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GREEN BUILDING BREEAM IN UKRAINE

Abstract. It is recognised that world construction is responsible for substantial
amounts of harmful emissions, so the need to save energy and mitigate
environmental problems fostered the concept of a green building. This is structures
that are sited, designed, built, renovated and operated to energy efficient guidelines,
and that they will have a positive environmental, economic and social impact over
their life cycle. The study begins with a review of the main stages through which this
technology developed in the Great Britain. Notable successes achieved through
green building in the UK are then highlighted. There is excellent potential to
implement Building Research Establishment Environmental Assessment Method
(BREEAM) in Ukraine because, although the building sector is very active, the
technology in current use is not up to international environmental standards. At the
same time Ukraine is actively subscribing to international conventions which reduce
environmental pollution, and seeks to improve national standards in accordance
with international requirements. Examples of BREEAM certified green building are
already present in Ukraine, and the general economic and political situation seems
ready to welcome implementation of green building throughout the country.

Key words: green building; certifications rating system; environmental safety

Introduction

The building developments have very significant environmental impacts. The
building industry is responsible for approximately 40% of global energy use and
33% of energy-related greenhouse gas (GHG) emissions [15]. Life Cycle

© T.I. Kryvomaz, |. Scudu, D. Leonard, D. Minter, 2019
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Assessments (LCA) of residential buildings and have found that their energy
consumption is dominated by the operational phase, which includes all the energy
consumed after the construction until the demolition or recycling. Furthermore, the
United Nation Energy Programme suggests that 60% of the energy of the operational
phase is used for space heating [2]. Only in UK the built environment accounts for
45% of total UK carbon emissions, including 27% from domestic buildings and 18%
from non-domestic [12]. Conversely, it is also the sector with the largest potential to
reduce these parameters using currently available technologies. From total 12% of
water use in the world building industry [15], 72% of domestic emissions arise from
space heating and the provision of hot water counted in UK [12]. Total harmful effects
to environment made by 40% of waste [2], wherein 32% of landfill waste comes from
the construction and demolition of buildings, 13% of products delivered to
construction sites are sent directly to landfill without being used [12].

According to a United Nations Environment Programme (UNEP) strategy to
build, policymakers should treat resource efficiency as equal in importance to
climate policy if they want to move towards a sustainable future [2]. In the next
30 years, 2.4 billion people are likely to move to urban areas, bringing the proportion
of the global population living in cities by 2050 to 66%. The annual amount of
natural resources used by urban areas could grow from 40 billion tonnes of raw
materials in 2010 to 90 billion tonnes by 2050, an increase of 125%, if changes are
not made to how cities are built and designed. Historically, existing cities have been
spreading at a rate of two per cent a year, increasing global urban land use from just
below one million square kilometres to 2.5 million in 2050, and putting agricultural
land and food supplies at risk. The increase in urban population will require the
building of new cities and the expansion of existing ones. Building and operating
these new cities, and supporting the urban lifestyles of those who live in them,
requires billions of tonnes of raw materials, such as fossil fuels, sand, gravel, iron
ore, wood and food. The report, the 25th from the International Resource Panel, an
eminent group of experts set up by UN Environment in 2007 to examine natural
resource use. Unless the world’s urban areas make optimal use of their resources,
cities will soon demand far more resources than our planet can sustainably provide.
As urban areas around the world continue to grow, cities are placing an increasingly
heavy burden on our environment, so resource experts call for new strategy to build
better cities [13].

The concept of a green building was developed in the 1970s in response to the
energy crisis and people's growing concerns about the environment [5]. Green
buildings are structures that are sited, designed, built, renovated and operated to
energy efficient guidelines, and that they will have a positive environmental,
economic and social impact over their life cycle. The need to save energy and
mitigate environmental problems fostered a wave of green building innovation that
has continued to this day.

Purpose of Research
The objective of this study is to identify best practice in green building based on the
UK’s experience, and to promote its application in Ukraine. This involves four tasks:

o reviewing the main stages through which this technology developed in the UK;
o highlighting notable successes achieved through green building in the UK;

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysanss, Ne 1 (29), 2019
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e appreciating the flow of international collaboration between the UK’s
Building Research Establishment and other countries to promote education in green
building and its scientific application;

e understanding the benefits and prospects that can be obtained with
implementing green building in Ukraine based on best UK experience.

Result of Research

In the UK, the harmful impact of the building industry was recognized many years
ago. To address the problem, in 1921, the Building Research Establishment (BRE)
was set up for making a positive difference in the built environment. BRE is a world
leading, multi-disciplinary, building science centre with a mission to improve
buildings and infrastructure, through research and knowledge generation. They use
cutting edge research to develop a range of products, services, standards and
qualifications that are used around the world to bring about positive change in the
built environment. Its work played a key role in developing the concept of green
building [5].

Four main areas need to be considered in green building: materials, energy, water
and health. Materials for green buildings have to be obtained from natural, renewable
sources that have been managed and harvested in a sustainable way. Or they are
obtained locally to reduce the embedded energy costs of transportation. Or materials
salvaged from reclaimed materials at nearby sites. Materials are assessed using green
specifications that look at their Life Cycle Analysis (LCA) in terms of their
embodied energy, durability, recycled content, waste minimisation, and their ability
to be reused or recycled. Passive solar design will dramatically reduce the heating
and cooling costs of a building, as will high levels of insulation and energy-efficient
windows. Natural daylight design reduces a building's electricity needs, and
improves people's health and productivity. Green buildings also incorporate energy-
efficient lighting, low energy appliances, and renewable energy technologies such as
wind turbines and solar panels. Minimising water use is achieved by installing
greywater and rainwater catchment systems that recycle water for irrigation or toilet
flushing; water-efficient appliances, such as low flow showerheads, self-closing or
spray taps; low-flush toilets, or waterless composting toilets. Installing point of use
hot water systems and lagging pipes saves on water heating. Using non-toxic
materials and products will improve indoor air quality, and reduce the rate of asthma,
allergy and sick building syndrome. These materials are emission-free, have low or
no VOC content, and are moisture resistant to deter moulds, spores and other
microbes. Indoor air quality is also addressed through ventilation systems and
materials that control humidity and allow a building to breathe. In addition to
addressing the above areas, a green building should provide cost savings to the
builder and occupants, and meet the broader needs of the community, by using local
labour, providing affordable housing, and ensuring the building is sited appropriately
for community needs. Green building requires a holistic approach that considers each
component of a building in relation to the context of the whole building whilst
considering the impact on the wider environment and community around it. This is
a highly complex approach that requires builders, architects and designers to think
creatively, using systems integration throughout their work [16].

Life cycle costing (LCC) in accordance with BS ISO 15686 provides a
methodology for the systematic economic evaluation of combined capital, operating
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and end-of-life costs of construction project alternatives, to ensure long-term value for
project funds. Assessments involve identifying activities during the life cycle, when
the activity occurs and associated cost or benefit information for the activity. Life cycle
assessment (LCA) in accordance with 1ISO 14040 defines a methodology for compiling
and evaluating the environmental impacts of a product system throughout its life cycle.
The standard is not specific to the construction industry, but the principals can be
applied for products, building systems and complete buildings, capturing
environmental impacts associated with manufacturing, use and disposal [17].

The World Green Building Council report on ‘Health, Wellbeing and
Productivity in Offices’ cites factors such as indoor air quality, thermal comfort and
lighting as having a significant financial implication for employers through their
impact on staff productivity and absenteeism. The 2013 report by the World Green
Building Council making the ‘Business case for green building’, suggests that
certified green buildings have sale prices increased by up to approximately 30%
compared to conventional code-compliant buildings. This is a good perspective for
developers. The owner’s perspective according to the same report, BREEAM
certification can increase rental rates for buildings by up to 24.9% compared to
conventional, code-compliant buildings. The 2014 DLA Piper report suggests that
38% of the survey participants identified value preservation or increase as the prime
benefit of sustainable real estate, followed by reputation (18%) and reduction of
energy costs (15%). Operating costs: reducing lifecycle costs. ‘Staff costs, including
salaries and benefits, typically account for about 90% of a business’ operating costs.
It follows that the productivity of staff, or anything that impacts their ability to be
productive, should be a major concern for any organization [18].

BRE has been owned by the BRE Trust — the largest UK charity dedicated
specifically to research and education in the built environment. BRE has been raising
the standards of the built environment since 1921, and in the last few years has grown
significantly, both through the achievements of people and the acquisition of
businesses with beliefs and goals aligned with theirs. Created in 1997 to oversee
BRE, the BRE Trust uses profits from the BRE Group to fund new research and
education programmes that help meet the main goal of ‘building a better world
together’. Multi-disciplinary teams include leading experts — working in world-class
facilities — in virtually every element of the built environment. They operate
internationally, with offices, representatives and partners around the globe, and at
Head Office and major facilities in the UK. They generate new knowledge through
independent research. This is used to create the products, standards and
qualifications that help to ensure buildings, homes and communities are safe,
efficient, productive, sustainable and enjoyable places to be. The UK’s Building
Research Establishment works in 80 countries, and provides more than 16,000
certified products and services [5].

In the past 20 years, BRE Trust has built up strong links with over 50 Universities
in the UK with the merging with Construction Excellence. BRE Trust has extended
the University Partnerships even further and currently has nearly 100 links. BRE
Trust’s internationalization strategy focuses on a wide range of activities which
encompass joint research, sponsorship for research students, travel grants and
awards. The findings of this research have been disseminated in over 3,000 peer-
reviewed papers, conference proceedings and books, and more than 2,000 students
have graduated from BSc and MSc courses supported by the BRE Trust. The level
of underpinning fundamental research completed continues to grow, with 128 PhD
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students being funded by the Trust since 2001. This adds to the overall total of more
than 300 PhDs now completed or active across the BRE Trust University Partners.
More than 35,000 people trained by BRE Academy [5].

The Building Research Establishment’s Environmental Assessment Method
(BREEAM) sets best practice standards for the environmental performance of
buildings through design, specification, construction and operation. Launched in
1990, BREEAM is the world’s first and foremost sustainability standard and rating
system for the built environment. BREEAM inspires developers and creators to
excel, innovate and make effective use of resources. On a global level, over 560,000
BREEAM certificates have been issued and more than two million registered
buildings for assessment. Green specifications provide a good set of guidelines for
the building industry, but these are still in the process of being formalised into UK
regulation and many are open to interpretation. BREEAM has an 80% market share
across Europe for sustainable building certification and they work in 81 countries
around the world [4].

The BREEAM AG programme has been designed to teach students about
BREEAM, provide them with a professional qualification that will set them apart from
their peers and, at the same time, meet the university’s curriculum sustainability
objectives and complement existing academic programmes, for both undergraduates
and postgraduates. BREEAM AG allows universities to connect with the leading
industry-used sustainability assessment for both the UK and international markets [4].

BREEAM assessments are carried out by trained assessors based on a scoring
system with nine categories: Energy, Land use and ecology, Water, Health and
wellbeing, Pollution, Transport, Materials, Waste, Management. Each of the
categories is scored and then multiplied by a weighting. There are minimum
thresholds that must be achieved, and additions can be made for specific innovative
solutions under the category of Innovations. The resulting overall score is translated
into one of the BREEAM ratings; unclassified, pass, good, very good, excellent or
outstanding. Two stages of assessment and certification are carried out: 1) a design
stage assessment resulting in an interim certificate being issued;
2) a post-construction assessment resulting in a final certificate being issued and
a rating awarded. It is also possible to carry out a pre-assessment, which can help
designers understand aspects of their proposals that need to be improved to achieve
the desired rating. For existing building in-use, there is the BREEAM In-Use scheme
which allows an action plan to be produced to improve the management and
performance both of the building in use and of client activities within the completed
building. UK regulations now demand that green specifications are met in all new
building design and development, as part of their wider sustainable development
strategy, and this means that green buildings are emerging throughout the country [4].

For tenants some of the most important benefits associated with achieving
specific BREEAM standards are relatively intangible and difficult to quantify, such
as those associated with improved acoustic performance or daylighting. However,
an increasing body of evidence points to the relationship between building design,
occupant wellbeing and financial outcomes. Whilst BREEAM dominates the UK
market, alternative methods of environmental assessment include; Leadership in
Energy and Environmental Design (LEED) in the USA, Greenstar in Australia, HQE
in France and CASBEE in Japan. The research paper on ‘Benchmarking energy use
of building environmental assessment schemes’ analyses the characteristics of
different certification schemes and shows that BREEAM takes into consideration
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operation and performance data; this is a characteristic that differentiates BREEAM
from its competitors [11]. Moreover, BREEAM is the only one that addresses
management with regards to functionality and controllability of building systems.
43% of the BSRIA Value of BREEAM survey respondents identified operational
cost savings among the benefits of BREEAM. In particular, this report emphasises
how BREEAM encourages the use of intelligent controls and smart metering, which
can facilitate maintenance and performance and thus reduce associated costs [12].
BREEAM is the world’s first and most widely accepted green building certification
system.

Discussion

Resource Requirements of Future Urbanization calls for a new strategy to meet the
needs of 21st-century urbanization. The report Sustainable Urban Infrastructure
Transitions was produced by UN Environment says that collaborative governance,
at all levels, and long-range planning will be needed to transform the cities.
Strategies suggested include to achieve a transition to low-carbon, resource-efficient,
socially just cities, the report recommends the monitoring the flow of resources
entering and leaving the cities to understand the local situation and to help develop
resource-efficient strategies.

According to “Development Strategy of the City of Kyiv until 20257, Kyiv
planning to have compact growth, to avoid urban sprawl and so economize on the
square kilometres of asphalt, the concrete, liveable neighbourhoods where design
encourages people to walk or cycle. Better connections by efficient and affordable
public transport. The electricity and the water wasted in spread-out cities, so
resource-efficient urban components, such as car sharing, electric vehicles and
charging point networks, efficient energy, efficient waste and water systems, smart
grids, cycle paths, energy-efficient buildings, new heating, cooling and lighting
technology, etc [7]. Strategies suggested include infrastructure for cross-sector
efficiency, such as using waste heat from industry in district energy systems and
industrial waste materials in construction, such as fly-ash bricks. It examines
establishing a new model for city governance and politics that supports imaginative
business propositions and experimentation [13]. According to the main objective of
the Strategy, long-term development of the city of Kiev perfectly correlates with the
basic principles of green construction [7, 13].

The collaborative governance, at all levels, and long-range planning will be
needed to transform the region’s cities of all Ukraine. Undertaking national
urbanization planning to balance economic growth across a range of city sizes.
Promoting compact, mixed-use, accessible and inclusive cities through regional and
city planning to reduce land-use planning, streamline infrastructure provisions and
promote sustainable mobility. Promoting resource efficiency at the systems level
across the city through innovative and profitable exchanges of “waste” energy and
materials. Developing cities through land-use planning that rehabilitating existing
buildings in resource-efficient buildings, promoting resource-efficient, resilient
buildings and electricity grids [13].

Corporate image and compliance with CSR requirements Developer, Owner, and
Tenant: The Innovate UK Technology Strategy Board report, suggests that
BREEAM gives clients ‘a way to differentiate themselves in a competitive market
with a highly visible, authoritative and internationally recognised quality mark’.
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More specifically, the survey conducted by BSRIA on the Value of BREEAM,
suggests that, from a ‘social perspective’, industry recognition is the most significant
benefit, followed by advantages in public relations and Corporate Social
Responsibility (CSR). In fact, approximately 40% of the developers surveyed
considered CSR one of the main reasons to pursue a BREEAM certification.

Project owners and planners need to understand how communication influences
green implementation. Green planning is critically important during the design
phases of construction projects but continually gets less attention during
construction. Successful implementation of sustainability goals not only provides
economic benefits from fully exploiting life-cycle costs, but also holds the promise
of providing a healthier working environment [10].

Ukraine is actively subscribing to international conventions which reduce
environmental pollution, and seeks to improve national standards in accordance with
international requirements. Objective of the reform initiative is to increase
institutional capacities of market surveillance system with advanced tools, new
methodologies, and creation of a product safety ecosystem by engaging other
stakeholders — business and consumers in making the market clean, safe, and
complied with the international standards. There are already examples of BREEAM
certificed green building in Ukraine. The business center Astarta in Kyiv and Optima
Plaza business park in Lviv had compliance with the requirements of the certification
system BREEAM. In June 2017 works for the complex "Park Lake City" near Kyiv
started, which include residential buildings, shopping center, kindergarten and
elementary school. There are also some others green building projects designed
according to BREEAM requirements, but they haven’t been widely announced yet.
Although the analysis results show that early and continuous communication of
sustainability design goals with field supervision personnel has a significant impact
on whether those goals are realized [10]. The findings of this study support the
growing importance of green building as a component of the whole construction
market and provide a benchmark against which to measure future changes in the
industry over time [6].

In an age threatened by climate change, energy shortages and ever-increasing
health problems it makes sense to build homes that are durable, save energy, reduce
waste and pollution, and promote health and wellbeing. A green building is more
than a model for sustainable living; it can build hope for the future. Although in
Ukraine its very new and power known direction, green building is a very
perspective and a rapidly growing field. There is excellent potential to implement
BREEAM in Ukraine because, although the building sector is very active, the
technology in current use is not up to international environmental standards. The
general economic and political situation in Ukraine seems ready to welcome
implementation of green building throughout the country. Green building is an
essential component of sustainable development and should especially pay attention
to group into five themes: green building management in general, the benefits and
barriers to green building development, green building performance, stakeholder
behavior with regard to green buildings, and green building strategies. Future
directions for research relating to green building are suggested for the areas
stakeholder management, policies and incentives, communication platform
development, and retrofitting of existing buildings [9].

Green building development will be an important area in Ukraine, and more
comprehensive studies on green building can help to promote further progress in this
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field. Therefore the Center for Green Building Development was created in Kiev
National University of Construction and Architecture on a base of Innovative
Education Institute. The program of this Center is structured to provide the progressive
sustainability building design to construction and operations industry. It will improve
in collaboration with state agencies and industry stakeholders and could serve as
a model for localized green building programs. The benefits of green buildings can be
grouped within three categories: environmental, economic and social.

One of the most important types of benefit green buildings offer is to our climate
and the natural environment. Green buildings can not only reduce or eliminate
negative impacts on the environment, by using less water, energy or natural
resources, but in many cases they can have a positive impact on the environment by
generating their own energy or increasing biodiversity. The building sector has the
largest potential for significantly reducing greenhouse gas emissions compared to
other major emitting sectors [15]. The building sector has the potential to make
energy savings of 50% or more in 2050, in support of limiting global temperature
rises to 2°C above pre-industrial levels [2]. Global energy efficiency measures could
save an estimated €280 to €410 billion in savings on energy spending [14].

Green buildings offer a number of economic or financial benefits, which are
relevant to a range of different people or groups of people. These include cost savings
on utility bills for tenants or households through energy and water efficiency; lower
construction costs and higher property value for building developers; increased
occupancy rates or operating costs for building owners; and job creation [17].
Building owners report that green buildings — whether new or renovated — command
a 7% increase in asset value over traditional buildings [16]. Green building benefits
go beyond economics and the environment, and have been shown to bring positive
social impacts too. Many of these benefits are around the health and wellbeing of
people who work in green offices or live in green homes. Workers in green, well-
ventilated offices record a 101% increase in cognitive scores and brain function [8].
Employees in offices with windows slept an average of 46 minutes more per night [1].
Research suggests that better indoor air quality, such as low concentrations of CO;
and pollutants, and high ventilation rates, can lead to improvements in performance
of up to 8% [3].

The world over, evidence is growing that green buildings bring multiple benefits.
They provide some of the most effective means to achieving a range of global goals,
such as addressing climate change, creating sustainable and thriving communities,
and driving economic growth.

Conclusion

The construction industry has a huge negative impact on the environment. Green
building offers a way to reduce that at all stages of the industry’s cycle from site
preparation, through selection and preparation of source materials, transport,
construction, and use, to renovation and eventual demolition. In short, green building
is the best and most advanced technology available if construction is to become
sustainable. Green building is an essential component of sustainable development,
but previous studies have offered little in the perspective of green building
development in Ukraine. This research presents the current trends in this topic.

In the UK, the harmful impact of the building industry was recognized many years
ago. To address the problem, in 1921, the Building Research Establishment was set

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysanss, Ne 1 (29), 2019



up. Its work played a key role in developing the concept of green building. It also
established BREEAM, the world’s first and most widely accepted green building
certification system. The UK’s Building Research Establishment works in
80 countries, and provides more than 16,000 certified products and services. More than
35,000 people have been trained through its Academy. Notable recent achievements
of the Establishment include over 560,000 buildings with certified BREEAM
assessment ratings, and more than two million registered for assessment. BREEAM
has an 80% market share across Europe for sustainable building certification. The
UK’s Building Research Establishment collaborates internationally in the fields of
education and science to conduct research which generates the knowledge, skills and
tools needed to create a better built environment for all. The findings of this research
have been disseminated in over 3,000 peer-reviewed papers, conference proceedings
and books, and more than 2,000 students have graduated from BSc and MSc courses
supported by the Building Research Establishment Trust.

The percentage of firms expecting to have more than 60% of their projects
certified green is anticipated to more than double from 18% currently to 37% by
2020, which recognition by owners of the benefits of green is critical to sustaining
green market growth globally. The anticipated growth is largely driven by countries
that still are developing green markets such as Ukraine. Green building is an essential
component of sustainable development and should especially pay attention to group
into five themes: green building management in general, the benefits and barriers to
green building development, green building performance, stakeholder behavior with
regard to green buildings, and green building strategies. Future directions for
research relating to green building are suggested for the areas stakeholder
management, policies and incentives, communication platform development, and
retrofitting of existing buildings.

There is excellent potential to implement BREEAM in Ukraine because, although
the building sector is very active, the technology in current use is not up to
international environmental standards. Ukraine is actively subscribing to
international conventions which reduce environmental pollution, and seeks to
improve national standards in accordance with international requirements. There are
already examples of BREEAM certificated green building in Ukraine, and the
general economic and political situation seems ready to welcome implementation of
green building throughout the country. Green building development will be an
important area in Ukraine, and more comprehensive studies on green building can
help to promote further progress in this field.
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T.I. KpuBoma3, A. Ckyny, . Jlenen, . MinTep
3EJIEHE BYJIBHUIITBO BREEAM B YKPAIHI

AHoTanis. 3arajnbHOBU3HAHO, 10 Oy/iBeJbHA Trajy3b BIJIIOBIJaE 3a 3HA4YHI 00CATH
LIKIJUIMBUX BHKWJIB, TOMy TOTpeba B €KOHOMII eHepril Ta HEeOoOXiJHICTh BHUpIIICHHS
po0IIeM JTOBKIIUIS COPHSUTH PO3BUTKY KOHIIEMIIIi 3esleHoro OyaiBHuUNTBA. Lle OymiBHUIITBO
Ta eKCIUTyaTallisi eHeproe()eKTUBHIX CIIOPYA 3 MiABHIICHHM KOM(POPTOM Ta MiHIMaIbHUM
BIUIMBOM Ha HAaBKOIUIITHE CEPEOBHUIIE MPOTITOM BCHOTO KUTTEBOTO MUKITY 3 YPaxXyBaHHSIM
€KOHOMIYHUX Ta COMLIATBHUX aCIeKTiB. PO3TIISHYTO OCHOBHI eTaru pO3BHUTKY IIi€1 TEXHOIOTIi
y BenukoOputaHii Ta BigMI9eHO 3HAYHI YCIIXH, TOCATHYTI 3aBIITKU 3€ICHOMY OYAiBHHULITBY.
B VxkpaiHi icHye 4ymoBuil MOTEHIaNn IS BIPOBA/KCHHS METOAY EKOJIOTiYHOI OIIHKH
oyniBenbHux mpoekTiB (BREEAM), ocCkiibkH, HE3Ba)KalOud Ha 3HAYHY AaKTHBHICTh
OyIiBEJIBHOTO CEKTOPY, TEXHOJIOTII, 110 BUKOPUCTOBYIOTHCS B IAHHIA Yac, HE BiIIOBITAIOTh
MDKHapOJHUM €KOJIOTIYHMM cTaHzaptaM. BoaHouac YkpaiHa Oepe akTHBHY y4acTb y
MDKHApOJHUX KOHBEHI[ISIX, CIPSIMOBAHUX Ha 3MEHIIEHHS 3a0pyIHEHHS HABKOJHMIIHBOTO
CEepeloBUINa, y 3B’A3Ky 3 UYWM TIPOBOJIUTHCS aJamTallisl HaliOHAILHUX CTaHIapTiB
Yy BiONOBITHOCTI A0 MDKHApOIHHX BUMOT. B VYkpaini Bke cepTu(ikoBaHO psA AIF0OUUX
MpoeKTiB Ta OyniBenb 3a craHmapramu 3eneHoro OyniBHuitBa BREEAM, a 3araieHa
€KOHOMIYHA 1 TMONITHYHA CHUTYyallis CIPHUsE€ PO3BUTKY Ta BIPOBAKCHHIO 3CIICHOTO
OymiBHHIITBA 1O BCil KpaiHi.

KarouoBi ciioBa: 3emeHe OymiBHHUITBO; cepTH(]IKAlliifHA pEHTHHTOBa CHCTEMA;
eKoJoriyHa Oe3reka
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SITUATIONAL PREDICTIVE MODELLING
OF THE FLOOD HAZARD IN THE DNIESTER RIVER VALLEY
NEAR THE TOWN OF HALYCH

Abstract. There has been presented a method of situational predictive modelling of
the flood hazard in the Dniester River valley near the town of Halych based of
hydrological observations data obtained at the Halych water level gauge. Some
features in the behaviour of the equation of relationship between levels and water
discharges for the Halych water level gauge were revealed, in particularly,
regularities fostering reliable forecasting the flood hazard by means of statistical
data and ambiguities interfering similar predicting. The possibility of effective
situational predicting of the flood hazard according to current data of hydrological
observations to minimize probable harm and losses was shown.

Keywords: ambiguity; data; the Dniester River; flood hazard; hydrological
observations; situational model; situational predictive modelling

Introduction

Floods on rivers are being considered among the most dangerous natural disasters
causing different losses including human fatalities [1]. By the number of human
victims, they yield only to catastrophic earthquakes. In the 20th century [2], floods
of different genesis were responsible for about 6.8 million deaths. Majority of these
victims were concerned to floods on rivers.

At present, annual economic worldwide losses from floods have already reached
hundreds of millions of dollars [3] and have tendency to grow in the future. This is
happening despite the growing human capabilities to withstand the environment. The
valleys of rivers and riparian zones have traditionally been considered by human as
an important environment resource to use in the economic activity. These areas were,
are and will stay the centres of urbanization and mass settlement of people. This is
explained not only by the increase of the general deficit of land resources in the
world, in particular, because of the decrease of soil fertility on a considerable part of
the globe, or the increase of erosion processes of different etymology, etc. [4]. In
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addition to significant water and land resources, these territories have got hydroelectric
resources, fishery, forest, recreational, cultural-historical and aesthetic resources, etc.
But, undoubtedly, the most valuable natural element of contiguous riparian territories
is the unique combination of water and land resources. Therefore, regardless the
essential risk of harm, deaths and losses due to floods on rivers increasing by years,
humans keep on using contiguous riparian territories for their life activity [5].

One of the most known contiguous riparian zone among such areas on Ukrainian
territory is the Upper Dniester Basin [6-8], and, in particularly, the Dniester
floodplain near the town of Halych.

This territory belongs to the Carpathian Mountainous Part of the Dniester Basin.
It largely occupies the upper right-bank area of the river catchment, featuring a well-
developed and dense hydrographic network (comprising the Strviazh, Vereschytsia,
Striy, Svicha, Limnytsia, Lukva and many other tributaries) that provides a major
proportion of flow to the Dniester. Despite the fact that the Carpathian Mountains
(including foothills) occupy less than 9% of the Basin area, and the upper
(Carpathian) Dniester tributaries drain only about 17% of the river catchment, over
50% of the Dniester flow is collected in this part [7].

The town of Halych is placed in the lake-shaped extended valley of the Dniester
River where upstream and downstream the mouths of those tributaries are located.
During floods on the Dniester River, there, probably, the largest mass of water
accumulates, sometimes with rising water levels up to 10-12 meters, causing
catastrophic consequences (Fig. 1, 2).

Fig. 1 — The Dniester River during the flood on July 26-28, 2008,
in the upstream stretches of the river near the town of Halych
(http://valentyn.io.ua/album163445)

Fig. 2 — The flooding the town of Halych
during the flood on July 2628, 2008, on the Dniester River
(http://pravda.if.ua/news-4004.html)
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Generally, the modeling of the flood hazard in the Dniester River valley near the
town of Halych is a challenging problem bearing important meaning not only to local
population (See Fig. 2). A number of critical infrastructure objects are located at this
area, such as bridges of nation-wide importance, etc., as well as Burshtynska thermal
power station (See Fig. 1, in the right upper corner).

1. Common remarks concerning to situational and predictive modelling
1.1. Situational modelling

Situational modelling is usually undertaken to understanding and restoration of
certain situations (the coincidence of the conditions and circumstances of the
functionality) relating to behaviour of complex systems [9-13].

Situational modelling has become especially popular in economics, medicine,
military affairs, forensics, politics, and other similar spheres, as well as in artificial
intelligence, where the development of a logical approach to modelling the behaviour
of complex systems and processes gave impetus to the creation of situational calculus
theory [9-11].

The basic idea of situational modelling is that a complete description of the infinite
set of all possible situations of the functioning of a real system is replaced by a certain
finite set of generalized situations that reproduce to a certain degree the system’s
possible states [9-13]. The evolution of the dynamic system is modelled in the context
of its “movement” along a series of situations that are the result of various actions.
These different model situations (by R. Reiter [10]) do not determine literally
appropriate states of the system; they show only the history of certain events as
completed sequences of actions in certain periods of time.

Since situations cannot be described totally, and it is possible to speak only about
some of their aspects, the non monotonic output rule is used to describe the evolution
of the system. In modelling, it is assumed (by J. McCarthy [11]) that on the basis of
past facts, by which past situations are described, and on using some general rules or
assumptions, according to which execution of actions and occurrence of events within
situations take place, it is possible to predict some similar situations that will appear
in the future.

In this study, the definitions “a situational model”, “situational modelling” are
related to a predictive model or predictive modelling adapted to some separate
situation, which unfolds in time, in order to simplify modelling based on monitoring
data and increase its adequacy and accuracy [12, 13]. On predictive modelling, the
circumstances of this adaptation are named like a predictive background and it is
admitted that situational models constructed with using corresponding time series can
reflect various phase states of a dynamic system at different time intervals.

1.2. Predictive modelling

Predictive modelling uses statistics to predict outcomes [14-17]. So, for example,
a popular and well-known predictive mathematical model in hydrology based on
statistics (on hydrological observations data) is the probability distribution function
[18-21]. This model can be used to determine flood parameters and its occurrence
probability if corresponding time series of hydrological observations data are
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uninterrupted and stationary, that is, they form representative sequences of
independent and identically distributed random variables.

The other popular predictive models based on monitoring data and used for
predicting natural and technogenous phenomena and processes are the regression
ones [14]. Now, there are many modern regression models are highly adaptable; they
are capable of modeling complex relationships [14, 15]. Regarding hydrological
phenomena, the typical regression model there is an equation of relation between
water discharges and water levels.

The use of regression models enables to simplify significantly problems of
modeling and predicting based on experimental data, giving the possibility making
decisions in various challenging situations avoiding the use more complex
phenomenological models, for instance, such like equations of the mathematical
physics, etc. However, classic regression models built with using time series can be
the most successful in case of data interpretation and interpolation, but not to predict
outcomes. In predicting they can get lost their accuracy and attractiveness. This is
especially true of multiple regression models. Often, complex regression models very
easily overemphasize patterns that are not reproducible and demonstrate instability of
extrapolation in prediction zone. So a researcher cannot know about the fatal
prediction faults until the next set of samples appears.

Nevertheless, admittedly, the regression models are the most convenient models
to solve practical prediction problems in various fields. They can be formalized and
adapted relatively easy, especially for short time series meeting certain established
homogeneity criteria [16, 17]. Also they may be modified in appropriate way
depending on peculiarities of prediction tasks [12, 13].

1.3. Some additional remarks concerning predictive modelling

Practice shows, the construction of adequate regression models for predictive
purposes can be a challenging problem, even in simple cases [12—-14]. Often, better
interpretation models may have a tendency to overpredict (or underpredict) low
values and underpredict (or overpredict) high ones [14].

Perhaps, the problem is that regression models are traditionally built as models
that should suit the best way all collected data (following the principle of
optimization). So, the increase of the number of observation data may complicate
execution of important limit restrictions of regression modelling [12, 13].

That is, if we make structure of regression model more difficult in any way, for
example, by taking into account additional factors, parameters, and nonlinear effects,
etc., the quality of regression models as interpretative models for observed data can
be improved. But their quality as predictive models may be deteriorated. If there is
more than one predictor, a researcher will have to further understand characteristics
of different predictors and the relationships among them. Between-predictor
correlations may be a serious problem. It is well known, the simplest way to solve
the multicollinearity problem is to remove the predictors that have the most
correlated relationships. Usually, if predictors are highly intercorrelated, this implies
that they are measuring the same underlying information. Removing some of them
might lead to a more parsimonious and interpretable model without compromising
the performance of the model [12-17].

There are also other potential advantages of removing predictors prior to
modelling. First, fewer predictors will decrease computational time and complexity.
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Second, some models can be improved significantly in model performance and/or
their stability will increase without the problematic variables. But all these
simplifications should be justified in terms of predicting. It should also be mentioned
that the main idea of regression modelling, as it is well known, is that regression
occurs when a dependent, endogenous variable depends not only on some
independent, exogenous, explanatory variables (predictors), as well on some
uncontrolled, unknown factors.

2. Input data and the main objective of the researches

As input data on the modelling, available to us time series of hydrological
observations data for water discharges and water levels maxima of the Dniester
River, the Halych water level gauge, were used. Those were incomplete time series,
with data from 1895 to 1998 (See Fig. 3, 4). Further, all numerical calculations and
simulations were carried out according to the data given in Fig. 3, 4. In general, that
was a retrospective simulation in condition of incompleteness of data and their
ambiguity, that a bit complicated our task.
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Fig. 3 — The time series of water discharges maxima (the Dniester River,

the Halych water level gauge)
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Fig. 4 — The time series of water levels maxima (the Dniester River,
the Halych water level gauge)
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The main objective of these researches was the available data analysis with
developing and presentation a practice way to predict the flood hazard in the Dniester
River valley near the town of Halych on base of hydrological observations data, in
particular, taking into account their incompleteness and ambiguity.

3. Preliminary researches to predicting the flood hazard

The best indicator for quantifying the flood hazard in-situ is the forecasted water
level in the river. Depending on the expected level of water in the river during future
flood, areas to be flooded may be identified and mapped as easy as possible.

The challenge is that forecasting the water levels in rivers is a difficult task even
in the case of representative series of observations data. Typically, the time series
generated by observations of water levels in the rivers are non-stationary ones (See,
above, Fig. 4). In addition to the fact that water levels in rivers depend on water
discharges, they may depend on the hydromorphology of a river bed and its
floodplain, and other factors that may be not only stochastic, but and unpredictable
ones, both natural and anthropogenic. For example, in some parts of rivers, the
essential local elevations of water levels may occur due to compressions of their
channels downstream due to ice gorges, rubbish of logging etc.

At the same time, if time series of maximum water discharges are stationary or
guasi-stationary, the model of independent and identically distributed random
variable may be used to predict them. For most rivers that have not undergone
significant anthropogenic loads and in the presence of data of continuous
hydrological observations within time intervals of at least 3040 years, this
assumption can be quite admitted [18-20].

This model allows relatively simply predicting water discharges with low annual
probability of exceedance P, %, namely the discharges causing high water levels. In
Fig. 5 there are three alternative probability distributions that can be used to forecast
water discharges on the Dniester River, the Halych water level gauge, of various
probabilities: the model 1 is the type | Gumbel distribution; the models 2 and 3 are

the three-parameter gamma distribution (the Krytsky-Menkel model), with C,, =0,5
and C; =2C,, and with C, =0,6 and C; = 2C,,, respectively, where C,, is the
coefficient of variation, Cg is the coefficient of asymmetry.
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Fig. 5 — Examples of water discharges maxima probability distributions
(were built according to data given in Fig. 3)
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It should be noted, the model presented as a function of probability distribution
can be used to determine the discharge with the appropriate probability of
occurrence, or the probability of the corresponding water discharge. In the next step,
an equation of relationship between levels and water discharges may be used to
predict corresponding water levels to map zones of flooding.

The equation of relationship between levels and water discharges h = f(Q),
where h is the predicted water level and Q is the expected water discharge given
probability of exceedance P, %, is a well-known and quite often used hydrological
and hydraulic model (Fig. 6). This is a convenient model to use in practice, but it
should be borne in mind the equation of relationship between levels and water
discharges can highly change over time (Fig. 7), and, accordingly, the model should
constantly adjust to new data.

g 1000 h = 47,755Q0.3342

< 800 R2=0,5714 « ™ _____e----""""

2 600 r S N - et

S g3’ oton® ¢

= 400 e

k3 <.

S 200 * :

= Water discharges Q, mé/s

0 1000 2000 3000 4000 5000

Fig. 6 — A generalised equation of relationship between levels and
water discharges (was built according to data given in Fig. 3, 4)
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Fig. 7 — A set of equations of relationship between levels and water
discharges (the Dniester River, the Halych water level gauge)
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In how much, depending on different situations described by appropriate
equations of relationship between levels and water discharges, the flooded plots may
vary, even if practically the same values of water discharges happen, shown is in
Fig. 8. So, in 1906, when the water discharge maximum was 2040 m®/s, the water
level reached 874 sm.; in 1970, when the water discharge maximum was 2020 m?/s,
the water level was 632 sm.
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MeanHn ’ Built using Aster satellite image

“P©'Open StreetMap (and) contributors, CC-BY-SA

Fig. 8 — Flooded plots modelling in the Dniester River valley near the town
of Halych (according to data the Halych water level gauge)

This adjusting to new data (See Fig. 7), which allows us to provide the required
guality and accuracy of the equation of relationship between levels and water
discharges, may be called the situational modelling of the flood hazard in-situ. In
this case, an appropriate situational model is not only a quite simple single-factor
regression model presenting dependence of a dependent variable h on one
independent predictor Q. Essentially, this is an empirical model h = aQ? that may
be used as a formula to predicting flood hazards for the next floods if the predictive
background expected unchangeable and the water discharge of the corresponding
probability of exceedance P, %, has been known (See, Fig. 5).

4. Some advanced results and conclusions concerning situational modelling of
the flood hazard in the Dniester River valley near the town of Halych

The basic assumption in situational modelling is the assumption that a predictive
background will be unchangeable in time [12, 13]. In fact, constancy of a predictive
background determines the only specific situation for which the relevant situational
model can be considered adequate.

In general, a predictive background can be considered as a set of external and (or)
internal conditions including unknown predictors that can be essential for the choice
of the structure of the relevant situational model or values of its coefficients.
Obviously, these conditions can be constantly changing in time. Changes can be both
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regular and irregular, both stochastic (probabilistic) and unpredictable, uncertain or
ambiguous. Some of these changes are actually impossible to predict and estimate.
If regular changes can be taken into account when introducing some additional
variables into the model, it is practically impossible, for example, to do this for
irregular changes. In this case, the comparing this situation with the famous “black
swan” by Nassim Taleb [22] comes to mind.

It is reasonable to assume that the smaller duration of the model situation in time
is, the more likely the constancy of the relevant predictive background we can expect.
It is only important that the appropriate time series representativeness was ensured
within the selected time interval [13, 23, 24].

In Fig. 9, 10, shown are sets of such retrospective situational models built
according to data given in Fig. 3, 4.

g 1000 h=0do0aQuee . 7 My - 23,791Q04377

= = ’ 2=0,9971

< 900 R =1 R 997

P 3 ey

S 800 A em il

2 h2 = 24,109Q0'4697 s /., ’:—:9:0_77; .-

3 700 R2=0,9981 ~ .7 =T

S A he = 79,349Q02733
600 R? = 0,998

h, = 58,17Q03%2L

500 Ve -8 R2=0,9995
L 0,2928
400 hy -R721:,2(§3, 389 Water discharges Q, m3/s
300
0 500 1000 1500 2000 2500 3000 3500 4000
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O 1946-1948 @ 1965-1967 ® 1968-1970
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- -=4-1946-1948 -.=-5-1965-1967 —6-1968-1970

Fig. 9 — A set of retrospective situational models to predict the
flood hazard in the Dniester River valley near the town of Halych
(models were built according to data from 1895 to 1970, See Fig. 3, 4)

As for the duration of predictive backgrounds to provide reliable situational
modelling, as an important result of our research got was the following. It was
revealed that for the Dniester River, at Halych water level gauge, the limit duration
of the unchangeable predictive background to build the still dependable situational
predictive model to forecast of the flood hazard in the Dniester River valley near the
town of Halych is within three years. And a fairly reliable model h = aQ?, which
can be used as an appropriate situational model to predict the flood hazard in-situ,
can be obtained in case of three corresponding values of water levels and water
discharges exceeding 500-1000 m®/s (See Fig. 9, 10).
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Fig. 10 — A set of retrospective situational models to predict
the flood hazard in the Dniester River valley near the town of Halych
(models were built according to data from 1974 to 1997, See Fig. 3, 4)

In Fig. 10, as an example, shown is the point corresponding to the 1998 data. This
point already has a deviation from the nearest situational model 5. Although the
difference between the predicted value of water level according to model 5 and the
observed value of the water level is only 13 cm, it can be essential when the
situational predicting is carried out taking into account the characteristics of the river
valley transverse profile in a particular plot. In addition, among situational models
in Fig. 9, 10 there are three models that can be called “black swans” (See the models
2 and 5 in Fig. 9 and the model 2 in Fig. 10). The existence of these models convinces
us that the predictive background for situational modelling the flood hazard in the
Dniester River valley near the town of Halych should be limited to three years to
avoid gross mistakes.
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CATYAIIMHO-TPOTHOCTUYHE MOJIEJTIOBAHHSA HEBE3IEKU IOBEHEM
B JOJIMHI PIYKHU JHICTEP BLJIsI MICTA 'AJIMY

Anoranis. [IpeacraBneHo MeTOA  CHTYaIlifHO-NPOTHOCTUYHOTO — MOJEITIOBAHHS
HeOe3rmekn TOBeHed B jgonuHi piukm J[HicTep Oinmsg micrta ['amwu Ha miacTaBi maHHX
T1JIPOJIOTIYHHX CIIOCTEpEKEHb, OTPUMAHHUX Ha TipoJioriyHomy nocty «[ ammu». BussieHo
JesKi XapakTepHi 0COOJIMBOCTI B MOBEIIHII PIBHSHHS 3B'SI3Ky MK DIBHSAMH 1 BUTpaTamu
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BOJIY JUTS BOJJOMIpHOTO TocTa «["aimiuy, 30KkpemMa 3aKOHOMIPHOCTI, [0 CIIPUSIOTH HATIIHHOMY
MPOTHO3YBAaHHIO HEOE3MEKH TIOBEHEH 3a JIOMOMOTOK  CTATUCTHYHHX JaHUX, 1
HEOJTHO3HAYHOCTI, M0 YCKIAJHIOITH MOAIOHE MporHo3yBaHHs. I[loka3aHa MOXIUBICTB
e(pCKTHBHOTO MPOTHO3yBaHHS HEOC3ICKH MOBEHEH B PO3MIITHYTOMY paioHI 32 TOTOYHUMH
JTAHUMH TiJPOJIOTIYHUX CIOCTEPEKEHD ISl MiHIMI3aIlil MOKIIMBUX 30MTKIB 1 BTPAT.
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ENSURING THE CONDITIONS OF ECOLOGICAL SAFETY
OF THE SURFACE WATER OF UKRAINE BY CALCULATING THE
VALUES OF THEIR ASSIMILATIVE CAPACITY

Abstract. The values of discharge of circulating (waste) waters of different quality
categories in surface water objects by regions of Ukraine are analyzed. For
maintaining the natural equilibrium of aquatic ecosystems the indicators of actual
and limit necessary of the multiplicity of dilution of circulating (waste) waters of
different quality categories by local river runoff are calculated and analyzed. The
values of the limit assimilative capacity of surface water objects, which can accept
a certain amount of circulating (waste) waters without violating their ecological
stability, is determined. The characteristics of the level of assimilative capacity
utilization of local river runoff resources of different degrees of water availability
are calculated and given. It has been established that in the years with average
water availability the level of use of the assimilative capacity of local river runoff
resources of the Nikolaev, Kharkiv and Kherson regions is characterized as
“moderate”, and Odessa — as “high”. In the years with a very low river water
content, the level of use of the assimilative capacity of surface water bodies in Kiev,
Kirovograd, Luhansk, Lviv, Sumy and Cherkasy regions is rated as “moderate”,
Mykolaiv and Kharkiv — as “high”, Kherson and Odessa — as “very high”.
Regardless of the level of provision with local river runoff, the index of the use of
the assimilative capacity of water resources in Zaporizhia, Donetsk, and
Dnipropetrovsk regions exceeds the threshold value (I1ac = 1) by 10.35-99 times.
Key words: assimilative capacity; environmental safety; self-cleaning; wastewater;
surface water; multiplicity of wastewater dilution

J.B. Kyaikoa, A.A. IOpuenko
HamionaneHuiil TexHiYHAN yHiBepcuTeT “JHIMTPOBCHKA MomiTexHika”, M. JIHinpo, Ykpaina

3ABE3NIEYEHHS1 YMOB EKOJIOTTYHOI BE3IEKU
IMOBEPXHEBHUX BOJIOMM YKPATHH LIJISIXOM PO3PAXYHKY
BEJIMYHUH iX ACUMIISIHINHOI EMHOCTI

Anomayin. IIpoananizoéano eenuyuHu cKudy 360pOMHUX (CMIYHUX) 800 pi3HOT
Kameeopii axocmi 8 nogepxmHesi B0O0HI 00’ckmu 3a pecionamu Ykpainu.
Pospaxosano ma npoananizosano noxazHuxu Gaxmudnoi ma epaHuiHo HeoOXioHoi
07151 NIOMPUMKU NPUPOOHOT PIBHOBALU BOOHUX €KOCUCMEM KPAMHOCMI PO30A6IeHHSA
360POMHUX (CMIUHUX) 800 PI3HOI Kame2opii AKOCMI MicyesUM PiuKO8UM CHOKOM.
Busnaueno 3mnavenms epanuunoi acuMiiAyiiHoi €MHOCMI NOBEPXHEBUX BOOHUX

© D.V. Kulikova, A.A. Yurchenko, 2019
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00’ €xmis, sKi MOJCYMb NPULHAMU NEGHY KIIbKICIb 360POMHUX (CMIYHUX) 600 be3
nopywienns  ixuvoi  exoaoeiunoi  cmitikocmi. Pospaxosano ma  madano
Xapakxmepucmuky piGHs GUKOPUCMAHHA — ACUMINAYIUHOI €MHOCMI  pecypcie
Micyego2o piuKko8020 CMOKY pi3H020 cmyneHs 600o3abe3neuenocmi. Bcmanoeéneno,
Wo 6 cepeoHill 3a B0OHICMIO DIK DI6eHb BUKOPUCMAHHA ACUMIIAYIUHOT EMHOCI
pecypcig micyegozo piukogoz2o cmoxy Muxonaiecvroi, Xapriecvkoi ma Xepconcvkoi
obaacmeti xapakmepusyemuca Ak “‘nomipnuii”, Odecvkoi — ak “sucoxuu”’. B 0yce
MAn080OHUL DPIK piGeHb BUKOPUCMAHHA ACUMITAYIIHOI EMHOCMI NOBEPXHEBUX
800HUX 00 ’ekmis Kuiscvkoi, Kiposoepaocwvkoi, Jlyeancovkoi, JIvgiecvkoi, Cymcoroi
ma Yepxacekoi obnacmeii oyinoemvca Ak “‘nomipnuii”, Muxonaiscekoi ma
Xapxiscokoi — ax “sucokuii”, Xepconcwvkoi ma Odecvkoi — Ak “Had36uuauino
sucoxutl”. Hezanexcrno 6i0 pieHs 3a6e3neueHOCmi MiCyegum piuKo8UM CHIOKOM,
iHOeKC BGUKOPUCMAHHA ACUMIIAYIUHOT €MHOCMI 60OHUX pecypcié 3anopizpkoi,
Jloneyvroi ma [[ninponemposcoroi obnacmeii nepeguwye epaHuyHe 3HAYEHHs.
(Lie= 1) 6 10,35-99 pasis.

Kniouosi cnosa: acuminayitina emmuicmo, exonoziuna Oe3nexda, CamMOOYUUWEHHS,
CMIYHI 600U, NOGEPXHEGI BOOOUMU; KDAMHICMb PO30AGIEHHS CIMIYHUX 600

Beryn

OxopoHa HaBKOJMIITHBOTO CEPEOBHIIA Ta PAILliOHAJIBHE NPUPOJTOKOPUCTYBAHHS —
OJIHI 3 HAHOIIBIII TOCTPUX 1 COLIATBLHO 3HAYYIIMX MPOOJIEM CydaCcHOCTI.

Ha rtemepimmuiii 4ac mpUpOIHi EKOJOTiYHI CHCTEMH BiAYyBalOTh MOCTIHHO
3pOCTalOYUi AHTPOINMOIrEHHUN BIUIMB, BUKIHMKAHUN AaKTUBHOK TOCHOJAPCHKOIO
JISAJIBHICTIO JIIOAUHH.

BoaHi pecypcu € oTHUM 3 OCHOBHHX €JEMEHTIB HMPUPOIHOIO CEpPeOBUIA Ta
BIJIITPAIOTh BEJIHKY POJIb ¥ PO3BUTKY JIFOJCHKOTO CYCIIbCTBA. BOHM HEPIBHOMIPHO
pPO3MOIIEHI TO TEpPUTOpii KpaiHW, BIAPI3HAIOTECA 3HAYHOIO THUMYACOBOIO
MIHJIMBICTIO, BIIHOCHO BUCOKUM CTYIICHEM 3a0pyTHCHHSI.

Macmtaby BOJIOKOPUCTYBaHHS Ta HOTO BIUIMBY Ha INPHUPOJIHE CEPEIOBHILE
B OCTaHHI JECATHIITTS AOCSTIN TAKUX PO3MIPiB, KOJIH MOXJIMBOCTI BUKOPHCTAHHS
BOJIHUX PECYpCiB Ta BUMOTH JI0 30€peKEeHHS BOJHOTO CEpPEIOBHINA CTaIH JIJIs
OUTBIIIOCTI PETioHiB JIMITYIOUUM (DaKTOPOM COIlialIbHO-€KOHOMIYHOTO PO3BUTKY.

[MpoGiema parioHaJbHOTO BUKOPHUCTAHHS Ta OXOPOHH pIYOK IOBHHHA
BUPIIIYBaTHCS KOMIUIEKCHO, CUCTEMHO, 3 ypaxyBaHHSIM B3a€MHOTO BIUTUBY BCiX
(dakTopiB, MpOLECIB 1 KOMIIOHEHTIB reorpadiuHoi Mepexi, a TaKoX BIUIUBY
TOCITOJIAPCHKOI Ta 1HIMUX BUIIB AiSITEHOCTI 3 OOKY JIFOTUHH.

OmHHUM 13 TIUTAX1B HOPMATi3allii eKOJIOTIYHOTO CTaHy BOJHUX €KOCHCTEM € OIliHKa
iX 37aTHOCTI O CAaMOOYMIICHHS NUISXOM PO3PaXyHKY BEIUYWH aCUMUISAIIHHOT
€MHOCTI JUIsl KOYKHOTO BOJTHOTO 00'€KTa a00 YaCTUHM HOTo akBaTopii. Bukopucranus
MMOKA3HUKIB, IO XapaKTePU3yIOTh ACHMINAIINHY €MHICTh pPecypciB PidKOBOTO
CTOKY, JI03BOJISIE BUSIBUTH TIOPOTOBI PiBHI aHTPOMOTreHHO1 TpaHcdopMalii BOAHUX
€KOCHCTEM, PO3POOHUTH 1 BIPOBAIUTH MPUPOAOOXOPOHHI 3aXO/IH JIJIS OIMIIICHHS
€KOJIOT1YHOTO CTaHy Ta 3abe3levyeHHs YMOB €KOJIOTi4HOI Oe3NeKH MOBEPXHEBUX
BOJHHUX 00'€KTIB.

Meta poGoTn

BcranoBiieHHS TpaHUYHO JIOIYCTUMOTO PiBHSI @aHTPOIIOI'€HHOTO HABaHTAXKEHHS Ha
BOJIHI €KOCUCTEMH IIISTXOM PO3PaxXyHKY BEJTHYMH aCUMIJISIIIHOT EMHOCTI PecypciB
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MICIICBOTO PIYKOBOTO CTOKY IS TIOJIIITIIIEHHS €KOJIOTIYHOTO CTaHy Ta 3a0e3IeUCHHS
YMOB €KOJIOTi9HOI O€3IIeKH TTOBEPXHEBUX BOIHUX 00’ €KTIB YKpaiHU.

AHaJi3 OCTaHHIX JoCaiTKeHb | myOaikaniii

InTeHcuBHA TOCIOAapchka MisUTBHICTH B OaceffHaxX pIYOK 3HAYHO BIUIMBAE Ha
KUTBKICHI Ta $KICHI MOKa3HMKH BOJHUX pecypciB Ta iX EKOJOTIYHHHA CTaH.
[lepeBakHa OimpIIICTh pIYOK KpaiHW Jerpagye, BHACHIIOK HAJIMipHOTO
AHTPOITOTCHHOTO HaBAaHTAKCHHSI, ITI0 TIEpeBayka€ HAJI 3MaTHICTIO BOJHUX 00'€KTIB 10
CaMOOYMIIICHHS 1 caMOBigHOBIEeHH [ 1-5].

Mani Ta cepemHi piuku OUTBII TOCTPO, HDX BEJIMKi, BiAYYBalOTh Ha COOi
AHTPOTIOTEHHUH BIUIHB, BPaXOBYIOUH iX HeBeNWKy BOIHICTH 1 TipIe, SIK MPaBHIIO,
OuHMIIeHHs 3a0pyIHEHUX CTIYHMX BOJ. IX pycia NpUilMaroTh OCHOBHE T€XHOI€HHE
HaBaHTAXCHHS BiA MiANPUEMCTB-BOJOKOpUCTYBadiB. ChOrogHi rocmnojapchka
TiSUTBHICTP JIFOJAWHU TIPHU3BeNia A0 KPU30BOIO CTaHy MalHX 1 cepedHix pidok. s
3a0e3MeYeHHs eKOJIOTIYHOT Oe3MeKH MOBEPXHEBUX BOJAONM HEOOXiTHO, 00 TeMITH
BUKOPUCTAaHHS BOJHHX pPECypCiB, BUKIMKaHI MPUPOAHUMH TIpolecamMH 1
AHTPOTIOTEHHUM BIUTMBOM, Bi/ITTOBiJaJIi TEMITaM BiTHOBJICHHs BOJHUX €KOCHCTEM B
pamKax 30aJaHCOBAHOTO BOJIOKOPUCTYBaHHSI.

PesynpTaroM TEXHOT€HHOTO BIUIMBY Ha PIYKH € BTpaTa 3AaTHOCTI BOJHHX
€KOCHCTEM JI0 IPUPOTHOTO CAMOOYHIIICHHS 1 CAMOBITHOBJICHHS, TOOTO 3HIKEHHS iX
acuMmimsaniiHoi emHOcTi. 3rimHo 3 Bu3HadeHHsM HO.A. I3paems, acuMinsiiitHa
€MHICTb EKOCUCTEMH — LI€ MIOKA3HUK MAKCUMAJILHOI IMHAMIYHOI MICTKOCTI KUUIBKOCTI
3a0pyIHIOBadiB, SKa MO)Ke OyTH 3a OJIMHHIIO Yacy HaKOMW4eHa, 3pylHOBaHa,
TpaHchopMoBaHa 1 BHBEIEHA 32 MEXi 00CITy €KOCHCTEeMH 0e3 TOpYIIeHHS ii
HOPMAaJTBHOT MiSITBHOCTI.

[MuTaHHsIM JOCII/PKEHHS Ta BHKOPHCTAHHS IIOKa3HUKIB aCHMUISIIIIHOTO
MOTEHIIaTy Ta aCHUMUIAIIAHOI €MHOCTI JUIS €KOJIOTIYHOI OIIHKA CTaHy BOJHUX
€KOCHCTEM IPUCBIYEHO poOoTH [6—11]. AHaui3 miTepaTypHUX JKeper CBiAUUTb, 110
ICHYIOYi METOJAM OILIIHKH BiIPI3HSIOTHCS 32 MIJISIMH BUKOPUCTAHHS, TMPUHIATIAMA
PO3pOOKH, KpUTEPIsIMH OILIHIOBAHHS, OOCITOM 1 XapaKTepoM HasBHOI iH(popMmallii,
criocoboM Qopmarizallii JaHUX.

HeoOximHO Bim3HAYMTH, MO HAa TEHEpINIHIN Yac 3aralbHONPUHHATOI €IHHOI
METOJIMKH OIIHKYM aCUMUISIIIHHOT EMHOCTI TOBEPXHEBUX BOJHUX 00’ EKTIB HE ICHYE.
Tomy HEOOXiTHO 3aCTOCOBYBATH TON METOJ, KU Kpaille 3a iHIII BiJIOBIIA€ MiJIsIM
1 3aBIaHHAM JAOCIIDKSHHS, Kpallle 3a iHIii 3a0e3rmeueHnii HeoO0XiTHO0 iHpopMaIliero
1 Ha/la€ HAWOUIBII aJICKBATHY OI[IHKY.

IcHye mmpoke KoOJO 3aBAaHb, J€ Taki OMIHKA MOXYTh YCHIIIHO
BUKOPHCTOBYBATHCS — IPU CIIOCTEPEKEHHI 32 AMHAMIKOIO SIKOCTi TOBEPXHEBUX BO/I,
IpH OUiHII e()EeKTUBHOCTI POOOTH OYUCHHUX CHOPYA, NPW MPOTHO3YBaHHI SIKOCTI
BOJIHUX €KOCHUCTEM 1 PO3p0o0Ili BOJIOOXOPOHHUX 3aX0/IiB.

Marepiaju i pe3yJbTaTH JOCJTiIKEHb

Jist XapakTepUCTUKY Ta OLIHKHY BIIMBY TOCHIOAAPCHKOI JiSUTBHOCTI HA €KOJIOTHHUH
CTaH MOBEPXHEBUX BOAHMUX OO €KTIB 3a perioHaMu YKpaiHW BHKOPHCTOBYBAJIHCS
naHi Jlep)KaBHOTO areHTCTBa BOMHHMX pecypciB Ykpaiuu [12]. J[ns BuzHaueHHS
BEJIUYMH TPaHUYHOI ACHUMUIALIMHOT €MHOCTI IOBEPXHEBHUX BOJHHMX O0'€KTIB
BUKOPHUCTOBYBAJIMCS CepeliHi OaraTopiuHi 3HaYEHHS pecypciB MiCLIEBOTO PiYKOBOTO
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CTOKY 3a perioHaMH YKpaiHM B POKH 3 PI3HUM CTYIEHEM BO0/03a0€3ICUCHOCTI:
cepenHiii 3a BoaHicTiO (50%) Ta ayxe manoBoauuii (95%) [13].

AcuUMIISIIIfHA €MHICTh TOBEPXHEBHX BOJHHMX OO'€KTIB OIIHIOBAJAcsA 3a
JOTIOMOTO0 HACTYITHUX TPYI MTOKA3HUKIB!

1. ba3zosi:

— BEJNMYMHA 3araJIbHOTO CKHUIY 3BOPOTHHUX (CTIYHMX) BOJA B MOBEPXHEBI BOJHI
00'€KTH, MITH M,

— KUIBKICTh 3BOPOTHHX (CTIYHHX ) BOJ, IO CKUIAIOTHCS Y BOJIONMH HOPMATHBHO
yrcTUMH (6€3 OUHMILEHHS), MIH M°;

— KUIBKICTh CTIYHHX BOJ, IO CKHIAIOTbCA Yy BOJOWMH HOPMAaTHBHO
OYMIIIEHNMH, MJIH M°;

— KUIBKICTh CTIYHUX BOJI, 110 CKUIAOTHCS Y BOJAOWMU 3a0pyaHeHnMU Ta (ab0)
HEJIOCTATHBO OYHMIIEHUMH, MJTH M°;

— 00csar MICIIEBOTO PIYKOBOIO CTOKY PIi3HOTO CTYIEHS BOA03a0€3MEeYEeHOCTI
(B cepeHill i My’e MaTOBOAHUI POKH), MITH M°,

2. Po3paxyHKOBI:

— BeNMYMHA TPAaHMYHO HEOOXiMHOI KpaTHOCTI po30aBlIiEeHHS 3BOPOTHHX
(cTiuHUX) BOJ, IO CKUJAIOTHCS B IIOBEPXHEBI BOJOWMH, YM. OFL.;

— BENWYMHA TPAHWUYHOI ACHMUIIIIHHOI €MHOCTI BOZHOTO OO0'€KTa, SIKUH
npuiimMae 380poTHi (CTiuHi) Boau, MiH M2

— 3amac MOTEHIIWHO MOXIMBUX JUIS BHKOPHCTAHHS PECYpCiB MiCIIEBOTO
PiYKOBOTO CTOKY, MIIH M°;

— 1HJIEKC BUKOPUCTaHHSI aCUMUISIIIIHOT EMHOCTI BOJHOTO 00'€KTa, yM. O/I.

OCHOBHUM KpPHUTEPIEM aCUMIIALIKHOTO MOTEHIIATy BOJHOTO 00'€KTa BBAKAIOTh
KpaTHICTh po30aBIeHHS CTIYHUX BOJI.

[Noka3nuk HeoOXiMHOT KPaTHOCTI po30aBiIeHHS 00’ €My 3BOPOTHHX (CTIYHHX) BOJ
B 00’eMi BOAHOTO 00'€KTa € YHIBEpPCATBHOIO XapaKTepUCTHKOK. BiH mokasye,
Y CKUTbKH pa3iB 301IbITY€eThCS 00CAT BOMIH, SIKa PUHAMAE Y4aCTh B PO3BEJIEHHI CTOKY
1010 TIEPBUHHOTO 00'€EMY CKUHYTHX 3BOPOTHHX (CTIYHHX) BOJI.

3anexxHO BiJi CHiBBiIHOUIEHHS BUTpar (00’€My) 3BOPOTHHUX BOJ 1 BHUTpaT
(06’eMy) BoJHOTO 00'€KTa, 3 ypaxyBaHHSM IHTEHCUBHOCTI IPOIIECiB pO30aBIeHHS Ta
CaMOOYHIIICHHS, 110 TPOTIKaIOTh B HHOMY, B KOXXHY MOBEPXHEBY BOJIOWMY MOXE
OyTH CKHMHYTa pi3Ha KUIbKICTh CTIYHHX BOJ 3a MEBHUi mepiox dacy. Ilpu mpomy
IrpaHUYHUNA 00’ €M 3BOPOTHUX (CTIUHHUX) BOJ, SIKMI MOXKHA CKUHYTH y BOJOHMY, HE
MOPYIIYIOUM CAHITAPHUX BUMOT, OOYMOBJICHHI MEBHOIO 3aJIEKHICTIO LIOA0 HOPM
SIKOCT1 BOJIH.

[Ipupoana 31aTHICTH BOJOWM 1 BOJOTOKIB 10 CAMOOUMILEHHS TyXe HE3HAYHA.
CaMOOUMILEHHS] HACTA€ TUIBKM B TOMY BHIAIKy, SKIIO BOIM, L0 CKUAAIOTHCS,
MPOMIIIN TTOBHE OYHINEHHS, a Y BOAHOMY O0'€KTI BOHM OyJin po30aBiicHI BOJIOIO
y cmiBBigHOIIEHHI 1:12-15. K110 5k y BOZOHMH 1 BOZOTOKH CTI4YHI BOJU HAAXOIATh
y BEJIMKOMY 00CH3i, a TUM OiJbIlIe HEOUNIIIEHUMH (200 HEOCTATHRO OUYHIIEHUMH),
MOCTYIIOBO BTPA4a€Thcs CTilKa NPUPOJHA pIBHOBara BOJHHUX EKOCHUCTEM,
MOPYIIYETHCS iX HOpMallbHe (DYHKIIOHYBaHHS, 1[0 POOUTH 111 PIYKH HETPUIATHUMH
JUIs. BAKOPUCTAHHS.

3a pexomennarieto [ 14], kpaTHiCTb po30aBIeHHS YMOBHO YMCTOI BOJU MIOBUHHA
cTaHoBUTH 1:3, rocnoaapchbKo-moOyToBuX ouMieHUX — 1:5, Heounmienux — 1:20,
MPOMHCIIOBUX OuHIIeHUX — 1:15, Heounmenux — 1:50, 115 cToKiB 3 ypOaHi30BaHUX
Tepuropiii — 1:3, i3 cinbebkorocnogapcbkux noiiB — 1:1. 1i 3HaYeHHs KpaTHOCTI
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po30aBieHHST 3BOPOTHHUX (CTIYHHMX) BOJ OYJIM TPHUHATI B SIKOCTI 0a30BUX IS
pO3paxyHKIB.

B nanwmii yac BoaHi pecypcu YKpaiHH iHTEHCHBHO BHKOPHCTOBYIOTBCS MJIS
pi3HUX m[OTpeOd, 1 BXKE MPAKTHYHO HE 3ANUMIWIOCS PIYOK 3 TPUPOIHUM
TiAPOJIOTIYHUM PEKUMOM, HE IMOPYIIEHUM BILTHBOM TOCIIOAAPCHKOI iSITBHOCTI.

Binpmmicts pidok BigYyBarOTh BIUIMB y BUTIIAL CKUIy 3a0pynHeHmx Ta (abo)
HEJIOCTaTHHO OUHUILECHUX CTIYHUX BOJI MPOMHUCIOBUMH, CIITLCHKOTOCIIOAAPCHKUMH Ta
KOMYHaJbHUMH MiJIPUEMCTBAMH 0€3M0CEPETHBO Y BOIHI 00'€KTH.

HaliBa)x1uBIiIIMM YMHHMKOM, IO BINIMBA€ HAa KUIBKICHI Ta SKICHI IOKa3HHUKH
BOJIHUX PECYPCiB, € CKUJ CTIYHUX BOJ B IOBEPXHEBI BOAOHMH.

JaHi mpo BETUYMHU CKHAY 3BOPOTHHX (CTIYHHX) BOJ Pi3HOi KaTeropii sKOCTi
B TIOBEPXHEB1 BOJIHI 00’ €KTH 3a perionamu Ykpaiau y 2017 pomi HaBeneHo B Tab. 1.

Tabmuug 1 — BenuunHu ckuay 3BOPOTHHX (CTIYHMX) BOJ Pi3HOI KaTeropii sSIKocTi
B ITOBEPXHERB1 BOJIHI 00’ €KTH Ta TMTOKA3HUKH BOI03a0€31IeUeHOCT] pETioHIB YKpaiHu

Cxuj1 3BOPOTHHX (CTIYHHUX) BOJ, MIIH M3 3a0e3nedyeHicTh
MICIIEBUM PiYKOBUM
. . HOpMATHBHO Vpc, MiH M2
Perion 3a0py/IHeHi, HENOCTATHEO | HOPMATHBHO | g Gy | CTOKOM, YRC,
Vs OYHIIEH], | OYMIIEHI, — Boepenuiit | Bayke
Vo Vo Vipo |3 BOZHICTIO [MayIOBOHit
pik (50%) | pik (95%)
BinHuIbKa 0 1 27 35 2470 1160
BounHChKa 0 0 21 6 2180 940
JlHinponeTpoBchKa 99 131 98 289 870 140
JloHelpKka 0 200 95 445 1020 240
JKuromupchka 0 2 32 28 3150 1050
3akapmarchka 0 4 29 3 7920 4470
3anopizbka 0 64 45 847 620 130
IBaHO-PpaHKiBChKa 0 1 51 8 4590 2170
KuiBchka 0 2 41 226 2040 760
KipoBorpaaceka 0 1 15 20 950 270
Jlyrancpka 1 17 2 7 1460 450
JIbBiBCHKA 1 70 82 14 4920 2660
MuKoaiBchka 0 22 1 37 570 160
Opnecbka 29 4 84 42 350 76
IlonTaBchka 0 2 43 3 1940 760
PiBHeHCHKa 0 4 24 20 2330 1270
Cymchka 0 23 2 22 2450 1150
TepHominbecbka 1 2 17 9 1810 1050
XapkiBcbka 5 5 198 60 1660 710
XepcoHchKa 1 0 22 38 140 20
XMeNbHUIbKA 0 1 30 3 2140 1060
Uepkacbka 1 3 41 60 1010 410
YepHiBerpka 1 1 16 19 1230 490
YepHiriBcbka 0 14 7 51 3450 1950
Ykpaina B minomy 158 839 1023 2550 52400 29700

B cepennboMy, B CTpYKTYpi BiJIBEJICHHS 3BOPOTHUX (CTIYHMX) BOJ y BOJHI

o0'ekTn 3a perioHaMH YKpaiHM MepeBakaloThb HOPMAaTHBHO 4MCTI Boau (0e3
OUMILICHHS), HA YaCTKy SIKUX mnpumnanae 55,8% Bix 3aranbHOi KiNBKOCTI CKUJY.
3HayHa YacTUHA HOPMATHBHO YHCTUX BOJ HAQJXOJSTh B IOBEPXHEBI BOJOWMHU
3anopi3ekoi Ta Kuiscekoi (84%), UepniriBebkoi (70,8%), Xepconcrkoi (62,3%),
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Muxkomnaiseskoi (61,7%), oneuskoi (60,1%), YUepkacekoi (57,1%), Binaunbkoi Ta
KipoBorpancekoi (55,6%), UepniBeupkoi (51,4%) obnacreii.

UacTka HOPMATHUBHO OYHMIICHHX CTIYHUX BOJ, IO CKUIAIOTHCS B MOBEPXHEBI
BOJIOWMH 3a perioHaMH YKpaiHu, cTaHOBUTH 22,4% BiJ BEIMYMHH 3arajbHOTO
CKULy, 3a0pyqHeHNX (BKIIOYAIOYH i HEeAOCTaTHBO ouninennx) — 21,9%. BigcoTok
CTIYHMX BOJ, IO CKUJAIOTHCA Y BOAHI OO'€KTH MICIS OYHIIEHHS, 3aJHIIAETHCS
JIOCUTh HU3BKHM, IO BKa3y€ Ha BIJICYTHICTh 3alliKaBJICHOCTI MiANPHUEMCTB-
BOJOKOPHCTYBAUiB y BIPOBAHKEHHI IPUPOJOOXOPOHHHUX 3aXO/iB, B TOMY YHCIHI i
BCTaHOBIIEHHI OYMCHHX CIIOPY/I.

Binbma vyactuHa 3a0bpynHeHuX Ta (a00) HEJOCTATHHO OYMIICHHUX CTIYHHMX BOJ
HaJXOAiTh B TOBEepXHEBiI Bojoiimu Jlyrancekoi (66,7%), Cymcekoi (48,9%),
JIeBiBCBKOI  (42,5%), HmuinpomerpoBcskoi (37,3%), Mukomaisepkoi (36,7%),
Honenpkoi (27%), Onecwroi (20,7%) ta UepHirieebkoi (19,4%) obmacrei.

3HayHa KUTBKICTP HOPMATHBHO OYMINEHUX CTIYHUX BOJ HAJXOIUTh y BOJHI
00’extu [TonTaBcekoi (89,6%), Xmenbuuipkoi (88,2%), IBano-DpankiBcbkoi (85%),
3akapmarcekoi  (80,6%), Bommacekoi (77,8%), XapkiBcekoi  (73,9%),
TepHoninecekoi (58,6%), Oneckkoi (52,8%), Kutomupcrkoi (51,6%), PiBHeHCHKOT
(50%), JIeBiBCHKOI (49,1%), UYepniBeupkoi (43,2%), Binaunpkoi (42,9%),
KipoBorpancekoi (41,7%) Ta Uepkacekoi (39,1%) obmacreii.

VYpaxyBaHHSI MOKIIMBOCT1 BOJHOTO 00'€KTa 10 pO30aBIICHHSI, SIKE IPYHTYETHCS Ha
TiAPOJIOTIYHMX JaHUX Ta HOro 3aTHOCTI JI0 CAMOOYHINICHHS, JI03BOJISIE BCTAHOBUTH
PEXHUM CKHAY CTIYHHUX BOJl Y BOJONMY Ta OI[IHHUTH JOIYCTHMY KiJIbKICTh CTOKIB,
TOOTO KPUTHUYHE CKOJIOTIYHE HaBaHTaKeHH. [Tpu 11boMy BpaXOBY€EThCS PUPOTHUN
CTIK SIK BOJHOTO 00'€KTa, TaK 1 CTIYHUX BOI.

QdakTHYHA KpaTHICTH pO30aBIIeHHS 3BOPOTHHX (cTivHmMX) BOA (Ko), mIO
CKHJAIOTHCS Y TIOBEPXHEBI BOJIHI 00'€KTH, BU3HAYAETHCSA 32 (HOPMYIIOF0:

V
K, =VPC , VM. O/I. Q)

CKUO

ne Vpc — MOKa3HUKY 3a0€31eUeHOCTI PerioHiB YKpaiHu MiCLIEBUM PiYKOBUM CTOKOM
B Di3Hi 332 BOAHICTIO POKM, MJIH M3, 3HaueHHs SKUX HaBENEHO B TaOM. 1; Vewo —
3arajibHUH CKHJ| 3BOPOTHUX (CTIYHHMX) BOJ Yy MOBEPXHEBI BOJIOWMH 3a perioHaMH
Vkpainu, MJIH M3, 1110 BU3HAYAETHCS 32 (POPMYJIIOK0:
V.o =V; +V,0 +Vy +Vus0» MIH M. )
PospaxoBani 3nadyeHHs koedinieHTa K¢ TpU pi3HOMY piBHI 3a0e3MedeHOCTi
MICIIeBHM PiYKOBHM CTOKOM 3a perioHaMH YKpaiHu TpejcTaBieHi B Tabm. 2.
Po3paxyHok BenuuuH (akTHYHOT KpaTHOCTI po30aBiIeHHs MOKa3aB, 110, HPU
HasiBHOMY OOCSTY CKHJIy 3BOPOTHHX (CTIYHMX) BOJl Pi3HOI KaTeropii sKoCTi,
MmoBepxHeBl BojoimMu JlHinporeTpoBcbkoi, JoHenpkoi, 3amopi3bkoi, KuiBCchKOi,
KipoBorpancekoi, MuxomnaiBcekoi, Omechkoi, XapkiBcbkoi, XepCOHCHKOI Ta
UYepkacbkoi 00nacTeil He MarOTh JOCTATHIX PeCypCiB AJSl PO3BEACHHS 1 MPOLECIB
CaMOOYHIIICHHS CTOKIB. Haliripiiia cutyailist CKJIaaeThes B Iy’KE MaJIOBOJIHI POKH.
[Tpu 95-BincoTkoBOMY piBHI 320€3MEYSHOCTI MiCIIEBUM PiYKOBUM CTOKOM BOJHHX
00’exTiB 3anopi3ekoi, HinpornerpoBcbkoi, JJoHenskoi, XepcoHchkoi Ta Onechroi
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obmacTeit moka3HuK (haKTHIHOI KpaTHOCTI po30asieHHs ckianae 1:0,14-0,48, To06TO
MIpOIIeC PO3BEACHHS HE 3AIMCHIOETHCS.

TakuM 4MHOM, BHACIHiOK HAJMIpHOTO aHTPOTIOTEHHOTO HABAHTAXXCHHS, BOIHI
pecypcu gaHux 00J1acTel MOBHICTIO BTPATHIIN CBOIO 3IaTHICTh JJO CAMOOYHILCHHS,
OCKUTBKM CTPECOBHIA CTaH IMOBEPXHEBI BOJONME TOYHHAIOTH BiAUYBAaTH, SKIIO
KpaTHICTh p030aBiICHHS 3BOPOTHUX (CTIYHUX) BOJ YHCTOIO PIYKOBOIO BOIOIO CTA€
Hwxge 1:10.

Pamnimie, konu aHTPOTIOT€HHE HABAHTAKEHHS Ha BOJHI 00'€KTH OyII0 HE3HAYHIM,
BBKAJIOCS, IO IS MiATPUMKHA HOPMAaJIbHOI 31aTHOCTI BOAOWM JI0 CaMOOYHIIEHHS
KpaTHICTh Po30aBIeHHs 3BOPOTHHX (CTIYHMX) BOJ MoBHHHA cTaHoBHTH 1:10. OqHak
CHOTOJTHI JICSIKI CTiYHI BOJM BHUMAararOTh OUIBIIOTO PO3BEACHHS YHCTOI PiYKOBOIO
BOJIOIO.

Haii0inpm 1ockoHalTi OYHMCHI CIIOPY/IH 3a0€3MEeUyIOTh OYHIICHHS CTIYHUX BOJI BiJ|
OpraniyHux 3a0pyaHeHb TUIbKH Ha 85-90%, 1 nuIie B OKpeMHX BUMaakax — Ha 95%.
Tomy HaBiThb TicHs OYMINEHHS HEOOXiTHO PO30AaBIATA OYHINEHI CTOKH YHCTOIO
BOJIOIO y cHiBBigHOIIEeHH] 1:6-12, a acTo ¥ Oinbiie i 30epexeHHs] HOpMaIbHOT
KUTTENISIIBHOCTI BOTHUX €EKOCUCTEM.

[Ipu po3paxyHKy TpaHWYHO HEOOXiTHOiI KpaTHOCTI PO30aBICHHS 3BOPOTHUX
(ctiurux) Bog (Krwy) pi3HOI KaTteropii SKOCTi, IO CKUAAIOTHCS B TIOBEPXHEBI BOTHI
o0'ekTn 3a perioHamMu YKpainu, Oynau MPUHAHSATI HACTYIHI CIIBBiTHOLICHHS: IS
HOPMAaTUBHO YMCTHUX BOJ (Oe3 ounieHHs ) — 1:3, st HopMaTuBHO ounnieHux — 1:15,
TS 3a0pyAHEHUX (BKITFOYAIOUH HETOCTaTHBO ouwiieHi) — 1:50.

Bennunna rpaHndHO HEOOXiTHOI KPATHOCTI po30aBieHHs 3BOPOTHUX (CTIUHUX)
BOJI Pi3HOT KaTeropii SIKOCTI, 10 CKUJAIOTHCS Y TIOBEPXHEBI BOJONMH, BU3HAYATIACS
3a (hopmyIroro:

B 3-V, 50 +15-V, +50-(V, +V,,,)

I(IYJ - \/

, YM. OJL. 3)

CcKUo

PesynpTatn  po3paxyHKy TpaHHYHO HEOOXiIHOI KpaTHOCTI po30aBiIEHHS
3BOPOTHUX (CTIYHHMX) BOJ, IO CKHJAIOTBCS Yy TIOBEPXHEBI BOAHI 00'€eKTH 3a
perionamu Ykpainu, HaBejieHi B Ta0. 2.

PozpaxoBani BeIMYMHU IPaHUIHO HEOOXiTHOT KPaTHOCTI po30aBIeHHS CTIYHUX
BOJ JI03BOJISIIOTh BU3HAYUTH HACKUIBKM HACMPABJi BiIIOBINAIOTH OIAMH OJHOMY
(dakTHYHI 1 TeOpeTHUYHI 3HAYCHHS JIAHOTO TOKa3HWKa. B maHuiit yac daxtruna
KpaTHICTh p030aBIeHHS] 3BOPOTHUX (CTIYHUX) BOJ, IO CKUAAIOTHCA B MOBEPXHEBI
BoaHI 00’ekTH BinHmpkoi, BonwHacbkoi, XKutomupcrkoi, 3akaprnatcekoi, IBaHo-
®pankiBcbkoi, PiBHeHCBKOI, TepHomiibehbkoi, XMenbHUIBKOT, UepHiBeIbKOT Ta
UepHiriecbkoi obnacteli, HaBITh B Jy)K€ MAJIOBOJHHI PIK, NIEPEBUIIYE IPAHUTHO
HeoOXimHI Ay 3a0e3nevyeHHs] HOPMAIbHOTO (DYHKITIOHYBaHHS BOJOWM BEIHYUHHU
B 1,2-7 pas3ib.

IIpu ckuai 3BOpOTHMX (CTIYHHMX) BOJ y TMOBEepXHEBi Bojoimu [lonTaBchbkoi
obnacTi 3HaueHHA (DaKTUUHOI KPaTHOCTI po30aBIEHHA B Jy)KE MajlOBOAHHUH piK
(95-BincoTkOBHIA piBEeHBb 3a0€3MIEYEHOCTI MICLIIEBHM PIYKOBHM CTOKOM) BiJIIIOBiIa€
TEOPETUYHO HEeOOXiIHIH BennurHi. B TOH e Jac B JIy’ke MAJIOBOJAHUHN PiK 3HAYCHHS
koedimieHTa Ko A7 NMOBEPXHEBHX BOJHHUX O0’€KTIB iHIIMX obOnactedl YKpaiHu
3HAYHO HIKYE BEJIMYHH IPAaHUYHO HEOOXiTHOT KPaTHOCTI PO30aBIeHHS 3BOPOTHUX
(criyaux) Bojg B 1,1-97,5 paszis.
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Tabmuis 2 — Pe3ynsTaTi po3paxyHKy MOKa3HHUKIB, M0 XapaKTEPU3YIOTh
ACUMIJIAIIIAHY €MHICTh TIOBEPXHEBUX BOJIHUX 00’ EKTIB 3a perioHaMu YKpaiHu
NpY pi3HOMY piBHI 3a0€3M€YEHOCTI MiCIIEBUM PiYKOBUM CTOKOM

Kparnictb - Innexc
po36aBieHHs HOTeHumHO BUKOPHUCTaHHS
3BOPOTHHUX (CTIYHHUX) I'p AHITIHO MOICTHBL 2T ACHMUIALIIHHOT
BOJL YM, OJL acuMisiiHa BHUKOPHCTAHHS eMHOCT]
— €MHICTh pecypen pecypein
Perion Ko npu PIBHI.. TIOBEPXHEBUX MicLeBOro MICLIEBOTO
3a0e3MeUCHOCTI: BOJIONM, MITH M°, PIYKOBOTO .
pH piBHi CTOKY, MJIH M2, PIHKOBOTO
K 3a0e3MeYeHOCTi: TIpH piBHI CTOKY, YM. OfL.»
50% | 95% 3a6€3I1eUeHOCTI: TIPH PIBHL
3a0€31eYeHOCTi:
50% 95% 50% 95% 50% 95%
Binnuipka 39,21 | 18,41 | 8,89 | 277,84 | 130,48 | 214,84 | 67,48 0,23 0,48
BosmHcbka 80,74 | 34,82 | 12,33 | 176,81 | 76,24 | 149,81 | 49,24 0,15 0,35
JIHIponeTpoBchka 1,41 0,23 | 22,43 | 38,79 6,24 | -578,21 | -610,76 | 15,91 | 98,88
JloHerpka 1,38 0,32 |17,24| 59,17 | 13,92 | -680,83 | -726,08 | 12,51 | 53,16
JKuromupcbka 50,81 | 16,94 | 10,71 | 294,12 | 98,04 | 232,12 | 36,04 0,21 0,63
3akaprarchka 220 | 124,17 | 17,89 | 442,71 | 249,86 | 406,71 | 213,86 | 0,08 0,14
3anopisbka 0,65 0,14 | 6,71 92,4 | 19,37 | -863,6 | -936,63 | 10,35 | 49,36
IBano-®pankichka | 76,5 | 36,17 | 13,98 | 328,33 | 155,22 | 268,33 | 95,22 0,18 0,39
Kuiscbka 7,58 2,83 | 5,18 | 393,82 | 146,72 | 124,82 | -122,28 | 0,68 1,83
KipoBorpasaceka 26,39 7,5 9,31 | 102,04 | 29,0 66,04 -7,0 0,35 1,24
Jlyranceka 54,07 | 16,67 | 3522 | 41,45 | 12,78 | 14,45 | -1422 | 0,65 2,11
JIbBiBCHKA 29,46 | 15,93 | 28,87 | 170,42 | 92,14 3,42 -74,86 | 0,98 1,81
MuxkojiaiBCbKa 9,5 2,67 2043 279 7,83 -32,1 | 62,17 | 2,15 7,66
Opecbka 2,2 0,48 |19,09| 1833 | 3,98 | -140,67 | -155,02 | 8,67 | 39,95
TlonTaBchka 40,42 | 15,83 | 15,71 | 123,49 | 48,38 | 75,49 0,38 0,39 0,99
PiBHEHCHKA 4854 | 26,46 | 12,92 | 180,34 | 98,3 | 132,34 50,3 0,27 0,49
CymMmcbKa 52,13 | 24,47 | 26,51 | 92,42 | 43,38 | 45,42 -3,62 0,51 1,08
TepHoribChKa 62,41 | 36,21 | 149 | 12148 | 70,47 | 92,48 | 4147 0,24 0,41
XapkiBcbka 6,19 2,65 |13,62| 121,88 | 52,13 | -146,12 | -21587 | 2.2 5,14
XepcoHchKa 2,3 0,33 8,1 17,28 | 2,47 | -43,72 | -58,53 | 3,53 24,7
XMeNbHUIEKA 62,94 | 31,18 | 14,97 | 142,95 | 70,81 | 108,95 | 36,81 0,24 0,48
Yepkachbka 9,62 3,91 | 9,48 | 106,54 | 43,25 1,54 -61,75 | 0,99 2,43
YepHiBelpka 33,24 | 13,24 | 10,73 | 114,63 | 45,67 | 77,63 8,67 0,32 0,81
YepHiriBcbka 4792 | 27,08 | 13,31 | 259,2 |146,51| 187,2 74,51 0,28 0,49
VYxpaiHa B oMy 11,5 6,5 | 15,94 |3287,33|1863,24|-1282,67 [-2706,76 | 1,39 2,45

B wminomy, 3a perioHamm VYKpaiHu, HeE3aleXHO BiA piBHSA 3a0e3MEUeHOCTI
MICIIEBUM pIYKOBHM CTOKOM, (DakTHYHa KpaTHICTh pPO30aBIICHHS 3BOPOTHUX
(cTiyHMX) BOJ HIDKYA 32 TPAaHMYHO HEoOXigHY B 1,4 pasza B cepe/Hiil 3a BOJIHICTIO
pikiB 2,5 pa3u — B Jye MaJIOBOJAHUH.

BusHaunBmm 3HadeHHS TPaHUYHO HEOOXigHOI KpaTHOCTI po30aBieHHS Kiw,
3HaXO/JIMMO BEIUYMHY T'PAaHHYHOT aCUMUISIIHHOI €MHOCTI BOJHOTO 00'€KTa, sIKa
BUPAXKAETHCS K MAKCHMalIbHA KUTbKICTh 3BOPOTHHX (CTIYHHX) BOJI, IKa MOXE OyTH
CKMHYTa B TIOBEpPXHEBY BOJOIMYy Oe3 mopymeHHs ii eKOJOriyHOi CTiHKOCTI.
3HaueHHS TPAHWUYHOI ACHMINAIIIHOI €MHOCTI BOJAHUX OO'€KTIB BHU3HAYAETHCS SIK
BiJTHOIICHHSI BEJMYUH PIYKOBOTO CTOKY Pi3HOTO PiBHS B0J/I03a0€3Me4eHOCTi 10
po3paxoBaHoi paHille TPaHUYHO HEOOXiHOT KPAaTHOCTI PO30aBICHHS CTIYHHUX BOJ:

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 1 (29), 2019



AE,, = Vic , MutH M. (4)
I'H

OTtpumaHi pe3yapTaTh po3paxyHKy HaBeACHI B Ta0I. 2.

Y pes3ynbrari po3paxyHKy BCTAHOBJICHO TPAHWYHI BEIUYMHU aCUMUISALIAHOL
€MHOCTI BOJHUX 00’ €KTIB 3a perionaMu YKpaiHu, IO BiAIOBIIAIOTh TEOPETUIHOMY
00’eMy 3BOPOTHHX (CTIYHHX) BOA, IKI MOXYTh OyTH CKMHYTi B IOBEPXHEB1 BOJOHMHU
0e3 MIKOIM I TXHIX EKOCUCTEM.

3HAI0YN BENMYWHU TPAHUYHOI ACHUMULIIIAHOI €MHOCTI ITOBEPXHEBUX BOJIHHX
00’€eKTiB 3a perioHamMu YKpaiHH Ta KIJTBKICTh BXK€ EKCIDIyaTOBAHHWX BOJHUX
PECYpCiB, sIKa BUPAKAETHCS (PAKTUIHUMU 00CATaAMU CKHITY 3BOPOTHUX (CTIYHHX) BOJT
pi3HOi KaTeropii SKOCTi, MOXHa pO3paxyBaTH 3HAYEHHs 3amacy MOTEHIIHHO
MOXJIUBUX JJIS BHKOPHCTAHHS PECYpPCiB MICIEBOTO PIYKOBOTO CTOKY, SIKi
BU3HAYAIOTHCS 33 (OPMYIOIO:

Ve = AE 1p =V 00 MITH M2, (5)

CKUO >

Pesynbratn po3paxyHKy 3amacy HOTEHIIHHO MOXIHMBUX IUISi BHKOPHCTaHHS
pPECYPCIB  MICIICBOTO PIYKOBOTO CTOKY PI3HOrO CTyIeHs 3a0e3leueHocTi 3a
perioHamu YKkpaiHu HaBeJeHi B Ta0I. 2.

BcranoBneno, mo B ayxe MamoBomHUM pik  (95-BiACOTKOBUE piBeHBb
B0/10320€31EUEHOCTI) 3amac MOTEHIIITHO MOMJIMBUX IJIsl BUKOPUCTaHHS PecypciB
MICIIEBOTO PIYKOBOrO CTOKY B JIHinmpomeTpoBchbKid, JloHelnpkid, 3amopi3bKii,
Kuiscrkiit, KipoBorpaacekiii, Jlyrancekiit, JIsBiBcbKiil, MukomaiBebkiit, OnechbKi,
CyMchKkild, XapKiBCbKiid, XepcoHChKil Ta UepKachKiil 00JIaCTSIX MTOBHICTIO OCBOEHO.
Le o3Havae, m10 KiAbKICTh 3BOPOTHUX (CTIYHMX) BOJ Pi3HOI KaTeropii SKOCTi, IO
HaJXOAATh Y BOAHI 00'eKTHM muX oOxactell YKpaiHU, HEepeBUIIye MaKCHMAaIbHO
MOXKIIUBUH 0OCAT CTOKIB, SIKi MOXYTh OyTH CKHHYTI y BOIOWMH 0€3 MOpYyIIECHHS
TXHBOT €KOJIOTIYHOT CTIHKOCTI.

HaiiGinpin 3a0e3neyeni 3amacoM MOTCHIIMHO MOXJIMBUX JJIi BUKOPHCTaHHS
pecypciB MicLIeBOro piukoBOTO CTOKY 3axifHi 00iacTi Ykpainu.

VY cepeaniit 3a BoaHicTIO ik (50-BiICOTKOBUH piBEHb BOJ103a0€3MEUEHOCTI)
HE3HAUHWH 3amac TOTEHIIHHO MOXJIMBHUX Il BHKOPHUCTaHHS BOJAHUX PECypciB
MmatoTh KuiBcbka, KipoBorpazaceka, JIyranceka, JIbBiBcbka, Cymcbka Ta Yepkacbka
o0Jacri.

[Hexc BUKOpHCTAHHS ACUMUIALINHOT €EMHOCTI PECYpCiB MICIIEBOTO PiYKOBOTO
CTOKY Pi3HOTO CTyIeHs 3a0e31meueHOCTi BU3HAYABCA 31 CITiBB1THOMIEHHS:

V
I, =—<%% ym. on. (6)
AE AE]_,P

Pesynbrati po3paxyHKy IHAEKCY BHMKOPHUCTAHHS AaCHMUIALIAHOI €MHOCTI
pPECYpCiB  MICIIEBOTO PIYKOBOTO CTOKY PI3HOrO CTyIleHs 3a0e3nedeHocTi 3a
perioHamMu YKpaiHu HaBejIeHi B Ta0II. 2.

PiBeHb BUKOpHCTaHHS ACHUMUIALIIAHOI €MHOCTI PECYpCiB PIUKOBOTO CTOKY 3a
OTPUMAaHUMU 3HAYCHHSMU 1HAEKCY /4£ OLIHIOBABCS BiJIMOBITHO JIO0 3aIPOIIOHOBAHOT
knacugikarii, HaBegeHoi B Ta0. 3.
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Tabmmms 3 — OmiHoOYHA MIKajia PiBHSA BUKOPUCTAHHS aCHMUIIIITHOT €EMHOCTI
pecypciB pigKOBOTO CTOKY

[Miana3onu 3Ha4eHb iHACKCY [4E <l1 1-5 5-10 >10

XapaKkTepuCTHKA PiBHS
BHUKOPUCTaHHS aCUMULILIHHOT JIOITy CTUMUI TIOMipHHI BUCOKUH
€MHOCTI PECYpCiB PiYKOBOTO CTOKY

HaI3BUYANHO
BHCOKHM

3a pe3ynbTaTaMH MPOBEACHHUX PO3PAaxXyHKIB BCTAaHOBJIEHO, WIO piBEHb
BUKOPHCTAaHHS ACHMIISIIIHOT €MHOCTI pPecypciB MiICIEBOTO PIYKOBOTO CTOKY
Binaunpkoi, Bomuuchkoi, XKutomupcebkoi, 3akapnarcbkoi, [BaHo-®paHKIBCBKOI,
[NonraBcekoi, PiBHeHCBKOI, TepHOMiNIBbCHKOI, XMenbHUIBKOI, UepHiBenbKOI Ta
UepHiriBchKoi o0macTe, He3aJIeHO BiJI CTyIeHs BO103a0€31eUeHOCT], OIHIOETHCS
Sk “momyctumuii’. B cepemHii 3a BOJHICTIO pIK piBeHb BHKOPHCTaHHS
acUMIJSINIKHOT ~ €eMHOCTI  BoAHUX pecypciB  KuiBcbkoi, KipoBorpaackkoi,
JIyrancekoi, JIpBiBchbkOi, Cymcpkoi Ta Yepkackkoi oOmacTel OINHIOETHCA SIK
“momyctuMuil”, a B Iy>kKe MAJIOBOJHUHN PiK — K “TIOMIpHHAN .

IIpu 50-BigcOTKOBOMY CTYIEHI 3a0€3Me4eHOCTi MICIHEBUM PIYKOBUM CTOKOM
iHIEeKC [4z TIOBEPXHEBUX BOIHHX OO'€KTIB IHIIMX OOJIacTel YKpaiHM MEpEBHUIIYE
rpanvyHe 3HadeHHA (4 = 1). Ilpu mpomy piBeHb BUKOPHCTAHHS ACUMUIALIAHOL
€MHOCTI pecypciB MicueBoro cToky MmuKomaiBchkoi, XapKiBChKOI Ta XepCOHCHKOI
obnacteil XapakTepu3yeTbCsl sk “momipHuii”’, Opecbkoi — sk “Bucokuii”. Ilpm
95-BiZICOTKOBOMY CTyIleHi 3a0e3MeYeHOCTI MICHEBHM PIYKOBUM CTOKOM piBEHb
BUKOPWUCTAHHS  ACHMUJAIIMHOI  €MHOCTI  TOBEPXHEBHX  BOJHUX OO0 €KTIB
MukonaiBcbkoi Ta XapKiBChKOT 001acTel OLIHIOETHCA SIK “BUCOKHIA”, a XEPCOHCHKOT
Ta OfechKol — K “‘Hana3BUYaiHO BUcOKwHiA”. CIliJl 3a3HAUMTH, 110 HE3aJICIKHO BiJl PiBHS
3a0e3MeYeHOCTI MICIIEBUM PIYKOBHM CTOKOM, 1HAEKC BUKOPHUCTAHHS aCHMIISIIITHOT
€eMHOCTI I4r BOTHHMX pecypciB 3amopi3pkoi, JoHempkoi Ta JlHimponeTpoBchKOi
o0JacTeli epeBuIIye rpaHuuHe 3HadeHHs B 10,35-99 pasis.

BucnoBku

1. Brpata 37aTHOCTI TMOBEPXHEBHX BOJOHM JIO CaMOOYMILIEHHS, BHACIHIJIOK
TPUBAJIOTO 1 HAAMIPHOTO HAIXOKEHHS 3a0pyaHeHHx Ta (ab0o0) HEeJOCTaTHbO
OYHIICHHUX CTIYHUX BOJ, HEMUHYYE MPU3BEIE 10 3a0pyJHEHHS BOJHUX EKOCHUCTEM.
BukopucTanHs Takoi BOJM HACEIIEHHSIM JUTSI TOCTIOIAPCHKO-TTUTHUX 200 KYJIBTypHO-
MOOYTOBHX IiJIel MOKe MPU3BECTH JI0 HETaTUBHHUX HACIIIKIB JUIS 37I0POB'S JIIOIHHHU.

2. Briepire Ha OCHOBI aHAIITHYHUX JOCIIIPKEHb BU3HAYSHO 3HAYCHHS TPAHUIHOT
ACHMIJISIIIHHOT €MHOCTI PecypCiB MiCIIEBOTO PIYKOBOTO CTOKY B perioHax YKpaiHwu,
BUKOPHUCTAHHS SIKMX JIA€ 3MOTY BU3HAYUTH MTOPOTOBI PiBHI MEPETBOPECHHS BOJIHUX
eKocHcTeM 0e3 TIOpYIIEHHS IXHOT'0 HOPMAIIBHOTO (DYHKITIOHYBaHHSI.

3. 'pann4Ha acUMUIALIIHHA EMHICTh TOBEPXHEBUX BOJIHUX 00'€KTIB B OLIBIIOCTI
BUIIAJIKIB € nepeBuiieHor0. [le o3Hayae, 1m0 KUIbKICTh 3BOPOTHUX (CTIYHHX) BOJ
pi3HOI KaTeropii SIKOCTI, 110 HAAXOIATH Yy BOJIHI 00’ €KTH, IEPEBUIIYE MAKCUMAILHO
MO>KJIMBUH OOCST CTOKIB, Ki MOXYTh OyTH CKHHYTi y BOJOWMH 0€3 MOPYILIEHHS
iXHBOT E€KOJIOTIYHOI CTikocTi. ToMy OJHMM 3 TOJOBHHMX 3aBJaHb CTajoro
BOJIOKOPHCTYBaHHS € TIPUBEJICHHS TEMIIB CKUAY 3a0pYyJAHEHUX CTIYHUX BOJ JIO
po3paxoBaHOi BETMYMHHM I'PAaHUYHOI aCUMUISALIHHOI €MHOCTI BOJHUX €KOCHUCTEM,
LMiHHICTh AKOT OyAe MiJBUINYBAaTHUCS B MIpy TICPEBUINCHHS CTIHKUX MEX
AQHTPOTIOTCHHOT'O HABAHTAKEHHSI.
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4. Pe3ynbTaTH AOCIIHKEHb MOKYTh OYTH BUKOPHUCTaHI y IPAKTHULI 30€perKEHHS
BOJTHUX PECYPCIB UIsI pO3POOKH Ta BIPOBAKEHHS IPHPOTOOXOPOHHUX 3aXOIiB,
CIpPSIMOBAaHUX HA JIOTPUMAHHS HOPMATUBHUX MOKA3HUKIB SIKOCTI HABKOJHUIIHBOTO
cepeIoBHIIa, 30epeIKEHHS Ta PAlliOHAILHOTO BUKOPUCTAHHS BOJJHUX €KOCHCTEM.
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ENVIRONMENTAL HAZARDS OF THE MINING AND
CHEMICAL ENTERPRISES TERRITORY

Abstract. The ecological situation in most mining regions n Ukraine is critical, and
the closure of unprofitable mining enterprises, mines and cuts creates
environmental problems associated with significant changes in the geological and
hydrological environment.

The purpose of the work is to assess the environmental hazard of the territory of the
Rozdil State Mining and Chemical Enterprise "Sirka".

The research was carried out on the territory of Rozdil SMCE “Sirka”. Rozdil State
Mining and Chemical Enterprise “Sirka” is in the West of Ukraine (Lviv region) of
the Dniester River basin. According to the State Register of Potentially Hazardous
Objects (PHO) of Ukraine, Rozdil State Mining and Chemical Enterprise "Sirka"
belongs to the monitoring facilities of PHO.

The X-Ray Diffraction (XRD) method was used experimentally to determine the
qualitative and quantitative composition of heavy metals and other inorganic
elements in samples, soil pollution with heavy metals. The main threats were
identified which should be considered at the stage of liquidation of the mining and
chemical enterprise. The main reason for pollution of the water objects of the
enterprise territory and the Dniester River is the non-performance of the project on
maintenance of ecological balance, monitoring, reclamation of the territory of the
land due to lack of financing for the implementation of projects. In this regard,
sources of pollution (phosphogypsum, oil tars, lump sulfur, flotation tails, solid
waste) constantly affect the environment and over the years the situation is still
dangerous. On the example of Rozdil State Mining and Chemical Enterprise "Sirka"
the main problems of the monitoring system of the territory of the mining and
chemical enterprise at the stage of liquidation are demonstrated. The influence of
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the mining and chemical enterprise on the state of pollution of the environment: soil,
water environment, and waste management status were also assessed.

Also, according to the obtained data, in the man-made reservoirs of the enterprise
(Lake Hlyboke, Lake Serednie, Lake Chyste, channels), which flow into the Dniester
River, an excess of the MPC is seen in many hydrochemical parameters: pH,
sulfates, phosphates, ammonium nitrogen, etc.

Keywords: mining and chemical enterprise; heavy metals; reclamation;
environmental hazard; water pollution; soil pollution

Introduction

Ukraine belongs to the leading mineral-raw countries of the world with a wide range
of minerals. Ukraine — 0.4% of the Earth’s surface and 0.8% of the world’s
population — has about 5% of the world’s mineral resources.

The main ecological problems of mining operations for Lviv enterprises are
rather specific: the environment is not influenced by the activity of enterprises, but
the consequences of their activities in the past, the main issue today is the elimination
of these consequences. The main factors of negative influence are the extremely high
concentrations of mining enterprises, the important level of production of most
deposits, the insufficient amount of financing for work aimed at reducing the
environmental impact caused by the exploitation of deposits.

The closure of mining enterprises leads to unforeseen deterioration of the
environmental situation, and the scale of this problem causes catastrophic
consequences. The neglect during the closure of the mining and chemical enterprises
with the requirements of technological and environmental safety leads to significant
changes in the quality of underground and surface waters, soil contamination,
flooding and waterlogging of the territories, pollution of rivers, sediments of the
earth's surface, etc. The problems of waste management of mining enterprises are
acute, an imbalance between spent and re-cultivated land in mining enterprises is
maintained, and as a result, the risk of physical destruction and chemical pollution
of industrial facilities, residential buildings, and communications in the surrounding
areas.

Mining complexes as an essential part of economic transformations take in the
change of balance of matter, structure and energy of the planetary spheres, exclusively
active participation. The main task of environmental safety in the industry soon is to
prevent the increase of pollution and depletion of natural objects [1].

The purpose of the work is to assess the environmental hazard of the territory of
the Rozdil State Mining and Chemical Enterprise "Sirka".

Today, environmental safety issues have covered all countries and continents,
touched on the interests, and needs of every inhabitant on the planet, acquired
a global, global character.

This condition is due to a few circumstances, of which the following should be
highlighted:

— the ratio of the scale of manifestation and the degree of environmental impact
of the processes and industries that are created by the hand and will of man, with the
natural processes that occur in nature;

— in the pollution of the environment a significant share falls on the mineral and
industrial complex [1-6].
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A comparison of the influence of several types of mineral raw materials on the
natural environment of Ukraine shows in table 1.

Table 1 — Comparative characteristics of the influence on the natural environment
the development of various types of mineral raw materials of Ukraine [7]

Mining region Disturbed | The volume of | Dangerous Volume of | Nature
surface mine water geological accumulated | contamination
area, km? flow per day, processes waste, of soils

10t md development | min. m?

Donbas (coal) | 15000 25 Subsidence, | 1050.0 Complex
flooding, (heavy metals,
landslides, petroleum
karst, products,
erosion chemical

compounds)

Lviv- 150 0.06 Subsidence, | 0.05 Complex

Volynsky flooding, (heavy metals,

(coal) karst chemical

compounds)

Dniprovskyi 20 0.24 landslides, | Insigni- Complex

(brown coal) flooding ficant (heavy metals,

petroleum
products)

Dniprovsko- Insigni- - Insignificant, | Non- Complex local

Donetska ficant local available (petroleum

Depression products)

(oil and natural

gas)

Kryvbas (iron) | 170 0.13 Subsidence, | 1.6 Complex
flooding, (heavy metals,
landslides, petroleum
karst products,

chemical
compounds)

Pre-carpathians | 150 0.13 Subsidence, | Over 50.0 | High

(sulfur) flooding, contamina-tion
landslides, (chemical
karst, compounds,
suffusion sulfur, salts)

Deforestation and vegetation violations take place in open areas, during storing
on the surface of overburden and dumps of mineral raw materials, during road laying
and construction of facilities for the maintenance of mining enterprises.

Changing of the earth's surface occurs when the minerals are discovered in the
places where quarries are created, the shaft shafts are located, and during the
underground extraction of minerals as a result of the surface subsidence. During the
removal of rocks, the surface of the soil subsidences. The formed deposits are filled
with water. Such a phenomenon is seen in the Precarpathians region during the
development of potassium salts and the extraction of sulfur. The reservoirs that
formed there reach a depth of 3 meters.
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Mining developments violate soil hydrology, lead to an increase in the runoff of
mines and mine waters that carry a significant amount of pollutants: chloride
compounds, sulfuric acid, soluble iron salts, manganese, copper, zinc, nickel, and
others. Heavy metals are especially dangerous for human health: Cd, Mo, Ni, Zn,
Va, Be, as well as metal-poisons — Hg, As, Se, Pb.

The solution of the problems of technological and ecological safety needs:

— implementation of the restructuring of the man-made environment, technical
re-equipment of the production complex based on the introduction of the latest
scientific achievements, energy, and resource-saving technologies, non-waste and
environmentally safe technological processes, the use of renewable energy sources,
solving the problems of neutralization and use of all types of waste;

— establishment of effective environmental control over scientific research work
on the creation of objects of artificial origin, their design, construction and
functioning in order to manage man-made loads, rational use of natural resources
and the placement of productive forces;

— realization the classification of regions of Ukraine according to levels of man-
made and ecological loads, creation of maps of man-made and ecological loads;

— development of a methodology for determining the degree of environmental
risk for the environment caused by man-made objects;

— conducting researches in order to create a system of models of monitoring of
objects of observation in industry, energy, construction, transport and agriculture [2, 3].

Violation of soil hydrology leads to a decrease in the yield of cultivated areas
next to the mines where mining is carried out. With the open-pit method of
development around the quarries, the depression funnel grows, power is reduced by
aqueous solutions of the soil layer with all its consequences [4, 5].

According to the State Register of Potentially Hazardous Objects (PHO) of
Ukraine, Rozdil State Mining and Chemical Enterprise "Sirka" belongs to the
monitoring facilities of PHO [6].

Analysis of recent research in the field of environmental safety and monitoring
of the territory as a result of the activity of the mining and chemical enterprise

The study and research of the affected areas because of extraction of minerals, the
study of technogenic landscapes, the soil cover was carried out by many scientists,
among whom: B.l. Volosetskyi, A.M. Haidin, I.I. Zozulia, O.H. Maryskevych,
L.P. Markovych, L.V. Motorina, R.M. Panas, H.l. Rudko, L.Ye. Shkitsa,
A. Gasiewicz, M. Ossowska and others. The issue of studying and studying the land
cadastre has been highlighted in studies and publications M.H. Lykhohrud,
A.A. Liashchenko, A.H. Martyn, A.M. Mukhovykov, L.M. Perovych,
O.S. Petrakovska, M.H. Stupen, R.B. Taratula, A.M. Tretiak, P.H. Cherniaha and
other scientists. Problems with the improvement of the ecological state, streamlining
of disturbed territories, development of scientifically substantiated recommendations
and suggestions on effective use of disturbed lands are still unsolved. The solution
of these problems depends essentially on monitoring the state of the environment in
the area of activity of mining and chemical works, which will enable to create an
objective and reliable model of the state of the environment and react in a timely
manner to adverse changes.
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Problem Statement

Now, after the completion of the development of minerals, as a rule, there is
a question of developing projects for the construction of disturbed territories. One of
the essential elements of such projects is environmental monitoring, which involves
identifying and assessing man-made processes and phenomena that can negatively
affect the natural environment, lead to accidents and crises. In our opinion, this is
a one-sided, only ecological approach, by which it is impossible to foresee or predict
the creation of appropriate landscapes in disturbed territories. There is no ecological-
landscape monitoring, which involves the formation of ecological and man-made
landscapes on disturbed lands, taking into account the former natural landscapes and
the present, created by human production activities in Ukraine.

The main sources of environmental hazard after the activity of the mining and
chemical enterprise are industrial waste. During 2017, 2542.1 thousand tons of waste
was created in the Lviv region (by 8.4% less than in 2016), including
2367.2 thousand tons from the economic activity of enterprises and organizations
(93.1% of all and 7.0% less), 174.9 thousand tons in households (6.9% of all and
23.5% less).

The main part of the waste generated in the region in 2017 (99.9% of the total
volume) belongs to hazard class IV waste. 2645 tons of waste of I-111 class of danger
were formed, including I class — 40 tons, II class — 503 tons, IIT — 2102 tons. In 2017,
the total volume of waste utilization of all classes of hazard was 603.0 thousand tons,
and compared with 2016 it increased by 24.9%, the volume of utilization of waste
I-111 classes of danger increased by 65.4%. The share of wastes that were disposed
of amounted to 23.7% in the total volume formed in 2017. In 2017, there were
45 plants for utilization of waste with a total capacity of 236.3 thousand tons per year,
for combustion for energy purposes were 76 units (161.6 thousand tons per year).

One third (37.0%) of the total volume of wastes generated in 2017 was mining
waste and quarry development during the extraction and enrichment of ores and
mineral raw materials, 20.4% were waste of medical, veterinary, or agricultural
origin, pharmaceutical products, etc.

One of the most dangerous and most widespread environmental pollutants are
heavy metals, the source of which may be industrial waste from the mining and
chemical enterprise.

Even high-grade mineral ores consist almost entirely of non-metallic materials
and often contain undesired toxic metals (such as cadmium, lead, and arsenic). The
beneficiation process generates high-volume waste called ‘tailings’, the residue of
an ore that remains after it has been milled and the desired metals have been extracted
(e.g., with cyanide (gold) or sulfuric acid (copper)).

To reduce the harmful effects of heavy metals, appropriate rules for their content
are introduced:

1. MPC of the gross content of heavy metals in the arable layer of soil and plant
mass, mg/kg;

2. MPC of moving forms of heavy metals in soil, mg/kg;

3. Clarke of heavy metals in soil, mg/kg.

Pollution of soil by industrial facilities is a serious potential threat to human
health, ecosystems and the economy as a whole. The consequences are not yet clearly
identified due to the presence of a large number of dangerous compounds and their
various contents in the soil.
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The consequences can be as follows:

— the receipt of hazardous substances into the soil, surface and groundwater;
— the absorption of pollutants by plants;

— direct contact of people with contaminated soil;

— inhalation of dust particles or volatile substances;

— fire or discharge of gases in landfills of domestic and industrial waste;

— corrosion of pipes and other elements of underground communications;

— formation of harmful secondary waste;

— conflicts during land cultivation and use [8-13].

Site information

The research was carried out on the territory of Rozdil SMCE “Sirka”. Rozdil State
Mining and Chemical Enterprise “Sirka” is located in the West of Ukraine (Lviv
region) of the Dniester River basin. The enterprise is located between latitudes
49°28'32.20"N and 49°25'53.18N, and longitudes 24° 621.46"E and 24° 5'12.22"E
(Fig. 1). On the balance sheet of this enterprise are storage technological waters —
man-made lakes Hlyboke, Serednie, Kysle, Chyste.

The total area of land use of the Rozdil State Mining and Chemical Enterprise
"Sirka" as of 01.01.2015 is 1816.24 hectares (Fig. 1), in particular:

— in the Mykolaiv district — 967 hectares, including:

a) on the territory of Krupsk village council — 47.0 hectares;

b) on the territory of Berezyna village council — 545.0 hectares;

c) on the territory of the Rozdil Settlement Council — 245.4 hectares;

d) on the territory of Berezdivtsi village council — 130.0 hectares;

— in Zhydachiv district — 30.3 hectares;

— in Nowvyi Rozdil city — 818.5 hectares.

Due to the long-term activity (1956-1996) of the Rozdil SMCE "Sirka" on its
territory different wastes were formed. They are the sources of environmental
hazard:

— lump sulphur — 700 m3;

— sulphur ore tailings — 85 million t;

— sediment of recycled waters — 1.29 million m?;

— phosphogypsum — 3 million t;

— goudrons (imported from Hungary) — 17 thousand t;

solid household waste — 560 thousand md,

Rozdll State Mining and Chemical Enterprise "Sirka" used an open method of
sulfur extraction. It should be noted that the open pit mining method has higher
impact on the morphology and landscape compared to the underground one. The
main activity of Rozdil State Mining and Chemical Enterprise “Sirka” is the
implementation of environmental works according to the project: “Liquidation of
sulfur quarries and restoration of ecological balance and landscape around activity
of Rozdil State Mining and Chemical Enterprise “Sirka”.

Methods of Analysis

Excessive amounts of heavy metals in soils is a very dangerous ecological factor, the
effect of which is aggravated by the penetration of compounds of heavy metals into
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groundwater, accumulation in plant organisms, negative impact on soil organisms
and the cultivation of environmentally hazardous products.

In order to determine the qualitative and quantitative composition of metals and
other inorganic elements in the samples, X-Ray Diffraction (XRD) technique was
used. The concentration of elements in the sample was determined by X-ray
spectrometry using an S2 PICOFOX Bruker X-ray spectrometer - detector type:
silicon drift detector, high voltage generator: MNX 50P50 / XCC, X-ray source:
metal ceramic air cooled MCB50-0.7G, X-ray optics: multilayer monochromator.

Direct sample preparation.

1. An aqueous solution of a concentrated gallium standard (100 pl) in distilled
water (10 ml) was prepared.

2. To 20 ml of a gallium standard water solution was added to 1 ml of the sample
and mixed well in vortex (5 seconds).

3. Prepared samples were applied to quartz media and analyzed on an X-ray
spectrometer. The analysis time was 1000 seconds. The determinations were carried
out in Manuel off mode - work at maximum 50W lamp power, 50 keV energy.

4. Results are expressed in units of ul /1[14-17].

Results of Research

The main threats to be considered at the stage of completion of the exploitation of
the deposit are chemical pollution of soils, waters, geophysical disturbance of the
stability of the territory [10]. There is the satellite image of the territory of the
enterprise and the main sources of ecological danger (Fig. 1).

Heavy metals are present in the soil as natural impurities, and the reasons for
increasing their concentrations are related to human activity. The results of
measurements were obtained by the following parameters: Strontium, Manganese,
Zinc, Lead, Arsenic.

Soil pollution is a result of economic activity in the past and now. Since the
content of heavy metals within the limits of maximum permissible concentrations is
important, the dynamics of changes in the content of heavy metals in soils is
presented in Fig. 3-8. The content of Manganese in soil in 2016 almost reached the
MPC (1500 mg/kg) near the dump of phosphogypsum at a distance of 20 m and
a depth of 0.2 m.

The MPC of Strontium in soil is 1000 mg/kg. On the territory of the enterprise
there are significant excess of MPC (up to 6 times). Over time, the content of
Strontium in the soil does not decrease.

The dynamics of changes in the content of Lead in soils are showed in Fig. 3.
MPC of Lead is 30 mg/kg. Excess was detected only in 2017 at a sampling point of
5 m from the dump of phosphogypsum at a depth of 0.40 m. On the surface of the
soil there is a tendency to decrease the content of Lead, depending on the distance
from the dump of phosphogypsum.
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Lake Hiyboke

Lake Chyste

Tails flotation

Channel
Hlyboke-
Dniester

Dniester River

Fig. 1 — Satellite image of Rozdil State Mining and Chemical Enterprise.
Source: Google Map
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Fig. 2 — Dynamics of changes of Strontium content in soils, where s is soil
near the tailing’s storage, ph is soil near the dump of phosphogypsum, tars is a soil
near the ground with tarts

In 2016, Zinc was not detected in soil samples. Data for 2017 (for Zinc) shown
in Fig. 4. MPC of Zinc is 300 mg/kg. Excess was not detected.

In 2016, arsenic was not detected in soil samples, but in 2017 it was (Fig. 5).
MPC of Arsenic in soil is 2 mg/kg. There are MPC excess at 4 sampling points.
There is an excess of MAC on Arsen 6 times at a distance of 20 m from the tailing’s
storage.
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Fig. 3 — Dynamics of changes of lead content in soils, 2017, where sulfur — is soil near the
tailing’s storage, phosphogypsum — is soil near the dump of phosphogypsum, tars — is a soil
near the ground with tarts
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Fig. 4 — Spread of Zinc in soils, 2017, where ph — is soil near the dump of
phosphogypsum, tars — is a soil near the ground with tarts
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Fig. 5 — Spread of Arsenic in soils, 2017, where sulfur — is soil near the tailing’s storage,
ph — is soil near the dump of phosphogypsum

Quarries lakes were being flooded from 2003 to 2010. At the site of the North
Rozdil quarry was established a cascade from Lake Chyste, Lake Serednie and Lake
Hlyboke. Area of Lake Chyste — 10 hectares, depth — 15 m, area of Lake Serednie —
45 hectares, depth — 12 m. Lake Hlyboke has depth to 30 m, area of the lake —
82 hectares. For leakage of water from the lakes into the Dniester there is a channel in
length 3 km. The total area of the catchment of quarry lakes of the enterprise is 6 km?.

Fig. 1 demonstrates satellite image of water sampling place. Samples were taken
in lakes created on the site of quarries (Lake Chyste, Lake Serednie, Lake Hlyboke,
Lake Kysle) and in the channel Hlyboke-Dniester.

In addition to the soil environment, data on pollution of the water environment was
obtained. The water environment is contaminated by components of salt composition,
ecological and sanitary indicators, indicators of toxic and radiation action (table 2).
Just as heavy metals pollute the soil environment, they also affect water. Since the
company is in the stage of liquidation, but still poses a threat to the environment, it is
therefore essential to create a monitoring system. The organization of the monitoring
system at the sites of mining production, depending on the types of environmental
impact should be considered from their sources, as each source may have several types
of influence on the components of the environment [11, 12, 18-20].

According to the data, in the surface water layer of all the Rozdil lakes, the excess
of normative indicators for mineralization (MPC — 1000 mg/m?®) and sulfates
(MPC — 100 mg/mq) are recorded and in the Lake Kysle and Lake Serednie are the
excess of MPC by phosphates (MPC — 0 mg/m?®), in the lake. The pH in Lake Kysle
is 5.25 in the norm from 6.5 to 8.5.

In the channel of Lake Hlyboke-Dniester there is an excess of the MPC on such
indicators: the pH is 6.05 (MPC — from 6.5 to 8.5), sulfates — 1665.3 mg/dm3
(MPC — 100 mg/m®), ammonia nitrogen — 4.6 mg/dm® (MPC — 0,5 mg/m?®),
mineralization — 2498.6 mg/dm® (MPC — 1000 mg/m®. The discharge of
contaminated sewage in the Dniester River is a violation of Art. 44, 70, 95 of the
Water Code of Ukraine.
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Table 2 — Results of the hydrochemical monitoring, 2017

Indicator Actual concentrations, mg/dm?
Lake Lake Lake Lake Chanel Lake
Serednie | Chyste Kysle Hlyboke | Hlyboke-Dniester
Hydrogen index | 7.65 7.65 5.25 7.3 6.05
Sulfates 1755.8 1044.2 1200.8 1628.6 1665.3
Chlorides 241.4 63.2 113.8 122.4 -
Mineralization 3019.5 1684.9 2701.4 2502.4 2498.6
Ammonium 5.2 0.9 6.9 2.8 4.6
nitrogen
Nitrate ions 1.8 0.5 6.9 0.4 —
Phosphates 1.1 0 729.3 0 -

The main reason for pollution of the water objects of the enterprise territory and
the Dniester River is the non-performance of the project on maintenance of
ecological balance, monitoring, reclamation of the territory of the land due to lack
of financing for the implementation of projects. In this regard, sources of pollution
(phosphogypsum, oil tars, lump sulfur, flotation tails, solid waste) constantly affect
the environment and over the years the situation remains dangerous.

To achieve the ecological safety of the territory of the mining and chemical
enterprise at the stage of liquidation it is necessary:

— to liguidate sulfur mines, to restore the ecological balance in the landscape of
the Rozdil SMCE "Sirka";

— to liquidate Rozdil SMCE "Sirka" with the provision of technological and
ecological safety in the zone of influence of the enterprise;

— carry out environmental monitoring of the territory of liquidated quarries and
the state of the environment of reclaimed areas.

The system of monitoring of the territory of the mining and chemical enterprise
at the stage of liquidation will allow to increase the level of environmental safety of
the territory of the enterprise and the surrounding settlements and timely react to
adverse changes.

At present, the theoretical and methodological approaches to environmental
monitoring of a mining enterprise in the liquidation stage, as well as its material and
technical and financial support have not been developed. This problem is only at the
initial stage of the solution. The need for a scientific substantiation of the monitoring
system in the area of former mining activity, where the mosaic of technogenesis is
very complex, requires the use of various theoretical positions, concepts and
methodological tools, and interdisciplinary studies of various sciences [17-22].

Conclusion

Therefore, the parameters of soil pollution by heavy metals in the territory of the
Rozdil State Mining and Chemical Enterprise "Sirka" from 2016 to 2017 were
analyzed in the work y use of the experimental method. The example of Rozdil State
Mining and Chemical Enterprise "Sirka" demonstrates the main problems of the
monitoring system of the territory of the mining and chemical enterprise at the stage
of liquidation. The influence of the mining and chemical industry on the state of
environment pollution (soil, water environment and waste management status) was
also assessed.
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Prevention, control and restoration of contaminated water objects of the mining
and chemical enterprise is a difficult task. Experimental research has established that
there is the excess of the normative indicators for mineralization and sulphates in the
surface water layer of all man-made lakes of the enterprise. There is the excess of
the normative indicators for mineralization, sulphates and phosphates in Lake Kysle
and Lake Serednie. In 2017 the pH is 5.25 in Lake Kysle, the normative level should
be between 6.5 and 8.5. A significant excess of Strontium MPC (up to 6 times) was
established. Over time, the contents of the element do not change, because strontium
forms a low-solubility, sedentary forms of sulphates, carbonates, phosphates. At the
distance of 20 m from the tailing’s storage is the excess of the MPC by Arsenic by
6 times.

The necessity of constructing a monitoring system for the territory of the Rozdil
SMCE "Sirka" at the stage of liquidation is substantiated. It was established that
monitoring of the territory of the mining and chemical enterprise at the stage of
liquidation will allow increasing the level of environmental safety of the territory of
the enterprise and the surrounding settlements.

REFERENCES

1. Trunova, I. O. (2008). Tekhnohennyi vplyv elementiv kadmiiu ta svyntsiu, shcho
mistiatsia u vidvalakh fosfohipsu, na navkolyshnie seredovyshche (Doctoral dissertation)
[Abstract] (in Ukrainian).

2. Ukraine, Verkhovna Rada Ukrainy. (1998, March 5). Postanova Nel88/98-VR «Osnovni
Napriamy Derzhavnoi Polityky Ukrainy U Haluzi Okhorony Dovkillia, Vykorystannia
Pryrodnykh Resursiv Ta Zabezpechennia Ekolohichnoi Bezpeky». Retrieved from
http://zakon5.rada.gov.ua/laws/show/188/98-bp/page (in Ukrainian).

3. Rybicka, E. H. (1996). Impact of mining and metallurgical industries on the environment
in Poland. Applied Geochemistry, USA, 11(1-2), 3-9.

4. Razo, l., Carrizales, L., Castro, J., & Monroy, M. (2004). Arsenic and Heavy Metal
Pollution of Soil, Water and Sediments in a Semi-Arid Climate Mining Area in
Mexico. Water, Air, and Soil Pollution, USA, 152(1-4), 129-152.

5. Wenshen, L., Xiaowen, G., & Jie, L. (2018). Bitumen recovery from Indonesian oil sands
using ASP (alkali, surfactant and polymer) agent. China Petroleum Processing and
Petrochemical Technology, 20, 110-115.

6. Ukraine, VAT «HIRKhIMPROM». (2008). Zvit pro NDR «Zavershennia rozrobky
Oblasnoi Prohramy povodzhennia z toksychnymy vidkhodamy» (in Ukrainian).

7. Ukraine, MNS. (06.11.03). Nakaz MNe425 , Pro zatverdzhennia Polozhennia pro
monitorynh potentsiino nebezpechnykh obiektiv’’ (in Ukrainian).

8. Biliavskyi, H. O., Padun, M. M., & Furdui, R. S. (1995). Osnovy zahalnoi ekolohii:
Pidruchnyk (2 zi zminamy ed.). Kyiv: Lybid (in Ukrainian).

9. Ukraine, Mykolaivska raionna derzhavna administratsiia. (2012, January 25).
Rozporiadzhennia Ne 44 Pro Konservatsiiu Zemel Rozdilskoho DHKhP «Sirka». Retrieved
from http://mykolaiv-rda.lviv.ua/dokumenti-rda/rozporjadzhennja/item/2693-Ne-44-pro-
konservatsiyu-zemel-rozdilskogo-dghp-sirka.html (in Ukrainian).

10.Bilous, L. B., & Chopyk, Y. O. (2002). Problemy monitorynhu vyrobnycho-
ekolohichnykh terytorialnykh system hirnychoho pidpryiemstva. Ukrainskyi Derzhavnyi
Lisotekhnichnyi Universytet, Naukovyi Visnyk, (12.1), 164-174 (in Ukrainian).

11.Kopach, P. I., Horobets, N. V., Danko, T. T., & Bondarenko, L. V. (2009). Osnovni
polozhennia metodolohii stvorennia systemy monitorynhu navkolyshnoho seredovyshcha
hirnychodobuvnykh rehioniv. Ekolohiia |  Pryrodokorystuvannia, 12, 181-187
(in Ukrainian).

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysanss, Ne 1 (29), 2019


http://mykolaiv-rda.lviv.ua/dokumenti-rda/rozporjadzhennja/item/2693-№-44-pro-konservatsiyu-zemel-rozdilskogo-dghp-sirka.html
http://mykolaiv-rda.lviv.ua/dokumenti-rda/rozporjadzhennja/item/2693-№-44-pro-konservatsiyu-zemel-rozdilskogo-dghp-sirka.html

12.Gajdyn, A. M., Kovalyshyn, V. V., & Saliuk, 1. V. (1999). Project of reclamation of
disturbed lands, the basic project decisions of restoring the ecological balance of the
landscape through the phased withdrawal capacity of careers and their liquidation. Lviv,
Ukraine (in Ukrainian).

13.Rudko, G., & Shkitsa, L. (2002). Ecological consequences of the activity of Western
Ukraine mining complexes. Wiertnictwo Nafta Gaz, Poland, 19/2, 415-418.

14.Paoberezhna, L. 1. (2016). Otsinka ekolohichnykh ryzykiv v raionakh likvidovanykh
hirnycho-khimichnykh pidpryiemstv (na prykladi m. Kalush) (Doctoral dissertation, lvano-
Frankiv. nats. tekhn. un-t nafty i hazu) [Abstract] (in Ukrainian).

15.Fetzer, J. C. (2014). Mass Spectral Detection. In Handbook of Spectroscopy.
d0i:10.1002/9783527654703.ch49

16. Gauglitz, G., & Moore, D. S. (Eds.). (2014). Handbook of Spectroscopy (2nd ed., 4 vols.,
Analytical and Bioanalytical Chemistry 406(29)).

17.Epp, J. (2016). X-Ray Diffraction (XRD) Techniques for Materials Characterization,
Materials Characterization Using Nondestructive Evaluation (NDE) Methods.
doi:10.1016/B978-0-08-100040-3.00004-3

18. Pohrebennyk V., Mitryasova O., Ktos-Witkowska A., & Dzhumelia E. (2017). The role
of monitoring the territory of industrial mining and chemical complexes at the stage of
liquidation. In 17th International Multidisciplinary Scientific GeoConference SGEM,
(Vol. 17, issue 33, pp. 383-390). Vienna, Austria.

19.Lomnytska, Y. F., Vasylechko, V. O., & Chykhrii, S. I. (2011). Composition and
chemical control of environmental objects. Lviv, Ukraine: «Novyi Svit-2000.

20. Bryk M., & Kotodziej B. (2009). Reclamation problems for the area of a former borehole
sulfur mine with particular reference to soil air properties, Land Degrad. Dev., 20, 509-521.
21. Pohrebennyk, V., Dzhumelia, E., Korostynska, O., Mason, A., & Cygnar, M. (2016).
Technogenic Pollution of Soil due to Mining and Chemical Enterprises. In 16th International
Multidisciplinary Scientific GeoConference SGEM, (Vol. 2, pp. 363-370). Albena, Bulgaria.
22.Schults, D. (1996). Recultivation of mining waste dumps in the Ruhn Area,
Germany. Water, Air and Soil Pollution, 91(1/2), 89-98.

The article was received 15.02.2019 and was accepted after revision 05.03.2019

B./. Ilorpedennuk, E.A. lxxymens
EKOJIOTTYHA HEBE3IIEKA TEPUTOPII I'PHUYO-XIMIYHUX
niaAnNPUEMCTB

AHoTanisg. Y poOOTi PO3IISHYTO OCHOBHI €KOJOTiIYHI MPOOJIEMH TipPHUYO-XIMIYHHUX
miAnpueMCTB Y KpaiHu, siKi 3HaXOSIThCS Ha cTaii JikBinanii. EkcriepumeHTanbHuM HITSIXOM
3a JIOIIOMOTOI0 METOIY PEHTTEHIBCHKOT Au(paKilii BU3HAUMIM SKICHHUH 1 KUTbKICHHEA CKJIa[
B2)XKMX METAJIiB Ta IHIIMX HEOPTaHIYHMUX EJIEMEHTIB y Npo0ax, MOKa3HUKW 3a0pyAHEHHs
I'PYHTOBOTO CEpE/IOBHIA Ba)XKMMH MeTajlaMH. BCTaHOBJIEHO OCHOBHI 3arposu, siki ciin
pO3TIIIATH Ha CTajii JKBifamii TipHAYO-XiMivyHOTO mmignmpuemctBa. OILIHEHO BIUTHB
TIpHAYO-XIMIYHOTO MIATIPHEMCTBA Ha CTaH 3a0pyMHEHHA IOBKULIA: TPYHTIB, BOJHOTO
CepelOBHILA Ta CTaH MOBOIKEHHS 3 BiIXOTaMH.

KarouoBi caoBa: TipHHYO-XIMIYHE MiIIPHUEMCTBO;, BaXKKi METallM; PEKyJIbTHBAILIS;
€KOJIOTIYHA HeOe3IeKa; BOJIHE CepeIOBHIIE; 3a0pyAHEHHS IPYHTIB

orpe6ennnk Borogumup AMuTpoBuY

npodecop, ITOKTOp TEXHIYHHUX HayK, mpodecop Kadempw eKoJoriyHOi Oe3neKu Ta
MIPUPOJOOXOPOHHOI  isIbHOCTI [HCTHTYTY cTamoro po3Butky iM. B. UYoprHoBona
HamionansHoro yHiBepcuTeTy «JIbBiBChKA MOJIITEXHIKA»

Anpeca po6oua: 79057 Ykpaina, M. JIbBiB, Byn. ['enepana Uynpunku, 130

test. 098 578 2530 e-mail: vpohreb@gmail.com

ORCID ID: 0000-0002-1491-2356

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 1 (29), 2019



Jxymens EnbBipa AnarosiiBHa

acmipaHT KadeapH eKOJIOTiYHOI Oe3NeKH Ta HPUPOJOOXOPOHHOI AisIbHOCTI IHCTHTYTY
crajgoro po3Butky iM. B. UYopnoBoma HauionanesHoro yHiBepcutery «JIbBiBchbKa
MOJITEXHIKa»

Anpeca po6oua: 79057 Ykpaina, M. JIbBiB, Byi1. ['enepana Uynpuuku, 130

e-mail: elviradzhumelia@gmail.com

ORCID ID: 0000-0003-3146-8725

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 1 (29), 2019



uUDC 502.3

Tetiana V. Morozova?, PhD, Associate Professor of Ecology and Biomonitoring Department
ORCID ID: 0000-0003-4836-1035 e-mail: t.morozova@chnu.edu.ua

Vitalina V. Lukianova?, PhD, Associate professor of Ecology and Safety of Vital Functions
Department
ORCID ID: 0000-0001-8964-3560 e-mail: vitalina_lk@i.ua

Yevheniia S. Anpilova®, PhD, Senior Research Scientist
ORCID ID: 0000-0002-4107-0617 e-mail: anpilova@ukr.net

Yyuriy Fedkovych Chernivtsi National University, Chernivtsi, Ukraine
2National Transport University, Kyiv, Ukraine
3Institute of Telecommunications and Global Information Space of NASU, Kyiv, Ukraine

CONCEPTUALIZATION OF LATENT ECOSYSTEM SERVICES

Abstract. The technology of waste sorting and recycling can build a profitable
business, provide a return to the turnover of secondary resources, reduce the
amount of landfills, and simplify the storage of garbage, which makes it possible to
create a resource-efficient, competitive economy. By turning waste into raw
materials and materials, recycling allows you to save on natural resources, create
new jobs and thus reduce the unemployment rate in the country, and reproduce
competitive production. The sector of recycling of secondary resources creates a
social effect — contributes to the creation of new jobs. The recycling generates
demand for low, medium and highly skilled labor.

Key words: ecosystem services; recycling; secondary raw materials

Introduction

Speedy progress of the service sector within the information society determines the
complexity of unification and interpretation of its new types: consulting, information
and interactive in particular. There is a phenomenon of closing in the categories
"product™ and "service" and formation of the continuum "classical material goods —
classical nonmaterial service" with a variety of properties options combination
peculiar for both categories [2, 3, 7, 10]. Given the many-sidedness of this
phenomenon and the complexity of its unification, L.D. Zagvoyska [5, 6] suggests
considering the economic category of "services" as a specific product that is offered
and consumed directly during the process of producer (proponent) certain activities
deploying of the service (an individual personal or a system of different nature —
technical, social, environmental or ecological and economic) and it turns out in the
change of the consumer's service or his/her life conditions. Thus, in the paradigm of
ecological economy, service is not only the result of human activity, but also the
result of the functioning (operation) of environmental systems, that makes a radical
correction in the interpretation of the concepts of “services".

Different interpretations of ecosystem services and functions are currently
available in the literature. In particular, according to R. Haines-Young, [22, p. 81]
environmental function of ecosystems is the ability or potential to provide services
due to its structural properties or the processes it supports. The service is
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a contribution to the welfare of a person who carries out biotic and abiotic
components of ecosystems together and directly; "end product” of nature. That is,
functions turn into services when there is a beneficiary. Eliminating the difficulties
of methodological and operational nature, due to the use of the concept of "benefit",
in the reports TEEV [25] proposed to interpret the environmental function as a part
of the interaction between the structure and processes that provide the ability of the
ecosystem to provide goods and services (p. 247). Service — as a direct or indirect
contribution of ecosystems to people's welfare. The synonym of the concept of
"services and benefits of ecosystems” (p. 248).

In this regard, the service provider, as a special product (the cost of which is
identified by a particular activity or by of the impact on the consumer's service) is
not a business entity, and an element of natural capital is an ecosystem with an
organically integrated person and the environment. The result of the production /
consumption of ecosystem services is a change in the welfare of a person.

Certainly, ecosystems and their services cannot be considered as a traditional
object of economic relations, since a person is a subject of economic relations, and
at the same time a "manipulator and inhabitant of ecosystems" [23] is an integral part
of their sociocultural elements, which eliminates the postulate "out of presence",
destroys the contrast between the object and subject, reveals their dynamic
interaction and coevolution [5, 6, 13, 14]. In the context of changing the scientific
paradigm, it is obvious and necessary to change the economic paradigm, expand the
subject space to take into account the value of natural and social capital, which
ultimately reflects the formation of paradigms of the ecological and institutional
economics.

Main part

Actualization of the issues of accumulation and utilization of waste of various origin
and hazardous groups is increasingly globalized, especially due to the creation of
substances and components of xenobiotics. Waste synthetic inherent varied
influence, not only as the accumulation content, but also as components that can
potentially be included in the cycle of substances. Theoretical methodological bases
of waste management are based on the fundamental provisions, which are based on
the basic laws and principles of ecology [9]. The laws of ecology generalized by
B.Commoner clearly reflect the essence of the relationship between man and nature.

"Nature knows best" — calls for extreme caution, since the substances formed by
nature can be "disposed" by it (circular motion), instead created by a person — are
mostly accumulated and cannot be included in natural processes of assimilation of
substances and energy.

"Everything is connected with everything” — draws attention to the general
connection of processes and phenomena in nature and in its content is close to the
law of the internal dynamic equilibrium of the natural system. The law of
homeostasis is one of the most important in nature management, its extrapolation
helps to understand that in the case of even insignificant interferences in the natural
environment, ecosystems, such as cybernetic systems, are capable of self-regulation
and recovery (elastic and resistant ecosystem resistance), but if these interventions
exceed certain limits and can no longer "extinguish" in the chain of ecosystem
hierarchy, they lead to violations of the assimilation and energy processes of the
biosphere.
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"Nothing is given for nothing" — concerns the issues generalized in the laws of
internal dynamic equilibrium, the constancy by V.I. Vernadsky and the development
of the natural system at the expense of the environment. In addition, this law
resonates with the law of limited natural resources — all natural resources (and
conditions) of the Earth are exhaustive. The law is based on the fact that, since the
planet is naturally restricted to an entire, there can be no endless parts on it. However,
the restrictions imposed by the energy itself of the biosphere, anthropogenic change
beyond the permissible limits of the 1% rule, are not subject to serious constraints.
The artificial introduction of energy into the biosphere has now reached magnitudes
close to the limit.

Any human activity generates waste. This axiom is implemented in the inability
to ensure the absence of waste and to develop non-waste environmentally friendly
technologies, that is why it is now necessary to maximize waste treatment. The law
of invincibility of the side effects of production (economy): in any economic cycle
waste and side effects that are not subject to repair are generated, they can only be
transferred from one physical-chemical form to another or moved within the space.
The basis of this law is the laws of conservation of mass and energy. This law can
be supplemented by the law of the constancy of the amount of waste in technological
chains. Thus, this law focuses on the development of technologies for handling
industrial, construction waste and solid waste. With regard to solid waste, this law
indicates, first of all, for processing, and its economic component is determined by
the rule "ecologically friendly — economically": the ecological addressing of
management issues gives the maximum economic effect. This rule is confirmed by
the practice of solid waste management: recycling (rational system of collecting and
processing of components of solid waste in products with consumer value), as
a method of processing of solid waste is the most environmentally friendly (burning,
dumping).

Ukraine is not the only state in Europe facing the problem of solid waste
management. The problem of waste disposal should be considered as one of the
main. The amount of solid waste generation in Ukraine in 2016 amounted to
49 million m® = 11 million tons, i.e. 250-300 kg per person [15]. Every year, there
is a lot of garbage, which far exceeds the rate of utilization [16]. Thus, in 2016, only
5.8% of the generated solid waste was recycled, including 2.71% burned, 3.09%
directed to waste recycling complexes and =~ 0.003% — composted.

There is an extremely unsatisfactory situation in the field of waste management
in Ukraine, in particular regarding the provision of their collection, processing and
utilization, involvement of secondary resources into economic circulation. We lose
a significant resource potential, and at the same time we are making worse the
environmental situation that is so unfavorable. Meanwhile, according to European
practice, the scope of the involvement of waste in economic circulation, becomes
a large-scale industry, which involves hundreds of thousands of workers and where
significant revenues are generated. In many countries, the share of this sphere in the
formation of GDP is approaching 1%.

According to Art. 32 of the Law of Ukraine "On Waste" dated on 01.01.2018
disposal of untreated domestic waste is prohibited. Effective waste management
makes them a source of income for the state or for private entrepreneurs, as shown
by the experience of Germany and other countries. According to V.M. Boronos [2]
environmental compatibility in waste management is not only in eliminating them
as polluting the ecosystem substances, but in turning them into a source of secondary
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raw materials — receiving energy from waste incineration or biogas storage at
landfills. Perspective is the receipt of secondary raw materials and composting of
organic waste, which significantly increases the environmental friendliness of their
use. A priority method for the conversion of waste into secondary resources should
be the method of their recovery, that is, collection, sorting, preparation of waste of
various types for their re-processing [12].

The term "recycling resources” includes separate groups of domestic and
industrial waste, which at a certain time can be reused for economic purposes. At the
same time, the level of recycling varies considerably between countries. The most
effective is the recycling of old cars, which reaches 87% in Germany, Belgium,
Lithuania and Bulgaria. Germany, the Netherlands and France are characterized by
the highest level of recycling and have a steady trend of transition from burning
waste to their recycling. Recycling of waste is mainly done by private companies,
which are rather high-profitable and do not need state subsidies [18]. If the plant
recycles waste, its profits consist of the waste collection and the sale of recycled
materials to producers. If the plant burns waste, then its revenues are a charge for
waste collection and further disposal, while a portion of the sorted waste can be sold.
Some countries deliberately buy waste abroad for processing and use. Somewhere,
waste even became a tight resource, for example, Sweden imported it from Germany
and Norway to use for electricity generation. Thus, in this country, they produce
enough energy to provide 17% of residential buildings [19]. In the EU, there is an
annual growth of 7.5% in the average annual rate of employment in the area of
recycling, respectively, an increase of 12.8% of those employed in the eco-industry.
The EU is gradually building a so-called "recycling society" based on the concept of
"three Rs" (Reduce, Reuse, Recycle) — reducing the amount of waste generated for
disposal, recycling waste parts, recycling waste and transforming them in secondary
raw materials [20].

EU countries are moving to the concept of a closed-loop economy, which
involves replacing the traditional linear economic system of production and
consumption with regenerative one. In countries such as Switzerland, Germany, the
Netherlands, Sweden, Belgium and Norway, waste disposal as a waste management
method is not used at all, predominantly the methods for the return of raw materials
or energy prevail. The EU waste management approach is in the line with the
Framework Directive 2008/98 / EC on waste and the new EU Directive 2018/851,
which has been amended since May 30, 2018. The result of the implementation — for
landfill, no more than 5% of domestic waste, 40% goes to recycling, 15% — for
composting and 40% is burned down at TPP— on SDW with the use of thermal and
electric energy. This corresponds to the first law of thermodynamics: any changes in
the isolated system leave its total energy constant, or in all macroscopic processes,
energy is not created and does not disappear, but only passes from one form to
another. For example, in the Netherlands, up to 60% of waste was disposed of and
disintegrated with the recovery of raw materials, and 40% was burned with energy
recovery. In general, the market for waste-to-energy is growing and in 2016 it was
about $14 million. However, the construction of a TPP on SDW is usually carried
out with a significant share of investment by energy companies, despite the interest
of leading energy companies in this type of alternative fuel, is increasing
significantly around the world, especially in Japan, where 79% of solid waste is
utilized at the TPP on SDW.
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For Ukraine, the use of solid domestic waste (SDW) as an alternative fuel also
becomes a priority [Pavlyuk]. This is especially true for populated areas, the primary
task of which is finding the simplest, economically feasible way to completely
eliminate waste with the development of the maximum amount of heat and
electricity. This is the approach that was introduced at the "Energy" waste burning
plant. Implementation of the European approach to the use of the energy potential of
municipal solid waste in Ukraine is reflected in the National Waste Management
Strategy in Ukraine until 2030, according to which, by 2023, 15 TPP on SDW plants
will be built in Ukraine, and by 2030 — 20 TPP on SDW.

The principle "Not All Being Enough™ (B. Commoner), shows that there is the
existence of a source of all forms of competition, rivalry and antagonism in nature and
society. The essential difference between competition in nature and society lies in the
fact that in nature, as a result of competition, the best is left, and in human society, this
is not guaranteed, but rather the other way round. The principle shows the source of
competition and, in our case, states the objective presence of entrepreneurship in the
field of handling of industrial, construction and solid domestic waste.

The production of energy from municipal waste burning in the EU reached
16.4 thousand tons of oil equivalent [8]. In Estonia, Eesti Energia's waste recycling
plant transforms ~ 82% of the energy contained in the waste into electricity and heat,
which allows saving 70 million cubic meters of natural gas per year [19]. According
to experts, recycling revenue in the EU amounted to 33.5 billion euros, and the share
of recycling revenue accounted for 10% of the income of the eco sector of 28 EU
member states. The most profitable materials for processing are iron, steel, paper and
precious metals. Also, interregional trade in secondary raw materials in the EU is
increasing every year. Export of secondary raw materials brings not only additional
revenues to the budget, but also contribute to the reduction of the balance of
payments deficiency [8].

Sweden imports (deliberately purchasing garbage for its processing and use) from
Germany and Norway to use for electricity generation. In this country, they produce
enough energy to provide 17% of residential buildings [19]. Scientists at the
University of Linnaeus offer an interesting method for completing the life cycle of
landfills. On the restored territory, a local recreation park was created. ldeas make
popular innovative technology for balanced development of the territory and new
thinking [24].

In Estonia, a waste recycling plant, using up-to-date and environmentally-
friendly combustion technology, generates about 82% of the energy contained in
garbage in electricity and heat, which can save 70 million cubic meters of natural
gas annually [19].

It is known that the functioning of ecosystems has general laws of thermodynamics.
The principle of "energy conductivity": the flows of energy, matter and information in
an integral system are of a transverse nature, otherwise the system will not have the
properties of unity. Due to the principle of "energy conductivity”, the integrity of
groups and biocenoses has arisen and remained. But the through-flow energy, passing
through the trophic levels of biocenosis, gradually fades. The minimum percentage of
energy transfer to maintain the integrity of groups and biocenoses is 10%
(R. Lindemann's rule). At present, mankind produces such a bunch of pollutants,
including those that do not have natural analogues, which the reductants are not able
to "re do" (B. Commoner's law "Nature knows best™). This leads to their accumulation
and is one of the reasons for the current environmental crisis.
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The economic standardization of the SDW collection system is necessary, since
it is the most expensive component. In addition, it is necessary to mark out solid
waste by the amount of heat, morphology, humidity. For example, the morphology
of agricultural waste: vegetable origin — 57%, excrement, urea and manure — 37%,
animal origin and mixed food waste — 6%.

Latvia is actively implementing the concept of balanced development in the field
of waste management, by creating an effective organizational and economic
mechanism for attracting waste into economic circulation, introducing new
technologies for utilization of resource essential waste, stimulating environmental
investments, etc. For example, on the suburb of Riga there is a huge dump was turned
into the Getlini Environmental Test Site (http://www.getlini.lv/en/). Getlini
Environmental Site is one of the main producers of green energy in Latvia. The
source of energy is the gas that forms as a result of decay of waste in the
biodegradation cells.

The wastes are placed in airtight biochemicals (biodegradation cells), where
neither air nor rainwater penetrates. The gas formed in the cells is discharged into a
power unit where it is burned and converted into electrical and thermal energy, and
all waste water is collected and treated. Due to this, the impact of waste on the
environment is minimized, the level of "greenhouse effect" is reduced and
simultaneously the so-called "green energy"” is carried out. Biodegradation cells
consist of four main elements: a waterproofing base, a system for collecting and
cleaning infiltrates, a gas collection system (with or without infiltrate recirculation,
the main component of the system are not vertical but horizontal gas wells), coverage
of filled cells / deposit locations. Gathering and combustion of methane in gas
engines and the generation of electricity is not only a commercial measure that helps
to finance the protection of the environment, but is itself a measure of protection of
the atmosphere. Before supplying to the power unit, the gas is cleared of H.S, CI, F,
siloxanes and volatile organic compounds (VOCs). In recent years, net methane
(CH4) has been extracted — 7 844 760 cubic meters of gas, corresponding to
78 011 000 kWh of energy. Thermal energy is used to provide economic needs for
Getlini: heating, water heating, reactor water purification equipment and pool to
collect infiltration and recirculation. The extracted gas energy is converted into
electro- (40%) and thermal (46%) energy.

SIA Getlini EKO — is a unique example of environmental work in several
directions: heat is used for heating greenhouses (area — 3625 sg. m, height — 5.5 m).
It is planned to grow 165 tons of tomatoes per year, and on the reclaimed waste
mountain of 20 hectares area the herd of sheep performs the role of "lawn mowers"
and reserves the green area of the landfill (mineral fertilizers and pesticides are not
used in the pasture, 50-cm layer of clay and 20-centimeter layer of soil protects the
grass from the harmful effects of waste). Heat is a byproduct of the process of
combustion of the environmentally hazardous methane gas during electricity
generation.

Several schemes for the processing of wood raw materials have already been
developed and implemented. Among them there are also quite effective ones, which
are based on the deep chemical processing of wood greens, bark, sawdust, shavings
of coniferous and deciduous breeds. Known developments for obtaining chlorophyll-
carotene mass, chlorophyllin sodium, rye, insecticides, fodder products, etc. At
present, such types of recycling of secondary waste wood — processing of cubic
remnants into coniferous extract, spent raw materials — in feed meal, production of
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fibreboard and particle board, and carbonaceous plastics, biofuels. At present,
a small part is used as a fuel for the heating of industrial and residential buildings,
and the main part is exported to landfills. During such "burial” the wood begins to
decompose with greenhouse gas emissions, as well as injecting insects. And this in
its turn can become a source of illness. Another type of fuel production from the
waste products of the woodworking industry is granulation. Granules can be made
of both pure wood and a mixture of wood and bark, are marketable. In general, under
the conditions of a developed system of biomass collection and utilization,
traditional fuel can be saved to a large extent, as well as reducing the load on the
natural environment.

Law of biosphere reversibility (P. Dansereau): the biosphere after the influence
completion must seek to conquer the "lost positions", that is, to preserve (restore) its
environmental balance and stability. Thus, abandoned agricultural fields gradually
(by succession) return to the state of wildlife. However, the natural regenerative
potential (energy of retention) is not infinite, it is close to the energy of elimination
created by mankind, which is confirmed by the Law of Irreversibility of the
interaction of the "man-biosphere” system: a part of the renewable natural resources
(animals, plants) may become irreversible. Thus, uncontrolled hunting for a Steller’s
sea cow led to its extinction as a biological species. The same thing happened with
many other species of animals and plants. In total, over the past 400 years, more than
160 species of mammals and birds have been extinct.

Simultaneously with the changes in the relationship between man and nature
there are changes in nature and in the forms of economy. The law of inverse relations
—man and the biosphere (P. Dansereau): a change in the natural environment caused
by human activities, "returns" and has undesirable consequences that affect the
economy, social life and health of people. For example, the continuous felling of
forests in ancient Mesopotamia led to catastrophic changes in the climate, in arid
zones — to desertification of large areas; construction of the Aswan Dam (Egypt) —
to salinization of soils, sharp reduction of fishing in the Nile penetration zone in the
Mediterranean, eutrophication of the Aswan Reservoir; global pollution of the
atmosphere — to the occurrence of the greenhouse effect, the formation of acid rain,
etc.

Conclusions

Implementation of the provisions of the National Strategy on SDW use as an
alternative fuel will reduce the consumption of natural gas for generating energy for
the population needs. By turning waste into valuable raw materials and materials,
recycling allows to save on natural resources, create new jobs and thus reduce the
unemployment rate in the country, and reproduce competitive production. The sector
of recycling of secondary resources creates a social effect — contributes to the
creation of new jobs. The recycling industry generates demand for low, medium and
highly skilled labor.

The technology of waste sorting and processing allows to set up a profitable
business, provide return to the commodity turnover of secondary resources (paper,
cardboard, ferrous and nonferrous metals, plastics, glass), reduce the amount of
landfills, simplify the storage of waste, which makes it possible to create a resource-
efficient, competitive economy.
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KOHUIENTYAJI3AHIA JATEHTHUX EKOCUCTEMHUX ITOCJYT

AHoTtamiss. TeXHOJIOTiSI COPTYBaHHS 1 TEPEepOOKH CMITTSA JO3BOJISIE TOOYIyBaTH
peHTa0enpHIIA Oi3HEeC, 3a0e3MeUNTH MOBEPHEHHS B TOBApHUI 000POT BTOPUHHIX PECypCiB,
CKOPOTHTH KUIBKICTh CMITTE3BANINIL 1 MOJITOHIB, CHIPOCTHTH CKJIQJAyBaHHS CMITTS, LIO Jla€
MOXKIIBICTb CTBOPUTH pecypcoeeKTHBHY, KOHKYPEHTOCIIPOMOXKHY €KOHOMIKy. [llmsixom
NePETBOPEHHS BIJIXOJIB y CHPOBHHY Ta Marepiaiii, pecailKiIiHT J03BOJIIE EKOHOMHUTH Ha
NPUPOJTHUX pecypcax, CTBOPIOBATH HOBI po0Odi MicLs 1 MM CaMHUM 3MEHIIYBaTH PiBEHb
0e3pobiTTss B KpaiHi, BIJTBOPIOBATH KOHKYPEHTOCHPOMOXXHE BHPOOHHITBO. ['amy3pb
nepepoOKH BTOPHHHHUX PECYPCIB Ma€ COLalbHUA e(peKT — CIpUsie CTBOPEHHIO HOBHUX
pobounx wicub. [amy3p pecaiikiiHTy QOpMye TMONMAT HAa HU3BKO-, CEPEOHBO- i
BHCOKOKBaJi(pikoBaHy poOOUy CHITY.
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PORTABLE DEVICE FOR WATER PURIFICATION

Abstract. The two-stage system of surface water purification in field conditions in
a portable device for water purification is considered. In the first stage, water is
filtered through a hair pad, and on the second it is filtered through zeolite, shungite
or track membrane and disinfected internally. In a portable device, water can be
cleansed from heavy metals, chemicals, pesticides, phenols, organic contaminants,
nitrates, petroleum products, ammonia, viruses, pathogenic microorganisms.
Portable water purification device can be used in the field by tourists, travellers,
military personnel.

Key words: portable device for water purification; shungite; zeolite; track
membranes; anthropogenic pollution of water; disinfection of water; mechanical filter

Introduction

Water resources of Ukraine consist of surface river runoff and fresh groundwater.
Salty seawater has constraints in water supply. The superficial part of the river runoff
is very variable and has been regulated for use in water supply.

There are three types of rivers. The first type includes plain ones, characterized
by wide valleys with gentle banks. The velocity of the flow is 0.2 ... 0.5 m/sec as the
minimum, and due to flood is increased to 1 m/sec. In the summer part of this rivers
dry up. The second type includes the Polissya rivers. They are characterized by
swampy river basins. The third type combines mountain rivers. These are the rivers
of the Carpathians and the Crimea. They are characterized by steep slopes, not wide
and deep valleys. The speed of this rivers reaches 1 ... 2 m/sec at low, and 3 ... 5 m/sec
in flood.

In addition, in Ukraine there are more than 7 thousand lakes, 23 thousand artificial
ponds and reservoirs.

For drinking water supplying, underground water is preferred, especially that is
inter-bilayer pressure water.

Natural water is a multicomponent heterogeneous system that contains various
impurities, both in dissolved and in an insoluble state. The purity of natural waters
is characterized by physical, chemical, bacteriological and biological indicators.
Physical indicators include, first of all, organoleptic parameters (odour, taste,
transparency, turbidity, appearance, suspended matter). Chemical indices are
characterized by an active reaction of pH, hardness, concentration of nitrogen-
containing substances, sulfates, sulfides, phosphates, manganes, some poisonous
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substances, radionuclides, and others. Bacteriological parameters are characterized
by the presence of coliform and other pathogenic bacteria in water. Biological
indicators are determined by aquatic organisms of the reservoir and vegetation.

Anthropogenic pollution of natural reservoirs occurs as a result of human
economic activity. The ecological condition of many reservoirs is unsatisfactory.
Drinking water from them without the necessary technological treatment is
impossible. To ensure drinking water consumption in the field, it is necessary to have
portable equipment for water purification from harmful to human health chemical
compounds, from pathogenic bacteria, and disinfection of surface water.

Today, for travellers, tourists, hunters, fishermen, the militaries there are many
handheld devices for water purification. They can be individual and group; using
electricity and autonomous; with chemical, complete purification and with
purification followed by boiling (disinfection); one-time and multiple.

The groups are usually used for expeditions. Such devices use traditional water
purification and disinfection systems, requiring pumping equipment and the
availability of electricity. Devices with incomplete cleaning (without
decontamination) can use surface water without chemical contamination (this must
first be known), followed by boiling, or thermal decontamination.

Reusable and disposable portable devices of individual using differs in cost
characteristics, as well as water filtration systems used for water purification.

Individual devices for water purification are made by many firms. Reviews from
consumers are ambiguous: from outright denial of use to use with next boiling of
purified water. The cost of portable devices ranges from 600 to 1000 hrn., and
foreign ones — from $250 to 380.

Among the filters that are used in portable devices, membrane systems are most
commonly used. Not all membrane systems can be used in portable devices.
Membranes can be classified according to the following features:

— Dby the nature of the material from which the membranes are made: polymeric,
non-polymeric. Polymeric membranes, depending on the type and the chemical
composition of the polymer, can be cellulose, acetylcellulose, polyamide, and others.
Inorganic — metal, ceramic, graphite, glass, zeolite, offset, shungite;

— the geometric shape of the membranes can be in the form of films, plates, tubes,
hollow fibers. The thickness of the films can be 100-150 microns, the plates —
2..3mm;

— on functional features: dialysis, electrodialysis (ion exchange),
microfiltration, ultrafiltration, nano-filtration;

— for the porous structure of the membrane they may be: non-porous (diffusion),
porous, composite;

— Dby the method of obtaining membranes can be: dry, wet (swollen in a solvent),
polymeric, track, liquid, dynamic (deposited by spraying, sintering), and others.

The authors offer

Taking into account weight, geometric, functional and other characteristics of filter
materials for individual portable water purification devices, the following materials
can be distinguished: zeolite, opretite, shungite as natural sieve; tracks and composite
films as microfiltration, ultrafiltration, nano-filtration materials. All listed
characteristics (weight, geometric, functional) are present in the resulted materials.
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Among other characteristics of filter materials, it is necessary to take into account
the chemical characteristics for the removal of chemical compounds of sulfates,
sulfides, phosphates, poisonous substances, radionuclides from water, as well as the
removal of pathogenic bacteria, colic forms from the water.

Due to the fact that the portable device for water purification should be carried,
its weight should be minimal, in volume of 1 ... 1,5 litres. It should clean water from
surface sources from all available contaminants, and disinfect purified water in the
device itself.

Let's consider several possible options.

Water purification using track membranes. The industry produces track
membranes made of polyethylene terephthalate film with the following
characteristics:

— the diameter of the holes (pores) can be from 0.05 to 5 microns, with a density
of 10° — 3-10° pores/cm?;

— the same pore diameter with a deviation of no more than 5%;

— operating temperature range up to 120°C;

— passive in the biological sense;

— filtration through the membrane can occur with an overpressure of 0.01 MPa;

— can be used for the microfiltration process;

— in drinking water significantly reduces the concentration of pathogenic
bacteria, harmful chemical impurities, heavy metals, radionuclides, pesticides.

Use as a filtering material shungite — a natural composite with the general formula
CrH19015Nos. It consists of carbon by 92-98% and belongs to anthraxolites.
Shungite is a unique adsorbent, has high catalytic activity, bactericidal properties.
The structure of shungite includes fullerenes — allotropic varieties of carbon with
a unique structure. This will allow to remove humic substances and salts of heavy
metals from the water. Due to bactericidal and sorption properties, shungite can
purify water from spores of plants, viruses, biological toxins, helminthic eggs. As
a result of interaction with water shungit gives it transparency, neutralizes a specific
smell and an unpleasant smack. The natural filter of shungite promotes saturation of
water with useful macro- and microelements in the most optimal concentration for
human organism.

Zeolite, Aluminium and alkaline earth metal alumina silicate, sorbent of volcanic-
sedimentary  origin, clinoptilolite  type. The  chemical formula
(NaK)s[AleSiz0072]-24H,0 with a diameter of the inlet holes from 0.3 to 1 nm.
Zeolite works as a sieve. It absorbs or passes those molecules whose dimensions are
less than porous in the zeolite itself. Everything else is delayed on its surface. It can
clean water from harmful substances such as heavy metals, chemicals, pesticides,
radioactive elements, phenols, organic pollutants, ammonia, nitrates, bacteria,
petroleum products, viruses, pathogenic microorganisms, ammonia.

For cleaning water in a portable device, a two-stage cleaning system is used. At
the first stage, mechanical cleaning is used. Water is filtered through a mechanical
filter. At this stage, all mechanical impurities and voids are removed from the water;
partially water is lightened, it is deprived of colour. The mechanical filter consists of
a hair pad, which is located in an inlet pipe. It can be removed, washed out, or simply
changed. The duration of the mechanical filter depends on the pollution of the source
water, but not less than 10 ... 15 cycles.
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Fig. 1 — A portable device for water purification:
1 —body; 2 — cover; 3 — inlet pipe; mechanical filter; 5 — holes; 6 — return valve;
7 — piston; 8 —filter; 9 — silver plated net; 10 — stock; 11 —a handle; 12 — fitting; 13 — cavity
in front of the piston; 14 — cavity above the piston; 15, 16 — stubs

Then the water is sucked into the vessel by a piston system. On the piston can be
placed zeolite, shungite or track filters, as well as silver plated net for additional
disinfection of water. Treatment of water, which contains 0.05 ... 0.2 mg/dm? of
silver within 30 ... 60 minutes, allows to achieve sanitary norms [2]. This is the
second stage of cleaning and disinfecting water.

In Fig. 1 schematically depicts a portable device for water purification.

The device works as follows. The water through the mouthpiece 3 is suctioned
through the mechanical filter 4, the holes in the body 5, the return valve 6 in the pre-
filter cavity 13 by the piston 7. In this case, the water is purged by passing through
the mechanical filter 4 from the mechanical impurities, and the return valve 6 in this
time remains open. When the piston 7 moves in the opposite direction, the return
valve 6 is closed and the water is filtered through the filter 8 into the cavity 14. The
water contacts the silvered net 9 and is disinfected, and filtering through the filter 8,
which can be made of shungite, opretite or track membrane, is finally cleared from
the pollutants mentioned above. The purified water collected in the cavity 14 through
the pipe connector 12 during the opposite movement of the piston 7 is delivered to
consumer, while the next portion of the water can be sucked into the cavity 13 for
purification. The cleaned water in the cavity 14 and the water collected for cleaning
in the cavity 13 is not mixed because the water filtering through the filter 8 needs to
create overpressure.
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The water collected in the portable device with closed plugs 15 and 16 can be
saved already purified. To minimize the weight of the portable device, it must be
made of food plastic, and to minimize the size, it is necessary that the handle must
be folding.

Conclusions

The article analyses materials from which it is necessary to make filters for portable
devices, so that purified water meets sanitary norms.

The proposed portable device combines the processes of cleaning and
disinfecting water, does not use chemical reagents, is self-cleaned and completely
autonomous.

The proposed construction of a portable device for water purification is
confirmed by a patent [1].
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ILT. Kupienko, B.B. Kupienko, A.B. Yymadenko
HNEPEHOCHUI MPUCTPINI JJIS1 OUMILEHHS BOIU

AHoTanisg. Po3risiHyTo JOBOCTYIEHEBY CHCTEMY OYMINCHHS MOBEPXHEBUX BOJ B
MIOJIBOBHX YMOBAxX B IEPEHOCHOMY IPHUCTPOI JJIsl OUMIeHHs Boau. Ha mepmiomy erani Boza
(GUIBTPYETHCS Yepe3 BOJIOCSHY HaOUBKY, a Ha IpyroMy (iabTpyeThcs Yepe3 LEOJiT, IIYHTIT
abo TpexoBy MeMOpaHy Ta 00e33apasKyeThCsl B CAMOMY IIPUCTPOI. Y TIEpeHOCHOMY ITPUCTPOT
BOJIa MOXKE OUYMIIYBATHCh BiJl BAXKKHX METAaJIB, XIMIKaTIiB, IECTHLUIIB, ()EHOJIIB, OPraHIIHIX
3a0pyIHUKIB, HITpaTiB, HAPTONPOIYKTIB, aMiaKy, BipyCiB, MaTOr€HHUX MiKpOOPTaHi3MiB.
[epenocHuit npUCTpiii UIsl OYMIIEHHS BOJM MOXKE BUKOPUCTOBYBATHCH B MOJILOBUX YMOBaX
TypUCTaMH, MaHAPIBHUKAMH, BIiCBKOBHMU.

Kiro4uoBi cioBa: nepeHoCHUI NPUCTPiil 11 OUMIIIEHHS BOAW; NIYHTIT; [IEOMIT; TPEKOBI
MeMOpaHU; aHTPOTIOTeHHEe 3a0pyTHEHHS BOIN; 00e33apaKeHHs BOJIN; MEXaHIYHUN (iabTp
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ONTOLOGY OF TOUR OF THE VIRTUAL MUSEUM
3D PANORAMA

Abstract. The article is devoted to the systematic and ontological analysis of the
research domain and the formation on its basis of information models of knowledge
formalization and knowledge presentation in modern network environments of
memory institutions. The ontological approach to the formation of the ontology of
tour of a virtual museum 3D panorama, which provides interactive interaction and
transdisciplinary perception of objects of educational and research activities, is
considered.
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OHTOJIOI'ISI EKCKYPCII 3D TAHOPAMOIO
BIPTYAJIBHOI'O MY3EIO

Anomayin. Cmamms npucesiyena CUCMEMHO-OHMON02IYHOMY aHAni3y 0Oaacmi
0ocniodceHHs ma OpMYy8aHHIO HA U020 OCHOGI IH@OpMayiiHux Mmooeneu
Qopmanizayii ma npedcmasneHHs 3HAHb 6 CYUACHUX MEPeNCeUx cepeoosuujax
yemanos nam’ami. Poszensnymo ommonoziunutl nioxio 0o ¢opmyeanus oHmonoeii
exckypcii 3D nanopamoro ¢ipmyanvHo2o myser, AKuil 3a0e3neyye IHmepaKmugHy

© A.V. Honchar, M.A. Popova, O.Ye. Stryzhak, 2019

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysanss, Ne 1 (29), 2019


mailto:avhonchar@gmail.com
mailto:pma1701@gmail.com
mailto:sae953@gmail.com

63AEMO0II0  MA  MPAHCOUCYUNTIHAPHICMb CAPUTIHAMMS 00 €KMi6 HAGUAIbHO-
00CNIOHUYBKOT OIANbHOCIMI.

Kniouosi cnoea: sipmyanvuuii myzeti; 3D nanopama; OHmMONO2is, MAKCOHOMIsA,
OHMONO2IYHUL IHMePghelic; MPAHCOUCYUNTTHAPHICMb

Beryn

3 mepmmx IHIB HE3aJNe)KHOCTI YKpaiHa 3asBuiia mpo cebe K aKTUBHUI y4aCHHK
MiXKHapOAHUX PUPOJIOOXOPOHHUX 3aX0/iB OO peaii3amii eKOJIOTTYHIX Mporpam
i mpoekriB. Bona € urenom OOH i, BigmoBigHO, mpuenHanacss A0 poOOTH YCiX
MIPUPOIOOXOPOHHUX OpTaHi3amiid, sIKi iF0Th MiJ €riJol0 OCTaHHBOI, Oepe y4acTh
Yy MDKHapOJHUX KOHBEHINSIX, BUKOHYE MDKHApOJHI 3000B'SI3aHHSI 3 OXOPOHHU
HaBKOJHUIIHBOTO cepenoBuma. OqHe 3 BXKIMBHX MICLb y 30BHIITHBOTIONITHYHOMY
Kypci Hamoi Aep)kaBH MOCITa€ MDKHApPOJHE CIiBPOOITHUIITBO Y Taly3l OXOPOHHU
HAaBKOJIMITHHOTO MPUPOHOTO CEPEIOBHIIIA.

OpnHak 3a OcTaHHI I’SITh POKIB HE TPUPOIOOXOPOHHA AiSUTBHICTD, & COLiaIbHO-
E€KOHOMiYHa Ta CYCIIBHO-TIOJIITHYHA CUTYallis B YKpaiHi 3MycHJIa 3BEpHYTH yBary
Ha Hel TPOMAaJChKOCTI yChOTro CBIiTy. | X0oda (popmMyBaHHS €KOIOTIYHOTO IMiIKY
HAIoi Jep)kKaBH CIIPHAE PO3BUTKY EKOTYpHU3MY, iHTepec IO YKpaiHu 3 OOKy
iHBECTOpIB Ta 0i3HECY 3HAYHOIO MIipOIO IiJBUIIUBCS, 3aBASYYIOUYH JOCSTHEHHSIM
B ramy3i [T (Ykpaina mocizmae yeTBepTe Miclle B CBiTi 32 KUTBKICTIO cepTH(IKOBaHUX
IT-daxiBiiB) Ta aBiakocmiuHil ramy3i (YkpaiHa BXOAWUTH IO NEB’STKHA KpaiH, IO
MAalOTh 3aMKHYTHH TEXHOJIOTTYHUH [IUKJI CTBOPEHHSI i BAPOOHMIITBA aBlaTEeXHIKH, Ta
JI0 TATIPKH KpaiH, [0 MArOTh 3aMKHYTHUH IUKJ BUPOOHUITBA KOCMIYHHX PaKeT).
Benmuky pons y MigBUIIEHHI KOHKYPEHTOCIPOMOXXHOCTI Ha CBITOBOMY PHHKY
yKpaiHChkMX (axiBmiB B 1ux ramy3sx sigirpae HTYY «KIII im. Irops
CikopchKOTOY, 110 HE JIMIIE TOTYe KBalli(hikoBaHi KaJpH, a i 10a€ Mpo maTpioTHYHE
BUXOBaHHS, (POPMYBaHHS KPEaTUBHOI KYJIbTYPH Ta MUCIICHHS, PO3BHUTOK TBOPYUX Ta
JOCTITHALLKUX 3II0HOCTEH CTYJEeHTiB — MaiOyTHhOTO Hamrol Hamii. 3HaueHHS
Jlep:kaBHOTO TIOJTITEXHIYHOTO MY3€H0 B IIbOMY IMPOIECi HEMOXKIIMBO TIEPEOI[IHHUTH,
aJyke Ha CHOTOJHI BiH € OCEPEAKOM HE JIMIIe aKyMyJIOBaHHS, 30epeKeHHS,
MOMyJISIpU3allii HaliOHAILHUX Ta CBITOBHX TEXHOJIOTIH, TEXHIKM Ta iH)KEHEPHOI
JUSIBHOCT] JIFOJMHHM, @ W IHCTUTYTOM HAI[lOHAJIBHOI mam’sTi, caMoigeHTHdiKaril
rpoMajsiH Ta ifneHTUdikamii YKpaiHH y CBITOBOMY CITiBTOBApHCTBI, KEPEIOM
iH(opMariii Ta 3HaHb.

Ha >xanb, Ha cbOrojHi B YKpaiHi CIOCTEPIra€ThCsi TSHACHILIS 0 3MCHIICHHS
MpUBaOIUBOCTI My3€iB, IIO € HACTIJKOM SK HECIPOMOXKHOCTI My3eiB SIKiCHO
KOHKYpyBaTH 3i c(heporo MacoBHX pO3Bar i HEBMIHHSA 33/I0BOJLHUTH TOTPEOH
BHOArJIMBOTO BiJBiyBaua 4depe3 HEBIAMOBITHICTh CydaCHUM BHMOTaM BUBYEHHS,
30epeKEHHs Ta MOIMYJIAPU3AIlil KOJIEKIIIH SKCIIOHATIB, TaK 1 3araJiIbHOr0 3HIKEHHS
KyJbTYPHOTO Ta IHTEJEKTYaJbHOTrO PiBHS Hamii. AKTyaJbHOIO Ul HAmoi KpaiHH
3aJIMIIAETHCS MpoOJieMa NOCTYMHOCTI My3eiiHol iHdopmanii ans reorpadidHo
BiJlJaJIEHUX BIJIBilyBadiB Yepe3 MONITHKY 3a00POHU ONMPUITIOIHEHHS B CEPEIOBHILI
Inreprer (Ha odimidHMX caiiTax, B comialbHUX Mepexkax, y Burisi 3D-Typis
BIpTyaJJbHUMH MY3€SMH TOIIO) aAMiHICTpalii My3ero, sKa, Ha BiIMiHY BiZ
3aKOPJOHHHUX KOJIET, HE YCBIIOMIIIOE, L0 AISUTBHICT MY3€I0 3HiHCHIOETHCS IS
IrPOMaJIChKOCTI Ta B 11 iHTepecax, aJKe METOI € HE «3aTATHYTH» BiIBigyBaya JI0
MYy3€10, a 3pOOUTH Tak, 1100 BiH MOCTIIfHO MOBEPTABCS Yy MOLIYKaX HOBUX BPa)KEHb
1 3HaHb.

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 1 (29), 2019



MopepHizarllisi My3eiHOI cripaBu B YKpaiHi Ta MiABUIICHHS iHTEpPECY 0 My3eiB
MOTHBI JTUIIIE 3aBISKH PO3ITHPEHHIO TPAAUIIIHHIX PopM poOOTH i3 BiBITyBadaMu
Ta 3aMpOBaHKCHHIO HOBUX iH(QOpMAaiHUX TEXHOJOTiH, CIIHPAaIOYUCh HA HAYKOBi
JOCIIDKEHHS i MIXXHAPOIHUH JTOCBiJL.

CydacHi iH(QOpMaNiHHO-KOMYHIKAI[IIfHI TEXHOJOTii O3BOJSIOTH BiABiIyBaTH
My3ei cBiTy 3acobamu IHTEepHET, [0 [a€ 3MOTy IIOOAM 3 OOMEKEHHMH
MO>KJIMBOCTSIMHM B3a€MOMIATH 3 HagOAHHSIMM CBITOBOI LMBiIi3alii, HE BUXOIIYU
3 goMy. BipTyanpHuii My3ed J03BOJISIE CTBOPHTH 30BCIM IHIIHA 00pa3 Mys3ero,
OPTaHIYHICTH SIKOTO TOJISTa€E y BIAMOBIAHOCTI ¢opM mojadi My3eHHUX imeH, Tem,
CIOKETIB CBITOCIIPUHHSTTIO BiJBiAyBaua, a TaKOX Yy 3aCTOCOBYBAaHHI EKCIEPTHUX
CHCTEM Ta IHIINX CUCTEM IITYYHOTO iHTENEKTY.

Exckypcist 3D manopamoro BipTyaabHOTO MY3€l0 € MOTHBAILlIMHUM iHCTPYMEHTOM
aKTUBI3allii HaBYAILHO-JOCTITHUIILKOT JisUTLHOCTI CTYJCHTIB. 3a OCTaHHI KiJIbKa
POKIB OiNIBIIICTh BCECBITHHOBIAOMUX MY3€iB [1, 2] cTBOpmIHM BipTyalibHi eKCKypCii
Ha OCHOBI NpEICTaBICHUX Ha iX caiTi ekcmo3wilid. Ha manwmii dac CTBOpEHHS
BIpTyalpbHHX eKCKypcidi 3D maHopamamy €KCHO3WIH MY3€l0 MepeTBOPHIIOCS Ha
TEH/ICHIIII0 PO3BHTKY MYy3€HHOI CIIpaBH.

Hemae nmotpeOu mepepaxoByBaTh epeBaru BipTyalbHAX €KCKYPCiid, a/[)ke B HaIll
gac TOTaNbHOI Tiobamizamii Ta iHdopMmaTu3alii KOPHUCTYBaHHS TaKeTaMH Ta
[HTEepHET-TEXHOIOTISIMH MEPETBOPUIIOCS Ha MOCh CaMO COOOI0 3pO3yMiJie.

MeToro cTarri € O3HAaMOMJIEHHS 4YWTAYiB 3 OHTOJOIIYHUM IMIAXOAOM 0
(hopmyBanHS exckypciit 3D maHOpamMoro BipTyallbHOTO MY3€H0, SIKUH, Ha BiIMiHY Bij
ICHYIOUHX, [IO3BOJISIE IHTEPAKTUBHO B3aEMOJISTH 3 MeEpEeXeBUMH (i3UYHO Ta
TEMATUYHO PO3IOJICHUMH, CTBOPEHHMH Yy pi3HHX (opMaTax Ta 3a pi3HUMH
CTaHIapTaMH i TEXHOJIOTiAMH iH()OpMaIliHHUME pecypcamH, 10 OMUCYIOTh My3eiiHi
eKCIIOHATH — OO’€KTH HaBYAIBHO-IOCHITHUIBKOI MisITFHOCTI, Ta 3a0e3redye
TPaHCAUCUUIUTIHAPHICTD 1X CIPUHHSATTSI.

OnTonoriyamii  migxin a0 ¢opmyBannss ekckypcii 3D manopamoro
BipTyanabHOro myseio

BipryaneHi ekckypcii — momupeHuii, eheKTUBHHUH Ta TEePEeKOHIUBUN CIOCiO
MpeicTaBiIeHHs iHpopMallii mpo nesky o01acTe mociimkeHHs. ChOTOIHI BXKe HIKOTO
He 3auByBath 3D MynpTHMeniiiHOI — QoTOmaHoOpamol, KA  MOXKE
CYIIPOBOKYBATHCS ayadio-, BiJieo-, TEKCTOBOIO iH(popMmariiero. Ase 3abe3neunTH
IHTEPaKTUBHY B3a€MOJII0 3 KOHKPETHHUM EKCIIOHATOM, AETAIbHO HOro HE JIMIIEe
PO3TIISIHYTH, a H 03HAWOMUTHCS 3 iICTOPIEI0 CTBOPEHHS, MPU3HAYCHHSM, JKUTTEBUM
[UKJIOM Ta iH., TOOTO c(hopMyBaTH TPAHCIUCIUILUTIHAPHY CUCTEMY 3HaHb Ha OCHOBI
po3nojiieHnx B Mepexi [HTepHeT iHpopMaiifHUX pecypciB, HE CIIPOMOKHA JKO/THA
3 icHy104HX cboroHi 3D manopam.

dopMyBaHHSI KOPEKTHOI CHCTEMH 3HaHb MPO JOCTKyBaHHW excroHar 3D
MaHOPaMHU, 110 NPEACTABISETHCS Y BUIIIAII arperoBaHOTrO pO3IOAiJIEHOTO B MEPEexi
iHpOpPMaLiHHOTO KOHTEHTY, HaWOUIbII e(EeKTHBHO peasli3oByBaTH Ha OCHOBI
oHToJorii. OHTOJIOTIYHA CHCTEMa 3HaHb MICTUTh 1H(OpPMaIiliHI ONKCH EKCIIOHATIB
BIpTyaJIbHOTO MY3€10 Ha OCHOBI 00’ €KTHO-Opi€HTOBaHOI npoueaypu Gopmaizarii,
a TaKOXX OMNHCHU iHTEpHNpeTaliiHuX (YHKIIH, IKi KEpyIOTh NPOLECOM MOCTAuYaHHS
iH(pOpMaIIiHOTO pecypcy Npo HUX.

[epeBaroro oHTOINOTIH SIK CIIOCOOY B3a€MOJIiT KOPHUCTYBada 31 3HAHHSAMH € iX
(opmanbHa CTPYKTYpa, SIKa CIPOLIYE KOMII I0TepHY 00poOKy [3].
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BukopucTranHs OHTOJIOTIT e)eKTUBHE IIiJ Yac MOIyKy 1 00’ eaHaHHs iHpopMariii
3 PI3HUX JpKeped 1 CepeliOBHIN, MPEACTABICHHS Ta iHTepmperamii iHdopmarii B
mpolieci BipTyaidbHOI eKcKypcii. Byayun aHamnorom moHSATTS «MOJENbY», OHTOJIOTIS
ciryrye 3aco00M KOMyHiKalii Mi>k KOpUCTyBayaMH, CHCTEMaMH Ta KOPUCTYBadaMH i
CHCTEMaMH.

B 3aranpHOMY BUTISAII OHTOJOTIS BipTyaJbHOTO MY3€H0 MPECTABISETHCS
iepapXxivyHOIO CTPYKTYPOIO CKIHYEHHOI MHOKMHH TOHSITH, SIKI OMUCYIOTh €KCIIOHATH
X, (X1, Xp) € Xexn|Xexn © X ., 06°€1HAHI B KJIACH — EKCMO3HILi{, BUCTABKU ab0
3alld My3€l0 Ha OCHOBi TEBHUX BJIACTUBOCTEH T, (T1,...,T,) € Roxy|Rexs € R,
Ta  MHOXHMHM  Ha0OpiB  BHKOHYBaHMX 3  eKCOoHaTamMmu  Oid  f,
Fi(x1,. e, %p) € Foyp|Foyy € F om> 1O DOSIISIAETHCS K KIHIEBA MHOXHMHA
(dhyHKII# iHTEpIIpeTarlii, 3ajaHa HaJ] HUMA

Oym = (va' Rym, E}m) (1)

CTpykTypHUM 0a3ucOM Takoi OHTONOTIi € TakcoHoMisi [4], mpencTaBieHa
MHOXHHOIO JBOJONbHUX TpadiB G, G = (V,E), BepmiMHaMH SIKUX € iMeHA
eKCHOHATIB VU, Vq,...,Un € Vexn|Vexn €V, o00’emnani B kiaacu (EKCIO3MILI,
BHUCTaBKH, 3aJI4 TOIIIO), & IyTaMU — CEMaHTHYHI BiTHOIIICHHsI Mi>k HUMH E, Ha OCHOBI
SKHUX €KCTIOHATH 3rPYIOBaHi B €KCHO3MIIIT 32 CBOTMHU BIACTHBOCTSIMU

(Gexhl: Gexhz' Y] Gexhn) € va- (2)

3a3BuUyali TpyIyBaHHS €KCIIOHATIB B €KCITO3MIIIT (BUCTABKH, 3aJIU TOIIO) HA OCHOBI
X BITacTHBOCTEH (HaTa CTBOPEHHS, MaTepial ab0 TexHiKa BUKOHAHHS, aBTOP TOIIO) €
CTPOTUM Ta NEPMAHESHTHUM. AJIe 1HOJI TOCITITHUIBKA TisUIbHICTh BUMAra€e mopyieHHs
JMHIMHOCTI Tpollecy O3HAHOMJICHHS 3 KOHKPETHHUMH (akTaMH, 00 €KTaMH,
ocobrcTocTssMu Tomo. Tomy mependaueHnii TMHAMIYHUIA TTEPEPO3IIO/IiN EKCIIOHATIB B
eKCIO3UIIISAX TMPOTSATOM EKCKYpCil BIPTYaIbHUM MY3€€M, IO MOXE IPU3BECTH JI0
YTBOPEHHS HOBUX KJIaciB MIOHATH HA OCHOBI JIOCHI/PKYBaHUX BIIACTUBOCTEH

Gexir VU Gexiz = G(V,E)|Ve¥M c v, yexhz c y, pexil ¢ g Ee¥2 c E, - (3)
yexhl o yexh2 — {v|v € Vexhl’v € Vexhz}_ (4)

Onronoriunuii rpad BUCTymHae He Jumie 3aco00M oprasizauii iHpopmauii, a i
CepeIOBHUIIIEM AKTUBHOI  B3aEMOJIl  KOPHCTYBauiB 3  PO3MOAUICHUMH
iHpOpMalliiHUMU ~ pecypcaMH,  BLIOOPa&XEHHMMH Y  BUTJISII  TPOCTOPOBO
YIOPSIIKOBAHOI MHOXKMHU BHCIIOBIIOBAaHb, a/DKE BIOOPaKEHHS CEMaHTHKU
iH(OpMaIiHIX pecypCiB y BUIIISAL i€papXidHUX CTPYKTYP, HAJl IKUMH 33]1a€ThCS
IEBHA PO3IIMPIOBAHA aKCiOMaTHKa 1 MDK SKUMH BH3HAYalOThCS MHOXXUHHU
BiJIHOIIEHb, JO3BOJSIE BUPIMIUTH TPOOIEMYy KOPEKTHOI iHTepmperarii ix
BUKOPHUCTAHHS B MIPOLIECi HABYAILHO-IOCIIAHUIBKOI AiSTIBHOCTI.

EnemenTamu onTonoriuHoro inrepdeiicy 7., [5], 3 IKUMHU B3a€EMOJTIE KOPUCTYBaY
MPOTATOM €KCKypcii, ciyrye iHdopmalliiiHe HAOBHEHHS OHTOJIOTIT BipTYalIbHOTO
My3€r0. BisyanbHum npeocmasnieHHaM enemMeHmy OHTOJNOril (TOOTO eKCIOHATOM
BipTyanbHOr0 My3er) € ¢gparmenT 3D maHopamu (pPHUCYHOK, iKOHKa, (oTorpadis
TOIO), JUKEPENIO 3HAXOKCHHS SKOTO0 BKAa3aHO Y BIAMOBIAHINA BepiimHI Tpady
(takcoHomii). Ilopsamok BimOOpaskeHHS EKCIIOHATIB y BHUIVIAAL OHTOJIOTTYHOTO
iHTepdeiicy Ha eKpaHi 3aJIeKUTh BiJ BHYTPILIHBOI OpraHi3auii BepiirH y rpadi, To0To
MOPSIZIOK BUBEACHHSI 300pakeHb y Tayiepel 3aIeXKHTh BiJl OPSJIKY BEPIIUH Y rpadi.
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Texcmoguii onuc €JIEMEHTY OHTOJIOTI{, IO TPEICTaBIAETbCA Yy BHIVIAAL
arperoBaHuX CEMAaHTHYHO IIOB’SA3aHMX KOHTEKCTIB (i3UYHO Ta TEMaTH4HO
PO3MOUICHUX B Mepexi iHQOpMamiiHUX PecypCiB, Ta ROCUNAHHA HA 30BHIIIHI
JoKepena iHpopMallii BiqoOpa)karoThCs MOPs i3 300pakeHHSIM Ta MAOTh 3arajIbHUH
CTHIIb JIJI51 BCiX 00’ €KTIB (KOIip, PO3MIp Ta CTHIIb PHUQPTY, TO3UILIS 10 BiTHOIIEHHIO
110 300pakeHHS, BIAMOBITHI IKOHKH [T TIOCKIIaHb Ha iH(opMamiliHi pecypcu pi3HAX
(hopmaris To1io) [6].

B 3arampHOoMy BuTIsAi oHTONOTIS ekckypcii 3D maHOpamoro BipTyalbHOTO
MY3€I0 IPEJICTaBISETHCS KOPTEKEM

O3p = <0vmr Ivm)v (5)

ne O,y — OHTOJIOTIYHA MOJICNIb BIPTYyaJIbHOTO MY3€H0, B CEpPEJOBHIIN SKOTO
3IIACHIOETHCS NOCTIAHULIBKA TISJIBHICTD;

I,m — xopTtex craniB 3D maHopaMm BipTyaldbHOTO MY3€l0, SIKI aKTyali3yrOThCS
MPOTATOM €KCKYPCii 3 METOI JOCATHEHHS JOCIIIHUIIBKUX IIIICH

L = (10,11, .. 15, 1), (6)

Ownronoriunuii miaxig 1o GopmyBanHs ekcKypcii 3D naHOpaMoro BipTyaJlbHOTO
My3€l0 HEe BUMarae BijJi KOPUCTyBayua CIeliali30BaHUX 3HaHb a00 HaBUYOK (B TOMY
YHUCIi MOB MpPOTpaMyBaHHS), a Ui TEperiisigy He MOTPIOHO BCTaHOBIIOBATH
JOJTATKOBE MporpaMHe 3abe3rneueHHs (qocTaTHho [HTepHeT-Opay3epa).

[NocninoBHICT IEpPETIISTy €KCIIOHATIB BipTyaIbHOTO MY3€I0 IPOTATOM EKCKYpCil
MOXke OyTH 3ajiaHa THM, XTO I CTBOPHUB, aji¢ HE OOOB’SI3KOBOKO JUIS TOTO, XTO il
Heperisiiae, — KOpUCTYBad Ma€ 3MOT'Y 33JaTH BJIacHY IOCHIIJOBHICTh O3HAHOMIICHHS
3 EKCIIOHATAMH.

[lin yac mpoBeneHHS EKCKYpcCii CTYAEHTH MOXYTh pelaryBaTH OHTOJIOTIO
BipTyaJhbHOTO My3el0 (momaBatu iH(opmamito, poOUTH HOTATKH TOIIO)
B aBTOPH30BaHOMY OHTOJIOTIYHOMY KabiHeTi [ 7], 30epiratoun pegaropany Bepciro Ha
JIOKaNbHUN HOCIH iH(opMaii, 1Mo A03BOJISIE PO3BUHYTH Ta 3aKpiMUTH 3HAHHS i3
cyuyacHux IKT.

[lepxaBHuii NOMITEXHIYHUA My3eit

Puc. 1 — ®parment 3D nmanopamu BipTyanbHOTo [ToiTEXHIYHOTO MYy3€10 IIPH
HTVYYVY «KIII im. Iropst CikopchbKoroy
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Puc. 2 — ®parmenT oHTONOTIYHOTO iHTEpdeEicy BipTyanbHOro [losiTeXHiYHOro My3eto
npu HTYY «KIII im. Irops Cikopcbkoro»

Y3aranpHEHHS Ta CHCTEMATH3aMis M00aYeHOro i MOYYTOro MPOTATOM €KCKYpCii
3D nanopamoro BipTyaJlbHOr0 My3€10 TaK0K MOKe OyTH MpeCcTaBiIcHa CTYACHTaMU
y BUIJIAI OHTOJIOTII, 5IKa, y CBOIO Yepry, MOKe OyTH OKPEMO BUKOHAHUM TBOPYUM
3aBIaHHSAM (KypCOBOIO, TUILTOMHOIO po0O0TO0) ab0 JOJATKOM JO OHTOJOTII BKe
ICHYI04OTO BipTyaJIbHOTO MY3€IO.

Ounrooris exckypcii 3D maHopamoro BipTyallbHOTO My3€l0 — He JIMIIE cucTeMa
3HaHb MPO OOJIACTh MAOCHI[HKeHHS, MOoOyJOBaHA HAa OCHOBI arperoBaHmx Ta
IHTETPOBAHUX PO3IMOAUIEHUX B Mepexi [HTepHeT iHpopmaniiHuX pecypcis, 1e it
«BIKHO JIOCTYIy» JO 1H(OpMaIlii, 110 ONMUCYe MOTHYHI 00JacTi, 3a0e3Nmeuyoyn
TPaHCIUCIUILTIHAPHICTh COPUHHATTS 00paHOi TEMATHKH.

BucHosku

3aBIsKN BUCOKOMY CTYIIEHIO HAOUHOCTI 1 eeKTy IPUCYTHOCTI BIpTyaJIbHi EKCKYpCii
BHKIIMKAIOTh HEOYBaIHiA IHTEpEC y KOPUCTyBadiB Mepexi [HTepHeT.

Exckypcist 3D nmanopamoro BipTyaabHOIO My3€l0, 3BHUYAiHO, HE MOXKE 3aMiHUTH
0cOOMCTY TIPHUCYTHICTh BifBilyBauya, aje MO3BOJIMTH OTPUMATH JOCHTH IIOBHE
BpPaKEHHA PO JNOCHLKyBaHUH 00'ekT. OHTONOrIYHUM miaxix 10 (opMyBaHHS
TaKUX EKCKYpCiil Mae psizl miepeBar rnepe;| TpaJuiiiHUMH TiIX0AaMu:

- ABromaruzaniss 0o0poOku iHpOpMALii TpPO MOCHIHKYBAaHHH EKCIOHAT
I IBUIIIYE MTPOYKTHBHICTH POOOTH JTOCIiTHHKA.

- Jlomomarae 03HaiOMHUTHCS 3 METOAMH TIONIYKY, CHCTEMAaTH3aIli{ i HAOYHOTO
moaaHHs iHpopmariii 3a gormomororo IKT.

- JlocTymHiCTb, iHTYITHBHA 3p03yMiTICTh TOILO.

- llporsroMm exckypcii IOCHiITHUKH-BiIBiAyBaui He JHUIIE 1HTEPAKTUBHO
B3aEMOJIIIOTH 3  O0'€KTaMM  BUBYEHHS Ta MamTh 3MOTYy  OTpPHMATH
TPaHCAMCLUIUIIHAPHE YSBICHHA MPO HHUX, a W ONAHOBYIOTh NPAKTUUHI HABUYKU
CaMOCTIHHOT'O CTIOCTEPEKEHHS Ta aHaATi3Y.

CTBOpEHHS 1 MPOBEJICHHS TAKOTO POy EKCKYPCiil Cripusie 3aKpiTICHHIO 3HAHb 13
CYYaCHUX KOMIT FOTEPHHX Ta [HTepHET-TeXHOOT1H.
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TO THE ANALYSIS OF METHODS OF CALCULATION OF STABILITY
OF USE AND THEIR CLASSIFICATION

Abstract. The problem of assessing the stability of slopes is quite relevant in the
development of mineral deposits in an open way, in hydraulic engineering and
transport, industrial and civil engineering, as well as in other areas of human
activity. Attempts to obtain the correct method of calculation led to the emergence
of a large number of methods, methods of calculation and calculation schemes: their
diversity is explained by the number of assumptions used by researchers to justify
the calculation scheme and stability conditions. The task of determining the
parameters of a steady slope or bearing capacity of the base in most cases is
statically uncertain. Therefore, for the determination of unknown reactions, the
authors put forward additional conditions (assumptions). The variety of existing
methods for calculating the stability of slopes caused the need to classify them by
one or another feature. Based on a detailed analysis of work in this area, four
groups of basic assumptions put forward by researchers for substantiation of the
calculation scheme for calculating the stability of slopes, obtaining stability
conditions (equilibrium) of the shift prisms, the selection of the shape and position
of the weakest surface of slip in the slopes were identified. These are assumptions
such as: about the condition of the boundary stress state at each point of the bias
prism (the method of the boundary stress state); about the distribution of normal
reactions along the surface of the slip (methods of a monolithic compartment of
collapse, that is, when considering the balance of the prism of the shear completely);
the ratio of tangential and normal reactions at the lateral sides of the compartments
(the reaction is horizontal, inclined or marginal rejected); in relation to the shape
and position (geometry) of the potential (weakest) surface of the slide. In conclusion,
it was concluded that the method of the boundary stress state is most useful for
preventing collapses, then studying the shape of slopes and external loading, at
which a possible collapse. The method of boundary equilibrium, in turn, is desirable
to use for the analysis of a strained state of landslides.

Keywords: slope; marginal equilibrium method; limiting stress state method;
resilience

A.Il. Cipenko

HanionaneHuii TexHiuyHMi yHiBepcuteT YkpaiHu «KHIBCHKMI NMOJITEXHIYHUH IHCTHUTYT
imesi Irops Cikopcekoro», M. KuiB, Ykpaina

JIO AHAJII3Y METOJIB PO3PAXYHKY CTIMKOCTI CXWJIIB
TA IX KJIACU®IKAIII

i Anomauia. Ilpobrnema oyinku cmitlkocmi cXUuii@ € 00CUmMb aKMyaibHOW Npu
i po3pobyi pooosuy KOPUCHUX KONANUH EIOKPUMUM CNOCOOOM, 6 2I0POMEXHIYHOMY i
i mpancnopmuomy, RPOMUCTOBOMY | YUBIIbHOMY OYOIGHUYMEI, G MAKOJIC 6 THULUX
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eanysax OisabHocmi  moocmea. Cnpodu ompumaHHs KOPEKmMHO20 CHocoOy
PO3DAXYHKY NpuUGeiu 00 NOAGU eUKOT KIIbKOCMI CNOC00I8, NPUIOMIE PO3DAXYHKY I
PO3PAXYHKOBUX CXEM. iX PISHOMAHIMMA NOACHIOEMbCA KilbKICMIO NPUNYUEHb, WO
BUKOPUCIMOBYIOMbCSL OOCTIOHUKAMU 05l OOTPYHMYSAHHSI PO3PAXYHKOBOT cXxeMit,
i ymosamu cmitikocmi. 3a60aHHs 3 GU3HAUEHHSI NAPAMEMPIE8 CMIUK020 CXULY abo
Hecyuoi 30amHocmi 0CHO8U 6 OiNbUOCMI 6UNAOKI8 € CIMAMUYHO HeGUSHAYEHUM.
Tomy Ona 6usHaueHHA HeBIOOMUX peaKyill agmopamu 6ucy8armvcsi 000amKo8i
ymosu (npunyujenus). PisHomanimms icuytouux cnocobie po3paxyHKy CHilkocmi
CXUTIB BUKTUKANO HEOOXIOHICMb KAacudiKysamu ix 3a mumu yu iHUWUMU O3HAKAMU.
Ha niocmasi oemanvrozo ananizy podim y yii 2any3i Oyi0 8UOKpeMIEHO YOmupu
2pPYNuU OCHOGHUX NPUNYWEHb, BUCYHYIMUX OOCTIOHUKAMU Ol OOIPYHMYBAHHA CXeMU
PO3DAXYHKY CIIUKOCMI CXULIE, OMPUMAHHS YMO8 CIItiIKocmi (DIBHO8A2U) npu3Mu
3cy8y, 6UOLNEHHA QOpMU | NONOJHCEHHs. HAUOLbUL CIAOKOT NOBepXHi KOG3AHHA 6
cxunax. Lle maki donywenns, aK: npo 6UKOHAHHS YMOBU SPAHUYHO20 HANPYIHCEHO2O
Ccmany 6 KOJICHIU mMouyi npusmu 3Miuyenns (Memoo paHuuHo20 HANPYICEHO20
cmawy),; RPo PO3N0OLL HOPMALLHUX Pearyill Y30082iC NOBEPXHI KOG3AHHS (CnOcobu
MOHONIMHO20 GIOCIKY 006aneHHs, MOOMO KOIU PO321sI0AI0Mb PIGHOBAZY NPUSMU
3CY8Y YIIKOM), w000 CHiBBIOHOUEHHS OOMUYHUX | HOPMATbHUX PeaKyili no OIYHUX
2paHsx 8i0CIKi6 (peakyis 20pU30HMAIbHA, HAXUIEHA AD0 SPAHUYHO BIOXULEHA); U000
Gopmu i nonodcenus (2eomempii) nomeHyitiHoi (Haubirbw CcIAOKOI) NOBEPXHI
KO83aHHA. Y NIOCYMKY 3D0ONEHO BUCHOBOK, WO MEMOO SPAHUUHO20 HANPYIHCEHO2O0
cmaHy Haudiibu KopucHuill 0l nonepeodicerts: 0b8anis, moomo ueueHHs gopmu
CXUTIB | 306HIUHBLO2O HABAHMAICEHHS, NPU SIKUX MOAICTUBE 008ANeHHS cXuig. Memoo
epanuunoi  pisHogazu, y 6010 uepey, 6axdcano 3acmocosysamu 0Nl AHANI3Y
HANPYJICEHO20 CMAHY 3CYBIE.

Kniouosi cnosa: cxun; memoo epanuunoi pisnogacu; Memoo 2paHuyHO20
HANpys#CceHo2o Cmamy,; Cmiiukicmo

Beryn

[IpoGiiemMa OIIHKK CTIMKOCTI CXWJIIB € JOCHUTh aKTyaJbHOIO TpPH PO3pOOIICHHI
POJOBUII KOPUCHUX KOMAJIMH BIAKPUTHM CIIOCOOOM B TiJpOTEXHIYHOMY,
TPaHCIIOPTHOMY, MPOMHUCIIOBOMY 1 IMBUILHOMY OYIIBHHUIITBI, @ TaKOX B IHIIMX
rajgy3sax JisuIbHOCTI Jroaun [ 1-5].

Icropuuno mepmor0 poOOTOI0 3 HHUTAHL PIBHOBard MAacHBY, OOMEKEHOTO
HaxXWJICHOIO IUIOIUHO (cXuiioM), € podota Y. JI. Penkina (1857). Ilepiuii crioci
pO3paxyHKy CTiHKOCTI CXwiiB, 3acHoBaHWN Ha mnpuHOuni Kymona, OyB
3arpornioHoBaHu# B 1920 p. I'. ®pance. [lo TenepimHboro yacy po3pobiaeHo MmoHa
100 crnoco6iB, mpuitoMiB i cXeM po3paxyHKy CTiHKOCTi cXuiiB. IX pisHOMaHITTS
MOSICHIOETBCSL KIIBKICTIO TPUITYIIEHbB, 110 BUKOPUCTOBYIOTHCS JOCIIHUKAMHE JIJIS
OOTpyHTYBaHHS PO3PaXyHKOBUX CXeM, 1 yMOBaMH CTiHKOCTi. Pid y Tim, 110 3aBIaHHS
3 BU3HAYCHHS [TapaMeTPiB CTIHKOro CXMiy ad0 HeCy4oi 3[aTHOCTI OCHOBHU B Oy/Ib-
SIKIH TIOCTaHOBIII € CTaTUYHO HEBU3HAYCHUM. TOMY JUIs BU3HAUYCHHS HEBIJIOMHX
peakiiii aBTopaMH BHCYBAalOTbCSA JOAATKOBI yMOBH (mpumyiieHHs). Hampuknan,
V.. Penkin nependavas, mo B KOXKHIM TOYLI MPU3MHU 3CYBY BHKOHYETHCS yMOBa
rpaHWYHOI KyJoHiBChbKOI piBHOBaru. JI. Teinmop mnpuiiMae CHMETPUYHUIA
CHUHYCOINaJbHAN 3aKOH PO3MOJUTY HOPMAIBHUX pEaKIiil Y370BX IOBEpXHI
KOB3aHHsI. BibIIicTh iHIIMX coco0iB JOMYCKaIOTh HEXTYBAHHS €0 MKOJIIOKOBUX
peaxiiii, a MOBEPXHIO KOB3aHHS MPUIMAIOTh 3 YMOBU OTPUMAaHHS OiIbIII MPOCTHX
¢dopmyn. ToMmy Take BeIMKE PI3HOMAHITTS CHOCOOIB PO3pPaxyHKY BHMKJIMKAJIO
HEOOXiAHICTh KiacH(]iKyBaTH iX 32 TUMU YU 1HIIMMHU O3HAKAMHU.
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OcHoBHa yacTuHAa

Crioco6u kinaciB A, b ta B B Tabnuili npencTaBieHi Al OJHOPIIHUX CXIIIB, a KJac
I' — nia anizorponHux. XKojeH 3 mUX CIMOCOOIB HE € MAaTEMaTHYHO KOPEKTHUM,
HaBITh KOJIU HAETHCA PO 1€aTbHO OJHOPIIHI 1 130TPOIHI MAaCHBH IPYHTY. 3 1HIIIOTO
00Ky, OUYEBUIHO, IO TEOPis PO3PaXyHKY aHI30TPOITHUX CXUJIiB MOBUHHA 6a3yBaTHCS
Ha Teopii 130TPONMHUX CXUJIIB, TOMY criocobu kiacy I' y momanbpiioMy BUKIFOYHMO

3 aHaNi3y.

Tabmuus — Knacudikauis metonis (crmoco0iB) po3paxyHKy CTIHKOCTI CXUITiB

Knac 3aranbHuii 3arajibHa 03HaKa OcHoBHMIi cnoci0 Po3paxynkosi ciocoou
NPHHLIHAI AJ1s TPYIH COCco0iB rpynu i cxemu, mo
BU3HAYEHHS BHUKOPHCTOBYIOTh
napamMeTpiB OCHOBHHIi MeTO]
criiikoro cxuJy,
10 XapaKTepu3ye
KJIaC METONIB
1 2 3 4 5
A | [lobynora kouTypy | UncenbHuii crociod Croci6 Ta6mumi [1.C. MyxiHa Ta
CXHITy, Y BCIX IHTETpYBaHHS B.B. Cokonoscwkoro | JI.I. Cparosiu.
TOYKaX SIKOTO UG epeHIiaIbHUX Homorpamu
3aJI0BOJILHIETBCS | PIBHSHB H.K. 3BoHapboBa.
YMOBA TPaHHYHOTO | HAIIPYXCHOTO CTaHy Crmoci6 A.L T'oBsmiHoBa -
HEHAaIpy>KEHOr0 C.B. ®anpxoBuya.
CTaHy Cnoco6u A.M. Cenkosa,

L.JI. MomntokoBa,

I".JI. dicenko -

B.T. CanoxxHukoBa
(omykyui CXu),

B.T. Canoxaukosa -

B.I. [TymkaproBa (cxun
KPHBOJIHIIHUH B IUIaHi),
10.H. Mamonuiskoro
(baraTornapoBuii cxmi).

I'paciunmii crioci6
IHTEeTpyBaHHsI
nmudepeHIiaTbHIX
PIBHSHB TPAaHUYHOTO
HaIpY)XCHOTO CTaHy

Crnoci6
C.C. l'onymkeBiva

B | [loGynoBa koHTYpY
CXUITY, Y3IOBXK
SKOTO 3a]JI0BOJIb-
HAETHCS PIBHICTH
KyTa HaXuiIy
JIOTHYHIN KyTY

OMopy 3pYIICHHS

Po36uBka cxuiy Ha
TOPU30HTANBHI IIApU
i BU3HAYCHHS CTAJIOTO
KyTa HaXHIy KOXKHOTO
Iapy 3 ypaxyBaHHAM
Bard BEPXHIX MOPiJ

Cniocobu
H.H. Macioga,
M.H. Tpoinpskoi

B [To6GymnoBa B MacuBi
MOBEPXHI KOB3aHH,
Y3I0BX SIKOT

[Tnocka noBepxHs
KOB3aHHA

Crioco6wu I'. dpasnce,
O. Binknepa,
JI.H. bepnanpkoro,

3aJ0BOJILHSETHCS I1.H. Ilumbapesuua,
YMOBA rPaHUYHOI O.T. Toxmyp3ina
piBHOBaru

YMoBH piBHOBaru
BCHOT'O CXHJTY (KpYTJIO-
[T HIPUIHA

TIOBEPXHS)

Criocobu

B. ®enneniyca,
J1. Te#inopa (koo
TepT)
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[IponoBskeHHs TadIUIl

I'pacdoananitiunnii meton |I'padiku

M.H. l'onpmreiina (koo |B.H. Jlo6acoga,
TepTs), ananiTnaaui Metox | E.K. AmaroprieBa
M.H. I'oapmureiina

Crniocobu [Tpuiiom
M.M. CoKOJIOBCBKOTO, I1.A. JIsniyeBa
A.L IBaHoBa, O. ®perixa,
M.H. l'onpamrerina

YmoBu piBHoBarn | Criocobu C. XronbTiHa, I'padiku A. Bimona -
OKPEMHX I'. Kpes - K. Tepuarn, H. Moprenurepnaa
BEPTUKAJIBHUX P.P. Uyraesa - O.B. B'szem-

BIJICIKIB cpKorO, A. Bimorna,

A.JI. MoxeBiTiHOBa,
I'.'M. Hlaxynsaxua
(6araToOKyTHHUK CHJI)

IToBepxns koB3anusi| Criocoou JI. Penayiika,

y BUTTIAAL H.II. Ily3upeBcbKoro -
norapumigHoT ILI. KoxeBHHKOBa,

cripaii 10.C. Kosnosa - B.A. Byznkosa
[Moepxus koB3anus| Crnocoou I'.JI. ®icenko,
CKJIQIHOT KPUBO- C.H. Hikirina, JI.B. CaBkoBa

JIiHIAHOT hopMu

Bapianiitai cioco6n| Crioco6u 1. Konaui,
10.1. ComnosiioBa,
A.T'. lopdpmana

IMoepxns koB3anHs| Crnocoou A.I1. Scronaca
naMasoi popMu (IpuTYNIEHOTO CXUITY),
H.H. Macnosa
(TOpPHU30HTAILHUX CHJI),
P.P. UyraeBa (MOXMJINX CHJI)

r [ToGynoBa B Macusi | BusHaueHHs Croco6u I'.JI. dicenxo,
MIOBEpXHi KOB3aHHJ, | 3CYBHUX Ta H.H. KyBaesa,
Y3JI0BX SIKOT yrpumytouunx cui 3 | [1.H. [TanioxoBa

3aJ0BOJIBHSAETECS | ypaXxyBaHHAM
yMOBa cHeniagbHol | MiHOCTI 110
rpaHUYHOT MOBEPXHI
piBHOBaru ocnalIeHHs CXHITY

AHaJi3 MeTOIiB PO3PaxXyHKy CXWIiB

Jo BkazaHMx B TaOnuii crnocoOiB JUIsi Pi3HUX TIOBEPXOHb KOB3aHHS CXHWITY
HeoOXigHo nonatu crnocodbu SOy, MoprenmrepHna i Ilpaiica, Cnencepa [6]. Lli
CrocoOM JOCUTHh CXOXIi 1 JAaf0Th OJIM3BKI pPE3yIIbTaTH. Ix MIPUHIIAIIOBA PI3HUIISL
MOJISITA€ B KUTBKOCTI PiBHSHB PiBHOBATH, sIKi CKIIAJIAIOTh JUIsl OKPEMHUX BiJICIKiB a00
JUIsL BCi€T IPU3MH 3CYBY B II1JIOMY.

CrniocoOu knacy b 6a3yroTbes Ha NPUITYLIEHHSX OPO Te, 10 Y BCiX TOYKaX KyT
CXWJIy JOPIBHIOE KYTy OMOPY 3PYIICHHIO, a TAKOXK Ha 30BHILIHIA CXOXOCTI MiX
PIBHSHHSM OIOpPY CHITYYMX MOPII 3PYIICHHIO 1 PIBHSHHSM, IO 3B'SI3YE€ BHCOTY
cxuiny 3 Horo 3akiageHHsM. CHocoOM IaHOro Kiacy He MaroTh HaJIe)KHOTO
TEOPETUYHOr0 OOIPYHTYBAHHS 1 HE MOXKYTh OyTH PO3PaXyHKOBHUMH.

Criocobu kjacy A BHKOPHCTOBYIOTH OJHE, Xo04ya 1 JOCHUTh IPHHIIMIIOBE
JOMYIICHHST — B KOXKHIM TOYIlI MPHU3MHU 3CYyBY BUKOHYETHCS yMOBa TPaHUYHOTO
HanpyxeHoro crany (3akoH Kysnona). [lani criocoOu BUALISIOTH B OKPEMHI METOA
TPaHUYHOTO HAMPY>KEHOTO CTaHy.
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PononayanbaukomM wmetony € ¢paniy3pkuii Buennit 11.0. Kymon (1736—
1806 pp.), sxuii chopmymtoBas B 1773 p. OCHOBHI ITOJIOKECHHS T'PAHUYIHOT PiBHOBATH.
lornanncekuii npodecop V.J. Penkin (1820-1872 pp.) B 1857 p. po3risHyB
IpaHUYHY PIBHOBAary HECKiHY€HHOT'O MAaCHBY, OOMEKEHOT0 HAXMIICHOIO TUIOIIUHOIO,
a TaKOX BBiB TIOHATTS PO MMOBEPXHI KOB3aHHS (IMB. PUCYHOK).

PucyHok — Y3aransHeHa 3aada Perkina

OCHOBOIO MeTOy, TIOAIOHO MEXaHilli CYIIUTFHUX CepeA0BHIL (TEOPii MPY>KHOCTI,
IUTACTUYHOCTI 1 T. M.), € AudepeHuianbHl piBHSIHHA PIBHOBard y ABOBUMIpHIiH
MOCTaHOBLII:

0oy  O0Tyy
dx ay
99y | txy _

M)

oy ax £

zie Y — 00'eMHa Bara ripCbKUX NOPiJL; Oy, Oy, Ty — KOMIIOHEHTH TEH30PA MIIOCKOTO
HaIpyXEHOTO CTaHYy.

OpHak He iICHYBaJO 3arallbHOTO MiJXOAY JJIsi BUPINICHHS 3aBJaHb TPaHHUYHOL
pIBHOBaru BaroMoro CHIydoro i B'si3koro cepemosuina. Jlume B 1939 p.
B.B. CokonoBcrkuii [7] po3poOuB Takuii MeToJ[. BBIiBIIM MOHSATTS MPO CEPEIHIO
BEIMYKMHY HaBeJIeHOT Hanpyru 0 = (01 + 03)/2 + C ctge Ta BUpa3uBIIHM Yepe3 Hel
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KOMITOHEHTH T€H30pa HalpyxeHb, B.B. CokoI0BChKHI OTPHMAaB Tak 3BaHy OCHOBHY

CHUCTEMY PIBHSHb TPAaHUYHOI PIBHOBArW Y CUMETPUYHOMY BUTJISIII:

[aa + 20t 9p +yt ] te)+

-— — cos £

ax_aagfpax_);gcp (pte)
o P , _

+ [6y + 2atge 3y + y] sin(pte)=0, (2

Je P — KyT MDK HampsAMKOM HaiOUIbIIOi TONOBHOI Hampyrm Oy 1 BicCIO X;
€ =m/4 — /2 — xyT MiX HalPIMKOM 0 1 IUTOIMHAMH KOB3AHHSL.

Henomiku MeToy rpaHIYHOTO HAPYXXEHOTO CTaHy:

1) HEeMOXJIUBICTh 3aCTOCYBaHHS y BHITaJKaxX MOBUIbHOI (popMu cXuiy i emropu
30BHIIIHBOT'O HABAaHTAXKEHHS, 10 € HACTIJKOM JIOMYIIEHHS PO BUKOHAHHS YMOBH
T'PAaHUYHOTO HANPY>KEHOTO CTaHy B KOJKHIH TOUII MPHU3MH 3CYBY;

2) cKJIaHICTh 200 HEMOXKIIUBICT 3aCTOCYBaHHS Y BUITaIKaxX HAIBHOCTI B MacHBI1
MOBEPXOHB 0CIa0IeHHsI (KOHTAKTIB 1IapiB, TPILMH 1 T. I1.);

3) TPYOOMICTKICTh 1 HENPUAATHICTH TMPH AJaNTaIii M0 CKIAJHUX TipHHYO-
Teo0JIOTIYHUX YMOB (CeficMiuHICTh, 0OBOHEHICTh, 00'€éMHa 3a/1a4a i T. 11.).

Crioco6u knacy B Haii6inbI pisHOMaHiTHI. IX BiAMiHHICT MOJIATae B reoMeTpii
BUKOPUCTOBYBAaHOI MOBEPXHI KOB3aHHS (KPYTJIOLWIIHAPUYHUX, JOraprudmMivHa
cripaib i iH.), a TAKOXK B TOMY, SIKUM YHHOM CYASITH PO CTIHKICTh MIPU3MH 3CYBY:
Mo piBHOBA3i OKpEeMUX BiJCIKiB (0JIOKiB) abo [is Bei€l mpu3Mu 3cyBy. JloCiiTHUKH
JUIsT OOTPYHTYBaHHSI BiJICYTHOCTI HEIOCTaTHHOI YMOBH (piBHSIHHS) BHCYBArOTb
JOJTATKOBI, HalfYacTillle MaIIOOOTPYHTOBAHI TIMOTE3W MPO PO3MOALT MiKOIOKOBHX
peakuiii. Harmpukman, meski 3 HUX:

1. peaknis mix Biacikamu ropusontansHa (H.M. TDepceBanoB, I'. Kpeii,
P.P. Uyraes — crioci6 ropusonTansaux cwmi, H. SHOY);

2. porwyna peakiis makcumanbHa (I'.M. [llaxyHsHI);

3. peakiuis BigXWwieHa BiJi TOPU30OHTY Ha BEIMYUHY ITOJOBUHH KyTa 3CYBY
(P.P. Uyraes — crioci® MOXMWIHX CHIT);

4. HampsMOK peakuii napajessHui 0CHOBI noAasbioro Bifaciky (I'.JI. ®dicenko —
anreOpaiduHe JO/IaBaHHS CH);

5. BiIHOWIEHHA JOTHYHOI 1 HOpMaNbHOI CKJagoBOoi — JiHIHHA (QyHKIis
aprymeHTy (cmnocid MoprenmrepHa i [Ipaiica);

6. mOTWYHA peaxilis YMCeIbHO OPiBHIOE NJOOYTKY 3UETUICHHS Ha IUIONTy O0i9HO1
nosepxHi (I".M. Hlaxynsun, 1969);

7. NOTWYHA PeaKIlisi YUCEeIbHO JAOPIBHIOE CHJI TEPTS NPU TPaHUYHIN piBHOBa3i
o 6oxoBiit rpani BiAciky (B.T. ['yzuenko # iH.);

8. mormunHa 1 HOpManbHa peakilii BiACiKiB AopiBHIOWOTH HyII0 (FO.1. Comnosiios,
K. Tepuari, crioci6 anreOpaiuHOro A0 aBaHHS CHI).

3ayBakuMo, IO B3a€EMOAIl MK BiJCiKaMH NPUCYTHI B OyIb-SIKOMY BHUIAIKY,
1HaKIIe HAIIPY>KEHHSI B TiJIi MPU3MH 3CyBY Oyl O HyJTbOBHMH, a 1€ MOXJIMBO JIULIE
B HEHAaBaHTAXKEHHWX 1 HeBaroMux cepenoBumiax. OJHAK BaXJIMBO BCTAHOBUTH
CTYHiHb IX BIUTUBY Ha CTiHKicTh. Tak Ik yMOBa piBHOBAaru BU3HAYAETHCS JIULIE Ai€10
30BHIIIHIX CHJI (CHJL, O AIFOTh HA MPU3MY 3MIILIEHHS B LIJIOMY), TO BHYTPILIHI CHIIA
(MDKXOTIOKOBI peaxilii) B KpUTEpil CTIHKOCTI B IBHOMY BUTJISII BXOJMTH HE OYIyTh.
To0To BHYTpIIIHI CHJIM MOBUHHI BUPAKATHCS Y BUIISAII QYHKIIIT 30BHIIIHIX CHII.
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Hampukiami Big3HAYMMO TPHUHITUIOBI BIIMIHHOCTI MK JBOMa OCHOBHHUMH
METOAaMH PO3PaxyHKy (OIIHKH) CTIMKOCTI CXWJIIB 1 OCHOBHI ITOJIOKEHHS KOKHOTO
3 HUX:

1. YV memooi epanuunoeo nanpyscenozo cmatny (knac A) ymMoBa TpaHHUYHOI
pPIBHOBard BUKOHY€ETHCS B KOXKHIH TOYII MPU3MHU 3CYBY, B TOMY YHCIIi HA MIOBEPXHI
CXWITy 1 Y37I0BXK MTOBEpXHi KoB3aHHA. Lle, 30kpema, o3Hadae, 1o HAMPSIMOK JIiHIT mii
HaO1IBLIOT TOJIOBHOI HANPYTW BiIXWJICHO BiJ MalJaHYMKIB KOB3aHHS KOKHOTO i3
CIMEWMCTB MOBEPXOHb KOB3aHHS Ha KyT 7T/4 — /2. Ha maiinanunkax 3 Takum
OpIEHTYBaHHSM Jli€ MaKkCHUMallbHA PI3HHUIA 3CYBHUX Ta YTPUMYIOUHX CHJ, TOOTO
BOHHU € HalO11b1I HEOE3NEYHUMH B JaHIN TOYII.

2. YV memooi epanuynoi pienogaeu W y Bcix #oro crmoco6ax (kinac B) ymosa
TPaHUYHOI PIBHOBArd (YMOBa IUTACTUYHOCTI, MIIIHOCT1) BUKOHY€ETHCS TIITBKH y3T0BXK
MOBEPXH1 KOB3aHH:, MPUYOMY OPi€HTYBaHHS MalJaHYMKiB BU3HAYA€THCS 3 YMOBH
Hebe3neku (eKCTpeManbHOCTI) HOBEPXHI KOB3aHHS B LIJIOMY, a HE B KOXKHIH ii TouIi.
Tobro mabmanuwkn 3pidy (KOB3aHHS) HE OOOB'SI3KOBO OyIyTh BIAXWIIEHI Bif
HanpsiMy MepLIOT TOJIOBHOT HANPyry Ha KyT 1T /4 — ¢ /2.

3. TakuM YMHOM, HE3BaXKAIOYM Ha MAEAKY CXOXKICTh METOIIB ZSPAHUUHO20
HANpys#ceHo2o CcmaHy Ta 2paHuyHoi pieHosacu, iX TIOPIBHSHHS HEOOXITHO
MPOBOJUTHU 3 O0CPEKHICTIO.

BucHoBku

1. Ha miacraBi AeTansHOTO aHaii3y, MIPOBEJACHOTO aBTOPOM, OYJIH BUIIICHI YOTUPU
IPyId OCHOBHUX MpPUMYIIEHb, BHCYHYTUX JOCTIIHUKAMH Uil OOTPYHTYBaHHS
PO3paxyHKOBOI CXEMH, OTPUMaHHS yYMOB CTIiHKOCTi (piBHOBarm) Mpu3MH 3CYBY
1 BU3Ha4YeHHs (OPMH 1 IOJIOKEHHS HaO1IbII c1abKol MOBEPXHI KOB3aHHS B CXUJIAX:

* JIONMYyLICHHS MPO BHUKOHAHHS YMOBH TPAaHMYHOTO HAMPYKEHOTO CTaHy
B KOXKHIH TOYILI IPU3MH 3CYBY (METOJl TPAHUYHOTO HAPYXEHOTO CTaHy — CIIOCOOH
Kiacy A);

* JIONYIIEHHS MPO PO3MOLT HOPMAIBHHUX PEaKIlil y310BXK MOBEPXHI KOB3aHHS
(ctocoOm MOHOJITHOTO Bi/ICIKYy OOBaJIeHHS, TOOTO KOJH PO3MIIANIAIOTH PiBHOBAry
MIPU3MHU 3CYBY IILTKOM);

* TPUITYHIEHHS MO0 CIiBBIIHOIICHHS JOTHYHUX 1 HOPMAJIbHUX PEaKIii 1o
OOKOBHX TpaHsIX BIACIKIB (peakilisi TOpH30HTaJIbHA, HaXWjeHa a00 TPaHUYHO
BIIXWJICHA);

* MpUIYLIEHHS MO0 GopMHU 1 MoJ0KeHHS (TeoMeTpil) TOTSHIIHHOT (HaHOLTBII
c11a0Koi) MOBEpXHi KOB3aHHSI.

2. Bci icHyro4i MeTou (CII0COOM) B CHITY CTAaTUYHOT HEBU3HAYEHOCTI 3aBIaHHS
B Oynb-AKii iX MOCTAaHOBLI AJS OTPUMAaHHS YMOBHM PiBHOBaru INpPHU3MH 3CYBY
BUKOPUCTOBYIOTh Ti UM iHINI NPUIYIICHHS. Y IbOMY CEHCi OJEH 3 PO3TIISIHYTHX
cnoco0iB HE € MaTeMaTHYHO KOpeKTHUM. [Ipo cTymiHb 0OIpyHTOBaHOCTI KOXKHOTO
3 IPUIYILEHb CYUTH JOCUTD CKJIQJHO Yepe3 BiACYTHICTh €TaIOHHOTO (KOPEKTHOIO)
croco0y po3paxyHKy.

3. Meton TrpaHWYHOTO HANpPYKEHOTO CTaHy HaWOUIBII KOPUCHHHA JJis
MoTnepeKeHHsT 00BaiB CXMIiB, TOOTO BHBYEHHS (OPMH CXHJIIB i 30BHILIHBOTO
HABaHTAXXEHHS, NMPH SKUX MOXJHMBE OOBaleHHS. MeTox TpaHHMYHOI PiBHOBAr,
Y CBOIO Uepry, 0akaHO 3aCTOCOBYBATH JUIS aHAJII3y HANPYKEHOTO CTaHy 3CYBiB.
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THE MODELING OF DIFFERENT SCALE HYDROLOGIC PROCESSES

IN AQUATORIES

Abstract. The results of mathematical and physical modeling of global and local
hydrological processes in the water area are presented. By the method of
mathematical modeling revealed variability of large-scale circulatory flow and
mass transfer in a water-restricted area with complex obstacles.

In laboratory conditions, by experimental methods, in the hydrodynamic tray, on
the channel and the laboratory stand, detected of local hydrodynamic processes and
mass transfer around local obstacles - three-row fuel burner rafts. Mechanisms of
formation of erosion and transfer of the soil near and within the single and group
structures of the grillages located on the laundering sandy bottom of the channel
are revealed.

Key words: razversk; vortex structure; erozed soil
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UnctutyT rinpomexanikn HAH Ykpainn, m. Kuis, Ykpaina
2[HcTUTYT TeneKkoMyHiKawiii i rno6anpHoro iHgopmaiiiiHoro npoctropy HAH Ykpainu,
M. KuiB, Ykpaina

MOJEJIOBAHHA PI3BHOMACIITABHUX I'ITPOJIOTTYHHAX
ITPOLECIB B AKBATOPII

Anomauyin. Hasedeno pesynomamu mamemamuyno2o ma Qisuuno2o mMooeno8anHs
2N00ANbHUX Ma JOKANbHUX 2i0poNIo2iuHuX npoyecig¢ 6 axeamopii. Memoodom
MAMeMAMUyHo20 MOOENIO8AHHS  BUABILEHO  MIHAUBICMb  8EIUKOMACUIMAOHUX
YUPKYAAYIUHUX Meyill ma MAcONepeHoc 8 aKeamopii i3 CKIAOHOK ZPanuyero, 3d
HAABHOCMI 8ETUKOMACUMADHUX NePeuKoo.

Excnepumenmanvrumu memooamu 6 1a60pamopHux ymoeax 6 ciopoOuHAMIYHOMY
JOMKY, Kanaui ma 1adopamopHomy Cmenol 8UABLEHO 30HU, K 3HAXOO0SAMbCS Ni0
IHMEHCUBHUM 2I0POOUHAMIYHUM BNIUBOM, ocobausocmi JNOKATbHUX
2I0OPOOUHAMIYHUX Npoyecié ma MACONepeHOCy HABKOO NOKANbHUX NEPeuKoo —
MPUPAOHUX NATLHUX POCMEepKie. Busasneno mexamizmu gopmysanna posmusis i
HAMUBIE IPYHMY NOOAU3Y 1 YCepeOuHi OOUHOUHUX 1 SPYNOBUX KOHCMPYKYIl
POCMBEPKi6, AKI PO3MAUOBAHT HA PO3MUGHOMY NIUAHOMY OHI KAHATLY.

Knwuoei cnosa: pocmeepx,; suxpoea cmpykmypa,; po3mus Ipynmy
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Beryn

3MiHM OyIp-IKMX 30BHINIHIX YMOB 3aBXIU BIUTMBAIOTh Ha e(EeKTUBHICTh
rOCIOIaPChKOI AisUTLHOCTI B perioHi. OcoOIMBO, KOJU 3MiHM YMOB BUHHUKAIOTh SIK
HACJiAKM TEXHOTEHHOTO BIUIMBY a00 MPHPOJHHMX KAaTakmi3MiB, SIKi cami MaioTh
perioHanbHU MacmTab. BuHukae moTpeda SK B ONepaTUBHOMY MPOTHO31, Tak i B
JOBIOTPUBAIIOMY IPOTHO3YBaHHI. 3HAYHOIO MIpOI0 II€ CTOCYETHCS [isSUTBHOCTI,
OB’sI3aHOI 3 BUKOPUCTAHHSAM BOJHHX akBaTopii. HaitGinbiry morpedy B mporHosi
€BOIOIII TaKWX TMPOIECIB, SK TOMIUPEHHS 3a0pyAHEHh Ha BOAHIN MOBEpXH,
MacorepeHoc (3 ypaxyBaHHSIM 3a0py/THEHb) B OOMEKEHUX aKBATOPISAX ITiJT BIUTUBOM
3MiH TiJpOJIOTIYHMX 1 aTMOC(PEPHUX YMOB BiTUYyBAarOTh CIYKOH, MOKIHKaHi
OIIEPaTHBHO IOTNIEPEDKATH PO3BHTOK NPHPOIHUX 1 TEXHOTCHHUX KaracTpod Ta
3MEHIIyBaTH / 3amo0iraTv iX BINTUBY Ha HABKOJNWIIHE CEpeqoBHINE. Takmx
MPOTHO3IB MOTPEOYIOTh TiAPOMETCIYXOU, CIy:KOM 13 3armoOiraHHs Ta IMOJ0JIAHHS
HACNiAKIB HaI3BUYalHUX CHUTYyalild, YCTAaHOBHM — MPOEKTAHTH TiAPOTEXHIYHUX
CHOPY[, MOCTOOYTIBHUKH, OYAIBHIUKH TEXHOJOTIYHUX CTIOPY/I, JIOIIMAHChKA CITyK0a
Ta iH. HaiiOinpmr BakauBUMH (DakTOpaMu JjIs OINEPATHBHOIO pearyBaHHS €
BHU3HAYCHHS TCHICHIIIH PO3BUTKY IHTEHCUBHOTO IMPOIIECY JIJIS OL[IHKU MOXJIMBOCTEH
MOTIePEKYBATFHUX 1 PITYBAIBHUX 3aXO0IiB.

[Ipobnemu, sKi BHHHKAIOTH B aKBaTOPifAX, MAIOTh SK pi3HI 3a MacmrabaMu
NPUYMHA BUHHUKHEHHS, Tak 1 pi3HI MacmTadu mnposBiB. Ha mpuxiaai axaropii
NPOTOKH, SKa MOETHYye A30BChKe Ta YopHE MOpe, PO3IIITHYTO OKPeMi YacTHHHU
TiApONOTiYHUX TIPo0IIeM — 3arallbHy 3MiHY CTPYKTYPH T€4ii Ta MacOIIepeHOC (TOHHIX
IPYHTIB Ta TMOBEPXHEBUX 3a0pyIHEHB), IO BUHHUKIHM SIK HACTIJOK TEXHOT'CHHOTO
BIUIMBY — MOOYJOBH BEIMKOMACINTAOHUX TiAPOTEXHIYHUX Ta IH)KEHEPHUX CIIOPYH
B akBaropii. Lle mam6a, sika cyTTeBO 3MiHMIIA JIHIIO Y30epe ks Ta MOCTOBHH ITePEXis,
mo moOyI0BaHO B 30HI TMABHINCHOTO TiqPOJWHAMIYHOTO BIUMBY. Hacmigku
BUIIICHAa3BaHUX TEXHOTCHHUX BILTUBIB 3/1aTHI IPU3BECTH A0 SKICHUX 3MiH B CTPYKTYPi
Tedii Ta BIUIMHYTH HA MacOTIePEHOC JIOHHUX TPYHTIB, HeOe3euHuii B 30Hi (papBarepy
MpoToKku. Mera poOOTH — BU3HAUEHHS MEXaHI3MIB YTBOPEHHS IIMX BIUIMBIB Ta
MOKJIMBUX HACNIJKIB, 3a yMOBHM IX JOBrOTPUBAJIOCTI. MeTOJ MOCIHiPKEHh —
MaTeMaTHYHE MOJICITFOBaHHS Ta (i3nuHMIA JIAOOPATOPHUIN EKCIICPUMEHT.

ITocTaHOBKM 3224 Ta METOIU AO0CTiTKEeHb

Posrisimaerbes Tedis B MUIKOBO/IHIM akBaTopii (puc. 1), sika siBisie COOO¥0 MUPOKU
KaHaJl 3 MEePeHIKOJ0I0 Ta 3 KPHBOJIHIHHOW (opmoro JiHii y306epesxoks (puc. 2).
I'mnbuHa KaHaTy BBAXKAETHCS MaJIOIO Ta CIa003MiHHOIO. Tedisi BBAYKAETHCS B'SI3KOIO
Ta TUIOCKOMapanenabHoto (puc. 3). BpaxoByroun Te, 10 mpu AOCHTIKEHHI Tediil B
aKBaTOPISX, SIK MIPABUIIO, TOJIOBHUH iHTEpEC MPENCTABIISIE OCEpEAHEHA 110 TOBIIMHI
mapy [1] moBepxHeBa Ta MPUAOHHA MIBUAKICTH, 0YJI0 BUKOPUCTAHO MaTEMAaTUYHY
MoJeTb mmapyBaTux Tediit [2—4]. Teuwis, sKa pO3IJSIIAETHCS, OIMHUCYETHCS
piBHsHHAMU HaB’e-CTokca, TOMy MOZENb 3aCHOBaHA Ha aHAJITHYHOMY PillI€HHI
piBasab Hag'e-Crokca (1) s okpemoro BHIIQAKy IHApyBaTHX — Tedii,
3 ypaxyBaHHSM KOHBEKTHBHUX JIOJAHKIB Ta HECTAIlIOHAPHOCTI (JUIS SKOT, IPH 3MiHi
napamerpiB, Tedis Xin-1llloy € okpemMum BUNIAIKOM).

a—V+V(5\72+£+U)—\7x(Vx\7)=ﬁA\7 1)
ot 2 p p
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VV =0. )

3amaya 3BOAUTHCS O BU3HAYEHHS TUIOCKOIIAPANIENBHOI Teii B KPUBOJIIHIITHOMY
KaHaJl KBa3imocTiiiHOI rimOuHu. J[0 TOTO ) BBaXAETHCS, IO 3arajbHa TEYisd B
aKBaTOpii BXke cPOpMOBaHa, i3 BpaXyBaHHSIM BIUTMBY Pi3HUX PIBHIB MOpS Ha BXOJi
Ta BUXOZI 13 aKBaTOPii MPOTOKH Ta 3 BpaXyBaHHIM BILTUBY BITPOBHX XBHJIb.

L VP(x,y,0)#0
4 b

Y i
S
v=v(x,),2,0)

Puc. 1 — ®oto axBatopii Puc. 2 — Cxema Teuii B Puc. 3 — Cxema Teuii
13 CYIyTHUKA TUTOCKOMY KaHaJTi 3 TIEPEIIKOI00 B ImIapi

——u=u(x,,2,0)
= Rt

Oco0/1uBocTi 3arajbHoi Teuil B akBaTopii

Jlyis BU3HAaUCHHS OCOOJIMBOCTEH 3arajbHOI CTPYKTYpH Tedii B akBaTopii, pa3oMm i3
MaTeMaTHYHUM MOJEIIOBaHHIM, OYyJ0 3acTOCOBaHO (Pi3MUHE MOAETIOBAHHS Ha
nabopaTopHOMY CTEHAI (MOJENb aKBaTOpii NPOTOKH Yy BUIVIAAI KPHBOJIIHIHHOTO
KaHaIy 3 IMOCTIHHOIO INIMOWHOI0) Ta y TiApOJUHAMIYHOMY JIOTKY. BpaxoByroun Te,
IO IIBUIKICTH y JIOKaJIbHUX YacTHHAX aKBaTOPii MOXke mocaratu 1 m/cek, 4uciio
PeiiHonbca, BU3Ha4YeHe 1o rmoOuHi, BBaxkaethes Red = Uh/v > 10°. Hasenene
HWKYE TMOPIBHSHHA KOCMIYHMX (POTO3HIMKIB, MOJICNIbHUX EKCHEPHUMEHTIB Ta
pe3yJIbTaTIB MaTeMaTHYHOTO MOJICIIIOBAHHS JIEMOHCTPYE SIKICHE CIiBHaIiHHS
CIIOCTEPEKYBaHUX IIOJIiB IMIBHJKOCTI, OCEPEAHEHUX IO TIIMOMHI akBaTopii, IO
MiATBEPIIKYE KOPEKTHICTH 3pOOJICHUX MTPUITYIIICHb.

Puc. 4 — Kocmiune ¢oro Puc. 5 — Pesynbratn Puc. 6 — Pesynbrartn
(Google maps) EKCIIEPUMEHTY MaTrMojenroBaHHs [1]

[pencrasneni Ha puc. 56 pe3ynbratd J1aOOPATOPHOrO Ta MATEMATUYHOIO
MozenmoBaHHs [1] meMOHCTPYrOTh 100pe CIiBIAAiHHS 31 CIOCTEPEKYBAHOK 3
KOCMOCY CTPYKTyporo Tedii B axBaropii (puc. 4). Bapro 3BepHyTH yBary Ha
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MIHJIMBICTh CTPYKTYPHU T€4ii B akBaToOpii (pHC. 7), sika CIIOCTEPITa€ThCS MPU 3MiHi
BXIIHUX yMOB, IO MiJTBEPKCHO JIAa0OpaTOPHUM ekcriepuMeHToM (puc. §) Ta
MaTeMaTUYHUM MOJISITIOBaHHAM (puc. 9).

Puc. 7 — Kocmiune ¢oto Puc. 8 — ExcriepumeHTt Puc. 9 — MarmopemnroBaHHs
(Google maps) Ha CTeHI [2,5, 6]

EdexTuBHICTh 3acTOCYBaHHSI MaTEMaTUYHUX MoJiesiel (mo0y10BaHUX Ha OCHOBI
METOAY IHTerpajJbHUX PIBHAHB [2, 5, 6]) 17151 MPOrHO3YBaHHA IEpEHOCY 3a0pyAHEHb
10 BOZHIHM MOBEPXHI MOXKJIMBO OLIHHUTH i3 OPiBHIHHS pHc. 7-9.

Puc. 10 — Kocmiune ¢oto Puc. 11 —IlporHosyBannast  Puc. 12 — MarmonentoBaHHs
(TerraSAR-X. 16.11.2007) po3HOBCIODKEHHS 3a0pyIHEHb [2,5, 6]
yepe3 100 ronun

MiHIUBICTD CTPYKTYpH Te4ii B aKBaTopii, Mpy 3MiHI BXIIHUX YMOB Ha BXOJi B
aKBaTOPIIO, MATBEPIKEHO JAHUMH METEOCTy X0 A30B0-HOopHOMOpPCHKOTO Oaceiny.

Puc. 13 — Exciepument Ha  Puc. 14 — Ekcniepument Ha ~ Puc. 15 — ExcriepuMeHT Ha
1a00paTOPHOMY CTEHII n1abopaTopHOMY CTEH/II J1a00paTOPHOMY CTEHII
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ExcniepuMmeHTanpHe  MOJETIOBaHHA Ha  JTAOOpATOPHOMY  CTEHJI  TaKOX
MATBEPKYE CYTTEBY 3JICKHICTh TEUid BiJ IapaMmeTpiB Ha BXOXI B aKBaTOPIIO
(puc. 8, puc. 13-16).

.
{
N
N

e L
7

Puc. 16 — Exciepument  Puc. 17 — MarmogemroBanns [1]  Puc. 18 — Kocmiune ¢oto
Ha J1ab0paTOPHOMY CTEHII (Google maps)

Pesympratu ¢izngHOrO Ta MaTeMaTHYHOTO MOJETIOBAHHS TPHU Pi3HUX BXiTHUX
JaHUX 3acBiAUyrOTH (puc. 16, 17), 10 HiABHUIIEHHS MIBUIKOCTI CIIOCTEPIraeThCcs y
MPOMIJKKaX MDK KiHIIIBKAMH OCTPOBa-TIEPELIKOJN Ta MATEPHKOBOIO HYaCTHHOIO
npoTOKH, 1ie 30HH 1) Ta 2) (puc. 18). [Ipu 1boMy y BU3HAYCHUX 30HAX CEPEIHS 110
rOMHI O0YMCIIeHa IIBUAKICTh, a TaKOX Ta, IO CIIOCTEepiraeThcs (K B
EKCIICpUMEHTI, TaK i MPH HATYPHUX BUMIipIOBaHHX [1]), 3aBX I CYTTEBO BUILIA, HIXK
B IHINIMX YacTUHAX akBaTopii. B okpemmux, JOKali30BaHWX, YaCTHHAX aKBaTOPil
ocepeHeHa MBHUIKICTh Tevil MoXe HaOmmKkaTucs 1o Benmanan 1 m/cek. JominpHO
3BepHYTH yBary Ha Te, II0 Y IHX 30HaX l) Ta 2) BCTaHOBJICHO TiAPOTEXHIUHI
KOHCTPYKLii (OMOpH MOCTOBOTO IIepexoly uepe3 MpOTOKy, pHc. 18), ki
MEPEHIKOIKAIOTh BibHIM Tedwii. TomMy BHHHMKae THIOBa HPUPOIHS mpodiiema
riIpoAMHAMIYHOI B3a€MOAIl 3 TNEPELIKOAOI0, sKa CYNPOBOUKYETHCS IEPEHOCOM
IPYHTIB Ti/i BIUIMBOM MNPUIOHHHUX TEYid Ta BIUIMBOM MAacONEPEHOCY Ha 3MiHYy
XapakTepucTuk ¢apBaTepy. BpaxoByroun Te, 1m0 NPUJAOHHA Tedis BILUTUBAE Ha
KOHCTPYKIii Ta CHOPYIH, $Ki BCTAaHOBIEHI Ha JIOHHOMY IpPYHTi, JOIJIBHO
PO3TIISIHYTH BIUTUB TEPEIIKo]l (HAIIPUKIIal, ONOP MOCTY) Ha MacoIlepeHoC Ta 3MiHy
MOBEPXHi JIHA, 1[0 BUKJIUKAETHCS TAPOJIUHAMIYHAM BILTUBOM.

JlokanbHi 30HU MiABUIIEHOI0 TiIPOAMHAMIYHOIO BIJIMBY

3Ha4yHa KIUIBbKICTh TiIPOAWHAMIYHMX, TiAPOJOTIYHMX Ta I1HXKEHEPHHX MpPoOJieM
BUHMKA€E CaMe TOMi, KOJM NOraHo oOTiYHa IIepelIKoia BCTAHOBIIOETHCS Ha
PO3MUBHIH Ta HEpO3MHBHIH MOBEPXHI, HaJ SKOK MPOTIKAE TOTIK PIIUHH.
VY 0Oe3mocepesHiii OIM3BKOCTI JI0 00JACTi CHPSDKEHHS MEPENIKOAM Ta OOTIYHOI
MOBEPXHI BHHUKAIOTH T'PAli€HTH TUCKY, SIKI OOyMOBIJIEHI HAsSBHICTIO MEPELIKOIH.
[lepen mnepemkomo0 MNPUMEXKOBUHM IIap Haa IOBEPXHEI JaHA pycna abo
npubepexxHoi MOBEpXHi (JTaMiHapHUI a00 TypOyJIEHTHUH) 3HAXOAUTHCS B 001aCTi
HECTIPUSITIAMBOTO TPATI€EHTY THUCKY, IO BHKJIMKAE HOTO TPUBUMIPHHHA BiJpHB.
VY BigpuBHIi 00nacTi 3apoMKYeTbCS Ta PO3BUBAETHCS CHCTEMa BHXOPIB, fKi
BUTSATYIOTHCSl HABKOJIO OCHOBH ITOTAHO OOTIYHOTO TiJia B3JIOBK KOHTYPY, 1110 CXOKHUI
Ha migkoBy [8, 9]. Tak, mij yac 0OTikaHHSI MOCTOBUX OINOpP B 00JacTi iX mepeTHHY
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3 PYCJIOBUM JHOM YTBOPIOETHCS CKIAIHUN BUXPOBUU PyX, SKUH 00YMOBIIIOE PO3MUB
rpyHTY mo6nm3y omop (puc. 19).
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Puc. 19 — CrpykTypa BUXpOBUX T€Uil HABKOJIO NEPEIIKOH, BCTAHOBJICHOI Ha IJIACTHHI

I'mubuna po3MHBY CTaHOBHTH OJHY 3 OCHOBHHX XapaKTEpHCTHK SK i Yac
MPOEKTYBaHHsS MOCTOBHX IEPEXO/iB, TaK i Mg yac ix excruryararii. HezamexHo Bifg
(dbopMH MOCTOBOi ONOPH OCHOBHMM MEXaHi3MOM, SIKUi Kepye (opMyBaHHSIM Ta
PO3BHTKOM OTBOPY PO3MHBY, € MiIKOBOIO/IiI0HAa BUXPOBA CUCTEMA, 110 YTBOPIOETHCS
0111 ocHOBH omopu. CTaH Ta XapaKTepUCTUKU IMOTOKY BIUIMBAIOTH Ha (opMmy Ta
po3mip BuxpoBux cucteM. Cepes OCHOBHUX (PaKTOPIB, K OPMYIOTH MPOLIEC epo3ii
IPYHTY MOOJIM3Y MOCTOBHX OTIOp Ta BUCTYIIIB i BU3HAYAIOTH TJIHMOUHY JIOKAJILHOTO
pO3MUBY, TpeOa BiIMITUTH HACTYIIHI: II€ TIMOMHA TIOTOKY, IIBUIKICTh TeUil, IIMPHHA
Ta (opMa ONopH, JOBKWHA OMOPHU Ta i KyT PO3TALIyBaHHS BIJIHOCHO HAINPSIMKY
Tedii, po3Mip Ta rpajialisi MaTepiaiy IpyHTY, KOH(DIrypallis THa pycia Ta AesKi iHii
[10, 11]. I'pynyBaHHs OmoOp MPHU3BOMUTH IO 3MiHH INTMOMHH JIOKAJIBHOTO PO3MHUBY,
1m0 00yMOBJIEHO B3a€EMHHMM BILIMBOM BHXPOBOT Tedii HABKOJIO OKPEMHUX OMOD, sIKi
($hOopMyIOTh TPYIHOBY KOHCTPYKIIit0. B 3amexHoCTi BiJg MiCIE3HAXOKEHHS,
KOHCTPYKIIIT OIIOP Ta PSKUMY X OOTIKaHHS 3MIHIOIOTHCS KIHEMAaTHYHI Ta JTUHAMIYHI
XapaKTePUCTUKH ITiIKOBOMOAIOHNX, OOKOBHX 1 CIZOBUX BHUXOPIB, a TaKOXK iX
IHTEHCHBHICTh Hii Ha epo3ito IPyHTy, sikuii mpuisrae go omop [10, 12].
HeonHopigHicTs 1 HeCTaI[lOHAPHICTh BHXPOBOI Ta CTPYMEHEBOI Teuil moOmu3y i
yCepeauHi TPYHNOBUX KOHCTPYKWIA OHOp TiAPOTEXHIYHHX CHOpYX 1 MOpyd 3
MpUOEPEKHOIO JiHIEI CKIAIHOI TeOMeTpii 00YMOBIIIOE MPOBEIEHHS YHCEIBHOTO 1
(i3MYHOrO0 MOJICIIOBAHHS MEXaHI3MIB 1 IPOILECIB BUXOPEYTBOPEHHS, MEPEHOCY
IPYHTY, 3MiHH IPUIOHHOTO Ta IPUOEPENKHOTO penbedy Ta iHIINX TiApOIUHAMIYHUX
1 TIOPOJIOTIYHMX XapaKTePUCTHK. BHUHWKae Ba)MBe 3aBAaHHS — BU3HAYCHHS
BIUTMBY 3arpoMaJDKeHHsI a0 3BY)KEHHs MOTOKY Ha TiJPOJIOTIUHI XapaKTePHCTHKH
PYCIOBHX Ta MPUOEPEIKHUX TCUIH.
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JlaGopaTopHe MO/1eJII0OBAHHS TiIPOJIOTiYHUX NMPoIeciB

®di3uyHe MOJCIIOBaHHS TiJPOJIOTIYHUX TPOIECIB, sIKi BiOYBAarOThCS IijJ dac
OOTiIKaHHSI TEPEIIKo/l, MO 3HAXOIAThCA Ha PO3MUBHOMY IPYHTI, MPOBOIMIOCH B
nmabopatopHux yMmoBax. B sKkocTi mepemkon Oyno BHKOPHCTAHO TPHUPSAHUN
MaJTbHUNA POCTBEPK, KOHCTPYKINIO SIKOTO YaCTO BUKOPHUCTOBYIOTH Y MOCTOOYIiBHIH
MpaKTULi, omopax OypOBMX KOHCTPYKIH, BITPSIKIiB Ta IHIIMX TiAPOTEXHIYHUX
CHopyn, sKi OOTiKaloTbCAd TOTOKOM. EKcIieprMeHTalbHI JOCTIHKEHHS BIUIUBY
MoJieJied MOCTOBHX OIOp Ha JIOKAIBHHH PO3MHUB IPYHTY Ta CTPYKTYPY IOHHOI
MOBEPXHI MPOBOJMINCS B TiAPOANHAMIYHOMY KaHali, SKHA MaB JOBKUHY PoO0d0i
ninssaky 6mu3pKo 14 M, mmpuny — 1.5 M ta rmubuny — 0.65 M. Ha Bincrani 8 M Big
oYaTKy po00doi INITHKY JOCHTIHKYBAINCh OAMHOYHUHN TPUPSTHUN POCTBEPK, BiCh
SIKOTO 3HaXOJAWJIAcsl B3JIOBX MO3JIOBXKHBOI OCi KaHaly, a0 TPH POCTBEPKH, SKi
po3tamoByBanucs B pan (puc. 20). 1li momem mocroBux omop Oyiau 3acumaHi
MPOCISITHUM KBapIOBUM MICKOM Ha BucoTy Onmu3pko 0.3 M Big aHa KaHamy.
VY nmocmigax micok ¢opMyBaBCs y BUTIIA[I TUIACKOTO AHA. J{OBXXMHA OJMHOYHOTO
poctBepky cranosuia 0.6 M, mmpunaa — 0.1 M, a Bucora — 0.2 M. Bin ckinagascs i3
31 muniaapuanoi maii giamerpom d = 0.027 M, siki po3TalIOBYBAIUCh Y TPH PSIIH B
maxoBoMmy mopsaky (puc. 20). Mogeni iHIIMX TPhOX POCTBEPKIB B TPU pasu
MEHIIIOr0 MacmTady Maju JiaMeTp MWIiHApuYHOI cBai 0iau3bko 0.01 M. Biacrans
MIXK OCSIMH MOJIENIel MOCTOBHX TepexoiB ckianaia 0.31 m. CepeHiii miaMmeTp 3epeH
KBapIoBOro rmicky — dso = 0.35-10° m

I'mnbunra mortoky wminsutacek Big 0.17 M mo 0.34 M, a cepemust mo TiHOWHI
mBuaKicTe — Bix 0.15 m/c mo 0.6 m/c. JIns mmx mapamerpiB Tedil Ta po3MipiB
pocTBepkis uncia Peitnonsaca Rex= Ux/v = (12-48)-10°%, Req= Ud/v = (1.5-16.2)-10°
i uncna Opysma Fr = U/A(gH) = (0.08-0.47), 11e X — MO310BKHS BiICTAHb y HATPSIMKY
MOTOKY BiJl OYATKY MIIIAHOTO JJHA KaHaJy J0 MepIIoi IIEHTPaIbHOI Mmaji pOCTBEPKY;
v — KoeirieHT KiIHeMaTHYHOI B I3KOCTI BOAN; § — NPUCKOPEHHS BIJIBHOTO MaJ{IHHS;
H — rmmbuHa moToky.

ExcniepuMeHTH TpOBOAMIIMCS 3a JOIMOMOrOI0 Bi3yalisalii Tedii Ta BHMIpiB
T1IpOAMHAMIYHUX 1 T1IPOJOTIYHUX MapaMeTpiB, 30KpeMa IMOJIiB IIBUJIKOCTI, THCKY,
pO3MHUBY Ta HaMHBY TIpyHTY. Bisyamizamito Oylio TpoBeIEHO 3a JOMOMOTOIO
BBEJICHHSI y TIOTIK PI3HOKOJILOPOBHX OapBHHKIB 1 YopHWI. Tpaektopii pyxy
KOJILOPOBHX OapBHUKIB 1 0COOJIMBOCTI BUXPOBOI Ta CTPYMEHEBOI TeUil peecTpyBan
3a JI0TOMOrow IupoBUX Bimeokamep 1 QoroamapariB. Kaptuam Bizyamizamii
00poOIISITICS Ta aHATI3YBAIKCS Ha CHEIialIbHO CTBOPEHIN KOMIT IOTEpHIN CTaHIIii 3a
BiJIMOBITHUIMH TNporpamMamMu i anroputMamu. [losie MBHUAKOCTI BUMiproBajocs 3a
JIOTIOMOTOI0  TEPMOAHEMOMETPIB, MiKpoBepTymok, Tpyook Ilito-Ilpanarms,
I’ €30PE3UCTHBHUX JATYMKIB JMHAMIYHOTO THUCKY, SIKi PO3TAlIOBYBAIUCS Ha J100pe
OOTIUYHUX JepKaBKax y KOOPJMHATHHX MPHUCTposix. Ilone THCKy BUMIpIOBANOCS
MIHIATIOpHAUMHU T’ €30PE3UCTUBHUMH Ta T’ €30KEPAMIYHUMH JATYUKAMH THUCKY 1
myJbcaliid THUCKY, sIKi OyJO BCTAHOBJIEHO BPiBEHb 3 OOTIYHOIO MOBEPXHEIO Til
OOTIKaHHS Ta PO3MHUBHOIO TIOBEPXHEIO IPYHTY, KOJIU CIIOCTEPIraBcsl CTAIMN pO3MHUB
IPYHTY MOONHM3Y IMIIHIPUYHUAX Tab POCTBEPKY. PO3MUB IpyHTY BUMIpIOBaBCS Yy
mpoleci PO3MUBY 3a JOIMOMOIOI0 CIELialbHO CIIPOCKTOBAHMX Ta BHTOTOBJICHHX
I1’€30PE3UCTUBHUX 1 I1'€30KEpPaMiYHUX HAaTUYMKIB, SKi 3a JOINOMOTOI0 TacTepiB i
Jiep KaBOK a0o IIiJ] CBOEI0 Baror 3aHYPIOBAIUCS B OTBIp PO3MHBY Ta PEECTPYBAIH
YacOBHH NPOLIEC YTBOPEHHs po3MuBY. Ilicist mpoBeneHHs A0CiAiB HA PO3MUBHOMY
IPYHTI TOIOJIOTiIO JIHA KaHalIy BHUMIPIOBAIN 34 JOIOMOIOI0 TPHOX KOOPAMHATHHX
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MIPUCTPOIB, B SAKUX 3aKPIIUIIOBAJIUCSA MIHIATIOPHI II'€30KEpaMidyHi JaTYHKH
IMyJbCamiii TUCKY. AKYCTHYHHN IMIEAaHC [HUX JaTYMKIB PIi3KO 3MIHIOBABCS
y MOMEHT JIOTHKY JaT4MKy JO IPYHTY, KOOPIWHATH JATYHKIB PEECTPYBATUCS
y MPOTOKOJIaX AOCIiAiB, 3 HACTYITHOIO 00pPOOKOI0 Ha KOMIT FOTEpi, 3 HOCHIiJOBHUM
aHaNI30M 13 3aCTOCYBaHHSM CIIEMIiaIFHOTO IMpOorpaMHOro 3abesmedeHHd. Taxum
YUHOM, BUMIPIOBAJIMCS TEOMETPHUYHI IMapaMeTpw Ta ¢GopMa OTBOPIB i HAMHBIB
PO3MHUBHOIO TPYHTY IOOJIU3y MOJENEH POCTBEPKIB 1 Ha JMHI KaHaiy. Bci 3aco0u
BHMIpIOBaHb aTECTYBAIIUCS, KAIIOPyBAIKCS Ta MPOXOIIIIA METPOJIOTIYHY TTOBIPKY
1 MaJIi BIATIOBITHI ITACIIOPTHI JIaHi.

Puc. 20 — Moaenb TpUPSTHOTO MAIBHOTO POCTBEPKY

Pe3yabTaTH 10CaigxeHn

Pesynprarn Bigyamizamii Tewil moOMM3y TPUPSIHUX IMIIHAPUIHUX TATBHAX
POCTBEpKIB TOKa3aiH, IO NOOIM3y NHainb (OPMYEThCS CKJIAJHA BHUXPOBAa Ta
CTpyMEHEBa Teyisl 3 TeHepyBaHHIM TTiIKOBOIIOIIOHNX BUXPOBUX CTPYKTYp Y MicIli
CIIPSDKEHHS TTaJIb 3 THOM KaHaJTy, CIII/IOBUX BUXOPIB 32 KOPMOBHMH YaCTUHAMH I1JTh,
BIJIpUBHUX TEUill TIepe]| MajsiMe 1 Ha 1X OOTIYHUX MOBEPXHSIX, CTPYMEHEBUX TIOTOKIB
MiX psamu nanb. Li BUXpoBi CTPYKTYpH Ta CTpyMEHEBI Teuii JOPMYIOTh PO3ZMUBH
Ta HAMHBH TPYHTY MOOJH3y TPUPSIIHUAX POCTBEPKIB i B CIHifl 3a HUMH. bijbin
JIeTaJIbHO Pe3yJIbTAaTH Bi3yalbHUX JIOCIIDKEHb HaBeIeHO y poborax [13-15].

BumiproBaHHS 1MoJIiB MIBUAKOCTI Ta TUCKY Ha HEPO3MHBHIH 1 pO3MUBHIH TTOBEpXHi
JIa7ii MOYKITMBICTh BU3HAYMTH KiHEMATHYHI 1 JMHAMIYHI XapaKTEPUCTUKH BUXPOBHX 1
CTPYMEHEBHX Te4il, 3apeecTpyBaTH MiCIll TeHepallii BeIMKOMacIITaOHUX
KOTEPEHTHHX BHUXPOBUX CTPYKTYp, iX 0cCOONMBOCTI (HhOpMyBaHHS Ta EBOJIOLI.
BuzHaueHo iHTErpalibHi Ta CHEKTPaJibHI XapaKTePUCTHKU CIPSDKEHOI Tedil, MoJiB
IIBUJIKOCTI Ta TUCKY, OCHOBHI TTapaMeTpH SIKMX HaBeJleHo Y podorax [16-18].

V pe3ynbTari Aii Habirar04oro MOTOKY HA TPUPSITHUN POCTBEPK 1 MiIKOBOMOXIOHUX
BUXPOBHX CTPYKTYP, SIKi TeHEPYIOTBCS Y MICIIi CIIPSKEHHS KOHCTPYKIIIT POCTBEPKY 3
JHOM KaHally, a TaKOX CJIJOBHUX BHXOPIB y KOPMi OOTIYHMX Majib, HA MOBEPXHI
MIIAHOTO IPYHTY YTBOPIOIOTHCS PO3MUBH Ta HAMHUBH IPYHTY, IO MPOLIFOCTPOBAHO HA
puc. 21. Tlepea TpUPSAHOI MAIBHOI KOHCTPYKIIEK YTBOPIOETHCS TIIOOATBHUN
PO3MUB IPYHTY, @ Nepe/i OKPEMUMH IIMITIHIPUIHIMHI TasIMU — JIOKaJIbHI PO3MUBH
(puc. 2la). Y cepenHiii 4acTHHI POCTBEPKY CIOCTEpIracTbCsi HAMHUB IPYHTY,
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a y KOpMOBii HOT0 YacTHHI 3HOBY 3’SIBIISIEThCS PO3MHB IPYHTY, Yepe3 MOPHUCTICTh
KOHCTPYKIIT pocTBepKy. Po3mipu Ta popma poMUBY i HAMUBY TPYHTY 3aJI€XKaTh BiJI
yncen Peiinonbaca i @pyna, 3epHUCTOCTI micKy Ta ¢opMu manb. Tak, s ducen
Peitnonbaca Rex = 3-10° i ®pyma Fr = 0.18 Ta 3epHUCTOCTI MiCKy, SIKUM BKPHTO JTHO
BUMIPIOBAJIbHOTO KaHay, TJIMOWHA TIIOOANBHOTO PO3MHUBY, SKHW 300paKE€HO Ha
puc. 21a, cknanae 0.8 MUPUHA POCTBEPKY, a TIHOMHA JIOKAJIBHOTO PO3MHUBY Tiepen
nepeanivu mansivmu ckiaagae 0.2d. HamuB micky y cepeHiil 4acThHiI TPHPSIHOTO
pOCTBepKY ckianae 6au3bko 0.3 Horo MMpHUHU.

Po3rairyBaHHs TPhOX MAJILHUX POCTBEPKIB B Psijl HA PO3MUBHOMY IPYHTI KaHATy
MPU3BOIUTE A0 3MIHH CTPYKTypH pPO3MHBY TpyHTY 1 (opmm puders, ki
YTBOPIOIOTHCS HAa IMMIIAHOMY JHI KaHaly, IO IOKa3aHo Ha puc. 216. Mix
pOCTBEpKaMU Ta B iX ciii pudeni HaObyBarOTh OLIBIIOr0 MacTady i pO3MUB IPYHTY
B ix BrmaamHax 30ibmryerscs. [lo3aay poctBepkiB ¢opma i MacmTabu po3MUBY Ta
HaMUBY IPYHTY BiIpi3HA€THCS BiJl THX, III0 MAIOTh MICIIe MIX PSiIaMH POCTBEPKIB Ta
nepell HUMH y HEMOPYIICHOMY TOTOI, 1o Jo0pe BumHo Ha puc. 216. Tpeba
BIIMITHTH, IO BIUIMB POCTBEPKIB Ta iX TPyMyBaHHS Ha pelbe]) pO3MHUBHOTO JIHA
KaHaJly CIiocTepiraeThcs Ha BifcTaHi (3-5) MOBXXHH POCTBEPKIB B 3aJIEKHOCTI BiJ
pexumy Tedii. 3i 30inblIeHHSIM 4ucen PeiiHonbaca i @pyna 3miHa penbedy aHA
BiI0OYBa€ThCS HA OUIBIIIH BijcTaHI.

Puc. 21 — Po3MuB i HaMMB IpYHTY NOOJIN3Y OJMHOYHOTO TPUPSAHOTO IMITIHAPHIHOTO
MAJILHOTO POCTBEPKY () Ta MOOIM3Y IPpyNHu TPUPSTHUX POCTBEPKiB (0)

BucnoBku

Pe3ynbraTi 10CHiPKeHD MTOKA3aiId, 10 3arpOMaKEHHS IIOTOKY IIOTaHO O0TIYHUMH
TiIaMH, 30KpeMa TPHUPSIHUMH HWJIIHIPUYHHUMHU POCTBEPKAMH, CYTTEBO 3MIHIOE
T1IpOJIOTiI0 PyCI0BOi Teuii.

[TokazaHo, 110 MOOJU3Y TPUPSIHOTO POCTBEPKY T'€HEPYIOTHCS IiAKOBOIOIIOHI
BHUXPOBI CTPYKTYPH, CIIIJIOBI BUXOPH, CTpyMeHeBi Tedil. Lli rinpoauHamiuHi sBHIa
BUKJIMKAIOTh PO3MHBHM Ta HAMHUBH IPYHTY MOOJIM3Y TIiAPOTEXHIYHUX CIOPYI,
MPU3BOJIATE JI0 TIEPEHOCY IPYHTY Y PYCIOBUX MOTOKaX. MaciTal BILTHBY 3aJI€KUTh
BiJl (hOpMHU 1 pO3MIpY CIIOPY/I, PEKUMIB T€Uii 1 CTPYKTYPH IPYHTY.

BusHaueno, mo rmepen TPUPSIHAM ITIHAPUYHHM TAJTBHUM POCTBEPKOM
YTBOPIOIOTHCS III00ANIBHI Ta JIOKANbHI PO3MHUBH IPYHTY, HAMHMBU HOro Ha Ol4HMX
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JaCTUHAX POCTBEPKY 1 cepell Hajb CepeJMHHOIO Iepepidy POCTBEPKY Ta y HOro
OJIMKHBOMY CJTijTi. Po3TalryBaHHsS pOCTBEPKIB Y sl BUKIHKAE PyHHYBaHHS peabedy
JIHa PO3MHBHOT'O TPYHTY SIK OOJIM3Y POCTBEPKIB, TaK 1 B iX CIIiAi. Y CTaHOBJICHO, IO
B 3QJISKHOCTI Bif peXuMiB Tewil 3MiHa penbedy OHA BimOyBaeTbcss HA OLIBIIIN
BiJICTaHi Bi OaraTonaibHOi KOHCTPYKIIii 31 301nbIIeHHsIM urceln PefiHonbaca 1 Dpyna.
BB nokansHUX KOHCTPYKIIK THITY POCTBEPKIB Ta iX TPYITyBaHHS Ha TOIIOJIOTIIO
PO3MUBHOTO JTHA KaHATY CIIOCTEpIraeThcsl Ha BijicTaHi (3-5) XapakTepHUX IOBXKHH
POCTBEPKIB B 3aJIe)KHOCTI BiJ pexuMy Tedii. 31 30UTbIIeHHsIM yucen PeifHombaca i
@®pyna 3MiHa penbedy nHa BinOyBaeThcs Ha OUTBIIIN BifcTani. BpaxoBytoun Te, 1m0
JIOBKMHA POCTBEPKY MOPIBHAHHA 13 IIMPUHOIO MOCTOBOTO MEPEXOY, TEOMETPHIHUI
pO3Mip 30HH, A€ MOMITHI TEHICHII 10 PO3MHMBY IPYHTIB Ta MacolepeHocy, Oyne
nocsraTy 3-5 XapaKTepHUX IIUPUH MOCTOBOTO MEPEXOTY.

TakuM yMHOM, 1HXKEHEpHI KOHCTPYKILIi Ta CHOPYAH, XapaKTepHa BHUCOTA SKUX
MOPIBHIHHA 13 TAMOMHOIO TX BCTAHOBJICHHS Ta iIHTEPBaJ iX BCTAHOBICHHS Ha IPYHTI
€ TIOPIBHAHHHUM 3 1X XapaKTepHUM PO3MIpOM, 37aTHI BIUTMBATH HA MacOIEPEHOC
MIIIAaHAX TOHHUX IPYHTIB Ta BUKIIUKATH CYTTEBI 3MiHU peibe]y THA B MUTKOBOIHIH
akBaTopii. lanuii Gakt moTpedye yBaru riipOTEXHIYHUX CITYKO, K1 BIIMOBIJAIOTh
3a Oe3nexy (apBarepy, Ta yBaru ilKeHEpHHUX CITyK0, SKi BIZIIOBIIAaIOTh 32 MillHICTh
Ta CTIMKICTh IHKEHEPHUX CIOPY.
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10 YBAI'M ABTOPIB 3IPHUKA

3MicT MarepialiB, 10 HANPaBJISAIOTHCS 0 PEAAKLii, MIOBUHEH BiOBiaTH Mpodino Ta
HAYKOBO-TEXHIYHOMY piBHIO 30ipHHKA.

Ko’xHa HaykoBa CTaTTs MIOBUHHA MaTH BCTYII, PO3/1LJIH OCHOBHOI YaCTHHHU Ta BUCHOBKH,
a TaKOX aHOTAIII0 1 KIIOYOBi cioBa (He MEHIIE I1’ATH) TPhOoMa MOBaMH (YKPaiHCHKOIO,
POCIHCHKOIO Ta aHTIIIHCHKOIO).

[MigroroBka cTaTTi 3MIHCHIOETHCS B TeKCTOBOMY pemakTopi MS WORD for WINDOWS,
3 BukopucTaHHAM mpudty Times New Roman, Cyr, kerms 11, omuHapHmWiA iHTEpBa,
mosiMu 2,0 cM 3 KO)KHOTO OOKY, 3aJaHAM PO3MIpOM CTOPiHOK 17x26 cM.

VYci hopmynu maroth OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBUHHI 00OB'I3KOBO HyMEpYBaTHCS, MAaTH KHI)KKOBY OpI€HTAIil0 i HE
MOXYTh IEpPEBHIIYBaTH 32 PO3MIpOM 3aJlaHy CTOpIHKY (mapamerpu cTopiHku 17x26 cm
3 mossmu 2,0 cm). Tlepermik miTepaTypHuX IKepen MepeKiagaeThCsl aHTTiHChKOI MOBOO
(abo TpaHCHITEPYETHCS B pPOMaHChKOMY aJI(haBiTi) 1 TOJAE€THCS BIMOBIIHO 10 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux myoOmikamiii APA  (American Psychological
Association) style 3aranbHUM CIIMCKOM Y KiHII CTAaTTi 3@ YEPTOIO MOCHIIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, /¢ BKA3YKOTHCSA Mpi3-
BHIIIE, TIOBHE iM’s1 Ta TI0 OaTHKOBI aBTOPiB, HAYKOBH CTYIIiHb, BUCHE 3BaHH, IT0CAIa, Ha3Ba
migpo3ainy (kadenpu) Ta oprasizaiii, 0COOMCTI IaHI KOKHOTO 3 aBTOpIiB (aapeca, MICTO,
Kkpaina, koHTakTHU# Tenedown, e-mail), ORCID ID.

OO00B'I3KOBO CITiJT HAJATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpexncTaBiaeHi B peNakiilo PYKONMHCH TPOXOJATH peTelbHE OaraToslaHKOBE
pelCH3YBaHHS BIiAMOBIMHUME (axiBIsMu 3a mpodimem craTti. SKImo cymapHa OIliHKa
PELIEH3CHTIB MEHIIIa 332 BCTAHOBJICHUH MOPIT, PYKOIIUCH BIAXHUIISFOTCSL.

3MicT cTaTTi Ta SKICTh HamucaHHs ab0 mepekiany (YKpaiHChKOIO ab0 aHTJIIHCHKOIO
MOBaMH) NEperisIaloThesi KOpeKTopamu 30ipHHMKa, HPOTE BiJIINOBIAANBHICTE 32 3MICT Ta
SKICTh CTAaTTi HecyTh aBTOpuM Matepiany. [lo craTti MOXyTh OyTH BHECEHI 3MiHM
penaxuiiHoro xapakrepy 6e3 3roJu aBTopa.

Po3min 30ipHEMKa, 10 sKoro Oyle BigHECEHa CTAaTTsA, BH3HAYAETHCS pPEHAKINEr0,
Y3TOJDKY€ETBCS — TOJIOBHUM pelakTopoM abo ioro 3acTymHukoM. OcCTaTOYHHI BHCHOBOK
o0 my6Jtikanii MaTepialliB CXBaJIIO€ peakiliifHa Koeris 30ipHuKa.

Enextponna Bepcist 30ipHHKa, npaBuia 0pOPMIIEHHS Ta BUMOTH JI0 CTaTe€d MICTSAThCA
B [HTepHeTi Ha caiiti http://www.es-journal.in.ua, sikuii CHCTEMATUYHO OHOBIFOETHCS.

30ipHUK HayKOBHMX Npallb TakoX IpelcTaBiIeHHi Ha caiiTi HamionanbHoi 06i6mioTexu
Vxpaian im. B.I. Bepraacekoro, Ha caifti [HCTHTYTY TenexoMyHikamii i Tiio6aabHOTO
inpopmaniitnoro mpocropy HAH Vkpainm http://itgip.org/ y posmini «BunaBHuua
TSTBHICTHY» Ta Ha caidTi 610mioTekn KHIBCHhKOTO HAIIOHATBHOTO YHIBEPCUTETY OYAIBHUIITBA
i apxitexktypu http:/library.knuba.edu.ua/node/883.
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