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FROM ENVIROMATICS TO SUSTAINABLE INFORMATICS: BEYON D THE
DEFINITION AND CONCEPTUAL DELIMITATIONS

Environmental Informatics — as an integrated donsdiimterest— becomes the only real perspective
of the scientific explanation of the environmentdahe unique “way of thinking substantially dife,
so that mankind can survive.” Environmental Infotiora Systems and Environmental Informatics play
an important role in decision-making in the fidd&jng closely linked with environmental requirengeint
decades and with environmental research methodEpqs part of the sustainable development
management. The discussion on sustainability, gecpi@r environmental research methodologies, aims
to identify characteristic attributes that allowgadssage of environmental data to environmental
information and environmental knowledge; from Epwimental Information System and Environmental
Informatics to Sustainable Informatics, startsriteiest more and more actors and activists focosed
environmental protection — according to the debnitspectrum found on internet exhaustive search.

To improve the management capabilities and enviestial assessments, specialists should be able
to manage and implement the concepts for the eféeeind efficient environment that can be achieved
through information software environment. They dtoalso have a simple and efficient access to
knowledge and current information enabling themta&e the best decisions both for sustainable
development and for the development of economies.

The authors analyze few Romanian contributiondindomain of Sustainable Informatics, which
try to incorporate with the main problems at thieiinational level. The authors propose an integgati
view on the subject under discussion as a dynarpen-@ccess system, able to perform multiple
functions, in particular, to meet the environmergsedtection goals and for users involved in specifi
environmental activities. Sustainable Informaticslpl scientists define the information processing
requirements, analyze real problems, and solveethasblems using informatics.

Keywords: Environmental Information Systems (EISs), Enviremtal Informatics (EI),
Sustainable Informatics (SI).

Problem statement.A lot has been written about environmental scisrexed much more will be
written in the future. In a certain sense, thigdkoh science is the one underlying everything thahkind
has consciously accomplished. Today's civilizatimuld probably have had another appearance without
the considerable contribution of scientific work foore than 2,000 years. The scientific knowledfje o
our world has gradually developed through smalpsteOver the course of time, there have been
numerous scientific discoveries that have contedub the cultural dowry and the progress of sgciet
(fig. 1) [2-5].

Most of the scientific elements are routine obstéona and records, contained in research reports,
administrative and financial communications, eadvitg its own importance within the intimate
mechanism of the information act. The importance afiscovery (as can be considered Environmental
Informatics) is weighed by its impact on the ecoiostate of society or the benefit it brings tcaege
number of people (fig. 2a). It is the case of ramnformation transmission, modern transport, elgty,
and much more, as "mature fruits" of purely scienépochal discovery (fig. 2b) [4, 5].

An important benefit is, of course, the culturaleoMankind raises the level of environmental
understanding on the environment it belongs to, &ndwing it better, learns to value it more and
improve its attitude towards it. The Knowledge ®tgi according to the multidisciplinary nature of
Environmental Science (see fig. 3), cannot be medaover time by the means at its disposal. This i
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mainly because it is based on the exhaustible vesenf fossil fuels, where the progress of society
necessarily imposes further reserves in the futaraddition, the human species risk self-destomgtjust
as a microbe is self-destructing after destroyiregentire organism that has maintained it [4, 5].
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Fig. 1. Evolution of societies from the Hunting Sdety to Super Smart Society{9]
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Fig. 2. The main actors interested in Environmentalnformatics [3, 6, 9, 40]Jare:
a) mixture of industry, government, research areddist of community; b) influence-interest bridge
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The reality approach, consisting of an infinity @lements in a particularly complex
interconnection, by sectors and subsectors, asieamand sub-branches of reality, was the fruthef
first contact and the first perceptions of man altba environment. Subsequently, from the keen éed
knowledge, the scientific branches were dismanittedver more elementary pieces, the thin slices of
reality being ever deeper [5].

But as many elements have become wholly unfathanablone area or another of science,
belonging to practically "frontier science", manshdecided to start a more complex and appropriate
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approach to reality simultaneously in two or morelds. For example: astrophysics, biochemistry,
biophysics, biomathematics, biochemistry etc., ado for disciplines which are part of the
environmental science area. So, Environmental Seié a field of interest that studies environmienta
systems. It is inherently interdisciplinary, dragifrom fields such as chemistry, evolutionary biylo
ecology, physics, mathematics, oceanography, ggepéagth science, and more.
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Fig. 3. The multidisciplinary nature of Environmental Science(a) and Environmental Studies(b)
[46, 54]

The obvious tendency toward an era of syntheticagmh (global reality) at the expense of the
analytical approach is, in the sense mentioned ebspecific to Environmental Sciences. The latter
address the environmental aspects of what is commerveral domains (as presented in fig. 4) and no

what is specific to them.
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Environmental Informatics — as an integrator domaiirinterest [1, 13] (fig. 5a and fig. 5b) —
becomes the only real perspective of the sciendifjglanation of the environment, and the uniquey‘wa
of thinking substantially different, so that mardkican survive.”
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Fig. 5. Different perspectives for Environmental Iformatics [40] that:
a) brings together science, technology and ressubjentegrates various environmental systems

As we know, EISs and EIl are a new subdomain of iaddhformatics (design as in fig. 6); which
comes with specific methods and tools for obtairpmgcedures that help to investigate, avoid and/or
minimize burdens and environmental damage [1, 23515].

From EISs and Environmental Informatics to Sustaindility Informatics: conceptual
delimitations beyond the definition spectrum. Starting with the United Nations Conference on the
Human Environment (also known as the Stockholm @wmice), which set up the United Nations
Environment Program (UNEP), it became increasinglydent that the collection and analysis of
environmental data are of vital importance for hoitya

“Science and technology, as part of their contrifiutio economic and social development, must be
applied to the identification, avoidance and cohtod environmental risks and the solution of
environmental problems and for the common goodavfkind
Education in environmental matters (...) is ess#nin order to broaden the basis for an
enlightened opinion and responsible conduct byviddils, enterprises and communities in
protecting and improving the environment in it$ ulman dimension.
Scientific research and development in the contdxenvironmental problems (...) must be
promoted in all countries, especially the develgpoountries. In this connection, the free flow of
up-to-date scientific information and transfer ofperience must be supported and assisted, to
facilitate the solution of environmental problenenvironmental technologies should be made
available to developing countries on terms whichuMtoencourage their wide dissemination
without constituting an economic burden on the tbgreg countries.”

(Principle 18-20 from Stockholm Declaration — wwnep.org)

Recently, as a result of the spectacular developroedT and environmental sciences, a new
science has emerged — generically named Envirominémformatics. It has taken on unimaginable
impulses that have opened the way to unpredictataspects, raising and bringing back to the present
on a higher plane and through a more comprehengi@n, environmental issues that need present day
solutions [7, 8]. The enthusiasm of researchers theddynamics of ecological manifestations have
created a climate favorable to science-orienteglres) and applications, coagulated in fig. 7.

Classifications and definitions are objective reguoients of any science, which must often be
reviewed and periodically updated. Classificatiod definition of EISs and EI concepts have beenanad
since the beginning of the environmental systerndystreflecting in general the level of integrated
knowledge about the topic approached at one tirdettaan aim pursued during the research, as presented
in fig. 8.

In this respect, the first classifications weredshsn criteria regarding the structure and role of
different categories of EISs or how the environrakirformation could be framed and supported by
different environmental research sectors.
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Fig. 8. Sustainable Informatics — example of integited environmental computing systems
[2, 3, 9]

Some of the cascading abbreviated definitions ®BlSs are presented below, while also exposing
their source, to complement the examination ané#haustive exploration of the subject:

“ElISs is the umbrella term for those systems used rhonitoring, data storage and access,
disaster description and response, environmentglaith reporting, state of the environment
reporting, planning, simulation modelling and désrs making; (...) are an important factor in
environmental research, decision support, managémed policy; EISs implementations have a
number of requirements which are hard to satiségnewith the information technology of today;

the subject is still growing, in a multidisciplinawork environment which changes quickly, both in
the IT and the environmental sector.”

(International Symposium on Environmental Softwaystems — www.isess.net)

“Environmental Information Systems are computesteyms that use a variety of tools and
technologies to facilitate the management and u$eemvironmentally-related data and
information.”

(ESSA Technologies, Canada — essa.com)

“EISs are concerned with the management of soitewanir and species in the world around us.
This textbook describes a framework for systemedas four phases of data processing: data
capture, aggregation, storage and analysis. Thst firart of the text concerns the collection of
environmental raw data. The second part explains tids raw data is condensed and enriched to
extract semantically meaningful entities. How aggted data is then stored in a file or database
is described in the third part of the text. In fireal section the available information is prepared
for decision support purposes.”
(www.ucl.ac.uk/.../paper7.pdf)

It can be noticed, from the above definitions, tiwre is a complex spectrum of EISs that can be
differentiated on the basis of the nature of trecessed information [1, 4-6, 11-13]:

— control and monitoring systems — which interactselg with environmental processes and serve
to perform automated and control measurements ¢erwar and soil quality, such as noise and exggosu
to radiation, while system control targets to disemvolve at industrial level the supervisionwbrking
conditions and evolution of technological paranster

— conventional information systems — which are o€iest for introducing, storing, structuring,
integrating, saving and presenting different typé€nvironmental information in the form of formal,
semi-formal and informal documents, such as enwiemtal regulations and reference literature;

— information analysis and evaluation systems — sdppbe processing of environmental data
collection using complex mathematical-statisticqalgsis methods and specific modeling techniques;

— decision support and planning support systemseeitljr supports decisions taken by 3rd parties
by providing criteria for assessing alternativesustifying the viability of decisions, includingudit and
eco-management schemes;
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- integrated environmental computing systems — cabeatniquely associated with a single class
of simple systems, proving an affinity for multidiglinarity, integrating an impressive variety qesgific
concepts and components; this category servesibdted environmental computer systems.

EISs emerged roughly around the late 1980s in @eRtrrope. For example, in 1986 Germany's
Gesellschaft fur Informatik (Society for Computasiéhice) created the technical committee Informatik
im Umweltschutz (Computer Science in EnvironmeRtadtection) dedicated to “the whole spectrum of
subjects related to informatics in environmentak@ction” [41].

Since Informatik im Umweltschutz’s inception, otlggoups, both there and in other regions of the
world, were created, including The InternationaViEsnmetrics Society (TIES, founded in 1989) [51]
and the International Environmental Modelling araft®are Society (IEMSs, founded in 2000) [53], as
well as conferences like the International Sympwosion Environmental Software Systems (ISESS,
founded in 1995) [55]. Nowadays, El is a develofiet of science that applies information procegsi
management, and sharing strategies to the intgtiisry field of environmental science. Applicat®
include the integration of information and knowleddghe application of computational intelligence to
environmental data and the identification of theiemmental impacts [11, 13-15].

As a normal scientific process, several definitionave been offered for Environmental
Informatics, especially by universities, as follows

“(...) an emerging field centering around the dephent of standards and protocols, both
technical and institutional, for sharing and integing environmental data.”
(University of California-Berkeley, USA — www.bellkg.edu)

“(...) a new and growing area in the modern envirmntal sciences; it is based on applying
information technology to environmental issues. 3ize and complexity of environmental related
data lead to a need for an advanced computatiopgt@ach which helps to integrate information
from various sources. With environmental informstinew solutions to environmental problems
can be found more effectively, and end users carifbeed a higher level of information.”
(University of Eastern Finland — www.uef fi/.../efmome)

“(...) a relatively young discipline, that uses @owmental data to reveal, quantify and validate
scientific hypotheses, with a panoply of tools fritra Statistics, Mathematics, Computing, and
Visualisation disciplines.”

(University of Wollongong, Australia — niasra.uodueau)

“(...) an integrator of science, methods and teclueis and not just the creation of a new
'knowledge-paradigm' or the result of using infotima and software technology methods and
tools for serving environmental engineering needs.”

(Aristotle University of Thessaloniki, Greece — wwvawth.gr)

“(...) an innovative use of IT to develop a framekvéor information sharing among research
collaborations, and for information and knowledgecass for all stakeholders for environmental
and sustainable development tasks.”

(University of Stanford, USA — web.stanford.edulgutei/index.html)

“(...) apply numerical and analytical technique®in mathematics and the geosciences to model
and simulate environmental phenomena; (...) the afsmathematics and computer modeling to
analyze and represent the Earth's environment;spuply, it can be considered to be the science
and art of turning environmental data into infornwat and understanding; (...) the use and
understanding of quantitative and analytical teciugs founded in mathematics and the
geosciences to describe and predict the envirormhphenomena on planet Earth that continue to
challenge human society.”
(University of Waterloo, Canada — uwaterloo.ca&arth-environmental-sciences.pdf)

“(...) with major topics such as modelling and slation, data analysis, geographical information
systems (GIS) and software development — applisgpuier science methods to environmental
issues.”

(University of Kassel, Germany — www.uni-kassel.de)

“(...) an integrated subject of bio-, eco- and gdormatics in addition to computing.”
(University of Géttingen, Germany — www.uni-goegtim.de)

13



ISSN 2415-318%xkosoriyna 6e3mnexa Ta 30aJaHCOBaHE PECYPCOKOPUCTYBAHHS

“(...) a new interdisciplinary research field thatan facilitate decisions regarding social,
economic, ecological, and environmental goals based variety of IT measures.”
(Technical University of Wien, Austria — ei.infoslgsvien.ac.at)

“(...) the study of information and development ioformation processing tools for the
understanding and sustainable management of humgradts on the environment, and for
addressing environmental challenges with enginggtin

(Technical University, Denmark — www.enviro5teclg/or/env-informatics)

“(...) a mediating discipline that has developeceptime in the context of changing technologies
and environmental challenges.”
(University of Zurich, Switzerland — www.zora.uzh)c

“(...) a part of Applied Informatics that suppontsethods and procedures of IT which contribute to
environmental data analysis and environmental priode.”
“(...) it is also a connection link between natuaad engineering — applying data sampling and
data analysis methods, statistics, simulation neédat decision support systems on environmental
problems and tasks one gets simulation results pnojnoses to explain and to solve
environmental problems. Methods of ElI form a basfs decision making processes for
environmental problems using state-of-the-art caimptechnology.”

(Brandenburg University of Technology at Cottbusdédonia —

www.tfb.edu.mk/.../EI2007.pdf)

“(...) studies how information can be acquired, pessed, modelled and communicated for
environmental sciences and management; it is atsargortant multidisciplinary research field
covering several national research priorities.”

(Griffith University, Australia — www.griffith.ed@wu/.../environmental-informatics)

“(...) applies information science to the managemainatural resources. It includes aspects of
geographic information, mathematical and statidtiomodeling, remote sensing, database
management, knowledge integration, and decisionngdk

(Virginia Polytechnic Institute and State UniveystJSA — www.undergradcatalog.edu)

“(...) a broad range of collaborative research peais with academic, governmental, and nonprofit
partners that integrate cutting-edge informaticolso with knowledge, theory, and data from
ecology, climate science, and other environmerisaiplines.”

(Northern Arizona University, USA — nau.edu/infortima-computing-and-cyber-systems)

“(...) the knowledge, skills and tools which enalormation to be collected, managed and
disseminated to support research in environmeriginge and to promote sustainability.”
(Dalhousie University, Canada — cdn.dal.ca/contefetivironmental-science-program)

“(...) the science of information in ecology and/eanmental science.”
(Columbia University, USA — traitnet.ecoinformatimgy/ecoinformatics)

“(...) an interdisciplinary field of study that ppares industry leaders to develop and use analytica
and computer-based methods to assess and proeeEitth’s natural resources; students learn to
apply these principles across fields as diverses@sal sciences, policy analysis, and terrestrial
and aquatic ecosystem management.”

(University of Michigan, USA — seas.umich.edu/acaibs/ms/ei)

Following the same idea, other definitions have nbedfered, by different institutions and
organizations with implications in environmentabigction and environmental data management:
“(...) science and techniques of data elaboratiomd aof computer processing of information
concerning ecosystems and ecology.”
(European Environment Information and Observatietwdrk — www.eionet.europa.eu)

“(...) the application of research and system depeient focusing on the environmental sciences
relating to the creation, collection, storage, pessing, modelling, interpretation, display and
dissemination of data and information.”

(The UK Natural Environment Research Council — ngug.org)

“(...) an emerging discipline applying informatioscience, ecology, and biodiversity to the
understanding and solution of environmental protdgm
(Korea Long-Term Ecological Reserch Network — wwhteikorg)
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“(...) a trans-disciplinary subject that integratéxology, Computational Science, Informatics and
Social Sciences, in order to improve our undersiamof ecological processes and expand socio-
ecological theory to integrate the Earth’s natusslstems,human values, human health and well-
being.”
(Indian Institute of IT and Management — www.iiitrak.in)

“(...) applies data systems and analytical toolsetdract insights and understanding from large
volumes of environmental data; (...) combines esttenenvironmental science experience with
world-class data analytics to convert environmenthdta into usable information, reliable
predictions and defensible decisions.”

(Battelle NeuroLife™ Technology — www.battelle.argénvironmental-informatics)

“(...) the process that transfers data and informatfrom source to user in any field of knowledge
of activity applicable to environmental problem\gog; (...) the combination of software and
environmental engineering methods and tools fordieation of a new “knowledge-paradigm”
towards supporting environmental well-being at aternational, national, regional, community or
personal level.”

(Siberian Center for Environmental Research anihifrg— www.scert.ru)

In addition to the above definitions, the definiattempts identified in various specialized
publications also have an important role, as follow
“(...) a field of applied computer science that deps and uses the techniques of information
processing for environmental protection, researol angineering.”
(Avouris N. & Page B., 1995)

“(...) the field that deals with the developmengnagement and research on EISs.”
(Haklay M., 1999)

“(...) may be viewed as a merging of biodiversitydaecological informatics with geographic
information systems (GIS) and other environmera d
(Lane M., Edwards J. & Nielsen E., 2000)

“(...) an emerging discipline defined as the desagml application of computational techniques for
ecological analysis, synthesis, forecasting andagement.”
(Recknagel F., 2003)

“(...) an interdisciplinary framework for the manament, analysis and synthesis of ecological data
by advanced computational technology.”
(Recknagel F. 2009)

“(...) the application of data science that usesgka multidimensional, complex datasets to study
environmental problems, which can be discrete amdiguous in space-time.”
(Frew J. & Dozier J., 2012)

“(...) a new term in the science of information tltgescribes the utilization of informatics in the
interest of the natural environment (...) regardsugtainable development.”
(Zacharoula S.A., 2012)

“(...) has the potential to be much broader thaasdical environmental statistics.”
(Cressie N., 2014)

Conclusions.The specialists that work in the environmentatgxetion or other connected domains
need more and more information and knowledge atydegel of environmental processes management
and evaluation. At the same time, in order to alateoand develop a project, they need to know and t
understand the environmental phenomena and alsmtititions. The analysis used must be based on the
best available techniques, methods and data, akhthwledge get from self-experience or from anothe
specialist.

Traditionally, this information and knowledge arbtained, in accordance with the temporary
requirements, by directly accessing databasesrteegod documents, by transferring/sharing inforomat
and knowledge with specialists or by the contadtldished at the workshops, conferences and
symposiums. To improve the management capabibinesenvironmental assessments, it is necessary for
specialists to be able to manage and implementepasidor effective and efficient environment thahc
be achieved through information software environim&hey must also have a simple and efficient axces
to knowledge and current information enabling thémn take the best decisions for sustainable
development for both developed economies.
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The current approach starts from the few Romanatributions in SI domain, trying to rally to
the main concerns of the international level. Wappse an integrative vision on the subject of disimn
as a dynamic open-access system, able to perforttiplaufunctions, particularly to meet the
environmental protection goals of users involved specific environmental activities. Sustainable
Informatics (SI) helps scientists define informatigprocessing requirements, analyze real-world
problems, and solve those problems using inforreatic
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Texuiunuii ynisepcumem m. Knysxc-Hanoxa —
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BIJI EKOJIOTTYHOI IHOOPMATHUKH JO CTAJOT'O PO3BUTKY: 3A MEKAMHU
BU3HAYEHHS I KOHHEINITYAJIBHUX OBMEXEHD

Exonoriyna indopmarnka — sK KOMIUICKCHAa c(epa IHTEpeCiB — CTa€ €IUHOI0 PEalbHOIO
MEPCICKTUBOI HAYKOBOTO TMOSICHEHHS JOBKUUIA 1 YHIKAIBHUM <«CIIOCOOOM pPAIMKAILHO 1HIIIOTO
MUCIICHHS, MO0 JOJCTBO MOTJIO BIXHTH». Ekomorivuni iH(oOpMariifHi CHCTEMH Ta EKOJIOTiYHA
iHpOpMaTHKa BigirpaloTh BaXKIMBY POJNb y NPUHHATTI pillleHb, OCKIIbBKM BOHM TICHO TOB’S3aHi 3
€KOJIOTIYHUMH BHUMOTAMH TPOTATOM IECATHIITH 1 3 METOAOJOTISIMH EKOJIOTIYHHUX JOCHIIKEHb 1 €
CKJIaJIOBOIO YMPABIiHHS CTaJUM PO3BUTKOM. OOrOBOpEHHS MHUTAaHHS CTAJOr0 PO3BUTKY 1 palliOHaIBHOTO
MIPUPOJOKOPUCTYBAHHS, SK OCOOJMBHX METOIOJIOTIH EKOJOTIYHNX HOCHTIDKEHB, CIPSIMOBaHE Ha
BHSIBJICHHSI XapaKTePHUX O3HAK, SKi JTO3BOIIIM TIEPEHTH BiJ EKOJIOTIYHHX MaHWX 10 EKOJOTIdHOL
iHpopmanii Ta CKOIOTIYHHMX 3HaHb; BiI CKOJNOIIYHOI iH(OPMALIHHOI CHCTEMH Ta EKOJOITIHOI
lH(i)OpMaTI/II(I/I z10 iHQOpPMATHKH CTAJOrO0 PO3BUTKY, SKA TIOYMHAE I[IKABUTH BCE OLIBINE CyO €KTIB i
AKTHUBICTIB, 0p1€HTOBaHI/IX Ha OXOPOHY HABKOJNMIIHBOIO CCPCIOBHINA — BIANOBIJHO JIO CICKTPY
BU3HAYCHHSI, 3HAIEHOTO Y Mpolieci BHUCPITHOTO MOIIYKY B mepexi IHTepHer.

J1J1st TOKpaIeHHsT MOXKJINBOCTEH ynpaBmHHﬂ Ta eKOJIOTIYHUX OIIHOK (paxiBIli MOBHHHI MaTH 3MOTY
VIPaBJIATH Ta BOPOBAJHKYBATH KOHUEMIIi JUISI TPOJYKTUBHOTO i €QEKTHBHOI'O JOBKLDIS, IO MOXKHA
OTPHMATH 3a JIOTIOMOTOFO iH(popMmaLLiiiHOro MpOrpaMHOro cepenosuma. Bonn Takox MOBHHHI MaTu
npocTHii 1 eheKTUBHUI TOCTYI 10 3HAHB I MOTOYHOI IH(OpMALi, IO JO3BOISE iM MpUiiMATH Kpalii
PIlICHHST SIK JUISL CTAJIOT0 PO3BUTKY, TaK i JUIsS PO3BUTKY €KOHOMIKH.

Y CTaTTi pO3IIA/A€ThCs HEBEIMKA KUIBKICTh PyMYHCBKHX BHECKIB y chepy iHHOPMATHKH MAIIOro
PO3BHTKY, SIKi HaMararoThCsl 00 €THATHUCS 3 OCHOBHHUMH IpoOJIeMaMu Ml)KHapO,Z[HOFO piBHs. Mu
MPOMOHYEMO 1HTerpaTtvBHe OadeHHs Ha NpeaIMeT OOrOBOPEHHS SIK AWHAMIYHOI CHCTEMH BiAKPUTOIO
JOCTYIy, 3AaTHOT BUKOHYBaTH KijbKa (DYHKIIIH, 30KpeMa, JIJIs JOCATHEHHS IijIed OXOPOHM TOBKIUIS Ta
IUIs. KOPUCTYBaviB, 3aly4€HHX 10 KOHKPETHHX €KOJOTiuHHMX 3axofiB. [HpopmaTHka cTamoro po3BHTKY
JOTIOMara€ BYEHWM BU3HAUYUTH BHMOTH 10 OOpoOKHM iH(oOpmarii, aHami3yBaTH peaibHi mpobiemMu Ta
BHPIIIYBaTH 1Ii IPOOJIEMH 3a JTOIIOMOT0r0 1HPOPMATHKH.

KirouoBi cnoBa: ekosoriuni iHpopmariiiini cuctemn HaBkogumHboro cepenosuiia (EIC),
exoioriuna ingopmaruka (EI), indhopmaruka cranoro po3sutky (ICP).
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PEFOHAIIbHI TA INMOBAJIbHI EKOJTIOINYHI MPOBJIEMU
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3HAYEHHS TEOJIOTTYHOI TAM’ AITKH TPUPOJIU «CTAPYHSI» 115
COLIAJIBHO-EKOHOMIYHOI'O PO3BUTKY IIPUKAPIATTSA TA YKPATHA

BcecBiTHRO BiOMe IaJIEOHTONIOTIYHE MiclierepeOyBaHHsS BUKOIMHOI GayHu 1uieiicronenoBux (42—
10 TtHcsy pokiB TOMy) YOTHPHOX BOJIOXaTHX HocoporiB Rhinoceros antiquitatis Blum mamonTa
Mammuthus primigenius Bluma enunnit y Kapnartax nirounii rps3poBuil ByiakaH orosoireHi y 1984p.
TEOJIOTIYHOIO TIaM’ ITKOIO TIPUPOIHN 3arabHOAEPKaBHOTO 3HaueHHs «CTapyHs». Po3ramoBana maM’ sTka
Ha MiBIEHHO-3aximHil okomuui c. CtapyHs boropoguaHcekoro paiiony IBaHo-®dpankiBcbKOi 00MacTi, y
25 kM Bif obmacHOTO MHEHTpY. BuilneHo KijgbKa acIeKTiB 3HAYEHHs aMm’ ATKH L. 1) PO3BHUTKY
MPHUPOJTHO 3amoBigHOrO (DOHIY, MiIBUIICHHA KaTeropii 3amoBifiaHHS BiJ <«1aM’ STKU HTPUPOAN» JIO
«reonapky JIbOZOBHKOBOTO MEPIOAy»; 2) PO3BUTKY TYPHCTHUHO-pEKpeaIiiitHoro 6izuecy; 3) BHpIIICHHS
BOXJIMBUX HAyKOBUX NpoOJIeM, 30KpeMa, BU3HAUCHHSA BIKOBHX pemepiB Ta mepioguszamii riobambHUX
KITIMATHYHUX 3MiH; 4) OIIHIOBaHHS POJIi MOBEPXHEBUX Ta TITMOMHHHX JDKEPEN MIrpyBaHHs BYTJICBOIHHX
CIIONYK, IO BaXKIHUBO IS TPOTHO3iB HadrorazonocHocti Ilpukapmarts; 5) oOrpyHTYBaHHS MEIMKO-
JMKyBaJbHUX  MOXIIMBOCTEH  IIJSIXOM  Oprafizamii  cose-Tpsi3e-030TOKEPHTOBOIO  CaHATOPIIO;
6) MmiABMIEHHS COLIaJIbHO-€KOHOMIYHOTO PiBHS ceja i paiioHy, CTBOPEHHS HOBHX POOOYHMX MICIb IS
HACEeJICHHSI.

B ictopii nocnimkens CTapyHi BUIIICHO €TaIX BiIKPUTTS MaMOHTOBOI aynu y 19071a 1929pp.,
MOSIBU TPS3bOBOTO ByNKaHy y 1977p., HayKoOBHX YKpaiHCHKO-TIOJBCHKHX EKCIEOULid 3 OypiHHSAM
CBEPIUIOBHH, Teo(i3WYHUMH Ta TeoXiMiYHMUMHU JociikeHHsmMu y 2004-2008 pp., myOmikamiero
moHorpadiii y 1914, 2004, 2005, 200& 2017 pokax. KpuTu4yHO OILliHEHAa HEAOCTATHS yBara BJaJIHUX
CTPYKTYp 210 BuB4YeHHS CTapyHi Ta €HTYy31a3M HAyKOBIIiB.

3anponoHOBaHMA MEXaHi3M YTBOPEHHS T'e€0aKTHBHOI 30HH y CTapyHCBKIH CKJIaAMi, 3aBISKH
MOCTIHHOMY THCKY KapnaTChbKHX CKHMO — CKIIaJIOK, SIKi BUTHUCKAIM 3 TIMOMH Ha TOBEPXHIO HadTy, ras,
MiHepaji3oBaHi Bomau, Ipsa3i Tomio. Ile cTBOpMIO BiaNOBiAHI YyMOBU it (OpPMyBaHHS O30KEPHUTOBOIO
poloBuIa, MOKIaniB HapTH 1 rasy, IpsA3bOBOTO BYJKaHy, COJNbOBHX TpUQOHIB, Oanbp3aMyBaHHS
MaMOHTOBOI (hayHH. ABTOP IPOIOHYE opraHizyBatn CTapyHCHKHMIA T'€OMMHAMIYHHAN TTOJITOH Ta IiTHATH
CTaTyC TEOJIOTIYHOI MaM’ ATKU MPUPOIN 3arajdbHOJEPKaBHOTO 3Ha4YeHHS «CTapyHsS» IO MIKHAPOIHOTO
reonapky JIbo1OBHKOBOTO MEPioay.

Karw4oBi cjioBa: BoJIOXaTW HOCOPIT, MaMOHT, IUICHCTOIICH, ITaM ATKa TPHUPOIH, TEOMapkK,
TYPUCTUYHO-PEKpeaniiHuii 613Hec, TrPA3bOBUI BYJIKaH, CKIaI4acTO-CKHOOBa CTPYKTYpa.

AKTyadbHiCTh  JochaimskeHb CrapyHi K  BCECBITHBO  BIiJOMOTO  TAJICOHTOJIOTIIHOTO
MicrernepeOyBaHHs TIEHCTONEHOBUX YOTHPHOX Bomoxartux Hocoporie (Rhinoceros antiquitatis Blupra
mamonTa (Mammuthus primigenius Blymsikom Bing 42 o 10 ticsd pokiB Tomy, eauHoro y Kapmartax
aKTHBHOTO TPSA3bOBOTO BYJIKaHy, 0 BHHHK IICIS 3eMJIETPyCy y ropax Bpanua (Pymywnis) 4 Gepesus
1977 p. Ta HOECATKIB CTOSHOK HAIIUMX MPEAKIB €MOX MajeoiTy, HEOJITy Ta ME30JITy — BaXXKO
nepeolrinuTi. HaromocuMo nuiie Ha KUTBKOX acHeKTaX 3HAYCHHS TEOJIOTIYHOI MMaM SITKH TMPUPOIU
«CrapyHs»:

IIprpomooXopoHHMI aceKT mojisrae y 30epekeHHi, pO3BUTKY Ta MITHATTI KATETOPIHHOCTI ITHOTO
MIPUPOTHO-3aIMOBITHOTO 00’ €KTa BiJ HUHINTHEOTO HAWHIKYIOTO — «IaM’ ITKA TIPUPOI» 10 HAWBHUIIIOTO —
«reonapky», 3rimHo 3 Bumoramu IOHECKO [25]. Lle He Tinbku mimHiMe mpectmx «CrapyHi», ane i
JIO3BOJIUTH CTBOPUTH «I eomapk JIbOZOBHKOBOTO TEpiody», sIK 3ampomnoHyBaB Amamenko O. M. me y
2005p. [1, 2, 12].Crapynus Oyae OIHUM i3 IEPIINX IeonapkiB B YKpaiHi 3 (piHaHCYBaHHIM HE TIIBKH 3
JiepkaBHOTO OrOKeTY, ane i 3 pouaiz KOHECKO.
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TypuctuuHO-pekpealiiHuii  acnekT AochimkeHb CrapyHi — L€ PO3BHTOK TPaHCIOPTHOI
iH(GpacTPYKTypH 3 OaroycTpieM aBTOIOPOrH Bia Tpacu IBaHo-®pankiBcbk — boropoauanu — Hagsipaa —
Slpemue — BbykoBenp — SOnyHuupkuii mepeBan — 3akapmaTTs depe3 ceido CTapyHS [0 TeoJOriyHOl
nam’ ATk (3 KM), 1€ 3aly4eHHs JIO CUIBCBKOTO 3€JIEHOT0 TYpU3My MELIKAHIIB cella 31 CTBOPECHHSM
JECATKIB HOBUX pOOOYMX MICITh, 1€ BKIIFOUCHHS «CTapyHi» 10 MKHAPOIHOTO TYPHCTHYHOTO MAapIIPYyTy
KpakiB — konanbHs Benmiuko — pekpeartiiiai 30HH KOJIMIITHIX CIpYaHUX Kap' epiB MaxyB Ta iH. — KOPJIOH 3
VYkpainoro — SIBopiBchka BojoiimMa Ha Micii HoBosiBopiBcekoro cipuanoro kap'epy — JdomMOpoBchkuit
comstHui Kap'ep y M. Kamymi — JIyOiBHIiBCBKI MeprenbHi Kap €pu Ta 3pa3koBe B EKOJOTIYHOMY
BimHomeHHI [TAT «IBaHOo-DpaHKIBCHKIIEMEHT» —Ta30BUN 3aBOJT CBUHOKOMITICKCIB <« yaBeut Ykpaina» y
lanuupkomy paiioHi — JIHICTPOBCHKHUIA MPOTHIIABOJKOBUI NONIroH [BaHO-PpaHKIBCHKOTO HAIIOHATBEHOTO
TexHiuHOTrO yHiBepcutery Hadru i razy (IOHTYHI) — ['eonoriunuii My3el TOTrO X YHIBEPCHTETY 3
apXITeKTYpHO-TaHAMAGTHIM MaKeTOM — MOJACIUII0 TapKy JILOMOBHKOBOTO TEPiogy — Te0JIOTidHA
mam’ sitka mpupoan «CrapyHsa» — Kapmarchbkuil HamioHadbHUN TPUPOAHUM THapk y M. Spemue —
ripceKomwkHUA KypopT BykoBens — SOmynuiupkuii nmepeBan — COJOTBHHCHKI KapCTOBI COJIEHI 03epa
3akapmaTTs i mani —Ha Pymysiro, Yropmuny abo CioBadquuny.

Takwit mapmpytr abo oxpemi Horo ¢(parmMeHTH, 3adydaTh HEMaji IHBECTHINI IS PO3BHUTKY
TypUCTUYHO-peKpeaniiHoi iHAycTpii Ta BiANOBIZHOTO TypuUCTHYHOTO Oi3Hecy Ha I[lpukapmaTti Ta B
VYxkpaiHi.

HayxoBe 3Ha4yenHs1 «CtapyHi» Oaratorpante. Lle He nuie aHami3yBaHHsI BIIEpIIe 3HANHICHUX HE
KICTOK, a 3a0anbp3aMOBaHUX TYII 3i 30€PEKEHOI0 MIKIpOIo, M’ sI3aMH Ta BHYTPIIIHIMH OpraHaMH, HE JIUILIE
BUBYEHHS PEIUTOK TpaB 1 YarapHMWKIiB y MUIYHKax HOCOPOTiB 1 MaMOHTIB, HE JIMIIE TOCITIKEHHS
0co0IMBOCTEH TIpA3BOBOrO ByJKaHI3My. HaliBaxnuBilIMM HayKOBUM [JOCSTHEHHSIM € Te, IO

cTpaturpadiyHa IOCTIAOBHICTH YETBEPTUHHUX  BigkiaamiB CrapyHi — 1€  «MICTOK»  MiX
cTpaturpadivHIMU CXEeMaMH IUICHCTOIeHy 3aximHoi €Bpomnu Ta piBHUHHOI TepuTopii Ykpainu. A mie
«CrapyHsa» — Ie pemnep, TeoJOTIYHWN «OAMHHHK», IO JO3BOJSE BH3HAYATH BIK TI00aIbHUX

KJIIMATHYHUX 3MiH.

Taki periepu Bimomi 3 moyatky mnaneo3oiicekoi epu (570-250miH p. Tomy). BoHu BigmidaroTh
eKOJIOTi4HI KaTacTpodu B icTopii 3emii: mepma — B KiHIi kemOpito (515 mitH p. TOMY), KOJIH BEMEpIU
apxeoIMaTH, TPEMaIOHTH Ta iH. — Bcboro 70% Giotw; apyra —y cunypi (420 MiH p. TOMy) CIipHdMHEHA
CIIaJaxoM HaTHOBOI 3ipKH; TpeTs — Iie Benuke mepMmchbke (251,4MIH p. TOMy) BUMHpPaHHS, CIIPUYMHEHE
BUBEPKEHHSIM CHOIPCHKUX TpamiB, Koyn 3HUKI0 96%BuaiB Mopcbkux i 70%Ha3eMHHUX BUIIB XpeOETHUX,
3eMHOBOJIHUX, AMOHITIB Ta IHIINX BU/iB; YeTBEPTA — B KiHII Kpe#moBoro mepioxy (65 MiH p. ToMy), KOIH
Ha miBocTpiB FOkatan y MeKCHKaHChKIM 3aTOIll yIIaB acTepoin — BUMEPJIM HE TUIbKU AMHO3aBpH, a i 40%
YChOTO JKMBOTO 1, HapemiTi, II'siTa eKOJoriyHa KaTacTpoda HacTala B YETBEPTUHHOMY IEpioAi
(2,5-Omnn p.), KOmM TPOMIUIM HE MEHIIe HDK YOTHPH JIbOJOBUKOBI  €MOXH, PO3JIiICHI
MDKJTEOJIOBUKOBUMH TIOTEIUIIHHAMH, 1 3’ sBHJIAch JoauHA. «CTapyHS» HAJCKHUTh J0 PSAAY TOJIOBHUX
perniepiB — ekosoriunux kpus: Onmysedt (Taw3zawnis), 2,6 mus p. Tomy, Homo habilis (mronquaa Bmina),
KOJH JticoBi NaHamadgTu Agpuku 3MiHWIMCH caBaHamu; o3epo Yax, 1,2miH p., HOMO erectugironuna
npssMoxojsua); octpiB Sea (Immomesis), 1 mum p., HOmo pithecanthropuga Teiineasbepr (OPH),
1 v p., Homo heydelbergensi$leanneprans (®PH), 230 tuc. p., Homo neandertalensispor Kpo
Mamnbiton (®panuis), 120 tuc. p., Homo sapienskpomansitonens); nedepu BirBatepcpana (ITAP),
100 tmc. p., Homo naledi mepeua [enncosa (Aurrait), 100-80 tuc. p., Homo denisovacubipcoki
mamonTH Jlro6a ta Jlima, 50—10Ttuc. p.; Crapyus (IIpuxapmarts), 42—10TuC. p., BOJOXaTi HOCOPOTH i
MaMOHT, MOXIJIMBa 3Haxinka kpomaHbioHIiB; Masbra (IpkyTchka obmacts), 40—30TuC. p., MAMOHTH;
Misun (YepHnirimuna), 15tuc. p., Homo sapiens sapieysynoxHi BupoOu 3 6iBHEi MaMOHTA.

Sx 6aummo, CrapyHs 3aiiMae JOCTOMHE MicIe cepea psAAy BIKOBHX pEMeEpiB, IO BHU3HAYAIOTH
pyOeKi EeKOJOTiYHHX KpH3, OB S3aHUX 13 MEPIOAMYHICTIO TI00aNbHHUX KIIMAaTHYHHUX 3MiH, HpPO IO
JeTalbHO MOBA HTHME HIDKYE.

['eoyoriuyauii maM’ ATHUK TPUPOIU 3aralbHOACPKABHOTO 3HAUYCHHA «CTapyHS» BiIKpHUBae IesKi
BaXKITUBI aCHeKTH Ha(TOra30IPOMHUCIOBOIO KOMIUIEKCY, a caMe MUTAHHS MOXOJPKEHHS BYTJIEBOJIHEBHX
CHONYK, 0 (POPMYIOTH POJIOBHILE O30KEPUTY, MOKIaaW HaTH i ra3y. JleTanapHi 130TOMHI JOCITIHKEHHS
ByriieBoHIB CTapyHi IMOKa3ayd, M0 BOHM IMiTHIMAIOTHCS 10 TIOBEPXHI 3 BENHMKUX rauowH. Jlume 17 %
ByreBoaHIB CTapyHi (GOpPMYIOTHCS BHACTIIOK pO3KiIagaHHs (THUTTA) Oi0JOTiYHKX 00’ €KTIB POCIMHHOI
MacH Topdy, riTTii, 6ioHaMyIiB Ta BEITUKUX TBAPHH MaMOHTOBOI (ayHH.

Menuko-nikyBanbHu# acniekT CTapyHi — Lie BelM4e3Hi NepCHeKTHBU O3IOPOBJICHHS HACEICHHS 3
BHKOPHUCTAHHSAM O30KEPUTY, MPUPOTHUX KaM SHHUX 1 KaTIHMHUX COJICH, pO3COJIB, MiHEpAJbHUX BOJA Ta
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rpsseit. [lle «a momberkux yacis» (20—-30' poxu XX cr.) Gins kpurnmi Consiuka Gyiiu Aepes’ siHi BaHHY,
y SKUX IMOBakKHI MaHI Ta MaHMU JIKyBaJIWCh y NMPHBATHUX <«ecKynamiB». Huni Ha 60 ra 3amoBigHOi
Tepuropii «CrapyHi» 3a(hikCOBaHO KiJIbKa JIecATKiB MiHepanbHuX Box 11 tumiB [2]. Tomy mpomonyemo
opranizyBatu B CrapyHi colie-Tps3e-030KepUTOBUN caHaTopii, a Oins kpuHuUi CoJsiHKa — CTBOPUTH
Myseii coneBuo0yTKy Ilpukapnarrs.

I, mapemTi, He MEHII aKTyaJlhbHHUM AacIEeKTOM € COIllaTbHO-CKOHOMIYHE 3HAYCHHS T'€OJIOTIIHOL
nam’ ATKu npupogu «CtapyHs». 3a apXiTeKTypHO-IaHAIAQTHUM MPOEKTOM reonapky JIboZoBHKOBOTO
nepioay [2, 12] nependaveHo moOyayBaTH psii KOTSDKEH JJIsl CLIBCHKOTO 3€JIEHOTO TYPU3MY, PECTOpaH
«X000T MaMmoHTa», Motreib <«llameomiTp», Oap y BHIVIAAI HOCOpOra, IO BHCYHYB CBiii pir Ha
aBTOMOO1TBHY Tpacy Boroponuann — HaaBipHa, 3 gipmoBoro crpaBoro «lllaypma mo-HeaHAEpTaIbCHKI»
(106 He KOHKYpyBaTH 3 TpaAWIliitHUMU s 1i€i micieBocTi yebypekamu). Kpim Toro, 3amiaHoBaHO
nooOynyBatn MiHi-TECu Ha p. JlykaBeupr Benukuit ta moTiuky PinHe, miffiomMHuK Ha ropy [omuiy,
ABTOCTOSIHKY, TYPUCTHYHI CTeXKH. Y ceni CrapyHi 3a HEOOXITHOCTI MOXHA MepeoOiaHyBaTH ICHYIOU1
OyAMHKH MiJl CUTECHKUM 3€TEHUI TypH3M.

Yce 1e momacTh HOBHX POOOYMX MICITh IS JKHTENIB cella i boropomgdaHchkkoro paiioHy Ta
MTOJTIMIIIATE COTAIbHO-EKOHOMIYHY CHTYAITIIO.

Icropis nocaixxens Crapyni nosra i apamatiyna. e pokiB 3a ABaAISTH A0 3HAXIAKH HOCOPOTa
Ne 1y 1907poui B oaHi# i3 IpUBAaTHUX 030KEPUTOBHX KOIMAJIEHb 3HAUIIIN TYLIY SIKOTOCh BEJIMKOTO 3Bipa
(puc. 1) [13]. Aymanm, 1o B IMIaXTy YIaB BEIUKHN JOMAIIHINA OMK. A KOJHM HOTO IIiIHSIA HA ITOBEPXHIO,
TO 3JIAKAJICh HEBIIOMOI MMOTBOPH 1 KMHYJH 1i 3HOBY B maxTy. Ouro noTBopy i 3Haimum y 1907p., ko
HiMenbka ¢ipma OpatiB Kammne Bukynmia apiOHI KomanbHi 1 3aknana maxty Ne 4, Ky mi3Hille Ha3Bajlu
«MamonTtoBoro» (puc. 2). Ock sk mume mpo mi momii orers SApocmas Cepemrok [10]: «5 xoraa 1907
POKY...Ha TIuOuHiI 12,5M 3Haiinnm 6ab3aMOBaHe TIJI0O MaMyTa. .. 3HAXIAMI CIIEPIIy HE Haall 3HAYCHHS,
a pOOITHUKM PO3TATHYJHU IO TOMiBKax YacTUHY IIKYpH, BUKOPHCTABIIX ii HA MOIIUTTS MOCTOMNIB. Jlume
3rOZIOM IIPO MaMyTa JOTOBLIH Biadi B boropoadanax, sika B CBOIO 4epry, MOBiAOMUIIa HAYKOBIIIB. ITicst
MIPOBEJCHUX HAYKOBHX JOCIHIHKCHb BUAOOYTI perutku mMamyrta 7 nuctonafga 1907 poky mepeBesnu 10
mysero [inynmmnpkux y JIbBoBi (Tenep — JlepxaBuuii npupono3HaBunii my3eid HAH Ykpaiunm)...».

Hani o. Spocnas [10] mume mpo mepiroro Hocopora: «6 jmucronmana Ha Tii camiil KomanbHI Ha
rmbuHi 17,6 M 3HalIeHO BeNMKH (PparMeHT 3a0ajib3aMOBAHOIO BOJIOXATOrO Hocopora... Ilicis 1boro
PO3KOIKHU B KOMaJbHI TPUBAIM 10 25 JUCTONAAa, ajle HE Jajid HOBHUX PE3yNbTaTiB. 3HaxinKy 24 JurmHs
1908 poky mepeBeznu mo mysero iMm. Jdigymmuekux. Tyt i pa3om i3 MaMOHTOM TMepefand [0
MAJICOHTOJIONTYHUX 300PiB 1 PO3MICTHIIM B OJHIN i3 HaWOLIbIIKMX 3a1 2-r0 moBepxy». Jlume y 2018 p.
MEPIIXI HOCOpPIT OYB pecTaBpOBaHUIA.

Puc. 1.PecraBpoBana y 2018p. tyma CTapyHCHKOIro B0OJI0XaTOro Hocopora Ne 1y
Ipupono3naBuomy my3ei micta JIbBiB (razera « anmnunna» —3a 13 6epesns 2018poky, Ne 22 (S369)

€ TeBHI HEYy3ro/PKEHOCTI Ipo TMHOMHY mux 3Haxinok (12,51 17,6 m) 3 nanumu Oypinnas 2006 —
2008pp. [18], sixe moka3zano, 10 [mIap 3aCOJCHUX HAMYJIB i3 OiTyMOM JaBHBOTO 0O0JIOTA 3 TOBIIMHOIO JI0
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2 M, y SIKOMY TOHYJIM BEJIUKi TBApUHH, po3MimieHuid He rmbme Hix 10m. Mabyts rnmubunn 12,51 17,6m
YKa3yloTh Ha KapCTOBI JIHKH B MICTHIAIBHIN aaBHE OOJIOTO COJCHOCHIH BOPOTHUINEHCHKI CBHTI.
KapcToBi MOpOXHHMHM CIYryBaId TAacTKaMH Ul 3aXOpOHEHHS Ta Oanb3aMyBaHHS HWHI BHKOIIHHX
TBapHH.

Pesynbratu mpocmimkens 1907 p. Oyau omy6maikoBani 'y 1914 p. y monorpadii «Wykopaliska
Starunskie» [14].

Y 1929p. nomyku Oynu BigHOBICeHI Akanemiero Bminas i3 KpakoBa. ¥ 15M Ha miBHIUHUKEN 3aXif
BiJl KomaibHi «MaMOHTOBOI» Ha IIMOMHAX Onm3bko 17 M Oynu 3HalEH] 3a0anb3aMOBaHi Ty IPyroro,
TPETHLOTO 1 YeTBEpTOro HocoporiB. Haiibinbm 30epircs Hocopir Ne 2, SKWil E€KCIIOHYEThCS HHHI Y
KpakiBcbkomy my3sei ictopii mpupomu (puc. 3) [17]. Bynu 3i0paHi TakoX YHCICHHI KICTKA MalUX
XxpebeTHUX (IPHU3YHIB), PEIITOK MYIILIiB, 0araThOX BH/IB KOMax, KYKiB, MapasMTHYHHX XpOOaKiB,
OJOIIWIIG, METENUKIB, MAaBYKiB, CIMMAaKiB, CYJAMHHUX POCIHH, HACIHHS 1 TUIOK KapJIHUKOBOi Oepi3kH,
BIJIbXU Ta IHIINX MPEJCTaBHUKIB TYHIPOBOi (hiiopu. [ToybChKi BUEHI OpraHi3yBaiu KOMITICKCHI BUBYCHHS
(daynu i rmopu, 4aCTKOBO iXHi pe3ynbTaTH OyJau OIyOJiKOBaHI y CTarTsx. AJie Jpyra CBiTOBa BiliHa
NpU3yNHHUIA [Iei porec [2].

<4 2 { / & ’ i
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Puc. 2.3aTtomiena konajibHs Ne 4 (mamonToBa). ®oto B. [Ipyaeyca [2]

Puc. 3. Hocopir Ne 2 y KpakiBcbkomy my3ei icropii npupoau [17]
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VY Gepesni 1977 p. y CrapyHi BUHUK Tpsi3boBuit Bynkan (puc. 4, 5) micist 3emueTpycy y ropax
Bpanua (Pymynis). HMoro Binkpumu i Garato pokis (1977-198%p.) Busuamu npodecopu IGHTYHT
JIOKTOpH TeoJIoro-MiHepanoriunux Hayk bimoyc H.X.Tta Kmaposcekuit B.M. [3]. Im Bmamocs
«gomortucs» y 1984 p. nHamanns nid nurstHOi y 60 ra crarycy reonoridHoi mam'ATKA TPUPOIH
3arallbHOZICp)KaBHOTO 3HaueHHs. 3 OepesHst 1977 p. i no crorogeHHs CTapyHIO JOCHTIPKYE aBTOp INi€l
cTarTi, a e — 4213 83 pokiB HOro KUTTS.

Puc. 4.T'psasboBuii ByJkaH (¢poro Kanyctuncskoro P. B., 26.05.201p. —Bux i3 apoHy, BucoTa
3HimMaHHs — 410Mm Hax piBHeM Mopsi) [2]

Puc. 5. Canepur i3 CrapyHi ($poTo mix elneKTpOHHIUM MiKpocKomom) [2]

Hanpukinni 70x pokiB XX cT. pekorHociupyBaHas y CTapyHi BAKOHYBAJIH ToioBa MaMOHTOBOTO
komitety i3 3oonoriunoro IHcturyry AH CPCP (Jleninrpam) Bepemrarin H. K. ta Kopaienp H. M. i3
HaykoBo-nipupono3naBuoro mysero HAHY (KuiB). ¥ 70-80 poxun Maukesuit JI.T'. i3 Inctutyty
ykpaino3nascTBa im. 1. Kpur’ skesnua HAHY (JIsBiB) paszom i3 Bacuinenkom B. A. Ta Koukinuwm 1. T. i3
IMpukapnatchbKoro HarioHaabHOrO yHiBepcuteTy im. B. Ctedanmka (M. IBaHO-DPpaHKIBCHK) BHUSBHIN
HaBkosio CrapyHi 12 CTOSHOK JaBHBOI JIFOJAMHH €MOX Ii3HBOTO MAJeoJiTy, ME30MdiTy Ta Heomity [8].
Otxe, 1o CrapyHi sk peHOMEHY NaJCOHTOJOTII 1 ByJIKaHi3My JoJaBcs Lie i (peHOMEeH apXeoorii.
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VY 1988-1989%p. IOHTYHI" Bnepiue o¢iuiiino opranizyBaB Iep»OI0KETHI HayKOBO-IOCIiAHI
po0OOTH 3a KOIITH i3 BIACHUX Pe3epBiB mix KepiBHUIITBOM Anamenka O. M. 3a ydactio Crenpmaxa O. P. ,
Muxanscbkoi JI. M. Ta Muxaiimiok 1. P.

Ha6mmxenns 100stitHROTO 10Bieto (1907—200%p.) 3Haxi10K MaMOHTa i HOCOPOTiB aKTHUBI3yBaJIO
BueHuX [lombii Ta Ykpainu. ¥ 2007 p. Buiiiia kaura kpakiBcbkoro npodecopa L. Anexcanaposuya
«Crapyus» [13], a mpe3uwaeHT MOIBCHKOrO HaykKoBoro TtoBapucTtBa <« eoctepa» Marmeit Korapba
3amponoHyBaB Anamenkosi O. M. nmpoBectu Ha CrapyHi cminbHi gocmimkeHHs. Y 2004—2008yp. Oynu
OpTraHi30BaHi YKpalHCHKO-TIOJBCHKI €KCHEeNnLii 3a KOWTH 3 Oro/KkeTHOro QiHaHcyBaHHA MiHicTepcTBa
ocBith Ta Hayku llomemii. Ha kamp, mapamensHuii mnpoekt ¢inancyBanas IOHTYHIT 3 Goky
aHaJIOT1YHOTO MiHicTepcTBa YKpainu He OyB migTpumanuil. [Ipomosunii IPDHTYHI™ no oGmacHoi Biagu
npodinancyBati gocuimkeHHs CrapyHi y 3B's3Ky 31 10041iTHIM 10BiNeeM 3aBepLIMINCH (HOPMATIHHOIO
BIIIIUCKOIO. A pe3yJIbTaTH CHUIBHUX YKPalHChKO-TOJbChKUX gociimkenb 2004—2008 pp. Oynu
omy06IIiKOBaHi MOJIBCHKOI0 CTOPOHOIO aHTIi#chkor0 MoBOIO y kuurax «Polish and Ukrainian geological
studies (2004—-2005) at Starunia — the area of @es®s of Wolly Rhinoceroses» [164 «Indisciplinary
studies (2006-2009) at Starunia (Carpathian regigkraine) — the area of discoveries of Wolly
Rhinoceroses» [18T oxi x ynepie 6yia omybiaikosana imest Axamenka O. M. ipo ctBopenus y Crapysi
[Mapky JIsogoBukoBoro nepiony [1, 2, 12].

BaxiuBuM pe3ynpTaToM CHINBHUX JOCHIDKEHb TMOJBCHKHX Ta YKPailHCBKMX BUYCHHX il
kepiBHUIITBOM M. KoTap6u ta O. Agamenka OyJi0 BUSBJICHHS HAHCIIPUATIMBIIIOI TUISHKH, ¢ MOTJIA HA
rmuOuHi 30epiraTucs 1€ He 3HAieHI PEIUTKHM BEJETEHCHKHX CCaBLiB 1 HaBiTh KPOMAaHBHOHIIB
ieiicroneny [18].

IOHTYHI' 3a Bnacui komTu opranizyBaB y 2017 p. y I'eomoriuHomy My3ei apxiTeKTYpHO-
nmangmadTHy Momenb Ilapky JIsomoBukoBoro mepiomy [2]. Toro x poky Oy IifBeOeHI IiICYMKH
JOCHIKEHb 3a OUIbII SIK CTONITHIM mepiox y moHorpadii «Crapyns: [lapk JIbomoBHKOBOro mepiomy»
(aBropu Amamenko O. M., Kapmamr O. M., 3opiu JI. O., Korap6a M. I1., Mociok 1. B., Kos6asuiok . 1., 3a
penakiiero akan. Kpmwkaniscekoro €.1.) [2]. I®GHTYHIT mOpomoBKye <«CaMOTY:KKH» IOCHIKYBATH
CrapyHio 3a ywacTio BHKJIaAadiB-eHTy3iacTiB Omenbuenka B.T., Kamuniit T.B., Mocioka M. L. Ta
CTyZAeHTIB — MaiiOyTHix MaricTpiB Jianun Bunnanuyk, Xpuctunu Bonoc, Ipunu Cycak, Tersan ®enopuak
ta in. IDHTYHI 3HOBY 3BepHYyBCs 10 00J1acHOI Bjiaau, miaroryeasiun y rpyadi 2018 —6epesni 2019pp.
npoekT OOnacHOi KoMIDIEKCHOI mporpamu «(CTapyHs: Big TIaM STKH TIPHPOAM JO TEOMapKy
JIbogoBukoBoro mepiogy». Ha xamp, i3 4YOTHpHAAUATH PpO3ALTIB NpOrpaMH TiNbKH [Ba OyIoyTh
peamizoBani y 2019-202@p. Perury 00iusifoTh BKIIIOYUTH 10 BUKOHaHHs yniie 3 2021 poky. Ueprosuii
pa3 TEPEKOHABIIHCH y OalIy>KOCTI BJIAIHA, MH I pa3 3BEPHYIHCS IO MOXJIMBHX I1HBECTOPIB —
YKpaiHCBKUX OJIirapxiB, HApOAHUX AemyTaTiB Bix IBano-@panHkiBchKoi 00macTi, BacHuKiB bykoBens ta
Ha(TOra3oBUX KommaHiii, mpupono3HaBunx my3eiB HAHY y JIpBoBi Ta KueBi, MOXIUBHX 3apyOiKHHX
naptHepis — Horo-Mopkebkoro ta Henscpkoro yuisepcuteris CIIA, tenekananis Discoveryra National
Geographicromo. Biarykayses Tenekanan «1+1».Tenexypranictka Amia [lacc opranizyBaia 3aBasku
UBOMY KaHally eKCIEAMLiI0 KUiBCbKOi (pipmu pazom i3 daxiBusimu [OHTYHIT Apamenkom O. M. ta
Anamenkom 1. O., 3opinum [I. O., Mociokom M. 1., Kosoantokom 1. I. no Crapyni. 16 xBitHa 2019p.
Oynu TIPOBENCHI TeopamapHi MOCHIHKEHHS METOAOM EJICKTPOMArHITHOTO 30HIYBAaHHS, SKi ITOKa3aJH
MOJKJIMBICTh BUKOPHCTAHHS LIEOTO METOJY JUIS MOIIYKIB HOBUX JIOKalili BUKOIHUX TBApHH, 8 MOMJINBO 1
MHCJTUBIIIB Ha HAX — HAITUX MPEAKIB — KPOMAaHBHOHIIIB.

Tomy € cenc 6yrn Basuammu TOB «Tenepamiokommanis “Crymis 1+1"», sske HE TUTBKH ITyKae
CeHcalliif, aje i TOToBe MiATPUMYBATH (axoBi HAYKOBI TOCTiKeHHS peHoMeHy CTapyHi.

Buxnan OCHOBHOTIO Martepiany. Teonozo-zeomopgonociuni, HeoOmeKmoHIYHI ma
naneoceoepagiuni  ochosu  Qopmysanns — ceonoziynoi  nam’samku  npupoou  <Cmapyus»
3aeanvHoOepocasnozo 3uavennsi. [lam’ atka posramoBana y Kapnarax — ripcekockiangactiii CTpyKTypi,
gka, Ak 1 Anbnu, Bucoxi Tarpu, JuHapcbki ropu, posMimyerscsi MK CXiTHOEBPONEHCHKOIO Ta
AdprKaHCEKOI0 JaBHIMH TumaTGopMamu (miTochepuuMu mmramu). SIKmo pyxaruchk Big JIHicTpa Ha
3axij Ta MBACHHUHN 3aXiJ, TO CIIOYATKy MM repeOyBaTMEeMO Ha Kparo CXiJTHOEBPOMEHChKOI m1aTdopMHu,
notim Ha 3oBHilHIA Binkue-Bonuupkiit 30Hi [lepeakapnaTcbkoro nepearipchbkoro (KpacBoro) NporuHy,
MoTiM Ha fioro Bayrpinimiit bopucinasceko-IToxyTcerKiit 30Hi (came B ii Meskax posramoBaHa «CTapyHs»),
nmami Ha 3axig — Ckumbosi, motiMm BomomimsHo-BepxoBunchki, YopHoripchko-Ilomonuucski Kapmaty,
PaxiBchkuii (Mapmapocbkuii) macuB, ConorBuHChKa Ta Yon-MykauiBcbka 3amaauHu, Buropmart-
I'yruHchKa BynkaHi4HA Tpsfa, a Aajii — Aep)KaBHUH KOpPHOH YKpaiHu 3 Pymyniero, YropmuHoio Ta
CroBa44nHOIO.
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Kapmatu — me ripcbka CKimaguacTo-cKHOOBa HAacyBHa CTPYKTypa, Y (OpPMyBaHHI KO MOXKHA
BHJIIJTUTH KiJIbKa €TaIliB. OKEaHIYHUH, TaryHHO-OCTPIBHUH, CKJIaM4acTO-TipChbKUH, CKHOOBO-HACYBHHM Ta
€pOo3iiHO-aKyMYJIATUBHHUHA PIYKOBO-03€PHO-00IOTHUH.

[Mowartok reonoriuHoi icTopii (oxeaniunuti eman) HEACKHUTH IO KPEHIOBOTO MEPiOAy, KOJIH MiX
AdpukaHncpkoro Ta €Bpa3ificbKOH JITOCPEPHUMH IUIMTAMHM MPOCTAraBCS OKeaH TeTic, y SKOMY
HarpoMapKyBaJIuCh 0araTOKUIOMETPOBI TOBIII aJIEBPOJIITIiB, ApTUTITIB Ta MCKOBUKIB TaK 3BaHOI (DIIIIOBOT
¢dopmartii  (BepXHBOKPEHIOBOT CTPUHCHKOI, MAICOTeHOBOI SMHEHCBKOI, €OIICHOBHX MAaHSIBCHKOI,
NaCIYHSHCHKOT Ta OMCTPHUIIBLKOT CBIT).

IToynHarOYM 3 OJNIrOIEHY i 3aBEPIIYIOUM ITOYATKOM MioleHy (erepiaH) BimOyBarOTHCS IepIIi
TEKTOHIYHI PyXH OKpEMHX OJIOKIB OKEaHIYHOro jAHA. TeTic po3majaeTbcs HA OCTPIBHI AYTW Ta JiHIHHI
3anaaubu (racynno-ocmpienuil eman). TUTOBUE (NI 3MIHIOETHCS HA MEPEBAXKHO APTiTITOBI BiAKIAAN
(MeHimiTOBa CBiTA) TEMHO-CIpOr0 1 YOPHOTO KOJNBOPY 3 BEIMKHM BMICTOM oOpraHikd. ToMy MeHiliTH
MOTIM, TIPU CKJIAJAKOYTBOPEHHI CTal0Th HAQTOMATEPUHCHKUMHU.

3 cepenvHM PpaHHBOTO MioleHy (erreHOypriaH) TOYMHAETHCS AKTUBHE TOPOYTBOPEHHS
(cxknaouacmo-zipcokuii eman). OCTpoBa TEPETBOPIOIOTHCH Y TIPChKiI XpeOTH, a OiIst IXHBOTO ITTHIMKKS
(dhopMyeTbes MojiacoBa (opMallisi — KOHITIOMEPATH, MICKOBUKH, OpeKdYil, COJIEHOCHI Bimkiaamu. P
CTHCKA€ETBCA Y CKIIQJIKH TiJ] BILIUBOM pyXy AdpHKaHCHKOI JiTocdepHoi IUINTH Ha MiBHi4. BoHa TucHe Ha
€Bpomy. Y mpoMy mporeci 0epyTh y4acTh TakoX MikporumuTh — [laHHOHCHKa, Mapamapocbka Ta iH.
Ocay mmaHo-apriliTOBOI HOJMSHUIIEKOI, COIEHOCHOI BOPOTHIIICHCHKOI Ta apTiliTOBOI CTEOHHUIIBKOI CBIT
(hOopMYIOTBCS JHIIIE Y MIKTIPCHKHX 3alaJnHaXx.

Ha nacrymaomy ckuboso-nacysnomy emani TUCK AQPUKAHCHKOI IUIUTH Ta MIKPOIUIUT 3pPOCTAE i
CKJIAJKA B KiHITI MIOIICHY HAaCyBalOThCS y MIBHIYHO-CXiTHOMY HAINpsSMKY OJHA Ha OJHY, YTBOPIOIOYH
JTy’)Ke CKIIaTHy CKHOOBO-HACYBHY CTPYKTYpY. I[TomiOHO 10 TOTO, SIK TiJ Yac OpaHKH IPYHTY ILTYT HAKIIATAE
onHy nycky (ckmOy) Ha iHmry, tTak i B Kapmatax kokHa ckuba mepeKpuBae IMONEPEAHI0. AMILIITYIA
TaKOIr'0 TOPU30HTAILHOTO MEPEKPUTTS BHYTpiniHBO0I0 30HO0 30BHIMHLOT qocsarae 10—20km. Tepuropis
maM’ ATKH Tpupoan «CTapyHs» po3MillleHa B amiKadbHIN MpUCKIIeNiHHIi YacTrHI CTapyHCHKOT CKIIaIKH,
T00TO Ha BepmuHi ii. CycingHiMu ckiankamu €: 3 3axony [THiBChKa, a 31 cxony — ['Bisnmenpka. 3a JaHUMU
reoJioro-nomrykoBux pooir 3 188510 1939 p. 6ymo npodypeno 14 ceepmioun (Hamis-1 ta Hanis-3,
Omiym-1 i FOmiymi-2, Tamimist, I'eo-1, Kopn, Jlensa, Metirep-3, 41 5, Mirenene, [Ipuriocts-2, Taneym-1,
I'paBe-1), ame Ttinpku Hamis-1 rombumoro 702 M migTBepamia IMPOMHUCIIOBI 3amack HabTH i Tazy y
BiKIagax eoueHy. MeHII mposBU HaTH 1 ra3y oAepkaHi i3 BOPOTHILEHCHKOI Ta MEHUIITOBOI CBIT 3
inmux ceepmiosuH (I'pase-1, Mertrrep-3, Ipumiocus-2, Hanxis-3, F0miym-2 i Tageym-1). ¥ 1950-1970
pokax y paiioni CtapyHi mpoOypeHO KUTbKa MECATKIB IMONTYKOBUX CBEPJIOBHH, 13 HUX jumre CtapyHs-5,
Crapyns-15, Crapynsa-20 i Crapyns-25 BusBmiIn He3HauyHi 1e0iTH i mposBu HaTH i razy. OTxe, Juie
ceepuioBrHa Hanis-1 maBana y 1929p. nobosuii BunoO6yrok HagTu 4000kr. Bin 3menmmuscs y 1940p.
10 300xr. ITicis apyroi CBITOBOI BiHU IS CBEPUIOBHHA 3aBEPILIMIA SKCILIYaTaIlil0 3 TEXHIYHUX MPUYHUH
[16], ane ra3 Hag HEto TOpUTS i 3apa3 (puc. 6, 7).HadrorazoHocHicTs IpHUypoYeHa 10 HU3KU TOPU30HTIB
MEHLTITOBOI CBITH (OJIIrOIICH-HIDKHIA MIOIICH) Ta 10 CepeIHbOCOICHOBUX BiakiaiiB. Lle Hadrorasosi
ponosua I 'Bizgenske, [liBmenno-I Biznenpke, MoHacTupdancbke, butkiB-babunHcbke, [laciaHsIHCBKE.

Ocmanniti  epo3iiHO-aKyMYISAMUGHULL  PIUKOBO-03ePHO-00IOMHULL  eman  PO3NOYNHAETECA Y
Hi3HBOMY TUTIONEH] (3 MITH p. TOMY), KOJIM Bke Oyiu cpopMOBaHi KapraTchki XpeOTH i oYanach akTHBHA
eposiitHa AisutbHICTh pivok. IIpaJlHicTep Toai posrarnoByBaBcs miBHiuHime Big Hagsipuoi, y 30 kM Big
HOTO Cy4acHOTO TOJOXKEHHS B paioni I'ammga. IloctymoBo [[HicTep «cmmyckaBcs» CBOIMH TepacaMd Ha
MiBHIYHUK CXiJ, yTBOPIOIOUM psifl MepeAripHuX amtoBianbHuX piBHUH. llle cromitrs Tomy W. Tessyere
[24] Buninu piBHi Kpacnoi (180merpoBa VII Tepaca) i JloeBoi (120merpoBa VI Ttepaca). Ili3nime
npatgvu Tomsaeskoro 0. 1. [9], Todmreiina 1. 1. [5], Hucs I1. M. [11], Boryuskoro A.B. [4, 15],
Kpaguyka f1. C. [6] Ta in. Oynu Buaineni 80-merposa [Nanunpka (V), 20merpoBa Mapismminbebka (1V),
30 merpoBa €3yminbcerka (I11), 20merpoBa KonoziiBeska (II) Ta 10-merpoBa | HanzamnaBHi Tepac.

Piuka JlykoBenp Benmkuii, mputoka-gomius p. buctpuri CoinoTBHHCHKOI, B paiioHi CtapyHi Mae
gumre 11 1 1 Hag3ammaBai Tepacu, sk Oyno ycranoBieHo y 2006—2008pp. OypinHsM 33 KOJOHKOBI
CBEPJIOBHHU 31 CTOBIZICOTKOBUM BHXOAOM KepHy. Lli Tepacu yTBOPIOIOTH JONHMHY Y BHUIJISAI BUTHYTOI y
3axiJHOMY HAIpPsAMKY MEaHIPH, ITiJ] SKOK pO3TallloBaHa mepe3ariubiena qoiauna (puc. 8).

YersepTurHi Biaxmaan CTapyHCHKOTO MiCIIEpO3TallyBaHHA Oy y IEHTPi yBard MOCIHITHUKIB Y
ocranHi poku. ['eonoru Ta exonorun IOHTYHI™ Kamuniit T. B. , Omensuenko B. I'. mix xepiBHUITBOM
Anamenka O. M. Boepie noOyAyBaiy reojioriuHy KapTy Ta CXeMY B3a€EMOBIAHOLICHD IICHCTOLEHOBUX
yTBOpeHs (puc. 9).
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[liBgeHHO-3aXigHy YacTHUHY TEpPUTOpii MmaM’ SITKH 3aiiMae CXWI BOAOALTY. Takuid caMuil cxui
pO3TalIOBaHU B3JI0BXK CX1IHOTO KOpAOHY. Mixk HUMU — tonuHa p. Jlykosens Benukuii. Cxunu ckiajieHi
Cepe/IHbO-BEPXHBOIICHCTOIICHOBIME €0JI0BO-/IeNOBiabHiIME €0ldQ.3, Tak 3BaHUMH MOKPUBAJIbHHMH
BIJIKJIQJIaMHA BOJOJUTBHUX MEXKHPIY Ta CXWIIB PIYKOBUX JoNuH. BoHW mpencraBieni 515mMerpoBumu
TOBII[AMH JIECiB, JIECOMOAIOHIX CYTIIMHKIB Ta CYMiCKiB, TJIMH 13 JIIH3aMU MeOSHIO Ta IMICKY.

: o Y 057 &
Puc. 7.I'psa3bo-cosiboBe 03epo 0iis cBepaiosunu «Haxis-1». ®oto B. IIpyneyca [2]

VYV migHDKK] CXWITY BY3bKOK CMYTOIO PO3BHHYTI BEPXHBOIUICHCTOICH-TOJIONEHOBI JICTIOBIaIbHI
Biakmanu dQs.4, 0 BIAAIISAIOTE CXMIT BOMOITY Bif moBepxHi I HagzamtaBHoi Tepacu. Lle rimuau Oyporo
KOJBbOPY TOBIIMHOMO 70 5 M. Cepe/ HUX OyBarOTh JIiH3U MICOSHTO.

Jomuua p. JlykoBernp Benukwid, sik mokasano OypiHHS, Mae JNOCHUTh ckiaaHy Oyzaomy Il Tta I
Haj3amiaBHuX Tepac. Il repaca —nepesarnubiieHa, TOMy Malo4n HEBUCOKY ITOBEPXHIO HAJl ypi30M piuKH,
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XapaKTEePU3YEThCs HOCUTh MOTYXHUM (10 10—15m) anroBiem. BHU3Y 3a14raroTh pyclioBi ralbKOBHKH 3
JH3aMH HAMYJIiB, 0i0TeHHHX Tpsi3iB, Topdy. CrocTepiraeTbes Kibka FOPH30HTIB PYCIOBHUX TaIbKOBHUKIB.
Bepxust wacTuHa po3pi3y MpeacTaBieHa MOKPHUBHUMH CYIJIMHKaMHu TOBIIMHO 10 1 M. Bik, 3a manumu
Manako(ayHiCTHYHUX, MaJCOKAPUOIOTIYHAX Ta MATIHOMOTIYHUX (CIOPOBO-MIIKOBHX) MOCIIKCHB

T. Sokolowski, R. Stachowich-Rybka [22] #HwkHs mM0J0BHHA BepXHBOTO IUIHECTOIEHY (e€M-
IUICHIIsIAT a00 MPHUTYIEKO-0y3bKHit ropm3ont) aQs Il .
s e 0 25 S0 75 100m
108 407 i
i VL4
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" CBepanoBUHY i1 €XONOTU AN BU3HAUEHHA UETBEPTVHHUX BiKNaeHb
O OcHoBHWi1 rpA3bOBUI ByNKaH

Puc. 8.IloBepxHs nmigomBu
YeTBEPTHHHOTO pebedy
B ypouui Ponume [21]
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Puc. 9. [lonepeunuii nepepis (mpo¢ian) noannu p. Jlykoeup Beaukmii

I Hag3annaBHa Tepaca aQ,> | mpeacTaBiIeHa PyCIOBHMY ralbKOBHMY 3 TOHKHMH JIiH3aMH HAMYJIIB,
gacto OiTyMiHO3HHX, Topdy Ta CYIIMHKIB i3 BKJIIOUCHHSAMH Tranmbku. Y Hu3ax | Tepacu, cepen
1-2- MeTpoBOi TOBIII MaBHROTO 00J0Ta, y mraxTi (komanbHi) Ne 4 (MaMOHTOBA) 3HaiIeHI MyMidikoBaHi
PELITKH BOJIOXaTHX HOCOPOTiB Ta MaMOHTa. Bik I Tepacu BH3HA4YeHO SK Apyra MOJIOBHUHA Mi3HBOTO
wiekcToneny (10¢piHOBChKHI Ta MPHIOPHOMOPCHKHIA TOpU30HTH) [22].
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ConoueHoBa yacTuHa po3pisy CTapyHi IpeJCTaBleHa aTiOBieM TPhOX 3aITaBHHX Tepac: aQ' —
HIDKHIH TONOLIEH, BUCOKA 3aI1aBa, CKH, 'PaBii, CYTIMHKH, IIHHH, HAMYJIH, TOBIIHHOI 10 2—3M; aQ,’
— CepeNHIN TOJIONEH, CepelHs 3aIiaBa, MicKH, Hamynu ToBHIMHOKW 0,5-1w; aQ;3 — BEPXHIH TOJIOIIEH,
HU3bKa 3aI1aBa, MiCKH, CYTJIMHKH, CYIicKH TOBIUHOW 0,5—1Mm.

I'pasvosuii eyaxan (muB. puc. 4) «BiHYae» CKIemHHy BepmuHy CTapyHCBKOI aHTHMKIiHaml. Bin
3’ ABUBCA TicHs 3emireTpycy 3 Oepesuss 1977p. y ropax Bpanua (Pymywnis) i MaB TOmi 4OTHpH Kepiia
niamerpom 0,1-0,5m. Bucora xonyca — npubausHo 3 M, IOBKMHA TMIMHUCTUX MOTOKIiB Trps3i — 10-50—
60m [2]. 3apa3 Hamiuyerbcss 8 kparepiB moctiiiHuX i 10 10—20 TMMYacoOBHX MIKpOKpaTepiB, IIO
BHIIUISIOTH Ta3, BOAY, TIIMHUCTY ITYJIBITY, iHOAI HaTY.

V rauHiI TPSA3bOBUX BUKHIIB TPAIUIIOTHCS KPUCTAIH CHaAIEPUTY, MPUTY, MIPOTHHY, APCEHOIIPUTY,
cTpanuiobaputy, O6apury, Timncy, CipkH, KalbLHTy, (QIIOOPUTY, CyIb]iliB Mifi, y COJBOBHX KipKax —
rajiT, CHIbBIH Ta iH. (TuB. puc. 5).

Ha TepuTopii reosoriuydoi nam’ stku «CtapyHi» BUXOAATh 0113bK0 100 HOCTIHHKMX 1 THMYACOBUX
JpKeped TpicHOi Ta MiHEpali30BaHOI BOAM, IOB S3aHI 3 MOMEPEYHUMH PO3JIOMaMH 1 TpIlIMHAMH.
XapakTepHa CydacHa CEMCMOAKTHBHICTh, a TMEpHIOBiIKpuBadi Bynakany bimoyc H.X. i
Knsposcekwii B. M. [3] moB’ s3y10Th ii 3 3eMiieTpycaMu He TiUIBKM y Topax Bpanua, a it Ha Kaskasi, Itamii
1 HaBiTh Ywi. JloBecTH Takuii 3B'130K MOKJIMBO JIMILIE IHCTPYMEHTAILHUMH METONAMH, SIKAX ITOKH 110 HE
Oyuno.

IMopsin i3 KOHycaMu 1 JKepjaMH CTapyHCBKUX IPSA3bOBUX 1 Ha(TOBUX BYJKaHIB € IMOPOKHHUCTI
TpimuHK mupuHoo 10 0,5—-3cM, siKi 3aKpuBalOThCS MiCHs 3eMIIeTpycy Yepes Kinbka Ai0. [To Tpimunax, i3
rpudOHIB Ta MiIKpOKpaTepiB BUKUAAIOTHCS ra3y, HadTa, Boaa, po3cosin pisHOi MiHepauizanii. bins mxepen
(hopMyIOTHCS JIIH3H JIIMOHITY, CAMOPOIHOI CipKH, BHIIBITH Pi3HUX COJICH.

CrapyHChKUI TPSA3bOBUH BYJIKAH CTaB OCHOBHOIO NMPHUYMHOK orojomicHHS y 1984p. teputopii
ionieto 60ra reoIorivHO0 MaM’ ATKO0 TIPUPOAHN 3arajbHOICP)KaBHOTO 3HaUeHHS [3].

Apxeonoeiuni docnioocenns. Y 1976—1982p. IlepenkapnaTchKorw apXeoJOriYHOK EKCIEAMIIIEI0
IacturyTy cycminsHux Hayk (HuHI — [HCTHTYT ykpainosHaectBa iMm. I. Kpum' sikesuua, HAHY M. JIbBiB)
[8] Oymm 3nificHeHI KOMIUIEKCHI JOCHIKCHHS B OKoiMIpX c. CtapyHi. Y pesynpTati moOnu3y
MAJICOHTOJIOTTYHOTO MiCIepO3TallyBaHHs 0yJ10 Bigkpuro 12 2—3mapoBHX CTOSHOK, B SIKUX MPOCTEKEHO
He MeHIe HiX 17 IMoceNneHb MaBHBOI JIOMWHU BiA MAJICONITy A0 cepeaHboBiddst. OTKe, TepUTOpis
HPOTATOM THCSUOMIT Oyia CIPUATINBOIO [UIS TIOCEJICHHS Ta MOJIOBAHHS Ha BEIMKUX TBAPUH.

e BigkpuBae MoxIuBOCTI mourykiB y CrapyHi camoi JIOOWHM Bil KPOMaHBHOHILIB A0 OUIBII
mi3HIX ermoX. Taki 3HaXigTKu MOXKYTh OyTH SK Ha TOCENIEHHSX, TaK i Ha JaBHIX OoyoTax. CrarioHapHi
PO3KOIKH TOKH IO 3IHCHEHI JIMILIE Ha CTOSHIN 100K ME30JIiTy Ta €HeOiTy Ha miomi 1649m2. 3HaiineHo
noHan 5 tuc. apredakriB Ta paynictuunux pemtok (Crapyns I kynsrypu Bopouis-Crapyss). JominsHo
npoBectr, nume MankeBuid JI. I'. [8], poskonmku Ha crosukax Crapyns IV i1 Xl, mo po3ramosani
HaWOIIDKYe 0 3HAXIJOK BOJIOXAaTHX HOCOPOTIB Ta MaMOHTA.

Jlanowaghmu i knimam. ManaxodayHa, naqeoKaproJIOTiuHI Ta MaTiHOIOTIYHI ToCHipKeHHs [2, 16,
18, 22]nokazanu, mo ans kBaprepy CrapyHi XapakTepHe OaraTopa3oBe YepryBaHHs €MOX ITOXOJIOIaHHS,
3 TyHApPOBOIO (uroporo KapiamkoBoi Oepesn (Betula nang, wopuoi Bimexu (Aenus frutinospra in., ta
noterutink. e OyB nanamadT tyHapocreny (iHIIa Ha3Ba — MAMOHTOBOTO CTeEITy), IO MPOCTSTaBCs Yyepes
ycto €Bpa3zito, MBACHHIIIE BiJl JIbOAOBUKOBUX IITUTIB.

3a ocraHHIA MiITBHOH POKIB YETBEPTHHHOTO IIEPIOAY JHOJOBHKM HACTYIaad Ha €BpoOIy, SK
MIHIMYM YOTHPH pasd, JOCATAI0YM y MaKCHMajbHY €IOXY IHIIpOBChKOro 3meaeHinns (270—180rwuc. p.
TOMY) paiiony M. J{Hinpa mo nonuHi p. [AHinpo, a Ha 3axoxai Ykpaiau — mumpotu ¢. KpykeHudi Ha miBHOYI
JIbBiBCBHKOI OOnacti. Hac >ke HikaBUTh Ta 4YacTMHA YETBEPTHHHOTO MeEpiofy, SKy HA3MBAIOTh IMi3HIM
miefictorienoM (150-10 tuc. p. Tomy). Tomi MaTepMKOBHM KpPWKAHWM IMUT TOBINUHOW 10 1 KM
Bajaiicbkoro 3jeaeHiHHs MokpuB miBHIY binopyci i [Ipubantuky. Ha 3axomi Ykpainu nBo-TpupaszoBe
3neneHinng, 3a nanumu E. Romer [19], H. Swidezski [23J. C. KpaBuyka [7] Ta iH., Oyno nume y
Kapmarcekux ropax (Hopaoropa, CBimoBels) y BUIJISIII JTOJHHHHAX Ta KApOBHX JBOIOBHUKIB, BiJl SKHX
3IAITAINCH XapakTepHi ¢hopMu penbedy — TPOTOBI TOJIWHU, KapH, KiHIIEBI MOPEHH, 03epa Ta iH. Yci
iHma Tteputopist binmopycbkoro Ta Ykpaincekoro Ilomices i Ilpukapnarrts, y Tomy umcni i Crapyss,
mepeOyBana y MepuriamiaabHii (MpHUIboI0BUKOBIi) 30HI, e hopMyBanuch (IIIOBIOTIAMiaabHI (BOIHO-
JOJOBUKOBI) 3aHapoBi (MicuaHi) piBHUHHU 3 YUCICHHUMH PiYKaMH Ta MIOTiYKaMH.

B ymoBax mMOMIpHOTO XOJOAHOTO 1 BOJOTOr0 KIIMaTy MilIaHi piBHUHK Oymd TOKPHTI
TyHApOCTeNaMy 3 0araTtor JIyYHOIO TpaB'SHUCTOI POCIMHHICTIO, IO JaBajia JOCTaTHBO KOPMY IS
0araTOTUCAYHUX CTaJ MAMOHTIB Ta HOCOPOTiB. A M motpioHo Oyiio 10 100—15Ckr TpaBu KOXKHOTO JHS.

28



HaykoBo-texniynuii )xypran Ne 1 (19) 2019

Mupoxi TyHIpocTenoBi JaHamadTH MEXHUpid Ta BOJOALIIB 3aitmanu noHan 70—-80 %repuropii,
M0 PIYKOBUX JOJWHAX IPOCITIAKOBYBAIINCH HU3BKOPOCII JepeBa, COCHU, Oepe3u, BUIbXH, BEpOOJIO3N Ta
YarapHUKd. 3a JaHUMHU ManakodayHH, TajleoKaproJjOoriYHUX aHali3iB Ta NHJIKOBUX jiarpam [22],
KITIMATHYHI YMOBH Ii3HBOTO IUICHCTOIICHY XapaKTePH3yBAIHUCh MEPIOIUYHUMH MOTCILTIHHAMH (CEMChKE
MIXKJIbOIOBHUKIB' s 3axigHol €Bponu ad0 ropoxiBChKe-IPUIYIIbKE HOTEIUTIHHS YKpainu, 129—73ruc. p. 3
MOTY)KHMMH BHKOITHMUMH TpyHTaMH; BitadiBcbke ([yono-2 i JIyono-1) moremtinusa, 59—28tuc. p. 3 2—-3
TOpU30HTaMHU BUKOMHUX IpyHTIB Oepen, Xenreno, Jlenekamm; nodinoBceke (PiBHe) moreruminns, 20—
18 tuc. p.; norerninus 6poutinr (Kpacunis), 13—10ruc. p.) Ta noxonogaHHAMU (yIalchke (ILATKIOJIbII),
73-59 THC.p. 3 ropu3oHTaMu JieciB; Oyrceke, 28-20 Thc.p. 3 JecamMd 1 CONIQUIIOKINER;
npuyopHomopcbke (apiac), 18-13 tuc. p. 3 ropuszontamu neciB) [4,15]. Taka  mnepioguyHa 3MiHa
HOTEIUTiHb Ta T0XO0J0/aHb xapakrepHa i s rojoueHy (10-Otuc. p). OcoOIMBO TEIIMMH 1 BOJIOTHMH
O0yB arnantuuHuii ontuMyM (5—6 THC. p. Tomy). Tomi Ha CTEMOBHX MPOCTOpax YKpaiHH, a CTEMH OyiIH
BK€ CY4aCHHMH, IMINPOKO PO3MOBCIOMINCH TIOCEIEHHS TPUIIIbCEKOI KyJIbTypH. OCh TaKUH reosoriyHui
TOJMHHUK Biakpuia Ham CrapyHsi!

SIke K noxoodoicenns MarOTh CTAPYHCHKI (PEHOMEHHM — O30KEPHUTOBI MMOKJIAAM, HaTOra3osi IIacTH,
coiisiHi, HaTOBI Ta MiHEpallbHI JpKepesa 1 Tpsa3poBuii BynkaH? [IpuunMHaA IMX SBUIN KPUETHCS Y
CKJIQJYaCTO-HAIBUTOBIN (CKMOOBIiT) CTPYKTYpi JOCIHIIKYBaHOT TEPUTOPIi, 3yMOBJICHI MOCTIHHUM PyXOM
Adpukancekoi JiTocepHOi MIUTH Ha MiBHIY Ta MiBHIYHMM cxix. Bona i mikpomnutu IlanoHChKa,
MapaMypcbKa Ta iHII HACTYIMaTh Ha €Bpa3iiChbKy IUINTY, IOCTIHHO TUCHYTHh Ha KapraTu, CTUCKArOH i
YCKIIQAHIOIOYH iXHIO CTPYKTYypy. CTapyHChKa CKJIaAKa y MiBHIYHO-CXiJHOMY HampsiMi HAaCyBaeThCS Ha
I'Bi3menpky, a 3 mMBISHHOTO 3ax0y Ha nepury TucHe [THiBcbka. Y pe3ynpraTi CTapyHChKa aHTHKIIIHAIB Y
BHTJISIII CKUOM 3aTHCHYTa MiX JBOMa HacyBaMH, a BCEpeIWHI Hel YTBOPHIACH ITijla CHCTEMa B3aEMHO
MEePETUHAIBHUX PO3JIOMIB Ta TpimuH. OTXe, TOCHTiIKyBaHa TEPUTOPIS € TE€0aKTUBHOIO 30HOI0, Y MekKax
skoi 13 rimOuHM CTapyHCBHKOI CKIAAKH BigOyBa€ThCsl BUTHCKAHHS Ha TMOBEpXHIO (uoigiB HaTH,
COJITHMX PO3YMHIB, IpA3€EH, IO CYMPOBOIKYIOThCA [erasaiiicro Haap. Y crarri [16] Amamenko O. M.,
Cremsmax O. P., iy M. C. ta Kotop6a M. M. mumyts: «/loBeaero, mo Ha ckmaami CTapyHs HEKHI
COJICHOCHI BOPOTHUIIEHCHKI IIapyd OylIM NEepeTHCHEHI 3aBASKW BUTHCKAaHHIO MEHUTITOBHX INApiB, a
BUCOKHUH THCK Mi36MHUX KOHTYPHHUX BOJ CIPHSIB JECTPYKTYpH3alii MacToK i Mirpauii ByrJIeBOJIHIB 10
moBepxHi. [lim wac wmirpamii HadgTH, OaraTtoi Ha HACWYCHI BYIJIEBOIHI, PO3MOYANIOCS YTBOPCHHS
030KepUTOBHX KUM» [16, ¢. 75]. Aprigitd Ta aieBpONTH y 30HAX pPO3JIOMIB Ta TIHOHHHOI
TPILMHYBATOCTI OyJIH po3M’ SKIICHI 1 IEPETBOPEH] Y INIMHKUCTY IMYJIbIY, SKa 1 BUXOJUTH HA MOBEPXHIO
gepes JKepiia IPsI3bOBHUX BYJIKaHIB.

[paBna € i iHma TOYKa 30py HA MOXO/HKEHHS T'PA3bOBHUX BYJIKAHIB: IXHE BUHUKHEHHS CIIPUYNHEHE
OypiHHSIM YHWCIIEHHMX CBEpAJIOBHH, 4Yepe3 sIKi BOJAa OIMYCKAETbCS OO HAPTOra30HOCHHX MIapiB, Tam
BinOyBaloThCsl TepMiuHi (Pi3MKO-XiMiuHI HpouecH, a IXHS MPOAYKLis y BUTJSALI TpsA3ed HAaIXOOUTH Ha
HOBEPXHIO 1 CTBOPIOE JKepiia Ta KOHYCH I'PSA3bOBUX ByJKaHiB. OCHOBHE Halle 3alepedeHHs. T'e0aKTHBHA
3oHa CTapyHi BUHHMKJIA 3HAYHO paHille, HiX OypiHHs CBEpPAJIOBMH, iHAKIIIE MAMOHTH 1 HOCOPOTH He Oyin
0 3abanp3aMoBaHi OITYMOM Ta COJSIMH. ['€OXIMIYHHUMHM 130TONMHMMHU JocmipkeHHsmu H. Sechman,
M. Kotorba and M. Dzieniewicz [20}okazano, mo xonrentpanii amkauiB C,—Cs, MeraHy, Temiio,
BYTJICKHCIIOTO Ta3y, XJOPHIIB V BigiOpaHuxX mpobax CBiAYaTh Mpo Te, Mo MakcumyMm 17 % ByriieBOIHIB
MaloTh TOBEPXHEBE MOXOMKEHHs, a BCE pPEIITa MiAHAJIOCH i3 TIIMOMHHUX HA(PTOra30HOCHHX IMIapiB
Crapyncekoi ckaanku (1000—-700m Bix moBepxHi). He BHKITIOYEHO TaKoX, IO il CTPUHACHKOIO CBITOO
CKIIAJIKH € JIPYTHH, a MOXKE 1 TPETii MOBEPXH MNIMOWHHUX CKJIAIOK, SIK I1€ CITOCTEPITAEThCSA Ha CYCITHIN
[THiBCBKIH CTPYKTYDI.

OTxe, yci TpOsIBH TpsI3bOBOTO BYJIKaHI3MY, HaTOra3oBUX Ipu(OHIB, 030KEPHUTOBHX MOKJIAliB,
COJILOBHX JKepes1, Oanb3aMyBaHHS MaMOHTOBOI ()ayHU € MPOSIBOM TNTIMOMHHOT re0aKTHBHOI 30HH. ToMy
aBTOp y CBill yac i 3alpONOHYBaB BUAUISTH Ha JOCHIIKyBaHil Teputopii CTapyHChKHI Te0IuHaMIYHUI
nouiroH [1, 2, 12]./leranbHe Oro BUBYCHHS 3MBY€E HAC BCE HOBUMH i HOBUMH BiKPUTTSMH.

BucHoBku Ta mpomo3uuii momo 3miHM CTapyHi SK TEOJIOTIYHOI IaMm' ATKH TPUPOIU
3arajJbHO/IEpKaBHOTO 3HadeHHS Ha ['eomapk JIbomoBukoBoro mepiony. [liTHATH KaTeropiro reoorigHol
nam’ siTku ipuponu CrapyHi 10 reomapky Brepiie Oyno 3anpornoHoBaHo Axamenkom O. M. [1, 2, 12]y
2005p. o Take reonapk? 3rigHo 3 Bikineaiero, eeonapk —11e CTaTyc 0COOJIMBO OXOPOHHOTO PETriOHY, Ha
TEPUTOPIi AKOI0 HAOUHO PO3KPHBAETHCS icTOpist 3emii, popMyBaHHS MiCLIEBUX JaHAIIA(TIB, YTBOPEHHS
MOpi Ta POJOBHII KOPHUCHHX KOMAIMH 1 30€peKeHHA y MAacoBOMY TMOPSIKY BHKOIHOI (ayHH
noicropuyHux TBapuH. CrTBopeHHs reomapkiB 3apoamiock y 901 poku XX cr. 3 2002p. icHye
cnemianpHa mporpama IOHECKO [25] miarpuMKkyM CTBOpPEHHS BCECBITHBOI MepeXi HaIliOHATBHHX
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reonapkiB (Global Network of National Geopankda »xostens 2018p. no miei opranizauii KOHECKO
Bxoaun0 77 reomapkiB i3 24 kpain. Y €ppom — 43 reonapku 3 17 kpain. Lle — ABctpis, HimeuunHa,
I'pentisi, ®panris, Xopsaris, Benuka bpuranis, @innsumgis, Hopeeris, Icnanis, Itanis, Yexis, PymyHis,
[optyranist Ta in. ¥ Kurai — 22 reonapku. € Bonu y B’ernami, Manaiisii, Anownii, IliBgenniii Kopei,
Kanani, bpasunii, Ipani, Ha TaiiBani. €BpomelchbKi Teomapku OB’ sg3aHI MK COOOI0 OpraHi3amiitHO i
HaJIal0Th OJIMH OJJHOMY I'OCIIOJIAPCHKY Ta EKOHOMIYHY Jornomory [25].

Ineto Anamenka O. M. mpo cTBOpeHHs1 Treonapky «CrapyHs: reomapk JIbOZOBHKOBOTO mepiomy»
[1, 2, 12]ninTpumanu nbBiBebKi reorpadu S. C. KpaBuyk, A. b. Boryuskwuii, 1O. B. 3inbko, B. I1. Bpycak
Ta iH., SKi 3aIPOITOHYBAJIN MEPEXKY reonapkiB Ykpainu [7].

VYBech HayKOBHI Martepiaji, BUKJIAJICHUN BHIIE, CBITYNUTH MPO BUCOKHH piBEeHb iH(OpMamiiHOTO
3a0e3MeUeHHs] MPOMOHOBAHOI 3MIHM CTaTyCy TeosoTiyHoi mam’ Tk npupoad “CrapyHs’ Ha reomapk
JIbomoBHuKOBOTO TIepiomy. Mu 3BepTaEMOCH 10 JAEp)KaBHOI Ta MICIICBOI BIaAM, MPHPOIOOXOPOHHUX
OpraHiB MiIHATH IEf CcTaTyC 3TigHO MiKHAPOTHHX MON0KeHbs mpo reomapku TOHECKO [7,25]. Toxi
CrapyHs 3MOKe OTpUMAaTH BiJNOBIIHY OpraHi3amiiiHy, (GiHaHCOBY, TOCIIONAPCHKY Ta HAYKOBY MiIATPUMKY
1 gocroitHo mipeAcTaBiATH [BaHo-OpaHKiBIMHY Ta YKpaiHy Ha €BpONEHCEKOMY Ta CBITOBOMY PIBHSIX.
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0. Adamenko

Ilvano-Frankivsk National
Technical University of Oil and Gas

SIGNIFICANCE OF THE GEOLOGICAL NATURE MONUMENT «STA RUNIA»
FOR THE SOCIO-ECONOMIC DEVELOPMENT OF THE PRECARPAT HIAN
REGION AND UKRAINE IN GENERAL

The world-known paleontological site of the Pletgoe fossil fauna (42-10 thousand years ago)
with four hairy rhinos Rhinoceros antiquitatis Bluand the mammoth Mammuthus primigenius Blum,
and the only active mud volcano in the Carpathisere declared as the geological natural monument of
national significance “Starunia” in 1984. The morannis located on the south-western outskirts ef th
village Starunia, in Bohorodchany region, Ivanortkigsk oblast, 25 km from the oblast centre. In the
article several aspects of the monument’s signifieaare defined for: 1) the development of the nahtu
reserve fund, raising the category of the consematrea from “the natural monument” to “the IceeAg
geopark”; 2) the development of tourism and reapeatusiness; 3) solving important scientific
problems, in particular, determining age rappeis @eriods of global climate changes; 4) assessofent
the role of surface and deep sources of migratfooadbohydrate compounds, which is important for
prediction of oil and gas occurrence in the Preathipn region; 5) substantiation of the medical and
therapeutic potential by opening a salt-mud-ozattkesanatorium; 6) raising the socio-economic leve
of the village and region, creating new jobs far gopulation.
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In the history of Starunia’s research, the discpw#rthe mammoth fauna in 1907 and 1929, the
appearance of a mud volcano in 1977, scientific atan-Polish expeditions with well drilling,
geophysical and geochemical surveys in 2004—-20@3publication of monographs in 1914, 2004, 2005,
2009 and 2017 are singled out. The insufficiergraibn of state authorities to the study of Steatamd
the enthusiasm of scientists are critically evaddat

The author proposes the mechanism of the formafigeoactive zone in Starunia fold due to the
constant pressure of the Carpathian sheets — fehish pushed oil, gas, mineralized waters, mutts, e
from the bottom to the surface. This created apjatgp conditions for the formation of ozokeriteldie
oil and gas deposits, mud volcano, salt craterbaéming the mammoth fauna. The author proposes to
organize Starunia geodynamic field and raise thwstof the geological nature monument of national
significance importance “Starunia” to the interoatl Ice Age geopark.

Keywords: hairy rhino, mammoth, Pleistocene, natural monumgeopark, tourism and
recreation business, mud volcano, folded-sheettsimel
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TEHJEHIIII YACOBOI'O PO3NOALTY KJIIMATUYHUX MOKA3ZHUKIB HA
TEPUTOPII IBAHO-®PAHKIBCHKOI OBJIACTI

MeTor0 MOCTIDKEHHS € BCTAaHOBJICHHS TEHICHITH 1 3aKOHOMIPHOCTEH IPOCTOPOBO-YaCOBOTO
pO3MoAiNy KIIMAaTUYHUX MOKa3HHUKIB Ha Teputopii IBaHo-OpaHKiBCbKOI 001aCTi IMUISIXOM CTATUCTHYHOT
00poOKM MarepialdiB METCOPOJIOTIYHUX CIIOCTEPEIKEHb. 3a JOMOMOTOI0 TIPOTPAMHOTO TPOAYKTY
Caterpillar SSA 3.401eTo CHHTYIISIPHOTO CIIEKTPAIBHOTO aHali3y OyB anpoOOBaHWiA ISl TPOTHO3HUX
MoJIeJIell TUHAMIKH TigpoTepMiuHOoro koedinienta mo IBaHo-DpaHKIBCBbKiIM 00macTi W BiAXWIEHHS BifJ
HOPMH CyYMapHOi pIi9HOI KUTBKOCTI OTMaaiB Ta CEPEIHBbOPIYHOI TeMIEpaTyph IOBITPS 3a JTaHUMH
MeTeocTanlii IBano-@pankiBcekoi obmacti 3a mepiog 1990-2018pp. Ha MpOrHO3HY MEPCHEKTHBY 110
2028p.

HoBusHna HaykoBoi poOOTH TONSrae B TOMY, IIO AICTANO MOAAIBIIOTO PO3BUTKY AOCIiIKCHHS
TCHIICHITIH 1 3aKOHOMIPHOCTEH 3MiH KiIiMmary s TepuTopii IBaHO-DpaHKIBCHKOI 00JIACTI IMUIIXOM
BCTaHOBJICHHSI TPOTHO3HOI AMHAMIKM TIOKa3HHKIB TeMIepaTypd Ta MICSYHUX CYM OMafiB, LIO
IPYHTY€ETBCSI Ha 0OpoOILi OaraTOpiyHHX MaTepialiB METEOpPOJIOTIUYHHX CIIOCTEPEKEHb METEOCTaHLIN
Spemue, [loxmwkeschbka, Komomus, IBano-®Opankiscebk Ta JloamHa.

[ToOymoBaHi METOJOM CHHTYIIATOPHOTO CIIEKTPAIBHOTO aHaJli3y MPOTHO3HI MOJIENI BiJIXUIICHHS Bif
HOPMH KJIIMaTHYHUX MOKa3HUKIB Ha mepiox no 2028 p. m0BOIATH, 110 I100albHE MOTEILIIHHS KiMaTy
s teputopii IBano-®paHkiBcbkoi 007acTi mpuBene A0 MiABHILEHHS TEMIEpaTYpPHUX MOKa3HHUKIB,
301IBIIEHHS KUIBKOCTI OMajiB Ta 3HM)KCHHS TiAPOTEPMIYHOrO KoedirieHta. [1apoTepMiuHUN MOKa3HUK
Ma€ TIOCTYIOBY TEHJCHIIIO IO 3MEHINCHHS, IO MiITBEPIKYE 3arajibHi KIiMaTH4YHI 3MiHA B I[BaHO-
®pankiBcbKiit o0macti. OnHak 3HadenHs ['TK Ha mporHo3Huit mepion 3aIuIIaTUMyTHCSI 3HAYHO BUIIIUMH
BiJI OAWHMIII, OTKE, TOCYXH IBaHO-DPaHKIBCHKIA 00J1aCTi HE 3aTPOXKYIOTh.

Pesynprati gocmimkeHb MOXYTh OyTH BHKOPUCTaHI U MPOTHO3HUX OLIHOK 3MiH KIIMaTHYHUX
rmapaMeTpiB y MeXax o0JacTi sl MPUHHATTS PIllieHb aganTallii 10 riao0adbHUX KIIMAaTUIHUX 3MiH, Y
HaBYaJIBHOMY TIPOIEC.

Kurouogi cjioBa: KimiMaTH4Hi 3MiHH, TPOrHO3HI MOJENI, T1IPOTEPMIYHUM KOSQILIIEHT.

IMocTtanoBka npodaemu. JlocnimKeHHs MUTaHb TMTO0ATBHUX 3MiH KIIIMATy € akTyaJlbHUM Ha PiBHI
OJIMHUIIH aIMIHICTPATUBHOTO TIOUTY JJIsl 3MEHIIICHHS! HETAaTUBHHUX HAcHiAKiB. [Ipeamerom mociimKeHHsS
BHOpaHO TEHMCHINI 1 3aKOHOMIPHOCTI 3MiH KJIIIMATHYHUX TOKa3HUKIB y Mexax IBaHo-DpaHKIBCHKOL
00acTi, 30KpeMa MPOCTOPOBO-YaCOBHM PO3MONLN OMaliB Ta TeMIepaTypu B o0jacTi, TEpUTOpis SKOI
HAJICXKUTh JI0 TMaBOJKOHeOe3meyHnx. Po3moain atMoc(hepHUX OMajiB Ta TEMIIEPATypy MOBITPS B MekKax
o0sacti Mae crenudiuHi 0COOMMBOCTI y 3B’SA3KY 3 HAsSBHICTIO PIBHMHHOI 1 Tipchbkoi yacTuH. Tomy
JOCII/DKEHHST TEHISHINIH TPOTHO3HMX 3MiH 1 3aKOHOMIPHOCTEH KIIMAaTHYHHUX XapaKTePUCTHK Ha
Tepuropii [BaHO-DpaHKiBCbKOI 0071aCTi € aKTyaIbHUM HayKOBO-ITPAKTUYHUM 3aBIaHHSIM.

AHaji3 ocTaHHix nociaimxkens i myoJsikamiii. [Timmucanas PamxoBoi Konsentiii OOH mpo 3miny
KJIIMaTy TpeacTaBHUKaMd 175 kpaiH CBIIUUTH TPO TE, IO 3MiHA KIIMaTy € 3HAaYHOIO 3arpo30i0
HABKOJIMIITHFOMY CEpPEJOBHUILY Ta €KOHOMIYHOMY PO3BUTKY. JIOCHIIDKCHHIO 3MiH KJIiMary HpPUCBIYCHO
BEIUKY KIUJIBKICTh POOIT HAYKOBIIIB, OJTHAK JIOKAJIbHI TEHACHIII MOXYTh BiJPI3HITUCS BiJ TI00ATHLHUX
[1-4]. Anamni3 monepenHix MOCTIIKEHDb T03BOISE KOHCTATYBAaTH HENOCTATHIO BHBUEHICTH OaraTOpidHMX
3MiH KJIIMaTy Ta ioro HacuiakiB s [Bano-DpankiBchkoi 00macTi [4—6].

I[MocranoBka 3aBmaHHA. MeTOIO JOCTIIKCHHS € BCTAHOBJICHHS TCHJCHINM 1 3aKOHOMipHOCTEH
MIPOCTOPOBO-YACOBOTO PO3MOIITY KIIMATHYHUX IMOKAa3HUKIB Ha TepuTopii IBaHO-DpaHKIBCHKOI 001acTi
MUISIXOM CTaTUCTUIHOI OOpOOKH MaTepialliB METCOPOJIOTIYHUX CIIOCTEPEKEeHB. JIJIsT MTOCATHEHHS METH MH
BU3HAYWIA TaKi 3aBJIaHHS. y3araJlbHUTH HAYKOBI PO3BIIKH 3a TEMOIO JOCIiPKCHHS, MPOaHATi3yBaTH
Marepiaay METCOPOJIOTIYHHX CIIOCTEPEKEHb 13 MeTeocTaHIliit [BaHO-DpaHKIBCEKOI 00JacTi; MPOBECTH
iXHIO CTaTUCTUYHY OOpOOKY 3 BH3HAUCHHSIM BiIXHJICHH BiJl HOPMH MTOKA3HHKIB TEMIIEpaTypH Ta OMaiB,
BUKOHATH YaCOBHUH MPOTHO3 PO3MOILTY ONaaiB, TEMIIEPATYpH Ta TiAPOTEPMIYHOTO KoedimieHTa.
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Buknag ocHoBHoro martepiany. Piunuii xinm Ttemmepatryp B IBaHo-@pankiBChKOi o0bnacTi
XapaKTEePU3y€e€ThCS HEBHCOKMMH aMIUTITYAaMH B JIITHI MICSI 1 TMOPIBHSHO BHUCOKWMH B3WMKY. BoHm
TaKO CYTTEBO BIJIPi3HSIOTHCS B TiPCHKHUX palioHax i Ha piBHHHAX. Tak, cepeaHi TeMrnepaTypH JUIMHS s
[oninscrkoi i Ilepeakapnarcekoi wacTuH obnacti cranosnsaTs 18—18,5€C, a B macusi YopHoropa, Ha
Bucoti monan 1800mM, — Bix 9 go 11°C. To6To Ha koxHi 100 M BHCOTH TeMmIepaTypa 3HHXKYEThCS B
cepenasromy Ha 0,7C [2]. ¥V ciuni MeHIIIa BiMiHHICTb MiJK CEpEIHBOMICIYHUMH TEMIIEPATYPAMH Y TOPax
i Ha piBHMHAX, BignosigHo 7—7,6T i 4,5-5,0€C nwxkue Big vy [3].

MakcumanbHi Temnepatypu (monax +38%C) crocTepiraiucs y CXifHii 4acTHHI 00J1acTi, 30KpeMa,
Ha MeTeopoJoriynii cranmii B Komomui. Y ropax HaiBuia temmneparypa +27 T 3adikcoBaHa Ha CXHII
Yopuoripcekoro xpedra cranmiero [ToxkmwkeBcbka (Bucota — 1450m). MiHiMaibHI TeMnepatypH s i€l
K METEOPOJIOriuHOI cTaHwil cTaHoBIATh — -28T , a as Komomui — -36T [2].

AMIUTITYZa CepelHIX TeMIepaTyp Ha pPIBHUHHHX TEPUTOPIAX 00JacTi, a OTKe, 1 CTYIIiHb
KOHTHHEHTAJIBHOCTI TIOBITpA 30UIBIIYETHCS B HAOpSIMKy Ha mBAeHHWH cxix. Y Kapnarax
KOHTHHEHTAJIbHICTB 3TJIA/KYETHCS 1 CEPeIHI pivHI aMILTITy i Temiiepatyp He nepeBuuryoTs 21°C [3].

Jns BH3HAYCHHS OCOOIMBOCTEH HMPOCTOPOBO-4ACOBOTO PO3IMOJALTY ONMAAiB Ta TeMIIepaTypH Ha
TepuTopii IBano-DpaHKiBCHKOI 007acTi, IMpoaHami3oBaHO AaHi 3 MereocTaHiiii Komomus (297 M Han
piBaeM mopsi), Spemue (531 m Han piBHeM mopsi), [loxxmxkeBcbka (1450,8m Hag piBHeM Mopsi), [BaHo-
®pankiBebk (280M Hajg piBHeM Mops) Ta [JonuHa (470M Hax piBHEM MOpsi).

Hopwma omanis Ha mereoctanitii Komomus (297 M) cranosuts 699 MM, Mu npoanasisyBaim aaHi 3
METEOCTaHIIi1, pO3paxyBal BiIXUICHHS BiJl HOPMH ONAJIiB 1 BUSBUIN TCHJCHINIO JO MMiBUIIICHHS PIYHOT
kinpkocti omaniB (puc. 1). Ilporsrom 1990-2018 pp. cepenHbo-OaratopiuHa KiIbKICTh OIAiB
30uIbIIMIach Ha 13 MM mmiogo Hopmu. HaiiGinein nocynummBumu Oynu 1990, 2003ra 2011 poku, a
Haio1aeIn Botorumu — 2001, 2008a 2010pokwu.
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Puc. 1.IIporuo3zna Moaeb IMHAMIKH BiIXHJI€HHS Bil HOpMH cyMapHOI piuHoi KiJibKocTi onagiB (Mm)
st meteoctanmnii Komomust mo 2028p.

[llomo Temmeparypu MoBiTps, TO HopMa st MeTeocTaHIii Konomus ctanoButh 7,1C. Byno takox
pO3paxoBaHO BINXWICHHS BiI TEMIEPATypHOI HOPMH 1 BHSABICHO TCHICHINIO [0 IIiABUIICHHSI
temneparypu. [lporsrom 1990-2018pp. cepennbo-6araTopiua TemmepaTypa 30insmmnacs Ha 0,96T
BijiHOCHO HOpMH (puc. 2). Y nepiox 3 199010 2018pp. Temneparypa moitps Oyia BUIa 32 HOPMY BCi
pokH, He BpaxoByroun 1993p. Ta 1996p.

Hopma omaniB mns Mereocranifii SIpemue cranoButh 931 MM. Byno mpoaHanizoBaHo AaHi 3
METEOCTaHIIi1, PO3paX0BaHO BiIXWJICHHS BiJl HOPMU OMA/IiB i BUSBICHO TSHACHIIIIO J0 TiABUIECHHS PIYHOT
KiTbKOCTi omamiB. [IpoTsAroM 0araTopiyHOro IMKIY CEpeaHBO-OaraTopiuHa KiNbKICTh OMaiiB
30uIBIIMIach Ha 69 MM BimHOCHO HopMmH. HaiibOimein mocyrmuiueumu Oyaun 1990, 2000, 2012a 2013
pokw, a HaitOinbI Bostorumu — 1998, 2001, 2008 2010poxwu.

[[lomo TemmepaTypu MOBITPs, TO HOpMa sl MeTeocTaHIii Apemue ctanoButh 6,9°C. Byno takox
pO3paxoBaHi BIOXWJICHHS BiJl TeMIIEpaTypHOI HOpMH 1 Oyja BHSIBIICHA TEHICHIS [0 ITiABUIICHHS
temneparypu. [lporsrom 1990-2018pp. cepennbo-6araTopiuHa TemmepaTypa 30inpmmnacs va 1,11T
mono Hopmu. Y mepiox 3 1990 no 2018 pp. maibke koxHOro poky (kpim 1991p., 1994p., 1996p.,
1997p.) remneparypa moBiTps Oysa BUIIOIO Bil HOPMH.
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Puc. 2.IlporHo3Ha Mojeab TUHAMIKH BiIXUJIeHHsI Bil HOPMH cepeTHLOPIYHOI TeMIepaTypH
st Meteoctanii Kosomus o 2028p.

Hopwma onanis ans mereoctaniii [ToxmwkeBcbka ctaHOBUTh 1423MmM. Byio npoananizoBaHo jiaHi 3
METEOCTaHIIi1, PO3pax0BaHO BIXMICHHS BiJl HOPMH OMAJIB i BUSBICHO TEHJCHIIIIO IO i BUIIEHHS PigHOT
kinbkocTi omaxiB (puc. 3). [IpoTsirom GaraTopidyHOrO HHUKIY CEepeaHBO-0araTtopiuHa KibKICTh OMajiB
30inpImmIack Ha 68 Mm mono HopMu. Haii6inem nocymmeumu 6ynun 1990, 2000, 2003a 2012poku, a
HaiOibm Boorumu — 1998, 2008, 201th 2017poxkwu.
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Puc. 3.TlporHo3Ha Mmoaeab AMHAMIKH BiIXHJIeHHS Bil HOpMH cyMapHOI piuHOi KiIbKOCTi onajgiB
st meteoctanmii [oxkmxeBcska 1o 2028p.

[Momo Temmeparypu, To HOpMa s MeteocTanmii [loximkeBcbka ckianmae 2,7C. bymun takox
po3paxoBaHi BIAXWICHHS BiJl TEMIIEPaTypHOI HOPMHU 1 Oyina BUSBIICHA TEHJICHINS A0 IiJBHIICHHS
Temriepatypu. [IpoTsarom OaraTtopiyHOrO HUKIY CepeAHbO-OararopiyHa TemrmepaTypa 30UTbIIMIach Ha
0,82 momo wopmu (puc. 4). Y nepion 3a 1990-2018poku maiterutimmumu 6ynmu 2000, 2007, 2008,
2012, 201%oxkmn.

Hopwma onanis st mereoctaniii IBano-dpaHkiBcbk cTaHOBUTH 689MM. Byna BusBIcHA TEHICHIIS
0 TIJBHIICHHS PIYHOI KUTBKOCTI omafiB. [Iporsrom OaratopiyHOro HUKIY CepeIHbO-OaraTopiyHa
KUTBKICTh OTaJIiB 301IbIIMIACH Ha 5 MM o710 HopMmu. Halibinem mocynumsumu Oymu 1990, 1994, 1995
ta 2011poxwu, a HalibinbI Boorumu — 1998, 2008, 201th 2016pokn.

[loxo Temmnepatypu, To HOpMa Temnepatypu ckianae 7,9C. Mu Takoxk po3paxyBalld BiIXUICHHS
BiJl TEMIIEpaTypHOI HOPMH 1 BUSBWIM TEHJCHINIO 0 MiABHINCHHsS Temreparypu. [Iporsrom 1990-—
2018pp. cepenubo-baraTtopiuHa Temmeparypa 30inpmiack Ha 0,15T moao Hopmu. Y nepion 3a 1990—
2018poxku nartermimumu 6y 2000, 2007, 201%a 2016poku.
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Hopma omaniB mms mereoctannii Jlonuna cranoBute 890 mm. Bymo mpoanamizoBano gaHi 3
METEOCTaHIIi1, pO3pax0BaHO BiIXHMJICHHS Bill HOPMH OTIAJIIB 1 BUSBICHO TCHCHIIIIO IO ITiABUIICHHS PidHOI
kinekocti onanis. [Ipotsrom 1990-201&p. cepennbo-6araTopiuHa KiJbKiCTb OnajiB 3011pmmnacs Ha 8
MM 1oz10 Hopmu. Haii6inem nocynumsumu 6ynu 1990, 1994, 20062 2003poxu, a HaliO1IbII BOJIOTUMHA
—1998, 2001, 2008 2010poxw.
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Puc. 4.1Iporuo3Ha Mmoaejib ITMHAMIKH BiAXUJIEHHs Bil HOPMHU cepeIHLOPIYHOI TeMIlepaTypu
st Meteoctanmii [loxxmxeBcbka 10 2028p.

Hlomo TemmepaTypu, TO HopMma Temmeparypu ckiagae 7,2°C. Byno mpoanamizoBaHo aAaHi 3
METEOCTaHIl, PO3paxOBaHO BIAXWICHHS BiJ HOPMH TEMIIEpaTypyd 1 BHSABICHO TEHICHIINIO 1O ii
migsuinerssa. [Ipotsrom 1990-2018pp. cepenubo-OaraTopiuna Ttemmeparypa 30inbmmiace Ha 0,45T
mo0 HopMmu. Y mepion 3a 1990—-201%oxku natiterutimumu 0y 2000, 2007, 201%a 2016poku.

OTxe, aHaji3 CTATHCTHYHUX JaHUX MICSYHUX 1 PIYHUX CYM OIIJiB Ta CEPEAHHOMICIIHHX 1
CepeIHbOPIYHUX TemrmepaTyp moBiTps 3a nepiog 1990-2018pp. 3 icHyrouux 5 mereocraniiii IBaHO-
OpaHKiBCHKOi 00JacTi MiATBEPAXKYE TMOOANBHI KIIMAaTUYHI 3MiHHM, IIO MPOSBISIOTECS y HEYXWIBHOMY
301IBLICHH] CepeTHBOPIYHOI TEMIIEpaTypHU Ta CPEeAHbO0AraTOPIuHOI KiTBKOCTI OMaIiB.

JlocmimKeHHsT MO0 MiABUIICHHS TeMIIEPaTypH IMOBITPS MATBEPDKYIOTh BiOMI MPOIECH 3MiHHU
KIIIMaTy y Mexax €Bporu.

TeHmeHIito 010 MiABUIIICHHS KiJTbKOCTI omajiB y Mexax [BaHo-DpaHKiBChKOI 00acTi, Ha Halry
TyMKY, MO’KHA TOSICHUTH TakuMm 4yuHOM. KoedimieHT 3BOnOKEeHHS Ha TepuTopii IBaHO-DPpaHKiBCHKOT
obmacti AopiBHIOE abo OiIpIMIA BiX OAWHMIN. I3 3pPOCTAaHHIM TEMIIEPATypyd IIiIBUILYETHCS
BUTIAPOBYBAHHS 3 MiJCTIJIBLHOI MOBEPXHI, OTXKeE, 30UIBIIYETHCS BOJIOTOBMICT TOBITPs, 1, SK HACHTIJIOK,
KUIBKICTh OTajiB. 3THO 3 MPOBEACHUMH IOCHIKEHHSIMH OUIBIIMA TPHUPICT OMaAiB IOPIBHIHO 3
HOPMOIO CITIOCTEPITa€ThCS B TIPCHKi MICIIEBOCTI, MEHIIUN — Y piIBHUHHIH.

Jnis mporHo3yBaHHSI NTUHAMIKM BiAXWICHHS BiJ HOPMHM CyMapHOi PiYHOI KIIBKOCTiI OMajiB MO
METEOCTaHIIsIX 007acTi OyJo 3aCTOCOBAaHO METOJ CHHTYJSIPHOTO CHEKTpajbHOrO anamizy Singular
spectrum analysis (SSAJxuii TokIameHuii B OCHOBY mporpamuoro mpoxaykry Caterpillar SSA 3.40.
MeTox TpyHTYeTbCSI Ha JAOCHIIKEHHI YacOBOTO psAYy METOAOM TOJIOBHUX KOMIIOHEHT, IO3BOJISIE
JOCHIDKYBAaTU CTPYKTYPY YacoBOTO PSIAY, BUALIATU AESKi HOTO CKIaTHUKH Ta TPOTHO3YBATH SIK caM psif,
TaK 1 TGHIEHIII PO3BUTKY HOTO CKIIAMOBUX. MeTom TOe€aHye B 001 €IEMEHTH KIACHYHOTO aHaTi3y
YaCOBHUX psIiB, 0araTOBUMIPHOI CTATUCTHKH, OararOBHUMIpHOI TreoMeTpii, JUHAMIYHHUX CHUCTEM Ta
00poOku curHamiB. lleli MeTox IIMPOKO 3aCTOCOBYIOTH MJSi JOCHI[DKEHHS Ta TPOTHO3yBaHHS
TiIPOMETEOPOIOTIUHIX YaCOBUX PsiB [4].

V Mexax TpoBeaeHOI HAayKoBOI pobOOTH 3a IOMOMOTOI0 MporpamHoro mpoaykrTy Caterpillar
SSA 3.40ueit meton OyB ampoOOBaHWH IJIsl MPOTHO3HHMX MOAETEH AMHAMIKHM BiIXWJICHHS BiJ HOPMH
cyMapHOi piyHOI KiNBKOCTI OmajiB 3a JaHMMH MeTeocTaHUii [Bano-DpaHkiBchKOl 00sacTi 3a mepiox
1990-2018p. Ha mporHo3ny nepcnektuy a0 2028p. [Ipuknaau moxaxi Ha puc. 1, 311 METEOCTaHIIIH
[oxmxkescrka i Komomms.

3rifHO 3 OTPUMaHUMHM pe3yJibTaTaMHt, Ha BCIX MeTeocTaHIisx IBaHO-PpaHKiBcbKoi 00macTi (0kpim

37



ISSN 2415-318%xkosoriyna 6e3mnexa Ta 30aJaHCOBaHE PECYPCOKOPUCTYBAHHS

MeTeocTaHIii SIpemMue) crocTepiracThCs 4iTKa MO3UTHBHA TCHACHIIS 3MiH Y KUIBKICHOMY BUpPa)KCHHI Ha
MIPOTHO30BaHUH TIEpiOA BIIXWIICHHS BiJl HOPMH CyMapHOI pidHOi KiTbKOCTI omaziB. Ha mereocrtaHiii
Slpemue crocTepiraeTbcss He 30BCIM YiTKa HETaTHBHA TEHIACHILIA 3MiH y KiIbKICHOMY BUpPaXCHHI Ha
MPOTHO30BAHMH NEPioJ BiAXMICHHS BiJl HOPMHU CyMapHOI pidHOI KUIBKOCTI OMaiB, MPOTE BiIAXWICHHS BiJ
HOpMHM OyjIe 3aIMIIaTUCS BCe JK Taku gogaTHuM (puc. 5).
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Puc. 5.1Iporuo3sa moaesp AMHAMIKH BiIXHJIeHHS Bil HOPMH CyMapHOI pi4HOI KiIbKOCTI onajaiB
nJist Meteoctanuii Spemue no 2028p.

VYV Mexax NpOBEAEHOr0 HAYyKOBOTO IOCIHI/DKEHHS 3a JOIMOMOTOI0 IPOTPAaMHOTO TPOAYKTY
Caterpillar SSA 3.40ueit mMeron OyB ampoOoBaHHM TaKOX i Ui MPOTHO3HUX MOZEICH JWHAMIKA
BIIXWJIEHHS Bil HOPMH CEpPEIHBOPIYHOI TeMIepaTypu TMOBITPS 3a JaHUMU MeTeoCTaHLid I[BaHO-
®dpankiBcbkoi obusacti 3a mepiog 1990-2018pp. Ha mporHo3Hy mnepcrnektuBy g0 2028 p. INpuxmamu
nonaHi Ha puc. 2, 4 mereocraniliil [Toxmkescrka i Komomust.

3rigHO 3 OTPUMAaHMMH pe3yibTaTaMH, Ha BCiX MeTeocTaHUifax IBaHo-DpaHKIBCHKOI 00nacTi
CIIOCTEPITAETHCS UiTKa MMO3UTUBHA TCHCHINIS 3MiH Y KiJTbKICHOMY BHpa)X€HHI Ha MPOTHO30BAHUH TEPio
BIIXWJICHHS BiJl HOPMHU CEPEIHBOPIYHOT TEMIIEPATYPH TTOBITPS.

3a J0mOMOroI0 TiAPOTEPMIYHOTO KOe(illieHTY MU NEPEBipUIN OTPHUMaHI MPOrHO3HI MOJIEIII.

Tigporepmiunmii koedimient (I'TK) ysiB Cemstamuo I'. T. y 30-ri poku XX CTONTTSA i cTaB
HaWIIOMYJISAPHIIINM TOKa3HHKOM IIOCYX Y BITUM3HSHIA arpoMeTeoposiorii Ta J0ci Mae IIHPOKe
3aCTOCYBaHHs, HE3Ba)KalOuM Ha TMOsIBY HOBUX iHAEKciB [5]. [igporepmiynuii Koe(illieHT I OKpeMHUX
cTaHIii (TOY0K) OOUHUCITIOITH 332 (OPMYIIOIO:

>R
I'TK =

01y t’
ne I TK —rigpoTepMiuHui KOEili€eHT;
>R —cyma micsunux omazis (y mepion BereTarii);
>t — cyma TemIepatyp HOBITPs 3a MEPIOJ i3 cepeAHBROI000BUMH TeMItepaTypamu, Bumumu Hixk 10°C (y
MesKax TOTO K IEepioy BereTarlii).

Pospaxynok I'TK oOmexenuit BereramiitanM mepiomoMm. CensaumHoB [. T. BBakaB, mo cyma
TeMIIepaTyp MOBITPs OJU3bKa A0 BUMAPOBYBAHHS 3 ONTHMAJILHO 3BOJIOXKEHOTO TIOJIS 1 MOXKE OpaTHcs 3a
BEIMYMHY MaKCHMATbHO MOXIIMBOTO BHITAPOBYBaHHs, TOOTO 3a BHIApOBYBaHicTh. J[0 TOrO K, y JTHI
MICSIIIl CyMH TeMmIepaTyp MoBiTps, moxiieHi Ha 10, noOpe 30iraroThCsi 3 CyMaMH BUIIAPOBYBAaHOCTI 3a
MiCsIITh, BUMIpSIHO1 eBariopoMmeTpoM Binmpma. I'TK xapaktepusye He TUIBKH MPUIUIMBHY YaCTUHY BOIHOTO
OanmaHcy — omajiy, ajne i HeMPOIYKTUBHE BUTPAYaHHS BOJIOTH, MOB’ sI3aHE 3 BUIIAPOBYBAHICTIO 3 TIOBEPXHi
IPYHTY 1 pociuH [5].

Amnaji3 mpoctopoBo-dacooro posmoairy I' TK mist Teputopii Ykpainu, BUKOHaHUN y KITIMaTHIHUH
nepiogq 1960—1990pp., A03BOIMB BCTAaHOBUTH CEPEIHI XapaKTEPHUCTHKH I[LOIO MapameTpa MPOTArOM
BereraliifHoro ceszony. Tak, y po0OoTi mokasaHo, 1o ajs cepeanix obmacHux 3HaueHb [ TK xapakrepHo
iXHEe 3MCHIICHHS 13 3aXOJy Ta IMBHIYHOrO 3axomy Ha MiBmeHb 1 miBaeHHuN cxim. Y Ilomicci I'TK
smintoeThes Bix 1,6 (Kurommpebka obmacts) mo 1,2 (Cymceka obmacts). Y Kapmarax smadenss I'TK
MaKCHMaJbHi Ta AocsraTth 2,5.VY 3axigaux obnactsax Jlicocremy I'TK konmuBaetbes B Mexax 1,4-1,7y
cxigaux parionax I'TK smenmyerses no 1,0.VY niBaiunomy Creny 3nauenns ' TK nopisarorots 0,8—1,0.
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VY niBnennomy Creny ['TK 3mintoerses Bin 0,7 B XepcoHchkiit ooacti 70 0,9 B MukonaiBchkii 00macTi
[6].

3arasoM Ha Ield 4ac BUKOPHCTOBYIOThCcS Taki kpurepii I'TK nms Bu3Ha4ueHHS iHTEHCHBHOCTI
atMocdepHux mocyx B Ykpaini: 0,7-1,0 —-momipna mocyxa; 0,5-0,7 —cyBopa nmocyxa; 0,3-0,5 —myxe
cyBopa mocyxa [5].

Y mporieci aHamizy CTPYKTYypH arpo-KIIIMAaTHIYHUX pecypciB IBaHo-DpaHKIBIIUHNA OYIIO BHIUICHO
JIBa pallOHM: TipCHKUii Ta piBHUHHUH [6].

3 ormamy Ha 3a3Hau€HEe BHIIE, MH BHPIIIWINM CIPOTHO3YBATH JAWHAMIKY TiIpOTEPMidyHOTO
koedirmienra st MeteocTaHMiil [Bano-OpaHkiBCchbk Ta JlonamHA, SKi YOCOOIIOIOTH PIBHUHHY Ta TipCHKY
yacTUHM o00JnacTi BignoBigHo. Jlns BupilmIeHHS LBOTO 3aBIAHHS MK PO3paxyBajid 3HAYCHHS
rigporepmiuHoro koedimieHta ans mereocTaHuid IBaHo-®pankiBcbk 1 JlonmHa Ta ckopucTanHcs
METOZIOM CHHIYJIIPHOTO CIEKTPAILHOIO aHalizy. 3a JOIMOMOror mporpamHoro mpoaykry Caterpillar
SSA 3.40ueit meton OyB TaKoXK arpoOOBaHMK 1 JJIs1 MPOTHO3HUX MOJENEH AMHAMIKHM TiAPOTEPMIUHOTO
koedimienta 3a mepiox 1990-2018pp. na mporno3Hy mnepcrnektuBy no 2028 p. Ha Teputopii [BaHO-
dpankiBceKoi obmacti (puc. 6, 7).
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Puc. 6.IIporHo3Ha Moaesb rizpoTepMiqyHOro KoeginieHTa 1J1sl ripcbKoi YaCTHHH
IBano-®paHKiBCbKOI 00J1aCTi

OToXX y TPOTHO30BaHUM TMEpioA TIAPOTEPMIUYHWN IMOKA3HUK Ma€ IIOCTYIOBY TEHICHIIIIO 0
3MCHIIICHHS, 110 MiJTBEP/PKYE 3arajibHi KIIMaTH4YHI 3MiHH, TIOB’s3aHi 3 TJI00AJFHUM MOTCIUTIHHIM B
IBano-®pankiBcrkiit oomacti. OgHak 3HaueHHS ['TK Ha MporHO3HWN TIEpioj 3aIMIIATUMYTHCS 3HAYHO
BHIITUMH BiJl OIMHHIII, OTKE, TOCYXH [BaHO-DpaHKIBCHKIN 001aCTi HE 3aTPOXKYIOTh.

3aranioM y NpOrHO30BaHHUI HAMHU Nepiof TiApoTepMidHni KoeilieHT Oyae HIKIMM Y piIBHUHHOMY
paitoni (Camuipkuii, TopoaenkiBebkuii, Kamycwpkuit, Komomuiicbkuii, PoratuHchkuit, CHITHHCHKHUHA,
Tucmennnpkuii Ta Toymaneskuit paifonu), HiK y ripcekomy (boropomuaHchkuii, BepXOBHHCHKHIA,
Homuncekuii, KociBebknit, HanBipHsSHChKHI Ta POXXHATIBCHKUIA pailoHH).

BucHoBku. Y MexaxX NPOBEJCHOTO HAyKOBOTO JOCHIJKCHHS 3a JOMOMOTOK MPOTPaMHOTO
npoxaykry Caterpillar SSA 3.4Q4eTon CHHTYISIPHOTO CIIEKTPAIBHOTO aHaiizy OyB ampoOOBaHWI s
MIPOrHO3HUX MOJEJICH AMHAMIKM TiIpoTepMiuyHOro koedimieHta mo IBaHo-DpaHKiBCBbKINA 00jacTi Ta
BIIXWJICHHS Bil HOPMH CyMapHOi piduHOi KIJIBKOCTi OMajiB Ta CEpeIHbOPIUHOI TEMIIEpaTypH IMOBITPS 3a
JaHUMH MeTeocTaHIlili IBaHo-®PpankiBcbkoi oOmacti 3a mepiog 1990-201&p. Ha NPOrHO3HY
nepcrnektuBy no 2028p.

lNiaporepmidHuil MOKA3HUK Ma€ TOCTYMOBY TSHIEHINIO JI0 3MEHIICHHS, IO MiATBEPIKYE 3aralibHi
KIIIMaTUYHI 3MiHM, TIOB's3aHiI 3 TJIOOATBFHUM TOTEIUTiHHAM B IBaHO-DpaHkiBChKiM oOmacTi. OmgHak
3HadeHHs | 'TK Ha mporHO3HUIT Mepioa 3alUIIaTUMYThCS 3HAYHO BHIMAMHU BiJl OJWHHIN, OTKE, TTOCYXH
IBanO-DpaHKIBCHKIM 00J1aCTI HE 3arPOKYIOTh.
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Puc. 7.IIporHo3Ha Moaespb rigporepMiuHoro koedinieHTa 115 piBHUHHOI YaCTHHH
IBano-PpankiBcbKoi 00aacTi

[ToOymoBaHi MPOTrHO3HI MOJEII BIAXHWJICHHS BiJl HOPMH KJIIMATHYHHUX MOKAa3HHUKIB Ha IMEpioj 10
2028 p. noBousATh, 1O TI0OANbHE MOTEIUTIHHS KiiMaTy Juis TepuTopii IBaHo-®paHKiBCHKOI 00macTi
NpUBeAE [0 MiABUILCHHA TEMIIEPaTypHHX MOKa3HUKIB, 301IbLICHHS KiJIBKOCTI OMaAiB Ta 3HUKCHHS
T1APOTEPMIYHOTO KOoe(illieHTa.
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TENDENCIES OF THE TIME DISTRIBUTION OF CLIMATIC IND ICATORS IN
IVANO-FRANKIVSK OBLAST

The purpose of the study is to define the trend$ megularities of the spatial and temporal
distribution of climatic indicators in Ivano-Frankk oblast by means of statistical processing ef th
meteorological observations data. With the helfhefsoftware product Caterpillar SSA 3.40, the giag
spectrum analysis method was tested for the foiegasiodels of the hydrothermal coefficient dynasnic
in lvano-Frankivsk oblast and the deviations of ikl annual amount of precipitation and the agera
annual air temperature according to the data ofrteeeorological stations of Ivano-Frankivsk oblmst
the period of 1990-2018 and for the forecastingpective up to 2028.

The novelty of research work is that it has furttieveloped the research of trends and regularities
of climate changes for the territory of Ivano-Friawsk oblast by means of defining the forecasting
dynamics of temperature and monthly rainfall datesed on the processing of multi-year meteorolbgica
observations of the meteorological stations in Yatee, Pozhyzhevska, Kolomyia, Ivano-Frankivsk, and
Dolyna.

The forecasting models of deviations of climatidieators for the period up to 2028, developed
according to the singular spectrum analysis metpoolye that the global warming on the territory of
Ivano-Frankivsk oblast will increase the tempemtimdexes and the amount of precipitation and reduc
the hydrothermal coefficient. The hydrothermal ficefnt has a gradual tendency to decrease, which
substantiates the general climate changes in IFaaokivsk oblast. However, the values of the
hydrothermal coefficient in the forecast periodlwdmain much higher, and therefore droughts do not
threaten Ivano-Frankivsk oblast.

The research results can be used for the estingatibfuture changes in climate parameters within
the region in order to make decisions for adaptat global climate changes and in the educational
process.

Key words: climate changes, forecasting models, hydrothecwoetficient.
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THE EFFECT OF ELECTROMAGNETIC RADIATION (EMR) FROM  LAPTOP ON
REPRODUCTIVE HORMONES, SPERM QUALITY AND PROSTATE S PECIFIC
ANTIGEN OF MALE ALBINO RATS ( RATTUS NORVEGICUS

Humans in modern society are exposed to an evesdsing number of electromagnetic fields
(EMFs) generated from the production and supplglettricity, television sets, personal computer)(PC
radio communication, and mobile communication, leefitchas become a public health issue. This study
was conducted to evaluate the effects of electroetig radiation (EMR) emitted from new generation
laptop computers on sperm quality and reprodudtorenone of male albino rats. Male albino rats (20-1
weeks old) were exposed to RF-EMR from laptop caewsuwhich were grouped based on different
exposure period (2 hours, 4 hours, 6 hours andudshdor 4 weeks. The semen samples were obtained
by caudal puncture of the epididymis from eachipigdnt for sperm quality analysis and blood was
collected by cardiac puncture for hormonal analyssng the chemiluminescent microparticles
immunoassay method. The analysis of variance wae dor the hormonal concentration and sperm
quality parameters to check for the significancéedence at 5% level of significance. The Dunnett’s
multiple comparison test was done to test for $icgmce comparison of radiation exposed groupstiaad
control group. Exposure to laptop computer displayt was associated with significant reduction in
sperm motility, sperm viability and sperm count QEB001), testosterone level (P<0.001), follicle
stimulating hormone level (P<0.01). For the speranphology, there was no significant differenceha t
normal cells for the experimental setup, howevee, dppearance of abnormal cells in the exposed rats
(2-8 hrs) were significant §8.001). This study therefore showed that EMR frooharging laptop can
significantly affect semen quality, male fertilignd rendered unstability of the male reproductive
hormone with no effect on prostrate specific amgye

Keywords: Radio-frequency electromagnetic radiation, computisplay units, reproductive
hormones, sperm quality, prostate specific antigen.

Problem statement.During the past several decades, many reports sugygested that the quality
of semen in healthy men is declining (Rolland et2013). In 2000, Swan et al. reported that theas a
large annual decline in sperm concentration in geam men (2.3%) and a smaller decline in US men
(0.8%). The factors leading to changes in humanesemuality may be very complex; such as
environmental pollutants, seasonal variations anckased stress may be critical risk factors (@bkeg
et al., 2010; Pant et al., 2011; Zhang et al., 20d8man exposure in modern society to electromagne
fields (EMFs) comes from many sources, and sitoatiare different in people’s everyday lives. EMFs
emanate from power lines, computer devices, tategs radios, and telephones (Asghari et al., 2016)
Extremely low frequency (ELF)-EMFs have 3 to 30 fiequencies and are generated from military
communication. The EMFs to which humans are mesjuently exposed are the 50 to 60 Hz super low
frequency (SLF) EMFs generated from power cablesnidustrial and household electrical supplies and
electronic goods. Very low frequency (VLF) EMFs w3 to 30 kHz frequency are generated from PC
monitors or TV sets. EMFs from TVs or PCs have2b@T intensity with a 20 kHz frequency (Gye and
Park, 2012). The use of computer has increasednexpially and become an important part of everyday
life throughout the world. It has become an indisable device in our daily life, offering flexilifiand
mobility to users.

A growing concern for their possible adverse efem human health evokes a flurry of scientific
activity to evaluate this dilemma. EMFs can haveaggating effects on tissue with high concentratioh
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electrons and ions. EMFs that cause changes ihehavior of cells and tissues alter the functiothef
cardiovascular system, and bone marrow (SCENIHR528sghari et al., 2016). Under the influence of
these fields, the balance of the CNS and the hoatrenmd respiratory systems become weak, resuling i
decreased activity of the mentioned organs (Sabal. €1996; Harrington et al., 1997). Decline ialen
fertility has been attributed to the direct or iedit exposure to certain environmental factors sagh
RF-EMR (Agarwal et al., 2008; Otitoloju et al., Z)1Extremely low frequency magnetic fields have
also been reported to initiate a number of bioclkahand physiological alterations in biological teyss

of different species (Cuccurazzu et al., 2010; Jallet al., 2011).

Many recent studies have raised questions regartfingsafety of such RF-EMR exposure.
Microwaves generated by mobile phones have bekadito several genetic defects (Aitken et al., 2005
Mailankot et al., 2009). According to the WHO’sdmational Agency for Research on Cancer (IARC),
RF-EMR fields have been classified as possiblyinagenic to humans on the basis of an increaskd ris
for brain glioma that some studies have associaitddthe use of wireless phones (Baan et al., 2011)
Research also suggests that microwave radiatiom fraobile phones may induce chromosomal
instability and also increased cancer risk (Sykeale 2001; Mashevich et al., 2003). Since radrati
affects the biological materials posed by depagitinergy at molecular levels, hence their stoohasti
non stochastic effects might be important at suhdee levels (Meo et al., 2013). Hormones and
receptors might be the prime targets for the wposisible health hazards to the users of the comgpute
and their generations unborn. Therefore, the diter® caused by RF-EMR on human reproductive
organs are plausible. Literatures abound on thardazof mobile phone radiation on various organs;
however, there is paucity of information on thedrds of laptop radiation on reproduction in maleisT
study is to ascertain the effect of computer laptagiation on reproduction in male with a special
focus on sperm quality, effects on male reprodectiormone and prostate specific antigen of male
albino rats.

Materials and methods. Experimental and treatment setup. Thirty Albinolen&Vistar rats
between the ages of 8-10 weeks, weighing from 1#D¢ were housed in plastic cages in the animal
house of the Department of Cell Biology and Gesetitaculty of Science, University of Lagos, Nigeria
a well-ventilated room kept at 22+2°C with a 12Hlght-dark cycle. All animals had free access to a
standard diet and water given ad libitum. The ve¢se divided into five groups of six animals each.
Group | served as control and was exposed to nguetanradiation, while groups II, 1lI, IV and V wer
exposed to 2 hours, 4 hours, 6 hours and 8 hoptedacomputer radiation (in power) for 28 days,
respectively. Each rat was sacrificed by cervigalodation. After dislocation the rat was dissected
the epididymis was punctured to collect sperm doddwas collected by cardiac puncture for hormonal
analysis. Ethical approval for this study and pderes was obtained from the Animal Ethics Committee
of Lagos University Teaching Hospital, Universifil@gos.

Sperm Analysis. Total Sperm couBperm suspension was placed on the counting chanibeln
then spread under the cover slip by capillary acfithe counting chamber was then mounted on tte sli
stage of the microscope and viewed at x40 magticaA grid system divided the counting chamber
into five major squares each containing 16 smdltetes. The count included all the sperm cells withi
the five major squares using the top and righteftr and bottom system of counting (Zaneveld and
Polakoski, 1977; Verma and Chinoy, 2002).

Sperm Morphology.Sperm morphology was determined by the method ofigRo(2004).
Microscope slides and nigrosin-eosin stains weeewarmed to body temperature. A drop of stain was
made onto the end of a slide and a small dropleteaien was pipette next to the stain. The edge of
another slide was placed inside the drops of stathsemen, and the slide was rocked back and dorth
few times to mix the sperm and stain. A second side smeared across the surface of the first. The
second slide was dried by waving it back and fortthe air. The slide was examined using a brighd f
microscope X 40 objective lens. Sperm head morgyoleas classified into normal and abnormal types.
The abnormal spermatozoa were classified into tategories: (1) Spermatozoa with defective heads,
and (2) Spermatozoa with defective tails.

Sperm Motility.A drop of the semen mixture was placed on a glkde asing 2 ml syringe, the
preparation was then placed on a microscope. Thélitjnoof epididymal sperm was evaluated
microscopically within 2—4 min of their isolationoin the caudal epididymis and data were expressed a
percentages of progressive motile, non-progressivtle and non-motile spermatozoa. The percentage
of motility was evaluated visually at x40 magnitioa. Values were scored under progressive movement
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sperm cells, non-progressive movement sperm cetlsna movement or immotile sperm cells (Sonmez
et al., 2007).

Sperm Viability Epididymis sperm was squeezed onto a microscoge ahd its smear was made,
two drops of eosin-nigrosin stain were added tand allowed drying. The slide was examined
immediately after drying with bright field opticé ®1000 magnification and oil immersion. The nignos
provided a dark background that made it easieligcedh faintly stained spermatozoa. With brightdfie
optics, live spermatozoa had white heads and deadnsitozoa had heads that were stained red or dark
pink. Spermatozoa with a faint pink head were agzkas alive. Stain limited to only a part of tleekn
region, and the rest of the head area unstainedovasdered a “leaky neck membrane”, not a sigretf
death and total membrane disintegration. These wlassified as alive (Bjorndahl et al., 2003).

Hormonal AssayBlood samples were collected by cardiac punctureach male rat. The serum
was separated out and was used to estimate this lgivéotal testosterone, luteinizing hormone (LH),
Follicle stimulating hormone (FSH) and prostatec#fjie antigen concentrations by Chemiluminescent
Immunoassay(CLIA) (Basso et al., 2006).

Luteinizing Hormone (LH) Assayl15ul of serum was mixed with 6uL of arfli-LH micro
particles; the LH present in the sample bound &ahti§ LH micro particles. The solution was then
washed with a wash buffer. 65uL of antiLH was added to the resulting solution. 145uL ydroegen
peroxide and 165pL of sodium hydroxide was theneddtb the reaction mixture; the resulting
chemiluminescent reaction was measured as reléigie units (RLUs) (Oer et al.,, 2012). A direct
relationship exists between the amount of LH indample (measured in mlU/mL) and the relative light
units detected by the architect optical system. iE.chemiluminescent reaction measures sample as
3 R.L.Us, it will be calculated as 3R.L.Us = LH (minl), LH (miu/ml) = 1/3.R.L.U; LH = 0.3min/ml
(Oer et al., 2012).

Follicle Stimulating Hormone (FSH) Assay5uL of serum was mixed with 65uL arfti+SH
coated paramagnetic micro particles. Follicle stating hormone present in the sample bound to the
anti FSH coated micro particles. The solution was twashed with a 2ml wash buffer, 75uL amti-
FSH acridinium labelled conjugate was added. 144ilhydrogen peroxide and 165upL sodium
hydroxide was then added to the reaction mixtdre;résulting chemiluminescent reaction was measured
as relative light units (RLUs) (Scott, 2007). Adtit relationship exists between the amount of dielli
stimulating hormone (measured in miU/mL) in the plamand the relative light units detected by the
architect optical system. E.g if chemiluminescesdction measures sample as 3 R.L.Us, it will be
calculated as 3 R.L.Us = FSH (miu/ml), FSH (miu/ml}/3.R.L.U; FSH = 0.3min/ml (Scott, 2007).

Testosterone Assa¥s5QulL of serum was mixed with 65uL of anti-testosteroffguL testosterone
acridinium and 100pL testosterone assay diluerfte Jolution was washed with a 2ml wash buffer.
145uL of hydrogen peroxide and 165uL sodium hydtexvas then added to the reaction mixture; the
resulting chemiluminescent reaction was measuredekasive light units (RLUs) (Scott, 2007). An
inverse relationship exists between the amourgsibsterone (measured in ng/mL) in the samplelsand t
relative light units detected by the architect ogitsystem. If chemilumniscent reaction measurgsltras
0.04 R.L.Us, 0.04 R.L.Us = 1/amnt of test, concaidn of testosterone = 0.04ng/ml (Scott, 2007).

Total Prostate Specific Antigen Assa@OuL of serum was mixed with 65uL of anti-PSA rnicr
particles. Prostate specific antigen present instém@ple bound to the anti-PSA coated micro pastcle
The solution was washed with a 2ml wash buffer @BdL of anti-PSA acridinium was added to the
solution. 145uL of hydrogen peroxide and 165uL adism hydroxide was then added to the reaction
mixture; the resulting chemiluminescent reactiors waeasured as relative light units (RLUs) (Scott ,
2007). A direct relationship exists between the ambcof total prostate specific antigen (measured in
ng/mL) in the sample and the relative light unitedted by the architect optical system (Scott, 2007

Statistical AnalysisThe obtained data were expressed as mean * stapdardof mean. The
analysis of variance for sperm morphology, spermuintoand sperm motility, testosterone level,
luteinizing hormone, and follicle stimulating hormewas performed using the Graph pad prism, version
7.01 (p<0.01, 0.05, 0.001).

Results and discussionFigure 1 shows that chronic exposure to RF EMRatexhs showed a
clear negative impact on the concentration parametgperm samples from 2-hour to 8-hour groups
(P<0.001) exhibited a significant lower concentratasncompared to the control group. It is evident tha
sperm counts of various radiation exposure houts wicreasing time decreased significantly when
compared with the control group. However, the speounts for the control and exposed rats were still
within the standard range of sperm count for Rattusergicus (5.8 million/ml — 17.7 million/ml).
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For the sperm morphology, in the control sperm dasprere all normal (100%), there was no
abnormality (fig. 2). Rats exposed to 4 hours dfydaxposure had the highest percentage of abndagmal
(10%). Though, there was no significant differemcahe normal cells for the experimental setup, the
appearance of abnormal cells in the exposed rat8(Brs) was significant £0.001).
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Fig. 1. The sperm count (million/ml) of albino ratsexposed to radiation of varying hours for 28 days
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Fig. 2. The sperm morphology (%) of albino rats expsed to radiation of varying hours for 28 days

We also examined the proportion of the differergrep motility grades as shown in fig. 3. There
was decrease in mean progressive sperm motilityabuncrease in the mean non-progressive motility
and non-motile sperm cells of the radiation expagedip compared to the control group. For the @bntr
group all the sperm cells were motile with aboutp@bcent progressive sperms. The 6 hours and & hour
per day of radiation exposure for 28 days cauggf&iant changes in the sperm motility parameters.

The percentage rates of viable and non viable sperefis of the exposed rats to computer
radiation is shown in figure 4. There was decréaseean viable sperm but an increase in the mean no
viable sperm cells of the radiation exposed graipampared to the control group. The percentagieeof
non-viable sperms increased with the hours of axgoahile the percentage of viable sperms decreased
with the exposure period. The percentage of thewialole was significant at 4-hour<0.001), 6-hour
(P<0.001) and 8-hour ¢®.05) daily exposure.
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Fig. 3. The sperm maotility (%) of albino rats exposd to radiation of varying hours for 28 days
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Fig. 4. The sperm viability (%) of albino rats expaed to radiation of varying hours for 28 days

The mean serum luteinizing hormone levels (LH) &ollicle stimulating hormone (FSH) of rats
exposed to computer radiation are shown in figurhe results show that luteinizing hormone levakw
not steady (increased and decreased) with differgmbsure periods compared to the control group. Th
LH level was the highest in rat exposed for 6 haunde it was the least for rats exposed for 8 bBour
However, there were no significant differenceshia tontrol animals and exposed groups irrespeofive
the duration (P>0.05). Figure 6 shows the level$oblicle stimulating hormone. FSH level decreased
non-uniformly with increase in exposure period a@snpared to the control group. There were no
significant differences in the FSH level of the wohanimals and exposed groups irrespective of the
duration (P>0.05).

The mean serum testosterone levels of control apdsed animals are shown in figure 6. There
was relative decrease in mean serum testostereeé ile radiation exposed groups as compared to
control group. This reduction in testosterone lewak significant in 6 and 8 hours of daily exposure

(P<0.001). The prostate specific antigen test showegresence of prostate specific antigen in all the
experimental animals.
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In this study the exposure of rats to EMR from dgptlisplay unit in power resulted in significant
reduction in epididymal sperm concentration withr@ase in exposure hours after 28 days as compared
to the control group. The decrease in sperm couttié radiation exposed group could be partly due t
the induction of oxidative stress in the testesthedspermatozoa (Isojarvi et al., 2004). Relagivegher
sperm morphological abnormalities observed as coedptm the control group may be due to alterations
in the process of sperm maturation, where speria delelop from damaged seminiferous tissue, which
may have occurred as a result of the lipoperoxidattamage induced by radiation exposure on the
testicular tissues (Yan et al.,, 2007). Notwithstagdthe general paucity of information in this grea
studies have highlighted the interesting findingttimale infertility patients are frequently chaesized
by high levels of DNA damage to their spermato4aan(s and Aitken, 2005).
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Fig. 5. The follicle stimulating hormone level (miéml) of albino rats exposed to radiation of varying
hours for 28 days
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Fig. 6. The testosterone level (nm/L) of albino ratexposed to radiation of varying hours for 28 days

The reduced sperm motility seen in this study meayabcribed to magnetic and electromagnetic
fields inducing oxidation of phospholipids, whicheaa major component in the sperm mitochondrial
sheath (Tremellen, 2008). The present study showgficant decrease in the progressive sperm
motility in the groups exposed to radiation complate the control group. This result correspondswit
the previous findings by Conrado et al., (2012) wéyoorted that the use of laptop computers condecte
to internet through Wi-Fi decreased human spernilitpofAdams et al., (2014) also reported decraase
sperm viability in their study of the effect of mlgbtelephone on sperm quality. Reduction in viapil
with increase in exposure hours may be a resuitaéased mitochondrial reactive oxygen specie (ROS
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production and DNA fragmentation in sperm. In aopistudy by De luliis et al. (2009), human
spermatozoa were found to respond to RF-EMR (atGH with a SAR of 27.5 W/kg) with a range of
negative changes including dramatic declines inhbgperm vitality and motility. This RF-EMR
precipitated a state of oxidative stress leadingigh levels of lipid peroxidation and a loss okesp
motility (Koppers et al., 2008). Therefore, thesgadhighlight the particular vulnerability of human
spermatozoa to oxidative attack.

It is known that testosterone is needed in very lyjgantities for maintenance of the reproductive
tract. The lower serum testosterone concentratidhé exposed group may be linked to the inhibitton
secretion of pituitary gonadotropins (FSH and Lidhjch aid in testosterone biosynthesis or due tectli
damage to Leydig cells (Oliva and Miraglia, 200Bhus, atrophy of seminiferous tubules might be the
cause for the decrease in the levels of testostenbrerved in this study. In agreement with theetiir
study, Gholampour et al. (2012) found that expostwme long-term extremely low frequency
electromagnetic field caused reduction in the |l®@fdkestosterone in testis in rats. Khayyat (2Gbund
that exposure of mice to EMF caused atrophy in #sminiferous tubules and Rajaeiet al.
(2009) mentioned that exposure to EMF for long qusicould decrease the diameter of reproductive
ducts. The significant decrease in testosterongnsdevel in EMF exposed group may be one of the
factors that lead to the significant increase inddfum level in the exposed group. The concentratfo
follicle stimulating hormone (FSH) decreased coragao the control group which could be a factor for
decreased activation of seminiferous tubules. $tudonducted by Ozguner et al., (2005) on male rats
showed that the diameter of seminiferous tubulestha mean height of the germinal epithelium were
significantly decreased after 900 MHz EMF expog@eguner et al., 2005).

LH is known to bind to receptors in Leydig celldargulate gonadal function by promoting sex
steroid production and gametogenesis (Warita ¢280D6). LH is a glycoprotein gonadotropin secreted
by the anterior pituitary in response to gonadotrgpleasing hormone (GnRH). GnRH release from the
hypothalamus into the portal circulation is episoghich in turn causes LH to be released in a sarie
secretory bursts, resulting in intermittently ekeealLH concentrations in the blood (Bergendahllgt a
1996). LH release is driven mainly by the increas€a2+. ELFEMF may modulate the cellular calcium
regulatory mechanism which affects the affinity aaflcium binding proteins such as calmodulins. In
agreement with this result, Margonato et al. (1988)not find any differences on LH and testosteron
between exposed animals and control group’s aniaftds exposure to high intensity electric field fq
to 18% of their life span. Prostate-specific amigBSA) is a protein produced by normal prostatis.ce
This enzyme patrticipates in the dissolution of $heninal fluid coagulum and plays an important iole
fertility. This study shows that the exposure tdiation from laptop does not induce PSA (prostate
specific antigen) for all the experimental grougzi{ation exposed groups).

Conclusions. The present results clearly indicate that the exmo$aptop computer at varying
increasing hours for a period of 28 days while owpr significantly changes the level of hormones
(testosterone and follicle stimulating hormone) apérm quality (sperm count, sperm viability and
sperm motility). At present, it cannot be concluadtether this effect is induced by all laptop coteps
brands usage while not in power. It can be speediltitat EMR from laptop computers may be the cause
of sperm damage. These findings suggest that gyetbnse of laptop computers on the laps or closar t
male user may decrease male fertility potentiaftitew research will be required to understand dimeg-
term effects of laptops usage in man.

C. Aoepemi, K. Hooxy, A. Adecyiiu

Yuieepcumem Jlacoca, Axoka, Hicepis

BIIJIUB EJJEKTPOMATHITHOI'O BUITIPOMIHIOBAHHS (EMB) HOYTBYKIB HA
CTATEBI TOPMOHH, SIKICTh CIIEPMH TA ITIPOCTAT-CHIENA®TYHAM
AHTUTI'EH CAMUIB BIVTUX HIYPIB (RATTUS NORVEGICUS)

Y cyyacHOMY CYCIUJIBCTBI JIFOAW IIAAIOTHCS BIUIMBY TIOCTIMHO 3pOCTal0d0i  KiJTBKOCTI
enekrpomarditTHux moiiB (EMII), ski reHepyloThCs TpH BHPOOHHIITBI Ta MTOCTAYaHHI €JIEKTPOEHEPTIi,
TeneBizopamu, nepconansHuMu Kom rorepamu (1K), pamio3s’ s3koM Ta MOOUTEHHUM 3B’ I3KOM, TOMY L€
CTall0 THWTAHHSAM OXOPOHHM 3JI0pOB’'S HaceleHHsS. [IpoBeleHO MOCHiKEHHS JJsl OILIHKH BIUIUBY
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eneKTpOMarHiTHoro BI/IHpOMiHIOBaHH}I (EMB) HOYTOYKiB HOBOTO IOKOJIHHS Ha SKiCTh criepMu Ta
CTaTeBUil TOPMOH caMiiB Outux mypi. Camui OutMX IMypis (BIKOM 10-12 TI/I)KHIB) miggaBamucs
paniouacroraomy EMB Bin HoyTOykiB i Oyin 3rpynoBaHi BiAIOBIIHO 10 Pi3HOro mepiofy BBy (2
roguau, 4 roguau, 6 roauH i 8 FO,Z[I/IH) npotsroM 4 TWKHIB. 3pa3ku criepmu Oymo OTPHMAHO 33
JIOMOMOTOK0. KayJa/IbHOI IyHKIi eMiiuIMMICy KOXKHOIO MiAZOCTITHOrO Al aHAJIi3y AKOCTi CepMH, 3a
TOTIOMOTOI0 CEpIIeBOi IMyHKMIi OyJI0 B3STO KPOB HAa TOPMOHAIBHHMI aHAJI3 13 BUKOPHCTAHHSIM METOIY
XEMIJIIOMIHECIICHTHOTO iMyHOAHai3y MiKpOYacTOK. 3AiHCHEHO BapialliiHWi aHami3 s BH3HAYECHHS
KOHIICHTpAIlii TOPMOHIB 1 TTapaMeTpiB SKOCTI CIIEPMH 3 METOIO MEePEBIPKH PI3HMIN 3HAUYIIOCTI HA PiBHI
5%. IIpoBeneHo TecT MHOXXHMHHOTO TOpiBHAHHA JlaHHeTa ISl TepeBipKM 3HAYYIIOCTI TPyH, IO
MiAaI0ThCA OTMIPOMiHEHHIO, Ta KOHTPOJIBHOI rpynu. bim3pkicTs 10 auciiiero HoyTOyka Oyna moB’ sizaHa 31
3HAYHHAM 3HIDKEHHSIM PYXJIHBOCTI, JKHTTE€3JATHOCTI Ta KinmbkocTi crmepmarosoiniB (P <0,0001), piBus
tecroctepony (P <0,001)i piBHst pomikymoctumysrorodoro ropmony (P <0,01).V Bumanky mopdomorii
criepMH He OyJI0 CYTTEBUX 3MiH y HOPMAJILHUX KIIITHHAX B €KCIIEPUMEHTAIBHINA MO, OHAK KITBKICTh
AQHOMAJIBHUX KJIITHH B ONPOMiHEHUX InypiB (mpotsirom 2-8 romun) Oyna 3nauHoto (P<0,001). Takum
YUHOM, JIOCII/PKEHHS NoKa3aio, mo EMB Bix HoyTOyKa, 0 3apsKaeThes, MOXKE CYTTEBO BIUIMBATH Ha
AKICTb CIIEpMH, YOJOBidy (EPTHIIBHICTD i HECTaOUIBHICTH YOJOBIYOTO CTAaTEBOrO T'OPMOHY, MPOTE HE
BIUTMBAE Ha IIPOCTAT-CIeU(idHI aHTUTCHU.

KuarouoBi ciioBa: pamiodacToTHE €JICKTPOMArHiTHE BHUIIPOMIHIOBAHHS, KOMI IOTCPHHN IHCILICH,
CTaTeBi TOPMOHH, SIKICTh CIIEPMH, IPOCTAT-CHIeUUiYHNI aHTHTEH.
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YepkacvKuii iIHCIMUMYM NOHCEHCHOT
besneku imeni I'epoie Yoproodbuns
Hayionanvnoeo ynisepcumemy
YuginbHo20 3axucmy Ykpainu

EKOJIOTTYHA BE3NEKA: EKCILTYATAIIISA IPYHTIB Y UEPKACBKINA OBJIACTI

Y crarti OOIpyHTOBaHO HCOOXIIHICTE MOHITOPUHTY 3MIH CTaHy IPYHTOBOTO IOKDHBY 1
(hopMyBaHHsI BIATOBIAHUX POTPaM i3 IPU3YINHCHHS z[erpaz[auu i BIATBOpEHHS poArouocTi. BuszHaueHo,
IO JUIsi OUIHIOBAHHS SKOCTI BiIHOIICHHS BUPOOHHKIB MPOIYKILi POCIHHHHITBA JI0 30EpeKCHHS TpYHTY
CNiJ BpPaxOBYBAaTH HE TUIBKM KUIbKICTh BHECEHHS OPraHiYHMX Ta MiHEpaJbHUX NOOpHWBA, ale U iXHE
criBBigHOmMEHHS (KOE)II[iEHT €KOIOTIYHOT 30aITaHCOBAHOCTI).

[IpoananizoBaHo ckjaJ OCHOBHHMX IONIOTAHTIB, IO HAAXOIATh B aTMOc(epHE MOBITPs, IPYHT i
TPYHTOBI BOAM BiJl TBAPWHHUIILKUX IMiANPUEMCTB. BCTaHOBIEHO, MO M1 TOMIMIICHHS EKOJOTIYHOL
cuTyauii Ta BUPOOHUUITBA SKICHOI MPOMYKIii TBApMHHUITBA HEOOXiAHO BHKOPUCTOBYBATH €KOJIOTiYHO
0e3meyHi TEXHOJOTIT Ta BIIPOBAPKYBATH CydacHI TEXHOJIOTII 3 yTHi3allii BiIXOiB, OCAJiB CTIYHUX BOJI,
JIOTPUMAaHHS BCIX CaHITApPHUX Ta BETCPHUHAPHUX BUMOT 3T1IHO 3 HOPMAaTHBHO-TIPABOBUM PETYIIOBAHHSIM.

BusnaueHo, 1m0 koeilieHT eKoIoriuHoi 30a1aHCOBAaHOCTI BHECEHHS OPraHiYHUX Ta MiHEPAITBHUX
nobpuB y Uepkacwkii oOmacti B 1,7 pasa BUINMI BiJ aHAJOTIYHOTO IMOKAa3HWMKA IO YKpaiHi, 10
BiAMOBiAHO y 2,6 Ta 4,3 pa3a HUXKUE BiJ iCHYI0unX HOpM. BHecenHs1 MiHepanbHHUX J0OpUB 1o Yepkachkiit
obmacti y 2,3,a o Ykpaiui y 2,6 paza MeHiie Big HopMu. BHeceHHS opraHiuyHux A00puB 1Mo YepkachbKii
obmactiy 6,7,a mo Ykpaini y 16,0paza mMeHIe BiJi HOpMH.

3acTocoByIOYM KOC(DIIIEHT €KOJIOTIYHOI 30aJIaHCOBAHOCTI BHECEHHSI OPTaHIYHHMX Ta MiHEPaTbHUX
JIOOpWBY POCITWHHUIITBI, BUBYIJIN PIiBEHb 30€pekeHHs TIpyHTIB Yepkachkoi obmacti. Busamneno, mro
koedilliedT piBHs 30epekeHHs IpyHTiB YUepkacbkoi obmacti cranoButh 0,39,a B Ykpaini — 0,23, 110, sk
Ha piBHI Yepkachkoi 00/1acTi, Tak i Ha PIBHI KPaiHH, MPU3BOIHUTH 10 z[erpaz[aui'l' IPYHTIB 1 CBiTYUTH PO
HU3BKY TEXHOJIOTI4HO-CKONOTI4HY KY/IBTYPY BHPOOHHKIB CLIbCHKOTOCIIOAAPCHKOI MPOIYKILii.

Karouosi cioBa: opraniuni go0puBa, MiHepaibHI J0OpWBa, IPYHT, Koe(iLlieHT eKOJOTivyHOl
30aJ1aHCOBAHOCTI, CLTBCBKOTOCIOAaPChKEe BUPOOHUIITBO.

[ocTranoBka npodaemu. PiBeHb pO3BUTKY €KOHOMIUHOI Oe3lekn KpaiHu Oe3mocepeiHbO BILIMBAE
Ha CTaH EKOJOoTiyHOi Oe3MeKH, IO XapaKTepH3y€e PiBEHb TOCIOIAPCHKOI, TEXHOJIOTIYHOI, BUPOOHHUUOT,
coLianbHOi, TOMITHYHOI Ta Oe3mocepenHbO EKONOriyHOl KynbTypu. CTiHKHH pPO3BUTOK KpaiHU
HEMOXJIHMBHIA 0€3 BIAMOBIMHOI, HAa BCIX PIBHIX MiSUIGHOCTI, CBOJIOIIi CHUCTEMH 3aXOJiB IIOJIO0
3abe3neucHHs ekoyoriunoi Oesmeku. Ilpu oMy TpH 0a30Bi Karteropii Oesmeku (TepHTOpiaNbHO-
mpocTopoBa Oe3leka, eHepreTHdyHa Oe3leKka Ta MPOAOBONbYa Oe3leka) MOTpeOYIOTh 30epekKeHHS SK
3arajJpHOrO, TaK i e iYHOTO I KOXKHOT 3 HUX PiBHS €KOJIOTiyHOI Oe3meku [1].

IpyHTOBUI1 TIOKPUB € OJHMM 13 OCHOBHUX KOMIIOHEHTIB JIOBKIJUIS, [0 BUKOHYE KUTTEBO BaKJIMBI
6iochepri Gynkuii. [pyHTH 6epyTh y4acTh y HPOLECI PETyIIOBAHHS SKOCTI MMOBEPXHEBUX 1 IMiJ3eMHHX
BOJI, CKJIQTy aTMOC(EPHOTO MOBITPSI, € CEPEIOBUIIEM ICHYBaHHS BEJIMKOI KUTHKOCTI )KUBUX OPraHi3MiB Ha
MOBEpXHI Cyxomony, 3a0e3ledyioTh CIPHATINBE CEPeAOBUINE Ui JIIOAWHH Ta BHPOOHHIITBA
CITBCHKOTOCTIONAPCHKOl  MPOAYKIii. VY  pIillleHHAX BCECBITHHOI KOH(EpeHIii 3 HaBKOJIUIITHHOTO
cepenosumia i po3Butky (1992p., Pio-me-Kameiipo) Oymo 3a3HaueHo, IO OXOpOHA 1 palliOHAJbHE
BUKOPHCTaHHS TPYHTIB MAalOTh CTATH IICHTPAILHOK JIAHKOIO JCPKaBHOI IMOJIITUKU, OCKUTBKU iXHIM cTaH
BH3HAYAE XapaKTeP KUTTEMISITHHOCTI JIFOJICTBA 1 BUPIMIATHFHIM YMHOM BIUIMBAE HA TOBKIIIIS.

IpynToBuii nokpuB Ykpainu Ha 60% cKianaeThes 3 YOPHO3EMIB — YHIKAIBHHX 32 CBOEID OYI0BOIO,
BIACTUBOCTSMM i NIOTEHIIIHOI0 POIOUICTIO IPYHTIB. IM BlacTUBMil rIMOOKMI T'yMycoBaHuMi 1map, 106pe
BUpaXXEHA 3CPHUCTA CTPYKTypa, MaikKe ijeanbHa IMUIBHICTH OYJOBH, JOCTaTHIM 1 MOMIpHUI 3amac
MOKUBHUX pedoBHH. Ha kaik, Taki 3pa3koBi 00’ €kTH 30eperivcs Julie y IUTMHHNX yMOBaX. BusBunocs,
o HaWKpamui y cBiTi yopHo3eM («uaps mous», 3a JlokydaeBum B.B.) myxe BpasnuBuii 1m0
AHTPOIOTCHHOTO BTPYYaHHS 1 TMiJT 1I€10 aHTPOTIOTCHHUX YMHHUKIB MOXE HIBUIKO JAerpaaysartu [2].
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OnHi€ro 13 OCHOBHUX CKJIaJOBUX IPOAOBOJIBYUOI OC3MEKH € ranxy3b TBAPUHHUITBA, SIKA MOPAI 3
€KOHOMIYHMM 3HAYCHHSIM Ma€ 1 €KOJOTidHe 3HA4YCHHS. TBapUHHUIITBO € JDKEPEIOM IPOIYKTIB
XapuyBaHHS, CHPOBUHH U TIEPEpOOHOI Ta MPOMHCIOBOI ramyseil. TexHOIOTiyHO mnepepoOieHuil y
NIeperHii THil BiJl TBAPHH € OJTHUM i3 OCHOBHUX (DaKTOPiB 30€peKEeHHS T'yMyCy IPYHTIB.

HemotpumanHs HOpM BHECEHHS OPTaHIYHUX JOOPWB MPU3BOAUTH JO MOPYIIESHHS CITiBBIIHOIIICHHS
3 KUTBKICHIMH TTOKa3HUKaM{ MiHEpPAIbHHX HOOPHBI 1 TPU IIbOMY HETAaTHBHO BIUIMBAE HAa 30€pPEIKCHHS
IPYHTIB Ta (iKCye TEHIEHIII0 Ha MOJaJIbIe MOTiPIICHHS KiJIbKICHO-SIKICHUX MOKa3HUKIB Tymycy. Pazom
13 UM TEXHOJIOTiYHO HE MepepoOiIeHuil, a OTKe, i He BUKOPUCTAaHWN THIH Bif] CIILCHKOTOCIIOAAPCHKUX
TBapHH HETaTHBHO BIUINBAE Ha HABKOJIMIITHE CEPEOBHIIIE.

AHami3 ocTaHHIX AociimKeHb i myOmikaumiii. BuknaneHe Buie 3acBiguye, IO y 3B’ 3Ky 3
IHTEHCUBHUM BUKOPHCTAHHSM 3€MEIBbHUX PECYpCiB EKOJIOTIYHMI CTaH IPYHTOBOTO IOKPHUBY YKpaiHH
3MIHIOETHCS TIEPEBAKHO y HebakaHOMY HampsiMi. KoHTpoIroBaHHS 1TuX 3MiH 1 (hOpMYBaHHS BiIIOBITHUX
Iporpam i3 MPU3YIUHEHHS Jerpajallii # BIATBOPEHHS POMIOYOCTI IPYHTIB € HAI3BUYANHO aKTyaIbHUM
3aBIaHHAM [2].

OCHOBHMMH TOKa3HWKAMHM, IO AAIOTh YSABIEHHS MPO TEXHOJOTIYHYy  EeKOJNOTiuHy KYyIbTypy
BHPOOHHKIB CIITLCHKOTOCIIOAAPCHKOI MPOYKITii, € MOKa3HUKH BHECECHHS OpPTaHIYHMX Ta MiHEepaJbHUX
NOOpUB MiJl ypoKal ClIbCHKOTOCHOAAPCHKUX KYIbTYP. BasknnBUMH MOKa3HUKAMH € KiJIbKiCHI TTOKA3HUKH
BHECCHHS MiHEpaJbHHX Ta OpraHiyHux JoOpuB Ha lra 3aranpHOoi Ta TOCIBHOT — IUTOLI
CIITBCHKOTOCTIOAAPCHKUX KyIbTyp. LI MOKa3HUKA MOXKYTh CIYTyBaTH SKICHUMH 1HINKATOPAMH OITIHKH
PIBHSI TEXHOJIOTIYHOTO i €KOJIOTIYHOTO CTaBJICHHS 10 30€peKEHHS POIOYOCTI IpyHTIB [1].

Jlo HEenaBHBOTO Yacy HE iICHYBAJIO JOCKOHAINX KOMIUIEKCHUX €KOHOMIKO-EKOJIOTTYHHUX TOKA3HHUKIB
JUTSI BU3HAYCHHS SIKOCTI BiTHOIICHHS BHPOOHWKIB MPOIYKITI POCIUHHHUIITBA 0 30epEKCHHS OCHOBHOTO,
CTBOPEHOTO TPHUPOIOI0 Oi0JOTIYHO-BUPOOHHIOr0 KOHBEEPY — TPYHTY. BUKOPHCTOBYBalM aHATITHYHI
MMOKA3HUKH 3 KIJTbKOCTI BHECEHHS OpraHiYHUX Ta MiHEPaJTbHUX MOOpUB. J[1s po3B’ i3aHHS 1LOTO MUTAHHS
Oyno po3pobieHO KOedIIieHT eKOJOTivHOi 30a7TaHCOBAHOCTI BHECCHHS OPTraHIYHMX Ta MiHEpaIhbHUX
TOOpPHBY POCIMHHUIITBI— KOMIUIEKCHUH ITOKa3HUK, IO BPaxOBY€ HE TIIBKH IXHIO KUIBKICTH, alie i
criBBigHOUICHHS [3].

IMocTranoBka 3aBaaHHs. MeTolo poboTH OyNNO MpakTHYHE 3aCTOCYBaHHS PO3POOIEHOI METOAUKU
JUTST BU3HAYCHHS PIBHS 30C€pEKEHHS IPYHTIB ISl OKPEMO B3ATOTO perioHy — Yepkachkoi oOmacti, 3
BUKOPUCTAHHAM KoOe(il[ieHTa C€KOJOTiYHOI 30aJlaHCOBAHOCTI BHECEHHS OPraHIYHMX Ta MiHEPaJbHUX
JIOOpUB y POCIMHHHUITBI. A LIe 1acTh 3arajibHy OL[HKY CTaBJICHHIO BUPOOHUKIB CITBCHKOTOCIOAAPCHKOT
MIPOMYKIIii 0 30€peKEHHS TPYHTIB, MO0 € OE3yMOBHHUM BiI3epKAJICHHSM TEXHOJIOTIYHO-EKOJIOTIIHOL
KYJIBTYpH BUPOOHHUKIB ClIILCHKOTOCITOAPCHKOTO BHITY €eKOHOMIYHOT MisUTBHOCTI.

Buknaa ocHoBHOro marepiany. OCHOBHUMH MiATany3sMH Taly3i TBApUHHULITBA €:

— BEJIMKa porara xya00a;

— CBUHAPCTBO;

— BIBUAPCTBO;

— IITaXiBHUIITBO.

TBapUHHUIIEKI MMANPUEMCTBA € JDKEPETIOM HAIXOMKCHHS B aTMochepHEe TMOBITPS TaKUX
3a0pyIHIOBAJIBLHUX PEYOBHH SK BYTJICKUCIHH Ta3, aMiak, MeTaH, CipKOBOACHbL, MEpKaNTaH, aMiHH, AT i
MikpoopraHizMu. ToOTO MOBITpsIHE CEPEeAOBUILE, IO SIBIISIE COOOI0 CKIaJHUN KOMILJIEKC PI3HOMAHITHHX 1
B3a€EMOIIOB'I3aHUX (PAKTOPIB, HAKOMWYYIOYM IIKIIJIMBI I'a3d, MOXKE HETATMBHO BIUIMBATH Ha POCIIHH,
(hi310JIOTIYHAHN CTaH Ta MPOAYKTUBHICTh TBAPHH, a TAKOXK CAaHITAPHO-TTOOYTOBI YMOBH JKUTTS JTIFOACH.

VY moBiTpi KOpiBHUKIB y CTIHJIOBHI MepioJ yTpUMaHHA BEIUKOi poraTtoi XyAoOuW OJHOYACHO 3
TaKUMU Ta3aMu (BYTJICKUCIINH Ta3 Ta aMiak) HAKOUYYIOTHCS TaKOXK IIKIUTMBI HIDKYI amidaTHyHi aMiHH:
METHJIaMiH, €TWJICHaMiH, MPOMiTaMiH, OyTWiIaMiH Ta 1300yTHJIaMiHM, 3arajJlbHa KOHIIEHTpAIS B SKUX
nocsirae BeaumyrH 0,89mr/M3, 1110 31aTHA CIIPUYMHUTH XPOHIYHI OTPYEHHS Yy TBAPHH.

BcranoBneHo mpsiMy 3alieKHICTH MK BMICTOM Ba)KKHX METalliB y IPYHTi, BOJI Ta pOCIHMHAX.
HagxomkeHHs BaKKHX METajiB i3 BOAOIO Ta KOPMaMH B OpPraHi3M TBApHH CIPHUSAE IXHHOMY HAKOITHYEHHIO
B TKaHWHAaX. BHACIINOK KyMyJISITUBHOI il BOHM BUAAJSIOTHCS 3 OPraHi3My 3 NMPOAYKTaMH TBAPHUHHOTO
NMOXOJKeHHs. Jlo opraHiamy JIIOOMHM HaIXOAWTh 4epe3 MpOAyKUilo TBapuHHHNTBA 13—25% Bakkux
METaJliB BiJ 3arajbHOl KUIBKOCTI TXHBOTO HAKONMHMYCHHS B opraHiami, a 75-87% —mMae pociuHHE
MTOXOpKeHHS. TOKCHMYHI XIMIYHI €JIeMEHTH, IO MOTPANId B OPraHi3M TBapHH, BUBOIATHCS 3 HBHOTO
noBuTbHO. TOOTO TBapWHM 31aTHI HAKOMMYYBaTH BaXKKi METaNM OKPEMHMHU OpPraHaMH Ta TKaHWHAMU.
ToMy KopMH, sIKi BUPOLIYIOTh HaBiTh HA BIJHOCHO YHCTHX Ta Majio 3a0pyIHEHHX BaKKHMH MeETajlaMHU
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IPYHTaX, MOXKYTh CTaTH JKEPEIOM HAIXOMKEHHSI OCTAHHIX Y HaIMipHiH KiNBKOCTI O opraHizmy Ta OyTu
MIPUYHUHOIO MTOPYIIICHHS OOMIHY pEYOBHH.

[Ipunermni 1o TBapUHHUNBEKUX (HEpPM Ta KOMILICKCIB TEPUTOPIi Ta MOBITPSHE CEPEAOBUIIE 3a3HAIOThH
3HAYHOTO TOKCUYHOTO HaBaHTaXCHHs. (OCHOBHI TPWHIMIHA 3 BHUBUYEHHS BIUIMBY TBapHHHUIIBKHX
MIAIPUEMCTB Ha JOBKULIS MaiOTh (POPMYBAaTHCSA HA OCHOBI OOOB'SI3KOBOr0 00JIIKY YMOB (hOopMyBaHHS,
BHUYEPIHOI KITBKICHOI 1 SKICHOI XapaKTEPHCTHKH BIOXOIIB Ta TPOAYKTIB IXHBOI TIepepoOKH,
e(PeKTUBHOCTI OYHCHUX CIOPYH i3 OOpOOKHM pIiAKOrOo THOK 1 CTIYHHUX BOJ|, 8 TaKOX MOXJIHBOCTI
HaJIXO/UKEHHS 3a0py/JHEHb B aTMOC(EpHE TOBITPSI, IPYHTH, IPYHTOBI BOJU Ta BIIKPUTI Boxoimu [4].

Bimxonu cBHHApPCTBAa MICTATH PEUYOBHHH, CIIOKUTI TBApUHAMH 3 KOPMaMH, Yepe3 Te MI0 JIHIIe
TPETUHY TMOKMBHUX KOMIIOHEHTIB OpraHi3M TBapHHH BHKOPHUCTOBYE Ha pPi3HOMAaHITHI (i3ioyorivHi
MPOIECH, & TAaKOXK BENUKY KUIBKICTh MiKpOOPTaHI3MiB, IO HACENSIOTh NUTYHKOBO-KWIIKOBHI KaHAl
TBAapHWH 1 HEPIZIKO € 30yaTHUKAMH 1HPEKIMIHANX XBOp0oO. Di3nyHui, XIMITHHA Ta MIKpOOIOTOTIYHIHA CKIIaa
IIAX BiXOJIB 3aJICKUTH BiJl PI3HUX YMHHHKIB, TAKUX SK CIIOCOOM YTPHUMAaHHS Ta TOIBJi, BiAIOBIAHICT
peXuMy YTPUMaHHS, AOTJIAY 32 TBAPHMHAMU, a TaKOXK BiJ (i3i0NOTIYHUX OCOOIUBOCTEH CaMUX TBapHH
(Bix, Bara, ctarb, mopoaa). KimekicTs Ta (isuuHmi i XiMidHAHA CKITa] BiIXOIiB 3HAYHOIO MipOIO 3aJI€KUThH
BiJI TEXHOJIOTI yTPUMAHHS CBHHEH Ta BUKOPHUCTAHHS CUCTEMHU BUIAAICHHS BiIXOMIB i3 IPUMIIIICHB.

OpHiero 3 HaWBaXIIMBIIIUX MPOOJIEM 1 HAAANI 3ATAIIATUMETHLCS MPoOIeMa BiIXOMiB BUPOOHHUIITBA
MPOAYKIIi CBUHAPCTBA — CBOEYACHE BUJIAJICHHS 3 TIPUMIIIICHB, 3a0€3IIEYCHHS HAJICKHUX YMOB 30epiranHs
Ta MepepoOKH Ha TEXHOJOTIYHO MPABUILHO OOJIAMNITOBAHMX MICISMX iXHBOTO yTHIIi3yBaHHS. MalOyTHI
iHHOBamii y 30epiraHHi TrHOW0, mepepoOJeHHI Ta OYMINEHHI CTIYHHX BOJA 0a3yBaTHUMYTbCA Ha
OiotexHonoriax. CTBOpPEHHS BIAMOBIAHMX MIKPOOpPraHi3MiB 3a0e3le4YnTh HOBI MOXKIIMBOCTI JJIst
e(exkTuBHOT OOpOOKM THOIO 1 CTIYHHMX BOJ[, OYMINCHHS BOIH, IO € HAA3BUYAHO BaXKIIMBUM Ha
perioHaIbHOMY PiBHI IS MiATpUMaHHS ¢()eKTHBHOrO BOIHOrO OanaHcy. [TokpaiieHHs 30epiraHHs THOO
3HU3UTH BUKUIM aMiaKy y MicIisiX ioro 30epiranHs [5].

Bigxonn Ta MPOAYKTH JKHUTTEMISIIBHOCTI ITHIII MArOTh HENPHUEMHHUM 3amax (moHanm 45 pisHux
PEYOBHH), MMONIUPIOIOTECS Ha 3Ha4Hi BixcTani 10 10 kM. ViminpHeHe pO3MILEHHS MTHIN B MPHMIIIEHI,
TICPE3BOJIOKEHHS TMIACTUIKU Ta IHII TOPYIICHHS TEXHOJOTIi YTpUMaHHS CTBOPIOIOTH YMOBH JUIs
aHaepoOHoro OpoxminHsa mochimy. [lo cmemmdiyamx 1 HaiOinpm HeGe3NeYHHX BUKWAIB BiHECEHO
METHJIMEpPKANTaH, aMiak, JUMETHIIaMiH, CIpKOBOJICHD, TUMETHIICYIb(]ia, KUCIOTYy KapOHOBY, abIETia
MPOIIOHOBUH, (PEHOJI, T ITyXOBUH, MU KOMOIKOPMOBHH, a TAKOXK AIOKCH] a30Ty Ta OKCHJ[ BYIJICIIIO.

30HH PO3IMOBCIOJKEHHS CIENU(IUHMX 3amaxiB 3ajekaTh BiJ MIBHAKOCTI 1 HAMpsSMKY BITpY,
TeMIlepaTypu aTMOC(HEPHOTO TMOBITPs, pelbedy MICIEBOCTI Ta HASBHOCTI JICOBHX HacamkeHb. [lo
(hakTOpiB BIUIMBY Ha JOBKULIS BHPOOHMIITBA MTaXiBHUYOI MPOIYKII INTOOATBHOI0 MAacIiTady MOXKHA
BiJTHECTH BUKHUAU MAPHUKOBUX Ta3iB, MOB'A3aHUX 13 BUKOPUCTAHHSIM EHEprii B BUPOOHWYMX Mpolecax,
KUTTEIISUTBHICTIO TTHII, HAKOMMYCHHSM BiJXO/iB BUPOOHUIITBA. 3a MPUOJIM3HUMU OI[IHKAMH, JUIIE Y
CIICITIaTli30BaHUX  TOCTOJApCTBaX KIMBKICTh  BIMXOMIB 3a PpIK  CKJIANae. MMACTHIKOBOTO  Ta
0e3MiACTUIIKOBOTO TIOCTi Ty — OJU3bK0 5,2 MITH TOHH.

[IpoGnema HamiHHOTO 3aXWCTy HABKOJWIIHLOTO MPHPOTHOTO CEPEJOBHINA BiJl 3a0pyIHEHHS
NTAIIMHUM TIOCTIIOM, CTIYHMMH BOJaMH 1 BiXOJaMH — aKTyallbHa MHpoOjeMa MPaKTHYHO IS BCIX
NTaxXiBHUYUX TOCHOAApCTB YKpaind. J[jIs MOJIMIICHHS €KOJIONTYHOI CHUTyallii Ta BUPOOHHUIITBA SKICHOI
MPOAYKIi TBAapUHHUIITBA HEOOXIHO BHKOPUCTOBYBATH CKOJIOTIYHO O€3MeYHi TEeXHOJorii Ta
BIIPOBAPKYBAaTH Cy4YacHI TEXHOJIOTii 3 yTHWIII3aIil BIAXOMIB, OCAdiB CTIYHMX BOJ, JOTPHUMaHHS BCiX
CaHITAPHUX Ta BETEPUHAPHUX BUMOT 3TiHO 3 HOPMATHBHO-TIPABOBHM PETYJIFOBaHHIM [6].

Po3BuTOK TBapMHHULTBA, 3 OJHOrO OOKYy, 3a0e3medye HaceleHHS HEOOXITHUMH MpPOAYKTaMU
Xap4yyBaHHS, POCIMHHUIIBKY Taly3b — OpPTaHIYHUMH TOOpPUBaMHU, IO CIPUSE ITIBUNICHHIO POIIOYOCTI
IPYHTY, 301IBIICHHIO BMICTY TTOXXHUBHUX €JIEMCHTIB Y HHOMY, aKTHBI3Y€ PO3BHUTOK MIKPOOPTaHi3MiB, IO
OepyTh aKTUBHY YYacTh y MPOIecax TYMYCOYTBOPEHHS, BILTUBAIOTh Ha CKJIAJ] IPYHTOBOTO TIOBITPS, IIUKIIA
MIEPETBOPEHHS a30TOBMICHHX CIIOJIYK, OJHIEI0 3 BAXKIUBUX JIAHOK SKUX € (piKcarlis a30Ty IPyHTOBUMH
Mikpooprauizmamu [7].

Jlns BuU3HAuYCHHS pIiBHA 30epekeHHS IPyHTIB y Yepkachbkiii 00JacTi MM BHKOPHCTOBYBad
po3po0eHui KoedilieHT eKoIoTiyHOi 30a1aHCOBAaHOCTI BHECEHHS OPTraHiyHUX Ta MiHEPaJbHUX JOOPHUB Y
POCIIMHHHUIITBI, SIKW BHM3HAYAIOTh SK BIJHOIICHHS ITOKa3HMKAa BHECCHHMX OpTaHIYHUX ITOOpPUB [0
MOKa3HWKAa BHECEHMX MIHEPaNbHUX JOOpWB, B3SIBIIA OJHOYACHO 3 (AKTUYHHMH TOKa3HUKaAMHU 1
HOPMOBaHi MOKa3HUKH [8]:

KO(D +KMQ>
KOH +KMH

E3
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ne Kpz — KoedilieHT ekonoriuHoi 30aJaHcOBaHOCTI BHECEHHS OPTaHIYHUX Ta MiHEpaJbHUX A0OpHB Ha 1
reKTap TUIOI;
Kop —KoedimieHT (hakTHIHOTO BHECEHHSI OPTaHiYHUX JOOPHUB BiTHOCHO HOPMH;
Ky —xoedinienT pakTHUHOTO BHECEHHS MiHEpaJIbHUX JOOPUB BiTHOCHO HOPMH,
Kop —xoediieHT HOpMOBAaHOTO BHECEHHS OPTaHIYHHUX JTOOPHB,;
Ky —xoedillieHT HOpMOBAHOTO BHECEHHS MiHEPAIbHUX TOOPHB.

Hopma BHeceHHst opraHiunumx no0puB craHoButh 80,00m/ra, a wminepamsHux — 2,45m/ra [9].
BHecenHs1 opraniyHuX Ta MiHEpaJbHUX 100pHUB Y Yepkachkiil obnacTi Ta B YKpaiHi a Takox KoeilieHT
1XHBO1 €KOJIOTIYHOI 30a7IaHCOBAaHOCTI IMOAaHo y Tabmwmmi 1.

Tabnuys 1
KoeddimienT exonoriunoi 36a1ancoBaHocTi*
OOcsir T0OPUB BHECEHHX ITiIIPUEMCTBAMH, 11/Ta .
b MOCIBHO1 rmmf[i KoednqleHT"
opraniuHi g1o0puBa MiHepanbHi 100puBa 36§§:§§;‘;{$€Ti
HOpMa (hakTHIHO HOpMa (dhakTHIHO

Uepkacbka 001aCcTh 80,00 12,00 2,45 1,08 0,39
VYkpaina 80,00 5,00 2,45 0,96 0,23
O06nacThb +,- 10 KpaiHu - + 7,00 - +0,12 + 0,16

* Tabnuys nobyoosana Ha ocrhogi cmamucmuynux oanux [10, 11].

Sx BugHO 3 Tabm. 1, koedimieHT eKOJOTIYHOI 30aJaHCOBAHOCTI BHECEHHS OPTaHIYHUX Ta
MiHepaabHUX 100puB y Yepkackkiit obmacti y 1,7 pa3a BUIIHIA Bijl aHAJIOTIYHOTO MMOKa3HUKA TI0 YKpaiHi,
110 BiANOBIIHO ¥ 2,6Ta 4,3pa3a HUXKYE BiJl ICHYIOUHX HOPM.

BHecenns MiHepanbHUX 100pHuB 0 Yepkackkiit obnacti y 2,3,a mo Ykpaini y 2,6 pa3za MeH1Ie Bix
HOpMU. BHeceHHs opraHiyHuX 100puB 1o Yepkachkiii 001acti y 6,7,a mo Ykpaiuni y 16,0pa3a meHiie Bix
HOPMH.

Ili moKasHWKH € TPAMHUMH JOKa3aMU HH3bKOT TEXHOJIOTIYHOI Ta EKOJOTIUHOI KYJAbTYpH MpU
BUPOOHUIITBI IPOAYKIIii POCTUHHMIITBA Ta MPOYKI[l TBAPUHHUIITBA 30KPEMa 1 CLIIECHKOTOCIIOIAPCHKOTO
BHPOOHMIITBA 3arajioM, sIK Ha PiBHI pETiOHIB, TaK 1 Ha PiBHI KpaiHH.

Jlis BUpIMIEHHS] I[LOTO BAXKJIUBOTO EKOJIOTIYHOTO Ta CKOHOMIYHOTO IMUTAHHS BCi MOTCHINATbHI
MOJXKJTUBOCTI, a caMe 3aCTOCYBaHHS TEXHOJIOTii MepepoOKH SKCKPEMEHTIB TBAPHUHHUIITBA Ta ITOJAJBIIC
iXHE€ BHUKOPHUCTaHHS IIPH BHPOIIYBaHHI CUTbCHKOTOCTIONAPCHKUX KyNbTyp. [loTeHITianbHI MOMKIHUBOCTI
BUPOOHHIITBA IeperHo0 y Uepkachkiit 00acTi Ta B YKpaiHi IpeaCcTaBIeHO y TabauIl 2.

Tabnuys 2
IoTeHniaabHi MOKIMBOCTI BUPOOHUITBA MeperHor y 201 7pomi**
Buixi . Uepkacbka 00J1acTh Ykpaina
WXiJ[ THOIO BiJT : .
Bun tBapuH OJTHi€1 TBApWHU 332 | IOrOJIiB 4, BHXIZL IIOTOJIIB’ 4, BHXIZL
. ) THOTBKH, . THOTBKH,
piK, 11 THC. TOJIIB THUC. TOJIB
THUC. TOHH THUC. TOHH
Benuka porarta xygoba 55,0 176 968 3682 20251
CBuHi 16,5 386 637 6669 11004
BiBwi Ta ko3u 5,0 31 16 1315 66
[Tuns 0,7 24310 1702 201700 14119
Pazom - - 3323 - 45440
BreceHo opraniuHux ) ) 1100 ) 9163
T00pUB
Bukopucranus, % - - 33,1 - 20,2
HakonudeHHs 3a pik - - 2223 - 36277

** Tabnuys nobyoosana na ocHosi cmamucmuunux oanux [10, 11].

Buxin rHOIBKH Bifl CiTbCHKOTOCTIONAPCHKUX TBapUH y Yepkackkili obnacTi cTraHOBUTH 3,32,a B
Vkpaini 45,44 minsiioHiB ToHH. BuxopucroByerbcs mist morped pocimHuunrta — 33,1%ta 20,2%
BiamoBinHO. IllopiuHe HakoMMYEHHS THOIBKY TPH BHPOOHUIITBI MPOAYKITii TBAPHHHMIITBA IepeOdyBae Ha
piBHI:

— Uepkacbka 00yacTi 2,22MJIH TOHH;

— Vkpaina 36,28Mi1H TOHH.
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Take BiOHOIIEHHA BHPOOHMKIB CLIBCHKOTOCMOAAPCHKOI MpOAYKLii, K Ha piBHI YepkacbKoi
obmacti, Tak 1 Ha piBHI KpaiHW, NMPU3BOAUTH IO Herpamallii IPyHTIB 1 IO HETaTHBHOTO BIUIMBY Ha
HAaBKOJIMILTHE CepeIOBHIIE. A BPaxOBYIOUHM T€, IO TakKa TEHIEHIS CHOCTEPIraeTheCsl MPOTATOM OCTAHHIX
JECSTUIIITh, MU YK€ TIepeHIITN MEXY, 3a SIKOIO epe0yBae TOUKa HEMOKIIMBOTO TIOBEPHEHHS.

BuCHOBKH. Pozpobmenns pi3HUX METO/IIB OITIHIOBAHHS BILTUBY BHPOOHWKIB
CITECHKOTOCTIONAPCHKOl MPOAYKINII Ha 30epeKeHHS TPYHTIB, a TapajiebHO IO IOT0 — i Ha 30epeKeHHS
JOBKUIA CHOHYKaTUME 3acTOCYBaHHS MiHOBHX TEXHOJIOTIH TIepepoOJIEHHS THOIO Pi3HUX BHIIB
CIJTbCHKOTOCIIONAPCHKUX TBAPHH HA OpTraHiuHi JOOPUBA, 110 Y CBOIO YEPT'y AaCTh MOXKJIMBICTD IMiIBUIIIUTH
TEXHOJIOTIYHO-CKOJIOTIUHY KYJIBTYPY CLIBCHKOTOCIIONAPCHKOI MIsUTBHOCTI 1 OEpPEXIIMBO CTaBUTHCS [0
30epeKeHHS IPYHTIB Ta HABKOJIUIIIHBOTO CEPETOBHILIA.

AHanizyBaHHS BIUIMBY CLIBCHKOTOCIIONAPCHKOI MisUTBHOCTI MOXKE MaTH H 1HII HaAyKOBO-TIPAKTUYHI
I IXOTH, SIKI HEOOX1THO PO3POOIISITH IS BCIX PIBHIX TOCITOAAPCHKO-aAMIHICTPATHBHOI MisITHHOCTI.
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ENVIRONMENTAL SAFETY: SOILS EXPLOITATIONIN IN CHERK  ASY OBLAST

The article substantiates the necessity of momnigotthe changes in soil cover and the development

of appropriate programs to suspend soil degradatiohreproduce soil fertility. The authors haverof
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that the quality assessment of soil treatment leyptoducers of plant products and soil conservation
should take into account not only the amount ofliadporganic and mineral fertilizers, but also thei
correlation (ecological balance index).

The composition of the major pollutants, emittetd ithe atmospheric air, soil and groundwater by
livestock enterprises, has been analyzed. It has loefined that in order to improve the ecological
situation and produce the high-quality livestockdurcts, it is necessary to use environmentally doun
technologies and implement modern technologiesvmte and sewage sludge disposal, and comply with
all sanitary and veterinary requirements in acaocdavith the legal and regulatory framework.

It has been defined that the ecological balanceeasdfor applying organic and mineral fertilizers
in Cherkasy oblast are 1.7 times higher than tméasi indices within Ukraine, which are respectiv2l6
and 4.3 times below the existing norms. The apfiinaof mineral fertilizers in Cherkasy oblast i82
and in Ukraine 2.6 times below the norm. The infiitbn of organic fertilizers in Cherkasy oblasbig
and within Ukraine 16.0 times below the norm.

Soil conservation level in Cherkasy oblast has tstedied based on the ecological balance index
for the introduction of organic and mineral feddis in plant production. It has been found out tha
level of soil conservation in Cherkasy oblast 89).and in Ukraine — 0.23, which, both at the lesel
Cherkasy oblast and at the state level, leadsealégradation of soils and indicates low technahalgi
and ecological culture of agricultural producers.

Key words: organic fertilizers, mineral fertilizers, soil, @ogical balance index, agricultural
production.
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TEOITH®OPMAIIINHA OIIHKA PU3HKY 3ABPYJIHEHHS NIJI3EMHUX BOJ|
YEPHITIBCHKOI OBJIACTI

MeToro AOCHiIKEeHHSI € MPOCTOPOBa OLiHKA PU3UKY 3a0pyIHEHHS BOJOHOCHMX TOPHU3OHTIB IS
aaMiHICTpaTUBHUX paiioHiB UepHIriBChKOI aJIMIHICTpaTHBHOI 00s1acTi 3 BUKOpUCTaHHAM I IC-TeXHOIOT1H.
ABTOpaMH 3ampoIOHOBAaHO TeoiH(poOpMalifHWI MiAXix [0 BU3HAYEHHS PIiBHA PHU3UKY 3a0pyIcHHS
MiI3eMHUX BOJ pPI3HUX BOJAOHOCHUX TOPHU30HTIB, SKHH 0a3yeThcs Ha BUIUICHHI JIaHTMAPTHUX
TiAPOTreoNIOTiYHMX KOMIUIEKCIB Pi3HHUX THUMIB y MeXax AocHimKyBaHoi Tepuropii. Jns YepHiriBcbkoi
o0iacTi BCTAHOBJICHO MOKIJIMBI JpKepena 3a0pyaHEHHS MiI3eMHOI TigpocdepH, BIUIMB SKHX MOXKE
MIPU3BECTH O BUHUKHEHHS HAI3BUYAWHUX CUTYAIlii, TOB I3aHMX i3 MOTIPIIEHHSAM SKOCTI IMiI3¢MHUX BOJ,
10 BUKOPUCTOBYIOTBCS AJISl TOCTIOAAPCHKO-IMTHOTO Bojomnoctauands. Y cepenosuii ['IC po3pobieno
CTPYKTYPY IMPOCTOPOBHX 1 aTpHOYTHBHUX NAHWUX IMOMO TiIPOTEOJIOTIYHOTO PaOHyBaHHS, BPA3THBOCTI
BOJIOHOCHUX TOPU30HTIB Ta NOTEHUIHHUX JDKepen 3a0pynHeHHs min3eMHux Boa. CTBopeHa 0asza
Te0/IaHUX J03BOJISE 3MIMCHIOBATH CITCIiaJbHUIM aHAII3 Ta CTBOPIOBATH TEMATHYHI KAPTH JJIS OI[IHIOBAHHS
1 Bisyauwizalii pU3UKy BUHUKHEHHS HAJ3BHYAHHUX CUTYallll YHACHiZOK 3a0pyIHEHHS MiA3€MHUX BOX
PI3HUX  BOJOHOCHMX TOPHM30HTIB. BHKOHaHO oOBepjciHHMI aHadi3 KapTorpadiuHUX  IIapiB
TiPOTEOIOTIYHOTO ¥ aIMiHICTPATUBHOTO paliOHyBaHHS, a TAKOXK MICITh JJOKai3aIlii MOTCHIIIHHNX KEpPe
3a0pynHenHs. [limpaxoBaHO cymMapHUN pHU3WK BUHUKHCHHS HAJI3BUYAWHUX CHUTYaIliil yHACTIIOK
3a0pyAHEHHSI TPYHTOBUX 1 MIKIUIACTOBUX ITII3EMHHX BOJ IJIs aMiHICTPAaTUBHUX paiioHiB UepHIriBChbKOi
obnacti. OTpuMaHi pe3ynbTaTH JOCT/DKEHb CBiq4aTh, IO HAWBHINA BPa3IUBICTh BOJOHOCHHX
TOPHM30HTIB 0 TEXHOTEHHOTO BIUIMBY (Hy’Ke€ BEIMKHMI PH3MK 3a0pyJHEHHS IEPIIOTrO BiJ IMMOBEPXHI
BOJIOHOCHOTO TOPH30HTY IPYHTOBHX BOJI) XapaKTepHa JUIs MiBHIYHO-3aXiIHOI YaCTHHU TEPUTOPIl
YepniriBcpkoi obiacTi. BpaxoByrounm OoTpuMaHi pe3ynibTaTH, CHiA MepeadadyuTH BEACHHS ITOCTIHHOTO
MOHITOPUHTY JIJISl TIOTIEpEHKCHHS HAA3BUUAHHUX CUTYAIlil, ITOB’ I3aHUX 13 3a0pYAHCHHAM ITiJ36MHHUX BOJ
y UYepniriBcekomy, [opomnsuceromy, KoprokiBcskomy, Hosropoa-Cisepcskomy, CHOBCBKOMY,
PinkuHCEKOMY aAMIHICTPaTUBHHX paioHAX, y TMEpIIy Yepry B MICIAX JIOKaJi3amii TEeXHOTEHHO
HeOe3neuHux o0 ekTiB. TepuTopiss MiBACHHO-CXiAHOI 4YAacTWHH pErioHy 3 J00pe 3axHUIeHUMH
BOJOHOCHUMH TOpPU30HTaMH MOXe OyTH 3ajydeHa s opradizainii ()OHOBOro TiApOreoJOridYHOro
MOHITOPHHTY.

Karwuosi ciaoBa: JlangmadTHO-TiAPOTCONOTIYHNNA KOMIUIEKC, BOJOHOCHHN TOPH30HT, 0a3a
reoJlaHuX; KapTorpama.

ITocTanoBka nmpobaeMu. B octanHI qecAaTWIITTS I YKpaiHU XapaKTepHa HeTaTUBHA TCHICHIIISA
CKOpOUYCHHS Mepeki JIepiKaBHOTO TigpOreosoriyHoro MoHiTopunry [1], 3ymoBieHa, Hacammepen,
HepocTaTHIM — (piHaHCcyBaHHSIM. (O4YEBHIHO, IO HEOOXITHO PO3POOUTH 3aXOAHM JUIS BiJTHOBJICHHS
CIIOCTEPEIKHOI MepEKi 1 i MOCTYIOBOI amamnTarii 10 eBponeicbkux HOpM i Bumor [2]. OcobiamBy yBary
CJILJT IPUIUISITA TEPUTOPISIM, 1110 HAJISKATH JIO0 TPAHCKOPIOHHUX BOJJOOOMIHHUX OaceiiHiB, pO3TalllOBaHUX
Ha TEpUTOpIi KUIbKOX NepkaB, Hacamrepen — Oaceiinam [lninpa i Jdynato [3]. Cuix 3a3HaunTH, MO B
yMoBax JedIiluTy aKkTyajabHOI iH(pOpMaIii 11010 cTaHy BOIHUX 00 €KTIB, YHACIIOK HEpaI[iOHAIBHOIO i
HEKOHTPOJHOBAHOTO BHKOPHUCTAHHS MPUPOIHUX PECYPCiB Ha TEpUTOPii YKpaiHW BCE TOMITHIIIUM CTa€e
MIOTIPIIEHHST €KOJIOTIYHOTO CTAaHy IMOBEPXHEBUX 1 MiA3EMHHX BOJ, Yepe3 MEepPepo3MOJial CTOKY Majux
PIYOK MOPYIIYIOTHCS IPUPOIHI IpoIecH (GopMyBaHHS BOAHOCTI TOJIOBHOI BOAHOI apTepii — p. duimpo [4].
He € BunsaTKOM i Tepuropii 6aceiiniB miBux mputok Juinpa ([decuwu, Ilcaa, Cymm), gKki 1m1e 10 cepeauHn
MUHYJIOTO CTOpiy4s OyJU OJHUMH 3 HAWYUCTIMIMX PIiYOK YKpaiHu. 30Kpema, I PO3TISHYTOI y IIiit
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poboTi Tepuropii aaMiHicTpaTuBHOI YepHIriBCbKOi 00JIACTI aKTyaJbHOIO MNpPOOIEMOI0 € HeraTHBHA
TEHJEHINS TPOrpeCcyBalbHOT0 HakomuueHHs BigxomiB [5]. OcobmuBy HeOe3meKy IS IOBKIJUISA
CTaHOBIISITH TUCSYl TOH HETIPUIAATHUX JI0 BUKOPUCTAHHSA OTPYTOXIMIKATIB, 110 30€piraroTbesi Ha TEPUTOPIl
00acTi B CKJIaJCHKHX MPUMIILEHHSX, OIIBLIICTD 3 SIKMX NepeOyBaloTh y HE3aJO0BUIBLHOMY CTaHi, IO
MTIIBHIIYE€ PU3UK BUHUKHCHHS HAI3BHYAWHHUX CHUTYaIlil, ITOB 3aHMUX 13 3a0pyIHEHHSAM SK TIOBEPXHEBUX,
TaK 1 Mi3eMHUX BOJHUX PECYPCIB, 1 MOKE TIPU3BECTH 10 HEOPAMHAPHUX SKOJOTTIHUX HACIIIKIB.

AHaji3 ocTaHHIX JocaiTkeHsb i myOmaikaniii. Ha choroni icHye psiji METOAMK, 3aCTOCOBHUX JIJIS
OIIIHIOBaHHSI IPUPOIHOT 3aXUIIEHOCTI Mi3EMHUX BOJ B/l 30BHIIIHLOTO HETATHBHOTO BIUIMBY i OMUCAHI B
poborax €muyk T. B. [6], Komsixkosa O. €. [7], Jlesonroka C. M. [8], Koztowski M. [9] ra in. 3a3naueni
JOCIHIDKEHHSI Opi€HTOBaHI MEpII 3a BCEe Ha BUPILICHHS KOHKPETHHX NMPHKIAJHUX 3aBIaHb i anpoOoBaHi
Ha MPUKIaAI OKPEMHX JIOKAIbHUX TEPUTOPIH UM TiApOreoJoriyHuX 00 €KTiB, a OTXKe, SIK MPaBHJIO, HE
MOXYTh OYTH PO3TJISHYTI SK YHIBEpCadbHI M MOTPeOyIOTh MOMAIBIIOIO BIOCKOHAJIICHHA. Y poboTax
Py6ama C. A. ta Iuakapescekoro M. A. [10, 11] mms periomampHOro MacmTaly TOCHTIIKEHB
3aXHIIEHOCTI BOJOHOCHHUX T'OPH30HTIB 1 OIIIHIOBAHHS PU3MKY BUHUKHEHHS HAA3BHYAMHUX CHUTYyalil,
TIOB’ SI3aHMX 13 TXHIM 3a0pyIHEHHSM, K TEPUTOpiaIbHy OCHOBY OYJIO 3aIPOITOHOBAHO BUKOPHCTOBYBATH
TaKCOHH TiJPOTEOJIOTIYHOTO paliOHYBaHHSI 3a yMOBaMH (DOPMYyBaHHS IMII3EMHHX BOX. 30KpeMa It
IPYHTOBHX BOJ, IO € HAaWHOLIBbII BPa3lMBUMH [0 Iii MOPYLIyBaJbHUX YHMHHHKIB, TOTpiOHA JeTanbHa
TUMI3allisl TEPUTOPIi, KA MOXKE BpaxyBaTH IIUPOKHHA CIIEKTP YMOB (popMyBaHHS MiA3EMHUX BOA MEPIIUX
BiJI TIOBEpXHI BOJIOHOCHHMX TOPWM30HTIB. HalapiOHINIMMU TaKCOHOMIYHUMH OIMHHIIIMH THITI3allii, IO
XapakTepu3yIOTh CcTpaTUrpadidHi O3HAKW yMOB (pOpMyBaHHS IPYHTOBHX BOJ Yy po3pi3i, € naHamadTHi
rigporeonoriuni komrutekcu [11]. Takwmit mixxing HaOyB MOAANBIIOTO PO3BHTKY B podorax [12, 13],
30KpeMa IUIIXOM 3ajJydeHHS TIeoiHGOpMaIliiHMX TEXHOJOIM Ui aBTOMAaTH3allli OOYMCICHD 1
MIABUIICHHS €()EKTHBHOCTI OIIHIOBaHHSA. 3a3HAYMMO, II0 HA CHOTOMAHI OLIBINICTH JOCIIAHHKIB i€l
tematuku [7, 9, 12, 14-17]po3risgae reoiHpOpMaIiiiHI TEXHOJOTil 1 CHCTEeMH SK HEOOXIITHHH
IHCTpYMEHT iHTerpallii JaHux i moOymoBH pe3yiabTylounx Mopeneil. OTke, BUKOHAHHS PETiOHATBHOI
OIIIHKK TIPHPOJHOI 3aXMIIECHOCTI TIA3eMHHX BOJ 1 BH3HAYCHHS PU3HWKY IiXHBOTO 3a0pyIHCHHS
NoTpeOyIOTh KOMIJIEKCHOTO HayKOBOT'O aHali3y Ha OCHOBI 3aCTOCYBaHHS HalpallbOBAaHUX AOCIHiTHUKAMHU
METOJIUK, 1 30KpeMa, reoin(opMaiiHOTo MiAXO0My, IS BpaxyBaHHS OCOOJIMBOCTEH TipOreosiorigyHOro
paliOHYBaHHsS pETIOHY, a TaKOX PO3MIIICHHS MOTCHIIWHNX JpKEpeNl BINIMBY HA CTaH IIiA3eMHOI
rigpochepmn.

IMocTranoBka 3aBnaHHs. 3MiHM, IO BiAOYBarOTbCSA Y HABKOJIMIIHBOMY CEPENOBHIN, 30KpeMa y
MiI3eMHUX BOJAX, SIKi € HAHOUTBII JUHAMIYHIM KOMIIOHCHTOM T€0JIOTITHOTO CEepPEIOBHUINA, TIOTPEOYIOThH
TIOCTIHHOTO CIIOCTEPEKECHHSA 1 aHali3y, TOMY METOI0 IThbOTO IOCHIDKCHHS € BHUKOHAHHS MPOCTOPOBOL
OLIHKKA PHU3HUKY 3a0pyIHEHHS BOJOHOCHMUX TOPH3OHTIB IJIsl aAMiHICTpaTUBHHX paiioHiB UepHiriBcbkoi
obmacti (TepurTopii, IO HAJIEKHUTH O TPAHCKOPJOHHOTO BOJOOOMiHHOTO Oaceitny JlHimpa i
XapaKTEPHU3y€EThCA HAKOMWYCHHSIM ITOTEHITIMHO-HEOE3MEUHUX I TIA3€MHUX BOJ 3a0pyIHIOBaIHLHUX
peuoBuH) 3a qomomoroto I'IC-TexHoorii.

JUis TOCATHEHHSI TOCTABJICHOI METH aBTOPH BHKOHAJIM TaKi 3aBIAaHHS SK aHATi3yBaHHS YMOB
dbopMyBaHHS pecypciB Tim3eMHUX Boj YepHIriBchbkoi o0jacTi, po3poOieHHS 1 HANMOBHEHHS O0asu
MIPOCTOPOBHX Ta aTPUOYTUBHUX JAHHX MO0 TiIPOTEOJIOTIYHOTO PAHOHYBaHHS 1 JDKEPEN MOTSHITIHHOTO
3a0pyIHEHHs TiA3eMHUX BoJ, peanizyBanHs y [IC-cepemoBuii OIHKM pPH3UKY BHHHKHEHHS
HaJI3BUYAWHUX CHUTYaIlii YHACTiZOK 3a0pyIHECHHS IPYHTOBHX Ta MDKIUIACTOBHX IIA3EMHHX BOJ 1
Bi3yauti3alliss OTpUMaHUX Pe3yIbTaTiB.

Buxiiag ocHOBHOro Matepiany aociaimkenns. Jlangmadrai rizporeosnoriuni kommiekcu (JITTK)
— Le OUISHKM 3 BU3HAYEHUMH TigpOreoJIOTiYHUMHU pO3pi3aMH, Ha SIKi MOAIJICHO MEepIIMi BiJl MOBEPXHi
BOJIOHOCHHUI TOPHU30HT 1 sKi BiZOOpa’katOTh HETIOBTOPHI BapiaHTH OYIOBH 30HH aeparlii, BOJIOBMICHOI Ta
BOJOTPHUBKOI TOBII MEBHOI TEPUTOPii Ta BEIMKOI MIpOI0 3yMOBIIOIOTH OCOONMBOCTI XHUBJICHHA Ta
PO3BaHTaKEHHSI IPYHTOBHUX BOJ| 1 BIACTHBOCTI BEPXHBOT'O IIApy TIPCHKUX MOPiA. YChOrO AJSl TEPUTOPIil
Vkpainu sugineno 26 pizaosuais pisauaaux JITTK i 6 pisHosumis ripcekux JITTK [10].

Po3pobmenHs cTpykTypH 6a3u MPpOCTOPOBUX 1 aTPUOYTUBHUX JaHUX JACTh 3MOTY CUCTEMAaTH3yBaTH
ICHYIOYi CXeMH T1IpOreoJIOriuHOr0 PalOHyBaHHS Ta Pe3yJIbTaTh 0AraTOPiYHUX PEKUMHHUX CIIOCTEPEKEHDb
s 3a0e3medeHHs (YHKITIOHYBaHHS CHCTEMH JIEPKaBHOTO TiIpOTEONIOTIYHOTO MOHITOpHHTY. [l
CTBOPEHHSI MPOCTOPOBOI 0a3u JaHUMX Ta 3a0e3ledyeHHs (YHKIIOHYBAaHHS CHCTEMH MOHITOPUHIY
Mi3eMHUX BOJA y MekaxX YepHIriBCcbkoi o0nacTi, a TakoX OI[IHIOBAHHS IXHBOI BPA3IUBOCTI O
3a0pyIHEHHS 1 pU3WKY BHHUKHEHHS HaJI3BUYallHUX CHTyalid, BuKopucTaHo Matepianu JHBII
«I"eoirdopm YKpaidm» 010 TigporeooriyHoro paionysanss [11].
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Hns inTerpamii mpoCTOPOBUX HaHUX 3AIHCHEHO TPOCTOPOBY MpUB 3Ky pacTpOBUX KapT Ta
MEPEeBEICHO iX y BeKTOpHMEA (opmar muisixom auritamizamii. CTBopeHa reoindopmariiina 0a3a JaHHX
BKJIIOYAE MepesiueHi HUKYe Iapy 3 BiAOBIAHUME aTpUOyTaMu:

— rigporeonoriyni OaceiiHu, BUAiNEHI 32 yMOBaMU (OPMYBAaHHS Ta PO3IOCIOKCHHSI IPYHTOBUX
Box (Koj, iHmeKc, Ha3Ba Oaceiny);

— rifgporeosoriuni paionun (Ko, iHAEKC, Ha3Ba paiiony);

— rifiporeonoriyni miapaionu (Koj, iHAEKC, Ha3Ba MiIpaliony);

— JanAmadTHI TiAPOTreoIoriyHI KOMIUIEKCH (KO, 1HACKC, BIK IOPiJ 30HH aepalil, TipchKi Mopoan
30HM aeparlii, XIMIYHU# CKJIa] BOJ 30HHM aeparlii, TpaHWIHI 3HAYEHHS MMOTY>KHOCTI 30HU aeparlii, TpaHuJHi
3Ha4eHHs KoediuieHTa QinpTpamii 30HM aepamii, BiK MOpiA BOJOHOCHOI TOBII, TipChKi MOPOAU
BOJIOHOCHOI TOBIIi, XiMiYHMH CKJald BOJ IPYHTOBOTO BOJOHOCHOTO TOPH30HTY, TPaHUYHI 3HAYCHHS
MOTY)KHOCTI BOJOHOCHOTO TOPHM30HTY, TpPaHMYHI 3HAa4YeHHA KoedirieHta (UIBTpalli BOJOHOCHOIO
TOPU30HTY, BIK IIOPiZ, BOIOTPHUBY, MOPOAM BOAOTPUBY, KoedimieHT (impTpallii MOpix BOIOTPHRBY,
TpaHUYHI 3HAUYEHHs MiHepaii3alii, ’KOPCTKOCTI 1 MoKa3HUKa PH, piBeHb pU3HKY 3a0pyIHEHHS IPYHTOBHX
BOJI, PiBE€Hb PU3KKY 3a0pyIHEHHS MiXKILJIACTOBHX BOJI);

— BEKTOPHI Iapu 0a30Boi iH(opMariii, 0 BKIIOYAIOTh aJMiHICTPATUBHI MEXIi, HACEJICHI MyHKTH,
JOPOTH, PIYKH, POCIHHHICTb, PEIbed;

— BeKTOpHMH mmap iHpopmalii MO0 MOTEHIIHHUX aHTPONOTeHHUX JKepes 3a0pyAHeHHS
IMI3eMHUX BOI.

Teputopis mocnmimxyBaHoi YepHIriBCbKOi 00JacTi posTamioBaHa B MekaxX JIHIMPOBCBKOTO
apre3iaHcbkoro  OaceiiHy, 30kpeMa YepHiriBcbkononicbkoro, Hosropon-CiBepchbKOmomichKoro,
CepenupoaHinpoBcekoro i IToaraBebkoro rimporeomoriunux paiioni (puc. 1). Hacto B Mekax 1€l
TepuTOpii IS MiA3EMHUX BOJ PI3HUX BOJOHOCHHUX TOPH3OHTIB XapaKTEpHUN TiApaBIidYHUN 3B’ 30K,
BHACIIOK YO0 Ha OKPEMHUX JUISHKAX YTBOPIOIOTHCS CIJIbHI BOZOHOCHI KOMIUIEKCH. Bogonocrauanus y
MEXKaxX PETiOHY 3MIHCHIOETHCS IIITXOM €KCIDTyaTallii mia3eMHUX BOJI, IO MPUYPOUCHI JO YeTBEPTHHHUX,
MaIeOT€HOBMX,, KPEHIOBHX 1 CEHOMAaHCHKUX Bimkmamis [11].

Y Mexax TepuTopii 1oCiKeHb NomupeHi ' ATh TuniB piBHUHHAUX JIT'TK:

1) 2a(3)3 —30Ha aepariii ckiazeHa TopdhamMu i MyJIOM; BOJZOBMICHHUMH ITOPOAAMH € TOP(H 3 MYJIOM,
MICKU 3 MpoIIapKaMH CYIICKiB, CYTJIMHKIB 1 TJIMH Ta TpilIuHyBaTi (3aKapcTOBaHi) KpeWmassHO-MepreabHi
BIKJIa¥; BOJOTPUB NPEACTABIECHHM THHAMH (30HAa 3aMyiIlOBaHHA) abo CIIaOKOTPIl[MHYBATOO
MepreJabHO-KPEHISTHO0 TOBLIEIO;

2) %(5)5 —30Ha aeparrii i BOJOBMICHA TOBINA ILIJIKOM OJHOPIAHI Ta ckimajaeHi mickamu (iHOImI 3
IpoIIapKaMy CYTJIHHKIB); BOJZOTPHBOM € TIIMHKCTI abo MeprenbHO-KpeimsHi Bigkmamgu. Lleir JITTK —
OJIUH 13 HalimomupeHimuX B YKpaiHi i HalOUIbII CXWIBHUH 10 3a0pyJHEHHS,

3) 4a(7)4 — 30Ha aeparlii i BOJOBMICHA TOBIA CKJIAJCHI MICKAMH 3 MPOMIAPKAMH CYTJINHKIB,
CYTICKIB Ta TJIMH, TCTEICHUX Pi3HOBIKOBUMH TJIMHAMH 200 KPEHASHO-MEpTreIbHIMH TIOPOIaMH;

4) %a(9)1 —30Ha aeparii Ta BOJOBMICHA TOBIIA CKJIaJCHI JECOBUIHMUMHU CYTJTHHKAMH, 1 JIUIIC B
HIDKHIH 4acTHHI po3pi3y BOAOBMICHI MOPOAM IOMOBHIOIOTHCS CYIICKaMM, BamHAKAMU Ta MEPreysIMU.
BomorpuBka TOBIIA MpEACTaBiICHA TIMHAMH (BXKHUMH CYIJIMHKAMH), [JIBHUMH MEPrejabHO-
KpEeUAsTHUMHU IOPOIaMH;

5) 6a(11)2 —30Ha aeparii ckiiazieHa 3 JIECOBUIHHUX CYTJIMHKIB; BOJOBMICHA TOBIIA MPEICTaBICHA
JICCOBUAHUMH CYTJIMHKAMH 1 MCKaMH 3 TIPOIIapKaMH CYIIICKIB, CYTJIMHKIB, TJIMH Ta BAITHAKIB, BOJIOTPHB
NpE/ICTABICHUI TITHHAMHU a00 MepreIbHO-KPEHITHIMH TTOPOIaAMH.

[Ipupogna 3axuiieHiCTh TIPYHTOBMX BOJ BiJ TNPOHUKHEHHS 3a0pyAHEHHS HacamIepen
BU3HAYAETHCA JAHMIMAQTHAM TiAPOTEOJIOTIYHUM KOMIUIEKCOM, TWONIMPEHUM Y MiICIi Jii JpKeperna
3a0pynHEeHHs. bBaNbHICThP pU3WKY BUHUKHCHHS HAI3BHYAWHMX CHUTYaIlll YHACTIIOK 3a0pyaHCHHS
BOJIOHOCHUX TOpHU30HTIB ¢irypye B Homepi koxkHoro JIITK (ocramus mmdpa). Yum Oimpmmid 3a
3HAQUCHHSAM Oai, THM MEHIIAa NpPUPOJHA 3axXWIIEHICTh (BUINA BPa3IMBICTh) IPYHTOBHX BOJA BiJ
pi3HOMaHITHHX 3a0pymHeHb. Y Tabmumi 1 HaBemeHo pesyibTaTH Kiaacudikarii manmmadTHAX
TiPOTEOIOTIYHNX KOMIUIEKCIB, TIOMMUPEHUX y MEXKax YKpaiHu, 3a PU3UKOM MOKIIUBOCTI BHHHKHCHHS
Ha/I3BUYAHUX CUTYalill i BIUINBOM 3a0pyAHEHHs MiA3eMHOI TipocdepH 3a I’ ASTHOATBHOIO LIKAJIOH0.

IIpupoaHa 3axUIIEHICTD BiJ 3a0pyaHEHHS MIXIUTACTOBUX MiA3EMHUX BOJ 3QJICKHUTH Bill Oaratbox
YUHHUKIB, 30KpeMa BiJI MIJILHOCTI 3B'SI3KY 3 TPYHTOBHMH Ta IMOBEPXHEBHUMH BOAAMH, Uepe3 SKi 10 HUX
NOTPAIUIAIOTh Maike BCl 3a0pyaHEHHS. XapakTep B3a€MO3B SI3Ky IPYHTOBHUX 1 MIKIUIACTOBHUX BOA
HOAUISIETHCS HAa TPH Pi3HOBUM (TadI. 2):
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0 100,0
|

YMOBHI NO3HAYEHHS
[ Mexi anminicTpatusHoi oBnacTi Mesxi rigporeonoriuHmx nigpaioHis

Piukn i BOROTOKM 11a - MPUOECHAHCHKWIA NiAPaioH

116 - MopogHAHCLKUIA NigpanoH

[ ] Bomocxosuuwa 14a - MpnAHINPOBCHLKMIA NiAPAAOH
146 - AroTUHCLKUIA NigpanoH

’ . 15a - PomeHCcbKO-Mupropoacebkui nigpanoH
NanpwadTHO-rigporeonoriyHi KOMNNeKcu propod Ap

[_]2a@ Me3ki rinporeonoriyH1x panoHis

11 - YepHiriBononicbknn panoH
3a(5
|:] a.(5) D 12 - HoBropoAciBepCbKONOniCbKUA panoH
l:l 2a (3) 14 - CepeHbOOHINPOBCHKUIt paiioH

5a (9) 15 - MNonTtaeceKnin panoH
[ Jeaq)

Puc. 1. CxeMa rigporeosioriyHoro paiioHyBaHHsi i mommpeHHs JaHAMAGTHUX TiAPOreooriayHux
KOMILIeKCciB y Meskax YepHiriBcbkoi odmacTi

1) B3aeM03B’ 13Ky Maibke HeMae, 1 piBHI IPYHTOBHX BOJ] BHIIIi 32 MIXKILIACTOB;

2) rinpaBiiyHuUii 3B’ 30K ICHYE, 1 PiBHI IPYHTOBUX Ta MIXKIUIACTOBUX BOJ 30iraroThCs;

3) rigpasmiuHmii 3B’ I30K iCHYE, 1 piBHI MIKIUIACTOBHX BOJ BHIIl 3a IPYHTOBI.

[MpupoaHO 3axWieHi MULIHKA TIHOOKMX BOJOHOCHUX TOPHU3OHTIB MarOTh MaJWd PU3HK
BUHUKHCHHS 3a0pyJHEHHS Ta OI[HIOIOTHCSA B 1 Oasl. YMOBHO 3aXHIICHI JUISHKH TNIHOOKHX BOJIOHOCHUX
TOPU30HTIB MAalOTh JCIKUH PHU3UK BUHUKHEHHS 3a0pyAHEHHS 1 OLIHIOTHCS B 2 Oamu. [IpupomHo
HE3aXWIEHl MUSTHKA TIUOOKUX BOJOHOCHHUX TOPHM30HTIB MAlOTh BEIUKHA PHU3WK BUHUKHEHHS
3a0pyIHEHHS 1 OLIIHIOIOTHCS B 3 OaJIu.

VY Mexax po3IISHYTOro perioHy cropaauyne nomupenHs mMae tTutbku JITTK 2a(3)3, mo Oysae B
OKpEMHUX HOJMHAX pidoK. 3HauHi TepuTopii B Mexax UepHiriBcbkoi obmacti 3aiimarors JITTK 3a(5)5 i
4a(7)4, rpyHTOBI BOAM SIKMX € BPa3JIMBUMH J0 30BHIIIHIX 3a0pyaHeHb (muB. Tabn. 1). BomHowac
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MDKIIACTOBI BOJM, SKi 3aisraloTh HW)KYE BiJ MEPUIOr0 BOAOYHOPY, CKJIaJEHOTO TIUHHCTHMHU 1
MEprejieBUMHU BiIKIaJaMu CepeaHbOI0 MoTyxHicTio 10—25M, MOkKHA BBa)KaTH TOCTATHHO 3aXHIICHUMH
(muB. Tabm:. 2).

[NorenniiftHnmMu mKepenamu 3a0pyJHEHHS MiA3€MHUX BOJ PETiOHY € MOJIIFOHY 1 3BaJUILA TBEPIUX
moOyToBux BimxozmiB (maibke 560 ra y mexax o0iacTi 3aiiMaroTh TiNBKM OGQIIiHO 3apeecTpoBaHi
TOJIITOHY i 3BaJIHIIA), CTAaBKH-HaKomHayBadi (M. UepHiris), xe 30cepemwkero 6mmsbko 130trc. M° pigkux
TOKCUYHUX BIIXOJiB TPOMUCIIOBHUX MiAMPUEMCTB, Ta MiCIS CKJIQJyBaHHs HETIPUIATHUX i 3a00POHEHUX JI0
BUKOPHUCTAHHS XIMIYHUX 3ac00IB 3aXHCTy pociuH [5]. 3rimHO 3 OQIifiHUMH JAaHUMU TiUTBKU TPOTITOM
2016poky Ha TepuTopii obmacTi yreopuiocs 284,5TOHHM HENPUAATHUX 10 BUKOPHUCTAHHS TECTUIUIIB,
30kpema y bopsnsHcekomy, BapBuncbkomy, IunsHcbkomy, HociBebkomy, I[lpumynpkomy,
CemeniBcbkomy, CpibasiHCBKOMY, CocHUIIbKOMY, CHOBCEKOMY paiioHax.

Tabnuys 1

Knacudikauis JITTK Ykpainu 3a piBHeM pU3uKy BUHUKHEHHSI HAA3BHYAWHUX CUTYyauiii

BHACJTII0K 3a0py/IHEHHs IPYHTOBHX BOJ IIKiVIMBHMH pedoBuHamu [10]

Maiioro pusuky ITotentmitinoro pu3uky | Pusmky | Bucokoro pmsuky | /ly’ke BHCOKOTO PHU3UKY
1 6an 2 banu 3 6anu 4 6anu 5 banis
la(1)1 6a(11)2 2a(3)3 4a(7)4 3a(5)5
16(2)1 66(12)2 26(4)3 46(8)4 36(6)5
5a(9)1 9a(17)2 10a(19)3 8a(15)4 7a(13)5
56(10)1 96(18)2 106(20)3 86(16)4 76(14)5
41 13(24)2 )3 12(23)4 11a(21)5
14(25)2 2)3 15(26)4 116(22)5
)2 I'(3)3
1'(6)2
Tabauys 2

YMoOBHI KaTeropii 3axuieHocTi mia3eMHUX BO/ BiJl BEPTHKAJBLHOI0 MPOHUKHEHHSI 3a0pyTHEHHSA

I'pynrosi Bogu (JITTK) MiXIITacTOBI BOIH
Kareropii Cxuiaz i IIOTY)KHICTh 30HH aeparlii ITOTYXHICTb TEPLIOTO
3aXUIICHOCTI Py | Cyrmsxn HepemapyBaH}.m e i BiJl TOBEPXHI
CYTJIMHKIB* BOZOYIIOPY
3axwuiieHi >10m >10m >(5" + 50%) M >10m
VmMoBHo 3axumieni | 3-10m | 30-100m | <(5" + 50*)m a60 >(1,5 + 1*) m 3-10m
Heszaxumeni <3m <30m <(1,5+ 15%) ™M <3m

3aranpHa OajbHA OL[iHKA PU3MKY BUHUKHEHHS HAA3BHYAMHMX CUTYyalildl BHACTIJOK 3a0pyIHEHHS
BOJOHOCHUX TOPU30HTIB 3MINCHIOETHCS HA JACPKABHOMY Ta PETiIOHATLHOMY PIiBHI I aaMiHICTPAaTHBHUX
palioHiB [UIAXOM OpIEHTOBHOTO IUIOIIMHHOTO TMiApaxyHKy BiacoTkiB mommupenHs Bcix JIITK,
PO3MILIIEHUX y MeXax aJMiHICTPaTHBHOTO pPalOHy 3a KapTOIO TiAPOreOJIOTiYHOTO paldOHYBaHHS 3a
ymoBamu (popmyBaHHS (U1 TPYHTOBHX BOJ) a0O0 MHUISIXOM OPI€EHTOBHOTO IUIONIMHHOTO MiJAPaxyHKY
MONIMPEHHST BCIX 3aXHIICHWX, YMOBHO 3aXHWIIEHUX Ta HE3aXWIICHUX JUISTHOK TIMOOKUX BOJIOHOCHHX
TOPHU30HTIB, PO3MIIIEHNX Y MeXaxX aAMIHICTPAaTHMBHOTO PalOHy 3a KapTOI NPHUPOTHOI 3aXHIICHOCTI
IMI3€EMHUX BOI.
O0YHKCITIOITh 3a POPMYJIOHO:
n
35P = 2¥

i=1 p

1)

ne 36P — 3aranpHul 06an pU3MKy BUHUKHCHHS HAJI3BUYAWHOI CHTYaIlil HAa TEPUTOPIl aMiHICTPATHUBHOTO
pationy;

S — zaraneHa mwioma i-ro JITTK (i-i gingaky 3 TMEBHOIO KATErOPi€0 3aXMIMEHOCTI IiI3EMHHUX BOJ), IO
po3TaloBaHa B MeXax TEpUTOPIl TOCIIPKYBAaHOTO PAioHY;
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BPi — 6an pusuxy st okpemoro JITTK (okpeMoi IiISHKY 3 TIEBHOKO KATErOPi€r0 3aXUIECHOCTI Mi3eMHHX
BOT);
N — kinpkicTh pisHux JITTK (IinsHOK i3 MEBHO KATETOPIEI0 3aXUINEHOCTI MiI3EMHUX BOJ), MOLIMPEHUX
y MeXax TepUTOPii JOCHTiHKYBAaHOTO PaiioHy;
S —momnia aJIMiHICTPaTUBHOTO paiioHy.

3aranpHy OalbHY OIIIHKY PH3UKY BUHMKHEHHS HAJI3BHYAMHUX CHUTYAIllil YHACIiIOK 3a0pyIHEHHS
IPYHTOBHX 1 MIXKIJIACTOBHX IiJ3€MHHX BOJ OKPEMHX aJMIHICTPATHBHUX paiOHIB pO3paxyeMo 3a
HaBeIeHOI0 (hOPMYIIOI0, CKOPHUCTABILUCH ii pearizalieio y mporpamuomy cepenosuii ['IC 3a momomororo
MpoIelyp OBepiIeHOro anami3y i BiamoBinanx SQL3anwutiB. Pe3ynbraTu aHami3y /s aiMiHICTPaTUBHIX
paifoHiB 0oOnacTi HaBeIEHO Ha PUCYHKY 2. BiamoBigHO 10 po3paxoBaHHX 3HAYEHb 3arajlibHOrO Oana
PHU3UKY 3a0pyIHEHHS Ui BOJOHOCHOTO TOPH30HTY IPYHTOBUX BOJ, LIO 3ajsira€ MEpUIMM BiJ 3€MHOI
MOBEPXHI, AyXe BUCOKHiA 1 BUcOokmid pusnk (4<3BP<5) xapakrepuuii ms 12 aaMiHicTpaTUBHUX PailoOHIB
obxacti 13 22. HU3bKO0I0 Bpa3NUBICTIO IO 30BHINIHIX 3a0pYyAHEHb XapaKTEpU3YIOTHCS JIMIIE TEPUTOPIl
Baspuncbkoro, CpibusiHchkoro i TamanaiBcbkoro paiioniB (1<3BP<2). Pa3zom i3 THM, MiKIUIACTOBI
BOJIOHOCHI TOPH30HTH B MeEXax BCi€i o0iacTi MoxHa Kiacu(iKyBaTH SK 3aXUINEHI 1 YMOBHO 3aXHIIEHI
(1<3BP<2).

CemeHIBCEEMA
KoprokiBCEKUA

[opogHAHC LKA
Hoeropog- ..
CHOBCEKWRA

YepHiriscekni
PinkUHC KM

CocHUEKWA
Koaeneubkni

MeHckri
Koponcekui
FynWEIBCEKWA

BopaHAHC bR
Hocieckruii

Baxmauskui
HizuHCERMA
Mprayuskri

[YHAHCBKWUA

Bobpoeuubkmui
CpiBHAHCEKMA
Tananaieckui

H[[[Hllllll

BapeuHckrWi

=
s

2 3 4 £
3arancHui ban puzuky (3bP)
B ARA MBKNNacToeux Bog ™ OnA rpyHTOBUX BOZ,

Puc. 2. Pe3yabTaTn OUiHIOBAaHHS PU3HKY BUHMKHEHHS HAI3BUYAHUX CUTYaliil YHACTIIOK
3a0pyAHEeHHA IPYHTOBHX i MIKIJIaCTOBMX MiA3eMHUX BOJI aIMiHICTPAaTHBHUX paiioHiB
YepHiriBcbkoi o0s1acTi

3a OTpMMaHMMHU BTOPUHHUMH JaHHMHU CTBOPEHO TEMAaTH4HI KapTH THUILy [iana3oHiB, 00
Bi3yasi3yBaTd TEpUTOpIaNbHUN po3moais pe3yibrariB (puc. 3). Bucokuii piBeHb PU3NKY BHHHUKHCHHS
HQ/I3BUYAMHUX CHTYyaIlil, 3yMOBJICHMX 3a0py/JHEHHSIM IPYHTOBHUX BOJI, XapaKTepHUH JUIS TMiBHIYHOI
yacTHHU YepHIriBChKOI 00JIACTi 1, BINIOBIAHO, MWOTO 3HAYEHHS MOCTYIOBO 3HUXKYETHCS B IiBJACHHOMY
HanpsIMKy, IO OOIPYHTOBYETHCS BUCOKHM TilICOMETPHYHHAM IIOJIOKEHHSIM MiBHIYHO-CXIJIHOTO Kpuiia
JIHInpoBchKoro OaceiHy i3 MOCTYMOBUM 3aHYPEHHSM BOJOHOCHHUX TOPWU3OHTIB Yy MiBJICHHO-3aXiJHOMY
HAaIpsIMKY.

[ToGynoBaHa paHroBa KapTorpama 3iCTaBiieHa 3 KapTorpaidHuM IMIapoM MiClb PO3TaIIyBaHHS
MOTEHIIIHHUX JPKEPEN 1 CTOBIMYMKOBUMH KapTojiarpaMaMu, IO XapaKTepH3YIOTh BiJICOTKOBI YacTKU
TEPUTOPIH aMIHICTPATHBHUX PalOHIB, 3aiHATI MOJIITOHAMH BIJIXOJIIB.

64



HaykoBo-texniynuii sxypraan Ne 1 (19) 2019

AHalni3 KOMIUIEKCHOI KapTorpadiuHoi MOJemi CBiJ4WTb, IIO OCHOBHA 3arpo3a 3a0pyIHEHHS
BOJIOHOCHHX TOPHW30HTIB Yy IMIBHIYHMX paioHax i3 BHCOKMM pPH3MKOM BWHHKHEHHS HaJ3BUYaliHUX
CUTyaIlil TOB’'s3aHa 31 CMITTE3BAIMIIAMH 1 TOJNIrOHAMH MOOYTOBUX BIIXOMIB, a TaKOX PiJKHUMH
TOKCUYHHMMH BIIX0OJIaMH, 30CEPEIDKEHIMH B CTaBKax-HaKoMM4YyBayax y M. YepHiri. MicIist ckiayBaHHS
HENPWIATHUX JI0 BHKOPUCTAHHS TMECTUIHIIB Yy MeXaxX TEPUTOPiH 13 BHUCOKUM pIBHEM Bpa3IMBOCTI
BOIOHOCHHUX Topu30HTIB (YepHiriBebkuil, I'oponusHchkuit, Koprokischkuii, CemeHiBchkuii, HoBroposm-
CiBepcekuii, CHOBcbkui, Pinkunchkmii, Mencbkuii, Koponcekuii, KynukiBcekuii, Kozemenpkuit
aIMiHICTPAaTHBHI paifiOHH) — BIJICYTHI.

YMOBHI NMO3HAYEHHA

§Me)xi agMiHiICTPaTUBHUX PaANOHIB Pu3uk 3a6pyaHeHHs FPYHTOBUX BOA
R - [ 14 - 5- fyxe senukmit pusuk
. ’ :l 2 - 3 - MoTeHUiiH1A pU3NK
- 1 - 2 - Manuii pusnk

- YacTtka TepuTtopii paioHy (%), 3aiHATa noniroHamu BigxoAais

INokanisayis noTeHUiMHUX aXepen 3a6pyAHEeHHA NiA3eMHUX BOA,
Micus 36epiraHHs HenpuaaTHUX 40 BUKOPUCTaHHA NecTUUuUaiB

50 TOHH 3 : . .
. Po3TalwyBaHHA CTaBKiB-HAKOMMYYBaYiB TOKCWYHUX BiOXOAIB
. 25 TOHH v
9] 5 TOHH
Puc. 3. Kaprorpama piBHiB pu3uKY 3a0py1HeHHsI IPYHTOBHMX BOJI i pO3TallyBaHHS JKepes
NOTEeHIiHOTo 3a0pyAHEHHS BOIOHOCHUX FOPHU30HTIB y Me:xkax UepHiriBebkoi 00J1acTi
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Cepen paiioHIB i3 TOTCHUIHHUM PU3MKOM 3a0pyJHEHHS I'PYHTOBHX BOJA OCOOJHMBY yBary CIij
npuaimta Teputopism [Ipunyiekoro, bop3usacbkoro, IdasHCHKOTO 1 HOCIBCEKOTO aaMiHICTpaTHBHUX
paiioHiB, Ae 31e0UIBIIOTO0 B HE3aJOBUIBHOMY CTaHi 30epiraroTbCsi 3HauHI OOCSTM HENpUAATHHX 0
BUKOPHUCTAHHS MECTHLIUIB.

BucHOBKH Ta mepcneKTHBH AO0CTiIKeHb. OTXe, Ul IMIBHIYHO-3aX1AHOI YaCTUHU TEPUTOPIl
UepHIriBchbkoi 00JIacTi XapaKTepHa BHCOKA BPAIMBICTH MiA3EMHUX BOJ 10 TEXHOTCHHOTO BILUIHBY.
BpaxoBytoun oTpuMmaHi pe3yinbTaTd, CHi MepeaOaYuTH BEIACHHS IOCTIHHOTO MOHITOPUHTY IS
MONEPE/PKEHHST  HA/J3BHYAHHUX CHUTyalil, TOB'A3aHUX 13 3a0pyIHEHHSAM MiI3eMHHX BOZA Y
Uepniriscbkomy,  l'opomasacerkomy,  KoprokiBcekomy,  Hosropoa-Cisepcbkomy, CHOBCHKOMY,
PinknHCHKOMY aMiHICTPATUBHUX paiiOHAX, HAcaMIlepe Y MicLsX JIOKali3amil TeXHOreHHO HeOe3neuHIX
00’ exTiB. Tepuropii miBICHHO-CXiTHUX aJMiHICTpaTHBHUX paioHiB (BaBpuHCbKOTO, CpiOHSHCBKOTO i
TanmanaiBChKOr0) MOKYTh PO3TIISAATHCS K ITOJITOHM JJIS Opradizamii ()OHOBOTO TiApOreOIOTidHOTO
MOHITOPUHTY B 3B'S3Ky 3 JOOpOI0 3axHUINCHICTIO IPHYPOUYEHUX BOJOHOCHMX TOPHU30OHTIB BiX
AHTPOIOTCHHOTO BILIUBY.
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L. Davybida, V. Podholov
Ilvano-Frankivsk National
Technical University of Oil and Gas

GEOINFORMATION ASSESSMENT OF THE GROUNDWATER CONTAM INATION
RISK IN CHERNIHIV OBLAST

The purpose of the study is to perform the spais&l assessment of aquifer contamination in the
administrative regions of Chernihiv oblast usingS@&chnologies. A geoinformation approach to
determining the level of groundwater pollution rfgk different aquifers was proposed, which waseldas
on identifying different types of landscape hydmlggical complexes within the studied area. The
authors defined possible sources of the undergrémwdosphere pollution in Chernihiv oblast, which
could lead to emergencies associated with the tgudditerioration of groundwater, used for utilityda
drinking water supply. The structure of spatial atttibute data on hydrogeological zoning, aquifers
vulnerability and potential sources of groundwapmilution was developed with geoinformation
software. The created geodatabase allows perforsiegial analysis and creating thematic maps to
assess and visualize the risk of occurrence of geney situations as a result of groundwater
contamination of different aquifers. The overlaalgsis of cartographic layers of hydrogeologicatl an
administrative zoning and location of potential lpibn sources was performed. The total risk of
emergencies occurrence as a result of the uncahding confined aquifers pollution in the adminitbtey
regions of Chernihiv oblast was calculated. Theiolgtd research results show that the north-weptatn
of Chernihiv oblast has the highest groundwatenexdbility to man-made impact (a very high risk of
phreatic aquifer contamination). Taking into acdatine obtained results, constant monitoring shdald
provided for the prevention of emergencies, caliethe groundwater pollution in Chernihiv, Horodnia
Koriukiv, Novhorod-Siverskyi, Snov, and Ripky adnsimative regions, mainly in the locations of
technogenically hazardous facilities.

Key words: Landscape and hydrogeological complex; aquiferggtabase; cartogram.
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lﬂepofcaeHa eKo02iYHa akademis
RICAAOUNIOMHOT 0c8imu ma ynpasenints, m. Kuig
2IHcmumym meneKoOMyHIKayil i 2100a1bH020
iHpopmayitino2o npocmopy

HAH Yxpainu, m. Kuig

HOBUH HIAXIA 1O CUHHTE3Y BITHOBJIIOIOYOI'O KEPYBAHHS JUIA
JAUCTAHOIMHO MMIJIOTOBAHUX JIITAJIBHUX AITAPATIB EKOJIOI'TYHOI'O
MOHITOPUHTY

VY 3B'I3KYy 3 YCKJIIAHCHHAM OO'€KTiB KEepyBaHHSA 3'SBUJIOCS OaraTo 3amad, B SKUX MOTPiOHO
CIIOYaTKy po3paxyBaTh Oa’kaHMH 3aKOH 3MiHM KepoBaHOro rmporecy (MporpaMHUi pyX), a MOTIM
noOyAyBaTH 3aKOH KepyBaHHs, IIO 3abe3nedye TouyHe ab0 HaOMWKeHe 3A1MCHEHHS [bOTO MpOLECy B
YMOBaX MOKIIMBOI'O BUHUKHEHHSI HEIITATHUX CUTYaIlil.

3amponoHOBaHO HOBUM TiAXil OO CHHTE3Y BiJHOBJIIOIOUEro KepyBaHHA MJsl AMCTAHLIAHO
MJIOTOBAHMX JITATFHUX alapaTtiB €KOJIOTIYHOTO MOHITOPHHTY. OOTpyHTOBaHA MOITHBOCTI 3aCTOCYBaHHS
KOHLEMII 3BOPOTHUX 3ajay AWHAMIKM Al CHUHTE3y CHCTEM KEpyBaHHS AMCTAHLIAHO MiTOTOBAaHHX
JMTaTPHUX amapatiB s 3AiHCHEHHS cradimizaiii Ha 3agaHiii TpaekTopii pyXy B CTOXaCTHYHIM
noctanoBli. OCHOBHa 3ajada MoJsrae B MOOYJOBI CHUCTEMH KepyBaHHS MPOTPAMHHUM pPYXOM, IO
3a0e3neuye 3OIHCHEHHS MPOTrpaMHOi TPAaeKTOpii i3 3aAaHOI0 TOYHICTIO 332 HAsBHOCTI PI3HOTO POAY
30ypeHb.

3amponoHOBaHO 3IMCHIOBATH PO3POOKY alTOPUTMIB CHHTE3Y BiIHOBIIOIOUOTO KEpPyBaHHSA IJIst
JMACTAHIIIMHO MIOTOBAHUX JIITATHHUX arapaTiB 3 BAKOPUCTAHHSIM KOHIICTITI] 3BOPOTHUX 3a7ad THHAMIKH.
s xoHnenuis nependadae Gpopmanizanito 3aaavi 3AiCHEHHS 3a4aHO0i TPAEKTOPii pyXy NpH BUHHUKHEHHI
HEINTaTHOl CHTyaIlil IUIIXoM cTabimizamii mporpaMHOro pyxy (TepMiHanbHe KEpyBaHHS, aJallTHBHE
crexxeHHs). OMLiHEHO e(QEeKTUBHICTh AITOPUTMY KEPYBaHHS IHCTAHIIMHO IJIOTOBAHUM JIITAILHUM
arapaToM Ha OCHOBI BHpINIEHHS 3BOPOTHOI 3ajadi JWHAMIKH JJII CTOXACTHYHOI ©OaraToBHUMIipHOI
ABTOMATHYHOT CHCTEMHU Ha MOJICITEHOMY TIPUKIIAII.

MeToanky CHHTE3Y BiZHOBIIOIOYOTO KEPYBAaHHS 3 BUKOPHCTAHHSIM KOHILEMIII 3BOPOTHHX 3ajgad
MUHAMIKH JIOITITbHE 3aCTOCOBYBAaTH NIPHW IOOYIOBI CHUCTEM KEpPyBaHHS IHUCTAHIIIMHO MIOTOBAHUX
JTaJbHUX amapariB. 3ampoNOHOBAHWMHU MiAXiA MOXKE 3aCTOCOBYBAaTHCS SK J0 OJHOBUMIPDHHUX TaK i
0araToBUMIipHUX CHCTEM aBTOMAaTHIHOTO KEPYBAHHS CKJIATHUMHU JUHAMITHIMH 00’ €KTaMHU.

Karouosi cjioBa: 3BOpoTHa 337aya JUHAMIKH, IEPEXiTHUHA MpoLEC, MPOrpaMHa TPAEKTOPis PyXy,
crcTeMa KepyBaHHS, Yac MEePEXiTHOTO MPOIeCy, SKiCTh KepyBaHHs, TUCTAHIIMHO MIJTOTOBAHUN JTiTATHHIMA
amapar.

[ocTranoBka npobaemn. /o 0OCTaHHBOTO Yacy B TeOpii aBTOMATUYHOTO KEPYBaHHS B OCHOBHOMY
OyJI0 PO3IIISIHYTO 3aBOAaHHS, B SKHX MOTPIOHO OyJO MiATPUMYBATH BHXIIHHN cHrHad (pexuMm) o0 €kta
KepyBaHHS Ha OJHOMY 1 TOMY JX IOCTiiHHOMY piBHI (3aBmaHHs craOimizaimii), abo 3a0e3neynTH
BiZICTEXKYBaHHs HEBIZOMOI 3a3allerigp 3MIiHHOI 3aJaBaJbHOTO BIUTMBY (3aBIaHHS CTeXeHHs). IIpore y
3B'SI3KYy 3 YCKIQJHCHHSM O0'€KTiB KEpyBaHHS BHUHUKIIO 0araTo 3aBlaHb, B SKUX IMOTPIOHO CIIOYATKY
po3paxyBaTu OaxaHWi 3aKOH 3MiHH KEpOBAHOTO Tporiecy (MporpaMHUil pyxX), a MOTIM MO0y yBaTH 3aKOH
KepyBaHHs, 110 3a0e3redye TOYHe a00 HaOMmKeHe 3MIHCHEHHS IThOTO IMPOIECY B YMOBAaX MOYKJIMBOTO
BUHUKHEHHS HEMTAaTHUX cuTyariii. Taki 3aBgaHHsS BUHWUKAIOTH TIPH YIPaBIiHHI JUCTAHITIHO
MiJIOTOBAaHUMU JTiITAJTHHIUMH anapaTaMy eKOJIOT1YHOTO MOHITOPHHTY.

CkIagHICTh BHUPIIIEHHS [WX 3aBIaHb Ha TpakTHii [12—28] BH3HAYAETHCH TAaKUMHM TpPHOMA
(hakTopamu:

1. PeanpHuil pyx y IMOYATKOBUH MOMEHT MOXKE CYTTEBO BiJIpI3HATUCS BiJ mporpamHoro. Lle
MOB'SI3aHO 3 HASBHUMH IMOYaTKOBUMH 30YPCHHSIMU, BUHUKHEHHSIM HEIITATHOI CUTYAITii.

2. JlificHi 3HaUEHHS HapaMeTpiB 00’ €KTa KepyBaHHs Yepe3 MapaMeTpHuHi 30ypeHHs BiAPI3HIIOTHCS
BiJl IXHIX OLIIHOK, BAKOPUCTOBYBAHUX NPH MOOYIOBI PiBHIHHS.

3. HasiBHi giroui 30ypeHHs.
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Tomy, fKIIO cucTeMa KEpyBaHHS HE 3/aTHA MapUPyBaTH BIUIMB MepellideHux (QakTopis,
ABTOMATHYHO TIPHCTOCOBYIOUHCH IO ICHYIOYMX 3OBHINIHIX YMOB 1 BHYTPIMIHIX — CHPUIMHEHUX
BiZMOBaMH OOPTOBOTO OONaIHAHHA, TO PealbHUN PyX MOXKE CYTTEBO BiAPI3HATHCS BiJ MPOTPaMHOTO.
Merta KepyBaHHS — PyX 3a IPOTPaMHOIO TPAEKTOPIEI0 B IMX YMOBax — Moxke OyTu He pocsarayta. OTxe,
MocTae 3aBAaHHA TOOYIOBH CHUCTEMH KEpyBaHHS NPOTPAMHHUM pPyXoM, Mo 3abe3mneuye 3AiHCHEHHS
MIPOTpaMHOi TPAEKTOPIT 13 3aJaHOI0 TOYHICTIO 32 HASSBHOCTI PI3HOTO POy 30YPEHB.

3acTocyBaHHSI KIaCHYHHUX METOAIB KEpyBaHHS A0 TMOOYAOBH CHUCTEM KEpYyBaHHsS NPOrPaMHHUM
PYXOM CTHKAa€ThCA 3 TpyAHolmamu. Lli TpymHOmI MOB'I3aHi 3 TUM, IO NMPH BUHUKHEHHI HEMITATHUX
CUTYaIlii psa ICHYIOUHX BJIACTHBOCTEH KEpOBAHOTO 00’ €KTa 1 YMOBHU HOro (hYHKIIIOHYBAHHS 3a3/1aJIeTib
He Bimomi. JlOCHiIKEHHS MOKAa3ylOTh, IO 3aCTOCYBaHHS 3aKOHIB KEpyBaHHS Ha OCHOBI PO3B'A3aHHS
3BOPOTHOI 3ajja4i JUHAMIKH J03BOJSE 3HU3UTU PIBEHb BUMAJKOBHUX CKIIAQJOBUX y KOODIWHATAX CTaHY.
Taki 3aKOoHHM KepyBaHHS OyBalOTh S(PEKTHUBHI IpU MOOYIOBI (PYHKIIIOHAIBHO-CTIHKUX aBTOMATHYHHX
CHUCTEM.

AHaJi3 OCTaHHIX JOCTiIKeHb Ta myOJikamiidi. BuknaneHo MeToquky cuHTE3y (DYHKI[IOHATBHO-
CTIHKMX CHCTEM KEpyBaHHS IPOTPAMHUM PYyXOM, IO 0a3yeTbcsl Ha iAesX METOXy, PO3pOOJICHOTO
[Terpoum b. M., [Tormosum E. I1., KpyTteko I1. ., a Takox MeToxy, po3pobiienoro Tumodeerum A. B.

VY pobotax bapbammuna E. A. po3risHyTO NMuTaHHS HAOMIKEHHS 3AIHCHEHHS PyXy AMHAMIYHOTO
00'exTa 3a 3amaHOI0 TpaekTopiero[1l]. JlocmimpkeHHIO OOYIOBH aNrOPUTMIB KEpyBaHHS SIK 3BOPOTHOL
3ajgadi AuHAMiKK mpucBATHIN cBoi mpami Ilerpos B. H., Kpyteko II. JI., ITomos €. II. [2-5]. Metomu
PO3B’ I3aHHS 3BOPOTHUX 3aja4 3anpornonoBano [amiymminuM A. C. [6]. CuHTE3y aqropuTMiB KepyBaHHS
MOJILOTOM JTITAIBHOTO arapara Ha OCHOBI PO3B’si3aHHS 3BOPOTHHUX 3aja4 JAWHAMIKH MPHUCBSIYCHI Tparli
Apriommna JI. M., ITanosa B. 1., Illamosa I'. B. [7-11].

MeTorw cTaTTi € OOTPYHTYBaHHS MOJKJIMBOCTI 3aCTOCYBaHHS KOHIICHITI 3BOPOTHUX 3a1ad
TUHAMIKU JUIS CHHTE3y CHCTEM KEpyBaHHs JHCTAHIIIMHO MJIOTOBAaHWX JITANBFHUX arapariB s
3MiCHEHHS cTa0imi3amii Ha 3a1aHii TPAEKTOPIi pyXy B CTOXaCTHYHIH ITOCTAHOBIII.

Buxiaax ocHOBHOro martepiaay nociuiiskeHHs. Po3risHeMo anropuTm KepyBaHHS THCTAHIIIIHO
MiJIOTOBAaHWM JITAJLHUM araparoM Ha ONEpPaTHBHO INPOTPaMOBaHil TpPAeKTOpii B CTOXaCTUYHIN
IIOCTAHOBIII.

[IpeacTaBuMo piBHSIHHS PyXy HOCTIIKYBAHOTO 00’ €KTA y BHTJISI:

X (t) = AX(t) + BU(t) + GE(t), (1)

ne U(t) — m-BumipHuit BekTop KepyBaabHuX GyHKIH; &(t) — r-BUMipHHIT BEKTOP BUIIAIKOBHUX 30yYPEHb.
BBaxxaemo matpuni A, B, G 3amanumu. [l{ogo BekTOp-QyHKIIT MPUIYCTUMO, IO BOHA Ma€ TaKi
BJIACTUBOCTI.

ML&(D] =0, MIEDET (¢ =71 = P (3(t 7). @
Matpuust P: po3mipHocTi (I, I') XapakTepu3ye iHTCHCHBHICTh BHUIIAQJKOBHUX 30ypEeHb 1 BBAXKAETHCS

BiJIOMO0. PiBHSIHHSI BUMIPHUKA MAa€ BUTJISII

Z(t) = HX(t) + 7 (), 3)

ne 1 =(n,.. .I7k)T — BEKTOP BHUIAAKOBUX MOXHOOK, 10 MA€E TaKi BIACTUBOCTI:
M[7(t)] =0, MIn(t)7" (t - 7]=P., (t)o(t - 7). (4)

Marpuns B, posmiprocti (K, k) xapaxrepusye intencusnicts 3asanu /(t) .

Beaxaemo takox, mo mpouecu &(t) i 77(t) cratnctruno nesanexwi. le npumyienns Biamnosinae

0araTbOM IPUKJIAJHUM 33/1a4aM.
PiBusiHHA (1) po3ryisigaTHMEMO SIK MOJIENb 30ypeHOro pyxy. Y TakoMmy pasi 3agaya KepyBaHHS
MOJISITA€E B TOMY, IIO0 YTPUMYBATH CUCTEMY B OKPY3i OYaTKy KOOPAMHAT

X(t) - O,
HpaKTI/I‘lHO pPCXKUM KCPYBAHHA MOXHA BBaXaTu 36ypeHI/IM, SKIOIO 3HA4YCHHA MaTCMaTH4HC

ouiyBanus M[ X(t)] cyrreBo mepeBuniyroTh NpHIHATHII PiBEHb BHMIIAJKOBHMX CKIATOBHX KOOPIMHAT

BEKTOpa CTaHYy.
Jlnst 306ypeHoro pexuMy 3aKOH KEPYBaHHS CIIiJl CHHTE3YBaTH 3 YMOBH 3[iCHEHHS MPHM3HAYEHOI
tpaekropii pyxy 3 Toukn M[X(0)] y nouatok koopauHar (pO3rIIsSaaroThCs JTiHEAPU30BaH] PIBHAHHS).
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Y He30ypeHOMYy pexHMi 3aKOH KepyBaHHS Mae 3a0e3ledyBaTH pyX KEpOBaHOTO 00 €kTa B
MO>KJIMBO MEHIITIH OKpPYy3i MMOYaTKy KOOPAMHAT.
PosrnssHeMo 1i pe:kuMu. 3aKOH KepyBaHHS PyXOM JIaHOT CHCTEMU MPUHMAEMO Y BUTIISIIL:

U = CZ(t) = CHX(t) + Cn(t),
M[7(t)] =0, (5)
MIn(t)7" (V)] = B, (+)d(t - 7).
Marpuns napamerpis C ={C;}, i =1m, j =1k mimsrae susHaueHHmw.
Tl 36ypenoro 3a Maremarmanum odikyBarHam M[X(t)] pexumy xepysanns mapamerpu {C;}
BH3HAYAIOTHLCS B PE3yJIbTATI ONTHMI3aIlii IETEPMIHOBAHOI CHCTEMHU:
M[X(t)] = AM[X(t)] + BM[U(1)];
MU ()] = CHM[ X ()]. : (6)

s He30ypeHoro (32 MaTeMaTHYHHUM OUIKYBaHHSAM) PEKUMY MapaMeTpH 3aKOHY KEpyBaHHS
BU3HAYAIOTHCS 3 YMOBH, 100 TUCTIEPCii KOOPAWHAT CTaHy OYyJIM MiHIMAaJTbHIUMH B KO)KEH MOMEHT 4Yacy .
ITogaTkOBOIO, B ITLOMY pasi, € CHCTEMa CTOXaCTHYHUX PiBHSHD:

d X (t)

m— AX(t) +BU (t) + GE(t) .

(7)

U (1) =CH X () +Gn(t) ®)

Tyt
X (t) = X (t) - m, (t)

() =U@-m )
Martpuune audepeHiiaabie piBHAHHA Ui MaTpPHIN JPYrMX LEHTPAIbHUX MOMEHTIB BEKTOpPA
CTaHy:
D(t) = AD(t) + D(t)A" + BCHD(t) +
+D()H'C'B" +BCRC'B' +GR. ()G ©)
s croxactuunoi cuctemu (7), (8) MiHiMyM aucnepcil BUXiTHUX KOOPAUHAT JOCATAECTHCS B TOMY

pasi, sxkmo msa koxknoro t>0 mnoximma D(t,C) npuiimac ekcrpemanbHe 3HAYEHHS B IIPOCTOPI

napametpis C i - Le, y cBoro wepry, OyBae, SKIO C | 380BOJIBHSIOTH CHCTEMY PIBHSIHB!

oD(t,C .
9BC) 0 j=1k
dC,; ' .
Iapamerpy, 1m0 3ax0BombHs0TH mo yMoBy |C...CJ |=C] , HasuBaTiMeMo onTHMATLHAMY.

OnrtumalnbHi 3HaYSHHS €JIEMEHTIB MaTPHUL MapaMeTpiB 3aKOHY KepyBaHHS 33J0BOJBHSIIOTH YMOBH
d : . —
E[d“ (t,0O)]= rr!:m[dii (t,0)] = 1n

II[o6 3Haiith HeoOXimHi po3paxyHKOBi cmiBBimHomeHHs w1t C,, ciuil BHKOHATH

mudepenuiropanns d; (t,C) 3a C; .
JludepentiroBaHHs JiaroHanbHuX eneMenTis Matpuni D(t) 3pydno npoBoauTH, SKIIO BBECTH TaKi
MO3HAYCHHS:
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bf

B=| i |.C=[cy,Cpn 0]
by
hy
|

3 ypaxyBaHHAM BBEICHUX TMO3HAYeHb jiaroHansHi enementn Marpuii  D(f,C) moxua

nudepentitoBaTn 3a Bektopamu C, , 1m0 1a€ cucTeMy BEKTOPHHX PiBHSHB!

d .
E(QTDq):O,|:1 (10)
ae
1 0
0 0
e=| |-.e=
0 1

Bupimryroun piBasiHHs (10) MOXkHA oTpHMaTH

BC,P,(t)+D, () H =0

Marpuus D, (t), mo BXoAuTh 10 1bOro BHpasy, BU3HAYAETHCS 3 AudepeHiianbpHoro piBHsHHS (9)

npu ontuMansHoMy 3HaueHHi C =C  , sike JOpiBHIOE:
0,(t) = ~(B"B) *B'D, (H"R,*(V) an

OueBuaHO, MO Ui HE30ypeHOro (3a MaTeMaTHYHUM OYIKYyBaHHSAM) pPEXKHMY KepyBaHHS
napamMeTpH 3ajexarb Bif 4acy. Lle 3ymoBieHo nsoma mpuuumHaMu. OfHa 3 HHUX INOJISATa€ B TOMY, ILIO

IHTEHCUBHICTh P;I(t) nox1OOK BUMIpIOBaHHA HE MOCTiHHA. [HIIAa MpuYnHa mossirae B TOMY, IO HaBiTh
npu cramionapHomy sumnagkosomy mpoueci /7(t) Bekrop C_, =C,(t), ockimekn marpuus D, (t)

JpYTUX LEHTPaIbHUX MOMEHTIB y IepeXiJHOMY HPOLECi 3MIHIOEThCS B Yaci.
Judepenniansue pisusiaas gt D (t) moxna orpumarm i3 3araneHOro pismsiHHs (9), SIKIIO

nigcraBuTu B Heoro Bupas (11) C_ (t)
B, ()= AD, (1) + D, () A" =RQ,()R" +GR.()G" 2

J€ IMO3Ha4YCHO

R=B(B'B)"B". Q,(t) =D, ()H "R, " ()HD, ().
R=R". Q,(1)=Q; (1

Pimennss D, (t) matpmanoro pismsiHas (12) BukopuctoByeTsest mmst obumciennst C(t) 3a

dopmymnoro (11). Sk mouarkosa ymoBa D, (0) mmst piBmsuus (12) Moxe mpuilMaTi AesKe ampiopHe

3HA4YeHHs, BUXOIAYM 3 JOMYCTHMOTO pIBHS NIyMiB IPOEKTOBAHOI CHCTEMH, TOOTO WHUTAaHHA i€
BUPILIYETHCS 3 YPaxyBaHHSIM 0COOJIMBOCTEH MPOEKTOBAHOI CUCTEMH 1 YMOB i1 ()YHKIIIOHyBaHHSI.
[Ipote, mpu BHUKOHAaHHI OOYHCIIOBAFHUX TPOLEAYP, MOXHA SK TOYAaTKOBI YMOBH TNPHUIHITH

D, (0)=0.
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3asBuuaii y mpakTHui npuiiMaroTs, mo Bumnajakosa dymxuis &(t) crama, To6To O (t) =const,

noxuOku BuMiproBanHs /], (t) Takox e cranuMu BunaakoBumu ¢yHkiismu P, = const. Crane 3HadeHHs

D, (o) = const, omxe, 3rigHo 3 (11) ontumanshe 3nauenns C, (o) = const.

OnianMoO eEeKTUBHICTh aITOPUTMY KEpPyBaHHS MUCTAHIIIMHO MMJIOTOBAHUM JITAIHHUM arapaToM

Ha OCHOBI pO3B’s3aHHS 3BOPOTHOI 3ajadi AMHAMIKH Ui CTOXACTHYHOI 0araTOBHMIPHOiI aBTOMAaTHYHOI
CHUCTEMH Ha MOJICIILHOMY TPUKJIIJII.

Posrasaemo CUCTEMY.

0 1 0 2 1 4 1
Xt)=| 0 0 1 |[IX(t)+|/0 3 2|U(t)+|0|LF()
-03 -3 -01 101 1

PiBHSHHS BUMipHUKA Ma€ BUTIIS;

100
Z(t)= [X(t) +n(t
(t) {O . O} () +7(t)
XapakTepUCTHUKU BUIMAIKOBUX (DYHKIIH MatOTh BUTJISL;
) 001 O
o, =001 P =
’ 0 001

Jlnst 30ypeHoro (3a MareMaTHYHAM OYiKYBaHHSM) pPEXUMY IapaMeTpH 3aKOHy KEpyBaHHS
Bu3HaueHi 3 ymoBu HaOmmwkenns X (t) mo Bekropa crany X(t) cucremu:

0 1 0
Yt)=| 0 0 1 |IY(t)
-1 -3 -3

Sk mipa nabmmkernns X (t) - Y(t) npuitaaTuii pyrkuionan:

J(c) = Tf[X (t,0) =Y(D)]"V[ X (t,c) - Y(t)]dt

100 0 0
V=0 10 0
0o 0 1|
OnrtumainbHi mapaMeTpy Ui 30ypeHOro PeXXUMY JOPIBHIOIOTE!
0386 6308
{C'}=| 0009 1666
- 0197 -3672|

Ha puc. 1 naBeneni rpagiky, o xapakTepu3yloTh 3MiHy cepelHbOKBaIpaTHYHIX 3HAYCHb:

O =4
KOOp/IMHAT CTaHy X, s TOro BHIAAKy, koiu 3akoH kepysanus U (X) = CHX . Ananizyroun HaBeneHi
Ha puc.1 3aJeKHOCTi, MOKHA 3pOOUTH TaKi BUCHOBKH:

1. PiBeHb BUTIAAKOBUX CKJIAJIOBUX Y KOOPJAWHATI CTaHY Ay>KE BUCOKHA.

2. Tlapametpu Cij, 3HaWeHi Uil 30ypeHoro (3a MaTeMaTHYHHM OYiKyBaHHAM) PEXUMY

KepyBaHHS, HE MO>KHA BU3HATH ONTHUMAIEHUMH ISl HE30yPEHOTO PEKUMY.
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min

Ha puc. 2 HaBeleHI 3aIeXKHOCTI CEPEJHbOKBAAPATHYHUX 3HAYCHb O (t), sxi orpumani s

3aKOHY KepyBaHHSA

U((x)=C,Z

CHHTE30BaHOTO 3 YMOBH peaizamii MiHiIMIbHUX JUCTIEPCIH Y KOKEH MOMEHT 4acy.

g Awm C= c’
0,4
/ <O'—'
0,2 ///_{/ 011
e —
01 % Oy;
0 25 5 75 1C 125 t, c
Puc. 1.I'padik 3MiHM cepeIHbOKBAAPATUYHHUX 3HAYEHD g; e
o s Ojj :Girinin’ C=Cq
04 ™\
03 033
0.2 - 011
01 022
A
———
0 25 5 7,5 1C 12,5 t, C

Puc. 2.I'padix 3MiHM cepeHLOKBAAPATHYHHUX 3HAYEHD /ISl 3AKOHY KepyBaHHS Ui;“i“ (t)

i nai BianmoBimaroTh ToMy pasi, konu nouatkose 3HadeHHs D, (0) y piBusuni (12) npuiinsrte
piBHuM cTanomy 3HadenHio Martpunmi D(t), orpumanoi mis cucremm 3 mapamerpamu C=C .

OnTuManbHi 3HAYCHHS MapaMeTpiB Cif 3MIHIOIOTECSL B TIPOIIECI KepyBaHHS, TOOTO € (YHKIIEH Yacy

(puc. 3).
VY cTanoMy pexnMi:

0845 - 0116
{C/(w)} =| 0557 - 0077|
- 0786 0199

Otxe, Ha OCHOBI C(OPMYJIBOBAHOrO MMOHATTA (YHKIIOHAIBHOI CTIHKOCTI 1 3alpOIOHOBAaHUX
METO/IIB CHHTE3Y€EThCS BiTHOBIIOBAJIbHE KEPYBaHHS, 1[0 3a0e3IeUy€e BUBEICHHS AWHAMIYHOI CHUCTEMH 3
HEIITaTHUX CUTYAaIlill.

[ToganpmiiM eTamoM OCHTIKEHb IUIAHYETHCS MOJEIIOBAHHSA 1 OIHIOBaHHA €()EKTUBHOCTI
PO3pOOJIEHUX ANTOPUTMIB JJIsl Pi3HMX YMOB 3aCTOCYBaHHS JIUCTAHIIMHO TUIOTOBAHUX JITAIBHUX
amnaparis.
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C
4
, \<021\ \4%2(0
0
1C 7. 1250 —1t, C
4 /022/4 Ca1
-6

Puc. 3.T'padik onTUMAIBLHUX 3HAYEHb TAPAMETPIB Cif y npoueci kepyBaHHs

BucHoBKM Ta mnepcHeKTHBH NOJAJNBINMX AOCTiI:KeHb. P03pOOJICHHS anropuTMiB CHHTE3Y
BiIHOBJIIOBAJILHOTO KEPYBAaHHS ISl JUCTAHIIIHO TMJIOTOBAaHUX JITAIBHHUX arapaTiB IependavdacTbes
3IIHCHIOBATH 3 BUKOPUCTAHHSIM KOHIEMLii 3BOPOTHUX 3ajgad AuHaMmiku. Llg koHuemuis mependauae
¢dopmanizaniro 3amavi 3OifiCHEHHs 3aJaHOl TPaeKTOpii pyxXy NpU BHUHUKHEHHI HEIITATHOI CHUTYyail
IIJISXOM CTabiTi3yBaHHs IPOrPAMHOTO PyXy (TepMiHalbHE KEPYBaHHS, afalTHBHE CTEXEHHs). MeToauKa
CHUHTE3y BIJIHOBIIOBAILHOIO KEpPYBaHHS 3 BHUKOPWUCTAHHSIM KOHIIEMIIi 3BOPOTHHUX 3ajad JUHAMIKH
JOLITBHO 3aCTOCOBYBaTH Ui MOOYIOBM CHCTEM KEpPYBaHHsS OUCTAHIIMHO MiJOTOBAHMX JIITAIBHUX
amapariB. 3anpornoHOBaHUN MiAXil 3aCTOCOBHHUH SIK 1O OJNHOBHMIPHHUX, TaK 1 0araTOBUMIpPHHUX CHCTEM
ABTOMATHYHOTO KEpYBaHH:.
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NEW APPROACH TO THE SYNTHESIS OF RECOVERING CONTROL FOR THE
REMOTELY CONTROLLED AIRCRAFTS FOR ENVIRONMENTAL MON  ITORING

The complication of control objects has resultethmappearance of many problems, in which first
the desired law of changes in the controlled pr@¢psogram motion) should be calculated, and then t
control law should be developed that ensures theteor approximate implementation of this process i
case of possible occurrence of emergency situations

A new approach to the synthesis of recovering obritbr the remotely controlled aircrafts for
environmental monitoring has been proposed. Thsilpidisy of using the concept of inverse dynamics
problems to synthesize the control systems of relpabntrolled aircrafts for stabilization on theided
path in stochastic setting has been substantidiee. main task is to develop the control system of
program motion, which ensures the execution optiogiram trajectory with the specified accuracyha t
presence of various kinds of perturbations.

The authors have proposed to develop the synth&gisithms of recovering control for remotely
controlled aircrafts using the concept of inversmainics problems. This concept involves the
formalization of guided path problem in case of egeacy situation by means of stabilizing the pragra
motion (terminal control, adaptive tracking). Théficeency of control algorithm of the remotely
controlled aircrafts based on the solution of theverse dynamics problem for a stochastic
multidimensional automatic system has been evaldarethe model example.

It is expedient to use the methodology of synthiegithe recovering control using the concept of
inverse dynamics problems in the development ofrobsystems of remotely controlled aircrafts. The
proposed approach can be applied to both one-diovaisand multidimensional systems of the
automatic control of complex dynamic objects.

Keywords: inverse dynamics problem, transition process, qamgtrajectory, control system,
transition period, control quality, remotely conlieo aircraft.
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METOAOJIOI'TA CKOYIIIHI'Y B ITPOLHEAYPAX OBJI

Y poboTi po3rasHyTO MpoOIeMy IIOAO0 BU3HAUYCHHS OOCATY Ta PiBHS JIETali3allii JOCIIHKCHHS Y
MIpOIIeIypax OIlIHIOBAHHS BIUIMBIB Ha JOBKIUIS Ta CTpaTeTidyHOl e€KOJOTiuHOi OIiHKH. basyrounck Ha
rMOOKOMY aHalli3l IPOIEAYPH CKOYITHTY MIKHAPOIHUX CHCTEM CKOJIOTIYHUX OITIHOK ITTaHOBaHOL
AisuibHOCTI 32 IHTepHET-pecypciB  Ta  IHTepHET-IOpTaniB, a TaKOK CyYaCHOrO  YKPaiHCBKOIO
NPUPOJIOOXOPOHHOTO  3aKOHOJABCTBA, ABTOP MPOIOHYE METOJOJIOTII0  BH3HAYCHHS o6c;1ry Ta plBH}I
JeTanizauii JOCTiKeHHS y TpoLeAypax OLiHIOBAaHHS BIUIMBIB Ha JOBKIJUISA Ta CTPATETiYHOi €KOJIOTiYHOT
OIIiHKH.

[Iponiec BU3HaueHHs OOCATY Ta PiBHA JAeTalizalii MOCTIKEHHS y Mpolexypax OLiHIOBaHHS
BIUTMBIB Ha JOBKIJUIS Ta CTPATETIdHOI €KOJIOTIYHOI OITIHKH € OCOOJIMBO BaXKJIMBUM Ta HAHOCHOBHIIIAM
€TaIloM TUTAHYyBaHHS POOIT 3 €KOJIOTIYHOTO OIIHIOBAHHS MPOEKTHO, IJIAHOBOI Ta I1HIIOI MisUTBHOCTI, SKa
MO>KE€ YUHHUTH BIUIMB Ha HABKOJIMIIHE CEPEIOBUILE.

Busnauenns o6csary Ta piBHA meraiizamii AOCTIIKEHHS — CKOYITIHT, II¢ IPOIeC MOKIMKaHUH
cpusTH miABHIIEHHIO edekTtuBHOCTI mpouenypam OBJ] ta CEO muisxom BUSIBIECHHS KITIOYOBHX
mpo0yeM, IHTEepECiB 1 ambTEpPHATHB, IO BUMAararloTh JOCTDKeHHS. LI iHpopMaIlis J03BOJIMTE 0cobaMm,
BiANOBiganbHUM 3a BHKOHaHHA OBJl, HaJeKHUM YHHOM OpIEHTYBaTH MAOCHiAHULBKY TpyIy Ha
JOCITIKEHHS 3HAUNMHUX TTpobsieM. KpiM Toro, cucTeMaTidHe BU3HAYCHHS 3aBJIaHb 3MCHIITYE iIMOBIPHICTD
Toro, 1m0 3BiT 3 OB/l a6o CEO mMaTume cepiio3Hi yIymeHHs, 1 THM CaMHUM J03BOJISIE YHUKHYTH 3aTPUMOK,
MOB’ I3aHUX 13 HEOOXimHICTIO TepepoONsHHA 3BiTy. Bu3HaueHHS 3aBIaHb BHUKOHYETHCS, MLI00
rapaHTyBaTH, IO Yac i TPOII He OyayTh BUTpAUYCHI TapeMHO Ha 30ip HEMOTPIOHMX BUXITHHUX JaHUX a0o
BUKOHAHHS HEMOTPiOHHUX TOCIIKEHB, a BAXKJIMBI MpoO1eMu He OyIyTh YIYIICHI.

VY crarTi TakoX OOIPYHTOBAHO ¥ pe3yabTaTH cxoyniHry ABTOp TIPOIIOHYE CKJIAJaTH TEXHIUHE
3aBaHHsA Ha nposeqeHHs OBJ] (CEO) 3a pe3yabTaTaMu CKoyery

KurouoBi ciioBa: ckoymiHr, OIiHIOBaHHS BIUIMBIB Ha JOBKILISA, CTpaTeridHa €KOJOTidHa OIliHKa,
€KOJIOT1YHA OIIIHKa, CY0’ EKT TOCTIOAAPIOBAHHS.

IocranoBka npoduaemu. Y rpyaui 2017 poky B YkpaiHi yBidiioB B mit0 3akoH Ykpainu «IIpo
OLIHKY BIUTMBY Ha JoBKULLI» (Bix 23.05.2017%h. Ne 2059-VIII) [1], a 3 Gepe3nst 2018p. —3akon Ykpainu
«[Ipo crpareriudy ekosoriudy oriHky» (Big 20.03.201&. Ne 2354-VIII) [2], B sSKHX BHUMaraerhCs
000B’ I3K0BE BU3HAUCHHS 00CSTY Ta PiBHS JeTali3allii JOCIi HKSHHS.

[Iponiec BW3HaUeHHsI 00OCITY Ta PIiBHSA IeTami3ailii JOCTIIKCHHS, 1HAKIIE KaKydH, KIFOYOBUX
3aBJaHb JJIS TPOBEICHHS €KOJOTIUHUX OI[IHOK Y TMPOIEAypax OLiHIOBAHHs BIUTMBIB Ha HoBKiLIA (OBJI)
ta crpateriunoi exojoriunoi ominku (CEO) € 0coOMMBO BaXIMBHM Ta HAWTOJOBHIIIAM €TarioM
IJIaHyBaHHS POOIT 3 €KOJIOTIYHOTO OITIHIOBaHHS MPOEKTHOI, IJIAHOBOI Ta iHIIOI JiSUIPHOCTI, KA MOXKE
YUHHUTH BIUIUB HA HABKOJIUIITHE CEPEIOBUIIIC.

TepMiH «CKOYMIHT» TOXOAWThL BiJl aHTJIOMOBHOTO cjoBa SCOPING JIocmiBHUM Mepekian Iboro
ClIOBa Ma€ JeKijdbKa 3HA4eHb — Jiama3oH, IMoJie i, KOMIETEHIlis, oOcsr Tomo. Y BITYM3HSHIA Ta
3apyOikHIN JiTeparypi TepMiH <«CKOYIIHI» TMOYaJM 3aCTOCOBYBAaTH B CICIHialli30BaHIN iteparypi 3
€KOJIOTIYHOI OIliHKH.

Y MDKHApOJHHUX CHUCTEMaxX €KOJIOTIYHOI OIIHKM CKOYITIHT III¢ 1HAKIIe Ha3WBaIOTh BU3HAUYCHHSIM
chepu IisTIBHOCTI IIPU MPOBEACHHI €KOJOTIYHUX OLIHOK, TOOTO CKOYIIIHT — I MPOLEAypa BU3HAUCHHS
3aBJlaHb, 1110 JO3BOJISIE BUSBUTU MPOOJIEMH, SIKi, IMOBIpHO, OyyTh BaXKJIHMBI JJIs1 €KOJIOTIYHUX OIHOK, i
3HIMATH Ti, KOTpI HE € BaxxnuBuUMH. OTXe, Iei eram 3amobirae BUTpaTi dacy i rpomieii Ha HEmoTpiOHi
JOCTIKEHHS.

Ha meii eram po3BUTKY CUCTEMHU €KOJIOTIYHOTO OI[iHIOBAHHS IIAHOBAHOI AiSUTEHOCTI B YKpaiHi Ji€e
eqununii peectp OBJ] MinictepcTBa ekouorii Ta mpupogHuX pecypceis [3], me cyd’ €KToM rocmoaapcbkoi
TiSTTEHOCT] 3TiAHO 3 BHUMoramMu 3akoHy Ykpainu mpo OB/l orojomryerbcs, HaMipu MpO IHIAaHOBAaHY
TISUTBHICTD Ta OyIb-SIKHI TPOMASIHAH HAIIOI AepKaBH (2 y pasi MOXKIUBOTO TPAHCKOPIOHHOTO BIUTUBY —
il TPOMAaJITHU 3a4YeTyICHOT JIepKaBK) MOXKYTh TOJ[aBaTH CBOT 3ayBa)KCHHS Ta MPOMO3HMIIIT 10 MPOBEIACHHS
MOIAJIBIINX €KOJIOTTYHUX OIIHOK.
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MeTtor cTaTTi € TeopeTyHe OOTPYHTYBAaHHS METOMOJIOTI BU3HAYECHHS OO0CATY Ta pIiBHSI
nmeramizamii gocuimkenas mis nporenyp CEO ta OBJl. BusHaueHHsi oOcsaTy Ta piBHSA JAeTajizamii
JIOCTIDKEHHST — CKOYMIHT (aHri. SCOPINQ, BU3HAYCHHS 00CATY) — IIe TPOIEC, MOKIUKAHWHA CIPHUITH
nigBumieHHio edektuBHocTi mponenypam OB/l ta CEO nuisxoM BHSBICHHS KIIOYOBHX MpoOIeM,
IHTEepeCiB 1 aJbTepHATUB, IO TMOTPeOyIOTh mochimkeHHsa. Llg iHdopmariis A03BOIUTE 0cobaM,
BiMMOBiaTbHUM 3a BHKOHaHHA OBJl, Hajde)kHUM YWHOM OpIEHTYBaTH HNOCTIAHWIIGKY TpPyImy Ha
JIOCITIDKEHHS 3HaYMMHX TpobiieM. KpiM Toro, cucreMaTiyHe BU3HAYCHHS 3aBIaHb 3MCHIIY€E IMOBIPHICTh
toro, mo 3BiT 3 OBJ] (abo CEO) marume cepio3Hi yIymIeHHs, 1 THM CaMHM JI03BOJISIE YHHKHYTH
3aTPUMOK, TIOB’S3aHUX 13 HEOOXITHICTIO TepepoOKH 3BITy. Bu3HaueHHS 3aBHaHh BUKOHYETHCS, IIOO
rapaHTyBaTH, IO Yac i rpoili He OyAyTh BUTpaueHi AapeMHO Ha 30ip HEMOTPiOHMX BHUXIAHUX JaHUX abo
BUKOHAHHS HENOTPIOHUX JOCHTIHKEHB, 8 BAXKIMBI PoOIeMHu He OyIyTh YIYIIEHi.

AHami3 ocTaHHiX gocaimkeHb i myoOaikamiii. Ilporexypw Bu3HadYeHHS O0O0CATY Ta piBHS
JeTanizallii JociKeHb O0OBS3KOBI y 0ararboX pO3BHHYTHX KpaiHaX CBITY, a TaKOX pPErJIaMeHTOBaHI
JMPEKTUBAMH Ta KOHBEHIIIsIMU €Bpocoro3y [4-18].

VY Cnonygennx llltatax CKOymiHT 3'SIBHBCS Yy BIIIOBiAb Ha BUMOTH (eIepalbHUX OpraHiB BIIagu
3IIMCHIOBATH €KOJIOTIUHY OI[IHKY Ha PaHHIX eTamax. Y Jeskux repimx 3Bitax 3 EIA (Environmental Impact
Assessmenty CIIIA 6arato yacy BUTPA4aoCs Ha BUBUCHHS KOXKHOTO 3pO3yMIJIOr0 BILTHBY, HE3BAXKAIOUM Ha
HOr0 3HAYKMMICTh, TOXK OYIJIM TIITOTOBJICHI 3BITH TAKOTO 0OCATY, 10 BAXKJIMBI TIUTAHHS TYOUIIHCS 32 BEIUKOIO
KUIBKICTIO JeTamizariid. IHin poOOTH 3 €KOJOriYHOro BIUIMBY, HABIAKHM, MICTIIM 3amMajio iH(opMarlli Ta
Marepiany, o0 Horo Mo)kHa OyJo 3acCTOCYBAaTH Uil TIPOLIECY MPHUHHATTS BiJIOBIAATBHUX pillleHb. AOU
nozponat wi mpoOmemu, icHyrodi B CILIA nHopmarmBu 3 EIA Oynu momoBHeHI BUMOramu 10 BCiX IXHIX
BUKOHABIIIB [P0 3aHECEHHS €TaITy BU3HAUYCHHS c()epH AIsUILHOCTI HA MOYATOK MPOLIECY €KOJIOTIYHOT OLIIHKH.

Y CHIA, sk # yciX IHIHMX PO3BUHYTHX 13 TOYKH 30pY CKOJIOTIYHOI OITIHKKA Jep)KaB, ydacTh
TPOMAJICBKOCTI BXOAUTH 110 Tiporiecy EIA, mounnaroun 3i cranii ckoyminry. Ile Moxe OyTH BHKOHAHO, SIKIIO
TPOMAJICHKICTh BHSIBUTH O2XKaHHS B3ATH Y9aCTh Y €KOJIOTIUHHX OIIHKAX YIS MEBHOI AISTIPHOCTI. 3aTydeHHS
TPOMaJICHKOCTI Ha paHHIX eTarax MO)Ke CIIPHATH OUTBIII IETaIbHINA BU3HAYCHOCTI MO0 TYTIMBHUX SKOJIOTIIHIX
pecypciB Ta BUSBY ITUTaHb BAXKIIUBOTO TPOMAJICHKOTO 3HAYCHHS.

Jlns  BusHaueHHi 0Ocsary 3axomiB 3 ekorioriuHoi omiHku CBitoBuii baHk  pekomeHmye
MIPOKOHCYJIBTYBATHCS HE TUIBKU 3 TIO3UYATBHHUKOM, OPraHi3alliclo-BUKOHABIIEM Ta TEXHIYHUMH EKCIICPTaMHU.
Iinay iHpOpMAIII0O MOXYTh HAZaTH JCpKaBHI YCTAaHOBH, 00 BOHM MOXKYTh BH3HAYHMTH TOTCHITIHHNN BIUTHB
MPOCKTY Ha IHIII ray3i €KOHOMIKH, a Il TUMHX BIUTUBIB HEOOXIIHO JOCIIDKyBaTH. 3a/uis 1boro JlupexTrBa
CaitoBoro banky 4.01pexoMeHye, 11100 K TUTbKH OyIe MPUIAHATO pilleHHs po mposencHHs EO, HeoOXiaHo
OpraHi30ByBaTH MDKBIIOMH1 300pH, a TAKOXK IIPOBOIUTH TaKi 300pH IMICIIST 3aKIHYCHHS €KOJIOTIYHOI OITIHKH Ta 11
pe3yNIbTaTH HajaBaTH Ha po3mIiA AepxaBu. Ha meprmx 300pax HOrO YYaCHHMKM MArOTh JIOMOBHUTHCH MPO
HaJIaro/KCHHS TIOCTIHHOI KOOP IMHAIII.

VY kpaimax €Bpormu i LleHTpamsHOi A3ii BUKOPHCTOBYIOTH KiJIbKa METOMIB CKOYINHTY, BKJIIOYAOYH
3arayibHi 1 KOHKPETHI CHHMCKM MHOXXMHHOTO BHOOpY OIiH, MOMEPETHIO OLIHKY Ta OACP)KAHHS CXBaJICHHS
BI/ITIOBIJHUM BiJIOMCTBOM.

BukiaageHHsi OCHOBHOr0 Marepiajy aocCJigkeHb. MaKCHUMaTbHO IMHPOKUN MAXiT 1O
BHU3HAYCHHS 3aBJIaHb MOXKE BKIIIOYATH IEpeNiueHi HIKYe 3aBAaHHsS, OJHAK Ha TMPAKTHII HE 3aBXKIU
HEoOXiTHO, 00 BU3HAYCHHS 3aBAaHb 0YJI0 HACTUTLKU CKIIAJHUM.

BusnaueHHs 3aBIaHbh MOXKe BUKOPHCTOBYBATHUCS 7S TOTO, 100!

— PO3TIISTHYTH PO3YMHI 1 peallbHi aJbTePHATHBY;

—iHdopMyBaTH HaCcEICHHsI, SKOT'0 MOKE TOPKATHCS 3allJlaHOBaHA JisUTbHICTh Ta TIOB’ A3aHi 3 HEHO
BILIVBH;

—BHABHTH MOXUIMBI BIUIMBM Ha HABKOJWIIHE CEPEAOBHUINE IpPH BIPOBAKEHHI 3aIUIaHOBAHOL
JUSUTBHOCTI Ta 11 allbTePHATHB,

—BCTaHOBHTHU MOJIHBI BILUTUBY 3MiH Y HABKOJIUIITHHOMY CEPEIOBHIIII Ha JIIOMHY;

—VCBIIOMUTH IIIHHICTh Ta SKICTh HaBKOJIMITHHROTO CEPEHOBHINA I OCIO 1 HACEJICHHS, SKHUX
MOXXYTh TOPKATHCS BIUTMBH IPH 3IHCHECHHI 3aIJIAHOBAHOI MisUTHHOCTI Ta i1 albTepHATHB,

—OI[IHUTA MOXJIMBI BIUTUBM Ha HABKOJIMIIHE CEPEIOBUINE JUIsi BU3HAYCHHS HEOOXITHOCTI 1
croco0y IXHBOTO MOJANBIIOTO PO3MIAAY 3 ypaxyBaHHSM CTYpOOBAaHOCTI, sika MOXe OYyTH BHpakeHa
PI3HIMH CTOPOHAMH;

—BH3HAYUTH TNPEIMET HEOOXiMHUX MOJAIBIINX JOCIKEHb, a TaKOX IPOCTOPOBI 1 TUMYACOBI
pamku, y SKux OyIyTh PO3TIISIaTUCS BIUIUBY,
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—BU3HAYUTH XapaKTep HeOOXiTHOT MO0 OIIHKY, BKIFOYAIOYH SIK JTOCIITHUIEKI poOOTH, TaK i
MIpoIIeIypH KOHCYIBTAIIIH;

—CHCTEMaTU3yBaTH MOKIIMBI BIUIMBH 1 MpoOJeMHu, BU3HAUYUTH Cepell HUX MPIOPHUTETHI, 1 HagaTu
iH(pOpMaLIiI0 PO HUX TPOMAJCHKOCTI Ta 3alliKaBICHUM CTOPOHAM,

— CKJIACTH TEXHIYHE 3aBJIaHHS K OCHOBY JUISl HACTYITHOTO MPOIIECY €KOJIOTTYHOI OIlIHKH.

[linxig, oOpaHuid TSI BU3HAYCHHS 3aBlIaHb, MAa€ BPAaxOBYBATH MICIIEBI I[IHHOCTI, TpamWIii i
KyJnbTypy. HeoOxinHo, 1100 BiAMOBIANBHICTh 3a MPOBENEHHS CKOYIIHTY MaB iHIIIaTop AisIIBHOCTI abo
Cy0’ €KT TOCIOapChKoi JIsSUTBHOCTI, @ TAKOXK JIEP’KaBHI OPTaHU, 10 KOHTPOJIIOKTH MPOIEC SKOJOTIYHUX
OIIiHOK, a00 rpyIa eKCIepTiB, CIeliaabHo chopMoBaHa I ITi€T METH.

BusnauenHs 3aBgaHp mMoTpeOye aAEeKBATHOIO PO3MIISAY MPOEKTY, MOXIUBHX aJIbTEPHATHUB,
WMOBIpDHMX BIUIMBIB, a TaKOX MLUIAXIB iXHBOTO IIOM SIKIICHHS a0o KepyBaHHS HHMH. HeoOximHO
BHU3HAYMTH Taki acmekTH momanbiinoro mporecy OB/l (a6o CEO) sk posrisiHyTa reorpadivna o0racTs,
THUMYACOBI PaMK{ U aHaNI3y BIUIMBY, METOIUKH, SKi MOTPIOHO BHKOPHUCTOBYBATH, JDKEpesa HasBHOI
iHpopmaLii i mpoOiM B HUX, TPHUBAIICTh CTalili EKOJOTIYHOTO OIIHIOBAaHHS, a TaKOX IPOLEAYPY
yXBaJICHHS pileHHs. MaroTh OyTH 4iTKO c)OpPMYJIbOBaHI MPOIMO3MINI IMOA0 yd4acTi IpPOMAIChKOCTI B
mporieci OBJ] (a6o CEO) (y T.4. Ha camiii cTafii Bu3HAUYEHHS 3aBIaHb).

I[Tpu nposeneHi exonoriunnx ouiHok (EO) BaIMBO 3a0€3MEUNTH KOHICHTPAIIIIO OLIIHKY JIAIIE HA
BaXXJTUBUX MUTAHHIX JJIS PI3HUX €TaliB BIPOBAIKEHHS 3alIPONIOHOBAHOI JiSUTBHOCTI Ta JOCUTH PETEIBHO
pO3MIISIIaTH BCi MOMJIMBI THIMW BIUTUBIB. JIJIT BCiX THITIB 3alpOIIOHOBAHOI MiSUTBHOCTI Ba)KIIHUBO
BpPaxoOBYBAaTU €TalM BIPOBAKEHHS Wi€l AisUTBHOCTI, a Takox eTtanu poOiT 3 EO. YV nesxux Bumaakax
TAKOX HEOOXiTHO PO3TJISHYTH €Taml 3aKpUTTS YW eTal BHBEACHHS 3 eKCIUTyartalii, a y pa3i IpOEKTiB,
TIOB’ I3aHUX 13 KOPUCHUMH KOTIAJTITHAMH, €Tall BiTHOBJICHHS 1 ITiCJIST BUKOPHUCTAHHS.

HeedekTBHO BUKOPHUCTOBYBATH KOIIITH JIUIIIEC HA TOCTIHKEHHS YCiX MOKIIUBUX BIUIMBIB BEJIMKOTO
psany anpTepHaTUB. TOMy HalBa)KNIMBIIMM Pe3ylIbTaTOM CKOYMIHTY € 3rojia OCHOBHHMX 3alliKaBICHHX
CTOpiH, BKITIOYAIOYH TPOMAJICHKICTE, MO0 00CATY ajdbTePHATHB, SKI CIIJ OMIHUTH Ta HAWBaKIUBIIITHX
BIUTMBIB, SIKI HEOOXigHO TepenOaduTH Ta OMiHUTH. CKOYITIHT Ma€ MPOBOIUTH 3assBHUK IiSUTBHOCTI, STKHMA
OIJIa4yBaTHME BUTPATH.

Sk MiHIMYM 0 TIpOLIECY CKOYIIIHTY HEOOXiJHO 3ay4HTH TaKUX OCi0, BiTOMCTBA 1 OpraHi3arii:

—MIHICTEpCTBA Ta BIiAOMCTBa, Cc(epH BIAMOBIAAIBHOCTI SAKMX HMOBIPHO OYIyTh TOPKATHCS
MIPOTO3HIIii (HaIpUKIaz, MIiHICTEpPCTBA, ITOB’ A3aHi 3 IPUPOIHUMH PECYPCAMH, CITBCHKMM TOCIIOAAPCTBOM,
TPaHCIIOPTOM, 3/I0POB’ SIM HACEJICHHSI, COIIaTbHUM J100p00yTOM TOIIO);

—MICIIeBl JepKaBHI OpPTaHU BIaad, Ha TEPUTOPIAX SKUX Oyle BIPOBAHKCHHM 3alpOITOHOBAHMI
IPOeKT abo Ha TepUTOPii, sIka KMOBIpHO Oyae ypakeHa BIDTUBAMH BiJ 3aIIPOCKTOBAHOI MisTEHOCTI;

—1HOIl Jiep)KaBHI YCTaHOBH, 10 NpuiiMaroTh pimenHs (Hanpukian CEC, ynpaBiiHHS 3eMeNTbHHX
pecypciB, yIpaBIiHHS apXITEKTYpH TOIIO);

—HAayKOBI YCTaHOBH — HAYKOBO-IOCIIIHI 1HCTUTYTH 1 JJabopaTopii, Tamy3eBi iHCTUTYTH, 3aKJIaau
BHUIIOT OCBITH, AKi MOXKYTb MaTH BHUXiJHY iH()OpMAIii0 PO MPUPOAHI Ta TEXHOTEHHI YUHHUKU TEPUTOPII,
e TUTaHY€ThCS BOPOBAKEHHS TiSUTbHOCTI,

—opraizarfii IpUBaTHOTO CEKTOPY, TakKi SIK TOPTOBENbHI, KOMEpIIiiiHI, TYpPUCTHYHI, TOTEIHHI
oprasisaiiii, Ti 1[0 ITOB’ A13aHi 3 PO3BUTKOM 1HPPACTPYKTYPH Ha TEPUTOPIi, /I TUIAHYETHCS MisUTbHICTB;

—HEypsAI0Bi rPOMaJIChKi €KOJIOTiYHI OpraHizamii, sKi MOXYTh MaTH iHQOpMAIio PO MPUPOAHI Ta
COTIiJTbHI YNHHUKY TEPUTOPIi, € MIIaHy€EThCS BIPOBAHKEHHS isUTBHOCTI,

—IPEACTaBHUKIB TPOMAJICEKOCTI, IKMX HMOBIPHO OyJ1e TOPKATHCS 3aITAHOBAHA ITPOTIO3HITIS.

[ux oci® HeoOXigHO 3a0e3meunTy 1HPOPMALIIEI0 PO MPOEKT Ta HOro albTepHATUBH, 00 Jatu iM
3MOTY BUBHAYUTH MMUTaHHS, SKi IX [IKaBIIATh, 4 TAKOK OTPUMATH BiAMOBII BiJl 0Ci0, 3 KUM HPOBOIMIIHACS
KOHCYJIbTAIIi.

IcHye Oarato MeToniB OTpUMaHHS BiINoOBife. Y pa3i JepKaBHUX YCTaHOB Ta HEYPSAOBUX
opraHizamiii MoXXHa TOIMPOCHTH HAJgaTH BIAMOBIAI y MHCHMOBiA ¢opmi abo mimuyac 3ycrpiueit. Taki
3yCTpidi MOXYTh MPOXOIUTH 3a 3aKpUTHMH IBEPUMa Ta BKIIOYATH 3aMOBHHKA 1 PN 3aIliKaBICHUX
cropid. Ili 3ycTpiui MOKHa TPOBECTH IICIS OTPHMAHHS MMHCHBMOBHX KOMEHTapiB, MO0 MPOSCHUTH
nutanHsa. Ha mepmiéi cTtamii CKOyMiHTY NPOMOHYEThCS MiATOTYBaTH UYOPHOBUM BapiaHT TEXHIYHOTO
3aBJIaHHS.

Pe3ynmpraTi CKOYHIHTY Ciig TpoaHaTi3yBaTH 1 OIIHWTH Ta IMATOTYBAaTH HACTYIHHHA BapiaHT
TexHiuHOro 3aBaaHHs (T3) ms mpoBeIeHHs €KOJIOTIYHOI OIIHKK. SIK paBHJIO, 3aMOBHHK BiJAIOBIZa€ 3a
MpoLeaypy CKOYIIHTY Ta miAroToBky T3, ane BiH MOXXe HaWHITH i KOHCYJNbTAHTIB AJS NPOBEACHHS Li€l
poboTwu.
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TexHiuHe 3aBIaHHS — Iy)KE BOXJIMBHIA JOKYMEHT, OCKUTLKY BiH BH3HAUYAE HE JIUIIE BiAMOBITHICTD
Ta BUKOHAHHS POOIT 3 €KOJOTIYHOTO OIlIHIOBAHHS JJI1 MEHEPKMEHTY TPOEKTY, a TaKOX 1 KOPHCHICTH
PE3ybTATIB OLIHKY BIJIMBIB HA HABKOJIUIIIHE CEPEAOBHUILE MPH MIPUHHSATTI PillICHHS.

TexHiuHe 3aBIaHHS HE CIII PO3IISAATH K «PiKCOBaHMIT» HE3MIHHHN AOKYMEHT. Y Xxoai poOotu
Hag OBHC wMoke 3HamOOMTHCH 3MIHHTH Opi€HTaIito pobotr. HeoOXigHO AOCATTH 3road Mk
KOHCYJIbTaHTaMH, 3aMOBHHKOM 1 BIZIOMCTBaM, 110 HAJIa€ TO3BOJIH 10 BHECEHHS 3MiH.

Xoua BH3HAUYCHHS 3aBAaHb, OC3yMOBHO, € OJHHM i3 paHHIX eTamliB EKOJOTIYHHX OIliHOK,
MOJIANBIIUI TIEPETJIsil 1 KOPUTYBaHHS 3aBJaHb TPHUBAE MPOTATOM BCi€l €KOJOTIYHOI OIIHKU BILIHUBIB,
YXBJICHHSI PIIICHHS, NETATHHOTO MPOSKTYBAHHS, 3MIMCHEHHSI TisSUTBHOCTI 1 MOHITOpHHTY. HemnepenbaueHi
npoOJIeMH, 10 MOTPEOYIOTh MOJAIBIIOT0 PO3IIISAY, MOKYTh BAHUKHYTH Ha KOXHiH 3i craniiit OB/ (abo
CEO). [JlocmimkeHHss B paMKax KOHKPETHOI mpoOiiemu (Hampukiaa, 3a0pyaHEHHS IPYHTOBUX BOJ abo
3MiHa MIKpPOKJIiMaTy), IIPOBEAEHI B XOi €KOJIOTIYHOTO OI[iHIOBAHHS BIUIMBIB, TAKOX MOXKYTh ITOCIIIOBHO
PO3KpHBAaTH J0JATKOBI (hakTopu abo0 mpoOiieMHu, sKi MiJAHIMYTh HHTAaHHSA IEPE] I'PYINOI BHKOHABIIIB,
BKaXYThb NOTEHLIHHI cdepu KOHPIIKTY MiX 3aliKaBIEHNMHU CTOPOHAMH, BYCHUMH 1 HIMPOKOIO
TPOMAJICHKICTIO.

[IpenMeromM OOTOBOpPEHBL 1 CyMEpPEUOK MOXKYTh OYTH IIMTAaHHS, IOB si3aHi 3 KOXKHOIO Cheporo
JIOCITI/DKEHb, TaKi SK TN 1 KUIBKICTH 300py JaHWX, METOAM IXHBOTO aHaji3y, 3HaYUMICTh 1
PENPE3CHTATUBHICTh  JAHWX, BAXKJIUBICTH  MPOOJIEMH, TNPUUHATI  CTAaHAAPTH,  AJCKBATHICTh
3aIPOITOHOBAHMX 3aXOMdiB JJIS IIOM’ SKIIICHHS BIUIMBIB. B OCTaTOYHOMY MIJICYMKY HE iCHY€E <«IIPABHIIBHIX >
BIJINIOBiICH HAa IIi MWUTAHHS, € JUIIC MOCTIOBHICTh CY/KEHb 1 pIllIeHb, CIPSIMOBAaHUX Ha Te, MO0
30amaHCcyBaTH JOCTYNHI JJIsl JTOCHIDKCHHS pecypcu (TmMyacoBi i (iHaHCOBI), 3 OmHOrO OOKYy, 1
00TpyHTOBaHY CTYPOOBAHICTh 3aIliKaBICHUX CTOPiH, 3 iHIIIOTO.

OTxe, KIHIICBUM PE3y/IbTaTOM €Taly CKOYIMIHTY € O(iliHHUN JOKYMEHT — TeXHIYHE 3aBIaHHS, 10
Bu3Havae pamku podbit 3 OBJl (a6o CEO), ski oprani3oBye iHimiatop. Llell JOKyMEHT € OCHOBOIO ISt
JIeTaIbHOT MOCTAHOBKY 3aB/IaHh OKPEMHUM EKCIIEPTaM-BUKOHABIISIM.

3 ypaxyBaHHSM HaJaHOTO BWINE aHATI3y MPOICAYPH CKOYIIHTY Ta BJIACHHM JOCBiA aBTOpa i€l
poOOTH, 3ampONOHOBAHO BHKOPHUCTOBYBATH BICIM KpOKiB Ui BHU3HAueHHs cdepu TiSUIBHOCTI NpU
HPOBE/ICHHI €KOJIOTIYHUX OLiHOK (puc. 1):

EO neobxinHo CKOyIiHT - BU3HAYEHHS
MIPOBOJUTH chepu gisupHOCTI 3 EO

CkJ1alaHHs IPOEKTY TEXHIUHOIO
> Minicmepcmea ma 3aBaaHus 3 EO
sidomcmea ®--.. 7
..y Opeanu MiCLIe@OZ(: : [IpoBeneHHA KOHCYIBTALIIH -
D camospadyeanns o7 JUIsL BCTAHOBJIEHHS PO0OIeM < [
i » [lepowcagHi ycmanoeu 7 !
: I
: « O
Koperysanns TexHiuHOro 3aBMaHHa 3 EO e { o, ' M
L - -4 O
€ -‘8— =
3} I
v 0 a
g ' &
I
oo seeseeeeees Moumperms mpoexry. (L4125
> Haykosi yemanosu e, TEXHIYHOTO 3aBJaHHA 3 s
: )Opeanisauii' ... A v :
1 " npusammnozo cexmopy "t N . .. e I
: ] .p|  OTpumanns 101aTKOBOI iHpOPMAaIlii |
% [pomadcokicmo e+ " v — |
: _»Heyp;ldoei 2pomadcekie” v I
opeanizayii . < !
Orrinka nmpobieM !
l€ — - - -1
Po3pobxka crparerii 3 EO P
CaHimapHo—enideMiogoequa IUISL BUPILIIEHHS TPoGIeM -
cmanyis +
Opeanu micyeeozo A
camospaoyeanns * N IToromxeHHs Ta 3aTBEPIKECHHS
Tenepanonuti ... » TexXHIyHOoro 3asnanus 3 EO h
NPOEKMYBANbHUK

Puc. 1.IToxkpokoBa Moaeab NpoueaypU CKOYIiHTY
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1. IligrotyBaTH mpoekT (4opHOBHH BapiaHT) TexHiyHoro 3aBaanHs 3 OBJ] (abo CEO) 3 takumu
po3mizamu:

— MeTa i onHc 3aIUIaHOBaHOI MisIbHOCTI,

— YMOBH, Y SIKUX Nlepea0adaeThesl 3A1HCHEHHS! HaMiqyBaHO1 AisUIbHOCTI,

— €KOJIOT'14HI OOMEXEHHS,

— MOXJIHBI peaibHI abTePHATHBH;

— mpo0JIeMH, 10 MOXKYTh OyTH OB’ A13aHi 3 BIPOBAHKCHHSAM 3aIIPOIIOHOBAHOI AiSUTEHOCTI;

— IUIaH 3aiTy4eHHs rpomajcbkocti o npouecy OBJI (a6o CEO);

— KaneHmapHuii rpadik podboTH.

2. [IpoBectn KoHCynbTamii 3 iHINIATOPOM, AEPKABHUMH OpraHaMyd W iHIIMMH 3aliKaBJICHUMHU
CTOPOHAMH IIUISIXOM OOTOBOPEHHS, 30upaloyd JOCTYNHY iH(OpMalilo, BHABISAIOYM iHQOpMaLiiiHi
MPOOLTH 1 BCTAHOBITIOIOYH MPOOIIeMH, 0a3yI09ICh Ha MMPOPOOIT MPOEKTHOTO 3aTyMy.

3. Ckoperysatu Texaiune 3apaans 3 OBJl (a6o CEQO), BpaxoByrouH HOAATKOBY iH(pOpMAIIiio, Ta
MOLIMPUTH HOT0 cepel] IHIINX 3aliKaBJICHUX CTOPiH, YU TOYKa 30py Mae OyTH BpaxoBaHa.

4. Otpumati iHGOpPMAIIO BiA IHIIMX 3alliKaBJICHUX CTOPIH Ta BHUSBUTH MPOOJIEMH, IO
BHKJIMKAIOTH TXHIO CTYpOOBaHICTb.

5.Ouinutu mpoOiiemMu 3 TexHIYHOI 1 cyO €KTHBHOI TOYOK 30py, HaMararouuch BHSBUTH
MPiOPUTETHI MPOOIIEMH.

6. CxoperyBaTul i JOIOBHUTH MpoekT TexHiunoro 3amadHs OBJ] (abo CEO), mo6 BKIOYHTH
MTOTO/KEHI TPOTIO3UILi.

7. Po3pobutH cTparerito Uisi po3rIIALy i pIillIeHHS KOXHOI 3 KITIOYOBHX MPOOJIEM, BKIIOYAIOUU
oTpeOy B iHGopMaIIii 1 TEXHIYHE 3aBIAHHS IS MTOAATBITNX TOCIIKEHb.

8. 3a0e3meunTH 3BOPOTHHUM 3B’ A30K, MOBIJOMHUBIIH, SIKHM YHMHOM OYyJH BpaxoBaHi KOMEHTapi i
3ayBayKCHHS.

BucHoBkH. AHali3yroud Bce BHUIIE BHKIIAJCHE, MOXKHA KOHCTATYBaTH, IO BH3HA4YCHHs chepu
TSTTEHOCTI 3alPOTIOHOBAHOTO 33IyMy € OJHA 3 HABaXIMBIIIMX CTAJIN MPOIIECY eKOJIOTIYHOI OMiHKH, 00
IS TIpoIieIypa rependadae HeOJHOPA30BE BIU3HAUCHHS MPOOJIEM, SIKi MOXKYTh TOPKATHCS II€l isUTbHOCTI
Ta BUKJIMKATH CTYpOOBaHICTb PI3HUX KiJ 3alliKaBIEHUX CTOPiH. SIKIO Mpoueaypy CKOYIIHTY HPOBOAUTH
sxomora tmBuame npu OBJ] (a6o CEO), To Hagali eKOHOMHUTHCS HE TUIBKH OIOMKET MPOEKTy, ale U
MIpUIMalOTh aJcKBaTHE 1 BceOiuHE OOIPYHTOBAHE PIMICHHS 3 YMPOBAHKCHHS IPOCKTHOTO 33aIyMy
iHBecTOpa.
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Ya. Adamenko

Ilvano-Frankivsk National
Technical University of Oil and Gas

SCOPING METHODOLOGY IN EIA PROCEDURES

The paper considers the problem of determiningsttape and level of detail of the study in the
procedures of environmental impact assessment (Bha) strategic environmental assessment (SEA).
Based on the deep analysis of the scoping proogb iinternational environmental assessment sgstem
of planning activities according to Internet resms and Internet portals as well as the moderniklkra
environmental legislation, the author proposes shaumlogy for determining the scope and level of
detail of the study in the procedures of environtakimpact assessment and strategic environmental
assessment.

The process of determining the scope and levelethildof the research in the procedures of
environmental impact assessment and strategicaamaigntal assessment is very important. It is the ke
stage in planning the environmental assessmerpraject, planning and other activities, which may
impact the environment.

Determining the scope and level of detail of thelgtis scoping, a process designed to enhance the
effectiveness of EIA and SEA procedures by idemtgfikey issues, interests and alternatives thatireq
research. This information will help those, resplaiesfor the implementation of environmental impact
assessment, to properly focus the research grouptadying significant issues. In addition, the
systematic identification of tasks reduces thelilicod that the EIA and SEA report will have sesou
omissions and thereby helps to avoid delays agsdoveth the need to rewrite the report. Task dtbin
is performed to ensure that time and money will betwasted on collecting unnecessary raw data or
performing unnecessary research, and importargésssill not be missed.

The article also substantiates the results of sgopiThe author proposes to develop the
requirements specification for conducting the EMl &EA procedures based on scoping results.

Key words: scoping, environmental impact assessment, strategvironmental assessment,

environmental assessment, business entity.
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lsano-Ppankiscokuii HAYIOHATLHUL MEXHIYHUL
VHigepcumem Haghmu i 2azy

AHAJII3 BUKUIIB 3ABPY/IHIOBAJIBHUX PEHOBUH B ATMOC®EPHE ITOBITPSA
CTAIIOHAPHUMMU JIZKEPEJIAMMU

Jnst OUiHIOBAaHHS BHWKHIIB IIKI[UIMBUX PEYOBHH B aTMocgepHe MOoBiTps Oyno B3sATOo IBano-
®paHKIBChKY 00J1aCTh, OCKIIBKH I 00JIACTh HAMIYYE HEMATy KiIJTbKICTh pEeKpeaIlifHuX pecypcis.

Bigxomu BUpOOHWIITBA €NEKTPOCHEPrii Ha TEIUIOCISKTPOCTAHINSIX YCKIAIHIOIOTh EKOJIOTIYHY
CUTYyaIiio B KpaiHi. Bupimennst mpo06sem, 1o 1MOB’ A3aHi 3 0XOPOHOI HABKOJMITHLROTO CEPEAOBHINA Ta
MMOKPAIEHHsI SKOCTI HOT0 COITIaJIbHOI CKJIQJ0BOI, 3aBXAM € aKTyaJbHUM. AKTYaJdbHICTH TIOJATAE Yy
3MCHIIICHHI TEXHOTC€HHOTO HABaHTAXXCHHS Ha JIOBKIJUISA MiAMPUEMCTBAMHY, 1[0 TEHEPYIOTH TEILIO.

Meroto pobOTH € aHami3yBaHHS 1 MPOTHO3YBAaHHS BHUKHIIB 3a0pyIHIOBAIHHUX pPEUYOBHH B
aTMoc(epHe MOBITPsl CTaliOHAPHUMH JpKepenaMu. Y TpoLeci AOCHiIKeHb BUPIIIEHO MUTAHHS aHAIi3y
MPU3EMHUX KOHIIEHTPAIiH 3a0pyIHIOBAILHUX PEUYOBHH Ha MEXKi CaHITAPHO-3aXUCHOI 30HHU Ta IPOTHO3HOI
OLIIHKH NOJAJIBIINX BUKHIIB.

[IpoanainizoBaHo 3MiHYy BUKHIIIB 3a0pyIHIOBATHHIX PEUOBHH 3a MEBHUH Iepiox dacy. Jmsa anamizy
icHytounx BUKUAIB bypmruacekoi TEC Tta ixmporo mopiBHsaHa 3 ['JIK po3paxoBaHO TpH3EMHI
KOHIICHTpAIlil 3a0pyIHIOBaJbHUX PEUYOBMH Ha MEXI CaHITapHO-3axucHOi 30HU. bypmtuaceka TEC
HaJCKHUTh M0 Apyroi kareropii HeOesmeku. [1o0ymoBaHO MPOTHO3HY OINIHKY MOMATBINNX BUKHIIB Ta
HABC/ICHO 3aXOIH IIOJO iXHBOTO MiHIMi3yBaHHS. Po3paxoBaHO IHICKC TOKCHYHOCTI 3 ypaxyBaHHSIM
BaroBUX KOCQILli€HTIiB. AHaNI3 BUKHU/IB CBiX4nTH PO nepesuienHs IJIK wist neskux 3abpyaHioBaIbHIX
pevoBUH. 3a IHIEKCOM TOKCHUYHOCTI, SIKMi BpPaXxOBY€ SK Kiac HEOE3MEKHW PEUOBHHU, TaK i CTYIiHb
nepesumieHHs ['JIK, pekoMeHI0BaHO 3aX0q IIOJO 3MEHIIECHHS BUKHIIIB IEBHUX PEYOBHH Ta BUOODPY
MaJIMBA 3 MEHIIIUM TXHIM BMiCTOM.

PexoMenoBaHo BHOip manuBa 3 MEHIIIMM BMICTOM Y BUKUAAX HE TUTLKH TaAKUX PEYOBUH SIK OKCHJI
a30Ty, PEYOBHHH Y BHUTIISAII CYCIICHIOBAHUX TBEPIUX YACTHHOK, MIOKCHAY CIpKH, ajie 1 CBHHITIO Ta HOTro
crionyk. [Ipy BCTaHOBJICHHI Ta pEKOHCTPYKIIT CHCTEM OUYMINECHHS AMMOBUX ra3iB s bypmruacekoi TEC
HEOOXITHO BpaXxoBYBaTH (iIbTPyBadbHYy 3[aTHICTH OONAJHAHHS IIOJ0 PEUYOBHH 3 BEIUKUM 3HAYCHHSIM
IHJICKCY TOKCHYHOCTI.

st yHi®iKauii pO3paxyHKiB, aHaJII3y B pO3pi3i 00paHOTO MEPioTy Yacy, MOKIMBOCTI 3aCTOCYBAaHHS
JUISL IHIIAX 00’ €KTIiB TOCIIOapIOBaHHsl OyII0 pO3pOGICHO POrpaMHE 3a0€3ICUCHHSL.

KarouoBi cioBa: mporHo3Ha OIliHKA, MIOKCHJ CIpKH, OKCHJ a30Ty, KOHIICHTpAIlis, IHICKC
TOKCHUYHOCTI.

ITocTaHoBKa MpodJeMU. AHAJI3 JOCTiIKeHb i myOaikaniii. Ha choromHi y CBiTi MOCTaBICHO PsI
BOXJIUBHUX IUTaHb, LI0 CTOCYIOTHCS PAlliOHAIBFHOTO BHUKOPUCTAHHS Ta BHUPOOHWITBA EHEPreTHYHHX
pecypciB. HalmomymspHIIIIIM TPEHIOM CTaj0 BHKOPUCTAHHS €HEPrii, OTpUMAaHOI BiJl TPUPOTHUX CHII,
TaKUX SK COHSYHA Ta BITpOBa eHEprii. Ajie HE 3aBXKIHM Il METOAW TIOKPHUTTS €HEPTeTHUYHUX IOTPEO €
JOLITBHUMH, TOCTaTHIMH 1 peHTabeabHuMH. TOMY NOKH IO iCHYIOTH TaKi BUIM T'€HEPYBaHHS €Heprii sk
aTOMHI, TEIJIOBI Ta TiAPOETIeKTPOCTaHIil. SKi, B CBOIO Uepry, CTBOPIOIOTH Psl €KOJIOTIYHUX MPOOIIeM, 110
3arpoXyIOTh K HAaBKOJIHMIITHHOMY CEPEIOBHUIINY, TaK 1 ICHYBaHHIO JIFOACTBA 3arajlOM.

Bimxoan BuUpOOHMITBa €JIEKTPOEHEPrii Ha TEMIOENEKTPOCTAHLISAX YCKIAJHIOIOTh EKOJOT1uHY
CHUTYalilo B KpaiHi.

Bupimenns mpo06semM, OB’ 13aHUX 13 OXOPOHOI0 HABKOJIMITHBOTO CEPEOBHINA Ta IOKPAIICHHSIM
SIKOCTI HOTO COIialbHOI CKJIAIOBOi, 3aBXAM € aKTyalbHUM. AKTYalbHICTh IOJSATAE Y 3MEHIICHHI
TEXHOTEHHOTO HABaHTAXKEHHsI Ha TOBKULIS MiAPHEMCTBAMH, 10 T€HEPYIOTh TEIIO.

IIpobmeMi moCiKeHHS BUKHUIIB 3a0pyIHIOBATFHIUX PEUYOBHH B aTMOC(HEpHE MOBITPS MPUCBSIYCHO
Oararo HaykoBUX poOiT, a came: Amamenka O. M., Cemuyka 5. M., Kpmxaniscekoro €. I., MeanikoBa
€. I1., Anamenka 4. O., I'oBasgka P. M., Komutak I'. B., Koncesuu JI. M., Kiimmenka M. O., ITaHkiBcbKOro
10. 1., 3anecwkoro L. 1., bineupkoi I'. A. ta inmmx [1-3, 5-8, 10-11]3 ananizy jiTepaTypHHX JDKEped,
MPUCBSIYCHUX IpoOJIeMaM BHUKHIIB 3a0pyIHIOBAIBHUX PEYOBHH, BWILIABAE, IO ICHYE HEOOXITHICTH
KOMITJICKCHOTO aHali3y BUKHUIB, MO JAcTh 3MOTY X CHPOTHO3YBAaTH Ta BXXUTH €(QEKTUBHUX 3aXOJiB
10710 MiHIMi3yBaHHS 3a0pyAHEHHSI JOBKIJUIA.
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Merta pociaigxenb. MeToro poOOTH € aHalmi3 i NPOTHO3YBaHHS BUKHUAIB 3a0pyIHIOBAIBHUX
PEYOBHH B aTMOC(EpHE TOBITPS CTAIL[lOHAPHUMH JDKEPEIaMHu.

Y mporieci JOCTiIKEHb BUPIIIICHO TaKi 3aBIaHHS:

- aHaNi3yBaHHSA NpPU3EMHHUX KOHLEHTpauildi 3a0pyJHIOBaJbHUX PEYOBHH Ha MEXi CaHiTapHO-
3aXUCHOI 30HY;

- TIPOTHO3HE OITIHIOBAHHS IOMAJBIITUX BHKHIIB Ta PEKOMEHIAIliS BHUKOPHUCTAHHS 3aXOJIiB IIMOIO
iXHBOTO MiHIMi3yBaHHS.

Marepiagm Ta MeTOAM NOCHiT:KeHb. /{75 OI[IHIOBAaHHS BHKHJIB IIKiJJIUBUX PEUOBUH Y
atMocdepHe MoBITpss Oyio B3sATO IBaHO-DpaHKIBCHKY 007aCTh, OCKUIBKH ISl 00JaCTh HAJIidye HEMaTy
KUTBKICTh peKpealiiiHuX pecypciB. 3rifHo 31 ctaTucTnaHuMH JanuMu, 2017poky B aTMocdepHe MOBITPs
obmnacti norpamwio 198,3tuc. ToHH 3a0pyaHIoBanbHUX pedoBuH. Lle Ha 0,8% Ginbiue, Hik y 2016pomi
[15]. Craructuuni maHi OO0 BHKHIIB 3a0pyAHIOBAIBHHX pEUYOBMH B aTMocepHe MOBITPS
CTalllOHAPHUMHU JDKEpeJIaMH 3a0pyaHEHHS MiAIPUEMCTB 3a MicTaMu IBaHo-®pankiBcbkoi obmacTi y 2017
poui ta nopiusHHA 3 2016pokom HaBeneHo y Tabmui 1 [15].

Tabauys 1
Buxuan 3a0pyiHIOBaJLHUX PeYOBHH B aTMocdepHe NnoBiTps 3a Mictamu IBaHo-
®pankiBcbkoi odiactiy 2017poui

O6c;1r.1/1 % 10 Y Tomy gmci
Hacenennit myHkT BUKH]IIB, 2016p. JIOKCHIY CipKH TIOKCHAY a30Ty

TOHH TOHH % no 2016p. | toun |% mo 2016p.
Ob6nactp 198324,7 100,8 | 129606,4 94,1 14497,8 108,7
M. IBaHO-DpaHKiBCHK 4472 99,9 7,2 113,5 58,4 122.,5
M. bonexi 199,4 103,4 0,2 100,0 6,4 194,1
M. Bypmtun 160137,9 95,0 113795,0 89,5 111214 103,5
M. Kamym 20048,7 156,6 15560,0 150,7 948,2 267,0
M. Konomust 143,7 98,9 9,5 97,5 18,9 110,9
M. Spemue 100,8 100,1 25,0 98,4 2,9 51,5

Sx BumHo 3 Tabn. 1, HaiGimpmmM 3abpymHioBaueM y IBaHO-DpaHKIBCHKIM 00yacTi € MicTO
Bypiutus, a, ockinbkH, 31 CliB MiHICTpa eKoJorii Ta npupoaHux pecypciB Octana Cemepaka, 10 mepuioi
Tpiiku HaWOiMbIIMX 3a0pyaHIOBauiB arMmocepHoro moBiTps B YkpaiHi y 2016 pomi Bxoxmia
Bypmtuaceka TEC, wactka 3abpyanenHs Big sikoi y 2016 pomi craHoBwia mpubiauszno 85,7%
3aranpHOoOONacHux BukuIiB (2017 pik — 80,7%),t0 Hamani B wiii po6oti came bypmtunceka TEC
PO3TIAOATUMETHCS SIK OCHOBHHI 3a0pyJHIOBAaY 00JIACTi.

3a manumu IBaHO-®paHKIBCHKOTO TEHTPY cratucTuku bypmtuacbka TEC Mae Taky IUHaMIKy
BukuiB cranom 3 201110 2016poxky (rada. 2 [15]).

Vkpaina € uinenom EHepreTHyHOro cmiBTOBapuCTBa, a OTXe, 3000B'A3aHa JOTPUMYBATUCS YMOB
JloroBopy Tpo CTBOpeHHS EHEpreTWYHOro CIIIBTOBAPHCTBA 1 BIAMOBIAHO HOro MOmaTKiB. 3rigHO 3
HonmatkoMm Il mo [loroBopy BCi YCTaHOBKH ISl CIIAIIOBaHHS TajJiBa MAalOTh BIAMOBIIATH BUMOTaM
JupextuBu 2001/80/ECnpo oOMekeHHsS BUKHIIB IESKHX 3a0pYIHIOBAIBHHX PEYOBHH Yy TOBITPS BiJ
Hux. [JupexruBa 2010/75/EUmnpo mpomwucioBi Bukuad, o Oyna mpuiiHATa Ha 3MiHY JlupexTuBu
2001/80/ECpHeca 3HaUHI 3MiHH JO YHHHOTO 3aKOHOMABCTBA €C CTOCOBHO YCTaHOBOK JIJIS CIIATFOBAHHS
nanuBa. OJHA 3 HABAXIMBIIIMX 3MiH MOJSTa€ B OUIBII )KOPCTKUX TPAHHYHUX 3HAYCHHSX BHKHIIB IS
miokcuny cipku (mani — SQ), okenai azoty (zam — NO,) Ta pedoBHH y BUTIISIII CYCIICHIOBAaHUX TBEPIUX
YaCTUHOK, HeAu(epeHIiioBaHuX 3a CKIamoM, (maji — ).

Uepe3 HemoTpUMaHHS BUMOT YKPAiHCHKOTO €KOJIOTIYHOTO 3aKOHOJABCTBA TEPEBa)KHA OLIBIIICTH
YCTaHOBOK AJISl CTIaJIIOBaHHS MaJiiBa Mae OyTH BHBEJCHA 3 €KCIUTyaTalii, 10 MpHU3Bene A0 3MEHIICHHS
HasiBHUX ITOTY>KHOCTEH y HaIllOHAIBHIN €HEPreTUIHIN CUCTEMI Ta 3HMKEHHS BUPOOHHIITBA SIICKTPUYIHOT 1
TEIUTOBOI eHeprii. MOXKIMBICTE It YKpaiHM THMYAcoBOTO BiacTymy Bix Bumor Jupekrusu 2001/80€C
(3rimHO 3i cTaTTero 4) NUIIXOM BIPOBaDKEHHs HallioHanbHOTO MUIaHy CKOPOYEHHSI BUKUJIIB Ma€ CYTTEBE
3HAUCHHS JUIs CHEpreTHYHOI Oe3neku nepkasu (tadi. 3 [14]).

[Ticnsa 3aBeprenHs TepMiHy mii HartioHaMbHOTO IUTaHY CKOPOYCHHS BHKHIIB BCI YCTAHOBKH JUISI
CTIAJIFOBAHHS MajrBa MatoTh Bignosigatu Bumoram Jupektusu 2010/75€C mio0 BUKHIIB MEpETiueHUX
BUIIIE 3a0pYyIHIOBAJIbHUX PEYOBUH.
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Tabruys 2
JuHamika BUKH/IIB 3a0pyIHIOBAJILHUX PE4OBHH B aTMoc(epHe MOBiTpst BypIITHHCHKOI0
TEC (2011-2016p.p.)

JluHaMiKa BUKWIIB 3a0pYAHIOBAIBHHUX PEYOBHH B aTMOC(EPHE MOBITPs, TOHH/PIiK

Haspa pesosmin =55 17 2012 2013 2014 2015 2016
ApceH Ta iforo
CHOJYK 4,301 4,255 4,513 4,645 5,052 4,788
Bananiii Ta fioro 0,016 0,074 0,027 0,013 0,922 0,018
CIIOJIYKH
3anizo Ta foro 0,277 0,222 0,217 0,021 0,024 0,145
CIIOJIYKH
Mins Ta ii
Cromykit 3,419 3,365 3,528 3,631 3,987 3,798
Hikenp Ta vioro
cnonyk 3,863 3,523 4,025 4,144 4,504 4,330
Pryth Ta 1i
cnonyxH 0,361 0,729 0,391 0,461 0,455 0,410
CBitnels Ta Horo | 5 g7 3,654 3,715 4,373 4,800 4,564
CTIOJIYKH
Xpou Ta Horo 4,881 4,805 5,048 5,255 5,934 5,591
CTIOJIYKH
Ik T2 foro 11,887 11,767 12,383 12,752 13,992 13,317
CTIOJIYKH
Manran Ta foro 0,023 0,016 0,019 0,006 0,002 0,050
CTIOJIYKH
PedoBunu y
BUTJIAIL
cycnengoBannx | 23183,402 | 21513,739  22234,425  25283,982 3034478996271
TBEPIAUX
JAaCTHUHOK
Tliokcnn asory | 11354,319| 12812,872 13148,793 13082,255 12372,6407491752
OKcHj a30Ty 128,984 140,616 146,413 146,978 144,76 124,818
Jliokenn cipkn  |162642,848] 138697,194 145698,662 159928/632 152469,127097,611
Oxcug Byriemio | 1087,149 | 1193,384 1208,417| 1225098  1181,981 9%9.83
Kcumon 1,777 1,499 1,381 0,696 0,600 0,381
Kpim toro
Nokcia syremo [B537995,65 9186830,18  9260703,387 95495799BR522,9968440207,669

CratucTuuHy 0OpOOKYy HaHMX, HaBeJeHUX y TaOi. 1—3, mpoBOAMIM, BUKOPHUCTOBYIOYHM MaKET
nporpam Microsoft Office Excel.

Buknaxg ocHoBHOro marepiany. 3a pesynbratamMu Tabn. 1-3 moOymoBaHO MPOTHO3HY OLIHKY
MOJANBIITNX BUKHUIIB 3a0pyIHIOBATBHUX PECUOBMH 0€3 ypaxyBaHHS 3axOJiB MO0 BCTAHOBJICHHS Ta
PEKOHCTPYKIIII CHCTEM OYHINCHHS AWUMOBHX rasiB s bypmruacekoi TEC. PesynpTaTtén HaBemeHi Ha
pucynkax 1-3.

Jlns ommcy MUHAMIKU BHKHAY MIOKCHIY CIPKH, OKCHIIB a30Ty Ta MWy MOOyMOBaHI JIiHII TpeHIY
3acobamu MS EXxcelna ocHOBI TOukOBOI miarpaMu 3a (paKTHUHHUMHK JaHUMHU. [Ipu moOymoBi MiHii TpeHmIy
BUOpAHO JIiHIHY anpoKCUMYIOUy KPHUBY, OCKUIBKHA CKOPOYECHHS 0OCSTiB BUKMIB 3rigHO 3 HanioHanbHuM
TUTAHOM TaKOXK Ma€ JiHIHHY 3aJIekHIcTh. Lle JacTe 3MOry CripoCTUTH MOPiBHSUIBHUINA aHAaTIi3.

Sk BuaHO 3 pHCYHKIB 1—3, HEOOXITHO 3aCTOCOBYBaTH KOMIUICKCHI 3aXOAM ISl 3HMDKCHHS PIBHS
BUKUIB, IO IUIAHY€ETHCS 3A1HCHUTH 33 JOIIOMOTOIO:

— OyaiBHUIITBA HOBUX eHepro0iokiB (27 HoBux OnokiB TEC i TELL);

— oOMeXeHO1 KUIBKOCTI TOOWH POOOTH EHEProOJIOKIB 3 MOMANBIINM IXHIM BHBEICHHAM 13
excruryararfii (133ycTaHoBOK);

— OCHAIIIEHHS iCHYI0UMX OJIOKiB razoouncHuMH criopyaamu (90 ycranoBok) [12].

Jns anamizy icayrounx BukuiiB bypmruacekoi TEC Ta ixaporo nopiBastaas 3 ['JIK po3paxoBano
NpU3eMHI KOHLEHTpauii 3a0pyAHIOBATbHMX PEUOBHH HAa MEXi CaHITAPHO-3aXMCHOi 30HU 3TiTHO 3
METO/AMKOIO, BUKJIaJICHOIO Y HOpMaTuBHOMY nokymenti OH/I-86.
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Bypmturaceka TEC HanexuTh 10 JApYyroi Kareropii HeOe3NMeKH i3 HOPMATHBHOI IIHPUHOIO
canitapHo-3axucHoi 30 500m [4, 11].

Tabnuys 3

HauionanbHuii NJ1aH CKOPOYeHHS BUKUIB

Hassa 2018

YCTaHOBKH

2019

2020 2021| 2022| 2023| 2024 2025 2026 2027 2028/ 2029 2030 2031| 2032

2033

Bumoru 10 mopigroro ckopodents y nepion 2018-2033pokiB 00CATiB BUKHIIB AIOKCHIY Cipku (T/p

iK)

Bypuituacbka
TEC
(emeprobmoxu
9,10,11,12)

2519

Bypmtuacska
TEC
(emeprobmoku 8)

Pa3zom

65004 |9446,1 55557,9

58806,28552,2 50254

9223,7|1400,8 7822,9

52608,4 7658,3 44950,1
40212,75870,4 34342.3
34014,94976,5 29038,4
27817,24082,6 23734,6
21619,33188,6 18430,7
15421,52294,7 13126,8

3025,9| 506,9

Bumoru o mopigHoro

CKOPOYECHHS

epiog 2018-2033pokiB 0OCsTriB BUKUAIB OKCUIIB a30Ty (T/pi

K)

Bypmituacbka
TEC
(eneprobyoku
9,10,11,12)

4921,7
4552
4182,4

2519

Bypmituacbka
TEC
(enepro6soku 8)

Pa3zom

6161,8 870,5| 5291,3

5952,8 846,3 | 5106,5

5534,6/ 797,8 | 4736,8 E 46410,56764,3 39646.2
5 749,3 | 4367,2

4698,4 700,8 | 3997,6
4489,3 676,6 | 3812,7
4280,2 652,3 | 3627,9
4071,2 628,1| 34431
3862,1] 603,8| 3258,3
3653,1] 579,6 | 3073,5
3444 | 555,4 | 2888,6
3234,9 531,1| 2703,8

5743,7) 822
4907,4 725

3025,9 506,9

Bumorn mo mopigHoro ¢

2018-20

w
~

3pokiB 00CsTIiB BUKHAIB Iy (T/piK)

o
=.
o

KOPOYEHHS

<

Bypmituacbka
TEC
(emeprobmoxu
9,10,11,12)

3= (5116

727
2519

Bypmtnacbka
TEC
(enepro6soku 8)

Pa3zom

6680,51677,8 5002,7

6042,71515,1 4527,6

4129,4 1027 | 3102,4 |3 |5325,5 773,5

5404,91352,4 4052,5
4767,11189,7 3577,4
3491,5 864,2| 2627,

2853,7 701,5| 2152,2
2215,9 538,8| 1677,1
1578,4 376,1| 1202,1

940,4| 213,4
302,6| 50,7

180000
160000
140000
120000
100000
80000
60000
40000
20000
0

Bukuau, t/pi

2010

—=&— JlioKkcu CIpKH -
IMHAMIKA BUKHUIIIB

—o— HamjoxaasHuit
IUTaH CKOPOY CHHS
BUKWIIIB

—— —— Jlinisg TpeHny

2015 2020 2025 2030
Poku

Puc. 1. Bukuau giokcuay cipky — njiaHOBa Ta MPOTHO3HA OLliHKA
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Puc. 2. Bukuau okcuaiB a30Ty — INIAHOBA Ta MPOTrHO3HA OLIHKA
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Puc. 3. BUKkuau pe4yoBUH y BUIJIsIIi CYCIIEHOBAHUX TBEPANX YACTHHOK,
HenepeHiiiOBaHUX 32 CKJIA0M — IUIAHOBA TA MPOTHO3HA OIIHKA

Knac HeGe3nexkn BU3HAYar0Th TOKCHYHICTIO TPOMUCIOBUX BiIX0AiB. TOKCHYHMMH Ha3MBaIOTh TaKi
BiZIXO/H, SIKi YTBOPIOIOTHCS B MPOLIECI TEXHOIOTIYHOTO LMKIY B IIPOMHUCIOBOCTI 1 MalOTh Y CBOEMY CKIIai
(hi310JI0TIYHO aKTHBHI PEUOBHHH, 1110 CIIPUUMHSIIOTH TOKCHUHHUI e(eKT.

[HaEKC TOKCHYHOCTI PO3PaxOBYIOTh 3 ypaxyBaHHIM BaroBUX KOe(illi€HTIB.

[HAEKC TOKCHYHOCTI BU3HAYAEMO 32 TaKOI0 3ajexHicTo [9]:

TI=Wi-q, 1)

ne W — BITHOCHHIT BaroBuit KoeQillieHT; ( — IKajia OLIHIOBaHHS SKOCTI I KOYKHOTO BUKHUY.
BigHocHWMIT BaroBuii KOeQillieHT BU3HAYAEMO 32 TaKOIO 3aJICKHICTIO!

Wi=w; 12w, , (2

Jie W; —BaroBuii KoeirieHT.
[ITkana oniHOBaHHS AKOCTI 7SI KOYKHOTO BUKHY:

0=Ci ccd TJIK, (3)

ne Ciccz; — KOHIEHTpAIlisl Ha MEXKI CaHITapHO-3aXMCHOI 30HH, mr/iv>; T J[K; — TpaHUYHO-IOITyCTUMA
KOHIICHTpAIlisl.

Pesynbratu po3paxyHKiB HaBeAeHi Ha puc. 4 1a B Ta01. 4.

Amnaniz pucynky 4 cBimuuth npo mnepesureHHs ['JIK mmsa mesxux 3a0pyAaHIOBaIbLHUX PEUOBHH.
BuzHauuBIM 1HAEKC TOKCHYHOCTI, SIKHA BpPaxOBY€ sK KJac HEOE3NEeKHW pPEUYOBHHHU, TaK 1 CTYIIIHB
nepesumieHds ['JIK, MoxxHa aBaTh peKOMEHAAIll 100 3MECHIIIEHHS BUKHIIB TIEBHUX PEUOBHH, a TAKOK
010 BUOOPY TaINBa 3 MEHIITUM IXHIM BMICTOM.
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Puc. 4.3naveHHs iHZeKCY TOKCHYHOCTI
Tabauys 4
Po3paxyHok iHgeKCy TOKCMUHOCTI
Hazssa KOHHCHTP?HM . | BizHOCHMI
Ha MEXI1 Baroswnit . Inpexc
Ne | 3abpymHro- Knac - IAK , - BaroBUi i .
. CaHITapHO- 3 |Bukumu, T|koedimieHT .. TOKCHUYHOCTI
3/ BalbHOI  [HeOe3meKy n mr/m _ Koe(ilieHT
3aXMCHOI 30HU Wi TI
peYoBUHHA C: cos, MM W
1 |ApceHTajioro | 5 00012 | 0,003 4,788 4 66667 04  2.666
CIIOJIYK
o |BaHanid Ta 1 0,0008 0,002 0,018 5 8,3331 0/4 3,333
HWOTO CIIOJIYKH
3 3anizo Ta iHoro 3 0,016 0,04 0,145 3 5 0,4 2
CIIOJYKHU
4 [Mine Ta ii 2 0,0012 0,003 3,798 4 6,666 0/4 2,666
CIIOJIYKHU
5 |Hixenk Ta foro 2 0,0004 0,001 4,33 4 6,6667 04 2,666
CIIOIYKH
6 |PTyTe Tal 1 0,00012 | 0,0003 0,41 5 8,3333 0,4 3,3333
CIIOJYKHU
7 | BuHeLb Ta 1 0,0004 | 0,0003 4,564 5 8,3333 | 1,333311,1111
Hnoro CHOJ'IYKI/I
g |Xpom Ta fioro 1 0,00116 | 0,002 5,591 5 8,3333 0,68 4,833
CIIOIYKH
g |HuHk Ta koro 3 0,02 0,05| 13,317 3 5 0,4 2
CIIOJYKHU
10|Matirax Ta 2 0,0056 0,01 0,05 4 6,6667 0,56 3,733
HWOTO CIIOJIYKHU
PevoBunn y
BUTJIIAL
11|cycnennoBannx| 4 0,725 0,15| 27960271 2 3,3333 | 4,8333 16,1111
TBepI[I/IX
YJAaCTHHOK
12| diokcun azoty 3 0,2 [10749,732 4 6,6667 0 0
13| Okcup azoty 2 0,12325 0,04| 124,818 4 6,6667 3,08120,5417
14| liokenz cipku 3 0,93 0,5 | 127097,61 3 5 1,86 9,3
15| Oxcup ByrIIeno 4 1,55 3,0 979,835 2 3,3333 0,51671,7222
16 | Kcmon 3 0,096 0,2 0,381 3 5 0,48 2.4
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3a IHIEKCOM TOKCHYHOCTI 3/1iHCHIOETBCS MOIUT BUKHIIB Ha rpymu (Tabm. 5). 3rigHo 3 tadm. 5 mo
IpyNy HAI3BUYAiHO TOKCHYHUX BHKHUIIB HAICKUTEH OKCHT a30Ty (iHIeKC TokcH4aHOCTI ckiamae 20,54).

Tabauya 5
IMoain HA rPyNH 3a/I€;KHO Bil iHIEKCY TOKCHYHOCTI
I XapaKTepHCTgKa . KinmbkicTh Hasga mkigmBol peuoBHHH
TOKCHYHOCTI IKIJJTMBUX PEYOBHUH (mopsimxoBuit HoMep y Tabsumi 4)
<49 MaJiIoTOKCUYHi 12 1,2,3,4,5,6,8,9,10,12,15,16
5-9,9 ITomipHO TOKCHYHI Jiokcun cipku

10-14,9 | Tokcuusi CBHHEIIb Ta HOTO CIIOJIYKH
PedoBHHM Y BUIIISII CYCTIEHIOBAaHMX
TBEPIUX YACTHHOK

Oxcup a3ory

15-19,9 | dyxe Tokcu4Hi

1
1
1
1

20-25 Han3BuuaiiHo TOKCHYHI

Oxcuiy a30Ty IIKIUIMBO BILTUBAIOTH HA 3JI0POB'S JIFOJWHH, CIPUSIOTH YTBOPEHHIO MAPHUKOBOTO
e(eKTy Ta pyiHYBaHHIO O30HOBOTO Imapy. KpiM TOro, OKCHAM a30Ty BUKIUKAIOTh «BHUMHPAHHS JIiCiB»,
kucnoTHi gomti [13].

PeuoBvHM y BHIUII CYCICHIOBAHMX TBEPAMX YACTHHOK, 1HAEKC TOKCHYHOCTI skux 16,11,
HaJIeKAaTh JIO Ay’KE TOKCUYHUX BHKHIIB.

CBHuHEIb Ta WOTO CHOJYKH 3a iHmekcoM TokcmyHocTi 11,113rigHo 3 Tabmuiero 5 HanmexaThb 10
TOKCHYHUX BHKHUAIB. CBUHEIh MOKE TIOTPAIUIATH B OPraHi3M JIIOAWHU IHTAIAIIHHIM MIJITXOM y BUTIISII
aeposojieii Ta mry. CTymiHb HOro MOTJIMHAHHS 4Yepe3 JIETCHI 3aJIeKUTh B BEIMYWHHA aepO30IHHUX
yactuHok [13].

BucnoBku. BukoHano anami3 BUKHZIIB 3a0pyJHIOBaJbHUX PEYOBMH B aTMocdepHe IOBITps
CTalllOHAPHUMU JDKEpeJaMd Ta HaBEJCHO MPOTHO3HY OIIHKY MOJNANBIIMX BUKHIIB, IO JACTh 3MOTY
MPOBECTH 3aXO0IH U100 IXHBOTO MiHIMi3yBaHHSI.

PexoMeH0BaHO BHOIp MaivBa 3 MEHIIUM BMICTOM Yy BUKHJAX HE JIUINE TAKUX PEYOBUH SIK OKCHJT
a30Ty, PEYOBHMHH y BWIIALI CYCIIEHIOBAaHMX TBEPAUX UYACTHHOK, TIOKCHAY Cipku (0 mepemdadeHo
«HarrioHaTbHUM TTAHOM CKOPOYEHHS BHKHIIB BiJl YCTAHOBOK JUIS CITAFOBAHHS TAJHBA>»), aje i CBUHINO
Ta Horo cmonyk. [Ipw BCTaHOBICHHI Ta PEKOHCTPYKIli CHUCTEM OYHINCHHS JTUMOBHX Ta3iB s
Bypmrtuacbkoi TEC HeoOXiaHO BpaxoByBaTH (DiIbTPYyBalbHY 3MATHICTh OOJIaJHAHHS IIOJ0 PEUYOBHH i3
BHCOKUM 3HAYEHHSM 1HAEKCY TOKCUYHOCTI.

Hnsa  yHidikamii po3paxyHKiB, aHamizy B po3pi3i o00paHOro mepiogy uacy, MOKIHBOCTI
3aCTOCYBaHHS Uil iHIIMX 00’ €KTiB rocrojapioBaHHs Oyno po3pobieHo mporpamHe 3adesmedeHHs. Bcei
JlaHi 1 0OpoOKY CITOYATKy 3aHOCATH 10 0a3W JaHWX, a MOTIM IIITXOM BUKOHAHHS 3alUTy MOAAIOTH Ha
00poOKy, 3roioM J1aHi 30epiraroTh i Ha OCHOBI BXKE€ PO3PaxOBaHUX JaHUX OYAYIOTh BHOIPKOBI TaOnHLi Ta
rpadiku.

Iloganpmnii HampsM OCHIDKEHb IOJSITae y Po3poOiieHHI OaraToyHKITIOHATEHOT CHCTEMHU
TEXHOTEHHO-EKOJIOTIYHOT O6e31eKn 00’ €KTIB MATMBHO-CHEPTETHIHOTO KOMILIEKCY.
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ANALYSIS OF POLLUTANTS EMISSION INTO THE ATMOSPHERE BY
STATIONARY SOURCES

The emission of harmful substances into the airbdess studied for Ivano-Frankivsk oblast, as it
has a considerable number of recreational resaurces

Wastes from electricity production at thermal powkmts worsen the environmental situation in
the country. Solving the problems associated witirenmental protection and improving the qualify o
its social component is always a topical issuas limportant to reduce the man-made impact on the
environment by heat generating companies.

The purpose of the article is to analyze and faret@e emissions of pollutants into the air by
stationary sources. In the process of researchaubi®rs have solved the issues of analysis ofngrou
level concentration of pollutants at the bordethaf sanitary protection zone and the forecast astm
of future emissions.

The change in emissions of pollutants for a cenp@nod of time has been analyzed. The ground
level concentrations of pollutants at the bordethaf sanitary-protective zone have been calcultied
analyze the existing emissions of Burshtynska taémmower plant (TPP) and compare them with the
maximum allowable concentrations (MAC). Burshtyn3k@P is in the category 2 hazard. The authors
have performed the forecast estimation of futuréssions and proposed the measures to minimize them.
The toxicity index has been calculated taking etoount weight coefficients. The analysis of emissi
indicates excessive MAC for some pollutants. Acowdo the toxicity index, which takes into account
both the substance hazard category and the defjreecessive MPC, the authors have proposed the
measures for reducing the emissions of certaintanbss and using the fuel with their lower content.

It is recommended to choose the fuel with the lowentent in emissions not only of such
substances as nitrogen oxide, suspended solidar slibxide, but also lead and its compounds. When
installing and reconstructing the flue gas clearspgtems for Burshtynska TPP, it is necessaryke ta
into account the equipment filterability for thebstances with high toxicity index.

The authors have developed the software to uniyctdculations, perform analysis for a certain
time period, and check the applicability for otbesiness entities.

Keywords: forecast estimation, sulfur dioxide, nitrogen @idoncentration, toxicity index.
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INDOOR AIR QUALITY AND MICROBIAL ASSESSMENT OF THE NIGERIAN
UNIVERSITY CAMPUS IN LAGOS, NIGERIA

Good indoor air quality improves productivity at the workplace. On the other hand, poor indoor air
quality could lead to losses in productivity as a result of comfort problems, ill health, and sickness-
absenteeism. The purpose of the study was to assess indoor air quality in various rooms of university
buildings, covering the offices, lecture theatre, laboratory or workshops, and public restroom across eight
faculties in a conventional university. Investigations were conducted at twenty-nine indoor locations in
the main campus of the University of Lagos. Noise level, PM2.5, PM10, relative humidity and
temperature, CO, SO,, NOx, and the microbial quality (fungal and bacterial) were all determined. The
microbial quality was determined using the sedimentation method (open Petri dishes) containing different
culture media for sample collection. Noise level ranged from 61.60 to 84.10 dBA. The noise level is quite
high in almost all sampling points especially in the workshops, yet there was no significant difference
(P>0.05) across all the indoor sampling points and the WHO limit. SO, was mostly absent, however, the
highest value of 0.4 ppm was recorded, which was higher than the recommended limit of 0.1 ppm. PM2.5
ranged between 4.0-25.0 pg/m3 and PM10 were between 8.0-47.0 pg/m3. Though there was high
variation in PM2.5 and PM10 across all the indoor sampling points, there was no significant difference
(P>0.05). They were below the maximum limit of 150 pg/m?®. The total fungi load ranged from 10.4 to
963 CFU/m3. There was a generally higher number of fungi in the restroom than in all the other indoor
environments and they were significant in the Faculty of Social Sciences. Fungi isolates include
Aspergillus spp. (86.2%), unidentified mold (13.77%) and Sporothrix schenckii (0.03%). Total bacteria
load ranged from 96.3 to 689 CFU/m3. The lowest load of bacteria (9.63x101 CFU/m3) was recorded in
the Dean’s Office at the Faculty of Environmental Sciences. The restrooms have the higher bacterial load
(6.89x102 CFU/m3), which was higher than the recommended maximum limit of 500 CFU/m?.
Identification from the colonies showed that about 55% were gram positive and 45% were gram negative
cells. Morphological studies showed that cocci were also more predominant over the bacillary shape
bacteria (55% versus 45%).

Keywords: indoor air quality, fungi, bacteria, noise, carbon monoxide, oxides of nitrogen.

Introduction. Air pollution is the presence in the atmosphere of chemicals, particulate matter or
biological materials in such quantity and for such duration that can cause harm and discomfort to humans
and other living organisms (Njoku et al., 2016; Obanya et al., 2018). Common air pollutants in the
environment include: sulphur dioxide (SO,); oxides of nitrogen (NOX), carbon monoxide (CO); volatile
organic compounds (VOCSs); ozone (Os); suspended particulate matter (SPM) also called particulates; and
lead (Pb). Air pollutant can be in the form of solid particles, liquid droplets, or gases. In addition, they
may be natural or man-made (USEPA, 2006). In recent times, indoor air quality has caught the attention
of scientists and the general public because indoor levels of many pollutants are often higher than those
typically encountered outside (Jurado et al., 2014). Indoor air pollution (IAP) would cause significant
harmful health effects due to a long time period that people stay indoors (Klinmalee et al., 2008). Indoor
air pollution concentrations depend on a large number of factors such as indoor sources and the emission
rates, air exchange rate, the penetration of outdoor pollutants into the indoor environment, and the
pollutant sink or removal rate on indoor surfaces (Beak et al. 1997; Klinmalee et al., 2008).

Air quality of indoor environments is one of the main factors affecting health, wellbeing and
productivity of people (Hayleeyesus and Manaye, 2014). One of the problems of indoor air quality is
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affected by the presence of microorganisms whiclu@e bacteria, moulds and viruses (WHO, 2009a).
People’s exposure to indoor air pollution is defeed by the concentrations of pollutants in theoiord
environment and, most importantly, by the time wtlials spend in polluted environments. Since, more
than 90% of people spend majority of their timeoos by breathing on average 14 m? of air per day
(Brochu et al., 2006), therefore, good air qudbtef utmost importance. Poor indoor air quality gase
problems that can be subtle and do not always pe@asily recognizable impacts on the health and
welfare of populations (USEPA, 2006). Several ¢ffaan the respiratory system have been associated
with exposure to IAP including asthma developmeasthma exacerbation, respiratory infections, upper
respiratory tract symptoms, cough, wheeze and aegpr(WHO, 2009a; Hayleeyesus and Manaye,
2014). Therefore, indoor air quality is of speatahcern for students and workers, particularly ¢hos
sensitive to poor air quality as today’s Univeestcan be regarded as “mini cities” with largeiterial
coverage, diverse human activities, with differdagrees of effect on the environment (Alshuwaikhat
and Abubakar, 2008).

Since air is an important vehicle for the dissertioma of infectious agents and allergic
components, developing potential undesirable effect human beings, the control of the microbial
charge has become an important key to define thizoemental quality of ambient media surrounding
human populations that are largely exposed to indooduring their daily activities (Soto et alQ(D).
The air quality inside buildings is affected by mdactors. In an effort to conserve energy, modern
building design has favoured tighter structureshwiwer rates of ventilation (Ezzati and Kammen,
2001). By contrast, in some areas of the world oalfural ventilation is used; in other areas meidain
ventilation is common. Factors that can have a thegaffect on health and comfort in buildings rang
from chemical and biological pollutants to occupp@tceptions of specific stresses such as temperatu
humidity, artificial light, noise and vibration. Apollution is believed to kill more people worldia than
AIDS, malaria, breast cancer, or tuberculosis (WR@)9Db).

The increase in commercial activities in our Unsigr environment as well as the functioning of
machinery in several business units, and an unifiagéte amount of emissions are now of concern
especially from the burning of fossil fuels, poarilding designs and poor ventilations. Also, recent
developments in construction materials have reduttehe use of more synthetics and composites;iwhi
can affect air quality. Radical changes in techgplbave led to innovations, such as air conditisner
computers and photocopiers that provide greatéci@fities and time savings, but can also affect the
quality of indoor air (Franklin, 2007). These pdtally adverse effects are further complicated hwy flact
that people are spending more time than ever isddidnus, indoor air quality (IAQ) is an important
criterion that must be taken into account when damdworkplaces are designed to provide a safe
environment. Good IAQ is an interaction of effidiemntilation and the lowest achievable amounts of
chemical, inorganic or organic and microbial compuasl which shouldn't evoke symptoms in the
occupants. This study provides information on tbherent indoor air parameters and quality (relative
humidity, temperature, VOCs, CO, §NQ,, H,S) and the concentration of microorganisms, and als
describes the bacterial and fungal loads for dfferindoor environments of the University of Lagos
(offices, lecture theatres, laboratories and pulglstrooms).

Materials and methods. Study AreaThe study was conducted in various rooms of uniters
buildings of the University of Lagos, Akoka, Lagdse University of Lagos is a comprehensive public
institution, established in 1962 and located inwlestern part of Lagos, Nigeria (Fig. 1). It is afehe
major University campuses in Nigeria with an estada561 hectares of land area hosting 12 faculties,
330 staff housing units, 15 students’ hostels anckml administrative and academic buildings. & ha
52,779 students’ enrollment and 4688 members &f @deniran et al., 2017). Only about 25% of the
student population and 10% of staff are residentgampus. The University campus has an estimated
87,000 of day population. Major activities on camaue focused on teaching, research and community
services. The academic, administrative, resideatidl commercial spaces are provided for carryirtg ou
these functions. Most of the area has permanemttstes which are often purposely built for specifi
activity. The twelve faculties are: Arts, Sociali&wes, Business Administration, Law, Sciences,
Environmental Sciences, Engineering, Clinical Soémy Basic Medical Sciences, Dental Sciences,
Pharmacy and Education. However, eight facultiessduated in the main campus, Akoka.

Sampling Designs and Data Collectiofwenty-nine points were sampled, and they incluakd
faculties within the university’s main campus. WWitkeach Faculty, the Dean’s Office, one laboratry
workshop, one lecture theatre and one restroom wergitored. All equipment and meters were all
properly pre-calibrated before each usage for tyuasisurance.
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CW-HAT 200 meter was used for measuring the pdetieumatter (PM2.5 and PM10), relative
humidity and temperature level. Noise levels athgagint were measured with a pre-calibrated digital
readout noise meter (A CEM DT-805 noise level njet€he sensor of the noise meter was directed
towards the source of noise and the average readirey a period of one hour were taken to be tiweno
level at each point. CO measurement was obtairredgh the use of CO meter (CNY 670) at each of the
selected sampling locations. B{HH,S, SQ and NQ were determined using multi-gas monitor (310
multi gas meter) for one hour exposure time. Emrimental monitoring for each sample location was
carried out between the hours of 8 a.m. and 5 Plrase air quality indicators were measured in ceafi
indoor environments.

Guinea Fauatonal
Biezau [Guinea

S, %
Swaciland
@ 1 800-Countrias com *Lesotho

Fig. 1. Map of Africa showing Nigeria and the locabn of the University of Lagos
(Adeniran et al., 2017)

The sedimentation technique, using open Petri djstentaining different culture media, was used
(Augustowska and Dutkiewicz, 2006). Three platesaifth medium were distributed at different parts of
each examined room. The samplings were done bettheechours of 8 a.m. and 5 p.m. The sampling
height was approximated to the human breathing gbne above the floor) and at the centre of themoo
The plates containing the culture media (blood agat sabouraud dextrose agar) were exposed and
allowed to stay for 15 minutes, after which thetgdawere covered and transferred to the microbjolog
laboratory for incubation. The blood agar platesenacubated at 37°C for 24 hours while the salwrau
dextrose agar plates were incubated for 3 day84.2The total numbers of colony forming units {cfu
were enumerated. The identification of the isolawess done according to standard procedures
(Cheesebrough, 1991; Rajash and Rattan, 2008).

Statistical analysisThe data were subjected to analysis of varianceQ¥N) and the mean values
were defined, using Duncan multiple range tespai€raphPad with significant p value set at <0T0&®
data were presented as tables and charts usingdditiExcel.

Results and discussionThe mean temperature and relative humidity acrbesvarious indoor
environments in the University is shown in FigurdfBe Dean’s Office in the Faculty of Social Sciesic
had the lowest temperature of 20.00+0.00°C whitelétture theatre of the Faculty of Engineering had
the highest temperature of 31.00+£0.00°C. Out ottadl four sampling points in each Faculty, only the
temperature of the Dean’s Office was below the Wa#&hdard of 22.5-25.5°C while all others exceeded
it. The lecture theater in the Faculty of Sciened the highest relative humidity value (96.00+0.01%
while the Dean'’s Office in the Faculty of Law hdx towest humidity value (49.00+0.01%). Most of the
sampling points exceeded the WHO Ilimit of <70% fodoor relative humidity. The very low
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temperature recorded in virtually all the offic&eéns’ Offices) can be attributed to the constaet af
air-conditioning systems in those rooms. The rdasudiso similar to the study carried out by Juratial.
(2014) in which air-conditioned rooms had lower pemature and relative humidity in comparison with
naturally ventilated rooms. There was no signiftadifference at (P>0.05) in relative humidity frdire
different sampling points irrespective of the fdiag.

120,0
100,0

W Sciences
80,0 W Arts

® Engineering
60,0

M Law

M Bs Administration
10,0

m Education
20,0 W Envt Science

W Social Science
0,0

Rel. Hum| Temp |Rel.Hum| Temp |Rel.Hum| Temp |Rel.Hum| Temp

Fig. 2. Temperature (°C) and relative humidity (%)in the sampling locations(DO — Dean’s Office;
LT — Lecture theatre; L/W — Laboratory/Workshop; RIRestroom)

The result of the noise level in the sampled Ursitgrrooms is shown in Figure 3. It ranged from
61.60+0.05 to 84.10+0.01 dBA. The noise level igajhigh in almost all sampling points especiafly i
the workshops, yet there was no significant difieee(P>0.05) across all the indoor sampling pants
WHO limit. The overall mean of the noise level sleomthat the lecture theatre had the highest noise
level, and this can be attributed to the fact thatclasses are quite large and are used by &saidents,
especially the first year students, whose popuiaifousually the largest in the school. Also, publi
address system is mostly used to ensure the ledtuneard. The Dean’s Office had the least measeno
level of 70.64 dBA. The result is in line with augdy carried out by Rasool et al., 2016, in whicé th
indoor noise level in the institution ranged betwéé&.37 dBA and 75.37 dBA during the noon time.

90
20
70
G0
50
40
30
20
10

MW Dean’s office
M Lecture Theatre

W Lab/Workshop

M Restroom

Fig. 3. Mean noise level (dBA) recorded indoors dhe University of Lagos

The laboratory in the Faculty of Education had tiighest level of PM2.5 (25.0£0.50 pg/md),
although the value ranged between 4.0+0.01-25.0+&/'m3 (Table 1). The Faculty Of Education
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recorded the highest overall mean of 15.75 pg/nife highest value recorded for PM10 was
47+0.01 pg/m3 in the laboratory at the Faculty ofu&tion while the range was between 8.0+0.05—
47.0+£0.01 pg/me. Despite the high variation in PSMand PM10 across all the indoor sampling points,
there were no significant differences (P>0.05). filghest overall mean PM10 level of 32.5 pg/m3 was
recorded in the laboratory at the Faculty of EdiocatAll the recorded values were below the WHOItim
of 150 pg/m3. Cao et al. (2005) and Klinmalee ef28i09) reported PM2.5 levels in rural homes and
classrooms, averaged at 2§'/m3, respectively, which were also in the samgeasf our study. The level
recorded by Molnar et al. (2007) in high schookstaoms in Stockholm, Swedeny@&m?) is lower than
the level found in our study. The results also dbaorroborate that of the findings of Liu et &004)
which clearly showed wide variability within indoB®M10 and PM2.5 concentrations which are higher in
restaurants, dormitories, and classrooms, rathem th supermarkets, computer rooms, offices, and
libraries (PM10 and PM2.5 ranging, respectivelpnir373.8ug/m3 and 136.ug/m3 and 5.6ug/m3 in
libraries).

Table 1
Indoor particulate matter (PM 2.5 and PM 10) for the various sampling points (ug/m3)
Faculties DO LT LW RR
PM2s PM 10 PM2s PMi | PMas | PMy | PM3s | PMyo
Sciences 50001 1101001 801001 16.040.15+100 18.0+0.01 8.0+0.01| 16.0:0.01
Arts 6.0:001 | 1101001 40001 80+0.02 7.0+0.09.0:0.05 6.0+0.01| 11.0+0.01
Engineering 80+0.01| 1601002 9.0+001 14.0+0.00+001| 15.0+0.01 8.0+0.01| 15.0+0.05
Law 701001 | 140+001 6.0+0.01 11.0+0/01 - - 5@+ 10.0+0.05
Business 4.0+001 901002 501001 120001 - - 4.0+0.010+305
Administration
Education 16.0+0.01] 36.0:0.01 12.0+050 26.0+0.(H0+.50 47.0+0.01] 10.0+0.01f 21.0+0.01
Envt Sciences 6.0:001 130+001 7.0+001 13.0#082+0.01| 15.0+0.056.0+0.01| 14.0+0.01
Social Sciences 50:001 10040001 40+001 9000 - - 6.0:0.01] 14.0:0.01

(DO — Dean’s office, LT — Lecture Theatre, L/W bh&atory/Workshop, RR — Restroom)

Most of the values recorded for sulphur dioxide {S&ere 0 ppm, however, the highest value of
0.4 ppm (Table 2) was recorded in the laboratoryhat Faculty of Education which is above the
recommended limit of 0.1 ppm (WHO, 2010). Commomrses of sulphur dioxide in offices or
classrooms can include tobacco smoke or automekitaust from car parks close to the office building
Sulphur dioxide affects human health when it isabred in. It irritates the nose, throat and airways
causing coughing, wheezing, or a tight feeling atbuhe chest. It is usually more severe in the
individuals suffering from asthma or similar comafits (Njoku et al., 2016). The long-term exposure t
even low levels of sulphur dioxide can cause lumgcfion to deteriorate, aggravate the existing thear
disease and increase complications for people agitihima.

Table 2
Sulphur dioxide (SO,) level recorded in University rooms (ppm)

Faculties Dean’s Officg Lecture Theatre Lab/Workshg Restroom
Sciences 0.00 0.00 0.00 0.00
Arts 0.00 0.00 0.00 0.00
Engineering 0.00 0.00 0.00 0.00
Law 0.10 0.00 - 0.00
Business Administration 0.00 0.00 - 0.00
Education 0.10 0.00 0.40 0.00
Envt Sciences 0.00 0.00 0.00 0.00
Social Sciences 0.00 0.00 - 0.00

The absence of carbon monoxide (CO), hydrogen wdp{thS) and nitrogen oxide (N{pwas

recorded in all the sampling locations. The onlywarbon monoxide can be introduced into the indoor
environment is through the infiltration of carbomoxide from the outdoor environment. This indisate
that there was no infiltration of combustion gasnirthe car park into the office or classroom space.
Similar results were observed by Ismail et al. 1@0and Tse and Oguoma, (2014). The presence @f NO
will form photochemical oxidants, which may irrigathe eyes and respiratory tracts and impair human
health.
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The average levels of fungal load air observechéndifferent indoor environments are shown in
Table 3. The number of fungi in the indoor air edriwidely in the whole research period. The total
number of fungi ranged from 10.4 to 963 CFU/m3. Tdwest concentration (1.04x101 CFU/m3) was
recorded in the lecture theatre in the Faculty d&Avhile the restroom in the Faculty of Sociale®cies
had the highest concentration. There was gendrajlyer number of fungi in the restroom than intiad
other indoor environments and they were significenthe Faculty of Social Sciences. There is no
uniform international standard available on theelsvand acceptable maximum bioaerosols loads
(Jyotshna and Helmut, 2011). The work conducted MYHO expert group on the assessment of health
risks of biological agents in indoor environments Iset the guidelines of bioaerosols counts at 500
CFU/m3, if higher than this, the environment is sidered as contaminatedspergillus spp.was
observed to be the highest identified fungi (86.2%&sent indoors in various sampling points (Figje
Mold (unidentified) was recorded to be 13.77% of total sampling points in the University while
Sporothrix schenckiéccounted for 0.03% of the total fungal load. Heerethis result may be dependent
on the time of exposure of the media plates to itlumor air. Aspergillus spp.was also the most
predominant fungi in a study carried out by Agbagma Onyemaechi (2014) in a general hospital and
health centre in Rivers State. Fungal exposurereamlt in skin and breathing irritations and caerev
cause dangerous infection and toxicity (Fung anddan, 2003). Lou et al. (2012) also isolated
Penicillium, Cladosporium, Alternariaand Aspergillus in the indoor air samples from university
campuses and concluded that airborne fungi mayecausumber of allergic, inflammatory, and toxic
reactions in students. Airborne microbiota may pE@us hazards to human health.

Table 3
The average fungal load across all the sampled indorooms (CFU/m3)
Faculties Dean’s Office|  Lecture Theatne Laborattgrkshop Restroom

Sciences 2.22x10 1.41x10 2.96x10 2.00x16
Arts 1.48x16 1.04x10 7.40x10 3.70x16
Engineering 1.51x10 1.41x10 5.19x10 1.78x10
Law 1.33x16 2.73x106 NS 2.0x16
Business 8.80x10 2.00x106 NS 1.41x16
Administration

Education 1.33x10 8.89x10 1.41x16 2.00x16
Envt Sciences 8.80x10 3.00x10 1.40x16 1.63x16
Social Sciences 1.03x10 1.11x10 NS 9.63x16

SPORO, 0.03% MOLD,

Fig. 3. Distribution of fungal species identifiedm various sampling points in the University
(ASP =Aspergillus spp SPORO=Sporothrix schenckiMOLD= Unspecified mould)

The average levels of indoor bacterial loads apevshin Table 4. The number of bacteria in the
indoor air varied widely in the whole research pdriThe total number of bacteria ranged from 96.3 t
689 CFU/m3. The lowest load of bacteria (%68 CFU/m?) was recorded in the Dean’s Office at the
Faculty of Environmental Sciences. The restroorthatFaculty of Law had the highest bacterial load
(6.89%x10? CFU/m3), which was higher than the recommendedimam concentration of 500 CFU/m3
for the total fungi count (WHO, 2010; OSHA, 201The identification of bacteria from the colonies
showed that about 55% of the isolates from the §ampoints were gram positive and 45% stained as
gram negative cells. On the other hand, morphotdgstudies showed that cocci were also more
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predominant over the bacillary shape bacteria (53&%¥sus 45%) (Figure 4). Bacilli can be found in
almost every environment. They contain spores e¢hable them to survive for a long period of time in
the environment. The bacterial species isolatadisstudy are similar to those isolated by Strgjakka-
Sekulsa et al. (2007) and Vlad et al. (2013). Micganisms are well adapted to aerial transmission
through nasopharyngeal secretions and saliva diogscan easily survive dehydration; therefore, they
can be easily transmitted from one host to anofBevoks et al., 1998). Although bacteria are pdrt o
normal skin and nasal passages flora, some spemiesause a large range of illnesses from minar ski
infections (furuncles, pimples, impedigo, abscesgeéife-threatening diseases (pneumonia, meriggit
sepsis) (Kluytmans et al., 1997). Airborne micr@migms affect human health, especially generating
respiratory allergies, and infectious lung disegBeacchia et al., 2006).

Table 4
Average bacterial load across all the sampled indooooms (CFU/m3)
Faculties Dean’s office]  Lecture Theatre Lab/Worksho Restroom

Sciences 3.11x10° 44410 1.26x10 3.7x10
Arts 1.41x10° 4.88<10° 5.33x10 4.44%10
Engineering 1.04x10° 3.04x10° 4.44x10 6.51x16
Law 2.07x10° 2.22%10° - 6.89x10
Business 1.85¢10° 2.80x10° - 4.60x16
Administration

Education 4.07%10° 4.18x10 1.93x16 4.96x10
Envt Sciences 9.63<10" 4.67x10 2.96x106 4.89x10
Social Sciences 1.48<10° 4.10x16 - 1.04x16

B GPD ™ GNB/GPD GNB

0%

Fig. 4. Distribution of bacteria species identifiedn various university rooms
(GNB= Gram Negative Bacilli; GPD= Gram Positive Digocii)

Conclusions. Indoor air pollution assessment is very importastit has been linked to public
health problems. The levels of carbon monoxidepgén dioxide, hydrogen sulphide, volatile organic
compounds and particulate matter (PM2.5 and PMEB0gwll below the standard limits. Sulphur dioxide
also exceeded in some sampling points and this attaibuted to the possible infiltration of mobile
vehicle exhaust to the indoor environment. The tnafure and relative humidity recorded in the wasio
sampling points at the University were above the QViinit of 24°C and 60%, respectively. The high
relative humidity may be responsible for the preseof mould, especialbispergillus spp which was
found in the all sampling points. Studies have ghtatAspergillus sppare the indicators of moisture
in buildings that can also pose a health threghéoccupant. It is recommended that a more intense
environmental monitoring of the indoor air in thailkrsity should be carried to provide comprehemsiv
information on IAQ and the ways to improve the iodair quality and ensure safe work environment
(Indoor Air Quality Plan and Procedures) shouldb#ined.
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! Yuisepcumem Jlacoca, Axoka, Hicepia

2@edepaﬂbnuﬁ noaimexuiyHut incmumym, Inapo, Hieepis

OIIIHKA AKOCTI HOBITPS Y HPUMIIIEHHI I MIKPOBIOJIOTTYHOI UACTOTH
Y KAMIIYCI YHIBEPCUTETY JIAT'OCA, HIT'EPIA

Xopomia SKIiCTh TOBITPA Y MPUMILIEHH] MiJBUILY€E MPOAYKTHBHICTH HA POOOYOMY Micwi. 3 iHIIOTO
0OKy, ToraHa sIKiCTb IMOBITPS ¥ HpI/IMiIHeHH}IX MOXKE TIPH3BECTH IO BTpPaTH HpOI[yKTI/IBHOCTi BHACITITOK
JUCKOMDOPTY, MOTIPUICHHS CTaHy 3I0pOB’s Ta HEBHXOMYy Ha pobOTy y 3B's3Ky 3 XBOpoOow. Meroro
JIOCII/DKCHHST OYJI0 OL[HUTH SIKICT TOBITPS Y NPUMILICHHAX Yy p13HI/IX VHIBEPCUTETCHKHX OYIIBIISX,
30KkpeMa odicax, JEKIIHHUX ayauTopisx, jJabopaTopisix abo MaHCTEpHAX, a TaKOX y TPOMAaJChKUX
TyaJleTax Ha BOCHMHU (hakysbTeTaX y 3BUYANHOMY yHiBepCHTET. JIOCHI/DKCHHS IPOBOMIINCS y ABAJLSATH
JICB’SITH NPUMINICHHSX B LCHTpalbHOMY Kamimyci YHiBepcutery Jlaroca. BusHadeHO piBeHb IIymy,
PMZ2.5,PM10, BignocHy BoJjoricts 1 Temmnepatypy, CO, SQ, NOX ta M1Kp0610n0r1qHy 9UCTOTY (rpHOKH
Ta 6a1<Tep11) Mikpo06iooriuHy YUCTOTY BU3HAUYCHO 32 TOMOMOTOI0 CEAMMEHTAIIIHHOTO METOLy (BiAKPHTI
yamku [leTpi) 3 pi3sHUMH KyJIbTYpalbHIUMHU CEPEIOBUIIAMH LI BinOOpy mpo0. PiBeHb mIymMy KOTMBaBCS
Bix 61,6010 84,10nFA. PiBeHb 1iyMy TOCHTh BUCOKHH Maike Y BCIX MICISIX BiZOOpy IMpod, 0COOIHMBO B
MalCTepHsX, ofHaK He Oyno cyrreBoi pizauni (P>0,05)y Bcix Toukax Bigbopy mpol y MPUMILICHHSIX Y
nopiBHsHHI 3 HOpMamu BOO3. SQ, OyB mepeBakHO BiACYTHiH, omHak Oyio 3adhikcoOBaHO HAMBHIIEC
snadyenns 0,4 on/mitH, sike Oyno Buine, HiXk pekomenaoBana Mexa 0,1 ox/min. Pisens PM2.5konuBascs
y miamazoni Bix 4,0 o 25,0 mxr/m3, a PM10 6yB y mexax 8,0—-47,0mkr/m3. He3Bakaroun Ha BHCOKI
konuBanHg PM2.51 PM10y Bcix Toukax Big0oopy mpol y HpI/IMiH_ICHHHX He Oyno 3adikcoBaHO 3HAYHOT
pizauni (P>0,05).1Tokaznuku Oymu HIKUE MakcuMaibHOi Mexi 150 mkr/m3. 3aranbHa KOHICHTPALIist
IPHOKIB CTAHOBHIIA Bijl 10,410 963KYO/Mm>. 3aranom y Tyaseri Gyiio Ginbiie rpuOKiB, HiK y BCIX HIIEX
npuminieHHsX. Haifbbiry KOHUCHTPALIIO BUSBICHO Ha (aKyIbTETi COLIaNbHUX HayK. ['pHOKOBI 13011TH
BKJIFOYAOTh Asperglllus spp(86,2%), HeiICHTH(IKOBAHY LBLIb (13,77%)i Sporothrlx schenckiio, 03%).
3aranpHa KOHIICHTpaIlist OakTepiii konuBanacs Bin 96,3 mo 689 KYO/IM®. Haiinmxay KOHueHTpauuo
Gakrepiit (9,63x101 KYO/m3) Oyno sadikcoBaHo y nekaHaTi Ha (akyibTeTi exonorii. Y Tyamerax
CIIOCTEPITa€eThbcsl BUILA KOHueHTpaum Oakrepiit (6, 89><102KYO/M3) sIKa TIEPEBUIIYE PEKOMEHA0BaHY
MakcumanbHy Mexy 9500 KYO/M®. Inentudikanis y KONOHIsX mokasama, mo 61u3bko 55% Gymm
rpaMno3uTUBHUMH 1 45% Oy/Iu rpaMHETaTUBHUMH KITiTHHaMUA. MopghoJIoriuHi TOCTIIKEHHS TOKa3alH,
II0 KOKH TaKOXX MepeBakalli Ha/l Maandkonoaionnmu oakrepisimu (55%i 45%BinnosinHo).

Kuro4oBi cjioBa: sKicTh TOBITPS B NMPUMIIIEHHI, TPUOKH, OakTepii, IIyM, MOHOOKCH] BYTJIEITIO,
OKCHJTU a30Ty
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GREEN LIVING ROOF SIMULATION MODEL REVIEW

The integration of nature, living, organic matesjain the design of built areas and building
structure is an architectural response to the enmiental problems of dense urban areas. At the site
where green space is limited, greening the buildingelope is the solution to the issues such as hea
waves, flooding, and noise and air pollution. Tlemdfits could be predicted only by using the adeura
simulation model of this technology. The energyabak of green living roof has been researched gwou
the models developed over the years by variousatMost models have been developed and validated
with data from extensive roofs and more than 50%hefmodels have been validated using data from
warm temperate climatic zones. The ability to datee the impact of green living roofs at different
stages of their architectural design process mast importance if the incorporation of this teclogy is
planned, taking into account the impact on thedingl and the urban level.

Only five of more than twenty models have been anm@nted in the building energy simulation
programs, such as EnergyPlus, TRNSYS, ESP-r, afid Still, not all of these GLR models are part of
the software’s official release. The largest ddfezes between the models were in the ways each mass
and heat transfer phenomenon was considered. Tkeofaappropriate and easy-to-use building energy
simulation that integrates GLR models complicates @valuation of the green roof performance at the
early stages of the building design process owffténization of the green roof design at this stagd
assessment of the impact on the building and tharutevel. The validations of these models dified a
do not follow any particular protocol or standddshfortunately, no study has reported the wholedng
energy data to evaluate the impacts of green liviregs on the energy consumption of buildings aod n
study has compared and validated more than onelrabddime. Consequently, it is difficult to evata
which model is more accurate in terms of the actnargy performance of buildings.

Keywords: green roof, simulation, model, building.

Introduction. Living architecture is the integration of the hg, organic systems characterized by
green walls and green roofs, with the inorganic léetéss structures that have come to dominateemod
architecture. Green roof technology, as an ardhitat tool, originated in Germany in the 1880s,
although, the history of green roof in the formrobf gardens started in Babylon around 500 B.C.
Germany is regarded as the world leader in the @ymmnt of green roof strategy with the greenesfsroo
in the world and as the country with the most adeanknowledge in modern living roof technology.
Green-roof coverage in Germany alone now increbgespproximately 13.5 million square meters per
year. According to the latest studies conductedrBB (Fachvereinigung Bauwerksbegriinung), 80% of
implemented green roofs are extensive type. Acogrth ADIVET (French association of green roofing
companies), from 100,000 m? to 1,000,000 m? of greefs have been implemented yearly in France for
the past ten years. Green roofs in London covep ®30only in the Greater London area. In the US,
Chicago is a leading city in green roofs technolagth more than 50,000 m2 of installed vegetativefs
only in 2008. In Canada, the city of Toronto apmavthe by-law mandating of green roofs on residénti
and industrial buildings. From February 1, 2010March 1, 2015, 260 green roofs were created in
Toronto, consisting of 196,000 m2 of green roofaar®erbia and the surrounding countries are late in
practical work as well as research due to the canstfrom infrastructure investment, lack of redav
laws, regulations and national policies conceriirgggreen roof strategy.

There has been a substantial development in degigamd constructing green vegetated roofs.
Green roofs offer several substantial benefitsomarison to conventional roofs. Recent papers affe
complete review of the main environmental bendfist green roofs can achieve, such as providing
reduction in stormwater runoff and improving storater quality, reducing interior noise levels, redgc
dust and air pollution levels, increasing thernféitiency. Depending on the types of plants andssai
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green roof can provide the natural habitat for ahsninsects and plants and can increase the lpisily
of the urban area and, at the city level, contgliatthe mitigation of the urban heat island effégt

Results and discussionThere are two main classifications of green roBfgensive Green Roofs
(EGR) and Intensive Green Roofs (IGR). Each systedefined primarily by the depth of the growth
media, but also by the variety and type of vegetatin the recent literature, Semi-intensive GrBeof
occurs as a hybrid system, composed of both Extersid Intensive Green Roof characteristics.

Extensive Green Roofs (EGHxtensive Green Roofs are lightweight structureth vai thinner
substrate and feature succulent plants like sedbatscan survive in harsh conditions. They are used
mostly for environmental benefit, require little im@nance once they are established and are gneral
cost effective, particularly in commercial and paltduildings with long life spans.

Intensive Green Roofs (IGRhtensive Green Roofs allow a great variety of s@md sizes of
plants, such as shrubs and small trees, but hayeeminitial costs. A thicker soil layer should be
considered as a landscape with plants found insparid gardens and requires irrigation during dry
periods. The thicker soil requires greater stradtgupport for intensive roofs, than for the exiems
ones.

Green Living Roof (GRL) assembligreen roof construction mimics in a few centimetefsat
normal soil does in a couple meters, as shown gn Ei The green roof accomplishes natural balance
through several layers.

WNATURE GREEM ROOF

Fig. 1. Green roof systems mimics the natural sdiyers

Three main components of the model of the greeetaded roof are:

1) The Structural Support includes all the layers leetwthe inner plaster and the root barrier;

2) The Soil Layer, also called substrate, growth mmdar engineered soil, is a complex with the
solid phase (organic and mineral material), thaifigphase (water) and the gaseous phase (water vapo
and air). Engineered soil is a substitution fondtd landscaping soil or loam containing a spedifatio
of the organic and inorganic material. When appgy@dreen Living Roofs to existing buildings, the
growth media must be designed with consideratiadth®load capacity of the roof structure.

3) The Foliage Layer (vegetation canopy) is compoddbeoleafs and the air within the leafs and
depends on the plant selection. The plant's arctute, such as leaf size, shape and coverage, and
physiology, for example, transpiration tendencied, affect the roof's performance and its tolerario
drought, wind, light, shade, and pollutants. Theect®n criteria of the plants should be performed
according to the particular GLR application withcagnt of the climate conditions and maintenance
requirements of the plants.

Several more layers could be present, dependirits @omplexity. As a part of structural support,
besides slab, we can identify:

1) Insulation Board. The insulation in a GLR systemuiees sufficient compressive strength to
support the weight of the full saturated soil andtew storage, hardscape materials, live loads and
environmental loads.
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2) Protection Board. It is required as fire separatamd protection between the selected
waterproofing membrane and insulation board.

3) Waterproofing Membrane. Fluid-applied asphalt-baseeimbranes, torch-applied bitumen
membranes, thermoplastic (PVC or TPO) single-plynim@&nes, or thermoset polymer-based (EPDM)
single-ply membranes could be installed in the GisBembly.

4) Root Barriers are commonly made of thermoplasteeshsuch as PVC, TPO or polyethylene.
Asphalt-based and bituminous membranes and matenalsubject to attack and premature degradation
from soil-borne microbial activity; therefore, robarriers are necessary to protect these wateipgoof
materials and eliminate the risk of root penetratitio the waterproofing membrane.

5) Drainage Panel has the function to expel excessniram the roof during rain periods, which
can easily pass underneath it away and down tHedram. It also serves as water storage for th&@GL
during dry periods, providing water for the uppeydrs in relatively small space and with light weidt
can be manufactured from a variety of materialsluding hard plastic, polystyrene, and foam, or enad
from free-draining materials, such as gravel.

6) Filter Fabric is a woven or non-woven geotextileiakh provides protection against the
accumulation of fine soil in the drainage pathsueimg the long-term efficiency of the drainageciay

7) Moisture Retention Mat performs the dual functiofisetaining water to provide moisture for
the growing media and the plants and protectingaiigrproof membrane during and after construction.
This layer is very often made of recycled polypiepy fibers stitched to a thermoplastic fabric shee
such as polyethylene.

The accurate and validated heat and mass transfdelsnare crucial to evaluate the energy
performance of buildings. In most studies the aredyFoliage Layer design parameters were the height
of plants, the leaf area index (LAl), leaf refledty, leaf emissivity and stomata resistance arg th
analyzed thermal properties of the Soil Layer wiiekness, density, thermal conductivity, and heat
capacity. The numerical and field studies showed Ttnermal insulation also plays an important inle
the performance of vegetated roofs.

Green Living Roof (GRL) numerical heat and masadfer simulation model84any green living
roof simulation models have been developed durrgglast 35 years. Most of the models have been
developed during the last decade. General assumsgtiave been applied to most of the reviewed mpdels
for example:

1) Horizontal heat and mass transfer are negligible.

2) Plants and substrate of the vegetated roofs arzombally homogeneous.

3) Volumetric water content within the substrate isnogeneous.

4) Green roof substrate is completely covered by plant

5) Conductive heat transfer in plants is negligible.

6) Photosynthesis of the plant results in negligildatHluxes.

7) Air beneath the stomata is saturated.

More than 20 models could be found in the currgetdture. Nevertheless, only a few numerical
heat and mass transfer green roof models have ibg#emented in actual energy building simulation
tools. There are four building energy simulationgiaes that include green living roof models:
EnergyPlus, TRNSYS, ESP-r and MIT Design Advisor.

EnergyPlus is an energy analysis and thermal ldadlation program that has its roots in two
other simulation programs, both written in Fortr@l:AST (Building Loads Analysis and System
Thermodynamics) and DOE-2, developed by the U.pabDment of Energy. The GRL model developed
by Sailor [2] is implemented in the official versi@f the software. Moreover, the model from Tabares
Velasco et al. [3] has been implemented, but iseedily not part of the official release version.

The energy balance of the green roof is dominatedatiative forcing from the sun. This solar
radiation is balanced by the sensible (convectsorg latent (evaporative) heat flux from soil andnpl
surfaces combined with the conduction of heat fhéosoil substrate and long-wave (thermal) radiatiio
and from the soil and leaf surfaces. Sailors [Zrgy budget analysis follows the fast all seasdh so
strength (FASST) model developed by Frankenstainkaenig [4] for the US Army Corps of Engineers.
The energy budget was divided into a budget forftiiage layerF (1) and a budget for the ground
surfaceF, (2).

Fr = o7 [L(1—a7) + epliy — gpoTF ]+ 22 (10 - T8) + Hy + 1, 1)
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B =(1— o )[L(1— o) + gl — &, TE+ LEL (T4~ T 4 Hy + L, + K x 22, ()

whereg; — fractional vegetation coverage; — net heat flux to foliage layer [W/m3; — total incoming

short-wave radiationy; — albedo of the canopy; — albedo of ground surfacg,— emissivity of canopy;
&g — emissivity of the ground surfack; — total incoming long-wave radiatioii; — foliage temperature
[°C]; o — Stefan-Boltzmann constaffi; — ground surface temperature [°El};— foliage sensible heat flux
[W/m2]; Hy — ground sensible heat flux [W/mil; — foliage latent heat flux [W/m?],4 — ground latent
heat flux [W/mZ].

Complex Tabares-Velasco model is given in Fig 2.

A proposed green roof model was validated usingjtiesi-steady state experimental data. All heat
fluxes in GLR system were supposed to be interattiedeand dependent on each other, hence the model
considered heat and mass transfer processes bethweeky, plants, and substrate. Several different
models were calculated: substrate thermal condtytithe substrate and plants evapotranspiration,
radiative heat transfer between the plants andrsibsand convection heat and mass transfer.

GRL model [5] integrated in TRNSYS is not part loé tofficial TRNSYS package/type, but it was
validated with the field data for vegetated walisl @oofs in mock-up buildings. The mathematical eipd
describing energy balance across the green roafpased on the model of Frankenstein and Koenig [4]
and Sailor [2]. Water balance was introduced thhotige term of thermal conductivity, which was not
taken into account in the previous model.

The equation describing the mass transfer of wsaiter

~ B Oy %
"M e [qu_r, 3z DM’] ' 3)

whereC,, is the capillary capacity of the saoi, is the matrix potential of water in the soil (rd),, and
D, are respectively the water conductivity (liquiddavapor) and liquid water related to the potential
gradient (m s-1).

ESP-r is an open-source building energy programnoonty used in Europe, in which two green
roof models are adopted [6, 7]. Currently simulatidomains include thermal exchanges, moisture
transfer, and air flows within and across zonesAB\plants, electrical distribution, and piping netks.
The building geometry, fabric and zones are repteseby control volumes. The statement of energy
balance for the rooftop layer was expressed ingesfrseven energy fluxes and the heat capacitieof t
roof layer was given as [6]:

dT,

roof layer average

SV\éown - SV\Gp + I-V\Idown - LWup - Qconvection_ Qconduction_ Qlatent = Croof dt ' (4)

whereSW LW, Qgonvection Qeonduction Qiatent r€fer to shortwave, longwave, convection, conawchieat flow
(into or from the room below) and latent heat tpaomg respectively.

The method in [7] used for the development of gnexxi model involved dividing the green roof
elements into control volumes and identifying tlewveyning thermal and moisture exchange equations.
These equations were further turned into a setinoé-tliscretized equations which were solved for
successive time steps. The control volume equatimre combined and the matrix of linear equations
was formed for facilitating the simultaneous sofyiior state variables. The time varying coefficgent
these matrix equations were defined in terms ofntiaé and moisture-related properties of various
elements of the green roof.

MIT Design Advisor, an early-stage building desfgogram, has a GLR model developed by Ray
and Glicksman [8]. The assumed energy balanceh®rgteen roof with insulation under the slab is
shown in Fig. 3.

They took into consideration the convectite, shortwave radiatiorig(1-p)(1-z), and longwave
radiation,q;, veq, heat transfer between the vegetation and envieohmand a latert,., as well. The only
interaction between the vegetation and soil is@asslito take place through longwave radiat@oi-veg
although the soil interacts with the environmentrégeiving incident solar radiatidg(1-p)zs as well as
by exchanging longwave radiation;, s,;. Heat is conducted through the soil, slab, andlat®n,
denotedgconquct@nd convectionH,,om and raditationg; .om as heat transfer to the room. The green roof
model was validated by both the University of Kalmel FSEC studies.
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H q L
S Yeq inveg veq

room ir,room

Fig. 3 Green roof energy balance. All terms shownra energy fluxes[8]

Conclusions.Only five of more than twenty models have beenl@m@nted in the building energy
simulation programs, such as EnergyPlus, TRNSY®-E&nd MIT. Still, not all of these GLR models
are part of the software’s official release. Theydst differences between the models were in theswa
each mass and heat transfer phenomenon was catsidEne lack of appropriate and easy-to-use
building energy simulation that integrates GLR medeomplicates the evaluation of the green roof
performance at the early stages of the buildinggdgsrocess or the optimization of the green raesfign
at this stage and assessment of the impact onuildinyg and the urban level. The validations ofsihe
models differ and do not follow any particular ool or standard. Unfortunately, no study has regplor
the whole-building energy data to evaluate the ittgpaf green living roofs on the energy consumption
of buildings and no study has compared and valktiatere than one model at a time. Consequentlg, it i
difficult to evaluate which model is more accuriastéerms of the actual energy performance of bogdi

. 5 1 1
. Jumumpiceuu Hosanosuu™, I1. 7ZKuekosuu-,
1 1

O. Aneecoku, M. Bykuu-,

1 3 2

I'. Momuunosuu, /I. Hosanoeuy

llﬂﬂoeauiﬁnuﬁ YeHmp nepeodosux mexHoaozii,
Yuieepcumem Hiw, Hiu, Cepbis
2K0MyHaJ1bHe nionpuemcmso “Waterworks”, Jleckosay, Cep6is

OTJIST IMITAIIITHOT MOJIEJI 3EJIEHOTO IAXY

[aTeTrpartis npupoau, )KUBHUX, OPTaHIIHUX MaTEepialliB, IPH MPOEKTYBaHHI 320y I0BaHUX TEPUTOPIH i
OymiBebHUX KOHCTPYKLIH € apXiTeKTypHOIO BiAMOBIIAI0 HA EKOJOTiIYHI MPOOJIEMU TyCTOHACENCHHX
MICBKUX TepuTopiii. Ha Micmi, me oOMexeHi 3elIeHI Haca/PKeHHS, O3CJICHCHHS 30BHINTHHOI 000JIOHKH
OyxiBii € BHUpIMICHHSIM TaKWX MUTaHb, K TEIUIOBI XBHJIi, 3aTOIUICHHS, IIyM 1 3a0pyIHEHHS MOBITPA.
IlepeBaru 1i€i TexHOJOTII MOXXHa IEepeAOAYNTH JIUIIE 3a JTOIMOMOTOI0 TOYHOI IMITAIIMHOI MOJIETI.
Eneprernunmii OamaHC 3e€JI€HOTO Jaxy MOCTIKEHO Kpi3h NMPHU3MY MoJelield, po3poONeHUX pPi3HUMHU
aBTOpPaMH TPOTATOM OaraThbOoX pOKiB. BuUTBIIiCTE MoOzene po3po0ICHO Ta MATBEPIHKCHO TaHUMH 3
eKCTCHCUBHHX J1axiB, 1 Oinbin Hixk 50% Moseneil mepeBipeHoO 3 BUKOPUCTAHHSIM JaHUX 3 TIOMipHO-TEIUINX
KJIIMaTHYHUX 30H. MOXJIMBICTP BHM3HA4YEHHS BIUIMBY 3€JICHHX [axiB Ha PI3HUX eTamax iXHbOro
apXiTEeKTYpHOTO TIPOEKTYBAaHHA Ma€ HaWOIIbINEe 3HAYCHHS, SKIO 3aCTOCYBAaHHS IIi€i TEXHOJOTIl
3aIJIaHOBAHO 3 ypaxyBaHHSM ii BIUTMBY Ha OyiBIIIO 1 MiCHKHIA PiBEHB.

Jlume ATk 3 ORI HDK ABAAIATH MOJENEH Oyso peani3oBaHO Yy TpOrpaMax MOJICTIOBAHHS
eHeprocrnoxxuBanus Oymieii, Takux sk EnergyPlus, TRNSYS, ESA-MIT. TIpote He Bci 3 1ux Mojeneit
3€JICHOT0 JIaXy € YaCTHHOI OQILIHHOr0 BUITYCKY MPOrpaMHOro 3abesrnedeHHs. HaiOinbimi BiAMIHHOCTI
MK MOJEISAMH HOJSITAIN Yy TOMY, SIK OyJIO PO3IIISIHYTO KOKHE SIBHIIE TEIUIO- 1 MacooOMiHy. BigcyTHicTb
HAJI)KHOTO Ta MPOCTOr0 Y BUKOPUCTAHHI MOJENIOBAHHA EHEPrOoCHOXKMBaHHS OyHiBIi, IIO IHTETrpye
MOJIEIl 3€JICHOr0 [1axXy, YCKJIAJHIOE€ OIMIHKY e€()EeKTHBHOCTI 3€JICHOr0 JaXy Ha paHHIX eTamax Mpolecy
NPOEKTYBaHHs OyniBii a00 ONTHUMI3aLiI0 MPOEKTY 3€JICHOTr0 Jaxy Ha LbOMY €Talli Ta OLiHKY BIUIUBY Ha
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OynmiBmio Ha piBHI MicTta. [linTBep/KEHHS ITUX Moiernei Bi,Z[pi3H}IIOTBC}I 1 HEe BIAMOBITAIOTH TICBHOMY

IPOTOKOITY abo crannapry. Ha xaib, y )0XHOMY JOCIIUKCHHI HeMa 1HQOpMalii IpOo eHepreTHyHi JaHi

uinoi OymiBml JUIs OUIHKM BIUIMBY 3CJICHMX JaXiB Ha CHEPrOCIOXUBAHHs OyJiBEIb, y JKOLXHOMY

JOCITIJDKEHHI He 3/1iCHEHO MOPIBHSAHHS 1 HE MiJTBEPIHKCHO OLIbIIE HiXK OJJHY MOZETh 32 oauH pa3. OTxe,

Ba)KKO OLIIHUTH, sIKa MOJIEIb O1bIII TOUYHA Y KOHTEKCT] pealibHOI €HePreTHYHO1 €(h)eKTUBHOCTI OyAiBEIb.
Kuarouogi ciioBa: 3eneHwmii qax, iMiTaliliHe MOJICITFOBaHHS, MOJICIIb, Oy IiBHHUIITBO.
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leano-Ppankiscbkuii HAYIOHATLHUU
mexHIYHULl yHisepcumem Hagpmu i 2asy

ITPOBJIEMHU TYPUCTHYHOI'O PECYPCOKOPUCTYBAHHSA B I'TPCBbKHUX
OB’ €THAHUX TEPUTOPIAJIbHUX TPOMAJIAX IBAHO-®PAHKIBCHKOI
OBJIACTI

Y crarTi pO3TJISHYTO OCHOBHI HAIPSMH PECYPCOKOPHUCTYBAaHHS B TIPCBKUX 00’ €THAHUX
TEepUTOpiabHUX Tpomanax IBaHo-®pankiBcbkoi obOmacti. Typusm cepen ramysell € NpiOPUTETHUM,
OCKUTBKHM MOXE ONMPATUCh HA MOTYKHUU TMPUPOTHHUMN Ta 1CTOPUKO-KYIBTYPHUHN MOTEHINAN y ITOETHAHHI
31 30epeXCHUMH E€THIYHUMH TPAAMLISMH Ta TPAAWULIMHUMH MPOMHCIAMU B JOCITiIKYBaHOMY DPETiOHI.
JocmimkeHo cyJacHWM cTaH Ta TmpoOieMu jgemneHtpamizaiii B Ykpaini. OpHiero 3 mpoOiem
HOBOCTBOPEHHUX MICIIEBUX TEPUTOPIATLHUX TPOMAJl € BIACYTHICTH METOMOJIOTIYHOTO IHCTPYMEHTApPItO
KOMIUIGKCHOTO BUKOPHCTAaHHS TYPUCTUYHOTO TMOTCHINAy TEPUTOPiii. ABTOpaMH 3ampONOHOBAHO
anroput™ (QOpPMYBaHHS TPOCKTHUX TNPOIMO3UINKA WIOAO0 PO3BUTKY TYypU3MY B MEXKaxX MICIICBHX
TEPUTOPIATHHUX TPOMaJ]. PO3BUTOK Typu3My CYIPOBOKYETHCS BUHUKHECHHSM HOBHX EKOJIOTIYHHX
3arpo3 y Mekax TYPHCTHYHHUX JCCTHHAIl. ABTOpaMu IIPOaHajIi30BaHi 0COOJMBOCTI BIUTMBY TYPU3MY Ha
JIOBKIJUTL B TIPCBKUX 00’ €JHAHUX TEPUTOpiadbHUX rpoManax. OCHOBHMMH BIUIMBAMH Ha JOBKiJLIS
TYPUCTHYHUX [ECTHHALIM € 3MiHM IEPBUHHUX JaHAmAa(TIB, 3a0pyaHEHHS BOIH, 3a0pyJIHEHHS
atMoc(epHOro TOBITPs, MOBOPKCHHS 3 BiAXomaMHu. Y CTaTTi JMOCIIIPKEHO MPOOJIeMy TMOBOJDKCHHS 3
BiZIXOJIJaMH B TiPCHKUX TYPUCTHYHMX NECTHHAILIAX. Y TOCKOHAJIEHO METOJ PO3PaXyHKY OOCSTY BiIXOIiB,
3reHepOBaHOT0 TYPUCTAMHU Ta €KCKypCAHTAMH B MEXaX TYPHCTHUYHHX JeCTHHAaIii. Po3paxoBani oOcsru
BiXOMiB, 3reHepoBaHi Typucrtamu Ta ekckypcantamu B OTI ripcekux paiioHiB IBano-®pankiBchKOI
00acTi, MATBEPPKYIOTh HAsSBHICTH BIUIMBY TYPHCTIB Ha mpoOiemy BimxomiB y mexax OTI. Cepen
npoananizoBanux OTI mpoOnema yTBOpEHHS BIAXOIIB TYPHCTAMHU Ta €KCKYpCAHTAMH TPOSBISIETHCS B
OTT Spemuancekoi micekoi paau, OTI" JlommHCchKOTO Ta Koomuiickkoro paiioHiB. BHCOKI MOKa3HUKH
YTBOPCHHS BIIXOIB TYpUCTAaMH Ta EKCKypCaHTaMHu ¢ Oifbllle YCKIQJHIOITH MPOOJIEeMYy CHCTEMH
MOBOJDKCHHSL 3 BIIXOJaMmu, sika IUIaHyBalach Oe3 ypaxyBaHHS MOJIMBOI'O BIUIMBY TypHUCTiB. Taka
oOcTaBuHA aKkTyajizye mpobieMy (GopMyBaHHS IpOTrpaM YIPAaBIiHHS BIIXOJaMH B MeXax 00’ €IHAHUX
TEPUTOPIATHHUX TPOMAJ. 3alpONMOHOBAHO METOJOJOTIYHI MiAXOAM IMOA0 (OPMYBaHHS Mporpam
MOBOJKEHHS 3 Bigxomamu B mexax OTI .

KawuoBi cioBa: nenenrpanizanis, o0 egnani TeputopianeHi rpomagu (OTI), 36anancoBanumit
PO3BHUTOK TPOMAaJI, TYPHU3M, YIIPaBIiHHSA TOOYTOBUMH BiAXOdaMH.

[ocTranoBka mpo6aemu. (i ripcebkux TepUTOpiasibHUX rpoman [BaHo-®PpaHKiBcbkoi obnacti
MEPCIICKTHBHUMH TaITy3sIMH FOCIIOJIAPCTBA € JIICOBE TOCMOJAPCTBO Ta IMepepodKa JIicy, TYPH3M, PO3BUTOK
1 po30ymoBa iH(OPACTPYKTYpH, HAacaMIIEpPel TPAHCIOPTHOI, JOPOKHBOI Ta KOMYHIKAI[IHHOI; PO3BHTOK
HAYKOMICTKHX, €HEProOIaJHUX, BHCOKOTEXHOJOTIYHUX Ta €KO(IIFHUX BHPOOHMUITB, IO BUMAararoTh
€KOJIOTIYHO YHCTOTO CEPeJOBUINA, PO3BUTOK TPATULIMHOTO TiPCBKOTO CiJIBCHKOTO TOCIONAPCTBA;
BIIPOJDKEHHST Ta PO3BHTOK TPATUIIHHUX TPOMHUCIIB 1 pemecell. [loTyKHUH TPUPOTHUN Ta 1CTOPUKO-
KyJIbTypHUN moTeHMmian [lpukaprmarrts y moemHaHHI 31 30epeKCHUMH CTHIYHMMH TPATUIlIIMHA Ta
TpaguLiHHUMH POMHUCTaMU chopMyBaiu 0azy pO3BUTKY TypuU3My B perioHi. OKpiM LbOro, TypUCTHYHA
raixy3b He TOTpelye 3HAYHUX KalliTAIOBKIIAJCHb Ta Ma€ IIBUAKI TEPMIHH OKYITHOCTI ITPOEKTIB B YMOBaX
CTiikoi pguHaMikd Tamy3i. lle yCBIZOMITIOIOTH KEPIBHHUKH MICIIEBHX TEPUTOpIaJbHUX TpoMaj,
MPOTOJIOUTYIOYH TYPHU3M SK MPIOPUTETHY Taly3b PO3BUTKY. SIK MOKa3ye JOCBif CIIBIpaLi 3 MiCIIEBUMH
TEPUTOPiaJIbHUMU TpoMaJaMH B Taly3i TypU3MY, BOHH MOTpPeOyIOTh AOCHiIPKEHHS peKpeamiiHo-
typuctuuHoro mnorteniiany OTI, ¢opmyBaHHS IHBECTHUIIHHUX IPOMO3MIIH PO3BUTKY OKPEMHX BH/IIB
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Typusmy Ha Teputopisx OTI, mpoekTiB IIaHyBaJILHOI OpraHi3ailii pekpeamiiHuX Ta MapKOBUX 30H,
CTBOPEHHS TIPOrpaMH TMPOCYBaHHS MiCIEBOIO TYPHCTHYHOTO MPOAYKTY HA PHHKY TOCIYT TYPH3MY,
¢dopmyBaHHA 0a3 JaHUX PECYpPCHOro MOTEHHiany Ta iHQPACTPYKTYPHOI CKIaJ0BOI PO3BHTKY TYPH3MY,
MPOEKTIB yJOCKOHAJICHHS TypUCTUUHOI iH(pacTpykTypu Teputopii OTI, cTBOpeHHS eKCKypCiHHHX
nporpam y Mexkax OTI, KOHCyNbTyBaHHS WIOJO MOXIMBOCTI PO3BUTKY CIUTBCHKOTO TYpH3My Ha
teputopisx OTT.

AHaJni3 octaHHiX gocaizxens i myouaikaniii. [Tutanasam nenenTtpanizanii B YKpaiHi ocTaHHI pOKH
MPUIIIISAETHCS MigBUINCHA yBara. 1iif peopmi mpuCBIYCHA BETHKA KIJTBKICTh POOIT BITYM3HIHUX YUCHUX.
HaiiGinemr Bimomi mparti Bosmsk I'. B., Jlyminoi 1. O.; ®demopenko lO. 1., Baiimypatoa M. O.,
Kacuu A. O., Xangiit O. O., B IKHX BHCBITJICH] 3arajbHi aclieKTH Ta MpoOiIeMu yrpoBaJKeHHs peopMu
MicIeBOro caMoBpsimyBaHHs. ChOTOAHI HampanbOBaHA JOCTAaTHS HAayKOBa OCHOBA INOJIO IMPaBOBHX i
(hiHAaHCOBHX aCHEKTIB JCIeHTpali3amii Biaau B Ykpaini y nparsgx [amymak O. 1., Kamiacekoi H. B.,
Kapuescbkoi 1. O., Jlerkoctyn I.1., Mommosan O.O., Kapa6in T.O., Xaminiu C.H. Ta in.
MixHapomHuii J0CBiJ JeleHTpaiizamii BHCBITIEHO B mpansx bormapenko A.l., 'mmmiox 1. B.,
Haymenko P. A., Cyxenko B. B. Tomro.

JlocmimKeHHST €KOJIOTIYHUX aCIIeKTIB PO3BHTKY MICIIEBHX TEPUTOPIalIbHUX T'POMAJ] BU3HAYAETHCS
HAYKOBOIO CIIIIBHOTOIO SIK HOBHH HamNpsM AOCHipKeHb. Bkpail Maio Takok HayKOBUX IyOmikamii, 1o
BUCBITIIIOIOTH €KOJIOTIYHI HACTIAKH TYPHUCTUYHOI AistbHOCTI. LIngaxu 3a0e3neyeHHs eKoJI0riuyHoi 6e3mneKu
Y PO3BUTKY IHAYCTpil Typu3My, sSIK CKIamoBOi ii 30aJaHCOBAHOTO PO3BHUTKY, BHKJIANICHI y TMpaIsax
Bopo6itoBoi O. A., T'omog A.Il., Kopx H.B., Kymnenko B.I., Muponosa T.JI., Illapko B.B.,
Kopoo6eitaukoBoi f. C., lO. 3inpka, M. Manbcekoi, M. IBanuka, C. bnaroaupa toro.

[MoBoKeHHS 3 BiAXOJAMHM B MeEXaxX TYPUCTHYHHUX JECTHHAIINA cepell I1HIMX € HaiMeHII
JOOCTIDKEHUM HamlpsAMOM BIUIMBY. [IluTaHHSAMH mpoOJieM BiAXOMiB BIiAMOBIAHO 10 cdep IXHBOIO
YTBOpEHHs Ta (YHKUIOHYBaHHSIM CMITTE€3BAIMIN 3aiiManucs Taki BITYM3HSAHI JOCHITHHKH SIK
®emopenko O.1. (BB Bimxomie Ha moskimrt), lamina T.II., I'ybamosa O.P., Ilerpyx B.T.,
I'ypens JI. JI.  (mpobimemMu yOpaBiiHHA Ta TIOBOUKEHHS 3  Bigxomamu), MamsoBanuit M. C.,
PanoBenunk B. M., T'omenst M. [I., Kopoyr M. b. (exonoriuna Oe3neka 3BajJMIl TBEPAUX MOOYTOBHX
BiaxoxiB), OpdanoBa M. M. (eKkoJ0Tr0-TeXHOJIOTTYHI IPUHIIUITY TOBOKECHHS 3 Binxonamu), Kormroba 1. T
(yMHHUKKH ~ BIUIMBY Ha OOCSAT  yTBOPEHHS TBEpAMX MOOyTOBMX  Bimxoxis), IlymkaproBa-
Besmine T. M. (mpobiieMa MONMIUPEHHS TEPUTOPi HECAHKIIIOHOBAHWX 3BAIMIN TBEPAUX IMOOYTOBHX
BIZIXOIB Ha 3eMJIi IPHPOIHO-3AMOBITHOTO (oHIY YKpainu) Ta iH. OHAK MPAKTUYHO HE AOCIIIHKEHUMHU
3aJIMIIAOTHCS TTPOOIIEMH MTOBOKEHHS 3 BIIXOJAMHU Y MeXaX TYPUCTUIHUX JICCTUHAITIH.

Y CBITOBIf HAayKOBif CITUTBHOTI TakKi MOCHIKEHHS 3[iHCHEHO B pamkax mnporpamu OOH 3
HakoymiHboro cepenosuia (UNEP) [1],a Takox Takumu aBTopamu sik A. Holden, T. Davies, S. Cabhill
(ocHOBHI HampsiMM BIUIMBY TYpU3My Ta TOTeldbHOI iHmycTpii Ha noBkuwnt), S. Nair, C. Jayakumar
(ocobmuBOCTI yIIpaBIiHHS BiIXOJaMH y MeXax TEPUTOPil PO3BUTKY CilbechKoro Typusmy), A. Khajuria,
Y. Yamamoto,T. Morioka (@uHHMKH, 1110 BILIMBAIOTH Ha oOCsr yTBopeHHs Biaxoais), F. Mihai (rypusm
SIK JDKEPENI0 YTBOPEHHS BIIXO/IB B MICHKHX Ta CUIbCHKUX TYPHCTHYHUX AecTHHauisx) [2], J. Mateu-Sbert,
I. Ricci-Cabello, E. Villalonga-Olives, E. Cabezégbyen @uanis BBy Typu3My Ha 00CAT YTBOPEHHS
BimxoxiB) [3], C. Ezeah, J. Fazakerley, T. Byrn@dnimkenns nocsiny kpain €C y cdepi moBOmIKEHHS 3
BIZIXOZaMH B MEXaxX TEPUTOPIi PO3BUTKY Typu3My) [4], Too.

IMocranoBka 3aBaaHHsA. /leTanbHuil aHaIi3 HayKOBHX PE3yJbTaTIB y Il cdepl mokaszas, 10 y
HAYKOBHX Tpalsgx OOrOBOPEHO MHTAHHS PO3MEKYBaHHS MMOBHOBXKEHb MIX paiOHAMH, perioHamMu U
TEPUTOPIATLHUME TPOMaJiaMH, PO3TISHYTO OpraHi3alliifHO-PaBOBiI AacCIEKTH ACUEHTpaTi3allii BIaIH,
OCHOBHI TOHATTA, ii BUAW, IPUHIMIIK, MOJENi, (iHaHCOBe 3a0e3mneyueHHs npoBeAeHHs pedopm. OqHaK y
HUAX BHUCBITJICHO TEPEBAXHO TEOPETHYHI CTOPOHH TPOIECy MeleHTpamizallii B YKpaiHi, a MpakTHJHI
aCIeKTH YacTO 3aJIMIIAIOTHCS 1Mo3a yBarolo. He3Bakaiounm Ha MOBUIBHICTH MPOLECIB JeLEHTpaizalii,
IIOMICALS 3’ SIBJISIOTHCS HOBI TPUKJIAJA BIPOBAKCHHS €JICMCHTIB JICIICHTpaIi3allii Ta BHHUKAIOTh HOBI
MpoOJIEMHU BTIJICHHS B XKUTTS JIEPXKABHOTO COIIAIbHO-EKOHOMIYHOTO €KCTIICpUMEHTY. Sk BigoMO, KOKHA
TepuTopiambHa TpoMmama (opMye BIIAcHI cTpaTerii po3BUTKY. IIpoTe cTpareriyni IIaHW BUCTYMAIOTH
TUTBKU K BEKTOP PO3BHTKY, @ HE SK NMPAaKTHYHI IOpaay IIONO peaii3yBaHHsS 3aruiaHoBaHoro [5-8].
binmpmiicte TpoMmMan He Bonomie iHGoOpMamiiHOI 0a30l0 Ta BIANOBIAHUMH METOAWUKAMH, SKi
JIO3BOJSITUMYTh PEali30BYBATH TYPHUCTHYHI MPOEKTH. TOMY aKTyaJbHUMH Ha CHOTOIHI € PO3POOJICHHS
HAYKOBO-METOJIMYHUX 1HCTPYMEHTapiiB M0N0 PO3BUTKY 00’ €JHAHUX TEPUTOPIAIBHUX IPoMaj Ta TOLIYK
HanpsMIiB  30aJIaHCOBAHOTO, EKOJOTIYHO O€3MEYHOr0 TYPUCTHYHOTO PECYPCOKOPHUCTYBAHHA B IXHIX
MeEXKax.
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MeTto1o nociaigKeHHsI € aHai3 TpoOIeMu MOBOMKEHHS 3 BIIXOAaMHU Ta PO3POOJICHHS allTOPUTMY
30aJIaHCOBAHOTO TYPUCTUYHOTO PECYPCOKOPHUCTYBAHHS B MEXKaX TIPCHKUX 00’ €HAHUX TEPUTOPIaTbEHUX
rpomap [Bano-®pankiBchkoi 007acTi.

JlocsiTHEHHSI METH IOCTIIKEHb Peani3oByBajJOCh BUKOHAHHAM TaKUX 3d80AHb.

— TMpPOaHaNi3yBaTH CTaH HAYKOBUX JOCHIIKEHb Y Tally3l MNPaKTHYHUX AaCICKTIB MPOIECY
JlerieHTpatizarii B Ykpaini;

— imeHTH(iKyBaTH MNEPCHEKTHBHI HANpSMH PO3BUTKY TiPCHKHX 00 €JHAHUX TEPUTOpPiaIbHUX
rpoMaj Ta 3alpolOHYBaTH adrOpUTM (HOPMYBaHHs MPOEKTHUX MPOMO3UIIH MIOAO0 PO3BUTKY TYpHU3MY B
IXHIX MeXax,

— Ha OCHOBI aHaJi3y HETaTHMBHUX €KOJOTIYHHX HACHIJKIB PO3BHTKY TypHU3MY B IOCIiIKYBaHOMY
pETiOHI BU3HAYUTH TPIOPUTETH B YIPaBIiHHI CTAHOM JOBKULIA MICLHEBUX TEPUTOPIaJbHUX TPoOMaj
ripcpkoi acTuan [BaHO-DpaHKiBCHKO1 0071aCTi;

— Ha OCHOBiI PO3pO0JICHOT METOAMKH PO3PaxyBaTH OOCSATH BITXOIiB, YTBOPEHHUX TYpPHUCTaMHU Ta
exckypcantamu B OTI ripcpkux paiioniB [BaHo-®paHKkiBcbKOi 00J1acCTi;

— 0OIpyHTYyBaTH HeOOXIIHICTh (hOPMYBaHHS MPOrpaM MOBOKEHHS 3 Bimxogamu Ha piBHI OTT sk
MPIOPUTETHUX y  KOMIUIGKCHOMY TIUIaHYBaHHI  COIIIQJIbBHO-€KOHOMIYHOTO  PO3BUTKY  MiCIIEBHX
TEPUTOPIaTIBHUX IPOMaJ ISl IXHBOT'O CTAJIOTO PO3BHUTKY.

06’ ekm Odocnioxcennss — TipcbKi 00’ €qHaHI TepUTOpianbHi rpoManu [BaHO-DpaHKiBCbKOT 001acTi
SIK YIIPaBIIHCHKI CHCTEMH B Tajy3i MOBOKCHHS 3 BIIXOJaMH B KOHTEKCTI CTAJIOTO PO3BUTKY TYPH3MY B
ixHix Mexax. [Ilpeomem Odocniodxcenuss — yIpaBlliHHS MOBOKEHHS 3 BIIXOAAaMH K CKJaJ0Ba YacTHHA
30aJ1aHCOBAHOTO PO3BUTKY TyPHUCTUYHOI ray3i.

Bukiaan ocHoBHOro Marepiaidy. Pedopma amMiHICTpaTHBHO-TEPUTOPIAIEHOTO  YCTPOIO
BimOyBaeThcs B YKpaini 3 2014 poky Ta € 0araToeTamHo Ta KJIOMITKOI po0O0TO y 6arathox cdepax
KUTTe3a0€3MeUeHHs Ta PO3BUTKY CYCIHIJILCTBA. TepUTOpialibHI IPOMal MAlOTh MPAaBO PO3MOPSIKATHUCS
3eMEIPHIMH pPECypcaMHM B MEKax CBO€I TepuTopii, 00’ €IHyBaTH CBOi MaiHO Ta PECypCH B paMKax
CIIBITpaIll TEPUTOPIATBHUX FPOMaJ Il BUKOHAHHS CIUIBHHUX MPOrpaM Ta OLTbII eEKTUBHOIO HaJaHHS
nyOJqiYHMX TOCIAYT HACEIECHHIO CYMDKHUX TepuTopianbHux rTpoman [9]. OO’ emnHani rpomamu
aKyMYyJTIOIOTh OIOPKETHI KOILUTH JUIsl BUPIIICHHS HaraJbHUX MUTaHb TEPUTOPIAILHIX TPoMall, OTPUMYIOTb
JIOJIATKOBO (piHAHCYBaHHS APYroro OOMKETHOIO PIBHA 3 JOXOIIB PaHOHHOrO OMOKETY, 3MEHIIYIOTh
OIOPOKpATHYHUI yIPaBIiHCHKUH anapar; OTPUMYIOTh IIOBHOBAXCHHS Ha PiBHI MICT 0071aCHOTO 3HAYCHHSI,
IO JI03BOJINTH Ha TPAKTHILI BIPOBAIKYBaTH NEPCHEKTUBHI IUIAHU aKTUBHOTO PO3BUTKY. Y pe3ynbTaTi
JeleHTpamizamii it 00 €MHAaHWX TEPUTOPIAIbHUX TpoMaj 3MIHHIUCA HE TIIBKH IPOIECH
010PKETOTBOPEHHs Ta (hiHAHCYBaHHS, a W BimOy/ach mepeOyaoBa IMPOIECIB YXBaJICHHS PIllIEHb IIOI0
xuttenisuibHOcTi OTI Ta BiANOBIAANBHOCTI 3a IXHE YCTILIHE Pealti3yBaHH.

[IpakTuune peanizyBaHHS mpolecy HeleHTpatizamii po3nmovanacs jume y 2015 pomi ta no
CHOTOJIHI TIPOCYBAETHCS MOY)KE TOBUIBHO. MICIIEBI TpoMaaM, sKi YTBOPIIIHCS, 3ITKHYJIHUCS 3 PSIOM
npoOjeM, 10 YHEMOXIIUBIIOE iXHiH edekTuBHUHA po3BuTOoK. [lo-mepmie, chopmoBaHi TepuTopiagbHi
rpoMajgyl € PiI3HUMH 3a PEeCypCHHM IMOTCHLIAJIOM Ta COLIaJbHO-EKOHOMIUYHUM CTaHOM. Jleski 3 HUX
OMMPAIOTLCS, B OCHOBHOMY, TIJIbKU Ha JeprkaBHI CyOBeHIlii. 3 iHIIOro 60Ky, (hiHaHCOBA JELICHTPATI3aLlisa
MpHUBeia A0 aKyMYJIIOBaHHS B TEPUTOPIAIbHUX TpoMaaax OibINe KOIITIB, SKI HE 3aBXIU PaIliOHATLHO
BUKOPUCTOBYIOThCS. [lo-mpyre, BenmuuesHuil TsArap mpoOieMm KUTTe3abe3ledeHHs TIpoMal, sKi He
BHUPINITyBJIACS OLUTBINE TPHUALATH POKIB, JIATIM Ha IDICYi HOBOYTBOPEHHMX amMiHicTpariiii. Ilo-tpere,
OpraHu YIPaBIIHHSA OiIBIIOCTI TEPUTOPIATBLHUX TpoMaa MOTPeOYIOTh KBaTi(hiKOBAHMX YIIPABIIHIIB Y
pi3HUX Tany3sx, BiJaleHi rpoMagd BiAYyBalOTh HeCTauy KaJpiB, SKi MalOTh BUPILIYBaTH HE TUIBKU
HarajiabHi MPOOJEMH >KUTTe3a0e3MeUYeHHs] TPOMaaH, aje 1 MpalioBaTH Ha MEPCIEKTUBY, OKPECIIOIOYN
HaNpsIMA Maii0yTHHOTO PO3BUTKY TPOMAJIH.

B ymoBax ¢opmyBaHHA TEpUTOpialbHUX TPOMAJ aKTyaJlbHUM IIOCTAIO IUTAHHS HAaMpPAMIB
COLIAIbHO-€KOHOMIYHOTO PO3BUTKY HOBHUX aJIMiHICTPaTHBHUX YTBOPEHb IS PALliOHATBHOTO TUTaHyBaHHS
rOCIIOaPChKOro KoMiuiekey. ['ipchKi 00’ €qHaHI TepUTOpialbHI I'poMaau 3aiiMaroTh Onau3bko 50 %
tepuTopii IBaHO-®PpankiBchkoi o6macti (rabm. 1). Ixmiit ycmimmEmi po3BUTOK K caMOCTiHHMX
CaMOBPAIHHX 00’ €IHAHb € 3aMIOPYKOIO YCIIXy BCHOT'O PErioHy.

ABTOpaMu po3pobieHni anropuT™ HOpMYyBaHHS MPOSKTHHUX MPOMO3HIIIH 1010 PO3BUTKY TYPH3MY
B MEXax MICHEBUX TEPUTOPIAILHUX TPOMAJI, IO JIO3BOJHTH YIOPSAKYBATH Ta PAIiOHAILHO IUIAHYBATH
PO3BHTOK TYPUCTHYHOTO CEKTOPY T'OCIOAapCTBa, OibIn e)eKTUBHO BUTpAayaTH PECypc Ui AOCSTHEHHS
IiJICH y MeXax MICIIEBUX TEpUTOpiaibHUX Tpoma (puc. 1).
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Tabnuys 1
CTpyKTypa ripcbKux TepuTopiajbHux rpoman B IBano-®paHkiBebKiii 001acTi

Ne Paiion obnacri TepuTopianbHi rpoMaan

1 | boropomuaHCchKuit S6nyHbceka, J[3BuHSAIBKA, Boropoayanceka,
Crapoboporoauancska, CoTOTBHHChKA

2 | BepxoBuHChKHUI BepxoBuncrka, bimobepesrka, KpacHoinbebka, 3e1eHChKa,
S0nyHubKa

3 | JloauHChKHIA Bonexiscrka, lomunceka, Buroaceka, ButBuibka

4 | KonomuiicbKuit ITeyenixxuncopka, Komomuiicbka, MaTeeBelbKa,
HuxapoBepOi3bKa

5 | KociBcekuii paiion Kociscbka, SI0nyHiBchKa, PoxHiBchka, KocMalibka, KyTcbka,
ITictunceka*, llemTcpka*

6 | HaaBipHAHCHKHT [epepicnsacbka, HanpipusHchka, JlaHunHChKa, JlensTuHCHKA,
3eneHchKa

7 | POXXHATIBCHKHIA Cmaceka, bpomaiB-OcaniBebka, Ileperinceka, PoxHATIBCbKA

8 | SIpemuaHCBKa MiChKa pajia SApemuancbka, BopoxTsHchKa

* Meotci ma cmpykmypa 2pomao ymoyHI0mscs

*OmiHKa pecypcHOTo IMOTEHINATY PO3BHTKY TYPH3MY B Mexax OTT
+Ominka iHPPACTPYKTYPHHX €TEMEHTIB PO3BHTKY TYPH3IMY

* DopMyBaHHA 0a3 JaHHX PECyPCHOTO IMOTEHIIATy PO3BHTKY TYPHIMY
*Bu3HaueHHT BHIIB TYPH3MY, NMEPCIEKTHBHEX i TepuTopil OTL

*Po3pobxa cTpaterii PO3BHTKY TypH3MY B Mexax OTT
*Po3pobka KOHIEINIH 1HBECTHIIIHIX NPOEKTIB PO3BHTKY TYPH3MY

Puc. 1. ETanu ¢popmyBaHHsI KOHIeNIilf MPOeKTiB PO3BUTKY Typu3my B Mexax OTI'

Typu3m 1 HaBKOJIHMIIIHE CEPEJIOBUIIE € €JIWHOI0 CHCTEMOIO; SIKa 3aralioM YKIAJA€ThCs B MOJIENb
«IIpUpOAa — HACEJICHHSI — TOCIIOAPCTBO». SIKiCTh HaBKOJIMIIHBOTO CEPEIOBHIIA € HEOOXiTHOIO YMOBOIO
JUTSL PO3BUTKY TYPH3MY, & YCIIIIHUI PO3BUTOK MOXKe OyTH 3a0e3MeueHu 32 YMOBH PETyIIOBAaHHS MOTOKY
TYPHCTIB 1 TOCATIIH 30aJIaHCOBAHOTO CITiBBIIHOIICHHS €KOHOMIKH 1 €KOJIOTIYHOTO CTaHy perioHy. Xoda
YJacTka JerpadyBaHHs JOBKULIS B pe3ylbTaTi TYpPUCTUYHOI MiSTIBHOCTI CTAaHOBUTH S5—7 %,y cBiTOBOMY
BUMIpI, y perioHax, ¢ TYpu3M € MPOBIAHOIO Taiy33io, i HuQpH, 04eBHIAHO, 3HaUYHO Oinpmi. Kaxyun
3araJioM IMpo BIUIMB TypU3MYy Ha HABKOJMIIHE CEpEIOBHINE, HE MOXXHA TPUATH 1O OJHO3HAYHOTO
BHCHOBKY. Y 0araThboX BHUIIAJKaX BIIHOCHO OJHAKOBI YMOBU PO3BUTKY TYPHUCTHYHOI MisUTBHOCTI MOXYTh
MPUBECTH HA Pi3HUX TEPHUTOPISAX SIK 0 MO3UTUBHUX, Tak i 0 HETAaTMBHUX pe3yibraTiB. [IpoTte B ymMoBax
CJTA0KOT0 KOHTPOJIO BUKOHAHHS TPHPOJOOXOPOHHOTO 3aKOHOJABCTBA B YKpaiHi, HU3BKOTO piBHS
€KOJIOTIYHOI CBITOMOCTI TPOMA/ISIH Ta BiATIOBINATLHUX YIPABIIiHIIIB, BIICYTHOCTI KOMIUIEKCHUX TIPOTpaM
YIOpaBJIiHHS JOBKULISAM, MEPEBAXKHO, CIOCTEPIraeTbcsi HETATHBHUU BIUIMB TYPUCTHYHOI AISUTBHOCTI Ha
JOBKULIS TYpHUCTHYHUX AeCTHHaUid. HenmpomymaHi migxonum A0 CTBOPEHHS TYPHCTHYHHX LCHTPIB Y
TIEBHHUX PETiOHaX MOXKYTh CIPHYWHUTH TOPYIICHHS MiCIIEBUX €KOJOTIYHMX 1 CycHmiibHUX cucteM. llle y
1983p. BTO Bu3Haumna i’ sITh CUTYAIliH, KOJU TYPU3M 3aBJIA€ MIKOIAH JOBKIILIIO:

— 3MiHM B EKOJIOTiYHIH CHTYyalii paiioHiB, ¢ MPUPOJHE CepeloBHIIEe Oyno y JoOpoMy cTaHi 3
TOYKH 30pY MPUPOJIH, KYJIETYPH ¥ JFOIUHY;

— CHEKYISATHUBHUN HATHCK, SIKUA TPU3BOJUTH JIO 3HUIICHHS TNEW3aXy 1 MPUPOIAHOTO YKUTTEBOTO
CepeoBUILA,;

— BalHATTS MicOd Ta BHUKOHAHHSA poOIT, SKi TPHU3BOIAATH 1O HE3BOPOTHUX TIPOIECIB Y
KOPHUCTYBaHHI 3eMJICIO;

— IKoJa AJS TPaAMLIMHMX LIHHOCTEW B OXOIUIEHHX TYPHU3MOM 30HaX i 3HIKCHHS CTaHIapTy B
JOACHKOMY BHMIpi IPH iCHYIOYOMY PO3BHUTKY,
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— 3HayHi 00CSTH, MIO PO3POCTAIOTHCS 1 301IHIOIOTH SKICTh CEPEAOBHUILA OXOIJICHOTO TYPHU3MOM
paiiony.

Hdnsa  periony VYkpaincekux Kapnar TypusM 3amuinaTEMETbCS HPIOPUTETHOIO — Taly33i0
rocrnojapioBaHHs i B MailOyTHbOMy Ha (OHI CBITOBHX TPEHIIB 3POCTAHHS TYPUCTHUYHOTO CEKTOPY
ekoHOMiku. ToMmy ypaxyBaHHS BCiX HACTIAKIB PO3BUTKY TypuU3My JUIsI MICICBHUX TpoMaja Ta
MiHIMI3yBaHHS HETAaTHBHUX HACIIIKIB € HOBUMH YIPABIIHCHKAUMH BHKIHNKaMU. Y Mexax Kaprarcekoro
PETiOHYy OCHOBHUMH BIUIMBAaMH Ha JOBKUUIA TYPUCTUYHUX JACCTHHALIHN € 3MiHM MEPBUHHUX JaHAMA(TIB,
3a0pyAHEHHS BOJHU, 3a0pYIHEHHS aTMOC(EPHOTO MOBITpPS, MOBOKEHHS 3 Bixoaamu [10].

Jns Kapmarcekoro perioHy Ta Tipchkoi IBaHO-DpaHKIBCHKOI 00MacTi 30KpeMa mpobiema
MIOBOJIXKCHHS 3 BIIXOaMH Y MEXaxX TYPUCTUYHUX NECTUHALIN € HAlMEHII JOCHiPKEHUM Ta HEeIOCTaTHbO
BUDILICHUM HampsiMoM BIUTUBY. Ll mpoGiema ctae 0coOnMBO roCcTporO y 3B'A3KY 3 TUM, IO KUIBKICTH
TYPHCTIB IMOPOKY 3pOCTAE Ta B KU CE30HY 3HAYHO MTEPEBUIITYE KITBKICTh MIiCIIEBOTO HACEIICHHSI.

IIpobrmeMy moBOmKEeHHS 3 Bimxomamu B IBaHO-DpaHKIBCHKIM 00JaCTi aKTyalli3yloTh B OCTaHHI
POKH y 3B’ 513Ky 3 IMIBUIKAMH TEMIIAMU PO3BUTKY raily3i Typu3My B 00JIACTi 1 30UIbIIEHHAM TYPUCTHYHUX
MOTOKIB, SIKI 32 OCTaHHI JeCATh pOKiB 3pociu y moHanm 10 pasiB. AHaii3 CTaTUCTHYHHX ITOKa3HHKIB
noBokeHHa 3 TIIB B VYkpaini, Kapmarcekomy perioni Ta IBano-®paHKIBCBKiH 001acTi J03BOJIUB
3pOOUTH BUCHOBOK IPO 3arpO3JHUBY JJIs JOBKIUIS TEHACHIIIIO 0 301bIICHHS iXHIX 00CSTiB, 2 0COOTHUBO
00CSATIB THX BIIXOIB, SIKi TJISATAI0Th BUJAICHHIO, Ta IXHHOTO HArPOMAaKEHHsI Ha mmoJtiroHax. [Iporsarom
2010-2016pp. obcsr BiAXOAiB, 10 MiJIAral0Th BUAAJICHHIO, 3pic y IBaHO-DpaHKIBChKiM 00acTi Maiixe
y 10pa3ziB i 3 ychoro o0csry Binxoais ckianae 6au3pko 50%.Y 3B's3Ky 3 Hee(heKTUBHUM MOBOIKEHHSIM
3 BIIXOJaMH, iXHiil 00CAT y CIEI[iaIbHO BiIBEIEHUX MICIISIX MOCTilHO 30inbmryeThes i 3 2010poky 3pic
Maibxe Ha 25%.

Amnani3 crany noxiironiB TIIB IBano-®pankiBCEKOi 001acTi MOKa3as, MO0 Ha CHOTOHI OUTBIIICT 13
HUX 3amoBHeHI B cepeaHbomy Ha 80-90% abo moBHicTIO Buuepmanu cBid pecypc. Halimenin
3abe3nedeHuME TosriroHamu TTIB € Ha#OuIbm momynmsapHi TypucTHYHI SIpeMdYaHCcbKa MichbKa paja Ta
KociBcrknii paiioH.

B ocranHi poku cBiTOBa HayKOBa CHIJILHOTa aKTHBHO JOCIIIXKYE BIUIMB TYPHUCTHYHOI iHIYCTpii Ha
npobsiemy yrBopeHHs BinxoniB. F. Mihaiy cBoemy nocnimkeHHI HABOJUTH POPMYITy PO3paxyHKy 00csTy
BiZIXO/IiB, 3reHEPOBAaHUX TYPHUCTAMHU B MICBKHX Ta CiIbChKUX TepuTopiit (1) [2]:

Q _NtxltngDs (1)
w1000

ne Qut —oOcsT BiIX0/iB, yTBOPCHUH TYpPUCTAMH, T;
N;— KUTBKICTh TypHCTIB, OC.;
| wg — IBUAKICTb YTBOPEHH BiIXOiB TypHcTaMu (Kr/oc/neHs);
D — cepenns TpuBamicTh nepeOyBaHHS B 3aKJIaAax PO3MIIIEHHS, TH.

Ileit meTom Mae CBOI HEMOJNIKH, OCKITBKM HE BpPaxOBY€ UHMHHUKA CEKCKYpPCAHTIB, SIKI MOXYTh
MIEPEBUIIYBATH KiIbKIiCTh TypHCTiB y KapmaTcekomy perioni y 2-10 pasis (puc. 2) [11, 12].

Tomy, s po3paxyHKy 00cCsATy TBEpAMX MOOYTOBHUX BiJXO[IB, 3r€HEPOBAHOTO TYPUCTAMH Ta
eKCKypCaHTaMH, 3allPOIIOHOBAaHO BUKOPHCTOBYBATH TaKy Gopmyiy (2):

W:(Ntth+NexDe)wa’ (2)

ne W — oOcsr TBepaux moOyTOBHX BiAXOMIB, 3TEHEPOBAHMMA TYPHCTAMH Ta €KCKypCaHTaMH 3a OOpaHMiA
Mepio yacy, Kr;

N; — KiIBKiCTB TYpHCTIB, OC.;

D: —cepenns TpuBaiicTh IepeOyBaHHS TYPHUCTIB, Ti0;

Ne — KiIBKiCTB €KCKYPCAHTIB, OC.;

De — cepenns TpuBaicTh nepedyBaHHsI €KCKYPCAHTIB, Ii0;

Ky — cepemHiit o0csr 3reHepoBaHUX TBEPINX MOOYTOBUX BITXOIIB TYpPHUCTAMH 1 €KCKypPCAaHTAMH B JICHB,
kr/oc.xno0a.

Po3pobnenHss Takoro MeTOAy pO3paxyHKy € Hapa3i 0coOJIMBO BaKJIMBE, OCKUIBKM BigXOAu
TYPUCTHYHUX JECTUHAIIN HE BUAUICHO B OKpEMYy KaTeropito Mpu 30MpaHHI BIAMOBIMHUX CTAaTUCTHYHUAX
JaHUX.

VY CBITOBif CHIIBHOTI HEMae OJHOCTAHHOCTI IIOAO MOKa3HUKA CEPEIHBOr0 OOCITY 3reHepOBaHUX
TBEpAUX MOOYTOBUX BIIXO/IiB TYpHCTaMH 1 €KCKypCaHTaMH B JIeHb (Talu. 2).
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Puc. 2. KinbkicTs TypucTiB Ta ekcKypcanTiB y IBano-®pankiBebkiii o6aacti'y 2000-2016pp.

Tabnuys 2
IMoka3HHKH cepeIHBOr0 00CATY TBepPAUX NOOYTOBHX BiIX0iB, 3reHePOBAHOI0 TYPHCTAMH Ta
eKCKypcaHTamMu™
Kpaina/opranizamis Ce.pe[[Hi.ﬁ o0csr 3reHepOBAHUX TBEP/UX NMoOyTOBHX

BiIX0/iB TYpHCTaMH i eKCKYPCAHTAMH B JIeHb, KT

BTO 1

Kpainu €C-27 1,41

Ictanisa 1,31

MabaiBcbka PecnyOimika 2,9

Kinp 1

PymyHist 0,9 @ mickkux Teputopisix), 0,4 @ CUIBCHKHX TEPHTOPISIX)

Tamia 2

Taimann 1-2,5

borcana 0,39

* Cxaaoerno asmopom 3a oanumu [1-3,13-16]

SKIo BBaXKaTH, IO CEPEOHS TPUBANICTh NepeOyBaHHs TypucTiB y Kapmarcbkomy perioni 5,56
IIHIB 1 €KCKypCcaHTiB — 1 JIeHb, TO MOXKHA PO3PaxyBaTH OOCST TBEpAUX MOOYTOBUX BIAXOMIB, YTBOPSHUMH
TypuctamMu Ta ekckypcantamu y mexax OTID IBano-®paskiBcbkiii obmacti. s po3paxyHKy MU
TIPUIHSIIN, 10 KOKSH TYPHUCT CTBOPIOE MpUHaMHI 1 KT TBEpAUX MOOYTOBHX BIIXOMIB Y JI€HB BiITOBITHO
1o nanux BTO.

PospaxoBani oOcsirn BiaxoxiB, 3reHepoBaHi TypucTtamu Ta ekckypcantamu B OTI ripchkux
paiioniB IBano-®paHKiBCbKOi 007acTi, MATBEpAKYIOTh HASBHICTh BIUIMBY TYPUCTIB Ha MpoOiiemMy
BimxonmiB y Mexkax OTT (puc. 3). Cepen mpoanamizoBauux OTI' HaigiTkimre mpoGiiemMa yTBOPEHHS
BIIXOJIIB TypHUCTaMH Ta eKCKypcaHTaMu TposBiisieThess B OTT Spemuancekoi Mickkoi pan, JJomuHCEKOTO
ta Konomuiicekoro paiioniB. Taki BUCOKI MOKa3HUKH YTBOPEHHS BiAXOIIB TYPUCTaMHU Ta €KCKypCaHTaMU
e OUIbIIe YCKIATHIOITh MPOOJIEMy CHCTEMH IIOBOKCHHS 3 BiXOJaMH, sKa IUIaHyBajach 0e€3
ypaxyBaHHS MOXKJIMBOTO BILTUBY TYPHUCTiB. Tum Oinbine, mo B momyisapaux Typuctadaux OTI obmacTi
KUTBKICTBh TYPUCTIB MOXKE MEPEBUILYBAaTH KiTBKICTh HACEIECHHS Ta BiAMOBITHO i 00CATH YTBOPEHUX HUMHU
BIJIXO/IB.

116



HaykoBo-texniynuii sxypraan Ne 1 (19) 2019

BucHoBku. Po3BUTOK Typu3My Bifirpae BaXJIMBY POJIb y COIialIbHO-€KOHOMIYHOMY CTaHOBIICHHI
MICIIEBUX I'POMaJ; 3’ IBIAIOTHCSA HOBI po0O0Ul MICIIS, MIATPUMYETHCS BUCOKUIN PIBEHb YKUTTS HACEJICHH,
CTBOPIOIOTHCS MEPEIyMOBH JUIS TOJIMIICHHS IJIATKHOTO OanaHcy rpoManu. Po3Butok chepu Typusmy
CIIpUSE TiBUINCHHIO PiBHSA OCBITH, YJIOCKOHAJIECHHIO CUCTEMU MEIUYHOTO OOCITyrOBYBaHHS HACCIICHHS,
BIIPOBAPKCHHIO HOBHX 3aC001B TOMHUPEHHS iHGOpMAaIIii.
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Puc. 3. Po3paxoBanuii o0csir Bigxonis, 3reHepoBaHuii TypucTaMu Ta ekckypcantamu 'y 2016p.
y mexkax OTT ripcbkux paiioniB IBano-@pankiBcbKoi 001acCTi

Po3pobnieHuii y pe3yiabTaTi MOCHIIKEHb aArOpPUTM IMPOEKTHUX IPOMO3HIINA 00 PO3BUTKY
TypU3My B MeEXaX MICHEBHX TEPUTOpIalbHUX TIpPOMal [O3BOJIUTH YIOPSAKYBaTH Ta pauioHaJIbHO
IUTAHYBAaTH PO3BUTOK TYPHCTHUYHOI'O CEKTOpY TocmonpapctBa. s 3amo0iraHHs HETaTUBHOMY BIUIMBY
Typu3My Ha JOBKUUIA OpraHd MICIICBOTO CaMOBPSAYBaHHS, pPa30M i3 OpraHaMH KOHTPOJIIO,
aaMIHICTpaIlisIMA TPUPOJOOXOPOHHUX YCTAHOB MAalOTh PO3POOISATH MPOTPaMHU O30POBJICHHS JOBKIJUI,
BKJIIOYAIOYH YNPaBIiHHS BiIXOAaMU TpoMal. YJOCKOHAJIEHO METOA PO3paxyHKy oO0cCAry BiIXOIiB,
3reHepOBaHOT0 TYPUCTAMH Ta €KCKYpPCaHTaMHU B MEXax TYPHCTHYHHX JecTHHaMisAX. Po3paxoBaHi oOcsru
BIIXOJiB, 3reHepoBaHi Typuctamu Ta ekckypcantamu B OTI ripcekux paiioHiB IBaHO-DpaHKiBCHKOI
o0macTi, MATBEPKYIOTh HAasIBHICTh BIUTUBY TYPHUCTIB Ha mpoOiemy BiaxoniB y mexax OTI. ITomanpmi
HAYKOBI JOCHIKEHHSI CITi/I CIPSAMYBATH Ha JIOKAJILHUI PiBEHb — HA TEPUTOPIi MICIIEBUX TEPUTOPiaIbHUX
rpoMaji, HaJaHHs iM HayKOBO-METOJWYHOT OCHOBH JUIsl (POPMYBAHHS CTpAaTeridi PO3BUTKY TpoMaj Ta
CTBOPEHHS Mporpam y cdepi yrpapiIiHHS HABKOJIHUIIHIM CEPEIOBHILEM Ha 3aCafax CTaoro PO3BUTKY.

Jlirepatypa

1A Manual for Water and Waste Management. URL: Httpvw.unep.fr/shared/publications/
pdf/WEBx0015xPA-WaterWaste.pdidra 3sepuenns: 12.02.2017).

2 Mihai F. Tourism implications on local waste mamagat. Case study: NeanCounty,
Romania. Present Environment and Sustainable Dagwelot. 2013. Vol. 7(1). pp. 21221.

3 Mateu-Shert J., Ricci-Cabello 1., Villalonga-Olivés., Cabeza-lrigoyen E. The Impact of
Tourism on Municipal Solid Waste Generation: Thes&€aof Menorca Island (Spain). Waste
Management. 2013. 33. pp. 258%93.

4 Ezeah C., Fazakerley J., Byrne T. Tourism Wastedgament in the European Union: Lessons
Learned from Four Popular EU Tourist Destinatighimierican Journal of Climate Change. 2015ppqt.
431-445.

5 bepmanoBa O., Bakynenko B. Crpareridyde IuraHyBaHHS MICIIEBOTO pO3BHTKY. IlpakTwunuit
nocioHuk. [1IBeiinapcrko-ykpaiHcbkuii mpoekT «[linTpumka geueHtpainizanii B Ykpaini». DESPROK. :
TOB «Codis-A». 2012. 8&.

117



ISSN 2415-318%xkosoriyna 6e3mnexa Ta 30aJaHCOBaHE PECYPCOKOPUCTYBAHHS

6 bopoxmina O. A. TeopeTuuHi Ta MPaKTUYHI ACHEKTU CTPATETIYHOTO IJIAHYBAHHS B YMOBax
nerieHTpaiizamii. TeopeTHuHi 1 MpakTHYHI aCIEKTH €KOHOMIKM Ta IHTEJICKTyaibHOI BiacHocTi. 2016.
Bumn. 14.C. 104-111.

7 MeTopmonorisi CTpaTeTidYHOro IUIaHyBaHHA PO3BUTKY 00’ €IHAHMX TEPUTOPIaTbHUX TpoMana B
Vkpaini [Emextponnuit pecypc] // Odimitiamii caiit ITpoekty €Bpormeiicbkoro Corosy «limrpumka
MOJITHKM  perioHaabHOro po3BuTKy B Ykpaimi». URL: http://surdp.eu/uploads/files/SP_OTG
_Methodology_UA.pdf fara 3Bepaenns: 20.02.2019)

8 Txauyk A., KameBcekuit B., MaBko II. CrtpaTeriuHe muiaHyBaHHS y rpoMaii (HaBYaIbHUA
moxyis). K. : IKIT «Jleransuuii ctaryc», 2016. 96.

9IIpo cxBanenns Konuenmii pedopMyBaHHA MiCIEBOTO CaMOBPALYBaHHS Ta TEPUTOPiaIbHOL
opranizauii Bnaau B Ykpaini : po3nopsmkeras Kadinery MinictpiB Ykpainu Bix 01.04.2014. Ne 333p
/I Oin. BicH. Yipainu. 2014 .Ne 30.C. 8.Cr. 831.

10 KopoGeiinukopa . C. Ekojoriudi mnpoOjJeMH TEPUTOPIH TYPUCTHYHHX JIECTHHAILIIM.
Exonoriuna Ge3neka Ta 30araHcOBaHE NPUPOJOKOPHCTYBAHHS: HAYKOBO-TeXHIUHMM xypHai. 2013.Ne 1
(7). C. 91-94.

11 Cratuctuuna inpopmamnis Isamo-®pankiscbkoi obmacti. URL: www.ifstat.gov.ua fara
3BepHenns: 15.11.201%.)

12 Biagin TypusMmy YnpaBiiHHS 30BHIIIHIX €KOHOMIYHHX 3B’ S3KiB 1 TypusMy IBano-®paHKiBCbKOT
o6macti. URL: http://www.if.gov.ua fata 3Bepuenns: 15.11.201%.)

13 Zorpas A. A., Lasaridi K., Voukkali I., Loizia Plnglezakis V.J. Solid Waste From The
Hospitality Industry In Cyprus. Island Sustaindlili. 2012. 166. pp. 449.

14 Peterson C. Assessment of Solid Waste Managemaatidars and Its Vulnerability to Climate
Risks in Maldives Tourism Sector, Report submittedMinistry of Tourism, Arts and Culture. 2013.
19 p.

15Bashir S, Goswami S ourism induced challengés municipal solid waste management
in hill towns Caseof PahalgamProcedia Environmental Sciences. 2016. 35. pp89.7

16 Ranieri E., Antognoni S., Istrate I. A., ApostolNlunicipal solid waste management in Italian
and Romanian tourist areas. UPB Scientific BulleBaries D: Mechanical Engineering. 2015. 76 (B). p
277-288.

Ya. Korobeinykova, lu. luras
Ivano-Frankivsk National
Technical University of Oil and Gas

PROBLEMS OF TOURISM RESOURCE USE IN THE MOUNTAINOUS UNITED
TERRITORIAL COMMUNITIES OF IVANO-FRANKIVSK OBLAST

The article outlines the main directions of resesraise in the mountainous united territorial
communities of lvano-Frankivsk oblast. Tourism ipr&ority among other sectors of economy, since it
can rely on strong natural, historical and culty@atiential, combined with the preserved ethniciti@uks
and traditional crafts in the studied region. Thespnt state and problems of decentralization iraldk
were studied. One of the problems in the newly tedaerritorial communities is the lack of
methodological tools for the complex use of touripwiential of the territories. The authors have
proposed the algorithm for developing project psgle for tourism development within the local
territorial communities. Tourism development resuft the appearance of new environmental hazards
within tourism destinations. The authors have arelythe peculiarities of tourism impact on the
environment in the mountainous united territoriamenunities (UTC). The main environmental impacts
of tourism destinations are changes in primary daages, water pollution, air pollution, and waste
management. The article studies the problem of evasdnagement in the mountainous tourist
destinations. The authors have improved the metiathlculating the amount of waste generated by
tourists and excursionists within tourist destioas. The calculated amounts of waste generated by
tourists and excursionists within the united teriél communities of the mountainous regions ohtva
Frankivsk oblast prove the tourists’ impact on #mount of waste in the UTCs. In the analyzed UTCs
the problems of waste generation by tourists amtlrsionists exist in the UTC of Yaremche City
Council and in the UTC of Dolyna and Kolomyia reggoHigh indicators of waste generation by tourists
and excursionists complicate the process of wasteagement which was planned without taking into
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account the possible impact of tourists. This citstance makes the issue of developing waste
management programs topical in the UTCs. The melbgatal approaches to the development of waste
management programs in the UTCs have been proposed.

Key words: decentralization, united territorial communitid$TC), sustainable development of
communities, tourism, municipal waste management.
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lsano-Ppankiscokuii HAYIOHATLHUU
MmexHIYHULl yHisepcumem Hagmu i 2asy,

OBI'PYHTYBAHHS BUMOTI PO3BUTKY PEKPEAIII TTPCHKHAX PAVIOHIB
IBAHO-®PAHKIBCBKOI OBJIACTI B KOHTEKCTI EKOJIOTTYHOI BE3IEKH

CtBopeHHs1 pekpeaniiiHux iH@pactpykTypu B Kapmatcbkomy perioni B mepiog 3 2000 poky
3a3HAI0 s  3MiH, IO BigOyBajwMcs B COLIAJbHO-CKOHOMIYHIM, MOMITHYHIN, aeMorpadivHii,
TCOMOITHYHIN Ta iHmMUMX cdepax. BoHM CTaBiIsATH HOBI BHUMOTH JO CTBOPEHHS 00’ €KTIB CydacHOL
pekpeanii. [lepmoueproBy poiib y pekpealiiiHOMy OCBO€HHI TipchKHX paiioHiB [BaHO-DpaHKiBCHKOT
00J1aCTi HaJICKUTh BpaxXyBaHHSI BHMOT €KOJIOTIYHOCTI, SIK Oa3MCHOTO €JIeMEHTa 30€pEKEHHS CepeOBHINA
IUIsl pO3BUTKY peKpeartii.

VY momnepeaHixXx AOCTIIKEHHAX MPOAHATI30BAaHO Ta OIIIHEHO IMOTCHINAT HE3aIisTHUX peKpeartiiuux
pecypciB perioHy Ta OXapaKTepU30BaHO OCOONMBOCTI Ta YHHHUKM apXiTeKTypHO-TJIaHyBaJbHOI
oprasizamii. Bumineni 4uHHUKKA (OPMYBaHHS peKpealiiiHoi cdepu MNOAUIAIOThCS Ha I ATh TPYIL
COIliaJIbHI; €KOHOMIYHI; AemMorpadidHi; MONITHYHI; €KOJOTIYHi; Ti, IO HaJIeXKaTh TO MaTepialbHOI Ta
IYXOBHOI KyJbTYPH HACEJICHHS.

Y nocnipkeHHI 00TPpYHTOBAaHO TaKi BUMOTH €KOJIOTIYHOI O€3MEeKH PO3BUTKY peKpeallii B TIpChKUX
paiionax I[BaHo-®paHkiBcbkoi 00JacTi: BUMOTa BiAMOBiTHOCTI CTpaTeFiSIM Ta IUIAHAM PEriOHalbHOro
PO3BHTKY, siKa Iepe0ayae BpaxyBaHHs Ta Y3TOMKCHHS CTpaTerm Ta MporpaM 30epeXKEHHS ITiIBUIIICHHS
CKOJIOTI4HOi Oe3eKH Ha BCIX PIBHSX PEKPEALiiiHOr0 paifoHyBaHHs Ta HPOCKTYBAHHS, OTIHOICHHS
HAyKOBO] o6rpyHTOBaHOCT1 NPOCKTHHX pIlICHb 3 YpaxyBaHHS JaHUX CKOJIOTi4HOrO MOHITOPHHIY,
COLIaNbHOI OPIEHTOBAHOCTI apXITCKTyPHUX PIlICHb NpU (HOPMyBaHHI PEKPEALiHOr0 CEpefoBHILA, IO
nepeabadae 3MiHy CHCTEM TPOMaJChKMX OOTOBOPEHb Ta pOOOTHM 3 TEPUTOpialbHUMH TPOMaJaMH,
eHeproe()eKTUBHOCTI Ta EKOJOrIYHOCTI TMPOEKTOBaHMX 00'€KTiB, M0 Mependayae BHUKOPHCTAHHS
IBTEpPHATUBHUX JKEPEN €Heprii, eHeprooagHux MarepialiB Ta KOHCTPYKIIH, a TaKoXX EKOJIOTi4HOI
OE3ITeKH MPOCKTHUX PIIICHb.

KurouoBi ciioBa: exonoriyna Oesmneka perioHy, 00 €KTH pekpealii, TipcbKi HaceleHi ITyHKTH
IBano-®dpaHKiBCHKOI 00J1aCTi, BAMOTH PO3BUTKY peKpeartii.

IMocTranoBka npodJemu. [lopsa 3 ocHOBHUMH NpoOjIeMaMy TipChbKUX HAceJeHUX IyHKTiB IBaHO-
®paHKiBCHKOT 00acTi: HU3BKA HAPOIKYBAHICTh, MITpAIiifHI MPOIECH Ta MPOOJIEMHU SKOCTI >KHUTTA
MICIICBOTO HACEJIEHHS B OCTaHHE NECATHIITTSA OCOOJHMBO TOCTPO TOCTaja MpodiieMa HENpaBHUIHLHOTO
OCBOEHHS pEKpeallifHiX apeaiB, M0 3HIWKYIOTh MOKa3HUKH €KOJIOTiYHOCTI a MOJACKYIU MPHU3BOASTH A0
eKOJIOTiYHOro Konarcy. Bupimenns miei mpobieMu B apXiTEKTYpHO-MICTOOYAIBHIN Tramy3i MOXKIIUBE
IIJSIXOM BKJTIOYEHHSI HOBUX BUMOT Ta IPHHIMIIB PO3BUTKY PEKpeallii, 10 BpaXOBYIOTh YMOBH PO3BHTKY
EKOCHCTEMH OKPEMUX TEPUTOPil Ta IXHil peKpealiifHuii moTeHIia.

AHaJji3 ocTaHHIX AocaiTKeHb i myOJikauii. Y HayKoBiii JiTepaTypi 6arato aBTOpiB 3aliMarOThCs
PI3HUMH aCTIEKTaMHU €KOJIOTIYHUX MPOOJIEM pEeTioHy. MPOOIeMH €KOJIOTITHOI OE3MEKH Ta MIISXH iXHBOTO
BUpilleHHs BHCBiTIeHI B mparsx B. H. Ilmanpis [2], O.B. Xapmamora [2], A. A. Taspimigica [3],
B. €. Konecuuka [1]; mocmimkeHHs €KOJOTIYHOI CHTyamlii B KOHTEKCTY TIPCBKHX Ta HEPEaripChbKuX
HacelieHHX MyHKTiB 3aiiManuck O. bormapuyk [4], O. C. I'nyx [5], B. O. ®ectok [6] Ta iHwmi; npobdiemy
MIPUPOJOKOPUCTYBAHHS Ta MOHITOPHHTY €KOJIOTidHOI cuTyarii B KapmaTchkoMy perioHi ITOCIIiIHKyBaIH
O. M. Maugpux [9], JI. M. Apxunosa [9], O. B. [To6iryn [9], O. P. Mantok [9].

I3 3aKOpAOHHHMX AOCHIAHUKIB MPOOJIEMU EHEpro30EpeKeHHS Ta CTAIOr0 PO3BHTKY HACEICHUX
MyHKTIB y CBOiX mpamsax BuceiTmoBanu Milan Kumar Jana [7], Adam James [1@]inmri.

[Ipote B 1IbOMY JOCHIIKCHHI C()OPMOBaHI BUMOTH SKOJIOTIYHOI O€3MEeKH Ha OKpEMHX apeayiax y
KOHTEKCTI apXiTeKTYpHOTO OCBOEHHS Ta PO3BUTKY iHQpPacTpyKTypu pekpeanii. Ha nHamy nymky
30CEPEIUBIIH TOCTIIPKEHHS caMe Ha CTafil IEPBUHHOTO PO3BUTKY 1HQPACTPYKTYPH, Yepe3 MiCTOOYIiBHY
Ta IPOEKTHY JAOKYMEHTALIIO JO3BOJHUTH HE JOMYyCTHTH HETAaTUBHUX BIUIMBIB Ha €KOCHCTEMY Ta 30epertu
OanaHc y IpUPOJOKOPHUCTYBaHHI Ta 30epekeHHi ekonoriynoi npusadbnusocti Kapnar.

MeTto10 po6oTHu € 0OrpyHTYBAaHHS BUMOTI PO3BHTKY PeKpealii MpHu apXiTeKTypHO-MiCTOOYAIBHOMY
OCBOEHHI TEPUTOPIi.

Buxopmstun 31 copMynb0BaHOT METH, OKPECICHO 3aBAAHHS:
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— TPOBIBILM NEpeAHIN aHalli3 peKpealiifHoro NOTeHLialy periony, BUAIIUTA YAHHUKY BIUIMBY Ha
apxiTeKTypHY OpraHi3aiiio Ta pO3BUTOK pekpeallii Ha TepeHax Kapnarcbkoro periony;

— OOTPYHTYBAaTH BUMOTH PO3BUTKY pPEKpearlii B TipChKUX HACEJICHUX MyHKTax IBaHO-DpaHKiBCHKOT
oOnacri;

— BU3HAYUTH YMOBH Jii WX BUMOT Ta IUIAXH IXHBOTO Peali3yBaHHS,

— cdopMmyBaTd NpaKkTUYHI PEeKOMEHAalii Aiil BUMOT PO3BUTKY peKpeauii B TipChKUX HaceJICHUX
nyHkTax IBano-@paHKiBCchKOi 001acTi.

Buknag ocHoBHoro marepiany. CTBOpeHHS pekpeauiiHux iHQpacTpykTypu B KapmaTcbkomy
perioni B niepion 3 1991poky 3a3Hajo psij 3MiH, 110 Big0YBaIKCs B COL[iaIbHO-€KOHOMIYHIH, ITOJII TUYHIMH,
nemorpadiuHiii Ta TeONMONITHYHIA Ta 1HIIMX cdepaX. BOHH CTaBIATh HOBI BHUMOTH 110 30€pE)KECHHS
exocucteMu periony. [IpoananizyBaBIIM Ta OLIHMBINM MOTEHIIAN HE3aJisTHUX PEKpealiifHuX pecypcis
peTioHy, OXapaKTepU3yBaBIIN OCOOJMBOCTI Ta YWHHUKHM apXiTeKTYpPHO-TUIAHYBAJIBHOI OpTraHizailii i
PO3BUTKY 00’ €KTIB CydacHOI pekpearlii, BUAUISIEMO HACTYITHHHA Pl BUMOT, BUKOHAHHS SKUX JTO3BOJIUTH
CTBOPHTH Ji€BY iHPPACTPYKTYpy peKpealii.

VY momepenHix AOCHIIKEHHAX MPOaHANI30BaHO Ta OLIHEHO MOTEHIMial He3alisSHUX peKpeamiiHux
PECYPCIB perioHy Ta OXapaKTepHU30BaHO OCOOJMBOCTI apXiTeKTYpHO-ILIaHyBajbHOI opranizaiii 150
00’ exTiB cydacHOl pekpearrii. Ha ocHOBI oTprMaHuX JaHUX CPOPMOBAHO YMHHUKH PO3BUTKY peKpearlii B
KapnarcexkoMy perioni. Bunineni unHHUKE (GopMyBaHHS peKpealiiiHoi cdepu MoinAioTeCs HA W ATh
IPYIL: COLIaJIbHI; EKOHOMIYHI; 1eMorpadiuHi; HOJITHYHI; SKOJIOTIYHI; Ti 10 HAJIEKATh J0 MaTepialbHOI Ta
IYXOBHOI KyJIbTYPU HACEJIEHHS.

BukoHaHHS BHMOT BIAMOBIAHOCTI CTpaTerisM i IUIaHAM PETiOHAIBHOTO PO3BHUTKY IMependadae
BpaxyBaHHS Ta Y3TO/DKEHHsSI CTpaTeriid, mporpaM Ta IUIaHiB PO3BUTKY pPETiOHy Ha BCIX PIBHAX
peKpeariiiHoro pailoHyBaHHA Ta apXiTEKTYPHOI MISIIBHOCTI. IHCTpYMEHTOM peaji3yBaHHS CTpaTerii
PO3BHTKY pekpeawii, [0 po3paxoBaHa Ha IMepioaW Big 2-5 pokiB, € NporpaMu pPO3BUTKY
aJMIHICTPAaTUBHUX paillOHIB, OKpEMHX HAcelCHHX MyHKTiB. BOHM J03BONSIOTH JIOKAIBHO KOPHUTYBaTH
OKpeCJCHI MeXi PO3BUTKY TEpUTOpil, peopraHizamito cdepu IMOCIYyr, CTBOPEHHS JI0IaTKOBOI
iH(GPaCTPYKTypH peKpeartii B KOPOTKOTpHBAjOMY Tepiomi (Micsmb, KBapran, miBpidds, pik). Mertorw
IporpaM po3BHUTKY € 3a0e3MeueHHs] KOMIUIEKCHOTO BHPIIIEHHSI OCHOBHHUX 3aBJaHb Ta MPOOJIEM PO3BHTKY
Ha PI3HUX PIBHAX pailOHyBaHHS, TIOKPAIIUTH SIKICTh CEPBiCY, BKa3aTH BEKTOP PO3BUTKY iHOPACTPYKTypH
pekpeartii. PeamizyBaHHS TporpaMu PO3BUTKY pekpearlii Tmepembadae BHUKOHAHHA KOMIDIEKCY
Oprasi3alliifHux, yrpaBIiHCHKUX, COI[iaIbHO-EKOHOMIYHUX, HOPMAaTUBHUX, C€KOJIOTIYHHUX, TOCIIOAPCHKIX
3axofiB Bcix cep rocnonaproBanHs. BigcyTHi mporpamu Ta cTpaTerii pO3BUTKY TEPHUTOPIl Uil OKPEMHUX
TUIISTHOK, SIK HACTIIOK BiOYBa€ThCS HECHCTEMHE PO3MIIIICHHS 00 €KTIB peKpeallito Ha TEPUTOPil PETioHy.
[IpakTrka apxiTeKTypHO-TUIaHYBaJbHOI opraHizamii 00’ ekTiB pekpeanii B KomomuiicbkoMy paiioHi
MoKa3ajia HeBIAMOBIAHOCTI MK MPOSKTHUMH PillIEHHSMH Ta pO3pO0JICHOI0 MPOrpamMoi0 PO3BUTKY paioHy
Ha 2016-2020poxku. [Ipu 11poMy IporpaMu Ta IJIAHW PO3BUTKY TEPUTOPIl MalOTh MependadyaTH HE JIHIIES
JeKJIapaTuBHy (OpPMYy OCHOBHHMX AacIeKTiB PO3BUTKY peKpeanii, ajge W 3a3HayaTH MEXaHi3MH iXHBOTO
peanizyBanHs. Lle 703BOMUTH Ha PiBHI paiOHHUX Ta OOMAacHHX panx (HOpMYBaTH CTPYKTYPY PO3BHTKY
aJMIHICTpaTHBHHUX PAMOHIB 3 OKPECICHHUMHM IMPOMO3UIIIMUA OYyIIBHUIITBA Ta PEKPEALiIMHOTO Mpodiiro
00’ €KTIB CYJacHOI pekpeartii, iXHiX MOTYKHOCTESH Ta BUAUICHHS TUISHOK peanizarii. Takox y Mexax mii
[UX TPOTrpaM CIiJ] CTBOPUTH CHPOIICHUN MEXaHi3M IXHbOI MaiiHOBOI y4yacTi Ta oOpMIIEHHS AO3BIILHOI
JIOKYMEHTAIT1.

Came 11eii nUIsX 103BOJIMTH CTBOPUTH IIPO30PY MPOrpaMy PO3BUTKY peKpeauii Ta MiABUIUTH HOro
IHBECTHINIMHY TpuBabIUBICTh. BHWHHMKae mMmoTpeOa OHOBJICHHS Ta PETYIIOBAaHHSI CHCTEMH 3a0ymIoBH
HACEJICHUX IMyHKTIB Yepe3 CTBOPCHHS II€BUX T'eHEpallbHUX IUIaHiB TepuTopii (Ha choromHi Titbku 35%
TEPUTOPIi PETiOHy MalOTh OHOBJICHY MICTOOYIIBHY JOKYMEHTAIIIO, III0 PETYJIIOE ICHYIOUi 30HH 3a0y/I0BH,
0€e3 YiTKUX IMPOrHOCTHYHHUX TPOIO3HIIii po3BUTKY). CaMe Ha I[bOMY PiBHI CIIijl MpoBeCTH pedOpMyBaHHS
MiAXOAIB 0 CHIBIpali 3 MICIEBMM HAaceleHHSM, iHBeCTOpaMHM, opraHamMu Biaaud. Ha Hamry nymKy,
NporpaMu PO3BUTKY peKpeamii B perioHi ciig (opMyBaTH Ha OCHOBI BHAUICHHS HE3aIisHOTO
peKpeartifHoro MOTEHITIal PErioHy Ta PO3BUTKY Ha MOT0 OCHOBI Cy4aCHHX BHIIB pekpeartii. Po3pobieHi
CTpaTerii po3BUTKY peKpealii B aAMiHICTPATUBHUX paidOHAX MMiAKPECIIOIOTh IPIOPUTETHICTH L€l ramysi B
exonomini KapnaTtcekoro periony ta popMyrOTh Kypc NPaKTHUYHUX KPOKIB Ha Pi3HUX PiBHIAX JIEpKaBHOI
Bragau. llIBuaKe OCBOEHHS pEKpeaIlifHOro TOTEHIady 3 OpIEHTAII€l0 Ha CyYacHI BUAM peKpeartii
BUKJIMYE 3MIHHM B IHIIMX Tajy3siX FOCHOJAPCTBA PEriOHY Ta CTBOPUTh YMOBH JJIsl BUPILIEHHS HasBHUX
npobsiem kpato (0e3po0iTTs, Mirpailist TPYIOBHX pecypciB, HHU3BKUI pPIBEHb JKHTTS MICIIEBOTO
HaceneHHs). Pa3oMm i3 muM BiZOyBaeThCsS peopraHizailisi €KOHOMIKM PETiOHY, IO (YHKIIIOHYBATHME
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PUHKOBOMY CEpEAOBHILI, a TCONOJITUYHHH TMOTEHNiad OKpEeMHX aJMiHICTpaTHBHUX palOHIB
(Bepxosuncskoro, Haasipasacbkoro, KoaoMuiCHKOT0) T03BOIUTH CIIPHATH MiXKHAPOIHUAM IHBECTHIIISAM
Ta PO3BUTKY PETiOHY.

[IpoBenenmii anami3z peani3oBaHMX 00 €KTIB Cy4acHOi pekpealii Ta HasSBHOTO peKpealiiHoro
MIOTEHITIAy HAa TEPUTOPil JOCHIKEHHS CBIIYNATH MPO MOTpeOy (HOpPMYBaHHS BHMOTH IOTIHOJICHHS
HayKOBO1 OOTPYHTOBAHOCTI IIPOSKTHHUX PIIICHb 3 YpaxXyBaHHS JaHUX €KOJIOTIYHOTO MOHITOPHUHTY. BoHa
nepeadadae akTHUBI3alLil0 HAYKOBHX AOCIHIIPKEHb PETIOHY, MPOBEACHHs Kiacudikamii Ta cucremarn3amii
00’ €KTiB Cy4acHOi pekpealii, OOTpyHTyBaHHS OCOONMBOCTEH IXHBOro (OpPMYyBaHHS, CTPYKTYPHUX Ta
(hyHKIIOHATBHUX 3B’ A3KiB B TOMY YHCJI 1 ITAPIIAM BUKOPHCTAHHSIM CBITOBOTO JIOCBITy TPOSKTYBAHHS Ta
(yHKLIOHYBaHHS peKpealiiiHuX o0 ekTiB. IcHye moTpeba NOCTIHHOTO MOHITOPUHTY WPOLECIB B
eKOJIOT14HiH, rocrnojapchbKiii, eKOHOMIUHIH, comianbHUX cdepax perioHy. HaHi HOCHIHKEHHS MOXYTb
BECTHCS, AK Ha 06a3i c(OPMOBaHMX IEHTPIB JOCIIIKEHHS pekpearfii (LeHTp PO3BUTKY peKpeartii
«Kocis'suka» B M. KociB), Tak i HOBOCTBOPEHHX OCEPEIKIB MOHITOPHMHTY pekpearii. I[s BuMmora
MOLIUPIOETHCS HA BC1 eTanu mpoekTyBaHHA. Oco0IMBY yBary Ciifi MPUIAITUTH PO3POOICHHIO MPOSKTHUX
3aBAaHb, SKI IIOBUHHI MaTH HayKoBe OOIpyHTYBaHHA. B yMoBax mporecy aaMiHICTpaTHBHO-
TepuTopianbHOi pedopMH icHye TOTpeba TMPOBEJACHHS IOCHTIKEHbh Ta BHBUCHHS pPEKpealriiitHoro
MOTEHIIay, IIJIAXiB HOro 3amydeHHs B pekpeanito. Ha Hamry aymKy, JOLINBHUM € CTBOpEHHSA Ha 0asi
JaHUX TPOMAJCHKHUX LIEHTPIB, IHCTaHIi, OCHOBHUMH 3aBJaHHSAMH SKHX €.

— BEJCHHS MOHITOPHHTY IPOIIECIB, 10 BiIOYBAIOTLCS B PETiOHI;

— 3IIWCHEHHS OI[IHKHU 3MiH, 1110 BiI0YBalOTh B Chepi BiAIOYHHKY;

— 3JifiCHEHHs] HAyKOBOTO OOIPYHTYBAaHHS JUIA TPOCKTHUX 3aBlaHb (HOPMYBaHHS Cy4acHOi
peKpearrii;

— OpaTu yd4acTh y pO3pOOJICHHI NPOEKTHUX TNPOIMO3MLIA (QOopMyBaHHS 00 €KTIB Cy4acHOL
pekpearii;

— OpaTH y4acTb B €KCIEpTyBaHHI MPOEKTHUX MPOMO3MLIN 3 MO3UIil BIUIMBY HOBUX 00’ €KTIB Ha
SKOJIOTIYHUM, EKOHOMIYHWUIA, COLIaIbHUIA CTaH PETiOHY.

Crii CTBOPUTH PO3BHHYTY i€papXito CIy’KO MOHITOpHHTY. [lepmioo iXHBOIO TPYIIOI0 BHCTYIAIOThH
CEJIMIIHI TepUTOpianbHi rpoMan, Ha 6a3i SKUX 30UpaTuMyTh iH(OPMAITIIO TTPO CUTYAIII0 Ha MICITIX.

HaykoBe oOrpyHTyBaHHs NpPOEKTHHX pillleHb BHUKOHYE psA 3aBAaHb Ha e€Tami J0 MPOEKTHUX
MPOIO3MIiii Ta GopMye peKOMEHIAIlT, IO J03BOJIAIOTH IMIABUIIMTH €(PEKTUBHICTh Ta PalliOHAIbHICTH
BHKOPHCTAaHHS HAsBHOTO PEKPEAIliifHOTO MOTEHITIATY, CTBOPHUTH apXiTEKTYPHO-TUTAHYBaJIbHI BUPIIIICHHS,
IO BiAMOBINAIOTH BUMOTaM 4acy Ta KOH IOKTypH puHKY. [Ipu mpomy, me g0 crazii peamizamii mpoexTy
MOJKHa OTPHMAaTH TIOKa3HUKH e(EKTHBHOCTI BHKOPHCTaHHS [aHOTO IPOEKTY, AOLUIBHICTD HOTo
CHOpYXKEeHHs, (PYHKIIIOHYBaHHS B peaIbHUX YMOBax Ta e(eKT HOoro peani3yBaHHs Il OKPEMO B3SITOTO
HAaCEJICHOTO MyHKTY, paiiony, obmacri (puc. 1).

BukoHaHHST BUMOTH HAyKOBOTO OOTPYHTYBaHHS NMPOEKTHHX PIlIEHb JACTh MOMJIMBICTh BKa3aTH
IMUISIXA CTBOPEHHS OUTHII e(DEKTUBHUX Ta MI€EBUX 00’ EMHO-IIAHYBAIBHUX BHPIMICHb. TakoX I BUMOTA
3a0e3rnedye 3B’ 30K 00’ €KTa CydacHOi pekpearlii B CUCTeMi «00’€KT — 00’ €KT, 00’ €KT — peKpeariitaui
BY30J1, 00 €KT — pekpeauiiHWi paloH, 00’ €KT — peKpealiiiHui perioH, 00’ €KT — HaBKOJHUIIHE
CepeIoBHUIIE, 00 EKT — CHCTEMA 3a0yTOBH».

Crparterisi po3BuTKy pekpeanii B KapnarcekoMmy perioHi mepeabavae sik peopraHizaliio HasBHOT
MaTepialbHO-TeXHIYHO1 0a3u 3 ypaxyBaHHSIM BHUMOI' Cy4acHOI pekpeallii, Tak i CTBOPEHHS JOAATKOBOI
inppacTpykTypu (IpOKIagaHHS aBTOILIAXIB, (hopMyBaHHS 00’ €KTiB cydacHoi pekpeartii). [Ipu oMy
3arocroaapioBaHHsA A0AaTKOBUX apeaiiB BiAOyBaTMMETHCSA B CUCTEMI COPMOBAHOTO aIMIiHICTPATHBHO-
TepuTopiabHOro ycTpoto. B Ykpaini B34TO Kypc Ha pedopMy MiCLIEBOIO CaMOBPSAYBaHHS 3 HaJaHHAM
OUTBIIMX MOBHOBAXXEHD Ta (DIHAHCOBUX iHILIaTUB TepUTOpiabHUM TrpoMaaaM. [loctae Bumora comianbHOT
OpIEHTOBAHOCTI apXITEeKTYpPHUX pillicHb IpH (OPMYyBaHHI peEKpealiiHOro cepeaoBMia. Bumora
IpPOMaJICbKOTO OOrOBOPEHHS MPOCKTHUX PIILLIEHD € 3aKOHOAABYO miaATpuMana. IIpoTe s BUMora Bkazye Ha
3MiHy (OpMH yd4acTi TpOMaad HE TUIBKM $K [OTO/UKYBaJBHOIO OpraHy Ha OCTaHHIX eTamax
MIPEACTABJICHHS TIPOCKTY, ajleé W SK TICHOI CIHIBIIpalli HACEeNICHHs 3 IHBECTOpaMH Ha BCIX CTamifx
MpoeKTyBaHHSA. TMM caMuM iCHYBaHHA KOH(IIIKTIB Ha OCTAaHHIX €Talax peami3yBaHHS 00 €KTa HeMae.
Bumora conianbHOT Opi€HTOBaHOCTI IPOEKTHHUX PillleHb JO3BOJISIE BUPILINTH TaKi 3aBAaHHS

- 3abe3medye KOHTPOJb TPOMAAM TIPOIlECYy NPOCKTYBAHHS peKpeariifHoro o00’ekTa depes
OaratopiBHEBE 0OTOBOPEHHSX MPOCKTHUX PIMIICHE,

- T03BOJISIE CTBOPHTH 17€10, 10 MAaKCHMAJIBHO MOBHO BPaxOBYBAaTUME SIK AYMKY CIEIiajicTiB, TaK i
MICIICBOTO HACEJICHHS,
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- Ta€ MOXKJIUBICTh OTPUMAaHHS BaXKJIUBOI iH(opMaIlii Ta i1ei BiJ MiCIIEBOTO HACEICHHS,

- YHEMOXIMBIIIOE€ KOH(MIIKTHI CHTyaIllii Ta CIPOTHB TpPOMaaW peamizamii o0 €KTiB CcydacHOl
pexpearii.

VY mmpmioMy KOHTEKCTI Il BUMOTa Iependavyae TpoMajJCbKi OOTOBOPEHHS Ta 3aTBEPIKCHHS
CTpaTerii pO3BUTKY HACEJIEHHUX IyHKTIB, PO3MINIEHHS 00’ €KTIB peKpearlii Ha X TePUTOPii, BUSHAYCHHS
IXHBOT IOTY»KHOCTI Ta 0COOIMBOCTEH PO3BUTKY 1HYPACTPYKTYPH.

Q -ueHTpn AOCNIAKEHHA MOHITOPUHTY peKpeawiitHoT AiANbHOCTI Ha 6
micLieBUX rpoMag

@ - LEHTPY AOCNIAKEHHS MOHITOPUHTY peKkpeauiitHol AianbHocTi Ha 6
MicuyeBux rpomag

TIATBHICTE CY3KO MOHITOPHHTY Ha 6a3i CENHIHAX TEPHTOPIANBEHIX TPOMAT I

I 36ip Ta meperHHa 0Opobka iHhoMpauii Mpo PO3BUTOK pekpeanii Ta
BHKOHAHHA [POTPAM Ta CTPaTerii

- MPOLEC aKyMy/TIOBaHHs Ta 00po0Kku iHpOpMaLi 3 HACEeIEHIX

I I MYHKTIB PaiflOHY
- HaYKOBI JI0CII/UKEHHS Ta 0OrPYHTYBaHHA KOLETILii CTBOPEHHS
00&EKTIB cyuacHol pekpeartii Ta iX iHGpacTpyKTypH

- BUOIP MPIOPHTETHHX HAMPAMKIB PO3BUTKY pekpeartii,
I I | - hopMyBaHHA MaKPO-3aBIaHb,
- po3po0Ka cTparerii pO3BUTKY PerioHy Ta CTBOPEHHS
IHBECTHLITHO NMPHUBAGIMBOro peKpeaniifHoro npocTopy

LEHTPH MOHITOPHHTY PeKpeaLiiHol AIIbHOCTI, 10 (PyHKIIOHYIOTE Ha
paiioHHOMY piBHI

HEHTPH MOHITOPHHTY PEKpEalifHol TISNBEHOCTI, Mo QYHKIIOHYIOT HA
I I I obnacHoMy piBHI

Puc. 1.Cxema aii BUMOru norjinéJieHHsl HAyKoBOI OOTPYHTOBAHOCTi MPOEKTHUX pillleHb
3 YPaxXyBaHHS JAHUX €KOJIOTIYHOr0 MOHITOPUHTY

B ocraHHe pmecsATHNITTA cepel OCHOBHUX NpOONEM PO3BHTKY PETiOHY IOCTAlOTh EKOJOTivHi
npoGieMu TOB'si3aHi 3 OE3CHCTEMHHMM  3aroCHO/AapIOBAaHHAM OKPEMHX JUISHOK, HA/JIMIIKOBHM
BUKOPUCTAHHIM pEKpealliiHuX pecypciB, BHUPYOKOIO JIiCIB Ta 3a0pymHEHHs Tipchbkux pidok. Cepen
BHMOT, IHTEHCHBHO BpaxoOBYBaHHX Ipu (OpMyBaHHI pekpeauiidHOl iHppacTpykTypu B mepion 3 2000x
POKIB € BUMOTa HEProe()eKTUBHOCTI Ta €KOJIOTTYHOCTI MPOSKTOBAHUX 00’ €KTIB. Byb-sike OyHiBHUIITBO
nependavyae 3MiHM TPHPOAHBOTO cepenoBuiia. [Ipu 1bOMY 3MiHH CQOPMOBAHOTO TPUPOTHBOTO
CepeloBHIAa Ta MOAaNbllle BHKOPHCTAaHHS pPEKpealiiHUX pecypciB IOBKOJMINHIX apeaniB MaloTh
BiOyBaTHCS 3 ypaxyBaHHSIM MOXKJIMBOCTEH OKPEMOro MpUpOJHOro kiactepa. Ha Tepuropii periony
icHye moTpeba CTBOPEHHS PO3rally’KEeHOI 1HKEHEPHOT Mepexi, 0 BKIFOYaTHME CHCTEMY KaHawi3alii ta
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OUMILEHHS, CMITTENEPEPOOHUX MIANPHEMCTB, MiANPUEMCTB COPTYBaHHS Ta BTOPHUHHOI NEpepOOKU
BiAX0miB. BincyTHICTh Takux 00’ €kTiB Ha Teputopii KociBcbkoro ta Komomuiickkoro paiioHiB CTBOPIOE
MepeayMOBH JJIsl €KOJIOTIYHOTO Kojarncy. IIpu mpoMy HelocTaTHS MOTYXHICTh 1H)KEHEPHHX MEpEX A
noTped MICHEBUX >KUTENIB YHEMOXJIMBIIOE CTBOPEHHS JOJATKOBHX 00’ €KTIB CydacHOI pekpeanii Ta
301IBbIIEHHS TXHBOI peKpeKpeaniitol eMHOCTi. CTBOPEHHS peKpealliiHiuX 00  €KTIB 4acTo BiOYBa€eThCs 3a
3QIAITKOBUM TPUHITUIIOM, JI€ 3aJICKJIapOBaHI BUMOTH €KOJIOTIYHOCTI HEe peami3yroThes. IlepmodeproBum
3aBJaHHSAM PO3BUTKY iHQPACTPYKTYpH peKpealii € CTBOPEHHS MEPEeki IHKEHEPHUX KOMYHIKalii, aki 0
(opMyBancs 3a MPOrHOCTHYHIUMHU MOZAEIISIMH KiJIBKOCTI peKpealifHuX 00’ €KTiB y perioHi.

MOJEJIb PEAIII 3A|__|||| rpoMasChki 0BroBOpeHHS

3aTBEPOXEHHA CTpaTerii pO3BMTKY HACENEHOr0 NMYHKTY
po3MilLeHHs 00'ekTiB pekpeaLlii Ha TepUTOpIi HaceneHora NYHKTY
BU3HaYeHHA NOTYXHOCTI 06'ekTa pekpeaii

BWU3HAYeHHs 0COBNUBOCTEA PO3BUTKY iHppaCTPYKTYPU

1. CTALIA ['IEPE,EI,I'IPOEKTHI/IVI AHAJI3 CTBOPEHHA
PEKPEAUIMHOIO OB EKTY
_ |\ L i 3

s

e BUAINEHHS 3eMEenbHOT AiNsAHKK

- 3 YMOBOK CTBOPEHHSA

iHXMEHEePHUX MepeX, LWo 3abeaneyatb
~ BCIO PEKP. 30HY HaC. MyHKTY

- (50% kowris iHBecTopa, 50% kowTis
| rpomagw)

-pekpeawjiiHa 30Ha HaceneHoro
MYHKTY
- iH)XeHepHi Mepexi

——— 30Ha nepcnekTMBHOT po3bynosu

2. PO3POBKA KOHLEMNUII

notpeba 3any4yeHHs iHWKX
TEepuTOpIN ANA NoAanbLIOro

PO3BUTKY IHPPaCTPyKTypH

IHBECTOP
APXITEKTOP

BWAINEHHSA 3eMENbHOI JiNaHKN
3 YMOBOIO 3anyyeHHs 2/3
TPYAOBUX pecypcis

3 MiCLIEBOro HaceneHHs

3. PEANIIBALIIA NMPOEKTY

[POMALCBKI OBIMIOBOPEHHHA
rPOMALA HACENEHOIO MYHKTY

koHTponb || [} { KoHTponb

Puc. 2. Cxema peaJtizaiii BAMOTH cOl[iaJIbHOT OPi€CHTOBAHOCTI apXiTeKTYPHHX pillieHb PH
(¢opmyBaHHi pexkpeaniiiHOro cepe1oBHIIA

[HmMM 3aBAaHHSAM [JaHOI BHMOTHM € BHUPILICHHS MNpoOJeMH CMIiTTe30MpaHHS, NepepoOKu Ta
yrumizanii. Ha manuit wac mpobieMa HOCHTBH 3arpO3MBHN XapakTep Uid eKocucTteMu Kaprmarcbkoro
periony. BicimaecsaT mATh BiACOTKIB TepuTopii BUcokorip’'ss Kapnar 3aiiMaioTe 3amoBiAHMKH Ta
HamioHanbHI mapku. Ilpum npoMmy (opMyBaHHS TiApPOJOTIUHOI Mepexki perioHy (QopMyeThCcsi came Ha
boMy apeaiti. ToMy i 3HalTH MEXaHi3MH yTHIII3aIlli BIAXOMIB ¥ MEPEATIPCHKIN Ta HU3WHHIN JaCTHHI.
Ha croromni HasBHa mpoOiemMa CIPOTHBY MICIIEBOTO HACEIICHHS 100 (OPMYBAHHS CMITTE3BAIMII HA
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MOﬂ EJlb PEA |3AL.[I'I' BMMOTW EKONOMYHOCTI MPOEKTHWUX PILEHb

N01 BU3HAYEHHA PIYHUX OB'€EMIB NMOBYTOBUX
= BIAXOAIB TA MEPCIMKTUB IX 3BIJIbLLEHHA

IEPAPXIA NPIOPUTETIB NOBOKEHHA 3 BIAXOAAMU

A
A
N (m®) Y
Nz (m°) YKkpaika

Ns (m°)
N« (m?°)

BUBIP MOXTNBUX OINAHOK TA PO3PAXYHOK
MOTY>XXHOCTEW NIAMNPUEMCTB YTUIISALII

w2

[ pasiyc
96CnyroByBaHHs 20xN (ms)

npvKnag apxiTekTypHWUX pilleHb CMiTTenepepoBbHMX NignpuemMcTs

N03 NOLWYK MEXAHI3MIB PEANI3ALIIT MPOEKTY

NMOLUYK IHBECTOPIB
SANYYEHHA JOOATKOBKMX KOLWTIB

10N (m®) - yacTka CMITTS 3 iHWKMX rpoMag
$ - onnata 3a yTunisauito

™
S\
PN >
e;‘éev"%

w ©

Puc. 3.Cxema jii BUMOTH eHeproe)eKTUBHOCTI Ta €KOJOTiYHOCTi MPOEKTOBAHUX 00’ €KTIB Ha
npukani Tepurtopii Kosomuiicbkoro paiiony
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YMOBW CTBOPEHHSA OB'EKTIB CYYACHOI
PEKPEAL|Il BUMOTAMW EHEPTOE®EKTUBHOCTI

BUKOPUCTAHHA EHEPTOE®EKTUBHUX
MATEPIANIB

MOLWYK ANETEPHATUBHWX IKEPEN EHEPTII TA BALITYBAHHA
TEXHONOrIW KOHTPONIO BUTPAT EHEPTII

BIAWTYBaHHA
"po3ymHux" cucTem
KOHTpONIO BUTpaT

BHKOPUCTAHHA COHAYHIX
Barapesi

48 <®

BUKOPCTaHHS
OMaLUHIX BITPOBMX
KTPOCTaHUi

CTBOPEHHA

asToMaTU3ALA npoLecy
MiKpokniMaTy B ByauHKy

BUKOPHCTaHHA

eHeproed exTHaHx

MCTEM OCBITAEHHS

NpOrpamMyBaHHA BUTPaT
HaKanuueHol eHeprii

Hacocie

waner beatieg energy

BUKOPUCTAHHA TGMOBMK+ Geothermal
regurements by 3%

insTpaLjis Boan anymynioioue
Ta arymyniorose YeTaTRyBaHHA
yeraTkysaHHs | enexTpoereprii

BTOPHHHE BHKOPMCTAHHA
BoAw

EYAIBHULITBO "MACUBHUX" PEKPEALIMHWX CMOPYL

BIIHOBNIOBaNbHa eHepris
leniokenexTopy AN Harpisy BOAM

AKicHa Tennoizonauis
Bei
Gynisni edhexTUBHG i3onioloTbeA, W06
AOCATHYTH HAWBMLIOTO CTAHABPTY
TennonpoeigrocTi 0,15 Br/(MK)

opieHTaLlif Ta 3aTiHeHHs
MAacUBHE BUKOPUCTAHHA COHAVHOT eHepril

nito

repMeTHYHa KOHCTPYKLiA Gygisni

8 7 pasis kpawa WinbHicTs Ta
BiCYTHICTL MicTKIB Xonogy

anma

BEHTUNALiA 3 pekynepaLjicio
Binblua vacTuHa Tenna BMXIZHOMO NOBITPA

cucTemu baratokamepHUX BikOH

MepeAaeTees BXIAHOMY MOTOKY Ta
CKNIHHA 3 dinsTpyeTsen (edpekTnaHicTs Ginblwe 80%)
1o 0,88 1/(MZK)- nponyekHa agaTHicTs
Bnmabko 50%

isonauia nianoru
NOBITPANI KaHan 3 nerkero GeToHy
3MEHLYIOTb TeNMOBTPATH Yepes nignory

AKicTb BydisHuyTea

Ginbiua YacTMHa Tenna BUXIAHOFO NOBITPA
BXiAHOMY MOTOKY Ta
GinbTpyeTECH (edhexTnBHICTE Dinbwe 80%)

Puc. 4. Cxema 1ii BUMoru eHeproedeKTUBHOCTi Ta €KOJIOTiYHOCTi NPOEKTOBAHUX 00’ €KTIB
apxiTeKTypH
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Crnin ¢opmyBaTH cMiTTENEpEepOAHi MiANPHUEMCTBA JIOKAJBHOTO PiBHA, IO 3a0e3ledyBaTUMYTh
MOTPeON KiTBKOX TEPHUTOPIAIbHUX TPOMall, a TaKOXK Ha CTafil TeHEepaJIbHOTO TUIAHYBAaHHS TEPUTOPIH
HaceJICHWX ITyHKTIB 3a0e3MeuyBaTH BUIUICHHS 30H OyAiBHUITBA LMX 00 €KTiB. €Bpomneichbka MpaKTHKa
JEMOHCTPYE PEHTA0CNbHICTh CTBOPEHHS HEBEIMKHX IIINPUEMCTB CMiTTenepepoOku. Hampukian
(hopMyBaHHS TakWX MiJNPHEMCTB MOXJIMBE Ha TEPHUTOpIl Tepearipchbkoi 4acTuHH JIOJIHHCHKOTO,
Bboropomuancekoro ta KociBcbkoro paiioHiB. Ilomryk MOXJIMBOCTEH BHUKOPHCTAHHS aIbTCPHATHBHUX
JOKepeN eHeprii B OCTaHHE JECATWIITTS CTaB HE TUIBKM O3HAKOK CTHIIIO, ajie 1 HEOOXiJIHICTIO
eHeproeeKTUBHOIO BHKOPUCTAaHHS pecypciB. BinmoBimHo 3MiHIOIOTBCS 1 miaxoau A0 (HOpMyBaHHS
apXITEeKTYpHUX PIMICHh CTBOPEHHS JOMAaTKOBHX TEPUTOPIH pO3TAIlyBaHHS COHSYHUX OaTapel Ta
TEIJIOBHUX KOJIEKTOPIiB Ha €Talli TeHepaJIbHOTO TIIaHyBaHHS.

Ls xareropis TexHiyHMX OO0 €KTiB mepeWlia 3 iH)KEHEpHOI raiys3i B apxiTekTypHy. llomyk
SCTeTHYHMX Ta KOMIIO3WIIIMHUX pilleHb TapMOHIWHOI oOpraHizamii ImKEHEpPHHX CJEMEHTIB B
apXiTeKTypHOMY 00pa3i Ta po3IUTaHyBaJIbHINA CXEMi € BAKJIMBHM aCTIEKTOM apXiTEKTypPHO-TNIaHYyBAIBHOTO
BUpILIEHHSI 00’ €KTa cy4acHOi pekpeamii. Takok BHMoOra €KOJOTIYHOCTI mepeadavae MaKCHMallbHe
3MEHIIICHHS HETaTHUBHOI Iii mpoiecy (YHKIIOHYBaHHS CTBOPEHHX 00’ €KTIB pekpeallii Ha TOBKULIAL.
[InssxoMm BHpimIEHHS ITi€l TIPOOJIEMH € CTBOPEHHS TeHEpaIbHUX IIaHIB 3a0yI0BH B MeXax po3poOiIeHOl
cTpaterii, ski 0 mnepenbavanu NEPCHEKTHBU PO3BUTKY KOMIUIEKCY YH TEPUTOPii 3 MOMKIUBICTIO
JOJATKOBOTO BIAIUTYBAaHHA I1HXKCHEPHMX KoMyHikauid. Ilpm mpoMy ciim BpaxoByBaTH TpaHUYHI
MO>KJIMBOCTI €KOCHCTEMH PEKpearliifHoro apeaidy Ta Ha TOYaTKOBOMY €TaIli CTBOPEHHS KOHIIEIIIT 00’ €KTa
cydacHoi pekpeaii po3poOUTH pillieHHS MaKCUMAIBHOTO Ta MOETAITHOTO BTLUICHHS IPOCKTY .

BucnoBku. CdopMoBaHi BUMOTH CTaJOTO PO3BUTKY peKpealii B Tipcbkux paiioHax IBano-
®paHKiBCHKOT 007aCTi MAIOTh MMUPOKHH CHEKTP 3aCTOCYBAHHS 1 OXOIUTIOIOTH SIK MaKpO3MiHH B CHCTEMI
CTBOPEHHS MICTOOYIIBHOI MOKYMEHTAIlil, Tak 1 MpOIecy MPOEKTyBaHHSI 00’ €KTIB apXiTEKTypH 3arajioMm.
[IpoTte oOrpyHTOBaHI BUMOTH MAalOTh y3araJbHIOBAIBHUHA XapakTep, a (OpMyBaHHS JIEBOTO MEXaHi3My
PO3BUTKY pekpealii morpedye MOJaJbIIMX YTOYHEHh Ta (OPMYBaHHS MPHUHIMUINB 1 METOAMYHHX
peKOMEHAIli il Ha KOHKPETHHUX JiTTHKAX.
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I. Smadych

Ivano-Frankivsk National Technical
University of Oil and Gas

SUBMISSION OF REQUIREMENT FOR THE RECONCILIATION DE VELOPMENT
IN THE MOUNTAINOUS REGION OF IVANO-FRANKIVSK OBLAST IN THE
CONTEXT OF ENVIRONMENTAL SAFETY

Since 2000 the recreational infrastructure in tiaep@thian region has been affected by a number
of changes in the socio-economic, political, derapbic, geopolitical and other spheres. They set new
requirements for the creation of modern recreatidaeilities. The primary task in the recreational
development of the mountainous areas in lvano-kvakloblast is to take into account the environraknt
requirements as a basic element of environmentedezgation for the development of recreation.

In the previous studies, the analysis and evaloatighe potential of unused recreational resources
of the region was carried out and the peculiaritied factors affecting the architectural and plagni
organization were described. Factors affectingiineslopment of the recreational sphere are diviaied
five groups: social; economic; demographic; pditicecological; those relating to the material and
spiritual culture of the population.

The author substantiates the following requireménitsghe environmental safety of recreational
development in the mountainous regions of Ivanaikrsk oblast, namely: the requirement for
compliance with regional development strategies pllaths, which provides for the consideration and
coordination of the strategies and programs fosgméng the high level of environmental safety lat a
levels of recreational zoning and design; improvihg scientific feasibility of design decisions lwit
account of the environmental monitoring data andasoorientation of architectural decisions in the
formation of recreational environment that involwdsnging the system of public discussions and work
with territorial communities, energy efficiency aedvironmental friendliness of the designed objects
which provides for the use of alternative energyrses, energy saving materials and designs asasell
the environmental safety of design solutions.

Keywords: environmental safety of the region, recreatiomallities, mountainous settlements of
Ivano-Frankivsk oblast, requirements for recreatiatevelopment.
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lleaHo-CDpaHKiGCbKuL? HayioOHanbHUull
mexHiYHUll YHisepcumem Hagpmu i 2asy
Hayionanvnuti mexniunuil
yHigepcumem «/Ib6i6cbKa nonimexHiKa»

EKOJIOI'TYHA OCBITA JJIs1 CTAJOI'O PO3BUTKY

BrpoBamkeHHsT OCBITH B IHTEpecax CTAJIOTO PO3BUTKY € OJHUM i3 MPIOPUTETHUX 3aBIaHb, a IIe
HEMOXJIMBE O€3 aKTMBHOI y4YacTi OCBITHIX 3akKiajiB, 0€3 YCBIIOMIIGHHS HEOOXiTHOCTI EKOJIOTIYHO
0e3MeYHOr0 BUKOPHUCTAHHS MPHUPOJHUX PECypCiB Ta OEPEkIUBOTO CTABICHHS JI0 MPHPOIU. BaxinBoro
JIAHKOIO € OpraHi3alisl HaB4aIbHOTO Mpolecy iHGOPMYBaHHS IiTeH Ta MOJIOJI IIOA0 MPOoOIEMU OXOPOHU
HaBKOJIMIITHLOTO cepeoBuia. Came JiTH Ta MOJOIb € TIEH PYHIHHOI CHIIOK, IO MOXKE BIUIMHYTH Ha
CTaH NMOBKULIA B MalOyTHROMY. OCHOBOIO BIPOBAIKCHHS €(PEKTUBHOI CTpaTerii eKOJIOTIYHOI OCBITH €
IHCTUTYLIHUH PO3BUTOK CEKTOPY TPHPIBHEBOTO EKOJIOTIYHOTO BHXOBAaHHS MOJOAL: JOIIKiINbHUHA
HaBYAIBHUU 3aKJaJl Ta MOJIOJII KIaCH CEPEeJHBOI IIKOIU — CepPeHsI IIKOJIa — 3aKIa i BHIOi OCBITH.
EdexTuBHicTh: MakcumanbHe 00’ €THAHHS 3yCHIb Ui AOCSTHEHHS €()EeKTHBHOTO PE3yJIbTaTy Ha OCHOBI
BH3HAYCHHS DPEMEPHUX TO3MUIH y (hopMaibHIiH Ta HepopMadbHIN eKOJOoTidHIN OCBITI; (popMyBaHHS y
JUTHHU 3JIaTHOCTI IIJIECTIPIMOBAHO CIIOCTEPIraTH, JIOCTIIKYBAaTH, MPAaBUILHO OIIIHIOBATH MPEAMETH i
SIBUIIIA y TIPOIIECI €IEMEHTAPHOTO CIIOCTEPEKCHHS. TPEHIHT € XapaKTEPHOI0 OCOOJMBICTIO 1HTETparfii
MeJIarOTiKK Ta EKOJIOTil, IO JO3BOJUTH YUHUTEISIM HE OOMEXKYBATHCH TPAAUIIHHUM (HOPMYBaHHIM
CKOJIOTIYHMX 3HAaHb, yMiHb Ta HABHYOK. Y4YacTh B EKOJOTIYHHUX 3aXOAax chpuse (HOpMyBaHHIO
€KOJIOTIYHOI CBIAOMOCTI MOJIOAOTO TIOKOJIIHHS, BHXOBAaHHIO IXHBOTO HE Oalmay)KOro CTaBICHHS IO
OTOYYIOYOTO HABKOJMITHHOTO CEPEJOBHINA, JOIIOMAarae y BHUPIIICHHI TPOOJEMH TOBOKCHHS 3
BiIX0JaMH. YYacTh B €KOJOTIYHUX 3aX0JaX CHPHUSE MOTIUOJICHHIO €KOJOTIYHOI CB1IOMOCTI, TTParHeHHIO
0co0OHMCTOT yyacTi y BHpIIIEHHI €KOJOTIYHUX MPOOJieM perioHy, KpaiHW, MOKpaiieHHs iH(OPMOBAaHOCTI
pI3HUX BepCTB HaceneHHSA. Po3pobieHa crTparteris Ta IulaH Mill Ha PO3MIMPEHHS CIHIBIIpaIll y HApsMi
TTOKpaIeHds iHhOpMaIiifHOT TOITHKY JJIs CYCITUILCTBA, PO3BUTKY OCBITHIX IporpaM, CIPSIMOBAaHUX HA
MiIBUIIICHHS PiBHS 0013HAHOCTI HACEICHHS 100 MPO0IeMH 0XOPOHHU HABKOJIHMITHLOTO CEPE/IOBHIIA.

Kuio4uoBi cjioBa: ekoJIoTiyHA OCBITaA, €KOJIOTIYHE BHXOBAHHS, €KOJIOTIYHA CBiOMICTbH, IHTETPAIIisd
ocBiTH, (hopManbHa OCBiTa, HepOpMaIbHa OCBITA.

IoctanoBka mnpoGaemu. CydacHa EKOJIOTIYHA CHTyaIisl CIIOHYKa€ M0 IIBHAKOI IepeOymoBH
MHCJICHHS JIFOJICTBA 1 KOKHOT KOHKPETHOI JIIOINHH, (DOPMYBaHHS €KOJIOTIYHOI CBIIOMOCTI Ta €KOJOTIIHOL
KylnbTypd. Y 3B'S3Ky 3 I[UM C€KOJIOTIYHA OCBITa i €KOJIOTiYHE BUXOBAHHS CTAalOTh HOBHM IPIOPUTETHUM
HanpsiMmoM ocBiTH. JlocBin kpain €C cBiguuTh, Mo 0a3yl0UnMCh Ha MPUHIUIAX EKOJOTiYHOI MONITHKU
KpaiHW, BUCOKOMY DPiBHI €KOJOTIYHOI KyJIbTYPH Ta AKTHBHIN MO3WIII JTIOIWHWA y TPHPOIOOXOPOHHIM
TSUTBHOCTI, MOJXKHA TOKPAIIUTH CTaH HAaBKOJMIIHBOTO CepeloBUIa. BomHouac BHCOKWIN piBEHb
EKOJIOTIYHOI KyJbTYpH HE MOXJIIMBHUH 0€3 €KOJOriuHOi OCBiTH, IO Ma€ 3MIMCHIOBATHCS HAa OCHOBI
KOMIUIEKCHOCTI Ta 6€3mepepBHOCTI OCBITH. AKTyaJlbHAM IIOCTA€E TIIBUINEHHS PiBHS OCBITH CYCIIUJIBCTBA
Ha OCHOBI iHTerparii 3uaub [1, 2] Ta MoaepHI3allis yChOr0 OCBITHHOTO MPOCTOPY 3 EIIEMEHTAMH CTAJIOr0
posutky [3]. Ha ceoromni y 3axiguiii €Bpomi Ta SmoHIi CHCTEMAaTHYHE EKOJOTiYHE BHUXOBAHHS
MMOYMHAETHCA BiKE 3 3 POKiB, 3 5 pokie y Pinnauii, y moyatkoBux mkoiax B Auriii, [serii, Hawii [4].

[Ipotsirom ocTaHHIX pOKIB B YKpaiHi, sSIK 1 B 0aratboX KpaiHax CBITy, Ha JCp>KaBHOMY piBHI
JIEKJIapy€EThCSl KOHIEMINSA eKoJIoTi3allii BUXoBaHHs. EKOIIOTIYHIM CBIJOMOCTI CIIiJi HE HABYATH — ii CIIiJ
BuxoByBaTH. llle ogHa npuunHa HU3BKOT €KOJIOTIYHOT CBIJOMOCTI KPUETHCS Y TACUBHOCTI CaMOi JIFOAMHH.
Tomy exosmorizarisi 3arajgoM ycCi€i CHCTEMH OCBITH 1 BUXOBAaHHS € HAJI3BHYAMHO aKTyalbHOIO TEMOIO
Cy4aCHOTO PO3BHUTKY CYCIiIbCTBA.
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AHani3 ocraHHIX [pocaimkens i myOuaikamifi. [lapocTkm ekonoriyHoi ocBiTH B YKpaiHi
3’ ABIIAIOTBCA Y cepenuHi-KiHii 70X poKiB MHHYJIOI'O CTOJIITTS, KOJM IMUTAaHHSA OXOPOHH HABKOJIMIIHLOIO
NPUPOAHOTO CEPEellOBHINA CTalM AaKTyaJlbHHUMH JUIS PO3BUTKY JepxaBu. Ilicast CTOKroabMChKOI
koH(pepenuii OOH 3 HaBkoaumHLOTO cepenonuiia (1972p.) Oynu npuitHATI 3aKOHOAABYi Ta HOPMATHBHI
aKTH, CIIPSIMOBAaHI Ha OPraHi3aIlifo OXOPOHM Ta KOHTPOJIIO CTaHy HOBKImIAL [5], mowaga po3BMBATHCH
HayKoBO-mocigHuIbka podora. Y 2001 pomi Ha Konerii MOH VYkpainu Oyia 3arBepmixena Konuerniris
€KOJIOT1YHOi OCBITH, CIpAMOBaHAa Ha (OpPMYBaHHS EKOJOTIYHOI KYJNbTYypH SK CKJIaJ0BOi CHUCTEMH
HalliOHAJILHOTO 1 TPOMAasHCHKOTO BMXOBAHHS BCIX BEPCTB HAcelieHHS YKpaiHu (B TOMy 4uMCIi uepe3
€KOJIOTIYHE  TPOCBITHUIITBO 3a  JOIMOMOTOI0  TPOMAJCHKMX  CKOJIOTIYHMX  OpraHizamiii  Ta
IPUPOJIOOXOPOHHHX YCTAHOB) 1 BKIIFOUAE TPOIIECH HABUAHHS, BUXOBAaHHS, PO3BUTKY 0COOUCTOCTI [6].

Ha cporomni B VYkpaiHi icHye po3BHHYTa cCHCTEeMa 3aKOHOJaBuoi 0a3m y Tamysi
MIPUPOTIOKOPUCTYBAHHS Ta OXOPOHH HABKOIMIITHHOTO TPUPOAHOTO CEPENOBHINA, IO BKIIOYAE OKpeMi
crarti Koucrturymii Vkpainw, winuii psg 3akoHiB Ykpainm (3akonnm VYkpainm «Ipo oxopony
HABKOJIMIITHBOTO TIPUPOJHOTO cepenoBuia», «dIpo oxopoHy atMochepHoro mopitps», «Ipo Bigxomm»,
«[Ipo oOmiHKY BIUIMBY Ha IOBKULID», <«3eMENbHHA KOIEKC YKpaiHi», «BOJHHH KOJEKC YKpaiHu»,
«Komexc mpo Hampa», Crpareriuny exosoriuny oiiaky (CEO) Tormmio, a Takox I[iIuil psa IMOCTaHOB,
YKa3iB, MiJJ3aKOHHUX aKTiB TOIIO.

Y 90x pokax XX cromiTTs B YKpaiHi moyanyd YTBOPIOBATHCH Iepul Kadeaph eKOJIOTi4HOTO
cupsmyBauss [7]. JlimepoMm B exomoriuHiii ocBiti 6yB pekTop JIbBIBCHKOTO JIICOTEXHIYHOTO iHCTHUTYTY,
JOKTOP CUTBCHKOTOCTIOAAPCHKHX HayK, mpodecop Kyuepssuii B. I1. Came Tyt y 1989poui O6yna yrBopeHa
nepma kagenpa exosnorii. Takox J[HIIpoNeTpOBCHKUN NEpKaBHUK YHIBEPCHUTET IEPETBOPUB Kaderpy
(dizuunoi reorpadii Ha kadeapy reoexosorii ta ¢izudyHoi reorpadii, i 04oNMB JOKTOP reorpadidyHux
Hayk, npodecop [Naciunmii I'. B. Y XapkiBcbkoMy Aep:KaBHOMY YHIBEPCUTETI TaKy * BUIIYCKHY Kadeapy
CTBOPHB JOKTOp reorpagiunux Hayk, npodecop Hekoc B. 1O. [loTyxHuil ocepenok 3 eKOJIOTiYHOI OCBITH
yTBOpHUBCS Ha reorpadiunomy ¢akynbreti KuiBcbkoro aepskaBaoro yHisepcutery iMm. T. I'. IlleBuenka,
JIe TOMI TpAamIOBAIM KaHAWAAT TreorpadivHuX Hayk, mporeHT Ilagyn M. M., mDOKTOp TeoJoro-
MiHepasoriunux Hayk, npodecop bimsscekuii I. O. 3romom aucummiiny «OCHOBH €KOJOTIi», fK
CaMOCTIlHY AMCUUILIIHY, T0YaJIM BIPOBAKYBATH 1 B TEXHIYHUX BUILAX.

OmnouacHo 3 (opmyBaHHS ekojoridHuxX mucruiunid y 3BO mpu MinictepcTBi Oyima cTBOpeHA
nepira HaykoBo-MeToamdHa KOMICiS 3 OXOpOHU MPUPOIH, aKy odonuB Kydepssuii B. I1., a o ii ckmanxy
BBIHIIOB 3aBilyBay Kadeapu OXOpOHHU mpami Ta Oe3MeKH >KUTTEISUIBHOCTI KaHAMOAT TEXHIYHUX HAayK
IDIHT, nouent Jucsauuii I'. M.

IToctanoBka 3aBaaHHs. Ha crorommi akTyanmbHOCTI HaOyBae €KOJIOTI3allisi BHXOBAaHOTO Ta
HABYAJILHOTO TPOLECY K Y JOIIKUIBHUX, 3aralbHOOCBITHIX HABUAIBHHUX 3aKiallaX, Tak W y 3akiagax
BUILIOT OCBITH, POpMYyBaHHS 0araToCTyNEHEBOI EKOJIOTIYHOT OCBITH.

Merta crarTi moJATaE B aHaNi3l PO3BHTKY CKOJIOTIYHOI OCBITH B YKpaiHi, (opmyBaHHI
3aKOHO/IaBYOI 0a3u Ta OOTPYHTYBAaHHI HEOOXITHOCTI CTBOPEHHS 0araToCTyIIEHEBOT €KOJIOTIYHOT OCBITH.

3aBOaHHAMHU JOCTI/KEHHS € OOIPYHTYBaHHS OCHOBHHMX HAaIpsAMiB PO3BUTKY QopmanbHOi Ta
HeOpPMaIbHOI EKOJIOTIYHOI OCBITH Ta BH3HAYCHHS OCHOBHHX IMPOOJEM, IO MEPENIKO/KAIOTh IXHbOMY
BTIJICHHIO Ha KOJKHOMY eTarti (hopMyBaHHS 0COOUCTOCTI.

Bukinanx ocHoBHOro marepiamy. Ha croromui HEoOXigHO, MO0 €KOJOTIYHI ifei, MOHATTH,
MPHUHIMIN TPOHUKAIK y BCl cepu >KUTTA 1 HAaBYaHHS CYYaCHOTO IOKOJIIHHS OiTed JOMIKIIBHOTO,
ITKUTEHOTO BIKY Ta CTYJIEHTCHKOI MOJIOI.

Peamnizarist ekoJI0TiuHOT OCBITH Mepeadavyae 4iTKO CTPYKTYPOBaHi €Tamu, CIpsIMOBaHi Ha BC1 BiKOBI,
comiaibHi Ta npodeciiini rpynu HaceneHHs [8]. ¥V Hili MOKHA BUOKPEMHUTH JBa OCHOBHI HAINPSIMU OCBITH:
dhopmaibHy 1 HehopmaabHy. dopMalibHA OCBITa OXOIUIIOE BCi JIAHKHM 3arajbHOi CHCTEMH OCBITH, IO
icHye B YKpaiHi: JOWIKiIbHA, MIKUIbHA, MO3alIKiIbHA, TPO(QECciiHO-TEXHIYHA, BUIIA Ta IMiCISAUILIIOMHA.
Jpyruii Hampsim — HedopMaldbHAa OCBiTa — Ma€ MPOCBITHUIIBKWUN XapakTep 1 CIPSIMOBaHHN Ha
(hopMyBaHHsI €KOJIOTTUHOI KyJIBTYpH HAaceJCHHS uyepe3 LEPKBY, 3aco0u MacoBoi iH(opMallii, rpoMaaChKi
€KOJIOTIYH1 opraHi3aliii, mapTii TOIo.

BaximBe MicIie B €KOJIOT1YHIN OCBITI HAJIEKHUTH ii OaraTocTyneHeBOMY XapakTepy ocBitH (puc. 1).

Dopmanvna oceima. PopManbHa €KOJIOTIYHA OCBITa Ta BUXOBAHHS OPIEHTOBAHI NMEPEBXKHO HA
niepeiaBaHHsl CrelialbHUX 3HaHb, TOJIOBHUM YMHOM Y Tally3l TEOPETUYHUX OCHOB (DYHJAMEHTAIILHOI 1
NPUKIIaTHOT €KOJIOT1i.
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— PopManbHa ocBiTa

= OOLUKINbHWF 3aKnap,

3aKnaauv cepeHbo OCBITK (LUKOMK, NiLEl, NiMHa3iT, Koneaxi)
3BO (bakanagp, MaricTp, AUCTaHLiAHa ocBiTa)
JokTop dinocodil

AOKTOP Hayk

—HechopmanbHa ocBiTta

LuepkBa

3MI

rpoMaacbKMIA eKONOTIYHUIA pyX
(rypTku, opradisau,i, napTii)

Puc. 1. baraTocTtyneHeBa cucremMa oCcBiTH

Jowrxinonuii eman. Y cuctemi Oe3NepepBHOI €KOJOTIYHOI OCBITH HAWBAXJIMBIIIOK € ii mepiia
JJaHKa — JOIIKiThbHA OCBiTa. Ba30BUII KOMIIOHEHT [OIIKUTLHOI OCBITH B YKpaiHi mnepembavae
(hopMyBaHHS Yy TUTUHU TOYYTTS BiAMOBIMAILHOCTI 3a T€, IO BiAOYBa€eThCS HABKOJIO HEl Ta 3a CBOi il y
noBKUDT. [IporpamMuuit mMarepian AWTSYMX MOMKIIBPHUX 3aKIaniB Mae OyTu 0a30i0 s ¢GopMyBaHHS
eKOJIOTIYHOI KyJIbTypH Y nuTuHH [9].

[Ipobnema: ekooriyHe BHXOBAHHS Y MOIIKUIBHUX 3aKJIaiax Mae 37cOUTHIIOro iHIMiaTHBHUM
XapaxTep.

Ulxinvnuti eman. CycniIbCTBO Ha Cyd4acHOMY €Talli BUMara€ Bij HIKiUTBHOI OCBITH 3a0e3MeUeHHs
MaKCHUMAaJIbHOTO PO3BHUTKY IHTENEKTyaJbHHX 3Ai0HOCTEH i ()OpMyBaHHSA 3arajJbHONIOJICBKUX SKOCTEH
ocobucrocti [10]. Hacammepen — AyXOBHOTO PO3BUTKY OCOOHCTOCTI, IO MPHUTAMAHHO €KOJIOTIYHOMY
croco0y MHUCIEHHS, eKOJIOT1YHIH KyIbTypi, MOpali Ta eThka. ToMy came IIKOJIi Ma€ HaJeXaTH rOJIOBHA
poab y GopMmyBaHHI ekosoriuHoro mucieHnHss. [lKinpHy exoJoriuHy ocBiTy HEOOXiJTHO BHOPOBAKyBaTH
Ha OCHOBI €KoJjori3arii HaBYaJIbHHUX IWCIUIUIIH. BakKTMBOIO JTAHKOIO B CHCTEMi €KOJIOTIYHOI OCBITH €
Mepexka ITO3alTKUTEHUX €KOJIOT0-OCBITHIX 3akiaiiB. HeoOXimHO CTBOPIOBATH OCBITHE CEPEIOBHINE HA
NPUHIMUIAX CTAIOro po3BHUTKY [11].

SIKicHO HOBHWI pe3ynbTaT y MiABHILCHHI PIBHS EKOJIOTIYHOI OCBITM Ta BHXOBAaHHSI MOXHa
TOCSATHYTH 3aBIISIKH KOOTIeparlii, a B IEPCIIEKTHRI — IHTErpaii MKIIBHOI OCBITH 3 BUIIOIO.

[IpoGiiema: chOTOAHI CKJAjacs CHUTyallis, KOJIW 3M00yTi B IIKOJI 3HAHHS BiIMEKOBaHI Bif
MOBCSKJCHHOTO JKUTTSI Ta ICHYIOTH cami 00010, cia0ke MeToAnyHEe 3a0e3MEUYEHHs 3arajbHOOCBITHIX
KT MartepiagaMi EKOJIOTIYHOI CIPSIMOBAHOCTI, HEMOXKIIWBICTh pPeaqbHOI NPAKTUKH IIKOJSPIB B
03HAHOMJICHHI 3 HHMMH, HEMOXKJIMBICTh YYacTi YYHIB Y pEallbHIM MPUPOIOOXOPOHHIN poOOTI; Maibke
HEMae MaTepialbHO-TEeXHIYHOI 0a3u y OurbImocTi mKin (BiACYTHICTH BijeoMmarepiainiB, J1abopaTOpHOTO
o0JsaIHaHHSI, CY9aCHOTO TYPUCTCHKOTO CHIOPSKSHHS TOIIIO).

Buwa oceima. OcobauBO aKTyaqsHUM € SKiCHO HOBA IIATOTOBKA BHUXOBATEISI, BUUTEIS IITKOIHM Ta
Bukianada 3BO, 3maTHOrO mepeOyayBaTH HaBUAIBHO-OCBITHIM IMpoliec y HampsiMi HOro exosorizaimii Ha
OCHOBI 3HaHb, HAOYTHX yMiHb Ta HaBU4OK [8, 11]. Bin mMae nepedopmaryBaTH HaBYaIbHUII MPOLIEC BiJ
TepeaaBaHHs 3HaHb JI0 PO3TIIATY MPOOIEMHU 1 PO3pOOICHHS MOKIMBHX IISAXIB 11 BUPIIICHHS.

Exonoriuna ocsita 3BO Binmpi3HseTbCcsi (OpPMYBaHHSM OpraHi3aTOPCHKHX 3i0HOCTEH Monomi,
HaTpHUKIaj, y TPOBEICHHI EKOJOTIYHHMX 3axOiB, MParHeHHI CaMOCTIHHOTO BHpIIIEHHS KOHKPETHOI
€KOJIOTIYHOI TpoOJIeMH 3 OTPHMAHHAM IMPaKTUIHOTO pe3yiabTaTy. HeoOximHo 3amydaTH CTYIEHTIB IO
€KOJIOTO-TIPOCBITHUITGKOI  MisTBHOCTI. JIss maHoi BiKOBOI KaTeropii BaXXJIWBUM € IIPOBEICHHS
iH(pOopMaLiHHO-IPOCBITHULIFKOT AiSIBHOCTI 3 YUHSIMH 3arajlbHOOCBITHIX HaBYaJIbHUX 3akiaafaiB. CTyJqeHTH
y dopwmi Oecimu, 3a AOIMOMOTOI0 MPE3EHTAIlil Ta BIACHO CTBOPEHHX (iIbMIB IS IITEH MOJOAIIOI Ta
CEPEIHBOI MTKOJIM HA0YHO BUCBITIIOIOTH €KOJIOT1UHI MMPOOIEMH Ta HEOOXIAHICTh OCPEKITMBOTO CTABJICHHS
70 HABKOJIMIIHBOTO cepedoBUIIA. Y (OpMi TPEHIHTY CTYAEHTH IMOKa3yloTh i JIOMOMAaraioTh YYHSIM
CTapILOi MIKOJIH OOTPYHTOBYBATH LIUISXH BUPILICHHS KOHKPETHOI €KOJIOTIYHOI IPOOIeMH.

I meit eram € 3aBepmragbHAM B €KOJIOTIYHOMY (hOPMYBaHHI OCOOMCTOCTI Ta KYJIBTYPH €KOJOTIUHOL
MOBEiHKH JIIOAUHH.

Koxxnuii 3 eraniB opMyBaHHS €KOJOTIYHOI CBIIOMOCTi, TUTUHU — YY€Hb — CTYACHT — (axiBelp,
Ma€ BpPaxOBYBAaTH IICHXOJIOTIYHUN BIKOBHH PO3BUTOK ocobmcTocTi. Ile € 0coOMMBO BaKIUBHM TIpH
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TUTaHYBaHHI 3aXOJiB EKOJIOTIYHOTO chpsiMyBaHHA. [Ipomec eKoyoridHoi OCBITH MOXE CKIaJaTHCh 3
E€MOITIHHOTO, Ti3HABAJLHOTO Ta ITOBEAIHKOBOTO CJIEMEHTIB, SKi MAlOTh PI3HWHA pIBEHb CHPHHHSITTS
Marepialy AJs KOKHOI BiIKOBOI KaTeropii, Ta rapMOHIHHOTO IXHBOTO ITOE€THAHHSI.

[IpoGnema: oOMexeHa KUTBKICTh TOJWH, BUAUICHUX HAa BUKIAIAHHS MPUPOJHUYUX TUCIIHILIIH;
oOMekeHa MOXKIIMBICTh JUISI BBEACHHS B HABYANBHO-BUXOBHHM TIPOIEC CIEMKYPCIB E€KOJIOTIYHOI
CIIPSIMOBAHOCTI; CJIa0Ke BHCBITICHHS €KOJIOTIYHHUX MPOOJIEM CBOET MICIIEBOCTI, HHU3BKHH PpIBCHb
7a00paTOPHOTO OCHAILICHHS, HEIOCTAaTHS MOTHBAIlsS Y4YHIB (CTYACHTIB) Ui OTPUMAaHHS CKOJOTIYHUX
3HaHb.

He MeHI BakJIuBE MICIE Y PO3BUTKY €KOJIOTIYHOI OCBITH HAJICKUTh TUCTAHLINHIN (HOpMI OCBITH 1
Kypcam MiABHUILIeHHs KBamidikamii ¢paxiBiis.

Jlucmanyitina océima. B OCHOBY JUCTaHIIIHHOI €KOJIOTIYHOI OCBITH Ma€ OyTH TOKJIaJCHUN
iepapxiuHui TPUHIKAI MOIYJIBHOCTI BHUBYEHHS IWCIUILIH (HAIpsMKiB, TpoOIeMHHMX muTaHs) [12].
Takwif TAXiX TO3BOJIUTH IOCHIIOBHO IOCHITUTH Ta BHBYHTH TNPOOJIEMY, BCTAHOBHTH TIPUIHUHHO-
HACIIAKOBI 3B’ S3KM. BUKIagaHHs JeKIIHHOTO Marepiaxy y BipTyaibHIH peaJbHOCTI J03BOJISIE
BUKOPHCTOBYBATH IMITaIliifHI MOJENi, IO TiABHIIYE pPiBEHb 3aCBOEHHS Marepiany. ICHYIOTH pi3Hi
MEXaHI3MH BIIPOBaPKEHHS AUCTaHMiiHoi Gopm HaBuanus [13]. HaBuanus Mae mepembadyatd He TiTBKH
BUKOpPHUCTaHHs iHQOpMaLifHUX pecypciB, ane W MpoBeAEHHs OH-JaiH-ceMiHapiB, KOH(epeHLil abo
JUCKYCil, KOJM MOXXHA OLIHUTH CTYIiHb 3aCBOEHHsS Marepialdy, a Horo e(eKTHBHICTh 3aleXHTh Bil
iH(opMaIliiHOro 3a0e3MeYCeHHs, MOXJIMBOCTEH 1H()OPMAIIHHUX TEXHOJIOTIH 1 (haXOBHUX KOMIICTEHTHOCTEH
BUKJIQJIaya Ta HOro yHiBepcaibHOi miaAroToBkH [12]. Ockigbku e(pEKTUBHICTH TUCTAHLIHHOI OCBITH
HampsiMy 3aleKWUTh Bid mpodeciifHoro piBHA BHUKIaJaya, TO BAKIMBE Miclle Mocigae mpolieMa
KaJpOBOTO 3a0e3MeUCHHS.

IIpobmeMu: He3BakalOYM Ha 3HAYHI TEpeBarw y 3pYYHOCTI HABYAHHA 3 BUKOPHUCTAHHSIM
JMUCTaHIIHHOT (OpPMH OCBITHM Ta MOOUIPHMX TEXHOJOTIH, BCE K Takd ICHYIOTh JHEAKi HEIONIKU:
HEMOXKJIUBICTh OTPUMAHHS KOMITJIEKCHOCTI 3HaHb, BIICYTHICTh B3a€EMO3B’ SI3KY MK PiI3HUMH HayKOBHUMH
QUCHUIUTiHAME  (DIBHSAMM, HAampsMaMH), HEMOKJIHMBICTH (OpPMyBaHHS ITOBHOTO VSBIEHHS MPO 3MiCT
JUCLUIUTIHY, BIACYTHICTH (pOpMyBaHHS yCiX (axOBUX KOMIIETEHTHOCTEH.

Kypcu niosuwennsn xeanighixayii. Ha xypcax migBuILeHHs KBai(ikamii BaXXJIHMBOIO CKIaJ0BOIO €
(hopMyBaHHsI TOTOBHOCTI camoro (axiBus (Buknagada 3BO) 1o iHHOBALIHHOI €KOIOTIYHOT MisSIBHOCTI Ha
npodeciitHomy piBHI. DOpMyBaHHS TOTOBHOCTI CTa€ MOXKJIMBHAM JIMIIE 3a YMOB 3/IHCHECHHS
IIJIECTIPSMOBAHO1, CIIEIiaIbHO OPraHi30BaHOi BCEOIYHOI Ta KOMITIEKCHOI MiATOTOBKH.

IIpobmeMu: HayKOBi, TEOPETHUYHI 3HAHHS BiAipBaHI BiJ] MPAKTHIHUX MPOOJIEM, IO IOB’sI3aHO 3
IHTEHCHBHHUM TEXHIYHUM PO3BHTKOM CYCITiJIHCTBA.

Hegopmanvna oceima. Ilpouiec GpopMyBaHHS €KOJOTIYHUX 3HAHb BiJOYBAETHCS 3 JOTPUMAHHIM
NPUHIMIIIB JOCTYMHOCTI 1 MPaKTHYHOCTI. | eKonoriyHa ocBiTa He MOKJIUBA 0€3 MPaKTHYHOI €KOJIOTiYHOT
TUSITBHOCTI, 30KpeMa, €KCKYpCisiM, CITOCTEPEKEHHSM, CKOJOTIYHUM irpaM, BUTOTOBIICHHS IPEAMETIB Ta
irpaloK i3 NpUpOAHOTO MaTepiany 10 € OCHOBOIO HedopManbHoi ocBiTH. Baxkinuee Miclie B eKOIOTiUHIi
OCBITI HaJIeKUTH LepkBi, 3MI, rpoMarCEKOMy €KOJIOTIHHOMY PYXY.

Ieprea. OcHOBHE Miclie B €KOJOTiUHIH HedopMabHii OCBiTI HamexuTh 1epksi [14]. Ilepksa Ha
CHOTO[HI 3aiiMae aKTHBHY TO3UIIII0 y BUPIMIEHH] MPHUPOIOOXOPOHHUX 3aBIaHb 1 CTa€ MOTYTHIM 3aCO00M
iIBUILCHHS €KOJIOTTYHOT CBIIOMOCTI cycminbeTBa. B Ykpaini 30eperinck (0coOIMBO cepell CillbCchbKOro
HACEJICHHS) TPauilii BU3HAYAILHOTO ABTOPHTETY IEPKBH, KA MOXKE CIYXHTH 1 CIy)KHTh MOTYTHIM
BUXOBHUM (DaKTOPOM EKOJIOTIYHOI CBITOMOCTI SIK Yepe3 IMPOTOBiAI TyXOBEHCTBA, TaK 1 depe3 peaybHi
NPUPOJOOXOPOHHI aKMii, AKi 3AiHCHIOIOTBCS MiX KEepiBHULUTBOM LEPKBU. lIpomoBini Ha eKOJOTiYHYy
TEMAaTUKy Ta OMHC MPUPOJOOXOPOHHUX 3aXO/iB, SIKi BIPOBAPKYIOTHCS MiJl HAaTPOHATOM LEPKBH, MOXKHA
3HAWTH Ha calTax BCIX LIEPKOB, AKI (YHKIIOHYIOTh B YKpaiHi. A B Ckiaai YKpaiHCbKOI IpeKo-
kaTonuubkoi nepksu icHye bropo YI'KL i3 nutans exomnortii.

3acobu posnosciooscennsn ingpopmayii (3MI). Y BUXOBaHHI €KOJOTIYHOI CBIIOMOCTI CYCHibCTBA
3HaYHA POJIb HACKUTH Mac-Memia. OTHAKOBOIO MipOIO II€ CTOCYEThCS SIK Tepeaad pajio i TeacbadeHHs,
TaKk 1 CHemiaJbHUX JPYKOBaHMX BUJIaHb Ta BHKOPUCTAHHS MPUPOJOOXOPOHHOI TEMATHKH y BCHOMY
KoMITIeKci iH(dopmalii, AOHeceHOi IO CYCHUJIbHOI CBimoMocTi. Y Ham yac icHye ©arato mKepen
iHpopMarrii:

— BUJIaHHSA HAYKOBO-METOJMYHOI JIITEPaTyPH,

— KHUKKOBO-1JIFOCTPOBaHI BUCTAaBKUY,

— IPOBEJICHHS 3aHATh Y CEpeIHIX MIKOIaX;

— BUTBHHH JOCTYT YCIX TPOMAJISIH JIO €KOJIOT19HOI iHpopMaIrii uepe3 610110TeKH;
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— BEJIMKA KUTBKICTh TEJIEBI3IHHUX MPOrpaM, CIPSMOBaHUX Ha PO3TIISAAHHS €KOJIOTIYHUX MUTAHb;

— IIpOBeIeHHS KOH(epeHTIIii Ta JIKITiH y 3aKIagax BUIIOI OCBITH CEpel CTYICHTIB;

— IHTepHeT.

«OCKITBKM MiX Mac-Mefia Ta CYCHUIBCTBOM ICHYE THYYKMH 3B'A30K 1 TeMaTWKa Mac-melia
MOBMHHA BIANOBiZaTH moTpebaM CycriibcTBa (TiMBKH TOAI iH(opMalis Oynae »KamaHO), TO caMe
3pOCTaHHSA OCTaHHIM 4YacoM iH¢opMallii Ha NPUPOJIOOXOPOHHY TEMATHKY € HEMNPSAMHUM CBiTYCHHSIM
3pOCTaHHsI SKOJIOTIYHOI CBIJOMOCTI CYCHUIbCTBa», — 3a3Havae npodecop Mansosanuii M. C. [14]. Crig
OUiKyBaTH, 110 3 YaCOM IS TEHACHIIIS OCHITIOBATHMETHCS.

I'pomadceki opeanizayii. B YxpaiHi icHye BeIWKa KUIBKICTh TPOMAICHKUX EKOJIOTIYHHX
opranizauiit («BceykpalHChbka €KOJIOTIUHA JIira», «3eleHui cBiT», «EKOmnpaBo», «YKpaiHChbKe TOBAPHCTBO
oxopoHu npupoam», € onoc [pupoan», Beeykpaincbka ekonoriuna rpomajcbka opraizanis «<MAMA -
86», Bceykpaincekuii komiTeT miarpuMku [Iporpamu Opranizarii O6’ eqHanux Hariii 3 HaBKOJHUIIIHBOTO
cepenosuma (YkplOHEIIkoM) Ta 6Garato immux. Ha ’xanp, BeluKa KiTbKICTh LHX OpraHisaIfiii €
3aMoJIITU30BAaHUMU, IXHS AISJIBHICTH MJISIBA 1 3HAYHO AKTHUBI3YETHCS TIJIBKM Yy TEpeIBUOOpHI mepioH,
o0 MPUBEPHYTH yBary TPOMAaACHKOCTI 0 THX YM IHIIMX MOMTHYHMX cui [14]. Xoua ciix 3a3HaunTH,
o 0Oarato i3 HMX OpraHizaiiii MpOBOMATH 3HAYHY poOOTY i3 (hOpMyBaHHS €KOJIOTIYHOI CBiZIOMOCTI
cycminbeTB. I3 Benmye3HOl KiTBKOCTI TPOMAJACHKUX EKOJIOTIYHMX OpraHizalii HaW4HCIEHHIIO0 i
HaiimoTyxHimoo € BceykpaiHcbka ekosoriuyHa ira. Jlira 3amydae akTUBHY TpPOMAJCBKICTb 10
OITIHIOBaHHS Ta PETYJIIOBAHHS €KOJIOT1YHOI TOJIITHKH Ta IPOBEICHHS PI3HUX CKOJIOTTYHHUX 3aXO]IiB.

Pozeumox ma ¢opmysanns ¢opmanvroi ma HegopmanvHoi oceimu Ha Kaghedpi exonozii
IDOHTYHI'. Kadpenpa exonorii IDHTYHI mig kepiBaunrBoM Anamenka f. O., sikuil oyoiroe xkadeapy 3
2007 poky, Tex HE CTOITh OCTOPOHb Yy PO3BHUTKY €KOJIOTIYHOI OocBiTH B YkpaiHi. llle y 1989 pomi 3
OoCiHHBOTO ceMecTpy mpodecop Amamenko O. M. Bmeprne modaB unuTatd Kypc «OCHOBH €KOJIOTIi»,
3rogoM Kypc OyB BBeleHHH y poOoui HaB4anbHI mporpamu ycix 18 cmemianmsnocteit IOIHI i Bxe 3
1993p. moyaBcs mHepIIMiA IPUHAOM CTYACHTIB Ha CIEIialbHICTh «OX0pOHA HABKOJIMIIHLOTO CEPEOBHUIIA
Ta parfioHaJbHe BUKOPUCTAaHHS IPUPOIHUX pecypciB» [7].

I[1ix kepiBHULITBOM JOKTOpPa T€0JIOTr0-MiHEPAJIOTiYHUX HAYK, Ipodecopa, 3aCIy>KEHOro Aisda HayKu
1 TexHiku YKpainu, naypeata JepxasHoi nmpemii CPCP Onera MakcumoBr4a AJlaMeHKa 3all04aTKOBaHA
Hayxkosa IlIkoja pariioHaTBbHOTO BUKOPHUCTAHHS 1 3aXuCTy Mpupoau. [1ix ioro KepiBHUIITBOM 3aXHIIEHO
10 nokropcrkux Ta oHan 20 KaHAMIATCHKUX AMcepTamiii (puc. 2).

Puc. 2. Axamenko Oger MakCHMOBHY

HeBix' eMHOIO CKJ1a70BOIO AisUTHHOCTI Kadenpu ekoorii € HaykKoBO-AOCTiAHa poOoTa 3a TaKHMMH
HampsiIMaMy: OIliHKa BIUTUBY Ha JOBKULIS HAapOJHOTOCIONAPCHKUX O0'€KTIB; KOMI'IOTEPHI CHUCTEMHU
€KOJIOT1YHOTO MOHITOPHHTY Ta €KOJIOTi4HOi O€3MEeKH Aep:KaBH, PErioHy, aIMiHICTpaTUBHHUX oOnacTei i
paloHiB, MICT 1 TPOMBY3JIB, OKPEMHX OO'€KTIB; CKOJIOTIYHHHA ayquT TEPHUTOPIH Ta IMiAIMPHEMCTB;
€KOJIOTiYHa Teodi3rKa, eKOJIOTIYHA T'eOJIorisl, EKOJIOTiYHa TeOMOPQOJIOTis; eKOJIOro-eKOHOMIYHA OIliHKa
HETpaAULIIHUX EHePropecypciB. BiTpy, BOAM, Oiorasy, COHSIYHOI, T'€OTEpMajbHOI U I1HIIMX BHIIB
QIFTEPHATHBHOI EHEPreTUKH, OILIHKKA TPUPOJIHO-PECYPCHOTO TMOTEHINANy; PO3PAXYHKH TPAHUYHO
IONMYyCTUMHUX BHWKHUIIB Ta CKHIIB, IHBEHTapW3allil [DKepel BHKHWAIB, BHIada JO3BOJIB Ha
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CIELBOIOKOPHCTYBaHHS; exoJoriuni Moaeni Juictpa, IIpyra, Kapnarcekoro periony; maneoreorpadisi,
MAJICOSKOJIOTIs Ta reoapxeoioris €Bponu, Asii it Adpuku.

Ha xadenpi exomnorii 6ysn0 BukoHaHo 13 Mi>kHapOIHUX MPOEKTIB.

s 3a0e3neueHHss BUCOKOTO PiBHsI MiArOTOBKY (paxiBILiB y ramy3i eKoJIOrii Ta TEXHOJOTI] 3aXHCTY
HABKOJIMIIIHBOI'O CepefoBUIlla Ha Kadeapi eKoyorii CTBOpeHO 3 HAyKOBO-TEXHIYHI Jj1abopaTopil:
Jlaboparopist (i3uko-xiMIYHUX METOMIB AOCHIIKeHb, HaykoBa J1abopaTopist TEXHOJOTIYHUX JAOCIIIKCHb,
JlaGoparopisi «Di3UKO-XIMi4HI METOAM MOCTIIKCHHS CTaHy HaBKOJIMIIHBOTO CEpelOBHUILA», Ta
KOMII' FOTEpHUH KJlac 3 BiAMOBIAHUM IIPOTPaMHUM 3a0€3TICUECHHSIM.

Jlns TMpOXOMKEHHS HaBUYAIBHUX TIPAKTHK y C. Mapismminb ['aquekoro p-HY CTBOPEHH
«HaykoBo-HaBUaNbHO-BUPOOHNYNN TPOTUIABOAKOBUH TIONITOH», SK MOJENbHA TEPUTOPIsS JOJIMHHU
Huictpa, e MOXHa BigNpalboOBYBaTH 3aXOJU 13 3aXUCTy TEPHUTOpii BiJ BIUIMBY KaTacTpOQidHUX
MIABOJIKIB Ta MMPOBOIUTH HAYKOBI JTOCTIIPKCHHS.

Ha kadenpi exosiorii 3anpoBapkeHa CHCTEMa IyalbHOI OCBITH, IO J03BOJISIE CTYACHTAM IOEIHATH
poOoTy i HaBYaHHS, KOJIM HABYAILHUM 3aKiaj roTye (axiBLs pa3oM i3 TiAIPHEMCTBOM.

VYHnpomoBX HaBYaHHS CTYICHTH-EKOJOTHM IIPOXOAATh HAaBYaJIbHE CTAXYBaHHS Yy IPOBIIHUX
HavyaapHUX 3akmagax [lombiri, Himeuuywnnm Tta iHmmx kpainax. Y 2011 poui mix IOHTYHI Ta
KpakiBcbkoto TipHHYO-MeTanypriiiHoro akanemiero iM. CranmicmaBa Crammna (KIMA, Ilonbira)
yKJIaJieHa yroja INOJO HAaBYaHHS CTYICHTIB-MaricTpiB (B Tomy uucii W ekoioriB). I Bxe monax 70
MaricTpiB-eKoJIOTIB YCIIIIHO 3aXUCTUIM MariCTepchbKi poOOTH Ta OTpuMaiid noaBifuui aumiom KITMA
ta IDHTYHI (puc. 3).

v

Puc. 3. OTpuMaHHA NoABIHHUX AUTLIOMIB

[ounnatoun 3 2010 poxy y I®HTYHI' Buaaetbcsi HaykoBo-TexXHiuHHMH XypHan «Ekomoriuna
Oesmeka Ta 30alaHCOBaHE PECYpPCOKOPUCTYBAHHS».

st eKoJIOTiYHOI MPOCBITHUILKOI po0OTH Ha Kadeapi €KoJoril Ji€ CTYICHTChKHMM HayKOBHIH
ryprok «Exonor XXI cTOMITTSI», OCHOBHUMH 3aBAaHHIMHU SKOTO € [15]:

— CTIpUAHHS POPMYBAaHHIO €KOJIOTIYHOTO MUCIICHHS y CTYACHTIB,;

— BUXOBaHHS COIL[IAJIbHOT aKTUBHOCTI 10 BUPIIICHHS IIPO0OJIEM 3aXHUCTY IPUPOIH;

— BUBUCHHS aKTYaJIbHUX EKOJOTTYHHUX MPOOIIEM;

— BUSIBJICHHS TAJTAHOBUTHX CTYZCHTIB Ta CHPUSHHS PO3BUTKY IXHiX HAYKOBHX HAaBUYOK.

CTyneHTH TypTKa aKTHBHO OepyTh y4yacTh y BceykpalHChbKuX Ta BCecBITHIX €KOJOriUHHX aKIlisX.
Tak, Hammi CTyIeHTH 3amodaTKyBainu B IBaHO-DpaHKIBCHKY akIlito «l'omgmHa 3eMiIi», Ky MPOBOIATH Y
LeHTpa MicTa Ha BiueBoMy MaiinaHi.

Y 2016 poui OyB opranizoBaHui i TpoBefcHU B [BaHO-DpaHKIBCbKY 2-ICHHUI €KO-(ecTHBAIb
«EcoLifeStyle».
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VY pamkax eKo-pOCBITHHLBKOI MAiSJIBHOCTI TYPTOK MOCTIHHO CIHIBIIPALIOE i3 HaBYaIbHUMU
3aKJIaJaMHi CepeaHboi OCBITH (IIKOJIaMH, TIMHA3IsAMH, JIEIMH Ta KojemkaMu) M. IBano-DpaHKiBCEK, Y
SIKUX CTYJCHTH MPOBOJAATH TEMAaTUYHI €KOJIOTI4HI O€Ciu, IeKIii, BIKTOPUHH, TPSHIHTH Ta KBECTH.

JI51st 03HAWOMIICHHS CTY/ICHTIB 13 Taly3¢BUMH €KOJIOTIUHUMH MPOOJIEMaMHU OPraHi30BYIOTh MOT3IKN
Ha mignpuemcTtBa obmacti: [TAT «Kapnarnadroxim», Jlomuncekuii I'TI3, HI'BY «/lonmunanadToras»,
KoMyHansHe mianpueMctBo «llomiron TIIB» (puc. 4).

VY pamkax GopMyBaHHS y CTYACHTIB 3arajibHUX i ()aXOBUX KOMIIETCHTHOCTCH Ha 3aHSTTAX T'ypTKa
MPOBOJATh TEMATHUHI 3aHATTS 3a MPUHIMIIOM «KPYyrmuid cTim». Takuil MmiaxiJ A03BOJAE CTYACHTAM,
CIMOYaTKy KOXHOMY OKPEMO, NETaJbHO IOCTIIUTH Oyab-sIKy €KOJOTidHy mpobiemy (perioHajbhy,
ragy3eBy), a MOTIM BXE B paMKax BHCTYIIB Ta JUCKYCiii mpoaHamizyBaTH i1 B Maciitabax Ykpainu. Ie
TAKOXK JI03BOJIIE PO3BHUHYTH y CTYJCHTA BMIHHS aHANi3yBaTH iH(OPMAIIil0 Ta 3aTHICTh 3aCTOCOBYBATH
3HAHHSI IPU OOTPYHTYBaHHI BUOOPY MPUPOJOOXOPOHHHX 3aXO/IiB.

[Tix xepiBHUIITBOM BUKIanauiB kadeapu ekosorii crymentu -V KypciB mpoBOASTh HAYKOBi
nqocrimkenns. ITizcyMkoM Takoi HAyKOBOI CHIBIpalli € BUKOPHUCTAHHS PE3yJbTAaTiB y KypCOBOMY Ta
MaricTepchbKux poborax, IopiuHa myoJikaris nonan 10 craTeit Ta Te3 y MarepiaiaXx KOHGEPEHIIiH.

L .‘! A _: > .-. |
Micbke cMmiTTesBanumule ¢. PubHe

Puc. 4. O3naiiomui noi3aku 3 cryneHTaMu Ha mianpuemcraa IBano-®pankiBebKoi 00s1acTi

BucnoBku. OTxe, iCHye OUTHHA KOMIDICKC CYNEPEYHOCTEH MiX IHHOBAITIMHUMH TIPOIIECaAMH, IO
BiZOyBarOTHCS CHOTOAHI B CUCTEMi OCBITH B YKpaiHi, Ta HEJOCTATHIM piBHEM TEOPETUKO-METOAO0IOTIHHOT
Ta TPaKTHYHOTO pO3poONIeHHS mpodiaemMu pedopMmyBaHHS NpodeciiHOl HisIBHOCTI BHXOBATEIIIB,
MeJIaroTiB Ta BHKJIAAadiB BUIIOI IIKOIHM. EKONOTiYHA OCBITa € KIIFOYOBHM IIPOIIECOM, IO JOIIOMAarae
MIABUIIATA PiBEHb O00I3HAHOCTI MO0 OXOPOHH HABKOJMIIHBOIO CepeloBUIla Ta chOpMyBaTH
CYCIIIBbHY €KOJIOT14YHY MO3HUIiI0. AHANI3 Cy4aCHOTO CTaHy (OpMaitbHOI €KOJIOTiYHOI OCBITH CBIAYUTH MPO
HEJOCTaTHIO peamizalfito ii crpykrypu i 3micty. KpiM Toro, HeoOXimHO 3a0€3MEUUTH CSKOJOTIYHY
MiArOTOBKY KazapiB (BHXOBaTelliB, memaroris, Bukmamadis 3BO) mias dopMyBaHHS y HHX aKTHBHOI
TpOMajChbKOI MO3MMLIi IIOJ0 BHUPILICHHS MpPOOJEeM 3aXWUCTy HABKOJHUIIHBOTO CEPEIOBHMINA 1 CTajoro
PO3BHTKY.

OCHOBHUMU 3aBIaHHSIMH €KOJIOT19HO1 OCBITH € (DOPMYyBaHHS:

— QyHIaMEeHTANEHUX EKOJOTTYHUX 3HAHb,

— €KOJIOTIYHOTO MHUCIICHHS,

— pO3YMiHHS €KOJOTiYHMX TpobieM Ha pi3HEX piBHAX (II00aIbHOMY, JIEpP:KaBHOMY,
pETiIOHABEHOMY, TaIy3€BOMY);
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— dopMyBaHHS CKOJIOTIYHOI BiJNIMOBIaTbHOCTI HAa OCHOBI CHCTEMHHUX 3HaHb PO CEKOJOTiUHI
MPOOJIEMHU CYJaCHOCTI Ta MOKJIMBOCTI BITPOBAKEHHS KOHIIEIIIIIT CTAIOr0 PO3BUTKY, CyJacHOI MUBLTi3aIlii
Ta HaBKOJIMIIHBOTO CEPEIOBHIIIA;

— ¢opMyBaHHS 3HaHb i BMiHb JOCTITHHIBKOTO XapakTepy, siKi 3a0e3neuyroTh KpeaTuBHUN MiAXin
IO O3B’ sI3aHHS €KOJIOTIYHHUX TIPOOJIEM, III0 BUHUKAIOTh;

— dopmyBaHHSI MOTHBaIii W MOTPeOM B EKOJOTIYHO OE3MeUHid Ta EKOJIOTIYHO paIlioHaIbHIN
IisutbHOCTI, (POPMYBaHHS yCBIJOMIIEHHS HEOOXIAHOCTI pO3B’ I3aHHS €KOJOTIYHMUX 3aBJaHb, 34aTHOCTI J0
OararoacrekTHOI (IIpaBoBO1, EKOHOMIYHOT, MOPAJIBHOI TOIO) OLIIHKU €KOJIOTTYHUX CHTYAIIiH.

Exkomoriuna ocBiTa Mae OyTH TpPHBAIMM Ta MUKIWUCITUIUTIHAPHUM 32 CBOEIO CYTTIO IIPOIIECOM,
BUBYATH OCHOBHI ITPOOJIEMH HABKOJIHMIITHHOTO CEPEAOBHUILA, HAAaBaTH MOKIHBICTh MOJIOJIi 3aCTOCOBYBATH
CBO1 3HAHHS Ta JOIIOMOTTH YYHSIM PO3IIISAaTH HABKOJIUIIIHE CEPEJOBHUILE B YCiii HOrO MOBHOTI.

JlitepaTypa

1 ITorpe6nsik B. I'., Bonommu B. C. lnaxu mononaanHs eKOJIOTiYHOT KPU3K Ha 3eMIIi 3 TOUKHU 30pY
NPEACTaBHUKIB IPUPOIHUYNX HayK // 30. Hayk. mpais / Bicauk ITpna3zoBChKOTO IEpKaBHOTO TEXHIYHOTO
yHiBepcuteTy. Mapiymoiss, 2008.Bumn. 18.4. 1.C. 248-253.

2 Tlepkyn 1. B., ITorpe6usik B .I'. IaTerpariist 3HaHb y KOHTEKCTI cTanoro po3sutky // Exonorisaa
Oesreka sIK OCHOBA CTAaJIOTO PO3BHUTKY CYCIIILCTBA, €BPONCHCHKHMNA JTOCBIM Ta TEPCIICKTHBHU. MaTepiaim
1I-0f Mi>kHapoaHOT HAYKOBO-IPAKTUYHOI KoH(pepeniii, JIssis, 2015.C. 30-31.

3 Hy6acentok O. A. CyuacHi TeHACHIII po3BUTKY BuIIoi ocBiT // IHHOBawiiiHI acmekTH
MiAroTOBKM (haxiBIliB B yMOBax MOJCPHI3allii OCBITHROI'O IIPOCTOPY : MTepiaiu BeeykpaiHchbkol HAyKOBO-
npakTHYHOI iHTepHeT-KOHDepeniii, Hororpan-Boauncekuii, 2018.C. 12-21.

4 IllyminoBa A. B. ®opMyBaHHSsI €KOJOTiYHOI CBIZOMOCTI HIKOJISIPIB €KOJIOT0-OCITHIMH 3aX0AaMu
HIII «Crno6oxancekuii» // Bichuk XHY im. B.H. Kapasina cepis «Exonoris». 2015.Bun.13. C.104—
111.

5 IMucanka K. O. IIpoGnemu eKxoJOriyHOi OCBITH Ta BUXOBaHHS B PI3HUX KpaiHax cCBIiTYy /
K. O. Ilucanka // Monoauii Buenuii. [lcuxonorivni Ta negaroriyni Hayku. 2014.Ne 4 (07).C. 65-70.

6 TIpo KOHIENIi0 eKOJOTiuHOI ocBiTH B YKpaiHi: 3akoH Ykpainu / Pimenns xojerii MOHY
Ne 13/6-19gin 20.12.2001.

7 3opina H. O. Ilcuxonoro-nenaroridi acCeKTH €KOJIOTIYHOI OCBITH B YHiIBepCHTETI HaTH 1 razy
I/ Exonoriuna Oe3meka Ta 36amancoBane pecypcokopucrysanus. 2010.Ne 2. C. 68—75.

8 Opdanora M. M., Sluummu T. M. Ekojorizaliiss OCBITHBOI'O MPOIECY: SKOJIOTIYHA OCBITa Ta
BuxoBanHs // Exonoriunnii Bicuuk. 2015.Ne 6. C. 23-24.

9 InHoBauiiiHi TexHONOTIT y (hopMyBaHHI TpupiBHEBOI exoioridnoi ocBiti / M. Muk. OpdaHnoBa,
M. Mux. Opdanosa, T. M. Sumun, O. I. Pubax // Bicuuk XapkiBCBKOT0 HAI[iOHAIBLHOTO YHIBEPCHTETY
iMm. B. H. Kapasina. Cepis «Exonoris». 2016 .Bun. 14.C.98-101.

10 Buconpka O. €. ®opMmyBaHHS PO3BUBAILHOIO OCBITHBOI'O CEpEAOBHINA YYHS Ha 3acajuax
OCBITH JUIS CTajJor0 pPO3BHUTKY 3aco0aMu MPEaMETIB MPUPOJHHUYOro ImKimy //30. Hayk. Tmpailb
BCEYKpaiHChKOro Kkpyrinoro cromy (12 6epesuss 2018 p., m. ITonrasa) / TexHoumorii iHTerparii 3micTy
ocpitu. 2018 .Bun. 10.C. 109-116.

11 ®enopsik P. M., [linenko €. O. BuIla OCBITA B KOHTEKCTI KOHIICMIII CTaIoro po3BUTKY //
EdekTuBHICT,  OpraHi3alifHO-€KOHOMIYHOTO  MEXaHi3My  IHHOBAI[IHHOIO  PO3BUTKY  BHIIOI
oceitu : cnierunyck Cepist «Exonomiuni Hayku» VIII MixHaponHa HayKOBO-TIpaKTHYHA KOH(EPEHITis
(5 xoBTHs 2018p.). Kuis, 2018.C. 116-122.

12 Opdanosa M.M. [lucraHmiiHa €KOJOTIYHA OCBITAa: MOXIIMBOCTI Ta TEPCIEKTHBH /[
M. M. Opdanosa // InHOBamiliHi TeXHOJOTII B OCBiTi: Marepiaqnm MDKHApPOAHOI HAyKOBO-TEXHIYHOI
koH(pepenuii. (09—11ksiTasa 2019p.). IBano-Ppankisebk, 2019.C. 185-186.

13 Kamroxxuauii B. C. MexaHi3MH BIOPOBaDKEHHS TUCTAHLIMHUX CHOCOOIB HABYaHHSA Y BHIIIH
ocsiti Ykpaiuwu // ITyOmiune yrpasminas Ta MuTHE aaMinictpysBanms. 2017 Ne 1 (16).C. 45-50.

14 ManpoBanuiit M. C. ®opMmyBaHHS eKoJIOTi4HOI cBigomocTi Ta ii pomp B 3a0e3neueHHi
exoJjoriynoi 6e3nexu // Exonoriuna Oe3neka Ta 30amancoBane pecypcokopuctyBanus. 2010.Ne 2. C. 68—
75.

15 OpdanoBa M. Muk., OpdanoBa M. Mux. CTyOeHTCHKMI €KOJOTIYHUA TYpTOK Kadeapu
exosnorii I®HTYHI' // Exonoriuna Oe3meka Ta 30alaHCOBaHE PECYpPCOKOPUCTYBAaHHS : 30ipHUK
MarepiaiiB KoH(pepeHIii — momoBizei (crareii) i Te3 14 MixkHapoIHOI HAYKOBO-IIPAKTHYHOI KOH(DEPEHTIil
(20—22Bepecus 2012p., m. Isano-Ppankiscek). 2012.C. 89-91.

137



ISSN 2415-318%xkosoriyna 6e3mnexa Ta 30aJaHCOBaHE PECYPCOKOPUCTYBAHHS

0. Mandryk, M. Maliovany?,
M. Orfanova

Ylvano-Frankivsk National
Technical University of Oil and Gas,
?Lviv Polytechnic National University

ENVIRONMENTAL EDUCATION FOR SUSTAINABLE DEVELOPMENT

Ecological education for sustainable developmena ipriority task which cannot be realized
without the active participation of educationaltitigions, raising the understanding of the needite
natural resources in an environmentally acceptableand careful treatment of nature. It is impaotrtan
organize the educational process to inform childagnd youth about the environmental protection
problems. Children and youth are the driving foticat can influence the environmental state in the
future. Institutional development of the sectothoke-stage ecological education of youth (kindeteges
and primary schools — secondary schools — highecatbnal institutions) is the basis for the efiest
ecological education strategy implementation. THiectveness of this activity depends on the
combination of forces for the achievement of effectesults based on defining the main referermgest
in the formal and informal ecological educatiore formation of a child’'s ability to specifically serve,
explore, and adequately assess objects and pheaom#re process of elementary observation. Trginin
class is the characteristic feature of integrapedagogy and ecology that will help teachers ndteo
limited to the traditional formation of ecologidalowledge and skills. The participation in enviramtal
events promotes the environmental awareness ofdheger generation and development of the proper
attitude towards environment and helps to solvetavasanagement problems. The participation in
environmental activities enhances the pupils’ egicll awareness and desire to be personally indalve
solving different environmental problems of theiomgand of the country, and improves the awareokss
various social groups. The authors have develdpedttategy and action plan to enhance the cooperat
towards improving the information policy for sogieind developing the educational programs aimed at
raising public awareness in the sphere of envirariaigroblems.

Key words: ecological education, raising environmental awassn ecological consciousness,
integration of education, formal education, infotmeducation.
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