority of fluorine in soils (up to 95%) is in the
form of poorly soluble compounds (Perelman, 1989).
Although, it is mostly affected by soil properties and
living organisms, such as water-soluble forms of
fluorine.

Studies on the effects of irrigation and phospho-
gypsum introduction on fluorine content in chernozem
soils and agricultural plants were conducted within
the irrigation areas of Odesa region. In soil samples,
the bulk and active (acid-soluble and water-soluble)
fluorine were determined using potentiometric
method, in plants, the active forms of fluorine were
determined by the author’s method (Trigub, 2019).

In order to determine the vertical migration
of fluorine in the studied area, lysimeters were
installed at depths of 30 and 60 cm. Sampling of
lysimetric waters was performed three times per a
year — in spring, summer and autumn. The fluorine
migration ability (coefficient of water migration) was
determined by the ratio of the number of element
atoms that passed into the mobile state (water) to the
number of its atoms in the soil (Kovda, 1973).

Ecological evaluation of the studied soils and

plants was performed according to the indicators
of accumulation and migration of fluorine in the
soil, resistance of the plant to the accumulation and
translocation of fluorine (Ilyin and Stepanova, 1979,
Baliuk et al., 2013).
Results of the studies and their discussion.
Phosphorus is one of the important elements of root
plant nutrition on irrigated chernozems. Phosphorous
fertilizers which are used in agricultural production
(superphosphate, double superphosphate, precipitate,
etc.) always contain more or less biologically toxic
fluorine in their composition. There are different
opinions about the possibility of soil contamination
with fluorine due to irrigation and prolonged use of
phosphorus fertilizers.

According to our researches, in the upper
horizons of the southern chernozems, the samples
of which were collected on the irrigation areas
(I1A) of the Odessa region of Ukraine (Fig. 1), the
bulk fluorine content ranges from 310.0 to 597.0
mg/kg (Fig. 2). The content of bulk fluorine in
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southern non-irrigated chernozems is higher than
in the irrigated ones, which is caused by additional
moisture. During irrigation, there is a gradual
transition of the bulk forms into soluble ones and their
migration from the upper layer to the depth of the soil
profile. During irrigation and gypsuming, the amount
of bulk fluorine increases, but not considerably.

The content of soluble forms of fluorine in the
arable layer of the southern chernozems IA of Odesa
region varies widely: acid-soluble — 4.56-19.95 mg/
kg, water-soluble — 0.49-6.75 mg/kg. The lowest
levels of fluorine are observed in non-irrigated
chernozems, the highest — in those irrigated with
gypsum (Chornozemy' masy viv...., 2016).

The increase in the content of movable fluorine
concentrations in irrigated soils, compared to their
bulk content, indicates an increase in its mobility,
migratory capacity, and increased risk of flow into
plants, the possibility of migration to the lower hori-
zons of the soil and groundwater, which needs to be
constantly controlled to prevent negative consequenc-
es in soils, groundwater and plants.

Investigation of the profile distribution of
fluorine has shown that the content of bulk fluorine
varies within 320-670 mg/kg, and in non-irrigated
lands its content in the upper layer is much higher
than that on the irrigated ones. Downwards the soil
profile and forest thickness, the content of the bulk
fluorine increases, reaching 600-800 mg/kg, in some
cases 1000 mg/kg. There were no differences between
non-irrigated and irrigated soils deeper than the lower
boundary of the profile.

The high content of soluble forms of fluorine in
the upper horizon of southern chernozem, especially in
non-irrigated ones, can be explained by the biological
accumulation of this element. In the subirrigated
horizon, the content of fluorine decreases slightly.
The highest concentrations are typical for carbonate
accumulation horizons. There is a natural increase in
the concentration of active fluorine downwards the
profile: at a depth of 140-150 cm it reaches 25-30 mg/
kg, which is associated with an increase in its bulk
forms. The maximal values of fluorine content are
confined to soil-forming rocks.

Researches on fluorine accumulation in soils with
the systematic application of fluorinated fertilizers are
highlighted in the works of Pashova (1980), Pomaz-
kina (2004), Trigub and Poznyak (2008), Mourad et
al. (2009), Brindha et al. (2011), Tandelov (2012).

Versatile researches of the influence of irrigation
and gypsum at fluorine content in soil, groundwater
and crop products were conducted within the Dan-
ube-Dniester IS in the field experiments (Fig. 1). The
objects of the study were southern chernozems of

warm southern European facies irrigated with low-
mineralized waters. In the studies conducted, the
main attention was paid to the study of the content
of active fluorine, because this form of the micro-
element is the most toxic to the food chain. Phos-
phogypsum containing 2% (20000 mg/kg) of total
fluorine and 0.3% (3000 mg/kg) of water-soluble flu-
orine was used for the amelioration of the solentzic
chernozems in the southern Danube-Dnestrovsk IS.
Therefore, with the introduction of 10 t/ha of phos-
phogypsum, about 30 kg/ha of active fluoride is in-
troducted into the soil, which can cause an increase
in its content in the soil.

According to the results of our research, under
the influence of irrigation, the concentration of bulk
fluorine in the arable layer in the irrigation area de-
creased by 60 mg/kg, in the subarable layer 72 mg/kg,
which can be explained by the gradual dissolution of
the bulk forms and prolonged migration of water-sol-
uble fluorine from the upper layer to the bottom of the
soil profile. The content of water-soluble fluorine in
the arable layer is the lowest in non-irrigated cherno-
zems (Fig. 3). During irrigation, and especially dur-
ing irrigation and gypsuming, the content of movable
forms of fluorine in the arable horizon increases. With
the addition of phosphogypsum, in combination with
manure, the fluorine content decreases, because the
organic matter of manure is capable to form poorly
soluble complexes with fluorine.

According to the classification of irrigated soils
by the content of water-soluble fluorine (Baliuk et
al., 2013), non-irrigated chernozems of the studied
area have low level (0-3 mg/kg), irrigated — mainly
average level (3-6 mg kg) and during irrigation and
introduction of phosphogypsum, fluorine content
increases, in some cases reaching a high level (6-9
mg/kg).

Consequently, the introduction of phosphogyp-
sum into irrigated chernozems increases the content
of water-soluble and acid-soluble fluorine, but its ab-
solute values remain, at the same time, lower thanthe
level of MPC. Studies conducted confirm that, despite
the low solubility of fluorine compounds (2.1 10 %)
in chernozem in the process of irrigation, there is a
gradual dissolution occurs, which leads to anincrease
of the active forms, especially acid-soluble fluorine
(almost by 3 times). The increase of movable fluorine
concentrations in irrigated soils, compared to their
bulk content, indicates an increase in its mobility,
migratory capacity, increase of the risk of flow into
plants, the possibility of migration into the lower hori-
zons of the soil and groundwater, which requires con-
stant monitoring to prevent negative consequences in
soils, groundwater and crop plants.
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Fig. 3. The content of active fluorine in southern chernozem of Danube-Dniester IS, mg/kg

The dynamics of the content of active fluorine in
the southern chernozem of the Danube-Dniester IS is
presented in the Fig. 4 and the Fig. 5. As it is clear
from the figures, that during irrigation (Fig. 4) and es-
pecially during irrigation and gupsuming (Fig. 5), the
activity and, consequently, the mobility of fluorine in
the upper layer of chernozems increases from year to
year, creating a threat of contamination for geochemi-
cally dependent landscapes, natural and groundwater,
plant products with this element.

As can be seen from the Figures 4 and 5, the ir-
rigation of chernozems leads to redistribution of fluo-

rine in the soil profile and increase the concentration
of its active forms in the arable layer. The systematic
introduction of phosphorus fertilizers and phospho-
gypsum in high doses leads to an increase of fluorine
content in soils, especially its active forms (water-
soluble and acid-soluble).

Among the negative effects of irrigation and
the introduction of phosphate fertilizers is the
accumulation of fluorine not only in the soil, but also
in surface waters. The accumulation of fluorine in
groundwater is influenced by the degree of mobility
of fluorines (MF), which may increase with additional
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Fig. 4. Dynamics of the content of active fluorine in southern chernozem of the Danube—Dniester IS, mg/kg
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hydration (irrigation) and the introduction of
fertilizers containing fluorine compounds. The degree
of mobility of fluorines is calculated by the ratio of
the content of soluble forms of fluorine to their bulk
content in the soil (Pomazkina, 2004). Despite the
low solubility and mobility of fluorine in chernozem
soils, when the phosphogypsum was introduced, the
degree of mobility of water-soluble fluorine increased
by 2 times, while the acid-soluble fluorine by 1.5
times (Fig. 6).

To determine the intensity of migration of
fluorine through a profile, its content was investigated
in lysimetric waters. The study of the composition of
lysimetric waters allows to determine the degree of
anthropogenic influence on soil processes, to identify
patterns of movement of contaminants in soils, to
evaluate soil as a natural filter for chemical elements
and their compounds, as well as to establish their
influence on the composition of groundwater, which
is formed due to soil runoff (Zeidelman, 2008).
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Fig. 6. Content (mg/kg) and mobility index (%) of fluorine compounds in chernozems.
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The investigation of the fluorine content in
lysimetric waters showed that in case of irrigation
(without fertilizing) its contents ranged within
0.13-0.22 mg/dm®, which is by 1.5-3.0 times
lower than the fluorine content in irrigation water
(0.43 mg/dm?). Thus, field studies of lysimetric
waters confirmed the high absorbing capacity of
chernozem soils in relation to fluorine compounds
contained in irrigation water.

In irrigated areas where phosphogypsum was
introduced, the fluorine content in lysimetric waters
increased significantly, in some cases reaching over
1 mg/dm?, due to the high migration activity of the
microelement element and the additional supply of its
compounds with ameliorants (Fig. 7).

The conducted studies are confirmed by the
calculations of the fluorine migration activity in
the lysimetric waters of experimental sites (during
irrigation and introduction of phosphogypsum).
The coefficient of water migration of fluorine
increased by 2.5-3.5 times during the introduction
of phosphogypsum, which can lead to significant
contamination of groundwater and its accumulation
in plants.

Thus, the degree of mobility of fluorine
compounds in the studied chernozem increases
with irrigation and especially the introduction of
phosphogypsum. The level of fluorine content
in lysimetric waters and the coefficient of water
migration correlate with its content in soils and can
serve as a source of contamination of groundwater
and plant products.
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Scientists pay considerable attention to the study of
fluorine migration in the soil-plant system, especially
while applying fluorine-containing  fertilizers.
However, there is no general opinion regarding the
dependence of fluorine content in soils on its content
in plants. Natural fluorine is inaccessible to plants,
so its content is insignificant. The average fluorine
content in plants is 0.1-5.0 mg/kg of dry matter and
can range from zero to several hundred milligrams.
In areas distant from industrial enterprises, the
maximum content of fluorine in plants (depending on
the types) is 10-20 mg/kg of dry matter, which makes
0.001-0.002%. Compounds of fluorine entering the
soil under conditions of technogenic pollution, unlike
natural ones, are easily soluble and can be actively
accumulated by plants (Orlov et al., 2002). Due to the
high chemical activity and the danger for the health
of plants and animals, the content of fluorine in plant
products is normalized. The maximal permissible
concentrations of fluorine in food of plant origin
(bread, vegetables, fruits) is 2.5 mg / kg, in green
fodder and hay — 20 mg / kg of dry matter. But the
general (reserve) content of slow-moving fluorine is
normalized. Moving fluoride is dangerous, which is
readily stored in living organisms. The introduction
of fluorine-containing fertilizers can lead to the
accumulation of movable forms of fluorine.

The available scientific literature on the effect of
fluorine on crop yields has considerable controversy.
Some scientists note the positive effect of fluorine
on plants (Pashova, 1980). According to others
(Kabata-Pendias and Pendias, 1989) — fluorine is not
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an essential element for plant development. The high
content of fluorine in soils is toxic for plants (Nowak et
al., 2000; Rezaei et al., 2017) and impairs their growth
and properties (Cui et al., 2011). The negative effects
of fluorine on plants are manifested, for example, by
chlorosis (yellowing) and necrosis of leaves, as well as
adecrease in chlorophyll content, resulting in inhibited
plant growth (Weinstein and Davidson, 2004). Found
that mineral fertilizers increase the fluorine content in
the upper soil horizons and agricultural plants. There
is no definite relationship between the concentration
of soluble fluorine in soil and their content in plants.
According to Kabata-Pendias and Pendias (1989)
there is no correlation between the bulk fluorine
content in soil and plants. Other scientists (Pashova,
1980; Pomazkina, 2004; Tandelov, 2012) have found
that mineral fertilizers increase the fluorine content in
the upper soil horizons and agricultural plants.

Fluorine-containing fertilizers are one of the
main factors for the contamination of agricultural
plants with fluorine (outside of industrial exposure).
However, the response of plants to the introduction
of increased amounts of fluorine into the soil is not
straightforward and requires studies of the patterns of
absorption of fluorine compounds by plants. The abil-
ity of plants to absorb fluorine from the soil is charac-
terized by a biological absorption coefficient (BAC),
which shows the ratio of fluorine content in the sol of
the plants to the content in the upper (root) horizon of
the soil (Perelman, 1989). It is established that the av-
erage value of BAC for cultivated plants is 0.2 (Perel-
man, 1989). However, these definitions concerned the
total content of the microelement and not its movable
forms.

Our field researches have shown that while irriga-
tion, the content of movable fluorine in various agri-
cultural plants and their particular organs ranged from
0.06 to 0.20 mg/l. With the introduction of phospho-
gypsum in irrigated chernozem, the content of fluorine
in the sap of plants increased significantly — 0.12-0.74
mg/l. When introduced together with mineral and or-
ganic fertilizers, the fluorine content ranged from 0.12
to 0.42 mg/l (Fig. 8). Therefore, the introduction of
increased doses of fluorine-containing fertilizers lids
to an increase of the movable forms of fluorine in all
the agricultural plants and their particular organs. In
our opinion, this is due to the flow of fluorine directly
to their fertilizers even before absorption by the sol-
id part of the soil. A corresponding pattern was also
found in the determination of fluorine in soil samples
and lysimetric waters.

The calculations of the biological absorption
coefficient of the movable forms of fluorine, that is
the level of plants’ ability to absorb fluorine from
the soil, had sufficient differences between particular
agricultural plants and their organs (0.05-0.15). The
highest index BAC belongs to the wheat ears — 0.33
as well as the corn and oats — 0.22, which were
higher than the average values for cultivated plants.
Therefore, the ability of plants to absorb soluble
fluorine from the soil while applying fertilizer is high,
can affect the quality of crop products.

Studies have shown a positive correlation
between the content of fluorine in the roots of maize,
oats, wheat ears and soils in the absence of fluorine in
the stems and leaves.

BAC in plants grown in areas where fluorinated
and organic fertilizers were jointly introduced was the
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Fig. 8.The content of fluorine in soils (mg/kg) and plant cell sap (mg/dm:).
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highest in almost all plants and their organs (except
wheat ears). Thus, the roots of corn and oats had a
BAC of 0.25 and 0.29, respectively.

Therefore, the quality of irrigation waters and
the degree of contamination of irrigated soils quite
naturally affect the concentration of fluorine in
agricultural plants and, accordingly, the quality of
production.

Based on the information given in the article, it
can be predicted that the danger of contamination of
the chernozem soils of the studied area will disappear
if the tendency of coagulation irrigation and the
decrease of phosphorus fertilizers introduction
in the present conditions, as well as the need for
phosphogypsum application are eliminated.

However, irrigation is one of the most effective
methods to improve productivity of agricultural
crops for the areas with arid climate. These issues
are particularly relevant in the conditions of climate
warming. It is known that at optimal irrigation rates
the aqueous, thermal regime of soils improves, their
microbiological activity increases, and the biological
productivity of agrolandscapes increases (Gogolev et
al., 1992; Naukovi osnovi..., 2009).

When restoring irrigation of chernozem soils,
especially in of southern territories of Ukraine, there
will be a necessity of introduction fertilizers and
meliorants. In modern conditions, the most promising
for irrigation is drip irrigation, especially for fruit,
vegetables and grapes, which combine irrigation with
the use of chemicals, including the introduction of
mineral fertilizers, meliorants and microelements.
However, fertilizer application with irrigation water
not only increases the efficiency of fertilizers for
plants, but also affects the solubility of various
biologically active substances. Despite the low
solubility of fluorine compounds, studies haveshown
that irrigation and the introduction of fluorinated
fertilizers greatly increases the soluble form of
fluoride, which can negatively affect the pollution of
agrolandscapes and health of the population.
Conclusions.

Thus, the studies carried out show that:

1 Irrigation and chemical melioration is a
significant factor in the differentiation of the territory
by the content of bulk and water-soluble fluorine in
the southern chernozems. Irrigation and introduction
of phosphogypsum leads to the accumulation of
active fluorine in the “southern chernozems-plants-
groundwater “ system. The content of active fluorine
in the plant sap depends on its content of soluble
forms in the soil.

2. As the flow of fluorine with phosphorous
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fertilizers, meliorants and irrigation water creates an
additional risk of contamination with this element
of agricultural production, it is advisable to monitor
systematically the content of water-soluble fluorine in
irrigated soils and crop products.

3. Inorder to grow ecologically pure crop products
and prevent toxic effects of the microelement on
organisms of animals and humans, it is recommended
to add fluorine to the list of indicators which are
subject to compulsory control in the certification of
agricultural products, especially its soluble forms.
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Received: 29.03.2020 Abstract. The coastal zones are characterized with the considerable variety and the
Recetved inrevised form:10.08.2020 specificity of the landscapes. Their properties and the structure are determined with the
Accepted: 28.08.2020 interaction of the water area and the dry land. Here the natural and the anthropogenic

components of the landscapes come into the close interaction with each other with the useful
(microclimate, energy potential of breeze) and the inauspicious (storms, costal abrasion, high corrosive activity) consequent for the
landscape structures and the maritime nature use. The determination of such interaction and their consequences are the aim of this
article. The method of the analysis and the synthesis of the empirical data is determined. This is due to the considerable dispersion of
the geophysical and the geochemical data by the branches and the spheres of the research. So, the collection of the diversified data,
their processing and the interpretation have become the important component of the method. The method of the conjugate analysis of
the components has given the possibility to catch out the dependence between the processes and the appropriateness in the “process-
result” chain. It is studied out that the unity of the dry land and the marine components of the coastal zones is insufficiently studied.
It is explained with the complicated character of the interaction between the coastal landscapes and the considerable versatility of the
interaction between the coastal dry lands and the water area of the seas. The fragmentary character and the dispersion of the primary
information on the dynamics of the coastal landscapes complicate the process of the research of such interaction. It should be noted,
that the integration between the theories of the research of the dry land and the sea is still weak. The main complexity is that for now the
structure of the process monitoring in the dry land and in the sea is different and it does not promote the integration of these researches.
Itis installed that the different in the structure and the functioning of the landscape has been formulated in the coastal zone of the seas. It
is caused with the combination of the natural factors (microclimate, coastal abrasion and accumulation, infiltration of the marine waters,
salt metabolism) with the maritime activity of the human (fishing, recreation, sea transport, tourism). It has been proved that all kinds of
the dynamics between the contrasting environments, including the coastal areas, we can attribute to the para-dynamics. The processes of
the interaction of the dry lands and the water areas within the coastal zones are determined with their geomorphological, microclimatic
and migratory components. They can be happened through the migration of the ions, the salts and their solutions, the display of the
breeze circulation, humidity of the air, the migration of the living organisms and others. The variety of the interaction is heightened with
the high dynamism of the coastal processes. It is caused the high variability and the dynamic lithomas, which are connected with the
surfing and the increase or the decrease of the water activities of the sea water. The surfing of the sorting of the bottom sedimentary and
the formation of the zones of the variegated sedimentary in the different distance of the coastal are happened. The move of the coastal-
marine drifts along isobathes of the coastline slope is found, which on the dry land physically cannot be in progress. More intensive
comparatively with dry land migration of the soil solution is installed, which slows the formation of the soil coverage of the coastal
zone. Itis installed, that in the basic of the paradigm lies the material, the energetic and the informational exchange between the dry land
and the sea. The number of the multidirectional material-energetic flows and the transpositions is disclosed in the coastal zone suchas
longitudinal and diametrical. The availability of the hydrogenous, the wind-circulation, and hemogeneous interactions were analyzed
and reinforced with the examples. The result of such interaction is the diversified formation such as from the features of the relief to the
increase of the concentrates and the complexes of the living organisms. The features of the energy paradigms in the coastal areas of the
sea are revealed. The large number of the energy flows is directed from the dry land near the sea.

Keywords: interaction of the dry land and sea, contrast environment, coastal zone, substance, para-dynamics, energetic interaction,
the Sea of Azov
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AmoTanisi. Y Mexax 6eperoBiX 30H JTaHIMA(DTH Ta AKBATAHAMAdTH GiTbII pisHOMAHITHI. IX BIACTHBOCTI i CTPYKTypa BH3HAYAIOTHCA
B3a€MOJII€I0 aKBaTOPii Ta cyxonomy. TyT IpUpOAHi Ta aHTPONOreHHI CKIIAA0BI JaHAMA(TIB BCTYNAIOTh y TICHI B3a€EMOI] MiXk co0010
3 KOPUCHUMH (MiKpPOKJIIMAT, €HePreTHYHIN NOTeHIiall OpH3iB) Ta HECHPUATINBUMU (IITOPMH, Oeperoa abpasis, BUCOKA KOpo3iiiHa
AKTHBHICTB) HACIIIKAMH JUIS JaHIAa(THOI CTPYKTYpH Ta MPUMOPCHKOT0O IPUPOAOKOPUCTYBAaHHS. BCTaHOBIIGHHS TaKUX B3a€MOJiH Ta
X HACHIJIKIB € METOO JIaHOI CTaTTi. 3’sCOBAHO, IO €HICTH CYXOIIBHOI Ta MOPCHKOI CKIIaJJOBUX OCPETOBHX 30H JI0 IUX Tip € c1abo
BHBYEHOIO. Lle MOsICHIOEThCS CKIIaJHUM XapaKTepoM B3aeMOJil MDK NMprHOepeKHUMH JIaHmadTaMy Ta 3HAYHOI OaraTorpaHHICTIO
B3a€MO/IIH MiXk IIPHOEPEKHIMHE CyXOI0JIOM 1 aKBaTopieio Mopsi. DparmeHTapHuMil XapakTep Ta po3MOPOIICHICTh TIEPBUHHOI iH(opMartii
10 TUHAMIII IPUOSPEKHUX JTaHAMAPTIB YCKIIAIHIOIOTH TIPOLIEC JIOCHIDKEHHSI TAKUX B3aeMOJIiid. BcraHoBIIeHO, 1110 Y TprOepeskHii 30H1
MOpiB (pOpPMYIOTBCS BiIMiHHI 3a CTPYKTYporo 1 (yHKIioHyBaHHAM JaHmmadTy. 1le crippuunHeHo noeaHaHHAM MPUPOJHNX (pakTOpiB
(mixpoxutimar, 6eperoBa abpasist Ta akyMyJIsList, iHQUTBTPALList MOPCHEKOI BOIH, COBOBUI OOMiH) 3 IPIMOPCHKOIO JisUTEHICTIO JIFOIUHH
(pubanbeTBO, peKpeartisi, MOPChKHI TPAHCIIOPT, Typu3M). JloBeneHo, 110 yci BUAM ITMHAMIKA MK KOHTPACTHHMH CEpeJIOBUIAMH, B
TOMY YHCITi i TPUOEPEIKHOT, CIT1JT BITHOCUTH JIO TTapauHamiky. [Iporecy B3aeMoii CyXoI0y Ta aKBaTopii y Mexax IpHOepeKHOT 30HH
BH3HAYAIOTHCS IX TeOMOP(OIOTiYHOI0, MIKPOKIIMATHIHOIO Ta MIrpaniifHOIO CKJIQJI0OBUMH Yepe3 Mirparilo i0HiB, coell Ta iX po3uHHiB,
MIPOSIB OpHU30BOi IUPKYIIALIi, BOJIOTICTH MOBITPS, MIrpamnito >KMBUX OpTaHi3MiB Ta iH. PI3HOMaHITTS B3a€MOIiif MOCWITIOETHCST BUCOKOIO
JMHAMIKOIO TIPHOEpEeKHUX IpolieciB. BcraHOBIEHO, IO B OCHOBI MapaJMiHAMIKH JIe)KaTh PEYOBHHHI, €HEepreTnydHi Ta iHdopMariiiHi
OOMIHH MDK CyXO/IONIOM Ta MopeM. Y TpHOepeHiil 30HI BHSBICHO psJi Pi3HOCHPSIMOBAHUX PEYOBHHHO-CHEPT€THYHMX ITOTOKIB i
TIEPEHOCIB — MO3/I0BXKHIX 1 nornepeynux. [IpoananizoBana i miaKpimwieHa IpUKIIaaMy HasBHICTh T1APOTeHHUX, BITPOIUPKYISIIHHIX,
XEMOT€HHHX B3aeMOliil. BUsBiIeHI 0COOIMBOCTI €HEepreTHYHOI TapagnHaMiKi y IPHOEepPerKHiit 30HI MOpsL.

Kniouosi cnosa: 63aemo0ii cyxodin-mope, konmpacmui cepedosuiya, bepeeosa 301d, peHoSUHHA NAPAOUHAMIKA, eHepeemuyHa 83a-

emo0isi, A3068cbKe mope

Introduction. The coastal water surfaces and
the maritime territories are the important for the
preservation of the landscape and the biological
diversity, for the development of the traditional nature
use. The coastal zones diversify the landscapes of
the earth surface. The natural and the anthropogenic
components of the coastal zones enter close interaction
with each other with the different consequences,
mostly with useful for the maritime nature use (the
coastal energy, the industrial fishing, the maritime
transport and the trade, the recreation and the tourism,
the microclimate), and in some cases it is unfavorable
(the storms, the coastal abrasion, the high corrosion
activity of the maritime environment and others).

Despite the main role in the nature and the
economy, the coastal zones in the unity of their dry
land and the marine components still remain not
enough studied spatial structure. This is due to the
complex character of the interaction between the
coastal landscapes and the significant versatility of
the interactions between the coastal dry land and the
water surface of the sea. It is the weak elaboration
of the methodological-methodical bases of the
research of the para-dynamic interactions and the
properties of the landscapes which are caused by
them. The difficulties of the study are largely due to
the fragmentary character and the scattering of the
primary information as for the dynamics of the coastal
landscapes in its wide understanding.

The coastal zone of the sea as one of the brightest
contacting zones of the geographical space is
researched for many decades by the representatives
of the different branches of the scientific directions
(geomorphology, geology, climatology, hydrology,
soil science, geochemistry, geophysics, botany,
zoology, etc.) in the unity of its terrestrial and the
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water composition. Despite this, in the geophysical,
the geochemical and in the landscape relations, it as an
integral natural-economic complex has been partially
researched to date. This is due to the fact that until
recently, the shore, as the part of the dry land, and the
coastal zone of the sea, as the part of the water surface
have been considered separately by the specialists -
even within the different classes of the landscapes.

The same belongs to the borders of the Ukrainian
Pryazovia, where the scientific investigations have
often the isolated component character. Even in the
grounded works on the problems of the Sea of Azov
and its basin, the geomorphological interactions
are highlighted more. And in some cases the sea is
considered detached from the surrounding dry land.
Instead, the sea-coast of the Sea of Azov has its
own unique territorial and the aquatorium landscape
features, formed as the result of the common conjoint
interaction of the contrasting natural environments
and the anthropogenic factors.

It should be noted that among the significant
diversity of the scientific and the popular science
works on the Sea of Azov and the adjacent to it the
dry land, there are many publications that reflect one
or another aspect of their interaction. The geological
interactions (Shnyukov, 1974; Shujskyj, 2001), the
geomorphological (Artyukhin, 2007; Ivanov, 2008;
Mamykina, 1980; Shujskyj, 2015; Zenkovych, 1980),
the hydrological (Bronfman, 1979; Bronfman, 1985;
Symov, 1989), the hydro-meteorological (llyin,
2016; Ilyin, 2009), the biogenic (Matyshov, 2011,
Aleksandrov, 2011; Vynogradov, 2012), the processes
of the pollution (Bespalova, 2007; Ivliyeva, 2007) and
others have been explored and have been highlighted
in the literatures.

The basics of the research of the interaction
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between the contrasting environments, including in
the coastal zone of the sea has been put in the article
of A.O. Grygorjev (1952). Later, this idea as for the
interaction of the oceans and the continents have been
developed by K.K. Markov (1968). The basics of the
doctrine of the paradynamic-paragenetic interactions,
including in the coastal zone of the sea have been
formulated and have been developed in the works of
F.M. Milkov (1966, 1977, 1981).

In our opinion, the best individual direction of
the interaction of the dry land with the water surface
of the sea through the shoreline have been reflected
in the works of V.P. Zenkovich (1958, 1967, 1980),
T.A. Ajzatullin and with the co-authors (Ajzatullin,
1984), G.G. Matyshov (2000, 2008, 2010, 2011),
Yu.M. Gargopa (2003), V.O. Dergachev (1987),
V. Agarkova-Lyax (2006), Yu.A. Zhdanov and
with the co-authors (Zhdanov, 1987). The role of
the anthropogenic factors in the development of the
coastal zone of the sea is highlighted in the works of
E. Bird (1990), Yu.V. Artyukhin (1989, 2007), V.
Lymaryev (1986).

The idea of the existence of the para-dynamic
connections between the contrasting environments
of the landscape complexes was formulated by
F.M. Milkov in 1966 and was improved until the
90s of the last century. At present, the development
of the idea of F.M. Milkov about the para-dynamic
landscape complexes has been connected with the
scientific researches of the scientific schools under
the guidance of F.M. Milkov in Russia and his
student G.I. Denysyk in Ukraine. The theory of the
para-dynamic connections in the positional-dynamic
landscape territorial structures has been formulated
and has been developed by M.D. Grodzynskyi (1993).
The paradynamic connections and the properties in
the landscapes have been explored by V.B. Mikhno,
K.M. Diakonov, V.. Fedotov, G.l. Denysyk,
AV.Hudzevych, M.V. Dytchak, G.S. Khaietskyi,
1.V. Kravtsova, Yu.V. Yatsentiuk and others.

The research of the connections between the
individual components of the landscapes and within
the certain regions of the Azov sea-coast has been
investigated by G.G. Matyshov (2010), S.V. Hryshko
(2017), V.O. Demchenko and the co-authors
(Demchenko, 2015).

The analysis of the modern publications has
shown that most scientific researches direct to the
management of the nature use and the resources
in the coastal zone (Hildebrand, 1992; Kooiman,
2008), which are closely related to the manifestation
of the natural processes of the interaction and their
anthropogenic modifications. It emphasizes on
the complexity of the observation of the natural

component of the interaction between the dry land
and the sea and the importance of taking it into
account (Schluter, 2020). It is also difficult to detect
the interdependencies between the social and the
ecological systems, between the subjects and the
managerial risks. At the same time, many scientists
(Pittman, 2016) determine that the integration between
the theories of the research of the dry land and the sea
is still too weak. The main difficulty is that at present
the structure of the observations of the processes in
the dry land and in the sea is different and it does not
help to the integration of these researches. In addition,
in the interaction of the dry land and the sea has been
detected high variability and the contradictions of
the natural boundaries, which emphasizes more the
aspect of the interdependence between the dry land
and the sea through the shoreline. These boundaries
are difficult to detect due to the variability in the
natural, the ecological and the social environment.

It is clear to the scientists that if you want to

use the coastal theory of the management, it should
be understood the peculiarities of the coastal zone
through the physico-chemical interactions between
the dry land and the sea and their intensity. However, it
can help in the development of the effective structure
of the management which can provide not only the
quality of the environment, but also its stableness.
The purpose of the article is to reveal the
peculiarities of the coastal zone of the sea as a part of
the integral landscape space, which are caused with
the manifestation of the para-dynamics on the border
of the contrasting environments.
The material and the methods of the research. The
methodical basis of the article has been the number
of the methods and the rules formed in the modern
landscape science, the landscape ecology and the
coastal science. The main research methods have
been: the analysis and the synthesis of the empirical
data, the method of the analogies, the field researches,
the cartographic, the leading factor, the conjugate
analysis of the components, the remote research, the
method of the scientific generalization.

The use of the method of the analysis and the
synthesis of the empirical data is associated with
the significant scattering of the geophysical and the
geochemical data, which confirm the existence of the
interaction. Therefore, the collection of the diversified
data, their machining and the interpretation have
become the important component of the research. The
method of the analogies has given the possibility to
compare the types and the nature of the interaction
in the different areas of the coastal zone, to detect
the reasons of the differences. The field researches
are applied for the specification of the available
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cartographic information and the results of the
decipherment of the satellite images of the studied
surface. The method of the leading factor is applied
for the detection from the significant diversity of
the para-dynamic interactions of the main, which
determines the course of the processes and their
results. The conjugate analysis of the components
has given the possibility to reveal the dependences
of some processes on others, and also to detect the
appropriateness in the chain of the “process-result”.
The remote research has been mainly related to
the explorations of the dynamics of the shores, the
changes of their configuration in the space and the
time, and also in the identification of the places of
the separation along the coastal drifts of the deposits.
The method of the scientific generalization is applied
for the final stages of the research and during the
formulation of the conclusions.

The results and their analysis. In the coastal zone
of the seas and the Sea of Azov in particular, the
landscapes are formed that, at first sight, are similar
to other landscapes of the dry land, but this is not
entirely true. Here the number of the natural processes
is arisen and the factors are appeared, caused the
interaction of the water surface and the adjoining
dry land which modify the individual properties and
the components of the landscapes. It includes the
microclimatic, the geophysical and the geochemical
interactions, the coastal abrasion and the accumulation
of the sediments, the infiltration of the seawater in the
reduced areas of the dry land, the salt metabolism,
the migration of the living organisms and many
others. Within the coastal zone, the consequence of
the interaction of the contrasting environments is the
significant increase of the biotope and the landscape
diversity, accompanied with the appropriate increase
of the bio-productivity.

Together with it, inthe coastal zone, the favorable
conditions for the development of the maritime types
of the anthropogenic activities have been created with
the nature such as the fishing, the marine transport, the
recreation and the tourism, and so on. The combination
of the natural and the anthropogenic factors of the
development of the maritime areas makes the latter
as one of the most diverse and the valuable in the
ecological, the social and the economic relations of
the area of the landscape space.

The “Para-dynamic” (para-genetic) interactions
between the contrasting environments, for the first
time, have called and have introduced into the scientific
circulation in geography by F.M. Milkov (1966), and
the awareness of the priority of the consideration of
the process component during the separation of the
landscape systems has led in 1977 F.M. Milkov tothe
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formulation of the idea of the existence of the para-
dynamic landscape complexes and the necessity of
their research within the new perspective direction of
the landscape science (Milkov, 1981).

This name is caused with the fact that “para”
means “near”, and “dynamic” is the movement, the
interaction. So, it is a phenomenon caused with one
or more processes. Thus, in the maritime zones, this
movement is caused with the interaction between
the contrasting environments such as the part of the
marine water surface and the part of the dry land
which is adjacent to the contact shoreline.

The coastal marine zone has been determined with
the resolution of the World Conference on the Coastal
Zones (1993) as the specific geographical space,
which is characterized with the concentration of the
coastal environments and the appropriate natural and
the anthropogenic systems which are close contacted.
In the widest understanding of this term, the coastal
marine zone is a part of the dry land which depends
on the close location to the sea and it affects the sea,
and also that part of the sea that feels proximity of the
dry land. It is characterized with the originality of the
geological, of the geographical, of the meteorological,
of the energetic, of the physicochemical, of the
biological phenomena and the processes and it
generates the unique style of the coastal economic
activity of the human (Pittman J, 2016).

So, the coastal zone of the sea we mean as the
zone of the mutual influence of the territory and
the water surface, the peculiarities of which are
determined with the processes of their interaction
such as the geomorphological, the microclimatic, the
process, the migration. It stretches along the contact
shoreline. Most often, this interaction is determined
geomorphologically (Zenkovych, 1980), with the
result of the manifestation in the form of the beach.
The manifestation of the microclimatic, the process
and the migratory interactions in the coastal zone of
the sea is also distinguished with its specifics through
the migration of the ions, the salt and their solutions,
the manifestation of the breeze circulation, the
humidity of the air, etc.

Acting in the coastal zone of the sea the processes
and the forces, the forms of the relief, the nature of the
deposits, the bioproductivity and the biodiversity, the
forms of the economic use of the shore are so peculiar
(Dergachev, 1987, Vedeld, 1994) that its secretion
into the separate natural-economic object is not only
undoubted, but it is also quite necessary. The main
peculiarities of their functioning is the high variability
and the dynamics of the litomas, associated with the
increase and the decrease of the level of the water
activities of the seawater. As a result, there is a rapid
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reforming of the coastal relief and its variability in
the space and the time. The movement of the coastal-
marine sediments along the isobaths of the coastal
slope is a common phenomenon for the maritime
coastal zones, which cannot physically occur directly
on the dry land. Besides, the migration of the soil
solutions in the coastal zone is more intense compared
to the dry land, which causes the slow formation of the
soil cover. The biological productivity of the coastal
zone of the sea is also more high for the adjacent
dry land or the deep of the surface water: here the
manifestation of the “biological effect” is taken place
such as the highest biological productivity and the
concentration of the biological diversity of the plants
and the animals due to the intensive metabolism of the
substance and the energy.

In the coastal zone of the sea there are overall
phenomena of the para-dynamics such as the
material, the energetic and the informative. Here the
system of the contacts between the dry land and water
is extremely complex. This is due to the significant
concentration within it of the multidirectional
material-energetic flows and the transfers as both
longitudinal and the transverse (Vorovka, 2013;
2018). The last are caused with many factors:
the microclimatic differentiation, the complex
configuration of the shoreline and the peculiarities of
its spatial orientation, the predominance of the wind
currents of the certain direction and their strength,
the presence of the mouths system of the river, the
character of the circulation of the water masses, the
peculiarities of the relief of the dry land and the
seabed and others. The consequence of such contact
is diversity formations such as from the peculiarities
of the relief to the increased concentrations and the
totality of the living organisms.

At the same time, the significant number of the
anthropogenic objects are concentrated within the
coastal zone of the sea, which form their own system
of the para-dynamic connections. The existing and
rather complex structure of the natural connections
is more complicated with the para-dynamic
connections of the anthropogenic origin,  which
unite the components due to the manifestation of the
appropriateness of the anthropogenic (social) objects.
In fact, the coastal zone of the sea has become as the
natural-economic complex, formed with the diversity
of the environments, the conditions and the resources
(Dergachev, 1987).

The natural, the natural-anthropogenic and the
anthropogenic para-dynamic connections  within
the coastal landscape system are often manifested
together and it is difficult to distinguish clearly. The

natural is most often manifested in the conditionally
unchanged environment. The natural-anthropogenic
is the synthesis of both types of the interactions. The
anthropogenic is manifested mainly between the
different types of the anthropogenic landscapes. The
natural complexes can disappear and can modify under
the influence and the domination of the anthropogenic
connections.

The closest interactions are manifested in
the breakers zone. With the distance from it, the
connection and, consequently, the impact weaken.
The appropriate change of the properties of the
environment of the coastal zone of the sea gives
the right to call it as the transitional zone of the
geographical space, or the geoecotoneg, it is with the
set of the properties that is manifested within certain
limits on both sides of the shoreline (VVorovka, 2018).
The contrast of the environments and the presence of
the close contact between the active components within
the coastal marine zones cause the formation of the
active surfaces (Ajzatullin, 1984), or the surfaces of
the interaction, which underline the ecotonic contents
of the coastal marine zones. The most active surfaces
of the interaction in the coastal zone of the sea are the
contact surfaces of the “water-air”, of the “dry land-
air”, of the “water-dry land”, of the “water-bottom”,
of the “solid substrate-biota”, of the “bottom-biota”,
of the “water -ice”, of the “river-sea “. They arise on
the contact of the dry land and the water, the air and
the water, the air and the dry land, the coastal pond
(limans, gulfs) with the water surface of the sea, the
river mouths and the water surface of the sea, the
water with the seabed, the living organisms with the
abiotic components of the coast, the anthropogenic
objects with the natural components of the coast.

Among the peculiarities of the interaction of the
contrasting environments in the coastal zone of the
sea, which affect the structure and the functioning of
the landscapes, the following peculiarities should be
singled out (Vorovka, 2013):

- the complex spatially-temporal movements of
the water, the solid and the gaseous substance in the
coastal zone;

- the intensive phase transitions of thesubstances
such as the freezing of the water, the melting of the
ice, the dissolution of the salt and their crystallization
from saturated solutions, the dissolution and the
secretion of the gas, the saturation of the water with
the oxygen during the swash;

- the intensive photo- and chemosynthesis;

- the destruction of the organic and the inorganic
substances, the mineralization of the organic
substances;
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- the intensive migration of the organic substances
and the living organisms;

- the intensive and the close interaction of the
hydrosphere, the lithosphere, the atmosphere and the
biosphere.

In the coastal zone of the sea, the para-dynamics
is caused with the processes that are represented
mainly with the hydrogenous, the gravitational, the
aeolian, the flotation, the hemogenic, the biogenic,
the phase and the anthropogenic groups (Fig. 1).
The group of the hydrogenous is represented
with the breakers migration of the sediments, the
differentiation of the sediments on the seabed and the
river runoff. The gravitational group is represented
with the different intensity of the migration of the
sediment on the different speed slopes, the coastal
gravitational processes and the sedimentation of the
solid and the suspended substances from the water.
The group of the aeolian processes is associated with
the migration of the substances between the sea and
the dry land in the wind flow (the breeze circulation,
the continental transfer, the sedimentation from the
atmosphere). The hemogenic and biogenic processes
in the para-dynamic interaction have extremely large
diversity, among which the brightest are the salt and
the ionic exchange, the migration of the biogenic
substance, the interchange of gas, the changes of the
bioproductivity, and others. The significant role in the
functioning of the coastal landscapes and the aqua-
landscapes is played with the phase transformations
of the substances such as the evaporation and the
condensation of the moisture, the crystallization
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Hemogenic

Biogenic

Phase

Poo 4y

Energetic

Dynamical process of the coastal zone of the sea

Migration at slop

Continental transfer Atmosphere sedimentatio
Salt exchange Migration of biogens -

Bioproductivity

>
Inflow of energy Storage of energy

of the salt and the water, the transformation of the
energy, the formation and the decomposition of the
organic substance, and others. The energy processes
are accompanied by the inflow, the release and the
storage of the energy during all the above-mentioned
Processes.

The most widely material-energetic flows from
the dry land to the water surface of the sea are
represented due to the higher hypsometric position.
However, there is the specific phenomenon among
the interactions of the sea and the dry land in the
breakers zone such as the movement of the parts of
the different sizes in the opposite directions under the
influence of the surf activity: the volumetric and the
coarse-grained parts of the biogenic origin (mostly
the shells of the dead mollusks) move towards the
shore, while small low-like abiogenic are carried out
to the sea. This fact plays the main meaning for the
formation of the unique features of the breakers zone
of the Sea of Azov such as the presence of the sandy-
shell beaches, the bars and the accumulative spits.
Each of these accumulative formations is the result
of the close interaction of the sea and the dry land, as
the spatial appropriateness of the distribution of their
granulometric compositions are evidenced.

The sorting and the bottom differentiation of
the sediments as the result of the combined action
of the wind waves and the gravitational process-
es cause the regular formation of the tiered strips
of the multigrained sediments of the bottom as
mainly terrigenous origin such as from the sand
(fraction is 1-0.1 mm) in the zone of the swash to

Coastal gravitation Sedimentation from the water

Interchange of gas

Migration of organ Migration of organism

Fig. 1. Scheme of the dynamical processes in the coastal zone of the sea (Vorovka, 2018)
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Fig. 2. Tiered structure of the coastal zone of the Sea of Azov (Vorovka, 2018)

the depth of 5-6 m, with their gradual transition to
the aleurite (fraction is 0.1-0.01 mm), at the depths of
5-9 mand the pelitic (fraction is 0.01-0.001 mm) in the
deep water calm areas (Fig. 2). This “striped” of the
bottom is also the consequence of the para-dynamics
of the dry land and the bottom with the water surface
and the typical feature of the shallow and the stormy
Sea of Azov. Similar layers are formed on the dry land
and they are caused with the different intensities of
the gravitational processes. The highest its intensity is
in the coastal zone (the coastal gravitation), where the
bedrock banks are destroyed under the influence of
the waves, and depending on the composition of the
rocks, it crumbles or it collapses. The high intensity
of the gravitational processes is typical of the steep
slopes of the Pryazovia crystalline massif, the sod of
which crumbles and gradually slides down the slope.

The surface of the Pryazovia coastal plain is the
main supplier of the terrigenous material to the bottom
within the Northern Pryazovia. The dominant role of
the process of the abrasion of the shores in the inflow
of the terrigenous sediments is the typical feature of
the sedimentation at the bottom of the Sea of Azov
(Fig.2). The total value of the supply of the material
of the abrasion to the seabed changes from 2.0 to 17.0
million tons with its average value until the 80’s of

the XX century of 6-7 million tons (Mamykina, 1980).
During the period from the 90s of the XX centuryun-
til today, the change of the wind circulation regime
and the constant annual lift of the level of the sea by
2 mm has affected the intensity of the geomorpho-
logical processes in the coastal strip of the sea and it
has caused the acceleration of the abrasion processes
and the increase of the volume of the substance ofthe
abrasion by 1.5 times, so to the size of 10-11 million
tons (Matyshov, 2008). It is contributed the warming
of the climate, due to which the level of the Sea of
Azov is constantly rising and according to the differ-
ent scenarios by 2100 year it can rise to 115¢cm.

It should be noted that the high molluscous
bioproductivity of the sea is also closely related to
the adjacent dry land and the surface runoff from
it. The hydro-carbonate class of the river runoff
(Bronfman, 1985; Ivanov, 2008) of the Ca group
promotes the income into the water surface of the
sea of the significant amounts of the calcium, it is the
main element for the construction of the shells by the
mollusks. Although after the regulation of the runoff
with the reservoirsand the ponds, the water of therivers
of the Azov Basin have been significantly impoverish
the ions of HCO?®* and Ca?*, and there has been some
decrease of the coefficient of the carbonate, and the
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terrigenous source of the income of the calcium into
the water surface is still the main. Also the main thing
is the terrigenous runoff of the biogenic substances
(mostly the nitrogen and the phosphorus compounds),
which are the basis of the bioproductivity of the Sea
of Azov. If before the regulation during the period
of the spring vegetation, the sea has received about
70% of the annual amount of the biogenic substances
and in the modern period, it is about 45% due to their
accumulation in the creation of the anthropogenic
ponds during the 50-80s of the XX century.

The wind-circulation interactions are the
important in the manifestation of the para-dynamic
interactions in the coastal zone of the Sea of
Azov. The aeolian processes are caused with both
climatic peculiarities of the region and the breeze
manifestations. The significant part of the bottom
sediments of the Sea of Azov consists of the products
of the aeolian transfer of the terrigenous origin from
Kalmykia, Krasnodar territory and Rostov region,
which arrive through the “wind tunnel” between
Donetsk chain of the hills, Pryazovia crystalline massif
and the northern offshoot of the Caucasus. Partially
the aeolian material is supplied to the water surface
with the west wind from the steppe zone of Kherson
region and the Steppe Crimea and with the northern
wind, it is from the territories of Zaporizhzhia and
Dnipropetrovsk regions.

The peculiarity of the breeze relations of the
dry land and the sea is due to their daily dynamics
and the manifestation in the warm period of the year,
starting from March. The changes of the direction
of the wind during the breeze are accompanied with
the special daily course of the temperature and the
humidity of the air due to the advection of the warm
and the moisture due to the transfer from the sea or
from the shore. In the coastal zone of the seas, the
breeze circulation increases the total radiation due to
the increase of the line by up to 10% (Rybchenko,
2007). Due to the action of the breeze circulation
on the coast, the wind speed increases from 1.5 to
4.0 m / s (it is the important for the wind energy)
and the periodic changes of its direction. Another
important consequence of the breeze circulation is
the less frequency of the calm and more number of
the days with the strong winds. The breeze circulation
is accompanied with the removal of the marine ions
which are saturated with the wind flow from the zone
of the swash. From the maritime salted depressions,
the breeze wind carries out the salt crystals both
towards the sea and the deep into the dry land. This
causes the significant salinity of the landscapes ofthe
coastal zone of the sea.
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The creation in the warm period of the year over
the water surface of the Sea of Azov unfavorable
conditions for the occurrence of the convection is
accompanied with the increase of the number of the
cloudless days. As a result, within the coastal zones of
the sea the less number of the sedimentation is fixed
compared to the other areas of the dry land, and more
dry landscapes are formed. However, in the cold and
the transitional periods, due to the high temperature
contrast between the sea and the dry land, the fog forms
here for several days in succession (Shaxnovych,
1983).

The hemogenic processes also determine the
peculiarities of the maritime para-dynamic interactions
and the landscapes in general, significantly affecting
the course and the intensity of the interaction between
the dry land and the water surface, regulating the
bioproductivity, the biodiversity and the self-cleaning
capacity of the geosystems. They are primarily
associated with the aeolian migration and the river
runoff, which cause the removal of the chemical
elements (SO,*, Ca*", Mg*) and the salt from the sea
surface and the zone of the swash at the dry land and
on the contrary. If mainly the chloride compounds
arrive from the sea to the dry land, so mainly carbonate
compounds come from dry land to the sea. With the
wind currents come mainly the solid parts due to the
deflation, the chemical substances as the transpiration
salt, the products of the atmospheric emissions of
the industrial enterprises and the motor transport
(Khrustalov, 1999; Sorokina, 2006; Symov, 1989).

The hemogenic interactions between the
strata of the water and the muddy sediments of the
bottom form the mechanisms of the geostasis of the
phosphorus and the nitrogen, which play the main
role in the bioproductivity of the aqua landscapes of
the Sea of Azov. Thus, the lack of the phosphorus in
the strata of the marine water is compensated with
its regeneration from the muddy sediments, and the
surplus is with the adsorption and the supply in the
bottom biogenic mud. Through the processes of the
anaerobic ammonification and the nitrification in the
surface sediments of the bottom, the regulation of the
contents of the nitrogen in the strata is taken place.

Together with the substance in the detected
interactions there is an energy-informative exchange
between the dry land and the sea, which differs in its
specifics. It is manifested both during the connection
of the dry land with the sea (the mineral and the
material composition of the terrigenous sediments,
the physical and the chemical indicators of the
river runoff, the biogenic runoff, the volume and
the peculiarities of the pollutants, etc.) and on the
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Fig. 3. Scheme of energetic interactions in the coastal zone of the sea:
1 - energetic flow from dry land; 2 - energetic flow from the water surface; 3 - transverse energetic interactions; 4 -

longitudinal energetic interactions; 5 - energy storage zone;

contrary (the volume and the composition of theshell
sediments of the shore, the changes of the level of the
water in the coastal depressions due to the infiltration,
the microclimatic indicators, etc.). The energetic flow,
as the material, is directed mainly from the dry land to
the sea, where it is redistributed between the strips, and
also its transformation and the storage are occurred
(Fig. 3). The most intensive energetic interactions are
occurred in the close proximity to the shoreline. With

6 - transition of energy between strips (Ortiz-Lozano, 2007).

the distance from it there is a transformation of the
energy and its attenuation, and within the deep strip of
the continental shelf it is its accumulation.

In fig. 4 the attempt to visualize the diversity
of the para-dynamic phenomena has been done
by the author which are occurred in the coastal
zone of the sea. As it can be seen, it is a complex
system of the interactions, as a result of which
there is a material-energy-informative exchange
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Fig. 4. Generalized scheme of interactions in the coastal zone of the Sea of Azov (Vorovka, 2018)
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between the contrasting environments of the sea
and the dry land. All these types of the interactions
are different in the scale and the intensity, they appear
in the different periods of the time, they have their
own limit of the spread. Due to the high variability of
these interactions, the limits of the spread of one or
another phenomenon change.

Based on all diversity of the interactions, the
boundaries of the coastal zone of the Ukrainian part of
the Sea of Azov onthe dry land and in the water surface
are grounded by the author (Hryshko, 2017). Within
the determined boundaries, the landscape map of the
para-dynamic system has been compiled (Fig.5). The
proof of the close interaction between the dry land
and the water landscapes of the coastal zone of the
sea is the configuration of the boundaries, which is,
in most cases, are “tied” to the contours of the coast,
including the accumulative spits, the gulfs and the
limans. The exceptions are the landscapes of the river
valleys, the landscapes of the Pryazovia crystalline
massif with its slopes and the foothill landscapes of
the Crimea. Despite this, they also take the active part
in the processes of the interaction which have been
described above.

Conclusions. So, in the coastal zone of the sea there
is the significant number and the diversity of the
maritime natural and the anthropogenic para-dynamic
interactions, which determine the peculiarities of
the formation of the coastal landscape space. Their
specifics is caused with the high intensity of the
abrasion-accumulation processes; the significant
dynamics of the migration of the organic and
the inorganic substances; the intensive wind, the
runoff and the subsoil transfer of the salt; the
significant salinity of the soil horizons; the intensive
longitudinal and the transverse migration of the
biogenic and abiogenic substances; the peculiarities
of the coastal microclimate and the wind circulation
processes, including the coastal breezes; the natural-
anthropogenic and the anthropogenic interactions.
As a result of the manifestation of the para-dynamic
interactions within the landscapes and the aqua-
landscapes, the strips of the intensity of the influence
are formed. With distance from the shoreline, the
intensity of the interaction decreases. The intensity
of the interactions determines the specifics of the
structure and the peculiarities of the functioning of
the coastal landscapes and the aqua-landscapes.
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Fig. 5. Map of landscapes and aqua-landscapes of the Pryazovia para-dynamic landscape system

Itis landscapes: North-steppe: 1 - loess strongly dissected slopes of the upland and the elevated plains with the anthro-
pogenic cover on the low-power strata of Paleogene-Neogene sandy-clay deposits, which is recovered the crystalline founda-
tion with the chernozems ordinary low-humus, with the gulches and the balks, embedded to the crystalline rock with the
widespread of the agrocenosis under the forb-fescue-feather vegetation; 2 - strongly dissected upland and the hills with the
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low-power anthropogenic cover inthe crystalline foundation with chernozems ordinary low-humus, with the gulches and the balks,
embedded in the crystalline rocks, with denudation farewell rocks (stone graves) with the widespread of the agrocenosis at the
place of the forb-fescue-feather vegetation; 3 - loess weakly dissected lowland plains with the anthropogenic cover on the Neogene
limestone deposits with the chernozems ordinary low-humus deep micellar under the agrocenosis at the place of the forb-fescue-
feather vegetation; 5 - loess strongly dissected the upland and the hills with the Hercynian folded base, covered with the Meso-
Cenozoic sediments of the various lithological composition with the chernozems ordinary low-humus, with the gulches and the
balks, embedded to the carbon deposits, with the agrocenosis at the place of the forb-fescue-feather vegetation; 6 — wavy-hilly
dissected structural-denudation uplands with the Hercynian folded base with the chernozems ordinary low-humus in the combina-
tion with chernozems and the sod soils on the eluvium of the dense carbonate-free rocks with the widespread of the agrocenosis at
the place of the forb-fescue-feather vegetation. Medium-steppe: 7 - strongly dissected slopes of the loess uplands with the low-
power anthropogenic cover on the Precambrian crystalline rocks, with the chernozems southern low-humus with the denudation
farewell rocks (stone graves), with the gulches and the balks, embedded to the crystalline rocks, with the developed agrocenosis at
the place of the fescue-feather vegetation; 8 - loess weakly drained low plains with the strong anthropogenic cover on the Neogene
limestone and the sandy-clay deposits with the chernozems southern low-humus in the combination with the meadow-chernozem,
the sod gley soils and the gley-solod padings with the developed agrocenosis at the place of the fescue-feather vegetation cover; 9
- loess low plains with the strong anthropogenic cover in the Neogene limestone and the sandy-clay deposits, dissected with the
steppe balks, with chernozems southern low-humus, with the developed agrocenosis at the place of the fescue-feather vegetation
cover; 10 - terraced loess low plains with the strong anthropogenic cover on the Neogene limestone and the sandy-clay deposits,
with the chernozems southern low-humus in the complex with the solonetzic with the widespread agrocenosis at the place of the
fescue-feather vegetation. South-steppe: 11 - weakly drained lowland maritime loess plains with the anthropogenic cover on the
Neogene sandy-clay deposits, with the chernozems southern solonetzic in the complex with dark-chestnut solonetz-like soils and
in the combination with the meadow-chernozem gley soils, gley-solod padings with the widespread agrocenosis at the place of the
wormwood-cereal vegetation; 12 - drained lowland maritime loess plains with the anthropogenic cover on the Neogene sandy-clay
deposits with the chernozems southern weakly solonetzic in the complex with the dark-chestnut solonetz-like soils, with the wide-
spread agrocenosis at the place of the wormwood-cereal vegetation; 13 - weakly drained lowland maritime loess plains with the
anthropogenic cover on the Neogene sandy-clay deposits with the dark-chestnut solonetz-like soils in the complex with the solo-
netzes and in the combination with the meadow solonetz-like soils and the gley-solod padings with the widespread agrocenosis at
the place of on the wormwood-cereal and solonetzic vegetation; 14 - drained lowland maritime loess plains with the anthropo-
genic cover on the Neogene sandy-clay deposits, with the dark-chestnut solonetz-like soils with the widespread agrocenosis at the
place of the wormwood-cereal vegetation; 15 - weakly drained lowland maritime loess plains with the anthropogenic cover on the
Neogene sandy-clay deposits with the chestnut medium- and strongly solonetz-like soils in the complex with the solonetzes and in
the combination with the meadow solonchaks with the widespread agrocenosis at the place of the wormwood -cereal and solon-
chaks vegetation. The Crimean analogues of the steppe landscapes: 16 - low loess plains of the edge depressions with the an-
thropogenic cover on the Neogene sandy-clayey rocks, with the chestnut and the dark-chestnut solonetz-like soils in the complex
with the solonetz and the meadow solonchaks with the widespread agrocenosis at the place of the wormwood-cereal and solo-
netzic vegetation; 17 - low loess weakly dissected plains of the edge depressions with the anthropogenic cover on the Neogene
sandy-clayey rocks with the chernozems southern solonetzic in the complex with the dark-chestnut solonetz-like soils and the
solonchaks with the widespread agrocenosis at the place of the wormwood-cereal and solonetzic vegetation; 18 — lowland hilly
wavy-bald mountain plains of the foothill depressions with the surface deposits of the dislocated Paleogene-Neogene sediments,
with the chernozem and the dark-chestnut solonetz-like soils in the complex with the solonchaks on the eluvium of the shale clay,
the marl and the limestone under the agrocenosis at the place of the wormwood-cereal and fescue vegetation; 19 - lowland sloping
denudation plains of the foothill depressions with the surface deposits of the dislocated Paleogene -Neogene sediments, with the
chernozem and the dark-chestnut solonetz-like soils in the complex with the solonetzes on the clay eluvium under the agrocenosis
at the place of the wormwood-cereal and fescue vegetation; 20 - lowland weakly dissected loess plains with the anthropogenic
cover on the Neogene limestone, with the chernozems southern low-humus carbonate (micellar) under the agrocenosis at the place
of the wormwood-cereal and fescue vegetation; 21 —lowland weakly dissected accumulative-denudation plains with the anthropo-
genic cover on the Neogene limestone with the chernozems on the eluvial-deluvial carbonate deposits, under the agrocenosis at the
place of the wormwood-cereal and fescue vegetation; 22 — flood-plain, meadow-steppe and the solonetzic-solochaks floodplain
landscapes of the plains under the agrocenosis at the place of the meadow vegetation; 23 — maritime landscapes of the liman-marine
solonhaks plains with the vegetation of the salted meadows; 24 — maritime landscapes of the shell-sand bars, the spits and the is-
lands with the underdeveloped sod-chernozem solonetz-like soils and the solonchaks, under the rarefied vegetation of the maritime
spits and the bars. Aqua-landscapes: 1 - coastal shallow dynamic areas (0-6 m) and bottom ridges (6-9 m) with the medium and
close-grained sand (fraction is 1-0.1 mm> 70%) with the significant contents of the shells and the grouping of the mollusks Balanus
and Cerastoderma; 2 - coastal dynamic (6-7 m) with the aleurite -muddy sands (it is 1-0.1 mm - 50-70%), with the moderate con-
tents of the shells and the grouping of Cerastoderma and Balanus; 3 - medium-deep (6-8 m) with the aleurite-muddy-sandy mixed
sediments and the contents of each fraction of 30-40% with the small part of the shells and the shell detritus; 4 - deep (8-10 m) with
the moderate hydrogenous differentiation of the sediments and the predominance of the aleurite (fraction is 0.1-0.01> 70%) with
the small part of the shells and the shell detritus with the widespread of the mollusk grouping of Abra, Cerastoderma, Balanus and
with the small part of the groping of Hydrobia; 5 - deep (9-10 m) with weakly hydrogenous differentiation of the sediments and the
predominance of the muddy aleurite (fraction is 0.1-0.01 mm - 50-70%) with the widespread of the grouping of Hydrobia, Abra,
occasionally - Anadara; 6 - deep (9-10 m) with the balanced processes of the hydrogenous differentiation and the gravitational
deposition, the dominance of the muddy sediments (fractions is <0.01 mm> 50-70%) with the admixture of the sand-aleurite frac-
tion and the widespread of the mollusk grouping of Abra, Hydrobia.
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