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Borys O. Chernov, Inna H. Dudka

Hryhorii Skovoroda University in Pereiaslav, Pereiaslav, Ukraine. olimp-geograf@ukr.net

Received: 14.01.2021 Abstract. In modern conditions of globalization of society development and fleeting
Received in revised form: 01.02.2021 transformations of natural processes, when the development of science, including
Accepted: 20.04.2021 geographical, is extremely accelerated, there is a rapid complication of forms and methods

of theoretical and methodological knowledge, which makes it necessary to conduct logical
and methodological analysis of geography in modern conditions. It turned out that a hundred years ago, says Edwin Toffler, Thomas
Mann put forward a formula that expressed the feeling of death of a certain era. Today, humanity has approached an invisible boundary
that separates one era from another. It is established that the world is on the threshold of grand social changes, technical and cultural
innovations. In these conditions, when the world has become completely different, it is important for geographers to understand the
consequences of the ongoing transformation processes. All this requires a new understanding from the standpoint of a globalized
society, to find out what fundamental consequences for geography brought the information technology revolution, which will result
in new paradigms for the development of our science. A. Toffler argued in «The Third Wave» that humanity was approaching a new
technological revolution, that is, the First Wave (agrarian civilization and the Second (industrial civilization)) was replaced by a new
wave that led to the creation of a supra-industrial civilization almost twenty years ago. If the concept of «living matter» (as a natural
planetary body) underlies the doctrine of the biosphere, then the selection of such a natural phenomenon on a planetary scale as
«scientific thought», becomes the most important naturalistic generalization in the theory of the noosphere. Nowadays, the idea of the
coherence of the most progressive social laws and the achievements of scientific knowledge acquires a special meaning, becomes the
most important problem of the very existence of human civilization. Based on the above, according to M. V. Bahrov, L. H. Rudenko and
1. H. Chervaniov, we argue that «there was a need to create new scientific products that reflect the state and problems of the current stage
of development of society», i. e., noosphere geography. The refore, the realization of the purpose of the study is to identify scientific
sources about the change of the theoretical essence of modern geography, substantiation of the theoretical and methodological essence
of the «<new» noosphere geography in the transition of information society to noosphere and clarify the place of noosphere geography
in general scientific classification.

Kmiouosi cnosa: globalization processes, information world, changing the essence of modern geography, substantiation of noosphere
geography.

TeopeTnko-MeTo10/10TiYHA CYyTHiCTH HOOChepHoi reorpadii XXI cT.

b. O. Yepmnos, 1. I'. dynka
Yuisepcumem I'pucopis Crosopoou & Ilepescnasi, I[lepeacnas, Yxpaina, olimp-geografl@ukr.net

AHoTtamis. B cygacHux ymoBax rioGaizaiii po3BUTKY CyCIiIbCTBA 1 IMBUAKOIIMHHUX TPpaHC(POPMAIIiil MPUPOTHUX MPOIIECiB, KON
HaJI3BUYal{HO TPUCKOPIOETHCSI PO3BUTOK HAYKH, 30KpeMa i reorpadivqHoi, Bii0yBa€ThCs IIBHAKE YCKIIQHEHHS ()OPM i METO/IIB TEOPETHKO-
METOJI0JIOTIYHOTO Mi3HAHHS, 1110 POOUTH HEOOXiJHUM TPOBEACHHS JIOTIKO-METO/I0IOTIHHOTO aHalli3y cTaHy reorpadii B cydacHUX yMOBax.
BusiBieHo, 110 ¢to pokiB Tomy, BinzHadae Ensin Toddep, Tomac MaHH HaBiB popMyITy, sika BUpa)xaia MmodyTTs 3arubesi meBHol
enoxu. HuHI TroaCcTBO Migidnmio 1o HebaunMoi Mexi, sIka BiIAUISE€ ONHY €MoXy Bij iHIIoi. BcTaHOBIEHO, 0 CBIT CTOITH Ha MOPO3i
TPaHIi03HHUX COIIaJbHUX MEPEMiH, TEXHIYHHX 1 KyJIBTYPHHUX HOBOBBEJCHb. B X yMOBax, KOJIH CBIT CTaB 30BCIM 1HIINM, Teorpadam
Ba)KJIMBO 3PO3YMITH, JI0 SIKMX HACIIIKIB MOXYTh IIPU3BECTH TpaHCHOpPMaLiiiHi IPOIecH, 10 BiIOyBaIOTECS. Yce Iie BUMarae HOBOTO
OCMHCIICHHS 3 TT03NUIIiIf TTI00aJ1i30BaHOTO CYCIIUIBCTBA, 3’ICyBaTH sKi ()yHIaMeHTalIbHI HAaCII KK U1t Teorpadii mpuHecia iHpopManiifHo-
TEXHOJIOTIYHA PEBOJIIOLIS, SIKI BHACIIIOK IIbOT0 BUHUKHYTH HOBI ITApaJurMu po3BUTKY Hamroi Hayku. E. Toddumep y npami « Tpetst xBus»
CTBEPJDKYBAB, IO JIFOJICTBO ITIIXOUTh JI0 HOBOT TEXHOJIOTIUHOI peBooLii, ToOTo Ha 3MiHy [lepiuoi xBuiti (arpapHoi nmBinizaii i Jpyroi
(immycTpianbHOI IMBiMi3awLil) Mpuiiliuia HOBa XBHJIA, sSIKa Belia 10 CTBOPEHHS HaAiHAycTpianbHol imBinizanii. Lle Oyo maibke aBaausiTh
pokiB Tomy. CpOrosiHi 3’sicoBaHo, 1110 iH(popMariiiiHa 1uBinizanis cTBopuia GyHIaMeHT Ui Hapo/pkeHHs: YeTBepToi 6e3 ab3ariiB XBUIT —
cyyacHOI Hooc(epHOT nuBimizamii. SIKI0 MOHATTS «KHWBa PEUYOBHHAY (SIK MPUPOJHE TUTAHETAPHE TiJIO) JICKUTH B OCHOBI BUCHHS PO
Giocdepy, TO BUALICHHS TAKOTO MPUPOHOTO SBHILA MIIAHETAPHOTO MacIITaly, SIK «HAyKOBa JyMKay, CTA€ HAHBaXKIMBIIIHM IPUPOHIYO-
HayKOBHM y3araJbHEHHSM B Teopii Hoocdepn. ChOTOoHI i/1est y3ro/keHOCTI HalOLIBII MPOTPECHBHUX COIiaTbHAUX 3aKOHIB 1 JOCATHEHB
HAyKOBOTO 3HaHHs HaOyBa€e OCOOIHMBUIT CMHCII, CTAa€ HAHBAXKITUBIIIO MPOOIEMOI0 CaMOTO iICHYBaHHS JTFOICHKOT UBiTi3alii. Buxomsau
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i3 BuIe cka3aHoro 3a M.B Barposum, JI. I. Pynenkom i I. I. UepBaHboBHM CTBepIKyI0€MO, 1110 «BrHMKIIA MOTpeba y cTBOpEHHI HOBOT
HayKOBOT MPOJYKIIii, sIKa BiJoOpakae CTaH i MpoOIeMy Cy4acHOro eTany PO3BUTKY CYCHIJIbCTBay, TOOTO HoochepHoi reorpadii. Tomy
peaitizailiero MeTH JOCTiKEHHS € BUSIBIICHHST HAYKOBHX JDKEPEI PO 3MiHY TEOPETHYHOT CyTHOCTI cy4dacHOi reorpadii, 3nificHeHHs
00rpyHTYBaHHS TEOPETHKO-METOIOIOTIYHOI CyTHOCTI «HOBOI» HOooc(hepHOi reorpadii B yMoBax mepexoay iHpOpMaIiifHOro CyCcIiabCTBa
B HOOC(epHe Ta 3’siCyBaHHs Miclsl HOoc(hepHoi reorpadii B 3araJbHOHAYKOBiH Kiacuikarii Hayk.

Knrouoei cnosa: enobanizayiini npoyecu, inghopmayitinuii ceim, 3mina cymuocmi cyuachoi eeoepayii, 00IpyHmy8aHHs Hoochepeoi

eeozpadii.
Introduction.

It is established that the contradictions between the
new facts in the observations of nature and the properties
of a man by special studies and the modern generally
accepted picture of the world and its fundamental
laws are constantly growing. V. P. Kaznacheiev (1993)
clarified that the global desire for unification and
convergence of world national technical and religious
cultures continues to take shape more and more clearly.
In their historical movement, the globe and humanity
are entering a new band — the existence of a noosphere
society, in which through economic tools will rapidly
unite peoples, countries, continents, humanity of the
Earth into a single, indivisible, interdependent, cosmic
mechanism.

At the same time, according to V. P. Kaznacheiev
(1993), the planet Earth, from space view, is like
an apple, which is peeled off with a powerful hand,
pierced on all sides, eaten by an ugly force, peeled
surfaces slowly heal, but not all. Moreover, technical
innovations accumulate huge capital, which in the
world of privatization, property at any cost trying to
buy, to win regional and even global power. In these
systems, modern political and state institutions, in
fact, no longer play a deterrent role. A new parasitic,
socio-political mechanism is also rapidly forming on
the planet, which is already confronting and coming
into conflict with the existing system of the United
Nations of the Planet. State borders retain their own
political, in fact, national-political significance. For
natural processes (atmospheric, biological, energy,
etc.) these boundaries are of no importance, global
natural processes have turned out to be uncontrollable.
The element of dismemberment and pragmatism leads
the Planet, as a cosmic formation, to inevitable chaos.
This is the scale of a new psychosocial historical
phenomenon of the planet.

Today the main issue of globalization according to
M. Senchenko, O. Senchenko and V. Hostynshchykov
(2016, p. 55) is to answer the question: who is
superfluous on this Earth? To avoid global crises,
experts of the Club of Rome proposed to develop a
new algorithm (management rules) for the interaction
of subsystems (politicians call it a new world order) and
to create a central body that regulates their functioning
for the benefit of the whole system (World Government).
Naturally, the authors continue, in such a situation,
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nation-states must lose economic and socio-political
independence (i. e. lose their subjectivity).
According to their scheme, the development or
even the very existence of a number of industries or
agriculture in some countries will become impossible,
as it will disrupt the optimal functioning of the entire
metasystem. In such a situation, the World Government
will have to eliminate these industries (and, if necessary,
the national economies themselves) to keep the new
world order in a stable state. Naturally, these radical
measures will primarily affect non-Western countries,
whose level of development is disproportionate to
Western ones, and therefore will be less valuable for the
metasystem (and the authors warn: here is the answer to
the question: why Ukrainian industry is destroyed?). It
is worth adding another question: why did the Ukrainian
government decide to sell the land to foreigners?
Based on the analysis of the current state and
opportunities for the development of the INTERNET,
INTRANET and EXRANET in foreign sources
(Chen, Finin, and Joshi, 2013; ETSI TS, 2013; Gaia,
2014; Gu, Pung, and Zhang, 2004), Lishchytovych,
2019) found out that among a number of powerful
global telecommunication networks, in particular
reconnaissance and defense, the most widespread is
the civil INTERNET, which already performs a number
of internet functions in the future Noosphere. Internet
users are already accustomed to the appropriate media
environment, to audio, video and online games with high
resolution, personalization tools for pattern recognition,
non-locally tied software, even to security-critical tools
such as e-commerce, e-Health, first responders etc.
Over the past decade, the number of Internet users has
increased thousands of times, for example, in 2017, in
just one hour, about 41 million DVDs were sent over
the Internet, and video calls accounted for about 85 %
of the total Internet schedule. Now almost everything
around us is found in the Internet, even the concept of
the Internet of Things (LoT). For example, Machine-to-
Machine communications (M2M) has already received
its own driver to speed up traffic. Also, Voice over IP
(VOIP) tools require just over 150 ms for latency, 30
ms for vibration, and about 1 % of packets are lost to
maintain optimal Quality of Experience (QoE). Today,
the development of Internet technologies is aimed at
comprehensively providing people with services packed
in the interfaces of the Internet for home life and work,
as well as study, recreation, just communication and
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more. The author is convinced — this is how the future
Noosphere is born.

All this would be wonderful, if there were no
thieving actions of the Western authorities. Therefore,
Lishchytovych L. L. (2019) notes that already widespread
at the beginning of the 21* century, conversations and
discussions at scientific conferences on the so-called
«sustainable development» of mankind are gradually
subsiding due to the falsity of this idea in the agony of
world capitalism. Many scientists no longer see a way
out, investigating the facts of the rapid death of the
basic elements of the Biosphere, which can not recover
under the influence of an insane thirst for enrichment of
individual rulers. Honest experts, especially ecologists
and biologists, have begun to warn of the end of our
civilization, along with the destroyed Biosphere.

Other scientists also cite disturbing facts. Thus,
Mezhzherin V. A. (1996) found that modern civilization,
as a game of chance and law, manifests itself in the form
of a disease similar to alcoholism or drug addiction: it
gives the illusion of happiness and brings doom to the
humanity that has chosen it. Death is determined by
many causes, among which two are decisive: reducing
the effectiveness of social progress and criminalizing
society. The first has the effect of replacing the
accumulation of wealth by eating it. The second is the
formation of criminal forms of its distribution. Then a
period of total lawlessness comes there.

In addition, I. R. Oleksienko and L. V. Keisevych
(1997, p. 19, 24) say, an impressive «achievement»
is that in the process of civilization, the Earth is
transformed into a giant landfill not only simple but
also radioactive, sa turated with highly chemically
aggressive substances. In fact, the nearby space, the
atmosphere, inland bodies of water and rivers, soil,
seas and oceans, and the ocean floor have become a
«starting point». Every year, about 150 billion tons
of liquid, solid and gaseous household and industrial
wastes enters this landfill. At least 5 billion tons of
human excrements are added to them annually from the
six billion population of the Earth, which even existing
treatment facilities cannot cope with neutralization, not
to mention natural detoxification systems. It is should
be supplemented with the annual movement for the
extraction of minerals using up to 15 km? of soil, of
which only 7 % is used for the manufacture of the final
product. As a result, we have a clear and undisputed
conflict in the relationship between man and nature.

Oleksienko I. R. and Keisevych L. V. are convinced
of this: only a small part of the most obvious tasks
that humanity needs to solve without denial in the 21
century, if, of course, it wishes and, most importantly,
has time to do so until power over the world is passed
completely into the hands of organized crime, and the
octopus of civilization is generated by mankind with its

tentacles did not suffocate in the arms of the biosphere
and man-made.

Kaznacheiev V. P. (1993) stated that in these
conditions, the very forces of the scientific and technical
global process in the late twentieth century were in the
hands of a new, far from humane, system of power.
It is necessary to ask, who investigates all this new
historical dynamism of mankind of the planet? What
is a scientific organization or association of scientists
and practitioners? Real experience suggests nothing.

Today, the idea of the coherence of the most
progressive social laws and the achievements of
scientific knowledge acquires a special meaning,
becomes the most important problem of the very
existence of human civilization. The authors agree with
the opinion of scientists — M. V. Bahrov, L. H. Rudenko
and L. H. Chervaniov (2010, a), who found that there was
aneed to create new scientific products that reflect the
state and problems of the present stage. Development
of society is the transition of the Biosphere to the
Noosphere and the creation of noosphere geography.
In the transition of the Biosphere to the Noosphere, the
problem of new knowledge — noosphere geography
is exacerbated as a practical and social problem.
Philosophical understanding of the results of modern
development of noosphere-geographical ideas is a
necessary condition for a correct understanding of
the laws of science in the modern world, its place in
social progress. Science and education will play a
fundamental priority role in the process of transition
from the biosphere to the noosphere.

Research methods.

The authors conducted research in accordance
with philosophical principles: objectivity of content,
historicism, the contradiction of the process of
cognition. Disclosure of the full depth and richness
of the content of the principle of development is
possible only on the basis of consistent implementation
of the dialectical approach, which contributes to the
general generalization embodied in specific forms,
interconnected in accordance with the structure of
interaction of categories «general», «special» and
«separate». The methodological essence of the study
is based on the philosophical and concrete-philosophical
levels. It is pplied: the method of inference knowledge,
which is due to the process of obtaining review
information as inference knowledge, which is derived
by purposeful logical justification; ascending method
from abstract to concrete; a systematic approach in
considering a single system of forms of motion
of matter in conjunction with the theoretical and
methodological justification of noosphere geography;
literary source, historical and classification method.
The general procedures of regularities of cognition are
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also taken into account: predication — a logical act of
establishing the properties of the object under study;
constructivization — a way to include the studied position
in the system of the whole in the form of a meaningful
system of obtaining new consequences; application and
interpretation as ways to reveal the new in knowledge
through its addition to new areas of activity.

Materials.

Nowadays, there are more and more calls from
humanity and scientists to develop theoretical and
methodological issues for the development of the
Noosphere and justify the mechanisms of transition to
the Noosphere — the realm of reason and justice. These
appeals compel us to trace first of all the history of the
very notion of the «noosphere».

Summarizing the accumulated knowledge about
the shell («spherical») structure of the planet Earth,
the Austrian geologist Eduard Susses (1909) in a
three-volume work «Face of the Earth» outlined the
«synthetic concept of geospheresy, identifying three
material shells: solid (top is sedimentary) — stratisphere,
water and air. From the 17-18 centuries there were
known the ideas about the relationship of inanimate and
animate nature. For example, the British scientist John
Woodward in his work on natural history wrote about
the role of living organisms in geological processes,
and the philosopher Jean-Batiste Pirre Antoine de
Monet, Chevalier de Lamarck (1802) expressed the
idea of the planetary role of life, noting the significant
role of living organisms in changing the Earth’s crust.
V.M. Corsunov and E. N. Krasekha (2010, p.13) note:
Lamarck emphasized: «Complex minerals of all kinds,
which form the outer crust of the Globe and occur there
in the form of individual clusters, bodies, parallel layers
that form lowlands, hills, mountains, are exclusively
the product of animals and plants that existed in these
parts of the Globey.

The famous German naturalist Baron Friedrich
Wilhelm Heinrich Alexander Freiherr von Humboldt
(1862) in the fifth volume of the «Cosmos — Entwurf
einer physischen Weltbeschreibung. E. I. Kolchynskyi»
(1990, p. 7), emphasizes that O. Humboldt in this work
already characterizes a certain sphere of life, which he
called «life sphere» as a regular in the form of a specific
Earth’s shell and an inseparable part of the Earth’s
surface, where a single integral system of atmospheric,
marine and continental processes, as well as wildlife
phenomena.

In The Origin of the Alps (Die Enstehung der
Alpen), E. Siiss (1875) singled out of all the Earth’s
crust, a special living shell, the biosphere, which
stretched in the surface geospheres and was formed
by the living inhabitants who inhabited it. Under
the biosphere E. Siiss understood the Earth’s shell
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(geosphere), inhabited by living beings, and not the
totality of living beings.

In 19221923, while V. I. Vernadskyi was lecturing
at the Sorbonne in Paris, he adopted biogeochemical
phenomena as the basis of the biosphere. Some of these
lectures were published in «Sketches of Geochemistry»,
which was first published in French in 1924, and in
1926 — in Russian. In 1927, E. Le Roy (1927), a French
mathematician and philosopher — Bergsonian, adopted
the biogeochemical basis of the biosphere established by
Vernadskyi V. 1. as the source and in his lectures at the
College de France in Paris he identified the «intellectual
and spiritual layer», where his opinion, correlated with
the evolution of the brain and received a special impetus
to expansion in the biosphere with the advent of man
in it. He substantiated the formation of the «spiritual
layer of life», which was defined by E. Le Roy as the
«noospherey (the first use of this term).

In turn, Marie-Joseph Pierre de Chardin (1987,
pp. 148, 150) investigated that under geochemical,
geotectonic, geobiological pulsations there is a deep
process — the one that materialized in the first cells,
continues in the creation of nervous systems. He
proved that geogenesis transitions to biogenesis, which
ultimately is nothing more than the psychogenesis that
led us to man. Now, he notes, psychogenesis changes
and is absorbed by a higher function — first by origin,
then by the development of the spirit — noogenesis.
To the four overlapping shells of the Earth since the
time of E. Siiss, science adds a living film formed by
the plant and animal surface of the globe — a universal
shell — the Biosphere. Around the spark of the first
reflective consciousness, according to Pierre de Chardin,
a fire began to ignite. The flames eventually engulfed
the entire planet. Only one name has the ability to
express this great phenomenon — the Noosphere. Just
as extensive and much more complete than all the other
previous covers, it is really a new cover, the «thinking
layer» that emerged at the end of the Tertiary period
(during the Paleogene and Neogene -— B. C., I.D.), has
been unfolding ever since over the world of plants and
animals — outside the biosphere and above it. A new
era begins, the Earth «changes the skin». Moreover, it
receives the soul. The most careful researcher of our
modern science can find here that everything is valuable,
everything is progressive, from the beginning present
in the cosmic rag from which our world came, is now
concentrated in the «crown» of the Noosphere.

Already in our time, Paul R. Samson and David
Pitt (2002), based on numerous sources of Western
scientists, analyzed the development of the concept
of «noosphere» from its origins to the present and
suggested that the two concepts — biosphere and
noosphere are interdependent. Early promoters, they
note, of the concept of the noosphere — Teilhard de
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Chardin, E. Leroy and V. Vernadskyi considered the
noosphere, albeit in different forms, but as a natural
extension of the physical nature of the biosphere. It
is important to recognize that they define and develop
the role of human society in the biosphere, which has
an extraordinary planetary role of consequences. The
concept of the noosphere is clearly based on the classical
geology of the representation of the Earth as a sequence
of concentric spherical shells: barisphere, lithosphere
and biosphere, first described in the work «Face of
the Earth» (Das Antlitz der Erde) by Austrian scientist
Eduard Siiss (1875; 1909). The noosphere as a higher
sphere subordinates other spheres, but develops together
with other spheres.

During the first decade of the 20th century, the
authors continue, they began to clearly define the role
of humanity as the dominant geological force on the
planet. J. Parkins Marsh, Edward Suess and others.
began to view humanity as the potential to change the
face of the Earth on a global scale. J. P. Marsh argued
that man is a new telluric force, which in strength and
universality can be compared with the great forces
of the Earth (Cited by: Ckark and Munn, 1986. 10).
Paul R. Samson and David Pitt (2002) note that it
is important to note the key differences between the
conceptualization of Teilhard de Chardin, E. Leroy and
V. Vernadskyi. For the first two, the noosphere is seen
as an irreversible phase of biosphere development — a
predetermined process driven by the phenomenon of
a man with the noosphere as a kind of evolution of the
stage outside the biosphere. In essence, they viewed
the biosphere as an intermediate step leading to the
higher plane of the noosphere present in their work at
an early stage. For V. Vernadskyi, the biosphere was the
basic principle of life, and the noosphere was rather a
part of human potential and a stage of its development.
For V. Vernadskyi, the biosphere and noosphere are
interconnected in the framework of the coevolutionary
development of the process. In any case, without the
biosphere there could be no noosphere, no matter how
one defines last one. Teilhard de Chardin created a
comprehensive scientific and pantheistic concept of
Noogenesis (1987, pp. 24-35).

Paul R. Samson and David Pitt (2002) emphasize
that at the United Nations Conference on the
Environment in Stockholm in 1972, many reports stated
that the biosphere should be seen as a fundamental
concept of life on Earth, covering the development
of people to the environment. The authors note that
the development of biogeochemistry has its roots
in the work of V. Vernadsky and today the study of
«Biogeochemical cycles» has become an active field of
science that promotes research by a group of scientists
from the Scientific Committee on Environment (Bolin
and Cook, 1983) and ask: «Why this concept and the

reference to the idea of the noosphere has received
so little attention and even recognition until the
mid-1980s?»

Hilarov (1995, p. 193) notes: «Probably not by
accident with the approach by the end of the 20" century
the work of the scientific community of scientists such
as Polunin (1982), Clark and Mann (1986), Grinewald
(1987; 1988) and Haggett (1995) was particularly useful
in popularizing the idea of the noosphere. Works such
as «What is life?» (Margulis and Sagan, 1995) and
«Cycles and Life: Civilization and the Biosphere» (Smil,
1997) have paid considerable attention to these same
issues. Moreover, this probably indicates the changing
times, which were influenced by the main contribution
of V. Vernadskyi — the work «Biosphere» — was first
published without abbreviations in 1988 with a foreword
by prominent scientists presented by microbiologist
Lynn Margulis. According to Lynn Margulis and
Dorion Sagan, V. Vernadskyi showed that all life
lived materially in a single place — the biosphere.
V. Vernadskyi portrayed life as a global phenomenon
in which solar energy was transformed (1995, p. 47).

Paul R. Samson and David Pitt (2002) found
that during the Cold War, Vernadskyi’s work was
occasionally distorted by jealousy and competition,
as Soviets often outnumbered Americans in space. The
French natural philosopher Jacques Grinewald (1998)
compared Vernadskyi’s slow recognition of Thomas
Kuhn'’s notion of the «invisible» scientific revolution.
This analogy seems particularly relevant as the concept
of the biosphere is increasingly recognized as the most
important idea in thinking about global environmental
change.

Paul R. Samson and David Pitt (2002) found that
regardless of worldview, the noosphere is an important
phase in the history of our planet. Importantly, the
noosphere is an unprecedented event: Earth and
society seem to be entering a critical period at this
stage. In many ways, the Earth has become a single
system intertwined with the interconnections of global
reason and global action. Again, we were faced with
two questions: what direction does public opinion want
to move into the noosphere, and in what directions can
the noosphere go? In practice, and in today’s world,
this means asking how the noosphere can be used to
address issues such as the environment, health, poverty,
violence and inequality.

Before moving on to these issues, Paul R. Samson
and David Pitt (2002) offer several basic views on the
noosphere:

1) an optimistic view of the noosphere is essentially
related to concepts irreversibility and inevitability. It is
believed that humanity is moving to a higher level of
existence and this progress does not stop;
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2) it would seem that the second optimistic view
will support the same concepts or at least not deny them,
although the driving force is not the spiritual energy,
but there is human creativity in the form of technology;

3) shares a positive view of science, technology and
human potential, but remains fundamentally tied to the
constant physical limitations of the biosphere. From this
point of view, humanity needs to design appropriate
ways to govern the world, and all will be well;

4) provides for the possibility of balance between
the biosphere and noosphere, but draws attention to
the inherent unpredictability, which is manifested in
human progress.

V. Vernadskyi’s concept of the joint evolution of the
biosphere and noosphere and his opinion that people
are free to develop their future, albeit unpredictable.
According to Eccles and Popper (1990) the idea of the
noosphere needs good news as well as the fundamental
role of intelligent matter, or perhaps another quantum
process (Penrose, 1995). In particular, there are many
opportunities in living matter to capture and justify the
patterns of development of Nature in interaction with the
development of society. As Lynn Margulis and Dorion
Sagan point out (1995, p. 138): «The noosphere is still
in its infancy», but «perhaps now at the most impressive
stage». Indeed, it seems that this is the time of the most
important decisions for our future. The authors believe
that this time has come.

It was at the beginning of the twentieth century.
V. 1. Vernadskyi (1988) noted: two great facts, before
which all others seem almost smoothed, prevail in the
history of the Earth’s past: the revival of matter and
the humanization of life. Within living matter in the
last decade, a new form free energy — biogeochemical
energy, which covers the entire biosphere and determines
mainly its history. This new form of biogeochemical
energy, which can be called the energy of human culture,
is the form of biogeochemical form that creates the
noosphere in our time. We are just experiencing its
bright entry into the geological history of the planet.
Under the influence of scientific thought and human
labor, the biosphere passes into a new evolutionary
state — the Noosphere. The creation of the biosphere
and noosphere is a natural phenomenon, deeper
and more powerful at its core than human history.
It requires the manifestation of humanity as a
whole (highlighted — B. C., I. D.). This is its inevitable
precondition and a new stage in the history of the planet,
which essentially creates something new in the history
of the Earth. Scientific thought as a manifestation
of living matter carries the possibility of unlimited
development over time perhaps billions of years, the
process of creating Homo sapiens Faber is not a short-
lived and fleeting geological phenomenon. Processes
that have been prepared for many billions of years
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cannot be fleeting, they cannot be stopped. It follows
that the biosphere will inevitably pass one way or
another, sooner or later into the noosphere. Forming the
noosphere, the biosphere has all its roots in the earth’s
crust, something that has never been seen before in
human history. The main geological force that creates
the noosphere is the growth of scientific knowledge.
Scientists face for the near future an unprecedented task
for them to consciously direct the organization of the
noosphere, from which they can not move, because it
directs their spontaneous growth of scientific knowledge
(Vernadskyi V. 1., 1988). Under these conditions, as
V. 1. Vernadskyi noted, «The biosphere of the 21
century is transformed into a noosphere, which is
created primarily by the growth of science, scientific
understanding and social work of mankind based on
ity (Vernadskyi, 1977). Vernadskyi V. I. in his work
«Scientific Thought as a Planetary Phenomenon» noted:
«It is now necessary to take into account circumstances
that have never existed in human history to such an
extent. Everything that is experienced cannot be long
and lasting, and the transition of the biosphere to the
noosphere that we are experiencing cannot disappear».
He continued: «In the noosphere, the spiritual life
of the human person is strong and decisive, in its
social manifestation» (Vernadskyi V. 1., 1988). These
considerations of V. 1. Vernadskyi was inspired by
Academician 1. P. Herasymov at the coordinatory
meeting of geographers to call one of the main tasks of
constructive geography the development of an extensive
interdisciplinary program for the transformation of
the Earth’s biosphere in the twentieth century into the
noosphere of the 21% century, outlining 12 points of the
program (Herasymov, 1986).

It was found that V. 1. Vernadskyi, observing
the beginning of the scientific and technological
revolution, believed in the human mind and its unlimited
possibilities, and therefore was confident in a fairly
rapid transition of the biosphere to the noosphere.
V. 1. Vernadskyi (1977, p. 133) in the early twentieth
century confidently wrote: «I look forward very
optimistically. I think that we are experiencing not
only a historical, but also a planetary break. We come
to the conclusion about the transition to a new social
order, a new era in human life and life on our planet in
general, when accurate scientific thought as a planetary
force comes to the fore and changing the whole spiritual
environment of human societies, when it embraces
and changes the technique of life, artistic creativity,
philosophical thought, religious thought. I am deeply
convinced, and I am increasingly convinced that the
only way to make social culture strong is to raise the
masses, to make for them, culture (especially science)
is vital... We live in the transition to the Noosphere».
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However, according to Abramov L. S. (1988),
for many years the name of V. I. Vernadskyi was not
mentioned in the press or in university courses. He
was not properly assessed by some compatriots (for
example, A. I. Oparin). Moreover, whole generations
of scientists — biologists, chemists, geographers worked
in the fields close to the work of V. 1. Vernadskyi, not
knowing the basic works of his great compatriot.

V. 1. Vernadskyi (1988) at this time was convinced
that all mankind was taken together, but with his brain.
In the geological history of the biosphere, a man has
a great future, if he understands this and will not use
his mind to self-destruction. The historical process is
radically changing infront of our eyes. For the first time
in the history of mankind, the interests of the masses, on
the one hand, and the free thought of the individual, on
the other, determine the life of mankind, are the measure
of justive ideas. Humanity as a whole is becoming a
powerful geological force. And before him, before his
thought and work, is the question of restructuring the
biosphere in the interests of free-thinking humanity as
a whole. This new state of the biosphere, which we
are approaching without noticing it, is the noosphere.

His general works have been published relatively
recently. Even the «Chemical Structure of the Earth’s
Biosphere and its Environment» (the main book of life,
according to the scientist himself) was published only
in 1965-20 years after his death. The publication of
other works, starting with the «Notes of a Naturalist»
was delayed for another 10 years. Many scientists,
realizing the process of transition from the biosphere
to the noosphere, began to study actively his works and
develop new ideas in the last quarter of the 20" century.

Having established the patterns of development
of society and science in the late twentieth century,
M. V. Bahrov (Bahrov M. V., 2005) specified that a
shock more cardinal because of the speed of its origin,
was the information age. The concept of information
space also appeared. A total corporate-network market
was formed, which covers all forms of socio-economic,
spiritual and other spheres of life. The network in the
information society has become the circulatory system
of the world economic organism. Thus, for the first
time in human history, we are dealing with a purely
noosphere process, which determines the basis of human
existence, because information and communication are
intangible substances of the new world. Informatization
and globalization have turned most of the world into
a single system and set science the task — to formulate
such system-wide laws that would reveal a number of
patterns of formation of a new world order. Alvin Toffler
(Toffler, 2004) described the patterns of global change:
the world is on the threshold of great social change,
technical and cultural innovations. The profound and
impressive development of the potential of technology

will have an impact on all aspects of social life.
Microelectronic evolution increases the power of human
intelligence. Technological innovations will have an
impact on the social structure of society. In fact, a new
way of civilization is born, in which the sphere of work,
management, and recreation will be fundamentally
different. Mankind is entering a new era — the era of
existence of man and society in a fully technical and
informatized world of the noosphere. The conflict
between the groups associated with the Second and
Third Waves of Science is in fact the central axis of
political tension along which our society is divided
today. The sooner humanity realizes the need to move
to a new third wave, the less there will be threats of
violence, dictatorship and other troubles (highlighted
by the author). Korchak K. (2008) found that with the
transition of society to the noosphere environment of
the XXI century society will not be informational with
the mass spread of personal computers and the Internet,
but a society of nano-, pico- and frame technologies
that will replace all sectors of employment and will
require for its emergence and use significant changes
in education systems, including the transition from elite
university to general and multisectoral higher education.

The influence of modern development of society
on geography, which appeared at the beginning of the
«revolution in the system of scientific worldview as
a search for a noosphere model of future humanity
in the 21* century, which covers all sciences and all
spheres of continuing education, as a leading problem
of noospherogenesis» (Subetto, 2009).

Results and their analysis.

The regularities of geography development in
the conditions of mad influence of informatization
of society are characterized, although geographers in
the last quarter of the 20" century believed that the
«filled» territory is our object of study, — M. V. Bahrov
(2008) said, — and approached its analysis as a
geosystem, where real material and energy flows
functioned, materialized energy production cycles.
Now a new world has opened infront of us, built on a
qualitatively new information basis to understand and
know the global world is possible only by studying its
various dimensions. The author is convinced that this
dictates the emergence and development of the latest
branches of knowledge — geoeconomics, geofinance,
geoinformatics, geoecology, geoculture. The
information age began to influence geography, forcing
it to delve into the object of knowledge with a different,
more modern measure, with a deeper understanding of
geospace, its immanent properties, with knowledge not
so much real as a virtual network, a different assessment
of resources when material values are replaced emerging
intangibles. After all, today’s production system of
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the world seems to «breathe», flows from one region
to another, the world of industry is largely becoming
virtual and managed by managers. Based on the fact that
the immediate and most important task of geography
will be to identify virtual dynamic forms of information
as an object, object and means of production, it can be
argued that this will deal with information geography
(Bahrov, 2008; Rudenko, 2006).

Bahrov N. V., 2008 and Rudenko L. H., 2006
found that the global development of society and
science shows — the era of civilization «Third Wave»
A. Toffler — the era of «information society» is
coming to an end, preparing a strong foundation of
the «Fourth Wave» — «noosphere society» with the
newborn «noosphere geography». There are all grounds
for this in Ukraine: in the last decade the works of
M. V. Bahrov, L. H. Rudenko and I. H. Chervaniov have
been published, which are a guide for substantiating
the future development of geographical science in
modern conditions of the beginning of noospherogenesis
(Bahrov, Rudenko, Chervaniov, 2010; Bahrov, Rudenko,
Chervanov, 2010; Bahrov, 2011). The right opinion of
M. V. Bahrov about the movement of modern geography
to the socioospheric direction of development was also
expressed. It is revealed that the first characteristic of
«noosphere geography» at the end of the 20" — the
beginning of the 21 century in Ukraine is associated
with the names of the famous geographers: Bagrov N. V.,
Rudenko L. H., Chervanov I. H. They found that in the
21% century «there is a powerful, irresistible process
of informatization of society infront of our eyes, the
world is rapidly becoming different. Already today, a
third of humanity communicates via the Internet, the
virtual world has become for many people a kind of
«second entity». Since we are all also in this stream of
transformational changes of the «third wave» of world
civilization, we do not even realize that each of us,
without noticing it, already lives in the informational
world. World business is moving in the stream of
information technology and rushing in it, accelerating
the pace by tens of percent per year. M. V. Bahrov
and co-authors emphasize: «The current production
system of the world seems to «breathey, flowing from
one region to another, the world of industry largely
becomes virtual and managed by managers — this is
information geography» (Bahrov, 2008; Bahrov,
Rudenko, Chervaniov, 2010; Bagrov, Rudenko,
Chervaniov, 2010). Today there is an urgent need for
a positive perception of the need facing geography: to
intensify their participation in business, creating
business geography (Chervaniov, lhnatiev, 2008).

M. V. Bahrov found out that geography today faces a
fateful question: will it agree with the secondary role as
a science and school discipline or can become an equal
member of the scientific community on the highways
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of scientific and technological progress and fit into
the evolutionary process of the information society?
We must be prepared for the fact that the geographical
space, which is the object-subject foundation of
geography, will be gradually replaced by the information
space. Based on the above, he stated: «Information
about the environment of mankind — the process of
noospherogenesis, requires multidisciplinary scientific
support. It becomes clear that we are on the verge of the
emergence of a new branch of our science —sociospheric
geography» (Bahrov, 2011). And immediately cited the
scientific «attributes of sociospheric geography». All
this suggests that geography is becoming different in
its object-subject essence. But will it happen?

The regularities of the development of
noospherogenesis and the formation of noosphere
geography are characterized, which will unite the
emerging information and socioospheric geography,
and need to determine its place in the system of natural
and social sciences. The authors of noosphere geography
M. V. Bahrov, L. H. Rudenko and I. H. Chervaniov
outlined a preliminary way to solve this problem, but it
remained incomplete (due to the premature transition of
the genius geographer M. V. Bahrov — in another world)
and therefore the continued existence of noosphere
geography was open for a long time. It is believed that
the solution to this question should begin with the main
thing — with the classification of natural sciences, which
will determine the place of noosphere geography in the
system of these sciences.

It is found that today the objectively fundamental
basis for the classification of sciences is the classification
of forms of motion of matter, substantiated by F. Engels:
«Classification of sciences, each of which analyzes a
separate form of motion or a number of combined,
which each pass into another form of motion, is at
the same time a classification, location, according to
their inherent sequence, it is these forms of motion,
and this is its significance. Transitions must be carried
out by themselves and be natural. Just as one form of
movement develops from another, so the reflection of
these forms, the various sciences, must necessarily flow
from each other» (Engels, 1982). F. Engels compiled
the following hierarchical series of forms of motion of
matter: mechanical, physical, chemical, biological and
social. Today, as (Bazaluk, 2014) notes, scientifically
proven legitimacy of the transition of some forms of
motion to other more perfect forms of the structure of
matter, types of interaction (relationships) between
the structures of matter and habitats. It is established
that evolution is not just a complication of the material
world, but a complication of the named structures,
that it is a continuous process of self~complication
caused by derivative activity, which is the basis of
evolution as its cause. The regularity of evolution is
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characterized — there is not a linear complication, but
a branched process and complication of the structure
of matter, types of interaction and habitats, in which
each element is part of the previous element and
simultaneously includes all subsequent elements.
Such a nonlinear hierarchical complication of the
structure of matter, types of interaction and habitats
is a directed evolutionary process. The development
of the complication of the structure of matter, types of
interaction and habitats according to the law of dialectics
is estimated: «Movement and development in nature,
society and thinking are due to the bifurcation of the
one into interpenetrating oppositesy.

It is established that the classification of sciences by
forms of motion of matter is fundamental for the current
stage of the development of science, which allowed
B. M. Kedrov to substantiate the idea of divergence in
the development of nature into inorganic and organic
(Kedrov, 1962; Kedrov, 1985). As it turns out today,
the divergence of natural development began with
the emergence of life on the Earth planet, «i.e. 4.252
billion years ago» (Nemchin, Whitehouse, Menneken,
Geisler, Pidgeon, Wilde, 2008). Two branches diverge
from the chemistry: «the branch of organic chemistry
leading through biochemistry to biological beings,
and the branch of inorganic chemistry leading through
crystallography to mineral formations». (Kedrov, 1961;
Vasilieva, Orlov, 1983). It has been established that
such branching was prepared at the atomic level of
the structural organization of matter» (Kedrov, 1972).
These branches after the divergence of the chemical
form of motion of matter correspond to the geological
and biological forms of motion of matter. In this case,
«geological form of metter motion acts as a necessary
condition for the active evolution of matter — the
formation of life (living matter)» (Moroz, Onopriienko,
Bortnyk, 1997; Zubkov, 1979). Thus, the classification
of forms of motion of matter has become nonlinear, but
which more adequately reflects the ratio of forms of
motion of matter in nature.

It was found out that the development of inanimate
nature (inert matter) at the stage of the geological form
of motion of matter is not completed. This was noted
by F. Engels in the section «Physiography»: «After
the transition from chemistry to life, we must first
consider the conditions in which life arose and exists —
hence, first of all, geology, meteorology and the rest.
And then the various forms of life, which without this
can not be understood» (Engels, 1982). Liamin V. S.
notes that the idea of the existence of an independent
geographical form of motion of matter belongs to
A.A. Hryhoriiv. He considered it a way of existence
of the geographical shell as a special material system on
which there was no life from the beginning. According
to him, the geographical form of motion of matter is

a dialectical unity of interconnected and transitional
climatic, hydrological and geomorphological processes.
In the future, they are connected to the biological form
of motion of matter. A. A. Hryhoriiv developed the idea
of a unique global process, which covered the near-
surface layers of the planet, as a special form of motion
of matter — geographical. This was a fundamental
natural-historical generalization. But this problem at
that time (1932) was not the focus of philosophy, and
A.A. Hryhoriiv failed to avoid some methodological
errors that called into question the validity of the very
concept of the geographical form of motion of matter
(Liamin, 1984). Based on dialectical criteria for the
selection of forms of motion of matter, the data of in-
depth analysis of the concept of geographical form of
motion of matter V. S. Liamin clarified the selection of
forms of motion of matter on the basis of such criteria,
«as the presence of self-developing system laws and
science, the presence of genetic and structural links
with the lower form of motion of matter, the presence
of specific forms of space and time and a specific form
of reflection» and concluded that «the development
of inanimate nature on the Earth does not end at the
level of geological organization of matter higher for
inorganic nature is the geographical form of motion
of matter» (Liamin, 1978; Liamin, 1984). This means
that, starting with the chemical form of motion of
matter, the development of inanimate nature on Earth
after divergence is two consecutive series: in the first,
each form of motion of matter «naturally generates
a higher form: physical — chemical — geological —
geographical. In this series, the geographical form
of metter motion follows the geological one, as the
highest of the known forms of motion of matter in
inorganic nature» (Liamin, 1978). The second series
has the following successive changes in the forms of
motion of matter: physical — chemical — biological —
social. It is proved that the appearance of man meant the
emergence of a special, qualitatively new in comparison
with all previous types of movement and development
of matter — the social form of movement (Belyk, 1982).
Describing political economy, F. Engels in his work
«Anti-Diihring» described the economic form of motion
of matter. Marakhov V. H. argues that society, the system
of subjects and the individual are defined as a system of
relations that express the qualitative specificity of the
social form of motion of matter (Marakhov, 1984). This
was confirmed by other scientists, which gave reason
to talk about the socio-economic form of motion of
matter (Syrotenko,, Chernov, 1991).

In significantly changed conditions in society,
new learning conditions are needed. This was
eloquently stated by Toffler A. (1997), who using a
huge social prognostic resource based on interpolation
and prediction came to the conclusion that what
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was studied in schools and universities called «a
hopeless anachronismy». All educational institutions,
in his opinion, are moving with their heels forward
to a system that is already completely obsolete. Their
energy is focused on training Industrial People, people
committed to surviving in a system that will cease
to exist before they do. The challenges of tomorrow
require not millions of superficial people, not people
who follow instructions without batting an eye, but
people who can find their way in a new environment,
who will quickly adapt to new relationships in a total
market. The people of the future will need new skills
in three critical areas — lifelong learning, productive
connections and choice.

Physics

Based on the expected significant changes in
the content and position of geography in the future
noosphere society, the authors previously substantiated
the noosphere form of motion of matter as the highest
form of motion, which unites all other forms of motion
into a single whole, which will explore noosphere
geography. The classification of forms of motion of
matter is, according to F. Engels, the basis for the
classification of natural and social sciences (Fig. 1),
where the noosphere form of motion corresponds to
noosphere geography with developed by M. V. Bahrov
attributes that correspond to the modern global
information society became a fundamental concept
of geographical space, replaced by network space and
territorial organization.

Noospheric
Geography

| Physical

Geography

o

Fig.1. General classification of sciences

Intangible lies in the basis of the functioning of
world networks, but all the more impressive in its power
process of information exchange; pushing material
values into the background and reducing to absolute
intellectual and innovative «breakthroughs» the hitherto
unknown «players» of the world intellectual market. All
this should form the concept of noosphere geography,
which radically changes its content along the entire
vertical of its internal structure — from object and
subject to place among the social sciences and place
in the modern world» (Bahrov, Rudenko, Chervanov,
2010). Information about the living environment of
mankind — the process of noospherogenesis requires
multidisciplinary scientific support. The above gives
rise to the idea that humanity is at the beginning of the
emergence of a new science — noospheric geography,
which agrees with the three challenges of humanity — the
process of noospherogenesis requires multidisciplinary
scientific support. The above gives rise to the idea that
humanity is at the beginning of the emergence of a new
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science — noospheric geography, which agrees with the
three challenges to humanity justified by Bahrov M. V.:

1) with the extraordinary ecological transformation
of the Planet; 2) with threatening tendencies of moral
birth; 3) with the growth of the population of the planet
and the deepening of the social polar polarization
between the adapted (prosperous) and unadapted parts of
humanity. Today, we are on the verge of losing a single
universal perspective, splitting the world into a «golden
billion» and the rest of the world’s impoverished
population. Today, as never before, the question is
acute — what ways can lead us to a qualitatively new
society. Participation in this noosphere geography can
not be overestimated.

It was found that the formation of the noosphere,
according to V. I. Vernadskyi, is a new postbiosphere
reality. According to M. V. Bahrov, L. H. Rudenko, I.H
Chervaniov, the object of noosphere geography should
be an integrated resource for the development of society
(society), which is the territory in a comprehensive
global scientific vision and pragmatic perception of
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humanity, which is aware own goals and opportunities
for development. Forms of organization will be: cores,
servers, information networks and the conscious attitude
of people. Territories are characterized by natural and
socio-economic properties, which together and in a
systemic combination are natural-socio-economic
capital, constituting the integral potential of the territory.
Then the goal of noosphere geography will be to form a
noosphere of a new postbiosphere reality with the study,
inventory, ensuring the rational use and conservation
of geosystems and natural and social capital, because
this is the only prerequisite for self-sustaining human
development in terms of conservation and rational use
(Bahrov, Rudenko, Chervaniov, 2010). The objective
component of noosphere geography is information
and socioospheric geography. It should be emphasized
that the implementation of all the proposed ideas will
depend on the level of development of the content of
noosphere geography and the formed consciousness of
people. It was found that it is necessary to set in motion
the intellectual forces of the geographical community,
which would be ready to accept the challenge of time
with giving a real constructive meaning to the noosphere

geography.
Conclusions.

It is established: in the conditions of transition of
information society to noospheric the regularities of
substantiation of theoretical and methodological essence
of noosphere geography of the 21* century in terms of
formation of noosphere society are characterized and
its place in the system of natural and social sciences
is clarified. It was found that the theoretical and
methodological substantiation of noosphere geography
is the awareness of the noosphere as a new geological
phenomenon on our planet, which noosphere geography
will study. This uses a deductive research strategy,
in which the analysis of the scientific literature and
their own understanding that the noosphere (according
to V. 1. Vernadskyi) — is the last of many states of
evolution of the biosphere in geological history — it
is the state of our time. Not only the development
of the transformation of human society, but also a
conscious, systematic re-transformation of nature and
the geographical environment as a whole is rational
for noosphere. Noosphere geography, really reflecting
the real world, scientifically accurately analyzing the
interaction of nature and society will accurately predict
the development of the geographical environment under
the influence of intelligent society.

In significantly changed conditions in society, new
learning conditions are needed. It is found out: Toffler A.
(1997), using a huge social predictive resource based
on interpolation and prediction. He concluded that
what was studied in schools and universities he called

«a hopeless anachronismy. All educational institutions,
in his opinion, are on the heels of a system that has
already become obsolete. Their energy is focused
on training Industrial People, people committed to
surviving in a system that will cease to exist before they
do. The challenges of tomorrow require not millions of
superficial people, not people who follow instructions
without batting an eye, but people who can find their
way in a new environment, who will quickly adapt to
new relationships in a total market. The people of the
future will need new skills in three critical areas —
lifelong learning, productive connections and right
for choice.

With a scientifically sound organization of the
educational process, «Noospheric Geography» becomes
an advanced system of education for future citizens of
the country and desirable for adult citizens, ahead of
other areas of social activity, as information processes
will be ahead of material and energy. Noospheric
geography in the formation of noospheric society to
preserve the aspirations and traditions of the national
high school. According to Ursul A. D. (2014), the
process of futurization of education will develop to form
a leading human consciousness, able to both predict the
future and put into practice the most desirable models.
Today it has become clear that the transition of the
Biosphere to the Noosphere and the formation of the
realm of the mind is a historical process in material
and spiritual aspects. The emergence of the noosphere
quality of the sociosphere will occur when the basic
forms of collective and individual consciousness
acquire the properties of anticipation of being. It
is about the formation of noosphere intelligence as
a certain collective mind of the whole civilization,
uniting the intellects of individuals and the means of
informatization and mediatization, including artificial
intelligence and the Internet.

Among the educational structures of the new
society, a special place will be occupied by basic
education, the main purpose of which is to train the
knowledge elite. Training, knowledge and information
make a person competent in their own field of activity.
Ukraine’s entry into the noosphere process together
with the world community requires future teachers of
noosphere geography to master the system of noosphere
competencies. Under these conditions, the priority of
the future teacher is to master the ability to learn to
receive new information — that is, to develop the ability
to lifelong learning. Avsheniuk N. M. with co-authors
(2014) note: A special actualization of the globalization
of all spheres of life of the individual and society in
the general civilizational tendencies of the modern
world, which requires higher education to provide young
people with basic opportunities to integrate into different
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societies, self-determination, active, competitive in the
world labor market.

The authors hope that the content of Noosphere
geography, which will be the leading system of
education, will be directed to fundamental education.
Ursul A. D. (2009) also hopes for this, noting that it
will be ahead of other spheres of social activity, as
information processes will be ahead of material and
energy ones. The process of futurization of education
must be developed for the formation of a leading human
consciousness, given both to anticipate the future and
to put into practice the most desirable models.

With a well-thought-out and scientifically sound
organization of the educational process, this will be
realized in the development of the sphere of the mind.
UNESCO experts believe that noosphere education is
a long process that should take place at all educational
levels and include many different educational projects
in which the entire knowledge system is involved. In
addition, says Lishchytovych L. 1. (2019, pp. 211-212)
UNESCO experts identify the following possible types
of training:

* transmissive learning, learning includes the
active provision of information from both the teacher
and additional learning materials;

e discovery learning, learning includes elements
of mystery and encourages curiosity and research
(in Ukraine, educational research has been conducted
since 1996 according to the manual of Chernov B. O.
and Korneeva V. P.);

* participatory / collaborative learning, learning
includes active joint solution of related tasks and
problems;

e problem-based learning, learning requires
students to solve educational problems of a global nature
(in Ukraine published in 2007 a work on problem-based
learning of geography at school Topuzov O. M.);

e disciplinary learning, teaching fixed in a certain
field of knowledge (Chernov B. O. and Topuzo O. M.
issued for secondary school each more than 10 textbooks
in geography);

e critical thinking-based learning, which seeks
to explore the views of stakeholders when they are in
conflict;

 systems thinking-based learning, learning
focused on relationships to explore and learn about
system integrity.
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Received: 16.12.2020 Abstract. The problems of the current state of possibilities of reconstruction and rational
Received in revised form: 28.12.2020 use of regional reclamation landscape technical systems have been considered. It has been
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(GIS-packages SAS.Planet.Release and GoogleEarthPro) were used in addition to field
landscape research. The meaning of the concept of “reclamation landscape technical system” as a structure in which interconnected
hydraulic structures and water bodies that are necessary to ensure and maintain the optimal operation mode of the reclamation landscape
complex has been clarified. The main types of reclamation such as hydraulic, cultural, chemical, agrotechnical and agroforestrytechnical
have been partially discribed. The essence of the concept of “hydraulic reclamation” as a set of measures aimed at improving the water-
air (waterlogging and dehydration) regime of soils has been considered more detailed. The expediency of resumption of reclamation
measures in the territory of Ukraine has been confirmed, as 2/3 of its area is in conditions of unfavorable water regime. This study is
focused on the analysis of drainage and humidification systems as the most effective in ensuring the regulation of excessive moisture
or its deficit. It has been shown that the peak of reclamation works and construction of reclamation landscape technical systems was
observed 1950-1965. The largest irrigation, drainage, polder and drainage-humidification systems in Ukraine have been discribed. It
has been found that the decline of reclamation systems began in 1991 and was characterized by a reduction in the area of irrigated
and drained lands and the deterioration of their ecological condition. Emphasis has been placed on the study of regional drainage and
humidification systems and three stages of their development in Ukraine have been identified. Possible measures for the rational use
of reclamation systems on the example of the Trubizh regional drainage and humidification landscape technical system have been
proposed. It has been noted that the development of regional plans for the rational use of this system should be based on the analysis
of the history of economic development of the Trubizh river basin and taking into account the specifics of the landscape structure of
the canal-floodplain type. Reconstruction of the reclamation system has been recommended to conduct in two stages: the first one is
based on the modernization of hydraulic structures and the main canal, the second one is based on the internal and landscape structure
of the system. The feasibility of partial restructuring of the open network for closed drainage and the creation of temporary drainage
channels has been confirmed, which will allow more rational use of resources of the Trubizh reclamation landscape technical system.

Kniouoei cnosa: region, reclamation landscape-technical systems, hydraulic reclamation, Trubizh drainage and humidification system,
measures, rational use.
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AHoTtauisi. Po3nissHyTO mpoOneMH Cy4acHOTO CTaHy MOMKJIMBOCTEH PEKOHCTPYKIIi Ta palioHaJbHOTO BUKOPUCTAHHS periOHANbHUX
MENTIOpaTUBHUX JTaHAMA(PTHO-TEXHIYHUX CHCTEM; 3a3Ha4€HO, L0 Mi3HAaHHSA Ipouecy iX GopMyBaHHS 1 Cy4acHOTO (YHKI[IOHYBaHHS,
KpiM TIONBOBHX JAaHMMAPTO3HABYMX JIOCIiKEeHb, Oymo 3miificheHo 3a mgomomororo ['IC-meromy (I'IC-maketu SAS.Planet.Release
1 GoogleEarthPro). YTouHeHO 3MicT MOHATTS “‘MeliopaTUBHA JIAaHAMA(QTHO-TEXHIYHA CHCcTeMa”, SIK CTPYKTYpH Y SIKii (yHKIIOHYIOTH
B3a€MOIIOB’S[3aHI TiIIPOTEXHIUHI CIIOpYAW i BOAHI 00’€KTH, HEOOXiqHI /Ul 3a0€3MeUeHHS Ta MIATPUMAHHS ONTHMAIBHOTO PEXUMY
(yHKLIOHYBaHHS MeJII0paTHBHOTO JIaH (A THOTO KOMILIEKCY. YacTKOBO CXapaKTepH30BaHO OCHOBHI BUAN MEJTIOPALii — IiApOTEeXHIUHY,
KyJIBTypTeXHIYHY, XIMi4HY, arpOTeXHIYHY I arpoyliCoTexXHiYHy; AETalbHIllle PO3MISHYTO CYTHICTh HOHATTS ‘TIAPOTEXHIYHA
MeJtiopartis”, Sk KOMIUIEKCY 3aXOJIiB CIPSIMOBAaHUX Ha MOJIIIICHHS BOAHO-TIOBITPSHOTO (TIEPE3BOIIOKEHHS 1 MIEPEOCYIICHHS) PEXKUMY
rpyuTiB. [ligTBepkeHa TOLITBHICTD BiTHOBICHHS IPOBEICHHS METiOpaTHBHUX 3aX0/iB Ha TepuTopii Ykpainu, ockinbku 2/3 ii miomri
3HAXOAUTBCS B YMOBAX HECHPHATINBOIO BOIHOTO PEKUMY. 30CEPE/DKEHO yBary Ha aHali3i OCYIIyBaJIbHO-3BOJIOKYBAJIBHUX CHCTEM,
SIK HailOLIpm eeKTHBHUX NpH 3a0e3MeUYeHH] peryinoBaHHA HaaMipHOI Boiord abo ii medimuty. [lokasaHo, 1o miK MpOBENEHHS
MEJTIOPAaTUBHUX POOIT 1 CHOPYIKEHHST MENIOPaTHBHUX JIaHJMA()THO-TEXHIYHUX CHCTeM mpumagae Ha 1950-1965 pp. Haseneni
HalOUIbII B YKpaiHi 3pONIyBajbHI, OCYIIyBalbHIi, ITOJIBAEPHI H OCYIIyBaIbHO-3BOJIOXKYBaIbHI CHCTeMH. BusBieHo, ImIo 3aHenan
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MEeJOpaTUBHUX cUCTeM posmodaBcs y 1991 p. i xapakrepu3yBaBcsi CKOPOUSHHSIM ILIOL] 3PONIYBAJIBHUX 1 OCYIIYBAJIBHUX 3€Melb
Ta TOTIPIICHHSAM IX EKOJOTIYHOro CTaHy. AKIEHTOBAHO yBary Ha JIOCIHIJUKCHHS PEriOHaNbHHUX OCYILYBaJIbHO-3BOJIOKYBAJIBHUX
CHCTEM 1 BUJIUICHO TPH €TalH iX PO3BUTKY Ha TEpUTOPii YkpaiHu. 3amporoHOBAaHO MOXKIIMBI 3aX0H 3 PALliOHATHHOTO BUKOPUCTaHHS
MEJIIOpaTUBHUX CHCTEM Ha NpHKiIani TpyOi3pkoi perioHasbHOI OCYNIyBaJbHO-3BOJIOXKYBAIBHOI JIAHIIA()THO-TEXHIYHOT CHCTEMH.
3a3HaueHo, 10 PO3pOOKY PETiOHATBHHX TUIAHIB [IO/I0 PAIliOHATFHOTO BUKOPUCTAHHS IIi€] CHCTEeMH HEOOX1THO 3/ICHIOBATH HA OCHOBI
aHai3zy icTopii rocrofapchKOro ocBoeHHs OaceiHy piuku TpyOix Ta BpaxyBaHHS crenU(iKH JAaHAMA(THOI CTPYKTypH KaHAIBHO-
3aIJIaBHOTO TUITY MiCIIeBOCTi. PEKOMEHI0BaHO MPOBEICHHS PEKOHCTPYKIIii METIOpAaTUBHOI CUCTEMH Y JIBa €TAIIH: NEPIIHH IPYHTY€EThCS
Ha MOJIEpHi3alil TiAPOTEXHIYHUX CIOPYA 1 MariCTpaiabHOTO KaHAJY, APYTUH — BHYTPIIIHBOTOCTIONAPCHKOT 1 TaHAMAPTHOI CTPYKTYpH
CHCTEMH; MiJTBEPIKEHO JOIIIBHICT YaCTKOBOI IepeOyqoBH BIIKPUTOI MEpeXi Ha 3aKPUTHI ApEeHaXk Ta CTBOPEHHS THMYACOBHX
OCYILIYyBaJbHUX KaHAJIB, 10 AACTh MOMIJIMBICTh palliOHAIbHIIIE BUKOPHCTOBYBaTH pecypcr Tpy0i3bkol MeniopaTuBHOT JaHAIIadTHO-
TEXHIYHOI CHCTEMH.

Knouoei cnosa: pecion, meniopamueni 1aHOwlapmHo-mexniyni cucmemu, ciopomexuiuna meniopayis, TpyOisvka ocyuiyeanvbHo-

360J100iCY6A/IbHA Jlam)wad)mﬂo—mexmwa cucmema, 3ax0()u, pauiOH(lﬂbHe BUKOPUCMIAHHAL.

Introduction.

One of the main conditions for the development of
Ukraine's economy is to increase the profitability and
competitiveness of agricultural production, providing
the population with food, and industry with raw
materials and the creation of highly developed agro-
industrial complexes. At present, it is impossible to grow
crops without reclamation measures, as a significant
part of the territory of Ukraine (75 %) is in the zone of
insufficient moisture supply, another 15 % — in the zone
of excessive moisture. The efficiency of reclamation
measures depends on the technical condition of the
existing irrigation and drainage networks. However,
the reduction of investment significantly reduces the
efficiency of reclamation systems, which leads to their
deterioration. Most hydraulic structures have exhausted
their resources and are in poor condition. Currently, the
area of irrigated land is 600 thousand hectares out of the
available almost 2.2 million hectares. Drainage systems
are characterized by siltation of drainage canals, which
results in flooding of areas overgrown with weeds and
shrubs. All these require solving a number of problems,
including development of effective measures to
optimize the reclamation network and reconstruction of
hydraulic structures; ecological substantiation of modern
reclamation measures; the problem of reclamation at
the regional level is insufficiently studied. Solving these
problems will make it possible to intensify agricultural
production and improve the environmental situation on
reclaimed lands.

Analyzing the works of domestic and foreign
scientists, it has been noted that most of them are
devoted to the general development of land reclamation
and water management in the leading countries of the
world or in Ukraine. They investigated the current
state of water reclamation systems and the possibility
of their reconstruction in order to make functional
improvements (Shi et al., 2018); thermodynamic
balancing of heat and mass transfer processes in
drainage and humidification systems (Elzayeda et al.,
2020); integration of reclamation works into balanced
land management (Leucuta et al., 2016); restrictions and
trade-offs related to the reclamation of abandoned sown
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areas in order to assess potential crops in Ukraine and
Kazakhstan (Meyfroidt et al., 2016); the causes of the
decline of most reclamation systems and suggested ways
to update and improve their condition (Krolikowska et
al., 2009); ways to optimize the design of horizontal
drainage in reclaimed clay-sandy layered soils (Feng
et al., 2020); ways to optimize reclamation systems of
water circulation type in order to reduce the negative
impact of wastewater on the environment (Rezaei et
al., 2019); prospects for land reclamation development
in Ukraine (Baliuk, 2018); current state of irrigation
and drainage in Ukraine, ways of reconstruction and
restoration (Dekhtiar, 2019); land reclamation and
optimization of soil processes (Lozovitstyi, 2014);
development of land reclamation and water management
of Ukraine according to world trends (Kovalenko,
2009); problems of reforming the agricultural sector
of the economy and unbundling of reclaimed lands,
which led to a violation of the integrity of reclamation
systems (Dmytrenko, 2011); drainage and irrigation
systems on the territory of Ukraine and stages of their
creation (Kyryliuk & Lebedovskyi, 2020). However,
only a few scientists focus on studying the problems
of development of regional reclamation systems, in
particular irrigation (Yatsenko, 2014).

The purpose of the work is to analyze the current
state of reclamation systems in the territory of Ukraine
on the example of the Trubizh regional drainage and
humidification landscape-technical system and to
propose measures for their rational use.

Materials and methods of research.

In the process of analyzing the current state of
regional reclamation systems, the following methods
were used: system analysis (made it possible to analyze
the work of structural elements of the system and the
relationship between them); statistical (revealed a
tendency to reduce the area of irrigated and drained
land relative to the area of water-scarce and humid
territory); generalization (made it possible on the
basis of the obtained data on structural elements to
draw a conclusion about the system as a whole);
historical and landscape science (used to identify the
degree of anthropogenic changes in the development
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of the Trubizh drainage and humidification system);
airbrushing (used to identify and analyze hydraulic
structures on the main canal); final results (allows to
analyze the features of the construction process and the
modern landscape structure of the Trubizh reclamation
system); GIS method (used in the analysis of changes in
natural landscape complexes and their transformation
into anthropogenic ones).

The data presented in this article have been obtained
using the method of analysing archival, statistical
and cartographic materials, as well as from our own
field and analytical research. SIS.Planet.Release and
GoogleEarthPro GIS packages have been used to
analyze modern landscape complexes of the Trubizh
drainage and humidification system.

Results and their analysis.

The analysis of the current state of regional
reclamation systems should begin with an understanding
of the concept of “reclamation system”. In the
Geographical Encyclopedia of Ukraine the concept
of “reclamation system” is interpreted as “a set of
functionally interconnected hydraulic structures,
machines and mechanisms, reservoirs, plantations,
communication lines and power lines, roads,
administrative and other structures necessary to ensure
and maintain optimal water, air and thermal regimes of
soils” (Mykhailov, 1990).

According to the Draft Law of Ukraine “On
Amendments to Certain Legislative Acts of Ukraine
on the Use of Reclaimed Land and Reclamation
Systems”, reclamation system is a “technologically
integrated engineering system consisting of one or more
reclamation networks and designed to provide an ptimal
water, heat, air and nutrient regime of soils on reclaimed
lands” (Proekt Zakonu Ukrainy, 2016). Here are the
main types of reclamation depending on the direction
of the carried-out actions specified: hydraulic, cultural,
chemical, agrotechnical and agroforestrytechnical.
We will dwell in more detail on the consideration of
hydraulic reclamation, as it has the greatest impact on
improving natural conditions and changing the water-
air regime of the soil of the territory.

Hydrotechnical reclamation should be understood as
a set of measures aimed at improving the water and air
regimes of soils (over-drained and wet) and protecting
them from flooding and erosion. Hydraulic reclamation
involves the creation of main and distribution channels,
water mains, pumping stations, reservoirs, dams,
collector and drainage network and other hydraulic
facilities. The following measures are taken during
hydraulic reclamation as drainage, irrigation, drainage
and humidification, flood protection, anti-erosion and
anti-mudflow.

Since 2/3 of the territory of Ukraine is in condition
of unfavorable water regime, the implementation of
effective reclamation measures has a certain zonal
feature. According to hydrological zoning, the plain
territory of Ukraine is within three zones: excessive
water content (Polissia and Desna regions of excessive
water content); sufficient water content (Western and
Left Bank-Dnipro regions of sufficient water content);
insufficient water content (Lower Buh-Dnipro,
Severskodonetsk-Dnipro, Black Sea and Azov regions
of insufficient water). Therefore, in order rationally to
use the land and get high yields of crops, it is necessary
to apply drainage reclamation, and in arid — irrigation
in wetlands.

The introduction of reclamation measures on the
territory of Ukraine began in the second half of the 19™
century with an expedition led by General 1. Zhilinsky.
These were primitive drainage systems with open canals,
which later became swampy due to flooding during the
floods. Irrigation of lands began at the beginning of
the 20™ century. The first irrigation system was built in
1915 in the village of Vyscha Tarasivka, Ekaterinoslav
Province (Kyryliuk & Lebedovskyi, 2020). Irrigation
took place by surface irrigation with self-flowing and
rarely mechanical water supply. In 1917, the area of
irrigated land was 17 thousand hectares, and drainage
was 430 thousand hectares (Mysyk & Kulikovskyi,
2005).

Active construction of reclamation systems
occurred in 1950-1965, which resulted in an increase
in the area of irrigated and drained lands (in 1965—
543 thousand hectares and 1373 thousand hectares,
respectively). The largest irrigation systems on the
territory of Ukraine are Kakhovsk (262 thousand
hectares), Pivnichno-Rohachytska (81.8 thousand
hectares), Krasnoznamiansk (72.5 thousand hectares),
Ingulets (62.7 thousand hectares), Yavkynsk (50
thousand hectares), Sirohozk (41.6 thousand hectares),
Nyzhnodnistrovsk (37 thousand hectares), Frunze
(35.3 thousand hectares), Pryazovsk (31.8 thousand
hectares), Tatarbunary (31.7 thousand hectares), Dunai-
Dnistrovsk (29.2 thousand hectares) and water bed.
Subsequently (after 1961) these reclamation systems
began to be built using anti-filtration lining of channels
with monolithic concrete (Lozovitstyi, 2014). In the
same years they began to build drainage and drainage-
wetting systems with open channels and wetting sluices
on them and mole drainage actively, which allowed
bilateral regulation of the water-air regime of soils.

The construction of polder drainage systems with
machine drainage has begun in 1985. According to the
data given in the “Resolution on the comprehensive
program for the development of land reclamation and
improvement of the ecological condition of irrigated
and drained lands in the territory of Ukraine”, the area
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of polder systems is 317 thousand hectares (Postanova,
2000). In the Geographical Encyclopedia of Ukraine,
the concept of “polder systems” is interpreted as “a
type of drainage systems, water regulation of which
is based on the protection of dams reclaimed areas
(polders) from flooding rivers, reservoirs, lakes or
seas” (Grynevetskyi & Korotun, 1990). The largest
polder systems in the territory of Ukraine are Trubizh
drainage and humidification system (37.6 thousand
hectares); Verkhnoprypiat drainage and humidification
system (25.1 thousand hectares); Berehivska drainage
and humidification system (23 thousand hectares) and
Irpin drainage and humidification system (8.2 thousand
hectares).

Since 1991, reclamation activities have been
partially suspended, which has affected the efficiency
of reclamation systems. Large main canals remained
working on irrigated lands, while the rest were almost
unused or destroyed. The same tendencies are observed
in the work of drainage systems, which, as a result of
the cessation of supervision, almost all became silted
up and overgrown with wetland vegetation.

According to the Strategic Environmental
Assessment Report, in recent years the area with
insufficient moisture supply has increased by 7 %
(compared to 1990), which amounts 11.6 million
hectares (37 %) of arable land in Ukraine, and the area
with excessive and sufficient moisture has decreased
by 10 % (compared to 1990) and occupies 7.6 million
hectares (22.5 %) of arable land. However, according to
official statistics for 2017, specified in the Strategy of
Irrigation and Drainage in Ukraine, the area of irrigated
land is 2178.3 thousand hectares (19 % of the total area
of water-scarce land), and drainage is 3307.0 thousand
hectares (43.4 % of the total area of the humid territory).
It is also noted that as of 2017, irrigation was carried
out on an area of less than 500 thousand hectares (less
than 23 % of the total irrigation area), and drainage was
on an area of more than 250 thousand hectares (7.5 %
of the total drainage area) (Upravlinnia zemelnykh ta
vodnykh resursiv, 2019).

The beginning of the 21* century characterized by
a significant reduction in the area of reclaimed land
and the deterioration of their ecological condition. As a
result of irrational reclamation measures, irrigated lands
are characterized by significant flooding (15-20 %),
salinization (6—9 %) and secondary salinization (30—
40 %), and drainage lands are characterized by rapid
operation of the peat layer, which led to the emergence
of sands in some cases (Kanash, 2005). The area of
lands on which it is necessary to carry out complex
reconstruction of irrigation and drainage systems makes
491.5 thousand hectares (22.5 % of all irrigated lands)
and 175.4 thousand hectares (5.3 % of the total area of
drainage), accordingly (Puhachov, 2003).
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Among hydraulic reclamation systems it is
necessary to single out systems of bilateral action
(drainage and humidification) which are the most
effective and provide regulation of excess moisture or its
deficiency by means of artificial drainage in combination
with periodic irrigation of the lands. In the glossary-
reference book on construction and architecture, the
concept of “drainage and humidification system”
is considered as “a complex of hydro-ameliorative
structures of bilateral action to regulate the water-air
regime of the soil on drained lands; reclamation system
that combines the functions of drainage and irrigation
systems” (Shmyh, 2010).

According to the “Resolution on a comprehensive
program for the development of land reclamation and
improvement of the ecological condition of irrigated
and drained lands in the territory of Ukraine”,
bilateral regulation of the water regime is carried
out on an area of 1.1 million hectares (Postanova,
2000). The largest hydraulic reclamation systems of
bilateral action of Ukraine are Trubizh drainage and
humidification system (37.6 thousand hectares); Oster
drainage and humidification system (34.2 thousand
hectares); Upper Pripyat drainage and humidification
system (25.1 thousand hectares); Berehivska drainage
and humidification system (23 thousand hectares);
Zamyslovets drainage and humidification system
(16 thousand hectares); Romensk drainage and
humidification system (14.9 thousand hectares); Irpin
drainage and humidification system (8.2 thousand
hectares) and Kyshynska drainage and humidification
system (3.5 thousand hectares) (Dupliak, 1989, 1990,
1993).

According to the territorial principle, reclamation
landscape-technical systems are divided into regional,
subregional and local (Grodzynskyi & Shyshchenko,
1993). We will focus on regional reclamation
systems, as they are the subject of our study. By
regional reclamation landscape-technical systems we
mean reclamation systems covering the territories of
physical-geographical regions (Chernihiv Polissya and
Pivnichnoprydniprovsk terrace lowland) or several
administrative districts. In the development of regional
drainage and humidification systems of Ukraine it
is expedient to distinguish three periods: 1% period
(1954-1966) — construction of reclamation systems
based on the introduction of industrial technologies;
2 period (1970-80's) — reconstruction and technical
re-equipment of reclamation systems, which provides
for partial reconstruction of the open network for closed
drainage; 3" period (beginning of the 21% century) is
characterized by a significant decline of reclamation
systems, siltation and overgrowing of the drainage
network. Modern regional drainage and humidification
landscape technical systems are characterized by the use
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of traditional hydraulic structures that have operational
shortcomings, resulting in reduced efficiency of drainage
lands, in particular the uneven regulation of water and
air regime of soils.

An example of a regional polder landscape technical
system is one of the first and largest in Ukraine Trubizh
drainage and humidification system of bilateral action,
covering parts of Kyiv and Chernihiv regions. It was
built in 1954-1962 in order to increase the area of land
for growing vegetables and fodder crops in accordance
with the “Great Plan for the Transformation of Nature”.
The river Trubizh was transformed into a main canal,
the length of which is 124.6 km (it should be noted that
the length of the river is 113 km), and forms a parabola
in cross section with parameters P = 6—18 m, where
the upper width of the canal varies from 9.2 to 29 m,
and depth — 2.6-3.8 m (Zapolskyi, 1991). According
to the Geographical Encyclopedia of Ukraine, the area
of reclaimed lands is 37.6 thousand hectares (Dupliak,
1993).

The Trubizh reclamation landscape technical system
consists of the following parts: regulating, fencing and
exhaust. 1125 hydraulic structures were built on this
system, including 827 sluice-regulators, 18 bridges and
128 crossings. 19 sluices for water supply to the lateral
control network and 12 bridges have been built on the
main canal. The design of Trubizh reclamation system
belongs to the mixed type. Drainage and humidification
occur due to open canals (total length 1238 km) and
closed drainage (12.5 thousand hectares) (Dupliak,
1993). In 1983, the system was reconstructed, which
provided for the reconstruction of the open network for
closed drainage with an area of 25 thousand hectares.

As a result of the construction of the Kaniv
Reservoir, the method of draining excess water from the
drainage area has changed. The result is the restructuring
of the Trubizh self-flowing system into a machine
(polder), where the drainage of water from the drainage
network is carried out by means of a pumping station.
This method of drainage is used when the water level
in the water intake is higher than the water level in the
main channel. Thus, the water level difference between
the Kaniv Reservoir and the Trubizh River is 6 m. The
third part falls on reclaimed lands. The massif consists
of the following main structures: three water-enclosing
dams with a total length of 12.5 km, with a mark of
ridges — 93-94 m and a width along the ridge — 5.5-8
m; drainage channel 6.7 m long; pumping station with
a design capacity of 85 m*/s (EUWI +, 2019).

As a result of irrational reclamation works, Trubizh
was shallowed (especially during dry periods). In order
to reduce the water deficit of the river, the Desna-Oster-
Trubizh aqueduct was built. Water is supplied by 4
pumping stations along the regulated Ostra river, which
is connected to the upper reaches of the Trubizh by a

derivation channel. The design capacity of these stations
is 3 m*/s. With the help of such a technical solution, the
moistening of productive lands (30 thousand hectares)
has the maximal economic effect. Thus, the pumping of
water through the derivation channel is carried out by
pumping stations No.l and 4, and stations No 2 and 3
operate on the principle of cascade lifting and pumping
water from the lower to the upper reaches of the sluice.

Due to the lack of proper supervision of the
reclamation network and hydraulic structures, the
territory is re-wetted, and the irrational use of reclaimed
lands has led to soil depletion and changes in vegetation
(spread of shrubs). Therefore, the rational use of the
Trubizh regional drainage and humidification landscape
technical system should be based on the reconstruction
of the system itself and the implementation of
reclamation measures, taking into account the specifics
of landscape complexes that are reclaimed.

Rational use of the studied system should be
carried out on the basis of the structural-dynamic
model proposed by V. B. Mikhno. This model consists
of three interconnected blocks: 1) the interaction of
man and landscapes that reflects the peculiarities of the
interaction of man and aquatic landscape complexes;
2) information that is the collection of data that reveal
the features of the system, the specifics and ecological
status of landscape complexes and ways of rational
use; 3) implementation that is modeling and design of
the studied landscapes (Mikhno, 2000).

In order to use rationally the Trubizh regional
drainage and humidification landscape technical system,
it is necessary to determine and analyze the specifics
of nature, the current state of landscape complexes,
the level of anthropogenic load and the interaction
of the reclamation system with adjacent landscapes.
Therefore, taking into account the above factors, we
propose the following measures for the rational use of
reclamation systems:

— activization of scientific research in order to
improve the management technologies of regional
drainage and humidification systems;

— development of regional plans and projects for the
restoration of the Trubizh reclamation system, which
will be based on the history of river development and the
specifics of the canal-flood type of the area. A significant
part of the reclamation network has lost its effectiveness
due to siltation and overgrowing of wetland vegetation,
resulting in an increase in the area of wetlands and
reduced land fertility;

— involvement in the development of projects
for the rational use of the reclamation system not
only specialists in the field of water management
and reclamation, but also hydrologists, geographers,
ecologists, biologists, spacialists in nature protection
and engineers. Whereas such integration of the various
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branches of science will make it possible to predict
both the negative and positive consequences of the
functioning of this system and to develop measures
for its rational use;

— carrying out the measures on of drainage systems
that are in unsatisfactory condition. Modernization
should be carried out on the basis of the use of sluice
technology, which will expand the functionality of
drainage systems, namely: regulation of the water
regime throughout the growing season of crops.
Modernization of non-functioning drainage systems
should be based on repair and restoration works:
clearing of canals, reconstruction of water-regulating
constructions, washing and partial restoration of
drainage;

— reconstruction of the open control network
partially into the closed drainage. Open network
is simpler and cheaper to build, but requires high
operating costs and often takes up space that can be
used for agricultural production. Closed drainage is
more expensive in terms of construction, but reduces
operating costs and occupies a small usable area of land;

— reconstruction of the reclamation system in two
stages. The first stage is the repair and increase of the
capacity of the main and inter-farm canals and the
reconstruction of hydraulic structures. The second stage
is the reconstruction of the internal economic system;

— construction of temporary drainage canals
(if necessary) for the purpose of rational use of the
area for agricultural lands. These canals are built for a
short period (usually for one season), annually cut and
leveled, which makes it possible to regulate the drainage
of the territory depending on the weather;

— to recommend to the Trubizh interdistrict
management of water management to carry out
inventory of green plantings in coastal protective strips
for identification of the dry trees which complicate
water capacity;

— clearing of the main canal from siltation in order to
create rheophilic conditions (current) and avoid further
waterlogging.
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Abstract. This article considers features of functioning of a modern transport network.
Transport is an important area of infrastructure supply for the population and the state
economy, the key function of which is the movement of people and goods. The current
transport complex is subject to contradictory trends: as an infrastructure industry, transport
is located in a position dependent on the production of social goods, and as a special sector of the economy, transport has an important
impact on the regional location of production capacity and participates in the process of reproduction part of the system of economic
relations. The importance of transport infrastructure in the economy, its development and operating conditions are difficult to
overestimate. After all, it is the basis of the supporting framework of territorial social systems of any level. On the current state, level
and opportunities for the development of the transport infrastructure depends not only the social and economic growth of territorial
economic systems, but also their spatial development. Tourism plays a significant role in the development of transport infrastructure.
Europe is one of the most attractive regions for tourists in the world. In turn, Spain is one of the most popular destinations for tourists
from around the world as well as for European tourists. Spain plays an important role in tourist traffic in Europe. This is facilitated
by its efficient transport and geographical location, developed production infrastructure, as well as historical aspects. Spain is a key
country of transit by air and sea with the Americas. The flat terrain promotes the development of road and rail passenger transport
across the centre of the country. And given the attractiveness to tourists and direction of tourist flows to the regions of the country, the
study of geographical features of transport infrastructure is quite relevant. The peculiarities of the functioning and formation of the
transport infrastructure of Spain are considered. The geographical features of the development of the infrastructure of railway, road and
sea and air transport of Spain are analyzed. As for the terminals in the regions of Spain, their number also corresponds to the number
of airports. Therefore, the largest number of terminals is in the Canary Islands — 9 (all airports have one terminal, except Lanzarote).
There are 8 terminals in the airports of Andalusia, where all airports except Malaga have one terminal, in Malaga there are three. The
two Madrid airports have 6 terminals, but 5 of them are located at the country's main airport — Madrid-Barajas. Catalonia's airports have
5 terminals, two of which are located in Barcelona El Prat. There are 4 terminals in Galicia — one each in Vigo and La Coruna and two
in Santiago de Compostela. There are 4 terminals in Galicia — one each in Vigo and La Coruna and two in Santiago de Compostela.
In all other regions, the number of terminals is proportional to the number of airports. An assessment of the level of development of
transport infrastructure for tourism in the regions of Spain was conducted. On the basis of quantitative indicators of the analysis of the
transport infrastructure of Spain, a point assessment of the level of development of the transport infrastructure of the country’s regions
for the needs of tourism was carried out. Administrative units are divided into 5 groups: with the highest, high, sufficient, medium and
low level of development of transport infrastructure for tourism. Transport infrastructure is most developed in the tourist regions of the
country — Catalonia, Andalusia, Madrid, the Canary and Balearic Islands.
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TpancnoprHa iHppacTpykTypa Icnanii Ik YUHHHK PO3BUTKY TypH3MYy.
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AHoTanisi. BcraHOBIEHO 3HA4YeHHs TPaHCIOPTHOI iHQPACTPYyKTYpH B TOCIOAAPCTBi, il PO3BUTOK Ta YMOBH (YHKIIOHYBaHHS
Ba)KKO MEPEOLIHUTH. ADKE caMe BOHA € OCHOBOIO OIIOPHOTO KapKacy TEPUTOPIaIbHUX CYCHIJIBbHUX CHUCTEM Oyab-ikoro piBH:A. Bin
Cy4YacHOTO CTaHy, PiBHS Ta MOKJIMBOCTEH PO3BUTKY TPAHCIOPTHOI iHPPACTPYKTypH 3aJCKUTh HE TUIBKU COLiajbHE Ta CKOHOMIYHE
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3pOCTaHHsI TEPUTOPiaTBbHUX TOCIIOAAPCHKUX CHCTEM, alle i iX MPOCTOPOBHUI PO3BUTOK. 3HAYHHMIA MTOLITOBX /ISl PO3BUTKY TPAHCIIOPTHOI
iH(pacTpyKTypH Bifirpae TypusM. €Bpola € OfHUM i3 HaHOIIbIT MPUBAOIMBHX JUIS TYPHUCTIB perioHiB cBiTy. B cBoro uepry Icmanis
€ OJIHUM 3 HaWOIIBII MOMYIIIPHUX HAIPSIMKIB sIK JUIS TYPUCTIB 31 BChOTO CBITY, Tak i JJIsl €BpONeiCchKUX TypuCTiB. Icnanist Binirpae
BEIIMKE 3HAYCHHS B TYPUCTHYHUX IepeBe3eHHsX B €Bpomi. Llpomy crpusie edexTnBHe TpaHCIOpPTHO-reorpadiyHe MOIOKESHHS,
po3BuHEHa BUpOOHUYA iHPPACTPYKTYpa, a TAKOXK iICTOPHUHI aclieKTH. [craHis € KIIF0Y0BOIO KpalHOIO B TPAaH3UTHOMY aBialliiiHOMY Ta
MOPCBHKOMY CIIOJTyueHHi 3 KpaiHaMyu AMepuKH. PIBHUHHUI penibed) cripusic po3BUTKY aBTOMOOUIBHUX Ta 3a1i3HUYHHX MACaKUPCHKHUX
NepeBe3eHb B CEPeAnHi KpaiHi. A BpaxOBYIOUH TYPUCTHUYHY IIPUBAOIMBICTh Ta HANPSIMKHA TYPHCTHYHUX TTOTOKIB JI0 PETiOHIB KpaiHu,
JOCIIKEHHs reorpadivHux 0coOIMBOCTEN PO3BUTKY TPAHCIOPTHOIT iHPPACTPYKTYPH € JOCUTh aKTyanbHUM. Po3missHyTO 0cOOIMBOCTI
(YHKLIOHYBaHHS Ta CTAHOBJCHHs TpaHCIOpTHOI iH(pacTpykrypu Icnanii. IIpoananizoBaHo reorpadiuHi 0COOIMBOCTI PO3BUTKY
iH(paCTPYKTypH 3aJTi3HUYHOTO, aBTOMOOIIBHOT0, MOPCHKOTO Ta aBialifiHoro Tpancnopty Icnanii. 3ailicHeHa OLiHKa PiBHS PO3BUTKY
TpaHCIOPTHOT iH(PACTPYKTypH i TOTped TypusMy 3a perionamu Icmanii. Ha 0CHOBI KiTbKICHUX MTOKA3HUKIB aHaNi3y TPAHCHOPTHOT
iHppacTpykTypu Icmanii npoBeaeHo OalbHY OLIHKY PiBHS PO3BUTKY TPAaHCIOPTHOI iH(pacTpyKTypH perioHiB Icmanii mis motped
Typu3My. AIMiHICTPaTHBHI OMHHMII TOIIEHO HA 5 TPYI: 3 HAWBUIINM, BUCOKUM, JOCTATHIM, CEPEIHIM Ta HU3HKHM PIBHEM PO3BUTKY
TPAaHCIOPTHOT IHOPACTPYKTYpH 11 MOTped Typusmy. TpancmopTHa iHppacTpyKTypa HailbiiblIe po3BUHEHA B TYPUCTHYHHUX PETioHaxX
kpainu — Karanownis, Aaganycis, Manpua, Kanapcereki Ta baneapcbki ocTpoBu.

Kniouosi cnosa: mpancnopmua ingpacmpykmypa 6 mypusmi, mpaHcnOpmHuil KOMHIEKC, Nepese3eHHs, asmomoOinbHi oopoau,

3ani3HUYHI KONiT, agiayitinull mpancnopm, aeponopmu, nacaxcupoodie.

Introduction.

The tourism industry cannot exist without proper
transport provision and a developed tourism transport
infrastructure. Vacationers who visit any region of the
world for tourism or treatment and recreation purposes
should receive quality transport services and be able to
get to all recreational and tourist facilities, regardless
of location.

The importance of transport infrastructure in the
economy, its development and operating conditions, is
difficult to overestimate. After all, it is the basis of the
supporting framework of territorial social systems of
any level. On the current state, level and opportunities
for the development of transport infrastructure depends
not only the social and economic growth of territorial
economic systems, but also their spatial development.
Tourism plays a significant role in the development of
transport infrastructure.

Europe is one of the most attractive regions for
tourists in the world. In turn, Spain is one of the most
popular destinations for tourists from around the world,
including for European tourists. This country plays
an important role in tourist traffic in Europe. This is
facilitated by the efficient transport and geographical
location, developed production infrastructure, as well
as historical aspects.

Spain is a key country in transit by air and sea with
the Americas. The flat terrain promotes the development
of road and rail passenger transport across the centre
of the country. And given the attractiveness to tour-
ism and direction of tourist flows to the regions of the
country, the study of geographical features of transport
infrastructure is quite relevant. Existing geographical
studies of transport infrastructure are not in-depth, es-
pecially at the regional level; this analysis allows us
to argue for the feasibility of studying the transport in-
frastructure of Spain as a basis for the development of
tourist infrastructure.
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Research methods.

The study uses literary, analytical, comparative,
mathematical and statistical methods and the method
of scientific systematization.

The purpose of the work is to characterize the
transport infrastructure of Spain as one of the main
factors for the development of tourist infrastructure.

Results and their analysis.

It is known that the tourism industry, given its sig-
nificant impact on the economic and social develop-
ment of the country, the branching of economic ties,
needs regulation, support and careful control by the state
(Boyko, Horozhankina, Hrushka, Korneyev, Nebaba,
2020). The main body that regulates all transport rela-
tions in the country is the Ministry of Development of
Spain (Ministerio de Fomento de Espaia, 2020). It is a
governing body responsible for the preparation and im-
plementation of state policy on land transport infrastruc-
ture, air and maritime jurisdiction of the state, control
and management and regulation of transport services of
administrative services, management and direction of all
postal and telegraph services, development and direction
of public services, which are related to astronomy, geod-
esy, geophysics and mapping, investment planning and
programming, which are related to the above services.
The structure of the Ministry of Development includes
the State Secretariat for Infrastructure, Transport and
Housing and Communal Services, which in turn has
the General Secretariat for Transport. It has separate
units that are responsible for a particular mode of
transport: the General Directorate of Civil Aviation,
the General Directorate of the Merchant Navy, the
General Directorate of Land Transport. The powers
of the General Directorate of Land Transport include
the regulation of relations in road, rail and pipeline
transport. In addition to the Ministry of Development,
each mode of transport has public and private companies
that control the organization of transportation (Renfe
Operadora, 2020).
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Tourism in Spain has become a sphere of
implementation of market mechanisms, a source of
replenishment of state and local budgets, the distribution
of financial flows (Podlepina, 2013).

The seaports of Spain are subordinated to the
public organization Public Ports (Puertos del Estado,
2020). The company implements the government's port
policy, coordinates and monitors the efficiency of the
port system, which consists of 28 port authorities that
manage 46 ports of general interest (International Air
Transport Association, 2020).

In the field of rail transport there is an operator
Renfe (Renfe Operadora, 2020), which is the state
railway network of Spain. The length of the network
is 15,000 km. Most of the railway lines have a wide
gauge (1668 mm), which is wider than the Ukrainian
(1520 mm) and European (1435 mm) track width. Part
of the network, the AVE high-speed rail, which has
a standard European track width. The company was
founded on January 24, 1941 at the same time as the
nationalization of the Spanish railways. To create a
competitive transportation market, on January 1, 2005,
RENFE was divided into an infrastructure management
agency (stations, tracks, signaling, etc.) (ADIF) and
the operating company RENFE (Renfe Operadora),
which provides freight and passenger transportation
(Chaika, 2016).

Infrastructure and road transport are controlled
by SEITT — the State Land Transport Infrastructure
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Company. It aims to build and control the operation
of roads (Puertos del Estado, 2020).

Spanish public airports are subordinated to the
public organization Spanish Airports and Aeronautics
(Aeropuertos Espafioles y Navegacion Aérea (Aena)).
Aena is a Spanish state-owned company that operates
public airports in Spain. The company operates 46
airports and 2 helicopter ports in Spain and participates
through its subsidiary Aena Internacional, managing 15
airports in Europe and America. This makes it one of
the leaders in terms of passenger volume in the world.
Aena operates all airports of interest to public aviation in
Spain, as well as air navigation at some private and some
air bases in a mixed regime with the Spanish Armed
Forces (Aeropuertos Espaiioles y Navegacion, 2020).

Aena’s subsidiary is ENAIRE, which is an air
navigation manager in Spain and the Western Sahara,
certified to provide control of routes, approaches and
airport services. It is responsible for controlling air
traffic, aeronautical information and communication
networks, navigation and surveillance necessary for
airlines and their aircraft to fly safely, smoothly and in
an organized manner for Spanish airspace (ENAIRE,
2020).

The first railways in Spain were built in 1848 and
have been developing rapidly since then. The total
length of railways is 15,931.08 km as of 2019 (Fig. 1).
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Fig. 1. Railways of Spain in 2019 (Renfe Operadora, 2020)

The length of electrified railways is more than
10,000 km, ie twice as long as non-electrified ones.
The largest length of railways is in the largest regions
of Spain — Castile and Leon, Andalusia, Castilla-
La Mancha (more than 2000 km each) and in each
of these regions the length of electrified railways is
greater. These regions in terms of length of railways
are followed by the autonomous regions of Catalonia,
Aragon and Galicia. The share of electrified railways is
particularly high in Catalonia, where the railroad runs

along the Mediterranean resorts of the Costa Brava
(International Civil Aviation Organization, 2020).

The length of the railways in Valencia is more is
than 900 km, where the railways also run along the
tourist resorts of the Costa Blanco. In Extremadura,
Madrid and Asturias, the length of the railway is about
600-700 km. Extremadura has no electrified railways
at all, and is one of the least economically developed
and most sparsely populated areas of Spain.

And for Madrid and Asturias, given their area, this
length of railways is quite great. In Madrid, most of the
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country’s railways intersect, given the city’s functions,
and in Asturias the railroad runs along the Atlantic
coast. About 90 % of Madrid’s railways are electrified.
The situation is somewhat similar with Asturias in the
Basque Country. The length of the railway is slightly
shorter (560 km), but it also runs along the coast and
major cities of the region and almost the entire railway
is electrified. The smallest lengths of railways are typical
for the smallest regions — La Rioja and the Balearic
Islands (about 110 km each). In the Balearics, there is
a railway only on the largest island of Mallorca and it
performs tourist functions. There are no railways in the
Canary Islands at all, nor in Ceuta with Melilla.
Spain currently has more than 1,500 km of high-
speed rail lines connecting Madrid with Malaga, Seville,
Valencia, Barcelona, Valladolid, Tarragona, Zaragoza,
Alicante and Ferroli. In 2013, a high-speed line was
built connecting Spain with France. Night trains run
from Spain to Paris, Lisbon, Geneva, Zurich, Milan.
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If the program for the development of Spanish high-
speed rail lines is implemented, by 2022 Spain will have
7,000 km of high-speed rail lines (according to national
practice, these include lines with a speed of 200-250
km / h), which allow you to get from the provinces to
Madrid in less than 3 hours and to Barcelona in 4 hours.

The distance of 630 km from Madrid to Barcelona is
covered by a high-speed train in 2 hours and 38 minutes;
taking into account the tourist passenger flow, this is the
busiest route in Spain. Most of the railway network is
owned by the state-owned company Adif, and rail traffic
is regulated by the state institution RENFE. Regional
companies (FEVE, FGC, Euskotren, FGV, SFM) also
participate in this market (Renfe Operadora, 2020).

It should be noted that passenger traffic accounts
for only 6.5 % of traffic, which is a rather low figure.
In 2019, 576.1 million passenger journeys were made
by Spanish railways. The distribution of passengers
during the year is uneven (Fig. 2).
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Fig. 2. Monthly dynamics of passenger traffic on Spanish rail transport in 2019 (Renfe Operadora, 2020)

Spain is the fourth largest country in Europe (after
Russia, Ukraine and France) and has a fairly flat terrain.
Due to this it has a fairly extensive network of roads
and high rates of passenger transport by road. As of
2019, the total length of roads in Spain was 165,484

km, ie the density of the road network is 0.33 km
/ km2. Most roads are under the jurisdiction of the
autonomous regions (43 %), slightly fewer are in
municipal ownership (41 %) and another 16 % of roads
are state-owned (Fig. 3).

M public
L autonomous regions

M municipal

Fig. 3. Subordination of roads in Spain in 2019 (Renfe Operadora, 2020)
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There is an extensive road network, with cars carry-
ing about 90 % of passenger traffic. In 2019, 28 million
people were transported in Spain by intercity buses
between the Autonomous Communities. The largest
value is typical for Madrid — 7.7 million passengers,
which is more than the population of the region. This
situation is natural given that Madrid is the capital of
Spain, a cultural, tourist, economic and business center.
In second place by this indicator is Castile-la-Mancha
(5.8 million people). Given the fact that there are no
significant airports in the region, and its administrative
center Toledo is in close proximity to Madrid, this area
has the largest flow of passengers. In third place is also
the neighbouring region of Madrid, Castile and Leon
(3.1 million passengers). More than 1 million passengers
were transported by intercity buses in Andalusia, the
Basque Country, Extremadura, Aragon, Valencia and
Catalonia. Most of these are tourist regions and have
significant flows of tourists, which explains this figure.
More than 500,000 passengers used bus services in
Cantabria, Murcia, Asturias and La Rios, and the lowest
rates were in Galicia and Navarre (260,000 and 111,000
respectively). For the Balearic Islands and the Canary
Islands, this figure is not available at all, as it only
includes traffic between the Autonomous Communities).

But if we talk about the average distance of
transportation, then this figure will be the largest in

6% 1%
\

Galicia and Navarre, (509 km and 426 km, respectively).
Galicia is one of the most remote regions of the country,
and Navarre is in the Pyrenees, so the distance will be
the longest. Just over 300 km is the average distance
travelled in Catalonia, Andalusia, Asturias and Valencia
and 200 km each in Madrid and the Basque Country. It is
the capital and coastal autonomous region, where many
tourists are very mobile, and therefore often travel, and
therefore the figure here will be higher than the average
in Spain (190 km). In Murcia, Aragon, Castile and
Leon, La Rios, Extremadura and Cantabria, the average
distance for one passenger is 120-190 km. These regions
are closer to the capital and the flow of tourists here
is smaller compared to other regions. The lowest in-
dicator in Castile-La Mancha is 57 km. As already
noted, Toledo the administrative center of Castilla-La
Mancha is in close proximity to Madrid and without its
own airport.It is a major historical and cultural city. In
addition to occupying a large area, Castilla-La Mancha
borders Andalusia, Valencia and Aragon, which also
reduces the average distance traveled.

In addition to regular intercity bus services for the
needs of the population in Spain, there are various other
carriers. In 2019, their total number was 68,894 units
and most of them are taxis, or car rental companies
(Fig. 4).

M taxi and car rental
U intercity buses
i others

Fig. 4. Passenger carriers of Spain in 2019 (Renfe Operadora, 2020)

Spanish maritime transport has developed quite
strongly due to its advantageous geographical location.
For the most part, this applies to freight traffic, where
the country is a leader among other European countries
(in the top five), but in terms of passenger traffic, Spain
also has a high rate (8th place in Europe). There are
ports in all regions of Spain that have access to the
Mediterranean Sea or the Atlantic Ocean. The largest
number of ports is in Andalusia (Algeciras, Almeria
Mortil, Malaga, Cadiz, Huelva and Seville, which is
located on the River Guadalquivir, but can accommodate
ships). There are 4 ports in Galicia (Ferrol-San Sibrao,
La Coruna Vilagarcia, Vigo), three ports in Valencia
(Valencia, Alicante, Castellon), two in Catalonia
(Barcelona, Tarragona), Asturias (Aviles, Gijon) and

the Canary Islands (Santa Cruz de Tenerife and Las
Palmas). There is one port each in Cantabria (Santader),
the Basque Country (Bilbao), Murcia (Cartagena) and
the Balearic Islands (in Palma de Mallorca). There
are also ports in Ceuta and Melilla (International Air
Transport Association, 2020).

In 2019, 32.7 million passenger journeys were made
by sea. Two thirds of the traffic is accounted for by
cabotage and one third by international traffic (Fig. 5).
Given that Spain has two island units and Ceuta and
Melilla, which are located on the African continent,
this figure corresponds to the passenger flow in the
country. But international traffic is also important, as
many cruise routes pass through Spain.
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Fig. 5. The ratio of passenger transport by sea in Spain in 2019 (Renfe Operadora, 2020)

If we consider the transportation of sea passengers
by region, the first places are occupied by Andalusia,
the Canary Islands and the Balearics, as here are the
largest ports in Spain in terms of passenger traffic. The
islands are dominated by cabotage, and in Andalusia —
international. In fourth place is Catalonia, where most of
the traffic is in the port of Barcelona and a small share
in Tarragona (dominated by international traffic). And
in fifth place is Valencia, where the largest ports are
Valencia and Alicante. Due to the large international
traffic in the central city of Costa Blanca Alicante
and cabotage traffic in the administrative center of
the Valencia region, the overall ratio in the region is
uniform. Other regions (Galicia, Cantabria, Basque
Country and Murcia) have low sea passenger traffic
(200-300 thousand passenger journeys each), and the
lowest rate is in Asturias, despite the presence of 2
ports — 36 thousand passengers.

All international civil airports in Spain are
subordinated to the public organization of Spanish
Airports and Air Navigation Aena. There are 46 such
airports in Spain and they are located in all regions of
the country, as well as in Melilla. The largest number
of airports is located in the Canary Islands — 8 units.
In the Canary Islands, airports are located on all the
7 largest islands (Tenerife, Gran Canaria, Gomero,
Hierro, Fuerteventura, Lanzarote, Palma). Tenerife
has two international airports — Tenerife South and
Tenerife North. The largest airport in the Canary Islands
1s Gran Canaria, which is located in Las Palmas de
Grand Canaria. In second place after the Canary Islands
in the number of airports is Andalusia — the second
largest region and the first in population, in the south
of Andasulia is one of the most popular tourist regions
of the country (Costa de Almeria, Costa Tropical,
Costa del Sol and the Costa de la Luz). There are 6
international airports in Andalusia (Almeria, Granada
Hayen, Cordoba, Malaga, Seville, Jerez). The largest
airport in the region is Malaga Airport.
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There are 4 international airports in Catalonia,
Castile and Leon and the Balearic Islands. The largest
airport in Catalonia is Barcelona El Prat, it is the second
largest in size and passenger traffic in Spain. Also in
Catalonia, airports are located in Girona, Reus and
Sabadell. Castile and Leon is the largest region in Spain,
but given that it is located in the middle of the country
and has no access to the seas and oceans; economically
it is not very developed. The largest airport here is in the
administrative center — Valladolid, there are also airports
in Burgos, Leon and Salamanca. The largest airport in
the Balearic Islands is the airport of the administrative
center and the largest island — Palma de Mallorca.
Among the four largest islands of the Balearic Islands
(Mallorca, Menorca, Ibiza, Formentera), an airport is
absent only on Formentera. On Mallorca, in addition
to the main airport, there is also an airport in Palma
de Mallorca, in Maracchi (San Bonet Airport). Taking
into account the tourist flows, the airports of Ibiza and
Menorca are quite large (Aeropuertos Espafioles y
Navegacion, 2020).

Three international airports are located in the
Basque Country and Galicia. The largest airport in
the Basque Country is Bilbao Airport, which is the
historic center of the region. The second largest airport
is San Sebastian, and the airport of the administrative
center of Vitoria-Gasteiz is only the third largest. The
largest airport in Galicia is the administrative center of
Santiago de Compostela, and the airports are located in
the largest cities in the region — Vigo and La Coruna.

The most important characteristic of the airport
infrastructure is the number of runways (defined
rectangular section of the land aerodrome, prepared
for landing and take-off of aircraft), as it determines the
ability of the airport to receive aircraft at the same time.
Their total number in Spain is 62. Another important
technical (infrastructural) characteristic is the number
of terminals for passenger service, of which there are
55 in Spain (Fig. 6).
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Fig. 6. Technical infrastructure of Spanish airports (Aeropuertos Espailoles y Navegacion, 2020)

Regular and charter flights to and from airports
in Spain are operated by 163 airlines, which have
connections with 358 cities in 121 countries. The largest
number of airlines is represented in Barcelona — 90, in
second place is Madrid-Barajas — 81. According to this
indicator, Barcelona’s leadership is due to the significant
share of charter flights that take tourists to the resorts
of the Costa Brava and Costa Dorada. In third place
is the resort of Palma de Mallorca with 71 airlines. 58
airlines are represented at the largest airports in the
Canary Islands — Gran Canaria and Tenerife South.
Andalusia's largest airport, Malaga, has 53 airlines and
another airport in the Canary Islands, Fuerteventura, has
more than 50 airlines (52). More than 40 airlines are
represented at the "resort" airports of Ibiza, Lanzaorote
and Alicante, another 37 airlines operate in Menorca.
The major cities of Valencia and Bilbao have 28 and 22
airlines, respectively. There are about 20 airlines oper-
ating fromAndalusia's Almeria and Seville airports, as
well as at La Palma. 11-13 airlines are represented in
Reus, Santiago de Compostela, Jerez, Tenerife North
and Girona. More than 5 airlines operate at the airports
of Asturias, Murcia, Santander, Zaragoza, Vigo, Granada
Jaen and Valladolid. Two to four airlines are represented
in La Coruna, Salamanca, Melilla, San Sebastian, Hierro
and Pamplona. In the other 12 airports of the country
there is only one airline.

From the country's largest airports, Madrid-
Barajas and Barcelona, planes fly to the largest number
of countries — 74 and 62, respectively. Therefore,
the number of cities to which the aircraft travel is
the largest — more than 200. In third place by these
indicators is the airport of Palma de Mallorca, which
connects with 174 cities in 30 countries.

Next is a group of "tourist" airports — Malaga,
Gran Canaria, Tenerife South and Alicante, the planes
of which have connections with 26-28 countries and
120-140 cities. From Valencia Airport, planes also fly

to more than 20 countries, but the number of cities is
much smaller — 83. There are connections between
Fuerteventura, Lanzarote and Ibiza airports with more
than 80 cities, Menorca has conections with 71 and
Girona has connections with 50.

The number of countries of destination from each of
these airports is 15-19, and all of them are also airports
that serve tourist resorts. By air, Seville is connected
with 65 cities in 14 countries. Slightly lower figures
characterize another historical and cultural city of
Spain — Bilbao 13 countries and 44 cities. The airports
Almeria, La Palma, Santiago de Compostela, Santander,
Reus, Asturias and Murcia each connect approximately
20-30 cities in about 10 countries, while 5—6 countries
and more than 10 cities are connected by the airports
of Jerez, Zaragoza, Albacete, Tenerife North and Vigo.
Most flights from these cities are domestic flights.

Granada-Jaen, Salamanca, La Coruna, Vitoria and
Pamplona airports are connected with the cities of
2-3 countries. Flights from Madrid-Cuatro Vientos,
Valladolid, Melilla, San Sebastian Airport, Hierro,
Badajoz, Sabadell and San Bonet only fly through Spain,
but they have destinations in several cities. La Gomera,
Leon, Lognoro-Agoncillo, Cordoba, Burgos and Huesca
Pyrenees airports each fly to only one city in Spain.

In 2019, there were 22 airlines based in Spain,
including 12 commercial airlines for passenger
transport, companies that operate cargo flights, as well
as companies that provide private charter flights. Spain's
largest airlines are Iberia, Vueling Airlines, Volotea, Air
Europa, Air Nostrum, Iberia Express, Binter Canarias,
Air Europa Express and Wamos Air (Aeropuertos
Espafioles y Navegacion, 2020).

Most airline headquarters are based in Madrid (8
units), 4 airlines are located in Barcelona, the Canary
and Balearic Islands, another one is in Zaragoza and
Valencia. As for hubs (transport operating hubs of
airlines), the leader is also Madrid-Barajas (Fig. 7).
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Fig. 7. Hubs of Spanish airlines
(La Sociedad Estatal de Infraestructuras del Transporte Terrestre, 2020; Ministerio de Fomento, 2020)

Transportation by air is constantly growing. This
is influenced by factors such as increased tourist flows,
the presence in the market of low-cost airlines (airlines
that provide air passenger services at prices relatively
lower than traditional airlines) and improving living
standards.

200

In 2015, more than 167 million passenger journeys
were made, in 2019 this figure was 203 million jour-
neys, ie the volume of passenger traffic increased by
more than 17 %. In the structure of traffic, international
passengers are in the lead over the population of Spain

(Fig. 8).
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Fig. 8. Passenger traffic at Spanish airports for the period 2015-2019
(Renfe Operadora, 2020)

Spaniards make up just over a third of all people
served by airports (34-35 %) and this share has been
constant over the last five years (Renfe Operadora,
2020). This ratio is explained by the size of the country
and the lack of need of the indigenous population to
use air transport, as well as tourist flows to the resorts
of Spain, which create a significant share in passenger
traffic.
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The majority of passenger traffic on air transport is
caused by tourist flows and this indicator is reflected
in the monthly dynamics. The 5 months of the warm
period of the year (May-September) account for more
than 50 % of passenger traffic. The maximum value
is typical for June and August — more than 27 million
people. The minimum values are observed in January
and February — 14 million people (Fig. 9).
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Fig. 9. Monthly dynamics of passenger traffic on Spanish air transport in 2019 (Renfe Operadora, 2020)

The analysis of the components of the transport
infrastructure of Spain by individual modes of transport
made it possible to identify the uneven development
in the regions of the country. In order to assess the
level of development of Spain's transport infrastructure
for tourism, the method of scoring will be the most
appropriate. This technique is widely used in tourism
and geographical research.

Theoretical principles for scoring are covered in
the work of O. O. Beidyk (Beidyk, 2001). The scientist
notes that the evaluation score is the ordinal number
of a group of phenomena, processes, objects that are
ranked, limited by certain limits of their intensity
or manifestation. Under the score scale, the author
proposes to understand the quantitative classification or
division of certain phenomena, processes or objects that
are continuously and gradually increasing or decreasing
into groups.

Points can be:

a) integers, when they are set, are assigned (simple
points);

b) any real numbers, when they are calculated as
a percentage of the maximum value (complex points)
(Beidyk, 2001).

It is necessary to distinguish scores from
measurements expressed in points. Score scales are
used not only in the assessment of any phenomena and
properties (often qualitative) of certain objects, but also
in the measurement — in the quantitative expression of
the degree of their manifestation. Therefore, there are
evaluation scores and "measuring" scores (the concept
of "measuring" score is conditional) (Beidyk, 2001).

The application of the scoring methodology was
used to analyze the level of development of transport
infrastructure for the needs of tourism in the regions of
Spain. The expediency of this technique is that it allows
you to evaluate indicators that cannot be estimated using
absolute quantitative values, as well as to compare the
phenomena characterized by different units.

The scoring process consists of five stages:

1. Definition of evaluation indicators — signs
(factors) by which the level of development of transport
infrastructure will be estimated;

2. Development of evaluation scales, including the
selection of evaluation criteria for each indicator of the
studied phenomenon, determination of the factor load
(significance coefficients) of each indicator in the form
of an evaluation factor table;

3. Obtaining individual assessments of specific
indicators (factors) on the basis of developed criteria;
4. Obtaining general (integrated) assessments;

5. Analysis of the obtained estimates and ranking
of the regions of Spain by the level of development of
transport infrastructure for tourism.

To score the level of development of transport
infrastructure in Spain for tourism, 20 indicators were
selected, which are divided into 4 groups (Table 1).

The first group consists of five indicators that
characterize the infrastructure of road transport, the
second group — three indicators that characterize rail
transport, the third group consists of one indicator
of the number of seaports (sea transport), the fourth
group includes five indicators that characterize air
transport infrastructure and the fifth group of indicators
characterizes passenger traffic. These indicators
are divided into a separate group, as the volume of
passenger traffic is directly proportional to the quality
of transport infrastructure and characterizes its ability
to receive passengers, most of whom are tourists.

Taking into account the provided factor load on
each indicator, the maximum total score that is possible
in the categories "Road transport" is 20, "Railway
transport" — 13, "Sea transport" — 8, "Air transport" —
20, "Passenger transport" — 20 The maximum possible
score is 81. This distribution of points and factor
load reflects the importance of a particular mode of
transport in the structure of passenger traffic and the
attractiveness of use for tourists. The maximum number
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Table 1. Estimation factor table of indicators of the level of development of the transport infrastructure of Spain for the needs of tourism

Indicator, units of measurement

Factor load

Conditions for evaluating the indicator in points

5 4 3 2 1 0

. 0.8 >20000 | 10000-19999 5000~ 1000-4999 | <999
1.1. Length of highways, km ) 9999
1.2. The share of motorways in the total 08 ~15.0 10.0-14.9 70-99 50-6.9 <49 0
length of roads,%
1.3. Density of highways, km/km? 1 > 0.60 0.50-0.59 10.40-0.49 | 0.30-0.39 | <0.29 0
1.4. Carrle.r companies (taxi and car 08 ~10000 | 5000-9999 1000— 100-999 <99
rental), units 4999
lImS1t SCarrler companies (intercity buses), 06 =500 300-499 100-299 50-99 <49
2.1. Length of railways, km 1 >2000 | 1000-1999 | 500-999 | 200-499 | <199 0
2.2. The share of electrified railways in
the total length of railways,% 0.6 100 80-99 60-79 30-59 =49 0
2.3. Density of railways, km/thousand km? 1 >70.0 50.0-69.9 |40.0-49.9| 20.0-39.9 | <19.9 0
3.1. Number of seaports, units 1.6 >5 4 3 2 1 0
4.1. Number of airports, units 1 >5 4 3 2 1
4.2. Number of terminals, units 0.6 >9 7-8 5-6 34 1-2
4.3. Number of airlines, units 0.6 >80 60-79 40-59 10-39 <9
4.4. Flight directions (countries), units 1 > 50 2049 10-19 5-9 <4
4.5. Flight directions (cities), units 0.8 > 200 100-199 30-99 10-29 <9
5.1. Number of passengers transported 1000—
by intercity buses (between autonomous 0.6 >5000 | 2000-4999 500-999 <499 0

] 1999

districts), thousand people
3.2. Number of passengers transported by 0.6 >300 | 200299 | 100-199 | 50-99 | <49
city bus, million people
53 Number of passengers transported by 08 ~ 100000 | 50000-99999 10000~ 1000-9999 | <999 0
rail, thousand people 49999
5.4. Number of passengers transported by 0.8 ~5000 | 2000-4999 1000— 100-999 <99 0
sea, thousand people 1999
5:5. Number of passengers transported by 0.6 ~ 50000 | 10000-49999 1000~ 100-999 <99
air, thousand people 9999
5.6. Share of international air transport,% 0.6 > 80.0 50.0-79.9 20.0-49.9| 10.0-19.9 | <9.9

of points scored by the regions of Spain is 63.2 points,
the minimum — 15.0 points. Taking into account the
following indicators, all administrative units of Spain
are divided into 5 groups according to the level of

development of transport infrastructure for tourism

(Fig. 10):

1. Highest — more than 50 points (3 regions);

2. High — 4049 points (5 regions);

5%

3. Sufficient — 30-39 points (6 regions);
4. Average — 20-29 points (3 regions);

5. Low — less than 19 points (1 region).
That is, almost 80 % of the administrative-

territorial units of Spain have high scores for transport

infrastructure, which in turn is one of the main factors
in the development of tourism in the country.

H Highest
M High
M Sufficient

H Average

HLow

Fig. 10. Ratio of Spanish regions in terms of the level of transport infrastructure development for tourism needs
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Assessing the current state of development of
transport infrastructure for tourism, we can say that the
infrastructure is most developed in the tourist regions of
the country — Catalonia, Andalusia, Madrid, the Canary
and Balearic Islands, as there is a need to constantly
update and develop it to attract more tourists, who
contribute to the country's GDP.

Conclusions.

The modern transport infrastructure of Spain has
undergone a long period of development. The network
of highways was most developed in the twentieth
century. The history of railways in Spain begins in the
nineteenth century with the construction of the first
railways and continues to this day, making it one of the
most important elements of society and economies in
Spain. Occupying a favourable geographical position,
Spain has always been one of the first places in the
world for the development of maritime transport. The
rapid development of air transport is one of the most
characteristic elements of the recent evolution of the
Spanish transport system. As of 2019, the total length
of Spanish railways was 15,931.08 km, two-thirds of
which are electrified. The greatest length of the railways
is in the largest regions of Spain: Castile and Leon,
Andalusia, Castile-La Mancha. The share of electrified
railways is particularly high in Catalonia, where the
railroad runs along the Mediterranean resorts of the
Costa Brava. Spain currently has more than 1,500 km
of high-speed rail lines connecting Madrid with Malaga,
Seville, Valencia, Barcelona, Valladolid, Tarragona,
Zaragoza, Alicante and Ferroli. The largest amount of
traffic is to Madrid and Catalonia — about 79 % of all
traffic by rail (more than 240 million passenger journeys
each). Here are the largest cities in Spain, and Catalonia
is also a tourist region. Rail transport infrastructure
is well developed in the country, but given the short
distances across the country, rail transport is not as
popular as road transport.

In 2019, the total length of roads in Spain was
165,484 km. The Spanish road network is mainly
centralized in 6 directions, connecting Madrid with
the Basque Country, Catalonia, Valencia, Andalusia,
Extremadura (roads towards Portugal) and Galicia.
In addition, highways run along the Atlantic and
Mediterranean coasts. Carriage of passengers by car
accounts for about 90 % of traffic. For the needs of
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Received: 22.03.2021 Abstract. The aim of research was to investigate the theoretical and practical aspects of the
Received in revised form: 13.04.2021 buffer capacity of the recreational environment of the Carpathian region of Ukraine through
Accepted: 29.04.2021 the improvement of self-purification assessment on the example of natural-technogenic

hydroecosystems. Studies of the self-purification process were carried out on the example
of the right tributaries of the river Svicha in the Carpathian region, which are water intakes of wastewater from the oil and gas industry
enterprise of Ivano-Frankivsk region. The main factors influencing the natural process of self-purification of natural watercourses are
determined. As a result, the indicator of wastewater dilution intensity was improved with the substantiation of the proposed coefficients,
which depend on the value of the river flow velocity and water temperature. A scale for assessing surface waters has been developed,
that allows to determine the degree of natural self-purification of water from pollutants. Based on the results of the analysis of selected
water samples, the pattern of self-purification of natural watercourses from oil products is obtained, which will allow to make forecast
maps of the buffer capacity of the recreational environment of the Carpathian region. A regression analysis was performed, which
proves the relationship between the content of petroleum products and the distance of their distribution from the source of pollution in
the Lushchava River. Fisher's F-test was used to check the significance of the dependence. The reliability of the relationship between
the indicators is confirmed by the coefficient of determination (D = r?), which is 0.96. Summarizing the results of the study the scale of
estimation of natural self-purification of surface waters from pollutants depending on the calculated indicator of wastewater dilution
intensity which’s criteria are the accounting for speed of a river flow and a temperature mode is offered. When establishing the range
of n values, the average value of the calculated indicator of the intensity of wastewater dilution for the studied rivers, which is 4, was
taken into account. As a result, the proposed scale of assessment of natural self-purification of surface waters allows to determine the
degree of self-purification of the right tributaries of the river Svicha, which is necessary for further forecasting of water pollution in
the Carpathian region.

Kniouosi crosa: recreational environment, hydroecosystem, degree of self- purification, dilution index

Hocaigxenns OygepHoi 31aTHOCTI peKpealiiiHOro cepeaoBHIIA Yepe3 CAMOOYHUIIIEHHS TPUPOIHO-
TeXHOTeHHHX rigpoexkocucreMm B Kapnarcbkomy perioni

B. 1. I'puniok!', JI. M. Apxunosa', M. B. Kopuemitiok?

Tnemumym npupoonuqux nayk i mypusmy, leano-®pankiecokuti HayionarbHull MexHIYHULL YHigepcumem nagpmu i 2azy,
leano-Ppanxiscok, YVkpaina, e-mail: konsevich@ukr.net
2 Kapnamcwxuil HayionanbHuil npupoonull napk, m. fApemue, lsano-@pankiscoka oon. Ykpaina

AHoTanisi. MeToro ociikeHHs OyJI0 JOCIIAUTH TEOPETUYHI Ta MPAKTHYHI acieKTH OypepHOT EMHOCTI peKpealiifHoro cepeoBuIa
Kapmarcpkoro perioHy YkpalHU IUISIXOM BIOCKOHAJICHHS OI[IHKH CAaMOOYHIIIEHHS ITPUPOTHO-TEXHOTEHHUX TiipoeKocucTeM. J{ociipKkeH s
MIPOIeCy CaMOOYHIICHHS ITPOBOAMIOCH HA IPUKJIIA/li MpaBuX NpuTokK piuky Ceiva B Kapmarcekomy perioHi, siki € Bogo3zabopaMu
CTIYHUX BOJ HipHEMCTBA HadyTOra3oBoi mpomMucioBocti IBaHo-PpaHKiBCbKoT 001acTi. BuzHaueHo 0CHOBHI (paKkTOpH, 110 BIUTHBAIOThH
Ha TIPUPOTHUI MPOLIEC CAMOOYHMIIIEHHS TPUPOIHUX BOJOTOKIB. B pe3ynbrari, MOKa3HUK IHTEHCMBHOCTI pO30aBiIeHHs CTIYHUX BOJ OyB
MOKpAIIEHUH 00TPyHTYBaHHSM 3aMPOMIOHOBAHKUX KOSDII[i€HTIB, SIKi 3a/Ie)KaTh Bi/ BEMYHUHH IBUAKOCTI TeUil piuKH Ta TEMIIEPaTypH BOJIH.
3a pe3yasTaTaMu aHati3y BifiOpaHUX MpoO BOAM OTPUMAHO 3aKOHOMIPHICTh CAMOOYHILICHHS IPUPOTHUX BOIOTOKIB BiJl HAPTOMPOIYKTIB,
10 I03BOJIUTH CKJIAJIATH MTPOTHO3HI KapTH OydepHoi eMHOCTI pekpeattiiinoro cepenosuiia Kapmarcekoro periony. [IpoBeneno perpeciitamii
aHai3, KUl TOBOIUTH B3a€MO3B'SI30K MiXK BMiCTOM Ha()TOMIPOMYKTIB Ta BIJICTAHHIO iX PO3IOILTY BiJ JKepena 3a0pyIHeHHS B pidll
Jlymasi. F-tect ®imepa BUKOPHCTOBYBaBCS JJIsI IEPEBIPKH 3HAYMMOCTI 3aJIe)KHOCTI. HamiHICTh B3a€MO3B'SI3KY MK TTOKa3HHKAMH
miaTBepIKy€eThCs Koedirientom aerepminaii (D = r?), sikuit gopisHioe 0,96. Y3araibHIOIOUH PE3yIIBTATH J0CHIHKCHHS, TIPOIIOHY€THCS
IIKaJIa OL[IHKU NMPUPOJHOTO CAaMOOYHIIEHHS IIOBEPXHEBHX BOJ Bijl 3a0py/IHIOIOUNX PEYOBHH 3aJISIKHO BiJl PO3PAaXyHKOBOTO ITOKA3HHUKA
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IHTEHCUBHOCTI p030aBJIeHHs CTIYHUX BOJ, KPUTEPIsIMHU SIKMX € BpaxXyBaHHS IIBUJIKOCTI Tedii PiYKM Ta TeMIepaTypHOro pexxumy. [1pu
BCTaHOBJICHHI Jliana3oHy 3Ha4eHb N OyJI0 BPaXOBaHO CEPEIHE 3HAYCHHS PO3PAaXyHKOBOTO MMOKA3HNUKA IHTEHCUBHOCTI PO3BEACHHS CTIYHHX
BOJI IJIs1 AOCIIJDKYBAaHUX PIYOK, SIKE CTAHOBHUTB 4. Y MiJICYMKY, 3aIPONOHOBAHA 1IKaJa OL[IHKYA NPUPOIHOTO CAMOOYHUIIIEHHS TOBEPXHEBUX
BOJI I03BOJISIE BU3HAYUTH CTYIIiHb CAMOOYHIICHHS IPABUX MPUTOK piuku CBidi, IKUi HEOOXITHUN AJIS TTOAANBIIOTO TPOTHO3YBAHHS

PpiBHS 3a0pyIHEHOCTI BOAHUX 00’ €KTiB KapmaTchKoro periony.

Kniouosi cnosa: pexpeayitine cepedosuwye, 2iopoekocucmema, Cmyninb camoO uujents, NOKasHuK po3oasieHnis.

Introduction.

The concept of buffering capacity of
hydroecosystems logically follows from their essence
and features (Prykhodko et al, 2020, Kresi¢, Stevanovic,
2010). Hydroecosystems have evolved over millions
of years, and cyclical exchange is maintained both
internally and externally as a component of larger
ecosystems (Khilchevskyi et al, 2018). Ecological
cycles are characterized by continuous fluctuations of
their variable characteristics (Mandryk et al, 2017).
When changing conditions disrupt any connection in
the hydroecosystem, the whole cycle behaves as one
self-regulating system with feedback, and soon, the
situation returns to equilibrium (Rajchel, Czop 2013).
Since such disturbances occur all the time, the variables
of hydroecosystems fluctuate continuously. In a natural
hydroecosystem, all ecological fluctuations occur
within acceptable limits of homeostasis (restoration
of equilibrium) (Bouman, 2014). In a man-made
system there is a danger that with the fluctuations
beyond acceptable limits, the system will not be able to
compensate for the disturbance (Shmandiy et al, 2017).
The scope of permissible fluctuations of ecological
cycles is the flexibility of the hydroecosystem (Shkitsa
et al, 2020). Lack of flexibility is a lack of “health” of
the hydroecosystem, which means the potential of the
buffer capacity or hydroecological potential (Eigen,
Schuster, 2012).

The ecological sustainability of the hydroecosystem
depends on the limited resource base (quantitative
and qualitative potential) and on its diversification
(diversity), that is, on the magnitude. The more diverse
the hydroecosystem, the more diverse the relationship
it is able to maintain if one connection is broken
(Chelmicki et al,2011).

It is obvious that the hydroecological potential is
restored due to the variable processes of the cycle of
matter and the processes of self-purification (Karpinski
et al, 2018,). Hydroecological potential of the local
hydroecosystem to assess the impact of man-made
activities is extremely important, because the processes
at this level are a continuous course of environmental
disturbance by human economic activity (Kinash et
al, 2019, Simkiv et al, 2021). Variable components at
this level are highly dependent on climatic, physical-
geographical and other environmental conditions
(Stasko, Buczynski, 2018). In addition, local
discharges into water bodies are the anomalies for the
hydroecosystem.
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In resource terms, hydroecological potential means
the part of water resources that can be used by the national
economic complex while maintaining environmental
safety and balanced water use in natural and man-made
hydroecosystems (i. e. man-made activities ensure
sustainable development while minimizing disturbances
of hydroecosystems to the limit).

Thus, the following question arises: at what level
balanced water should be considered? There is no doubt
that specific quantitative parameters of the balance can
be obtained by identifying hydroecosystems at different
levels of detalization. One can agree with the authors
(Odnorih et al, 2020) of the opinion that humanity, as a
whole, consumes an insignificant share of hydrosphere
resources (the available volume of fresh water used
by mankind is about 0.5 %), without changing the
volume of the water cycle in nature. The duration of
the biological cycle of the main, most common heavy
metals in the geological history is negligible and is in
the range of 5-100 years. That is why human activity
within the hydrosphere over a 100-year time interval
can be considered as part of a balanced closed cycle.
In this case, the mechanism of inertia of metabolic
processes that are continuous in the hydrosphere, only
delay the process of restoring quality, but do not change
it (Stevens et al, 2011).

The aim of research was investigat the theoretical
and practical aspects of the buffer capacity of the
recreational environment of the Carpathian region of
Ukraine through the improvement of self-purification
assessment on the example of natural-technogenic
hydroecosystems.

Materials and methods.

Further studies of the self-purification process were
carried out on the example of the right tributaries of the
river Svicha in the Carpathian region, which are water
intakes of wastewater from the oil and gas industry
enterprise OGPD “Dolynanaftogaz” Ivano-Frankivsk
region.

After analyzing the statistical reports of the
enterprise on hydrochemical monitoring of surface
waters, wastewater contains the following chemicals:
chlorides, nitrates, nitrites, ammonium nitrogen,
ammonium salt, sulfates, phosphates, BOD., suspended
solids, petroleum products. Most of the wastewater
contains organic substances, as the quality of wastewater
is formed from industrial, domestic and rainwater of
auxiliary structural units of OPGD “Dolynanaftogaz”.
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After the discharge of return wastewater of the
enterprise into surface waters, first there is a process
of mixing and dilution of polluted wastewater with
river water. If we study the concentration of a specific
pollutant in wastewater and directly in river water,
their values usually differ. The rate of reduction of
the impurity content in the water depends on the
concentration of the pollutant in the wastewater.

The indicator of wastewater dilution intensity is
determined with the formula (Karpets, 2014):

_ Co—Cw
C-Cw

n (D
where C is the concentration of pollutant contained in
wastewater discharged into natural streams, mg/dm?;
Cw and C — the concentration of pollutants in the res-
ervoir before and after release, respectively, mg/dm?.

The study of the database of ecological monitoring
of surface waters revealed exceeding the maximal
allowable concentration for nitrogen-containing
compounds, chlorides, BOD, (biochemical oxygen
demand for 5 days). Therefore, to track the dynamics
of changes in chemicals in the background and 500 m
below the discharge of wastewater, calculations were
performed to determine the intensity of dilution of
wastewater specifically for those chemical compounds
that exceed the standard of maximum permissible con-
centration (MPC) (Gomelya et al, 2019).

Because the content of petroleum products in the
water of the right tributaries of the river Svicha is within
the norm (not more than 0.05 mg/dm?), the dilution
intensity for petroleum products was not calculated.

Results.

The average value of concentrations of chemical
elements in the discharge of wastewater into natural
watercourses, as well as 500 m above and 500 m below
the discharge No. 1, 2, 3, 4 was calculated on the basis
of quarterly environmental surface water monitoring
data (Hryniuk V.I., 2018).

During the calculation of the water dilution inten-
sity index, negative values were found in the Turianka
and Lushchava rivers, which indicates that the value
of the pollutant concentration exceeded 500 m above
the issues No 1; 3 (Table 1).

As aresult, the average annual intensity of dilution
of pollutants in the right tributaries of the river Svicha
was calculated, which characterizes how the concen-
tration of these substances in the calculated line of the
river decreased relative to its concentration in waste-
water (Table 1). In this case, the highest average annual
intensity of wastewater dilution for the river Sadzhava
(4.1), the lowest — for the river Turianka (1,2).

Table 1. The average annual change in the intensity of
dilution of pollutants in the right tributaries of the river Svicha

Water body r.Turianka r.Sadzhava r.Lushchava
- . 4. 4.4 22
cl (chlorides) 0 0
NHY 1.1 2.7 8.4
(Ammonium)
NG, 0.4 1.4 -0.28
(Nitrite)
BODg
(biochemical 09 93 0.7
oxygen
demand for 5
days)
ammonium 1.4 2.8 5.2
nitrogen
n 1.2 4.1 2.8

The disadvantage of this indicator is that in its
calculation only the concentrations of chemicals in
wastewater and natural watercourses are taken into
account. Other factors influencing the process of dilution
of contaminated water are not considered.

The main factors that affect the intensity of
surface water self-purification include: morphometric
characteristics (flow velocity, river depth), hydrological
regime, climatic conditions, relief, location of natural
watercourses (geographical factor); condition of soils
and vegetation; the impact of human activities (the
presence of enterprises, unauthorized discharges of
waste near natural watercourses).

Indicator of the intensity of dilution of wastewater
is proposed to improve by taking into account
hydrometeorological factors (Mandryk et al, 2020).
The improved indicator differs in that coefficients are
taken into account, which depend on the value of the
river velocity and water temperature.

Co—Cw
= . k . k
c-cw V7t

)
Ie kv _the proposed coefficient, the value of which
depends on the speed of the river;

Kt the proposed coefficient, the value of which de-
pends on the water temperature.

The value of the coefficients is based on the calcu-
lations performed by the formulas:

%4
kv =y, 3)
k _t
=3 )

where V' — the specified speed of the river, m/s, Vc — av-
erage velocity of the right tributaries of the river Svicha,
m/ s; ¢t — specified water temperature, °C;

t. —the average annual water temperature of the right
tributaries of the river Svicha, °C.
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The ranges were selected on the basis of the analy-
sis of current velocities and average annual water tem-
perature indicators for small and large rivers of Ukraine.

The chartes of dependence of k, on the flow velocity
and & on the average annual temperature have been
created, provided that the average water flow velocity
for the right tributaries of the river Svicha is 0.17 m/s,
the average annual water temperature is 10 °C (Fig. 1).

7
6
5
kv 4
3
2
1
0 T T T T T
0,1 0,2 03 04 0,5 0,6 0,7 0,8 0,9 1
. Lo . . V,m/s
——for the right tributaries of the river Svicha
a)
2 /
e /
1,6 /
1,4 /
" /
ke 1 /
0,8 L
0,6 /
0,4 /
02 ——
0 T T T T T T T T T 1
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
t,°C
——for the right tributaries of the river Svicha

b)

Fig.1. Dependence of ey on the flow velocity (a); ke from the av-
erage annual water temperature of the right tributaries of the riv-
er Svicha (b)

Based on the obtained diargams of the dependenc-
es of the proposed coefficients on hydrometeorologi-

cal parameters, the values of Kv and ¢ for the rivers
Turianka, Sadzhava and Lushchava were obtained:

if V=0.17 m /s, then kv_ | (for the river Turianka);

if V=0.24 m/s, then kv—14 (for the river Sadzhava);
1if V=10.1 m/s, then Ry = 0.7; (for the river Lushchava);
if t=10 °C m/c, then ke 11 (for the right tributaries

of the river Svicha).

The calculation of indicators of wastewater devel-
opment intensity coming to the right tributaries of the
Svicha River was carried out (Table 2).
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Table 2. The results of the calculation of the indicator of the intensity of
wastewater of OPGD “Dolynanaftogaz”

n
Water body considering
k,and k,
r. Turianka 1.3
r. Sadzhava 6.3
r. Lushchava 2.1

Summarizing the results of the study the scale of
estimation of natural self-purification of surface waters
from pollutants depending on the calculated indicator
of intensity of dilution (n) of sewage which criteria
are the account of speed of a river flow and a tempera-
ture mode is offered (Table 3). When establishing the
range of values of n, the average value of the calculated
indicator of the intensity of wastewater dilution for
the studied rivers, which is 4, was taken into account.

Table 3. Scale for assessing the natural self-purification of
surface waters from pollutants

Range of n values Degree of self-cleaning
n<l1 Low intensity
1<n<2 Low intensity
2<n <4 Medium intensity
4<n <6 Moderate
n>6 High intensity

According to the proposed scale of surface water
assessment, the degree of self-purification of water for
the right tributaries of the Svich River is determined
within the influence of oil and gas companies:

Turianka River — low intensity (n = 1.3);
Sadzhava River — high intensity (n = 6.3);

Lushchava River is medium-intensive (n = 2.1).

As a result, it was determined that the river
Sadzhava has the greatest ability to natural self-pu-
rification, as the multiplicity of dilution of wastewa-
ter is 6.3.

An emergency situation occurred within the terri-
tory of the oil and gas company (2017), as a result of
which oil pollution of the Lushchava River occurred.
Therefore, field studies of this area were conducted and
10 water samples were taken to study the self-purifica-
tion properties of the Lushchava River from pollutants.

As a result of the analysis of the taken samples of
water it is established that the value of concentration of
oil products fluctuates within 3.5-8 mg/dm’ that in 70—
160 times exceeds admissible norms (at maximum con-
centration limit of 0.05 mg/dm?) (Shkitsa et al, 2020).
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A regression analysis was performed, which proves
the relationship between the content of petroleum
products and the distance of their distribution in the
Lushchava River.

Fisher’s F-test was used to verify the significance
of the relationship (Toms, Lesperance, 2003). The re-
liability of the relationship between the indicators is
confirmed by the coefficient of determination (D = r?),
which is 0.96.

The functional dependence (Fig. 2) of the process
of self-purification of surface water from petroleum

products, which is described by the equation, was es-
tablished:

C (n) = (8-0.008-L)/(1-0.0007-L) 5)

where C(n) — concentration of oil products, mg/dm?;
L is the distance from the source of pollution, m.

Based on the proposed level of self-purification
of water, it was determined that at a distance of 1135
m the content of petroleum products within will reach
the standard MPC.

y={a+cx)/(1+bx)
r2=0.89115802 DF Ad| r2=0.85465429 FitStdErr=0.61630327 Fslat=32620778
a=8 000000 b=-0 00078897084
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Fig.2. Functional dependence of surface water self-purification process on oil products

Discussion.

The presence of positive hydro-ecological potential,
which, according to the authors, is directly proportional
to the natural and man-made safety of the hydro-
ecological environment and its components, determines
the ability to restore its own structure and functions of
hydro-ecosystems.

The balance of the hydrosphere is determined
by the continuous cycle of matter and energy in all
its components. The hydrosphere is an integral, self-
organizing dynamic system (Rosenberg, Smelyansky
2005, Framework Directive 2000/60/EC “On the estab-
lishment of a framework for Community action in the
field of water policy”). River hydroecosystems have the
greatest ability to restore quickly their hydroecological
potential.

The law of balanced nature management was first
derived in 2000 by I. Yhnatov, A. Kokin (Yhnatov,
2000). Its content is as follows: in the transition to
sustainable development, the rate of economic growth
must be balanced with the rate of restoration of natural
resources and the rate of restoration of the quality of the
natural environment within the assimilation potential
of nature (Arkhypova L, 2019, Kravchynskyi, 2021).
According to the authors of the law, in the case of

non-renewable resources, it is necessary to comply
with the conditions of deductions for the replacement
of other resources, with new properties that meet the
requirements of advanced technology.

The application of the law of balanced nature
management to natural-technogenic hydroecosystems —
components of the recreational environment, from the
point of view of the authors may be as follows.

If within a separate natural and man-made
hydroecosystem such a level of water use and water
consumption is achieved due to the growth of water
abstraction and “dirty” technologies, when the
assimilation function of the recreational environment
will not cope with the reproduction of resources
and environmental quality (will not keep pace with
economic growth inertia), there will be a need to
maintain the quality and resource status of natural and
man-made hydroecosystems through additional costs for
its reproduction by reducing living standards. Further
increase in the load on the recreational environment
will be meaningless.

There are several scenarios.

The first scenario — to reduce the rate of water
consumption, while reducing the rate of waste
production, while maintaining “dirty” production to
a level where the natural man-made hydroecosystem
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will cope with waste itself (fit the rate of economic
growth in the rate of assimilation potential of nature),
and the circulation of the substance will provide the
quality of the recreational environment necessary for
human existence. But then we need to “forget” about
development, and even more sustainable.

The second scenario — to leave the rates (even small)
of consumption of water resources satble in time, it will
make possible to reduce waste and discharges due to
improvement of production technologies. In this case,
we can count on the time-limited potential for economic
growth, as the problem of water scarcity arises again
in the future.

The third scenario is to achieve compliance of
economic growth rates with the rates of reproduction
of quantitative and qualitative components of hydro-
ecological safety. An imaginary balance is created,
which contains a number of uncertainties. The first is
what should be the marginal rate of economic growth?
Second, from which state of the hydroecosystem
should the implementation of the scenario of balanced
development begin?

The fourth scenario includes the achievement of
compliance of economic growth rates with the rate of
reproduction of quantitative and qualitative indicators
of water resources within the hydro-ecological potential
of the hydro-ecosystem on the basis of natural and
man-made safety of hydro-ecosystems. This is the only
scenario that satisfies sustainable development models.

However, there is the question: how to estimate the
value of the regenerative properties of hydroecosystems?

The second part of the article is devoted to the
attempts to quantify the regenerative (self-purification)
properties of natural and man-made hydroecosystems
within the recreational environment of the Carpathian
region with the available oil and gas production
(Zasidko et al, 2020).

Oil and gas companies use large amounts of water in
their production processes, which are reused or diverted
to natural watercourses after treatment. Typically,
companies control the quality of wastewater when
discharged into rivers, as well as at a distance of 500
m above and 500 m below the discharge of wastewater.
However, it is important to have information on the
ecological condition of the river in general, potential
sources of pollution and natural self-purification of
surface waters. The main pollutants in the oil and gas
industry are petroleum products.

Peculiarities of surface water pollution by oil
products and self-purification of water from pollutants
were studied by M. R. Maksymyuk et al. (2014),
0. M. Krainyukov (2007), Gololobova, Dorogan,
(2019), Rogowska et al (2020), Likhovid, E.G. et
al.(2002), Malovanyy et al (2019), Bakar, Khalil, (2016),
Survilé, O.; Saulys, V., Stanionyté, A. (2017), Tien
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Zubaidah, Nieke Karnaningroem, Agus Slamet (2019),
Aleksashkin, 1.V., Pershina, E.D. ets.

The study of hydrochemical processes that occur
in small rivers during the discharge of insufficiently
treated return water is given much less attention than
the study of water quality in large rivers. Since small
rivers are a kind of “water capillaries”, the quality of
which depends on the ecological status of the entire river
system, it is especially important to study the process
of self-cleaning of small rivers within the influence of
oil and gas industry.

The most important feature of surface runoff is the
ability of the water flow to self-purification and the
biological balance establishing. The process of self-
purification of watercourses is a very important natural
phenomenon. Natural self-purification occurs due to
biological, physical and chemical processes that lead to a
decrease in the concentrations of pollutants. Mixing and
dilution of pollutants to certain concentrations and their
subsequent oxidation, destruction and transformation
are the only mechanism of self-purification, and such
processes are necessary components. Their joint action
causes the “processing” of foreign substances and at
certain loads eliminates their accumulation in the
reservoir and maintaining the concentration below the
permissible level (Kinash et al, 2019).

Conclusions.

Thus, the theoretical and practical aspects of the
buffer capacity of the recreational environment of
the Carpathian region of Ukraine by improving the
assessment of self-purification on the example of natural
and man-made hydroecosystems have been studed. The
main factors influencing the natural process of self-
purification of natural watercourses are determined.

As a result of the study of water quality parameters
of the right tributaries of the river Svicha, the maxi-
mal permissible concentration for the following pol-
lutants was revealed: chlorides, ammonium salts, ni-
trites, ammonium nitrogen and biochemical oxygen
consumption (BOD,).

The intensity of wastewater dilution intensity has
been improved by taking into account coefficients, the
value of which depends on hydrometeorological fac-
tors, such as: river flow velocity and water tempera-
ture. A scale for assessing the natural self-purification
of surface waters has been developed, which allowed
to determine the degree of self-purification of the right
tributaries of the Svicha River from pollutants: for
Turianka (low intensity), Lushchava (medium inten-
sity) and Sadzhava (high intensity).

Field researches of water quality of Lushchava river
on the content of oil products as a result of emergency
situation are carried out. Based on the laboratory anal-
ysis of the selected water samples, the content of oil
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products was exceeded by 70—-160 times in compari-
son with the standard of MPC (0.05 mg/dm?). The dis-
tance at which the content of oil products in the water
of the Lushchava River reaches the maximum allow-
able concentration (1135 m) is calculated.
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Ukraine regarding the methodological developments of the concept of ecosystem, first of all at
the national and regional levels and also the low level of its introduction at the local level. In the process of performing (based on studying
foreign and domestic experiences) the scientific study of development and perspectives of the development of local ecosystem of a residential
area as a basis for the regional ecosystem in the conditions of Yampil city of Vinnytsia Oblast, we determined its extremely high biotic and
landscape diversities, and also the threats of its significant transformation. As an important step to prevent negative influence of agrarian
activity of inhabitants of Yampil on the environment with restoration of diversity it is characteristic of, we considered the development of
the city's ecosystem. The scientific substantiations made by applications of tools became the basis for the development of local ecosystem.

In the developed scheme “Local ecosystem of Yampil city”, we indicated the structural elements of the ecosystem, their localization,
toponyms, made corresponding indications on the map and provided all its elements with descriptions. The key and connective territories
of the local ecosystem of Yampil city are compartmentalized based on the adopted criteria of the selection. Their internal structures that
we characterized in details allowed us to assess the special roles of the key and connective territories in the preservation of biodiversity,
landscape basics of the formation and further development of Yampil city. The territories of the city which were not included in the
local elements of the ecosystem are considered restorative and buffer territories within the local and regional ecological networks. The
suggested scheme of the local econetwork is basic concerning the implementation of the following stages of the development of the
ecosystem by composing schemes at the regional and general national levels and is the main condition for the balanced development of
the Transnistria region. We obtained the results so as to preserve and effectively use the biotic and landscape diversities combined with
non exhaustive use of natural resources, which is the main goal of contemporary nature use, ecological safety and nature protection.
The recommendations were developed for the use of nature-protection and administrative bodies in decision making and any kind (land
use, nature protection, ecological, etc) of studies.

Keywords: ecosystem, urban environment, territorial organization, nature use, biodiversity, local level, Transnistria.
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AHoTamnisi. Y cTaTTi, Ha OCHOBI, €KOJIOTO-JIAH/[IIA(QTHOTO HAyKOBOTO IiAXOMY 3po0iieHa OLiHKa CrIenu(iKH IPHPOTOKOPUCTYBAHHS Ta
yYMOB (yHKITIOHYyBaHHS (B TOMY YHCIIi BI/THOCHO CTYIICHSI aHTPOIIOT€HHOTO BILUIMBY) Ha IPHUKJIAl CIICHN(ITHOTO MICEKOTO Cepe/IoBUIIA
[punnictep’st — M. SImmine Binauibkoi 06macTi. BcTraHoBIeHO, 1110 TPUPOIHI KOMIUICKCH M. SIMITib, sk i [IpuaHicTep’s 3araioM, 3a3Hann
3HAYHUX 3MiH, OB 3aHHUX 3 TPHBAIUM Yy 4aci aHTPOIOTEHHNM BIUTMBOM (Oy/IiBHUIITBO IPOMHCIIOBUX 00 €KTIB 1 )KUTIIA, 3a0pyAHCHHS
MOBITPS1, BOAU, IPYHTIB, pOCIUHHOCTI). Lle mpu3Beso 10 3arocTpeHHs: IPOTUPIY MiXK MEIIKAHISIMHU 1 HABKOJIUILHIM CEPEIOBHUILEM, 110
BUPAXKAIOTHCS Y BUCHAKEHHI 1 JAerpafalil mpupoaHOi CKIIa[0BOI MiChKUX JTaHAMADTIB, MOTIPLUICHHST YMOB MIPOXKUBAHHS Ta 3HUKEHHS
BiITBOPIOBAJIbHOI 3JaTHOCTI cepeoBuIa. HeraTnuBHi 3MiHM HaBKOJIHMITHHOTO MiCHKOTO CEpEIOBHIA MOTPEOYIOTh PO3POOKH LUIAXIB
30aJIaHCOBAHOTO PO3BUTKY TepUTOPii. OHUM i3 IUISAXIB Y3rOKEHHS BUPOOHUIO-TOCTIONAPCHKOT TIsITBHOCTI 3 EKOJIOTTYHUMH BUMOTaMU
1 OOMEKEHHSIMH € OITUMI3allis CIiBBITHONICHHS IPUPOJHHUX ¥ aHTPOIIOTeHHUX JIaHAMADTIB, sika 3a0e3medyeThest popMyBaHHIM
exoMepexi. ¥ (hopMyBaHHI JIOKILHOT eKoMepexki M. SIMITLTb BOAYaEThCs HAMTI€BINIMIA HA ChOTOIHI MEXaHI3M, KUl 31aTHHUI 3a0€31eUnTH
30epeKeHHI 1 BiATBOPEHHs G10THYHOTO 1 IJaHAMA(QTHOTO PI3HOMAHITTS T CIPUSITUME: JIOTPUMAHHIO €KOJIOTYHOI PIBHOBAIU; CTBOPEHHIO
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OLNTBII CIPUSITIIMBUX YMOB JUIS )KUTTS 1 PO3BUTKY MiCIIEBOTO HAaCEJICHHs, 3aro0iraHHIo Oe310BOPOTHIH BTpaTi YaCTHHHU I'€HO-, IEHO(DOH/TY,
€KOCHCTeM i JTaHqadTiB MicTa if OKONHUIb sIK yacTuHU [IpuHicTepebkoi Yikpainu; 3a0e3edeHHI0 palioHaIbHOTO IPHPOOKOPHCTYBAHHS;
PO3BHTKY pecypcHOi i pekpeariitHoi 6a3u [ist eKOTYpH3MY, BiIMIOYMHKY Ta 0310POBICHHS HACENICHHS; peHaTypalli3alii 3eMeIbHHUX YTi/ib,
10 BIUTy4YaIOThCS 13 BUKOPUCTAHHS; MOCUIICHHIO Y3TO/KEHOCTI JisUIbHOCTI OPraHiB BUKOHABYOI BJIa/IN, MiCLIEBOTO CAMOBPSAYBaHHS,
TPOMAaJICEKUX EKOJOTIYHUX 1 IMPUPOTOOXOPOHHHUX OpraHi3alliil y BUpilIeHHI MpobieM MpupogokopucTyBanHsa. OOpanuii MacmTad
JIOKaJIBHOTO PiBHS 3a0e3Ieduye JOCTATHIO MeTalbHICTh JOCIIIKEHb MiCHKOTO CEPEIOBHINA i ONITUMAIIbHY TeHEpai3allifo pe3yabTaTiB
KOMIDIEKCHOT OIiHKY TepuTopil. Jloriune BU3HAYEHHS MiCIIs JIOKQIBHOT eKOMEPEeXi B eKOMeperkax BUII[OTO PIBHS, A€ HAM MOXIIUBICTh
CTBEPKYBATH, 110 BU3HAYCHI HAMU T{ CTPYKTYpHI €JIEMEHTH € OJIHI€I0 3 KIIFOUOBHX iX TepUTOPIH, Iepeycim, J{HICTPOBCEKOTO €KOJIOTIYHOTO
xopuopy B HarionassHiit exomepexi Yikpainu. Tomy 30epeskeHHs X € 3aBIaHHsAM He JuIie Juist Mo, ane i Juist yciel kpainu 3arajaoM.

Kniouosi cnosa: noxkanvha ekomepedsica, MICoKuil 1AHOWAGM, MepumopianbHa opeanizayis, nPpupoOOKOPUCHY8aHHSL, OIOPI3HOMAHIMMSL,

IIpuonicmep ’s.
Introduction.

At the current stage of interaction between the na-
ture and the community, especially acute is the problem
of preservation of its dynamic balance. The importance
of solving it is indicated by the general Assembly of the
UN, the First Summit on issues of biodiversity with sup-
port of the global system of biodiversity for the period
after 2020 (United Nations Summit on Biodiversity 30
September, 2020) and the report of a number of interna-
tional organizations with the support of the UN (State of
Climate Services 2020 Report, 2020). Having not decry-
ing the threats of the global scale, we should note that the
most intense and multi-faceted consensus of “co-work-
ing” between human and the environment is in large cit-
ies. No exception, but rather typical for the entire Ukraine,
is the situation in cities of Vinnytsia Oblast (Hudzevych,
2004). In the urbanized landscape structure, which is de-
veloped on the basis of the interaction between the natu-
ral and anthropogenic subsystems, represented by struc-
tures, transportation-communication complexes, garden
and park, ornamental and green and other components,
the pattern of interrelations between human community
and the environment is seen more notably and informa-
tively than in any other place. Technogenic transforma-
tions of urban systems provide comfort and amenities to
the inhabitants and at the same time serve hallmarks as
shockingly disturbed environments. Excessively altered
technogenic environment needs timely attention and ac-
tion aimed at its rational organization (Hudzevych, 2012).

Researchers and practitioners (Voropaj, 1982;
Tyutyunnik, 1991; Klieshch, Maksymenko, 2020) fo-
cusing on different aspects (economic, social, ethnic,
nature-protection) of anthropogenic-technogenic en-
vironment point out imperfect pattern of urban devel-
opment, which, in their opinion, directly affects the
ecology and takes negatively impacts on the health
of the population. Among other things, it comprises
the use of physical-geographic and bioecologic ap-
proaches to define the territorial parameters of opti-
mum condition of green zone of large cities, peculiar-
ities of their functioning (Savytska, 2003), etc. One of
the promising measures aimed at providing balanced
development of urban territories is the ecological net-
work (hereinafter — econetwork), which, unlike the
already created and successful ongoing programs in
Europe (EECONET, EMERALD (Emerald network),
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NATURA-2000, networks of biosphere and biogenic
reserves) is legally supported in Ukraine (Vashchyshyn,
2014). Conceptually, this idea is related to the notions
of stability, resistibility and capacity.

With the adoption of Law of Ukraine “On the
General Scheme of Planning of the Territories of
Ukraine™ (07.02.02. Ne 3059-IIT) and Resolution of
the Cabinet of Ministers of Ukraine “On Provision of
Implementation of Law of Ukraine “On the General
Scheme of Planning of the Territories of Ukraine”
(29.08.02. Ne 1291), the development of ecosystem was
included in the General Scheme of Planning Territories
in Ukraine, which according to Article 1 of Law of
Ukraine “On Planning and Development in Territories”
(20.04.2000 Ne 1699-111) determines conceptual solu-
tions of planning and use of the territories in the coun-
try. In turn, it was reflected in Law “On Protection of
Lands” (19.06.03 Ne 962-1V). Development of eco-
system is included in the system of measures in the
sphere of land protection (Article 22) and recognized
as a measure of protecting lands of various categories
(Article 50 and others).

Theoretical and practical provisions of the future eco-
system of Ukraine, taking into account the experience
of development of national ecosystems in the European
countries, are described in numerous publications
(Hrynevetskyi, 2002; Rozbudova ekomerezhi Ukrainy,
1999; Shelyag-Sosonko Yu. R., Grodzinskij D. M.,
Romanenko, 2004 et al.). According to planners, basic
elements of econetwork should be natural centers, buffer
zones, ecological corridors, territories that are being re-
stored, and territories of natural development. According
to them also, the objects are defined as territories that are
rich in biodiversity, or appropriate for combining cen-
ters of biodiversity in case of favorable development of
environment-restoring functions of quasi-natural con-
dition. This indicates that the strategic direction of im-
plementation of the concept is solving two important
tasks within the framework of protection of the natu-
ral wildlife (natural centers, buffer zones, ecocorridors)
and taking care of the environment (restorative territo-
ries and territories of natural development) as the hab-
itat for human life, focusing on high-quality condition
of the environment to improve the health of the popula-
tion. In their continuous integrity, they make up an eco-
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network that functionally unites centers of diversity into
an integral continental and water area system of various
hierarchical levels: biosphere, all-European, National,
Regional and Local.

It has to be noted that the opportunities of integrat-
ing urban systems into econetworks (locals, regional or
other levels) are usually not taken into account, or con-
sidered at the level that is far from satisfactory, because
the modern tendencies of the development of ecosys-
tem use “green circles” of cities to travel around them.
Therefore, to justify them, it is important to create local
ecosystems within settlements at the lowest, i. e. local,
level (Hudzevych, 2008). The implementation of this
approach is relevant for the territory of Transnistria,
particularly residential area of Yampil city, due to its
location within the international Ukrainian-Moldovian
Dniester (Dnistersky) ecocorridor.

The objectives of the study were Yampil city of
Vinnytsia Oblast and its suburbs. The subject of the
study was natural specifics of urban and suburban
environment (object of nature-reserve fund; aquatic
objects, wetlands, protected wet areas, protective bank
belts; forests of various groups; recreational territories;
other nature territories, including hayfields, meadows,
pastures; areas with species of animals and plants of the
Red Book of Ukraine; groups from the Green Book of
Ukraine), as the main structural elements in the local
ecosystem of Yampil.

The goal and purpose of the study were the
geographic analysis of the constituents, development
and prospects of development of the local ecosystem
of the residential area as the basis for development of
the regional ecosystem.

To achieve these goals we solved the following
tasks:

1. Characterizing the peculiarities of natural
geographic, biotic and landscape components of the
territory of the study;

2. Determining the directions of nature use and the
most notable anthropogenic changes and determining
potentially appropriate lands to develop the local
ecosystem of local residential area;

3. Proposing the scheme of ecosystem in Yampil
based on geographical analysis of residential territory;

4. Identifying the significance of local ecosystem of
Yampil in the regional and national models of ecosystem
and modeling it on the example of territory of Yampil
district and trans-border territory.

Materials and methods of study.

Study of the opportunity of creating the local network
of Yampil was consistent with the Laws of Ukraine “On
Ecological Network of Ukraine” (N 1864-1V of 24 June
2004) and “On National Programm of development
of National Ecological Network of Ukraine for 2000—

20157 (N 1989 of 21 September of 2000) and carried
out taking into account the positions of Laws of Ukraine
“On Protection of the Environment”, “On Nature-
Reserve Fund of Ukraine”, “On Fauna”, “On Flora”,
Land, Forest and Aquatic Codes of Ukraine, Decree
of President of Ukraine of 23.05.2005 Ne 838/2005
“On measures for the further development of nature-
protection in Ukraine”, Decree of the Ministry of the
Environment in Ukraine of 13.11.2009 Ne 604 “On ap-
proval of Methodic Recommendations for Development
of Regional and Local Schemes of Econetwork”. We
took into account the other normative legal acts that are
also related to creation, management and monitoring
of the National Ecosystem of Ukraine: “On the basics
of Urban Development”; “On land management”; “On
local government in Ukraine”; Water and Land Codes of
Ukraine, etc, and also strategic and program documents
mentioned above.

To solve the complex issue of protection of land-
scape and biotic variety, Vinnytsia Oblast has enough
experience of planning the use of land in its terri-
tory (Yatsentiuk, 2011; Hudzevych A., Liubchenko,
Bronnikova, Hudzevich L., 2020; Hudzevich, Nikitchenko,
Baiurko et al., 2020; Hudzevych A., Hudzevich L.,

Nikitchenko et al., 2021). Study of development of
ecological network in Yampil is determined by a number
of strategic and program regional documents, particular-
ly “Regional Program Econetwork in Vinnytsia Oblast
in 2004-2015”, “Regional Program of Protection of the
Environment and Rational Use of Nature Resources
for 2013-2018”, “Strategy of Balanced Regional
Development in Vinnytsia Oblast for the period of
20207, “Complex program of creation and develop-
ment of geoinformational system of management and
urban development of the cadastre of Vinnytsia Oblast
for 2016-2020”, “Oblast Program of the Development
of Forest and Hunting grounds in forests provided for
regular use to Vinnytsia Oblast Specialized Forestry
Vinoblagrolis, increase in forest coverage and greening
of settlements in the Oblast and use of objects of glob-
al fauna in cultural-educational and pedagogical goals
for the period of 2017-2021”, “Regional Ecological
Budget Program for 2019-2023”, “Oblast Program of
achieving optimum level of forest coverage in Vinnytsia
Oblast for 2012-2025”, “Program of development of
tourism in Vinnytsia Oblast for 2021-2027".

Methodological basis of the conducted study was the
International strategy of sustainable development, basic
principles of which are defined in the Declaration of the
International Conference of the UN on the environment and
development in Rio Declaration in 1992. Furthermore, the
work used methodologic approaches that were approved
by the Resolutions of the European Union on preserva-
tion of wild birds (Council Directive 79/409/EEC on
the conservation of wild birds) and preservation of
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natural environments of wild fauna and flora (Council
Directive 92/43/EEC on the conservation of natural
habitats and of wild fauna and flora); described in the
articles (Pashchenko, 2004; Samoilenko, Korohoda, 2013);
recommendations (Formuvannia rehionalnykh skhem
ekomerezhi, 2004), including the ones approved by the
Ministry of Nature of Ukraine (Tymchasovi metodychni
rekomendatsii shchodo rozroblennia skhem rehionalnoi
ekomerezhi, 2006 p.; Pro zatverdzhennia metodychnykh
rekomendatsii shchodo rozroblennia rehionalnykh ta
mistsevykh skhem ekomerezhi, 2009 p.). The indicated
methodological recommendations were suggested for
the development of regional and local schemes of eco-
network, they are recommendations prepared to provide
help to territorial bodies of Ministry of Nature during
projecting regional and local schemes of econetwork.
Their fulfillment included combination of the follow-
ing methods and approaches to the organization: anal-
ysis of archival and normative legal sources, materials
of hydro-meteriological observation, transport organi-
zations, forest- and land development, department of
architecture; laboratory work focusing on herbarium
and collected material; route field expedition surveys
of residential areas and their surroundings (substanti-
ated biogeographic study, landscape survey, ecopatho-
logical survey, monitoring transportation, etc); collec-
tion of corresponding field and material for the study,
cartographic analysis, analysis of the obtained practi-
cal data with the purpose of theoretic generalization
and development of the scheme of local econetwork.
Collection and analysis of the initial data on oppor-
tunity of developing a scheme of local econetwork of the
residential area of Yampil were used in the 2017 survey
(Vyhotovlennia proektu ekomerezhi m. Yampil, 2017).

Results and their analysis.

The surveyed territory was an interesting nature-
territorial complex composed of urban settlement of a
district significance — Yampil city and its suburbs, the
administrative center of Yampil district of Vinnytsia
Oblast since 1932. Since the new administrative
territorial organization in Ukraine has been adopted
and the Resolution of the Parliament of Ukraine “On
creation and liquidation of districts” of July 192020
implemented, Yampil is subordinated to Mohyliv-
Podillia district of Vinnytsia Oblast. The city founded
in the second half of the XVI century borders with
Moldova on the left bank of the Dniester river and lower
current of its tributary — the Rusava river.

According to geobotanical zoning, the surveyed
territory belongs to the European broad-leaved region,
the Podillia Besarabian Province, Vinnytsia (Central
Podillia) county, Right Bank-Dnipro forest-steppe prov-
ince (Didukh, Sheliah-Sosonko, 2003). The preserved
natural forest-steppe vegetation has been altered in the
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conditions of high anthropogenic activity and is now
represented by modified forest, meadow and aquatic-
wetland groups.

The results of field surveys indicate specificity of the
vegetation in the local residential area, mainly composed
of near-river and near-road alley greenings in the streets.
In the areas around the stream, there grow thickets
willow-oak and willow-acacia (grey willow Salix ci-
nerea L., goat willow S. caprea L., sharp-leaf willow
S. acutifolia Willd.; common oak Quercus robur L.;
acacia yellow Caragana arborescens Lam. and acacia
white Robinia pseudoacacia L.). In the floodplain part
— true and waterlogged valley meadows and fragments
of lowland herbaceous wetland. On the banks of the
Dniester and its shallows, there are thickets of green
algae (Entheromorpha and others), and also plots with
higher vegetation developed by formations of rdest
or water cabbage (rdest shiny Potamogeton lucens L.
and rdest curly P. Cricpus L.), hornwort (Ceratopyllum
demersum L.) and arrow head ordinary (Sagittaria
sagittifolia L.).

Vegetation in the city and the suburbs is distinct by
its complexity due to uneven moisture in the territo-
ry, microrelief and pattern of development, first of all
residential and agricultural, by contrast to the Rusava
right bank in the outskirts with hilly terrain. Not to men-
tion other factors, just artisanal crafting from “stone”
and private constructions in the XX — early XXI cen-
tury were enough to significantly alter its nature. This
led to emergence of depressions in the natural tree and
herbaceous-shrub landscape of the Rusava hills, accom-
panied by disturbance of vegetation by irrational grazing
(excessive). Capacity of the pastures was small, suitable
for 0.2-0.3 individuals of cattle per one hectare accord-
ing to optimum assessments. Small pastures within the
slopes and floodplain and above-floodplain terraces of
the Rusava and Dniester are too small for the popula-
tion of goats (Capra hircus L.) that are grazed there.

A distinct trait of the vegetation in the city is that
it is distributed in “islands” of tree-shrub vegetation
which now occupy small areas and are often isolated
one from another by structures and agricultural lands.
They may be used as basis for developing park and aqua
park recreational territories. The area of greenings of
general use in the city equals 52.7 ha, which is around
9m? per one inhabitant, the norm being about 17m?.
The greenings include the local park, park squares, al-
leys, green zones, zones around the stream beds of the
Rusava and Dniester, etc. Their development has begun
in the late 1950s. In the village streets back then, doz-
ens of thousands ornamental and fruit-bearing plants
have been planted, which became the basis of the cur-
rent green “dress” of Yampil.

We have to note the special significance of the green
zone of the municipal institution of the central dis-
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trict hospital (Yampil district medical center of emer-
gency treatment — Pirohova st, 1). Among the typical
leaved plants (common oak Quercus robur L., small-
leaved linden 7ilia cordata Mill., European ash Fraxinus
excelsior L., sharp-leaved maple Acer platanoides L.
and ash-leaved A. negundo L.) and coniferous spe-
cies (European spruce Picea abies L. and silver spruce
P. pungens Engelm., Scots pine Pinus sylvestris L.),
there grow ornamental plants (white fir Abies alba
Mill., juniper — Cossack juniper Juniperus sabina L.,
common juniper J. Communis L. and Irish juniper
J. Hibernica L.) that serve as a shelter for representa-
tives of fauna. Currently it is an example of optimiza-
tion of species diversity, first of all, tree and shrub veg-
etation in the conditions of technogenic environment.

Recreational zone of the city was formed on the ba-
sis of the existing green plantations adjacent to the city
from the side of Rusavy village, towards Halzhbiivka
and the city park along the Dniester. The largest ar-
eas are located in the north (area around the railway
station, streets Vynohradna, Nova Lisova, Horihova,
Chereshneva, Lomonosova, Haidamatska) and north-
west district (streets Kovpaka and Zhukova). Currently
these territories are not used for their purpose and are
considered potentially appropriate for constructing pri-
vate homes. Only over the recent ten years, massive
private construction and complexes of garden land-
lords have emerged in the territory of former vine gar-

dens and fruit garden, in the district of streets Nova
Yabluneva, Zhukova, Haidamatska. Furthermore, in-
dividual constructions, massively and chaotically in
many cases, have recently been made in territories in
different parts of the city.

Over the recent decades, the condition of green-
ings in Yampil has deteriorated, and the amount of
green zones reduces. First of all, this is the result of
construction of private homes and the infrastructure of
the city and irrational measures for support and moni-
toring of greenings, which does not provide sufficient
conditions for growth and development of plants. On
the other hand, there is the climate change and therefore
intensification of extreme weather phenomena (storms,
droughts, glaciations, etc), as well as a nature-protection
culture of the population. At the same time, negative ten-
dencies are most notable in green zones around houses
and roads, alleys and small garden squares.

According to the zoogeographical division
(Shherbak, 1988), the territory of Yampil and its sub-
urbs is within the Boreal European Siberian subre-
gion, European West Siberian province, East European
county, area of mixed, leaved forest and forest-steppe,
Dnister-Dnipro area. Significant anthropogenic impact
led to losses of many species, and a significant amount
of them is identified to rare and is included in various
nature-protection lists (Table).

Table. Rare species of animals

CI?SS of Species of animals International list PiBens 3arpos3u [uist TBApHH
animals
great capricorn beetle Cerambyx cerdo L. TUCN Red List VU
red wood ant Formica rufa L. LR3
emperor dragonfly Anax imperator L. Red Book of Ukraine | RBU - VU
European stag beetle Lucanus cervus L. (RBM — EN, RBU — EN)
‘§ mammoth wasp Scolia maculata Druru RBM - EN, RBU - EN
_E southern festoon Zerinthia polyxena Denis RBM-CR, RBU - EN
Jersey tiger Callimorpha quadripunctaria Poda RBM-VU, RBU - EN
0Old World swallowtail Papilio mahaon L. RBM-VU, RBU — EN
European mantis Mantis religiosa L RBM-VU
giant peacock moth Saturnia pyri Schiffermuller RBM — EN
corn crake Crex crex L. ** IUCN Red List NT
common pochard Aythya ferina L. ** NT
ferruginous duck Aythya nyroca Guldenstadt *** NT
pygmy cormorant Phalacrocorax pygmaeus Pallas© NT
lesser white-fronted goose Anser erythropus L. + VU
greater spotted eagle Aquila clanga Pallas + \48
-§ red-breasted goose Branta ruficollis Pallas + \48
M great bustard Otis tarda L.+ VU
pallid harrier Circus macrourus Gmelint NT
mute swan Cygnus olor Gmelin ** Red Book of Ukraine | RBM-VU
European honey buzzard Pernis apivorus L. ** RBM - EN
stock dove Columba oenas L .** RBM — EN
whooper swan Cygnus cygnus L. *** RBM-VU, RBU - EN
common goldeneye Bucephala clangula L. *** RBU - VU
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aCr{?rsrfa?i Species of animals International list PiBens 3arposu st TBapHH
short-eared owl Asio flammeua Pontoppidan *** Red Book of Ukraine | RBM — EN
little egret Egretta garzetta L.© RBM-CR
golden eagle Aquila chraesaetos L. + RBM-CR, RBU - VU
black stork Ciconia nigra L. + RBM-CR, RBU — EN
Birds | hen harrier Circus cyaneus L. + RBM—-CR
Montagu's harrier C. pygargus L. £+ RBM-CR
osprey Pandion haliaetus L. + RBM-CR, RBU - VU
saker falcon Falco cherrug Gray + RBM—-CR, RBU - III
white-tailed eagle Haliaeetus albicilla L. + NT
pond bat Myotis dasycneme Boie TUCN Red List VU
= forest dormouse Dryomys nitedula Pallas LR
g Eurasian otter Lutra lutra Brisson NT
cﬁ European badger Meles meles L. Red Book of Ukraine | RBM—-VU, RBU — EN
European pine marten Martes martes L.
— ., |EBuropean tree frog Hyla arborea L. TUCN Red List NT
= § European pond turtle Emys orbicularis L. LR
é E garlic toad Pelobates fuscus Laurenti Red Book of Ukraine | RBM—CR
E“ § agile frog Rana dalmatina Bonaparte RBU - VU
smooth snake Coronella austriaca Laurenti RBM - EN, RBU - EN
= ide Leuciscus idus L. VU
= |common barbel Barbus barbus L. RBM - EN, RBU — EN

*Categories of species under threat: CR — critically endangered, EN — endangered, VU — vulnerable, LR — lower risk, Nt (or LR /

nt) — near threatened.
;¥ ** overwintering; ©oversummering; +migrating

**nesting;

Nature observations revealed that wildlife of the
city and the outskirts is the reflection of climatic, veg-
etative and in particular environmental (land, water
bodies) conditions. Therefore, the fauna of hydrobi-
onts is represented by broadly distributed species of
Gastropoda and Bivalvia mollusks Theodoxus fluviatilis,
Viviparus viviparus, Dreissena polymorpha; larvae of
insects range Trichoptera — of streams, Plecoptera —
freckle, Ephemeroptera — one-day; Crustaceans, both
lower (orders Amphipoda, Isopoda, Copepoda and
others) and higher representatives of order Decapoda.
Broadly distributed are Oligochaeta Nais communis
and larvae of Chironomidae.

Bank and slope-ravine natural complexes with
domination of stepped vegetative and shrub groups
are habitats for rare and threatened species of verte-
brates: amphibians (green frog Pelophylax lessonae
Fizinger), reptiles (common European adder Vipera
berus L., snakes — ordinary Natrix natrix L. and water
snake N. tessellata Laurenti). Near the islands and
meanders of the Dniester where the current of wa-
ter is weak, there occurs European marsh turtle (Emys
orbicularis L.). Among agrocoenoses, there are main-
ly steppe areas, which are adjacent to the upper part
of the forested slopes, inhabited by the lizard is agile
(Lacerta agilis L.).

Diverse conditions of Yampil and its suburbs are
optimum for nesting to a great number of birds. Most
often, there are seen, both flying and at the nests, spe-
cies of detachment Sparrows ((common starling Sturnus
vulgaris L., Eurasian tree sparrow Passer montanus
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L., European goldfinch Carduelis carduelis L., field
skylark Alauda arvensis L., Eurasian golden oriole
oriolus oriolus L.). There is a quite large amount of
representatives of families Raven (gray Raven Corvus
cornix L., common raven Corvus corax L.) and Picidae
(great spotted woodpecker Dendrocopus major L., lesser
spotted woodpecker Dendrocopus minor L.). There
were seen nesting storks Ciconia ciconia L., and also
some species of diurnal birds of prey of Falconiformes
order and representatives of nocturnal birds of prey of
Strigiformes order (long-eared owl Asio otus L. and
little owl Athene noctua Skopoli.

West of Yampil, in the valley of the Dniester, there
are wetlands (5,394.28 ha) that are protected by the
Ramsar Convention. Many birds use these areas to
nest, overwinter or stay before the flight for wintering,
particularly mallard Anas platyrhynchos L., common
coot Fulica atra L., common goldeneye Bucephala
clangula, mute swan Cygnus olor, whooper swan
Cygnus cygnus, Mergus — common merganser Mergus
merganser L., red-breasted merganser M. serrator L.
and smew M. albellus L., tufted duck Aythya fuligula
L., Eurasian wigeon Anas penelope L., greylag goose
Anser anser L, Ardea — grey heron Ardea cinerea L.
and great egret 4. Alba L. Among those birds, there
are lesser white-fronted goose Anser erythropus L.,
ferruginous duck Aythya nyroca Gueldenstadt, white-
tailed eagle Haliaeetus albicilla Pallas, greater spotted
eagle Aquila clanga Pallas, great bustard Otis tarda
L., included in the Appendix I of the Convention of
Protection of Migrating Species of Animals, and al-
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most all of them are in the list of species strictly pro-
tected by the Berne Convention (for example, little
grebe Tachybaptus ruficollis Pallas, little egret Egretta
garzetta, white stork Ciconia ciconia, smew Mergus
albellus L., common sandpiper Actitis hypoleucos L.).
Some rare species regularly overwinter in the area:
common merganser Mergus merganser L. (RBM —DD),
red-breasted merganser Mergus serrator L. (RBU — EN)
merlin Falco columbarius L. (RBM — DD) (Matviichuk,
Pirkhal, Reminnyi, 2015).

In the bend of the Dniester River, the rocks of
the Cretaceous marlstones (near the cave complex of
Oksanivka village) are the nesting places of the colo-
nies of wild ducks and swans. In some caves and nat-
ural recesses of the canyon, wild birds of Accipitridae
family are nesting. There also occur swallows, hoo-
poes, crows, eagle-owls.

Birds of wetlands concentrate mostly in the zones
of shallow water and places where the Dniester flows
slowly: the extension of the river stream bed, area of
its bends, recreation zones near the alluviums, formed
by the Murafa and Rusava tributaries. There are more
of such places in the western suburban part of the city
on the left bank of the river. Nonetheless, the diving
ducks and Old World cormorants are not that attracted
to such plots. Birds gather to rest on the sandspits, the
shallow water areas, which become exposed from time
to time, piles of rocks, trunks of fallen trees in the areas
with any current speed. In winter, the birds are concen-
trated in non-freezing shallow water areas of the river,
and diving species in deep water areas where they feed.
Therefore, they may occur right near the city, which is
rarer in other seasons.

Indirect signs such as traces to burrows indicate
presence of such mammals as European hare (Lepus
europaeus Pallas), red fox (Vulpes vulpes L.), European
badger (Meles meles L.), least weasel (Mustela nivalis
L.). Rarely there occur reports of wild boar (Sus scrofa

L.), roe deer (Capreolus capreolus L.), muskrat (Ondatra
zibethicus L.) and Eurasian otter (Lutra lutra Brisson).

Biodiversity of ichthyofauna of the Dniester and the
areas adjacent to Yampil is characterized by the effect
of artificially created dams of the Dubésari Dam and
Novodnistrovsk Hydroelectric Power Station which
completely exclude the opportunities of migration for
species of fish (catadromous, straddling): representa-
tives of sturgeons Acipenseridae, Clupeidae, freshwater
eels Anguillidae. Aquatic animals are especially vulner-
able, both invertebrates and vertebrates, in the periods
of reproduction, spawning, when they need stable abi-
otic factors (temperature, pH, salt content, speed and
level of water, presence of suspensions in the form of
slit-sandy components, etc). Unfortunately, the period
of reproduction of aquatic animals coincides with the
spring high water, when the dams cause intense water
discharges, thereby taking an extremely negative ef-
fect on the following course of reproduction and pres-
ervation of species.

At the same time, in the Dniester and the mouth of
the Rusava, there often occur common roach (Rufilus
rutilus L.), common bream (4bramis brama L.),
common bleak (4/burnus alburnus L.), common carp
(Cyprinus carpio L.), Prussian carp (Carassius gibelio
Bloch), European perch (Perca fluviatilis L.), pike (Esox
lucius L.), common rudd (Scardinius erythrophthalmus
L.), common chub (Squalius cephalus L.), gudgeon
(Gobio gobio L.) and others.

In the landscape aspect, the area is characteristic
of floodplain and above floodplain-terrace loess plains.
Their natural appearance had been lost, as well as at-
tractiveness and esthetic value. The destructive factors
are the use of the subsoil and extraction of construc-
tion materials by open method both by individuals and
companies, construction of roads, high voltage pow-
er lines, pipelines and structures (Fig. 1). There are all
kinds of chemical and physical pollutions: wastes of

lands and types of

Differentiation of nature use according to categories of

land use in Yampil

Agricultural
Urban development

Territories of
subsoil use

Forestry Industrial

Recreation, health
improvement and
historical-cultural

Nature reserves and
nature protected areas

Territory of linear
systems of
communication

Fig. 1. Directions of nature use in Yampil
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industrial and agricultural activities, traces of fertiliz-
ers and pesticides.

Most notable changes in anthropogenic load are
as follows:

- Changes in landscapes and loss of attractiveness
of notable places (for example changes in the lower
mouth part of the Rusava river and vanishing of the
natural tributary near the current city park).

- Decrease in the esthetic attractiveness of
herbaceous-shrub slope areas of the northern outskirts
of the city due to loss of natural appearance as a result
of irrational nature use (private mining, massive
construction, etc);

- Decrease in the esthetic attractiveness of slope
and floodplain and above floodplain herbaceous groups
due to decrease in bright flowering plants and insects
(butterflies) and impact of degradation;

- Obvious changes in the stream bed of the Rusava,
decrease in the thickets around the river.

At the same time, the threats increase the
significance of the protection of natural complexes of
the region of study, the need in which is indicated by:

* significant decrease in bioproductivity of forest
and pasture ecosystems;

* changes in the opportunities for growing some
species and many varieties of agricultural crops;

* reduction of resistibility of the areas with trees
(sessile oak Quercus petraea, ash, hornbeam, and oth-
ers), especially those that are young and those that
originated from alien species (black locust, Scots pine
and Pinus nigra);

* optimization of the structure of natural ecosys-
tems and unfavorable changes in the ratio of open and
vegetation-covered areas, decrease in water protection
function of shrubs and trees;

* intensification of displacement of aboriginal spe-
cies by aggressive alien species such as Ailanthus, box
elder Acer negundo and emergence of plant species
which are new to the territory, mostly weed aggres-
sive invasive species;

* likely disappearance of some large birds of prey,
birds of open areas and species that live in the south-
ern borders of the range;

An important condition is that vulnerable environ-
ment is poorly protected by the traditions and laws.

Decrease, prevention and liquidation of negative
impact of agricultural and other activities of Yampil
on the environment, as well as preservation of natural
resources, genetic fund of wildlife may be promoted
by development of the city's econetwork. First of all,
it manifests in changes in the structure of land fund of
the city through identification (based on substantiation
of ecological safety and economical expedience) of
some agricultural lands to categories that require spe-
cial protection with restoration of the diversity they are

456

characterized by such an approach correlates with the
modern views of researchers, according to whom, the
econetwork should be developed on the basis of opti-
mization and re-naturalization (naturalization) of an-
thropogenically modified geosystems, first of all land-
scapes (Bucek, 2013; Moyzeova M., Kenderessy P.,
2015] where biotic component is considered a stabi-
lizing factor providing ecologic balance.

As 0f 01.092020, the general area of lands of the
city council accounted for 2,546. 0 ha. Quite a signif-
icant part is occupied by lands of agricultural use —
1,698.85 ha (63.92 % of the total area).

According to our estimations, the promising eco-
network of Yampil may include:

« forest and other forest-covered areas —279.0 ha;

* degraded lands — 8.2 ha;

* low-productive arable lands —249.55 ha;

» multi-years plantations (gardens) — 152.25 ha;

* pastures — 13.4 ha;

* greeneries of general use — 93.1 ha;

* gullies and steep slopes —4.75 ha;

* areas of aquatic fund — 86.5995 ha;

* lands used for recreation and other open areas (in-
cluding cemeteries) —11.2783 ha;

To create a substantial buffer zone, the lands of the
econetwork should include arable lands of the store —
35.3 ha and lands of the reserve — 102 ha. Thus, the
overall area of the lands included in the network by the
city council accounts for 1,035.43 ha, i.e. 40.67 % of
its overall area (2546.0 ha).

Traditional methods of forming elements of the
ecosystem are based on unification of already existing
objects of the nature reserve fund (Shelyag-Sosonko,
Grodzinskij, Romanenko, 2004) that usually are
the basis for the biocenters at any level of National
Econetwork. In the conditions of functioning nature-
reserve objects, their contours automatically result
in configuration of key territories of the econetwork.
Unfortunately, within Yampil, there is only one nature
protection area — the Yampil Layers — geological nature
relic of local significance (Fig. 2), the area of which
equals 0.05 ha. The projected spatial-functional struc-
ture of the local Econetwork of Yampil comprises nat-
ural (location of key territories, hydrographic network
of the city, presence of forest and herbaceous and shrub
areas, etc) and social conditions (residential area and
industrial constructions, etc). Hierarchic structure of
Yampil econetwork (Fig. 2) consists of 4 key territories
(all of local significance), 36 connective territories (in-
cluding 1 of International, 2 — National, 1 — Regional
and 32 Local significances). The key and connective
territories of local econetwork of Yampil are compart-
mentalized based on the adopted criteria of selection
and are indicated on the map (Fig. 2).
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ECO-NETWORK
OF THE CITY
OF YAMPIL

Scale 1:10 000
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Fig. 2. Project of econetwork of Yampil

The map of promising econetwork has been
developed first of all based on visual observations and
expedition surveys of the territories, by indicating the
key, buffer and restoring territories on the maps. To
develop it, we used topographic maps of the area, aerial
photographs, schematic maps of soils, localities of
rare species and plant groups; maps of various scales
(general geographic, tectonic and geological structure,
climate). We employed fund materials of services
of the city council, geobotanical materials of forest
management, state service of the nature protection in
Vinnytsia Oblast and other available materials.

Using the qualitative background method, we
indicated: the main elements (key, connective, buffer,
restoring territories) of the local econetwork; natural
and anthropogenized territories and objects, particularly:
individual categories of lands (arable lands, fallow lands;
lands with constructions, city and village development,
lands of industrial objects); windbreaks; types of
vegetation (forest, turf-shrub); hydronetwork (river
valleys, ponds), industrial and transport infrastructure
(roads, highways and soil and field roads), etc.

- Furthermore, the integrated map indicates nature-
protected objects and promising reserve territories,
including linear: street network; city borders; State
border and the border of the Murafa ecocorridor of
Regional Value.

- For better visualization, the key elements of the
local econetwork are hatched.

- The structural specifics of the projected local
econetwork should include:

- its relative easiness due to significant develop-
ment and constructions in the territories;

- presence of four key territories (2 macrocenters, 1
mesocenter and 1 mini center) that represent landscape
and biotic diversity of the studied territory;

- presence of distinct ecocorridors — the core Rusava
and supporting Dniester ecorridors. The latter is a con-
tact element of the local econetwork of the city and re-
gional, National and trans-national econetworks;

- Proximity to the Murafa ecocorridor of the
Regional Level;

- Distinct expression of “protection” of the key ter-
ritory of the Dniester Islands and the northwest part
the Karpova Tract and slight expression of this aspect
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around the natural center the Northern Outskirts and
the Rusava ecocorridor in the most part of its strike;

- Presence of eleven elements of econetwork with-
in the territories and objects promising for protection
which would increase the effectiveness of the econet-
work.

No doubt, the Yampil local econetwork is a compo-
nent of the ecosystems of a higher level — International,
National and Regional. First of all, it requires correlation
with the regional one, development of which is current-
ly still underway. Nonetheless, some of its main struc-
tural elements are already determined by the Decision
of Session 10 of Vinnytsia Oblast Administration VI
convocation Ne 282 from Febrary 142012 when there
was adopted the Regional Scheme of the Oblast
Econetwork and which enable the corresponding al-
location. Therefore, in the west, the lands of Yampil
directly border with the basin of the Murafa river, the
valley of which is a regional ecological corridor that is
connected with the sub-meridian Dniester ecocorridor
in the north and forms one of the three National nature
centers of Vinnytsia Oblast — the Dniester-Murafa. In
the north, it connects to the regional landscape park
Murafa. The latter, having the area of 3,452.7 ha, was
created in 2008 in the territories of Chernivetska and
Mohyliv-Podillia districts of Vinnytsia Oblast. It com-
prises the alley of the Murafa river from the urban set-
tlement Chernivtsi to Sloboda-Bushanska village, the
lower part of the valley of the Lozova river, the Vazlui
river and the Haidamatsky gully in the Bushanka river.

The Rusava river is an interactive element in the
development of regional econetwork and at the same
time, is one of the main ecological corridors in the for-
mation of local econetwork.

The territory of Yampil local econetwork crosses
the Dniester meridian corridor of International (All-
European) value, the main pathway of seasonal migra-
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Received: 11.11.2020 Abstract. The purpose of this work is to determine the hydrochemical parameters of the
Received in revised form: 27.03.2021 water of the river Seret and the features of the accumulation of heavy metals by bivalve
Accepted: 04.07.2021 molluscs Unio pictorum L. to predict the chemical contamination of the reservoir in the near

future. Water samples for the study were taken in spring (April) and summer (July) from the
Seret River at two points: above and below Ternopil. It is established that the chemical composition of the water of the river Seret is
formed under the influence of a number of factors, but seasonal and anthropogenic factors play a dominant role. In the spring season, a
number of hydrochemical indicators (pH, water hardness, concentration of NO ,, NH,", Clions and metals) have lower values than in
the summer. In addition, there is an increase in the amount of organic matter, ammonium cations, nitrite ions, chloride ions, phosphate
ions and a decrease in oxygen concentration below Ternopil, especially in the summer season. This is evidence that the Seret River is
under significant anthropogenic impact. An increase in the concentration of metals (Mn, Cu and Pb) in summer below Ternopil was
revealed, which may be due to the discharge of insufficiently treated wastewater. The series of metal concentrations in the water of the
Seret River looks as follows Mn — Zn — Pb — Cd — Cu, and the series of accumulation of metals in the tissues of molluscs Unio
pictorum L. has the form Zn — Mn — Cu — Pb — Cd. On the basis of bioaccumulation coefficients of heavy metals by molluscs, a
prediction of the situation on their content in water for the short term based on the theory of Markov chains was made. This theory allows
us to make forecasts of a factor, taking into account the possibility of accidental influences on the environment, and to investigate the
highest probability of finding a factor in a certain numerical parameter. The possibility of using economic and mathematical modelling
tools and statistical methods based on correlation-regression analysis using modern Matlab information systems to identify correlations
between chemical indicators of water quality and biological molluscs for modelling the environmental situation of the river Seret and
assessing the contribution of the studied indicators in pollution of small rivers is shown.

Keywords: small rivers, heavy metals, bivalve mollusc, prediction of bioaccumulation coefficients of metals, economic and mathematical
modelling.

KommnJiekcHa oiHKAa Ta NPOrHO3U XiMiYHOT0 320pyITHEHHSI MAJIUX PiYOK MeTOJaMU €KOHOMIKO-
MATEeMATHYHOI0 MOJEJTIOBAHHS
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AHoTanisi. Mai pidky € IMO4aTKOBOIO JIAHKOKO PIYKOBOT MEpPEeXi, 1 BCl 3MiHH Y iX pexumi, Oe3rnepedHo, Mo3HAYar0ThCsl Ha BCbOMY
rigporpagidHoMy naHIo3i. ToMy akTyaabHOO POOIEMOIO CydacHO] TpoXimii Ta FipoeKosIorii € OIliHKa aHTPOIIOTeHHOTO HAaBAHTAXKEHHS
Ha MaJji piukn Ykpainu. MeToro poOoTH € BU3HAUUTH TiJpOXiMIuHI TOKa3HUKH BOAHU piuky CepeT Ta 0COOINBOCTI aKyMyIISIIT BaYKKIX
METaJiB IBOCTYJIKOBUMH Moitockamu Unio pictorum L. Juist TpOrHO3yBaHHS XiMIYHOTO 3a0pyAHEHHs BOZOHMH Ha HAWOIKIY HEPCIICKTUBY.
[IpoaHanizoBaHO Taki ripoxiMiuHi OKa3HUKH: pH, KHCEHb, 3arajibHa TBEPAICTh BOIH, HITPATH, HITPUTH, KaTIOHH aMOHII0, Gocdaru,
XJIOPHU/IH, IEpMaHraHATHA OKUCITIOBAHICTh. 3pa3Ku BOJM [UIs OCIIDKEHHI BiIOMpaii BECHOIO (KBiTeHB) Ta JiiToM (Jumens) i3 p. Ceper
y IBOX TOYKAaX: BUILE 1 HIKYE M. TepHOMIIIB, IO A0 MOXKIIUBICT OIIIHUTH PiBEHb aHTPOIIOTCHHOTO TUCKY Ta XIMIYHOTO 3a0pyaHEHHS
piukn. Y pes3yabTari KOMILIEKCHOTO TipOEKOJIOTiYHOTO OCIIKEHHS T1pOXiMIYHUX TIOKa3HUKIB MPOBECHO OLIHKY SKOCTI BOJH PiYKH
Ceper. Bu3HaueHO KOHIIEHTpAIlii MapraHIio, IHHKY, MiJli, TUTFOMOYMY 1 KaJMit0 Y BOZOWMI Ta 0COOIHMBOCTI TX HAKOTMYECHHS TBOCTYIKOBUMHU
Mommockamu Unio pictorum L. PozpaxoBano koedinieHTH 6i0aKyMyssiil, sSIKi BiJoOpa)aloTh BiIHOIICHHS BMICTY METaJy B OpraHi3mi
rizpo6ioHTa 10 BMICTY HOTO B HAaBKOJHMIIHHOMY CEPEIOBHUINI. BHUSBICHO MO3UTHUBHY KOPEISIiI0 MK BMICTOM METaJiB B IEUiHII
JIBOCTYJIKOBHMX MOJIIOCKIB Ta iX BMicTOM y Bozii. Ha 0cHOBI koedinieHTiB 6i0akyMyIislii BaKKMX METaJIiB MOJIIOCKAMH 3/1iiICHEHO POTHO3
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CHTYaIIil 10 X BMICTY Y BOJII Ha HAHOIMKIY MepCreKTUBY Ha 6a3i Teopil aHIrorie Mapkosa. Jlana Teopist 103BOIsIE 31iHCHIOBATH TIPOTHO3U
YUHHHKA, BPAXOBYIOUM MOXKIIUBICTh BUIIAIKOBUX BIUIMBIB HA CEPEIOBHIIIE, Ta JOCIIPKY€E HAlO1IbIy HMOBIPHICTB MepeOyBaHHs YNHHHKA
B TIEBHOMY YHCIIOBOMY TapameTpi. [loka3aHO MOXIIMBICTb 3aCTOCYBaHHS IHCTPYMEHTAPil0 eKOHOMIKO-MAaTeMaTHYHOTO MOJICITIOBAHHSI
Ta CTATUCTUYHUX METOJIB Ha OCHOBI KOPEJSLIHHO-PErpeCciiiHOTO aHaIli3y 3 BHKOPUCTAHHAM CyYacHUX 1H(QOPMALiHIX CHCTEM THILY
Matlab s BUSBICHHS KOPEIALIHHUX 3B’ A3KIB MiXK XIMIYHHX ITOKa3HUKIB SKOCTI BOAH Ta O10JOTTYHUMH IMOKa3HUKAMH MOJIOCKIB IS
MOJIEJTIOBAHHS €KOJIOTI4HOI cuTyarii p. CepeT Ta OLiHKH BHECKY JOCHTIPKYBaHUX TTOKAa3HHKIB y 3a0py/THEHHS MaInuX PidoK.

Knrouoei cnosa: mani piuku, 8axcKi Memanu, MOIFOCKU, NPOSHO3Y8AHHS KOeiyicHmie 010aKyMyiayii Memanie, ekKOHOMIKO-Mamemamuyne

MOOeNOBAHHS.

Introduction.

Small rivers contain the bulk of Ukraine’s freshwa-
ter reserves and play a huge role in the life of the pop-
ulation. According to experts, they form for 60 % of
Ukraine’s total water resources. 60 % of water resources
of these rivers are concentrated in Polissia and Forest-
steppe, about 25 % in Carpathians and about 12 % in
Steppe (Arsan et al, 2006; Lashko, 2008).

Small rivers are the initial link of the river network,
and any changes in their regime are undoubtedly re-
flected throughout the hydrographic chain. Therefore,
the current problem of modern hydrochemistry and hy-
droecology is the assessment of anthropogenic load on
small rivers of Ukraine (Loucks, 2017).

The main sources of pollution of reservoirs are in-
dustrial and household effluents, with which pesticides,
heavy metal ions, etc. are getting into the reservoirs in
increasing quantities (Arsan et al, 2006). Heavy met-
als belong to the class of conservative contaminants
that are not used or decomposed during migration on
trophic chains, have mutagenic and toxic effect, signif-
icantly reduce the intensity of biochemical processes
in aquatic organisms (Abubakar et al, 2015; Malik et
al, 2014; Manoj et al, 2012; Mur, 1987). Some abiot-
ic factors such as changes in acidity, mineralization or
water temperature are not less dangerous for the life of
hydrobionts (Altenburger, R. et al. 2019; Yan, 2015).

Bivalve molluscs are one of the functional units
of aquatic ecosystems through which trace elements
flow. By the way of nutrition they are referred to as
filter feeders. This helps the molluscs to purify water
and accumulate various metals, including toxic ones,
in soft tissues. The ability of certain species of bivalve
molluscs to accumulate high concentrations of metals,
availability, prevalence and low migration activity,
allows the use the bivalve molluscs as bioindicator
organisms (Chapman,1996; Novikov et al, 1990).

In view of the above, the purpose of this work is to
determine the hydrochemical parameters of the river
Seret water and the features of the accumulation of
heavy metals with bivalve molluscs Unio pictorum L.
to predict the chemical contamination of the reservoir
in the near future.

Material and methods of the research.

Water samples for the study were collected in spring
(April) and summer (July) 2015 from the Seret River at
two points: above and below Ternopil city, which gives
an opportunity to estimate the level of anthropogenic

pressure and chemical pollution of the river. After
sampling, water samples were recorded and transported
to the laboratory for testing. The determination of
hydrochemical parameters and the content of heavy
metals were carried out by conventional methods (Arsan
et al, 2006; Novikov et al, 1990).

For studies of metal content and enzyme activity
in bivalve mollusc Unio pictorum L., we selected the
liver and used standard techniques (Nasrabadi, 2015).

Statistical processing of the obtained data was per-
formed using the “Microsoft Excel” package. Prediction
of metal content for the near future was performed us-
ing a prediction technique based on Markov chain the-
ory and modern information systems such as Matlab
(Prystavka, 2017; Rohatynskyi, 2017).

Results and their analysis. 1. Analysis of general
chemical indicators of water quality.

We analyzed some of the hydrochemical parame-
ters of the Seret River waters above and below Ternopil
city (table 1).

The pH index of the water was the lowest in
spring above Ternopil (pH 6.8) and the highest in
summer below Ternopil (pH 7.5). According to this
indicator, river water can be attributed to neutral
waters characterized by the presence of Ca(HCO,),,
Mg(HCO,),.

The oxygen concentrations in the water of the River
Seret ranged from 4.67 to 7.95 mg / 1. The highest
oxygen content was observed in the spring above
Ternopil city, and the lowest in the formation below
Ternopil city. Probably lower oxygen content in summer
is associated with higher organic matter content, as
evidenced by the permanganate index.

Water hardness is a property of natural waters that
depends on the presence of dissolved salts of calcium
and magnesium in it. The highest indicator of total water
hardness in the Seret River was observed in summer below
Ternopil, the lowest value of total hardness was observed
in spring in the area above the city. The water of the Seret
River can be attributed to waters of medium hardness.

The maximal concentration of nitrates in water was
noted in the spring below Ternopil city. Obviously, NO,
ions get into surface water as a result of the washing of
mineral fertilizers during spring floods. It also should
be noted that their inflow with urban wastewater, as
evidenced by the increase in their concentration in the
stream below Ternopil city.
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Table 1. Separate hydrochemical parameters of the river Seret (M = m, n = 4)

Spring Summer
Indicators Above Below Above Below
Ternopil Ternopil Ternopil Ternopil
pH index 6.80+0.15 7.35+0.10 7.45+0.20 7.50+0.15
Oxygen, mg O, /dm’ 7.95+0.06 5.73+0.19 6.86+0.22 4.67+0.37
Total hardness of water, mmol/l 5.16+0.05 5.5840.07 6.524+0.04 7.10+0.02
Nitrates (NO,"), mg/! 6.63+0.12 8.82+0.14 2.63+0.42 5.94+0.15
Nitrites (NO,), mg/I 0.03+0.01 0.05+0.02 0.07+0.05 0.14+0.02
Ammonium cations (NH,"), mg/! 0.09+0.01 0.72+0.03 0.23+0.03 0.92+0.03
Phosphates (PO,*), umol/l 0.07+0.02 0.20+0.02 0.04+0.01 0.25+0.03
Chlorides (CI"), mg/I 11.40+0.90 16.55+1.20 28.50+1.60 35.40+0.90
Permanganate oxidation, mmolO/] 5.14+0.07 5.42+0.08 5.58+0.07 8.12+0.09

The highest concentration of nitrite ions (0.14 mg
/1) was observed below Ternopil in summer. This indi-
cates that the river water is contaminated with waste-
water regularly, often municipal wastewater that is not
treated sufficiently.

Concentrations of NH," ions in the water of the
River Seret range from 0.09 to 0.92 mg / dm?. It should
be noted that in the summer season the concentration of
ammonium nitrogen is higher. The study of the content
of phosphate ions shows an increase in their quantity
below Ternopil and emphasizes the fact of the phos-
phates supply with wastewater in Ternopil city.

Concentrations of chloride ions range from 11.4 to
35.4 mg/ dm’. The tendency of increasing Cl — ions in
the summer season is noted. In addition, the increase
of the chloride ion fraction from 28.50 mg / dm? in the
Seret River above Ternopil city to 35.4 mg / dm? in
the Seret River — below Ternopil city is clearly visible.

2. Gross metal content in the water of the Seret River.

We have determined the gross concentrations of
manganese, zinc, copper, plumbum and cadmium in
the water of the Seret River above and below Ternopil
(table 2).

Table 2. Total metal content in the Seret River water (M+m, n=5)

Spring Summer
Metal
Above Below Above Below
Ternopil Ternopil Ternopil Ternopil
Zn 0.015+0.006 0.019+0.004 0.020+0.005 0.018+0.002
Mn 0.019+0.003 0.025+0.003 0.023+0.003 0.045+0.003
Cu 0.0008+0.0002 0.0009+0.0002 0.0006+0.002 0.0015+0.001
Pb 0.009+0.002 0.011+0.003 0.009+0.002 0.015+0.002
Cd 0.003+0.001 0.007+0.002 0.007+0.001 0.009+0.002

The level of zinc in water varies within a fairly
narrow water range from 0.025 to 0.030 mg / dm?.
However, there may be a risk of accumulation of metal
by hydrobionts and their chronic poisoning. Its toxicity
is caused by antagonism with other heavy metals.
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The concentration of manganese in the water of
the river Seret varied from 0.019 to 0.045 mg / dm?.
There was a sharp increase in Mn content in the summer
below Ternopil. The high content of manganese can
be caused by the relatively low oxygen content during
this period, which causes the inflow of metal from the
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bottom sediments due to recovery (under conditions
of oxygen deficiency), the good water solubility of
its compounds, their low complexing ability and high
migration capacity.

Manganese can pose a significant danger to
hydrobionts due to the high mobility of the metal and
the relatively high level of "free" ions that have the
greatest toxicity.

There is a noticeable increase in the concentration
of cuprum in the Seret River basin below Ternopil city
during the summer season. Lead content in river water
was in the range 0.009-0.015 mg / dm3. The maximal
concentration of metal was observed in the summer
season in the formation below the city and exceeded
the background level by 1.5 times.

The cadmium concentration in the river Seret var-
ied from 0.003 to 0.009 mg / dm?. The minimal con-
centration of metal was observed in the spring season
above Ternopil, and the maximal — in the summer in
the river bed below the city.

In general, the series of metals distribution in the
water of the Seret River is as follows Mn — Zn — Pb
— Cd — Cu.

3. Features of metal accumulation by mollusks.

Bivalve mollusks are one of the functional parts
of aquatic ecosystems through which the flows of
microelements pass. According to the method of
feeding they are referred to as filters. The mollusk
20-30 mm long passes 1.5-2.0 1 of water a day. As a
result, mollusks help to purify water and accumulate

various metals in soft tissues, including toxic ones
(Anawar, 2020).

The penetration of heavy metal ions into the body
of aquatic animals and their accumulation depend on
many external and internal factors. The molecular mech-
anisms of this process are still understood poorly. It is
only known that in general the penetration of heavy
metal ions into the body of aquatic organisms includes
the following stages: binding to the mucous epitheli-
um; transport across the apical membrane; penetration
of metal through the basolateral membrane, at the level
of which the regulation of flow takes place; transpor-
tation of metals by blood flow to all parts of the body.
The liver, being one of the main organs involved in
important metabolic processes, and in which there is
a detoxification of a number of harmful substances, is
characterized by a high ability to accumulate metals
(Neiko, 2003; Khochachka, 2002).

The accumulating ability of hydrobionts is usually
expressed by bioaccumulation coefficient (K), which
reflect the ratio of metal content in the body to its
content in the environment (water, soil):

K=Cm/Cw, (1)

where Cm and Cw are the metal concentrations in
the mollusc tissues (mg/kg) and the metal concentrations
in the water, mg/dm’. The obtained data made it possible
to calculate the bioaccumulation rates of heavy metals
by shellfish with respect to water (Nasrabadi, 2015).

Data on the accumulation of individual metals in
the liver of bivalve mollusk Unio pictorum L. caught
in the River Seret are presented in the table 3.

Table 3. The content of metals in the liver of the bivalve mollusks Unio pictorum L. (mg / kg of wet tissue)

Spring Summer
Metal Above Ternopil Below Ternopil Above Ternopil Below Ternopil
Zn 31.5 32.6 33.7 29.9
Mn 11.5 12.6 13.7 31.9
Cu 1.5 1.2 1.7 34
Pb 0.5 0.6 0.7 1.4
Cd 0.55 0.7 0.75 0.8

The analysis of the results indicates a rather high
level of zinc accumulation (29.9-33.7 mg / kg) in the
liver of molluscs and the absence of seasonal features
of the accumulation of this metal in the liver of mol-
luscs. The manganese content was slightly lower com-
pared to zinc. However, a positive correlation should
be noted between the concentration of manganese in
water and the tissues of Unio pictorum L. Thus, the
maximal concentrations of Mn in both water and in
the liver of mollusks were observed in samples taken
from the Seret River below Ternopil.

Our data suggest that increasing the concentration
of copper ions in water leads to an increase in their con-
tent in the liver of bivalve molluscs. Thus, the maximal
amount of metal was accumulated by molluscs caught
in the Seret River in the summer below Ternopil. It is
obvious that there is a positive correlation between
the metal content in water and in the liver of molluscs,
which is confirmed by the bioaccumulation coefficient.

The study found a relatively small amount of ac-
cumulated lead by the mollusc liver. The metal content
ranges from 0.5 to 1.4 mg / kg of wet tissue. It should
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be noted, that the increase in the amount of accumu-
lated metal in the summer in molluscs selected below
Ternopil, which is confirmed by the coefficient of bio-
accumulation (k = 93.3). Obviously, this is due to the
inflow of insufficiently treated wastewater into the river.

The analysis of the obtained results showed that the
amount of cadmium in the liver of Unio pictorum L.
tends to increase slightly in molluscs that were caught
below Ternopil. The metal content in the liver of aquatic
organisms varied in the range of 0.55-0.80 mg / kg, and
the bioaccumulation coefficient ranged from 89 to 183.

In general, the series of metal accumulation in the
tissues of the molluscs of Unio pictorum L. has the
following form Zn — Mn — Cu — Pb — Cd. The
accumulation of heavy metal ions by molluscs is an
active and regulated process, which depends on both
the physicochemical features of the environment and
the physiological and biochemical activity of the body
of the hydrobionts.

The coefficients of heavy metal bioaccumulation
are have the following form Zn> Cu> Mn> Cd> Pb
(table 4).

Table 4. Metal bioaccumulation coefficients by bivalve mollusc Unio pictorum L.

Spring Summer
Metal Above Ternopil Below Ternopil Above Ternopil Below Ternopil
Zn 2100 1716 1685 1661
Mn 605 504 595 709
Cu 1875 1333 1833 2266
Pb 56 59 78 93
Cd 183 100 107 89

Consequently, molluscs accumulate significant
amounts of metals, and bioaccumulation factors can in-
dicate both the contamination of the environment with
these metals and their accessibility to hydrobionts. In
general, a positive correlation can be observed between
the content of metals in the liver of bivalve molluscs
and their content in water.

4. Prediction of bioaccumulation of metals by eco-
nomic and mathematical modelling methods.

On the basis of the input data presented in table 3,
we model the ecological situation based on the theory
of Markov chains for the short term. The calculations
will be made using Matlab.

Incoming data:

Metal Zn Mn

Cu Pb cd

Spring/above Ternopil city 2100 605

1875 56 183

Construct a matrix of metal bioaccumulation
coefficients in Matlab.
>>A =[2100 605 1875 56 183]
A=
2100 605 1875 56 183
Find the sum of the metal bioaccumulation coef-
ficients: 4819
>>C =[4819 4819 4819 4819 4819]
C=
4819 4819 4819 4819 4819
Find the probabilities (the proportion of metal
bioaccumulation coefficients):
>>rdivide(A,C)
ans =
0.4358 0.1255 0.3891 0.0116 0.0380
Form a transition matrix:
>>B =[0.4358 0.1255 0.3891 0.0116 0.0380; 0.1255
0.3891 0.0116 0.0380 0.4358; 0.3891 0.0116 0.0380
0.4358 0.1255; 0.0116 0.0380 0.4358 0.1255 0.3891;
0.0380 0.4358 0.1255 0.3891 0.0116]
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0.4358 0.1255 0.3891 0.0116 0.0380
0.1255 0.3891 0.0116 0.0380 0.4358
0.3891 0.0116 0.0380 0.4358 0.1255
0.0116 0.0380 0.4358 0.1255 0.3891
0.0380 0.4358 0.1255 0.3891 0.0116

We will assume that the starting point of time (2015)
will be found by system in the state S. The probability
of the state p ,, = 1. Write the vector of initial states p;
=(1;0; 0; 0; 0).0.0116 0.0380 0.4358 0.1255 0.3891

0.0380 0.4358 0.1255 0.3891 0.0116

We will assume that the starting point of time (2015)
will be found by system in the state S . The probabili-
ty of the state p 0= 1 Write the vector of initial states
P, = (15 0; 0 0; 0).

The implementation of the simulation will be
presented in the Matlab software (Fig. 1).
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Fig.1. Visualization of modeling of metal bioaccumulation coefficients based on Markov processes in Matlab software.

Now we predict the coefficients of bioaccumula-
tion of metals in the near future. The forecasting data

implemented in the Matlab software environment will
be written in the table 5.

Table 5. The results of predicting the bioaccumulation of metals are implemented in Matlab.

P, P, P, P, P,
K=1 0.4358 0.1255 0.3891 0.0116 0.0380
K=2 0.3586 0.1250 0.1956 0.1956 0.1250
K=3 0.2551 0.1579 0.2494 0.1674 0.1702
K=4 0.2364 0.1769 0.2049 0.2049 0.1769
K=5 0.2141 0.1858 0.2133 0.1933 0.1936
K=6 0.2002 0.1933 0.2021 0.2021 0.1933
K=7 0.2038 0.1957 0.2037 0.1984 0.1984
K=8 0.2024 0.1981 0.2007 0.2007 0.1981
K=9 0.2010 0.1988 0.2010 0.1996 0.1996
K=10 0.2007 0.1995 0.2002 0.2002 0.1995
K=11 0.2003 0.1997 0.2003 0.1999 0.1999
K=12 0.2002 0.1999 0.2001 0.2001 0.1999
K=13 0.2001 0.1999 0.2001 0.2000 0.2000
K= 14 0.2001 0.2000 0.2000 0.2000 0.2000

The results show that in the simulation of the
ecological situation of metal bioaccumulation by bivalve
mollusc Unio pictorum L. in water with the biggest
probability of 0.44 will be a Zn concentration in the
amount of 2100, but we see that after 9 seasons, samples
of metals in the studied reservoir with a probability of
0.2 will be the Zn concentration and approximately the
same volume will be the concentration of Cu metal in
the reservoir, and metals such as Pb and Cd will have
approximately the same probability of 0.19, according

to the modelling that we presented in the table 5. Next
season, the share of Zn in the reservoir will have a
probability of 0.2007. In the eleventh and twelfth
seasons, the largest share of the metal concentration
in the reservoir will have Zn metal, and the smallest will
be the concentration of Mn metal in the reservoir. The
use of economic and mathematical modelling to predict
the concentration of metals in the studied reservoir will
prolong the dynamics of previous studies to prognose
the results.
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On the basis of the input data presented in the Table
3, we model the economic situation based on Markov
chain theory for the short term and how many years

the situation will stabilize. The calculations will be
made using Matlab.
Incoming data:

Metal Zn

Mn

Cu Pb Cd

Summer/above of Ternopil city 1685

595

1833 78 107

Construct a matrix of metal bioaccumulation
coefficients in Matlab.
>>A =[1685 595 1833 78 107]

A =
1685 595 1833 78 107
Form a vector of sums:

>>C = [4298 4298 4298 4298 4298]

C=
4298 4298 4298 4298 4298

Find the probabilities (the proportion of metal
bioaccumulation coefficients):
>>rdivide(A,C)
ans =
0.3920 0.1384 0.4265 0.0181 0.0249
Form a transition matrix:
>>B =10.3920 0.1384 0.4265 0.0181 0.0249;
0.1384 0.4265 0.0181 0.0249 0.3920; 0.4265 0.0181
0.0249 0.3920 0.1384; 0.0181 0.0249 0.3920 0.1384
0.4265; 0.0249 0.3920 0.1384 0.4265 0.0181]
B=
0.3920 0.1384 0.4265 0.0181 0.0249
0.1384 0.4265 0.0181 0.0249 0.3920
0.4265 0.0181 0.0249 0.3920 0.1384
0.0181 0.0249 0.3920 0.1384 0.4265
0.0249 0.3920 0.1384 0.4265 0.0181
We will assume that the starting point of time (2015)
will be found by system in the state S;. The probability
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of the state p 0=1 Write the vector of initial states p
0= (1; 0; 0; 0; 0).

We now predict the bioaccumulation coefficients
of metals until the situation stabilizes.

1 step value:

>>p=[10000]

p=
1 0 0 0 0

2 step value:

>>pl = [p*B]

pl=

0.3920 0.1384 0.4265 0.0181 0.0249
3 step value:
>>p2 = [pl*B]
p2 =

0.3557 0.1312 0.1909 0.1909 0.1312
4 step value:
>>p3 = [p2*B]
p3=

0.2457 0.1648 0.2518 0.1669 0.1705
5 step value:
>>p4 = [p3*B]

The fragment of metal bioaccumulation coefficient
prediction is shown in the Matlab software environment

(Fig. 2).
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Fig. 2. Visualization of the forecasting fragment of the bioaccumulation metal coefficient states in the Matlab software environment.

466



Humeniuk H. B., Khomenchuk V. O., Harmatiy N. M., Chen L. B.

Geol. Geograph. Geoecology, 30(3), 460—469

And so we will carry out modeling to level the metal ratio in the reservoir. The simulation results are

probable state of the ecological system, i. e. the optimal

presented in table 6.

Table 6. The results of the metal bioaccumulation predicting are implemented in Matlab.

P, P, P, P, Ps
K=1 0.3920 0.1384 0.4265 0.0181 0.0249
K=2 0.3557 0.1312 0.1909 0.1909 0.1312
K=3 0.2457 0.1648 0.2518 0.1669 0.1705
K=4 0.2338 0.1798 0.2031 0.2031 0.1798
K=5 02113 0.1883 02125 0.1931 0.1943
K=6 0.2079 0.1944 0.2014 0.2014 0.1944
K=7 0.2028 0.1965 0.2030 0.1983 0.1987
K=8 0.2018 0.1984 0.2003 0.2003 0.1984
K=9 0.2006 0.1989 0.2006 0.1994 0.1995
K=10 0.2003 0.1994 0.1999 0.1999 0.1994
K=11 0.2000 0.1995 0.2000 0.1997 0.1997
K=12 0.1999 0.1997 0.1998 0.1998 0.1997
K=13 0.1998 0.1997 0.1998 0.1997 0.1997
K=14 0.1998 0.1997 0.1997 0.1997 0.1997
K=15 0.1997 0.1997 0.1997 0.1997 0.1997
K=16 0.1997 0.1997 0.1997 0.1997 0.1997

The results of the simulation implemented in the Matlab software are presented in Fig. 3.
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We compare the results of forecasting the probable
state of metal concentration in the reservoir for the
periods of spring / above Ternopil and summer / above

Ternopil,

The analyzing samples for spring modeling results
indicate th

Zn conce

Fig. 3. Visualization of metal bioaccumulation coefficient forecasting in the Matlab software

concentration will be approximately at the same level,
and metals such as Pb and Cd will approximately
equally amount to 0.19. At the same modelling step
for the summer period, the probable state of metal
bioaccumulation is as follows: Zn — 0.2006, Mn —
0.1989, Cu—0.2006, Pb — 0.1994, Cd — 0.1995. Thus,
the reservoir will contain the most metals such as

which are presented in the tables 5 and 6.

at after 9 seasons in the studied reservoir
ntration will more likely to be 0.2 and Cu
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Zn, Cu with a probability of 0.2206, a slightly lower
Mn concentration, then Cd with a probability of
bioaccumulation of 0.1995 and Pb — 0.1994.

The modelling results of probable state of metal
bioaccumulation in the spring show that in the 10"
season of water sampling, the same trend in the eleventh
and twelfth seasons, the highest metal concentration in
the reservoir will be Zn, and the lowest — Mn. During
the summer, the situation with the probable state of
metals at 10 and 11 steps of the simulation shows the
highest bioaccumulation of metals such as Zn and
Cu with coefficients 0.2003 and 0.1999 respectively,
lower Mn concentration (0.1994) and higher Pb
concentration (0.1999), and Cd at levels of Mn (0.1994).
Comparing the results for spring and summer, it can
be stated that the probability of optimal value of metal
bioaccumulation in spring will be reached at the step
14, and in summer at the step 15 of the study, taking
to account that the heavy metal ion accumulation by
molluscs is an active and regulated process.

Conclusions.

The chemical composition of the river Seret waters
formed by the influence of a number of factors, but
seasonal and anthropogenic factors play a dominant
role. In the spring season, a number of hydrochemical
indicators (pH, water hardness, concentrations of
NO,, NH,", Cl-and ions metals) have lower values than
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Received: 14.03.2021 Abstract. The article presents the generalized results of chemical composition research of
Received in revised form: 27.03.2021 waters from Inhulets and Saksahan rivers on the territory adjacent to the Northern and Inhulets
Accepted: 29.06.2021 mining and processing plants in the period of 1980-2020. Mining in Kryvyi Rih is connected

with pumping of underground waters (mine and quarry), which have an abnormal chemical
composition, high mineralization and contain high concentrations of microcomponents. The following scheme of mine water utilization is
used in the Kryvyi Rih iron ore basin: the mines of the northern part of Kryvbas discharge water into the tailings dam of Northern Iron Ore
Dressing works (Northern GZK); mines of the southern part discharge mine waters into the storage pond of the Svistunov creek during the
year, and in the winter its waters are discharged into the Inhulets River with subsequent washing of the river in the spring-summer period.
Such treatment of mine and quarry waters has led to the formation of a hydrochemical anomaly on the territory of Northern GZK with the
center in the tailings. The mineralization of water in the pond reaches 23 g /1(2020). There is a high content of microcomponents: lead,
cadmium, vanadium, manganese, boron, bromine, nickel, mercury, thiocyanates. As a result, the mineralization of the Saksahan River water
increases over time (up to 5.4 g /1), the content of microcomponents also increases and becomes quite high. Prolonged use of the Inhulets
River for utilization of mine water from the Svistunov creek storage pond has led to a change in the type of water: instead of type II (river
water), Inhulets water belongs to the type III (metamorphosed waters). There are no regularities in the change of chemical composition
of water (hydrochemical regime) in Inhulets, which is a consequence of the introduction of the scheme "discharge — flushing" for the
disposal of mine water. Among the microcomponents in the water of Inhulets there is an increased content of vanadium, boron and bromine
(7-8 times), single excess of lead content. The analysis of equilibria in the carbonate-calcium system of the Inhulets and Saksahan rivers
confirmed that the existing hydrochemical regime for the studied rivers is stationary, thus, the environmental measures implemented
will not have rapid consequences.

Keywords: Kryvorizkyi Iron Ore Basin, rivers, Inhulets, Saksahan, mine waters, chemical composition of water, monitoring

Bbararopiyni 3MiHK XiMiYHOTO cKiIaxy Boau pidok Inrysens Ta Cakcaranb y Mexax Kpusopizbkoro
3asizopyaHoro 0aceiiny (1980-2020 pp.)

B. K. Xinsuescekuit', H. IT. IllepcTrok?

1Kuiscokui Hayionanvruil yHisepcumem imeni Tapaca Illesuenxa, Kuis, Ykpaina, e-mail: hilchevskiy@ukr.net
2/[ninposcoruii nayionanvhuil yuieepcumem imeni Onecs Ionuapa, ninpo, Yxpaina, e-mail: sherstuknp@gmail.com

AHoTauisi. Y cTaTTi HaBeJCHO y3araibHeHi pe3yIbTaTH JOCHiKEHb XIMITHOTO CKJIa Iy BOAU pidok IHTynenp Ta Cakcaranb Ha TEPUTODI,
npwitentiii o [TiBHigHOTO Ta [HTYIIebKOT0 TipHIY0-30aradyBaabHIX KOMOiHATIB y iepion 1980-2020 pp. BuzoOyTok KOpHCHUX KOTIATHH
y KpuBopizxoki oB'ss3aHuii 31 BiIkadyBaHHSM IT1I3eMHHX BOJ (IIAXTHUX Ta Kap'€pHUX ), sIKi MAIOTh aHOMAIIbHUN XIMIYHUH CKIIa]l, BHCOKY
MiHepati3alito Ta MiCTSTh BUCOKi KOHIICHTPaLlii MiKpOKOMIIOHEHTIB. Y KpuBOaci 3acTocoBaHa HACTYITHA CXeMa yTUITi3aLlii IaXTHUX BOJ:
IaxTH MiBHIYHOT yacTuHH KprBOacy cCKuiaroTh Boau y XxBocTocxopuiie [liBHIYHOTO ripHIY0-30aradayBaibHOro komOiHaty (I1iBuI 3Ky);
IIAXTH MiBICHHOI YaCTHHH CKHJIAIOTh IIAXTHI BOJH y CTaBOK-HAKONM4YyBad Oanku CBUCTYHOBA BIIPOJIOBK POKY, a B 3MMOBHM IEPioj
BOJIM 3 HBOTO CKUJIAIOTHCS B P. [HIYJICIb 3 MOJANIBIIOK TPOMUBKOIO PIUKH y BECHSIHO-JITHIN 1epios. Take MOBOIKEHHS 3 HIAXTHUMHU
Ta Kap'epHUMH BOJAMH NpU3BeNo 10 (opMmyBaHHS Tigpoximidnoi aHomainii Ha tepuropii I1iBHI 3Ky 3 menTpom y XBOCTOCXOBHIII.
Minepautizarist Boau y craBky gocsirae 23 r/am® (2020 p.), BiI3HAYa€THCSI BACOKHI BMICT MiIKpPOKOMITOHEHTIB: CBUHIIIO, K /IMif0, BAHAIIIO,
Maprasigio, 6opy, 6pomy, HiKewro, pTyTi, TioliaHatiB. BHacminok, mporo y Bozi p. CakcaraHb 3 4acOM ITiABUIYE€THCS MiHEpaTi3allis BOXH
(mo 5,4 t/mm®), BMICT MIKpOKOMITOHEHTIB TaKOX 3pOCTAa€ 1 CTAE JOCHTh BHCOKHAM. TpuBajiec BUKOPHUCTAHHS p. [HTymensb s
yTHiTi3amii MaXTHUX BOA 31 CTaBKa-HaKoNMudIyBada Oanky CBHCTYHOBA IPU3BENO N0 3MiHH THITy BOgW: 3amicte Il Tumy (piukoBi
Bomy) iHTynenbka Boma Mae Il tum (Bomu MeramopdizoBaHi). He mpocimigKoBYyIOTECS 3aKOHOMIPHOCTI Y 3MiHI XiMIYHOTO CKIIaIy
BOIM (TiIpOXiMIUHHI pekuM) y p IHrymens, oo € HacIiAKOM BIPOBA/UKEHHS CXEMH “‘CKMI — MPOMHBKA’ UL yTHIIi3amii MaXTHUX
Box. Cepel MIKpOKOMITOHEHTIB Yy BOJI IHTyIIbIs Bifi3HAYAE€THCS MTiABUIICHUI BMICT BaHaAiio0, 60py i 6poMy (y 7-8 pa3iB), MOOANHOKI
NIePEBUINCHHS BMICTY CBUHIIIO. AHAIII3 piBHOBAr y KapOOHATHO-KaJIbIIi€BIH cucTeMi pidok [Hryners Ta Cakcaranb i TBEPANB, IO IS
JOCJIDKYBAHUX PIUOK iCHYIOUMI TiAPOXIMIYHUN PEXXUM € CTAIllOHApPHUM, TOMY IPHPOJOOXOPOHHI 3aXO0/IH, 1[0 BIPOBAHKYIOTHCS, HE
MaTUMYTh IIBUIKUX HACIIKIB.

Knrouosi cnosa: Kpusopizvkuii 3anizopyonuil bacetin, piuku, Ineynreys, Cakcaeans, waxmmui 600U, XiMiyHull CK1a0 800U, MOHIMOPUHE.
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Introduction

Iron ore mining in the Kryvorizkyi Iron Ore Basin
has been going on for over 130 years. Currently, the pro-
cedure is performed by mining and quarrying with man-
datory drainage. The long-term problem of Kryvyi Rih
is that groundwater pumped from mines and quarries has
a high mineralization — up to 160 g/ 1 (Batkivshchyna
mine) (Haletskyy, 2014).

The mine water is pumped by pumping stations
from the southern mines’ group to the south (12—13
million m? / year) and pumped entirely to the storage
pond of mine water in the Svistunov creek for their
temporary accumulation and subsequent discharge in
the intervegetation period into the river Inhulets. After
the mine water is discharged, the bed of the Inhulets
River is washed with water from the Karachunivsky
Reservoir, where the water is supplied by the Dnipro-
Inhulets Canal (Sherstiuk, 2016).

Mine waters are pumped north (3.0-4.0 million
m?® / year) from the northern group of mines into the
tailings of the Northern Mining and Processing Plant
(MPP), where it is used in the plant's circulating wa-
ter supply cycles.

According to any scheme, as a result of pumping
mine water, hydrochemical anomalies are formed on
the earth's surface. In the Svistunov creek, the accumu-
lated mineralization of water reaches 38 g/ 1. Waters
of the northern group of mines with mineralization up
to 45 g/ | are discharged into the tailings pond of the
Northern MPP, as a result of which the mineralization
of water in the circulating water supply pond reaches
20 g/ 1. The Inhulets and Saksahan rivers are in close
proximity to the territory of iron ore mining, benefici-
ation and processing.

The aim of the study

The aim of the study is to analyze changes in the
chemical composition of the Inhulets and Saksahan
rivers, located in the region of mining industry, for the
period of 1980-2020. During this time, many environ-
mental measures have been implemented in Kryvyi Rih
region, that must have brought positive changes to the
chemical compound of rivers water.

Materials and methods of research

The initial data for the study are the results of chem-
ical analyzes of water samples taken by the state enter-
prise "Ukrchormetgeologiya". To process the results of
chemical analyzes of water samples, researchers used
traditional methods for determining the type of wa-
ter by Kurlov and Alekin. Equilibria in the carbonate-
calcium system of river waters are estimated according
to the known thermodynamic schemes (Khilchevskyi,
Osadchyi, Kurylo, 2012). Graphic constructions are

made both in the forms of traditional for hydrochemi-
cal researches and in the forms proposed by the authors.

The theoretical basis of the research is a systemat-
ic approach to the study of landscapes and its compo-
nents, which are natural waters. An important feature
of the landscape — coherence follows from the system
approach, that is the correspondence of its various com-
ponents to each other (Perelman, 1999).

The coherence (system unity) of the landscape de-
termines the presence of feedback on the migration
of atoms, which determines the integrity and qualita-
tive originality of the landscape, and the existence of
self-regulation in it. The components of the landscape
interact each other and strive for a state in which the
consumption of matter, energy and information would
be equal to their receipt. As a result, the landscape is a
self-regulating system, which in conditions of constant
supply of matter and energy seeks to achieve a stable
state. This possibility is provided by the fact that the
landscape consists of subsystems that have feedback.
Subsystems, in turn, function as systems with autoreg-
ulation, and this quality gives the macrosystem -land-
scape — a significant susceptibility to internal and ex-
ternal impulses.

In the landscape, the processes of self-organization
determine the durability, stability of the structure and
functions, their preservation when changing external
conditions. If a certain natural or natural-technogenic
system has reached a steady state, then according to the
principle of Le Chatelier, it seeks to change in such a
way as to minimize the effect of external influences. It
is necessary to take into account such stationary states
both for the analysis of the existing hydrochemical sit-
uation and for the design of environmental measures.
A non-stationary system in which equilibria have not
yet been established is easier to manage than a system
with stationary hydrochemical processes.

Systematic approach in the study of natural systems
known as "centralized", which have a characteristic
"structural center", is extremely important. In natural
and natural-technogenic landscapes, the structural cen-
ter determines the geochemical features of landscapes
of lower hypsometric levels. In Kryvyi Rih region, the
highest hypsometric marks are most often found in tail-
ings, which are a geochemical anomaly and cause the
formation of geochemical halos in landscapes.

Results and analysis

Currently, about 300 deposits of rich ores are known
in Kryvorizkyi Iron Ore Basin, which are united in 25
deposits within the basin. Some of them have already
been worked out. In total, 5.5 billion tons of iron ore
have been extracted since the beginning of industrial
development of the Kryvorizkyi Iron Ore Basin sub-
soil, and another 231.6 million tons have been explored
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in the depth range from 1500 to 2000 m. The average
iron content in them is 53.83 %. Currently, in mines
with underground extraction of raw materials, work is
carried out in the depths of 800-1350 m, and prepa-
ratory work — in the limit depths for the current tech-
nology. At the beginning of the XXI century the basin
contained 9 mines, 5 mining and processing plants that
conduct ore mining in 9 quarries.

To increase the iron content in the final product
(iron ore concentrate and pellets) to 60—66 %, the tech-
nological scheme of magnetite quartzite enrichment is
used. Enrichment waste or tailings (pulp) are stored in
tailings hydraulically.

Hannivekyi guarry

Pervomalsky
quarry

veseli Terny
village

Tailings dam of
Northren Iron Ore

Deressing works

Tailings are usually arranged in depressions — gorg-
es, ravines, depressions at a distance of several kilome-
ters from the concentrator. The tailings pond is fenced
off by a dam, which is washed away from the tails and
additionally strengthened. It gradually settles the sol-
id phase of the "tails", sometimes with the help of re-
agents that are added specifically — coagulants and floc-
culants. Settled waters are accumulated in circulating
water ponds, is treated and discharged into local wa-
ter bodies or returned to the concentrator for reuse in
technological processes (Sherstyuk, 2011).

The natural-technogenic complex of the Northern
MPP includes a tailings pond and a section of the
Saksahan River (Fig. 1).

Saksahan
river

Symbols

Py
( 3‘) Observation Point

Fig.1. Map of Saksahan river in the district of Northern Iron Ore Processing Plant in Kryvbas with observation points for chemical
composition of river water (downstream) No. 1 — Motyna creek; No. 2 — the first water meter post; No. 3 — the second water meter
post; No. 4 — Veseli Terny village

472



Khilchevskyi V. K., Sherstiuk N. P.

Geol. Geograph. Geoecology, 30(3), 470—479

The Northern MPP tailings pond has been oper-
ated since 1963. The main dam of the Northern MPP
tailings pond is located at a distance of 2.5 km from
the mouth of the Petrykov creek, which flows into the
Saksahan River. Also, in Petrykov creek along the outer
contour of the right-bank enclosing dam, tailings, two
emergency tanks were created: the first one is in the
western part and the second one is in the northern part
of the tailings. The area of the tailings pond is 1295 ha
(of which the tailings pond itself is 980.0 ha, the circu-
lating water pond is 315.0 ha). The length of the tail-
ings pond is 17.3 km (tailings pond — 11.0 km, circu-
lating water pond — 6.3 km). The contour of the tailings
pond is closed by a 1.2 km long dividing dam, which
separates the circulating water supply pond from the
tailings pond itself. In addition to sludge pulp, quarry
water (2.5 million m?® / year), mineralization mine wa-
ter (5.5 million m® / year), wastewater from treatment
plants (36.15 thousand m* / year), and precipitation are
discharged into the tailings pond, and surface filtration
waters that were made from drainage systems built
around the storage. (Sherstyuk & Khilchevskyi, 2012).

The water in the tailings is going through the closed
cycle: the pulp (tails and water) comes from concen-
trators; the pulp is distributed on alluvial maps; after
settling the tailings, the water enters the compartment
where the pond of the circulating water supply is lo-
cated, where it is fully lit and pumped to the concen-
trator for reuse.

To replenish the volume of the plant's circulating
water supply system, quarry water from the Pervomaisky
and Hannivsky quarries of the Northern MPP, as well
as the water from the northern group of Kryvbas mines
is constantly supplied to the tailings pond.
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In low water years, the volume of the circulating
water supply system can be replenished by attract-
ing domestic wastewater from the northern aeration
station of the Kryvyi Rih and water supply from the
Saksahan River from the shore pumping station of the
plant. (Optimizatsiia ..., 2017)

With a closed water supply scheme of the plant in
the tailings pond, an excess of return water is periodi-
cally formed. In order to avoid emergencies, the com-
pany periodically discharges excess return water into
the Saksahan River.

The excess of return water from the tailings into
the Saksahan river is discharged by two water outlets,
which are located on the right bank of the river, 48 and
50 km from its mouth, respectively, downstream from
the Serhiyivka village. (Optimizatsiia ..., 2017).

In 2010, the water-salt balance of the tailings was
calculated (Sherstyuk & Khilchevskyi, 2012) and it
was concluded that under the current regime of dis-
charges into the tailings, the mineralization of water
in the pond of circulating water supply will increase.
The data availability after 2010 allowed to assess the
trend of changes in mineralization and chemical com-
position of water. As of 2020, the salinity of water in
this pond reached 23.4 g /1, water type CI"* . Since
the most important hydrochemical process in the tail-
ings is mixing, it is advisable to assess the tendency
of water mineralization to change the rate of circulat-
ing water supply over time. The regression equation
has the form of:

M = 0.93X + 4975 (R> = 0.81), (1)

where X is the day from the beginning of discharg-
es into the mine water reservoir — 1978 (Fig. 2).

date

19.05.2007
08.11.2012

26.11.2001
01.05.2018

Fig. 2. Change of water mineralization in the pond of circulating water supply in the tailings of the Northern Iron Ore Processing
Plant during 19802020 and the corresponding trend, Kryvbas
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The equation allows to identify the main trend of
change in water mineralization in the circulating water
supply rate and to estimate its intensity. Continuation
of this mode of the tailing use with the discharge of
mine water with a salinity of 40-44 g /1 will further
lead to an increase in water salinity by 340 mg / | per
a year. It should be noted that the regression equation
is not predictive, but only allows to estimate the direc-
tion of the process. A more accurate forecast of chang-
es in the chemical composition of water in the rate of
circulating water supply of the tailings can be made
on the basis of the calculation of water-salt balance.

It should be noted that the water rate of the reversible
water supply of the tailings also has an increased content
of microcomponents: lead, cadmium, vanadium, man-
ganese, boron, bromine, nickel, mercury, thiocyanates.

The microelement composition of the current enrich-
ment waste of the Northern MPP in the non-magnetic
fraction is more than 0.03 mm (g / t): manganese — 700;
lead — 4; vanadium — 6 (Gubina & Zaborovskyj, 2015).

According to research (Savosko, 2016), the aerial
emission of heavy metals of the Northern GZK from the
activities of quarries, concentrators, tailings is: manga-
nese 26.9 t / year, nickel — 537.1 kg / year, lead — 574
kg / year, cadmium — 5.1 kg / year.

Thus, heavy metals enter the tailings water from
the tailings. Microcomponents such as boron and bro-
mine enter the tailings pond with mine waters.

Saksahan river. Saksahan flows in the southeast-
ern part of the Dnipro Upland. The left tributary of
the Inhulets belongs to the category of small rivers. Its
source is located near the Malooleksandrivka village of
the Upper Dnipro district of the Dnipropetrovsk region
at an altitude of 153 m above sea level. In the middle of
the twentieth century the length of the Saksahan River
was 144 km, the area of the basin was 2025 km. The
river has an unbranched channel, its predominant width
is 20—40 m (except for the Kresivske and Makortivske

reservoirs). The flow velocity is negligible. The river
has undergone significant changes as a result of the
development of the mining industry. Since 1953, the
mining industry began to develop intensively, new
quarries were laid, namely the quarry of the Central
Mining Company MPP. To organize its operation, the
downstream of the Saksahan river was directed into
an underground tunnel with a diameter of 3.5 m and a
length of 5.32 km. As a result, Saksahan flows into the
Inhulets 1.43 km below its natural mouth (Sherstiuk &
Khilchevskyi, 2012). Currently, the length of the river
is 140 km, the area of the basin is 1970 km?.

At the research site on the Saksahan River, which
is 25 km long, there are 4 observation points (OP) for
the chemical composition of river water (from top to
bottom): OP No. 1 — Motyna creek; OP No 2 — the first
water meter post; OP No 3 — the second water meter
post; OP No 4 — Veseli Terny village (see Fig. 1).

It should be noted that the right bank of the
Saksahan river is located at a distance of 2.5 km from
the tailings of the Northern MPP, which has a high
(135 m) absolute mark and is the geochemical center.
In addition, the Saksahan runoff is artificially blocked
in accordance with the Thulets river washing regula-
tions (during the irrigation season) (Indyvidualnyi re-
hlament ..., 2018). Significant changes in the hydro-
logical regime of the river (construction of reservoirs,
discharges of excess water from the tailings, runoff)
have a decisive influence on the formation of the wa-
ter chemical composition.

In the river Saksahan — OP No 1 (Motyna creek)
there is a constant increase in water mineralization from
1.1 g/1in 1980 to 4.2 g/11in 2020 (Table 1). The lin-
ear approximation of this process is well described by
the linear equation:

M=0.19X + 1389.1 (R2=10.84),
X — day, since 1987.

2

Table 1. Change in mineralization and hydrochemical type of water in the river Saksahan during 1980-2020.

Observation point Mineralization of water, g/l Hydrochemical type of water

On Saksahan river 1980 p. 2020 p. 1980 p. 2020 p.
OP No 1 — Motyna creek 1.1 42 Se She
OP No 2 — the first water meter post 1.7 5.4 SN h
OP No 3 — the second water meter post 1.8 4.0 SN SN
OP No 4 — Veseli Terny village 1.7 3.6 St SMe [ CINV

The type of water gradually changes from S
to S™ , with a tendency to precipitate CaCO, and the
carbonate system reaches equilibrium. Such changes in
the chemical composition of water and in the carbonate-
calcium system indicate that the hydrochemical processes
have acquired the features of stationarity since 2010.

In the river Saksahan — OP No 2 (the first water
meter post) from 1980 to 2020 water salinity increased
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from 1.7 g/1to 5.4 g /1, the type of water in most sam-
ples remains unchanged — S™, , carbonate-calcium sys-
tem is prone to precipitation. This may indirectly indi-
cate a greater anthropogenic impact in this section of the
river than upstream (in OP No 1 — Motyna creek). The
tendency of water mineralization change in time is ap-
proximated by the linear regression equation: M = 0.26
X +1085.2 (R*=0.77) — Fig. 3 (X - days, since 1988).
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Fig. 3. Change of mineralization of water in the Saksahan river — OP No 2 (the first water meter post) in the area of Northern Iron
Ore Processing Plant, Kryvbas

In Saksahan — OP No 3 (second water meter post)
water mineralization varies from 1.8 g /11in 1980 to
4.0 g/1in 2020, water type for the whole time of S™
observations, carbonate-calcium the system is equilib-
rium. The regression equation describing the change in
mineralization over time has the form:

M=0.16 X + 1710.4 (R> = 0.65),

X — day, since 1988.

Water sampling in the Saksahan river — OP No
4 (Veseli Terny village) was performed until 2015.
From 1980 to 2015, the mineralization of river water
increased from 1.7 g /1to 3.6 g/ 1, water type varied
from S™ to SM¢ and CI™ - which reflects the com-
bined effect of the Northern MPP and Veseli Terny vil-
lage. The carbonate-calcium system is prone to precip-
itation during the predominant period of time. A num-
ber of hydrochemical observations are described by
the regression equation:

M=0.16 X+ 1479.0 (R*=0.79),

X — day, since 1987.

Regarding microelements in the water of the
Saksahan River, the content of which exceeds the max-
imal permissible concentrations (MPC) for water bod-
ies for drinking and cultural use, the same set is ob-
served as in the tailings, namely: lead, cadmium, man-
ganese, boron, bromine, nickel, mercury, thiocyanates.

As aresult, it can be noted that a stable hydrochem-
ical anomaly has formed on the territory of the Northern
Iron Ore Processing Plant. Its center is a tailings pond,
when remote from it, the intensity of increasing wa-
ter mineralization in Sakasahan decreases, and hydro-
chemical processes in the river water become equilib-
rium. Environmental protection measures in this area

)

4)

should be aimed primarily at stopping the discharge
of mine water into the tailings, their demineralization.

Inhulets river. The hydrological and hydrochem-
ical regime of the Inhulets river within Kryvbas has
been completely transformed. Intensive mining of iron
ore inevitably raises the question of pumping mine and
quarry water. Until 1993, highly mineralized mine wa-
ters were discharged directly into the Inhulets river in
volumes of 40 to 60 million m* annually (Khilchevskyi,
Kravchynskyi, Chunarov, 2012).

From 2011 to the present time, a scheme of year-
round accumulation of mine waters of the southern
group of mines in the storage pond of the Svistunov
creek with their subsequent discharge into the Inhulets
river in the intervegetation period has been introduced.
The discharge of annual surpluses of return waters of
the mining enterprises of Kryvbas in Inhulets river is
regulated by the orders of the Cabinet of Ministers of
Ukraine. (Optimizatsiia ..., 2017).

Currently, the following scheme of using Inhulets
for utilization of mine waters has been introduced: in
winter, excess Kryvbas mine water is discharged from
the Svistunov creek reservoir, which accumulates in it
during the year. In the process of discharging mine water
into the bed of the river Inhulets, through the Dnipro-
Inhulets channel, Dnipro water is supplied. After the
mine water is discharged (in the end of February), the
process of washing the Inhulets riverbed with water
from the Dnipro-Inhulets canal begins (in early April).
Flushing lasts until mid-August.

This measure makes it possible to use Inhulets wa-
ter during the growing season for irrigation of agri-
cultural lands in Snihurivsky and Vitovsky districts of
Mykolaiv region through the channels of Inhulets ir-
rigation system, which is located in the lower reach-
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es of Inhulets in Mykolaiv region. At the same time,
the Ministry of Environmental Protection and Natural
Resources of Ukraine warns: "... since August the
water of the Inhulets River has a tendency of a sharp
increase in chloride content to 1000-2000 mg /1 ..."
(Ministry of Environmental Protection ..., 2020). That
is, this scheme of water use does not fully meet the re-
quirements for water quality in Inhulets during the year.

In our study, we used the results of hydrochemical
observations in the section of the Inhulets river near the

village

Shyroka Dacha

Ore dressing
Works

Inhulets MPP, downstream from the discharge of mine
water from the Svistunov creek (Fig. 4). Hydrochemical
observations were carried out at different times in dif-
ferent observation points, so the following observa-
tion points were selected for analysis, which have the
longest and most complete series: OP No 1 — bridge;
OP No 2 — well 1726; OP No 3 — riffle; OP No 4 —
Andryivka village.

Inhulets river

Mykolaivka
village

Andryivka
village

Fig. 4. Map of the Inhulets River in the area of the Inhulets Iron Ore Processing Plant in Kryvbas with observation points for the
chemical composition of river water (downstream): No 1 — bridge; No 2 — well 1726; No 3 — riffle; No 4 — Andryivka village

The Inhulets Mining and Processing Plant was built
on the basis of the Inhulets Magnetite Quartzite Deposit
and put into operation in 1961-1966 with an annual
productivity of 18.0 million tons of raw ore. In 1967—
1970, 1975, 1986, 1997, 2004-2006, projects were
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developed and implemented aimed at increasing and
maintaining the production capacity of Inhulets MPP
with an annual program of raw ore production of up
to 34.5 million tons and the production of concentrate
up to 14.1 million tons.
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Iron ore is mined from a quarry. Quarry water is
pumped into the tailings pond with subsequent use in
the cycle of circulating water supply of concentrators
of Inhulets MPP.

The results of chemical analysis of water samples
were calculated by known methods (Khilchevskyi,
Osadchyi, Kurylo, 2012; 2019) to obtain the Kurlov’s
formula and Alekin index, equilibria in the carbonate-
calcium system were determined. It draws attention to
the fact that the vast majority of water samples from
the Inhulets river during observations (since 1990) be-
long to the chloride class, sodium group, type 1L, i. e.

are metamorphosed. Thus, the chemical composition
of water was formed as a result of mixing.

It should also be noted that at any of the observa-
tion points in the fluctuations of water mineralization
is not determined by a significant linear trend (by the
coefficient of determination). The calcium-carbonate
system is mainly in a state of equilibrium and precip-
itation, with isolated states of dissolution.

In the Inhulets river — OP No 1 (bridge) water min-
eralization varies from 1.1 g/1(1994, April)to4.3 g
/1 (April 2002) (Fig. 5), the total hardness reaches its
maximal value in September 2020 (34 mmol / 1).

5000.00
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Fig. 5. Change of mineralization of water of Inhulets river — Substation No 1 (bridge) in the area of Inhulets Iron Ore Processing

Plant, Kryvbas

Downstream in the Inhulets River — OP No 2 (well
1726) the mineralization of water in Inhulets varies from
1.7 g/1(2008, April) to 5.5 g /1 (2019, September), the
total hardness in the same time has a maximum value
of 40 mmol / I. High mineralization of Inhulets water is
observed after the completion of washing with Dnipro
water (August 10, 2019) and low rainfall in August and
September 2019.

In Inhulets river — OP No 3 (riffle) water miner-
alization varies from 1.6 g /1 (2009, May)to 5.4 g/ 1
(2019, September), with a total hardness of 40 mmol /1.

In the Inhulets river — OP No 4 (Andryivka village)
there are no such significant fluctuations of water min-
eralization as in the observation points upstream. The
water mineralization here varies from 1.5 g /1 in April
2020 to 3.1 g/ 1in September 2009. The water type in
about 40 % of samples varies from CI™  to S™ .

Among the microcomponents there is an increased
content of vanadium, boron and bromine in Inhulets
water (exceeding the MPC by 7-8 times for water bod-
ies for drinking and cultural use), there are isolated ex-
cesses of lead content.

As a result, it should be noted that the applied
scheme of mine water utilization due to their discharge

into the Inhulets river and its subsequent washing
changed the hydrochemical profile of the river. There
is a natural decrease in water mineralization down-
stream: the chloride class of water changes to sulfate,
which is typical of most rivers of the Middle Dnieper
(Khilchevskyi, Kurylo, Sherstyuk, 2018; Khilchevskyi,
Kurylo, Zabokrytska, 2020), and most importantly — the
type of water from III (metamorphosed water) chang-
es to II (river water).

However, it should be noted that according to the
calculations (Indyvidualnyi rehlament ..., 2018) ob-
tained in the control area (village Andryivka, state con-
trol post), drinking and cultural standards of water qual-
ity must have a volume of water 1040.4 million m? or
water flow in the river 104.7 m? / s. But the supply
of such a volume of water from the Karachunivsky
Reservoir is impossible both from a technical and eco-
nomic point of view.

In 2020-2021, an alternative scheme (regime) of
accumulation of the remnants of circulating mine wa-
ter in the storage pond of the Svistunov creek and their
discharge into the Inhulets River will be provided. It is
proposed to increase the time of discharge of mine water
in the Inhulets River, increase the amount of water for
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dilution, exclude the period when the river had a min-
imal flow after the discharge period. This approach is
likely to change the hydrochemical regime of Inhulets,
but will not solve the problem completely.

In our opinion, the only effective way to dispose
mine water is their demineralization. It is clear that this
approach has been repeatedly considered and has cer-
tain disadvantages (utilization of salts formed; energy
consumption, etc.).

Conclusions

1. In Kryvyi Rih there is a dangerous ecological
and hydrochemical situation due to the existence on the
earth's surface of water bodies with abnormally high
mineralization and ion content, which are elements of
intensive biological accumulation (S, Cl, Br).

2. On the territory of the Northern Mining and
Processing Plant, the geochemical center is a tailings
pond into which mine (40-45 g /1) and quarry waters,
as well as waters from concentrators and other sources
are discharged. Water salinity in the pond of the circu-
lating water supply of the tailings as of 2020 reaches
23.4 g/ 1, water type CI"® .

3. When the tailings pond of the Northern MPP over-
flows, return waters are discharged into the Saksahan
river with water discharges from the Makortovsky
Reservoir, which worsens the ecological and hydro-
chemical situation in the river.

4. Mineralization of water of the Saksahan River
(on the territory of the Northern MPP) from 1980 to
2020 increases with intensity from 0.24 to 0.16 g /1
per a year, water belongs to the sulfate class, sodium
group, type IL

5. The content of microelements in the water of the
Saksahan river exceeds the maximal permissible con-
centrations for water bodies for domestic and cultural
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Received: 14.03.2021 Abstract. In order to identify and study the main mechanisms of the formation of atmospheric
Received in revised form: 27.03.2021 precipitation, in the article the monthly and annual amounts of precipitation were analyzed
Accepted: 29.06.2021 from the observations results at Vernadsky, Bellingshausen and Grytviken stations. For the

last station, a small linear trend of precipitation increase was detected, while at Vernadsky
and Bellingshausen station it is practically absent. At the next stage of the study, the characteristics of intra-annual component of the
precipitation variability for these stations were obtained. In the annual course, the component of precipitation variability is represented
by 3 peaks — March, July and October (at Bellingshausen station March and July only), with a well-pronounced 4-year periodicity.
However, data from Vernadsky station indicates a decrease of the seasonal component in time, at Grytviken station the seasonal
component is stable, while at Bellingshausen station is increasing of the seasonal component in time. The analysis of long-period
components of the precipitation variability of was carried out on the remains of the data obtained after the analysis of the intra-annual
component. For the long-period component of precipitation variability at Vernadsky station, five statistically significant harmonics were
obtained, which are reflected in periods of 6.8, 2.4, 4.0, 5.1, and 5.3 years. For Grytviken and Bellingshausen stations, 4 statistically
significant harmonics were obtained, the periods of which are 4.2, 0.8, 1.7, 8.9 years and 1.5, 2.0, 2.8, 0.2 years, respectively. Today,
the main phases of solar activity are well known, which are about 11 years old. The long-period components of precipitation variability
obtained in the work for the stations under consideration (to 10.3, 12 and 34.1 years) are identical (close) to the mentioned phase of
solar activity. This allowed the authors to draw preliminary conclusions about the influence of solar activity on the conditions for the
formation of precipitation in the region under study. However, direct correlation analysis did not confirm this, as in the case of the El
Nifio influence.

Keywords: atmospheric precipitation, intra-annual distribution, long-period precipitation variability, solar forcing, El Niiio.

Ce30HHi i noBromepiogu4Hi ckJaa0Bi y 3MiHiI KiibKocTi aTMocepHuX omagiB B paiioHi
AHTapKTHYHOIO MiBOCTPOBA TA iX MOK/JIUBI NPUYNHHI
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AHOTamNisA. 3 METOI0 BHUSBJICHHS 1 JOCIHIIKCHHSI OCHOBHUX MEXaHi3MiB ()OpMyBaHHs aTMOC(EPHUX OIMalIiB, Y CTATTi MPOAHAITI30BaHO
MICSUHI Ta pPiYHI CyMH OIAJiB 3a pe3yIbTaTaMU CIOCTEpPEe)KeHb Ha CTaHUisAX BepHaacekuii, bemmincraysen ta [protBiken. s
OCTaHHbBOI CTaHIIii BUSBJICHO HEBEIMKUI JTIHIWHUIA TPSHT 10 301IBIIICHHS OMa/IiB, TOI AK Ha cTaHIisX BepHaacekuit Ta bemnincraysen
BiH NpaKkTUYHO BincyTHi. Ha HacTynmHOoMy erami JOCHi/UKEHHs OynM OTpUMaHI XapaKTEPHCTHKH BHYTPIIIHBOPIYHOI CKIJIAZ0BOL
MIHJIMBOCTI OMajiB Ul IMX CTaHIIH. Y pIiYHOMY XOi CKJIaJ0Ba MIHIMBOCTI OMaJiB MpEACTaBlIeHa 3 MiKaMH, IO NPHIIATAI0Th
Ha Oepe3eHb, JIMIEHb Ta YKOBTeHb (Ha craHuil bemtiHcray3eH MakcHMyMH ONAJiB JIMIIe Y Oepe3Hi Ta JIUIHI), 3 YiTKO BUPAKEHOIO
4-piuHoro nepioanyuHicTio. OHAK, JaHi 31 craHiii BepHajchKuil cBiquarh Mpo 3MEHIICHHS CE30HHOI CKIIAJ0BOi B 4aci, Ha CTaHIT
['proTBiKeH 1s CKiIaJ0Ba CTadiIbHA, TOMI K Ha CTaHIIi bemtiHcray3eH ce30HHa CKIIaJI0Ba MIHIMBOCTI OMAiB 3pOCTa€ B yaci. AHaii3
JIOBIOTEPMIHOBHX KOMIIOHEHTIB MiHJIMBOCTI OMa/iB ITPOBEICHO 32 3aJMIIKAMH JaHHUX, OTPUMAHHX MICIIs aHaJi3y BHYTPIIIHbOPIYHOT
ckianoBoi. Ha cranmii BepHanchkuii OTpUMaHO 11°ATh CTATHCTUYHO 3HAYYIIUX FApMOHIK, SKi BimoOpaxeHi B mepionax 6,8, 2.4, 4,0,
5,1 Ta 5,3 poky. [ms cranmii ['proTBikeH Ta bemmiHcray3eH Oynu OTpuUMaHi 10 4 CTaTUCTUYHO 3HAYYIIMX TAPMOHIKH, MEPIOIH SKUX
cTa”oBIATH 4,2, 0,8, 1,7, 8,9 pokiB i 1,5, 2,0, 2,8, 0,2 poku BianosigHo. Croroani 1o6pe BioMi OCHOBHI ()a3u COHSYHOT aKTUBHOCTI,
skuM O13bk0 11 pokiB. JIOBroCTpOKOBI KOMIIOHEHTH MIiHJIMBOCTI OMaiB, OTPUMaHi B poOOTI Ui po3mIsIHYyTUX cTaHid (mo 10,3,
12 ta 34,1 poxky), izentnuni (61m3bKi) 10 3ragaHoi (a3u coHsryHoi akTUBHOCTI. Lle 103BoHII0 aBTOpaM 3po0UTH MONEepeaHi BUCHOBKH
PO BIUTUB COHSIYHOT aKTHBHOCTI HAa YMOBH YTBOPEHHsI OMa/IiB y AOCIIKyBaHOMY perioni. OpHak npsMuil KOPESLiHHUI aHai3 He
MATBEPMB 1IbOTO, SIK y BUNAAKy BBy Enb-Hinbo.

Kniouoei crnoea: ammocghepHi onaou, 6HympiuiHbOpiuHULl pO3N00ii, KOMHOHEHMU 00820CMPOKOBOI MIHAUBOCMI ONAOI8, COHAUHA
akmuenicms, Env-Hinvo.
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Introduction.

Changes in rainfall and other forms of precipita-
tion will be one of the most critical factors determin-
ing the overall impact of climate change. Precipitation
is much more difficult to predict than temperature but
there are some statements that scientists can make with
confidence about the future. As we know (Trenberth
2011; Lapin et al. 1995; Shukla et al. 2019; Stocker et
al. 2013, etc.), changes in precipitation amount during
global warming will not be uniform. According to the
RCPS8.5 scenario (van Vuuren et al. 2011) (The recently
published «U. S. National Climate Assessmenty» shows
that we are currently on track for RCP8.5 (Hayhoe et
al. 2018)), by the end of this century in high latitudes
and the equatorial part of Pacific Ocean, an increase
in the average annual rainfall is likely to take place. In
many arid regions of mid-latitudes, as well as in sub-
tropics, the average rainfall is likely to decrease, while
in many humid regions of mid-latitudes, it is likely to
increase by the end of this century (Pachauri et al. 2014).
For much of Europe, wetter winters are expected, but
with drier summers over central and southern Europe.

The aim of the article is to identify and study the
main mechanisms of the formation and changing of the
Antarctic Peninsula precipitation as well as searching
of their possible causes.

Review of previous research.

Today there are a big number of publications
about precipitation (Averyanov 1990; Sedunov 1991;
Bogdanova et al. 2007; Klok 2010, 2013; Thomas 1963;
Kirchgéfiner 2011; Bromwich 1988; Bryazgin 1982,
Cullather et al. 1996; Turner et al. 1995, 1998), but
their regional and local features are individual, and
they have not been studied enough. Different climate
models are in broad agreement about future warming
on a global scale, but when it comes to predicting how
these changes will affect precipitation amount — there
is less agreement at a detailed level. This is especial-
ly true of the Polar Regions. For example, current cli-
mate models typically represent atmospheric process-
es only down to scales of about 50—-100 km. This lim-
its their ability to incorporate the effects of mountains
and coastlines and means that small-scale processes,
such as convection, must be represented by average ap-
proximations. In addition, the latest regional climate
models capture daily rainfall on large scales but are
not good at capturing heavier or more localized events
(Raveendranathan, 2018).

In addition, it can be assumed that under the con-
ditions of modern climate change, the characteristics
of atmospheric precipitation are also undergoing sig-
nificant changes and require constant updating. All of
the above indicates the importance and urgent need to

study precipitation, especially in Polar Regions — ar-
eas with difficult weather circumstances: long winters,
heavy snowfalls, active dynamic conditions.

Snow and other precipitation are the main compo-
nent the glacial mass gains. According to the estimates
by many scientists (Velicogna 2009; Mouginot et al.
2019; Rignot et al. 2019) the ice sheets today are sig-
nificantly reduced due to thawing. Over the past two
decades, the Greenland and Antarctic ice sheets have
lost mass (high confidence). Glaciers continued to de-
cline almost all over the world (high confidence). The
area of spring snow cover in Northern Hemisphere con-
tinued to decline (high confidence). There is a high de-
gree of confidence of the significant regional differences
of Antarctic sea ice area trend, and it is very likely that
the total sea ice area is increasing (Turner et al. 2014).

The glaciers losing mass, and this contributed to
the sea level rise throughout the XX century. It is very
likely that the rate of weight loss by the Greenland Ice
Sheet increased from 1992 to 2011, which led to more
significant rates of total glacial ice loss during 2002—
2011 than from 1992 to 2011. The decadal mass balance
of Greenland Ice Sheet switched from a mass gain of
+47 £ 21 Gt/y in 1972-1980 to a loss of 51 + 17 Gt/y
in 1980-1990. The mass loss increased from 41 = 17
Gt/y in 1990-2000, to 187 + 17 Gt/y in 2000-2010,
to 286 = 20 Gt/y in 2010-2018, or six fold since the
1980s, or 80 + 6 Gt/y per decade, on average. The to-
tal Antarctic Ice Sheet mass loss increased from 40 + 9
Gt/y in 1979-1990 to 50 + 14 Gt/y in 1989-2000, 166
+ 18 Gt/y in 1999-2009, and 252 + 26 Gt/y in 2009—
2017. In 2009-2017, the mass loss was dominated by
Amundsen/Bellingshausen Sea sectors and Antarctic
Peninsula in West Antarctica (Mouginot et al. 2019;
Rignot et al. 2019, Pachauri et al. 2014).

Quantifying precipitation in Antarctica faces many
unique challenges such as wind and other technical
difficulties due to the harsh environment. In view of
the logistic difficulty in obtaining reliable precipita-
tion measurements, researchers have resorted to using
other means, like satellite observations, reanalysis data
sets and climate models (Malcom et al. 2018). But di-
rect measurement of precipitation in Antarctic using
ground-based instruments is important to validate the
results from climate models, reanalyses and satellite
observations. This study compares a variety of natu-
ral precipitation measurements in West Antarctica and
these data of precipitation measurement can be used
as a standard for validating precipitation observations
from satellites and the long-term results obtained from
climate models and reanalysis data sets.

Material and research methods.

In this work, we used data from instrumental
observations of atmospheric precipitation in the re-
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gion of Ukrainian Antarctic Vernadsky research
base (65°14'44"S, 64°15'28"W) from 1998 to 2018,
Russian Bellingshausen Antarctic station (62°11'55"S,
58°57'38"W) from 1998 to 2016 as well as Grytviken
meteorological station (British Overseas Territory
of South Georgia and South Sandwich Islands)
(54°16'53.9"S, 36°30'30.4""W) for the period of station
operation — from 1906 to 1981. All stations are located
quite close and represent one geographical area — the
northern part of West Antarctica (Fig. 1). The available
series of instrumental observation data for precipitation
at Antarctica are extremely limited, which is associated,
first of all, with the late discovery of the continent, as
well as with the limited logistics operations in the re-
gion even today. Therefore, the work used the available
data on atmospheric precipitation, which are character-
ized by different periods and duration. However, these
series overlap during certain periods of time, which al-
lows the authors to draw conclusions regarding their
synchronicity (similarity). As known, the Wolf number
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(also known as the International sunspot number, rel-
ative sunspot number, or Ziirich number) is a quantity
that measures the number of sunspots and groups of
sunspots present on the surface of the Sun. In this work
analysed the data from the World sunspot data center
of the Royal Observatory of Belgium (Total..., 2020).
El Niflo—Southern Oscillation (ENSO) is an irregular
periodic variation in winds and sea surface tempera-
tures over the tropical eastern Pacific Ocean, affect-
ing the climate of many regions of the world. The El
Niflo—Southern Oscillation is a single climate phenom-
enon that periodically fluctuates between three phases:
Neutral, El Nifio (warming phase of the sea tempera-
ture), and La Nifa (cooling phase). For our calcula-
tions we used the Oceanic Nifno Index, prepared by
NOAA (Oceanic..., 2020). In the course of the work,
well-known methods of mathematical and statistical
analysis were used, implemented through the built-in
functions of the software Microsoft Excel, Statistica
from StatSoft Inc., Surfer from Golden Software LLC.
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Fig. 1. Location of Vernadsky, Bellingshausen and Grytviken stations where the precipitation data was collected

To analyze the observational data in order to
identify the components of the precipitation variability,
a harmonic analysis technique was used, i. e. there were
obtained trigonometric functions (harmonics) that were
multiples of the series length. In this case, the harmonic
equation has the following form:

G, =4,.cos(w, . t-9), ©=2,7T,

(1)
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where k is the harmonic number, A — k™ harmonic am-
plitude, ®_— & harmonic frequency, 7, — k" harmonic
period, ¢, — k" harmonic phase, ¢ — time (Brooks 1953).

Full expansion in a Fourier series involves the
determination of harmonics, in the amount of N/2, where
N is the series length. Harmonic characteristics are
determined by finding the Fourier coefficients a_and b,
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N
are givenas: @, =2+ N * Z[xl. *sin( @, *Zl.)],
N i=1
b, =2+ N =3 [x, *cos(w, *t,)]

i=1

2

With the aim of the Fourier coefficients calculation
by the linear regression method in Microsoft Excel, the
sines and cosines of harmonics for a certain date were
calculated as used by (Blattner et al.1999):

sin, = sin(i - Q - date), cos, = cos(i - Q - date),

3)
T
where £ = T ; date — date corresponding to the

source series value.
The linear regression equations were estimated
using the coefficient of determination (Kd) R?, which

is the proportion of the variance in the dependent
variable that is predictable from the independent
variable(s). The significance of the coefficients
was checked by using t-Student’s criterion. The
F-statistic was used to determine whether the observed
relationship between the dependent and independent
variables was random.

Results and discussions. The research area is
characterized by unstable weather conditions, which
are formed under the influence of marine air mass
(Averyanov 1990; Sedunov 1991; Bogdanova et al.
2007; Klok 2010, 2013). With unstable weather, often
in winter there is precipitation both in the liquid and in
the solid phase, which affects the quality of precipitation
measurement. In this work, we analyzed the data of
monthly precipitation amounts presented in table 1.

Table 1. Precipitation observation data characteristics

Precipitation characteristics .Statlons :
Vernadsky Bellingshausen Grytviken

Observation period 01.1998-12.2018 01.1969-12.2016 01.1906-12.1981
Number of values 252 576 912
Average value, mm 48.6 58.1 123.1
Median, mm 43.0 543 113.4
Mode, mm Multiple 47.4 98.3
Mode frequency — 5 7
Maximum, mm 162.1 173.0 465.2
Maximum date 28.02.2005 31.07.1995 31.05.1970
Minimum, mm 1.9 11.7 10.8
Minimum date 31.12.2013 30.11.1978 30.09.1960
Standard deviation, mm 27.7 24.3 65.6
Annual maximum, mm 733.2 991.6 2626.7
Annual minimum, mm 379.9 471.8 888.0
Average annual value, mm 582.7 696.9 1477.3

The observational data obtained at the stations un-
der study are shown in Fig. 1. Analyzing Table 1 and
Fig. 2, it can be concluded that, firstly, the amount of
precipitation at Vernadsky and Bellingshausen stations
is approximately equal and, secondly, the distribution
curves of precipitation at all three stations are very
similar. And finally, the analysis of linear trends of the
precipitation amount made it possible to establish that

only for Grytviken station is a statistically significant
positive trend of precipitation, while it is practically ab-
sent at Vernadsky and Bellingshausen stations, which
is confirmed by the data from Table 2. Perhaps the rea-
son for this is the shorter duration of the time series,
limited here to 48 years (Bellingshausen) or even 21
years only (Vernadsky).

Table 2. Characteristics of the linear trends (cm/10 years) for precipitation data observation

Station Observation period duration, year Value K, F
Vernadsky 21 -0.010 0.11 0.28
Bellingshausen 48 -0.014 0.06 0.32
Grytviken 75 0.015 2.38 22.20

Intra-annual variability. At the first stage, the
characteristics of intra-annual component of the
precipitation amount variability for above indicated
stations were obtained. It should be noted that
the obtained determination coefficient (in case on
Vernadsky station, Kd = 19.0 %) indicated what part
of the variability this model describes. At the same time,

F-statistics show how trusted the results can be. In our
case, F = 5.6, which is more than a given threshold
value of 2 — for a significance level of 0.95 (Brooks,
1953). For Grytviken station these values are even
higher (Kd = 19.0 %, F = 5.6) and for Bellingshausen
stations Kd = 10.1 %, F = 6.4.
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In the precipitation annual course, the intra-annual
component of the precipitation amount variability at
Vernadsky station is represented by 3 peaks — March,
July and October, which is clearly seen from Fig. 3.
The annual course of precipitation at Grytviken station,
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is also represented by three peaks — March, May and
August, that is similar to Vernadsky station. At the same
time, at Bellingshausen station, only 2 maximums are
recorded (March and August), and the annual course of
precipitation for this station is the most smooth.
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"

-\ g
Bellingshausen

1966 2006 2016

Year
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Fig. 2. Temporary distribution of annual precipitation at Vernadsky station during 1998-2018, Bellingshausen station during 1969—
2016 and Grytviken station during 1906—-1981.
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Fig. 3. The calculated curves of the seasonal variation of precipitation at the stations Vernadsky and Bellingshausen (left axis), and
Grytviken (right axis).

In addition, the data analysis indicates a decrease
of the intra-annual component over time for Vernadsky
station. Also, its 4-year periodicity is well displayed;
about the nature and possible reasons of it we will
make an assumption in this work a little later. At the
same time, data for other stations give different results
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(Fig. 4). For Grytviken station, there is practically no
linear trend, while Bellingshausen station is charac-
terized by an increase of the intra-annual component
of precipitation variability over time. However, both
stations have a 4-year periodicity, as at Vernadsky
station.
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Fig. 4. Long-term dynamics of the precipitation intra-annual component according to the data from Grytviken (a), Bellingshausen
(b) and Vernadsky (c) stations.

The analysis of the precipitation variability intra-annual component at the stations under researched can be
summarized in the following table 3.

Table 3. Characteristics of the precipitation variability intra-annual component

. . . Li trend, /
Station Period duration K, F Value mnear frem Kfnm year F
Vernadsky 366.1 19.0 5.6 -0.010 57.70 25.96
Bellingshausen 365.1 10.1 6.4 -0.025 0.02 0.11
Grytviken 365.4 12.5 12.9 -0.013 0.11 0.08

The obtained amplitudes and phases of statistically significant harmonics of the seasonal variation of pre-
cipitation for the studied stations are shown in Fig. 5.
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Fig. 5. Amplitudes and phases of harmonic of the intra-annual precipitation variability according to the data from Vernadsky
(1998-2018), Grytviken (1906-1981) and Bellingshausen (1969-2016) stations.

The intra-annual component (annual course) of pre- Long-period variability.
cipitation variability is described in works of other sci-
entists, because it is not necessary to have long series
of observations. But the results obtained by the authors
are unique for the studied region, especially in terms
of long-term changes. In the future, with their help it
is possible to develop a scheme for long-term forecast-
ing of weather conditions in the region.

The analysis of the long-period components of the
precipitation variability was carried out on the residu-
als of the data obtained after the analysis of the intra-
annual component. This made it possible to obtain not
only the corresponding harmonics of the distribution,
but also to distinguish the boundaries of periods (half
periods). The characteristics of the precipitation vari-
ability over long periods according to the data from
stations under study are shown on Fig. 6.
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Fig. 6. The long-period component of precipitation variability according to observations at Vernadsky (1998-2018), Grytviken
(1906-1981) and Bellingshausen (1969-2016) stations.

At Vernadsky station the period of variability is 10.3
years; Kd is 8.4 % with an F statistic is 2.1. According
to the data from Grytviken station, the period of long-
term variability here is 34.1 years; Kd is 4.9 % with
an F-statistic of 4.6. And for Bellingshausen station
the period of long-term variability is 12.0 years; Kd is
4.6 % with an F statistic is 2.7.

It is worth noting that in our case fairly good re-
sults were obtained, as for areas with difficult weath-
er conditions, especially for Vernadsky research base.
For Vernadsky station five statistically significant har-
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monics of the long-period precipitation variability were
obtained, which are reflected in periods of 6.8, 2.4,
4.0, 5.1, and 5.3 years. At the same time for other sta-
tion only 4 statistically significant harmonics were se-
lected (fig. 7). In particular for Grytviken station four
harmonics of the long-period precipitation variability
were obtained, the periods of which are 4.2, 0.8, 1.7,
and 8.9 years. For Bellingshausen station these peri-
ods are 1.5, 2, 2.8, and 0.2 years (for all stations the
periods of fluctuations are listed because as decreas-
ing of their strength).



Klok S. V., Kornus A. O.

Geol. Geograph. Geoecology, 30(3), 490—490

14 M Vernadsky
H Bellingshausen
= Grytviken

AR

Harmonic Number

Amplitudes of harmonics, mm
- - @

10 -
w 9 o Vernadsky
15
3 8 o Bellingshausen
-
A = Grytviken
Z 6 —
= 3
e
[*]
g 4
S 3
- ;
B2

0 _

1 2 3 4 &

Harmonic Number

Fig. 7. Amplitudes and phases of harmonic of the long-period precipitation variability according to the data from Vernadsky (1998—
2018), Grytviken (1906-1981) and Bellingshausen (1969-2016) stations.

To determine the boundaries of the variability
periods, the 1 harmonic was built, the period of
which Vernadsky station is 10.3 years (Fig. 8). The
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first harmonics for Grytviken station (34.1 years), as
well as for Bellingshausen station (12 years) are also
shown on Fig. 8.
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Fig. 8. General view of 1% harmonic of the long-period component of precipitation amount according to the data from Vernadsky
(1998-2018), Grytviken (1906—1981) and Bellingshausen (1969-2016) stations.

The authors were able to describe the variability
of precipitation in 29.4 % in the case of Vernadsky
station, 15 % at Bellingshausen station and 19.8 % at
Grytviken station. The authors were able to describe
the variability of precipitation in 29.4 % in the case of
Vernadsky station, 15 % at Bellingshausen station and
19.8 % at Grytviken station. We can assume that there

are other, slower periods of oscillation, other than those
obtained in this work.

Today, the main phases of solar activity are well
known, which are about 11 years old. The long-period
components of atmospheric precipitation variability
obtained in the work for the stations under consideration
(to 10.3, 12 and 34.1 years) are identical (close) to
the mentioned phase of solar forcing. This allowed
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drawing the preliminary conclusions about the influence
of solar activity on the conditions for the formation
of precipitation in the region under study. Despite
the fact that the periods obtained by us are identical
in duration to the periods of solar activity, it was not

possible to obtain a clear correlation between them (fig.
9). So far, we have only used the direct pair correlation
technique. Obviously, in the future, more detailed
studies of this connection should be carried out using
other mathematical methods.

£ 25 .

g 23 s - Wolf numbers = - Precipitation, mm | 300

g. 20 - - 250

g 15 *| | w
E 10 - 1 200 ;.é'
-

“é_ 5 150 =
on ]
g 0 100 2
T 5

< 50

\ M“ I\I |!|H \ m m

E 15 - Iml | I'| |J.|L!.|.|.LLL _._JAI.;I. “1 MJLLU.L. 0

£ 01.01.1993 01.01.2004 01.01.2010 01.01.2016

;.-. Date

Fig. 9. The distribution of the long-period precipitation component (T = 10.3 years) according to observation from Vernadsky station
relative to Wolf numbers for 1998-2018.

It is interesting to note that the performed anal-
ysis demonstrated the presence of a harmonic of
about 4 years length at Vernadsky station as well as at
Griintwiken and Bellinghausen stations. With it that
the intra-annual component of the precipitation amount
variability can be associated, because in both cases it is
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o
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such a periodicity that was found in the study of pre-
cipitation annual cource. We suggested that the 4-year
periodicity is caused by El Nifio/Southern Oscillation
phenomenon (Oceanic... 2020), but their coordinated
distribution showed on Fig. 10 does not confirm this.
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Fig. 10. The distribution of the precipitation’s harmonic (t = 4 years) according to the data from Vernadsky and El Nifio/Southern
Oscillation coefficient for the period 1998-2018.

As in the case of the study of the influence of
solar activity, it is necessary to expand the arsenal of
methods in order to establish or refute this connection. It
is necessary to look for other approaches to assessing the
correlation, such as the lag method or sliding window
correlation analysis.
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Conclusions.

As a result of the study of monthly and annual
precipitation amounts according to observations at
Vernadsky and Grytviken stations, the characteristics
of linear trends for these observations were obtained. In
the case of Grytviken station the linear trend is turned
out to be positive (0.015) and statistically significant



Klok S. V., Kornus A. O.

Geol. Geograph. Geoecology, 30(3), 490—490

(Kd =2.38, F = 22.2), while on Vernadsky and
Bellingshausen stations its values are statistically
insignificant and very small.

The intra-annual component of precipitation
variability in this work covers 19 % of the total
precipitation variability at Vernadsky station 12.5 % at
Grytviken station and 10.1 % at Bellingshausen station.
In the annual course, the component of precipitation
variability is represented by 3 peaks — March, July and
October, with a well-pronounced 4-year periodicity.
However, data from Vernadsky station indicates a
decrease of the seasonal component in time, while at
Grytviken station the seasonal component is stable
in time. In both cases, intra-annual variability was
mainly determined by harmonics close to four-year
ones, which suggests the certain role of the El Nifio/
Southern oscillation phenomenon in its formation. The
linear trend of this variability component in the case
of Vernadsky station turned out to be —0.01 mm / year
with Kd = 57.5 and F-statistics of 25.96 at the Grytviken
station it was statistically insignificant.

The analysis of the long-period components
of the precipitation variability was carried out on
the residuals of the data obtained after the analysis
of the intra-annual component. For the long-period
component of precipitation variability at Vernadsky
station, five statistically significant harmonics were
obtained, which are reflected in periods of 6.8, 2.4,
4.0, 5.1, and 5.3 years. For the Grytviken station, 4
statistically significant harmonics were obtained, the
periods of which are 4.2, 0.8, 1.7, 8.9 years, as well
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a year. The world's population is expected to reach 8.6 billion by 2030. (UNFPA 2015). This
creates a regional imbalance between population growth and the development of employment, production and social infrastructure.
Information is needed on the creation of new jobs in the regions, for planning the construction of preschool institutions, schools, higher
and secondary specialized educational institutions, how many children will be able to attend preschool institutions in the future, how
many children will reach school age and how many children will be transfered to specialized secondary and higher education, how much
the labor force will increase. The population of Uzbekistan is constantly growing. From 1991 to 2020, the country's population increased
by 1.7 times. For comparison: during this period, the population of neighboring Kyrgyzstan increased by 1.3 times, the population of
Kazakhstan — by 1.02 times, the population of Tajikistan — by 1.5 times, the population of Turkmenistan — by 1.4 times. During the
years of independence in Uzbekistan, special attention was paid to demographic issues based on the population and the human factor,
the principles of a healthy mother and a healthy child. The course of demographic processes changes in accordance with the natural,
socio-economic geographical conditions of the regions (Tojieva Z. N. 2019). The Fergana Valley is the most densely populated region of
Uzbekistan with a small territory, a large demographic load and the largest demographic potential (Abdullaev O. 2000). Land resources
with limited, high demographic pressure require research aimed at identifying, predicting and preventing future adverse events specific
to the development of demographic processes in the regions of the valley. The article makes a forecast for 2025-2040 and draws
conclusions using the method of age shift of the population of regions, districts and cities of the Fergana Valley, demographic regions
and gender and age composition.

Knrouosi crnosa: population, population forecast, demographic processes, age shift method, Fergana Valley regions, demographic
regions.

ITporno3 mono gemorpaivHOro po3BUTKY Hace1eHHs perioHiB @eprancbKoi A0/IMHA Y30eKuCcTaHy
10 2040 poxy

P.Bb. Koxipos, 3. A. Temipos

Anoudicancwrutl depoicasruil yHisepcumem imeni 3axupuoouna Myxammeda babypa, Andiscan, Yz6exucman,
zokirjon82@mail.ru

AmnoTtanisi. HaceneHHs CBiTY CTpiMKO 3pocTae i Ha CbOTOHIIIHIH JeHb nepeBuIye 7,8 MinbsapaiB oci6. OuikyeTbes, 10 y MailOyTHbOMY
3pOCTaHHsI CBITOBOTO HaceleHHs1 Oy/e MOCTYIOBO yMOBiUIbHIOBATHCS. JlecsaTh pOKiB TOMY HacelieHHs CBiTy 30imbmimiocs Ha 1,24
BizcoTKa; choronHi ne 1,1 BimcoTka, mo Ha 83 muH Oinbiie Ha pik. OdikyeThes, IO HACEJICHHS IUTaHeTH AocsrHe 8,6 miupa 1o 2030
poky (FOH®IIA 2015). Lle cTBOprO€ perioHanbHAN ArcOanane Mk 3pOCTaHHAM HaCEJICHHS Ta PO3BUTKOM 3aiHATOCTI, BUPOOHUIITBA Ta
comianbHOi iHPpacTpykTypu. [loTpiOHA iHPOPMAIIiS IPO CTBOPEHHS HOBUX POOOYHX MICIIb y PErioHax, /UIs MIaHyBaHHs OyTiBHUIITBA
JOUIKUTPHUX 3aKJIaJiB, IIKUI, BUIIUX Ta CEPEIHIX CIEMiaNi30BAHUX HABUAIBHHUX 3aKIaJiB, CKUIBKH JITEH 3MOXYTh BiJBiTyBaTu
JIOUIKITBHI 3aKJIa] B MaiiOyTHEOMY, CKIJIBKH JITEH JOCSTHE IIKIJTBHOTO BIKY i CKUTBKH JITEH MepeBeeThCs 0 CEPEAHBOI Ta BUIIOT
crewiagbHOI OCBITH, HACKLIBKY 301IBIINTECS poboya cuia. Hacenenus Y30ekucrany noctiiiHo 3pocrae. 3 1991 no 2020 pik HaceneHHs
Kpainu 3pocio B 1,7 pasu. [lns mopiBHSHHA: 3a Liei mepiox HaceneHHs cyciguboro Kupruscrany 3pocio B 1,3 pasu, HacelaeHHs
Kazaxcrany —y 1,02 pasu, Hacenenus Tamkukucrany —y 1,5 pasu, nacenenns Typkmenicrany —y 1,4 pasu. 3a poku He3aleXHOCTI
B Y30ekucTaHi 0coONMMBa yBara NpuausIacs IeMorpadiyHuM MUTaHHAM, IO IPYHTYIOThCS Ha KiJTBKOCTI HACEIECHHS Ta JIOACHKOMY
(axTopi, MPUHIHIIAX 30POBOI MaTepi Ta 310POBOi AUTHHU. Xia AeMOrpadiuHUX MPOIECciB 3MIHIOETHCS BiAMIOBITHO 10 MPUPOIHUX,
CoIiaTbHO-eKOHOMIYHUX reorpadivanx ymoB perioHis (Tomkesa 3. H. 2019). ®eprancpka goanHa — HaHOTBII T'yCTOHACETEHHH peTioH
V306ekucTany 3 HEBEIHKOIO TEPHTOPIEIO0, BEIUKUM JAeMOrpadiuHiM HaBaHTKCHHSIM Ta HalOUIBIINM JeMorpadiyHuM HOTEHIialIoM
(A6aynmaes O. 2000). 3emenbHi pecypcr 3 0OMEKESHUM, BUCOKHM JIeMOTPadiqHUM THCKOM MOTPEOYIOTh JOCHTIKEHb, CIPSIMOBAHUX
Ha BHSBIICHHS, MPOTHO3YBAaHHs Ta 3armo0iraHHs MaiOyTHIM HECHPHSTIMBUM IOiSIM, XapakTEePHUM Ul PO3BHUTKY JeMorpadiqHux
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MPOLIECIB y perioHax JOIMHH. Y CTaTTi 3pobieHo mporHos Ha 2025-2040 poku Ta 3poOJICeHO BUCHOBKH 3 BHKOPHUCTAHHSIM METOLY
BIKOBHX 3MiH HAaCEJICHHsI peTioHiB, paifloHiB Ta MicT DepraHchbKoi JOIHHH, JeMorpadiqHIX PErioHIB Ta 1I0JJ0 CTaTeBO-BIKOBOTO CKIIATY.

Kuouosi cnosa: nacenenms, npoenos naceiemnws, oemocpagiuni npoyecu, memoo 6ikogux 3min, pecionu @epeancvbkoi donunu,

demoepadpis pezionis.
Introduction.

Demographic processes, population and dynamics,
changes in its composition and territorial location
determine its future status. Population forecasting
plays an important role in the creation of new jobs,
housing, kindergartens, schools, hospitals and other
similar construction and material needs, as well as in
the development, planning and territorial organization
of production and infrastructure. In his address to the
Oliy Majlis, President Shavkat Mirziyoyev said: “Fifth,
employment and support for entrepreneurship will be
in the spotlight. To this end, next year the vocational
education system will be reformed on the basis of new
approaches in accordance with the requirements of the
labor market and international standards” (Address of
the President of the Republic of Uzbekistan Shavkat
Mirziyoyev to the Oliy Majlis // Xalq suzi, 2020.
December 30. No 276 (7778)). It is important to pre-
dict changes in population, age and gender composi-
tion in the coming years.

The first demographic forecasts in Uzbekistan were
developed under the leadership of M. K. Karakhanov
in 1962—-1980 (Karakhanov M., Kayumov A., 1984). In
subsequent years, on these issues, R. N. Ubaydullaeva,
0. B. Ata-Mirzaev (Ata-Mirzaev O.B., 1979),
A.A. Kayumov, M. R. Burieva (Buryeva M. R,
2001), S.S. Zokirov, Z. N. Tojieva (Tojieva Z. N.,
2002), H. H. Abduramanov (Abdurakhmonov K.,
Abduramanov H., 2011), R. B. Kadirov and others.

Research method.

Several methods are used in population forecasting,
which vary in accuracy. Methods such as extrapolation,
logical curves, age shifts are widely and effectively used
(Valentey D. 1., Kvasha A. Ya., 1989; EUROPEAN
UNION, 2021; Isokova T., Khodjakulov H., 2004;
Kayumov A. A., Yakubov O., 2011; Shryork, Henry S.
1976).

The following 3 formulas are often used to estimate
the population using the extrapolation method:

1. The following formula is given in the arithmetic
method:

P =P (1+nr) (D)

R in this formula is determined using the follow-
ing formula:
__ (Pn-PO)
© n«PO

2)

2. The following formula is used in the geometric
method of population forecasting:
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P =P (1+r)" 3)

The value r in this formula is determined using the
following formula:

n|P0O
= |——1
Pn

3. In the exponential method, the following formula
is given:

“)

P =P p" ®)

In this formula r:

r=1In (P_P )/n is determined using the formula;
here: P_ = Number of population in the forecast year;

P = Population in the current year;

n = difference between current year and forecasted

year;

r = population growth rate;

In determining 1, P is the population in the initial year;

P - population in the current year;

P, is the population in the initial year;

n — is the difference between the starting year and

the current year.

Forecasting the population using the age shift
method, taking into account changes in demographic
processes, allows to draw clear conclusions. In this
case, the future population is determined using the
following formula:

LaxP =L_ (6)

Here: L -x is the number of people who can live
up to the age; P_— x+1 is the coefficient of probabil-
ity to survive up; L, —x+1 is the number of people
who can live up.

Therefore, the population at each age (L ) is shifted
from one age (L ) to another age (L + 1) using the
coefficient of probability (P ) that each age can be
achieved. In most cases, projections are made in the 5
or 10 year old age group.

Results and discussion.

In this study, forecasts for 2025, 2030, 2035 and
2040 were made at the district and city levels for the
population of the country and the regions of the Fergana
Valley by five-year age groups. It is based on indicators
of population, birth and death rates in 2015-2020.

During the years of independence, Uzbekistan
has had its own demographic development. Regions
of the country have regional differences in terms of
demographic development and population share.
Territorial differences between regions are associated
with their geographic location, natural conditions,



Kodirov R. B., Temirov Z. A.

Geol. Geograph. Geoecology, 30(3), 490—499

socio-economic development. Thus, a relatively high
demographic potential is observed in the ancient
Samarkand, Kashkadarya, Fergana and Andijan regions.
On the contrary, most of its territory consists of deserts,
and the lowest population growth rates are observed
in the Syrdarya, Jizzakh and Navoi regions, which are
the last among the regions of the country. This can be
assessed as a significant inconvenience for the living
conditions of the desert population. Consequently, the
demographic potential of these regions is also low
(Tojieva, 2010).

The unfavorable, difficult ecological situation for
the population of the Lower Amu Darya also leads to
a negative balance of population migration, the spread
of diseases and illnesses. Despite the high birth rate
and natural increase, the demographic potential of the
region's population is declining.

The level of urbanization, high employment, the
level of industrial development, as well as the location
of the capital are the main factors of the low rates of
natural population growth in the Tashkent region.

The level of urbanization, high employment, the
level of industrial development, as well as the location

of the capital are the main factors of the low rates of
natural population growth in the Tashkent region.

In general, the current demographic processes in
the country in the future will reduce the demographic
potential of the population due to the unfavorable
environmental situation in the Lower Amudarya region,
unfavorable natural conditions in the Syrdarya, Jizzakh
and Navoi regions. In addition, high fertility and low
natural growth in the Tashkent region as a result of such
factors as high urbanization and industrial development
are important factors in reducing the demographic
potential (Temirov, 2018).

In the central and southern regions of the country
and in the Fergana Valley, the demographic potential
will continue to grow. In other words, in the future,
the country's population will "move" to the central,
southern and eastern regions. The Fergana Valley is
also expected to remain the most populous region in
the country. In the first year of independence, 26.9 % of
the country's population lived in the Fergana Valley. In
recent years, the share of valley regions in the country's
population has increased and amounted to 27.7 % in
2000 and 28.6 % in 2020.

1991 2000 2010 2015

=== Population of Uzbekistan

2020

2025 2030 2035 2040

==g==Population of the Fergana Valley

Fig. 1. Population forecast of the Republic of Uzbekistan and the Fergana Valley regions (thousand people)

According to the forecast, the valley regions’
population is expected to be 28.3 % of the total country's
population in 2030 and 28.4 % in 2040. Even in the
forecast period, the population of the valley will hardly
change in the country, and will also remain the region
with the largest share in the country. (Fig. 1).

The natural increase in the urban population was
lower than in the countryside. An important role is
played by such factors as the complexity of the national
and ethnic composition of the urban population, the high
level of education of the population, the development

of industrial production, and the level of employment
of women in production. The share of urban population
in Uzbekistan is expected to decline from 50.6 % to
48.4% in 2020-2040. In the Fergana Valley, a decline is
projected from 57.4 % to 56.4 % (Table 1). An important
factor in this is the high level of urbanization of the
valleys above the national average, a small difference
in the natural growth of the urban and rural population.

During the forecast period, along with the high
level of urbanization in the valley regions, there are
also regional differences between the regions.
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Table 1. Population forecast of the Republic of Uzbekistan and Fergana valley regions (2020-2040) (thousand people)

- 1991 2000 2010 2015 2020 2025 2030 2035 2040
= § Total 20607.7 | 24487.7 | 28001.4 | 31022.5 33905.3 | 38912.1 | 41564.0 | 44072.8 | 46585.6
25 City 8305.2 9165.5 144259 | 15748.0 17144.2 | 19413.0 | 20542.3 | 21557.0 | 22546.1
o 7
~ § Village 12302.5 | 15322.2 | 13575.5 | 15274.5 16761.1 | 19499.1 | 21022.7 | 22515.8 | 24039.5
- Total 1789.0 2186.2 2549.1 2857.3 3127.7 | 3447.5 3708.9 3960.2 4219.0
=)
:_%.QED City 574.7 657.6 1358.4 1499.9 1633.9 1785.8 1905.3 2014.7 2125.7
S 0
< = Village 1214.3 1528.6 1190.7 1357.4 1493.8 1661.7 1803.6 1945.5 2093.3
g Total 1551.8 1924.3 2258.5 2554.2 2810.8 | 3258.8 3493.5 3713.9 3933.6
%0.5 City 591.3 722.6 1458.8 1618.8 1815.2 2098.0 2247.7 2377.4 2504.9
£
2 Village 960.5 1201.7 799.7 935.4 9956.6 1160.8 1245.8 1336.5 1428.7
s - Total 2214.6 2664.4 3074.6 34449 3752.0 | 4286.2 4555.1 4809.9 5068.0
gﬂ'gn City 686.2 776.1 1802.6 1965.9 2117.6 2406.0 2555.1 2693.6 2827.8
i Village 1528.4 1888.3 1272.0 1479.0 1634.4 1880.2 2000.0 2116.3 2240.2
< Total 5555.4 6774.9 7882.2 8856.4 9690.5 | 10992.4 | 11757.6 | 12484.0 | 13220.5
>
?:Dé; City 1883.3 2156.2 4619.7 5084.7 5566.7 6289.7 6708.1 7085.7 7458.4
o >
= Village 3672.1 4618.7 3262.5 3771.7 4123.8 | 4702.7 5049.5 5398.3 5762.1
Gy
O
=8 -
2h2h g
g 3 Eﬁ Total 26.9 27.7 28.1 28.5 28.6 28.4 28.3 28.3 28.4
o 9 =
= 5
[_‘

The table was prepared by the author based on
the data of the Statistical Committee of the Republic
of Uzbekistan.

In particular, Andijan region, which has the lowest
level of urbanization among the valley regions, will
decrease from 52.2 % to 50.4 % in 2020-2040, and
Namangan region, which has the highest level of
urbanization, will decrease from 64.6 % up to 63.7 %.
The main factor is the decrease in urbanization in the
Andijan region by 1.8 %, the high natural growth of the
rural population, while in the Namangan region there
is no significant difference between the high natural
growth of the urban population and the natural growth
of the rural population. In the Fergana region, a decrease
in the level of urbanization is expected from 56.4 % to
55.8 % in the forecast period. Natural population growth
in the Fergana region is low compared to neighboring
regions.

Regional differences in the rates of natural
population growth in the valleys will lead to a decrease
in the proportion of the population in the Andijan and
Fergana regions and an increase in the proportion of
the population in the Namangan region, which has a
high population growth rate.

The growth of the population of the Fergana Valley
leads to a change in its sex and age composition. In
particular, low fertility leads to a decrease in the
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proportion of young people in the population, and
low mortality and, accordingly, an increase in life
expectancy leads to an increase in the proportion of
older people in the age group. In the forecast years,
the share of the population of the valleys at the age of
0-15 is expected to decrease, i. e. to working age from
29 % to 25.5 % (Fig. 2).

In addition, low mortality and an increase in life
expectancy will lead to an increase in the proportion
of retirement age from 10 % to 16.9 %. The share of
the working-age population decreased from 60.6 %
to 57.6 %. Such changes in the age structure of the
population mean that in the future there will be an
increase in the demographic pressure of children and
the elderly per 100 people of working age. According
to the analysis, for every 100 people of working age in
2020, there were 47.9 children under the age of 15 and
17.1 people of retirement age with a total demographic
pressure of 65.0, while in 2030 this figure is going to
be 49.6 and 25 people, respectively, the total amount
is in 2040 is 74.7, 44.3 and 29.3, 73.6. Demographic
pressures in the valleys are expected to intensify in
the future, and the ratio between children under 15
and retirement age will also change. This is important
when planning future material production.
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Fig. 2. Forecast of age changes in the population of the Fergana Valley NOTE in grey “ over working age ‘ not “ower

Demographic pressures also have regional
differences between the regions of the valley, where

the development of demographic processes is different
(Table 2).

Table 2. Growth of demographic pressure in the Fergana Valley due to the working age population

2020

2030 2040

Regions of the
Fergana Valley

Andijon
Namangan
Fergana
Regions of the Fergana
Valley
Andijon

Namangan
Fergana
Regions of the Fergana
Valley
Andijon
Namangan
Fergana
Regions of the Fergana
Valley

Total 66.0 64.3 64.7 65.0

75.9

73.7

74.3 74.0 74.7 74.5 72.7 73.6

The table was calculated by the author on the basis of data from the Statistics Committee of the Republic of Uzbekistan

In particular, Andijan region is characterized by
high demographic pressure in the valley. Factors such
as high birth rates in rural areas, high population
density, negative migration balance can be considered
as important factors in the high demographic pressure
in Andijan region. In Andijan region, the demographic
pressure of children under 15 years of age in 2020-2040
is high, while in Fergana region, where the birth rate
is low, the demographic pressure of the population of
retirement age is high.

The gender composition of the population also
plays an important role, taking into account the future
development of demographic processes. The sex
composition of the Fergana Valley is expected to be

higher in the future. According to the analysis, in 2020,
men made up 50.6 percent of the total population in the
valley regions, up from 51.8 percent in 2030 and 51.4
percent in 2040. In 2020, most men will be under the
age of 44, and after 2030, this figure is expected to reach
64. The key factor here is the reduction in the mortality
rate of men in different age groups. Accordingly, the gap
between the average life expectancy of men and women
is narrowing. The decline in the proportion of women
in the total population, especially in the 15 to 49 age
group, also affects marriage and fertility. In the Fergana
Valley, the proportion of women of childbearing age in
2020 was 26.3 %, while according to the analysis, this
figure is expected to be 23.7 % and 23.4 % in 2030. In
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the Fergana Valley, the proportion of women aged 15—
49 in the total population will decrease, as well as the
proportion of women in the total population, which in
the future will lead to a decrease in the birth rate and
natural population growth.

The steady growth of the population of the Fergana
Valley, the growth of population density in the region
leads to the aggravation of a number of related social
problems. The Fergana Valley is one of the most densely
populated regions of the country. In 2020, the population
density in Uzbekistan will be every km.sq. On average,
523.0 people in the Fergana Valley, 727.4 people in the
Andijan region, 377.8 people in the Namangan region
and 555.0 people in the Fergana region. In the future,
as the population of the regions of the valley increases,
its density will also increase.

Natural and climatic conditions in the distribution
of the population are a key factor in the emergence of
territorial differences. The distribution of the population
of the valley regions is also influenced by natural and
climatic conditions, as well as the state of urban planning
and socio-economic development of regions and other
factors. This led to differences in the location of the
regions of the valley, its density and the demographic
potential of the regions. In the regions of the Fergana
Valley, the territorial distribution of the population was
divided into demographic regions based on regional
differences in demographic processes (Temirov, 2020)
(Fig.3.). The course of demographic processes in
these demographic regions has led to differences and
fluctuations in population and demographic potential
(Table 3).

Table 3. Population and share change in the demographic regions of the Fergana Valley (2020-2040)

Demographic regions Area 2020 2025 2030 2035 2040
154 227 23.3 234 23.5 236
Northern Fergana — —_ v
2.85 2201451 2559710 2749033 2931466 3114441
0.5 3G 3.8 3.5 3G 3.8
Central Fergana —
1.79 Joa6E3 416740 447330 476351 06350
207 2.0 2.0 2.0 4.9 4.9
North-Western Fergana
3.85 453699 354193 286493 6la363 643922
19.7 20.2 204 204 203 204
South-Western Fergana —_— —_— _—
a6 1955012 2245010 2393836 2540397 2691137
200 309 30.0 30.2 in4 306
Eastern Fergana — —_— -
3.70 2996697 3302835 3553576 3794730 4042671
Southern F 145 174 17.4 17.2 17.0 168
outhern Fergana 2.70 1687018 1913938 2025329 2124493 2222001
The total for the valley 100 100 100 100 100 100
regions 18.5 9690560 10992425 11757598 12454002 13220521

The table was by the author on the basis of the
data from the Statistics Committee of the Republic of
Uzbekistan by the method of age.

Note: The proportion of the population in fractions
and the number of people in denominators

The predominance of the Adyr region in the
demographic region of the Northern Fergana is favorable
for horticulture, viticulture and animal husbandry,
and the demographic region has favorable natural
and climatic conditions for the accommodation and
residence of the population. This demographic region
accounts for 15.4 % of the valley's area and 22.7 %
of the population. Fertility and natural increase in the
demographic region of northern Fergana are high with
the valley's population projected to reach 23.4 percent
in 2030 and 23.7 percent in 2040.

The demographic region of the North-Western
Fergana is sparsely populated due to the presence of
mountains and hills, which are inconvenient for the
population and agriculture. This demographic region
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accounts for 9.6 % of the territory of the Fergana Valley
and only 5.0 % of the population. The unfavorable
relief conditions in the region have led to low fertility,
mortality and natural increase. The share of the
population of the demographic region will decrease
slightly in the future.

The demographic region of Central Fergana received
new development and settlement in the second half of
the last century. Due to the fact that the demographic
region consists mainly of desert and semi-desert plains,
the population is small. Although, the valleys make up
about 10 percent of the province's land area, they make
up 3.8 percent of the population. In the projected years,
the proportion of the population of this demographic
region will not change.

The demographic region of South-Western Fergana,
including the western regions of the Fergana region, is
located mainly in mountainous, foothill and lowland
areas. The demographic region has territorial differences
in the location of the population and demographic
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processes. Population density, birth rate and natural
increase are increasing from the west to the east of the
region. This demographic region accounts for 19.7 %

of the valley's area and 20.2 % of the population. Even
in the forecast period, there are almost no changes in
the population of the demographic region.
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Fig. 3. Demographic regions of the Fergana Valley

Favorable natural and climatic conditions, favorable
relief (hills) for the development of agriculture, good
climate and good water resources are important factors
of high population density in the demographic region
of Eastern Fergana. Thus, this demographic region
accounts for about 31 percent. In the future, the extreme
population size and density will have an impact on
population growth, and the region share is projected
to decline.

The high level of urbanization in the demographic
region of southern Fergana influenced the demograph-

ic processes. Low fertility and natural growth in the
future will lead to a decrease in the population of the
demographic region. According to forecasts, in 2020,
17.4 percent of the valley's population will live in the
region, in 2030 the population will decline to 17.2 per-
cent, and in 2040 — to 16.8 percent.

It is known that the birth rate and natural increase
in cities is lower than in rural areas. In the demograph-
ic regions of the Fergana Valley, it is easy to feel the
influence of the central and large cities of the regions
on demographic processes (Table 4).

Table 4. Population growth rate in the demographic regions of the Fergana Valley

Demographic regions Levg ! O.f 1991-2000 | 2000-2010 | 2010-2020 | 2020-2030 | 2030-2040
urbanization
South-western Fergana 48.2 122.9 116.9 122.0 122.4 112.4
Southern Fergana 65.7 117.1 113.5 121.6 120.1 109.7
Eastern Fergana 53.5 122.2 116.5 122.7 118.6 113.8
Northern Fergana 58.8 123.9 117.4 124.7 124.9 113.3
North-western Fergana 62.0 124.6 117.0 122.7 121.7 109.4
Central Fergana 38.5 124.5 118.7 126.1 122.0 113.2
The total of the valley regions 57.4 122.0 116.3 122.9 121.3 112.4

The table was developed by the author on the basis of data from the Statistics Committee of the Republic of Uzbekistan by the method of age
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In the Fergana Valley, population growth was
122 percent in 1991-2000 and declined over the next
decade. The population growth rate in 2000-2010
was 116.3 %, and the decline in this period is due to
the low population growth rate in 2030-2040, i. e.
periodic fluctuations. Also, the level of urbanization
of demographic regions affects the rate of population
growth, creating a peculiar geodemographic wave.

The Southern Demographic Region has the highest
urbanization and the lowest population growth rates.
In 2000-2010, a decline in population growth was
observed in the Eastern and South-Western demographic
regions in the east and west of the southern demographic
region. High population growth rates in 1991-2000
are an important factor behind high growth rates in
2010-2020. The greatest growth in this decade was
observed in the demographic regions of Central and
Northern Fergana. The lowest growth is expected in
East Fergana in 2020-2030, and the lowest population
growth is expected in North Fergana and North-West
Fergana in 2030-2040. In general, in the demographic
valley regions, it is expected that geodemographic waves
will begin in South Fergana and end in Northern and
North-Western Fergana.

Conclusion.

— According to forecasts, in the future the population
of the Fergana Valley will grow and Fergana Valley
will remain one of the largest regions of the country.
The central and large cities of the Fergana Valley
play an important role in the demographic processes
of the regions. With the distance from large cities,
the population density and the level of urbanization
decrease and demographic processes change. Territorial
differences in the natural rates of population growth
in the valleys will lead to a further decrease in the
population of the Andijan and Fergana regions and an
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development of social entrepreneurship emphasizes the basic principles of its existence,
such as the ability to achieve one’s own goals, despite the economic effect of one’s activities. In the quantitative comparative analysis
and need to reach economic indicators, the main factors are determined by the idea of inclusive development in nature management, as
a field of activity in which not only the state but also multidisciplinary international organizations invest. The aim of the article is to
identify opportunities for inclusive nature management development in social entrepreneurship in Ukraine by summarizing the existing
practice of using indices and identifying indicators that will correspond to inclusive nature management parameters. Determining the
position and directions of social entrepreneurship development in Ukraine was determined using an index approach, which, in contrast
to others, allows one to identify indicators that characterize the sphere of development on economic and environmental influence of the
country on the basis of inclusivity. The analysis of international rating assessments and Ukraine’s place in them requires a rethinking
of existing approaches to the search for economically feasible ways to improve socio-economic and environmental indicators and their
rating positions. The method of multi-indicator immersion is used in the article to identify the main indicators of economic, inclusive
growth and social components, which are due to the experience in nature management and characterize the development of social
entrepreneurship. The calculations of the Inclusive Development Index of Social Entrepreneurship in Ukraine as a consolidated index
according to the geometric formula, which comprised synthetic indicators of the human capital index to outline the inclusive range of
components, brand index and index of environmental indicators, proved that today the ecological state of environment and health of
the population have a significant negative impact on economic growth and welfare of the population.

Kmiouosi crosa: inclusive development, social entrepreneurship, nature management, index approach.
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AnoTanist. PO3BUTOK COLiaabHOrO MiANPUEMHHUITBA B YKpaiHi BUCTYNA€ MEPIIOYSPIOBUM OPIEHTHPOM PO3BUTKY COL[iaIbHUX
MAMPUEMCTB Ha OCHOBI CTBOPEHHS Ta YIOCKOHAICHHS MOJITUKH YPS/IY II010 €KOCHCTEMHOI OpieHTawill Ta IHKII03i1, siKa repeadadae
CYCIUIBHUM JIOCTYII IO TYPUCTHYHHUX Ta MPUPOJHUX pecypciB. IIpu IbOMy OCHOBHA CKJIaJJ0BA IHKITIO3UBHOTO PO3BUTKY COLIaIbHOTO
M ATPUEMHUITBA I IKPECITIOE OCHOBHI IPUHIIMIIH HOT0 iCHYBaHHS, TakKi SK 3AaTHICTh peajlizallii BIacCHUX IiJIeH, He3Ba)KAI0uX Ha
SKOHOMIUHHH e(heKT BiX CBOET MisLTbHOCTI. [IpH KiTbKiCHOMY MOPIBHSUTBHOMY aHaITi31 Ta HEOOX1THOCTI BUXOIY Ha EKOHOMIYHI MOKa3HUKU
OCHOBHI ()aKTOPH BU3HAYAIOTHCS 1/IE€I0 IHKIIO3NBHOTO PO3BUTKY B PHPOJOKOPHCTYBAHHI, SIK TOI chepH AiSUTBHOCTI, B SIKY IHBECTY€ He
JIIIE JieprkaBa, a i OararonpodiibHI MDKHApOAHI opraHizawii. MeTolo cTaTTi € ieHTudiKalis MOXINBOCTEH PO3BUTKY iHKIIFO3HBHOTO
MIPUPOIOKOPUCTYBAHHS B COL[IaJIbHOMY IIIIPHEMHULTBI B YKpaTHi IUISIXOM y3arajJbHEeHHs iICHYI0UOi TPAKTHKH 3aCTOCYBAaHHS 1HJCKCIB
Ta BUOKPEMJICHHSI 1HANKATOPIB, sIKi OyAyTh BiAMOBIAATH IapaMeTpaM iHKIIO3UBHOCTI B IPUPOJOKOPUCTYBaHHI. Bu3HaueHHs MO3MUIiT
Ta HAMPSIMiB PO3BUTKY COLIAIBHOTO MiANPHEMHHUIITBA B YKpaiHi Oy/10 BU3HAYEHO 3a JOIIOMOTOI0 1HEKCHOTO MiIXO/y, IKH Ha BIAMIHY
BiJI IHIIKX TO3BOJISIE BUOKPEMUTH 1HIHKATOPI, SIKi XapaKTepHU3yIoTh chepy BIUIMBY HA €KOHOMIKO-EKOJOTIYHUH PO3BUTOK KpaiHH Ha
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3acasiax 1HKIIO3UBHOCTI. AHai3 MDKHAPOJHHUX PEHTHHIOBHX OILIHOK Ta Miclle B HUX YKpaiHH NOTpeOye NepeoCMHUCIICHHS iICHYIOYHX
IiIXO/IIB 710 MOIIYKY €KOHOMIYHO JOIIIbHUX HANPSIMIB ITiJIBUIICHHS COLI0-€KOHOMIKO-SKOJIOTYHHX TOKa3HHKIB Ta CBOIX PEHTHHIOBHX
mo3uuiii. B cTarTi METOI0M MYJIBTHIHACKATOPHOI iMepcii BUSBIEHO OCHOBHI 1HIMKATOPH €KOHOMIYHOTO 3pOCTAHHSI, IHKITIO3MBHOTO
3pOCTAaHHS Ta COLIANBHUX CKIAJOBHX, 110 00YMOBIEH] JOCBI Y MPUPOIOKOPUCTYBAHH] SKUMH XapaKTEPH3y€EThCS PO3BUTOK COLIAIBHOTO
mianpreMannTBa. [IpoBeneHo po3paxyHku [HaeKCy iHKIFO3UBHOTO PO3BHTKY COLIaIbHOTO MiNPUEMHHILTBA B YKPAiHi K 3BEICHOTO iHIEKCY
3a (HOPMYIIOIO CePEeTHBO FEOMETPUYHOTO, SIKHIl BKIIFOYMB B ce0€ CHHTETHYHI IHANKATOPH 1HJIEKCY JIFOICHKOTO KaIiTally JUlsi OKPECICHHS
IHKJTFO3UBHOTO KOJIa CKJIaJIOBHX, IHIEKCY OpEH/y Ta 1HIEKCY €KOJOTIYHHX TTOKAa3HUKIB, SIKH JOBIB, IO CHOTOJIHI €KOJIOTTYHUI cTaH
JIOBKUJLIS TA 310POB’ ST HACETIEHHS OKa3yIOTh 3HAYHHI HETaTHBHHUI BIUTMB Ha €KOHOMIYHE 3pOCTAHHS JepXKaBH Ta J0OpoOyT HaCeJICHHS.

Kniouosi crnoea: iHKIHO3UBHULL PO36UMOK, COYIANbHE NIONPUEMHUYMEO, NPUPOOOKOPUCHTYBAHHSL, THOEKCHULL NIOXIO.

Introduction.

Inclusive development of social entrepreneurship
is a fairly new vector of today. This is due to the
contradictions that arise between inclusion and
social entrepreneurship in nature management. Thus,
if inclusion provides public access to tourism and
natural resources, which is guaranteed by the state,
the development of social entrepreneurship is based
primarily on making a profit from its activities for its
further redistribution to social needs.

Social entrepreneurship shows how developed
in the country are the institutional environment and
business support which are based on the principles of
sustainability and inclusivity. The index approach is
the most convenient way to perform calculations, while
analyzing many disparate indicators and elements and
combining them into one set (aggregate).

To study individual indicators an index approach
was chosen with which it will be possible to determine
the current state of the inclusive economy in Ukraine
and identify opportunities for its development.
Theoretical index analysis makes it possible to compare
economic phenomena between the compared situations
and elements of the system and carry out analysis of
qualitative differences between individual factors of
the system.

Strategic management of economic system
development (Seleznova, Boiko, Bondar, 2020)
provides the relationship of strategic objectives with
indicators of current development. Thus, in this study
it is necessary to identify synthetic indicators based
on the generalization of indicators inherent in the
inclusive development of social entrepreneurship in
nature management. The result indicators of the general
change generated by complex economic phenomena
are broken down into the individual components of
this phenomenon or factors influencing it. So, it is
advisable to dwell in more detail on the indices and
their components used in international practice.

The aim of the article is to identify opportunities
for the inclusive development of nature management
in social entrepreneurship in Ukraine by summarizing
the existing practice of using indices and identifying
indicators that will show the parameters of nature
management inclusiveness.

Problem statement.

According to the indicative goals and objectives
of the National Civil Society Development
Ukraine Strategy for the years 2021-2026, social
entrepreneurship is defined as a springboard for the
key vectors of social awareness development of
the community and the key areas of inclusion and
sustainability in the business environment.

There are a number of documents developed on
international achievements in the progress of social
entrepreneurship in Ukraine (Global Innovation Index
2020) which state that the primary guideline of am-
plification of social enterprises is the creation and
improvement of government policy on ecosystem
orientation. At the same time, foreign experts have
developed two criteria groups for the activities of
social enterprises divided into economic and social,
namely: the creation of entrepreneurship on a voluntary
basis with a minimum number of paid employees, the
volunteering being aimed at profit, a significant part
of which will be distributed to the needs of society.
Areas of activity and decisions are regulated by voting,
regardless of the capital contributed by a member of
the enterprise.

Today, the activities of social startups are a new
direction of profit, competitive advantages of business
development with a focus on social and inclusive goals.
Ukrainian researchers (The Inclusive Development
Index 2018) have proved that the main vectors of social
entrepreneurship development are as follows:

— first of all, it is the ideology of doing business
according to international recommendations;

— accessibility to its products of all segments of
the population and obtaining commercial benefits from
activities;

— environmentally oriented component in
conducting commercial activities.

The legislation prescribes such activities and has
many competitive advantages related to taxes, fees,
etc. However, there are no clearly defined normative
and methodological recommendations for calculating
the level of social entrepreneurship development in
Ukraine. Therefore, the purpose of this article is to
scientifically generalize index approaches to calculating
the level of industry development in the country and to
distinguish from their composition indicators that would
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clearly characterize the state of social entrepreneurship
development.

Material and Methods.

The definition of the theoretical basis was carried
out using the method of theoretical generalization to
identify the main indicators in international indices
that characterize social entrepreneurship development.
To identify index indicators of social entrepreneurship
progress, we used the multi-indicator immersion
method to identify the indicators of economic growth,

inclusive growth and social components, which are due
to experience in nature management.

The characteristic indicators outlining the formation
of social entrepreneurship in the country are indices.
Thus, the Inclusive Development Index (INCI) is an
annual assessment of economic progress that does not
use GDP. The index includes: components of economic
development, gender equity and equality, inclusivity
in financial and environmental governance. The latest
data on the Inclusive Development Index show that
Ukraine takes 49th place in the ranking, having lost
6.8 % over the past 5 years.
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Fig. 1. The Inclusive Development Index is based on data (The Inclusive Development Index 2018)

Ease of Doing Business Index (Doing Business
2020: Comparing Business Regulation in 190
Economies) — measures the main economic, legislative
and management indicators of business formation. The
Ease of Doing Business Index measures:

— Launching a business: starting a business,
employment, number of employees.

— Location: building permits; availability of
electricity; property registration.

— Access to finance: availability of loans, protection
of minority investors.

— Conducting business operations: payment of taxes,
export trade; cooperation with the government.

Business security: the number of concluded
contracts, solving insolvency problems.

Ukraine’s position is 64th in the ranking with a
doing business indicator of 70.2.
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Fig. 2. The ranking according to the Ease of Doing Business Index is based on data (Doing Business 2020: Comparing Business
Regulation in 190 Economies)
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The Social Progress Index is a new way of
measuring the success of our societies. This is a
comprehensive indicator of real quality of life,
independent of economic indicators. The Global Index:
Overview is designed to complement and replace
economic measures such as GDP.

The Social Progress Imperative programme defines
social progress as the ability of a society to meet the
basic human needs of its citizens, to establish conditions
that enable citizens and communities to improve and
maintain their quality of life, to create conditions for all
people to develop their potential. Instead of emphasizing
traditional measures of success, such as income and
investment, the Social Progress Index measures 51

social and environmental indicators to create a clearer
picture of everyday people life. Ukraine ranks 80th out
of 149. The index does not measure people's happiness
or life satisfaction, focusing on real life results.

The index includes:

1. Basic human needs: food and basic medical care,
water and sanitation, housing and sanitation, personal
safety (whether a person feels safe).

2. Welfare: access to secondary education,
awareness, health and wellness, quality of the
environment.

3. Opportunities: personal rights (protection of
human rights), personal freedom and choice, social
inclusion, access to higher education.
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Fig. 3. The ranking according to the Social Progress Index is based on data (Global Index: Overview)

Note that all indices in one or another area
are inherent in the input indicators of social
entrepreneurship. However, in the field of inclusion and
nature management there is a skew towards recovery,
recreation, gaining experience, which is extremely
relevant in the post-pandemic period.

Results and discussion.

In the post-pandemic period the social
entrepreneurship definition and components are orient-
ed to the development vectors such as environmentally
oriented activities in the field of nature management,
which in themselves entail inclusion. In the future,
this direction of growth will be achievable for the
tandem "state — enterprise — society" — overcoming
the destructive impact on the environment, encouraging
conservation and sustainable use of natural resources,
making inventory of recreational areas, ensuring
inclusive economic growth.

Therefore, the determination of indicators to be
used in making an index of development of social
entrepreneurship was carried out using definitions and
characteristics of economic growth, inclusive growth
and impressions/experiences in nature management.
Thus, the research algorithm is formed (Fig. 4).

Based on the research algorithm, synthetic indicators
of the social entrepreneurship development index
should reflect their essence according to the selected
classification features. However, there is a problem of
establishing the boundaries of the study, because the
set of indicators can be constantly increasing, moving
beyond the phenomena inherent in the sphere of re-
search. Therefore, international experience of research
indicators of sustainable development (Mikhno,
Koval, 2021), the selection of indicators in the study
will be carried out on the principle of multi-indicator
immersion, as one in which the limits are set beyond
the identifying features.
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Synthetic indicators of social entrepreneurship development in nature management
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Fig. 4. Algorithm of social entrepreneurship inclusive development in nature management

In foreign research publications, this is a fairly
common method. Thus (Levett, 2002) Sustainability
Indicators — Integrating Quality of Life and
Environmental Protection considers sustainable
development by multi-indicator immersion, proposing to
move away from the idea that sustainable development
is a crossroads of social, environmental and economic
goals, and considering instead the environmental goal
as the core of the concept of sustainable development,
which is formed based on the needs of society that can
be solved by the economy. Thus, sustainable economic
development depends on and must take into account
environmental and social constraints.

Other views using the same multi-indicator
immersion model are discussed (Brady, 2005) in
Environmental management in organizations. The [IEMA
Handbook considers sustainable development through
the prism of the production process in organizations and
work model multi-indicator immersion as an alternative
to the sustainable development three-ring model, where
economic progress depends on social activity, and
economic activity acts as an auxiliary in ecological
and social well-being. The author proves that such a
model of sustainable development, rather than a three-
ring one, reduces social and environmental risks from
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economic activity, taking into account the impact of
manufactured products or services on the environment.

The initiative of the WHO Regional Office for
Europe (World Health Organization, 2012) examines
welfare using a multi-indicator immersion model, where
the circle boundary includes public administration,
economy, environment, which interact with society
to directly influence factors of individual well-being
that include: health (physical and psychological),
relationships, personal finances, education and
skills, work, housing. The inner circle is defined by
personal well-being, which should take indicators of
happiness, life satisfaction and affective experience.
Methods for measuring personal well-being are based
on questionnaires and observations of a person's
behaviour during the day including changes of mood,
or compensation of some components for others.

The report (Ahmad, 2020) Sustainable
Neighborhood Development in Emerging Economies:
A Review considers sustainable development according
to the multi-indicator immersion model as an economic
one to achieve economic adequate benefits to society
within ecological limits.

Tuti Haryati (Su, 2014), consider the impact of
sustainable development on the cost of commercial
office buildings using the multi-indicator immersion
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model approach. The authors consider three concen-
tric circles: the most remote the environment, society
and the economy at the center. This alternative con-
cept puts economic factors at the center as the basis
for wealth creation, which is a further development
engine, but at the same time limited by environmen-
tal and social parameters. The authors argue that cre-
ation of green buildings will provide a social effect for
workers due to the provision of more environmentally
friendly working conditions, which will increase the
economic effect, as the main goal to be achieved due
to work capability and public health and greater green
structures sustainability.

Dixon (2011) considers sustainable social develop-
ment as the basis for achievement of economic growth,
well-being and happiness of the population, arguing that
not only does environmental sustainability require in-
tervention and reorientation of state regulation, but so-
cial sustainability is the at core of achieving economic
and environmental needs.

Pei-Ing (Wu, 2014) analyzes different views on
sustainable development: the approach to environment
monetization, economy and society using the multi-
indicator immersion method proves that the better the
aggregation environmental index, the lower the aggre-
gation social index in achieving economic development.

In Russian Dolls and Chinese Whispers: two per-
spectives on the unintended effects of sustainabili-
ty indicator communication (Lyytimiki, 2014), the
authors propose to form a sustainable development
indicator as a set of dolls that decrease in size and
take into account the main features of the parameters.
In the study (Kostetska, Laurinaitis, 2020) the index
was formed using the "multi-indicator immersion
principle" to establish a framework of indicators of
digital technology use for transformation of individual
sectors of the economy, reproducing the general index
scheme and focused on measuring specific conditions
(effects) of digital technologies that are directly related
to a given economy sector. This approach allows use
of a comprehensive sub-index and a set of indicators
for the digital transformation of an economic sector as
an independent full-fledged tool.

The report "The quality of the environment affects
our happiness" confirms the importance of the natural
environment for people in nationally representative
household surveys. For example, asking how important
environmental protection is for their well-being and
life satisfaction, 88 % of respondents in a survey by
the German Socio-Economic Group (SOEP) said it
was important or very important. So, in response to
the question how concerned they are about the state of
the environment, 72 % say they are somewhat or very
concerned. Similarly, 70 % say they are somewhat or
very concerned about the effects of climate change.

Academic interest in the relationship between the
environment and happiness was twofold: first, there was
a real interest in how the environment affects people's
subjective well-being. Work has also been done on us-
ing subjective well-being indicators for the monetary
assessment of environmental factors, which are publicly
available, often intangible, goods for which there are
no market prices. The interaction of environmental
factors with life satisfaction — a measure of experimental
usefulness — and income assessment, this approach is
called the experimental benefits assessment. Second,
there is a growing interest in the effects of environmental
behaviour on people's subjective well-being, and in
turn, how people's emotional states can effectively en-
courage more environmentally conscious behaviour.

In psychology, there is evidence that when a person
is in the natural environment, his mental well-being
improves. There is a decrease in stress, growth of
positive emotions, cognitive recovery and a positive
effect on self-regulation.

Thus (Koval, Mikhno, 2019), analyzing the different
approaches of the principle of multi-indicator immersion
use, we note that the core of this model should be the
main achieved goal, the next circles are those cores
within which the goal is achieved. Thus, the model
uses normalized social, environmental, and economic
indicators to include them in a unique performance
indicator.

Research analysis has shown that in the application
of the index approach based on multi-indicator
immersion principle, it is necessary to establish external
and internal limits for the selection of indicators
that would indicate the development of an inclusive
economy in general and directly within each circle
would be independent. The quality of the environment
affects human health through the quality of air, water
and soil, which is associated with the presence and
density of hazardous substances. The quality of the
environment is also essential for people who value the
natural beauty and for whom amenities influence their
life choices (e. g., place of residence) (Balestra and
Davide, 2012). This sentence describes the situation of
inclusive economy development in nature management.

This area of study is reflected in the contradictions
of economic growth and natural resources use; social
values and phenomena which affect people's experiences.
Therefore, in order to combine nature management,
inclusion, economic growth and experience, based
on the multi-indicator immersion principle, using
an index approach, we will identify indicators from
existing international indices that are specific to social
entrepreneurship in nature management.

External borders will be generalized by inclusive
growth, namely indicators of the human contribution
of productive country development, economic growth
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is characterized by the limits of inclusion and comprise
design, innovation and skills. Experience (Baranets,
2020) in nature management is formed by the internal
circle of multi-indicator immersion, the functions of
which are aimed at achieving a sense of environmental
quality, attractiveness of the place, ideal space for

communication, in the context of declared economic
growth, inclusion and does not go beyond range of
regulations based on nature management.

Thus, the conceptual approach of the social
entrepreneurship index in nature management can be
determined:

Input parameters:
health, survival,
schooling

Inclusive growth as measured by
the Human Capital Index (Ihc)

Initial parameters: labor
productivity

Priority directions of
regional development
within the framework of
social entrepreneurship
inclusive develop

\N

State of the environment,
determined by the index
of ecological efficiency

(Iee)

Economic growth in the industry, which is
characterized by social entrepreneurship,
measured by the Brand Index (Ib)

Inclusive development of social
entrepreneurship in nature
management, obtaining knowledge,
impressions, emotional effect

Paying taxes,
reducing
unemployment

Index of social
entrepreneurship
development in
nature management

(Ised)

N

Identification of development opportunities and directions of state regulation

Fig. 5. Conceptual approach of the Social Entrepreneurship Index development in nature management

Classification features are based on the selection
of indicators by territorial component; we selected 3
regions for calculations: Odessa, in which the main
recreational potential is determined by the marine
environment, Transcarpathia, in which forest, river
and mountain recreation is concentrated, and Kyiv as
a hospitality center.

A time period of 5 to 10 years was chosen as one
in which can observe changes in indicators of the chain
growth rate.

The identification feature characterises a multi-
indicator immersion range and includes selection of

Iy = Survival * Schooling * Health

1—child mortality up to 5 years
1

Survival =

Schooling _ ef (expected duration of schooling*

synthetic indicators according to inclusive, economic
and environmental indicators.

The inclusion scope is directly related to economic
growth and nature, as defined by the OECD, can be cal-
culated by the human capital index, which consists of
knowledge, skills, abilities and other qualities that an
individual possesses which are important for economic
activity.

The International Bank (Human Capital
Development Project) proposes to calculate the Human
Capital Index by multiplying the indicators of the
relative contribution of survival, schooling and health
as impact productivity aspects, namely:

Healthh = eYAgR*(Adult survival rate—1)+Ysport stature
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The percentage of short stature is recommended as
one of the key parameters influencing the achievement
of the Millennium Development Goals by 2030, namely
the eradication of hunger.

The components of the Index in this case are
presented as indicators of the relative contribution to
productivity in comparison with the reference indicator
of the full education course and full health. Parameter ¢
= 0.08 measures the return from each additional year of
schooling. Parameters Y, . =0.65andyy, . =0.35
measure the increase in productivity due to improved
health, using indirect indicators of health data on adult

survival and short stature. The reference indicator of
complete and high-quality education corresponds to
14 years of schooling and a unified test result of 625
points. The benchmark for good health means that the
survival rate of children and adults is 100 percent, and
the percentage of short stature is 0 percent.

When calculating Thc, these indicators are used as
weights. These weights were chosen because they are
the same for different countries, and thus the differences
between countries in the value of lhc reflect only the
differences in the variable values of the components.

The chain growth rate of Ihc is shown in Fig. 6.
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Fig. 6. Ihc chain growth rate for the period 2012-2019 is based on data (Metadata,2020)

The data presented in fig. 6 show that the human
capital index in the selected regions has not changed
over the past 5 years, which contradicts the general
data for Ukraine, as our country scored 0.65 points
and ranked 50th out of 157 overall world rankings.
The growth of Ihc in studied areas is inhibited by the
health status of the population, which is extremely poor,
especially in Odesa region.

% from the total sales of the brand in the region

The economic growth range of social
entrepreneurship in nature management can be
characterized by the Brand Index. BDI (Brand
Development Index) (Balestra & Dottori, 2011) or
brand development index — an indicator that allows
you to assess development / strength level of brand in
a particular region and is measured in%.

Ib =

% from the total population of the country living in the region

% fromthe total sales of the brand in the region =

% of the total population of the country living in the region =

In our specific study, it is advisable to calculate the
Brand Index of the region by tourism indicators, namely
The chain growth rate Ib is shown in Fig. 7

* 100 (5)
revenue from the sale of the region’s brand 6
revenue from brand sales across the country ( )

population of the region
(7)

population in the country

the cost of tours sold and the number of tourists who
were served by travel agents.
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Fig. 7. Chain growth rate Ib by region 2009-2019 is based on data (Metadata,2020)

The overall decline in 2019 by Ib is due to the fact
that at the end of 2019 the epidemiological situation
worsened and the COVID-19 epidemic emerged. The
overall Ib indicator for 2015-2018 had a constant
positive growth rate, which characterizes the selected
areas as those where signs of social entrepreneurship
inclusive development in nature management by
economic circle have been identified.

The ecological range of indicators can be
characterized by the index of ecological efficiency
which reflects achievements of countries in the field
of natural resources management and their rational use.

In 2020, the Yale Center for Environmental Law and
Policy (Metadata Environmental Performance Index,
2020) used 32 indicators in 11 categories (Table 1) to
calculate the state of countries and find management
solutions to overcome environmental crises.

Table 1. Framework of the environmental efficiency index (Iee)

Environmental efficiency index framework

Ecological health 40 %

Ecosystem viability (60 %)

Air quality — 50 %

Biodiversity and habitat — 25 %

Water and sanitation — 40 %

Ecosystem services — 10 %

Heavy metal pollution — 5 %

Fisheries — 10 %

Waste management — 5 %

Climate change — 40 %

Greenhouse gases — 5 %

Agriculture (nitrogen content) — 5 %

Water resources (wastewater treatment) — 5 %

The reduction of indicators to one dimension
was carried out based on the rationing of individual
indicators (according to formulas 8, 9). If the growth
of unit indicators leads to an increase in unit estimates,
the rationing of indicators is carried out according to
formula 10, otherwise according to formula 11.

Xi—Xmin
Zi= Xmax~Xmin (8)

_ _Xmax—Xi
a= Xmax—Xmin (9)

Where z; — normalized value of unit indicators
(0=z<1)
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Xmax, Xmin, Xi — maximum, minimum, i-th value
of a unit indicator.

The selected Ukraine regions can be characterized
by the following data according to time series that
show by how many times the current level of the
Environmental Efficiency Index has changed compared
to the previous level (Fig. 8).
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Fig. 8. The chain growth rate of Iee for the period 2009—2020 is based on data (Metadata,2020)

According to the figure, we note that Iee indicators
have increased significantly over the past year in
Transcarpathia and Kiev regions, while in Odesa
they have sharply decreased, despite the fact that the
dynamics of the index had been uniform in previous
years. Therefore, it is necessary to indicate the weakest
indicators for each region; namely in the Transcarpathia
region there is an increase in the presence of greenhouse
gases and nitrogen content in agricultural lands, in
Odesa oblast the index of ecological efficiency was
greatly influenced by indicators of biodiversity loss,
ecosystem services, increased nitrogen content in
agricultural lands and pollution of water resources of
the oblast. Some negative points are also observed in

Kiev region. Indicators that inhibit the growth of the
environmental efficiency index include climate change
and greenhouse gases.

Based on the experience of domestic scientists and
international approaches for calculation of consolidated
indices in this study, we propose to calculate the index
of inclusive development of social entrepreneurship
in nature management according to the formula of
geometric mean (Ised) as indices of environmental
efficiency, human capital and brand.

Ised = Vlee = Ihc = 1b (10)

The values of Ised indicators are given in Table 2,
and the chain growth rate in Fig. 9.

Table 2. Ised indicators by region

Year Odessa region Kyiv region Zakarpattia region
2012 2.09 1.44 1

2013 1.54 1.77 1.1

2014 1.41 2.02 0.95

2015 1.33 1.9 0.96

2016 1.18 1.8 0.99

2017 1.14 2.32 1.01

2018 1.53 2.29 1.01

2019 0.79 2.23 0.77

Analysis of dynamics of indicators by selected areas
shows that in 2019 the index tends to decrease. This
is primarily due to the pandemic, which has increased
the amount of disease in the regions and brought a
decline in tourism.

A major influence on the Index, which inhibits
inclusive development of social entrepreneurship in
nature management in the country, is exerted by impact
on all such indicators of the Environmental Efficiency

Index and the state of health of the population.
Therefore, the task of state regulation should primarily
be based on overcoming these disparities.

Conclusion.

Identification of opportunities for inclusive
development of social entrepreneurship in nature
management indicates the presence of potential in the
regions of Ukraine. The study proves that Ukraine
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Fig. 9. The chain growth rate of Ised for 2012-2019 is based on data (Metadata,2020)

is very slow in its development in international
index rankings, especially in the indicators of the
globalization index (which is related to digitalization),
human development (population health indicators),
the international happiness index (population welfare
indicators), ease of doing business index (due to
difficulty in obtaining documentation and low financial
support). Also, the analysis of consolidated international
indices allowed us to identify synthetic indicators
that were included in the social entrepreneurship
development index in nature management in Ukraine.
We note that almost all international indices include,
to a greater or lesser extent, indicators of human
development, which are measured by health status,
population skills and environmental impact. Based
on the achievements of foreign scientists in the field
of sustainable development, a scientific vision and
methodological support for the social entrepreneurship
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Received: 14.04.2021 Abstract. The article considers the discovery of structural elements, zones of hydrothermal
Received in revised form: 29.04.2021 alterations and mineralization in the margins of Gadabay and Murovdag regions and the
Accepted: 04.08.2021 study of prospective areas for mineralization characterized by them by using ASTER

satellite data. The main purpose of the research is the definition of the lithological
composition of rocks, ring and linear structures and zones of hydrothermal alterations with the help of remote-sensing methods and
by better technological development of special radiometric data. In order to detect the lithological composition of associated rocks of
alteration zone of endogenous ores, 14 channel data of ASTER has been used. By using stereoscopic images obtained from ASTER
data, it was determined that hydrothermal alterations are mainly represented by alunitization, kaolinization, sericitization, silication,
pyropilitization and silification in the studied ore regions. These changes were shown to be characteristic for copper-porphyry, gold-
copper pyrite, copper-polymetal and gold-copper-porphyry deposits. Strip ratios, principal component analysis (PCA), minimum
of noise fraction (MNF) and selection method for least squares (LS) have been used to map hydrothermal alteration zones. The
ring structures detected in the area, different fault fractures and lineaments are assessed as favourable geological structural factors
for alteration and mineralization. The results obtained by ASTER image analysis confirm the presence of derivative minerals which
are considered to be the product of hydrothermal alterations which are densely concentrated (kalium spathization, kaolinization,
serictization, pyrophyllitization, alunitization) has been confirmed. The points each with private coordinates have been determined
(defined) within separate areas with the help of remote data and relevant anomalous maps prepared. These points are considered
favourable geological condition in terms of the type and intensity of hydrothermal alterations in the area. Such areas are considered
a sign of indirect search significant for the detection of copper-polymetallic, copper-porphyry, copper-pyrite and gold-pyrite type of
mineralization with epithermal origin in the region.

Keywords: Gadabay and Murovdag, ASTER, structural elements, hydrothermal alteration, mineralization, prediction.

BusiBjieHHsI CTPYKTYPHHX eJIeMEHTIB Ta 30H IiApoTepMaJbLHUX 3MiH 32 I0MOMOI0I0 CyITyTHUKO-
Bux A1aHux ASTER nHa okpainax I'agabaiicbkoro Ta MypoBaa3sskoro pyaiuux paiionis (Masmid
Kagka3, A3ep0aiigxan)

M. I. Mancypos, H. A. Imamsepaies, B. M. Kapimos, E. ®. ['an6aposa, T. 1. Tamipos, C. C. Mypcaios,
H. B. [Tamaes.

Asepbatioocancoruil Oepocasnuil yHisepcumem Hagmu i [Ipomucnosocmi, Azepbaiiodxcancwvra pecnyonika, baxy,
e-mail: vagifkerimov1968@gmail.com

AHoTamisi. ¥ crarTi po3nIIAEThCs BIIKPUTTS CTPYKTYPHHX €JIEMEHTIB, 30H TiApOTepMaJbHUX 3MiH Ta MiHepaii3alil Ha okpaiHax
perioniB ["ana6aii Ta MypoBzar Ta Z0CIiUKeHHS IepCIeKTUBHUX PaiOHIB MiHepaJIi3allil, 1[0 XapaKTepU3yIThCsl HUMH, 32 JIOTIOMOT0I0
cynyTHuKOBHX HaHuX ASTER. OCHOBHOI METOIO AOCIIKEHHS € BU3HAYCHHS JITOIOTYHOTO CKJIAAy TIPCHKUX MOPIiJ, KiTbIEBHX Ta
JHIMHUX CTPYKTYP Ta 30H TiAPOTEPMAIBHHAX 3MiH 32 JOTIOMOTOIO0 METOIB AUCTAHLIHOTO 30HYBaHHS Ta KPAIloi TEXHOIOTIYHOT po3-
PpOOKH criemiadbHUX PATiOMETPUYHUX JAHUX. 3 METOI0 BCTAHOBJICHHS JITOJIOTTYHOTO CKIIaAy BMILIYIOUUX ITOPiT 30HH 3MiHH €HIIOTCH-
HUX pyJ BuKopucTaHi 14-kanansHi qani ASTER. 3a momomororo ctepeockomiuaux 300paxkens, orpuManux 3a qanuMu ASTER, Oymo
BH3HAYCHO, 10 T1APOTepMalbHi 3MiHH B OCHOBHOMY INPEICTABIICHI ATyHITH3AII€10, KAOTiHI3aIIEF0, CEPHIIUTH3AIIEI0, CHITIKATH3AIIIEFO,
MpOMiTITH3aII€I0 Ta CHITI(IKAIIEI0 Y TOCTIPKYBaHUX pyAHUX perioHax. [TokazaHo, 110 I1i 3MiHM XapaKTepHi A MiTHO-TIOp(ipoBHX,
30JI0TO-MiTHO-IIPUTOBUX, MiJHO-MOJIIMETAJIEBUX Ta 30J0TO-MiHO-0p¢dipoBux ponosuil. CriBBiIHOLIEHHS CMYT, aHali3 OCHOBHUX
kommoHeHTiB (PCA), minimym mrymoBoi yactku (MNF) ta meton Bubopy st Menimx kBazapariB (LS) BUKopucTOByBanuch Aist Kap-
TorpadyyBaHHs 30H TifipoTepManbHUX 3MiH. KijblieBi CTPYKTYpH, BUSIBICHI B paifoHi, pi3Hi TETKOHIYHI MOPYLICHHs Ta JiHIAMEHTH
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OLIIHIOIOTHCS SIK CIPHSATINBI I€0JIOTIUHI CTPYKTYpHI (hakTopy JUIst 3MiHH Ta MiHepaizalii. B pe3ynbsrari oTpuMaHoro 3a 10noMororo
ananizy 300paxenb ASTER miaTBep/keHO HAsBHICTD MOXIAHMX MiHEPaIiB, [I0 BBAXKAIOTHCS MIPOAYKTOM TiAPOTEPMATIbHHUX 3MiH, SKi
LIIJIBHO PO3TAIIOBaHI Ha TepUTOPIT (KamilmaTH3alis, KaoniHi3awis, cepiatusaris, mipodinitizamis, axyHitu3aris). Touku, KOXKHA 3 CBO-
MM KOOpAMHATAaMH, Oy BH3HAUCHI (PO3MiNIEHI) B OKPEMHUX pallOHAX 3a JOMOMOTOI0 BiJIaeHNX JaHUX Ta MiATOTOBIEHI BiINOBIIHI
KapTu aHoMmaiiid. L{i MyHKTH BBa)KarOTHCS CIPHUATIMBUM T'COJIOTIYHHM CEPENOBUIIEM 3 TOYKH 30py THITy Ta IHTEHCHBHOCTI TiIpo-
TepMaJIbHHUX 3MiH Ha JaHii Teputopii. Taki palOHM BBa)KalOThCS O3HAKOK HEMPSIMOTO MOIIYKY, 3HAYYIIIUMH JUIsl BUSBICHHS MiTHO-
MOTIMETAIIYHOTO0, MiTHO-TTOP(IPOBOTO, MiHO-ITIPHTOBOTO Ta 30JI0TO-IIIPUTOBOTO THITY MiHepai3alii 3 erniTepMaTbHIM ITOXOIKEHHIM

B peTiOHI.

Kniouosi crnosa: Keoabek i Mypoeoae, ASTER, cmpykmyphi enemenmu, 2iopomepmanbHi sMiHu, MIHEpanizayis, npoeHos3.

Introduction.

Cosmic, multi-spectral systems such as Landsat
MSS, TM and SPOT possess spectral channels ranging
from 4 to 7. Landsat MSS data is mainly applied during
the structural and geomorphological interpretation on a
regional scale (Goetz et al., 1983; Abrams et al., 1983;
Perry, 2004).

Using ASTER (Advanced Spaceborne Thermal
Emission and Reflection) data, the wide application
of the potential opened up by the discovery of ore
deposits within ore regions and areas and application
of satellite spectrometers in the spatial definition of
mineral indicators in various geological conditions
have been observed in recent times (Abrams et
al.,2000; Sabins 1999; Spatz et al., 1994; Watson
et al., 1990; Tommaso et al., 2007). ASTER covers
visible, near infrared (VNIR), short-wave infrared
(SWIR) and thermal infrared (TIR) spectral areas
with 14 channels possessing high spatial, spectral and
radiometric solubility properties. (Yamaguchi et al.,
1998; Abdelsalam et al., 2000; Abrams and Hook, 2001).

In recent years, the use of ASTER images,
especially the high spatial and spectral results of
ASTER, as well as the availability of obtaining three-
dimensional stereoscopic images allow us to apply
this method widely in various spheres of geology.
By applying spectral and thermal features of ASTER
data, they are used in the investigation of geological
features, the definition of hydrothermal —metasomatic
alteration zones and mineralization zones which were
formed associated with ore deposits, in the discovery
of various tectonic structural elements, particularly
linear and ring structures and in the solution of other
geological problems (Rowan et al., 1977; Goetz et
al., 1983; Boardman et al., 1995; Abdelsalam et al.,
2000; Papp and Cudahy, 2002; Kruse et al., 2003; Perry,
2004). ASTER data are widely applied in the search
and exploration of ore mineral deposits, two channels
of SWIR are applied in the discovery of mineralization
areas associated with altered rocks (Podwysocki et al.,
1984; Okada et al., 1993; Sabins, 1996; Sabine, 1997,
Abdelsalam et al., 2000).

According to the data on VNIR/SWIR surface
reflection features, alteration processes of minerals,
such as alunitization, kaolinization, sericitization,
silicification and propylitization have been recorded.

As is known, the Gadabay and Murovdag ore
regions are characterized by wide development of
copper-porphyry, gold-copper-pyrite and copper-
polymetallic, copper-arsenic and other ores and their
proper hydrothermal alterations. The detectability of
hydrothermal alterations and mineralization zones based
on remote-sensing data create wide opportunities for
conducting effective geological researches in this area.

The main purpose of the research is to discover
hydrothermal alteration and mineralization zones, ring
and linear structural elements, playing a significant
role in the localization of noble and non-ferrous metal
mineralization in the Gadabay and Murovdag mining
districts by using ASTER data.

Materials and research methods.

The images related to a ASTER (Advanced
Spaceborne Thermal Emission and Reflection
Radiometer) receiver which was set over a TERRA
satellite platform have been used in the article. ASTER
module has resolution accuracy consisting of totally
14 spectral bands including 3 spectral bands in Visible
Near Infrared (VNIR), 6 spectral bands in Short Wave
Infrared (SWIR) and 5 spectral bands in Thermal
Infrared field. VNIR bands of ASTER have resolution
of 15 meters, SWIR bands-30 meters and TIR bands
90 meters. A single ASTER image covers an area of
3600 km? within the frame of 60km x 60 km. The data
shown here allow us to study the mineralization and
alteration in detail.

The examination of promising areas separated by
remote sensing has been checked as a result of field
observations and testing work and results were assessed.

Remote sensing analysis of the ASTER data used
in the preparation of the article was carried out in three
stages: In the first stage, preprocessing analysis was
carried out combining spectral bands dealing with
initial satellite data. In the second stage, the analysis
directed to the definition of tectonic elements, obtaining
stereoscopic image and mineralogical mapping, as
well as lithological mapping analysis were carried
out. In the third stage, combining all the data acquired
from the results of analysis in the environment of the
geographical information system, the work was carried
out in the direction of definition of structural elements
and hydrothermal alteration zones.
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Remote sensing was carried out in the region by
complex research consisting of a special program
complex, facilitation and image processing technique.

Geological position of the research area. The
research area is located in the territory of Shamkir
and Gadabay regions on the north-eastern slope of
the Lesser Caucasus between longitudes 45° 05
20" E and latitudes 40°02'80"-40°04'40" N (Fig. 1).
Gadabay ore district is located in the axial zone of
the large Shamkir horst uplift of the Lok-Karabakh
zone. The complexity of its tectonic development and
its position in the large block structure of the Lesser
Caucasus depend on the occurrence forms and scale
of fault structures. (Geology of Azerbaijan, 2005;
Shikhalibeyli, 1996). It was mentioned that deep fault
structures of the ore district are hereditary beginning
from the Baikalian structure to the Hercynian epoch
(Shikhalibeyli, 1996). The main feature characterizing
the region is extensive development of Bajocian-
Barthian volcanogenic occurrences and plagiogranite —
gabbro-diorite-granodiorite formation intrusively cutting
through them (Geology of Azerbaijan, 2001). As the
oldest mining region of the Caucasus, Gadabay ore

district is characterized by gold-copper-pyrite, copper-
gold porphyry, copper-polymetallic and copper-arsenic
mineralization.

The Murovdag anticlinorium is located south-west
of Dashkesan and north of Toragachay. As a boundary
structure separating two facial tectonic zones with
different properties, the Murovdag anticlinorium
is located between two structure-formation zones
(Lok-Karabakh and Goycha-Hakari) of different
ages and different geological history of development
(Shikhalibeyli, 1996; Abdullayev et al., 1988).
This structure composes of mainly Middle Jurassic
volcanogenic genesis and granitoid massifs cutting them
through (Geology of Azerbaijan, 2001). This ore district
is characterized by copper-gold-porphyry, copper-
pyrite, copper-polymetallic and gold-polymetallic
mineralization.

Due to the wide development of metasomatic
alterations and epithermal mineralization associated
with them both in Gadabay and Murovdag ore regions,
the remote sensing data like ASTER is significant
in the lithological mapping and initial stage of the
investigation work.

T
4

'ﬂv'_“'-:' = {
0
{

Fig. 1. Geological and tectonic position of Gadabay and Murovdag ore areas
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The analysis of stereoscopic image.

There exists an infrared telescope which provides
the view of ASTER satellite in the vertical direction
from the sky and receives the backward image in the
same spectral band. This infrared telescope captures
obtain pairs of stereo images (3N and 3B) with 27.6°
angle and 0.6 high ratio percentage. This peculiarity
has been used in the formation of numerical elevation
model and obtaining three-dimensional stereoscopic
image (Fig. 2 and 3). Two individual telescopes were set
to the VNIR receiver in order to reduce breakages in the
images and to obtain a nadir view and backward view.

VNIR, possessing totally 3 bands (1-2—3) and a single
band with stereo image features is received in 0.52 um —
0.86 um wave length (Yamaguchi et al., 1998; Abrams
and Hook, 2001). Stereoscopic image receivers have
capacity of showing the other three-dimensional band
receiver 27.6° backward which was set in the orbits.
The basic height ratio in the stereo images is B/H=0.6.
VNIR possesses + 24° image capacity from the vertical
direction towards the cross. The area of the image is 60
km x 60 km, the resolution of the image is 15 meters
(Abrams, 2000; Abrams et al., 2001).

~a

I,
= || —
=

i

Fig. 2. Stereoscopic images obtained by using 2 pieces of VNIR receivers belonging to ASTER.
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Fig. 3. The geometrical form of ASTER VNIR stereo image.
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Note in Fig. 3 Beginnig should be Beginning

The standard surface radiance data product for
all 14 channels was used in the classification. The
15-meter VNIR channels and 90-meter TIR channels

were resampled and registered to the 30-meter spatial
resolution of the SWIR channels (Zhang et al., 2007).
A flowchart of the classification process is illustrated
in Fig. 4.

VNIR radiance Bhattacharyya o
(1,2,3) distance Training
Pre-processing
SWIR radiance | [ | (Co-register, re- MNF Feature |
(4,5,6,7,8,9) sample, and transformation extraction |
subset, etc.)
A
g MLC
TIR radiance classification
10, 11, 12, 13, 14)
Accuracy >l Post-

assessment processing

Spectral lithologic
mapping

v

Lithologic
interpretation

Fig. 4. Flowchart for lithologic information retrieval from ASTER data (Zhang et al., 2007).

The limitation of tectonic structural elements by
using stereoscopic analysis. The obtainment of tectonic
structural elements is possible by using stereoscopic
images based on the analysis of accurate and precise
stereoscopic images (Yamaguchi et al., 1998; Abrams
and Hook, 2001).

For the purpose of discovering new linear and ring
structures in the tectonic setting of the research area,
the classification of structural elements and definition
of strike directions are significant in the region.
Stereoscopic images allow us to carry out accurate
work approximately up to 1-35,000 scale. The greatest
advantage of stereoscopic images is the detection of
structural elements and the survey of hydrothermal
alteration zones within the area of 3,600 km. From
this point of view, by obtaining photogeological data
from stereoscopic images, the structural elements have
been mapped taking into account the fractures, caldera-
type structures, linear and ring structures, different
lithological units and compositions. These structural
elements belonging to the region were studied by using
geomorphological elements in the earth (Crosta and
Filho, 2003; Zhang and Pazner, 2007; San et al., 2004).

The other method used in the definition of geological
features of ASTER images is the discovery of geological
structures by stereo image analysis. Fault systems and
fault zones, caldera type structures, fracture structures
like anticlinal and synclinal are defined by stereoscopic
analysis (Babazade et al., 2018). The definition of
the features of tectonic faults in the area outside the
minerals in hydrothermal alteration zones is potentially
promising as the discovery and survey of ore mineral
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deposits in remote sensing work are considered the main
factors from the point of view of investigating the areas
selected as a target for exploration work (Koronovski
and Dmitrieva, 1990; Milovskiy et al., 2018).

Based on the ASTER data, particularly by obtaining
stereo images and analyzing them, the definition of
structural elements belonging to the Gadabay ore
region, especially ring structures, are considered the
basic structural factor in the determination of ore
distribution and determining structures (Babazade
et al., 2018; Milovskiy et al., 2018). As a result of
decipherment of cosmic, medium and large-scale
height images of the area surrounding the Gadabay
ore region and ground control strips, the fault fractures
bordering tectonic blocks with small size (5-10 km.)
are separated. These structures look much better over
Middle Jurassic age rocks and they are visible in the
form of narrow, rectilineal stripe, forming dark photo
shades on account of the hydrothermally altered rocks,
as well as plant cover (Babazade et al., 2018).

Within the boundaries of the Jayirchay copper-
porphyry deposit entering the Gadabay ore region, a
concentrically micro circular structure was defined.
Different parts of this structure are visible in the form of
a series of arched fault fractures in the erosional section.
The width of alteration zones varies between 10—15
km. along the fault fractures. Here the rocks have been
exposed to cataclysmic hydrothermal alterations such
as silification, kaolinization and cutting. Here, sericite
facies of derivative quartzites play a significant role in
the localization and concentration of copper-porphyry
mineralization (Babazade et al., 2015).
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Caldera-type ring structures playing a positive role
in the localization of endogenous type mineralization
in the area of volcanic edifices of Karadag Khar-Khar
ore district have been mentioned. These structures are
considered significant from the point of view of the
determination of promising areas of mineral potential
(Babazade et al., 2015).

The Shamkir ring structure is considered the
largest one among the studied structures in the research
area. Along with the Shamkir ring structure, several,
relatively small-sized circular, ellipsoid and arched
structures are located here (Gadabay, Slavyanka,
Zahmatkend, Kharkhar, Karadag). Their sizes are 2—5
km in the width section. Along the fractures striking
in the meridional (transversal) direction, outcrops of
Atabey-Slavyanka plagiogranite, Gadabay and Jayirdag
intrusive are observed in these structures (Geology of
Azerbaijan, 2003).The above-mentioned ring structures
are interesting from the point of view of mineralization.
The rock complexes cut by them have been exposed to
different formational types of hydrothermal-metasomatic
alterations in most cases and they are observed with
various types of mineralization (copper-polymetallic,
copper-porphyry, gold-pyrite, copper-arsenic, sulphur-
pyrite) (Abdullayev et al., 1988).

The Asrikchay volcanic-plutonic ring structure is
located in the north-eastern part of the Shamkir ring
structure, in the basins of Tovuzchay and Asrikchay.
The size of the structure along the width section is 15
km. Paleozoic metamorphic shales, Lower Jurassic
terrigenous-sedimentary rocks and subvolcanoes with
acid content cutting them through participate in the
central part of the structure. As a result of crossing fault
fractures of different directions, a block-like structure
was formed in this area. The contact zones of the
majority of ring structures are limited with volcanogenic
and volcanogenic-sedimentary rock complexes with
different content. Most of the revealed ring structures
(fractures) are of magmatic origin and in their central
part stand relatively ancient magmatic complexes with
deep source (Atabey-Slavyanka, Gadabay, Gianbyr
and other intrusives). Small scaled ring structures are
bordered with separate volcanic edifices, subvolcanic
masses and small intrusives in the area (Geology of
Azerbaijan, 2003). In places some ring structures of
unknown origin stand out separately in the region.
They are distinguished by better decipherment in a
form of concentric lines in cosmic images for their
geomorphological features (Babazade et al., 2018).

Along the tectonic structures revealed within the
boundaries of the Murovdag ore region, spatially and
genetically hydrothermal-metasomatic alterations
of the surrounding rocks (silification, pyritization,
kaolinization, sericitization and etc.) are observed.
More intensive concentration of Au, Cu, Mo, Pb,

Zn and other mineralizations with epithermal origin
associated with these alterations occurred under the
impact of postmagmatic activity of the intrusive with
plagiogranite and gabbro-granodiorite content and
solfatara processes. This process is in close genetic
relation with Middle-later Bajocian Middle underlying
rocks with acid content which possess post- magmatic
activity of acid vulcanites and granitoids (Geology of
Azerbaijan, 2001).

The detection of hydrothermal alteration zones
and mineralization areas. The rocks located in the
areas where extrusive and volcanic-dome edifices
have developed and also in the contact parts of hypo
volcanic and subvolcanic masses have undergone to
hydrothermal-metasomatic alterations in the Gadabay
ore region.

The possibility of the detection of hydrothermal
alteration zones based on remote sensing data creates
a wide scope for conducting effective geological
researches in this area. From this point of view, by
using remote sensing data the detection and research of
alteration zones have been carried out in the Gadabay
and Murovdag ore regions. Components of variability
have been defined according to diagnostic spectral
band among basic components (Boardman, 1988;
Boardman et al., 1995). Alteration zones defined by
remote sensing, geological survey and field inspections
have been accurately analyzed.

The results show that OH alterations are mainly
represented by k-spars, kaolinization, sericitization,
silication, pyrophilitization. Such alterations are
considered characteristic for copper-porphyry, gold-
copper-porphyry deposits Fe? (Fe*") alterations are
referred as a result of pyritization. Such kinds of
alterations are estimated as an indicator of polymetallic
deposits in the area (Arnott and Zentilli, 2006; Sabins,
1999).

ASTER data was widely used in the detection of
minerals in the hydrothermal alteration zones. One
of the most significant methods for mineralogical
cartographical analysis is band areas. This method
has been applied in two different ways (Abdelsalam
et al., 2000; Abrams, 1983).The first method is band
areas obtained by using mineral spectral information
from spectral archives in the programs used for remote
sensing analysis. The second method is the band areas
created by using spectral information obtained from the
rock samples in the territory and areal spectrometry.
The technique of band area is applied particularly to
multispectral and hyperspectral satellite data. Each
mineral possesses in its nature different chemical and
physical properties. Due to this difference, each mineral
shows different spectral features (Fig. 5). These spectral
peculiarities are the most significant features used for
distinguishing minerals from one another (Ninomia,
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2003; Goetz et al., 1983).The technique of band area
uses these differences. The most significant factor
applied in the band area method using this spectral
information is reversible and absorption differences
in the spectral graphics related to the minerals. Using
the programs of the remote-sensing analysis of these
differences, in the image of the reversible belt appearing
in the ratio with the absorption band against ASTER
diapason, they were defined by obtaining light-coloured

areas (Watson et al., 1990; Gupta, 2003). For example,
light-coloured zones are obtained in the new image
to be created in the ratio of the fourth band with the
fifth band for detecting alunite mineralization. These
zones have been determined as the areas of anomaly
of the alunite mineral. The mineralogical cartography
is carried out by the technique of the band area, which
is considered an easy and significant method (Okada,
et al., 1993; Papp and Cuday, 2002).
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Fig. 5. Samples with the bands used for the discovery of different minerals and rocks in ASTER, VNIR, SWIR and TIR diapasons.

During the investigation and survey of ore deposits,
kaolinite, alunite, sericite, calcite, muscovite, iron
oxides give significant information in terms of mineral
alterations, particularly the definition of the type of
hydrothermal alterations. (Morton, 1977; Lillesand
and Kiefer, 2004). For that reason, for the purpose
of creating the distribution map of the hydrothermal
alteration zones, anomalies were determined. The
density of anomalies is observed in the distribution
map of the obtained iron oxide anomaly in separate
areas of the Gadabay ore district (Babazade et al., 2018).

Density is observed in the Gadabay and Murovdag
regions in the obtained distribution map of iron oxide
anomaly. The extension of these anomalies continues
up to the borders of Armenia and the distribution of
anomalies in larger areas attracts attention (Fig. 6).
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As it is known, the significance of alunite minerals
is important in the definition of epithermal and
hydrothermal ore deposits. The distribution is observed
in many areas in the distribution map related to the
revealed alunite mineralization anomaly (Fig. 7). The
anomalies observed in Goyche Lake and around it can
be false. The cause of these anomalies can be associated
with clay minerals which appeared as a result of the
lake drying up, its traces can be found there (Rowan
et al., 1977; Sabine, 1977).

The distribution of kaolinite obtained by the
application of the kaolinite index method is observed
in larger areas based on the result obtained by the band
area. (Tommasa and Rubinstein, 2007; Crosta and Filho,
2003). In the conducted field research work these areas
occupied a place among the spheres which are essential
targets for hydrothermal zones (Fig. 9).



Mansurov M. L, Imamverdiyev N. A., Karimov V. M., Ganbarova E. F.,, Damirov T. J., Mursalov S. S., Pagsayev N. V. Geol. Geograph. Geoecology, 30(3), 512-527

Fig. 7. The anomaly map related to the alunite mineral in the Gadabay-Dashkesan area.

The anomaly distribution related to the dolomite mineral has been observed in the north-south directions (Fig. 8). The dolomite
anomalies with Mg characteristics restricted along the area are of great importance. The anomalies recorded in this area give us rea-
son to think that they are sourced by the high amount of Mg in the content of rocks.
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Fig. 9. Kaolinite mineral map obtained by spectral index method.

In the analysis made for the purpose of determining
the distribution of calcite minerals by spectral index
method, it was defined that calcite minerals are
distributed approximately in the same spheres with
band area (Abrams, 2000; Abrams et al, 2001). The
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density of the anomalies is observed more widely in the
south of the area we have studied, particularly within the
territory of Armenia. The distribution of this anomaly
shown by us in the region is assumed to be sourced
from limestone (Fig. 10).
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Fig. 10. Calcite mineral map obtained by spectral index method.

As known, like other alterations, the significance of
kaolinite and alunite mineralization is great in definition
of epithermal and hydrothermal ore deposits, in the
planning of investigation work. The map was compiled
on both revealed mineralization anomalies. As we can
see, tight distribution is observed in many spheres on
both distribution maps. The dense network of kaolinite
anomaly limited in larger areas draws special attention
here. Like other anomalies, these anomalies are followed
up to Goyche Lake and its surroundings. But these
anomalies can be false. It is assumed that the main
cause of supposing these anomalies to be false can be
sedimentogenous clay and kaolinite minerals which
were left as a result of the lake drying up (Abrams,
2000; Abrams et al., 2001).

Allocation of prospective areas for field
observations and testing work. For the purpose of

studying the Gadabay ore district by remote-sensing
method, the relevant territory has been divided into
twelve squares with equal-area and each square has been
studied individually. First, ASTER data was deciphered
by relevant methods, ring and linear structures were
allocated and being analyzed were classified in detail
(Fig. 11). Later, on the basis of the panchromatic colours
on the satellite images, the areas with vegetation cover of
the territory, zones of mineralization and hydrothermal
alterations were separated for their suitable colours
(Crowley et al., 1989; Sabine, 1997; Gupta, 2003;
Zhang and Panzer, 2007). On the basis of the acquired
information, the sites characterized by hydrothermal
alterations were allocated within each square. It is
recommended to carry out geological observations
and testing work at these sites and assess them from
the point of view of prospects of mineralization.
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Fig. 11. The map — diagrams of lines and coloured structures Gadabay mine district

According to the analysis we have conducted on
the basis of ASTER data, 37 potential hydrothermal
alteration zones have been revealed through the
Gadabay ore district. Seven areas among them were
examined by geological exploration or investigation
of the south-west of Misginli territory of Gadabay in
the recorded zones Ne 27, 28 and 36, alteration and
mineralization zones with dense network were observed
(Fig. 12). At the sites of 1208141 numbers located
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within the zone Ne 28, andesites containing kaolinized
and iron-oxidizing combinations occur. Pyrite, hematite,
limonite and small-grained chalcopyrite mineralizations
occur in the hydrothermal alteration zones accompanied
by kaolinization and silification (Perry, 2004). The
unmixing results from the ASTER reflectance data
are very similar to the findings of other geological and
mineralization studies in the same area (Willis, 1988;
Durning et al., 1998; Babazade et al., 2018).
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* ._"1

silicifated

Fig. 12. Alteration zones along the territory in the areas Ne 27, 28 and 36 (1:55000). a) silicifated and kaolinized zones NOTE in a
“silicifated ““ should be in place of “silenced “; b)malachite and azurite mineralization observed together with silicifation.

Dense networks of hydrothermal alterations were
traced in the same region, within the zone Ne 36,
particularly in the area Ne 1408142. Here small-grained
pyrite mineralization occurred within the areas of
silicifated rocks with mafic property enriched in feldspar
and cinnabaric minerals were found within red veinlets
enriched in iron.

According to the results of ASTER image analysis
at the site Ne 1408143 recorded within the same zone,
hydrothermal alterations have developed extremely
widely and kaolinization, tight iron-oxide anomalies and
silification occur here. Small-grained pyrite minerals
have been traced within the grey, brown silicifated
zone. The other mineralization observed in the zone
Ne 36 is the alteration zone enriched in malachite and
azurite minerals. The observation of this mineralization
is considered a significant indirect sign of search for

discovery of copper-polymetallic, copper-porphyry
and copper-pyrite type of mineralizations within the
mentioned area. For this reason, it is recommended to
carry out systematic testing work and conduct different
(chemical, spectral and etc.) analysis within the region.
Samples have been obtained from 5 points along
the Shamkir River, southwards, within the zone Ne 37
separated upstream of the Kukurdly Valley joining the
Shamkir River from the left. Moving forward along the
Shamkir River intensively altered and silicified andesites
are observed in the area No 1608141. Alterations reflect
dense pyrite phenocrysts, small amount of chalcopyrite
mineralization. Associated with the alteration zones in
the Kukurdly Valley in the south of the zone Ne 37 red
ankeritolites (CaCO,FeCO,) are observed among brown
limestones in the area Ne 1608142. For this reason,
iron-oxide anomaly occurred in the region (Fig. 13).
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Fig. 13. The observation of silicified andesites (a) and ankeritized limestones (b) in Shamkir River and Kukurdly Valley zone
(1:75000). NOTE in b Anchorized should be ankeritized

Based on the satellite data, the area has been and iron-oxide mineralization are observed within the
registered where very frequent hydrothermal alterations zone Ne 9 recorded in the north-western part of the
(kaolinite, alunite, montmorillonite, sericite and etc.) ASTER image of the territory (Figurel4).

Fig. 14. The general view of kaolinized, silicified and altered andesites with abundant pyrite mineralization (a) and alunite, kaolinite
mineralizations and silicifications within the zone Ne 9 located in the north-eastern part of the territory (Scale 1:100000).
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As seen from the image, the region has been cut
by a north-eastwards “free air”reduction. Along with
widespread silicification, sericite, biotite, chlorite
minerals, as well as mineralization of the oxidized
zone exemplified by malachite and azurite occurred
in the footprint area. Along with that, as a result of
the information acquired by ASTER image analysis,
the presence of minerals which is the product of
hydrothermal alteration has been confirmed in the area.

At the site Ne 1808145 of the conducted research
work, the areas characterised by kaolinization,
alunitization, intensive hematitization and pyritization
have been revealed within the rocks where hydrothermal
alterations take place. Along with that, sometimes
chalcopyrite mineralization was observed too. Here,
wide observation of sulphide mineralization is a
significant evidence for the search of epithermal ore
deposits, the formation of which is supposed (expected)
to exist in the region, and for making a systematic
geochemical analysis.

By remote information and with the help of the
relevant compiled anomaly maps, within separate areas,
the points with special coordinates were allocated. These
points are considered promising for geological research
and testing from the point of view of intensity and types
of hydrothermal alterations. The factors standing on the
basis of the selection principles of this type of point
are as follows: 1) the composition of rocks identified
by comparison with remote-sensing data and other
researchers’ information; 2) according to the relevant
analysis methods, based on the remote-sensing data,
the detection of alteration zones; 3) intrusive mass,
different-sized ring structures, different-sized fault
fractures and lineaments in the territory, favourable
areas for hydrothermal alterations and mineralization;
4) structure units, magmatic mass (intrusives,
subvolcanoes, dykes, stocks, etc) defined on the basis
of cosmic images and the existence of hydrothermal
alteration zones accompanied by them.
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Received: 06.11.2020 Abstract. We studied the structural-morphological types and mineral composition of ore bodies, stages
Received in revised form: 08.01.2021 of ore development and conditions of development of the deposits. The research revealed significant
Accepted: 19.03.2021 elements of the corresponding conditions of localization of gold-polymetallic mineralization, the

most characteristic being albitophyre subvolcanic bodies and steeply-dipping damages related to
them. According to the structural-morphologic peculiarities, the ore bodies should be united under three categories: 1) simple vein; 2) complex vein;
3) veinlet-impregnation types. The positions of gold ore bodies and their morphological peculiarities were found to be determined by structural factors.
Presence of small ruptures, differently-oriented systems of fractures and faults, which run across the area, gentle curves of these systems and other
structural elements —all of this promotes gold ore development. There research determined aureoles of ore-containing altered rocks (serialization,
chloritization, kaolization and calcinations, and limonitization from hypergenical zones) and presence of zonal structure. Gold-productive areas
were identified as the quartz-pyrite association with disperse gold, and especially, the second mineral association where there is a notable close
paragenetic connection between noticeable gold and chalcopyrite-galena parageneis of polymetallic stage. In the process of ore development,
the physical-chemical conditions have presumably changed from average deep (quartz-pyrite-sericite) to shallow (quartz-galena- sphalerite-gold
ore) and close-to-the-surface (quartz-chalcocite-hematite). Gold that occurs with all the mentioned minerals of this stage has developed in the
temperature interval of 220-160 °C. The study found the ores to be complex, containing the following dditional elements: Fe, Cu, S, Bi, Zn, Pb,
As, Se, Te. The main fossil component is gold. Industrially valuable are also cadmium, zink, copper and silver, found in the ores. We found the
following morphological types of grains of native gold: homogenous, zonal, mono-granular, spotted, which are of great significance for concluding
on genesis of the deposits, prognoses, explorations and assessments.
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YMoBH J10KaJIi3anil Ta 3aKOHOMIPHOCTI PO3MillIeHHS 30J10TO-NIOJIIMETAJIIYHOI0 3pyAeHIHHA
Jarkecamanckoro pogosuina (Masmii KaBka3s, AzepOaiigxan)

Mawoii I. Mancypos, Yaskep 1. Kepimii, Azep L. 'yceiinoB
Baxuncoruii oeporcasnuii ynisepcumem, Azepoatiosxcancoka Pecnyonixka, baky, e-mail: mamoy mansurov@mail.ru

AnoTanisi. J[ociiPKeHO CTPYKTYpHO-MOP()OIOTIUHI THIIM Ta MiHEpaJIbHUI CKJIaJ] PYIHHX TL, CTaANIHICTh PyJIOyTBOPEHHS i yMOBH
(dbopMyBaHHS pOMOBHINA. BHIiIEHO CYTTEBI €MEMEHTH BiAMOBIAHMX YMOB JIOKaJi3alii 30J0TO-MOJIMETATIYHOT MiHepai3ailii,
HaO1IBII XapaKTepHUMH Cepejl SIKUX € aab0iTodipoBi cyOBYNKaHUYHI Tifla i KpyTOaaarodi MoB's3aHi MOPYIISHHs. 3a CTPYyKTYPHO-
MOP(OTOTIYHIMHU 0COOIMBOCTIMU PyAHI Tia Oynu 00'enHaHi B Tpu rpymu: 1) IPOCTi KUIbHI; 2) CKIaAHI XKIIbHI;, 3) IPOXKIIKOBO-
BKparieHi. BcTaHOBJIEHO, 0 MO3UIIT 30I0TOPYAHUX TiM 1 iX MOPQOIOTIYHI 0COOIMBOCTI BU3HAYAIOTHCS CTPYKTYPHHUMHU YHHHUKAMH.
HasBHicTh npiOHUX PO3PHBIB, MEPETHH Pi3HOCIPSIMOBAHUX CHCTEM TPIIIMHYBATOCTI 1 PO3PHBIB, MOJOT1 BUTWHH OCTaHHIX 1 iHIII
CTPYKTYPHI €JIEMEHTH — BCE L€ CIPHUS€E JIOKAII3aLiil 30JJ0TOro 3pyneHiHHs. Byso BCTaHOBICHO OpPEOH PYJOBMILIYFOUHX 3MiHEHHX
mopij (cepiriTizarisi, XJIOpiTi3aii, KaONiHi3aIlisl 1 KaJIbIliTi3allis, 3 TIHePreHHUX 3MiH — JIIMOHITI3allisl), HAsBHICTh 30HAIBHOI OYTOBH.
BcraHoB1EHO, 1110 IPOTYKTHBHOO Ha 30J10TO € KBAPII-IIPUTOBA ACOLTIAITis 3 JUCTIEPCHAM 30JI0TOM i, 0COOIMBO, ApyTa MiHEepasIbHa aCOLaIlis, Y Kl
TTIKPECITFOETHCS TICHUI TTApareHETHYHKX 3B'30K TiONeHHMX BHIMMOIO 30JI0Ta 3 XaJIbKOIMHPHUT-TAICHITOBUM MaparcHe3icoM MoiMeTaTiqHol
craiii. BUCIIOBIGHO MPUITYIIEHHS], 1110 B MPOLIEC] PYAOYTBOPEHHS (Di3NKO-XiMIiUHI YMOBH 3MIHIOBAJIKCS BiJl CEPeIHbOITUONHHX (KBApII-IPHT-
CEpILITOBHX) 10 MATIOITMONHHUX (KBAapL-TaICHIT-CaepuT-30I0TOPYIHNX ) Ta OIM3bKOIIOBEPXHEBHX (KBapL-XaJIbKO3UH-TEMAaTUTOBHUX ). 30710TO,
10 3yCTPIvaeThCs 3 yciMa 3ragaHIMH MiHEpalaMH IIi€i CTajii. yTBOpmIocs B TemiieparypHoMy iHTepBaii 220-160 °C. BussneHo, mo pyam
TMoJTiKOMITOHeHTH1. BrzHadeno enementr-mominiku: Fe, Cu, S, Bi, Zn, Pb, As, Se, Te. OcHOBHIM KOPHCHIM KOMITOHEHTaM € 30510T0. [Tpomriciiose
3HaYCHHS B Py/laX MalOTh TAaKOK CBUHEIIb, IIMHK, Mifb 1 cpibno. BrsBieHo HacTyIHI MOP(OIOTiUHI THIH 3epeH CaMOpPO/IHO] 30710Ta: OIXHOPIIHE,
30HAJIbHE, MOHO3EPHHUCTE, TUISIMUCTE, SIKi MAIOTh BEJIMKE MPAKTHYHE 3HAYSHHS JUTS 3°ICYBaHHS TeHE3HCYy POJOBHINA, IPOrHO3HMX 1 TTOIIYKOBO-
OLIIHOYHHUX POOIT.

Kniouosi  cnosa:  Jlackecaman, 3010Mo-nonimMemaniyHuil, CmpyKmypHO-Mop@onociunutl, cyivgiou, 3010ma  MiHepanizayis,
PYOOYymeopenHsi.
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Introduction.

The epithermal high sulfidation deposits of
Dagkesaman contain some of the country's main
deposits, located in the Kazakh ore district (Azerbaujan),
and promising deposits of epithermal gold polymetallic
ores. These deposits belong to the Lesser Caucasus,
lying in the central part of the Tetis metallogenic belt
(Fig. 1). Deposits are in the Jurassic-Cretaceous Lok-
Karabakh magmatic arch, developed as a result of the
subduction of the Neo-Tethys Ocean along the outskirts
of Eurasia (Geology of Azerbaijan, 2005).

The Kazakh ore district within the Lesser
Caucasus, which includes the Dagkesaman deposits,

is of great interest for discovering gold polymetallic
ores, as indicated by the presence of areas containing
polymetallic gold ores and individual manifestations of
ores. The tectonic position of the deposits is confined to
the Kazak transversal depression in the western segment
of the Lok-Karabakh island arc (Geology of Azerbaijan,
2005). The deposits were studied from the surface to the
depth of 300 m in numerous wells and mining works.

The main objectives of the study were the conditions
of localization and patterns of the Dagkesaman
polymetallic gold ore deposits and the possibility
of reconsideration of the perspective of its future
exploration.
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Fig. 1. Tectonic map of the zone of Arabia-Eurasia collision. Location of the Dagkesaman deposits is shown by circle (Sosson et al.
2010). Cokpamenusi: GC-Greater Caucasus; LC—Lesser Caucasus; AT- Adjara-Trialeti; R- Rioni; Dz-Dzirula; K-Kura; MB — Mus
basin; EP — Eastern Pontides; KM — Kirsehir Massif; EAF — Eastern Anatolia Fault; NAF — North-Anatolia fault;; IAES- Izmir —
Ankara-Erzincan suture; MM—-Menderes Massif.

Materials and methods.

The tasks were solved using the materials mainly
collected by the authors personally during the study of
the ore field and deposits. The basis for the structural
studies in the ore fields and deposits were the data of
detailed mapping of the surface, carried out in the scales

of 1:2,000 and 1:5,000, documents of underground
mining and core samples of the wells. We performed
lithologic-petrographic studies of ore-containing rocks
and formation analysis of magmatic complexes.

In the study of samples of rocks and ores, we used
optical microscopy, scanning electron microscopy and
X-ray-spectral microanalysis.

529



Mansurov M. 1., Kerimli U. L., Guseynov A. L.

Geol. Geograph. Geoecology, 30(3), 528-538

Mineralogical composition of the ores and chemical
composition of ore and non-ore minerals were analyzed
using modern special instrumental mineralogical
operation system QEMSCAN™, with application of
electrone microscope, x-ray-fluorescent analisys and
microspectral sensing. Silicate chemical analysis was
conducted in the laboratory of Izmir University, Turkey.

To develop graphic illustrations, we used software
Corel Draw Graphics Suite, Surfer, ArcGIS.

Specifics of geological structure of the deposits.
The deposits are located within the contour of the
ore field of the same name in the eastern part of the
Kazakh ore-bearing district. Ore-containing rocks are
of volcanogenic basalt-andesite-rhyolite formation

of Cenomanian-Upper Santonian (Abdullaev et al.,
1988). Within the borders of the deposits, only the Upper
Turonian-Lower Coniacian layer is exposed, which is
800 m thick and represented by lavas of andesites and
andesite-dacites alternating with tufa, making up the
elevated tectonic block. It is this layer that contains
ores of the Dagkesaman deposits (Fig. 2). Within the
borders of the deposits, the thickness of lava flows and
the layers of tufa which divide it varies 20 to 100 m.
According to the data of the wells, the lava flows and
tufa layers are distributed down to 450 m depth. Ore-
containing rocks are torn by numerous large dikes, rarer
diabases that are subvolcanic facies of the same series
of andesite-basalts (Abdullaev et al., 1988).

Fig. 2. Geological map of the Dagkesaman gold-poly metal deposits: 1 — current deposits, 2 — pelitomorphic limestone, 3 —
volcanogenic sedimentary rocks, 4 — albitophyres, 5 — dacite, 6 — andesite-dolerite, 7 — andesite-dolerite dikes, 8 — hydrothermally-
altered ore zones, 9 — faults: a) determined, b) assumed, 10 — cut along the A-B line.

The Dagkesaman deposits are confined to the
conjunction of two mutually perpendicular structures
notable at the basement and Alpine story by the zones
of heightened fractures and foliations limiting the
flat-parallel blocks of various sizes and amplitudes of
movements, different in the degrees of dislocations and
metamorphism, concentration of ores and magmatism.
At the same time, there are important transversal dips,

530

dip shifts as the main structures of the ore-magmatic
systems that contain the major amounts of ores of
various types (Baba-zade et al., 2015).

Within the deposits, the ore-containing faults unite
into three groups: western, central and eastern. Each
group includes four to eight subparallel ore-containing
faults that separate the belt structure of dikes of diabases
and zones of sulfide mineralization.
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Structural-morphological types of ore bodies.
Structural-morphological types of ore bodies may
be united into three main groups: 1) simple veins;
2) complex veins; 3) veinlet-impregnation types (Baba-
zade et al., 2006). Simple vein bodies usually have
quartzitic and quartz-chalcedony compositions, notable
development of simple linear forms, have no apophysis
and distinct vein walls. Such veins are mainly confined
to the fractures of two strike systems (60—65°and 230—
300°). They are characterized by steep, often near-the-
vertical dip angles (75-85°), small amount of them
have less steep dip (50-60°), mostly 100—150 to 500
m long and vary more in thickness, 10—15 m (rarely
20 m and more) in places of upswell and 0.5-0.7 m in
places of contraction.

Vein bodies of complex structures are most notable
for ores of quartz-carbonate composition, accompanied
by thin and short feathering veins and veinlets, located
on both vein walls. Similarly to the quartzitic veins,
they have distinct contacts, short strike and thickness
equaling 50—150 m and 0.3-0.6 m respectively (Fig.3).
Veins of this type usually pinch out on small distances
and ramify in accordance with the form of tectonic
fractures. Such veins often have en echelon structure,
sometimes being combinations of numerous differently-
oriented thin (0.1 m) veinlets.

Veinlet-impregnation type of ore-bearing bodies is
represented by the zones of fracturing of sulphidized
metasomatically-altered volcanogenic rocks that contain
quartz and carbonate-quartz veinlets. By their structure,
such zones are close to vein bodies of complex structure,
but have greater length (100-500 m) and thickness
(50-150 m). Due to the development of metasomatic
processes in these zones, there are no distinct contacts
with the containing rocks.

Most of gold ore veins and zones are characterized
by steep, often close-to-vertical (75-85°) dip; small
amount of them have less steep embedding reaching
50-60°.

Positions of gold ore bodies and their morphological
peculiarities are determined by structural factors.
The presence of small feathering faults, differently-
oriented systems of fractures and faults which run
across the area, gentle curves of these systems and

other structural elements — all this promotes localization
of gold mineralization. Taking into account that the
main ore-bearing zones of deposits are located within
the anticline fold and are related to the steeply dipping
faults that cross a thick complex of effusive-pyroclastic
formations, the localization of strata-like ore seeps
in porous pyroclastic rocks directly under covering
formations is quite possible (Baba-zade et al, 2000).

Specifics of structural-morphological typization
of ore bodies and deposits are determined by their
configuration and pattern of sequence of changes with
depth. This pattern reflects the direct dependence of the
structure and morphology on the relationships with the
types of magmatic and metasomatic rocks.

Metasomatic changes in the containing rocks. In the
ore zones, the lateral rocks are the ones mostly intensely
subjected to various changes in the places where they
are represented by andesite porphyrites and their
pyroclastolites. The most intensely manifested process is
the silicification, reaching the transition of volcanogenic
rocks into secondary quartzites and formations similar
to them, which have developed around the ore zones,
equaling 10-15 m in width. Sericitization, chloritization,
kaolization and calcitation, and of hypergenic changes —
limonitization are also common in the area. The oreols
of altered ore-containing have a zonal structure. The
internal zone of kaolinization changes to the periphery
by poorly chloritized rocks without notable sulfide
mineralization. Sericite, closely related to the process
of silicification, develops as scales and sheets between
the grains of quartz, sometimes developing individual
accumulations there. Kaolinization, particularly
chloritization and carbonatization, has a limited
development in the zones of ore localization (Baba-
zade et al., 2006; Baba-zade et al., 2015).

Gold, silver and sulfides associated with them are
a part of the metasomatism process. Analysis of the
data from the wells (NeNe 2, 7, 60, 61, 41, 102, 17,
35 and others) and mining works (mine Ne 8, mine
Ne 1) indicates that formations near the ore and solfataric
facies of secondary quartzites contain gold (0.2-0.7
g/T) (Table 1), and the content of it increases toward
the ore zones and quartz-sulfide veins.

Table 1. Chemical-spectral composition of metasomatites of the Dagkesaman deposits

Types Number Content of elements
of metasomatic rocks of samples Au, g/T Ag, o/T Pb.% Zn% Cu%
Mono-quartzous 14 0.25 6.6 0.12 0.4 0.12
kaolinitic 30 0.22 2.66 0.13 0.31 0.06
chloritic 10 0.3 1.6 0.14 0.6 0.3
Near-ore 70 0.7 2.8 0.10 0.25 0.04
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Fig. 3. Structure of ore bodies of the Dagkesaman gold-poly metal deposits: 1 — andesites, 2 — mineralized and vein zones with gold,
3 — quartzous veins and interveins with gold mineralization.

Mineral composition of ore bodies. Analysis of
the data on mineralogy and issues of stages of ore-
development of Dagkesaman deposits was carried out
using the results of the earlier studies (Baba-zade et al.,
2006; Baba-zade et al., 2015) together with our own
observations and additions.

The Dagkesaman deposits of the ore basin are char-
acterized by great variability of mineralogical composi-
tion, structures and textures of the ores. About 30 min-
erals were determined in the ores. The main ore miner-
als are represented by pyrites, sphalerites, chalcopyrites
and galenas. The secondary minerals are melnikovites,
marcasites, native gold and silver, hematite, polyba-
site, rutile, magnetite, bornite and other. Vein miner-
als are represented by quartz, carbonates, barite, chlo-
rite, sericite and muscovite (Baba-zade et al., 20006).
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The study of interrelations between the minerals
(Ramdor, 1962) allowed us to designate 3 generations
of pyrite, chalcopyrite and sphalerite. Generations of
pyrite and sphalerite were designated according to the
interrelations with chalcopyrite: chalcopyrite appears as
cutting veinlets, replacing pyrite-I1 and sphalerite-1, the
borders of its aggregates and grains with pyrite-I1 and
sphalerite-1I are even, without corrosive interrelations.

Pyrite-I occurs as impregnations, nest-type thin
and short veinlets, characterized by two types. Pyrite-I
of average-grained structure comprises shapeless and
cubic crystals sized 0.02—0.05 to 2 mm (Fig.4a). The
second type of pyrite-1I is cubic and pentagonal do-
decahedron with allotriomorphic-granular structure
and forms relatively large aggregates sized 5-6 mm
(Fig. 3b) against the background of fine-grained py-
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rite. Both kinds of pyrite are characterized by uneven
distribution, corrosion, brecciation, being crossed by
late sulfides. Pyrite-11I forms well notable cubic, hex-
agonal crystals sized 0.05-0.08 mm.

Chalcopyrite-1 occurs as small spotty accumula-
tions sized 0.02-0.03 to 0.2—1 mm (Fig. 4 c-d) in the
interstitia of pyrite-1. In the largest grains of chalcopy-
rite-1, there were seen micro-inclusions of sphalerite-I
(decomposition of solid solution), indicating high-tem-
perature regime of their development. In association
with pyrite-11, sphalerite-1I and galena-I, chalcopyrite-
II forms spotty and nest-type accumulations (Fig.4e-f).
Its crystals are almost isometric and irregular in shape,
sized 0.5-0.1 to 0.2—1 mm, and form structures of mu-
tual strikes with sphalerite-1I and galena-I without signs
of replacements. Chalcopyrite-II1I is quite common.
Grains sized 0.05-0.08 mm are in associations with
galena-II and gold-I1.

Sphalerite-I is seen as small bodies sized 0.04—0.08
mm. Sphalerite-I in associations with chalcopyrite-I
fills the spaces between the grains of pyrite-I, replac-
ing and corroding it. The grains of sphalerite-1 often
form bud-like concentrations. Sphalerite-II is distinct
by large (1-8 mm) sizes of grains. In association with
galena-1, it forms impregnated, spotty and nest-type
concentrations.

Galena-I occurs as small plate-like bodies in associ-
ations with chalcopyrite (Fig. 4g). Irregular-shaped ag-
gregates are developed extremely unevenly. Sphalerite-
II and chalcopyrite-1I are closely grown together with-
out signs of replacement.

Molybdenite occurs quite rarely. Elongated plate-
like specimens sized 0.005-0.01 mm are associated
with late quartz (Fig.4h).

Fig. 4. Fragments of photomicrographic mineralization on Dagkesaman deposits: a-pyrite of average-grained structure, b-cubic shape
of pyrite, c-d-chalcopyrite of generation I, e-f-spotty and nest-type accumulations of chalcopyrite, g — plate-type bodies of galena,
h-elongated plate-like bodies of molybdenite.

Native gold occurs mostly as veins of collomorphic
zonal structure with small xenolithes of containing
rocks. Numerous signs (81) of native gold which were
found in one of polished section are confined mainly
to the stripe before the vein wall of quartz. Under the
microscope, gold is seen also in pyrite, sphalerite galena
and chalcopyrite; it forms scale-like concentrations in
the initial sulfide ores as stripes and spots (Fig. 5). The
color of gold is mostly saturated bright yellow, but there
brighter grains of yellow color also occur. The shape
of gold completely depends on the regions of fractures
and small pores it had filled. Size of the bodies varies
0.001-0.05 to 1 mm, rarely larger. The commonest
forms of gold are plate-like, dust-like, sheet-like, and

also drop-like and irregular-shaped bodies (Peterovskaia
etal., 1976; Akhmedov et al., 2019).

Silver, which was found in the sample of oxidized
ores, is represented by several mineral forms, including:
free, Au-Ag alloy and rare minerals — jalpaite and
stromeyerite. All these substances such as gold are
represented by small grains, closely associating mainly
with iron oxides (Guseynov, 2019).

Native silver and its minerals in oxidized ores (13
elements) were mainly found in oxides of Fe-Ti and only
3 elements were identified in light fraction (Fig. 6). This
indicates that large amount of silver in oxidized ores
is closely associated with iron oxides and hydroxides.
The identified elements of silver are represented by
small grains of 1-8 um, 5 um on average. By chemical
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Fig. 5. Photos of gold grains in sample of oxidated ore (Comp. A): a — large free and partly porous gold, b — free grain near pyrite (Py), ¢ —
confined to covellite (CV) and dark (unidentified) minerals (NOP), d — free (indicated by red) confined to dark (unidentified) minerals in primary
sulfide ores, e — native gold, f— inclusions in pyrite (Py), g — inclusions in chalcopyrite (covellite, chalcocite) (Cp/Cy/Cc).

composition, determined using x-ray microanalyzer, 4
grains were characterized as native silver (Ag>90 %),
9 grains were Ag-Cu alloy (Ag>60 %, Cu to 40 %).
Furthermore, rarely occurring silver-bearing minerals
were found, two of which were characterized as

jalpaite (Ag-55,7 %; Cu-29,7 %; S-14,5 %), and one

as stromeyerite with contents in%: Ag-55,1; Cu-28,6;
S-16,3 (Guseynov et al., 2103; Guseynov, 2019).

Fig. 6. Microphoto of grains of silver in oxidezed ores (inclusions in barite and in association with barite): a-mixture of Cu-Ag alloy
(in red circles) and stromeyerite (yellow circles); b-mixture of Cu-Ag (in red crcles) and jalpaite (in green circles), c- mixture of Cu-Ag
(in red circle) and native silver (blue circle), d- mixture of Cu-Ag (in red circle).

As known, the quantitative relationships between
gold and silver in ores may serve as indicators of
processes of development of minerals and migration
ability of silver and gold (Vikinteyev, 2006). Practical
significance of Au: Ag is used in finding elements of
hypogenic zonality in some cases, and in assessing ore
bodies in depth in other cases. Within the deposits, the
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value of this relationship varies and changes with depth
differently. We studied and determined the patterns of
changes of relationship between gold and silver from
the surface down to 340 m depth. For this purpose,
we made around 600 analyses of gold and silver from
ore zones and their containing rocks from various adit
horizons (Table 2).
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Table 2. Distribution of contents of Au, Ag and values of their relations in the containing rocks and ore deposits
(in the horizons of adits)

Horizons of adit Containing rocks | Number of analysis Elements Au: Ag
and ores
Au Ag
Adit Ne 2 (562.2m) containing 80 0.005-4.0 0.0-26.0 1:12
0.14 (32.6) 1.2(17.1)
Ore deposits 95 0.005-4.3 0.0-72.0 1:4
1.2/ (279.0) 2.9(41.4)
Adit Ne 3 (535.4m) Containing 90 0.005-9.0 0.005-37.0 1:6
0.18 (41.8) 1.13 (16.1)
Ore deposits 100 0.005-77.0 0.005-212.5 1:4
1.5 (348.8) 3.54 (50.5)
Adit Ne 8 (411.8m) Containing 100 0.0-1.6 0.0-13.2 1:12
0.12 (27.9) 1.6 (22.8)
Ore deposits 125 0.0-46.4 0.0-86.0 1:3
3.8 (883.7) 16.0 (228.0)

Note: in numerator — variation of contents of elements, in denominator — average content, in brackets — clarke of concentrations

The impregnations, striped, veinlet, spotty, massive
and brecia textures are distributed in the ores. There
rarely occurs cockade texture, which develops in the
areas of growth on the fragments of altered rocks
and significantly sulfide ores of chalcedony quartz,
associated with calcite. Of the ores, we should note
granular (allo-and hypidiomorphic), skeletal, loopy and
cementing ones (Akhmedov et al., 2019).

Results and discussion.

Mineralogical analysis of ores of Dagkesaman de-
posits revealed that the development of gold polyme-
tallic mineralization was relatively long and occurred
in several stages. Based on the obtained geological-
structural data and the study of ores and their texture-
structural specifics, there are the following stages of
mineral formation (Baba-zade et al., 2006; Baba-zade
et al., 2015): I — stages of deposition of the main mass
of quartz, and then quartz-pyrite-sericite mineral as-
sociation Il — quartz-galena-sphalerite-gold (polyme-
tallic) ore stage, including quartz-pyrite, sphalerite-
chalcopyrite-pyrite, gold-chalcopyrite-galena, quartz-
hematite-magnetite and quartz-carbonate associations.

The research found two productive, subsequently
developed mineral associations: quartz-pyrite with
disperse gold and gold-chalcopyrite-galena, divided
by tectonic movements. Gold-bearing pyrite of early
association has catalized to various degrees — from small
fractures to small fragments and has been cemented by
minerals and poly-sulfide association, which are closely
grown together (Volkov et al., 2018).

At the hypergenic stage, minerals of oxidation
zone (measuring mostly 20-25 m, sometimes reaching

30-40 m) as well as zones of secondary enrichment
(covellite, argentite, polybasite, stromeyerite, jalpaite
and others) are developed in the deposits. At the
same time, high concentration of gold in ore zones
of oxidation is connected with secondary hypergenic
processes (Roslyakov, 1991). Fine-disperse gold (1—
10 w) occurs as catenate, ameboid bodies. At the same
time, native gold is average and fine (90-97 weight.%),
silver —5.6 to 33.1 weight.% (Guseynov, 2019).
Additional elements are Fe, Cu, S, Bi, Zn, Pb, As, Se,
Te. Gold fineness varied broadly (800 to 950 %o). The
following morphology of grains of native gold was
identified: homogenous, zonal, mono-grained, spotty.
Sometimes, there are crystals of native gold which are
represented by octahedrons. These internal structures
of native gold are of great practical significance during
analysis of genesis of deposits, making predictions,
surveys and assessments (Guseynov et al., 2013).

Gold-productive is quartz-pyrite association with
disperse gold and, specifically the second mineral
association with a close paragenetic relationship between
hypogenic noticeable gold and chalcopyrite-galena
paragenesis of polymetal stage. Ubiquitous distribution
of quartz-pyrite mineral association with thin-disperse
gold in the ore zones creates background contents of
gold in the deposits, and its increased amounts are
confined to the areas of presence of chalcopyrite-galena
mineral association with native gold. The contents of
silver in ores increase with presence of gold and silver-
containing pyrite and chalcopyrite, sometimes with
galena (Table 3).
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Table 3. Chemical composition of some sulfides of the Dagkesaman deposits.

Minerals N Content, weight? Total Formula
sample| Fe | Cu | As | Ag | Au | Zn | Te | Co | S
Pyrite d
urum-containing | 14 |99 < | = | - 0.03 52.71[100.64|  Fe, (S, 0Te,00)onn
pyrite 220 [4665] 006 | — | — 53.45]10021]  (Fe,.Cu,.) .S,
pyrite
(zold- and silver-| 319 | 534 | — |0.02] 0.006 [0.012 0.02| 46.5 | 99.96 | F€15:CO008M% 001 ALy 000)12
containing) 200°250.004)2.00
Chalcopyrite 220 [3042]3474] — | - 0.05 34.65| 99.86 | (Cu, Fe Zn ). S,
Chalcopyrite 31d | 30.1 | 34.4 | 0.03 | 0.0009 | 0.008 34.1 | 9865 | (CUroFeo o Ao
2.00° 0017200
Sphalerite 220 | 106003 | - | _ 6521 3342] 9971 | (zn,Fe, .Cu, )ouS o
Sphalerite 220 002003 — | - 65.1 3342 98.67 | (Zn,, CuypiFe o )oS,o

Development of gold took place during the
sulfide stage, which manifested in the production of
quartz-pyrite paragenesis (disperse gold), replaced
by chalcopyrite-galena (with hypogenic notable gold)
polymetallic stage, then quartz-chalcocite and has
been completed by poorly manifested late quartz,
calcite and barite (Imamverdiyev et al., 2013). Criteria
for determining the generations are interruptions in
crystallization of minerals, related to the internal ore
tectonic movements and changes in acidity of the
solutions and development of the main amounts of
sulfides and quartz (Naumov et al., 2016; Nenakhova,
2016).

The general tendency of the evolution of physical-
chemical conditions in the process of multi-stage hydro-
thermal mineral formation in the Dagkesaman deposits
is the continuous decrease in the temperatures and pres-
sures with inversions, accompanied by changes in the
content of the main components that had separated from
the ore-generating center of the fluids. Thermodynamic
parameters and complex aggregate condition of mineral-
forming fluids during the development of polymetallic
mineralization may be explained by the likely tempo-
ral closeness of shift of hydrotherms and endogenous
ore development (Naumov, 2016; Filipov et al., 2013;
Malakhov, 1979).

The main ore-providing canal is the Eastern fault.
This was also confirmed by the results of decrepita-
tion of the vein quartz (Karayeva, 1976), indicating
that high temperatures of occurrence of faults (300°C)
fixate in the northeast flank, near the contact with rhy-
odacites, whereas the temperatures of hydrotherms de-
crease along the zone and in the southwest direction.
At the same time, there was determined that the “tem-
po of cooling of quartz-forming fluids in the vein is ~1°
per 10 m”. These data, obtained according to the re-
sults of fracturing of vein quartz, explicitly indicate the
orientation of the movement of ore-bearing fluids and
the position of ore-providing canal (Malakhov, 1979).

In general, the results of micro-thermometric stud-
ies indicate (Karayeva, 1976; Malakhov, 1979) that the
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initial temperature of hydrothermal fluids that have
deposited the mineral associations of the first (quartz-
pyrite-sericite) stages varied within 300-240°C, and
the decrepitation occurred in the temperature of 280°C.
Homogenization of the primary gas-liquid inclusions
in quartz took place in 240-260°C interval. Quartz-
galena-sphalerite-gold ore stage had begun with depo-
sition of a large amount of quartz in the temperature of
260-220°C, and then galena deposited, forming in the
temperature of 220°C, and finally has been complet-
ed by crystallization of chalcopyrite and sphalerite in
160°C. Gold that is found with all the mentioned min-
erals of this stage was formed in the temperature inter-
val of 220-160°C (Baba-zade et al., 2015).

The ores of the Dagkesaman deposits have been
formed in the conditions of temperature falling from
300°C to 160°C out of low-salted hydrothermal fluids
that contained chlorides Na, K and Mg, with insig-
nificant inclusion of CO, HS-, CH,, against the back-
ground of their dilution and mixing with meteor water
(Novruzov et al.,). The same conditions are the most fa-
vorable for deposition of minerals and sedimentation of
Au and Ag (Borisenko et al., 2017; Volkov et al., 2018).

Significantly sulfide veins with sulfides amount-
ing to about 50—70 % are the commonest and therefore
the Dagkesaman deposits may be classified as the for-
mation of gold-quartz-polysulfide (Baba-zade et al.,
2015) or significantly sulfide ores (Petrovskaya et at.,
1976). Presence of a large amount of gold in the ore
zones of oxidation and partly in the pseudomorphoses
of goethite and lepidocrocite in pyrite, which is the re-
sult of the decomposition of sulfuric pyrite that con-
tains thin-disperse gold, may be an indirect evidence
of presence of thin-disperse gold in pyrite-1I of quartz-
polymetallic stage of the development, enlarged in the
process of redeposition.

Conclusions.

The most important conclusions of the study of the
conditions of localization and patterns of arrangement of
gold-polymetallic mineralization, mineral composition
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and paragenesis of altered and mineralized zones in the
Dagkesaman deposits and issues of their epithermal
type are as follows:

— gold-polymetallic mineralization is mostly of vein
and veinlet-impregnation type;

—mineralization is distributed quite unevenly within the
ore bodies, forming relatively small sulfide-enriched regions
that quickly become displaced along the dip and strike;

— mineralization is spatially related to albitophyres
of subvolcanic facies. Based on monitoring made over
the mineralogical studies, polymetallic ores include
various types of mineralization (vein, veinlets,
impregnations), usually after identifying the period of
the stage of impregnated pyrite;

— near-ore processes of the containing rocks are
manifested in hydrothermal-metasomatic changes
(silicification, sericitization, chloritization, kaolization)
up to transformation into the secondary quarcites;
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renewal of its natural resources base. The exploitation of mangrove forest landscapes
has yielded significant benefits to the local population living within the mangrove forest limits, but the beneficiaries have not made
commensurate investments in their sustainability and rational use. Therefore, this habitat must be carefully conserved or protected
from wanton anthropogenic activities for the development purpose. The study made use primary and secondary data in establishing
the facts analysed in this work. The secondary data comprised of materials of prominent authors who have contributed much to the
findings related to coastal mangroves. Primary data collection was field visits carried out by the author in 2016. Questionnaires and semi-
structural questions were used to collect information from mangrove exploiters. The findings confirm that the coastal mangrove forests in
Cameroon have multiple functions beneficial to the communities adjacent to the coast, but, unfortunately, the beneficiaries have not made
commensurate efforts to their sustainability and rationale. The Mangrove forests covered a surface area 0f 200 000 km?, but Cameroon lost
30 % of its mangrove forest cover in 1980-2006. If projected under ceteris paribus, Cameroon lost approximately 45 % of its mangrove
forest cover in1980-2020. Haven understood that man has raped huge surfaces of mangrove forest for his selfish economic gains, the
study proposed an urgent need for environmentally sustainable adaptive strategies like those earmarked in the Ramsay agreement and the
ICZM (Integrated Coastal Zone Management) for the rational management of coastal mangroves in Cameroon.

Knrouosi cnosa: Mangrove forest, Cameroon Coast, socio-economic, rational management

Mamnrposi Jicu Ha y30epex:ki KamepyHy Ta iX coniajibHO-eKOHOMiYHe 3HAYCHHS

T. H. Mykete-Moto
Odecovkutl nayionanvruil ynisepcumem imeri 1. 1. Meunuxoea, Odeca, Yxpaina. muketem2002@yahoo.com

AwnoTamisi. Jlocii/pkeHHs TPUCBSYECHE aHali3y NpobiIeMH aHTPOIIOTEHHOTO BIUIMBY Ha MaHTPOBI JTicH y30epesioks KamepyHy, a Takox
po3po0IL Ta BIOCKOHAICHHIO KOHCTPYKTHBHO-TeOorpa)iuHMX OCHOB DAlliOHAJIBHOTO HPHPOAOKOPUCTYBAHHS Ul 30€peKEeHHS Ta
MOXIJTUBOTO BiIHOBJIEHHS HOTO MpHpORHO-pecypcHoi 6a3u. HagMipHa excrityaralisi IMX MaHTPOBHUX JICOBHX JIaHAMIA(TIB IpUHECTa
O1TBIII TIEpEeBary MiCIIEBOMY HACEJICHHIO, SIKE MEIIIKa€ B ME)KaX MaHTPOBHUX JIiciB, ane OeHediriapu He 3poOnIIN BiAIOBI THIX 1HBECTHIIIN
3 TOYKH 30pYy iX CTIMKOCTI Ta parfioHaabHOTO BHKOpUCTaHHSA. OTXe, IIe CepeoBHIIe iICHYBaHHS TOBUHHO OyTH PETeNbHO 30epekeHe
a0o 3axumieHe BijJ 0e3nTy3/10i aHTPOIOTE€HHOI MisUIBHOCTI B iM’st po3BHUTKY. [lix wac mociimkeHHs OylI0 BUKOPHUCTAHO NEPBUHHI Ta
BTOPMHHI MaTepiaJii Julsl BCTAaHOBJICHHs (DaKTiB MpoaHai30BaHUX B JaHid poOOTi. BTopuHHI naHi mpencraBieHi y BUDIAI panb
BiZIOMHX JIOCJITHUKIB, SIKi BHEC/IM 3HAUHHMI BKJIAJ] Y BUBUYEHHS NPUOEPEKHUX MaHTPOBHX 3apocteil. [Iposeneni aBropom B 2016 poui
THOJIbOBI JOCHIXKEHHS CTaJINM OCHOBOIO JUlsl HamucaHHs crarti. g 36opy iHpopmanii Oy10 MpoBeJeHO ONUTYBaHHS Ta aHKETYBaHHS
eKCIUTyaTaTOpiB MaHIpOBUX 3apocTell. JloCHipKeHHs Mokasaid, mo mnpubepeskHi MaHrpoBi yicu KamepyHy BHKOHYIOTH 0e3miy
(YHKIIH, SIKi TPUHOCATH KOPUCTH TPOMaJiaM, IPMIICTIIUM 10 Y30epexoks, MPOTe BiJl IO He CIIOCTEPIraeThCsl MPOMOPIIHNX 3yCHITb
JUTst 3a0€3MeYEeHHs CTIKOCTI Ta PaIlioHaJbHOTO iX BUKOPUCTAaHHs. Paniie MaHrposi jicu 3aiimanu monty 200000 km?, ane 3 1980—
2006 pp. Kamepyn Brparus maibxe 30 % Bijx 3aransroi momi. 3rigHo crioctepexens 3 1980-2020 pp. KamepyHn BrpaTnB npubIn3HO
45 % MaHTPOBOTO JIICOBOTO TOKPUBY. Y 0CHTiPKeHH] XeifBeHa (0OCHOBY SIKOTO TTOKJIAJICHO B JTaHy CTAaTTIO) HAETHCS PO Te, IO JIFOJICTBO
3HUIIWIIO BEJIMYE3HI IO MAaHTPOBHX JIICIB 3apa/ii CBOET eroiCTHYHOT eKOHOMIYHOI BUTO/IN; B JOCII/UKEHHI IPOTIOHYEThCSI TEPMIHOBO
PO3pOOUTH EKOJIOTIYHO CTiMKI aganTUBHI cTparterii, mogiOHI 10 THX, ski nependaueni B Pamceiicekiit 3romi Ta KYII3 (KomruiekcHe
YIPaBIiHHS MPUOEPEKHOIO 30HOI0) [UTsl PAL[iOHATIBHOTO YIPaBIiHHS NPUOSPEKHUMH MAaHTPOBUMH 3apocTsimu B KamepyHi.

Kniouosi cnosa: manzposi nicu, y3oepedcorcs Kamepyny, coyianvno-ekonomiune 3Hauents, payionaisHe npupooOKOPUCTY8ANHS.

Introduction. Bay of Biafra, covering a surface area of 475, 412km?
(Sayer et al, 1992) with a population of approximately

Cameroon is one of the Central African countries S ; . . .
25 million inhabitants. This coastal zone is characterized

located at the heart of the Gulf of Guinea, within the
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by the equatorial climate and consists of a vast coastal
environment which is an extension of the Atlantic
Ocean with a coastline of about 402km. This coastline
extends from 2° 20’ N at the Equatorial Guinea borders
to 4° 40’ N at the Nigeria borders and between 8°151E
and 9° 30E (Fig. 1). With a continental shelf of about
10.600km? (Jean Folacky, 2004) and an Exclusive
Economic zone (EEZ) of about 15,400km (Jean Folacky,
2004) it forms a convivial environment that harbors a
wide range of aquatic ecosystems which are typical for
the coastal plain of the Atlantic. This includes ocean,
coastal forests, deltas, sand dunes, mangroves, coastal
rivers, estuaries, lagoons, bays, lakes, rocky and sandy
beaches, mudfiats. It is drained by major rivers (Ndian,
Meme, Mungo, Wouri, Dibamba, Sanaga, Nyong and
Ntem), with a total drainage river basin of about 2.7
x 105 km? with the Sanaga contributing the highest
sediment load (2.8 x 102 km’® / year).

Cameroon is richly endowed with mangrove for-
ests which covers a surface area of about 200000 ha
extending from the Rio Del Rey Estuary to the Ntem
Estuary Mangroves. These mangrove forests have a
huge value for the coastal adjacent communities that
derive their livelihoods from them. However, today, the
rate at which this unique forest ecosystem is degraded
leaves much to be desired.

These mangroves can be grouped into three distinc-
tive fragments, Fig. 1. We have the Rel Dey Rey estuary
mangroves which occupies the largest area (54 %). It is
situated mainly in the south west region of Cameroon,
precisely from Bakassi to Limbe.

We equally have the Cameroon estuary mangroves
which cover (45 % of the coastline. It is situated in part
of the south west region (Mount Cameroon, Tiko) and
the entire Littoral region, through the Wouri estuary to
the Sanaga estuary.

Finally, we have the Ntem estuary mangroves which
occupy (1 %). This extends through the south region to
the borders with Equatorial Guinea. The mangrove forest
ecosystem provides important ecosystem goods and
services to the mangrove forest adjacent communities.

These communities have hugely benefited from
these ecosystem goods and services, but have made little
or no efforts towards their sustainability. Cameroon is
witnessing a very high rate of anthropogenic pressure
on the mangrove forest ecosystem. This pressure has
resulted in the de functioning of this unique ecosystem.

Despite the laudable efforts both nationally
and internationally through a variety of projects
and programmes initiated in Cameroon through
organisations, such as FAO, WWF, EU, the Guinea
Current Large Marine Ecosystem (GCLME) project and
the United Nations Environmental Programme (UNEP)
for the conservation and preservation of mangroves, it
remains very glaring that the mangrove forest ecosystem
has still not received the adequate attention it deserves
from policy makers.

The mangrove forests disappear drastically
because of over-exploitation of their resources, fuel
wood, conversion of mangrove surroundings for other
land uses, such as agriculture, coastal landfill, pond
aquaculture and urbanization with its concomitant
effects of population growth and pollution.
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Fig. 1. Map of Coastal Mangrove in Cameroon

Over the past decades, much concern on the de-
grading nature of the mangrove ecosystem has been
highlighted. This action has drawn the attention of pol-
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icy makers all over the world to give a special atten-
tion on this peculiar ecosystem which is at the verge

of extinction.
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Review of previous researches.

Some of the works have been reviewed in this study.
In Africa, the Cameroon mangrove forest is the 6™ larg-
est and first in Central Africa in terms of surface occupa-
tion (Ajonina, 2008). Therefore, Cameroon is ranked as
one of the most giant mangroves in the World (Ajonina,
2008) Fig. 2. According to (Ellison and Zouh, 2012),
the continuing degradation and depletion of this unique
ecosystem has the possibility of reducing not only the
terrestrial, aquatic production and wildlife habitats, but
more importantly, the environmental stability of man-
grove coastal forests that acts as a buffer zone to the
inland agricultural crops and villages will become se-
verely impaired. In their study related to the shrinking
of Africa’s mangroves, (Ajonina, 2008) underscored
that these mangroves have been increasingly affected
by deforestation. In the West Africa, mangrove arecas
have diminished from 20,500 km? in 1980 to 15800
km? in 2006. In Central Africa they have reduced from
6,500 in 1980 to 4300 km? in 2010. While it is esti-
mated that Eastern Africa’s mangroves have decreased
from 2555 km? in 1980 to 7211 km? in 2010, (The
Encyclopedia of Earth, 2007). Conclusively, accord-
ing to (FAO, 2007), Africa has lost up to 500000 hect-
ares of mangroves over the past 25 years. Other relat-
ed findings on mangrove forest include the works of
(FAO, 2007, Feka, Manzano and F. Dahdouh-Guebas,
2011, Simon and Rafaelli, 2012 and The Encyclopedia
of Earth, 2007). Mangrove forests cover about 152361
000 ha of the tropical and sub-tropical coastlines of
the world. Their degradation and possible reduction
can be quantified to the loss of numerical functions
like ecological, conservation, and the sustenance of
the mangrove forest adjacent communities who solely
depend on them for their livelihood (The Encyclopedia
of Earth, 2007). Nonetheless, the wanton exploitation
of this unique ecosystem in the West African coast
has favoured a decline of about 25 % of mangrove
forests over the past 25 years (Din and Baltzer, 2008,
FAO, 2007). According to (Ajonina and Usongo, 2001),
Cameroon has equally lost about 53.216 ha of mangrove
forests over the last 13 years (Ngo-Massou et al., 2016).
This situation is very unhealthy, as their sustainability

is a stake. Due to the lack of political regulation in the
management of coastal ecosystems, anthropogenic
activities play a major role in the reduction of mangrove
biodiversity and the provision of ecosystem services
(Ndema-Nsombo et al., 2015, UNEP, 2007).

Results and their analysis.

The coastal mangrove forest of Cameroon provides
a rich biodiversity and peculiar ecological niche for
the service of the forest-adjacent communities. The
communities exploit the forest for food, household fuel
wood, and medical plants. The forests are vulnerable
to degradation and deforestation activities, such as
logging and slash-and-burn agriculture. The location of
mangroves at the heart of the economic capital, which
is the industrial hub of the country, is another cause for
concern. Heavy industries which require more water for
heating and cooling of their machines are all situated
along the mangrove coast. The discharge of their waste
products cannot be underestimated, as these wastes
are not treated and no less toxic for the survival of
aquatic life, including mangroves. Fig. 3 is a summary
of the industries located along the Cameroon coastal
mangrove area.

This section examines and analyses the main
causes of mangrove decrease, their dynamics, and
mutations over time. The final part will be the results
of this mutation if they have helped in improving the
sustainability of mangroves or they are considered
a threat to the mangrove forests. Some adaptive
environmentally sustainable measures will be
recommended for the preservation and conservation
of this unique ecosystem witnessing the ultra-fast rates
of degradation.

The evidence from the Fig. 2 buttresses the truth that
the mangrove forests of the Cameroon coast are situated
in the heart of the economic capital of Cameroon.
Hence, industrial pollution is eminent as shown in the
Table 1. The evidence from the Fig. 2 buttresses the
truth that the mangrove forests of the Cameroon coast
are situated in the heart of the economic capital of
Cameroon. Hence, industrial pollution is eminent as
shown in the Table 1.

Table 1. Producers of petroleum effluents in Douala-Cameroon

Company Product Contaminant
CIAC and PLASTICAM Producers of plastic buckets, paints and tyres Hydrocarbons, Tubes
SAPCAM Paint production Combustible fuel oils
CONFITEX Textiles Acid waste oils
TOTAL FINAELF Crude oil exploitation and marketing oil products Hydrocarbons and lead (pb)
SCDP Oil products storage and distribution Oil dumps (contains lead, Arsenic copper etc.)
SHELL TEXAACO Aviation, petrol, diesel fuel and wax Hydrocarbons, lead, cadmium, copper, zinc
and other trace metals
CEP/CHEMICALS Paints, detergents, vanish Acid mercury, copper, lead, phosphates,
trace metals etc.
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Fig. 2. Major Economic Activities along the Cameroonian Coast

Added to the above, the main Agro-industrial
establishments, which have equally contributed to the
bastardization of this zone, include HEVECAM. SPFS.
SOCAPALM. SAFACAM. CDC and PAMOL. The
CDC alone employs over 15000 persons for a cultivated
area of more than 90.000 ha, making it the second
largest employer after the state. It is recommended that a
detail analysis of the impact of the drivers to mangrove
existence be carried out with field measurements and
the use of satellite images.

The dynamics of Cameroon coastal mangroves:
Indeed, Cameroon since its independence has made
conservation a major priority which is recognized
as a step towards the aspiration of the sustainable
management of the forest and its resources. Cameroon
has revised the forest policy in order to meet this
aspiration. A framework Law No 96/12 dated 05/08/96
had Article 94 put in place to preserve and conserve its
ecosystems. Although, despite these laudable efforts, it is

Table 2. Available data of Cameroon

obvious that policy makers have not given the mangrove
forests of the Cameroon coast the adequate attention
they deserve. This unique ecosystem has been the most
disturbed in modern times and in a continuous decline
within the last decades, Table 2. These forests are located
at the land-sea interface; thus, they constitute a highly
productive ecosystem with rates of primary production
equal to those of the tropical humid evergreen forests
(Alonji, 2002). They accumulate carbon in tree biomass
and most of this carbon is lost by decomposition and
export to the adjacent ecosystem (Alonji, 2002).

The main economic activity in this zone is
traditional fishing. This activity equally has a negative
impact on the mangrove ecosystem. The increasing
demand of smoked and roasted fish has a direct impact
to the supply of fuel wood. Mangrove wood is preferable
to any other wood because it burns very slowly and its
charcoal is considered the best for this purpose.

Mangrove Estimates (FAO, 2007)

Year 1980 1990 1997

2000 2005 2006

Area km? 2720 2563 2494

2515 2500 1957
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Fig. 3. Wood Exploitation in the Tiko Mangrove Forest

An urgent need to detect, preserve and restore the
degraded mangrove forest at the Cameroon coast will
be a welcome initiative in order to preserve the natural
resources for posterity. The «matanda warriors» go
deep into the creeks along the Tiko shores with the use
of canoes, cut the trees and haul them to the beaches
for splitting into firewood for sale. Red mangrove
(Rhizophora sp.) is by far the most solicited species used
for fuel wood, fish smoking and roasting, and timber.

Other factors that impact the rate and quality of a
mangrove’s self-restoration include large portions of
land that consist of industrial estates of oil palm, rubber,
tea and bananas. With the population increasing large
acres of arable land are put under cultivation to feed
the growing population.

Another issue of concern in this maritime zone is
the progressive degradation of the marine and coastal
ecosystems caused by the over-exploitation of its fishery
resources, coastal erosion and industrial pollution. This
zone like any other coastal environment has witnessed
rapid urbanization, uncontrolled industrialization, port
and maritime activities. The exploitation of petrol and
unlawful discharge of toxic wastes have exposed this
zone to land, air and water pollution. A glaring example
is the Rey Del Rey and Ntem estuaries which are highly
abused and threatened by oil and gas exploration. Over
5 million inhabitants living adjacent to the coast is
evidence that livelihood is solely dependent on the
natural resources within their disposal. This population
has altered the landscape through unsustainable and
uncontrolled implantation of agro-industrial plantations
and a handful of infrastructural development facilities.

Measures to protect the mangrove ecosystem
in Cameroon: Despite the legal provisions binding
the exploitation of coastal mangroves in Cameroon,
much is still expected if Cameroon wants to protect,
conserve and rationally manage its mangroves resources.
Coastal mangroves in the country are legally protected
since 1996 (Frame law No 96/012 relative to the
management of environment in Cameroon), but the

peri-urban environs of the Douala mangroves alone
have experienced a loss of 53.16 % in the last 3 decades
and the degradation continuous progressively. Wildlife
habitats have been affected to the extent that even their
rehabilitation cannot provide a reasonable shelter that
can be used to combat climate change.

Since the coastal communities depend primarily on
the exploitation of these resources for their livelihood
it is only through a participatory management that
the sustainability of this zone can be achieved. The
communities should have a say in the management of
the resources they depend on.

The implementation of an International protocol
for the protection of nature should be applied in this
zone. This includes agreements, like the Integrated
Coastal Zone Management (ICZM) which stands for
the sustainable development in coastal areas. The
Ramsar Convention on wetlands of international
importance, of which Cameroon is a signatory, remains
an important instrument for the management of this
unique ecosystem. This convention has put in place a
mechanism that works for the conservation and wise use
of all wetlands through local, national and international
assistance.

Taking into cognisance the importance of coastal
zones, the government has to facilitate the training
of young scientists on the management of coastal
and marine zones. More skilful professionals with
excellent knowledge of suitable programmes for nature
management are required. Modern technology (GIS)
and related software, like Mapinfo and suffer 9 can be
used to analyse and monitor changes occurring in the
mangrove zone.

Conclusion.

A combination of physical and human activities
is responsible for the intensive degradation of the
mangrove’s ecosystem. But the anthropogenic factor
is at the forefront.
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An urgent need to detect, protects, and restore
degraded mangrove forests is a major step towards an
environmentally sustainable management of natural
resources. These zones are experiencing an increasing
magnitude of global environmental change processes
exhibited by catastrophic events, such as tropical
cyclones, tsunami and tidal bores, flooding, saline water
incursion, deepening shoreline erosion, wetland loss
and the threat of sea level rise.

The fact that this zone is overcrowded with
diverse social and economic activities is evidence
that the carrying capacity of the coastal environment
is undergoing an accelerated decline in receding
shorelines, loss of biodiversity and increasing human
pollution. Policy makers must, therefore, pay more
attention and implement adaptive environmental
strategies to enhance their sustainability.

To safeguard aquatic resources from water pollution,
industrial wastes should be treated before disposal.

Cameroon has lost 45 % of its mangrove forest.
If the rate of deforestation and degradation continues
unabated, mangrove forest at the Cameroon coast will be
history in the next 6070 years. It is, therefore, time for
the government to create protected areas and monitoring
groups to give routine reports. The amelioration of
swampy flood plains and the harmonious management
of the relationship between nature and the society are
of immense importance to the protection of this fragile
ecosystem. A constructive geographical direction that
manages natural resources not only enables resource
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Received: 17.10.2020 Abstract. The aims of the current research are to assess the drinking water quality of the
Received in revised form: 13.03.2021 groundwater in the Gadilam River Basin, which is located in the northern part of Tamil
Accepted: 27.04.2021 Nadu, by identifying the groundwater quality index and examine its suitability for drinking.

The current work determines the levels of groundwater quality parameters based on 120
groundwater samples; 50 samples from Archaean formation, 34 samples from Quaternary formation, 35 samples from Tertiary formation
and the remaining sample from Cretaceous formation. Additionally, this research compares the determined levels with the various
standards for drinking. Furthermore, the variability of parameters of the groundwater quality is explored in this paper by using the
spatial interpolation method. The conclusion of this research reveals that the groundwater quality parameters such as Calcium (Ca*"),
Magnesium (Mg*), Nitrate (NO,*), Fluoride (F"), Sulphate (SO,*), Bi-carbonate (HCO,’) and Percentage of Hydrogen (pH) values are
observed to be within the limiting value for WHO 2017 in all the formations during the seasons in which they were taken. The water
quality index (WQI) values of the Archaean, Quaternary and Tertiary formations are found to be less than 100 meq/L in all stations in
both seasons. In order of WQI, these stations come under the category of “Excellent” and “Good”. The Piper trilinear classification of
groundwater samples fall in the field of mixed Ca-Mg-Cl, and No dominance, some of the samples represent Na-K, Cl types of water.

Keywords: Archaean, Quaternary, Tertiary, Cretaceous, groundwater, water quality.

IIpocTopoBa oninka AKOCTI MiA3¢MHUX BOJ 3 BUKOPUCTAHHAM reoingopmaniiinux cucrem (I'C)
Ta inaekcy sikocti Boau (WQI) y 6aceiini piuxku laginam, Tamininan, Ingis
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AHoTamiss. MeTor TaHHOTO TOCIIIKCHHS € OIiHKa SKOCTI MiI3eMHHX BOX y Oacelini piuku [amisam, po3ranioBaHol B MiBHIYHIN
yactuHi TaminHamy SK JpKepesia MUTHOT BOJH, IUISIXOM BU3HAYEHHS 1HACKCY SIKOCTI MiJ3eMHUX BOJ Ta BUBYCHHS iX MPUAATHOCTI JUISL
MUTHOTO criokuBaHHs. [IpeacraBnena pobora BU3HA4Ya€ piBHI MapaMeTpiB AKOCTI MiA3eMHUX BOA Ha MmifcTaBi gociaimkerHs 120 mpod
mia3eMHAX BoI: 50 3pa3kiB 3 apxelichKoi Gpopmarii, 34 3pas3ka 3 4eTBepTHHHOI popmanii, 35 3pa3kiB 3 TpeTHHHOI Gopmarii Ta oxHieT
pobu 3 kpeitoBoi popmarii. Kpim Toro, e mocmikeHHs MOPIBHIOE BU3HAYEHI PIBHI 3 PI3SHUMH CTaHIApTaMu 10 MUTHOI Boau. Kpim
TOTO, MiHJIUBICTh ITapaMeTPiB SKOCTI MiI3EMHUX BOJ JAOCIIPKYETHCS B I[i poOOTI 3a OIIOMOT0I0 METOY IIPOCTOPOBOI IHTEPITOJIALI].
Ha 3aBepIueHHs OO JOCIIPKEHHSI BUSIBIISIETHCS, 110 TaKi apaMeTPH SIKOCTI i I3eMHUX BOJ, sk KajbLii (Ca*"), marniit (Mg*"), HiTpar
(NO,*), ¢rop (F), cynsdar (SO,*), 6ikap6onar (HCO*) Ta Bonnesuii noxasuuk (pH) criocrepiraioThest B MeKax rpaHUuHOIO 3HAYEHHS
st BOO3 2017 y Beix opMariisix IPOTAroM L[bOT0 Ce30HY. 3HAYCHHS iHIASKCY SIKOCTI BOAU apXeHChKHX, YSTBEPTUHHHUX Ta TPETHHHHX
yrBopeHb (WQI) € menimumu 3a 100 MexB/I Ha BCiX CTaHIisAX B 001aBa ce30Hu. Bignosiguo ouinku WQI, 1i yHKTH CIIOCTEPEIKSHHS
HaJexaTh 10 Kareropii «Bigmiaao» Ta «/{oOpe». 3a TpuiniliHoI0 Kiacudikamiero [laiinepa mpoOu mig3eMHUX BOJ MOTPAIUIAIOTH
B oOnacth 3mimanux Ca-Mg-Cl i3 BiacyTHIM gOMiHYBaHH:M, AesKi 3pasku y Tanax Na-K i Cl tumu Boau.

Kniouosi cnosa: apxeil, uemsepmunHuil, mpemunnuil, Kpetoosuil nepioo, nio3emHi 800u, AKicnms 600U.

Introduction. drastically because of rapid industrialization, improper
dumping of solid wastes and toxic waste management
(Yousefi et al., 2018). Consequently, the number of
cases of waterborne diseases causes health hazards,
while the use of such water for agricultural purposes
lead to adverse effects on crop production and fertility

Water plays a vital role in human life. The
consequences of urbanization and industrialization
lead to deterioration of the quality of the water (Sanjay
et al 2007). During the last few decades, it has been
observed that groundwater is becoming polluted
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of agricultural soils (Pirsaheb et al., 2014; Asghari et
al., 2018; Muthusaravanan et al., 2018).

All over the world, groundwater is used for many
purposes including irrigation, domestic, moreover
industrial uses. Pollution has increased in the last few
decades due to the continuous-increment in population.
This increase is significant to the demand for fresh water
as a result of the rapid development of the population
and the expanded rate of progress in industrialization.
Decrease in water quality happens to be a worldwide
issue of focus since human populations are increasing,
agricultural and industrial activities are expanding,
additionally climate change poses the threat of major
changes to the hydrological-cycle (Federation and
APHA, 2005).

The groundwater quality depends mainly on the
geological formations and anthropogenic activities.
There are many studies regarding the excessive
extraction of groundwater and resulting sea water
intrusion contaminating coastal aquifers (Bagade,
1995; Thigale et al., 1998a; Duraiswami et al., 2000).
Increased usage of groundwater has depleted the sources
of groundwater. The excess concentration of certain
ions has made the water unfit for drinking and irrigation
uses. The discharges from industries and land resources
have led to serious problems in the water quality. Public
health and agriculture have been gravely impaired due
to consumption of contaminated water and depleted
groundwater source.

According to the WHO organization (WHO, 2017),
nearly 80 % of all human diseases are caused by water.
Hence the quality of water must be expressed in the
most common form to analyze the water characteristics.
Whenever groundwater is contaminated or degraded,
its quality fails to recover unless contaminants are
prevented from penetrating through the source. The
guidelines and standards for drinking water quality are
planned to ensure that perfectly clean and protected
water is distributed for human consumption, with the
intention of protecting people’s health. For that reason,
it is necessary to continuously monitor the groundwater
quality and to protect it.

The general target of any assessment for
groundwater quality is often to get an all-inclusive
evaluation of variations of the quality of groundwater
and evaluate the changes that occur in the groundwater
quality over time, either in a natural way or under human
pressure (Tiwari and Nayak, 2002).

Several authors have studied the hydrogeochemistry
of groundwater and vulnerability of the aquifers to
pollution in hard rock aquifer of peninsular India. Rina
et al., (2011), Singh et al., (2012a and 2012b) studied
hydrogeochemical evolution of groundwater. Prasanna
etal., (2011), Sonkamble et al., (2012), Brindha et
al., (2013), Brindha and Kavitha (2014), Kumar et

al., (2014), Rajesh et al., (2015) investigated aquifers
in various rock domains like granite, gneiss, schist
and basalt to enumerate the geochemical evolution of
groundwater and its suitability for various use.

The Water Quality Index (WQI) is the most
considerable tool that is effective in conveying
information about water quality to concerned citizens
along with policy makers. It really is a strategy which
is efficient in determining the water characteristics
(Singh 1992, Naik et al. 2001, Mishra et al. 2001).
The Water Quality Index therefore, becomes a crucial
parameter used in the management and assessment of
groundwater. It can help in classifying groundwater:
whether or not it is fit for irrigation. WQI is computed
from the standpoint of groundwater suitability for
irrigation consumption. WQI is distinctive as a score
that reflects the composite-effect of a variety of water
quality parameters. The calculation of the WQI in
groundwater study started with Horton (1965) and
Landwehr (1974). Wu et al. (2011) reported that the
selection of water quality parameters is a necessity
in evaluating the primary anthropogenic activity in
the monitoring location. The primary anthropogenic
activity may be domestic, agriculture, mining, etc. It
is possible to determine the groundwater quality index
(GWQI) by analyzing several important parameters and
assign a proper weight for each one.

Study Area.

The Gadilam River originates from Kallakurichi
district and flows through Viluppuram district to meet
the Bay of Bengal in Cuddalore district. This river total
flow length is 102 km and catchment area is 2091.20
sq.km. It is reported that the river gets a supply of
occasional floodwater from the Ponnaiyar River through
the Malattat River. The Gadilam River basin is extended
from 11°26°31.797” N to 11°56°29.633” N latitudes and
78°59°10.675” E to 79°47°15.793” E longitudes (Fig. 1).

It is represented on Survey of India topographical
maps 581/13, 58M/1, 58M/2, 58M/5, 58M/6, S8M/7,
58M/9, 58M/10, 58M/11 and 58M/15 on a scale of
1:50,000. The study area is bounded by Villupuram
in the north, Cuddalore town in the east, Thirukoilur
in west, and Vadalur in the south. There are a number
(1024) of tanks in the study area, of which, 62 major
(above 0.5 sq.km) tanks are noted. The temperature
reaches its maximum during April and May 38° to
39 °C, minimum in January and February 24° to
25 °C. The wind velocity is highest during summer
and sometimes during the monsoon seasons.

The present study area catchment area of the basin
is located in Kallakurichi district, the mature stage
of the river basin flow in Viluppuram district and the
lower river basin is in Cuddalore district. Agriculture
is the major occupation in the entire Gadilam River
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Fig. 1. Key Map of Study Area

Basin. Most of the area’s irrigational, domestic and
drinking needs are supplied by groundwater resources,
and demand for this has increased in recent times. The
drilling of new bore wells and extensive exploitation
of groundwater have affected the groundwater quality
of the study area. Besides, large scale farming and
paddy cultivation leads to use powerful pumps for
withdrawing groundwater, and this could deplete the
sources at a much faster rate. Hence, an understanding
of groundwater quality characteristics for drinking and
irrigational needs of the region is necessary in order
to ensure continuous agricultural activity. Besides, the
study of groundwater quality characteristics has not
been attempted in the recent times in the study area
(Shankar et al., 2011; Layeek Ahamed et al., 2014).
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Materials and Methods.

The Gadilam River Basin boundary is demarcated
based on the drainage system using Survey of India
topographical maps 581/13, 58M/1, 58M/2, 58M/5,
58M/6, 58M/7, 58M/9, 58M/10, 58M/11 and 58M/15
on 1:50,000 scale and drainage updating in current
satellite data (Landsat-8 TM data, March-2018). The
geology map is traced from the district resources map.
The Gadilam River upper basin shows an Archaean
formation and the lower basin shows Tertiary uplands
in the south and recent alluvium (Quaternary) in the
north (Fig. 1). A detailed methodology flowchart is
given in Fig. 2.

Overall, 120 groundwater samples were collected
from the Gadilam River Basin excluding the reserved
forest area. Fig. 1 shows the distribution of the 50
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Fig. 2. Detailed methodology flowchart

samples which were collected from the Archaean
formation (hornblende-biotite gneiss, fissile hornblende
gneiss, Gingee granite and ultrabasic Rocks). 34 samples
from the Quaternary formation (flood basin/back swamp
deposits, Paleotidal tidal, flat black clay deposits, tidal
flat deposit black clays) and another 35 samples from
Tertiary formation (sandstones, clay, lignite, sandstone
with clay, argillaceous). The single remaining sample is
from the Cretaceous formation. Groundwater samples
were collected using 1liter plastic containers. To ensure
the collection of representative groundwater samples
from the borehole and dug-wells groundwater samples
were collected during June 2019. The analysis of
elements and parameters in the laboratory followed
the standard methods. Each water sample from the
collected samples was assessed for fourteen parameters
such as TDS, TH, pH, EC, chloride, sulphate, sodium,
magnesium, calcium, nitrate, potassium, fluoride and
bi-carbonate using standard-procedures of water test
advised by the Federation and APHA (2005).

At each location the coordinates were taken using a
GPS, GARMIN eTrex 10 model. These locations were
entered into GIS software and we developed the attribute
in points with spatial data. The spatial distribution maps
of pH, EC, TDS and major cations, anions and selected
heavy metal were produced using Arc GIS 10.2 using
the inverse distance weighted method IDW (Suresh et
al., 2010; Vetrimurugan et al., 2017).

Each and every parameter was correlated with WHO
2017 and BIS 2012 standards. Any measurement above
the value of the same standards was assigned a classified

risk hazard rank. Based on this rank, spatial thematic
maps were prepared. After creating the entire thematic
layers using SMCE, overlay analysis was conducted
using all the thematic layers and finally, to identify the
risk hazard and high risk hazard zones.

Groundwater quality index (GWQI) is calculated
in accordance with the following equation.

E:J;‘aizll"‘l‘;l 41 (1)
E?:j_ I'Fl
The quality rating is calculated according to the
following equation.

GWQI =

(I'Irzcturz! I;:'riarz!}

Gn1 = X 100 )

where,

q,, is the quality rating of the i parameter for the total
(n) number of the water quality parameters.

V... 18 the measured value of water quality parameter
(found from the laboratory).

V..., 18 the standard value of water quality parameter
(found from standard tables).

The value of V,, for pH is 7 and for the other studied

water quality parameters is zero.

(Vstrzn.ri ard Vz da E:}

Results and Discussion.

The Archaean, Quaternary, Tertiary formation
minimum, maximum, average and standard deviation
values of physio-chemical parameters during November
2018 results are shown in Table 1.
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The concentration of the Calcium (Ca?"),
Magnesium (Mg?*"), Nitrate (NO,*), Fluoride (F"),
Sulphate (SO,*), Bi-carbonate (HCO,’) and percentage
of Hydrogen (pH) values are observed to be within
the limiting value for WHO 2017 in all the formations
during this season.

Sodium (Na") values were found to be not
permissible in some samples from the Quaternary and
Archaean formations due to the presence of concentrated
colloids in the water (Akhilesh Jinwal et al., 2008). All
sample values were observed to be within the limiting
value for WHO 2017 in the Tertiary formation. The

sodium concentration of the three formations shows that
the Quaternary formation has the highest value (600
mg/L) and in the Archaean formation the maximum
value (250 mg/L) was noticed.

From the spatial variation with contour lines of
the Na map (Fig. 3) excess over the limit for drinking
purposes was seen, twelve samples in these sample
places in the Archaean formation were located in
between (contact zone) hornblende-biotite gneiss and
the flood basin. Therefore, it is the weaker plane which
may have significant influence of rock water interaction
(Rajmohan et al., 2000).
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Fig. 3. Sodium spatial variation map — WHO 2017

Only four such samples were studied in the
Quaternary formation. These sample places were
located in between (contact zone) the flood basin
deposit with hornblende-biotite gneiss and the sea
shoreline. Therefore, it is the weaker plane that may
have considerable influence of rock water interaction
and there may be sea water intrusion to the fresh
groundwater.

In the Tertiary formation only two samples of
groundwater were found to be outside the permissible
limit. These sample places were located in between
(contact zone) sand stone, clay, lignite deposit with
flood basin deposit and nearby lignite mining area.
Therefore, there may be significant influence of rock
water interaction and anthropogenic activities.

The highest concentration was found along the
north and north western area of the catchment area

and the east coast of the Gadilam River Basin. These
results indicated the leaching of secondary salts on the
upstream side and that there may be sea water intrusion
in the downstream side of the east coast study area.

Potassium (K*) and Total Hardness (Figures 4 and
5) values are found to be in excess of the permissible
values in the majority of samples in all the formations.
The sequence of high concentration is as follows;
Quaternary> Archaean > Tertiary. The sodium and
Total Hardness values of the three formations show
that the Quaternary formation has the highest value of
K (100 mg/L) and TH (704 mg/L). In the Quaternary
formation 94 % of the samples exceeded the limit for
WHO 2017.
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Fig. 5. Sodium spatial variation map — WHO 2017

The Archaean formation maximum value of K was
50 mg/L and TH value (684 mg/L). All the samples
from the Archaean formation were observed to exceed
the limit. In the Tertiary formation the highest value
of K (40 mg/L) and TH 568 mg/L was noticed. The
Tertiary formation groundwater quality was noticed
in 89 % of the samples to be outside the permissible
limit.High potassium values may cause nervous and
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digestive disorders (Ambrina Sardar Khan et al., 2012).
The highest values are due to the greater depth of water
level and high rate of evaporation during the hot season
(Mahmoud et al., 2016).

Chloride (CI') and Total Alkalinity (Figures 6 and
7) values are found to be not permissible in a minimum
number of samples only in the Quaternary formation.
The Chloride (CI') and Total Alkalinity values show
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that the Quaternary formation has the highest value of
CI (816 mg/1) and T.alk. (624 mg/L). Chloride (CI")
and Total Alkalinity values are observed to be within
the limiting value for WHO 2017 in the Archaean and
Tertiary formations during this season.

The higher values of Cl and Total Alkalinity were
found at Periyappattu-79 (632 mg/L and 508 mg/L)

station. These sample places were located on the sea
shore line. There may be sea water intrusion to the
fresh groundwater. The higher values were noticed in
only one pocket of the shore line of the Gadilam River
Basin. The rest of the section had less than 600 mg/L.
The high chloride and Total Alkalinity concentration can
be attributed to sea water intrusion (Sameer e al., 2011).
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The EC values are found higher in some samples
in all the formations. The EC values of the three
formations show that Quaternary formation has the
highest value (3400pmohs/cm) while the maximum
value of the Archaean formation is 2600 pmohs/cm
and the maximum value of the Tertiary formations is
1887 umohs/cm. This may be due to the presence of
concentrated colloids in the water (Verma et al., 2012).

From the spatial variation (Fig. 8) with contour
lines of EC map, twenty-three samples in the Archaean
formation are seen exceeding the limit for drinking
purposes. Some of the sample places are located in
between two rock types, many of the sample places are
located in Hbg, there may be anthropogenic activities.
Therefore, the weaker plane may have significant control
on rock water interaction.
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Fig. 8. EC spatial variation map — WHO 2017

Seven samples were studied from the Quaternary
formation. These sample places were located in between
(contact zone) the flood basin deposit with hornblende-
biotite gneiss. Therefore, the weaker plain may have
significant influence on rock water interaction.

In five samples from the Tertiary formation
groundwater quality was found to be excess of the
permissible limit. These sample places were located in
between (contact zone) sand stone, clay, lignite deposit
with flood basin deposit and the nearby lignite mining
area. Therefore, the weaker plane may have major
influence on rock water interaction and anthropogenic
activities. The higher concentration occurred along
the middle of the basin and east coast of the Gadilam
River Basin. The rest of the area showed a value of
than 1500 umohs/cm.

Total Dissolved Solids (TDS) values were within
limiting value for WHO 2017 in Tertiary formations
during this season. Some samples in the other two
formations were above limiting values d due to the
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presence of common mineral salts that are dissolved
in water (Al Dahaan et al., 2016).

From the spatial variation with contour lines of TDS
map (Fig. 9) two samples in the Archaean formation
are seen to exceed the limit for drinking purposes,.
These sample places were located in hornblende-biotite
gneiss with agricultural land and in between (contact
zone) hornblende-biotite gneiss and the flood basin.
The reason for the high concentration may be that the
weaker plain has significant influence on rock water
interaction.

Only two samples were studied in the Quaternary
formation. These sample places were located in between
(contact zone) the flood basin deposit with hornblende-
biotite gneiss. Therefore, the weaker plane may have
a substantial impact on rock-water interaction.

Spatial Multi-Criteria Evaluation (SMCE) Analysis
for overall Groundwater Quality
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The physico-chemical parameters of contamination
have a significant role in human health problems.
Major groundwater quality elements were analyzed
and their sources and impacts were identified using
SMCE method and quality assessment. After creating
the entire thematic layers based on the Table 2 Spatial

Multi-Criteria Evaluation Rank of WHO 2017 standard
of Groundwater, SMCE overlay analysis was conducted
using all the thematic layers and finally, the locations of

groundwater quality zones were mapped in the Gadilam
River Basin (Fig. 10).

Table 2. Spatial Multi-Criteria Evaluation Rank on Risk Hazardous of Groundwater

. . Desirable Values for WHO — 2017 Spatial Multi-criteria Evaluation Rank on
Physio-Chemical - - Human health problems
Parameters Most .de.s1rab1e Max1mu'm . for Present Study human health problems of Groundwater
limits allowable limits
Ca?" (mg/L) 75 200 Above 200 mg/L Within permissible limit = 0
Mg (mg/L) 50 150 Above 150 mg/L Within permissible limit = 0
Na* (mg/L) - 200 Above 200 mg/L 8
K* (mg/L) - 12 Above 12 mg/L 8
NO,* (mg/L) - 45 Above 45 mg/L Within permissible limit =0
Cl (mg/L) 200 600 Above 600 mg/L 8
F- (mg/L) - 1.5 Above 1.5 mg/L Within permissible limit =0
SO,* (mg/L) 200 400 Above 400 mg/L Within permissible limit = 0
HCO, (mg/L) 300 500 Above 500 mg/L Within permissible limit = 0
EC (umohs/cm) - 1500 Above 1500 (umohs/cm 10
pH 6.5-8.5 9.2 Below 6.5 and Above 8.5 Within permissible limit = 0
TDS (mg/L) 500 1500 Above 1500 mg/L 10
TH (mg/L) 100 500 Above 500 mg/L 8
T.Alk (mg/L) - 500 Above 500 mg/L 8
Total Rank 60/70

Three significant factors were extracted by ‘Most
desirable, ‘Maximum allowable’ and ‘Not permissible’
explaining 60 of total variance (Fig. 10). Overall analysis
reveals that 19 samples (Archaean-12, Quaternary-4,
Tertiary-3) indicate risk of human health problems. 97
groundwater samples (Archaean-38, Quaternary-29 and

Tertiary-29 and Cretaceous-1) indicate moderate risk
of human health problem zones. 4 groundwater sites
(Archaean-0, Quaternary-1 and Tertiary-3) are classified
as No problem zones.
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Fig. 10. SMCE Rank on human health problems of Groundwater Map

The ‘Not permissible’ or risk of human health
problems zones were noticed in between (contact zone)
hornblende-biotite gneiss and the flood basin and the
reason for high concentration in the Archaean formation,
it is that the Weaker plane present in the rocks may have
significant influence of rock water interaction. Similarly
the lineaments’ intersection with the river basin and sea
shore area in the Quaternary formation especially near
SIPCOT industry and lignite mining area are the reason
for high concentration in the Tertiary formation (Varol,
2019; Barra-Rocha, et al., 2019; Hou, et al., 2019).

Groundwater Quality Index for Irrigation.

The water quality index for groundwater samples
according to formations is given below. The values
of groundwater water quality index demonstrate its
appropriateness for irrigation uses. The WQI can
classified into five types such as Excellent (<50), Good

(51-100), Poor (101-150), Very poor (151-200) and
Worst (>200).

The Archaean formation WQI values are found
to be less than 50 in 29 stations, which come under
the category “Excellent”, and 21 samples fall under
the category “Good” category for irrigation uses. In
order of WQI, these stations come under the category
of “Excellent” and “Good” (Table 3). The Quaternary
formation WQI values are observed to be less than 50 in
27 stations out of 34 locations, these stations come under
“Excellent” and 7 locations fall under the category of
“Good”. The Tertiary formation WQI values are found
to be less than 50 in 30 stations out of 35 locations, these
come under the category “Excellent” and 5 stations fall
under the category “Good”. Overall 87 stations came
under the category of “Excellent” and the stations 33
fell under “Good” in this study period (Table 3).

Table 3. Archaean Formation Water Quality Index

. WQI Classes
Formations WQI Values — June 2019 Excellont Good
Archaean formation 16.49 to 85.46 29 21
Quaternary formation 16.34 to 94.97 27 7
Tertiary formation 12.44 to 78.54 30 5

From the spatial variation of water quality index
map (Fig. 11) classifications of groundwater for
irrigation purposes are seen. An enormous area comes
under the category “Excellent”. Some large patches
studied in the upper part and small spots noticed in lower
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part of the study area come under the category “Good”
for irrigation purposes. The ‘Good’ zones were noticed
in between (contact zone) hornblende-biotite gneiss and
the flood basin and the reason for high concentration in
the Archaean formation, is that the Weaker plane may
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be affected by the significant influence of rock water
interaction, lineaments intersection with the river and
sea shore area in the Quaternary formation and by the
nearby SIPCOT industry and Lignite mining area in
the Tertiary formation.

Piper Trilinear Diagrams

The geochemical evaluation can be understood
by six classes such as Calcium-Bicarbonate, Sodium-
Chloride, Calcium-Sodium-Bicarbonate, Calcium-
Magnesium-Chloride, Calcium-Chloride and Sodium-

Bicarbonate types. It clearly explains the different
categories of dominant cations and anions in various
formations.

In the Archaean formation piper trilinear diagrams
(Figures 12 and Table 4) it is observed that the majority
of samples come under the No dominant type in the
cation and anion triangles. A further 10 % of the stations
fall under the NaCl type and rest of the stations fall
under the mixed CaMgCl type. This may be due to the
rock water interaction of crystalline nature of rocks and
anthropogenic activities (Veena Srinivasan et al., 2014).

CATIONS

Archaean Formation Piper Diagram
June - 2019

ANIONS

Fig. 12. Piper Trilinear Diagrams — Archaean Formation
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Table 4 Piper Trilinear diagram

Geological Class No. Class June — 2019
Formations Stations No. of Samples | Percentage of samples
1 CaHCO, Nil Nil Nil
2 NaCl 25,28,30,31,33 5 10%
Archaean 3 Mixed CaNaHCO, Nil Nil Nil
50 Samples 4 Mixed CaMgCl All samples except 5 samples 45 90 %
5 CaCl Nil Nil Nil
6 NaHCO, Nil Nil Nil
1 CaHCO, Nil Nil Nil
2 NaCl 54,55,56,57,58,60,68,70,73,79,83 11 32%
Quaternary 3 Mixed CaNaHCO, Nil Nil Nil
34 Samples 4 Mixed CaMgCl All samples except 11 samples 23 68 %
5 CaCl Nil Nil Nil
6 NaHCO, Nil Nil Nil
1 CaHCO, Nil Nil Nil
2 NaCl 86,89,90,102, 106,111 6 17%
Tertiary 3 Mixed CaNaHCO, Nil Nil Nil
35 Samples 4 Mixed CaMgCl All samples except 6 samples 29 83 %
5 CaCl Nil Nil Nil
6 NaHCO, Nil Nil Nil
Cretaceous 4 |Mixed CaMgCl  [120 1 100 %
1 Sample

Quaternary Formation Piper Diagram
June - 2018

CATIONS

HEO+COy

Hmegl

40 _ I:ﬂ. =
Chiorde (282
ANIONS

Fig. 13. Piper Trilinear Diagrams — Quaternary Formation

The Quaternary formation plots (Figures 13 and
Table 4) reveals that the 32 % of the stations fall under
the Sodium-Potassium type in the cation triangle and
Chloride type in the anion triangle. 68 % of the stations
fall under the mixed CaMgCl type. This may be due to
sea water intrusion and anthropogenic activities (Vikas
Tomar et al., 2012).
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The Tertiary formation piper trilinear diagrams
(Figures 14 and Table 4) results show that the majority
of samples (more than 94 %) come under the No
dominant type in the cation and anion triangles. The
following stations 86, 89, 90, 102, 106, 111 fall under
the NaCl type and rest of the stations fall under the
mixed CaMgCl type. This may be due to the leaching
of alkali salts (Umapathy et al., 2011).
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Tertiary Formation Piper Diagram
June - 2018

Chionds (T
ANIONS

Fig. 14. Piper Trilinear Diagrams — Tertiary Formation

The Cretaceous formation piper trilinear diagrams
(Figures 15 and Table 4) results show that the studied
samples come under the No dominant type in the cation

and anion triangles. The following stations fall under
the mixed CaMgCl type. This may be due to the rock
water interaction and anthropogenic activities.

Cretaceous Formation Piper Diagram

June - 2018

(YA

X XN
NV

)
Caltium (Ca)

Chionds (T
ANIONS

Fig. 15. Piper Trilinear Diagrams — Cretaceous Formation

Hence, this study indicates that the Piper trilinear
classification of groundwater samples fall in the field

of mixed Ca-Mg-Cl, and No dominance, some of the
samples in Na-K, Cl types of water. So based on the

Piper trilinear, the groundwater samples are fit for

drinking and irrigation purposes for all formations.

Conclusions.

The highest values of the Quaternary formation
physio-chemical parameters are noticed in the rainy
season due to the confined aquifer (Neyveli Aquifer)
containing fertilizer used in increasing agricultural
activities. The groundwater quality parameters such
as Calcium (Ca’"), Magnesium (Mg*"), Nitrate (NO,*),
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Fluoride (F"), Sulphate (SO,*), Bi-carbonate (HCO,)
and Percentage of Hydrogen (pH) values are observed
to be within limiting value for WHO 2017 in all the
formations during this season.

The EC and TDS values are in excess of the
permissible limit for some stations in all the formations.
The TH and T. Alk.values are seen as exceeding the limit
for drinking purposes among 11 samples in Archaean
formation and in 2 samples in Quaternary formation.

K values are seen to exceed the limit for drinking
purposes in 96 % of the samples of the Archaean
formation, 74 % of the samples of Quaternary formation
94 % of the samples of the tertiary formation. The CI,
NO, values are exceeding the limit for drinking purposes
in only two samples of Quaternary formation whereas
all the samples of Archaean and Tertiary formations
are within the limit.

The Water Quality Index demonstrates the
appropriateness of the water for irrigation uses. The
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Received: 20.02.2021 Abstract. Modern approaches of understanding the concepts of accessible tourism for
Received in revised form: 06.03.2021 everyone are analyzed in this paper. Accessible tourism for everyone means that any
Accepted: 27.03.2021 tourism product should be designed irrespective of age, gender and ability, and with no

additional costs for customers with disabilities and specific access requirements. The role
of the principles of universal design for accessible tourism for everyone is described. In contrast to the concept of accessibility, which
only applies to low-mobility categories of the population and focuses on physical access to transport and premises, as well as access to
information, the concept of universal design emphasizes creating the same conditions convenient for all users, without impersonating
any of them. The connection between accessible tourism for everyone and the goal of sustainable development is revealed. Accessible
tourism for everyone significantly contributes to the achievement most of sustainable development goals. Three main prerequisites for
the development of accessible tourism for everyone in the European Union are determined and characterized by: existing accessibility
legislation and standards at the global, European and national levels, population ageing and increase in the number of people with
disabilities. In Ukraine there is a lack of accessibility standards for tourism facilities and services. It is important to transfer experiences
and knowledge that exists in the European Union to Ukraine and ensure an adapted implementation to local requirements. A map of
the most accessible cities of the European Union is created and the quantitative distribution of these cities by country of ownership
is presented. Accessible to all tourism chain is analyzed on the example of Ljubljana city in Slovenia, which was twice noted by the
European Commission as one of the most accessible.

Keywords: tourism, accessibility, universal design, European Union, Ljubljana.

IlepenymoBH pO3BUTKY JOCTYIIHOTO TypU3MY AJsl Beix y €Bponeiicbkomy Coro3i

M.I. Censnkis', B. C. IlepkieBny?

'Hayionanenuii ynieepcumem «JIvgiscoka nonimexnixay, Jlveis, Ypaina, enekmponna nowma:
mariana.i.senkiv@lpnu.ua
2XmenbHuybKuil KOOnepamueHuil mopeoeeibHO-eKOHOMIYHULL tHemuntym, M. XmenbHuybKull, Ykpaina

AHoTanisi. Y cTarTi IpoaHai3oBaHO CyYacHi IiXOAW J0 PO3YMiHHS KOHIEMIIH JOCTYITHOTO TYpU3My JUisl BCiX. JlocTymHuiA Typu3m
JUISL BCIX O3HAuae, M0 Oyab-sKHH TypHCTHYHUH NPOMYKT MOBHHEH PO3POOISTHCS HE3aJeXHO BiA BiKy, crari i 3miOHOCTEH, Ge3
JIOJTATKOBHX BUTPAT JUIS KIIIEHTIB 3 IHBAIHICTIO Ta 0COOIMBUX BUMOT 10CTyITy. OXapaKTepru30BaHO POJIb MPUHIUIIIB YHIBEPCAILHOTO
JIU3aiHY JJIs1 JOCTYITHOMY TYPHU3MY TS BeiX. Ha BiIMiHY Bijl KOHIICTIIIIT JOCTYITHOCTI, SIKA 3aCTOCOBYETHCS TIIBKH 10 MAJTOMOOITEHUX
Kareropiit HaceneHHs i OKyCyeThes Ha (HiI3UUHOMY JIOCTYII IO TPAHCIIOPTY i Oy/iBelib, @ TAKOXK Ha IOCTYI /10 iH(pOopMaIlil, KOHIETIIis
YHIBEpCaIbHOTO U3alHY MiJIKPECIIIOE CTBOPEHHS OJJTHAKOBHX YMOB, 3pYYHHUX JUIs BCIX KOPUCTYBauiB. BUSABIECHO 3B’ 30K MK JOCTYTHUM
TYPH3MOM JUIsl BCIX 1 HUJISIMH CTaJIOTO PO3BUTKY. JlOCTYmHMIA TypH3M Ul BCiX BHOCHTH 3HAQUHHMU BKJIAJ y JOCSTHEHHS OUIBIIOCTI
LiJIel CTanoro po3BUTKY. BU3HAa4eHO # OXapaKTepr30BaHO TPU OCHOBHI MEPEIyMOBH Ul PO3BUTKY JOCTYITHOTO TypH3MYy AJIs BCiX
y €Bporneiickkomy Co103i: iCHyIOUe 3aKOHOABCTBO 1 CTAHAAPTH JOCTYMHOCTI Ha IIOOAIFHOMY, €BPONEHCHKOMY Ta HAI[lOHATLHOMY
PIBHSIX, CTapiHHS HAaCEJICHHS 1 30LIBIICHHS KUTBKOCTI Joziell 3 inBamigHicTio. B VkpaiHi icHye mpo0iema BifCyTHOCTI CTaHIapTiB
JOCTYITHOCTI TYPUCTUYHHMX O0’€KTIB 1 MOCIYT, TOMY Ba’KJIMBO BHBYATH JOCBix €Bporneiicbkoro Coro3y i 3a0e3MneunTy aJanToBaHy
peanizanito 710 MicueBux BuUMOL CTBOPEHO KapTOCXeMy HaWHOLIBII JOCTYMHUX MicT €Bponelicbkoro Coro3y Ta NpeacTaBiIeHO
KUTBKICHU pO3MOJIIT IIUX MICT 32 KpaiHaMH MPUHAIKHOCTI. JIOCTYMTHH JUTsl BCIX TyPHCTHYHUI JTaHIIOT TPOaHATI30BaHO Ha MPUKIIai
micra JIro6mstna B CrioBeHil, sike aBiui Oyio Bia3HadeHne €Bporneiichkoro KoMiciero sk ofHe 3 Hail10CTyMHIIIHX.

Kniouosi cnosa: mypusm, docmynuicmu, ynigepcanonuii ouzaiin, €sponeticvkuii Coros, JIrobnana.

Introduction. (France, Spain, Italy and Germany) belong to the top ten
countries of the world upon arrival of tourists. The EU

The European Union (EU) is the main tourist population is ageing. Considering the whole population,

destination in the world. Four EU member states
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the number of elderly people represented by the 65+ age
group is above 88 million, which means that every 5
person belongs to this demographic group (Zsarnoczky,
2017). It is forecasted that in 2050 approximately 35 %
of the population in developed countries will be at least
60 years old. Unlike past generations, today’s seniors are
seeking a more active and adventurous lifestyle for their
post work lives. Tourism is an important component
of their quest for life experiences. With the ageing of
the baby boomer generation and their accompanying
burden of disease, future disability rates are expected
to increase (Bowtell, 2015).

Senior citizens and people with disabilities together
represent a demographic group with significant
economic importance within the EU (Zsarnoczky,
2017). The general demand for accessibility in Europe
alone exceeded 120 million people in 2005, more
than 27 % of the European population at the time. It
is estimated that by the end of 2025 this demand will
reach about 160 million people (Bowtell, 2015)1.
The accessible tourism market in the EU is estimated
at approximately 12 % of the whole tourism market
(UNWTO, 2016b). It includes tourists with varying
levels of accessibility requirements who have been
poorly served by the tourism industry in the past. An
analysis of the accessible tourism market size shows
that 70 % of the population demanding accessibility
have the financial as well as the physical capabilities to
travel, generating potential revenues of 88.6 billion euro
by 2025 (Bowtell, 2015). Accessible tourism’s direct
economic impact was approximately 352 billion euro in
2012, while its overall contribution, given indirect and
sub-contracted amounts, is estimated at 800 billion euro.
This represents around 3 % of the EU 28’s GDP. The
accessible tourism market directly provided 4 million
jobs, with multiplying effects creating a total of 9 million
jobs in the EU (UNWTO, 2014). Europe and its tourism
sector are very urbanized. Hence, European cities play
an important role in ensuring adequate access for both
citizens and tourists of all ages and capacities. Many
European cities are working to build their reputation
as accessible, livable cities that offer hospitality to all
visitors. Therefore, it is of great importance to study
their geography and the best practices of accessible
tourism for all people.

The purpose of this study is to analyze the
prerequisites to develop an accessible tourism for
everyone in Ukraine. The EU serves as a model, with
a more extensive consideration of the accessible tourism
chain concept of Ljubljana (Slovenia). Tasks of this
study are:

* to consider the modern approaches of understanding
the concepts of accessible tourism for everyone;

* to evaluate the prerequisites for the development of
accessible tourism for everyone in the EU;

* to depict cartographically the accessible cities of
the EU, as well as the quantitative distribution of
these cities by country of affiliation;

 to analyze the accessibility of the tourism chain
on the example of the Ljubljana city in Slovenia.

Methodology and methods.

In general, qualitative methodology is mainly
used in tourism, which is also reflected in this study.
A review of relevant, existing academic research as
well as statistics, legislation, manuals and reports were
undertaken to inform the methodological development
of the study, providing a wider overview of the matter
under study and identifying the need for further
research. The study used publications and data of the
World Tourism Organization (UNWTO), the European
Commission (EC), Eurostat and the European Network
for Accessible Tourism (ENAT). It widely applies the
method of analyzing documents, in particular the Global
Code of Ethics for Tourism, the UN Convention on
the Rights of Persons with Disabilities, the European
Law on Accessibility, State Building Codes of Ukraine
etc. Various statistical data (provided by Eurostat?) are
analyzed in order to evaluate the aging of the population
and the growth of people with disabilities in the EU
as important prerequisites for the development of
accessible tourism for everyone. A cartographic method
is used to carry out a spatial analysis of accessible
tourism, the most accessible according to EC Award
cities are depicted on a map. The distribution of these
cities by country of affiliation is shown in the diagram.
The Access City Award is one of the measures foreseen
in the EU Disability Strategy 2010-2020. It is co-
founded by the EC in conjunction with the European
Disability Forum and aimed to create a Europe without
barriers for people with disabilities (EC, 2010). The
award identifies cities that are leaders in overcoming the
barriers in Europe today and is given to the nominee that
noticeably improved accessibility in the main aspects of
urban life. This includes the building-up of environment
and public space, transport and related infrastructure,
information and communication technologies, public
facilities and services. The respective cities also must
strive for continuous improvement of accessibility
on an ongoing basis and can serve as a role model
for best practices in other European cities. Thus, the
competition covers the accessibility in the daily life of

! This and the following information about future developments of tourism provided by Bowtell (2015) include data for Great

Britain that left the EU in 2020.

2 This and the following information provided by Eurostat (2015) include data for Great Britain that left the EU in 2020.

563



Senkiv M. L., Tserklevych V. S.

Geol. Geograph. Geoecology, 30(3), 562570

city residents, and, to a certain extent, the accessibility
of tourism offers (EC, 2018a).

The accessible tourism chain of Ljubljana basing
on the UNWTO (2013) recommendations indicate the
appropriate measures in order to ensure that persons
with disabilities have access on an equal basis. This
contains the physical environment, transportation,
information and communications (including computer
systems, information and communication technology)
and other services and facilities open to the public or
for public use. This applies to urban areas as well as
rural and coastal zones. This is shown in detail below.

National, regional and local tourism authorities
should evolve accessible tourism development
strategies. It is necessary to ensure that tourism
facilities or accommodation facilities located in regions
without an accessible transport system, an appropriate
environment and communication with other tourism
facilities cannot advertised as accessible.

Travel literature and other promotional materials
must contain clear information about the accessibility
of services and amenities, preferably using international
characters that are easy to understand. Wherever
possible, information for people with disabilities should
include general information materials. Promotional
materials need to comprise information on how to
contact the organization through accessible means of
communication and whether it is possible to receive
promotional materials in an alternative format. In
places where tourists are welcomed, a list of all support
services for tourists with disabilities should be available.
Booking systems should be accessible in a way that any
tourist can use them independently. Due to this, booking
systems should be developed in accordance with the
“Guide to the accessibility of web content” (WCAGQG).

Key indicators of the accessibility of urban
environment and architecture include:

» Parking spaces (containing specially equipped and
designated parking lots for people with mobility
impairment, boarding as well as disembarking of
tourists to and from transport);

¢ Information and communication systems (including
the use of sign language, Braille, the presentation
of texts in large print, the use of pictograms and
symbols, visual and sound announcements etc.);

* The possibility of free horizontal movement (due
to the standard width of doorways, corridors, no
thresholds, accessibility tactile, visual and sound
elements of accessibility for people with visual
impairments);

* Vertical movement (elevators, stairs, ramps are
equipped in accordance with the norms);

» Sanitary facilities of general uses;

* The price (do not provide high prices to ensure the
accessibility of facilities services).
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Passenger transport, including rental cars, buses,
taxis, trams, funiculars, trains, ferries and cruise ships
should be designed to be safe, comfortable and equally
accessible to all people. Before and during the trip it is
necessary to take the needs of people with hearing and
visual impairments into account. Information should
be presented in audio and visual format for them.
Especially pedestrian crossings need to be equipped
with traffic lights that have visual and audible warning.

Accommodation facilities should offer enough
rooms equipped for people with disabilities. The design
of all devices and mechanisms must comply with the
principles of universal design. In such establishments,
visitors with guide dogs must be accommodated
appropriately. There should be a sufficient number of
restaurants, cafes and bars with accessible conditions
close to such buildings. This has to include accessibility
to the premises, furniture design that takes the needs of
people with reduced mobility and strollers into account,
a lowered counter, a Braille menu (or an alternative
format), accessible toilets, etc. The menu must include
dishes for people with food restrictions (lactose or
gluten intolerance), or beliefs (e. g., veganism or
vegetarianism). Conference rooms should be equipped
with special places or zones for accommodating guests
using wheelchairs, headphones for audio-descriptive
commenting on the use or amplification of sound as
well as induction loops for people using hearing aids.
It must be ensured that audiovisual information can be
supplemented by audio description, subtitles or sign
language translation if necessary.

Museum owners or administrators must ensure that
their institutions are fully accessible to visitors with
disabilities (e. g., with lifts and ramps). Information
should be provided in both visual and audio format.
Visitor staff must receive the necessary training to serve
visitors with disabilities. A rental service for strollers
or other equipment should be provided for visitors with
reduced mobility.

Understanding the concepts of accessible
tourism for all people. The Global Code of Ethics
for Tourism (GCET) promotes the right of all people
to equality in access the resources of the planet. This
is the main postulate of the concept of accessible
tourism for everyone (UNWTO, 1999). Accessibility
is a fundamental feature of the built environment.
Accessibility allows people to participate in social and
economic activities for which the built environment
has been created (ENAT, 2007a). The concept of
accessibility is used primarily in the interests of people
with limited mobility, which includes seniors, people
with disabilities and temporary health problems or
chronic diseases, as well as accompanying children
in wheelchairs. These categories are considered by
Ukrainian law since April 1, 2019 when the new
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State Building Codes “Inclusiveness of buildings
and structures” entered into a force. These Ukrainian
codes don’t fully comply with EU-law because they
don’t account for the children that are younger than
seven years, people with non-standard body sizes and
weights as well as some others. In the field of tourism,
the following types of accessibility should also be
considered legally (ENAT, 2007b):

* Physical accessibility (creation of a barrier-free
environment in buildings, structures, transport);

e Communication and information accessibility
(including accessibility of websites, information
products, signage, a multiplicity of communication
methods etc.);

» Accessibility of services (awareness of staff on
disability, communication methods and services for
people with various types of disabilities, various
age groups etc.).

Accessibility is one of the signs of a “smart
city”. Implementing innovative solutions based on
the principles of universal design, the “smart city”
is turning into a “smart city for everyone” (AT & T,
2017). A smart city characterizes itself by accessible
websites, transportation systems and accommodation
facilities, catering services, program offers, local
information, a safe environment, professional service
providers and staff (Zsarnoczky, 2017). From the
geographical perspective, the accessibility of tourism
space was once understood in terms of accessible
transportation — to get to a specific destination. It also
included transportation links, hiking trails and ski lifts
within touristic destinations. Geographers also noted the
meaning of accessibility represented by the concept of
hospitable space, identifying hospitable tourism space
as that which is attractive, accessible, safe and friendly
(Zajadacz, 2014).

A good design is an important condition for
accessibility. People refer to this kind of design with
terms such as Design for everyone or Universal Design.
Universal design means that the design of products,
environments, programs and services is usable by all
people, to the greatest extent possible, without the need
for adaptation or specialized design (UN, 2007). This
designing concept includes the following principles:

* Equitable use (the design is useful and marketable
to people with diverse abilities);

* Flexibility in use (the design accommodates a wide
range of individual preferences and abilities);

» Simple and intuitive use (use of the design is easy
to understand, regardless of the user’s experience,
knowledge, language skills, or current concentration
level);

* Perceptible information (the design communicates
necessary information effectively to the user,

regardless of ambient conditions or the user’s

sensory abilities);

* Tolerance for error (the design minimizes hazards
and the adverse consequences of accidental or
unintended actions);

* Low physical effort (the design can be used
efficiently and comfortably and with a minimal
tiredness of fatigue);

» Size and space for approach and use (appropriate
size and space is provided for approach, reach,
manipulation and use regardless of user’s body
size, posture, or mobility).

In addition to ensuring the rights of people with
limited mobility, universal design creates conditions
for gender equality. That’s why the concept of universal
design emphasizes creating the same conditions that are
convenient for all users, without impersonating some
of them. Whereas the concept of accessibility applies
only to people with limited mobility and focuses mainly
on issues of physical access to transport, buildings and
structures, as well as access to information. According
to universal design, accessibility must be introduced
from the beginning, considering the design, instead of
waiting to improve it once products and services have
been created (ENAT, 2007a).

In modern literature the concepts of “inclusive
tourism”, “social tourism”, “sustainable tourism” and
“accessible tourism” are also used. Often all these
concepts are identified, which is wrong. Inclusive or
social tourism are the concepts that incorporate the rights
of underprivileged people, often including disabled
people, to enjoy their holidays (Buj, 2010). Sustainable
tourism is involved in the protection of environmental
and cultural resources and the wellbeing of communities
(UNWTO, 2016a). As defined by the World Committee
on Tourism Ethics (WCTE, 2014), accessible tourism
for everyone means that any tourism product should be
designed irrespective of age, gender and ability and with
no additional costs for customers with disabilities and
specific access requirements. Accessible tourism takes
the full human life cycle into account. It additionally
considers the fact that anyone can benefit from certain
types of facilities, depending on their physical condition
(which can change) and the stage of someone’s family
life. Problems of restricted access to tourism space
(due to physical, technical, social, information-based,
economic barriers) affect many social groups. That
includes people with a disability, elder people, families
with young children and those at risk of social exclusion
(e. g., immigrant families, the poor, ethnic or religious
minorities; Zajadacz, 2014). Accessible tourism requires
a joint approach across the tourism supply chain (i. e.,
transport, accommodation, leisure activities, hospitality,
destinations) to ensure a positive tourism experience.
Elderly people and people with disabilities get the
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greatest benefit from accessible tourism because they
face the strongest obstacles through an inaccessible
environment. However, people of different ages and
with different opportunities can benefit from accessible
tourism for everyone. The target group of accessible
tourism is not limited only to tourists; it also includes
tourism workers and creates employment opportunities
for people with disabilities (ENAT, 2007a).

Accessible tourism significantly contributes to the
achievement of most of the sustainable development
goals (SDG). This applies above all to SDG 10
(Reduced inequalities), SDG 11 (Sustainable cities
and communities) and SDG 17 (Partnerships for the
goals; UNWTO, 2017).

Main prerequisites for the development of
accessible tourism for everyone in the EU. The main
prerequisites for the development of accessible tourism
for everyone in the EU now and in the future will be
an aging population (Fig. 1), an increase in the number
of people with disabilities and state of the legislative
framework on accessibility.

Elderly people are motivated to travel by different
motives like visiting relatives, getting cultural or
gastronomic experience. They are interested in cruise
ship trips, coastal holidays, participation in sporting
events or ethnic holidays. They tend to spend more
while traveling and stay longer. Baby boomers who
were born in 1946-1964 are the dominant travelers
in the world. They are becoming more and more
adventurous in the choice of travel, in search of new
experiences and active types of recreation. Another
type of old age tourists is a flashpacker who is not
faced with the task of various cost savings, but the main
principles is the freedom of movement and maximal
experience — remains unchanged. The largest share of
elderly people was observed in the population structure
of Italy, Greece, Germany, Portugal, Bulgaria and
Finland (Eurostat, 2017).

Tourists with disabilities make travel decisions
based on the opinions of their friends and rely less on
special offers aimed at them. Travel agencies’ online
offers and printed brochures influence their decision
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on the same level. France and the UK have the most
people with disabilities in the EU (Eurostat, 2015).

In this study the existing legislative framework on
accessibility in the EU is considered at three levels:
global, European and national. The main documents
regulating accessibility issues at the global and European
levels are for examples UN Convention on the Rights
of Persons with Disabilities, Global Code of Ethics
for Tourism etc.

Regulatory acts that are applied at the European level
with specific requirements for accessibility of services
for persons with disabilities include (ONCE, 2009):

* European Regulation on the Rights and Obligations
of Railway Passengers;

» European Regulation on the Rights of Persons with
Disabilities and Persons with Disabilities Traveling
by Air;

» EU Maritime Safety Directive;

» European Lift Directive etc.

Making Europe accessible to people with disabilities
was a key part of the EU’s overall disability strategy
for 2010-2020. This Strategy provided an EU-wide
framework for action on disability and accessibility to
complement and support member states. On November 8,
2018, the European Parliament and the Council tentatively
agreed with the EC proposal for a European accessibility
law. This law will cover the following products and
services (EC, 2018): computers and operating systems,
ATMs phones and smartphones, television equipment
related to digital television services, audiovisual media
services, services related to air, bus, rail and water
passenger transport, banking services, eBooks as well
as e-commerce. The law will establish pan-European
functional requirements for the accessibility of the listed
products and services. However, the tourism facilities
are not represented here at all and tourism services
are represented only indirectly. The current absence
of common accessibility standards in the EU can be
considered a consequence of its historical development,
when countries and regions continue to practice their
sovereignty in this area, based on the legal principle of
subsidiarity — this also includes tourism.
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Fig. 1. Forecast of the demographic burden of an aging population (65 years and older) on the working age (15—64 years) in the EU
(Source: Eurostat)
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The impetus for accessible tourism for all people
from the EU was the preparation of the EC Guidelines
for the tourism industry under the title “For Accessible
Europe, for Tourists with Disabilities” (1996) and the
adoption of the Regulation of the European Socio-
Economic Committee entitled “For accessible and socially
sustainable tourism for everyone” (ENAT, 2007a).

The following accessibility tools for tourists are
used at national level in EU countries (ONCE, 2009):

» National laws on non-discrimination of persons
with disabilities;

* National or community accessibility standards;

» National standards for the accessibility of tourism
facilities;

* Regional legislation and / or accessibility standards
for tourism facilities;

* National or regional information accessibility
systems (and labeling) for tourism facilities
managed by government agencies;

» Labeling schemes managed at the regional or
national level by private tourism organizations;

* Participation of national representatives (authorities,
manufacturers or consumers) in the work according
to international accessibility standards.

We give two examples according to which
the Standards relating to the rights of people with
disabilities, accessibility and design for everyone
can directly affect the tourism industry. One type of
regulation is centralized, like in the United Kingdom.
There only one law exists — the Law on the Prevention
of Discrimination of Persons with Disabilities, which
equally regulates the actions of travel providers in terms
of accessibility and design for everyone throughout the
country. Another example is decentralized regulation,
like in Spain. There each autonomous region sets its own
laws to regulate tourism and accessibility. In practice,
this means different levels of accessibility in the tourism
industry of each of these regions (ENAT, 2007a).

On the way to integration into European and world
communities, Ukraine ratified several international
legal acts that had a certain impact on the formation of
national state policy, the granting of equal opportunities
for all citizens and the introduction of principles of
accessibility of persons with disabilities. Most of
these acts are transformed into national legislation —
for example the national law called “On the Basics of
Social Protection of Persons with Disabilities” (Zakon
Ukraiiny..., 2020). In addition, the following Ukrainian
laws have been adopted to regulate the legal status
of certain groups of persons with disabilities and to
ensure accessibility principles (Azin, Baida, Hrybalskyi,
Krasiukova-Enns, 2013):

e On Social Services;

* On the Regulation of Urban Planning Activities;

3

The displayed data comprise the years 2011-2018.

e On Access to Public Information;

* On Protection of Consumer Rights;

* On Transport;

* On Amending Certain Legislative Acts of Ukraine
Regarding Strengthening Responsibility and
Improving State Regulation in the Sphere of Urban
Development.

Furthermore, the topic is promoted by several
decrees by the President of Ukraine and decisions of
the Cabinet of Ministers of Ukraine. Some of these
documents support the participation of representatives
of public organizations of people with disabilities in
the preparation and adoption of decisions that affect
their lives.

In April 2018, the Ukrainian government approved
three new State Building Codes — “Planning and
development of territories”, “Streets and roads” as well
as “Buildings and structures. Educational institutions”.
All buildings and structures in Ukraine must be
designed with accessible elements. This also includes
the necessary infrastructure. The introduction of these
standards is a significant step towards creating a real
barrier-free environment in Ukraine and one of the
priority requirements in connection with the ratification
of the UN Convention on the Rights of Persons with
Disabilities and the Association Agreement with the
EU. However, the problem of insufficient standards
for the accessibility of tourism facilities and services in
Ukraine remains relevant. In this regard, it is important
to study the experience of individual EU countries where
such standards exist.

Spatial analysis of accessible tourism for
everyone in the EU. The cities of the EU, which,
according to the EC, are trying to maximize accessibility,
are presented on the Fig. 2. Most of these cities were in
France (4), Germany (4) and Sweden (3)°. With 23 of
the most accessible cities, only five are state capitals.
At the same time, the city of Ljubljana in Slovenia was
twice marked by the EC as one of the most accessible
cities. Among the 23 most accessible cities in the EU,
six are known for sea resorts. In addition to the cities
that took first, second and third places, there are also
cities with “special notes”. For example, the city of
Budapest (Hungary) received an award for actions in
the field of transport in 2015. The city of Bilbao (Spain)
received an award for actions in the field of information
and communication in 2013. The city of Talla (Ireland)
received an award for actions in the field of public
institutions and services in 2013. The city of Viborg
(Denmark) received an award for actions in coordinating
the historical heritage and the hilly landscape with
accessible infrastructure in 2018. The city of Toulouse
(France) was noted as a “smart city” in 2018.
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Fig. 2. Geography of the most accessible cities of the EU in 2011-2018

Accessible tourism chain in Ljubljana city

Ljubljana was the finalist of the EU Access City
Award for the year 2018 (2™ prize) and 2015 (3" prize),
where it was recognized as an accessible city, actively
developing accessibility and with strong commitment
at political and operational levels. Accessibility is
integrated in overall city policy and work (EC, 2018a).
The most important points are summarized below:

Tourism destination management

Monthly open-day-meetings with the mayor to listen
to people’s suggestions for improvement, including
accessibility issues. Direct involvement of elder and
disabled people in city policymaking through mayoral
advisory bodies which offer advice on priorities for
access improvements both to the city authorities and
to private sector providers. Action plans for improving
accessibility with clear deadlines and concrete
objectives. Improvements of accessibility are combined
with sustainability issues (Ljubljana as named European
Green Capital in 2016; Elevator, 2015).

Tourist information

A city map of accessible locations is available. A
specialized tourist city centers provide the information
for visitors over 65 and those with a disability.

Transport

All the city’s buses are low floor with space for
wheelchair users, almost everyone with boarding ramps
and with audible and visual on-board announcements.
The main railway station is equipped with elevators,
with support from trained staff for access to platforms.
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Travel is free for disabled residents and their careers.
A system of unique identification cards means that
assistance can be provided quickly if needed during
a journey. A demand responsive service, which users
can call when they want it, is available for those who
need door-to-door transport.

Accommodation

Many hotels in Ljubljana are convenient and
friendly for persons with reduced mobility and disabled
people. They offer easy access for wheelchairs,
wheelchair accessible rooms and bathrooms.

Cultural establishments and destinations

Sign language is used in theatres, tactile exhibits
and maps (for example in the castle). Adapted videos,
multisensory guiding and easy-to-use information are
offered. Access to the castle is provided via a funicular
railway and a tourist train equipped with a ramp. A
tactile model of the castle is also available for visually
impaired people. In addition to many new footbridges
over the river, the “Mesarski most” (Butcher’s bridge)
provides wheelchair access to boats.

Public Places

Slovenian laws regulate the presence of accessible
services. Thanks to this, parking spaces for disabled are
generally available. The city’s public toilets are free of
charge and currently ten out of 19 are accessible.

Staff

There is a wide range of initiatives to promote both
open and sheltered employment opportunities. One
example of social entrepreneurship is the restaurant
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“Druga Violina” (Second Violin) in the old city cen-
ter where people with intellectual disabilities partici-
pate in a real work environment. A course about acces-
sible tourism is available for restaurateurs, hotel staff
and travel guides.

Conclusions.

Accessible tourism for everyone means that any
travel product must be designed oriented to different
customers in mind and be accessible regardless of
age, gender, disabilities or restrictions, without any
additional costs. Accessibility should be integrated
into all links of the tourism chain: booking, providing
information, transportation, accommodation, food,
accessibility of historical monuments and excursions,
accordingly trained personnel and the like. The concept
of accessibility only applies to people with limited
mobility and focuses mainly on issues of physical access
to transport, buildings and structures as well as access
to information. In contrast, the concept of universal
design emphasizes the creation of the same conditions
that are convenient for all users, without impersonating
some of them.

Elderly people and people with disabilities can
obtain the greatest benefit from accessible tourism
because they face the greatest obstacles through an
inaccessible environment. The main prerequisites for
the development of accessible tourism in the EU are
an aging population and an increase in the number of
people with disabilities. The state of the legislative
framework on accessibility is also an important
prerequisite for the development of accessible tourism.
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Received in revised form: 11.04.2021 conditions of active manifestation of water soil erosion, which is typical for all natural zones
Accepted: 14.07.2021 of Ukraine, but to the greatest extent — for the Forest-Steppe and Steppe zone. The aim of the

article is a spatially distributed quantitative assessment and forecast of soil erosion losses and
the development on this basis of recommendations to optimize the use of agricultural land on the example of the Pidhayetskyi district of the
Ternopil region. The area is located within the Western region of Ukraine with a fairly high intensity of water erosion, where in accordance
with the long-term climate forecast a further increase in erosion hazard of land is expected. A quantitative assessment of soil erosion
losses for the basic period (1961-1990) and forecast periods (2031-2050 and 2081-2100) was carried out using a spatially distributed
physical-statistical GIS-model of soil erosion-sedimentation developed at the Department of Physical Geography, Nature Management
and Geoinformation Technologies of Odesa 1. I. Mechnikov National University. Spatial realization of the model performed using the
analytical capabilities of the Software for Environmental Modeling PCRaster (University of Utrecht, Netherlands). The forecast of the
changes in the hydrometeorological conditions of water soil erosion was made using the forecast of monthly average air temperatures
and monthly average precipitation, developed at the Ukrainian Hydrometeorological Institute. It established that most of the arable
land (about 52 %) of Pidhayetskyi district is erosively dangerous. Due to the projected increase in summer rainfall in the middle and at
the end of this century, further intensification of soil erosion is expected, especially in 2031-2050, when soil losses on arable land will
increase to 16.9 t/ha/year, and only due to rainstorm erosion. Soil losses by meltwater will be insignificant. Based on the calculations, it
was concluded that it is impossible to protect the agricultural lands of the region from erosional degradation without withdrawal from
the arable land about 8.15 thousand hectares (28) of the most erosion-hazardous lands (with annual soil losses exceeding 20 tons per a
hectare), changing the structure of sown areas and introduction a soil-protective adaptive-landscape farming system over a significant area.

Knrouosi cnosa: soil erosion, spatially distributed assessment and forecast, optimization of land use, Pidhayetskyi district, Ternopil
region.

IIpocTopoBo-po3noaijieHa OLiHKA i MPOrHO3 €PO3iiHUX BTPAT I'PYHTY SIK OCHOBA ONTHMI3alii
BHKOPHMCTAHHS epo3iiiHO-He0e3NeYHNX 3eMellb

0. O. Ceitinunwnii, H.T. Yemepuc
Ooecwruil HayionanvHull ynisepcumem imeri I. I. Meunukosa, e-mail svetlitchnyi.aa.od@gmail.com

Amnorauis. CtarTa IpUCBIYEHO MPoOIeMi palioHaATFHOTO BUKOPHCTAHHS CLIbCHKOTOCHOAAPCHKUX 36MeJIb B YMOBAX aKTUBHOTO IPOSIBY
BOJHOI €po3ii IPYHTIB, XapaKTepHOTo I BCiX MPUPOAHUX 30H YKpaiHH, aje HalO1mbpImoro Mipoto — it Jlicoctemy 1 Cremy. MeToro
CTaTTi € MPOCTOPOBO-PO3MOIiIEHA KITbKICHA OLIiHKA 1 IIPOTHO3 €pO3iiHUX BTPAT IPYHTY 1 po3po0Ka Ha I1iif OCHOBI peKOMEHAAIIiH 010
ONTHMI3aIil BUKOPUCTaHHS CLIBCHKOTOCHOAAPCHKIX 3eMelb Ha npukiaai [linraenskoro paifony TepHominbscbkoi obnacti. Paifon
pO3TaIIoBaHMH B MeXkax 3aXiHOTO PErioHy YKpaiHM 3 JOCHTh BUCOKOI IHTEHCHBHICTIO BOJHO-€PO31MHOT IsUTHHOCTI, JIe BiIMOBIIHO JI0
JIOBIOCTPOKOBOTO KJIIMATHYHOTO TIPOTHO3Y OUIKYEThCS MOAJIbIIIE 301UTbIICHHS epo3iiiHOT HeOe3nekn 3eMelTb. BiKkoHaHA KiNBKICHA OIliHKA
epo3iiftHuX BTparT IpyHTY A 6a3oBoro mnepioay (1961-1990 pp.) i nepionis mporao3dy (2031-2050 i 2081-2100 pp.) 3 BUKOPUCTAHHAM
npocTopoBo posnozineHoi I'IC-peanizoBaHol (i3MKO-CTATHCTUYHOT MOJIEIN 3MHUBY-aKyMYJISILIT IPYHTY, po3pobieHoi Ha kadenpi ¢pizndaHol
reorpadu, MpUPOIOKOPUCTYBaHHsI i reoiHpopMamiiHix TexHomorii O1echKoro HalioHaabHOTO yHiBepceuTeTy imeHi . I. Meunukosa.
[IporHo3 3MiHM TiIPOMETEOPOIOTTYHUX YMOB BOAHOI €p03ii IPyHTY BUKOHAHO 3 BAKOPUCTAHHSM IIPOTHO3Y CEPEIHbOMICIYHHIX TEMIIEPaTyp
TIOBITPS 1 CEPETHBOMICSYHUX CYM aTMOC(HEPHUX OMaIiB, PO3pOOICHOr0 B YKPaiHCHKOMY TiJpOMETEOPOIOTIYHOMY iHCTHTYTI. BeTaHOBIEHO,
mo OinbIa yacTrHa OpHUX 3eMens Ilinraenpkoro (6mm3bko 52 %) paiioHy € epo3iifHo HeGe3neqHo10. Y 3B'I3Ky 3 IPOTHO30BAHUM
301IBIIEHHSIM KUIBKOCTI JTITHIX OMAJiB B CEPEANHI 1 B KiHI[I IIOTOYHOTO CTOPIYYs, OUIKYEThCSI MOAANBINA iHTeHCH(IKALST epo3il IPYHTIB,
oco6muBo B 2031-2050 pokax, KoM cepeHbOPIUHI BTPaTH IPYHTY Ha OPHHUX 3eMIISIX paiioHy 30iibmarscs 1o 16,9 T/ra/pik, npuaomy

TUIBKY 32 PaXyHOK 3TUBOBOI epo3ii. Brparu rpyHTy Tanmimu Bomamu OyayTh IPAaKTHIHO He 3HAUymMMH. Ha 0CHOBI BUKOHAHUX PO3pPaxyHKIB
3p0o0IeHO BUCHOBOK TTPO HEMOXKIIMBICTh 3aXUCTy OPHHX 3€MeNb pailoHy BiJl epo3iiiHOi Aerpaaarii 6e3 BUBeIeHHS 31 CKIIaLy piiuti OIH3bK0
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8.15 tHc. ra (28 %) Hali6inbLI epo3iiiHO HeOe3NeYHNX 3eMelb, 3MiHH CTPYKTYPH MOCIBHHX IUTOL i BIPOBA/UKEHHS Ha 3HAYHIH TUIONIi

IPYHTO3aXHCHOT a/IanTHBHO-JIAHAIIA(THOI CHCTEMHU 3eMIIEPOOCTBA.

Kniouosi cnosa: 600na eposis, npocmopogo-po3nodiiena oyinka i npoeHo3, onmumizayis zemiekopucmyeanns, Ilioeacybruti paion

Teprnoninbcvioi obnacmi.

Introduction.

Comprehensive protection of agricultural land
from water soil erosion common in all natural zones
of Ukraine can be ensured only on the basis of the
use of adaptive-landscape farming systems, such as
contour-reclamation, landscape-ecological, precise
(Shelyakin et al., 1990; Tarariko, 1990; Kashtanov et al.,
1994; Magleby et al., 1995; Bulygin and Nearing 1999;
Tarariko, 2005; Vergunov, 2006; Montgomery, 2007;
Hobbs et al., 2008; Rykhlivskyi et al., 2014, etc.). The
design of adaptive-landscape farming systems requires
the use of spatially distributed mathematical models
of soil erosion, which make it possible to estimate
soil erosion losses on a given slope surface element,
taking into account the spatial differentiation of all the
main natural and economic factors of slope erosion-
accumulative process.

The existing spatially distributed mathematical
models of water soil erosion are primarily represent-
ed by physically sound dynamic models. The system
of differential equations in partial derivatives of the
balance of matter (water and sediments) and energy is
a basis of these models. However, their high require-
ments for information support and excessive sensitiv-
ity to the accuracy of the input data limit possibility
of their usage predominantly by research projects. The
practice of conservation farming in different countries
is still mainly based on the use of empirical mathe-
matical models of soil erosion, such as the Universal
Soil Loss Equation (USLE/RUSLE) (Wischmeier and
Smith, 1978; Renard et al., 1997, etc.).

In Ukraine, for design of soil protection from ero-
sion the mathematical models of soil losses developed
by Shvebs (1974, 1981), Lavrovsky et al. (Lavrovsky et
al., 1987), and Sribny (Sribny, 1977; Sribny, Vergunov,
1993), also belonging to the category of empirical mathe-
matical models, are used or are recommended for use. All
these models, including the Universal Soil Loss Equation,
were originally developed to calculate the average an-
nual soil loss on average for the slope, that is, they were
models with lumped parameters that did not take into
account the spatial variability of factors of modeled pro-
cess. At a certain stage, the developers of the Universal
Soil Loss Equation proposed a method for approximate
accounting for changes in the factors of the erosion pro-
cess along the length of the slope, but only within its con-
vex part (Foster, Wishmeier, 1974). However, even this
model is not properly calibrated and is not tested in the
natural and economic conditions of Ukraine.

In recent decades, a spatially distributed physical-
statistical model of soil erosion-sedimentation has
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developed in the Odessa National I. I. Mechnikov
University (Svetlitchnyi, 1995, 1999; Svetlitchnyi
et al., 2004; Pyatkova, 2011, 2013; Svetlitchnyi and
Piatkova, 2019). Currently, this mathematical mod-
el is software implemented using the operators of the
Software for Environmental Modeling (GIS-package)
PCRaster (PCRaster ..., 2018) and the programming
language Basic. The model was successfully veri-
fied using observational data at runoff plots and ex-
perimental catchments of the Moldavian and Veliko-
Anadol Water Balance Stations and the Boguslav
Field Research Hydrological Base of the Ukrainian
Hydrometeorological Institute (UkrHMI) (Svetlitchnyi,
1995, Piatkova, 2011; Svetlitchnyi and Piatkova, 2019),
as well as of the results of field studies of water ero-
sion using the radio-cesium method and the method
of magnetic tracers (Zhidkin et al., 2015). The ade-
quacy of modeling the spatial distribution of erosion-
sedimentation by this model was also confirmed by com-
parison with the simulation results using the spatially
distributed physically based dynamic model LISEM
(Svetlitchnyi, Pyatkova, 2017). Recent studies on long-
term forecasting of climate change (Krakovska et al.,
206; Krasovska et al., 2017), surface runoff (Gopchenko
et al., 2012; Ovcharuk. 2017) and hydrometeorological
conditions of soil erosion (Svetlitchnyi, 2018) make it
possible to use this model not only for a spatially dis-
tributed assessment, but also for a forecast of soil ero-
sion within the plain part of Ukraine until 2100.

The purpose of this study is the spatially distribut-
ed quantitative assessment and forecast of erosion loss-
es of soil and the development on this basis of recom-
mendations to optimize the use of agricultural land on
the example of the Pidhayetskyi district of the Ternopil
region. The area is located within the Western region
of Ukraine with a fairly high intensity of soil erosion
where, in accordance with the long-term climate fore-
cast, a further increase in erosion hazard is expected,
at least during the warm season (Svetlitchnyi, 2018).

Water erosion losses of soils on the agricultural
lands of the Pidhayetskyi region is the object of the
study. Spatially distributed retrospective assessment
of erosion losses of soil for the baseline period (1961—
1990), their forecast until 2100 and the development of
recommendations for optimization the use of erosion-
hazardous lands of the region is a subject of the study.

Material and methods of research.

Pidhayetskyi district is located in the western part
of the Ternopil region on the border of the Western
Podillya and the Eastern Opilia on the Volyn-Podilsk
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Upland. The territory of the district is 49638 ha (496.38
km?) (Pidgajec'ka..., 2018).

The relief of the territory is wavy, crossed by river
valleys of mainly meridian strike and beams, in the
western part of it is hilly. The absolute heights of the
divides are 380—410 m, and of the bottoms of river

valleys (the Zolotaya Lipa, Koropets, Strypa rivers) are
240-330 m. The maximal height of the earth's surface
within the district is 414 m. The distribution of the
Pidhayetskyi district agricultural land in the range of
slope gradients is shown in the Table 1.

Table 1. Distribution of the Pidhayetskyi district agricultural land in the range of slope gradients

Slope gradients, Area
degrees ha A
<1 7356.5 20.7
1-3 11724.5 33.0
3-5 7741.3 21.8
5-7 4157.0 11.7
>7 4538.5 12.8
Total 35517.8 100.0

The climate of the district is temperate continental
and is characterized by mild winters, warm summers,
and a significant amount of rainfall. The area is located
at the boundary of two climatic zones: of the Western
European zone in the west with a humid and moderately
warm climate and East-Continental zone in the East
with a continental climate (Geografija ..., 2017). The
average annual air temperature according to Berezhany
meteorological station, which is located 25 km northwest
from the administrative center of the district, is
7.2 °C, the average annual rainfall amount according to
Berezhany meteorological station is 690 mm, according
to the precipitation measuring post Pidhaitsi — 704 mm.
(Klimatychnyj..., 2006). Most precipitation falls in the
warm part of the year (April-October). The maximal
rainfall in a single rain at Berezhany weather station
was observed in August and reached 90 mm. The period
1961-1990 was characterized by a persistent winter with
average monthly temperatures of —2.1 ... —4.9 °C, with
an average duration of snow cover of 84 days and an
average maximal height of 37 cm in the end of winter
(Klimatychnyj..., 2006).

The soil cover in the eastern part of the district
(in the Podillya) is represented by podzolized
chernozems and dark gray podzolized coarse-dusty
medium loamy soils and in the western part (at Opilia)
by gray and light gray podzolized loamy soils.

Podzolized chernozems in comparison with dark gray
podzolized soils are deeper, more humus-rich (2.5—
3.5%). Gray and light gray podzolized soils of Opilia in
the upper horizons have a humus content of 1.8-2.2 %.
The natural fertility of these soils is much less than that
of the chernozems (Geography..., 2017).

Among 49638.00 hectares of land under the control
of Pidhayetskyi district, agricultural land occupies
35517.79 or 71.6 % of the total area, including arable
land — 29047.53 hectares (81.8 %), pastures —4702.49
ha (13.2 %), hayfields — 1376.47 ha (3.9 %), perennial
plantings — 391.29 ha (1.1 %). In addition, 451.49
hectares (1.3 %) are under farm buildings and yards,
forests cover 9365 hectares (18.9 % of the area),
reservoirs — 592 hectares (1.2 %), swamps — 212
hectares (0.4 %) (Pidgajec'ka..., 2019).

The structure of sown areas of the district is
presented in the Table. 2. The largest share in the
structure of sown areas is occupied by cereal crops,
which account for 50.8 % of the arable land, including
23.6 % of spring crops and 27.2 % of winter crops.
The group of high-stem tilled crops (corn, sorghum,
sunflower), whose soil-protective efficiency is very
low, occupies 29.7 % of the arable land area. Perennial
grasses with high soil-protective efficiency occupy only
3.5 % of the sown area.

Table 2. Structure of sown areas of the Pidhayetskyi district (Pidgajec'ka..., 2019)

No Crops Area, ha Share in the stru(i)ture of sown
areas,%
1 High-stem tilled crops (corn, sorghum, sunflower) 8640.6 29.7
2 Low-stem tilled crops (soybeans, buckwheat, peas, potatoes, 4264.1 14.7
vegetables, watermelons and melons)

3 Spring cereals 6841.0 23.6

4 Winter cereals 7887.1 27.2

5 Annual grasses 388.1 1.3

6 Perennial grasses 1026.6 3.5
Total 29047.5 100.0
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A quantitative assessment of soil erosion losses
on agricultural lands of the Pidhayetskyi district of
the Ternopil region was performed using a spatially
distributed version of the physical-statistical model of
soil erosion-sedimentation (Svetlitchnyi, 1995, 1999;
Piatkova, 2008,2011; Svetlitchny & Piatkova, 2019).
The years 1961-1990 were chosen as the baseline pe-
riod due to the availability for this period of a com-
plete set of information necessary for the model. The
forecast was made for the middle of the current cen-
tury (2031-2050) and its end (2081-2100) in accor-
dance with the periods of the long-term climate fore-
cast developed at UkrHMI (Krasovska et al., 2016;
Krasovska et al., 2017).

The digital geodatabase for the territory of
Pidhayetskyi district has been created using a topograph-
ic map of 1:100000 scale, a soil map of 1:200000 scale
(Karta gruntiv..., 1967) and high-resolution satellite im-
age from the GoogleEarth Internet service. Statistical
materials from the website of the Pidhayetska State
Administration, monographic literature and publications
in the periodical scientific editions were used as a source
of attributive information characterizing the use of land
in the region. The values of climatic indicators for the
baseline period were taken from the Climatic Cadaster
of Ukraine (Klimatychnyj..., 2000), for forecast pe-
riods — taken in accordance with the climate forecast
made in the Ukrainian Hydrometeorological Institute
(Krakovska et al., 2016; Krakowska et al., 2017).

Comparative-geographical, cartographic, statisti-
cal and geoinformation modeling methods were used
to achieve the purpose. The PCRaster environmen-
tal modeling package developed in the Department of
Physical Geography of the University of Utrecht, the
Netherlands (PCRaster ..., 2018) was used as the ba-
sic GIS software.

10 km

Results and Discussion.

Creating the digital geodatabase. The digital
database of spatially distributed data (geodatabase)
includes sets of basic and derived digital maps of the
district area. Digital raster maps created on the basis
of digitizing of paper maps or a satellite image we will
consider as basic maps. Digital raster maps created on
the basis of basic digital maps using GIS software tools
we will consider as derived maps.

The hydrologically correct digital elevation model,
digital maps of soils and land use are the basic digital
data layers that provide a mid-scale assessment of
erosion soil losses within an administrative district
based on the physical-statistical model of ONU. Screen
copies of these three basic digital maps for the territory
of the Pidhayetskyi district of the Ternopil region are
presented in the Figures 1-3.

All basic maps are built in the WGS-84 UTM
coordinate system with the same spatial resolution. The
raster cell size is 50 m for all maps. When constructing
a digital elevation model on a topographic map of 1:
100000 scale all the main and additional relief contour
lines were digitized, as well as the structural elevation
lines (divides and talwegs). Spatial interpolation of
point data was performed using methods of ordinary
point kriging and radial basis functions, which gave
similar results.

The set of derived maps includes a large number of
digital raster maps, most of which are created in batch
mode using capabilities of the Basic and PCRaster
packages. Digital raster maps of slope gradients,
expositions, streamlines, relative erodibility and
partial characteristic of relative erodibility of soils,
horizontal gradients of soil cover characteristics, in
particular, are derivative maps are creating the process
of implementation of the erosion-sedimentation model.

Fig. 1. Screen copy of digital elevation map of the Pidhayetskyi district

574



Svitlychnyi O. O., Chemerys N. G.

Geol. Geograph. Geoecology, 30(3), 571-580

Fig. 2. Screen copy of soil map of the Pidgayetskyi district: 1 — light-gray and gray podzolized soils; 2 — dark-gray podzolized soils;
3 — podzolized chernozems; 4 — meadow-chernozem, chernozem-meadow, meadow, meadow-bog and other alluvial soils; 5 — exits
of rocks; 6 — settlements

- arable land
-hayfields and pastures
[ -forest

I - bottoms of valleys
I - seitlements

Fig. 3. Screen copy of land use map of the Pidhayetskyi district

Parameterization of the model. The
hydrometeorological factor of rainstorm soil losses
(K,,,,) and the hydrometeorological factor of soil losses
by the meltwater (K, ) are the main parameters of
the used model of soil erosion, requiring geographical
reference. The long-term average the K, values for the
baseline climate period and for the forecast periods are
determined by the previously established dependence of
the K, on the long-term average sum of precipitation
for May-September (Svetlitchnyi, 2018). The long-
term average value of the hydrometeorological factor of
rainstorm losses of soil for the baseline period, obtained

using this dependence and the data from the precipitation

measuring station Pidhaitsi (Klimatychnyj..., 2006), is
0.0052. The long-term average values of the K, for
2031-2050 and 2081-2100 in accordance with the
forecast of monthly precipitation (Krakowska et al.,
2017) (Table 3) are 0.0071 and 0.0063, respectively.
Due to the fact that the forecast of changes in the
average monthly precipitation for 2031-2050 and
2081-2100 is given in relation to 1991-2010, it became
necessary to assess the change in the average monthly
precipitation of 1991-2010 in relation to the baseline
period (1961-1990). This assessment was performed
using observational data from the reference weather
stations of the region.
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Table 3. Long-term average precipitation for May-September for the Pidhaitsi precipitation measuring post for the baseline period in
accordance with the Climatic Cadaster of Ukraine (Klimatychnyj..., 2000) and for forecast periods for Western Region of Ukraine in
accordance with (Krakowska et al., 2017)

May June July August | September Sum
Average long-term precipitation for 1961-1990, mm 71 98 98 72 62 406
Change in precipitation 1991-2010 in relation to 1961— -7 -12 4 10 35
1990,%
Average long-term precipitation for 1991-2010 years, mm 66 86 102 79 84 420
2031-2050
Projected precipitation changes relative to 1991-2010 16 12 13 4 18
years,%
Average long-term precipitation for 2031-2050 years, mm 77 96 115 82 99 469411
2081-2100
Projected precipitation changes relative to 1991-2010 7 4 13 -3 10
years,%
Average long-term precipitation for 2081-2100, mm 71 89 115 77 92 444

The long-term average value of the calculation of soil erosion losses within the most
hydrometeorological factor of spring snowmelt erosion erosion-prone arable land are presented in the Table 4.
(K,,,s) for the baseline period in accordance with The analysis in the Fig. 4 and the Table 4 allows us
(Svetlitchnyi et al., 2004) equals to 0.0010. The K, . to state a generally high rate of erosion degradation of
values for the forecast periods (2031-2050 and 2081—  soils of arable lands of the district. Within hayfields and
2100) in accordance with the forecast of spring surface pastures, which make up the second main component
runoff values (Gopchenko et al., 2012; Ovcharuk, 2017) of the farmland of the district, soil erosion losses are
are either close to zero (in the middle of the century) usually insignificant. This circumstance allows us to
or equal to zero (in end of the century). That is, the focus on the analysis of soil erosion losses precisely
erosion hazard of the district’s agricultural lands in the on arable land, occupying 81.8 % of the farmland and
prospect under consideration will be determined only  58.5 % of the total district’s area. The calculated average

by rainstorm erosion during a warm season.

The values of other parameters of the model are
taken in accordance with the existing recommendations
(Shvebs, 1981; Svetlitchnyi et al., 2004; Lisetsky et
al., 2012).

Results of calculation and forecast of soil erosion
losses. The result of the calculation of soil erosion losses
within the Podhayetskyi district for hydrometeorological
and land use conditions of the baseline period (1961—
1990) are presented in the Fig. 4. The result of the

i
) Y

R
=
- 1" -‘.

module of erosion losses of soils within the arable land
of the district for the baseline period is 16.0 t/ha per year
(Table 4). Most of the soil erosion losses, namely 13.6 t/
ha/year or 85 %, are formed by rainfall in warm season,
2.5 t/ha/year (15 %) — by melt water in spring. The area
of arable land with annual soil losses not exceeding 5 t/
ha/year is 14056 ha or 48.4 %. The area of arable land
with erosion losses exceeding 20 t/ha/ year is about
6720 ha or 23.1 % of its area. Within 2407 ha (8.3 %) of
arable land, the estimated soil loss exceeds 50 t/ha/year.

N

TR T

Fig. 4. The estimated average annual soil losses (t/ha/year) within the Pidhayetskyi district for the baseline period
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Table 4. Average annual soil losses (t/ha/year) and distribution of the area of arable land
of the district by gradations of erosion losses for the baseline period

. <2 25 5-10 10-20 20-50 >50
Period, Season Arca Arca Arca Average annual
’ Area Area ? Area ’ ’ soil losses, t/

year % 1% % 1% % %

years ha ha ha ha ha ha ha/year
Summer | 9500 1 343 | 4412 | 152 | 3935 | 13.6 | 4088 | 14.1 | 4246 | 14.6 | 2407 | 83 13.6

1961— autumn

1990 Spring | 17012 | 58.6 | 7555 | 23.0 | 3317 | 11.4 [ 1019 ] 35 [ 145 [ 05 | 0 | 0 2.5
Year 8546 | 29.4 [ 5510 19.0 | 3917 | 13.5 | 4356 | 15.0 | 4314 | 14.8 | 2407 | 8.3 16.0

In the middle of current century (2031-2050), in
accordance with the predicted climate change (Table
3) while maintaining the structure of sown areas, the
soil cultivation system, and the absence of special anti-
erosion measures the erosion hazard of arable land in the
district will increase, despite a decrease to insignificant
values of erosion losses of soil in spring. The area of

arable land with an average annual soil losses exceeding
IN t/ha wrill amannt ta Q182 ha (MR 1 0/ that ic it wnll

increase by 1434 ha or 4.9 % compared to the baseline
period. Accordingly, an area of land with erosion soil
losses of less than 5 t/ha/year will decrease by 954 ha
(up to 13102 ha or up to 45.1 %). At the end of the
century (2081-2100), due to the projected decrease
compared to 2031-2050 the amount of precipitation
in the warm season, soil erosion losses on the arable
lands of the district will slightly decrease (Table 5).

Table 5. Forecast of the average annual soil losses and distribution of the arable land area of the Pidhayetskyi district according to

gradations of erosion

soil losses (t/ha/year)

<2 2-5 5-10 10-20 20-50 >50 Average
Period, Season, annual soil
years year Alrlea, % A}rlea, % A}rlea, % A}rlea, % A}rlea, % Alrlea, % losses, t/
a a a a a a halyear
2031-2050 S;ITHHIE 8423 [ 29.0 | 4679 | 16.1 | 3656 | 12.6 | 4137 | 142 | 4869 |16.8| 3284 | 11.3 16.9
2081-2100 S;ﬁﬁf 9392 | 32.3 | 4326 | 14.9 | 3771 | 13.0 | 4133 | 142 | 4646 |16.0| 2780 | 9.6 15.0
Discussion. of arable land in the district, this requirement becomes

Based on the permissible erosion standards
recommended by the National Standard of Ukraine
(DSTU..., 2010), the arable land of the district with
erosion losses of soil not exceeding 2 t/ha/year can be
considered as erosion-safe. The estimated area of such
lands in the district in 1961-1990 was about 8550 ha
or 29.4 % of the arable land area. Another 5510 ha or
19.0 % of arable land with erosion losses of soil from
2 to 5 t/ha/year were characterized by low erosion risk.
In total, these two categories of land occupied about
48 % of the arable land. They either do not require
special anti-erosion measures, or allow to be limited by
the simple soil-protective techniques, such as plowing
transversely the slope, periodic deep plowing or plowing
with soil deepening, as well as phyto-reclamation
techniques (Svetlichnyi et al., 2004; Naukovi ..., 2010;
Zonalni..., 2010). However, almost 52 % of arable land
is characterized by significant erosion risk. Within 8153
ha (28.1 %), the estimated soil loss exceeds 20 t/ha/
year, and therefore the erosion hazard of these lands
is characterized as very high or catastrophic (with soil
losses of more than 50 t/ha/year) (Svitlychnyin and
Chornyy, 2007; Tarariko et al., 2017, etc.). These lands
require a set of special anti-erosion measures. Moreover,
given the projected further increase in the erosion risk

even more urgent.

The calculations show that arable lands, on which
the average annual soil loss exceeds 20 t/ha/year, cannot
be protected from the progressive erosion degradation
with their continued intensive use. They should be
removed from the composition of the arable land. On
lands with an average annual soil loss of 5-20 t/ha
and moderate or high erosion hazard, it is necessary
to implement the system of soil protection measures,
the intensity of which is proportional to the degree of
soil erosion hazard. Landscape-adaptive soil-protective
farming system is by far the best option of such system.
At the same time, it is necessary to emphasize the
need to change the structure of sown areas here with
a decrease of the share of row crops and an increase
of the share of grasses, especially perennial ones. In
accordance with the recommendations of agrarian
science for the Western Forest-Steppe of Ukraine,
even for the first (least erosion-hazardous) ecological-
technological group of lands, the optimal permissible
limits for saturation of crop rotation with perennial
grasses are 10-30 % (Tarariko, 1990). Currently,
perennial grasses occupy only 3.5 % of the sown area
of the district (Table 2).
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Provided that 8150 hectares of the most erosion-
hazardous lands will be removed from the arable land
and the share of perennial grasses in the crop rotation
will be increased to 15 % due to a corresponding
decrease in the share of row crops, it is predicted that
for 2031-2050 the average soil losses on arable land of
the district will decrease to 3.4 t/ha/year. At the same
time, lands with no or weak erosion hazard, that is, with
soil losses not exceeding 5 t/ha per a year, will occupy
about 65 % of the arable land.

When 8150 ha will be removed from the arable
land, the share of arable land in the composition of
agricultural land of the district will decrease from
81.8 % to 58.8 %. Based on a generalization of the
results of studies conducted in Ukraine, Makhortov
(1999) recommends the optimal share of arable land
in the composition of agricultural land from the range
of 45-55 % for the Forest-Steppe zone. According to
the research of Carik (2010) in an optimal model of the
land use structure as a whole for Podillja, arable land
as part of agricultural land should occupy 60 % of their
area, and directly for Pidhayetskyi district — 58.7 %.
Thus, withdrawal from intensive agricultural use of
lands for which the erosion losses of soil projected for
2031-2050 exceed 20 t/ha/year (Table 4), will make
it possible to bring the structure of arable land to the
optimum.

The erosion-hazardous lands removed from the
arable land are recommended for use under hayfields,
pastures or permanent afforestation with the mandatory
implementation of a range of anti-erosion measures,
including, if necessary, hydro reclamation measures.
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Received in revised form: 21.04.2021 of the Lesser Caucasus. The territory of the Lesser Caucasus is dissected by many deep
Accepted: 04.08.2021 tectonic faults, along which volatile compounds of postmagmatic products and water vapor

migrate from great depths. The presence of numerous tectonic deep faults, which provide
hydrodynamic connection of waters of fracturse, and fracture-veins, determines the complex mineralization of the chemical and gas
composition of mineral-thermal waters throughout the studied area. The study of volcano-intrusive and fault-fracture ore-controlling
structures, volcanogenic formations, petrochemical composition of rocks and associated mineral deposits and mineral-thermal waters
of the Azerbaijan part of the Lesser Caucasus is relevant from a scientific and practical points of view. A detailed study of the modern
structure of the Lesser Caucasus shows that transverse rupture faults and deep flexures cut through the folded system. Deposits of
various minerals, including mineral and thermal waters, are confined to these ruptured faults. The study revealed that the formation and
discharge of numerous outcrops of carbonic mineral and thermal waters occurs mainly in fissure systems, in deep tectonic faults. In the
Lok-Karabakh zone, most of the sources of the formation of gold-bearing placers belong to the deposits and manifestations of the gold-
quartz-low-sulphide formation. Gosha, Kedabek, Karadag, Chovdar, Dagkesemen, Gyzylbulag and less significant deposits and ore
occurrences are located in this zone. The Dashkesan ore region is distinguished by the reserves of iron, alunite and cobalt. The Zaylik
alunite deposits are world famous in terms of large reserves. Analysis of geological materials confirms that the origin and distribution of
deep tectonic faults plays a major role in the formation of geological, including volcanoplutonic, metamorphic processes and associated
ore formation. Currently, there are dozens of variously evaluated and explored gold deposits on the territory of the Republic. The bulk
of the primary deposits are located in the Lesser Caucasus part of the Republic.

Keywords: volcanism, minerals, gold deposits, mineral and thermal waters.

ByakaHiyHi 1 pO3JIOMHO-TPIIUMHHI PYIOKOHTPOJIIOKYI CTPYKTYPHM i KOPHCHI KONAJIHHH
AzepoOaiigxancbkoi yactTuan Masoro KaBka3zy

I. L. Taries, H. B. ITamaes, B. M. Kepimos

Aszepbatioxcancoruil oepoicasHuil yrisepcumem Hagpmu i [Ipomucnosocmi, Azepbatioscancora pecnyonira, baky,
vagifkerimovl968@gmail.com

AHoTtauis. JlaHa cTarTs NPHUCBSYCHA BYJIKAHIYHHM 1 PO3JIOMHO-TPILIMHAM PYIOKOHTPOJIOIOYUM cTpyKTypam Maioro Kaskasy.
Teputopist Manoro Kapkasy posciueHa O0e3miudi0 IIMOMHHUX TEKTOHIYHHX pO3JIOMIB, MO SKHX MIrPyIOTh JETKi CIIOIyKH
MOCTMAarMaTHYHUX MPOAYKTIB i BOJSHI MapH, IO HAJXOMATh 3 BEIMKHX IIHMOMH. HasBHICTH YMCIEHHMX TEKTOHIYHUX DIMOMHHHX
PO3JIOMIB, TIO SIKUX Bi0yBa€ThCS TiIPOAMHAMIYHHHN 3B'130K TPILIMHHKX, TPIIIMHHO-KHIBHUX BOJ, 3yMOBIIIOE CTPOKATY MiHEpali3alliio
XIMIYHOT0 1 ra30BOT0 CKJIy MiHEpaIbHO-TEPMaJIbHIX BOJ IO BC1i TOCTI Ky BaHi i u1o1i. BUBUCHHS By/IKaHa-1HTPY3HBHHUX 1 PO3TIOMHO-
TPILIMHHUX PYIOKOHTPOIOIYHX CTPYKTYP, BYJTKAHOTCHHUX (hopMarliif, HeTPOXMMHYHOTO CKJI Ty TIOPi[ i MOB'SI3aHUX 3 HUMH POJJOBHIIL
KOPHCHUX KOMAJIMH, MiHepalbHO-TepMalbHUX BoA A3epOaiipkaHchkol wacTmHM Maroro KaBkasy € akTyadbHHM 3 HayKOBOi Ta
NIPAKTUYHOI TOUKHU 30py. JleTambHe BUBYEHHS CydacHOi cTpykTypu Masoro KaBkasy mokasye, 1o monepedHi po3puBHi IOPYIICHHS
Ta (raexcypu MUOOKOTro 3aK/IaIeHHS PO3THHAIOTH CKIIa4acTy cucteMy. Jlo IMX pO3pPUBHUX MOPYILIEHb IPUYPOUCHI POJOBUILA PI3HUX
KOPHCHUX KOTIAIMH, B TOMY YHCIi MiHEpaIbHO-TEPMAIbHUX BOA. 3'ICOBaHO, 0 (OPMYBaHHS 1 PO3BAaHTAKEHHS YNCICHHUX BHXOIIB
BYIVICKUCIINX MiHEpaIbHHX 1 TepMalbHHUX BOJI BiI0YBA€THCS TIEPEBAKHO B TPILIMHHUX CHCTEMAX, B NIMOOKUX TEKTOHIYHHX PO3JIOMaX.
B Jlok-Kapabacbkiii 30HI Bennka 4acTHHA JpKepesl ()OpPMyBaHHS 30JIOTOHOCHUX PO3CHIIB HAJIGKHTH J0 POIOBHIL 1 IPOSBIB 30J10TO-
KBapIOBO-Maslocyb(igHoi popmarii. ¥ wiit 30Hi po3mimeni [omincke, Kenabekcoke, Kapanaspke, YoBnapcekei, JlarkeceMeHCbKe,
T'u3unOysaarceke i MEHII 3HAUYYIII POJOBHIIA 1 PyIONpOsiBY. JlankeceHcKiil pyaHuUii pailoH BUALIAETHCS 3a 3amacaMy 3aji3a, aayHuTy
1 k0OaseTy. BececBiTHRO BitoMe 3a BETMYMHOIO 3amMaciB 3aillikcbKe POIOBHIIE alyHITiB. AHATI3 T€OJIOTTYHUX MaTepialliB MiATBEPIKYE,
110 TIOXOKEHHS 1 3aKOHOMIPHICTh ITOMIMPEHHS MNONHHNX TEKTOHIYHUX PO3JIOMIB BiJIirpae OCHOBHY POIIb Y ()OpMyBaHHI T€OJIOTIYHUX,
B TOMY YHCJIi BYJKaHOIUTYTOHIYHMX, METaMOP(IYHNX NPOLECIB i MOB'I3aHOTO 3 HUM PyAOyTBOpEHHs. B nanwii wac Ha TepuTopil
peciy0OiiKy HapaxoBYIOThCS IECATKH PI3HOTO CTYIEHs OLIHEHHX 1 PO3BiIaHNX 30JI0TOPYAHNX pooBuill. OCHOBHA KIJIbKICTh KOPIHHUX
poxoBuIl po3MinieHi B MaslokaBKa3bKii YaCTHHH PeCITyOITiKu.
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Introduction.

The Azerbaijanian part of the Lesser Caucasus is
a complex system of mountain ranges and volcanic
uplands, different from the Major Caucasus by lower
absolute altitudes and insignificant manifestation
of contemporary glaciation. The area of the Lesser
Caucasus is mostly tectonic-denudation terrain with
dense erosion and deep fracturing.

The Lesser Caucasus is characterized by the
development of volcanogenic formations (from Upper
Paleozoic to Quaternary periods), bent in the gently
sloping folds of latitudinal in the West and Caucasian
in the South-East strike. There are distinct tectonic
zones composed of carbonate and volcanogenic rocks
of Cretaceous period and tufagenic-volcanogenic
rocks of Paleocene and Eocene age, accumulated in
the latitudinal riftogenic depressions (Abdullaev, et
al., 1991; Mustafaev, et al., 2011).

Within the Lesser Caucasus, the Lok-Karabakh,
Geicha-Akera, Miskhan-Kafan structural-formation
zones are designated (Geologiya Azerbajdzhana, 2005).
The Talysh structural-formation zone is confined to
the northeast border of the Lesser Caucasus-Elburz
folded system and is an isolated horst that submerges
under the Neogene-Quaternary deposits of the Lower
Araz depression in the northwest and the Quaternary
deposits of the Kura fault in the northeast (Geologiya
Azerbajdzhana, 2001).

By age, the Mezozoic magmatic formations of the
Lesser Caucasus are identified to the Middle-Jurassic,
Upper Jurassic-Lower Cretaceous, Lower Cretaceous
and Upper Cretaceous periods.

Broadly distributed deposits in the Lesser Caucasus
are of the Paleozoic Era, the oldest being those of the
Emsian stage of the Lower Devonian period. Those are
metamorphic slates, silicified limestones, dolomites,
quartzites, sandstones, argillites and clayey slates. The
thickness of the deposits is over 1,200 m. The Jurassic
deposits in the area comprise highland and middle-
mountainous zones. The Lower Jurarassic is represented
by clayey and clayey-sandy slates, aleurites, sandstones.
The Middle and Upper Jurassic epochs are manifested
by volcanic, volcanogenic-sedimentary and sedimentary
facies of over 3,000 m thickness.

Materials and methods.

The article uses the results of field and laboratory
surveys performed by the authors. We also used pub-
lished and fund materials of various authors working
in the Republic. We performed typing of the ore and
hydro-mineral resources of the studied area and char-
acterized their chemical composition and medical prop-
erties of mineralized waters.

582

Discussion.

The Lok-Karabakh zone within the Republic is
located on the eastern slope of the Lesser Caucasus
and is characterized by richness and diversity of ore
and hydromineral resources. Especially notable are the
waterways of the territory, represented by the Aghstafa,
Hasansu, Tovuzchay, Dzegamchay, Chagirchay,
Shamkirchay, Ganjachay Rivers.

In the basins of those rivers, gold-bearing
placers have been discovered. Most of the sources of
development of gold-bearing placers belong to the
deposits and manifestations of gold-quartz-low-sulfide
formation and are represented by steeply dipping veins
of chiefly quartzitic composition and also zones of
hydrothermally altered rocks mostly belonging to the
facies of secondary quartzitic metasomatites.

Given that all other conditions are equal, the
possibility of existence of a placer depends on the
proportion between individual links of denudational
morphosystems promoting the formation of placer
(Fig. 1).

Based on paleogeographic analysis, the conclusion
is that in the epoch of formation of gold-bearing alluvial
layers embedded in the basis of the section, the climate
was continental, and the physical weathering that mostly
forms large-fragment alluvium dominated. The Lesser
Caucasus is also rich in various genetic types of gold
ore deposits such as Soyutlu, Gizil Bulag (Kalbajar
District), Vejnali (Zangilan District), Gosha, (Tovuz
District), Kedabek (Kedabek District), Dagkesaman
(Qazakh District), Piyasbashi (Ordubad District) (Baba-
zade, 2003).

The Shamkir Upland, where the Gosha gold-
pyrite deposits are located, is a large structure of sub-
latitudinal strike. Its structure is composed of mostly
Middle Jurassic volcanogenic formations, torn by Upper
Bajocian granitoid intrusive complexes.

The Gosha gold-pyrite deposits are typical
representatives of volcanogenic deposits with
progressive ore-formation and are connected with
the continuous basalt-andesite-rhyolite formation,
localizing in the vault part of the sub-volcanic structure.
The deposits are characterized by the confinement to
the local regional-dome structure of the Jurassic age,
where the central place belongs to the volcanic-tectonic
structure held by the intersection of large regional faults
of northwest, sub-meridian and sub-latitudinal strikes
(Mansurov, et al., 2018).

Besides the Gosha deposits, within the Lok-
Karabakh zone, there are Kedabek, Chovdar,
Dagkesemen, Gyzylbulag and less significant deposits,
where ore has been developed as a result of the activity
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of magmatic systems which had occurred in the Middle-
Late Mezozoic Era.
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Fig. 1. Schematic geological map of the interfluves between the Dzegamchay and Asrikchay

1-contemporary and Upper Quaternary deposits, alluvial and alluvial-prolluvial: loams, loamy sand, pebble stones, boulders; 2- Bathonian
stage: plagioclase and pyroxene porphyrites, lava breccias, volcanic breccias and tuffites; 3-Upper Bajocian sub-stage: agglomerate lava
flows, tufa, tuffites, tufa-breccias of rhyolite and rhyolite-dacites with interlayers of tufa sandstones, tufa gravelites and tufa; 4-Lower Bajocian
sub-stage: agglomerate lavas, lava breccias, tufa conglomerates, tufa breccias, diabase flows, rarer andesites, which transform into patches

of tufogenic sandstones, aleurites, tufa and tufa gravelites; 5- Aalenian stage: sandy-clayey slates and tufa sandstones; 6- Toarcian stage:

clayey slates, slatelike and thin platy aleurites that contain concretions of ash tufa and tufa-aleurites; 7-Sinemurian stage: sandstones with
tufa inclusions and interlayers of limestones; 8-Hettangian stage: basal conglomerates with layers of quartzitic sandstones, rarer clayey
slates; 9-Middle and Upper Carbon: tuff-sedimentary layer: alternation of tuffites, tufa aleurites, aleurites, clayey slates and sandstones;
10-Middle and Upper Carbon: volcanic layer, alternation of different-sized fragmented tuff of intermediate — basic composition with thin

interlayers of aleurites and clayey slates; 11- Eopaleozoic: micaceous-chlorite, sericite clayey, siliceous, quartzitic, clayey-graphite slates;

Intrusive formations: 12-Upper Jurassic granitoides and quartzitic diorites; 13-Upper Bajocian plagiogranites; 14-Upper Paleozoic
stratum injections of syenite-diorites. Subvolcanic and vein formations: 15-Upper Bajocian rhyolites, rhyolite-dacites; 16-dikes of
diabases and andesites; 17-regional faults; 18-elements of embedding of the rocks.

The Dashkesan ore district is notable for reserves Globally recognized as the one having greatest de-
of iron, alunite and cobalt. The Dashkesan iron ore de- posits of alunites, the Zeylik deposits of alunite pro-
posits have provided iron concentrate to the Rustavi vide raw material for obtaining aluminum in the alu-
Metallurgical Plant in Georgia for a long time. minum industry, as well as obtaining sulfuric acid and
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fertilizers. Aluminum ore may be annually processed
to 200 thou tones of agloporite (sintered fly ash), a
light concrete.

The Dagkesaman gold ore deposits are confined to
the Kazakh depression of the Lok-Karabakh structural-
formation zone of the Lesser Caucasus. The geological
structure is composed of a complex of sedimentary-
pyroclastic effusive and subvolcanic rocks of the
Cretaceous and Paleogene-Neogene periods. The main
folded structure of the deposits is an anticline fold of
the same name, belonging to the northeast strike. In
the pre-axis part of the fold, there are outcrops of the
albitophyre and rhyodacite bodies and the ramifications
of the Agdam-Rivazlin fault which were the canals
for the inflow of the ore-bearing hydrothermal fluids
and sedimentation of the ores in the newly-formed
mineralized zones, the number of which is more than
ten, including the three main zones.

Within the volcanogenic upland, clearly manifested
the Gosha gold-pyrite deposits are some of the most
promising objects of the Kedabek mining district. The
ore bodies are of the vein-impregnation type.

Complex geological-structural conditions of the re-
gion, in which there are signs of recent powerful vol-
canic processes, have led to a vast amount (over 50
mineral sources) of mineral waters with various con-
ditions of the circulation. Formation and discharge of
numerous seeps of carbon dioxide mineral and thermal
waters mostly take place in fractured systems, in deep
tectonic faults (Mustafaev, et al., 2011).

The Geicha-Akera folded region is a synclinori-
um oriented northwest, which is in the central part of
the Lesser Caucasus, where there are numerous deriv-
atives of intrusive and effusive magmatism, especially
the Quaternary lava complex that is significant in the
formation of mineral and thermal waters. In this re-
gion, there have been studied over 300 sources united in
four zones: Istisu-Kalbajar, Turshsu-Shirlan, Minkend-
Ahmedli and Lok-Agdam (Geologiya Azerbajdzhana,
2005).

The Istisu-Kalbajar zone has a complex geological
structure caused by greater diversity of the sedimentary,
volcanogenic-sedimentary, volcanogenic and intrusive
rocks. Tectonically, it is included in the Kalbajar basin
fold that is one of the main elements of the central part
of the meganticlinorium of the Lesser Caucasus. The
geological section of the sediments, which is included
in the Kalbajar synclinorium of the Lesser Caucasus,
covers the Cretaceous — Anthropogenic interval with
some breaks.

Cretaceous sediments in the upper reach of the
basin of the Terter River have a relatively limited dis-
tribution. They are ruptured by numerous intrusive

584

hyperbasites that make up the ophiolite belt of the
Lesser Caucasus, represented by thick sedimentary,
volcanogenic-sedimentary and volcanogenic rocks.

Paleogenic sediments with thickness of 1,500 m
and more are mainly distributed within the Kalbajar-
Istisu synclinorium belt, especially in its central part,
in the sites of the Shurtan, Istisu, Zeylik, south of vil-
lages Chirag, Keshtek and others.

Neogene sediments are quite broadly distributed and
represented by andesites, andesite-dasites and their py-
roclastic sediments of up to 1,400 m thickness, chiefly
on the left bank of the Terter River. This indicates that
the centers of flows of the volcanoes of this period were
located along the current valley of the Terter River.

A distinctive trait of the volcanites of the Later
Miocene-Lower Pliocene age in the Lesser Caucasus is
that they are mainly composed of the of the intermedi-
ate and acidic composition of pyroclastic and effusive
formations. The volcanism is mainly represented by an-
desites, trakhyandesites, dasites, trakhydasites and rhy-
olites (Imamverdiev, 2000; Imamverdiev, et al., 2020).

In the Istisu area (Kalbajar district), numerous dikes
of rhyolites and andesite-dasites are seen, indicating
broad distribution of deep tectonic faults.

Within the Geicha-Akerin zone, there are gold-
ore (Soyudlu — Zod, Agduzdag) and mercury deposits
(Shorbulag, Aggaya, Levchay and others).

The discovery of the Zod-Soyudlu gold ore de-
posits (Kalbajar district of Azerbaijan and Basarkecher
district of Armenia) was a powerful stimulus to car-
rying out specialized searches for gold in the Lesser
Caucasus. These searches led to discovery of a num-
ber of deposits of gold and rich gold and silver-bearing
ores (Baba-zade, 2003).

Note: From 1970-1980, a detailed survey of the
Zod-Soyudlu deposits was conducted and the industrial
reserves were assessed as 89 t of gold and 145 t of sil-
ver, and since 1976 they have been illegally exploited
by the Republic of Armenia. Out of 23 ore veins, only 7
are located in the Basarkecher district (Armenia). This
issue has its own history, and we consider that there is
no need to describe it in detail in the scientific article.

In the upper reaches of the Terter River, it has long
been known that there are numerous sources of carbon
dioxide-containing mineral water with various tempera-
tures (Table 1). They are mainly localized in shallow
faults, which support the regional ones, and the ther-
mal sources are usually confined to deep faults and
faults of average depth. By the chemical composition
and medicinal properties, these waters are identical to
the globally famous sources Karlovy Vary in the Czech
Republic, Germany, Zheleznovodsk in Russia.
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Table 1. The main parameters of deposits of mineral waters of Kalbajar district of the Lesser Caucasus (Bank of the regional data)

Ne The main parameters Geological-hydrogeological data
1 Name of the deposits Upper Istisu (Kalbajar district)
2 Types of minerals Carbonaceous — CO,- thermal waters

Geographical coordinates and
locations of the deposits

In the Upper Reach of the Tertercay, at the distance of 20 km southwest of
Kalbajar district

39°56°49""— C; 45°57°43" — B; Altitude — 2,200 m

Types, age and geologic-lithologic
4 composition and other parameters of

The deposits are confined to volcanogenic layer of the Middle Jurarassic period.
There are 6 wells of 365-700 m, exposed by thermal waters of the temperature
of 70°C, flow rate of 44—400 m?/day, overall discharge (flow rate) — 3,200m*/day.

aquatic resources

Na — 40 %- equiv;

HCO3-50%- equiv;  Ca— 8 %- equiv;

Cl — 34 %- equiv; M—-4.4-7.6 g/L

The Turshsu-Shirlan zone is located in Shirlan
district in the border zone of the eastern part of the
Lesser Caucasus. The main reason for discharge of the
mineral water in the Turshsu-Shirlan zone is the thrust
fault line of the Lesser Caucasus. Fragmentation and
folds on the Mezozoic layers in the indicated region are
represented by three ramifying thrust fault lines, one
being along the border between the Middle Jurassic
volcanogenic and Lower Cretaceous layers, the second
one on the border of the Tithinian limestones, and the
third on the ultra-basic rocks in which typical tectonic
breccias had formed.

By the types of support and discharge, the Turshsu-
Shirlan syncline belt of mineral water is specific because
deposits with similar hydrogeologic conditions are quite
rare. As a result of carbon dioxide and high hydrostatic
pressure from the ultra-basic formation, the ascending
springs discharge.

On the schemes of tectonic zoning of the Caucasus,
available in various studies conducted over many
decades, its southern part was distinguished as the
Araz (Nakhchivan) block of the Central Iranian
microcontinent or the Araz Mega-Zone that is included
in the Anatolia-Caucasian-Iranian segment of the
Mediterranean Folded Belt. The aspects of geology,
tectonics and fossils of the Nakhchivan region are
superbly described in the monograph “Geology of the

Nakchchivan Autonomous Soviet Socialist Republic”,
where the scheme of tectonic zoning designates the
Sharur-Julfa and Zengezur anticlinorium and the
Ordubad synclinorium that divides them (Geologiya
Azerbajdzhana, 2005; Pilchin and Eppelbaum, 2020).

The studies conducted in the Araz Mega Zone
focusing on the proportion of the stages of the
development of the region with folded structures
allowed distinguishing three structural complexes
that correspond to the three stages of the development
of the region: 1 — Baikal — Pre Cambrian, Lower
Paleozoic (along the Girratag fault); 2 — Hercynian —
Middle-Upper Devonian, Carbon, Permian, Triassic
age; 3 — Alpine — Jurassic and Lower Cretaceous,
Upper Cretaceous, Paleogene — Eocene, Oligocene
age (Rustamov, 2005).

In the Middle Devonian age, the territory underwent
transgression. Here the Triassic rocks are more closely
related to the Paleozoic age rather than the Jurassic
period. At the border between the Triassic and Jurassic
deposits, there occurs a significant change in the
geological conditions. There are broadly distributed
volcanic formations of 1,000-3,500 m thickness
(Azizbekov, 1961; Karimli, 2020). The Paleogenic rocks
are broadly distributed, especially in the Nakhchivan
Autonomous Republic. They are represented by
alternation of clays, sands and marlstones. In the upper
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reaches of the Terter and Akara rivers, effusive rocks,
tufagenic rocks, pyroclasts were observed. Along with
the sedimentary deposits, the Nakhchivan Autonomous
Republic has many volcanogenic formations with
thickness of 1,000-3,500 and more.

The Miocene deposits in the Nakhchivan
Autonomous Republic are represented by clays,
marlstones, limestones, sandstones and halite, measuring
up to 2,000 m thickness. The Nakhichivan Autonomous
Republic in Azerbaijan Republic is located in the
southwest part of the Lesser Caucasus and occupies
the area of 5.5 thou km?, its natural border of which
is the Araz River in the south and southwest, and the
Republic of Armenia — in the northeast and northwest.

The Talysh zone is comprised by Paleogenic
and Neogene rocks. The Astara anticlinorium, Lerik
synclinorium, Burovar upland, Yardimli and Jalilabad
synclinoriums are distinguished (Mamedov, 1999;
Kerimov, 2020).

The Paleogene rocks are represented by the
volcanogenic-sedimentary layer composed of tufa
sandstones, tufa aleurites, clays and sandstones,
and 2,000-3,000 m thick basalt layers. The

Neogene sediments are manifested by clays with
layers of sandstones and limestones with thickness
up to 1,500 m (Fig. 2). The following structures
were distinguished — Astara anticlinorium, Lerik
synclinorium, Burovar upland, Yardimli and Jalilabad
synclinorium.

The Astara anticlinorium has the most complex
structure and is located on the extension of the northeast
wing of the Elburz folded belt. The anticlinorium is
composed of tufa-sedimentary rocks of the Upper
Cretaceous-Paleogene and volcanogenic rocks of the
Lower and Middle Eocene. In the current erosional
section, it represents two structure: the Astara Upland
and Kosmolian Depression (Mamedov, 2000; Mamedov,
et al., 2007).

The structure of the Lerik synclinorium includes
the volcanogenic-sedimentary complex of the Upper
Eocene. This synclinorium is a structure of the second
row and is overlaid by the Yardimli synclinorium in the
northwest, and is cut by the marginal Pre-Talysh fault in
the southeast. The southwest border of the synclinorium
is stretched in a straight line northeast due to the length-
wise fault (Rustamov, 1995).
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Fig. 2. Geological-tectonic map of the Talysh zone

1-4 — borders of the structural stages in the foot: 1 — Early Eocene; 2 — Early Oligocene; 3 — Middle Miocene; 4 — Pleistocene.
5-9 — formations and complexes: 5 — sedimentary-tufagenic of Upper Cretaceous-Paleogene age;6 — volcanogenic (alkaline basaltoids)
Eocene; 7 — marine molasse Oligocene-Early Miocene; 8 — lagoon-marine Middle Eocene; 9 — continental-marine quarter. 10-11 —
subvolcanic intrusions: 10 —Eocene; 11 — subalkaline ultrabasites; 12-axis of the fold; 13 — faults at the borders of the tectonic zones;
14 — transversal faults (flexures); 15 — buried deep faults according to the geophysical data; 16 — isolines along the buried surface of

the Upper Cretaceous deposits.

The Alasar-Burovar anticlinorium is developed
only in the northern Talysh, located between the
Bolgarchay and Veravulgay rivers. The eastern wing of
the anticlinorium is separated from it by the Pre-Talysh
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deep fault and is completely covered by Quaternary
deposits. The length-wise structures of the Talysh zone
have transversal faults that affect the distribution of
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sedimentary, volcanogenic and intrusive formations
(Kazimova and Kazimov, 2020).

In general, the Talysh and Lankaran Lowland are
characterized by mountain terrain that is rapidly de-
scending northeast towards the Caspian Sea. Mineral
waters in the eastern part of the region are identified to
the chloride type, and are accompanied by hydrogen
sulfide (H,S) and methane (CH,) in the north, where-
as gas flows in the south are mostly composed of ni-
trogen (N ). In the northwest part, the mineral waters
contain hydrogen sulfide and sulfate and hydrocarbon.
Such a distribution may be explained by geological-
structural conditions in the area of discharge of ground-
water, structural-facies relationship with the phases of
volcanogenic activity, composition and facies of volca-
nites (Van der boon, etal., 2015; Tagiyev, et al.,2015).

Mineral-thermal waters are confined to the tectonic
fractures and mostly flow from Peleogenic rocks, are
represented by tufa sandstones mixed with tufa aleuro-
lites and argillites, limestone-sandstones, limestone tufa
aleurolites are covered that in some places by young
analcime andesites or torn by gabbro-teschenite rocks.
In the north, there is a group of highly mineralized (up to
17 g/1) hydrothermal sources of the Masalli. Their tem-
perature reaches 64°C, they contain chloride and sodium
and calcium, are accompanied by methane and hydro-
gen sulfide, which is explained by their connection to
the oil-bearing suites. In the central part of the region,
there is a group of sources Lankaran, its waters have
lower temperature and comparatively low mineraliza-
tion (3 g/1). They are mainly accompanied by nitrogen
and hydrogen sulfide gases. The south group of ther-
mal (38-50°C) sources is highly mineralized (20 g/1),
followed by nitrogen of natural origin, determined by
the proportion of argon and nitrogen (Tagiyev, 2001;
Tagiyev, et al., 2019).

Mineral-thermal waters of all the mentioned groups
are identified to chloride-sodium-calcium water, i. e.
typical for oil-bearing regions, thus they need to be
considered reliable criteria for the search of oil and gas
in the regions adjoining this zone.

Currently, in Azerbaijan, there is active ongoing
integrated work on restoration of the completely
destroyed liberated areas of the Lesser Caucasus.

Taking into account the complexity of geologic-
tectonic development of the Lesser Caucasus, predatory
exploitation of dozens various fossil deposits by
Armenia, the scientific and field geological surveys
in the occupied regions have been practically stopped
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range of research focused on sustainable development, in areas such as resource critical
shortage, life cycle assessment and material flow analysis. Mineral resources are non-renewable resources that provide humanity with a
wide range of goods and services. Although their value has been recognized for millennia, their large-scale industrial production did not
grow until after World War II due to efficient industrial production processes and rapidly growing demand due to demographic growth,
urbanization and economic wealth growth in developed countries. The proposed research confirms the high level of supply of the territory
of Ukraine with mineral resources. The objective idea of mineral and self-sufficiency of Ukraine, its inclusion in the top groups of the
states most provided with the most valuable types of minerals is strengthened and the high level of availability of mineral resources
in Ukraine in terms of its economic and geographical areas and regions is confirmed. At the same time, a number of mineral deposits
in modern social and economic conditions are preserved and not used. For the first time, a cartographic interpretation of the periodic
table of chemical elements (D. I. Menedeleev's table) is given, which is reinforced by data on the distribution of mineral resources and
minerals in terms of selected groups of regions within the administrative regions of Ukraine. There are 33 chemical elements extracted
from more than 100 mineral deposits. The provisions and conclusions of the article testify the mineral self-sufficiency of Ukraine and
can act as a lever for developing strategies for socio-economic development of the United Territorial Communities (UTC) of Ukraine,
which today are the new centers of management of territories and its resources. D. I. Mendeleev's table and its mineral content are
positioned as an objective factor in the specialization of Ukraine and the international geographical division of labour. It is noted that
the main advantages of the Periodic Table of Chemical Elements, including its structure, logic, objectivity, a system in relation to the
economic and geographical regions of Ukraine are considered as an element of monitoring the mineral component of natural resources
of the country, the lever of further development of exploratory geology and geomorphology. The information obtained from this research
ultimately influences the future policies of the territories and its plans for the balanced use of available mineral reserves and can be used
to promote the sustainable use of mineral resources in the regions.
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I'eorpagiunuii BUMip pecypco3ade3nedeHocTi TepuTopiil Ykpainu

C. 1. Vnirarenp, C. }O. Cuposens, H. C. Kopoma, M. A. Momouko
Kuiscokuti nayionanvnuil ynisepcumem imeni Tapaca Llesuenxa, Kuis, Ykpaina, e-mail: Igtinfo@ukr.net

AHoTanist. 3 oAy Ha MYJIBTHINCHUILTIHAPDHUN XapaKTep JaHOTO A0CIiIKEHH, BAXKIMBO chOPMyBaTH 3araibHe PO3yMiHHS
CTaHy 3a0€3e4eHOCTI Ta CKJIaJHOCTI PAL[iOHAILHOTO CIIO)KUBAHHS HAsIBHUX KOPHCHHUX KOMAJIMH. MipKyBaHHS 1010 AOCTYITHOCTI Ta
BHUCHQ)KEHHSI KOPHCHHUX KOTIAJIMH € YACTHHOIO PI3HOMAHITHOTO CIIEKTPY JOCHTIKEHb, OPIEHTOBAaHHUX HA CTAJIMK PO3BHUTOK, y TAKUX cepax,
SIK KPUTUYHICTH PECYPCiB, OIIHKA KUTTEBOTO UKy Ta aHATI3 MaTepiajJbHOrO MOTOKY. MiHepanbHi pecypct € HeBiTHOBIIOBAHIMH
pecypcamu, 1110 3a0e3Medy0Th JFOICTBY IMPOKUI CIIEKTP TOBapiB i mociyr. Xo4a iX [iHHICTh BU3HABAJIACH TUCSYOTITTIMH, MAaCIITA0H
BHI00yBaHHS MiHEpAJIbHUX PECYpCiB CIpaB/i 3pociy juie micis [pyroi cBiToBoI BilfHH 3aBASKM MOsIBI €(PEKTHBHUX BUPOOHHINX
MIPOLECIB Ta IIBUKOMY 30UIBIICHHIO HOIHTY, 3yMOBJICHOMY JeMOrpadiqHIM 3pocTaHHsIM, ypOaHizali€ero Ta 30arayeHHIO PO3BHHEHUX
kpaiH. [IponoHoBaHe NOCHiKEHHS IEMOHCTPY€E BUCOKHH piBeHb 3a0e3MeueHHs TepuTopil YKpaiHi MiHepaIbHO-CHPOBUHHUMH PECYPCaMH.
Brepuie naHa kaprorpadivHa iHTeprpeTanis nepioquyHoi tabnuii XiMiuHux exeMenTiB (tabmuns . I. Menzaeneesa), sika mocuieHa
JAQHMMH I1[0JI0 PO3MOAITY MiHEPaTbHO-CHPOBHHHUX PECYPCIB Ta KOPUCHHUX KOMAIUH B PO3Pi3i BUAIICHHX TPYI PETiOHIB B MeXax
anMiHicTpaTHBHUX oOnactell Ykpainu. HaBeneno 33 ximiuHi eneMenTH, siKi BUI0OyBatoThCs Ha moHaz 100 pogoBUIIaX KOPHCHUX KOMAJIMH.
TTonoeHHs Ta BUCHOBKH CTATTi 3aCBIAYYIOTh MiHEPaIbHO-CHPOBHHHY CaMOJOCTATHICTh YKpaiHH Ta MOXXYTh BUCTYIIATH BaKeJIeM
PO3poOKH cTparTeriit CycHiIbHO-eKOHOMIYHOTO PO3BUTKY 00’ €tHaHKX TepuTopiansaux rpoman (OTI), siki chOroHi € HOBUMH IIEHTPAaMU
YIIpaBIIiHHS TepUTOPisAME Ta i pecypcamu. Tabmurst Jl. I. Menneneesa Ta 1i MiHepaIbHO-CHPOBHHHE HAIIOBHEHHS ITO3HUI[IOHYIOTCS SIK
00’ eKTHBHMI YMHHUK cneliarnizanii YkpalHu Ta MbKHapoHOTo reorpadiqnoro posmnoziny npaumi. [Hpopmaris, orpuMana B pe3yibrari
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LILOTO JIOCII/KEHHSI, 3pEIITOI0 BIUIMBAE HA MOJAJIBIIY MONITHKY TEPUTOPIi Ta ii m1aHu 1mo/10 30aJlaHCOBAHOTO BUKOPHUCTAHHS HAssBHUX
3amaciB KOPUCHUX KOTAJIMH 1 MOYKe OyTH BUKOPHCTaHA ISl CIIPUSIHHS CTAJIOMY BUKOPHUCTaHHIO MiHEPaIbHHUX PECYpPCIiB y perioHax.

Kniouogi crosa: minepanvho-cupogunni pecypcu YKpainu, Kopuchi KOnamunu, pooosuwyd, cucmema XiMidHux enemenmis, maoauys
M. I. Menoeneesa, kapmoepaghiuna inmepnpemayis, peion, paiiot, 06 'eonani mepumopianvii epomaou (OTT).

Relevance of the research topic.

The need for local government reform and
territorial organization of power in Ukraine was due to
the fact that the administrative-territorial system in the
country did not meet the modern requirements of real
transformation, hindered the necessary transformations
in the state, and due to effective regional policy, which
resulted in restraining the development of individual
territories and the state as a whole. The "Strategy
of sustainable development of Ukraine until 2030"
approved by the Decree of the President of Ukraine
provides for a comprehensive approach to reforms in
Ukraine. Clause 9 of the Strategy outlines an energy
saving program, which states “ensuring the widest
possible diversification of ways and sources of primary
energy resources, including oil, natural gas, coal,
nuclear fuel, increasing domestic energy production”
(Strategy of sustainable development of Ukraine until
2030, 2017). The strategy of sustainable development,
together with the new administrative-territorial structure
proclaimed at the state level, should become the basis
for creating a new model of territorial governance. To
implement effective management of territories, and
resources in particular, at the local level, there is a need
for a detailed assessment of the resource security of
the territories of Ukraine and further formation of the
methodological framework for improving the territorial
organization of government in their management.

Sustainable development of mineral resources
is important for the national strategy of resource
endowment and environmental civilization. Rational use
of mineral resources, based on the model of ecological
safety of the landscape, forms a scientific basis for
overcoming conflicts between the conservation of
resources and their use by man, contributing to the
accompanying economic development and ecological
integrity. Rational use of mineral resources, based
on the model of ecological safety of the landscape,
forms a scientific basis for overcoming conflicts
between the conservation of resources and their use
by man, contributing to the accompanying economic
development and ecological integrity.

Diagnostics of mineral base and self-sufficiency
of Ukraine, monitoring of the natural resource
environment, and the state of its subsoil is an important
factor in the economic stability of the state. A component
of this scientific and practical issue is the expansion
and deepening of systemic ideas about the location
of geochemical raw materials in Ukraine by grouping
united territorial communities (UTC) by region, using
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tables of chemical elements as a basis for a fundamental
methodological approach.

This issue study state and main works.

A review of analytical publications and publications
on the critical description of the availability and
extraction of minerals, identified a significant expansion
of the scope of research in the context of balanced use
of their available reserves. This can be used to promote
sustainable consumption of mineral resources in the
regions: from mining, landscape change, and pollution
to ecosystem health, sustainable development, and
the rights of future generations (Christmann, 2018;
Contested terrain: Mining and the Environment,
2004; Northey, Mudd, Werner, 2018; Peng, Zhou,
2019; Zhang, Wang, 2020). A significant array of
publications of domestic and foreign specialists —
geologists, geographers, naturalists — is devoted to the
mineral resources of Ukraine, deposits of its minerals
(Gursky, Esipchuk, Kalinin, 2006; Beydik, 2018, 2019;
Rudko, Ivanov, Kovalchuk, 2019). On the other hand,
the ingenious invention of D. I. Mendeleev, his periodic
table of chemical elements for over a hundred years is at
the center of both world scientific thought and practical
development of the strategies laid down in it, because
instead of scattered, unrelated compounds, appeared
before science the only coherent system that combines
all the chemical elements. Strengthening the table with
examples of specific mineral deposits of Ukraine was
reflected in the works of Beydik O. (Beydik, 2018,
2019), and the characteristics of mineral deposits of
Ukraine are given in a number of fundamental sources
(Geology of the USSR, 1958; Gursky, Esipchuk,
Kalinin, 2006; Restructuring of the mineral resources
base of Ukraine and its information support, 2007;
Rudko, Ivanov, Kovalchuk, 2019). Suggested material
is an attempt of mineral-raw material and economic-
geographical strengthening of D. I. Mendeleev’s table,
demonstration of interdisciplinary connections at
studying the geography of Ukraine and the natural-
resource self-sufficiency of the country.

Formulation of the problem.

Resource management is perhaps the most
important condition for the functioning of any complex
territorial systems of different levels. In the analysis and
assessment of the quality of management use the concept
of "production and resource potential", the study of its
size and structure. This concept defines the maximum
potential of accumulated and prepared for processing
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natural, logistical, labor, financial and information
resources to meet the needs of the individual citizen
and society as a whole. The results of the assessment
of all resources, especially natural (raw materials), will
form the main direction of the strategy of management
of the territory and available resources. In the context
of modern market demand resource conservation
(which is to reduce resource consumption, use active
resource-saving measures, support competitive positions
based on reducing resource use and reducing resource
consumption), new centers of management of territories
and its UTC resources, according to current legislation
have the opportunity not only to influence and optimize
this process but also to have from this revenue to the
budget (Chykalo, 2018). Resources of UTC territories
can be grouped as follows:

a) natural-geographical: land, forest, water, mineral,
biological, energy;

b) social and economic: tangible (movable and
immovable property, communications), financial
(budget revenues and expenditures, grants, subventions,
grants), human, and intangible (information, technology,
communications).

Thus, mineral resources (fuel and energy, ore,
chemical raw materials, natural building materials, and
non-metallic minerals), in our opinion, can provide the
greatest opportunity to ensure financial capacity and
self-sufficiency as separate UTC, and regions (oblasts)
of Ukraine, which remain the largest administrative-
territorial units in Ukraine.

There are a significant amount of natural or
artificially created various substances (chemical
elements and compounds, alloys, solutions, polymers)
on the Earth. The distribution of chemical elements
and mineral deposits on Earth is heterogeneous. This
heterogeneity is reflected in the chain of security levels
of mineral resources of countries and territories: very
low, low, medium, high, very high. The extreme links in
this chain can be represented, for example, by Paraguay
(very low level of mineral supply) and South Africa
(very high level of mineral supply). According to various
estimates, Ukraine occupies the third (middle) — fourth
(high) step in this line. We will remind that in the bowels
of Ukraine about 20 thousand deposits and displays
of 117 types of minerals are found out, from which
8291 deposits of 97 types of minerals are of industrial
value and considered by The State Reserves. Mineral
resources of Ukraine largely determine the national
division of labor, Ukraine's place in world production
of mineral resources. According to the potential value
of confirmed mining reserves in the subsoil, it ranks
12" in the world (2.2 % of the potential value of world
reserves) (Restructuring of the mineral resources base
of Ukraine and its information support, 2007). As for
energy, according to some experts, historically Ukraine

has huge resources — both oil and gas. This publication
is an objective basis for such fundamental assessments
and aims to demonstrate the country's self-sufficiency
in providing the most important minerals.

The purpose of the study is to adapt the periodic
table of chemical elements of D. 1. Mendeleev for the
systematization of ideas and cartographic modeling of
the distribution of mineral deposits in the context of the
regions of Ukraine. Positioning and realization of the
goal serve as an evidence base of the mineral and self-
sufficiency of Ukraine. To propose the grouping of UTC
regions within the administrative regions of Ukraine
according to the level of security of mineral deposits
for optimizing the structure of the socio-economic
complex of Ukraine and all its components, taking into
account the provision of geochemical raw materials of
a particular area, which is crucial in the formation and
development of specialization, complexity, balance,
and proportionality.

Research methods.

The system approach and methods of deductive,
comparative geographical (analysis of maps of minerals,
mineral resources of Ukraine in terms of administrative
regions) analysis, mapping and cartographic modeling
(cartographic interpretation of D. I. Mendeleev's table),
monographic (analysis of fundamental works of leading
domestic and foreign geologists and resource scientists,
geological and mineral directories and dictionaries,
multi-volume publications on geology and mineral
resources of Ukraine) were used when the article was
been writing, and modern computer technologies (Arc
GIS Online, Adobe Illustrator CC) were used in data
processing and systematization. Both GIS technologies
and classical methods of cartographic imaging (localized
icons, cartograms and map diagrams) were used in the
creation of cartographic models.

Presenting main material.

In terms of theory and practice, the geographical
map plays an important role both at the beginning of
any study, when its fundamental paradigm is laid, and
at the end, when the certain elements of integration
of zoning components, its configuration and contours
are deepening, clarifying or refuting. The analysis of
theoretical bases, principles, criteria of grouping of
territory (regions) as a whole and regional schemes
of Ukraine showed some variability in scientific and
practical approaches and results of this procedure
(Alampiev, 1963; Christmann, 2018; Contested terrain:
Mining and the Environment, 2004; Palamarchuk, 1993;
Popovkin, 1993; Dolishnyi, Palamarchuk, Palamarchuk,
Shevchuk, 1997; Shabliy, 2000).

Grouping is one of the main methods of studying
spatial phenomena, a lever and a factor in solving a
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number of scientific and practical problems. In the
active period of implementation of the decentralization
reform, severance of industrial relations, and the
actual liquidation of economic and geographical
areas, the scientific and practical significance of the
last one remains less noticeable. The main idea of
grouping UTC within the administrative regions of
Ukraine was to optimize the structure of the social and
economic complex and all its components, taking into
account the supply of geochemical raw materials of a
particular area, which is crucial in the formation and
development of specialization, complexity, balance, and
proportionality. When mastering the material, the basic
data on new administrative-territorial units is territorial
communities and districts in various formats on the
portal "Decentralization" were analyzed.

Thus, we have identified three groups of UTC
regions within the administrative regions in terms of
the level of mineral deposits:

1) Highly resource level regions (Donetsk, Luhansk,
Zaporizhia, Dnipropetrovsk, Lviv, [vano-Frankivsk,
Zakarpattia, Chernivtsi, Odessa, Mykolaiv, Kherson,
Crimea);

2) Middle resource level regions (Kyiv, Chernihiv,
Volyn, Rivne, Zhytomyr, Vinnytsia, Khmelnytsky,
Ternopil);

3) Low resource level regions (Kirovohrad,
Cherkasy, Kharkiv, Poltava, Sumy).

A systematic idea of providing Ukraine with
mineral resources both as a whole and by groups of
regions is given by the figure "Scheme of distribution
of available and latent chemical elements of the periodic
table groups of UTC regions within the administrative
regions of Ukraine" (Fig. 1) and an explanation in the
table "Mineral deposits by regional groups of Ukraine"
(Table 1).

Chemical elements free state appear very rarely,
more often they are part of various compounds, so we
consider them as components of the most common
minerals in Ukraine, for example, copper (Cu) is part
of chalcocite (Cu2S), tetrahedrite (Cul2Sb4S 13),
chalcopyrite (CuFeS 2); lead (Pb) is a part of galena
(PbS), boulangerie (SPbS * 2Sb2S 3), cerusin (PbCO3);
silicon (Si) is part of quartz (Si02), opal (Si02*n H20),
chalcedony (Si02), staurolite (Fe [OH] 2 * 2A12S105)
and twenty others. It concerns every element. Various
combustible hydrocarbons of the type (CH3 and CH4)
in the mixture are the part of the oil. Inert elements are
an integral part of combustible gas.

As can be seen from the Table 1, more than 30
chemical elements are extracted at more than 100
mineral deposits.

Table 1. Mineral deposits by regional groups of Ukraine

Elem'ents O.f rock- Rock-forming minerals The main deposits
forming minerals
Aluminum bauxite, alunite, staurolite, pyrophyllite, Prydniprovya (Vysokopilske, Smilyanske, Kremenchuh,
augite, epidote, spesartine, almandine, Kryvyi Rih), Donbass (Chasivyarske), Crimea (Karadag),
pyralspit Volyn (Ovruch), Pobuzhya
Barium barytes Zakarpattia (Behanske), Donbass (Nagolny Kryazh),
Zhytomyr region (Golovynske, Turchynske)

Carbon diamonds, graphite, calcite, magnesite, Prydniprovya (Zavalske, Petrivske, Pravdynske,
dolomite, siderite, smithsonite, aragonite, Kryvyi Rih), Donbass (Mykytivske, Nagolny Kryazh,
cerusin, malachite Slovyanske), Crimea (Baidaratske, Kerch peninsula),

Zakarpattia (Trebushanske, Buzhanske, Berehivske)
Iron pyrrhotite, chalcopyrite, pyrite, marcasite, Crimea (Kerch Peninsula), Donbass (Nagolny
arsenopyrite, hematite, magnetite, chromite, Kryazh, Mykytivske), Prydniprovya (Kryvyi Rih,
ilmenite, goethite, limonite, siderite, Kapitonovske, Lipovenkivske, Samotkanske, Volynske,
vivonite, staurolite, olivine, augite, egerin, Serednyodniprovske, Kremenchutske)
muscovite, biotite, vermiculite, epidote,
chlorite
Gold - Dnipropetrovsk region (Nikopol district, Chortomlyn
geological structure), Zakarpattia (Muzhievo)
Potassium alunite, muscovite, biotite, lepidolite, sylvin, | Donbass (Chasivyarske) Prydniprovya (Vysokopilske,
nepheline, feldspars Smilyanske), Western Priazovye, Zakarpattia
(Berehivske), Prykarpattya (Kaluske, Stebnytske)

Calcium calcite, dolomite, aragonite, anhydrite, Crimea (Baidaratske), Donbass (Slovyanske),
epidote, diopside, augite, fluorite, chabazite, Zakarpattia (Dilovetske, Buzhenske), Volyn,
titanite Prykarpattia, Pobuzhye, Chernihiv, Ivano-Frankivsk,

Khmelnytsky oblasts, Transnistria

Silicon quartz, opal, chalcedony, staurolite, olivine, Donbass (Nagolny Kryazh), Volyn (Ovruch), Crimea
pyralspit, almandine, spesartine, epidote, (Karadag), Pobuzhye, Priazovya, Zakarpattia,
diopside, augite, aegirine, talc, pyrophyllite, Prydniprovya (Kremenchuk, Kryvyi Rih, Samotkanske)
chlorite, muscovite, biotite, lepidolite,
verminulite, topaz, titanite, zircon

Lithium lepidolite Transnistria
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Elem.ents O.f rock- Rock-forming minerals The main deposits
forming minerals
Magnesium magnesite, dolomite, olivine, pyralspit, Middle Prydniprovya (Kryvyi Rih, Pravdyn),
diopside, augite, talc, chlorite, biotite, Priazovye, Carpathians, Volyn, Pobuzhye, Crimea
bischofite, vermiculite
Manganese pyrolusite, manganite Prydniprovya (Nikopol, Ingulets), Carpathians
Arsenic realgar, auripigment Donbass (Mykytivske), Crimea (Kerch Peninsula),
Zakarpattia (Kvasy)
Copper malachite, azurite There are no estimated deposits, there are only ore
occurrences: Donbass (Nagolny Kryazh, Mykytivske),
Priazovya (Maloyanisonske), Zakarpattia, Volyn,
Podillya, Prydniprovya
Molybdenum in the composition of molybdenite Donbas, Prydniprovya

Sodium nitrate, mirabilite, aegirine, nepheline, halite, | Volyn, Priazovya, Kryvyi Rih, Middle Prydniprovya,
feldspars Prykarpattia (Kalush-Stebnytske deposit)

Nickel nickel, millerite, pentlandite Middle Prydniprovya, Pobuzhzhya (Derenyukhske,

Lipovenkivske)
Tin cassiteritis Prydniprovya
Platinum platinum group metals (palladium, iridium, Dnipropetrovsk oblast (Nikopol district, Chortomlyn
rhodium, osmium, ruthenium) geological structure)
Mercury cinnabar Donbass (Mykytivske), Zakarpattia and Crimea
Lead galena, bulanerite, cerusite Donbass (Nagolny Kryazh), Prykarpattia, Zakarpattia
(Berezivske, Vyshkivske, Beregivske)

Sulfur free state, chalcosin, galena, sphalerite, Prydniprovya (Vysokopilske, Smilyanske), Donbass
pyrrhotite, chalcopyrite, cinnabar, (Mykytivske, Nagolny Kryazh), Crimea (Kerch
antimonite, realgar, auripigment, Peninsula), Transnistria (Rudalske, Yazivske,
molybdenum, pyrite, marcosite, arsenopyrite, | Lyubinske, Humenetske), Prykarpattia (Kaluske,
boulangerite, tetrahedral, barite, celestine, Stebnytske)
anhydrite, gypsum, mirabilite

Silver - Donetsk oblast (Naked ridge), Zakarpattia (Kvasivske)

Strontium celestine, strontium Prykarpattia, Podillya
Trumpet antimonite, tetrahedral, bulanerite Donbass (Mykytivske, Nagolny Kryazh), Zakarpattia
Titanium ilmenite, rutile, augite, titanite Zhytomyr oblast (Irshanske), Zakarpattia, Carpathians,
Pobuzhye, Crimea, Priazovye, Central Prydniprovya
(Samotkansky, Volyn, Middle Dnieper)
Zinc zinc deception Donbass (Nagolny Kryazh), Prykarpattia (Truskavets
district), Zakarpattia (Berehivske, Vyshkivske,
Berezivske)
Chrome chromite, celestine Middle Prydniprovya (Kapitonovske, Lipovenkivske),
Volyn, Priazovye, Kryvyi Rih
Fluorine fluorite, muscovite biotite, lepidolite, topaz Vinnytsia region (Mogilev-Podolsky district), Western
Priazovye, Volyn, Dnipro, Ivano-Frankivsk and
Chernihiv regions, Donbass
Phosphorus apatite, vivonitis Donbass (Osykivske), Prydniprovya (Novopoltavske),
Chernihiv and Khmelnytsky regions, Crimea (Kerch
peninsula)
Chlorine halite, sylvin Donbass (Slovyanske, Artemivske), Prykarpattia
(Kaluske, Stebnytske), Zakarpattia
Zirconium zircon Prydniprovya (Samotkanske, Rozsypne), Priazovya
Volatile hydrogen _ Poltava oblast (Hlynsko-Rozbyshivske), Sumy
compounds oblast (Kachanivske, Rybalske), Chernihiv oblast
(Gnidyntsivske, Lelyakivske), Ivano-Frankivsk oblast
(Dolynske), Lviv oblast (Truskavets, Boryslav)
Inert gases _ Crimea (Glebivske, Dzhankoyske), Kharkiv oblast
(Shebelinka), Poltava oblast (Gogolivske, Solokhivske),
Dnipropetrovsk oblast (Bereshenine), Lviv oblast
(Rudkivske, Khodnovytske)

The above was "converted" into a cartographic model, which is an interpretation of the periodic table of
chemical elements (Fig. 1).
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Fig. 1. Scheme of distribution of available and latent chemical elements of the periodic table by UTC groups within the

administrative regions of Ukraine
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The constructed map with relatively smaller /
larger differentiation of available chemical elements
of the periodic table demonstrates the potential of
selected groups of UTC within administrative regions
with relatively high concentrations of minerals, which
indicates not only valuable actual deposits, but also
high mineral potential of these areas (latent deposits).
At the same time, a significant share of the largest
European country still remains a mineral resource terra
incognita, the subsoil of which is still awaiting for their
use. [sn't this a fundamental factor that will give Ukraine
optimism about its future? The main advantages of
the periodic table of chemical elements, including its
structure, logic, objectivity, regularity in relation to
groups of regions within administrative regions are
considered as an element of monitoring the mineral
component of the country’s natural resources, a lever
for further development of exploratory geology and
geomorphology.

Thus, D. 1. Mendeleev's table enhanced by
distribution data of mineral resources and minerals
in terms of selected groups of UTC within the
administrative regions of Ukraine is presented
clearly. It should be noted that the cartographic and
textual information contained in the article is open for
interpretation and further steps to deepen and expand
the idea of qualitative and quantitative analysis of the
most important national and regional mineral deposits.

Conclusions and results.

A cartographic interpretation of the periodic table of
chemical elements (D. I. Mendeleev's table) is presented
for the first time, which is reinforced by data on the
distribution of mineral resources and minerals in the
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considered to be one of the main principles of spatial formation of the NRF object network.
Therefore, to determine the current state and ensure further effective development of the
region’s nature reserve fund, it is necessary to analyze its territorial and internal structural indicators. The purpose of the study is
to analyze the current status of the region’s nature reserve fund with the reference to the possibility of introduction of the further
new management practices. The article is based on information and statistical materials, the provisions of regional programs for the
formation of the ecological network and environmental legislation of Ukraine. To solve the assigned tasks, there has been done a

comprehensive analysis of statistical reporting data and materials of the NRF Register in Zakarpatska oblast of the Department of
Ecology of Natural Resources of Zakarpattia Regional State Administration within the period of 2019, and reporting documents of
environmental institutions for the same period. The considered indicator is the territorial distribution of nature reserve areas and region
areas by administrative districts (before the formation and implementation of changes to the administrative-territorial structure of the
Zakarpatska oblast), which is presented in the form of the division into four groups. The spatial distribution of the territory and the
NFR objects do not sufficiently meet the criteria of local representativeness, so their spatial structure needs significant improvement,
be specific — the creation of nature reserves, especially in the lowlands of the region. The average density of nature protection objects
in the region (36 units / 1000 km?) is almost three times higher than the corresponding indicator in the neighboring Lviv region. The
average value of the reserve factor in the region makes 14.17 %. It has been found that the reserve ratio demonstrates geographically
the largest disproportion in Zakarpatska oblast. It is the highest indicator in turns of administrative entities in the districts of Mizhhiria,
Velyky Bereznyi and Rakhiv. The lowest one is in Svaliava and Berehove districts, respectively. In addition, the reserve ratio compared
to the national average indicator and in other European countries has been carried out. The quality of the nature reserve network
is determined by the insularity coefficient, which indicates the size of the NRF objects and their stability. Further expansion of the
network of nature protection objects in Zakarpatska oblast is possible due to the creation of Latorytsa, Shaian and Uzhok landscape
parks. A big assumption can be made that by 2020 it will be possible to create new and expand existing areas of NRF in the region up
to 100-120 thousand hectares, which will increase the protected area up to 20-22 %. The key issues of nature reserves to be developed
in Zakarpatska oblast are primarily related to the imperfection of the management system. To handle this problem, there is an urgent
need to develop a strategy, which will envisage the perception of the NRF as a holistic anthropogenic and natural unit in order to put
into practice the environmental, scientific, educational and recreational functions.

Keywords: nature reserve fund (NRF), density of nature protection objects, reserve factor, index of insularization, Zakarpatska oblast
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Anortamisi. CTaTTss TpHCBsYEHA JOCIIPKEHHIO TNpHpoaHo-3amnoBigHoro ¢ougy (I13®) 3akapnarcbkoi 007acTi SK CKIagoBOl
HalioHaJbHOrO HajbaHHs KpaiHu. OXHMM i3 TOJNIOBHMX MPHUHIMIIB IMPOCTOpoBOoro ¢(opMmyBanHs Mepexi 00’ektiB [13D €
penpe3eHTaTHBHICTb. TOMy JUIS BH3HAY€HHsS Cy4acHOTO CTaHy Ta 3a0e3NedeHHs MOAANBLIOro e(eKTUBHOTO PO3BHTKY HPHPOIHO-
3amoBigHOTO (POHAY PETioHy HEOOXiJTHO 3MIMCHUTH aHalli3 HOTo TEPUTOPiaJbHUX Ta BHYTPIIIHBO-CTPYKTYPHUX MOKA3HHUKIB. MeToro
JOCTIDKEHHS € TIPOBEICHHS aHaNi3y Cy4acHOTO CTaHy MPUPOIHO-3aMOBITHOTO (OHITY 00JacTi MO0 MOKIMBOCTEH 3alpOBaKeHHS
B IIOJIAJIBIIIOMY HOBUX HPAKTHK YIPaBIiHHA. 3AIHCHEHO OLIHKY HOTro TEPUTOPIAIbHUX Ta BHYTPIlIHBO-CTPYKTYPHHX MOKa3HHUKIB, Ha
OCHOBI SIKOTO MOYXHA CYJUTH TIPO PiB€Hb c(hOPMOBAHOCTI CyJacHOI IIPUPOJHO-3AIIOBITHOT Mepexi obmacTi. PosrmisimaeTsest po3momin
TepuTopiii Ta 00’exTiB [13D 3akapmarcekoi o0NacTi 3a X 3HAUCHHSM, KaTeropisiMi Ta THUMaMHu. Po3paxoBaHO HIUIBHICTE 00’€KTIB
[13®, xoedirieHT 3aMoBiAHOCTI Ta IHJIEKC IHCYISIPU30BaHOCTI. Ha OCHOBI IMX IMOKA3HHKIB IPOBECHO IPYITYyBaHHS aJMIHICTPATHBHIX
paiioHiB o0macTi e /10 noyarky (GopMyBaHHs Ta BIPOBAIKEHHS 3MIH JI0 aJMiHICTPaTHBHO-TEPUTOPIAILHOTO YCTPOIO 3aKapaTchKoi
obnacri. 3’sicoBaHo, 1110 KOe(DII[i€HT 3aMOBiJHOCTI IEMOHCTPYE HAMOIBIIY TUCIPOIIOPIIIO B TEPUTOPiaTbHOMY BiHOLICHHI y MeKax
3akapmarcbkoi obmacti. Kpim Toro, 3nificHeHO MOPIBHAHHS KoedilieHTa 3all0BITHOCTI 3 CEpeHIM MOKa3HUKOM IO KpaiHi Ta 1HIINMHU
KpaiHamMu €BponH. SIKiCTh MPUPOIHO-3AIIOBIIHOI MEepekKi BU3HAYCHO 3a JOMOMOTOI0 KoedillieHTa 1HCYIAPH30BaHOCTI, IO 3aCBiqUy€
BenmunHy 00°ekTiB [13d Ta 1XHIO CTIHKICTh. AKIEHTYETHCS yBara Ha II€PCIEKTHBI MOJAIBIIOTO PO3MIMPEHHS MEpexki MPUPOIHO-
3anoBiHOTO (hOHTY 3aKapHaTchbKol 00NacTi 3a paXyHOK CTBOPEHHS HOBHX IIPHUPOJOOXOPOHHUX 00’ €KTIB, 30Kkpema, Jlatopumpkoro,
[astHCBKOTO Ta Y>KOIBKOTO JaHAMA(QTHHX IapKiB, Ta PO3MHUPEHHS MEX yXKe iICHYI0OUNX MPUPOI03aNoBiHUX TepuTopiid. OkpecieHi
OCHOBHI Npo0JIeMH PO3BUTKY 3aMOBIIHOT CIIpaBH B 00J1aCTi Ha Cyd4acHOMY erari. IcHye HaranbHa nmotpeba o0 po3poOku crparerii,
ska nependadaruMe crpuiHATT [13®D, sk LiTICHOTO AHTPONOrEeHHO-NPUPOJHOTO OPraHi3My 3 METOI0 NMPAaKTHYHOTO BTIICHHS
MIPUPOTOOXOPOHHOT, HAYKOBO-OCBITHBOI Ta peKpealiiftHoi GpyHKIiH.

Kniouogi crnosa: npupoono-zanosionuii ¢ono, winvnicms 06 ’ckmie 113D, roegiyienm 3anosionocmi, iHOeKC IHCYIAPUZ0BAHOCHII,
3axapnamcovka obnacmo

Introduction. balanced use of nature reserves. It is also necessary to
take into account the European trends in the creation of
geoparks, but the prospects for the use of such facilities
for geotourism purposes, as shown by the experience of
European countries in general and Poland in particular,
are significant.

One of the main principles of spatial formation
of the network of NRF objects is representativeness.
Therefore, to determine the current state and ensure
further effective development of the nature reserve fund
of the region, it is necessary to analyze its territorial
and intra-structural indicators.

Some aspects of the formation and develop-
ment of nature reserves in Ukraine are consid-
ered in the works of: V. 1. Hetman (Hetman, 2002),
M. P. Stetsenka, F. D. Gamora (Stetsenko, Hamor, 2017),
M. D. Grodzynsky (Hrodzynskyi, Sheliah-Sosonko,
2001), B. M. Girnogo, A. A. Kovalchuk (Kovalchuk,
Ivanov, Sviderko, 2004; Kovalchuk, Pavlovska,
Savchuk, 2011), O.Y. Kovalenko, D. V. Krylova,
S. M. Stoiko (Stoiko, Hadach, Shymon, Mykhalyk,
1991) and others.

The main functions of the nature reserve fund
are nature protection, scientific-education and recre-
ation. The biosphere-ecological concept of sustain-
able development of TRS in their works was studied
by L. Arkhipova, N. Fomenko, I. Kinash, O. Golovina
(Arkhypova, Fomenko, Kinash, Golovnia, 2019).
Various aspects of the formation, functioning and de-
velopment of objects of the nature reserve fund of
the Zakarpatska oblast, the assessment of its repre-
sentativeness are found in the scientific works of S.
M Stoiko (Stoiko, Saik, Tatarynov, 1982), F. D. Gamor,
J. B. Oliynyk, V.. Hetman (Oliinyk, Hetman, 2002),
S.S. Pop (Pop, 2011), V. F. Antosyaka, N. F. Gabchak,
L.F. Dubis, A. V. Melnyk, N. V. Chyr (Habchak, Dubis,
Melnyk, Chyr, 2018), V. P. Kichuri, A. V. Kichura (2009),

A prominent place in the structure of territories
and objects, which have the status of special legal
protection, is given to the nature reserve fund of Ukraine
(hereinafter — NRF). NRF is characterized by a special
mode of protection, reproduction and use. Thus, the
Law Ukraine “On Environmental Protection” states that
natural areas and objects that are of great ecological
value as unique and typical natural complexes under
special state protection (Zakon Ukrainy “Pro okhoronu
navko lyshnoho pryrodnoho seredovyshcha”, 1991).
Well-known American scientist Eugene Odum noted
that to maintain the basic functioning of ecosystems
and landscapes, it is necessary to preserve two-thirds
of the territory in its natural state, while in Europe
the area of protected areas is about 20 %. The nature
reserve fund of European countries is almost 98 %
concentrated in specialized ecological networks. As a
national heritage of the NRF of Ukraine is a component
of the world system (formation) of protected areas and
objects, so it is necessary to implement the experience
of European countries in land use of nature reserves,
namely in terms of ecological networks.

In 1992, European legislation significantly
broadened the understanding of the environmental
protection problem, as a result of which the European
program “Nature 2000” was developed — a system
of special protected areas for wildlife conservation
in Europe (Pietrzyk-Sokulska, 2009). A study of the
experience of neighboring Poland in the operation of
the nature reserve fund indicates differences in the level
of financial and logistical support, in particular, some
funding for Polish parks is provided by the European
Union, as well as the principles of land use in such
facilities. Despite the differences in the functioning
and structure of the NRF between the two countries,
they outline common goals, that is the preservation and
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V. V. Krichfalushiy, A. V. Mygaly, V. 1. Nikolaychuk and
others.

The purpose of the study is to analyze the current
state of the nature reserve fund of the Zakarpatska oblast
on the possibility of further introduction of new man-
agement practices. After all, at the present stage there
is a growing social importance of nature reserves for
the development of the state in general and the region
in particular, which requires scientific justification by
establishing the dynamics, identifying major trends
and patterns of its development, as well as identify-
ing and solving problems to ensure further effective
development.

Materials and methods of research.

This article is based on information and statistical
materials, the provisions of regional programs for the
formation of the ecological network and environmental
legislation of Ukraine. The study was conducted on
the basis of analysis of statistical reports and materials
data of the Register of NRF of the Zakarpatska oblast
of the Department of Ecology of Natural Resources of
the Zakarpatska Oblast State Administration for 2019
and reporting documents of environmental institutions
of the region. The methodological tools of the study
are presented by analytical, statistical, comparative-
geographical, mathematical methods, as well as methods
of generalization, systematization, classification and
typology.

Methods of grouping and structuring were used
to estimate the quantitative indicators of the NRF ob-
jects of the Zakarpatska oblast. Using the cartographic
method, the territorial distribution and density of NRF
objects were revealed. Research the qualitative char-
acteristics of the NRF of the region of was carried out
based on the insularity ratio, which proves the stability
of protected areas (Klymenko, Olijnyk, 2014).

Results and their analysis.

Spatial-dynamic criteria for determining the rep-
resentativeness of the natural funds are based on the
statement that protected areas should be combined in
space and time and have sufficient space to maintain
biodiversity. Estimation of spatial-dynamic criteria is
rather difficult. It is mainly based on qualitative char-
acteristics, principles of functioning of eco-corridors,
one of the important functions of which is to provide
migration routes for the fauna.

To achieve the purposes of research on the
possibilities of introducing new management practices
natural commandments of Zakarpatska oblast it is
necessary to analyze the total number of protected

areas and their connection. It is, first of all, about the
spatial organization of territories, which would ensure
the integrity and effective protection of ecosystems,
help to prevent artificial fragmentation of protected
areas. In case of insufficiency of these characteristics
it is necessary to solve questions concerning expansion
of a network of NRF (Didukh, Vakarenko, Vynokurov,
2016).

The existing network of NRF of Ukraine was
created mainly for the needs of protection of rare plants
and animals, however, if we proceed from the idea
that in modern conditions its objects should be the
nuclei of a single ecological network, it is entrusted,
among other things, the function of landscape and
biodiversity. Thus, the prospects for improving the
organizational and legal framework for the preservation
of landscape and biotic diversity are primarily related
to ensuring the combination of territories and objects
of the NRF and other specially protected objects as part
of a single multifunctional ecological territorial system
(Udovychenko, 2017).

The urgency of the topic increases due to the need to
create a Pan-European eco-network in the context of the
Pan-European Strategy for Biodiversity Conservation
(Sofia, 1995) as a result of combining eco-networks
of different levels, forming an optimal structure of
protected areas.

The key to creating conditions for the effective
functioning of typical natural and unique landscapes,
reducing the rate of loss of biological diversity is the
formation of a representative, scientifically sound and
holistic in spatial and functional aspects of protected
areas (Chyr, 2016).

The current structure of the nature reserve fund of
the studied area consists of 469 territories and objects
on the total area of 180.6 thousand hectares (as 0f 2019)
(Fig. 1). At the same time, 34 objects are of national
importance (155.5 thousand hectares) and 435 objects of
local importance (25.1 thousand hectares) (Department
of Environment Natural Resources Zakarpatska oblast
Regional Administration, 2019). The distribution of
territories and objects of Zakarpatska oblast NRF by
their meaning, categories and types are given in table. 1.

It should be noted that the area of the NRF of
the Zakarpatska oblast of more than 185.3 thousand
hectares does not fully reflect the real area of protected
territories. Quite often, nature protection objects of the
highest category of reserve include the territories of
lower categories of nature reserve fund. Therefore, the
actual area of the NRF of the region without duplication
is 180.7 thousand hectares, which is 2.5 % less than the
previous figure.
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Fig. 1. The structure of the NRF of Zakarpatska oblast,% of the area of individual categories to the total area of the NRF (created by
the authors on the basis of (Department of Environment Natural Resources of Zakarpatska Oblast Administration, 2019)

Table 1. The structure of the nature reserve fund of Zakarpatska oblast (as of 2019) (Department of Environment Natural Resources
of Zakarpatska Oblast Regional Administration, 2019)

% of certain
Categories of nature Objects of NRF categories of the
reserve fund total area of NRF
national importance local significance total
amount area, amount area, amount area,

hectares hectares hectares
Biosphere reserves 58035.8 - - 1 58035.8 31.31
National parks 3 87964.3 - 3 87964.3 47.46
Regional landscape parks - - 2 14961.9 14962.0 8.07

12368.0 7935.5 20303.5
Reserves 19 (9218.0%) 36 (7098.9%) S (16316.9%) 10.95

464.0 478.7 942.7
Natural monuments 9 (192.0%) 329 (384.3%) 338 (576.3%) 0.50
2848.1 2848.1

Protected tracts - - 12 (2546.1%) 12 (2546.1%) 1.54
Botanical gardens 1 86.4 - - 1 86.4 0.05
Arboretums - - 2 34.9 2 34.9 0.02
Park monuments of 1 38.0 34 1383 35 176.3 0.10
landscape art

158956.5 435 26397.4 469 185353.9
Total: 34 (155534.5%) (25164.4%) (180698.9%) 100

Footnote: * — The actual area without duplication

As we can see, there is a certain disproportionate
representation of different classification categories of
protected areas in the NRF network of the region. At the
same time, during their creation and further operation,
attention is focused on the protection of individual
components of nature, rather than the landscape as a
whole. In addition, among all possible for the creation
and defined by law a range of categories of NRF objects,
the bequest of land took place mainly in the status of
reserves and protected tracts of local importance, so they
are quantitatively dominant in the region (Udovychenko,
2017).
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Multifunctional objects of higher categories of
reserves (Carpathian Biosphere Reserve, National
natural park “Synevyr”, National natural park Uzhansky
Regional landscape park “Enchanted Land”, Regional
landscape park “Sinyak”) make up the lion’s share of
the territories that have the status of protected areas
(Fig. 2). Together, they occupy 87.3 % of the total area
of the Zakarpatska oblast.
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Fig. 2. Value space of the areas of the NRF objects of the Zakarpatska oblast of the highest categories of reserves
(created by the authors).

Such protected areas are the destinations that attract
tourists due to the availability of unique or specific
tourist and recreational resources and appropriate
infrastructure. However, special attention should be
paid to the negative impact on the former environment
due to the development of mass tourism, management
of visitor flows, identification of sustainable types of
tourism, the introduction of technologies to reduce the
negative impact on the environment.

In recent years, Ukraine concerned mainly about
improving the structure of NRF in quantitative
manifestation, leaving aside its qualitative
characteristics. Therefore, we consider it appropriate to
investigate the qualitative characteristics of these areas.

Categorles of nature reserve fund

80

biosphere reserves

national parks

natural monuments

reserves

botanical gardens

parks monuments of landscape art
regional landscape parks
protected tracts

arboretums

EEEC T

In addition to the categorical distribution of the
NREF of the region in accordance with the functions
they perform, a qualitative reflection of the network
of protected areas is the uniformity of their location.

The territorial structure of nature reserves and
territories in the context of the administrative division
of the region is quite representative. Analysis of their
territorial structure shows a diverse distribution of
protected areas in terms of administrative districts
(studies are based on materials that preceded the reform
to form a new administrative-territorial structure of the
region), (Fig. 3) (Habchak, Dubis, Melnyk, Chyr, 2018).

The density of NRF objects,
un. {1000 km

W from49 to 56 (
Wfrom 42 to 49 (
Wfrom3s to 42 (3)
[from2g to 35
[from21 to 28

Fig. 3. Territorial structure of the nature reserve fund of Zakarpatska oblast
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According to the assessment of quantitative
indicators of NRF objects, the administrative units of
Zakarpatska oblast are grouped as follows:

— Velykobereznyansky, Berehivsky, Vynohradivsky,
Volovetsky, Irshavsky, Mukachevo, Perechynsky,
Svalyava and Khust districts are territories with a small
number of nature protection objects (up to 30 units);

— Uzhhorod, Mizhhirya and Tyachiv districts belong
to the territories with a significant number of nature
protection objects (30—60 units);

— Rakhiv district represents a group with a large
number of environmental facilities (over 90 units). It
accounts for 23 % of all NRF facilities in the region.

According to the indicator of spatial distribution of
NREF areas, administrative units of Zakarpatska oblast
can be grouped:

— Berehovo and Svalyava districts are the territories
with a very small protected area (up to 1 thousand
hectares);

— Volovets, Perechyn, Khust districts are the
territories with a small protected area (up to 5 thousand
hectares);

— Vynohradiv, Irshava, Mukachevo, Uzhhorod
districts are the territories with large protected areas
(5-10 thousand hectares);

— Velykobereznyansky, Mizhhirsky, Rakhiv, Tyachiv
districts are the territories with a large protected area
(over 10 thousand hectares).

The relative indicators, calculated in relation to the
area of 1000 km?, showed that the average value of the
density of nature protection objects in the Zakarpatska
oblast is (36 units / 1000 km?). For comparison: in the
neighboring Lviv region the density of nature protection
objects is fixed at the level of 10—15 units / 1000 km?,
which is almost three times lower than in the studied
region (Kovalchuk, Ivanov, Sviderko, 2004).

Among the administrative districts, Vynohradiv
and Mukachevo districts, as well as Berehiv, Tyachiv
and Uzhhorod districts have the largest number of

different objects and territories of the NRF, and Volovets
district has the smallest number, respectively. In all
administrative districts, except for Svalyava, objects
and territories of both national and local significance
are represented.

Uneven distribution of NRF in the region is a
rather unfavorable factor for their main functions —
biodiversity conservation. In general, this factor has a
negative impact on the overall assessment of the NRF.

One of the important indicators of the quality of
the nature reserve network of the region is the reserve
ratio. Its average value in the region as of 2019 is
14.17 % (Department of Environment Natural Resources
Zakarpatska Oblast Regional Administration, 2019).
Despite the Program of long-term development of
nature reserves and ecological network for 20062020,
which declared an increase in the area of NRF of the
region to 23 % due to the creation of objects of national
importance, we note its insignificant negative dynamics
(as 0of 2016—14.4 %) (Prohrama perspektyvnoho
rozvytku pryrodno-zapovidnoi spravy ta ekolohichnoi
merezhi v Zakarpatskii oblasti).

For comparison, the average rate of conservation
in Ukraine is as 0of 2019-6.6 %.

Conservation, enhancement and sustainable use
of ecosystem biodiversity has become one of the key
environmental policy priorities of most EU countries.
However, as for Ukraine, its current general reserve
index is not only inferior to European standards (Fig. 4),
but also does not meet the requirements of the Basic
Principles (Strategy) of State Environmental Policy of
Ukraine for the period up to 2020, adopted in 2011.
According to them, in 2015 the area of the NRF was
going to reach 10 % of the total territory of the country,
and in 202015 % (Ecoinform, 2019). At the same time,
the regulatory documents provide for an increase in the
share of reserves in Ukraine to 15 % by 2020 (Yavorska,
Hevko, Sych, Kolomiyets, 2018).

E Poland

m Austria

» Germany
Switzerland

B Great Britain

® Ukraine

Fig. 4. Indicator of reserves of some European countries (created on the basis of (Ecoinform, 2019))
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In addition to the low conservation rate, which
is typical for the study area, there are a number of
other important factors that hinder the growth of the
reserve to European standards and standards regulations.
In particular, it is about the probability of loss of the
complexes which already exist and are reserved under
the will of natural due to their withdrawal from the
lands of the natural funds or misuse.

Meanwhile, not all sites can acquire the status of
protected areas in accordance with European standards.
It should be noted that the creation of protected areas
in some areas of forests is a global trend and one of
the key mechanisms for preserving their biological
diversity. Today, almost 12 % of the world’s forests

already belong to such areas and are classified according
to IUCN categories. The percentage of forest bequests
in Ukraine (16.6 %) exceeds the corresponding figure
of European countries (Ecoinform, 2019).

The reserve index shows the largest disproportion
in the territorial relationship within the Zakarpatska
oblast (Table 2). In particular, we fix the maximal
value of this indicator in Velykobereznyansky, Rakhiv
and Mizhhirya districts. Whereas, it is the smallest in
Svalyava and Berehovo districts. This is explained
by the specialization of these areas in health and
recreational activities. At the same time, it is here that
the emphasis should be on expanding existing and
creating new environmental facilities.

Table 2. Quantitative indicators of the nature reserve fund in Zakarpatska oblast in terms of administrative units

Administrative district Reserve rate,% obj]:cizfllfi.(;fllgg(f km Index insularization
Berehivsky 1.2 38 0.57
Velykobereznyansky 48.7 31 0.44
Vynohradivsky 10.4 24 0.39
Volovetsky 6.3 33 0.34
Irshavsky 9.7 21 0.38
Mizhgirsky 35.9 46 0.46
Mukachevo 6.4 27 0.45
Perechynsky 5.1 33 0.44
Rakhivsky 23.2 56 0.46
Svalyava 0.5 27 0.51
Tyachivsky 8.5 36 0.45
Uzhhorod 7.1 40 0.44
Khustsky 4.8 30 0.49
Average regional indicator 14.4 36 0.44

Further expansion of the network of nature
protection facilities within the Zakarpatska oblast is
possible due to the creation of Latoritsky landscape
park, where the sanatorium-resort complex “Kvitka
Polonyny”, “Sonyachne Zakarpattia”, “Karpaty”,
Shayansky landscape park around Shayansky sanatorium
is located. Uzhhorod Landscape Park (lower and middle
part of the Uzh Basin), etc.

The need to expand protected areas is that currently
protected areas border on intensively used agricultural
land or adjacent to industrial areas. They are ecological
islands surrounded by significantly changed natural
conditions (Mudrak, Yelisavenko, Polishchuk, Mudr
ak, 2019).

It will also be advisable to expand existing nature
reserves. During 2014-2018, 10 objects of the nature
reserve fund of local significance were created in the
region on the total area of 2969.9 hectares. Of these,
7 reserves of local importance on an area of 1305.1
hectares and 3 protected areas on an area of 1664.8
hectares (Department of Environment Natural Resources
Zakarpatska Oblast Regional Administration, 2019). In
particular, in June 2015, the issues of expanding the

territories of NPP “Enchanted Land” and “Synevir”
were considered. The petition for the proposed changes
to the boundaries of national nature parks was prepared
by the Ukrainian Society for the Protection of Birds
and approved by the Ministry of Nature of Ukraine.
In addition, in the future, the NRF of Vynohradiv
district may increase due to the atonic reserve of
local significance “Dombosh” (4.0 hectares); Tyachiv
district — a forest reserve of local importance near the
village. Ruske Pole (118 hectares) and a botanical
reserve of local significance near the village of
Neresnitsa (42 hectares). In the Uzhhorod district,
it is planned to create a general zoological reserve
of local significance along the Uzh River, as well
as the botanical reserve “Ostrosh” (398.7 ha) and
“Chernecha Hora” (40.0 ha) within the Mukachevo
district. Hydrological reserves of local importance
“Berezhskoe Reservoir” (46.0 ha), “Moshnev” (15.0
ha), “Dyidovskoe Reservoir” (75.0 ha); Gola Obuch
and Solyansky forest reserves with a total area of 37
hectares, as well as the Borsuchy botanical reserve
(up to 1.0 hectares) will replenish the protected areas
of the Berehovo district in the future. Prepare Leno
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scientific substantiation for creating a series of protected
sites of local importance within Vinogradov District:
botanical reserve “Dibrova Zatysyanschyny” “Fornoska
Dubrava”, “Travel” (Department of Environment
Natural Resources Zakarpatska Oblast Regional
Administration, 2019).

It is safe to assume that during the 2020s-2030s it
will be possible to create new and expand the existing
areas of NRF in the region up to 100-120 thousand
hectares, which will increase the reserve area to 20—
22 %. In general, it is planned to increase the nature
reserve fund of Zakarpatska oblast to 23 % of its area.

The quality of the nature reserve network of the
region is determined by the index of insularization,
which indicates the size of the NRF objects and their
stability. The high coefficient indicates a significant
share in the territorial structure of the NRF of small,
ecologically unstable, and therefore unstable protected
areas. To this kind of environmentally unstable include
protected areas with an area of up to 50 hectares
(Klymenko, Olijnyk, 2014).

369 objects are located in the NRF of Zakarpatska
oblast on the area of 614.4 hectares. Their area ranges
from 0.01 to 51 hectares, and the average area is about
1.7 hectares. Such a large number of small objects with
insufficient ecological capacity cannot fully ensure the
preservation of the gene pool and living conditions of
biota (Mudrak, Yelisavenko, Polishchuk, Mudrak, 2019).

Typically, such objects are represented in the
structure of the NRF by botanical monuments of local
character (which includes mainly age-old and old-
fashioned root and introduced trees) or hydrological
monuments of local character, including sources.

As a result of the research, it was established that
the average value of the quality index of the NRF of
the Zakarpatska oblast — the index of insularization is
0.44. This indicates the low quality of placement of the
nature protection network (see Table 2). It should be
noted that its significant fluctuations in administrative
districts are not observed, the maximum value of the
index is fixed at 0.56 for Berehovo district, its smallest
value is 0.34 is typical for Volovets district (Fig. 5).
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Fig. 5. Index of insularization of administrative districts of Zakarpatska oblast

Numerous small isolated protected objects and
territories, which cannot always be combined due to
the lack of conformity of the environment of isolates
and connecting elements, are the result of a botanical
approach to the reserve, which provides a well-
conserved function to preserve species diversity of flora
and fauna, only partially takes into account the need for
systematic action of objects and territories of the nature
reserve fund and almost does not provide a balance
of environmental, economic and social requirements
(Ivanov, Kovalchuk, 2007; Klymenko, Olijnyk, 2014;
Kovalchuk, Ivanov, Sviderko, 2004). In accordance
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with the requirements of sustainable development,
the region needs a comprehensive approach to nature
conservation.

Despite the uneven spatial distribution, the nature
reserve fund is represented in all existing landscapes
and plant communities in the region of high-altitude
zones. However, it should be noted that the majority
of the areas account for the forest groups. About one-
fifth of the forest land area is part of the region’s NRF.
Meadow, alpine and wetland plant groups make up
6.2-8.4 % in different parts of the region. As a result,
protected areas have the opportunity to play the role of
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a kind of key areas for maintaining ecological balance
and reproduction of biological diversity.

The main problems of the development of protected
areas in the region at the present stage, as in Ukraine in
general, we associate, first of all, with the imperfection
of the management system in this area, low budget
funding, logistics, insufficient development of special
research, weak legal liability for violation of the regime
of nature reserves and facilities.

Conclusions.

The basis of the NRF of Zakarpatska oblast are
multifunctional objects of the highest category of
reserves. A large number of nature protection facilities
is combined with their significant fragmentation, which
affects the qualitative characteristics of nature reserves.
According to the spatial distribution of the territory and
objects of the NPF do not sufficiently meet the criteria
of local representativeness, so their spatial structure
needs significant improvement, namely — the creation
of nature reserves, especially within the lower districts
of the region.

At the present stage of development there is a clear
tendency to increase the number and area of nature
reserves and territories within the region. When planning
new nature reserves in order to preserve landscape
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